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TOPIC - 01 
SOME BASIC CONCEPTS OF 

CHEMISTRY 
 
1.1 Introduction: 
 
Chemistry is the study of matter, its physical and 
chemical properties and the physical and chemical 
changes it undergoes under different conditions. 
Chemistry is a central science. Its knowledge is required 
in the studies of physics, biological sciences, applied 
sciences, and earth and space sciences. The scope of 
chemistry is in every aspect of life, for example, the air 
we breathe, the food we eat, the fluids we drink, our 
clothing, transportation and fuel supplies, and so on. 
Though it is an ancient science, due to development and 
advancement in science and technology, chemistry has 
developed as modern science. Technological 
development in sophisticated instruments expanded our 
knowledge of chemistry which, now, has been used in 
applied sciences such as medicine, dentistry, 
engineering, agriculture and in daily home use products. 
 
1.2 Nature of Chemistry 
 
Q.1 Define Chemistry 
 
Ans: Chemistry is the study of matter, its physical and 
chemical properties and the physical and chemical 
changes it undergoes under different conditions.  
 
Q.2 Give the names of Various branches of chemistry 
 
Ans: Chemistry is traditionally classified into five 
branches:  
i) Organic chemistry         
ii) Inorganic chemistry  
iii) Physical chemistry  
iv) Biochemistry               
v) Analytical chemistry  
 
Q.3. Explain the following terms:  
i) Organic chemistry  
ii) Inorganic chemistry  
iii) Physical chemistry  
 
Ans: i) Organic chemistry: It deals with properties and 
reactions of compounds of carbon.  
ii) Inorganic chemistry: It deals with the study of all the 
compounds which are not organic. 
 

iii) Physical chemistry: It deals with the study of 
properties of matter, the energy changes and the theories, 
laws and principles that explain the transformation of 
matter from one form to another. It also provides basic 
framework for all the other branches of chemistry.  
 
Q.4 Explain: Types of matter on the basis of chemical 
composition  
 
Ans: Matter on the basis of chemical composition can be 
classified as follows:  
A) Pure substances: They always have a definite 
chemical composition. They always have the same 
properties regardless of their origin.  
e.g. Pure metal, distilled water, etc. 
 
They are of two types:  
a)Elements 
b) Compounds 
 
a) Elements: They are pure substances, which cannot be 
broken down into simpler substances by ordinary 
chemical changes. 
 
Elements are further classified into three types:  
1) Metals:  
i) They have a lustre (a shiny appearance).  
ii) They conduct heat and electricity.  
iii) They can be drawn into wire (ductile).  
iv) They can be hammered into thin sheets (malleable).  
e.g. Gold, silver, copper, iron. Mercury is a liquid metal at 
room temperature.  
 
2) Nonmetals:  
i) They have no lustre (except diamond, iodine)  
ii) They are poor conductors of heat and electricity. 
(except graphite)  
iii) They cannot be hammered into sheets or drawn into 
wire, because they are brittle.  
e.g. Iodine  
 
3) Metalloids: Some elements have properties that are 
intermediate between metals and nonmetals and are 
called metalloids or semimetals.  
e.g. Arsenic, silicon and germanium.  
 
b) Compounds: They are the pure substances which are 
made up of two or more elements in fixed proportion.  
e.g. Water, ammonia, methane, etc.  
B) Mixtures: They have no definite chemical 
composition and hence no definite properties. They can 
be separated by physical methods.  
e.g. Paint (mixture of oils, pigment, additive), concrete (a 
mixture of sand, cement, water), etc.  
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Mixtures are of two types:  
1) Homogeneous mixture: In homogeneous mixture, 
constituents remain uniformly mixed throughout its bulk. 
e.g. Solution, in which solute and solvent molecules are 
uniformly mixed throughout its bulk.  
 
2) Heterogeneous mixture: In heterogeneous mixture, 
constituents are not uniformly mixed throughout its bulk.  
e.g. Suspension, which contains insoluble solid in a 
liquid. 
 
Q.5 Give one example of each  
i) Homogeneous mixture  
ii) Heterogeneous mixture  
iii)Element                                  
iv) Compound  
 
Ans: i) Homogeneous mixture: Solution  
ii) Heterogeneous mixture: Suspension 
iii) Element: Gold 
iv) Compound: Distilled water  
 
Q.6 Distinguish between  
1) Mixtures and pure substances    
2) Mixtures and compounds  
 
Ans: 1) Mixtures and pure substances    
 

No Mixtures Pure substances 
i Mixtures have no 

definite chemical 
composition. 

Pure substances have 
a definite chemical 
composition. 

ii Mixtures have no 
definite properties. 

Pure substances 
always have the same 
properties regardless 
of their origin. 

iii e.g. Paint (mixture of 
oils, pigment, 
additive), concrete (a 
mixture of sand, 
cement, water), etc. 

e.g.Pure metal, 
distilled water, etc. 

 
 
2) Mixtures and compounds: 
 

No Mixtures Compounds 
i Mixtures have no 

definite chemical 
composition. 

Compounds are made 
up of two or more 
elements in fixed 
proportion. 

ii The constituents of a 
mixture can be easily 

The constituents of a 
compound cannot be 

separated by physical 
method. 

easily separated by 
physical method. 

iii e.g. Paint (mixture of 
oils, pigment, 
additive), concrete (a 
mixture of sand, 
cement, water), etc. 

e.g. Water, table salt, 
sugar, etc. 

 
Q.7 Explain: States of matter  
 
Ans: There are three different states of matter as 
follows:  
i) Solid: Particles are held tightly in perfect order. They 
have definite shape and volume.  
ii) Liquid: Particles are close to each other but can move 
around within the liquid.  
iii) Gas: Particles are far apart as compared to that of 
solid and liquid. These three states of matter can be 
interconverted by changing the conditions of 
temperature and pressure. 
 
1.3 Properties of matter and their measurement: 
 
Q.8 Explain: Physical and chemical properties  
 
Ans: i) Physical properties: These are properties which 
can be measured or observed without changing the 
identity or the composition of the substance.  
e.g. Colour, odour, melting point, boiling point, density, 
etc.  
 
ii) Chemical properties: These are properties in which 
substances undergo change in chemical composition.  
e.g. Coal burns in air to produce carbon dioxide, 
magnesium wire burns in air in the presence of oxygen 
to form magnesium oxide, etc. 
 
Q.9 How are properties of matter measured?  
 
Ans: Measurement of properties of matter: 
i) Measurement involves comparing a property of matter 
with some fixed standard which is reproducible and 
unchanging.  
ii) Properties such as mass, length, area, volume, time, 
etc. are quantitative in nature and can be measured.  
iii) A quantitative measurement is represented by a 
number followed by units in which it is measured.  
iv) These units are arbitrarily chosen on the basis of 
universally accepted standards.  
e.g. Length of class room can be expressed as 10 m. Here, 
10 is the number and 'm' is the unit 'metre' in which the 
length is measured. 
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Scientific ´Ö¸üÖšüß Ã¯ÖÂ™üßÛú¸üÞÖ: 
 
Analytical chemistry (×¾Ö¿»ÖêÂÖÞÖÖŸ´ÖÛú ¸üÃÖÖµÖÖ®Ö¿ÖÖÃ¡Ö): ×Æü 
chemistry “Öß †¿Öß branch †ÖÆêü ×Ûú, µÖÖ´Ö¬µÖê substances “µÖÖ 
separation (×¾Ö³ÖŒŸÖ®Ö), Identification (†ÖêôûÜÖ), composition 
(ÃÖÓ‘Ö™ü®Ö) ¾Ö quantitative determination (¯Ö×¸ü´ÖÖÞÖÖŸ´ÖÛú ×®Ö¬ÖÔ¸üÞÖ)   
µÖÖÓ“ÖÖ †³µÖÖÃÖ Ûêú»ÖÖ •ÖÖŸÖÖê.  
 
Quantitative analysis (´ÖÖ¯ÖÖŸ´ÖÛú ×¾Ö¿»ÖêÂÖÞÖ) - organic 
compounds ´Ö¬Öß»Ö ‹ÜÖÖªÖ element “Öê percentage composition 
(¿ÖêÛú›üÖ ¯ÖÏ´ÖÖÞÖ) šü¸ü×¾ÖÞµÖÖÃÖÖšüß ¾ÖÖ¯Ö¸üÞµÖÖŸÖ µÖêÞÖÖ-µÖÖ techniques »ÖÖ 
quantitative analysis ´ÆüÞÖŸÖÖŸÖ.  
 
Accuracy (†“ÖãÛúŸÖÖ): Measurement (´ÖÖ¯Ö®ÖÖŸÖß»Ö) True value 
(ÃÖŸµÖ ØÛú´ÖŸÖ) ØÛú¾ÖÖ known value (´ÖÖ×ÆüŸÖ †ÃÖ»Öê»µÖÖ ØÛú´ÖŸÖß¿Öß) 
†ÃÖ»Öê»ÖÖ closeness (×®ÖÛú™ü¾ÖŸÖá¯ÖÞÖÖ) ´ÆüÞÖ•Öê“Ö accuracy (†“ÖãÛúŸÖÖ) 
ÆüÖêµÖ. 
 
Absolute error (Ûêú¾Ö»Ö ¤üÖêÂÖ): Mean valve (´Ö¬µÖ ØÛú´ÖŸÖ) ¾Ö each 
measured value (´ÖÖê•Ö»Öê»Öß ¯ÖÏŸµÖêÛú ØÛú´ÖŸÖ) µÖÖÓ“µÖÖ´Ö¬Öß»Ö difference 
(±ú¸üÛúÖ»ÖÖ) absolute error †ÃÖê ´ÆüÞÖŸÖÖŸÖ. ˆ¤üÖ. ¾Ö¸üß»Ö ¯ÖÏ¿®ÖÖŸÖß»Ö 
formula ¯ÖÆüÖ. 
Relative error (ÃÖÖ¯ÖêõÖ ¤üÖêÂÖ): ³ÖÖî×ŸÖÛú ¸üÖ¿Öß“µÖÖ ´ÖÖ¯Ö®ÖÖ´Ö¬µÖê mean 
absolute error ¾Ö mean value µÖÖÓ“µÖÖ ratio (ÝÖãÞÖÖê¢Ö¸üÖ»ÖÖ) relative 
error †ÃÖê ´ÆüÞÖŸÖÖŸÖ, µÖÖ“Öê ÃÖã¡Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü. 
 
Chemical Stoichiometry (¸üÖÃÖÖµÖ×®ÖÛú ÃÖã¡Ö×´ÖŸÖß): Chemical 
Stoichiometry (¸üÖÃÖÖµÖ×®ÖÛú ÃÖã¡Ö×´ÖŸÖß) Æüß ‹Ûú †¿Öß process 
(¯ÖÏ×ÛÎúµÖÖ) †ÖÆêü ×Ûú, µÖÖ´Ö¬µÖê formula (ÃÖã¡Öê) ¾Ö balanced chemical 
equations (ÃÖÓŸÖã»ÖßŸÖ ¸üÖÃÖÖµÖ×®ÖÛú ÃÖ´ÖßÛú¸üÞÖÖ«üÖ¸êü), calculation Ûêú»Öê 
•ÖÖŸÖê. 
 
Significant Figures (ÃÖÖ£ÖÔ †ÓÛú): Significant figure ×Æü ‹Ûú 
significance (ÃÖÖ£ÖÔ) figure †ÃÖŸÖê, ŸµÖÖ“µÖÖ´Ö¬µÖê certainty 
(×®Ö×¿“ÖŸÖŸÖÖ) “Öß †Ö¾Ö¿µÖÛúŸÖÖ ®ÖÃÖŸÖê 
Rules for determining the significant figures (ÃÖÖ£ÖÔ †ÓÛú 
šü¸ü×¾ÖÞµÖÖ“Öê ×®ÖµÖ´Ö): 
i) Physical quantity (³ÖÖî×ŸÖÛú ¸üÖ¿Öß“µÖÖ) ´ÖÖ¯Ö®ÖÖ´Ö¬µÖê ‹Ûú“Ö 
uncertain (†×®Ö×¿“ÖŸÖ) retain (²ÖÖÛúß) šêü¾ÖÖ. 
ii) •Öë¾ÆüÖ measurement (´ÖÖ¯Ö®ÖÖ“Öß) ØÛú´ÖŸÖ, ×¤ü»Öê»µÖÖ ÃÖÖ£ÖÔ †ÓÛúÖÓ¯ÖµÖÕŸÖ 
†Ó¤üÖ•Öê ×»ÖÆüÖµÖ“Öß †ÃÖê»Ö, ŸÖë¾ÆüÖ •Ö¸ü ÃÖÖê›æü®Ö ¤êüÞµÖÖ“ÖÖ †ÓÛú 5 ¯ÖêõÖÖ »ÖÆüÖ®Ö 
†ÃÖê»Ö, ŸÖ¸ü ¿Öê¾Ö™ü“ÖÖ ÃÖÖ£ÖÔ †ÓÛú ŸÖÃÖÖ“Ö šêü¾ÖÖ¾ÖÖ. •Ö¸ü ÃÖÖê›ãü®Ö ¤êüÞµÖÖ“ÖÖ †ÓÛú 
5 ØÛú¾ÖÖ 5 ¯ÖêõÖÖ ´ÖÖêšüÖ †ÃÖê»Ö ŸÖ ü̧ ¿Öê¾Ö™ü“ÖÖ ÃÖÖ£ÖÔ †ÓÛú ‹ÛúÖ®Öê ¾ÖÖœü¾ÖÖ¾ÖÖ. 

iii) ÛúÖêÞÖŸµÖÖÆüß †ÓÛúÖ“Öß ˆ•Ö¾ÖßÛú›ü“Öß ¿Öã®µÖê significant (ÃÖÖ£ÖÔ) 
†ÃÖŸÖÖŸÖ, ÛúÖ¸üÞÖ ŸµÖÖ´Öãôê measurementû (´ÖÖ¯Ö®ÖÖÃÖÖšüß) ¾ÖÖ¯Ö¸ü»Öê»µÖÖ 
instruments (ˆ¯ÖÛú¸üÞÖÖ“µÖÖ) accuracy (†“ÖæÛúŸÖê“ÖÖ) ×®Ö¤ìü¿Ö ÆüÖêŸÖÖê. 
iv) †ÓÛúÖ“µÖÖ ›üÖ¾ÖßÛú›ü“Öß ¿Öã®µÖê not significant (×®Ö¸ü£ÖÔÛú) †ÃÖŸÖÖŸÖ. 
ˆ¤üÖ. Number 0.0753 µÖÖ ÃÖÓÜµÖêŸÖ ŸÖß®Ö“Ö significant figures 
†ÖÆêüŸÖ. 
iv) •Ö¸ü significant figures (ÃÖÖ£ÖÔ †ÓÛúÖ¯ÖêõÖÖ) •ÖÖÃŸÖ digits (†ÓÛúÖ“ÖÖ) 
†ÖÛú›üÖ †ÃÖê»Ö, ŸÖ¸ ŸÖÖê 10 “µÖÖ ‘ÖÖŸÖÖŸÖ ¤üÖÜÖ¾ÖÖ¾ÖÖ. 
ˆ¤üÖü. ¯Öé£¾Öß“Öê mass 5.98 × 1024 kg Æêü †ÃÖê ¤üÖÜÖ×¾Ö»Öê •ÖÖŸÖê, ÛúÖ¸üÞÖ 
ŸÖê mass ŸÖß®Ö“Ö significant figures ¯ÖµÖÕŸÖ ´ÖÖ×ÆüŸÖß †ÖÆêü.ü 
 
Empirical formula (†®Öã́ ÖÖ×¡ÖÛú ÃÖã¡Ö)- ‹ÜÖÖªÖ ÃÖÓµÖãÝÖÖ“µÖÖ ‹ÛúÖ 
¸êüÞÖã´Ö¬Öß»Ö ̄ ÖÏŸµÖêÛú ́ Öã»Ö¦ü¾µÖÖ“µÖÖ †ÞÖãÓ“Öê ‹Ûú´ÖêÛúÖ¿Öß †ÃÖ»Öê»Öê ̄ ÖãÞÖÖÔÛúÖŸÖß»Ö 
ÝÖãÞÖÖê¢Ö¸ü ´ÆüÞÖ•Öê“Ö ŸµÖÖ organic compound “ÖÖ empirical formula 
ÆüÖêµÖ. 
Molecular formula (¸êüÞ¾ÖßµÖ ÃÖã¡Ö)- ‹ÜÖÖªÖ ÃÖÓµÖãÝÖÖ“µÖÖ ‹ÛúÖ 
¸êüÞÖã´Ö¬Öß»Ö ¯ÖÏŸµÖêÛú ´Öã»Ö¦ü¾µÖÖ“Öê ¯ÖÏŸµÖõÖ †ÃÖ»Öê»Öê atoms (†ÞÖã) ´ÆüÞÖ•Öê“Ö 
ŸµÖÖ compound “ÖÖ molecular formula ÆüÖêµÖ. 
 
Mole fraction (ÝÖÏò́ Ö¸êüÞÖæ †Ó¿Ö) - ‹ÜÖÖªÖ solute “ÖÖ mole fraction 
´ÆüÞÖ•Öê“Ö ŸµÖÖ solute ´Ö¬µÖê †ÃÖÞÖÖ ȩ̂ü number of moles (ÝÖÏò´Ö ¸êüÞÖæ) 
†Ö×ÞÖ ×¤ü»Öê»µÖÖ solution †Ö×ÞÖ solute ´Ö×¬Ö»Ö ‹ÛãúÞÖ ÝÖÏò´Ö ȩ̂üÞÖæ µÖÖÓ“µÖÖ 
ratio »ÖÖ Mole fraction (ÝÖÏò´Ö¸êüÞÖæ †Ó¿Ö) †ÃÖê ´ÆüÞÖŸÖÖŸÖ. ¯ÖÏ¿®ÖÖŸÖß»Ö 
formula ¯ÖÆüÖ. 
Molarity (ÝÖÏò´Ö¸êüÞÖãŸÖÖ)- 1 ×»Ö™ü¸ü ¦üÖ¾ÖÞÖÖŸÖß»Ö ¦üÖ¾µÖÖ“µÖÖ number of 
mole (ÝÖÏò´Ö ȩ̂üÞÖæ“µÖÖ †Ó¿ÖÖ»ÖÖ) Molarity (ÝÖÏò´Ö ȩ̂üÞÖãŸÖÖ) †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
¯ÖÏ¿®ÖÖŸÖß»Ö formula ¯ÖÆüÖ. 
Molality (´ÖÖê»Ö»ÖŸÖÖ) - ¯ÖÏ×ŸÖ 1 ×Ûú»ÖÖê (1000 gm) solvent 
(¦üÖ¾ÖÛúÖ´Ö¬µÖê) ×¾Ö¸ü‘ÖôûÞÖÖ-µÖÖ solute (¦üÖ¾µÖÖ“µÖÖ) number of moles 
(ÝÖÏò´Ö ̧ êüÞÖæ»ÖÖ) Molality (´ÖÖê»Ö»ÖŸÖÖ) ́ ÆüÞÖŸÖÖŸÖ. ¯ÖÏ¿®ÖÖŸÖß»Ö formula ̄ ÖÆüÖ. 
 
SI units - 1960 ´Ö¬µÖê general conference of weights and 
measure (¾Ö•Ö®Öê ¾Ö ´ÖÖ¯Öê µÖÖÓ“µÖÖ †ÖÓŸÖ¤ìü×¿ÖµÖ ÃÖ¾ÖÔÃÖÖ¬ÖÖ¸üÞÖ ¯Ö×¸üÂÖ¤êüŸÖ) 
International system of unit (SI system) †¿ÖÖ ®ÖÖ¾ÖÖ“Öß ÃÖÖ´ÖÖ‡ÔÛú 
‹ÛúÛú ¯Ö¨üŸÖß †¾Ö»ÖÓ²ÖÞµÖÖŸÖ †Ö»Öß, µÖÖ †ÖÓŸÖ¸ü¸üÖÂ™ÒüßµÖ ´ÖÖ®µÖŸÖê“µÖÖ SI 
units µÖÖ ‹ÛúÛú ¯Ö¤Ëü¬ŸÖß´Ö¬µÖê ÃÖÖŸÖ fundamental SI units (´Öã»Ö³ÖãŸÖ 
‹ÛúÛêú) ÃÖ´ÖÖ×¾ÖÂ™ü Ûú¸üÞµÖÖŸÖ †Ö»Öß.  
•ÖÃÖê ×Ûú, mass “Öê SI unit, kilogram †ÖÆêü. 
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2.7 Concentration of solution 
 
Q.49 Give the formula to obtain mass percent. 
 

Ans: Mass percent (w/w%) =
Mass of Solute

Mass of Solution
× 100  

 
Q.50 Explain the following terms  
i) Mole fraction  
ii)  Molarity  
iii) Molality  
 
Ans: i) Mole fraction: Mole fraction is the ratio of 
number of moles of a particular component of a solution 
to the total number of moles of the solution. 
 
If a substance ‘A’ dissolves in substance ‘B’ and their 
number of moles are nA and nB, respectively, then the 
mole fraction of A and B are given as: 
 

Mole fraction of A =
Number of moles of A

Number of moles of solution
  

 

                                   =
nA

nA+nB
  

 

Mole fraction of B =
Number of moles of B

Number of moles of solution
 

 

                                   =
nB

nA+nB
  

ii) Molarity: Molarity is defined as the number of moles of 
the solute present in 1 litre of the solution. It is the most 
widely used unit and is denoted by M. 
Molarity is expressed by, 
 

Molarity (M) =
Number of moles of solute 

Volume of solution in litres
  

 
iii) Molality: Molality is the number of moles of solute 
present in 1 kg off solvent. It is denoted by m.  
Molality is expressed by, 
 

Molality (m) =
Number of moles of solute

Mass of solvent in kilograms
  

 
Q.51 Why does molarity of a solution depend upon 
temperature?  
 
Ans: i) Molarity is the number of moles of the solute 
present in 1 litre of the solution. Therefore, molarity  
depends on the volume of the solution. 
ii) Volume of the solution varies with the change in 
temperature. 
Hence, molarity of a solution depends upon 
temperature. 

 
Q.52 What do you mean by SI units? What is the SI 
unit of mass? 
 
Ans: SI units: In 1960, the general conference of weights 
and measures proposed revised metric system, called 
International system of Units i.e. SI units, abbreviated 
from its French name. 
The SI unit of mass is kilogram (kg). 
 
2.8 Use of graph in analysis 
 
Q.53 Explain use of graphs in analytical chemistry. 
 
Ans: Use of graphs in analytical chemistry: 
i) Analytical chemistry often involves deducing some 
relation between two or more properties of matter 
under study. 
ii) For example, the relation between temperature and 
volume of a given amount of gas. 
A set of experimentally measured values of volume and 
temperature of a definite mass of a gas upon plotting on 
a graph paper appears as in the figure below: 
 

                         
 
iii) When the points are directly connected, a zig zag 
pattern results as shown below: 
 

                        
From the above pattern, no meaningful result can be 
deduced. 
iv) A smooth curve (or average curve) passing through 
these points can be drawn as shown below. This straight 
line is consistent with the V ∝ T. 
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v) While fitting the points into a smooth curve, all the 
plotted points should be evenly distributed. This can be 
verified mathematically, by drawing a perpendicular 
from each point to the curve. The perpendicular 
represents deviation of each point from the curve. Take 
sum of all the perpendiculars on side of the line and sum 
of all the perpendiculars on another side of the line 
separately. If the two sums are equal (or nearly equal), 
the curve drawn shows the experimental points in the 
best possible representation. 
 

                      
     
Q.15 Explain fractional distillation process. 
 
Ans: Fractional distillation process:  
i) In fractional distillation, vapours first pass through the 
fractionating column.  
ii) Vapours of more volatile liquid with lower boiling 
point rise up more than the vapours of liquid having 
higher boiling point.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e.g. a) Suppose we have a mixture of two liquid 'A' and 
‘B’ having boiling points 363 K and 373 K respectively.  

b) 'A' is more volatile and ‘B’ is less volatile. As the 
mixture is heated, vapours of 'A' along with a little 
vapours of `B' rise up and come in contact with the large 
surface of the fractionating column.  
c) Vapours of ‘B’ condense rapidly into the distillation 
flask. While passing through the fractionating column, 
there is an exchange between the ascending vapours and 
descending liquid. The vapours of `B' are scrubbed off by 
the descending liquid, this makes the vapours richer in 
'A'. 
d) This process is repeated each time the vapours and 
liquid come in contact with the surface in the 
fractionating column.  
e) Rising vapours become richer in 'A' and escape 
through the fractionating column and reach the 
condenser while the liquid in the distillation flask is 
richer in ‘B’.  
f) The separated components are further purified by 
repeating the process. 
 
Q.16 Draw the figure of commonely used 
fractionating columns. 
Ans:   
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
Q.17 Distinguish between simple distillation and 
fractional distillation. 
 
Ans: Simple distillation and Fractional distillation: 
 

No Simple distillation Fractional 
distillation 

i If in a mixture the 
difference in boiling 
points of two liquids 
is appreciable/large, 
they are separated 
from each other 
using the simple 
distillation. 

If in a mixture the 
difference in boiling 
points of two liquids is 
not appreciable/large, 
they are separated 
from each other using 
the fractional 
distillation. 
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ii Simple distillation 
assembly is used.   

fractionating column 
is fitted in distillation 
assembly. 

e.g. Mixture of acetone 
(b.p. 329 K) and 
water (b.p. 373 K) 
can be separated by 
this method.  

Mixture of acetone 
(b.p. 329 K) and 
methanol (b.p. 337.7 
K) can be separated by 
this method.  

 
Q.18   Explain distillation under reduced pressure.  
 
Ans: Distillation under reduced pressure: 
i) Liquids having very high boiling points or which 
decompose on heating are purified by the method of 
distillation under reduced pressure.  
ii) In this method, the liquid is made to boil at a 
temperature lower than its normal boiling point by 
reducing the pressure on its surface.  
iii) The external pressure is reduced using a water pump 
or vacuum pump.  
e.g. Glycerol can be separated from soap by using this 
method. 
 
                 
Q.13 Define: Least count 
 
Ans: Least count: The smallest quantity that can be 
measured by the measuring equipment is called least 
count. 
 
Q.14 With the help of-burette readings, Explain 
accuracy depends upon the sensitivity. 
 
Ans: A burette reading of 10.2 mL is a s shown in the 
figure below:  
 

                  
 
i) For all the three situations in the above figure, the 
reading would be noted is 10.2 mL. 
ii) It means that there is an uncertainty about the digit 
appearing after the decimal point in the reading 10.2 mL 
because the least count of the burette is 0.1 mL. 
iii) The meaning of the reading 10.2 mL is that the true 
value of the reading lies between 10.1 mL and 10.3 mL. 
iv) This is indicated by writing 10.2 ± 0.1 mL. 

v) Here the burette reading has an error of ±0.1 mL. 
vi) Smaller the error, higher is the accuracy. 
 
Q.15 Your laboratory partner was given the task of 
measuring the length of a box (approx. 5 in) as 
accurately as possible, using a metre stick graduated 
in milieters. He supplied you with the following 
measurement: 
12.65 cm, 12.6 cm, 12.65cm,12.655cm, 126.55mm, 
12cm. 
a) State which of the measurement you would 
accept, giving the reason. 
b) Give your reason for rejecting each of the others. 
 
Ans: The metre stick is graduated in millimetres i.e. 1 
mm = 0.1 cm. Therefore, if length is measured in 
centimetres, the least count of metre stick is 0.1 cm. The 
results 12.6 cm has the least count of 0.1 cm and is 
acceptable result. 
Since, the least count of metre stick is 0.1 cm or 1 mm, 
the results such as 12.65 cm, 12.655 cm, 126.55 mm 
cannot be measured using this stick and hence, these 
results are rejected. The result, 12 cm doesn’t include the 
least count and is rejected. 
 
Q.16 Explain the terms: 
a) Absolute error 
b) Relative error 
c) Precision in measurement 
 
Ans: a) Absolute error: Absolute error is calculated by 
subtracting true value from observed value. 
Absolute error = Observed value − True value 
 
b) Relative error: i) Relative error is the ratio of an 
absolute error to the true value. 
ii) Relative error is generally a more useful quantity than 
absolute error. 
iii) Relative error is expressed as a percentage and can 
be calculated as follows: 

Relative error =
Absolute error

True value
× 100%  

 
c) Precision in measurement: i) Multiple readings of 
the same quantity are noted to minimize the error. 
ii) If the multiple readings of the same quantity match 
closely, they are said to have high precision. 
iii) High precision implies reproducibility of the 
readings. 
iv) High precision is a prerequisite for high accuracy. 
v) Precision is expressed in terms of deviation (i.e. 
absolute deviation and relative deviation). 
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Postulates of valence shell electron repulsion theory 
(‡»ÖêŒ™ÒüÖò®ÃÖ“µÖÖ •ÖÖê›üßŸÖß»Ö ¯ÖÏ×ŸÖÃÖÖ ü̧ÞÖ ×ÃÖ¬¤üÖÓŸÖ): 
i) ÛúÖêÞÖŸµÖÖÆüß molecules “ÖÖ †ÖÛúÖ¸ü central atom (Ûëú×¦üµÖ †ÞÖã“µÖÖ) 
ÃÖ³ÖÖê¾ÖŸÖÖ»Ö“µÖÖ valance shell (ÃÖÓµÖã•Ö Ûú¾Ö“ÖÖŸÖß»Ö) electron pair 
(‡»ÖêŒ™ÒüÖò®Ö“µÖÖ •ÖÖê›üµÖÖÓ“µÖÖ) ÃÖÓÜµÖê¾Ö¸ü †¾Ö»ÖÓ²Öã®Ö †ÃÖŸÖê. 
ii) Electrons pair (•ÖÖê›üµÖÖÓ́ Ö¬Öß»Ö) cloud (œüÝÖ) ŠúÞÖ ¯ÖÏ³ÖÖ¸üßŸÖ 
†ÃÖ»µÖÖ®Öê ‹Ûú´ÖêÛúÖÓ®ÖÖ repel (¯ÖÏ×ŸÖÃÖÖ¸üßŸÖ) Ûú¸üŸÖÖŸÖ 
iii) ŸµÖÖÓ“µÖÖŸÖß»Ö repulsion Ûú´Öß Ûú¸üÞµÖÖÃÖÖšüß electrons pair “Öê 
space ´Ö¬µÖê šü¸üÖ×¾ÖÛú ×Ã£ÖŸÖß´Ö¬µÖê occupation ÆüÖêŸÖê ¾Ö ŸµÖÖÓ“µÖÖŸÖß»Ö 
distance ²ÖÖœüŸÖê. 
iv) Molecule ´Ö¬Öß»Ö central atoms “Öß valence shell (ÃÖÓµÖã•ÖÖ 
Ûú¾Ö“Ö) ´ÆüÞÖ•Öê sphere (ÝÖÖê»Ö) ÆüÖêµÖ †Ö×ÞÖ ÊÖ electrons pairs ŸµÖÖ“µÖÖ 
¯ÖéÂšüÖ¾Ö¸ü †ÃÖŸÖÖŸÖ ¾Ö ŸµÖÖÓ“µÖÖŸÖß»Ö ‹Ûú´ÖêÛúÖÓ¯ÖÖÃÖæ®Ö“Öê †ÓŸÖ¸ü maximum 
†ÃÖŸÖê. 
v) Multiple bond (²ÖÆãü²ÖÓ¬ÖÖŸÖß»Ö) 2 ¾ÖÖ 3 electrons  “µÖÖ •ÖÖê›üµÖÖ, 
‹Ûú“Ö super pair (†×¬Ö-†×ŸÖ) •ÖÖê›üß ´ÆüÞÖæ®Ö ¬Ö¸ü»Öß •ÖÖŸÖê.  
vi) ‹ÜÖÖ¤üÖ molecule ¤üÖê®Ö ØÛú¾ÖÖ •ÖÖÃŸÖ resonance structure (¯ÖÏÖºþ¯Ö 
¸ü“Ö®ÖÖÓ´Ö¬µÖê) †ÃÖŸÖÖê. ŸÖê¾ÆüÖ ŸµÖÖ»ÖÖ VSEPR (ÃÖÓµÖã•Ö Ûú¾Ö“Ö electron) 
•ÖÖê›üß ¯ÖÏ×ŸÖÃÖÖ¸üÞÖ ×ÃÖ¬¤üÖÓŸÖ »ÖÖÝÖã ¯Ö›üŸÖÖê. 
  
a) 𝐍𝐇𝟑 (†´ÖÖê×®ÖµÖÖ) molecules “Öê VSEPR ×ÃÖ¬¤üÖÓŸÖÖ®ÖãÃÖÖ¸ü“Öê 
structure: Ammonia (NH3) molecule ´Ö¬µÖê ‹Ûú nitrogen ¾Ö 
ŸÖß®Ö hydrogen atom †ÃÖŸÖÖŸÖ. NH3 molecule´Ö¬µÖê central 
nitrogen atom ÆüÖ  SP3   hybridisation Ûú¸üŸÖÖê. central nitrogen 
atom “Öê SP3   hybridisation ÆüÖêŸÖ †ÃÖŸÖÖ®ÖÖ “ÖÖ¸ü SP3   hybridised 
orbital Æêü ŸµÖÖÓ“µÖÖ ÃÖ´Ö¾ÖêŸÖ ´Ö¬Öß»Ö “ÖÖ¸ü tetrahedron Ûú›êü Ûú»ÖŸÖê. ÊÖ 
molecule ´Ö¬Öß»Ö ground state “Öê electron configuration 
1s22s22p3 †ÃÖê †ÖÆêü, µÖÖ´Ö¬Öß»Ö N-atom ´Ö¬Öß»Ö 
SP3   hybridisation ¾Ö¸üß»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü. NH3 molecule “Öê 
molecular structure †Ö×ÞÖ ŸµÖÖ“Öß Geometry (³Öæ×´ÖŸÖßµÖ ̧ ü“Ö®ÖÖ) µÖÖ“Öê 
Ã¯Ö×Â™üÛú¸üÞÖ ¾Ö ŸµÖÖ“Öß figure ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öß †ÖÆêü. ŸµÖÖ“Öê ¾µÖ¾ÖÃ£ÖßŸÖ 
†¾Ö»ÖÖêÛú®Ö Ûú¸üÖ. 
b) 𝐇𝟐𝐎 (water) molecule “Öê structure- Water molecule ́ Ö¬µÖê 
‹Ûú oxygen ¾Ö ¤üÖê®Ö hydrogen atom †ÃÖŸÖÖŸÖ, ŸµÖÖ´Ö¬Öß»Ö central 
atom oxygen ÆüÖ SP3    hybridisation Ûú¸üŸÖÖê µÖÖ´Ö¬Öß»Ö “ÖÖ¸ü 
SP3   hybridised orbitals “Öê tetrahedrogen “µÖÖ “ÖÖ¸ü corner 
(ÛúÖê¯Ö·µÖÖÓÛú›êü) —ÖãÛúŸÖÖŸÖ. 
Ground state ´Ö¬Öß»Ö ÊÖ molecule “Öê electronic configuration  
¾Ö¸üß»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü. Water molecules ´Ö¬Öß»Ö sp3 
hybridisation ¯ÖÏ×ÛÎúµÖÖ ¾Ö ŸµÖÖÓ“Öê molecular structure †Ö×ÞÖ ŸµÖÖ“Öß 
geometry “Öê Ã¯Ö×Â™üÛú¸üÞÖ ¯ÖÏ¿®ÖÖ´Ö¬µÖê ¾µÖ¾ÖÃ£ÖŸÖ ×¤ü»Öê †ÖÆêü, ŸµÖÖ“Öê 
¾µÖ¾Ö×Ã£ÖŸÖ †¾Ö»ÖÖêÛú®Ö Ûú¸üÖ. 
 
Valence  (ÃÖÓµÖã•Ö) bond theory “Öß ÝÖéÆüßŸÖÛêú:  
i) ¤üÖê®Ö atoms ´Ö¬Öß»Ö covalent bond ÆüÖ ŸµÖÖÓ“µÖÖ atomic orbitals  
“µÖÖ †ÞÖãÓ“µÖÖ †¬ÖÔ×¸üŒŸÖ ÛúõÖÖ “Öê overlapping  —ÖÖ»µÖÖ¾Ö¸ü ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖÖê.  

ii) Overlapping (†Öê»ÖÖÓ›ü®Ö ØÛú¾ÖÖ †Ö“”ûÖ¤ü®Ö) ´Ö¬µÖê ÃÖÆü³ÖÖÝÖß ÆüÖêÞÖÖ ȩ̂ü 
atomic orbitals (†ÞÖã ÛúõÖÖ) ×Æü opposite spins (×¾Öºþ¬¤ü “ÖÛÎúßµÖ) 
ÝÖŸÖß“ÖÖ ‹Ûú»Ö †ÞÖã ²ÖÖôûÝÖÞÖÖ¸üß ¯ÖÖ×Æü•Öê.  
iii) Overlapping ´Ö¬µÖê ÃÖÆü³ÖÖÝÖß ÆüÖêÞÖÖ·µÖÖ atomic orbitals “µÖÖ ˆ•ÖÖÔ 
•Ö¾Öôû¯ÖÖÃÖ ÃÖÖ¸üÜµÖÖ“Ö Æü¾µÖÖŸÖ.  
iv) Overlapping (†“”ûÖ¤ü®Ö ¯ÖÏ×ÛÎúµÖê¤ü¸ü´µÖÖ®Ö) electrons “Öß spin 
(“ÖÛÎúßµÖ ÝÖŸÖß) neutralize (ˆ¤üÖ×ÃÖ®Ö) Ûêú»Öß •ÖÖŸÖê.  
v) ÊÖ ¯ÖÏ×ÛÎúµÖê¤ü¸ü´µÖÖ®Ö ×®Ö´ÖÖÔÞÖ ÆüÖêÞÖÖ·µÖÖ covalent bond “Öß ÃÖÓÜµÖÖ ×Æü 
†ÞÖã“µÖÖ ÃÖÓµÖã•Ö ÛúõÖêŸÖß»Ö unpaired electrons (‹Ûú»Ö ‡»ÖêŒ™ÒüÖò®Ö) ‡ŸÖÛúß 
†ÃÖŸÖê. 
vi) Covalent bond “Öß strength ×Æü ¤üÖê®Ö †ÞÖãÛúõÖÖÓ“µÖÖ overlapping 
“µÖÖ extension (×¾ÖÃŸÖÖ¸üÖ¾Ö¸ü) †¾Ö»ÖÓ²Öæ®Ö †ÃÖŸÖê. µÖÖ´Ö¬µÖê •Öê¾Öœêü energy 
“Öê evolution (×®Ö´ÖáŸÖß) •ÖÖÃŸÖ, ŸÖê¾Öœêü overlapping •ÖÖÃŸÖ ÆüÖêŸÖê ¾Ö 
ŸµÖÖ´Öãôêû bond †×¬ÖÛú ´Ö•Ö²ÖãŸÖ ÆüÖêŸÖÖê. 
vii) Overlapping ÊÖ ¯ÖÏ×ÛÎúµÖê¤ü¸ü´µÖÖ®Ö ¤üÖê®Ö †ÞÖãÓ“µÖÖ Ûëú¦üÛúÖÓ´Ö¬Öß»Ö 
electron density (‘Ö®ÖŸÖÖ) ¾ÖÖœüŸÖê, ŸµÖÖ´Öãôê bonded atoms “µÖÖ 
Ûëú¦üÛúÖ´Ö¬Öß»Ö repulsion (¯ÖÏ×ŸÖÃÖÖ¸üÞÖ) Ûú´Öß ÆüÖêŸÖê, ŸµÖÖ´Öãôê systemû 
´Ö¬Öß»Ö ˆ•ÖÖÔ Ûú´Öß ÆüÖêŸÖê. 
viii) Molecules “Öß geometry (³Öæ´ÖßŸÖßµÖ ¸ü“Ö®ÖÖ) ¾Ö bond angle 
(²ÖÓ¬Ö ÛúÖê®Ö) ÆüÖ overlapping “µÖÖ orientation (×¤ü¿ÖÖ¤êü¿Ö®ÖÖ¾Ö¸ü) 
†¾Ö»ÖÓ²Öæ®Ö †ÃÖŸÖê. 
 
i) Sigma (σ) bond (×ÃÖÝ´ÖÖ ²ÖÓ¬Ö): ¤üÖê®Ö atoms “µÖÖ ¤üÖê®Ö half filled 
(†¬ÖÔ¾µÖÖ¯ŸÖ) atomic orbitals “Öê co-axil (ÃÖ´ÖÛúõÖßµÖ) ØÛú¾ÖÖ ¸êüÂÖßµÖ 
overlapping (†“”ûÖ¤ü®ÖÖ´Öãôêû) ×®Ö´ÖÖÔÞÖ —ÖÖ»Öê»µÖÖ covalent bond »ÖÖ   
σ-bond †ÃÖê ´ÆüÞÖŸÖÖŸÖ. σ-bond ŸÖµÖÖ¸ü ÆüÖêŸÖÖ®ÖÖ, ¯ÖÏŸµÖõÖ overlapping 
(†“”ûÖ¤ü®ÖÖ“ÖÖ) ³ÖÖÝÖ ØÛú¾ÖÖ ŸµÖÖ“ÖÖ overlapping region (×¾ÖÃŸÖÖ¸ü) 
•ÖÖÃŸÖ †ÃÖŸÖÖê. ŸµÖÖ´Öãôê   σ-bond û •ÖÖÃŸÖ strong (´Ö•Ö²ÖãŸÖ) ÆüÖêŸÖÖê ŸÖÃÖê“Ö 
´Ö¬µÖê internuclear axis (†ÖÓŸÖ¸ü †õÖÖ¾Ö¸üß»Ö) ¤üÖê®Ö Ûëú¦üÛúÖÓ¤ü¸ü´µÖÖ®Ö“Öß 
density (‘Ö®ÖŸÖÖ) ¾ÖÖœüŸÖê. ¯ÖÏ¿®ÖÖ´Ö¬µÖê H2 molecules ´Ö¬Öß»Ö σ-bond 
¤ü¿ÖÔ×¾Ö»ÖÖ †ÖÆêü. ŸµÖÖ“Öê ¾µÖ¾Ö×Ã£ÖŸÖ ×®Ö¸üßõÖÞÖ Ûú¸üÖ. 
ii) Pi (Π) bond (¯ÖÖµÖ ²ÖÓ¬Ö): ¤üÖê®Ö ¾ÖêÝÖ¾ÖêÝÖôûµÖÖ atoms “µÖÖ ¤üÖê®Ö half 
filled  (†¬ÖÔ¾µÖÖ¯ŸÖ) p-ÛúõÖÖÓ“µÖÖ ²ÖÖ•Öã®Öê lateral overlapping ´Öãôêû 
ŸÖµÖÖ¸ü —ÖÖ»Öê»µÖÖ covalent bond »ÖÖ Pi (Π) bond †ÃÖê ´ÆüÞÖŸÖÖŸÖ. Pi 
bond ŸÖµÖÖ¸ü ÆüÖêŸÖÖ®ÖÖ, region of overlapping (†“”ûÖ¤ü®Ö ×¾ÖÃŸÖÖ¸ü) 
Ûú´Öß †ÃÖŸÖÖê. µÖÖ´Ö¬Öß»Ö electron density area ÆüÖ internuclear axis 
»ÖÖ perpendicular †ÃÖŸÖÖê. ¾Ö¸üß»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê»Öß figure ¯ÖÆüÖ, 
ŸÖã´ÆüÖ»ÖÖ pi bond “Öß ÃÖÓÛú»¯Ö®ÖÖ »ÖõÖÖŸÖ µÖê‡Ô»Ö. 
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Q.17 Distinguish between accuracy and precision. 
 
Ans: Accuracy and Precision: 
 

No. Accuracy Precision 
i Accuracy refers to 

nearness of the 
measured value to the 
true value. 

Precision refers to 
closeness of multiple 
readings of the same 
quantity. 

ii Accuracy represents 
error with respect to 
true value. 

Precision represents 
error in the repeated 
measurements. 

iii Accuracy is expressed 
in terms of absolute 
error and relative 
error. 

Precision is 
expressed in terms of 
absolute deviation 
and relative 
deviation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e.g. a) Suppose we have a mixture of two liquid 'A' and 
‘B’ having boiling points 363 K and 373 K respectively.  
b) 'A' is more volatile and ‘B’ is less volatile. As the 
mixture is heated, vapours of 'A' along with a little 
vapours of `B' rise up and come in contact with the large 
surface of the fractionating column.  
c) Vapours of ‘B’ condense rapidly into the distillation 
flask. While passing through the fractionating column, 
there is an exchange between the ascending vapours and 
descending liquid. The vapours of `B' are scrubbed off by 
the descending liquid, this makes the vapours richer in 
'A'. 
d) This process is repeated each time the vapours and 
liquid come in contact with the surface in the 
fractionating column.  
e) Rising vapours become richer in 'A' and escape 
through the fractionating column and reach the 
condenser while the liquid in the distillation flask is 
richer in ‘B’.  

f) The separated components are further purified by 
repeating the process. 
 
Q.16 Draw the figure of commonely used 
fractionating columns. 
Ans:   
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
Q.17 Distinguish between simple distillation and 
fractional distillation. 
 
Ans: Simple distillation and Fractional distillation: 
 

No Simple distillation Fractional 
distillation 

i If in a mixture the 
difference in boiling 
points of two liquids 
is appreciable/large, 
they are separated 
from each other 
using the simple 
distillation. 

If in a mixture the 
difference in boiling 
points of two liquids is 
not appreciable/large, 
they are separated 
from each other using 
the fractional 
distillation. 

ii Simple distillation 
assembly is used.   

fractionating column 
is fitted in distillation 
assembly. 

e.g. Mixture of acetone 
(b.p. 329 K) and 
water (b.p. 373 K) 
can be separated by 
this method.  

Mixture of acetone 
(b.p. 329 K) and 
methanol (b.p. 337.7 
K) can be separated by 
this method.  

 
Q.18   Explain distillation under reduced pressure.  
 
Ans: Distillation under reduced pressure: 
i) Liquids having very high boiling points or which 
decompose on heating are purified by the method of 
distillation under reduced pressure.  
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ii) In this method, the liquid is made to boil at a 
temperature lower than its normal boiling point by 
reducing the pressure on its surface.  
iii) The external pressure is reduced using a water pump 
or vacuum pump.  
e.g. Glycerol can be separated from soap by using this 
method. 
 
3.4 Solvent Extraction 
 
Q.19  Define: Solvent extraction 
 
Ans: Solvent extraction: Solvent extraction is a method 
used to separate an organic compound present in an 
aqueous solution, by shaking it with a suitable organic 
solvent in which the compound is more soluble than water. 
 
Q.20 Which properties of solvents are useful for 
solvent extraction? 
 
Ans: i) Organic compound must be more soluble in the 
organic solvent, than in water. 
 
Q.39 What is 'boundary surface diagram'?  
 
Ans: Boundary surface diagram: A boundary surface is 
drawn in space for an orbital such that the value of 
probability density (Ψ2) is constant and encloses a 
region where the probability of finding electron is 
typically more than 90%. Such a boundary surface 
diagram is a good representation of shape of an orbital.  
e.g. Boundary surface diagram of ls and 2s orbitals are 
spherical in shape. 
 
Q.40 Explain the shape of s orbital.  
 
Ans: Shape of s orbital:  
 
 
 
 
 
 
 
 
 
i) For each value of principal quantum number 'n', there 
is only one s-orbital. 
ii) For s-orbital, l = 0 and ml = 0, hence s-orbital has 
only one orientation i.e., the probability of finding the 
electrons is same in all directions. Thus, s-orbital is 
spherically symmetrical around the nucleus.  

iii) The value of n determines the size of an orbital. With 
increase in the value of n, the size of the s-orbital 
increases. 
 
Q.41 Explain the shape of 2p orbitals.  
 
Ans: Shape of 2p orbitals:  
 
 
 
 
 
 
 
 
 
 
 
i) For p orbital, l = 1. For l = 1,ml = +1, 0,−1. Thus, p 
orbitals have three orientations. 
ii) Each orbital has two lobes on the two sides of a nodal 
plane passing through the nucleus.  
iii) Shape of 2p orbitals resembles a dumbbell.  
iv) The size and energy of the three 2p orbitals are the 
same. However, their orientations in space are different. 
The lobes of the three 2p orbitals are along the x, y and z 
axes. Accordingly, the corresponding orbitals are 
designated as 2px, 2py and 2pz. The size and energy of 

the orbitals in p subshell increase with the increase of 
principal quantum number. 
 
Q.42 Explain shape of 3d orbitals. 
 
Ans: Shape of 3d orbitals: 
 
 
 
 
 
 
 
 
 
 
i) For d orbital, l = 2.  For l = 2,m = +2,+1, 0, −1,−2. 
Thus, d orbitals have five orientations. 
ii) They are designated as dxy, dyz, dzx, dx2−y2  and dz2. 

iii) Shape of 3d orbitals are shown in the following figure. 
The first three have double dumb–bell shape. They lie in 
xy, yz and xz plane, respectively. The dx2−y2 is also 

dumb–bell shape and lies along the x and y axes. 
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dz2 is dumb–bell shape along z axis with a dough–nut 
shaped ring of high electron density around the nucleus 
in xy plane. 
iv) In spite of difference in their shapes, the five  d 
orbitals are equivalent in energy. The shapes of 4d, 5d, 
6d …… orbitals are similar to those of 3d orbitals, but 
their respective size and energies are large or they are 
said to be more diffused. 
 
Q.43 Draw shapes of 2s and 2p orbitals. 
 
Ans: Shapes of 2s and 2p orbitals: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q.12 Draw: Lewis dot diagrams for the following: 
i) Hydrogen (𝐇𝟐)                  ii) Water (𝐇𝟐𝐎) 
iii) Carbon dioxide (𝐂𝐎𝟐)   iv) Methane (𝐂𝐇𝟒) 
v) Lithium fluoride (𝐋𝐢𝐅) 
 
Ans: i) H ∶ H    or H − H 

 

 
 

 
 

 
 
Q.13 Draw lewis electron dot structures of: 
i) HF                      ii) 𝐂𝟐𝐇𝟔                     iii) 𝐂𝟐𝐇𝟒 
iv) 𝐂𝐅𝟑𝐂𝐥              v) 𝐒𝐎𝟒 
 
Ans:  

 
 

 
 

 
 

 
 

 
 
Q.14 What do you mean by formal charge? Explain its 
significance with the help of suitable example. 
 
Ans: Formal Charge: Formal charge is the charge 
assigned to an atom in a molecule, assuming that all 
electrons are shared equally between atoms, regardless 
of their relative electronegativities. While determining 
the best Lewis structure per molecule the structure is 
chosen such that the formal charge is as close to zero as 
possible. The structure having the lowest formal charge 
has the lowest energy. Formal charge is assigned to an 
atom based on electron dot structures of the 
molecule/ion. 
Formal charge on an atom in a Lewis structure of a 
polyatomic species can be determined using the 
following formula: 
 

[
Formal charge
on an atom in a
Lewis structure

] = [
Total no. of 

valence electrons
in free atom

]  

 

           −[

Total no. of non
bonding or lone
pairs of electrons

] − 1/2 [
Total no. of 
bonding or

shared electrons
] 

                                      OR 
           𝐅. 𝐂. = 𝐕. 𝐄. −𝐍. 𝐄.−(𝐁. 𝐄./𝟐)  
Let us consider ozone molecule O3 
 
Lewis structure of 𝐎𝟑: 
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Here three oxygen atoms are numbered as 1, 2, 3. The 
formal charge on the central oxygen atom no. 1 
= 6 − 2 − 1/2(6) = +1  
Formal charge on the end oxygen atoms is marked as 2 
= 6 − 4 − 1/2(4) = 0   
Formal charge on the end oxygen atoms marked as 3 
= 6 − 6 − 1/2(2) = −1  
Hence, O3 molecule can be represented along with 
formal charge as follows: 
 

                                      
The lowest energy structure can be selected using formal 
charge from the number of possible Lewis structures, for 
a given species. 
 
Q.34 Balance the following unbalanced equation (in 
acidic medium) by ion electron method (half 
reaction method). 

 𝐌𝐧(𝐚𝐪)
𝟐+ + 𝐂𝐥𝐎𝟑(𝐚𝐪)

−
              
→    𝐌𝐧𝐎𝟐(𝐬) + 𝐂𝐥𝐎𝟐(𝐚𝐪)  

 

Ans: 𝐌𝐧(𝐚𝐪)
𝟐+ + 𝐂𝐥𝐎𝟑(𝐚𝐪)

−
              
→    𝐌𝐧𝐎𝟐(𝐬) + 𝐂𝐥𝐎𝟐(𝐚𝐪) 

Step 1: Write unbalanced equation for the redox 
reaction. Assign oxidation number to all the atoms in 
reactants and products. Divide the equation into two half 
equations. 

 
 
Oxidation half reaction: Mn(aq)

2+
             
→    MnO2(aq) 

Reduction half reaction: ClO3(aq)
−

              
→    ClO2(aq) 

 
Step 2: Balance the atoms except O and H in each half 
equation. Balance half equations for O atoms by adding 
H2O to the side with less O atoms. Add 2H2O to left side 
of oxidation half equation and 1H2O to the right side of 
reduction half equation. 
Oxidation: Mn(aq)

2+ + 2H2O(l)
             
→    MnO2(aq) 

Reduction: ClO3(aq)
−

              
→    ClO2(aq) + H2O(l) 

 
Step 3: Balance H atoms by adding H+ ions to the side 
with less H. Hence add 4H+ ions to the right side of 

oxidation half equation and 2H+ ions to the left side of 
reduction half equation. 
Oxidation: Mn(aq)

2+ + 2H2O(l)
             
→    MnO2(aq) + 4H(aq)

+  

Reduction: ClO3(aq)
− + 2H(aq)

+
              
→    ClO2 +H2O(l) 

 
Step 4: Now add 2 electrons to the right side of oxidation 
half equation and 1 electron to the side of reduction half 
equation to balance the charges. 
Oxidation: Mn(aq)

2+ + 2H2O(l)
             
→    MnO2(s) + 4H(aq)

+ +

2e−   
Reduction: ClO3(aq)

− + 2H(aq)
+ + e−

              
→    ClO2(aq) +

H2O(l)  

 
Step 5: Multiply reduction half equation by 2 to equalize 
number of electrons in two half equations. Then add two 
half equation.  
Oxidation: Mn(aq)

2+ + 2H2O(l)
             
→    MnO2(aq) + 4H(aq)

+ +

2e− 
Reduction: ClO3(aq)

− + 4H(aq)
+ + 2e−

              
→    2ClO2(aq) +

2H2O(l) 

Add two half equations: 
Mn(aq)

2+ + 2ClO3(aq)
−

              
→    MnO2(s) + ClO2(aq)  

The equation is balanced in terms of number of atoms 
and the charges. 
Hence, balanced equation:  

𝐌𝐧(𝐚𝐪)
𝟐+ + 𝟐𝐂𝐥𝐎𝟑(𝐚𝐪)

−
              
→    𝐌𝐧𝐎𝟐(𝐬) + 𝐂𝐥𝐎𝟐(𝐚𝐪)  

Q.35 Balance the following redox equation by half 
reaction method: 
i) 𝐇𝟐𝐂𝟐𝐎𝟒(𝐚𝐪) +𝐌𝐧𝐎𝟒(𝐚𝐪)

−
            
→   𝐂𝐎𝟐(𝐠) +

𝐌𝐧(𝐚𝐪)
𝟐+    (𝐚𝐜𝐢𝐝𝐢𝐜)  

ii) 𝐁𝐢(𝐎𝐇)𝟑(𝐬) + 𝐒𝐧𝐎𝟐(𝐚𝐪)
𝟐−

              
→    𝐒𝐧𝐎𝟑(𝐚𝐪)

𝟐− +

𝐁𝐢(𝐬) (𝐁𝐚𝐬𝐢𝐜)  

 
Ans: i) 𝐇𝟐𝐂𝟐𝐎𝟒(𝐚𝐪) +𝐌𝐧𝐎𝟒(𝐚𝐪)

−
            
→   𝐂𝐎𝟐(𝐠) +

𝐌𝐧(𝐚𝐪)
𝟐+    (𝐚𝐜𝐢𝐝𝐢𝐜)  

 
Step 1: Write unbalanced equation for the redox 
reaction. Assign oxidation number to all the atoms in 
reactants and products. Divide the equation into two half 
equations. 
           

 
Oxidation half reaction: H2C2O4(aq)

            
→   CO2(g) 

Reduction half reaction: MnO4(aq)
−

            
→   Mn(aq)

2+  
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i) Intermolecular forces (†ÖÓŸÖ¸ü¸êüÞÖæ ²Ö»Ö / †ÖÓŸÖ¸ü ¸êüÞ¾ÖßµÖ ²Ö»Ö): 
×Æü †¿Öß forces of attraction (†ÖÛúÂÖáµÖ ²Ö»Öê) †ÖÆêüŸÖ ×Ûú, ŸµÖÖÓ“µÖÖ 
molecular diameter (¸êüÞ¾ÖßµÖ ¾µÖÖÃÖÖ¯ÖêõÖÖ) Ûú´Öß †ÓŸÖ¸üÖ¾Ö¸ü †ÃÖÞÖÖ-µÖÖ 
¿Öê•ÖÖ¸ü“µÖÖ ¸êüÞÖãÓ´Ö¬Öß»Ö †ÖÛúÂÖÔÞÖÖ“Öß ²Ö»Öê †ÃÖŸÖÖŸÖ. Molecular 
interaction (¸êüÞ¾ÖßµÖ †®µÖÖê®µÖ ×ÛÎúµÖÖ) µÖÖ ²Ö»ÖÖÓ®ÖÖ ÛúÖ¸üÞÖß³ÖæŸÖ †ÃÖŸÖÖŸÖ. 
ii) Intramolecular forces (†ÓŸÖ ì̧üÞÖã ²Ö»Öê): ×Æü †¿Öß ²Ö»Öê †ÖÆêüŸÖ ×Ûú, 
µÖÖ´Öãôêû atoms of molecules (¸êüÞÖãÓ´Ö¬Öß»Ö ‘Ö™üÛú †ÞÖæ) ‹Ûú×¡ÖŸÖ šêü¾Ö»Öê 
•ÖÖŸÖÖŸÖ †Ö×ÞÖ µÖÖÃÖÖšüß ¸êüÞÖãÓ“µÖÖ †ÖŸÖß»Ö chemical bonds (¸üÖÃÖÖµÖ®ÖßÛú 
²ÖÓ¬Ö) •Ö²ÖÖ²Ö¤üÖ¸ü †ÃÖŸÖÖŸÖ. 
 
Intermolecular Interaction (†ÖÓŸÖ¸ü ȩ̂üÞ¾ÖßµÖ †®µÖÖêµÖ ×ÛÎúµÖê“Öê) 
¯ÖÏÛúÖ ü̧:  
i) Dipole- dipole interaction (×«ü¬ÖÐã¾Ö- ×«ü¬ÖÐã¾Ö †®µÖÖê®µÖ ×ÛÎúµÖÖ) 
ii) Dipole- induced dipole interactions (×«ü¬ÖÐã¾Ö-¯ÖÏê×¸üŸÖ ×¾¤ü¬ÖÐã¾Ö 
†®µÖÖêµÖ ×ÛÎúµÖÖ) 
iii) Ion-dipole (†ÖµÖ®Ö-×«ü¬ÖÐã¾Ö †®µÖÖê®µÖ ×ÛÎúµÖÖ) 
iv) Dispersion forces (†¯ÖÃÛú¸üÞÖ ²Ö»Öê) ØÛú¾ÖÖ London forces 
(»ÖÓ›ü®Ö ²Ö»Öê) 
v) Hydrogen bonding 
 
Dipole-dipole interaction (×«ü¬ÖÐã¾Ö-×¾¤ü¬ÖÐã¾Ö †®µÖÖê®µÖ ×ÛÎúµÖÖ): 
i) •µÖÖ molecules (¸êüÞÖãÓ´Ö¬µÖê) permanent dipole moment (Ã£ÖÖµÖß 
×¾¤ü¬ÖÐã¾Ö †Ö‘ÖãÞÖÔ) †ÃÖŸÖê, †¿ÖÖ neighbouring (×®ÖÛú™ü“µÖÖ) molecules 
´Ö¬µÖê diploe-dipole (×«ü¬ÖÐã¾Ö-×«ü¬ÖÐã¾Ö) interactions ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖê, µÖÖ“ÖÖ 
¯Ö×¸üÞÖÖ´Ö intermolecular (†ÖÓŸÖ¸ü¸êüÞ¾ÖßµÖ †®µÖÖê®µÖ ×ÛÎúµÖêŸÖ) ÆüÖêŸÖÖê. 
ii) ´ÖãÜµÖŸ¾ÖêÛú¹ý®Ö electrostatic force of attraction (×¾ÖªãŸÖ ×Ã£Ö×ŸÖÛú 
†ÖÛúÂÖÔÞÖ ²Ö»Öê) ×Æü dipole-dipole interactions “Öê ´Öãôû †ÃÖŸÖê. 
ˆ¤üÖ: HCl µÖÖ ×«ü¬ÖÐã¾Öß molecule ´Ö¬µÖê Hydrogen atom ÆüÖ 
electropositive (×¾ÖªãŸÖ ¬Ö®Ö) atom †ÖÆêü, †Ö×ÞÖ Chlorine ÆüÖ 
electronegative (×¾ÖªãŸÖ ŠúÞÖ) atom †ÖÆêü. 
H-Cl ×Æü electron pair, Cl atom Ûú›êü •ÖÖÃŸÖ ÜÖê“Ö»Öß •ÖÖŸÖê, ŸµÖÖ´Öãôêû 
Cl ¾Ö¸ü ÃÖãõ´Ö negative charge (ŠúÞÖ ¯ÖÏ³ÖÖ¸ü) acquires (ˆ¯ÖÖÙ•ÖŸÖ) 
ÆüÖêŸÖÖê, ŸµÖÖ»ÖÖ (Clδ-) †ÃÖê ¤ü¿ÖÔ×¾Ö»Öê •ÖÖŸÖê ¾Ö Hydrogen ¾Ö¸ü ÃÖãõ´Ö 
positive charge (¬Ö®Ö ¯ÖÏ³ÖÖ¸ü) ˆ¯ÖÖÙ•ÖŸÖ ÆüÖêŸÖÖê, ŸÖÖê (Hδ+) †ÃÖê ¤ü¿ÖÔ×¾Ö»Öê 
•ÖÖŸÖê. ¾Ö×¸ü»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê figure ´Ö¬µÖê charge separate (¯ÖÏ³ÖÖ¸ü 
×¾Ö³ÖŒŸÖ®Ö) —ÖÖ»Öê»ÖÖ HCl molecule ¤üÖÜÖ×¾Ö»ÖÖ †ÖÆêü.   
iii) Charge separate —ÖÖ»µÖÖ´Öãôêû HCl “Öê molecule †¿ÖÖ ×¸üŸÖß®Öê 
align (ÃÖÓ¸êü×ÜÖŸÖ) ÆüÖêŸÖÖŸÖ ×Ûú, oppositely charged ends (×¾Ö¹ý¨ü 
¯ÖÏ³ÖÖ¸üÖ“Öß ™üÖêÛêú) ‹Ûú´ÖêÛúÖÓ“µÖÖ •Ö¾Öôû µÖêŸÖÖŸÖ. ¯ÖÏ¿®ÖÖ´Ö¬Öß»Ö (figure) ¯ÖÆüÖ. 
iv) Dipole-dipole interaction (¬ÖÐã¾Ö-¬ÖÐã¾Ö †®µÖÖê®µÖ ×ÛÎúµÖÖ) “Öß 
strength (ÃÖÖ´Ö£µÖÔ) Æêü interaction Ûú¸üÞµÖÖ-µÖÖ molecules “µÖÖ 
dipole-moment (×«ü¬ÖÐã¾Öß †Ö‘ÖãÞÖÖÔ¾Ö¸ü) †¾Ö»ÖÓ²Öæ®Ö †ÃÖŸÖê, ´ÆüÞÖ•Öê“Ö 
×•ÖŸÖÛêú moment †×¬ÖÛú ×ŸÖŸÖÛêú dipole-dipole interaction ×Æü 
stronger †ÃÖŸÖê. 

v) Ûêú¾Öôû polar molecules ×Ûú, •µÖÖ´Ö¬µÖê permanent non-zero 
dipole moment (Ã£ÖÖµÖß ¿Öã®µÖêŸÖ¸ü ×¾¤ü¬ÖÐã¾Öß †Ö‘ÖãÞÖÔ) †ÃÖŸÖê, ŸÖë¾ÆüÖ 
dipole-dipole interactions ¿ÖŒµÖ †ÃÖŸÖê. 
 
Dipole-induced dipole interaction (×«ü¬ÖÐã¾Öß-¯ÖÏê×¸üŸÖ ×«ü¬ÖÐã¾Ö 
†®µÖÖê®µÖ ×ÛÎúµÖÖ):  
i) Æêü interaction (†®µÖÖê®µÖ ×ÛÎúµÖÖ) permanent non-zero dipole 
moment (Ã£ÖÖµÖß ×«ü¬ÖÐã¾Ö †¿Öã®µÖ †Ö‘ÖãÞÖÔ †ÃÖÞÖÖ¸êü ¸êüÞÖã) ¾Ö non-polar 
molecule with zero-dipole moment (¿Öã®µÖ ×«ü¬ÖÐã¾Ö †Ö‘ÖãÞÖÔ †ÃÖ»Öê»Öê 
†¬ÖÐã¾Öß ȩ̂üÞÖæ) µÖÖÓ“µÖÖ ´Ö¬µÖê ÆüÖêŸÖê.  
ii) •Öë¾ÆüÖ polar molecules (¬ÖÐã¾Öß ¸êüÞÖã) ¾Ö non-polar molecules 
(†¬ÖÐã¾Öß ȩ̂üÞÖã) Æêü ¸êüÞÖæ ¯Ö¸üÃ¯Ö¸üÖÓ®ÖÖ ×®ÖÛú™ü µÖêŸÖÖŸÖ, ŸÖë¾ÆüÖ polar molecules 
Æêü non-polar molecules ¾Ö¸ü dipole (×«ü¬ÖÐã¾Ö) ¯ÖÏê×¸üŸÖ Ûú¸üŸÖÖŸÖ, µÖÖ´Öãôêû 
electron charge cloud (‡»ÖêŒ™ÒüÖò×®ÖÛú ¯ÖÏ³ÖÖ¸üÖ“ÖÖ †³ÖÏ ×¾Ö¹ý×¯ÖŸÖ ÆüÖêŸÖÖê) 
†Ö×ÞÖ temporary charge separation (ŸÖÖŸ¯Öã̧ üŸÖê ¯ÖÏ³ÖÖ¸üÖ“Öê ×¾Ö³ÖŒŸÖ 
ÆüÖêŸÖê). 
iii) µÖÖ“Öê ¹ý¯ÖÖÓŸÖ¸ü ´ÆüÞÖã®Ö charge separated polar molecules ¾Ö 
charge induced non-polar molecules µÖÖÓ“µÖÖ´Ö¬µÖê force of 
attraction (†ÖÛúÂÖÔÞÖÖ“Öê ²Ö»Ö) ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖê. ¯ÖÏ¿®ÖÖ´Ö¬µÖê µÖÖ“Öß diagram 
¾µÖ¾ÖÃ£ÖßŸÖ ×¤ü»Öß †ÖÆêü. 
ˆ¤üÖ: polar ammonia molecules ¾Ö non-polar benzene 
molecules µÖÖÓ“µÖÖ´Ö¬µÖê force of attraction ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖê, Æêü dipole-
induced dipole interaction “Öê ˆ¤üÖÆü¸üÞÖ †ÖÆêü. 
 
Ion-dipole interaction (†ÖµÖ®Ö-×«ü¬ÖÐã¾Ö †®µÖÖê®µÖ ×ÛÎúµÖÖ): 
i) ÛúÖêÞÖŸµÖÖÆüß ion, (anion ØÛú¾ÖÖ cation) ¾Ö oppositely charged 
(×¾Ö¹ý¨ü ¯ÖÏ³ÖÖ¸ü) †ÃÖ»Öê»ÖÖ polar molecule (¬ÖÐã¾Öß ¸êüÞÖæ) µÖÖÓ“µÖÖ´Ö¬Öß»Ö 
interaction (†®µÖÖê®µÖ ×ÛÎúµÖÖ) ´ÆüÞÖ•Öê“Ö ion-dipole interactions 
ÆüÖêµÖ. 
ii) Ion-dipole interaction (†ÖµÖ®Ö-×«ü¬ÖÐã¾Ö †®µÖÖê®µÖ ×ÛÎúµÖÖ) “Öß 
strength ÜÖÖ»Öß»Ö ‘Ö™üÛúÖÓ¾Ö¸ü †¾Ö»ÖÓ²Öã®Ö †ÃÖŸÖê. 
a) Polar molecular “µÖÖ dipole moment (×«ü¬ÖÐã¾Ö †Ö‘ÖãÔÞÖÖ“Öê) 
magnitude  
b) Polar molecules (¬ÖÐã¾Öß ȩ̂üÞÖæ) “Öß size (†ÖÛúÖ¸ü)  
c) Ion “Öß size  
d) Ion ¾Ö×¸ü»Ö charge (¯ÖÏ³ÖÖ¸ü) 
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Structure of carbon nanotubes: 
i) Carbon nanotubes are cylindrical in shape consisting 
of rolled-up graphite sheet.  
ii) Nanotubes can be single – walled (SWNTs) with a 
diameter of less than 1 nm or multi – walled (MWNTs) 
with diameter reaching more than 100 nm.  
iii) Their lengths range from several micrometres to 
millimetres.  
 
 
 
 
 
 
 
 
 
 
iv) Carbon nanotubes are robust. They can be bent, and 
when released, they will spring back to the original 
shape.  
v) Carbon nanotubes have high electrical or heat 
conductivities and highest strength- to-weight ratio for 
any known material to date.  
vi) The researchers of NASA are combining carbon 
nanotubes with other materials into composites that can 
be used to build light weight spacecraft.   
 
Q.26 What is graphene?  
 
Ans: Graphene: 
i) Isolated layer of graphite is called graphene.  
ii) Graphene sheet is a two dimensional solid.  
iii) It has unique electronic properties. 
 
 
 
 
 
 
 
 
 
 
 
Q.27 Find out the difference between: Diamond and 
graphite.  
 
Ans: Diamond and graphite: 

No Diamond 
i It has a three-dimensional network structure. 
ii In diamond, each carbon atom is sp3 

hybridized. 

iii Each carbon atom in diamond is linked to four 
other carbon atoms.  

iv Diamond is poor conductor of electricity due to 
absence of free electrons.  

v Diamond is the hardest natural substance.  
 

No Graphite 
i It has a two-dimensional hexagonal layered 

structure. 
ii In graphite, each carbon atom is sp2 hybridized. 
iii  Each carbon atom in graphite is linked to three 

other carbon atoms. 
iv Graphite is good conductor of electricity due to 

presence of free electrons in its structure.  
v Graphite is soft and slippery. 

 
Q.28 Explain the structure of various allotropes of 
phosphorus.  
 
Ans: Allotropes of phosphorus: phosphorus is found in 
different allotropic forms. White and red phosphorus are 
important allotropes of phosphorus.  
 
1) White (yellow) phosphorus:  
i) White (yellow) phosphorus consists of discrete 
tetrahedral P4 molecules.  
ii) The P − P − P bond angle is 60°.  
iii) White phosphorus is less stable and hence more 
reactive, because of angular strain in the P4 molecule.  
 
 
 
 
 
 
 
2) Red phosphorus:  
i) Red phosphorus consists of chains of 𝑃4 linked 
together by covalent bonds.  
ii) Thus, it is polymeric in nature.  
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Boyles law (²ÖÖò‡Ô»ÖÃÖ“ÖÖ ×®ÖµÖ´Ö)-Temperature (ŸÖÖ¯Ö´ÖÖ®Ö) ×Ã£Ö¸ü 
†ÃÖŸÖÖ®ÖÖ ×¤ü»Öê»µÖÖ ¾ÖÃŸÖã´ÖÖ®ÖÖ“µÖÖ ¾ÖÖµÖã“ÖÖ pressure (¤üÖ²Ö) ÆüÖ ŸµÖÖ“µÖÖ 
volume (†ÖÛúÖ¸ü´ÖÖ®ÖÖ“µÖÖ) ¾µÖÃŸÖ ¯ÖÏ´ÖÖ®ÖÖŸÖ †ÃÖŸÖÖê. ´ÆüÞÖ•Öê“Ö P ∝ 

1

V
 

µÖÖ®ÖÓŸÖ¸ü“Öê ÃÖ¾ÖÔ simplification ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü.  
Boyles law ÆüÖ ¤ãüÃÖ-µÖÖ ¯ÖÏÛúÖ¸êü †ÃÖÖ ´ÖÖÓ›üŸÖÖ µÖêŸÖÖê ×Ûú, ×¤ü»µÖê»µÖÖ 
¾ÖÃŸÖã´ÖÖ®ÖÖ“µÖÖ gas “ÖÖ pressure ¾Ö ŸµÖÖ“Öê volume µÖÖÓ“ÖÖ ÝÖãÞÖÖÛúÖ¸ü ÆüÖ 
constant temperature (×Ã£Ö¸ü ŸÖÖ¯Ö´ÖÖ®ÖÖ»ÖÖ) constant ×Ã£Ö¸ü †ÃÖŸÖÖê. 
 
Density (‘Ö®ÖŸÖÖ) ¾Ö pressure (¤üÖ²Ö) µÖÖÓ“µÖÖŸÖß»Ö relation (ÃÖÓ²ÖÓ¬Ö) 
¾Ö×¸ü»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê formula (ÃÖã¡ÖÖÓ“µÖÖ) Ã¾Ö¹ý¯ÖÖŸÖ ×¤ü»ÖÖ †ÖÆêü. Density 
¾Ö pressure µÖÖÓ“µÖÖ defination ¾Ö ŸµÖÖÓ“Öê formula µÖÖ¾Ö¹ý®Ö Æêü relation 
ŸÖµÖÖ¸ü Ûêú»Öê †ÖÆêü. µÖÖ´Ö¬µÖê ´ÖÆüŸ¾ÖÖ“Öê ´ÆüÞÖ•Öê ŸµÖÖÓ“µÖÖ formula ØÛú¾ÖÖ 
equations ´Ö¬Öß»Ö simplification ŸÖã´Ö“µÖÖ »ÖõÖÖŸÖ †Ö»Öê ¯ÖÖ×Æü•Öê. ÃÖ¾ÖÔ 
ÛúÖôû•Öß¯Öã¾ÖÔÛú ¾ÖÖ“ÖÖ ¾Ö »ÖõÖÖŸÖ šêü¾ÖÖ. 
 
Charles law (“ÖÖ»ÃÖÔ“ÖÖ ×®ÖµÖ´Ö): Constant pressure (¤üÖ²Ö ×Ã£Ö¸ü) 
†ÃÖŸÖÖ®ÖÖ ×¤ü»Öê»µÖÖ ¾ÖÃŸÖã´ÖÖ®ÖÖ“µÖÖ gas “Öê volume (†ÖÛúÖ¸ü´ÖÖ®Ö) Æêü 
ŸµÖÖ“µÖÖ absolute  temperature (×®Ö¸ü¯ÖêõÖ ŸÖÖ¯Ö´ÖÖ®ÖÖ“µÖÖ) ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖ 
†ÃÖŸÖê. 
´ÆüÞÖ•Öê“Ö V ∝ T, v = K.T µÖÖ´Ö¬µÖê K ÆüÖ constant ×Ã£Ö¸üÖÓÛú †ÃÖŸÖÖê. 
µÖÖ®ÖÓŸÖ¸ü gas “Öß ¾ÖêÝÖ¾ÖêÝÖôûß volume ¾Ö ŸµÖÖÓ“Öê ÃÖ´Ö¯ÖÏ´ÖÞÖÖŸÖß»Ö 
temperature ¾Ö¹ý®Ö ŸÖµÖÖ¸ü —ÖÖ»Öê»µÖÖ formula (ÃÖã¡Ö), ¾Ö×¸ü»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê 
×¤ü»Öê †ÖÆêü. ŸÖê »ÖõÖÖŸÖ šêü¾ÖÖ.  
 
Gay Lussacs law (ÝÖê-»µÖãÃÖòÛú“ÖÖ ×®ÖµÖ´Ö): At constant volume 
(†ÖÛúÖ¸ü´ÖÖ®Ö ×Ã£Ö¸)ü †ÃÖŸÖÖ®ÖÖ ×¤ü»Öê»µÖÖ ¾ÖÃŸÖã´ÖÖ®ÖÖ“µÖÖ gas “ÖÖ pressure 
(¤üÖ²Ö) ÆüÖ ŸµÖÖ“µÖÖ temperature (ŸÖÖ¯Ö´ÖÖ®ÖÖ“µÖÖ) ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖ †ÃÖŸÖÖê. 
´ÅÞÖ•Öê“Ö P ∝ T, ∴ P = K.T µÖÖ´Ö¬µÖê K ÆüÖ constant (×Ã£Ö¸üÖÓÛú) †ÖÆêü. 
µÖÖ®ÖÓŸÖ¸ü gas “Öß ¾ÖêÝÖ¾ÖêÝÖôûß pressure ¾Ö ŸµÖÖÓ“Öê ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖß»Ö ¾ÖêÝÖ¾ÖêÝÖôûß 
Temperature (ŸÖÖ¯Ö´ÖÖ®Öê) µÖÖ¾Ö¹ý®Ö ŸÖµÖÖ¸ü —ÖÖ»Öê»µÖÖ formula ¯ÖÏ¿®ÖÖ´Ö¬µÖê 
×¤ü»Öê †ÖÆêü, ŸÖê »ÖõÖÖŸÖ šêü¾ÖÖ. 
Avogadros law (‹ò¾ÆüÖêÝÖÖ›ÒüÖê“ÖÖ ×®ÖµÖ´Ö)- 
At constant temperature and pressure (ŸÖÖ¯Ö´ÖÖ®Ö ¾Ö ¤üÖ²Ö ×Ã£Ö¸ü 
†ÃÖŸÖÖ®ÖÖ), equal volume  of all gases (ÃÖ¾ÖÔ ¾ÖÖµÖãÓ“µÖÖ ÃÖ´ÖÃÖ´ÖÖ®Ö 
†ÖÛúÖ¸ü´ÖÖ®ÖÖŸÖ) equal number of molecules (ÃÖ´ÖÃÖ´ÖÖ®Ö ÃÖÓÜµÖê“Öê 
¸êüÞÖã) †ÃÖŸÖÖŸÖ. µÖÖ statement “Öê simplification ̄ ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü, 
ŸÖê ¯ÖÆüÖ.  
Statement-II- At Constant temperature and pressure (×Ã£Ö¸ü 
ŸÖÖ¯Ö´ÖÖ®Ö ¾Ö ¤üÖ²Ö) †ÃÖŸÖÖ®ÖÖ ÛúÖêÞÖŸµÖÖÆüß gas “Öê volume (†ÖÛúÖ¸ü´ÖÖ®Ö) 
Æêü ŸµÖÖŸÖ †ÃÖ»Öê»µÖÖ moles “µÖÖ ÃÖÓÜµÖê“µÖÖ ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖ †ÃÖŸÖÖŸÖ.  
 
Ideal gas equation (†Ö¤ü¿ÖÔ ¾ÖÖµÖã“ÖÖ ×®ÖµÖ´Ö)- •µÖÖ expression 
(ÃÖ×´ÖÛú¸üÞÖÖ¾Öºþ®Ö) pressure (¤üÖ²Ö) ¾Ö temperature (ŸÖÖ¯Ö´ÖÖ®Ö) µÖÖÓ“ÖÖ 
gas “µÖÖ volume (†ÖÛúÖ¸ü´ÖÖ®ÖÖ¾Ö¸ü) ÆüÖêÞÖÖ¸üÖ combined effect 
(‹Ûú×¡ÖŸÖ ¯Ö×¸üÞÖÖ´Ö) ¤üÖÜÖ×¾ÖÞÖÖ ȩ̂ü expression ´ÆüÞÖ•Öê“Ö Ideal gas 
equation ÆüÖêµÖ.  

Ideal gas equation Æêü Boyles law, Charles law ¾Ö Avogadros 
law µÖÖÓ“µÖÖ combination (‹Ûú×¡ÖÛú¸üÞÖÖŸÖæ®Ö) ŸÖµÖÖ¸ üÛú¸üŸÖÖ µÖêŸÖê. 
¯ÖÏ¿®ÖÖ´Ö¬µÖê †Ö¢ÖÖ ˆ»»ÖêÜÖ Ûêú»Öê»µÖÖ ×ŸÖ®ÖÆüß laws ¾Öºþ®Ö Ideal gas “Öê 
equation ÛúÃÖê ŸÖµÖÖ¸ü ÆüÖêŸÖê µÖÖ“Öê simplification ×¤ü»Öê †ÖÆêü, ŸµÖÖ“Öê 
¾µÖ¾Ö×Ã£ÖŸÖ †¾Ö»ÖÖêÛú®Ö Ûú¸üÖ. 
 
Gas constant (¾ÖÖµÖã“µÖÖ ×Ã£Ö¸üÖÓÛúÖ“Öß) volue (´Öã»µÖ) ¾ÖêÝÖ¾ÖêÝÖôûµÖÖ units 
´Ö¬µÖê ´ÆüÞÖ•Öê“Ö R “Öß value ×Æü L atm ´Ö¬µÖê, CGS units ´Ö¬µÖê joules 
´Ö¬µÖê ¾Ö calories ´Ö¬µÖê ×ÛúŸÖß µÖêŸÖê, µÖÖ“Öê simplification ¾Ö¸üß»Ö 
¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü, ŸµÖÖ“ÖÖ ¾µÖ¾Ö×Ã£ÖŸÖ †³µÖÖÃÖ Ûú¸üÖ. 
 
Kinetic theory of gases “Öß postulates (†Ö¬ÖÖ ü̧ŸÖŸ¾Öê)-  
i) ¯ÖÏÖ´ÖãÜµÖÖ®Öê gases (¾ÖÖµÖã´Ö¬µÖê) †×ŸÖÃÖãõ´Ö molecules †ÃÖŸÖÖŸÖ, 
´ÆüÞÖ•Öê“Ö ŸµÖÖ´Ö¬µÖê ÃÖãõ´ÖÛúÞÖ †ÃÖŸÖÖŸÖ. ‹ÛúÖ“Ö gas ´Ö¬µÖê †ÃÖÞÖÖ·µÖÖ 
molecules “Öê ¾ÖÃŸÖã´ÖÖ®Ö ¾Ö †ÖÛúÖ¸ üÆüÖ ‹ÛúÃÖÖ¸üÜÖÖ“Ö †ÃÖŸÖÖê, ´ÖÖ¡Ö 
¾ÖêÝÖ¾ÖêÝÖôûµÖÖ gases “Öê molecules “Öê ¾ÖÃŸÖã´ÖÖ®Ö ¾Ö †ÖÛúÖ¸ üÆüÖ ¾ÖêÝÖ¾ÖêÝÖôûÖ 
†ÃÖŸÖÖê. 
ii) Gas molecules Æêü continuous (‹ÛúÃÖ»ÖÝÖ) motion (ÝÖ×ŸÖ´Ö¬µÖê) 
†ÃÖŸÖÖŸÖ. µÖÖ´Ö¬Öß»Ö molecules Æêü ¿Öê•ÖÖ¸ü“µÖÖ molecules ¾Ö¸ü ŸÖÃÖê“Ö 
container “µÖÖ wall ¾Ö¸ü collides (†Ö¤üôûŸÖÖŸÖ). 
iii) Gas ´Ö¬Öß»Ö molecules “µÖÖ collisions (†Ö‘ÖÖŸÖ) ´Öãôêû gas ¾Ö¸ü 
pressure (¤üÖ²Ö) ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖÖê ¾Ö ÆüÖ ÃÖ¾ÖÔ ¤üÖ²Ö container (™üÖÛúß / ¯ÖÖ¡ÖÖ) 
“µÖÖ walls ¾Ö¸ü »ÖÖ¾Ö»ÖÖ •ÖÖŸÖÖê. 
iv) Molecules- molecules ´Ö¬Öß»Ö collision Æêü perfectly elastic 
†ÃÖŸÖê, µÖÖ´Ö¬µÖê collision ´Öãôê ûkinetic energy “ÖÖ loss ÆüÖêŸÖ ®ÖÖÆüß, 
ŸµÖÖ´Öãôêû ×®Ö´ÖÖÔÞÖ —ÖÖ»Öê»Öê pressure ŸÖÃÖê“Ö ×Ã£Ö¸ü ¸üÖÆüŸÖê. 
v) Gas molecules ´Ö¬Öß»Ö continuous (‹ÛúÃÖ»ÖÝÖ)  motion ´Öãôêû 
ÃÖ¾ÖÔ molecules Æêü ‹ÛúÖ“Ö ×Ã£Ö¸ ümotion ´Ö¬µÖê †ÃÖŸÖÖŸÖ ¾Ö ŸµÖÖ´Öãôêû ŸµÖÖ 
molecules ´Ö¬µÖê kinetic energy ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖê, Æüß kinetic energy 
Æüß ŸÖÖ¯Ö´ÖÖ®ÖÖ¾Ö¸ü †¾Ö»ÖÓ²Öæ®Ö †ÃÖŸÖê. 
vi) •Ö¸ü pressure Ûú´Öß †ÃÖê»Ö ¾Ö temperature •ÖÖÃŸÖ †ÃÖê»Ö ŸÖ ü̧ ¤üÖê®Ö 
gas molecules ´Ö¬Öß»Ö average distance (ÃÖ¸üÖÃÖ¸üß †ÓŸÖ¸ü) Æêü ÜÖã¯Ö 
†ÃÖŸÖê ¾Ö ŸµÖÖ´Öãôê ŸµÖÖÓ“µÖ´Ö¬µÖêû force of attraction (†ÖÛúÂÖáµÖ ²Ö»Ö) Æêü 
ÜÖæ¯Ö“Ö Ûú´Öß †ÃÖŸÖê. 
vii) pressure Ûú´Öß †ÃÖŸÖÖ®ÖÖ ¾Ö temperature •ÖÖÃŸÖ †ÃÖŸÖÖ®ÖÖ, 
‹ÜÖÖªÖ gas molecules ®Öê occupied (ÃÖÖ´ÖÖ¾Ö»Öê»Öê) volume 
(†ÖÛúÖ¸ü´ÖÖ®Ö) Æêü container “µÖÖ volume (†ÖÛúÖ¸ü´ÖÖ®ÖÖ“µÖÖ) ŸÖã»Ö®ÖêŸÖ 
†×ŸÖ¿ÖµÖ Ûú´Öß †ÃÖŸÖê. ŸµÖÖ´Öãôêû ¯ÖÏŸµÖêÛú gas molecule »ÖÖ ŸµÖÖÓ“µÖÖ 
motion ÃÖÖšüß ¯ÖæÞÖÔ container ÜÖã»ÖÖ †ÃÖŸÖÖê. 
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Q.52 Match the pairs.  

 A group  B group 
i Paracetamol a Antibiotic 
ii Chloramphenicol b Synthetic detergent 
iii BHT c Soap 
iv Sodium stearate d Antioxidant 
  e Analgesic 

 
Ans: i)=e, ii)=a, iii)=d, iv)=c 
 
Q.53 Explain: Mechanism of cleansing action of soap 
with flow chart.  
 
Ans: The following flow chart shows mechanism of 
cleansing action soap. 

 
 
Q.94 Write a short note on sulphonation of benzene. 
 
Ans: Sulphonation of benzene: 
i) When benzene is heated with fuming sulfuric acid 
(oleum) at 373 K, it gives benzene sulfonic acid. 
 

 
 

ii) Electrophile involved in the reaction: SO3, free 
sulphur trioxide 
Formation of the electrophile: 2H2SO4

          
→  H3O

+ +
HSO4

− + SO3  
 
Q.95 Write a short note on Friedel- Craft’s alkylation 
reaction of benzene. 
 
Ans: Friedel-Craft’s alkylation reaction of benzene: 
i) When benzene is treated with an alkyl halide like 
methyl chloride in the presence of anhydrous aluminium 
chloride, it gives toluene. 
 

 
 
ii) Electrophile involved in the reaction: R+ 
Formation of the electrophile: R − Cl + AlCl3

             
→   R+ +

AlCl4
− 

iii) Friedel-Craft’s alkylation reaction is used to extend 
the chain outside the benzene ring. 
 
Q.96 Read the following reaction and answer the 
questions given below: 

 
i) Write the name of the reaction. 
ii) Identify the electrophile in it. 
iii) How is this electrophile generated? 
 
Ans: i) The name of the reaction is Friedel-Craft’s 
alkylation reaction. 
ii) The electrophile in the reaction is CH3 

+ . 
iii) The electrophile CH3 

+  is generated as follows: 
 
CH3 − Cl + AlCl3

                
→     CH3 

+ + AlCl4
−  

 Methyl Chloride                                     Electrophile 
 
Q.97 Explain Friedel-Craft’s acylation reaction of 
benzene. Give example reactions. 
 
Ans: Friedel-Craft’s acylation reaction of benzene: 
i) When benzene is heated with an acyl halide or acid 
anhydride in the presence of anhydrous aluminium 
chloride, it gives corresponding acyl benzene. 
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ii) Electrophile involved in the reaction: R − C+ = O, 
acylium ion 
Formation of the electrophile: R − COCl + AlCl3               
→    R − C+ = O+ AlCl4

−  
 
Q.98 Name two reagents used for acylation of 
benzene. 
 
Ans: The two reagents used for acylation of benzene 
are:  
i) CH3COCl (acetyl chloride) and anhydrous AlCl3  
ii) (CH3CO)2O (acetic anhydride) and anhydrous AlCl3 
 
Q.99 Write the combustion reaction of benzene. 
 
Ans: When benzene is heated in air, it burns with sooty 
flame forming carbon dioxide and water. 
 

C6H6 +
15

2
O2

                 
→     6CO2 + 3H2O  

 
Q.100 Predict the possible products of the following 
reactions. 
i) Chlorination of nitrobenzene 
ii) Sulphonation of chlorobenzene 
iii) Bromination of phenol 
iv) Nitration of toluene 
 
Ans: i) Nitro group is meta directing group. So, 
chlorination of nitrobenzene gives m-
chloronitrobenzene. 
 

       
 
ii) Chloro group is ortho and para directing group. So, 
sulphonation of chlorobenzene gives p-chlorobenzene 
sulphonic acid and o-chlorobenzene sulphonic acid. 

 

 
 
iii) Phenolic –OH group is group and para directing 
group. So, bromination of phenol gives p-bromophenol 
and o-bromophenol. 
 

 
 
iv) Methyl group is ortho and para directing group. So, 
nitration of toluene gives p-nitrotoluene and o-
nitrotoluene. 
 

        
 
 
Multiple Choice Questions 
 
1) Which of the following compound has highest 
boiling point?  
a) n-pentane     b) Iso-butane  c) Butane  d) Neopentane  
 
2) Acidic hydrogen is present in :  
a) acetylene                                        b) ethane  
c) ethylene                                            d) dimethyl acetylene  
 
3) Major product of chlorination of ethyl benzene is-
-- 
a) m-chlorethyl benzene          b) p - chloroethyl benzene  
c) chlorobenzene                        d) o - chloroethylbenzene  
 
4) 1 - chloropropane on treatment with alc. KOH 
produces:  
a) propane  b) propene  c) propyne  d) propyl alcohol  
 
5) Which of the following compound is alkanes? 
a) C5H10            b) C10H22          c) C15H28         d) C9H16 
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6) Alkanes are commonly called ___________. 
a) arenes           b) paraffins     c) olefins   d) acetylenes 
 
7) Isomerism is the phenomenon in which two or 
more organic compounds have ___________. 
a) same molecular formula but different structural 
formula 
b) same structural formula but different molecular 
formula 
c) same general formula, but different structural formula 
d) same empirical formula, same structural formula 
 
8) Pentane exhibits ____________ chain isomers. 
a) two               b) three               c) four           d) five 
 
9) Alkanes can be prepared by ____________ of 
unsaturated hydrocarbons. 
a) hydrogenation  b) oxidation c) hydrolysis d) cracking 
 
10) Catalytic hydrogenation of ethene or acetylene 
gives____________.  
a) ethane       b) propylene      c) methane    d) propane 
 
11) Ethyl iodide when reduced by zinc and dilute 
HCl, leads to the formation of ___________. 
a) Methane    b) Ethane     c) Ethylene   d) Butane 
 
12) The reaction of alkyl halides with sodium in dry 
ether to give higher alkanes is called _________. 
a) Wurtz reaction                        b) Kolbe’s reaction 
c) Frankland’s reaction             d) Williamson’s reaction 
13) Methane is ___________ molecule. 
a) polar   b) nonpolar  c) highly polar   d) none of these 
 
14) Alkanes are __________ in water. 
a) soluble                                      b) sparingly soluble 
c) insoluble                                   d) none of these 
 
15) As branching increases, boiling point of alkanes. 
a) increases                               b) decreases 
c) remains same                       d) None of these 
 
16) Halogenation of alkane is an example of _________ 
reaction. 
a) dehydration                                           b) substitution  
c) addition                                                  d) elimination 
 
17) The thermal decomposition of alkanes in 
absence of air to give lower alkanes, alkenes and 
hydrogen is called_____________. 
a) vapour phase nitration                  b) pyrolysis 
c) polymerisation                                d) combustion 
 

18) Bur-1-ene and But-2-ene are _____________. 
a) chain isomers                                 b) position isomers 
c) geometrical isomers                      d) metamers 
 
19) Hex-2-ene and 2-Methylpent-2-ene exhibit 
____________. 
a) chain isomerism                       b) position isomerism 
c) geometrical isomerism           d) optical isomerism 
 
20) Which of the following shows position 
isomerism? 
a) Propene                                                      b) Ethene 
c) 2-Methylpropene                                      d) Pent-2-ene 
 
21) When ethyl bromide is heated with alcoholic 
KOH, _________ is formed. 
a) ethane        b) ethanol      c) ethene        d) acetylene 
 
22) Alkenes are insoluble in _________. 
a) benzene         b) water     c) ether       d) chloroform 
 
23) Markownikov’s rule is applicable to __________. 
a) symmetrical alkenes                             b) alkanes 
c) unsymmetrical alkenes                        d) alkynes 
 
24) When propene is treated with HBr in the dark 
and in absence of peroxide, then the main product 
formed is ____________. 
a) 1-bromopropane                       b) 2-bromopropane 
c) 1, 2-dibromopropane               d) 1, 3-dibromopropane 
 
25) The ozonolysis of (𝐂𝐇𝟑)𝟐𝐂 = 𝐂(𝐂𝐇𝟑)𝟐 followed 
by treatment with zinc and water will give _________. 
a) acetone                           b) acetone and acetaldehyde 
c) formaldehyde and acetone          d) acetaldehyde 
 
26) Treatment of ethylene with ozone followed by 
decomposition of the product with 𝐙𝐧/𝐇𝟐𝐎 gives two 
moles of ________. 
a) formaldehyde                                      b) acetaldehyde 
c) formic acid                                           d) acetic acid 
 
27) Ethylene reacts with Baeyer’s reagent to give 
a/an _____________. 
a) glycol     b) aldehyde         c) acid       d) alcohol 
 
28) Baeyer’s reagent is _____________. 
a) aqueous KMnO4                  b) neutral KMnO4 
c) alkaline KMnO4                   d) aqueous bromine water 
 
29) Aliphatic unsaturated hydrocarbons containing 
two carbon-carbon triple bonds in their structure 
are called as__________. 
a) alkadiynes    b) alkatriynes       c) alkynes    d) alkanes 
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