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UNIT

Introduction to Organic
Chemistry

Unit Outcomes

After completing this unit, you will be able to:

* fknow 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.
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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 Wohler

In 1828 German chemist, Friedrich Wohler converted
ammonium cyanate, an inorganic compound, into the organic
substance urea. Wohler’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

Friedrich Wohler and beryllium.

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.




INTRODUCTION TO ORGANIC CHEMISTRY (UNIT 1) ’

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 Waéhler synthesized
urea for the first time in 1828. In attempting to prepare ammonium cyanate,
NH,CNO, from the reaction of silver cyanate, AgCNO, and ammonium chloride,
NH,CI, he accidentally and surprisingly obtained urea, (NH,),CO:

AgCNO(ag) + NH,Cl(aq) — AgCI(s) + NH,CNO(aq)

I
H,N— C — H,N (s)
Urea
Urea was the first organic compound synthesized in the laboratory. The synthesis
of urea by Friedrich Wohler and subsequent synthesis of other organic compounds

marked the downfall of the ‘life force’ theory.

evaporation

NH,CNO (aq)

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,CH,CHO and CH,COCH, have the same chemical formula C,H,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).

Organic Functional General
Compound Group Structure Example
AN /
Alkane | —C—CT | R—CH,—CH, | HC—CH,—CH,
(single bond) Propane
N / -
Alkene L= R— CH=CH, Hzgt@nin
(double bond)
Alkyne —Cc=e= Y H—C=C—H
(triple bond) Ethyne

Continued next page
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Organic Functional General
Compound Group Structure ST
H C4< >
Aromatic @ R@ ’
(benzene ring) Toluene
Alcohols —OH R—OH CH,CH;— OH
Ethanol
— CHO group R — CHO CH,— CHO
0 0 0
Aldehydes J I c
C < 7\
/ \H R/ \H HC H
Ethanal
— CO —group RCOR’ CH,COCH,
Ketone (”) ﬁ |C|)
< C C
VRN AN 7\
R R H,C CH,
Propanone
. | — COOH group R — COOH O
Carboxylic 0 0 I
Acid | I H,C —C—OH
—C—OH R—C—OH Ethanoic acid
— COOR group RCOOR’ O
Ester 0 @ I
I I H,C —C—0O—CH,CH,
—C—O0—R R—C—O—R’ Ethyl ethanoate
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’?
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10.
11.

Who disproved the ‘life force’ theory; and how?
What was the first organic compound synthesized in the laboratory?
Identify the functional groups in each of the following compounds?
a CH,CH,COCH,CH,CH, cCH,CH,CH,COOH
b CH,CH,COOCH,CH, d CH,CH,CH,CH,OH
Define the following terms.
a Organic chemistry b Catenation ¢ Functional group

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

What is the basis for the classification of organic compounds?

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 C,H,, C.H,, and CH.;

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?

¢ 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.
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Example
||'| ||'| ||'| ||'| Condensed structure
H—C—C—C—C—H or HC—CH,—CH,—CHjs
(I
H HHH
Saturated Hydrocarbons (Detailed structure)
H H H
H 1
H/C=C—(|3—C|:—H or H,C=CH—CH,—CH;
H H
H H

||
H—C=C—C—C—H or HC=C—CH,—CH;
|
H H
Unsaturated Hydrocarbons

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 C H, .., 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 atomsareCH, ., ,=CH,CH, .. ,=CH,andCH, .  =CH,
respectively.
When we compare the formulas of CH, and C,H or C,H and C,H,, they differ by one

carbon and two hydrogen atoms or — CH,—group called the methylene group. Agroup of
compounds inwhich each member of the group differs from the next member by a-CH,, is
called ahomologous series. Compounds in the same homologous series can be represented
by the same general formula. The individual members of the group are called homologues.
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Alkanes contain carbon-carbon single bonds (— C — C —) as their functional
group. 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 (°Q) (°C) at 20°C isomers
room temp.)

Methane CH, gas -183 -162 0.717 g/L 1

Ethane CH, gas =172 -89 1.359/L 1

Propane CH, gas -187 -42 2.02 g/L 1

n-Butane CH, gas =135 -0.5 248 g/L 2

n-Pentane CH,, liquid -130 36 0.63 g/mL 3

n-Hexane CH, liquid -94 68 0.66 g/mL 5

n-Heptane CH,, 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 (C.H,,) to heptadecane (C,,H,,) 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
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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
H H H H H H
H—C—C—C—C—H H-C—C—C—H
HOHOHH b ow
H—C—H
i
Straight-Chain Alkane Branched-Chain Alkane

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
il)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
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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 C.H, ,, 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

H,C — CH,— CH,—CH,— CH,
n-pentane
H,C —CH,— CH,—CH,— CH, —CH,
n-hexane

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

Example
H,C — CH — CH, H,C — CH, — (|3H — CH,
CH, CH,
Isobutane Isopentane

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

Example
CH, CH,
HBC—(|3—CH3 H3C—C|2—CH2—CH3
H, &,

Neopentane Neohexane
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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 formulais C H, ., wheren=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.

Condensed
Foaof | [omuien | seureotabor | S7mee e
CH, CH,- CH,- Methyl
C,H, C,H— CH,CH, Ethyl
C.H, C.H~ CH,CH,CH,— n-Propyl
CH,—CH — Isopropyl
&,
C,Hy, C,He— CH,CH,CH,CH,— n-Butyl
CH,CH — CH,— Isobutyl
e,
CH,
oo, o EE
H
CH,
S
CH,

The system of naming organic compounds is based on the recommendations of [UPAC.
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

CH,

| ~ t<+— Side chain

il
'CH,—CH,—CH— CH— CH,— CH,—CH,_ Longest continuous
B T T : carbon chain

CH

Side chain AT

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

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.

CH,—CH,

1 ‘ 7

CH,—CH, —CH— CH—CH,— CH,—CH,
CH,

or
CH,—CH,

| ;

cH,—CH, —CH —CH—CH,—CH,—CH,

CH,

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.

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
CH, CI CH,
H,C —C —CH— € —CH,

I 5

CH, H,C—CH,

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
*CH,
Cl CH, 7C|3H2
CH, —C —C—CH—"CH—CH,
T
2c|:H2 Br ClI
CH3

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
CH, CH,

- |
H,C —2c|: —3(|3H —'CH—"CH—CH,— CH,
CH, F CH,

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, C.H
names.

2. Give the [IUPAC name of:

and give their [UPAC

18>

CH, Br CH,
CH, —C—CH—CH— (|:H — CH,— CH,— CH,
C|H3 (|ZH2
e,
3. Write the structure of 2,2-dimethyl butane.
4. Write the structure of 2,3-dimethylpentane.

5. WhenF, Cl, Brand | appear as substituents in an organic compound, how are
they named?
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1.2.4 Isomerism

1. Write the molecular formula of the following compounds?

RN o
U T
H H H H H CH,

CH;—CHf—$H——CH3
CH,

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 (CH,), ethane (C,H,) and propane (C,H,). 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
(C,H,,) and pentane (C.,H,,).

4" "10
1. Isomers of butane (C,H,)

Butane has two isomers:

CH, —CH,— CH,— CH, CH, —(‘3H —CH,
CH,
n-butane Isobutane or 2-meth 1 ro ane

2. Isomers of pentane (C,H,,)

Pentane has three isomers.
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T
CH, —CH,—CH,— CH,— CH, H,C —C| —CH,
CH,
n-pentane Neopentane or 2, 2-dimethylpropane

H,C — CH— CH,— CH,

CH,
Isopentane or 2-methylbutane

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: R— CH=CH, + H, PR CH,— CH,

heat
Alkene Alkane

Example

Pt
CH,=CH, + H, —» CH,—CH
2 2 2 heat 3 3
Ethene Ethane

2. Wiirtz 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:
2R—X + 2Na —» R—R + 2NaX

Halogenated Alkane Sodium halide
Alkane
Example
2CH,l + 2Na —— CH,—CH, + 2Nal
Methyl iodide Ethane Sodium iodide

This reaction is named as Wirtz reaction after the French chemist Charles-
Adolphe Wiirtz (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:

RCOONa + 2NaOH %); R—H + Na,CO,(s)
ea
Sodium salt Alkane
of or anic acid
Example
CaO
CH,COONa + 2NaOH == CH,(g) + Na,CO,(s)

Sodium acetate Methane

(Sodium ethanoate)

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 (CH,COONa) 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.

Rubber
stopper

Delivery tube .
Gas jar

Sodium acetate

+ ——— Methane

Soda lime Boiling tube o
__________ Pneumatic
''''''''''' 0% trough
Beehive
Bunsen shelf
burner S~

Figure 1.3 Preparation of methane.
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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), 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.
¢ What change did you observe upon addition of Ca(OH),?
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.

Organic material + Water

v

Hydrolysis

v

Anaerobic fermentation

. !

Biogas Residue
Methane and CO, Watery fractions

and heavy solids (sand, soil)

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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Experiment 1.2

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?

¢ 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.

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.

2.

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.

The reaction of methane with oxygen produces two different oxides of carbon, CO, and
CO.

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

b If a domestic heating system is fuelled by methane, what difference does it make
if the combustion produces CO, 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:
CH,, + f”; 00, 5 nCO, + (M+HHO + heat
where n is the number of carbon atoms in the alkane molecule.

Example
CH, + 50, — 3CO, + 4H,0 + 2299kJ

The heat energy liberated is used to generate electricity, to move motor vehicles
or to cook our food.
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1.

2.

Write the general equation for the combustion of alkanes in a limited supply of
oxygen that forms carbon monoxide, water and energy.

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. Afree radical is electrically neutral.
A chlorine molecule absorbs light and decomposes into two chlorine atoms:

light

Cl—Cl 2Cle

i) Chain Propagating Step: This is a step which consumes areactive particle (free
radical) produced in the chain initiation step and generates another free radical.
Cle + CH, — HClI + CHye
iii) Chain Terminating Step: Inthe chain terminating step reactive particles (free
radicals) are consumed but not generated.
CHy + Cl —> CH,CI

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

Examples
Cle + Cl¢ —> Cl,

CHe + CHs —> CH,—CH,

Such a detailed step by step description of a chemical reaction is called a reaction
mechanism.
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Chlorination of methane may produce different products depending on the
relative amounts of methane and chlorine.

CH,(@ + CL(g) — CHCI(g) + HCI(g)
Methyl chloride
CHCI(g) + CL(g) — CHLCL (g) + HCI(g)
Methylene chloride (dichloromethane)
CH,Cl,(g) + CL(g) — CHCI (g) + HCI
Chloroform (trichloromethane)
CHCl,(g) + CL(g) — CCl(g) + HCI(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.
chch, 228908 oy —ch, + K,
Ethane Ethene
4 i [e]
cHcH,—cH, 2298 oy cn, + cn,
Propane Ethene  Methane

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, C H, , 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.
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H H H
NI |
H C H—C—C—H
NN or A | or
C—C—H
/ H—C—C—H
W [
H H
Cylopentane (C;H,) Cylobutane (C,Hy)
H H H H
\ H_ e H
H—C_—_Cc—H AN N
He/ | H H—C¢  C—H
Seooo o Q | | or
/ AN H—C C—H
W e NN
/N H >~ H
H H H H
Cylopentane (C.H,,) Cyclohexane (C(H,,)

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 b5 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.
How many chain isomers are there for an alkane that contains 7 carbon atoms?

5. Give IUPAC names to each of the following.
d

CH, — CH— CH — CH, — CH,

Cl Cl
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CH,

H,C—CH—C— CH,

CH, CH,

CH,

|
CH,— CH—C — CH,— CH,

CH, Br

CH,— CH,

CH,— CH—CH—CH,— CH,

CH,

CH, CH,— CH,

Cil,— C—=Ultl,—{C8— 13, — CIs[—{CI3,

CH, CH,

6. Write the structural formulas of the following compounds.
a 2,3-dimethylbutane
b 2-bromo-3,3,4,4-tetramethylhexane.
¢ 2-chloro-4-ethyl-2,3-dimethylhexane.

7. Complete and balance the following chemical reaction:

Complete

S t 0 Combustion

5 12

1.3 UNSATURATED HYDROCARBONS

Competencies

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

27
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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 C,H, and C.H, ;
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 CaC, 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 CH,, C.H,
and C H,. 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

. : \C: C
their functional group: AN

They are also known as olefins. They form a homologous series represented by the
general formulaC H, ,wheren=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)
CH, CH,=CH, Ethene -169 -102 061g/L
CH, CH,=CH-CH, Propene -185 -48 061g/L
CH, CH,=CH-CH,-CH, 1-butene -130 -6.5 063g/L
CH, CH,=CH-(CH,),-CH, 1-pentene -1305 30 0649/L
GH, CH,=CH- (CH2)3 -CH, 1-hexene -138 63 067 g/L
CH, CH,=CH-(CH),-CH, 1-heptene -119 93 069g/L
CH, CH,=CH-(CH,),-CH, 1-octene -104 122 072g/L
G H, CH,=CH- (CHZ) L=l 1-nonene -95 146 0.73g/L
CoHy, CH,=CH-(CH,),-CH, 1-decene -87 171 0.749/L
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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 [UPAC 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
CH, CH,=CH, Ethylene
CH, CH,=CH-CH, Propylene
C,H, CH,=CH-CH,-CH, 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:
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CH,
)  H,C—CH—CH—CH,— CH,
CH,
CH,
ii) H,C—CH—CH—CH,— C= CH,
L, H

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?

¢ 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 C,H,, 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.

Why should the double bond(s) in alkenes be included in the longest continuous chain?
Express your opinion to the class.
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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
CH, —'CH—"CH— CH,— CH,— CH,
6 5 4 B 2 1

2-hexene or hex-2-ene
but not 4-hexene

CH,—'CH— CH,— CH,— CH,
5 4 & 2 1

1-pentene or pent-1-ene
but not 4-pentene

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
CH,

_______________________________________________________

The parent structure contains 8 carbon atoms and a double bond between 3" and
4" carbon atoms. Thus, it is named as 3-octene or oct-3-ene. The side chains
attached are chlorine at the 6™, two methyl groups at 5" and 6" 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:
CH,

a  CH,CH,CH,— C=C — CH,CH,
&,
b  CH,CH,— C—CH,CH,
CHCH,

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 (C.H,,):

a H,C—CH— CH,—CH,—CH, b H,C —CH—CH— CH,— CH,

I-pentene 2-pentene
c H2C:(|3—CH2—CH3 d H3C—(|3=CH—CH3
CH, CH,
2-methyl-1-butene 2-methyl-2-butene

e H,C—=CH— (|?H— CH,
CH,

3-methyl-1-butene
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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 C.H.,.

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:

Hg,C\C B C/CHZ— CH, Hg,C\C B C/ H
/TN / N
H H H CH,—CH,
cis-2-pentene or cis-pent-2-ene trans-2-pentene or trans-pent-2-ene

Alkenes have more isomers than the corresponding alkanes.

Exercise 1.6
Write three position isomers of hexene.

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 (ALO,).
Dehydration means removal of water.

General Reaction:
H,SO,
R—CH,—CH,—OH -5 R—CH=CH, + H,0
Alcohol Alkene




INTRODUCTION TO ORGANIC CHEMISTRY (UNIT 1) ’

Example

H,S0,
CH,—CH,—OH =3 CH,=CH, + H0

Ethanol Ethene

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 CH,Cl
and CH, - CH, - Br.

General reaction:
R—CH, —CH,—X + KOH —— R— CH=CH, + KX + H,0
Alkylhalide Alkene

Example
CH,—CH,—Cl + KOH — CH,—CH, + KCI + H,0
Ethylchloride Ethene

Activity 1.18

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:
OH

a CH, — CH — CH, %»
Br

b CH,—CH—CH, + KOH —»
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Experiment 1.3

Laboratory preparation of Ethene

Objective: To prepare ethene and study some of its properties

Materials required: Ethanol, concentrated H,SO,, water, bromine water, basic
KMnO,. Round-bottomed flask, stopper, delivery tube, gas jar, pneumatic
trough, thermometer, tripod, Bunsen burner, stand and clamp, beehive
shelf and wire gauze.

Procedure:

1. Arrange the set-up as shown in Figure 1.6

2. Take ethanol in the flask and add concentrated H,SO, through the thistle
funnel; heat carefully until the temperature reaches about 170°C. Discard the

initially formed gas as it might contain air; collect the ethene gas in three gas
jars by downward displacement of water; perform the following activities.

a  Insertalighted splint into the jar containing the gas and see what happens.

b Addtwodropsofbromine watertothe other gasjar, coverthe jarand shake
well.

Thistle
funnel

Ethanol —— Ethene
+
concentrated

sulphuric acid

Inverted
gas jar

—

Beehive
shelf

— Water

Figure 1.6 Preparation of Ethene.
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a
b
c

d
e

Observations and analysis:

Write a laboratory report about the experiment and submit to your teacher.

¢ Adda few drops of alkaline KMnO, solution to another jar containing the gas
and observe what happens.

What is the colour and odour of the gas?
What is the substance left after combustion of the gas in the jar?

What change is observed when the gas is shaken with bromine water or
alkaline potassium permanganate? Write equations for the reactions?

Name the dehydrating agent used in the experiment?

Which method of preparation of an alkene is used in this experiment?

Chemical properties of Alkenes

Alkenes are unsaturated hydrocarbons containing double bond (a strong bond and
a weak bond) between the two carbon atoms. They are more reactive than alkanes,
because the weak bond can be used for further reaction. They undergo several types
of reactions.

1. Combustion reaction. Alkenes burn in oxygen with a luminous flame to form
carbon dioxide and water.
General reaction: CH, + (3—’1\0 — nCO, + nHO + heat
n 2n k2) 2 2 2
Example
CH,(@ + 60,(g) — 4CO,(g9 + 4HO(g) + heat
2. Addition reaction. Alkenes undergo mainly addition reactions. The addition

occurs at the carbon-carbon double bond.

a Addition of halogens (halogenation): When a halogen molecule, X, (where,
X, = Cl, or Br,) is added to alkenes, the product is a dihaloalkane.

General reaction:

R—CH=CH, + X, —— I‘{—(’jH—CHZ; (X,= Cl,, Br,)
X X

Alkene Halogen Dihaloalkane

37
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Example
CH, —CH=CH, + Cl, —» (|:H3 —(|:H—CH2
Cl Cl
Propene 1,2-dichloropropane

If bromine water (bromine in CCl,) is added to alkenes, the reddish brown
colour of Br, in CCI, will disappear. This is due to the addition of bromine
(Br,) across the double bond. So, Br, in CCl, is used to detect unsaturation
(presence of multiple bond) in a compound.

b Addition of hydrogen (Hydrogenation): Addition of hydrogen molecule to
alkenes in the presence of a nickel or platinum catalyst yields alkanes.

General reaction: R—CH =CH,+H, —">R -CH,-CH,

Alkene Alkane
Example
CH,=—CH, + H, —» CH,—CH,
Ethene Ethane

¢ Additionof hydrogen halides, HX (hydrohalogenation): Addition of hydrogen
halide (HCI, HBr or HI) to alkenes leads to the formation of alkyl halides. The
product of the reaction can be predicted by Markovnikov’s rule; which states
that “when an alkene reacts with a hydrogen halide to give an alkyl halide, the
hydrogen adds to the carbon atom of the double bond that has the greater
number of hydrogen atoms, and the halogen to the carbon that has the fewer
number of hydrogen atoms”.

The same is true when an alkene reacts with water in an addition reaction to
form an alcohol.

General reaction:
H

R—CH=CH, + HX —> R—CH—C—H

]
X H

Alkene Alkyl halide
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Example
CH, —CH=CH, + HBr —— CH,—CH— CH,
Br
Propene 2-bromopropane

Have you noticed the location where H and Br have formed bonds?

Addition of water (hydration): When alkenes are hydrated in the presence of
an acid catalyst, they produce alcohols, in accordance with Markovnikov’s
rule.

General reaction:

i

R—CH=CH, + HOH —H» R—C|H—C|—H
OH H
Alkene Alcohol

Example
CH, —CH=CH, + HOH —*—» CH, —CH— CH,

OH
Propene 2-propanol

Oxidation of alkenes: Oxidation of alkenes with cold alkaline potassium
permanganate solution (KMnO,) forms diols (compounds containing two
hydroxyl groups).

General reaction: R—CH=cH, Akaline, p  cy__cH,

KMnO, | |
HO OH
Alkene Diol
Example
. Alkaline
CH2 S CH2 W H2(|: — CH2
HO OH

Ethene 1,2-ethanediol
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Alkaline KMnO, solution is also used as a qualitative test for the identification of
unsaturation in a compound. The solution is called Baeyer’s reagent. In the
presence of unsaturated hydrocarbons, the purple colour of alkaline KMnO,
solution fades and a brown precipitate is formed.

f Polymerization (self-addition) of alkenes: Polymerization is the union of small
molecules called monomers to form a large molecule called a polymer.

Example
1000 atm, 473K
CH,=—CH : >» (—CH,— .
n(CH, 2) 0, (Catalyst) (—CH,—CH,—),
Ethene Polyethene

Uses of Ethene (Ethylene)

Ethene is used in the production of ethanol, and polymers such as polyethene,
polyvinylchloride (PVC), polystyrene and teflon. It is also used in the production
of 1,2-ethanediol, which is used as an antifreeze material; and for the preservation
as well as artificial ripening of fruits.

Activity 1.19

Take some green tomatoes in first basket and put a ripe banana in between them. In a
second basket put only green tomatoes (but not a banana). Compare the tomatoes in the
two baskets. Do the tomatoes ripen at the same rate in both baskets; if not, why? Share
your opinion with your classmates.

Cycloalkenes

Cycloalkenes are unsaturated cyclic hydrocarbons. The carbon atoms are linked in such a
manner as to form a closed chain or a ring structure. They contain a double bond between
carbon atoms and are represented by the general formula C H, ., where n should be
equal to or greater than 3. They are isomeric with alkynes. They are named by prefixing
“cyclo” to the name of alkenes containing the same number of carbon atoms. The given
structures show some examples of cycloalkenes.

The ITUPAC names for alkynes are obtained by using the prefixes listed in Table 1.3. The
suffix ‘-yne’is added to the prefixes, which indicates the presence of a triple bond between
a pair of adjacent carbon atoms. Alkynes are named in the same way as alkenes.
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Examples
CH, H,C — CH,
AT YAN [ o
HC =CH HC = CH —
Cyclopropene Cyclobutene
CH
AN
H,C—CH H,C CH,
H C/ \\CH or Q H (|3 C|:H "
CH, \CH/
Cyclopentene Cyclohexene

Exercise 1.8
Complete each of the following equations and name the products:

a CH,CH,CH=CH, + HCl —
b CH,CH,CH=CH, + Br, —

+
¢ CH,CH,CH=CH, + H,0 —
Alkaline
d CH,CH,CH=CH, Yo

1.3.2 Alkynes

Alkynes are another group of unsaturated hydrocarbons possessing a triple bond as their
functional group. The homologous series of alkynes is represented by the general formula
C.H,, ,, where n = 2. The first member of the group is commonly known as acetylene.
The homologous series of alkynes is also called acetylene series.

Table 1.7 Homologous series of alkynes and their physical constants.

Formula of Condensed IUPAC Melting Boiling
Alkyne Structure Name Point (°C) Point (°C)
CH, CH=CH Ethyne -82 -75

(@ hi CH=C-CH, Propyne -101.5 =23

Gl CH=C-CH, 1 - butyne =122 9

Continued next page
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Formula of Condensed IUPAC Melting Boiling
Alkyne Structure Name Point (°C) Point (°C)
CsHg CH=C-(CH,),- CH, 1 - pentyne -98 40
Clhg CH=C- (CH2)3— CH, 1 - hexyne —124 72
CH,, CH=C-(CH,),- CH, 1 - heptyne -80 100
Sl CH= C—(CHZ)S—CH3 1-octyne -70 126

1- nonyne —65 151

1- decyne -36 182

Physical Properties of Alkynes

Alkynes are non-polar compounds whose molecules are held together by weak
intermolecular forces. The strength of the intermolecular forces increases with
increasing molecular size. The physical properties of alkynes are almost similar to
those of alkenes.

1. By looking at the trends for alkynes in Table 1.7, write the molecular formula and and
the structures of the alkynes containing 9 and 10 carbon atoms.

2. Compare the physical state, melting points and boiling points of alkynes with alkenes
and alkanes, as the number of carbon atoms increases. Discuss with your group and
present to the class.

Nomenclature of Alkynes

Alkynes are commonly named as a derivative of acetylene.

Example
CH=CH CH=C—CH, CH= C — CH,— CH,
acetylene methyl acetylene ethyl acetylene

IUPAC System: The IUPAC names for alkynes are obtained by using the prefixes listed
in Table 1.3. The suffix ‘-yne’ is added to the prefixes. ‘-yne’ indicate the presence of a
triple bond between a pair of adjacent carbon atoms. Alkynes are named in the same way
as alkenes.




INTRODUCTION TO ORGANIC CHEMISTRY (UNIT 1) ’

Example
CH='C—'CH, —CH,—'CH, 'CH—c=_—"CcH,CH,
1-pentyne or pent-1-yne 2-pentyne or pent-2-yne
T
CH,

|
CH, —C=T —“$ —5(|3H —‘CH, — CH,

CH, CH,
4-ethyl-4,5-dimethyl-2-heptyne or 4-ethyl-4,5-dimethyl-hept-2-yne

Isomerism in Alkynes

Alkynes show both chain and position isomerism, but not geometrical isomerism.

Example
Isomers of butyne, C,H,
HC=C —CH,—CH, H,C—C=C—CH,
1-butyne or but-1-yne 2-butyne or but-2-yne

1-Butyne and 2-butyne are position isomers.

Write the structural formulas for pentane, pentene, and pentyne. Why are not these three
hydrocarbons considered as isomers? Tell your idea to the class.

Exercise 1.9
1. Write the possible isomers of 1-pentyne and identify which isomers are:
a chain isomers? b position isomers?
Write the structures of all isomers of 1-pentyne (C.H,) and name them.

3. How many isomers are possible for 1-hexyne?
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Preparation of Alkynes

Alkynes can be prepared by several methods. Some of the general methods of
preparation of alkynes are:

1. Dehydrohalogenation of vicinal (adjacent) dihalides with a base NaOH or
KOH or NaNH,,

General reaction:
R—(|3H—C|H2 + 2NaOH —» R—C=CH + 2NaX + 2H,0

X X
Vicinal dihalide Alkyne
Example
CH2—(|IH2 + 2NaOH — CH=CH + 2NaBr + 2H,0O
Br Br
1, 2-dibromoethane Ethyne

2. Alkylation of sodium acetylide (dicarbide) with a primary alkyl halide.
General reaction:

HC=CNa + R—X —» HC=C—R + NaX

Sodium carbide Primary Alkyne
Alkyl halide

Example
HC=CNa + CHCHBr —— HC=C—CH,—CH, + NaBr

Sodium Ethyl bromide But-1-yne
carbide (1-butyne)

Exercise 1.10

Write the major product of the following reactions:
H H

a CH3—|C—C—H + 2KOH —
Br Br

bH—C=CNa + CHBr —»
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Experiment 1.4

Laboratory Preparation of Ethyne
Objective: To prepare ethyne from calcium carbide and water.

Materials required: CaC,, H,O, bromine water, round-bottomed flask, separating
funnel, delivery tube, trough, beehive shelf and gas jar.

Procedure:

1. Arrange the set up as shown in Figure 1.7. Put a layer of sand in a conical
flask and place calcium carbide on the sand.

2. Add water drop by drop from the separating funnel onto the calcium carbide.

Watch carefully and record your observation. Touch the flask with the tip of
your finger.

3. Collect several jars of the gas over water and carry out the following tests:
a Burn the gas as you did with methane and ethene.

b Add a few drops of bromine water to another jar filled with ethyne and
note the changes.

Separating funnel

Water

Rubber
stopper
Clamp

Delivery

Gas jar
tube

Stand — —— Round-bottom

flask

Calcium
carbide

F

Figure 1.7 Laboratory Preparation of Ethyne.
Observations and analysis:

a What do you feel when you touch the flask? Is the reaction exothermic or
endothermic?

b How do you compare the colour of the flame produced with that of methane and
ethene?

Write a complete laboratory report and submit to your teacher.
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Chemical Properties of Alkynes

Alkynes are more reactive than alkanes and alkenes. Why?

Alkynes are more unsaturated than alkanes and alkenes due to the presence of a
carbon-carbon triple bond. They can undergo combustion and addition reactions.

Some of the common reactions of alkynes are:

1.

Combustion reaction: Alkynes burn with a smoky luminous flame, forming
CO, and water. Smoky luminous flames result from the combustion of alkynes
due to their high carbon content.

3-1
General reaction: CH, , + TOZ - nCO, + (n-1)H,0

Example
CH, + 40, -» 3CO, + 2H,0 + heat

Addtion reaction: Alkynes undergo addition reaction at the carbon-carbon
triple bond. Some of the addition reactions of alkynes are the following:

a Addition of hydrogen (hydrogenation): In the presence of nickel or
palladium catalyst, alkynes produce alkanes.

General relation:

Ni H,
Gy + Hy, 1 ov Gl Grieat Crflome
Alkyne Alkene Alkane
Example
CH=CH + H, -M, cH—CH, —2 , CH,CH
> heat 2 2 Ni/heat 3 :
Ethyne Ethene Ethane

Partial hydrogenation of alkynes in the presence of Lindlar’s catalyst gives
alkenes. Lindlar’s catalyst is powdered palladium partially deactivated with lead
acetate.

A= Lindlar's o . -
CH,—C=C—CH, + H2WCH3 CH= CH — CH,

2- butyne 2- butene
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b Addition of halogens: When molecule of an alkyne reacts with one and two
molecules of halogens, it gives a dihaloalkene and a tetrahaloalkane,

respectively.

General Reaction:
R—C=CH + X, — R—C=CH

X X
Alkyne Dihaloalkene
X X

R—C=CH + 2X, — R—C—CH

X X
Alkyne Tetrahaloalkane
Example
CH,—C=C—H + Cl, — CH,—C=C—H
Cl Cl
Propyne 1,2-dichloropropene
Cl cl

|

CH,—C=C—H + 2Cl, — CH,—C—C—H

Cl c
Propyne 1,1,2,2-tetrachloropropane

1. Do you expect alkynes to decolorize bromine water; if so why?

2. Write the balanced chemical equation for the reaction between C,H, and 2Br.,
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c Addition of Hydrogen Halides: Alkynes react with hydrogen halides to
form a monohaloalkene and a dihaloalkane. The addition reaction occurs
according to Markovnikov’s rule.

General Reaction:

X
|
R—C=cH HX R—Cf:CHZ HX, R—(‘J—CH3
X X
Alkyne Monohaloalkene Dihaloalkane
Example

I|3r
CH,—c=cH HB, CH3—(|3=CH2 HBr, CH3—(|',‘—CH3

Br Br
Propyne 2-Bromopropene 2, 2-Dibromopropane

1. Is Markonikov’s rule applied in the reaction between propyne and hydrobromic acid?
How?

2. The addition reaction of alkynes proceeds in two steps. Explain what changes occur
during the first and the second steps.

3. Compare the reaction products when 1-butyne and 2-butyne react with HBr.

3. Trimerization of Acetylene: Acetylene, on prolonged heating at 600 — 700°C,
yields benzene.

3 CH=CH
Acetylene Benzene

600°C-700°C, @

1.3.3 Properties and uses of Acetylene or Ethyne

Acetylene is a colourless, sweet-smelling gas in pure form and is insoluble in water. It is
usually stored as a solution of acetone in steel cylinders. Combustion of acetylene with
oxygen produces an intensely hot flame of about 3000°C. Thus, a large quantity of acetylene
is used as a fuel in oxy-acetylene torches for cutting and welding metals. Acetylene is also
used to prepare acrylonitrile which is a starting material for producing polyacrylonitrile, a
raw material for textile fibre. It is also used for making vinyl chloride which polymerizes to
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give polyvinyl chloride (PVC) commonly used for making floor tiles, electrical insulators,
shoe soles, water pipes etc. Acetylene is used to produce 1,1,2,2-tetrachloroethane that
serves as a solvent for wax, grease, rubber etc.

Table 1.8 Comparison of some properties of Ethane, Ethene and Ethyne

Property Ethane Ethene Ethyne

Nature of flame Non-luminous Luminous Smoky luminous
Effect on colour of Br, in CCl, No effect Decolorizes Decolorizes
Effect on colour of alkaline KMnO,  No effect Decolorizes Decolorizes

Exercise 1.11
What reagents can be used to test for unsaturation of hydrocarbons?
2. Name the following hydrocarbons.

a b
H,C CH, CH,
\C == C/ |
/ . H,C —C —CH=CH—CH,
H,C CH,
CH,
v d (|?H3
(|3H2—CH3 CH, —C|H —|C — C=CH
CH, —CH, —C=CH, CH, CH,
CH, CH,
CH,

© |
CH, — CH, —(le —C=C— (lt—CH3

CH, CH,
cn,
3. Which of the following hydrocarbons exhibit geometrical isomerism?
a 1-butene c 1-pentene
b 2-butene d 3-hexene
4. Complete the following reactions and name the main products:

a CH,CH,CH,Cl + KOH —%tl

b CHy—CH=CH-CH, + Cl, —
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¢ CH,- CH,- CH = CH, + HCI -

d CH~CH=CH, + HO—"—>

e CaC, + 2H,0 —

f CH,— C = CNa + CH,CH,Br -
g CHy—C = CH + 2H,——>
h CH,- CH, - C = CH + 2HBr -
i H-C=C-H+Br,-

j H—C=C-H+2Br,-

1.4 AROMATIC HYDROCARBONS

Competencies

At the end of this section you will be able to:
* define the term aromatic hydrocarbons;
e draw the structure of benzene;
* describe the main physical properties of benzene;
» explain the chemical reactions of benzene;
* carry out test-tube reactions with Br, in CCI,, KMnO,, concentrated H,SO,.

Discuss the following in your group and present it to the class:
1. What comes to your mind when you hear the word “benzene”?
2. What is the word “aroma” mean? Which substances have an aroma smell?

3. Are aromatic hydrocarbons unsaturated as alkenes? Why?

The term aromatic is derived from the word ‘aroma’ meaning pleasant smell, which
was originally used to describe naturally occurring compounds with pleasant smells.
At present, the term is used without its original significance. Aromatic hydrocarbons
are generally obtained from petroleum and coal tar. They are a group of hydrocarbons
characterized by the presence of a benzene ring or related structures. Some examples of
aromatic hydrocarbon structures are given below:
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H CH, H H
L ¢ P
7T Y1 YT T
H- C\C/ C\H H-~ C\C/ C\H H/C\C/C\C/C\H
| | | l
H H H H
Benzene Methyl benzene Naphthalene
(Toluene)

Figure 1.9 Structures of some Aromatic Hydrocarbons.

1.4.1 Benzene

Benzene is the simplest aromatic hydrocarbon. Its molecular formula is CH,.
Friedrich A. Kekule, in 1865, suggested that the six carbon atoms of benzene are
arranged in the shape of a hexagon. He also suggested a resonance hybrid structure.
He represented benzene by the resonance structures (Figure 1.10) in which the two
structures shown make equal contribution for the resonance hybrid or actual structure.

| |
C
- ~
H/CQCQC\H H/C\C;C\H
| | Resonance hybrid
H H
+—> ~

Figure 1.10 Resonance structures of benzene.

The bonds in benzene are neither single nor double but have an intermediate character
between those of single and double bonds. All the carbon-carbon bonds in the molecule
are same in length and nature. Since structure | or Il given above are not the true structures
of the benzene molecule, the benzene ring is written, in most cases, in its resonance hybrid
form as follows:




CHEMISTRY GRADE 10

@%@ Q

The six electrons in the hexagonal ring are delocalized.

From structures | and Il in Figure 1.10, one may think that benzene has three double
bonds and has the same chemistry as that of alkenes. But, this is not true. Benzene
and other aromatic hydrocarbons are not as unsaturated as alkenes because the three
double bonds in benzene are delocalized due to resonance. They are more stable than
alkenes. They undergo substitution reactions to a far greater extent than addition
reactions, which is a different characteristic compared to alkenes.

Physical Properties of Benzene

Benzene is a flammable, colourless, and volatile liquid with a characteristic smell. It
is nonpolar and immiscible with water but miscible with non-polar solvents like ether
and carbon tetrachloride. It freezes at 5.4°C and boils at 80.4°C. It is a carcinogenic
(cancer causing) substance. Benzene is a good solvent for fats, gums, rubber etc.,
and is used in the manufacture of dyes, drugs and explosives.

Chemical Properties of Benzene

Benzene and other aromatic hydrocarbons are more stable than alkenes and alkynes
due to the stability of the aromatic ring. It neither decolorizes bromine water (Br,
in CCl,) nor is reactive towards cold potassium permanganate solution. However,
benzene undergoes the following reactions:

1. Combustion reaction: Benzene is highly inflammable. It burns with a smoky
luminous flame to form CO, and H,O.

2CHH, + 150, — 12CO, + 6H,O + Heat

2. Substitution reaction: The reactions of benzene are chiefly substitution but
not addition reactions. In this reaction, hydrogen atom from the benzene ring
is replaced by another atom or group.

a Halogenation: Benzene reacts with bromine and chlorine in the presence of
iron (I11) chloride or aluminium chloride catalyst to form substitution products.

cH, + ci, Db, CHCI + HCl

@+C.ﬁ©+

Benzene Chlorobenzene
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b Nitration: Concentrated nitric acid mixed with some concentrated sulphuric
acid reacts with benzene at moderate temperatures to form nitrobenzene.
H,SO
CiHy + HO—NO, — ==
—_— > 50°C
HNO,

CHNO, + H,0

NO,

+ HO—NO, —2=%
— 7% 50°C
HNO,

+ H,0

Nitrobenzene

¢ Sulphonation: Benzene reacts with concentrated sulphuricacid, H,SO,, atroom
temperature to form benzenesulphonic acid.
cH, + HO—SO,O0H —— CH,SO,0H + H,0
—

1,50,

i
S—OH

@ + HO—SO,—OH —» ©|| + HO
0

H,SO, .
Benzene Benzenesulphonic acid

3. Addition reaction: Benzene undergoes addition reactions under special conditions.

Example
When a mixture of benzene vapour and hydrogen is passed over finely divided
nickel catalyst at 200°C, cyclohexane is formed.
Ni
—>
200°C

Ni Cyclohexane
O » ()

CGHG + 3H2 C6H12

Experiment 1.5

Chemical Reaction of Toluene

Objective: Todistinguish aromatic hydrocarbons from other unsaturated hydrocarbons

Materials required: Toluene, Br, in CCl,, KMnO,, concentrated H,SO,,, test tubes,
test tube rack, test tube holder, measuring cylinder, Bunsen burner and dropper.
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Procedure:

1. Take three test tubes and place them in the test tube rack.

2. Add 5 mL of toluene (methylbenzene) to each of the three test tubes.

3. Add one ortwo drops of Br, in CCl, in the first test tube and add the same amount
of cold KMnO, solution in the second test tube and observe the changes.

4. Add a few drops of concentrated sulphuric acid to the third test tube and, if

necessary, heat it gently, holding it with a test tube holder.

Observations and analysis:

In which test tube does a reaction occur?
Write a complete report of your observations and submit to your teacher.

© o kB w D=

Exercise 1.12
What is an aromatic hydrocarbon?
Are aromatic hydrocarbons saturated or unsaturated?
What is the name of the simplest aromatic hydrocarbon?
Describe the main reactions of benzene?
Benzene does not change the colour of Br, in CCl, or that of KMnO, solution; why?
How do you prepare the following compounds from benzene?
a Chlorobenzene b Nitrobenzene ¢ Benzene sulphonic acid.

1.5 NATURAL SOURCES OF HYDROCARBONS

Competencies

After completing this subunit, you will be able to:

list the major natural sources of hydrocarbons;

describe natural gas;

define crude oil;

explain the fractional distillation of crude oil;

mention the products of the fractional distillation of crude oil;
tell the uses of petroleum products;

describe the composition of coal,

explain the destructive distillation of coal.
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Discuss the following in your group and present it to the class:
1. What do you think is the major component of natural gas?
2. How can petroleum be separated into different fractions?

3. How are natural gas, petroleum and coal formed in nature? Can they be recycled?

A. Natural Gas

The principal sources of hydrocarbons are natural gas, crude oil and coal. Natural gas
is found in association with petroleum or alone. It is found in underground deposits
several hundreds or thousands of metres below the earth’s surface, where it originated
from the decay and decomposition of animal and plant remains millions of years ago.
Natural gas mainly contains methane (more than 90%), ethane, propane, butane and
small quantities of higher alkanes. Other gases such as, CO,, N,, O, and H,S, may
also be present in natural gas. The composition of natural gas varies, depending on its
place of origin. Natural gas is widely used as a fuel. It is advantageous over liquid and
solid fuels and also other gases, except H,, due to its very high heat of combustion.

B. Petroleum

The word petroleum is derived from two Latin words, ‘petra’ meaning rock, and
‘oleum’ meaning oil. Thus, petroleum means rock oil. The term petroleum refers to
a broad range of fossil hydrocarbons that are found as gases, liquids or solids beneath
the surface of the earth. The crude oil is generally found along with natural gas in the
form of a dark-coloured viscous liquid, which is a complex mixture of hydrocarbons.
Its composition varies according to its place of origin. However, crude oil mainly
contains alkanes, cycloalkanes and aromatic hydrocarbons. It also contains organic
compounds consisting of nitrogen, sulphur and oxygen in small amounts.

Refining of Crude Oil

Crude oil or petroleum is obtained by drilling wells until the oil-bearing region is reached.
After the crude oil is brought to the surface of the earth, it must be refined before it
can be used.

Crude oil is refined or separated into several components by fractional distillation
based on the differences in boiling ranges of its fractions. (Figure 1.11).




Under 40°C

Bottled as gas for heating
for cooking

Fractionating

column Petroleum ether

Petrol (gasoline)

175-275°C
Kerosene-fuel for jet aircraft

250 - 350°C

Diesel ail (fuel oil)-fuel for lorries

Petroleum and tractors

Lubricating oil —lubricants,
) waxes and polishes
Residue

Bitumen or asphalt — making
road surfaces and sealing roofs

Figure 1.11 Fractional Distillation of Petroleum.

The major products (fractions) obtained from fractional distillation of petroleum and their
uses are given in Table 1.9.

Table 1.9 Common petroleum products.

Gases C,-C, below 20 — As fuel in the form

of bottled gas.
Petroleum ether C =G 20 — 60 — Assolvent,indrycleaning
Gasoline (petrol) C. =G, 40 — 200 — Motor fuel for internal

combustion engines.

Kerosene Ca= % 175 — 275 - Jetengine fuel,
- household fuel.

Continued next page
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Fuel oil (diesel oil) Cn=Ey 250 — 350 — Furnace fuel, diesel
engine fuel.

Lubricating oils Non-volatile liquids — Lubrication.

Greases >Cg

Petroleum jelly

Paraffin wax Non-volatile — Candles, polishes.
Asphalt =G solids — Roofing and road
(bitumen) construction.
Coke — Electrodes, fuel for

power stations.

Most hydrocarbons present in petroleum are long-chain hydrocarbons. However, there is a
very high demand for petrol or gasoline, which contains hydrocarbons, composed of five
to ten carbon atoms. Therefore, the amount of petrol obtained by fractional distillation of
crude oil does not satisfy the demand for it. To satisfy the demand and maximize the output
of petrol or gasoline, the process called cracking is carried out during fractional distillation.

What does cracking mean? Cracking is the decomposition of large hydrocarbon
molecules into smaller ones by the application of heat (thermal cracking or pyrolysis)
or in the presence of catalysts (catalytic cracking).

Example
heat
C16 H34 CS H18 + CB H16
Hexadecane Octane Octene

Hydrogen gas can be added during cracking to saturate the alkenes formed in the
process.

C. Coal

Coal is formed naturally by the decomposition of plant matter over several millions of
years. It is not a pure form of carbon. It is an important source of aromatic hydrocarbons.
Heating mineral coal in the absence of air, or oxygen is called destructive distillation of
coal or coking of coal. When coal is heated in the absence of air it gives volatile products
and coke. The volatile products separate into coal gas and a liquid, called coal tar when
cooled. Aromatic hydrocarbons and many other substances are isolated from coal tar by
fractional distillation.

Coke, which is a solid and relatively pure form of carbon, is used as a fuel in the blast
furnace during the extraction of iron. It is also used to produce gaseous fuels, such as
water gas (mixture of H, and CO) and producer gas (mixture of N, and CO).

57
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Exercise 1.13
What are the major natural sources of hydrocarbons?
Which hydrocarbons are the main constituents of petroleum?
What is destructive distillation?
Describe how we can obtain aromatic hydrocarbons from coal.
Which fraction of petroleum is in very high demand?

What process should be carried out during fractional distillation of crude oil
to maximize the output of petrol or gasoline?

7. Describe the main uses of

& o B w D =

a petroleum ether; b kerosene; c  gasoline;

d diesel oil; e refinery gases.

Research and writing

Consult reference materials in the library and read about products made from
hydrocarbons. Make a list of petroleum-related products you use almost daily.

1.6 ALCOHOLS

Competencies
After completing this section, you will be able to:

* define alcohols;

 tell the functional group of alcohols;

» classify alcohols based on the number of hydroxyl groups,
» write the general formulas of monohydric alcohols,

* write the molecular formulas and the names of the first six members of the
monohydric alcohols;

» give the IUPAC names for the given alcohols;

« classify monohydric alcohols based on the number of alkyl groups attached
to the carbon atom carrying the hydroxyl group;

» give some examples for primary, secondary and tertiary alcohols;
* describe the physical properties of alcohols;

* explain general methods of preparation of alcohols;

» explain the industrial preparation of ethanol;

* perform an experiment to prepare ethanol from sugar,
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+ explain the chemical reactions of alcohols such as oxidation, reaction with
active metals, esterification and dehydration;

* carry out an activity to show chemical reactions of alcohols with active metals;
* write the general structural formula of aldehydes;

* write the molecular formulas and names of simple aldehydes,

» write the general structural formula of ketones;

* write the molecular formulas and names of simple ketones;

* write the general structural formula of carboxylic acids;

* write the molecular formulas and names of simple carboxylic acids;

* write the general structural formula of esters,

» write the molecular formulas and names of simple esters.

1. List some alcohols you know? Name the alcohol used in alcoholic beverages? What
are the uses of alcohols in industry?

2. Ethiopia uses an alcohol blended with benzene to drive cars. What is the name of the
alcohol? What is the source of this alcohol?

What do you think when you hear the word “alcohol”? Can you define alcohol? Give a
few examples of the uses of alcohols. Most people think of two common alcohols- the
substance that intoxicates people and the one used in clinics and hospitals. However,
there are many types of alcohol. The only alcohol present in all alcoholic beverages
is called ethanol. Other alcohols are used for different purposes.

Alcohols are hydroxyl derivatives of hydrocarbons that can be obtained by replacing
one or more hydrogen atom(s) of a hydrocarbon with the hydroxyl (—-OH) group.
The hydroxyl group is the functional group of alcohols.

Examples
H H H H H H

| | .
H—CIJ—OH H—(|?—(|3—OH H—|C—(ll—Cl?—OH

H H H H H H
Methanol Ethanol 1-propanol
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1.6.1 Classification of Alcohols

Alcohols are generally classified as monohydric, dinydric and trinydric depending on the
number of hydroxyl (-OH) groups they contain in their molecular structure.

Monohydric alcohols are alcohols containing only one hydroxyl group.

Examples
CH,—CH,—OH  CH,—CH,—CH,—OH

Ethanol 1-propanol

Dihydric alcohols are those containing two hydroxyl groups per molecule. They are also
named glycols or diols.

Example
H,C — c|:H2
HO OH

Ethane-1,2-diol (Ethylene glycol)

Trihydric alcohols are those containing three hydroxyl groups in their molecular structure.

Polyhydric alcohols are those containing three or more hydroxyl groups in their
molecular structure. Trihydric alcohols are also considered as polyhydric alcohols.

Example
H,C — CH — CH,

| l

OH OH OH
Propane-1,2,3-triol or Glycerine or glycerol

1.6.2 Nomenclature of Alcohols

An alcohol can be considered to be derived from a hydrocarbon by the replacement of at
least one H atom by hydroxyl group. Hence, alcohols can be systematically named by
using the suffix -0l to replace the terminal -e in the corresponding alkane name.
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Table 1.10 IUPAC Names, Condensed Structure and Physical Constants of the First Six
Monohydric Alcohol.

Structure of IUPAC name Melting Boiling point (°C) Density g/mL
monohydric alcohol point (°C)

CH,OH Methanol —97 64.7 0.792
CH,CH,OH Ethanol —117 783 0.789
CH,CH,CH,OH 1-Propanol —126 97.2 0.804
CH,(CH,),CH,OH 1-Butanol —90 117.7 0.810
CH,(CH,),CH,OH 1-Pentanol —78.5 138 0.817
CH,(CH,),CH,OH 1-Hexanol —52 156.5 0.819

Based on the structural formulas given in table 1.10, derive the general formula for the
homologous series of monohydric alcohols. Discuss in your group and present to the class.

In the IUPAC system of nomenclature of alcohols containing side chains or —OH
groups in different positions, the longest chain to which the —OH group is attached,
is chosen as a parent structure. The chain is then numbered, starting from the end
closer to the carbon atom to which the —OH group is bonded. The other rules are
similar to the nomenclature of hydrocarbons.

Examples
= I b T T
HC—C—C—CH, H,C—C—C—C—CH,
CH, OH CH, OH H
2,3-dimethyl-2-butanol 2-methyl-3-pentanol
c 1117 ¢ T T T
OH H H H H OHH H
2-hexanol 3-hexanol

Classification of Monohydric Alcohols

Carbon atoms can be classified as primary (1°), secondary (2°), tertiary (3°) and quaternary
(4°) if they are bonded to one, two, three and four carbon atoms, respectively.
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Example
|
—C—
a| b| c| d | | |
—C—C—C—C— —C—G<C—
b o
R R
Quaternary

carbon atom
Carbon atoms indicated by letters a, d, and e, are primary. The carbon atom indicated
by letter b is secondary, and the one indicated by letter c is tertiary.

Monohydric alcohols can be classified as primary (1°), secondary (2°) and tertiary (3°)
alcohols, depending on the number of hydrocarbon groups (alkyl groups) attached to
the carbon atom to which the hydroxyl group is bonded.

Primary alcohols are those alcohols which have the hydroxyl group connected to a
primary carbon. They can also be defined as a molecule containing a “~CH,OH" group.

H
|
General Structure: R— C‘ — OH
H
Primary (1°) alcohol
Examples
Lo ]
l
S A o
H H H H H
Ethanol 1-propanol

Secondary alcohols are those in which the carbon atom bonded to the hydroxyl group
is attached to two alkyl groups or contains an —OH group bonded to a secondary
carbon atom.

OH

General structure: R — C — R’ where R and R’ may be same or different

H
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Examples
OH OH H
H3C—(:3—CH3 H3C—(l?—(|J—CH3
i b
2-propanol 2-butanol

Tertiary alcohols are those in which the carbon atom bonded to the hydroxyl group
Is attached to three hydrocarbon (alkyl) groups or contain —OH group attached to a

tertiary carbon atom.
OH

General Structure: R — C —R” whereR,R"and R’ may be same or different

RI

Example

C|)H

H,C — cl: — CH,

CH,
2-methyl-2-propanol

Exercise 1.14
1. Classify the following alcohols as monohydric, dihydric and trihydric alcohols.

a 2-propanol b 1,3-propanediol ¢ 1,2,3-butanetriol

2. Classify the following monohydric alcohols as primary, secondary or tertiary
alcohols.
a 1-pentanol b 2-pentanol c 2-methyl-2-butanol

1.6.3 Physical Properties of Alcohols

Activity 1.28

1. Why do alcohols have higher boiling points than the corresponding hydrocarbons?

2. Why boiling points of dihydric and trihydric alcohols are higher than those of
monohydric alcohols of comparable molecular size?
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3. Lower alcohols, like methanol and ethanol, are miscible with water in all proportions,
while lower hydrocarbons are not so. Explain.

4. Based on the boiling point of water, H,O, and methanol, CH,0H, in which one would
you expect to observe a greater degree of hydrogen bonding? Explain. Discuss with
your group and present to the class.

The hydroxyl group in an alcohol is polar due to the high electronegativity of oxygen.
As a result, there is significant hydrogen bonding in alcohols.

. & &R
o o0 ,
s & & w8
O H—0 H—O
R | |
R R

Figure 1.12 Hydrogen bonding between molecules of an alcohol.

Due to the hydrogen bonding in alcohols, they have higher melting and boiling points
than hydrocarbons of comparable molecular size (mass). Hydrogen bonding is also
the cause for even lower members to be liquids at room temperature. The boiling

point of more branched isomer is lower than that of its isomeric straight-chain alcohol.
CH,

For Example: CH,CH,CH,CH,OH, boils at 117.7°C, while H,C —C — OH

|

CH,
boils at 82.5°C. Dihydric and the trihydric alcohols have higher boiling points than
monohydric alcohols of similar molecular size (mass). Ethane-1,2-diol (dihydric alcohol,
molecular mass = 62), boils at 197°C, while 1-propanol (monohydric, molecular mass
= 60) boils at 97.2°C.

The first three alcohols, methanol, ethanol and 1-propanol are miscible with water in all
proportions, while the solubility in water decreases with increasing carbon number. The
water solubilities of dihydric and trihydric alcohols are higher than those of monohydric
alcohols of similar molecular mass.

1.6.4 Preparation of Alcohols

The general laboratory methods of preparation of alcohols are:

a Acid-catalyzed hydration of alkenes:
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General Reaction:
H

+ |
R—CH=CH, + H20—>R—C‘3—CH3
OH

Alkene Alcohol

Example
H

CH,—CH,— CH=CH, + HO -1, CH3—CH2—C|—CH3
OH

1-butene 2-butanol

b Hydrolysis of alkyl halides:
Warming alkyl halides with sodium hydroxide forms alcohols.
General Reaction:
R—CHX + NaOH €2, R__CHOH + NaX
Alkyl halide Alcohol

(where X = Cl, Br or I)

Example
CH,—CH,Cl + NaOH M8, cH __ CH,O0H + NaCl

Ethyl chloride Ethanol

¢ Hydrolysis of Esters:

Heating esters with potassium hydroxide produce alcohols.

General Reaction:
RCOOR’ + KOH RCOOK + R'OH

Ester Alcohol

heat

Example

CH,COOCH,CH, + KOH 284, CHCOOK + CH,CHOH

Ethyl acetate Ethanol
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The two methods, b and c, involve the replacement of other groups by the -OH
group. Hence, they are examples of substitution reactions.

Ethanol (Ethyl Alcohol), CH,CH,OH

1 How do the local people in Ethiopia prepare alcoholic beverages like “Tella", “Tej” and
“Katikalla”? What raw materials and apparatus do they use?

2 Which industrial method of production of ethanol is more or less similar to the
method followed by the local people? Share your ideas with your class.

Ethanol is the second member of the homologous series of monohydric alcohols.
It is one of the constituents of all alcoholic beverages. ‘Tella’, ‘Tej’, beer, wine,
‘Katikalla’, ouzo, gin and whisky contain ethanol. There are a number of methods
for preparing ethanol using different materials.

Industrial preparation of Ethanol
Ethanol is manufactured industrially by:

1. Fermentation of carbohydrates such as sugar: Fermentation is the slow
decomposition of carbohydrates such as sucrose, starch and cellulose in the
presence of suitable enzyme, that results in the formation of ethanol and
carbon dioxide:

invertase
C12H22011 + Hzo - C6H1206 + Celeoe
Sucrose Glucose Fructose

CH,0, — 2CH,CH,OH + 2CO,
Glucose Ethanol

Fermentation can produce an alcoholic beverage whose ethanol content is
12 — 15% only. The alcohol kills the yeast and inhibits its activity when
the percentage is higher. To produce beverages of higher ethanol content,
distillation of the aqueous solution is required.

Most liquor factories in Ethiopia use molasses, a by-product of sugar industries,
as a raw material to produce ethanol. In the brewing industry, germinated barley
called malt (in Amharic, ‘Bikil”) is used as the starting material. The whole
process taking place in breweries is summarized as follows:

; nH.O
2 (CH,Oy, + nHO M’ nC,,H,0,, Wtzase’ 2nCH, 05

Starch Maltose Glucose
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CH,0, VM3, CHCH,OH + CO,

Glucose Ethanol
2. Catalytic Hydration of Ethene: Most ethanol is manufactured at present by this

method. Inthis process, ethene is treated with steam at 573 K and 60 atm pressures
in the presence of phosphoric acid, H,PO,, catalyst.

H.PO
CH,—=CH + HO 34 H.CH
) »(8) 20 (g) $73 /60 atm CH,CH,OH (g)
Ethene Ethanol

Experiment 1.6

Preparation of Ethanol by Fermentation

Objective: To prepare ethanol from sugar.

Materials required: Conical flask, glass rod, distillation flask, condenser, spatula,
thermometer, watch glass, Bunsen burner, beaker, stopper and delivery tube.
Sugar, ammonium phosphate or ammonium sulphate, yeast, Ca(OH),.

Procedure:

1. Take 50 mL of distilled water in a conical flask, add 15 g of sugar to it and stir.
Add about 1 gram of yeast and a small amount of ammonium phosphate or
ammonium sulphate to the solution. Arrange the set up, as shown below, and let
the flask stand for three days at a warm place.

Delivery tube

o

+— Rubber stopper

Conical flask

—— Beaker

Sugar solution )
Calcium

hydroxide

Figure 1.13 The Fermentation of Sugar.

67




‘ CHEMISTRY GRADE 10

Observations and analysis:
a What is the purpose of adding yeast to the solution?

b Why do we add ammonium phosphate or ammonium sulphate to the
sugar solution?

¢ What happened to the calcium hydroxide solution at the end of the first or
second day? Which gas is produced?

d What is the smell of the solution in the flask after three days?

e What has happened in the flask containing the sugar solution as it stood for
three days?

2. After three days, filter the solution, and arrange the set up as in Figure 1.14.
Pour 20 mL of the filtrate in a distilling flask, heat the solution, and collect
the liquid in a receiver.

Thermometer

3 Condenser
Rubber — /
stopper i _—Water outlet

Fermented
sugar solution

Water inlet /

Bunsen
burner

Conical
flask

Ethanol

Figure 1.14 Separation of ethanol by distillation.
Points to observe:
a Observe the colour and identify the smell of the distillate.

b Pour a small amount of the distillate on a watch glass, strike a match and
bring the flame close to the distillate. Does it catch fire?

Write complete laboratory report on this experiment and submit to your teacher.
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Properties and Uses of Ethanol

Ethanol is a colourless liquid with a pleasant smell and a burning taste. It boils at 78.3°C and
freezes at—117°C. It is inflammable and burns with a blue flame. It is miscible with water in
all proportions, non-poisonous and has an intoxicating effect. It is a hypnotic (Sleep producer).

Ethanol is a constituent of all alcoholic beverages. It is a good solvent for many organic
compounds that are insoluble in water, such as paints, dyes, perfumes etc. It is also used
as a fuel for cars and spirit lamps, and to make denatured alcohol which is a mixture of
ethanol and other poisonous substance that has been added to make the alcohol unfit for
drinking. For example, methylated spirit is a mixture of 95% ethanol and 5% methanol.

* Currently, Ethiopia uses 5% ethanol with 95% benzene as fuel for cars.

1.6.5 Chemical Properties of Alcohols

Why alcoholic beverages such as “Tela’, “Tej’, beer and wine turn sour if they are not
properly stored? Which reaction of alcohols is responsible for this phenomenon? Write
a chemical equation to support your answer. Discuss with your group and present it to
the class.

What types of reactions do alcohols undergo? Alcohols contain a hydrocarbon group and
a functional group (-OH). Which part of alcohols is responsible for most of their chemical
reactions?

Reactions of alcohols may involve the cleavage of the oxygen hydrogen bond (— O — H)
or the carbon-oxygen bond (— C — O).

The reactions of alcohols involving the —-O-H bond cleavage are:
a Alcohols react with strongly electropositive metals like Na, K and Ca to form
alkoxides and liberating H, gas.

General reaction:
2R—CH,—O—H + 2Na — 2R—CH2—O_Na+ + H,
Alcohol Sodium ethoxide

Example
2CH,—CH,—O—H + 2Na — 2CH,CH,— O Na" + H,
Ethanol Sodium ethoxide
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Experiment 1.7

Reactions of Alcohols with Active Metals

Objective: To observe the reaction of alcohols with sodium and magnesium.

Materials required: Ethanol, sodiumand magnesiummetal. Testtubes, testtube holder,
test tube rack, measuring cylinder, Bunsen burner, scissors or knife.

Procedure:

Take two test tubes and add 2-5 mL of ethanol to each of the test tubes. Cut
a very small piece of sodium with a knife and drop it into the first test tube.
Take magnesium ribbon and drop it in the second test tube.

Observations and analysis:
1. What do you observe:

a in the 1st test tube? b in the 2nd test tube?
2. Is there an evolution of gas? What do you think this gas is?

3. Ifno reaction occurs in any of the test tubes, heat the mixture gently using a
Bunsen burner and write your observation.

4. Which bond of the alcohol is broken in the reaction?
5. Write a general reaction for such reactions?
6. What type of metals react in this manner?

b Oxidation of alcohols: The oxidation products of alcohols depend on the type of
alcohol and the nature of oxidizing agents. Oxidation of alcohols is a very important
method for the production of other oxygen-containing compounds of hydrocarbons,
such as aldehydes, ketones and carboxylic acids.

i) Oxidation of primary alcohols in the presence of mild oxidizing agents yields

aldehydes.
General reaction:
R — CH,OH BCL RCHO
Primary alcohol Aldehyde
Example
@)
Cu I
CH,CH,OH 360°C H,C—C—H
Ethanol Ethanal
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Strong oxidizing agents, such as acidified KMnO, or K,Cr,O. and CrO, in
H,SO,, oxidize primary alcohol first to aldehydes and then to carboxylic acids.
It is difficult to stop the reaction at the aldehyde stage.

R — CH,OH m RCHO m R — COOH
Primary Aldehyde Carboxylic

alcohol acid

Example

H'/KMnO, H'/KMnO,
_— —

CH,CH,OH CH,CHO CH,COOH
Ethanol Ethanal Ethanoic acid

)

Note that aldehydes are represented by the general structural formulaR — C — Hor
RCHO, where R is an alkyl group. In the case of methanal R = H. For naming
aldehydes, use the suffix -al to replace the terminal -e in the corresponding
alkane name. The suffix “-al” indicates the functional group —CHO. The names
and condensed structures of the first six aldehydes are given in Table 1.11.

Table 1.11 Condensed structures and IUPAC names of some aldehydes.

Molecular formula of Structure of aldehyde IUPAC name
aldehyde

CH,0 HCHO Methanal
CH,0 CH,CHO Ethanal
CHO CH,CH,CHO Propanal
C,HO CH,(CH,),CHO Butanal

CH, 0 CH,(CH,),CHO Pentanal
G0 CHS(CH2)4CHO Hexanal

il) Oxidation of secondary alcohols yields ketones.

General reaction:
™ I
R—(‘I—R' O, R_Cc—Fr
H

Secondary alcohol Ketone
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Example
OH O
0 ”
H3C—?—CH3 — H,C—C—CH,
H
2-propanol Propanone
O

The general structural formula of ketones is: R— C — R’ or RCOR’ where R
and R’ may be same or different. The IUPAC names of ketones are obtained
by using the suffix -one to replace the terminal -e in the corresponding alkane
name. The suffix ‘-one’ indicates the functional group. Unlike aldehydes, the
position of the functional group must be indicated in the name of higher ketones.
To do so, the longest chain containing the functional group is chosen as a parent
structure and then the carbon atoms of the chain are numbered starting from the
end closer to the carbonyl group.

Examples
1 1] 10
IR = — I, H3C—C—(|?—CH3 HC c— (|J C|? CH
H H H
Propanone Butanone 2-pentanone or pent-2-one
Lod R
H,C —2? —C —4(l: —CH, H{C 5(|: “(lt —C —2<|: —'cH,
H H H H H
3-pentanone or 3-hexanone or
pent-3-one hexan-3-one

iii) Tertiary alcohols and ketones are generally resistant to oxidation. However,
they can undergo oxidation under drastic conditions to form a mixture of
carboxylic acids.
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Examples
CH,

|
H3C—C|)—OH L, H,ccOOH + 2HCOOH

CH,
3°alcohol Ethanoic acid Methanoic acid
O
H3C—é|I—CH3 91, CH,cOOH + HCOOH
Propanone Ethanoic Methanoic
(ketone) acid acid

o

The general structural formula of carboxylic acids is [R — C — OH| or simply

R— COOH where R — is an alkyl group or hydrogen in case of the first member
of the carboxylic acid homologous series. The IUPAC names of carboxylic acids
are derived by replacing the final -e of the corresponding alkane with -oic acid.
The suffix ‘-oic acid’representing the functional group—COOH. The molecular formulas,
condensed structure and [IUPAC names of the first six carboxylic acids are shown in
the Table 1.12.

Table 1.12 IUPAC names, formulas and condensed structure of some carboxylic acids.

Formula of carboxylic acid Condensed structure IUPAC name of the acid
HCOOH HCOOH Methanoic acid
CH,COOH CH,COOH Ethanoic acid
C,H,COOH CH,CH,COOH Propanoic acid
C,H,COOH CH,; — (CH,), COOH Butanoic acid
C,H,COOH CH; — (CH2)3 — COOH Pentanoic acid
C.H,,COOH CH,; — (CH,), - COOH Hexanoic acid

¢ Esterification: Carboxylic acids react with alcohols to form esters. This
reaction is known as esterification.

Experiment 1.8

The reaction of alcohols and organic acids
Objective: To investigate the reaction of ethanol and ethanoic acid.

Material required: Ethanol, ethanoic acid, concentrated sulphuric acid, test tube,
test tube holder, Bunsen burner, beaker, water and glass rod.
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Procedure:
1. Pour 2 mL of ethanol and 4 mL of acetic acid in a test tube. Add a few drops
of concentrated suphuric acid to the mixture of the alcohol and acid.

2. Hold the test tube containing the mixture with a test tube holder and heat
it gently from three to five minutes. Allow the contents to cool, add it to a
beaker half-filled with water. Stir the mixture and smell the product.

Observations and analysis:

1. What smell did you recognize? What do you think is the origin of this smell?

2. Write a balanced chemical equation to show what has happened on heating
the mixture of ethanol and ethanioic acid?

3. What is the purpose of adding few drops of concentrated sulphuric acid to
the mixture of the alcohol and acid ?
Write a laboratory report in groups and present to the class.

General reaction:

= ]
R—C OH+HO R —» R—C—OR + HO
Carboxylic Alcohol Ester
Acid
Example
@) H @)

| | I
H,C—C—OH + HO—<|:—CH3 — H,C—C—OCH,CH, + H,0

H
Ethanoic acid Ethanol Ethyl ethanoate

]

The general structural formula of esters is: R — C — OR’ or simply RCOOR' where R
and R" are alkyl groups. In some cases, R can be a hydrogen atom. In the nomenclature

Acid portion Alcohol portion
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Esters are named first by naming the alkyl group derived from the alcohol followed
by the name of the acid changing the suffix “-ic acid” to “-ate”.

Exampl
0 ampies |_||
H—C—O—CH, H,C —C—0—C—CH,
H
Methyl methanoate Ethyl ethanoate

0 H

H

| |

H3C—C|2—C—O—|—CH2CH3 H,C —C — O —CH,
H

H
n-propyl propanoate Methyl ethanoate

'
H3C—|c—c|:—c—o—CH3

H H
Methyl butanoate

The reactions of alcohols involving the — C — O bond cleavage include:

a Dehydration of alcohols: Heating alcohols in the presence of dehydrating
agents, like concentrated H,SO,, yield alkenes.

General reaction:

H "* R H
. AN /
R—C—C—OH 2&H0, o + HO
] |_I/ \H
H H
Alcohol Alkene
Example
T T H H
. AN /
H—C—C—oH M0 “o—” 4 Ho
T o Ny
H H
Ethanol Ethene
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The overall tendency of alcohols to undergo dehydration is in the following order:

R R H

| |
R*—C—OH > H—C—OH > R—C—OH

| | |
Rll R} H
Tertiary alcohol ~ Secondary alcohol ~ Primary alcohol

b Reactions of alcohols with hydrogen halides produce alkyl halides:

General reaction:
R—CH,—OH + HX —* R—CH,—X + HO

Alcohol (X=Cl, B,
Alkyl halide

Example
CH,—CH,—OH + HCl —» CH,—CH,Cl + H,0

Ethanol Ethyl chloride
(1-chloroethane)

1. Write the general structural formulas for aldehydes and ketones.
2. What structural difference do you see between aldehydes and ketones?
3. Write the general structural formulas for carboxylic acids and esters.

Discuss with your group and present it to the class.

Exercise 1.15

Which functional group characterizes alcohols?

What is the basis for the classification of alcohols?

What is the general formula of alcohols?

Classify the following alcohols as primary, secondary and tertiary alcohols:

> w e
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10.

a d H H H
CH,CH,OH H.C —c|: (|: é OH
hobod
b OH H 6 H
H,CHC—C—C—CH, H,C—C—CH,
&, 1 e
o
c ||4 ||4 f CH, H
H,C —C—C—CH, H,C —C—C—CH,
(|JH H (|ZH3 (|)H
Write IUPAC name for each of the following alcohols:
T
T T b e
H,C —C—C—C—C—CH,0H H,C—C—C—C—CH,
bowoho S
&,

What causes the boiling points of alcohols to be higher than hydrocarbons of similar
molecular mass?

Complete the following chemical reactions:
a CH,l + NaOH -

b CH,CH,COOCH,CH, + KOH —
What is the functional group of aldehydes?
What is the functional group of ketones?

What suffixes are used in their [UPAC names to indicate the functional group
of aldehydes and ketones respectively?
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11 What functional group characterizes carboxylic acids?
12 Complete the following chemical reactions:
a

CH,CH,cH,0H 91,
H H
’ | [o]
H,C—C —C— CH, —2»
H OH
c

CH,CH,COOH + CH,CH,0H -H

1.7 INDUSTRIAL AND AGRICULTURAL APPLICATIONS OF
ORGANIC COMPOUNDS

Competencies
After completing the section, you will be able to:

* discuss the uses of organic compounds in the manufacture of beverages;
 discuss the uses of organic compounds in the manufacture of pharmaceuticals;

* discuss the uses of organic compounds in the manufacture of soaps and detergents;
 discuss the uses of organic compounds in the manufacture of dry cleaning agents;
* discuss the uses of organic compounds in the manufacture of fuels;

» conduct an experiment to prepare soap from naturally existing esters;

* discuss the uses of organic chemicals in the manufacture of pesticides and herbicides;

* discuss the importance and manufacture of urea.

1. What are the major application areas of organic compounds?

2. Do you know substances that are used in the preparation of soaps and detergents? If
yes name them?

3. Do you know substances (chemicals) that are used in dry cleaning?

4. What agricultural applications of organic compounds do you know?

Share your ideas with your group.
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Industrial application

Organic chemicals are used for the manufacturing of a large number of industrial
products that have a variety of uses. Some of these products include alcoholic beverages,
pharmaceuticals, soaps and detergents etc.

A. Alcoholic beverages

All alcoholic beverages commonly contain the alcohol known as ethanol. The ethanol
content of all alcoholic beverages is not the same. Some beverages contain small
concentrations of ethanol while others contain higher concentrations. These alcoholic
beverages can be either undistilled or distilled. The undistilled alcoholic beverages include
beer, wine, “Tella”, “Tej’ etc while ouzo, gin, brandy, whisky, ‘Katikalla’, and vodka are
among the distilled alcoholic beverages.

Beer: Beer is one of the alcoholic beverages widely manufactured and consumed in
most parts of the world. The common raw materials for its production are barley
and hops. Although the types of beer produced in the world are very many, the
average beer has alcohol content between 3-6 percent by volume.

Wine:  Wine is another undistilled alcoholic beverage. The most common raw material
for producing wine are grapes. In the production process, grapes are first crushed
and then steamed. The liquid derived from crushing is called must. It then goesto a
fermentation tank where fermentation takes place. Then it passes to a settling tank,
where sediments are allowed to settle, and it proceeds from there to a filter. The
clear liquid is cooled in a refrigerator and is pasteurized as it passes through a flash
pasteurizer. Most wines have an alcohol content varying from 10-15% by volume.

Liquor: Compared with beer and wine, liquor contains higher concentrations of ethanol. It
is not possible to obtain an alcoholic beverage of more than 15% alcohol by volume
through fermentations. This is because the yeast cells are not able to stay alive in
alcohol of higher concentration. To get alcoholic beverages with higher percentages
of alcohol, the alcohol must be separated from the solution by distillation.

The alcoholic beverages like ouzo, gin, cognac, whisky etc, are made by distillation.
Different types of liquors have different alcohol concentrations. In most distilled alcoholic
beverages the percentage ranges between 30-45% alcohol by volume. However, some
alcoholic beverages like Araki are expected to have a higher percentage of ethanol.

B. Pharmaceuticals

Organic chemicals are used to manufacture drugs and medicines for various uses.
These drugs and medicines are collectively known as pharmaceuticals. Some of the
pharmaceuticals are:
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Analgesics: These are substances that reduce pain. For example: aspirin and
paracetamol.

Antiseptics:  These are substances that help to prevent infections in wounds by
killing bacteria; for example, acriflavine.

Sedatives: These are drugs that make a person go to sleep or make them feel
calm and relaxed. Examples of such type of medicines are the
barbiturates, which include several important drugs.

Disinfectants: These are substances used to disinfect something or to kill bacteria; for
example, Dettol.

Sulphonamides: These are medicines used as antibiotics. For example: penicillin.

C. Soaps and Detergents

Organic chemicals are used for the synthesis of soaps and detergents. For example,
animal fat and vegetable oils are used for manufacturing soap. Fats and oils are naturally
occurring esters of glycerol and the higher fatty acids. Long open-chain alcohols and
alkyl benzene sulphonic acid can be used for the production of detergents.

Soaps and detergents are substances used to remove dirt. They are also called surfactants
or surface active agents. This is because they reduce the surface tension of water and
change the surface properties.

Soaps are either sodium or potassium salts of higher (long-chain) carboxylic acids. Soaps
that are sodium salts are called hard soaps and those that are potassium salts are soft
soaps. Soaps are prepared by boiling animal fat or vegetable oil with a base. The reaction
that produces soap is called saponification.

Example
i
H,C—0—C—CH,,
(”) H,C — OH
H—C—0—-C—CH;+ 3NaOH— H—C—OH + C,;H;;COO Na*
0 |
[ H,C — OH
H,C — 0 —C—C;H;; Soap (sodium
Animal fat Glycerol octadecanoate)
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Detergents contain either a sulfate or a sulphonate group. One example of
detergents is sodium lauryl sulfate, C,, H, — O — SO, — ONa. It is prepared first
by reacting dodecyl (lauryl) alcohol with sulphuric acid followed by reaction with
sodium hydroxide.

The reaction equation is:

C,H)y—OH + HO—SOz—OHj—>C12H25—O—SOZ—OH + H,0

Dodecyl alcohol Lauryl hydrogen
(lauryl alcohol) sulphate

.
H,SO,

C,Hs—0—S0O,—OH + NaOH — C,,H,,— O —S0O,—ONa + H,0
Sodium lauryl sulphate

Experiment 1.9

Preparation of Soap
Objective: To prepare soap from animal fat or vegetable oil.

Materials required: Animal fat or vegetable oil, NaOH, NaCl, measuring cylinder,
beaker, glass rod, Bunsen burner, filter paper, funnel, conical flask, and
test tube.

Procedure:

Measure 3 mL vegetable oil or 3 g animal fat and place it in a 100 mL beaker; add 3 mL
of ethanol and 3 mL of 5SM NaOH. Stir the mixture vigorously with a glass
rod and gently heat over a flame for 15 minutes or until it turns in to a paste. When
the paste begins to form, stir very carefully to prevent frothing. After all the paste has
formed, set the beaker on the bench to cool. Add about 15 mL of saturated
NaCl solution to the paste mixture and stir thoroughly. This process is called salting
out the soap. Filter off the soap mixture by suction filtration and wash the collected
soap precipitate with 15 mL of ice water.

Observations and analysis:
a Why do we add ethanol during the preparation?
b What is the purpose of adding saturated NaCl solution to the paste mixture?

Write a laboratory report and present to the class.
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D. Dry Cleaning

The qualities of some clothes decrease when they are washed with water using ordinary
soap. In order to avoid this, other chemicals are used for washing purposes that remove
dirt in the same manner as soaps. Dry cleaning refers to the use of different chemicals
that are capable of dissolving grease and other dirt stains in a similar manner as soaps
without the use of water. The most commonly used chemicals in dry cleaning are organic
chemicals such as tetrachloromethane, CCl,; tetrachloroethylene, CL,C = CCl,; benzene
and gasoline.

E. Fuels

The term fuel refers to any material that is capable of burning to produce energy, heat and
light. Most fuels occurring in nature are organic compounds. However, some inorganic
substances like hydrogen, producer gas and water gas are also used as gaseous fuels. But,
the most widely used fuels at present are of organic origin. This includes petroleum which
chiefly contains alkanes. Natural gas which is used as a fuel for stoves contains mainly
methane. Gasoline which is used as a fuel for internal combustion engines also contains
alkanes. Paraffin wax which is used to make candles is another fuel to get light energy
and it is a mixture of alkanes containing more than twenty carbon atoms. Besides its use
as a constituent of all alcoholic beverages, ethanol can also be used as a fuel for internal
combustion engines. At present, it is one of the substances that we can rely on for use as a
fuel for automobiles. The use of ethanol as a fuel is now practiced in our country by mixing
it with petrol. Ethanol and other plant seed oils can be classified as bio fuels.

Agricultural Applications

Organic compounds also play an important role in agriculture, specially to increase crop
productivity by controlling the damages caused by insects, rodents, fungi, birds and weeds.
So, organic chemicals can be used in the manufacture of pesticides and herbicides.

What is the distinction between herbicides and pesticides?

Pesticides are the chemicals used for controlling the damage that can be caused by fungi,
insects and other pests that attack crops. Among the pesticides, Bordeaux mixture is used as
fungicide. Other chemicals like DDT, aldrine, dieldrine, malathion are used as insecticides.

Herbicides are the chemicals that are applied on agricultural lands to remove unwanted
plants or weeds. Some examples of compounds that are used as herbicides include paraquat,
diquat, ammonium sulphamate, ammonium glyphosinate, sodium chlorate etc.

Fertilizers: In order to increase crop productivity we use either synthetic or natural
fertilizers. Synthetic fertilizers are grouped into three classes as nitrogen, potash and
phosphate fertilizers. Nitrogen is one of the essential plant nutrients. It is absorbed by
plants in the form of nitrate ion, NO; . Nitrogen enables green plants to synthesize amino
acids and proteins, and it is also a constituent of DNA molecules. To provide nitrogen for
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plants, nitrogen-containing fertilizers are usually added to the soil. These include, ammonium
salts like NH,CI, (NH,),SO, nitrates like KNO, and urea. Urea is one of the most important
nitrogen fertilizers. It is a component of urine. On an industrial scale, urea is manufactured
by the dehydration of ammonium carbamate:

H,N— COO NH, (s) — H,NCONH, (s) + H,O (g)

It can also be prepared by direct combination of ammonia and carbon dioxide at
180°C and pressure of about 140 atm.
2NH,(g) + CO,(g) — NH,CONH, (s) + H,0O(g)

Urea

Key terms of the unit

addition reaction
alcohol

aldehyde

alkane

alkene

alkyl halide

alkyl radicals
alkynes

benzene

biogas

carboxylic acid
chain isomerism
cracking

crude oil
cycloalkanes
cycloalkene
decarboxylation
dehydrohalogenation
destructive distillation
detergents
elimination reaction
ester

fermentation
fertilizer

functional group
geometrical isomerism

halogenation
hedrohalogenation
herbicide
homologous series
hydrogenation
inorganic compound
isomers

ketone

lifeforce theory
Markovnikov’s rule
natural gas

nitration

organic compound
pesticide

petroleum
pharmaceuticals
polymerization
position isomerism
resonance structure
saturated hydrocarbons
soaps

substitution reaction
sulphonation

unsaturated hydrocarbons

Wurtz reaction
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The “life force™ theory states that living organisms (plants and animals)
have a special life force which helps them to synthesize organic compounds
and that organic compounds cannot be synthesized artificially by man in the
laboratory.

Organic chemistry is the study of carbon compounds including natural and
synthetic ones.

Organic compounds are classified based on the functional group they
contain in their molecules.

The functional group is a part of a molecule that determines the chemical
and physical properties of a compound.

Hydrocarbons are compounds composed of carbon and hydrogen atoms
only.

Saturated hydrocarbons contain only single bonds between carbon atoms
Unsaturated hydrocarbons are those containing one or more double or
triple bonds between carbon atoms.

A homologous series is a group of compounds in which each member of
the group differs from the next member by ~CH,— group.

Alkanes are saturated hydrocarbons represented by the general formula CH, ...
Alkanes are named by using prefixes that indicate the number of carbon
atoms and the suffix ‘-ane’.

Isomerism is the existence of two or more compounds with the same
molecular formula but different structures. These compounds are called
isomers.

Alkenes are unsaturated hydrocarbons containing a carbon-carbon double
bond as their functional group. Their general formula is C.H, . The suffix
‘-ene’ in their names indicates the presence of a carbon-carbon double bond.

Alkynes are unsaturated hydrocarbons containing a carbon - carbon triple
bond as their functional group. They are represented by the general formula
C.H,. . The suffix “-yne’indicates the carbon-carbon triple bond.

Alkenes and alkynes undergo mainly addition reactions while alkanes
undergo substitution reactions.

Aromatic hydrocarbons are compounds containing benzene rings. Benzene
is the simplest aromatic hydrocarbon.

Benzene mainly undergoes substitution reactions.
The natural sources of hydrocarbons are crude oil, natural gas and coal.
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« Crude oil is a complex mixture of hydrocarbons, mainly alkanes, and also
contain cycloalkanes and aromatics.

» Crude oil is separated into a number of useful fractions by fractional distillation.

« Alcohols are compounds containing the hydroxyl (-OH) group as their
functional group and represented by the general formula C H, . ,OH.

* Alcohols are classified depending on the number of hydroxyl groups they
contain as monohydric, dihydric and trihydric alcohols.

*  Monohydric alcohols are classified as primary (1°), secondary (2°) and
tertiary alcohols (3°).

» The names of alcohols contain the suffix ‘-ol’ which indicates the presence
of —OH group in the molecule.

» Primary alcohols oxidize to give aldehydes and then carboxylic acids, and
secondary alcohols yield ketones on oxidation.

« Organic chemicals have industrial applications such as in the production
of alcoholic beverages and pharmaceuticals.

« Organic chemicals are also used in the production of fertilizers, pesticides
and weed Killers for agricultural uses.

« Organic chemicals are also used as fuels, and to produce soaps and
detergents and also for dry cleaning.

REVIEW EXERCISE ON UNIT 1

Part I: Nomenclature based problems
1. Give the IUPAC names of the following compounds:

= 77 |

|
Hﬁ—%—?—CW—CW—?—Cm

H CH, ?m
CH,
iy
b CH2 CH3

]
H,C —C—C—C=C — CH,

|
H CH,




H,C — CH,
e LI
Hﬁ—CzC—C—?—Cm

h
H@—?—?—cm
CH, H

|
CH,OH

2. Write the structural formulas of the following compounds:

a 3-bromo-2-chlorohex-1-ene




b
c
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4-ethyl-2,2,3-trimethylhexane
2-methyl-2-butanol

3. Complete the following chemical equations:

a

Ni
Heat

CaO, heat
—_— >

CH,=CH, + H,

CH,COONa + NaOH
2CH;—CH,Br + 2Na ——

CH;,—CH—CH, + 2KOH —

Br Br
CH,CH,CH,OH LU
sCH,CH,0 Heat
CH,CH,CH,Cl + KOH Heat™
HC=CNa + CH,CH,Br —

CH,COOCH,CH, + KOH —»

4. Complete the following reaction equations:

CH,—CH=CH, + HBr —
HC=C—CH,—CH, + 2HCI —

+

H
CH,—CH,—CH=CH, + HO —

T
HC-—C—C—cCH, %
H OH
o Alkaline
CH,—CH,—CH =CH, + H0 -y o=

CH,— CH,— CH,0H —2—»

CH,CH,CH,COOH + CH,— CH,— CH,0H —»

FeCl,
CH, + Cl, —>
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Part Il: Multiple choice Type Questions

5. Which of the following hydrocarbons does not belong to the homologous
series of alkanes?

a CgHg b CgHyg ¢ CgHyg d CyHy,
6. Which of the following alkanes is a liquid at room temperature?
a CH, b C,H,, ¢ CHy, d CgH,4
7. The hydrocarbon used as a fuel in an oxyacetylene torch is:
a CH, b C,H, ¢ CHy, d CH,
8. The general formula that represents the olefin homologous series is:
a CnH2n+1 b CnH2n+2 c CnHZn—Z d CnHZn
9. The most common reaction that alkenes undergo is:
a elimination b substitution ¢ addition d decomposition
10. Benzene is an unsaturated hydrocarbon; it mainly undergoes:
a addition b elimination ¢ polymerization d substitution
11.  Which of the following compounds is an alkene?
a H,C — CH, — CH, b H,C=CH— CH,
¢ HC = C —CH, d CH; — CH,— CH,— OH
12.  Which of the following compounds is a ketone?
a H3C—?=O b HHLC—C=O0
H OH
c HLC—C=0 d H3C—$=O
C|3H OCH
13.  Which of the following classes of hydrocarbons is the most reactive?
a Alkynes b Alkanes
c Alkenes d Aromatic hydrocarbons

14. The compounds CH,OH and CH,COOH react in the presence of an acid
catalyst to form:

a a carboxylic acid b an aldehyde
c a ketone d an ester
15.  Which hydrocarbon is the main constituent of natural gas and biogas?
a C,Hy, b CH,
¢ C,Hq d CgH,,
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During the fractional distillation of crude oil, the process of cracking is carried
out to:
a separate the crude oil into different fractions
b vaporize the liquid components
¢ maximize the output of petrol or gasoline
d separate alkanes from alkenes
Ethyne decolorizes Br, in CCl,. This is due to the formation of:
a 1,1-dibromoethane b1,1,2,2-dibromoethene
¢ 1,2-dibromoethane d1,1,2,2-dibromoethane
The following reaction can be classified as:

CH, + Br, - CH;Br + HBr
a an addition reaction b an elimination reaction
c a substitution reaction d a saponification reaction

Which one of the following substance is not used in dry cleaning?

a CCl, b Cl,C == CCl,
¢ CyH, d CH,COOH
H

The compound with the structure H,C — C — CH, Is a:

OH OH
a secondary alcohol b trihydric alcohol
¢ carboxylic acid d dihydric alcohol
Which of the following alcohols is the easiest to dehydrate?
C|:HZOH (|:H3
H3C—(|3—CH3 H,C —C—OH
a CH3 b CH3
| I

H,C — ? — CH, H,C — (|: — CH,0H
c OH d H
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23.
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Alcohols that yield ketones on oxidation are classified as:

a primary alcohols bsecondary alcohols

¢ dihydric alcohols dtrihydric alcohols

The first organic compound was synthesized in the laboratory by:
a Friedrich Wohler b A. Kekule

¢ John Dalton d Wurtz

Part lll:  Which of the following statements are true?

24,

A weed Kkiller is a pesticide.

o 9

Carbon tetrachloride is used in dry cleaning.

(@]

Antiseptics are sleep inducing drugs.

o

‘Tella’ is a distilled alcoholic beverage.

Soaps and detergents are surfactants.

—h

Alkanes easily undergo addition reactions.

Benzene burns with a sooty flame.

= (o]

Biogas mainly contains n-butane.



UNIT

Important Inorganic
Compounds

Unit Outcomes
After completing this unit, you will be able to:
< understand the classification of inorganic compounds on the basis of their
composition and/or their chemistry;

<+ know the types of oxides and their chemical properties;

< understand the Arrhenius, Bregnsted-Lowry and Lewis concepts of acids and
bases;

@ understand the classification of acids and salts;

<+ know the general properties, preparations and uses of common acids, bases
and salts;

< understand the differences between strong and weak acids/bases, and concentrated
and dilute acids/bases,

< recognize the corrosive nature of acids and bases, and exercise the necessary
precautions in handling and using them;

<+ develop skills for identifying acidic, basic and neutral compounds;

<@ develop skills in calculating, pH, pOH, H* ion and OH- ion concentration of
a solution;

<+ know essential plant nutrients, fertilizers and pesticides; and

<+ demonstrate scientific inquiry skill: observing, classifying, comparing and
contrasting, inferring, predicting, communicating, measuring, asking questions,
interpreting data, drawing conclusion, applying concepts, relating cause and
effect and problem solving.
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MAIN CONTENTS

2.1 Introduction
2.2 Oxides
2.3 Acids
24 Bases
25 SAts
— Summary
— Review Exercise

2.1 INTRODUCTION

Competencies
By completing this section, you will be able to:

* define inorganic compounds; and
» classfy inorganic compounds as oxides, acids, bases and sdlts.

In the laboratory, take samples of different compounds and classify them as organic and
inorganic. When these compounds are burnt in air, it has been found that most organic
compounds burn when heated in air, but most inorganic compounds just melt or vaporize;
why? Discuss your observations in groups and share your opinion with the class.

Inorganic compounds are the compounds consisting of mineral congtituents of the earth
or generally found in non-living things. The term inorganic compound refers to all
compounds that do not contain carbon. Although, carbon dioxide, carbon monoxide,
carbonates and hydrogen carbonates are carbon-containing compounds, which are
classified as inorganic compounds. Inorganic compounds are mostly found in nature as
dlicates, oxides, carbonates, sulphides, sulphates, chlorides and nitrates, etc.

There are different ways for the classification of inorganic compounds. They can be
classified on the bases of their composition. For example; they can be classified on
the basis of the:

1) meta they contain such as copper compounds, auminium compounds, etc.
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i) non-metal they contain such as sulphur compounds, nitrogen compounds, €tc.
i) group they contain such as sulphates, nitrates, carbonates, etc.

This unit emphasizes on the four groups of inorganic chemicas namely oxides, acids,
bases and sdlts.

Exercise 2.1

1. List some inorganic compounds with which you are familiar.
2. Which branch of chemistry is concerned with the study of al eements?

2.2 OXIDES

Competencies
After Completing this section, you will be able to:
» define oxides,
» classfy oxides as acidic, basic, amphoteric, neutra and peroxides,
 define acidic oxides and give examples;
» explain the chemica properties of acidic oxides;
 define basic oxides and give examples,
» explain the chemica properties of basic oxides;
» conduct experiments to distinguish acidic oxides from basic oxides,
e compare and contrast acidic and basic oxides,
* define amphoteric oxides and give examples,
» explain the chemica properties of amphoteric oxides,
 discuss the sdt forming nature of acidic, basic and amphoteric oxides;
* define neutral oxides and give examples,
* define peroxides and give examples,
» explain the chemical properties of peroxides; and
» conduct an experiment to distinguish peroxides from other oxides.

What are oxides? Oxygen reacts directly with ailmost al elements except the noble
gasss and inactive metds like gold, platinum, and paladium. Such compounds of oxygen
are called oxides. Oxides are binary compounds containing oxygen and any other
element (metal, non-metal or metalloid). Binary compounds are those consisting of
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only two elements. Examples of oxides are calcium oxide, CaO, aluminium oxide,
Al O, sulphur dioxide, SO,, and carbon monoxide, CO.

The classification of oxides into different groups is based on their chemica behaviour;
they are classfied as.

» Acidic oxides

» Badc oxides

» Amphoteric oxides

* Neutral oxides, and

* Peroxides
Exercise 2.2
Decide whether the following compounds are oxides or not:
a Na,0 d P,Oq g Na,CO,
b KOH e N,O, h KNO,
c Ga,0, f H,0 i H,S0,

1. The oxides, €O, NO, P,0,, SO, are acidic oxides.

a Are these oxides formed by the combination of oxygen with

i)  metals ii) non-metals or iii)  metalloids?

b What general conclusion can you draw about the composition of acidic oxides?
2. The presence of CO, is confirmed by reacting CO, with lime water.

a What is lime water? Is it a base or an acid?

b Write a balanced chemical equation for the above reaction.

¢ What type of oxides react with bases?

Discuss in your group and present your findings to the class.

A Acidic Oxides

Acidic oxides are the oxides formed by the chemical combination of oxygen with non-
metals. Thus, acidic oxides are non-metal oxides. These oxides are also called acid
anhydrides, since they form acidic solutions when reacted or dissolved in water. Acid
anhydride means acid without water.
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Generally speaking, acidic oxides are non-metal oxides. Examples of acidic oxides
include carbon dioxide, CO,, nitrogen dioxide, NO,, and sulphur dioxide, SO,.
However, it is very important to note that all non-metal oxides are not necessarily
acidic oxides. For example, carbon monoxide, CO, and di-nitrogen monoxide, N,O,
are non-metal oxides, but they are neutral oxides which will be discussed |ater.

Chemical Properties of Acidic Oxides
Acidic oxides undergo the following reactions.

1. Acidic oxides (acid anhydrides) dissolve in water to form acidic solution (acid).
Acid anhydride + water — Acid

Examples
CO + H,O — H,CO, (Carbonic acid)
N, O, + H,O —  2HNO, (Nitrous acid)
SO + H,0 — H,S0, (Qulphurous acid)

2. Acidic oxides react with basic or metalic oxides to form salt.
Acidicoxide + Bascoxide — Sat

Examples

co, + NaO — NaCo,

SO, + CaO — CaSO,

3. Acidic oxides react with bases to form salt and water. This reaction is called
neutralization reaction.

Acidicoxide + Base — SdAt +  Water

Examples
SO, + 2NaOH — NaSO, + H,0

co, + 2LOH - Li,cO, + HO

Exercise 2.3

1. List five examples of acidic oxides.

2. Complete and balance the following equations.
a P,Oq + HO -
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b SO, + H,O -
c Cao + CO, -
d CaOH), + SO, —
e NaOH + CO, —

B. Basic Oxides

Oxides that are composed of metas and oxygen are basic oxides. But, all meta oxides
are not necessarily basic oxides, for example Al,O, and ZnO are amphoteric oxides,
which will be discussed in part (C).

Oxides of metds that dissolve in water and reect with it to form basic or dkdine solutions
are caled basic anhydrides. There are metallic oxides which have basic properties but
are insoluble in water. These oxides react with acids to give st and water.

Example

FeO + 2HCI — FeCl, + H,0

The oxides of active metals, group IA and heavier members of group IIA, dissolve in
water and readily form bases. The term base is used to describe both soluble and
insoluble basic oxides. Some examples of basic oxides are Li,O, Na,O, K,0, MgO,
Ca0, BaO, and CuO.

Chemical Properties of Basic Oxides

What common reaction do basic oxides undergo? What products do they form
in their reactions with water, acidic oxides and acids?

1. Badc oxides dissolve in water to form akaline solutions. As they dissolve, they
react with water to form the corresponding metal hydroxides.

Basic oxide + water — Base (Alkali)

Examples
Li,0+H,O0 —  2LiOH

CaO + H,O —  CalOH),

2. Basic oxides react with acidic oxides to form salts.

Basic oxide + acidicoxide — sdt
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y

BaO +
CaO +
NaZO +

Examples
SO, — Baso,
co, - CaCo,

co, - NaCo,

3. Basic oxides react with acids to form a sat and water.

Basicoxide + Acid — st + water
Example

CaO + 2HC - CaCl, + H,0

Cu0O + H,SO, — CusO, + H,O

Exercise 2.4

1. Complete and baance the following chemica equations:
H,O — e BaO + HSO, —

HO — f CuD + HCl
CcCo, -

SO -

2

2. Classfy the following oxides as basic or acidic:

a K,0 +
b MgO +
c Na,O +
d Li,o +
a Mgo
e Cu,0

b BaO c PO,
f Fe0; g K,0

—

d N,O;
h SO,

Experiment 2.1 | i“i“iﬂ;'*'?

Test for Acidity and Basicity of Oxides

Objective: To identify basic and acidic oxides.

Materials required: Deflagrating spoon, gas jar and gas jar lid, test tubes. Sulphur,
magnesium or calcium metal, water, universal indicator, litmus paper (blue

and red).
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Procedure:

1. Ignite asmal amount of powdered sulphur on a deflagrating spoon and insert
in agasjar of oxygen. Add 10 mL water after ignition is complete. Cover the
gas jar with a lid and shake. Take two test tubes and pour 5 mL of the
solution to each test tube. Add a few drops of universal indicator solution to
the first test tube and blue litmus paper in the second.

2. Igniteasmdl amount of magnesum or cacium meta on a deflagrating spoon and
insertinto agasja of oxygen. Add 10 mL water to the ash formed and sheke. Teke
two test tubes and pour 5 mL of the solution to each of the test tubes. Add afew
drops of universd indicator in the first and red litmus paper to the second test tube.

Observations and analysis:

a  What compounds are formed by the combustion of sulphur and magnesium or
calcium? Write chemical equations to show the reactions.

b What happens when water is added to the gas jars in which sulphur was burnt?

c  What colours are observed by adding drops of universal indicator and blue or
red litmus to the solutions in the test tubes?

d  Why does the change in the colour of indicators occur in the various solutions?
Write a laboratory report and submit to your teacher.

Universal indicator and litmus paper serve as indicators. Indicators are substances
used to identify whether a given solution is acidic or basic by showing colour changes.
Table 2.1 shows some common indicators and the colour they develop in acidic and
basic solutions.

Table 2.1 Some common indicators and their colours in acidic and basic solution.

Indicator Colour in aqueous solution Colour in aqueous
of acidic oxide solutionof basic oxide
Universal Indicator Yellow - Orange (in weakly acidic) Blue (in weakly basic) and
and red (in strongly acidic) purple (in strongly basic)
Litmus Red Blue
Phenolphthalein Colourless Pink (red)
Methyl orange Red Yellow

In addition to their effects on indicators, acidic and basic oxides can be identified by their
chemica properties. Acidic oxides react with bases while basic oxides react with acids.
But acidic oxides do not react with acids and basic oxides do not react with bases.




IMPORTANT INOGANIC COMPOUNDS (UNIT 2) ’

C. Amphoteric Oxides

1. How would you classify the oxides of period Il elements?

2. What trend do you observe in the properties of oxides of the elements in a period as
you go from left to right in the periodic table?

Discuss this in your group and present to the class.

There are oxides which exhibit both acidic and basic properties. These are known as
amphoteric oxides. In their reaction with acids, they behave as bases and, in their
reaction with bases they act as acids. The following reaction shows the amphoteric
behaviour of duminium oxide, Al,O,.

Amphoteric oxide + Acd - it +  waer
ALO, (9 + 6HCI (a0) - 2AICI,(a) +  3H,0()
Amphoteric oxide + base - it +  waer
Al,O; () + 2NaOH (aq) — 2NaAIO, (aq) + H,O (1)

sodium aluminate

Some other examples of amphoteric oxides are ZnO, PO, PbO,, SnO, and SO, It
Is also important to realize that hydroxides which react with both acids and bases are
described as amphoteric substances. For example, auminium hydroxide, Al(OH),, reacts
with both acids and bases to form sat and water. So, Al(OH),, is amphoteric in nature.

What is the common characteristic of acidic, basic and amphoteric oxides? Acidic
oxides form sats when reacted with basic oxides and bases. Basic oxides also produce
salts in their reactions with acidic oxides and acids. Amphoteric oxides form salts
when they react with acids and bases. Thus, acidic oxides, basic oxides and amphoteric
oxides are sdt-forming oxides.

Exercise 2.5
Write chemical equations to show the amphoteric properties of ZnO and PbO
when they react with:
a HC
b NaOH
c HNQ,

d KOH
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oon D
Experiment 2.2 T3
| nvestigating Amphoteric Behaviour of Oxides
Objective: To observe the amphoteric behaviour of AlLO,.
Materials required:

Spatula, reagent bottles, beakers, glass rod, Al,O,, HCI, NaOH, Universa
indicator and water.

Procedure:
1. Prepare solutions by:
a mixing 20 mL concentrated HCl and 80 mL water in one reagent bottle;
b dissolving 8 g NaOH in 100 mL water in another reagent bottle.
¢ Add universa indicator to the acid and base, and observe the colour change.
2. Take two beakers and place a spatula full of Al,O; in each of the beakers.

Pour the HCI solution (which you prepared) into one of the beakers and NaOH
solution into the other. Stir the mixture with a glass rod.

4. Add universal indicator in the two beakers and observe the colour change.
Observations and analysis:

1. DoesAl,QO, react with the substances in both solutions?

2. What does the change in colour of the indicator in the mixtures indicate?
3. Write chemica equations to show what has happened?

Write a laboratory report and present to the class.

D. Neutral Oxides

Neutral oxides react neither with acids nor with bases to form sat and water. Hence,
neutral oxides do not show basic and acidic properties. Examples of neutral oxides
are water, H,O, carbon monoxide, CO, dinitrogen monoxide, N,O, and nitrogen
monoxide, NO. Neutral oxides are very few in number.

1. In a beauty saloon which chemical is used to decolorize hair? What is the oxidation
number of oxygen in this compound?
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2. If Na,0, and CaO, are reacted with water, do you get the same compound, which is
used to decolorize hair? Compare the oxidation number of oxygen in Na,O and MgO
with the oxidation number of the compound used for decolorizing hair.

Discuss your findings in group and present to the class.

E. Peroxides

In acidic, basic, amphoteric and neutral oxides, the oxidation state of oxygen is—2,
but in peroxides it is—1. In peroxides, the two oxygen atoms are linked to each other
and with atoms of other elements. They contain the peroxide, “— O — O - link. In
the oxides discussed above, oxygen atoms are linked directly with atoms of other dements.

Some examples of peroxides are hydrogen peroxide, H,O,, sodium peroxide, Na,O,,
calcium peroxide, Ca0,, barium peroxide, BaO,, and strontium peroxide, SrO.,

Mogt peroxides of metas are formed by burning the metds in a sufficient amount of oxygen.
2Na(s) + O, (9) - Na,O, ()
Ca(s) + 0, (9) — Ca0, ()

Chemical Properties of Peroxides

What chemical properties do the peroxides exhibit? Some of the chemica properties
of peroxides include:

a Peroxides are powerful oxidizing agents, they react with different substances
by losing oxygen.

Examples
PbS (s) + 4H0,(aq) — PbSO, (s) + 4H,0(l)
2Kl (ag) + H,SO,(ag) + H,0,(ag) — 1,(s) + K,SO,(aq) + 2H,0 (1)

b Peroxides react with agueous acids to form hydrogen peroxide.

Examples
Na,O, () + 2HCI (ag) —  2NaCl (aq) + H,0, (ag)
CaOZ (S) + H2804 (aq) - CaSO4 (S) + H202 (aQ)

Hydrogen Peroxide

The structure of the hydrogen peroxide moleculeis.

H
\O 7..0..
.. .. \

H
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Hydrogen peroxide decomposes to release oxygen. This reaction is dow but can be
speeded up by the addition of manganese (1) oxide, MnO,, as a catalyst.

2H,0,(ag) — 2H0() + 0O,(9)

Hydrogen peroxide is a strong oxidizing agent. Its oxidizing power is responsible for
its effectiveness as an antiseptic for mouthwash and cleansing wounds. It is also used
as a bleaching agent. When hydrogen peroxide is added to a coloured dye, the molecule
responsible for the colour will oxidize and so the colour will disappear. For example,
if hydrogen peroxide is added to a black dye (paint) that contains lead sulphide, PbS,
the black colour turns white. This is due to the oxidation of PbS to PbSO,. The
equation for this process is.

PbS() + 4H,0, — PbSO, + 4H,0 ()

food T
A

Distinguishing Peroxides from Other Oxides

Experiment 2.3

Objective: To identify peroxides from other oxides.

Materials required: CaO or MgO, Al,O, or ZnO or PbO, Na,0, or BaO,,
P,0,, KI, dilute H,SO,, starch, water, reagent bottle, six beakers, dropper,
and spatula.

Procedure:

1. Take three beakers. In the first beaker, dissolve 20 g Kl in water to prepare
a 250 mL solution. Dilute 2 mL concentrated H,SO, by pouring it in 18 mL
of water in the second beaker. Prepare starch solution in the third beaker by
boiling 1g starch in 100 mL water.

2. Take four beakers and pour 50 mL Kl solution to each of them. Acidify the
solutions in each of the beakers by adding 5-10 drops of dilute H,SO,. Add
a spatula full of CaO or MgO in the first, Al,O, or ZnO or PbO in the
second, Na,O, or BaO, in the third and P,O,, in the fourth beaker and then
add about 5 mL starch solution to each of the four beakers.

Observations and analysis:

a In which beaker do you see a colour change?

b What is the cause of the colour change?

¢ Wirite a balanced chemica equation for the change?
Write a laboratory report and present to the class.
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).

5. How do peroxides differ from other groups of oxides?

6. How can you identify whether an oxide is acidic or basic?

%
%
%

-

Exercise 2.6
1. Classify the following oxides as acidic, basic, amphoteric, neutral and peroxides:
a K,0 ¢ SO, e CaO
b CO d ALO, f NO,
g MgO k NO n CaO,
h N,O | PbO o Li,O
i ZnO m Na,O, p PO
j BaO,
2. Complete and balance the following equations:
a BO + PO, - e ALO, + HNO,
b SrO + SO, — f CaO + HCI
c CO, + KOH - g PbO + NaOH
d znO + H,PO, — h MgO + H,SO,
3. Which acidic oxide should react with water to form each of the following
acids?
a HNO, d H,SO,
b H,CO, e HZPO,
¢ H,SO, f H,PO,
4. Identify the basic anhydrides that react with water to form each of the following
bases:
a Ba(OH), e KOH
b Sr(OH), f CsOH
¢ Mg(OH),
d LiOH

2.3 ACIDS

Competencies
After completing this section, you will be able to:

* define acids in terms of Arrhenius, Brgnsted-Lowry and Lewis
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give examples of acids based on Arrhenius, Bransted-Lowry and Lewis concepts;

classify acids as monoprotic and polyprotic based on the numbers of ionizable
hydrogen atoms;

group acids as binary and ternary based on the number of elements they contain;
explain the general properties of acids;

define strong and weak acids;

distinguish between strong and weak acids;

define concentrated and dilute acids;

describe the conceptual difference between strong and concentrated acids;
use the necessary precautions while working with acids;

define pH and describe the pH scale;

identify a given pH labelled solution as acidic, basic or neutral;

perform activities to determine the pH of some common substances using
universal indicator or a pH-meter;

calculate the pH of a given acidic solution;

calculate the hydrogen ion concentration from the given information;
perform activities to investigate some physical properties of acids;
perform activities to investigate some chemical properties of acids;

explain the direct combination of elements, the reaction of acidic oxides with
water, formation of volatile acids from non-volatile acids as the three methods
of preparation of acids;

conduct simple experiments to prepare acids in a laboratory; and
describe the uses of three common laboratory acids.

3.
4.

. How do you describe an acid?

Give some examples of acids and bases that you have encountered in your everyday
life?
List as many sour foods as possible which you have ever tasted.

In which form does the hydrogen ion, H*, exist in aqueous solutions?

Discuss with your group and present it to the class.
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Acids are among the most familiar of adl chemica compounds. Acetic acid in vinegar,
citric acid in lemons and other citrus fruits, are among the acids that we encounter
every day. Hydrochloric acid is the acid in gastric juice; it is essentia to digestion.
Phosphoric acid gives flavour to many carbonated beverages.

Definitions of Acids
a Arrhenius Definition of Acids

The smplest definition of acids is suggested by Savante Arrhenius, a Swedish Chemist.
Arrhenius defined an acid as a substance that releases hydrogen ion or proton, H*, or
hydronium ion, H,O", in agueous solution.

Example
HCl(a) — Hf(ag)  + Cl~(a0)

or,
HCl(ag) + H,O() - H,O*(ag) + Cl~(a0)

Some examples of Arrhenius acids are HCl, HNO,, H,SO,, HI, HBr, and HF. For a
substance to be called an Arrhenius acid, it should contain ionizable hydrogen.

Degpite its early success and usefulness, the definition of an acid, first proposed by
Arrhenius has some limitations. The Arrhenius definition of acids explains their behaviour
only in agueous solution. In addition, it does not explain why some substances show
acidic behaviour in the gaseous state and in non-agueous solutions.

For example, when ammonia and hydrogen chloride gases are brought together, they
react to form ammonium chloride as follows:

NH;(g + HC (g — NHLCI(9

In this reaction, the hydrogen chloride provides hydrogen ion (or proton), H*, which
reacts with NH, to form NH,*. But, this happens in the gaseous state not in aqueous
solution. Due to the limitations of Arrhenius definition, chemists tried to define acidsin
amore genera way.

Brgnsted-Lowry Definition of Acids

A broader and more genera definition of acids was provided independently in 1923,
by Johannes Bransted and Thomas M. Lowry. According to Bransted-Lowry definition;
an acid is a substance that donates protons, H*, to some other substance.
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Examples
HCI (aq) + HO() —» HO (&g + Cl(a0)
NH, (a0) + H,O() = NH;j (a0) + OH (ag)
H3PO4 (agq) + 2HZO ( = HPOi‘ (aq) + 2H30+ (ag)

In the above reactions, HCl in the first, H,O in the second and H,PO, in the third
are Bransted-L owry acids because they are proton donors. Here it is very important
to realize that al Arrhenius acids are Bransted-Lowry acids. However, the reverse
is not true because Bronsted-Lowry acids include substances that are not acids
according to Arrhenius.

Although the Bransted-L owry definition of an acid is more generd than the definition
proposed by Arrhenius, it still depends on the transfer of protons. However, the
presence of acids that are not proton-donors, initiated chemists to search for another
definition of acids.

b Lewis Definition of Acids

In 1923, the American chemist Gilbert Newton Lewis produced a definition of acid
that extends the concept of acids even further than that of Bransted-Lowry.

According to Lewis, an acid is a substance that can form a coordinate covalent
bond by accepting an electron pair from another substance. In other words, an
acid is an eectron-pair acceptor. Consider the following reactions:

F F

F—B +0Ft —— |[F—B<«—F

| |
F F

Lewis acid

In the above reaction, between BF; and F~, BF; acts as a Lewis acid since it accepts
apair of electrons from F-.

The Lewis definition of an acid is also valid for the Arrhenius concept of an acid.
This is because as the acid releases an hydrogen ion, H*, in aqueous solution, the
released proton or H* accepts a pair of electrons from awater molecule to form an
hydronium, H,O" ion.
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@O" — 5. |

O
RN PR
H HpyH
Lewis acid Hydronium ion

The Lewis definition of an acid is also valid for the Bransted-Lowry concept of
acids. Since Bransted-Lowry defined an acid as a proton donor, the donated proton
can be accepted by a molecule or species that has lone pair of electrons. So the
proton, H*, is an electron pair acceptor and hence a Lewis acid. Consider the
following reaction.

NH;(@ + HO() = NHj(ag + OH (ag)

In this reaction, H,O is a proton donor and hence a Brensted-Lowry acid. The donated
proton from water to ammonia, accepts a pair of eectrons from the nitrogen atom in
NH, to form NH,* as shown below:

+

H H

|
H—NO)+H ——> |H—N—H

|
H H

Lewis acid

The Lewis concept of acids not only includes H* as an acid, but dso ions or molecules
capable of accepting an electron pair that neither release H* in agueous solution nor
donate a proton.

Classification of Acids

Phosphoric acid, H,PO,, has three hydrogen atoms and it is a triprotic acid. Acetic acid,
CH,COOH, has four hydrogen atoms and is classified as a monoprotic acid. Discuss the

reason in your group and present it to the class.

There are different ways of classifying acids; they can be classified depending on the
number of replaceable (ionizable) hydrogen atom(s) they contain per molecule as
monoprotic or polyprotic acids.

Monoprotic acids are the acids containing only one ionizable (replaceable)
hydrogen atom per molecule or those acids that can furnish only one hydrogen

107
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ion per molecule in aqueous solution. Common examples of monoprotic acids are
HCI, HNO,, HBr, HI, and CH,COOH. The ionization of a monoprotic acid in agueous
solution is presented using HCl and HNO, as specific examples, as shown below:

HCl (ag) —  H*'(ag) + Cl~(ag)

HNO, (ag) —»  H"(aq) + NG; (a0)

Polyprotic acids are those acids containing more than one ionizable (replaceable)
hydrogen ion in agueous solution. Example of acids in this category includes H,SO,,
H,CO,, and H,PO,.
Theionization of polyprotic acids in agueous solution is shown in the following chemical
equations.

H,SO,(aq) —  2H"(eg) +  SOF (an)

HCO, (ag) = 2H"(ag) +  CO% (ag)

HPO, (ad) = 3H"(eg) +  POY (an)
Polyprotic acids which contain two ionizable hydrogen atoms such as H,SO,, H.S,

and H,CO, are dso called diprotic acids, those containing three ionizable hydrogen
atoms like H,PO, are called triprotic acids.

Ammonia and phosphoric acid have three hydrogen atoms but ammonia does not behave
as triprotic acid. Why? Discuss in your group and present it to the class.

Acids can dso be classified depending on the number of their constituent elements as
binary and ternary acids. Binary acids are those acids composed of only two elements.
Examples of binary acids are HCI, HBr, HF, HI, and H,S.

Ternary acids also called oxy-acids are acids composed of three different elements.
They usudly contain hydrogen, oxygen and a non-metal. Examples are H,SO,, H,CO,,
HCIO,, and H,PO,.

General Properties of Acids

Add a drop of lemon juice on your tongue and try to identify its taste. Repeat your
observation with orange juice. Do the two juices taste bitter or sour? Try to classify them
as acid or base, depending on their taste. Share your observations with the rest of class.
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Acids generally have the following properties:

1. Acids have a sour taste

Aqueous solutions of acids have a sour taste. Lemon juice and orange juice taste
sour due to the presence of citric acid. Citric acid is harmless. However, most
concentrated acids are corrosive and poisonous. So it is rictly forbidden to attempt
to identify such acids by tasting them.

2. Acids change the colour of indicators

The common indicators available in high school laboratories are litmus,
phenolphthaein, methyl orange or methyl red and universal indicator. The effect of
acids on the colour of indicators is summarized in Table2.1, Section 2.2.

i 5

Effect of Acids on Indicators

Experiment 2.4

Objective: To detect acidity of a solution using indicators.

Materials required: Lemon juice, dilute HCI, dilute HNO,, dilute H,SO,
phenolphthaen, litmus, methyl red, universal indicator, test tubes, test tube rack,
test tube holder, and reagent bottles.

Procedure:

Take four clean test tubes and place some lemon juice in the first, dilute HCI
in the second, dilute HNO, in the third and dilute H,SO, in the fourth. Dip a
strip of blue litmus paper into each of the four test tubes and observe. Follow
the same procedure and repeat the experiment until each acid has been tested
by each indicator. Record your observation.

Observations and analysis:

What colours have you observed when each indicator was added to each of
the four acid solutions? Use the following Table to record your observation:

Colour of indicator in

I ndicator Lemon juice | dilute HCI | dilute HNO,| dilute H,SO,
Phenolphthaein
Litmus

Methyl red

Universa
indicator

Write a laboratory report and present to the class.
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3. Acids react with active metals to form salt and hydrogen gas

Metds like magnesum, zinc, and iron react with dilute acids to form sat and liberate
hydrogen gas.

Acid + Activemeta — Sdt + Hydrogen gas

Examples

2HO  + =z - znCl, + H

HZSO4 aF Mg - MgSO4 aF H

2

2

Very active metds like sodium, potassum, and calcium react very violently with dilute
acids. The reaction is very dangerous and should not be performed.

Acids reacting with metals do not necessarily produce hydrogen gas. For example,
concentrated nitric acid and hot concentrated sulphuric acid react with copper producing
nitrogen dioxide and sulphur dioxide gases, respectively, instead of hydrogen. Thisis
because concentrated HNO, and hot concentrated H,SO, are oxidizing acids. The
reactions of these acids with copper are given by the following equations.

Cu +  4HNO, - Cu(NO,), + 2NO, + 2H,0

Cu + 2HSO, — Cuso, + SO, + 2HO

[Aulalaliy E—!
,llﬂlﬂlﬂ"*'!

I nvestigating the Reactions of Metals with Dilute Acids

Objective: To investigate the reaction between active metals and dilute acids.

Materials required: Dilute H,SO,, dilute HCI, zinc, magnesium and iron, test
tubes, test tube holder, test tube rack, burner, wooden splint, spatula

Procedure:

Experiment 2.5

Take three test tubes and place a spatula-full of powdered zinc in the first,
powdered magnesium in the second and iron filings in the third. Pour dilute
HCI into each of the test tubes until the metals are completely covered by the
acid. To test the type of gas evolved, cover one of the test tubes with a piece
of cardboard for afew seconds. Bring a burning splint close to the mouth of
the test tube and remove the cardboard.

Repest the experiment with dilute H,SO, after placing each of the three metals
in three different test tubes.
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Observations and analysis:
a What does the formation of bubbles indicate?

b What sound do you hear when the burning splint is close to the mouth of
the test tube?

¢ Which gasis evolved during the reaction?
d  Which meta’s reaction with dilute HC| or H,SO, is the most violent?
Write a laboratory report on your observations and present to the class.

4. Acids react with carbonates and hydrogen carbonates to form salt, water
and carbon dioxide gas

Acdd + hydrogencarbonate — <t + water + carbon dioxide

Acd + carbonate — ot + wae + cabondioxide
Examples
2HC + MgCO, —  MgCl, + H,O + CO,

H,S0, + CaHCO,), — CasO, + 2H,0 + 2CO,
2HNO, + NaCO, — 2NaNO, + H,0 + CO,

/AuuSut E‘S
_Iﬂlﬂlﬂ"*'l

Reactions of Acids with Carbonates and Hydrogen Carbonates

Experiment 2.6

Objective: To investigate the reaction between acids and carbonates and bicarbonates.

Materials required: Sodium carbonate, calcium carbonate, calcium or magnesium
or sodium bicarbonate, dilute HCI, dilute H,SO,, dilute HNO,, lime water
(Ca(OH),, solution) blue and red litmus paper, conical flask, delivery tube,
rubber stopper, beaker.

Procedure:

1. Take three conical flasks and add powdered Na,CO, in the first, powdered
CaCO, to the second and powdered sodium bicarbonate to the third. Pour
dilute HCl into each of the three conicd flasks until the acid covers the carbonates
and bicarbonate. Hold damp blue litmus paper close to the mouth of the conica
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flasks. Repest this with damp red litmus paper and record your observations.
Bubble the gas through limewater as shown in Figure 2.1.

Delivery tube

—— Beaker

+— Limewater

Figure 2.1 Test for Carbon dioxide.
2. Repeat the experiment using the same carbonates and hydrogencarbonate with
dilute H,SO, and dilute HNO,.
Observations and analysis:

a What does the formation of bubbles in the conica flasks indicate?

b Does the colour of the damp blue litmus paper change when you hold it close
to the mouth of the conicd flasks? What about the colour of damp red litmus?

¢ What happened to the colour of lime water when you bubble the gas through
it? If there was any change, what did it prove? Write a balanced chemical
equation for the change?

Write a laboratory report on your observation and present to the class.

5. Concentrated acids react with sulphites liberating sulphur dioxide gas
and forming a salt and water

Sulphite + Acid —  Sulphur dioxide + Sdt + Water

Examples

NaSO, + 2HC - SO, + 2NaCl + H,0

CasO, + HSO, — SO, + CasO, + H,0

6. Acids neutralize basic oxides and bases or alkalis to form salt and water

The reaction of acids with basic oxides or bases to form salt and water is called
neutralization reaction.

Acd + Bascoxide — St + Water
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Examples
2HCI + MgO - MgCl, + H,O
H,S0, +  CeO - CasO, + H,0
Acid + Base - Salt + Water
Examples
H,SO, +  2NaOH - NaSO, + 2H,0
HNO, +  KOH -  KNO, + H,0
- oo B
Experiment 2.7 I 1\

Neutralization Reaction

Objective: Investigate the reaction between acids and bases

Materials required: 1 M HCI, 1 M NaOH, 0.5 M Ca(OH)., red and blue litmus
papers, four 150 mL beakers, two droppers, stirring rod, two watch glasses.

Procedure:

1. Make 1 M NaOH solution by dissolving 4.0 g NaOH in enough water to
make 100 mL solution.

2. MakealM HCl solution by dissolving 8.3 mL of concentrated HCl in enough
distilled water until the volume of the solution is 100 mL.

3. Dissolve 3.7 g of Ca(OH), in enough distilled water to make 100 mL solution.

To a 150 mL besker add 10 mL HCI solution and 9.5 mL NaOH solution and
dir thoroughly and test with blue and red litmus paper. Continue adding NaOH
solution dropwise using a dropper, stirring after each addition and checking
with red and blue litmus until the blue remains blue and the red stays red. Put
2 mL of the neutra solution in awatch glass and alow the water to evaporate
until the next day.

5. To another 150 mL beaker add 10 mL Ca (OH), solution and 9.5 mL HCI

solution. Repesat al the steps, which you followed in procedure 4.
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Observations and analysis:

a Isthere any colour change, when you dip blue and red litmus papers into the
solution of the acid and the base?

b Why is it necessary to add NaOH solution dropwise (one drop at a time) in
procedure 4?

¢ During this experiment, under what conditions does the blue litmus remain blue
and the red remain red?

d What are the products formed in procedures 4 and 5? Write balanced chemica
equations for the reactions?

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

7. Acids are electrolytes  They conduct electricity in agueous solutions.
Strength of Acids (Strong and Weak Acids)

1. Add a few drops of citric acid solution and nitric acid separately on a piece of waste
cotton cloth; what happens? Based on your observations, can you classify these acids as
weak acid or strong acid?

2. You are allowed to taste some acids like acetic acid (in the form of vinegar), and citric
acid at home, but you are never allowed to taste any kind of acids in the laboratory.
What is the reason?

Discuss your findings in your group and present to the class.

Acids can be classified as strong acids and weak acids depending on their degree of
ionization in agqueous solution, i.e., the extent to which the acids dissociate to form
hydrogen or hydronium ions when they dissolve in water. A strong acid is one that
ionizes almost completely in agueous solution. Examples of strong acids are HCIO,,
HI, HBr, HCI, HNO,, and H,SO,. These acids dissociate to a very high extent as
shown below:

HCI (aq) - H* (a0) + Cl~(ag)
HNO, (ag) — H* (a0) + NO;3 (ag)

HCIO,(aq) —  H*(eo) +  ClO; (aq)

A dilute aqueous solution of strong acids contains predominantly the ions derived from
the acids instead of the acid molecules. For example, HCl and HNO, are almost
completely ionized in water.
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An acid that releases few hydrogen ions in agueous solution is a weak acid. The
agueous solution of a weak acid contains hydronium ions, anions and dissolved
molecules of the acid.

Organic acids which contain the acidic carboxyl group COOH, are generaly weak
acids. For example, CH,COOH, ionizes dightly in water to give hydronium ions and
acetate ions, CH,COO.

CH,COOH (ag) + H,O() = CH,COO" (ag) + H,O*(aq)
Concentrated and Diluted Acids

1. In a solution, if there is 95% H,0 and the rest is HCI, what kind of solution is it?

2. In a car battery, the electrolyte used is 35% of H,SO,. How many percent of it is water?
What do you think about the concentration of the electrolyte?

“Concentrated” and “dilute’ are terms used to describe the rdative amount of acid in
agiven acid solution.

A concentrated acid contains a relatively large amount (percentage) of acid and a
small amount of water. For example, concentrated sulphuric acid is 98% H,SO, and
2% water. Concentrated acetic acid is 99% acetic acid and 1% water. But, H,S0, is
astrong acid and CH,COOH a weak acid.

A dilute acid contains arelatively small amount of acid dissolved in large amount of
water. For example, a diluted solution of sulphuric acid may contain 10% H,SO, and
90% H,0.

The concentration of an acid is the measure of the number of moles of the acid in one
litre of acid solution and is expressed in mol/L. This unit of concentration is called
Molarity, denoted by M. Mathematicaly,

Number of molesof thesubstancedissolved
Volumeof solutioninlitres

Molarity (M) =

Massof thesubstance dissolvedin grams
Molar massof thesubstance

Number of moles of the substance =

For example, the concentration of 98% H,SO, is about 18 mol/L. If one litre of this
acid is added to 2 litres of water to make 3 litres of solution, the concentration will
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become 6 mol/L. The new solution obtained is a dilute solution of H,SO,. Thus,
concentrated acids contains a greater number of moles of acid while dilute acids contain
less number of moles of the acid per litre of the acid solution.

Example
How many moles of HCI are present in 0.8 L of a0.5 M HCIl solution?
Solution:

n
M = Vi =n=MV=05M x08L =04 mol HCI, where M is the

molarity, n, the number of moles and V, volume of solution in litre.

An important aspect of the property of acids is that they conduct eectricity in agueous
solutions, i.e,, the acids are eectrolytes. The extent of conduction of eectricity depends
on the amount of ions present in the solution. Thus, aqueous solutions of strong acids
are better conductors of dectricity than the same concentrations of weak acid solutions.
The conduction of electricity through acid solution is also used as one means of
identification between weak and strong acids.

@ood B
UL

Can Aqueous Acid Solution Conduct Electricity?
Objectives: To investigate the conductivity of acids

Experiment 2.8 1\

Materials required: 1 M HCI, 1M HNO,, 1 M CH,COOH, three 150 mL beskers,
two graphite eectrodes, insulated electric wires, two dry cells, and bulb

Procedure:

Take about 100 mL of 1 M HCI in the first beaker, the same volume and
concentration of HNO, and CH,COOH in the second and third beekers respectively.

Arrange the st up as shown in Figure 2.2. Firgt test the conduction of dectricity
through HCI solution by inserting the two graphite eectrodes. See whether the
bulb glows or not. Is the light bright or dim? Record your observation. Repeat
the same activity with HNO, and CH,COOH. Rinse the electrodes after use
in each of the acid solutions. Compare the intensity of light produced with
HNO, and CH,COOH.
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Bulb
+ I -
1
1]
Battery
Switch
>
™
|
Anode (+) Cathode (-)
\_/—— HCI solution

Figure 2.2 Conductivity of acid solution.
Observations and analysis:
a Inwhich of the acid solutions does the bulb produce:
i) bright light? i) dimlight?
b What conclusions can you draw from your observations?

Write a laboratory report on your observations and present to the class.

Precautions when Handling Acids

Concentrated acids are extremely corrosive and poisonous. They can destroy metals
and clothes; produce a chemical burn on skin or inside the body. If taken internally
they can be fatal. So acids must be handled with care.

The following precautions are hel pful while working with acids:
a Wear goggles, gloves and a laboratory coat.

b If aconcentrated acid is spilled or splashed on your body, first wash the affected
part with running water and then with 10% Na,CO, solution.

c If concentrated acid is spilled on to cloth, immediady wash it with running water.
d If an acid enters your eye, wash with water repeatedly and then consult a doctor.

117
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e If corrosive acids are swallowed, administer weak bases such as Mg(OH), or
AI(OH),.
f Use bellows to pipette acid instead of sucking using yours lips.

g To dilute concentrated acids, pour the concentrated acid in to water and not
water in to the acid.

pH and pH scale

Expressing acidity as the concentration of H,O" can be cumbersome because the
vaues tend to be very smdl. A more convenient quantity caled pH is used to indicate
the concentration of H,O". The letter pH stands for the French words pouvoir
hydrogéne, meaning “hydrogen power”.

pH is defined as the negative logarithm of the hydrogen ion concentration (hydronium
ion concentration). The mathematical expression is:

— 1 — +
pH = log AT =—log [H]

The square bracket [ ] means concentration in mol/L.

To cdculate the hydrogen ion concentration of a solution from its pH we can proceed
as follows.

[H*] = antilog (-pH) = 10"

The pH of a solution can be measured using universal indicator solution, pH indicator
paper or a pH-meter. When universal indicator solution or pH indicator papers are
added to an acid solution, they develop different colours depending on the pH of the
solution. So, to identify the pH, we need to compare the colour developed with the
standard colour chart. A pH meter is an electronic device, which reads the pH of a
solution directly. (Figure 2.3).

o1 2 3 4 5 6 7 8 9 10 11 12 13 14

Figure 2.3 a) The colour of universal indicator in solutions of pH from 1 to 12,
b) A pH meter with its electrical probe dipped into an orange.
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Acidity and dkalinity are usually expressed on the pH scale. The range is between O
and 14.

Basicity increases

Acidity increases

Weak base Strong base

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
|
[
I
< l
I
Strong acid Weak acid !
I
I

Neutral

A neutral solution has a pH value of 7 at 298 K. Acidic solutions have pH vaues less
than 7. As the pH value decreases the acidity of the solution increases. For example,
if two solutions A and B have pH vaues of 4 and 6, respectively, then we can conclude
that solution A is more acidic than solution B. The hydrogen ion concentration in
solution A is one hundred times greater than that in B.

The following examples will guide us through how to calculate pH vaues of solutions.

Example
Calculate the pH of a 0.001 M solution of HCI?

Solution:
HCl is a strong acid and dissociates amaost completely.

The dissociation of 0.001 M (0.001 mol/L) of HCl produces 0.001 mol/L of
H* and 0.001 mol/L of ClI~ asfollows:

HCl (ag) — H'(ag) + ClI=(a0)
0.001 mol/L 0.001mol/L 0.001 mol/L
Thus, [H*] = 0.001 mol/L = 1 x 103 M
pH =-og[H'] =—-loglx 103=3

Example

The hydrogen ion concentration in a dilute solution of vinegar is 4.6 x 10° M.
What is the pH of the solution?

Solution:
pH = —log [H*] = —log (4.6 x 10°) = — (log 4.6 + log 10°°)
= — (log 4.6 — 5) = — (0.663 — 5) = 4.337
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Example

The pH of lemon juice was determined to be 3. What is the hydrogen ion
concentration in the lemon juice?

Solution:
pH = —log [H']; —pH =log [H]
[H*] = antilog (—pH) = 10°" = 103M

Exercise 2.7

1. ThepH of agiven solution is 8. What is the hydrogen ion concentretion of the
solution?

2. Two solutions A and B have pH values of 2 and 6 respectively. How many
times greater is the hydrogen ion concentration in solution A than that of

solution B?
Experiment 2.9 |iJiJiJ;*:\

pH of Solutions of Common Substances
Objective: To determine the pH of different substances

Materials required: Lemon juice, vinegar, tonic water, tomato juice, beakers, and
universal indicator solution or pH indicator paper

Procedure:

Take four beakers and place lemon juice in the first, vinegar solution in the
second, tonic water in the third and filtered tomato juice solution in the fourth.
Then pour a few drops of universal indicator solution or dip a piece of pH
indicator paper into each of the solutions. Compare the colour developed with
standard colour chart to decide the pH of each solution.

Observations and analysis:

a What is your conclusion based on your observations?

b Are the substances used in this experiment acidic or neutra? Why?
¢ Record your observations using the following Table:
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Substance Colour developed pH
Lemon juice
Vinegar solution
Tonic water

Tomato juice

Write a laboratory report on your observations and present to the class.

Preparation of Acids
Acids can be prepared by:
1. Thereaction of oxides of non-metals (acidic oxides) and water:

Acidic oxide + Waer — Acid

Examples
SO,(9 + HO(0) — H,S0;(a0)
N,O; (5 + HO() — 2HNO, (ag)
PO, (9 + 6HO() — 4HPO, (a0

2. Direct combination of some non-metals like S, Cl, Br with hydrogen:
This method is mostly used to prepare binary acids (acids consisting only two
eements)

Examples
H, (9) + Cl, (9 - 2HCI (g)

Hy(@ + Bry(@99 —  2HBr(g

When gaseous hydrogen chloride and hydrogen bromide dissolve in water,
they form hydrochloric acid and hydrobromic acid respectively.

3. Using a non-volatile acid: Volatile acids can be prepared by heating their
salts with a non-volatile acid such as concentrated sulphuric acid, H,SO,.
Hydrochloric acid HCI and nitric acid, HNO, can be prepared by this method
according to the following equations.

NaCl (§  + H,80,() — NaHSO,(s + HC()
NaNO, (§ + H,S0,() — NaHSO,(9 + HNO,())
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Preparation of Chlorous Acid

Experiment 2.10

Objective: To investigate the product formed from Ba(ClO,), and H,SO,

Materials required: Two 250 mL beakers, glass rod, water, dropper, test tubes,
test tube rack, blue and red litmus papers, methyl red, Ba(ClO,), and
concentrated H,SO,.

Procedure:

1. Dissolve 12 g Ba(CIO,), to prepare 100 mL solution in one beaker. Dilute 2
mL concentrated H,SO, with water to prepare 50 mL of dilute H,SO, solution
in the second beaker.

2. Add 80 mL of Ba(ClO,), solution to the dilute solution of H,SO, in the second
beaker. Is there any formation of the white precipitate? What do you think is
the precipitate formed? Wait for some time till the precipitate settles. Continue
adding Ba(ClO,),, solution using a dropper, one drop a a time until formation
of white precipitate stops. After al the precipitate settles, take 5 mL of the
clear liquid in a test tube and test with litmus or methyl red.

Observations and analysis:

a Isthefina solution acidic or basic?

b Which acid is formed?

¢ Wirite a balanced chemical equation for the reaction.
Write a laboratory report as a group and present to the class.

Reading assignment

Refer to chemistry books from the library and write the uses of sulphuric acid, nitric
acid and hydrochloric acid.

Uses of some important acids

1. List uses of some common acids in your daily life.

2. High consumption of sulphuric acid in a country indicates the economic growth of the
country. What is the reason? Discuss in groups and present to the class.
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Hydrochloric Acid, HCI is present naturally in the gastric juice of our body and
helps in the digestion of food. Industrialy, hydrochloric acid is important for pickling
of iron and sted (to remove surface impurities) before galvanizing and tin plating. It
is also used to produce aniline dyes, drugs, photographic films, plagtics like polyvinyl
chloride (PVC), and to recover magnesium from sea water.

Nitric Acid, HNO, is used industrially in the manufacture of explosives such as
trinitrotoluene (TNT) and trinitroglycerine, fertilizers such as KNO, and NH,NO,,
rubber, chemicals, plastics, dyes and drugs.

Sulphuric acid, H,SO, is the leading industrial chemical. It is widely used in the
production of sulphate and phosphate fertilizers, synthetic fibres, paints, drugs,
detergents, paper and dyes. It is aso used in petroleum refining, production of metas
and as dlectrolyte in car batteries.

Exercise 2.8
1. Which one of the following substances are Arrhenius acids:
a HCIO, d BF,
b HI e HF
c HBr f PClg

2. In each of the reactions listed below, identify the Brensted-Lowry acid:
a CH,COOH (ag) + H,O (I) = CH,COO (ag) + H,0" (a0)

b HCN (aq) + SO,* (ag) = CN (aq) + HSO; (aq)
¢ HF (aqg) + NH; (@) = F (a0 + NH," (a0)
d HCIO, (aq) + N,H,(ag) = CIO; (aq) + N Hg" (a0)

3. Identify the Lewis acids in each of the following reactions:
aAlC, + C- - A,/
bBF, + NH, — FB-NH,
c §Cl, + 2C- — SCl?
—

dPF, + F PR,




‘ CHEMISTRY GRADE 10

4. Classfy the following acids as monopratic, dipratic or triprotic, binary or ternary,
strong or weak acids. (give three answers for each type):
a HCIO, h HNO,
b H,SO, I CH,COOH
c H,CO, j H,SO,
d HF k H,S
e HC | H;PO,
f HNO,
g HCN

5. A reagent battle (labelled as A) isfilled with HCl solution and the other (labelled
as B) isfilled with water. Both liquids in the bottles are colourless. What
method do you recommend to identify the acid and water?

6. What isthe basis for the classification of acids as strong and weak?

7. What isthe pH of asolution having the following hydrogen ion concentrations?
ab5x102M b 0.003 M c 20 x 10°M

8. Cdculate the hydrogen ion concentrations in solutions having the following pH
vaues
a4 b 2 c5

9. How many moles of H,SO, are present in 0.500 L of a 0.150 M H,SO,
solution?

2.4 BASES

Competencies

After completing this section, you will be able to:

define bases in terms  of the concepts of Arrhenius, Bransted-Lowry and Lewis,

give examples of bases based on Arrhenius, Brensted-Lowry and Lewis
concepts,
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» explain the general properties of bases;

» define strong and weak bases,

 distinguish between strong and weak alkalis (soluble bases);

* define concentrated and dilute akalis;

 distinguish between concentrated and dilute akalis (soluble bases);

» use the necessary precautions while working with bases,

* define pOH;

» show the mathematical relationship between pH and pOH;

» cadculate the pOH of a given solution;

 caculate the concentration of hydroxide ions from the given information;

 conduct activities to investigate some chemica properties of bases;

» explain the reaction of active metals with water, the reaction of basic oxides
with water, and double displacement reactions as the three methods of preparation
of bases;

» conduct smple experiments to prepare bases in a laboratory;

* describe the uses of the three common laboratory bases (NaOH, Ca(OH),
and NH,).

1. Have you ever wondered about the origin of the saying “it is a bitter pill (kosso) to
swallow”? Discuss and give a meaning to the saying.

2. Discuss why farmers sometimes need to put crushed limestone on their soil.
3. While taking bath, have you ever had soap in your mouth? How does it taste?

Share your experience with your class.

Bases belong to the class of inorganic compounds that include most oxides and
hydroxides of metals. They are of great importance in chemical industries and in our
daily lives, directly or indirectly. For example, sodium hydroxide, NaOH is used in the
production of soap, paper, textile etc. Potassum hydroxide, KOH is used to produce
soft soap, fertilizers etc. Calcium hydroxide, Ca(OH),, is used to manufacture mortar
and bleaching powder, to remove soil acidity etc.

Definition of Bases

There are different definitions of bases, as suggested by different chemists namey Arrhenius,
Bronsted-Lowry and Lewis.
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Arrhenius definition of bases: A base is any substance that ionizes (dissociates) in
aqueous solution to release hydroxide, OH~ ions. Arrhenius bases are mostly ionic
metal hydroxides such as, LiOH, NaOH, KOH and Ba(OH).,. The dissociation of a
few bases is shown by the following equations:

NaOH (aq) — Na" (aq) + OH~ (aq)
Ba(OH),(aq) —  Ba**(ag) +  20H" (ag)

Bronsted-Lowry definition of bases: A base is a substance that is capable of
accepting proton(s), H*. Thus, a base is a proton, H" acceptor.

Note:
Note that not all Bransted-Lowry bases are Arrhenius bases, but al Arrhenius
bases contain the hydroxide ion which is a Bransted-Lowry base. Thisis because
OH- can accept a proton, H*, to form water.

According to the Brgnsted-Lowry definition, an acid-base reaction is the transfer of a
proton from an acid to a base.

Example
NH; (ag) + HCl(ag) — NH,"(ag) + Cl (ag)
Base Acid
HCOj(ag) + OH (ag) = CO;(ag) + H,O()
Acid Base

Lewis Definition of Bases

The Lewis definition is a more general definition than the Arrhenius and Brensted-
Lowry definitions. According to Lewis, a base is a substance that is capable of
donating a pair of electrons. In other words, a base is an electron-pair donor.
Bransted-Lowry bases are also bases according to the Lewis concept. This is
because for Bransted-Lowry bases to accept a proton, H* they should have a
lone pair. However, Lewis base include other species that can form a coordinate
covalent bond by sharing their lone pair with substances other than a proton, H*.
It is important to note that Lewis acid-base reactions include many reactions that
do not involve protons. The following equation shows an acid-base reaction
according to Lewis concept:
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Example
m . e T
H 4 (O — (0]
7N TN
H H H 1 H
Lewis acid Lewis base

Consider the following reactions:

NH, + H =  NHS

3

B, + F =  BF

3
In the above reactions, name the Lewis acids and Lewis bases. Do NH, and F~ act as Lewis
acid or Lewis base? Why?

General Properties of Bases

Dissolve one table-spoon of washing soda in a glass of water. Try to wash your hands with
this solution. How do you feel? Does it give a soapy touch or an oily touch. Share your
observations with the rest of the class.

Bases like NaOH, KOH, and Ba(OH), are readily soluble in water, while others such as
Mg(OH), are dightly soluble. Bases that are soluble in water are also called alkalis.

Bases or alkalis show the following properties:

1. Basesaredlipperytothetouch and haveabitter taste: Baseshave abitter
taste; fed dippery tothe skinindilute aqueous solutions. Strong bases such as
NaOH and KOH arevery corrosive and poisonous. So they should be neither
brought in to contact with the skin nor tasted.

2. Solublebaseschangethe colour of indicator s: Aqueous solutions of bases
turn the colour of red litmusto blue, phenol phthalein to pink (red), methyl red to
yellow and universa indicator blue(purple).
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3. Solublebasesreleasehydroxideion in aqueoussolution: The characteristic
properties of basesin aqueous solutionsare dueto the presence of the hydroxide
ion, OH-whichthey release on dissolution.

Examples
KOH (aq) - K™ (ag) + OH" (ag)
Ca(OH),(ag) = Ca¥(ag) + 20H" (aq)

4. Basesneutralizeacidsor acidicoxidestoform salt and water:

Base + Acid (or acidic oxide) — Sat + Water

Examples
2NaOH (aq) +  H,SO,(aq) — NaSO, () + 2H,0()
2KOH (ag) + SO, (9) - K, 80, @) + HO()
CaOH),(aq) + 2HCl(aq) — CaCl,(ag) + 2H,0())

5. Aqueoussolutionsof basesconduct eectricity: Solublebasesareelectrolytes.
Solutionsof strong bases are good conductorswhile solutions of weak basesare
poor conductors.

Strength of Bases (Srong and Weak Bases)

Is a concentrated base a strong base and a dilute base a weak base? Discuss in your
group and present to the class.

Both acids and bases are classified as strong and weak depending on their degree of
ionization (dissociation) in agueous solution.

Srong bases are those which ionize (dissociate) completely or amost completely in
water solutions. Examples of strong bases include hydroxides of akali (Group 1A)
metals and lower members of akaline earth metals such as LiOH, NaOH, KOH, and
Ba(OH).,.

Examples
LiOH (ag) —  Li*(ag) +  OH-(ag)
KOH (aq) — K*(ag) +  OH (ag)
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Week bases are those bases which ionize (dissociate) only partidly or dightly in aqueous
solution. Examples of weak bases include NH,, and Ca(OH),.

The dissociation of aweak base can be shown as follows using, NH,, as an example.

NH;(9) + HO() <= NH(ag) + OH (ag)

The double arrow shows that the dissociation of a weak base does not proceed to
completion. This means an agueous solution of a weak base contains only a small
amount of ions derived from the dissociation of the base and a large amount of the
non-ionized base. For example, a solution of ammonia containing 0.1 mole NH, per
litre of solution ionizes only to the extent of 1.3%.

Concentrated and Dilute Bases

Concentrated and dilute solutions are terms used to describe the amount of a substance
present in a given volume of solution. The amount can be described in terms of either
percentage or number of moles. Concentrated bases contain relatively large amounts
of abase in a given volume of solution while dilute base solutions contain only a small
amount of base. The concentration of a base is the measure of the number of moles
of the dkali (base) dissolved in one litre of solution. The concentration is expressed
in terms of mole per litre (Molarity).

number of molesof the base
volumeof solutioninlitres

Molarity of the base =

The greater the number of moles of the base per litre of the solution the more
concentrated is the solution. For example, a solution containing ten moles of NaOH
per litre is more concentrated than the solution containing two moles of NaOH per
litre. The latter solution is more dilute than the former. Thus, both a strong base and a
weak base may be concentrated or dilute depending on the number of moles of the
base present per litre.

Precautions when Handling Bases

Strong bases such as sodium hydroxide and potassium hydroxide can attack human
skin, and even damage animal and plant tissues. That is why NaOH and KOH are
named caustic soda and caustic potash respectively. The word “caustic” refers to a
substance that can cause burning. Thus, it is very important to avoid the contact of
bases with any part of our body or clothing. Not only strong bases but weak bases
are dso corrosive. For example, concentrated ammonia solution can cause blindness if

splashed into the eye.
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The following safety precautions are useful in handling bases in school |aboratories or
anywhere while working with them.

a Wear eye goggles, gloves and a laboratory coat.

b If bases are spilled on your working table wipe the spillages immediately.

¢ Whenever bases are splashed on your cloth, wash the affected part with running
water.

d If abase enters your eyes, wash with water repeatedly as first aid treatment
and seek medical advice.

e If abase is swalowed by accident, drink 1-2% acetic acid or lemon juice
immediately.

f  Whenever bases come in to contact with your skin, wash the affected part with

plenty of water and then wash the affected part with a very dilute solution (about
1%) of aweak acid such as acetic acid.

pOH

1. Since water, H,0, has H* and OH, it is both acidic and basic. Is this true?

2. If [OH] increases in a solution what happens to its [H*]? Share your comments with
your group.

pH is the measure of the hydrogen (H*) or hydronium (H,O") ion concentration in a
solution. In the same manner, pOH is the measure of the hydroxide, OH~ ion
concentration in a solution. It also measures the acidity or alkalinity of a solution as
pH does.

POH is defined as the negative logarithm of hydroxide, OH" ion concentration.
pOH = -og [OH]

To calculate the hydroxide ion concentration from a given pOH value, we proceed as
folows

[OH] = antilog (pOH) = 10POH
Relationship Between pH and pOH

How can you derive the mathematical relationship between pH and pOH? To
understand the relationship between pH and pOH let us start from the ionization of
water. Water undergoes ionization to a small extent as follows:

HO() =  H*(a) +  OH™ (ag)
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or
2H,0() = HO"(ag + OH (ag)

We can write a mathematical expresson for the ionic product of water or dissociation
congtant for water, K, as

K,, = [H*] [OH] = [H,0*] [OH] 2.1)
K, = 1.0 x 104 (mol/L)? at 25°C

Since water is neutra, [H*] = [OHT] or [H,0"] = [OH"]. So we can write equation
21as

K,, = [H*] [OH7] = [H*]? = 1.0 x 10%(mol/L)?
Solving for [H*]

[HY] = \/1.0x10“(m0%)2 =1.0x107 mol/L

Thus, in any neutral agueous solution at 25°C,
[H*] = [OHT] = 1.0 x 10~ mol/L

In an acid solution, [H*] > [OH] and in a basic solution, [OH] > [H*]. However,
the product [H*] x [OH™] remains constant, i.e., 1.0 x 1074 at 25°C. Thus, if the
concentration of either H* or OH~ is known in a given solution, we can calculate the
concentration of the other.

Kw w
H* T = [on]
To find the relationship between pH and pOH let us begin with equation 2.1.
K,, = [H"] [OH] = 1.0 x 107 (mol/L)?
Take the negative logarithm of both sides
—ogK,=-og[H*] [OH]=-0g1.0x 10"
—ogK  =-og[H*] +(Hog[OH])=-og 1.0 x10*
but, Hog K, = pK,,,
—log [OH] = pOH,
~log [H'] = pH
-og 1.0 x 10 = 14

[OH] =

So, the above equation becomes
pk,, = pH + pOH = 14 (at 25°C) (2.2
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Thus, the sum of pH and pOH is 14 for any agueous solution, at 25°C. Since pH,
pOH, [H*] and [OH"] are interrelated through K, knowing any one of the values
enables us to determine the others.

Table 2.2: Acidity and Basicity in relation to [H*], [OH], pH and pOH.

Solution [H*] (mol/L) [OH"] (mol/L) pH pOH
Acidic solution > 1077 <107 <7 >7
Basic solution <107 > 1077 >7 <7
Example
The hydroxide ion concentration in a solution is 5.0 x 10°M? Calculate:
a pOH b [H] c pH
Solution:

a To caculate pOH we proceed as follows.
pOH = —log [OH] = —log (5 x10°) = — (logl0~> — log 5)
=5-log5=43
b [H*] is caculated using the relationship

Kw  10x10™ (moliL)?

—N _ - 10
[OHT] 5.0x10™> mol/L AU S EUS L

[HT =

¢ pH =-og [H*] = -og 2.0 x 10710
=10-log 2 = 9.7
Since the pOH of the solution is found in part (a), we can aso caculate the
pH using the relationship
pH + pOH = 14
pH + 43 = 14
pH =14 - 43 =97

Exercise 2.9
1. Determine the [OH] in 3 x 10> M solution of HCI.

2. Determine the pH of 2.0 x 102 M Sr(OH), solution assuming complete
dissociation.
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Chemical Behaviour of Bases

Experiment 2.11

Objectives To investigate the thermal stability and reaction of bases with acids.

Materials required: NaOH or KOH, Ca(OH),, HNO,, water, blue and red litmus
papers, cobalt chloride, test-tube, test-tube rack, test-tube holder, Bunsen
burner, three beakers, dropper, measuring cylinder, glass rod and watch glass.

Procedure:

1. Place 4.5 g NaOH or KOH in one test-tube and the same amount of Ca(OH),
in another test-tube. Heat the test-tube containing NaOH or KOH gently using
a Bunsen burner, by holding the test tube with a test tube holder. Hold the
cobalt chloride paper partly inserted in the test tube. See whether the cobalt
chloride paper shows a colour change or not. Repeat the same experiment
with the second test tube that contains Ca(OH),.

2. Dissolve 3.6 g KOH in distilled water to prepare 100 mL solution in one
beaker. Dilute 2 mL concentrated HNO, to make a 50 mL solution in another
beaker. Add 10 mL KOH solution and 9.5 mL HNO, to the third beaker, stir
thoroughly and test with blue and red litmus papers. Continue adding HNO,
using a dropper, one drop at atime stirring after each addition and checking
with red and blue litmus until the blue remains blue and the red remains red.
Put 5 mL of the neutral solution on a watch glass and alow the water to
evaporate until the next day.

Observations and analysis:

1. What typeof reaction occurred between the KOH and HNO,? Writethe balanced
chemical equationfor thereaction.

2. Whatisleft onthewatch glass?

3. Which hydroxide melts on heating?\Which base decomposes on heating to give
metal oxide and water? How do you know this? Write the balanced chemical
equationfor thereaction.

Writealaboratory report and present to the class.

Preparation of Bases

Bases containing hydroxide ion (hydroxide bases) can be prepared by the following

methods
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1. By thereaction of highly reactive metas from Group 1A and Group I1A (below
magnesium) with water. This reaction produces the metal hydroxide with the
liberation of hydrogen ges.

Examples
2li(g + 2H,0() — 2LIOH (ag + H, (9)
2K(s) + 2H,0() — 2KOH (ag) + H, (9)
Ca(s) + 2H,0() — Ca(OH), + H, (9)

2. By the reaction of Group IA or Group IIA metal oxides with water, which
gives the meta hydroxides.

Metal oxide + Water — Meta hydroxide

Examples
Na,O(s) + 2H,0() —  2NaOH (ag)
CaO(s) + 2H,0() — CaOH), (ag)
BaO(s) + 2H,0() — BaOH), (ag)
3. By double displacement reaction.

This method involves the reaction of an aqueous solution of a soluble base and
a soluble sdt, which gives another soluble base and an insoluble salt as products.

Soluble base + Solublesdt — Another Soluble base + Insoluble salt

Examples
Ba(OH),(ag) + K,SO,(ag) — 2KOH (ag) + BaSO,(s)
CaOH), (aq) + NaCO;(ag) — 2NaOH (ag) + CaCO, (9)

Experiment 2.12 T SH

Preparation of Bases

Objective: To prepare bases from metal and metal oxides.

Materials required: Water, trough, a knife, tongs, filter paper, litmus paper,
test tubes, test tube rack, calcium or sodium metal, CaO or MgO, Na,SO,
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or K,SO,, Ba(OH), solution, spatula, balance, three beakers, measuring
cylinder, dropper, glass rod.

Procedure:

1

Pour clean water into a trough to three-fourth of its volume. Then take a piece
of sodium meta or calcium meta from the bottle with tongs. If you use sodium,
place it on filter paper and then blot it to remove the oil. Carefully cutoff a
very smal piece with a knife and drop this piece onto the surface of the water
in the trough. Observe the reaction.

After the reaction is complete, take some solution from the trough and add it
to two test tubes. Test the solution in the first test tube using red litmus paper
and add a few drops of methyl orange to the second.

Add a half a spatula measure of CaO or MgO to atest tube containing clean
water. Shake well and then test whether the solution is acidic or basic using
red litmus paper. Does the colour of the red litmus paper change?

Add 6 g Na,SO, or 7 g K,SO, to the first and 7 g Ba(OH), to the second
beaker. Add water to each beaker and stir with a glass rod to prepare a 100
mL solution of each sample. After dissolution is complete, take 20 mL Ba(OH),
solution and pour it into the third beaker. Measure 20 mL Na,SO, or K,SO,
solution, mix it with the solution in the third beaker and shake well. Observe
what is happening. Continue adding Na,SO, or K,SO, solution drop by drop
using a dropper while shaking the solution after the addition of each drop.
When the formation of a white precipitate does not occur anymore stop adding
Na,S0, or K, SO, solution and test whether the solution in the third beaker is
acidic or basic using litmus paper.

Observations and analysis:

1.

2
3
4.
5

Doesthecolour of red litmuspaper changewhen dipped into the solutions obtained
inprocedure 1 and 2?Arethe solutionsacidic or basic?

What gasisgiven off during thereactionin procedure 1?
Why do you think isthe white precipitate formed?

Wheat isthe nature of thefina solutioninthethird beaker?
Write balanced chemical equationsfor thereactions.

Writealaboratory report on your observationsand present to the class.
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Uses of Some Important Bases

Sodium hydroxide, NaOH: Thisis known by the common name lye or caustic soda.
It is one of the most important laboratory and industrial chemicals. It is used in the
laboratory for absorbing carbon dioxide and other acidic gases, in a number of organic
reactions and in chemica andysis. Indugtridly, it is used in the manufacture of soaps
and detergents, pulp and paper, textiles, dyes, cosmetics, pharmaceuticals, in purifying
aluminium ore and petroleum refining. It is aso used to clean drains since it dissolves
grease and other organic matter.

Potassum hydroxide, KOH: It is commonly known as caustic potash. It is a stronger
base and is more expensive than NaOH and has limited uses. It is used as an eectrolyte
in some dry cells and to make soft soap.

Calcium hydroxide, Ca(OH).: It is dso called slaked lime or lime water when it is
dissolved in water. It is a weaker base than NaOH and KOH, and is widely used to
remove soil acidity, to make mortar (mixture of lime, sand and water) which serves
as binding material for bricks and plastering walls, to remove temporary hardness of
water and in manufacturing bleaching powder. 1ts aqueous solution is also used to test
for carbon dioxide gas.

Ammonia: A solution of gaseous ammonia, NH, in water is used as household cleaning
agent and as a laboratory reagent. It is used to manufacture ammonium fertilizers,

Reading Assignment

The common uses of NaOH, KOH, Ca(OH),, and NH, have been described
above. After reading reference books in your library, search for some more uses
of these compounds. Present your findings to the class.

Exercise 2.10
1. Identify the Brensted-Lowry bases and acids in each of the following chemical
reactions.
a HCOOH (ag) + CN7(ag) = HCOO (ag) + HCN (ag)
b H,S(9) + OH (ag) = HS (ag) +  HO()
2. ldentify the substances acting as Lewis bases and acids in each of the following
chemicd reactions.

a AlCl,(a) + Cl(a — AICI;(ag)
b H'(ag) + NHy;(@ — NH, ()




IMPORTANT INORGANIC COUMPOUNDS (UNIT 2) ’

Wheat is the concentration of the base (in molarity) containing:
a 80 g NaOH is dissolved in water to make 1 litre of solution?
b 224 g KOH is dissolved in water to make 2 litres of solution?

Cdculate the pOH, [H*] and pH of the solutions having the following hydroxide
ion concentrations:

a [OHT = 4.6 x 10 mol/L b [OH] = 2.5 x 10 mol/L

Potassium hydroxide solution is added from a burette to dilute hydrochloric
acid solution in a besker. Which of the following changes will not occur in the
besker:

a The pH of the solution in the beaker increases.
b The [H*] of the solution in the beaker decreases.
c The pOH of the solution in the beaker increases.

How many moles of NaOH are contained in 65 mL of a2.20 M solution of
NaOH in H,O?

A solution of barium hydroxide, Ba(OH),, contains 4.285 g of barium hydroxide
in 100.0 mL of solution. What is the molarity of the solution?

2.5 SALTS

Competencies

After completing this section, you will be able to:

define dts;
give examples of sdts,
classify sdts as acidic, norma and basic sdts;

explain the direct combination of elements, the reaction of acids with bases and
the reaction of acids with metals as methods of salt preparation;

conduct smple experiments to prepare a st by neutralization;

list some important salts and discuss their uses;

explain the properties of salts;

describe the chemical tests of some salts by conducting activities,

mention the essentia nutrients of plants;

describe the functions of nitrogen, phosphorus and potassium in plant growth;

137
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* definefetilizers,

* list some common fertilizers;

» explain the importance of fertilizers;, and

 lig some common inorganic compounds that are used as pesticides and herbicides.

Discuss the following in your group and present it to the class:
1. List all the salts that you know and tell where they are found.
2. Make a list of coloured salts available in your school laboratory.

3. Which salts are found in Dalol area, Ethiopia?

Sdlts are ionic compounds that contain positive ions (cations) derived from bases and
negative ions (anions) derived from acids. Salts are also defined as ionic compounds
formed when the ionizable hydrogen of acids are partly or completely replaced by
metal ions or ammonium ions. For example, Ca(HCO,), and CaCO, are sdts derived
from the acid H,CO, while the sdts Mg(H,PO,),, MgHPO, and Mg,(PO,), are
sdts derived from H,PO,.

* A st is produced when an acid is neutralized by a base:
Acid + Base — Sdt + Water

Examples
HCl (ag) + NaOH (ag) — NaCl(ag) + H,0(l)

H,SO,(aq) + CalOH),(ag) — CaSO,s + 2H,0(l)

Some common examples of salts are sodium chloride (NaCl), calcium carbonate
(CaCQO,), potassium nitrate (KNO,), copper sulfate (CuSO,) etc.

Classification of Salts

Activity 2.18

Recall the concept of the neutralization reaction between an acid and a base to give a salt and water.

a What would be the nature of the salt, if all the acid hydrogen ions are not replaced by
metal ions or ammonium ion?
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b What would be the nature of the salt, if all the base hydroxide ions are not replaced by
the anions of the acid?

Discuss in your group and present the findings to the class.

Salts can be classified as:

Acidicsalts: Thesearesadtsinwhich not al of thehydrogenionsinan acid have
been replaced by metal ionsor anmonium (NH;) ions.

Example:  Sodium hydrogen sulphate, NaHSO,.

When acidic sdlts are dissolved to make an agueous solution, they release H*
ions which make the solution acidic. For example, NaHSO, releases ions in
agueous solution as follows:

NaHSO,(a) — Na'(ag) + H'(ag) + SO% ()

Normal salts: These are salts in which all of the hydrogen ions in an acid
have been replaced by metd ions or ammonium ions.

Example:  Sodium sulphate, Na,SO,.
Normal salts do not contain ionizable H* or OH~.

Example

Na,SO, release ions as follows:

Na,SO,(aq) — 2Na*(aq) + SO? (ag)

Basic salts: These are salts in which not al of the hydroxide ions in a base
have been replaced by the anions of the acid.

Example:  Zinc hydroxychloride, Zn(OH)CI.

When basic sdts are dissolved to make an aqueous solution, they release OH~
ions and this makes the solution basic.

Zn(OH)Cl (ag) — Zn%**(ag) + OH (ag) + Cl(a)

Preparation of Salts

List a few methods to prepare sodium chloride in the laboratory? Discuss in groups and
present it to the class.
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Sdlts can be prepared by the following methods:

1. Direct combination of elements: This method is used to prepare binary
sdts, that is, salts consisting of only two elements.

Examples
2Na(s) + Cl(@ - 2NaCl (s)
Fe (s) + S(9 - FeS (s)
Fe () + 3CL(@ - 2FeCl, ()

2. Reacting active metals with dilute acids:

Activemetad + Acid — Sdt + Hydrogen gas

Examples
2Al () + 6HCl(aq) — 2AICI, (a)  + 3H, (9)
Mg(s) + 2HClI(ag — MgCl, (aq) + H, (9)
Zn(s) + HSO,(a0) —» ZnSO,(a0) +  H,(9)

Since, the reactions of metals of Group |A like sodium and potassum are very
vigorous, it is advisable not to use the metas of Group IA for the preparation
of sdts by this method.

Sometimes, the reaction of active metas with dilute acids to prepare salts may
not be as successful as expected. For example, cacium sulphate is only sparingly
soluble in water. So in the reaction with dilute sulphuric acid, calcium tends to
become coated with calcium sulphate which inhibits the reaction from proceeding.

3. Reacting metal oxides with acids (by neutralizing basic oxides with
dilute acids):

Metal oxide + Diluteacid — Sdt + Water

Examples
CaO (s) + 2HCI (ag) —  CaCl, (ag) + H,O ()
CuO(s) + H,SO,(ag) — CuSO,(ag) + H,O(l)
ZnO(s) + 2HNO,(ag) — Zn(NO,),(aq) + H,O(l)




IMPORTANT INORGANIC COUMPOUNDS (UNIT 2) ‘

4. Reactingmetal hydroxideswith diluteacids: Thisreactioniscommonly called
neutraization.

Metal hydroxides + Diluteacid — Sat + Water

Examples
NaOH (aq) + HCl (ag) — NaCl (aq) + HO()

2KOH (ag) + H,SO,(ag) — K,SO,(ag) + 2H,0()

5. Reacting metal carbonates or hydrogen carbonates with dilute acids:
The reaction of carbonates or hydrogen carbonates with dilute acids always
releases carbon dioxide gas aong with the formation of a salt and water.

Metal carbonates + Dilute acid — Salt + Water + Carbon dioxide

Examples

-+

MgCO, (s) + H,SO,(ag) — MgSO, (aqg) CO, (9) + H,O()

CuCO, (s + 2HCl(ag) — CuCl,(aq)

-+

H,O () + CO, (9)
Na,CO, () + 2HNO, (ag) — 2NaNO, (a)

CaHCO,), (9 + 2HCI(aq) — CaCl, (aq)

-+

H,O () + CO, (9)

-+

2H,0 (1) + 2CO, (9)

6. Double decomposition reaction (double displacement reaction): In this
method, two different soluble sdlts react to form a soluble and an insoluble salt
as products that can be separated easily.

Examples
Pb(NO,), (ag) + Nal (ag) —  Pol, (9 + 2NaNO;, (ag)
CaCl,, (aq) + NaCO; (agq) — CaCO;(s) + 2NaCl (ag)

It may be noted that each method of preparing salts cannot be used to make
every sdft; i.e, different methods may be used to make different salts.
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Good B
UL ‘\

Preparing salts from Metallic Oxides and Acid

Experiment 2.13

Objective: To prepare copper sulphate from copper oxide and sulphuric acid.

Materials required: Copper oxide, sulphuric acid, beaker, filter funnel, filter paper,
evgporating dish.

Procedure:

1. Pour some sulphuric acid in beaker and add copper (I1) oxide, warm and stir
gertly.

2. When the reaction is complete, filter the solution to remove excess copper
oxide.

3. Transfer the filtrate to the evaporating dish and evaporate some of the water
from the filtrate. Leave for the sdt to crystdlize out.

Observations and analysis:
1. What isthe product formed?Write abalance chemical equation for thereaction.

2. What isthe colour change asthe reaction occurs? What doesthis show?
Writealaboratory report and present to the class.

Some Important Salts and their Uses

1. Have you ever taken Oral Rehydration Salt (ORS) for diarrhoea? What are the contents
of the ORS?

2. Can you prepare your own ORS?

Discuss in your group and present to the class.

Sodium chloride (common salt, NaCl) is widely used in the preparation and
preservation of food, as raw a materia for the manufacture of sodium, chlorine, and
sodium hydroxide. It is used as component of Oral Rehydration Salt (ORS) that has
medical applications. It is also used to manufacture baking soda (NaHCO,) and
Na,CO, that serve as raw materials for the production of glass.

Ammonium nitrate, (NH,NO,) is used as a nitrogenous fertilizer and in explosives.
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Copper (I1) sulphate, (CuSO,) is used to make Bordeaux mixture (mixture of CuSO,
and Ca(OH),) and other fungicides. Bordeaux mixture is used to prevent fungal attack
of leaves and vines. CuSO, is dso useful in electroplating.

Iron (111) chloride, (FeCl,) is used in the treatment of waste water, and in etching
printed circuits.

Potassum nitrate, (KNO,) is used in making gun powder (mixture of KNO,, carbon
and sulphur) and other explosives. It is aso used as a fertilizer.

Calcium sulphate, (CaSO,-2H,0, Gypsum) is used for plastering walls and
supporting fractured bones.

Barium sulphate, (BaSO,) is given to patients as a “barium meal” before gastro-
intestinal x-ray photography; it is aso used as a white pigment.

Iron (I1) sulphate (FeSO,) is given asiron tablets to patients who suffer from anaemia

Properties of salts

Salts can be classified depending on the anion (negative ion) they possess, because
the anion is partly responsible for the solubility of the salt.

1. Solubility of sdts. The following table summarizes some smple observations
about the solubility of some groups of salts.

Table 2.2 Solubility of salts.

Soluble salts Exceptions

. AIInitrates(NO3‘),perchlorates(CIO4‘), + No exception
chlorates (CIO;) and acetates

(CH,C00")
+ Most halides + Those containing Ag*, Hg?*, Pb?*
(AgCl,AgBr,Agl, HgCIZ, HgBr,, Hgl,, PbCIZ,PbBrz,
Pbl,) (PbCl, is soluble in hot water)
+ Mostsulphates + BasO,,HgSO,, PbSO,, SrSO,

» Carbonates (CO32‘), phosphates (POi‘) + All carbonates, phosphates and
and sulphides (5%°) of alkali metals sulphides of other elements are insoluble
and ammonium ion (NH,)

+ Sulphides of alkaline-earths, Group lIA,
elements

2. Tendency to absorb water from the atmosphere or release water to the

amosphere.
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Depending on their tendency to absorb water from or release water to the
atmosphere, salts can be classified as hygroscopic, deliquescent and
efflorescent.

Hygroscopic salts are those which absorb water from the atmosphere but remain
Llid.

Deliquescent salts absorb water from the atmosphere to form a solution. The
process of absorbing water from the atmosphere by a solid to form a solution
is caled deliquescence.

Efflorescent salts lose their water of crystallization to the atmosphere. The
loss of water of crystadlization by solid crystas to the atmosphere is known as
efflorescence.

It is very important to note that al deliquescent substances are hygroscopic,
but al hygroscopic substances are not necessarily deliquescent.

Table 2.3 Examples of hygroscopic, deliquescent and efflorescent salts.

Deliquescent Hygroscopic Efflorescent
Calcium chloride, CaCl, * Anhydrous Copper(ll) » Hydrated sodium
sulphate, CuSO, carbonate Na,C0O,*10H,0
Sodium Nitrate, Na NO, + Hydratedsodium sulphate,
Na,SO,*10H,0

Iron (Il1) chloride, FeCI3

Magnesium chloride, MgCl,

Lithium nitrate, LiNO3

Sodium nitrate, NaNO,

Aqgueous solutions of soluble salts are good conductors of electricity, because
they release mobile positive and negative ions in solution.

Examples
NaNO, (ag) — Na'(ag) + NOj (aq)

CaCl,(aq) — Ca*(ag) + 2CI-(ag)

Thermal stability of salts: When different salts containing the same anion
are heated, they may not show similar behaviour. Some salts are thermally
stable while others undergo decomposition. The following examples illustrate
this fact.
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a Thermal decomposition of carbonates:

Carbonates are sdts containing a carbonate, as an anion. Carbonates of Group
IIA and mogt trangition metals decompose on hesting to give the metal oxides
and carbon dioxide:

MgCO, (9 —, Mgo(9 + CO, (9

CuCo; (9 _het . cwo (s + CO,(9

However, carbonates of sodium and potassium are not decomposed by heat.
b Thermal decomposition of nitrates

Nitrates are sdts containing a nitrate, asan anion. Heeting nitrates of Group 1A
and mog trangtion metals produces ameta oxide, nitrogen dioxide and oxygen:

Nitrate M—) Metal oxide + Nitrogen dioxide + Oxygen

Examples

IMNO), (9 —=% 5 2MgO(9 + 4NO,(@ + O,(9)

2PBNOY, (9 —2 5 2PO(9 + 4NO,(Q + O,(g)

Nitrates of sodium and potassium decompose on hesting to give nitrites and
oxygen gas,

2NaNO, (s) _heat | 2NaNoO, (s) + O, (g)

2KNO, (9 ", 2KNO,(9 + O,(9)

The carbonate and nitrate of lithium differ from those of sodium and potassum;
they decompose on heating in the following manner:

ALNO, (9 1, 2i0(@ + 4NO,(9 + O,(9

Li,Co,9 —, Liog + CO,@
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Chemical Tests of Some lons in Salts

1. Do you know why fireworks give different colours? Consult books in your library, and
discuss in your group. Explain to the class.

2. How do chemists know of the presence of certain ions in a compound?

There are severa smple tests which may help in the identification of metal ions and
anions present in sats.

1. Flametests: Certain metals give a characteristic colour to a Bunsen flame
when their solid sdts or moist sdts are heated directly in the flame A flame test
is commonly used to identify the presence of lithium, sodium, potassum, cacium,
strontium and barium ions in sdts.

Experiment 2.14

Test for cations-

Objective: Toidentify thepresenceof Li*, Na", K*, Ca?*, Sr?*and Ba?* in salts by
flametests.

Materialsrequired: Platinum or nichromewire, watch glass, Bunsen burner, distilled
water, saltscontaining Li*, Na', K*, Ca*, Sr?*and B&?*.

Procedure:

1. Placeasmall amount of thesalt containingaLi*iononawatch glass, moistenit
with pure concentrated HCI, dip thetip of the platinum or Nichromewireinto the
moist salt and then bring to the Bunsen flame.

Observethe colour produced.

3. Repeat thesamestep for saltscontaining Na*, K* Ca?*, Sr2* and Ba?* and record
your observations. Rinsetheplatinum or Nichromewirewith distilled water after
eachtest.

Observations and analysis:
a Wiritethecolour of theflame produced inthefollowing table.
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Metal ion in the salt Colour of flameproduced
Lithum  (Li%)
Sodium  (Na’)
Potassum (K™)
Cddum  (Ca&?)
Strontium  (Sr?*)
Baium  (Ba)

Writealaboratory report and present to theclass.

‘llll F-\
Experiment 2.15 II“I"IH,A.‘-

Test for cations-1
Objectives: To identify the presence of Cu?*, Fe?* and Fe>* in salts.

Materials required: Beskers, test tubes, test tube rack, glass rod, ammonia solution,
sodium hydroxide solution, salts containing each of Cu?*, Fe** and Fe** ions

Procedure:

1. Dissolve asalt containing Cu?* in the first beaker, Fe** in the second and Fe*
in the third. Take three test tubes and add a 2 mL solution of (each ion) Cu?*
salt to the first, Fe** salt solution to the second and Fe** salt solution to the
third.

2. Add agueous ammonia in smal quantities until it is in excess, to the first test
tube containing a copper (1) sat solution and record your observations.

3. Add sodium hydroxide solution in small quantities, until it is present in excess,
to the second and third test tubes, and record your observations.

Observations and analysis:

1. What doestheformationof ablueprecipitateinthefirst indicate?Writethechemica
equation for the blue precipitateformation.

2. Observethe coloursof the precipitatesformed and complete thefollowing Table:
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Colour observed Confirmsthe presence of

3.  Writebaanced chemical equationsfor thereactions.

Writealaboratory report in group and present to theclass.

Experiment 2.16 ‘i JiJiJ;*:s

Test for Halide lons

Objectives: To identify the presence of Cl—, Br- and I~ ions.

Materials required: test tubes, test tube rack, NaCl, NaBr, Nal, AgNO,, anmonia
solution, reagent bottles, dilute HNO,

Procedure:

1. Prepare 125 mL solution by dissolving 2.0 g AgNO; in the first, 1.59 g NaCl
in the second, 2.50 g NaBr in the third and 3.75 g Nal in the fourth reagent
bottle respectively.

2. Take three test tubes and pour about 5 mL of NaCl solution in to the first, 5
mL NaBr solution in to the second and 5 mL Nal solution in to the third. To
each of the solutions in the test tube add 1 mL of dilute HNO, followed by

addition of about 5 mL AgNO, solution. Observe if a precipitate is formed in
each beaker.

3. After a precipitate has been formed, add ammonia solution to each test tube
and see what happens to the precipitate.

Observations and analysis:

1. What did theformation of thewhite precipitateinthefirst test tube confirm?Name
the compound formed asthewhite precipitate.

2.  What did theformation of theyellow precipitatein the second test tube confirm?
Namethe compound formed astheyellow precipitate.

3. What didtheformation of thedeep-yellow precipitateinthethird test tube confirm?
Namethe compound formed asthe deep-yellow precipitate.
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4.  What happened to the contentsin the threetest tubes, when ammoniasol utionwas
added to each of thetest tubes?

5. Writebaanced chemical equationsfor thereactionstaking placein each test tube.

Write a laboratory report and present to the class.
o nood D)
Experiment 2.17 llulﬂlﬂ"*"—

Test for Sulphates
Objective:  To identify for the presence of sulphate using barium salts.

Materials required: Beakers, test tubes, and test tube rack, any soluble sulphate
salt (such as sodium sulphate), barium chloride or barium nitrate solution, and
dilute HCI.

Procedure:

Add some sodium sulfate solution to a test tube and acidify the solution by
adding a few drops of dilute HCI. Then add BaCl, or Ba(NO,), solution and
note if a white precipitate is formed.

Observations and analysis:

1. Namethewhiteprecipitateformed?

2. Why isit necessary to add afew dropsof dilute HCI?
3.  Writeabaanced chemical equationfor thereaction.

Writealaboratory report and present to the class.

FLrLrll] E\
Experiment 2.18 MIHIHI'*'(

Test for Carbonates and Hydrogen Carbonates
Objective: To distinguish betweem carbonates and hydrogen carbonates
Materials required: Na,CO,, NaHCO,, dilute HCI, lime water, conical flasks,

beakers, rubber stopper, gas ddivery tube, calcium chloride solution
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Procedure:

1. Take 20 mL solution of Na,CO, and add it to one conical flask and 20 mL
NaHCO, solution to another. Add the same amount of dilute HCI to each of
the conical flasks; Fit a rubber stopper to which a delivery tube is inserted to
each conical flask. Allow the gas produced to pass through lime water and
observe the changes.

2. Again take Na,CO, solution in one conical flask and NaHCO, solution in the
other. Add the same amount of CaCI2 solution to each of the conical flasks.

Observations and analysis:

1. What hashappened to thelimewater in each case?

2. Which solution formsawhite precipitate on the addition of CaCl,, solution?
3.  Writebaanced chemicd equationsfor al thereactions.

Write a laboratory report and present to the class.

Experiment 2.19

Test for Nitrates (Brown Ring Test)
Objectives: To identify the presence of nitrate in a solution.

Materials Required: Test tube, test tube rack, beeker, nitrate solution, iron (11) sulphate
solution, concentrated H,SO,

Procedure:

Take 2 mL of nitrate solution in a test tube and add an equal volume of freshly
prepared iron (1) sulphate solution. Hold the test tube in an inclined position
and carefully pour concentrated sulphuric acid down along the inclined side of
the test tube. The acid sinks to the bottom. Carefully observe the changes in
test tube.

Observations and analysis:

1. Whereisthebrownringformed?

2. Writethechemical equation for theformation of the brownring.
3.  What doestheformation of brown ringin the solution indicate?

Write a laboratory report and present to the class.
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Exercise 2.11
1. Name the acid and base pairs required to prepare each of the following sdts:
a K,SO, c MgBr,
b Ca(NO,), d Bal,

2. Suggest at least three methods for the preparation of salts.
3. Classfy the following sdts as soluble or insoluble in water:

a NH,CI e LijPO,
b FeCO, f AgCl
c AgNQ, g CaCl,
d PbSO, h Na,S

4.  Why do agqueous solutions of soluble salts conduct electricity?
5. Which carbonates do not decompose on heating?

6. Nitrates mostly decompose by heat to give metal oxide, nitrogen dioxide and
oxygen. Which nitrates do not give these products on heating?

7. What reagents do you use to identify the presence of the following ions in
ts?
a Hdideions?
b Fe?* and Fe** ions?
c Sulphate, SO,>~ ions?

8. An unknown sat when heated with a Bunsen flame produced a bright-yellow
flame. An agueous solution of this sat when reacted with dilute HCl released a
gas that turns lime water milky. Upon addition of cacium chloride solution to

an aqueous solution of this salt, a white precipitate is formed. What is the
unknown salt?

Plant Nutrients

Essential nutrients

1. Form a group and list the kind of fertilizers you are familiar with. Which of the listed
fertilizers are inorganic salts?
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2. Plants need nitrogen for their growth, and there is plenty of nitrogen in the air. If this
is so, why do we apply nitrogeneous fertilizers for plants?

3. Some people prefer to eat organic food that has been grown without fertilizers and
pesticides. Does eating organic food overcome the problems caused by artificial

fertilizers? Discuss in groups and present to the class.

The growth and development of plants is determined by various factors of sail, climate,
and by factors inherent in the plants themselves. Mineras required by plants for their
growth and development are called plant nutrients. For a soil to produce crops
successfully, it must have an adequate supply of al the necessary nutrients that plants
take from the soil. The required nutrient elements must be present in the soil in forms
that plants can use and aso there should be a rough balance among them in accordance
with the amounts needed by plants. When any one of these dementsis lacking or isin
excess of the required proportion, the normal plant growth will not take place.

Elements required by plants for their growth and development are called essential
nutrients. The eements considered as essentia nutrients are carbon, hydrogen, oxygen,
sulphur, nitrogen, phosphorus, potassum, calcium, magnesium, iron, manganese, boron,
copper, zinc, molybdenum, cobalt and chlorine. All these seventeen elements have
their own roles in the growth and development of plants. Depending on the amount
required by plants, these elements are classified as macronutrients and micronutrients.

Try to identify the (a) micronutrients, (b) macronutrients, required for the growth of wheat,
maize, and rice crops, by consulting the books in your library. Share your findings with the

class.

M acronutrients are the elements required in reatively large amounts by plants. These
are nitrogen, phosphorus, potassum, cacium, magnesium, sulphur, carbon, hydrogen and
oxygen.

Micronutrients are the dements required by plantsin reatively smdl (trace) amounts.

These elements are iron, cobalt, zinc, manganese, molybdenum, copper, boron and
chlorine.

The dements carbon, hydrogen and oxygen are obtained by plants from air and water.
These are not considered as minera nutrients. Nitrogen, phosphorous and potassium
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are sad to be primary minerd nutrients. The roles of nitrogen, phosphorus and potassum
in the plant growth are discussed below:

Nitrogen is a very important plant nutrient. It is absorbed by plants in the form of
nitrate ions (NO;"). In the growth and development of plants, nitrogen is utilized in the
synthesis of amino acids, proteins, coenzymes and nucleic acids. The proteins formed
control the metabolic processes that occur in plant cells. Nitrogen is aso involved in
the synthesis of chlorophyll to produce a deep green colour.

Phosphorusis an important eement without which the growth of plantsisimpossible.
It facilitates early growth and root formation, quick maturity and promotes seed or
fruit production. Phosphorus is absorbed by plants mainly in the form of H,PO,~ and
HPOSZ— in small amounts. Phosphorus has a role in the formation of some amino
acids and proteins, coenzymes, nucleic acids and high energy phosphate compounds
like Adenosine Triphosphate (ATP).

Potassium is absorbed by plants in the form of the K* ion. It is a component of
enzymes that facilitate the process of photosynthesis and protein synthesis. It also adjusts
stomata movement. It is the most important ion in controlling the turgidity of plant
cells. It increases in the solute potential (sap concentration) within the cells which
leads to an increase in the amount of water that enters the cells osmoatically.

Exercise 2.12
1. What isthe importance of the following elements for the growth of food crops?
a nitrogen b phosphorus c potassium
2. Inwhat form do plants absorb these elements?

Fertilizers

During the growth and development of plants, the plants consume the essentia nutrients
from the soil. The concentration of these nutrients will decrease in the soil. If the
plants are specidly food crops, the nutrients can be lost from the soil when the plants
are removed on harvest. So for the soil to be suitable for the growth of plants in the
next round, the nutrients lost must be replaced.

How can we replace the nutrients lost from the soil? How can we increase the
crop producing potentia of soils? The nutrients lost from the soil can be replaced or
the crop producing potentia of soils can be increased by adding the appropriate fertilizers
to the soil.
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What are fertilizers? Fertilizers are materials that are added to soils to increase the
growth, yield or nutrient value of crops. Fertilizers are usually classified as organic
(natural) fertilizers and synthetic or artificid fertilizers.

Organic (natural) fertilizers are those derived from animas and plants. This includes
animal dung, urine and substances obtained from the decay and decomposition of
plants. These fertilizers provide readily available nutrients to plants after some period
of decay and decomposition. These fertilizers can supply the elements nitrogen,
phosphorus, potassium and various trace elements to the soil.

Synthetic or artificial fertilizers contain al three mgjor plant nutrients i.e., nitrogen,
phosphorous and potassium, and are known as complete fertilizers.

A mixed artificia fertilizer may contain nitrogen, phosphorus and potassum. Such a
type of fertiliser is called a complete fertiliser. The term NPK is used to describe
fertilizers containing the e ements nitrogen, phosphorus and potassium.

Examples of artificid fertilizers are ammonium sulphate, (NH,),SO,, potassum nitrate
(KNO,), anmonium nitrate (NH,NO,), and diammonium hydrogen phosphate, DAP
((NH,),HPO,).

The most important mineral nutrients that need to be added to the soil are usually
nitrogen, phosphorus and potassum. All the three dements are needed in large quantities.
Commercial fertilizers are normally given a “grade’, which reflects the percentages
they contain of N, P and K by dry weight. For example, a NPK fertilizer may be
described as 10:10:10 indicating that there is 10% of each dement in the fertilizer. The
suitable proportions are best determined in relation to the tested fertility of the soil and
the requirements of the particular crop that is being grown on it. This means fertilizers
of the same composition are not used for different purposes. In nitrogen deficient soil,
afertilizer containing a higher percentage of nitrogen than phosphorus and potassium
must be used. In addition to this, all fertilizers are not used for trestment of all kinds
of soil. For example, ammonium sulphate is more suitable for use in basic soils than in
acidic or neutrd soils.

Exercise 2.13

1. Classfy the following as organic or synthetic fertilizers:
a NH,NO, b urea c (NH,),SO,
2. Can the same fertilizer be applied to al types of soil? Explain.

Pesticides

Pesticides are chemicals that can be applied to agricultural crops to kill pests which
affect the growth and development of plants. Parasitic fungi, insects and animals like
rodents, rabbits and birds reduce crop yields or even completely destroy crops.
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Pesticides are used to overcome the damage caused by fungi and pests. The mgjority
of the pesticides used in agriculture are organic compounds. However, there are some
inorganic substances that serve as pesticides. These include fumigant insecticides that
exig in the vapour phase. Examples of fumigants are hydrogen cyanide (HCN), sulphur
dioxide (SO,), carbon disulphide (CS,) and phosphine (PH,). These pesticides are
mostly used in the treatment of empty transport containers, grain stores, warehouses,
harvested products prior to or during storage and to destroy pests in the soil. The
other inorganic pesticides are mostly copper compounds such as CuCl,,, Cu(OH),,
Cu(NO,),, CuSO,, Cu,0 and CuCO,. Among the inorganic compounds, CuSO,
and Cu,O are used as fungicides where as HCN, SO,, PH;, CuCl,, Cu(OH),,
Cu(NO,), and CuCO, are used as insecticides.

Herbicides

Herbicides are aso called weed killers. They are used to control the damage caused
by weeds. Inorganic compounds used as herbicides include ammonium sulphamate
((NH,)SO,-NH,), borax (Na,B,0,-10H,0), sodium chlorate (NaClO,) and ferrous

sulphate (FeSO,-7H,0).
Key terms of the unit
 acidic oxide * Lewis acid
» amphoteric oxide * Lewis base
* Arrhenius acid e litmus
* Arrhenius base * molarity
* acid, basic and normal salt * neutral oxide
* basic oxide * neutralization
» Bronsted - Lowery acid * non-volatile acid
* Bronsted - Lowery base * peroxide
» concentrated acid e pH
* dilute acid e plant nutrient
» deliquescent e pOH
» dissociation constant for water (kw) o salt
» efflorescent e strong acid
 electrolyte e strong base
o flame test * universal indicator
» hygroscopic e weak acid
* indicator * weak base
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Inorganic compounds are those compounds that originate from mineral constituents
of the earth’s crust.

Inorganic compounds may be classified as oxides, acids, bases and salts.
Oxides are binary compounds consisting of oxygen and any other element.

Most common oxides are classified as acidic, basic, amphoteric, neutral oxides
and peroxides.

Acidic oxides are oxides of non-metallic elements.

Basic oxides are oxides of metals. These metal oxides which dissolve in water
are also called basic anhydrides.

Amphoteric oxides are those oxides which show the properties of both acids
and bases.

Neutral oxides are those oxides which do not show basic or acidic properties.

Peroxides are oxides containing a peroxide (-O-O-) link and the oxidation
state of oxygen is -1.

Arrhenius acids are substances that release hydrogen ions or protons in agueous
solution.

Arrhenius bases are substances that release hydroxide (OH-) ions in aqueous
solution.

A Brgnsted-Lowery acid is a proton-donor.

A Bransted-Lowery base is a proton-acceptor.

A Lewis acid is an electron-pair acceptor.

A Lewis base is an electron-pair donor.

Strong acids and strong bases ionize almost completely in aqueous solution.
Weak acids and weak bases ionize only slightly in aqueous solution.

pH is the negative logarithm of hydrogen ion concentration pH =—og [H*].

pOH is the negative logarithm of hydroxide ion concentration pOH = —{og
[OH].

K, = [H][OH7] =1 x 10-** at 25°C.
pK,, = pH + pOH = 14 at 25°C.

Asaltis an ionic compound containing a cation derived from a base and anion
derived from an acid.
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» Saltsmay be classified asacidic, normal and basic salts.

» Anacid salt isformed when ionizable hydrogen atoms of an acid are replaced
partly by a metal ion or ammoniumion.

 Anormal salt is formed when all ionizable hydrogen atoms of an acid are
completely replaced by a metal or ammoniumion.

» Abasicsaltisasalt containing ionizable hydroxideion.
» Hygroscopic substances absorb water from the atmosphere.

» Deéliguescent substances absorb water from the atmosphere and dissolve in
the water absorbed to form solutions.

» Efflorescent substances lose their water of crystallisation to the atmosphere.
» Plant nutrientsare mineralsrequired by plantsfor their growth and devel opment.

» The elements plants need for their growth and development are classified as
macronutrients and micronutrients depending on the amount utilised by them.

» Fertilizers are natural products or synthetic chemicals that are added to the
soil to increaseits crop producing potential.

» 9yntheticfertilizersareclassfied asnitrogen, phosphorusand potassumfertilizers.

* Pedticidesarechemicalsusedinagriculturetokill peststhat reduce crop yields.

REVIEW EXERCISE ON UNIT 2

Part I: Write the missing words in your exercise book

Acidic litmus salt ammonia Alkalis
react acids hydroxide soluble

Most oxides of non-metals are _1 oxides, acidic oxides react with _2 __ to
forma _3 and water. Some acidic oxides 4 with water to form solutions of
acids. These solutions turn blue 5 red. Alkalisare 6 bases. Examples of
akalisare 7 and sodium 8. Alkalisreact with_9 toforma 10 and
water.
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Part Il: A Match the substances on the left with those
properties stated on the right

1. Vinegar (pH=4.5) a grongly acid

2. dish-washing powder (pH = 12) b weekly dkaine
3. soap (pH = 7.5) c neutrd

4. digtilledwater (pH=7) d grongdkdine
5. concentrated hydrochloric acid e weskly acidic

Part ll: B Match the ions or molecules on the left with
the correct test reagent on the right

6. Iron (I1) ion a glver nitrate
7. lodideion b acidified barium nitrate
8. Sulphaeion C heat with duminium
9. Carbon dioxide d iron (1) sulphate and sulphuric acid
10. Nitrateion e sodium hydroxide
f limewater

Part lll: Choose the correct answer from the given
alternatives
11. A solution has a pH of 9. The solution is best described as:
a grongly dkdine c weskly dkdine
b weskly acidic d strongly acidic
12.  Which one of these statements about magnesium oxide is true:
a it reacts with hydrochloric acid to form a salt
b it reacts with sodium hydroxide to form a sat
C it reacts with water to form an acid
d it reacts with basic oxide to form a base

13. Sodium hydroxide is added to solution M. A reddish-brown precipitate is
formed, solution M contains.

a iron (I1) ions c copper (1) ions
b iron (I11) ions d slver (1) ions
14. Which one of these statements about fertilizers is true?




15.

16.

17.

18.

19.

20.
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a ammonium nitrate can be used as a fertilizer
b primary fertilizers contain nitrogen, sulphur and iron
c fertilizers are added to the soil to make it more dkaine

d fertilizers are made by combining calcium with oxygen

Which of the following is not the characteristic of an acid:

a an acid changes the colour of an indicator

b an acid has a bitter taste

C an acid ionizes in water

d an acid produces hydronium ions in water

When an acid reacts with an active metal:

a hydronium ion concentration increases

b meta forms anions

¢ hydrogen gas is produced

d carbon dioxide gas is produced

Which of the following is the correct definition of a Bransted-Lowry base?
a an eectron pair donor

b an electron pair acceptor

c aproton donor

d aproton acceptor

The pH of a solution is 6.32. What is the pOH of the solution:
a 6.32 C 7.68

b 48 x 107 d 21 x 108

A neutral agqueous solution:

a hasa7.0 M H,;O" concentration

b contains neither hydronium ion nor hydroxide ion

¢ has an equal number of hydronium ions and hydroxide ions

d has an unequa number of hydronium ions and hydroxide ions
Which of the following solutions would have a pH vaue greater than 7:
a [OH7] =24 x 102 M c 0.0001 M HCI

b [H;0'] = 153 x 102 M d [OH] = 4.4 x 10°M
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Part V: Give Short Answers

21.

22.

23.

24,

25.

26.

Write equations for the reaction of zinc oxide with:
a hydrochloric acid
b aqueous sodium hydroxide

Cdcium oxide reacts with hydrochloric acid to form calcium chloride and water.
a Write a balanced equation for this reaction.

b Farmers often add calcium oxide to the soil. Explain why they do this.
Fertilizers are spread on fields by farmers.

a Why do farmers use fertilizers?

b State the names of three dements most commonly found in fertilizers.

¢ Ammonium sulphate is a fertilizer. Describe how you can make ammonium
sulphate in the laboratory from agueous ammonia and sulphuric acid.

d Ammonium nitrate is aso afertilizer. Write a word equation to show how
ammonium nitrate can be produced.

State the names of a suitable acid and akali you can use to make each of the
following fertilizers

a ammonium sulphate
b potassum phosphate
C ammonium nitrate

A classmate states, “All compounds containing H atoms are acids, and all
compounds containing OH groups are bases.” Do you agree? Give examples
and explanations.

For the following three reactions, identify the reactants that are Arrhenius bases,
Bransted-L owry bases, and/or Lewis bases. State the type(s) of bases in each
case. Explain your answer.

a NaOH (s) —» Na' (ag) + OH™ (ag)
b HF (ag) + H,O (I) — F(aq) + H,O" (aq)
¢ H*(ag) + NH; (ag) — NH; (a0)



Electrochemistry

Unit Outcomes

After completing this unit, you will be able to:

-

-

4

4

understand how a chemical reaction produces an electric current and how
electricity brings about chemical reactions in electrochemical cells;

understand the differences between metallic conduction and electrolytic
conduction;

develop skills in writing the oxidation half-reaction, reduction half-reaction
and cell reaction for the electrolysis of molten electrolytes that occur in electrolytic
cdls;

know three types of voltaic cell;
understand the difference between electrolytic cells and voltaic cells;

appreciate the industrial applications of electrolysisin the production of certain
metals, non metals and chemicals and electroplating, and purification of metals;
demonstrate scientific inquiry skills: observing, comparing and contrasting,
measuring, asking questions, designing experiment, interpreting data, predicting,
classifying, communicating and problem solving.

3.1 Introduction

3.2 Electrica Conductivity

3.3 Hlectrolyss

3.4 Gavanic (Voltaic) Cdls

3.5 Indudrid Applicetion of Electrolysis

MAIN CONTENTS

— Unit Summary
— Review Exercise




- CHEMISTRY GRADE 10
3.1 INTRODUCTION
Competencies

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

* explan eectrochemidiry;

Discuss the following in groups and one of your group members will present your ideas
to the class.

Dry cells which we use in portable radios and flashlights are energy converters.

a Peel the external cover of a dry cell battery and observe the components. How many
different components do you see? What are they?

b  What type of energy do we get from dry cells? How does the cell generate this
energy?

Electrochemistry is afield of chemistry that deals with the relationship between
electrical energy and chemical energy. It is a field of chemistry concerned with
processes that bring about chemical reactions (changes) using eectricity or generating
electrica energy from chemical reactions. Thus, electrical energy and chemical energy
are inter-convertible.

The devices that convert chemical energy to electrical energy or electrical energy to
chemical energy are called electrochemical cells. These cells can be classified as
electrolytic cells and gavanic or voltaic cells. Electrolytic cdlls use dectrica energy to
bring about chemical changes that produce many desirable substances in our daily
lives. Galvanic or voltaic cells convert chemical energy to eectrical energy. The cells
we use in flashlight batteries, wrist watches, cameras and car batteries are examples
of Galvanic cells. The reactions between the chemicals in these cells are responsible
for the generation of dectricity.

Electrochemistry has practica applications in our modern world and in everyday life.
Electrolysis is used to manufacture metals like sodium, aluminium; non-metals like
chlorine, hydrogen and compounds like sodium hydroxide and sodium hypochlorite.
Electrochemistry also has a role in the production of dry cells and lead storage
batteries used in the automotive industry.
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3.2 ELECTRICAL CONDUCTIVITY

Competencies
After completing this subunit, you will be able to:

define eectrica conductivity;

explan metdlic conductivity;

explain dectrolytic conductivity;

distinguish between metallic and dectrolytic conduction;
distinguish between weak and strong e ectrolytes;

use conductivity apparatus to test the conductivity of substances.

Why do metals conduct €electricity? Do you know any non-metal, which conducts
electricity? Electrical conductivity is the capacity of a substance to transmit electricity.

The materials that allow the passage of electricity through them are called electrical
conductors.

Conductivity apparatus is used to test the conductivity of different solid substances or
that of agueous solutions of different compounds. The basic components of
conductivity apparatus include electric wires, electrodes, a d.c. source or dry cells, a
switch and light bulb. The components of the apparatus can be connected to one
another as shown in Figure 3.1.

=

Battery

Switch

V

\/

Carbon
electrodes

Aqueous solution

v of a substance

Figure 3.1 Conductivity cell.
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Depending on the nature of the particles responsible for the flow of eectric charges
through conductors, eectrica conductivity can be classified as metallic conductivity or
eectrolytic conductivity.

a) Metallic conductivity

1. With the help of your teacher collect pieces of iron bars, zinc metal, sodium chloride
crystal, rubber stoppers, rubber bands, coins, stone, glass, pieces of dry wood, a spoon, a
pencil, chalk and solid sulphur.

2. ldentify the substances that conduct electricity and classify them as conductors and
non-conductors.

3. From your observations above, (a) what type of solids conduct electricity, (b) why do
you think some of the materials conduct electricity? (c) Does graphite have the same
nature as the other conductors of electricity?

Discuss in groups and present it to the class

Why do metals transmit electric current? What are the charge carriers in metals?
Metalic conductivity refers to the transmission of eectric current through metals. This
transmission is directly related to the structure of metals. In atoms of metals, the
valence electrons are bounded very loosaly to their respective nuclei and move very
eadily throughout the metal. This means metds contain dectrons that do not have fixed
positions and are relatively free to move. These electrons are called free € ectrons or
mobile electrons or delocalized electrons. Thus, the structure of the metals can be
regarded as a series of positively charged metal ions, or cations, in a sea of negatively

charged eectrons.

Free Electrons Nucleus

Electron

o ‘ out

Figure 3.2 Electrical conductivity in metals.
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The electrons entering the metal displace (repel) the freely moving electrons at the
point of entry. The displaced electrons occupy new positions by pushing neighbouring
electrons ahead. This will continue until electrons are forced out of the wire at the
opposite end. So, metallic conductivity is caused by the flow of mobile eectrons due
to repulsion exerted on them from the electrons entering the metal from the source of
electricity. The charge carriers in metallic conduction are electrons. Hence, metallic
conductivity is aso called eectronic conductivity.

Non-metalsare generally non-conductorsof e ectricity, becausethey do not havefreely
moving electrons. Graphiteisaform of carbon in which the carbon atomsare bonded in
trigona planar fashion to thethree other carbon atoms, to form inter-connected hexagona
rings, asshownin Figure3.3. Electronsmovefredy through the hexagonal layers, making
graphiteagood conductor of electricity.

Figure 3.3 Structure of graphite (The blue colour is added to emphasize the planarity of the carbon layers.)

b) Electrolytic conductivity

Electrolytes are substances that transmit electricity in a molten state or in aqueous
solution. Based on their degree of ionization or the extent to which they produce
anions and cations, electrolytes can be classified as strong electrolytes or weak
electrolytes. Strong electrolytes ionize almost completely in aqueous solutions. Weak
electrolytes ionize only dlightly. When electrical potential is applied through an
electrolyte solution, the positive ions (cations) move in one direction and the negative
ions (anions) move in the opposite direction. This movement of ions through the
electrolyte, brought about by the application of electricity, is called electrolytic
conductivity. Hence, the charge-carriers in electrolytic conductivity are ions (anions

and cations).
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Congtruct a conductivity apparatus in your group. To construct the apparatus,
you will need alight bulb, three dry cells, some electric wire, two graphite
electrodes and a switch. You can get the graphite electrodes by peeling off
two old dry cells. A graphite eectrode is the long cylindrica black rod inside
the cell. Ask your teacher for further assistance. Assemble the materials as
shown in Figure 3.4. Demonstrate the experimenta set-up to the class.

(111 [] Q_
,lﬂlﬂlﬂ'l'!

Experiment 3.1

Conductivity of electrolytes

Objectives: To test the conductivity of different electrolytes.

Materials required: Conductivity apparatus, distilled water, table salt, copper
sulphate, hydrochloric acid, sodium hydroxide, acetic acid, anmonia solution,
molten lead bromide and sugar solution.

Procedure:
1. Arrange the conductivity apparatus as shown in Figure 3.4.

Battery
+ =
{ili]

o

- | >Switch

™~
| L
Anode (+) Cathode (-)

~ | Aqueous solution
of an electrolyte

Figure 3.4 Conductivity of electrolytic solution.

2. Pour some distilled water in the beaker, dip the electrodes into the water and
turn the switch on.

3. Repeat the experiment with separate solutions of table salt, copper sulphate,
hydrochloric acid, sodium hydroxide, acetic acid, ammonia and sugar solutions
(use 1.0 M solutions of each).
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Observations and Analysis:

a Does the bulb glow when the switch is turned on?

b Solutions of which substances make the bulb glow and not glow, when you
turn on the switch?

c Solutions of which substances make the bulb to glow with &
i bright light?
i dimlight?
d Classify the substances used in this experiment as strong conductors, weak
conductors and non-conductors by completing the table below:

Strong conductors Wesk conductors Non-conductors

e Which substances in the experiment are used as.
| strong electrolytes Il weak eectrolytes
Write a laboratory report on what you have observed and submit to your teacher.

Exercise 3.1

1. Explain the difference between i) metallic and electrolytic conductivity ii)
electrolyte and non-electrolyte.

2. Why do NaCl and CaCl,, conduct electricity when they are dissolved in water
or when they are in the molten form, but not in the solid state?

3. Why are solutions of strong electrolytes better conductors of electricity than
weak electrolytes?

The substances that do not transmit eectricity either in solution or in a molten state are
caled non-dectrolytes. lonic compounds are non-conductors of electricity in the solid
state. This is because their ions are held at fixed positions and cannot move. Other
examples of non-electrolytes include sugar, ethanal, oil, benzene, and liquid nitrogen.

3.3 ELECTROLYSIS

Competencies

After completing this section, you will be able to:

 define the term eectrolysis,
 define the terms electrode, anode, cathode, electrolyte, anion and cation,
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* describe an dectrolytic cell;
e draw and labdl adiagram of an dectrolytic cell;
* define the terms haf-cell reaction and cell reaction;

» write the oxidation half-reaction, reduction haf-reaction and cell reaction for the
electrolyss of molten or fused eectrolytes,

» perform an activity to show the electrolysis of molten electrolytes.

Give an opinion on the following questions and present your ideas to the class.

1. How do you identify whether an electrode is a cathode or an anode?

2. Can you suggest why positive and negative ions are named as cations and anions
respectively?

Electrolysis is a process in which electrical energy is used to produce chemical
changes. This process is carried out in an electrochemical cell known as an
electrolytic or electrolysis cell. A typical electrolysis cell contains a source of direct
electric current, an electrolyte and connecting wires that join the source to the
electrodes.

Electrodes are strips of metal or graphite that allow electrons to leave or enter the
electrolytes. They can be chemically active or inert. Active electrodes directly take
part in reactions. Examples include zinc and magnesium. Inert electrodes do not
directly take part in chemica reactions. They only serve to transfer electrons.
Examples include platinum and graphite.

The electrode connected to the positive terminal of the source is positively charged
and is called the anode. It is the eectrode through which electrons leave the cell. The
electrode connected to the negative termina of the source is negatively charged and is
called the cathode. It is the eectrode through which electrons enter the cell.

During eectrolysis, the ions of the eectrolyte migrate to the electrodes of the opposite
charge. The positive ions are attracted to the cathode and are called cations. Since
the cathode has excess electrons, the cations will discharge by gaining eectrons. This
process of gaining eectrons is called reduction. The negetive ions are attracted by the
positive eectrode (anode) and are called anions. These ions are discharged by losing
electrons at the anode. This process of losing eectrons is called oxidation.

Thus, the cathode is the eectrode at which reduction occurs and the anode is the
electrode at which oxidation takes place.
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The reection that takes place at each eectrode is known as a haf-cell reaction. Oxidation
half-reactions occur at the anode and reduction half reaction at the cathode. The net
reaction that takes place in the dectrolytic cdl is known as a cdll reaction. This overal
reaction is also referred to as an oxidation-reduction reaction or redox reaction. So
electrolysisis a process in which eectric energy is used to bring about an oxidation-
reduction reection. It is dso defined as the decompaosition of an dectrolyte, using dectricity.
The process of eectrolysis includes eectrolyzing agueous solutions of eectrolytes.
However, a this levd, dectrolyss of molten dectrolytes will be discussed.

Electrolysis of Molten (Fused) Electrolytes

When ionic solids melt, they dissociates into positive and negative ions that are not
held in fixed positions. To understand the chemical reactions that occur during
electrolysis, consider a hypothetical eectrolyte, MX, that dissociate into M* and X~.

MX melting M+ + X_

During dectrolyss, the cations, M* ions, move toward the cathode, gain one eectron
each and become M atoms. The anions, X~ ions, move toward the anode, |ose one
gectron and become X atoms. The reaction at each €ectrode and the entire reaction
in the eectrolytic cell are represented by the following equations.

Cathode reaction: M™ + 1e — M (Reduction-half reaction)

Anode reac tion: X~— X + le (Oxidation half-reaction)
Cell reaction: M* + X-—2=2 , M + X (Oxidation-reduction)

i[1]—
Cell

<§§ | I>

=
N
-

Anode (+)

2 Cathode (-)

=

- +
Xy M

B — Electrolyte

Figure 3.5 Electrolysis of fused Electrolyte, MX.

Here, it is very important to redize that the number of eectrons gained by the cations
at the cathode is exactly equa to the number of electrons lost by anions at the anode
during electrolysis. This is true for any oxidation-reduction (redox) reaction.
Moreover, oxidation and reduction reactions proceed simultaneoudly. Reduction and
oxidation cannot occur separately. Oxidation is always accompanied by reduction and
there cannot be reduction in the absence of oxidation, and vice versa
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Electrolysis of Molten (Fused) lead bromide

‘M
LR

Experiment 3.2 1\

Electrolysis of fused lead Bromide (PbBr,)

Objectives: To observe substances produced at the electrodes during eectrolysis.

Materials required: Stand and clamp, two graphite eectrodes, wires, switch, light
bulb, test tube (bigger in size), Bunsen burner, lead bromide crystals.

Precaution: Bromine causes very severe burn on the skin.

Procedure:

1. Assemble the materials as shown in Figure 3.6.

+ |||| — Bulb

Switch

Bromine gas

W—— Molten lead

Molten lead
bromide

Figure 3.6 Electrolysis of Fused Lead Bromide.

2. Place small amount of lead bromide crystals in a beaker. Insert the two
electrodes, as shown in Figure 3.6, until they are in contact with the lead
bromide crystals. Then turn on the switch. Does the bulb glow?

3. Heat the lead bromide in a beaker gently, using a Bunsen burner. When the
lead bromide melts, turn on the switch.

Observations and Analysis:
Does the bulb glow? If yes, what is the reason?

Write the dissociation reaction for PoBr.,.

Identify the ions which migrate to the respective eectrodes.

Write the products formed at each electrode.

Identify the half reactions as oxidation and reduction.

Write a laboratory report on your observation and present to the class.

o~ w D
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Exercise 3.2

Consider the eectrolysis of KI and NaCl
a Identify ions which migrate towards the anode.
b Identify ions which migrate towards the cathode.
c Write down the half-reactions at the anode and cathode and cell reactions.
d Write the substances produced at the electrodes.

3.4 GALVANIC (VOLTAIC) CELLS

Competencies
After completing this section, you will be able to:
* congtruct a smple galvanic cell, using strips of zinc, copper, ZnSO, and CuSO,
solutions,
* mention different types of voltaic cdls;
* describe how voltaic cells can be used to make commercialy useful batteries;
 distinguish between voltaic cdl and an dectrolytic cedl;
» describe voltaic cdlls.

Discuss the following and present your ideas to the class:

1. Have you seen the expiry date written on dry cells? Can we get the expected amount
of electric energy after the expiry date of the cell; why?

2. Do we throw away car batteries when they fail to generate electricity? Explain.

3. Galvanic cells available in the market have positive and negative terminals. Does this
show that they also possess an anode and cathode?

In the previous section, dectrolytic cells were defined as eectrochemica cels in which
electricity was used to bring about chemical reactions. The chemical reaction in an
eectrolytic cdl is caused by dectricity and is a non-spontaneous redox reaction. This
means the reaction can proceed only in the presence of dectricity. If we stop passing
eectricity through the eectrolyte, the reaction will stop.

In a Galvanic cell, the reaction that occurs inside the cell is a spontaneous redox
reaction. The reaction that occurs inside the cell will proceed on its own without any
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external influence. This reaction enables a galvanic cell to generate electricity.
Therefore, Galvanic cells are electrochemical cells in which spontaneous redox
reactions generate electricity. They convert chemical energy into eectrical energy.

Galvanic or voltaic cells are classified into primary cells, secondary cells, and fuel
cells. For thislevel, only primary and secondary cells will be discussed.

Primary Cells

Primary galvanic cells are those cells that are not rechargeable. This is because the
electrode reaction as well as the entire cell reaction cannot be reversed on recharging.
Once the chemicals in the cells that serve as reactants are completely used up, it is
not possible to recover them by charging the cells. Examples of primary cells include
Daniel’s cell and zinc-carbon (Leclanche) dry cells. The common feature of all
Galvanic cdllsis that they contain two electrodes in contact with an eectrolyte. The
electrolyte in a Galvanic cell can be in the form of a solution or a paste. The cells
containing eectrolytes in the form of solution are caled wet cells, and those containing
electrolytes in the form of paste are called dry cells.

An example of awet primary cell isthe Daniell cell. It consists of a zinc strip placed
in ZnSO,, solution in one compartment and a copper strip placed in copper sulphate,
CuS0,, solution in another compartment. Each compartment is called a half-cell, and
the reactions occurring in each compartment are called half-cell reactions. The
solutions in the two compartments are linked by a sdt bridge as shown in Figure 3.7.
The salt bridge consists of a delivery tube filled with warm mixture of conc. KClI
solution and agar solution, which is then alowed to cool so that it setsin the form of
agd.

Alternately, a porous barrier is used to separate the solutions. The zinc atoms from the
zinc electrode lose two electrons each and become zinc ions, Zn?*. The ions enter
into the solution, and the electrons remain on the electrode and flow through the
externa wire to the copper electrode. This Situation causes the zinc electrode to be
negative and the solution to have an overdl positive charge.

On the other hand, in the compartment containing the copper eectrode, copper ions,
Cu?*, from the solution move to the cathode and gain two electrons each, to become
copper atoms and deposit on the surface of the copper electrode. This condition
causes the electrode to be positive and the solution to have a negative charge.

172




ELECTROCHEMISTRY (UNIT 3) ’

Electrons ‘S Electrons
». | -

L »
( C G l
L Anode Voltmeter Cathode

Zinc electrode Copper electrode

Salt bridge )
\ /
| T
Zinc —| ~— L — Copper
Zn>zZn™ +2¢° [T | — | cu+2e > cu
Oxidation o 41S0d80) _J __CuS0@d J  Reduction

Figure 3.7 The Daniell Cell.

Note that the anode is the negative el ectrode and the cathode is the positive eectrode
in galvanic cdlls, as opposed to the situation in an electrolytic cell. But, it is always
oxidation that occurs at the anode and reduction at the cathode.

The half-cell reactions and the cell reaction in Daniell cells are represented as

Anode reaction: Zn (s) — Zn?* (ag) + 2e”
Cathode reaction: Cu?* (ag) + 26= — Cu (9)
Cell reaction: Zn (s) + Cu?* (aq) — Zn?* (aq) + Cu (9)

Due to the oxidation-reduction reaction in the cdll, the Daniell cell generates dectricity.
What is the purpose of the salt bridge in Figure 3.7?

From the preceding discussion, it is clear that the solution in which the zinc eectrode
is placed has an overdl positive charge while the solution in the copper compartment
has a negative charge. Unless the two solutions are neutral, the cell cannot produce
electricity. Thus, the purpose of the sat bridge is to:

a maintain eectrica neutraity between the two solutions. In this process the anions
(negative ions) from the sdt bridge diffuse into the solution containing the zinc
electrodes, and the cations (positive ions) diffuse into the solution containing
the copper eectrode to compensate for the excess positive and negative charges,

repectively;
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b alow eectrica contact between the two solutions;
c prevent mixing of the electrode solutions.

Although, wet cdlls like the Daniell cell can serve as a source of electricity, they are
not portable since they contain solutions. Due to this practical problem of using wet
cells, dry cells were developed.

In adry cell, amoist electrolyte paste is used instead of solutions. This cell was
invented by Georges Leclanche, a French chemist.

A zinc-carbon dry cell, which is aso called a Leclanche cell (Figure 3.8) isused in
devices like portable radios and flashlights. The cell congists of a zinc cup that serves
as the anode. The zinc cup is filled with a paste of manganese (1V) oxide, zinc
chloride, ammonium chloride and powdered carbon. A graphite rod, immersed in this
paste, serves as the cathode.

+

Positive terminal

Air space

Air space

Past of MnO,, ZnCl, Asphalt seal

NH,Cl and carbon

Graphite rod (Cathode)

Metal jacket

Zinc can (Anode)

Negative terminal \/ Insulator

Figure 3.8 Zinc-carbon dry cell (Leclanche cell).

A zinc-carbon dry cell produces electricity as a result of a spontaneous redox
reaction. Oxidation occurs at the zinc cup.

Oxidation: Zn (s) — Zn** (ag) + 2e~
Reduction takes place at the graphite (carbon) electrode.

2MnO, (s) + 2NHj (ag) + 260 — Mn,0, (s) + 2NH, (ag) + H,0O (1)

A build up of ammonia gas around the cathode may disrupt the current. However, this
is prevented by the reaction between Zn?* and NH, to form a complex ion,
[Zn(NH,),]?* which crystallizes as a chloride sdlt.

Zn?* (ag) + 2NH, () + 2CI- (ag) — Zn(NH,), Cl, (s)
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The overall reaction occurring in a Leclanche cdl is:
Zn (s) + 2Mn0O, (s) + 2NH,CI (aq) — Zn(NH,),Cl, (s) + Mn,O, (s) + H,O (I)

There are other examples of dry cells, such as the alkaline dry cdll, silver oxide cell,
and copper oxide cdll.

Exercise 3.3

1. InaDanidl cel, copper and zinc are used as eectrodes. Which metal serves
as an anode and which one as a cathode? Is the anode the positive or the
negative termind in this cdl?

2. Which electrode is negative and which one is positive in the Leclanche cdl? Is
the polarity of the electrodes in Galvanic cells similar to that of the electrodes
in eectrolytic cells?

3. Why do we refer to the redox reactions in eectrolytic and voltaic cdlls as non-

spontaneous and spontaneous, respectively?
QUL N

Constructing Simple Galvanic Cells

Experiment 3.3

Objectives: To design and construct a smple Galvanic cell.

Materials required: 1.0 M solutions of ZnSO,, 1.0 M solutions of CuSQO,,
concentrated KCI solution, zinc and copper strips, electric wires, beakers, a
sdt bridge, atomato or lemon, magnesium ribbon, zinc, iron and auminium
metals.

Procedure:

1. Put about 150 mL of 1.0 M ZnSO, solution in one beaker and the same
amount of 1.0 M CuSO, solution in another beaker. Immerse a zinc strip in
the beaker containing the ZnSO, solution, and immerse a copper strip in the
copper sulphate solution. Attach eectric wires to the dectrodes and a voltmeter
as shown in Figure 3.7. Connect the solutions in the two beakers by yarn
(thread used in kerosene stoves). Soak the yarn in concentrated KCl solution.

2. Insert a magnesium ribbon and a copper strip into a raw tomato or lemon.
The two metals should be at least 0.5 cm apart and should not touch each
other. Attach magnesium and copper strips to the negative and positive ends of
a voltmeter, respectively, using eectric wires.
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3. Repeat the same procedure usng metals like Fe, Al, Zn in place of Magnesum
and see which of the metds gives the greatest voltage and which one the least.
Observations and Analysis:

A For the cdl in procedure 1
1. What do you observe at each electrode in this cell?
2. What is the direction of eectron flow in the external circuit?
3. Which metal servesasthe a) anode b) cathode
4. At which electrode does a) oxidation b) reduction occur?
5. Writethe a) anode b) cathode and c) cell reaction

B For the cdl in procedure 2
1. Do you observe deflection of the pointer in the volt meter?
2. Which of the metals has the greatest voltage and which one the least when
coupled with copper?
3. Isthere any relationship between the voltage produced and the reactivity of
the metas?

Write a laboratory report and submit to your teacher.

Secondary Ceélls

Unlike primary cells, secondary cells are rechargeable. The electrode reactions can be
reversed, and the origind reactants can be regenerated. This can be achieved by passing
adirect current through the cell. The processis caled charging or recharging.

A secondary cell needs to be recharged when it stops producing €electricity. A lead
storage battery is an example of a secondary cell.

A lead Storage Battery is the common automobile battery that usualy delivers either 6
or 12 volts, depending on the number of cells used in its congtruction. The inside of
the battery conssts of gavanic cells connected in series. A fully-charged lead-acid cell
is made up of a stack of aternating lead and lead (IV) oxide plates isolated from each
other by porous separators. The individual cells contain a number of lead anodes
connected together, plus a number of cathodes composed of PbO,, also joined
together. These electrodes are immersed in 35% sulphuric acid, which serves as an
electrolyte.

A single lead-storage cell delivers 2 volts. Therefore, a 12 V battery contains six cells
connected in series.
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PbO, plates
Pb plates

Intercell dividers

Figure 3.9 Lead-Storage Battery.

When a |lead-storage battery is in operation (on discharge), the following reactions
occur at the electrodes:

Anode reactions:  Pb (s) + SO3 (ag) — PbSO, () + 2e
Cathode reactions: PbO, (s) + 4H" (ag) + SOE( (ag) + 2e- — PbSO, (s) + 2H,0 (1)
and the overdl reaction is:

Pb (s) + PbO, (s) + 4H* (ag) 2805 (ag) — 2PbSO, () + 2H,0 (1)

From the electrode reactions it can be noticed that PbSO, is produced at both
electrodes.

Unlike primary cells a lead-storage battery is rechargeable when the battery runs
down. The electrode reactions can be reversed by placing a potential across the
electrodes that is dightly larger than that which the battery can ddliver. The reaction
that takes place on recharging a lead storage battery is given by the following
equation.

2PbSO, (s) + 2H,0 (I) — Pb (s) + PbO, () + 2H,S0, (ag)

What are the differences between voltaic cells and electrolytic cells?

Compare and contrast between voltaic and electrolytic cells. List the differences between
voltaic cells and electrolytic cells, and discuss with your classmates.
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Exercise 3.4

1. Explain the differences between primary and secondary cells.

What substances are used as the anode, cathode and electrolyte in a lead
storage battery?

3. What happens to the concentration of sulphuric acid when alead storage battery
is on discharge?

4. Write the overall reactions taking place in a lead storage battery when it is
discharging.

3.5 INDUSTRIAL APPLICATIONS OF ELECTROLYSIS

Competencies
After completing this section, you will be able to:

» describe sdlected industrial applications of eectrolysis;

1. The copper used for the transmission of electric current is supposed to be 100% pure.
What happens if the copper is impure?

2. How many articles in your house are electroplated? Make a list. What is the purpose of
electroplating?

Discuss in groups and share your opinions with your classmates.

Each day, our lives are touched directly or indirectly by the products of eectrolysis.
Electrolysis has important industrial applications. It is used for:

a) The production of chemicals like sodium hydroxide, from
electrolysis of brine (concentrated NaCl solution), using
inert electrodes.

The reactions that take place at the electrodes (when graphite electrodes are used)
are as follows:

Anode reaction: 2Cl~(aq) — Cl,(g) + 2e
Cathode reaction: 2H,0 (I) + 26 — H, (g) + 20H™ (ag)

The overdl cdl reactionis;
2NaCl (ag) + 2H,0 () = 2Na* (ag) + 20H- (aqg) + CI2 (9 + H, (9
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b) For the production of metals and non-metals.

The non-metds like H,,, Cl,,, F, etc are manufactured on an industrial scale by the
process called electrolysis. The metal auminium is extracted industrialy by the Hall
Process. This process involves the electrolysis of molten alumina (Al,O,) mixed with
some amount of cryolite, Na,AlF,. The role of cryolite is to reduce the melting point
of alumina from 2000°C to 1000°C. The vessel holding the molten mixture
(Figure 3.8) is made up of iron lined with carbon, which serves as the cathode.
Carbon (graphite) rods that serve as the anode are inserted into the melt. When the
molten mixture is electrolyzed, pure aluminium is produced. The reactions at the
electrodes are:

Anode reaction: 607 (1) — 30, (g) + 12
Cathode reaction: 4AI* (1) + 12 — 4AI(l)
Overall reaction: 4AI*" (1) + 60* (1) — 30,(g) + 4Al()

Carbon anodes e—p

Power
source

« e

’7@ 62V

Carbon cathode E §

Solution of Molten
alumina, ALLO,, in aluminium, Al
cryolite, Na AIF

Figure 3.10 Production of Aluminium by Hall Process.

c) For the Purification of Metals.

For electrolytic and voltaic cells, the cell reaction is the sum of anode and cathode half-
reactions. For electrolytic cell used to purify copper, there is no net (overall) reaction.

a Explain why this is so.

b Does this process mean wastage of time, labour and energy? Why? Discuss in groups
and present your opinion o the rest of the class.
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Another important application of electrolysisis the purification of metals like copper.
When first separated from its ore, copper meta is about 99% pure with nickel, siver,
gold and platinum as major impurities. In the refining process, the impure copper is
used as the anode, copper metal of high purity used as cathode, and copper sulphate,
CuSO, solution and agueous H,SO, as the electrolyte.

When electrolysisis carried out, copper and impurities that are more easily oxidized
than copper, such as nickel, will go into the solution. Copper passes through the
solution and deposits on the cathode, while the impurities remain in solution. Impurities
like slver and gold are less easily oxidized and do not dissolve but fall away from the
anode as ‘dudge’. The dectrode reaction in the purification of copper is the following:

Anode reaction: Cu(s) —» Cu® (aq) + 2

Cathode reaction: Cu* (ag)+2e — Cu(s)

During the process, the size of the impure copper anode decreases and that of the
pure copper cathode increases.

©
@ Pure copper @
cathode

Impure copper Impure copper
anode anode

Anode mud Anode mud
with gold and with gold and
other metal other metal

Stainless steel tank

Figure 3.11 Purification of Copper by Electrolysis.

Always remember that, in the purification of metas by dectrolyss, the impure metal
should be used as the anode, the pure form of the metal as the cathode and an
electrolyte should contain soluble sdt (ions) of the metal to be purified. The process
of purifying metals by eectrolysisis called eectrorefining.
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d) Electroplating

When zinc electrode is dipped in copper sulphate solution, part of the electrode in the
solution will be covered with a reddish brown layer of copper. Can this process be
considered as electroplating? Explain. Discuss in groups and present your opinion to the
class.

What is the purpose of electroplating?

Electroplating is a process of covering the surface of a metal (metal article) with a
thin layer of another metal. Using this process, metals that easily corrode can be
protected by athin coating of another metal that resists corrosion. For example, tin
cans are stedl cans with a thin coating of tin, and chrome-plated bumpers are used for
automobiles. Thus, the main objective of eectroplating is to protect an article from
corrosion and to give articles a beautiful appearance. In the process of eectroplating,
the pure plating metal should be used as the anode, the article (metal) to be plated
the as cathode and a solution containing ions of the plating metal as the electrolyte.
For example, to produce a silver-plated copper article, say, a medal, one should
use silver as the anode, the copper medal as the cathode and silver nitrate solution as
the eectrolyte (Figure 3.12).

@ ©
= /—\ \
)
Silver (Anode) Copper medal
(Cathode)
4

AgNQ, solution

& J
Figure 3.12 Electroplating Copper medal with Silver.

The reactions that occur at the electrodes during electroplating are:
Anode reaction: Ag(s) — Ag'(ag) + 1

Cathode reaction: Ag*(ag) +1e° — Ag(s)
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Key terms of the unit
anode » ¢dlectrolyticcdl
cathode » electroplating
conductivity apparatus » dectrorefining
Daniel cell e half-cel
electrical conductivity » half - reaction
electrochemical cell » hall process
electrochemistry * primary cell
electrode » saltbridge
electrolysis » secondary cell
electrolyte » voltaic (galvanic) cell

Electrochemistry is a field of chemistry that studies how chemical reactions
produce electricity and how electricity is used to bring about chemical
reactions in electrochemical cells.

Electrochemistry deals with the relationship that exists between chemical
energy and electrical energy.

Electrochemical cells include electrolytic cells and Galvanic (voltaic) cells.
Electrical conductivity is the ability of substances to conduct electricity.

Metallic conductivity is the flow of electricity through metals, and the
conduction of electricity through metals is due to the presence of freely
moving (delocalized) valence electrons.

Electrolytes are substances that conduct electricity, either in an aqueous
solution or in a molten state.

The conduction of electricity through electrolytes is due to the movement
of anions and cations towards electrodes of opposite charge, and the charge-
carriersin electrolytic conduction are ions.

Electrolysis is a process in which electricity is used to bring about an
oxidation- reduction reaction in an electrolytic cell.

Electrolysis is also the process of decomposition of an electrolyte, using
electrical energy.
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» Electrodes are either metal strips or graphite rods.

* An anode is the electrode attached to the positive terminal of a direct
current source, at which oxidation (loss of electrons) by anions occurs, and
electrons leave the cell.

» A cathode is the electrode attached to the negative terminal of a dc source,
the negative electrode at which reduction (gain of electrons) of cations
occurs and electrons enter the cell (electric current enters the electrolyte).

» During €electrolysis, anions move to the anode and cations move to the
cathode.

» The reaction taking place at each electrode (cathode or anode) is said to
be a half-cell reaction.

» Cadll reaction is the reaction that takes place in the entire cell.

» \oltaic (Galvanic) cells are electrochemical cells in which a spontaneous
redox reaction generates electricity. They convert chemical energy into
electrical energy.

* Primary cells are voltaic cells that are not rechargeable, and the reactions
taking place in them are irreversible.

» Secondary cells are voltaic cells that are rechargeable since the reactions
taking place in them are reversible.

» Unlike electrolytic cells, the anode is negative and the cathode is positive
in voltaic cells.

» Electrolysis has important industrial applications such as in the production
of chemicals like NaOH, in the production of non-metals like Cl,, and H,,
metals like Na, Al and in purification of metals and electroplating.

REVIEW EXERCISE ON UNIT3

Part I: Choose the correct answer from the suggested
options
1. Which one of the following solutions shows no current flow in an eectrolytic
cdl?
a water solution of table salt
b molten sodium chloride
¢ hydrochloric acid solution
d sugar solution
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Which of the following is not correct about voltaic cells?
a the anode is negative

b the cathode is positive

c oxidation takes place at the cathode

d redox reactions produce dectricity in the cell

Which of the following conditions is not used to ectroplate a tray made of iron
with chromium?

a using chromium as the anode

b using an eectrolyte containing iron (111) ions

c using the tray as the cathode

d using an dectrolyte containing chromium ions
Electrolysis is not used for the:

a purification of metas

b production of metals

c dectroplating of metas

d production of eectricity

Which substance is not used in the Leclanche cell?

a H,S0,

b NH,CI

c MnG,

d powdered carbon

Which one of the following is correct about automobile batteries?
a the electrodes in the battery are graphite electrodes
b each cdl in the battery delivers 1.5 volts

c the electrolyte is agueous H,SO, solution

d lead (1V) oxide is used as anode

Which of the following occurs during electrolysis of the molten binary sdt of a
metd:

a the metal in the salt will deposit on the cathode

b reduction will take place at the anode

c oxidation will take place at the cathode

d no current will flow through the molten sat

Which substance does not conduct eectricity?

a solid CaCl, ¢ dilute agueous solution of HCI
b agueous NaCl solution d molten PbBr,
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Two copper electrodes dipped in copper sulphate solution are connected to a
12 volt battery. The electrode connected to the end of the battery marked with

a“-is

a anion c anode

b cathode d cdion

The charge-carriers in dectrolytic conduction are:

a anionsonly c cations and anions

b cations only d ddocdized eectrons

When electric current is applied externally, which of the following produces a
redox reaction:

a wood c solid sugar

b eectrolytic cdls d diamond

During the dectrolysis of fused sodium chloride, the anode half reaction involves:
a oxidation of sodium atomsto ions

b reduction of chlorine atoms to give chloride ions

¢ reduction of sodium ions to form free meta

d oxidation of chloride ions to eementa chlorine

Metas conduct eectricity. This is because metals possess:

a fredy moving ions

b dl eectrons held in fixed position

c delocaized dectrons

d vaence dectrons that are strongly bound to the nucleus

Increasing the concentration of ions in an eectrolyte solution:

a increases the extent of conduction of eectricity through it

b decreases the extent of conduction of dectricity through it

¢ has no effect on the conduction of eectricity

d changes the direction of electron flow

Voltaic cells and eectrolytic cdls are smilar in that:

a the anode is positive and cathode is negative in both types of cells
b oxidation half-reaction occurs at the cathode in both types of cells
c both types of cells contain two electrodes in contact with eectrolytes
d reduction haf-reaction occurs at the anode in both types of cells

The conduction of dectricity through each of the following substances is caused
by the migration of ions except in one case; the exception is:

a fused lead bromide c molten KCl
b agueous solution of NaCl  d grephite
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17. Four different solutions of equa volume (1 L) were prepared by dissolving one
mole of each of the following substances. The conduction of electricity is least
in the solution containing:

a HC ¢ HNO,
b CH,COOH d KdcC
18. Strong dectrolytes differ from wesk dectrolytes in that strong eectrolytes:
a are poorer conductors than weak electrolytes
b ionize to asmaller extent than weak eectrolytes

c produce greater numbers of ions in agueous solution as compared to weak
electrolytes

d do not conduct electricity in agueous solutions
19. Which of the following is a wet voltaic cdll:

a Ledanche cdl

b celsused in electronic wrist watches

¢ cdlsusad in mobile telephones

d lead-storage cell

Part ll: Write the missing words in your exercise book

20. Thetype of dectrica conductivity caused by the flow of fredy moving eectrons
is known as

21. Congder the following gavanic cel:

Salt bridge
Cu electrode Voltmeter Ag electrode
CuSO, = U U J L U u = AgNO,
solution G v solution

Haf-reaction: cu(s) — cu® (aqg) + 2e

Haf-reaction: Ag*(ag) + 1& — Ag(s)

According to the information given in the above figure,
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a The anode of the galvanic cdll is
b The cathode of the galvanic cell is
c The negative electrode is
d The positive electrode is
e Theoverdl cdl reaction is

means two metal strips or graphite rods through which
electrons enter and leave an dectrolyte in eectrolytic cdls.

In an dectrolytic cdl, postive ions move to the and negative
ions move to the and dectrons flow from the
to the in the externa circuit during electrolysis.

The process of covering one metal with a thin layer of another metal, using
eectricity, is known as

Part lll: Give short answers to each of the following questions

25.

26.

27.

28.

29.

30.

Explain the differences between the following pairs of terms.
Anode and cathode

Metdlic conduction and dectrolytic conduction

Inert and active electrodes

Gavanic cdl and dectrolytic cell

Cation and anion

WEet cdl and dry cdll

Primary and secondary voltaic cells

Strong and weak eectrolytes

Why are ionic compounds like NaCl, KCI, CaCl,,, PbBr,, etc. non-conductors
in the solid state but conductors in agueous solutions?

During electrolysis of fused CaCl,,,

a Which ions are responsible for the conduction of eectricity through the molten
t?

b What haf-cell reactions occur at the anode and cathode?

How can a sdt bridge maintain electrical neutrality in the solutions of the two
haf-cdls of agdvanic cdl?

A chemidtry teacher in a chemistry laboratory asked two students, A and B, to
perform an experiment. The teacher told student A to refine impure silver and
told student B to produce a gold-plated meda from a medal made of copper.
How can these students accomplish the tasks given to them?

What is the purpose of asdlt bridge in avoltaic cell?

SSDQe M 0o o 0 T




UNIT

Chemistry in Industry and
Environmental Pollution

Unit Outcomes

After completing this unit, you will be able to:

< know the renewable and non-renewabl e natural resources and appreciate their
importance to industry as raw materials,

<« know the extraction, chemical properties and uses of aluminium, iron, copper,
nitrogen, phosphorus, oxygen, sulphur and chlorine;

<« know the production and chemical properties of nitrogen, phosphorus, oxygen,
sulphur and chlorine;

<« know some chemical and related industries in Ethiopia;

<« understand the important steps in the production of glass, ceramics, cement,
sugar, paper and pulp;

<@ know how tanning is carried out and how food is packed and preserved,
<« know the three types of environmental pollution and the names of the pollutants;

< understand the causes and effects of air, water and land pollution and know
the main methods to reduce them; and

< demonstrate scientific inquiry skills such as observing, classifying, communicating,
asking questions, applying concepts and problem-solving.
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4.1
4.2
4.3
4.4
4.5

MAIN CONTENTS
Introduction

Natural Resources and Industry

Production of Some Important Metals and Non-metals
Some Industriesin Ethiopia

Environmental Pollution

— Unit Summary

— Review Exercise

4.1 INTRODUCTION

Competencies
After completing this section, you will be able to:

list generd characteristics of chemical indudtries;

. What do you understand by the statement that, “life would have been very much

harder without the chemical industry.”?
Name major raw materials used by chemical industries for the production of chemicals.

Prepare a list of many products which are manufactured by chemical industries?
Discuss in groups and give a presentation to the class.

A chemica industry isaningtitution involved inthe production of chemica products. The
chemica industry involvesthe use of chemical processes such aschemical reactionsand
refining methodsto produce awide variety of materialswith desirable propertiesand
quality to satisfy social needs. Most of these products, in turn, can be used by other
chemical industriesto manufacture other items or can be used directly by consumers.
Generdly, chemicd indudtries:

usenaturally-available raw materialsto producethe desired products,

involvechemica reactionsto transform raw materia sinto finished and semi-finished
products,

consumerelatively large quantitiesof energy during the manufacturing process,
use safe operation methodsin their manufacturing processes, and
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 testtheir productsduring and after manufactureintheir quality control laboratories
to ensurethat the products meet the required specifications.

4.2 NATURAL RESOURCES AND INDUSTRY

Competencies

After completing this section, you will be able to:
* definenatura resources,
* listnatura resources,
» classfy natural resourcesasrenewableand non-renewable;

* definethechemica industry asafirmthat involvesthetaking of raw materialsfrom
theenvironment and turning them into usable products by chemica means;

» describetheapplicationsof mineralsinindustry.

Can fossil fuels be renewed?

How can animals and plants be replaced once they die?

What are natural resources?

= Wy s

Explain the importance of natural resources for chemical industries with examples.
Discuss in group and present your opinion to the class.

Natura resourcescan beclassfied asrenewableand non-renewabl eresources. Renewable
resources are resources that can be replenished (replaced) by natural processes. These
resources can berenewed at the samerate a which they areused. Plants, animals, soil and
water areexamplesof renewableresources. Non-renewable resourcesareresourcesthat
arefound in afixed amount in nature and cannot be replenished. Theseresources can be
completely used up within some decades and cannot bereplaced easily. Examplesof non-
renewableresourcesincludenatura gas, and cod. Generdly, any chemica industry utilizes
dther naturd resourceassarting materids, or other substancesobtained from natural resources
after processing, asaraw materia, for itsmanufacturing activity.

Exercise 4.1
Classify thefollowing natural resources asrenewableand non-renewable:

a petroleum b mineds c firewood
d biomass e plants f cod
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4.3 PRODUCTION OF SOME IMPORTANT METALS AND
NON-METALS

Competencies

After completing this section, you will be able to:
 outlinetheextraction of auminium by theHall process;
* describethemain physica and chemica propertiesof duminium;
* describetheusesof duminium;

» outlinetheextraction of iron by the blast furnace;
* briefly describetheconverson of pigironinsted;
* describewroughtiron;

* describethemain chemical propertiesof iron;

* describetheusesof iron;

» outlinetheextraction of copper;

* describethemain chemical propertiesof copper;
 describethe usesof copper;
 outlinetheproduction of nitrogen;

* describethemain chemical propertiesof nitrogen;
 outlinethe production of phosphorus;
 describe themain chemica propertiesof phosphorus;
 outlinetheproduction of oxygen;

* describe themainchemical propertiesof oxygen;
 outlinetheproduction of sulphur;

* describethemain chemical propertiesof sulphur;
 outlinetheproduction of chlorine; and

» describethe chemica propertiesof chlorine.

Discuss the following issues in groups:

1. Steel-cored aluminium cables are used for conducting high-voltage electricity over
long distances.

i) Give two reasons why aluminium is used for these cables.

ii) What is the purpose of the steel core?
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2. Can you mention materials, in your home or outside, that are made of aluminium?

What are their properties for example weight, rusting, shape etc?

Discuss in groups and give presentation to the class.

4.3.1 Production of Some Important Metals

A. Aluminium

Occurrence and extraction

Aluminiumisthemost abundant metd and thethird most plentiful eement after oxygenand
sliconintheearth’scrust. About seven percent of the earth’scrust isaluminium. It isthe
second-most important metal, after iron, intermsof consumption. Aluminium does not
occur asafreemetal innature. Itsprincipal oreisbauxite (Al,O,-2H,0). Other minerals
containing aluminiumareorthoclase (KAIS,O,), cryolite(Na,AlF,), corundum (Al O,),
beryl (BeAl,S,O,) and chinaclay (ALS,0,-2H,0).

27277

Aluminiumisextractedindustrially principally, frombauxite, Al,O,*2H,0, by the Hall—
Héroult processor smply theHall process. Inthisprocess, first the bauxite needsto be
purified sinceitisfrequently contaminated with silica(SO,), iron oxidesandtitanium (1V)
oxide. Toisolate pureAl, O, from bauxite, the powdered oreisfirst heated with sodium
hydroxide solution to convert silicainto asolublesilicate.

SO,(s) + 2NaOH(ag) — NaSO,(ag) +  HO()
At thesametimea uminium oxideis converted to sol uble sodium auminate.

ALO,(9 + 2NaOH(ag) —  NaAlO,(ag) +  HO()
Theimpuritieslikeiron oxidesand titanium (1V) oxideremain unaffected by the base and
arefiltered off. Why arethey not affected?

Thenthesolutionistreated with acid to preci pitate aluminium hydroxide.

AlO; (ag) + H.,O*(an) —  AI(OH),(s

Aluminium hydroxideiscollected by filtration, washed, dried, and then heated strongly in
afurnacetogetAlO.,.

2AIOH), — & L AL, + 3HO
Pure aluminium oxideismixed withsomecryolite, Na,AlF_, andthen melted. Cryoliteis
added toAl O, to reduceitsmelting point from 2045°C to 1000°C. Themolten mixtureis
then electrolyzed to obtain aluminium. Theedectrolytic cell, inwhich themolten massis
electrolyzed, containsgraphite el ectrodes asboth anode and cathode.
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1. Write the balanced chemical equation for the dissociation of aluminium oxide in the
molten state.

2. ldentify the ions that move to the cathode and the anode during the electrolysis of
molten aluminium oxide? Write the half-reactions at the anode, cathode and overall
cell reactions.

3. At which electrode will aluminium be produced during the process?

Discuss in groups and give a presentation to the class.

Graphite rods (Anodes)

Solid charge

Molten electrolyte

Bubbles of CO,

Graphite furnace
lining (cathode)

Figure 4.1 Electrolytic cell for aluminium production

Al O, isconvertedtoAl, by electrolysis. e do not use reducing agentsfor reduction
of aluminium from aluminium oxide; why?

Physical Properties: Aluminiumisasoft silvery-white metal having adensity of 2.7
g/em?. Itmeltsat 660°C. 1t can beshapedintowires, rolled, pressed or castinto different
shapes. Itisagood conductor of heat and electricity.

Chemical Properties: Aluminiumisareactive metal, eventhough itsreactionsare not
vigorousin comparison with those of sodium, potassium, calcium and other metal s of
grouplA and l1A. It undergoesthefollowing reactions:

a Reaction with Oxygen:

Aluminium hasaffinity for oxygen and reactswith aimospheric oxygentoformathin
filmof duminiumoxideonitssurface.

4Al(s) + 30,(0) —  2AL0,(9
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Thisthinfilm of oxideinhibitsfurther reaction with oxygen. Thethinfilm canbe
removed by rubbing with mercury or mercury (1) chloride solution.

What type of oxideis AlLO,?
b Reaction with dilute acids:
Aluminiumreactswithdiluteacidslike HCl and H,SO,, forming sdltsand liberating

hydrogen gas.
2Al( + 3H,SO,(ag) — Al(SO),(aq) +  3H,(9)
2Al(s) + 6HCI(aq) —  2AICL(9 +  3H,(9)

Aluminium doesnot react with dilute or concentrated HNO, dueto theformation of
aprotectiveoxidelayer onitssurface.
¢ Aluminium burnsin chlorine gas to form aluminium chloride:
2Al(s) + 3Cl(9) —  2AICL (s
d Aluminium reacts with sodium hydroxide solution:
2Al(s) + 2NaOH (ag) + 6H,0() — 2NaAl(OH),(ag) + 3H,(9)
Uses: Aluminiumislightweight and corrosion resistant, soitisused to makelight alloys
likeduralumin (mixtureof Al, Cuand Mg). Alloysof duminium areextensively usedinthe
transport industry to makeaircraft, shipsand cars. It isused inthemanufacture of household
cooking utensilsduetoitshigh therma conductivity and resistanceto corrosion. Itisalso
used to makedoor and window framesand roofing for buildings, aspackaging materia in
food industries, and for electrical transmissonlines.
In the thermite wel ding process, powdered a uminiumwhen mixed withiron (111) oxide
and ignited, producesatemperature of about 3000°C. Thistemperatureisquitesufficient
for welding metals. Thereactioninthisprocessisasfollows:
2A1 (9 + FeO,(99 — 2Fe(l) + ALO(9
Themixtureof powdered auminiumandiron oxideiscalled thermite.

Research and writing

1. Makealigt of materiadsmade of aluminiumyou encounter at home, andinthecity
or townwhereyoulive.

2. What property of aluminium makesit useful inthe construction industries?

Regarding the manufacturing of aluminium by eectrolysis, answer thefollowing
guestions.

a Thedectrolytedoesnot need heating to keepit initsmolten state; why?

b Thegraphiteanodegradualy disgppear during thedectrolysis. What isit turning
into? (Think about the product that is given off at the anode).

Present your findingsto theclass.
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1. Iron is the cheapest among all metals. Give reasons for this.
2. What is the difference between stainless steel and iron?

3. What do you understand by the term alloy? Is stainless steel an alloy?

Discuss in groups and give a presentation to the class.

B. Iron

Occurrence and Extraction

Ironisthe second-most abundant metal next to aluminium, intheearth’scrust anditisthe
fourth most abundant element. It constitutesabout 4.7% of theearth’scrust by weight. It
isnever found asafreemetd innature. It occursin natureonly intheform of compounds,
such asoxides, carbonates and sulphides. The chief ores of iron are hematite (Fe,0,),
limonite (Fe,0,-H,0), magnetite (Fe,O,), and siderite (FeCO,). Itisalsofoundinthe
formof iron pyrites(FeS,) whichiscommonly caled fool’sgold.
Ironisgenerdly extracted from hematite (Fe,O,), magnetite (Fe,0,) and siderite (FeCO,).
Theextraction of ironfromitsoresiscarried out in ablast furnace. Theraw materialsfor
theextraction of ironareiron ore, coke, limestoneand hot air. Thefurnaceischarged with
amixtureof iron ore, limestone and coke at thetop and ablast of hot air isblowninat the
bottom. The coke burnsto form carbon dioxide and the temperature approaches 2000°C
near the bottom. Asthe carbon dioxiderisesup, the coke reducesit to carbon monoxide.
The carbon monoxidethen reducestheiron oxidetoiron metal. Theoveral reactionsin
theblast furnace can be summarized asfollows:
1. Oxidationof coketo carbondioxide:
C(s + 0,9 — CO,9) +  heat
2. Reduction of carbon dioxideto carbon monoxide:
CO,@ + C(9 — 2CO(g)
3. Reduction of iron oxidesto metalliciron by carbon monoxide:
3Fe,0,(s) + CO(g — 2Fe0O,(9 + CO,L(9)
Fe,O,(s + CO(g — 3FeO(y + CO,(9)
FeO(s) + CO(g — Fe() + CO,(9)
4. Decomposition of the limestone by heat in the blast furnace servesasaflux to
removeimpurities:
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caco,9 —®, cao(9 + CO,()
Reaction of cacium oxidewithimpuritieslikesilica(SO,) toformcaciumsilicate
whichisaglasslikemateria called dag.

CaO + SO, — CaSio,

Themolteniron flowsto the bottom of the blast furnace. Thedagislessdenseand floats
onthe surface of themolteniron. Thus, themolten iron and the molten dag are tapped of f

separately. Thedagisused mostly for the manufacture of cement

Charge (ore, limestone, coke)

Waste gases (CO, CO,, NO,)

200°C Raw materials preheated

partial reduction of iron ore
3Fe,0,(s)+CO (g) > 2Fe,O, (s)+ CO,(g)
CaCO,(s)—CaO (s)+CO,(g)

Fe;O,(s) + CO (g) = 3FeO (s)+ CO,(9)

700°C Final reduction
C (s)+CO,(g) — 2CO (g)
FeO (s) + CO (g) > Fe (I)+CO,(g)

\ 1200°C Melting of impure Fe and slag

1500°C Phosphates and silicates reduced;
P, Si and other impurities enter molten Fe.

2000°C 2C (s)+0, (g) —> 2CO (g)

Molten Fe (pig iron)

Hearth

Figure 4.2 Blastfurnace.
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Theiron obtained directly fromtheblast furnaceiscalled pigiron. Itisimpureand contains
about 2% silicon, up to 1% phosphorus and manganese, and traces of sulphur. These
impuritiesmake pigiron brittle. When pigironisre-melted with scrap iron and cast into
moulds, it formscastiron.

Wrought iron: isthe purest form of commercid iron. Itisobtained by removing most of
theimpuritiesfrom pigiron. It ismanufactured by heating impureiron with hematiteand
limestoneinafurnace. Thisincreasesthe purity of theironto 99.5%. Wroughtironisa
tough, malleableand ductileformof iron.

PROJECT 4.1

Form a group and construct a modd of the blast furnace from localy available
materias.

Conversion of Pig Iron to Steel

Therelatively high carbon-content of theiron recovered from theblast furnace (pigiron)
makesit very hard and brittle. The converson of pigironto sted isessentialy apurification
processinwhichimpuritiesareremoved by oxidation. Thispurification processiscarried
out inafurnaceat high temperatures. Inthe conversion of pigironto sted, threedifferent
methods are used. These are the Bessemer Converter, Open-hearth Furnace and the
Basic Oxygen Process.

a TheBessemer Converter: Intheprocessof converting pigironto steel, molten
pigironfromtheblast furnaceistransferred to acylindrical vessel containinga
refractory lining of MgCO, and CaCO,. A blast of hot air is blown through the
molten metal from aset of small holes at the bottom of the vessel. The oxygen
passing through the molten metal convertssilicon, phosphorusand sulphur totheir
oxides, whichthenreact withtheliningtoformadag. Thecarboninthepigironis
also oxidized to carbon monoxide, so its concentration is also reduced. The
conversonof thepigironto sted by thisprocessrequiresonly 15 minutes. However,
thereactionisdifficult to control and the quality of the steel produced can bequite
varigble.

b TheOpen-hearth Furnace: It hasalarge, shallow hearth, whichisusualy lined
withabasicoxiderefractory (MgO and Ca0). Thefurnaceischarged withamixture
of pigiron, Fe,O,, scrapiron and limestone. A blast of hot air and burning fuel is
directed over the surface of the chargeto maintainitinthemolten state. Impuritiesin
thepigironareoxidized by theFe,0O, and air. Carbon dioxide, and sulphur dioxide
formed by the oxidation of the carbon and sul phur, respectively, inthepigiron
bubble out of the mixture aswaste gases.

197




‘ CHEMISTRY GRADE 10

The SO, and other acidic oxideslike P,0, combinewith CaO (fromlimestone) and the
refractory liningtoformadag.

Theimpuritiesin pigiron areoxidized in thefollowingway:

cC + 0, - Co,
s + 0, - SO,
12P + 10FeO, - 3P0, + 20Fe
38 + 2Fe0, — 35S0, + 4Fe

Calcium oxide, formed by the decomposition of limestone, reactswith oxidesof silicon
and phosphorustoformdag.

PO, + 6Ca0 —  2Ca(PO),

4710

SO, + CaO —  CaSO,

Thisentire processtakes 8 to 10 hoursto complete and the quality of the steel ismuch
moreeasily controlled. A ca culated amount of variouselements can be added to the steel
toform sted alloyswith desired properties.

Oxides react with lining

Acid lining of silica or magnesite

\!

Molten iron
impurities are
oxidized

Hot air

Figure 4.3 a) Bessemer converter b) Open-hearth furnace.
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c Basic Oxygen Process. This newer procedure has largely replaced the open
hearth, because of its high speed. It involves forcing a mixture of powdered
calcium oxide, CaO, and oxygen gas directly into the surface of the molten
pig iron. The oxygen reacts exothermically with carbon, sulphur, silicon,
phosphorus and impurity metals. Carbon and sulphur are oxidized to CO, and
SO, respectively, and are released as exhaust gases. The oxides of silicon
(Si0,), phosphorus, (P,0O,,) and impurity metals combine with lime (Ca0),
forming dlag. The charge in the converter is maintained in the molten state by
the energy released in these oxidation reactions. The converter is tilted to
remove the slag. After a second blow of oxygen, the converter is tilted once
again and the molten steel is poured out. This process takes only about 20
to 25 minutes.

Flux (CaO)

N
i>i3
— Molten metal

Figure 4.4 The basic oxygen converter.

Prepare a list of materials which are made of steel and describe their uses. Discuss in
groups and give a presentation to the class.
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Physical Properties of Iron
Do you remember physical properties of iron? Can you mention some of them?

Ironisagrey, lustrous, malleable and ductilemetal. It isagood conductor of heat and
electricity. It hasahigh melting point (1580°C) and ahigh density (7.87 g/cm?®). Itisa
ferromagnetic metal, which meansit can be permanently magnetized.

Chemical Properties of Iron

Have you ever noticed the formation of a reddish thin film on the surface of an
iron object? Do you know the chemical nature of this thin film? From your
observations, what do you conclude about the reactivity of iron?

Ironisareactivemetal. Itsreactivity isvery dow, compared to group |1A and 1| A metals.

Ironrustsin the presence of air and moistureto form hydrated iron (111) oxide.

AFe(s) + 30,(9) __moisture | 2Fe,0, x H,0(9) (rust)

Iron reactswith diluteacids, like HCl and H,SO,, formingiron (11) saltsand liberating
hydrogen gas.

Fe(s) + 2HCI (a0) — FeCl, (a0) + H,(9)
Fe(s) + H,SO,(aq) —  FeSO,(aq) + H,(9)

Likeother trangtionmetas, iron dso exhibitsdifferent oxidation gates. It commonly exists
astheferrous(Fe**) andferric (Fe™) ions. Iron (1) andiron (111) compoundsare coloured.
Aqueous solutions of iron (I1) compounds are pale-green and solutions of iron (I11)
compoundsareyellowish brown.

Aqueoussolutionsof someiron (11) compoundsarerapidly oxidized to the corresponding
iron (111) compounds. For example, iron (I1) hydroxide, Fe(OH),, on exposureto air,
oxidizestoiron(l11) hydroxide.

4Fe(OH),(s) + 0,(9) + 2HO() —  4Fe(OH),(9)
Heated iron reactswith hydrogen chloridegas, formingiron (11) chlorideand hydrogen gas.
Fe(s) + 2HCl(g) — FeCl,(9) + H,(9)
Heated iron reactswith chlorineand sulphur toformthechloride and sulphide, respectively.
2Fe(s) + 3Cl,(9) - 2FeCl,(s)
Fe(s) + S(9) - FeS(s)
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Iron hasthe ability to displacelessactive meta sfrom solutions of their salts. For example,
whenapieceof ironisplaced inasolution of CuSO,, itisoxidized to Fe** and areddish
brown deposit of copper metal formson the surface of theiron.

Fe(s) + Cu*(ag) - Fe?t (ag) + Cu(s)
Uses of Iron

Ironisthe most widely used metal and takesfirst positioninworldwide consumption. Itis
used asastructural metal in the construction of buildingsand bridges. Intheform of pig
iron, itisused to make domestic boilers, hot-water radiators, railings, water pipes, castings,
and mouldings. Aswrought iron, itisusedin making nail s, sheets, horseshoes, ornamental
gates, door knockers, farm machinery etc. Ironisalso used inthe manufacture of alloys
such ascarbon sted sand alloy stedls. Carbon steel scan beclassified asmild stedl, medium
steel and high-carbon stedl, based on theamount of carbon.

Mild Stedl: containsupto 0.2% carbon and isused in making screws, motors, car batteries,
railway lines, ships, bridges, nutsand bolts.

Medium Steel: contains 0.3-0.6% carbon and isused to make springsand chains.

High-Carbon Steel: contains0.6-1.5% carbon and is used to makedrill bits, knives,
hammersand chisdls.

Alloy Stedl: containsironand arelatively higher percentage of other metals. For example,
dainlesssted containschromium (14—18%) and nickel (7—9%). Tool stedlsincludetungsten
steel and manganese steel. These metals give the alloy hardness, toughness and heat
resistance. They are used inrock drills, cutting edges and parts of machinery that are
subjected to heavy wear.

1. You have learned about the purification of metals, including copper in unit 3. Describe
the electrolytic process used for the purification copper metal.

2. Prepare a list of items made of copper.
3. In the refining process of copper, zinc does not deposit on the cathode. Why?

Discuss in your group and give a presentation to the class.
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C. Copper

Occurrence and extraction

Copper isoccas onally found asnative copper. However, it isfound mainly in compounds
such as sulphides, oxides and the carbonates. The most important sulphide ores are
chalcopyrite (CuFeS,), chalcocite (Cu,S), covellite (CuS) and bornite (Cu,FeS,). The
principa oxide ores are cuprite (Cu,O) and tenorite (CuO). In the carbonate form, it
existsasmalachite (CuCO,-Cu(OH),).
Copper isprincipally extracted from cha copyrite. Sincethe amount of copper intheoreis
very smdl, the crushed and ground sulphide oreisfirst concentrated by froth flotation. This
treatment changesthe concentration of the orefrom 2 % copper to ashigh as 30% copper.
The concentrated oreisthen roasted with alimited supply of air (oxygen).

2CuFeS,(s) + 40,(9) — CuS(9 + 2FeO(s) + 3S0,(9)
Theroasted mixtureissmelted by adding limestone and sand to form amolten dag that
removes many of theimpurities. FeO present in the roasted mixture can a so beremoved
asdagintheformof ironslicate(FeSO,), andsilicaintheformof caciumsilicate(CaSO,).

CaCO,(s) + S0,(9 — Caso,() + CO,(9

FeO (9) + S0,(9 — FeSO,()
The Cu,Sobtained by roasting chal copyriteisthen reduced by heatingitinalimited supply
of oxygen.

Cu,S(s) + 0,90 — 2Cu() + S0O,(9)
The copper produced by the above processiscalled blister copper and it has98.5—-99.5
% purity. Blister copper containsiron, silver, gold and sometimeszinc asimpurities. Soitis
refined further by electrolysisasshownin Figure 4.5. Copper obtained by electrolytic
refining1s99.99% pure.

Cu?*+2e” - Cu Cu — Cu*" +2e~

Cathode (-) / Z7 / KX\

Anode (+)

7

Pure copper Anode Acidified CuSO,4(aq) Impure Copper

Figure 4.5 Electrolyticrefining of copper.
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Physical Properties of Copper

Copper isasoft, ductile, malleable, reddish-brown metal with adensity of 8.96 g/cm?. It
issecondto silverineectrica conductivity. It meltsat 1086°C and boilsat 2310°C.

Chemical properties of copper

Copper islessreactivemeta, that iswhy it isfound inthe native state. Although it isnot
very reactive, it undergoesthefollowing reactions:

Powdered copper, when heated in air formsablack powder of copper (11) oxide, CuO.
2Cu(s) + O,(g9)9 — 2CuO(y

Copper doesnot react with diluteacidslike HCI and H,SO,. It cannot displace hydrogen
fromacids. However, it can be oxidized by oxidizing acidssuch asdilute and concentrated
nitric acid and hot concentrated sulphuric acid, H,SO,.

3Cu(s) + 8HNO,(ag) __dilute ., 3Cu(NO,),(ag) + 2NO(g) + 4H,O(l)
Cu(s) + 4HNO,(ag) __concentrated . CU(NO,),(ag) + 2NO,(g) + 2H,0 ()
Cu(9 + 2H,80,(aq) __ Hotandconcentrated . CuSO, (ag) + 2S0,(g) + 2H,0()

Copper corrodesinmoist air over along period of timeasaresult of oxidation caused by
amixture of water, oxygen and carbon dioxide. It turnsgreen, due to the formation of
verdigris: abasic copper carbonate (CuCO,-Cu(OH),) or Cu,(OH).CO,.

2Cu(s) + HO(@ + O,(9 + CO,(9 — CuCO,Cu(OH),
Basic copper carbonateisresponsiblefor the green layer that forms on the surface of
copper and bronze objects. Thislayer adheresto the surface and protectsthe metal from
further corrosion.

Copper isatransition metal and exhibitsdifferent oxidation states. It existsas cuprous
(Cu*) and cupric (Cu?) ions. Compounds containing copper inthe +1 oxidation state are
stableininsoluble compounds. Cut* isunstableand cannot exist in aqueous solution since
it reduces and oxidizes (disproportionates) itself asfollows:

2Cu'(ag) — Cu?(ag) + Cu(s

Soluble compounds containing Cu*, such asCuCl, Cul and CuBr, areall colourlesssolids.
Themost stable oxidation state of copper is+2. Aqueous solutions of many copper (I1)
compoundsare blue, thus copper forms col oured compoundsin the oxidation state of +2.
For example, hydrated copper sulphate, CuSO,-5H,0, consists of blue crystals, andits
aqueoussolutionisasoblue.
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Uses of Copper

Copper isused to manufacturealloys. For example, bronzeisan alloy of copper andtin,
and it isused to make coins, medals, bells, machinery parts, etc. Brassisan alloy of
copper and zinc, and it isused for hardwaretops, terminalsand pipes. Copper iswidely
used inthedectrical industry intheform of eectricwires, cablesetc. Copper compounds,
such ascopper chloride, copper carbonate and copper hydroxide, are used aspesticides.

Exercise 4.2

1. Describethe occurrence and extraction of thefollowing metals, auminium, iron,
and coppe.

Which of thethreemetds, Al, Feand Cuisproduced by dectrochemica reduction?
Explainhow Al, Feand Cu behavein dry air, moisture and acidic solutions.

Suggest themain chemicd reactionsinvolvedintheconverson of pigirontowrought
iron.

5. Discussthemainareasof applicationsof Al, Feand Cuin homeand industry.

4.3.2 Production of Some Important Non-metals

A. Nitrogen

Activity 4.8

1. Draw the structure of a nitrogen molecule. How many bonds are present in it? Why
does nitrogen form triple bond?

2. Which form of nitrogen is absorbed by green plants?

Discuss in group and give a presentation to the class.

Occurrence and Production

Nitrogen occursin natureintheeementa form. It aso existsintheform of compounds. In
theelementa state, it existsasadiatomic molecule, N,, in atmosphericair. It congtitutes
about 80% by volume of the atmosphere. Intheform of compounds, it existsas sodium
nitrate (Chilesalt peter, NaNO,) and potassium nitrate (KNO,) also called sdltpetre. Itis
asofoundin DNA moleculesand proteinsof dl living things.

Intheindustrial production of nitrogen, thefirst stepisto removeimpuritieslikedust and
other particlesfromair. Theair isthen compressed under high pressureand low temperature
to remove carbon dioxide and water vapour since they solidify at arelatively high
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temperatures compared to nitrogen and oxygen. Asthetemperature continuesto decrease,
theair containing mainly nitrogen and oxygen condensesto giveapde-blueliquid. Nitrogen
isthusseparated onanindustria scaleby fractional didtillation of liquid air. Whenliquidair
isfractionally ditilled, nitrogen iscollected and stored in steel cylindersunder pressure.
The second fraction consists of argon, which distils off the mixture at —186°C, leaving
behind ablueliquid of oxygenthat boilsat —183°C.

Inthelaboratory, nitrogenisprepared by warming an agueous sol ution contai ning ammonium
chlorideand sodiumnitrite.

NH,Cl (aq) + NaNO,(ag) — NaCl(ag) + N,(g) + 2H,0(l)

Physical Properties of Nitrogen

Nitrogeniscolourless, odourlessand tastelessgas. It isinert under ordinary conditions, and
that iswhy itisfoundinamosphericair asN... Theinertnessof nitrogen at low temperatures
isdirectly related to the strength of thetriplebond, which requireshigh energy to bresk.

Chemical Properties of Nitrogen

I snitrogen a reactive or unreactive non-metal? Can you suggest a proof for your
answer?

However, nitrogen reactswith metals of group IA and 11 A aswell asoxygen at higher
temperatures. When heated with reactive metal slikelithium, calcium and magnesium, it
formscompounds, known asnitrides.

6Li (9 + N9 — 2Li,N(9
3Ca(s) + N,(@) — CaN,(9
3Mg(s) + N, — MgN,(©9

Nitrogen combineswith oxygen at elevated temperaturesor in an electricarcto form
oxides.

N, + O,(90 — 2NO(g
N,(@ + 20,99 — 2NO,(9)

Nitric oxide, a so called nitrogen monoxide, NO, isacolourlessand reactivegas. It forms
nitrogen dioxide (NO,), areddish brown gas, when it comesinto contact with oxygen.

2NO(g) + O,(@9 — 2NO,(9

Thisreddish brown gasdimerizesat |ow temperaturesto giveacol ourlessgasof dinitrogen
tetraoxide, N,O,.

2NO,(g9) — N,O,(9)
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Nitrogen also formsoxides, like dinitrogen monoxide, N,O, (commonly called laughing
gas), dinitrogen trioxide (N,O,) and dinitrogen pentoxide (N,O,).

Nitrogen reactsdirectly with hydrogen in the Haber processto form ammonia. Inthis
process, amixture of N, and H, gas, at apressure of 200-300 atm and atemperature of
400-600°C, ispassed over acatalyst of finely dividediron.

Fe/200-300atm
N@ + 3H(Q <z "> 2NH, ()

400-600°C

Theammoniaproduced by thismethod isprimarily used inthemanufacture of fertilizers. It
isaso used for the production of nitricacid (HNO,).

Uses of Nitrogen

Nitrogenisused infood packaging to prevent oxidation, and to create an inert atmosphere
inthe production of semiconductors. Liquid nitrogenisused asarefrigerant to preserve
bulls' semen and blood. Itsmajor useisin the production of ammonia.

Have you ever observed glowing worms? Why do they glow? Anyone who has observed
them should explain to the class.

B. Phosphorus

Occurrence and Extraction

Does phosphorus exist in the pure form (elemental state) as does nitrogen? If not,
why? Phosphorusisarel atively abundant element, ranking 12thin the earth’scrust. It
exists naturaly only in the combined state, such as in rock phosphate, Ca,(PO,),,
fluoroapatite, Ca,(PO,) F, or 3Ca,(PO,),.CaF,. Itisalso found in teeth, bones and
DNA.

What is allotropy? What are the two common allotropes of phosphorus?

Allotr opesaredifferent formsof the same element with the same physical state but with
different physical properties. Thisisdueto thedifferencein thearrangement of atoms.

Thetwo common alotropicformsof phosphorusarewhite phosphorusand red phosphorus.
White phosphorusisavery poisonous, whitewaxy-looking substance that meltsat 44.1°C
and boilsat 287°C. Itsdensity is1.8 g/lcm®. It consistsof individual tetra-atomic (P,)
moleculesand isan unstableform of phosphorus.
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Red phosphorusisdenser (2.16 g/cm?) and ismuch | essreactive than white phosphorusat
normal temperatures. It consistsof P, moleculeslinked together to formapolymer (large
molecule) as shown below.

N /P\ /P\ /P\

P
White phosphorus Red phosphorus

Industrially, white phosphorusis manufactured by heating amixture of crushed rock
phosphate, Ca,(PO,),, silica, SIO,, and cokein an electric furnace. Thereactioninthe
furneceis:

2Ca(PO,),(s) + 6SiO,(s) + 10C(s) — 6CaSiO () + P,(g) + 10CO(g)

The vaporized phosphorus (P,) is condensed, collected and stored under water. Red
phosphorusis prepared by heating white phosphorusin sunlight for several days. White
phosphorusisstored under water becauseit spontaneoudly ignites (burstsinto flames) in
the presence of oxygen. Red phosphorusismuch lessreactivethan white phosphorusand
does not need to be stored under water.

Physical Properties of Phosphorus

Activity 4.10

Use reference books available in your school library and write down the main properties
of white and red phosphorus.

Chemical Properties of Phosphorus

Phosphorus exhibitsthefollowing common chemical reactions. Phosphorusreactswith
limited and excess supplies of oxygen to form tetraphosphorus hexoxide (P,O,) and
tetraphosphorus decoxide (P,O, ) respectively.

P,(9 + 30,(9) - PO, (s

P,(s +  50,(9) - PO, (9
P,0,and P,0,, dissolveinwater to form phosphorous acid, H,PO,, an orthophsophoric
acid, H_PO, respectively.

PO, () + ©6HO() - 4H_PO, (aq)

PO, (s + ©6HO() - 4H_PO, (aq)

207
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Phosphorusal so reactswith limited and excess supplies of chlorineto form phosphorus
(111) chloride (PCl.,)) and phosphorus (V) chloride (PCl,) respectively.

P,(s +  6Cl, (9) — 4PCl,(s)
P,(s + 10Cl (9 — 4PCl_(s)

1. Write the chemical reactions for photosynthesis and respiration. What are the products
formed in photosynthesis and respiration?

2. What are the uses of oxygen in hospitals?

3. How do astronauts breathe while in space?

Discuss all the above points in groups and give a presentation to the class.

C. Oxygen

Occurrence and Production

Oxygenisthe most abundant el ement on earth. It congtitutes about 46.6% by weight of the
earth’scrust intheform of compounds such as oxides, silicates, carbonates, phosphates
etc. It existsin natureintheelemental statein atmospheric air constituting about 20% by
volume. Oxygenismanufacturedindustridly by thefractiond didtillationof liquidairina
way sSimilar tothat of nitrogen.

Chemical Properties of Oxygen

Oxygenisrelatively reactive and combinesdirectly with most elementsto form oxides.
Oxygen combineswith metal to form metal oxides (basic oxides). For example,

2Mg(s) + O,(99 — 2MgO(s
2Ca(s) + O,(99 — 2Ca0(y
Oxygen combineswith non-metal sto form acidic oxides; for example:
S(s) + 80,(0) —  830,(9)
P, + 50,(90 - P,0O,(9

Oxygen supportscombustion and isnecessary for the burning of substanceslike charcod,
hydrocarbon fuel, etc.
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C + 0O,(9 — CO,(9
CH,(@9 + 20,(9) » CO,(9 + 2H,0(9)

Have you observed the colour of sulphur? What is the use of sulphur in your area?

D. Sulphur

Occurrence and Extraction

Sulphur isfound in nature and in the form of compounds such as galena(PbS), pyrites
(FeS,) (fool’sgold), cinnabar (HgS), sphalerite (ZnS), gypsum (CaSO,-2H,0), barite
(BaSO,), and ashydrogen sulphide (H,S) in natural gasand crudeail.

Sulphur isextracted from underground depositsof e emental sulphur by the Frasch process
(Figure4.6). Inthis process, three concentric pipes are sent down to the sul phur deposit.
Superheated water at about 170°C is pumped through the outermost pipes. Hot air is
compressedintheinnermost tube. A froth of sulphur, air and water come out to the surface
of the earth forced by hot compressed air inthe middle tube. The molten sulphur isthen
cooled and solidified.

Compressed air

Aerated molten sulphur
=~ —  —% —>

i ]E <— Super-heated water

—
J

/ Hot water
Melted sulphur

Cap rock

Solid sulphur

Figure 4.6 Frasch Process for the production of sulphur.
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Uses. Nearly one-haf of the sulphur needed by chemical industriesisobtained asawaste
product of other industrial processes. For example, sulphur can be obtained in theform of
hydrogen sulphide (H,,S) from natural gas and during the purification of crudeoil. It can
a so beobtainedintheform of sulphur dioxidefrom theroasting of sulphideoresduringthe
manufacture of metals. The use of sulphur obtained from waste productsof other industries
reducesthedemand for the element from natural deposits. Thisalso reducesthe pollution
of atmospheric air and theformation of acidrain.

Sulphur exhibits allotropy. The most important allotropes of sulphur are rhombic and
monoclinic sulphur. Rhombic sulphur isthe most stable form of sulphur consisting of S,
molecules

Chemical Properties of Sulphur

Sulphur isrelatively stable and unreactive at room temperature. However, it reactswith
metalsand non-metalswhen heated.

Sulphur combineswith metal swhen heated to form sulphides.
8Fe(s) + S$5(9 —  8FeS (9
Sulphur burnsin oxygentoform oxides.

S;(8) + 80,(9) — 830,(9)

Sulphur istheraw material for the production of sulphuric acid (H,S0,) by the Contact
Process. Thisprocessof sulphuric acid productioninvolvesthefollowing steps.

Step 1: Sulphurisfirst oxidized to produce sulphur dioxide:

S;(9) + 80,(99 — 830,(9)

Step 2: Sulphur dioxideisconverted to sulphur trioxideat high temperaturesinthe presence
of acatayst:

250,(g) + O, VO | 280,(9)

Step 3: Sulphur trioxideisabsorbed into concentrated sul phuric acid to produce oleum
(H,S0).

S0O,(9) + HS0,() - HS0.()

Step 4: Theoleumisthen diluted with water to produce the desired concentration of
sulphuric acid. Commercially used concentrated sulphuric acidis98%H,SO,.

H,S,0,() + HO() — 2H,80,(a0)




CHEMISTRY IN INDUSTRY AND ENVIRONMENTAL POLLUTION (UNIT 4) ’

E. Chlorine

1. When we turn on the water tap, the water coming out of the tap sometimes appears white
and turns normal after a few minutes. Many people say that the white colour we see is due
to chlorine. Do you agree? Discuss in group and present your opinion to the class.

2. What is the purpose of adding chlorine to drinking water?

Occurrence and Extraction

Chlorinebelongsto group VIIA, known asthe halogens. It isthe most abundant el ement
among thehalogens. Itisfound in naturein theform of compoundsonly. Chlorineisfound
innature chiefly intheform of chlorides of sodium, potass um, calciumand magnesium.
Sodium chlorideisthe chief source of chlorine, and it isobtained from seawater or as
depositsof rock salt.

Commercidly, chlorineismanufactured by thed ectrolys sof aconcentrated agueoussolution
of sodium chloride. During €l ectrolysisof the concentrated solution, chlorineisformed at
the anode and the reduction of water occursat the cathode, producing hydrogen gasand
hydroxideions(OH"). Theelectrodeand the overall cell reactionsareasfollows:

Oxidation at anode:  2Cl~ (aq) — Cl, (g) + 2~
Reduction at cathode: 2H,0 (l) + 2e- — H, (g) + 20H" (aq)
Céll reaction: 2NaCl (ag) + 2H,0 (1) — 2NaOH (aqg) + Cl, (9) + H, (9)

AlthoughNaOH formsat the cathode compartment and Cl, at the anode, thetwo substances
must be kept apart from one another. Thisisbecause, if they comeinto contact with each
other, they can react according to thefollowing equation.

NaOH (ag) + Cl,(g9) — NaOCl(ag) + HCl (ag)

What is the oxidation number of chlorine in NaOCI?

Physical Properties of Chlorine

Activity 4.14

1. Inurban area, tap water possesses a peculiar smell, which disappeares after a few minutes.
Many people say that the smell is due to chlorine. Do you agree? Discuss in group and
present your opinion to the class.
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Some of its physical properties are the following:
» Chlorineisagreenish-yellow gasat room temperature.
* Itmeltsat—102°C and boilsat —34°C.
* [Itisfairly solubleinwater.
* Itisextremely poisonous, causing inflammeation of thelungsand mucousmembranes
if inhded, eveninvery smdl amounts. Itisfatd if inhaled inhigher amounts.

Chemical Properties of Chlorine

Chlorineisahighly reactivenon-metal. It reactsdirectly with almost all elementsexcept
the noble gases, carbon and nitrogen. Itisapowerful oxidizing agent and oxidizesmost of
thedementswithwhichit reacts. Thefollowing arethemain reactionsof chlorine.

Chlorinereactswith heated metalsto form chloride salts
2Fe(s) + 3Cl(@ —  2FeCly(9
2Al () + 3Cl(@ — 2AICI;(9

Chlorinereacts smoothly with hydrogen, inthe presence of acharcoal asacatayst, at
roomtemperatureto form hydrogen chloride.

Hy(@@ + Cl(@ — 2HC(9

Chlorinedisplaces|essreactive halogens (Br, and |,) fromaqueous sol utions of their
compounds.

C,g + 2KBr(ag)— 2KCl(aq) + Br, ()
C,@ + 2Kl(ag — 2KCI (aqg) + l, (a0)
Can bromine displace chlorine in a chemical reaction?

Chlorine dissolvesin water and reactswith it, forming an acidic solution containing
hydrochloric acid (HCI) and hypochlorousacid (HOCI).

Cl@d + HO( — HC(a) + HOCI(a)

Thistypeof reactioniscaled adisproportionation reaction, wherechlorineisitsalf reduced
and oxidized.

Chlorineiscommercially used asableaching agent and disinfectant (killsgerms). As
elemental chlorineor aschlorinewater, it isstrong enough to oxidize dyesand to bleach
coloured materias. For example, it can be used to removeyellow or brown coloursfrom
wood pulp, paper and cotton.
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Exercise 4.3

1. What arethemain natural sourcesof N, P, O, S, and Cl?

2. Describethemain processesinvolved intheproduction (extraction) of N, P, O, S
andCl.

3. HowdoN, P, and Sbehavewhen heated inair?

4. Writean equation for thereaction of chlorinewith water.

5. Consult the books present in your library and describe with the aid of labelled
diagrams the laboratory preparation of following molecules:
a N, b Cl,

4.4 SOME INDUSTRIES IN ETHIOPIA

Competencies
After completing this section, you will be able to:

defineindustry;

list someindustriesin Ethiopia;

describethegenera characteristicsof industries;
outlinetheimportant stepsin the productionsof ceramics;
mention some usesof ceramics,

outlinetheimportant stepsin the production of cement;
outlinetheimportant stepsin the production of sugar;
outlinetheimportant stepsinthe production of pulp and paper;
explainhow tanningiscarried out;

describethe application of the chemical preservation of skinand hides;
mention someusesof skinand hides,

explain the process of food packing and preservation; and
present areport to the class after visiting anearby food factory.

. Define industry.

What are the general characteristics of chemical industries?

List some common chemical industries in Ethiopia, mention products manufactured by
them in tabular form.
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PROJECT 4.2

1. Have you ever wondered how glass retains different colours? Consult books
in your library and make list of the compounds added to impart colour to the
glass.

2. Can glass be recycled; how?

Submit your findings to your teacher.

Glass

Glassisanamorphousor non-crystallinesolid material. Almost all glasscontainssilicaas
themain component. Quartz glassismadeby melting puresilica, SO, at atemperatureof
about 2300°C and then pouring themolten viscousliquidinto moulds. Itisof high strength,
low therma expansion and highly transparent.

Soda-limeglassisordinary glasswhichisamixtureof sodiumsilicateand caciumslicate.
It ismade by heating amixture of silicasand, sodium carbonate or sodium sulphate and
limestone. Thereactionsthat take placein forming sodalimeglassarethefollowing:

Na,CO, + SO, — NaSO, + CO,
CacO, + SO, — CaSiO, + CO,

Soda-limeglassaccountsfor about 90% of manufactured glass. Thistypeof glassiswiddy
used for window panes, bottles, dishesetc.

Bor osilicate glassiscommonly known as Pyrex. It ismanufactured using boron (111)
oxide, B,O,, instead of limestoneor calciumoxide. Thisglasshashighres stanceto chemical
corrosion and temperature changesand iswidely used to make ovenware and |aboratory
equipment such asflasks, beakers, and test tubes.

Sepsin glass production

1) Batch preparation: refersto the preparation of theraw material saccording to the
appropriate combinations. Theraw materialsare mixed in aproportion of 60%
sand, 21% sodium carbonate and 19% limestone.

1)  Glassmelting: Theraw materialsand recycled glass (according to their colour)
arefedinto aglass-melting furnace. The materia sarethen heated to atemperature
of about 1600°C to form amolten viscousliquid. Why are glassesis separated
according to the colour?

Thefurnace operates continuoudly, producing glass 24 hoursaday. Substancesthat
givetheglassdifferent coloursor improved chemical and physica propertiessuch
astransparency, thermal and chemical stability and mechanical strength are added
during thisprocess.
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1i1)  Glassforming: Thisisthe stageinwhichthemelted glassismadeinto arequired
shape.

Iv)  Annealing: Thisisaprocessthat involvestheremovd of interna stressesby rehegting
theglassfollowed by acontrolled dow-cooling cycleduring which the Stressesare
relieved.

V)  Ingpection: Itinvolvestesting of theglassproduct to check whether it fulfilsdesired
quality requirementsor not.

vi) Packingand dispatchingisthefina stagebeforedistribution.

Ceramics

Activity 4.16

1. Are you familiar with the pottery industry? Do you know any ceramic factories in
Ethiopia?

3. Prepare a list of ceramic products used in daily life.

Discuss in groups and give presentation to the class.

Ceramicisaninorganic, non-metallic solid prepared by the action of heat and subsequent
cooling. Traditional ceramics, suchasporcdain, tilesand pottery areformed frommineras
such as clay, talc and feldspar. Most industrial ceramics, however, are formed from
extremely pure powdersof specialty chemicals, such assilicon carbide, a umina, barium
titanate, and titanium carbide.

Manufacturing of ceramics

The minerals used to make ceramicsare dug out of the earth and are then crushed and
groundinto afine powder. Manufacturersoften purify thispowder by mixingitinasolution
and allowing achemical precipitate (a uniformsolid that formswithin a solution) to
form. The precipitateisthen separated from the solution. The powder isheated to drive of f
impuritiesincluding water.

The processes of manufacturing ceramicsinclude:

A Moulding: After purification, smal amountsof wax areoften added to bindtheceramic
powder and make it moreworkable. Plastics may also be added to the powder to
givethedesired pliability and softness. The powder can then be shaped into different
objectsby variousmoul ding processes.

B Dendfication: The process of dengification usesintense heet to condenseaceramic
object into astrong, dense product. After being moulded, the ceramic objectis
heated in an €l ectric furnaceto temperatures between 1000°C and 1700°C. Asthe
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ceramic heats, the powder particles coa esce, much aswater dropletsjoin at room
temperature. Asthe ceramic particlesmerge, the object becomesincreasingly dense,
shrinking by upto 20 percent of itsoriginal size. Thegod of thisheating processis
to maximizethestrength of ceramic by obtaining aninternd structurethat iscompact
and extremely dense.

In general, most ceramics are hard and wear-resi stant, brittle, refractory, thermal and
electrical insulators, non-magnetic, oxidation-resistant, and chemicaly stable.

Duetothewiderangeof propertiesof ceramic materialss, they areused for amultitude of
goplications.
e Weéll-known usesof ceramics They arecommonly foundin art scul ptures, dishes,
plattersand other kitchenware, kitchen tilesand bath room structures.

» Lesser-known uses for ceramics. They are used as electrical insulators,
computersparts, tools, dentd replacements, engine parts, and tileson space shuttles
and to repl ace bones such asthe bonesin hips, kneesand shoulders.

» Futureusesof ceramics: Infuture, the ceramicsmight beused to removeimpurities
fromthe drinking water, and to replace diseased heart valves.

Cement

1. How many cement factories do you know in Ethiopia? Name the regions where they
are found and share these with your classmates.

2. Why are cement factories located in rural areas of Ethiopia? Give your reasons to the
class.

Cementismade by heating limestone (chalk), dumina(Al,O,) and silica-bearing materias
such asclay to 1450°C in akiln using aprocessknown ascal cination. Theresulting hard
substancecalled clinker’ isthen ground with asmall amount of gypsum into apowder to
make* ordinary Portland cement” (OPC).

Cement mainly consistsof calciumsilicate (CaSO,), caciumaduminate(CaAl,O,), iron
(111) oxide (Fe,O,) and magnesium oxide (MgO).

Portland cement isavery important building materid, and wasfirst discoveredin England.
It received itsname because, on setting, it hardensto astone-like mass and was compared
tothefamous Portland Rock of England. Itisamixtureof calciumand aluminium silicates

withgypsum.

Raw Materials: Limestone and clay are the chief raw materials used in the
manufacture of Portland cement.
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Manufacturing Process: First, limestone and clay are crushed separately. They are
then mixed in the required quantities and finaly mixed and ground together, which can
be done either by the dry or wet process. The wet process is suitable if the limestone
and clay are soft. If the raw materids are hard, the dry processis preferred. The dry
process is cost-effective because fuel consumption is less when the raw materials are
burnt in arotary kiln.
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Figure 4.7 Cement manufacturing process.
— Upper Part of the Kiln

Raw material heated _A_> completedimination of moisture

— Middle Part of the Kiln
Limestone decomposesto calcium oxide.

CaCO, (s —2—> Ca0(9) + CO, (g)
— Lower End of the Kiln

Inthispart, thetemperature reachesabout 1600°C; the partly fused and sintered mixture
undergoesaseriesof chemica reactionsto form calcium aluminatesand silicates.

2Ca0 + 250, — 2Ca0-S0,(di-calciumsilicate)
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3Ca0 + 350, — 3Ca0-SiO,(tri-calciumsilicate)

3Ca0 + 3ALO, — 3Ca0-AlQ,((tri-calciumaluminate).

4Ca0 + 4ALO, + 4Fe O, — 4Ca0-ALO,FeO,

(tetra-calcium aluminium ferrate)

MgO + S0, — MgSO,(magnesiumsilicate)
Theresulting mixtureof al these silicatesand aluminatesiscalled cement clinker. After
cooling, itismixed with 2-3% gypsum (cal cium sul phate) and ground to afine powder.
Gypsum dowsdowntherate of setting of cement, so that the cement hardensadequately.

Table 4.3 The approximate composition of cement.

Component Percentage
Calcium oxide (CaO) 50-60 %
Silica (SiO,) 20-25%
Alumina (AI203) 5-10%
Magnesium Oxide (MgO) 2-3%

Ferric oxide (Fe203) 1-2%
Sulphur trioxide(SO,) 1-2%

Setting of Cement

When mixed with water cement first formsaplastic massthat hardensafter sometime. This
isdueto theformation of three-dimensiona cross-linksbetween-S—-O-S—and —-S—O-
Al—-chans.

Thefirgt setting occurswithin 24 hours, whereas, the subsequent hardening requires about
two weeks. Inthe hardening processof cement, thetransition from plasticto solid stateis

called ssiting.
PROJECT 4.3

Takea0.5 kg of cement and mix it with correct proportion of sand and water. Mix
the compoment well till apastic massisformed. Takethisplastic massand congtruct
amodd of any object. Start pouring water on the mode starting from the second day
onwards. Report the changesto the class after 24 hoursand after two weeks.

Sugar Manufacturing

Activity 4.18

1. Prepare a list of foods and drinks used at your home in which sugar is an ingredient.

2. Is sugar made only from sugar cane? If no, what are the other sources? Discuss in
group and give a presentation to the class.
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Sugarcaneisaperennid herb belongingtothegrassfamily. Nativetotropica and subtropica
regions of theworld, thistropical grassisabout 3 metrestall.

Planting: Sugarcaneisplantedinfieldsby workersor mechanical planters. Typica cane
soil ismade from the mixture of silts, clay particlesand organic matter. Fertilizersare
applied fromthetimeof planting up until the beginning of theripening period, dependingon
theregion wherethe crop isplanted. Cane seasons|ast from 8-22 months.

1. CoallectingtheHarvest: Mature canes are gathered by acombination of manual
and mechanica methods. Thecaneiscut at ground level, theleavesare removed,
thetopistrimmed off (by cutting off thelast maturejoint) the canesand transported
toasugar factory.

2. Cleansingand Grinding: Thestalksarethoroughly washed and cut at the sugar
mill. After the cleaning process, amachineled by aseriesof rotating knives, shreds
the caneinto pieces. Thisisknown as*grinding”. During grinding, hot water is
sprayed onto the sugarcane to dissol ve the remaining hard sugar. The shredded
caneisthen spread out on aconveyer belt.

3. Juicing: Theshredded sugarcanetravel son the conveyor belt through aseries of
heavy-duty rollers whichextractjuicefromthepulp. Thepulpthat remains, or “ bagasse’
isdried and used asafuel. Theraw juice moveson through themill to bedarified.

4. Clarifying: Carbondioxideand milk of limeareadded totheliquid sugar mixture,
whichisheated until boiling. The processof clarifying beginsat thisstage. Asthe
carbon dioxide movesthroughtheliquid, it formscalcium carbonate, which attracts
non-sugar debris(fats, gumsand waxes) from thejuice, and pullsthem away from
the sugar juice. Thejuiceisthen pushed through aseriesof filtersto removeany
remaningimpurities

5. Evaporation: Theclear juicethat resultsfrom theclarifying processisput under a
vacuum, wherethejuice boilsat alow temperature and thewater in it beginsto
evaporate. It isheated until it formsinto thick, brown syrup.

6. Crystallization: Crystallizationisthe processof evaporating thewater fromthe
sugar syrup. Pulverized sugar isfed into asterilized vacuum pan. Astheliquid
evaporates, crystalsform. Theremaining mixtureisathick massof largecrystals.
These crystalsare sent to acentrifuge that spinsand driesthem. Thedried product
israwsugar, whichisedible.

7. Refinery: Raw sugar istransported to acane sugar refinery for theremoval of
mol asses, mineralsand other non-sugarsthat contaminateit. Thisisknown asthe
purification process. Raw sugar ismixed with asolution of sugar and water toloosen
the molassesfrom the outside of the raw sugar crystals, producing athick matter
known as“magma’. Large machinesthen spin themagma, separating the molasses
fromthecrystds. Thecrystdsare promptly washed, dissolved and filtered toremove
impurities. Thegolden syrup that isproduced isthen sent through filters, and SO, is
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passed through it to remove the col our and water. The process of removing colour
isknown as bleaching.What isleft isconcentrated, clear syrupwhichisagainfed
into avacuum pan for evaporation.

8. Separation and packaging: Oncethefina evaporation and drying processisdone,
screens separate the different- sized sugar crystals. Largeand small crystalsare
packaged and |abelled aswhiterefined sugar.

1000 kg Sugarcane - 300 kg
Sugarcane Crusher Bagasse
) ) Rab
700 kg Setteling Ly Filter . »| BoilingBel |—» Hot
Juice Plant Plant
140 kg
Cold
. P Pug Crystallized ’
— Centrifugal < Mil Rab Crystallizer
140 kgs.
80 kg
Jaggery Jaggery Cooling
Bel Paste Pan
& Hot
Sugar Jaggery
L
50 kg 80 kg

O — Product — Machine

Figure 4.8 Steps involved in sugar production.
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Paper and Pulp

Activity 4.19

Discuss the following issues in the group and give a presentation to your class:
1. Wasting paper is like chopping down trees. Comment.

2. Some papers are relatively cheap. The paper used for this grade 10 text book, for
example, is expensive. Are different types of paper manufactured by different
processes?

Wood istheraw material for making wood pulp and paper. Wood pulpisadry fibrous
materia used for making paper. Thetimber resourcesused to makewood pulp arereferred
to aspul p wood. Wood pul pismade from soft-wood trees, such asspruce, pine, fir, larch
and hemlock, and from hard woods, such aseucal yptus, aspen and birch.

Wood iscomposed of cellulose, lignin, oilsand resins. Ligninisused to bind fibres of
cellulosetogether. To providewood pulp, the cellulose must be separated fromthelignin.

Manufacturing of pulp and paper involves the following steps:

1. Harvestingtreesinvolvesthe cutting down of treesfrom their growing areasand
transporting thetimber to the paper and pulpindustry.

2. Preparationfor pulpingisastepinwhichthebark of thetreeisremoved and then
thewood is chipped and screened to provide uniform sized chips (pieces).

3. Pulpingisastep used to makewood pul p from the chipped wood pieces. Thiscan
be accomplished by either mechanical or chemica meansdepending onthestrength
and grade of paper to be manufactured.

a Mechanical pulping: It utilizessteam, pressureand high temperaturesinstead
of chemicalsto tear the fibres. Thefibre quality isgreatly reduced because
mechanica pulping crestesshort, wesk fibresthat still containtheligninthat bonds
the fibres together. Paper used for newspapers are a typical product of
mechanica pulping.

b Chemical pulping: Chemica pulpisproduced by combining wood chipsand
chemicalsinlargevesselscalled digesters. Heat and the chemical sbreak down
theligninwhich bindsthe cellul ose fibrestogether without seriously degrading
the cellulosefibres. Chemical pulpismanufactured using the Kraft processor
the Sulphite Process.

1) TheKraft Processisthedominant chemical pulping method. Itisthemost
widely used method for making pulp fromall typesof trees. Theprocessuses
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aqueous sodium hydroxide and sodium sul phide asadigestion solution. After
digestion for about four hoursat atemperature of 170°C, thepulpisseparated
by filtration. Thisprocess usesabasic digestion medium.

i) TheSulphiteProcessusesacooking liquor (digestion) solution of sodium
bisulphate or magnesium bisulphate digester at pH of about 3inapulp.
Theaction of thehydrogen sulphideionsat 60°C over 6to 12 hoursdissolves
thelignin and separatesit from the cellulose. After the processis complete,
thepulpisrecovered by filtration.

Thewood pul p achieved from the Sulphite or Kraft processesiswashed to
remove chemicalsand passed through aseries of screensto removeforeign
materias.

4. Bleaching: Itisthe processof removing colouring matter from wood pulp and
increasing itsbrightness. Themost common bleaching agentsare strong oxidizing
agentssuch aschlorine, chlorine oxide, ozoneand hydrogen peroxide.

5. Makingpaper from pulp: After bleaching, thepulpisprocessedintoliquid stock
that can betransferred to apaper mill. Thesuspensionispoured onto acontinuousy
moving screen belt and theliquor isallowed to seep away by gravity to produce
paper sheet. The continuous sheet then movesthrough additiona rollersthat compress
thefibresand removetheresidua water to producefine paper.

Tannery

Activity 4.20

1. The leather products of Ethiopia are durable and relatively cheaper than the same
products imported from outside. Why do people prefer to buy imported products?
What can you suggest to change this attitude? Discuss this matter in class in relation to
quality and availability of resources.

2. Why are leather products being replaced by synthetic products?

Discuss in groups and present to the class.

Tanningisaprocessof converting raw anima hidesand skintolegther, usingtannin. Leather
isadurableand flexiblemateria created by thetanning of anima hidesand skin. Tanninis
anacidic chemical that permanently atersthe protein structure of askin sothat it can never
returntorawhideor skinagain.

L eather productioninvolvesvariouspreparatory stages, tanning, and crusting

1. Preparatory stagesarethoseinwhichthehideor skinisprepared for tanning.
Thisstageincludes curing, soaking, flesh removal, hair removal, scudding, and
adiming.
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a

Curing: Thisprocessinvolvessdting or drying the hideonceit hasbeen removed
from the animal. Curing is employed to prevent putrefaction of the protein
substance, collagen, from bacteria infection. Curing also removesexcesswater
fromthehideand skin. Brine curingisthe s mplest and fastest method.

Soaking: Inthisprocess, cured hidesare soaked in water for several hoursto
several daystoremovesalt, dirt, debris, blood and excessanimal fat fromthe
in.

Flesh removal: Inthisprocess, animal hides are moved through amachine
that stripstheflesh from the surface of the hide.

Hair removal: Inthisstep, the soaked hidesand skinsaretransported tolarge
vatswherethey areimmersed in amixture of l[imeand water. Thisprocessis
caledliming. Itloosensthe hair from the skin and makes hair-removal easier.
After 1-10 days soaking, the hair ismechanically removed fromthe hideby a
hair-removing machine.

Scudding: Thisisthe processinwhich hair and fat missed by themachinesare
removed fromthe hidewith aplastictool or dull knife.

Deliming: Thisprocessinvolvestheremoval of limefromtheskinor hideina
vat of acid. After thispreparatory process, the skin or hideisready for tanning.

Tanningisaprocessthat convertsthe protein of theraw hideor skininto astable
material. Therearetwo maintypesof tanning:

a

Vegetableor natural tanning: Theskinisplacedinasolution of tannin. Tannins
occur naturaly inthe barksand leaves of many plants. The primary barksusedin
modern times are chestnut, oak, tanoak, hemlock, quebracho, mangrove,
wattle (acacia) and myrobalan. Naturally tanned hideisflexibleand isused
for making shoes, luggageand furniture,

Mineral tanning: Inthisprocess, theskinisplaced in solutionsof chemicals
such aschromium sulphateand other sdtsof chromium. Chrometanningisfaster
than natura (vegetable) tanning and requiresonly twenty four hours. Theleather
isgreenish-bluein colour derived from the chromium. This process produces
stretchableleather that isused for making garmentsand handbags.

Crugting: Thisisthefina stageinleather manufacturing andincludesdyeing, rolling
theleather to makeit strong, stretching it in aheat-controlled room and performing
aprocessthat involvescovering thegrain surface with chemica compoundssuch as
wax, oil, glazesetc. to maketheleather very attractive.
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Food Processing and Preservation

1. The rate of spoilage of food is faster in open air in comparison to foods kept inside the
refrigerator. Explain. Discuss in group and present your findings to the class.

Food preservationisthe process of treating and handling food to stop or greatly reduce
spoilage, loss of quality, edibility or nutritive value caused or accelerated by micro-
organisms.

Preservation usually involves preventing the growth of bacteria, fungi and other micro-
organisms, aswell asreducing the oxidation of fats, which causesrancidity.

1. What are the traditional methods used to preserve food for a long time without
spoilage at your home?

2. What modern methods of food preserving and processing do we use in Ethiopia?

Discuss in groups and give a presentation to the class.

Modern methods of food preservation are:

a Freezing: Thisisoneof themost commonly used processes, commercialy and
domestically, for preserving avery widerangeof foodssuch aspotatoes, aswell as
prepared foodstuffsthat would not requirefreezingintheir norma state.

b Freeze-drying: Water vapour has easier accessthrough the cell structure of any
product compared to water-penetrating the product and evaporating from the surface
of the product asisthe case of other drying methods. The gentle escape of water
vapour inthefreeze-drying processleavesthe product closetoitsoriginal shape,
taste, and colour and thereisno lossof aromaor flavour.

For example, liquids such as coffee, tea, juices and other extracts, vegetables,
segmentsof fish and meat products. Freeze-drying isasuperior preservation method
for avariety of food productsand food ingredients.

¢ Vacuum-packing: Storesfood inavacuum environment, usudly inanair-tight bag
or bottle. Thevacuum environment stripsbacteriaof the oxygen needed for survival,
dowing down therate of spoiling. Vacuum-packing iscommonly used for storing
nutsto reducelossof flavour from oxidation.
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Exercise 4.4
What isthe basic differencein the composition of glassand cement?
What isceramics?
Writethemain chemical equationsinvolved in the production of cement.
Describetherefinery processesinvolvedin sugar production.
Explain thedifference between chemica and mechanica pulping.
How doesnatura tanning differ fromminera tanning?
Point out the modern methods of food preservation.

4.

5 ENVIRONMENTAL POLLUTION

Competencies

After completing this section, you will be able to:

definepallution;

list thethreetypesof pollution;

list thenamesof common air pollutants;

describetheeffectsof air pollutants;

describe some of the main methods used to reduceair pollution;
describethedifferent typesof industria water pollutants,

explain someof thefactorsinvolvedinwater pollution and their effects;
describe some of the methods used to reduce water pollution;

explain someof thefactorsinvolvedinland pollution;

describe some of the main methods used to reduce land pollution; and
carry out aproject on the effects(s) of anindustry on environment.

. The Copenhagen summit was a popular international climate change summit. What

was the role played by Ethiopia? What were the major issues of the summit?

. Mention any activity in your area to bring awareness of air pollution and global

warming.

Discuss in your group and present to the class.
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Pollution isany dischargeof asolid, liquid or gaseous substance or radiation (energy) into
an environment that causes unwanted changes. Pollution causes short-term or long-term
harm that affects the earth’s ecological balance and lowers the quality of lifein the
environment. A pollutant isany substance that changesair, water or any other natural
resourcein away that impairsthe use of theresource.

Pollutantsare discharged into the environment asaresult of natural events(likeavolcanic
eruption) and asaresult of human activities (such asthe operation of chemical industries,
agriculture, etc.). Pollutantscan beclassified by thetypeof pollutionthey cause: air pollution,
water pollution, andland pollution.

Air Pollution

Activity 4.24

1. Based on the situation of your locality, discuss the following issues in groups and
present the findings to the class:

a List some human activities which contribute to air pollution.

b How these activities contribute to air pollution?

¢ What solutions do you recommend to overcome these problems?
d What could be your contribution to reduce air pollutions?

2. Give your suggestions on the statement, ‘Air pollution any where is a potential threat
elsewhere.’

Air pollutioniscaused by the presence of contaminant gaseous substancesintheair that
affect thelivesof plantsand animalson earth. Some common air pollutantsare sul phur
dioxide, nitrogen oxides, carbon monoxide, ozone, hydrocarbons, particulates,
chlorofluorocarbons (CFCs), and lead compounds.

Sulphur dioxide (SO,): Thisenterstheatmospheric air from the combustion of cod and
petroleum, and during extraction of metalsfrom their sulphideores. It causes coughing,
chest painsand shortness of breath. It isthought to be acausefor bronchitisand lung
diseases. It dowly oxidizesto SO, by reacting withtheoxygenintheair.

Oxidesof nitrogen: These can beformed inthe atmosphere by natural processeslike
thunderstorms. Combustion of fossi| fuel containing nitrogen compoundsasimpuritiesand
exhaust gasesfrom furnaces and enginesincrease the amount of nitric oxide, NO, and
nitrogen dioxide, NO,, inthe atmosphere. Nitric oxide, NO, catalyzesthe decomposition
of ozoneintheupper layer of the atmosphereto oxygen, thusdecreasing the ozonelayer.

20,(g) — 2 30,(g)
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Nitric oxideisoxidized by oxygento nitrogen dioxidein the presenceof ultraviolet light.
2NO(g) + O,(9) — 2NO,(9)

SO,, SO, and NO, react with rainwater and form sulphurous acid (H,SO,), sulphuric
acid(H,S0,) and nitricacid (HNO,), respectively and causeacidrain. Acid rain accelerates
corrosion and thedeterioration of metals, buildings, statuesand aso causestreedefoliation,
release of heavy metal ionsfrom soil into water coursesand drop inthe pH of water in
riversand lakes.

Hydr ocar bonsand ozone areresponsiblefor photochemical smog. Itischaracterized by
areddish-brown haze containing substancesirritating to the eye, nose, and lungs, and
causesextens vedamageto vegetation. Cons derableamountsof hydrocarbonsarerel eased
into theatmosphere by the evaporation of gasoline asunburnt hydrocarbonsin auto exhaust.
These substances react with ozoneto give compoundsthat contributeto the oxidizing
nature of photochemical smog.

Carbon monoxide: Most of the carbon monoxide escapesinto the atmosphere dueto
theincomplete combustion of fud. Prolonged exposureto carbon monoxideimpairsvision,
produces headaches, and exertsstrain on the heart. It a so reducesthe oxygen-carrying
capacity of the blood by reacting with haemoglobin.

Particulates. Dust storms, forest fires, volcanic eruptions and human activitiessuch as
mining and burning coal and oil increasetheamount of solid particlesintheair. Industrial
areas contain particlesof limestone, fertilizers, coal, stones, cement and silica. These
particulatesirritate thelungsand deleterioudy affect breathing.

Chlorofluor ocarbons(CFCs): Chlorofluorocarbonsare used asrefrigerants, solvents
and plastic foam-blowing agents. When entering the atmosphere, they penetrateinto the
upper layersandinteract with ultraviol et radiation asfollows.

cra, —V, cra +

Thefreechlorine, Cl, reactswith ozoneto form chlorine monoxide and oxygen.
Cl + O, - CIO- + O,

Thesereactionsresult in the conversion of ozoneto molecular oxygen and contributeto
depletion of the ozonelayer. Thissituation in the upper atmosphere alowsdangerous
ultravioletradigiontoreachtheearth’ ssurface Thisradiation causesskin cancer inhumanbangs.

Excess car bon dioxide: The combustion of coa and petroleum to generate el ectricity,
move our vehicles, heat our homesand supply power to our industrial machinery causesa
sgnificant increasein the concentration of carbon dioxidein the atmosphere. Combustion
of these fuels releases about 20 billion tonnes of CO, annually. The increase in the
concentration of CO, in the atmosphere has resulted in arise in the average global
temperature, owing to the greenhouse effect. Carbon dioxide and water vapour absorb
infrared radiation, re-radiated from the earth, behaving like the glassin agreen house.
Since CO, and water vapour absorb heat they are called green-house gases. Dueto the

227
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absorption of heat by the green house gasesin theatmosphere, theoverall effect isglobal
warming (an increase in the average temperature of our planet). Thisrisein global
temperature causes melting of polar iceand thusadditional water flowing into the oceans.
Thissituation, inturn, resultsintherising of thelevelsof seasand oceans, flooding of
coastlinesand lowland areas, which can submergethese areas.

Heavy metals: Lead contamination intheatmosphereisaresult of vehicle enginesthat
usefuescontaining tetraethyl lead which isadded to thefuel to reduce engineknocking.
Theuse of lead paintsal so contributestowards|ead contamination. High levelsof lead
cause damagetothebrain, kidneysandliver.

What are the potential air pollutantsin and around your home?
Methods of Reducing Air Pollution:

1. Name the major air pollutants.

2. What methods do you recommend to reduce air pollution? Discuss in groups and
present your idea s to the class.

Research and writing
I nvestigating theeffectsof air pollution on theenvironment by:

a  consulting expertsworking on environmental protection, and
b  referringmateriasavailableinyou schoal library. Writeareport about your findings

and give apresentation to theclass.

Water Pollution

Activity 4.26

1. In your community,
a What are the major sources of drinking water?
b What are the principal sources of contamination of surface water and ground water?
¢ What could be done to reduce these problems?

Discuss in groups and present to the class.
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Water pollution isthe degradation of the quality of water brought about by thedischarge
intoit of untreated sewage, industrial and agricultural waste, and oil spillage. Ingeneral,
water issaid to be polluted if it contains matter that affectsthe health of living thingsor
causesdamageto property. Themgjor water pollutantsare nitrate and phosphatefertilisers
washed out of thesoil, phogphate detergents, untrested sewage, insecticidesand herbicides,
and theheavy metal ion, acidic and/or basic res duesrel eased by industrial processes.

Phosphateand nitratefertiliser swashed out of the soil and phosphate detergentsfrom
untreated water, enter natural water systems, such as streams, rivers, lakes, and seas.
These dissolved mineralsare valuable nutrientsfor plants, and their dischargeinto the
water systems accel eratesthe growth of surface-water plants, such asalgae. Asaresullt,
lesslight reachesthe bottom-living plants, which reducesthe photosynthesisthey need to
live, and they die. When these aquatic plants die, they rot under the action of bacteria
which multiply grestly and consumethe oxygen dissolvedinthewater at aratefaster than
natural aeration or photosynthesi s can replenish. Thus, theamount of oxygeninthewater
decreases. Thisdepletion of oxygen killsaquatic animalslikefish. Thissequenceof events
iscaled eutrophication.

I nsecticides(pesticides) and her bicidesappliedin agriculture may also bewashed into
lakes, rivers, streamsand seas. Some of theinsecticidesand herbicides do not decompose
eadly and are persistent in the environment. Residues of theseinsecticidesand herbicides
may enter thefood chainsand accumulatein an organism that isconsumed by the next
organism. Theincreasing amount of insecticide and herbicide residuein the bodies of
animal s causes hedlth and behavioura problems.

Thereleaseof heavy metd ions, acidic and/or basicresduesfromindustrial processesinto
natural water systems, such aslakesand rivers, causespH changesinthewater. Water
organisms need specific ranges of water pH to survive, so these changesin pH cankill
them. Inthe sameway, increasing concentrations of toxic metal ionskillssome aguatic
organisms.

Thereease of untreated sewageto natural water systems can spread water-borne diseases
such ascholera, typhoid, hepatitis, and polio.
Methods of Reducing Water Pollution:

1. Treatment of water beforedischargeinto riversand lakes.

2. Toavoidunnatura temperature changesin natura water systems, industriesshould
not discharge heat-ladened water into them.

3. Recyclingindustria and agricultural wastes.

Using moderateamountsof agricultural chemicasandincreasingtheuseof organic
fertilizersand biological methodsto control pests.
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PROJECT 4.4

Develop awater conservation plan for your school and submit it to your teacher.

Land Pollution

Discuss the following issues and present your answer to your class.
1. Do you observe any pollution of land in your environment?
2. What are the causes of land pollution?

3. Do you observe soil erosion in your area? What three major things do you believe
elected officials should take to decrease soil erosion in the region you live?

4. What should be your responsibility in solving the land pollution problems?

Land pollution is caused by things we put into it. It results from the spillage of ail,
leaching of harmful chemicals and heavy metal ions, and dumping of non-
biodegradable wastes such as plastics.

Factors involved in land pollution include:

»  Spillagesof il fromlesking pipdines.
e Harmful heavy metal ionsfrom buried wasteleachinginto water systems.

» Leachingof harmful chemicalsfrom corroded metal drumswhich have been buried
underground.

» Dumping of non-biodegradable (do not decompose by the action of bacteria)
wasteslike plasticswhich remain unchanged in the soil for decades or hundreds of
years. Their accumulationinthesoil hindersair and water movement and affectsthe
growth of plants.

» Excessveuseof syntheticfertilisersinagriculturd activitiesa so contributestowards
land pollution.

What are the contributions of commercial inorganic fertilizersto land pollution?

Methods of Reducing Land Pollution:

Activity 4.28

What methods should be practiced globally to reduce land pollution? Discuss in groups
and present your opinion to the class.
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Research and writing
I nvestigating the effectsof an industry on theenvironment

Thisproject work will devel op your skillsinidentifying problemsthat anindustry can
causeinyour environment and help you to seek solutionsto overcomethe problem.

Select anindustry closeto your school or home. Try toidentify thefollowing

What arethe products manufactured by theindustry?

What aretheraw materialsused by theindustry?

What isthe manufacturing processinvol ved?

What are the waste products generated?

What happensto the waste products? (How doestheindustry discharge wastes)
How istheenvironment affected by theindustria waste product?

N o g &~ 0w D P

How could the environmental impact of waste product be reduced?

Writeareport in groupsand give apresentation to theclass.

Exercise 4.5
1. Describethemain agentsof:
a arpollution b water pollution ¢ landpoallution
2. What arethemain methodsof reducing:
a arpollution b water pollution ¢ landpoallution

Key terms of the unit

» dlotrope e chemicd industry
o dloy e Chilesdt peter

» Basic—oxygen process e chlorine

* bauxitecryolite » Contact process
» Bessmer converter » flotation

» blastfurnace  fluoroapdtite

» Dblister copper e flux

e ceramics » food preservation
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fractiondl didtillation « pollution
Frasch process « redphosphorus
glass * rock phosphate
Haber process . dag
Hall process . ged
nitrogen

*
Occurrence . wlgp:ur
Open—hearth fumace . taning
ore » thermiteprocess
paper and pulp * verdigris
pollutants « whitephosphorus

Achemical industry isany institution invol ved in the production of chemicals.

Achemical industry ischaracterized by using raw materialsavailablein nature
and transforming theminto desired products by chemical means.

Most of the materials used by the industries are present in nature.
Natural resources are classified asrenewable and non-renewabl e.

Aluminiumisthe most abundant metal in the earth’s crust. It is manufactured
by the electrolysis of molten aluminium oxide mixed with cryolite using the
Hall process.

Aluminium is used to make light-weight alloys that can be used for aircraft
and similar constructions.

Aluminiumresists corrosion due to the formation of a thin film of an oxide on
its surface.

Iron is the second-most abundant metal in the earth’s crust.

Ironisextracted in a blast furnace. The furnaceischarged withiron ore, coke
and limestone, and hot air is blown up from the bottom.
Limestoneisusedintheblast furnaceto removeimpuritieslike sand (silica) in
the form of dlag.

Thetype of iron obtained directly fromthe blast furnaceis called pigiron and
itisimpure.

Whrought iron is the purest form of iron obtained from pig-iron by removing
most of the impurities.
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Seel isan alloy of iron containing definite amounts of carbon and other metals
like chromium, nickel, tungsten, vanadium, manganese etc.

Seel is manufactured by the Bessemer Converter, Open-Hearth Furnace and
Basic Oxygen Processes.

Copper is extracted by roasting chalcopyrites (CuFes,).

Copper that isobtained by roasting chalcopyritesiscalled blister copper. Itis
impure, and it isrefined further by electrolysis.

Copper ismalleable and ductile, a good conductor of heat and electricity and
is used to make electric wires and in the manufacture of alloys.

Nitrogen constitutes about 80% by volume of atmospheric air.
Nitrogen is manufactured by the fractional distillation of liquefied air.

Nitrogen isrelatively inert. However, itsreactivity increases when heated and
combined with metals of group I A and 11 A to form nitrides and with oxygen to
form oxides like NO and NO,,

Phosphorus is manufactured by heating a mixture of rock phosphate, coke
(carbon) and silicain an electric furnace.

Phosphorus has two common allotropes, white and red phosphorus. White
phosphorusishighly reactive, while red phosphorousisrelatively stable.

White phosphorusis stored under water.
Phosphorus reacts with oxygen and chlorine.

Oxygen makes up about 20% by volume of air. It is manufactured by the
fractional distillation of liquid air.

Oxygen is the most abundant element in the earth’s crust.

Sulphur existsin the elemental state in underground deposits fromwhichitis
extracted by the Frasch process.

Sulphur reacts with oxygen to form sulphur dioxide and sulphur trioxide.
Sulphur isused for the manufacture of sulphuric acid by the Contact Process.
Chlorineis manufactured by the electrolysis of brine.

Chlorineisa powerful oxidizing agent and reacts with heated metals to form
chlorides.

Chlorine and chlorine water are used to bleach coloured materials and as
disinfectant.

Glassisa mixture of two or more silicates.
Pyrex isa glass containing boron. It resists high temperatures.
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» Ceramicsare materialsthat are baked or fired at very high temperatures.

» Cementismade by heating a ground mixture of sand and clay. It contains calcium
oxide, silicon dioxide, aluminiumoxide, iron (I11) oxide, and magnesium oxide.

e Sugar is manufactured from sugarcane in a series of steps.

» Paper and pulp are manufactured from trees in a series of steps. Bleaching
agents such as chlorine, chlorine oxide, ozone or hydrogen peroxide are used
in paper and pulp production.

» Tanningis a process of converting skin to leather.

» The methods used in food processing and preservation are salting, pickling,
sugaring, smoking, drying, canning etc.

» Pollution isthe discharge of harmful waste material into the environment.
» Thethreetypes of pollution are air, land and water pollution.

» Air pollution is caused by the release of sulphur dioxide, oxides of nitrogen,
carbon monoxide, hydrocarbons, particulates, CFCs, and lead compounds
etc. into the atmosphere.

» Water pollutioniscaused by the discharge of untreated sewage, industrial and
agricultural waste and oil spillage.

» Land pollution results from the spillage of oil, leaching of harmful chemicals
and heavy metal ions, and dumping of non-biodegradable wastes such as
plastics.

REVIEW EXERCISE ON UNIT 4

Part I: Write the missing words in your exercise book

air blast coke haematite oxide reduces

1. Weextractironfromironorein_a_furnace. Thecommonest oreof ironis b. The
other raw materialsused are_c _, limestoneand_d . Inside the blast furnace,
carbon monoxide_e theiron (111)_f toiron.
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Part ll: Multiple choices type questions

2. Which of the statements about the extraction of ironintheblast furnaceistrue?
a limestoneisadded to combinewith excesscarbon dioxide
b adagof ironoxideformsat the bottom of thefurnace
¢ hotarisblowninat thetop of thefurnace
d carbonmonoxidereducesiron (l11) oxidetoiron
3. Cdciumoxideisaddedtoastedd making furnaceto:
a oxidizebascoxides
b oxidizecarbonto carbon dioxide
¢ reactwithacidimpurities
d reactwithslicontoformsilicondioxide
4.  Whichof thefollowing statementsabout fertilizersistrue?
a ammonium nitrate can beused asafertilizer
b fertilizerscontainnitrogen, sulphur andiron
c fertilizersare added to thesoil to makeit moreakaline
d fertilizersaremade by combining calciumwith oxygen
5. Thechemicad namefor quicklimeis.

a caciumcarbonate c cdcumhydroxide
b cdcumsulphate d cadcdumoxide

6. Ordinary glassischiefly composed of:
a AlLSIO,(OH)andS O, ¢ NaSiO,andCaSiO,
b AlLO,andK_ SO, d Na,CO,and SO,

7. Thepurposeof using brineinthe processof tanningisto:
a removeunwanted fleshfromtheskin
b dehydratetheskinandkill bacteria
c removehar fromtheskin
d makethe skin soft
8. Inthesugar industry, sulphur dioxideisused as.
a adisnfectant C apreservative
b ableaching agent d anoxidizingagent
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9. Inthetanning process, the purposeof putting theskininto daked lime solutionisto:
a facilitatetheremoval of unwanted flesh
b dehydratetheskin
c facilitatetheremova of hair
d softentheskin

10. Whichof thefollowingisthe purpose of treating the crude bauxite ore with hot
aqueous sodium hydroxidein the extraction of duminium?

a tolower themdlting point of crudebauxite
b todissolveimpuritieslikeiron oxides
c todecreasethesolubility of crudebauxite
d toobtainpureauminiumoxide
11. Whichof thefollowingisnot araw materia inthe manufacture of ordinary glass?

a boronoxide c dlicasand

b limestone d sodaash
12. Of thefollowing, alight metd is:

a Au c Hg

b Ag d A

13.  Aluminiummeta hasthefollowing propertieswith theexception that:
a itoccursinnatureinthe combined formasbauxite
b itisaconductor of heat and electricity
c itisductileand madlegble
d itisaheavy meta
14.  Aluminiumisusedfor:

a kitchenutendls ¢ mekingdloys
b eectricwires d dl of theabove
15.  Whichof thefollowingisthe purest formof iron?
a castiron Cc wroughtiron
b pigiron d limonite
16. Whichof thefollowingisused for theextraction of copper?
a haemdtite c caydlite
b chacopyrite d ddeite
17. Thehighest quality stedl isproduced by using:
a Contact Process c BasicOxygenProcess

b Open-hearth Process d Bessemer Process
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18.  Whichof thefollowing € ementspossessdlotropes?
a carbon c phosphorus
b sulphur d d

19. Theproduct obtained by combiningamaterid richinlime, CaO with other materias
suchasclay, which containssilica, SO,, dong with oxides of aluminium, ironand

magnesumis
a glass c cement
b ded d fetilizer

20.  Whichof thefollowingisnot aspecific characteristic of chemica industries:
a udgngnaturdly availableraw materids
b providing transport servicesto customers
¢ involvingchemicd reactions
d consumingenergy
21.  Which of thefollowingisanon-renewableresource:

a sl Cc petroleum
b water d plants
22. Which of thefollowing e ementsdoesnot react with nitrogen:
a L c Fe
b Ca d Mg
23.  Whichof thefollowingisnot auseof nitrogen:
a makingmeatches ¢ productionof ammonia
b makingfertilizers d asarefrigerant
24. Themost abundant elementintheearth’scrustis:
a dlicon c iron
b oxygen d duminum
25.  Which of thefollowing el ementsisnot found asafreeelement in nature:
a sulphur C oxygen
b copper d chlorine

Part lll: Match the following items

26. sulphur dioxideand nitrogen oxides a destroy theozonelayer
27. hydrocarbonsand ozone b poisonoussubstances
28. paticulaes c acdran

29. CFC's d snog

30. excesscarbondioxide e greenhouseeffect

31. lead compoundsand carbonmonoxide  f irritatethelungs

237




- CHEMISTRY GRADE 10

Part IV: Answer the following questions

32.
33.
34.

35.
36.
37.
38.

39.

40.
41.

42.
43.

45.
46.
47.

Why isitimportant to ban the use of CFC’sasrefrigerants?
Mention three pollutantsthat can bereleased from the exhausts of motor vehicles.

What isthe difference between carbon monoxide and carbon dioxidein polluting
theenvironment?

What istheimpact of using fertilizersand pesticideson the pollution of water?
What isthe green-house effect? And what isitsrelationship to global warming?
What isthe effect of heavy metalslike Pb, Cd, and Hg on the body?

Mention three diseasesthat are caused by drinking water polluted by untreated
sewage.

Mention two methods of converting potentially dangerouswasteinto harmless
substances.

Explainat least twofactorsinvolvedinland pollution.

What aretheimportant propertiesof auminium that makeit useful intransport and
congtruction?

Aluminiumisoneof themost reactivemetals. How could it be corrosion resistant?
Ironisextracted in ablast furnace as shown below:

iA//I——bB

a Namethefour raw materialsusedin theextraction of ironfromitsore.
b Whichletter inthediagram of blast furnaceindicates:

1)  Theregionwhere solid raw materialsare put into thefurnace.

i) Thehottest region of thefurnace.

li) Theregionwheredagiscollected.

Write balanced chemical equationsfor the given reactions, whichtake placeinthe
blast furnace during the extraction of iron:

a Thereactionof iron (111) oxidewith carbon monoxide.

b Thereaction of calciumoxidewithslicon (1V) oxide.

Why islimestone added to the blast furnace?

Explainwhy auminiumisused to make cooking utendils.
Describethe advantages of using steel alloysinstead of pureiron.
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