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Preface

With the beginning 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 independently,
asking questions and looking for the answers at their own. The understanding ofsubject
must be more developed in them rather than the traditional remembering procedures.

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 challen ging demands of the teday’s world.

Some of the main aims of this book are-

(1) 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) An overview of the basic principles involved in'the subject.

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

(iv)  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:.

Asitis 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 Ii ght 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 assighments of the chapter and the main areas that they should focus on. :
At the endwe are thankful t6 all those who helped us in writing this book, and made it
. Possible for us to try to bring a change in the traditional education systern. ‘

We also appreciate for further suggestions from readers and ed}}cators toimprove
the quality of this text in future. a»

Thanking you all in anii~pation.
Authors 8

o Pr;)f: Ghulam Mustafa
N il ) Prof: Abduilah Jan Zeerak
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INTRODUCTION OF
CHEMISTRY

(¢) CONCEPTUALLINKAGE (s) TIME ALLOCATION

Before reading this chapter, the

student must know the: Teaching perlod's =16
» Basics of Science. Assessment periods - =03
» Divisions of Science Weightage =14%

» Importance of Science

y N N 3 OUT( La_,;___‘g "\ y “: oo e f@
A TR S Rt Tl (1?{-"»{% :;'i e RN (% Sl
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 1Rass 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 jons. (Analyzing)

: Distinguish between ion and free radical. (Analyzing)

Classify the chemical species from given examples.(Understanding)
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Identify the representative particles of elements and

> .
compounds.(Remembenng).

» Relate gram atomic mass, gram molecular mass and gram formy],
mass to mole.(Applying) ,

>  Describe how Avogadro's number is related to mole of any
substance.(Understanding) |

» Distinguish among the terms gmnatomlc mass, gram mde@{lgt?*

mass and gram formula nalyzing) e
Change atomic mass, molecular mass and formula mass mto gram

> .
atomic mass, gram molecular mass and gram formula, b~
mass.(Applying) ¥ aibaegye X
1.0 Introductionto Chemistry =~

s i A

Fig 1.0.ChemiSiry n action
The Science has bee_ndi’Vidéd:iﬁtﬁ-:h{an;l;ranches among which
the chemistry is of key importance. Inthis field of Science, the matte,
and te some extent energy, the two entities by which oﬁr universe 1§
made up of are studied. But the main focus, here is of course upon the
mgtter, an.d Chemistry deals with the structure of matter on both
mlcrgscoplc and macroscopic level, transformation in matter, in terms of
chemical reaction, preparation of different new compounds: the use Of

tlllresedcompounds and obviously, also the use of matter which exist®
already, | |
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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 21°"

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 seme of the important braches of chemistry.

[ Inorganic Organic

Chemistry Chemistry
Bio Physical
Chemistry Chemistry
Industrial nalytica
Chemistry | Chemistry
Enviromental Nuclear
Chemistry 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 ma,

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

The physical chemistry also deals with the study of atom;,

structure, role of energy 1n chemical and physical changes, and reactiqp

kinetics.
Physical chemistry
elucidation of matter, en

matter.

1.1.2 Organic Chemistry
The organic chemistry deals with the study of hydrocarbons and

their derivatives. Hydrocarbons are the compounds that are composedof
carbon and hydrogen e.g. methane, propane, butane, benzene, plastics

etc.

builds the hypothetical basis of structure
abling us to understand the basic nature of

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 organie
compounds have been in notice at now and each year new compount
are even added in this list.

1.1.3 Imerganic Chemistry :
In this field of chemistry all the matter which is not orga{ll

studied. Most of the compounds which are obtained from mmeral

sources come under this category. are
s that
. f

Moreover, the metallurgical operations and techniqu

employed in pitifiing i mictals i thWee 0t i MRS

chemistry.

c IS

1.1.4 Biochemistry ¢
The word bio stands for life, so this branch of chemistry deals wiﬂ} ;

e e s i i sttt o {1
‘ &
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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.

L e e T D
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1.1.8 Analytical Chemistry

The basic aim of chemistry is the productipp and usage of
compounds, which can be done only when the compqsﬁpn and struct.ure
of an existing compound is known, which is the main aim of analytical
chemistry, which deals with the determinatlon. of structure and
composition of matter i.e. in this branch of chemistry we analyze a
chemical compound and determine the molecular formulae of 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
point of such substances are always same, while in a mix

| ture the quantity
of constituents can yary,

€.g. in the mixture of sugar syrup the amount of
sugar can be less.of greater. The pure substances are further divided in to

two sub divisions i.., the elements and the compounds, this
he following flow diagram. These divisions

sequent sections in detail.
Matter

will bediscussed in the sub
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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 arod 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. ), liquid (Bromine and Mercury) and

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

properties, for example, if we take the above descrlbed three gaseous
elementsi.e.,is N,, O, and H,, all these have dlfferent bo:lmg points and
show different chemical products on reactions, Séth as:

ot
PHL e sy 20
Q/Q y

2g)  2g) 22(D) \

I + ‘ O » 7 &

‘?\:Lg; 202(;_:_; N\ "NOZ(g) 3
{m\\.}’" RE v ot

In Chemistry, the atoms&(e identified by their atomic numbers,
(The atomic numbers are dlsg‘u;Sed 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 atqm‘ié‘“ﬁumbers. (e.g. in the example of iron rod, all
atoms have atomic. r;hmber 26). In our daily life we normally deal with
the atoms in t@}onn of elements, e.g. 0,, Au, Ag, Cu and many more.

Usually we Use a short name for an element called the Symbol. A symbol
is chosegnormally by taking the first letter, written as the capital letter of

the«E:nghsh 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 m “Name of Element

Hydrogen H Fluorine F
Oxygen O Iodine I
Niuogen N Boron B

Carbon C Sulphur
o

Table: 1.1: Some elements whose symbols are derived from their english 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):

Nante/of Elomient Symbol ~ W Name of Element Sy
LAY
Li ., Neon |

4

Lithium
Beryllium Be ~  Nickel i |
Aluminum AD™ | | : ’

Table: 1.2: Symboﬁ?of some elements havmgﬁr-st and second
letters from English names

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

table 1.3.

[ Name of Element | W Nameof Element |5

Chlorine ' Cl Cadmium
Chromium Cr Magnesium

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, are
represented by the symbols of their Greek names, e.g. (see table 1.4).

T AR : @ = =
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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

fable: 1.4: Symbols of some elements derived from their Greek/Latin names

So far 118 elements have been discovered of which 92 are found
naturally while rest are synthesized artificially in laboratories, these
clements 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 X less than 2%
In the earth crust top 3 elements are:

O = 46.6%, Si = 27:0% and Al = 8%

In our atmosphere top 3 elements are:

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

In our body top 3 elements are:

O = 65%, CN= LN and H = 10%

1.2.1.2 The Compound

When different elements combine, they form a compound, thus
generally a compound has two or more than two types of elements,
cxample 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
clements 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
reversed back to its constituent elements.

g s M g,

Scanned with CamScanner



A compound which is
formed of different type of
clements shows properties quite
different from the elements that
form it, e.g., water which 1s a
liquid is formed of two gases
hydrogen and oxygen, the
hydrogen burns while the oxygen
helps in burning process, on the
other hand the compound water
extinguishes the burning objects.

A compound is represented
by its short name called its
formula or molecular formula. A
formula shows all the elements

Formula Name of Compound

CO, Carbon Dioxide
NaCl Sodium Chloride
C,,H2,01; Sugar (Sucrose)
CeH20¢ Glucose
Na,CO;.10H,0 Sodium Carbonate
NaHCO; SodiuglgBiléarbonate
CaCOy Calcium Carbonate
STE, kil “»éiil}icon Dioxide

o\
(CeH, OQ\Q&;{ Cellulose

Tablé:1.5: Some Compounds and
their Formulae

present ‘n the compound with the number 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 1s a combination of [
two or mere substances (Elements or [SESsssii Su i
compounds) in such a manner that each '“,
component shows its own characters
ise. they are not combined chemically.

mn o, Seadar T o
e A g Y S L o N
L - - - - - % L b

) |

i, i g N I, N g N

Fig 1.3 Fabric--A mixture of yarns

Tl?e common examples of such mixtures include sugar syrup, air
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

PRI T
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physical methods e.g. the sugar from

the syrup can be separated simply by ~ How can you separate the

evaporating the water from the syrup. components of a mixture of table
. salt (NaCl) solution?

The Table 1.6 that shows some  ry (g separate these in the

basic differences between compound laboratory with the help of your

and mixture. teacher.
QN
S/No Compound Mixture + B

i  They are pure substances. They are impure.

ii ~ Compound is formed by [t is formed by the mixing of
chemical reaction of substances.
atoms/elements.

iii  Its properties-arcentirely This shows the properties of its
differeril from the conipenent  constituent,
substances by which it is made
up of, e.g water is quite oy
different from its building b
elements i.e. hydrogen and
oxygen.H,,, +02(g) —> 2H20m )

iv It cannot be converted backto A mixture can be easily
its original constituents-easily ~ convertecl back to its parent
by physical methods. components by simple physical

o methods.

\Y ThQi;@ﬂSfﬂ'Ue@_ts have fixed The constituents here do not

" composition of the elements.  have fixed composition.

vi  They gl{bﬁr fixed melting and ~ They do not show fixed melting
boiling points. and boiling points.

Table: 1.6: Some basic differences between compoundt: andi mixtunes

.22 Atoms, the Building Blocks of Matter

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.
i ' 19
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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 th

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 ~¥
iemical, propesisyecy g g ztere.s'ting Information
division is continued until the last &X , : _

: : ~ The size of nucleus is very
fragmentachievediscalledanatom:c” oy a9 GoRaad it

rig 1.4 Ah:{lmagc <€ sold foil bv STM

Atoms are so small that they can't volume: of antatomuand. is
be seen by the naked eye jor any about 10,000 time less than
traditional microscope,(a  recent the size of an atom.

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 1.4,

The atoms normally do not exist
freelyin nature, though some
exceptions are there, e.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. | Fig 1> |

Although the atoms are invisible, The modérmi view ofar BiaH

20

10
Atom = 1A = 10m
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but by using special techniques and experiments, Scientists 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 givenasin 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 comparison of 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 10" meters (1fm).

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

I®olving electrons, the strength of clouds show the density of electron charge
distityytion.

1.2.21 Atomic Number and the Mass Number

lh order to identify the atoms, éach atom has been allotted a number,
f:alled Homie number (symbolizedas 7). (This is same just like the students
In a class are allotted the roll mambers to identify them easily). The atomic
number is based upon the -number of protons in the nucleus of the
corresponding atom, e.g. H has 1 proton so its atomic number is also 1, the
OXygen has § protons in its nucleus, so its atomic number is also 8. The
C011c§pt of giving 1dentity to atoms is of great importance, as nothing can be
described about jig properties unless it is identified separately.

B The wia8s number (symbolized as A) is the total number of mass
building particles in an atom, the mass building particles of atom are the
I‘:E:‘nhsns‘ an'd the protons. e.g. the 'N' has 7 protons and 7 neutrons so its mass

1S 14, whereas, the 'C' has 6 protons and 6 neutrons, so its mass
;1(‘)1;1:? 15 12. The mass of an atom has great effect upon the physical and
'les even the chemical properties of the atoms.

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

RN
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Number of || Number of | Atomic Number MEE_N‘*BEF
S lt’lrotons | Neutrons [j ! (Z) [N

|
I | ; .??
Hydrogen I I 0 | I I I
Helium VA ;g z | 4
i >
: | | 6 | . 129P
Suone > i 0 E ; q@%% |
i -
Nitrogen I 7 ' 7 t i e
H et
- Oxygen | 8 | 8 | JS// L 16
B : : ; 1
Sodium I O - T 23
| 1 | | QE?”
.,__(?’?‘1‘.’?‘_‘_‘?#_44 it J 2°~~~ * ML~ T [
able 1.7: Some cofmmon elerments theinDmie and ass numbers

The modern science has enabled usitoincrease or decrease the numb

of particles in the nucleus and thus we can change the type of atoms. /
Naturally there exist 90 different type of atoms while many have bee

synthesized in the laboratories. " ®)

1.2.3 Relatlvcmomlumlss and thcAtomlc mass unit

The relative atomlc mass of an atom is its mass when compared wit
12000000

the lightisotope of carbop fsea(C

12 atom of
Hydrogen

| atom of |
Carbon

Frgure .6 A hypothetical balance to show the concept ol phemomenon
of the comparmg the mass of Hydrogen atoms with stamdard C'**™™
The reason that relative unit is used rather than the absolute mas: unit ié
that it is experimentally much easier and more precise to compare mas:es of
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atoms and molecules than to measure their absolute masses. Macses 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
ofan atom of the C” nuclide. In kilograms it is written as:

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

In the periodic table, the atomic mass listed is the weighed average of
all of the isotope 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 observed that:

98.9 % of all carbon atoms are C"*** atomis,

and
I.11 % of all carbon atoms are C"*"*¥atoms.

So the weighted average mass of carbon is: o
(98.9 x12.000000) + (1.11 x 130039)

100 \\i:f;}/

In the same way, the natural abundance of Cu® is 69.09 % and for
Cu™"is30.19 % respectively. o
Thus the average atomie'mass for copper is calculated as:
(69.09 6693 +(3091x6493) _ 0 . |
x‘\)' 100 s e ignare . g '

| These average values of mass of respective elements are written in a
. periodic table al(}n’g with the symbol of that element.

. 1.24 Empirical and the Molecular Formulae

The constitution of a compound can be represented in many ways, this

- Tepresentation is called formula of the respective compound. There formulas
are Written in‘different' ways.

il - -

| 1.2.4.1 The Empirical Formula

b The empirical formula represents the simple ratio of the atoms present
f acompound, e g.1n glucose (C,H,,0,) the simplest ratio of atoms is 1:2:1

=12.0tem.it |
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i.e. for each atom of Carbon there are two Hydrogen atoms and 1 Oxygen
So the empirical formula of plucose  What are the empirical
is “CH,0". formulae of following,

In water (11,0) the simplest atio of  Benzene (C,H,), Sucrose
Hydrogen to Oxygen atoms is 2: | so the (C,H.,0u) Carbondioxide
empirical formula of water is “HLO" (CO,), and Cellulose %%%

remember this is also the moleculm (C,H, 090 %
formula of water. oD

,gw
1.2.4.2 The Molecular Formula
In Chemistry a short name is used to repre Eonstltuents of a
compound this short name is called the formula o Qgt specific compound,

¢.g. for water the formulais “H,0”.
In the table 1.8 some formulae of co@’n compounds are written;
As it is clear from pr 2
the above table that a [ Formula

Co,
NaCl 1
CpHy0y, |
CH1206
Mashing sofES R <
@kscnt in that te, ;N
?~compound T

" e mumber of S il
atoms of cach g

|

clementpresent

in that compound. “Table 1§ Some comy

Sometimes a compound consists of a large number qf tnpe
called polymere.g. Cellulose or Starch (€ Mg,)m A -

(24
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and Polyvinyl Chloride (P.V.C) ‘l:m—rﬁ_ H,— CH— }

|

Cl

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, e.g Sodium
chloride exists in such manner, and we write “NaCl” as its formula unit.

The NaCl consists of a large -Na @ =€\

- 5 = \ @
number of cations, The Na ions, and the o \{m\ s \ :.
anions, CI'. Thus the NaCl exists as a large Q @\
entity of crystal structure, in which the \2‘3&\ T P P
cations are surrounded by the anions and ¢ 3 :
vice versa, this is shown here in the figure d 9 2
1.7. : . - . D > ' “ | J

The simplest ratio of ions here is @) e
1:1, so its formula unit is NaCl, in the D
same manner the ratio of’ions in calcium d @
bromide is 1:2, so the formula unit of 15, 7 Aiineement of fons in
Calcium bromide is CaBr,. Sodium Chlonide

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, e.g. for the

-molar mass of water,

H,O

H=1x2=2

O=16x1=16
Sum ofthesetwois2+16=18

a0 TA O i oS Vol .
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So, the molar mass of wateris 18 a.m.u.
The formula mass is also calculated in the same manner, €.g. the

formula mass of Cal cium nitrate, Ca(NO,), 1s: _ " ilaltbiri

Ca(NO,),
Calculate the mass of

(Ca=40x1=40 - 0
mpounds,

N = 14x2 =28 ollowing comp

(=16 % 6 =96 NaCl, CO,, Glucose

Sum of the re three is (CH,,0,), and Al(OH);
40+28- - /6-:164
So, the formula mass of calcium nitrate, Ca(NO,), is.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
separations, 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 we'explain each of these types in detail.

1.3.1 lIons, Molecular fonis & Free Radicals
These are the species that bear some sort of charges on them:

1.3.1.1 lons _
An ion is an-atom or group of atoms that has lost or gained one or more

electrons.
The simplest ions are the proton (a hydrogen ion, H', positive charge),

and alpha particle (helium ion, ;He”, consisting of two protons and two
neutrons). 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.

»

Scanned with CamScanner




/,
/

/ Common Cations
CO‘-D,‘/non Name Symbol Common Name Symbol
Alur.#/oum Al” Nickel Ni**

y C alcium Ca” Magnesium Mg”
Chromium (II) (Chrome 1s) Cr Cﬁromium( [1I) (Chromic) Cr’
Copper(I) (Cuprous) Ccu' Copper(II) (Cupric) Cu™
Lead(IT) (Plumbous) Pb> Lead (IV) (Plumbic) Pb”
Silver (Argentum) Ag Potassium (Kalium) - K’
Hydrogen H Sodium (Natdumj7< ‘ Na’
Iron (1) (Ferrous) Pt Iron (11I) or Ferric Fe

Table: 1.9 List of Common &3son
The ions that have the negative charge-are called anions, (The name

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

The table 1.10 lists some imjportant anions:
g,fﬁ}c‘imon anions

Common Name < Symbiol Common Name Symbol
Bromide ,.\(:;\‘ Br lodide I
Chloride - " Cl Nitride N”
Fluoride F allislian® 0"

 Hydride H Sulphide s

Table 1.1(): Some Important Amons
\ Although the existence of ions independently is hard due to their
greater instability, but there are molecules that have combination of both
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.
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1.3.1.2 Molecular Ions
An ion consisting of multiple atoms is called a polyatori¢ion. or
N

N\,

molecularion, e.g. NH; ion.

The molecular ions also may |

be of two types, the cations and the
anions. Following tables show
some common molecular cations
(Table 1.11) and molecular anions

(Table 1.12).

A Pofyét(;ﬁiic or Molecular Cations

3 WI\A/I'(;le(A:ﬁlarr anions \ |‘
N

Ammonium NH,

Hydronium H,0"

: Nitronium NO,
Table: 1.11: Some Polyatomic Cations

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

KCIlO, Potassium chlorate
1.3.1.3 FreeRadicals or Radicals

The radicals or free radicals are atomic oI molecular species with

unpaired electrons.

Due to these unpaire

* Carbonate 4___CO§. |
D | T3
Dichromate /1 8RO,
Nitate NO;
Phosphate PO;
Hydrogen Phosphate | HPO]
Sulphate SO;

TableZt: 12: Some 2olyatomic Anions

d electrons the radicals ze highly reactive, and are

produced only during the course of a chemical reation for a very short time

e.g. th

light energy and is readily react with theneighborir species.

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

Uv

o |

CIZ(;:)

4 ZCE) i

(28
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free radical, as showiabove in the radical of Cl. Radicals play arimportant
role in combustion, atmospheric chemistry, polymerizaton, plasma
chemistry, biochemistry and many other chemical proceses, including
human physiology. For exmple superoxide and nitric oxidf regulate many
biological processes, such acontrolling vascular tone.

The upper atmospher, of earth contains radicalswhich are formed
there by the action of UV ratations that is coming fr/n sun and thus the

energy of this highly injurious U/ radiation is blocked.

1.3.2 Molecular Species n
A molecule is the smallest syp]e form of matter and is composed of
generally two or more atoms, The COktituting atos 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 tom. Table 1.7 shows some
molecules and their formulae.

On the basis of its composition mcleciles are classified into different

“ub types. These types are: _
(@) " s1gpoatomic Molecule:: Aphowh the molecule is generally

consideied of being formed by hecombination of two or more atoms,
but even a molecule could be cozposed of a single atom, this is because
the main difference between 1e molecule an atom arises from its
stability, molecules 4re 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.

(y Diatomic molecules: Wha a molecule consists of two atoms it is

i called diatomic molecule, for eample H,, 0,, HCI, CO etc.

¢

Polyatomic molecules: Thee are the molecules that are composed

O Omore than two atoms, like C1,,0,, HNO,, CuSO,.5H,0 etc.

B h: “dition to this the molecule may also be classified as homo atomic
FCUIES Womo-similar) e. g- 0;.4,, which are composed of same type of

“‘oms an : 1
S d Bveroatomic molecule, (hetero-different) e.g. NH,, HNO,
*"Maate, whig |

are composed ofdifferent types of atoms,
I ‘_2&_

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 making a good tea one have, to take all the ingredients in
correct amount). But in actual we are unalle to count and take atoms-of

reacting substances in (esired quantities.
So. to solve this, we use the concep’. of mole, which states the ratios 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).

According to this concept the ‘atomic mass or in'case of molecules the
molecular mass is taken in the unit of grams instead of atomic mass unit and
hence it becomes easy to 1neasure these using ordinary instruments

(balances).
Thus the atomic mass or 1 12lecularniiss expressed in terms of grame

called 1 mole of that substance, (Or s¢inetimes it is also called ¢zam atom or
gram molecule or gram formula mas$ ', as shown in figure 1.8.
Here are some examples that el aborates this concept,
'H' has 'l' atomic mass'so-1g of "1t is one mole. 'O’ has '16'a.m.u atomic
mass so its 16g=1mole
'H,' has '2' atomie mass so 2g of itsis onemole. 'O," has '32'a.m.u atomic
mass so its 32g = 1 mole H,0 has 18a.n 1.umolecular mass and its 18g= 1 mol~

And
36 g of water = 2 moles

& M

/@ R | 1 Ji=y e
[1"gram atom of 1 gram molecule | | | 1 gram formula |
“ l elements | c]>f substancie ‘Imass of substance|
2g @8 23g | 18g 44 ’ 58.5g  100g
€ | Na [ H,0 | Co, | = NaCl CaCO,

. igure L& Mole-{Maks Reaionship
RS e T 50) T\
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1
A simple relation that is used to interconvert the mole—mass relation,
which given by:

Given Mass

Mole =——
.‘lnnm \1()lc,ullal Mass/ Mass Formula/Ionic Mass

The concept of mole is really very helpful for the Chemists and is
app]icd Widcly.

Example: Calculate number of moles in 250g of glucose. :
Solution: As the moles of glucose can easily be determined by using
the formula:

Given Mass
Atomic or Molecular Mass %"

L

Mole =

The molecular mass of glucose can be calculagt?eﬁ“by the help of its
molecular formula, whichis C H,,0,. R
Here, N

C =6x%x12.01=72.06

H =12x1.0076=12.0912 X '

O =6x16.00=96 N

Total mass =72.06+12. 09195+96— 180.15
By inserting the values in the,@ﬁ?e formula, we get

i!._ PR mwm@‘zw
i

- 250 £1.39moles
Mole ]80.15 .

1.42 Avogadro's Number (N,)
Avogadro practically found that one
mole of @ny substance contains 6.02x 107
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 e — —

Avogadro’s Number. ‘I Amedeo Avogadro
This is to be remembered that in atomic " (Itlalian Scientist)

Species the Avogadro’s Number represents | g1l 0l 920

K& :
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number of atoms, +.g., Helium (He) gas which has atomic mass ‘4’, 4gm

helium will have 6.02 x 10" atoms.
In case of molecular species this Avogadro’s Number represents

. 1123
number of molecules e.g., 32g of oxygen (0,) will have 6.02x 10 molecules.
Example: .
Calculate thtal number of atoms in 1.0 g

A ,‘ ‘W“l \,11{“ I.~

Solution
As 1 mole ofwater has 6.02 x 10 molecules = 18
Imoleof H,0 = 18g = 6.02x 10” molecules

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) B\ '
And 1g of H,O will have:

2, 0
6.02 x 10 x 3 atoms «1g H,0
18g I‘]zo =

s \
p L 4
Ny

=1.0033 X 102 : atoms

Nl

Calculate the number ofgtdms in 100g of CO,, and Glucose
CHON stk O

P
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SUMMARY OF THE CHAPTER

¢  Chemistry is the basic branch of Science that deals with the study of
matter.

¢  The important bramclies: off Chemistiryy 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 Atomie
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 2tomic mass umit (a.m.w), in grams it is equal to:

1 am.u=1.6x10"g

o Empirical formula is the formula which shows the simplest ratio of
atoms in amolecule.

¢ 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 of all atoms in a molecule.

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

charge, and cations when they have positive charge. _

“

g; -

*
0.0

*
’0

L)
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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
polyvatomic 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
atems. _ ~
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 Avogadro s number

(N ). this number is equal t0 6.0225 x 10%.

\S

EXERCISE
Fill in the blanks.
1) Physical chemistry deals with.-......... of matter.
1> The branch of chemistry in which the nucleus of atom in studied
iscalled ........... chemistry.
1) A sample of pure substance having all atoms ........... 1s called

an element.

iv)  For the mass comparison of atoms, the standard atom chosen is
v)  Thenumber6.0225x 10%iscalled ........... i

V). e moles of water constitute 36g .

vii) The process of formationofionsiscalled........... .
viii) The Atomic massunitis expressed by the symbol........... ;

1x)  The molecular formulashows........... number of atoms.
x) GO, type of molecule.

Tick the correct answer from the given list.
1) The smallest component of an element that still retains
properties of the element is called
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Q3.

(a) electron (b)proton (c)neutron (d)atom
i) The atom1s a Greek word meaning

(a) indivisible (b) small particle

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

iii)  The branch of chemistry which deals with the determination of
molecular formula is 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 molecules
(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.uingramsis
(a)1.6x10” (b)1.6x 10"
(c)1.6x10™ (d)1.6x10*
vii) The atoms can exists freely innature
(a) Always (b)never

(c) some existand some donot  (d)none of these is true
viii) The formula unit is used for the

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

ix)  The gram atomic or molecular mass is called
(a) onemole (b) two moles
(c) three moles (d) 4 moles

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

Answer the following questions in short.

1)  Whyunderstanding of chemistry is important to us?

-
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ii)  Giveashortnote on classification of matter.
iii)  Whatis 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)  Whatismeantby a.m.u?

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

Q4. Answer the following questions with reasoning.

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

i1)  Comment that concepts of vital for chemists.

iii)  Distinguish between ion and the free radical?

iv)  What 1s the difference between empirical formula and the
formula unit? ,

v)  Why C” is taken as the standard for calculating atomic or
molecular masses?.

v)

Q5: Nicotine a deadly pofsdh which is found in tobacco has the formula
C,,H,.N,. An average cigarette contains 1mg of nicotine. What will be
the number ofmelecules in this quantity?.

Q6: Calculate themolar mass of following,

(a) K580, (b) MnCl, (c) Al(OH),
(d) ““Fe(NO), (e) CuSO,.5H,0

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

(c)  Copper(Il) sulphide (d)  copper(I) sulphite
(¢) Ammonium bicarbonate
Q8: Whatarethemass 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

Ql11I:

compound?
Q12: What do you understand by the term symbol of an element? Explam

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

written? o
Q14: Discuss the concept of mole in chemistry? How it is related Wlth,\t{ne

Avogadro's number? {\vw \
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