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As ear ly as the 6 th cen tury the Gree k  

phi losophers  stated that all matter  

could be broken dow n into  four basic  

substances:  fire,   air water  and earth.  

1. Introduction  



 In the 5 th  century people pondered further on the nature of the p r imit ive  e lemen t s   

and thought the there must be things that are  still smaller s omet h in g which is  

common in every s u bs t an ce  this made them think deeper and d is cover  the presence  

of ultimate s malles t  particle the ‘ Atom’.  



The atoms are so small  that they are not vi si ble  by naked   

eyes.  Fire,  air,  wate r and ea rth also have their  indi vid ual   

atoms which are connected which each other.  

After a toms a te rm for  sl igh tl y  bi gge r e nti tie s was c oined   

that term is known as molecules.  



 
2. Dalton's Theory And The  

Laws O f  Chemical  
Combination 

A t t h e en d o f t he n i ne t een th cen tur y , sc ien t i sts w er e  
able  to  di fferentiate  between   e lements   and 
compounds.  Anto ine  Laurent  Lavo is ier  and Joseph 
Louis P r oust g a v e t w o l a w s, ex pl a in in g the ch em ica l  
combinations   of e lements .  These  laws are ca l led 
the L a w o f con ser va t i on o f m a ss a n d t h e La w o f  
constantproport ion .  



The law of con s er vat ion  of mass states that the mass of a closed system will remain con s t an t   

in a ch emical  r eac t ion .  In other words, mass can n e it h er  be created  nor  d es t r oy ed  in  a  

ch emical  r eac t ion .  This law was first for mu lat ed  by An t o in e  Lau r en t  Lavois ier  in 1789. 

2.1 Law of 
conservation of 

mass 



As we kno w,  c o m po unds  are c o m po sed  of two or more 

e lem ents .  The pro po rt io n in whic h  e lem ents  are present  in 
a c o m po und rem a ins  the sa m e ,  irrespec t ive  of its m etho d  

of prepa ra tio n.  

Fo r exa m ple ,  pure wa ter  o bta ined  f ro m  any so urc e  and 
f ro m  any c o untry  will a lwa y s  c o nta in two hy dro gen a to m s  

and one o xy gen a to m .  Hy dro gen and o xy gen respec t ive ly   

c o m bine  to ge ther  in the ra t io  of 1:8 by m a ss  to form 

wa ter .  

2.2 Law of Constant  
Proportion 



 The ratio  by the number of atoms for water will always  be H :  O = 2 :  
1. Thus, 18 g of  water c o nt a ins  2 g of  h y d r o gen  and 16 g of  o x y gen .  
S imi la r ly ,  in  a mmo nia ,  n i t r o gen  ma k es  u p  1 4 / 1 7  o f  t h e  ma s s  o f 
ammonia while h y d r o gen  makes  up the r ema in ing  3/ 17 of the mass . 
I r r es p ec t iv e  of the source from which ammonia is o bt a ined ,  it will 
always  contain n i t r o gen  and h y d r o gen  in the ratio  of  14:  3 by mass . 
Thus, 17 g of  ammonia co nt a ins  14 g of  n i t r o gen  and 3 g of  h y d r o gen ,   
and 34 g of  ammonia c o nt a ins  28 g of   n i t r o gen  and 6  g  of   h y d r o gen .   
This  led to the law of c o ns t a nt  p r o p o r tio n .  



Thus,  according  to the law of constant  proportion,  a chemical  substance  always  

contains the same elements in a f ixed proportion by mass,  i r respective of  i ts  

source.  

The law of constant  proportion is al so known as the law of def ini te  proportion.   

This law,  which was introduced by Proust,  stated that  ‘ in  a compound,  the  

e l ements are  always present  in def ini te  proportions by mass’.  



 

 

 

 The  next  challeng e  for the  sc ient ists  

was to come  up with  proper exp lanat ions  for these  laws.  This  was undertaken  

by a Brit ish  chemist ,  John Dalton.  He p icked up the   idea  of  divisibility of  

matter and said  that   ‘atoms are   the   smallest  part ic les of  matter,  which   

cannot  be divided  further’ .  He provided  a theory based  upon the  laws of  

chemical combinat ions  and g ave  a  successfu l  exp lanat ion  for the  two laws.  

 
2.3 Laws of Chemical 

Combination and Dalton’s  
Theory 



The postulates of Dalton’s  atomic  theory  are as follows.  

All matter is made up of very  t iny  particles.  These  particles are called  

atoms. 

An atom cannot  be divided  further i. e., atoms are indivisible.  

Atoms can neither be created  nor destroyed  in a chemical reaction. 

All atoms of an element  are identical  in all respects,  including the mass, 

chemical  properties,  etc .  

Atoms of different  elements have different  masses and chemical 

properties.  

Atoms of different  elements combine in small whole  number ratios to 

form compounds.  

In a given compound, the relative  number and types of atoms are 

constant .  



The law of conservat ion  of mass:  Matter is  

made up of atoms (postulate 1), which can neither be  

created or destroyed (postulate 3). Hence, matter can  

neither be created nor destroyed. For example, 100 g  

of mercuric oxide, when heated in a closed test tube,  

decomposes to produce 92.6 g of mercury and 7.4 g  

of oxygen gas. 

2.4 Explanation of the Law of  
Chemical Combination using  

Dalton’s atomic theory: 



2 H g O ( s ) → 2 H g ( l ) + O 
2 

Total  mass of the reactant  = 100 g 

Total  mass of the products  = 92.6 + 7.4 g = 100 g 

Hence,  duri ng the deco mpo sit i o n reaction,  matter is   

neither created nor dest ro yed .  Here,  matter is made  

up of tiny mercuric  (Hg) and oxygen (O) atoms. The  

given reaction shows that  atoms can neither be 

created nor destroyed in chemical  reactions . 



The law of constant  proportion:  This law follows directly  from the 6 th and 

7th postulates of  Dalton’s  atomic  theory ,  which state  that  atoms of  

different  elements  combine  in  small  whole number ratios to form a 

compound;  and  in  a  given compound, the  relative number  and types of 

atoms are constant.  

Now, we know that a sample of carbon dioxide ( no matter how it is 

prepared) is made up of  carbon and oxygen. One carbon atom and two 

oxygen atoms combine to form a molecule of  carbon dioxide.  Thus, it obeys 

the law of constant  proportion.  The mass of carbon dioxide  is 44 g. The 

mass of one oxygen and  carbon atom  is  16  u  and  12  u  respectively . Thus, 

in  carbon dioxide,  carbon and oxygen combine in the ratio of 3: 8 by 

mass. 



 The bui ld in g b loc k s of an ant hi l l  are smal l  san d  part i c l e s .  Al so ,  bri c k s are the bui ld ing  

b loc k s of a bui ld in g.  S imi larly ,  a toms are the bui ld ing b loc k s of matte r.  

Atoms are in d iv i s ib l e part ic le s that c an n ot be d e stroye d or c re ate d by any c he mic a l 

me an s.  Ac c ord ing to D al ton’ s a tomic  the ory,  all matte r is made up of tiny part i c l e s  c a l l e d  

a toms.  Thi s  would  mean that a rod of i ron  is made up of mi l l i on s of a toms of i ron .  

 Size of an atom 

Atoms are very smal l  in s i ze .  They are not v i s ib l e even un d e r a powe rf ul  opt i c a l  mic rosc ope . 

The size of an atom is in d icated by the rad ius of the atom c a l l e d the a tomic  rad ius.  It is  

o f te n  e x pre sse d in n an ome te rs  so, 

3. A t o m s  



 Atoms cannot be seen with naked eyes. However, the usage  
of modern t e c hn ique s  has enabled us to see the surface of  
atoms. The m ag n i f i e d  image of the surface of silicon 
atoms is shown in the following figure. 

Image of the surface  of silicon atoms 



 Hydrogen atom is the smallest  

of  a ll a tom s. Th e giv en tab le l ist s the a tom ic radii of  

some elem 

ents. 
A t o m  A t o m i c  rad ius  in 

nm 

• Hydroge  

n 

0.037 

• N i t r og e n  0.074 

• I r on  0.126 



3.1 Rep resen ta t ion  o f  
atoms 

 D a l t o n  w a s  t he f i rs t  s c i e n t i s t  to use s y m b o l s  t o  r e p r e s e n t   d i f f e r e n t  

e l e m e n t s .  Ev ery  s y m b o l  he p r o p o s e d  a l so  

r e p r e s e n t e d  a d e f i n i t e  q u a n t i t y  o f  t he r e s p e c t i v e  e l e m e n t .   T he s y m b o l s  of so m e 

c o m m o n  e l e m e n t s  a s  p r o p o s e d b y 

D a l t o n  a re sho w n i n g i v en f i g u r e .  

 



However, these symbols of el ements as proposed by Dalton were difficult to 

draw and remember. Therefore, an al ternative method of representing  el 

ements was proposed J. J. Berzelius. He suggested that alphabets can be used 

as symbols to represent the e lements. Further, these symbols can be  made 

from one or two le tters of the name of the e lement. 
 

The modern symbols of el ements make use of this idea. IUPAC (International 

Union of Pure and Applied Chemistry) approves the names of the 

el ements. Also, it approves the  symbol of  the  e lement made from one  or  two le 

tters of  the  English or  Latin name  of  that e lement. As  a rule, the  first  le tter 

of a symbol is always written as a capital le tter and the second le tter as small l 

etter. 



E lement  Symbol E lement  Symbol 

Aluminium Al Iron Fe 

Argon Ar  Lead Pb 

Calcium Ca Magnesium Mg 

Carbon C Nitrogen N 

Chlorine Cl Oxygen O 

Copper Cu Potassium K 

Fluorine F Silicon Si 

Gold Au Silver Ag 
Hydrogen H Sodium Na 

3.2 The  modern  symbols o f   
some common elements are   
given in the  fo l low ing  tab le  



 Mass is a characteristic property of matter. Hence, the  

atoms present in matter also possess mass. The ma s s o f  

an atom is known as the atomic mass.  

 Atoms of a given element are identical in shape, size, mass,  

chemical properties etc. Atoms of different elements have  

different masses and chemical properties. 

3.3 A t omic  mass 



 It is difficult to determine the mass of an individual atom. However,  

relative atomic mass can be determined by comparing the mass of a  

particular atom with that of an atom of standard reference. The 

unit of the mass of an atom is atomic mass unit 

(amu) . Initially, John Dalton suggested that the mass of a hydrogen  

atom be taken as a standard reference of atomic mass unit 

3.4 De t e rm ina t i o n  o f  t he  
a tom ic  mass 





E lement  A t o m i c  

mass 

E lement  A t o m i c  

mass 

Hydrogen 1u Potassium 39u 

Helium 4u Calcium 40u 

Carbon 12u Argon 40u 

Nitrogen 14u Iron 36u 

Oxygen 16u Copper 63. 5u 

Fluorine 19u Zinc 65u 

Neon 20u Bromine 180u 

The atomic mass of  some common  
elements is given in the following  

table 



 The smallest particle of a substance is called an atom. An atom is very  

small in size and it cannot be divided further. Although atoms are the  

smallest particles of a substance, atoms of most elements are not stable  

and cannot exist independently. Therefore, two or more atoms of the same  

or different elements combine to form a stable entity called molecules.  

Hence, a molecule can be defined as the smallest entity of a substance,  

capable of independent existence. 

4. Mo l e cu l e s  A n d  Ions 



 The constituting atoms of a molecule are held together by a strong attractive 

force. For example, (H2) is a molecule in which two hydrogen atoms are chemically 

bonded. Similarly, hydrogen atoms can also combine with oxygen atoms to form  

water molecules. 

 A mo lecu le  is the s ma l les t  p a r t ic le  of  an e lement  or a co mp o u nd  

that can exist  ind ep end ent ly  and p o s s ess  all the p r o p er t ies  of the  

s u bs t a nce  to which it be lo ngs .  



 The molecules of an element are composed of identical atoms. For example, an  

oxygen molecule (O2) consists of two oxygen atoms and a nitrogen molecule (N2) 

consists of two nitrogen atoms. N2 and O2 are called d i a tomic  m ol e c ul es .   

Thus, the atomicity of nitrogen and oxygen is two. When three atoms of oxygen  

combine, a molecule of ozone (O3) is formed. Here, the atomicity of oxygen is  

three. The number of atoms c onsti tu ting  a m ol e cule  is known as  

its a tom i c ity.  

 
4.1 Mo l e cu l e s  o f   

e lement s 



 The atomicity of some common elements is given below.  

Non-  metal A t omic i t y 

Helium 

M onoatomic Neon  

Argon  

Oxygen 

Hydrogen  

Nitrogen  

Chlorine  

Fluorine 

Diatomic 

Phosphorus  

Sulphur 

Tetra-atomic  

Polyatomic(8 atoms 

per molecule) 



 The molecules of a compound are formed when atoms of different elements combine 

chemically in definite  proportions. For example, the molecules of carbon dioxide 

(CO2) consist of one carbon (C) atom and two  oxygen (O) atoms. Therefore, the ratio 

by number of atoms present in the molecule of carbon dioxide is C:O=  1:2. This means 

that the ratio by mass of atoms present in the molecule of carbon dioxide (C: O) is 3:8 

(12 × 1:  16 × 2 = 12:32, where 12 u and 16 u are the atomic masses of carbon and oxygen 

atoms respectively). 

4.2  Mo l e cu l e s  o f   
compounds  



 The given table illustrates some examples of molecules of compounds. 

C om p ound  Combining   

s elements 

R at io  by  

mass of   

atoms 

Rat io  by  

nu mber o f  

atoms 

Water 1:8 2:1 

Am monia 

H ydrogen,  

oxygen  

Nitrogen, 14:3 1:3 

hydrogen  

Carbon, 3:8 1:2 C arbon  

dioxide  

C arbon 

oxygen  

Carbon, 3:4 1:1 

monoxide  

H ydrogen 

peroxide 

oxygen  

H ydrogen, 

oxygen 

1:16 1:1 



4.3 Structures of   

some molecules 



This model represents the linear  
structure of carbon dioxide(co2) 

molecule 

Double bonds 

Carbon  

atom 

Oxygen atoms 



Hydrochloric acid(Hcl) molecule 

Hydrogen atom 

Chlorine atom 

Single covalent bond  

(sharing 2 electrons;1  

from chlorine the other  

from hydrogen) 



Nitrogen(N) molecule 

Nitrogen atoms 

Triple bonds 

This triple  
bond makes  
N2 inert 



A n ion i s a c harged  spec ie s in w hic h an  

atom or  a  group  of atoms possess a net   

electric   charge.  The net electric charge of an  

ion can either be positive or negative. Positively  

charged ions are called cations and negatively  

charged ions are called anions.  

4.4 I o ns 



Molecules that are composed of metals and non-metals contain charged 

species. For example, potassium chloride (KCl)  consists of K+ ion (cation) 

and Cl– ion (anion). Similar to molecules, an ion can be monoatomic, 

diatomic, tetra-atomic,  etc. Ions may consist of a single charged atom or a 

group of atoms that have a net charge over them. A group of atoms  

carrying a charge are known as polyatomic ions. 



The name of some common ions with their symbols  

is given below 
Cation Symbol Atomicity Anion Symbol Atomicity 

Aluminiu 

m 

Al3+ Monoato 

mic 

Bromide Br– Monoatom 

ic 

Calcium Ca2+ Monoato 

mic 

Chloride Cl– Monoatom 

ic 

Cuprous 

ion 

Cu+ Monoato 

mic 

Fluoride F– Monoatom 

ic 

Cupric ion Cu2+ Monoato 

mic 

Hydride H– Monoatom 

ic 



Compounds in which molecules are formed by the 

combination of cations (positively charged ions)  and anions 

(negatively charged ions) are known as ionic compounds. 

For example, zinc oxide  (ZnO). This is formed by the 

combination of zinc ion (Zn2+) and oxide ion (O2–). Other 

examples of  ionic compounds are magnesium chloride 

(MgCl2), potassium bromide (KBr), sodium chloride  (NaCl), 

etc. 

4.4 I o n ic c o mpo u nd s 



Ionic 

Compound 

Combining 

Elements 

Ratio by mass Ratio by 

number of ions 

Calcium oxide Calcium, oxygen 5:2 1:1 

Magnesium  
chloride 

Magnesium,  
chlorine 

24:71 1:2 

Aluminium Aluminium, 27:32 2:3 

The table given below illustrates some  

examples of ionic compounds. 



 Chemical formula of a compound is the symbolic representation of its atomic constituents.  

In other words, a chemical formula represents the composition of a molecule in terms of the  

symbols of the elements present in that molecule. To write the chemical formula of a  

compound, one should have prior knowledge of two things: 

1 . The  symbols  of the  const ituent  e lements,  and 

2. The  combining  capacity of each atom const itut ing  the  compound 

5. Wr i t ing  Chemical  

Formulae O f  Co m p o und s  



 We know that the combining power or the combining capacity of an atom  

or an element is called its va lenc y .  The number of atoms of other  

elements with which one atom of an element combines is decided by the  

valency of that element. 

 For example, both hydrogen and chlorine have a valency of 1. Therefore,  

one atom of hydrogen reacts with one atom of chlorine to form one  

molecule of hydrogen chloride. 

 The valency of an ion is equal to the charge on it. 



The valencies of some common ions are given  

in the following table. 

Name of 

ion 

Symbol Valency Name of Symbol Valency 

ion 

Aluminium Al3+ 3 Sulphite 2 

Ammoniu  
m 

1 Bromide Br− 1 

Calcium Ca2+ 2 Carbonate 2 

Copper(II) Cu2+ 2 Chloride Cl− 1 

Hydrogen H+ 1 Hydride H− 

Iron(II) Fe2+ 2 Hydrogen 1 



While writing the chemical formula, certain rules need to be kept in mind. These rules 

are given below: 

The va lencies or charges on the ions must be balanced. 

 In case of a compound co n s is ting  of a metal and a n o n -metal,  the symbol of the metal is 

written first. For  example, in calcium chloride (CaCl 2) and zinc sulphide (ZnS), calcium 

and zinc are metals, so they are 

written first, whereas chlorine and sulphur are n o n -metals.  

 (iii) In case of compounds co n s isting  of polyatomic ions, the polyatomic ions are 

enclosed in a bracket  before writing the number to indicate the ratio. For example, in 

aluminium sulphate [Al 2 (SO 4)3], the  polyatomic sulphate ion is enclosed in a bracket 

before writing 



  Compounds composed of two  different elements 

are called binary c om poun ds .  These are the 

simplest  compounds. While writing the chemical 

formulae  for compounds, we first write the 

constituent  elements and their valencies and 

then crossover  the valencies of the combining 

atoms. 



Formula  of  calcium oxide 

Symbol Ca O 

 
 

Charge 2+ 2− 

Thus, the chemical formula of calcium oxide is CaO.. 

For example……. 



Formula of aluminium sulphate  

Symbol Al SO4 

Charge 3+ 2− 

Thus, the formula of aluminium sulphate is Al2(SO4)3. Brackets are used when we  

have two or more of the same ions in a formula. Here, the bracket with a  

subscript 3 indicates that three sulphate groups are joined to two aluminium  

atoms. 



  An atom contains three types of particles i.e. elect ron s,  pro ton s, and n eut rons . Out of these three 

particles, the mass of electrons is  negligible as compared to that of protons and neutrons. Thus, the mass of 

an atom is equal to the mass of the total number of neutrons  and protons present in it. 

Molecules are formed when two or more atoms combine chemically in a fixed proportion.The mo lecular 

mass of a substance is  the sum of the  a t o mic masses of  all  the  atoms presen t in  a  mo lecule 

of  that  substance. This is also called the  relative molecular mass and its unit is atomic mass unit (u). 

Hence, to ca lculate  the  mass  of  mo lecules  i.e.  to  ca lculate  the mo lecular mass, the mass 

of all the atoms present  in it are added . 

6. M o lec u lar M as s and 

Fo rmu la U n it M as s 



Molecular mass of sodium hydroxide and potassium sulphate.   

1) The chemical  formula of sodium hydroxide is NaOH 

Atomic mass of Sodium (Na) = 23 u  

Atomic mass of Oxygen (O) = 16 u  

Atomic mass of Hydrogen (H) = 1 u 

Since sodium hydroxide molecule contains one atom of sodium,  

one atom of oxygen,  and one atom of hydrogen.  

Thus,  the molecular mass of NaOH = 23 + 16 + 1 

= 40 u 

6 . 1 C a lcu lat ion o f m olecu lar m ass : 



2 )  T h e  ch e m ica l  f o r m u l a  o f  p ot a s s iu m  s u l p ha te  i s  K 2S O 4 

Atomic mass of Potassium (K)  = 39 u  

Atomic mass of Sulphur (S)  = 32 u  

Atomic mass of Oxygen (O)  = 16 u 

Since  potassium sulphate  molecule  contains  two atoms of potassium,  one   

atom of sulphur,  and four atoms of oxygen.  

T h e  m o l e cu la r  m a s s  o f  K 2S O 4   =  39  ×  2  +  3 2 ×  1  +  16  ×  4 

= 78 + 32 + 64 

= 174 u 



The term formula unit is used for those substances whose  

constituent particles are ions. The formula unit mass of a  

substance is the sum of the atomic masses of all the atoms in the  

formula unit of a compound. 

For example, calcium oxide has a formula unit CaO. 

 

6.2 Form u la u nit and f orm u la u ni t  

m ass 



C alcu lat ion o f f orm u la u ni t m ass 

Form u la u ni t m ass i s ca lcu lated in  

the same way as molecular mass.  
formula unit mass of nitric acid and sodium oxide. 

1) The chemical formula of nitric acid is HNO3 

Atomic mass of Hydrogen (H) = 1 u  

Atomic mass of Nitrogen (N) = 14 u  

Atomic mass of Oxygen (O) = 16 u 

In one formula unit of HNO3, there are one hydrogen (H) atom, one nitrogen (N) atom, and three  

oxygen (O) atoms. 

Thus, the formula unit mass of HNO3 = 1 × 1 + 14 × 1 + 16× 3 

= 1 + 14 + 48 

= 63 u 



2) The c h emic a l  formula of sodium oxide is Na 2O  

Atomic mass  of  sodium (Na) = 23 u 

Atomic mass  of  oxygen (O) = 16 u 

In one formula unit of  Na 2O, there are two sodium (Na) atoms  

and an oxygen (O) atom. 

Thus, the f o r mu la  unit mass  = 2 × 23 + 1 × 16 

= 46 + 16 

= 62 u 



 One mole of a substance (atoms, molecules ,  ions, or particles)  is  

that quantity  in number  having a mass  equal to its  atomic or 

molecular  mass  in grams. One mole of any substance contains  6.022 

× 10 2 3   particles  (atoms, molecules ,  or ions). This means that one mole atom 

of any substance contains 6.022 ×1023 atoms. Similarly, one mole molecule of any  

substance contains 6.022 ×1023 molecules, and one mole ion of any substance contains 

6.022 ×1023 ions. Hence, the mass of a particular substance is fixed. 

7. T h e M o le C o nc ept 

The number 6.022 × 1023 is an experimentally obtained value and is known as  
Avogadro’s number or Avogadro constant (represented by No). It is named  
after the Italian scientist, Amedeo Avogadro 



 1 mole  atoms of an element  has a mass equal to the gram atomic  mass 

of that  element.  Hence, the mass of 1 mole  molecules is equal to its 

molecular mass in  grams. The atomic mass of an element is  the  mass 

of  its  atom in  atomic mass  units (u). By taking the same numerical 

value of atomic  mass and changing the  units from ‘u’ to ‘g’ , the mass of 

1 mole atoms of  that element is  obtained.  The  mass of one mole  of 

atoms is known as the molar mass of atoms, gram atomic  mass, or 

gram atoms. For example, the atomic mass of nitrogen is 14 u, and the  

gram atomic  mass of nitrogen is 14 g. Similarly ,  the molecular mass of 

a 

substance  gives the mass of a molecule  of that  substance  in atomic  mass 

units (u).  Therefore, as discussed earlier, by taking the same numerical  

value  of  molecular  mass and by changing its units from ‘u’ to  ‘g’ , the  

mass of  one  mole  molecules of  that  substance  can be obtained.  

 Therefore,  the mass of one mole molecules of any  substance  is equal to 

the gram  molecular mass of that  substance .  



 

The relationship between the mole,  

Avogadro ’s nu m b er , and m ass i s  

summarized  as follows:  



Examples….. 



Thank You ..!! 

 

 


