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INTRODUCTION TO NEW EDITION

Chemistry may be generally defined as that branch of science which is concerned
with the study of the composition, propérties and structure of matter and the ways in
_Which substances can change from one form to another or react with one another.
Matter is anything which has mass and occupies space. It is present all over, and in
the far corners, of the universe. The study of chemistry, therefore, implies the study
of all processes which are going on all around us and even inside us.

The past decade has witnessed spectacular developments in chemistry and the
telated fields of scientific studies. Well over 3 million different substances or
compounds are now known, a good number of them having been produced or
synthesized by chemists in the laboratories. Thousands more are turned out
synthetically every year in various parts of the world. All these new substances are
being produced with the expectation that at least a number of them will benefit us and
make our lives more comfortable. Most of the new substances used in medicine,
agriculture and the textile and plastic industries, to mention a few, had their
beginnings in the laboratory. '

It would be an impossible task to learn the properties and reactions of each
and every one of these substances. For a meaningful study of chemistry, the various
component substances of the natural world are observed, measured and classified into
appropriate categories. Scientific laws are then formulated to summarize the results
of these numerous observations. Once the formulation of a scientific law is achieved,
theories or models are devised to explain the law. Only those theories tested and
proven by the entire scientific community survive to provide the basic foundations
for the study of the science of chemistry. In the course of time a great many of the old
established theories have been forced to the background by new developments
resuiting from a better understanding of the chemical processes and phenomena. Such
new insights into the science of chemistry and the related scientific fields, coupled
with the mountains of facts accumulated especially during the past decade or so, have
had a profound effect on the study of chemistry.

Old ideas are revised or reformulated to blend in with the new, Still newer
ideas are generated, developed and applied at a pace never before known in the
history of chemistry. -



These developments have prompted major changes in the way chemistry is
studied and "taught throughout the world. This is reflected not only in the new
chemistry course contents but also in the course orgamzatlons and the methods of
teaching and examining the subject. The modern day emphasis on ptactical work is
one such prominent aspect of the new approach to the teachmg of chermstry

Fully aware of the new developments in the teaching of high schoo] chem1stry

.and taking cognizance of the fact that some of the students will need to have

professional orientations on completion, the avthors have undertaken the task of

preparing two textbooks, one for the ninth standard and the other for the tenth

standard of the Basic Education ngh School, in conformity with the revised high

schoo! chemistry syllabus. The course contents of these two textbooks taken together
comprise the requirements for the Basic Educatlon ngh School Chemistry Course.

. The tenth standard (Grade-l 0) chemlstry text is based on the knowledge the
student has a,cqmred from the study of the ninth standard(Grade- 9) chemistry text. -
Aﬁy student preparing for the Basic Education High School Examination should be
familiar-and proficient with the theoretical portions included in the hinth standard and
the tenth standard chemistry texts ‘as also with the experimental chemistry texts
which accompany these books.

~ In this new edmon most of the chapters have been revised, summary and
relevant questions for all chapters are added and updated. For the benefit of the
students, four appendices are added and enhanced.: Appendix 1: Periodic table of the
elements (updated 2003), Appendix 2: Table of the relative atomic numbers and
':atomlc mass of the elements (including the new discovered web- elements ), Appendix
3 Vapour pressure  of water and Appendix 4 The Activity series.

The authors should like to acknowledge their gratitude to the Mlmstry of
Education and to the Directorates of Basic Education and Higher Education for their
help and encouragement during the writing of this book.
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. CHAPTER'1
'SUBSTANCES AND THEIR CHANGES

11 Solids, Liquids and Gases

The difference between a solid and a llql.lld
A piece of iron is a solid. Water is a llqllld You k:now that a solid does not change in
volume and shape, whatever container it is placed in.

We can therefore define a solid as follows:

A solid is a substance which has definite

volume and definite shape. '

100 cm’®

s
i
i

L
|i=:l=l:l=l
Ll

measuring cylinder beaker measuring flask .

Fig. 1.1 Liquid and containers

100 cm’ of water in a measurmg cyhnder may be transferred successively into
a 100 ¢cm® beaker and then again into a 100 cm® measuring flask. (See Fig. 1.1 } In

each case there is no change in volume. But the shape of the liquid changes according
to the shapes of the containers.

ek



We can therefore define a liquid as follows: - Lo
: A liquid is a substance which has definite
v . volume but no definite shape. It takes the
-shape of the container in which it is placed.

/

The difference between a gas and a solid or a liquid

glass plate

Fig. 1.2 Gas and containers

A few drops of bromine placed in a gas jar covered with a glass plate changes
rapidly from a reddish brown liquid into a reddish brown vapour which fills the whole
jar. If another jar of the same size is placed in an inverted position on the first jar as

shown in Fig. 1.2 and the glass plate removed, both jars are soon filled with bromine
vapour. '

So we can define a gas as follows:
A gas is a substance which has no definite
volume and shape. It fills up every space it
can enter and it takes up the volume and the
shape of its container,



Three physical states

There are -three states in which matter can ‘exist - solid, 11qu1d and gas Every
substance exists in one of the three states.

1.2.  Change of States with Temperature
We can observe the changes which take place when ice is heated.

Some pieces of ice may be put in a beaker and its temperature measured with
a thermometer. On heating the beaker the ice will slowly melt into water but the
temperature will remain at 0'C so long as ice and water exist together.

After all pieces of ice have completely melted, the temperature will rise
slowly to finally reach 100°C. At that temperature water will start to b011 and change
into steam, while the temperature remains steady at 100°C.

I
- thermoneter

ice
v WIre ganuze

Fig. 1.3 Change of state of ice on heating

When steam is cooled, it changes into water at 100 "C. When water is cooled
down to 0 °C it changes into ice.

Hence, water ex1sts as solid (ice) at 0°C and below. It exists as liquid (water)
between 0 °C and 100 "C. It exists as vapour (steam) at 100 °C and above.

In'the same way other substances can exist in the solid, liquid or gaseous state
depending on the temperature. We can summarize this observation dxagrammatically
as follows:

heat heat
solid \_._..—\' liquid — | gas
cool :coo]

Melting and melting point

Melting is the change from the solid state to the liquid state, whereas freezmg is the
change from the liquid state to the solid state.



The temperature at ‘which the-solid and hquxd of: the same substance can ex1st
together 1s called the melting point of the sohd ' ' :

Evaporatlon and boﬂmg point S ,
The change from the liquid state to the vapour state is called vaporization \ whereas the
reverse process is called condensation.’ Loss of liquid due to vaporization is called
evaporation. When water is heated in an open vessel, its temperature slowly rises
until 100 C is reached when it begins to. boil. Once the water boils; the temperature
remains steady at 100 - C even 1f more heat is apphed so long as the vessel is kept
open. ,

. The. temperature at/whlch the quu1d b01ls m an’ open vessel is, commonlj;ar
called the boiling pomt of the llquxd o L

Sublimation
When solid iodine is heated in a  test tube, it does not melt but it changes directly into
iodine vapour. When the vapour is cooled, it changes directly into solid iodine agam

(See Fig. 1.4)

e glags rod
solid iodine

test tube
solid iodine

4

heat

i |
Fig. 1.4. Sublimation of iodine °

Sublimation is a process in which a solid

substance changes, without melting, directly ~

into its vapour on heating. .
Ammonium chloride and naphthalene can also sublime on heating.

However, these substances may exist in the liquid state under cettain spec1ﬁc
conditions.

1.3  Changes on Heating
Heating a nichrome wire
When a nichrome wire is heated, its temperature rises and 1t becomes red hot.
On cooling, it returns to its orlglnal form.
- Thus on heating nichrome wire,
(a) the temperature and colour change but
. (b) no new substance is formed.



Burning a magnesium ribbon - - ' g
When a magnesium ribbon is heated, its temperature increases, and then it burns
brightly. After the burning, a white ash is left as residue.

: Hence, on burning magnesium, P
- (a) heat and light are produced, and(b) a new substance (the ash) is formed: ’
1.4 Changes on Dissolving

Dissolving blue copper (IF) sulphate crystals in water

Copper (I1) sulphate dissolves in water and a blue solution is formed.

i

copper (I) sulphate .

Fig. 1.5 Dissolution and re'covefy of copper (II) sulphate crystals

On boiling the solution, water evaporates slowly and fi nal]y blue crystals of
copper (II) sulphate reappear(Fig. 1.5).

Hence, after dissolving copper (II) sulphate in water, the original substance
may be recovered on evaporation.



Dlssolvmg calcium in water
A small piece of calcium is placed m a dry test tube and the apparatus set upas shown

in Fig. 1.6.(a). P

“ water

[~ thistle funnel

' \gj-—- calcium
@ |

Fig. 1.6 Reaction of calcium with water

‘Water is poured down the thlstle funnel, takmg care to keep its level below the
bottom of the funnel.

As soon as calcium makes contact with water, it gives off heat and: hydrogen
gas. The gas is collected in an inverted test tube as shown in Fig. 1.6 (b).

When the mouth of the test tube is placed over a lighted candle, the gas bums
with a popping sound.

Test the aqueous liquid in the test tube with red litmus paper. The paper turns
blue. Since pure water does not change the colour of litmus paper, the liquid i in the
test tube is different from water.

The following changes are observed on dissolving calcium in water,

(a) calcium disappears,

(b) heat and hydrogen gas are given off, and

(c) a new substance is formed.



1.5  Changes on Passing Electricity
Passing electricity through a copper rod

: battery | @ bulb
o . B lr‘——? - ‘

T

. copper rod

A AR AR R AR T

Fig. 1.7 Passing electricity through a copper rod.
|
When electricity is passed through a copper rod, included.in a circuit as shown |
in Fig. 1.7, the electric bulb lights up. In this experiment - ~
(a) the copper rod becomes electrified, but
(b) the copper rod retains its original properties
when ‘the passage of electricity is discontinued.
Therefore no new substance is formed.

/.

Passmg electricity into- molten lead (1) 1od1de

Some lead(Il) iodide is placed in 2 boiling tube and the apparatus set up as shown i in

Fig.1.8. The boiling tube is heat€d to melt the lead (II) iodide. Electrlcﬂ:y is then

passed through the molten lead (II) iodide. .
Violet vapours of iodine are hberateé from the positive carbon rod. (anodg)."

When the negative carbon rod (cathode) is examined after the expenment metallic

lead is seen.



carbon rod

‘molten lead(IT) iodide

@
4
h

Fig. 1. 8 Passing electricity into molten lead(II) iodide
Thus on passing electricity through molten lead (II) iodide
(a) lead (II) iodide changes into lead and iodine and hence,
(b) new substances are formed.

1.6  Physical Change and Chemical Change -
. We have studied the changes involvedon - ..

(a) heating nichrome wire

(b) dissolving blue copper (II) shlphate crysta]s in water

(c) passing electricity through a copper rod. - _ :

In these experiments, there may be a temporary change in colour temperature,
and state of the substances but no new substances are formed in the change

A change of such nature is called a physical change.

In the experiments on

(a) burning magnesium ribbon,

(b} dissolving calcium in water,

(c) passing electricity into molten lead (II) iodide,
not only do the substances change in colour, temperatare and state but they also
change into a new substance or substances.

A change of such nature is called a chemical change.

To summarize, the most important observations regarding phys1ca1 and
chemical changes are the followmg



A physical change is a change in which no new substances are formed.
A’ chemical change is a change in which one or more new substances are
formed. ‘

1.7 How to distinguish a Chemical Cliange from a Physical Change
To distinguish a chemical change from a physical change, we must know whether a
new substance is formed in the change. . '

This can be ascertained as follows: '

. (a) By studying the physical properties of the substances; before and after the
change: -
(1) state (liquid, solid or gas)
(2) colour
(3) odour (smell)
(4) taste
(5) solubility in water (ability to dissolve in water)
(6) density
(7) melting point
(9) boiling point
Generally, the physical properties of different substances are different.

(b} By noting whether heat and light are produced: In physical changes the
production of heat and light are usually not distinct; but in many chemical changes
(such as burning of magnesium and reaction of calcium with water) heat and light are
very distinctly produced. ‘

(¢) By examining the change in weight: In physical changes there is no change
in weight because no new substances are formed. In a chemical change there is a

change in weight of substance undergoing the change because it is converted into a
new substance. : '

i.s Changes and Energy

Every change, either physical or chemical, of a substance, is accompanied by a
change of energy. As you know, heat, light, electricity, etc., are various forms of
energy. In chemistry, we are more concerned with heat and chemical energy.
Chemical energy is a form of potential energy which exists in a substance.
In chemical changes, this chemical energy is converted into heat and light, as you
have seen in the burning of magnesium ribbon.
In some physical and chemical changes, energy is absorbed.

For example: '
1. Heat is absorbed when ice melts into water.
2. Heat is absorbed when water changes into water vapour.
3. Heat is absorbed when iodine sublimes into iodine vapour.



4. - Electrical energy rs utrhzed when lead (II) 1od1de changes mto Jead:
and iodine. - ",
" Insome ph){swal and chem1cal changes, energy is evolved

For example:

L Heat is evolved when water vapour changes into water. v
2. - Heat is evolved when water changes into ice. :
;3 Heat and light are evolved when magnesium ribbon bums in. a1r

o 4 I-Ieat is produced when calclum reacts wrth water. -

1.9 Chemlcal Reaction

Chemical reaction
The process of undergoing a chemical change is called 2 chemlcal reaction.
(Give an example from the experlments you have studied.)

"‘--.
Reactants : : ‘
A substance or substances that take part in a chemical reaction are called reactants
(Name the reactants in the reaction of calcium and water.) -

Products “

A new substance -or substances that are formed ina chemlcal reaction are called
products.

( What are the products when electrlclty is passed through moIten ]ead (II) iodide?)

Word equation for a chemical reaction ‘

A chemlcal teaction can be described by a word equation. The names of the reactants

are 'written on the left hand side, and the names of the products are written on the

right hand side of the equation. '
Reactant (s) Product (s) .

(a) When magnesium burns in air, it combines with oxygen of the air formmg
magnesium oxide. Here magnes1um and oxygen are the reactants and magnesium
oxide is the product. '

magnesium + oxygen = magnesmm oxide

(b) When calcium reacts with water, calcium hydroxide and hydrogen arg
formed. Write an equation in words for this reaction.

(c) Write an equation in words for the chemical change that takes place when
electr;cﬂ:y is passed through molten lead (II) iodide.

SUMMARY
In this chapter, the nature of substances and their changes is 1ntroduced first.
Then the substances are classified into solids, liquids and gases and their differences
are also explained. In addition, changes from one form to another have been
illustrated, The. factors that govern the physical and ‘chemical changes are also

10



explained with examp]es Questions and problems are glven at the end of the' chapter
for exercise and practice. :

Quest:ons and problems

1.

.
3.

Describe an experiment to 11]ustrate the dlfference between a sohd and a
liquid. K
Describe an experiment to show the dlfference between a liquid and a gas.
The following scheme represents the general statemem tor the existence of
three phys1cal states.

heat - - ; heat ;
sotid === liquid === gas
cool : cool

(a) Describe an experiment to show that the above statement is true.

(b) Describe an experiment to show that the above statement has at least one
exceptlon

Electricity can bring about both physical changes and chemical changes.

(a) Describe an experiment in which electricity causes a physical change.

(b) Describe an experiment in which electricity causes a chemical change.

Classify the following changes under two groups:

(i) Physical changes (ii) Chemical changes

(a) An egg being boiled until it becomes hard-

(b) Copking of rice from rice grains

(¢) Sugar being dissolved in water

(d) Green mangoes ripening’

(e) Freezing of water to ice

(f) A solid on heating producing two gases '

(g) A solid on heating changing into a gas ; when the gas is cooled down its

changing into a solid which has the same properties as the original solid

before heating

(h) Rotting of vegetables

In the following changes :

(i) Is energy absorbed or evolved? (ii) Is a new substance formed?

(a) Melting of ice

(b) Burning of wood/paper

(¢) Heating of the filament in an electric bulb

(d) Rusting of iron’

_ Is dissolving table salt in water a physical change or a chemical change" ‘

Give reasons for your answer.
When calcium is dissolved in water, heat is produced and calcium hydroxide
and hydrogen are formed. Is this change phys1ca1 or chemical? ‘
What are the reasons for your answer?. ‘ -
I
-
11



10.

1.

12. .

13.

~ Write'a che\mlcal equation in words for the change that takes place in question .

number 8.

" When mercury (If) oxide is heated, mercury and oXygen are formed.,

Write a chem1ca1 equatlon for thls change

Write TRUE or FALSE for the followmg statements
(a) Freezing of water to ice is a chemical change.
(b) Sugar being dissolved in water is a physwal change.

() An egg Leing boiled until it becomes hard is a physwal change
(d) A solid on heatmg producing two gases is a chemical change
(e) Rusting of iron is a physical change.
(f) Heating of nichrome wire produces anew substance

Fill in the blanks w1th a suitable word or words. . .

(a) Heat is absorbed when ................ melts into water. ,

{b) Heat is evolved when ....... Mreesrns ... vapour changes into water.

(c) Heat is produced when ............. .. reacts with water.

(d) Electrical energy is utilized when lead (II) iodide changes NtO cueereenen and
(e) Heatis............ whenwater changes into ice.

(f) At 0°C water exists as .......... and ...........

(g) If the melting point of a substance is 20°C, its freezmg pointis ......... .
(h) ..o is the the change from the vapour state to the liquid.

-Select the correct word or words given in the brackets. .

(a) Heat is (absorbed, evolved, produced) when ice melts.into water.

(b) Heat is (absorbed, produced, evolved) when calcium reacts with water.

(c) Heat and light are evolved when magnesium rlbbon burns in (nltrogen, air,
carbon dioxide).

(d) Heat is absorbed when iodine sublimes into iodine (solid, liquid, vapour).

(e) Passing electricity through a copper rod is a (chemical, physical, static)
change.

(f) Heat is ( evolved, absorbed, produced ) when iodine sublimes into iodine

TAPOUT. _

(g) Water exists as (solid, liquid, gas ) at 100°C and above.

(h) The change from the liquid state to the vapour state is called ( evaporation,
condensation, vaporization ), :

12



14, Match each of the items given in list A with the appropriate item given in

list ‘B.
List A . - ListB
(a) Melting of ice (i) aphysical change
'(b) Burning of wood ,. “(ii) a chemical change
(c) Sugar being dissolved i in water ~ (iii) energy is evolved -
'(d) Rusting of iron _ (iv) a new substance is formed
(e) Heating of the filament in (v) energy is absorbed

an electric bulb
15.  Answer the following questions.
(a) What is the scientific term for cooling a vapour back into a hquld"
(b) What is the temperature at which a liquid water becomes a gas ?
(¢) Give three substances which can sublime on heating.
(d) Describe one experiment on sublimation with diagram.
() Explain the terms * reactant’ and * product’.
() Write the name of an experiment for chemical change . '
(8) A liquid begins to freeze at. -5°C. What is the meltmg pomt of that
substance? - : : :
(h) When calcium is dlssolved in water gas “X” is formed .
(i) Is this change physical or chemical ?
(i) Name gas “X”.
(iii) Is new'substdnce formed.?
(iv) Write equation in words for this reactlon
~ (v) Name the reactants and products. .

(i) Select the correct answer.
A chemical change takes place when
(i) milk sours. »
(i) a shirt is ironed.
(ili) electricity flows through a copper wire.

13



CCHAPTER2 ;i = oo™
ELEMENT COMPOUND AND MIXTURE

In tl'ns chapter we shall classrfy dlements into metals Mmmetals We shall also
classrfy coaipounds into acids, bases and $alts. We shall further try to dlfferentrate-
between 2 compound and an element, and also between a cOmpound and a mlxture

21 Substances that break down in chemical changes

Heating mercury (II) oxide EOR - :
When mercury (II) oxlde is heated in a test tube, 1t breaks down mtc fnerr'ury and
oxygen, - ; . |

| mercury (II) oxide —» . mercury - + oxygen

Mercury and oxygen are therefore, the components of mercury (H) ox1de

Passmg electrrclty through lead (II) lOdlde ’

On passing electricity through molten lead an 1od1de, 1t breaks down mto lead and

iodine. . _ J
lead () iodide ~ —»  lead + 1odme

Hence, lead and iodine are the components of lead (II) jodids.
Some substances that are apparently single substances, such as mercury (II) oxide and
lead (IT) iodide, break down into other substances on undergomg chemlcal ehanges -

2.2 Elements : Substances that do not break down into othér substances
If we heat individually, mercury, oxygen, lead or rodme in absence of air, we shall
notice that these substances do not change into other substances. -

Passage of electricity through lead or mercwy also does not change them into
other substances,

. Hence, mercury, lead, oxygen and 1od1ne cannot be broken down further into

other substances by chemical means.

Substances like mercury, lead, oxygcn and 1odme which cannot be broken
down into simpler substances by chemical means, are called elements. :
- An element is a substance which cannot be
broken down into sunpler substances by
: chemical means.
Natural elements
There ate 118 known elements wh1ch occur naturally, elther in the free or combmed
state.

14



Some elements are solids such -as copper, iron, : zrﬁc, silver, gold, carbon and
phospharus. Some elements :are thrnds They are mercury and bromine. Some’
€lements are gases such as oxygen, nitrogen, hydrogen and chlorine.

You can see some of them around : you Name ten elements which you can see
in your school 1aboratory.

't ‘Some elements are man-made in rrhe laboratory. kRefer to the Periodic :and
Atomic Mass Tables for mfermatxon fregardmg these. elements

2.3  Compounds

Combinatien of €lements - '

When mercury is heated in air it cembmes with: oxygen ‘of rthe air to form mercury (II)
oxrde :

o . theat
.. mercury+toxygen T % mercury (II) oxrde ,
. "When lead-dust and rodme are’ heated together, they combme to form lead (II)
1od1de
: ' ‘heat ;
1ead fiodine = - — . lead (D) 1od1de

: rHence mercury (II) oxide and lead (IL) iodide .are composed of two e}ements"
each Mercury (1) oxide'and lead (M 1od1de are. called compounds h '

Combmatlon of elements by werght

When a known weight of mercury is heated in excess air contalned in' an enclosed
vessel it will change to mercury (1I) oxide. The «mercury (II) -oxide formed can be
weighed. The difference in weight-between the mercury and the mercury (I1) oxide i is
the weight.of OXygen.

This. experlment may be repeated with a: dlfferent weight .of mercury and the
welght of oxygen which has.combined with this new we1ght of- mercury can be found
out. . .
_ Such experiments will show that mercury ‘and .0xygen always comblne ina
ﬁxed proportion by weight to produce the new substance mercury (1) oxide.

Simiilarly you can find out ithat lead and jodine always .combine in a ﬁxed
proportlon by weight to form lead (IT) iodide. :

'We cantherefore,-define a compound as fellows:

‘A compound is a substance formed by the comb1nat1on of .
~two or more-elements in a fixed proportion:by weight.

The difference between an element and .a compound

The most obvious difference is that an element :cannot ‘be ‘broken - down 1nto other
substances by chemical means whereas a compound can ‘be broken down ‘into other
substances by chemical means. -
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2.4  Classification of Elements -

On the'basis of their propetties, elements may be classlﬁed mto tWO gmups, me‘tals

and non—metals :

(1) - General properties of metals and non-metals

General properties of metals:, -

" General properties of non—metal

2. Metals have high density.
_| 3. Most of the metals are
malleable and ductile.

of heat and electricity.

1. Metals show metallic fustre.

| 4. Metals are good conductors

1 Non-metals do not show’ rnetallrc
lustre.,

2. Non-rne,tals have low densrty

3. Non-metals are usually brlttle

4, Most_ofthe non—metals are pO'or s -' ' |
conductors of heat and electricity. =’

Malleabzluy A substance is malleable if it can be beaten or pressed into new shapes
: (Gold is highly malleable.) ' o

A ‘substance is ductile if it can be drawn out in the form of a w1re
- (Gold is-highly ductile.) : bt

Ductility:

(2)  Some important metals and their physical states E ,
Some important metals and their physrcal states at. ordmary temperature are listed
below.

(1) Potassium (solid) (10) Iron (sohd) :
(2) Sodium (solid} (11) Lead “(solid
(3) Calcium (solid)’ (12) Tin ' (solid)
(4) Barium ,, (solid) (13) Copper (solid)

- (5) Magnesium (solid) (14) Mercury ~ (liquid)
(6) Manganese (solid) (15) Silver (solid)
(7) Aluminium (solid) (16) Gold = (solid)
(8) Zinc" ' (solid) ~(17) Platinum (solid)
(9) Chromium (solid)

All metals, except mercury, are solids at ordmary temperature Mercury is a
liquid at room temperature. Since it is a 11qu1d it is not malleable and ductrle But it
has other metallic properties. | :
Some important non-metals and their physncal states o
Some important non-metals and their physwal states at ordmary temperature are 11sted
below.

(1) Carbon (solid) ~ . (6) Nltrogen (gas)

(2) Sulphur ~ (solid) = (7) Chlorine (gas)

(3) Phosphorus (solid) . (8) Bromine - (liquid)

'(4) Oxygen . (gas) (9) Iodine (solid)
(gas) - o

(5) Hydrogen
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2.5  Classification of compounds - . :
Two or more elements may combine together to form compounds Some compounds
occur naturally. Some compounds are man-made in laboratories.

The compounds can be classified in various ways. One useful and convenient
method of classxﬁcatlon is described as fallows :

n “ S ‘-Co_mpounds (Binary, Temary, ... etc)

— |
Acids |- Bases Salts

Binary compounds
Mercury (II) oxide is a compound of two elements, namely, mercury and oxygen.
Lead (II) iodide is a compound of two elements, namely, lead and iodine.
The compounds formed by the combination of two elements
are called binary compounds.
A binary compound containing a metal and oxygen is called a metal oxlde
A binary compound containing a metal and chlorine is called a metal chloride.
A binary compound containing a metal and sulphur is called a metal sulphide and etc.
The common binary compounds which can be studied in the school laboratory are ;

oxide chloride - bromlde

calcium oxide sodium chloride lead (II) bromide
silicon dioxide - (common salt) potassium bromide
(silica or sand) magnesium chloride

copper (II) oxide silver chloride

magnesium oxide  calcium chloride
iodide sulphide _carbide

lead (II) iodide iron (II) sulphide calcium catbide
potassium iodide copper (II) sulphide
sodium sulphide

Acids :
The common acids which you can see in the school laboratory are :
Hydrochloric acid, Sulphuric acid, Nitric acid and Ethanoic acid.
* Besides these common acids, you will comes across other acids such as
phosphoric acid, carbonic acid, sulphurous acid and nitrous acid in this course.
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" All acids shew: some common properties. The characteristic properties .of

acids thay be listed-as folfows:. "= .~ 7 e L
(1) They have a:sourtaste.

(2) They turn blue litmusired..

Bases ) S

Some metal oxides and all hydroxides. are bases.

Some common bases which yow cam see in the school Iaboratory are :

2 .

Calcium: oxide:- (quicklime)
Potassium hydroxide . =~ (caustic potash)
Sodium hydroxide - (eaustic soda) .
Calcium hydroxide (slaked lime)
Ammonium: hydroxide .

A common property of the bases is that they can turn red litmus blue. They also
have a bitter taste. ' : ‘ -

Salts _ , - S
Salts are formed when acids and bases. neutralize one another. Some of the more
commeon salts are © ' o ' ' :

Sodium chleride =~ . (table salt)
Potassium nitrate (mitre)
-Magnesium sulphate - {epsom salt)
Sodium: carbonate . “(washing soda)

2.6 M'ixtures‘ o .
To some lead (II) bromide crystals on a piece of paper somi¢ mercury (1) oxide may
be added with stirring. -

No distinct changes will be observed in the process.of mixing'.
No chemical change occurs by mixing fead (II) bromide with mercury (IT) oxide.
‘Similarly, you may verify that there is no chemical change on mixing sand and salt.

We have observed that no chemical change takes place on dissolving copper (1)
sulphate in water. (See Chapter (1) section: 1.4 ) _ d

The whole mass obtained by mixing lead (II) bromide and mercury (II) oxide
is cailed a mixture. In the mixture, though the substances are mixed together, they do
not chemically combine with each other. No. chemical change takes place on mixing.

The solution of blue coppei(Il) sulphate is also called a mixture because there
is no chemical change on dissolving this substance in water, though blue copper 1)
sulphate crystals are no longer present as solid. We can see that it is dispersed through-
out the solution by its blue colour. '
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A mixture, therefore, is defined: as follows :
‘ A mixture consists of two - or more
' substances which may be preseat in any
proportion by weight. The constituents of
the mixture do not.combine chemically.

2.7  Classification of Mixtures.
Heterogeneous mixtures '
In-a mixture of copper (If) sulphate and sodium chloride, we can see the particles of
these two substances distinctly with the naked eyes or with the help of a hand lens or
microscope.
Mixtures whose constituents can be seen separately on visual or microscopic
examination are called heterogeneous mixtures.
(@ A mixture of different solids such as copper (II) sulphate erystals and sodium
chloride-is a heterogeneous mixture(Fig. 2.1).

copper(i) heterogeneous
sodium chloride ~ - sulphate erystals’ mixture

Fig. 2.1 Heterogeneous mixture of two solids

(b) A mixture of insoluble solids in a liquid such as chalk dust and water is also a
" heterogeneous mixture, On thorough mixing, a white liquid may be obtained
‘which is actually a suspension of the chalk in water. On standing this mixture,

the chalk particles will finally settle down in a separate layer(Fig. 2.2).
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Fig. 2.2 Heterogeneous mixture of a solid and liquid

Other examples of heterogeneous mixtures may be observed in your home or
laboratory. For example, milk is a heterogeneous mixture, it is actually an emulsion
of oil in water. Other examples are the cosmetlc creams such as face and hand creams
and lotions.

Homogeneous mixtures
In a mixture, such as a solution of blue copper (IT) sulphate crystals in water, we
cannot see the constituents separately even under a high power microscope.
Mixtures whose constituents cannot be seen separately on visual or
microscopic examination are called homogeneous mixtures.
Solutions obtained by dlssolvmg
(1) solids in liquid ;
(2) hqulds in liquid;
(3) gases in liquid ; and -
(4) one gas mixed with another, are homogeneous mixtures.

2.8  Mixtures and Compounds

Some heterogeneous mixtures can be recognized even by the naked eyes. Homo-
.geneous mixtures, however, cannot be recognized even on microscopic examination.
Compounds are also homogeneous. So we cannot differentiate between -a
‘homogeneous mixture and a compound by visual examination. A mixture of iron
filings and sulphur powder, and their compound, iron (IT) sulphide, serve as a good
example to illustrate the differences between a mixture and a compound.

The propérties' of ifon filings and sulpﬁur
Some of the properties of iron filings and powdered sulphur are shown in Table 2.1.
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Table 2.1 Propertles of iron filings and sulphur powder e

. Properties of iron filings Propemes of sulphur powder/ ,
1. Metallic grey colour. 1. Yellow colour I
2. No smell. © 2. Characteristic smell of sulphur.
3. Attracted by a magnet, 3. Not attracted by a magnet. ‘
4, Car& react with hydrochloric 4  Does not react with hydrochloric
acid to produce hydrogen gas acid.
which has no smell.
5. Does not dissolve in carbon 5. Dissolves in carbon disulphide.
disulphide. ‘ '

Before we compare. the essential differences between a mixture of iron and
sulphur and iron (II) sulphide, we shall first consider how the mixture and the

compound may be prepared.
Preparation of iron-sulphur
mixture

Mix iron filings with sulphur powder,
in any proportion by weight.

Examine thie properties of iron sulphur

mixture.

The properties of iron-sulphur
mixture are shown in Table 2.2.

- Preparation of xron—sulphur
compound (iron (II) sulphide)

Mix iron filings with sulphur powder in
the proportion of 7 parts by weight of iron
to 4 parts by weight of sulphur. Heat the
mixture in a test tube. .

Chemical reaction takes place and the
whole mixture glows red even when the

. tube is removed from the flame. This is
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the indication of a chemical change. A fter
the reaction, a compound, called iron (II)
sulphide, is formed. (Grind the iron (II)
sulphide and examine it. Its propemes are
shown in Table 2.2)



Table.2.2 Properties of iron-'suip‘hul" mixture a-nﬂ iron (I1) sﬁlphide

1408

Iron-sulphur mixture

Iron-sulphur compound

{ 1. No chemical reaction takes place
' on mixing.

: sulphur can be seen.
13, The-colours of iron and sulphur
| . do net change.

14, Aumagnet can attract iron ﬁlmgs,
| leaving sulphur pewder behind.

5. ‘On - éiissoltring i B corbon
1 . idisulphide - sulphur. ‘dtssolves,

Jeaving the iron filings behind. .
. react'with hydrochloric. acnd to -
. produce hydrogen.
by weight:

by éither a magnet Qr carbon
dlsulphlde

6. - The'iron ﬁhngs from the mixture .

7. Iren filings -and sulphur ;powder-
| . may 'be ‘mixed iin any ‘proportion -

8. The components, can'’be: separated '

1.

3.

4.

A chemlcal reaction takes place

Separate particles of iron and 2. A'new substance is formed:and no iron

or sulphur: partlclcs can be seen in the .
substance. -

The colour of the new substance 1s
‘black. N
A magpet cannot attract the partlcles of
‘the new substance. :

5. ‘The new substance does not dlssolve ini

.. The .
: Jhydrochlorlc acid and a gas with ‘the

carbon dlsulphlde

new - substance reacts " with.

| _rotten-egg’ sinell is given. off.

In the tiew substance iron and sulphur
«combine - in . a fﬁxed proportton by

. weight.

‘No- physical method can separate iron ‘.

- - and sulphur from the new substance. -

From the - comparlson of iron-sulphur mtxture and 1ron-su1phur compound
(iron:(IL). sulphide), some:of. the dlfferences between mixtures-and compounds can'be

descrlbed as follows :
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Table 2.3 Differences between mixtures and compounds

v Mixture Compound
1. No chemical reaction takes place 1. Chemical reaction takes place in the
on mixing. - formation of a compound.
2. . No new substance or substances 2. A new substance or substances are
' are formed in a mixture, formed. )
> 13. Most of the properties of the 3. The properties of the compound are
constituents do not change in a different from those of the
mixture. ' substances from which it was
4. The constituents of a mixture - formed. :
may be present in any 4. The constituents of a compound are
proportion, - present in a fixed proportion by
5. A mixture can be separated into i.. weight.
constituent substances by mechanical 5. A compound cannot be broken down
or physical means such as the into its constituent elements by
use of a magnet or dissolving out physical means.
one constituent by a suitable
solvent.

How can you know that a substance is a mixture or a compound?
In considering whether a substance is a mixture or a compound, each of the following
characteristics should be considered.

(1

@)

()

(4)

Whether the substance is heterogeneous or homogeneous.

If the substance is heterogenéous, it is definitely a mixture. If it is
homogeneous, further considerations are necessary. ‘
Whether the substance has properties which are the average of its constituents
or whether the substance has different properties from its constituents.

-If the substance has properties which are the average of those of its

constituents, it may be a mixture. If the substance has properties entlrely
different from those of its constituents, it may be a compound

Whether the constituents of the substance are present in any proportion by
weight, or whether they are present in a fixed proportion by weight.

If the constituents are present in any proportion by weight, the substance is a
mixture. If the constituents are present in a fixed proportion by weight, the
substance is a compound.

Whether the constituents of the substance can be separated by mechanical or
physical means or whether the use of chemical means is necessary. If the
constituents of the substance can be separated by physical means, the
substance is a mixture. If it can be separated only by chemical means, the
substance is a compound.
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0 SUMMARY .

This chapter deals with elements, compounds and m1xtures The deﬁmuons of

elements, compounds and mixtures are firstly .presented . “The classification of
elements into metals and non-metals is explained. Compounds are classified into
binary compounds, ac1ds; bases,” and salts are also given. .In addttlon, the
classification of mixtures into homogenous and heterogeneous types has been
exemplified. Finally, the main differences between compounds and mixtures have’
been explained with ‘appropriate ‘examples such as 1ron ﬁlmgs and sulphur powder
mixture and 1ron(II) sulphtde compound S ~

1.

ad

th

10.

Questlons and Problems

When attempts are made to break down substance A by chemical methods the

" same ° original substance is always formed. Is substance A an element ora

compound‘?

" Barium is an element. Do you think new eleménts will be formed when

barium is broken down by chemical means?
How can you determine that a given substance is an element?
When a substance is broken down by chemical means, two substances w1th
different. properties are formed Is the orlgmal substance an element or a
compound? :
How can you determine that a given substance isa compound?
An element is light, solid and brittle. It canniot conduct heat and -electricity
easily. Decide whether the element is metalhc or a non—metalllc Give
reasons. - ' : :
Give reasons why gaseous elements are non-metalhc
A substance contains three components, In four different samples of the
substance, it was found that the three components are present in four different
proportions. by weight. Is the substance a mtxture or a compound? Give
reasons.
Pure water is a compound of two elements, namely hydrogen and oxygen. In
pure ‘water the proportion by weight of hydrogen and oxygen is 1:8. On
distilling rain -water, we get pure water. What is the proportion by we1ght of
hydrogen and oxygen in the rain water after distillation? -
There are two substances A and B.These two substances contatn the same
components ~X and y.
(a) Three different samples of the substance A show the followmg compo-
_sitions by weight. ‘ . -
Insample I,x=5g - and y=15g '
Insample2,x=15g " and = y=45g
Insample 3,x=6g and y=18g
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1.

12.

13.

14,

(b)

Three different samples of the substance B show the followmg-
compositions by welght

Insample I, x=2¢g and y=6g

Insample 2,x=3g and y=6g

Insample 3, x=4 g and- y= 6g

Determine whlch substance, A or B, is a compound and which substance ‘A or
B, is a mixture.
Blue copper (1I) sulphate crystals are dissolved in water to get a solution.

(a)
(b)
(©)
(d)

(e)

Does a chemical change take place on dissolving?

Does the colour of the copper (1I) sulphate change on dissolving?

Say whether the solution is homogeneous or heterogeneous.

Can you: change the proportion of blue copper (II) sulphate crystals and
water in the solution?

By which means, physical or chemical, can you separate the blue copper
(IT) sulphate crystals from water?

Determine whether a solution of table salt in water is a mixture or a
compound. Give reasons.
Write TRUE or FALSE for the following statements.

(a) Substances that do not break down into other substances are -called
elements. ,

(b) Some elements are not made by man in the laboratory.

(c) An element is a substance which can be broken down into simpler
substances by chemical means.

(d) A compound is a substance formed by the combination of two or more

~ elements in a fixed proportion by weight.

(e) 1If the constituents are present in any proportion by weight the substance
is a mixture.

(f) A binary compound containing a metal and chlorme is called a metal
chlorate.

(g) Milk is a homogeneous mixture.

(h) Different elements combine in any proportion by weight to form a
compound.

Fill in the blanks with a suitable word or words. /

(2) Mercury combines with ..vvvevseenes to form\mercury (11 dxide.

(b) Carbon, sulphur and phosphorous are ...........

(¢) Salts are formed when acids and bases ....... +++00ns ONE apother.

(d) The solution of blue copper (11} sulphate is a mlxture of copper (II)
sulphate crystals .. . in water,

(e) All metals except mercury ) (P at ordinary temperature.

Some metal oxides and all ......... are bases.

()
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"+ V(g) Mixtures. whose constituents can be seen: separately on - v1sua1 or

15,

16.

17.

microscopic examination are called ......... -

. (i) The compounds formed by the combination of two elements are called

....... compounds.
Select the correct word or words given in the brackets. .
(@) Ina (an) (mixture, compound element) a new substance or substances is
* (are) formed.
(b) Metals have (high, low, medium) melting points.
(c) A compound is a substance formed by the combination .of two or more
(substances, elements, solids) in a fixed proportion by welght
(d) No (physical, distinct, chemical) change occurs by mlxmg lead (II)
- bromide with mercury (II) oxide. -
(e) An element is a substance which cannot be broken down into s1mp1er
substances by (physical, chemical, biological) means.
() The common property of all acids has (bitter, sweet, sour) taste,

Match each of the items given in llst A w1th the approprlate item given in
list B. o :
LlstA R . . ListB

(a) Acid )] can turn red litmus blue

(b) Non-metals - . (ii)  isa homogeneous mixture

(c) Mercury (II) oxide (iii)  are poor conductors

(d) Copper\(II) sulphate - (iv)  can turn blue litmus red
crystal dissolved in water S

" (e) Bases (v) isa compound of two elements

. Answer the following questions.
(a) Name the metallic element in the liquid state at room temperature
(b) Write down the characteristic properties of acids and name two common

" salts.
(¢) Which of the following substances. are pure substances and which are
- mixture§ 7 :
(@) iron (u) sea water (111) soll (1v) gold
) oxygen gas (vi) coke (vii) mercury (viii) salt

(d) You,are given iron filings and sulphur powder.
(i) Which substance has metallic grey colour and no smell ?
(ii) Name the substance which is dissolved in carbon disulphide.

(e) From the following list of elements, Aluminium, Zinc, Phosphorus,
Chlorine, Lead, Sulphur, Mercury, Nitrogen, Potassium, Oxygen which of
the elements are non-metals? -

(f) When three elements , A, B, and C combine to form a compound the
properties of this new compound ABC are (i) Like those of A and B (ii)

/
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qf\ Like those of A,B and C (iii} Unlike either AorBorC (1v) Slmllar to
both A and C.
(g) Write down the name of four binary compounds.
~ (h) Write down five differences between mixture and compound .

o sk oo ok sk ok ok sk o o ok sk sl sk e e ok kool skekoskokok
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.+ . .+ CHAPTER3 -
‘SOLUTION

In this chapter we shall study the changes that occur when substances are
dissolved in liquids.

3.1  Solution, Solute and Solvent
We can start with a simple experiment.

Some water is taken in a test tube. A small amount of copper (II) sulphate
crystals are added to it with stirring. All solids will disappear, transforming into a
clear blue liquid state in which the copper (II) sulphate is dispersed to give a
homogeneous mixture. It is said that copper (II) sulphate dissolved in water and a
solution of copper (II) sulphate in water is formed (Fig. 3.1).

Solvent + Solute @———  Solution
- . (homogeneous mixture)
i N | |

copper (1)
sulphate
Fig. 3.1 Preparation of copper (1) sulphate solution
Solution '
A solution is a clear homogeneous mlxture obtained when a substance d1ssolves ina
liquid.
Solvent

A solvent is a substance, mostly liquid, in which another substance dissolves to glve a
homogeneous mixture.

Solute , ,

A solutefs a substance which is dissolved in a solvent to give a s\olution.

28



In the above experiment, copper (II) suiphate is the solute. Water is the
solvent. The homogeneous mixture obtained by dissolving copper (IT) sulphate in
water is the solution.

Distribution of solutes in solution
A solution is a homogeneous mixture of a solute and a solvent. In a solutlon the
solute is uniformly distributed throughout the solutlon

If 10 g of table salt is dissolved in 100 em® of water and the solution
thoroughly shaken, 1 g of table salt is distributed in every 10 cm® of the solution.

How many grams of table salt is present in 1 ¢m® of the solution?

3.2  Solubility and Insolubility of Substances _
Some solids, such as copper (I} sulphate, sugar and common salt are soluble in
water, but some solids such as sand, charcoal and chalk are insoluble in water, Some
solids such as iodine are shghtly soluble in water.

Two liquids that mix with one another in all proportions are termed miscible,
while liquids that do not mix are termed immiscible. .

Thus for example, alcohol mixes in all proportions with water; however, water
and petrol are immiscible.

Generally, all gases are soluble in water. Some gases such as hydrogen
chloride and ammonia are very soluble in water. Some gases such as oxygen, nitrogen
and hydrogen are not very soluble in water,

Test for the solubility of a gas in water

Fig. 3.2 Solubility of ammonia
A test tube is filled with ammonia gas and its mouth closed with the thumb.

The closed end is then dipped into water contained in a porcelain basin. The thumb is
then removed under the water and the test tube gently rocked. The water in the test
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tube will rise(Fig. 3.2). The height of water in the test tube indicates the solubility of
the gas (How'?) If the column of water in the test tube is high, the solublhty of the gas
also is high. If the water column is low the solubility of the gas is also low.

3.3 : Saturation of the Solution
To prepare a saturated solution

Some solid is added to a certain volume of water in a beaker with stirring until all of
it dissolved. Some more solid is then added with stirring. Addition of solid and
stirring must be repeated until no more solid would dissolve at the experimental
temperature. It must be made sure that the solution is truly saturated, by ensuring that
no more solid dissolves in the solution no matter how long it is left or how v1gorously
it is stirred.

Effect of temperature on saturation

It is clear that a solution in which it is impossible to dissolve any more of the solute at
a given temperature is said to be saturated with the solute at that temperature. If this
saturated solution is heated, more solute can be dissolved in it. Therefore, the solution
saturated at the lower temperature is no longer saturated at the higher temperature.
(Note that there is no change in the amount of solvent.) Addition of some more solute
will be required to make the solution saturated again 4t the higher temperature.

Therefore, with some exception, the solubility of the solute increases when the
temperature of the solution is increased.

The solubility data of potassium nitrate at 60°C, 70°C and 80°C are given
below. : '

‘The solubtllty of potassium nitrate .
Temperature °C -60 70 80
Solubility g/100 g water 106 135 167

(There are exceptions. The solubilities of all gases and some solids such as
calcium hydroxide and calcium sulphate,decreases when temperature of the solution
is increased.)

It is, therefore, necessary to specify the temperature at which the solution is
saturated.

From the above d1scusswn we arrive at the following 1mportant ‘definitions
regarding solutions. :

Unsaturated solution: A solution in
., " which  more ‘of the solute can -
' -dissolve at the given temperature is
called an unsaturated solution.



Saturated solution: A saturated
solution is one in which no more
solute will dissolve at the given
temperature, in the presence of
excess solute.

We have learned that the amount of solute which dissolves in a given solvent
depends on the amount of solvent used, the temperature of saturation, and the extent
to_which the substance dissolves. Hence to define solubility we must fix the amount
of solvent used (say 100 grams) and the saturation of the solvent must be done at a
fixed temperature. _

Solubility of a substance at a given |
temperature is the mass in grams of

the substance which will saturate

100 g of water, at that temperature.

Determination of the solubility of a solid in water at room temperature
The procedure involves the preparation of the saturated solution of tke solid followed
by the determination of the amount of solid dissolved in 100 g of water.

To prepare a saturated solution

About 100 cm® of distilled water is taken in a beaker A small amount of solid is
added to the water using a glass rod for stirring until the solid dissolves. Repeat the
procedure of adding the solid and stirring until no more sohd would dissolve at the
experimental temperature.

To find the amount of solid dissolved in 100 g of water

A clean and dry evaporating basin is weighed. Using a clean and dry filter paper and
a dry funnel, about half of the saturated solution is filtered directly into the weighed
evaporating basin. The evaporating basin together with the saturated solution is again
weighed. The solution is evaporated slowly. When most of the water has evaporated,
the basin is placed on a steam bath (or a sand bath) The heating is continued until all
the water has evaporated. The evaporating basin is then cooled in a desiccator and
weighed together with the solid. The process of heating, cooling and weighing should
be repeated until-the weight becomes constanit. From the results obtained the mass in
grams_of the solid“which would have dissolved in 100 g of water is easily calculated.

Refer to B@et‘imental chemlstry for the determmatlon of solubility of common salt

-
-
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3.4 Solubility Graphs

Solublllty data . _ S o

Temperature*C 0 10 20 30 40 350. 60 70 80 90 100
‘Solubility g/100 g water - ‘ :

Potassium . A '

chloride - 218 313 347 37.6 40.5 43.2 458 48.6 51.2 53.8 56.2
Potassium. . : , B _ o |
chlorate = = - .33 5.1 7.3 10.1 14.0 185 24.0 30.2 374 46.0- 56.2
Potassium L ‘ C o . _
nitrate ~ - 13.9 21.2 31.6 45.3 61.4 835 106 135 167 . 203. 245

From the solubility data of the substancces in the above table, a graph is drawu
with temperature on the horlzontal axis and solublhty on the vertical axis as shown
below.

Solubility graph
5 250
¥
o 200
e i
e “_
2
S o0f
2
50 : T
i
_ temperature
The use of solublhty graphs .
1. The curves indicate the changes in solubility of var ious salts with temper: ature.
2. ‘Solubility of the substances between 0°C and 100°C can be found out from the

graph. - , . |
(@)  What is the solubility of potassium chloride at 40°C?

. (b)  What is the solubility of potassium chlorate at 70°C?
. (¢} . What is the solubility of potassium njtrate at 60°C?
3. The solubility of the two substances at the same temperature can be compared
and predlctlon can be made as to which substance will come out first when a solution
saturatcd with these two substances is cooled down or is evaporated.
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3.5  Supersaturated Solution
When a hot saturated solution is cooled to a given lower temperature, the solute in
excess of the amount required to saturate the solution at the lower temperature usually
comes out from the solution.
But this process does not always occur. Sometimes the excess solute can

remain dissolved in the solution.
y The solution that retains more solute

than is required to saturate the solution

al a given temperature is called a

supersaturated solution.

To prepare supersaturated solution

For example, a supersaturated solution of hypo, Na;S:0,.5H,0 is readily made by
directly heating the crystalline hypo when the sodium thiosulphate dissolves in its
own water of crystallization to form supcrsaturated solution. On cooling this solution
to room temperature, the excess hypo does not come out but remains in the solution.
Because this solution contains more solute than it should at the room temperature, it
is a supersaturated solution.

Supersaturation is an unstable condition, and if the solution is disturbed by
adding a tiny crystal of the solute, all of the excess salt separates out and the
remaining solution becomes an ordinary saturated solution.

3.6  Expressing the Amount of Solute in known Quantity of Solvent
In a saturated solution the fixed amount of solute is dissolved in a fixed amount of
solvent at a given temperature. That is, in saturat®d solutions the ratio of the amount.
of solute to the amount of solvent does not vary. But in unsaturated solutions the ratio
of the amount of solute to the amount of solvent may vary over a wide range.

The ratio of the amount of solute to the amount of solvent in solution can be
expressed by the concentration of the solution.

A solution is referred to as being dilute or concentrated depending on whether
it contains a small or large amount of solute in the same amount of solvent.

A Concentrated solution is a solution containing a comparatively large amount
of the solute in the solution.

A dilute solution is a solution containing a comparatively small amount of the
solute in the solution.

3.7  Crystals

When hot saturated solutions are cooled, the solid substances come out from the
solution. These solids have glistening appearances and are bounded by regular flat
faces forming characteristic shapes. These solids are called crystals. Most of the
solids are crystals. Solids which have no natural characteristic shapes are not called

L
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ctystals, The substances which have no naturai crystalline shapes are called
amorphous substances :

Shapes of crystals
The crystals of the same substance have the same crystalline form.

The crystals of different substance have different crystalline forms(Fig. 3.3).
shape of a crystal of table -

‘ ‘l salt (sodium chioride)

shape of a crystal of
cane sugar

(potassium aluminium sulphate)

‘ ii? shape ofa Erystal of common alum

shape of a crystal of epsom sait
(magnesium sulphate)

Action of heat on crystals
copper (II) sulphate

crystals

e e meegme

7 water

Fig 3.4 Heatmg copper (II) sulphate crystals _
Some copper (II) sulphate crystals are placed in test tube A. The apparatus is set
up as shown in Fig. 3.4 by placing tube B in water for cooling. The test tube Als
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heated. During heating copper (II) sulphate crystals gradually lose their blue
.colour'and crystalline shape. Finally they all turn into a white powdery mass.
Some colourless liquid is collected in test tube B. This liquid is water.

From this experiment it is clear that when copper (II) sulphate crystals are
heated, the water from the crystals is lost and the resultant white mass in test tube A
(copper (1I) sulphate without water or anhydrous copper (II) sulphate) is obtained.
When a small amount of water is added to the white anhydrous copper (II) sulphate,
blue copper (II) sulphate reappears. So water is one of the components respon31ble for
the colour and crystalline form of copper (II) sulphate crystals

Water of crystallization:
The water essential for the
existence of the substance in
the crystalline state is called
water of crystallization.
Hydrate : Crystals
containing water of crys-
tallization ~ are called
hydrates.

Crystals without water of crystallization
On heating some table salt you will find that no water is given off. So, in the crystals
of table salt there is no water of crystallization. -

The names of some hydrated and some anhydrous crystalhne substances are
given below.

Crystalline substances with Crystalline substances without
water of crystallization water of crystallization

Copper (1) sulphate Table salt

Magnesium sulphate Potassium sulphate

Zinc sulphate Iodine

Washing soda

‘3.8  Making Crystals (Crystallization) -
The crystals can be made in the laboratory by the followmg methods.

1. By cooling the saturated solution

2. By slow evaporation of the saturated solution.

3. By adding seed crystals to a saturated solution _

By cooling saturated solutions

1. A saturated solution of the substance is prepared at high temperature.
2. The solution is allowed to cool.
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: (a) If the hot solution is 1ap|dly cooled by immersing the container of the
solution in water, the crystals are formed rapldly But the size of the
crystals will be small.- '

(b) If the hot solution is allowed to cool slowly by leaving. the solution at

: room temperature for some time, the crystals are formed slowly, The-
crystals will be large in size.

By slow evaporation of saturated solutions

I. . A saturated solution of the substance is prepared. -

2. The solution is allowed to evaporate slowly at room temperature by leavmg 1t
in a container covered with a sheet of paper to prevent the entering of dust.

The water should evaporate slowly at room temperature and crystals of large size will
be formed. -

By using seed crystals

e
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Fig. 3.5 Growing crystals
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1. A saturated solution of copper (II) sulphate is prepared at room temperature.
Filter the solution.

2. A perfect crystal of copper (II) sulphate is selected.

3. The selected crystal is suspended on a cotton thread in the saturated solution

of copper (Il) sulphate and left for some time (Fig. 3.5).

4. Solute will deposit on the seed crystal whlch will gradually grow to form a blg
crystal.

This method is also used to prepare large crystals of common alum in -the
laboratory



3.9  Efflorescence, Deliquescence and Hygroscopicity
Efflorescehce

If washing soda (sodium carbonate) crystals are left in the air they lose some water of
crystallization and the crystals trdmf‘orm into white powder which coats the surfaces
of the crystals.

‘The process of losing all or part of the water of crystallization into the air
from the hydrates is called effiorcscence.

Deliquescence

‘When some substances are exposed to the air they absorb water from the air and
become damp. This process is called deliquescence. If these substances are lefl
exposed to the air for a long time deliquescense will finally cause all the solid to
dissolve in the absorbed water. Examples of some common deliquescent substances
are sodium hydroxide, calcium chloride, calcium nitrate and ivon (111) chloride.

Hygroscopic su bstances

Some substances on exposure to the air absorb water from the. air but may not
dissolve in it. These substances are called hygroscopic substances. Examples of
hygroscopic substances arc copper (I1) oxide, sodium nitrate and calcium oxide.

Drying agents
As deliquescent and hygroscopic substances can absorb water vapour from the air
these substances are used to dry other substances.

oncentra
sulphuric
acid

calcium

U-tube chloride desiccator chiloride wash bottle

Fig. 3.6 Apparatus for drying

Anhydrous calcium chloride in a small bottle is kept inside a bulance case to
keep the air in it dry. Anhydrous calcium chioride in a U-tube is used to dry gases.
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Calcium chloride is also used in desiccators to dry substances Concentrated sulphuric
acid in a wash bottle is used to dry gases which have no reaet;on with it. When used
as contdct'drying agents these substances must have no reaction with the substance to
be dried (Fig. 3.6). -

SUMMARY
" In this chapter, the concepts of solution, solvent and solute are
clearly explained. The terms such as unsaturated solution, saturated solution,
supersaturated solution and solubility have been elaborated. In addition, crystals of
different substances are depicted and methods of making crystals are presented The
definitions of efflorescence, deliquescence, and hygroscopic terms are given.

Questions and problems ‘

1. 20 g of a soluble substance is dissolved in water to form 100 cm® of the
solution. 25 cm® of the solution is taken and evaporated to dryness. How many
grams of the solid will be obtamed?

2. A patient has to take medicine powder 0.5 g at a time and four times a day
The medicine powder 1s water soluble. You are provided with 2.0 g of
medicine powder, 40 em’ of water, and a bottle which can contain 40 cm’ of
liquid and has four marks that divides four equal parts.

(a)  How would you prepare the medicine?
(b)  How will you instruct the patient to take his medlcme'?

3. Three solid substances A, B and C are given to you. The substance C is
practically insoluble in water. Excess amounts of the three substances are
separately shaken with distilled water in a test tube. An equal amount of each
solution is taken and evaporated to dryness. After evaporation a large amount
of A is obtained and very little amount of B is obtained.

(a)  Which substance is very sotuble?
(b)  Which substance is slightly soluble?
{¢) = What do you expect to see after completely evaporating the ]1qu|d in
* which substance C is shaken?

4. - Choose the proper words to complete the followmg statements. |
(a) When a solvent has dissolved the maximum amount of solute at a
given temperature the solutlon obtained is said to be (saturated,
unsaturated supersaturated)
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(b) The maximum amount of a solute that can be dissolved in a solvent at
' a given temperature is the amount which makes the solution (saturated -
unsaturated, supersaturated) at that temperature.
Sugar is added into a glass of lime juice and stirred well until sorne sugar is
left undissolved. The lime juice free from undissolved sugar is poured into a
second glass. Do you think that the sweetness of the lime juice will increase if
more sugar is added to the lime juice in the second glass? Give reasons.

T r - - 3
[ »] J ‘ o O
kmum—g-—.._.--. ’ L. J L -
supex:saturated saturated sclution unsaturated
solution of hypo of hypo solution of hypo

Three crystals of hypo are suspended in three solutions of hypo as shown in

the diagram and are left to stand for some time.

(a) What change in the size of the crystal will occur in the supersaturated
sohution?

(b) What change in size of the crystal will occur in the saturated solution?

(c) What change in size of the crystal will occur in the unsaturated solution?

Three solutions of alum were separately placed in three beakers, A, B, and C.

Three crystals of alum were separately suspended by means of thread in the

solution in each beaker. As the time went by it was found that the crystal in

beaker A, became smaller and smaller the crystal in beaker B, became larger

and larger and the crystal in beaker C, did not change in size.

(a) Which solution is a saturated one?

{b) Which solution is a supersaturated one?

(¢) Which solution is an unsaturated one?

There are two ways by which a saturated solution can be obtained from an

unsaturated one at a given temperature. How will you do it both ways? There

are two ways by which an unsaturated solution can be obtained from a

saturated one at room temperature. How will you do it?

The solublllty of solid A at 60°C is 24 and at 40°C is 14

(a) What is the amount of the solid required to saturate 50 g of water at
60°C?

(b) What is the maximum amount of the solid that can be dissolved in 25 g
of water at 60°C?
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| (c’;)l How much solid will be’ obtamed 1f 62 g of saturated solutlon at 60°C'is

;evaporated to dryness?

- (dj What will be the amount of saturated solutlon obtained at 40°C after

10.

i,

d1ssolvmg 7 g'of the solid in required amount of water? N

(&) You have a saturatéd solation of 114 g at 40°C. How much more solid

must be dissolved'in this solution to make a saturated solutlon at 60°C?
(f) A saturated solution of the solid in 100 g of water at 60°C is cooled to
40°C. How much solid should come out of the solution?
(g) How much solid should come out of the solution if 124 g of the
saturated solution of the solid at 60°C is cooled to 40°C?

. The solubility of copper (T1) sulphate at 60°C is 40 and 90°C is 67.5.
- A saturated solution of copper (11) sulphate in 100-g of water at 90°C is cooled

to 60°C. Calculate the amount. of copper (Il) sulphate which would come
out ‘of the solution. : o

The solubility data of sodlum mtrate at various temperatures are given below.
Temperature®C 0 10 - 20 30 40 S50 60 70 - 80 -9C 100
Solubility in S '

. g/l00gwater - 73 80 83 . - 104 114 124. - 148 161 178
= -(a) Plot a solubility graph.
-+ (b) - What are the solubilities of sodium nitrate at 30°C and 70°C'?

(¢)... You have a saturated solution of the substance in- 100 g ‘water at 50°C.
How much more sodium nitrate shou]d be dissolved to make a saturated
- solution at 70°C? - faee

- (d) * You have a saturated solution of the substance in 100 g water at 90°C

How much solid should come out of the solution 1f the solution is
cooled to 40°C?. ' : ;
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12. The solubilities (g/100 g water) of three substances at different temperatures

are given below. _
Temperature °C 0 10 20 30 40" 50 60 70 80

Potassium 33 50 73 100 140 185 240 30.2 375
chlorate L

Calcium 0.13  0.125 012 06.11 0102 0.0 0.08 0.06 -
hydroxide ' , :
Sodiura C 50 9.0 205 410 480 47.0 450 44.0 43.0
sulphate ' -—

(a) Plot the solubility curve of each substance. | , -
(b) Describe the change in solubility with the temperature for each

substance.
13.

140
120U% /
100 V4 —

780

~ 60

z L

= 40

£ L~

® 20 -l

0 10 20 30 40 50 60 70

temperature ‘¢

Which substance is more soluble above 50°C and which substance is more -
soluble below 50°C?
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14,

15.

16.

» Write TRUE or FALSE for the following statements.

(a)s Crystals contalmng water of crystallization are called hydrates

(b) A solution is a clear heterogeneous mlAture obtamed when a substance
dissolves in a liquid. |

(c) A solute is a substance which is dissolved in a solvent to give a solution.

(d) A saturated solution is one in which more solute will dissolve at the

‘given temperature, in the presence of excess solute.

(e} A solution in which more of the solute can dissolve at the gwen
temperature is called an unsaturated solution.

(f)  Table salt is not a hydrate. -

(g) . A solution is a homogeneous mixture of a solute and solvent.

Fill in the blanks with a suitable word or words.
(a) Solubility of a substance at a given temperature is the mass in grams of

the substance which will ....ccovivieeeee 100 g of water, at that
temperature. ' ’ ‘ _

(b) The solution that retain more solute than is required to saturate the
solution at the given temperature is called a ........ veveesae solution.

(€) A ciiiiiiriniannn solution is one in which no more solute will dissolve at
the given temperature, in the presence of excess solute.

(D) Aciieiennes ... 15 a substance, mostly liquid, in which another substance

' dissolve to give a homogeneous mixture.

(&) A vvvrriiinenne is a clear homogeneous mixture obtained when a sub-
stance dissolves in a liquid. ‘

(f) If the solvent is water, the solution formed i iscalledan ......... solution.

(g) Calcium oxide is an example of ........... substance.

(h) Substances which dissolve in a particular solvent are saidtobe .........

Select the correct word or words given in the brackets.

(a) A solution is a clear (homogeneous, heterogeneous, uniform) mixture
obtained when a substance dissolves in a liquid.

(b) A solution in which more of the solute can dissolve at the given
temperature is called a (unsaturated, saturated, supersaturated) solution.

. (c) The water essential for the existence of the substance in the (solid,

crystatline, amorphous) state is called water of crystallization.

42 _ \



@

(e)
(0
(2)

The process of losing all or part of the water of crystallization into the
"air from the hydrates is called (deliquescence, efﬂorescence
hygroscoplclty)

(Sodium carbonate, Washing soda, Sodium hydroxide) loses water of
crystallization into the air,

A (saturated, unsaturated, supersaturated) solution is a solution

_containing large amount of the solute in the solution.

Hygroscopic substance is (copper (II) oxide, calcium oxide, sodium
hydroxide).

17.  Match each of the items given in hst A with the appropriate item given in list

B.

(a)

(b)
(c)
(d)
(¢)

List A " List B

The process of losing allor (i) The solution that retains

parts of the into the air from - more solute than is required

the hydrate is caled to saturate the solution at
Supersaturated solution _ agiven temperature

Hygroscopic substances (i) Efflorescence

Amorphous substances (iii)  Substances which have no natural
Desiccator crystalline shapes

(iv) Apparatus for drying

(v)  Substances on exposure to
air absorb water from the
air but may not dissolve in it.

18. Answer the following questions.
(a) Hygroscopic substances are used as drying agents. Why?
(b) Give the hame of two hydrates and two drying agents.
(c) Select the correct answer.

When'sugar is dissolved in water,

(i) the solvent is sugar and the solute is water,
(11} achemical change takes place.

(iii) the boiling point of water decreases.

(iv) the resulting mixture is called a solution.

7k ok 2k ok o ok ok o ok ok o ok ok e ok skt ok R skokele Rk ke kok
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CHAPTER 4
“THE LAWS OF CHEMICAL COMBINATIONS AND
" THE IDEA OF ATOMS |

In Chapter 2 we have leamed that elements in a-compound combine in a
definite proportion by weight. We can experimentally determine the proportions by
which the elements combine to form a compound. One such experrment will be
described using magnesium and oxygen from the air.

4.1. To find the Proportion by Weight of Magnesium and Oxygen in
Magnesium Oxide

When a known welght of magnesium is heated in.air, it combines with oxygen from

the air to form magnes:um oxide, The difference between the weights of magnesium

and the oxide formed is the we:ght of oxygen From the results, the proportion by

weight of magnesium and oxygen in magnestum 0x1de can be calcu]ated

Fig. 4.1 Ignition of magnesium

A clean, dry crucible and-its lid are first weighed. A length of magnesium
ribbon (about 20 cm) is cleaned by rubbing it two or three times with sand paper. This
magnesium ribbon is made into a tlg,ht coil and placed in the crucible which is then
covered it with its lid. :

The weight of'the magnesidm and crucible with its lid is then determined. The
covered crucible is then placed on a tripod, using a pipe-clay triangle to support it. It
is then carefully heated until the magnesium ignites (Fig. 4.1),

During heating, the lid must be lifted occasionally with a pair of tongs to let
air in. Care must be taken not to allow the white fumes (magnesium oxide) to escape.

After the magnesium has completely burnt, the flame is removed and the
crucible is cooled down. Then a drop or two of water is added and the crucible again

44



heated. From this stage onwards, the crucible must be strongly heated to make sure
that the combushon of the magnesium is completed.

Heatmg is then discontinued and the crucible cooled down. The crucible, lid
and magnesium oxide are then weighed. The process of heating, cooling and
weighing must be repeated until there is no more increase in weight.

Treatment of results

; Weight of crucible and 1id = Wig
Weight of crucible, lid and magnesium = W g
Weight of crucible, lid and magnesium oxide = Wg

. Weight of magnesium = (W2-Wp g
. Weight of oxygen combined with magnesium = (Wi~ Wy g
Therefore,
Weight of magnesium -~ :  Weight of oxygen

(Wg - W[) . (W3 - Wz)
The ratio of the two elements (Wa.- W) : (W3 - W) is consistently 3:2 .

Constancy of the composition by weight of magnesium oxide
At least three experiments should be done by using three different welghts of
magnesnum

The results of all these experiments will show that the ratio of the weight of
magnesium to that of oxygen is always 3 : 2.

Therefore, irrespective of the starting weight of magnesium, the weight ratio
of magnesium to oxygen in magnesium oxide is always constant.

Hence, it can be concluded that in magnesium oxide the magnesium and
oxygen are always combined in a definite proportion by weight.

4.2 Comparlson of the Total Weight of the Products of a Chemical Reaction
with the Total Weight of the Reactants _
We have learned that in chemical reactions the reactants change chemically. Now we
may ask a question; " Is there any change in welght when substances react to form
new products?"

The answer to this question may be obtained by comparing the total weight of
the products of a reaction with the total weight of the reactants.

Some pairs of reactants are listed below. Use solut1ons of any pair of reactants
for each experiment.

Magnésium sulphate and bayi_urh chloride
Silver nitrate and sodium chloride
Lead (II) nitrate and potassium iodide
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conical flask

Fig. 4.2. Verification of law of conservation of mass

A conical flask is taken and one of the solutions of any pair given in the list is
placed in it just to cover the bottom. A piece of thread is tied around the mouth of a
smail test tube which is half filled with the other solution of the pair. The test tube is
held in position in the conical flask by means of the thread and tight ﬁttmg cork as
shown in the diagram (Fig. 4. 2)

" The whole apparatus is welghed Let the welght be W, g

The flask is tilted so that the two solutions mix. A visible chemlcal change
will take place. The cork ensures that all the substances remain inside the flask.

The whole apparatus is again welghed after the reaction. Let the new weight
be Wz £

We can ver1fy that Wy g = Wag

We can repeat the experlment with the solutions of the remaining pau‘s of
reactants. In each of these reactions it is found that the weight of the reactants is equal
to the weight of the products.

4.3.  Constancy of Mass in Chemical Reactions : P
We have seen in the above. discussions that in chemical reactions, the welght
of the reactants is always equal to the weight of the products. So we can say that, in a
chemical reactlon, the total weight of the substances always remains the same. That
is, the total mass remains constant throughout a chemical reaction. ,
 This discovery leads to the idea that though substances change into other
substances, the amount of matter in the substances, that is the mass, does not change.
This is because no new matter is created, nor is any of the old matter destroyed,
during the reaction. This is a law of nature known as the law of conservation of mass.

46



_The law of conservation of mass states that:

Matter can neither becreated nor destroyed.

Hence the total mass of the substances before and after a reaction is always
the same.

J4.4 Constancy of Composition by Weight of the Compounds

Irrespective of the method used for its preparation, the components in a given
compound always combine in definite proportions by weight. For Example, the
weight proportion of hydrogen and oxygen in water is always {:8. The proportion by
weight of carbon and oxygen in carbon dioxide is always 3:8.

The law of definite proportions
The constancy of composition of compounds is another law of nature known as the
law of definite proportions.
The law states :
The same compound always contains the
same elements in the same proportion by
weight,
The importance of the above two laws
(1) These two laws, especially the law of definite proportion reinforce the idea
that all substances are made up of very small particles or atoms.
(2) The law of conservation of mass is important because we can make use of it in
writing chemical equations.

4.5 The Laws of Chemical Combinations and the Idea of Atoms
Why do elements combine in definite proportions by weight? Why does the total
mass of the substances in a chemical reaction remain constant?.

These questions can be easily answered by assuming that :
Matter is composed of extremely small par-
ticles called atoms.

We may further assume that :
Atoms can neither be created nor destroyed
in chemical reactions and that they combine
in simple proportions to form small particies
of compounds called molecules.
With these assumptions we can ekplain chemical reactions as described i in the
example below..
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Combination of magnesium and sulphur -
Magnesium is a metal. Sulphur is a non-metal. They combine to: form magnesium
sulphide on heating together. . : _ N _

magnesium + sulphur  ———» ‘magnesium sulphide

It is found that the weight ratio of magnesium to sulphur in magneswm
sulphide is always 3:4. .

To exp]am this we will assume that ;

'(a) o Magnes:um is composed of magnesxum atoms These atoms have the same

, - mass. ,- ,

(b)  Sulphur is composecl of sulphu1 atoms These sulphur atom also have the
same mass among them.

(c)  The mass ratio of one magnesium atom to one sulphur atom is 3:4.- _

(d) - One atom of magnesium combines with one atom of sulphur. to form one
molesule of magnesmm sulphide.

(e) The atoms of magnesium and those of sulphur cannot be ﬁ.lrther subdwnded

1. According to the assumptlons (a) and (b) the atoms of magnesium and
sulphur may be represented by the following diagrams (Fig. 4.3).
the atoms in magiesium - . the atoms in sulphur

“Fig. 4.3 Diagrammatic’ representatlon of atoris
2, When magnesium and sulphur react to form magnesium ‘sulphide, ‘each atom
of magnesium combines with an atom of sulphur to form a molecule of magnesnum
sulphide as represented below. Co - SRR

Magnesium sulphui‘ ‘Magnesium sulphide
atom atom " "molecule

3 + @ — &
e a . '-.“?“ o . i

Now what is the mass ratio of maghe,sium'and,sulphur in a molecule of
magnesium sulphide?
 Since a molecule, is formed by the union of a magnesnum atom and a sulphur
atom, the mass ratio of magnesium to sulphur in the molecule is 3:4.
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3. Now we can assume that the molecules of magnesium sulphide are similar
with one another. So the structure of magnesium sulphide can be represented as
follows : ' '

oo Noo oo NooNeoNoo Neo,

Since (1)  the mass ratio magnesium to sulphur in each molecule of

magnesium sulphide is 3:4, and _
(2)  all the molecules of magnesium sulphide are similar to one

another, it is clear that the mass ratio of magnesium to sulphur
in the whole compound is also 3:4.

Therefore, the law of definite proportions can be explained by the idea of

atoms. _
The law of conservation of mass can be explained as follows :

In the combination of magnesium and sulphur, no atoms are destroyed and no
new atoms are created. The only change that occurs is the change in the arrangement
of atoms. We have seen that each atom of magnesium combines with one atom of
sulphur forming a molecule of magnesium sulphide. There is no change in the total
number of atoms during the reaction. If there is no change in the total number of
atoms, there will be no change in the total mass.

Thus, the mass remains constant in a chemical reaction. This agrees with the
statement of the law of conservation of mass.

The idea of atoms described above was first put forward by John Dalton in
1803. We shall now study his atomic theory.

4.6  Dalton's Atomic Theory .
John Dalton (1766-1844), an English school teacher, developed the idea of the atomic
theory from the experimental evidence of the two laws, namely ;

(1) The law of definite proportions, and

(2)  The law of conservation of mass.

These two laws indicate the existence of atomns in all substances even though
these atoms cannot be seen.

The basic principles of Dalton's atomic theory are summarized as follows :

(H Matter is made up of extremely small particles called atoms. -

Atoms are indestructible during chemical reactions.
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47  The Law of Multiple Proportions

Atoms\can neither be greated nor destroyed. ‘ .
Atoms of one particular element have the same mass, shape, size and
other properties. '
Atoms of different elements have different masses and different
properties. ' - .

Atoms of different elements combine in simple. ratios to form
molecules of compounds. :
Molecules of the same compotind have the same mass, shape and other
properties. '

Molecules of different compounds have different masses and different
properties. o

Based on this atomic theory, Dalton had predicted the existence of another chemical
law. This law is called the Law of Multiple Proportions.

If two elements combine to form
more than one compound, the
different weights of one element that -
combine with a fixed weight of the
other element are in a ratio of small ~ -
whole numbers. ‘

Now, let us look at some experimental data.
Example 1 : Two oxides of carbon
Carbon combines with oxygen forming two oxides. They are carbon dioxide and
carbon monoxide. ‘ -
“In an experiment it was found that the weights of carbon -and oxygen in the
two oxides were as follows : : Co

oxide + carbon oxygen
carbon dioxide 24¢g 64g
‘carbon monoxide 3g : 4g

Calculation

Take | g of carbon for the fixed weigh‘t

Calculating the weights of one element. Calculate the weight of oxygen
of oxygen that combine that combines with 1 g of carbon in each of the

. with a fixed weight of oxides.
“carbon | ‘ .
Wt. of oxygen that - } 6.4
combines with 1g of = —=2583¢g
carbon in carbon dioxide 24 ,
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Wt. of oxygen that } 4

combines with 1g of = 3= 1.333 g .

carbon in carbon monoxide
Finding the ratio of
the weights of oxygen ~  2.583 : 1.333
Dividing by the smallest  2.583 : 1.333
number 1.333 : 1.333

1.937 -¢ 1
Rounding off to the
nearest whole number 2 01
2:1 is a small whole number ratio or a simple ratio.
Question:  Using the given data in the above example, calculate the ratio of the

weights of carbon that combine with a fixed weight of oxygen.

Example 2: Three oxides of chromium
Chromium and oxygen combine to form three oxides. In an experiment the weights of
chromium and oxygen in each oxide are as follows :

oxide "~ chromium oxygen
1% oxide 52¢g l6g
2" oxide 208¢g 96¢g
3" oxide 13g. 12g

Calculation

Take 1 g of chromium for the fixed weight
Calculating the weights of one element and calculate the weights of
of oxygen that combine oxygen that combine with 1 g of chromium.
with a fixed weight of

chromium .
Wt. of oxygen that 16
combines with 1g of = = =0.3077¢g
chromium in 1% oxide } 52
Wt. of oxygen that 96 .
combines with 1g of = — = 04615g
chromium in 2™ oxide, } 20.8 |
Wt. of oxygen that 1.2 _
combines with 1g of = —— = 09232¢g
chromium in 3" oxide } 1.3
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Finding the ratio of

the welghts of oxygen ~ 0.3077 : 0.4615 : 0.9232

in oxides (1), (2), (3) o S

Dividing by the smallest ~ 0.3077_ 04615 = 0.9232
number 03077 *° 03077 03077
’ 1 . 14998 :  3.0000
Rounding off to the : : '
nearest decimal Ly 15 : 3
place .

Multiply by 2 to obtain the

smallest whole number 2 3 i 6

2:3:6 is a small whole number ratio or a simple ratio. -
These experimental data support the truth of the law of multiple proportions.”

4.8  Explanation of the Law of Multiple Proportions by the Atomic Theory
According to Dalton's Theory, the atoms are indivisible. When two elements, A and
B, combine to form more than one compound, an integral number of A atoms will
unite with an integral number of B atoms The possible combmatlons may be AB
AB,, ABs, A:B, AxBj, etc.

. Suppose A and B combine to form three compounds, namely AB, AB,and
ABs. : L
If we keep the weight of A in these compounds to be constant, it can be easily
seen that the weights of B are in the ratio of 1: 2: 3. :

Since this is a simple ratio, the above chemical combinations are in agreement
with the law of multiple proportions. :

SUMMARY
In thlS chapter the laws of chemical combinations such as the law of
conservation of mass , the law of definite proportions, Dalton’s atomic theory, the law
of multiple proportions have been defined with appropriate examples. Worked out
examples are also given so that students may understand the application of these laws
in chemical combination problems.

Questions and Problems
I, Two elements, A and B, combine to form a compound. In the compound the
composition by welght of A and B is 3:4.

(a) What is the weight of the element B that combmes with 12 g of A?

(b) What is the weight of the element A that combines with 16 g of B?

(c) What are the weights of A and B in 21 g of the compound? T
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2. A compound contains 20% of oxygen.

(a)" What is the weight of oxygen in 40 g of the compound?

(b) What is the weight of the compound that contains 5 g of oxygen?

(c) What law leads to the reasoning for your calculation?
3 Five experiments were done to find out the’ proportion by weight of
magnesium and oxygen in magnesium oxide. ‘

The following results were obtained in each experiment. -

Experiment magnesium ' oxygen
1 l5g 10g
2 - 1.2 ¢g 0.8¢g
3 48¢g 32¢g
4 ‘ 24¢g l.6g
5 60g 40¢g

" (@) By using the results of the experiments, determine the proportion by
weight of magnesium to oxygen in magnesium oxide.
(b) Which law of chemical combination is in agreement with the above
results? ‘ ,
4. Using the proportion by weight of magnesium to oxygen obtained in question
(3), answer the followings: '
(a) When magnesium is burnt in air, magnesium oxide is formed. If 3 gof
magnesium is burnt completely what is the weight of magnesium oxide?
(b) When magnesium is heated in steam, magnesium oxide is formed, After
complete combustion of magnesiom, 15 g of magnesium oxide is
obtained. What is the weight of magnesium used in this experiment?
(c) What law leads to the reasoning for your calculation? ' _
5. (a) Complete combustion of one gram of carbon always results in the
formation of exactly 3.667 g of carbon dioxide. -
State the law governing this result.
(b) Complete the following statements in accordance with the law governing
the results in (a). ‘
In carbon monoxide. -
0 I g of carbon combines with 1.33 g of oxygen

(i) 2g .. e ()eg
(i) 3g ... e (g
(ivy 4g ... e ()g .
6. When 'x' gram of one substance reacts with 'y'gram of another substance, two

. products are formed. The weights of the two products are 'a’ gram and 'b'gram
respectively. The weight relation of the above chemical reaction is ’
X + vy = a+ b
What law is in agreement with the above relation of weights?
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10.

12,

13,

14,

15,

When 'x' gram of a compound is heated, it gives two substances. The weights
of the two substances are'y' gram and 'z’ gram respectively. In the light of the

. lawr of conservation of mass write an equation to show the relation by weight
- of the reactants and the products. '

When mercury (II) oxide is Heated it loses weight due to the escape of a gas.
(@) What are the products obtained by heating mercury (II) oxide?

(b Why does mercury (II) oxide lose its weight on heating?

() Does the above observation agree with the law of conservation of mass?
Give reasons. ‘

If a piece of magnesium is burnt'in air it gains wetght.

(a) Why does magnesium gain weight on burning? _

(b) Does this observation agree with the law of conservation of mass?

Give reasons. : '

Carbon forms two oxides in which the weight of oxygen combines with 1 g of
carbon are 1.33 g and 2.66 g respectively. What law is in agreement with this

- observation? Give reasons.

In three oxides of an element the weights of oxygen that combine with a fixed

~ weight of the elementare 1. 135g,227 g and 3.405 g respectively.

(a) Find the ratio of the weights of oxygen that combine with a fixed weight
of the element. _ : .
(b) What law is in agreement with the above results?

A metal forms two chlorides. In one, 1.727 g of the metal combined with

1.03 g of chlorine. In the other, 2.065 g of thyne:tal combined with 2.465 g of
chlorine. Show that the formation of Qg/sc:egfrhpounds is in agreement with
the law of multiple proportions. _ -~ =~ ,

An element A combines with Bromine forming two bromides. It is found that
7 g of one bromide contains 4.2 g of bromine and 13 g of the other bromide
contains 9 g of bromine. Show that these values agrec with the law of mulitiple

~ proportions. . _

An element combines with oxygen to form two different compounds. The
percentages of the element and oxygen in the two compounds are as follows :

compound element . oxygen
1* compound 11.1% . 88.9%
2™ compound 5.883% 94.117% -

Show that the results agree with the law of multiple proportions.

An element combines with oxygen to form two oxides which contain 71.42
percent and 55.556 percent of the element respectively. Show that these data
agree with the law. of multiple proportions.. .

- i
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16.

17.

18.

19.

20.

21.

Illustrate the law of multiple proportions using the folib‘wing data.

(a)  eompound element oxygen
1 compound 79.87% - 2013%
. 2" compound 88.81 % 11.19% |
(b)  compound. element oxygen
' 1¥ compound 92.825% ( )
2 compound 86.6% ( )
(c) compound element bromine
1* compound 25.92% 74.08%
2" compound °  18.92% 81.08%
(d) compound element hydrogen
1* ' compound ( ) 20%
2" compound ( ) . 7.69%
C(e) compound element chiorine
1* compound 5264 g 6.699 g
2™ compound 6.172 g 11.89¢
(H compound element © oxygen
(1)8.572 g, 4286 ¢ ()
(2)14.3 10g 5724 ¢ ()

In an experiment, 1.99 g of copper (II) oxide was found to contain 1.59 g of
copper. In another experiment 5 g of oxygen was found to combine with
19.87 g of copper. State the law governing these results and show how the
results illustrate the law, _ _

It was found by experiment that 5.5 g of an oxide of carbon contained 1.5 g of
carbon. Also it was found that 3 g of carbon combined with 4 g-of oxygen.
State the law governing these results and show how the results illustrate the law.
An element forms three oxides. The compositions of the three oxides are :

oxide element oxygen
1¥ oxide 92.83 g 717 g
2™ oxide 90.66 g : 9.34 g
3" oxide 86.62 g 13.38 g

Show that the compositions of the three oxides agree with the law of multiple
proportions.

The compositions of three oxides of nitrogen are as follows :

15 g of the first oxide contains 7 g of nitrogen.

15.2 g of the second oxide contains 5.6 g of nitrogen.

6.75 g of the third oxide contains 1.75 g of nitrogen.

Show that the data are in accordance with the law of multiple proportions. -
An element forms three compounds in which the percentages of the elements
are 51.13, 25.86 and 20.73, respectively. Show that these values illustrate the
law of multiple proportions.
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22,

23.

24.

‘Write TRUE or FALSE for the following statements.,

(a) The law of conservation of mass states that matter can neither be created

" nor destroyed.

(b) The law -of definite proportion qtates that the same compound always
contains the different elements in the different proportlon by weight.

(c) Atoms can be created and destroyed.

(d) Atoms of different -elements have different masses and different

properties. -

(e) Molecules of the same compound have the same mass, shape and other
properties.

(f) The atoms of magnesium can be further subdivided .

(g) The total mass of the substances before and after a reaction is always the

same. _

Fill in the blanks with a sultable word or words.,

(2) Atoms can neitherbe ........ .  nor destroyed.

(b) Matter is made up of extremely small particles called ..........

(c) One atom of magnesium combines with one atom of .......... to form

one molecule of magnesium sulphide.
(d) The same compound always contains the same elements in the same
eeseenians DY Weight,

. (e). If two elements combine to form more than one compound the different

welghts of the element that combine with a fixed weight of the otherelement

are in a .......... of small whole numbers.
(f) Dalton’s atomic theory is based on ............ laws.
~ (g) Atoms of different elements combine i in...... toform molecules of
compounds. . 3
(h) Magnesium reacts with ......... to form magnesium sulphide.

Select the correct word or words given in the brackets.
(a) Atoms are indestructible during, (biological, chemical, physical)

reactions.
(b) Atoms of different elements have (same definite, dlfferent) masses and
different properties.
(¢) The atoms of magnesium and those of sulphur (can cannot, may) be
further subdivided.

(d) . The mass (ratio, welght proportion) of magnesmm to sulphur in each
molecule of magnesium sulphide is 3:4.

(e) Molecules of the (same, different, some) compounds have the same
mass, shape and other properties.
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25. Match each of the items given in list A with the appropriate item given in

list B.

(a)

(b)

()

(d)
(e)

List A List B ' =
Carbon combines with (i} the law of definite
oxygen forming two oxides proportion and the law of
conservation of mass
Magnesium and sulphur (i) the same compound always
on heating give the compound contains the same elements
in the same proportions by
weight
Dalton's atomic theory is based (iii) carbon dioxide and carbon
on two laws monoxide
The law of definite proportions  (iv) the law of conservation of mass
Matter can neither be created {v) magnesium sulphide

nor destroyed

26.  Answer the following questions.

(a)
(b)
(c)
(d)
(e)

(H
(4]
(h)

Write down any four assumptions of Dalton’s atomic theory.

Define the law of multiple proportions.

Are atoms of the same element are of the same kind ?

Are the properties of iron atoms same or different ?

Are the properties of a molecule same or different from its component
atoms 7 i

What kind of atoms are present in the same element ?

Why do different elements have different properties ?

Why does the same element have the same properties?

s ok ke s ok sk oK o ok o sk ok o o sk s ok ok sk sk ok ok ok ok o s
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CHAPTERS : g
ARRANGEMENT OF ATOMS AND MOLECULES IN
SUBSTANCES

In Chapter 4 we have studied some experimental evidence which made us
believe that the substances are composed of atoms and molecules. :

In this chapter we shall discuss how atoms and moIecuIes are arranged in the
substances.

5.1 Individual Atoms and Groups of Atoms

Atoms

The basic unit of an element that can enter into chemical combination. Atom consists
of a small dense nucleus of protons and netrons surrounded by moving electrons.

Individual atoms
The atoms of inert gases, helium, neon, argon, krypton, xenon, exist singly in nature
and they do not combine with one another.

Groups of atoms
Excepting the inert gases, the atoms of other elements do not exist singly under normal
conditions. They combine with one another to exist as groups of atoms. ‘

5.2  Different Types of Structure
At this stage it is convenient to classify the types of structure accordlng to the
composition of the substance, whether it is made up of molecules or of atoms. On thlS
basis, there are two types of structure, the molecular and non-molecular.

The substances which are made up of molecules are molecular substances.
The structures of these substances are called molecular structures.

The substances which are not made up of motlecules, but are instead, made up
of atoms, are called non-molecular substances.

53  Molecules and Molecular Structures-

Molecules

A molecule is a group of atoms joined together It is the smallest particle of a

substance which can exist by itself,

Molecules in elements and compounds

Molecules exist in elements as well as in compounds. A molecule of an element

consists of atoms of the same kind. A molecule of a compound consists of mare than

one kind of atoms. The atoms of different elements in the molecule of a compound

are combined in a definite ratio. _

Molecules and three physical states of matter :

Gases are made up of molecules each of which can move freely in all directions.
Practically every liquid that occurs at room temperature is a molecular

substance; i.e, it is made up of molecules of the substance.
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‘Some solids are molecular substances because they are composed of
molecules.” But some solids are non-molecular because they are not made up of
integral molecules. Instead, they are made up of atoms, which are arranged together
in a spe01ﬁc and regular manner to form the whole structure of the solid. This
structure is called giant structure.

>4 Glant structure
The glant structure of a solid is an assembly of atoms arranged in a three dimensional
pattern that repeats itself regularly to form the whole mass of the solid.

Diamond is a good example representmg the giant structure of atoms.

tetrahedron
Fig 5.1 Tetrahedral arrangement of carbon atoms

Examine the structure of diamond. Diamond is composed of carbon atoms.
Five carbon atoms are arranged in three dimensional pattern as shown in Fig. 5.1.
This arrangement is known as a tetrahedral arrangement. This pattern repeats itself
regularly to form the structure of the whole mass of diamond as shown in Fig. 5.2.

Fig. 5.2 Structure of diamond

5.5  Crystals and Crystalline Substances

Crystals

Crystals are solids which are bounded by plane surfaces at definite angles. Each type
of crystal has a regular shape in the form of a polyhedron. (A polyhedron is a solid
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figure bounded by plane surfaces.) The external regularity of the crystal is due to a
regular arrangement of atoms or molecules in the crystals. - B o
Crystalliné substances ;

The regular arrangement of atoms or molecules in the solid gives it a characteristic
crystalline shape. The solids with crystalline shapes are called crystalline substances.

5.6  Arrangement of Particles in Gases, Liquids and Solids
The way particles are arranged in a substance depends on whether the substance is in
the gaseous, liquid or solid state. '

Molecules in gases
Gases are composed of molecules which are in constant and rapid motion.

The gas molecules move freely in all directions until they hit the walls of the
container. There exist some weak attractive forces, called van der Waals forces,
between gaseous molecules. The gas in a container spreads out to occupy the whole
space of the container taking its shape and volume. Hence, gases do not have a
definite volume and shape of their own.

A molecule of a gaseous element consists of two or more atoms of the same
kind. A molecule of a gaseous compound consists of more than one kind of atom.
Representation of the molecules of some gaseous elements
A sphere represents one atom of an element.

How many oxygen atoms are present in an oxygen molecule?
(2) A molecule of nitrogen gas may be represented as
How many nitrogen atoms are present in a nitrogen molecule?

(3) A molecule of hydrogen gas may be represented as
How many hydrogen atoms are present in a hydrogen molecule?

(I} A molecule of oxygen gas may be represented as -

(4) A molecule of chlorine gas may be represented as
How many chlorine atoms are present in a chlorine molecule?

-
(5) A molecule of bromine vapour may be represented as Q:B!.x _B!“ ’
How many bromine atoms are present in a bromine molecule? ' \

(6) A molecule of iodine vapour may be represented as
How many iodine atoms are present in an jodine molecule?

(7) A molecule of ozone gas may be shown as
How many oxygen atoms are present in an ozone molecule?

60



Representation of the molecules of some gaseous compounds

o
S
Q@

J '

(1) A molecule of carbon dioxide may be represented as B
How many atoms of carbon and oxygen are present in a
molecule of carbon dioxide?

Carbon atom

Oxygen atom

i

Hydrogen Atom

(2) A molecule of carbon monoxide may be represented as %
How many atoms of carbon and oxygen are present in a
molecule of carbon monoxide?

(3) A water molecule may be represented as ' %
How many atoms of hydrogen and oxygen are present in a
molécule of water?

In Chapter 7 we shall study the molecular formula that shows the numbers of
atoms of elements present in a molecule of a compound.
Molecules in liquids
Liquids are composed of molecules which are not fixed in any definite positions as in
the solids. They are able to move freely but not independently as the gas
molecules.

The molecules of a liquid readily flow under the influence of graVIty so that
the liquid can take up the shape of the container.

Liquids can have a definite volume, because the molecules in a liquid are held
together more strongly by the van der Waals forces than the molecules in gases.

Bromine is an element which exists in the liquid state at room temperature.

Water is a compound which exits in the liquid state between 0°C and 100°C
under atmospheric pressure.

Molecules in solids

Some solids are composed of molecules. These are molecular sohds Some solids are
composed of atoms arranged in giant structure.

The particles (atoms or molecules) in a solid are packed very tightly together
and held at fixed positions.

.
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For fh,is reason, solids retain their definite sh_qu.and definite volume.

Moleculan structure of solid elements : Some of the solid elements are constifated
of molecules that consist of the same kind of atoms. - =~ '

Solid iodine is an example ¢f a molecular solid element. Each molecule of
jodine consists of two atoms of iodiné. The molecules of iodine are arranged regularly
so that solid iodinehas a crystalline form. a
Molecular structure of solid compounds : Most of the solid compounds are
constituted of molecules of that compound. These molecules consist of atoms of at
least two different elements. y ' o

Ice and naphthalene (moth ball) are examples of molecular solid compounds.
Elements having giant structure ‘ -
Non-metallic elements : Diamond is an element. It is made up of carbon atoms. The
structure of diamond has already been discussed. ' |
Metallic elements : At first sight, it is not obvious that metals are crystalline because
they have no appearance like diamond or copper (II) sulphate crystals.

On closer inspection they are composed of small crystals known as grains.
The arrangement of metal atoms in each grain is in a regular pattern. ‘But the
arrangement of these grains in the whole mass of the metal does not follow a regular
pattern. , ‘ '

Though metals in bulk show no crystalline appearance, they are in fact,

composed of crystals. These crystals have the giant structure built up from the same
kind of atoms. , -
Compounds having giant structure : Compounds which we classify as salts have
no separate molecules at all. Thus, they are non-molecular substances. They are
compounds with giant structure. In these compounds the atoms of different elements
are arranged in a three dimensional pattern that repeats itself regularly to form the
whole structure of the compounds. . L

We shall use common salt as an example. Common salt is 2 compound of two
elements sodium and chlorine. Sodium atoms combine with chlorine atoms, forming
a cubic arrangement of atoms (Fig. 5.3). '
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’8. s D @ sodium atom
GJD @"‘ O chlorine atom
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Fig.5.3 Structure of sodium chloride

To test this ability to distinguish between molecular and non-molecular
substances, the students should try answering the following questions.

(1)
(2)
3

(4)
(3)
(6)

@

Of what are common gases composed?

Does a gas have a giant structure?

What are the particles present in a substance, which exists in the gaseous
state (i) if it is an inert gas (ii} if it is an element other than inert gas (iii)
if it is a compound?

Of what is a liquid compound composed?

Does a liquid have a giant structure?

What particles are present in a substance, either an element or-a
compound, which exists in the liquid state?

lodine sublimes easily on heating. Decide whether iodine changes easily
from the solid state to the gaseous state.

Is solid jodine a molecular substance or a non-molecular substance?

If you can answer the above questions correctly, you know already how to
distinguish between molecular substances and non molecular substances. If not,
remember the following points.

(1)
)
(3)

If a substance is in a gaseous state at room temperature, it may be a
molecular substance. ,

If a substance is in a liquid state at room temperature, it may be a
molecular substance. ‘
If a solid can be changed easily from one physical state to another, that
is, if it has low melting point and low boiling point, the subqtance may
be molecular. .
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@) If a solid cannot be changed easily from ‘one physical state to another,
.that is, if i it has high melting point ‘and "high b01lmg pomt the
substance may be non-molecular. ‘

(5)° Metals and salts are non-molecular substances They have giant
. structures. LS

5.7  Explanation of Changes of State in terms of Energy of Particles
solid tiquid " vapour

J : | OOO goooo O
. . OOO

H

heat heat

Fig. 5.4 Representation of change of state

When a solid substance is heated it melts. The melting of the solid can be
explained in terms of particles in the following way.
As the solid is heated, the heat energy make the particles of the solid vibrate more
and more vigorously. Finally these particles gain just enough energy to move out
of their fixed positions, but are not yet abie to break away from one another.

When all the particles in the solid can move out of the fixed positions, the
melting is complete. At that point the solid completely changes into a liquid.

When heating is continued, the particles of the liquid gain more energy and
are able to break away from one another. Then the molecules escape from the surface
to the space above the liquid. After that, the particles in the vapour or gaseous state
move freely in all directions. These free particles constitute the vapour of the
substance. In this way a llqu1d changes intoa vapour or a gas (Fig. 5.4).

, SUMMARY :

This chapter is concerned with the arrangement of atoms and molecules in
substances.The terms such as molecular- substances and non-molecular substances
are well defined. The existence of molecules in elements and compounds have been
explained. The giant structure of a solid is exemplified by the structure of diamond.
Crystals and crystalline substances have been elaborated. The three physical states of
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matter such as solid, liquid and gaseous states have been correlated with molecular
nature of ‘the substances. Elements having giant structures are classified into non-
metallic elemehts and metallic elements. ‘

Questions and Problems
1. Do the following normally exist as molecular substances or as non-molecular
substances?
(a) Hydrogen (gas)
(b) Iron
(c) Graphite (solid with high melting point)
(d)  Carbon dioxide (gas) .
(e Aluminium '
(H Calcium chloride (salt) -

- (g) Sulphur (solid, easy to melit) e
(h)  Copper (1) sulphate (salt) ‘ ;
2. The melting points and the boiling points of some substances are given below,

Pick out the substances having
(a) molecular structure.
(b) non-molecular structure.

_ Substance Melting point C Boiling point 'C
Ethanol -117 - 78.5
Ammonia ‘ -77.7 -33.4

. Magnesium chloride 708 1412
" Copper 1083 2582
Carbon tetrachloride -23 76.8
Sodium chloride, 801 1420

3. Four expressions are given below.
' (1) Molecular substance (s).
(2) Non-molecular substance (s). _
(3) Low melting point (s) and boiling point (s).

(4) High melting point (s) and boiling point (s).
Fill up the blanks with the most suitable expression mentioned above.

(a) Common gases at ordinary temperature are .............

(b) Allliquids at ordinary temperature are .............

(c) Sulphur dioxide isa gas. Soitisa .............

(d) A compound has a low boiling pomt and a low melting point. Therefore
the compound is .............

(e) Allmetalsare............. Therefore, they have .............

() All salts have ............. Therefore, we can decide that salts are

-------------
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A piece of ice is heated to_change into three physwal states successwely

Explain the changes of state in tetms of the arrangement of water molecules.
Write on the sublimation of solid iodine as a molecular phenomena.
Write TRUE or FALSE for each of the following statements.

(a)
(b)
(©)
(d)

(e)

The atoms of inert gases hel1um neon, argon krypton, xenon, exist
singly in nature.

The substances which are made up of atoms are molecular substances.
A molecule of an element consists of atoms of the same kind. '
Bromine is an element which exists in the solld state at room
temperature,

Gases are made up of molecules each of which can move freely in all
directions

Fill in the blanks with a suitable word or words.

(a)
(b)

()
(d)
(e)

‘A molecule is a group of ............, joined together.

Liquids are composed of ............. which are not fixed in any definite
position as in the solid.

Ice and naphthalene (moth ball) are examples of molecular ............
compounds.

Diamond is a good example representing the ............. structure of
atoms. ‘ '
The solids with crystalline shapes are called ............. substances.

Select the correct word or words given in the brackets.

(@
()
(©
(d)

o (&)
()

The substances which are made up of molecules are (atomic, molecular,
non-molecular) substances. :
Gases are composed of (particles, atoms, molecules) which are in
constant and rap1d motion.
Solid iodine is an example of a (atomic, molecular, non~molecular) solid
element.
Metals and salts are (molecular non-molecular, elemental) substances,
B):nch have gaint structure.

romine is an element which exists in the (gaseous, l](]l.lld sohd) slate at
room temperature.
A molecular substance can exist as ( molecule _giant structure, gas in
general):" -
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9.

16

Match each of the items given m list A with the appropriate item given in list B

(a)
(b)
(c)
(d)
()

List A List B

Diamond is a good example (i) which are not fixed in any
definite position as in the solids.

Gases are composed of .« (ii) . representing the giant structure
molecules of atoms
Liquids are composed of (iii)  sodium and chlorine
molecules
Solid iodine is an example  (iv)  which are in constant and
molecular element of rapid motion
Common salt is a compound (v) which has two atoms of iodine
of two elements )

Answer the following questions.

(a)
(b)
(c)
(d)
(¢)

)

What are atoms ?

Explain the terms ‘molecules’ and three physical states of matter.
Is solid iodine a molecular solid or a solid of giant structure ?

Is there any gas which has a giant structure ?

Classify the following substances under two groups:

(A) molecular substance  (B) non-molecular substance

(i) ethanol (ii) magnesmm chloride (m) iron (iv) sulphur

(v) copper (vi) ammonia

What is the giant structure? Name metallic elements having giant
structure and conmpounds having giant structures.
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. CHAPTER6 -
MASSES OF ATOMS AND MOLECULES

6.1  The Magnitude of the Masses of Atoms.--
All substances are made up of atoms which have definite masses. But atoms are very
small. Consequently, their masses will also be very small.

For example : ‘
the mass of I atom of hydrogen = 1.6734 x 107 2“g
the mass of 1 atom of oxygen = 2.656 x 107 g
the mass. of 1 atom of carbon = 1.994 x 1072

If we were to express‘ the masses of atoms in grams, the numbers will be so
small that we shall need more than twenty decimal places to express them.

Therefore, the gram unit is too large for expressing atomic masses. It will be
very inconvenient for chemical calculations or other practical usages. Besides, the
relation between atomic masses cannot be clearly seen. As an example, we cannot see
immediately that an atom of oxygen weighs 16 times as much as a hydrogen atom.

Thus, we need a more convenient unit for expressing atomic masses.

A logical unit would be the mass of a certain selected atom itself. It would be
most convenient to measure atomic masses by comparison with 1he mass of such as
selected atom as a standard. ,

6.2  The Hydrogen Scale of Atomic Mass

As hydrogen is the lightest element, an atom of hydrogen is the lightest of all atoms.
In the hydrogen scale the mass of an atom of hydrogen is taken as the basic unit. This
unit is called 1 amu*. The masses of all other atoms are measured in terms of this
unit, so that the atomic masses of other elements are greater than 1 amu.

16 atoms of hydrOgen : I atom of oxygen

*amu = atomic mass unit
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The mass of an oxygen atom is practically 16 times heavier than that of an
ator of hydrogen. Therefore, the atomic mass of oxygen is 16 amu on this standard.

12 atoms of hydrogen 1 atom of carbon

The mass of a carbon atom is 12 times the mass of a hydrogen atom.
Therefore, the atomic mass of carbon is 12 amu on this standard.

The atomic mass of magnesium is 24 amu, How many times is an atom of
magnesium heavier than a hydrogen atom?

6.3  Reasons for Discarding the Hydrogen Atom as Standard -
By taking the mass of the lightest atom (hydrogen atom) as the standard unit, the
atomic masses of all other elements are greater than | amu. But one draw-back of the
hydrogen scale is that hydrogen cannot directly combine with all elements to form
compounds.

It is known that oxygen combines directly with most other elements to form
compounds. So it is easier to compare the masses of other atoms with the mass of an
oxygen atom. For this reason hydrogen was later replaced by oxygen as the standard.

6.4  The Oxygen Scale of Atomic Mass.
In the oxygen scale the mass of an atom of oxygen is assigned exactly 16 amu.

. 1
Therefore I amu = . T3 x mass of an oxygen atom :
The masses of other atoms are expressed in terms of this standard unit. When
the atomic mass of oxygen is taken as 16 amu, the mass of a hydrogen atom is
slightly greater than | unit. It is 1.008 amu.

The atomic mass of carbon on this scale, is 12.01 amu.

6.5 The Carbon Twelve (*C)Scale of Atomic Mass

Before 1919 the atomic masses were found the combining weights of the elements
obtained by chemical analysis. By 1919 mass spectrometer could be used to measure
atomlc masses more accurately. In 1961 smentlsts agreed to choose carbon twelve
( C) as the standard. One reason is that '>C is the most convenient standard in

' e
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determmmg atomic masses by a mass spectrometer In the carbon twelve scale an
atom of ! C is assigned a mass of 12 amu. -

1. .
Therefore lamu = —2 x mass of a '“C atom

The masses of other atoms are expressed in terms of this standard unit.
The unit for determining atomic masses is defined
as one twelfth the mass of an atom of *C. '

The atomic mass of sulphur is 32 amu. How many times is a sulphur atom

heavier than % of a '’C atom?

2 atoms of '°C I atom of rﬁagnes'i'um

A magnesium atom is 2 time\' heavier than a '2C atom. What is the atomic
mass of magnesium?, S\ .

-~ ‘ \-A

9 atom of *C, 1 atom of sliver

A silver atom is 9 times heavier than a '>C atom. What is the atomic mass of
silver? ’

6.6  Relative Atomic Masses - :
The atomic masses expressed in amu are really relative atomic masses. The atomtc
masses expressed in this. unit actually represent the numbers of times they are the
heavier than the standard unit, i.e.,1 amu,

For illustration, the atomic masses of hydrogen (1.008 amu) oxygen (16 amu),
and magnesium (%4 amu) are in the ratio of 1.008 : 16: 24 . So, these numbers (1.008,
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16, 24) can be regarded as relative atomic masses. They are sometimes also called
atomic weight. :
“'Relativé atomic- masses (i.e., the atomic masses W1thout amu unit) are very

useful i calculation. We shall use them wherever convenient.

The relative atomi¢ mass of an element

‘can be defined as the ratio of the mass of
“an atom of that element to one-twelfth

the mass of a carbon twelve atom.

Relative atomic inasé ‘ the mass of an atom of the element
of an element - = T

12

6.7  Atoms of Different Masses in the Same Element
With the help of the mass spectrometer it has been discovered that the same element
may consist of a mixture of atoms having different masses.

x the mass of a 2C atom -

Isotopes
Atoms of the same element with dlfferent masses are called isotopes.

Isotopes of chlorine _
Chlorine consists of two isotopes. One isotope has the relative mass 35 and the other
isotope has the relative mass 37. The mass of an isotope is called an isotopic mass.

Isotopes of carbon
Natural carbon consists of three isotopes. Thelr relative masses are 12, 13 and 14,
respectively.

On the carbon twelve scale the standard atom is the carbon isotope of relative
mass 12. Therefore the symbol '2C represents the carbon isotope of relative mass 12,
which is called carbon twelve.

Isotopes of other elements
Most elements occurring in nature have isotopes. The relative abundances of the
isotopes of some common elements are tabulated in Table 6.1. - =
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‘Table 6.1 Relative abundance of some isotopes

Elemlent Isotope Percentage

| Hydrogen- -/ 'H R T9998% - | .-
| o T 002% o o
Sy . “Trace
Oxygen M0 199.76%
o Mo 0.04%
S Bo o 020%
Nitrogen | UN- 99.64%
| o PN 0.36% - -
Chlorine = - Bcr : | 75.00%
R © ©25.00%
Carbon ‘ 2o S 08.89%
: oBE 1%
o o O Trace -
Magnesium CM¥Mg o 78.6%
- PMg 10.1%
*Mg 11.3%

6.8 Average Relative Atomic Masses
Since an element consists of atoms of different masses, the mass. of any one atom
cannot represent the mass of each and every atom in the element.
To overcome this difficulty the average relatlve atomic mass is. used to
represent the relative atomjc mass of an element.
" The average relative atomic mass can be calculated on the basis of the natural
aundance of different isotopes.
- The relative atomic mass is actually’ the welghed mean of the relative isotopic
masses of an element.
To calculate the relative atomlc mass s of an element we must know,
(a)  the isotopic masses of the various 1s0t0pes present in the element
(b)  the relative abundance of the isotopes in nature.
Example :
Chlorine consists of two isotopes. One isotope has the relative mass 35 and its
relative abundance is 75%. The other 1sotope has the relative mass 37 and its relative
abundance is 25%.

Calculation , o ) _ .
Isotopic mass " Per cent relative abundance - - -
35.00 » 5%
37.00 25%

In 100 atoms of chlorme 75 have the relative mass 35 and 25 have the relatlve mass
37, S
Therefore,

. the tota] relative mass of the 100 atoms
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, = 2625 + 925
- = 3550

. Average relative mass of atom. = ‘__3]50560__ 35.5

The average relative atomlc mass of chlorine = 35.5
A table showing the average atomic mass of various elements is given in
Appendix 2.

6.9 Molecular Masses
The unit used for measurmg molecular masses is the same as the unit used for
measuring atomic masses. :

Hence, we shall describe molecular masses in terms of amu.

The mass of a molecule is obviously the total mass of the atoms present in a
molecule. .
How can we calculate the relative molecular mass of a molecule?

0 = Oxygen atom
o - Carbon atom
99 - Carbon dioxide molecule

From this description of the carbon dioxide molecule you should be able to
answer the following questions.
- How many carbon atoms are there in a molecule of carbon dioxide?
- How many oxygen atoms are there in a molecule of carbon dioxide?
The atomic mass of carbon~ is 12 amu. The relative atomic mass of oxygen
is 16 amu, .
- What is the mass of the carbon atom in a molecule of carbon dioxide?
- What is the total mass of the oxygen atoms in a molecule of carbon dioxide?
- What is the total mass of the carbon atom and the oxygen atoms in a molecule
of carbon dioxide?
- What is the mass of a molecule of carbon dioxide?
You should now have no difficulty in understanding how we deduce the
relative molecular mass of carbon dioxide.
mass of one atom + mass of two atoms mass of one molecule
of carbon of oxygen of carbon dioxide
12 amu + 2(16)amu 44 amu
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* Therefore,
(1) if youknow the number of atoms present in a molecule, and
(2)  if you know the atomic mass of each atom present in a molecule,
you can easily calculate the molecular mass.
:Mass of a _ . “The sum of the masses of aIl
molecule B atoms. present in the mole‘eule

Relatwe molecular masses
We have mentioned earlier that the atomic mass shows the number of times the atom
i$ heavier than the standard mass, i.e., 1 amu.

Similarly, the molecular mass shows the number of t1mes the molecule is'
heavier than the standard mass, i.¢., 1 amu. : :

"~ As the atomic masses w1thout amu units are called the relative atomic masses,

the molecular masses without amu units are called the relative molecular masses.

The relative molecular mass can be defined as the ratio of the mass of a
molecule to one-twelfth the mass of a carbon twelve atom. . ‘

Relative molecular mass The mass of the molecule

of a molecule .o T

1 x mass ofa '*C atom

The relative molecular mass of a subs]t%nce is the sum of the re]atwe atomic
masses of atoms present in the molecule.

Example: Carbon dioxide

Relative molecular - Relatlve mass of ~ Relative mass of
mass of carbon dioxide . = one carbon atom * two atoms of oxygen
= 12 + 2x16
= 2+ 32
44 '
Example Relative molecular mass of water
One molecule of water contains ene atom of oxygen and two atoms ‘of hydrogen.
Relative molecular Relatwe mass of Relative mass of ,
mass of water = . one oxygen atom + two atoms of hydrogen
= 16 ‘ + 2 x 1.008
= 16 -+ 2016
18.016
&
6 - .
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_ All substances are made up of atoms which have definite masses.

In the hydrogen scale the mass of an atom of hydrogen is taken as the basic unit

- and this unit is called 1 amu.The mass, of an oxygen atom is practically 16 times

heavier than that of an'atom of hydrogen and therefore the atomic mass of oxygen
is 16 amu. -

lamu = 116 X  mass of an oxygen atom

The unit for determining atomic mass is defined as one twelfth the mass of an
atom of '’C. The relative atomic mass of an element can be defined as the ratio of
the mass of'an atom of that element to one twelfth the mass of a carbon twelve
atom.

Atoms of the same element with different masses are called isotopes.

eg. a . Yq,
17 17

The relative molecular mass can be defined as the ratio of the mass of a molecule -

 to one twelfth the mass of a carbon twelve atom. The relative molecular mass of

a substance is the sum of the relative atomic masses of atoms present in the
molecule.

Questions and Probléms
Refer to the table of atomic masses given in Appendlx 2.

1.

2.

= lowm

The relative atomic mass of nitrogen is 14. How do you understand this
statement?

A caesium atom is 133 times heavier than one-twelfth of '°C atom. What is the
atomic mass of a caesium atom?

How many times are the following atoms heavier than one-twelfth of '2C atom?
(a) Magnesium  (b) Sulphur (c) Oxygen '

How many times are the following atoms heavier than an oxygen atom?
(a)Sulphur (b) Copper

How many atoms of oxygen are equal in mass w1th one atom of copper?

A titanium atom s four times heavier than a "°C atom. What is the mass of a
titanium atom?

If a magnesium atom is chosen as the standard, what relative atomic mass should
be assigned to the magnesium atom so that atomic mass of the lightest element
hydrogen is about 1?
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8.

10,

11,

12,

13.

14,
15.

16.

A molecule of carbon d1ox1de consmts of one atom of carbon and two atoms of
- OXygen. . i SR
(a). What is the molecular mass of carbon d10x1de‘7

(b) How many tifes is.a carbon dioxide molecule heawer than one-twelﬁh
- of "*C atom? :

One atom of sulphur and two atoms of oxygen combme to form a molm

sulphur dioxide. A sulphur dioxide molecule is sixteen times heavier than one

atom of helium. What is the relative atomic mass of helium? I

In a molecule of a compound there are two atoms of hydrogen and two atoms

of another element. The relative mass of the- molecule is 34 What 18 the

© relative atomic mass of the other element?

In naturally occurring lead there are four kmds of atoms W1th the’ followmg
relative masses. ' "

(a) 204 (b) 206 (c) 207 (d) 208 .

How many isotopes are there in naturally occumng lead?

" The isotopic masses of naturally occurring oxygen and ﬁieﬁr relatWe

abundance are as follows‘&.
Isotopic mass Per cent relative abundance

16 ‘ . 99.76% A
17 : . 0.04%
18 SN 0.2%

What is the average relative atomic mass of oxygen?

Explain the following statement.

The average relative atomic mass of an elen:ient is the weighed mean of the
masses of all atoms present fn‘;he e]ement

Write a short note on the different scalés used for measurmg atomic masses.
Write TRUE or FALSE for the following statements.

(a) All substances are made up of atoms which have definite masses.

(b) - The mass of an oxygen atom is practlcally 16 times lighter than that of

- an atom of hydrogen.
() The mass of a carbon atom is 12 times the mass of a hydrogen atom.
(d) One draw-back of the hydrogen scale is that hydrogen cannot dlrectly
combine with all elements to form compounds. - -~

(e) Atoms of the different elements with dlfferent masses are called

- isotopes.
(f)  The mass of '2C atom is 12 g
(g) The mass of a carbon atom is 12 times the mass of an oxyger atom.
{h)  The relative atomic mass of oxygen is 16 amu.

-Fill in the blanks with a suitable word or words. ‘
‘(a) Atoms of the same element with different masses are ca]led cevesense
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18.

R (b) The mass of an oxygen atom is ‘practically 16 times ....... ... than

:", that of an atom of hydrogen.

{c¢) ' An atom of hydrogen is the ....... ..;of all atoms.
(d) The atomic mass of ..........on this scale is'12.01 amu.
() ...... ....-1s the standard nit of atomic mass.

(f)  The molecular mass of wateris ................ .
(g) A copper atom is 4 times heavier than the mass of an oxygen atom.
*  Therefore, the atomic mass of copper is ......... .

Select the correct word or words given in the bracket.
(a) The mass of a carbon atom is 12 times (heavier, lighter, equal) than to
~ that of the mass of a hydrogen atom.
(b) . In the (carbon, hydrogen, oxygen) scale the mass of an atom of oxygen
is assigned exactly 16 amu.

(¢) The relative atomic mass of an element can be defined as the ratio of the

mass of an atom of that element to one-twelfth the mass of a (carbon,
hydrogen, oxygen) twelve atom.

(d)  Atoms of the same element with (same, different, equal) masses are
called isotopes.

(¢) ' Among the three atomic mass scales (carbon, hydrogen. oxygen) scale is
discarded because it cannot directly combine with all elements to form
compounds.

Match each of the items given in list A with the appropriate item given in
list B. _ , .
List A List B

(a)  The unit for hydrogen (1) Atoms of the same element
scale of atomic mass with different masses

(b)  Thereason for discarding (i) 1amu

' the hydrogen scale _

()  Themass of oxygenatom  (ili) 16 times heavier than that of an
atom of hydrogen

'(d)  The mass of carbon atom " (iv)  hydrogen cannot directly

combine with all elements
, - to form compounds
(e). Isotopes (v) 12 times the mass ofa -~
hydrogen atom



19.  Answer the folowing questions. - - - - !
(a) The mass of a gas molecule is equivalent to 4. tlmes of 2C. What is the
relative molecular mass of the gas 7 : :
(b} An atom of an element weighs 4 times as heavy as 1/ 12 mass of an atom
of '2C. What is the mass of‘that atom’? :

-
[}

»
T
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CHAPTER 7 \
SYMBOLS, FORMULAE AND EQUATIONS

Symbols, Formulae and Equations are used in chemistry for the following reasons.

(1)  to save time in describing chemical reactions.

(2)  toclearly illustrate how the atoms and molecules react with one another, and

(3) to precisely express the weight relations between the reactants and the
products.

7.1  Symbols
What does a symhol mean?
A symbol is a short notation of an element. The first letter in the name of an element
is usyally chosen as the symbol of the ¢lement.
Example H is the symbol of Hydrogen
\C is the symbol of Carbon
O is the symbol of Oxygen
When the names of two or more elements begin with the same letter, the first
letter together with another letter in the name of an element is chosen as the symbol
of the element.
Example: Ca. is the symbol of Calcium,
Cl1 is the symbol of Chlorine
Cr is the symbol of Chromium

_ A symbol represents an atom of the element.

Example: H represents an atom of Hydrogen
Q" represents an atom of Oxygen
Ca  represents an atom of Calcium

Moreover, a symbol also représents the mass of an atom.
Example: H represents the mass of a hydrogen atom
0O represents the mass of an oxygen atom
Ca  represents the mass of a calcium-atom

So we can see that a symbol conveys the following:
A symbol represents the name of an-
element, an atom of the element, and
the atomic mass of the element. - -
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Symbols of § some elements R '
The symbols of some clements-are taken from Engllsh names. The symbols of some
elements, which have been known since ‘earlier times, are taken from Latin names.

- In the’ fo]lowmg table the- Laun ‘names, from whlch the symbols were taken,
are descrljged along with the English names. . - :

in the ‘symbols .of somemetalhc ang non-metalllc elements are shown in
Table 00 and.7.2. The Latin, names, from ‘which the. symbols were taken are
deScrlbed along w1th the Engllsh names

Table7 1 Symbols Of metalltc elements -
~ Enghsh Nawe *~_ ° LatinName Symbol
-« Sodium* . .*.  Natrium ~ +Na
:Pgtassmm . Kalium: .o _K :
LV Sy Badem T o Ba
- Magnesiuom © . .Y L. 00k o Mg
- Aluminium - oL s JAL
© ."Manganese Lo s "M
ooy, &ine o S -7, Zn.
-t Chromium - . . o0 T 0 Cr.
% Trom L -~ Ferrum - . Fe
Tin N . Stapnum .- .. Sn
lead - . - " Pumbum . - Pb
: Copper - Cuprum- _ Cu
- Mercury Hydrargyrum Hg
o Silver ~ Argentum . Ag -
‘Gold - . Aurum - Au
. Platinum o - Pt
' ‘Antimony -Stibium - Sh

Tab1e7 2 Symbols of some non—metalhc elements S
: Name - - . . Symbol
Carbon ) o
Sulphur . .
Phosphorus
Oxygen '

. Hydrogen . -

- .-Nitrogen -
Chlorine
Bromine
Iodine

ZIOvwn

e
e
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7.2 Formulae

What does a formula mean?

Molecular formulae of elements ' :

A molecular formula is a short notation representing a molccule of a substance which

may be an element or a compound. it shows the number of atoms’ contained in a

molecule. The elements such as hydrogen, nitrogen, oxygen, chlorine and bromine

can exist in the gaseous state. These gaseous elements are composed of molecules

containing two atoms each as you have seen in Chapter 5 on page 60.
Thus,

the formula of hydrogen is written as H;
the formula of nitrogen is written as N;
the formula of oxygen is written as O;
What will be the molecular formulae of chiorine and bromme’f
The subscrlpt 2 in the above formulae shows that the two atoms in each
formula exist in combination.
If we write 2H, it will mean two atoms of hydrogen which are not combined
with each other.
A molecular formula also represents a molecule of the corresponding element.
Example: _
H; means a molecule of hydrogen
N, means a molecule of nitrogen
20,  means two molecules of oxygen
A molecular formula also represents the molecular mass of the correspondmg
element.

Example

H> represents a molecular mass of 2 x 1.008 2.016 amu
O, represents a molecular mass of 2 x 16 = 32 amu

Molecular formulae of compounds
For those compounds which exist in the form of molecules a formula represents a
molecule as well as the molecular mass of the compound.

Example

CO» represents a molecule of carbon dloxlde as well as a molecular mass of
44 amu.

H>O répresénts a molecule of water as well as molecular mass of 18.016 amu.

If a molecule of carbon monoxide contains an atom of carbon and an atom of
oxygen, what will be the molecular formula of carbon monoxide?

If a molecule of ammonia consists of an atom of nitrogen and three atoms of
hydrogen, what will be the molecular formula of ammonia?
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] If a molecule of nitric acid contains an atom of hydrogen, an atom of nitrogen
“and three atoms of oxygen, what will be the molecular formula of nitric acid?

Formulae for non-molecular compounds - ; ‘
For those compounds which exist in the form of glant structure a formula represents
the simplest unit of the compound ' :
Example : ‘ ;i - -

In sodium chloride the simplest unit consists of an atom of sodium and an
atom of chlorine, because sodium and chlorine combine in the atomxc ratio 1 : 1.

So the formula of sodium chloride is Na C1. -

Similarly the formula of magnesium oxide is MgO.

If potassium and bromine combine in the atomic ratio of 1:1 to form
potassium bromide, what will be the formula of potassium bromide? -

1f sodium and-oxygen combine in the atomic ratio of 2:1 to form sodlum
oxide, what will be the formula of sodium oxide?

‘In the above compounds, each formula also represents the formula mass of the
correspondmg compound The formula mass is the sum of the masses of atoms
present in a formula. -~ :
Example :

NaCl represents a formula mass of 23 + 35.5

MgO represents a formula mass of 24 +16

58.5 amu
40 amu

We can now sum up the significance of the formula as:
A formula = a molecule of an element, in whlch case it is usually
called @ molecular formula.

= a molecule of a molecular compound and may also be

-~ referred to as the molecular formula.

= " the simplest unit of a non-molecular compound (i.e.,
compound of giant structure).

= the molecular mass or. formula - mass" of the
corresponding substance. Lo

Note As compounds of giant structure do not have separate molecules, they cannot
have molecular mass. So formula mass is used instead of molecular mass.

7.3  Determination of the Chemical Formulae

To determine the chemical formula of a substance, the following steps are necessary.

1.  Determination of the compcsition by weight of each constituent element in the
compound using appropriate analytical methods. :
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2. Deduction of the empirical formula from the composition by weight.

The empirical formula is -the
formula representing the relative
number of atoms of each kind
present in a molecule of a given
compound. '

The empirical formula is easily obtained by dividing the weight proportion of
each element in the compound by the atomic mass of the element.

3. Knowing the molecular mass of the compound, we can use the emplrlca!
formula to determine the actual number of atoms of each kind present in the
molecule. This will be the molecular formula.

The molecular formula of a
compound _is the formula which
shows the actual number of atoms of
each kind present in a molecule of
the compound.

Determination of the empirical formula of magnesium oxide as an example

In Chapter 4, on page 45, we have done an experiment to find the weight ratio of
magnesium and oxygen in magnesium oxide. Refer to this experiment. We get two
weights from this experiment, i.e., weight of magnesium and weight of oxygen which
has combined with that weight of magnesium.

Step 1
: Wt. of magnesium =3g
(a) Experimental deter- Wt. of magnesium oxide =5g
mination of the Wt. of oxygen combining =(5-3)=2¢g
composition by weight with 3 g of magnesium ]’
of magnesium oxide i
In magnesium oxide, 3g of magnesium combines
with 2 g of oxygen.
(b) Calculation of the «+ The welght ratio of magnesium } L
. . =3¢0:2g
proportion by weight of and oxygen in magnesium oxide

magnesium and oxygen

. . . or 3:2
in magnesium oxide
The atomic mass of magnesium is 24
The atomic mass of oxygen is. 16
Since the weight ratio of
magnesium to oxygen is 3:2
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Step 2

(a) Calculation of" the ~ - the atomic ratio of - 3 . 2
atomic ratio magnesium to oxygen 24 16

- 11

88

: = 1:1
The simplest ratio of atoms of magnesium and
B © oxygen in magnesium oxideis 1 : 1.
~ (b) Writing the empirical =~ .", The empirical formula of"
formula - magnesium oxide = MgO

Uses of empirical formula
Magnesium oxide is a compound with giant structure. For compounds of giant
structure the molecular welght cannot be found and the empirical formula is used-as
such.
For compounds of giant structure emplrlcal formulae are used in writing
chemlcal equations. :
Determination of molecular formula of hydrogen peroxide as an example -
Step 1 (a) The composition by weight of hydrogen peroxide is first determined. It
was found by experiment that 1 part by weight of hydrogen combines
with 16 parts by weight of oxygen to form hydrogen peroxide.
(b) The weight ratio of hydrogen and oxygen in hydrogen peroxide is then
calculated. Since 1 part by weight of hydrogen combines with 16 parts
by weight of oxygen, the weight ratio of hydrogen to oxygen is 1:16.

Step 2 (a) To find the atomic ratio, we divide the weight ratio of each element by
the atomic mass of the element. '
‘The atomic mass of hydrogen = 1 (nearest)
The atomic mass of oxygen =16

.". The atomic ratio = 1-6—
16

— e |

—

(b)  The empirical formula of hydrogen peroxide = HO
Step 3 (a) . Determination of the molecular mass of hydrogen peroxide

The molecular mass of the hydrogen peroxide is determined by
experiment. The molecular mass of hydrogen peroxide is found to be 34.
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(b)  Determination of the molecular formula from the empirical formula
o From the empirical formula HO, we know that the numbers of atoms of

' hydrogen and oxygen in hydrogen peroxide is 1: 1. But we do not know
yet the actual numbers of atoms of hydrogen and oxygen in a mo]ecule
of hydrogen peroxide.
The actual numbers of atoms of hydrogen and oxygen may be b: 1or an
integral multiple of 1 :
So we can write the mo]ecglar tormula of hydrogen perox1de as (HO),
-where =1;2,3.. )
Since the sum of the atomic mass of all the atoms m a molecule must be
equal to molecular mass. :

(HOY =34

(1+16), =34

174 . =34

n , =2

(HO)n =(HO),
= H,0,

The molecula f‘ormula of hydrogo_n peroxide = Hzoz :

Determination of molecular formula of ethyl alcohol as an example .
Ethyl alcohol contains 52.18% carbon, 13.04% hydrogen and the rest oxygen. Its
molecular mass is 46. What are the empirical and molecular formulae of ethyl
alcohol?

~ To determine the empmca] and molecular formulae of ethyl alcohol from the
given data, we can follow the same steps as in the previous example. The we:ght‘
ratios of the constituent elements are:

C = 52.18% ; H =13.041% ; O = 34.78%
From this, we can find out the atomic ratios :

C : H S ¢

52.18 . 13.04 . 3478

12 ) T1.00 16
or 4.4 ¢ 13.04 217
oo 44 . 1304 217

2.17 2.17 17
or 2.0276 :  6.0092 : 1
or 2 . 6 I

from which we have the -empirical formula of ethyl alcohol as C;H,O.
The molecular formula may be written as (C2HgO)s.
Then, (C2H¢O),

or (2x]2+6x1+lx16)n

46
46
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or . 46x n o =46
T ; . 'n . =]

Hence, the molecular formula of ethyl alcohol is C;HeO. " 5 . .
Note: The method of determining the molecular formulae of gaseous elements will be
" jllustrated in Chapter 9. - ' N b

" From the examples you have learned in this chapter you will know that the formulae
. of substances are. determined experimentally. Every. formula that you will come
! across in this course is determined experimentally by chemists as you have seen. No
~ formula can be written without experimental determination.

7.4  Equations o
What is a chemical equation? R
When carbon is burnt in air, carbon combines with oxygen to form carbon dioxide.

This is a chemical change. The process of undergoing a chemical change is
called a chemical reaction. A chemical reaction can be represented by a chemical
equation. There are two types of chemical equations: i.e., i

- Equation in words. '
Equation in symbols ~

Equation in words o o e
In an equation in words the names of the reactants are written on the left-hand side of
the equation and the names of the products on the right-hand side of the equation.

~ In the burning -of carbon, carbon and oxygen are the reactants and carbon
dioxide is the product. _ o o o v ‘
So the equation in words will be; | _

carbon + oxygen = carbondioxide =
Equation in symbols . ﬁ _
An equation in symbols describes the reactants and the products in terms of chemical
symbols and formulae. . o S
The equation in symbols for the burning of carbon will be ;
C + 02 = CO,

Chemical equations : How they are written

Representation of non-molecular elements |

When elements are non-molecular, the symbols are used to represent the elements. . -
Such elements include all metals and some non-metals like -carbon and

sulphur. _ ' ' s : Lo

Example : Na, Zn, Mg, Fe, Cu, C, S
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Representation of molecular elements

When elements are molecular such as oxygen hydrogen, etc., molecular formulae are
used to represent them.

Example 02, H,, Na s Clg, Bl‘z y I» . P4

Representation of non-molecular compounds

The compounds having giant structures are represented by their empirical formulae.
Example: . MgO, NaCl, KCI, Na,O

Representatlon of molecular compounds -

The compounds which exist in the form of separate molecules are represented by
their molecular formulae.

Example: C0O,, CO, H,O, HyO,

Steps in writing chemical equations /

Let us take the burning of magnesmm as an example

1. Write the word equation 1. magnesium + oxygen = magnesium oxide
for thé reaction.

2. ° Write the symbols and 2. Mg + O = MgO

the formulae of the

reactants and the products

under the respective names.
3. Balancing the equation in 3. 2Mg + O . =2MgO

symbols by multiplying the

symbols and the formulae

with suitable numbers, so

that the number of atoms

" of each element is equal on

both side of the equation.

In practice, step 2 and 3 are combined as a single step so that the equation
becomes :

magnesium  + oxygen = magnesium oxide
2Mg + 07 = 2MgO

(a) Why is the symbol Mg written to represent magnesium?

(b)  Why is the formula O, written to represent oxygen?

Why is the equation balanced?

According to the Law of Conservation of Mass the total mass of the reactants is equal
to the total mass of the products. Therefore the number of the atoms of each element
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before and.after the reaction must also be equal, For this reason it is necessary to
write'the balanced equation. -

What does a chemical equation express?

A chemical equation describes

(1) = the reactants, which are the substances that take part in the reaction ,
(2)  the products, which are the substances that are produced in the reaction
(3)  the rearrangement of the atoms during the reaction

(4)  the weight relationship of the reactants and the products.

The physical states of the reactants and broducts |

To mention whether the reactants and the products are solid, liquid, gaseous or in
solution, the following abbreviations are written after the corresponding symb({lb and
formulae.

Wa(s) + 20:0(1) =  2NaOH(ag) +Ha(g)
s = solid | ac = aqueous or in wlater solution
I = liquid g = gas

. The following abbreviations are usually used in chemical equations.
(.1) A = heat

() v = formation of precipitate

(3) 4+ =gasevolved

(4) @ = reversible reaction

Example : ,
Q) Ca(HCO3)2(aq) 8 5 CaCOxs)+ HO(1) + COs(g)
or Ca(HCO3); (aq) A5 CaCO3¥ + HO + CO A

(2) In enclosed spaces or closed systems some reactions can occur in both
directions, that is, the reactants give products which can be reconverted
to the reactants. Such reactions are said to be reversible.

NHiCl(s) === NHi(g) + HCl (g)

For a chemical equation to fully convey the essence of the chemical reaction,
it should be written as shown in the above examples. In writing chemical equation
emphasis is usually placed on ; : :

(a) - writing a balanced chemical equation -
(b) mentioning the conditions for the reaction to take place and
(c)  disclosing the physical states of the reactants and products.
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SUMMARY

This chapter is concerned with symbols, formulae and equations. A symbol is
a short notation of an element. It can represent the symbol of an element, it can also
represent an atom of the element, it can also represent the mass of an atom, and it can
also represent the name of an element. This chapter explains about the symbols of
metallic elements and symbols of non-metallic elements. Molecular formulae of
clements and moleculai formulae of compounds have been differentiated. The
concepts of empirical formular and molecular formlljlar of a compound have been
clearly defined. The chemical equation can be expressed in words and in symbols.
The physical states of the reactants and products must be mentioned in writing
chemical equation. \

Questions and Problems
I. Describe the derivation of the empirical formula of magnesium oxide under the
following headings.
(2) Experimental details for finding the composition by weight of magnesium and
oxygen in magnesium oxide.
(b) Calculation of the empirical formulae from the weight composition.
2. Calculate the formula of a compound in which 3 g of carbon combines with 4 g of
oxygen. -
3 Calculate the formula of the following compounds.
(a) Sodium oxide in which 2.3 g of sodium combines with 0.8 g of oxygen.
(b) Oxide of phosphorus in which 1.24 g of phosphorus combines with
0.96 ¢ of oxygen. _
(c) Oxide of lead in which 2.07 g of lead combines with 0.32 g of oxygen.
4, Calculate the empirical formula of a nitrogen oxide. It is found that 4.2 g of
nitrogen is contained in 16.2 g of the nitrogen oxide. ,
5. Calculate the formulae of the respective compounds whose weight compositions
are given below,
(a) 1.91 g of oxide of sodium is formed from 1.42g of sodium.
(b) 2.23 g of oxide of lead is formed from 2.07 g of lead.
(¢) 16.04 g of oxide of iron is formed from 11.22 g of iron.
(d} 5 gof oxide of copper is formed from 4 g of copper.

6. Calculate the formulae of the following compounds.
(a) Water in which hydrogen and oxygen combine in the proportion of 1:8
by weight.

(b} Oxide of carbon in which carbon and oxygen combine in the proportion
of 3:8 by weight.

(c) Oxide of sulphur in which sulphur and oxygen combine in the
proportion of 2:3 by weight.
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- (d) Oxide of iron in which i 1ron and oXygen combme in the proportlon of 7:3
by weight. '
(e¢) A compound of calcium and bromine in which the’ ‘composition by
weight of calcium and " bromine is in the ratio 1:4.
7. Calculate the formula of an ox1de of mtrogen which contains 63.64% by welght
of nitrogen. - .
8. Calculate the formulae of the following compounds
' (a) Iron oxide in which the weight of i iron is 77. 7% and that of oxygen is
122.3%.
(b) TIron oxide in which the weight of iron is 70%.
(c) Iron oxide in which the weight of oxygen is 27.6%.
9. In a compound of sulphur and chlorine, 6.4g of sulphur combines with 7.1g of
. chlorine. Calculate the'empirical formula. Then calculate the molecular formula
of the compound if the molecular mass of the compound is 135 amu.
10. Find the empirical formulae and the molecular formulae of the fol]owmg
' compounds
(a) A compound having 92.3% C, 7.7% H and a molecular mass of 78 amu.
(b) A compound having 26. 6% C 223% , 71.17% O and a molecular
mass of 90 amu. '
(c) A compound having 43.7% P, 56.3% O, and a molecular mass of 284amu.
(d) A compound havmg 88. 2% C, 11.8% H and a molecular mass of 136 amu.

11. Ca_lculate the molecular formula of the following compounds.

empirical formula molecular mass (amu)

H B ' 2

O - 32

0 _ ' ' 48

N 28 | L
- Cl 71

Br . o 160

I 254

SC . 135

NO, ) 92

P20s : 284

12, You are given the following equation:
- 2Ca + Oz = 2Ca0
(a) What are the reactants?
(b) - What is the product?
(¢) How many atoms of calcium combme w1th a molecule of oxygen'?
(d) What is the atomic ratio of calcium and oxygen in calcium oxide?
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If the atomic mass of calcium is 40 amu and the atomic mass of oxygen
is 16 amu, what is the formula mass of CaO?
What is the composition by weight of calcium oxide?

13. Write TRUE or FALSE for t};e following statements.

(a)

(b)
(c)

(d)
(e)
®H

Symbols, formulae and equations are used in chemistry to save time in
describing chemlcal reactions. :
A symbol is a long notation of an element.
A symbol represents the name of an element, an atom of the element; the
atomic mass of the element. '
A molecular formula is a long notation representing a molecule of a
substance which may be an element or a compound.
The empirical formula is the formula representing the relative number of
atoms of each kind present in a molecule of a given compound.

The symbol of Fe, Pb, Cu, Sn, are taken from latin names.

14. Fill in the blanks with a suitable word or words or symbols.

(a)
(&)

(c)

(d)
(e)

®

A symbol is a short «....cueeene. of an element.

Molecular formula shows the number of ............. contained in a

molecule.

CO; represents a molecule of ..........e. as well as a molecular mass of

44,

The formula of magnesium oxide is veeeueeraenn

The symbol for lead is ....... o) [« R T T , and mercury is
The name of Criis ......... and that of Hg is .........

15. Select the correct word or words given in the bracket.

(a)
(b)
(c)
(d)
(e)

(f

The name of Na is (calcium, sodium, potassium).

The formula of sodium chloride is (KCI, NaCl, HCI).

The symbol for silver is (Fe, Ag, Cu).

The molecular formula for chlorine is (Cl», Bra, I3).

The molecular formula of a compound is the formula which shows the
actual number of (group, atoms, elements) of each kind present in a
molecule of the compound.

The name of Pt is (Potassium, Phosphorus, Platmum)
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16, Match each of the items given in list A with the appropriate item given in list B.

17.

- List A . List B
(a) The symbol of calcium _ (l) MgO
(b)  The molecular formula of (i)  carbon dioxide is the
nitrogen S product
(¢) = The formula of magnesium oxide -~ (it} Ca
(d} In the burning of carbon, -~ (iv)  equation in words and
carbon and oxygen are reactants cquation in symbols
(e) There are two types of - (v) N2

chemical equations
Answer the following guestlons - ‘
(a) What do the tollowmg abblwlatlons stand for in a chemlcal equation?

(1) A (11) Jl (m) T (iv) —

()  Give thé English names of the following: Mn, Al, K, Sn
(c) What is meant by an empirical formula ? .
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CHAPTER 8
FORMULA WRITING AND THE NAMING SYSTEM

In Chemistry, it is convenient to describe chemical reactions by means of chemical
equations, using symbols and formulae. At first sight it seems to be difficult to learn
how to write the formulae and the names of a large number of different compounds
But it is not so difficuit it we know
(1)  the combining capacity of the atoms of different elements and how to use
them in formula writing, and
(2)  the rules for naming compounds.
In this chapter we shall discuss how to write the formulae of compounds with
the proper use of the combining capacities of the elements. Then we shall learn the
rules for naming compounds.

8.1  The Concept of Combining Capacity
‘Examine the formulae of some compounds shown below.

HCI MgCl, CaCls AICH CCly H-0

Na:O MgO CaO A|203 COz Hgs

We may notice that, atoms of different elements combine in definite ratios to
form compounds. In other words, atoins have definite combining capacities.

We can express this combining capacity by certain numbers.

For example, we can assign | to the combining capacity of hydrogen.

Then the combining capacity of chlorine must also be assigned 1, because one
atom of hydrogen combines with one atom of chlorine.

In sodium chloride NaCl, one atom of chlorine combines with one atom of
sodium. Sodium, therefore, must have a combining capacity of 1.
—7 In Hs0, two atoms of hydrogen combine with one atom of oxygen, which
must, therefore, have a combmmo capacity of 2,

Combining capacity -

The combining capacity or valence of an element is represented by the number of
atoms of hydrogen. chlorine or sodium that combine with one atom of that element.
The term "valence" is also used to express combining capacity.

Different atoms have different combining capacities. Chiorine, for example
will combine with sodium, calcium or aluminium to form NaCl, CaCl, or AlCI;
respectively. From our definition of the combining capacities we can see sodium has
a combining capacity of 1, calciuni a combining capacity of 2 and aluminium a
combining capacity of 3 in these compounds.



Sulphur combines with hydrogen, sodium and calcium to form H»S, Na,S and
CaS. :
" In H,S and Na,S, sulphur shows a constant combining capacity of 2. Hence
the combining capacity of sulphur in its compounds with calcium must also be 2. In
this case, the combining capacity of calcium in CaS must be 2. Calcmm in CaCl, also
has a combining capacnty of 2. Co

Aluminium in aluminium chloride, AlCl3, shows a. combmmg capacrty of 3.
Aliminium combines with sulphur to form AlSs. Let us see if it checks with what we
already know about the combining capacities of Aland S. :

Since each atom of Al has a combining capacity of: 3, the total combmmg
capacity of 2Al atoms is 2 x 3 or 6. Sulphur has a’combining capacity of 2 in its
metallic sulphides. The 3 sulphur atoms in Al:S3 must,, therefore have a total
.combining capacity of 3 x-2 or 6. - :

' “The total combining capacmes of the metalhc atoms in. A1283 is . exactly
balanced by the total combining capacities of the sulphur atoms in it.

In the previous paragraph we have used the idea of the combining capacities
of the metallic atoms like Na, Ca and Al being balanced by the combining capacities
of the non-metallic atom like Cl and S..Further examples are provided in Table 8.1.

Table 8.1 Formulae of some compounds containing metallic and non- metall[c atoms

. Metallic element - Hydride Chloride Oxide. = .. Sulphide
Sodium ' NaH NaCl NazO - . Na,S
Calcium CaH, CaCl, - . CaO . CaS
Aluminium . AlH; . AlCl; - AlLO; . AlSs

If we examine chemical compounds, we can see that metals usually combine
with non-metals. Metals may not chemically' combine with -other -metals, but
non-metals may combine with other non-metals to form compounds.: For example,
oxygen may combine with nitrogen, sulphur, carbon and so on. You may also
examine the metal free compounds like ammonia, NHs; hydrogen sulphide, H,S;
methane, CHy4; carbon disulphide, CS; and carbon tetrachloride, CCl4.There are
many others.

The above observations are read1ly understood if we accept it as a fact that the
elements in a compound have electrical natures which are the opposite of each other.
One may be electropositive (tendency to acquire positive electric character) and the
other electronegative (tendency to acquire negative electric character). For instance,
metals like Na, Ca and Al are supposed to show an electropositive -nature in
compounds formed by combination: with non-metals. It follows, therefore, that the
non- metals in these compounds must have electronegative natures.

Similarly in the metal-free compounds like carbon d1ox1de CO; sulphur
dlox1de SO, : nitrogen dioxide, NO; ; etc;- the oxygen atom shows greater
electronegative nature than the other elements which show relatively more
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electroposnwe —nature :":Note ‘that “an’ “element fike sulphur- may . show an
£lectronegative nature in - Lombmatlon with metals bul an e]ectrop051t1Ve nature n
fcombmatmn with. oxygcn

' +Do" you thmk you can make similar commenls ﬁ)r ~h_ydrooen" ln Wthh

compounds does'it; sho\«‘f an electl (megatlve, nature 'md in Wthh others does 1t show

r

an eluctrf)pouuvc natul <f7 s

L o " -

Vo
-~ .

leed combmmg c‘lpacltles “of certain elements
The element sodium reacts with other clements to form compounds in whlch it shows
electr 0p05|t1ve character.and a cunstdnt Lombmmg capdcuy of 1. :

Other 'metallic - elements like calcmm _and’ magncsmm always - show a
combmmur capacity of 2 in their Lompounds S‘uch elunents have fixed combining
capacmes or va]enmes IR RS : : i

S

\.

Var:able combmmg capac:tleq 0f certam e!ements ol
Two different compounds of ‘copper -and chlorine -are - knbwiii. Thuy are copper (1)
¢chloride CuCl, and copper (1) chloride, CuCla. Copper also form two oxides copper
(I) oxide, Cu20, and copper (11) oxide CuQ. Obviously, copper in its reactions with
other .elements shows: combining capacities of | and 2. It has more than one
combining capacity. : ‘

An element which sho“s more than one combmm;, capamty is said to H‘ave a
variable valence or variable combining capacity.

Examine the following compounds:

K .

FeCl» and . FeCly
FeQ) and . FesOs
HgCl» and - . HgCh
HgO and HgO

. fron and mercury also have variable valencies. What are the comhmmg
capacities shown by cach nf thcsc clements?

8. 2 Combmmg Capacities of Some Flements

in Tables 8.2 and 8.3 the common combining capacities ol some elements are glvcn
You will notice that some alo:m haw. only one combining capacity and some have
more lhan one. ‘
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= © Table 8.2 Combining capacities of atoms of metallic elements

. Element . . Combining capacity
Potassium . 1
Sodium 1
Barium " 2
+ -+ Calejum g 2
Magnesium o 2.
Aluminium. % _ "3 :
Manganese §- 2, 4,7
Zine | E. 2
~Iron J EO 02,3
Tin % 2,4
o Lead 3 2,4
/ .- &
Copper 1,2
Mercury 1,2
Silver l
Table 8.3 Combining capacities of atoms of non-metallic elements
Element o . Combining capuacity
‘Hydrogen -~ = : I 1
Phosphorus R - | 3,5
" Carbon 5 En 2,4
Sulphur - 2,4,6
Iodine 22 3 g !
Bromine 2 = & = 1
Chlorine § |2 I
Nitrogen .dg g 1,2,3,4,5
Oxygen -2
v
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Oxidation numbers .
We have learned to express the combining capacity or valence of an element with
reference to hydrogen which has been assigned a combining capacity of 1. The
valence or combining capacity so expressed, does not convey any idea as to whethef
the atoms of an element form the electropositive part or the electronegative part of the
molecule. Chemists, therefore, devised a term which Avill describe the combining
capacily of the element and also indicate the positive and negative nature of its atoms
in the compounds. This term is calied the oxidation number. '

The oxidation number is related to, but not identical with wvalence or
combining capacity.

The use of oxidation numbers

In the compounds formed by the combination of metals with non-metals, the metals
always show electropositive character. The combining capacities of the metals in such
cases are expressed by using positive oxidation numbers. The combining capacities of’
the non-metallic elements are expressed by using negative oxidation numbers.

For example, in NaCl, the oxidation number of sodium is + 1, and that of
chlorine is - 1. In CaO, the oxidation number of calcium is + 2 and the oxidation
number of oxygen is - 2,

In compounds formed by the combination of one non-metal with another, the
more electropositive element is assigned a positive oxidation number and the other is
assigned a negative oxidation number. T

For example, in HCI, hydrogen is assigned an oxidation number of + 1 and
chlorine is assigned an oxidation number of - 1.

The use of the terms combining capacity and oxidation number may be
illustrated by an example: Iron has a combining capacity of 2 and an oxidation
number of + 2 in FeCly; it has a combining capacity of 3 and an oxidation number of
+.3 in FeCl;,

Oxidation numbers of some elements

In Tables 8.4 and 8.5 the common oxidation numbers of some elements are given.’
You will notice that some atoms have only ene oxidation number and some have
more than one. '
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Table 8.4 Omdatlon numbers of some. meta]llc eleme'us

r- ‘ -Efement Symnbaol with o. 'ufamm nmnber L
: - Potassium: K" o
- Sodium -Na'"

Calcium Ca™t

Barium Ba"'

Magnesium M%Q"

Aluminiun. AP’

Manganese Mnp? "t T

Zinc Zn*’

fron Fe' '

Tin - Snt

Lead ph'

Copper Cu' !

Mercury Hg'

Silver Ag'

Metaﬂrc elements are alw ays assigned posum oxidation numbers,

Table 8.5 Oxidation numbers of spme mm-metuthc elements

83

Elcment Symbol with oxidation number
Hydrogen 13 .
Phosphorus pie o
Carbon c
Sulphur gt
lodine i
Brontine Br"

Chlorine c- _
Nitrogen ISR
Oxygen O

Writing Formulae of Compounds
For convenience we shall diseuss the formula writing and the nammn of (.ompounds
in the following order:

Binary compounds
Acids and acid radicals
Salis

Hydroxides
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Formulae of binary compounds :

Binary compound A binary compound is a compound whlch wntame two clemcntq
only..

Metallie bmary compound Bmary compounds contammg a metal are called
metallic binary compounds. '

Non- -metallic binary compeund; Bmary compounds contammg non~mota]hc
Llemems only are called non-metaHic binary compounds.

Order of sy mbols in a formula: Usualiy the symbol of the more, clcctropo\smvc
element present in the compound with positive oxidation number is written in front of
the symbol of the element with negative oxidation number. (One exccption is NH; in
which the symbol of nitrogen with negative oxidation number (N) is written first.)

F irst symbol Second symbol

positive oxidation number negative oxidation number

 Writing formulae of binary compeunds: In the formula of a
compound, the algebraic sum of the oxidation numbers must be equal to
ZE70.

-The sum of positive + The sum of negative ~ 0
oxidation numbers oxidation numbers.

By applying this rule we can find out the number of atoms of cach element
which should be present in a formula. Let us begin with an example.
Example : When H and S combine with each other what will be the possible

formula?

The oxidation numberof His+1 .

The oxidation number of Sis -2 B

H'"+ HY + & = (H,8) |

~ . The formula = HoS~

Other examples are: ‘ _ ,
NaandCl - Na'"+CI" = {NaC1)" ~ The formula is NaCl
Caand O Ca* + 0% = (Ca0)y’ . The formula is CaQ
MgandCI Mg +CH+Ct" = (MgChL)’ ~. The formula is MgCl

Aland O~ AT+ AP+ 0%+ 0"+ 0% =(ALO:)° . The formula is ALO;

Nommg binary compounds
. Binary compounds in which the first clement has a fixed oxldatlon number
The clements such as H'". K'', Na'", €I, Ca¥, Zn™ ctc., have fixed
oxidation numbers,
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Binary compounds in which the more electropositive element w1th fixed
oxidation humber is in the first place of the fmmula are named thus : .

| Name of the first element | Name of the second element ending in - ide |

(Usually the change to - ide is in the second syllable of the name. )

anmple HaS Hydrogen sulphide:
. CaO- . . Calcium oxide:
BaCl; Barium chloride
AIN © Aluminium nitride

I1. Binary conipounds in which the first elements has a variable oxidation numbers

The clements such as C, S, Fe, Cu have variable oxidation numbers.
When the more clectropositive element in. the compound has variable
oxidation numbers the name should be given thus:.

1. For the naming of non-metallic binary compounds, (m.ek prefixes (c.g
‘mono-, di-, lri-, etc.) are used o indicate the number of atoms of L.dCh
element in the compound. The name of the second element is ended with
the syllable -ide.

(1 =mono, 2=di, 3 =1tri, 4 =tetra, 5 = penta)

In those cases where there is only one atom of the first element, the use of the
prefix mono is not necessary. The absence of a prefix to the name of the
first element indicates that only one atom of the first clement is present

di, tri, tetra, etc. - |mono, di, tri, tetra, penta, ctc,J
Name of the first element ‘l/ -1 Name of the second clement
' ending in -ide -
Example: . : :
N,O dinitrogen monoxide (dinitrogen oxide)
NO - nitrogen monoxide (nitrogen oxide)
N, O3 . dinitrogen trioxide.
NO> ~ nitrogen dioxide
N2Os * dinitrogen pentoxide
CClL, carbon tetrachloride

2. For the metallic binary compound, the name of the more electropositive
metallic element with variable oxidation number is given first, followed
by the Roman Numeral to state the oxidation number of the metallic
clement in the compound and the name of the second element ending
-ide, is added. .

A}
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Oxidation number of the first
element in Roman Numeral

Namé of the tirst element

. Example:

FeCl;
FeCt 3
PbO
*CUZO
CuO
HgO

l

iron (II) chloride
iron (IIT) chloride
lead (1) oxide
copper (1) oxide
copper (II) oxide

mercury (1) oxide

Name of the second elemen
ending in -ide :

Pronunciation

iron two chloride
iron three chloride
lead two oxide
copper one oxide
copper two oxide
mercury two oxide

* Note that although two atoms of copper with oxidation number + | are present the
prefix di-is not used for the metallic part of the name.

Formulae of some acids

The formulae of acids which you will come across in this course, are given below.

The nantes and formulae of some acids

Hydrogen chloride (g)
Hydrochloric acid (aq)
Hydrogen bromide (g)
Hydrobromic acid (aq)
Hydrogen iodide (g)
Hydriodic acid (aq)
Hydrogen sulphide (g)
Nitrous acid HNO;
Nitric acid HNO;
Sulphurous acid H,S0O;
Sulphuric acid H>804
Carbonic acid H.CO;
Chloric acid HCIO;
Phosphoric acid H3;PO,

HCl

HBr

HI

H,S

>

3\

)

~These acids do not contain
oxygen and their names start
with "Hydro".

These acids contain oxygen
and the word "Hydro" is
- not present in their names.
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H,804:. ©  The formula of sulphmc ac1d is Ha$ 04 i in wh th there.are two. H atoms*
% - . . Whenone H i removbd from the Tormula, the Temtaining, part is: —HSO4
+ " This repmsents one acid radical of sulphu. ‘i.?éc;d. In ~HSQjone H atom

L iglstill presents. “When l,ﬁhls H atom is: zﬂs 'remQVed HS0; beo mes
Coe >SQ4 Th1s represcnts th phurigacid.

~-HS0y (0{ - (HS )
N >SQ4 : ’_.“_,.(or ,_I"j(S@
ln aCIdS hke H2504 where there are {wo: H.gtoms: ye_ g6t two acid: radlcals

(-HSO4 ancl>§o4 ¥in amds]
acid radical (Cl BES
0 The formula of an acxd radlca% s, thcreforc, that
that remains dfter removing one oi- mote hydrogen atom& B e

If:only.one: Heatom is. present in'the. formula ef the ,ac:d only one formu . i
poss1ble for the acid radlcal . S

i two H atoms _are present in thg formLﬂa ef t‘he ' Lcnd-"ﬂ
correspondmg to two radlcals are poss:ble, and so on' ‘

'-ke;HC] where only nne om 1s' »present, wq: get only. one

tWQ formulae

.

-\ . ;'<t‘.

d fzrdlcals

Determmatmn of the mndahon numberq 0
The oxidation number ofthe a¢id radlcal 4n an*acid is a negahve number lhat is
numerically equal to the number of. the R afoms that hag to, be remcved front the
formula of the correspcmdmg acid to arrive at: the formula of the acid radical.
Example: - Cl is obtained by taking away one H :ator f‘mm HCI and the
. . oxidation number of - Cl is - 1'. AL . s

- HCL G e

.E.xample: > SO4 is obtamed by tflkmg away two H atoms trom H-,SO4 and the
T _oxndatlon number of‘ > SO4 is ; 200 : L i
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Derivation of the name of the acid radical from that of the acid
The names of the acids, which have no oxygen atoms in their molecules begin w1th
the word “Hydro" and end with the word "ic" e.g., HCl is called hydrochloric acid.
- _In naming the acid radicals of these acids the word "hydro" is omitted in the
name of acid radical and -i¢ is changed to 1de, e.g., the ac:1d rad1ca} of hydrochlonc
acid is chloride.

Hydro -ic gcid —_— -1de

Acid Acid Radical
Hydrochloric acid (HCl) ———> chloride (-CI) Cl~
Hydrobromic acid (HBr) ~——— bromide (- Br) Br’
Hydriodic acid (HI) C——> dodide(-DT
Hydrogen sulphide (H.S) ——3 sulphide (>5) S

The relation between the names of the acids which have oxygen atoms in their
molecules and the names of the acid radicals is as follows :

Name of the acids Name of the acid radicals
-ous acid ——>» -ite
-ic acid _ -ate
Example Nitrous acid (HNOz) ——>  nitrite (-NOy)
Nitric acid (HNOs3) ——>  nitrate (-NO3)
Sulphurous acid (H2503) . —— 5 sulphite (>*S03)

Sulphuric acid (HgSO4) —_— sulphate (> SO4)
The acid radicals with H: When H is present in the formula of an acid radical, the
word hydrogen is placed before the name of the acid radical.

Example : H803 = hydrogensulphite
HSO," = hydrogensulphate
HCO," = hydrogencarbonate

'From the above principles, you can derive the formula, the name and the
oxidation number of an acid radical from the name and the formula of the

corresponding acid.
The name and the oxidation number of the acid radical may be derived from
the name of acid as shown in Table 8.6
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T able 8.6 ACldS and acid radicals

Nameof . ‘Number

Formula .. ,
Acid. - ) - Oxidation e
Name‘of:aqz‘d‘_ 3 of - radical ac_zd ' number of ac id
: . __acid radical . radical
Hydrochloric ‘HCIT (] ' .chloride -1 1
—acid _. : | S -
Hydrobromic =~ HBr. . -Br “ bromide -1 1
acid S ‘
Hydriodic acid SHL -1  iodide -1 . 1
Nitrousacid = HNO;  -NQ S nitrite - - -1 -]
Nitric acid - "HNO» -NQ; - nitrate -1 1
Carbonic acid H,CO;  -HCO; hydrogencarbonate -1M
| | o F 2
" >CO; -~ carbonate -2
Sulphurous acid = H,SO3;. ~ -HSOs hydrogensulphite‘ B B
_ o SR 2

' - >803 sulphlte =20

Sulphuricacid ~ H;SO4 ~ -HSO4 hydrogensg_pifate -1
A A _—

: _. - >80, sulphate e 2
Chloric acid H0103 - Cl0;. ~ chlorate = -~ -1 1
Phosphoric acid ‘H3PO4 ~ -HPOy4 dihydrogenphosphate - 1

* >HPO; hydrogenphosphate -2 3
epo;- o p'ho's'phate -3

Ammomum radical and its oxidation number' The formula of ammonium radlcal
is NH,_ Its oxidation number is + 1. :
Formula and oxldatlon number —PNH.;

Formula of salts
Formula : The formula of a salt consists of two parts. The first part is the metal atom
or the ammonium radical. The second part is the acid radical.

First part . " Second part

[ Metal atom or NHy' | _Acid radical
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Writing the formulae of salts: When writing the formula of a salt, we should
observe the following rule.

The positive oxidation The negative oxidation
number of the metal atoms + number of the acid = 0
or the ammonium radical radicals

Examples for writing the formulae of salts
Let us first consider how to write the formula of sodium sul;‘.)hate. To get the formula
of sodium sulphate, we must combine the Na!* with the SO,

In order to make the sum of the total oxidation number equal to zero, we must
combine 2Na'* with SO,> 4

Then the sum of the oxidation numbers =2 (+ 1)+ (-2)=0

. The required formula =2Na'* + S0, = NaySOq
Other examples are
@ KY o+ NOs- = KNO;
Gi) Ca™t + SO = CaSO,
(qiiiy Ca® + HCO" + HCO;" = Ca (HCO:),
- Read as Ca-H-C-0-3 twice
(ivi NH"+  NH" + SO& = - (NH4)2804

Read as N-H-4 twice S-0-4

Naming salts

Naming the salt containing a metal atom with constant oxidation number or an
ammeonium radical

The name of the salt begins with the name of the metal or ammonium radical,
followed by the name of the acid radical as shown below.

The name of the metal | The name of the

The name of the salt = atorn of NH,* acid radical
Example:
formula Name
Ca (NOs), . Calcium nitrate
KNO; . Potassium nitrate
(NH4),804 Ammonium sulphate
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Naming the salt in which the n{éfal tom has a variable oxidation number
The name beings with the name of t?‘ne fhetal, with Roman Numeral, indicating the
oxidation number of the metal atom and f'o]]owed by the name of the acid radical.

The name of Roman _ The name of -
the metal atom Numeral ;| the acid radical

The name of the salt =’

Note The Roman Numeral represents the 0x1dal|0n number of the metal atom.

Example: g
FeSOq Tron (1) sulphate
Fea(504)3 ] Iron (IT1) sulphate

Formula of hydroxide :

All hydroxides include one or more - OH radicals of oxidation number i in thelr
formulae: :
The-general formula can be dlagrammatlcally represented as follows :

Metal atom or NH;" ~ OH radical

Weriting the formula of hydroxide

The positive oxidation number Total negative oxidation
of the metal atom or the - + number of the ={)
ammonium radical - ' OH radicals

AY

Naming hydroxides: Hydroxuies are named in such the same way as the naming of
salts, but the name of acid radical is replaced by the word hydroxide, e.g. :

The metal atom with fixed NaOH sodium hydroxide
oxidation number Ca(OH), calcium hydroxide
The ammonium radical NH4OH ammoniurn hydroxide
The metal atom with variable Fe(OH);  iron (II) hydroxide
oxidation number . Fe(OH)q iron (I) hydroxide

The common names of some compounds : What you have seen above are the
chemical names of some typical compounds. You should note that chemical
compounds have old names and common names used in every day life as well as in
industries and chemical literature (Table 8.7 and 8.8).
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Table 8.7 Gommon names of some substances

~ Formula Chemical name Common name
KOH potassium hydroxide caustic potash
NaOH sodium hydroxide caustic soda
NaCl sodium chloride common salt

" Ca0 calcium oxide quick lime

Ca(OH) calcium hydroxide slaked lime
CaCOs calcium carbonate limestone, marble
Na,COs sodium carbonate washing soda

Table 8.8 QOld names of some substances

8.4

Formula New name Old name
FeCl; iron (I1) chloride ferrous chloride
FeCls iron (I11) chloride ferric chloride
PbO lead (I} oxide lead monoxide
PbO, lead (1V) oxide lead peroxide (or)

lead dioxide
CuSOq4 copper (11) sulphate cupric sulphate (or)
copper sulphate
HgO mercury (11) oxide mercuric oxide
MnO, manganese (IV) oxide manganese dioxide
N,O dinitrogen oxide nitrous oxide
NO nitrogen monoxide nitric oxide
NO; nitrogen dioxide nitrogen peroxide

Balancing Equations

The systematic method of balancing equations will be discussed in the higher class.
At the present stage your teacher will show you some helpful ways of balancing
chemical equaticns. The skill in balancing equations can be acquired only by practice.
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8.5 ' Writing Specific Equations from General Reactions : :
Chemists have determined 'the products of the different reactions which substances
undergo by actual experiments. By comparing the reactions, they have found that
there are some regular pattems in the way products are formed when certain
substances react together or when certam substances, such as carbonates, hydroxides,
decompose. '

Example 1 ~

Al meta!l hydroxides, except sodium hydrox1de and potassmm hydroxide, decompose
on heating in the following regular pattern:

. \metal hydroxide — " metal oxide + water
calcium hydroxide = ~—» calcium oxide + water
Ca(OH), —» Ca0 + H,0
copper (II) hydroxide —» copper (II} oxide -+ Water
Cu(OH). s S CuO + H,O
Example 2 -

All metal carbonates, except sodium carbonate and potassium carbonate, decompose
on heating in the following regular pattern:

metal carbonate  —  metal 0x1de + carbon dioxide
" copper (II) carbonate . ——»  copper (II) oxide + carbon dioxide
CuCO; — - CuO + CO;
calcium carbonate ~ —  calcium oxide + carbon dioxide
(limestone) (quicklime)
CaCOQ; — Ca0 + CO,
Example 3

All carbonates react with difute acids forming salts, water and carbon dioxide.
As an example we shall consider the reaction between calcium carbonate and
hydrochloric acid. According to the general reaction, the equation will be
calcium hydrochloric _ carbon
carbonate  * acid — > salt + water + dioxide
Now let us consider what salt should be formed in this reaction.
(1) The metallic atom, present in the reactant is calcium. Therefore the salt in the
product will be a Ca salt.
CaCO; + HClI ——» Ca salt + H,O + CO
(2)  To form a salt, the Ca radical must combine with an acid radical. Since we are
using hydrochloric acid, the acid radical must be - Cl. -
(3) .So the salt is calcium chloride. Its formula is CaCls, since the oxxdatlon number
~of Cais+2 and that of Clis - 1. ‘ :
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S0, the equation for the above reaction can be written as below.
calcium hydrochloric calcium + tor -+ carbon
carbonate t  acid chloride water dioxide
CaCO;  + 2HCI —» (aCl, + HO + CO
In this way you can write an equation for any carbonate reacting with any
dilute acid.
To get practice and improve your skill in writing specific equations from the
general reactions, try to write by yourself the equations for the following reactions.
(1) Sodium carbonate and dilute hydrochloric acid.
(2Y Magnesium carbonate and dilute sulphuric acid.
(3) Copper (II) carbonate and dilute sulphuric acid.

SUMMARY

In this chapter, chemical reactions can be described by means of chemical
equations using symbols and formulae.The concepts of combining capacity of
elements in compounds have been introduced. The combining capacity or valence of
an element is represented by the number of atoms of hydrogen, chlorine or sodium
that combine with one atom of that element. Fixed combining capacity of certain
elements such as calcium and magnesium always show a combining capacity of 2 in
thetr compounds can be given. Variable combining capacities of certain elements
such as copper which forms two oxides: copper (I} Oxide, Cu;O and copper (II)
oxide, CuO indicates copper has a combining capacity of | and 2. An element which
shows more than one combining capacity is said to have a variable valence or
variable combining capacity. The use of oxidation numbers in compounds™ formed
by the combination of metals with non-metals where the metals always show
electropositive character or positive oxidation number and non-metals show negative
oxidation number.For example, in NaCl , the oxidation number of sodium is + 1 and
that of chlorine is — 1.Next , formulae writing of binary compounds, acid and acid
radicals, salts and hydroxndes have: - been presented. Writing sperific equations from
general reactions have been deplcted with approprlatt. examples.

Questions and problems. _
1. Metallic oxides react with dilute acids in the following pattern:
metallic oxide + acid — salt +.  water

109



Now write equations in words and symbols for the reactions between each ox1de in
column I and each acid in column I1.. : :

~ ColumnIM | Column II-
™ sodium oxide o hydrochloric acid
| “calcium oxide " nitric acid
zinc oxide S sulphuric acid
. - _copper (1) oxide '
2. Hydrox1des react with dilute acids in the following pattem
metallic hydroxide - + acid. . ——» salt =+  water

Write equations in words and symbols for the reactions between each hydroxide in
cotumn I and each acid in column Il

Column I - Column Il
potassium hydroxide . - hydrochloric acid
calcium hydroxide nitric acid
aluminium hydroxide ~ sulphuric acid
ammonium hydroxide '
3. Metals react with hydrochlorlc acid or dilute sulphuric acid in the followmg

pattern : ‘
metal + acid — salt + hydrogen _
.Write equations in words and symbols for the reactlons between each metal in
column I and each acid in column II. '

Column I . - Column 1l
magnesium - dilute hydrochloric acid -
aluminium ~ dilute sulphuric acid
zine - + dilute hydrobromic acid _
4. Metallic sulphides react with dilute acids in the followmg pattern:
metallic sulphide  + acid —— salt + hydrogen sulphide -

Write equations in words and symbols for the reactions between each sulphide in
column I and each acid in column !I

Column I Column (II)
- lead (1) sulphide _ dilute hydrochloric acid'
iron (I1) sulphide dilute sulphuric acid
zinc sulphide
5. - Metallic sulphites react with dilute acids to produce salts, water and sulphur

dioxide. Write the equations for sodium, calcium and aluminium sulphites,
when each reacts with each of the following acids. Hydrochloric aicd,
sulphuric acid, nitric acid.
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8.

Metals react with concentrated sulphuric acid to form salts, water and sulphur
dioxide. Write equations for the reactions between

(a).  zinc and concentrated sulphuric acid.
()  magnesium and concentrated sulphuric acid.
{¢)  copper and concentrated sulphuric acid.
Complete the following equations.
(a) v+ Na,O + HCl — ?
b) KO + HxS0, —»
() CaO + HNO; —_ ?
(d) ALO; + H,SOy @ — > 7
(e) Ca0 + H:POy  — 2
() AlOs + Hi;PO, O ?
(g)  barium hydroxide + dilute sulphuric acid —»  ?
(h)  zinc hydroxide + dilute hydrochloric acid —» 2
(i) iron (111) hydroxide + dilute nitric acid —_— ?
G) copper (11) hydroxide + dilute sulphuric acid —» ?
k) Mg + HC @— 2
“m Al 4+ H>S0; (dilute) —» ?
(m) Cu + H,SO4 (concentrated) ——» 7
(m) iron (1) sulphide + sulphuric acid (dilute) ——» ?
(0) NaSO; + HCI e S

Write TRUE or FALSE for each of the following statements.

(a)

(b)
(c)
(d)
(e)

(N
(g)

()

The combining capacity or valency of an element is represented by the
number of atoms of hydrogen, chlorine or sedium that combine with one
aiom of that element.

Combining capacities of atoms of metallic element cannot be more than
one.

Combining capacities of atom of non-metallic element cannot be more
than one.

The oxidation number of metailic elements is not related to combining
capacity of the elements.

In NaCl, the oxidation number of sodium is + 1 and that of chlorine - 1.
The oxidation number of Alis 3.. . . .. Do '

In the formula of a compound, the sum of the oxidation numbel ‘must be
equal to zero.

Metallic oxide reacts with dilute acid to produce salt and hydrogen.
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- (@)
)

(k)

Metallic elements - are- always assigned positive oxidation numbers in
their compounds. : '

Metal free compound is sodlum chloride.

A molecule of ammonia contains an atom of nitrogen and three atoms of

oxygen.

9, Fill in the blanks with a suitable word or words or symbols or number.:

10.

(a)
(b)

(c)

(d)
(e)

()

(2)
(h)
()
)

. In H,0, two atoms of ............... combine with one atom of .............

Aluminium, in aluminium chloride, AICls;, shows a combining capacity of

In NaCl, the oxidation number of sodlum ‘i’s ....... and that of chlorine is

A compound is a compound which contains two elements only.
Binary compounds containing a metal are called ......... binary

compounds. - ‘
Oxygen and sulphur have .......... .. oxidation numbers and sodium and
potassium have ............ oxidation numbers.

All carbonates react with dilute acids forming salt, water and ...........

An element which shows more than one combining capacity is said to
havea....... valence.

The name of FeClyis .......v.....

Select the correct word or words given in the brackets.

(a)
(b)

(©)
(d)
(e)

“In H,S and NasS, sulphur shows a combining capacity of (1,2,3).

An element which shows more than one combining capacity is said to
have a (fixed, constant, variable) valence, :
The common name for sodium hydroxide is (caustic potash caustic soda

common salt).
The old name of iron (II) chloride is (ferrous chloride, ferric chloride, lead

chloride),
The common name for calcium hydroxide is (qu1ck]1me slaked lime,

limestone).
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11.

Match each of the items given in list A with the appropriate item given in list

B.
List A List B

{a) Calcium carbonate reacts (1) washing soda
with hydrochloric acid

(b) The common name for (ii) +1 and-2
-sodium chioride

(¢) The common name for (i11) manganese dioxide
sodium carbonate

(d) The oxidation number of (iv) common salt
hydrogen and sulphur in H,S

(e} The old name for {v) calcium chloride, carbon
manganese (1V) oxide dioxide and water are

formed

Answer the following questions.
(a) For each of the following word equations, write a balanced symbol

equation.
(i) zincoxide +  nitricacid —— zincnitrate + walter
(i1) aluminium + sulphuric __..__,. aluminium +  hydrogen

acid(dil) sulphate’
(b) Balance the following equations in words and symbols.
(i) CaCO; + HCI —» C(CaCl, + H,0 + COs
(i) Ca(OH), — CaO + H,O
(c) Complete the following word and symbol equations.
(i) sodiumoxide + ......... — 5 Sodium chloride -+ .........
(i) .o +  HaSO4 (conc) ——» CaSO; + ...
(d) Complete the following table, giving the name or formula of each
compound as appropriate,

Sr. No Chemical name Chemical formula
1 Barium hydroxide
2 CaCO;
3 Iron (I1) sulphate
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13.

(¢) Write equations in words and symbols for the reactions between

() zine and concentrated sulphuric acid.
(i)  sodium carbonate and dilute hydrochloric acid.

(f) Write down the formula of ¢ach of the following compounds.
(i) -~ common salt
(i)  quick lime
(ili)  caustic soda
(iv)  caustic potash

Complete the following -equations: '
(a) Cu(OH), e ?

(b)) CaCO, + HCl — ?

o o ok o Sk o ok ok ok sk ok o sk sfe ke sk e o ok e ok e sk ke ke o
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CHAPTER 9
A THE MOLE CONCEPT

In this chapter we shall describe the chemist's ideas of measuring the amount of
substances. Then, based upon these ideas, Avogadro's Number will be introduced, to
show the chemist's way of counting atoms and molecules. We shall also describe the
unit amount of substance - the mole or gram molecule which represents both the
number of particles and the mass in grams in calculations based on chemical
equations.’

9.1 Measurement of the Amount of Substance

In every day life and in your school laboratory, you will notice that the amount of
some substances are measured by mass, some by )folume and some by number,
depending upon the more conventent way to measure.

When carbon is bumnt in oxygen, catbon dioxide is formed. The chemical
equation for this reaction is

Ci + Ofg) = COug)

This equation shows that ecach atom of carbon combines with one molecule of
oxygen forming one molecule of carbon dioxide. One molecule of oxygen consists of
two atoms of oxygen and one molecule of carbon dioxide consists of one atom of
carbon and two atoms of oxygen.

.. .Chemists usually measure the amount of atoms and molecules in terms of
;npp!b'e\rs.
9.2 The Amount of Substances and the Number of Atoms or Molecules

Let us study the numbers and the masses of atoms. (Relative masses are taken as the
nearest whole number.) '

The relative mass of one atom of H is 1.

The relative mass of one atom of C is 12.

The relative mass of one atom of O is 16.

The relative mass of one atom of Mg is 24.

The relative mass of one molecule of H is 2.

The atoms and the molecules in the above examples are not equal in mass,

but they are equal in numbers, because there is one atom or ore molecule in each
example. ' -
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Therefore, to compare the amounts of atoms and molecules it is more convenient
“to compare their number rather than their mass. It is inconvenient to compare the
atoms and the molecules in terms of mass, because the atoms of dlfferent
elements have different masses,

9.3 The Amount of Substance from the Chemist's Point of View

4

We have learned that all substances are composed of atoms or molecules. When
chemists see a pile of any substance, they see, in their mind's eye, that the pile of the
substance is nothing but a collection of atoms or mofen.ulet;

For chemists, therefore:

(N The amount of a substance is related to the number of particles (atoms.
molecules, etc.) present in the substance.

(2)  One way of comparing the amounts of different substances is to compare the
number of particles present in each of the substances.

9.4 Measurement of the Amount of Substance in terms of Number of Atoms

Since atoms and molecules are extremely small, we cannot count them one by one to
compare their numbers. It is possible, however; o compare different sets of equal
numbers of partictes. Chemist's choice for the equal number of particles in a set is as
follows:

The relative atomic mass of hlydrogen is 1.

It is assumed that the number of atoms in 1 g of hydrogen is L.

. The Mass of L atoms of His 1 g.

The relative atomic mass of carbon is 12.

.. One C atom is 12 times heavier than * atom of hydrogen. .
. The Mass of L atoms of C is 12 g.

The relative atomic mass of oxygen is 16.

~»One O atom is 16 times heavier than 1 atom of hydrogen.
. The Mass of L atoms of O is 16 g

The relative atomic mass of magnesium is 24.

<. One Mg atom is 24 times heavier than 1 atom of hydrogen.

.. The Mass of L atoms of Mg is 24g.

But I, 12, 16 and 24 are the relative atomic masses of H, C O and Mg
respectively.
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Therefore, | g of H, 12 g of C, 16 g of O and 24 g of Mg are the relative
atomic masses of the respective element expressed in grams.

(a)  What is the conclusion you can draw from the above facts?

If the relevant conclusion still eludes you, try to answer the following
questions (b) and (c) then try to answer the question (a) again.

(b) What is the number of atoms present in the relative atomic mass in grams of
each element?

(c) What is the relation between the numbers of atoms present in the relative
atomic mass in grams of each element?

Since the number of atoms present in the relative atomic mass in grams of
each element is L, it can be concluded that :

The number of atoms present in the relative
atomic mass in grams is the same for all
elements.

9.5 Measurement of the Amount of Substance in ferms of Number of
Molecules

The relative atomic mass of hydrogen is 1.

It is assumed that the number of atoms in 1 g of hydrogen is L.

-~ The Mass of L atoms of H is | g.

-One motecule of hydrogen consists of 2 atoms of hydrogen.
. The relative molecular mass of hydrogen is 2.
.. One molecule of Hj is 2 times heavier than | atom of H.

*. The Mass of L molecules of Hyis 2 g.
The relative molecular mass of H,Q is [8.
.. One molecule of H,0 is 18 times heavier than 1 atom of H.

.. The Mass of L molecules of HO is 18 g.

In the same way it can be shown that there will be L molecules in the .relative
molecular mass in grams of every molecular substance.
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Thereforc, we can say in general that:

The number of molecules present in the relative molecular
mass in grams is the same for all elements and compounds, i.e.,
the molecular mass in grams of all elements and compounds
contain the same number of molecules.

‘}!3.6 The Avogadre's Number or the Avogadre's Constant (L)*

As described above, the number of atoms present in the relative atomic mass in grams
is the same for all elements. By experimental investigation it was found that the
numerical value of this number is 6.02x10% This number is known as the Avogadro S
Number and is represented by the symbol L.

L = 602x10°

Since the Avogadro's Number is constant for all elements, it is also called the
Avegadro's Constant and may be defined by referring to the atomic mass in grams of
any element. However, since '>C has been chosc.n as the reference element, Avogadrds
Number or Constant is defihed by 1eferrmg to 1*C as follows:

The Avogadro s Number or Constant
is the number of calbon atoms
present in exactly 12 g of °C.

Chemists have chosen the Avogadro's Number as the standard f01 measurmg
the amount of atoms and molecules.

Remember that the Avogadro's Number is related to the relative atomic mass in
grams or the relative molecular mass in grams. -

The relative atomic mass in grams of any element contains 6.02 x 102 atoms,
the number being equal to the Avogadro's Number. The refative molecular mass in
grams of any element or compound contains 6.02 x 10 molecule, the number being
equal to the Avogadro's Number.

We shall see below that we can count the number of atoms and molecules by
weighing out multiples or fractions of the relative atomic masses or the relative
molecular masscs.

9.7  Counting the Number of Atoms and Molecules by Weighing -
The exact relative atomic mass in grams of Mg is24.3 g. B
*, 24.3 g of magnesium contains 6.02 x 10 magnesium atoms.

* The numerical value of the Avogadro's Number was first determined by Loschmidt
and is now represented by the letter L to honour him.
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~ In order to get 6.02 x 10% atoms of magnesium, we can just weigh out exactly
24.3 g of magnesium using a balance.

Or, if we want 6.02 x 10> atoms of magnesium, we can just weigh out
' 2
243g=12.15g of magnesium using a balance.
2 ' :
In the same way, if we want 2 x 6.02 x 107 atoms of magnesium, we can
weigh out 2x 24.3 g of magnesium using a balance.

This is the chemist's way of counting the required numbers of atoms by the
weighing the fractions or the multiples of the relative atomic masses in grams. The
chemist can count the number of molecules by weighing in the same way.

Now, there are 6.02 x 10% molecules in 32 g or the relative molecular mass in
grams of oxygen.

Hence, to obtain 6.02 x 10% molecules of oxygen, we must weigh out 32 g of
oxygen. ' :

Or, if we want 6.02 x 10 molecules of oxygen, we must weigh out 32 g = 16gof
. 2 2
oxygen. _

From the above illustrations, we can see that to obtain the required numbers of
atoms or molecules of substances, we have to weigh out multiples or fractions of the
relative atomic or molecular masses in grams of the substances which contain the
required numbers of atoms or molecules.

9.8 The Unit Amount of a Substance - The Mole

For chemists, the amount of a substance means the number of particles present in the
substance. The standard measure is the Avogadro's Number which is the number of
atoms in the relative atomic mass in grams of '2C. The unit amount of a substance is,
therefore, the amount of the substance which contains the Avogadro's Number of its
particles. This unit amount of a substance is called the mole.

Thus, the mole is defined as follows :

One mole of a substance is the amount of that substance which contains the
same number of particles (atoms, molecules, etc.) as there are atoms in 12 g of
1

C.

The difference between one mole of atoms and one mole of molecules

Let us take oxygen as an example. One mole of oxygen atoms (O) contains the
Avogadro's Number of the oxygén atoms. Since the relative atomic mass of O atom is
16, one mole of O atoms, that is the Avogadro's Number of O atoms, weighs 16 g,
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Similarly, one mole of oxygen molecules contains the Avogadro's Number of
the oxygen molecules. However, since two atoms of oxygen combine to form one
oxygen molecule, the relative molecular mass of gxygen is-2 x 16 = 32. Therefore,
one mole of oxygen molecules (0»), that is the Avogadro's Number of oxygen
molecules, weighs 32 g.

As shown above, one mole of atoms and one mole of molecules of the same
element contain equal numbers of particles. But one mole of atoms and one mole of
molecules are different in mass. ‘

Thus, it is required to specify clearly what kind ‘of particle is being considered
in the calculation of one mole of a substance such as : fo

" One mole of oxygen atoms (O)
(or)
‘ One mole of oxygen molecules (O2) )
9.6  Correlation of the Number of Particles with their Masses by Mole Unit

The mole represent the Avogadro's Number of particles (atoms or molecules) as well
as the total mass of these particles which is equal to relative atomic mass in grams or
relative molecular mass in grams of the substance.

In this way the mole corrétates the reacting number of atoms and molecules in
a chemical equation with the actual masses in grams of the reacting substances. The
actual masses in grams of the reacting substance must be weighed in a balance.

By using the mole units we can predict the masses of the reactants and the
products that take part in a chemical reaction which is expressed by a chemical
equation.

This can be illustrated by the following example.
Example:

When magnesium and sulphur are heated together, they react to form magnesium
sulphide. What weight of sulphur is required to react with exactly 6 g of . magnesium
to form magnesium sulphide? ‘

The chemical equation for this reaction is
Mg (s) + 8¢ =  MgS(s)

From the above chemical equation we can see that each atom of Mg reacts
with 1 atom of S to form MgS.

In what mole ratio do Mg atoms react with S atoms?
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The above chemical equation points out that Mg atoms and S atoms react in
equal numbers to form MgS.

Therefore, L number of Mg atoms will react with L number of § atoms to
form MgS. :

Since L number of atoms is 1 mole of atoms, 1 mole of Mg atoms will react
with 1 mole of S atoms to form MgS.

How many atoms are there in 6 g of Mg?

Since the relative atomic mass of Mg is 24, 1 mole (L numbers) of Mg atoms
weighs 24 g.

.~ 24 g of Mg contains 1 mole (L. number) of Mg atoms

How many moles of S atoms react with 0.25 mole of Mg?

As we have already mentioned above, 1 mole of Mg atoms reacts with 1 mole
of § atoms. -

Therefore, 0.25 mole of Mg atoms will react with 0.25 mole of S atoms.
What is the mass of 0.25 mole of § atoms?
Since the relative atomic mass of § is 32, 1 mole (L numbers) of S atoms
weighs 32 g,
Therefore, 0.25 mole (0.25 L numbers) of S atoms weighs 0.25x32 g = 8 g.

In this way we can predict that 8 g of S is required to react with 6 g of Mg to
form MgS.

This is the reasoning followed in calculating the masses of the reactants and the
products in a chemical equation, The main idea is :

(1) To find mole ratio of the reacting substances from the corresponding chemical
equation.

(2)  To find the weight ratio of the reacting substances from their mole ratio.

Reacting masses of substances in chemical equations

From the above examples, it is cléar that each symbol or formula of a substance
represents one mole of the substance.
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“Thus, a symbol represents one mole of atoms and a formula represents one
mole of molecules in a molecular substance. In a non-molecular substance a formula
represents one mole of particles as represented by the formula.

Formula = (a) 1 mole of molecules in a molecular substance

(b) 1 mole of particles represented by the formula in a
non-molecular substance. -

9.10  Calculation from Chemical Equations

In actual practice not all the steps shown above are required. The calculation is
illystrated below. '

Example: To find the weight of product from the weight of a reactant

When a piece of magnesium is burnt in air, 8 g of oxygen is used up. How
many grams of magnesium oxide will be formed? (Mg =24, O = 16)

Step | Calculation
Convert 8 g of oxygen into mole. lmolof O;=32¢
The relative atomic mass of O =16 Since 32 g of Oy = | mol
.. The relative molecular mass of S 8gofOy= % =0.25 mol of O,
0,15 32.
Step 2
Write down the balanced equation and 2Mg(s) + O2(g) = 2MgO (s)
the mole ratio of the react;lnts and 0.25mol = ? |
the products.
Step 3
Calculate the mole of MgO formed From the equation, 2 moles of Mg
from 0.25 mole of O; and 1 mole of O, give rise to 2
; moles of MgO.
S 0.25moleof Oz vve vee oee 2x0.25

= 0.5 mol of MgO
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Step 4

Convert (.5 mole of MgO into The relative fdrmula mass of
mass in grams. o MgO =24+ 16=40
Mg=24and O =16 s 1molofMgO=40¢g
S.0.5molof MgO =05 x40¢g
= 20¢g

. 20 g of MgO is formed from 8 g of Oy
9.1t - The Volume of One Mole of a Gas - The Molar Volume
In this s\éction we shall describe the volume occupied by 1 mole of a gas.
Measurement of the amount of gases

Gases are comparatively light and difficult to handle so it is inconvenient to weigh a
gas on a balance. Therefore they are usually measured by volume.,

The volume, temperature and pressure of a gas

The volume of a given mass of gas changes with the change in temperature or
pressure of the gas. It.is therefore, important to specify the temperature and the
pressure at which the volume of the gas is measured.

The density of a gas

The density of a gas usually expressed in grams per dm’. The density of a gas is
obtained, therefore, by dividing the mass by the volume.

Mathematical expression is:

The mass of the gas in grams
The volume of the gas in dm®

The density of a gas =

Since the density of a gas depends upon the volume which varies with
temperature and pressure, the density of a gas also varies with temperature and
pressure,

For easy reference and for convenience the densities of gases are measured
under certain standard condition of temperature and pressure,

The standard temperature is 0 °C
The standard pressure is 760 mm Hg

They are referred to as STP meaning Standard Temperature and Pressure.
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The volume of one mole of 2 gas at STP
The volume of one mole of a gas at STP in dm®, can be calculated by dividing
the relative mass of one mole of the gas by its density.

The volume of one mole  _  Relative mass of one mole of a gas
of a gas at STP The density of the gas

One mole of the gas can be calculated from the formula of the gas and its relative
atomic mass. ‘

The density of the gas is determined by experiment.

As an example, let us determine the volume at STP occ::upied by one mole of
hydrogen.

The formula of hydrogen: =H,
The relative atomic mass of H =1.008 |
The relative molecular mass of H; =2 x 1.008 = 2.016
~.One mole of H; =2016¢g
The density of hydrogen at STP =(.098 g dm™ (found by experiment)
~ The volume of one mole Relative mass of one mole of Hy
of H; at STP . The density of the gas
2016g = _ 3
0.098 g dmr’ - 22.4 dm

. The volume of one mole of H, at STP = 22.4 dm’®

The volume at STP of one mole of all gases

By finding out the volume at STP of one mole of oxygen, nitrogen, chlorine, carbon
dioxide, etc., as you have done in your experimental chemistry book, it is found that
the volume occupied by one mole of any gas is equal to 22,4 dm® at STP. This
volume is known as the molar volume of the gas.

" One mole of any gas occupies a
volume of 22.4 dm?® at STP and this
volume is called the molar voiume
of the gas.
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In Section 9.5, we have learned that the molecular mass in grams (or mole) of
all elements and compounds contain the same number of molecules. Smce the mole
of all gaseous elements or compounds occupy the same volume (22.4 dm?) at STP, it
follows that at STP one mole of gases occupies the same volume and contain the
same number of molecules.

This fact is extended and symmarized in Avogadro's Theory or Law which
is stated as follows:

At the same temperature and pressure
" equal volumes of all gases contain the
same number of molecules.
The correlation of mass and volume by molar velume

By using the data that one mole of gas occupies a volume of 22.4 dm?® at STP, we can
convert the mass in grams of a gas to volume at STP and the volume of a gas at STP

to mass in grams.

Example: To find the velume of 8 g of oxygen at STP
Calculation The formula of oxygen gas = 0,
The relative atomic mass of O = 16

It

The relative molecular mass of Q- 2x16=32

SOnemoleof 0232 g

Mole of oxygen in 8 g of oxygen = gi—g— = (.25 mol
g

Since, 1 mol of Oy occupies 22.4 dm* at STP

5 0.25molof O e veeien e 22.4 x 0.25 = 5.6 dm’ at STP
Example: To find the mass in grams of 2.8 dm® of sulphur dioxide at STP.

Calculation  The formula of sulphur dioxide = 8O
The relative atomic massesare; S = 32and O =
~Onemoleof SO =32+2(16) = 32+32=64¢
Molar volume of gas at STP = 22.4 dm’
22.4 dm’at STP weighs 64 g
2.8dm’ ... . Q{}_ X % = 8¢g

2.8 dm* (STP) of SO, weighs 8 g.

e
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Calculation of the volume of a gas from a chemical equation
Example: 3 g of pure carbon is completely burnt in oxygen.

Find the volume of carbon dioxide formed at STP.

Calculation c + 0O, —_—> COs
1 mol I mol

Imolof C = 12¢g '
~3gofC = 132% = 0.25 mol of C

1 mol of C gives rise to I mol of CO,

Y 0.25mol of C ... ... ... 0.25 mol of CO,

But 1 mol of CO; occupies a volume of 22.4 dm’ at STP

S 025 mol of COs . . L. 2_21.& X QT2_§ = 5.6 dm’ at STP

9.12  Determination of the Relative Molecular Mass of a-Gas from its Molar
Volume

The relative molecular mass of a gas can be experimentally found out by different
methods. Some, of these methods will be described in the later courses. In this section
we shall describe how the relative molecular mass of a gas can be found out from its
molar volume which can be determined by experiment. The procedure is as follows:
(1) The mass of a known volume of a gas at STP is experimentally determined.
(2) From these experimental results, the mass occupied by 22.4 dm” of the gas at

STP is calculated.

(3)  The calculated mass is equal to one mole of the gas and thus the numerical
value of the calculated mass corresponds to the molecular mass of gas. We
shall illustrate the procedure with an example in the following paragraphs.

By an experiment it was found that the volume of 1.4 dm’ of oxygen gas at
STP weighed 2 g.

1.4 dm? of oxygen gas at STP weighs_2 g

) . 2 22.4
S224dmt L Lo x 22 =3
m X g7 T e

.. One mole of oxygen gas =32 g

.. The relative molecular mass of oxygen = 32
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How can we say that an oxygen molecule consists of two atoms of oxygen?

In Chapter 5 and 7 it has been described that each oxygen molecule consists of two
atoms of oxygen. We can prove this in many ways and some of the methods will be
described in the later courses. One such method will be described below.

The relative molecular mass divided by the relative atomic mass will glve the
number of atoms in the oxygen molecule,

For example, the relative molecular mass of oxygen as found.out from its
molar volume is 32.

The relative atomic mass of oxygen is 16,
. 2
. The number of oxygen atoms present in an oxygen molecule = %6- =2.

.".One molecule of oxygen consists of 2 atoms of oxygen.

In the same way the relative molecular masses of hydrogen, nitrogen and
chlorine can be found out from their molar volumes as described above. By dividing
the relative molecular mass by the respective relative atomic mass, we can find
the number of atoms present in one molecule of the gas.

The results indicate that one molecule of these gases consists of two atoms of
the element. ~

Based upon these experimental results, we can now fully understand why the
formula of oxygen is written as O», hydrogen as Hpy, nitrogen as N and chlorine as
Cl,,

SUMMARY

In this chapter, the measurement of the amount of substances in terms of
number of atoms has been presented, The number of atoms present in the relative
atomic mass in grams is the same for all elements. The number of molecules present
in the relative molecular mass in grams is the same for all elements and compounds,
i.e, the molecular mass in grams of all elements and compounds contain the same
number of molecules. By experlmentai investigation, it was found that the numerical
value of this number is 6.02 x 10%. This number is known as the: Avogadro’s
Number and is expressed by the symbol L .The Avogadro’s Number is constant for
all elements, it is also called the Avogadre’s Constant and may be defined by
referring to the atomic mass in grams of any element. However, since '>C has been
chosen as the reference element, Avogadro’s Number or constant is defined by
referring to '>C as follows: The Avogadro s number or constant is the number of
carbon atom present in exactly 12 g of '>C .One mole of a substance is the amount of
substance which contains the same number of particles (atoms, molecules etc) as there

are atoms in 12 g of '*C,
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One mole of any gas occupies. a volume of 22:4 dm® at STP and this volume is calied
the molar volume of the gas. Avogadro’s theory or. law may be definied-as “At the
same temperature and pressure equa% volume of all gases contam the same numbel of
molecules”. : :

Y

Questmns and Problems
[, Relative atomic masses of H= 1, Na = 23, Ca = 40, K = 39, Fe = 56,
respectively. By assuming that in 1 g of hydrogen L numbers of hydrogen
atoms are present, prove that the samie number of atoms are present in the
_ relatwe atomic mass in grams of the above elements.

2. "H=1,N=14,0=16, S = 32. Reason out that the same number of molecules
are present in the relative molecular mass of Ha, N2, O, H20 and H,S gases.
3. . Explam by an example how chemists can count the atoms by welghmg What

" is the mass of each of the following?
{a) i mole of sulphur atoms.
(b) 0.5 moie of carbon atoms.
(c) 0.25 mole of calcium atoms.
(& 1 mole of oxygen atoms. A
. (e) lmole of oxygen molecuies
| ® 1 mole of-nitrogen atoms,
{g) 0.5 mole of nitrogen molecules.
(h) 0.25 mole of magnesium atoms.
(i) 0.2 mole of water molecules. '
. ‘(;) 3.1 mole of carbon dioxide molecules.
o (k) 0.125 mole of sulphur dioxide molecules.
4. .- Convert the mass.of each of the followmg to mole..
- (ay 32 gofoxygenatoms - '
‘(b) ~ 32 g of oxygen motecules.’
{c) =28 gofnitrogen atoms.
. (d) 14 gofnitrogen molecules.
(&) 6gof magnesitim atoms.
() 17 g of sulphur atoms.
(g) 7 gofironatoms. :
'(b) 11 g of carbon dioxide molecules. .
(i) .3 gofwater molecules. - '
(j) 8 g of sulphur dioxide molecules.
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Calculate the mass of each of the following. Use the relative atomic masses
given in the table of relative atomic masses.

(a) How many grams of potassium will contain the same number of atoms
as 3 g of magnesium?

{(b) How many grams of carbon will contain the same number of atoms as
6 g of magnesium?

(c) . How many grams of oxygen, O» will contain the same number of
molecules as 10 g of bromine, Bry?

(d) How many grams of copper will contain the same number of atoms as
8¢ of sulphur?

(¢) How many grams of aluminium will contain the same number of atoms
as there are molecules in 3 g of water?

Use the relative atomic masses given in the table.

(a) How many moles of nitrogen, N> have the same number of particles as
in 12 g of carbon? .

(b) How many moles of magnesium have the same number of particles as
in 56 g of nitrogen, N,?

(c) How many moles of sulphur have the same number of particles asin 4 g
of oxygen, O;?

(d) How many moles of calcium have the same number of atoms as in 6 g of
magnesium?

(e) How many moles of tithium have the same number of atoms as in § g of
iron?

Give the equivalent in the moles for each of the following.

(a)y 3.2 dm? of nitrogen at STP.

(b) 5.5 dm® of carbon dioxide at STP.

(c) 11.2 dm’ of oxygen at STP.

(d) 1.6 dm® of chiorine at STP.

(¢) 1.4 dm’ of hydrogen at STP.

() 448 dm of sulphur dioxide at STP.

What is the volume in dm® at STP of cach of the following?

(a) oxygen, O; 0.5 mole * (e} carbon dioxide 0.4 mole
(b) nitrogen N; 0.2 mole ' () suiphur dioxide 0.5 mole
(¢) chlorine, Cl2 0.4 mole ~ (g) water vapour 0.9 mole
(d) hydrogen, H; 0.75 mole . (h) carbon dioxide 3 moles

R
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10,

11

12.

14

15,

What is the volume in dm® at STP of each of the following?

(@) 11 gof carbon dioxide (d) 35.5 g of chlorine
(b) 8gofoxygen ' (&) 6.4 g of sulphur dioxide
(c) 7 gofnitrogen - (D 4.5 g of water vapour

What is the mass of each of the following?
(a) 5.6 dm® of carbon dioxide at STP.
(b) 2.8 dm® of oxygen at STP.
(¢} 11.2 dm’ of nitrogen at STP.
(d) 4.48 dm® of chlorine at STP.
(e} 44.8 dm’ of sulphur dioxide at STP,
(f) 2240 dm’ of water vapour at STP.
6 g of pure carbon is completely burnt in oxygen. The chemical equation for
this reaction is: _ '
| CE)+02(g) —>  CO(9)
(a) How many moles of carbon dioxide are formed?
(b) How many grams of carbon dioxide are formed? (C =12}
(c) What is the volume in dm® at STP of carbon dioxide that forms in the
‘ reaction?
(d) How many moles of oxygen are used up?
(¢) How many grams of oxygen are used up? (0=16)
(f) How many dm® at STP of oxygen are used up?
A piece of pure sulphur is completely burnt in oxygen and 16 g of sulphur
dioxide is formed. The chemical equation is:
S(¢s) + O2(g) —> 350:2(g)
(a) What is the volume at STP of SO, formed in the reaction?
(b) How many grams of sulphur are used up in the reaction? (S =32)
By an experiment it was found that the mass of 5.6 dm® at STP of oxygen is 8g.
(a) What is the relative molecular mass of oxygen?
(b) Prove that one molecule of oxygen contains 2(atoms of oxygen (O =16)
The mass of 6 g of ozone gas occupied the volume of 2.8 dm’ at STP,
(a) What is the retative molecular mass of ozone gas?
(b) How many atoms of oxygen are present in a molecule of ozone? (O = 16)

The volume of 3.2 dm® of nitrogen at STP weighs 4 g. What is the relative
molecular mass of nitrogen and how many atoms of nitrogen are present in
one molecule of nitrogen? (N =14)
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16.

17.

18.

19.

20.

The density of chlorine gas is 3.17 g dm™ at STP. What is the relative molecular mass
of chlorine and how many atoms of chlorine are present in one molecule?(Cl=35.5)

A gas_consists of two elements carbon and hydrogen. The composmon by
weight of carbon and hydrogen is 6:0.5. The volume of 5.6 dm® of the gas at
STP weighs 6.5 g.

(a) Find the empirical formula of the gas.

(b) - Find the relative molecular mass of the gas.

(¢) Find the molecular formula of the gas.

Write TRUE or FALSE for each of the following statements.

(@8 The number of atoms present in the relative atomic mass in gram is the
same for all elements.

(b) One molecule of HyO is 18 times lighter than 1 atom of H.

(¢) The Avogadro's Number or Constant .is the number of carbon atom
present in 12 g of '*C,

(d) One mole of oxygen atoms and one mole of oxygen molecules are
similar in mass. ,

(¢) The density of a gas is usually expressed in grams per dm”>.

Fill in the blanks with a suitable word or words or symbol or unit or number..

(a) The relative mass of one atom of carbon is ...ceseereenne.

(b) The Avogadro's Number can be represented by the symbol L which is
equivalent t0 wuenersens

(¢) The volume of one mole of any gas at STP 1S wveereesassenn

(d) The mole ratio of Mg and S atom in the formation of MgS is ..eeeee

(¢) One mole of any gas occupies a volume of 22.4 dm’ at STP and this
volume of the gas is called ........ weeeennns Of the gas.

Select the correct word or words given in the bracket.

(@) One carbon atom is (10, 12,14) times heavier than | atom of hydrogen.

(b) The number of atoms present in the relative atomic mass in grams is
(different, the same, equal) for all elements.

(c) The Avogadro's Number or Constant is the number of carbon atoms
present in exactly (12 g, 22 g, 32 g) of 2C. .

(d) The volume of one mole of hydrogen at STP is (12.2 dm?, 22.4 dm?’,
32.4 dm’).

(e) At the same temperature and pressure (similar, different, equal) volumes
of all gases contain the same number of molecules.
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22,

23,

Match each of the items given in list A with the appropriate item given in list
B‘. “ s w . .o

ListA List B

(a) Carbon burns in oxygen (i) "2 atoms of oxygen

{b) One mole of any gas (ii) carbon dioxide is formed.
occupies a volume of -
22.4 dm® at STP.’ - |

{c) One molecule of oxygen (iii) 2 times heavier than |

. atom of H.

(d) The standard temperature (i\") this volume is called the
and pressure L molar gas volume

(e) One molecule of H; - ~ (v) 0°C and 760 mmHg

Write TRUE or FALSE for each of the followiﬁ,g statements.

(a) 18 g of liquid water occupies 22.4 dm?® at STP.

(b) One molecule of hydrogen consists of 2 atoms of hydrogen. Therefore, the
relative molcular mass of hydrogen is 2.

(c) If all gases have the same number of moiecules, the number of moles are
also the same.

(d) The symbol H represents one molecule of hydrogen.

() The mass of oxygen is 16 amu in a molecule of CO;.

(I) -The relative mass of one molecule of hydrogen is I.

(g) One molecule of oxygen consists of 2 atoms of oxygen.

" (h) One molecule of any gas at 0°C and 760 mm Hg oceuples a volume of

224 dm’. _
(i)  The numerical value of Avogadro’s Number is 6.02 x 10%.
Fill in the blanks with a suitable word or words or symbol or umt or number.

(@) One mole of Hy. contains .......... atoms,

(b) The mass of one mole of H atom is ..........

(¢) Listhe. qymbol of Avogadro’s Number and its numerical value is .

(@) One mol¢ of any £as occupies ......... dm Y at ST P.

(&) The relative molecular mass of water is 18. Therefore, 18g of water
contains ....... number of water molecules .

(H A group of particle-containing 6.02 x 107 is desn;__ndled a8 eennnns .
(g) 224 dm® of hydrogen gas at STP weighs ......... g of hydrogen.

(h) Number of mole of 4¢ of hydrogen atom is ....... -
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24.

(i) The standard conditions for temperature and pressure chosen is ......... .
Answer the following questions.

(a)
(®)

(©)

(d)
(e)

()
(g)

(h)
(i)
@

What is meant by the term STP ?
What is relative molecular mass of Na,CO; ? Na=23.C=12,0=16)
How many molecules are there in 1g of hydrogen ? (H=1)
Find the density of oxygen at STP ? (0O =16) 7
How many hydrogen atoms are there in 1 mole of hydrogen molecules ?
(H=1) '
What is the volume of Ig of hydrogen at STP 2
What is the mass of the carbon atom in one molecule of CO; 9
(C=12,0=16)
What is the mass of 0.5 moles of water 7 (H=1,0 = 16)
How many atoms are there in 5 moles of oxygen atoms? (O = 16)
How many moles are there in 8 g of oxygen gas? (O =16)

ke ok o s s ol ook ok g ok e skooke sk e sk e ok ool e e ok ok
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CHAPTER 10
OXYGEN AND ITS COMPOUNDS

10.1 Océufrence

Uncombined oxygen exists in the air, forming 23% by weight (or 21 % by
volume) of the air. Oxygen in the combined state exists in water, sand or silica,
silicates, and rocks.

10.2 Methods of Preparation of Oxygen
Laboratory preparation of oxygen from potassium chlorate

potassium chlorate

. +
manganese
(IV) oxide
1 | \ =~ oxygen
heat ":,é"_
' SRS R (T

Fig. 10.1 Laboratory preparation of oxygen from potassium chlorate -

.

<> potassium chlorate _A 5 potassium chloride  + oxXygen
2KC10; A 2KCI + 30;

A mixture of potassium chlorate and manganese (IV) oxide in the ratio of 4 : 1
by weight is placed in a hard glass tube. The apparatus is fitted up as shown in Fig.
10.1 and the hard glass tube is heated. Oxygen is evolved.

Since oxygen has about the same relative vapour density as air, and since it is
only slightly soluble in water, it is collected by the downward displacement of water.

If required dry, it may be dried by passage through anhydrous calcium
chloride, and collected in a syringe.
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Test for oxygen

When a glowing splint of wood is put into the gas jar conlaining oxygen, it
will be rekindled.

Note If potassium chlorate is heated alone, it gives off oxygen, but only at fairly high
temperatures. If mixed with manganese (IV) oxide, the potassium chlorate gives off
oxygen at a much lower temperature. On analysis of the residual mixture, it is found
that the amount of manganese (I'V) oxide is unchanged.

A chemical reaction that goes too slowly, may ofien be hastened by the
addition of some substance that is found unchanged after the reaction is over. When
such a substance is uscd in a reaction for this purpose, it is said o catalyse the
reaction. The substance itself’ is called a catalyst, and the process is called catalysis.

Industrial preparation

%comprcssor
L

air from
atmosphere

¢cxpansion nitrogen(-196 - C)
valve

liquid air

S

walcr cooler liquid oxygen
(-183 -C)
Fig. 10.2 Industrial preparation of oxygen
The best process for obtaining oxygen industrially is {rom liquid air.
Air is first cooled by allowing compressed air to expand through a valve (Fig. 10.2).
This cool air is recycled and is again recompressed and expanded through the valve.
This results in further cooling. When these successive coolings are linally sufficient
(i.c., temperature is reduced lower than - 196°C), the air is liquelied. This liquefied
air is then fed into the fractionating columa. The lower boiling nitrogen (b.p. - 196°C)
will come out from the top ol the fractionating column and the higher boiling
oxygen {b.p,- 183°C) will come out [rom the bottom of the column.



10.3 The Activity Series
i K
Na
Ca
Mg Electropositivity decreases
Al 1 from top to bottom.
Zn ‘ x
Fe
Pb
H
Cu
Ag’

Y

By studying the action of air, water and acids on the metals and the ease by
which the metal oxides may be reduced to metal, we may arrange the metals in a
series known as the Activity Series, A summarized form of the activity series
outlining some trends in the reactivity of the metals is given in Appendix 4. It may be
seen Lhat with few exceptions there are very definite trends as the series is descended.
Reference will be made to this series in the appropriate sections and the reasons for
the trends will be discussed. '

10.4 Properties of Oxygen

I Oxygen is a colourless gas, without taste or smell. 1t is only slightly soluble in
waler and has approximately the same relative vapour density as air.

2 Oxygen will not burn, but it supports combustion.

3. - Many metals and non-rhetals burn in oxygen, forming oxides.
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Action with metals

The readiness with which oxygen reacts with metals is summarized in the
following list arranged according to the activity scries.

K

Na

Ca

Mg When these metals are heated in air, the

Al oxygen reacls with potassium most |
? readily, and with copper least readity.

Fe '

Pb

Cu J

Hg These metals react with oxygen at high

Ag temperature.

Au

Example :

A burning piece of magnesium ribbon continues burning in oxygen with a
dazzling white flame, leaving a white powder as residue. This residuc is magnesium oxide,

magnesium  + oxygen —> magnesium oxide
2Mg + 0, —>  2MgO

A red hot iron wire burns in oxygen with a yellowish flame giving off showers
“of golden sparks.

iron + oxygen —> triiron tetroxide
3 Fe + 20, — Fe;04

A heated piece of sodium metal burns in oxygen with a yellowish flame to
form a solid which dissolves in water. The solution obtained turns red litmus blue: -

sodium + oxygen —> sodium oxide
4Na + 0O, —> 2NaO

sodium oxide + water —_— sodium hydroxide
Na,O + H,O —_ 2NaOH
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Action with non-metals

Non-metals such as phosphorus, sulphur and carbon react with oxygen to form
oxides. '

Example :

A small piece of heated phoé-phorus {only red phosphorus may be used)
burns in oxygen giving off white fumes which consists of oxides of phosphorus.

phosphorus  + oxXygen —>  phosphorus (V} oxide

4P + 50; —_—> P4On
phosphorus  + ~ oxygen —»  phosphorus (IH) oxide
4p -+ 30, ' — P06

These oxides dissolve in water to give solutions which tum blue litmus red.

water + phosphorus (V)oxide

—_ phosphoric acid
6H-0 + PyOme —> 4H1POy
waler +  phosphorus (HI) oxide phosphorus acid |
6H-0 + P40g _— 41H;P0;

Burning sulphur continues to burn in oxygen to form nmisly, pungent lumes
which are sulphur dioxide. ‘

sulphur + oxygen —_ sulphur dioxide
S + O; —> - S0O;

- This gas<dissolves in waler to give sulphurous acid. The acid solution turns
blue litmus red.

water + . sulphur dioxide _5 sulphurous acid
H-0 + SO, N H250):

When a burning piece of charcoal is pul into a gas jar of oxygen, it burns and
emits a shower of sparks to form a colouriess gas, carbon dioxidc.

carbon + oxygen — ~ carbon dioxide
C B 9! —> COa:

Carbon dioxide gas dissolves in water to form carbonic acid. This is a very
weak acid and turns blue litmus pink butl not red.

waler- + . carbon dioxide —_— carbonic acid
10 + CO, — H.CO;
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When silicon is burnt in oxygen, silicon dioxide (silica) is oblained.
silicon + oxygen —> silicon dioxide
| Si + 0 — SO
Sand is one form of silica.

Since silicon dioxide is insoluble in water, no solution is formed and there will
be no reaction with litmus paper. However, the reactions with alkalis show that silicon
dioxide has acidic character.

silicon dioxide + sodium hydroxide —>  sodium silicate + water
SiO; + 2NaOH —>  Na§i0O3 + H>0
Note  The combination of a substance with oxygen is called oxidation.
10.5  Uses of Oxygen

Oxygen is used as an aid to breathing where the natural supply of oxygen is
insufficient. It is also employed as a mixture with hydrogen or acetylene for the
production of high temperatures. The oxyacetylene flame is used for cutting and
welding steel. Oxygen also {inds application in the other industrics such as the
manufacture of linoleum, varnishes, steel etc,

10.6  Ozone O;

S . N
Oxygen and ozone are allotropes (section 15.2) of the same element. The
difference between them is that oxygen is a diatomic molecule (0:) and ozone
is a triatomic molecule (O3).

Preparation of ozone
Ozone is prepared by the passage of a silent electric discharge through oxygen.
tin fisil

Fig. 10.3 Preparation of ozone gas
oxygen - ozone
30, —— 203
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The apparatus is set up as shown in Fig. 10.3. Dry oxygen is passed through
the space between the two glass tubes. Each tube is coated with tin foil which serves
as electrodes and is connected to the terminals of an induction coil. The silent
electrical discharge passing through the oxygen from one electrode to the other causes
partial conversion of the oxygen to ozone. This ozonized oxygen should not be
allowed to come’into contact with rubber, which is attacked by ozone.

Test for-ozone

Ozone possesses a fishy smell. When mercury makes contact with ozone, the
mercury ‘tail' is observed, i.e., mercury sticks to the glass as”it flows across, leaving
a trail of mercury.

»

Properties of ozone
1. Ozone gas has a fishy smell.
2. Itoxidizes; |
(a) lead (II) sulphide to lead (11} sulphate. |
lead(Il) sulphide + ozone > lead (I)sulphate © +  oxygen
{black) - (white) - ‘
PbS + 40; —> PbSO, o+ 40~

(b) hydrogen sulphide to sulphuric acid. .
hydrogen sulphide ~ +o0zone —> sulphuric acid + oxygen

H,S + 403 —> HaSO4 + 40,
3 It also liberates iodine from potassium iodide in acidic solution.
potassium  + sulphuric + ozone —> iodine 4 oxygen

iodide acid ' (brown)
(colourless) 7
2KI +  HS804 + 03 —> L+ O
' + potassium + water
) sulphate + HaO
K>SO, -

1

Uses of ozone
Ozone is used in ventilation systems to purify air. It is also used to sterilize water.
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10.6.1 Ozone depletion

. Chlorofluorocarbons (CFCs) are widely used as coolants in refrigerators and car air
conditioners, as solvents for cleaning computer and circuit boards, and in foam packaging and
insulation. Evidence indicates that the chemicals are finding their way to the
stratosphere and destroying the ozone there. The ozone layer filters out most of the
ultraviolet radiation in sunlight. It is believed that destruction of the layer would
cause a dramatic increase in skin cancer cases, a drop in crop yields, and reduction of
the microscopic organisms in the food chain of the oceans.

Since negotiation of the Montreal Protocol, scientists have found that the
ozone in the stratosphere is being depleted more rapidly than had been thought.
Measurements reported recently showed greatly increased levels of biologically
damaging ultraviolet radiation at the earth's surface in the Antarctic, where a "hole" in
the ozone layer has periodically appeared.

There was considerable controversy recently over the effects of aerosol propellants,
particularly the chlorofluorocarbons, on the ozone shield in the earth's stratosphere.
The two most widely used chlorofluorocarbons are chlorofluorocarbon 11 (CFCl3)
and chlorofludrocarbon 12 (CFaCly), often referred to by their trade names, Freon 11
and Freon 2. Chlorofluorocarbon 11 is the propellant most used in acrosol spray
cans for items other than food (paint, polish, hair spray, and deodorants, for example),
and chlorofluorocarbon 12 is used primarily as a circulating fluid in refrigerators and
air conditioners,

Ozone (O3} is a form of elementary oxygen produced in the upper atmosphere
(the stratosphere layer 6-30 miles above the surface). Ultraviolet radiation [rom the
sun converts ordinary oxygen ((O») into ozone by the reactions

O>+thy— 20 and
O+0;— 0,
where h, is the symbol for radiation and O stands for a single oxygen atom.

Once crealed, the ozone in the stratosphere is a good absorber of ultraviolet
radiation. Without ozone, much of this radiation would reach the carth, raising
surface temperatures and increasing the frequency of nonmelanistic skin cancer
among people regularly exposed to the sun. But ozone is only moderately stable. Not
only does it easily decompose back to ordinary oxygen, but more importantly, it
reacts with components of the atmosphere, such as nitric oxide (NO) and chlorine
(CIy atoms. These reactions are the source of the current problem.

Chtorofluorocarbons |1 and 12 are low molecular weight compounds and,
once released into the atmosphere, can diffuse to the stratosphere. There they are
acted wupon by ultraviolet radiation, according to the reaction (using
chlorofluorocarbon 11 as an example)
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CFCls + hv — CFCl; + (I
The chlorine atom thus produced can react with ozone:
_ (Cl+ O3 — C10 + Oy),
and the c'hlorine oxide may react with an oxygen atom
(CIO+0 = Cl+03)
to regenerate the original chlorine atom. This sequence is an example of a chain
reaction in which the original event, destruction of the ozone molecule, can be

repeated hundreds or thousands of times for every chlorine atom that is formed by (he
action of ultraviolet radiation. :

Since one chlorofluorocarbon molecule in the stratosphere has the potential to
destroy many ozone molecules and since nearly [ million tons of chlorofluorocarbons
11 and 12 are produced annually, the amount of ozone that could p09s1bly be
destroyed by chlorofluorocarbons is enormous.

10.7 Hydrogen Compounds of Oxygen

When hydrogen combines with one other element only, the compound formed is
called a hydride. Hydrogen combines with oxygen to form two dlffelem hydrides,
namely, water, H2O and hydrogen peroxide, H20.,

Preparation of a solution of hydrogen peroxide H20;

Hydrogen peroxide may be prepared by the action of certain metallic peroxides with
acids. The materials usually used are barium peroxide and dilute sulphuric acid. The
barium sulphate produced in the reaction is insoluble and can be filtered off. The
filtrate is an aqueous solution of hydrogen peroxide. '

barium - sulphuric barium . hydrogen
peroxide * acid (dil) - sulphate peroxide
Ba0; -+ H,S0, —> BaSO, + H>O»

Properties of hydrogen per oxide

. . The pure uompound is a syrupy llqmd It is usually used as a dilute solution in
water. Hydrog,u} peroxide solution is sold retail as "10 vo]unm or "20 volume"
solution, i.c., at STP (standard tc.mpcnatu:e and pressure) 10 cm” or 20 ¢cm” of oxyg.n
gas | is liberated by heating 1 cm’® of that hydrogen peroxide solution:

2, Evolution of oxygen occurs when hydrogen peroxide solution is healcd
hydrogen peroxide ——>  water + . oxygen

2H-0» —> - 2H,0 + O
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3. Hydrogen peroxideg oxidizes lead (II) sulphide to lead (II) sulphate.
lead (II) sulphid hyd 5 lead (II) sulphate -+ water
ead (II) sulphide . ydrogen ead (II) sulphate wa

(black) peroxide (white)
PbS +  4H,0, PbSOs  + 4HyO
4, When hydrogen peroxide reacts with acidified potassium iodide solution,
iodine is produced. ‘
potassium sulphuric hydrogen potassium iodine
T + . + + water
iodide acid peroxide suiphate (brown)
2KI + HS04  + HiO» —> K80, + L+ 2H0
5. Hydrogen peroxide reacts with some compounds to give oxygen.
lea.d (IV) N hydro.genu“} lea‘d(II) + water + oxysen
oxide peroxide oxide
{brown) (yellow)
PbO, + H0, —> PbO + H,O + 0O,
silver + hydrogen —>  silver + water + oxygen
oxide peroxide
Ag,0 + H,0; —_— 2Ag + H, O + 0O,
potassium + sulphuric . hydrogen manganese(Il) + ‘potass‘ium
permanganate acid peroxide > sulphate sulphate
(violet) (white)
2KMnQy +  3H;SO4 + 5H O, —>» 2MnSQOy +  K3S04
+ water +  oXxygen
§H,O + 5O
ozone + hydrogen peroxide ——>  water + OXygen
O3 + H20, . —> HO0 + 20,
6. The decompositiofl of hydrogen peroxide is catalysed by many substances.
(e.g., manganese (IV) oxide, finely powdered gold, platinum)
hydrogen peroxide —»  water - + oxygen
2H,0, -—> 2H0 + 02
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Uses of hydrogen peroxide : : . - _
Hydrogen peroxide is used in restoring pictures. Hydrogen sulphide in the air slowly
reacts with the white lead pigment (lead (II) carbonate) of the paint to produce lead
(II) sulphide, which-is brown and makes the picture dingy. Washing with hydrogen
peroxide restores the white colour. Hydrogen peroxide is used commercially for the
bleaching of paper pulp, cotton and other natural fibers.

SUMMARY

Uncombined oxygen exists in air, forming 21% by volume of the air. Oxygen
in the combined state exists in water, sand or silica, silicates, and rocks. -

.~ Oxygen can be prepared in laboratory from potassium chlorate by heating.
The best process for obtaining oxygen industrially is from liquid air. Oxygen is a
colorless gas without taste or smell and only slightly soluble in water. It has some
relative vapour density as air. It supports burning. So many metals. by/n in
oxygen, forming oxides.

Oxygen is used as an aid to breathing and also in the manufacture of linoleum,
varnishes, steel, etc. The oxyacetylene flame is used for cutting and welding
steel. ' :

Oxygen and ozone are allotropes of the same element .Ozone is_used as in
ventilation systems to purify air .It is also used to sterilize water. .

CFCs (chlorofluorocarbons) are widely used as coolants in refrigerators and
car air conditioners, as solvents for cleaning computer and circuit boards and in foam
packing and insulation. The ozone layer filters out most of the ultraviolet radiation in
sunlight. Since one chlorofluorocarbon molecule in the stratosphere and since
negotiation protocol, scientist found that the ozone in the atmosphere is being
depleted more rapidly than had been thought. Instead of CFCs,
hydrochlorofluorocarbons (HCFCs) have been developed to reduce the ozone
depletion. Hydrogen combines with oxygen to form two different hydrides, hydrogen
peroxide, H,02 and water, HyO. Hydrogen peroxide is used commercially for the
bleaching of paper pulp, cotton and other natural fibers,

Questions and Problems

1. (a) Outline a method by which oxygen is manufactured from air. ,

(b) Name two compounds which, when heated alone, give off cxygen as the
only gaseous producs, and write equations for their decomposition.

2 Write equations for the reactions of each of the following substance with
excess of oxygen. \ -

/ ‘a; hydrogen (b) magnesium (c) carbon (d) zine (¢) silicon
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10.

Write equations for the reactions, if any, of these products with
(i) dilute hydrochloric acid (ii) sodium hydroxide

On analysis of a compound obtained from burningiron in oxygen, it is found
that the constituents of this compound are 167.7 g of iron and 48 g of oxygen.
What is the empirical formula of this compound? (Fe = 55.9,0=16) .

+ Calculate the mass of magnesium oxide which is obtained on burning 4 g of

magnesium in the air, (Mg = 24, O = 16)
Calculate the mass of magnesium which reacts with 1 g of oxygen.

When a mixture of 4 g of magnesium and magnesium oxide was heated in air,
5 g of magnesium oxide was obtained. Calculate the percentage by mass of
magnesium and magnesium oxide in mixture. (Mg =24, O = 16)

Write equations for the reactions, if any, of the following:
(a) apiece of gold in air

(b) mercury and oxygen were heated vigorously

(c) silicon dioxide mixed with water

(d) dissolving sodium oxide in water,

How can oxygen be converted into its allotropic form? Give equations for
these reactions in which ozone reacts with compounds to liberate oxygen.

What would you observe in the following reactions? Write equations for the
reactions.

(a) When hydrogen peroxide solution is added into acidified potassium
permanganate solution.

(b) When hydrogen peroxide solution is heated.
(¢) Ozone gas is passed into potassium iodide solution.
(d) When hydrogen peroxide solution is poured over manganese {I'V) oxide.

Write TRUE or FALSE for each of the following statements.

(a) Oxygen will burn but it cannot support combustion.

(b} Burning sulphur continues to burn in oxygen to form sulphur dioxide.
(c) Ozone possesses sweet smell.

(d) Hydrogen peroxide oxidizes lead (II) sulphide to lead (I) sulphate.

(¢) Heat is needed in the laboratory preparation of oxygen from hydrogen
peroxide. -

(f) Oxygen is lighter than air.
(g) Oxygen and ozone are allotropes of the same element.
(h) Oxygen will burn but it cannot support combustion.
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11,

12,

13.

Fill in the blanks with a suitable word or words.: '

(2)

" (b)

(c)

O

(8

(h)

Carbon dioxide dissolves in water to form ..eees.
Many metals and non-metals-burn in oxygen, forming ...

-“When silicon is burnt in OXYZEN, seernes «uee is Obtained.
@ |
(e)

Ozone gas has a s ...smell
Hydrogen peroxide may be prepared by the action of metalltc peroxides

The combmatlon ofa substance with oxygen is called ....... s
Ozone is used i in ventllat1on svstem to purify air and to ... water.

Many metals and non- metals burn in. oxygen, formmg crverivniennes .

Answer the following questions are base on ozone depletion. -

(a)
(b)

©
(d)

. (e).

®

T (g)

(h)
(¥

0]

(k)
1y

®)
©
(@

What is CFCs?

Name the three elements present ‘in CFCs in connection with ozone
depletion. -

~Which of these elements is the most reactive?
-If the. ozone (0Os) reacted with the most reactive element in CFCs, what

two products would be formed?

- What are.the uses of CFCs? .

Where is ozone layer found?

‘What does ozone layer filter out?

Give one for the harmful radiation in the sunllght
How ordinary oxygen is converted into ozone?

~ How CFCs destroy ozone layer?

Estimate amount of chlorofluorocarbon 11 and 12 produced annually
How can you protect the ozone hole problem ? .

- Select the correct word or words given in the brackets.

(@)

If required dry, it may be dried by passage through anhydrous (calcrum
ox1de, calcmm chlonde, calcium nitrate) and collected in a syring.

Many (ox1des, hydrox1des, metals) and non- meta]s burn in oxygen,
forming oxides.

The combination of a substance with (nitrogen, hydrogen, oxygen) is
called ox1datron . '

Oxygen is used as an aid to (heatmg, breathmg, eating) where a natural
supply of oxygen is insufficient.

146



(e) Ozone is used in ventilation system to (sterilize water, purify air, purify

soil).

(f) (Oxygen, Ozone, Hydrogen ) is used as an oxyacetylene flame in the cutting

and welding of steel.

(g) Oxygen is collected by the (upward, downward, under ) displacement of

water .

(h) (Metals, Non-metals, Salts ) react with oxygen to give oxides.

(i) A red hot iron wire burns in oxygen to form (iron (I1) oxide, iron (11I) oxide,

tri iron tetroxide).

14..  Match each of the items given in list A with the appropriate item given in

list B.
List A

(a) A mixture of potassium chlorate

and manganese (IV) oxide is
heated in a hard glass tube

(b) The substance itseif is called
a catalyst.

(¢} A burning magnesium ribbon
placed in oxygen

(d) Carbon dioxide gas dissolves
in water

(e) Ozone is used in ventilation

system to purify air.

15.  Answer the following questions.
(a) Write down the activity series.
(b) What is the main gas in the air ?
(c) Give three uses of oxygen gas.

List B
(1) The process is called
catalysis

(i1} and to sterilize water.
(iti) carbonic acid is formed.
(iv) magnesium oxide

is formed.

(v) oxygen is evolved.

(d) What are the three things needed for combustion or burning ?

(e) Write equations in symbols for the following reactions.

(i) Red hot iron wire burns in oxygen.

(i1) Red hot phosphorus burns in excess oxygen.
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@

(h)
)

Which method can be used to manufacture oxygen gas ?

Write down the name of the lmportant steps of the process. -
What will happen when mercury and oxygen were heated vxgorously"
How would you prepare oxygen gas in the laboratory?

Describe the laboratory preparation of dry oxygen from potassium
chlorate.
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CHAPTER 11

OXIDES AND HYDROXIDES
111 Oxides
An oxide is a compound which contains only oxygen and one other element.
There are many kinds of oxides. The main types of oxides are ;
. (1) basic oxides
(2) . acidic oxides
(3) amphoteric oxides
(4) neutral oxides
(5) peroxides -
{6) compound oxides
Basic oxides
A basic oxide is a metallic oxide. It is formed by the reaction of metals with oxygen.
metals + oxygen ——>  metallic oxides
{most of which are
basic in character)
Properties _
l. Solubility in water

Some basic oxides are soluble in water but some are not. (Refer to activity series)
e.g., NaxO, KO, are soluble oxides, while MgQ, CuO, Ag,O are not.

Soluble basic oxides react with water, forming hydroxide solutions (alkalis).
These solutions turn red litmus blue.
sodium oxide + water —> ’sodium hydroxide
NayO + HO .. .2NaOH
Other examples ‘
' basic oxide alkali
K20 (soluble in water) KOH
-CaO (slightly soluble in water) Ca{QH),
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2. Action with acids
A basic oxide reacts with an acid to produce a salt and water only.
(a) Soluble oxide

sodium hydrochloric sodium

: + e —> ) water
oxide acid (dil) chloride
Na;O  + 2HCI —> 2NaCl + H,O
(b)  Insoluble oxide
copper (II) suiphuric copper (II)
. + - + . water
oxide acid (dil) sulphate
Cu0 . +  HS80s 5 CuSOs  +  HO
Prbperties of basic oxides can be summarized as follows :
K Oxides of these metals are ' - Ky
Na' > soluble in water forming : Oxides of these
Ca J alkalis - metals are not

> reduced to

M ‘ metal b
&) Oxides of these metals (except Al) Y
Al : hydrogen
can be made from the metal by
Zn |- ' Zn J

f the action of nitric acid and then

F

z decomposing by heating (i.e., by
p

heating the nitrates of the metals)

Cu /
H -
Ag Oxides of these metals

5 decompose when heated
Au ' -
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Acidic oxides

An acidic oxide is a non-metallic.oxide. It is formed by the reaction of non-metals
with oxygen.

non-metals o+ oxygen —> . non-metallic oxides
(most of which are acidic in
' ~ character)
Properties
l. Solubility in water

Some acidic oxides are soluble in water but some are not. e.g., CO, SOz, SO;, P40|0
are soluble oxides while SiO,, is an insoluble oxide. -

Soluble acidic oxides dissolve in water to form acid solutions. These solutions
turn blue litmus red. -

sulphur trioxide -+ water — sulphuric acid
SO + H.0 —> H)804
phosphorus (V) oxide +  water, —> phosphoric acxd
PyO F 6H,O —> 4H3PO,
Other examples
acidic oxide - . . acid . ‘
- COy L U HCOs (carboriic acid)
SO, H,SO0; (sulphiurous acid) ~
2. Action with basic oxides S S

Soluble acidic oxides react with basic oxides to give hormal salts (without hydrogen).

carbon dioxide  + sodium oxide —=> sodium carbonate
» - CO ., ot Na,O > Na;COs
3., Action with alkalis

(a) Soluble acidic oxide

Soluble acidic oxides react with alkali soiutlons to give either normal salts and water,
or an acid salt. ~ :
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With limited amount of acidic oxide, salt and water are formed.

. carbon dioxide © -+ . calcium hydroxide — . calcium carbonate +water
CO, +  Ca(OH), —> CaCOs © + H0
With in excess amount of acidic oxide, an acid salt is formed.
* carbon dioxide +  calcium hydroxide ——> calcium
' ' hydrogencarbonate
200, + Ca(OH), 5 Ca(HCO:);

(b) Insoluble acidic oxides

Insoluble acidic oxides do not react with water. They react with basic oxides and
alkalis. ' - :

With basic oxide -
silicon dioxide + sodium oxide —> sodium ‘silicate
Si0; +  NaO | > NasSiOs
With alkali _
silicon dioxide + sodium hydroxide —> sodium silicate + water
Si0; + 2NaOH —>  Na8iO; =+ H0

Amphoteric oxides

An amphoteric oxide is a metallic oxide which possesses both basic and acidic
properties, i.e., it can react with both acid and alkali.

Example : Zn0 and AbO;
(a)  Basic property (reaction with acids) ’
zinc oxide + . sulpuricacid (dil) —>  zincsulphate + water

=InQ + H.S0, . —  ZnSOy + H,O

aluminium oxide + hydrochloric acid H_‘_aalunﬁinium chloride + water
ALO; + GHCI —> 2AIChL + 3H0
(b) Acidic property (reaction with alkalis) '
zinc  , sodium
oxide hydroxide o
ZnO + 2NaOH  + H,0 ——> NayZn02.2H,0{or)Na;Zn{OH),

water ﬁ sodium zincate

aluminium ;. sodium
oxide hydroxide

ALO;  + 2NaOH + 3H,0 —> 2NaAl(OH),

water ——= sodium aluminate
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Neutral oxides

A neutral -oxide is an oxide which shows neither basic nor acidic character. e.g,,
carbon monoxide, CO, dinitrogen oxide, N,O. (Alihough water is neutral to litmus, it
is neta neutral oxide.)

Peroxides

Those oxides that react with acid to give salt and hydrogen peroxide are called
peroxides.

barjum ' sulphuric barium hydrogen
peroxide + acid > sulphate + peroxide
Ba_02 + H,S0, ——> BaSO4 + - H0s

PbO; lead (IV) oxide, MnO; manganese (IV) oxide and NO; nitrogen dioxide
are not peroxides. They do not give hydrogen peroxide on reaction with acids.

Compound oxides

A compound oxide is an oxide, formed by the combination of two different oxides of
the same element.

Example : Di lead (II) lead (IV) oxide (red lead oxide) Pb;O4 is a compound
consisting of lead (I1} oxide and lead (IV) oxide. PbiOscan be written
as 2PbO . PbOa.

The following reaction supports this statement.
red lead N nitric lead (1I) + lead (1V)
oxide - acid > nitrate water oxide
Pb; O, + 4HNO; —— 2Pb(NO;); + . 2H,0 + . PbO»
Compare this reaction with the following :
lead(11) lead (1V) nitric lead(1l) lead (1V)
+ + + water +

oxide oxide acid njtrate oxide
21’b0 +  Pb(O, + 4HNO; —> 2Pb(NO;3); + 2H0 + PbO,

base J\ acid salt water /
/ | Pb;0; unchanged

Other examples : Fe;04 (FeO. FeyO3)
Mn304 (2MnO. MnO3)
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11.2. Preparatlon of Oxides
Severai methods are used for the preparallon of oxldes S
Method 1 Dlrect combination of an element w:th oxygen _‘,:,;:'; .“- o
Metals or non-metals react with oxygen to give oxides.
. metal. ..+ :oxygen;i —> -+, metallic oxide (basic oxide) . . .

non-metal + oxygen —> non-metallic oxide (acidic oxide)

Example / b
magnesnum' + esygen —> magnesi.u‘;m' oxide
Mg + 0, —>2Mg0
* carbon + ‘_ oxy‘g'en % carbon dlox1de
¢’ +o2 S cos |
o 'sedium_ .+ oxygen —> sod1um 0x1de
e Y T S Na0 "
.- ssodium .- oxygen. —> sodium peroxide
- (excess) _ :
2Na + 0O, —->N'1;_Oa

Method 2 Decomposition of nitrate = o T

Most . heavy metallic nitrates decompose on heatmg They -decomposc to metallic
oxide, nitrogen dioxide and oxygen.

Example ‘ |
snenivate  —8> zinc oxide  + nitrogen dioxide + oxygen '
2Zn(NO;): _A, 27a0 L 4\102 i 05

‘:COPPGT(“) nitrate A5 copper (INoxide + mtrogen dioxidé + oxygen
2CuNOy, A 2Cu0 s 4NO, e 0y

Method 3 Decomposztmn of carbonates
Most of the carbonates decompOsc 10 ox1des and carbon dioxide on healmg
Example : S |

calcium carbonate -85 calcium oxide 4+  carbon dioxide

CaCO; As cao v E CO;
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Method 4 Decomposition of hydroxides

Some metallic hydroxides decompose to oxides and water on heating.

Example : ‘ ‘ ‘
iron (1II) hydroxide Ay iron (1H) oxide + water

2Fe(OH); Aﬁ Fe,03 + 3H,0

11.3. Summary Preparative Methods for Obtammg Oxides from Metals or

their Soluble Salts
bum in ; 3 e
—sgE? I oxide of metal ]
dil nitric acid
nitrate of metal
in solution
I add Na,CO, solution
‘ ' add NaOH schution C
A \d
[ solid nitrate | hydroxide of metal I | carbonale of metal l
as precipitate as precipitate :
filter, wiash, dry . . filter, wash, dry
st b i
heat 1!1 ongly heat et
‘oxide of metal oxide of metal oxide of metal
(+ nitrogen dioxide (+ water) (+ carbon dioxide)

+ oxygen)

1.4 Hydroxides
Hydroxides can be classified as
(1) basic hydroxides (eg. NaOH, KOH, etc---)
(ii) amphoteric hydroxides (eg. Zn(OH);, Al(OH);)
(iii) acidic hydroxides (eg. (HO)>S0,, HONO3)

Hydroxides which are soluble in water are called alkalis.
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11.5 Preparation of Hydroxides
Soluble hydroxides of metals

Hydroxides of metals whlch are soluble in water may be prepared by the foliowing
methods. :

Method 1 - Action of metal with water _

Some metals react with water to give soluble hydroxides of metals and hydrogen.
sodium . + water —> sodium Ilydroxidg +  hydrogen
MNa o+ 2H0 —» INGOH = +  Hy

Method 2 i}y dissolving soluble metal oxides in water

Some soluble metal oxides, not only dissolve in water, but react with water to give
hydroxides. '

sodium oxide + water . sodium hydroxide
N0  + H0 _  2NeOH
- sodium peroxide + water —> sodium hydroxide  + nascent oxygen
Na»0s + . H.O0 —— ‘ 2NaOH + (O)

Note Oxygen in the atomic state is called nascent oxygen. Two atoms of nascent
oxygen combine to form molecular oxygen,

Insoluble hydroxides of metals

Insoluble hydroxides of metals are not prepared by the above methods. They may be
prepared by using the following method.

Method : By the action of soluble salt with alkali

Addition of soluble alkalis (NaOH, KOH) to soluble salts of heavy metals gwe
insoluble hydroxides.

soluble salt alkali N _insoluble kydroxide salt
of heavy metal - of metal
Example :
copper (1) | potassium ~ copper (II) ‘ potassium
pitrate . T hydroxide hydroxide nitrate
Cu(NOs)2 + 2KOH —>  Cu(OH); + 2KNO;
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11.6 Properties of Hydroxides

The properties of hydroxides of metals may be studied with the aid of the following
activity series.

K ~ hydroxides of these metals are soluble in water,
Na - forming hydroxide solution (alkali); potassium
Ca and sodium hydroxides do not decompose on
Ba heating; calcium and barium hydroxides

decompose on strong heating
Mg .
Al
In | hydroxides of these metals are insoluble in
Fe ? water; on heating, they decompose into |
Sn oxides and water
Pb
Cu J
Hg
Ag hydroxides of these metals do not exist
Au

1. Action of heat

Hydroxides of these metals in the above series (except potassium and sodium)
decompose to oxide and water on heating,

copper (I1) hydroxide —=> copper (1) oxide + water
Cu(OH), 2> . Cu0 +  H0

157



2. Action with metals
“Alkali solutions react’ with zific and: aluminium ‘metals to give hydrogen and the
zincates and aluminates. - = '

sodium + - hydrogen

zinc 4o osodium. o yater —> TN
hydroxide - o ' zincate .
Zn LOINEOH 0 2H,0° —>  NapZn(OH)s + . Hy
R o Y ,:-'J(O-r): . | Tl
_ -~ Na;Zn0,.2H,0
aluminium + sodiur'n + water —> sodium © hydrogen
hydroxide P - - aluminate
2Al 4 2NaOH +  6H0 —> 2NaAlO22H0 + [ “3H;
(or) o
RECRTTEE R ERR :'-'Z.N-aAl»(,O‘.H)“‘
3. Action with acids o _ N -
When hydroxides of metals react with acids, sqits and water are formed.
calcium hydroxide — + nitric acid —>  calcium nitr:ate -I-E_‘ water
Ca(OH) 4 2HNO;  —> Ca(NOs) | + 2HO

_SUMMARY

Oxygen combines directly with al other elements (except the noble gases and
the noble metals) to form oxides. ~ The main types of oxides are basic oxides
(metallic oxides), acidic oxides (non- metallic oxides), amphoteric oxides (possess
both acidic and basic properties), neutral oxides (neither acidic nor basic oxide),
peroxides (react with acid to give salt and H,0,).and compound oxides (combination
of two different oxides of the same element). Preparative :methods for obtaining
oxides from metals or their soluble salt are summarized in 11.3 on page 155. Metal
oxides that are soluble in water react to produce the corresponding hydroxides.
Hydroxides can be classified as basic hydroxides, amphoteric hydroxides and acidic
hydroxides.

Questions and Problems

1 What are the main classes of oxides? Give one example of each class.
2. State to which class of oxide each of the following belongs.

(a) copper (I1) oxide (d) carbon monoxide

(b) sulphur dioxide (e) di lead (11} fead (1V) oxide

(c)  aluminium oxide (H barium peroxide
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Describe the reactions, if any, of each of the following oxides with
(a) water (b) dilute nitric acid (c) sodium hydroxide solution.

(i) calcium oxide (ii) carbon monoxide (iii) zinc oxide .
Describe how you would prepare |
(a) copper (1I) oxide from copper (11) sulphate solutlon
(b) =zinc oxide from solid zinc carbonate.
(¢) lead (I1I) oxide from lead (11} nitrate crystals.

The observations given below relate to three oxides, A, B and C. Cla531fy the
oxides, and in each case name one oxide which has the properties indicated.

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

B is a white powder which is insoluble in water. It forms colourless solutions
when separate portions are warmed with (i) dilute hydrochloric acid (ii)
concentrated sodium hydroxide solution.

C is a white solid which reacts vigorously with water formihg a white
suspension. When this is filtered the filtrate turns red litmus paper blue.

Write TRUE or FALSE for each of the following statements.

(a) There are six main kinds of oxides.

(b) A basic oxide is a non-metallic oxide.

(c) Anacidic oxide is a metallic oxide.

(d) Soluble acidic oxides dissolve in water to form acid solutions.

(e) An amphoteric oxide is a metallic oxide which possesses both basic and
‘acidic properties.

(f) A neutral oxide which shows neither basic nor acidic character.

(g) "Metallic oxide reacts with dilute acid to produce salt and hydrogen.
(h) A basic oxide is a metallic oxide.

Fill in the blanks with a suitable word or words.

(a) A compound oxide is an oxide, formed by the combination of two

csssssenensenss OXides of the same element.
(b) Metals or non-metals react with ...ocveeruenne to give oxides,
(¢} Some metallic hydroxides decombose t0 siraessrosnsans and water, on heating.
(dj Although water is neutral to Htmus, it is 1Ot @ wseeeeens oxide,

. 159



(e) Most of the carbonates decompose to oxides and ........ weeee.ON hEGLING.

M An ....... oxide is an oxide which possesses both acidic and basic
properties. |

(&) An....... oxide is a non-metallic oxide. -

(h) Soluble basic oxides react with water , forming .......... solutions.

Select the correct word or words given in the brackets.

(a)
(b)
(c)

(d})
(¢}

()

Some metals react with water to give (soluble, insoluble, different)
hydroxides of metals and hydrogen.

Some metals react with (hydrogen, oxygen, water) to give soluble

. hydroxides of metals and hydrogen.

Addition of soluble alkalis (NaOH, KOH) to Soluble salts of heavy
metals give (soluble, insoluble, different) hydroxides.

“An acidic oxide is a (metallic, non-metallic, neutral) oxide.

Soluble basic oxides react with water forming hydroxide solutions.
These solutions turn (red, orange, violet) litmus blue.

An alkali is a (basic, acidic, neutral) hydroxides which is soluble in
water . ‘

Match each of the items given in list A with the appropriate item given in

list B.
List A -~ ListB g

(@) An acidic oxide ‘ (1) - which possesses both acidic
and basic properties

(b)k A basic oxide (i1) an oxide which shows
neither basic nor acidic '

B character
(c) An amphoteric oxide (iii) an oxide formed by the

combination of two
different oxides of the

same element

(d) A compound oxide

(e) A neutral oxide
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(v) a metallic oxide



10.  Answer the following questions,
(a) What class of oxide does sulphur dioxide belong to?
Is it soluble in water? If so, what effect does it have on litmus paper?

(b) Explain the properties of basic oxides using the activity serivs.

o Ao ofe o ofe o vk ohe sl ookt sk sl o ol ke ok sk sk st sk e sl sk
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CHAPTER ‘12~ "
HYDROGEN

. “14‘;\ L

12.1 0ccurrence : -
Only a small amount of hydrogen gas occurs in the atmosphere In'the combmed

state, however, hydrogen ranks as one of the more abundant elements. Water, acids
and many organic substances reveal the wide- spread “distribution of hydrogen in
nature. :

12.2  Preparation of Hydrogen o -
Laboratory preparation of hydrogen ' '
Hydrogen is prepared in the laboratory by the action of the. dllute mineral ac1ds on

certain metals.
Hydrochloric aéid (dil)

v

v hydrogen -

Fig. 12.1 Laboratory preparation of hydrogen

hydrochloric zinc hydrogen |

zinc +
acid (di) — chloride
Zn.:  +  2HCI — ZnClL, -+ H,

Some granulated zinc is put into a flat-bottomed flask. Dilute hydrochloric
acid is added to the zinc by means of a thistle funnel (Fig: 12.1).

Hydrogen gas'is evolved and collected over water. Since hydrogen gas is
slightly soluble in water, it is collected by the downward displacement of water.
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i
Note (a) Dilute sulphuric acid may be used instead of dilute hydrdchlbﬁc acid. The

extent to which a given metal will react with a dilute acid of water to produce
hydrogen depends on the position of the metal in the activity series as follows.

_action with water ' action with dilute acids
"These metals react with K 1
cold water to produce { Na These metals (except Al )
hydroxide and hydrogen Ca react with dilute sulphuric and
hydrochloric acids to
These metals react only Mg > liberate hydrogen gas (Al reacts
with steam while Al with hot concentrated acid only)
heated, to produce oxide | Zn ‘
and hydrogen Fe )
These metals react neither ¢ Pb
with water nor with steam | (H)
Cu
Hg
Ag
L Au

(b)  Dilute nitric acid is not used for the preparation of hydrogen by
reaction with a metal. It will produce hydrogen, only in the case of reaction with
magnesium.

(c) Sodium and potassium are never used with an acid to prepare
hydrogen as the reactions are extremely violent.

(d)  Tn practice, hydrogen gas initially coming out from a delivery tube,
should not be collected because it is mixed with air. When it is mixed with air or
oxygen and a naked flame or a light is applied, the mixture explodes.

Industrial preparation of hydrogen .

There are two chief methods of manufacture of hydrogen.

(a) From hydrocarbons

Methane (natural gas) can be passed with steam over a nickel catalyst at 800°C and
30 atm pressure,

methane + steam ——>  carbon monoxide + hydrogen
Ni ‘
CH + H-O . > CO + 3H
! *~ 800°C, 30 atm ?
pressure
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‘The ‘product is mixed with more steam and passed over iron () oxide
catalyst at 450°C. Carbon monoxide is converted to carbon dioxide with further yield
of hydrogen.” : o

carbon monoxide -+ steam ————>  carbon dioxide + - hydrogen
Fe;03 BRI - '

450 C

Carbon dioxide is removed by passing the gas mixture into water under 30
atm pressure (carbon dioxide gas is very soluble in water under pressure).

water  + carbon dioxide 30 atm ~ carbonic acid
<~ -

H}O + C(): \_._—-—-"'—'}"_...._..._ HZCAO3

Any remaming traces ol carbon monoxide is removed by washing with a
solution of copper (1} methanoate in ammonia.

(b)y By electrolysis

Hydrogen is obtained as by-product in the electrolytic manufacture ol chlorne Irom
common salt or brine solution. : ' '

Hydrogen can also be made by electrolysis of water containing sulphuric acid.
water. — hydrogen + oxygen
-0 —_— 21 T 0N
Test for hvdrogen
Pure hvdrogen burns quietly with a pale biue flame, but a mixture of hydrogen und air
explodes when a 1lame is applied.
Note Since an air-hydrogen mixture explosion can be very dangerous. the test for
hydrogen should always be carried out with very small volumes of the gas, .. the
gas should be ignited in a test tube.

12.3 ~ Propertics of Hydrogen

1. Hydrogen is a colourless, odourless and tasteless gas. It is slightly soluble in
water. - '
2. Hydrogen is much less dense than air.
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glass piate

 glass plate removed
s

Fig. 12.2 Hydrogen is much less dense than air

A gas jar full of hydrogeh is placed under 2 gas jar full of air. After a short
time, the upper gas jar is removed(Fig. 12.2). Both gas jars are tested for hydrogen by
applying a lighted splint. The contents of the upper gas jar will explode, showing that
hydrogen has passed upward, displacing the air to form a mixture. The bottom gas
jar will produce no explosion or burning, showing that the hydrogen previously in that
jar has all been displaced by the air.

3. Hydrogen will burn, but it will not allow things to burn in it. (i.e., it will not
support combustion.) _
4, When hydrogen burns in air, water is formed.
hydrogen + oxygen — 5  water
2H, + 0; — 2H0
5. Hydrogen combines with most non-metals.
hydrogen + sulphur ———  hydrogen sulphide
H, + S R H,S
hydrogen + nitrogegn ————»  ammonia
3+ N> e . 2NH
450°C, 200 atm
hydrogen -+ chlorine ——  hydrogen chloride
Ha + Cl» — 2HCI
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6.  When hydrogen gas passes over heated oxides of metals (Fe and metals below
it in the activity series), metal and water are formed. o -

copper (1) hydrogen A copper + water '
oxide (black) (red) ‘ /
Cu0  + H, 25 Cu +  HO
magnetic ,
iron oxide + hydrogen &4,  iron o+ water
Fe;04 + 4H, —"A_> 3Fe + 4H,0
Note The type of reaction just described is known as reduction of the metallic oxide Y

to metal. ' 4

Reduction may be defined as the removal of oxygen from a substance or the
addition of hydrogen to it.

A substance, which brings about the reduction, is a reducing agent.

124  Uses of Hydrogen

Since hydrogen is the l]ghtest gas known, it has been used to inflate balloons, like
weather balloons which float in the air. It is also used in the conversion of oils to solid
fats, in the conversion of coal to synthetic petrol, in the manufacture of ammonia by
Haber's Process and in the synthesis of hydrochloric acid. It is used as an
oxyhydrogen torch in the cutting and welding of steel.

SUMMARY

Hydrogen is a colorless, odourless, tasteless gas which is present only a small
amount in atmosphere. It is prepared in the laboratory by the action of the dilute
mineral acids (except HNOs) on certain metals. With the exception of K and Na,
liberation of hydrogen depends on the position of metals in the activity series. Dilute
HNO; can produce hydrogen gas only in the case of reaction with Mg. There are two
chief methods of manufacture of hydrogen: (i) from hydrocarbon (ii) by-product in
the electrolytic manufacture of chlorine from common salt. When hydrogen burns in
air, water is formed. It combines with most non-metals and reduces the metallic oxide
to metal. The usage of hydrogen are weather ballons; the conversion of oils to solid
fats, and coal to synthetic petrol.
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Questlons and Problem

L.

Draw a fully labelled diagram to illustrate the Iaboratory preparation and
collection of hydrogen by the action of metal on an acid. §

Describe the reactions, 1f any, of each of the following metals with water or
Steam. ~

(a) zinc (b) copper (c) sodium

On the basis of these reactions, arrange the above three metals in order of
increasing chemical reactivity.

‘With what results and under what conditions does hydrogen react with
(a) nitrogen‘ (b) sulphur (c) chlorine?

How would you prepare hydrogen gas in the laboratory by using magnesmm
metal? _

(a) Write equations for the reactions of dilute acids with
(i) K (ii) Na (iii) Ca

(b) - Explain why the reactions of these metals and dilute acids are not
used in preparing hydrogen. _

(c) Why do we not use nitric acid in preparing hydrogen?

Write TRUE or FALSE for each of the following statements.

(@) A small amount of hydrogen occurs in the atmosphere.

- (b) Hydrogen is prepared in the laboratory by the action of dilute mineral

acids on certain non-metals.

(c) Since hydrogen gés is insoluble in water, it is collected by the downward
* - displacement of water.

(d) The metals such as Pb, Cu, Hg, Au, Ag react with water or steam.

(e)  Na, K are never used with an acid to pfoduce.hydrogen.

Fill in the blanks with a suitable word or words.

(a) Hydrogen gas is prepared by the action of dilute hydrochloric acid on

asesapernnn

(b) Hydrogen gas is manufactured by passing ............ (natural’ gas) with
steam over a nickel catalyst at 800°C and 30 atm pressure,

(c) Hydrogen is obtained as by-product in the electrolytic manufacture of
crecrerersas from common salt or brine solution.

(d) Hydrogen is a colourless, odourless and ............ gas.
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(e) Hydrogen is much less covcannaenss than air. 3 ,
(). Hydrogen can be prepared by the action of ... ....on heated iron.
(g) Anatom of hydrogenisthe ........ “of all atoms.\ S '
Select the correct word or words given inthe brackets.

(a) A substance which brings about the ILdllLthl‘l is afan (oxidizing,
reducing, decomposing ) reagent. ‘ .

 (b) Hydrogen gas is evolved and collected (above, under, over) water.

(c) Since hydrogen gas is insoluble in water, it is col]u,lcd by (up\mrd,
downward, under) dtsplaccmcnt of water. '~

\ (d)y The metals (K, Ca, Na) react with cold water to produce hydroxide and
. (oxygen, carbon dioxide, hydrogen). -

(e) When hydrogen burns in air, (nitrogen, carbon dioxide, water) is formed.
() When hydrogen burns in air { alkali, acid waler ) is formed. '
(g) Which of the folldiﬁvmg combmatlons react to ploduce hydrogen ?

(i) copper and hydrochlonc acid . | l
| (u) copper oxide and qulphurlc acid | i
(iii) calcium and water . -
(h) Hydrogen gas can be used as a fuel. When it burns it .
(i) produces a smoky flame.
- (ii) prodﬁce water and carbon dioxide. .
(i) exp]odes' vidléntly; -
(iv) produccs water only:

Answer the following questions.

(a) How will you test for hydrogen gas ? ' ‘ BN

(b) Write down any two uses of hydrogén.
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10. . Match cach of the items given in list A with the appropriate item given in

“ g —
List A List B

(a) The metals (K, Na, Ca)are (i) hydrogen is obtained as
reacted with cold water by-product

(b} The dilute mineral acid is (ii) it has been used to inflate
reacted with certain metals balloons, like weather

(c) Hydrogen is the lightest gas known balloons which float in the

(d) The electrolytic manufacture ‘ air
of chlorihe from common salt (iii) hydroxide and hydrogen
or brine solution are produced

(iv) hydrogen gas is evolved
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WATER

13.1 Importance of Water

Water plays a vital role in various physical and chemical processes upon which life
depends. Life is dependent on the storing of energy from the sun m sugars formed by
the following reaction, called photosyntheSIS X :

carbon dioxide + water ___hD_, sugar + oxygen
I light energy o
6CO; - + 6H20 —— C?leoa_ + 60,

This reaction goes on in all green plants in the presence of sunlight. The
energy stored in plants or animal bodies is released in the reaction called respiration
Wthh ina sense is the reverse of photosynthesis. -

sugar + oxygen -—-—-+carbon dioxide + water + energy

C6H1205 + 60; ——» 6CO; + 6H,0 +energy

Water is a major constituent of our bodies. Our bodies contain about 70% of
water. Tomatoes contain over 90% of water and potatoes, corn, eggs and beef contain
about 75% of water.

“The processes by which nutrient materials are taken up by plants and animals,
(the metabolic processes in plants and animals) and the elimination of waste products
by animal organisms take place largely in aqueous solution or suspension.

In addition, water is an important industrial raw material.

13. 2 Occurrence of Water

Water is the most abundant and most widespread compound on earth. It
occurs as water vapour in the atmosphere. In the liquid state water forms the oceans,
rivers and lakes that cover three quarters of the earth, Water also occurs as ground
water in the interstices of the soil and rocks.

13. Natural Waters

Pure water does not exist in a neutral state. All natural waters contain
impurt® s in varylng amounts.
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Rain water

- Rain water is the purest form of natural water. However, it may contain dissolved
gases (such as oxygen, nitrogen and carbon dioxide) and dust from the atmosphere.
Dissolved carbon dioxide makes rain water slightly acidic. The rain water may even
contain dissolved harmful gases, such as sulphur dioxide and oxides of nitregen, as it
falls through the air over industrial areas.

River Water

River water contains some dlssolved gases and also some dissolved solids dependmg
upon the soil over which it passes. River water is often unfit to dfink, particularly if it
has passed by a town pouring sewage into 1t or by factories dumping waste toxic
chemicals,

Sea water

The river finally flows into the sea carrying contamination with it. Sea water,
therefore, is the reservoir into which all the impurities are co]lected Sea water
contains various salts dissolved in it.

13.4 Physical Properties of Water

1. Pure water is a clear, transparent liquid, colourless in thin layers, Thick layers
of water have bluish colour. :

2, - The freezing point of water is 0° C, and the boiling point of water at .1
atmosphere is 100°C,

3. With decrease in temperature, most substances diminish in volume, and hence
increase in densn;y Water has the very unusual property of having a temperature at
which its density is 2 maximum. This temperature is 3.98°C or 4°C to the nearest
degree. (See Table 13.1)

Table 13.1  Density of water at various temperatures

Temperature (°C) - Density (g cm™)
0.00 0.99987
3.98 1.00000
10.00 © ' 0.99973
20.00 0.99823
100.00 0.95838
4. Water is regarded as the most univeisal Asolvent. The reason why it is vary

difficult to prepare perfectly pure water is due to the fact that water dissolves almost
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all substances to a greater or lesser extent. Because of this property, water is known
as the universal solvent. : :

13.5 Chemical Properties of Water

violent reaction with water

slow reaction with water .

react with steam

do not react with water

“‘or steam

water -y potassium hydroxide + hydrogen

1. ‘Action of_metals with watef
. . ‘
Na }
- Ca -
Mg o
Al
Zn (
~ Fe )
“Pb ™
(H)
Cu
Hg >
Ag
Au
potassium ° +
2K + 2H-0
sodium + water
2Na +  2H0
calcium + water
Ca 2H,0

—  2KOH - +

—— sodium hydroxide +
B 2NaOH +

——-calcium hydroxide  +

—_— Ca(OH), .= +

H»

hydrogen
H:
hydfogen
Ha

Zinc does not react with hot or cold water. When a current of steam is passed over
red hot zinc, zinc oxide and hydrogen are formed.

zinc + steam
Zn + HzO'

Eaeranae zinc oxide + hydrogen

—ﬁ ZnO . + Hz
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At ordinary temperature, iron does not react with water. Rust'is formed only in the
presence of air. Iron reagts with an excess of steam at red heat to form (i iron
tetroxide and hydrogen.

iron  + steam ——— (ri iron tetroxide + hydrogen

3Fe + 41,0 —_— Fes Oy t 4H>
2. Action of non- metal with water

Carbon reacts with steam at white heat to form carbon l'l‘lOI'lOXIdE' and hycho"en This
mixture of carbon monoxide and hydrogen is known as water gas.

catbon+  steam  ———>  waler gas
C + H>0 —_—— (CO+H))

Chlorine reacts with water forming a mixture of two acids.

chlorine +  water ~————— hypochlorous acid  + hydrochloric acid
Clz  + H-O - HOCI + HCl
3. . Action of water on oxides . ‘

Metallic oxides such as oxides of potassium, sodium, calcium react with water
forming corresponding hydroxides.

potassium oxide + water ——— Potassium hydroxide
K.0 + H:0 —>» 2KOH

sodium oxide + water ———.p  sodium hydroxide
Na;O + H,O — 2NaOH

Calcium oxide (quicklime) also reacts with water to form calcium hydroxide which is
also known as slaked lime. Calcium hydroxide is sparingly soluble in water.,

calcium oxide + water  -———p  calcium hydroxide
{quicklime) ' (slaked lime) -
Ca0O L+ H.O —~—— Ca(CH):

Non-metailic oxides such as sulphur dioxide, sulphur trioxide, nitrogen
dioxide, NO» and carbon dioxide react with water on dissolving in it, to form the
corresponding acids.

sulphur dioxide + water  ~———+  sulphurous acid
SO» .+ H-0 - HSOs



sulphur trioxide .-+ ~water ) sulphuricacid
SO; ' + H;O — H,S04
+

carbon dioxide water ~———  carbonic acid

Co; . + HO ———» HCO;
4. Action of water on metallic chlorides

Some metallic chlorides, eg., magnesium, aluminium, zinc and iron chlorides are
hydrolysed by water. When the solutions of these chlorides are evaporated, metal
chlorides are not recovered. A basic salt or the hydroxide or oxide of the metal is
formed. Anhydrous aluminium chloride reacts violently with water forming the
hydrate, AlCI3.6H,0. In excess of water, it dissolves to form aluminium hydroxide.
This is another example of the hydrolysis of salts.

aluminium  + water ——» aluminium '+ hydrochloric
chloride : | - hydroxide acid
AlCl; - + 3H0 —  AKOH); + 3HCI

When this solution is evaporated to dryness, the reeudue is alumlmum
hydroxide, not aluminium chloride.

When iron (I11) chioride is dissolved in water, iron (1IT) hydrbxide is formed.

On evaporation of this solution, the residue will be iron (I11) oxide.

iron (III) chloride + water ~—— iron (III) + hydrogen chloride
| hydroxide '
FeCly + 3H,O0 ——»Fe(OH); + 3HCI
iron (II) hydroxide —-——é-—a iron (III) oxide . | _ + steam
2Fe(OH); A, Fe0, + 30
5. Action of water on metallic carbides '

Some metallic carbides such as calcium and aluminium carbides react w1th
water to form metal hydroxide and hydrocarbon.

calcium carbide +  water. ——jp calcium hydroxide .+ ethyn.e

CaC; + " 2H,0 ——» Ca(OH) + C:Hy
aluminjum carbide ~ + " water ———» aluminium hydroxide + * methane -
A14C3 +

12H,0° . . 4AI(OH) +  3CH,
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13.6 Hardness of Water

Natural watérs are never pure. Rain water contains dissolved gases and dust from the
atmosphere and starts to dissolve other substances as soon as it reaches the ground. In
fresh water the presence of certain kinds of dissolved salt is referred to as hardness.

Water is said to be hard if it contains a significant concentration of salts that
react with soap to produce a curdy precipitate before a permanent lather is formed.

Hard water is water which will not
readily form a permanent lather
with soap. Co

Soft water is water which readily
gives a permanent lather with soap.

Many salts dissolved in water can cause hardness, but the ones most common are
salts of calcium and magnesium (and sometimes iron (II) ). The production of curdy
precipitate is wasteful of soap. The amount of soap that is wasted can be considerable
in commercial laundry. Furthermore, dissolved salt of calcium, magnesium and iron
will precipitate in kettles and boilers of industrial steam generating equipment to
produce a hard scale. Scale causes wastage of heat and localized heating, which in
extreme cases, may result in explosion. Hard water can also cause interferences in
processes such as dyeing and tanning. Iron compounds stain white fabrics pottery,
and enamel ware. For the above reasons the hardness of water is always
objectionable.

Soap

Soap is the sodium salt of organic acid. The most common one is sodium stearate
which is the sodium salt of stearic acid, Ci7H3sCOOH. The formula of sodium
stearate is  Ci7 Has COONa. Formula of sodium stearate is also represented as
Na(St). The St is used for the group Ci7H;sCO0™ .

[f water contains calcium salts such as calcium hydrogen carbonate, dissolved
in it, soap is precipitated as calcium stearate which appears as a curd.

sodium stearate  calcium hydro- sodium hydro calcium

(soap) . gencarbonate gencarbonate stearate

- 2Na(St) + Ca(HCO3;),  —» 2NaHCO; + . Ca(St)
Detergent

Soap is not the only, cleaning agent used. So called soapless soaps (or detergents) are
available and are used extensively in everyday life and also in industry. Soap is made
from fats and oils, but detergents are not made from fats and oils. These soapless
detergents contain molecules with a salt-like group attached to a long chain of
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hydrocarbon. (Hydrocarbons are the compounds which contain carbon and hydrogen
only.) The advantage of these detergents is that their salts of calcium and magnesium
are soluble in water. Therefore, when used in hard water detergents do not form curdy
or greasy scum, ‘

There are two types of hardness depending upon the types of salts ‘Vdissolved‘in
water.If the hardness of water can be removed by boiling it is said to be temporarily
hard, but if it cannot be removed by boiling it is said to be permanently hard. '

Temporary hardness and its removal

Water is said to have temporary hardness when dissolved material consists mainly of
calcium hydrogencarbonate, or magnesium hydrogencarbonate or both. Boiling such
water causes the precipitation of normal carbonates of calcium and magnesium.

calclum hydro- | A caleium | water carbon l
gencarbonate . —— 7 . carbonate * o T dioxide
Ca(HCOy), . —25 CaCO¥  + H,0 +  COp
maghesium hydro- _A_5 magnesium = water : . carbon
gencarbonate carbonate S ' dioxide

‘MgHCO),  —B MgCoy .+ HO + €O

The carbonates can be filtered off, and the filtered water which no-longer
containg the cause of hardness (soluble hydrogencarbonate of calcium and
gnesium) is said to be softened. The removal of temporary hardness by boiling is
too expensive to be done on a large scale. A cheaper method involves addmg a
caleulated quantity of s]aked hme (excess of lime will cause hardness) :

slaked calcium hydro- ey
+ calcium carbonate + water

lime  gencarbonate
Ca(OH); + Ca(HCOs)y ——>» 2CaCO 4210
(slightly . (insoluble)

- soluble)

The precipitated calcium carbonate may be filtered off, This process is known
as the Clark’s Process.
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Permanent hardness and its removal
If calcium and magnesium are not present as the hydrogencarbonate, but as the

chloride or sulphate, then boiling will not remove the hardness. This type of water is
said to have permanent hardness. It can be softened by appropriate treatment.

The methods of softening involve the addition of chemicals that either
precipitate the calcium gnd magnesium ions or convert them into complex ions that
will not precipitate with soap. -

One of the most common precipitating agents is sodium carbonate (washing
soda, Na,CO;. 10H,0). Sodium carbonate reacts with calcium and magnesium
compound according to the following reactions, with the precipitation of insoluble
carbonates. : '

calcium . sodium —» calcium + sodium
chloride carbonate carbonate chloride
CaCl; +  NaCO; —» CaCOs l + 2NaCl
magnesium sodium magnesium sodium
+ _ > +
sulphate carbonate ' carbonate sulphate
- MgS0, +  NaCO: —p MgCO; l 4 Na:SO;4

After filtration of the precipitated carbonates, the hard water becomes soft.
13.7 Purification of Water
Purification by distillation

Ordinary water is more or less impure; it usually contains dissolved salts and
dissolved gases and sometimes organic matter. For medicinal and laboratory use
water is purified by distillation. Pure tin vessels and pipes are often used for storing
and transporting distilled water.

Removal of ionic impurities from water (Deionization of water)

lonic impurities can be effectively and cheaply removed from water by passing
through substances likc zeolite which have giant structure. A zeolite is an
aluminosilicate (or sodium aluminium silicate), with formula such as NaAl;S8i;O2. [t
consists ol a rigid framework formed by the aluminium, silicon and oxygen atoms.
But sodium ions are loosely held and may be replaced. When hard water flows over
zeolite grains, some of the sodium ions are replaced by ions of calciunm, magnesium
and iron which are present in hard water. The removal of calcium, magnesium and
iron results in removal of hardness. After most of the sodium ions have been replaced,
the spent zeolite is regenerated by allowing it to stand in contact with a saturated
sodium chloride solution (brine); the reaction is reversed, Na' replacing Ca?" and the
other cations. o
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I'he reaction that occurs may be written using symbols.
sodium zeolite + calcium chioride . calcium zeolite + sodium chloride

INaZ + CaCl, —»  CaZj + 2NaCl
When concentrated sodium chloride so]utlon (brme) is run through the spent zeolite,
the reverse reaction occurs,
sodium chloride + calcium zeolite —  sodium zeolite + calcium chloride

2Na(l + CaZs —>» 2NaZ + CaCl,

. The advantage of using substances like zeolite which have giant structure
containing the aluminosilicate framework is that these substances, are not carried
along in the water. They remain in the water softening tank.

This method of softening water is also known as the Permutit Method.
Permutit is a complex sodium aluminium silicate. It is also known as zeohte when
found as a mineral.

SUMMARY

In this chapter, there are seven main topics concerning with water to be
studied:such as the importance of water, occurrence of water, physical and chemical
properties of water, hardness of water, including some aspects of soap.and detergent,
and finally purification of water. ’

(uestions and Problems

1. Write equatlons to show five different elements reactling wnh waler. Mention
the conditions.

2. -Write” equations to show five dlfferent compounds ruac.tmg with water.
Mention the conditions.

3. How will you test for hardness in water?
Explam how you will dlstmgu:sh between temporary and permanent hardness
in water.

4. Which one of the following do you consider to be "hard" ?
(a) Potassium chloride solution '
(b) Distilled water
. (¢) Rain water with dissolved air

{d) Sea water
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10.

11.

12.

(a) Name two compounds in each case which can cause

(i) temporary hardness
(ii) permanent hardness.

(b) Show, by equations, how both temporary and permanent hard water
" react with soap.
Describe three methods which can be used for softening hard water.

In the electrolysis of water, 35.6° em’ of oxygen is collected at the anode.
What volume of hydrogen will be collected at the cathode? (Assume that the

" solubility of each of the two gases in water is very small.)

How many grams of triiron tetroxide will be obtained when steam reacts with

100 g of heated iron?

What mass of hydrogen is combined with oxygen in 4.2 g of water?

If 224 dm® of hydrogen measured at STP are exploded in excess oxygen.

What is the mass of water produced?
Write TRUE or FALSE for each of the following statements

(a) Water is a major constituent of our bodies.

(b) Sea water contains various salts dissolved in it. '

(c) Wateris not regarded as the most universal so]vent..

(d) Water react violently with K, Na metals.

(¢) Our bodies contain about 75% of water.

(f)  Silicon dioxide is soluble in water.

(g) Metals such as Pb, Cu, Hg, Au, Ag react with water or steam.
(h) Pure water can exist in a neutral state.

Fill in the blanks with a suitable word or words..
(a) Carbon reacts with steam at white heat to form wevevcesirens and hydrogen.

(b) Calcium oxide (quick lime) also reacts with water to form hydroxide
which is also known as v

(c) Hard water is water, which will not readily form a permanent lather

WIth evicnesconasnes
(d) Soap is the wcnenien. of organic acid.
(e) If the hardness of water can be removed bY wucernisseerns , it is sald to be

temporarily hard.
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13.  Select the correct word or words given in the brackets.

(a)

Water is said to have temporary hardness when (diSsoh‘Jed insoluble,
some) material con31sts mainly of calcium and magnesium hydrogen

* carbonate.,

(b)
(c)

Sulphur dioxide gas reacts with water on dlssolvmg in it to form
(sulphurous, sulphuric, carbonic) acid. :

Soft water is water which readily g1ves a permanent (prec1pltate lather,

-material) with soap.

(d)

Calcium oxide reacts with water to form calcium hydrox1de Wthh is

known as (hydrated lime, slaked lime, quick lime).

(e)

The reaction goes on in all green plants in the presence of sunlight s
known as (respiration, photosynthesis, photodehydration).

H Some metals react with water to give (soluble, msoluble dlfferent)

(g)

14. Answer

hydroxide of metals and hydrogen.
(Sea, River, Rain ) water is hard water.
the following questions.

(a) What are some of the uses of water in industry and in home?
(b) Approximately how much water do you drink in a day?
(c} Explain the action of metals with water based on activity series.
15 Match each of the items given in list A w1th the appropriate item: Ewen in

list B.

List A E ListB
(a) Potassium reacts violently (i) temporary hardness and
with water ' permanent hardness.
(b) The sodium salt of organic (ii) to form carbon monoxide
acid . and hydrogen
(c) Two types of hardness (iii) to form potassium
‘ ' \ hydroxide and hydrogen
(d)  Carbon reacts with steam at (iv) soap
. white heat .
(e) Removal of jonic impurities (v) deionization of water
from water ' .

ke s s s ofe R o sk s v ofe e ofe ok she sk o o s ofe ol o sk ok ke
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CHAPTER 14
ACIDS, BASES AND SALTS

14.1 Acids

When an acid is dissolved in water, it splits up into electrically charged particles
called ions. This process is known as dissociation.

Hydrochloric acid HCl —» H* + CI’

Sulphuric acid H;SOs» — H' + HSOy
HSO, — H'+ SO

Nitric acid HNO; ~=»H"+NO5

Note that the dissociation of al} acids give H” ion.

However, when an acid dissociates in water, it does not yield a simple
hydrogen ion. Instead, it forms a hydrated hydrogen ion by a reaction between HyO
and H' ion.

H,O + H # H30+

This hydrated hydrogen ion or hydronium is responsible for acidity. For
ordinary purposes the hydration of the hydrogen ion is often ignored and H" is used to
indicate the product of the dissociation. An acid, therefore, may be defined as follow:

An acid is a compound which, when
dissolved in water, produces hydrogen ions, H',
- as the only positive ion.
14.2 Properties of Acids
I. Most dilute acids have a sour taste.
2. Most acids turn blue litmus red.

Metals which are much more electropositive than hydrogen (Chapter 12)
“react with dilute hydrochloric or dilute sulphuric acid to liberate hydrogen.
Metals which are only slightly more electropositive than hydrogen, react with
neither of these dilute acids, but will react with hot concentrated acid., Nitric
acid is a strong oxidizing agent and will not produce hydrogen on reaction
with metals (except Mg). Oxides of nitrogen are only obtained.
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4, Almost all acids react with carbonates to liberate carbon dioxide.
5. All écids react with bases, forming salts and water.

14.3 Methods of Preparation of Acids

Acids may be prepared by the following methods

L By the reaction between the acidic oxide of'a non-metal and water

Example: Sulphurous acid and phosphoric acid can be prepared by the action of
sulphur dioxide and phosphorus (V) oxide with cold water.

sulphur dioxide + water ——»  sulphurous acid
SO, .+ . H,O — H>S04
‘ phosphorus (V) oxide + - water ~»  phosphoric acid.

P4sOo + 6H,0 — 4H3POy4

2, By displacing a weaker or more volatile acid from its salt by a stronger or less

volatile acid '

Example (2) : Displacement of the more volatilé hydrogen chloride from metallic
chloride by the less volatile concentrated sulphuric acid

e+ e e T ohlonde.
NaCl + H, 803y —» . NalSO, + HCI
EXamp’le (b) : Displacement of the weaker boric acid from borax by sulphuric acid
Borax + sulphuric —»  sodium boric acid

+
Water sulphate

acid
NagB4Q7 + HaSOQ4 “+ 5H:0 —p Na.80, + 4H3;BO;

3. By precipitating an insoluble sulphide from a metallic salt with hydrogen sulphide

Example:

lead (11) ", hydrogen - lead(ll) . ethanoic
ethanoate’ sulphide : sulphide acid
(CH;COO)Pb +  HsS —>  PbS + 2CH;COOH
144 Bases

A base is usi‘l.al'lyia metallic oxide (or) hydroxide and will react with an acid to form a
salt and water only.
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Example :

copper (II) sulphuric copper(ll)

oxide acid sulphate water
CuO + H,S04 ——  CuSO4 + - HO

sodium - hydrochloric..—»  sodium

hydroxide *+  acid chloride ~ * O

NaOH + HCI —— > NaCl  + ‘HO

145 Alkalis

An alkali is a basic hydroxide which is soluble in water. The nature of the hydroxide
of the metal varies according to the position of the metal in the activity series, as
illustrated below.

K The hydroxides of these Hydroxides of sodium

Na metals are soluble in water and potassium do not

Ca and are alkalis. deecompose on heating

Mg The hydroxides of these

Al " metals are insoluble in

Zn } water. These hydroxides Hydroxides of these

Fe (except of Fe and Mg) are metals decompose into -

Pb amphoteric. oxide and water on
heating

Cu Hydroxide is insoluble in water

Hg

Ag Hydroxides of these metals

Au do not exist.
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14.6 Properties of Bases _
. Soluble or insoluble bases react with acids to form salts and water only.

2. When a basic oxide is soluble in water, it is known as an afkali. It has the
following properties : - L

(a) It turns red litmus blue.
(b.) It is soapy or slippéry to the touch.
 {c¢) It reacts with acid to form a salt and wéter,

[4.7 Neutralization
Neutralization is the reaction between a basic oxide or hydroxide and an acid,
resulting in the formation of a salt and water.. :
148 Sals
A salt is 2 compound, produced from the reaction of a base or metal with an acid. In

other words, a salt is a compound consisting of & positively charged metallic ion and a
negatively charged ion which is derived from the corresponding acid by loss of H".

‘The most commeon types are as follows : -
(@)~ A normal salt is ome which is made up of only a metallic radical, united with
am acid radical. Tt contains neither replaceable hydrogen, nor a hydroxy! group.
(by  An acid salt is formed when only part of the hydrogen of an acid has been
replaced by a metal, such salts still contain replaceable hydrogen.

Example: | ,

| Acid Salt Metalicor ~  Acid
. | basie radical radical
H.SO, Acid salt NaHSOy ‘ Na* : HSO4
Normal salt Na;SO; Na' SO,~ -
H,CO; Acid salt NaHCO5 Ne' HCOs™

Normat Salt N2,CO; Na* COs~

H>S Acid salt NalIS Na™ HS™

’ Normal salt Na,S Na* S~
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(c) A basic salt is one which contains one or more hydroxyl groups, besides
having an acid radical.

Example :
Basic hydroxide Basic salt Normal salt
Zn (OH), Zn(OH)C1 Zn'Clz
Mg (OH), Mg (OH)CI MgCl»

14.9 Methods of Preparation of Salts

Salts are prepared in a variety of ways. The method chosen for preparing any
particular salt depends largely on whether it is soluble in water or not. Soluble salts
are usually prepared by methods which involve crystallization. Insoluble salts are
usually prepared by methods which involve precipitation.

Soluble salts Insoluble salts
All nitrates of metals
2. All chlorides (except those in 2.  Silver chloride; mercury (1)
the next column) chloride; (lead (I1) chloride is

soluble only in hot water)

- 3. All sulphate (except. those in 3. Barium sulphate and lead (1I)

the next colunn) sulphate. (Calcium sulphate is
— sparingly soluble)
4, Sodium, potassium and 4, All carbonates except those -
ammonium carbonates , - of sodium, potassium and

ammonium

Method 1 Action of an acid on a metal

Soluble salts may be prepared by using a dilute acid and a metal. The salt formed then
passes into solution in the aqueous acid and can be separated by crystallization.

Example: .
zine + sulphﬁric acid (dil) ———» zinc sulphate + hydrogen

ZIn  +. H,S0, —» ZnSO, + H.

Zinc sulphate crystallizes out from aqueous solution as zinc sulphate
heptahydrate, ZnSOy4 - TH20y,) .

~
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Some salts can be prepared by using 2 metal and a concentrated acid.

copper + sulphuric acid ———y  COPPT (D 4+ water +  Sulphur
sulphate . dioxide

Cu + 2H)S804 — CuSO4 + 2H,O0 + SO,

Copper (II)- sulphate crystallizes out from aqueous solution as copper (II)
sulphate pentahydrate, CuSOs .5H2O¢). _

Nitrates of certain metals can be prepared by the action of dilute or
concentrated nitric acid upon metals. The nitrates of common heavy metals are very
soluble in water. These nitrates, except lead (II) nitrate are deliquescent. This fact
makes it difficult to prepare their crystals.

Example : .
lead +  nitric acid (dil}) —> lea}d D 4 water + ~ mitrogen
. nitrate . oxide
3Pb +  SHNO; — > 3Pb(NOs;), + 4H,0 +  2NO
o copper (I} - - -
copper+ - nitric acid 7 4+ water +  nitrogen
op nitrate dioxide
Cu +  4HNO;  —Cu(NOs)y + 2H,0 +  2NO

Chlorides of heavy metals are generally prepared in the anhydrous state by
heating the metal in a carrent of dry chlorine or hydrogen chloride. The reason for
this is that many of them crystallize with water of crystallization. If an attempt is
made to drive off this water by heating the crystalline salt, the water reacts with

normal salt to form basic salt, This reaction is known as hydrolysis. .
zine chloride mono hydrate A zinc hydroxy 4+ hydrogen
| _ ; chloride chloride
ZnCl;.H,O —L - Zn(OH)C1 +  HCI

Note  An anhydrous salt is a compound with no water of crystallization.
Example: Hydrated salt of copper (11} sulphate CuSQ4 .5H>O -
‘Anhydrous salt of copper (1) sulphate CuSO4
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Method 2

By double decomposition

In a double decomposition reaction, two soluble compounds are used as starting
materials to produce one soluble compound and one insoluble compound. The
insoluble compound can be easily separated by filtering.

Example :

lead (I¥) nitrate +

Pb(NOs),

barium
chloride

BaClz

calcium
chloride

CaC]2
Method 3

. ; lead (II) sodium
sodlum sulphate —» sulphate + nitrate
Na,80, . PbSO, + 2NaNQO;
sulphuric barium hydrogen
acid (dil) ' sulphate * o chloride
S0 00— BaSO, + 2HCI
sodium caleium sodium "~ '
carbonate .carbonate chloride
Na;CO; — CaCOs3 + 2NaCl

By neutralization

Neutralization is the reaction between an acid and a base to produce a salt and water.
The use of this process depends on the solubility of base in water.

Preparation of a salt from an alkali (soluble base)

Salts of sodium, potassium and ammonium can be prepared from caustic soda
(sodium hydroxide), caustic potash (potassium hydroxide), and ammonia solution
respectively by the neutralization reaction using the appropriate acid.

Example :
sodium
hydroxide
NaCH
potassium
hydroxide
2KOH

potassium

hydroxide

KOH

hydrochloric

o ——»  sodium chloride + water
acid (dil)

HCl R NaCl  + H;O
sulphuric . potassium + water
acid (dil) : sulphate
H,S0, — - K380 + 2H0 |
nitric .

o O potassium + water .
acid (dil) nitrate
HNO; . — KNO; + 'HoO
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ammonium 4+ water

, + o ;
ammc{l_xlum nitric mmr | nitrate

hydroxide - aeid (dil)

NH,OH + HNO; _— N!‘14N03 + . H->O

Preparation of a soluble salt from an insqublKase

If a base psed in neutralization is insoluble in water (i.e., not an aikah) the above
method cannot be applied. In such cases the salts of me\tals can be prepared by using
either the oxide or the hydroxide of the metal wnth the approprlate acid.

Example :
zing N sulphuric “zine water
: . e +

oXide acid (dil) ' sulphate

Zn0 +  H:S0; i ZnSO, + K0

zing sulphuric zine :

+ 1 i - + water

hydroxide acid (dil) : : sulphate |
ZnOH) +  HSO4 > ZnSO; +¥  2H0
1 I itri '
cad (1) + nitrie ~—»  lead(1Dnitrate water
oxit 3 aold (dil) _

PbO + 2HNO; s Pb(NO:); + H0

lead (IT) + nitric
hydroxide acid (diD)
PbOH); + 2HNO;  ~——» Pb(NOs -+  2H:0

e lead(Ilnitrate  +  water - -

| Method 4 Action of an acid on a carbonate

The carbonate of any metal can react with acids to give the correspondmg salt of the -
metal, water and carbon dioxide.
| zine sulphuric - zinc L water carbon
carbonate aeid (dil) - sulphate -dioxide
ZnCO;  + H:80;, -~ ZnSOy + H.0 -+ .CO

s

~
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calcium hydrochloric cateium cdrbon

+ — +  water .
carbonate acid (dil) chioride T dioxide
CaCO; + ZHC1T — CaCl; + H,O0+ CO;
fead(1l) N nitric lead (1) . L water carbon
carbonate acid (dily : nitrate - diexide

PHCOs + 2HNO; ~——4%  PB(NOs); + H,O + CO,

This method has its limitations. The reaction is incomplete if the carbonate is
-insoluble in water and, by its reaction with the acid, produces a salt which is also
insoluble. In this case, the salt which is formed precipitates on the unchanged
carbonate atid stops thie action.

For example, if dilute sulphuric acid is added to marble, CaCOs, there is rapid
effervescence for a few seconds, but the action quickly stops.

calcium sulphuric calcium carbon’
+ — + water 4 ..

carbonate acid (dil) sulphate | dioxide

(marble)

CaCO; + H,80, —» C(CaSO, + H0+ CO

(insoluble) {insoluble)

The very slightly soluble calcium sulphate is precipitated on the marble
making the caletum ‘carbonate inside inaccessible to the acid and the reactiont is
stopped. '

Metkod 5 Direct combination of two clements

Certain binary salts ean be prepared by direct combination of the two constituent
elements.

Example:
iron + chlorine ___,  iron (II) chloride
2Fe + 3CH —_ 2FeCly
iron + sulphur ——_,  irom (H) sulphide
Fe + S — FeS
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Some common acids and bases

‘where you find it and why you use it

Acids

Carbonic acid

Citric acid
Ethanoic acid
(acetic acid)
Hydrochloric acid

Nitric acid
Phosphoric acid

Sulphuric acid

Bases

Ammonia .

Calcium hydroxide

- Calcium oxides

Magnesium
hydroxide
Sodium hydroxide

'Used in "pickling" metals before they are

fertilizers

used in the manufacture of fertilizers

Used in the manufacture of cement,

In powerful oven cleaners as a degreasing

In fizzy drinks (carbonated drinks-releases
bubbies of gas hissing sound) ‘
In fruit juices

In vinegar

coated

Used for making fertilizers and explosives
In rust inhibitor; used for making |
fertilizers o ' n
In car batteries; useg for making

In cleaning fluids as a degreasing agent;
Spread on soil which is too acidic
mortar and concrete

In 'antiacid' indigestion tablets and milk of
magnesia

agent; used in the manufacture of soap

SUMMARY

In this chapter, the students would be able to study about the theories of acids,
and bases, the principle of salt formation, properties and their prepartation methods.
_ At the end of this chapter, questions and problems are given for exercise and practice.
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Questions and Problems

1.

Give the names and formulae of
(a) anacid salt

{b) ahydrated salt
{c) abasic salt

Describe how you would prepare zinc sulphate from zinc carbonate.
Describe how you would obtain copper (11) sulphate crystals from copper (II)

oxide.

416 g anhydrous barium chloride were obtained when 488 g of the hydrated

salt were heated. Calculate n in the formula BaCl,.nH:0

Explain what would happen when each of the following is heated.

(a) Lead (II) carbonate

(b) Lead {(ID) nitrate

Write TRUE or FALSE for each of the following statements. .

(a) An acid is a compound which, when dissolved in water, produces
. hydrogen ions, H" as the only positive ion.

(b) Most acids turn red litmus blue. .

(¢) A base will react with an acid to form salt and water. .

(d) - Acids and bases cannot react with each other.

(¢) An acid reacts with a metal to produce soluble salt and hydrogen.

()  Most acids turn blue litmus red. '

Fill in the blanks with a suitable word or words.

(a) Anacid when dissolved in water produces ...oivviennan ions.

(b) Most dilute acids have ...cvvvvvannns taste,

(¢) A base will usually react with an acid forming a ......... ... and water
only.

(d) A normal salt is made up of a ..cvvvennes ... radical united with an acid

. radical.

(e) Soluble salts are usuaily prepared by methods which involve. ..

() Abascisa....... oxide or hydroxide which will react with an ac:d to glve
a salt and water.

g A..... is a compound, produced from the reaction of a base or metal

with an acid .

Select the correct word or words given in the bracket.

(a) (Decomposition, Crystallization, Neutralization) is the. reaction between
an acid and a base to produce a sait and water.

(b) Almost all acids react with carbonates to liberate (oxgen, hydrogen
carbon dioxide). : _

(c)  Analkali is a (basic, acidic, neutrai) hydromde which is solublt, in water.
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9.

10.

:'II.' I

12.

(dy An acid salt contains (r.xchang_.,cab]c re.pldcedbic non-replaceablc)
hydrogen. .

(¢) The hydroxides of Al, Zn, Pb arec (amphoteric, amdlc bas;c)

() (Calcium hydroxide, Copper (1) hydroxide, Zinc hydroxide) is an alkali.

(g) Which of the following statement(s) is(are) true for acid?

- () They turn redTitmus blue.

(i) "They react with carbonate to give a salt water and Laibon dioxide.
(iii) They react with bases, forming salt and water,

Match each of the ltcms gaven in list A wuh the approprlatc item given in list

B. _ _

ListA S Llst B

(a) Anacid salt (i) neutralization .

(b) A base is usually a metallic (i) contain neither replaceable
oxide or hydroxide reacts ~ hydrogen nor a hydroxy[
" with acid - . L group

\ -(c) The reaction between an~ - (iii) - contains a replaceable

acid and a base "~ hydrogen:

(d) A normal salt ° ' (iv) " to produce a salt and water only

() An acid dissolving in water = (v)- - This process i§ known‘as
producing charged particles - dissociation

called ions. : .
Define the following terims. .
(a) Anacid . - {¢) A normal salt
(b) A base (d) Anacid salt
Explain the following terms. ‘
(a) Neutralization
(b) Crystallization
(c) Double decomposition
Name three common acids and bases.

seedesok otk ok ok Rk kok ok skl ok ok Aok ok ok
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CHAPTER 15
CARBON AND ITS COMPOUNDS

15.1 Oeccurrence

Carbon is found in the free state as diamond and graphite. Carbon in
combination with other elements is found in petroleum, coal, natural gas and
limestone. Also, all living things such as animals and plants contain carbon. The
atmosphere contains 0.03% by volume of carbon dioxide.

i5.2 Allotropy and Allotropes of Carbon

If an element, in the same physical state, can exist in more than onc form, i is
said 1o exhibit allotropy or polymorphism. The different forms in the same physical
state possess different physical properties and may have different chemical properties.
The diftferences between the forms may be duc to :

(1) differences in crystal structure {diamond and graphite),

(2) differences in the number of atoms in the molecules as in the case of gascs
(oxygen and ozone), or

(3) diflerences in the molecular structure of the liquid forms (liquid sulphur at
different temperatures).

Physical properties of crystalline allotropes of carbon

The physical properties of diamond.and graphite whichsare the crystalline
allotropes of carbon, are given in Table 15.1.

Table 15.1  Physical properties of diamond and graphilc

Physical Graphite . Diamond

property .

Density 23gem” 35 gom”

Colour grey-black colourless
Opacity opaque {ransparenl
Hardness solt very hard

~ Melting point

sublimes at
ahout 3700°C

3550°C
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Structure of crystaliine allotropes of carbon
. @ each dot represents a

carbon atom

‘Fig. 15.1 The structure of diamend

In diamond, each carbon atom is surrounded by four other carbon atoms.
Diamond has a gaint structure. Diamond contains millions of carbon atoms in a three
dimensional network(Fig. 15.1). Therefore, diamond is very hard and has a very high
melting point. (Diamond is the hardest among all naturally occuring substances.)

e cach dot represent a
. carbon atom
. . .
I nm 107 metre

1.42 A (oF) 0.142 nm

0.340 nm

Fig. 15.2 The sturcture of graphite
In graphite. cach carbon.atom is surrounded by three other carbon atoms in the
same plane anid therefore layers ol hexagons are obtained (Fig. 15.2). The distance
betweer, the layers is more than the distance between adjacent carbon atoms and so the
layers are weakly bonded to cach other. Therefore, graphite is solt.
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Naturally occurring graphite is not enough for industrial use. Hence, to
supplement industrial requirements, artificial graphite is prepared by heating
powdered coke at high temperatures in an electric furnace.

To show that diamond and graphite are of the same element carbon

When carbon burns in oxygen, carbon dioxide is formed. Carbon dioxide
dissolves in agueous potassium hydroxide to form aqueous potassium carbonate.

carbon + oxygen — carbon dioxide

C + 0, — CO:
potassium N carbon . potassium water
hydroxide dioxide "~ carbonate + _
2KOH + COs T KyxCOs T+ H:O

Since diamond and graphite are of the same clement carbon, cqual masses of
diamond and graphite arc found 1o produce equal masses of carbon dioxide.

Diamond and graphite may be burnt to form carbon dioxide under suitable
experimental  conditions.  From such experimental  determination, it has been
definitely shown that the diamond and graphite are allotropic forms of the same
cltement, carbon.

Other forms of carbon

Coal, coke, charcoal and carbon bliack are assumed to be amorphous forms of
carbon. Now it is found that these forms of carbon contain randomly oriented small
crystals of graphite.

Charcoal:  Charcoal is made by heating wood in the absence of air. Charcoal is a
black porous solid. )

Ceal;- Coal is found in nature. In coal the element carbon is mlxed with compounds
of ofhier elements. Coal is a black heav y solid. :

Coke: Coke is formed by heating coal in the absence of air. Coke is a black heavy
solid.

Carbon black (soot) :  When kerosene is burnt in a lmited amount of air, hydrogen
from kerosene combines with oxygen from the air the carbon is lefl as carbon black.
Carbon black is a black powder.
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15.3 Uses of Carbon

Diamond

Cut diamonds are used for jewcliery. Small picces of diamonds arc used as
glass cutters and drill points. ‘

Graphite: _ | .

Graphite is used for making clectrodes and crucibles. Graphite crucibles are
used as containers for melting metals at high temperature. Graphite mixed with clay is
used as pencil leads.

. Charcoal

Charcoal has a porous structure and has many small holes. Because of this
porosily, charcoal has a rclatively larger surface area, and can remove colouring
matter and gases by a process known as adsorption. This adsorptive property of
charcoal can be further improved by treatment with dilute acids and other chemicals,
Charcoal so treated is known as activated charcoal or activated carbon.

Activated charcoal is used in industry for bleaching (remaoval of colour) and
deodourisation (removal of smell) of substances. Charcoal is also used as a fuel for
cooking. ' ' ‘
Coal . -

Coal is used to produce coke and coal tar.

Coke

Coke is used as a fuel in industry and as reducing agent in the extraction of
metals, such as iron, lead, zinc ete.

Caibon Black

Carbon black is used form making printing ink, black shoe polish and as filler
in vehicle tyres and other rubber products. ' ?

154  Chemical Properties of Carbon

L When carbon burns in excess air or oxygen, carbon dioxidc is formed.
carbon + oxygen ——  carbon dioxide
2C + 02 — 5 CO

Carbon monoxide is formed when carbon burns in a limited amount of air or oxygen.
carbon + oxygen —» carbon monoxide
C + 03 - —»  2C0
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2. Red hot carbon combines with sulphur vapour to form carbon disulphide.

carbon o7 sulphur —  carbon disulphide
C + 28 — CS,
3. Reducing properties of carbon

When strongly heated, carbon can reduce the oxides of zinc and the metals
below it in the activity serics to their respective metals. :

carbon F zinc oxide ——p  zinc + carbon monoxide

C N + ZnoO — 7N + CO

carbon + o lead (1Y oxide —»  lead + carbon monoxide

C + PbO — Pb + CO.

Carbon + coper (1Y oxide —  copper +  carbon monoxide

C +  Cuo — Cu + co

Red hot carbon reduces carbon dioxide to carbon monoxide.

carbon + carbon dioxide ——  carbon monoxide

c - + CO» —» 2CO

Red hot coke can reduce steam {o hydrogen.

carbon + steam ———p carbon monoxide + hydrogen

C + H.O0 — CO + Ha)

4, Carbon is slowly oxidized to carbon dioxide by strong oxidizing acids such as

concentrated sulphuric acid.
sulphuric carbon sulphur

carbon + P A ¢ . p +  water
acid dioxide dioxide

. : : A : :
C +  2Ha\S0, EE— CO, + 250, + 2H;0

4
CN

15,5 Compounds of Carben
Oxides of carbon

There are two oxides of carbon, namely, carbon monoxide and carbon dioxide.
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Carbon monoxide CO | P
Laboratory preparation of carbon monoxide from methanoic acid

(formic acid) ' e

‘[—-—-— sulphuric acid {conc)

. carbon monoxide

methanoic |
acid

Fig. 15.3 Preparation of carbon monoxide from methanoic acid

HﬁSO4 (conc)

N

water + carbon monoxide

H;O + ) CO

Some methanoic acid is placed in a flat-bottomed Mask. and the apparatus sct
up as shown in Fig, 15.3, Concentrated sulphuric acid is slowly poured mto the flask
through a thistle funnel. Carbon monoxide is formed by the action of conecntrated
sulphuric acid on methanoic acid. Since carbon monoxide is only slightly soluble in
water and has about the same relative vapour density as air\'i is collected by the
downward displacement of water, The gas jar is filled with carbon monoxide, when
all the water in the gas jar is displaced. ‘ "

methanoic acid

HCOOH HQSOt}(conc)

198 o



Physical properties of carbon monoxide _ P

Carbon monoxide is a colourless, odourless gas. It is slightly soluble in water, but this
solution does not change the colour of litmus paper. Carbon monoxide is very
poisonous. (Carbon monoxide can combine with haemoglobin of the blood and thus
prevent the blood from carrying oxygen for use in the body.) Carbon monoxide has
about the same relative vapour density as air.

Chemical properties of carbon monoxide

l. Carbon monoxide burns with a blue flame in air.
carbon monoxide + oxygen ——  carbon dioxide
2C0 + 0O, o 2C0O;
2, Reducing properties of carbon monoxide

Carbon monoxide can reduce the oxides of zinc and the metals below it in the
activity series to the respective metals.

Example:

When carbon monoxide is passed over heated iron (I1I) oxide, metallic iron is formed.

iron{[11} n carbon ) carbon
— iron 4
oxide monoxide dioxide

Fe;0; + 3CO —> 2Fe + 3CO; -

Carbon monoxide can also reduce heated copper (11) oxide to metallic copper.

copper(Il) carbon copper + carbon
oxide monoxide dioxide

CuO S CO — Cu + CO,

Heated lead (II) oxide is reduced to metallic lead by carbon monoxide.

lead(l) oxide + carbon monoxide —— lead + carbon dioxide
PbO +COo —>Pb  + €O,
Carbon monoxide can reduce heated zinc oxide to metallic zinc.
zinc oxide  + carbon monoxide —» zinc + carbon dioxide
ZnQ + COo —— Zn + CO,

199



3. Addition properties of carbon monoxide

~ When a mixture of carbon monoxide and sulphur vapour is pd‘ssud '[thLth a
heated tube, caxbonyl sulphide i is Foymcd

sulphur =+ i “carbon'monoxide  — - carbonyl sulphide

Carbony! chloride is formed when a mixture of carbon monoxide and chlorine is
exposed to sunlight. o o o

chloride + “carbon monoxide ~ —» car bonyl Cthl‘l(IL
¢ ~+ 0  —  cocl

Carbon monoxide combines with bromine vapour to form c,albonyl bromide.

bromine + (.aibon monoxndc —— ca:bonyl blonmk.

B o+ o s cOBn
Carbon monoxide combines with gently heated nickel to form nickel uubony! |

nickel 4 carbonmonoxide ~— nickel car bonyl

Ni = + 4Co LT Nt(C())4

When sodium hyd1 oxide is heated 10 200°C dl'ld carbon monoxide is pa%gd over i,
sodium methanoate 18 oblamed

sodium n carbon monoxide s sodium methanoate
hydroxide o
NaOH - .+ = L CcO —_— o HCO0NG

A solution of copper (I} chloride in concentrated hydrochloric acid or ammonia

solution can absorb carbon monoxide gas. o

copper (I) ‘ . carbon copper (1) chloride
pper () " yater pper (1) chloride
chloride monoxide carbon monoxide complex
CuCl +  2HO +  CQ: o o . CuCl.CO. 2H0 -
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Carbon dioxide CO:

Laboratory preparation of carbon dioxide from calcium carbonate

<‘>——-— l(qéc]l)rochloric acid

e carbon
dioxide

- calcium
carbonate

Fig.15.4 Preparation of carbon dioxide from calcium carbonate

calcium hydrochioric calcium carbon
carbonate acid (dih) chloride dioxide
CaCOj; + 2HCI —* CaCl, + H, O +  COs

Some marble chips (calcium carbonate)are placed in a flat-bottomed flask and
the apparatus set up as shown in Fig. 154. Dilute hydrochloric acid is poured into the
flask thorugh the thistle funnel. Carbon dioxide, being heavier than air, is collected by
the upward displacement of air. Since carbon dioxide is a colourless, odourless gas,
testing is required to establish whether the gas jar is full of carbon dioxide or not. 1 a
burning candle, brought near the mouth of the gas jar, is extinguished, the gas jar is
full of carbon dioxide. '

Physical properties of carbon dioxide

Carbon dioxide is a colourless, odourless, tasteless gas. It is sparingly soluble
in water and heavier than air. Carbon dioxide solidifies directly when cooled at
atmoshperic pressure to give dry ice, i.c., solid carbon dioxide sublimes at - 78 C.
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Chemical properties of carbon dioxide

1. Carbon dioxdie does not burn and does not support combustion (Fig. 15.5).
However, the temperature of burning magnesium ribbon is high
enough to decompose the carbon dioxide and liberate oxygen. The
magnesium ribbon continues to burn in the presence of this liberated oxygen.

carbon _ |
dioxide buming .

—t extinguished
candle ﬁ KT~ candle

Fig. 15.5 Extinguishing a candle with carbon dioxide

magnesium  + carbon dioxide . magnesium oxide ' carbon
2Mg + CO; 2MgQ 1 (
2. Acidic properties of carbon dioxide

Carbon dioxide is sparingly soluble in water forming a weakly ac;dlc solution
of carbonic acid which turns blue litmus pink.

carbon dioxide + water —> carbonic acid
Co, ¥ HO —— H2CO;
Carbon dioxide can react with basic oxides. _
calcium oxide + carbon di.dxide — calcium carbonate
CaO + CO, —— CaCOs
sodium oxide + carbon dioxide  ~——» sodium carbonate
NazO + CO, —_ Na;CO3

Carbon dioxide turns lime water milky due to the formation of insoluble calcium
carbonate.
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calcium + carbon calcium
hydroxide dioxide carbonate

Ca(OH), + CO, —>  (CaCOs + H,O

Calcium carbonate redissloves on passing excess carbon dioxide to give a solution of
calcium hydrogencarbonate.

water

calcium carbon )
+  water + -—— calcium hydrogencarbonate
carbonate dioxide
CaCOs + H-.O + CO; R Ca(HC03)2
Uses of carbon dioxide

Since carbon dioxide is about one and a half times as dense as air and neither
supports combustion nor is inflammable, it is used in fire extinguishers. The heavy
carbon dioxide gas forms a blanket over the burning material, cuts off the air supply
and puts out the flames. :

Carbon dioxide is used in the preparation of mineral waters. Soda-water is a
solution of carbon dioxide in water under pressure. Sweetened and flavoured soda-
water is sold as lemonade.

Carbonates

Carbonic acid is a week dibasic acid and so it can form two kinds of salts depending
on whether one or both of the hydrogens are replaced by a metal. :

H,COs3

MHCO; M>CO; M= a mono valent metal

hydrogencarbonate carbonate

Preparation of hydrogencarbonates

Hydrogencarbonates are prepared by passing carbon dioxide through solutions
or suspensions of carbonates in water.

Example :

When carbon dioxide is passed through the solution of sodium carbonate in
water, sodium hydrogencarbonate solution is formed.
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‘sodium o carbon | sodlum

‘ . . . . . : e o
carbonate +  water  +  dioxide _ hydrogenmrbomtc
CNaxCO; .+ HO  +  COy — 2N<1HCO

When carbon dmmdt. 15 passu:i thlough thc suspension ol LdlLIle car bOI]'iL(_
in water, aqueous calcium hydrogencarbonate is formed.

calcium ' © carbon calcium

+ water  + .
carbonate - ‘ ~ dioxide, . | hydrogencarbonate
CaCO;s + H,0  +  COs — »  Ca(HCO3)

Propel ties of hydt ogencarbonates

LAl hydlogcnca:bonales are soluble in water. Only the hydrogencar bonateq of
potassium, sodium and ammonium can exist in the solid state. Soiutions 01 other
hydrogencm bonate decompose on heating for ¢r ystalllzatlon

4 calcuum -  caleium - oo carhon
- + wnter oot o
hydrogencarbonate carbonate dioxide
Ca(HCO3); — CaCO;  ~ HO + CO;
2, All hydrogencarbonates decompose on heating,
sodium sodium carbon
—_— t Mwole ‘
hydrogencarbonate carbonate dioxide
2NaHCO; — NaCO; I thov - CO;
magnesium magnesium e - carbon
—_— + walcr i
hydrogencarbonate carbonate dioxide
Mg(HCO})j — MgCOx +  HO _ COy
3. All hydi'ogencakbbnates react with dilute acids to give carbon dioxide.
sodium + hydrochloric sodium + | . * carbon
: ‘ —— water -+
~ hydrogencarbonate apici . chloride : dioxide
NaHCO; + HCI —_— NaCl  + H,O oL CO,
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Preparation of carbonates

Some of the carbonates such as sodium carbonate, calcium carbonate and
magnesium carbonate occur in nature, Sodium carbonate is used for the preparation
of other carbonaies.

When an aqueous solution of sodium carbonate is mixed with an aqucous
solution of metal salt, either normal garbonate or basic carbonate is precipitated.

When aqueous sodium carbonate is mixed with aqueous calcium chioride, calcium
carbonate is precipitated.

sodium calcium calcium - sodium
+ . _— - )
carbonate chloride carbonate - cloride

Na:CO; + CaCl, —#  (CaCO; -+ 2NaCl

When aqueous sodium carbonate is mixed with aqueous lead (1l) nitrate, basic lead
(II) carbonates precipitated. : '

The various stages of the reaction may be represented as follows:

lead (I1) sodium lead (1T) sodium
nitrate * carbonate - carbonate f  nitrate
Pb(NQO;), + Na;CO; . PbCO; + 2NaNO;
sodiuim . sodium . " carbonic
carbonate watet hydroxide acid
Na>COs + 2H-0 —— . 2NaOH + H,CO3
Lead (11) + sodium " svad (I 4 sodium
nitrate hydroxide “ hydroxide nitrate
Pb(NQs); + 2NaOH ——»  PBOH)A + 2NaNO;
lead (1) t lead (1D — dibasic lead (1I) carbonate

carbonate hydroxide
2PbCO; + Pb(OH), — 2PbCOs. PH(OH),

. There are no basic carbonates of potassium, sodium and calcium. Calcium
carbonate is therefore prepared by the reaction between and aqueous solution of
soluble calcium salts and aqueous sodium carbonate. The carbonates ol other heavy
metals may be prepared by using sodium hydrogencarbonate instead of sodium
carbonate.
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lead(lD) nitrate -+ hs‘éci?"én ., leady -, sodium carbon
' ycrog carbonate pitrate dioxide = water

carbonate
Pb(NO:3)2 + 2NaHCO3; —— PbCOs 2NaNO3 + CO, ‘\-+ H-»O

Carbonates are obtained when carbon dioxide is passed through aqueous solutions of
hydroxides.

calcium carbon ‘ calcium

| . +. o + water
hydroxide dioxide carbonate

Ca(OH + CO» o, CaCOs4 + MO

Properties of carbonates

1. Carbonates of potassium, sodium and ammonium are colouriess and soluble in
water. Carbonates and basic carbonates of other metals are insoluble in water.

2. Action of heat on carbonates

Carbonates of sodium and potassium do not decompose on heating. Ammonium
carbonate decomposes readily on heating to ammonia, carbon dieside and water.

\ ammonium ___» ammonia water carbon dioxide
carbonate
(NH4)2COs —> 2NH; + H,O + CO;
Insoluble carbonates decompose into oxide and carbon dioxide on heating.
calcium calcium carbon
— +

carbonate oxide dioxide

CaCO; —  Ca0 + COn

magnesium magnesium carbon

.  ——p o+ .
carbonate oxide dioxide
MgCO; —  MgO + CcO;
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iction of acids on carbonates

\Il carbonates react with dilute acids to give salts, water and carbon dioxide.
calcium hydrochloric calcium + carbon

carbonate acid (dil) "7 chloride & Water dioxide

CaCO;  +  2HCI  —— CaCli  + H0 +  CO,

sodium sulphuric sodium carbon
: water  +

carbonate acid (dil) sulphate ~dioxide -
NaCOs  + HSO;  —— Nap$Oy +  H,0  +  CO,

basic copper(][)‘ ‘ nitric acid copper(IT) - carbon
carbonate T T irae Y dioxide

Cu{OH),. 2CuCO5 + 6-HNO; —— 3Cu(NQO3); + 4H.O + 2C0,

Aquu)us solution of potassium carbonate, sodium carbonate or ammonium carbonate,
when mixed with metallic salt solution give either carbonate or basic carbonate.

Test for carbonates
Some of the sample is put in a test tube,
Dilute sulphuric acid is added.]f a carbonate is present, there will be effervesence. The
gas evolved is passed inlo another test tube: containing Jime waler. The hme water
turns milky, it the gas is carbon dioxide and the sample is carbonate. ‘
sodium. - sulphuric sodium - . carbon
Water  +

. . —_— + ..
carbonate ©acid (dil) sulphate | . dioxide

Na;CO;  + FLSO; ——s NaySO, + MO0 o+ CO

carbon _ calcium calcium Wate
dioxide hydroxide ~ carbonate ater
CO: b CaOH) —— .CaCOs  + IO
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carbon and its compound
The greenhouse effect

The earth's climate is efh.cted by the levels OF carbon dioxide and water
vapour in the atmosphere. These gases are responssble for the green house effect.

The earth is heated by the sun. Heat energy from the earth is radmt(.d bac.k
into space. The balance keeps the temperature of the anything happens to up%t the
balance, the 1esull will be a change in the world s climate.

A rise in femperature could melt lhe ice caps at the North and South polcq /\
fall could decrease the world's food production. : :

When the Earth sends heat energy back into space, it changes the wavelength
to that of infrared radiation. Unlike sunlight, infrared radiation cannot travel freely
through. the air surrounding the Earth. Water vapour and carbon dioxide- absorb
inlrared radiation. They act as blankets round the earth, hindering the escape of heat
into space. Without these blankets the Earth's surface would be (-40°C), instead of a
lite-supporting (15°C). If additional water vapour and carbon dioxide were added to
the atmosphere, it would be like adding another blanket, The Earth, would heat up.
This blanketing by water vapour and carbon dmmde s a.ail:.d the greenhouse cffect.

SUMMARY

In this chapter ,carbon and its compounds are discussed in-detail. Carbon can exist
in many. allotropic forms. Two crystalline forms of carbon ar¢ dinmond and graphite.
Amorphous forms of carbon are coal, coke , charcoal, and carbon black. Compounds
of carbon’ such as carbon monoxide, and. carbon dioxide, are claborated - with
preparation methods, physical and chemical properties and uses.In addition,
per'lt‘atlon properties and tests for hydrogencarbonates and carbonatgs arc also
presented. ]he greenhouse” effect caused by carbon dioxide and water V‘lp()Lll is
summarized as follows.

The greenhouse effect

A layer of carbon dioxide and water vapour surrounds the Ldl’[h This layer reduces
the amount of heat which the Earth radiates into space. By burning hydrocarbon luels,
we pour carbon dioxide and water vapour into the atmosphere. The layer ol carbon
dioxide and water vapour is growing thicker. If it becomes too thick, the earth will
warm up, and the ice caps could begin to melt. This blanketing by water vapour and
carbon dioxide is called the greenhouse effect. We also put many gases into the
atmosphere. This has the effect of scattering some of the sun's radiation and cooling
the earth.
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Questions and Problems

1.

2.

3.
4.

N

6.

How can you shew that diamond and graphite are different forms of the same
clement carbon?

/
Even though diamond and graphite arc the allotropes of carbon, explain why
they have different physical propertics,

Give five examples to show that carbon has reducing propertics.

~ Carbon monexide and carbon dioxide are colourless, odourless gascs.

How will you identify these gases in separate gas jars?

(3) Do you think the carbon dioxide obtained by the method dcsmhul on
page 201 is pure?

(b) 1fitis not pure, what is the likely impurity? ST

(¢} How would you remove this |mpur|l) and obtain pure {I:y carbon
dioxide?

(d) Draw the diagram of the apparatus you would use and describe the
experiment.

Write equations in words and symbols for the following reactions:

(a) H,SO/[) + C(s) — ?
() Fe,O(s) + CO@) —>» ?
(¢c) KOH{ag) + COsxg) —» ?

How would you differentiate agueous eodlum carbonate from aqueous sodium
hydrogencarbonate?

_Write TRUE or FALSE for cach of the following statements.

{a) Carbon is found in free state as diamond and graphitc.

(b) Carbon in combination with other element is found in petroleum coal,
natural gas and limestone.

(¢) Carbon cannot exhibit allotropy or polymorphism.

(d) Coal, coke, charcoal and carbon black are the amorphous forms of
carbon.
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(¢) Diamond and graphite do not contain the same element carbon.
Fill in the blanks with a suitable word or words.” .
(a) Diamond and graphite are the ...ueeeieeness a]lolropes of carbon.
~(b). Coke, ceal, charcoal and carbon black are the ....eeeersinenee fOrms of
carbon. .
(¢) Diamond and graphltc arc of the same clcmcnt ..... ersmsrannen
(&) The lWo ()dees of carbon are carbon monomde AN evrnecernceeneens _
(e). Carbon rnonomdu can aIso reducc heatcd CO]")}')L,I" (il ogide to
MetalliCuemerrnereies -
(- Carbon dioxide is ........ than air.

(8) Carbon dioxide solidifies when cooled to glve e

(h) Dry ice sublimes at ... °C.

(i) Carbon dioxidc can be used as a ﬁe ......... .

~ Select the correct word or words given in the bracket. -

(a)
(b)
(c)
(d)

(©)

Diamond and graphlte bdong to (amorphous. crystalline, different)
forms of carbon S ' ‘

Carbon monoxide can (oxidise, reduce, promote) heated 7ine oxide to
metallic zinc.

Coal, coke, charcoal, carbon black are (uyslall:m amorphous, same)
forms of carbon.

All carbonates react with dilute acids to give salts, water and (carbon
dioxide, oxygen, sulphur dioxide).: :

When carbon monoxide is passed over heated iron (1) oxide, metaltic
glead, copper, iron) is formed. -

{f Which of these is not an allotrope of carbon?

(1) coal (ii)gmphitg_,_.(iii) charcoal -

(g) Which of the following is not a natural form of calcium carbonate?

(1) chalk (i) Iime~{ﬁi) limestone (’iV) marble

(h) Which of the following properties does not apply to carbon dioxide?

¢i)- It is slightly soluble in water. (iii) It is a reducing agent.

(1) Itis denser than air. (iv} It is flammable.

\
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Ai)  When carbon dioxide is bubbled into lime water , it turns milky. The
- white precipitate is due to th¢ formation of insoluble ,

(i) calcium oxide (iii) calcium hydrogencarbonate
(ii) calcium hydroxide {(iv) calcium carbonate

10.  Match each of the items given in list A with the appropriate item given in list B.

ListA List B
(a) Diamond is the crystalline (i) to form potassium
form of carbon carbonate

(b) Diamond and graphite are the (i) It has a giant structure
crystalline forms of carbon

(c) Carbon dioxide dissolves (iiiy equal masses of diamond
in aqueous potassium ~ and graphite are-found to
hydroxide ©* produce equal masses of CO; -

(d) Carbon can exit in (iv) They contain the same
amorphous and crystalline element carbon
forms .

{e) Diamond and graphite arc (v) It exhibits allotropy or
of the same element carbon polymorphism

1. Explain the greenhouse effect.

12, Answer the following questions.
(a) Name two allotropes of carbon..
(b) Explain the following obscrvations with suitable equations.

(i) When carbon dioxide is bubbled through lime water, a milky
white suspension forms,

(i1) But if you continue to bubble through more carbon dioxide
gas,the suspension disappears and form a clear fiquid.

(c) Give equations for addition propenties of carbon monoxide.
{d) Describe the main steps invelved in the test for carbonate.

(¢}  What is polymorphism? Give example in crystal, in gases, in
molecular structure.
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_ Appendix 2 start
Table of relative atomic numbers and atomic masses of the elements

Element Atomic {Symbol| Atomic ; Element Atomic [Symbol| Atomic
Number . mass | Number mass
Actinium 89 Ac |227 - Mercury 80 Hg | 200.61
Aluminium 13 Al 26.98 | Molybdenum 42 Mo 9595
Americium 95 Am |243 Neodymium 60 Nd 144.24
Antimony * | 51 | Sb |121.76 | Neon 10 | Ne | 20.183
Argon 18 Ar 39.944| Neptunium 93 Np | 237.05
Arsenic 33 As 74.91 | Nickel 28 Ni 58.71
Astatine 85 At 1210 Niobium 41 Nb 92.91
Barium 56 Ba |[137.36 | Nitrogen 7 N 14.008.
Berkelium 97 Bk |247 Nobelium 102 No | 255
Beryllium 4 Be 9.01 | Osmium 76 Os 190.2
Bismuth | 83 | Bi [209.00 | Oxygen | 8 ] 16
Boron 5 B 10.82 | palladium 46 Pd | 1064
Bromine 35 Br 79.916[ Phosphorus - 15 | P 30.975
‘Cadmium 48 | Cd |11240 |Platimm | 78 | Pt [195.09
Calcium [ 20 Ca | 40.08 | Plutonium 94 Pu | 244
Californium 98 Cf |251 - |Polonium | 8 | Po 209
Carbon 6 C 12.011{ Potassium 19 K 39.100
Cerium 58 Ce 1140.12 | Praseodymium{ 59 Pr 140.91
Caesium 55 Cs {13291 [ Promethium 61 Pm | 145
Chlorine 17 Cl 35.457} Protactinium 91 Pa 231.04
Chromium 24 Cr 52.01 | Radium 38 Ra 226.05
Cobalt 27 Co 58.94 | Radon 86 Rn 222
Copper 29 Cu 63.54 | Rhenium 75 Re 186.21
Curium 96 Cm [247 Rhodiumn 45 Rh 102.91]
Dysprosium 66 Dy [162.5 | Rubidium 37 Rb 85.47
Einsteinium 09 Es 254 Ruthenium 44 Ru 101.07
Erbium 68 it | 167.26 | Samarium 62 Sm 150.4
Europium 63 Eu [151.96 [ Scandium 21 Sc 44 .96
Fermium 100 Fm 257 Selenium 34 Se 78.96
Fluorine 9 F 19.00 | Silicon 14 Si 28.09 -
Francium 37 Fr 223 Silver 47 Ag 107.880
Gadolinium 64 Gd 157.25 | Sodium 11 Na 22.991.
Gallium 31 Ga 69.72 | Strontium 38 Sr 87.63
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Element.
B .

- Atomic

. Numbef '

Symbol

Atomlc

| ' mass |

Elem.cnt .

| Atomic

{Number|

Symbol Atormc |

|mass.

| Germanium
 Gold

' Hafnium

1 Helium
Holmlum
Hydrogen
| indium
Iodme ,'
| Iridium
Tlron ©
 Krypton

| Lanthanum |
| Lawrencium |

E'Lead.
‘| Lithium
1 Lutetium

| Magnesium |
Manganese |
- Meridelevium

32
79
S
2
67
1

77

57
103
82
3.

12

49
53

2% |
36 |

|
- Mg
25 |
0t |

;Ge
| Au
1 Hf
He'
“Ho
. H
cIn
B!
o Ir
- Fe
Kr

- La
- Lr
L pb

Li
Lu

‘Md

72.59

1970 |
178.49

: 4-.'003

164.93

1.008§

114,82

126.91

1192:22
. 55.85
© 83.80

138.91
1260
1207.21
6940
1174.97
- 24.32
15494
258

" Sulphur .

_Thalllt_lm
" Thorium

 Thulium

- Tin

' Titantum
- Tungsten

' Xenon
Ytterbitm
| Yttrium
Zinc
- Zirconium

Tantalum_ |
 Technetium' |
Tel!urlum S
Texbu}m -

- (Wolfram) :
{ Uranium
| Vanadium

16 -

43
52
65 -
81"
90
69
50
22

92

73

74 )

23 |

B
“Ta
- Te
- Te
T
iy

"Th
Tm

180.95

1127.60

158.93

1204.37 |
- 232.04|
168.93. |
- [nsT0 |
14790 |
| 183.86

238.07 |
- 50.94 |
131,30 }
173,04

88.01
65.38

32.066 |

- 91.22. |
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Discovery of New Elements

Sr|Atomi[Symbol] Name |Atomi| , Electronic Metal  |Discover
c ¢ Structure ed
No. | . Wt o, _ " Year
1] 104 | Rf |Rutherfordi| 261 |2.8.18.3232.10.] Transition | 1969 .
um -2 '
417105 | Db | Dubnium | 262 [2.8.18.32.32.11.| Transition 1970
2 o
3| 106 | Sg |Seaborgium| 266 |2.8.18.32.32.12. Transition 1974
2 .
4] 107 | Bh | Bohnium | 264 |2.8.18.3232.13.| Transition 1976
. : 2 _
5| 108 | Hs | Hassium | 263 |2.8.18.32.32.14. Transition 1984
: , -2 :
61 109 | Mt |Meitmerium| 268 |2.8.18.32.32.15.| Transition 1982
: 1 .2 '
71110 | Ds |Darnstadtiu] 271 |[2.8.18.32.32.17.| Transition 1994
m . 2 ‘ '
81T 111 | Uuu |Upununium| 272 [2.8.18.32.32.18.] Tramsition | 1994
‘ A , : .
91 112 | Uub | Ununbium | 277 |2.8.1832.32.18.| Transition | 1996
10[ 113 | Uut | Ununtrium | 284 [2.8.18:32.32.18. Other elements| 2003
11[ 114 | Uuq [Ununquadiu| 285 |2.8.18.32.32.18, [Other elements|- 1998
: .om 4 ' .
12| 115 | Uup |Ununpentiu| 288 |2.8.18.32.32.18. |Other clements| 2003
m 5 u
13| 116 | Uuh |Ununhexiu| 292 |2.8.18.32.32.18. Other elements|" 2000
o . m : 6 . :
14| 117 { Uus |Ununseptiu| - - Other eléments -
m
15| 118 | Uuo |[Ununoctium| - - Other elements| -

-

-
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: _ ~Appendix 3
Vapour Pressyre of Water o

Temperature  Pressure ~ Temperature ‘Pressure
o - mmHg - ' Cc mm Hg .

0 46 . 23 212
. 4.9 D YR 224
2 53 25 L a3
3 57 . . 26 252
4 B T A R 2
5.0 65 28 o 283
6 70 29 300
7 75 3031
g 80 35 gg
9 86 40 553 -
0 Y 4 g
1 98 s 915
2 0s s 11180
13 o2 e 1494
4 20 e grs
15 s w0 233.7-
16 CoBe 75 2801
7045 g0 0 gssy
18 CIsS s gy
19 165 o T 5258
20 wms o5 eige
21 187 100 760.0
22 198 105 1906.1

-
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Appendix 4

The Activity Setles

Sulphide

Oxide
Sulphide . .

Appendix 1

rapidly XOH
[Ec0s

[Action of acidst Astion of air

Explotive, |Tarnishes very TV

Gives of H;

. at
roos; bentpef -
apure

- Action of
water

| Na

Mg
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