
 

 
Day: 2 

Symbols, Formulae and Radicals 
 
Introduction to elements, atoms, and compounds 
 
The form of matter which can not be further divided into simpler substances by any physical or chemical 
processes (except nuclear reactions) is known as an element. Oxygen, gold, iron, hydrogen etc., are 
elements.  Elements are classified as metals (sodium, iron, magnesium etc), nonmetals (hydrogen, 
oxygen, nitrogen etc), metalloids (arsenic, antimony, bismuth etc) and inert gases (helium, neon, argon, 
krypton and xenon).  Some elements emit radiations spontaneously and are called radioactive elements 
(Uranium, Radium, Radon, Francium etc).  Elements are pure substances made up of only one kind of 
particles called atoms.  So atom is the smallest unit of an element.  
 
According to Kanada (an Indian philosopher) matter is made up of tiny and indestructible particles and he 
called them paramanu. 
 
Dalton’s Atomic Theory 
According to Dalton,  
(i) Matter consists of small invisible and indivisible particles called atoms (atoms in Greek mean    not to 
be cut). 
(ii) Atom is the smallest unit of matter which takes part in a chemical reaction. 
(iii) Atoms combine in small whole numbers to form compound atoms (molecules).                   
(iv)  Atoms of same element are same in all respect.   
 
Drawbacks of Dalton’s atomic theory and evidence in support of them 
1. According to Dalton, atoms are indivisible.  But according to modern science, atom is not really 

the indestructible and ultimate particle of matter.  It consists of still smaller particles that are 
electrons, protons, and neutrons.  In one way, an atom of an element can be broken up into atoms 
of another elements; and in another way, two or more atoms of an element can combine or join up 
to form an atom of another element. For example,  
Uranium changes into rubidium and caesium when bombarded with one neutron.  
Uranium + neutron  Rubidium + Caesium + 2 neutrons + energy 
 
Four hydrogen atoms combine to form one helium atom and some other sub–atomic particles. 
During this process large amount of heat is released.  
4Protium (or Hydrogen)  Helium + sub–atomic particles + energy  

 
2. According to Dalton, atoms of same element are same in all respect.  But atoms of some elements 

show different physical properties. For example, the element hydrogen consists of three different 
types of hydrogen atoms that are protium, deuterium, and tritium which differ in their physical 
properties and are called isotopes. 

 
Modern atomic theory: According to this theory  
(i)  Atoms are divisible. The different particles present in an atom are called subatomic particles.  

Three important subatomic particles are protons, neutrons and electrons. 
(ii) Discovery of isotopes proves the presence of different atoms (which vary in their weight) in an 

element. 



 

 
Compound 
Compounds are the pure substances formed by the union of two or more elements in a definite proportion 
by weight.   
 Carbon + oxygen  Carbon monoxide (12: 16 = 3: 4 by weight) 
 Carbon + oxygen  Carbon dioxide     (12: 32 = 4: 8 by weight) 
The properties of the compound are entirely different from the properties of the elements from which it is 
formed. 
 
Symbol of elements: Symbols are used to represent an element in short form instead of writing the full 
name of it. Symbol of first thirty elements are given below.  

 

Symbol of elements along with their atomic number and mass number 
 

Element Symbol Z (Atomic number A (Mass 
number) 

Hydrogen H 1 1 
Helium He 2 4 
Lithium Li 3 7 
Beryllium Be 4 9 
Boron B 5 11 
Carbon C 6 12 
Nitrogen N 7 14 
Oxygen O 8 16 
Fluorine F 9 19 
Neon Ne 10 20 
Sodium(Latin 
name-natrium) 

Na 11 23 

Magnesium Mg 12 24 
Aluminium Al 13 27 
Silicon Si 14 28 
Phosphorus P 15 31 
Sulphur S 16 32 
Chlorine Cl 17 35.5 
Argon Ar 18 40 
Potassium(Latin 
name-kalium) 

K 19 39 

Calcium Ca 20 40 
Scandium Sc 21 45 
Titanium Ti 22 48 
Vanadium V 23 51 
Chromium Cr 24 52 
Manganese Mn 25 55 
Iron(Latin name 
-ferrum) 

Fe 26 56 

Cobalt Co 27 59 
Nickel Ni 28 59 
Copper(Latin 
name-cuprum) 

Cu 29 63.5 

Zinc Zn 30 65 
 



 

Molecules 
Two or more atoms of same element or different elements combine to form a molecule.  Atoms of same 
element combine to form a molecule of an element and atoms of different elements combine in a definite 
proportion to form a molecule of a compound.  
 2 Hydrogen atoms  1 molecule of Hydrogen  
 2 Hydrogen atoms + 1 oxygen atom  1 water molecule 
 
Atomicity 
The number of atoms present in one molecule of an element is called its atomicity.  Based upon the 
atomicity, the elements are classified into mono–atomic, diatomic, tetra atomic and polyatomic elements. 
 
Mono–atomic elements (mono one) 
The elements having atomicity one are called mono atomic elements. 
Argon (Ar), Helium (He), Sodium (Na), Neon (Ne) etc., are mono–atomic elements.  
 
Diatomic elements (Di  two) 
The elements having atomicity two are called diatomic elements. 
Hydrogen gas (H2), oxygen gas (O2), chlorine gas (Cl2), Bromine (Br2) etc., are diatomic elements.  
 
Tetra atomic elements (tetra four) 
The elements with atomicity four are known as tetra atomic elements. 
Phosphorus (P4) is tetra atomic element. 
 
Octa atomic elements (octa eight)  
The elements with atomicity eight are called octa atomic elements 
Example; Sulphur (S8), Selenium (Se8) etc.   
Elements that are having atomicity more than two are called polyatomic elements. (Poly means many) 
Examples: P4, S8, Se8 and B12 are some polyatomic elements. 
 
   
 Subatomic particles 
The atoms of all elements (except hydrogen) contain mainly three subatomic particles, namely electrons, 
protons and neutrons and are also called fundamental particles.  Hydrogen contains one proton and one 
electron and does not contain neutron. 
 
Electron  0

-1e : 
 An electron is a negatively charged particle and was discovered by J.J. Thomson in 1879. 
 Charge of an electron is 1.602  1019 coulombs or 4.8  1010 esu and the relative charge of an 

electron is taken as 1. 
 Mass of an electron is 9.11  1028 g or 0.000548 amu (amu  atomic mass unit, 1 amu = 1.66  

1024 g) or 1
1837

 th parts of the mass of a Hydrogen atom. 

  Charge/mass (e/m) ratio of an electron is called specific charge of the electron. 
. 

 The mass of the electron is calculated form the formula, em
e /m

  where e = charge of electron 

and e/m = specific charge of electron. 
 
Proton (+1P1): 
 A proton is a positively charged particle and was discovered by E. Goldstein in 1886. 
 The charge of a proton is 1.602  1019 coulombs or 4.8  1010 esu and the relative charge of a 

proton is taken as +1. 



 

 Mass of a proton is 1.6725  1024 g or 1.007279 amu or equal to the mass of one hydrogen atom. 

 charge(e)
mass(m)

Ratio of a proton is called specific charge of the proton. 

 The mass of a proton is calculated by using the formula, em
e /m

   where ‘e’ is the charge of the 

proton and e/m is the specific charge of the proton. 
 
Neutron (0n1) 
 A neutron is a neutral particle and was discovered by Chadwick in 1932. 

 Mass of a neutron is 1.6748  1024 g or 1.008665 amu. 

 Atoms are neutral (as they contain same number of electrons and protons). 

Nucleus 
 The central part of the atom is nucleus. 

 The extra nuclear part that is the space around the nucleus contains electrons. 

 Electrons revolve round the nucleus continuously with a high speed. 

 The radius of the nucleus is of the order of 10–14 m and that of the atom is of the order of 1010 m. 

 The volume of the nucleus is of the order of 1045 m3 and that of the atom is of the order of 10–

30m3. 

 
Ions  
Atoms form ions when they loose or gain electron(s).  Atoms loose electron(s) to form a cation and gain 
electron(s) to form an anion. So ion can be defined as” the charged species that is formed by either losing 
or gaining electrons”.  
 Atom  electron  cation 
    A      e1         A1+ 
 Atom + electron  Anion 
    A   +   e1         A1– 
 
 
 Formulae for compounds 
Valency 

Combining capacity of an element is known as its valency . 

                                           or 

The number of hydrogen atoms or the number of halogen atoms (F, Cl, I) or double the 

number of oxygen atoms with which one atom of the element combines.  For example,  

1. In NH3, valency of N is 3.  2. In CCl4 valency of C is 4 
3. In CO2, valency of C is 4 
Valency can also be defined as the number of electrons lost or gained by an atom or group of atoms. 
Examples: Na+ (valency 1) 2

4SO (valency2) etc. 
 
Radicals 
An atom or group of atoms either with positive charge or negative charge and exist independently are 
called radicals (ions). Radicals that are formed by the loss of electrons called electropositive radicals or 
basic radicals, and radicals that are formed by the gain of electrons are called electronegative radicals or 
acidic radicals. 



 

Let us learn the names and symbols of basic radicals and acidic radicals. 
 
 
 
Mono valent basic radicals 

Name Symbol  Name Symbol 
Ammonium 

4NH   Potassium K  
Copper Cu   Phosphonium 

4PH  
Hydrogen H   Rubidium Rb  
Gold Au   Silver Ag  
Lithium Li   Sodium Na  
Mercury Hg     

Mono valent acidic radicals  
Name Symbol  Name Symbol 

Fluoride  1F    Hydroxide 1OH   
Chloride 1Cl    Nitrite 1

2NO   
Bromide 1Br    Nitrate 1

3NO   
Iodide 1I    Cyanide 1CN   
Hypochlorite 1ClO    Superoxide 1

2O   
Chlorite 1

2ClO    Formate 1HCOO   
Chlorate  1

3ClO    Acetate 1
3CH COO   

Hydride 1H    Permanganate 1
4MnO   

 
Bivalent basic radicals 

Name Symbol  Name Symbol 
Barium 2Ba    Magnesium 2Mg   
Calcium 2Ca    Manganese 2Mn   
Iron 2Fe    Mercury 2Hg   
Lead 2Pb    Nickel 2Ni   
Copper 2Cu    Radium 2Ra   
Cobalt 2Co    Strontium 2Sr   
Cadmium 2Cd    Zinc 2Zn   
     

Bivalent acidic radicals  
Name Symbol 

Oxide 2O   
Peroxide  2

2O   
Sulphide  2S   
Carbonate  2

3CO   
Sulphate  2

4SO   
Sulphite  2

3SO   
 
Trivalent basic radicals      

 Name  Symbol 



 

Antimony 3Sb   
Gold 3Au   
Arsenic 3As   
Aluminium 3Al   
Chromium 3Cr   
Cobalt 3Co   
Manganese 3Mn   
Iron 3Fe   

 
Trivalent acidic radicals 

Name  Symbol 
Aluminate  33AlO   
Arsenide 3As   
Phosphite  33PO   
Phosphate  34PO   
Phosphide 3P   
Nitride 3N   

 
Tetravalent basic radicals    

Name Symbol 
Platinum 4Pt   
Tin(stannic) 4Sn   
Lead (plumbic) 4Pb   

 
Tetravalent Acidic radicals 

Name Symbol 
Ferrocyanide   4

6
Fe CN


  

 
Carbide 4C   

 
Pentavalent basic radicals  

Name Symbol 
Antimony 5Sb   
Arsenic 5As   

 
Variable valency:  Some elements show more than one valency and are said to possess variable valency. 
 

Elements Valency Name Symbol 

1. Iron + 2 Ferrous Fe2+ 

+3 Ferric Fe3+ 

2. Copper +1 Cuprous Cu+ 
+2 Cupric Cu2+ 

3. Mercury  +1 Mercurous 2
2Hg   

+2 Mercuric Hg2+ 

4. Lead +2 Plumbous Pb2+ 
+4 Plumbic Pb4+ 

5. Tin +2 Stannous Sn2+ 



 

+4 Stannic Sn4+ 

6. Gold  +1 Aurous Au+ 
+3 Auric Au3+ 

Chemical formula 
Symbolic representation of a molecule of a compound is called chemical formula of that substance. 
CaCO3 represents the chemical formula of marble.  
 
Chemical compounds are of different types based on the type of elements present in it. They are 
 
(i)  Binary compounds 

The compounds that are made up of two different elements are called diatomic elements. These 
are the simplest compounds. 
Examples: H2S, CCl4, H2O, CO2, SO2 etc. 

 
(ii)  Ternary compounds 

The compounds made up of three different elements are known as tri atomic elements. 
Examples: H2SO3, H2CO3 etc. 
Chemical formula denotes the exact number of atoms of different elements present in a chemical 
substance. 

 
How to write a chemical formula: One has to follow the following rules to write the formula of 
compounds 
1. Positive and negative radicals are written side by side with their charges (First positive radical and 

then negative radical). 
2. The charges are interchanged and written as the subscript and signs are removed. 
3. In the final formula there should be no sign.  If the subscripts are same, it can be cancelled.  No 

need of writing 1 in the formula. 
4. If the radical contains two or more atoms (compound radical), then it is enclosed in a bracket. 
 

Example: (1) Calcium phosphate 
Step1 Step2 Step3 

2 3
4Ca PO   

Calcium       Phosphate 
 

2 3
4Ca PO   

 
 3 4 2

Ca PO  

 
2.  Potassium ferrocyanide 

Step1 Step2 Step3 
1

Potassium
K    

4

6
Ferrocyanide

Fe CN


    

 

K1+      [Fe(CN)6]
4 

 

 4 6
K Fe CN    

 

 
 
 
 
 
 
 


