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UNIT 1  

SOME BASIC CONCEPTS OF CHEMISTRY  
 
Chemistry: Chemistry is the branch of science that deals with the 
composition,structure and properties of matter. Chemistry is called the science of 
atoms and molecule 

Branches of Chemistry  
¶ Organic Chemistry -This branch deals with study of carbon compounds 

especially hydrocarbons and their derivatives.  
¶ Inorganic Chemistry-This branch deals with the study of compounds of all 

other elements and compounds except carbon compounds. It largely concerns 

itself with the study of minerals found in the Earth's crust.  
¶ Physical Chemistry-The explanation of fundamental principles governing 

various chemical phenomena is the main concern of this branch. It is basically 

concerned with laws and theories of the different branches of chemistry.  
¶ Industrial Chemistry-The chemistry involved in industrial processes is studied 

under this branch.  
¶ Analytical Chemistry-This branch deals with the qualitative and quantitative 

analysis of various substances.  
¶ Biochemistry-This branch deals with the chemical changes going on in the 

bodies of living organisms; plants and animals.  
¶ Nuclear Chemistry-Nuclear reactions, such as nuclear fission, nuclear fusion, 

transmutation processes etc. are studied under this branch. 
 
PROPERTIES OF MATTER AND THEIR MEASUREMENT --Every 
substancehas unique or characteristic properties. These properties can be classified 
into two categories ï physical properties and chemical properties. 
 
Physical properties are those properties which can be measured or observed 
withoutchanging the identity or the composition of the substance. E.g. colour, odour, 
melting point, boiling point, density etc. 
 
The measurement or observation of chemical properties requires a chemical change 
to occur. e.g. Burning of Mg-ribbon in air 
 
Chemical properties are characteristic reactions of different substances; 
theseinclude acidity or basicity, combustibility etc.Many properties of matter such as 
length, area, volume, etc., are quantitative in nature. 

Metric System was based on the decimal system.  
The International System of Units (SI) 
 
The International System of Units (in French Le Systeme International dôUnitesï 
abbreviated as SI) was established by the 11th General Conference on Weights and 
Measures (CGPM from ConferenceGenerale des Poids at Measures). The SI system 
has seven base units 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
  
 
 
 
 

 

Prefixes in SI system 
 

Multiple  Prefix Symbol 

10-12 pico p 

10
-9

 nano n 

10
-6

 micro µ 

10-3 milli  m 

10
-2

 centi c 

10-1 deci d 

10 deca da 

10
2
 hecto h 

10
3
 kilo  k 

10
6
 mega M  

10
9
 giga G 

10
12

 tera T 
 
 

 

Mass and Weight-- Mass of a substance is the amount of matter present in it while 
weight is the force exerted by gravity on an object. The mass of a substance 
isconstant whereas its weight may vary from one place to another due to change in 
gravity. The mass of a substance can be determined very accurately by using an 
analytical balance  
Volume-- Volume has the units of (length)

3
. So volume has units of m

3
or 

cm
3
ordm

3
.A common unit, litre (L) is not an SI unit, is used for measurement of 

volume of liquids. 1 L = 1000 mL, 1000 cm
3
 = 1 dm

3
  

Density: Density of a substance is its amount of mass per unit volume.SI unit 
ofdensity = SI unit of mass/SI unit of volume = kg/m

3
 or kg m

ï3
This unit is quite 

large and a chemist often expresses density in g cm
ï3

.  
Temperature--There are three common scales to measure temperatureð°C 
(degreecelsius), °F (degree Fahrenheit) and K (kelvin). Here, K is the SI unit. 

 

 

K = °C + 273.15 
 
NoteðTemperature below 0 °C (i.e. negative values) are possible in Celsius scale 
but in Kelvin scale, negative temperature is not possible. 

 
 



Scientific Notation  

In which any number can be represented in the form N × 10
n
 (Where n is an 

exponent having positive or negative values and N can vary between 1 to 10).  
e.g. We can write 232.508 as 2.32508 x10

2
 in scientific notation. Similarly, 0.00016 

can be written as 1.6 x 10
ï4

.  
Precision refers to the closeness of various measurements for the same quantity. 
Accuracy is the agreement of a particular value to the true value of the result  
Significant Figures 
 
The reliability of a measurement is indicated by the number of digits used to 
represent it. To express it more accuratelywe express it with digits that are known 
with certainty. These are called as Significant figures. They contain all thecertain 
digits plus one doubtful digit in a number.  
Rules for Determining the Number of Significant Figures 

¶ All  non-zero digits are significant. For example, 6.9 has two significant 

figures, while 2.16 has three significantfigures. The decimal place does not 

determine the number of significant figures.  
¶ A zero becomes significant in case it comes in between non zero numbers. For 

example, 2.003 has four significantfigures, 4.02 has three significant figures.  
¶ Zeros at the beginning of a number are not significant. For example, 0.002 has 

one significant figure while 0.0045has two significant figures.  
¶ All zeros placed to the right of a number are significant. For example, 16.0 has 

three significant figures, while 16.00has four significant figures. Zeros at the 

end of a number without decimal point are ambiguous.  
¶ In exponential notations, the numerical portion represents the number of 

significant figures. For example, 0.00045 isexpressed as 4.5 x 10
-4

 in terms of 
scientific notations. The number of significant figures in this number is 2, 

while inAvogadro's number (6.023 x 10
23

) it is four.  
¶ The decimal point does not count towards the number of significant figures. 

For example, the number 345601 has sixsignificant figures but can be written 

in different ways, as 345.601 or 0.345601 or 3.45601 all having same number 

ofsignificant figures. 

Retention of Significant Figures - Rounding off Figures 
 
The rounding off procedure is applied to retain the required number of significant 
figures. 
 

1. If the digit coming after the desired number of significant figures happens to 
be more than 5, the precedingsignificant figure is increased by one, 4.317 is 
rounded off to 4.32.   

2. If the digit involved is less than 5, it is neglected and the preceding significant 
figure remains unchanged, 4.312 isrounded off to 4.31.   
If the digit happens to be 5, the last mentioned or preceding significant 
figure is increased by one only in case ithappens to be odd. In case of even 
figure, the preceding digit remains unchanged. 8.375 is rounded off to 8.38 
while8.365 is rounded off to 8.36. 

 
 



 
Dimensional Analysis During calculations generally there is a need to convert 
unitsfrom one system to other. This is called factor label method or unit factor 
method or dimensional analysis. 

 
For example- 5 feet and 2 inches (height of an Indian female) is to converted in SI 
unit 

1 inch = 2.54 x 10
-2

 m 

 then, 5 feet and 2 inch = 62 inch 
 
 
 

Physical Classification of Matter 

Properties  Solid   Liquid   Gas   

1. volume  Definite  Definite  Indefinite  

2. Shape  Definite  Indefinite  Indefinite  

3. Inter  molecular Very high  Moderate  Negligible  / Very 

force of attraction       low   

4. arrangement of Orderly arranged Free to move Free to move every 

molecules     within the volume where  

5. Inter  molecular Very small  Slightly greater Very great  

space           

7. Compressibility Not compressible Not compressible Highly  

         compressible  

8. Expansion on Very little  Very little  Highly expand  

heating           

9. Rigidity  Very rigid  Not rigid  knownas Not rigid and 

      fluid   known as fluid  

9. Fluidity  Canôt flow  Can flow  Can flow  

10. Diffusion  They can diffuse Can diffuse And Can diffuse And 

   due to kinetic rate of diffusion is rate of diffusion is 

   energy  of very fast  very fast  

   liquid/gases        

Chemical Classification of matter---       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Elements 
 
An element is the simplest form of matter that cannot be split into simpler substances 
or built from simpler substances by any ordinary chemical or physical method. There 
are 114 elements known to us, out of which 92 are naturally occurring while the rest 
have been prepared artificially.  
Elements are further classified into metals, non-metals and metalloids.  
Compounds 
 
A compound is a pure substance made up of two or more elements combined in a 
definite proportion by mass, which could be split by suitable chemical methods.  
Characteristics of compound 

¶  Compounds always contain a definite proportion of the same elements by 

mass.  
¶  The properties of compounds are totally different from the elements from 

which they are formed. 

¶  Compounds are homogeneous.  
¶  Compounds are broadly classified into inorganic and organic compounds. 

Inorganic compounds are those, which areobtained from non-living sources 

such as minerals. For example, common salt, marble and limestone. 

Organiccompounds are those, which occur in living sources such as plants and 

animals. They all contain carbon. Commonorganic compounds are oils, wax, 

fats etc.  
Mixtures  
 
A mixture is a combination of two or more elements or compounds in any proportion 
so that the components do not lose their identity. Air is an example of a mixture 
Mixtures are of two types, homogeneous and heterogeneous. 
 
Homogeneous mixtures have the same composition throughout the sample. 
Thecomponents of such mixtures cannot be seen under a powerful microscope. They 
are also called solutions. Examples of homogeneous mixtures are air, seawater, 
gasoline, brass etc. 
 
Heterogeneous mixtures consist of two or more parts (phases), which have 
differentcompositions. These mixtures have visible boundaries of separation between 
the different constituents and can be seen with the naked eye e.g., sand and salt, 
chalk powder in water etc.  
LAWS OF CHEMICAL COMBINATIONS  
 
Law of Conservation of Mass (Given by Antoine Lavoisier in 
1789).Itstates that matter (mass) can neither be created nor destroyed.  
Law of Definite Proportions or Law of Constant Composition: 
This law was proposed by Louis Proust in 1799, which states that: 
 
'A chemical compound always consists of the same elements combined together in 
the same ratio, irrespective of the method of preparation or the source from where it 
is taken'. 
Law of Multiple Proportions Proposed by Dalton in 1803, this law states that: 
 
 
 
 
 



'When two elements combine to form two or more compounds, then the different 
masses of one element, which combine with a fixed mass of the other, bear a simple 
ratio to one another'. 
 
Gay Lussacôs Law of Gaseous Volumes (Given by Gay Lussac in 1808.)According 

to this law when gases combine or are produced in a chemical reaction they do so in 

a simple ratio by volume provided all gases are at same temperature and 

pressuree.g.H2(g) + Cl2(g) Ÿ2HCl(g)                     1V              1V 2V 
 
All reactants and products have simple ratio 1:1:2. 
Avogadro Law (In 1811, Given by Avogadro) 
 
According to this law equal volumes of gases at the same temperature and pressure 
should contain equal number of molecules.  
Dalton's Atomic Theory  
All substances are made up of tiny, indivisible particles called atoms. 
 
Atoms of the same element are identical in shape, size, mass and otherproperties.  
Atoms of different elements are different in all respects.  
Atom is the smallest unit that takes part in chemical combinations.  
 Atoms combine with each other in simple whole number ratios to form compound 

atoms called molecules.  
Atoms cannot be created, divided or destroyed during any chemical or physical 

change. 

Atoms and Molecules 
 
The smallest particle of an element, which may or may not have independent 
existence, is called an atom, while the smallest particle of a substance which is 
capable of independent existence is called a molecule. 
 
Molecules are classified as homoatomic and heteroatomic. Homoatomic molecules 
are made up of the atoms of the same element and heteroatomic molecules are made 
up of the atoms of the different element have different atomicity (number of atoms in 
a molecule of an element) like monoatomic, diatomic, triatomic and polyatomic.  
Atomic Mass Unit 
 
One atomic mass unit is defined as a mass exactly equal to one twelfth the mass of 

one carbon -12 atom. And 1 amu = 1.66056×10
ï24

 g. 
Today, óamuô has been replaced by óuô which is known as unified mass.  
Atomic Mass 
 
Atomic mass of an element is defined as the average relative mass of an atom of an 
element as compared to the mass of an atom of carbon -12 taken as 12. 
 
 

 

Gram Atomic Mass 
 
The quantity of an element whose mass in grams is numerically equal to its atomic 
mass. In simple terms, atomic mass of an element expressed in grams is the gram 
atomic mass or gram atom. 
 
 



For example, the atomic mass of oxygen = 16 amu 
Therefore gram atomic mass of oxygen = 16 g  
Molecular Mass 
 
Molecular mass of a substance is defined as the average relative mass of its molecule 
as compared to the mass of an atom of C-12 taken as 12. It expresses as to how many 
times the molecule of a substance is heavier than 1/12th of the mass of an atom of 
carbon. 
 
For example, a molecule of carbon dioxide is 44 times heavier than 1/12th of the 
mass of an atom of carbon. Therefore the molecular mass of CO2 is 44 amu.  
It is obtained by adding the atomic masses of all the atoms present in one molecule.  
Gram Molecular Mass 
 
A quantity of substance whose mass in grams is numerically equal to its molecular 
mass is called gram molecular mass. In simple terms, molecular mass of a substance 
expressed in grams is called gram molecular mass. 
 
e.g., the molecular mass of oxygen = 32 amu 
Therefore, gram molecular mass of oxygen = 32 g  
Formula Mass- 
 
Sum of atomic masses of the elements present in one formula unit of a compound. It 
is used for the ionic compounds.  
Mole Concept. 
 
Mole is defined as the amount of a substance, which contains the same number of 
chemical units (atoms, molecules, ions or electrons) as there are atoms in exactly 12 
grams of pure carbon-12. 

A mole represents a collection of 6.022 x10
23

( Avogadro's number) chemical units.. 
 
The mass of one mole of a substance in grams is called its molarmass. Molar 
Volume  
The volume occupied by one mole of any substance is called its molar volume. It is 
denoted by Vm. One mole of all gaseous substances at 273 K and 1 atm pressure 
occupies a volume equal to 22.4 litre or 22,400 mL. The unit of molar volume is litre 
per mol or millilitre per mol  
PERCENTAGE COMPOSITION ð 
 
The mass percentage of each constituent element present in any compound is called 
its percentage composition 
 

Mass % of the element=
ὓὥίί έὪ ὩὰὩάὩὲὸ Ὥὲ έὲὩ άέὰὩὧόὰὩ

ὓέὰὥὶ άὥίί έὪ ὸὬὩ ὧέάὴέόὲὨ
x 100  

 
Empirical Formula and Molecular Formulað 
 
An empirical formula  represents the simplest whole number ratio of various atoms 
present in a compound. e.g. CH is the empirical formula of benzene. 
 
The molecular formula shows the exact number of different types of atoms present 
in a molecule of a compound. E.g. C6H6 is the molecular formula of benzene.  
Relationship between empirical and molecular formulae 

The two formulae are related as Molecular formula = (empirical formula)n 

N=
ὓέὰὩὧόὰὥὶ ὓὥίί

ὉάὴὭὶὭὧὥὰ Ὢέὶάόὰὥ ὓὥίί
 

  



Chemical Equation- 
 
Shorthand representation of a chemical change in terms ofsymbols and formulae of 
the substances involved in the reaction is called chemical equation. 
 
The substances that react among themselves to bring about the chemical changes are 
known as reactants, whereas the substances that are produced as a result of the 
chemical change, are known as products. 
 
Limiting Reagent- The reactant which gets consumed first or limits the amount 
ofproduct formed is known as limiting reagent 
 
Reactions in Solutions-- The concentration of a solution can be expressed in any 
ofthe following ways.  

1. Mass Percent is the mass of the solute in grams per 100 grams of the solution. 

 

 

A 5 % solution of sodium chloride means that 5 g of NaCl is present in 100g 
of the solution.  

 

2. Volume percent is the number of units of volume of the solute per 100 unitsof 
the volume of solution.  

 

 

A 5 % (v/v) solution of ethyl alcohol contains 5 cm
3
 of alcohol in 100 cm

3
 of 

the solution  
 

3. Molarity of the solution is defined as the number of moles of solute 

dissolvedper litre (dm
3
) of the solution. It isdenoted by the symbol M. 

Measurements in Molarity can change with the change in temperature because 
solutionsexpand or contract accordingly.  

Molarity of the solution = No. of moles of the solute = n 
   

Volume of the solution in litre V 

The Molarity of the solution can also be expressed in terms of mass and molar mass 

 

Molarity of the solution = Mass of the solute 
    

  Molar mass of the solute X volume of the solution in liter 

 

In terms of weight, molarity of the substance can be expressed as: 
 
 

 

Molarity equation  
 
To calculate the volume of a definite solution required to prepare solution of other 
molarity, the following equation is used: 
 
M1V1 = M2V2, where M1= initial molarity, M2= molarity of the new solution, V1= 
initial volume and V2= volume of the new solution. 
 

4. Molality - Molality is defined as the number of moles of solute dissolved per 
1000 g (1 kg) of solvent. Molality is expressed as 'm'.  

 
 
 
 

 

 



5. Mole Fraction is the ratio of number of moles of one component to the total 
number of moles (solute and solvents) present in the solution. It is expressed 
as 'x'.  
Mole fraction of the solute = Moles of the solute 
      

Moles of solute  + Moles of solvent 

Mole fraction of the solvent = Moles of the solvent 
      

   Moles of solute +  Moles of solvent 

 

Mole fraction of the solute + Mole fraction of solvent = 1 
 

 

One Mark questions with answers  

1. What is the significant figures in 1.050 x 10
4
?  

Ans. Four  
2. What is the S.I. unit of Density?  

Ans. Kg m
-3

 

3.  What do mean by Mole fraction? 
 
Ans. Mole Fraction is the ratio of number of moles of one component to the 
total number of moles (solute and solvents) present in the solution. It is  
expressed as 'x'. 

4. Round off up to 3 significant figure (a) 1.235 (b) 1.225 

Ans. (a) 1.24   (b) 1.22  

5. What is AZT?  

Ans. Azidothymidine.  

6. What is limiting reagent?  
 
Ans.The reactant which gets consumed first or limits the amount ofproduct 
formed is known as limiting reagent 
 
7. What is the relation between temperature in degree Celsius and degree 

fahrenheit?   
Ans.  

 

 

8. Define one mole?  
 
Ans. One mole is the amount of a substance that contains as many particles 
as there are atoms in exactly 12 g of the carbon-12.  
9.  Calculate the formula mass calcium chloride. 

Ans. Formula mass of CaCl2= 40+2 x35.5=40+71 = 111 u 
 
10. What is the law called which deals with the ratios of the volumes of the 

gaseous reactants and products?  
Ans. Gay Lussacôs law of gaseous volumes. 

 

Two Marks questions with answers 
 
1. Give the two points of differences between homogeneous and heterogeneous 

mixtures.  
Ans. 
 



Homogeneous mixture  Heterogeneous mixture   

1. Homogeneous mixtures 1. Heterogeneous  mixtures  consist  of 

 have the same composition  two  or  more  parts  (phases),  which 

 throughout the sample.  have different compositions.  

    2. These mixtures have visible 

2. The  components  of  such  boundaries of separation between the 

 mixtures cannot be  seen  different constituents and can be seen 

 under a powerful  with the naked eye   

 microscope.       
 

2. Copper oxide obtained by heating copper carbonate or copper nitrate contains 
copper and oxygen in the same ration by mass. Which law is illustrated by this   
observation? State the law. 

 
Ans.Law of Definite Proportions This law states that: A chemical compound 
always consists of the same elements combined together in the same ratio, 
irrespective of the method of preparation or the source from where it is taken. 

3. Write the empirical formula of the following: 

 (a) N2O4 (b) C6H12O6  (c) H2O (d) H2O2 

Ans.  (a)NO2 (b) CH2O    (c) H2O (d) HO 
4. Briefly explain the difference between precision and accuracy.  
Ans. Precision refers to the closeness of various measurements for the same 
quantity. However, accuracy is the agreement of a particular value to the 
true value of the result. 

 
5. Define the law of multiple proportions. Explain it with one example. 
Ans.When two elements combine to form two or more compounds, then 
the different masses of one element, which combine with a fixed mass of 
the other, bear a simple ratio to one another. For example- carbon combines 

with oxygen to form two compounds CO and CO2.  

Compound CO CO2 
Mass of C 12 12 

Mass of O 16 32 
 

Masses of oxygen which combine with a fixed mass of carbon (12g) bear 
a simple ratio of 16:32 or 1:2. 

 
6. Chlorine has two isotopes of atomic mass units 34.97 and 36.97. The relative 

abundance of the isotopes is 0.755 and 0.245 respectively. Find the average atomic 
mass of chlorine.  

Ans. Average atomic mass = 34.97 x 0.755 +36.97 x 0.245 = 35.46 u 

7.  Calculate the percentage composition of water. 

Ans. Mass % of an element = mass of that element in the compound × 100 

molar mass of the Comd   

Molar mass of water = 18.02 g   

Mass % of hydrogen = 2× 1.008 × 100   

18.02   

= 11.18   

Mass % of oxygen = 16.00 × 100 = 88.79 
    

18.02   
 



8. State the number of significant figures in each of the following:  

(i) 208.91 (ii) 0.00456 (iii) 453 (iv)  0.346   
Ans. 

(i) 208.91 has five significant figures.  

(ii ) 0.00456 has three significant figures.  

(iii ) 453 has three significant figures.  

(iv) 0.346 has three significant figures.  
 
¶ Express the results of the following calculations to the appropriate number of 

significant figures.  
 
 
 
 

Ans. 
 

 

= 0.05608 = 0.0561  

`   
= 0.2615 x 10

-4
 = 0.3 x 10

-4
  

9. How are 0.50 mol Na2CO3 and 0.50 M Na2CO3 different? 
Ans. Molar mass of Na2CO3= 2 x 23 +12 + 3 x 16 = 106 g / mol   

0.50 mol Na2CO3means 0.50 x 106 = 53 g   
0.50 M Na2CO3 means 0.50 mol i.e. 53 g of Na2CO3 are present in I L of the 

solution.   
Three Marks questions with answers-   

¶ What is unit factor method? Express the following in SI units - 93 million 
miles (distance between earth and sun)   

Ans.  Method to convert units fromone system to other is called unit factor method. 

93 million miles = 93 x 10
6
 miles  

1 mile = 1.60934 km = 1.60934 x 10
3
 m 

 
 
 
 

 

= 1.5 x 10
11

 m   
2. Write the three points of difference between compound and 
mixture. Ans.   

Compound Mixture  

Constituents are always present in a Constituents  may  be  present  in  any 

fixed ratio by mass ratio  

May or may not be homogeneous in Always homogeneous in nature 

nature   

Constituents can be easily separated Constituents   cannot be   easily 

   



by simple mechanical means separated by simple mechanical means 

Properties are midway between those Properties  are  entirely  different  from 

of its constituents. those of its constituents. 

 

3. What do mean bygram atomic mass.One million silver atoms weigh 1.79 x 

10
16

 g. Calculate the gram atomic mass of silver.  
Ans.atomic mass of an element expressed in grams is the gram atomic 
mass Number of silver atoms = 1 million = 1 x 10

6
  

Mass of one million Ag atoms = 1.79 x 10
16

 g 

 

Mass of 6.023 x 10
23

 atoms of silver = 1.79 x 10
16

g x 6.023 x 10
23

 

1 x 10
6
 

= 107.8 g  
 

¶ What is the percentage of carbon, hydrogen and oxygen in ethanol?  

Ans. Molecular formula of ethanol is : C2H5OH 
 
Molar mass of ethanol is : (212.01 + 61.008 + 16.00) g = 46.068 
g Mass per cent of carbon = (24.02g / 46.068g) ×100 = 52.14% 
 
Mass per cent of hydrogen = (6.048g / 46.068g)×100 = 13.13% Mass per cent of 
oxygen = (16.00 g / 46.068g)×100 = 34.73% 

 

5. What do mean by molarity .Calculate the molarity of NaOH in the solution   
prepared by dissolving its 4 g in enough water to form 250 mL of the solution. 

Ans.The number of moles of solute dissolved per litre (dm
3
) of the solution is 

called molarity   
Since molarity (M) = No. of moles of solute /Volume of solution in 
litres =(Mass of NaOH/Molar mass of NaOH)/0.250 L   
=(4 g / 40 g 0.1 mol)/0.250L =0.1 mol/0.250 L   

= 0.4 mol L
-1

  
= 0.4 M   

6. Classify the following as pure substances or mixture-  
 

(a) ethyl alcohol (b) oxygen (c) blood (d) carbon (e) steel (f) distilled 
water 

 
Ans. Pure substance- ethyl alcohol ,oxygen , carbon, distilled water 

Mixture- blood, steel  
7.  What are the rules for rounding off? 

 
Ans.1. If the digit coming after the desired number of significant figures happens 
to be more than 5, the precedingsignificant figure is increased by one, 
 

2. If the digit involved is less than 5, it is neglected and the 
preceding significant figure remains unchanged, 

 
 
 



3. If the digit happens to be 5, the last mentioned or preceding significant figure 
is increased by one only in case it happens to be odd. In case of even figure, 
the preceding digit remains unchanged. 

 

¶ 8.Define ï(a) Average atomic mass (b) Molecular mass (c) Formula mass   
 

Ans. (a) Average atomic mass- Atomic mass of an element is defined as the  
 

average relative mass of an atom of an element as compared to the mass of an 
atom of carbon -12 taken as 12. 

 
(b) Molecular mass- it is sum of atomic masses of the elements present in a 

molecule.   
(c) Formula mass- it is sum of atomic masses of the elements present in a 

formula unit of a compound.   
9. Express the following in the scientific notation with 2 significant figures-  

(a) 0.0048   (b) 234,000  (c) 200.0  
 

Ans. (a) 4.8 x 10
-3

  (b) 2.3 x 10
5
 (c) 2.0 x 10

2
 

 
10. Calculate the number of atoms in each of the following (i) 52 moles of Ar 

(ii) 52 u of He (iii) 52 g of He 

Ans. (i) 1 mole of Ar = 6.022 × 10
23

 atoms of Ar  
52 mol of Ar = 52 × 6.022 × 10

23
 atoms of 

Ar = 3.131 × 10
25

 atoms of Ar  
(ii)1 atom of He = 4 u of 

He Or,  
4 u of He = 1 atom of He 

 

1 u of He  = 1/4 atom of He 

52u of He = 52/4 atom of He 

= 13 atoms of He  
(iii ) Molar mass of He = 4 g/mol  

4 g of He contains = 6.022 × 10
23

 atoms of He  

52 g of He contains = 6.022 × 10
23

x 52 = 78.286 x 10
23

 atoms of He 
4 

 

Five Marks questions with answers- 

 

1. What is the difference between empirical and molecular formula? A compound 
contains 4.07 % hydrogen, 24.27 % carbon and 71.65 % chlorine. Its molar   
mass is98.96 g. What are its empirical and molecular formulas? 

 
 
Ans. An empirical formula represents the simplest whole number ration of various 
atoms present in a compound whereas the molecular formula shows the exact 
number of different types of atoms present in a molecule of a compound. 
 



 

 
 
 
 
 
 
 
 
 
 

The empirical formula of the above compound is 
CH2Cl. empirical formula mass is 12 + (1x2) + 35.5 = 49.5 
 

n= molecular mass/ empirical formula mass =98.96/49.5 

= 2 Hence molecular formula is C2H4Cl2 

 

2. Dinitrogen and dihydrogen react with each other to produce ammonia 
according to the following chemical equation:  

N2(g) + H2(g) Ÿ 2NH3(g) 

(i) Calculate the mass of ammonia produced if 2.00 × 10
3
 g dinitrogen 

reacts with 1.00 × 10
3
 g of dihydrogen.   

(ii ) Will any of the two reactants remain unreacted?   
(iii ) If yes, which one and what would be its mass?  

Ans. (i) Balancing the given chemical equation,  
 

From the equation, 1 mole (28 g) of dinitrogen reacts with 3 mole (6 g) of 
dihydrogen to give 2 mole (34 g) of ammonia. 

 

ᵼ 2.00 × 10
3
g of dinitrogen will react with dihydrogen i.e., 2.00 × 10

3
 

g of dinitrogen will react with 428.6 g of dihydrogen. 
 

Given, 

Amount of dihydrogen = 1.00 × 

10
3
 g Hence, N2 is the limiting 

reagent. 
 

28 g of N2 produces 34 g of NH3. 

Hence, mass of ammonia produced by 2000 g of N2  

 

= 2428.57 g 

(ii ) N2 is the limiting reagent and H2 is the excess reagent. Hence, H2 will 

remain unreacted.  
 

(iii ) Mass of dihydrogen left unreacted = 1.00 × 10
3
 g ï 428.6 g  

 
= 571.4 g  

 
3. A welding fuel gas contains carbon and hydrogen only. Burning a small 

sample of it in oxygen gives 3.38 g carbon dioxide, 0.690 g of water and no 



 

other products. A volume of 10.0 L (measured at STP) of this welding gas 
is found to weigh 11.6 g. Calculate (i) empirical formula, (ii) molar mass of 
the gas, and (iii) molecular formula.  

 

Ans. (i) 1 mole (44 g) of CO2 contains 12 g of carbon. 

3.38 g of CO2 will contain carbon    
= 0.9217 g  

18 g of water contains 2 g of hydrogen.  
0.690 g of water will contain hydrogen 

 = 

0.0767 g 
 

Since carbon and hydrogen are the only constituents of the 
compound, the total mass of the compound is:= 0.9217 g + 0.0767 g= 
0.9984 g  

Percent of C in the compound  = 92.32%  

Percent of H in the compound  = 7.68%  

Moles of carbon in the compound  = 7.69  

Moles of hydrogen in the compound =  = 7.68 
 

Ratio of carbon to hydrogen in the compound = 7.69: 7.68= 
1: 1 Hence, the empirical formula of the gas is CH.  
(ii) Given,  
Weight of 10.0L of the gas (at S.T.P) = 11.6 g  

Weight of 22.4 L of gas at STP   
= 25.984 gå 26 g  

Hence, the molar mass of the gas is 26 g. 
 

(iii) Empirical formula mass of CH = 12 + 1 = 13 g 
 
 
 
 
 
 
 
 

n = 2 

Molecular formula of gas = (CH)n= C2H2 

 

HOTS (Higher Order Thinking Skills)  

 



 

1.  What is the difference between 160 cm and 160.0 cm 
 

Ans. 160 has three significant figures while 160.0 has four significant figures. 
Hence, 160.0 represents greater accuracy.  
2.  In the combustion of methane, what is the limiting reactant and why? 

 
Ans. Methane is the limiting reactant because the other reactant is oxygen of 

the air which is always present in excess. Thus, the amounts of CO2 and H2O 
formed depend upon the amount of methane burnt. 

 
3. A compound made up of two elements A and B has A= 70 %, B = 30 %. 

Their relative number of moles in the compound is 1.25 and 1.88. 
calculate   

a. Atomic masses of the elements A and B   
b. Molecular formula of the compound , if its molecular mass is found 

to be 160   
Ans. Relative no. of moles of an element = % of the element  

   Atomic mass   

Or atomic mass = % of the element = 70 = 56   

  Relative no. of moles 1.25   

 Atomic mass of B = 30/1.88 = 16    

Calculation of Empirical formula    

       

 Element Relative no.   of Simplest   molar Simplestwhole no. 

  moles  ratio  molar ratio  

 A 1.25  1.25/1.25 = 1 2  

 B 1.88  1.88/1.25 = 1.5 3  

Empirical formula = 

A2B3 Calculation of molecular 
formula- 

Empirical formula mass = 2 x 56 + 3x 16 = 160 
 

n= molecular mass / Empirical formula mass = 

160/160 = 1 Molecular formula = A2B3 
 

 

Value based questions 

Q. 1. Chemistry plays a very important role in our everyday life. Beginning from morning when 

we use toothpaste to brush our teeth and throughout the day we use a large number of 

materials which have been provided to us by R & D ( Research and development ) carried out 

in the field of chemistry. 

Now, answer the following questions : 

(i) Why should we use iodized salt ? 

(ii) Why should our toothpaste contain fluoride? 

(iii) What are the relative advantages and disadvantages of using soaps and detergents? 

(iv) Why earlier leaded petrol was used but now a days unleaded petrol is used? 



 

Ans. (i) Iodine is needed to protect us from thyroid disorders. 

       (ii) Fluoride protects our gums and prevents tooth decay. 

     (iii)  Soap is a good cleansing agent & is 100% biodegradable. As a result, it does not cause 

any pollution problem. However, soaps have two disadvantages. Firstly, they cannot be used 

in hard water. Secondly, they cannot be used in acidic solution. However, the detergents have 

one disadvantage that they are not completely biodegradable and hence cause water 

pollution. 

  (iv)   Earlier, tetraethyl lead was added to petrol by the oil companies to act as anti-knocking 

agent. But on decomposition, it produces lead which is poisonous. Hence, its use has been 

stopped. Quality of petrol has been improved by other methods. 

Q. 2. Chemistry has made a significant contribution in the medical field by providing a large 

number of drugs and medicines to fight our diseases. It is an endless effort by pharmaceutical 

companies to develop better and better medicines. The day is not far off when treatment of 

disease like cancer will be considered as common as bad cold. 

Now, answer the following questions : 

(i) Why should we avoid the use of drugs? 

(ii) What for are analgesics used? 

(iii) What for are antibodies used? 

(iv) What for are anaesthetics used? 

(v) What for are tranquilizers used? 

(vi) What for Dettol and savlon are used? 

(vii) What for do we use Gammexane? 

(viii) Which compunds are generally present in the life saving drugs used for curinjg cancer and 
AIDS? 

(ix) What is the role of vitamins in our life? 

(x) Which vitamin is produced in our body when we sit in the sun or which vitamin helps in the 
absorption of calcium in our body? 

Ans. (i) A medicine is a chemical substance which cures the disease, is safe to use, has 
negligible toxicity and does not cause addiction. In contrast, a drug is a chemical substance 
which also cures the disease but is habit forming, causes addiction and has serious side 
effects. Hence, its use should be avoided. 

(ii) Analgesics are medicines used to get relief from pain. 

(iii) Antibiotics are medicines used to curb infection. 

(iv) Anaesthetics are medicines given during surgery (operation) to stop you feeling pain in the 

whole of your body when you are unconscious or in a part of your body when you are awake. 



 

(v) Tranquilizers are drugs used for the treatment of mental stress/disease. 

(vi) Dettol and savlon are antiseptics used to stop infection of wounds. 

(vii) Gammexane is an insecticide used to kill rats, mosquitos and flies. 

(viii) cis-platin and taxol are used for cancer and AZT ( Azido- thymidine) is used for AIDS. 

(ix) Vitamins are chemical substances, the deficiency occurs, they have to be taken in the form 

of pills or capsules. 

(x) Vitamin D. 

Q. 3. Chemistry has played a vital role in the field of agriculture. It has provided us with 

chemical fertilizers which have helped to increase the yield of fruits, vegetables & other crops. 

It has given us insecticide and pesticides which protect the plants from insects and pests. It 

has given us preservation to preserve food products like jam, butter etc. for a longer period. 

Now, answer the following questions : 

(i) How is the use of chemical fertilizers harming the aquatic life and mankind? what 

alternative do you suggest? 

(ii) How is the use of pesticides and insecticides harming the mankind? What alternative do 

you suggest? 

(iii) Huge amounts of synthetic milk and milk products are flowing into the market. Suggest 

what should be done to check it? 

Ans. (i) During rainfall, nitrogenous fertilizers wash away into rivers, lakes & oceans. It help the 

algae to bloom. When short live algae die, decomposing bacteria consume dissolved oxygen. 

As a result, aquatic life begins to perish. Secondly, artificial fertilizers deplete the soil of 

organic matter. As a result, it loses ability to hold water and is more subject to erosion. 

Moreover, these fertilizers tavel from soil to plant and then from plant to human being 

causing health hazards. The solution to the problem is that natural fertilizers like cow-dung 

should be encouraged, i.e., production of organic food should be increased. 

(ii) Pesticides have neurological effects on humans such as headache and hand tremors. A 

number of them are responsible for cancer. The solution to the problem is that their use 

should be minimized and such chemicals should be produced which kill pests but have no 

effect on humans. 

(iii) The supply of milk and milk products should not flow direct to the consumer through the 

vendor. It should be regulated through a centre ( set up by the Govt. or licenced by the Govt. 

to private agency) where all milk and milk products are received and tested before they are 

sold to consumer. 

Q. 4. India is a fast developing nation when a very large number of chemical industries are 
coming evry year. These include industries like those of glass, paper, textile, plastics, leather, 
dye paints, sugar, pharmaceuticals etc. The rat- race for earning more profits and also due to 



 

competition of rates in the market, some industries are producing poor quality products and 
chemicals which are harming the society at large. 

Now, answer the following questions: 

(i) Production of spurious drugs is harming the mankind. What steps should be taken to check 
it. 

(ii) How do paints sometimes prove to be harmful? 

(iii) Why should the production of polythene bags be banned? 

(iv) Name a few industrial products which are recyclable. What should we do with their 
products? 

(v) What are the relative advantage and disadvantages of using synthetics fibres versus natural 
fibres (cotton, silk, wool etc.)? 

Ans. (i) Strict quality control law should be enforced.  Not only such factories should be closed, 
people running such factories should be severely punished. These factories should be black-
listed and photographs of owners should be published in all leading newspapers. 

(ii) Many paints contain lead which is poisonous. 

(iii) Use of polythene bags should be banned because it is not biodegradable. It may, 
therefore, pile up as waste and swallowed by animals causing death or choke the sewer. 

(iv)  Advantages of synthetic fibres.  

(a) Strong (b) Easy to wash and wear ( need no ironing )  

(c) can be stretched easily to different sizes like nylon socks 

 (d) Available in variety of colours  

(e ) Generally cheaper than natural fibres 

 (f) do not shrink. 

Disadvantages of synthetic fibres. 

(a) does not absorb moisture/sweat keeping the heat trapped in the body. 

(b) Give uncomfortable feel for being used as underwears 

(c) Catch fire or melt more easily than natural fibres. 

Advantages of natural fibres.  

(a) Clothes made from natural fibres are more comfortable because they can absorb 
moisture/sweat. 

(b) As they are natural materials, they are harmless to environment. 

(c) They are fire-resistant. 

Disadvantages of natural fibres, 



 

(a) More expensive 

(b) Need ironing as they are not crease-resistant. 

(c) Might shrink on aggressive washing. 

CHAPTER 2 
STRUCTURE OF ATOM  

 

Å Atom is the smallest indivisible particle of the matter. Atom is made 
ofelectron,proton and neutrons.  

PARTICLE  ELECTRON  PROTON NEUTRON 

Discovery Sir. J. J. Thomson Goldstein (1886) Chadwick (1932) 

 (1869)   

Nature of charge Negative Positive Neutral 

Amount of charge 1.6 x 10
-19

Coloumb 1.6 x 10
-19

Coloumb 0 

Mass 9.11 x 10
-31

kg 1.672614 x 10
-27

kg 1.67492 x10
-27

kg 
 
¶ Electrons were discovered using cathode ray discharge tube 

experiment.  Nucleus was discovered by Rutherford in 1911.  
¶ Cathode ray discharge tube experiment: A cathode ray discharge tube 

madeof glass is taken with two electrodes. At very low pressure and high 

voltage,current starts flowing through a stream of particles moving in the 

tube fromcathode to anode. These rays were called cathode rays. When a 

perforatedanode was taken, the cathode rays struck the other end of the 

glass tube atthe fluorescent coating and a bright spot on the coating was 

developed  
¶ Results: 

¶ Cathode rays consist of negatively charged electrons.   
¶ Cathode rays themselves are not visible but their behavior can be 

observed with help of fluorescent or phosphorescent materials.   
¶ In absence of electrical or magnetic field cathode rays travel in 

straight lines   
¶ In presence of electrical or magnetic field, behaviour of cathode rays is 

similar to that shown by electrons   
¶ The characteristics of the cathode rays do not depend upon the material 

of the electrodes and the nature of the gas present in the cathode ray 
tube.   

¶ Charge to mass ratio of an electron was determined by Thomson. The 

chargeto mass ratio of an electron as 1.758820 x 10
11

 C kg
-1

 

¶ Charge on an electron was determined by R A Millikan by using an 
oildropexperiment. The value of the charge on an electron is -1.6 x 10

-

19
C. 

¶ The mass on an electron was determined by combining the results 
ofThomsonôs experiment and Millikanôs oil drop experiment. The 

mass of anelectron was determined to be 9.1094 x 10
-31

kg.  
¶ Discovery of protons and canal rays: Modified cathode ray 



 

tubeexperimentwas carried out which led to the discovery of 

protons.  Characteristics of positively charged particles: 

¶ Charge to mass ratio of particles depends on gas from which these originate 

¶ The positively charged particles depend upon the nature of gas present in 
the cathode ray discharge tube   

¶ Some of the positively charged particles carry a multiple of fundamental 
of electrical charge.   

¶ Behaviour of positively charged particles in electrical or magnetic field 
is opposite to that observed for cathode rays   

¶ Neutrons were discovered by James Chadwick by bombarding a thin 

sheet ofberyllium by h- particles. They are electrically neutral particles 

having a mass slightly greater than that of the protons.  
¶ Atomic number (Z): the number of protons present in 

thenucleus (Moseley1913).  
¶ Mass Number (A) :Sum of the number of protons and neutrons 

present inthenucleus.  
¶ Thomson model of an atom:This model proposed that atom is considered 

asauniform positively charged sphere and electrons are embedded in it.An 

important feature of Thomson model of an atom was that mass of atom 

isconsidered to be evenly spread over the atom.Thomson model of atom is 

also called as Plum pudding, raisin pudding orwatermelon modelThomson 

model of atom was discarded because it could not explain 

certainexperimental results like the scattering of -h particles by thin metal 

foils. 

¶ Observations from h - particles scattering experiment by Rutherford:  

¶ Most of the h - particles  passed through gold foil undeflected  

¶ A small fraction of h - particles got deflected through small angles   
¶ Very few -h particles did not pass through foil but suffered large 

deflection nearly180
o
they were bounced back to the same medium. 

¶ Conclusions Rutherford drew from h - particles scattering experiment: 
 
¶ Since most of the h-particles passed through foil undeflected, it means 

most of the space in atom is empty   
¶ Since some of the h-particles are deflected to certain angles, it means 

that there is positively mass present in atom   
¶ Since only some of the h-particles suffered large deflections, the 

positively charged mass must be occupying very small space   
¶ Strong deflections or even bouncing back of -hparticles from metal 

foil were due to direct collision with positively charged mass in atom   
¶ Rutherfordôs model of atom:This model explained that atom 

consistsofnucleus which is concentrated in a very small volume. The 

nucleus comprisesof protons and neutrons. The electrons revolve around 

the nucleus in fixedorbits. Electrons and nucleus are held together by 

electrostatic forces ofattraction. 

¶ Drawbacks of Rutherfordôs model of atom: 
 
¶ According to Rutherfordôs model of atom, electrons which are negatively 



 

charged particles revolve around the nucleus in fixed orbits. Thus, 
theelectrons undergo acceleration. According to electromagnetic theory 
of Maxwell, a charged particle undergoing acceleration should 
emitelectromagnetic radiation. Thus, an electron in an orbit should 
emitradiation. Thus, the orbit should shrink. But this does not happen.   

¶ The model does not give any information about how electrons 
aredistributed around nucleus and what are energies of these electrons   

¶ Isotopes: These are the atoms of the same element having the 

sameatomicnumber but different mass number.e g H
1
,1H

2
,1H

3
  

¶ Isobars: Isobars are the atoms of different elements having the 

samemassnumber but different atomic number.e g 18Ar
40

,20Ca
40

 

¶  Isoelectronic species: These are those species which have the same 

numberofelectrons.  
¶  Electromagnetic radiations: The radiations which are 

associatedwithelectrical and magnetic fields are called electromagnetic 

radiations. When anelectrically charged particle moves under acceleration, 

alternating electricaland magnetic fields are produced and transmitted. 

These fields aretransmitted in the form of waves. These waves are called 

electromagneticwaves or electromagnetic radiations. 

¶ Properties of electromagnetic radiations: 
 
¶ Oscillating electric and magnetic field are produced by oscillating 

charged particles. These fields are perpendicular to each other and both 
areperpendicular to the direction of propagation of the wave.   

¶ They do not need a medium to travel. That means they can even travel 
in vacuum.  

¶  Characteristics of electromagnetic radiations: 
 
¶ Wavelength: It may be defined as the distance between twoneighbouring 

crests or troughs of wave as shown. It is denoted by .˂   
¶ Frequency (˄ ): It may be defined as the number of waves 

whichpassthrough a particular point in one second.   
¶ Velocity (v): It is defined as the distance travelled by a wave inonesecond. 

In vacuum all types of electromagnetic radiations travel with thesame 

velocity. Its value is 3 X10
8
m sec

-1.
 It is denoted by v 

¶ Wave number: Wave number  is defined as the number of wavelengths 

per unit length.  

¶  Velocity = frequency x wavelength   c = ˄˂ 

¶  Planck's Quantum Theory- 
 

o The radiant energy is emitted or absorbed not continuously but 
discontinuously in the form of small discrete packets of energy called   
óquantumô. In case of light , the quantum of energy is called a óphotonô  

o The energy of each quantum is directly proportional to the frequency of 

the radiation, i.e. E Ŭ ɡ   or E= hɡ    where h= Planckôs constant = 

6.626 x 10
-27

 Js 
 

o Energy is always emitted or absorbed as integral multiple of 
this quantum. E=nhɡ Where n=1,2,3,4,.....  



 

 

¶ Black body: An ideal body, which emits and absorbs all frequencies, is 

calledablack body. The radiation emitted by such a body is called black 

bodyradiation.  
¶ Photoelectric effect: The phenomenon of ejection of electrons from 

thesurfaceof metal when light of suitable frequency strikes it is 

calledphotoelectric effect. The ejected electrons are called photoelectrons. 

¶ Experimental results observed for the experiment of Photoelectric effect- 
 
¶ When beam of light falls on a metal surface electrons are 

ejectedimmediately.  
 
¶ Number of electrons ejected is proportional to intensity or brightness of 

light  
 
¶ Threshold frequency (vo): For each metal there is a characteristicminimum 

frequency below which photoelectric effect is not observed. Thisis called 
threshold frequency. 

 
¶ If frequency of light is less than the threshold frequency there is 

noejection of electrons no matter how long it falls on surface or how 
high isits intensity.   

¶ Photoelectric work function (Wo): The minimum energy 

required to ejectelectrons is called photoelectric work 

function.Wo= hvo  Energy of the ejected electrons : 
 

 

¶ Dual behavior of electromagnetic radiation- The light possesses both 

particle and wave like properties, i.e., light has dual behavior, whenever 

radiation interacts with matter, it displays particle like properties.(Black 

body radiation and photoelectric effect) Wave like properties are 

exhibited when it propagates(interference an diffraction)  
¶ When a white light is passed through a prism, it splits into a series 

ofcoloured bands known as spectrum. 

¶ Spectrum is of two types: continuous and line spectrum 
 
¶ The spectrum which consists of all the wavelengths is called 

continuous spectrum.   
¶ A spectrum in which only specific wavelengths are present is known as a 

line spectrum. It has bright lines with dark spaces between them.   
¶ Electromagnetic spectrum is a continuous spectrum. It consists of a 

range ofelectromagnetic radiations arranged in the order of increasing 

wavelengths ordecreasing frequencies. It extends from radio waves to 

gamma rays.  Spectrum is also classified as emission and line spectrum. 
 
¶ Emission spectrum: The spectrum of radiationemitted by a 

substancethat has absorbed energy is called an emissionspectrum. 
 
¶ Absorption spectrum is the spectrum obtained when radiation is 

passedthrough a sample of material. The sample absorbs radiation of 
certainwavelengths. The wavelengths which are absorbed are missing 
and comeas dark lines. 

 
The study of emission or absorption spectra is referred asspectroscopy. 



 

Spectral Lines for atomic hydrogen: 
 
 
 
 
 
 
 

 

Rydberg equation 
 
 

 

R = Rydbergôs constant = 109677 cm
-1

 

 Bohrôs model for hydrogen atom: 
 

4. An electron in the hydrogen atom can move around the nucleus in a circular 
path of fixed radius and energy. These paths are called orbits orenergy levels. 
These orbits are arranged concentrically around thenucleus.   

5. As long as an electron remains in a particular orbit, it does not lose or 
gain energy and its energy remains constant.   

6. When transition occurs between two stationary states that differ inenergy, 
the frequency of the radiation absorbed or emitted can becalculated  

 
 
 

7. An electron can move only in those orbits for which its angularmomentum 
is an integral multiple of h/2̄ 

 
 
 
 
 

The radius of the nth orbit is given byrn =52.9pmX 
n2
ὤ

 

 energy of electron in nth orbit is : 
 
 

 

 Limitations of Bohrôs model of atom: 
 

a. Bohrôs model failed to account for the finer details of the 
hydrogen spectrum.   

b. Bohrôs model was also unable to explain spectrum of atoms 
containing more than one electron.   

 Dual behavior of matter: de Broglie proposed that matter 

exhibitsdualbehavior i.e. matter shows both particle and wave nature. de 

Broglieôs relation is ‗=
Ὤ

άὺ
 = 
Ὤ

ὴ
 

Heisenbergôs uncertainty principle: It states that it is impossible 

todetermine simultaneously, the exact position and exact momentum (or 

velocity) of an electron.The product of their uncertainties is always equal 

to or greater than h/4ˊ. 
 
 
 
 



 

 

Heisenbergôs uncertainty principle rules out the existence of definite 

pathsor trajectories of electrons and other similar particles 

 

 Failure of Bohrôs model:  
a. It ignores the dual behavior of matter.  

b. It contradicts Heisenbergôs uncertainty principle.   
 Classical mechanics is based on Newtonôs laws of motion. It 

successfullydescribes the motion of macroscopic particles but fails in the 

case ofmicroscopic particles. 
 

Reason: Classical mechanics ignores the concept of dual behaviour of 
matter especially for sub-atomic particles and the Heisenbergôs uncertainty 
principle.  

 Quantum mechanics is a theoretical science that deals with the study 

ofthemotions of the microscopic objects that have both observable 

wavelike andparticle like properties.  
 Quantum mechanics is based on a fundamental equation which 

is calledSchrodinger equation.  
 Schrodingerôs equation: For a system (such as an atom or a molecule 

whoseenergy does not change with time) the Schrödinger equation is 

written as: 
 
 
 
 
 
 
 
 

 

 

 

 

 When Schrödinger equation is solved for hydrogen atom, the solution 

givesthe possible energy levels the electron can occupy and the 

correspondingwave function(s) of the electron associated with each energy 

level.Out of the possible values, only certain solutions are permitted. 

Eachpermitted solution is highly significant as it corresponds to a definite 

energy state. Thus, we can say that energy is quantized. 
 

 ̞  gives us the amplitude of wave. The value of ̞ has no physicalsignificance. 

  

 ʌ
2
gives us the region in which the probability of finding an 
electronismaximum. It is called probability density. 

 

Orbital : The region of space around the nucleus where the probability 

offinding an electron is maximum is called an orbital.  
Quantum numbers: There are a set of four quantum numbers which specifythe 

energy, size, shape and orientation of an orbital. To specify an orbital only 



 

three quantum numbers are required while to specify an electron all four 

quantum numbers are required. 

 Principal quantum number (n): It identifies shell, determines sizes and 

energy of orbitals 
 
 
 
 
 
 
 
 

 

  
 

 

 

 

Azimuthal quantum number (l): Azimuthal quantum number. ólô is alsoknown as 

orbital angular momentum or subsidiary quantum number. l. It identifies sub-

shell, determines the shape of orbitals, energy of orbitals in multi-electron atoms 

along with principal quantum number and orbital angularmomentum, i.e., 

The number of orbitals in a subshell = 2l + 1. For a given 

value of n, it can have n values ranging from 0 to n-1. Total number of 

subshells in a particular shell is equal to the value of n. 
 

Subshell s p d f g 

notation      

Value of ólô 0 1 2 3 4 

Number of 1 3 5 7 9 

orbitals      

 

Magnetic quantum number or Magnetic orbital quantum number (ml):  
Itgives information about the spatial orientation of the orbital with respect 
tostandard set of co-ordinate axis.For any sub-shell (defined by ólô value) 2l+1 

values of ml are possible.For each value of l, ml = ï l, ï (l ï1), ï (lï2)... 0,1... 

(l ï 2), (lï1), l  
 Electron spin quantum number (ms): It refers to orientation of the spin 

oftheelectron. It can have two values +
1
/2 and -

1
/2. If +

1
/2 identifies the 

clockwisespin and -
1
/2 identifies the anti- clockwise spin.  

 The region where this probability density function reduces to zero 

iscallednodal surfaces or simply nodes.  
Radial nodes: Radial nodes occur when the probability density of 

wavefunctionfor the electron is zero on a spherical surface of a particular 

radius. Numberof radial nodes = n ï l ï 1  
Angular nodes: Angular nodes occur when the probability density 

wavefunction for the electron is zero along the directions specified by 

a particularangle. Number of angular nodes = l 



 

 Total number of nodes = n ï 1 

Degenerate orbitals: Orbitals having the same energy are 

calleddegenerateorbitals. 

 Shape of p and d-orbitals 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Shielding effect or screening effect: Due to the presence of electrons 

intheinner shells, the electron in the outer shell will not experience the 

full positivecharge on the nucleus. 
 

So, due to the screening effect, the net positive charge experienced by 
theelectron from the nucleus is lowered and is known as effective 
nuclearcharge. Effective nuclear charge experienced by the orbital 
decreases with increase of azimuthal quantum number (l).  

 Aufbau Principle : In the ground state of the atoms, the orbitals are 

filledinorder of their increasing energies 

 



 

(n+l) rule-Orbitals with lower value of (n+l) have lower energy. If two orbitals 

have the same value of (n+l) then orbital with lower value of nwill have 

lower energy.  
 The order in which the orbitals are filled isas follows: 1s,2s, 2p, 3s, 3p, 4s, 

3d, 4p, 5s, 4d, 5p, 4f, 5d, 6p, 7s...  
 Pauli Exclusion Principle: No two electrons in an atom can have the 

samesetof four quantum numbers. Only two electrons may exist in the 

same orbitaland these electrons must have opposite spin.  
 Hundôs rule of maximum multiplicity: Pairing of electrons in 

theorbitalsbelonging to the same subshell (p, d or f) does not take place 

until eachorbital belonging to that subshell has got one electron each i.e., 

it is singlyoccupied.  
 Electronic configuration of atoms:Arrangement of electrons in 

differentorbitals of an atom. The electronic configuration of 

differentatoms can be represented in two ways. 

¶ s
a
p

b
d

c
...... notation.  

¶ Orbital diagram:, each orbital of the subshell is represented by a box and the  
 
electron is represented by an arrow (ҧ) a positive spin or an arrow (Ҩ) a negative 
spin. 

 Stability of completely filled and half filled subshells: 
 

¶ Symmetrical distribution of electrons- the completely filled or half 
filled sub-shells have symmetrical distribution of electrons in them and 
are more stable.   

¶ Exchange energy-The two or more electrons with the same spin present in 
the degenerate orbitals of a sub-shell can exchange their position and the 
energy released due to this exchange is called exchange energy. The 
number of exchanges is maximum when the subshell is either half filled 
or completely filled. As a result the exchange energy is maximum and so 
is the stability.   

ONE MARK QUESTIONS  
 
¶ Neutrons can be found in all atomic nuclei except in one case. Which is 

this atomic nucleus and what does it consists of?  
Ans. Hydrogen atom. It consists of only one proton.  

2. Calculate wave number of yellow radiations having wavelength of 5800 A
0
. 

Ans. Wave number = 1/ wavelength 

Wavelength = 5800 A
0
= 5800 x 10

-10
 m 

Wave number = 1/5800 x 10
-10

 m = 1.72 x 10
6
 m

-1
 

 
¶ What are the values of n and l for 2p 
orbital? Ans. n=2 and l= 1   
¶ Which of the following orbitals are not possible? 1p, 2s, 3f and 4d 
Ans. 1p and 3f are not possible.   
¶ Write the electronic configuration of the element having atomic number 

24. Ans. 1s
2
 2s

2
 2p

6
 3s

2
 3p

6
 3d

5
 4s

1
  

¶ What atoms are indicated by the following electronic configurations?  
 
 



 

a.  1s
2
 2s

2
 2p

1
 b. [Ar]4s

2
 3d

1
 

Ans. a. Boron b. Scandium 

7.  What is the relationship between frequency and wavelength of light? 
 

Ans. velocity of light = frequency x wavelength. Frequency and wavelength 
are inversely proportional to each other.  
8.  State Pauli Exclusion Principle. 

 
Ans. No two electrons in an atom can have the same set of four quantum numbers 
or an orbital can have maximum two electrons and these must have opposite spin. 
9. When Ŭ- rays hit a thin foil of gold, very few Ŭ- particles is deflected back.  

What does it prove? 
 

Ans. There is a very small heavy body present within the atom. 
10. What is the difference between a quantum and a photon? 

 
Ans. The smallest packet of energy of any radiation is called a quantum 
whereas that of light is called photon.  

TWO MARKS QUESTIONS  

1.  Write the complete symbol for the atom with the given atomic number (Z) and 

mass number(A).  (a) Z = 17, A = 35 (b) Z = 92 , A = 233 

Ans. (a) 
35

17Cl (b) 
233

92U 
 
¶ Using s,p,d and f notation, describe the orbital with the following 

quantum numbers-   
(a) n=1,l=0 (b) n=3, l=1 (c) n=4, l=2 (d) n=4, l=3 

Ans. (a) 1s (b) 3p (c)4d (d) 4f 
3.  How many electrons in an atom have the following quantum numbers? 

a.  n=4, ms= -1/2 b. n =3 , l=o 

Ans. (a) 16 electrons (b) 2 electrons. 
 

4. An element with mass number 81 contains 31.7 % more neutrons as 
compared to protons. Assign the atomic symbol.   

Ans. Mass number = 81, i.e., p + n = 81 
 

If protons = x, then neutrons = x + 31.7 X x = 1.317 x 
100 

 
x+1.317x = 81 or 2.317x = 

81 x=35 
 

Thus proton = 35, i.e., atomic no. = 

35 Hence symbol is 
81

35Br 
 

2. (i) The energy associated with the first orbit in the hydrogen atom is -2.18 x 

10
-18

J/atom. What is the energy associated with the fifth orbit  
(ii) Calculate the radius of Bohrôs fifth orbit for hydrogen atom.  

Ans. (i) En = -2.18 x 10
-18

/ n
2
 E5 = -2.18 x 10

-18
/ 5

2
   = -8.72 x 10

-20
 J 

(ii) For H atom, rn= 0.529 x n
2
     r5 = 0.529 x 5

2
  = 13.225 A

0
= 1.3225 nm 

6.  Explain , giving reasons, which of the following sets of quantum numbers are  
not possible.   

(a) n=0, l=0; ml = 0, ms= + ½ (c)n=1, l=0; ml = 0, ms= - ½ 

(b) n=1, l=1; ml =- 0, ms= + ½ (d) n=2, l=1; ml = 0, ms= + ½ 
Ans. (a) Not possible because nÍ 0 (b) Not possible because when n=1, lÍ1 

 
 



 

(c)  possible (d) Possible 

3. (a)What is the lowest value of n that allows g orbitals to exist?   
(b)An electron is in one of the 3d orbitals, Give the possible values of n,l 
and mlfor this electron.  

 
Ans.(a) minimum value of n= 5 

(b)n=3, l=2, ml = -2, -1, 0, +1, +2 
 

8. Calculate the total number of angular nodes and radial nodes present in 3p 
orbitals. 

 
Ans. For 3p orbitals, n=3, l= 1 

Number of angular nodes = l= 1  
Number of radial nodes = n-l-1 = 3-1-1= 1 

9.Mention the draw backs of Rutherfordôs atomic model.  

Ans. 1. It could not explain the stability of an atom.  

= It could not explain the line spectrum of H- atom.   
10.State de-Broglie concept of dual nature of matter. How do dual nature of 
electron verified?   

Ans. Just as light has dual nature, every material particle in motion has dual nature 
(particle nature and wave nature). The wave nature has been verified by Davisson   
and Germerôsexperiment whereas particle nature by scintillation experiment.  

THREE MARKS QUESTIONS  
 

1. State (a)Hundôs Rule of maximum Multiplicity (b) Aufbau Principle (c) 
n+l rule  

 
Ans.(a) Pairing of electrons in the orbitals belonging to the same subshell (p, d 
or f) does not takeplace until each orbital belonging to that subshell has got one 
electron each i.e., it is singly occupied. 

 
(b)In the ground state of the atoms, the orbitals are filled inorder of 
their increasing energies 

 
(c) Orbitals with lower value of (n+l) have lower energy.If two orbitals have 

the same value of (n+l) then orbital with lower value of n will have lower energy.  
2.  Write down the quantum numbers n and l for the following orbitals 

a.  2p b.  3d c. 5f   

Ans. a. n=2, l= 1  b. n= 3, l=2 c. n= 5, l=3 

3.  Write the 3 points of difference between orbit and orbital. 

Ans.      

 Orbit    Orbital 
 1.  An orbit is a well defined 1.  An orbital is the three dimensional 
  circular path around the  space around the nucleus within 

  nucleus in which the  which the probability of finding an 

  electrons revolve   electron is maximum(upto 90 %) 

 2. It represents the planar 2.  It represents the three dimensional 
  motion of an electron around  motion of an electron around the 

  the nucleus    Nucleus 

 3. All orbits are circular and 3. Different orbitals have different 
  disc like    shapes, i.e., s-orbitals are spherically 

      symmetrical, p-orbitals are dumb-bell 

      shaped and so on. 

       



 

 
4. State Heisenbergôs uncertainty principle. Calculate the uncertainty in the 

position of an electron if the uncertainty in its velocity is 5.7 x 10
5
 m/s.   

Ans. It states that it is impossible to determine simultaneously, the exact 
position and exact momentum (or velocity) of an electron. The product of their  
uncertainties is always equal to or greater than h/4ˊ.  

ȹx  x (m x ȹv) = h/4 ́   

ȹx = h/4 ˊ x m x ȹv = 6.6 x 10
-34

 = 1.0 x 10
-10

 m 

4 x 3.14 x 9.1 x 10
-31

 x 5.7 x 10
5
 

5. Write 3 points of differences between electromagnetic waves and matterwaves.   

Electromagnetic waves Matter waves 

1. These are associated with 1. These are not associated with 

 electric and magnetic  electric and magnetic field. 

 fields   

2. They do not require any 2. They require medium for 

 medium for propagation.  Propagation 

3. They travel with the same 3. They travel with lower speeds 

 speed a that of light  not constanr for all matter 

   Waves 

 

6. (i) Calculate the number of electrons which will together weigh one 
gram. (ii) Calculate the mass and charge of one mole of electrons  

 

Ans. (i) Mass of one electron = 9.10939 × 10
ï31

 kg 
 

Number of electrons that weigh 9.10939 × 10
ï31

 kg = 1 
 

Number of electrons that will weigh 1 g = (1 × 10
ï3

kg) 
 
 
 
 

 

= 0.1098 × 10
ï3 + 31

 
 

= 0.1098 × 10
28

 
 

= 1.098 × 10
27

 
 

(ii) Mass of one electron = 9.10939 × 10
ï31

 kg 
 

Mass of one mole of electron = (6.022 × 10
23

) × (9.10939 ×10
ï31

 

kg) = 5.48 × 10
ï7

 kg 

 
 
 
 



 

Charge on one electron = 1.6022 × 10
ï19

coulomb 
 

Charge on one mole of electron = (1.6022 × 10
ï19

C) (6.022 × 10
23

) 
 

= 9.65 × 10
4
 C  

 

7. Find energy of each of the photons which   
(i) Correspond to light of frequency 3× 10

15
Hz.  

(ii ) (ii) have wavelength of 0.50 Å.  
 

Ans.(i) Energy (E) of a photon is given by the expression,  
 

E =  
Where,   
h = Planckôs constant = 6.626 Ĭ 10

ï34
Js ɜ = frequency of light = 3 × 10

15
Hz 

Substituting the values in the given expression ofE:  

E = (6.626 × 10
ï34

) (3 × 10
15

) E = 1.988 × 10
ï18

J 
 

(ii) Energy (E) of a photon having wavelength (ɚ)is given by the expression, 
 
 
 
 
 

h = Planckôs constant = 6.626 Ĭ 10
ï34

Js 
 

c = velocity of light in vacuum = 3 × 10
8
m/s 

Substituting the values in the given expression of E: 
 
 
 
 
 
 
 

 

8. What is the wavelength of light emitted when the electron in a hydrogen atom 
undergoes transition from an energy level with n = 4 to an energy level with 
n = 2? 

Ans.Theni= 4 to nf= 2 transition will give rise to a spectral line of the 
Balmer series. The energy involved in the transition is given by the relation, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 

Substituting the values in the given expression of E: 
 
 
 
 
 
 
 
 
 
 

 

E =ï(4.0875 × 10
ï19

J) 
 

The negative sign indicates the energy of emission. 

 

Wavelength of light emitted  
 
 
 
 
 
 

Substituting the values in the given expression of ɚ: 
 
 
 
 
 
 
 
 
 
 
 

 

9. An atom of an element contains 29 electrons and 35 neutrons. Deduce 
(i)the number of protons and (ii)  the electronic configuration of the element 
(iii) Identify the element.  

 
Ans.(i)For an atom to be neutral, the number of protons is equal to the 
number of electrons.  
Ḉ Number of protons in the atom of the given element = 29  
(ii) The electronic configuration of the atom is 

1s
2
2s

2
2p

6
3s

2
3p

6
4s

2
3d

10
(iii) Copper 

10. Give the number of electrons in the species, H2 and  

Ans. Number of electrons present in hydrogen molecule (H2) = 1 + 1 = 2 

Ḉ Number of electrons in = 2 ï 1 = 1 
Numberof electrons in H2 = 1 + 1 = 2 
Number of electrons present in oxygen molecule (O2) = 8 + 8 = 16  
Ḉ Number of electrons in  = 16 ï 1 = 15  

 

 

 

 

FIVE MARKS QUESTIONS WITH ANSWERS  



 

1.What are the draw backs of Bohrôs atomic model? Show that the circumference of 
the Bohr orbit for the hydrogen atom is an integral multiple of the de Broglie 
wavelength associated with the electron revolving around the orbit.   
Ans.1.Bohrôs model failed to account for the finer details of the hydrogen spectrum. 
 

2. Bohrôs model was also unable to explain spectrum of atoms containing 
more than one electron.   

3. Bohrôs model was unable to explain Zeeman effect and Stark effect    
4. Bohrôs model could not explain the ability of atoms to form molecules 

by chemical bonds   
Since a hydrogen atom has only one electron, according to Bohrôs 
postulate, the angular momentum of that electron is given by:  

Where, n = 1, 2, 3, é  
According to de Broglieôs equation: 

 
 
 
 
 
 

Substituting the value of ómvô from expression (2) in expression (1): 
 
 
 
 

 

Sinceó2ˊrôrepresents the circumference of the Bohr orbit (r), it is proved by 
equation (3) that the circumference of the Bohr orbit of the hydrogen atom 
is an integral multiple of de Broglieôs wavelength associated with 
theelectron revolving around the orbit. 

 
2. State photoelectric effect. The work function for caesium atom is 1.9 eV. 

Calculate (a) the threshold wavelength and (b) the threshold frequency of the 
radiation. If the caesium element is irradiated with awavelength 500 nm, 
calculate the kinetic energy and the velocity of the ejected photoelectron. 
Ans. Photoelectric effect: The phenomenon of ejection of electrons from the 
surface of metal when light of suitable frequency strikes it is called   
photoelectric effect. The ejected electrons are called photoelectrons. It 

is given that the work function (W0) for caesium atom is 1.9 eV.  

(a) From the expression, , we get:  
 
 
 

Where,  

ɚ0 = threshold wavelength 
h = Planckôs constant  
c = velocity of radiation 

Substituting the values in the given expression of (ɚ0):  
 



 

 
 

6.53 × 10
ï7

 m 

 

Hence, the threshold wavelengthis 653 nm.  

(b) From the expression, , we get: 
 
 
 
 
 

Where, 

ɜ0= threshold 
frequencyh = Planckôs 
constant 

Substituting the values in the given expression ofɜ0: 
 
 
 

(1 eV = 1.602 × 10
ï19

J) 

ɜ0= 4.593 × 10
14

s
ï1

 

Hence, the threshold frequency of radiation (ɜ0) is 4.593 × 10
14

s
ï1

. 
(c) According to the question: 

 
Wavelength used in irradiation (ɚ) = 500 

nm Kinetic energy = h (ɜ ï ɜ0) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

= 9.3149 × 10
ï20

 J 
 

Kinetic energy of the ejected photoelectron = 9.3149 × 10
ï20

J Since 

K.E  
 
 
 
 

 

v = 4.52 × 10
5
ms
ï1

 

Hence, the velocity of the ejected photoelectron (v) is 4.52 × 10
5
ms
ï1

. 
 
3. (a)The quantum numbers of six electrons are given below. Arrange them in 

order of increasing energies. If any of these combination(s) has/have the 



 

same energy lists:  



 

1. n= 4, l = 2, ml=ï2 , ms=ï1/2 

2. n= 3, l = 2, ml= 1 , ms= +1/2 

3. n= 4, l = 1, ml= 0 , ms= +1/2 

4. n = 3, l= 2, ml=ï2 , ms=ï1/2 

5. n = 3, l= 1, ml=ï1 ,ms= +1/2  
6. n = 4, l= 1, ml= 0 , ms= +1/2  
(b)Among the following pairs of orbitals which orbital will experience the 
larger effective nuclearcharge? (i) 2s and 3s, (ii) 4d and 4f, (iii) 3d and 3p 

 
Ans.(a)Forn = 4 and l = 2, the orbital occupied is 4d. 

For n = 3 and l = 2, the orbital occupied is 3d. 
For n = 4 and l = 1, the orbital occupied is 4p. 

 
Hence, the six electrons i.e., 1, 2, 3, 4, 5, and 6 are present in the 4d, 3d, 
4p, 3d, 3p, and 4p orbitals respectively. 

 
Therefore, the increasing order of energies is 5(3p) < 2(3d) = 4(3d) < 3(4p) 
= 6(4p) < 1 (4d). 

 
(b)Nuclear charge is defined as the net positive charge experienced by an 
electron in the orbital of a multi -electron atom. The closer the orbital, the 
greater is the nuclear charge experienced by the electron (s) in it. 

 
(i) The electron(s) present in the 2s orbital will experience greater nuclear 
charge (being closer to the nucleus) than the electron(s) in the 3s orbital.   
(ii ) 4d will experience greater nuclear charge than 4fsince 4d is closer to 
the nucleus.   
(iii ) 3p will experience greater nuclear charge since it is closer to the 
nucleus than 3f.   

4. (i) The unpaired electrons in Al and Si are present in 3p orbital. Which 
electrons will experience more effective nuclear charge from the nucleus?   
(ii ) Indicate the number of unpaired electrons in: (a) P, (b) Si, (c) Cr, (d) Fe 
Ans. (i) the electrons in the 3p orbital of silicon will experience a more 
effective nuclear charge than aluminium.  

(ii ) (a) Phosphorus (P): 

Atomic number = 15   
The electronic configuration of P is:1s

2
 2s

2
 2p

6
3s

2
 

3p
3
 The orbital picture of P can be represented as:  

 

 

From the orbital picture, phosphorus has three unpaired electrons.  
(b) Silicon (Si): 

Atomic number = 14  
The electronic configuration of Si is:1s

2
 2s

2
 2p

6
 

3s
2
3p

2
 The orbital picture of Si can be represented as: 

 

 

From the orbital picture, silicon has two unpaired electrons. 
 

(c) Chromium (Cr):Atomicnumber = 24 
 
 



 

The electronic configuration of Cr is:1s
2
 2s

2
 2p

6
 3s

2
3p

6
 4s

1
 3d

5
 

The orbital picture of chromium is: 
 

 

From the orbital picture, chromium has six unpaired electrons. 

(d) Iron (Fe): 
Atomic number = 26  
The electronic configuration is:1s

2
 2s

2
 2p

6
 3s

2
3p

6
 

4s
2
 3d

6
 The orbital picture of chromium is: 

 

 

From the orbital picture, iron has four  unpaired electrons. 

 

HOTS QUESTIONS WITH ANSWERS 

 

1. Give the name and atomic number of the inert gas atom in which the total 
number of d-electrons is equal to the difference between the numbers of total 
pand total s electrons.  

Ans. electronic configuration of Kr (atomic no.=36) =1s
2
 2s 

2
 2p

6
 

3s
2
3p

6
3d

10
4s

2
4p

6
 Total no. of s-electrons = 8, total no. of p-electrons = 18. 

Difference = 10  
No. of d- electrons = 10 

 
2. What is the minimum product of uncertainty in position and momentum 

of an electron?  

Ans.h/4̄  
 

3. Which orbital is non-directional ? 
Ans. s- orbital   
4. What is the difference between the notations l andL? 
Ans. l represents the sub-shell and L represents shell.   
5. How many electrons in an atom can have n + l = 6? 
Ans. 18   
6. An anion A

3-
  has 18 electrons. Write the atomic number of A.  

Ans.15   
7. Arrange the electron (e), protons (p) and alpha particle (Ŭ) in the 

increasing order for the values of e/m (charge/mass).   
Ans.. Ŭ<p < e 

 
 
 
 
 
 
 
 
 
 
 
 



 

Value Based questions 

Q1. The use of fluorescent light tubes for lighting homes, offices etc are very common. Also , 

in the advertisements displayed in front of offices , shops etc., you have quiet often seen use of   

colures light tubes.To reduce the consumption of electricity , use of CFLs (compact fluorescent 

lamps light bulbs ) is becoming very popular . To further cut consumption, now a days, we 

have LED ( light emitting diodes ) in the form of very efficient solid bulbs grouped in clusters .  

Now, answer the following question: 

(i) How do differ from fluorescent light tubes? What is the basic principles? What harm they 

do to the atmosphere after they are discarded? 

(ii)How do LED bulbs differ from CFL bulbs? 

(iii) A laymen asks you how different colors are obtained in the light tubes of advertisements? 

How would you explain this to him? 

ANS:(i) Fluorescent light tubes are cathode ray tubes coated with a suitable material ( called 

phosphor) which produces visible light when hit by cathode rays. CFLs are simply miniature 

versions of full-sized fluorescent. They screw into standard lamp sockets and give off light 

similar to the fluorescent light tubes.They are more efficient. They contain mercury vapuors. 

When, broken mercury vopours enter into atmosphere and cause health hazards. 

(ii) LED bulbs do not contain mercury and hence are eco-friendly. They consume less 

electricity than CFLs. Moreover, they last longer than CFLs. 

(iii) The light tubes emitting different colors are basically discharge tubes. The color of the 

light emitted depends upon the gases taken inside the discharge tube and the color of the glass. 

For example, neon in colorless tubes produces orange red light and deep red in light red tube. 

Similarly, a mixture of neon, argon and mercury vapor emit light blue, dark blue and light 

green light depending upon weather the tube colorless, purple or green. 

Q2. All sources of energy such as sun, electric bulb , heater etc. emit  energy  which  travels  in  

the  form  of  waves  called  electromagnetic  wave  because  they  are  associated  with  

electric  and  magnetic  fields. Depending upon the nature of the source, we have different 

types of electromagnetic waves such as microwaves, radiowaves, X-rays, ʋ-rays, cosmic rays 

etc differing from each other their wavelength or frequency. 

Now, answer the following question : 

(i) Should microwave oven be used for heating or cooking the food at home? Comment with 

points in favour and against. 

(ii) Why  is it  advised  not to keep your cellphone in the breast pocket of your shirt? 

(iii) Why a person should go for minimum X-rays and a pregnant woman should not go for X-

rays at all? 

(iv) Give one important application of ultrasound waves in medical field. How is it being 

misused in medical field ? 



 

ANS:(i)Microwaves  are  high  energy  electromagnetic  waves. It  is  believe  that  they  

agitate  the  molecules  to  move  faster  and  faster. It destroys vitamins, minerals and protein. 

It changes them into products which may cause cancer, memory loss and decrease in 

intelligence.However, it is believed that a limited use has no harmful effects. In a modern fast 

life, it saves a lot of time and is a clean method of warming the food.  

(ii)It is believed that microwaves or radio waves of cellophane could interact with our heart. 

This problem is more serious for people using cardiac pace makers. Hence it is advised not to 

keep cell phone in breast pocket. 

(iii) X -ray is a type of high energy radiation. This can be destructive to all living cells and can 

cause DNA damage and mutation. They have bad effects on pregnancy and child birth. They 

can deform the body of infant and could be fatal to his life. They can harm the tissues of the 

bones called ñbone marrowôô .Thus, there can be congenital disorders (birth defects). 

(iv)Ultrasound waves are high frequency sound waves. They are used to treat pain conditions 

and promote tissue healing in physiotherapy. The ultrasound machine is also used in the 

medical field to follow the growth of baby in the womb of the pregnant women. However, it is 

being misused to know the sex of the unborn baby. 

Q3. Nobody has seen electrons, protons and neutrons. However, the discovery of Rutherford 

model, Bohr model and further modification have revolutionized their application in different 

fields.  

Now, answer the following questions: 

(I) Give one application where electron beam is used. 

(ii) Give one application of proton in medical field. 

(iii) Like electrons, protons in the nuclei also spin. This property of protons has helped to 

develop machine called nuclear magnetic Resonance (PNMR or simply NMR). What for this 

machine is used?   

(iv) How has the discovery of neutron been useful as well as harmful to the society? 

Ans. (i) Cathode rays (beam of electrons) when focused on a heavy metal like tungsten, 

molybdenum etc. produce X-rays which find wide applications in medical field. Also, electron 

microscope which uses a beam of electrons to illuminate a specimen (an extremely small 

piece) produces a magnified image. 

(ii)Proton therapy is a type of particle therapy which uses a beam of protons to irradiate disease 

tissue, most often in the treatment of cancer.  

(iii)NMR spectroscopy is used to determine the structure of an organic compound by revealing 

the hydrogen and carbon skeleton.  

(iv)When a neutron hits uranium, a chain reaction is set up accompanied with evolution of 

tremendous amount of energy. The energy can be used in the atom bomb for destruction or it 

can be used in the nuclear reactor to produce electricity.  

Q4. When a light or some other form of electromagnetic radiation strike the surface of metal, 

or certain kinds of matter, electrons are ejected. This phenomenon is called photoelectric 



 

effect. Two or most important applications of the photoelectric effect is the photochemical cell 

and solar cells. A photocell consist of a vacuum fitted with 2 metal plates, on one of which 

light falls and act as cathode and the other receives the electrons and act as anode( connected to 

a source of positive charge). A solar cell converts light energy into electrical energy and 

generally uses silicon as an emitter. 

(i) Give 3 important applications of everyday life where photocells are used. 

(ii) Give one important application of photocell in factory. 

(iii) Give 3 applications where solar cells are used or can be used. Why there use is not so 

common? 

Ans. (i) (a) In automatic door openers:- As a approaches the door, light between the emmiter 

and the receiver is cut off. The current stops flowing. It activates the switch and the door is 

opened automatically. 

(b) In intrusion alarm(burglar alarm):- When a family is not at home and they lock the door, 

they switch on the photocell. When a thief enters the house, the switch is activated and the bell 

starts ringing .Photo cell thus used sometimes is also called electric eye. This is also used in 

bank security system. 

(c)In turning street lights on and off during dusk and dawn:- This is done by installing photo 

cells on the light poles. 

(ii)In a factory, the items on a conveyer belt pass between a beam of light and photocell. As 

each time passes the beam, it intersceptsthe light. The current in the photocellstops and counter 

is turned on.With this method,the exact numberof items living the factory can be counted. 

(iii) (a)Solar cells can be used to provide small amounts of electricity in remote location where 

other sources are not available. 

(b)In solar lantern in place of torches. 

(c) In solar geysers for heating water. 

There use is not so common because:- 

(1) Individual solar cells produce a low voltage of about 0.6 volt.  

(2) They are quite expensive.  

 

 

 

 

 

 



 

 

CHAPTER-3 
 

CLASSIFICATION OF ELEMENTS AND PERIODICITY IN   
PROPERTIES OF ELEMENTS 

 

Mandeleevôs Periodic Law:- The properties of the elements are the 
periodicfunction of their atomic masses. 

 

Moseley, the English physicist showed that atomic number is more fundamental 

property of an element than its atomic mass. Therefore, the position of an 

element in the periodic table depends on its atomic number than its atomic mass. 

 

Modern Periodic Law: The physical and chemical properties of elements are 
theperiodic functions of their atomic numbers. 
 

Types of Elements: s-, p-, d- and f- blocks. 
 

MAIN GROUP ELEMENTS/ REPRESENTATIVE ELEMENTS:  

 

The s- and p- block elements are called main group elements or 
representative elements. 

 

s- block elements: Group-1 (Alkali metals) and Group-2 elements 

(Alkalineearth metals) which respectively have ns
1
 and ns

2
 outermost 

electronic configurations. 

 

p- Block elements: They belongs to group- 13 to 18. The outer most 

electronicconfiguration is ns
2
 np

1 -6
. He (1s

2
) is a s- block element but is 

positioned with the group 18 elements (ns
2
 np

6
) because it has completely filled 

valence shell and as a result, exhibits properties characteristic of other noble 
gases. 

 

d- block elements (Transition elements) are the elements of group 3 to 

12having outer electronic configuration (n-1) d
1-10

 ns
1-2

. Four transition 

series are 3d, 4d, 5d and 6d. The 6d- series is incomplete. Atomic radius 
generally decreases across a period and increases as we descend the group. 
 

f-Block elements (Inner- transition Series) 

 

Lanthanoids charecterised by the filling of4f-orbitals, are the elements following 

lanthanum from 58Ce to 71Lu. Actinoids characterised by filling of 5f-orbitals, are  

the elements following actinium from 70
Th

 to 103Lr. Characteristic outer 

electronic configuration is (n-2) f
1-14

 (n-1) d
0-1

 ns
2
. 



 

Noble Gases: The gaseous elements of group 18 are called noble gases. 

Thegeneral outermost electronic configuration of noble gases (except He) is ns
2
 

np
6
. He exceptionally has 1s

2
 configuration. Thus the outermost shell of noble 

gases is completely filled. 

 

PERIODICITY: The repetition of similar properties after regular intervals 
iscalled periodicity. 

 

Cause of Periodicity: The properties of elements are the periodic repetition 
ofsimilar electronic configuration of elements as the atomic number increases. 

 

ATOMIC PROPERTIES : The physical characteristics of the atom of 

anelement are called atomic properties. The properties such as atomic radius, 

ionic radius, ionisation energy, electro-negativity, electron affinity and valence 

etc., called atomic properties. 

 

ATOMIC RADIUS - The distance from the centre of the nucleus to 

theoutermost shell of the electrons in the atom of any element is called its 

atomic radius. 

Periodicity- (a) In period- Atomic radius of elements decreases from left to 
rightin a period. 
(b) In Group- Atomic radius of elements increases on moving top to bottom in 
a group. 

 

COVALENT RADIUS - Half the inter-nuclear distance between two 

similaratoms of any element which are covalently bonded to each other by a 

single covalent bond is called covalent radius. 

 

VAN DER WAALSô RADIUS: Half the inter-nuclear separation between 

twosimilar adjacent atoms belonging to the two neighbouring molecules of the 

same substance in the solid state is called the van der waalsôradius of that atom. 

 

METALLIC RADIUS: Half the distance between the nuclei of the two 

adjacentmetal atoms in a close packed lattice of the metal is called its metallic 

radius. 
 

Van der Waalsôradius    >     Metallic radius     >     Covalent radius 

IONIC RADIUS: The effective distance from the centre of the nucleus of an 
ionupto which it has an influence on its electron cloud is called its ionic radius. 

A cation is smaller but the anion is larger than the parent atom. In case of iso-

electronic species, the cation with greater positive charge has smaller radius 

but anion with greater negative charge has the larger radii. 

IONISATION ENTHALPY: The ionisation enthalpy is the molar 



 

enthalpychange accompanying the removal of an electron from a gaseous phase 

atom or ion in its ground state. Thus enthalpy change for the reaction; M(g)Ÿ 

M
+

(g) + e
-
 

 

is the ionisation enthalpy of the element M. Like ionisation energies for 
successive ionisation, the successive ionisation enthalpy may also be termed as 

2
nd

 ionisation enthalpy (ærH2), third ionisation enthalpy (ærH3) etc. The term 

ionisation enthalpy is taken for the first ionisation enthalpy, (ærH1) is 

expressed in kj mol
-
 or in eV. 

 

Periodicity:  
 

i)  Generally the ionisation enthalpies follow the order ( there are few  
exceptions): 

(ærH1)       <     (ærH2) <     (ærH3) 
 

3. The ionisation enthalpy decreases on moving top to bottom in a group.   
4. The ionisation enthalpy increases on moving from left to right in a period.  

 

ELECTRON GAIN ENTHALPY: The electron gain enthalpy ((æegH) is 

themolar enthalpy change when an isolated gaseous atom or ion in its ground 

state adds an electron to form the corresponding anion thus the enthalpy change 

for the reaction; X(g) + e
-
 Ÿ X

-
(g) 

 

is called the electron gain enthalpy (æeg H) of the element X. Theæeg H may 

be positive or negative. 

 

The successive values for the addition of second, third etc. Electron, these 
are called second, third etc. electron gain enthalpies. For example, 
 

X(g) + e
-
 Ÿ X

-
(g) æH= æeg H1 is called first electron gain 

enthalpy      

X
-
(g) + e

-
 Ÿ X

2-
(g) æH= æeg H2 is called second electron gain 

enthalpy      

X
2-

(g) + e
-
 Ÿ X

3-
(g) æH= æeg H3 is called third electron gain 

enthalpy Usually the term electron gain enthalpy (æegH) means the first 
electron gain enthalpy. 

Periodicity:  

1. In period- The electron gain enthalpy increases from left to 
right in a period.  

 
2. In group- The electron gain enthalpy decreases from top to 



 

bottom in a group.  

 

ELECTRONEGATIVITY: ñThe relative tendency of an atom in a molecule 

toattract the shared pair of electrons towards itself is termed as its electro-negativity.ò 
 

Periodicity:  
 

1. In period- The electro-negativity increases from left to right in a period.   
2. In group- The electro-negativity decreases from top to bottom in a group.  

 

VALENCE ELECTRONS: The electrons present in outermost shell are 

calledas valence electron. Because the electrons in the outermost 

shelldetermine the valency of an element. 

 

VALENCY OF AN ELEMENT: The number of hydrogen or halogen atom 

ordouble the number of oxygen atom, which combin with one atom of the 

element is taken as its valency. According to the electronic concept of valency, 

ñ the number of electrons which an atom loses or gains or shares with other 

atom to attain the noble gas configuration is termed as its valency.ò 

 

Periodicity:  

 

6. In period- The valency first increases then decreases from left to right in 
a period.   

7. In group- The valency remains constant from top to bottom in a group.  

 

ELECTROPOSITIVE OR METALLIC CHARACTER: The tendency of 

anelement to lose electrons and forms positive ions (cations) is called 

electropositive or metallic character. The elements having lower ionisation 

energies have higher tendency to lose electrons, thus they are electropositive or 

metallic in their behaviour. 

 

Alkali metals are the most highly electropositive elements. 

 

Periodicity: In period- The electropositive or metallic characters decreases 
fromleft to right in a period. 

 

In group- The electropositive or metallic characters increases from top to 
bottom in a group. 

 

ELECTRO -NEGATIVE OR NON - METALLIC CHARACTERS: 

Thetendency of an element to accept electrons to form an anion is called its non 

metallic or electronegative character. The elements having high electro-



 

negativity have higher tendency to gain electrons and forms anion. So, the 

elements in the upper right hand portion of the periodic table are electro-negative 

or non-metallic in nature. 
 

Periodicity:  

 

3. In period- The electro-negative or non- metallic characters increases 
from left to right in a period.  

 
4. In group- The electro-negative or non-metallic characters decreases from 

top to bottom in a group.  
 
 

REACTIVITY OF METALS:  
 

Periodicity:  

 

1. In period- The tendency of an element to lose electrons decreases in 
a period. So the reactivity   

of metals decreases from left to right in a period.  
 

2. In group- The tendency of an element to lose electrons increases in a 
period. So the reactivity   

of metals increases from top to bottom in a group.  
 
 

REACTIVITY OF NON - METALS:  
 
 

1. In period- The tendency of an element to gain electrons increases in 
a period. So the reactivity of non-metals increases from left to right 
in a period.  

 
2. In group- The tendency of an element to gain electrons decreases in a 

group. So the reactivity of non-metals increases from top to bottom 
in a group. 



 

SOLUBILITY OF ALKALI METALS CARBONATES 
AND BICARBONATES:  

 

PERIODICITY IN GROUP: The solubility of alkali metal carbonates 

andbicarbonates in water increases down the group (From Lithium to 

Caesium). 

 

SOLUBILITY OF ALKALINE EARTH METAL HYDROXIDES 
AND SULPHATES:  

 

PERIODICITY IN GROUP: The solubility of alkaline earth metal 

hydroxideand sulphates in water increases down the group (From Beryllium to 

Barium). 
 

BASIC STRENGTH OF ALKALINE EARTH MET AL HYDROXIDES:  

 

PERIODICITY IN GROUP: The basic strength of alkaline earth 
metalhydroxide in water increases down the group (From Beryllium to 
Barium), i.e., 
 

Be(OH)2 <  Mg(OH)2<  Ca(OH)2<  Sr(OH)2<  Ba(OH)2 

 

Basic strength increases 

 

THERMAL STABILITY OF  CARBONATES OF ALKALI 
AND ALKALINE EARTH METALS:  
 

Except lithium carbonate, (LiCO3), the carbonates of all other alkali metals 

are stable towards heat, i.e., carbonates of alkali metals (except LiCO3) do not 

decompose on heating. LiCO3 decomposes on heating to give lithium oxide 

(LiCO3). 

 

The carbonates of alkaline earth metals are relatively less stable. On heating, 

they decompose to give corresponding oxide and CO2 gas. The decomposition 

temperature for alkaline earth metal carbonates increases as we go down the 
group. 
 

Anomalous Properties of Second Period Elements 
 
Their anomalous behaviour is attributed to their small size, large charge/radius 
ratio, high electro negativity, non- availability of d- orbitals in their valence shell. 
The first member of each group of p-Block elements displays greater ability to 
form ṕ -p  ́multiple bonds to itself (e.g. C=C, CſC O=O, NſN) and to other 
second period elements (e.g. C=O, CſN, N=O) compared to subsequent member 
of the group. 
 



 

 
 

 

 



 

 

 

ONE MARK QUESTIONS  
 

Q1. Select the species which are iso-electronic (same number of electron) with 

each other.    

(1) Ne (2) Cl
-
 (3) Ca

2+
 (4) Rb

+
 

 
Ans-TheCl

-
 and Ca

2+
. Both have 18 e

_
 each. 

 

Q.2. What the elements of a group have common among them? 
 

Ans- They have same number of electrons in the valence shell. 
 

Q.3. What the s- and p- block elements are collectively called? 
 

Ans- Representative elements. 
 

Q.4. Define atomic radius. 

 

Ans- The one-half the distance between the nuclei of two covalently 
bonded atoms of the same element in a molecule is called as atomic radius. 
 

Q.5. State the modern periodic law. 

 

Ans- The physical and chemical properties of the elements are theperiodic 
function of their atomic numbers. 
 

Q.6. Name the groups of elements classified as s-, p- and d- blocks. 

 

Ans- s- block= 1,2 (including He), p- block= 13 to 18 (except He), d- block= 3 to 12. 
 

Q.7. Define the term ionisation enthalpy. 

 

Ans- The energy required to remove the outer most electron from the 
valence shell of an isolated gaseous atom is called as ionisation enthalpy. 

 

Q.8.In how many groups and periods the elements in modern periodic table 
are classified? 
 

Ans- In 18 groups and 7 periods. 
 

Q.9. What do you mean by electronic configuration of the elements? 
 
 

 



 

Ans- The systematic distribution of the electrons among the orbitals of an 

atom of an element according to increasing order of their energies is called as 

electronic configuration of that element. 

 

TWO MARKS QUESTIONS  

 

Q.1. Describe the two merits of long form periodic table over the 
Mendeleevôs periodic table? 

 

Ans- 1. It removed the anomalies about the position of isotopes which existed 
in the Mendeleevôs table. 
 

2. It relates the position of an element in the periodic table with its 
electronic configuration. 
 
Q.2. What is a period in the periodic table? How do atomic sizes change in 
a period with an increase in atomic number? 

 

Ans- The horizontal rows in periodic table are called as periods. The atomic 
sizes decrease in a period with an increase in atomic number. 
 

Q.3. The outer electronic configuration of some elements are: 
 

(a) 3s
2
 3p

4
    (b) 3d

10
4s

2
    (c) 3s

2
 3p

6
 4s

2
 (d) 6s

2
 4f

3
 

 

To which block of elements in the periodic table each of these belongs? 
 

Ans- (a) p- Block  (b) d- Block (c) s- Block (d) f- Block 

 

Q.4. What is meant by periodicity in properties of elements? What is the reason 
behind this? 

 

Ans- The repetition of similar properties after regular intervals is called as 

periodicity. It is due to the similarity in the outer electronic configurations 

which gives rise to the periodic properties of the elements. 
 

Q.5.  How do atomic radii vary in a group and a period? 
 

Ans-   In group- Atomic size increases on moving from top to bottom. 
 

In period- Atomic size decreases on moving left to right in a period. 
 

Q.6. Arrange the following in the order of increasing radii: 
 

(a) I, I
+
, I

-
     (b) O, P, N 

 

Ans- (a) I
+
< I < I

-
 (b) O < N<  P 

 
 



 

Q.7. Name the factors which affect the ionisation enthalpy of an element. 
 

Ans-  (i) Size of atom or ion (ii) Nuclear charge (iii) Electronic configuration 
 

(iv) Screening effect (v) Penetration effect of the electrons 

 

Q.8. How does ionisation enthalpy vary in a group and a 
period?Ans- In Period- It increases from left to right  

In group- It decreases down the group. 

Q.9. Noble gases have positive electron gain enthalpy values. Explain. 
 
Ans- Because the outer most shell of noble gases is completely filled and 
no more electrons can be added. 
 

Q.10. Elements in the same group have equal valency. Comment on it. 

 

Ans- Because the general outer most electronic configurations of the elements of 

a group remain same and they contain equal number of electrons in their 

respective outer most shells. 
 

THREE MARKS QUESTIONS  

 

Q.1. The first ionisation enthalpy of magnesium is higher than that of sodium. On 

theother hand, the second ionisation enthalpy of sodium is very much higher than that of 

magnesium. Explain. 
 

Ans- The 1
st
 ionisation enthalpy of magnesium is higher than that of Na due to higher 

nuclear charge and slightly smaller atomic radius of Mg than Na. After the loss of first 

electron, Na
+
 formed has the electronic configuration of neon (2,8). The higher 

stability of the completely filled noble gas configuration leads to very high second 

ionisation enthalpy for sodium. On the other hand, Mg
+
 formed after losing first 

electron still has one more electron in its outermost (3s) orbital. As a result, the second 

ionisation enthalpy of magnesium is much smaller than that of sodium. 

 

Q.2. What are the major differences between metals and non- 
metals?Ans- 

Property Metal Non- Metal 
Nature Electropositive Electronegative 
Type of ion Cation (Positively Charged) Anion (Negatively 
formed  Charged) 

Reaction with Active metals displace Do not displace hydrogen 
acids hydrogen  

Oxides Basic Acidic 
 
 
 



 

Q.3. Among the elements of the second period Li to Ne pick out the element: 
 

(i) with the highest first ionisation energy(ii) with the highest electronegativity 
 

(iii) with  the largest atomic radius Give the reason for your choice. 

 

Ans- (i) The ionisation energy increases on going from left to right. 
Therefore, the element with the highest ionisation energy is Ne. 

 

ii)The electro negativity is electron- accepting tendency. This increases on 

going from left to right and decreases down the group. Therefore, the element 

with the highest electro- negativity is F.  
 

iii) The atomic radius decreases across a period on going from left to right.  
 
Thus, the first element of any period should have the largest atomic radii. Here, 
Li has the largest atomic radii. 
 

Q.4. Arrange the following as stated:    

(i) N2, O2, F2, Cl2  (Increasing order of bond dissociation energy) 

(ii) F, Cl, Br, I  (Increasing order of electron gain enthalpy) 

(iii) F2, N2, Cl2, O2  (Increasing order of bond length) 

Ans-  (i) F2 < Cl2 < O2 < N2 

(ii)  I < Br < F < Cl 

(iii)  N2 < O2 < F2 < Cl2 

 

Q.5. Why does the first ionisation enthalpy increase as we go from left to 
right through a given period of the periodic table? 

 

Ans- In a period, the nuclear charge (the number of protons) increases on going 

from left to right. The electron added to each element from left to right enters 

the same shell. This results in an increase of the effective nuclear charge across 

the period on moving from left to right. As a result, the electron get more firmly 

bound to the nucleus. This causes an increase in the first ionisation enthalpy 

across the period. 

 

Q.6. Use the periodic table to answer the following questions. 
 

(i) Identify the element with five electrons in the outer sub-shell. 
 

ii) Identify an element that would tend to lose two electrons.  
 

iii) Identify an element that would tend to gain two electrons.  
 



 

Ans-  (i) Chlorine (ii) Magnesium (iii) Oxygen 

 

Q.7. Explain why are cations smaller and anions larger in size than their 
parent atoms? 

 

Ans- (a) The cations are smaller than their parent atoms due to the 
followingreasons:  

 Disappearance of the valence shell.  

 Increase of effective nuclear charge  

b)The anions are larger than their parent atoms due to the following reason:   
An increase in the number of electrons in the valence shell reduces 

the effective nuclear charge due to greater mutual shielding by the electrons. As 
a result, electron cloud expands, i.e., the ionic radius increases.  
 

Q.8. Describe the theory associated with the radius of an atom as it 

 

(a) gains an electron   (b) loses an electron 

 

Ans- (a)When an atom gains an electron, its size increases. When an electron 
isadded, the number of electrons goes up by one. This results in an increase in 
repulsion among the electrons. However, the number of protons remains the 
same. As a result, the effective nuclear charge of the atom decreases and the 
radius of the atom increases. 

 

(b) When an atom loses an electron, the number of electrons decreases by 
onewhile the nuclear charge remains the same. Therefore, the interelectronic 
repulsions in the atom decrease. As a result, the effective nuclear charge 
increases. Hence, the radius of the atom decreases. 

 

Q.9. How does atomic radius vary in a period and in a group? How do 
youexplain the variation? 
 
 

Ans- Atomic radius generally decreases from left to right across a period. This 
isbecause within a period, the outer electrons are present in the same valence 
shell and the atomic number increases from left to right across a period, resulting 
in an increased effective nuclear charge. As a result, the attraction of electrons to 
the nucleus increases. 

 

On the other hand, the atomic radius generally increases down a group. This is 
because down a group, the principal quantum number (n) increases which 
results in an increase of the distance between the nucleus and valence electrons. 
 

 

 



 

Q.10. Consider the following species: 

 

N
3ï

, O
2ï

, F
ï
, Na

+
, Mg

2+
 and Al

3+
 

 

(a) What is common in them?  
 
(b) Arrange them in the order of increasing ionic radii.  

 

Ans- (a) the same number of electrons (10 electrons). Hence, the given 
speciesare isoelectronic. 

 

(b)  Al
3+

< Mg
2+

< Na
+
< F
ï
< O

2ï
< N

3ï
 

 

FIVE MARKS QUESTIONS  
 

Q.1. What is the cause of the periodicity in the properties of the elements? How  
do the following properties vary in (a) a group and (b)in a period 

(i) electronegativity (ii) ionisation enthalpy (iii) Atomic size 

 

Ans- It is due to the similarity in the outer electronic configurations which gives 
rise to the periodic properties of the elements. 
 

(a) In a group:   
(i) Electronegativity- It decreases down the group.   
(ii ) Ionisation enthalpy- It decreases down the group.   
(iii ) Atomic size- It increases down the group.   

(b) In a period:   
(i) Electronegativity- Increases   
(ii ) Ionisation enthalpy- Increases   
(iii ) Atomic size- Dereases.  

 

Q.2. The first (ȹiH1) and the second (ȹiH) ionization enthalpies (in kJ mol
ï1

) 

andthe (ȹegH) electron gain enthalpy (in kJ mol
ï1

) of a few elements are given 
below: 
 

Elements iH1 iH2 egH 

I 520 7300 ï60 

II  419 3051 ï48 

III  1681 3374 ï328 

IV  1008 1846 ï295 

V 2372 5251 +48 

VI  738 1451 ï40 
 



 

Which of the above elements is likely to be : 

 

(a) the least reactive element. (b) the most reactive metal. 

(c) the most reactive non-metal. (d) the least reactive non-metal.  

e)the metal which can form a stable binary halide of the formula MX2, 
(X=halogen).   

f) the metal which can form a predominantly stable covalent halide of 
the formula MX (X=halogen)?  

 
Ans- (a)Element V is likely to be the least reactive element. This is because it hasthe 

highest first ionization enthalpy (ȹiH1) and a positive electron gain enthalpy (ȹegH). 
 
b)Element II is likely to be the most reactive metal as it has the lowest first 

ionization enthalpy (ȹiH1) and a low negative electron gain enthalpy (ȹegH).   
c)Element III is likely to be the most reactive nonïmetal as it has a high first ionization 

enthalpy (ȹiH1) and the highest negative electron gain enthalpy (ȹegH).   
d)Element V is likely to be the least reactive nonïmetal since it has a very high first 

ionization enthalpy (ȹiH2) and a positive electron gain enthalpy (ȹegH).   
e)Element VI has a low negative electron gain enthalpy (ȹegH). Thus, it is a 

metal. Further, it has the lowest second ionization enthalpy (ȹiH2). Hence, it can 

form a stable binary halide of the formula MX2(X=halogen).   
f)Element I has low first ionization energy and high second ionization energy. 
Therefore, it can form a predominantly stable covalent halide of the formula MX 
(X=halogen).  
 
 
 
VALUE BASED QUESTIONS 
 

1. In the long form of the periodic table, all the known elements have been divided into four 

blocks called s, p, d and f block elements. Till today elements with atomic number up to 

112 have been fully characterized while momentary detection /isolation of elements with 

atomic numbers 113-118 have been successfully observed. The present set up of the long 

form of periodic table as on today can accommodate at the maximum, elements with 

atomic numbers up to 118. What would happen, if in future, elements with atomic 

numbers more than 118 are discovered? now answer the following questions: 

I) What modifications in the present set up of the long form of periodic table do you 

propose to accommodate elements with atomic numbers 119 and 120, if discovered 

in future?  Which group and period would you assign to these two elements? 

II ) If an element with atomic number 121 were discovered in future, can you still 

classify it into one of the four blocks; s ,p ,d and f. if not , then do you propose a 

new block for this element ? If yes, then what name do you propose for this block 

and how many new elements it can accommodate and where to place this block in 

the present set up of the long form of the periodic table? 

     Ans. (i) The maximum number of elements which can be accommodated in the present set up 

of the Long form of the periodic table is 118. Thereafter, filling of 8s orbital shall begin for this, 



 

8th period will have to be incorporated in the present set of the long form of the periodic table. 

Since s-subshells can accommodate only 2 electrons therefore, elements with Z= 119 will be an 

alkali metal, placed in group 1 with 8s
1
 as the outer electronic configuration. Similarly, Element 

with Z= 120 will be an alkaline earth metals, placed in group 2 with 8s
2
 as the outer Electronic 

configuration. 

(ii ) An element with atomic number 121 , if discovered , cannot be placed into one of the              

already known four blocks, i.e., s ,p, d and f. it has to be placed in a new block called 

the g-block. It will have nine orbitals which can accommodate eighteen elements with 

Z=121-138. Like f-block, this newly conceived g-block will have to be placed at the 

bottom of the present set up of the long form of periodic table. 

  The main discrepancy of the long form of the periodic table is the placement of Lanthanoids and 

Actinoids at the bottom of the table. To include them in the main body of the periodic table, 

extended version of the long form of the periodic table has been proposed. Now answer the 

following questions : 

 

I. Construct the extended version of the long form of the periodic table. 

II . What are the drawbacks of the extended version of the periodic table, if any why? 

  Ans.(i) Place the representative elements of group 1 and 2 on the left hand side and those  of 

group 13- 18 on the right hand side in the same way as they appear in the traditional long form of 

the Periodic table. Divide the space between these 2 sets of the representative elements into 2 

parts. on the left Part, place the inner transition elements in 2 horizontal series of 14 elements 

each, the first Horizontal series which lies in the 6
th
 period consist of 14 Lanthanoids  (Z=57-70) 

while the second horizontal series which lies in the 7
th
 period also consists of 14 Actinoids(Z=89 

to 102). 

On the right part, place the transition elements in 4 horizontal series of 10 elements each: 

first series with Z=21 to 30 lies in the fourth period, second series with Z=39 to 48, lies in fifth 

period, 3
rd

 series, with Z= 71 to 80 lies in the sixth period and 4
th
 series with Z=103 to 112 lies in 

the 7
th
 period. The outlines of the extended version of the periodic table thus obtained are shown 

below. 

 

1 Z= 1     Z=2 

2 Z=3 Z=4 Z=5-9 Z=10 

3 Z=11 Z=12 Z=13-17 Z=18 

4 Z=19 Z=20 Z=21-30 Z=31-35 Z=36 

5 Z=37 Z=38 Z=39-48 Z=49-53 Z=54 

6 Z=55 Z=56 Lanthanoids (Z= 57-70) Z= 71-80 Z=81-85 Z=86 

7 Z=87 Z=88 Actinoids (Z= 89-102) Z=103-112 Z=113-117 Z=118 

 

Representative Elements 
Noble 

Gases 

Transition 

Elements 

Inner Transition Elements 




