e e s e e 8 Uil Sl i ¥ ™%

Scanned with CamScanner




P

Wi Soacieizre tL 4Ly

Chemistry 9

Publisher:

New ( Couege Publication, Quetta.




e

Appeal,

Balochistan Textbook Board is a dedicated Organization
committed to undertake publication of quality textbﬁci‘}?kg,in
line with the curriculum. These books are the fruits of efforts
by renowned educationists and experts. Despite our constant
endeavours, chances of inadvertent mistakes cannot be ruled
out, and there is always room for improvement. Therefore,

we look forward to valuable suiggestions to enhance the

quality of the textbooks.
Yahya Khan Mengal
Chairman
Balochistan Textbook Board
Quetta.
Ph/Fax No. 081-2470501
Email: btbb_quetta@yah0.c0m
. !'-:; ’

Scanned with CamScanner



Preface

With the begiqning of new era, the need for reviewing and rewriting of syllabus
was felt, so new curriculum forcourses has been set by the Ministry of Education in
2006.

The new curriculum offers a radical shift from the traditional curriculum is based
upon the multi text book system, creating the students being able to think indepen(déﬁfﬁf,
asking questions and looking for the answers at their own. The understanding ofsubject
must be more developed in them rather than the traditional remembering pmcéfi@res.

This chemistry '9' book is also the part of new curricula system, and has been
written in very simple language, so the learner feel easy in understanding the basic
concepts of chemistry, and cope with the challenging demands of thetoday’s world.

Some of the main aims of'this book are:

(i) Writing the chemistry in an easy and approachable manuer so the students from
the remote and backward areas feel casy to understand the important ideas, -
concepts of the subject. ,

(i1) Anoverview of the basic principles involved in'the subject.

(iii) Knowledge of the practical approach in, the subject, for this purpose many
activities and interesting information have béen introduced in the book.

(1v)  Most of the topics also explain the role’of chemistry tools in our society so the
reader be able to understand the/importance of the subject and its role for
improving the life standard of us:

(v) There are also solved examples to guide the students how to cope with the
problems on the topic. & _

(vi)  Each chapter is accompanied with an exercise at the end to check the learning
ability of the students;..

As 1t is obvious that atext book can do nothing alone and the most important part
of studies is the role of teachers and instructors , so the teachers are requested to apply the
aims of this book in the light of the SLOs (Students learning outcomes) which are stated
at the beginning ‘of each chapter, that describes the time to be allotted to each chapter,
tests and assighmients of the chapter and the main areas that they should focus on. .
Al the end we are thankful t6 all those who helped us in writing this book, and made it

. Possibleforusto try to bring a change in the traditional education system. /
“We also appreciate for furiher suggestions from readers and r::dH_s_::ﬂtom toimprove

the quality of this text in future. .

* Thanking you all inanii-pation.

_Authors -
R aee : Prof: Ghulam Mustafa
MO e ‘ Prof: Abduilah Jan Zeerak
- r.’é‘
b s L .
T L A b . :
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% INTRODUCTION OF
u‘lﬁ CHEMISTRY

—_—

(¢) CONCEPTUALLINKAGE (s) TIME ALLOCATION
Before reading this chapter, the

student must know the: Feaching penoc?s o
» Basics of Science. Assessment periods — =03
» Divisions of Science Weightage =14%
» Importance of Science
| VitOMes - e my sy
JEA NG OUTCONMES 0 Fi50(0)
ey B b, :_-.- c }ﬁ{!‘—ﬁ:—;f& e _'.9'!.: ‘,‘__'}._ l-i‘l‘l.-k'." G

After reading this chapter, the Student will be able to:

»  Identify and provide the examples of different branches of
chemistry (Applying)

Differentiate between branches of Chemistry (Understanding)
Distinguish between matter and a substance. (Analyzing).

Define ions, molecular ions, formula units and free radicals.
(Remembering)

»  Define atomic number, atomic mass, atomic Rass unit.
(Remembering)

» Differentiate among elements, compounds and mixtures.
(Remembering)

Define relative atomic mass based on C-12 scale. (Remembering)

Differentiate between empirical and molecular
formula.(Understanding)

Distinguish between atoms and ions. (Analyzing)

Differentiate between molecules and molecular ions. (Analyzing)
Distinguish between ion and free radical. (Analyzing)

Classify the chemical species from given examples.(Understanding)

VY ¥

VvV V

VVVY
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» Identify the representative particles of elements and
n:umpmmds.{Renmmbenn g).

Relate gram atomic mass, gram
mass to mole.(Applying)
Describe how Avogadro's number is related to mole of any
substance.(Understanding) !
» Distinguish among the terims mmc mass, gram mulecu;\[ﬁ;«
mass and gram formula mass{Anslyzing) P

Change atomic mass, molecular mass and formula mass mfo gram

molecular mass and gram formy],

o’
atomic mass, gram molecular mass and gram formula, -~
mass.(Applying) G gt O

1.0 Introduction to Chemistry &

Fig 1.0 Chemisiry In action
The Science has been divided iﬂf_(aST'man;Brauches among which

the chemistry is of key importance. In this field of Science, the matier,

and to some extent energy, the two entities by which our universe is

made up of are studied. But the main focus, here is of course upon the
»m?ﬁer, and Chemistry deals with the structure of matter on both
m:crqscopic and macroscopic level, transformation in matter. in terms of
chemical reaction, preparation of different new compounds: the use of

tlllresedcnmpounds and obviougly, also the use of matter which exists
already. |

Scanned with CamScanner



The chemistry is in action since the prehistoric era. Burning of
wood, purifying the metals like gold for making ornaments, extracting
ingredients for usage in drugs, all these involve chemical principles and
are known far before our known history.

The chemistry plays very important role in our life. It has a direct
application in every sphere of our life, whether concerned to our food we
eat, our home we dwell, our cloths, our medicines, our entertaining
materials, our educating books, all are direct result of chemistry, and
chemistry is related with every discipline of our life. Without the
applications of chemistry, the life will be same as of the prehistoric or
even below than that, and knowledge and applications.of chemistry are
the basic constituent of our modern life.

So, all this shows that in order to maintain'the living standards of
humanity, and meet the new challenges of coming world, the chemistry
is very essential to be studied in more depth and it is evident that the 2 1%
century is the century of chemistry.

1.1 Branches of Chemistry
As already discussed that chemistry deals with a vast field of

studies, so it has been divided into several branches to make it easier for

study:.
Here we discuss some of the important braches of chemistry.

~ Inorganic | [ Organic
Chemistry | L Chemistry

ysical
Chemistry

Fig. 1.1 Some branches of Chemistry
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1.1.1 Physical Chemistry |
This branch deals with the study of physical aspects of mae,

such as the colour, melting and boiling points, density etc and a]] th;
factors which govern and relate with these characters.

The physical chemistry also deals with the study of atom;,
structure, role of energy in chemical and physical changes, and reactio
kinetics.

Physical chemistry builds the hypothetical basis of structure
elucidation of matter, enabling us to understand the basic nature of
matter.

1.1.2 Organic Chemistry

The organic chemistry deals with the study of hydrocarbons and
their derivatives. Hydrocarbons are the compounds that are composed of
carbon and hydrogen e.g. methane, propane, butane, benzene, plastics

etc.
Although in the organic chemistry we are primarily concerned

with the Carbon and hydrogen elements, but due to the properties of
Carbon element, the list of compounds formed are tremendously large:
making the subject too heavy and complex. Millions of organic
compounds have been in notice at now and each year new compounds
are even added in this list.

1.1.3 lnqrganic Chemistry o
In this field of chemistry all the matter which is not orga{nzrz

studied. Most of the compounds which are obtained from
sources come under this category.
Moreover, the metallurgical operations and techniques thathaz
c

employed in purifying the metals are also studied in this bra?
chemistry.

1.1.4 Biochemistry 2
ith

The word bio stands for life, so this branch of chemistry deals
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matter which is directly obtained from the living organisms. Thus it deals with
the compounds like carbohydrates, proteins, lipids and others.

1.1.5 Industrial Chemistry
As the name indicates, the industrial chemistry is the chemistry of

industries. All the materials produced by the industries are discussed
here. This branch is important in the sense that all the matter produced in
the laboratory must come in our life usage to make our life easier and
comfortable, which is done by industries. e.g. the cement to make our
homes, the fertilizers to grow up the amount of our food, the medicines
to keep us healthy, the fabric industry to give us the cloths and almost all
of the compounds which we use in our life is the result of research and
comes in our reach by their production in the factories, which is dealt
with the industrial chemistry.

1.1.6 Nuclear Chemistry
This branch of chemistry deals with the study of nucleus of an

atom. This gives us the information for the production of energy from
matter by nuclear reaction, weapons of mass destruction, transformation
of elements, and preparation of nuclear medicines used in radiotherapy.
1.1.7 Environmental Chemistry

As the world is developing more and more and we are using the
advanced tools produced in factories, the fossil fuels usage is increasing
rapidly, the environment is being polluted more and more. This has
increased the danger of great disturbance in our ecosystem, which is
considered to have a drastic change to life in this planet, so it is also the
responsibility of a chemist to improve this situation and to meet all such
dangers. This is done in the field of environmental chemistry. The
environmental chemistry deals with the building of life friendly
environment around us, and creation of such ecosystem that is inevitable
for our survival in the universe.

P —— ] [ S ——
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1.1.8 Analytical Chemistry _
The basic aim of chemistry is the production and usage of

compounds, which can be done only when the compqsitif)n and stmc@re
of an existing compound is known, which is the main aim of analytical
chemistry, which deals with the determination of structure and
composition of matter i.e. in this branch of chemistry we analyze a
chemical compound and determine the molecular formulae pf the
chemical compounds. |

1.2 Basic Definitions |
Before we proceed further, let us understand some of the key and

basic terms used frequently in the chemistry.

1.2.1 Elements, Compounds and the Mixtures
The universe is made up of two basic entities, the matter and the

energy. Chemistry deals with the matter,"so we will focus on this
exclusively.

The matter is the substance thathas mass. It is distributed all round
us and this matter is classified into the two main categories, i.e. the pure
substances and the mixtures, A pure substance is that which shows
uniform properties every time, for example melting point and boiling
pointofsuch substances are always same, while in a mixture the quantity
of constituents can yary, e.g. in the mixture of sugar syrup the amount of
sugar can be le.ss of greater. The pure substances are further divided in to
tWo sub divistons i.e., the clements and the compounds, this

clgssiﬁcation 1S shown in the following flow diagram. These divis
will bediscussed in the subsequent sections in detail

L Matter j

ubs
l Elemmﬁndﬂ |

Fig 1.2 Divisions of matter

“
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1.2.1.1 Elements and their Symbols
The element is defined as the sample of a pure substance in which

all the atoms are alike.
For example, if we take a rod of iron metal, it consists of same type

of atoms, so iron is an element; and on the other hand, a piece of wood

consists of different types of atoms, so wood is not an element.
The elements found m all three stats of matter i.e., the gas

(Nitrogen, Oxygen, Hydrogen etc. ), liguid (Bromine and Mercury) and

solid (Aluminum, Sodium, Copper etc.).
Different elements show different physical and chemical

properties, for :.xample if we take the above described: thiree gaseous
elementsi.e.,is N,, O, and H,, all these have dlfferen{bmlmg points and

show different chemmal products on reactions, sth as:
M, + 0= —-——Z;QH‘O_,{H :

T i E s | lj 1
_.\2&__ LOE{H—GQ’ NO,,” ) |

In Chemistry, the atamsa&?denuﬁed by their atomic numbers,

(The atomic numbers are dls@ed in detail in the section 1.2.2.1). So an
element can be defined as the sample of pure substance that has all the
atoms with same ato@é numbers. (e.g. in the example of iron rod, all
atoms have atommg\ﬁmbcr =26). In our daily life we normally deal with
the atoms in gag\fnnn of elements, e.g. O,, Au, Ag, Cu and many more.
Usually weuse a short name for an element called the Symbol. A symbol
IS chas@nnrmally by taking the first letter, written as the capital letter of
the English name of that element, e.g. 'H' is used for hydrogen, 'O' for
Oxygen, 'C' for carbon.

Here is a table (Table 1.1) showing symbols and English names of
Some of the common elements.
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Name of Element | _Symbol _ IWW

Hydrogen H Fluorine
Oxygen 0) Iodine I
Nitrogen N Boron B
Carbon C Sulphur

AN
Table: 1.1: Some elements whose symbols are derived from their engfish names

Sometimes the first and second letter from the English name are
used, e.g. 'He' for helium, 'Ca’ for calcium. When two letters are used, the
second letter must be written in small alphabets. Here are some
examples of such elements (Table 1 2).

Lithium
Beryllium

Aluminum

Table: 1.2: Sy mbﬂls efmmc elements havmg first and qecund
letters from English names

In some cases, first and any other letter is used, as described in the
table 1.3.

w Name of Element W

Chlorine Cadmium Cd
Chromium Cr Magnesium Mg

Table: 1.3: Symbols of some elements having first and a prominent
letter from their English names
Some elements which are known from prehistoric era, arc
represented by the symbols of their Greek names, e.g. (seetable 1.4).
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English Name of Element  Greek/Latin Name of Element  Symbol

Gold Aurum Au
Silver Argentum Ag
Mercury Hydrargyrum Hg
Sodium Natrium Na

Copper Cuprum Cu

= 1 1 g d S i o P .y b 1% T
lable: | Is of some elements derived from their Greek/Laun names

So far 118 elements have been discovered of which 92 are found
naturally while rest are synthesized artificially in laboratories, these
elements found in both the free and in combined states.

Interesting To Know
In our solar system top 3 elements are:

H = 74% He = 24%, and O =lessthan2%

In the earth crust top 3 elements are:

O = 46.6%, Si = 27.7% and Al = 8%

[n our atmosphere top 3 elements are: DI

N = 78%, O =21% and Ar = 0.9%

Inour body top 3 elements are: O

O = 65%, C =18% _,\~ and H = 10%
1.2.1.2 The Compound L

When different elements combine, they form a compound, thus
generally a compound l}/as two or more than two types of elements,
example of such substances include water, table salt, glucose.

In a compound the proportion of elements is fixed and can not be
changed, e.g. in'H,0 the proportion of H atoms to O atom is 2:1 , and this
ratio is fixed otherwise the compound will be changed, for example in
above example of hydrogen and oxygen, if the ratio between these two
ele_ments changes 2:2 the result is formation of H,0, (hydrogen per
OXide) which is totally different from H,O (water). It is also notable that
the formation of a compound is a chemical change and can not be easily
feversed back to its constituent elements.

—
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A compound which 1S  Formula Name of Compound
formed of different type of
clements shows properties quite
different from the elements that
form it, e.g., water which 1s 2 ¢ g 0, Sugar (Sucrose)
liquid is formed of two gases
hydrogen and oxygen, the
hydrogen burns while the oxygen Na,C0;.10H,0
helps in burning process, on the NaHCO, Sodiugl;;Bicarbunate
other hand the compound water
extinguishes the burning objects. :

A compound is represented Si0; A
by its short name called its (CgH,(O; " Cellulose
formula or molecular formula. A T_abvié\: 1.5: Some Compounds and
formula shows all the elements I their Formulae

CO, Carbon Dioxide
NaCl Sodium Chloride

C¢H 306 Glucose

Sodium Carbonate

pheed

CaCO;, Calcium Carbonate

{Silicon Dioxide

present in the compound with the nuniber of each type of atoms.
A compound can be divided into two sub types, the ionic and the
covalent. Tonic compounds-consist of a large number of particles

forming a huge crystal(structure, while the covalent exists in the
molecular form.

The mixture is a combination of
two or more substances (Elements or |
compounds) in such a manner that each |
component shows its own characters, |
ixe.they are not combined chemically.

4 Fig 1.3 Fabric--A mixture of yarns _
_ The common examples of such mixtures include sugar syrup, aif
and fabric woven of yarns combining various colors.

The mixtures do not have the uniform composition and properties;
and the components of a mixture can casily be separated by simple

e e
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physical methods e.g. the sugar from _

(he syrup can be separated simply by How can you scparate the
- A ar f . >omponents of a mixture of table

wanporating the water from the syrup. &9 ‘ _

Vel E P salt (NaCl) solution?

The Table 1.6 that shows some 7y (o separate these in the

hasic differences between compound laboratory with the help of your

and mixture. teacher.
S/No Compound Mixture /ﬁ;
i They are pure substances. They are impure. ~
ii ~ Compound is formed by It is formed by the mlxing of
chemical reaction of substances.
atoms/elements.
iii  Its properties-arc-entirely This shows the properties of its

dilferenit from the component constituent..
substances by which it is made &0

up of, e.g water is quite N
different from its building X o
elements i.e. hydrogen and NG '
oxygen.H,,, + Oy, —>2H On}>

iv It cannot be converted bae:lg\to A mixture can be easily
its original constituents-gasily ~ convertecl back to its parent

by physical mclhnds‘. components by simple physical
OF methods.
v The mnsmucnts\have fixed The constituents here do not
_-,ﬂ-—fcﬂmposmgn of the elements. have fixed composition.
vi  They ow fixed melting and ~ They do not show fixed melting
boiling points. and boiling points.

Table: 1.6: Some basic differences between conpoundls and mixtunes

1.22” Atoms, the Building Blocks of Viafter

The name atom has been derived from the Greek word “atomos™ which
means indivisible or which cannot be cutted further. This originated because
scholars of ancient Greek believed all substances are made up of tiny

indivisible particles which they named atomos.
19

Scanned with CamScanner



In the modern era John Dalton proposed his atomic theory and name

the basic constituent of matter as atoms.

Although atoms are the smallest unit of matter, and hence it is thy
building block of matter, but still they are not indivisible now. So, now a day;
atom is defined as the smallest unit of matter which takes part i
chemical reactions and shows all properties of an element. €.g. if a piec

of gold is divided into two fragments,
each fragment will show the
characters of gold, the gold is
identified by its peculiar physical and
chemical properties. When it is
divided in more fragments again
each fragment is the representative of
chemical properties of gold, the
division is com¢inued until the last
fragmentachieved is called an atom.

Atoms are so small that they..cgnt
be seen by the naked eye or any
traditional microscope,(a recent
technique called scanning tunneling
microscopy (STM) have made atoms
visible up to a little extent, An image of
gold foil by STM is shown here in
figure | 4,

The atoms normally do not exist
freely“in nature, though some
¢Xceptions are there, c.g. all the
«.members of group-18 in periodic table,
called the noble gases exists as single
atom, but their existing atoms are
rendered as mono atomic molecules.

Although the atoms are invisible,

20

e

T |,4'.i{i\‘1/\,h11ﬂgu wk Lr{-’]fi it‘ul i"l:\.-' k.;'l-'h'[
" .\" -“--\---

W Interesting Information

~ The size of nucleus is very

. 4

small as compared to

volume of an atom and is

about 10,000 time less than
the size of an atom.

=10
Atom = 1A = 10m

Fig 1.5
The modern view of an Atomm

Scanned with CamScanner



but by using special techniques and experiments, Sc}entists have created a
picture of atom, that defines the atom as being buildup of more smaller
particles, these particles are called electron, proton and neutron, of these
| three, the proton and the neutron lie in the center of atom., this center is termed
| asthe nucleus of atom.
The electron revolves around the nucleus in definite areas called shell.
The electrons and the protons are charged particles and electron bears

unit-negative, while proton bears unit positive charge. The number of
electrons and protons are equal in the atoms so the atom is electrically neutral.
A simple picture of an atom described is thus givenas in figure 1.5.

This picture 1.5 is showing the basic characteristics of the atom, the
darker area represents the density of electron, and a comparisonof the sizes of
atom and nucleus of atom, note that an atom here ‘has the size of
10" meters (1A”) while the size of the nucleus is | 0" meters (1fm).

The tiny center is the nucleus. and the cloudy area is the region of

f®olving electrons, the strength of clouds show the density of electron charge
distityution.

1.2.21 Atomic Number and the Mass Number

h order to identify the atoms, éach atom has been allotted a number,
called atymie num ber (symbolizedas 7). (This is same just like the students
In a classare allotted the roll numbers to identify them easily). The atomic
number is based upon the -number of protons in the nucleus of the
torresponding atom, e.g. H has 1 proton so its atomic number is also 1, the
OXygen has 8§ protons‘in its nucleus, so its atomic number is also 8. The
concept of giving identity to atoms is of great importance, as nothing can be
described aboutis properties unless it is identified separately.

The wis8s number (symbolized as A) is the total number of mass
Ng particles in an atom, the mass building particles of atom are the
“EUHpm»and the protons. e.g. the 'N' has 7 protons and 7 neutrons so its mass
numbsr ig "4, whereas, the 'C' has 6 protons and 6 neutrons, so its mass
Number j5 12, The mass of an atom has great effect upon the physical and
SOmetimes even the chemical properties of the atoms.

Table 1.7 shows the atomic number and mass number of snn;e of the

T TR §
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Number of = Number of iﬁtﬂmi%g"fﬁbe ﬁﬁ#ﬁ;ﬁﬁ%
Element | " 'proions ‘: Neutrons 'r‘ ! AT
Hydrogen | l | 0 I l ’f |
| | "
Helium 2 r 2 | 2 :
| | 12,60
Carbon | 6 6 6 oD |
Nitrogen 7 7 | 7 | {,§-§ V.~
Oxygen i 8 8 ﬁ_/"": fé‘ 16
Sodium | 1 E‘ 12 1 ?:\&\ 23
i
r{;EI-EI-ELﬂ-—h—— *._2—0—_-— — l_' : 20 : — e :2:'_"‘"' l ——— .4—.?——-’—“ —]
-_ fl_;_ﬂ"_“u:i‘ CorTimHiT EletheTils W ith .‘Iiuk&rlwr‘!'uf:—; and iass !llrl?lhtﬁ"‘»

The modern science has enabled us o increase or decrease the numb

of particles in the nucleus and thus we canchange the type ofatoms.
Naturally there exist 90 dif‘t‘%@t‘ type of atoms while many have bee

synthesized in the laburatnries.&(:x

4

1.2.3 Relative Mumibﬁﬁ% and the Atomic mass unit

The relative atomic mass of an atom is its mass when compzired wit
120000

the lightisotope of carbonii.e. C .

12 atom of
Hydrogen

| attim ol
Carbon

IFrgure | & /A hiypothetical balance o show the concept off pliemomenon
of the comparing (he rmass ol ” drogen Moms with stamdasd C Ll

The reason that relative unit is used rather than the absolute mas:s unit it
that it is experimentally much easier and more precise to compare masses of

e e T R 2 R R R N
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atoms and molecules than to measure their absolute masses. Masses are
compared with a mass spectrometer. The atomic and molecular masses are
measured in the unit of atomic mass unit (a.m.u), or sometimes as unified
atomic mass unit, abbreviated as 'u'. It is defined to be one twelfth of the mass
ofanatom ofthe C" nuclide. In kilograms it is written as:

| a.m.u =1.6605402x 107'kg
| a.m.u =1.6605402x 10™ grams

N\
¥

In the periodic table, the atomic mass listed is the weighed av;;:ggigé of
all of the 1sotope masses for that element. In this wei ghed average, the weights
are the percent abundance that each isotope occurs in nature. For.example, if
we analysed a lump of pure carbon from the planet Earth, it is_‘abﬁ‘ewed that:

98.9 % of all carbon atoms are €2 atoms,
and Q)

1.11 % of all carbon atoms are C"é‘%ﬂféﬁtnms.
So the weighted average mass of carbon is: R

A
98.9 x 12.00( + (1. ‘
( 12.000000) + (1 ”x}}@?’g):llﬂl&muf
100 &Y J
“\3\> 2
In the same way, the natural“a’?éﬁndance of Cu”" is 69.09 % and for

Cu™"is30.19% respectively. Q?)
Thus the average atom ic\@ass for copper is calculated as:

(69.09x 62:93) +(30.91x 64.93) e
&7 100 _

These aver_,afg\;’ values of mass of respective elements are written in a
| Periodic table g{qh'?g with the symbol of that element.

| 1.24 Embpirical and the Molecular Formulae
Ih@é.”ébnstitutiun of a compound can be represented in many ways, this
- r&prt?s;éﬂtatinn is called formula of the respective compound. There formulas
are Written in'different'ways.
- 1.24.1 The Empirical Formula
B The empirical formula represents the simple ratio of the atoms present
N4 compound, e.g. in glucose (C,H,,0,) the simplest ratio of atoms is 1:3-1

Lo
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i.e. for each atom of Carbon there are (wo Hydrogen atoms and 1 Oxygen

So the empirical formula of glucose  What are the empirical
is “CH,0". formulac of following,

In water (11,0) the simplest ratio of  Benzene (CH,), Sucrose
Hydrogen to Oxygen atoms is 2:1 50 the  (C,,1,,0,), Carbondioxide
empirical formula of water is “H, 0", (C0,), and Cellulose (3%%

N

remember this is also the molecular (C,H,0)n Q
formula of water. )

&
1.2.4.2 The Molecular Formula
In Chemistry a short name is used to repre }unstltuents of a
cumpnund this short name is called the formula o Qg\ { specific compound,
e.g. for water the formulais “H,0",
In the table 1.8 some formulae of cu@s n compounds are written:
As it is clear from A vl

the above table that a Formula
formula shows two ( co,
basic information about . . e l
that specific cumpnund NaCl |
1 C GDI‘I’I]JG : :

| CeH1206

HI;C% IUH,O

\-Jl

elements

@gs\;it in that

ig»cumpound od
Q;()) The number of San
atoms of each g

ent present v
Sometimes a compcund cunswts of a larso number qf ep " W
called polymer .. Cellulosc or Sarch Col0y)y o

G -
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and Polyvinyl Chloride (P.V.C) (—CH.—CH+ -)
|
C

Such enormously giant structures are called polymers.

1.2.4.3 The Formula Unit
Sometimes a molecule exists as a large entity of particles, for ease the

simplest ratio of the formulae of such huge structures is written, this simplest
ratio is termed as the unit of their formula or the formula unit, €.g Sodium
chloride exists in such manner, and we write “NaCl” as its formula unit.

The NaCl consists of a large . =Na @ =@\ @

number of cations, The Na ions, and the ) ‘{*\?\}a \ 2
anions, C1". Thus the NaCl exists as a large % ?
entity of crystal structure, in which the \z\\é\ 39 . ¥

cations are surrounded by the anions and"

vice versa, this is shown here in the figure 0 A" “d

L . 2 r ‘ i | JJ h<u T
The simplest ratio of ions here is @ S =

1:1, so its formula unit is NaCl, in the D . . d

same manner the ratio of ions in calcium = @

bromide is 1:2, so the formula unit of {5, 45 AiniGnent of lons

Calcium bromide is CaBr.. Sodium Chlorde

1.2.5 ThéMolecular Mass and the Formula Mass
Molecular mass of a compound is the total mass of all the atoms present

in that particular molecule. This is also known as the molar mass and is
calculated easily by taking sum of masses of all the atoms present, €.8. for the

_wmolar mass of water,

H,O

H=1x2=2

O=16%x1=16
Sumofthesetwois2+16=18

o e ST CaRe ¥ 61) TR
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So. the molat mass of wateris 18 a.m.u.
The formult mass is also calculated m t

formula mass of Cal cium nitrate, Ca(NO,), 1s:
Ca(NO,), C Aetiviy: 1.3

Calculate the mass of

he same manner, e.g. the

P followi ounds
N = 14%2 = 28 ollowing comp y
(=16%x6=96 NaCl, CO,, Glucose

(CH,0,), and AI(OH); "

Sum of the e three s

40+28- - ,6-:164
So, the formula mass of calcium nitrate, Ca(NO,), 1 164 a.m.u.

1.3 Chemical Species

The Chemical species are the building blocks of chemical compounds,

These species can be further divided into differenttypes on the basis of'charge
separatiors, e.g into ions, molecular ions and free radicals that bear some sort

of charge:, and into another types of stability which do not have such charge,

called molecular species or molecules.
In the subsequent section weexplain each of these types in detail.

1.3.1 lons, Molecular Jofis & Free Radicals
These are the species'that bear some sort of charges on them:

1.3.1.1 lons |
An ion is ancatom or group of atoms that has lost or gained one or more

electrons.

The srmp] est ions are the proton (a hydrogen ion, H', positive charge),
and alpha particle (helium ion, ;He, consisting of two protons and two
neutgﬁﬁs). The ions are of two types by the charges, negatively charged ions
are called anions, and the positively charged are called cations, these names
come from the fact that the negatively charged ions move towards the anode
in the process of electrolysis, while the positively charged ions move towards
the cathode so named cations. The table 1.9 shows some common monatomic

cations.

a e
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Common Cations

Cow/non Name Symbol Common Name Symbol
.’\]U‘"»‘-’"'f.lfum Al Nickel Ni'

/ f:'alcium Ca” Magnesium Mg’
Chromium (II) (Chrom 1s) Cr Chromium(II) (Chromic)  Cr’”
Copper(1) (Cuprous) Cu Copper(IT) (Cupric) cu’
Lead(1I) (Plumbous) Ph Lead (IV) (Plumbic) Pb”
Silver (Argentum) Ag Potassium (Kalium) \ K’
Hydrogen g Sodium (Natium)®  Na
Iron (11) (Ferrous) Fe' Iron (11I) ur\Fé?r;‘lc Fe''

Table: 1.9 List of Common E8on
The ions that have the negative chargeare called anions, (The name

comes from the fact that in an electrolytic cell the negatively charged particles
moves towards the anode, so anion-—anede)

The table 1.10 lists some im;go_ﬁant anions:

@i\i_ﬁmun anions
Common Name. :;\g}‘i’ntanl Common Name Symbol
Bromide A(}\”’ Br lodide I
Chluridi\/\gf‘f/ cl Nitride N*
Fluor 2 Oxide i O*
y gﬁéﬁ: H Sulphide g

Table 1.11D: Some limportant Amons
Q Although the existence of ions independently is hard due to their
greater instability, but there are molecules that have combination ofboth
positive and negative ions in a manner that both types neutralize and as a
whole the compound is electrically neutral, as described above in the
| case of NaCl.
R e B LR T TR R
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1.3.1.2 Molecular Ions
An ion consisting of multiple atoms 1s called a polyatorision. or
. 1
e,

molecularion, e.g. NH; ion.

The molecular ions also may _ - --
! | Molecular anions |
be of two types, the cations and the — — .
anions. Following tables show | (_:jﬂb_'?_nftﬂ - GO, |
some common molecular cations Bicarbonate / HCO; |
(Table 1.11) and molecular anions _ Hydrogen Carbonate e
(Table 1.12). Dichromate /| Lr0;
PoTyatumEoFMnlcﬁu_lar_Eatidns Nitrate K - NO,
Ammonium NH;, Phosphate N
Hydronium H.O' Hydrogen qusﬁhaw HPO;
| Nitronium NO, Sulphate SO;
Table: 1.11: Some Polyatomic Cations Tableg 12 Some “olyatomic Anions

Naming Ionic Compounds
The names of ionic compounds are written by liging the name of the

positive ion first, followed by the name of the negative im €.g.
NaCl Sodium chloride

(NH,),SO, Ammonium sulfate
NaHCO, Sodium Bicarbonate/Sodium Hydngen Carbonate

KClO, Potassium chlorate

1.3.1.3 FreeRadicals or Radicals
The radicals or free radicals are atomic o1 molecular species with

unpairedelectrons.

Due to these unpaired electrons theradicals ¢ highly reactive, and are
produced only during the course of a chemical reation for a very short time
¢.g. the chlorine radical is formed by the dissociatin of chlorine molecule by
light energy and is readily react with theneighborir species.

X Uy -
¢l }Ztﬂl_l

The electron of the free radical is written b a dot upon the symbol of

28
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free radical, as showaabove in the radical of Cl. Radicals play ar important
role In combustion, atmospheric chemistry, polymerizatpon, plasma
chemistry, biochemistry 54 many other chemical proces®s, including
human physiology. For €ample, superoxide and nitric oxids regulate many
biological processes, such acontrolling vascular tone.

The upper atmospher of carth contains radicals which are formed
there by the action of UV Tatations that is coming fi/m sun and thus the

energy of this highly injurious Uy radiation is blocked.
1.3.2 Molecular Species _ ,

A molecule is the smallest s3p]e form of matter and is ecomposed of
generally two or more atoms, The cortiytin g atonts may be same or different
from each other, e.g O. is a molecule laving botlof its atoms same while the
CO, 1s a molecule having different tyses of fom. Table 1.7 shows some
molecules and their formulae. .

On the basis of its composition mcjeciles are classified into different

ub types. These types are: ¢
(@) " s1gnoatomic Molecule:: Aphowh the molecule is generally

consideéicd of being formed by he;ombination of two or more atoms,
but even a molecuie could be cozposed of a single atom, this is because
the main difference hetween 1e molecule an atom arises from its
stability, molecules dre the speies which are stable, so even a single
atom which is stable could be onsidered as the molecule, important
examples of such monoatomicnolecules include the He, Ar, Ne and
other noble gases.
(i Diatomicmolecules:  Wha a molecule consists of two atoms it is
called diatomic molecule, foreample H,, 0., HCI, CO etc.

(€) “;l}ratnmic molecules: Tleg are the molecules that are composed

. _more than two atoms, like C1,,0,, HNO,, CuSO, SH,O etc.
In;:;l I‘: Adition to this the molecule may also be classified as homo atomic
“HES Womo-similar) e.g. O, , %, which are composed of same type of

“‘oms : :
Hsbrand "eroatomic molecule. (hetero-different) e.g. NH,, HNO,,
#¥aete, whic, 3

are composed ofdifferent types of atoms,
L £
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1.4 Mole and the Avogadro's Number
1.4.1 The Mole (mol)

In Chemistry we often make reactions by combining two or more
reactants. and for this we must have to take the r eactants in correct amount.
otherwise the product(s) may not be formed. (this is very similar to the
behavior that in meking a good tea one have, to take all the ingredients in
correct amount). Buy in actual we are unab,le to count and take atoms af
reacting substances in ('esired quantities. |

So. to solve this, e use the concep’. of mole, which states theratios of
given substances in much easier way in ' he units of grams, and this makes it
very easy and perfectly practical to m easure the amounts of reactant(s) or

product(s). R

According to this concept the “atomic mass or jn\@ﬁ‘se of molecules the
molecular mass is taken in the unit Of grams instead of atomic mass unit and
hence it becomes easy to ineasure these using ordinary instruments
(balances). | X

Thus the atomic mass or1 12lecularniss expressed in terms of grams
called 1 mole of that substance, (Or scaneti mes it is also caneg,gm{mz or
gram molecule or gram formula mas: 1, as shown in ﬁgure-'l'ﬁ:

Here are some examples that el aborates this concept,
'H' has 'l' atomic mass:s0-1g o' “it is one mole. 'O' has '16'a.m.u atomic

mass soits 16g=1mole
'H,' has '2' atomie mass so 2g of 1ts1s onemole. 'O,' has '32'a.m.u atomic

mass so its 32g =1 mole H,O has 18a.n 1.umolecular mass and its 18g= 1 mol«

And
36 g of water = 2 moles
,,3\‘(
&
1"\0 Esar § . ity & 1——_—'.
#N/gram atom of | gram molecule 1 gram formula
elements of substance | | Imass of substance]
e i) o wliEd e Tl
12¢ [ 23g | Igg 44g
Eht)] Na | = HO | Co
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A simple relation that is used to interconvert the mo le—mass relation.
which given by:

v Given Mass
Mole = — —_—

Atomic \llltLLUld] Mass/ Mass F mmuli lonic Mass

The concept of mole is really very helpful for the Chemists and is
;1[]1)“(’.‘(1 W[dC])"

Example: Calculate number of moles in 250g of glucose.
Solution: As the moles of glucose can easily be determined by using
the formula: Oy
Given Mass ‘
Mole =

Atomic or Molecular Mass xﬁk

The molecular mass of glucose can be calculated by the help of its
molecular formula, which is C .H,,0,. K o
Here, >\

C =6x12.01=72.06

H =12x] .00?6= 12.0912 M\

O =6x16.00= .~\>“’

Total mass =72. 06+12 09 496— 180.15

By inserting the values in the,g@@(re formula, we get

. — 230 £y 39moles
MU!L ]8{}_\15 R 5.0

1.4.2 Avogadro's Number (N,)
Avogadro practically found that one
mole of ‘any substance contains 6.02x 10”
particles (atoms/ molecules) i.e 1 mole of 'O’
has 6.02x10” atoms and 1 mole of H,O has

6.02x 10" molecules. This number is called — _

Avogadro’s Number. | Amedeo Avogadro
This is to be remembered that in atomic || (ltalian Scientist)

Species the Avogadro’s Number represents LAIOSE L0

MG
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number of atoms, t.g., Helium (He) gas which has atomic mass ‘4’, 4gm

helium will have 6.62 x 107 atoms. | 1
In case of molecular species this Avogadro's Number represents

number of molecule e.g., 32g of oxygen (O,) will have 6.02x 10" molecules.

Example:
Calculate thtal number of atoms 1n 1.0

{7
=

O water.

3
Solution _
As | mole ofwater has 6.02 x 10 molecules = 18g i
ImoleofH,0 = 18g = 6.02x 10” molecules D

80, 18g of HO has 6.02 x 10” molecules and 6.02 x 10%x 3 atoms(as
one molecule of H,0 has 3 atoms) | \2*
And 1g of H,O will have: P\

i
6.02 x 10 «3 atoms

- «lg H,O ¢
8¢ H,0 : ‘i
" &
=1.0033 X 10™ atoms 4

-

(CH,,0). ! <O
\Qﬁf
,\\/
<<\>
~
<
X

Ee? 4
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SUMMARY OF THE CHAPTER

¢  Chemistry 1s the basic branch of Science that deals with the study of
matter.,

%  The important bramclies: of Chlemistny are Physical Chemistry,
Organic chemistry, Inorganic Chemistry, Biochemistry, Industrial
Chemistry, Nuclear Chemistry, Environmental Chemistry, “and
Analytical Chemistry.

%  The Element is a sample of pure substance that has all atoms with same
atomic number.

< A Compound is a sample of pure substance that has'two or more than
two types of elements.

% A mixture is not a pure substance and is consists of by mixing two or
more than two pure substances, the quantities of the components of a
mixture could be changed.

“  Atomic number is the identity number of an atom or element. It is equal
to the number of protons found in the nucleus of atom.

% The sum of number of protons and neutrons in an atom is the Atemie
mass number.

%  Relative atomic mass is the mass of an atom or molecule which is
obtained by comparing the mass of an atom or molecule with the
standard C"**".

“  The atoms are very small and their mass is measured in a very small
unit called atomic mass unif (a.m.u), in grams it is equal to:

1 amu=1.6x10"g

“  Empirical formula is the formula which shows the simplest ratio of

- atoms in a molecule.

Molecular formula is the formula of a chemical compound and it
shows the exact number and type of atoms present in that compound.
Molecular mass is the sum of masses ofall atoms in a molecule.

*  lons are the charged atoms. Ions are anions when they bear negative

charge, and cations when they have positive charge.

R R A D T U R GO,

——
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%  Radicals or free radicals are the species (atoms or group of atoms) that
have an unpaired electron.,

- The molecules are said to be monoatomic when they are composed of
single atom, diatomic when they are composed of two atoms and
polyatomic when they are formed by more than two atoms.

& T!e molecules are homoatomic if they are composed of same type of
a-oms and Heteroatomic when they are formed by different types of
atos. -

&  When atomic or molecular masses are represented in terms of grams,
mess obtained is termed as 1 mole. |

< The number of particles in one mole is called Ayg’g‘adm's number
(N ). this number is equal t0 6.0225 x 10~. . M\\( \

<

EXERCISE
Q.1: Fill in the blanks.
1) Physical chemistry deals with.~......... of matter.
ii'  The branch of chemistry.in which the nucleus of atom in studied
iscalled ........... chemistry.
i) A sample of purg::?jtib’stance having all atoms ........... is called

>

an element.
iv)  For the mass comparison of atoms, the standard atom chosen is

------------

v)  Themimber6.0225x 107 iscalled ........... :

;| B s moles of water constitute 36g .

vii)> The process of formationofionsiscalled............

viii) The Atomic mass unit is expressed by the symbol ........... .

1x) Themolecular formulashows........... number of atoms.
" x) Glucoseis........... type of molecule.

Q.2: Tick the correct answer from the given list.
1) The smallest component of an element that still retains
properties of the element is called

Scanned with CamScanner
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(a)electron (b)proton (c¢)neutron  (d)atom
ii) The atom 1s a Greek word meaning

(a) indivisible (b) small particle

(c) which enter in reactions (d) basic particle

iii)  The branch of chemistry which deals with the deterinination of
molecular formulais called

(a) Nuclear chemistry (b) organic chemistry
(c) Analytical chemistry (d) Industrial chemistry
iv)  Empirical formula shows the
(a) ratio of atoms (b) ratio of moleculesi
(c) exact number of atoms (d) exact number.of molecules

v)  Molecular mass is calculated by
(a) Counting number of atoms of C"
(b) Taking sum of the masses of atoms inthe molecule
(c) By taking the sum of protons and neutrons number

(d) None of above
vi)  Thevalue ofa.m.uin gramsis
(a)1.6x10” (b)1.6x 10”
(c)1.6x 107 (d)1.6x10™
vii) The atoms can existsfreely in nature
(a) Always (b) never

(c) some exist and some do not (d) none of these is true
viii) The formula unitis used for the

(a) ionic substances (b) molecular substances
(c) Mixture (d) none of these

iXx)  The gram atomic or molecular mass is called
(a) one mole (b) two moles
(c) three moles (d) 4 moles

%X.  Theconcept of Avogadro's numberis used to calculate the
(a) number of atoms (b) number of molecules
(c) number ofions (d)all of these

Q3.

f\nswer the following questions in short.
1)  Whyunderstanding of chemistry is important to us?

h——
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1)  Giveashortnoteon classification of matter.
iii)  What is meant by the term Atomic Number?
' How will you differentiate between the Atomic mass number

and the Relative atomic mass?

v)  Distinguishamong atoms and ions with examples.

vi)  Explain with an example how the molecular mass is calculated.

vii) Whatare the different types of matter found in nature?

viii) Whatis the mole?

ix) Whatismeantbya.m.u?

x)  Describe with example how simple inorganic compounds are
named.

Q4. Answerthe following questions with reasoning.

1) How Avogadro's Number and the molé are related with each
other?

i1)  Comment that concepts of vital forchemists.

iii)  Distinguish between ion and thefree radical?

iv) What is the difference bétween empirical formula and the

1v)

formula unit? ,
v)  Why C" is taken as the standard for calculating atomic or
molecular massq}s_i}; :
Q5: Nicotine a deadly potson which is found in tobacco has the formula
C, ,H.N.. An avcr}aée‘ cigarette contains 1mg of nicotine. What will be

the number ofmolecules in this quantity?.
Q6: Calculate themolar mass of following,

(a) K;SO, (b) MnCl, (c) Al(OH),
(d) < Fe(NO), (e) CuSO,.5H,0

Q7: Mrite down the molecular formula of following compounds.
(a)  Ferroussulphate (b)  Ferric sulphate

(c)  Copper(Il)sulphide (d)  copper(l) sulphite
(¢) Ammonium bicarbonate
(Q8: Whatare the mass and mole of sulphur in 50g of sulphuric acid?
09: , Define Chemistry? How Chemistry effects our life?
Q10: Why the Science is divided into various branches? Discuss the ing of

..
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pranching of chemistry in detail?
What is the difference between the Element, mixture and the

Ql1:

compound?
QI2: What do you understand by the term symbol of an element? Fxp]am

various rules for assigning symbols to an element? '
Q13: What is the molecular formula of a compound? How the formulae are |

written? P
Q14: Discuss the concept of mole in chemistry? How it is related thh\&w

Avogadro's number? (@}i«

o> \
{ \v
’\.
)YX \
O
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STRUCTURE OF ATOMS

e e

(*) CONCEPTUAL LINKAGE (¢) TIME ALLOCATION

Tefore reading this chapter, the student  Teaching periods = l{:'rj
Hus knpw t?: Assessment periods =03
W Weightage =14%

» Basics of sub atomic particles
» Properties of charged particles

>  Describe the contribution that Ruthierford made to the development of the

atomic theory. (Applying) %)
> Describe the contribution ol@m made in development of atomic structure.

(Applying) \'

» Explain how Bohr's ‘differs from Rutherford's theory. (Analyzing)

» Describe the stmc@uf an atom including the location of the proton, electron
and neutron. (U@gtsﬁndmg)

> Define isotope. (Remembering)

» Camparg"ﬁmopﬂ of an atom. (Analyzing)

» Drawﬂw structures of different isotopes from mass number and atomic number.
(Qppl:vmg)

» \«/'State the importance of isotopes in various fields of life. (Remembering)

» . Describe the presence of sub shells ina shell. (Understandmg)

. Distinguish between shells and sub shells. (Understanding)

§'> Write electronic configuration of first 18 elements in the Periodic table.

(Applying)
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7.0 Introduction
Atoms which are the building blocks of matter are very important to

understand 1n Chemistry which is the science of matier. As already describe
that the name atom is derived from the Greek word Atomos which means
nindivisible", this initial concept of atom is helieved to be given by ithe Greek
philﬂsnpher Democritus (400BC) who suggested that matter 1s composed of
tiny indivisible particles.

But with the advancement of science they are no more indivisiblenow,
and can be easily broken into smaller particles. These particles are called
subatomic particles. The important subatomic particles are the Electrons,
protons and the neutrons. In the subsequent pages you will learn zbout the
structure of atom, the arrangement of subatomic particles and disccvery of
these subatomic particles.

71 Theories and Experiments.”Related to Atomic
Structure -
Although, the Scientists from the ,

ancient eras were trying to understand the |

atomic structure, but the important Success in ‘
understanding this was made in and after the

mid of eighteenth century, after the advent of

cathode ray tube by William crook.

A cathode ray tube is a glass tube linked
with high voltage source of current at its two
electrodes, the air pressure in the tube is
reduced by using vacuum pump, William
crook observed that at ordinary pressure, when British) H

R s _ . 'l Born 182—Died 1919
electricity is passed through this tube, nothing e asesseomensy
happens, but at reduced pressure 0.01 torr

high voltage produces a beam of radiation which causes fluorescence on

Striking with some fluorescent material.

..

=

Wi\_ium Crook

TR = TN,
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The structure of this cathode ray tube is shown in figure 2.1.
|'
Air al Viery _
Glass Low Pressure
Tube- |

|
Anode

| o
7 H To Vacuum Pump >
A | High Voltage Generatar™ -

Cathode

|
{ 1

;  Figuwre 2.1: The Cathode Ray Tube
[ i ¢\

Discovery of Ele¢tran
It was observed that when high voltage current is passed through this
tube at a very low pressure 0.01 torr then a beam of ray is produced. The

direction of these rays is from cathode to anode, hence they originate from the
cathode electrode, 50 are called cathode rays, fig2.2.

£ @I"};? Very
Discharge _\Low Pressure
Tube.. o) :
b S Greenl_Gluw
/ 4 N : |
; 4 | e
JI. (, -’}QM s .3 e—, = |
{ ) T:I r
i \S‘z\ 4 i’mudu; :
A _ 3 | |
o\, Pui
ﬁ*—* i
| High Violtage Generator
X Ilg‘ig 2.2: Cathode rays emission in Cathode ray tube ' ST

When an object is placed in the path of these rays, it is observed that
they cast a sharp sha dow; it means that hey travel in straight line, (Figure2.3)
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Cathode

II. I}f - e
Cathode / * 1
Anode

Shadow of
(Metal) Meta(: -

Fig 2.3: Experiment showing that cathode rays cast shadow

When a flywheel of mica is placed in their path it is moved showing that
these rays are actually particle in nature, (Figure 2.4)

Light F‘ad!:rre Wheel

Cathode

Fig 2.4: Experiment showing that cathode rays move fly wheel

When these rays are subjected to electric or magnetic fields, they

Were deflected towards the positive plate showing their negative nature.
(Figure 2.5 and 2.6)

Cathode, _{—_Electric Field =
ode

Cathode Rays

Fig2.s. Experiment showing that cathode rays bent towards positive plate

41

A
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Field Anod

\

Cathode Rays

Fig 2.6: Experiment showing that cathode rays bent perpendicular
in magnetic field

] 1 fﬂl"“gsh Maanelu
Cathode I’ | 18l |
l Lﬁ
D i

These experiments proved that
cathode rays are actually tiny particles
having negative charge and are emitted
from cathode and travel toward his anode.
These particles were named as “electrons™

by G.J Stoney in1891, thus the electron was
discovered.

Discovery of Proton
In 1886 Gold Stein observed that glow |
- . ol . Goldstein
appea‘red in the dlscharge tube dl. opposite (Gétman Physicists)
end of anode at back of cathode if a 1850—1930
perforated cathode is used (see figure 2.7). L

e

i : . ﬂ-——r ﬂ—# oW
i o— e @ Oy Prmjpced by
Bl P Positive Ray
Perforated
Cathode .

LB ‘

Fig 2.7: Canal rays produce by anode in cathode ray tube
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The rays that form from the gas inside the discharge tab.

Further investigations showed that these rays have positive charge,
have momentum. They were named Proton.
The Discovery of Neutron

In 1920, Ernest Rutherford postulated that there were neutral, massive
particles in the nucleus of atoms. This conclusion arose from the disparity
between an element's atomic number (protons = electrons) and its atomic
mass (which is in excess of the mass of the known protons present). James
Chadwick proved the existence of these particles in 1930 and he received the

Noble prize in 1935 for his success. : o~

Thus all the basic fundamental sub
atomic particles were discovered.

Soon after the discoveries of these
particles Scientists tried to explain the basic @

structure of atom by their models.
The important atomic models are

discussed here in the following sections.

[ ——

=

2.1.1 Rutherford's Atomic
Model

In 1910 (note that at-this time only Ruﬂ:nzerf?rdd
proton and electrons were known) H; g‘fb‘:’e Lﬁaf:lf;ml
Rutherford bombarded a thin gold foil | Ghegiiistey:

(4x10"m) and obseryed that: | Bomn 1871, Died 1937
Deflected
oL-particles

llllll

o -paticles
Source (Radium) Eluarcadtil

Screen

AUndeflected

Figure 2.8: Metal Foil
o-particles

The Ruther Ford's Experiment  (Gold)
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Most of the alpha ray particles passed through foil. Some particles
deflected (one in 20,000) at various angles. Very few deflected back.
Rutherford concluded that, as most of the a-ray particles passed through foil
without any resistance, so most of area in atom is empty. Some particles
deflected so in the atom there is a very small area of positive charge with the
mass of whole atom in their.

He named the positive centre of atom as Nucleus of atom.

On the basis of his experiment, Rutherford developed a model for
atomic structure, which has following important postulates.

+ Anatom has a positive centre called nucleus.

+ Around this nucleus the electrons revolve.

+ The number of electrons are equal to positive particles so atom as a

whole is neutral. :

This model is just like the solar system wherg the centre is sun around
which planets move. Rutherford's model gave the basic idea for structure of
atom, although there were some problems. e.g why electrons do not fall in
nucleus, as by classical mechanics a charged particle moving should radiate
energy, and when all energy is lost by electron, it should fall in nucleus.
Moreover due to radiating electron, a continuous spectra should be observed,
but this is not the case.

Recent studies show that nucleus is about
10"m in diameter and atom has about 10"°m
diameter, (See figure 1.5).

2.1.2 Bohr's Atomic Model
In order to explain the defects in the
Rutherford's model, Neil Bohr in 1913 proposed a

model of atom, the important postulates of which
are following.

i e | e, P e s Sl

.= The electrons in an atom revolve around . . . . .
A ) \ % Neil Bohr (Denmark)
nucleus in definite circular paths called | Noble laureate Phvsics
orbits or Energy levels. 1922,

2. Theelectrons donot radiate energy as long j Bom 1885—Died 1962
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as they remain in an orbit.

3. For electrons only that orbit is
allowed for which the angular
momentum,(mvr) of electron is
equal to integral multiple of 22[ |

4. The electron jumps to higher energy
level or emits energy coming to
lower energy level by absorbing or
emitting energy respectively. “

5. Thisenergy is quantized and is given Figure 2.9: Bohr Mddel of Atom
by: E=hv

Where h =Planck's constant and
where v (spelled as nu) is the frequency of radiation.

The Bohr model has following merits over classical models:

. Bohr model was a successful appreach in explainin g many basic
characteristics of atomic structure,

2. His theory was conflicting with classical mechanics, and thus he
started modern mechanics.

3. He told that the principles at macroscopic level do not apply on
microscopic level.

4. Bohrexplained the spectral lines of 'H' atom successfully.

5. Hecalculated Radius and energy of electron in an orbit successfully

Limitations Of Bohr Model
Although very successful, but still there remained some problems in

the Bohr atomic model, such as
I. The Bohr model successfully explains the 'H' atom, but it is unable to

explain the atoms having many electrons.
2. It also do not explains why only a fixed number of orbits exists in

which an electron canreside in "H' atom.

2.1.3 Morerecent Structure of Atom
After the birth of modern Quantum mechanics, the scientists believe
the structure of atom as more complex, different from earlier concepts.

)
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The electron which is responsible for the properties of atoms and its
position is very essential to understand.

Scientists showed that electron behaves as a particle as well as a wave,
and their exact position of electron is very hard to determine. Although its
position is judged as a sphere of negative charge cloud around nucleus. This
negative sphere is denoted by the dots and density of dots show more
probability of area where the electrons are located.

In the recent picture of atom the areas where the probability of finding
of electron is maximum is called the Sub-shell or orbital and in an atom there
are various types of sub-shells.

I ~Sub-shells
& oobshell 5 & farther No of shell Shell name ¢ Su

division of shell, and as the shell ' K )
number increases, the size of 2 L S,p

shell also increases and more 3 M s,p.d
orbitals are included in this, this 4 W 'N s.p,d,f

is explained in the following Table 24:Table showing number of shell,
table 2.1. name Qi shell and the sub shells that it contains.

The orbitals grow towards ‘more
complexity as their number increases, e.g
the s orbital is spherical in shape and is
directionless, while p orbital 1s dumbbell in .
shape and are located in 3 directions, i.e.
along x-axis, y-axis, and z-axis. (d) sub-
shell have 5 orbitals and (f) sub-shell have 7
orbitals.

- i - l:” - vy T Bre '
2.2 TheElectronic Configuration IgHTe £.10: Increasing energy in
ai . , shells and sub-shells
The position of electrons in an atom 1s

Nos. of Electron

called its electronic configuration. In order Shell No.
to- calculate electronic configuration it is \lsz/
kept in mind that electrons will fill that

orbitals first whose energv is least, The Sub-shell
filling of orbitals is easily calculated by following title figure 2.10, the
arrow sign shows the filling of electrons in specific sub shells.
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This is further explained by the following examples:
Example:
Write down the electronic
configuration of 'O" and 'CI'.
Solution

O having 8 electrons has electronic Draw the electronic
ﬂﬂnﬁgu‘rati:un. : Cﬂnﬁgurﬂ.tiﬂn Of‘ ¢£N=r?u Euld
*O — ]SL 25- 2p HP= 151:'

CI has 17 atomic number so it has 17

electrons.
Cl=15"2s"2p’ 35" 3p°

Following table 2.2 that shows the electrosic configuration of first 18

elements.
Atomic | Electronic Atomic/| = Electronic
No. Sf’m?ﬂl o _-C‘fm]lﬁglratim‘_1 No. S\:’A@ﬁl. _Cnnﬁguratiun
I H Is! 10 <{" Ne [s22s22p®
2 He 1s 1 Na 15225%2p%3s!
| nY
3 Li 15%2s' 12 Mg 1s%25%2p®3s?
| 4 Be 1s%2s? 13 Al 15225%2p®3s%3p!
5 B 1s22572p! 14 Si 1s°25%2p®3s*3p°
6 Ge - \/\\"1522522[)2 15 P 1s22522p°3s23p°
N\
7 N&Q\D 1s%2s%2p° 16 S 1s22s%2p3s°3p*
8 | <8 1s?2s%2p" 17 | c | 1s%2s2p53si3p’
d X
OO F 1s22s%2p° 18 Ar 1s%25*2p°3s%3p°

Table 2.2: Electronic configuration of first 18 elements

2.3 Isotopes

The term isotope has been originated from two words, “iso” that means

same, and ‘topes’ (from topos) which means place.
The isotopes are the atoms forms of same element that have same

—
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atomic number but different atomic masses. e.g h ydmgcnqlhas}th ree isotopic
formsi.e Protium ( : H') deuterium (IDII IHl) and Trittum ( T/ H ).
These isotopes of hydrogen are drawn in the figure 2.11.

3 El L ]
s )
H H &
',:~ \\
Protium or Deuterium or . .}“ﬁi{imn or

Common Hydrogen  Heavy hydrogen {Szﬁ‘ﬁfiesl hydrogen
Figure 2.11: Isotopes of H( en

va)

<%

ey
Similarly the Carbon also has 3 isotopic forms, which are drawn in
figure 2.12. N7

Carbon-14

X 6 Protons 6 Protons 6 Protons
| <> fi Neutrons T Neutrons B Neutrons
\}\ 6 Electrons 6 Electrons 6 Electrons

Figure 2.12: Isotopes of Carbon

Almost all of the elements form isotopes, in the followin ; table 2.3
shows isotopes of some elements and their percen geinnature,

a o=l
CLEeLindl
! Al .
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1 ! H 99.985
H 1 2 b 0.015
1 3 ITJ Trace
6 12 @ 98,90
C 6 13 B 1T
6 14 TS | Tiate
17 35 LR N 75.77
@) 17 36 R }/;CIJ ° Trace
17 s SR
92 23\3,;6 E,EUHE Trace
: 92 {\\@ﬁ i 0.0055
2 Q2 Ui 0.7200
2 & 238 S0 AR L ooamis

Table: 2.3: Table of some isotopes

Activity: 2,2

Using the d@’@giv&n in the table 2.3 draw the structures of Chlorine
isotopes. N\

LN/

2.3.1; Uses of Isotopes
The isotopes are used in many fields of life, e.g.

=" They are used in isotopic labeling, normally, atoms of a given element
are indistinguishable from each other. However, by using isotopes of
Fiifferent masses, they can be distinguished by mass spectrometry or
Infrared spectroscopy.

;
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J—  As tracers or markers in chemical reactions, this technique is called
radio isotopic labeling, If radioactive isotopes are used in chemical
reactions, they can be detected by the radiation they emit, and thus
mechanisms of different reactions can be understood quite easily.

3-  The isotopes are also used to understand the mechanisms of various
natural processes like photosynthesis.
4- A technique similar to radio isotopic labeling is radiometric dating:

using the known half-life of an unstable element we can calculate the
amount of time that has elapsed since a known level of isotope existed.
The most widely known example is radiocarbon dating used to
determine the age of carbonaceous materials.

5—  Several forms of spectroscopy rely on the unique nuglear properties of
specific isotopes. For example, nuclear magnetic resonance (NMR)
spectroscopy can be used only for isotopes with a non zero nuclear
spin.

6-  The isotopes also used for the treatmentof different types of cancers in
the body, the cancerous cells are killed by using radio active rays of
radio isotopes. This process is called radiotherapy.

7. Isotopes are also used for the investigation of different diseases, e.g. in
order to determine the efficiency of kidneys heavy water (D,0) is past
in the body and its traveling is monitored. The malfunctioning kidney
does not passes water, so the relative functioning of each kidney 1s
determined.

8. The isotopesare also used to generate electricity. This is because of the

tendency of radio isotopes to emit radioactive rays, these rays are also
a gm}d source of energy and this energy is carefully used to run
turbines. In Pakistan Kanupp (Karachi), Nilore (Islamabad) and

Ch::hsh;na Nuclear Energy centers produce electricity based on this
method,
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SUMMARY OF THE CHAPTER
Atoms are the building blocks of matter; they are the smallest particle
of matter having all the characteristics of their element.

The electron and proton, two important sub atomic partif.:les of atoms
were discovered by the series of experiments with cathode ray tubes.

Rutherford discovered the nucleus of atom, and proposed the basic
structure of atom.

Bohr told that electron revolve in fixed paths around nucleus called
orbits, during revolving around the nucleus the electrons do not radiate
energy in normal circumstances. Bohr told. that in special cases,
electron absorb energy and get excited, jump to higherenergy level (or
orbit.), but as the normal conditions reach, these excited electron
release their extra energy and come back in preﬁﬂusénergy level.

The Bohr energy levels or orbits were later named as shells and they are
turther divided into sub shells (orbitals).In an atom different types of
subshells are found, they are named,s,p, d, f.

The electrons in an atom are filledin'the i increasing order of energy, i.e.
the orbital with least energy is filled first.

Filling of electrons in an atom is called its electronic confi guration.
The electronic confi guratmn plays an important role in predicting the

properties of atoms...

EXERCISE
Fill in the'blanks with suitable words.
I)  Experiments with ............ tube helped a lot in understanding
the nature of sub atomic particles.
i) According to Bohr the angularmomentumis ............ ofh/2x.
i)  Themoststableisotope of Chasmass.............
Iv)  Rutherford bombarded the gold foil with............ :
V) Cathoderays weregiven the name of electronby ............ in
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1891.
vi)  Nucleus was discoveredby .............

vii)  The presence of neutron was confirmedby ............ in 1930

viii) Electrons radiate energy when jumps from ............ to
............ energy levels.

ix)  The modern research showed that electron behaves both as a --.
............ and a particle.

x)  Numberofneutronsin the atomof ,Cl” are ............ .

Q2. Choose the correct answer.
1) Structure determination helps to determine the:

(a) Physical characters
(b) Chemical characters
(¢) Both physical and Chemical characters
(d) Does not helps in any way
ii)  Recent Studies shows that atom hasan average size of:
(a) 10™ meters (b) 10” meters
(¢) 107 meters (d) 10" meters

iii)  1angstrom is equal to the:

(a) 10" meters (b) 10" meters

(c) 107" meters (d) 10" meters

iv)  Neil Bohr mainly concentrated upon:
(a) Nucleus of atom (b) Behavior of electrons
(c) protons (d) Neutrons

v)  Electronic configuration tells about the:
(a) Number of sub-shells
(b) Number of shells

(c) Valency
(d) All sub-shell, shell and valency

Q3. Answer the following questions in short.
i)  Describe the structure of cathode ray tube.

ii) Do youagree that atoms are indivisible?
iii)  Write a note on discovery of neutrons.
iv)  Why position of electrons is hard to know?

VT s L SRR 12 R
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Q4.

vi)

vii)
viil)
iX)
X)

i)
if)

iii)

1v)

v)

Discuss the shape of's' and 'p' orbitals.

What is the role of electronic configuration in determining the
chemical nature of an element.

Write electronic configuration of Na and Na'.

What do you know about shells of atoms?

Describe division of shells into sub shells?

Why Rutherford used -rays and not -rays.

Answer the following question with reasoning.
Can you explain the experiment that lead to the development

that ¢'has negative charge and proton has the +ve charge?

Why Rutherford used gold foil instead of any other metal foil?
Why scientist concluded that electrons revolve around nucleus
and not neutrons?

Why Trituim, is not found in larger quantities in nature.

Can you explain why in the cathode ray tube pressure is

reduced?

Discuss various experiments that lead to establish the Atomic
structure?

Can you describe the experimentand result deduced by Rutherford for
explaining atomic structure? |

Explain how Bohr helped inanderstanding the structure of atoms?
What do you understand by the term “isotopes™? Explain with
examples.

Discuss use of isotopes in medical science?

hﬁ_

—
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() CONCEPTUAL LINKAGE

PERIODIC TABLE &
PERIODICITY OF PROPERTIES

(¢) TIME ALLOCATION

Before reading this chapter, the Teaching periods =12
student must know the, Assessment periods 03
»  Symbols of Elements Weightage = 11%
» Characteristics of sub atomic

particles

After reading this chapter, the Student will bé%le to:

»

vV V¥V

W N

e

@
»
»

Distinguish between a period @ﬁ’ a group in the periodic table.

(Understandmg) \:>
‘State the Periodic law. {Ren:k%benng)

Classify the Elements@&ﬁmyzing)

Determine the dema\@ltmn of the Periodic table into s-block and p-block.

(Rememberin O

Explain the@/ﬁpe of the Periodic table. (Analyzing)

Dete

( Und\e}"standmg)

A

gnize the similarity in the chemical and physical properties of the

n the location of the families in the Periodic table.

ements in the same family of elements. (Understanding)

&’“ Identify the relationship between electronic configuration and the

position of an element on the periodic table. (Analyzing)

Explain how shielding cffect influences periodic trends. (Applying)
Describe how electronegativities change within a group and within

period in the periodic table. (Analyzing)

(54
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3.0 Introduction to classification of Elements
As already discussed that Chemistry deals with the study of matter or

the elements, so far 118 elements have been discovered, if they are studied
separately it would be a difficult job for any one so there is a need of
classifving such a huge number of elements. As the number of discovered
elements increased, the need to classify them also increased, because it
became more difficult to remember the characteristics of the elements
individually.

The early classifications were full of
errors, but with the passage of time, the more
précised  classifications were presented by |
various scientists. Dobriener a German scientist ||
in 1820 classified the elements into triads (a W |
classification where each group has 3 members).. &
Afterward an English Scientist Newland in 1865 |
presented the concept of classifying the elements
based on law of octaves. A very important |
classification was presented by -a- Russian |
Chemist Mendeleev in 1869 which was based |
upon the atomic masses of the elements. '

And after the discovery of protons, the
classification based upon the number of protons :
built up, which finally resulted in a
comprehensive periodic table called the Modern
periodic table.

This -classification made very easy the understanding and
femembering the properties of elements, and also various predictions

fegarding the physical and chemical properties of these elements are now
Possible with very accurate results.

3.1 The Periodic Table

With the discovery of protons a new era of classification of elements
Yarted, and scientists observed that if elements are arranged in increasing

Dmitri Ivanovich
Mendeleev (Russian)
(1834-1907)

-
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order of number of their protons (or simply their atomic numbers) all

the discrepancies in classification can be removed. |
Hence the modern periodic law originated stating that the properties of

elements are periodic functions of their atomic numbers.
Thus all the known elements are put in the table in the increasing order

of atomic number in the manner that elements with similar properties come in

the same column.
In the modern periodic table the columns are called groups, and the

rows are called periods. There are 18 groups and 7 periods in this periodic
table (previous classification had 8 groups). Thus in the new era the periodic
table has the setup shown in figure 3.1.

3.1.1 Periodsin Periodic Table

A period is a horizontal row in the periodic table of the elements.

In the periodic table, there are 7 periods.
I the periodic table the number of period shows actually the numbers

of shell in that particular row of elements, it means the elements in the
period-1 have just one shell, and the elements in 2nd period have two shells,
and so on. The first period which contains only two elements (H and He) is
the smallest one, 2nd and 3rd periods have 8 elements each and 4th and 5th
periods have 18 elements, the 6th periods contains 32 elements and is the
longest one, 7th period is incomplete one and new elements discovered are
being added in this period. From the 6th and 7th periods two rows are
withdrawn and are written below the others, because their properties are
remarkably similar with each other. These series are termed as "Lanthanides"

and "Actinides" series.
3.1.2 Groupsin Periodic Table

As mentioned earlier there are eighteen (18) groups in the modern
periodic table (in previous classification there were 8 main groups), a group 18

also known as family.
The groups are named by the numbers beginning from 1 to 18. These

groups are shown with all member in the figure 3.1. Some of the group are

o L AR L AR T R SRR
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Figure 3.1 The Modem Periodic table
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also known by their specific names e.g., group ‘1’ is called alkal;
metals, group ‘2’ is alkaline earth metals, group 16’ is called chalcogens,
group ‘17" is called halogens and group ‘18’is called noble gases. ey

Some groups are also represented by the head element of their goup
¢.g., group ‘13" as boron family, group ‘14’ as carbon family, group ‘15’
nitrogen family and group ‘16’ as oxygen family. |

In a group the members show many same properties like same last

electronic configuration, same valencies and same type of chemical
characters.

Group Family Name
1 Alkali Metals ,‘
2 Alkaline Earth Metals
13 Boron Family \ »
14 Carbon Family
15 Niﬁﬂgﬂﬂ{fﬁﬁﬁrﬁ' or chalcogens
16 Oxygen Family
17 '@:I-!\a*l}ugeus
18 . Noble Gases

Table: 3.1: 1501‘:16 groups with their family name

Interesting ;mmﬂn Activity: 3.1
In the older fashion the names of Point out the similarities in the
the groups ar¢'written in Roman members of Group-17 (The

letters, and i new fashion the el A T
groups are written English ogens) of the periodic table.

nupbers.

3.1(3" Blocksin Periodic Table
The name of blocks depends upon the outermost electronic

arrangement of the element and is very important in determining the chemical
properties of the element.

The periodic table has been divided four blocks, i.e. s-block, p-block;
d-block and f-block, which are shown separately in the following figure 3.2.

|
|
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Hol A s-block | | d-block . ll:;\ ':- A

; p-block [ f-block & & Hic
5 9 10

o Pab =S AR VIIB 12 [NESEES

VB VIB VIIB ]

Bloc |w in the modern Peric |{1'|'\., table

3.2 Periodicity of Properties

A great advantage of the periodic table is.the periodicity, i.e. the
elements show a gradual increase or decrease in physical and chemical
properties, e.g. in atomic radius, ionization €nergy, electron affinity, and

electronegativity, oxides etc.
We will discuss now some of-the important of these properties

individually in a little detail:

3.2.1 Atomic Size
Atomic size or more properly atomic radius is half of the distance

between the nuclei of a diatomic molecule, as

shown in figure 3.3.
Although in order to determine the size of an

atom the distance between the last electron and
nucleus should be in focus but due to fast

AOMIC 317

movement of electrons the exact position of '
electron is difficult to identify and so for clear L)
reference the distance between to nuclei of a homo |

H?'ut:lear is taken as standard and half of this distance Figure: 3.3:
gives the exact of atomic size e.g. for size of ‘H’ The Atomic size
atom ‘H,’ is taken.

5)

_—__ ———
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The Atomic radius is influenced by 3 main factors:
» Energylevel ——  Higher the energy level greater will be the
S1ZC.
» Nuclearcharge ——  moreis the nuclear charge in a periods lesser

will be the size. :
» Shielding effect ——  greater is the shielding effect of electrons i.e,

the repulsion between the electrons, higher

will be the size.
The Atomic radius increases down a group due to ;0000 1 lements
increase in energy level, and decrease along a period from
left to right in the periodic table as shown below.

3" Period Elements

Figure 3.4

irends in size of atoms in the perodic table.

Atomic size decreases along a period, which is due to increase in the
nuclear charge, while in a period all atoms have same energy level

. |

3.2.2 lonization Pafential / Energy
Itis the energy to remove the least bonded last electron from an atom
The energy required to remove the last electron is called 1™ jonization

potential (I.P), for 2" last electron it is called 2" ionization potential (I.P) and
soon. The ionization energy depends upon: ‘

> Thasizenfatum
9)

= Greater the size less will be the ionization
» Thenuclear charge

potential,

= higher is the nuclear greater; more will be
the ionization potential,

= the electrong in the outermost energy

level éxperience more inter electron

——

» The Shielding effect
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repulsion (shielding), so greater shielding

less will be the ionization potential,

> Thefilledand halffilled => filled and halffilled orbitals have higher

orbitals lonization energy, so achieving them is

easier.

In the periodic table, the ionization potential decreases down the group
because the electron is farther from nucleus and also there is more shiclding,
Along a period the ionization energy increases because, although all the
atoms in a period have same energy level and same shielding but the nuclear
charge increases so |.p

lonization Energy Ingsbiyes

increases. (Exceptions for
filled and half filled sub shells ?
occur). Full energy levels - ;

require lot of energy to remove g £

their electrons, so noble gases - .- The:Periodic Table
have very high ionization §

potentials. The arrows show G it v et
(Figure 3.5) the total trend Figurgld;s: Trends in ionization ene rgy of atoms
changes among elements in the in periodic table,

periodic table.

3.2.3 Electron Affinity (Eea)
The electron affinity is the energy change when an electron is added
0 a gaseous atom. Generally, the element liberates energy when electron is

added to them: X+e" —— X +Energy

The value of energy released greatly depends upon the size and
fuclear charge of that element.

Thus the atoms whose anions are relatively more stable than neutral
aloms have a smaller E... e.g. Chlorine most strongly attracts extra electrons,
4nd its anion is more stable as compared to mercury, which most weakly

altracts an extra electron.
E, ofnoble gases are close to 0.
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E_ . generally increases s
Electron Affimity Increases

across a period (row) since the

radius slightly decreases, = q
because of the increased -
attraction from the nucleus,
and the number of electrons in
the top shell increases (helping P
the E.ilt}n‘f reach flla?cimum Figure 3.!’x_'m'f[‘::,;:.}ii:{;‘riléL.;E:ll:'m}n affimity
stability) in the periodic table

and generally decrease going down a group (family) (because of a large
increase in radius and number of electrons that decrease the stability of the

Decrease

The Periodic Table

Electron Affinity

atom, repulsing each other).
3.2.4 Shielding Effect
The shielding effect is the effect of electrons between the nucleus and

outer most valence shell electrons of an atom.
This shielding effect causes the inner electrons to block the outer

electrons from the nuclear charge of the nucleus so it becomes easier for the
valence electrons to be removed.. The shielding effect increases down the
group in the periodic table, butacross a period it remains unchanged. This is
further elaborated in the;folla:iwing figure 3.7 and figure 3.8.

N\

<‘\ Li
~ Figure 3.7: Shielding across period 2 = #=Core Electron © = Valence Shell Electron

It can be seen that in the above figure all atoms have same number of
core electron (2), so their effect will also be same.

62

L
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Li
2 Corees Na
10 Core &s K
18 Core és
Figure 3.8: Shielding in group I e =Core Electron ® = Valence.Shell Electron

It can be seen here in figure 3.8 that number of core electrons are

increasing down the group, so their effect will also be.ificreased.
Due to increase in shielding effect it becomes more easier to withdraw

the valence shell electrons.
3.2.5 Electronegativity
The term electronegativity is defined as the ability of an atom to attract
shared electron pair of bond in a‘compound. The electronegativity of an
element is the net effect of electron affinity and first ionization potential.
Electronegativity is the property of non metals because non metals
have lower size and more nuclear charge, so they attract the shared electron
bair, this ability of attracting electron pair decreases as the size increases

down the groups
In the periodic table, electronegativity values decreases down the

&roup a{ldilicreases along the period.
«Thus 'F' has the greatest electro negativity value of 4.0 and 'Cs' has

lowervalue of10, 71
The electronegative values are very often used in prediction of

“etivity ang the bond type. The elements with high electronegativity value
h

N
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called the electron affinity . . '
&  The electron affinity increases along a period from left to right and

decreases downa group. .
&  The inner electron produce a shield around nucleus, and make it easy

for the valence shell electron to be removed, this effect is called the

Shielding effect.
The shielding effect increases down a group and decreases along a

period. -
The tendency of an atom to attract shared electron pairis termed as the
Electromegativity of that atom. WO

The electronegativity increases along a period and decreases down a

group. N

¢ @

o

EXERCISE
Q1. Fillin the blanks with suitable words.
i) Triads were proposedby ........c.% :
ii) Mendeleevin............ classified the all known Elements into
groups, and isregardedas..;.......... of modern periodic table.
iii) Modern Periodic table has ............ groups and ............
periods.
iv) Aperiodisa . ....... of elements in the periodic table.
v)  Halogen constitutesthe............ group of periodic table.
vi)  Theconceptofelectronegativity was givenby ............ .
vii) Smalleratomshave ............ ionization energy.
viii) i&hfluck elements are alsoknownas ............ :
ix»l?? Thesize of atoms ............ in the periods from left to right.
S Noble gases constitute the group ............ of periodic table.
Q@ Choose the COrTect answer.

1) Inagroupthe elements have almost same
(a) Physical characters
(b) Chemical characters
(c) Both physical and chemical characters

L R TIERE  EER
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(d) Neither physical nor chemical
ii)  Group | members are generally known as:

(a) Alkali metals (b) Alkaline earth metals
(¢) transition metals (d) noble gases
iii)  Atordinary temperature and pressure, Hydrogen exists as:
(a)liquid  (b) gas (c)solid (d) plasma
iv)  Periodicity is seen in the periodic table in:
(a) groups (b) periods

(c) both in groups and periods
(d) Neither in group nor in period
v)  Theatomic size increases in:
(a)group  (b)period (c)inbothofaboye (d) none of above

Q3. Answer the following questions in short.
1) How Dobriener classified elements? Why his classification did

not received popularity?
ii)  What is the resemblance between Newland's classification

~ elements and Music?
iii)  Why in the history of periodic table the name of Mandeleev is so
important?
iv)  Describe the impaortance of groups in periodic table.
v)  How many periods are there in Modern periodic table?
vi)  Whatare Alkali metals?

vii)  Discussimportance of Noble gases.
viii) What do you understand by the term “blocks of periodic table”?

What types of blocks are there in modern periodic table?
iX). " What is ionization energy? How it varies across modern periodic

\’ table?
\;‘\) Define periodicity of elements in modern periodic table.

Q4. Answer the fol lowing questions with reasoning,
i) What is the relation between electronic configuration and the

positioning of element in period table?

g
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Q5.
Q6.

Q7.

Q8.

Q9

ii)  How atomic size isrelated with the nuclear charge?
iii) How electron affinity varies in periodic table?
iv) How electronegativity is important for chemists?

v)  Discussinertness of noble gases.
Why it is necessary to classify the elements? Explain with reasoning.

al

Discuss the importance of groups and periods in the modern periodic
table?

What do you understand by periodicity of properties? Explainwith
examples.

Write a brief note on evolution of periodic table?
What is modern periodic law? Explain with examples.

Q10. Whatdo you know about the blocks of the modem»g;‘:ﬁﬁndic table?

/ \’./‘
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STRUCTURE OF
MOLECULES

= e — e ————— -

(s) CONCEPTUALLINKAGE (*) TIME ALLOCATION

Before reading this chapter, the student Teaching periods =16
must know the, Assessment periods =04
» Electronegativity concept. Weightage =15%

» Polarity of compounds

| LEARNING DUICOMES ol

After re:admg this chapter the Student will be able to, ‘

» Find the number of valence electrons m<an -atom using the PFeriodic table.
(Applying)

» Describe the importance of noble gas elém-omc configuration. (Understanding)

» State the octel and duplet rules. (Ram%mbemg)

» Explain how elements attain stability. (Understanding)

# Describe the ways in which bonds may be formed. (Remembering)

» State the importance of noble gas electronic configurations in th¢ formation of
oo gpivan) O

allic element.

™

{ allic elements.

{ derstanding)
'falent bon{is

‘clles Coﬂtﬂ.lumg
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4.0 Intrﬁduction

In chemistry the structure determination is the basic and most essential
element. The properties of matter lie in the structure of compounds, and
structure of the compound is largely influenced by the type of bonding in the
compound. A chemical bond is the force of attraction between the atoms that
constitute the molecule, this attraction results due to the electrostatic forces
produced by the charged particles of atoms. The chemical bonding is
associated with the sharing or transfer of electrons between the participating
atoms. Molecules, crystals, and diatomic gases indeed most of the physical
environment around us are held together by chemical bonds, which dictate the
structure of matter. In the forth coming topics you.will learn the

different types of bonds that are found in the chemical compounds, and also
their influence:s upon the nature of these compounds.

4.1 WhyDDoAtoms Form Chemical Bonds?

[t is the basic tendency of matter to beiin the lowest energy state, that is
why the atoms react to form molecule or form bonds between them.
In the periodic table the most stable electronic structure is of the noble

gases, so all the other atoms react to attain the electronic structure of these

noble gases.
For exainple the Na atom has the electronic configuration, 1s” 2s’ 2p’

3s'. The nearest noble gas of this configuration is Neon with electronic
configuration, |s’ 29221)"5

So, the Natries to attain this configuration when it reacts with the other
elements, e. g i reaction with Cl to form NaCl, the Na losses 1 electron and
attains the elec tronic configuration of Ne, in the same way Cl accepts !
Elem%d attiins the electronic configuration of his nearest noble gas Ar,
& process o fformation of NaCl the energy is liberated, and stable NaCl1s

edafterthe, pontaneous reaction.

4.2 The Chemical Bond

A Chemical bond is the force that binds the atoms to form the
molecules. The :h emical bond is the result of attractions among the atoms

L 13
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caused by the electrostatic forces, (remember that opposite charges
sttract each other). The electrostatic forces in atoms arise from the charged
articles, i.e. the proton and the electron.
These particles g “ 5

form the bond, when the 8

nucleus of one creates e H-Atonr
attraction with the i A B %
clectrons of the other and @‘b
vice versa, and hence the | Q)‘b -
atoms are bonded by " e fm A)%;{}} :fg‘a,"fj
these forces. Due tothe £ B '

' ~ SFizure 4.1: Electrostatic forces in
e [Fiaure 4.1 Electrostatic forces in hyvgen mgles
repulsive forces, i.e. the forces among the nucleus-nucleus and among

the electrons-electrons, shown in figure 4.1.
The bond between the atoms forms when the attractive forces are

stronger than the repulsive forces.
Although, it seems simple, but in reality this is not the case, and

different types of compounds have different situations and the Scientists
explain these in totally different ways,i.¢. there is no single way to describe all
the types of compounds satisfactorily. Some of the important types of bonds

are described in coming pages.

43 Types of Chemical Bonds
Depending upon their nature there are following 4 types of chemical

bonds:

-

The ionic bond
The co-valent bond
_The co-ordinate covalent/dative bond
_Metallic bond

NV
431 Ionic Bond
This type of bond is formed when one or more electrons are completely
ransferreq from one atom to the other, as a result of this transfer ions are
formed, One of these jons is positively charged and other is negatively ions.

¥

-

-

-
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charged. These ions attract each other by strong electrostatic force, and
hence ionic bond is formed between these ions. The examples of compounds
having ionic bond are:

NaCl, CaCl., NaF, NH,Cl and many more.

The 1onic bond in 'NaCl' is formed when an electron transfers from 'Na'
to 'Cl'. The exchange of electrons take place because both 'Na' and 'CI' are tg
attain noble gas configuration. "Na' attains this by donating an electron.

Na —— Na*+e
And 'CI' attains configuration of 'Ar' by obtaining this one électron as
follows: f
Cl+el., —— (]
These ions are strongly attracted by electrostatic force forming NaCl.
gly atir: Y

This bond is very strong and compounds having ionic bond have high melting
and boiling points. '

4.3.2 Covalent Bond
This type of bond is formed when none of atoms are able to donate the
electrons completely so they share the clectrons, e.g. in case of 'H,’ molecule,
each 'H'atom shares an electron with the other hydrogen atom, and hence each
H'achieves noble gas configuration of ‘He', and makes a covalent bond.
H—FHN"—— Bl or H—py
This canalso be represented as in figure 4.2:

\§> Figure 4 2. Formation of Covalent bond in hydro

Other such con
SI0, cte. Ch covalent compounds are O, CO,, H,0, €Cl,, CH, HC],

Itistobe reme

mbered thag during the formation ofa covalent bond the

gen molecule
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atoms tend to attain nearest noble gas configuration and generally they
attain such electronic structure that there remains 8 electron in the valence
chell of each bonded atom. This is called octet rule, but there are also
exceptions of this rule e.g., the first period elements i.e. hydrogen gets just 2
clectrons in their va ence shell during covalent bond formation, this is
because of the smaller size of hydrogen and availability of only first shell
whose ability to carry the electrons is only limited 2 electrons, for this
hydrogen this rule is called duplet rule.

43.2.1 TypesofCovalent Bond
The Covalent bond can be further classified into 3 different types,

depending upon the numbers of electron pairs donated. The first type of the
covalent bond is the simple covalent bond which is formed by the sharing of
single electron pair, this is also known as the single covalent bond. Such
covalent bonds are formed between H,, F,, HCI, CH,, Cl, etc. (See figure 4.3)

/’
o++¢o =D | osfo
- .

2 hydrogen atoms 1 hydmgcn molecule
@ & E%f o o }
‘lu
- 2 fluorine atoms lﬂuunnc mnlecule

F lgbgé@f 3: Formation of single covalent bonds in hydrogen and fluorine

g For ease a single line is written between the two bonded atoms, as in

Lngfliu ©4.4. Or it can also be denoted by the electron cross and dot structures, as

of diil'lr €4.5. (Note that the dot and cross are used just to express the electrons
frent atoms, otherwise all electrons are alike.) Such cross-dot structure

.f Olecules are called lewis structures.
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f H
HiH & H;!:I:H ; ~ H—H & H—fL—H
i xe bl . l
i A j | !
I—'1.gur.u.-* 4,4:_Dnl and ;;‘:H rt;i}_l‘cécntalic-; . l—'i_guru-:LS: Linu.{;uuulcnl bonding
of hydrogen and methane molecules representation in hydrogen and

methane molecules
The second type of covalent bond involves the sharing of two electron
pairs, that is why it is called double covalent bond, e.g. in CO;, O, CH,
(ethane), see figure4.6: :

2 Oxygen Atoms
ONOL

2 Oxygen Atoms Carbon Atom Carbon Dioxide Molecule
Figure 4.6: Formation of ‘?e covalent bonds in oxygen and carbondioxide
N
Q.

These are denoted by the =
double lines, as shown in the
casesinfigure 4.7,

Iy

| e cross and dot
55@:& icture of O, is:

\

0,&== 0=0 &= 0:0 I

4 The third type of covalent bond involves 3 pairs' of electron sharing,
and is known as the Triple covalentbond, e.g. in N, and acetylene (C,H.).

(749
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N N , H L 5 H

These are represented by triple lines joining each covalently bonded

atoms.
Activity 4.1

Write the electron cross and dot structures for the CO,, NH,, N,and Ethane

molecules.
4.3.3 Co-ordinate Covalent/Dative Bond
This is a type of covalent bond in which both electrons of bond (shared

clectron pair) comes from the same atom, e.g. formation of BF,—NH..
Here, 'B' is electron deficient and 'N' has a lone pair of eleetron, during

bond formation this lone pair of electron participates and is shared between

N'and'B'. F T H F
B ok :T——H *H b;l‘,, +E|; F
F H “H r|=

Figure 4.8: Formation of co-ordinate covalent bond in NH,— BF, complex

The Co-ordinate covalent bond is usually denoted by an arrow sign
which also represents the direction of donation of electrons. Formation of
Hydronium ion is also an example of Co-ordinate covalent bond, as seen in

figure4.9. ( N+

H\\ e - Hy -
O4+H — —»H | or H30
H % H
- / \ /
Figure 4.9: Formation of co-ordinate covalent bond in hydronium ion

Another example is the formation of 'NH, fromNH,andH' (Figure

4, :
%\g + =+
H + :NH3 — Hi—]T—H or NH4
H
\ 7/

. Figure 4.10: Formation of co-ordinate covalent bond in ammonium ion

‘7 SEN N S —=
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4.3.4 Polar and Non—polar Bonds

Non-polar Covalent Bond
A covalent bond which is formed between like atoms having same

electronegativities is called non-polar covalent bond. In such bond the share

electrons are distributed symmetrically around the bonded atoms.
Forexample; N,,H,, O,, Cl, etc.

Non-polar molecules have non-polar covalent bond.

Polar Covalent Bond

The covalent bond formed between unlike atoms having different
electronegativities but the difference in electronegativity would be less than

1.7 but not zero. In such bond the shared electrons are distributed
symmetrically around the bond atoms.

For example; HCI, H,O etc are polar molecules having polar covalent
bond.

The following figure shows how a shared electron of a covalent bond is

attracted by a more electronegative atom, thus resulting in the formation of
polar molecule. (

H "‘,‘geg’ > H—— 18-

4.3.5 TheMetallicBond
You may have noticed that metals have some special characters e.g.
they have high melting points although they do not have ions, the metals are
good conductor of heat and electricity, metals can be molded to any shape, all
these character show that metals have some special and different type of
- bond% Scientists named this bond of metals as metallic bond.
égmls eic;t:l;tllral determination techniques it has been revealed that in
B n m is surrnundct:*. by '8' er '12' adjacent atoms. The bonding 15
valence electrons which are delocalized throughout the entire solid,

: 1008 are immersed i
seenin figure , 11, 1 & sea of electrons, as can be
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Figure: 4.11: Metallic bonding

Due to these reasons the metals can be drawn into wires, sheets and are
very good conductor of heat and electricity. Moreover alloys can be formed
easily by them.
4.4 Intermolecular Forces

These are the forces of attraction present between the molecules to
bring them closer and to bind molecules. These are quite different from
intramolecular forces (or bonds) which are present between the atoms to form
a molecule. There are different types of intermolecular forces, of which the
important we will discuss here, ' >4

I.  Dipole-dipole forces
2. Hydrogen bonding

44.1 Dipole—dipole Forces
The force of attraction between molecules having permanent dipole is

called dipole-dipole force: For example attraction between HCI molecules in
whichH' is partially positive and CI is partially negative.
Due to poles different molecules attract each other.

- &

C _
@Q _ Figure: 4.12: Dipole-dipole forces in HC]

1422 Hydrogen Bonding
The molecules where hydrogen is bonded to a highly electronegative

e ¢ 13
Iemem like '01' or err results in a highly pular molecule, in such molecules

S

Scanned with CamScanner



.
the dipole-dipole interaction between the
'"H' of one molecule and 'O, or'F,'of 2nd ~ {° H
molecule is relatively much stronger, \ /
which results in higher melting and 9 a—0
boiling points of the compounds having 1 }},dmgm Bond

such type of interaction. e.g. water has 0+

boiling point '100°C' while H,S has B.P - Figure 4'12; Lﬂ::w Sondes
60°C". Similarly 'HCI' is a gas having B.P

-85°C’ as it lack hydrogen bonding while its counterpart 'HF' has
B.P='19.5°C'.

The strength of hydrogen bonding changes the physical properties such
as boiling point melting point etc.

AInteresting Information

This is the hydrogen bonding due to which water expands when freezing,
so ice has lower density than water, the picture of arrangement of atoms

mice is shown here.
H H i
A 9«
H K? ¥ H’O.ﬁ?"*i{’ H"fﬂ‘H...
,, 0 \ 5 Bt A Ny
PAL g O—H -+--~(i)—H~~w(|3-——H
A o+ & +
i ELH _;6‘}] H H }f’
D"\’} \K‘D"'H' ™ U’H Water
X
C}?“ Vi (l E i
N o i 5
\ Ice 3

in col This property of ice makes the life possible on earth, as ice formed
in cold regions of earth floats at surface due to having low density and the

life underneath grows without suffering from |
; outer low temperature, (1c¢
is bad conductor of heattoo) . 3 (

Scanned with CamScanner



4.5 Nature of Bonding and Properties
The type of bonding greatly effects both physical and chemical

properties of compounds. It is so important that generally the compounds are
classified on the bases of type of bonding. The physical properties e.g M.P,
B.P, density , color, surface tension, viscosity, refractive index, solubility,
bond energy, vapour pressure, lattice energy etc may be predicted from
knowing the type of bonding. Effect of bonding upon various types, of
compounds is described in following section individually. o

4.5.1 Natureof Bonding and Ionic Compounds  \©
The ionic compounds which have a strong type of bnnd;ng are hard,

suhdandhaveveryhlghmelnngandbmlmgpmnts D)
The ionic compounds although [ sy

have 1ons but they conduct electricity = o
only in molten state, because of the =
limited mobility in solid state and |
high mobility in liquid state. The |
lonic compounds which are strongly |
polar are generally soluble in th{{
polar solvents like water, for example

NaCl is easily soluble in g@yr to

large extent.
As concerned w ('feactmns

bonding also plays a@uﬁportant role
here, Generally I%Q}Ic:umpounds are more reactive and the rate of reaction is

veryfast, &

45.2 Ng%re of Bonding and Covalent Compounds
co-valent cumpuunds have sharing of electrons and thus there does

mm strong interactions among the constituting particles like that of
loni Compounds, hence they have low melting and boiling points and mostly

t?"3J_ﬂ'iﬂl"a!ﬁmt compounds are gases (unless other factors do not involve). The
'.F..*compounds do not conduct electricity unless they are ionized b)’

Scanned with CamScanner




e

some factor, so the pure water do not conduct the electricity but whep,
some ionizing material such as an acid or a base or some electrolyte is adde
to the water, which makes it ionized and thus the flow of charged particleg

becomes possible.

4.5.3 Nature of Bonding and Polar and Non-polar

Compounds

The behavior of polar and non-polar compounds is well understood in
terms of the ionic and covalent compounds, where the polarity also counts
greatly in determining the properties of these compounds. The non-polar
compounds are mostly gases and have low melting and boiling points, and do
not conduct electricity. On the other side the polar compounds have relatively
high melting and boiling points and conduct electricity.

4.5.4 Nature of Bonding and Metals

The metals have a very
special type of bonding and thus
their characters also are very
interesting. In the metals there exists
a positive center around which is fig.
4.14 a sea of negative sphere exists.

The negative sphere which
consists of free electrons (the
electrons which move freely in all
the available space in metal piece),
this gives the metals a high
conductor character for both the
Eh‘:@‘iﬁt}f and heat. Moreover the

N\
metals have lustrous surface due to

transition of electron.

Figure: 4.14; Electron Sea around
Cations in Metals
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SUMMARY OF THE CHAPTER

[n order to attain stability the atoms tend to form molecules.

The electrostatic force of attraction between atoms in a molecule is
termed as the bond

4 Thereare many types of bonds in the molecules.

¢  Thebond which is formed by the transfer of electrons between atoms is
called the Tonmic bond,

“  The bond which is formed by the sharing of electrons between the
atoms 1s termed as the Covalent bond, In a simple covalent bond each
atom shares | electron.

e
- ~"

L
#“"'

*  Some times in a covalent bond, the shared electron pair comes from a

single atom; such covalent atom is called Dative covalent bond or co- .
ordinate covalent bond

When a covalent bond is formed by a single electron pair it is termed as
single covalent bond,

3
L)
X

If a covalent bond is formed by two electron pairs it is called double
covalent bond,

When a covalent bond is formed by three electron pairs it is termed as

triple covalent bond,

In a covalent bond when difference of electronegativity between the

two atoms is 03 or greater then the bond becomes polar apd electrons

are bent towards more electronegative atoms.

Metals have a special type of bonding called the Metallic bond, i, the

metals around the charged positive center an electron sea is present,
\Ql‘lﬂse electrons are free to move and are called Free electrons,

The different molecules also show some type of electrostatic

&ttractmns this force between the molecules is called the
mtcnnulecular force,

Different types of intermolecular forces exist e.g. dipole-dipole force

: “

s

4
L]
m
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Hydrogen bonding .

%  The term hydrogen bonding is not like the bond, which joints the atom;
in a molecule, but is named such due to its strength. It is presen
between the hydrogen and some electronegative atom of two differen,

molecules.

*
L) '4-

Both the type of bonding and intermolecular forces affects greatly the
properties of different compounds.

EXERCISE

QI. Fillinthe blanks with appropriate words.

1) A chemical bond is the ........... force which binds atoms to
constitute molecules.

i)  The bond forms when attractive forees ........... the repulsive
forces.

i)  Thewatermoleculehas........ .. type of bonding.

iv)  Themetalshave........ ... electrons.

V) The water has ........... bonding, which makes it liquid,
although itis covalent”

vi)  Theionic compounds alwayshave ........... physical state.

vii)  Difference in physical states among H,O and H.S is because of

vvvvvvvvvvv

viil) The mostelectronegative element is

------------

1X) - Inthg¥.......... type of bond, both shared electrons comes from
the same atom.
X) < Sametypeofatomshave........... type ofbond. -

Q2. Choose the correct answer.

-9 TheKClhasthe type of bonding
N\, (a)ionic (b) covalent
3 (c) co-ordinate covalent  (d) metallic
i) Acovalentbond forms by:

(a) transfer of electrons
(b) sharing of electrons

4, < R . RN
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V)

V)

(c) both by transfer and sharing of electrons
(d) no transter and no sharing of electrons
Generally, the covalent compounds are physica ly:

(a)liquid  (b) gas (c)solid (d) plasma
The metals have characters: .

(a) solid (b) lustrous (¢)conductor (d) all of above
The metals conduct electricity because of:

(a) polarity (b) free electrons

(¢) both by polarity and free electrons
(d) Neigther polarity nor free electrons are involved

Q3. Answer the following questions in short.

1)
i1)

111)

Vii)
Viii)
ix)

What is a bond? Name different types of bonds formed between

atoms.
How you can differentiate between two compounds having ionic
and covalent bonding?

What type of bond will be formed between following:

(a) NaandBr,, (b) CaandCl,

(c) Cand O, (d) N,and H,

What do you know about Lewis structure of a compounds,

explain with example.
What different types of covalent bonds are there?
What is the “difference between simple covalent bond and

coordinate covalent bond?

What is meant by polarity ofa covalent bond?

Correlate bonding and special features of chemical com pound.
Heating water would cause breakage of the intermolecular

__forces orintramolecular forces first.

YO

. Answ
1)

What types of inter and intra molecular forces are present in

H.,0.
erthe following questions with reasoning.

Can you explain why similar atoms form covalent bond rather

than ionic bond?
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ii)  Is hydrogen bonding is a true type of intramolecular attraction? |
Explain with reasons.
iii) Explain why water pipes get ruptured during winter in colq
regions?
iv)  Why H,0 has boiling point 100°C while H,S has B.P=-60"C?
v)  WhyNaClis soluble in cold water but not in boiling 0il?
Q5. What is the difference between the intermolecular forg@ and
intramolecular force?
Q6. Discuss the importance of bonding in establishing thg bharacters of 4
chemical compound?
Q7. Whatismeantby polarity ofa covalent bond? Explam with examples
Q8. Write anote on types of bonds found in different compounds?.
Q9. Whythe atoms joint together to forma mﬂlecuie"
Q10. Whatare the different types of caval&ntbﬂndqq
Q11. Writeanote on characteristics UE Jfgxx/‘nc compounds?
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PHYSICAL STATES OF
MATTER

—— - e S
L ———

() CONCEPTUALLINKAGE (s) TIME ALLOCATION

Before reading this chapter, the Teaching periods =14
student must know the,

» Matter and its states
> Intermolecular attraction
> Simple mathematics methods

After reading this chapter, the Student will be able to déscribe the:

»  Effect on the volume of a gas by a change in the pressure and temperature.
(Understanding)

7  Compare the physical states of matterwith regard to intermolecular forces
present between them. (Analyzing)

Account for pressure-volume change in gases using Boyle's Law, (Analyzing)

Assessment periods =03
Weightage =13%

w

*  Account for temperature-volume change in gases using Charle's Law.
(Analyzing)

7 Explain the basic prggei:tiés of gases. (Understanding)

*  Explain the basic of rties of liquids. (Understanding)

*  Describe physical properties of solids. (Understanding)

2 Eiplmn th e@‘écts of temperature and external pressure on vapour pressure and

: '@ﬁngm\%t- (Analyzing)

} Diﬁ'&ﬁﬁaﬁe between amorphous and crystalline solids. (Analyzing)

F@Rﬁnthe allotropic forms of solids. (Understanding)

\3\0
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5.0 Introduction

Every thing which has a mass and occupy sSpacc
universe is made up of two entities, matter and the energy. Here in this L!h'l['!lt r

we will discuss matter and its types in details. Matter exists in four differen

states. 1.e.

Gas. Liquid, Solid and Plasma. The plasma state is actually g

mixture of gaseous state and ions. Many scientists do not take it as a separate
state. moreover in our planet we normally do not notice this plasma, that is
why it is not discussed along with other states. Most of the universe is made up
of the plasma, as most matter s scattered in stars (or sun).

Following table 5.1 shows the comparison of other three states of

matter.

COMPARISON BETWEEN DIFFERENT STATES OF MATTER

LIQUIDS

SOLIDS

It is the form of matter
which do not have
definite shape nor
definite volume.

They do not have
definite shape, but
vohune is definite.

Both shape and volume
are definite

from each other

Molecules lie far apatt

Molecules lie little
close tv each together

Mulecules are very
ulnse to each other.

Molecules are free to
move. :

Molectles can move in
a limit¢d way:.

i
i

| qscnllatﬂry movement

I

Mulecules have only

alt their own place.

E—

I;gnf mnlccules 15 K.E is f‘ptennediate. KE is lowest.
lest H i
Intermolecular forces Intermolecular force | This force is very
are very weak, are fairly stronger. strong.
Molecular arrangement Molec uﬂr arrangement | Molecules are highly
18 irregular. 1s some what regular | arranged.
1 it

A
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( r'}fﬁ.T_l’._ﬂEIS(}N BETWEEN DIFFEREN

I STATES OF MATTER

5.1 The Gaseous State

The gaseous state, as described earlier is
the simplest state of matter. having following
general properties.

5.1.1 Typical Properties

In gases the molecules are far apart from

each other due to weak intermolecular forces
(Figure 5.1)

The gas molecules spread-in all
available space, i.e they do not haye a volume
of theirown, but the volume of the container
where they are kept is counted as their volume.

Usually the gases are colourless and so
they are invisible, but some gases have colour
too, and they can be seen, e.g. the Cl, gas is
yellowish green a,nd the NO, gas is reddish
bm\’ﬂ'lamshuwnmﬁgureﬁ 21

In the gaseous state of matter, the kinetic
tnergy @E) of the molecules is highest,(as
you ﬁ!WE observed many times in the steam
Wh%ﬁ is the gaseous state of water), this is due
0 the high velocity of gas molecules than
“Ompared in liquid or solid states.

il Some of these general characters are
“Cussed in detail here in below:

GASES LIQUIDS SOLIDS
e
Molecules can be Molecular can be Molecular can not be
compressed easily. compressed up to a few | compressed.

degree.

Rate of diffusion 1s Rate of diffusion is No diffusion.
very high. lower than gases. &
iy lable 5>.1: Comparison of various stats of matter »

CCAC

Figure 5.1: Hypothetical
Model of Gases
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5.1.2 Diffusion

An important character of gases is the high rate ot diffusion. Diffusiop
is defined as the mixing of gas molecules into each other.

You have observed diffusion Y
process of gases many times in Erass
your routine life, e.g. when a

perfume is sprayed in a room, it = 7

¥ “’ A8 & 3 3 d |
readily spreads across the room,  [i::: - °: |
and even it leaks out of the room. o
v b, | MO, Gt | CL, Gow | AT
The figure 5.3 shows ==|':"%'F¢E‘ ] S ey
defusion process in two gases, it bl ul. | Aaviiar |
can be seen that when both jarsare b+ * | ol s
Bp e m e - L{.'I‘.c{i..w| |
put upon one another after some : ‘
time both gases mixup. :  Figire 53 B = |
The gases due to having Difftision process in B3
NO, and ClI, e

higher mobility have higher rate of
diffusion, as compared to liquids which have slower rate of diffusion. The

diffusion is dependent upon the temperature, because at hi gh temperature the
speed of molecules is more so the rate of diffusion is also more at higher

temperature.
5.1.3 Effusion

This property is similar to diffusion, but the term effusion 1
specifically used when the gas escapes through small pores of molecular size.
You have n*bsewed_ effusion while playing with the hydrogen balloons (gas
balloons) ‘n your childhood, when these gas filled balloons are kept over
night, they, shrink in size overnight.

\:\ { , S = S SN e e ™
\\I_'Iydrbgq;g is the lightest gas and is also smallest in molecular size as compared to other
gases. I)jl isabest fuel which does not produces any harmful products. .
na

once hy/ Irogen gas has been used extensively for filling traveling air balloons and | i

at due to its small molecular size it leaks out from molecular sized holes in 1
sh which 15

contaigers and this has resulted in accidents many times, a famous air cra

Scanned with CamScanner



p—

cident stop the use of such air ships for traveling and now a days helium or hot air
s ac >

Th dinair balloons.

18 ﬁ“E

5.1.4 Pressure
Pressure is defined as the force per unit area. Its unit is N/m’ (or Pascal) in
S.Isystem. The commonly used units are atmosphere and mmHg or torri cell.

Like liquids and solids gases also exert
pressure, and you may have noticed this pressure
many times in your life e.g. while comparing the
mass of an empty and filled home gas cylinder
and you may have also noticed this pressure while
filling air tyres and tubes using pump.

We are living in-an atmosphere of air
ound us and this-is obvious that if a little
dantity of gas present in the gas cylinder exerts
E EF’S“TE than this air around us must also exert !
cy[?sure onm.us much more than the gas of ||}

Ildﬁ::_i 5 k—

Al which is the mixture of gases also R = Height of *Hg" column

760mm
(76.0cm)

— —

eXerte i
Xerts Pressure. . in glass tube
Th . _ ‘ Figure 5.4
-, Catmospheric pressure is determined by Simple Barometer

barometer; (figure 5.4) which is a

Muated glass tube closed from one end and is
.. m RERTERY » . ; : = |
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Air Pressure (Patm)

—Vvolume
T Pressure Th Pressure
Ah of Gas A of Gas
Gas Gas
i | Hg S

Open Type Manometer Close Type Manometer
P gas = Patm +Ah _ P gas = Ah
Figure 5.5

filled with mercury (Hg). when inverted in a mercury container the level of
(Hg) falls up to the certain height. The height of niercury (Hg) retained in the
tube indicates atmospheric pressure. this apparatus was designed by an Italian
scientist Torricelly.

There are some other units too which are used for pressure, these units

and their equivalents are following:
Atmosphere =760mmof Hg=760Torr
| Atmosphere = 101325 Pascal

Atmosphere =1.01325 Bar
There are also some other methods available for accurate measurement
of pressure:e.g. by Manometer, which is shown in figure 5.5.

5.1.5< ‘Density

The density is defined as the mass per unit volume of a substance.

;
W d=1
W

The density of a substance is the measure how the mass is distributed 10
a unit area, thus the iron has a greater mass per unit area as compared (©
cotton and therefore cotton has less density than iron.
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You can sce the difference in the densities of two substances in the

ven figure 5.6, as the number of particles per unit arca increases
given 11g :
the density also 1ncreascs.

e T & 4 z p

23 2 2,
22 @2 " 20
Nl | “\O >
Figure 5.6 Comparison of densities

The density of a substance is dependent upon the temperature 100,
with the increase of temperature the density decreases:
Interesting Information:

_ Thedensity of a substance in gases statei§ least while in solid state it
has the highest value (water is an exception).

The density also has a relation with the temperature, as the
lemperature increases density decreases, ¢.g., all measuring instruments of
lab show a temperature (as can be'seen in the figure 6.2 of volumetric
flask). ‘

Density of a compound is a characteristic of that compound. The
famous Greek scientist Archimedes (287-212BC) used this application of
density to find cut the impurity amount in the crown ¢ "Emperor ofhis time.

5.2 Laws related to Gases

In order to understand the behavior of gases, various scientists have
PTUPUSEd laws, these laws generally explain the nature of gases and effect of
;?;Stinns in the conditions like temperature, pressure, volume, the rate of
aw;;sf:lc upnu' the gases. These laws are cnrllectwely known as the gas

wAthe following pages, these laws are described separately.

.
21 Boyle's Law (Volume-Pressure Law)
In 1662 Robert Boyle studied the relation between volume and

Pregs
1r€0fa gas at a constant temperature.
.‘ ! -_&—
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According to this law the volume of
given mass of a gas is inversely proportional
to the pressure at constant temperature, i.e.

Va l/P (T = constant)

V = Constant x |/P
or PV =Constant

P,V,=constant

In the same way,
P,V,=constant
So, S S S
i._Pliz_Pl‘ff - : Rdliert Boyle
Where P,, V, are initial pressure and | (Ireland) |
Bat 1627—Died 169]
volume while P, and V, are final pressure vad
and volume.

This is the mathematical representation of Boyle's law.
Experimental Verification

Boyle proved his law experimentally by using a “J” shaped glass tube.

He observed that by doubling the height of mercury (Hg) in tube reduced half
the volume of gas entrapped.

Thus PxV=constant

Thisis visiblein figure 5.7
Atmospheric Pressure

Incase1s

Volume(V)=  100m] V= 100m],

25\;’;@&‘1“&&5:s;ure (P)= 200mmofHg
- According to Boyl's Law

BN = Constant

e

. BV, = 100x200=20000

E—
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fncase ?

(BY doubling the pressure by
adding mercury, therefore)

v. = 50ml

p. = 400ml of Hg S I l

Atmospheric Pressure

p_:\fz = Constant
50x400=20000

1.€.
case 1=case 2

or Figure 5.7;

= P,V, Boyle’sbaw
Ei¥) e _ ‘ experimentgl Verification
Thus Boyle's law is verified.
So,

PV= Constant

Boyle's Law graphical Representation
By plotting a graph between pressure-and volume a curve is obtained
indicating that volume decreases with the increase in pressure as shown

below in figure 5.8, graph (a).

A

Volume

PxV

>
(b) Pressure

Figure 5.8: Boyle's Law Graph

toy Ifa graph is plotted between pressure and P x V, a straight line parallel

: Caxis is obtained, as shown below in figure 5.8(b).
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Example 5.1: Volume of a gas at standard pressure i~ 4.7litres, what
will be the volume of gas when the pressure is increased to 2
atmosphere while the temperature remains unchanged.

Solution: In this case the relation between volume and pressure is in

interest and the temperature is constant, so this problem can be solved

using Boyle's Law equation, i.c.

PV, =PV, (Temperature = Constant)
Here,P, = Standard pressure= latm

V, =4.7litres )

Py Y r=2am

Wi & =2
As PV, =PV,

L i

So,. V. ==L

by putting values:

v, =1%47 _ 5 35iires

—_—

So, the volume of gas at 2 atmn_&fph’eric pressure will be 2.35 litres.

5.2.2 Charle's Law:(volume-
temperature Law)

This law was proposed by the Jacques

Charles in 1787. He told that the volume of a

given mass of a gas is directly proportional to

the temperg@f\e at constant pressure.
Mathe/gqgitally it is represented as:
“VaT (at constant Pressure)
O
& Or V= constant x T
Or V/T = constant

Jacques Charles
Or Vil =371 (France) -
i/ Born 1746—Died 1823 §

Wehre V1, T1 are initial values of volume
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and emperature while V2 and T2 are linal values of volume and temperature,

Experimental \"eriﬁc:!tion _ |
Charle's used a cylinder fitted with a

frictionless piston. as shown in figure 5.9. He observed that the proportion of

change in volume at temperature would be the same 1.¢. by doubling the

iemperature, volume of gas also doubles.

Mathematically it is represented as:

V/T = constant

V=
800m|

Gas Gas

T, = 100K T, = 200K

Figure 5.9: Experimental verification of Charle’s Law

Considera given mass of gas in frictionless piston of a cylinder at 100K
having volume 400ml, therefore. new volume at different temperature would

re| New Volume 5L
Gl
800 4
1200 4
A 600 4

S

RO

G the ratio between V and T is constant in all conditions.
raph:
Phical Representation

=
|
d

Wh. - ¥ " " "

ing : ile plotting 4 graph between "T' and V' a straight line is obtained
INthis 1on o - . k

this line is increased downwards it touches zero volume line
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at -273.15°C. which means that volume at this point is zero which is not
possible, so this temperature is not achievable. From here we start a new scale
in which zero or negative values are not possible. This new scale is called
Kelvin scale, as shown in figure 5.10.

o 89.6T
o 6721 o]
—
—
= 44 8 j_f_ﬁ-r"’"f
_'_._,_,.,.-""- |
|
27 _/// |
u_r'- A A L L i »lv i i i
-300 % -200 -l100 O 100 200 300400 500 600 700
: —_—r

N g leipbrature = C
! :

..::h

Figure 5.10: Graphical répresentation of Charle’s Law.

The Kelvin scale of temperature is denoted by the symbol ‘K’ and note
that no degree sign is used in this scale. Activity: 5.1

0K =-273°C Normal human temperature is
The Kelvin scale is needed for  37°C express this temperature in

calculations specifically, because in this  Kelvinscale.
scale the temperature cannot be in negative values or even zero.
In order to change centigrade value of temperature to Kelvin scale just
273 isadded.
\ K="C+273

?ﬁﬂmp!e 5.2: The volume of a gas at 50°C and standard pressure is

S00ml. If the temperature drops to 0°C at same pressure,
what will be the new volume?

Solution: In this example the pressure is constant and the relation
between volume and temperature is in interest, so here Charle’s Law

Scanned with CamScanner



_ 1

perates using Charle’s law equation this problem can be solved easily:
ﬂ 5 {

MR F:- (Pressure = Constant)
R
V, x T,
Aﬂd Vj = T|
The given data of example is:
VvV, = 500ml
i =50°CY = 323K
T =10°C = 473K

By putting these values in Charle’s Law equation, we ‘get:

V, =200x273 _ 455 omli

’ 323
So, iIf 500ml gas is cooled from 50°C to 0°C, the volume of gas will be

reduced to 422.60ml.
3.3 The Liquid State

The liquids are one of the states of matter which do not have the definite

shape but have definite volume.
In the liquid state, the molecules are loosely

held, have limited movement in a definite region,
50 this makes them having a definite volume, but
the molecules can not'leave the system as in the
saseous state so their volume is definite (See fig.

5 1) e £ Figure 5.11:
“4). The molecules have lesser kinetic energy A hypothetical view of

th - molecules in liquid state
A ﬂl;gases due to lesser mobility.

-The Liquids have stron ger intermolecular forces than the gaseous state,

dnd . w [
hence they haye comparatively higher melting and boiling points.
Let's discuss some of the basic characteristic properties of liquids in

*little degq;)
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5.3.1 Evaporation Interesting Information

It is the common character of  Due to evaporation process, the
liquids. It is observed that when a liquid  vapours from sea comes out and
like water or petrol is piaced in an open  travel hundreds of kilometers
container it vanishes away by changing away, cool down and fal|

into vapours. This process is called (condense)in the form of rain or
snow, thus life on planet

evaporation. ,
continues.

Lvaporation is because when
molecules of liquid gain energy from surroundings, when the kinetie énergy
of some molecules becomes enough high to break the intermolecular forces,
then molecule enters into gascous state,

Evaporation occurs at all temperatures, but it has a dircet relation with
temperature, i.e when temperature increases the rate of cvapmrati_nn also
increases. Moreover liquids having lower intermolecular attractions are
evaporated easily. A\§

Evaporation of a liquid is also im;ng}j's%d when the surface area
increases, that is why a china dish is used for evaporating rather than a beaker
in the labs.

YO R :
5.3.2 Vapour Pressure wﬁi"

When a liquid is placpdjﬂ"\ﬁ closed container, some of its molecules
vaporize and exert pressu{&.jéﬁ
liquid. Some of (thése
molecules condense after
losing their KLE) back into
liquid statg%\:w en rate of
evapura@i*n and rate of
condensdtion is equal, the
pr ¢ at this stage is called
vapour pressure or equilibrium
pressure. (NN By
T;h&_vapour pressureisa  Figure 5.12: A simple mercury Barometer used
characteristic property of for vapour pressure defermination

i ST SRR R —

Vapour
Pressure
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1iquid5 but 1s temperature dependcnt, and incre
temperature. : |
The liquids having low intermolecular forces

pressure. Vapour pressure can be determined by using
shown in figure 5.12.

ases with increase n

have higher vapour
simple barometer. ag

The liquid whose vapour pressure is to be determined
dropper at the bottom of glass tube. The chan
vapour pressure of liquid (A h).

is inserted by
ge in height of column gives

533 Boiling Point

The temperature at which

vapour
pressure of a

liquid and atmospheric
pressure becomes equal is called its boiling
point. At this temperature the liquid's
molecule vaporizes and enters Into gaseous
state, and its bubbles can be seen arising
from bottom moving upward (Figure 5.13),

in a liquid
 Theboiling point of a liquid dependsupon the atmospheric pressure. If
is pressure decreases boil Ing point alsodecreases and vice versa.
The following graph shows relation between atmo
Yapourp

: spheric pressure and
ressure of different liquids at changing temperatures.

Figure 5.13: Boiling process

Ll L e — --n--—.-..,..____

—
Ethyl ether

(O He-D-CHy)

¥ ¥ S F A

40 60 80 100 120

1 1 Temperature in°C an
e Figure 5.14. Graphical representation of relation between boiling
L SR point and atmospheric pressure.
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Interesting Information

When the boiling point of a liquid is achieved then further heating does ngt
increase the temf;:ralure but only vaporizes the liquid. Amount of heat requireq
to vaporize one mole of a liquid at its boiling point is called molar heat of

vaporization, and is characteristic for each liquid e.g. for water it has a value of
40.7K.J/mole.

The boiling point has wide applications of separating mixtures and
identification of various chemical compounds e.g. the petroleum in ol
refineries is purified to different constituents on the basis of their different
boiling points. The table 5.3 shows boiling points of some common liquids.

Interesting Information |

Boiling point of a liquid can be decreased or increased by changing external
pressurc e.g. in pressure cookers boilin

g point of water is increased above than
100°C and thus at higher temperature cooking time of meat and pulses is
reduced. \

5.3.4 Freezing Point

The freezing point of a i

quid is the temperature at which a liquid
freezes to sol

d state. The freezing point is same as that of the melting point of
solidto aliquid. The meltingor freezing pointisac

haracteristic property fora
compound, e.g. the waterhas value for both of these "0'C". Unlike the boiling

point, the melting or freezing point does not depends upon the atmospheric
pressure, as the pressure is effective only to the gaseous state, which is not
present here. The freezing point shows the type of intermolecular forces

AY" Water (H,0) 0°C 100°C
Ethyl Alcohol (¢, H,0R) -115°C 78°C |
3 Benzene (C,H,) 5:5°C 80°C |
8 Sodium Chloride (NaC1) 801°C 1413°C
Table 5.3: §
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present in the compound. For the compounds that have stronger
mwmm!ecular forces have high values of freezing points as compared to the
-ompounds that have weaker intermolecular forces and have low ireezing

Pﬂil‘l[& 1 _ '
Table 5.3 shows freezing points of some common compounds along

wvith their boiling points.

53,5 Diffusionin Liquids

The diffusion is a property of liquids just like of gases, this refers to the
mixing of molecules with one another. The gases have hi gher mobility.and so
their rate of diffusion is also higher. Liquids have slower rate of diffitsion.

The diffusion is dependent upon the temperature. because at high
temperature the speed of molecules is more so the rate of diffusion is also
more. The diffusion is easily observed in a glass of water. when a drop ofink is
placed in it, and the process when observed at different temperatures can also
shows the effect of temperature upon the diffusion

53.6 Density of Liquids
The density which we defined as the mass per unit volume of a
Substance is also a prominent characterof liguids.
X The liquids have more dt?nsity as compared to the gaseous state, which
ccause of the close distribution-of molecules of liquids as compared to the
8aseous state.

This is further elaborated in the figure 5.15.

{ x“,

K
N\ Molecule in Liquid State ~ Molecule in Gaseous State
Figure 5.15

theinc;l;he density of a substance is dependent upon the temperature too, with
aba e “ftempﬂrature the density decreases, This is shown by following

ol :
|_ 2 Which shows the density values of water at different temperatures.
| ‘I ﬂ._
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SNo.| Temperature °C Fahrenheit °F Density (g/cm?) |
| 0.0 2.0 09998 |
) 4.0 39.2 09999 |
3 15.0 59,0 09991
4 20.0 68.0 0.9982
5 25.0 77.0 0.9980 o |
6 37.0 98.6 0.9933
7 100 212.0 0.9583

Table 5.2: Density values of water at varying temperatures

5.4 The Solid State

The state of matter that has definite shape and definite volume is called
the solid state. Some typical properties of solids are given below.

5.4.1 Typical Properties :
The solids are the form“of matter A3
having a definite shape and volume. In solids [SESECAEE
the particles lie very close to each other and b b B O B
have very high intermolecular forces, due to b b
which they cannot change their location so [N
both the shape and the volume here remains Figure 5.16: A hypothetical view
unchanged. lithe solids the molecules move | Of molecules in solid staie
just vibratory, so their kinetic energy is least. (As you can observe the
difference between the ice and the other states of water).

54.X1 Melting Point
. Asalready explained that melting point is the temperature at which ¢

" solid changes into the liquid phase. |
The molecules in the solid state lie close to each other and thus (¢!

have high values of intermolecular attractions, therefore it becomes har du
separate them as compared to the liquids, Thus they have high and sharf

melting points.
+ﬁ,- |
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4.1.2 Rigidity
[n the solid state, the molecules lie in close association to cach other, so

'_} L]

deformity in their structure 1s not easy, that is why they are rigid.

5.4.1.3 Density

The density in the solid phase is also highest because the constituting
particles lie very close to each other and more mass is concentrated as
compared to the liquid and the gaseous states.

5.5 Types Of Solids

The solids are further classified into two main sub types; these are
discussed in the next sections.

33.1 Amorphous Solids
FThe word amorphous has its origin from twe parts where ‘A’ stands
for without and morph for shape, thus amorphous means witt out shape.

&y A 1 1;
blgure 5.17 some amorphous solids

T ; .
. plheé& are the solids which do not have a characteristic shape, ¢.g Glass
a - "
Ometi Stics, wax and gem stones. These are actually not true solids and are
esreferred as super cooled liquids.

55 A
2 Crystalline Solids

N Th'e c . g
?ﬁtﬂllineswsmume solids have a characteristic geometrical shape. The

T, a olids are actually the true solids. The crystals have all characters
‘ e olid is tecognized, e.g. the rigidity, elasticity, sharp melting point

- A
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5.6 Allotropy
The word allotropy has been derived from two parts, where allos stands
for other and tropy (from tropos) means forms, thus allotropy means other

forms.
9, FT _FJB'J’
2
™ | e W
QL g9
= JE; "
Ty Graphite
)
A N
b 3y Figure 5.19 Allotropic forms of Carbon with their molecular structures.

The Allotropic forms are the different forms of an element, which have
although the same chemical properties, but different structures. For example
the famous diamond and graphite are the allotropic forms of carbon.
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Other Examples of allotropic forms:

i)  Oxygen
Oxygen O, - colourless
Ozone O, -blue

ii) Sulfur

Plastic (amorphous) sulfur - polymeric solid

Rhombic sulfur - large crystals composed of S, molecules
Monoclinic sulfur - fine needle-like crystals

iii) Phosphorous
Red Phosphorous (Polymeric solid)

White Phosphoric (Crystalline solid)

—
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SUMMARY OF THE CHAPTER

<  The matter exists in 4 different states, the gaseous state, liquid State,
solid state, and the plasma state,

“  Generally we deal with the first 3 states of matter, the plasma.isnot
considered as the true state by some scientists, as this state is not stable

in earth on normal conditions.
% Gases are the simplest state of matter and are defined as the state of
matter having neither definite shape nor definite volume.
% Gases have highest mobility, and kinetic energyis also highest.
% Gases diffuse easily and can be compressed by pressure.
oo In order to explain the relation between the volume, pressure and
temperature, various gas laws have been presented.
%  According to Boyle's law, the volume of a gas is inversely proportional
to the pressure at constant tenipérature.
%t The Charle's law states that volume of a gas is directly proportional to
the temperature at cofistant pressure.
%  Liquids are the state of matter having definite volume but indefinite
shape.
o Liquids also have the ability of diffusion, but with lesser extent to the
gases.. \
SQJ;ds are the state of matter having definite volume and definite shape.
&IB solids the particles are held strongly and show only vibratory
QQ movement, so diffusion in solids is not possible.
AN The solid can be divided into twu categories, the Amorphous solidsand
the Crystalline solids,
%  Different types of an element are called Allotropic forms. Allotropic
forms have same composition but different structures,

e R N S 5 |

—-‘

L)
#‘0

o
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EXERCISE

O1. Fillin the blanks with appropriate words.
i) Matter in the universe existsin.............. states.
ii) | atmospiere pressureisequal to............. mmHg.
iii) Thevoluneofagasis............. related with temperature.
iv) Theliquidshave............. volume and variable .............5

v)  The relation between the density and the temperature is

..............

vi) Mixingof gas moleculesiscalled............. :

vii) Boyle's law states that volume of a gas is ....... 2 i related to
the pressure.
viil)) Solids state of matter has ............. density, as compared to

liquid and gaseous states.
ix)  Same element with different shapesarecalled............. :
x)  InKelvinscale oftemperature 300°Cisequalto..............

Q2. Choose the correct answer.
i)  The form of matter which does not have definite shape and

volume is called:
(a)liquid  (b)gas (c)solid (d) plasma
ii)  Gases can be liquefied by: '
(a) simple physical methods (b) simple chemical methods
(c) by using both physical and chemical methods
(d) no physical and chemical method can be used
iii)  Manometer is used for the determination of:
(a)pressure (b)volume (c)length (d)area
iv). The vapour pressure can be determined by using:
(a) manometer (b) barometer
(c) both manometer and barometer
(d) neither manometer nor barometer
v)  Thedifferent forms of an elementare called:
(a)isotopes (b) free radicals
(c)molecules (d)allotropes

Wi g o5 o CE TN T S R
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Q3.

Q4.

Q5.
Q6.

Q7.
Q8.

Q9.

Answer the following questions in short. =1 .

i)  Ifyou take equal volumes of N, and CO, in different containers,
which sample will expect to have more density?

ii)  Compare different states of matter.

iii)  Why we can't see most of the gases? Name 3 gases which are

visible for us.
iv)  Compare diffusion and effusion processes in gases.
v)  Explainthe term pressure of gases, also describe its units?

vi)  Why weuse Kelvin scale in solving gas laws problem?

vii) Canyou explain why wet skin under the fan feels cool?

viii) Differentiate between rates of diffusion among gases and liquids
with examples?

ix)  Why solids have higher melting points than liquids?

x)  According to their shape what types of solids are found in
nature?

Answer the following questions with réasoning.

1) Why pressure of a gas sealed ina container when temperature is
increased?

i)  Explain in light of KMT what would happen with respect
pressure when more quantity of a gas is added to container of
gas?

i)  Arrange the gases Cl,, H,, NH, in order of increasing speed of
their molecules at 25°C.

iv)  What would you expect to happen in respect of volume when a
balloon filled with air is placed in the freezer of a refrigerator?

v) . Name 3 methods by which the volume of a gas can be decreased.

Howcan you differentiate between the various forms of matter?

Derive a relation to show that volume and pressure have indirect

relation?

Discuss the importance of Charle's law?

Define the term Allotropy? How the allotropes of oxygen effect our

life?
What are the various types of solids? Give daily life examples to
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differentiate?

010. Anideal gas 1s kept ina eylinder of moveable piston of'mass 1kg, has a
: volume of 500cc at the temperature of 25°C,. 1f the temperature rises to
40°C . what will be the new volume of the gas?

Suppose a gas is kept in a cylinder of volume 3litres and a pressure of 2
atmospheres, if the gas is shifted into a new cylinder of volume 5 litres.
What will be the new pressure if the temperature remains constant?
Q12. Compare the physical states of matter with regard to inlcrmnjegnlur

Ql1.

forces present between them,
Q3. Difterentiate between the amorphous and Ll‘}'blc]”lnb S’Olldh with

examples? !
Q14. Compare the different physical states of matter wuh rt.t‘-fai ds to their
typical characteristics. <M§§<~.>
I{%\/
.,.\;Z““

.-"‘\\
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SOLUTIONS

(¢) CONCEPTUALLINKAGE (°) TIME ALLOCATION

Before reading this chapter, the
student must know the,

» Type of mixtures

» Matter and its states

» Moles and its determination

Teaching periods =16
Assessment periods =02,
Weightage =13%

After reading this chapter, the Student will be able ta:

D

> Define the terms solution, solute and solvent with examples. (Remembering)

.

solutions. (Analyzing)

» Explain the differences between saturated, unsaturated and super saturated

» Explain the formation of solutions (mixing gases into gases, gases into liquids,
gases into solids) and give an example of each. (Understanding)

> Explain the formation of solutions (mixing liquids into gases, liquids into
liquids, liquids into solids)and give an example of each, (Understanding)

WERYE VAN, NN N

-~ Molarity. (Applying)

Y

(Applying)

Convert between the Molarity

Explain the formation of solutions (mixing solids into gases, solids into liquids,
solids into solids) and 'give an example of each. (Understanding)

Explain what m»ﬁfeant by the concentration of a solution. (U li'dérstaﬂding.)'
Define Molarity. (Remembering)
Define percentage solution. (Remembering)

Sulvg,g\mblems involving the Molarity of a solution. (Applying)

Describe how to prepare a solution of a given Molarity, (Applying)

Describe how to prepare dilute solutions from concentrated solutions of known

of a solution and its concentration in g/dm’.

> Use the rule that “like is dissolved by like” to predict the solubility of one.
substance in another. (Understanding) £
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6.1 Solutions

[n our daily life we often deal with a variety of mixtures where the
components are mixed for different uses, such combinations are called
solutions.

[n this chapter we will study such solution mixtures in a little detail,

A solution is defined as the homogenous mixture of two or more
substances.

A solution consists of two parts, the solute, and the solvent.
The solute is that part which is lesser in quantity, while the solvent ig that
which is larger in quantity. For example, in the aqueous sululim}ggﬁr‘s‘.ugur
syrup in water, the sugar is the solute and the water is solvent, si milarly when
10g of wax is dissolved in 100ml of benzene, the wax is solute and the
benzene is solvent. O~

Generally in our

Petrt dish comtmining

daily routine we deal S5 of wgar

with many solutions, T x

mostly prepared in the b Ll Mm“; i

water solvent, such ~
water solutions are .
called aqueous &S
solutions. In a solution
the components show
their own properties,
this makes the solution
different from fable 3 A 5
Compound in which the:  Figure: 6.1: The Process of formation ol sugar solution
*Omponents lost their properties.

6.2 Saturated, Unsaturated and Supersaturated

Solutions

”ﬂsaﬁjA 'snlutioq could be unsa_turgted, saturated or supefsaturatald. The
o Tated sulutmn,ia‘s the name indicates is that solution which can dissolve
suga ::_r solute on addition at room tcmperaturf:, e.g. wheln you put a spoon of
> maglass of water and still there is possibility of dissolving more sugar

|
10rma conditions, this solution is the uusaturatpd solution of sugar. The
_
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saturated solution is that in which no further addition nfv the solute s
possible at normal conditions of temperature, pressure, €.g. in the above
example of sugar solution when you mix more sugar and a stage come when
no more suecar dissolves further, this is the saturated solution. While the
supersaturatEd solution is the solution in which more of the solute hgve been
dissolved by increase in temperature (or pressure sometimes), €.2. 1n above

Solution
Gas Liquid Solid <
Oxygen and other Water vapor in air Smoke
Gas  gases in nitrogen  (humidity)
(air)
Carbon dioxide in  Ethanol (common  Sucrose (table
water (carbonated  alcohol) in water; _ sugar) in water;

Solvent

.. water) various sodium chloride
Liquid hydrocarbons in (table salt) in water;
each other . gold in mercury,
(petroleum) forming an
& amalgam
Solution of ﬂ'\e;t-ﬁne in paraffin  Steel, duralumin,

Solid Hydrogen in metals, wax, mercury in other metal alloys
e.g. in platinum (in - gold.
interstitial hydrides)
.. Table 6.1: Types of Solutions
no more sugar.dissolves at normal temperature then temperature is
increased and thus ‘more sugar dissolves in the given water, this heated
mixture of sugarwith water is termed as the supersaturated- =

Pra(.-rf_.' cal Activity

0.3 Types of Solutions _
In a solution, the parts may be in the same Using the help of your teacher

phase or in different phases. The table 6.1 shows L’:E;ﬁfmig °I§Lf$a£fp§§.

the 9 different types of phases present in a super saturated solutions of

solution, with examples. table salt (NaCl) in 100ml of
. . water and observe the
6.4 Concentration Units differencebetweeneach,

Concentration of a solution is the amount
of the solute in the given quantity of
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solvent/solution. It gives us the exact strength of a &
solution. For representing the concentration of solution
following units are used frequently,

6.4.1 Percentage (composition)(%b)

The percentage means parts out of hundred. The
idea of percentage is very useful in calculating and
understanding the constitution of a solution, for example,
a 20% solution of sucrose means that the solution
contains 20:80 constitution of the solution where the
solute is 20 parts and the solvent is 80 parts. (or simply as o
the 20g sucrose in a solution whose final volume 1is OV limnetidiEank
100ml). W

For preparing a solution generally we use volumeétric flasks, this has

a long narrow neck so the volume in it can be measured accurately. This
flask is shown in figure 6.2.

The concept of percentage can be further classified intos -

6.4.1.1 Percentage by mass/mass (%)
In this type of solution the amount of both the solute and the solution is
expressed in the units of grams.

M ;'
mass = ~Mass of solute(g) <100 |

[4)
0 b}’ " mass~ Malﬁsgf SG]UHUU(E) '

- R R—. |
1

e.g., if 10 grams of NaCl is dissolved in 250grams of H,0, it
mass

Es_ relation between the solute and the solvent.

:

Find uuNthe Yo of a solution that has 4g of glucose dissolved in 5 00g of

represents

| Wateri- 7
;F Solution: Here 4g of glucose has been dissolved in 500mg of water, s

rnass relationship exists;

The % of solution can be determined by applying formula:

_—
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ass of glucose
mass of g <100
mass of solution

48 100=08%
S00g

So. given solution has 0.8% e

6.4.1.2 Percentage by mass/volume (")
This mvolves the measurement of solute in mass units (grams) and of

)

solution in volume units (cm’ or ml).

N |
mass _ MﬂSb Df ﬁﬂllli’é@ <100 '
volume  Volume of chg?ibmmﬂ e ]
For example, if 10g of Glucose ls<dlssnlved in 1 litre of water, this

R

¢
s.{"‘}

llh)r’

Mass
volume

relation s -

Calculate pr-:uuntage uf‘NaG}m a solution which-has been prepared by
dissolving 5 ofNaClin I of water.

Solution Il. this exai‘ﬁpe the mass/volume relation exists and the
percentage of this solution can be determmed by applying the formula:

mags of solute _
vglﬁﬁle ofsolution. 100

by\puttmg up the values in the above formula and solving the
pmb)\e@ we will get the required result.

\g/ mass of solute

% =

% o volume of solution %100
= 88 ey *
350m x100 = 3.2%

So, given solution has 3.2% of NaCl
B e ——
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6.4.1.3 Percentage by volume/mass (/)

In such type of solutions the amount of solute is expressed in volume
unit and of solution in mass units.

volume Volume of solute(em?® )
» 1O

mas Mass ol -.:?]lliil'bi'li;JF

Forexample, if 10ml ofalcohol is dissolved in 100gms of water, this is

the Yolume relation. 40
mass E A

=

e R T ey "'“-'I-,F'!ﬁ"‘-ﬁ
e d S A L
".'1:'.'.Hil| ni."ilh.--;‘; L= H

In a face cream recipe 6ml of almond oil has been mixed in pet S¥eUm jelly
to get 50g of total mixture solution. Find out the percentage of dimond oil
in this cream. R )

I : . AN

solution‘In this example the solute has been measured in volume unit and
solution is in a grams. So the relation here is vulumeﬁm\é’és.

the solved this example we will use the fuli@k/mg formula:

Volume of solute

Fercentage = Mass of solution :@1‘90
U
)
Percentage = ——g—g-]g]— x100 Efﬂk%

So, given solution mixture has 12% of almond oil.

6.4.1.4 Percentageby volume/volume (%)

In such type of solutions the amount of both the solute and the solution

are expressed in volume units.
. {% .|J},’ volume _ Volume of solute(cm®) <100 !
volume  Volume of solution(cm®) i

.m

For the preparation of vinegar 30ml of acetic acid has been dissolved in
water to make the total volume of mixture one litre. Calculate the
percentage of CH,COOH (acetic acid) in this vinegar mixture.

 Forexample, this relation is observable in case when 10ml of alcohol is
dissolved in 100ml of water.

Scanned with CamScanner




6.4.2 Molarity (M)

This is the unit which is used frequently for well description of a
solution's compunents. Molarity is the number of moles of a solute dissolved
per litre of a solution, e.g. 0.1M NaCl solution means that 0.1 moles of NaC]

(5.85g) dissolved in 1 litre of aqueous solution.

number of moles of solute |
Volume of aulut:un in Litre §

Molarity (M) =

6.4.3 Problems involving the Molarity of a Solution

In order to calculate the molarity of a solution or the amount of solute in
molar quantity above formula is used:

S

- Moles
MelantyiS Amount of sulutlnn in litre

Or more simplified form of this formula i is:

Mass ﬂf solute
Molecular mass of sqlute x Amount of solution in litre
This is further explained by the help of following example:

Molarity =

Example: 6.4: Calculat@?mnunt of NaOH réquired to prepare its

0.1M sblution in 500ml of water.
Solution: ¥% know that the molarity calculations involve the
Mol o AUs cof formula: Mass of solute
X ,Mﬁalecular mass of solute x Amount of solution in litre
T :
) 4 -
lgl\g@ of Solute = Mﬁlant}_f % Molecularmass of solute x

Amount of solution in litre
Byinserting valuesinthis formula
MassofSolute  =0.1x40x0.5(li)
Massof Solute ~ =2gms

So, if 2 grams of NaOH is dissolved in SOOml af water 1t Wﬂl give
0.1M solution of NaOH.
1Y ;_!frl?ﬁ{”uuu. A
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& H-L,_w.-r_‘ Jsi-&}'h im_u \\:u
How will you prepare a 250 ml of a solution of 0.5M NaHCO,?

6.5 Dilution of Solutions

Although we often make solution for any purpose, but many times we
are provided with some prepared solutions and we just have to fix its molarity
or percentage as per our requirements, for this purpose we have to dilute the
solutions up to the desired level, this process is called dilution of solution:

The dilution of a solution is brought about by using @ simple
relationship that 1s present among the required and the given solutions, this
relation 1s given by the expression,

M.V, =M2V1

Where M and V, are molarity and volume of dilute solutions while M,
and V, are molarity and volume of concentrated solutions.

Vv =Volume

1 and 2 represents the provided and required solutions.

Example6.5: What is the vnlumﬂ of HCI required to prepare 500m]
of 0,IM salution from the commercially provided
36M HCl acid?

Solution: This. pmcess requires the dilution process. The
farmula that will work is:

M,V,=M.V,

Here M, =Molarity of commercial HCI =36M
V, <, =Volume of commercial HCl =?
M, . =Molarity ofrequired HC] =0.1M
V, =Volume ofrequired HCI =500ml

S0, by inserting values in the given formula, we get

=M,V, v
36xV,=0.1x500
¢ V,=139ml

R
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Prepare a solution of 0.5M Prepare a solution of 200ml
H.SO, from the commercially of 2% glucose from 10%.
provided 12M solution in 400

ml quantity.

[t means that when we take 1.39ml of commercially provided HCI, and
then make its volume upto 500ml, it will be solution of desired strength and
quantity, i.e. 0.1M in 500ml.

Same relation is used for the preparation of solutions from the
percentage values.

6.6 Solubility

Solubility is defined as the amount of a Substance which is able to
dissolve in the given quantity of a solvent at a particular temperature.

Normally in the solubility, the amounts of both the solute and the
solvent are taken in the units of grams, thus it can also be defined as the
number of grams of a solute which are soluble in 100gm of solvent.

Solubility is related with-many factors, of which the nature of solute
and solvent are very important, a general phenomenon which is observed
during solubility is that like is dissolved by the like, this means that polar
solute are soluble in polar solvent and non polar solutes are soluble in non
polar solvents, thus NaCl is soluble in water (both are polar) and petroleum
jelly is dissolvable in benzene (both are non polar).

Further more temperature also plays an important role in dete:mmmg
solubility; this will be discussed in detail later in this chapter.

6,6:1 Solute-solvent interaction during Solubility

As described earlier that a general phenomenon works in formation of
solutions, i.e. like is dissolved by like. This is due to development of attractive
forces among the solute and the solvent particles, and the resultant product of
the process has lower stabilizing energy, so the solution is formed.
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The process of

solubility involves ity /d

jonization of solute (in \f;/ & W

the polar solvents), in a : 4 i
manner that each cation 5 “ﬂ g o/ {Ci \\ﬁ
is captured by negative ﬁ'/ (e -ﬁ.__‘HﬁHr 9 S

poles of solvent and
anions by positive poles
of solvent. The process

is known as salvation or Figure 6.3

solvolysis. This process

Solute - solvent interaction JQEees it

sodium chlonide soly QIVSIS \D

ofsolvolysis between NaCl and H,0 is shown in figure 6.3.

0.0.2

Cnliskitlotiiasead ~
Solubility and the

The solubility of a given solute
in a given solvent generally depends
upon the temperature. For around 95%
of solid solutes, the solubility increases

with temperature, but the gaseous

solutes, the temperature increase
usually decreases solubility in water,
and solubility increases in the organic
solvents mostly.

The given graph in figure 6.4
shows  solubility , curves for some
typical inorganic salts (all solids).

It can be seen here that many
salts like sodium nitrate and potassium
nitrate show a large  increase in
Solubility with temperature. Some
Solutes (e.g. NaCl in water) are fairly

Temperature

. .ia by bbb LR LLELE T EET T
LI :- --1-""-!-"- i- frﬁ'iyr{/l-q:-:w--u —
4 < PSS M, B O L
PR SR {
wefreredestnarenuntrnsadsafiobefunconutivnns As
g e i iy |
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3. gl bl madt
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) !
@

w0
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Figure 6.4: Relation between Solubiligy
and li..[]lpl:ﬁ]lu.['{‘ -

independent of temperature. A few, such as HCL, NH, become less soluble in
hot Wwater, Organic compounds nearly always become soluble as the

R T 1y T AT

E——
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temperature is raised, in most solvents. The technique of recrystallizatiop
used for purification of solids, depends on these differences in solubility i,
hot and cold solvent. But remember that there are always exception,

6.7 Comparison of Solutions, Suspension and Colloids
In your daily life you must have notices different types of solution

with a variety of characters, like that of the cold drinks, sugar syrup, drug

preparations, paints and emulsions etc, you must have observed their

composition too, here in the following pages now we will make you aware of

the interesting features and differences among these in the scientific view,

6.7.1 Solution

Solution or a typical completely miscible form'of solution is actually
the best regarded true form of solution that we haye described in the previous
pages.

6.7.2 Colloids

Sometimes a solution consists of bigger solute particles, (between 2 to
1000 nanometers). These particles although are evenly distributed in the
solvent and appear to form a-homogenous mixture, but over a time they
separate from the solvent system and form a heterogeneous mixture rather
than the homogenous phase due to having a bigger solute size, Such solutions

are termed as the colloids. The examples of such colloids are blood, fog
smoke, paint etc.

6.7.3 - Suspension

ABuspensionisalsoa typeof’solution which s inheterogeneous phase. I!
is similar to the colloidal system in many ways, but

components of a suspension (the solute) seems alway
solvent system, whereas in the colloids, the solute

unlike the colloids the
s separated through th¢

. get separated over a tim°
period. Theparticlesizenfsuspensinnisgreaterthan

| 1000nm.
The solution of flour in water (sattu) and m

ud in water are the commo”
examplesofsuspensions. Manyofthiemedicinalso]
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SOLUTIONS

COLLOIDS SUSPENSIONS

& sotute particles have dissolved @ Solute particles ¢ Solute particles

to the point of fons, atoms, or
molecules

& solute particles are evenly
dispersed throughout the solvent
Pastrcles do not s¢ltle down with
.

COMPOSITION

¢ Particles are koo small to see
with waked eye (Tess than 1
natometer = 0.000000001 m)

$IZE

¢ Solute particles will pass
thiough a paper filker and a semi
permeable merbrane; cannot be
separated exeept through
drstlliation

SEPARTION

do not dissolve fully do not dissolve

® Particlesform @ Particles form
groups of wons, large groups of
atoms, or molecules. insoluble particles.
SParnicles are evenly ¢ Particles settle
dispersed through  out with tirpt:
solvent, but solution

appears cloudy

® Particles do not

settle out with time N
¢ Paticksare & Particles'can be
usually notseen by seen with naked ey
waked eve (1 - 1000 (targer than 1000
BANOMYEETS) W

* Solute particies ~ ¢ can be easily
will pass through 2.« separated by filtering
paper filter; can be

separated by a semi

permeable

muelmm i
walls

@ Niay be dilute or concontrated; #  Parts of a colloid

OTHER

ON TempeIatITe; ex, MoTe Sugar
will dissolve wien tea is hot)

Niay be unsaturated, satorated, of  may be separated by
suporvaturared. an ulracentrifuge -
Degree of savavation is dependent  (spin at very high

speeds; used ©
separate blood)

¢ There are 9 types of solutions, ¢ Thercare 3types ¢ Examples

based on the solute (151) and the

solvent (these are also discussed in (2) Gels - liquid dressing, liquid

D)
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suspension, which are also labeled as "suspension" and instructed to be

wellshakenbeforeuse. Icecreamisalsoasuspensionoficecrystalsincream,

The followingtable 6.2 brings the summary of differences between thege

three types.

*
L) ‘l-

L
L ‘Q

-
e

LJ
e

SUMMARY OF THE CHAPTER

Solution is 1 homogeneous mixture of two or more substances.
Solution 15 ot a pure substance, and its composition varies in different
types.
The component of solution which is lesser in quantity is called solute,
The component of solution which is greater in quantity is called
solvent. A

Solution may be unsaturated. saturated and super saturated, depending
upon the amount of solute and temperature.

If more solute can be added in a:solution then the solution is called
unsaturated solution. )

[fno more solute can be dig;galved further in making of a solution, then
the solution is called saturated solution.

When more solute is' added to in a solution by increasing the
temperature, then the solution is said to be super saturated solution.
Solution can‘be-‘formed in all states of matter, thus there are 9 different
types of solutions which are formed.

The strength of a solution is represented b
percentage, molarity etc.

The percentage composition of a solution descri
per hundred parts of solution. .

Molarity of a solution gives the number of moles of solute dissolved
per liter of solvent: it is symbolized as “M”.

Generally increase in temperature increases the solubilityofa solute,

Yy various means, like in

bes the parts of solute

T E T —
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hut the solutions of gases do not follow this rule.
The solution mixture in which size of particles ranges from 1-1000nm

iSfﬂ]lCdthC |, i) "Jr-. I'.|‘|__i-|-.- -.||.|'||.-;.
&  The solution mixture in which size of particles is greater than 1000nm
is called the suspension. Some times the particles in suspension can

even be seen w.th naked eye.

EXERCISE
Fill in the blanks with appropriate words.
1)  Asolutionisthe............. type of mixture.
1)  Strength ofa solution in mole/litreiscalled .......:..... .
iii)  The solute-solvent interaction in dissolution process is termed

BN o ;
iv)  Generally heating............. the solution formation.
v)  Milk of magnesiais the exampleof............. :
vi)  The solute is that part of solution whichis.............. in quantity.
vit) In oo solution mo more quantity of solute can be

dissolved at normal temperature.
viii) In dissolution process, a general rule of solubility is that
dissolves like.

ix) ppmstandsfor..............
X)  Thesolubility of gases ............. with increase in temperature.
Choosedhe correct answer.
1) Thesolventis the part of solution which is:
(a) more in quantity (b) less in quantity
(c) equal in quantity (d) does not depend on quantity
ii)  The heterogeneous mixtures where the particle size of solute is
larger than 1200nm is called:
(a) solution (b) colloids

IR ——
_— ESSES
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Q3.

(¢) buffers (d) emulsion

iii)  Indissolving table salt, heating accelerates the solvolysis.
(a) true (b) false
(c) both statements are false (d) both statements are true

iv)  Theairisasolution:
(a) true (b) false
(c) both statements are false (d) both statements are true

v)  Steelis the type of solution having:
(a) liquid-solid composition  (b) liquid-liquid composition
(c) solid-solid composition (d) solid-gas composition

Answer the following questions in short.

1)  Whatis the difference between unsaturated, saturated and super
saturated solutions?

i) Draw a picture to show that what happens when an ionic
substance is added to water to dissolve?

iif) ~ Why NaCl is dissolved easily in cold water but not in heated
cooking oil?

tv)  Whattypes of solutions can form? Example of each type.

v)  Whatis meant by molarity?

vi)  Explaindilution of solutions with anexample.

vii)  Explainthe term suspension?

viii) Whatare colloids? . |

ix) Compare advantages and disadvantages of percentage and |
molarity over each other, '

X) What would happen if solubility of oXygen in water increased
one thousand times?
Answer the following questions with reasoning,

) Whichofthe following eXpected to dissolve in H,0 and why?
i) S : ool (b) Hydrocarbon, (c) NaCl, (d) lron
xplain why some liquids are miscible in one anofher whic
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other liquids are immiscible.
iii) Whyitis necessary to bubble air through an aquarium?
iy) Why solubility of gases decreases with an increase in

temperature?
Explain how can you obtain pure solute from a solution by

adding more solute to the solution.
Q5. Define the term solution? How the solutions form.
Q6. Discuss various concentration units?
Q7. Calculate the molarity of a solution of NaHCO, that contains SOgm of
NaHCO, in 250ml of water. '
Q8. Find out the amount of glucose required to prepare its 0.5M solution in

500ml of water. |
Q9. How the temperature effects the solubility process?, give examples to

prove your statements.
Q10. How would you differentiate between the solution, suspension and

colloids?

V)
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ELECTROCHEMISTRY

— e A ————————————— -
————————————

(¢) CONCEPTUAL LINKAGE (¢) TIME ALLOCATION

Before reading this chapter, the Teaching periods =16
student must know the: Assessment periods =03
» Charge concept. Weightage = 14%

% Basics of Chemical reactions
» Basic structure of periodic table

} .'.|: i _'_-'r. .".‘.-_'-_ v I‘"::ri'--r R 1 S f 4
- 7 o { o

o [ % il By B f

g RS AN 1 A A o M H

After reading this chapter, the Student will be able to:

» Define Oxidation and Reduction in terms of loss or gain of oxygen and
hydrogen. (Understanding)

> Define oxidation and reduction in terms of loss or gain of electrons.
(Understanding)

» Identify the oxidizing and reducing agents in redox reactions. (Analyzing)

> Identify the oxidizing and reducing agents in redox reactions.
(Understanding)

» Define oxidation state. (Remembering)

> State the rules for assigning the oxidation numbers. (Remembering)

e Determine the oxidation numbers of element of any atom in a compound.
(Applying)

» Describe the nature of electrochemical processes. (Understanding)

> Sketch an electrolytic cell, with labels. (Understanding)

» Identify the direction of movement of cations and anions towards respective

electrodes. (Understanding)

> List the possible uses of an electrolytic cell. (Understanding)
» Sketch a daniell cell, with labeling. (Understanding)
> Describe how battery produces electrical energy. (Understanding)
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7.0 Introduction to Electrochemistry

Electrochemustry is a branch of chemistry in which the conversion of
chemical energy into electrical energy and electric change produced by an
electric current are studied. The electrochemistry also deals with situations
where oxidation and reduction reactions takes place, but the direct charge
transfer in the form of electrons from one species to another is not the topic of
electrochemistry.

Electrochemistry is an important branch of chemistry and many
important topics like metallurgy of metals, analysis of chemical compeounds,
battery operations, electroplating etc are discussed here.

7.1 Oxidation and Reduction

Oxidation and Reduction may be defined in many ways, these
definitions can be summarized in the following manner, '

Oxidation:

1)  Oxidation is gain of oxygen

i) Oxidation is loss of hydrogen

ii1)  Oxidationis loss of electrons

iv)  Oxidation involve an increase in oxidation state

Reduction may be defined as:

1) Reduction is loss of oxygen

ii)  Reduction is gain ofhydrogen

iii) Reduction is gainofelectron

1v)  Reduction involve a decrease in oxidation state

These point are further explained by the help of following examples.

In the extraction of iron (Fe) from its ore Iron oxide (Fe,0,), the

Processes of Oxidation and Reduction are:

Reduction b

i v .E
Oxidation I

I —— A —— ”.____d

As shown here, 'Fe,0," is reduced to Fe, and 'CO' is oxidized to 'CO,,
befﬁause here it can be seen that from reducing species 'Fe,0O,' the oxygen is
bt‘:}ng eliminated, while from the oxidizing species 1.¢. the 'CO' the oxygen is

being added.
iy e S T R R

—

Scanned with CamScanner




In the following case of ethanol,
The Ethanol (or Ethyl alcohol) is oxidized by loss of hydrogen.

I T

l)wmimn bv lcm ut iwdmu:n

And in thls case of Ethanal (also called Acetaldehyde), the reduction
is brought about by the gain of hydrogens.

Reduction by gain of hydrogen

i ) |
Hy + CH,CHO, — CH,CH,0Hy

The modern view of explaining the Omdatmn and Reduction processes
are in terms of electron transfer,

As described above the oxidation is loss of electrons, while Reduction
is the gain of electrons.

Reduction by gain of electrons-

| ¥
Cu” + Mg — <& Cu + Mg?
l (s} (=1 1‘

Oxidation by loss of electrons

TN - e

In this above example, the Copper (Cu) is being reduced to Cu from
Cu”, by gaining electrons, while Magnesium is oxidized to 'Mg 'by the loss
of electrons.

Similarly in the following case (a), the Fe” is oxidized to Fe” by the
loss of one electron, while in case (b) the reaction is reversed and the process
is the reduction.

(8> Fet? —idation , Fe® i1g

(b) Fe™ +]e —Reductiony Rgi2

7.2 Oxidation number/state and rules for assigning

oxidation numbers.
The charge which an atom bears in a compound, molecules or 10ns 15
called its oxidation number; the oxidation number may be positive or negative

ARG T N T - B ol S AN I
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depending upon the clectronegativity of an atom.
Following rules are applied to calculate the oxidation number.
i) Theoxidation state of a free element is always zero. For example, 'O,
'C1,,'S,’, and 'Si' have zero oxidation state.
The sum of the oxidation states of all the atoms or ions in a neutral
compound 1§ zero.
iii)  The sum of the oxidation states of all the atoms in an ion is equal to the
charge ontheion. - OO
iv)  The more clectronegative element in a substance is given a negauve
oxidation state. The less electronegative one is gwen a {ﬁﬁltw&
oxidation state. O}
In the following table 7.1 common oxidation numb\m:s of some
elements are written. Y\\

i)

Group

I
2
17
16
]

Thc oxidation § aj:} nf some elements are calculated in neutral
compounds are given below in the table 7.2:
\\;
Substance \} Oxidation Number Calculation

%
Qi?j\ Cr(n) +CI(-1)x3 =0

n=-+3
\@Mno K(+1)$Mn(n)+O(-2) X 4 = 0
n= +'?

2
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Calculate the oxidation number of 'N' in following:
(i) HNO, (ii)) NO, (iii) NOCI

7.3 Oxidizing and Reducing Agents
Substances that bring oxidation process are known as oxidizing agents,
Ina broad sense, the oxidation, which is defined as the loss of electrons, 5o any
substance which brings loss of electrons or accepts electrons during the
chemical reactions is termed as the oxidizing agents, oxidants or.oxidizers,
The oxidant removes electrons from another substance, and is thus reduced
itself. And because it "accepts" electrons it is also called an electron acceptor,
Oxidants are usually chemical substances with elements in high oxidation
numbers {e.g., H,0,, H,S0,, K.Cr,0,, Mn0, , Cr0,, Cr,0; , 0s0,) or highly
electroncgative substances that can gain one ot two extra electrons by
oxidizing a substance (O, F, Cl, Br).
The reducing agents are just opposite to the oxidizing agents.
The substances that have the ability to reduce other substances are said to be
reductive and are known as redueing agents, reductants, or reducers.
The reductant transfers electrons to another substance, and is thus oxidized
self. It "donates" electrons itds also called an electron donor. Metals (Li, Na,
Mg, Fe, Zn, Al) can be used as reductants, These metals donate or give away
electrons readily. The hydrogen gas (H,) with a palladium, platinum, or nickel
catalyst can also be used as the reducing agent. These catalytic reductions are
primarily used in the reduction of carbon-carbon double or triple bonds.
Redox process 1s that the reductant transfers electrons to the oxidant.
Thus, in the reaction, the reductant or reducing agent loses electrons and i

oxidized and the oxidant or oxidizing agent gains electrons and is itself
reduced.

74 The Oxidation-reduction Reactions (Redox
Reaction)

As described earlier, the oxidation and reduction go side by side in @
reaction. A substance which oxidizes the other is itself reduced and vice versa.

R 3 e S
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1) Fe,0,+3CO ——— 2Fe+3CO0,

g) I (E) (g) j‘ L)
Oxidation
iy Anotherexample is the reaction between the H, and F,
H,+F,—2HF
*(g) e 4]

Here, The H, loses two electrons, which are accepted by the |,
—— 2H +2¢ = (Oxidation)

l:l}'!'

F,¥2e —2 K (Reduction)
2H +2F — 2HF, '
H,+ F:rm ——> 2HE,, (Overall reaction)

As seen, the overall reaction results in the formation of hydrogen
fluoride (HF).

The redox reactions are very important to understand, both in research
and industrial applications, as most of reactions involve the transfer of
electrons from one species to the other, and are thus categorized as the redox

reactions. There understanding hence is used to increase the desired products
by suitable procedures.

1.5 The Electrochemical Cell

An electrochemical cell is a device containing at least two electrodes in
the solution of an electrolyte, and here in this cell the oxidation-reduction
(Redox) reactions takes place.
 The electrochemical cells are of two types, i.e.

) Electrolytic cell
1) Galvanic cell

These types are described in detail in the following pages, but let's first

Understand the term electrolytes.

S0 The Concept of Electrolytes

; .Thc electrolyte is a substance which is capable of conducting
Lctrlcny in its solution or molten state. The electrolytes are generally

3
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consists of ions which serve as the carrier of electrons and heng,
conduct easily the electric current. +
Thev may be further classified into strong electrolytes and weal
electrolytes. 3 |
The strong electrolytes are those which ionize completely in thej,
aqueous solution, e.g. NaCl, HCl. and NaOH etc are some strong electrolytes
1 H-0 + -
NaCl,, ———> Na~ +(l
NaCl,,, it Sk
The weak electrolytes are those which do net ionize in greater extent,

e.o. acencacid.

CH,COOH,, + H;qﬁ# CH;COO0 ) +‘.ﬂ§0;q)
The electrolytes although being composed g@t‘fﬁns do not conduct

electricity in the solid state because in solid state the mobility of ions is very

*
\

low. \#

N\
152 Electrolytic Cells Q‘?‘{\

An electrolytic cell is the cell }hétlc'nntains a solution of electrolytes
and has been fitted with two ::lactrg"d\es, anode and the cathode which are
attached with a source of direcg&ﬁ\ﬁent (DC). In this cell a non spontaneous
reaction takes place using the eleetrical energy and some products are formed.

In the clectrolytic cellwhen electricity is passed the ions present in the
solution are aﬂmstedmf{éx\vards the respective clectrode, i.e. anions towards
anode and cations teward cathode. The |

electrode that amfaEts anions is called
anode and the) electrode that attract
cations LS gaileﬂ cathode.

I ease of the NaCl.the CI ions
move“towards the anode and loss
theif electrons there. hence oxidation

Sreaction occurs here, while the Na® jons
moves toward cathode where reduction
reaction occurs, and Na' gains electron

T sodmmChIO“d‘
yielding neutral products. Figure 7.1 Atypical elecirolytic o

e i L —
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The chemical reaction in this electrolytic cell are foliowing:
NaCl,.., — Na;+Clj;
1S ) | 4

Oxidation reactions at anode:

Reduction reaction at cathode:

2Naj, +2€ — > 2Nay,

Overall the whole process can be written as:

Electrotvac cell 1
2NaCl, e, 2Na,) + Cl

It -yt

T .';'rg;

The electrolytic cells are very important. Theypare used in
electrorefining . process, through which high grade amnetais and other
substances are produced. These cells are alsoused in giectroplating processes.

7.5.3 Galvanic Cells or the Daniell Cell

The Galvanic cell is also a type of (
electrochemical cell like the electrolydic celis
but differs from that in the sensethat it is used
for the production of electri¢ eurrent or flow
of electron current froni the spontaneous
fedox reaction, This:eell is also known as

Daniell cell or Voltaic cell, named after Luigi
Galvani,

T'his consists of two different metals
C APy . :
nnected by a salt bridge or a porous disk

bet Nk ‘ g Luigi Galyani Y
ween the individual half-cells. A Galvanic : (ltaly)
“ellis show in figure 7.2. l rB-Em ”j;ﬂiﬁﬂl 798
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Voiltmeter + |
A :’ f—
Capper | Lol
(Cathode)
& S Salt Hndgr:
l.“'

Cu** 26 ——» Cugy+ 0,34\ Zn, Q\Zﬂ’ +2e +0.76Y
Cu? +7n,, -—4?.111?’ ‘{tl.lhr
LiT ?K\I 1C A I

In the Galvanic cell. the Zn m;:l%T has a high tendency to lose electrons
than Cu. as a result oxidation Taction takes place at Zn electrode. The
clectrons flow from Zn electrode through the external wire in the circuit to Cu
electrode. These electrons are gained by the Cu ions of the solution and
copper atoms deposit @t the electrode. As a result of this electric current is
produced. QO

The reaction of this cell are shown here in following,
Zn,, T%ﬁ;ﬁﬂ,—* 7 n** +2¢s- (At the anode)
%« T 26s —M{—* Cu (At the cathode)

‘hat the overall reaciion could be:
»\‘,,/ - e ! 3
Q¥ Zn+Cu —> Cu+Zn

The cell voltage car be calculated as:

_:I'} o, i I
= E d +Ercl

cell (%
0= 0.76+0.34=1.10V
3 J
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The Galvanic cells are extensively used in the production of el zctricity
through the chemical reaction and the lead——acid batteries are baser on this
cell.

76 Electrochemical Industries

The Electrochemisiry occupies a great place in the life standards of
modern world. Every institution, whether it is a home cr a factory, ut:lizes the,
applications based upon the electrochemical instrumentations. For example.
the batteries, whether they are the conventional Lead-acid batteries {(without

Soluiron
¥ (Diinte Sutforic
i Acid)

(b) Different D
which no vehicle can run) or dry cells batteries or the
lithium batteries, (which provides the source of
clectricity for the most of electronic equipments such
as the wrist watches, radios, and even the computers)
orthe most modern used the sealed batteries (to which
You are familiar in)your rechargeable emergency
lights), all these are the direct result of the
tlectrochemical applications.

_ The electroplating methods, which are used
E’I'ldﬂlb’ fﬂf the prevention of corrosion. and also for the
¢ looking of the objects (e.g. the gold and other

el at: ' "
?Ct_ruplaimg} also use the electrochemical |
pnntlpleg.

! The process of electrolysis is also the important
*ample of the electrochemical application. This

i

_ lﬂimlre 7.4
(A Gold p_?a!'.‘.‘d omament
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process is frequently used in the preparation of many important compounds
and for the decomposition of many substances into simpler fragments.

7.6.1 Manufacture Of Sodium Metal from fused NaCl

The Sodium metal which holds an important place is obtained from its

common salt, the NaCl. This process is commercially performed in a
spectalized electrolytic cell called Down's cell.

The Down's cell is shown in figure 7.5.

\ &
:;":15-';.;.;,,;_:_3 S — C%@?ﬁct
[

|| . B
! Inletfor /& < N\
{- NaCl ' [gde Ve

e t& / .’i \ e 75 ”H\vn'*: cell
Lhe NaClis introduced in ¢ : EREREMARTS R
- : - cell where it melted SR
t . ed. The electri
hrough the clectrodes. Differen( reactions of the process are: § Bl
NaCl,, —Heat

Oxidation reactions at anode,

I fom ikt
X CIU]  Dxidation C!zlg,‘ .!;‘26
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Reduction reaction at cathode.
:'1\“.‘; + e _ hueten, :N‘l_\“
Overall the whole process can be written as:
INaCl,, —SSm 5 2Nag, +Cly,
As a result CL 3 given out from the anode and molten sodium 1s
collected at the cathode. .

Y4
LAV
¥

7.6.2 Manufacture of NaOH from Brine
The NaOH or Caustic soda is a very important chemical and is u;:.éi?ﬁn

countless industries like in leather industry, in fabric mdu:»m@\ “suap

industry. paper industry and many more. N
It is commonly known as Caustic soda and is indu lﬁy prepared

from the electrolysis of brine (concentrated aqueous & 0\9{1’011 of NaCl) in -+ .

Nelson's cell which is a specialized electrolytic cell. \?‘ x>

NaCl =
_é " .'{'—:
H:, ............ _ ‘_‘;-”i
Continerf*
(Cathode) ' .;ﬂj
Porous GIE

asbestos |
lining

L=
L™
i
=

-

T | R e IR |
he Process de’fers from the Duwn S methud in the sense that n l:mu:ua'.1 foe [

=
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some H,0 is also present which is reduced during the process and form OH

ions. Na and OH combine and give NaOH.
The Nelson cell is shown in the figure 7.7.
During the electrolysis Cl, is given out at the anode, H, at the

cathode and NaOH is collected from the base of the cell.
Following reaction occur in the cell.

NaCly,, looizafon 5 Ne((,,) + Qfm} X [2]
20Ny —ortam—> Cl£2€

2H,0 +2€ T > Hy + 200
2" +208  —fdeell , HNaOH

m
lectn :
2NaCliy +2H,0qy —=——2—  2Na@H,, +Cly +Hy,

The chlorine and Hydrogen produced here as by product and are filled
in cylinders, transported for marketing, while aqueous NaOH is dehydrated
and dried up, filled in bags and is sold in market.

1.7 Corrosion and its Prevention

Corrosion is the( term applied to metal tust caused by an
electrochemical process. Most of you are familiar with the corrosion of iron,
in the form of reddish brown rust. There are some other examples of corrosion
too, like the black tarnish on silver, and red or green corrosion that may appeaf
on copper and brass. ;

The corrosion involves the deterioration of essential properties in a
material. The corrosion is actually due to redox reactions that occur in the
presence of oxygen, moisture and acidic oxides i.e. CO, etc, corrosion
damages metals and converts into oxides and finally into hydroxides e.g. Fe is
converted into Fe,0,. nH,O (rust). The corrosion causes a great damage to the
metal and other objects in the world costing billions of dollars every year, and
also causes accidents resulting in the loss of precious loss of lives.

EEEE—— el s o ST
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The rusting of iron chemically means the electrochemical reaction of

|

|'I. ] JI i

on with oxygen and water to form Fe(OH)., Fe(OH),, or even Fe,O,.nH.O.
Chemically the corrosion of Iron is written as:
4Fe + 30 + HO (4 2Fe O, .nHO

(Hydrated i gITIC nxul-.:l

You may have observed this rusting around yourself at many places,
the rusting of Iron which causes great loss of money and efforts can be
reduced by applying following operations.
By painting the surface.
By coating the surface with a thin film of o1l or grease.
By electroplating iron with some non-corrosive metal such as nickel,
chromium, copper, etc.

ad b

Figure 7.7 Rustin Iron

1.7.2 Prevention of Corrosion
Each year billions of dollars are also expended to control the corrosion
Processes, mostof these processes involve following techniques.

) Coating
The coating is the most common and simple method for the prevention

of corrosion. In this method, the metal or the object which 1s to be prevented
from corrosion is coated with some material which seals it from the outer
atmosphere; the most common coatings are done with the paints or grease,
this cut off the metal from atmosphere and reaction between the O, and the

Metal is prevented.
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ii) Electroplating F5)

The electroplating, in which the metal which 18 bemg protected by
corrosion is electroplated by some substance which is resistant to corrosion,
e.g the ornaments are electroplated with the gold, or some objects with the
copper. This reduces the corrosion significantly.

iii) Alloys Forming

In this method. two or some time more metals are mixed to obtain a
mixture of these metals, called alloy, which is very resistant to corresion, e.g.
the steel 1s an alloy of iron, chromium and nickel, Brass is an aloy of copper
and zinc. These alloys are very resistant to corrosion. %

78 The Electroplating Process S

The Electroplating is the process of cnating@ﬁiét‘al object with a thin
layer of another metal using the process . _gﬁ:éiectrolysis. Usually the
electroplated coating is about 0.002 inch (0 Q/é("‘l‘\l;‘,ml) thick.

Electroplating is carried out by-eon structing an electroplating cell in
which the metal to be plated acts g,s\ﬁ:}f;thude and the metal to be deposited
acts as anode, which is immersedinan aqueous solution ofits salt.

During electrolysis fgj{ ing reaction occur.

x"";\’*}
ALA i I g g
M o) M+ 26 - (Oxidation)
,»\‘\;’ :
L as N ArCathode )
M™ + Ee',\\, T M (Reduction)

E.Iggfaplating is used to give metal objects a better appearance or to
protect them from corrosion, wear, orrust, Ta

picces;-and jewelry are plated wi
attrdctive.

| There are several types of electroplating pmesseg, c;}assiﬁed on th
basis of type of compound which is used for electroplatin g cuatmgs smﬁe 0
these electroplatin gprocesses are described below: L i
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78.1 Electroplating of Tin

Tin is a malleable, ductile, highly crystailine, silvery-white metal. This
metal resists corrosion from distilled, sea, or soft tap water, but can be
attacked by strong acids, alkalis, and by acid salts.

Tin Plating 1s used extensively to protect both ferrous and nonferrous
surfaces. Metals plated using tin are useful for the food processing industry
since they are non-toxic, ductile and corrosion resistant. The excelleit
ductility of tin allows a coated base metal sheet to be formed into a variety of
shapes without damage to the surface tin plating layer. Plating with Tin
provides sacrificial protection for copper, nickel and other non-ferrous
metals, but not for steel. |

During electroplating, a mixture of tin salts is dissolved in a water.
When an electric current is passed through water, the tin fons will be attracted
toametal object placed in the water, creating a permafent coating oftin.

Sncl2 ) === SnZ + 288 |
At Anode Sn, —>%Sn"* +2€

At Cathode Sn{j;+2€ —> Sn

: .Strip "'& :
By .

: meSrotim =
Strip Metal =
Metal Tin =

Chloride o
Solution

0\ =

Figure: ‘S Electroplating of Tin and Tin plated cans

Tin piaiin g is an effective method of protecting base metals like iron or

steel from Tust and corrosion. While zinc plating can also be used to improve
Corresion resistance, zinc is too toxic for food or medical applications, so tin
Plating must be used for these types of projects. Tin plating also increases the

ductility ofa metal object, making it easier to weld to another surface.
One potential drawback to tin plating is that it is not as effective as zinc
Plating, or galvanizing, when it comes to protecting materials from rust and |

14

— —-—
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corrosion. When galvanized metal is damaged or scratched, the zinc reacts
with the air to form a new protective coating. When tin plated metal is
damaged or scratched, the underlying metal is left exposed to rust and
corrosion. Tin is also a relatively soft metal, making it highly susceptible to
damage. This material cannot hold up under extremely cold temperatures, and
should not be used in freezing conditions.

- r?‘ - ﬂ | ¥ g H =
7.8.2 Zinc Plating ZnClyge— Znjy, +28

At Anode Ing — Zngg +2¢

At Cathode  Znij+ 28 —— Zn,
Zinc plating is also an important plating process which involves less

hazardous chemicals than most other forms of plating;.and is successfully
done in small shops and even at homes. :

One of the most common uses for zinc plating
is to provide durable and inexpensive rust protection
forsteel.

Another advantage of zinc plating is when
plated metal is damaged or scratched; the zinc reacts
with the air to form a new protective coating.

Figure 7.9:
Zine plating
Zinc Plating (Fig.7.9) also protect and improve the appearance of

ferrous metals, (i.e. iron & steel) as a corrosion barrier, and is effective under
high humidity and moisture conditions.

7.8.3 Silver Electroplating .
AgNO; ) == Ag(y) +NOj,
AtAnode Agy——>Agjy +18
At Cathode Ag(yy +€ —> Ag
Silver is a white colored semi precious metal with
an oxidizing property. Due to its property of high
electrical conductivity it is used in electronics and
semiconductor industries. Silver is also an excellent L

conductor of heat and offers great solderability. It is Figu_re . 10:
malleable and has a high degree of ductibility so it canbe Silver platted utensil

B e T T
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sentinto @ny thapu and is hence preferred by jewelry and flatware industries
for its decorative appeal. :

The silver also acts as an economically
heneficial metal that may be put to good use for a
relatively cheaper prttcc as compared ln. other
srecious metals like gold or platinum.
(Figure:7.10) .

The most common usage of silver plating is
for omamentation of jewelry, plates, cups,
rophies and medals. The process adds a perfect
polish to the surface on which the plating is done.

Silver plating improves solderability by
hardening the surface and increasing wear-
ability. It is also used to inhibit corrosion. The
plating helps in reducing friction and to improve
paint adhesion. It is good for altering
conductivity and provides a shield against
radiation.

Silver finds application in electronics as a replacement for gold., it is
ometimes used for plating copper, as-its electrical resistance is lower.
Variable capacitors works best when silver plated.

Insilver electroplating the common Agsaltused is the AgNO,.

784 Chromium Electroplating

Figure 7.11:
‘Silver Plating Process

\ 3+ -2
At Anode Cry) —> Crj +3€

At Cathode Cl‘[i;}-i- 3e —> Cr,

EIGCImT[he* Fhf'ﬂme plating involves 'the
Ong ;J‘atmg of a thin veneer of chromium
etumf Underlying metal. Sm?*:ettmes used for
as 4 lamg Purposes, chrome plating can also serve
|t Yer of protection as well. Often, chrome

Plating i _
inr:r:;ng S applied to metal objects when there is an

4Sed OPportunity for corrosion to oceur.
‘ A et e ey
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This plating provides corrosion resistance, eases cleaning procedureg
increases the surface hardness and also offers a decorative shine.

Though differentiating between chrome plated surf’ac? anf:i other
polished surfaces is tough; yet it is possible as chrome plating is more
reflective, specular (gives mirror like reflection) and bluer‘than others.

Along with this, chrome plating also have some disadvantages e.g, it
costs relativély much higher then the zinc and tin plating, moreover it alsohag
some health effects, as Chromium VI is poisonous and causes even eancr
The Chrome plating also produces some compounds which create
environment problems.

SUMMARY OF THE CHAPTER |
&  Electrochemistry is a branch of chemistry that studies the reactions

»»»»»»

which take place at the interface of an electronic conductor called

electrode. ~

% In the electrochemistry study of oxidation and reduction processes 1
carried out. . -

%  Oxidation is the process of @dding oxygen, removing hydrogen of
removing electrons. {“‘%\)

%  Reductionis aprocess {otfaiiding hydrogen, removing oxygen oradding
electrons. 2

A
o

The apparent ghér%e upon an atom in a compound is called 1S

Oxidation staté or Oxidation number. Remember it is quil?

different from the valency which is the combing capacity of an ator

orthe number ofunpaired electrons inanatom.

< Oxidation number of an atom /element is always zero when it is in fired
state: :

% _<An Oxidizing agent is the species that causes oxidation of anoth

>~ species.

% Areducing agentis the species that reduces another species.

% Oxidation and reduction reactions involve migration of electrons fro”
one species to another species, these reactions always occur side bl
side.

%  Collectively the oxidation and reduction reactions are cailed Red®”
reactions. 5

|

Scanned with CamScanner



_

¥
l'i

&
"

The cells where the chemical reaction uses or produces electricity are
called Electrolytic cells,

The electrochemical cells are of two types, one that uses electricity is

called electrolytic cells, in such cells electricity is used to breakup a

compound into its constituents.

Second type of electrochemical cells are those in which electricity is
roduced by chemical reactions, such cells are called Galvanic cellsor
Daniell cells, the Lead-acid battery (car battery) is such type of cell.

Many important industries e.g electroplating, electrolysis etc are based

on electrochemical cells.

Many important compounds like NaOH, Sodium metal etc are

obtained by using electrolytic cells. ;

Corrosion of metals is a redox reaction, which involves reaction of

metals with oxygen, moisture of air.

Corrosion can be reduced by or prevented by making alloys, by

painting or by electroplating processes

EXERCISE ¢

Fill in the blanks with appropriate words.

i)  Reductionis the process which involves............. of electrons.
i) In the free state of an element, the oxidation state has always

............ value.

i)  The Galvanic cell produces............ using redox reaction.

Iv)  Coating withpaints prevents............. 5

V) Drycellsarealsoatypeof............ .
Vi) Electroplating brings both the .......... andresistanceto ...... :
Vi) The food cans are electroplated with............... :

Viii) - Caustic soda is industrially preparedby ............ cell.

%) - K,Cr,0,isastrong............ agent.

%) Collectively the oxidation and reduction processes are called
.(' hoose the correct answer.
1) The Semiconductors are the species that:

(a) conduct electricity easily

-
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(b) do not conduct electricity casily

(¢) conduct electricity but not heat

(d) conduct heat but not electricity
1) Oxidation means;

(a) additton of electrons (b) removal of electrons
(¢) addition of protons (d) removal of protons
i) Oxidation state is the:
(a) apparent +ye charge (b) apparent —ve charge
(¢) apparent charge (d) not related with charge
v)  The electroplating prevents:
(a) oxidation (b) reduction

(¢) both oxidation and reduction
(d) neither oxidation nor reduction

v)  Steel is the alloy of: = ,
(4) tron and mercury (bymercury and copper
(¢) iron and copper () iron, chromium and nickel

Q3. Answer the following questions in$kiort,
i) Define electrochemistry, Also state its importance.
i) Whatis oxidation? llustrate with an example,
i) Explain the term reduction with an example.
iv)  Drawasketch ofarelectrolytic cell, showing its different parts.
V) Whatare oxidizing and reducing agents? Explain with example.
vi)  What is the difference between weak and strong electrolytes
explainwith examples.
vil)  Whatis clectroplating? Also describe its Importance.
viii) ~Whatis electrolysis? ‘
1X). Describe importance of Alloy formation in industries.
x)"  Explain why the food articles are packed in tin plated cans rather
than chrome plated cans.
Q4. Answer the following questions with reasoning,
1) Differentiate between oxidation number and valency.
i) How electricity is produced from chemical reactions?
i) Explain how oxidation and reduction goes side by side 1
chemical processes?

B S e —
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)  Explain how NaCl yields two different products i.e. Na-metal

and NaOH by the same process of electrolysis.

v) Howyoucanpreventa piece of iron from corrosion?
. Distinguish between the oxidation and reduction processes?
What is the oxidation number? Describe the rules calculate the
oxidation number.
Q7. Calculate oxidation number of Mn in KMnO..
08. Whatdo you know about the electrochemical industries? f\”d
Q9. Whatiscorr osion? How can you prevent the corrosion process }\"\)
Q10. Describe the working of an electrolytic cell, How Sodium n&@ﬁ%‘] can be

purified by using electrolytic cell? NN
Qll. What is the electrochemical cell? Discuss the diﬂfcum types of
electrochemical cells? Q\{”

Q2. Discuss the importance of Caustic suda?__@ w it is prepared on
industrial scale?

Q13. How the electricity is prepared by chcm}c means‘?

Ql4. Write a note on electroplating proc s:;/
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CHEMICAL REACTIVITY

l pmpee PR e .

(e) CONCEPTUALLINKAGE (o) TIME ALLOCATION

Before rcading this chapter, the Teaching periods =07
student must know the: ! Assessment periods =02
» Symbols of Elements Weightage =06%
»  Writing equations

i i "'" - - ey
O s LEARNING OUTCOMES

After reading this chapter, the Student will be b& K

»  how how cation and anions are rejg 1 to the terms metals and non-
imetals. (Applying)

» Explam why alkali metals @Er not found in free state in nature.

(Analyzing) (\\
»  ldemify clements as an-alkali metals or an alkaline earth metal.
(Applying) A |

Explain the diffqénée.in ionization energies of alkali and alkaliné.earth
metals, (Understanding) -

» [?escrib/g@%imsitiun u’fl sodium and magnesium in periodic tal:,alé, their
siiple'uses and properties, (Understanding)

#  Difierentiate between soft and hard metals. (Analyzing)

% o ' _ g

2 - :;?escnhe the inertness of noble metals. (Understanding)

}Q{ o Identify the commercial value of Silver, Gold and Platinum. (Analyzing)
ga Compile some important reactions ol halogens. (Applying)'

5

Name some elements, which are found in uncombined state in nature.
(Understanding)
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0 [ntroduction to Chemical Reactivity

: The chemical rem:tivi‘l}" of
1 substance is the ability of t.hut
: o undergo chemical
-hanges. During chemical
<actions, the molecules or atoms
come close to each other and
linked through bonds to form a
new compound, (Fig 8.1).

The Chemical reactions are Reactant ‘B’ .
in process all around us, the  Figure: 8.1: Molecular x'i&j._l.ekpf['\ﬁh addition
process of cooking food, product by thckf‘.acti(?:;f‘hvn reactants
digestion of this food stuff in our iy, 7
body, our clothing, medicines, burning of gasoline in our vehicles afl these
processes are the Chemical reactions. In this chapter we Wi'l discuss this
process of chemical reactivity.

The reactivity of a substance is due to the tendency of donating or
iceepting or sharing the electrons, determined by the ciectropositive or
Eleimﬂﬂegative characters. As the values of these characters increases, the
bility to react also increases. "
~Itistobe noted that the sqbs}ances reactto géin theilﬁwest‘energy state,
s ﬁ:ﬂf” expend less eqergym | e :
&ttaiﬁ . e elemen'ts in t];gsr‘eg?rd

¢electronic configuration

® nearest nn@l&f‘gﬁs, which is
“astenergy state.

the b;hi: Fhfemif:a:l reactions on

di"ided Of their | speed are

ety n;m“ 3 categories, the slow

mac{i:]nﬂderate ‘reactm‘ns an'd

the Xary IHS- Rusting uf' iron is

gani, rI;: Etf slow reaction, the

Ctions mostly are of

Reactant * A’

qubstance

Addition groduct of .reacfﬁjltk?;
t“"-" and iéB:" \ -

Where

€]

Figure; 8.2 Reaction between Sodium
Metal and Chlorine gas is very fast and
exothermic, as seen here in this picture.
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moderate speed, and reactions between the ionic compounds are very fast
(fig.8.2).

8.1 Metals

Almost 75% of all elements are classified as metals.

The metals are very important and vital of our use in this world,

As concerned to reactivity, metals show mix behavior, some of the
metals are very reactive e.g. the Alkali metals, and some are quite inert like
gold and the platinum.

|

Before we proceed further let's understand the nature of metals, which
have very special features, by which they are recognized and separated from
the other elements. These characteristics are:

Conduction

Metals are good at conducting electricity and heat, so they are used in
almostall applications of electricity.

Ductile and Malleable

The metals have very special character, that they can be transformed in
any desired shape. Moreover metals can be drawn into wires of small
diameters, (ductile). (Fig 8.3)

—_—
o
e
=
—
r-—
-~
K
=
=
‘.

Lustrous

EER L

Figure 8.3: Copper made coin and wire
I'he metals are shiny i.e, they are lustrous
The metals have all these characters

and a single of the '

W . ) ) a L’SE c rS IS
if lacking, then the compound is not categori R
although are malleable and ductile, and ma
conductors, hence they are not metals.
-

wa~
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g.1.1 Electropositive Character of Metals

The metals are electropositive

]

ie. they tend to lose electropositive character decreases

in naure,

Jectrons during the chemical
weactions, and hence gain positive
charge. The relative reactivity of

clements depends upon the

wn the group

ectropositive character increases

7% N

electropositive or the electronegative

character of the elements. this is Figure 3-4\&:3
k : : =l Trend of electrppositive
because, the chemical reactions charaote: oL

nvolve the transfer ofelectrons from \Ne
one to another atom and hence new compounds are fnnnc,di’]‘he elements that
have greater tendency to donate or accept the electrons:are more reactive. In
the periodic table the electropositivity of metals ingi'.é&‘ses down the groups
and decreases along the period. X"

Hence the reactivity of the metals is a}éﬂ’\ increases down the groups,
andreactivity of metals decreases along the'periods.

But remember that this is not the edse with the non-metals, where the
ﬁEEthnﬂgative character counts, rather than the electropositive character.
Which is just opposite to the electropositive character. ,

8.1.2 Comparison of Reactivity between Alkali Metals and
Alkaline Ear(l;iiMetals
The alkali metals comprise the Gr-1 of the alkali metals, and the

alkati . 5 Sh vk
- YKaline earth metalscomprise Gr-2 of the periodic table. The alkali metals are

"' gg—

‘;uft; :Eegartes?ctgﬁ‘haviflg a high‘ value of electrnpu.s_itijvitx. They do not occur
oup Ufm;; fi&s described e'ar'her, thei electropositivity u1.c‘reas"es.du“m the
K i mui}? S, s0 the reactivity also increases down the group in metals, so
Serey i reactive than thf; “Na'j, .Sm_'ularly, as th:* ele.ctmppsmwty
g A les;n T a period, so .the reactivity also decreases, henc? "Mg" and
For.s Icactive than the'1r counterparts ‘.*Na" and "K" respectively. |
Doy, Xample, the alkali metals react vigorously with water to form the

t hYdruxides, while the alkaline earth metals react comparatively
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slowly.
ONa,+2H,0, —> 2NaOH,,+H,, +heat |
Mg, +2H,0, —> Mg(OH),,,+H,,*heat
The heat is evolved in both cases, but in the first case it is so large that
the hydrogen liberated catches fire.
The alkali metals are tarnished in air quite easily to form corresponding

oxides.

4Na, + O,,, —> 2Na 0,

The potassium can form even the superoxide, being more reactive
and electropositive.

Kot Ozm W Kozm

In comparison to this, the alkaline earth metals react with oxygen of
air by heating.

2Mg,, + Oz s 2MgO,,,

8.1.3 Inertness of Noble Metals

The nn?:»le etals ek th.c metals Interesting Information
that are resistant to corrosion and p o inertness of noble metals
oxidation in moist air. Theyare usually they are used for making jewelry

precious and rare in the Earth's crust Articles, as well as for making
some other products, e.g., silver is

palladium, silver, osmium, iridium, ysed in mirror making in
platinum, and gold are the common photographic films, in dental

examples of the nioble metals, of these the 11088 With other compounds
Platinum is used as catalyst, in

silver, gold and copper are also called [CD screen, in computer CD and
coinage metals. hard disk. Gold is used in

Most of the noble metals are used electrurlucs industry for making
in jewelry making. mAany eleck omic pRe

The noble me:tals tend to be inert toward the common reagents, and do
not dissolve in cominon substances, that's why the jewelry made up of these
metals do not tarnishies after long periods.

The importand reason for the inertness of the noble metals is theif

L AT | RS S S R
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¢lectronic arrangement. They have the stable electronic configuratiop
and hence do not need to aceept or donate electrons from others, so they teng

to be iert at normal conditions.

8.2 Non-metals

There is no rigorous definition for the term "nonmetal", it covers a
general  spectrum  of behavior. The common properties considered
characteristic ofa nonmetal include:

« Poor conductors of heat and electricity when compared to ‘metals.

« They form acidic oxides (whereas metals generally form basic

oxides).

« In solid form, they are dull and brittle, rather than:metals which

are lustrous, ductile or malleable. \

+ Usually have lower densities than metals.

« They have significantly lower melting points and boiling points

than metals. ;

« Non-metals have high electronegativity.

Only seventeen elements in the periodic table are generally considered
nonmetals, compared to over eighty metals, but nonmetals make up most of
the crust, atmosphere and oceans of the earth. Bulk tissues of living organisms
are composed almost entirely of nonmetals. Many nonmetals (hydrogen,
nitrogen, oxygen, fluorine, ehlorine, bromine, and iodine) are diatomic while
restare polyatomic. Inthe periodic table the non-metal elements are located at
the right corner, as shown in figure 8.5.

In the non-metals, the electronegative character decreases down the
group, and hence the reactivity also decreases. So the "E"
than the "C1", which is more reactive than the "Br".

i$ more reactive

8.2:1 Electronegative Character

As already explained in section 3.2.5 that electronegativity is the
ability of an atom to attract shared electron pair, this character is much more
cffect in non metals rather than metals because of the high nuclear charge and
smaller size of non metals as compare to metals.
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The electronegative character
increases along the period and
decreases down the group, (noble
are the exception). Thus
he element which has

PP TR T TN e 1 Jute 55
Both electronegative character
and reactivity of non metals
increases along the period

0ases
fluorine 18 t
hichest electronegati /ity value of

4.0,

reactivity of non metals
decreases down the groups

Both electronegative character and .

The electronegative character Figure 8.6 N2
and reactivity of elements are Trend of electronegative
directly related with each other, so character and reactiyities of

non-metals

fluorine is also the mostreactive
element in non metals and reactivity of all non metals decreases town

the group and increases along the period.

8.2.2 Comparison of Reactivity of the Halogens

In the periodic table, the halogens are the most electronegative in their
respective period, and so they are also mostreactive among the non-metals of
their periods. Among themselves, the halogens show a decline in the
alectmnegativity down the group, so their reactivity also decreases down the

group. This is further explained by the following reactions.

Reaction with hydrogen
All halogens react with hydrogen, but under different conditions,

forexample, the "F," reacts violently,

2(g) 2(g)
Cl, reacts in a liftle presence of enei'gy (light energy is sufficient),
Light Energy _ ) |
Clztgl a5 HZLB‘J g EHCIW} - 1

And Iodine shows sluggish reaction.
I f HEKHJ Heat N 21_11(”

2(s)

Rﬁaction with water
The "F," reacts explosively with water, "CL" and "Br," react readily,

R
| A
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("Cl," canreact in traces of water) while the "I," do not reacts with water under

ordinary conditions.

€Ly +H,0,——HCl, +HCIO,
2Bry,, +2H,0, —— 4HBr,+0,,

Reaction with caustic soda

Again the ‘nitial members of halogens reacts fast, and the last members

react slowly.

Ol 2NaOH — NaCl,, + NaClO,,, + H,0,,
3Br,,, + 6NaOH , + heat—— NaBrO,,, + 5NaBr,,, + 3H,0,,
As it can be seen in equations that Cl, is reacting directly with caustic

soda, while Br, reacts on heating, this proves the decline'in reactivity down

the group.

SUMMARY OF THE CHAPTER

Chemical reactivity of a substance is the ability of a substance to
undergo chemical reaction, this is because of the tendency of every
substance'to attain the lowest energy state.

Chemical reactions involve migration of electrons. :

Metals are electropositive in nature, i.e they tend to donate electrons
during the chemical reactions.

The electropositive character of metals increases down the group and
decreases along the periods.

Group I elements (The Alkali metals) are more reactive than the Group
2 (alkaline earth metals) elements. }

The Group 18 elements (Noble gases) are least reactive of all elements
inthe periodic table, and they are also called inert gases.

All the other elements try to achieve respective the noble gas
configuration during chemical reactions. :

The non-metals which are situated at right corner of the periodic table
are electronegative in nature, i.e. they acc ept electrons during chemical
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Q1.

The electronegative character of non metals decreases down the
groups, and increases from left to right along a period.
Fluorine is the most electronegative element in the periodic table.
The Group 17 elements (Halogens) show a gradual decline in reactivity
down the group.
EXERCISE
Fill in the blanks with appropriate words.
3 Rt s oo are involved in the chemical reaction.
i) Metals are .............. I nature. wWhile/ Q.. e s are
electronegative in nature. '
ify  The i are most reactive metals.
iv) Thenoble gasesareleast.............. ofall elements.
v)  When difference between electronegativities is more than 2, the
nature ofbondis............... 5
vi)  Thealkali metals found onlyin-............. state.
vil) Ironisahard metal while Sodiumis............... metal.
-vii)  Among halogens...... ... ...is mostreactive.
iX)  The chemical reactions mvolve P s change.
X)  NaOHisalsoknownas............... '
Choose the correctanswer. .

) Themetalsare characterized by:
(a) conduction of electricity (b) mealability and ductile nature

& (¢) lustrous nature (d) all of above
)  Ina group the reactivity of metals:
(a) increases (b) decreases
(¢)no effect atall (d) increases first and then decreases

i)  The electronegativity is the tendency of an atom:

(a) to attract electron pair of bond
(b) to repel electron pair of bond
(¢) to attract another atom (d) to repel another atom
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iv)  The halogen means:

(a) water producer (b) salt producer

(¢) taste producer (d) steam producer
v)  The noble gases do not react due to:
(a) smaller size (b) less charge

(¢) stable electronic structure  (d) high electronegativity
Q3. Answer the following short questions.
i) Based on the speed how many types of chemical reactions exists,
i1)  Define term metals.
iii)  How electropositive character of metals show trend in periodic

table?
iv) What is electronegativity? How electronegativity shows

variation in periodic table?

v)  Write down three most abundant elements of human and of earth
crust? ,

vi)  Write chemical equations of three reactions of water.

vii)  Whatis caustic soda? Write three uses of caustic soda

viii) Differentiate between noble gases and noble metals?

ix)  Write uses of halogens.
x)  Differentiate between soft and hard metals.

Q4. Answer the following questions with reasoning,
1) What is the relation between chemical reactivity and the

energy of a system?
1) Explain what electronic configuration Mg and Br, achieve after
they react.
iii) . Why K is more reactive than Mg?
1v)  Explain why group 18 elements do not react?
v)  Among halogen'which member is most reactive and why?
Q5. Whatis the metal? How they differ from non metals?
Q6. Whatis the difference between reactivity of metals and non metals?
Q7. What is electronegativity? How it effects the nature of the chemical
bonding and bond polarity?
Q8. Compare the reactivity of alkali metals and alkaline earth metals?

B e T A D R S5+
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What are halogens? Discuss their chemical reactivity.

0. . | L
L:' ) Give an account on the properties of non metals? Also describe their
I"\..l_‘.

importance.
w11 Complete and balance the following chemical reactions.
'\ 14

! 1,0+ Br; . T8 .

} “_kl“ 1)

'I_:-‘;.Li‘t _”"'
111) K } ﬂ: el W
(=
i\'] :\1:1___1_1‘{) oy
15) = 11)

\'-]’ {.H__' _L"L-.)\ _
gy (g

N BV S P W D e T MU T e T e e e e
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Appendix “A”
Answers to Activities:
Activity 1.2: Compound Empirical Formula
Benzene = CH
Sucrose = C.H 0
CO, = CO,
(quOﬁ)n - CH,,0,
Activity 1.3: Compound Molecular Mass
NaCl = 58.5
CO, = 44
Glucose = 180
Al(OH), = 78
Activity 1.4:
100gms of CO, has 4.101x10 atoms
100gms of Glucose has 8.027x10™ atoms
Activity 2.1:
N = 1852529
= 1s%, 2", 2p’, 3¢, 3p’
Activity 4.1
0, = QO
CO,, = f_:)nCu(j
NH, = H:ISI!H
H
N, = :NiiNs )
CH, = H:C:C:H
H H
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sodium h;carbun ate b{}ll.lllUI'l
6.3: If 16.67ml of 12M H,SO, is dissolved in 400ml, it yields

required 0.5M H,SO, solution.
sctivity 6.4: If 40ml of 10% solution of Glucose is diluted to 200ml by
adding water, it will give required 2% solution of Glucose in
200ml quantity.

Ac fIv m

Activity 7.1
i) HNO, =+5
i) NO, =+4
i)  NOCI =+3
Appendix “B”

Answer of numerical problems in exercise.
Chapter No. 1

Q5. Img of Nicotine (in an average cigarette) ~ has 3.716x10"
molecules

Q6.  Compound Molar Mass
K,SO, - 174
MnCl, = 126
AIOH), = 78
Fe(NO) N = 242

Cu504-5H10= 249.5
Chﬂple?i | 16.33g of'S' =0.51moles of'S'
chamﬁmﬂﬁ Q10. 525.17cc QI11. 1.2atm
Chﬁptemn'ﬁ Q7. 2.38M Q8. 45gms
07 Q7. InKMnO,Mn'has+7 Oxidation Number
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Glossary of Chemical terms

Absolute zero: The lowest temperature that can be obtained, equal t0 -273.16°C
o ted value
Accuracy:  The closeness of ameasurement to an accep ;

Acid: A substance that when dissolved in water dissociates and can donate a hydrogey
(proton) to another molecule. Examples include sulphuric acid anf.‘l m‘tnc acid. Under thege
conditions nitric acid dissociates according to the following equation:

HNO, === H + NO;,

Nitrie Acid Proton Nitrate son : : k

Activation energy.(Ea): It is the minimum energy that is required for a successfu|
reaction between colliding molecules. -

Additionreaction: A reaction whereby two or more substances react together to forma
product whose molecular mass is the sum of the molecular masses of the reactants, ;
Adsorption;  If any compound, solid, liquid or gas, is loosely held by W(T:B.k attraction to
the surface of a solid it is said to have undergone adsorption. This process is much weaker
and less permanent than absorption.

Alcohol:  An organic compound that contains the- OH functional group.

Aldehyde: Anorganic compound containing the -CHO group.

Alkali:  Water soluble hydroxide of one of the alkali metals.

Alkalimetals: GroupIA elements. ‘

Alkaline earths: Group I1A elements.

Allotrope: Different physical forms of an element are known as allotropes. For example,
diamond and graphite are allotropes of carben.

Alloy: An alloy consists of an intimate mixture of two elements, usually metals to givea
metal compound or solid solution. Bronze is an alloy of copper and tin and brass on of
copper and zinc. By varying the composition it is possible to alter the chemical and
physical properties of the alloy such as conductivity, ductility and corrosion resistance.
Alpha particles: - These are particles possessing a positive charge, and are emitted from
radioactive elements. The particles are actually helium nuclei, i.e. helium atoms that had
lost their outer electrons. The study of the alpha particle played a major part in the
devf_:lopment of modern atomic theory. Rutherford bombarded other elements with alpha
iartu;ies to prodqce-nuclear disintegration.

silver/mercury and copper/ me'gams. Amalgam examples are gold/mercury

per/mercury all of which are used in dentisery.

Amorphous Solids: ~ Solids th indisti

: at have indistinct sha ' icle

:aﬁkmﬂngem"%nts lack order. R et Ty
s.np?mlu ic substance: 1t is the substance that act as a proton donor (an acid) in 0n°

reaction and a proton acceptor (a base) in a different reaction.

ANion:  An atom or ; _
» OT group of atoms, carrying one or m . 4 2
are anions. Vg ore negative charges. Cl and SO

Anode:In an electrochemical cell or

el i s
oxidation takes place. ectrolytic cell, the anode is the electrode wher®

F@.
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Atmosphere is the cloud of gases arourd us, the main constituents of

"“”}Miltftr—-ls'c 78% Nitrogen, 21% Oxygen, 0.93% Argon gas and 0.03% Carbondioxide.
alllm"lf‘l,;f]:t;nm“m pnr[iE]c of an element which can take part in chemical reactions and
MO the ci;muicul propertics of that element.

d“‘r’hl},' -.m (Relative): The atomic mass of an element (more correctly the relative
Alomic mas: is the mass of one atom of that element, divided by 1/12th of the mass of one

gtomic mass) 18 (e’ 263 : :
om of the carbon isotope “C. In older textbooks, the relative atomic mass was called the
atom 01

sfomic weight. v .
yiomic Mass Number (mass number, A)1 - The total number of proton$ and neutrons in the

qucleus of an atom.
stomic mass unit: The atomic mass unit is 1/12th of the mass of one atom of'the carbon

isotope "C. . o8
Atomic number: The atomic number of an element is the number of protons in its nucleus.

Aufbau principle: The system of rules whereby electrons are accommodated in atomic
orbitals.

Avogadro number (N, ): The number of atoms, molecules or ions, 6.02 x 10, contained in
one mole of a given substance.

Base: Asubstance which can acceptaproton, H' from an acid.

Base unit: One ofthe set of seven units on which the SIsystem is based.

Betaparticles: Beta particles are very fast moving electrons. The particles have a velocity

of between 30-99% speed of light, and it is this velocity which gives the beta particles

greater penetrating power than alpha particles.
Boilingpoint: The temperature at which the vapour pressure of a liquid is equal to the !

dtmospheric pressure. A liquid is said to "boil" when its temperature is raised to its boiling
point,

Bnnd:_ A chemical link between two atoms. In an ionic bond the attraction is between
D%qusnc charges on two neighboring ions. In a covalent bond the two atoms share a pair of
Clectrons, '

Bayiers}ﬂw: At constant temperature, the volume of a given mass of gas is inversely
E"?‘Pﬂrlmnal to its pressure.

: 'ﬂ&r A substance that resists changes in pH when moderate amounts of acid or base are
E'f::“ﬂ:f-': Anobsolete non-SI unit of heat energy. 1calorie =4.184 J,

p' “limeter; “ A-device that is used to measure enthalpy changes for chemical and
o ¥sical processes,

Ualyst A’ substance which speeds up the rates of certain chemical reactions, without

In .
Ea!thEgt‘.‘rn1ar~p2nllj.r used up in the process.
Diacen ¢: Inan electrochemical or electrolytic cell, the electrode where reduction takes

|
i
E:
?

Cay
L ln " - - s "
fﬂlinrl.; An atom or group of atoms bearing one or more positive charges. Cu’ and NH . are

Caygyi
Cduﬂtlt Soda;  Sodium hydroxide, NaOH.

4icogen; Group VIA elements, '
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Chemical bond: The force thatholds atoms together in the formofa compound.
Combustion reaction: The reaction of a substance with oxygen, producing oxides. heat
and light; burning, ' Ll N
Compound: A pure substance that consists of (wo or more elements ¢ Icmically
combined in fixed proportions. _ . :
Concentration: An expression of the amount of solute that is present in a given amount of
solution. . ,
Constant-pressure calorimeter: A calorimeter (such as a coffee-cup calorimeter) that ig
open to the atmosphere., ‘ _
Critical temperature:  The temperature above which a real gas will not liquefy, no'matter
how high its pressure. ' |
Covalent bond: A chemical bond between two atoms formed by sharing ancelectron pair
between these atoms. -
Crystalline solids: Solids that have organized particle arrangements and, therefore, have
distinct shapes.
Daniellcell:  Anelectrochemical cell made u
Dilution: The addition of water
reduce the concentration of solute
Dipole:A separation of ne
compound called a dipole.

p ofazincanode and a copper cathode.
or another appropriate solyentto a solution in order to

gative and positive charge by a short distance. in molecular

Dipole-dipole force:  An intermolecular attraction between opposite charges of polar
molecules.

Distillation: A technique of purification based on the difference in boiling points of
constituerits, X

Dissociation:

L The process in which a bigger molecule breaks into two or more simpler
NS, ’

Double bond: A covalent bond between two atoms resulting from the ' '

" 3 > D
ofelectrons. Normally written ag €=C,C=0,C=N,N=0. Sk the sharing of two pairs
Electrochemical cell: A device w
energy of a redox reaction betw
electrode potentials,
Electrode: A conductor (usually a metal or graphite) in « '
asaltsolution of molten salt. graphite) in contact wigh an electrolyte, such as

hich can generate an electric current b iti
y exploiting the
cen two electrodes (usually metals) having different

salt,
Elettron: A particle of mass ¢ Al
: ~ §9O.11 x 1
charge,-1.60x 10" ¢ 0
Elec by ~ -
Ectron affinity: The encrgy liberated when an element acquires an electron to form an
Eiectrnnegativit}:: A measure of the abil

kg, carrying the ﬁlndamenlal negative electric

anion.

ity of an element to polarize a covalent bond i
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'-'-'hi”ﬁ '.:It’ik(t-?,gﬁr;‘mmiun; Shorthand natation that shows the number and arrangement of

t:;t;::,,;;in an atom's m‘l_‘:!lﬂ_]i. : 1 2 = .

{['-Il;nu'”“ A substance which cannot be decomposed by chemical means into a simpler

5“"""““?::]' ormula: A formula for a substarce which expresses the simplest relationship

F’tﬂg:{m constituent elements. For example, the empirical formula for ethanoic acid is

E:,}i! (. although its molecular formulais C:H4Fl:.

];n[i“”‘]L‘]’fT'IIL‘. reaction: Areaction that results I} net absorption of energy.

Eathalpy: The total kinetic energy and potential wnergy of a substance.

ptropy: Ameasure of the disorder inasystem. .

Enzyme: Anenormous protein molecule thatacts i a biological catalyst. O%

fyaporation: A physical process whereby a liquid passes into the gas, phase, not

necessarily at the boiling point of that liquid. NS

Fxcited state:  An atom is said to be in an excited stat; if an electron has“absurbﬂd energy

sufficient to promote that electron to an energy level which is higherthan that in which it

finds in itself in the ground state. For example, the sngle electron of hydrogen in the

ground state is in the level n = 1. If the electron is in the level n =2 or higher, the atom is in

an excited state. \

Exothermic reaction: A reaction which takes place wifi'a release of energy to the

environment, In an exothermic reaction, the potential ch::m\:&al energy of the products is

less than that of the reactants.

Free Electron: An electron that is not bonded to anétom or molécule md so is free to mo

under external electric or magnetic fields. -

Galvaniccell: See daniell cell.

Gammarays: Electromagnetic radiationwith very high energy and frequency in the

range 10" Hz. These are the three types of rays produced by radioactive fisintegration, but

gamma rays are the only one comprised of electromagnetic radiation. Gamma rays have a

very short wavelength, and have the grealest penetrating power #If all radioactive

Cmissions.

Ureenhouseeffect;  warming of the Earth's surface as a result of atmaipheric pollution

bl'f gases, It is now feared that the warming effects are being undesirably isreased, causing

climate changes andmelting polar icecaps. |

Ground state: The state of an atom where all electrons have the mmimum ergy.

Halogens: This important group of elements occupies Group 17 of the periolic table.

M"“"F walers. "A molecule of water contains two atoms of hydrogen and Jye of oxygen.

]y‘:j’:":'v'ﬂt"{i"cn111prises of hydrogen/oxygen but a small percentage is compey d of another

neut;é,%gl Isotope, deuterium and oxygen. Deuterium differs from hydrogen ty having one
1O the nucleus of each atom. Deuterium water is given thie formula DO, There is

;’:I;ET;:: | part i,:1 '5{}0{] ]?10 in normal water and it can be concentrated by eleckalysis. D,O

| inumi%,he.r bc{mqg point (10 l*.4°C} gud mv_zzlts at3.6°C \

they upib :'ILDHh mm}ure: A mixture whl'ch the different components are !&.flxﬁ'd so that

Pear to be a single substance; asolution )

S |

Scanned with CamScanner




: : ich the di ts can be se
Heterogencous mixture: A mixture in which the different components en
distinctly
( ' ] ith otheer elements.
Hydrides:Binary compound of hydmgf:n with 2 LS. : b
l-l?drugun bonding:A special ty/pe of dlpﬂll‘:‘-dlpl.i IF: interaction involving hydrogen atomg
and electronegative elements such as oxygen ?nu]mtmgen.
. e . .. e J 'E":[ }"_ ]
Ideal pas:A gas which obeys the gas laws per _ ‘
Indicator: A substance which shows a colour change after completion of a chemica]
reaction,
Inert gas:Group 18 elements. - .

Imcrn;:mluuulz:r forcesA force ofattractior, between mulecules to hold thelm t;:]nsi -
Intramolecular forcesForces that are ex.erted within a molecule or polyatom ;
example is covalent bonds, . _
lon: Anatom, or group of atoms. bearing an electrical charge. Tons may be monoatomic

(Na') or polyatomic (S0O,”).
Isomer: Two compounds are said to be isomers
but different structural formulas,

Is0tope:Two or more ditferent forrns of an element differing unly}utﬁei; mass numbers.
Kineticenergy: The energy ofa body acquired by virtue ofits motion.

Kinetic theory of gases: Tl concept that gases consist of perfectly clastic
molecules of negligible. volum ¢, moving randomly, and creating pressure by collisions
with the wallg of the container

LatticeenergyThe eneigy liberated when a crystal
binirig of its constitus nt ca dons and anions,
Aimiting reactant: Tr e reactant that i
limiting the amount ¢ product,

Litmus: Anindicatcr of vegetable origin, which turn red in acids and blue in alkalis.
Mass number: The gum of the protous and neutrons in the nucleys ofan atom,
Matter: Anything th at has mass and t&kes up space
Melting point: The remperature at which a transition
takes place. A solid j 5 said to "melt”

Metal: Theelem:: ats that havelustre, are good conductor and malleable,
Metallic bond -1, Tatomicforces holding metal atoms in a sol
Mix Wre A samr | of matter which onsists of W or more pure substances,

Molari l}f: Conczatration of 2 solute expressed in units of moles,dm™ A solution is said to
be molarif it ha sdconcentration of | () mole.dm®,

Mole: Atomicnrmolecular mass in grams,

q . 3 . ;
S1 unit for lﬁp-f.mnur_it of matier. One mole of 4 substance contains 6.023 x 10” particles
( ulnm ri:e;ﬂfm vles oriong) Tepresentative of that substance, 43

oleotir fopla: 4 formula which reflects th 1
N € actual n f
alomtin amolecyle of 2 substance, F2ReLe st s

Monomery: Small molecyles that are combined in long
molecules called polymers.

if they have the same molecular formula,

lattice is formed by the electrostatic

| from the solid to the liquid phase
when this transition takeg place.

chains to prodyce very large
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at €
weleus: Th s
“otonsand peutrons.
F1||«Ll:1|. A rcgmn W

itals. : s ! )
Tl:;ginn in space in an atom where probability of finding the electron is most. Orbitals are

esignated with symbols, s, dandf. -
roanic chemistry: The chemistry of the hydrocarbons and their derivatives.
oxidation: The process whereby a substance loses electrons.

s A substance which can accept electrons from another substance.

ng J}!L‘Ill'. : : : : s
" Substance in which some element is combined with oxygen only.

0sone; Anallotrope of oxygen, O,
pblock lements; Elements in Group 13 to Group 18 , where the last electrons of an atom

lies in p orbitals.

veriodic table: A table in which all
of their atomic numbers.

oH: A function that expresses the acidity or alkalinity o

related to the hydrogen ion concentration: pH =-log[H'].
Phenolphthalein: Anindicator which is colourless in acids and pink or purple in alkalis.

Precipitate: An insoluble solid that is formed by an aqueous chemical reaction between

entral part of the atom where its mass is concentrated. consisting of

here the probability of finding of electron is maximum is called

;‘-\|.|Is’i

|'II'1L'||.';.,

the known elements are arranged in increasing values

f an aqueous solution. pH is

two soluble compounds.

Precision: The closeness of a measurement to other measurements of the same object or

phenomena.

Pressure: Force exerted on a unit area. Pressure 1s measured in Pascal, (P),

where 1 Pascal (P) =1 N.m".
Proton: An atomic particle with relative atomic mass of 1, and unit positive charge, found
Inthe nucleus of the atom. |
that involves identifying 1

4

The branch of analytical chemistry es
funknown or uncertain composition.

Qualitative analysis:
try that involves determining how !

flemﬂﬂtﬁ, compounds, and ions in samples 0
Nantitative analysis: The branch of analytical chemis

r'_nur:h ofacompound, element, or ion is ina sample. : \ x-
Jantum mechanical modéfof the atom: A model ﬂ,lat describes; atoms 28 haying g
inallowed quantities of energy because of the wave-like properties of their electrons. :
L*;jdjc.--. |- Atom or group of atoms having positive charge or negative charge or odd number :
: €called radical. |
“actant; Astarting substance ina chemical reaction. : i
u:.du ion meghanism: As series of steps that make up an overall reaction. ;'-:
,::f'?““ﬂ l*ittu: Speed of a chemical reaction. lﬂ
-l gds; A gas which Exists in nature. : : % i
atﬁéit”“ g agent: Areducing agent (reductant) is a substance which can give up electrons to §1
€T Substance, the oxidizin agent, or oxidant. ; i
\uction: A reactionin whgich electrons are taken up by @ reactant, [tis also defined as |
dition of | of oxygen. L
ipdsgenogtiprameys i :ons are collectively called redox

duction reactt

Re
0% Regctions: The oxidation and re

S ITAR TR
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reactions.
Relative Atomic Mass: The mass of an atom ormolecule compared withC ™
Saturated solution: A solution in which no more solute will dissolve under the €Xisting

.2 (000

conditions of temperature and pressure.
s-block elements: Elements in Group | and Group 2 , where the last electrons of 4

atom lie in s-orbital.
Singlebond: acovalent bond in which one pair of electrons is shared between two atomg,
SI units:  An international system of coherent units, formed by simple multiplicatiop
and/or division within a set of seven base units. =
Solute: The substance dissolved in a solvent to form a solution, its quantity in the solution
isalways lesser.

Solution: A homogeneous mixture of variable composition consisting 'of two or more

substances, one of which is usually a liquid.
Solvent: Aliquid which dissolves a solute to form a solution, its quanhty in the solution is

always greafer. LX
Solubility: The amount of solute that dissolves in a gwcn quannt} of solvent (normally
100ml) at a specific temperature. o

Standard pressure: Apressureof'l aunosphere~?601ang
Standard temperature: Atemperature 0f0.0°C, 0t273.16 K.
S.T.P.: S’T.P. is the abbreviation of standard temperature pressure.(273.16 K and a
pressure of 1 atmosphere). SR
Structural formula: A formula which defines the bonding and arrangement of the atoms
present in a compound.

.Sublimation: A phase change v.rhercby a solid passes directly into the gas phase without
melting,
Supersaturated solution: - A solution which contains a higher concentration of solute that

would be present if the solution had been saturated at the same conditions of temperature

\
.,md sTessure. OO

run]-mmtun:' The temperature of a sample of matter is a measure of the average kinetic
energy of the molecules in that sample.

Thermodynamics: The study of energy and energy transfer

Unsaturated compound: A compound in which double or triple bonds are present.
Valence electvons:  Electrons in the outer electronic shcll of an atum and which ar¢
savolved in ch 2mical reactions.

Valence shell: The outerinost shell ofelectrons.
Vapour pressure:  The pressure exerted by a vapour. At the boiling point, the vapo¥t

pressure of a |iquid is equal to the pressure exerted on the liquid by the atmosphere.
Vander Waals forces:  Weak forces between molecules of molecular solids and liquids-
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ude dipole—dipnic forces, dispersion forces and hydrogen bonds,

incl . : P
ﬂ':e:e_ln*b|f A device which can generate an electric current by exploiting the energy of
nitaic CEH. © 3 — :
“--d . reaction between two electrodes (usually metals) having different electrode
3 I'L_ l‘l‘.
otentials.

" repvstallization: Water molecules which form an integral part of the lattice of ionic
:I,;;ﬂ.q The water of crystallization is normally included in the formula for the substance,
" L it

i2..CuS0,.SH:O.
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A
Absolute temperature,95  103a.m.u, 22 Atomic mass number, 2()
Alkali metals, 57,150 Analytical chemistry, 13 Atomic mass unit, 22
Alkaline earth Anion, 26 Atomic number, 20
metals,57,150 Anode, 26, 131 Atomic size, 58
Allotropy, 103 Ageous solution, 110 Avogadro's number, 30
Alpha particle, 42 Atom, 18
Amorphous solid, Atomic mass, 20-21
B
Biochemistry, 11 Boiling point, 98 Boyle's law, 90
Bohr atomic theory, 43 Bond, 69
C
Cathode, 39,133 Chemistry, 09 on,137
Cation, 25,26 Colloid, 119 Covalentbond,71
Charle's law, 93 Compound, 16 Crystalline solids, 102
Chemical bond, 69 Concentration,111

Chemical formula, 17,22 Condensation,97Corrosi

D
Dative covalent bond,74 Diffusion, 87 Double bond,73

Daniell cell, 132 Dilution, 116 Down's cell, 135
Density, 89,100 Dipole-dipole forces, 76

E ' \
Electrochemicalcell, 130  Electronegativity, 62 Energy level, 45
Electrolyte, 130 Electropositivity, 150 Environmental
Electron, 39 Electroplating, 139 chemistry,12
Electron affinity, 60 Element,14 Evaporation, 97
Electronic configuration,45 Empirical formula, 22

F
Formula mass, 24 Freeradical, 27 formula, 22 - 24
Formula unit, 24 Freezing point, 99

el
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galfeell, 132
Halogen. 57,154

industrial chemistry, 12

ioreanic chemistry, 11
[ntermolecular forces,78

Lew1s structure, 73

Mass number, 20
Matter, 09,13
Melting point, 101
Metals, 149

Nelson's cell, 136
Neutron, 42
Noble gas, 57

Octet, 72
Urgaﬂii: Chemistry, 1 1

Period, 5

El‘iﬁdiﬂ t&bl&_j 54*56, 152

Redox, 19

Re‘dllﬂjﬂg agﬂﬂt, 129
Edllﬂtiun_} 126

Su[ .
33 ut]gn’ 110

-

G
Gram atomic mass, 29
Gram formula mass, 29
Gram molecular mass, 29

H
Homogeneous

mixture, 110
I
Ton, 25
lonic bond, 70
[onization energy, 59

K
Kelvin scale, 94

I

Liquid, 95
: M

Mixture, 17,110
Molar mass, 29
Molarity, 115
Mole, 29

N
Noble metals, 151
Non electrolyte, 131
Nonmetal, 153

O
Oxidation, 126
Oxidation state, 127

P
Physical chemistry, 11
Physical properties, 11

R
Relative atomic mass, 21

Rust, 138

S
Shell, 45

Groups, 55

Hydrogen bonding, 78

[sotopes, 46

Lone pair, 74

Molecule, 28
Molecular formula, 23
Molecularion, 27
Molecular mass, 24

“Nuclear chemistry, 12

Nucleus, 42

Oxidizing agent, 129

Polar and non polar
compounds, 75,78

Rutherford's atomic
model, 42

Solid state, 101

tura :
\ €d solution , 110 Shielding effect, 61
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TABLE OF ELEMENTS
Element  Symbol AtNo Atmass | Element Symbol At.No Atmagg

I.Hydrugcn H I 1.0079 | Selenium Se 34 | 7806
Helium He 2 4.0026 |Bromine Br 35 79.904
Lithium L 3 6.941 | Krypton Kr 36 83.79%
Berylium | Be = 4 u.mzzlfmuhidmm | Rb | 37 | 854678
Boron B 5 10.811 | Strontium Srl o jed8un 87:62
Carbon C 6 12,01 Yttrium p AR ) 88:9058
Nitrogen N 7 14.0067 || Zirconum | Zr 40 45 91.224
Oxygen i R 15.9994 | Niobium | Nb | 410 92,906
Fluorine i 9 | 18.9984 Molybdenum| Mo |42 95.94
‘Neon | Ne | 10 20.1797 | Technetium Te\ 43 98.9063
Sodium Na | 11 | 229898 Ruthenium | Ru~ & 44 = 10107
‘Magnesium | Mg | 12 | 24305 Rhodium _oCRh | 45 | 102.9055
iA[uminium 1Al e J3 26.9815 I:Pa!]au.liumk > ™ Pd 46 106.42
‘Silicon Si | 14 | 280855 Silver SN | Ag | 47 | 107.8682

Phosphorus | P | 15 | 309738 Cadmitm | Cd | 48 @ 11241l
Sulphur | 8 | 16 32.065 Jndiom ! In 49 | 114818
Chlorine Cl 17 35.453Tin I Sn 50 ‘ 118.71
Argon | Ar | 18 39948 ' Antimony | Sb 51 | 121.76.
Potassium K 19 39.0983 Tellurium | Te | 52 | 1276
Caleium | Ca | 204240078 Todine In | 53 | 1269045
Scandium | Sc 281 44,9559 “}(cnnn Xe 54 | 131293
Titanium Ti f 22 47.867 || Caesium Cs 55 | 132.9054
Vanadiom | Vo) 23 509415i|Banum Ba | 56 | 137.321
Chromium | €r 24 | 519961 Lanthanum La |57 | 138.9055
'Manganese JyyMno 25 54938 Cerium Ce | 58 | 140.116,
Iron . Fe | 26 55.845 | Praseodymium|  Pr = 59 | 1409076,
‘Cobalt . Co |27 58.933 | Neodymium | Nd 1' 60 ‘ 144,242/
_|Niek‘;e'l . Ni | 28 58.6934 || Promethium | pm | 61 | 146.9151
Copper | Cu | 29 | 63.546|Samarium | S;m | g | 15036
:"'Zinc . Zn 30 | 65.409 J Europium Eu | 63 | 151.964
Gallim | Ga | 31 | 69.723||Gadolinium | G4 | 4 | 1575
Germanium | Ge | 32 | 7264 Tebium | Tp | g5 | 158925
| Arsenic I‘ As 33 ‘ 74.9216‘iDysprnsiu1n . Dy | 66 ’ 162.5

; = =y = = = — = ————— . == o Tl M T et

L

-
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at  Symbol At.No Al.mass Element Symbol At.No At.mass
[.:lc.mi‘ Ho 67 164.93 | Neptunium Np 93 237.0482
1‘h_1|f1““'" Br 68 167.259 'Plutonium Pu 94 | 244.0642
:::;:::ﬂ Tm 69 168.93 | Americium Am 95 | 243.0614
Sterbium Yb | 70 173.04 Curium Cm 96  247.0703
ptetium Lu 71 174.967 Berkelium Bk 97 | 247.0703
Hafnium Hf 72 178.49 Californium Cf 98 | 251.0796,
Tantalum Ta 73 | 180.9479  Einsteinium Es 99 | 252.0829:
Tungsten W 74 | 183.84 Fermium Fm 100 | 25740951
Rhenium Re 15 186.207 Mendelevium Md 101 | 258.0986
Osmium Os 76 190.23 Nobelium No | 102-:259.1009
[rdium Ir 77 192.217 Lawrencium Lr 103, 260.1053
Platinum Pt | 78 195.084 | Rutherfordium, Rf 4104 @ 261.1087
Gold Au | 79 | 1969665 Dubnium Dby 105 | 262.1138
Mercury Hg | 80 200.59 | Seaborgium Sg 106 @ 263.1182
Thallium Tl 31 204.283 | | Bohrium ~ Bh 107 | 262.1229
Lead Pb 82 |  207.2| Hassium (Y| Hs | 108 265
Bismuth Bi R3 I| 20898 Meitnerium | Mt i 109 | 266
Polonium Po | 84 208.98| Darmistadtium | Ds | 110 269
Astatine At | 85 209.98 Roentgenium| Rg | 111 272
Radon Rn | 86  222.176;Copemicium | Cn | 112 285
Francium Fr | 87 | 2230197 Ununttiom | Gur | 113 284
Radium Ra 38 | 22(} 0254 ' Ununquadium Uug | 114 | 289
Actiniym Ac | 89 l 927278 | Unuupennum Uup | 115 | 288
Thoriym . Th | 90™M 232.0381]| | Ununhextum | gy | 116 | 202
Pmlactinium Pa | 91 | 231 0359 Ununseptium| 1,5 | 117 | unknown
Uraniym U : 238 0739 Ununuctlum - 294 |
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Table of Basic S.1 units

SIN{} Pl Measurement Unit Symbol
“j]H Length Metre or Meter m
*Q“h NMash Kilogram - Kg
3 . Time Second 8
4 Electric current Ampere A
- 5 | Temperature Kelvin K
6 Amount of substance Mole mol
? | Luminous intensity Candela : cd

Some important derived units with.their common names

S/No Measurement | | SFait 0 7 Commonlyused
ol Area Square metre, (m’) m’ and cm’
2 Volume Metre cube,(m’) m’ and cm’
,;Lg‘ density Kilogram per metre cube (Kg/m’) g/cm’

Ot e :

o Kilogram metre square per second

R T E )

; & i i nergy per second (Kg.m’.s?) Joule orJ

haeula or
l‘*ﬁ“f Pressure ~ Newton per square metre (N/m’) Atmusph} IE;

AR AR S | R
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