
CHAPTER-1
THE LANGUAGE OF CHEMISTRY

Topic-1 Elements, Radicals and Formulae

Revision Notes

 A simple and pure form of the matter that cannot be further decomposed to simplest form is called an element.

 Elements are formed by atoms. Similar types of atoms combine to form molecules.

 The number of atoms in a molecule of an element is called its atomicity.

 Molecules may be mono atomic, diatomic or even polyatomic.

 Monoatomic : Elements with single atom in their molecules, e.g., helium, neon, other inert gas molecules.
 Diatomic : Elements with two atoms in their molecules, e.g., hydrogen (H2), oxygen (O2).

 Polyatomic : Elements with more than two atoms in their molecules, e.g., Triatomic : Elements with three atoms in 
their molecules, e.g., ozone (O3). 

 Tetra atomic : Elements with four atoms in their molecules, e.g., phosphorus (P4), etc.

 Johann Berzelius (1804) suggested a simple system of using letters as chemical symbols to represent elements.

 A chemical symbol is a short form used to represent an atom of an element. e.g., Sulphur, an element is represented 
by symbol ‘S’, Hydrogen as ‘H’ Cobalt as ‘Co’, Copper as ‘Cu’, Gold by ‘Au’, Silver by ‘Ag’, etc.

 A chemical symbol signifies name of the element, one atom of an element and an atomic mass of the element. 

	 A chemical symbol is used to represent the  elements while writing a chemical equation. 

 Molecular formula or chemical formula is the symbolic representation of molecule of an element or compound. 
e.g., nitrogen (N2), chlorine (Cl2), ammonium chloride (NH4Cl), sodium carbonate (Na2CO3), etc.

 Molecular formula signifies the individual numbers of different atoms present in the molecule of a compound and 
the ratio of the individual masses of the elements present in the compound.

 A valency describes bonding capability of an atom or a radical. 
 Valency is represented using a positive or negative integer.
 Valency is determined based on the number of electrons that would be added, lost or shared if an atom reacts with 

other atoms. Atoms gain or lose electrons to attain stability.
 When an atom loses an electron, it attains a positive charge and becomes a cation.
 When an atom gains an electron, it attains a negative charge and becomes an anion.
 Electrons in the outer shell are known as valence electrons. Elements with one, two, three electrons in their outer 

shell (generally metals) lose their valence electrons forming cations.
  Na – e– → Na+ (Univalent)
  2,  8, 1  2, 8
  Mg – 2e– → Mg2+ (divalent)
  2,  8, 2  2, 8
 Elements with five, six or seven electrons in their outer shell (generally non-metals) gain electrons to become stable 

forming anions.
  Cl + e– → Cl– (Univalent)
  (2,  8, 7)  2, 8, 8
  O + 2e– → O2– (divalent)
  (2,  6)  2, 8

No. of electrons (s) in outermost shell 1 2 3 4 5 6 7 8

Valency 1 2 3 4 3 2 1 0
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 Valency of an element or of a radical is the number of hydrogen atoms that will combine with or displace one 
atom of that element or radical. e.g., a molecule of hydrogen chloride is formed by the combination of one atom of 
chlorine with one atom of hydrogen.

H—Cl

 Certain elements show more than one valency i.e., variable valency. It is due to the loss of electrons from the 
penultimate shell. e.g., Tin exhibits variable valencies of 2 and 4, thus as Stannous chloride SnCl2 (Tin (II) chloride) 
and stannic chloride SnCl4 (Tin (IV)chloride).

 A radical is an atom or group of atoms of similar or different elements that acts like a single unit and show positive 
or negative charge. e.g., simple radical Sodium (Na+), compound radical (SO4

2–).

 Acid base neutralisation reaction results in formation of salt and water. The salt formed contains positive ions 
which are contributed from base; hence they are called as basic radicals. While the salt containing negative ions 
are contributed from acid; thus,they are called as acidic radicals. So, basic radicals are positively charged ions i.e. 
cations while acidic radicals are negatively charged ions i.e., anions.

 When a salt is dissolved in water it breaks up into basic radicals also called electropositive radicals and acidic 
radicals also called electronegative radicals. A list of examples of basic and acidic radicals are given below:

 List of some basic radicals (electropositive radicals or cations) 

Monovalent electropositive Divalent electropositive Trivalent electropositive Tetravalent 
electropositive

1. Ammonium NH4
+ 1. Argentic [Silver (II)] Ag2+ 1. Aluminium Al3+ 1. Plumbic [Lead (IV)] 

Pb4+

2. Aurous [Gold (I)] Au+ 2. Barium Ba2+ 2. Arsenic As3+ 2. Platinic [Platinum (IV)] 
Pt4+

3. Argentous [Silver (I)] Ag+ 3. Calcium Ca2+ 3. Auric [Gold (III)] Au3+ 3. Stannic [Tin (IV)] Sn4+

4. Cuprous [Copper (I)] Cu+ 4. Cupric [Copper (II)] Cu2+ 4. Bismuth Bi3+

 List of some acidic radicals (electronegative radicals or anions)

Monovalent electronegative Divalent electronegative Trivalent electronegative Tetravalent electronegative

1. Acetate CH3COO– 1. Carbonate CO3
2- 1. Arsenate AsO4

3– 1. Carbide C4–

2. Bicarbonate or 
 Hydrogen carbonate HCO3

–

2. Dichromate Cr2O7
2– 2. Nitiride N3– 2. Ferrocyanide Fe(CN)6

4–

3. Bisuphide or
 Hydrogen sulphide HS–

3. Oxide O2– 3. Aluminate AlO3
3–

4. Bisulphate or
 Hydrogen sulphate HSO4

–

4. Peroxide O2
2– 4. Arsenite AsO3

3–

 Writing chemical formula using criss-cross method
 Write the symbol of basic radical first and then the symbol of acidic radical side by side.
 Write the valency of each atom on top of its symbol.
 Divide the valency number by their H.C.F., to get simplest ratio if any, by ignoring the + and – symbols. Swap the 

valencies of radicals. 
 Write the swapped valency numbers to the lower right of the radicals. If the radical is group of atoms and has 

valency more than 1, enclose it within brackets. 

Name of Compound Symbols with valencies and charge Exchange of valency Formula

Magnesium chloride Mg2+ Cl– Mg2 Cl1

Mg1 Cl2

MgCl2

Calcium oxide Ca2+ O2–

[Dividing by H. C. F. it becomes 
Ca1+ O1– ]

Ca1 O1

Ca1 O1

CaO 
Cancelling common 

factor

Aluminium hydroxide Al3+ (OH)– Al3 (OH)1

Al1 (OH)3

Al (OH)3
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Phosphorus trioxide P3+ O2–
P3 O2

P2 O3

P2O3

Sodium aluminate Na+ AlO3
3– Na AlO3

Na3 (AlO )3 1

3
Na3AlO3

	Naming compounds
 Naming of Certain Compound:

Compound Preference Suffix Prefix Examples
1. Metal and 

nonmetal
Metal followed by 
non metal

'ide'
by nonmetal

– Calcium + nitrogen → calcium 
nitride [Ca3N2]

2. Two nonmetal – – tri or tetra or 
penta etc.

PCl3 phosphorus trichloride
PCl5 phosphorus pentachloride

3. Tetra element 
and oxygen

1.  Oxygen is 
represent

2.  End name 
depends on 
number of 
oxygen atoms

–

'ite' (2 'O' atoms)

'ate' (3 'O' atoms)

'hypo' ('O' 
atom less 
than 2)

–

–
'Per' ('O'  atom 
more than 3)

NaClO – sodium hypochlorite

NaClO2 – sodium chlorite

NaClO3 – sodium chlorate

NaClO4 – sodium perchlorate

4. Acids
 (a) Binary acids
 (b) Radicals 

of polyatomic 
'groups'

Add to the name of 
second element
Based on 2nd element 
in the molecules

If no. of oxygen 
atom is less

'ic'

–

'ous'
instead of 'ic'

'hydro'

–

–

HCl – Hydrochloric acid
HF – Hydrofloric acid
H2SO4 – Second element sulphur 
thus name Sulphuric acid.
HNO3 – Second element nitrogen 
thus name Nitric acid.
H3PO4 – Second element 
phosphorus thus name 
Phosphoric acid.

H2SO3 – Sulphurous Acid
HNO2 – Nitrous Acid

5. Trival names 
(common names)

Do not follow 
systematic rule

–  – Nitrogen trihydride is called 
'ammonia' [NH3]
Dihydrogen oxide  is called 
'Water' [H2O]

 To calculate valency from formula
 The valency of elements can be  determined based on the knowledge of the valencies of negative radicals and of the 

fact that the valency of :
  Hydrogen [H] = 1 ;
  Oxygen  [O] = 2 ;
  Chlorine  [Cl] = 1

Method to find the valency Example

1.  Write the given formula.
2.  Interchange the subscript and write it as superscript.
3.  The valency of oxygen is taken as 2, therefore, multiply both the subscript by 2.
4.  The result gives the valency of the elements

NO2

N2O1

N2 × 2 O1 × 2

N4O2

 Thus, from the formula NO2, we find that the valency of nitrogen here is 4.

 Mnemonics
Concept Name: Isotopes of Hydrogen

Mnemonics: Daily Practice Test

Interpretations: P: Protium, D: Deuterium, 
T: Tritium
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Key Words
 Symbol: is the short form that stands for the atom of a specific element.
 Valency: is the combining capacity of an atom or a radical. It is equal to the number of electrons (s) lost/gained 

or shared while combining with another atom or radical. Some elements, like iron, mercury, lead, show variable 
valencies.

 Radical : is an atom or a group of atoms of the same or different elements, that behave as a single unit and has 
positive or negative charge. A radical with positive charge is a cation, e.g., NH4

+ (ammonium ion), Na+ (sodium 
ion) and a radical with negative charge is an anion, e.g., Cl– (chloride), CO3

2– (carbonate).
 Molecular formula : is a shorthand notation for the molecule of a substance in term of symbols and numbers of 

atoms of each element present in it.

Topic-2 Balancing Chemical Equations, Relative Atomic 
and Molecular Masses

Revision Notes

 Chemical Reaction :
 A chemical reaction is a process that leads to the transformation of one set of chemical substances to another. It is 

represented by a chemical equation.
 A complete chemical equation represents the reactants, products and their physical states symbolically in the 

reaction.
 The coefficients next to the symbols and formulae of entities are the absolute values of the stoichiometric numbers.
 The first chemical equation was diagrammed by Jean Beguin (1615).
 A chemical equation is the symbolic representation of a chemical reaction in the form of symbols and formulae, 

where in the reactant entities are given on the left-hand side and the product entities on the right-hand side.
 Steps involved in writing a chemical reaction :
 Write the formula of the reactants (substances involved) to left hand side with ‘+’ sign in between them in their 

molecular forms.
 Write the formula of the products (substances formed) to right hand side with ‘+’ sign in between them in their 

molecular forms.
 Write the arrow ‘→’ symbol between reactants and products. Example,
  CuSO4 +2NaOH → Cu(OH)2 + Na2SO4

  REACTANTS           PRODUCTS
 An unbalanced chemical equation is called a skeleton equation.
 A chemical equation is balanced so that the numbers of atoms of each element involved in a chemical reaction are 

same on the reactant and product sides of the equation. Equations must always be balanced in order to adhere 
“Law of Conservation of Matter”, as it states that ‘matter can neither be created nor destroyed in the course of a 
chemical reaction’ 

 Example: KNO3 → KNO2 + O2

 In the above equation, as the number of atoms of O on both the sides is not same, the equation is not balanced. The 
balanced form of equation is :

  2KNO3 →  2KNO2 + O2
 Chemical equation is balanced by two methods :
 (i) Hit and Trial Method
 (ii) Partial Equation Method
Balancing the equation by Hit and Trial Method
 This method is used to balance simple chemical equations by counting the number of atoms of each atoms of each 

element on both sides and trying to equalize them. Steps are given below :
 (i) Count the number of times (frequency) an element occurs on either side.
 (ii) The element with the least frequency of occurrence is balanced first.
 (iii) When two or more element have the same frequency, the metallic element is balanced first.
 Example : Balance the following equation :
   Cu + H2SO4 → CuSO4 + SO2 + H2O
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Solution : 

 Step 1 : Count the number of atoms of all the elements on either side of the chemical equation.

  Element Reactant Side Product Side

  Cu 1 1
  H 2 2
  S 1 2
  O 4 7

 Step 2 : Copper and hydrogen are equal on both sides, to equalise sulphur atoms multiply H2SO4 by 2.

 Step 3 : To equalise hydrogen atoms, multiply H2O by 2.

  This gives the balanced equation.

  Cu + 2H2SO4 → CuSO4 + SO2 + 2H2O 

 Information given by a balanced chemical equation :

 l	About actual result of chemical change

 l	About the reactants involved and products formed

 l	About the chemical composition of a respective molecule

 l	About the molecular mass

 l	It proves law of conservation of mass.

 Limitations of a Basic Chemical equation

 l	It cannot give information about the time taken for the completion of the reaction.

 l	It cannot tell about the amount of heat given out or absorbed during the reaction.

 l	It cannot give information about the respective concentrations of reactants and products.

 l	It cannot give rate at which the reaction proceeds and whether it is reversible or irreversible and whether the 
reaction is completed or not.

 l	But, some of the above details can be mentioned in the chemical equation and make them more informative, like 
giving details about temperature, pressure, catalyst etc. above the arrow, stating the physical states (solid, liquid, 
gas) of reactants and products, stating the evolution or absorption of heat and also about the concentration of 
acids involved in the reactions.

 l	The relative atomic mass or atomic weight of an element is the number of times one atom of the element is 

heavier
 
than 

1
12

 times of the mass of an atom of carbon-12.

 l	Atomic mass is expressed in atomic mass units (a.m.u.).

 l	Atomic mass unit is defined as 
1

12
 the mass of carbon atom C-12.

 l	The relative molecular mass (or molecular weight) of an element or a compound is the number that represents 

how many times one molecule of the substance is heavier than 
1

12
 of the mass of an atom of carbon-12.

 l	Molecular mass of a substance is the sum of the atomic masses of the constituent atoms present in one molecule 
of that substance.

 l	Percentage composition of a compound is the percentage by weight of each element present in it.

 l	Empirical formula of a compound is the simplest formula which gives the simplest ratio in the whole numbers 
of atoms of different elements present in one molecule of the compound.

 l	Empirical formula mass is the sum of atomic masses of various elements present in the empirical formula.
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 Mnemonics

 Concept: Limitations of chemical equation.
 Mnemonics: Covid took health down the road.
 Interpretation:
 Covid: Concentration

 Took: Time
 Health: Heat
 Down the road: Direction of reaction

Key Words

  The Relative atomic mass or atomic weight of an element is the number of times an atom of the element is heavier 

than 
1

12
 times of the mass of an atom of carbon-12.

 The Relative molecular mass (or molecular weight) of an element or a compound is the number that represents 

how many times one molecule of the substance is heavier than 1
12

 of the mass of an atom of carbon-12.

 The empirical formula of a compound is the simplest formula, which gives the simplest ratio in whole numbers of 
atoms of different elements present in one molecule of the compound.

 Atomic mass unit (amu) is equal to one twelfth the mass of an atom of Carbon-12 (atomic mass of carbon taken as 
12)

Know the Formula

  Relative atomic mass = 
Mass of 1 atom of the element

th the mass of one C-12 at1
12

oom

  1 amu or 1 u = 1.6605 × 10–24 g

  Percentage of an element in a compound = 
Total wt. of the element in one molecule

Gram molecular weigght of the compound
×100

CHAPTER-2
CHEMICAL CHANGES AND REACTIONS

Topic-1 Chemical reactions and its Characteristics

Revision Notes

 A chemical reaction is a process which involves breaking of chemical bonds of reactants and formation of new 
bonds to form new substances called products.

 Characteristics of Chemical reactions

 A chemical reaction is easily identified by some of the typical changes that takes place. They are:

 Evolution of gas: In many chemical reactions one of the products formed would be gas. 

 e.g., When zinc reacts with dilute sulphuric acid, hydrogen gas is evolved, with effervescence.
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  Zn + H2SO4 → ZnSO4  + H2

  [zinc]  [dil. sulphuric acid] [zinc sulphate]  [hydrogen] 
 Formation of gas bubbles in a liquid during a reaction is called effervescence.
 Change of colour: Many reactions are characterized by change in the colour of the reactants. 
 e.g., When a few pieces of iron are dropped into a blue coloured copper sulphate solution, the blue colour of the 

solution fades and eventually turns into light green due to the formation of ferrous sulphate.
 Fe + CuSO4 (aq) →      FeSO4 + Cu
 [iron] [blue solution]  [green solution]  [copper]
        (red deposit)
 Formation of precipitates: Some reactions are characterized by the formation of solid insoluble substances called  

precipitates. e.g., When a solution of silver nitrate is added to a solution of sodium chloride, a white insoluble 
substance (precipitate), silver chloride, is formed.

  AgNO3 (aq) + NaCl (aq) → AgCl(ppt) + NaNO3(aq)
  [silver nitrate  [sodium chloride  [sodium chloride [sodium nitrate
  solution]  solution]  white ppt]  solution]
 Change of state: In many chemical reactions, change of state is seen. 
 e.g., Ammonia gas reacts with hydrogen chloride gas to produce solid ammonium chloride.

NH3(g)   +   HCl(g)         NH4Cl(s)

 Mnemonics

 Concept Name: Exothermic and  endothermic reaction
 Mnemonics: Enthusiasm comes in and egocentrism goes out
 Interpretations: 
 E: Endothermic reaction heat is absorbed
 E: Exothermic reaction heat is released

Key Words
  Chemical reaction is a process which involves breaking of chemical bonds of reactants and forming of new bonds 

to form new substances called products.
  Chemical reactions that takes place by the action of light are called as photochemical reactions or photolysis.
 Chemical reactions that takes place only when electricity is passed through reactants, such reactions are called 

electrolytic reactions.
 Catalysts are substances which are used in chemical reactions to either increase or decrease the rate of the reaction 

without taking part in the reaction.
 Catalyst which accelerates the rate of reaction is known as positive catalyst.
 Catalyst which decelerates the rate of reaction is known as negative catalyst.
 Substances which influence the rate of the reaction by improving the efficiency of the catalyst. They are called as 

promoters.
 Formation of gas bubbles in a liquid during a reaction is called effervescence.
 The formation of solid insoluble substances during a chemical reaction is called as precipitate.

Topic-2 Types of Chemical Reactions

Revision Notes

	  Few of the different types of chemical reactions are:
 l Direct combination
 l Decomposition
 l Displacement
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 l Double Decomposition
 Direct combination or synthesis reaction is a type of chemical reaction in which two or more simple substances 

combine to form a more complex product. The reactants may be elements or compounds, while the product is 
always a compound.

 In Combination reactions, 
 (i) Two elements combine to form compounds hence they are also called synthesis reactions.
  For example, carbon burns in oxygen to form gaseous compound, carbon dioxide.
      C + O2 → CO2

 Combination reactions, which are usually exothermic because when the bond forms between the reactants, heat is 
released. For example, barium metal and fluorine gas will combine in a highly exothermic reaction to form the salt 
barium fluoride.

      Ba + F2 → BaF2

 (ii) An element and a compound combine to form new compound. 

 e.g., Carbon monoxide a compound, reacts with oxygen an element, to form a compound , carbon dioxide.

   2CO(g)       + O2(g) heat →  2CO2(g) 

   [carbon monoxide] [oxygen]  [carbon dioxide]

 (ii) Two or more elements combine to form new single compound. 

 e.g., Both compounds ammonia and hydrogen chloride, combine to from a new compound, ammonium chloride.

     NH3(g) + HCI(g)  →  NH4Cl(s)

     [ammonia] [hydrogen chloride] [ammonium chloride]

 Photosynthesis reaction is also a synthesis reaction, called photochemical reaction, which takes place in green leaves 
of the plant using energy from sunlight with some amount of carbon dioxide and water to form glucose.

      
6CO2 + 6H2O 

Sunlight
Chlorophyll

 →
 
C6H12O6 + 6O2

 Green leaves contain chlorophyll, the green pigment, which is mainly responsible for above reaction as it traps the 
energy from the Sun.

 Performing direct combination reactions:

 (i) Take some black lead sulphide in a test tube and heat it. The black sulphide reacts with oxygen to form white 
lead oxide.

      2PbS + 3O2  → 2PbO + 2SO2

          (combination) 

 (ii) Hold a piece of magnesium ribbon over a flame. It burns with a dazzling light, forming magnesium oxide.

      2Mg + O2 →  2MgO (synthesis)

 Decomposition reaction is a type of chemical reaction in which a single compound breaks down into two or 
more elements or new compounds. These reactions often involve an energy source such as heat (called thermal 
decomposition), light or electricity that breaks apart the bonds of compounds.

 In a decomposition reaction,

 (i) A compound breaks upto two or more elements.

 e.g., breaking down of water to hydrogen and oxygen by passing electric current through it.

     2H2O (l) 
electric 
current 

 →
 2H2 (g) + O2 (g)

 (ii) A compound breaks upto both elements and compounds.

 e.g., the compound potassium nitrate on heating decomposes to produce a compound, potassium nitrite, and an 
element, oxygen.

   2KNO3(s) 
heat →  2KNO2(s)        +   O2(g)

   [Potassium nitrate]  [Potassium nitrite] [oxygen]
 (iii) A compound breaks upto form two or more new compounds.
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 e.g., the compound calcium carbonate on strong heating decomposes to form two compounds, calcium oxide and 
carbon dioxide.

   CaCO3(s) 
heat 

C1000° →  CaO(s) + CO2(g)

   [calcium carbonate]  [calcium oxide] [carbon dioxide]
 Decomposition of Metal Compounds
 (i) Metal Hydroxide

Hydroxides

K 




 Metal hydroxides are stable

Na  to heat

Ca 




















 Decompose on heating to 

Mg  form metal oxide and

Al  water vapour

Zn  Ca(OH)2 → CaO + H2O

 Zn(OH)2 → ZnO + H2O

Fe  Pb(OH)2 → PbO + H2O

Pb  Cu(OH)2 → CuO + H2O

Cu

Hg 









 Yields metal, oxygen and

 water vapour

Ag  4AgOH →  4Ag + O2 + 2H2O

 (ii) Metal carbonates 
Carbonates

K 




 Stable to heat and 

Na  soluble in water

Ca 


















 Decompose on heating 

Mg  with decreasing vigour

Al  to form metal oxide

 and carbon dioxide

Zn

 MgCO3 →  MgO + CO2

Fe  ZnCO3 →  ZnO + CO2

Pb  CuCO3 →  CuO + CO2

Cu

Hg 









 Forms metal, oxygen

 and carbon dioxide

Ag  2Ag2CO3 →  4Ag + O2 + 2CO2

 (iii) Metal bicarbonates
 Metal bicarbonates or metal hydrogen carbonates decompose to give metal carbonate, water vapour and carbon 

dioxide.
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  2NaHCO3 
∆ →   Na2CO3 +  H2O + CO2 

  Sodium hydrogen carbonate  sodium carbonate 
  Ca(HCO3)2 

∆ →   CaCO3 +  H2O + CO2 
  Calcium hydrogen carbonate  calcium carbonate 
  Mg(HCO3)2 

∆ →   MgCO3 +  H2O + CO2

  Magnesium bicarbonate   magnesium carbonate
 (iv) Metal Nitrates

Nitrates

K 




On heating they melt 

Na and decompose to give

metal nitrite and oxygen.
2KNO3 →  2KNO2 +  O2

Ca 


















 Decompose on heating 

Mg  to form metal oxide,

Al  nitrogen dioxide and

 oxygen.

Zn  2Ca(NO3)2 →  2CaO+ 4NO2  + O2

Fe  2Zn(NO3)2 →  2ZnO + 4NO2 + O2

Pb  2Pb(NO3)2 →  2PbO + 4NO2  + O2

Cu  2Cu(NO3)2 →  2CuO + 4NO2  + O2

Hg 









 Forms metal, nitrogen

 dioxide and oxygen.

Ag  2AgNO3 
∆ →  2AgNO3 + 2NO2 + O2

 The food we eat gets digested by decomposition reaction. The starch present in the food that we eat gets decomposed 
into glucose and sugar. Proteins gets decomposed to amino acids. Fats and oils get decomposed to fatty acids. At last, 
these are oxidized by respiration to carbon dioxide and water.

    
Starch Enzymes →  

Glucose [O] →  
CO2  +  H2O

 Performing decompositions reactions:

 (i) Take some lead nitrate crystals in a test tube and heat them. The crystals first melt and, on further heating, 
gives out both nitrogen dioxide, a reddish brown gas, and oxygen. A yellow solid (lead monoxide) is left 
behind in the test tube.

      2Pb(NO3)2 →   2PbO  +  4NO2↑ +  O2↑

 (ii) Put some zinc carbonate in a test tube fitted with a cork and a bent glass tube. On heating, carbon dioxide is 
given out, which will turn lime water milky. The residue, i.e. zinc oxide, is yellow when hot, but it turns white 
on cooling.

      ZnCO3 →   ZnO  +  CO2 ↑

 (iii) When hydrated copper (II) sulphate is heated in a test tube, the blue coloured crystals change into white 
anhydrous salt. The change may be represented by the following equation: 

     CuSO4 . 5H2O(s) →   CuSO4(s) + 5H2O(g)

     hydrated salt (blue)  anhydrous salt (white)

  However, anhydrous copper (II) sulphate may be changed to the blue hydrated form by taking a sample of the 
anhydrous salt and adding water to it (this is the test to detect the presence of water).

     CuSO4(s) + 5H2O(l) → CuSO4. 5H2O(s)

     anhydrous salt(white) hydrated salt (blue)
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 (iv) Reactions in which by changing the conditions of the chemical reaction under which it is proceeding, the 
direction of the chemical change can be reversed, these reactions are called reversible reactions. We use  
symbol to represent the reversible reaction. e.g., if steam is passed over red hot iron, the latter is partially 
converted into magnetic oxide, and hydrogen is released. If, on the other hand

  hydrogen is passed over the heated oxide, it partially changes back to steam.

      3Fe +  4H2O  Fe3O4  +  4H2

 Performing thermal dissociation reactions:
 (i) Heat some solid ammonium chloride in a test tube. Two colourless gases, ammonia and hydrogen chloride 

are produced. As these gases move up at the upper part of the test tube which is cooler, they combine to form 
ammonium chloride, which appears as a white sublimate in the cooler upper side of the test tube.

      NH4Cl    NH3↑ +  HCl↑
 Thus, simultaneously reversible decomposition reaction taking place only by heat is called  thermal dissociation. 

e.g., On heating nitrogen  tetraoxide, it changes to nitrogen dioxide, a reddish brown gas. On cooling, nitrogen 
dioxide changes into the original compound, nitrogen tetraoxide.

      N2O4  
heat

cool
� ⇀���↽ ����   2NO2

 Displacement reaction is a chemical reaction in which a more reactive element displaces a less reactive element 
from its compound. Both metals and non-metals take part in displacement reactions. e.g., Reaction of iron nails with 
copper sulphate solution.

      Fe + CuSO4 → Cu + FeSO4

 Performing displacement reactions:
 (i) Take a solution of copper sulphate in a beaker, add a few pieces of zinc, and stir with a glass rod. The blue 

colour of the solution gradually fades, and soon the solution becomes colourless. At the same time, reddish 
brown particles of copper settle down in the beaker.

      CuSO4 + Zn  →  ZnSO4 + Cu↓
 (ii) Pass chlorine gas through a solution of potassium iodide. The colourless solution turns  yellow brown as iodine 

appears.
      2KI + Cl2  →  2KCl + l2

 (iii) In a test tube, take some dilute sulphuric acid and drop a small piece of magnesium ribbon. Brisk effervescence 
takes place, and hydrogen is evolved, which burns with a pop sound on bringing a burning match stick near 
the mouth of the test tube.

     Mg  +  H2SO4  → MgSO4 + H2 
 Based on the reactivity of metals and non-metals, an activity series (given below) can be prepared.

Potassium
Sodium
Calcium
Magnesium

Aluminium
Zinc
Iron
Lead
Hydrogen

Copper

Mercury

Silver
Gold
Platinum

K
Na
Ca
Mg

Al
Zn
Fe
Pb
[H]
Cu
Hg

Ag

Au
Pt

Activity (reactivity) of elements

Metals Non-Metals

Fluorine
Chlorine
Bromine
Iodine

F
Cl
Br
I

Most active

Least active

Most active metal

Note : The more reactive
element displaces the less
reactive element from its
salt solution.

R
eactivity

decreases
dow

nw
ards

Least active metal
.

 Double decomposition is a type of chemical change in which two compounds in solution react to form two new 
compounds by the mutual exchange of radicals. It is also called double displacement reactions. e.g., reaction 
between solution of silver nitrate and solution of sodium chloride. Chloride forms a white precipitate of silver 
chloride.

     AgNO3 + NaCl →  NaNO3 + AgCl
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 There are two types of double decomposition reactions. They are:
 (a)  Precipitation reaction (b) Neutralization reaction
 Precipitation reaction is one where compounds in their aqueous state react to form insoluble salt or precipitate as a 

product. For e.g.,
    CuSO4(aq) + H2S(g)  →  CuS(s) + H2SO4 (aq)
       Black ppt.
 Performing double decomposition reactions:
 (i) Take  solution of silver nitrate in a test tube and add dilute hydrochloric acid or a solution of sodium chloride. 

A white, curdy precipitate is formed.
     AgNO3  +  HCl  →   AgCl ↓  +  HNO3

     AgNO3   +  NaCl →  AgCl ↓  +  NaNO3

  (ii) Fill one-third of a test tube  with a solution of dilute sulphuric acid, and add to it a solution of barium  chloride. 
A thick white precipitate is immediately formed. 

     BaCl2 +  H2SO4  →   BaSO4 ↓  +  2HCl
 Neutralization reaction is one where an acid and base react to form salt and water.
 The reaction takes place because the hydrogen ion(H+) from the acid combines with the hydroxyl ion (OH–) from 

the base, to form water.
     NaOH +  HCl  →  NaCl   +  H2O
 Double decomposition reaction also occurs with the evolution of gas.
     ZnS(s) +  2HCl(aq)  →  ZnCl2(aq)   +  H2S ↑
 Applications of neutralization reaction:
 l Bee sting causes severe pain due to the excretion of formic acid on skin, this can be relieved by rubbing the 

bitten place with slaked lime or baking soda which are bases.
 l If we have stomach pain due to excess secretion of HCl, this can be relieved by the intake of milk of magnesia 

or sodium hydrogen carbonate which are bases.
 l Accidental spillage of acid on to our clothes or body can be neutralized with ammonia solution.
 l If the soil is found acidic and not favourable for the growth of certain crops, then slaked lime which is a base 

is added to soil to neutralize the excess acid.
 Hydrolysis is a process in which salt and water react to form acidic or basic solution. Salts which can hydrolyse are 

formed by the reaction of (i) strong base and weak acid and (ii) strong acid and weak base.
 The above process of hydrolysis is possible as a salt formed due to strong base and weak acid on dissolving in water 

forms basic solution, which turns red litmus blue.
     K3PO4 +  3H2O  →  3KOH   +  H3PO4

                Strong base weak acid
 And,
 A salt formed due to strong acid and weak base on dissolving in water forms acidic solution, which turns blue 

litmus red.
     FeCl3 +  3H2O  →  Fe(OH)3   +  3HCI
       weak base strong acid
 Strong acids and strong base ionize to a large extent while weak acid and weak base ionizes to a very small extent in 

aqueous solution and salts formed from them generally do not hydrolyse.

 Each substance has a fixed amount of stored energy in the form of potential energy and it is referred to as chemical 
energy. 

 A chemical reaction involves breaking up of chemical bonds between atoms resulting in absorption of energy in the 
form of heat. In the same way formation of bonds, releases energy.

 An exothermic reaction is a chemical reaction which involves release of heat and causes rise in temperature.

 e.g., 

 (i) When hydrogen burns in oxygen, it forms water vapour with the evolution of heat.

     2H2(g) + O2(g) ∆ →  2H2O(g)

 (ii) When carbon burns in oxygen to form carbon  dioxide, a lot of heat is produced.

            C  +      O2   →  CO2   +  Heat

   [carbon] [oxygen]    [carbon 

     dioxide]
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 (iii) Combustion of natural gas (methane) produces carbon dioxide and water vapour and gives out large amount 
of energy known as fuels.

      CH4 +  2O2  →  CO2   +  2H2O
 (iv) When water is added to quicklime, a lot of heat energy is produced with the formation of alkaline calcium 

hydroxide (slaked lime).
      CaO +  H2O  →  Ca(OH)2   +  Heat
      [quicklime]           [slaked lime]
 (v) In our body, during digestion, food is broken down into simpler substances. e.g., the carbohydrates in rice, 

potatoes and bread are broken down to glucose. The combustion of glucose with oxygen in the cells of the 
body provides energy.

     C6H12O6 +  6O2  → 6CO2   +  6H2O
  This reaction is exothermic and it is known by a special name respiration.
 Respiration, rusting, and burning of coal, petrol, kerosene, etc., are some common exothermic reactions.
 Endothermic reaction is a chemical reaction which occurs by the absorption of heat and causes fall in temperature. 

e.g., 
 (i) When nitrogen and oxygen are heated together to temperature of about 3000°C , nitric oxide gas is formed. 

This is an endothermic reaction. 

     
N2 +  O2 

Heat
( )3000° →

C
   

+  2NO(g)

 (ii) Formation of carbon disulphide: When carbon is heated with sulphur at high temperature, liquid carbon 
disulphide is formed.

      C  +  2S  
∆ →  CS2

 Photochemical reaction is a chemical reaction which takes place with absorption of light energy. e.g.,
 1.  Photosynthesis 

    6CO2 + 12H2O 
Chlorophyll

sunlight 
 →  C6H12O6 + 6H2O + 6O2

 2. Decomposition of Silver Nitrate.

     2AgNO3 
sunlight →

 
2Ag + 2NO2 + O2

 Electrochemical reaction is a chemical reaction which takes place with the absorption of electrical energy. e.g.,
 1. Fused potassium chloride, on passing current through it, breaks into charged particles (ions) of potassium and 

chloride.. 

      
KCl  electric

current
 →

 
K++ Cl–

 2.  Acidulated water breaks into hydrogen and oxygen.

      
2H2O  

electric 
current

 →
  

2H2 + O2
 

Key Words

 Direct combination or synthesis reaction is a type of chemical reaction in which two or more simple substances 
combine to form a more complex product.

 Decomposition reaction is a type of chemical reaction in which a single compound breaks down into two or more 
elements or new compounds.

 Reactions in which by changing the conditions of the chemical reaction under which it is proceeding, the direction 
of the chemical change can be reversed, these reactions are called as reversible reactions.

 Reversible decomposition reaction taking place only by heat is called as thermal dissociation.
 Displacement reaction is a chemical reaction in which a more reactive element displaces a less reactive element 

from its compound.
 Double decomposition is a type of chemical change in which two compounds in solution react to form two new 

compounds by the mutual exchange of radicals. It is also called as double displacement reactions.
 Precipitate is an insoluble solid that emerges from a liquid solution.
 Precipitation: Sudden formation of solid either when solutions are mixed or when a gas is bubbled into a solution.
 Neutralization reaction is one where an acid and base react to form salt and water.
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 Hydrolysis is a chemical reaction in which something reacts with water and changed into a new substance.
 Each substance has a fixed amount of stored energy in the form of potential energy and it is referred to as chemical 

energy.
 An exothermic reaction is a chemical reaction which involves release of heat and causes rise in temperature.
 Endothermic reaction is a chemical reaction which occurs by the absorption of heat and causes fall in temperature.

CHAPTER-3
WATER

Topic-1 Water

Revision Notes

 Water is one of the most precious resource on the Earth and it is necessary for all living beings.
 We use water for different purposes like drinking, cooking, bathing, washing and many more activities.
 The molecular formula of water is H2O (dihydrogen oxide) and its molecular weight is 18.

H

O

H H
Water

O H

Covalent bonding in a water molecule

 Henry Cavendish synthesized water from its elements i.e. from 2 volumes of hydrogen and 1 volume of oxygen.
 Lavoisier recognized that water is a chemical compound, made up of hydrogen and oxygen combined together in 

the ratio 1: 8 by mass.
 Water exists in all the three states, as solid (ice), liquid (water) and as gas (water vapour). Normally, water exists in 

liquid state. It freezes at 0°C and gets converted to ice which is a solid state. Water boils at 100°C and gets converted 
to gaseous state (water vapour or steam).

Water acts as a Universal Solvent

 Water dissolves many substances like solids, liquids, gases and even inorganic substances. This is because water has 
a high dielectric constant. Thus, water is called as a universal solvent.

 Substances considered insoluble in water dissolve in water in traces. Due to this reason, distilled water kept in a 
sealed bottle for long time, leaves etchings on the inside surface of glass.

 Water contains dissolved solids like salts, minerals and impurities. 

Uses of dissolved salts in water are:

 l They are required for the plant’s growth and development.
 l They are responsible for the taste of water.
 l They provide required minerals needed by our body.
 Tap water, river water and well water contain dissolved salts. They form concentric rings of solid matter present in 

them after the evaporation of water, while rainwater and distilled water do not contain dissolved salts and do not 
form concentric rings.

Air Dissolved in Water

 Presence of air can be found in water in dissolved form. Among nitrogen and oxygen, which are two main 
components, oxygen is more soluble in water.

 The composition of air dissolved in water is 33% oxygen, 66% nitrogen and 1% carbon dioxide.
 Gases dissolved in water can be easily expelled by boiling the water.
 Uses of air dissolved in water are:
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 l Marine life utilize oxygen of air dissolved in water for their respiration.
 l Aquatic plants utilize dissolved carbon dioxide for preparing their food (photosynthesis).

  6CO2 + 12H2O chlorophyll

sunlight
� ⇀������↽ �������  C6H12O6 + 6O2 + 6H2O

                                                       
Glucose

  l Reaction of dissolved carbon dioxide in water with limestone forms calcium bicarbonate.
  CaCO3  + CO2 +  H2O → Ca(HCO3)2

  limestone                     Calcium
                                                    bicarbonate
  l Shelled marine organisms like snail, oyster etc. extract calcium carbonate from calcium bicarbonate to make 

their shells.

 Mnemonics
Concept Name: Behaviour of   Water
Mnemonics: Wassim Bhalla is  accepted as an 
outstanding, remarkable, lovable boy in the class.
Interpretations: 
W: Water

B: behaves as
A: oxidizing agent
R: reducing agent
L: ligand to metal ion
B: base

Key Words

 When the water vapour or steam condenses back to water, heat is liberated. This heat is called latent heat of 
condensation.

 Boiling point of a liquid is the temperature when vapour pressure equals to the atmospheric pressure or it is the 
temperature when liquid water gets converted to gas.

 The amount of heat energy required by ice to change into water at its melting point without change in temperature, 
is called as latent heat of fusion of ice.

 The energy required to convert water into steam at its boiling point without change in temperature, is called as latent 
heat of vaporisation of water.

 The fixed amount of heat absorbed by 1 g of water, when heated through 1°C, is called specific heat capacity of 
water.

Know the Facts

 The boiling point of water is 100° C at a pressure of 760 mm of Hg.

 The freezing point of water is 0° C at a pressure of 760 mm of Hg.

 Water has its maximum density of 1000 kg/m3 and minimum volume at 4°C.

 Value of specific latent heat of fusion of ice is 336 J/g.

 Value of specific latent heat of vaporisation of water is 2268 J/g.

Topic-2 Solution

Revision Notes

 A solution is a homogeneous mixture of two or more components whose composition may be gradually changed by 
changing relative amounts of components.

 Solution = Solvent + Solute
 Solvent is the medium that allows one or more component to dissolve in it to form a solution.
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 Solute is the substance that dissolve in the solvent.
 Solution made up of two components is called a binary solution. Solutions made up of three or four components are 

called ternary and quaternary solutions.
 Solution may be formed by mixing :  
 (i) A liquid with another liquid e.g., water and alcohol.
 (ii) A solid with a liquid e.g., sugar solution.
 (iii) A liquid with a gas e.g., soda water.
 (iv) Solid with another solid e.g.,, alloys.
 A homogeneous solution of a solid into another solid is called solid solution. e.g., metal alloys
 A solution in which the size of solute particles is about 10-10 is called a true solution.
 Characteristics of true solution :
 The characteristics of true solution are :
 l It is homogeneous.
 l The size of solute particles is very small which is about 10-10 m. 
 l It is clear and transparent.
 l It does not scatter light.
 l Its components cannot be separated by filtration.
 l Solute particles in the solution does not settle down.
 Solution prepared by dissolving substance in water is called as aqueous solutions.
 Solution prepared by dissolving substance in alcohol, petrol, ether, benzene etc. are called as non-aqueous solutions.
 Solution in which amount of solute is small compared to mass of the solvent is called dilute solution.
 Solution in which amount of solute is large compared to mass of the solvent is called concentrated solution.
 The solution which cannot dissolve any more of the solute at a given temperature is called a saturated solution at 

that temperature.
 The solution which can dissolve more of the solute at a given temperature is called an unsaturated solution at that 

temperature.
 A super saturated solution at particular temperature is one,which is more concentrated than its saturated solution 

at that temperature.
 Concentration of a solution is the amount of solute dissolved in a given quantity of that solution. It can be expressed 

in,
 (i) Mass percent : It is defined at the mass of solid solute in grams present in 100 grams of the solution. It is mostly 

used when solute is solid and solvent is liquid.

  Concentration of solution = 
Mass of solute

Mass of solution (solute + solvent)
 × 100

  (ii) Volume percent solute : It is defined as the volume of solute in milliliters present in 10 mL of a solution. It is 
mostly used when solute and solvent are liquids.

Volume percent = Mass of solute
Volume of solute + Volume of solvent  

× 100

 The amount of solute that dissolves in 100 g of solvent to form a saturated solution at a particular temperature is 
called its solubility.

 The solubility of a solute in a particular solvent at a given temperature is equivalent to the maximum number of 
grams of the solute necessary to saturate 100 g of that solvent at that temperature.

 A substance showing high solubility is called soluble. A substance showing negligible solubility is called insoluble, 
while a substance having more than negligible but less than high solubility is called sparingly soluble.

 Determination of solubility of a solute at particular temperature is given by equation :

  Solubility = 
Mass of solute

Mass of solvent
 × 100

   =
 

M M
M M M M

2

1 2

−
− − −( ) ( )

 × 100

  Weight of dry evaporating dish = M
  Weight of saturated solution in evaporating dish = M1

  Weight of the dried saturated solution = M2
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  Mass of saturated solution = M1 – M
  Mass of solute = M2 – M
  Mass of solvent = Mass of saturated solution
  Mass of solvent = (M1 – M) – (M2 – M)
 Factors affecting solubility :
 (a) Size of solute particles : Smaller the size of solute particles, greater is the total surface area exposed to solvent 

hence, there will be increase in the solubility of that solute.
 (b) Stirring : This causes the solvent to get more closer with the solute and increase the solubility of that solute.
 (c) Temperature : Solubility of a gas in liquid decrease in solubility with increase in temperature while solubility 

of most solids in water increase with increase in temperature.
  Solubility curve is a line graph plotting change in solubility of a solute in a solvent versus changing temperature.
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Variation in solubility of some solids with changing temperature
 (i) Solubility curves of substances like hydrated calcium sulphate (CaSO4.2H2O) show that there is a decrease 

(after attaining a certain temperature) in their solubilities with further rise in temperature. Other examples are 
ceric sulphate Ce2(SO4)3, slaked lime Ca(OH)2, etc.

 (ii) Substances like sodium nitrate, potassium nitrate, potassium bromide, etc., show considerable increase in 
their solubilities with rise in temperature.

 (iii) Solubility of sodium chloride increases only a little with increase in temperature.
  In an endothermic process the solubility of solute increases with increase of temperature. For example solubility 

of KNO3 increases with rise in temperature. In an exothermic process, the solubility increases on lowering the 
temperature. For example, solubility of calcium hydroxide in water decreases on increasing the temperature.

	 l Temperature: Increase in temperature of water decreases in solubility of a gas in it.
	 l Henry’s Law: At any given temperature, the mass of gas dissolved by a fixed volume of liquid is directly 

proportional to the pressure on the surface of the liquid.
 Crystals and Crystallization
	 l    A crystal is a homogeneous solid of definite geometrical shape.
	 l    Crystallisation is a process by which crystals of a substance are obtained by cooling a hot saturated solution.
 Shapes of some crystals are
 Shapes Examples
 Cubic                  NaCl
 Rhombohedric CuSO4

 Octahedral FeSO4

 Prismatic KNO3

 The beautiful colours of crystals are due to traces of water or impurities present in them. E.g. red colour of ruby is 
due to the presence of trace of mercury oxide in the crystal.

 Crystals prepared in laboratory by the below given methods:
 l	By cooling a hot saturated solution
 l	By slowing evaporating saturated solution
 l	By cooling a fused mass
 l	By sublimation
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 The process of bringing crystallisation by adding a crystal of a pure substance into its saturated solution is called 
seeding.

 Hydrated and Anhydrous substances:
	 l Substances containing water molecules along with salts are called hydrated substances (hydrous salts). E.g. 

sodium carbonate deca hydrate (Na2CO3.10 H2O), copper sulphate penta hydrate (CuSO4.5H2O).
	 l Substances that does not contain water molecules along with salts are called anhydrous substances (anhydrous 

salts). E.g. sodium chloride (NaCl), potassium nitrate (KNO3).
	 l The fixed amount of water that is associated with the hydrated crystals which is an integral part of the crystal is 

called water of crystallisation.

 Determination of water of crystallisation by the equation given below:

  Wt. of crystals at room temperature = a g

  Wt. of crystals after heating at 100°C = b g

  Wt. of water = (a – b) g
  Now a g of crystals contain water = (a – b) g

 \ % of water of crystallization = 
a b
a
−

 × 100

 Anhydrous salts can be obtained from hydrated salts by:
 l	 Direct heating
 l	 Heating in dry and hot air
 l	 Heating under vacuum
 l	 Using dehydrating and desiccating agents
 Properties:
 Efflorescence: When a compound loses its water of crystallisation on exposure to dry air is called efflorescence. This 

results in loss of crystalline shape and finally crumbling into powder. 
 This efflorescence occurs when vapour pressure in hydrated crystals exceeds atmospheric vapour pressure. As air 

absorbs more water with increasing temperature, higher the temperature of air more will be the efflorescence. It 
occurs less in humid weather conditions. e.g.,

 (i) Washing soda [hydrated sodium carbonate], when exposed to dry air, becomes a monohydrate.

  Na2CO3. 10H2O dry air →  Na2CO3.H2O + 9H2O

 (ii) Glauber's salt [hydrated sodium sulphate, Na2SO4.10H2O] becomes a powdery anhydrous sodium sulphate 
when exposed to air.

  Na2SO4.10H2O dry air →  Na2SO4 + 10H2O

 (iii) Epsom salt [magnesium sulphate heptahydrate] when exposed to dry air, becomes a monohydrate.

   MgSO4.7H2O dry air →  MgSO4.H2O + 6H2O

 Deliquescence: When some water-soluble substances are exposed to air at ordinary temperature, it absorb the 
moisture from air, become moist, lose their crystalline structure and finally dissolve in the absorbed water, forming 
saturated solution. Such substances are called deliquescent substances.

 This occurs when vapour pressure in the crystal is very low compared to the vapour pressure in atmospheric air. 
This occurs less during dry conditions. e.g., caustic soda (NaOH), magnesium chloride (MgCl2), calcium chloride 
(CaCl2), ferric chloride (FeCl3).

 Hygroscopy: Some substances absorb moisture (water vapour) from the atmosphere on exposure to it but do not 
form solutions are called hygroscopic substances. e.g., con. Sulphuric acid, phosphorous pentoxide, quick lime.

 Drying and Dehydrating agents:
	 l Drying agents are substances that readily absorb moisture from other substances without chemically reacting 

with them. These are also called as desiccants or desiccating agents. e.g., anhydrous calcium chloride, magnesium 
sulphate, anhydrous zinc chloride, dry sodium sulphate etc.

	 l Almost all hygroscopic substances are desiccating agents. e.g., conc. Sulphuric acid, phosphorous pentoxide, 
silica gel, quick lime.

	 l Dehydrating agents are substances that can remove even the chemically combined water molecules from the 
compounds. e.g., Conc. sulphuric acid can remove water molecules from blue vitriol (CuSO4.5H2O).

CuSO4.5H2O Con. H SO2 4 →  CuSO4 + 5H2O

                                                       (blue)                                     (white)
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 Gases are dried by passing through
 (i) Conc. sulphuric acid, as it has strong affinity for water, so it can easily remove water from many substances. 

Conc. Sulphuric acid also used to dry gases which are acidic like hydrochloric acid.
 (ii) A drying tower or U-shaped tube containing anhydrous sodium sulphate.
 (iii) A drying bulb containing anhydrous calcium chloride.
 (iv) Quick lime (basic in nature) for drying ammonia, a basic gas.
 Liquids are dried by keeping them overnight over anhydrous Na2SO4 or MgSO4 or CaCl2 and then by filtration.
 Solids are dried by spreading them along a dish or watch glass and keeping them in a desiccator for few days.
 Desiccator is a glass vessel, which is air-tight and contains suitable drying agents like anhydrous calcium chloride at 

the bottom. It is used to dry solids placed inside it.

Table 1 Difference between drying agent and dehydrating agent

Drying  agent Dehydrating agent

(i) They remove moisture from other substances. They remove chemically combined elements of water in 
the ratio of 2: 1 (hydrogen: oxygen) from a compound.

(ii) They are used to dry gases like chlorine, sulphur 
dioxide, hydrogen chloride, etc. They are also used 
in  desiccators to keep substances dry.

They prepare substances like carbon monoxide, sugar 
charcoal, etc.,

HCOOH conc. H SO2 4 →  CO+ H2O

C12H22O12 
conc. H SO2 4 →  12C + 11H2O

              cane sugar                          sugar charcoal

(iii) They represent physical change
 Examples:
 Phosphorus pentoxide P2O5, fused calcium 

chloride CaCl2. calcium oxide CaO, conc. sulphuric 
acid H2SO4

They represent chemical change.
For example:
Cone. Sulphuric acid H2SO4.

Key Words

 A solution is a homogeneous mixture of two or more components whose composition may be gradually changed by 
changing relative amounts of components.

 Solution = Solvent + Solute
 Solvent is the medium that allows one or more component to dissolve in it to form a solution.
 Solute is the substance that dissolve in the solvent.
 The solution which cannot dissolve any more of the solute at a given temperature is called a saturated solution at 

that temperature.
 The solution which can dissolve more of the solute at a given temperature is called an unsaturated solution at that 

temperature.
 The fixed amount of water that is associated with the hydrated crystals which is an integral part of the crystal is 

called water of crystallisation.
 When a compound loses its water of crystallisation on exposure to dry air is called efflorescence.
 When some water-soluble substances exposed to air at ordinary temperature, absorb the moisture from air, become 

moist, lose their crystalline structure and finally dissolve in the absorbed water, forming saturated solution. Such 
substances are called deliquescent substances.

 Some substances absorb moisture (water vapour) from the atmosphere on exposure to it but do not form solutions 
are called hygroscopic substances.

 Drying agents are substances that readily absorb moisture from other substances without chemically reacting with 
them. These are also called as desiccants or desiccating agents.

 Dehydrating agents are substances that can remove even the chemically combined water molecules from the 
compounds.
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Know the Facts

 Water of crystallisation:
  Wt. of crystals at room temperature = a g
  Wt. of crystals after heating at 100°C = b g
  Wt. of water = (a – b) g
  Now a g of crystals contain water = (a – b) g

 \ % of water of crystallization = 
a b
a
−

 × 100

Topic-3 Soft Water and Hard Water

Revision Notes

 Types of Hardness : Temporary and Permanent 
 There are two types of hardness of water: Temporary and Permanent
 Temporary Hardness : Water containing hydrogen carbonates of calcium and magnesium. This hardness can be 

removed by just boiling. The calcium and magnesium ions are separated from water by formation of insoluble 
precipitates making water soft.

Ca(HCO3)2  
Boil →  CaCO3↓ + H2O + CO2↑

Mg(HCO3)2 
Boil →  MgCO3↓ + H2O + CO2↑

 Permanent Hardness : Water containing sulphates and chlorides of calcium and magnesium. This hardness cannot 
be removed by boiling.

 Advantages of Hard Water :
 l	 Soft water free from dissolved salts tastes flat but hard water with dissolved salts is tasty, thus used in the 

preparation of beverages and wines.
 l	 Calcium and magnesium salts present in hard water are required for our teeth and bones.
 l	 Hard water checks lead poisoning of water while carrying water along lead pipes. Calcium sulphate present 

in hard water reacts with lead forms insoluble lead sulphate which forms a layer inside lead pipe and checks 
lead poisoning.

 Disadvantages of Hard Water :
 1. Hard water is not suitable to be used in boilers.
  l Boilers contain narrow copper tubes use for converting water to steam. 
  l Hard water containing solids are incapable of changing to vapours effectively as soft water and gets 

deposited on the inner walls of tubes. 
  l This goes on and makes bore of the tubes narrow and narrower leading to damage or bursts of boiler. Also, 

boiler scales are formed inside the tubes. 
   To minimise the above inconvenience either boiler scale is removed, or water is first softened and used.
 2. The furring of tea kettle is also due to sediments formed on its walls by boiling hard water.
 3. Hard water is also not fit for washing purposes.
 Soap and Detergents :
 Soap is chemically a sodium salt of stearic acid and has the formula C17H35COONa. In hard water the calcium and 

magnesium ions combine with negative ions of soap to form insoluble precipitate of calcium and magnesium called 
as soap-curd or scum.

2NaSt + Ca(HCO3)2 →  CaSt2↓  + 2NaHCO3

 This scum will be present till the calcium and magnesium ions are present. No lather will be formed and cleaning of 
body will not be possible. This difficulty can be solved using detergents.

 Synthetic detergents are made by sulphonating higher alkenes with sulphuric acid and then converting them to 
their sodium salts by caustic soda. These sodium salts are called detergents.
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 Cleansing action of soaps and detergents  :
 l	 Molecules of soap and detergents when dissolve in water gather as clusters called micelles.
 l	 These having tail and head sticking inward and outwards. The tail attaches to oily dirt.
 l	 As the water is stirred this oily dirt tends to separate from dirty surface dissociates as fragments, this continues 

by giving way to all other tails to stick to oil, by forming small globules of oil surrounded by detergent molecules.
 l	 Negatively charged head in water prevent small globules coming together and forming aggregates. This is 

how dirt is removed from object.

Cleaning action of soap
 Methods used to remove Hardness
 Removing temporary hardness.
 (i) By boiling
  Temporary hardness can be removed by just boiling. The calcium and magnesium ions are separated from 

water by formation of insoluble precipitates making water soft.

Ca(HCO3)2  
Boil →  CaCO3↓ + H2O + CO2↑

Mg(HCO3)2 
Boil →  MgCO3↓ + H2O + CO2↑

 (ii) By adding lime (Clark’s Process)
   Ca(HCO3)2 +   Ca(OH)2  → 2CaCO3↓ + 2H2O
    Mg(HCO3)2 + Ca(OH2) → MgCO3↓ + CaCO3↓ +2H2O
  Lime is first thoroughly mixed with water  in a tank and then fed into another tank containing the hard water. 

Revolving paddles thoroughly mix the two solution. Most of the calcium carbonate settles down. If there is any 
solid left over it is removed by a filter. The process goes by the name of Clark’s process.

 (iii) By adding washing soda
  When washing soda or soda ash is added to hard water, the corresponding insoluble carbonates settle down 

and can be removed by filtration.
  Ca(HCO3)2 + Na2CO3 → CaCO3↓ + 2NaHCO3

  Mg(HCO3)2 + Na2CO3 → MgCO3↓ + 2NaHCO3

 Removing permanent hardness

Softening of hard water
 Permanent hardness can be removed by treating with calculated soda ash and following reactions takes place :
 CaSO4 + Na2CO3 → CaCOO3↓ + Na2SO4

                                                                               (Soda-ash)              not harmful to boilers or
                                                                                                       (clothing)
 CaCl2 + Na2CO3 → CaCO3↓ + 2NaCl
 If, however, some magnesium sulphate is also present in the water, lime has also to be used besides soda ash, as 

magnesium carbonate is not fully precipitated. In that case the reaction will be
 MgSO4 + Na2CO3 + Ca(OH)2 → Mg(OH)2↓ + CaCO3↓ + Na2SO
 Magnesium hydroxide is less soluble than magnesium carbonate.
 This method is used when small amount water to be treated.
 If the hardness is both temporary and permanent
 If the hardness is both temporary and permanent, then permutit process is used.
 Permutit is a zeolite, hydrated sodium aluminium orthosilicate having formula Na2Al2Si2O8.XH2O.
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 A tall cylinder is loosely filled with lumps of permutit. When hard water containing calcium and magnesium ions 
percolates through these lumps, exchange of ions takes place. The sodium permutit is slowly changed into calcium 
and magnesium permutit, and with the removal of calcium and magnesium ions, the water becomes soft.

 When no longer active, the permutit is regenerated by running a concentrated solution of brine over it and removing 
the calcium chloride formed by repeated washing.

CaP  + 2NaCl → Na2P + CaCl2

 Water softened by permutit process is successfully used for laundries and boilers.
 Hard water is softened by ion exchange resins : For scientific purposes even the presence of +ve sodium ion and 

–ve bicarbonate and sulphate ions is not desirable.  To remove these ions, water is passed through synthetically 
prepared cation (+ve ion) and anion (–ve ion) exchange resins one by one. The sodium ions are replaced by H+ ions 
and HCO3

– and SO4
2– ions by OH– ions and the water gets completely deionised.

CHAPTER-4
ATOMIC STRUCTURE AND CHEMICAL BONDING

Topic-1 Atomic Structure

Revision Notes

 The knowledge about smallest unit of matter called as PARAMANU which combines to form ANU was given by 
Indian scientist Maharshi Kanada.

 Greek philosopher Democritus called paramanu as ATOM which means indivisible.
 John Dalton gave first systematic idea of structure of an atom and called them as indivisible particles which are the 

fundamental building blocks of matter.
 J. J. Thomson showed existence of charged particles and discovered electrons, negatively charged particles.
 E. Goldstein discovered protons, positively charged particles.
 James Chadwick discovered neutrons.
 The electrons, protons and neutrons are the fundamental particles of an atom.
 Element is a substance made up of only one type of atoms.
 An atom is the smallest particle of an element that exhibits all the properties of that element. It may not exist 

independently but involve in the chemical reactions
 Discovery of Electrons:

 Gases are generally poor conductors of electricity. However, William 
Crooke demonstrated that at very high voltage (10000V) and very low 
pressure (0.01 mm Hg), gases become good conductors and begin to flow 
from cathode to anode, in the form of rays. These are known as cathode 
rays. Further, J. J. Thomson studied the characteristics of these rays using a 
“discharge tube” or a “cathode ray tube”. Cathode rays travel from cathode 
(-ve terminal or electrode) towards anode (+ve terminal or electrode).

Pressure 0.01 mm of Mercury
Cathode Rays

To Vacuum Pump

Induction Coil

– +

Fig. 1
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 Properties of Cathode Rays:
 l Cathode rays travel in straight lines from cathode to anode. They are made up of negatively charged particles.
 l	 They are affected by electric field, being inflected towards positive field and deflected from negative field.
 l	 Cathode rays cause a greenish yellow fluorescence on a soda glass screen.
 l	 Cathode rays falling on metal targets like tungsten, produce X rays.
 l	 They penetrate through matter. Ionization of gas occurs, when they pass through them.
 l	 The ratio of charge (e) to mass (m) of the particles forming cathode rays remains same (e/m = 1.7 × 1011) 

irrespective of gas and metal taken as cathode.
 l	 They produce shadow of an opaque object placed in their path and rotate a light paddle wheel.

Negatively Charges Plate
To Vacuum

Pump

Induction Coil

+v v v v
v

Positively Charged Plate
+

–

Fig. 2

 Conclusions from J. J. Thomson’s experiment:

 l Since cathode rays travel towards +ve electrode, they consist of negatively charged particles, called electrons.

 l These particles (electrons) are an integral part of all atoms.

 l Electrons have both definite mass and definite electric charge, independent of the nature of the gas in the 
discharge tube.

 Properties of Electrons:

 As atoms were found to be electrically neutral, they must contain positively charged particles, such that total negative 
charge of the electrons is equal to the total positive charge.

 An electron may be defined as a sub-atomic particle having a unit negative charge and a mass equal to 
1

1837  
of 

hydrogen atom. It is denoted by the symbol –1e°. The superscript 0 represents its mass and subscript – 1 represents 
its electrical charge.

 Discovery of Protons: Goldstein performed experiment using perforated cathode in the discharge tube. He noticed 
that another set of rays were travelling in the direction opposite to cathode rays, that is from anode to cathode. He 
gave name to these rays as canal rays as they passed through holes or canals of cathode. Thus, these were called 
positive rays or anode rays.

 Properties of Anode Rays:

 l Anode rays travelled in straight line from anode to cathode. They were made up of positively charged particles.

 l	 They contained minute material particles and produced mechanical effects.

 l	 They are affected by electric and magnetic field, being inflected towards negative field and deflected from 
positive field, opposite to cathode rays thus are called protons.

 l	 They produced fluorescence on a zinc sulphide screen.

 l	 Their e/m (charge to mass ratio) differs from gas to gas, it is very much less than electron but is maximum when 
hydrogen is taken in the discharge tube.

  Proton may be defined as a subatomic particle having mass 1 amu, i.e., equal to hydrogen atom and has unit 
positive charge.

  It is denoted as 1p
1, the superscript 1 represents its mass 1 amu and the subscript + 1 represents one unit 

positive charge.

  Proton is formed by the loss of an electron from a hydrogen atom.

                H               —          e–               →          H+

  (hydrogen atom)                                           (proton)

 Properties of Protons

 l	 A proton possesses a unit positive charge +1 of the value 1.602 × 10–19 coulombs.

 l	 Its mass is the same as that of a hydrogen atom which is 1.672 × 10–24 g.
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 l	 The proton resides in the central part (nucleus) of the atom.

 J. J. Thomson Plum pudding model of atom

 This model says that:

 l An atom is considered to be a sphere of uniform positive charge and electrons are embedded into it.

 l The total positive charge is equal to the total negative charge so that an atom as a whole is electrically neutral.

 l The mass of an atom is considered to be uniformly distributed.

ElectronsSphere of
uniform
positive
charge

–
–

––

–
–

Fig. 3

 Discovery of Nucleus: Lord Rutherford conducted an experiment where alpha-particles were focused towards a 
very thin foil (one millionth of centimetre) made of gold. He observed that:

 l	 Maximum alpha particles passed straight through the foil.

 l	 Some alpha particles were slightly deflected from straight path.

 l	 Very few alpha particles were deflected by very large angles or completely bounced back.

Positively Charged Nucleus

   

Beam of Alpha Particles
Gold Leaf

Screen

Fig. 4

 By these results, Rutherford suggested his model of atom called as, Rutherford Atomic Model (was similar to the 
solar system). According to his model:

 l Atoms contain large empty space.
 l There is a positively charged mass at the centre of the atom known as nucleus.
 l The size of nucleus is very small.
 l The electrons revolve around the nucleus at large distances from each other and from nucleus.
 l An atom as a whole is electrically neutral.
 l Electrons revolve around nucleus in close circular paths called orbits.

++
++

++
+

–
–

– –
–

Electrons

Nucleus

Proton

Shells

Fig. 5

 Drawbacks of Rutherford’s atomic model:
 l	 Rutherford’s atomic model fails to explain the stability of an atom.
 l	 According to Rutherford, electrons revolve around the atom, similar to planets in solar system. But as per 

classics laws of mechanics and electrodynamics, any charged particle, in motion, should radiate or lose energy 
continuously, which means that, eventually, the revolving electrons should collide into the nucleus and cause 
the atoms to collapse.

 l	 However, this has not been the case. Hence, Rutherford’s atomic model does not satisfactorily explain how an 
atom can be stable throughout.



Oswaal ICSE Revision Notes Chapterwise & Topicwise, CHEMISTRY, Class-IX 25

+

Positively charged
nucleus

Negatively Charged
Electron

Fig. 6

 Bohr’s Atomic Model:
 l The electrons revolving around the nucleus are confined to certain orbits called shells or energy levels which 

are having fixed amount of energy.
 l When an electron is revolving around the nucleus, it neither loses nor gains energy.
 l An electron revolving in a specific orbit, when gains some energy jumps into next orbit and vice-versa.
 l As each orbit is associated with fixed amount of energy, Bohr called it as energy level.
  Energy levels are named K, L, M, N or I, II, III, etc. Orbit closest to nucleus is K shell with least amount of 

energy and electrons present in it are called K electrons and so on.
n
n
n
n
n
n

=6
=5
=4
=3
=2
=1

+

K
L
M
N
O
P

Third energy level (M shell)

Second energy level (L shell)

First energy level (K shell)

Nucleus

Fig. 7

 Discovery of Neutrons: Chadwick discovered neutrons by bombarding light nuclei like beryllium with alpha 
particles (helium nuclei). The neutral particles which were found were neutrons.

  4Be9 + 2He4 (a) → 6C
12 + 0n

1

                                                                                                                      (neutron)
 A neutron is a sub-atomic particle of fundamental particle of an atom with no charge and almost equal to the mass 

of the proton hydrogen atom. Neutron is denoted by 0n
1. Superscript 1 represents its mass and subscript represents 

its electrical charge.
 Properties of Neutron:
 l	 This particle was found to be deflected by any magnetic or electrical field, proving that it is electrically neutral.
 l	 Its mass is equal to 1.676 × 10–24 g (1 amu).
  

Dalton's Atomic Theory Modern Atomic Theory

Atoms are indivisible particles. Atoms are divisible into sub-atomic particles like 
protons, electrons and neutrons.

Atoms can neither be created nor destroyed. Atoms can be created and destroyed by fusion and 
fission.

The atoms of an element are alike in all respects, but 
they differ from the  atoms of other elements.  

The atoms of an element may not be alike, as is seen 
in the case of isotopes.

Atoms follow the laws of chemical combination to 
form compounds.

In the formation of organic compounds, the laws of 
chemical combination  are not always followed.

  All atoms have a similar basic structure as:
 l	 Electrons are negatively charged particles present outside the nucleus.
 l	 Protons are positively charged particles present in the nucleus of an atom.
 l	 Neutrons are electrically neutral particles that are also found in nucleus. These are slightly heavier than 

protons.
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 Showing the Structure of an Atom: There are two structural parts of an atom, nucleus and the empty space, where 
there are the imaginary paths called orbits. Given below is the structure of the atom.

Orbits (electrons revolve
in orbits or shells)

Nucleus (Contains
protons and neutrons)

Fig. 8

 Nucleus = Protons + Neutrons (nucleons) found in central part of atom.
 Orbits = Imaginary path where electrons orbit around the nucleus of an atom.
 The total number of protons is called the atomic number of the element. It is represented by Z.
 In a neutral atom, No. of protons = No. of electrons
 We can also say that, the atomic number of an element is the number of:
 l	 Protons present in the nucleus of its atom.
 l	 Electrons present around nucleus of an atom.
 The total number of protons and neutrons present in the nucleus of an element is called its mass number. It is 

represented by A.
 Mass number is also a whole number approximation of atomic mass calculated in a.m.u.
 Bohr-Bury Scheme:
 Distribution of electrons in different shells is called electronic configuration. This was suggested by Bohr and Bury.
 Rules for writing the number of electrons in different energy levels or shells.
 l The maximum possible number of electrons in a particular shell is given by formula 2n2, where n denotes serial 

number of that shell.
   First or K shell has (2 × 12) = 2 electrons
   Second or L shell has (2 × 22) = 8 electrons
   Third or M shell has (2 × 32) = 18 electrons
   Fourth or N shell has (2 ×  42) = 32 electrons and so on.
 l The shells are filled in step wise, as electrons are not accommodated in a shell unless the inner shell are filled.
 l The outer most shell can accommodate only 8 electrons, even though it has a capacity to accommodate more 

electrons. e.g., Calcium has 20 electrons with arrangement as K= 2, L = 8, M = 8, N = 2. Eight electrons in 
the outermost shell makes the atom stable. Thus, to attain stability, even though M shell has capacity of 18 
electrons, only 8 electrons filled in it.

 l A chemically stable atom can accommodate only 8 electrons in its outer shell, except Helium as it has only one 
shell which can accommodate 2 electrons.

 Structure of Sodium atom:
 Sodium has, 
  Atomic number = 11 
  Atomic mass = 23
  Nucleus = (11 protons + 12 neutrons (23 – 11))
  11 electrons accommodated as K = 2, L = 8, M = 1
 Electronic configuration is 2, 8, 1

11p
12n

Electronic Configuration. 2, 8, 1
Valency=1

Fig. 9

 Valence Electrons: The outermost shell of an atom is called valence shell. The electrons present in these valence shells 
are called valence electrons. As the valence electrons involve in the chemical reactions, they decide the chemical 
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properties of elements. Thus, valency is also called the combining capacity of element with another element. Valency 
of 1 or 2 or 3 valence electrons is 1. 2, 3, while valency of 4 or 5 or 6 or 7 valence electrons is 4, 3, 2, 1 respectively  
(8 minus valence electrons).

 Elements with 1 or 2 or 3 valence electrons are metals. They lose electrons to form positively charged cations. They 
are very good reducing agents.

   Na  – e– → Na+

 2, 8, 1               2, 8
 Elements with 4 or 5 or 6 valence electrons are non-metals. They gain electrons to form negatively charged anions. 

They are very good oxidizing agents.
     Cl  + e– →    Cl–

 2, 8, 7                 2, 8, 8
 Elements with 8 electrons and helium with 2 electrons do not gain or lose electrons and they are called inert or noble 

gases. But helium is stable compound even though it is having 2 electrons in its outer most shell.
 Chemically active atoms have incomplete octet and thus valence electrons involve in chemical reactions in the 

formation of molecules.
 Kossel and Lewis gave the ‘Octet Theory of Valency’.
 It states,
 The atoms of all elements other than the inert gases, combine as they have incomplete valence shells and tend to 

attain a stable configuration.
 Elements either gain, lose or share electrons to attain stable octet configuration in the outermost shell. Thus, electrons 

which are lost, gained or shared to attain stable octet configuration gives the combining capacity (valency) of the 
element which results in binding atoms together (chemical bond) to form molecules.

 A chemical bond is defined as the force of attraction between two atoms that binds them together as a unit called 
molecule.

 During chemical reactions, atoms of all elements become stable by acquiring electronic configuration of nearest inert 
gas (having eight electrons in their outer most orbit). This is known as octet rule.

 Isotopes:
 Isotopes are atoms of same element having same atomic number but different mass numbers. Examples are given 

below:

Element Number of isotopes

1. Hydrogen Three 1
1H, 2

1H, 3
1H

2. Carbon Three 12
6C, 13

6C, 14
6C

3. Chlorine Two 3
1
5
7Cl, 3

1
7
7Cl

4. Oxygen Two 16
8O, 18

8O

5. Potassium Two 3
1
9
9K, 4

1
1
9K

 Isotopes differ only in their number of neutrons. While representing isotopes, subscript represents atomic number 
and the superscript represents mass number.

 Hydrogen has three isotopes. They are protium 1
1H, deuterium 2

1H and tritium 3
1H. All the three have same atomic 

number 1, but different mass number that is 1, 2, 3 respectively.
 Properties of Isotopes: Isotopes have same atomic number (same number of protons and electrons), so same 

electronic configuration, thus, same chemical properties. e.g., Chlorine atom with mass 37 undergoes same reactions 
as the chlorine atom with mass 35.

 They differ in few physical properties like density, boiling point as physical property depend on mass number 
(different number of neutrons). e.g., Protium has boiling point 20.38 K, deuterium is 23.5 (higher the mass, higher 
the boiling point).

 Some isotopes like tritium, carbon-14 are radioactive (their extra neutrons make them unstable and they breakup 
spontaneously emitting radiations.) Thus, they are called as radioisotopes.

 The spontaneous decay of unstable radioisotopes is known as radioactivity.
 Uses of Isotopes:
 l	 Cobalt isotope 62

0
7Co is used for radiotherapy for treating cancer and other diseases.

 l	 Carbon isotope 14
6C used to determine the ages of historic and geological materials.

 l	 Uranium isotope 235
92U used as a fuel in reactors.

 l	 Iodine isotope 531
31I used in the treatment of goitre.
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 l	 Underground leakage of oil and gas pipelines and water pipes in industries are detected with the help of 
radioactive isotopes.

 The atomic mass of an element represents the weighted average of all the naturally occurring isotopes of that 
element. Thus, elements can have fractional atomic mass.

 For example, any natural sample of chlorine contains 75% of 35
17Cl and 25% 37

17Cl, i.e., these isotopes are in the ratio of 

3: 1 respectively. Thus, average atomic mass of chlorine is calculated as 35 3 37 1
4

× + ×  = 35.5.

 Therefore atomic mass of chlorine atom is 35.5.
 Atoms of different elements with same mass number, but different atomic numbers are called isobars. As they have 

different atomic numbers, they have different physical and chemical properties.
 e.g., 40

18Ar  and 40
20Ca

 Main Features - Structure of an Atom:
 l Atoms of all the elements (except hydrogen) are made up of three fundamental (sub-atoms) particles: electrons, 

protons and neutrons (Hydrogen atom lacks neutrons).
 l The nucleus is located at the centre of the atom. It contains protons and neutrons, which makes for the total 

mass of that atom.
 l The nucleus is positively charged due to the presence of protons in it.
 l The electrons are outside the nucleus and have negligible mass.
 l The number of electrons in an atom is equal to the number of protons in it, hence the atom is electrically 

neutral.
 l The electrons revolve rapidly in fixed circular paths around the nucleus. These circular paths are called energy 

levels or shells or orbits.
 l The atoms of different elements contain different numbers of electrons, protons and neutrons.

 Mnemonics
Concept Name: Covalent bonds are formed by mu-
tual sharing of electrons and Ionic bonds are formed by 

transfer of electrons.

Mnemonics: City Bangalore has many shopping 
malls for entertainment and Indore city is famous for 

everlasting temples

Interpretations: 
C: Covalent 
B: Bonds (is formed)
M: mutual
S: sharing (of)
E: electrons

Key Words
 An atom is the smallest particle of an element that exhibits all the properties of that element.
 Element is a substance made up of only one type of atoms.
 Cathode rays are the rays which are made up of negatively charged particles that travels in straight lines from 

cathode to anode. 
 Anode rays or canal rays are the rays which are made up of positively charged particles that travels in straight lines 

from anode to cathode.
 Electrons are sub-atomic particles having negative charge which are integral part of all atoms.
 Protons are sub-atomic particles having positive charge which are integral part of all atoms.
 Neutrons are part of sub-atomic particle of an atom with no charge and mass almost equal to mass of protons.
 Nucleus is the central part of atom which consists of protons and neutrons (nucleons).
 Imaginary path where electrons orbit around nucleus of the atom are called as orbits.
 The total number of protons is called the atomic number of the element. It is represented by Z.
 The total number of protons and neutrons present in the nucleus of an element is called its mass number. It is 

represented by A.
 The outermost shell of an atom is called as valence shell. The electrons present in these valence shells are called as 

valence electrons. Valency is the combining capacity of element with another element.
 Elements with 1 or 2 or 3 valence electrons are metals.
 Elements with 4 or 5 or 6 valence electrons are non-metals.
 An ion is an atom or group of atoms carrying charge due to gaining or losing electrons.
 Positively charged ion which is formed by losing an electron is called a cation.
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 Negatively charged ion which is formed by gaining an electron is called an anion.
 A chemical bond is defined as the force of attraction between two atoms that binds them together as a unit called 

molecule.
 Isotopes are atoms of same element having same atomic number but different mass numbers.
 Radioisotopes are isotopes which become unstable due to their extra neutron and breakup spontaneously emitting 

radiations.
 Atoms of different elements with same mass number, but different atomic numbers are called as isobars.

Know the Facts

Particle Symbol Charge (electronic unit) mass (amu) mass (grams)

1. Electron –1
0e or e– –1

1
1840 9.1 × 10–28 g

2. Proton 1
1H  or p+ +1 1 1.6 × 10–24 g

3. Neutron 1
0n or n 0 1 1.6 × 10–24 g

Symbolic representation of Element Atomic Number [Z] Mass Number [A]

X denotes the symbol of the element Atomic number  [Z] Mass number [A]

Superscript A = Mass number = no of protons [p] = no. of neutrons [n] + no. of protons [p]

Subscript Z = Atomic number = no. of electrons [e]
\ Z = p = e

\ A = n + p
[Q p = Z] \  no. of neutrons [n] = A – Z

 Example: 35
17Cl

  Atomic number [Z] = p = e = 17
  Mass number [A] = n + p = 35
  No. of neutrons  [n] = A – Z = 18
 The magnitude of negative charge carried by electron is –1.6×10−19 C and magnitude of positive charge carried by 

proton is + 1.6×10−19 C. Neutrons carries no charge.

Topic-2 Electrovalent bond, Covalent bond

Revision Notes

 A chemical bond which is formed due to electrostatic force of attraction between a cation and anion or transfer of 
electrons is known as electrovalent or ionic bond.

 Electrovalent compounds are those which are formed due to transfer of electrons from one atom of the element to 
an atom of another element.

 The number of electrons that an atom of an element loses or gains to form an electrovalent bond is called 
electrovalency.

 Bonds formed between metals and non-metals are ionic or electrovalent bonds.
 As the electrostatic force of attraction between opposite charges is higher, it makes the ionic compounds stable.
 Examples of electrovalent (ionic) compounds
 NaCl (Sodium chloride)
 MgCl2 (Magnesium chloride)
 CaO (Calcium oxide)
 KBr (Potassium bromide)
 Caesium fluoride, CsF is the most ionic compound as Caesium has the maximum tendency to lose an electron while 

fluorine has the maximum tendency to gain an electron.
 Common features of ionic bonding:
 l	 Atoms of metals always lose their outer most electrons to form positive ions. Such metallic element forming a 

positively charged ion is called electropositive element.
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 l	 Atoms of non-metals with exception of hydrogen, always gain electrons to become negative ions. Such non-
metallic element forming a negatively charged ion is called electronegative element.

 l	 In both the above cases, the ions formed have more stable arrangement to the nearest noble gas.
 l	 Attraction between oppositely charged ions results in the ionic bonds.
 Properties of electrovalent compounds:
 l	 They are hard, brittle crystalline solids containing ions.
 l	 They are non-volatile, with high boiling and melting points.
 l	 They do not conduct electricity in solid state but are very good 

conductors of electricity in fused or molten state.
 l	 They are soluble in water but insoluble in organic solvents.
  The symbol of element surrounded by dots representing 

valence electrons is called ‘Electron dot symbol’ or ‘Lewis 
symbol.’

 Structures of some electrovalent compounds:  
 l Sodium chloride (NaCl): All the elements tend to combine 

with other elements to attain stable electronic configuration of 
its nearest inert gas and to complete 8 electrons in its valence 
shell. Sodium has 11 electrons and its electronic configuration is 
2,8,1. Chlorine has 17 electrons and its electronic configuration 
is 2,8,7. Sodium loses one electron and chlorine accepts one 
electron to attain its nearest noble gas configuration, thus 
forming bond. Sodium gives its one valence electron to chlorine 
so that both attain 8 electrons in its valence shell.

  Na → Na+ + e–

  2, 8, 1     2, 8
  Cl + e– → Cl–

  2, 8, 7             2, 8, 8

  Na + Cl Na +Cl or NaCl� + –. ..... ..

 l Magnesium chloride: Magnesium has 12 electrons and its electronic configuration is 2, 8, 2. It has two electrons 
in its valence shell. Chlorine has 17 electrons and its electronic configuration is 2,8,7. It has 7 valence electrons. 
Magnesium loses two electrons and two atoms of chlorine accepts each one electron to attain its nearest noble 
gas configuration, thus forming bond. Magnesium gives its two valence electron to two atoms of chlorine 
each, so that both attain 8 electrons in its valence shell. The ratio of magnesium to chloride ions in magnesium 
chloride must be 1: 2, Thus it has the molecular formula MgCl2.

      Mg        —        2e–    →    Mg2+

  (2, 8, 2)                                     (2, 8)
   atom                                       cation
         2Cl             +       2e–         →        2Cl–

      (2, 8, 7)                                               (2, 8, 8)
  2 Cl atoms                                       2 chloride anions

12p
12n

17p
18n

17p
18n

12p
12n

17p
18n

17p
18n

+

�

�

�

�
–

–

2+

Magnesium
atom

(2, 8, 2)

Two chlorine
atoms
(2, 8, 7)

Magnesium
ion (2, 8)

Two chloride ions
(2, 8, 8)

Coulomb force

Fig. 1
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Mg + Mg 2[ Cl ]� 2+ –.. ... .. ...

Cl

Cl

... .. .

... .. .
.

.

Fig. 2

 During the formation of electrovalent bond, transfer of electrons is involved. The electropositive atom undergoes 
oxidation, while the electronegative atom undergoes reduction. This is called ‘Redox process.’

 This reduction and oxidation process occur simultaneously because the electrons lost by reducing agent must be 
gained by oxidising agent.

 Oxidising agent is an acceptor of electrons and a reducing agent is a donor of electrons.
 For example,
 Zn(s) + CuSO4(aq) → ZnSO4(aq) + Cu(s)

OR

Zn

Reducing

agent

Cu
2+

Oxidising

agent

� Zn +Cu(s)
2+

+

Reduction

Oxidation

 In this reaction, zinc acting as a reducing agent reduces Cu(II) ion to copper. This is a reduction reaction.
 Cu2+ + 2e– → Cu (Reduction)
 At the same time, zinc is oxidised to zinc (II) ion by the oxidising agent Cu (II) ion, and this is an oxidation reaction.
 Zn – 2e– → Zn2+ (Oxidation)
 Thus, the net reaction is a redox reaction.
 The chemical bond that is formed between two combining atoms by mutual sharing of one or more pairs of electrons 

is called covalent bond.
 The molecule formed by sharing of electrons (covalent bond) is called a covalent molecule.
 Whenever a non-metal combines with another non-metal for attaining stable configuration, sharing of electrons 

takes place between their atoms and a covalent bond is formed. e.g., HCl
 Covalent bonds are of three types. They are,
 1. Single covalent bond
 2. Double covalent bond
 3. Triple covalent bond
 Single covalent bond is formed by sharing of one pair of electrons between the atoms, each atom contributes one 

electron. It is denoted by putting a short line between two atoms. e.g., O-O, H-H, H-O-H etc.
 Double covalent bond is formed by sharing of two pairs of electrons between the atoms, each atom contributes 

two electrons. It is denoted by putting two short lines (double bond) between two atoms. e.g., oxygen molecule O2, 
O=O.

 Triple covalent bond is formed by sharing of three pair of electrons between the atoms, each atom contributes three 
electrons. It is denoted by putting three short lines (triple bond) between two atoms. e.g., nitrogen molecule, N2, 
N ≡ N.

 Some molecules have a combination of single bond as well as double or triple bond. e.g., Ethene (C2H4) molecule has 
one double covalent and four single covalent bonds.

H

C

H

×.
×.

H

C

H

×.
×.

....
H

C
H

—

—
——C

—

—

H

H

Ethene (C H )2 4

 Ethyne (C2H2) molecule has one triple covalent and two single covalent bonds.
 The covalency of an atom is the number of its electrons taking part in the formation of shared pairs. Hence, covalency 

of hydrogen is 1, oxygen is 2, nitrogen is 3, carbon is 4.
H C C H.× ...... .×

Ethyne (C H ) H—C C—H2 2
———

 Non-polar covalent compounds are those where shared pair of electrons are equally distributed between two atoms 
with no charge separation making the molecule symmetrical and electrically neutral.

 If the two covalently bonded atoms are identical, then they are perfectly non-polar compounds. e.g., H2, Cl2, O2 etc.
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 Polar covalent compounds are those where shared pair of electrons are not at equal distance between the two 
atoms. Hence, there is development of fractional positive and negative charges on them and they ionise in water. 
e.g., Hydrogen chloride (H-Cl).

 The combining atoms having four or more electrons in their outer most shell forms covalent bonds that is non-
metals, but exceptions are H, Be, B etc.

 Hydrogen can combine with all non-metals with the help of covalent bonds.
 Properties of Covalent compounds:
 l	 They are made up of molecules and they are either gases or liquids or soft solids.

 l	 These compounds are volatile with low boiling and low melting points.

 l	 They are non-conductors of electricity in solid, molten or aqueous state.

 l	 Some of them do not ionize on passing electric current, but some being polar, ionize in their solutions and act 
as electrolytes.

  HCl + H2O   H3O
+ + Cl–

 l	 They are insoluble in water but soluble in organic solvents.

 Some of covalent molecules with their structures:

 l Hydrogen molecule (Non-polar compound)

  Hydrogen atom has only one electron in its shell. To attain duplet, it requires one more electron. Thus, it shares 
one more electron with another hydrogen atom resulting in single covalent bond.

H H+

H-atom H-atom

Fig. 3

  Electron dot structure:
H + H

H-atom H-atom

After combination

H H

Hydrogen molecule

H or H—H H� 2

One shared pair
of electrons

Single covalent
bond

H

[A hydrogen molecule contains
two atoms of hydrogen]

Fig. 4

 l Nitrogen molecule (Non-polar compound)

  Nitrogen has 7 electrons and its electronic configuration is 2, 5. It needs three electrons to attain the nearest 
inert gas. Thus, nitrogen shares three more electrons with another nitrogen atom by which both the atoms 
attain stability (octet) resulting in the formation of triple covalent bond.

  Formation of a nitrogen molecule:

N N+

N-atom N-atom

Before combination

Fig. 5

  Electron dot structure:
N N+

N-atom N-atom

After Combination
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Mutual sharing of three pairs of electrons

Nitrogen molecule

N N

N N or [N N]� � N2

Three shared pairs
of electrons

Triple covalent
bond

Fig. 6

[A nitrogen molecule contains two atoms of nitrogen]
 l Water molecule (Polar compound)
  In water molecule, two atoms namely hydrogen and oxygen are involved. Hydrogen has 1 electron with 

electronic configuration 1, needs 1 electron to attain duplet while oxygen has 8 electrons with electronic 
configuration 2,6. It has 6 valence electrons and need 2 electrons to attain octet.

  Thus, in water molecule each of the two hydrogen atoms share an electron pair with the oxygen atom such 
that hydrogen attains duplet and oxygen attains octet resulting in two single covalent bonds.

Before Combination

H O H

..

..
×+. .+×

H-atom O-atom H-atom

Fig. 7
  Electron dot structure:

H O+

H-atom O-atom

× + H×

H-atom

After Combination

H O

..

..
H.×.×

Water molecule
H O

One shared pair
of electrons

Two single covalent
bonds

H—O—H H O� 2
××

H or

Fig. 8
  [One molecule of water contains a total of three atoms, i.e., one atom of oxygen and two atoms of hydrogen]
 l Carbon tetrachloride molecule (Non-polar compound)
  In carbon tetrachloride two atoms namely carbon and chlorine are involved. Carbon has 6 electrons with 

electronic configuration 2, 4 with 4 valence electrons. Chlorine has seventeen electrons with electronic 
configuration 2, 8, 7 with 7 valence electrons. To attain stable electronic configuration of the nearest inert gas, 
carbon needs four electrons and chlorine needs one electron.

  Thus, in carbon tetrachloride molecule, one atom of carbon shares four electron pairs, one with each of the four 
atoms of chlorine,both forming octet resulting in the formation of four single covalent bonds.

C

Cl

ClCl

Cl

×
× ×

×

Cl-atom

Cl-atom

Cl-atom

Before combination
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×

× ×

×

Cl

Cl

Cl

Cl

C

Fig. 9
   [One molecule of carbon tetrachloride contains five atoms in all, i.e., one atom of carbon and four atoms of 

chlorine]

Key Words
 A chemical bond which is formed due to electrostatic force of attraction between a cation and anion or transfer of 

electrons is known as electrovalent or ionic bond.
 Electrovalent compounds are those which are formed due to transfer of electrons from one atom of the element to 

an atom of another element.
 The number of electrons that an atom of an element loses or gains to form an electrovalent bond is called 

electrovalency.
 The symbol of element surrounded by dots representing valence electrons is called as ‘Electron dot symbol’ or 

‘Lewis symbol.’
 During the formation of electrovalent bond, transfer of electrons is involved. The electropositive atom undergoes 

oxidation, while the electronegative atom undergoes reduction. This is called as ‘Redox process.’
 Oxidising agent is an acceptor of electrons and a reducing agent is a donor of electrons.
 The chemical bond that is formed between two combining atoms by mutual sharing of one or more pairs of electrons 

is called covalent bond.
 The molecule formed by sharing of electrons (covalent bond) is called a covalent molecule.
 Single covalent bond is formed by sharing of one pair of electrons between the atoms, each atom contributes one 

electron.
 Double covalent bond is formed by sharing of two pairs of electrons between the atoms, each atom contributes two 

electrons.
 Triple covalent bond is formed by sharing of three pair of electrons between the atoms, each atom contributes three 

electrons.
 Non-polar covalent compounds are those where shared pair of electrons are equally distributed between two atoms 

with no charge separation making the molecule symmetrical and electrically neutral.
 Polar covalent compounds are those where shared pair of electrons are not at equal distance between the two 

atoms. Due to which development of fractional positive and negative charges on them and they ionise in water.

CHAPTER-5
THE PERIODIC TABLE

Topic-1 Modern Periodic Table and its Periodicity

Revision Notes

 Elements were classified for studying them in a better way. The reason for classification of elements was to:
 l Study elements in an organized way.

 l To correlate the properties of the elements with some fundamental properties which are characteristics of all 
the states of matter. 
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 l To reveal relationship between elements.

 Earlier classifications were not satisfactory and scientists were searching for properties of elements that never 
changed.

 William Prout discovered that the atomic mass of an element did not differ and could form a basis for satisfactory 
classification of elements.

 Dobereiner grouped the elements in triads with similar properties such that the atomic weight of the middle 
element was the arithmetic mean of the other two. For e.g.,

Ca (40), Sr (88), Ba (137) : = 88.5
40 + 137

2

 The law of triad was discarded because:

 l Dobereiner failed to arrange all elements known at that time in the form of triads.

 l The law was unable to apply even within the same family.

 l Newland's observed that when elements are arranged in increasing order of their atomic mass, every eighth 
element had properties similar to the properties of the first element.

 Merits of Newland’s Law of Octaves:

	 l This system worked well for the lighter elements.

	 l It relates the property of elements to their atomic masses.

 l For the first time, this system showed that there is a discrete periodicity in the properties of elements. 

 The Law of Octaves was discarded because:

	 l This system did not hold good for the heavier elements (for elements beyond calcium) as more and more 
discovered elements were unable to fit into Newland's Octaves.

	 l Newland's placed two elements cobalt and nickel in the same slot and placed along with fluorine, chlorine and 
bromine in the same column, which have different properties compared to cobalt and nickel.

	 l Whereas iron with similar properties to cobalt and nickel was placed away from these elements.

 Mendeleev’s Periodic Table
 A tabular arrangement of elements in groups (vertical columns) and periods (horizontal rows) highlighting the 

regular trends in properties of elements is called a periodic table.
 Here ‘periodic’ meaning elements with similar properties occur at fixed intervals and ‘table’ meaning elements 

arranged in tabular form.
 According to Mendeleev’s periodic table, the properties of elements are the periodic functions of their atomic masses.
 Features of Mendeleev’s Periodic Table:
	 l The periodic table contains vertical columns called ‘groups’ and horizontal rows called ‘periods.’
	 l There are in all eight groups in which I to VII are divided into sub-groups A, B but VIII has no sub-group.
	 l All the elements of sub-group have similar characteristics and same valency as the group number or group 

number minus eight.
	 l In the period, elements change from metallic to non-metallic character.
 Merits of Mendeleev’s Periodic Table:
 l Grouping of elements: He arranged the elements known then, in order in eight groups.
 l Gaps for undiscovered elements: Mendeleev’s left some gaps in his periodic table for succeeding addition of 

elements which were unknown at that time.
 l Prediction of the properties of undiscovered elements: He predicted the properties of elements lying adjacent 

to vacant slots (eka –Aluminum & eka – Silicon).
 l Incorrect atomic mass corrected: He corrected the atomic mass of elements like gold and platinum and placed 

them strictly on the basis of their properties.
 Defects in Mendeleev’s Periodic Table:
 l There were anomalous pairs which did not follow Mendeleev’s principles. e.g. Argon with atomic mass 39.9 

preceded potassium with atomic mass 39.1, similarly cobalt with atomic mass 58.8 preceded nickel with atomic 
mass 58.6.
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 l Position of isotopes in Mendeleev’s Periodic table were not given separately. But as per his periodic law, isotopes 
of an element should be given separate place as they differ in their atomic mass.  

 l Grouping of chemically dissimilar elements were found. e.g. Elements copper and silver were placed together 
but both had no resemblance with each other.

 l Separation of chemically similar elements were found. e.g. Gold and platinum being chemically similar were 
placed separately.

 l Electronic configuration was not explained.
 l Position of hydrogen was not fixed. It was considered in both I A as well as in VII A as it formed both positive 

ion and a negative ion.
 Magnitude of positive charge present in the nucleus of an atom was revealed by Henry Moseley. He found that 

when cathode rays hit anodes of different metals, the wavelength of these metals was found to decrease in regular 
manner of changing the metal of anode in the order of its position in the periodic table.

 By this, he determined that the number of positive charges present in the nucleus due to protons (atomic number) 
is the most fundamental property of the element. Thus, Henry Moseley found that the atomic number is a better 
fundamental property of an element compared to its atomic mass.

 This led to the modern periodic law stating ‘Physical and chemical properties of elements are a periodic function of 
their atomic numbers’.

 This law gave explanations for anomalies in Mendeleev’s classification of elements such as:
	 l Position of isotopes with the same atomic number can be placed in the same place as the element in the same 

group.
	 l Position of Argon and Potassium were given, based on elements with higher atomic number should be placed 

later to elements with lower atomic number, which should come first. Thus, argon with atomic number 18 with 
mass 40 was placed before potassium with atomic number 19 with mass 39.

 The number of valence electrons are responsible for periodicity. Chemical properties show subsequent periodicity. 
 Salient features of Modern Periodic Table:
	 l Vertical columns in the periodic table are called groups and the horizontal rows are called periods.
	 l The modern periodic table has 18 vertical columns, called groups. Each vertical column accommodates elements 

with the same number of electrons in the outermost shell.
	 l The modern periodic table has 7 horizontal rows, called periods. The number of shells present in an atom 

determines its period.
	 l Group 1,2, 13,14,15, 16 and 17 are main group or representative elements with their outermost shell incomplete.
	 l Group 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 are transition elements with their two outermost shell incomplete.
	 l Group 18 or Zero group are called noble gases with stable electronic configuration (8 electrons in the outermost 

orbit, except Helium, which has 2 elements.)
	 l The number of shells present in an atom tells the period of the element.
	 l First period = 2 elements, shortest period
	 l Second and third periods = 8 elements each, also short periods.
	 l Fourth and fifth periods = 18 electrons each, are long periods.
	 l Sixth period = 32 electrons, longest period.
	 l Seventh period =incomplete period
	 l Group 3 of sixth period = Lanthanides
	 l Group 3 of seventh period = Actinides (radioactive elements)
 Types of Elements

 l Representative elements
 l Transition elements
 l Inner transition elements
 l Inert gases or noble gases
 Representative elements (s and p- block elements)

 l	 Group 1 – Alkali metals (most reactive metals)
 l	 Group 2 – Alkaline earth metals 
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 l	 Group 13 – Boron family
 l	 Group 14 – Carbon family
 l	 Group 15 – Nitrogen family
 l	 Group 16 – Oxygen family
 l	 Group 17 – Halogens (most reactive non-metals)
 Characteristics of representative elements:

 l They include both metals and non-metals. Metallic character decreases on moving from left to right across the 
period.

 l	 They form both electrovalent and covalent compounds with non-metals.
 l Metallic nature increases down the groups.
 l Metals are good conductors of heat and electricity (groups 1 and 2), Non-metals are poor conductors of heat 

and electricity (groups 16 and 17).
 l	 Heavier elements tin and lead show variable valencies.
 Transition elements (d-block elements):

 They include groups 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12.
 Characteristics:

 l	 All are metals with high boiling and melting points.
 l	 They are good conductors of heat and electricity.
 l	 Some attract towards magnet
 l	 Most of them are used as catalysts.
 l	 Most of them show variable valencies.
 l	 Most of them form coloured ions and compounds.
 Inner transition elements (f- block elements):

 They are Group 3 elements (6th and 7th periods, lanthanides and actinides)
 Characteristics:

 l	 They are heavy metals with high boiling and melting points.
 l	 They show variable valencies.
 l	 They form coloured ions.
 l	 Actinides are radioactive.
 Inert Gases (Noble gases):

 They are Zero group elements (Group 18th column) with 8 outermost electrons. 
 Characteristics:

 They are inactive or they do not react with other elements (inactive).
 l	 Bridge elements: Elements of the second period show resemblance in the properties of the elements of the next 

group of the third period showing a diagonal relationship. Such elements are called bridge elements. e.g. Li 
and Mg; Be and Al.

Group 1 2 3 4

Period 2

Period 3

Li

Na

Be

Mg

B

Al

C

Si

 l	 Typical elements: The third period elements, Na, Mg, Al, Si, P, S and Cl summarize the properties of their 
respective groups and are called typical elements.

 Merits of Modern Periodic Table:
	 l It is based on atomic number, a better fundamental property than atomic mass.
	 l Position of the element in the table is related to their electronic configuration.
	 l It shows the variation of properties of elements on moving across the period and down the group.
	 l Properties that reappear at regular intervals or with gradual variation (increase or decrease) are called periodic 

properties, the phenomenon is called as periodicity of elements. 
	 l The periodicity is usually due to recurrence of similar electronic configuration. In a specific group, the number 

of outermost electrons remains the same, so the valency also remains the same. Thus, the elements of same 
group have similar properties even though number of shells increase down the group.
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	 l Modern periodic table is easier to memorise, understand and reproduce.
 Drawbacks of Modern Periodic Table
	 l The position of hydrogen is not to full satisfaction as its properties belong to both group 1 and 17.
	 l It fails to give position to inner transition elements (lanthanides and actinides) in the main body of the periodic 

table.
 General Trends of Modern Periodic Table:
 Groups
	 l Number of shells increases linearly and the valence electrons remains equal to the number of the group to which 

the elements belong. Number of electron shells in a given element equals to the number of period to which it 
belongs.  

Element of group 17 No. of shells equates the period 
number

Electronic configuration

B 2 2, 7

Cl 3 2, 8, 7

Br 4 2, 8, 18, 7

I 5 2, 8, 18, 18, 7

At 6 2, 8, 18, 32, 18, 7

	 l Valency of all elements in a given group is the same. It remains equal to the number of the group to which the 
elements belong.

  Valency of group I A elements is 1
  Valency of group II A elements is 2
  Valency of group III A elements is 3
  (Group number 13; 13 – 10 = 3)
  Valency of group IV A elements is 4
  (Group number 14; 14 – 10 = 4)
  Valency of group V A elements is 3
  (Group number 15; 18 – 15 = 3)
  Valency of group VI A elements is 2
  (Group number 16; 18 – 16 = 2)
  Valency of group VII A elements is 1
  (Group number 17; 18 – 17 = 1)
  Valency of group Zero (or Group number 18) elements is 0.
	 l Elements of a given group show similar electronic configuration, thus similar physical and chemical 

properties, which change uniformly down the group. For e.g., In alkali metals, reactivity increases 
down the group.

  In halogens, reactivity decreases down the group.
I < Br < Cl < F →

Reactivity decreases

	 l Atomic size of consecutive element increases down the group due to the increase in the number of shells. For 
e.g., if we consider alkali metals,

Li < Na < K < Rb < Cs
Atomic size increases

→

C
	 l Metallic character increases down the group. For e.g., In Group 15 elements, metallic character increases down 

the group due to which oxides of elements become increasingly basic in nature.
  Elements of Group 15: N; P As; Sb Bi
  Character: non-metals metalloids metal
 l Hydrogen has been placed at the top of alkali metals as it has only one valence electron similar to alkali metals 

in their electronic configuration.
  But hydrogen atom is very small in size, and thus many of its properties are different from alkali metals. Thus, 

it has been ignored while discussing group I or alkali metals.
  In some periodic tables, hydrogen has not been placed in any group, it has been treated as a very special element 

and place at the head of the periodic table.

Li

Na

K

Rb

Cs
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 Periods
	 l On moving across the period from left to right, the number of shells remains the same. In 3rd period, number of 

shells remains three, which is equal to number of period.

Elements of the 3rd period Na Mg Al Si P S Cl Ar

Atomic No. 11 12 13 14 15 16 17 18

Electronic configuration 2, 8, 1 2, 8, 2 2, 8, 3 2,  8, 4 2, 8, 5 2, 8, 6 2, 8, 7 2,  8, 8
 l Number of electrons in the outermost shell increases from left to right in the given period.
	 l Valency of elements, with respect to hydrogen, increases linearly from 1 to 4 but again comes down to 1. But 

valency of elements, with respect to oxygen, increases from 1 to 7.
	 l Atomic size decreases from left to right along the period. As the number of protons increases along the period 

there will be an increase in the nuclear pull which results in decrease in the size. Hence, along the period, alkali 
atoms have the largest size and the halogens have smallest.

  Li > Be > B > C > N > O > F
	 l Properties of the elements depend on the number of electrons. As the number of electrons vary across the 

period, properties of elements also vary in a period. Reactivity initially decreases up to Group 14, then increases. 
Group I elements are most reactive metals while Group 17 elements are most reactive non-metals.

	 l Metallic character decreases gradually on moving from left to right across the period. Last element in each 
period is inert.

Li, Be, B, C, N, O, F, Ne

Metal Metalloid Non-metal

  Oxides of the elements become less basic and finally become acidic. e.g., consider oxides of third period elements.
 Oxides of the 3rd period

Na2O, MgO, Al2O3, P2O5, SO3, Cl2O7

(Acidic character increases)

 →

 Mnemonics
Concept Name: Different groups/  periods in periodic table
Mnemonics: Sheetal clear 2 exams in 1st attempt, Dhoni has 3 cars and 12 motorcycle, Priya bought 18 
oranges to feed 13 people. Lost Apple Found
Interpretations: 
s: s - block 1st and 2nd group
d: d - block 3 to 12
p: p - block 13 to 18
LAF: lanthanoids and actinoids-f block

Key Words
 Atomic number of an element is the number of unit positive charge present in the nucleus of an atom of a particular 

element.
 A tabular arrangement of elements in groups (vertical columns) and periods (horizontal rows) highlighting the 

regular trends in properties of elements is called a periodic table.
 Modern periodic law states that ‘physical and chemical properties of elements are a periodic function of their atomic 

numbers’.
 Groups are vertical columns in the periodic table.
 Periods are the horizontal rows in the periodic table.
 Representative elements are those elements which belong to Groups 1, 2, 13, 14, 15, 16, 17.
 Transition elements are those elements which belong to Groups 3 to 12.
 Elements of sixth and seventh periods of Group 3 are called inner-transition elements.
 Elements of the second period show resemblance in the properties of the elements of the next group of the third 

period showing a diagonal relationship are called bridge elements.
 The third period elements, Na, Mg, Al, Si, P, S and Cl summarize the properties of their respective groups and are 

called typical elements.
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Know the Facts
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Topic-2 Individual Groups in Periodic table

Revision Notes

 Group I (Alkali Metals)

 The alkali metals have only one electron in their outermost shell (valence shell). Thus, they are placed in IA group 
of periodic table.

 These metals are called so as they react with water to form hydroxides which are strong alkalies (bases soluble in 
water).

 Characteristics

 l Electronic configuration

Element K L M N O P Q

3Li 2 1

11Na 2 8 1

19K 2 8 8 1

37Rb 2 8 18 8 1

55Cs 2 8 18 18 8 1

87Fr 2 8 18 32 18 8 1

 l Occurrence: They are very reactive and do occur free in nature.

 l Nature: They are soft, can also cut with knife and has low melting and boiling points.

 l Bonding: They are ionic in nature (except some salts of lithium).

 l Action of air: Rapidly react with oxygen and air. Reactivity increases down the group.

  4Na + O2 → 2Na2O

  Na2O + H2O → 2NaOH

  2NaOH + CO2 → Na2CO3 + H2O

 l Action of water: Violently react with water liberating hydrogen.

  2M + 2H2O → 2MOH + H2

 l Action of acids: Violently react with dil. HCl, dil. H2SO4, liberating hydrogen.

  2M + 2HCl → 2MCl + H2

 l They form uni-positive ions easily and are strong reducing agents.

  M →  M1+ + e–

 l When freshly cut they show silvery white but becomes dull due to their reaction with air.

 l Their salts impart colour to flame like, (lithium-crimson red; sodium- golden yellow; potassium- pale violet).

 Group II (Alkaline Earth Metals)

 l	 The alkali earth metals have two electrons in their outermost shell (valence shell). Thus, they are placed in IIA 
group of periodic table.

 l	 These metals are called so as their metal oxides are present in earth’s crust and their hydroxides are weak 
alkalies.

 Characteristics

 l Electronic configuration



Oswaal ICSE Revision Notes Chapterwise & Topicwise, CHEMISTRY, Class-IX42

Element K L M N O P Q

4Be 2 2

12Mg 2 8 2

20Ca 2 8 8 2

38Sr 2 8 18 8 2

56Ba 2 8 18 18 8 2

88Ra 2 8 18 32 18 8 2

 l Occurrence: They are reactive but less than metals and do not occur freely in nature.

 l Nature: They are greyish white, harder than metals. Have low melting and boiling points, but higher than 
alkali metals.

 l Bonding: All are ionic (except beryllium).

 l Action of air: Less reactive than alkali metals. Reactivity increases moving down the group.

 l Action of water: They react with water, liberating hydrogen.

  M           +   2H2O → M(OH)2 + H2

                                         (Any alkaline earth metal)                          (Alkali)

 l Action of acids: They react with dil. HCl, dil. H2SO4, liberating hydrogen.

  M + 2HCl → MCl2 + H2

  M + H2SO4 → MSO4 + H2

 l They form dipositive ions easily and are strong reducing agents.

  M → M2++ 2e– 

 l Except beryllium and magnesium, all impart colour to flame. Calcium-brick red;Strontium-Crimson; Barium-
Apple green; Radium-Crimson.

	 Group VIIA or Group 17 (Halogens)

 Group VII A or Group 17 are called halogens. They are called so as the meaning of halogens (in Greek halo means sea 
and saltogens = producing thus known as sea salt formers).

 Characteristics

 l Electronic configuration: They have seven electrons in their valence shell.

Element K L M N O P Q

9F 2 7

17Cl 2 8 7

35Br 2 8 18 7

53I 2 8 18 18 7

85At 2 8 18 32 18 7

 l They are most reactive non-metals with reactivity decreasing down the group. Fluorine is most reactive and 
Astatine is least reactive.

 l Melting and boiling points increases steadily as we go down the group. Fluorine gas, Chlorine-gas; Bromine-
liquid; Iodine-solid; Astatine-radioactive rare element.

 l Their colour intensity also increases form pale to dark. Fluorine-pale yellow gas; Chlorine- greenish yellow 
gas; Bromine-reddish yellow liquid; Iodine-violet solid.

 l All are poisonous and have pungent, unpleasant odour.

 l They are all diatomic molecules, F2, Cl2, I2, Br2. They all have valency one and form compounds with similar 
formulas (HCl, HBr, HI). They are known as halides.

 l They react directly with metals forming metal halides.

 l They all form negative ions with single negative charge.
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 Group Zero or Group 18 (Noble gases)

 Earlier the noble gases were unknown due to their lack of reactivity. But on analysis of gases in air lead to the 
discovery of argon. Helium from the light of sun during eclipse by spectroscopy and others were also found. William 
Ramsay isolated these gases.

 Characteristics
 l Electronic configuration: They have eight electrons in their valence shell except helium which has only two 

electrons.

Element K L M N O P Q

2He 2

10Ne 2 8

18Ar 2 8 8

36Kr 2 8 18 8

54Xe 2 8 18 18 8

86Rn 2 8 18 32 18 8

 l All are colourless, odourless and tasteless gases. They are not supporter of combustion and are not inflammable.
 l As their electronic configuration is stable, they are monoatomic.
 l They are very difficult to liquify.
 l They are slightly soluble in water, but solubility increases from He to Rn.
 l On passing electrical discharge through them, they emit coloured light.
 l Their melting and boiling points are extremely low.
 l Uses of Noble gases (due to their unreactive nature).
   Helium is used in airships and balloons as it is light and unreactive.
   Argon is used to fill light bulbs as it does not react with filament at high temperature.
   For bright coloured advertisement light works called ‘neon lights’ these noble gases are used.
 Uses of Periodic Table:
 l It is helpful in prediction of new elements.
 l In the past, it was very useful for correcting the properties of elements.
 l Study of elements and its compounds has become easier.
 l Position of an element in the periodic table gives details about its
  (i) atomic number
  (ii) electronic configuration
  (iii) number of valence electrons
  (iv) properties
  (v) nature of the element (whether metal, non-metal)
 l The nature of the chemical bond formed, formula of its compounds, properties of that compound can be 

predicted from periodic table.

Key Words

 Alkali metals are those metals which react with water to form hydroxides which are strong alkalies.
 Alkali earth metals are those metals their oxides occur in earth’s crust and their hydroxides are weak alkalies.

Know the Facts
 Features of the Modern Periodic Table
 Periods:
 Period – 1 : Shortest period – contain 2 elements – 1H and 2He
 Period – 2 : Short period – contain 8 elements – 3Li, 4Be, 5B, 6C, 7N, 8O, 9F, 10Ne,
 Period – 3 : Short period – contain 8 elements – 11Na, 12Mg, 13Al, 14Si, 15P, 16S, 17Cl, 18Ar
 Period – 4 & 5 : Long periods  – contain 18 elements each.
 Period – 6 : Longest period – contains 32 elements.
 Period – 7 : Incomplete period.
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 Characteristics of periods:
 There are seven horizontal periods.
 l Elements of the same period have the same number of electron shells.
 l Elements  in the outermost shell change progressively for elements of the same period.
 Groups:
 There are 18 vertical columns numbered 1 to 18.
 l Group 0 [zero] or group 18 – contains noble gases: He, Ne, Ar, Kr, Xe and Rn
 l Group 1 – contains hydrogen and alkali metals Li, Na, K, Rb, Cs and Fr.
 l Group 2 – contains alkaline earth metals.
 l Group 3 – to group 12 – contain transition metals. In Group 3, period 6 and period 7 are known as inner 

Transition metals  (Lanthanides and Actinides)
 l Group 17 – contains halogens F, Cl, Br, I and At
 Characteristics of groups:
 (i) Elements of the same group have the same number of valence electrons, i.e., they have the valency and that 

show similar chemical properties.
 (ii) Electron shells increase down a group:
  Metallic and non-metallic character
  Metallic character decreases across a period (left  to right) and increases down a group (top to bottom). Non-

metallic character increases across a period (left  to right) and decreases down a group (top to bottom)
 l Use of the periodic table: Position of elements, their properties, nature of compounds formed can  be 

determined.

CHAPTER-6
STUDY OF THE FIRST ELEMENT-HYDROGEN

Topic-1 Hydrogen and its Laboratory Preparation

Revision Notes
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Periodic Table

 Hydrogen is the first element in the periodic table as its atomic number is 1 and it belongs to first group and the first 
period of the periodic table.

 l	 Hydrogen was discovered by Henry Cavendish.

	Hydrogen, in free state is found in earth’s crust (0.98%) and in the atmosphere (0.01%). Also, found in volcanic 
gases (0.025%), atmosphere of sun and stars (1.1%). It is found in water, organic compounds in combined state.

 l	 Hydrogen has properties similar to that of Alkali metals and Halogens.

 There is an anomaly when it comes to the position of Hydrogen in the periodic table as it can be placed either in 
group I or 17 group of the first period.

 l	 Hydrogen is highly combustible gas. Hence, it is called as inflammable air.
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 	 Reasons for abnormality regarding the position of hydrogen:

 l Hydrogen can show properties same as alkali metals and it has one electron in its valence shell just like alkali 
metals, it loses one electron to form cation. 

  Like alkali metals, it combines with oxygen, sulphur and halogens to form similar compounds.

 l Hydrogen also shows similar properties to halogens. It exists as a diatomic molecule (H2), just like halogens 
which exist as X2. (X = F, Cl, Br, I). 

	 l	 Hydrogen combines with metals and non-metals to form covalent compounds.
	Preparation of Hydrogen
 l Hydrogen is prepared by displacement reaction of metals. In laboratory, hydrogen is prepared by the action of 

dilute sulphuric acid on zinc.
  Zn + H2SO4 → ZnSO4 + H2

 l	 Metals like potassium and sodium react violently with cold water. In case of sodium and potassium, the reaction 
is so violent and exothermic, that evolved hydrogen immediately catches fire.

  2Na + 2H2O →  2NaOH + H2

 l	 A chunk of calcium metal is dropped into a beaker of distilled water. After a second or so, the calcium metal 
begins to bubble vigorously as it reacts with the water, producing hydrogen gas, and a cloudy white precipitate 
of calcium hydroxide. When calcium reacts with hot water, hydrogen gas is released; this makes it float on the 
surface of water.

  Ca + 2H2O →  Ca(OH)2 + H2

 l	 Magnesium virtually has no reaction with cold water. It reacts slowly with hot water to give hydrogen gas and 
white magnesium hydroxide, which is only slightly soluble in water.

  Mg + H2O →  Mg(OH)2 + H2

        Hot water
 l	 Magnesium burns in steam with intense white light to produce white magnesium oxide, which crumbles down 

with liberation of hydrogen gas.
  Mg(s)+H2O(g) →  MgO(s) + H2(g)  

                   Steam
 l	 Aluminium apparently does not react with steam. It is because aluminium metal is usually coated with a very 

inert protective layer of Al2O3.

  3Al + 3H2O 
800° →C Al2O3 + 3H2

 l	 When zinc reacts with steam, zinc oxide and hydrogen gas are produced. The reaction is similar to the one 
between magnesium and steam but is slower. The zinc reacts slower with the steam than magnesium and does 
not glow brightly as it is converted to zinc oxide.

  Zn + H2O →  ZnO + H2

 l	 Iron does not react with water in the ordinary temperature. It reacts only with steam. Red hot iron reacts with 
steam forming tri-ferric tetra-oxide and hydrogen gas.

  3Fe + 4H2O   Fe3O4 + 4H2 
 	 This reaction is reversible because if the formed hydrogen is not removed, then the formed iron oxide is reduced 

back to iron.
 l	 When steam is passed over red-hot coke (non-metal), water gas (CO + H2) is formed.
  C + H2O  CO + H2

                                           Water gas
	Activity Series 
 l	 The activity series of metals is a vertical list of metals, arranged in the decreasing order of their 

reactivity in the form of series, this is also called as reactivity series. 
 l	 The metals which are higher in the list are more reactive than the ones below them. Potassium, 

sodium, calcium, magnesium, aluminium and zinc are on the top of the list and displace hydrogen 
from dilute acids. 

 l	  Iron, nickel, tin and lead are below zinc and they react gently with dilute acids, displacing hydrogen. 
All the above are placed above hydrogen and hence, they displace hydrogen from acids.  

 l	 Copper, mercury, silver and gold are placed below hydrogen, are less reactive and hence, these 
cannot displace hydrogen from acids. 

  For example, Mg + 2HCl → MgCl2 + H2

  Zn + H2SO4 → ZnSO4 + H2 
  Zn + 2HCl → ZnCl2 + H2

K
Na
Ca
Mg
Al
Zn
Fe
Pb
[H]
Cu
Hg
Ag
Au
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  Fe +  2HCl → FeCl2 + H2

  2Al + 3H2SO4 → Al2(SO4)3 + 3H2    
  Cu + HCl → No reaction
  Cu + H2SO4 → No reaction   
 l	 Zinc is the most suitable metal which can be used in the lab, as the reaction is vigorous but not violent. Zinc is 

placed above hydrogen in the activity series and hence, can displace Hydrogen from dilute acids like HCl. 
 l	 Though lead is above hydrogen in the activity series, it does not react with dilute hydrochloric acid or dilute 

sulphuric acid because it forms an insoluble coating of lead sulphate or lead chloride, which prevents the 
further reaction.    

 l	 Copper is placed below Hydrogen and hence, cannot displace Hydrogen from HCl. Magnesium is highly 
expensive and hence is not a preferred option. Sodium reacts violently with acids and is very dangerous.  

 l	 Zinc and aluminium are considered to have a unique nature because they can react with acids and hot 
concentrated alkalis to form hydrogen and a soluble salt.

  Zn + H2SO4 → ZnSO4  + H2
  2Al + 3H2  SO4 → Al2 (SO4)3  + 3H2
  Zn + 2NaOH → Na2ZnO2 + H2
                                                Sod. Zincate
  2Al + 6NaOH → 2Na3AlO3 + 3H2
  (fused)                 Sod. aluminate                 
  As zinc and aluminium are amphoteric, their oxides react with both bases and acids to give salt and water.
  ZnO + 2HCl → ZnCl2 + H2O
  ZnO + 2NaOH → Na2ZnO2 + H2O                  
  Laboratory preparation of Hydrogen          
  Hydrogen is prepared in laboratory by the action of dilute hydrochloric acid on granulated zinc.
  Zn + 2HCl → ZnCl2 + H2 ↑

                           

Hydrogen

Water

Dilute Sulphuric Acid/
Dilute Hydrochloric Acid

Thistle Funnel (or Dropping Funnel)

Zinc

	Hydrogen is collected by the downward displacement of water because it is insoluble in water and it forms an 
explosive mixture with air. 

	Hydrogen gas evolved is colourless and odourless and neutral to litmus. Hydrogen gas burns with a pale blue 
flame when a burning splinter is brought near it.

	Apparatus for laboratory preparation of hydrogen should be air-tight and away from a naked flame because 
mixture of hydrogen and air explodes violently, when brought near a flame.  

	Hydrogen sulphide (H2S), sulphur dioxide (SO2), oxides of nitrogen, phosphine (PH3), arsine (AsH3), carbon dioxide 
and water vapour are the impurities present in the hydrogen, when prepared in the laboratory. 

	The impurities can be removed from hydrogen by passing it through
  Silver nitrate solution to remove arsine and phosphine.
  AsH3 + 6AgNO3 → Ag3As + 3AgNO3 + 3HNO3
  PH3 + 6AgNO3 → Ag3P + 3AgNO3 + 3HNO3
  Lead nitrate solution to remove hydrogen sulphide.
  Pb(NO3)2 + H2S → PbS + 2HNO3
  Caustic potash solution to remove sulphur dioxide, carbon dioxide, and oxides of nitrogen.
  SO2 + 2KOH → K2SO3 + H2O      
  CO2 + 2KOH → K2CO3 + H2O      
  2NO2 + 2KOH → KNO2 + KNO3 + H2O
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	To collect dry hydrogen, the apparatus has to be modified by passing the pure gas through a U-shaped drying tube, 
filled with a drying agent (usually an anhydrous salt) to remove water vapour. 

	The drying agent used for this purpose is Calcium Chloride (CaCl2) or Sodium sulphate (Na2SO4) or phosphorous 
pentoxide.  

	Concentrated sulphuric acid is not used, as hydrogen is not released in the reaction, rather it gets converted into 
water and sulphur dioxide is formed.

 H2SO4 + H2 → 2H2O + SO2
	Nitric acid (both concentrated and dilute) is not used, as again in this case, hydrogen is not released in the reaction. 

Since nitrates are formed, when zinc reacts with nitric acid, these nitrates being strong oxidizing agents, oxidizes 
formed hydrogen into water.

 Zn + conc. 2H2SO4 → ZnSO4 + SO2 + 2H2O
 3Zn + 8HNO3 → 3Zn(NO3)2  + 4H2O + 2NO   
	Magnesium and manganese are the only metals reacts with very dilute nitric acid at low temperature to produce 

hydrogen.
	Bosch process
 (1) It is the process used to prepare dihydrogen commercially. Steam is passed through hot coke (1000°C) in 

furnace, which is an endothermic reaction where water gas is produced.

C + H2O 1000° →C  (CO + H2) – D

 (2) The water gas is mixed with steam and over ferric oxide acting as catalyst with chromic oxide as promoter, 
produces hydrogen gas, which is an exothermic reaction.

(CO + H2) + H2O 
Fe O

C
2 3

450° →
 
CO + 2H2 + D

 (3) The above mixture is forced through cold water under pressure (30 atm.), where CO2 is dissolved and is 
removed leaving behind H2.

2KOH + CO2 → K2CO3 + H2O
 (4) We can obtain hydrogen from a mixture of hydrogen and carbon monoxide by passing the mixture through 

ammoniacal cuprous chloride solution in order to dissolve any uncombined carbon monoxide.
CuCl + CO + 2H2O → CuCl.CO.2H2O

 Commercially hydrogen is also obtained by electrolysis of acidulated water.

Key Words

	An equilibrium, that is attained through a chemical change is known as chemical equilibrium.
	The activity series of metals is a vertical list of metals, arranged in the decreasing order of their reactivity in the 

form of series, this is also called as reactivity series.
	Metals which react with both bases and acids to give salt and water are called as amphoteric.

Know the Facts
	Symbol = H Relative atomic mass = 1
 Molecular formula = H2 Relative molecular mass = 2
 Valency = 1 Atomic number = 1
 Electronic configuration: 1 (K shell)
 Position in Periodic Table: 1st Period; 1A Group

Topic-2 Properties of Hydrogen, Oxidation and Reduction

Revision Notes

Properties of Hydrogen
(i) Physical Properties
 1. Colour : Colourless
 2. Odour : Odourless
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 3. Taste : Tasteless
 4. Physiological nature : Non-toxic
 5.  Density :  0.0899 g/mL. It is the lightest known gas. It is 14.4 times less dense than air.
 6. Solubility : Very slightly soluble in water.
    [1 L of water dissolves about 20 mL of the gas under normal conditions].
 7. Liquefaction : Liquifies at below – 240°C under pressure of about 20 atmosphere.
 8. Occlusion : Hydrogen is readily adsorbed by palladium or platinum or nickel at room temperature.
  This phenomenon is called occlusion or adsorption.
(ii) Chemical properties
 Hydrogen is highly reactive, it reacts with metals, non-metals, metallic oxides and even with organic compounds at 

specific conditions.
(iii) Reaction with non-metals
 A large volume of air (due to the presence of oxygen) mixture causes a dangerous explosion leading to serious 

damage and injuries. Thus, hydrogen-oxygen mixture is called detonating mixture.

Reactants Equations Conditions and Observations

1. Oxygen [air]
 and hydrogen

2H2 + O2 → 2H2O
                         Water

Hydrogen burns (in presence of electric spark) with a ‘pop’ sound in 
oxygen and with a pale blue flame, forming water. Pure hydrogen burns 
quietly in air.

2. Chlorine and
 hydrogen

H2 + Cl2 → 2HCl
                         (hydrogen
                      chloride

Equal volumes of hydrogen and chlorine react slowly in diffused 
sunlight but explosively in direct sunlight.
This is because a spontaneous reaction takes place, with the release of 
a large amount of energy. However, hydrogen continues to burn in 
chlorine.

3. Nitrogen and
 hydrogen
   (Haber's process)

N2 + 3H2  2NH3

                         (ammonia)
Three volumes of hydrogen and one volume of nitrogen react at a 
temperature or 450-500°C. pressure 200-900 atm, in the presence of a 
catalyst, finely divided iron with molybdenum as promoter.

4. Sulphur and
 hydrogen

H2 + S → H2S Hydrogen gas, when passed through molten sulphur, reacts to give 
another gas (hydrogen sulphide).

(iv) Reaction with metals

Reactants Equations Observations

Hydrogen and: Reactants   Products

1. Potassium
2K + H2 

∆ →  2KH
Dry hydrogen, when it is passed over heated metals (K, Na, Ca) 
reacts to give their corresponding hydrides, i.e, sodium hydride. 

2. Sodium 2Na + H2 
∆ →  2NaH

3. Calcium
Ca + H2 

∆ →  CaH2

Potassium or sodium or calcium hydride are formed.

CaH2 + 2H2O →
 Ca(OH)2 + 2H2

The hydrides thus, formed further react with water to form hydrogen

(v) Reaction with metallic oxides
 Hydrogen gas is a strong reducing agent.

Metallic + Hydrogen 
∆ →  Metal + Water oxide Colour changes as metal oxide changes to metal

Fe2O3 + 3H2 
∆ →  2Fe + 3H2O

Brown to grey

Fe3O4 + 4H2 
∆ →  3Fe + 4H2O

Brown to grey

PbO + H2 
∆ →  Pb + H2O

Yellow to silvery grey

CuO + H2 
∆ →  Cu + H2O

Black to reddish brown

4. In the presence of nickel as catalyst, hydrogen combines with organic compounds directly which have double or 
triple bonds and adds hydrogen atoms across the double bonds between the carbon atoms. This process is called 
hydrogenation.
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     H2C    =   CH2   +  H2   →   C2H6

 Ethylene                                        Ethane
     HC    ≡   CH   +  2H2   →   C2H6

 Acetylene                                     Ethane
	Uses of Hydrogen
 l It is used as a fuel in the form of coal gas, water gas, liquid hydrogen.
 l It is used as oxy-hydrogen torch – used for cutting and welding metals.
 l It is used as atomic hydrogen torch – used for welding alloys containing metals like tungsten, chromium and 

manganese.
 l It is used in self-lightning gas jets and automatic lighters.
 l	 Used for producing ammonia, hydrogen chloride and methyl alcohol in the Haber’s Process.
 l It is used in the hydrogenation of vegetable oil.
 l It is used for producing artificial petrol from coal.
 l It is used in the extraction of metals (except sodium, potassium, aluminium, calcium and magnesium).
 l It is used in meteorological balloons to study weather conditions.
	Oxidation and Reduction
 Oxidation is a process in which an atom or ion loses an electron(s). It is also a chemical process that involves: 
	Addition of oxygen
 l Addition of electronegative ion
 l Removal of hydrogen
 l Removal of electropositive ion (element)
 Example: Zn → Zn2+ + 2e–

	Oxidizing agent
 The substance that oxidises other substance by getting itself reduced is termed as oxidizing agent.
	Examples of oxidizing agent
 (i) Solids: Manganese dioxide, potassium permanganate, potassium dichromate etc.
 (ii) Liquids: Hydrogen peroxide, conc. nitric acid, conc. sulphuric acid, bromine etc.
 (iii) Gaseous: Oxygen, ozone, chlorine etc. 
	Tests for oxidizing agents
 Oxidizing agents respond as below:
 (i) On heating strongly, they liberate oxygen and rekindles a glowing splinter.
 (ii) They form a yellow precipitate of sulphur when hydrogen sulphide is bubbled through their solutions.
 (iii) On warming with conc. hydrochloric acid, they liberate chlorine, which bleaches moist litmus paper.
 (iv) On reaction with acidified potassium iodide solution, they liberate iodine, which imparts blue colour to the 

freshly-prepared starch solution.
	Reduction is a process in which an atom or ion gains electrons. It is also a chemical process that involves: 
 l Removal of oxygen
 l Addition of electropositive ion
 l Addition of hydrogen
 l Removal of electronegative ion 
 Example: Cu2+ + 2e– → Cu
	Reducing agents
 The substance that reduces other substance by getting itself oxidized is termed as reducing agent.
	Examples of reducing agents
 (i) Solids: Carbon, metals like zinc, aluminium, copper and sodium, glucose etc.
 (ii) Liquids: Hydrogen peroxide, hydrogen iodide, hydrogen bromide etc.
 (iii) Gaseous: Hydrogen sulphide, carbon monoxide etc.
	Tests for reducing agents
 Reducing agents respond as below:
 (i) They decolourise the pink colour of dilute potassium permanganate solution and change colour of acidified 

potassium dichromate colour from orange to green.               
 (ii) They give brown fumes of nitrogen dioxide when warmed with nitric acid.
 (iii) They convert black copper (II) oxide, on heating, to a red copper metal.
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 (iv) They change light yellow colour of iron (III) salts in solution to light green colour.
	Redox reactions
 In a chemical reaction, if oxidation takes place then subsequently reduction also take place because electrons that 

are lost during oxidation are at the same time gained during reduction and vice-versa. This type of reaction is called 
as redox reaction.

OR
 A reaction in which oxidation and reduction takes place simultaneously is known as a redox reaction.
 Let us take an example, 
 When zinc reacts with copper sulphate solution to form zinc sulphate and copper.
  CuSO4 + Zn → ZnSO4 + Cu
  Cu2+SO4

2– + Zn → Zn2+ SO4
2– + Cu 

 They occur simultaneously as

 

Cu + Zn Zn + Cu2+ 2+��

Oxidation

Reduction

Key Words
 

	In the presence of nickel as catalyst hydrogen combines with organic compounds directly which have double or 
triple bonds and adds hydrogen atoms across the double bonds between the carbon atoms. This process is called 
hydrogenation.

 Oxidation is a process in which an atom or ion loses an electron.
 l	Reduction is a process in which an atom or ion gains an electron.
 l	The substance that oxidises other substance by getting itself reduced is termed as oxidizing agent.
 l	The substance that reduces other substance by getting itself oxidized is termed as reducing agent.
 l	A reaction in which oxidation and reduction takes place simultaneously is known as redox reaction.

CHAPTER-7
STUDY OF GAS LAWS

Topic-1 Properties of Gases, Boyle's Law

Revision Notes

 All gases show uniform behaviour under similar conditions of temperature and pressure irrespective of their 
chemical nature or colour or odour. This forms the basis of the Gas Laws.

 The state of matter in which the inter-particle attraction is weak and inter-particle space is so large that the particles 
become completely free to move randomly in the entire available space is known as gas.

 The kinetic theory explains behaviour and characteristic properties of gases:
 1. Gases are made up of negligibly small sized particles compared to the volume occupied by gas are called 

molecules, moving in all possible directions with all possible speeds.
 2. The gas molecules due to negligible force of attraction, are free to move in whole space available and are 

restricted only by the wall of container, hence they attain the shape of the containing vessel.
 3. The molecules of gas collide with each other and also with the walls of the container. Due to this collision, gas 

molecules exert pressure. They exert same pressure in all directions.  
 4. There is large inter-molecular spaces between gas molecules and thus, results in the high compressibility of 

gases.
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 5. Gases on decrease in pressure and increase in temperature show increase in volume, thus gases are highly 
expansible.

 6. In gases due to large inter-molecular spaces, number of molecules per unit volume is very small compared to 
solids and liquids. Thus, gases have low density.

 7. Gases due to large inter-molecular spaces, have a natural tendency to mix with another gas forming a 
homogenous mixture.

 8. On cooling, the inter-molecular spaces between gas molecules reduces and the gas molecules come closer 
resulting in liquefaction of gases.

 The temperature scale with its zero at – 273.15°C and whose each degree is equal to one degree on the Celsius scale, 
is called the Kelvin or absolute scale of temperature. The temperature – 273°C is called absolute zero.  

 The behaviour of a gas under known conditions of volume, temperature and pressure is described by Gas Laws.
	Standard variables of Gas Laws are (i) volume (V) (ii) pressure (P) (iii) temperature (T).
 SI units of these variables are:
 Volume: Cubic metre (m3)
 Pressure: Pascal (Pa)
 Temperature: Kelvin (K) 
	Pressure and volume relationship in Gases
 1. An increase in pressure at constant temperature causes a decrease in the volume of a gas; conversely, if the 

volume of a fixed mass of a gas at constant temperature is decreased, the pressure of the gas increases.
 2. A decrease in pressure at constant temperature causes an increase in the volume of a gas; conversely, if the 

volume of a fixed mass of a gas at constant temperature is increased, the pressure of the gas decreases.
 Boyle’s Law states that the volume of a given mass of a dry gas is inversely proportional to its pressure at constant 

temperature.
 The mathematical expression of Boyle’s law is:
 P1V1 = P2V2 = k; at constant temperature.
 Graphical verification of Boyle's Law
 The law can be verified by plotting a graph

 
(i) V vs

 

1
P      

(ii) V vs P      (iii) PV vs P

 
(i) V vs

 

1
P

:
 
a straight line passing through the origin is obtained.
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Variation in volume (V) plotted against  1/P at constant temperature.
 (ii) V vs P: a hyperbolic curve in the first quadrant is obtained.
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Variation in volume (V) plotted against  (P) at constant temperature.
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 (iii) PV vs P: a straight line is obtained parallel to the pressure axis

           

54321
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Variation in PV plotted against P at a constant temperature

 Significance of Boyle's Law
 On increasing pressure, volume decreases. The gas becomes denser. Thus, at constant temperature, the density of a 

gas is directly proportional to its pressure.
 Atmospheric pressure is low at high altitudes, so, air is less dense. Thus, lesser oxygen is available. Hence, 

mountaineers carry oxygen cylinders with them.

 Mnemonics
Concept Name: Boyles Law
Mnemonics: : Boys like playing in volley ball 
tournament constantly
Interpretations: 
B: Boyles

L: Law
P: Pressure
I: inversely proportional
V: volume
T: temperature
C: Constant

Key Words

 The state of matter in which the inter-particle attraction is weak and inter-particle space is so large that the particles 
become completely free to move randomly in the entire available space is known as gas.

	Diffusion is the process of gradual mixing of two substances, kept in constant by molecular motion.
	The temperature scale with its zero at –273.15°C and whose each degree is equal to one degree on the Celsius scale, 

is called the Kelvin or absolute scale of temperature.
	The behaviour of a gas under known conditions of volume, temperature and pressure is described by laws known 

as Gas Laws.
	The volume (V) of a gas is the space occupied by that gas. The space occupied by a gas is equal to the volume of its 

container.
	The pressure (P) of a gas is the force that the gas exerts per unit area on the walls of its container.
 The pressure exerted by air (present in the atmosphere) on the surface of the earth is called atmospheric pressure.
 Standard pressure of one atmosphere (1 atm) is defined as the pressure exerted by 76 cm of mercury at 0°C and at 

standard gravity of 9.5 ms–2 (density of mercury = 13.5951 g cm–3).
 Pascal (Pa) is defined as the pressure exerted when a force of 1 Newton acts on an area of 1 m2.
 The temperature (T) of a gas is defined as the degree of hotness of that gas.
 Boyle’s Law states that the volume of a given mass of a dry gas is inversely proportional to its pressure at constant 

temperature.

Know the Facts
	The temperature – 273°C is called as absolute zero.
 Units of volume:
 In S.I. system, volume of a gas is measured in cubic metre (m3). Other units are:
 (i) cubic centimetre (cm3).
 (ii) millilitre (mL)
 (iii) cubic decimetre (dm3)
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 (iv) litre (L)
 Relationship between units:
 1 m3 = 1000 dm3 = 1000 litres
 1 Litre = 1000 mL = 1000 cm3.
 The S.I. unit of pressure is Pascal (Pa)
 Units of pressure:
 (i) Pascal (Pa)
 (ii) Atmosphere (atm)
 (iii) (a) in centimetre (cm Hg),
  (b) in millimetre (mm Hg),
  (c) in torr (named after Torricelli),
 Relationship between these units:
 1 atm = 76.0 cm Hg = 760 mm Hg
   = 760 torr
 The S I unit of temperature is Kelvin.
	Relationship between Kelvin and degree Celsius is
	 Kelvin (K) = °C + 273.
	Boyle’s law: P1V1 = P2V2 = k; at constant temperature.

Topic-2 Charles's Law, The Gas Equation

Revision Notes

 Charles’s Law states that the volume of a given mass of a dry gas is directly proportional to its absolute temperature 
at constant pressure.

 The mathematical expression to Charles’s law is,

 V ∝ T and
 

V
T  

= k (where k is constant)

 The Charle’s law equation is,

 

V
T

1

1  
=

 

V
T

2

2  
= k (at constant pressure)

 According to this equation,
 (i) If the temperature is doubled, the volume would be doubled.
 (ii) If it is reduced by half, the volume would also be reduced by half.
 Graphical representation of Charles's law:
 The relationship between volume and temperature of a gas can be plotted on a graph, as shown in a straight line is 

obtained.

100°C

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

–273°C –200°C –100°C 0°C 200°C 300°C 400°C

Temperature (°C)

V
o

lu
m

e
(m

L
)

Graph showing volume – temperature relationship in a gas (at constant pressure)



Oswaal ICSE Revision Notes Chapterwise & Topicwise, CHEMISTRY, Class-IX 55

 Significance of Charles's Law
 Volume of a given mass of a gas is directly proportional to its temperature, hence density decreases with an increase 

in temperature.
 That’s why hot air is filled in balloons used for meteorological purposes.
 According to Charles’s law, 

 
V = V0

273
273
+








t

 
Volume at – 273°C = V0

273 273
273
-








 l	It was concluded that the volume of a gas would be reduced to zero at –273°C. But as gas is one of the states 
of matter, it must have some definite mass and volume. It cannot have volume zero at -273°C. Gases liquify or 
solidify before reaching this temperature. 

 l	Theoretically, this is the lowest temperature that can ever be reached. Practically, this temperature is impossible 
to attain. Thus, this led to the concept of absolute scale of temperature.

 l	The temperature – 273°C is called absolute zero. The temperature scale with its zero at -273.15°C and whose 
each degree is equal to one degree on the Celsius scale, is called the Kelvin or absolute scale of temperature. 
Significantly, all values on Kelvin or absolute scale are positive.  

 l	Conversion of Temperature from Celsius scale to Kelvin Scale and Vice-Versa
 l	The Kelvin scale is related to the Celsius scale. The difference between the freezing and boiling points of water is 

100 degrees in each, so that the Kelvin has the same magnitude as the degree Celsius.
 The relationship between °C and K is that, the value on the Celsius scale can be converted to Kelvin scale by adding 

273 to it. 
   Kelvin (K) = °C + 273.
   e.g. 0°C = 0 + 273 = 273 K.
         100°C = 100 + 273 = 373 K
 Kelvin scale values can be converted to degree Celsius values by subtracting 273 from it.
   0 K = 0 – 273 = – 273°C
   273 K = 273 – 273 = 0°C (freezing point of water or ice point)
   13 K = 13 – 273 = – 260°C
   373 K = 373 – 273 = 100°C (boiling point of water)
 The Gas Equation or The Ideal Gas Equation (pressure, temperature and volume relationship)

 According to Boyle's law, V ∝
 

1
P

 and according to Charle's law, V ∝ T
 Now, on combining the two laws, volume of a given mass of a gas varies inversely with pressure and directly with 

absolute temperature.

   V =
 

1
P

 × T

 or  V = 
T
P

 × constant

 
or

  

PV
T  

= constant

 According, if the volume of a given mass of a gas changes from V1 to V2, its pressure from P1 to P2, and its 
temperature from T1 to T2, then

P V
T

P V
T

1 1

1

2 2

2
=

 The above mathematical expression is called the gas equation. This equation is used for calculating changes in gas 
volume when both its pressure and temperature change.

 Standard Temperature and Pressure
 Volume of a gas is dependent on temperature and pressure. The change in pressure or temperature changes the 

volume of a gas. Hence, while expressing the specific volume of a gas, it is necessary to specify both its pressure and 
its temperature.
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 The temperature of 0°C or 273 K, the pressure of 760 mm Hg or 1 atm is considered as standard temperature and 
pressure. These standard values are known as standard temperature and pressure (S.T.P).

 Effect of Moisture on Pressure
 When the gas is collected over water, it is moist and contains water vapour. The total pressure exerted by this moist 

gas is equal to the sum of the partial pressure of the dry gas and the pressure exerted by water vapour. Partial 
pressure of water vapour is also known as aqueous tension.

Gas

Atmospheric pressure

Collecting of gas over water
   Ptotal = Pgas + Pwater vapour
   Pgas = Ptotal – Pwater vapour

   Actual Pressure of gas = Total pressure – Aqueous tension

Key Words
 Charles’s Law states that the volume of a given mass of a dry gas is directly proportional to its absolute temperature 

at constant pressure.
 A mathematical expression describing the simultaneous effect of changes in temperature and pressure on volume 

of a given mass of a gas is called Gas Equation.
 Partial pressure of water vapour is also known as aqueous tension.
 Partial pressure is the pressure, the gas would exert if it is filled in the vessel at the same temperature and pressure.

Know the Facts

 l	 The Charles’s law equation is,
 

V
T

V
T

1

1

2

2
=

 
= k (at constant pressure)

 l	 Kelvin (K) = °C + 273.
 l	 Ideal Gas Equation

P V
T

P V
T

1 1

1

2 2

2
=

 l	 Standard temperature is 273 K or 0°C.  
 l	 Standard pressure is 1 atmosphere (atm) or 760 mm Hg.   
   Ptotal = Pgas + Pwater vapour
   Pgas = Ptotal – Pwater vapour

   Actual Pressure of gas = Total pressure – Aqueous tension

CHAPTER-8
ATMOSPHERIC POLLUTION

Revision Notes

	The presence or introduction of harmful or poisonous substances in our surroundings that effect the environment 
is called as pollution or environmental pollution.

 Toxic or harmful substances that have harmful effect on the environment and life forms are known as pollutants.
 Volcanoes, decaying vegetation, forest fires and dust storms are natural sources of air pollution.
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 Automobiles, factories, industrial processes and decay of crop residue in rural areas are sources of man-made 
sources of air pollution.  

 Degradation of air quality due to increase in concentration of harmful contaminants that affects living beings is 
called as air pollution.  

 The components of clean dry air are given below :
       Gaseous component of ‘ordinary’ dry air (non-polluted)

Pure air components (by volume) percent
proportion

Concentration ppm
(parts per million)

Nitrogen 78.08 780,900

Oxygen 20.94 209,400

Inert gases
Argon 0.93 9300

Neon 18

Helium 5

Krypton 1

Xenon 1

Carbon dioxide 0.03 315

Methane 1

Hydrogen 0.5

Natural Pollutants

Oxides of nitrogen .052

Ozone 0.02

 Air pollution takes place due to the presence of gaseous pollutants such as oxides of sulphur, oxides of carbon, 
oxides of nitrogen, hydrocarbons and particulate pollutants such as smoke, dust, mist, spray and fumes.

 Hydrogen sulphide, carbon monoxide, nitrogen oxide, sulphur dioxide, fluorides, tobacco smoke, lead, cotton dust, 
smog are some gaseous pollutants.

	Smog
 Pollutant which is a combination of oxides of nitrogen and sulphur and partially oxidised hydrocarbons and their 

derivatives produced by industries and automobiles, which forms a dark, thick soot laden fog is known as smog. 
 Impacts of smog
 l Smog is noxious and irritating.
 l Smog reduces visibility.
 l Smog causes respiratory problems.
 l Smog can cause suffocation and death.
	Oxides of Nitrogen enters the atmosphere in the following ways :
 l Burning of fuels in furnaces result in the increase of temperature. Due to which nitrogen and oxygen present in 

the air combine to form oxides of nitrogen. 
 l Oxides of nitrogen are produced during the burning of fuel in an internal combustion engine. They enter the 

atmosphere as exhaust gases.  
 l During thunderstorms, lightning, the reaction between atmospheric nitrogen and oxygen in the presence of 

electric discharge takes place resulting in the formation of nitric acid. 
 l Nitric oxide reacts with atmospheric oxygen and ozone to form nitrogen dioxide.
  2NO + O2(g) → 2NO2(g)
  NO + O3(g) → 2NO2 g) + O2(g)
	Nitrogen dioxide is harmful to plants and animals. The harmful effects caused by the oxides of nitrogen are :
 l Nitrogen oxides causes irritation in mucous membrane. 
 l Large concentrations of nitrogen oxide may cause lungs problem. 
 l It causes injuries to vegetation, it also damages leaves of the plant. 
 l Nitrogen dioxide oxidises hydrocarbons in the presence of sunlight, to form photochemical smog, which causes 

eye irritation, asthma, nasal and throat infections.               
 l Sulphur dioxide, Hydrogen sulphide and Sulphur trioxides are the compounds of sulphur that cause air 

pollution.
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	Harmful effects of sulphur compounds are as follows :
 l Hydrogen sulphide causes nausea, eye and throat irritation, as it is acidic in nature H2S destroys vegetable 

matter. 
 l Sulphur oxides causes damage to lungs. It affects crop yield and weakens buildings. It mixes with smoke and 

fog to form smog, which is very harmful.  
 l Sulphur dioxide reacts with oxygen to form sulphur trioxide, which combines with water to form H2SO4 which 

causes acid rain.
  2SO2(g) + O2(g) → 2SO3(g)
  SO3(g) + H2O(l) → H2SO4(aq)   
	Carbon monoxide is a highly poisonous gas. When inhaled, carbon monoxide passes directly through the lungs 

into the blood stream. 
 It combines with haemoglobin which carries oxygen to tissues. 
 Haemoglobin binds to carbon monoxide 200 times more strongly than it does with oxygen. 
 This reduces the oxygen carrying capacity of the blood by converting haemoglobin to carboxyhaemoglobin.
 Haemoglobin  +  CO → Carboxy haemoglobin  

This formation of carboxyhaemoglobin affects brain and heart, which are most sensitive parts to oxygen depletion.
	We can control carbon monoxide poisoning by taking following steps: 
 l By changing over from internal combustion engines to electrically powered cars. 
 l Cars are now well equipped with pollution controlling devices. Most of these devices help reducing pollution by 

complete burning of gasoline. Thus, by complete combustion of gasoline only carbon dioxide and water vapour 
are produced.

  2C8H18 +25O2 → 16CO2 + 18H2O
  (Octane)
 l Natural gas in both compressed (CNG) and liquefied (LNG) forms is now increasingly being used as substitute 

fuels for gasoline. Even alcohols are other feasible substitutes used.
  By using catalytic convertors carbon monoxide changes to carbon dioxide in the presence of finely divided 

platinum as catalyst rather than converting to carbon monoxide.

  
CO

 

Pt

O[ ]
 →

 
CO2 + H2O

 Acid Rain      
 All the types of precipitation like rain, snow, fog, dew which are more acidic than water is called acid rain.
 The air in nature contains carbon dioxide (CO2) and it reacts with water to form weak carbonic acid having pH 5.6, 

therefore rainwater have pH less than 7.
 CO2 + H2O → H2CO3                      
 The pH of acid rain ranges between 5.6 and 3.5, sometimes as low as 2.
 The composition of acid rain is nitric acid, sulphuric acid, carbonic acid. These acids are formed when oxides of 

sulphur or nitrogen present in the polluted air with rainwater.
 E.g:-, Sulphur dioxide and Sulphur trioxide react with water to form H2SO4 which causes acid rain.
 SO3 + H2O → H2SO4

 Causes of Acid Rain
 The formation of mineral acid like carbonic acid (H2CO3), Nitric acid (HNO3) and sulphuric acid (H2SO4) during 

rain are the main causes of acid rain. These acids are formed when oxides of nitrogen and sulphur (emitted to air 
through burning of fossil fuels) come in contact with rainwater.

 The formation of acid rain from :
	Oxides of sulphur   
 Air pollutant that causes acid rain are oxides of sulphur and oxides of nitrogen.
 Sulphur is present in fossil fuel. When these fuels like coal and fuel oil are burned, sulphur combines with oxygen 

in air to form sulphur dioxide (SO2) and sulphur trioxide (SO3).
 S + O2 → SO2

 2SO2 + O2 → 2SO3

 These sulphur dioxides and sulphur trioxides reacts with water to form sulphuric acid.
 2SO2 + O2 + H2O → 2H2SO4

 2SO3 + 2H2O → 2H2SO4

	Oxides of nitrogen  
 Similarly, nitrogen combines with oxygen in presence of thunder and lightning to form oxides of nitrogen. Oxides 

of nitrogen are also produced by internal combustion engines.
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 N2 + O2 → 2NO
 This nitrogen oxide combines with oxygen in the atmosphere and gets oxidized to nitrogen dioxide.
 2NO + O2 → 2NO2

 Nitrogen dioxide reacts with water to form nitrous oxide and nitric acid.
 2NO2 + H2O → HNO2 + HNO3

	The effects of acid rain are :
 (1) Acid rain results in the loss of calcium and potassium from the soil, making the soli less fertile.
 (2) It makes the water acidic, which will affect the aquatic life badly.
 (3) It causes severe damage to buildings and monuments made of marble, limestone, slate, mortar, etc.
 CaCO3 + H2SO4 → CaSO4 + CO2 + H2O
 CaCO3 + 2HNO3 → Ca(NO3)2 + CO2 + H2O
 (4) It increases corrosion of metals.
 (5) It also affects human respiratory system.  
 Reducing the formation of Acid Rain 
 1. Reducing the emission of oxides of sulphur and nitrogen by using coal or oil with low sulphur content can 

reduce formation of acid rain.
 2. We can also reduce these emissions by using scrubber. A scrubber is a device that absorbs gaseous pollutants. 

This can be used to reduce the formation of acid rain by absorbing sulphur dioxide from a smokestack. Scrubber 
consists of fine spray of water and gas rising from the stack. When sulphur dioxide is passed through the 
scrubber water absorbs sulphur dioxide, this helps in reducing the formation of acid rain. 

    

	Global Warming
 Greenhouse effect is the heating of earth and its environment due to trapping of solar radiations by carbon dioxide 

and water vapour present in the atmosphere.
 Gases which contribute for the greenhouse effect are called as greenhouse gases. They are carbon dioxide, water 

vapour, oxides of nitrogen, methane, chlorofluorocarbons etc.   
 The sources of greenhouse gases are :
 1. Carbon dioxide :
  l Burning of fossil fuels like coal, natural gas and petroleum.
  l Industrial processes like manufacture of lime and fermentation units.
  l Biological decay of plants.
  l Respiration by animals and human beings.  

2. Methane
  l During anaerobic decomposition of organic matter in soil, water and sediments.
  l Incomplete combustion of fossil fuels and other hydrocarbons.  

3. Water vapour
  l Burning of hydrocarbons which produces carbon dioxide and water vapour.
   Hydrocarbon + Oxygen → Carbon dioxide + water vapour  
 4. Oxides of Nitrogen
  l Combustion of fossil fuels in automobiles and power plants produce oxides of nitrogen.
  l Chemical industries also produce oxides of nitrogen as by-products.
  l Sun’s energy reaching the earth is trapped by greenhouse gases such as carbon dioxide, water vapour, 

oxides of nitrogen, methane, chlorofluorocarbons etc.  Due to increase of greenhouse gases, earth’s surface 
temperature is gradually increased. This gradual increase of average temperature of the earth’s surface, is 
called global warming.

	Mechanism of Green House effect
 Green houses gases are responsible for global warming.
 Sunlight which reaches the earth consists of three types of radiation-UV radiation, visible radiation and IR radiation. 
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 As sunlight passes through the atmosphere, Most of the UV radiation is absorbed by ozone as the sunlight passes 
through the earth’s atmosphere.

 30% of IR radiation reaches the earth’s surface, heating it up. As the Earth’s surface gets heated up, it emits radiation 
with less energy than the incoming radiation and are of longer wavelengths. 

 Some of the emitted IR radiation escapes from the earth’s surface and some are absorbed by CO2, thus remaining 
on the earth. Trapped radiation warms the earth’s surface and lower layers of the atmosphere.  

	Advantages of Green House effect
 l This greenhouse effect has played a vital role in the evolution of life on earth. 
 l Without the presence of these greenhouse gases, all the heat coming from the sun would have escaped from the 

earth, leading to a colder and barren land as moon.
 l This greenhouse effect is very important for evaporation of water and formation of clouds, which results in rain.
 Even though the green house gases are important, there is a limit for their level. If the greenhouse gases level 

crosses the limit, it will lead to Global Warming.
	Effects of the greenhouse gases on the atmosphere are as follows.
 l Due to increase of greenhouse gases, earth’s surface temperature is gradually increased.
 l This gradual increase of average temperature of the earth’s surface, is called global warming.  
 l The increase in temperature has resulted in the melting of glaciers, and polar ice caps, which has further led to 

an increase in the sea level. This in turn has led to the threat of floods in the coastal areas.
 l Global warming will cause increase in the water evaporation from water bodies which in turn will increase the 

level of water vapour in the atmosphere. Since water vapour is a source of greenhouse gases, further increase in 
the temperature takes place. 

 l Global warming leads to change in rain pattern, which in turn results in a climatic shift in the crop zones and 
badly affects plants and wildlife. 

 l Greenhouses gases are also responsible for depletion of ozone layer.
	Reducing the Global warming
 l Use of automobiles should be minimized by using public transport, bicycles and electric vehicles.
 l More trees should be planted as to increase green cover.
 l Burning of dry leaves and wood should be avoided.
 l Smoking should be avoided.
 l Inform the people about the destructive impacts caused by the greenhouse effect.      
	Ozone    
 Ozone is the light bluish gas found in the upper layer of atmosphere called stratosphere.     
 Stratospheric ozone is formed naturally by chemical reactions involving solar ultraviolet radiation(sunlight) and 

oxygen molecules, which make up 21% of the atmosphere.
 3O2 + UV → 2O3

 The ultraviolet rays break up the oxygen molecules into oxygen atoms.
 O2(g) + UV → O +  O  
 Then oxygen atom reacts with oxygen molecule to form ozone.
 O + O2 → O3   

 Thus, the net reaction would be:
 3O2 + UV → 2O3

	The functions of ozone in the atmosphere are as follows:
 l Ozone acts as a blanket in the atmosphere above 16 km from the earth’s surface.
 l Ozone absorbs the harmful UV rays coming from the sun and prevents them from reaching the earth’s surface, 

that can cause skin cancer.
 Decrease in amount of ozone in the upper layer of atmosphere is called Depletion of ozone.  This causes the 

formation of ozone hole.
	Ozone layer is destroyed by:
 l Chlorofluorocarbons (freons) which are used in solvents, aerosol sprays, propellants, refrigerants, air-

conditioners. 
 l Nitric oxide from fuel of planes.    
 CFC’S (Chlorofluorocarbons) are decomposed by UV rays to highly reactive chlorine, which is produced in its 

atomic form.

 CF2Cl2(g) 
UV rays →  CF2Cl(g) + Cl(g) (free radical)  

 This free radical of chlorine reacts with ozone to form chlorine monoxide.
 Cl(g) + O3(g) → ClO (g) +O2 (g)
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 This causes Ozone depletion.
 Similarly, when fuel planes burn, high quantity of nitric oxide is released to the atmosphere, where it reacts with 

ozone to form nitrogen dioxide and nitrogen trioxide leading to depletion of ozone.
 NO(g) + O3(g) → NO2(g) + O2(g)
 NO2(g) + O3(g) → NO3(g) + O2(g)
 Ozone depletion and the ozone hole have generated worldwide concern over increased cancer risks and other 

negative effects.
 The reactive species of chlorine gets locked up in the stratosphere and thus the depletion of ozone could not be 

stopped. Locking of chlorine monoxide and free radicals of chlorine is called scavenging. 
 In the atmosphere, nitrogen dioxide scavenges chlorine monoxide and methane scavenges chlorine atoms. 

Scavengers react with chlorine monoxide and free radicals of chlorine. 
	Harmful effects of ozone depletion are as follows :
 l It causes respiratory problems.
 l It damages automobile tyres and asphalt.
 l It harms plants and trees.
	The methods of saving ozone layer are : 
 Using less products which emits CFCs.  
 Using alternative products such as HCFCs (hydro-chlorofluorocarbons) to CFCs.

 Mnemonics
Concept Name: BOD
Mnemonics: All Ordered Red Bear Together but 
Oman missed water
Interpretations: 
A: Amount (of)

O: oxygen
R: Required (to)
B: Breakdown the
O: organic 
M: matter (in) 
W: water  

Key Words
	The presence or introduction of harmful or poisonous substances in our surroundings that effect the environment 

is called as pollution or environmental pollution.
	Toxic or harmful substances that have harmful effect on the environment and life forms are known as pollutants.
	Degradation of air quality due to increase in concentration of harmful contaminants that affects living beings is 

called as air pollution.  
	Pollutant which is a combination of oxides of nitrogen and sulphur and partially oxidised hydrocarbons and their 

derivatives produced by industries and automobiles, which forms a dark, thick soot laden fog is known as smog.
	All the types of precipitation like rain, snow, fog, dew which are more acidic than water is called acid rain.
	Greenhouse effect is the heating of earth and its environment due to trapping of solar radiations by carbon dioxide 

and water vapour present in the atmosphere.
	Gases which contribute for the greenhouse effect are called as greenhouse gases.
	The gradual increase of average temperature of the earth’s surface, is called global warming.
	Ozone is the light bluish gas found in the upper layer of atmosphere called stratosphere.     
	Decrease in amount of ozone in the upper layer of atmosphere is called depletion of ozone.
	Locking of chlorine monoxide and free radicals of chlorine in the stratosphere is called scavenging.

Know the Facts

Pollution Origin Health impact

Carbon monoxide Produced due to incomplete burning of 
petrol, wood and tobacco.

Reduces oxygen in blood causing 
retardation and dizziness.

Carbon dioxide (CO2) Produced by burning of coal, oil and 
natural gases.

Reduces oxygen levels.
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Chlorofluorocarbons
(CFC)

Released by refrigerators and air-
conditioning system.

Reduces ozone layer that protects us from 
the harmful UV rays of the sun.

Lead Present in petrol, diesel, paints and 
batteries.

Damages the nervous and digestive 
systems and can cause cancer.

Ozone Emissions from vehicles and industries. Burning, itching, watery eyes and 
lowered resistance to respiratory diseases.

Oxides of nitrogen Produced during burning of petrol, diesel 
and coal.

Smog (combination of fog and smoke) 
produces acid rain that makes children 
more susceptible to respiratory diseases.

Sulphur dioxide (SO2) Produced from burning of coal, petrol 
and diesel.

Smog and acid rain containing sulphuric 
acid make children more susceptible to 
respiratory diseases.

Suspended particulate
matter (SPM)

Solids suspended in smoke, dust and 
vapour.

Small particles get lodged in the lungs 
and gradually damage the functioning of 
lungs.
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