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Take Good Care of
This Textbook

This textbook is the property of your school.
Take good care not to damage or lose it.
Here are 10 ideas to help take care of the book:

Cover the book with protective material, such as plastic, old newspa-
pers or magazines.

Always keep the book in a clean dry place.

Be sure your hands are clean when you use the book.

Do not write on the cover or inside pages.

Use a piece of paper or cardboard as a bookmark.

Never tear or cut out any pictures or pages.

Repair any torn pages with paste or tape.

Pack the book carefully when you place it in your school bag.

Handle the book with care when passing it to another person.

When using a new book for the first time, lay it on its back. Open
only a few pages at a time. Press lightly along the bound edge as you
turn the pages. This will keep the cover in good condition.
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CLAssIFICATION OF COMPOUNDS

[ Compounds

Organic Inorganic
Compounds Compounds

MAIN CONTENTS

1.1 INTRODUCTION
1.2 ORGANIC COMPOUNDS
1.3 INorRGANIC COMPOUNDS

= Unit Review
e

Unit OutcomEs

After completing this unit, you will be
able to:

v

v

explain the classification of compounds
info organic and inorganic;

know the formulas, names and
importance of hydrocarbons;

explain the classification of inorganic
compounds info oxides, acids, bases
and salts;

know the properties, preparations and
uses of common oxides, acids, bases
and salts;

develop skills in identifying acidic, basic
and neutral solutions;

explain the safety precautions while
working with acids and bases; and

demonstrate scientific inquiry skills along
thisunit: observing, classifying, comparing
and  confrasting,  communicating,
asking questions, designing experiment,
drawing conclusion, applying concepfts
and problem solving.




START-UP ACTIVITY

In Grade 7 Unit 2, you have learned about substances. Form groups and discuss the following.

1 What are compounds and how are they classified?

2 Assume that you are given two compounds (water and alcohol) in two different
containers. Explain how you could distinguish between these two substances.

3 What are the differences between elements, compounds and mixtures?

After the group discussion, choose a group representative to present the group’s opinion to

Qhe class.

B 1.1 IntroDUCTION

After completing this section, you will be able to:

v tell that compounds are classified as organic and inorganic;
v define organic chemistry as the study of carbon containing compounds; and

v define inorganic chemistry as the study of non-carbon containing compounds.

ﬁﬂ@”@@?@ﬂ@@&
Nore

In 1828, Friedrich Wohler, a German chemist, converted ammonium
cyanate, an inorganic compound, intfo the organic substance urea.
Wohler's discovery revolutionized the study of chemistry by redefining
the way chemists distinguished between inorganic and organic
substances. He was also credited for his work in isolating the elements

aluminum and beryllium.

Freidrick Wohler

(1800 - 1882)

What is the need to classify compounds?

Ahuge number of chemical compounds are known. Just as biologists group plants and animals
to show their fundamental similarities, chemists group compounds to show patterns and trends
in the physical and chemical properties of substances. Classification helps us to systematically
arrange the vast information of science and makes it easy to remember and understand.

Until the early 19" century, chemists classified compounds based on their sources as
organic and inorganic. They classified compounds obtained from living organisms as
organic compounds and compounds obtained from the constituents of the earth (minerals)

as inorganic compounds.

1.1 INTRODUCTION



The term “organic” was originally used by the chemists of the eighteenth century to
describe compounds obtained from living sources (plants and animals). These chemists
believed that nature possessed a certain vital force or “vis vitalis’ which occurs only in living
things. According to their thought, only living things could produce organic compounds.
This belief was disproved in 1828 by Friedrich Wahler, a German chemist who prepared
urea, an organic compound, from the reaction between solutions of inorganic compounds
ammonium chloride and silver cyanate.

NH,ClI (aq) + AgCNO (aq) —> NH,CNO (aq) + AgCl(s)

Ammonium chloride Silver cyanate Ammonium cyanate Silver chloride

NH,CNO (aq) —=— (NH,),CO (s)
Urea
Today, organic chemistry is defined as the study of carbon containing compounds. Nearly

all compounds found in living organisms are organic. Besides this, the vast majority of
compounds encountered in our daily lives are organic.

Inorganic chemistry is the study of non-carbon containing compounds. Note that
inorganic chemistry also includes the study of certain carbon containing compounds such
as carbonates, hydrogen carbonates, carbon monoxide and carbon dioxide which are not
organic compounds. The properties of these compounds are more closely related to those
of inorganic substances.
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Classify each of the following compounds as organic or inorganic.

a  Common salt €  Vinegar (Aceto)
b Animal fat f Carbon dioxide
C  Sugar g  Vegetable oil

d  TIron (II) oxide h  Water

2 Which field of study (organic chemistry or inorganic chemistry) includes the study
of the properties and preparation of each of the following substances?

a Chalk C Plastics

b Aspirin (anti-pain) d  Urea
I e T T AT

1.2 OrcANIiC COMPOUNDS

After completing this section, you will be able to:
v write the general formula of alkanes, alkenes and alkynes;

v write the specific chemical formulas of the first ten members of alkanes,
alkenes and alkynes;

v" name the first ten members of alkanes, alkenes and alkynes; and

v’ list some common uses of organic compounds.

1.2 OrcaNiCc COMPOUNDS



1.2.1 Formula of Hydrocarbons
AcTtivity 1.1 N

Form a group and perform the following activity. Share your opinion with your group members.
1 Why do you think hydrocarbons are classified as organic compounds?

2 Which elements are constituents of hydrocarbons?

\3 Why is the name “hydrocarbon” given to the compounds mentioned above? )

Organic compounds are classified based on their functional groups. Each group of organic
compound is called a homologous series.

Organic compounds containing only hydrogen and carbon are called hydrocarbons. The
three major classes of hydrocarbons are alkanes, alkenes and alkynes.

Alkanes are hydrocarbons with the general formula of C H, ., where n=1, 2, 3, etc and stands
for the number of carbon atoms in each alkane. For example, if n is 1, the formula of the
alkane becomes C H, = CH,. Similarly, if n is 2, the formula of the alkane becomes

CH, , ,=CH,. If you closely observe the formulas of the two compounds, they differ by

250042

CH, group. Compounds that differ by a constant group like CH, are called homologues.

CH CH CH,
CH, —— CH;——> CH;——> CH,,
A group of compounds whose consecutive members differ by a CH, group is known as a
homologous series. It is a series of compounds of similar properties.

Iﬁ%ﬁm%ﬁll 11l IIIII-HH%IHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1 Write the formulas of alkanes that contain three, five, seven, and nine carbon atoms.

2 Give the formulas for the alkane homologues immediately coming before and after
CH,,.
N O T T T InAY

Alkenes are hydrocarbons with the general formula of C H, where n=2, 3,4, etc. Alkenes
have fewer hydrogen atoms than the corresponding alkanes. For example, if n is 2, the
formula of the alkene becomes C H, ,= C H,, whereas the corresponding alkane has the
formula C,H_. Similarly, if n is 3, the formula of the alkene becomes C.H, .= C.H and

3772x3
the formula of the corresponding alkane is C,H,.
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1 What is the difference between alkanes and alkenes?
2 Write the formulas of the alkenes that contain four, six, eight and ten carbon atoms.

3 For the first 6 members in the series of alkenes, plot the number of carbon atoms
on one axis and the number of hydrogen atoms on the other axis. Use this graph to

derive the formula of the alkene that has 10 carbon atoms.
DR EEEEEEEEEEEEEE R R R R

Alkynes are hydrocarbons with the general formula of C H, .. For instance, if n is 2, the
formula of the alkyne becomes C.H, , = C H,. Similarly, if n is 4, the formula of the
alkyne is C,H, , .= C,H,. Note that the number of hydrogen atoms present in an alkyne is

always twice the number of carbon atoms minus two.

Iﬁ%ﬁlﬂ-ﬂ-ﬂ Iﬁl 1 ||||-|HI1||| RN RN RN RN RN

1 Write the formulas of the first nine members in the series of alkynes.

2 Write the formulas of the corresponding alkane, alkene and alkyne which contain 9

carbon atoms. Compare and contrast the formulas of these hydrocarbons.
OEEE RN R i

1.2.2 Nomenclature (Naming) of Hydrocarbons

AcTtivity 1.2 N

Form a group and perform the following activity. Share your opinion with your group members.

1 How do we give specific name to a hydrocarbon?

2 Are hydrocarbons named based on certain rules or randomly?
\\

We name alkanes, alkenes and alkynes by BN e det s o Prefix
combining prefixes and suffixes. To name | Meth-
a hydrocarbon (an alkane, an alkene, an |2 Eth-
alkyne), we use one of the prefixes givenin |3 Prop-
Table 1.1 prefixes of the first ten [4 But-
hydrocarbons to indicate the number of [2 Pent-
carbon atoms in the hydrocarbon. We then s ﬂgx't
add an appropriate suffix to indicate the 3 OCE
type of hydrocarbon. In general: 9 Non-

10 Dec-

(:9 The names of alkanes, alkenes and alkynes end with the suffixes ‘-ane’,
““ene’and “-yne’, respectively.
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For instance, the formula of the alkane containing one carbon atom is CH,. The prefix
is ‘meth-" and we add the suffix ‘-ane’ to the prefix. Thus, the name of the compound
becomes methane. Similarly, C.H , contains five carbon atoms in its molecule, so its
prefix is ‘pent-". It is an alkane, hence the name ends with ‘-ane’. Thus, C.H,, is named

pentane.

What is the name of the alkane that has the formula C H,?

The method used for naming alkanes also applies to alkenes. But, the ending (suffix) ‘-ene’
is used instead of ‘-ane’. For example, an alkene that has the formula C.H  is named
pentene. The prefix ‘pent-’ indicates that the compound contains five carbon atoms, and
the suffix ‘-ene’ shows that the compound is an alkene.

What is the name of an alkene having the formula C H?

Alkynes are also named using the same method. The names of alkynes are obtained
by changing the suffix ‘-ane’ of alkanes to ‘-yne’. For example, the formula of alkyne
containing two carbon atoms is C H,. The prefix is ‘eth-’ and the suffix is ‘-yne’.
Combining the prefix and suffix gives ethyne.

What is the name of an alkyne having the formula C .H 2

|H‘F_FIMH‘:I1-'|H-||-|| Iﬁlﬁl IIIlmnﬁlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1 Write the molecular formulas of the following hydrocarbons.

a  Butane, butene, and butyne

O  Hexane, hexene and hexyne

2 Copy and complete the following table in your exercise book.

=[O0 N0\ | [WIN|[—

0
T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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1.2.3 Importance of Organic Compounds
AcTiviTy 1.3 u

Form a group and perform the following activity. Share your opinion with your group members.
] Give some examples of organic compounds that are used in your locality.
2 Explain how these organic compounds have made life more comfortable for human

beings.
. J

Many organic compounds are very useful in our daily life. Some important organic
compounds and their uses are described in the following section.

Importance of Some Hydrocarbons
Methane, CH,

Methane is mainly used as a source of energy for cooking, heating and generating
electricity. Biogas that is used as a domestic fuel mainly consists of methane.

Propane and Butane

Both propane and butane are gaseous alkanes. The mixture of propane and butane is
compressed at a moderate pressure and stored in steel cylinders. It is marked as bottled
gas and commonly known as “butagas”. It is mainly used for cooking and heating.

What is the physical state of the fuel in a lighter? What happens if you press the lighter
in order to let the fuel to flow out?

Octane

Octane is a liquid alkane. Octane is one of the components of petrol. It is used as fuel in
engines. Figure 1.7 shows a fuel station where octane and other hydrocarbons are stored and
sold.

Figure 1.1:  Fuel station

1.2 OrcaNiCc COMPOUNDS



Do your parents use kerosene? If your answer is yes, for what purpose do they use it?

Decane is one of the components of kerosene. Kerosene is used for lighting and cooking.
It is also used as jet fuel.

Ethene and Propene

Ethene and propene are gaseous alkenes. Both ethene and propene are used for the
production of plastics. Ethene is the starting material in the synthesis of polyethylene
plastics. Propene is used for the production of polypropylene plastics. Figure 1.2 shows
containers made from plastics.

Plastic bottles Plastic containers
Water tank

Figure 1.2: ~ Containers made from plastics

Ethyne

Ethyne is the simplest alkyne. One of the main
uses of ethyne is to produce oxyacetylene flame,
which is used in the cutting and welding of steel
and iron (Figure 1.3).

Figure 1.3: ~ Oxyacetylene torch

Importance of Other Organic Compounds

Ethanol (Ethyl alcohol)

What is the common constituent of ‘Tella’, ‘Tej’, ‘Katikalla’, ‘Wine’, ‘Ouzo’, etc?

All alcoholic beverages contain ethanol. Nowadays ethanol mixed with petrol is used
as a fuel. It is also used in the production of acetic acid, and in hospitals and clinics for
cleaning wounds.

1.2 OrcaNnic COMPOUNDS



Activity 1.4

—

In your group, discuss the negative effects of drinking alcohol. After the discussion, choose a

group representative to present the group’s opinion to the class.

Ethanoic Acid (Acetic acid)

When we eat uncooked vegetables such as salad, we usually
add ‘acheto’ or vinegar. Vinegar is used as food flavoring
agent. It is also used as a disinfectant. For table vinegar, the
acetic acid concentration typically ranges from 4% to 8%,
by volume. For use in preserving vegetables (pickling) it
typically ranges up to 18%.

Figure 1.4:

Formalin

The water solution of formaldehyde is referred to as formalin.
Formalin contains 40%, by volume, of formaldehyde.
Formalin is used for the preservation of biological specimens,
because it makes proteins hard and insoluble.

Figure 1.5:

pPLE CIDER
VINEGAR

FILTERED

» i

Vinegar in a glass bottle

ORMALDEHYPE
SopLyTioN

(FormAaLIN)

(2594 - 37%)

Formalin in a plastic bottle
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Write the formula of each of the following hydrocarbons.

O  Pentene d  Octene
b Heptane e  Nonane
C  Hexyne
2 Classify each of the following hydrocarbons as alkane, alkene or alkyne.
a CH, c CH,
b C14H30 d C7H16

3 Write the formula and name of each hydrocarbon described below.

ad  An alkane that contains eight carbon atoms.
b An alkane that contains seven carbon atoms.

C An alkene that contains nine carbon atoms.

1.2 OrcaNiCc COMPOUNDS



d  An alkene that contains eight carbon atoms.
€  An alkyne that contains eight carbon atoms.
f An alkyne that contains seven carbon atoms.
4 Name the hydrocarbons or an organic compound described by each of the following.
Bottled gas used as fuel.
Component of fuel for engines.
Component of kerosene.
Starting materials for the production of plastics.
A fuel to produce flame used for cutting and welding metals.

A constituent of all alcoholic beverages.

Q@ ™ 0O O O T QO

Organic chemical used to preserve biological specimens.

h A chemical used as food flavoring agent.
T e e T T Y AT

BB 1.3 InorGaNic COMPOUNDS

After completing this section, you will be able to:

v tell that inorganic compounds are classified into oxides, acids, bases and salts;

v define oxides;

v’ classify oxides into metallic and non-metallic oxides;

v' give examples of metallic and non-metallic oxides;

v define acidic oxide and basic oxide;

v give examples of acidic and basic oxides;

v describe the properties of acidic oxides and basic oxides;

v explain the preparation of acidic oxides and basic oxides;

v prepare sulfur dioxide in the laboratory by burning sulfur in air;

v'use moist blue litmus paper to test the acidic nature of sulfur dioxide;

V' prepare magnesium oxide in the laboratory by burning magnesium ribbon
in air;

v usered litmus paper to test the basicity of magnesium oxide in water solution;

v define acid as a substance that releases hydrogen ions in water solution;

V' give common examples of acids;

v define pH as the measure of acidity or alkalinity of a solution;

v describe pH scale;

v explain preparation of acids by direct combination of elements and
reaction of acidic oxide with water;

v describe the properties of acids;

1.3 INorGANIC COMPOUNDS



conduct experiments on the properties of acids;

list some common uses of hydrochloric acid, nitric acid and sulphuric acid;
define base as a substance that neutralises an acid;

define an alkali as a substance that releases hydroxide ions in aqueous solution;
give some common examples of bases;

prepare bases by the reaction of metals with water and basic oxides with
water;

\

describe the properties of alkalis;

\

investigate properties of bases experimentally;

<\

list some common uses of sodium hydroxide, magnesium hydroxide and
calcium hydroxide;

define dilute and concentrated acid and base;

describe concentrated acidic and alkaline solutions;

describe dilute acidic and alkaline solutions;

explain the safety precautions while working with acids and bases;
give some common examples of salts;

name some common salts;

NN N N S NN

define salts as compounds that are composed of the positive ions of a base
and the negative ions of an acid;

tell that salts are classified as binary and ternary;
define binary salts;
define ternary salts;

give examples of binary and ternary salts;

AN N NN

explain direct elemental combination and neutralization reactions as methods
of salt preparation; and

<\

list some uses of common salts.

AcTtivity 1.5 ]
————EEED

Form a group and discuss the following activity.

What do you like to eat for your breakfast? What are some of the substances in your breakfast?
Look at the label on the boxes or any container from which your breakfast is prepared. What
names of substances can you identify on the label? Compare the names of elements on the

label with the names of elements in the periodic table.
\\ J

Just like organic compounds, inorganic compounds can be classified into groups according
to their composition and their properties. These include oxides, acids, bases and salts.

1.3 INorGANIC COMPOUNDS



1.3.1 Oxides

AcTivity 1.6 ]
—_—

Form a group and perform the following activity. Write the answers to the questions in your
notebook.

Answer the following questions based on the given compounds

a Magnesium oxide C Sulphur dioxide e Carbon dioxide

b Calcium oxide d Sodium oxide

—_

Write the formulas of the above compoounds and the symbols of its elements.
Which element is common to all compounds given above?

How can the compounds mentioned above be classified? Give reasons for your classifications.

A OO0 N

Based upon the constituent elements, predict which compound is a metallic oxide and
which one is a non-metallic oxide?

Now join your group and discuss your answers together. After the discussion, choose a group
representative to present the group’s opinion to the class.

/

Oxides are binary compounds that contain oxygen. Many elements react with oxygen to
form oxides.

Element + Oxygen —  Oxide

The noble gases (He, Ne, Ar, etc.) and inactive metals such as gold, platinum and palladium
do not react with oxygen to form oxides. Some examples of oxides are Li,0, Na,O, NO,,
SO, CO,, etc.
IH%%ﬁMﬁﬂuﬁﬁmmﬁ%mum11111111111111111111111111111111111111111111111111111111111111111111111111111111111
Which of the following compounds are binary compounds? Which of them are oxides?

a  HCl d NO, g  Fe(OH),
b  KOH e  HCIO, h  PbNO,),
c  HO, f MnO,

T e e T
Types of Oxides
Most oxides are classified as metallic oxides and non-metallic oxides.

Metallic oxides are binary compounds containing only metals and oxygen. Examples are
Ca0, Na 0, Al,O,, MgO, etc.

Non-Metallic Oxides are binary compounds containing only non-metals and oxygen.

NO,, H,0, CO,, etc are common example of non-metallic oxides.

1.3 INorGANIC COMPOUNDS



Acidic oxides are oxides of non-metals. They are also called acid anhydrides. Acid anhydride
means acid without water. There are some oxides of metals that are acidic. For example,
CrO, and WO,. All non-metallic oxides are not necessarily acidic oxides. For example, CO

and NO are neutral. Some examples of acidic oxides are SO,, NO,, P,O,, CO,, etc.

Basic oxides are oxides of metals. They are also called basic anhydrides. All metallic

oxides are not necessarily basic oxides. Some examples of basic oxides are Na O, Li,0,
CaO, MgO, etc.
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1 What products are formed when the following metals react with an excess oxygen?
a  Magnesium c  Iron
b Zinc d  Lithium

2 Classify the following oxides as acidic or basic oxides. Give reasons for your
classifications.
a CuO b CO c KO d PO,

Properties of Oxides

An acidic oxide or acid anhydride reacts with water, to form an acid.

Acidic oxide + Water —  Acid

Examples
so, + HO — HSO,
Sulphur trioxide Water Sulphuric acid
co, + HO — HCO,
Carbon dioxide Water Carbonic acid

Acidic oxides react with bases to form salts and water.

Acidicoxide + Base —  Salt + Water

Example

SO + Ca(OH),  —  CaSO, + H,0

3
Sulphur trioxide Calcium Hydroxide Calcium sulphate Water

A basic oxide or basic anhydride reacts with water to produce a base.

Basicoxide + Water —  Base

Examples
CaO +  HO — CaOH),
Calcium oxide Water Calcium hydroxide
KO  + HO — 2KOH
Potassium oxide Water Potassium hydroxide

1.3 INorGaNIC COMPOUNDS



Basic oxides react with acids to form salts and water.

Basic oxide + Acid — Salt + Water

Example

Ca0 +  2HCI - CaCl, + HO

Calcium oxide Hydrochloric acid Calcium chloride Water

Iﬁ”ﬁl“l II 1] IIIl]nﬁlllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Classify the following oxides as acidic or basic and give one possible reason to
support your statement.

a Barium oxide C Sodium oxide

O Sulphur dioxide d  Carbon dioxide

2 The observations given below are related to two oxides, A and B. Classify the
oxides as acidic and basic oxides.

A is a white crystalline solid which reacts vigorously with water, forming a
solution which turns blue litmus paper red.

B isawhitesolidwhichreacts vigorously with water, forming a white suspension.
When this is filtered, the filtrate turns red litmus paper blue.

3 Predict whether or not the oxide formed from each of the following elements is a
basic oxide and an acidic oxide.

a Sodium C Carbon

b Calcium d  Phosphorus
4 How do oxides of metals differ chemically from those of non-metals?

5  Classify the following oxides as acidic or basic oxides.

a PO, d SO,
b N, e KO
c BaO

6 Identify the anhydrides of the following acids and bases.
a  HNO, d H,SO,
L NaOH e H.CO,
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Preparation of Oxides

There are two common methods for preparing oxides. These are:
[ direct combination of elements with oxygen (direct synthesis) and

ii thermal decomposition of some compounds.
I Direct combination of elements with oxygen
Direct synthesis involves the combination of oxygen with active metals and non-metals.

a Non-metal + Oxygen — Non-metallic oxide

Examples
cC + 0, — (o,
Carbon Oxygen Carbon dioxide
4p + 50, — 2P0,
Phosphorus Oxygen Phosphorus pentoxide

b Metal + Oxygen — Metallic oxide

Examples
4Fe + 30, — 2Fe,0,
Iron Oxygen Iron (111) oxide
2Mg + 0O, —  2MgO
Magnesium Oxygen Magnesium oxide
Activity 1.7 u
—_—

Form a group and discuss the following activity.

Write chemical equations that show preparations of oxides of nitrogen and sodium by direct

synthesis.
=| Experiment 1.1 =

Title: Preparation of Sulphur Dioxide

Objective: To prepare sulphur dioxide and test whether it is an acidic oxide or a basic oxide.

Materials required: Sulphur, litmus paper (blue and red), gas jar, Bunsen burner, deflagrating
spoon.
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Procedure:

1 Put some powdered sulphur in a
deflagrating spoon and ignite it as
shown in Figure 1.6.

When it starts burning, put it into a gas jar.

When the burning stops, add 5 mL of
water to the gas jar and shake.

4 Put blue and red litmus paper, one after
the other, in the jar.

5 Record your observations.

Observation and Analysis:

. Fi 1.6: B i Iphur in ai
a What is the color of the flame when 'gure urning sulphurin air

sulphur burns in air? What happens to the color of blue and red litmus papers
in step 47
Write the chemical equation for this combustion reaction.

Classify the oxide formed by the combustion of sulphur as acidic or basic.

= Experiment 1.2 —=
e —
Title: Preparation of Magnesium Oxide

Objective: To prepare magnesium oxide and test whether it is an acidic oxide or a basic oxide.

Materials required: Magnesium ribbon, red and blue litmus papers, Bunsen burner,
tongs, crucible.

Procedure:

1 Cut about 2 cm of magnesium ribbon.

2 Hold the ribbon with a tong and burn it over a flame from the Bunsen burner as
shown in Figure 1.7. The moment it starts burning, put the burning metal into a
crucible and collect the product.

3 Add a small amount of water to the
resulting powder in the crucible and
shake it.

4 Rub the resulting substance between
your fingers.

5 Test the solution with red and blue
litmus paper.

) Figure 1.7:  Burning of magnesium in air
6 Record your observations.

1.3 INorGANIC COMPOUNDS



Observation and Analysis:

What is the color of the flame produced when magnesium burns in air?

Write the chemical equation for the reaction.

What do you feel when you rub the magnesium oxide solution between your fingers?

What happens to the color of the red and blue litmus papers?

® O O T QO

Is the resulting solution basic or acidic?
Il Thermal decomposition of some compounds

Thermal decomposition of a compound (also called indirect synthesis) is its decomposition
by the action of heat. The following examples indicate the formation of oxides by thermal
decomposition.

ad  Thermal decomposition of metal hydroxides

Metal hydroxides decompose by heat to form metal oxides and water.

Metallic hydroxide hiet Metallic oxide + Water

Examples
heat
Zn(OH), — ZnO + H,0
Zinc hydroxide Zinc oxide Water
heat
PbOH), =  PbO  + H,0
Lead(Il) hydroxide Lead(Il) oxide Water

O Thermal decomposition of carbonates

Some metal carbonates decompose by heat to form metal oxides and carbon dioxide.

heat ) ) ..
Metallic carbonate _e)a Metallic oxide + Carbon dioxide

Examples
heat
znco, &' 70  + CO,
Zinc carbonate Zinc oxide Carbon dioxide
heat
CaCoO, - CaO + CO,
Calcium carbonate Calcium oxide Carbon dioxide

C  Thermal Decomposition of nitrates

Nitrates decompose by heat to give metallic oxides, nitrogen dioxide and oxygen.

Metallic nitrate hE? ! Metallic oxide + Nitrogen dioxide + Oxygen
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Examples
heat
2Zn(NO,), —> 2700  + 4NO, + O,
Zinc nitrate Zinc oxide Nitrogen dioxide Oxygen
heat
2Pb(NO,), — 2PbO  + 4NO, + O,
Lead(1l) nitrate Lead(1l) oxide Nitrogen dioxide Oxygen
AcTiviTYy 1.8 u
]
1 Refer to Chemistry text books or any other reference materials and investigate the

formation of oxides by the thermal decomposition of

a copper hydroxide b copper carbonate C copper nitrate

k2 Write the chemical equations for the reactions in this activity.

|H‘F_FIMH‘:I1-'|H-||-|| IFI 1] IIII-IHr;,IH;HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1 Describe some acidic oxides that can be prepared by the thermal decomposition of
nitrates and carbonates.

2 Give two other examples each to acidic and basic oxides that are not mentioned above.
T T T T

1.3.2 Acids

AcTtivity 1.9 ]
——

Form a group and perform the following activity.

Imagine a taste experiment using orange, lemon,
tomato and grape fruit. They all taste alike. In what
way would they taste alike, and why? What is the
name of the acid in lemon and orange?

After the discussion, present the group’s opinion to the
class.

CAUTION! You should not taste any substance to
identify the acidity or basicity unless you
are told to do so.

Figure 1.8: A boy tasting lemon
. J

For millions of years people have known that vinegar, lemon juice and many other foods taste
sour. However, only a few hundred years ago people discovered why these things taste sour.
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The term acid, in fact, comes from the Latin term “acidus” which means “sour”. We come
across many acids each day in the food we eat, see Figure 1.9 For example, orange juice and
grape fruit juice contain citric acid. These juices, and others, also contain ascorbic acid,
commonly known as Vitamin C. Salads are often flavored with vinegar, which contains
dilute acetic acid. Carbonated beverages have carbonic acid in them. Sour ‘Tella’ contains
acetic acid and milk contains lactic acid. So not all acids are harmful.

Activity 1.10 ]

In your group, list names of some laboratory acids you know. Among your list, select three
most common laboratory acids. Then, tell your classmates what these acids are.

( )
We also have acids in our body. For example, ’
human stomach contains hydrochloric acid,
which is used to digest food. Some insects use
acids as a form of defense. For example, bees
and ants contain formic acid in their stings
which create irritating pain when they bite us.

Figure 1.9: ~ Some substances containing acids

Acids are a group of substances that release hydrogen ions (H") when they are in aqueous
solution. Acids have sour taste.

Example:

HCl(g) =5 Hi(aq) + Cl(aq)

Note that (g) stands for the gaseous state and (aq) stands for the aqueous (water) solution.

In any chemistry laboratory, we find acids such as hydrochloric acid, sulphuric acid,
and nitric acid. These acids are called mineral acids. Hydrochloric acid, nitric acid and
sulphuric acids are the three common laboratory acids. You probably use mineral acids in
your school laboratory.

Some more examples of acids that we commonly encounter in our lives are citric acid
(from citrus fruits), carbonic acid (for the carbonation of soft drinks), methanoic acid
(formic acid), and benzoic acid.

The pH Scale

When scientists talk about how acidic or basic a solution is, they use the pH scale. pH is
a measure of acidity or alkalinity of a solution. The pH scale ranges from 0 to 14.
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= Acids have pH value below 7. The more acidic a solution is, the lower its
pH value will be.

= Bases have pH value above 7. The more basic a solution is the higher its
pH value will be.

= The pH of a neutral solution is very close to 7.0.

o 7 | L

- Neutral -

Acidity increases Basicity increases

Figure 1.10:  The pH scale

Almost all substances can be classified as acidic, basic, or neutral based on their pH values.

Activity 1.11 n
—

Form a group and perform the following activity.

1 Predict the pH values of the following substances:
Lemon juice, solution of soap, a solution of antiacid, vitamin C and water.

2 Use Figure 1.10 as an example, and draw a scale for the pH range between acid and base,
through neutral.

Stomach acid (pH = 1), rain water (pH = 5.5), baking soda (pH = 9), and blood (pH = 7.4).

After the discussion, choose a group representative to present your group’s opinion to the
kcIass.

/

Preparation of Acids

There are two ways of preparing acids. These are:

i direct combination of elements
ii reaction of acidic oxides with water.
I Direct Combination of Elements

Some non-metals combine with hydrogen to form binary compounds, which in turn
dissolve in water to produce acids. For example, hydrogen combines with chlorine to form
hydrogen chloride gas. Hydrogen chloride, mixed with water, produces hydrochloric acid.

Hy(g + Cl(g —  2HCIg)
HCl(g) + HO() —  HCl(aq), (hydrochloric acid)

Note that (1) stands for the liquid state, (g) for the gaseous sate and (aq) for water solution.
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AcTtivity 1.12 n

Form a group and perform the following activity.

Write the chemical equations and names of binary acids that can be formed from the reaction
between hydrogen and fluorine, bromine, and sulphur.

After the discussion, choose a group representative to present the group’s opinions to the
class.
.

J

Il Reaction of Acidic Oxides with Water
Acidic oxides (acid anhydrides) react with water to form acids.

Acid anhydride @+  Water — Acid

Examples
0(2) + HO() — 2HNO,(aq)
Nitrogen pentoxide Water Nitric acid
SO,(g) +  H,0(0) — H,SO,(aq)
Sulphur trioxide Water Sulphuric acid
ActiviTy 1.13 ]
B e

Form a group and perform the following activity. After the discussion, choose a group
representative to present the group’s opinion to the class.

Write the chemical equation that represents how sulphuric acid is prepared from its acidic
koxide (acid anhydride).

J
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Name the following common laboratory acids.

a HCl c HSO

2Py
o HNO,

2 Indicate the pH value as pH < 7, pH = 7 or pH > 7 for each of the following
substances.

d  Lemon juice

O Water

C  Aqueous solution of MgO
d

Aqueous solution of Na,O
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3 Identify the compounds represented by X, Y and Z, and write the complete and
balanced chemical equations. Name the reactant or product wherever necessary.

a X + HOl — H,SO, (Sulphurous acid)
b CO(g) + HOI — Y( ? )

c PO + HON — Z( ? )
THEREEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Properties of Acids

|  Acids change the color of indicaters

What are acid-base indicators?

The easiest technique to identify an acid from a base is by using acid-base indicators.
Indicators are dyes extracted from plants that show the presence of an acid or a base
by undergoing specific color changes when placed in a solution. Litmus, methyl orange
phenolphthalein, and universal indicator are common indicators

= Experiment 1.3 =

Title: Effect of acids on acid-base indicators

Objective: To investigate the effect of dilute hydrochloric acid and sulphuric acid on the
colors of litmus paper, phenolphthalein and methyl orange.

Materials required: Blue and red litmus papers, phenolphthalein, methyl orange, test
tubes, test tube rack, dilute solutions of hydrochloric acid and sulphuric acid.

Procedure:
1 Pour about 5 mL of dilute HCI into three test tubes.

2 Hold the first test tube in inclined position and put blue and red litmus papers
turn by turn into it and see if there is any colour change.

3 Add few drops of phenolphthalein in the second and few drops of methyl
orange in the third and observe if there is colour change.

4 Repeat the above procedure using dilute H SO, solution.

Observation and analysis:

Record your findings in the following table.

Dilute HCI
Dilute H_SO,

Write a laboratory report in groups and submit it to your teacher.
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Activity 1.14 n

Form a group and perform the following activity. Choose a group representative to present
the group’s opinion to the class.

Add a small amount of lemon juice to a glass of tea. What happens to the color of the tea?
yVhich is the indicator, the lemon juice or the tea?

Il Reaction of Acids with metals

Dilute acids react with active metals like zinc, magnesium, iron and aluminum to form
salts and liberate hydrogen gas.

Active Metal + Dilute Acid —  Salt + Hydrogen
Example
Ca(s) + 2HCI(aq) (dilute) — CaCl(aq) + Hy(g)
Calcium Hydrochloric acid Calcium chloride Hydrogen

=_ Experiment 1.4 _=

Title: Reaction of an acid with a metal
Objective: To investigate the reaction of zinc metal with hydrochloric acid.

Materials required: Test tubes, test tube rack, rubber stopper, zinc metal, dilute HCI, steel
wool, lighter or match, wooden splint. p N

Procedure:

1 Pour about 5 mL of dilute HCI into
a test tube as shown in Figure 1.71.

Wooden splint

2 Clean a piece of zinc with the steel
wool until it is shiny.

. . Hydrochloric Aci
3 Add zinc to the test tube containing ydrochloric Acid

dilute HCI, close the test tube with
a rubber stopper and record your Zinc Metal
observations.

T4

Figure 1.11: Reaction of zinc with HCI

4 Ignite a wooden splint using lighter or match, remove the rubber stopper
and introduce the lighted splint in to the mouth of the test tube as shown in
Figure 1.11.

CAUTION! Note that you should hold the test tube and the lighted splint away from yourself and

others!
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Observation and analysis:

Why was the piece of zinc cleaned with steel wool?

What happens when you drop zinc metal into the test tube containing dilute HCI1?
How do you know that a gas is produced in the reaction?

What is the colour of the gas?

What happens when the lighted splint is held inside the mouth of the test tube?

- O O O T QO

Write the chemical equation for the reaction between zinc and hydrochloric acid.

Write a laboratory report in groups and present to the rest of the class.

Activity 1.15 ]
Perform the following tasks in groups, present your group’s work to the rest of the class.
1 Write the balanced chemical equations for the reactions between dilute hydrochloric
acid and;
a Magnesium C Iron

o} Aluminium

2 Write the balanced chemical equations representing the reactions between dilute H,SO,

and:
a Zinc C Aluminium
O Magnesium d  Iron
\\ W,

Il Reaction of Acids with Carbonates and Hydrogen Carbonates

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

Acid + Carbonate — Salt + Water + Carbon dioxide

Acid + Hydrogen carbonate — Salt + Water + Carbon dioxide
Example

2HCl (aq) + MgCO,(s) — MgCl(aq) + HO() + COLg)

H,SO, (aq) + Ca(HCO,),(aq) — CaSO,(aq) + 2H,O (1) + 2CO,(g)
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= Experiment 1.5 _—

Title: Reactions of acids with carbonates and hydrogen carbonates

Objective: To investigate the reactions of carbonates and hydrogen carbonates with dilute
hydrochloric acid and sulphuric acid.

Materials required: Dilute hydrochloric acid, dilute sulphuric acid, calcium carbonate,
sodium hydrogen carbonate, test tubes, test tube rack, lime water (calcium hydroxide
solution), spatula, rubber stopper.

Procedure:

1 Using a spatula, add calcium carbonate powder or a lump of calcium carbonate
into the first test tube and 5 mL of lime water into the second test tube.

2 Add 5 mL of dilute hydrochloric acid into a test tube containing calcium carbonate,
cover its mouth with rubber stopper immediately and hold it in inclined position.

3 Bring the mouth of the test tube containing lime water with your other hand
holding it in an inclined position closer to that of the test tube which you
covered with rubber stopper.

4 Remove the stopper so that the gas produced can escape into the test tube
containing lime water. Shake the test tube and see if there is any colour change.

5 Repeat the above procedure using sodium hydrogen carbonate and dilute
sulphuric acid.

Observation and analysis:

a  Is there formation of bubbles in step 2?
O Ifyes, what does the formation of bubbles indicate?
C  What happens to the lime water used in step 4? Why is that so?
d  Write the equation for the reaction:
1 between hydrochloric acid and calcium carbonate.
2 between sodium hydrogen carbonate and sulphuric acid.
3 that occurs in step 4.

IV Acids neutralizes bases.
Acids react with bases to form salts and water.

Acid + Base — Salt + Water.
Example

2HCl(aq) +  Ca(OH),(aq) — CaCl(aq) + 2H,O(D)

The reaction of an acid with a base or basic oxide is called neutralisation reaction.
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= Experiment 1.6 =

Title:  Neutralising effect of an acid on a base.
Objective: To investigate the neutralising effect of sulphuric acid on sodium hydroxide.

Materials required: Dilute sulphuric acid, sodium hydroxide solution, conical flask,
phenolphthalein, burette, stand, clamp, measuring cylinder, blue and red litmus
papers.

Procedure:

1 Set up the apparatus as shown in Figure 1.72.
2 Fill the burette with dilute sulphuric acid.

3 Measure 20 mL of sodium hydroxide solution, pour it into a conical flask and
add about five drops of phenolphthalein.

4 Open the stop cock of the burette,
add sulphuric acid to the sodium
hydroxide solution with your one
hand, while shaking the conical Burette
flask with your other hand.

. Dilute Sulphuri
S When the colour begins to e

acid
disappear, add the acid drop
by drop shaking the flask Stop cock
continuously.
6  When the colour disappears, Conical flask
Sodium hydroxide
completely, close the stop cock solution

of the burette immediately and
check the solution in the conical Figure 1.72:  Neutralization reaction of
flask using blue and red litmus sulphuric acid with sodium hydroxide
papers.

Observation and analysis

a  What colour appeared when phenolphthalein is added to the solution in the conical
flask in step 3.

O  Why does the colour disappear in step 6?

C  Does the solution obtained in step 6 affect the colour of either blue or red litmus
paper?

d  Write the balanced equation for the reaction that takes place in this experiment.

Write a laboratory report in groups and present your findings to the rest of the class.
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Uses of Hydrochloric Acid, Nitric Acid and Sulphuric Acid

Activity 1.16 u
Perform the following task in groups.
1 Read different chemistry reference books to investigate the common uses of:
a Hydrochloric acid b Nitric acid and C Sulphuric acid

2 Prepare a table as shown below and complete it with all the required information and
make a few minutes presentation.

Hydrochloric acid
Nitric acid

Sulphuric acid

\Q J

EXFIIH‘ITIH:EIEII 1111 IIII1 12

1 Write the colour of each of the following indicators in acidic solution.
d  Litmus paper O  Methyl orange C  Phenolphthalein

2 Which ion is a characteristic of all acids in water solution?

3 Acids can be formed by direct combination of elements. Give one example and
show the reaction using a chemical equation.

4 Which acid is produced in a small quantity in our stomach?

S What is the acid used in the preparation of explosives?

6 What is the acid used in car batteries?

/ What is the main commercial use of H2SO 4?
T e TR Ay,

1.3.3 Bases

Activity 1.17 n

Form a group and perform the following task. Choose a group representative to present your
group’s opinion to the class.

When plants are partly burned, ash is formed. When the ash is dissolved in water, it gives a
solution which tastes bitter and feels slippery when rubbed between the fingers. Why do you
Shinkthis happens?

J

A base is an oxide or hydroxide of a metal which neutralizes acid to form salt and water.
Bases which are soluble in water are called alkalis. An alkali is a substance that releases
hydroxide ion (OH") when dissolved in water. Sodium hydroxide, NaOH(aq), calcium
hydroxide, Ca(OH),(aq), and aqueous ammonia, NH,OH are common alkalis used in the
laboratory, industry and at home.
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Activity 1.18 n

Form a group and perform the following activity. Choose a group representative to present
your group’s opinion to the class.

Name some common bases that are:

a metal oxides and

kb metal hydroxides, and write their formulas. )

Preparation of Bases

Bases can be prepared by the following methods.

I Reaction between active metals and water

Active metals such as sodium, potassium and calcium react with water to form bases and
hydrogen gas.

Active metal + Water — Base + Hydrogen
Examples
2K(s) + 2H,0() — 2KOH(aq) +  Hy(g)
Potassium Water Potassium hydroxide Hydrogen
2Na(s) + 2H,0(I) — 2NaOH(aq) + Hy(g)
Sodium Water Sodium hydroxide Hydrogen
Il Reaction between metal oxides and water

When metal oxides react with water, a base is formed.

Basic anhydride + Water —  Base
(Basic oxide)
Examples
KO(s) + HO(I —  2KOH(aq)
Potassium oxide Water Potassium hydroxide
Na,O(s) + HO(I) —  2NaOH(aq)

Sodium oxide Water Sodium hydroxide

1.3 INorGANIC COMPOUNDS



= Experiment 1.7 — =

Title: Preparation of calcium hydroxide

Objective: To prepare calcium hydroxide by heating calcium in air and dissolving the
resulting calcium oxide in water.

Materials required: Evaporating dish, tripod, wire gauze, Bunsen burner, tong, water, red
litmus paper

Evaporating dish

L]

Procedure:

] Take small amount of calcium in an
evaporating dish.

2 Heat it on a Bunsen burner as shown
in Figure 1.13.

3 After it is burned, remove the
evaporating dish holding it with a
tong and add some drops of water
to dissolve.

4 Now, put a piece of red litmus paper
to the solution in the evaporating
dish.

5 Observe the colour change on the
indicator in the solution.

Figure 1.13:  Heating calcium metal in an
. . evaporating dish
Observation and analysis:

a  When calcium is heated in air over a Bunsen burner flame, what happens to it?
Write the chemical equation for the reaction that takes place.

O  When the resulting product in the evaporating dish is dissolved in water, what
happens to it? Write the chemical equation for the reaction that takes place.

C  Whenred litmus paper is placed in the evaporating dish containing calcium hydroxide
solution, what did you observe? What do you conclude from your observation?

Properties of Bases

|  Effect on acid-base indicators

Alkalis change the colour of indicators. The following practical activity demonstrates the
effect of a base on indicators.
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=_ Experiment 1.8 _=

Title: The effect of a base on indicators
Objective: To study the effect of a base on indicators

Materials required: Red and blue litmus papers; phenolphthalein solution, methyl orange,
ammonia solution (NH,OH) test tubes, test tube holder and test tube rack.

Procedure:
1 Take four clean test tubes.

2 Add about 5 mL NH, solution in each of the test tubes and label the test tubes
as 1, 2, 3, and 4 as shown in Figure 1.14.

3 Put red litmus paper, blue litmus paper, 2 drops of phenolphthalein solution
and 2 drops of methyl orange solution in test tubes 1,2, 3 and 4, respectively.

4 Observe the colour change and record your observation.

Figure 1.14:  Testing the effect of a base on indicators

Observation and analysis:

d  What were the colours of the ammonia solution, phenolphthalein and methyl orange
before the experiment?

O  What happens to the colours of the red litmus paper, blue litmus paper,
phenolphthalein and methyl orange solutions after the addition of NH; solution?

C  What do you conclude from this experiment?

Write a laboratory report in groups and present your findings to the rest of the class.
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Il Bases neutralize acids.

Bases react with acids (acidic oxides) to form salt and water.

Base + Acid — Salt + Water

Example

Ca(OH), + HSO, —  CaSO, + 2HO

Calcium hydroxide sulphuric acid Calcium sulphate Water

=_ Experiment 1.9 _5=

Title: Neutralising effect of a base on an acid
Objective: To investigate the neutralising effect of sodium hydroxide on hydrochloric acid.

Materials required: Sodium hydroxide solution, hydrochloric acid, conical flask,
phenolphthalein, burette, stand, clamp, measuring cylinder, blue and red litmus

papers.
Procedure:
Set-up the apparatus as shown in Figure 1.15. Sodium
. . . . hydroxide
2 Fill the burette with sodium hydroxide. Sc),’|utic),(:1

Measure 20 mL of hydrochloric acid solution,
pour into a conical flask and add five drops of
phenolphthalein.

Hydrochloric
acid

4 Open the stop cock of the burette, add sodium
hydroxide to the acid solution with your one hand,
and shaking the conical flask with the other hand. G e

5 When the colour begins to appear, add the base
drop by drop shaking the flask continuously.

Figure 1.15: Neutralisation
reaction of hydrochloric

6  When the colour becomes intense, close the 2cidandsodium hydroxide

stop cock of the burette immediately and check the solution in the conical
flask using blue and red litmus papers.

Observation and analysis:

ad  What colour appeared when phenolphthalein is added to the solution in the conical
flask in step 3?

O  Why does the colour appear in step 6?

C  Does the solution obtained in step 6 affect the colour of blue or red litmus paper?

d  Write the balanced equation for the reaction that take place in this experiment.

Write a laboratory report in groups and present your findings to the rest of the class.
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Uses of Sodium Hydroxide, Magnesium Hydroxide and
Calcium Hydroxide

AcTtiviTty 1.19 N
—_—

Perform the following task in groups.
1 Read different chemistry reference books to investigate the common uses of:
a Sodium hydroxide C Calcium hydroxide

> Magnesium hydroxide

2 Prepare a table as shown below, and complete it with all the required information and
make a few minutes presentation.

Sodium hydroxide Caustic soda
Magnesium hydroxide Milk of Magnesia
Calcium hydroxide Lime water /Slaked lime
\\ ),

Exercise 11
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Il
1 Describe how you could prepare each of the following bases.
a KOH o Ca(OH), Cc  Mg(OH),

Write a least two important properties of bases.

w

Describe how you can check whether a given solution is basic or not.

~

What is the name and formula of the base which is commonly known as caustic
potash?

S What is the base used for manufacturing soap and detergents?
6 What is the base used for neutralising acidic soil?

7 What is the base used as stomach anti-acid?
T T T AT

Diluted and Concentrated Acids and Alkalis

“Dilute” and “concentrated” are relative terms used to describe the amount of a substance
present in a given volume of solution. The term “concentrated” indicates that a large mass
of solute is dissolved in a given volume of solution. On the other hand the term “dilute”
indicates that a small mass of solute is dissolved in a given volume of solution.

A concentrated acid contains relatively a large amount of acid dissolved in small amount
of water.

A concentrated base (alkali) contains relatively a large amount of base dissolved in small
amount of water.
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A dilute acid solution contains relatively small amount of acid dissolved in relatively
large amount of water.

A dilute base(alkali) solution contains relatively small amount of base dissolved in large
amount of water.

Acids and alkalis may be used as concentrated and dilute solutions. For most laboratory
experiments we work with dilute solutions since they are less hazardous.

Safety Precautions while Working with Acids

Hydrochloric acid, sulphuric acid and nitric acid are poisonous and corrosive. Therefore,
they must be handled with great care. The vapors of HCl and HNO, are irritating to
the skin, eyes, and respiratory system. Inhalation of the vapors of these acids should be
prevented. If these acids come in contact with the eyes and skin, they cause severe burn.
If taken by mouth, they will cause severe internal irritation and damage.

(& Ifa concentrate acid is spilled or splashed on your skin, wash thoroughly the |
affected part with water, and then wash it with 10% Na,CO, solution.

= If an acid enters your eye, wash thoroughly with water for a long time.

= If you accidentally drink corrosive acids, take a base such as Mg(OH) , which
is available in the pharmacy to neutralize the acid.

= Never add water into concentrated acids. This is because the addition of
water to the concentrated acid produces a 