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CHAPTER-4 
 

       CHEMICAL BONDING AND MOLECULAR STRUCTURE 

 

OCTET RULE- During a chemical reaction the atoms tend to adjust their electronic 

arrangement in such a way that they achieve 8 e
-
 in their outermost electron. This is called 

octet rule. 

CHEMICAL BOND- the chemical force which keeps the atoms in any molecule 

together is called a chemical bond. 

IONIC BOND- The columbic force of attraction which holds the appositively charged ions 

together is called an ionic bond. An ionic bond is formed by the complete transfer of one or 

more electrons from the atom of a metal to an atom of non- metal. 

LATTICE ENTHALPY- The molar enthalpy change accompanying the complete separation of 

the constituent particles that compose of the solids (such as ions for ionic solid, molecules for 

molecular solids) under standard conditions is called lattice enthalpy (∆lH
o
). The lattice enthalpy 

is a positive quantity. 

ELECTRO VALENCY: The number of electrons lost or gain by an atom of an element is 

called as electrovalency. 

The element which give up electrons to form positive ions are said to have positive valency, 

while the elements which accept electrons to form negative ions are said to have negative 

valency. 

FORMATION OF AN IONIC BOND: It is favoured by, (i) the low ionisation enthalpy of 

a metallic element which forms the cations, (ii) High electron gain enthalpy of non- metallic 

element which forms the anions, (iii) Large lattice enthalpy i.e; the smaller size and the 

higher charge of the atoms. 

COVALENCY:The number of electrons which an atom contributes towards mutual sharing 

during the formation of a chemical bond called its covalency in that compound. 

SINGLE COVALENT BOND: A covalent bond formed by the mutual sharing of one pair of 

electrons is called a single covalent bond, or simply a single bond. A single covalent bond is 

represented by a small line (−) between the two atoms 

DOUBLE COVALENT BOND: A covalent bond formed by the mutual sharing of two pair of 

electrons is called a double covalent bond, or simply a double bond. A double covalent bond is 

represented by two small horizontal lines (=) between the two atoms. E.g. O=O, O=C=O etc. 

TRIPLE COVALENT BOND: A covalent bond formed by the mutual sharing of three pair of 

electrons is called a triple covalent bond, or simply a triple bond. A triple covalent bond is 

represented by three small horizontal lines (≡) between the two atoms. E.g. N≡N, H-C≡C-H etc. 

FORMATION OF A COVALENT BOND: Formation of a covalent bond is favoured by 

(i) High ionisation enthalpy of the combining elements.  

(ii) Nearly equal electron gain enthalpy and equal electro-negativities of combining elements. 

(iii)  High nuclear charge and small atomic size of the combining elements.  

POLAR COVALENT BOND: The bond between two unlike atoms which differ in their 

affinities for electrons is said to be polar covalent bond. E.g. H-Cl 

COORDINATE BOND: The bond formed when one sided sharing of electrons take place is 

called a coordinate bond. Such a bond is also known as dative bond. It is represented by an 

arrow (→) pointing towards the acceptor atom. E.g. H3N→BF3 

Bond Length: Bond length is defined as the equilibrium distance between the nuclei of 

two bonded atoms in a molecule 

Bond Angle: It is defined as the angle between the orbitals containing bonding electron 

pairs around the central atom in a molecule/complex ion. 

Bond Enthalpy: It is defined as the amount of energy required to break one mole of bonds of 

a particular type between two atoms in a gaseous state. 
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DOUBLE COVALENT BOND: A covalent bond formed by the mutual sharing 

of two pair of electrons is called a double covalent bond, or simply a double bond. 

A double covalent bond is represented by two small horizontal lines (=) between 

the two atoms. E.g. O=O, O=C=O etc. 

 

TRIPLE COVALENT BOND: A covalent bond formed by the mutual sharing 

of three pair of electrons is called a triple covalent bond, or simply a triple bond. 

A triple covalent bond is represented by three small horizontal lines (≡) between 

the two atoms. E.g. N≡N, H-C≡C-H etc. 

 

FORMATION OF A COVALENT BOND: Formation of a covalent bond 
is favoured by 
 

(i) High ionisation enthalpy of the combining elements.  
 

(ii) Nearly equal electron gain enthalpy and equal electro-negativities 
of combining elements.   

(iii) High nuclear charge and small atomic size of the combining elements.  

 

POLAR COVALENT BOND: The bond between two unlike atoms which 
differ in their affinities for electrons is said to be polar covalent bond. E.g. H-Cl 

 

COORDINATE BOND: The bond formed when one sided sharing of electrons take 
place is called a coordinate bond. Such a bond is also known as dative bond. It is 

represented by an arrow (→) pointing towards the acceptor atom. E.g. H3N→BF3 

 

Bond Length: Bond length is defined as the equilibrium distance between 
the nuclei of two bonded atoms in a molecule 
 
Bond Angle: It is defined as the angle between the orbitals containing 
bonding electron pairs around the central atom in a molecule/complex ion 
 
Bond Enthalpy: It is defined as the amount of energy required to break one 
mole of bonds of a particular type between two atoms in a gaseous state. 
 
Bond Order: In the Lewis description of covalent bond, the Bond Order is given 
by the number of bonds between the two atoms in a molecule 
Resonance:whenever a single Lewis structure cannot describe a molecule 
accurately, a number of structures with similar energy, positions of nuclei, 
bonding and non-bonding pairs of electrons are taken as the canonical structures of 
the hybrid which describes the molecule accurately 
 
Dipole moment : The product of the magnitude of the charge and the distance between 
the centres of positive and negative charge.It is a vector quantity and is represented by 
an arrow with its tail at the positive centre and head pointing towards a negative centre. 
Dipole moment (μ) = charge (Q) × distance of separation (r) 
 

 



5 | P a g e  

 

SIGMA BOND: A covalent bond formed due to the overlapping of orbitals of 

the two atoms along the line joining the two nuclei (orbital axis) is called sigma 

(σ) bond. For example, the bond formed due to s-s and s-p, p-p overlapping along 

the orbital axis are sigma bonds. 

 

Pi- BOND: A covalent bond formed by the side wise overlapping of p- or d-

orbitals of two atoms is called as pi (π) bond. For example, the bond formed due 

to the sideways overlapping of the two p- orbitals is a pi- bond. 

 

HYDROGEN BOND: The bond between the hydrogen atom of one molecule and 

a more electro- negative element of same or another molecule is called as 

hydrogen bond. 

 

HYBRIDIZATION: The process of mixing of the atomic orbitals to form new 

hybrid orbitals is called hybridization. All hybrid orbitals of a particular kind 

have equal energy, identical shapes and are symmetrically oriented in shape. 

 

The hybrid orbitals are designed according to the type and the atomic 
orbitals merging together, e.g., 
 
 
 
 

Molecu Electron   
 

  

Examples 
 

le Type 

Shape   arrangeme  Geometry 
 

 nt
†
 ‡  

 

AX2E0   Linear    BeCl2,  HgCl2,  CO2  

     
 

AX2E1   Bent   

 NO2
−
,  SO2,  O3,  CCl2 

 

     
 

AX2E2  Bent    
 

      H2O,  OF2 
 

AX2E3   Linear    
 

      XeF2,  I3
−
,  XeCl2 

 

 
 
 
 
 

 

http://en.wikipedia.org/wiki/Linear_(chemistry)
http://en.wikipedia.org/wiki/Beryllium_chloride
http://en.wikipedia.org/wiki/Mercury(II)_chloride
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Bent_(chemistry)
http://en.wikipedia.org/wiki/Nitrite
http://en.wikipedia.org/wiki/Sulfur_dioxide
http://en.wikipedia.org/wiki/Ozone
http://en.wikipedia.org/wiki/Dichlorocarbene
http://en.wikipedia.org/wiki/Bent_(chemistry)
http://en.wikipedia.org/wiki/Water_(molecule)
http://en.wikipedia.org/wiki/Oxygen_difluoride
http://en.wikipedia.org/wiki/Linear_(chemistry)
http://en.wikipedia.org/wiki/Xenon_difluoride
http://en.wikipedia.org/wiki/Triiodide
http://en.wikipedia.org/wiki/Xenon_dichloride
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AX3E0 
 
 
 

 

AX3E1 
 
 
 

 

AX3E2 
 
 
 
 
 
 

AX4E0 

 
 Trigonal  
planar 
 
 

 

 Trigonal  
pyramidal 
 
 
 
 

 T-shaped 
 
 
 
 
 
 

 Tetrahedr  
al 

 
 
 

 BF3,  CO3
2−

,  NO3
−
,  SO3 

 
 
 
 

 NH3,  PCl3 
 
 
 

 

 ClF3,  BrF3 
 
 
 
 
 

 

 CH4,  PO4
3−

,  SO4
2−

,  ClO4
−
 

 
 
 
 

AX4E1 
 
 
 

 

AX4E2 
 
 
 
 
 
 

AX5E0 
 
 
 
 
 
 

AX5E1 
 
 
 

 

AX5E2 

,   XeO4 
 
 

 Seesaw 

SF4 
 
 
 
 Square  

planar 

 XeF4 
 

 

 Trigonal  
bipyramid  
al 

 PCl5 
 
 

 Square 

 pyramidal 
 ClF5,  BrF5,  XeOF4 

 

 Pentagon   
 

 al planar 
 XeF5 

 - 
 

 
 

 
 
 

 

http://en.wikipedia.org/wiki/Trigonal_planar
http://en.wikipedia.org/wiki/Trigonal_planar
http://en.wikipedia.org/wiki/Trigonal_planar
http://en.wikipedia.org/wiki/Trigonal_pyramid_(chemistry)
http://en.wikipedia.org/wiki/Trigonal_pyramid_(chemistry)
http://en.wikipedia.org/wiki/Trigonal_pyramid_(chemistry)
http://en.wikipedia.org/wiki/T-shaped_molecular_geometry
http://en.wikipedia.org/wiki/Tetrahedral_molecular_geometry
http://en.wikipedia.org/wiki/Tetrahedral_molecular_geometry
http://en.wikipedia.org/wiki/Tetrahedral_molecular_geometry
http://en.wikipedia.org/wiki/Boron_trifluoride
http://en.wikipedia.org/wiki/Carbonate
http://en.wikipedia.org/wiki/Nitrate
http://en.wikipedia.org/wiki/Sulfur_trioxide
http://en.wikipedia.org/wiki/Ammonia
http://en.wikipedia.org/wiki/Phosphorus_trichloride
http://en.wikipedia.org/wiki/Chlorine_trifluoride
http://en.wikipedia.org/wiki/Bromine_trifluoride
http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Phosphate
http://en.wikipedia.org/wiki/Sulfate
http://en.wikipedia.org/wiki/Perchlorate
http://en.wikipedia.org/wiki/Xenon_tetroxide
http://en.wikipedia.org/wiki/Seesaw_(chemistry)
http://en.wikipedia.org/wiki/Square_planar_molecular_geometry
http://en.wikipedia.org/wiki/Square_planar_molecular_geometry
http://en.wikipedia.org/wiki/Square_planar_molecular_geometry
http://en.wikipedia.org/wiki/Xenon_tetrafluoride
http://en.wikipedia.org/wiki/Trigonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Trigonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Trigonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Trigonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Trigonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Phosphorus_pentachloride
http://en.wikipedia.org/wiki/Square_pyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Square_pyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Chlorine_pentafluoride
http://en.wikipedia.org/wiki/Bromine_pentafluoride
http://en.wikipedia.org/wiki/Xenon_oxytetrafluoride
http://en.wikipedia.org/wiki/Pentagonal_planar_molecular_geometry
http://en.wikipedia.org/wiki/Pentagonal_planar_molecular_geometry
http://en.wikipedia.org/wiki/Tetramethylammonium_pentafluoroxenate
http://en.wikipedia.org/wiki/Tetramethylammonium_pentafluoroxenate
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AX6E0 

 Octahedra  
 

 l  
 

   SF6,  WCl6 
 

  Pentagon  
 

AX6E1  al XeOF5
−
, IOF5

2−
  

[7]
 

 

  pyramidal  
 

  Pentagon  
 

AX7E0 

 al  
 

 bipyramid  
 

  al 
 IF7  

  
 

   
 

                                     

                                       ONE MARK QUESTIONS  

Q.1. What is the total number of sigma and pi bonds in the following molecules? 
 

(a) C2H2 (b) C2H4 
 

Ans- There are three sigma and two pi-bonds in C2H2. 
 

         There are five sigma bonds and one pi-bond in C2H4. 

 

Q.2. Write the significance of a plus and a minus sign shown in representing 
the orbitals. 

 

Ans- Molecular orbitals are represented by wave functions. A plus sign in an 

orbital indicates a positive wave function while a minus sign in an orbital 

represents a negative wave function. 
 

Q.3. How do you express the bond strength in terms of bond order? 

 

Ans- Bond strength represents the extent of bonding between two atoms forming a 

molecule. The larger the bond energy, the stronger is the bond and the greater is 

the bond order. 
 

Q.5. Define the bond length. 

 

Ans- Bond length is defined as the equilibrium distance between the nuclei of 
two bonded atoms in a molecule. 
 
 

http://en.wikipedia.org/wiki/Octahedral_molecular_geometry
http://en.wikipedia.org/wiki/Octahedral_molecular_geometry
http://en.wikipedia.org/wiki/Sulfur_hexafluoride
http://en.wikipedia.org/wiki/Tungsten_hexachloride
http://en.wikipedia.org/wiki/Pentagonal_pyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Pentagonal_pyramidal_molecular_geometry
http://en.wikipedia.org/wiki/VSEPR_theory#cite_note-Baran2000-6
http://en.wikipedia.org/wiki/Pentagonal_pyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Pentagonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Pentagonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Pentagonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Pentagonal_bipyramidal_molecular_geometry
http://en.wikipedia.org/wiki/Iodine_heptafluoride
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Q.6. Arrange the bonds in order of increasing ionic character in the 

molecules: LiF, K2O, N2, SO2 and ClF3. 
 

Ans- N2 < SO2 < ClF3 < K2O < LiF. 
 

Q.7. The skeletal structure of CH3COOH as shown below is correct, but some of 

the bonds are shown incorrectly. Write the correct Lewis structure for acetic acid. 
 
 
 
 
 
 
 

 

Ans- The correct Lewis structure for acetic acid is as follows: 
 
 
 
 
 
 
 

 

Q.8. Define octet rule. 

 

Ans- The elements tend to adjust the arrangement of their electrons in such a way 

that they (except H and He) achieve eight electrons in their outermost shell. This 

is called octet rule. 
 

Q.9. Define lattice enthalpy. 

 

Ans- The energy required when one mole of an ionic compound in crystalline 
form is split into the constituent ions is called lattice enthalpy. 

 

Q.10. Which type of bond is formed when the atoms have zero difference 
in electronegativity? 
 

Ans- Covalent bond. 
 

TWO MARKS QUESTIONS 
 

Q.1. Define hydrogen bond. Is it weaker or stronger than the van der Waals forces? 
 
 

Ans- A hydrogen bond is defined as an attractive force acting between the 
hydrogen attached to an electronegative atom of one molecule and an 
electronegative atom of a different molecule (may be of the same kind). 
 

There are two types of H-bonds: 
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(i) Intermolecular H-bond e.g., HF, H2O etc.  
 
(ii) Intramolecular H-bond e.g., o-nitrophenol  
 
 
 
 
 
 
 
 
 
 

Hydrogen bonds are stronger than Van der Walls forces since hydrogen bonds 
are regarded as an extreme form of dipole-dipole interaction. 
 

Q.2. Write the favourable factors for the formation of ionic bond. 

 

Ans-(i) Low ionization enthalpy of metal atom. 
 

(ii) High electron gain enthalpy (Δeg H) of a non-metal atom.  
 
(iii) High lattice energy of the compound formed.  
 

Q.3. Although geometries of NH3 and H2O molecules are distorted tetrahedral, 

bond angle in water is less than that of ammonia. Discuss. 
 

Ans- The molecular geometry of NH3 and H2O can be shown as: 
 
 
 
 
 
 
 

The central atom (N) in NH3 has one lone pair and there are three bond pairs. 

In H2O, there are two lone pairs and two bond pairs. 
 

The two lone pairs present in the oxygen atom of H2O molecule repels the two 

bond pairs. This repulsion is stronger than the repulsion between the lone pair and 
the three bond pairs on the nitrogen atom. 
 

Since the repulsions on the bond pairs in H2O molecule are greater than that in 

NH3, the bond angle in water is less than that of ammonia. 
 

Q.4. Explain the important aspects of resonance with reference to the  ion. 
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Ans- According to experimental findings, all carbon to oxygen bonds in are 
 

equivalent. Hence, it is inadequate to represent ion by a single Lewis 

structure having two single bonds and one double bond. 

 

Therefore, carbonate ion is described as a resonance hybrid of the 
following structures: 
 
 
 
 
 
 
 
 
 

Q.5. H3PO3 can be represented by structures 1 and 2 shown below. Can these 
two structures be taken as the canonical forms of the resonance hybrid 

representing H3PO3? If not, give reasons for the same. 
 
 
 
 
 
 
 
 

 

Ans- The given structures cannot be taken as the canonical forms of the 

resonance hybrid of H3PO3 because the positions of the atoms have changed. 

 

Q.6. Use Lewis symbols to show electron transfer between the following 
atoms to form cations and anions: (a) Ca and O (c) Al and N. 
 

Ans(a) Ca and O: 
 

The electronic configurations of Ca and O are as follows: 
 

Ca: 2, 8, 8, 2 O: 2, 6 

 

Oxygen requires two electrons more to complete its octet, whereas calcium has 
two electrons more than the nearest noble gas i.e., Argon. Hence, the electron 
transfer takes place as: 
 
 
 
 
 
 

(b) Al and N: 
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The electronic configurations of Al and N are as follows: 
 

Al: 2, 8, 3 N: 2, 5 

 

Nitrogen is three electrons short of the nearest noble gas (Neon), whereas 
aluminium has three electrons more than Neon. Hence, the electron transference 
can be shown as: 
 
 
 
 
 
 

Q.7. Although both CO2 and H2O are triatomic molecules, the shape of H2O 

molecule is bent while that of CO2 is linear. Explain this on the basis of 

dipole moment. 
 
 

Ans- According to experimental results, the dipole moment of carbon dioxide is 
zero. This is possible only if the molecule is linear so that the dipole moments of 
C– O bonds are equal and opposite to nullify each other. 
    
    
                                 

 

                                 Resultant μ = 0 D 
 

H2O, on the other hand, has a dipole moment value of 1.84 D (though it is a 

triatomic molecule as CO2). The value of the dipole moment suggests that the 

structure of H2O molecule is bent where the dipole moment of O–H bonds 
are unequal. 
 
 
 
 
 
 
 

 

Q.8. Write the significance/applications of dipole moment. 
 
 
Ans- Dipole moment is the measure of the polarity of a bond. It is used to 
differentiate between polar and non-polar bonds since all non-polar molecules 

(e.g. H2, O2) have zero dipole moments. It is also helpful in calculating the 
percentage ionic character of a molecule. 
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Q.9. Use molecular orbital theory to explain why the Be2 molecule does not exist. 

 

Ans- The electronic configuration of Beryllium is . 
 

The molecular orbital electronic configuration for Be2 molecule can be written as: 
 

Hence, the bond order for Be2 is  

 

Where, 
 

Nb = Number of electrons in bonding orbitals 

Na = Number of electrons in anti-bonding orbitals 

 

Bond order of Be2 = 0 

 

A negative or zero bond order means that the molecule is 

unstable. Hence, Be2 molecule does not exist. 
 

Q.10. Distinguish between a sigma and a pi bond. 

 

Ans- The following are the differences between sigma and pi-bonds: 
 
  

Sigma (σ) Bond Pi (π) Bond 
  

  

(a) It is formed by the end to end overlap It is formed by the lateral overlap of 

of orbitals. orbitals. 
  

  

(b) The orbitals involved in the These bonds are formed by the overlap 

overlapping are s–s, s–p, or p–p. of p–porbitals only. 
  

  

(c) It is a strong bond. It is weak bond. 
  

  

(d) The electron cloud is symmetrical The electron cloud is not symmetrical. 

about the line joining the two nuclei.  
  

  

(e) It consists of one electron cloud, There are two electron clouds lying 

which is symmetrical about the above and below the plane of the atomic 

internuclear axis. nuclei. 
  

  

(f) Free rotation about σ bonds is Rotation is restricted in case of pi- 

possible. bonds. 
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Q.11. Explain with the help of suitable example polar covalent bond. 
 
Ans- When two dissimilar atoms having different electronegativities combine to 
form a covalent bond, the bond pair of electrons is not shared equally. The bond 
pair shifts towards the nucleus of the atom having greater electronegativity. As 
a result, electron distribution gets distorted and the electron cloud is displaced 
towards the electronegative atom. 

 

As a result, the electronegative atom becomes slightly negatively charged while the 
other atom becomes slightly positively charged. Thus, opposite poles are 
developed in the molecule and this type of a bond is called a polar covalent bond. 

 

HCl, for example, contains a polar covalent bond. Chlorine atom is more 
electronegative than hydrogen atom. Hence, the bond pair lies towards chlorine 
and therefore, it acquires a partial negative charge. 
 
 
 
 
 
 
 

 

THREE MARKS QUESTIONS 

 

Q.1. Write Lewis dot symbols for atoms of the following elements: Mg, Na, B, 
O, N, Br. 

 

Ans- Mg: Na            :  

 

Q.3. Draw diagrams showing the formation of a double bond and a triple 

bond between carbon atoms in C2H4 and C2H2 molecules. 
 

Ans- C2H4 :The electronic configuration of C-atom in the excited state is: 
 
 
 

In the formation of an ethane molecule (C2H4), one sp
2
 hybrid orbital of carbon 

overlaps a sp
2
hybridized orbital of another carbon atom, thereby forming a C-C 

sigma bond. The remaining two sp
2
 orbitals of each carbon atom form a sp

2
-s 

sigma bond with two hydrogen atoms. The unhybridized orbital of one carbon 

atom undergoes sidewise overlap with the orbital of a similar kind present on 

another carbon atom to form a weak π-bond. 
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C2H2 : 
 

In the formation of C2H2 molecule, each C–atom is sp hybridized with two 
2p-orbitals in an unhybridized state. 
 
One sp orbital of each carbon atom overlaps with the other along the 
internuclear axis forming a C–C sigma bond. The second sp orbital of each C–
atom overlaps a half-filled 1s-orbital to form a σ bond. 
 
The two unhybridized 2p-orbitals of the first carbon undergo sidewise overlap 
with the 2p orbital of another carbon atom, thereby forming two pi (π) bonds 
between carbon atoms. Hence, the triple bond between two carbon atoms is 
made up of one sigma and two π-bonds. 
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Q.4. Explain the formation of H2 molecule on the basis of valence bond theory. 
 

Let us assume that two hydrogen atoms (A and B) with nuclei (NA and NB) and 
 

electrons (eA and eB) are taken to undergo a reaction to form a hydrogen 
molecule. When A and B are at a large distance, there is no interaction between 
them. As they begin to approach each other, the attractive and repulsive forces 
start operating.  
Attractive force arises between: 

(a) Nucleus of one atom and its own electron i.e., NA – eA and NB – eB.   
(b) Nucleus of one atom and electron of another atom i.e., NA – eB and NB – eA.  
Repulsive force arises between: 
(a) Electrons of two atoms i.e., eA – eB.  

(b) Nuclei of two atoms i.e., NA – NB.   
The force of attraction brings the two atoms together, whereas the force of 
repulsion tends to push them apart. 
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The magnitude of the attractive forces is more than that of the repulsive forces. Hence, 
the two atoms approach each other. As a result, the potential energy decreases. Finally, 
a state is reached when the attractive forces balance the repulsive forces and the 
system acquires minimum energy. This leads to the formation of a dihydrogen 
molecule. 
 
Q.5. Write the important conditions required for the linear combination 
of atomic orbitals to form molecular orbitals. 
 
 
Ans- The given conditions should be satisfied by atomic orbitals to form 
molecular orbitals: 

 

(a) The combining atomic orbitals must have the same or nearly the same energy. 
This means that in a homonuclear molecule, the 1s-atomic orbital of an atom can 
combine with the 1s-atomic orbital of another atom, and not with the 2s-orbital.  
 
(b) The combining atomic orbitals must have proper orientations to ensure that 
the overlap is maximum.   
(c) The extent of overlapping should be large.  
 

Q.6. Describe the hybridisation in case of PCl5. Why are the axial bonds longer 

as compared to equatorial bonds? 

 

Ans- The ground state and excited state outer electronic configurations 
of phosphorus (Z = 15) are: 
 

Ground state: 
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Excited state: 
 
 
 
 

 

Phosphorus atom is sp
3
d hybridized in the excited state. These orbitals are filled 

by the electron pairs donated by five Cl atoms as: 
 

PCl5 
 
 
 
 
 

 

The five sp
3
d hybrid orbitals are directed towards the five corners of the 

trigonal bipyramidals. Hence, the geometry of PCl5 can be represented as: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

There are five P–Cl sigma bonds in PCl5. Three P–Cl bonds lie in one plane and 

make an angle of 120° with each other. These bonds are called equatorial bonds. 
The remaining two P–Cl bonds lie above and below the equatorial plane and 
make an angle of 90° with the plane. These bonds are called axial bonds. 
 
As the axial bond pairs suffer more repulsion from the equatorial bond pairs, 
axial bonds are slightly longer than equatorial bonds. 
 

Q.7. What is meant by the term bond order? Calculate the bond order of: 

N2, O2, and . 

 

Ans- Bond order is defined as one half of the difference between the number 
of electrons present in the bonding and anti-bonding orbitals of a molecule. 
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Bond order =  
 

Bond order of N2 
 
 
 

 

Number of bonding electrons, Nb = 10 
 

Number of anti-bonding electrons, Na = 4 
 
 
 

Bond order of nitrogen molecule  = 3 

Bond order of O 2     

Bond order   = 2  

Hence, the bond order of oxygen molecule is 2. 

Similarly, the electronic configuration of can be written as: 

Bond order of  = 2.5   

The electronic configuration of ion will be: 

Bond order of = = 1.5   

Q.8. Discuss the shape of the following molecules using the VSEPR model: 

BeCl2, BCl3, SiCl4, AsF5, H2S, PH3   

Ans- BeCl2:  The central atom has no lone pair and there are two bond 

pairs. i.e., BeCl2 is of the type AB2. Hence, it has a linear shape. 
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BCl3:        The central atom has no lone pair and there are three bond pairs. 
 
 

Hence, it is of the type AB3. Hence, it is trigonal planar. 
 

SiCl4:  The central atom has no lone pair and there are four bond pairs. 

Hence, the shape of SiCl4 is tetrahedral being the AB4 type molecule. 
 

AsF5:  The central atom has no lone pair and there are five bond 

pairs. Hence, AsF5 is of the type AB5. Therefore, the shape is trigonal 

bipyramidal. 
 

H2S:               The central atom has one lone pair and there are two bond 

pairs. Hence, H2S is of the type AB2E. The shape is Bent. 
 

PH3:              The central atom has one lone pair and there are three bond 

pairs. Hence, PH3 is of the AB3E type. Therefore, the shape is trigonal bipyramidal. 
 

Q.9. Write the resonance structures for SO3, NO2 and . 

 

Ans- The resonance structures are: 
 

(a) SO3:  
 
 
 
 
 
 
 

 

(b)  
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(c) : 
 
 
 
 
 
 
 
 
 
 

Q.10. What do you understand by bond pairs and lone pairs of electrons? 
Illustrate by giving example. 
 
 
Ans- The shared pairs of electrons present between the bonded atoms are 
called bond pairs. All valence electrons may not participate in bonding. The  
electron pairs that do not participate in bonding are calledlone pairs of electrons. 
 

In H2O, there are two bond pairs and two lone pairs on the central atom (oxygen). 
 
 
 
 
 
 

FIVE MARKS QUESTIONS 
 

Q.1. Define octet rule. Write its significance and limitations. 
 
 

Ans-- The octet rule or the electronic theory of chemical bonding was developed 
by Kossel and Lewis. According to this rule, atoms can combine either by transfer 
of valence electrons from one atom to another or by sharing their valence electrons 
in order to attain the nearest noble gas configuration by having an octet in their 
valence shell. 
 
 
 

 

The octet rule successfully explained the formation of chemical bonds 
depending upon the nature of the element. 
 

Limitations of the octet theory: 
 

The following are the limitations of the octet rule: 
 

(a) The rule failed to predict the shape and relative stability of molecules.  

 
(b) It is based upon the inert nature of noble gases. However, some noble gases 

like xenon and krypton form compounds such as XeF2, KrF2 etc.  
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(c) The octet rule cannot be applied to the elements in and beyond the third period   
of the periodic table. The elements present in these periods have more than 

eight valence electrons around the central atom. For example: PF5, SF6, etc.  
 
 
 
 
 
 
 
 
 
 
(d) The octet rule is not satisfied for all atoms in a molecule having an odd 

number of electrons. For example, NO and NO2 do not satisfy the octet rule.  
 
 
 
 
 
(e) This rule cannot be applied to those compounds in which the number of 
electrons surrounding the central atom is less than eight. For example, LiCl, 

BeH2, AlCl3 etc. do not obey the octet rule.  
 
 
 
 

 

Q.2. Which hybrid orbitals are used by carbon atoms in the following molecules? 

CH3–CH3; (b) CH3–CH=CH2; (c) CH3-CH2-OH; (d) CH3-CHO (e) CH3COOH 

 

Ans- (a) 
 
 
 
 
 
 
 
 
 
 

Both C1 and C2 are sp
3
 hybridized. 

 

(b) 
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C1 is sp
3
 hybridized, while C2 and C3 are sp

2
 hybridized. 

 

(c) 
 
 
 
 
 
 
 
 
 
 
 

Both C1 and C2 are sp
3
 hybridized. 

 

(d) 
 
 
 
 
 
 
 
 
 

 

C1 is sp
3
 hybridized and C2 is sp

2
 hybridized. 

 

(e) 
 
 
 
 
 
 
 
 
 
 

 

C1 is sp
3
 hybridized and C2 is sp

2
 hybridized. 

 

Q.3. Compare the relative stability of the following species and 
indicate their magnetic properties; 

 

O2, ,  (superoxide), (peroxide) 

 

Ans- There are 16 electrons in a molecule of dioxygen, 8 from each oxygen 
atom. The electronic configuration of oxygen molecule can be written as: 
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Since the 1s orbital of each oxygen atom is not involved in boding, the number 

of bonding electrons = 8 = Nb and the number of anti-bonding orbitals = 4 = Na. 

 

Bond order  
 
 
 
 

 

= 2 

 

Similarly, the electronic configuration of  can be written as: 
 
 
 

 

Nb = 8 
 

Na = 3 

 

Bond order of  

 

= 2.5 

 

Electronic configuration of  ion will be: 
 
 
 

 

Nb = 8 
 

Na = 5 

 

Bond order of  =  

 

= 1.5 

 

Electronic configuration of ion will be: 
 
 
 

 

Nb = 8 
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Na = 6 

 

Bond order of =  

 

= 1 

 

Bond dissociation energy is directly proportional to bond order. Thus, the higher 
the bond order, the greater will be the stability. On this basis, the order of stability  

is . 
 

HOTS 
 

Q.1. Apart from tetrahedral geometry, another possible geometry for CH4 is 

square planar with the four H atoms at the corners of the square and the C atom at 

its centre. Explain why CH4 is not square planar? 
 

Ans- Electronic configuration of carbon atom: 6C: 1s
2
 2s

2
 2p

2
 

 

In the excited state, the orbital picture of carbon can be represented as: 
 
 
 
 

 

Hence, carbon atom undergoes sp
3
 hybridization in CH4 molecule and takes 

a tetrahedral shape. 
 
 
 
 
 
 
 
 
 

For a square planar shape, the hybridization of the central atom has to be dsp
2
. 

However, an atom of carbon does not have d-orbitalsto undergo dsp
2
 

hybridization. Hence, the structure of CH4 cannot be square planar. 
 

Moreover, with a bond angle of 90° in square planar, the stability of CH4 will be 
very less because of the repulsion existing between the bond pairs. Hence, 

VSEPR theory also supports a tetrahedral structure for CH4. 
 

Q.2. Explain why BeH2 molecule has a zero dipole moment although the Be–

H bonds are polar. 
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Ans- The Lewis structure for BeH2 is as follows: 

 

There is no lone pair at the central atom (Be) and there are two bond pairs. 

Hence, BeH2 is of the type AB2. It has a linear structure. 
 
 
 

 

Dipole moments of each H–Be bond are equal and are in opposite directions. 

Therefore, they nullify each other. Hence, BeH2 molecule has zero dipole moment. 
 

Q.3. Which out of NH3 and NF3 has higher dipole moment and why? 

 

Ans- In both molecules i.e., NH3 and NF3, the central atom (N) has a lone pair 
electron and there are three bond pairs. Hence, both molecules have a pyramidal 
shape. Since fluorine is more electronegative than hydrogen, it is expected that the 

net dipole moment of NF3 is greater than NH3. However, the net dipole moment 

of NH3 (1.46 D) is greater than that of NF3 (0.24 D). 

 

This can be explained on the basis of the directions of the dipole moments of 

each individual bond in NF3 and NH3. These directions can be shown as: 
 
 
 
 
 
 
 
 

 

Thus, the resultant moment of the N–H bonds add up to the bond moment of 
the lone pair (the two being in the same direction), whereas that of the three N – 
F bonds partly cancels the moment of the lone pair. 
 

Hence, the net dipole moment of NF3 is less than that of NH3. 

 

Q.4. What is meant by hybridisation of atomic orbitals? Describe the 

shapes of sp, sp
2
, sp

3
 hybrid orbitals. 

 

Ans- Hybridization is defined as an intermixing of a set of atomic orbitals of 
slightly different energies, thereby forming a new set of orbitals having 
equivalent energies and shapes. 

 

For example, one 2s-orbital hybridizes with two 2p-orbitals of carbon to form 

three new sp
2
 hybrid orbitals. 
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These hybrid orbitals have minimum repulsion between their electron pairs and 
thus, are more stable. Hybridization helps indicate the geometry of the molecule. 

 

Shape of sp hybrid orbitals: sp hybrid orbitals have a linear shape. They 
are formed by the intermixing of s and p orbitals as: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shape of sp
2
 hybrid orbitals: 

 

sp
2
 hybrid orbitals are formed as a result of the intermixing of one s-orbital and two 

2p-orbitals. The hybrid orbitals are oriented in a trigonal planar arrangement as: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shape of sp
3
 hybrid orbitals: 

 

Four sp
3
 hybrid orbitals are formed by intermixing one s-orbital with three p-

orbitals. The four sp
3
hybrid orbitals are arranged in the form of a tetrahedron as: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q.5. Describe the change in hybridisation (if any) of the Al atom in 
the following reaction. 
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            Ans- The valence orbital picture of aluminium in the ground state can be       
represented as: 
 
 
 
 

 

       The orbital picture of aluminium in the excited state can be represented as: 
 
 
 
 
 
 

  Hence, it undergoes sp
2
 hybridization to give a trigonal planar arrangement (in AlCl3). 

 

   To form AlCl4
–
, the empty 3pz orbital also gets involved and the hybridization changes      

from sp
2
 to sp

3
. As a result, the shape gets changed to tetrahedral. 
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                                     CHAPTER-5 

                                THERMODYNAMICS 
State of a system. The state of a system means the conditions of existence of the system when its macroscopic 

properties have definite values. If any of the macroscopic properties of the system changes, the state of the system 

is also said to change. 

State Variables.  The measurable properties required to describe the state of a system are called as state variables. 

The state of a system may be defined by only three state variables such as temperature (T), pressure (P), volume 

(V). 

State functions. A state function is a property of a system whose value depends only upon the state of the 

system and is independent of the path or manner by which state is reached. Some common state functions are 

pressure, volume, temperature etc. 

Thermodynamic processes and its type. The state of a thermodynamic system can be changed by a process. In 

other words, a process gives the path or operation by which a system changes from one state to another. There 

are certain processes in which a particular state variable is kept constant. These can be identified with special 

names. Some of them are: 

a. Isothermal process. A process in which the temperature of the system is kept constant. 

b. Adibatic process. A process in which the system does not exchange heat with the surroundings. 

c. Isobaric process. A process in which the pressure of the system is kept constant. 

d. Isochoric process. A process in which the volume of the system is kept constant. 

e. Reversible process. A process in which the direction of the process may be reversed at any stage by merel a 

small change in a variable like temperature, pressure etc. 

f. Cyclic process. A process in which a system undergoes series of changes and ultimately returns to its original 

state. 

DIFFERENCE BETWEEN HEAT AND TEMPERATURE 

Heat is the total amount of energy that is transferred between the system 

and the surroundings, while temperature is the average kinetic energy of a substance. The temperature 

measures the kinetic energy of the reactant and/or product particles. 

An endothermic reaction system absorbs heat from the surroundings and has a positive ∆H. Phase changes 

from a solid to a liquid to a gas are all endothermic. 

An exothermic reaction system releases heat to the surroundings and has a negative value of ∆H. Just 

as phase changes from a solid to a liquid to a gas are all endothermic, the reverse of these changes are 

exothermic. 

endothermic reactions have positive ∆Hs and exothermic reactions have negative ∆H .It  is 

because 

∆H = Hproducts – Hreactants 
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FIRST LAW OF THERMODYNAMICS   

It is the law of conservation of energy which can be stated in different ways, e.g.,     

(a) Energy can neither be created nor be destroyed although it may be converted from one form to other. 

(b) Total energy of the universe , i.e., system & surrounding remain constant though it may change from 

       one form to other. 

 

(c) It is impossible to construct a perpetual motion machine that is a machine which would work 

continuously without consuming energy.   

 

(d) There is an exact equivalence between heat and mechanical work.   

       Mathematically, the law is represented by the equation. 

 

                              ∆U=q+w 

Where q = heat observed by the system, w= work done by the system and  ∆U= Increase in internal energy 

of the system.  

 

If work done is work of expansion, then w=-P ∆V where P is external pressure & ∆V is change in volume. 

Hence, we can also write first law as   

                                                         ∆U=q-P∆V 

   or                                                     q=∆U+P∆V 

 

              DIFFERENT TYPES OF ENTHALPIES OF REACTION  

 

(a) Enthalpy of combustion (∆cH): It is the amount of heat evolved when one mole of the 

substance is completely  

burnt or oxidized, e.g., C  + O2           CO2,  ∆H= -393.5 kJ/mol    is heat of combustion of carbon. 

Standard enthalpy of combustion means when reactants & products formed are in standard state (1bar, 

298K). It is represented by ∆cH⁰. The amount of heat evolved when one gram of a food or fuel is 

completely burnt is called its calorific value. 

 

(b) Enthalpy of formation (∆f H): It is the enthalpy change taking place when 1 mole of the 

substance is formed from its elements. If the substance formed & the element taken are all in the 

standard state, it is called standard enthalpy of formation. It is represented by ∆fH⁰. Enthalpy of a 

reaction can be calculated from enthalpies of formation of reactants & products as  

                           ∆r H⁰=∑ ∆f H⁰(products) - ∑ ∆f H⁰(reactants) 

         

           The equation below represents the ∆Hf for the formation of one mole of NH3(g):  

                          

                           1/2N2(g) + 3/2H2(g) → NH3(g)             ∆Hf = −46.1 kJ/mol 

(c) Enthalpy of neutralization: It is the amount of heat evolved when one gram equivalent of 

an acid is completely neutralized by the base or vice versa in dilute aqueous solution. For any strong 

acid by any strong base, its value is -57.1 kJ. The value is less if either the acid or the base in weak 

(e.g.,CH3COOH or NH4OH, etc.). This is because a part of heat evolved is used up for the dissociation 

of the weak acid or the weak base. 
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REVERSIBLE PROCESS AND IRREVERSIBLE PROCESS 

Reversible Process Irreversible Process 

1. The process is carried out infinitesimally 

slowly, i.e., difference between the driving 

force and the opposing force is very very 

small. 

1. The process is not carried out infinitesimally 

slowly but is carried out rapidly i.e., difference 

between the driving force and the opposing 

force is quite large. 

2. At any stage during the process, equilibrium is 

not disturbed. 

2. Equilibrium may exist only after the completion 

    of the process. 

3. It takes infinite times for completion.       3. It takes finite times for completion. 

4. It is only imaginary not actual.       4. It process actually. 

5. Work obtained in this process is maximum.       5. Work obtained in this process is not maximum. 

 

HESS’S LAW :-Hess’s law states in any series of reactions that start with the same reactants and end with the 

same products, thenet change in energy must be the same. This means that if multiple reactions are combined, 

the enthalpy change, ∆H, of the combined reaction is equal to the sum of all the individual enthalpy changes. 

                                                               Or 

Hess’s law states in any series of reactions that start with the same reactants and end with the same products, the 

net change in energy must be the same. This means that if multiple reactions are combined, the enthalpy 

change, ∆H, of the combined reaction is equal to the sum of all the individual enthalpy changes. 

SPONTANEOUS PROCESSES 

A spontaneous event (or reaction) is a change that occurs under a specific set of conditions. 

A non-spontaneous 

event (or reaction) would be a change that will not occur under a specific set of conditions. 

Spontaneous and non-spontaneous reactions can be either endothermic or exothermic. 

A spontaneous process is all about the initial and final states. Reactions are considered spontaneous if, 

given the necessary activation energy, reactants form the products without any external forces. 

ENTROPY 

Entropy (S) is a measure of the disorder or randomness of a system. If there is more disorder in the 

system, there is more entropy. 

The molecules in the gas have little or no attraction between the molecules, which means that there are many 

more possibilities of where each molecule can be found in space. As a result, the gas molecules have 

greater disorganization. Liquids have some disorganization. Although there is some attraction between 

the molecules, they can move somewhat more freely. In solids where there is great attraction between the 

molecules, there is much less possibility for the molecules to be unorganized. Therefore, S gas > S liquid > 

S solid because there is more disorder or randomness in a gas than there is in a liquid than in a solid. 

For a system, the change in entropy, ∆S , is measured by finding the difference between the entropy of the 
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products and of the reactants, similar to how the change in enthalpy is calculated. 

Change in entropy for a reaction (∆S rxn) 

∆S rxn = S products − S reactants 

If a system goes from a state of high 

disorder (two moles of gas) to a state of low disorder (one mole of solid), the entropy change is negative. 

If a system goes from a state of low disorder to a state of high disorder, the entropy change is positive. 

ENTROPY AND SPONTANEOUS REACTIONS 

 

A reaction will tend to be spontaneous if the reaction moves from a state of low disorder to a state of high 

disorder.Gibbs energy is defined as the maximum energy available to do useful work and can be determined by 

the combined effect of the change in the enthalpy of the system and change in the entropy of the reaction 

measured at a specific temperature. 

Gibbs Energy Equation 

G = H – TS 

where H is the heat content (enthalpy) of a substance, S is its entropy, and T is the Kelvin temperature. 

However, since the only way we can know these values is to determine the change that takes place, the 

equation below is more useful, assuming that the temperature does not change. 

∆G = ∆H − T∆S 

This equation tells us that the change in free energy for an equation is equal to the change in enthalpy 

minus the change in entropy times the Kelvin temperature. The free energy available is the energy from 

the change in enthalpy of the bonds less the amount T∆S . Or to look at it another way, the higher the 

temperature, the more the disorder, and the less available the energy becomes. 

The sign of ∆G indicates spontaneity or non-spontaneity. If the sign of ∆G is positive, the reaction 

is non-spontaneous; if ∆G is negative, the reaction is spontaneous; if ∆G is zero, the reaction is at 

Equilibrium. 

                                                        EXPECTED QUESTIONS  

Q1. Define second law of thermodynamics  

Ans- the entropy of universe always tends to increase during any spontaneous process 

Q2. Define molar heat capacity. Calculate number of KJ required to raise the temperature of 60g Al from 35º C 

to 55º C 

Ans- quantity of heat required to raise the temperature of 1 mol of substance by 1ºC or 1 K (C = 24 J/mol K)       

n= 60/ 27 = 2.22 mol                                                                                                                                                                         

q= Cn∆T                                                                                                                                                                                                    

q= 24 x 2.22 x 20 = 1065.6 J                                                                                                                                                                                            

= 1.0656 KJ 
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Q3. For the reaction 2Cl (g) → Cl2 (g) what will be sign of ∆H and ∆S 

Ans- ∆H = -ve because heat is released in bond formation                                                                                                        

∆S = -ve because entropy decreases when atoms combine 

Q4. What is spontaneous process? If ∆H is +ve and ∆S is also +ve for a process, would it be spontaneous? 

Ans- process which occurs on its own or proper initiation is called spontaneous process. ∆G = ∆H - T∆S. it can 

be spontaneous at high temperature. 

Q5. Define Hess’s law of constant heat summation. Write its applications. 

Ans- the standard enthalpy of reaction is sum of standard enthalpies of reaction in which the overall reaction 

may be divided. 

Q6. Enthalpy of combustion of carbon is -393.5 KJ/mol. Find the heat released in the formation of 35.2g of 

CO2 

Ans- C + O2 → CO2 (44gm)                                                                                                                                                       

∆H = -393.5 KJ/mol                                                                                                                                                      

heat released in the formation of 44g CO2 = -393.5                                                                                                                   

∴ heat released in the formation of 35.2 g CO2 = 393.5 x 35.2/ 44                                                                                                                     

= 314.8 KJ 

Q7. Find the enthalpy of formation of NH3 (g)                                                                                                                                                   

N2 + 3H2 →2NH3 ∆rHº = -92.4 KJ/mol  

Ans- ∆fHº of NH3 = ∆rHº/2 = -92.4/2 = -46.2 KJ/mol 

Q8. The equilibrium constant for the reaction is 10. Calculate the value of ∆Gº at 300 K. 

Ans- ∆Gº = -2.303 RT log K 

= -2.303 x 8.31 x 300 x log10 

= - 55.27 J 

= - 5.527 KJ/mol 

Q9. At what temperature the reaction will be spontaneous. 

2A + B → C 

∆H = 400 KJ/mol 

∆S = 2.0 KJ/mol K 

Ans- ∆G= ∆H-T∆S, ∆G= 0 at equilibrium 

T= ∆H/∆S= 400/200 = 200K 
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Q10. Define third law of thermodynamics. 

Ans- The entropy of a perfectly crystalline substance is zero at 0 K. 

 

HOTS QUESTIONS 

Q1. Specific heat of gas is 0.313 J at constant volume, if molar mass is 40g/mol find atomicity. 

Answer 1. Molar heat capacity (Cp) = 0.313 x 40 = 12.52 J/mol 

Cp = R + Cv = 8.31 + 12.52 = 20.83 J/mol 

Cp/Cv = 20.83/12.52 = 1.66 

Hence gas is monoatomic. 

Q2. A+B →C+D, ∆H = -10,000 J/mol, ∆S= -33.3 J/mol K 

(i) At what temperature reaction is spontaneous? 

(ii) At what temperature reaction will reverse?  

Answer 2. ∆G = ∆H- T∆S, ∆G = 0, at equilibrium 

T = ∆H/∆S = -1000/-33.3 = 300.3 K 

Q3. In what way internal energy is different from enthalpy. 

Answer 3. Internal energy is sum of all forms of energy stored in a substance. The ∆U refers to heat 

change in a process if it does not change ∆n, ∆T, ∆V. enthalpy is sum of internal energy and PV energy 

refers to heat change in a process if it is carried out at constant temperature and pressure. 

Q4. C2H4 + Cl2 →C2H4Cl2  

∆H = -270.6 KJ/mol, ∆S = -139 J/K/mol is the reaction favored by entropy, enthalpy, both or none. 

Find ∆G, if T = 300K 

Answer 4. as ∆H = -ve reaction is favored by enthalpy, as ∆S is –ve it is not favored by entropy. 

∆H = ∆H- T∆S 

= -270.6 – 300 x 139 x 10-3 

= -228.9 KJ/mol 

Q5. For an isolated system ∆U = 0 what will be ∆S? 

Answer 5. for an isolated system with ∆U= 0, the spontaneous change will occur if ∆S>0.  

For eg, in isolated system involving intermixing of gases ∆U = 0 but ∆S>0 because of increase of disorder. 
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                                                               VALUE BASED QUESTIONS 

Q1. Kapil started for school on cycle, he went to friend’s house spent 500 KJ/mol energy, then he went to 

another friend’s house spent 700KJ/mol, lastly reached to school spent 800KJ/mol, according to Hess’s law 

what is the total enthalpy change? Find ∆G = if ∆S = 12000J/mol K at 298K. What is the value you find in this 

question? 

Ans- ∆Htotal = (-500) + (-700) + (-800) 

= -2000 KJ/mol 

∆S = 12000 J/molK 

= 12.0 KJ/mol 

∆G = - 2000 – 298 x 12 

= - 200- 3576 

= -5576 KJ/mol 

Value →  (i)He must not go to friend’s house if he started for school. 

  (ii) He should save energy.   

Q2. Enthalpy of combustion of coal in limited amount of air is 890 kJmol
-1

 at 298 K. 

a.  Find internal energy change? 

 b. What is the value displayed in the question? 

    Ans.  a. C (s) + ½ O2 (g) → CO2(g) 

   ΔH = ΔU  +Δ ngRT 

   Δng = 1- ½ = ½  

   -890.5 x 1000 = ΔU – 0.5 x8.31 x 298 

   ΔU = -889.262 kJmol
-1 

  
b. (i) the coal must not be burnt in limited air as it produces CO gas which is highly 

poisonous and toxic ( silent killer). 

   (ii) Save environment. 

Q3. Work assigned to Ramesh was done by Rakesh for him in which enthalpy change was 750 kJmol
-1

. The 

entropy change in the same process was 2000Jmol
-1

 at 300K.  

a. Was the process spontaneous or not? Justify. 

b. What is the value displayed in the question? 

Ans.  a. We have 

   ΔG = ΔH-TΔS 

         = 750 x 1000 – 300 x 2000 

   ΔG = 150kJ mol
-1 

As ΔG is positive so the process is non-spontaneous. 

b.  Value associated-  (i) Ramesh must do his work himself. 

    (ii) It should have not done by others.  
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                                    CHAPTER -7 

                                  EQUILIBRIUM 

  BASIC CONCEPT 

 Equilibrium state- It is the state of a reversible reaction during which the observable properties, like 

colour intensity, pressure, concentration, etc.  become constant under a given set of conditions. 

 Equilibrium in physical process:                                                                               
                                      H2O               H20             H2O 
                                    (solid)             (liquid)          (gas) 

 

(a) Law of chemical equilibrium: At a given temperature, the product of concentrations of the   reaction 

products raised to the respective stoichiometric coefficient in the balanced chemical equation 

divided by the product of concentrations of the reactants raised to their individual stoichiometric 

coefficients has a constant value. This is known as the Equilibrium Law or Law of Chemical Equilibrium. 

            aA + bB             cC + dD 

           Kc  =[C]
c
 [D]

d
/[A]

a
 [B]

b
 

           Chemical reaction                                              Equilibrium constant 

                 aA    + bB               cC  + D                                           K 

                 cC    + dD               aA  + bB                                         K’c   = (1/Kc) 

                 na A + nbB             ncC + ndD                                      K″′c = (Kc
n
) 

               Concentrations or partial pressure of pure solids or liquids do not appear in the       expression of the 

equilibrium constant. In the reaction,                                                                                                                                                                                                                                                                                                    

               Ag2O(s) +2HNO3 (aq)             2AgNO3 (aq) +H2O (I)  Kc =    [AgNO3]
2
 /  [HNO3]

2
  

(b) If Qc >Kc, the reaction will proceed in the direction of reactants (reverse reaction). If Qc < Kc the 

reaction will proceed in the directions of the products (forward direction). 

(c) Kp is equilibrium constant in terms of partial pressure of gaseous reactants and products. 

(d) Kc is equilibrium constant in terms of molar concentration of gaseous reactants and products  

(e) Kp=Kc (RT)
∆n

      here R is gas constant,  T is temperature at which the process is carried out & ∆n 

is no. of moles of gaseous product minus no. of moles of gaseous reactions. 

(f) If Kc >10
3
;    Kc is very high i.e. the reaction proceeds nearly to completion. 

(g) If Kc <10
-3

;    Kc is very small i.e. the reaction proceeds rarely. 

(h) If Kc is ranging in the range of 10
3
 to 10

-3
;    i.e. reactants and products are just in equilibrium. 

(i) ∆G
0
 = -RT 1nK     or  ∆G

o
 = -2.303RT log K 

(j) Factors affecting equilibrium constant:- temperature, pressure, catalyst and molar concentration of 

reactants and products. 

(k) Le Chatelier′s principle:- It states that a change in any of the factors that determine the 

equilibrium conditions of a system will cause the system to change in such a manner so as to reduce 

or to counteract the effect of the change. 

(l) Arrhenius acids are the substances that ionize in water to form H
+
. 

(m) Arrhenius bases are the substances that ionize in water to form OH
-
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(n) Lewis acids are lone pair (of e-) accepters while Lewis bases are lone pair donators. 

(o) Proton donors are acids while proton accepters are bases (Bronsted-Lowry concept). 

(p) The acid-base pair that differs only by one proton is called a conjugate acid-base pair. If Bronsted 

acid is a strong acid then its conjugate base is a weak base and vice-versa. 

(q) Ionic product of water. Kw =[H
+
][OH

-
] 

(r) pH =-log [H+]; here [H+] is molar concentration of hydrogen ion. 

(s) pH   + Poh  = 14. 

(t) pKa + pKb = 14 

(u) Ka x Kb =Kw =ionic product of water =1 x 10
-14

 

(v) Buffer solution:- The solutions which resist change in Ph on dilution or with the addition of small 

amounts of acid or alkali are called buffer solutions. 

(w) Common ion effect:- It can be defined as a shift in equilibrium on adding a substance that provides 

more of an ionic species already present in the dissociation equilibrium. 

(x) Hydrolysis of Salts:- Process of interaction between water and cations/anions or both of salts is 

called hydrolysis. 

(y) The cations(e.g. Na
+
,  K

+
,  Ca

2+
,  Ba

2+,
 etc.) of strong bases and anions( e.g. Cl

-
, Br

-
, NO3

-
, ClO4

-
, 

etc.) of strong acids simply get hydrated but do not hydrolyse, and therefore the solutions of salts 

formed from strong acids and bases are neutral i.e. their pH is 7. 

(z) Salts of weak acid and strong base e.g. CH3COONa are basic in nature. 

(aa) Salts of strong acid and weak base e.g. NH4Cl are acidic. 

(bb) Salts of weak acid and weak base e.g. CH3COONH4. The pH is determined by the formula pH= 

7+1/2(pKa-pKb). 

(cc) Solubility product:- Product of the molar concentrations of the ions in a saturated solution, each 

concentration term raised to the power equal to the no. of ions produced.     

                                              

                                              SURE SHOT QUESTIONS 

 

Q1. What is meant by the statement “Equilibrium is dynamic in nature”? 

            A1. At equilibrium reaction does not stop rather it still continues, therefore, the equilibrium is  

  dynamic in nature. It appears to stop because rate of forward reaction is equal to that of  

  backward reaction. 

           Q2. State the law of mass action. 

A2. It states that the rate of reaction is directly proportional to the product of molar concentration of                 

reactants. 

Q3. Write the expression of Kc for reaction N2 (g) +3H2(g)          2NH3 (g). Give units of K. 

 A3. K =[NH3]
2
 /  [N2][H2]

3
 =  (mol L

-1
)
2
     ( mol L

-1
)(mol L

-1
)
3
 =L

2
 mol

-2
 

            Q4. Explain  Le Chatelier’s Principle. Predict the effect in conc.of NO & decrease in pressure  

                   on the following equilibrium reaction -      

           2NO (g) + O2 (g)         2NO2 (g),           ∆ H = -117kJ 

A4. It states when a system in equilibrium is subjected to change in pressure, temperature,    

        concentration and catalyst equilibrium will shift in the direction so as to  undo the effect of 

   change.              

                  (i) If we increase the concentration of NO, the rate of forward reaction will increase i.e.  

      more NO2 will be formed. 

 (ii) Decrease in pressure will favour backward reaction, i.e. less NO2 will be formed. 

              

           Q5. Give relationship between Kp and Kc for a reversible reaction. 

           A5. Kp =Kc(RT)
∆n

. 



37 | P a g e  

 

          Q6. A mixture of H2, N2 and NH3 with molar concentration 3.0x10
-3

 molL
-1

, 1.0x10
-1

 molL
-1

    

         and 2.0x10
-3

 molL
-1

 respectively was present at 500K. At this temperature, the value 

       of Kc for the reaction N2 (g) + 3H2(g)           2NH3(g) is 61. Calculate Qc and predict 

         whether at this state the concentration of NH3 will increase or decrease 

 

  Ans.  N2(g)+ 3H2(g)               2NH3(g) 

        Qc = [NH3 (g)]
2
    [N2(g)] [H2(g)]

3 

                 
   = (2.0 x 10

-3
)
2
     1.0 x 10

-1
) (3.0x10

-3
)3 

               = 4.0 x10
-6

   27.0 x 10
-10

   

               

               = 0.148 x10
4
 

               = 1.5 x10
3 

              Since Qc > Kc reaction will go in backward direction and ammonia will decompose into 

          hydrogen and nitrogen. Therefore concentration of ammonia will decrease.   

        Q7. At 450K,  Kp =2.0 x10
10

/bar for the given reaction at equilibrium. 

    2SO2 (g) + O2 (g)             2SO3 (g) 

                 What is Kc at this temperature?  

          Ans. ∆n = 2-3 = -1, 

                Kp = Kc (RT)
 ∆n                                                                     

 

                Kc = Kp / (RT)
 ∆n

 

      = 2 x10
10

 / ( 0.0831 x450)
-1

   

      = 2 x10
10

 x 0.0831 x450  

      = 74.79 x10
10

 

      = 7.479 x10
11

L mol
-1 

         Q8. Write the equilibrium constant expressions for the following reactions. 

             (i)  AgBr(s)             Ag
+
 (aq) +Br

-
(aq) 

            (ii)   CaCO3(s)          CaO (g) +CO2 (g) 

 Ans(i). Kc  =  [Ag
+
 (aq)] [ Br

-
(aq)] / [AgBr(s)] 

    Kc  =  [ Ag
+
 (aq)][ Br

-
(aq)]  

               because AgBr(s) = 1 

(ii) Kc =  [CaO (s)][CO2(g)] / [CaCO3(s)] 
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       Kc =  [ CO2 (g)]  

               because [CaO(s)] = [ CaCO3(s)] = 1 

                Or     Kp =PcO2 

        Q9. Find pH of solution formed by dissolving 0.28 g of KOH dissolved in 1.00 liter of water.  

              (M.wt. of KOH is 56g. mol
-1

) 

           Ans.   M          =  (Wb÷Mb) x ( 1000 ÷ vol. of solution in ml) 

                         =   (0.28 ÷ 56) x (1000 ÷ 1000)  

                         =   5 x 10
-3

 mol L
-1

                    [OH
-1

] =5 x 10
-3

 mol L
-1 

           Kw         =   1 x 10
-14 

                
[H3O

+
]   =   Kw ÷ [OH

-
] 

                         =   (1 x 10
-14

) ÷ (5 x 10
-3

) 

                         =   2 x 10
-12

 mol L
-
 

          pH          =   -log 2 x 10
-12

 

                         =   -log 2 –log 10
-12

 

                         =   -0.3010 +12.000 

                         =   11.69990 

       Q10. If 25.0cm
3
 of0.050 M Ba(NO3)2 is mixed with 25.0cm3 of  0.020 M NaF, will any BaF2  

    precipitate? (Ksp of BaF2 is 1.7 x10
-8

 at 298K.) 

Ans .  Volume before mixing.    = 25 cm
3
 

                      Volume after mixing.            = 50 cm
3 

                              
Conc. of Ba

2+
 after mixing.  = 0.05 x(25 ÷ 50)  =  2.5 x 10

-2
 M 

         Conc. of F- after mixing = 0.02 x (25 ÷ 50)  =  1.0 x 10
-2

 M 

                BaF2                Ba
2+

   +   2F
-
 

                Ionic product = [ Ba
2+

][ F
-
]
2
 

                Ionic product = 2.5 x 10
-2

 x (1.0 x10
-2

)
2
 

                                       = 2.5 x10-6 

                Ksp  = 1.7 x 10
-8

 at 298K. Since ionic product is more than Ksp, precipitation will occur.  

        Q11. Give conjugate acids of the followings: 

          (i) HCO
-
3    (ii) O

2-
     (iii) NH3     (iv) N

3-
   

         Ans (i)   H2CO3      (ii) OH
-
       (iii) NH4

+
        (iv) HN

2-
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                                                      VALUE BASED QUESTIONS 

Q1  In a shopping mall 100 people are purchasing different items.25 more people entered      the shopping 

mall and at the same time 25 people left the mall.  

(i)How would you relate this incident to which chapter of chemistry? 

(ii) Explain the given phenomenon. 

      A (i)This topic is related  to chapter equilibrium 

         (ii)Given phemomenon is  explaining dynamic equilibrium 

 

Q2 Rama lives at Himalayas. Once she was preparing dal for family, she was very confused about why it 

took very long time for it to be made (app.1 hr.) whereas it took only 15 minutes for her friend Shayma who 

lived in Delhi to do the same . 

(i)How would you explain her confusion? 

(ii)What must she do to ensure her dal gets cooked in 15-20 minutes?   

       Ans(2)  (i)As the atm. pressure is lower at Himalayas than at Delhi so, water boils at 

                    lower temperature (<100
0
C)  and vapour pressure becomes equal to atm.pressure   

                    at    higher altitude. 

                   (ii)She must use a pressure cooker for cooking her dal in required time. 

       Q3.  A student of class XI wanted to prepare dilute solution of sulphuric acid. By mistake she added water  

to concentrated acid to prepare the solution then solution splashed on face and body of the girl. The teacher 

immediately rushed to her and gave her first aid and took her to the doctor. 

    (i) Why the solution splashed when girl added water to concentrated acid? 

   (ii) What value of the teacher is reflected                                                                                              

    A.3 (i) Because that reaction is highly exothermic. 

         (ii) The teacher is caring and generous. 

                                       

                                                             (HOTS QUESTIONS) 

 
Q1.     The value of Kc for the reaction  2A             B + C is 2 x10

-3
. At a given time , the   composition of 

reaction mixture is [A] = [B] = [C]= 3x 10
-4

 M. In which direction the reaction will proceed? 

 

Q2.    PCl5, PCl3 and Cl2 are at equilibrium at 500 K and having concentration 1.59M PCl3, 1.59M Cl2 and 1.41 

M PCl3. Calculate Kc for the reaction, PCl5            PCl3 + Cl2   

Q3. The degree of dissociation is 0.4 at 400K and 1.0atm for the gaseous reaction 

          PCl5           PCl3 + Cl2. Assuming ideal behavior of all gases, calculate the density of  

          equilibrium mixture at 400K and 1.00atm(At. mass of P=31.0 and Cl=35.5) if we start 

          with 1mole of PCl5. 

Q4. Why is ammonia termed as a base though it does not contain OH
-
 ions ? 

Q5. (a)  Give an example of acidic buffer. 
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          (b) Which of the following will act as Lewis acids?  

                H2O,     BF3,    and H
+
 

          (c ) Equal volumes of 0.02 M CaCl2 and 0.0004 M Na2SO4 are mixed. Will a precipitate 

                form. Ksp for CaSO4 = 2.4 x10-5 

 

                      (HOTS SOLUTIONS) 

 

A1. For the reaction the reaction quotient Qc is given by, Qc = [B][C] / [A] 
2
   

       as Qc = (3x10
-4

)(3x10
-4

) / (3x10
-4

)2 =1  

       as Qc > Kc so the reaction will proceed in the reverse direction. 

A2. The equilibrium constant Kc for the above reaction can be written as- 

                             Kc =  [PCl3][Cl2] /  [PCl5]    

                                   = (1.59)
2/ 1.41 

                                   = 1.79     

 A3. Ammonia is termed as a base on the basis of Lewis concept it can donate a lone pair of electrons  

A4.                              PCl5 (g)              PCl3 (g)    +      Cl2 (g) 

               At equilibrium     0.6 moles             0.4 moles 0.4 moles 

               Average mol. wt.of the mixture =  (0.6 x 208.5 + 0.4 x 137.5 + 0.4 x 71)÷(0.6+0.4+0.4) 

                                                                  =  148.92 

                                                           PV  =  nRT  =  (W ÷ M)RT 

                                                              D =  PM ÷ RT 

                                                                  =  (1 x148.92) ÷ (0.0821 x 400) 

                                                                  =  4.53 g L
- 

A5.  (a)  CH3COOH and CH3COONa are an example of acidic buffer. 

          (b)  BF3 and H
+
 act as Lewis acids. 

          (c)  Conc. of Ca
2+

 after mixing     =   ½  x  0.02  =  0.01 mol L
-
  

                 Conc. of SO4
2-

 after mixing   =   ½  x  0.0004 = 2 x 10
-4

mol L
-
 

                                        Ionic product   =   [Ca2
+
][SO4

2-
]  

                                                                 =   (0.01)(0.0002) 
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                                                                 =   2 x 10-6 

 

                                                                         CHAPTER-8 

                                                REDOX REACTION 

Oxidation:- 

 Addition of oxygen/ addition of an electronegative element/ removal of hydrogen/ removal of an 

electropositive element/ loss of electron/ increase in oxidation number. 

Reduction:-  

 Addition of hydrogen/ addition of an electropositive element/ removal of an electronegative element/ 

removal of oxygen/ gain of electron/ decrease in oxidation number. 

 Substance oxidized in the reaction is called REDUCTANT and the substance reduced is called 

OXIDANT. 

 The more reactive metal or non metal can displace the less reactive metal or non metal from their salt 

solutions. 

 Zn(s) + Cu
2+

(aq) -------------- Zn
2+

(aq) + Cu(s) 

 Cl2(g) + 2NaBr(aq) ------------ 2NaCl(aq) + Br2(l) 

Calculation of oxidation number:- 

 Oxidation number of an element in its native state is taken as zero. 

 Oxidation number of an ion is equal to the presence of charge over it. 

Ex- Oxidation no. of CO3
2-

 is -2. 

 The sum of oxidation numbers of all the atoms present in a molecule is equal to ZERO. 

 The sum of oxidation numbers of all the atoms in an ion is equal to the charge present on it. 

 In normal oxides the oxidation number of oxygen is -2, in peroxides oxidation number of oxygen is -1 & 

in OF2 only the oxidation number of oxygen is +2. 

 Normal oxidation number of hydrogen is +1 but in metal hydrides its oxidation number is -1. 

 Oxidation number of alkali metals is always +1, alkaline earth metals is +2. 

 Oxidation number of fluorine is always -1whereas other halogens can exhibit +ve oxidation states. 

   

      Types of redox reaction:- 

 

 Combination reaction- 

C + O2 --------------------------- CO2 

0      0                                         +4 -2 

 Displacement reaction- 

Zn + CuSO4 ------------------------ ZnSO4 + Cu 

          0     +2                                             +2             0 

 Non metal displacement- 

2Na + 2H2O ------------------------ 2NaOH + H2 

  0        +1                                          +1            0 

 Disproportionation reaction- 

2H2O2 ---------------------------- 2H2O + O2 
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      -1                                                -1     0 

 

 

 

 

          Balancing of Redox reaction- 

(A) Oxidation number method- 

 Write the skeleton of given equation. 

 Write oxidation numbers of all the elements over the equation. 

 Find the species and oxidized/ reduced. 

 Calculate increase/ decrease in the oxidation number per atom. 

 Use suitable coefficient to equalize the increase/ decrease in oxidation numbers. 

 Use H+ / OH- to equalize the charge and to show the medium (acidic/basic). 

 Use H2O to balance hydrogen atom. 

Example- 

Cr2O7
2-

 + SO3 
2-

 ----------------------- Cr
3+

 + SO4
2-

 

+6             +4                                        +3      +6 

Cr2O7
2-

 + 3SO3 
2-

 ----------------------- 2Cr
3+

 + 3SO4
2-

 

Cr2O7
2-

 + 3SO3 
2-

+ 8H
+
-----------------------2Cr

3+
 + 3SO4

2-
+ 4H2O 

(B) Half reaction method-  

 Write the unbalanced equation  

Fe
2+

 + Cr2O7
2-

 -------- Fe
3+

 + Cr
3+

 

 Separate the oxidation and reduction half reaction as- 

Oxidation- Fe
2+

 -------------- Fe
3+

 

Reduction- Cr2O7
2-

 ---------- Cr
3+

 

 Balance the number of atoms as 

 Cr2O7
2-

+ 14 H
+
----------2 Cr

3+
 + 7 H2O 

 Balance the charge by adding number of electrons as 

Fe
2+

 -------------- Fe
3+

 + e
-
 

Cr2O7
2-

 + 14 H
+
 + 6e

- 
----------2 Cr

3+
 + 7 H2O 

 Equalize the number of electrons in both the equations and add them to get the balanced equation 

6Fe
2+

 + Cr2O7
2-

+ 14 H
+
--------6 Fe

3+
 +2 Cr

3+
+ 7H2O 

 

   Electro chemical cell-  
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 Oxidation takes place at anode and reduction takes place at cathode. 

 Electron moves from anode to cathode therefore anode is a –ve pole and cathode is a +ve pole. 

 Salt bridge is used to make connectivity between the two solutions and to maintain the electrical 

neutrality of the solutions. 

 The potential associated with the electrode is called electrode potential. 

 If temp. is 298 K, pressure is 1 atm and the concentration of electrolyte solution is unity, then the 

electrode potential is called standard electrode potential. 

 EMF
0
 cell = E

0
 (cathode) – E

0
 (anode) 

 Electrode potential is taken in the form of their reduction potentials as given in the electrochemical 

series. 

 Standard hydrogen electrode is considered as a primary reference electrode and its E
0
 = 0.00 V 

Applications of electrochemical series- 

 To calculate the emf of any electrochemical cells. 

 To predict the given redox reaction is feasible or not. Just subtract E of species oxidized from the E of 

species reduced and if u get the +ve answer, the given redox reaction will be feasible. 

 To find the reactivity order of metals and non metals. Metal has less E value can displace the metal 

which has more E value and for non metals it is vice versa. 

 To predict which metal can displace hydrogen from dilute acids. Those metals having –ve E can 

displace H2 when reacting with the dilute acids. 

 To compare the oxidizing and reducing strength. More E = more oxidizing strength, less E = more 

reducing strength. 
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EXPECTED QUESTIONS 

Q1. Check the feasibility of the following redox reaction with the help of electrochemical series? 

 Ni(s) + 2Ag
2+

(aq) -----------> Ni
2+

(aq) + 2Ag(s) 

Ans. The E’ value of Ni2+/Ni is -0.25V while that of Ag+/Ag is +0.80V. This means that nickel is placed below 

silver in the series and can easily reduce Ag+ ions to silver by releasing electrons.  

The redox reaction is therefore, feasible. 

Q2. Depict the galvanic cell in which the reaction  

                  Zn(s) + 2Ag
+
(aq) -----------> Zn

2+
(aq) + 2Ag(s) takes place. Further show : 

(i) Which electrode is negatively charged. 

(ii) The carriers of the current in the cell.  

(iii) Individual reaction at each electrode.  

Ans. The galvanic cell for the reaction is :    Zn(s)/Zn2+(aq) // 2Ag+(aq)/2Ag(s) 

(i) Zinc electrode (anode) is negatively charged. 

(ii) Current flows from silver to zinc in outer circuit.  

(iii)Anode :   Zn(s) ---------> Zn
2+

(aq) + 2e- (oxidation) 

Cathode: 2Ag
+
(aq) + 2e- -------> 2Ag(s) (reduction) 

 
Q.3.What is meant by disproportionation? Give one example.  

Ans : In a disproportionation reaction an element simultaneously oxidized and reduced. 

           P4 + 3OH
- 
+3H2O→ PH3 +3H2PO2

-
  

 

Q.4. What is galvanization?  

Ans: Coating of a less reactive metal with a more reactive metal e.g.- coating of iron surface with Zn to prevent 

rusting of iron.  

 

Q.5. Write the balanced redox reaction.  

(I) MnO4
–
(aq) + Fe

2+
(aq) → Mn

2+
(aq)+ Fe

3+
(aq) [acidic medium]  

(II) Cr2O7
2– 

+ Fe
2+

 →Cr
3+

 + Fe
3+

 [Acidic medium]  

Ans:- (i) MnO4
–
(aq) +5Fe

2+
(aq) + 8H

+
(aq) → Mn

2+
(aq)+ 5Fe

3+
(aq) + 4H2O(l)  

              (ii)  Cr2O7
2–

 +6Fe
2+

 + 14H
+                

→ 2Cr
3+

 + 6Fe
3+

 + 7H2O  

 

 Q6. Identify the strongest & weakest reducing agent from the following metals: .Zn, Cu, Na, Ag, Sn  

Ans: Strongest reducing agent: Na, weakest reducing agent: Ag.  

 

Q7. Determine the oxidation no. of all the atoms in the following oxidants:KMnO4, K2Cr2O7 and KClO4  

Ans : In KMnO4 K = +1, Mn = +7, O = -2 In K2Cr2O7K = +1, Cr = +6, O = -2 In KClO4   

K = +1, Cl = =+7, O = -2  

 

Q8. Determine the oxidation no. of all the atoms in the following species:Na2O2 and OF2.  

Ans: In Na2O2  Na = +1, O = -1 InOF2,  F = -1, O = +2 

  

Q9. Identify the oxidizing and reducing agents in the following equations:  

(i) MnO4
–
(aq) +5Fe

2+
(aq) + 8H

+
(aq) → Mn

2+
(aq)+ 5Fe

3+
(aq) + 4H2O(l) 

 (ii) Cr2O7
2–

 +6Fe
2+

 + 14H
+
→ 2Cr

3+
 + 6Fe

3+
 + 7H2O 

 Ans:     (i) O.A. = MnO4
–
 ; R.A.= Fe

2+ 

                  
 (ii)O.A.=Cr2O7

2–
; R.A.= Fe

2+
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Q10. Balance the equation  

               MnO4
–
 + I

- 
→ Mn

2+
 +I2 + H2O    by ion electron method in acidic medium.  

Ans : Step-I Balancing of reduction half reaction by adding protons and electrons on LHS and more water    

molecules on RHS:  

                       8H
+
+ MnO4

–
 +5e-→ Mn

2+
 + 4H2O 

Step-II Balancing of oxidation half reaction by adding electrons on RHS: 

                       2I-→ I2 +2e- 

 Step-III To multiply the OHR by 5; RHR by 2 and to add OH & RH reactions to get overall redox 

reaction(cancellation of electrons of RH & OH reactions): 
                       [8H+(aq)+ MnO4–(aq) +5e-→ Mn2+(aq) + 4H2O(l)] x 2  

                     [ 2I-→ I2 +2e-] x 5 

___________________________________________________________  

MnO4–(aq) +5Fe2+(aq) + 8H+(aq) → Mn2+(aq)+ 5Fe3+(aq) + 4H2O(l) 

 

Q11. Knowing that : 

 Cu
2+

(aq) + 2e- ----------> Cu (s); E’ = + 0.34 V 

 2Ag
+
(aq) + 2e- ----------> Ag (s); E’ = + 0.84 V 

Reason out whether , 1M silver nitrate solution can be stored in copper vessel or 1M copper sulphate solution in 

silver vessel.  

Ans. A solution of an electrolyte can be stored in a particular vessel only in case there is no chemical reaction 

taking place with the material of the vessel. Now if silver nitrate solution is to be kept in copper vessel, the 

probable reaction will be : 

 Cu(s) + 2Ag
+
(aq) ----------> Cu

2+
(aq) + 2Ag(s) 

Since copper is placed below in the activity series, this means that it can lose electrons to Ag+ ions and the 

chemical reaction will occur. Therefore, silver nitrate solution cannot be kept in copper vessel, the likely 

chemical reaction is : 

 2Ag(s) + Cu
2+

(aq) ---------> Cu(s) + 2Ag
+
(aq) 

Since Ag is placed above copper in the activity series, the chemical reaction will not take place. As a result, 

copper sulphate can be easily stored in silver vessel.  

Q12. Given the standard electrode potentials  

 K
+
/K = - 2.93 V, Ag

+
/Ag = 0.80 V 

 Hg
2+

/Hg = 0.79 V; Mg
2+

/Mg = - 2.37 V, Cr3+/Cr = - 0.74 V 

Arrange these metals in increasing order of their reducing power. 

Ans. If may be noted that lesser the E’ value for an electrode, more will be reducing power. The increasing 

order of reducing power is : 

Ag < Hg < Cr < Mg < K. 

Q13. Calculate O. S. of sulphur in the following oxoacids of „S‟:  

         H2SO4 , H2SO3  H2S2O8 and H2S2O7  
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Ans : +6, +4, +6 and +6 respectively. (Calculate by considering x of ‟S‟ and taking +1 of H, -2 0f “O” and -1 of 

“O” in peroxide bond.)  

 

Q14. What is SHE? What is its use? 

 Ans: Standard Hydrogen Electrode (SHE) has been selected to have zero standard potential at all 
temperatures. It consists of a platinum foil coated with platinum black (finely divided platinum) dipping 
partially into an aqueous solution in which the activity (approximate 

VALUE BASED QUESTIONS 

Q) 1 Anil and his neighbor Sunil got their garden fenced with iron rod. Sunil painted the fence the very next 

day. Sunil also suggested Anil to do the same thing as the fence would corrode easily. Anil argues that it is a 

waste of time. 

(i)Whose opinion is correct according to you and what value is promoted here? 

(ii)Are there any other ways to prevent corrosion? 

Ans)(i)Sunil is correct because iron articles oxidise with the atmospheric oxygen and get corroded. 

We must help others and prevent them from any problems in future. 

(ii)Yes. Apart from painting galvanization, greasing are the other techniques that prevent corrosion. 

 

Q.2 In a chemistry lab teacher has kept Ferrous sulphate solution, Copper sulphate and Magnesium sulphate 

solution in 3 beakers with 6 small pieces of aluminium metal for demonstration in class X. From class IX ,  

three students entered the lab for project work they saw the solutions  and playfully put the aluminium pieces in 

all the  3 beakers ,next day teacher had to prepare another set of solutions for demonstration. 

a)  Why did the teacher prepare new set of solutions? 

b) Write the concept behind it? 

b)  ) What value you have gained from this? 

Ans:-  a)  Aluminium is more reactive than copper and iron because aluminium has more negative electrode 

potential than iron and copper. Therefore aluminium displaces Cu & Fe from their salt solutions. Since Mg has 

more negative electrode potential than Al , there was no reaction. 

b) Relative activities of metals. Greater the oxidation potential of a metal, more easily it can lose electrons and 

hence greater is its reactivity. 

c) Children must be instructed by the teachers that they should not meddle with chemicals which may or may 

not be harmful. 

 

Q. 3 Oil and fat containing food items become bad in taste and foul smell after some time. 

 (a) Which process associated with this? 

(b) How we can prevent it? 

(c) Preservation of food items associated with what value? 

Ans- (a) Rancidity/ Oxidation  

         (b) We can prevent it by- 1. Using air tight containers 2. Using anti-oxidants  

         (c) Be sensitive towards the wastage of food items. 
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                                                                          CHAPTER- 10 

S-BLOCK ELEMENTS 

Basic concepts. 

Groups (1&2) belong to the s-block of the Periodic Table. 

Group 1 consists of : Lithium, sodium, potassium, rubidium, cesium and francium and collectively known as the 

alkali metals. 

Group 2 include : Beryllium, magnesium, calcium, strontium, barium and radium. Except Beryllium they are 

known as alkaline earth metals. 

                                                 Group 1 elements: alkali metals 

Physical properties 

a) Large atomic radii: The atomic radii of alkali metals are the largest in their respective periods. These 

increase as we travel down the group. 

b) Large ionic radii: The ionic radii increase as we move down the group due to the addition of a new 

energy shell with each succeeding element. 

c) Low ionization enthalpy: The ionization enthalpies decrease as we move down the group. The ionization 

enthalpies of the alkali metals are the lowest due to loosely held s- electron. 

d) Hydration enthalpy: It decreases with the increase in ionic radii. The hydration enthalpy of Li ion is the 

maximum and the hydration enthalpy of Cs ion is the minimum. 

e) Oxidation state: The alkali metals exhibit oxidation state of +1 in their compounds and are strongly 

electropositive in character. The electropositive character increases from Li to Cs. 

f) Metallic character: The metallic character increases down the group. 

g) Melting point and boiling point:: The mp and b p of alkali metals are very low and decrease with 

increase in atomic number. 

h) Nature of bonds formed: These metals form ionic bonds. The ionic character increases as we go down 

the group. 

i) Flame colouration: All the alkali metals impart a charactersistic colour to the flame. 

j) Photoelectric effect: alkali metals (except Li) exhibits photoelectric effect. 

Chemical features of alkali metals: 

a) Reducing character: As the ionization enthalpies of the alkali metals decrease down the group their 

reducing character or reactivity in the gaseous state increases down the group. i.e., Li< Na < Na< K< Rb < Cs. 

b) Reaction with dihydrogen: Alkali metals react with dry hydrogen at about 673 K to form crystalline 

hydrides which are ionic in nature and have high melting points. 

c) Oxides : Alkali metals when burnt in air form different compounds, for example the alkali metals on 

reaction with limited quantity of oxygen form normal oxides (M2O) M=Li, Na, K, Rb, Cs 

d) Reaction with halogens: The members of the family combine with halogen to form corresponding 

halides which are ionic crystalline solids. Reactivity of alkali metals with particular halogen increases from Li 

to Cs. 
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e) Reaction with water: Alkali metals react with water and other compounds containing acidic hydrogen 

atoms such as hydrogen halides, acetylene etc. To liberate hydrogen gas. 

f) Solubility in liquid ammonia: All alkali metals dissolve in liquid ammonia giving deep blue solutions 

which are conducting in nature. 

 

 

 Diagonal relationship between Li and Mg. 

         Li resembles Mg mainly due to similarity in sizes of their atoms and ions.  

         The main points of similarity are: 

i) Both are quite hard. 

ii) Both LiOH and Mg (OH)2 are weak bases. 

iii) Carbonates of both on heating decompose to produce oxides and carbondioxide. 

iv) Both react with nitrogen to give ionic nitrides. 

v) Nitrates of both decompose on heating to give oxides. 

vi) Both Li and Mg do not form solid bicarbonates. 

vii) Because of covalent character LiC1 and MgCl2 are soluble in ethanol. 

viii) The hydroxides, bicarbonates and fluorides of both Li and Mg are sparingly soluble in water. 

 

                                 Group 2 elements: alkaline earth metals 

 

Physical properties 

(a) Atomic radii: The atomic radii of alkaline earth metals are fairly large though smaller than the corresponding 

alkali metals and they increase down the group. This is because on moving down the group, atomic radii 

increase primarily due to the addition of an extra shell of electrons in each succeeding element. 

(b) Lonic radii: The atoms of these elements form divalent ions which show the same trend of increase in 

their size down the group. 

(c)  Ionisation enthalpy: The alkaline earth metals have fairly low Ionizations enthalpies though greater than 

those of the corresponding elements of group 1 and this value decreases down the group. 

(d) Hydration enthalpy: the Hydration enthalpies of alkaline earth metal ion decrease as the size of the metal 

ion increases down the Group 

(e) Oxidation State: all the members of the family exhibit +2 oxidation state in their compounded and the 

form divalent cations (M
2+

) 

(f) Electro negativity: The electro negativity values of alkaline earth metals are quite close to those of alkali 

metals, though slightly more,  

(g) Metallic Character : Alkaline earth metals have stronger metallic bonds as compared to the alkali metals 

present in the same period. 

(h) Melting and boiling point : The melting and Boiling points of these metals are higher than those of alkali 

metals present in the same period. 
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(i) Colouration to the flame : With the exception of beryllium and magnesium, the rest of the elements 

impart charateristic in colour to the flame. For example, 

   Be  Mg         Ca         Sr        Ba                 Ra 

   _ _ Brick Red  Crimson Crimson Grassy Green Crimson    

k) Complex formation: Generally the members do not form complexes. However, smaller ions (Be & Mg 

Ions) form complexes with the electron donor species  

l) Formation of organo-metallic compounds: Both beryllium and magnesium form a number of organo – 

metallic compounds containing M-C bond with certain organic compounds. For example, magnesium reacts 

with alkyl halide in the presence of dry ether to give Grignard reagent. 

m) Reducing character: Alkaline earth metals are weak reducing agent then the corresponding alkali metals 

which have lower ionization enthalpies and comparatively bigger atomic sizes. 

n) Reaction with oxygen: With the exception of Ba and Ra which form peroxides (MO2) rest of the metals 

form normal oxides (MO) on heating with excess of oxygen.  

o) Reaction with halogens: The members of the family combine directly with halogen at appropriate 

temperature to form corresponding halides. 

p) Reaction With water : The members of this group are less reactive towards water as compared to the 

corresponding alkali metal because these are less electropositive in nature. 

q) Reaction with hydrogen: The members except Be combine with hydrogen directly upon heating to form 

metal hydrides. 

 

                                           Uses of some important compounds: 

 

 

           Caustic soda: 

It is used: in soap, paper, textile, petroleum industry  

(i) Sodium carbonate: It is used: 

a) In glass and soap industry 

b) In paper making and textile manufacturing 

c) In paint and dye stuffs 

d) In metal refining 

e) In production of sodium compounds such as borax, caustic soda, sodium phosphate etc/ 

 Quick lime: It is used: 

a. In the preparation of cement, glass and calcium carbide. 

b. In the purification of sugar 

c. In softening of hard water    d. As a flux in the extraction of metal  
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          Lime stone: It is used 

a) As building material 

b) In the manufacture of quick lime 

c) In solvay process ot prepare Na2 CO3 as it is a source of CO2 

d) In metallurgy for the extraction of iron 

e) In toothpaste and certain cosmetics. 

          Cement: It is an important building material. It is used in concrete and reinforced concrete, in plastering 

and in the construction of bridges, dams and buildings. 

        Plaster of paris: It is used 

a) In making moulds for pottery and ceramics etc. 

b) In surgical bandages for setting broken bones of the body 

c) For making statues, models, decorative materials and black board chalk. 

 

 

Expected Questions: 

Q1. Why are halides of beryllium polymeric? 

Ans. :- The halides of Be are electron deficient as their octets are incomplete. Therefore, to complete their 

octets, the halides polymerize. 

Q2. Arrange the alkaline earth metal carbonates in the decreasing order of thermal stability. 

Ans.:- BaC03 > SrC03 > CaC03 > MgC03 > BeC03  

Q3. Write the general electronic configuration of s-block elements. 

Ans. :- [Noble gas] ns
1-2 

Q4. What is the chemical formula of Plaster of Paris? 

Ans : -CaS04.l/2H20 

Q5. Name the compound which can be obtained by Solvay’s process. 

Ans. :- Sodium carbonate 

Q6. How does the basic character of hydroxides of alkali metals vary down the group? 

Ans. :- Increases down the group 

Q7. Which out of MgS04 or BaS04 is more soluble in water? 



51 | P a g e  

 

   

Ans.:- MgS04 

Q8. Which elements of alkaline earth metals family do not give characteristic flame colouration? 

Ans:- Be and Mg 

Q9. Potassium carbonate cannot be prepared by Solvay process. Why? 

Ans  This is due to the reason that potassium bicarbonate ( KHCO3) formed as an intermediate (when CO2 gas 

is passed through ammoniated solution of potassium chloride) is highly soluble in water and cannot be 

separated by filtration. 

Q10. The hydroxides and carbonates of sodium and potassium are easily soluble in 

water while the corresponding salts of magnesium and calcium are sparingly 

soluble in water. Explain. 

Ans. All the compounds are crystalline solids and their solubility in water is guided by both lattice enthalpy and 

hydration enthalpy. In case of sodium and potassium compounds, the magnitude of lattice enthalpy is quite 

small as compared to hydration enthalpy since the cationic sizes are large. Therefore, the compounds of sodium 

and potassium that are mentioned, readily dissolve in water. However, in case of corresponding magnesium and  

 

calcium compounds, the cations have smaller sizes and more magnitude of positive charge. This means that 

their lattice enthalpies are more as compared to the compounds of sodium and potassium. Therefore, the 

hydroxides and carbonates of these metals are only sparingly soluble in water. 

Q10. Why is LiF almost insoluble in water whereas LiCl soluble not only in water but 

also in acetone? 

Ans. The low solubility of LiF in water is due to its very high lattice enthalpy (F'ion is very small in size). On 

the other hand, in lithium chloride (LiCl) the lattice enthalpy is comparatively very small. This means that the 

magnitude of hydration enthalpy is quite large. Therefore lithium chloride dissolves in water. It is also soluble 

in acetone due to dipolar attraction. (Acetone is polar in nature) 
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CHAPTER-11 

p-BLOCK ELEMENTS   
BASIC CONCEPTS/IMPORTANT FORMULA/EQUATIONS 

Group 13 Element-Introduction:- Group 13 of the long form of the periodic table consists of five elements : 

Boron (B), Aluminium (Al), Gallium (Ga), Indium (In) and Thallium (Tl). All these elements collectively are 

named as boron group elements, because boron (B) is the first element of this group. These elements form 

the first group of the p-block elements. 

Properties of Group 13 Elements 

Electronic Configuration     All these elements have the outermost electronic configuration denoted by ns2 

np1. Thus, there are 3 electrons in the outermost shell (L-shell) of these elements. Complete electronic 

configurations of Group 13 elements are given below. 

(i) Atomic and Ionic Radii 

 The atomic and ionic radii (for M3+ ions) increase in going from boron (B) to thallium (Tl), i.e., 
down the group. This is because of the introduction of an additional orbit, increasing screening 
effect and decreasing Zeff with each subsequent element down the group. 

 The atomic and ionic radii of Group 13 elements are smaller than those of the corresponding 
elements of Group 2. 

Ques:-The size of Al and Ga is nearly same, why? 

Ans:-When we go from Al to Ga 10 d- electrons are filled in (n-1) d-orbital come, in which 10 electrons are 

filled in inner d-orbital. The screening effect of these e’s are very less so the effective nuclear charge Zeff 

increases by great amount then Al and the size of Al is nearly same to Ga. 

(ii) Ionisation Energy 

There are three electrons in the outermost shell of Group 13 elements. So, these elements are 

characterised by three ionisation energies. Some characteristic features, of the ionisation energies of Group 13 

elements are, 

 The first ionisation energies (I1) of these elements are lower than the corresponding values for Group 
2 elements. However, the second (I2) and third (I3) ionisation energies are much higher. 

EXPLANATION: The first ionisation energies (I1) of Group 13 elements are lower than those of Group 2 

elements because the first electron to be lost by Group 13 elements is a p-electron while in 2 Group is s-

electron. The p electrons have less penetration power than s-electrons. Therefore, lesser energy is required to 

remove a p-electron. 

 The second and third electrons to be removed from an atom of any Group 13 element are from the s-
orbital. Removal of s-electrons, particularly from a positively charged ion (after the removal of a p- 
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electron) requires more energy. Therefore, second and third ionisation energies of Group 13 elements 
are higher. 

 Down the group, the first ionisation energy of the group 13 elements decreases sharply from B to Al. 
Thereafter, the ionisation energies show a slight increase. 

EXPLANATION: The initial decrease in the first ionisation energy may be because the atomic size of Al is 

much larger than that of B. A slight increase in the ionisation energy in going from Al to Tl is because the inner 

d-electrons in and after gallium do not shield the outer electrons from the nuclear charge effectively. This 

causes a slight increase in the effective nuclear charge down the group. Therefore, the ionisation energies 

increase in going from Ga to Tl as one goes down the group. 

Since, the total ionisation energy (I1 + I2 + I3) for boron is very high, hence boron does not exist as B3+ 

ion. 

Ques –The IP of Ga is more then Al, why? 

(iii) Oxidation States 

Boron does not form B3+ ions due to high ionisation energy. So, it gives mainly covalent compounds. Al 

has a good tendency to form Al3+ ion in the solution due to its high hydration energy. Gallium, indium and 

thallium show + 1 and + 3 oxidation states.     

  Ques.-The + 1 state becomes more stable than + 3 in going from Ga to Tl. 

EXPLANATION: As we go down the group, the tendency of s-electrons in the valence shell to take part 

in chemical bonding decreases. The tendency  of  lone pair of s-electrons to not participate in covalent bond 

formation is known as the inert-pair effect. The inert-pair effect becomes more operative towards the 

bottom of the group. Thus, for heavier elements of the group (e.g., Ga, In and Tl), the + 1 state becomes more 

stable than + 3 state. Thus, Tl3+ should have strong tendency towards reduction, i.e., the reaction  

Tl3+ + 2e– → Tl+ 

is favourable in the forward direction. 

Ques.- Tl+ is more stable then Tl+3 ,why ? 

Ques.- Thelium form TlCl not TlCl 3  why ? 

 (iv) Density 

 Boron and aluminium have relatively low densities, whereas the higher members, viz., gallium, 
indium and thallium have high densities. 

 (v) Melting and Boiling Points 

 Gallium has the lowest melting point in the group. 
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EXPLANATION: The low melting point of gallium is due to the weak binding forces in the system in 

which Ga exist as Ga2. 

 The elements of this group exhibit high boiling points which steadily decrease in going from B to Tl. 
(vi) Electropositive Character (or Metallic Character) 

 Group 13 elements are less electropositive than the corresponding alkali and alkaline earth metals. 
EXPLANATION: This is due to, (a) smaller atomic radii, and (b) higher effective nuclear charge, of the 

Group 13 elements as compared to Group 1 and 2 elements. 

 The electropositive (or metallic character) of Group 13 elements increases in going from boron (B) 
to aluminium (Al) and then decreases to thallium (Tl). Boron is a semi-metal and closer to non-
metals than to the metals in its properties,. 

 

Trends in Chemical Reactivity of Group 13 Element 

Group 13 elements are less reactive than Group 1 and Group 2 elements. 

The first three ionisation energies of boron (B) are much higher than the corresponding values for the 

other elements of group 13 (Table 8.2). Therefore, the total energy required to produce a B3+ ion is much 

greater than the lattice energies (in the case of solids), or by hydration energies (in aqueous solution). 

Therefore, boron does not form ionic compounds. Boron, however, forms covalent compounds by electron-

sharing mechanism. Boron has only three valence electrons. The availability of only three valence electrons for 

covalent bond formation utilizing four orbitals, viz., 2s, 2px, 2py and 2pz leads to the so called electron-

deficiency in boron compounds. This deficiency of electrons in boron compounds makes them good Lewis 

acids. 

Other elements of Group 13 elements form ionic compounds containing tripositive (M3+) ions in 

solutions. The + 1 oxidation state becoming more stable than the + 3 state down the group. 

Some important chemical reactions shown by the elements of boron family (Group 13) are described 

below. 

 Trends in chemical reactivity: - From top to bottom reactivity     ses because IP    ses so they can remove e- 

easily and different compounds. 

(1) Formation of hydrides: - These elements form MH3 type of compounds but boron forms no. of 
hydrides having general formula BnHn+4 , BnHn+6. These compounds are called Boranes  

ex. – B2H6, B4H10, , B5H11,  

 Borons have special types of bonds called multicenter bonds. 
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           Aluminium forms polymeric hydrides (AlH3)n 

            These elements also form complex hydrides Li(AlH4), Na(BH4). 

            These hydrides are powerful reducing agents  

                     LiH + AlH3   Li[AlH4] 

  Ques.-Al remains in AlCl forms in Vapour state but in crystalline state if it form AlCl3. 

     Ans.   When Al converts in to crystalline state from vapour state a large amount of lattice energy is 

released thus it releases two more e- of Al & forms AlCl3,  TheIP2 and IP3 of Al is less then its lattice energy. 

(2) Formation of halides :- They forms MX3 type of halides where x = Cl, Br, I, F. 

            These hydrides are behave as Lewis acids. (Why?) 

Ex. : - Mx3 has sp2 hydridisation & trigonal planar structure having bond angle 120®.The halides have   

one vacant p orbital so that they can accept one electron pair from any substance so it behaves as Lewis Acid. 

          Ques.-Write the increasing order of Lewis acidic nature of Boron halides. Explain why? 

           Ans     BF3,  < BCl3, < BBr3, < BI3 

 Boron has one vacant 2P orbital so it is e- deficient. In BF3, F is most electronegative & make 

Boron Electron deficient much greater then by Cl, Br, & I.. Because of this BF3 should be 

strongest Lewis acid between Boron halides but it is not observed because of a new 

phenomenon which is called ‘Back Bonding’. 

The halogen atom has 3 lone pairs & donote one lone pair to 2P orbital of Boron and from Back bond 

.Due to this ,the electron deficiency of boron is decreased so it shows less Lewis acidic nature. Fluorine had 

more tendency to from P- P bond. Because both B and F has 2P orbital of similar size. But in the case of Cl , 

Br, & I , this overlapping is not effective so back bonding tendency is less. It decreases in the order- 

BF3,   BCl3,  BBr3,  BI3 

    Ques. Anhydrous AlCl3 is covalent in nature but when it is dissolved in water it becomes ionic in nature   or it 

form Al3+ .Explain. 

     Ans. The energy ( lattice ) released in the formation of n bonds in AlCl3 is not compensated by the I, II & III IP 

of Al to form Al+3 so it does not from ionic bonds and from the bond by the new sharing of e- with halogen 

atom i. e., covalent bond. 

                When it is dissolved in water the hydration energy released in sufficient to remove 3e- from Al to 

from Al+3 so hydrated AlCl3 is ionic in nature and gives Cl- ions. 



56 | P a g e  

 

                                      

                                              AlCl3  Covalent  

                                     AlCl3 + 6H2O   [Al(H2O)]Cl3 

           Ques. Tl(OH)3 is less stable then Tl(OH) 

           Ans. This is due to the inert pain effect the ns2 electrons do not take part in reaction therefore only  

its ‘p’ electron is released and Tl(OH) is formed . 

 

                            BASIC NATURE OF OXIDES OF 13 GROUP 

         Q.1  The basic nature of oxides in group 13 increases down the group.  

Ans.1 Due to decreasing IP from top to bottom so electrons are released easily so basic nature 

                    increases. 

         Q. 2 Why B(OH)3 is acidic in nature ? 

Ans.2 Size of B is small so IP is more it will not give e- to oxygen to release OH- ion so it acidic in 
nature. 

                                                                    Group 14 Elements 

 Introduction 

  Group 14 of the modified long form periodic table consists of five elements: Carbon (C), Silicon (Si),    
Germanium (Ge), Tin (Sn) and Lead (Pb). All these elements are considered as the members of the carbon and 
silicon family. Carbon (C), the first element of this family, differs from rest of the members of this group 
because of, 

(i) its smaller size, 

(ii) its higher electronegativity, 

(iii) the non-availability of d-orbitals in its valence shell. 

Properties of Group 14 Elements. 

Electronic Configuration: The elements of Group 14 have four electrons in their outermost shell. Therefore, 
their outer electronic configuration is ns2 np2.  

(i) Atomic and ionic radii: The atomic and ionic radii increase in going from carbon (C) to lead (Pb). The 
increase in the atomic and ionic radii down the group (i.e., from C to Pb) is due to the addition of a new 
electron shell at each element while going from top to the bottom in the group. 

 (ii) Density: Densities of Group 14 elements increase first gradually and then rapidly, in going from carbon to 
lead. This is due to more effective packing in the lattice of higher elements. 
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(iii) Melting and boiling points :The melting and boiling points of C and Si are much higher than those of the 
other elements of this group. 

EXPLANATION: Much higher melting and boiling points of carbon and silicon are due to their net-work 
covalent bonded structure.The melting and boiling points of Group 14 elements decrease down the group. 
The decrease being very sharp after Ge. Tin shows the lowest melting point. 

EXPLANATION: This is due to the decrease in the M – M bond strength as we go down the group from C to Pb. 

 (iv) Ionisation energy 

 The ionisation energies for the successive removal of electrons from the atoms of Group 14 elements 
are given in Table 8.4. 

 The ionisation energies of Group 14 elements are higher than those of the corresponding Group 13 
elements. 

          EXPLANATION: This is due to higher effective nuclear charge of Group 14 elements. 

The ionisation energy decrease steadily in going from C to Pb. The decrease being very sharp from C to     
Si. The ionisation energy of Pb is slightly higher than that of Sn. 

           EXPLANATION: As we go down the group, 

          (i) the atomic size increases and, 

         (ii) the screening effect of the inner electrons increases. 

Both these factors lead to a decrease of the nuclear pull on the outer electrons. As a result, the 
ionisation energy decrease as we go down from C to Pb. 

The observed slower decrease in the ionisation energy from Si to Ge and from Sn to Pb is due to the 
combined effect of the following two factors: 

(a) poor screening effect of the d-electrons of Ge and Sn, and of the d- and f- electrons of Pb, 
(b) the increased atomic size of the elements down the group. 

 

     (v) Metallic character: Group 14 elements are less metallic than the elements of Group 13. This is due to   
higher ionisation energies of Group 14 elements as compared to those of Group 13 elements. The metallic 
character increases in going from C to Pb. First two elements (C and Si) of this group are non-metals, the third 
element, Ge is a metalloid, and the last two, Sn and Pb are metals. 

        C, Si                     Ge                              Sn, Pb 

     non-metals   metalloid                metals 

                  ———— Metallic character increases ————→ 
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EXPLANATION: The increase in the metallic character in going from C to Pb is due to the increased 
atomic size and decreasing  IP from C to Pb. 

         Oxidation states and trends in chemical reactivity:- 

        Since, there are four electrons in the outermost shell, hence the maximum valency for these elements 
could be + 4 or – 4. But, because of very high ionisation energies and low electronegativities neither M4+ nor 
M4– ions normally exist. However, carbon does form C2 2– (carbide ion) in carbides, e.g., Ca2+C2

2–. Elements of 
Group 14 show a covalency of four by undergoing sp3 hybridisation. In combined states, carbon and silicon 
exhibit oxidation state of +4, while germanium, tin and lead show the oxidation states of + 2 and + 4. The 
stability of + 4 state decreases and that of + 2 state increases as we go down the group. For example, Ge4+ is 
more stable than Ge2+, while Pb2+ is more stable than Pb4+. This is due to the inert-pair effect of the ns2 
electrons. 

Lead forms only a few compounds of the MX4 type, e.g., PbF4, PbCl4 and Pb(C2H5)4 and these are 
thermally unstable with the exception of PbF4. 

Some important chemical properties shown by the elements of group 14 are described below. 

       (i) Nature of M2+ and M4+ compounds 

C and Si form covalent compounds in which they show tetravalency. For C and Si, stable divalent 
compounds of the type MX2 are rare. The elements Ge, Sn and Pb show both + 2 and + 4 oxidation states. The 
+ 2 state becoming more stable than + 4 state as we go down the group. 

This is due to the non-participation of ns2 electron pair in bonding, (inert-pair effect). 

The elements, Ge, Sn and Pb form ionic as well as covalent compounds. The lower oxidation state 
compounds are more ionic. This is predicted by the Fajan’s rule, which states that, “smaller is the cation, the 
greater is the covalent character in its compounds.” For example, Sn4+ compounds are covalent, and Sn2+ 
compounds are ionic in nature. Because the radius of Sn4+ is smaller than that of Sn2+. In general, the elements 
at the bottom of the group give ionic compounds. 

Ques.-  PbCl2 is more stable then PbCl4 why? 

Ques.   PbCl4 is oxidizing agent why? 

Ques.   PbCl4 is good oxidizing agent then SnCl4? 

      (ii) Catenation 

The property by which atoms of the same element link with one another by covalent bonds is called 
catenation.  

                                                                                    OR 

“The property of self-linkage leading to the formation of long chains and rings is termed catenation.” 
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The elements of Group 14 possess the property of catenation. Carbon forms a large number of 
compounds in which carbon atoms are linked to each other forming chains or rings due to catenation as 
shown below: 

                              – C – C – C – C – C – C – C – C  – C-                

  The catenation tendency follows the order,  C >> Si > Ge l Sn >> Pb.                                   

               Thus, the catenation tendency decreases as we go down the group, i.e., from C to Pb. 

EXPLANATION: Large, M – M bond energy favours catenation. The M – M bond energies for Group 14          
elements are, 

                            Bond                        C – C    Si – Si     Ge – Ge       Sn – Sn 

                Bond energy, (kJ mol–1) 353         222               167                   155 

 

 

Thus, the M – M bond energy decreases steadily from C to Sn. Therefore, the catenation tendency also 
decreases down the group (from C to Sn). 

               (iii) Formation of multiple bonds: p– p bonding: Another interesting property of carbon is to form 
stable multiple bonds (double and triple bonds) with itself and with other elements, particularly nitrogen, 
oxygen and sulphur, viz., 

 

These multiple bonds are formed due to the sideways overlap of the p orbitals of the combining atoms. 

That is why these are called p– p multiple bonds. Other elements of this group show no tendency to form 

p– p multiple bonds because the overlapping is not effective. However, recently a few compounds 
containing Si = Si, Ge = Ge, Sn = Sn or C = Si type of multiple bonds have been isolated. 

                (iv) Allotropy : All the elements of the carbon family with the exception of lead exhibit allotropy.      
Allotropy is the existence of an element in two or more forms which have different physical property but have 
similar chemical property. 

 For example, carbon exists as two important allotropic forms diamond and graphite. These two forms 
differ vastly in their physical and chemical property. 

(i) Diamond is denser then graphite. The density of damond is 3.514g cm-3 while that of graphite is 
2.226 g cm-3. 

(ii) Diamond is very hard while graphite is soft and there fore has lubricating properties. 
(iii) Diamond is bad conductor electricity while graphite is a good conductor of electricity. 
(iv) Diamond is a extremely chemically unreactive where graphite is quite reactive. 
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   Fullerenes 

 In 1985, scientists discovered a new family of carbon allotropes consisting of cluster of carbon atoms 
such as C32, C50, C60, C70, C84, etc. These were called Fullerenes. 

Among these the allotrope having the molecular formula C60 is important .It is named buckminster fullerene . 
It was named after the name of American architect Buckminster fuller , who designed ‘geodesic domes’ that 
exactly resembled with it .The structure determinationof C60 moleculehas shown that it is a perfect sphere 
and lookes like a soccer-ball. Therefore, it is also populary known as bucky-ball. It consists of five and six 
membered carbon rings. It has highly symmetrical structure in which all the carbon atoms occupy indentical  
positions. 

 (v) Hydride formation 

All group 14 elements form covalent hydrides. Covalent hydrides of the type MH4 are known for all 
Group 14 elements except lead. The tendency of hydride formation decreases in going from C to Pb. 

Carbon forms a large number of cyclic and acyclic hydrides known as hydrocarbons. Silicon and 
germanium form fewer hydrides of the general formulae MnH2n+2 (M = Si, n =1 to 8; M = Ge, n = 1 to 5) 
known as silanes and germanes, respectively. 

             Hydrides of Group 14 elements are volatile, and the volatility decreases with increased atomic number. 
(a) Thermal stability of hydrides of Group 14 elements decreases in going from C to Pb. The decrease in 

the stability of CH4 to PbH4 is due to the decrease in the M – H bond energy in going from C to Pb. 
Monosilane. Monosilane (SiH4) is a colourless, spontaneously inflammable gas. It consists of covalent  

tetrahedral molecules. It is prepared by the reduction of SiCl4 with lithium aluminium hydride. 

                                       SiCl4 + LiAlH4   SiH4 + LiCl + AlCl3  

 silane 

Pyrolysis of silane in the absence of air gives silicon and hydrogen. Silane is a commercial route for the 
preparation of ultrapure silicon used in semiconductors. 

          (vi) Oxide formation 

Group 14 elements form three types of oxides. These are, monoxides, dioxides and mixed oxides. 

                   MO ,  MO2,   M2O3,(MO + MO2),   M3O4 ,(2MO + MO2) 

                 monoxides            dioxides    mixed oxide 

             Monoxides. All elements of Group 14 except silicon form monoxides of the formula MO, viz., 

                                                   CO,     SiO,     GeO,     SnO,   PbO 

           Basic nature increases 
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While CO is neutral, all others oxides are basic in character. Carbon monoxide(CO) is the most    
de is a colourless, odourless gas at room temperature. It is highly 

toxic.(Why)?  

 CO is isoelectronic with nitrogen (N2). Both contain 14 electrons each. 

 It has the highest bond energy (1070 kJ mol–1) among diatomic molecules. 

 A molecular orbital 

oxygen. CO may be regarded as a resonance hybrid of the following structures. 

 
 Carbon monoxide forms coordination compounds with several transition metals in their low oxidation 

states. For example, CO forms carbonyls with nickel, iron and chromium, viz., i(CO)4, Fe(CO)5 and 

Cr(CO)6. 

       Dioxides. All group 14 elements form dioxides having the formula MO2, viz., CO2, SiO2, GeO2,SnO2 and   
PbO2. These oxides differ in their structures and properties. 

           (a) Physical state and structure. 

 

 

 

 Carbon dioxide is a gas at room temperature. It is a linear 
molecule with two carbon–oxygen double bonds, O = C = O due to 

having strong tendency to form p-p bond with oxygen but this tendency is very iess in Si . 

                   Silicon dioxide (SiO2), commonly called silica, is a net-work solid consisting of a continuous lattice of 
silicon and oxygen atoms connected by covalent bonds. Each silicon atom is surrounded tetrahedrally by four 
oxygen atoms. There are no discrete SiO2 molecules and the entire crystal may be considered a giant molecule 
(SiO2)n. GeO2, SnO2 and PbO2 are all network solids with octahedral coordination. Thus, in these oxides each 
central atom is bonded to six O atoms. 

(b) Nature. The acidic character of the dioxides of Group 14 elements decreases in going from C to Pb. 
For example, 

                            CO2,    SiO2         GeO2  SnO2,   PbO2 

                            acidic   weakly acidic      amphoteric 

                             ————— Acid character decreases ————→ 

          (c) Oxidising character. PbO2 is a powerful oxidizing agent. It dissolves in acids forming Pb2+ salts with  
the liberation of oxygen. 

                                    PbO2 + 2HNO3  →         Pb(NO3)2 + H2O + 1/2 O2 
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 Carbon dioxide is a discrete, linear molecule due to p– p bonding between C and O atoms. Solid 
carbon dioxide is called dry ice. Solid carbon dioxide under normal pressure sublimes producing a 
temperature of – 77°C. 

  Carbon dioxide molecule is considered to be a resonance hybrid of the following structures. 
               

                   

 Carbon dioxide is acidic. With water it gives carbonic acid, 

                                            CO2 + H2O  →  H2CO3  +    H+ + HCO3
– 

       carbonic acid 

 CO2 reacts with alkalies to give carbonates or bicarbonates. 
                                           2NaOH + CO2 →  Na2CO3 + H2O 

  sodium hydroxide   sodium carbonate 

                   

              

 

 

              (vii) Halide formation: Elements of Group 14 form the following types of halides, 

MX4 type e.g., CCl4 (carbon tetrachloride) 

MHX3 type e.g., CHCl3 (chloroform) 

MX2 type e.g., SiCl2 (silicon dichloride) 

         Dihalides:  Ge, Sn and Pb form dihalides (MX2). 

(a) Dihalides of Ge, Sn and Pb are more ionic in nature. 
(b) The stability of dihalides increases in going down the group. For example, PbX2 is more stable than 

PbX4. On the other hand, GeX4 is more stable than GeX2. This is because, the lower oxidation state (+ 2) 
becomes more stable than the higher (+4) state at the bottom of the group (inert-pair effect). 

      Tetrahalides:  

Tetrahalides of the type MX4 are known for all the elements of group14. PbCl4 and PbBr4 are unstable, 
while PbI4 is not known. 

(a) Tetrahalides are tetrahedral and covalent. 
(b) The thermal stability of tetrahalides decreases in going from carbon to lead. Thus, CX4 is the most, and 

PbX4 the least stable. 
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(c) The thermal stability of tetrahalides of the Group 14 elements decreases from fluoride to iodide. Thus, 
thermal stability of tetrahalides of the elements of Group 14 follows the order,  

MF4  >  MCl4  >  MBr4  >  MI4 

(d) The tetrahalides of all elements except of carbon (i.e., except carbon tetrachloride) undergo hydrolysis. 

                         

EXPLANATION: Carbon tetrachloride does not get hydrolysed by water because the valence shell of 
carbon does not have d-orbitals. Due to the absence of d-orbitals in its valence shell, carbon cannot expand its 
valence shell to accommodate electron pair from water molecules. Silicon tetrachloride can accept electron 
pair from water molecules in its vacant d-orbitals. As a result, therefore, SiCl4 undergoes hydrolysis. 

 

                   

 

 

 

 

           (viii) Complex formation: Si and other heavier elements of Group 14 contain d-orbitals in their valence 
shell. Thus, these elements can expand their valence shell to accommodate more than 8 electrons in their 
valence shell. These elements thus can show coordination numbers higher than four, e.g., six for Si and Ge, 
and 8 for Sn and Pb. So, these elements are able to form complexes. For example, 

                                            

         

 Silica, (SiO2): Silica is chemically silicon dioxide (SiO2). Silica occurs in nature in several amorphous and 
crystalline forms.Silica exists in atleast 12 different forms. 

The three main crystalline forms are Quartz, Tridymite and Cristobalite. Each of these forms has 
different structures at high and low temperatures. The α-Quartz is the most common and the main 
constituent of granite and sandstone. 

In all these forms, each Si atom is tetrahedrally surrounded by four O atoms. Each corner is shared with 
another tetrahedron, thereby giving an infinite three-dimensional structure. 
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The basic structural unit in silica is SiO4
4–. 

Quartz. Quartz (density 2.648 g/ mL) occurs as 
rock-crystal which is colourless and clear. Quartz is a 
piezo-electric material. It is used for making gramophone 
pickups, for cigarette and gas lighters and for making 
crystal oscillators for radio and computers. 

Tridymite. Tridymite (density: 2.26 g/mL) occurs as 
six-sided plates. It belongs to the hexagonal system. 

Cristobalite. Cristobalite (density: 2.32 g/mL) is a cubic crystalline form. It is found in some volcanic 
rocks and in meteorites. 

Amorphous silica. All varieties of silica soften on heating below 1600°C, melt at 1710°C and boil at 
2230°C. Heating any form of silica to its softening temperature or slow cooling of molten silica gives glass-like 
transparent amorphous silica. Amorphous silica contains a disordered mixture of rings, chains and three-
dimensional units. 

• Amorphous silica glass has very low thermal expansion, (cubical expansion: 5 × 10–7 deg–1). 

•  It is transparent to visible and ultraviolet radiation. 

•  It is used for making laboratory glassware, lenses, prisms etc. 

 Silicates: Silicates are the metal derivatives of silicic acid (H4SiO4). The basic building unit of all silicates is the 
SiO4 tetrahedron. Silicate structures are less close-packed than other oxide structures. The SiO4 tetrahedra can 
be linked in many ways. Depending upon the number of corners (0, 1, 2, 3 or 4) of each SiO4 tetrahedron 
shared with others, various kinds of silicates are obtained. 

                SiliconesSilicones are synthetic organo-silicon polymers containing  chain. Silicones 
contain R2SiO repeat unit. The repeat unit R2SiO has a structure similar to that of ketones. 

                           

It is because of this that these polymers are given the name silicone (note the ending –one). 

              Classification of Silicones 

         Depending upon the structure of the chain, silicones are classified as follows: 

(i) Linear silicones. Silicones having a straight chain containing R2SiO repeat units are called linear 
silicones. 

(ii) Cyclic silicones. When Si – O – Si linkage takes place in such a way that each Si atom is linked to two 
Si atoms through O-atoms, cyclic silicones are formed. 
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(iii) Cross-linked silicones. Silicones in which two linear chains of the type O – Si – O – Si – O – are also 
linked to the other linear chains through similar – Si – O – Si – bonds, are called cross-linked 
silicones (see Fig. 8.8). 

      

              Preparation of Silicones 

Commercial silicone polymers are usually methyl derivatives, and to a lesser extent phenyl derivatives. 

 

 Preparation of linear silicones: Linear silicones are obtained by the hydrolysis and subsequent condensation 
of dialkyl or diaryl substituted silicon chloride, R2SiCl2 (R = alkyl or aryl group). For R2SiCl2, the reaction is, 

                  

 

            The silicone polymers containing methyl group (i.e., when R is CH3) are known as silicon oils. 

Silicon rubber is a linear silicone having a bridging ethylene or similar groups. 
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Industrially, alkyl or aryl chlorosilanes are made by the direct reaction of RX (R = Me or Ph) with silicon 
in the presence of metallic copper as a catalyst: 

                                            

            

 Preparation of cross-linked silicones. The cross-linked silicones are obtained by the hydrolysis and 
subsequent condensation of mono-alkyl or aryl silicon chloride, R – Si – Cl3. 

                  

 

    Properties of Silicones 

Lower silicones are oily liquids, but higher members are waxy and rubbery solids. Silicones are quite 
stable towards heat and chemical reagents. These are water-repellent. Temperature does not affect the 
viscosity of silicone oils. 

          Uses of Silicones 

(i) silicon oils are used for high temperature oil baths. 
(ii) silicon greases are used as lubricants, over a wide range of temperatures, e.g., – 40°C to 200°C. 
(iii) used for water-proofing cloth, and paper. 
(iv) silicon rubbers are used as insulating material. 
(v) used in paints and enamels. 
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                                                               EXPECTED QUESTIONS 

Q1.Aluminium forms [AlF6]
3-

 ion but boron does not form [BF6]
3-

 ion. 

Ans:Boron can show a maximum valency as well as co-ordination number of four.Therefore it can not form 

[BF6]
3-

 ion where it is to exhibit co ordination number of six.On the other hand aluminium can extend its 

valency as well as co-ordination number to six due to the presence of  vacant 3d orbitals.Therefore it can form 

[AlF6]
3-

 ion. 

Q2.Boron tribromide is stronger acid than boron trifluoride. 

Ans:Both of them are Lewis acids but because of pπ-pπ back bonding, the electron density on boron atom 

increases and the Lewis acid strength of the halides decreases.Now 2p orbitals of boron and fluorine that are 

involved in back bonding have comparable energies, while 2p orbitals of boron and 4p orbitals of bromine 

differ olargely in energy and the back bonding is not so effective.Therefore BBr3 is a stronger acid than BF3. 

Q3. pπ-pπ back bonding occurs in halides of boron and not in those of aluminium. 

Ans:pπ-pπ back bond is linked with the size of the central atom in the halide and decreases with the increase in 

size.Since the size of aluminium is quite big as compared to that of boron, pπ-pπ back bonding is possible in 

boron and not in aluminium. 

Q4.Although first ionisation energy of boron (8.3 eV) is less than that of gold (9.22 eV) , yet the former is a non 

metal while the latter is a metal. 

Ans: This is because of the difference in the crystal structure of these elements.Co-Ordination number of gold 

(12) is very high as compared to that of boron(6 or even less).Since metals have generally high co-ordination 

numbers while non metals have smaller value , gold is metal despite its higher ionisation potentioal compared to 

boron. 

Q5.Compounds of carbon are covalent while those of lead are generally ionic. 

Ans: The size of carbon atom is very xmall and its ionisation enthalpy is also quite high.To form C
4+

 ion , 

carbon atom has to part with all the four valence electrons.Similargly to C
4-

 ion it has to accept four 

electrons.Both are not energetically favoured due to high energy involved.As a result , the compounds of carbon 

are covalent in which carbon completes its octed as a result of electron sharing. Lead , the last member of the 

family has minimum ionisation enthalpy.Therefore it is comparatively easy for the element to lose its valence 

electrons and to form ionic compounds. 

Q6.PbCl2 is more stable than PbCl4. 

Ans: PbCl2 is an ionic crystalline solid while PbCl4 is a molecular solid in which PbCl4 molecules are covalent 

in nature.This is because of smaller size and more positive charge on Pb4
+
 ion as compared to Pb

2+
 ion.The 

former polarises the anions more than the latter and the compound acquires covalent nature.Thus PbCl4 has less 

melting point than PbCl2 therefore it is less stable. 

Q7.Carbon and silicon are mainly tetravalent while germanium ,tin and lead also show divalency. 

Ans: This is explained on the basis of inert pair effect which is significant only in lements with large values of 

atomic numbers.The  general electronic configuration of the elements is ns
2
np

2
.Because of inert pair effect, in  
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case of last three elements , the valence p electrons readily become available for bonding while the valence s 

electons remain attached to the nucleus.Thus these elements show divalency while the first two elements in the 

absence of inert pair effect are tetravalent. 

Q8.Trisilicylamine is a weaker base than trimethylamine. 

Ans:In trisilicylamine (SiH3)3N, the lone pair of electrons on the nitrogen atom is involved in pπ-dπ  bonding 

with the vacant 3d orbials on silicon atom.As a result it is not as easily available to the attacking Lewis acid as 

in case of trimethylamine(CH3)3N) , where the electron pair is rather free 

Q9..Aluminium is frequently used as a reducing agent for the extraction of metals like Cr,Mn, Fe etc. 

Ans: Aluminium has great affinity for oxygen since it is a reducing agent.As a result , it removes oxygen from 

the oxides of less electropositive elements and is therefore , used for their extraction. 

Cr2O3 + 2Al → 2Cr + Al2O3 

Q10.A certain salt X gives the following results. 

1) Its aqueous solution is alkaline to litmus. 

2) It swells up to glassy material Y on strong heating. 

3) When conc.H2SO4 is added to a hot solution of X,while crystals of an acid Z separates out. 

Write equations for all the above reactions and identify X,Y and Z. 

Ans: The data suggests that the salt X is borax (Na2B4O7 .10H2O) 

1) The aqueous solution of borax is of basic nature and turns red litmus blue. 

 Na2B4O7 + 7H2O → 4H3BO3 + 2NaOH 

2)Borax swells in size upon strong heating and loses molecules of water of crystallisation to form solid Y 

Na2B4O7.10H2O → Na2B4O7 + 10H2O 

3)Upon reacting with conc.H2SO4 borax forms boric acid (H3BO3) .When crystallised from the solution , it 

is in the form of white crystals Z. 

Na2B4O7 + H2SO4 + 5H2O → Na2SO4 + 4H3BO3 

 Q11.On heating a borate with ethyl alcohol and conc H2SO4 , a green edged flame is noticed.How will you 

account for it? 

Ans: Upon heating borate reacts with H2SO4 to form boric acid (H3BO3) which forms triethyl borate with ethyl 

alcohol.The vapours formed upon heating burn with green edged flame. 

H3BO3 + 3C2H5OH → (C2H5O)3B + 3H2O 

Q12.What happens when  

a)Orthoboric acid is heated gradually. 

b)B2O3 and ferric oxide are heated in oxidising flame. 

c)A mixture of boron and sodium hydroxide is fused at high temperature. 
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d)A mixture of B2O3 and Mg powder is fused and the product is boiled with dilute HCl. 

Ans: a) Upon heating orthoboeic acid undergoes the following changes 

H3BO3 → HBO2 + H2O 

4HBO2 → H2B4O7 + H2O 

H2B4O7 → 2B2O3 + H2O 

b) Ferric metaborate is formed and the bead acquires a yellow colour. 

Fe2O3 + 3 B2O3 → 2Fe(BO2)3 

c) On fusing boron with NaOH,sodium borate is formed. 

2B + 6NaOH → 2Na3BO3 + 3H2 

d) On fusing B2O3 and Mg powder the product is a mixture of MgO and boron.The mass is boiled with dilute 

HCl when MgO dissolves to form soluble MgCl2 and boron gets precipitated. 

B2O3 + 3Mg → 3MgO + 2B 

Q13.Select the false statement from the following and try to justify your assersion. 

Ans: a) Like carbon silicon also exists in the free state. 

b)Boron dissolves in hydrochloric acid. 

c)Silica contains SiO2 molecules with O=Si=O bonds. 

d)BF3 is a weaker Lewis acid than BCl3. 

e)Diborane cannot have ethane like structure because it is not a covalent molecule. 

 Ans: a)Silicon does not exist in free state because it is more reactive than carbon due to bigger size and also 

lesser ionisation enthalpy. 

b)Boron dissolve only in oxidising acids like H2SO4 and HNO3 to form boric acid.As HCl is not strong 

oxidising agent boron does not dissolve in HCl. 

c)In silica O=Si=O can not be present due to the difference in the energy state of 2p orbital of oxygen and 3p 

orbital of silicon which are to participate in sidewise overlapping. 

d) BF3 is weaker Lewis acid than BCl3 because of greater magnitude of  p bonding., resulting in 

more electron density on the boron atom. 

h) Diborane can not have a ethane like structure because boron atom is trivalent and more than three hydrogen 

atoms can not be linked to it.Thus H3B-BH3 structure is not possible in this case. 

Q14.The atomic radius of Galium is less than that of Al whereas it is expected to be more.Explain. 
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Ans: The atomic radius is expected to increase down the group.The decrease in atomic radius of gallium 

(135pm) as compared to that of aluminium (143pm) may be attributed to the presence of ten elements of the 

first transition series(z=21 to 30)which have electrons in the 3d orbitals.Since d-orbitals have large size than the 

p – orbitals, the intervening electrons do no have sufficient shielding effect to counter the increase in the nuclear 

charge.Therefore the effective nuclear charge in case of Ga (Z=31) is less than the expected value.This 

dicreases its atomic radius which other wise is expected in increase. 

Q15.Aluminium shows +3 oxidation state in its compounds but in case of last element thallium, +1 oxidation 

state is more common.How will you justify this trend? 

Ans:The above trend is explained with the help of inert pair effect.It represents the reluctance or inertness of the 

valence s-electrons of heavier elements of p- block to take part in the bond formation because of ineffective 

shielding of these electrons from the attraction of nucleus by the intervening d and fl electrons. 

The inert pair effect becomes more or more predominat as we go down the group because of iffect of increased 

nuclear charge outweighs the effect of increased atomic size.In other words , the valence s-electrons become 

more more reluctang to be available for bond formation.As a result ,the valence p-electron will be more 

available accounting for +1 oxidation state and +3 oxidation state will not be shown by these elements so 

easily.The inert pair effect is maximum in the last element thallium in boron family since it is the heaviest with 

maximum atomic number (z=81)Therefore it shows mainly +1 oxidation state . 

Q16.AlF3 does not dissolve in anhydrous HF but dissolves in KF.Explain why when BF3 is added to the above 

solution containing KF , Aluminium trifluoride is precipitated. 

Ans: AlF3 does not dissolve in anhydrous HF because it is not available for co-ordination with AlF3 due the 

presence of intermolecular hydrogen bonding.It dissolves in KF because F- ion can co-ordinate with AlF3 and a 

salt is formed. 

3KF + AlF3 → K3[AlF6] 

The salt is decomposed  by BF3 which is Lewis acid and AlF3 is precipitated. 

K3[AlF6] + 3BF3 → AlF3 + 3KBH4 

Q17.Answer the following. 

a)Why is BBr3 a stonger Lewis acid as compared to BF3 though F is more electronegative than Br? 

b) Why id [CH3]3COH is less acidic than [CH3]3SiOH although C is more electronegative than Si? 

Ans: a)This is explained with the help of concept of back bonding.Since F is in a position to cause greater back 

bonding (2porbitals of both B and F participate) than Br (4p orbitals of  Br and 2p orbitals of B participate), 

therefore BBr3 is a stronger Lewis acid than BF3. 

b) In (CH3)3SiOH , the central silicon atom has vacant d – orbitals which can accept electron pairs from Lewis 

base.However the carbon atom in (CH3)3COH is not in a position to do so since it has no vacant d – 

orbitals.therefore (CH3)3SiOH is more acidic than (CH3)3COH. 

Q18.BCl3 is trigonal planar while AlCl3 is tetrahedral in dimeric state .Explain. 
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Ans: Boron atom in BCl3 is sp2 hybridised and its hybrid orbitals are involved in the bond formation with the 

electrons of the chlorine atoms.Due to its small size, boron can not accommodate another atom of chlorine 

although BCl3 is a Lewis acid.However the size of aluminium atom of another molecule in its vacant 3p orbital 

forming co-ordinate bond.Thus aluminium atom becomes tetrahedral in the dimeric form.(Al2Cl6) 

Q9.Anhydrous AlCl3 is covalent but hydrated AlCl3 is electrovalent. 

Ans: Anhydrous salt exists as a dimer Al2Cl6 and is covalent in nature.In contact with water , it gets hydrated 

and hydrated salt [Al(H2O)6]Cl3 becomes ionic.In fact during hydration, a large amount of hydration energy is 

released which helps in the ionisation of the salt. 

[Al(H2O)6]Cl3 ↔[Al(H2O)6]3
+
 + 3Cl- 

Q10.No visible reaction occurs when aluminium is left in contact with concentrated nitric acid. 

Ans: Aluminium is a reactive metal and initially reacts with conc.HNO3 to form Al2O3.The oxide forms a 

protective coating on the surface of the metal and it becomes passive.Therefore no visible reaction is noticed 
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                                                           CHAPTER - 12  

                              ORGANIC CHEMISTRY:BASIC PRINCIPLES AND TECHNIQUES 

 

      Basic Concepts/Important Formulae 

 

     Structural representation of Organic compounds 
 

       i) Lewis Structure: In this representation bond between atoms are represented by pairs of dots  

        or lines and lone pairs on atoms . eg 

 

 

 

      ii) Complete structural Formula:   In this representation bond between atoms are represented by lines and  

lone pairs on atoms . 

                                                                               

 

 

         iii) Condensed formula:  In this representation atoms are shown  but bonds (dashes) between some                               

             or all  atoms may be omitted.   Eg   CH 3 (CH 2 ) 2 COOH  

         iv) Bond Line Representation: In this representation Carbon and hydrogen atoms are not shown and the  

lines representing carbon-carbon bonds are drawn in a zigzag fashion. Atoms other than carbon and hydrogen 

are   written. The terminals denote methyl (–CH 3 ) groups (unless indicated  otherwise by a functional group), 

while the line junctions denote carbon atoms bonded.  

           Eg: Heptan 3-one 
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       2.     Classification of Organic Compound 

 

 

 

 

 

 

 

 

 

 

 

 

 

              i). Acyclic or open chain compounds: Compounds contain open chain of carbon  

                 atoms in their molecule .Chains may be either branched chain or straight chain.  

                 Examples:  

 

 

 

 

      (ii). Closed chain or cyclic or ring compounds:  

           (a)Alicyclic or closed chain or ring compounds: These compounds contain ring of

           three or more carbon atoms in them. These compounds resemble aliphatic  

           compounds in many of their properties. Examples:  
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             iii) Aromatic Compounds:These compounds have a cyclic system containing at least  

                    one benzene ring. Aromatic compounds have delocalised  electron system  

                    eg.  Benzene 

 

 

 

 

                   iv). Heterocyclic compounds: In these compounds ring contains one or more ato

           of N, O or S in addition to carbon atoms. Atom other than C (i.e. N, O or S) is called hetero atom. 

            Eg  

  

 

 

           v) Aromaticity; aromatic compounds must have- 

a) Cyclic structure 

b) SP
2
 hybridized carbon 

                                                                               c) Delocalised   electron system 

                                                                               d) Follow Huckel rule ( 4n+2  electron system) 

       3. Isomerism: The phenomenon of existence of two or more compounds possessing  

         the same molecular formula but different properties is known as isomerism. Such  

        compounds are called as isomers 

        Different types of isomerism:  
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  (a) Structural isomerism: Compounds having same molecular formula, but different  

              structures i.e. arrangement of atoms or groups of atoms within molecules are called  

               structural isomers and phenomenon is called structural isomerism  

                               

                                                    Classification of structural isomerism  

       1. Chain isomerism: Compounds having same molecular formula but different

       arrangement of carbon chains (skeletons), within the molecule are called chain 

       isomers and the phenomenon is termed as chain isomerism Example: Chain isomers of C 5 H12 

 
 

 

 

 

 

       2.Position isomerism: Compounds which have the same molecular formula but   differ in the position of     

the    

                    functional group, carbon-carbon multiple bond or  substituent group are called               

                position isomers and the phenomenon is termed as  position isomerism Example: 

   

                  Position isomers of C 3 H 8 O: 

 

 
 

 

       3.  Functional groups isomerism: Compounds having same molecular formula but         

                                     different functional groups in the molecule are called functional group isomers and  

                                  this phenomenon is termed as functional group isomerism  

                                    Example: Functional groups isomer of  C 3 H 6 O:   

                                CH3CH2CHO  (aldehyde)  CH3COCH3 (Ketone) 

         4. Metamerism: Compounds having same molecular formula but different number 

                                of carbon atoms (or alkyl groups) on either side of the functional group are called  

                       metamers and this phenomenon is called metamerism  Example: Metamers of C 4 H 10 O 
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                                      CH3-O-CH2-CH2-CH3          CH3- CH2- O-CH2-CH3           

                                          Methoxy propane                         ethoxy ethane 

          5. Tautomerism: It is a special type of functional isomerism in which the isomers  

differ in the arrangement of atoms but they exist in dynamic equilibrium with each  

other and this phenomenon is termed ad tautomerism. Example: Acetaldehyde and  

vinyl alcohol are tautomers which exist in equilibrium as shown.  

 

 

 

 

        (b) Stereoisomerism. The isomers which have the same structural formula but have  

different relative arrangement of atoms or groups of atoms in space are called  

stereo isomers and the phenomenon is called stereo isomerism.  

        Geometrical Isomerism; Isomerism due to.difference in spatial arrangement of groups about the doubly            
bonded carbon atom. example 

        

          

 

        4. Attacking reagent: In an organic reaction, chemical substance that attacks the  

organic molecule (substrate) and leads to the formation of product  

          5.Reaction mechanism: Sequential account of each step, describing details of  

electron movement, energetics during bond cleavage and bond formation, and the  

rates of transformation of reactants into products (kinetics)  

       6. Homolytic cleavage of a covalent bond: Symmetrical cleavage of covalent bond  

between two atoms takes place resulting in the formation of neutral species (atoms  

or groups of atoms) having unpaired electrons called free radicals.  

 

 



77 | P a g e  

 

 
 

             7. Heterolytic cleavage of a covalent bond: Unsymmetrical cleavage of covalent  

bond takes place resulting into two charged particles. The species that has a sextet  

                              at the carbon and is positively charged is called a carbocation. The species that has 

a carbon atom with the shared pair of electrons and carrying a negative charge is  

called carbanion  

 

 

 

 

 

 

            8 Inductive Effect: The process of electron displacement along the chain of carbon  

atoms due to the presence of a polar covalent bond at one end of the chain is called  

inductive effect (or I-effect). It is a permanent effect.  

NOTE: Inductive effect decreases on moving way from the atoms involved in the  

initial polar bond and becomes negligible from the fourth atom onwards  

          For comparing the relative effects, hydrogen is taken as standard and the atoms or  

groups can be classified into two categories:  

        (i) Atoms or groups of atoms having electron-attracting more than hydrogen are  

referred to as having -I (electron withdrawing or attracting) effect.  

Example:-NO 2 >-CN >-COOH>-COOR>-F>-Cl>-Br>-I>-OH>-OCH 3 >-C 6 H 5 >H  

       (ii)Atoms or groups of atoms having smaller electron attracting power than  

            hydrogen are referred to as having + I (electron donating or repelling) effect.  

     9.Electromeric Effect: It is a temporary effect which takes place between

                                atoms joined by a multiple bond, i.e., a double or a triple bond. This occurs at the  

requirements of the attacking reagent and involves instantaneous transfer of a  

shared pair of electrons of the multiple bonds to one of the linked atoms.  
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The electromeric effect is classified as +E effect and-E effect:  

(i) When the π-electrons of the multiple bond are transferred to that atom to which  

the reagent gets attached, it is called +E (positive electromeric) effect. eg 

 

 

 

 

 

(ii) When the π - electrons of the multiple bond are transferred to that atom to  

which the attacking reagent does not get attached, it is called-E (negative  

electromeric) effect.

                             Example:  

 

 

.  

 

             10. Resonance or Mesomeric Effect: If a molecule can be assigned two or more  

Lewis structures, none of which is capable of describing all the known properties of  

the compound, then the actual structure is intermediate or resonance hybrid of  

these structures. This phenomenon is called resonance. The various structures  

written are called resonating structures.  

          Resonance effect is classified as +R effect and -R effect:  

        (i)If a substituent has tendency to donate electrons to double bond or conjugated  

system, effect is called positive resonance effect of +R effect. Groups like  

-OH,-OR,-NH 2 ,-NHR,-NR 2 ,-Cl,-Br,etc show +R effect  

       (ii) If a substituent has tendency to withdraw electrons from a double bond or a  

conjugated system towards itself, effect is called negative resonance effect or -R  
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           effect. Groups like >C=O, -CHO,- CN,- NO2 ,-COOR,etc show –R effect. eg 

 

 

                  RESONATING STRUCTURES OF PHENOL 

  

 

 

 

                  RESONATING STRUCTURES OF NITROBENZENE 

 

 

 

 

11. Hyperconjugation:  It involves delocalisation of (σ) electrons of C—H bond of an

                                  alkyl group directly attached to an atom of unsaturated system or to an atom with  

                                an unshared p orbital. The (σ) electrons of C—H bond of the alkyl group enter into  

  partial conjugation with the attached unsaturated system or with the unshared p  

 orbital. The interaction between the electrons of  pi systems (multiple bonds) at the  

 adjacent σ bonds (single H-C bonds) of the substituent groups in organic 

                               compounds  is called hypercojugation. 

                 Example: Hypercojugation in propene  
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Formulae used for calculation of percentage of C, H, Cl, Br, I, S and N 

 

 

                        12   x     mass of CO2 formed 

% carbon =                                                         x 100 

                     44 x   mass of Organic compound   

           

                         2   x     mass of H2O formed 

% Hydrogen =                                                         x 100 

                        18   x   mass of Organic compound   

           

                        35.5   x     mass of AgCl formed 

% Chlorine =                                                         x 100 

                       143.5  x   mass of Organic compound   

           

                        80  x     mass of AgBr formed 

% Bromine =                                                         x 100 

                     188  x   mass of Organic compound   

           

                       127 x     mass of AgI formed 

% Iodine =                                                         x 100 

                     235  x   mass of Organic compound   
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                           32   x     mass of BaSO4 formed 

% Sulphur=                                                            x 100 

                      223  x   mass of Organic compound   

           

                                        1.4 x  Molarity of acid x Basicity of acid  

                                                      x   vol of acid used   

% Nitrogen               =                                                                   

                   (By Kjeldahl’s method)                 mass of Organic compound   

 

 

                                      28  x  Volume of N2 at STP 

% Nitrogen          =                                                                x 100 

                    (By Dumas method)             22400 x mass of Organic compound  

 

                                  Volume of N2 at STP can be calculated using 

                                                                        P1V1              P2 V2 

                                                                                      = 

                                                                            T1                 T2 

                                                                      P1=    (Pressure given –aqueous tension), P2= 760mm T1 = 273 + t , T2 = 273 

                                              

 

                                                              EXPECTED QUESTIONS 

1. Electrometric effect is temporary effect. Assign reason? 

The electromeric effect occurs in the organic compounds with multiple bonds under the influence of 

the attacking reagent. The moment the attacking reagent is removed, pi electron pair comes back to 

its original position forming multiple bond again. 

 

2.  0.3780 g of organic compound gave 0.5740 g of silver chloride in Carius estimation. Calculate 

the percentage of chlorine present in the compound. 
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Mass of the o. compound = 0.3780 g 

Mass of the Ag Cl formed= 0.5740 g 

1 mol of Ag Cl is equivalent to 1 g atom of Cl 

108+35.5 =143.5 g of Ag Cl is equivalent to 35.5 g of Cl 

Percentage of chlorine =  35.5/143.5 * mass of AgCl formed/ mass of organic compound taken*100 

                                 =35.5/143.5*0.5740/0.3780*100 

                                   =37.5566% 

     3. Write the state of hybridization of carbon in the following compounds and shapes of each of the   

molecules. 

             (a) H2C=O              (b) CH3F                 (c) HC≡N. 

 

(a) sp2 hybridized carbon, trigonal planar; 

 

(b) sp3 hybridized carbon, tetrahedral;  

 

(c) sp hybridized carbon, linear. 

   

4. Discuss the chemistry of Lassaigne`s test. 

       Nitrogen, sulphur, halogens and phosphorus present in an organic compound are detected by      

“Lassaigne’s test”. The elements present in the compound are converted from covalent  form into ionic 

form by fusing the  compound with sodium metal. 

             Following reactions take place: 

                        Na + C + N ⎯⎯Δ → NaCN 

                       2Na + S ⎯⎯Δ → Na2S 

                       Na + X ⎯⎯Δ → Na X 

                       (X = Cl, Br or I) 

C, N, S and X come from organic compound. Cyanide, sulphide and halide of sodium so formed on 

sodium fusion are extracted from the fused mass by boiling it with distilled water. This extract is 

known as sodium fusion extract. 

 

5.How will you test the presence of sulphur from the given sample of organic compound? 

            The sodium fusion extract is acidified with acetic acid and lead acetate is added to it. A black   

precipitate of lead sulphide indicates the presence of sulphur. 

                                            S
2–

 + Pb
2+

   →    PbS 

                                                          Black 

 

6. On complete combustion, 0.246 g of an organic compound gave 0.198g of carbon dioxide and 

0.1014g  of  water. Determine the percentage composition of carbon and hydrogen in the 

compound. 

 

                                                                           12x 0.198x 100          

                            Percentage of carbon     =           44 x 0.246 

                                                                             

                                                                  =    21.95% 

 

                          Percentage of hydrogen =           2 x 0.1014 X 100 

                                                                                                

                                                                                 18 x 0.246 



83 | P a g e  

 

 

                                                                 =       4.58% 

 

       

         7. Write the principles of (a) sublimation (b) crystallization 

 

       Sublimation    some solid substances change from solid to vapor state without passing through liquid   

state. 

 

        crystallization   It is based on the difference in the solubility of the compound and the impurities in a  

suitable     solvent. 

 

8.Explain why (CH3)3C
+

 is more stable than CH3CH2

+
 andCH3

+
 is the least stable cation. 

 

Hyper conjugation interaction in (CH3)3C
+
is greater than in CH3 CH2

+
 as the (CH3)3C

+
has nine C-H bonds. 

In CH3

+
 ,vacant p orbital is perpendicular to the plane in which C-H bonds lie; hence cannot overlap with it. 

Thus,CH3

+
 lacks hyper conjugative stability. 

 

9. Define resonance effect. 

 

The resonance effect is defined as ‘the polarity produced in the molecule by the interaction of two π-bonds 

or between a π-bond and lone pair of electrons present on an adjacent atom’. The effect is transmitted 

through the chain. The resonance or mesomeric effect designated as R or M effect. 

 

10. Explain inductive effect? 

 When a covalent bond is formed between atoms of different electronegativity, the electron density is more 

towards the more electronegative atom of the bond. 

                                                                               Such a shift of electron density results in a polar covalent 

bond. Bond polarity leads to various electronic effects in organic compounds. 

Let us consider choloroethane (CH3CH2Cl) 

In other words, the polar C – Cl bond induces polarity in the adjacent bonds. Such polarization of σ-bond 

caused by the polarization of adjacent σ-bond is referred to as the inductive effect. 

This effect is passed on to the subsequent bonds also but the effect decreases rapidly as the number of 

intervening bonds increases and becomes vanishingly small after three bonds.  
 

 

                                                                HOTS QUESTIONS 

1. Why is it necessary to use acetic acid and not hydrochloric acid for acidification of sodium extract 

for testing sulphur by lead acetate test? 

Ans. For testing sulphur, the sodium extract is acidified with acetic acid, because lead acetate is soluble 

and does not interfere with the test. However, if HCl is used, lead acetate will react with it, forming 

white ppt. of lead chloride, and therefore it interferes with the test. 

(CH3COO)2Pb + 2HCl  → 2(CH3COOH) + PbCl2 

 

2. What is the cause of geometrical isomerism in alkenes? 
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Ans. Alkenes have a double bond in their molecules, and there is restricted rotation around the pi bond 

which gives rise to geometrical isomerism. 

3. Will CCl4 give white ppt. of AgCl on heating with silver nitrate? 

Ans. The precipitates of AgCl will not be formed, because CCl4 is covalent compound and does not 

ionize to give Cl
-
 ions to react with AgNO3 

4. Lassaigne’s test is not shown by the diazonium salts, though they contain nitrogen. Why? 

Ans. Diazonium salts readily lose nitrogen gas on heating before reacting with fused sodium metal, that 

is why, these do not give positive lassaigne’s test for nitrogen. 

5. Arrange the following in increasing order of acidity    

 

    Cl 3 CCOOH , Cl 2 CHCOOH , Cl CH 2 COOH  

      Ans. The order of acidity can be explained on the basis of Inductive effect (– I effect). As the  

            number of chlorine atoms increases, the – I effect increases. With the increase in – I  

            effect, the acid strength also increases accordingly.  

 

 

 

 

 

 

                                                       VALUE BASED QUESTIONS 

1. Three students vaibhav,vishal and vikas were determining the elements present in given organic 

compound by Lassaigne’s test.vaibhav added ferrous sulphate and dil.sulphuric acid to sodium 

fusion extract and observed Prussian blue colour. Vishal was keeping some pieces of sodium metal 

in his pocket,  vikas asked him not to do so. Now answer the following questions. 

(a) Name the element present in the organic compound. 

(b) write the test for chlorine 

 (c ) write the value associated. 

Ans: (a) Nitrogen 

(b) sodium fusion extract + silver nitrate solution = white ppt 

(c) Scientific attitude/concern for others 

2.  An organic compound on heating changes directly into vapors without undergoing into liquid state,  

it Is insoluble in water and is commonly used to prevent clothes against moths. It is contaminated  
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3. with cinnamaldehyde. Naresh, a student of class xi was asked by his teacher to purify it. Now answer 

the following questions 

(i) Which method of purification would Naresh apply? 

(ii) Name the compound and write it’s another use. 

(iii) Write the value associated with this. 

 

         Ans:  (a)  Sublimation 

                  (b)  Naphthalene and  can be used as freshener 

      (c) Scientific attitude 

      3.  Carbon shows a unique property to form a large number of organic compounds. Even towards the end 

of 19 
th

 century the number of organic compounds known was difficult to remember by their common 

names. In order to systematize the naming of organic compounds IUPAC system of nomenclature was first 

introduced in 1947and is modified from time to time. Based on these facts now answer the following 

questions: 

          (i)  Name the property of carbon to link itself to form a large number of compounds. 

          (ii) Write the IUPAC name of CH3 CH=CH CH(Br) CH3. 

          (iii) Write the value associated with property of carbon. 

       Ans.       (i)  Catenation 

         (ii) 4-Bromopent-2-ene  

      

         (iii) integration / group works 
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                                                                                  CHAPTER-13 

                                                                  HYDROCARBONS 

                     BASIC CONCEPTS 

                CONFORMATIONAL ISOMERISM: 

The different molecular arrangements arising as a result of rotation around carbon- carbon single bonds are called 

conformational isomers or rotational isomers and the phenomenon is called conformational isomerism. 

Numerous possible arrangements of ethane are possible. Two extreme conformations are known. These are eclipsed 

conformation and staggered conformation.  

 

                                  SAWHORSE REPRESENTATION IN ETHANE: 

 

 

 

 

       

                 

         eclipsed conformation                      staggered conformation.  

 

                                                   NEWMANN PROJECTION IN ETHANE: 
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Acidity of Alkynes-  Terminal alkynes are acidic in nature. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Alkanes, alkenes and alkynes follow the following trend in their acidic behaviour : 
 
 

 

 

 

IMPORTANT NAMED REACTIONS: 

1. HYDROGENATION  :When Hydrogen is added to unsaturated hydrocarbons in presence of 

Ni or Pt as a catalyst saturated hydrocarbons are formed.. 

CH2=CH2 + H2  Pt              CH3-CH3 

 

2. WURTZ REACTION: When  alkyl halides are treated with  sodium metal in presence of dry 

ether alkanes with double the no. of carbon atoms in the alkyl halides are formed . 

CH3Cl +2 Na + ClCH3                      CH3CH3 +  2NaCl         

 

3. SUBSTITUTION REACTION: When an atom or a group of atom is replaced by another 

atom or a group of atom to form a new compound. 

CH4 + Cl2   Light          CH3 Cl                     

 

4. ISOMERISATION REACTION: When  long chain alkanes are heated in 

presence of Anhy. AlCl3 and HCl  branched chain alkanes are formed.  

 

CH3-(CH2)4 CH3  anhy. AlCl3/HCl        CH3CH(CH3)CH2CH2CH3                         

                                                    

5. AROMATISATION: When alkanes having six or more carbon atoms are 

heated in presence of Cr2O3 or V2O5  as a catalyst benzene and its homologues is  formed.  

CH3-(CH2)4 CH3   Cr2O3 or V2O5             

                                                    

6. PYROLYSIS: When higher alkanes are heated to higher temperature they break 

into lower alkanes and alkenes.  

CH3-(CH2)6 CH3           773K                CH3(CH2)4CH3    + CH2=CH2      

                

7. β-ELIMINATION REACTION: When alkyl halides are treated with alco. KOH  alkenes 

are formed by removal of hydrogen atom from β -carbon. .  

CH3 CH2Cl           alco. KOH           CH2=CH2         
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8. MARKOVNIKOV’S RULE:  When an unsymmetric reagent is added to an 

unsymmetric alkene, the positive part of the reagent goes to that doubly bonded carbon which 

has more no. of hydrogen atoms.  

CH3 CH=CH2 + H
+
-Br

-
                     CH3CH(Br)CH3 

                        

9. ANTIMARKOVNIKOV’S RULE(KHARASH EFFECT):  When an 

unsymmetric reagent is added to an unsymmetric alkene in presence of organic peroxide, the 

positive part of the reagent goes to that doubly bonded carbon which has lesser  no. of 

hydrogen atoms.  

CH3 CH=CH2 + H
+
-Br

-
    benzoyl peroxide            CH3CH2CH2Br 

 

10. OZONOLYSIS: When  ozone is added to alkenes,ozonide is formed , which on 

reduction gives aldehydes or ketones depending on the structure of alkene.  

CH2=CH-CH3   i)O3   ii) Zn/HCl           HCHO + CH3CHO  

NOTE: Aldehydes are formed if the doubly bonded carbon contains hydrogen otherwise 

ketones are formed. 

                                                    

11. POLYMERISATION: When many unsaturated hydrocarbons undergo addition 

or condensation at high temperature and pressure in presence of certain catalysts to form long 

chain compounds it is called polymerization and such compounds are called polymers.  

 

nCH2=CH2         high temperature and pressure/ catalysts               ( CH2=CH2 )n   

    ethene                                                                                        Polyethene 

  TEST FOR UNSATURATION:  

i)  Baeyer’s test : The alkaline potassium permanganate solution is known as Baeyer’s reagent.It has 

bright pink colour. It oxidizes alkenes to glycols which is colourless. This reaction is used as a 

test for the presence of double bond in a molecule.  

ii) Bromine water test: Unsaturated hydrocarbons decolourize the reddish brown colour of bromine 

water. 

Note:- Bromine water test and Baeyer’s test are used to detect the presence of 

double bond while ozonolysis is used to  detect the position of double bond. 

Preparation of Benzene: 

(i) Cyclic polymerisation of ethyne: 

(ii) Decarboxylation of aromatic acids: 
 
 
 
 

 

 

(iii) Reduction of phenol: Phenol is reduced to benzene by passing its vapours over heated zinc 

dust 
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 Physical properties: 

1.  Aromatic hydrocarbons are non- polar molecules and are usually colourless liquids or 

solids with a characteristic aroma. 

2.  Aromatic hydrocarbons are immiscible with water but are readily miscible with organic 

solvents. 

3.  They burn with sooty flame. 
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Chemical properties of Benzene 

 

Nitrat  
 
 
 
 
 
 
 

Halogenation 

+Cl2 
 
 

Anhyd. AlCl3 
 
 

Chloro benzene 
 
 
 
 
 
 

Sulphonation 
 
 

Fuming sulphuric acid 

H2SO4(SO3) 
 
 
 
 
 

Friedel-Crafts alkylation 

 

+C2H5Cl 

Anhyd. AlCl3 
 
 
 

Friedel-Crafts acylation 
 
 
 
 
 
 
 
 
 

+CH3COCl 

Anhyd. AlCl3 

 
 
 

 
 
 

 

 
 

 
Ethyl benzene 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
acetphenone 
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MECHANISM OF ELECTROPHILIC SUBSTITUTION REACTIONS. 

Arenes are characterised by electrophilic substitution reactionswhich proceed via the 

following three steps: 

 a) ) Generation of the electrophile 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

(b) Formation of carbocation intermediate 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
(c) Removal of proton from the carbocation intermediate 
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Benzene on treatment with excess of chlorine in the presence of anhydrous AlCl3 in dark 

yields hexachlorobenzene (C6Cl6) 

 
 

 

Addition reactions of benzene- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Directive influence of a functional group in monosubstituted benzene:- 

1.  Ortho and para directing groups and activating- –OH, –NH2, –NHR, – 

NHCOCH3,  –OCH3, –CH3, –C2H5, etc. 

2.  Meta directing group and deactivating:–NO2, –CN, –CHO, –COR, –COOH, – 

COOR, –SO3H, etc. 
 

3.  Ortho and para directing groups and deactivating- Halogens because of their strong – I 

effect, overall electron density on benzene ring decreases. However,due to resonance 

the electron density on o– and p– positions is greater than that at the m-position. Hence, 

they are also o– and p– directing groups. 
 
 
CARCINOGENICITY AND TOXICITY-Benzene and polynuclear hydrocarbons 

containing more than two benzene rings fused together are toxic and said to possess cancer 

producing (carcinogenic) property. 

 
3. EXPECTED QUESTIONS:  
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Q1.  Write the IUPAC names of the following- 

a)                                                         b ) 

                                                                           
 

 

Ans. a .Pent -1-en-3-yne                  b. 2-methylphenol 

 

Q2.  Write chemical equations for combustion reaction of (i) Butane (ii) Toluene 

Ans. 

 

. 
 

 
 
   (ii) 
 

 

 

 
Q3.  What are the necessary conditions for any system to be aromatic? 

Ans. A compound is said to be aromatic if it satisfies the following three 

conditions:  

(i) It should have a planar structure. 

(ii) The π–electrons of the compound are completely delocalized in the ring. 

(iii)The total number of π–electrons present in the ring should be equal to 

(4n + 2), where n = 0, 1, 2 … etc. This is known as Huckel’s rule. 

Q4.  What effect does branching of an alkane chain has on its boiling point? 

Ans. As branching increases, the surface area of the molecule decreases which results in a 

small area of contact. As a result, the Van der Waals force also 

decreases which can be overcome at a relatively lower temperature. Hence, the boiling 

point of an alkane chain decreases with an increase in branching. 

Q5.  How would you convert the following compounds into benzene? 

 (i)      Ethyne        (ii) Ethene 

 (i) Benzene from Ethyne:                                       
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  (ii) Benzene from Ethene: 

 

 

 

 
 

 

Q6.  Suggest the name of Lewis acids other than anhydrous aluminium chloride which 

can be used during ethylation of benzene. 

Ans.  anhydrous FeCl3, SnCl4, BF3 etc. 

 

Q7.  Write the name of all the possible isomers of C2H2Cl2 and indicate which of 

them is non-polar. 

Ans.(i) cis-1,2-dichloroethene   (ii) trans-1,2-dichloroethene      (iii) 1,1- 

dichloroethene. trans-1,2-dichloroethene is non-polar. 

Q8.  Although benzene is highly unsaturated, it does not undergo addition reactions, 

why? 

Ans. Because of extra stability due to delocalization of π-electrons. 

Q9.How can ethene be prepared from (i) ethanol (ii) ethyl bromide? 

Ans. (i) Ethene from ethanol- by acidic dehydration of alcohols 
 
 
 
 
 
 
 
 
 

(ii)     Ethene from ethyl bromide- by dehydrohalogenation of ethyl bromide 
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CH3CH2Br + KOH (alc) → H2C = CH2 + KBr + H2O 
 
 
Q10.  What is Wurtz reaction? How can it be used to prepare butane? 

Ans- When alkyl halides is treated with metallic Na in presence of dry ether, alkanes are 

formed. This reaction is called Wurtz reaction. 

Butane is prepared by the reaction of bromoethane with metallic Na in presence 

of dry ether 

 

 

 

 

4. HOTS 

Q1.  An alkene ‘A’ contains three C – C, eight C – H σ bonds and one C – C π bond. ‘A’ on 

ozonolysis gives two moles of an aldehyde of molar mass 44 u. Deduce IUPAC name of‘A’. 
 
Q2.  Addition of HBr to propene yields 2-bromopropane, while in the presence of benzoyl 

peroxide, the same reaction yields 1-bromopropane. Explain and give mechanism 

 Q3. An organic compound C8H18 on monochlorination gives a single momochloride. Write the 

structure of the hydrocarbon. 

Q4. An alkyl halide C5H11Br(A) reacts with ethanolic KOH to give an alkene ‘B’, which reacts 

with Br2 to give a compound ‘C’, which on dehydrobromination gives an alkyne ‘D’. On 

treatment with sodium metal in liquid ammonia, one mole of ‘D’ gives one mole of the sodium  

salt of ‘D’ and half a mole of hydrogen gas. Complete hydrogenation of ‘D’ yields a straight 

chain alkane. Identify A, B, C and D. Give the reaction involved.  

 

 

                                                       ANSWERS 

 

Ans1. The formation of two moles of an aldehyde indicates the presence of identical 

structural units on both sides of the double bond containing carbon atoms. Hence, the 

structure of ‘A’ can be represented as: 

XC = CX 

There are eight C–H σ bonds. Hence, there are 8 hydrogen atoms in ‘A’. Also,there are three C–

C bonds. Hence, there are four carbon atoms present in the 

structure of ‘A’. 

Combining the inferences, the structure of ‘A’ can be represented as: 
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the IUPAC name of ‘A’ is But-2-ene. 

Ozonolysis of ‘A’ takes place as: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The final product is ethanal with molecular mass  
 
 

Ans2. Addition of HBr to propene is an example of an electrophilic substitution reaction. 

Hydrogen bromide provides an electrophile, H
+

. This electrophile attacks the double bond 

to form 1° and 2° carbocations as shown: 

 

 
 

Secondary carbocations are more stable than primary carbocations. Hence, the former 

predominates since it will form at a faster rate. Thus, in the next step, Br
– 

attacks the 
carbocation to form 2 – bromopropane as the major product. 

 

 
 

This reaction follows Markovnikov’s rule 

 
In the presence of benzoyl peroxide, an addition reaction takes place anti to 



97 | P a g e  

 

Markovnikov’s rule. The reaction follows a free radical chain mechanism as: 

 
 

 
 

 
 

 

Secondary free radicals are more stable than primary radicals. Hence, the former 

predominates since it forms at a faster rate. Thus, 1 – bromopropane is obtained as the 

major product. 

 

 
Ans3. Since, the hydrocarbon (C8H18) on monochlorination gives a single monochloride, 

therefore,all the 18H- atoms are equivalent. The only such hydrocarbon is 2, 2, 3, 3-

tetramethylbutane,i.e., 

                              CH3          CH3        

                               |              | 

                  CH3 — C —— C — CH3   

                              |              | 
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                           CH3         CH3 

Ans4.  The outline of reaction scheme involved in the given problem is  

              Alc.KOH               Br2/CS2                           alc. KOH                 Na-liq.NH3 

 C5H11Br          C5H10                   C5H10Br2                   C5H8                   C5H7Na+1/2H2 

Alkyl halide(A)              alkene(B)                  (C)        -2HBr        alkyne(D)              sod. 

Alkynide 

(i) Since 1 mole of alkyne ‘D’ reacts with 1 mole of Na in liquid NH3 to form half a mole of 

H2, therefore, (D) is a terminal alkyne. The means that triple bond is at the end of 

the carbon chain. The two structures for alkyne (D) are either (I) or (II)  

                        CH3CH2CH2  — C = CH                                                                                      

                                                   1-Pentyne (I)        

                       

                        CH3 

                          | 

            CH3 — CH — C = CH   

                   3-Methylbut-1-yne (II)    

Since alkyne ‘D’ on complete hydrogenation yields a straight chain alkane, therefore, the alkyne 

(D) is a straight chain alkyne, i.e., alkyne (D) is 1-pentyne (I). 

(ii) Since alkene (B) on reaction with Br2 forms a compound ‘C’ which on 

Dehydrohalogenation gives the alkyne, i.e., 1-pentyne (D), therefore , (C) must be 

1,2-dibromopentane and alkene (B) must be 1-pentene. 

(iii)Further since alkene (B), i.e., 1-pentene is obtained by dehydrogenation of alkyl halide 

with M.F. C5H11Br, therefore, alkyl halide (A) must be 1-bromopentane. 

All the reactions involve in this question may now be explained as follows : 

                                       Alc. KOH,                                           Br2 in CS2 

CH3CH2CH2CH2CH2Br                      CH3CH2CH2CH=CH2              

     1-bromopentane                      -HBr            1-Pentene 

                                                      Alc. KOH,                                        Na in liq. NH3 
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   CH3CH2CH2 — CHBr— CH2Br                          CH3CH2CH2C = CH             

    1, 2-dibromopentane (C)                          -2HBr          1- pentyne 

  CH2CH2CH2 = CNa + ½ H2 

     Sodium-1-pentynide 

Please note that alkyl halide (A) cannot be 2-bromopentane because dehydrobromination of 

(A) would have given 2-pentene as the major product in accordance with Markovnikov’s 

rule. 

                    VALUE BASED QUESTIONS WITH ANSWERS 

Q1.Saturated aliphatic hydrocarbons are called alkanes.They are mainely used as 

fuels.depending upon their physical properties such as boiling point,density,solubility,they 

have many other uses.Now answer the following questions. 

(a)Out of propane and butane why is propane used as fuel for barbecue grill? 

(b)Which alkane is used in cigarette lighters? 

(c)What is mineral oil? Give its uses. 

(d)What is the uses of solid alkanes? 

(e)What is Vaseline? What are its uses? 

Ans.(a)Barbecue is usslly done in open.In cold countries,although both propane and butane can 

be used but propane is preferred because it works better at low temperatures.The reason being 

thatdue to lower boiling point(231K),propane always remains as gasin the cylinder inspite of 

cooling produced byJoule Thomson effect during its use and thus ensures a constant supply of 

gas.In contrast,butane due to its higher boiling point(272.5K)and cooling produced by Joule-

Thomson effect,it becomes a liquidin the cylinder and thus the supply of gas becomes slower and 

slower as the gas is being used. 

(b)butane is used in cigarette lighters since it can be easily liquefied at room temperature. 

(c)Mineral oil is a mixture ofliquid alkanes containing16-18 carbon atoms and is used as a 

laxative and as a lubricant. 

(d)Alkanes with 18 or more carbon atoms are waxy solids.These are used aswaxy coatings on 

fruits and vegetables to help them to retain moisture,inhibitmould growth and enhance 

appearance. 
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(e)Vaseline is a mixture of solid alkanes having low melting points.It can prevent moisture loss 

and chapped lips and soften nail cutiles.It is also used in oinments and cosmetics. 

Q2.Benzene is the simplest and ideal aromatic compound.It is also one of the most basic 

petrochemicals.it is mainly used to prepare a number of important chemicals such as 

toluene, phenol,aniline,biphenyl etc which are used in the manufacture of 

dyes,detergents,drugs,explosives,pesticides,rubbersand lubricants.But it is carcinogenic. 

Now answer the following questions. 

(a)Mention 3 uses of benzene in petrochemical industry. 

(b)Why benzene is used as additive in gasoline? 

(c)Comment on the bad effects and carcinogenicity of benzene. 

(d)In view of toxicity and carcinogenicity of benzene ,should its production be banned? 

Give your suggestions. 

Ans(a)Benzene is mainly used as an intermediate to make other chemicals.About 85 of benzene 

is consumed in the production of 3 chemicals,ethyl benzene ,cumene and cyclohexane. 

Ethylbenzene is a precursor to styrene,which is used to make polymers and plastics. Cumene is 

converted to phenol and acetone. 

 Cyclohexane is used to manufacture nylon. 

(b)Because of its high octane number and antiknocking properties benzene is used as an additive 

in gasoline. 

(c)Exposure of benzene vapors to humans is a global problem. It affects liver, kidney,lungs and 

heart.benzene increases the risk of cancer and other illness. In the body,it gets oxidized to 

benzene oxide which is not excreated readily and can interact with DNA to produce harmful 

mutations.Benzene is also a notorious cause of bone marrow failure. 

(d)Although benzene is a potential carcinogen, its production can not be banned because its wide 

spread application in the manufacture of dyes,detergents, nylons,explosives and 

pesticides.Instead,benzene should be used in fuming cupboards and ventilated laboratories. 

Q.3 Kamala and Reena are best friends.One evening Kamala went to Reena’s house and 

found her in the kitchen. She saw that the burner was emitting yellow flame and a black 

soot was getting deposited on the bottom of the cooking vessel .She advised Kamala to put 

off the gas and helped her in cleaning the holes of the burner.The gas was then switched on 

and they found that the burner was now emitting clean blue flame. 

(i) Why was the burner emitting yellow flame? 
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(ii) What was the purpose of cleaning the holes of the burner? 

(iii) What value is expressed by Kamala? 

Ans. (i) The holes of the burner were blocked due to soot or some oily material. This caused 

incomplete combustion of the fuel 

(ii) By cleaning the holes of the burner the deposits were removed which led to the complete 

combustion of the fuel. 

(iii) Kamala helped her friend in saving fuel and in preventing wastage of gas. 

 Q.4Teacher asked Hema to perform test for unsaturation in the laboratory for  a gaseous 

organic compound. Hema took some chlorine water in a tube and passed the vapours of the 

gas through it. Nothing happened. Teacher asked her to pass the vapours through bromine 

water. The orange colour of bromine water was immediately discharged. 

(i) What was the mistake made by Hema? 

(ii) How did the teacher help her? 

(iii) Write chemical equation for the reaction. 

Ans (i) Chlorine water has no colour. Therefore  on passing the gas, the colour of chlorine water 

did not change . 

(ii) Bromine water is brownish orange in colour. Therefore  on passing the gas, the colour of 

bromine water got discharged 

(iii). CH2 ═ CH2   + Br2  →   CH2─ CH2 

                                               Br        Br 

 

 


