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1UNIT

Introduction to Organic
Chemistry

Unit Outcomes

After completing this unit, you will be able to:

! know the historical development of organic chemistry and the classification of
organic compounds;

! know the general formulas of alkanes, alkenes, alkynes, alcohols, aldehydes,
ketones, carboxylic acids and esters;

! develop skills in naming and writing the molecular and structural formulas of
simple alkanes, branched-chain alkanes, simple alkenes, branched-chain alkenes,
simple alkynes, alcohols, aldehydes, ketones, carboxylic acids and esters;

! understand isomerism and know possible isomers of alkanes, alkenes and
alkynes;

! know the major natural sources of hydrocarbons;

! understand the physical and chemical properties and the general methods of
preparation of alkanes, alkenes, alkynes, benzene and alcohols;

! know the uses of organic compounds in the manufacture of plastics, beverages,
pharmaceuticals, soaps and detergents, dry cleaning chemicals, fuels, pesticides,
and herbicides; and

! demonstrate scientific inquiry skills:  observing, classifying, communicating,
measuring, asking questions, interpreting data, drawing conclusions, applying
concepts, predicting and problem solving.

O

109.5°

C C — C C —— C — C —

H N — C — NH2 2



CHEMISTRY GRADE 10

2

MAIN CONTENTS

1.1 Introduction
1.2 Saturated hydrocarbons (alkanes)
1.3 Unsaturated hydrocarbons (alkenes and alkynes)
1.4 Aromatic hydrocarbons
1.5 Natural sources of hydrocarbons
1.6 Alcohols
1.7 Industrial and agricultural applications of organic compounds

– Unit Summary
– Review Exercise

1.1 INTRODUCTION

Competencies
By the end of this section, you will be able to:

• narrate the historical development of organic compounds;
• define the term functional group;
• classify organic compounds based on their functional groups.

Friedrich Wöhler

In 1828 German chemist, Friedrich Wöhler converted
ammonium cyanate, an inorganic compound, into the organic

substance urea. Wöhler’s discovery revolutionized the study of
chemistry by redefining the manner in which chemists

distinguished between inorganic and organic compounds. He is
also credited for his work in isolating the elements aluminium

and beryllium.Friedrich Wöhler

Historical Notes

 1. Do you agree with the notion that says: “carbon compounds can be synthesized only by

animals and plants”?

2. Draw diagrams to show how carbon atoms can link to one another in different ways to

form a variety of compounds by considering only four carbon atoms.

Discuss with your group and present it to the class.

Activity 1.1
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History of Organic Chemistry
Before the beginning of the nineteenth century, chemists classified compounds into two
classes; organic and inorganic. Those derived from living things (plants and animals) were
classified as organic compounds, while those that came from mineral constituents of the
earth or were found with non-living things are classified as inorganic compounds.

What was the basis of this classification? Early chemists believed that organic compounds
differed from inorganic compounds because living things had a special ‘life force’ within
them, which was invisible and hard to detect. According to the theory of ‘life force’, the
only source of organic compounds was nature itself (plants and animals). It was thought
impossible to synthesize them in the laboratory. This was because man could not add or
create the ‘life force’ within them.

The belief in the ‘life force’ theory continued until Friedrich Wöhler synthesized urea for
the first time in 1828. In attempting to prepare ammonium cyanate, NH4CNO, from the
reaction of silver cyanate, AgCNO, and ammonium chloride, NH4Cl, he accidentally
and surprisingly obtained urea, (NH2)2CO:

AgCNO(aq) + NH4Cl(aq)  Æ  AgCl(s) + NH4CNO(aq)

Urea was the first organic compound synthesized in the laboratory. The synthesis of
urea by Friedrich Wöhler and subsequent synthesis of other organic compounds marked
the downfall of the ‘life force’ theory.

How do you explain organic compounds at present and define organic chemistry?
The common feature of organic compounds is that they all contain the element carbon. Organic
compounds are the compounds of carbon found in and derived from plants and animals.
They also include those substances synthesized in laboratories except the oxides of carbon,
carbonates, hydrogen carbonates, cyanides and cyanates.

Besides carbon, these compounds contain a few other elements such as hydrogen, oxygen,
nitrogen, sulphur, halogens and phosphorus. The branch of chemistry that studies carbon
compounds is called organic chemistry. This branch of chemistry was developed, starting
from the theory of ‘life force’ to the era in which synthetic organic compounds are used in
our daily lives. The number of inorganic compounds discovered and prepared may be in the
region of  some hundred thousand. At present, millions of organic compounds have been
discovered,  synthesized, and used.
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The main reason for the presence of millions of carbon compounds is the unique property
of carbon called catenation. Catenation is the ability of atoms of the same element to join
together forming short or long chains and rings. A few other elements like sulphur, silicon
and boron show this behaviour, but to a much lesser extent.

Classification of Organic Compounds

CH
3
CH

2
CHO and CH

3
COCH

3
 have the same chemical formula C

3
H

6
O. Write their detailed

structures and observe their difference? Why do these compounds have different
properties? Discuss with your group and present it to the class.

Organic compounds are generally classified based on their functional group.

What are functional groups and what groups of organic compounds are known
on the basis of this classification?

The functional group is the part of a molecule or a compound that determines the chemical
properties of that molecule or compound. This group also determines some of the physical
properties of a compound. Based on the functional groups they possess, the most common
classification of organic compounds including alkanes, alkenes, alkynes, aromatics, alcohols,
aldehydes, ketones, carboxylic acids and esters. The common functional groups of some
organic compounds are given in Table 1.1.

Table 1.1   Some classes of organic compounds, their functional groups, general structural
formula with typical examples (R = alkyl or H).

Continued next page

Activity 1.2

Organic
Compound

Functional
Group

General
Structure

Example

Alkane

Alkene

Alkyne

(double bond)

C C

(triple bond)

C C

R — CH — CH2 3

R — CH CH2

R — C C—R

H C — C — CH3 2 3H

Propane

CH2H2C

Ethene

H — C C — H

Ethyne

C C

(single bond)
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Exercise 1.1
1. Which compounds were classified as organic compounds, according to the early

chemists?
2. According to the belief of early chemists, which class of compounds has a special

‘life force’ within them?
3. What are the differences between organic and inorganic compounds, according to

early chemists?
4. What is the main concept of the theory of ‘life force’?

Aromatic

Alcohols

Aldehydes

Ketone

Carboxylic
Acid

Ester

(benzene ring)

— OH

— CHO group

— CO — group

— COOH group
O

C OH

— COOR group
O

C O R

R — OH

R — CHO

O

C OHR

R — COOH

Toluene

OHCH3CH2

Ethanol

Ethyl ethanoate

O

C OHH3C

Ethanoic acid

CH C H3 3OC

Propanone

R
H3C

H

O

C

H

O

C

R
Ethanal

C — CHH3 O

H3C H

C

O

O

C

O

C

H C3 CH3

O

O

H3C — C — O CH CH2 3

Organic
Compound

Functional
Group

General
Structure

Example
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5. Who disproved the ‘life force’ theory; and how?
6. What was the first organic compound synthesized in the laboratory?
7. Identify the functional groups in each of the following compounds?

a CH3CH2COCH2CH2CH3  c CH3CH2CH2COOH
b CH3CH2COOCH2CH3 d CH3CH2CH2CH2OH

8. Define the following terms.
a Organic chemistry b Catenation c Functional group

9. Why is it necessary to assign organic chemistry exclusively to the study of carbon
compounds?

10. What is the basis for the classification of organic compounds?
11. Write the general structures of:

a alkanes b alkenes c      alkynes
d aromatics e alcohols

1.2 SATURATED HYDROCARBONS

Competencies
At the end of this topic, you will be able to:

• define hydrocarbons;
• define saturated hydrocarbons;
• define homologous series;
• write the general formula of alkanes;
• write the first ten members of alkanes;
• write the molecular formulas of alkanes from the given number of carbon atoms;
• explain the physical properties of alkanes;
• write the structural formulas of the first ten alkanes;
• apply IUPAC rules to name straight and branched chain alkanes;
• define isomerism as the way compounds having the same formula differ in the way

their atoms are arranged;
• define structural isomerism;
• write possible structural isomers for C4H10, C5H12 and C6H14;
• describe the general method for the  preparation of alkanes in the laboratory;
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• prepare methane in a laboratory by the decarboxylation method;
• carry out a project to produce biogas from cow dung; and
• explain the chemical properties of alkanes.

1. Draw the Lewis structure of carbon (Z = 6) and hydrogen (Z = 1) atoms. How many

valence electrons are there in an atom of carbon and hydrogen respectively?

2. Consider three organic compounds containing two carbon atoms each. The two carbon
atoms contributed one electron each in the first, two electrons each in the second and

three electrons each in the third for the bond they form between them by sharing the
electrons. The remaining valence electrons of each carbon atom in all the three

compounds were used to form bonds with hydrogen atoms.

a What type of covalent bond do the two-carbon atoms form between themselves

in the first, the second and the third compound, respectively?

b How many hydrogen atoms can form bonds with each carbon atom in the first, the

second and the third compound, respectively?

c Draw line or dot formula to show the formation of the bonds between the carbon
atoms and carbon and the hydrogen atoms in the first, the second and the third

compound, respectively.

d If the three compounds mentioned above are hydrocarbons, define

hydrocarbons?

f If the first compound is a saturated hydrocarbon, the second and the third are
unsaturated, what is the basis for such a classification of hydrocarbons?

Discuss with your group and present it to the class.

What are hydrocarbons and on what basis do we categorize them?

Hydrocarbons are organic compounds composed of the elements carbon and hydrogen
only. Hydrocarbons are subdivided into two groups, based on the type of bonding between
carbon atoms, as saturated hydrocarbons and unsaturated hydrocarbons.

Saturated Hydrocarbons are those compounds of carbon and hydrogen containing only
carbon-carbon single bonds. Methane, ethane, and propane are typical examples of this
group. Unsaturated Hydrocarbons are those compounds of carbon and hydrogen possessing
one or more multiple bonds (double or triple bonds) between carbon atoms. Alkenes,
alkynes and aromatic hydrocarbons are examples of unsaturated hydrocarbons.

A formula that shows all the bonds and atoms is called a detailed structure.  The shorter
structure is called condensed structure.

Activity 1.3
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Example

1.2.1 Alkanes or Paraffins

Draw a graph using the information in Table 1.2 by plotting the number of carbon atoms

of each compound on one axis, and hydrogen atoms on the other. Predict the formulas of
the saturated hydrocarbons containing 8, 9 and 10 carbon atoms and complete Table 1.2.

Discuss with your group and present it to the class.

Alkanes are saturated hydrocarbons. They contain chains of carbon atoms linked by single
bonds only. Every carbon atom in the molecule forms four single covalent bonds with other
atoms. Alkanes have the general formula CnH2n+2, where, n = 1, 2, 3 . . . Using this general
formula, we can write the molecular formula of any alkane containing a specific number of
carbon atoms. For example, the chemical formulas of alkanes containing one, two and three
carbon atoms are C1H2×1+2 = CH4, C2H2×2 + 2 = C2H6, and C3H2×3 + 2 = C3H8, respectively.

When we compare the formulas of CH4 and C2H6 or C2H6 and C3H8, they differ by one
carbon and two hydrogen atoms or – CH2 – group called the methylene group. A group of
compounds in which each member of the group differs from the next member by  a –CH2,
is called a homologous series. Compounds in the same homologous series can be represented
by the same general formula. The individual members of the group are called homologues.
Alkanes contain carbon-carbon single bonds (— C — C —) as their functional group.

Activity 1.4
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The first ten members of the homologous series of straight-chain alkanes are
given in Table 1.2.

Table 1.2   Homologous series and physical constants of the first ten
straight chain alkanes

Name Formula Physical M.P B.P Density No. of
state (at (°C) (°C) at 20°C isomers
room temp.)

Methane CH4 gas –183 –162 0.717 g/L 1

Ethane C2H6 gas –172 –89 1.35 g/L 1

Propane C3H8 gas –187 –42 2.02 g/L 1

n-Butane C4H10 gas –135 –0.5 2.48 g/L 2

n-Pentane C5H12 liquid –130 36 0.63 g/mL 3

n-Hexane C6H14 liquid –94 68 0.66 g/mL 5

n-Heptane C7H16 liquid –91 98 0.68 g/mL 9

n-Octane    ? liquid –57 126 0.70 g/mL 18

n-Nonane    ? liquid –54 151 0.71 g/mL 35

n-Decane    ? liquid –30 174 0.73 g/mL 75

1. What happens to the percentage by mass of hydrogen and the physical state of alkanes
as the number of carbon atoms increase?

2. Categorize the petroleum related products you encounter everyday as solids, liquids
and gases?  Discuss in your group and present it to the class.

1.2.2  Physical Properties of Alkanes

Do you know which alkanes exist in the liquid, solid or gaseous state at room temperature?
What types of intermolecular forces of attraction exist between the molecules of alkanes?
Explain why the boiling points and melting points of alkanes increase with increasing
number of carbon atoms.

At room temperature, the first four alkanes, methane to butane, are gases; whereas pentane
(C5H12) to heptadecane (C17H36) are liquids, and the alkanes containing eighteen and
more carbon atoms are solids.

Alkanes are nonpolar organic compounds. Weak intermolecular forces called Van der
Waal’s forces hold their molecules together. The strength of these forces increases with the

Activity 1.5
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increasing surface area (molecular mass) of the alkanes. Since alkanes are non-polar,
they are almost insoluble in polar solvents like water, but, they are soluble in non-polar
solvents like benzene, toluene, ether and carbon tetrachloride.

The density, melting point, and boiling point of the homologous series of alkanes increase
as the carbon number increases. For alkanes of the same carbon number, branched-chain
isomers have lower boiling points than the straight-chain (normal) alkanes. The reason is,
as branching increases, there is a decrease in surface area and the strength of the
intermolecular force, which, in turn, results in a decrease in boiling point; e.g., the boiling
points of n-pentane, iso-pentane and neo-pentane are 36°C, 28°C and 9.5°C, respectively.

Alkanes containing all the carbon atoms in one continuous chain are called normal or
straight-chain alkanes and those containing chains with branches are known as branched-
chain alkanes.

Example

In alkanes (branched or straight-chain) each carbon atom is tetrahedrally bonded to
four atoms with a bond angle of 109.5°.

a   Ball and Stick Model of Methane         b   Tetrahedral structure of methane

Figure 1.1   Structure of methane.

In alkanes containing a continuous chain of carbon atoms, the carbon atoms are not linked
in straight line but in zigzag chains to keep the tetrahedral distribution of atoms.
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            Zigzag chain in butane Ball and stick model of butane

Figure 1.2   Zigzag chain and ball and stick model of butane.

1. Why rules are important for naming organic compounds?    Discuss in your group some
of the rules you know for naming organic compounds and present it to your class.

2. In mathematics, the names pentagon, hexagon, heptagon and octagon are used to
describe polygons. What does each of the prefixes- pent, -hex, -hept and -oct indicate?

What is the significance of these prefixes in chemistry? Discuss in groups and present
it to the class.

1.2.3  Nomenclature (naming) of Alkanes

Organic chemistry uses a simplified and systematic way of naming organic compounds. The
names of alkanes and most of the organic compounds are derived from:

i) a prefix- indicating the number of carbon atoms (listed in Table 1.3)and

ii) a -suffix indicating the type of the functional group present in the molecule.

The following table introduces the prefixes that are used to indicate the presence of one to
ten carbon atoms in the longest continuous carbon chain.

 Table 1.3   Prefixes commonly used to indicate one to ten carbon atoms.

Prefix Number of carbon atoms Prefix Number of carbon atoms

Meth- One Hex- Six

Eth- Two Hept- Seven

Prop- Three Oct- Eight

But- Four Non- Nine

Pent- Five Dec- Ten

From Table 1.2, you can note that the names of all alkanes contain the suffix ‘-ane’, which
indicates that their functional group is a carbon — carbon single bond. Thus, to name an

Activity 1.6
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alkane, you should use the appropriate prefix that indicates the number of carbon atoms and
the suffix ‘-ane’. For example, to name the alkane C6H14, use the prefix ‘Hex’ that indicate
the presence of six carbon atoms and add the suffix ‘-ane’ so that the name becomes hexane.

Practice naming alkanes using first four prefixes mentioned in Table 1.3. In naming alkanes,

why are number of carbon atoms used as prefixes? Discuss in groups.

Common Names of Alkanes
Lower members of the alkane homologous series have common names. The prefixes used
in the common names are n- (normal), ‘iso-’ and ‘neo-’. The prefix n- is used when all the
carbon atoms form a continuous chain.

Example

Iso- is used when all of the carbon atoms form a continuous chain, except for the one
next to the last carbon.

Example

Neo- is used when the central carbon is bonded to four other carbon atoms.

Example

Activity 1.7
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IUPAC System of Nomenclature of Alkanes
It is difficult to have common names for the more branched and complex alkanes. In
naming such alkanes, the more systematic, convenient and appropriate one is the
International Union of Pure and Applied Chemistry (IUPAC) system.  In order to apply
this system, it is very important to know the rules to be followed, what alkyl radicals are,
and how they are named.

Alkyl radicals are obtained by removing one hydrogen atom from the corresponding
alkanes. Their general formula is CnH2n+1, where n = 1, 2, 3 . . . . The names of alkyl
radicals are derived from the names of the corresponding parent alkanes by changing the
suffix -ane  to -yl.

Table 1.4   Formulas, names and structures of some alkyl groups.

Formula of
alkane

Formula of
alkyl radical

Condensed
structure of alkyl

radical

Common name
of alkyl radical

CH CH – Methyl4 3 CH –3

C H – H C Ethyl2 6 5C H C H –2 3 2

C H – H C -Propyl8 7 n3 3 3 2 2C H C H CH –

— — IsopropylCH CH3

CH3

C H – H C -Butyl4 10 4 9 3 nC H C H CH CH –2 2 2

C H CH Iso2H C — — butyl3

CH3

H C — —3 —C H C2

CH3

H

sec-Butyl
(s-Butyl)

H —3 —C C

CH3

CH3

tert-Butyl
(t-Butyl)

The system of naming organic compounds is based on the recommendations of IUPAC.
The following are the rules established by IUPAC to name branched-chain hydrocarbons.
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1. Select the longest continuous chain of carbon atoms in the molecule as the parent
structure. The name of the straight-chain alkane possessing the same number of
carbon atoms is used as the name of this longest chain. The groups attached to the
parent structure are called side chains or substituents.

Example 1

There are seven carbon atoms in the longest chain (the parent structure). Therefore, it
gets the name “heptane”.

2. Assign numbers to the carbon atoms of the longest chain starting from one end to
the other so that the carbon atoms to which side chains are attached get the lowest
possible number.

To check which direction of numbering is correct; add the locants (numbers assigned
to the carbon atoms to which substituents are attached).

The sum of locants in the first case is 3 + 4 = 7 and in the second case, 4 + 5 = 9.
So numbering should be done from left to right in this case. Thus, the first option is
correct.

3. Indicate the position of the side chain by using the number assigned to the carbon
atom to which it is attached. If the same substituents appear more than once, use the
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prefix di-, tri-, tetra- etc. before the name of the substituent to show two, three,
four, etc. substituents, respectively.

4. Numbers are separated from each other by commas while they are separated from
substituent names by hyphens.

5. Arrange the names of the side chains before the parent name in alphabetical order.
The complete name of the alkane given in the above example will then be 4-ethyl-3-
methylheptane (substituents in alphabetical order).

Example 2

H C — C — CH — C — CH3 3

1 2 3 4

CH3

CH3 H C — CH2 3

5 6

ClCH3

The longest chain has six carbon atoms and the parent name is hexane. There are two
methyl groups at carbon-2 and another two methyl groups on carbon-4 and one chlorine
atom at carbon-3.  Therefore, the correct name of the compound is 3-chloro-2,2,4,4-
tetramethylhexane.

Example 3

The longest chain contains eight carbon atoms. Hence, the parent name of the given molecule
is octane. There are three methyl groups attached to carbon number 3, 4 and 6; one
bromine atom is attached  to carbon-4 and two chlorine atoms are attached to carbon-3
and carbon-5. Thus, the correct name of the compound is 4-bromo-3,5-dichloro-3,4,6-
trimethyloctane.
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Note:

When F, Cl, Br and I appear as substituents, change the names fluorine, chlorine, bromine
and iodine to fluoro, chloro, bromo and iodo, respectively.

Example 4

H C C — CH — CH — CH CH CH3 2 3— — —
2 3 4 5 6 7

CH3

F CH3CH3

CH3

1

There are seven carbon atoms in the parent structure, so it takes the name heptane. There
are two methyl groups at carbon-2 and two methyl groups at carbon-4 and carbon-5 and
one fluorine at carbon-3. So the name of the compound is 3-fluoro-2,2,4,5-tetramethyl
heptane.

Is there any scientific background for the IUPAC rules or is it just a convention? Why IUPAC
recommendations are followed throughout the world. Present your opinion to the class.

Exercise 1.2
1. Write any three possible structures for octane, C8H18, and give their IUPAC names.
2. Give the IUPAC name of:

3. Write the structure of 2,2-dimethyl butane.

4. Write the structure of 2,3-dimethylpentane.

5. When F, Cl, Br and I appear as substituents in an organic compound, how are they
named?

Activity 1.8
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1.2.4  Isomerism

1. Write the molecular formula of the following compounds?

Do they have the same or different molecular formula?

2. Do they have the same or different molecular formula? Do they have the same or

different physical and chemical properties?  Why? What do we call compounds  of this
type? Discuss the results in your group and present it to the class.

There is only one possible structure for each of the first three alkanes, namely, methane
(CH4), ethane (C2H6) and propane (C3H8). Those alkanes containing four or more carbon
atoms have more than one structure. The existence of two or more chemical compounds
with the same molecular formula but different structures is called isomerism.

The compounds that have the same molecular formula but different structures are
called isomers. Alkanes exhibit a type of structural isomerism called chain or skeletal
isomerism. These structures differ in the arrangement of the carbon atoms and hydrogen
atoms. To understand what isomers are, consider the isomers of butane (C4H10) and
pentane (C5H12).

1. Isomers of butane (C4H10)
Butane has two isomers:

2. Isomers of pentane (C5H12)
Pentane has three isomers.

Activity 1.9
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Exercise 1.3
1. Which of the following statements are true about isomers:

a They have the same molecular formula.
b They are different compounds.
c They have different boiling and melting points.
d They have similar chemical properties.

2. Draw all the possible structural isomers for hexane and name them.

1.2.5  Preparation of Alkanes

Alkanes are the major constituents of petroleum and natural gas. They are mainly obtained
by fractional distillation of petroleum. Alkanes can also be prepared in the laboratory.
Some methods of their preparation are as follows:

1. Hydrogenation of alkenes with a metal catalyst.

General Reaction:  

Example

2. Wûrtz Synthesis (reaction). This method involves the reaction of a halogenated
alkane with sodium and the reaction is somewhat exothermic.
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General Reaction:

Example

2CH I + 2Na CH — CH + 2NaI3 3 3

Methyl iodide Ethane Sodium iodide

This reaction is named as Wûrtz reaction after the French chemist Charles-Adolphe
Wûrtz (1817–1884).

3. Heating sodium salt of an organic acid with soda lime (mixture of sodium hydroxide
and calcium oxide); the reaction brings about the removal of the carboxylate group
from the sodium salt of the carboxylic acid.  This type of reaction is called decarboxylation.

General Reaction:

Example

Methane
Methane is the main constituent (about 90%) of natural gas. It is obtained during fractional
distillation of petroleum. Methane is also formed by the decay and decomposition of animal
and plant remains in swampy or marshy lands.
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Discuss the following points in groups, and present your ideas to the class.

1. Have you ever walked near a marshy or swampy area?  Which characteristic smell do
you observe?

2. In most parts of Ethiopia, the walls of houses are constructed from wood and mud. The
mud for this purpose is usually prepared by mixing soil, water and hay or straw. After
two or three weeks of decay and decomposition, an unusual smell is perceived. What
do you think is the cause of this?

3. If Ethiopia introduces the technology of producing biogas to its residents, what benefits
will be obtained by the country? What materials can be used to generate biogas?
Which compound is the main constituent of biogas?

      Experiment 1.1

Laboratory Preparation of Methane
Objective: To prepare methane and study its properties.
Materials required: Sodium acetate (CH3COONa) and soda lime (CaO, NaOH),

test tubes, delivery tube, stopper, gas jar and gas jar lid, pneumatic trough,
stand, clamp, beehive shelf, Bunsen burner and balance.

Procedure:
Arrange the assembly as shown in Figure 1.3. Mix thoroughly 5 g powdered sodium
acetate with 10 g of soda lime. Place the mixture in the test tube and heat it. Collect the
gas by the downward displacement of water. Collect several jars of the gas.

Sodium acetate
+

Soda lime Boiling tube

WaterBunsen
burner

Methane

Gas jar

Pneumatic
trough

Beehive
shelf

Delivery tube
Rubber
stopper

Figure 1.3   Preparation of methane.

Activity 1.10
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Carry out the following activities with the collected gas:
Insert a burning splint into the jar full of the gas. Observe what happens in the jar.
Add Ca(OH)2 solution to the jar and observe. Add a few drops of bromine water
to any one of the gas jars filled with methane. Cover the gas jar and shake well.

Observations and analysis:
a What is the colour of the gas? Is it soluble in water?
b Is the gas combustible? Write a balanced equation for the change.
c What change did you observe upon addition of Ca(OH)2?
d Is there any change when bromine water is added?

Write a laboratory report on your observation and submit to your teacher.

Methane can be produced in a biogas plant. The biogas plant generates biogas, mainly
consisting of methane by anaerobic fermentation of organic materials such as human excreta,
animal dung and agricultural residue.

The conversion of organic materials into biogas involves a sequence of reactions and is
graphically depicted in Figure 1.4.

Figure 1.4   Reactions in the production of biogas.

The materials that can be used to produce biogas include dung from cattle, pigs, chickens,
chopped green plants and plant wastes. The advantages of biogas technology include
saving on fuel such as kerosene, wood and charcoal, and decrease in local deforestation.The
residue obtained after preparing the biogas can be used as fertilizer.
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Production of Methane from Cow Dung
Objective: To prepare biogas from locally available materials.
Materials required: Conical flask, cow dung, water, delivery tube with tap and stopper

with one hole.
Procedure:
1. Mix some cow dung with water and pour it in a conical flask.
2. Fit the conical flask with a stopper in which a delivery tube with a tap is inserted.
3. Cover the conical flask with a cotton wool and place it near a window and leave it

there for 3 to 4 days.
4. Check the formation of methane after 4 days. (Bring a lighted splint closer to the outlet

of the delivery tube and open the tap). See what happens.

Cotton wool

Cow dung + water

Figure 1.5   Preparation of methane gas from cow dung.

Observations and analysis:
a What is the importance of covering the conical flask with a cotton wool and placing

it near the window?
b What is your observation when you bring a burning splint close to the outlet of the

tube?
c What change do you think has occurred in the conical flask that leads to the formation

of methane?
Write a laboratory report in group and present to the class.

      Experiment 1.2

PROJECT 1.1
Organize a trip to visit a biogas plant in your Kebele or neighbouring Kebeles if any
and write a report on how it operates. Construct a small scale biogas plant in groups.
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1.2.6  Chemical Properties of Alkanes

Discuss the following points in groups and present your opinions to the class.

1. Which chemical property of alkanes is responsible for generating electricity in diesel

power stations or for moving motor vehicles? Name the major product formed when

the fuel has been consumed in the diesel power station.

2. The reaction of methane with oxygen produces two different oxides of carbon, CO2

and CO.

1 What condition determines whether the product of the methane reaction is CO2 or CO?

b If a domestic heating system is fuelled by methane, what difference does it make

if the combustion produces CO2 or CO?

Alkanes are generally not considered to be very reactive organic compounds. The name
paraffin for alkanes arose from two Latin words ‘parum’ meaning little and ‘affinis’ means
affinity. Thus, paraffin means little affinity. This name was suggested because alkanes are
inert towards many reagents like acids, bases, oxidizing and reducing agents. However,
they undergo several reactions under suitable conditions.

The major reactions of alkanes are the following:

1. Combustion Reactions:  If alkanes are burned with limited supply of oxygen,
they will form water and carbon monoxide and will liberate lesser amounts of heat
energy. Alkanes burn in excess oxygen to form carbon dioxide and water, liberating
a greater amounts of heat. The general equation for the reaction is:

CnH2n+2    +    
3 +1

2

nÊ ˆ
Ë ¯ O2    Æ    nCO2    +    (n + 1) H2O    +    heat

where n is the number of carbon atoms in the alkane molecule.

Example
C3H8    +    5O2    Æ    3CO2    +    4H2O    +    2299 kJ

The heat energy liberated is used to generate electricity, to move motor vehicles or
to cook our food.

Activity 1.11
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1. Write the general equation for the combustion of alkanes in a limited supply of oxygen

that forms carbon monoxide, water and energy.

2. Why is a petroleum refinery is built in the open air? Present your opinion to the class.

2. Substitution Reaction:  This is a reaction that involves the replacement of one
atom or a group of atoms by another atom or group of atoms. Halogenation of
alkanes is a very good example of substitution reaction. This reaction involves
reacting alkanes with chlorine and bromine. The reaction of chlorine and bromine
with alkanes proceeds in presence of heat or sunlight. This type of reaction is
called photochemical reaction. The reaction of alkanes with chlorine and bromine
proceeds in a sequence of steps. For example, let us consider the photochemical
reaction of methane with chlorine (chlorination):

i) Chain Initiating Step: This step involves absorption of energy to generate
reactive particles known as free radicals. A free radical is an atom or a
group of atoms possessing unpaired electron. A free radical is electrically neutral.
A chlorine molecule absorbs light and decomposes into two chlorine atoms:

ii) Chain Propagating Step: This is a step which consumes a reactive particle (free
radical) produced in the chain initiation step and generates another free radical.

iii) Chain Terminating Step: In the chain terminating step reactive particles (free
radicals) are consumed but not generated.

In this step, ‘side reactions’ that do not lead to the formation of the desired products
often take place.

Examples

Such a detailed step by step description of a chemical reaction is called a reaction
mechanism.

Activity 1.12
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Chlorination of methane may produce different products depending on the relative
amounts of methane and chlorine.

CH4 (g) + Cl2 (g) Æ CH3Cl (g) + HCl (g)

Methyl chloride

CH3Cl (g) + Cl2 (g) Æ CH2Cl2 (g) + HCl (g)

Methylene chloride (dichloromethane)

CH2Cl2 (g) + Cl2 (g) Æ CHCl3 (g) + HCl

Chloroform (trichloromethane)

CHCl3 (g) + Cl2 (g) Æ CCl4 (g) + HCl (g)

Carbontetrachloride (tetrachloromethane)

The chlorination of methane is an example of a chain reaction that involves a series of
steps.

Alkanes do not react with chlorine and bromine in the dark but they do so in the

presence of sunlight. Discuss the role of sunlight for the reaction in your group and
present to the class.

3. Elimination reaction: This type of reaction involves the removal of smaller molecules
from a compound and leads to the formation of a compound containing a multiple
bond (unsaturated compound). It can also involve the removal of hydrogen atoms
from adjacent carbon atoms at relatively high temperatures.

Cycloalkanes
Cycloalkanes are saturated hydrocarbons in which the carbon atoms are linked in such a
manner as to form closed chains or ring structures. They are represented by the general
formula, CnH2n, where n ≥ 3. Cycloalkanes are isomeric with open-chain alkenes. Their
names are obtained by prefixing “cyclo” to the name of an alkane containing the same
number of carbon atoms. The following structures represent some examples of cycloalkanes.

Activity 1.13
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Uses of Alkanes
Alkanes are primarily used as fuels.  They are also used as solvents, raw materials for
making alkenes, alcohols, soaps, detergents and plastics.

Exercise 1.4
1. Write the molecular formulas of alkanes containing the following number of carbon

atoms.
a     5 b 8 c   15

2. Define the terms
a Homologous series d Substitution reaction
b Alkyl radical e Combustion reaction
c Isomerism f Functional groups

3. Write the balanced equation for the complete combustion of octane.
4. How many chain isomers are there for an alkane that contains 7 carbon atoms?
5. Give IUPAC names to each of the following.
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6. Write the structural formulas of the following compounds.
a 2,3-dimethylbutane
b 2-bromo-3,3,4,4-tetramethylhexane.
c 2-chloro-4-ethyl-2,3-dimethylhexane.

7. Complete and balance the following chemical reaction:

C5H12    +    O2    
Complete

Combustion
ææææææÆ

1.3 UNSATURATED HYDROCARBONS

Competencies
By the end of this section, you will be able to:
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• define unsaturated hydrocarbons;

• define alkenes;

• write the general formula of alkenes;

• write the molecular formula for the first nine members in the homologous series of
alkenes;

• define alkynes;

• write the general formula of alkynes;

• write the molecular formula for the first nine members in the homologous series of
alkynes;

• write the molecular formulas of alkenes and alkynes from the given number of carbon
atoms;

• describe the physical properties of alkenes and alkynes;

• apply IUPAC rules to name straight-and branched-chain alkenes and alkynes;

• write the structural formulas of alkenes and alkynes up to ten carbon atoms;

• write the possible structural isomers for C4H8 and C5H10;

• define geometric (cis-trans) isomerism;

• give examples of molecules that show geometric isomerism;

• construct models that show cis-trans isomerism;

• describe the general methods for the preparation of alkenes in a laboratory;

• prepare ethylene in the laboratory by the dehydration of ethanol;

• describe the general method for preparation of alkynes in a laboratory;

• prepare acetylene in the laboratory by the reaction of CaC2 with water;

• test for unsaturation of ethylene and ethyne;

• explain chemical properties of alkenes;

• explain chemical properties of alkynes;

• explain the uses of ethylene and acetylene;

• compare and contrast the properties of ethane, ethene and ethyne.
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Unsaturated hydrocarbons are those compounds of carbon and hydrogen containing either
double or triple bonds. These groups of hydrocarbons include alkenes and alkynes.

1.3.1  Alkenes or Olefins

1. The molecular formulas for the first three members of an alkene series are C
2
H

4
, C

3
H

6

and C
4
H

8
. Derive the general formula for alkenes and compare it with that of alkanes. Is

there a difference in the number of hydrogen atoms?

2. By referring to Table 1.5, what relationship do you observe between the number of

carbon atoms and melting point, boiling point and density?

Discuss with your group and present it to the class.

Alkenes are unsaturated hydrocarbons containing a carbon-carbon double bond as their

functional group:    

They are also known as olefins. They form a homologous series represented by the general
formula CnH2n, where n = 2, 3, 4….

Table 1.5   The homologous series of alkenes and their physical constants.

Molecular Condensed IUPAC Melting Boiling Density
formula structure name point (°C) point (°C)

C2H4 CH2 = CH2 Ethene –169 –102 0.61 g/L

C3H6 CH2 = CH – CH3 Propene –185 –48 0.61 g/L

C4H8 CH2 = CH – CH2 – CH3 1-butene –130 –6.5 0.63 g/L

C5H10 CH2 = CH – (CH2)2 – CH3 1-pentene –130.5 30 0.64 g/L

C6 H12 CH2 = CH – (CH2)3 – CH3 1-hexene –138 63 0.67 g/L

C7 H14 CH2 = CH – (CH2)4 – CH3 1-heptene –119 93 0.69 g/L

C8 H16 CH2 = CH – (CH2)5 – CH3 1-octene –104 122 0.72 g/L

C9 H18 CH2 = CH – (CH2)6 – CH3 1-nonene –95 146 0.73 g/L

C10 H20 CH2 = CH – (CH2)7 – CH3 1-decene –87 171 0.74 g/L

Activity 1.14
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Physical Properties of Alkenes

1. Why some alkenes exist in gaseous and liquid states at room temperature?

2. The melting points, boiling points and densities of alkenes increase with increasing
number of carbon atoms; why?

3. Are alkenes coloured compounds? Do they have smell?

Discuss with your group and present it to the class.

At room temperature, alkenes containing two to four carbon atoms are gases. Those
containing five to seventeen carbon atoms are liquids, and those containing eighteen or
more carbon atoms are solids.

Alkenes are non-polar. Therefore, their molecules are held together by weak inter-molecular
forces. Since they are non-polar, they are almost insoluble in polar solvents like water, but
soluble in non-polar solvents like ether, benzene, toluene and carbon tetrachloride.

Nomenclature of Alkenes
Alkenes can have common names as well as IUPAC names. The common names of alkenes
are obtained by using the prefixes in Table 1.3 and adding the suffix ‘-ylene’:

Table 1.6   Common names of few alkenes.

Formula of Condensed Common
Alkene Structure Name

C2H4 CH2 = CH2 Ethylene

C3H6 CH2 = CH – CH3 Propylene

C4H8 CH2 = CH –CH2–CH3 Butylene

. . .

. . .

. . .

IUPAC System

1. What difference do you expect in the IUPAC names of alkanes and alkenes?

2. If you are asked to name the following hydrocarbons:

Activity 1.16

Activity 1.15
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a How many carbon atoms are there in the longest chain of each hydrocarbon?

b From which end do you start numbering the carbon atoms of the longest chain of
the hydrocarbon shown in structure i?

c From which end do you start numbering the carbon atoms of the longest chain of

the hydrocarbon shown in structure ii?

d Is there any difference in how you assign number to the carbon atoms of the

longest chain represented by structures i and ii? If so, why?

e Which name do you think is more appropriate for the longest chain of carbon
atoms in structure ii? 5-hexene or 1-hexene or hexane?  Discuss these questions in

your group and present to the class.

The IUPAC names of alkenes are obtained by using the prefixes listed in Table 1.3 to
indicate the number of carbon atoms in the molecule and adding the suffix ‘-ene’. The
suffix ‘-ene’ indicates the presence of a double bond. For example, the alkene having the
formula C8H16 is named as octene. The prefix oct- indicates that there are eight carbon
atoms in the molecule and ‘-ene’ signifies the presence of a double bond.

In the IUPAC system of naming alkenes, the rules we follow are similar to those rules we
follow for naming alkanes with slight modifications. These are:

1. Select the longest continuous chain of carbon atoms in the molecule that includes the
double bond as a parent structure. Its name will be the same as the alkene containing
the same number of carbon atoms.

     ii)

     i)

Why should the double bond(s) in alkenes be included in the longest continuous chain?
Express your opinion to the class.

Activity 1.17
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2. Number the carbon atoms starting from one end to the other in such a way that the
carbon atom preceding the double bond takes the lowest possible number and
indicate the position of the double bond by this number in the name.

Example 1

Example 2

The longest chain contains 7 carbon atoms and a double bond between the 2nd
and 3rd carbon atoms. Therefore, it takes the name 2-heptene or hept-2-ene.
There are three methyl groups at carbon number 3, 4 and 5. So the complete name
of the compound is:

3, 4, 5-trimethyl-2-heptene or 3, 4, 5-trimethyl hept-2-ene

Example 3

The parent structure contains 8 carbon atoms and a double bond between 3rd and
4th carbon atoms. Thus, it is named as 3-octene or oct-3-ene. The side chains
attached are chlorine at the 6th, two methyl groups at 5th and 6th and an ethyl
group at carbon number 3. Therefore, the complete name of the compound is:

6-chloro-3-ethyl-5,6-dimethyl-3-octene,  or
6-chloro-3-ethyl-5,6-dimethyloct-3-ene.
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Exercise 1.5
1. Write the names of the following compounds, using IUPAC rules:

         

2. Write the structure of each of the following compounds:
a    3-methyl-3-heptene b 3,4-diethyl-1-hexene

Isomerism in Alkenes
Alkenes containing two and three carbon atoms have only one possible structure.  Alkenes
containing four or more carbon atoms exhibit isomerism. Alkenes show the following three
types of isomerism:

1. Chain isomerism: This is due to the difference in the arrangement of the carbon
atoms in the longest continuous carbon chain.

2. Position isomerism: This is due to the difference in the position of the double bond
in the carbon chain.

Example
Consider the following compounds with the same molecular formula (C5H12):

       b

       a
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Compounds  (a) and (b) represent the position isomers of pentene,  (c) and (d) are
position isomers of methylbutene, (a), (c) and (e) are the chain isomers, while all
these compounds are the isomers of C5H12.

3. Geometrical isomerism. This results from the difference in the relative spatial
arrangement of atoms or groups about the double bond. This isomerism exists because
free rotation about the double bond is not possible. To differentiate geometrical
isomers, we use the prefix ‘cis’ if two similar groups are on the same side of the
double bond and ‘trans’ when the two similar groups are on opposite sides of it;
‘cis’ means the same and ‘trans’ means across.

The geometrical isomers of 2-pentene are:

Alkenes have more isomers than the corresponding alkanes.

Exercise 1.6
Write three position isomers of hexene.

PROJECT 1.2

Prepare a model from locally available materials, to show the cis-trans isomers of
2-butene.

Preparation of Alkenes
Do you know the major source of alkenes and the process that leads to their formation?
Alkenes are mainly obtained during fractional distillation of petroleum when the process
called cracking is carried out.

In the laboratory, alkenes can be prepared by:

 1. Dehydration of alcohols with concentrated sulphuric acid or alumina (Al2O3).
Dehydration means removal of water.

General Reaction:
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Example

2. Dehydrohalogenation of alkyl halides with a base (KOH). Dehydrohalogenation
means removal of hydrogen and a halogen atom.

Alkyl halides are compounds of an alkyl group and a halogen such as CH3Cl and
CH3 – CH2 – Br.

General reaction:

Example

In the above two methods of preparations of alkenes, (a) what difference do you observe
between the structures of the major reactant and the product? (b) What is the type of

reaction? Share your findings with your group.

Exercise 1.7
Write the complete and balanced chemical equations for each of the following
reactions:

a

b

Activity 1.18
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