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Introduction:

Structure and Bonding is the heart of chemistry. Chemical bond is very important to explain the
properties and structure of compound. The important aspect of each type of force is its relative
strength, how rapidly it decreases with increasing distance and whether it is directional in nature
or not.

Chemical Bond:
It is the force of attraction between two atoms which hold them together in a compound or
molecule. Nature loves stability and bond formation is associated with stability. Every element
has a tendency to occupy inert electronic configuration which is considered as very stable.
Noble gas electronic configuration can be achieved by
1. Transference of electrons
2. Mutual sharing of electrons

3. Donation of lone pair of electrons

Types of Bond

In order to explain the formation of a chemical bond in terms of electrons, Lewis postulated that
atoms achieve stable octet when they are linked by a chemical bond. On the basis of this
chemical bonds are following type:

1. lonic bond
Covalent bond
Co-ordinate bond
Metallic bond
Hydrogen bond

o Uk w N

van der Waal’s bond

Lewis Dot Structures

Valence Electrons: In the formation of a molecule only the outer shell electrons take part in
chemical bond combination and they are known as valence electrons. In Lewis symbols, an
element is shown with symbol and valence electrons.
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It is proposed by Kossel and Lewis and according to this, "Every atom has a tendency to attain
Noble gas electronic configuration or to have 8 valence electrons". This is known as law of octet
rule or if it has two valence electrons then this is known as law of duplet. According to Lewis,
only those compounds will be stable which follow octet rule.

Formal Charge

Formal charge on an atom is the difference between the number of valence electrons is an
isolated atom and the number of electrons assigned to that atom in a Lewis structure. It is
expressed as:

FORMAL CHARGE

‘ lnbonIf ‘d(" Bonded
Number of All One half of
= valence electrons __ | unshared + all shared
in the neutral electrons electrons
atom
NH," ‘N: H- £
' bBe .
H

(Formal Charge= 5- 4-2 = 1)

lonic Bond

An ionic bond is formed by complete transference of one or more electrons from the valence
shell of one atom to the valence shell of another atom. In this way both the atoms acquire stable
electronic configurations of noble gases. The atom which loses electron becomes a positive ion
and the atom which gains electron becomes negative ion.
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Note: Electrovalency is the number of electrons lost or gained during the formation of an ionic
bond or electrovalent bond.

Characteristics of lonic Compounds:

1.

2
3
4,
5

They are hard, brittle and crystalline.

. They have high melting and boiling points.

. They are polar in nature.

The linkage between oppositely charged ions is non rigid and non directional.

. They are soluble in polar solvents such as water and insoluble in non polar solvents such as
CCls, Benzene, ether etc.

They are good conductors of electricity in fused state and in solution due to mobility of the
ions. They are bad conductors of electricity in solid state because ions are unable to move.

Covalent Bond
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A force which binds atoms of same or different elements by mutual sharing of electrons is c
a covalent bond. If the combining atoms are same the covalent molecule is known as
homoatomic. If they are different, they are known as heteroatomic molecule.

Covalent Bond

Unpaired Sharing of available
valence electrons valence electrons

Atom 1 Atom 2 Covalent molecule
(nonmetal) (nonmetal or
metalloid)

Valence Bond Theory (VBT)

Valence bond theory was introduced by Heitler and London (1927) and developed by Pauling and
others. It is based on the concept of atomic orbitals and the electronic configuration of the
atoms. Let two hydrogen atoms A and B having their nuclei NA and NB and electrons present in
them are eA and eB. As these two atoms come closer new attractive and repulsive forces begin
to operate.

1. The nucleus of one atom is attracted towards its own electron and the electron of the
other and vice versa.

2. Repulsive forces arise between the electrons of two atoms and nuclei of two atoms.
Attractive forces tend to bring the two atoms closer whereas repulsive forces tend to push
them apart.
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Orbital overlap concept

If we refer to the minimum energy state in the formation of hydrogen molecule the two H-
atoms are enough near so as to allow their atomic orbitals to undergo partial interpenetration.
This partial interpenetration of atomic orbitals is called overlapping of atomic orbitals. The
overlap between the atomic orbitals can be positive, negative or zero depending upon the
characteristics of the orbitals participating to overlap.

(J KJ/ Klﬂ\

15 orbital of 15 arbital of overlapping
H-atom H-atom of atomic orbitals
Types of overlapping

The covalent bonds can be classified into two different categories depending upon the type of
overlapping. These are:

Sigma (o) bond: This type of covalent bond is formed by the axial overlapping of half-filled
atomic orbitals. The atomic orbitals overlap along the internuclear axis and involve end to end
or head on overlap. There can be three type of axial overlap among s and p-orbitals as
discussed below:

i. s-s overlap: In this case, there is overlap of two half-filled s-orbitals along the internuclear
axis as shown below.
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s-orbital s-orbital s-s overlapping

i. s-p overlapping: It involves the overlapping of half filled s-orbitals of one atom with the half
filled p-orbitals of the other atom. The bond thus formed is called s-p sigma bond.

O PO - G

s-orbital p-orbital s-p overlapping

ii. p-p overlapping: It involves the co-axial overlapping between half filled p-orbitals of one
atom with half filled p-orbitals of the other atom. The bond as formed is called p-p sigma
bond.

P4, " PFPU — YL IPDC

p-orbital p-orbital prp overlapping

pi () bond: This type of covalent bond is formed when the atomic orbitals overlap in such a
way that their axis remain parallel to each other and perpendicular to the internuclear axis. The
orbitals formed due to sidewise overlapping consists of two saucer type charged clouds above
and below the plane of the participating atoms. The electrons involved in the t bond formation
are called pi-electrons.
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p-orbital p-orbital p-p overlapping

Hybridisation: Hybridisation is the process of intermixing of the orbitals of slightly different
energies so as to redistribute their energies, resulting in the formation of new set of orbitals of
equivalent energies and shape. The atomic orbitals combine to form new set of equivalent
orbitals known as hybrid orbitals.

Salient Features of Hybridisation:

The number of hybrid orbitals is equal to the number of the atomic orbitals that get
hybridised.

. The hybridised orbitals are always equivalent in energy and shape.
i. The hybrid orbitals are more effective in forming stable bonds than the pure atomic orbitals.
. The type of hybridisation indicates the geometry of the molecules.

Important conditions for hybridisation:

iv.

The orbitals present in the valence shell of the atom are hybridised.
The orbitals taking part in hybridisation must have only a small difference of energies.
Promotion of electron is not essential condition prior to hybridisation.

It is not necessary that only half filled orbitals participate in hybridisation.

Types of hybridisation

There are many different types of hybridisation depending upon the type of orbitals involved in
mixing such as sp3, sp?, sp, sp3d, sp3d? etc.

sp-hybridisation: In this hybridisation one s and one p orbitals hybridise to produce two
equivalent hybrid orbitals, known as sp hybrid orbitals. The two sp-hybrid orbitals are
oriented in a straight line making an angle of 180° and therefore the molecule possesses
linear geometry. Each of hybrid orbitals has 50% s-character and 50% p-character.
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>7Z Z = Z
Linear
Be

sp hybrids
(a)
C (4]
O X P
cl, Be cl,
b 4 b4
(b) BeCl, molecule

ii. sp2-hybridisation: In this hybridisation one s and one 2p orbitals hybridise to produce three
equivalent hybrid orbitals, known as sp? hybrid orbitals. sp? hybrid orbitals are larger in size
than sp-hybrid orbitals but slightly smaller than that of sp3 hybrid orbitals. Each sp? hybrid

orbitals has 1/3 (or 33.33%) s-character and 2/3 (or 66.7%) p-character. Example, BFs, BCls,
BHs etc.

sp’ hybrids

iii. sp3d-hybridisation: This type of hybridisation involves mixing of one s, three p and one d-
orbitals to form five spd hybridised orbitals which adopt trigonal bipyramidal.
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Formation of PCls: The ground state electronic configuration of phosphorus is 1s? 2s? 2p oy
3p3. Under the conditions of bond formation the 3s-electrons get unpaired and one of the
electron is promoted to vacant 3dz? orbital. The ground state and excited state
configurations of phosphorus are shown below:

&

04

3s 3p 3dd
P (ground state) [+ L [ [ || l

P (excited state) |* T I | l

N

'. -
electrons contributed by Cl atoms

cl
: c
Cl

iv. sp3d2-hybridisation: In this type of hybridisation one s, three p and two d-orbitals undergo
intermixing to form six identical sp3d? hybrid orbitals. These six orbitals are directed towards
the corners of an octahedron and lie in space at an angle of 90° to one another.

The ground state outer configuration of 16S is 3s? 3p®. In the excited state the electron pairs
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in 3s and 3px orbitals get unpaired and one out of each pair is promoted to vacant 3dz* g%,
3dx?-y? orbitals. The ground state and excited state configuration of 16S are given as follows:

&
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P (ground state) NN
3s 3p 3d

P (excited state) |4 A H A

SF, .|_~l|4 |N| N|‘N| |NlN :

F F F

sp’d? hybridisation

Valence Shell Electron Pair Repulsion (VSEPR) Theory

Sidgwick and Powell in 1940, proposed a simple theory based on repulsive character of electron
pairs in the valence shell of the atoms. It was further developed by Nyholm and Gillespie
(1957). Main Postulates are the following:

i. The exact shape of molecule depends upon the number of electron pairs (bonded or non
bonded) around the central atoms.

i. The electron pairs have a tendency to repel each other since they exist around the central
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atom and the electron clouds are negatively charged. Tutanes oy

i. Electron pairs try to take such position which can minimize the rupulsion between them.
iv. The valence shell is taken as a sphere with the electron pairs placed at maximum distance.

v. A multiple bond is treated as if it is a single electron pair and the electron pairs which
constitute the bond as single pairs.

Bond Parameters:

i. Bond Angle: It is the distance between two consecutive crests or troughs and is denoted by
A. It is defined as the angle between the orbitals containing bonding electron pairs around
the central atom in a molecule/complex ion. Bond angle is expressed in degree which can be
experimentally determined by spectroscopic methods.

L)

104.5°

i. Bond Length: Bond length is defined as the equilibrium distance between the nuclei of two
bonded atoms in a molecule.

La

N
Ead

I'y

|
| Covalent radius
e e
= Gl

of atom B

i
=

1
|
|
Covalent radius |
of atom A /”"L-J |
|
|
|
|

Bond length =R

A B

i. Lattice Enthalpy: The Lattice Enthalpy of an ionic solid is defined as the energy required to
completely separate one mole of a solid ionic compound into gaseous constituent ions. For
example, the lattice enthalpy of NaCl is 788 kJ mol™.

iv. Bond Order: Bond order is defined as half of the difference between the number of
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electrons present in bonding and antibonding molecular orbitals. The bond order may OF:
whole number, a fraction or even zero. It may also be positive or negative.

Bond order (B.O.) = %[Nb — Na]

v. 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. The unit of bond enthalpy is kJ
mol-1. For example, the H — H bond enthalpy in hydrogen molecule is 435.8 kJ mol™

Molecular Orbital Theory (MOT)

Molecular orbital (MO) theory was developed by F. Hund and R.S. Mulliken in 1932. According
to MOT, a molecule is considered to be quite different from the constituent atoms. All the
electrons belonging to the atoms constituting a molecule are considered to be moving along
the entire molecule under the influence of all the nuclei. Thus, a molecule is supposed to have
orbitals of varying energy levels, in same way as an atom. These orbitals are called molecular
orbitals.

Energy Level Diagram for Molecular Orbitals:

Antibonding orbital
higher energy than
that of atomic orbitals
|

|
Molecular |
|

. N Atomie Brbitals Atomic
o ! e AT A AN 1
2| orbital orbital
b
@ o
= W,
O =W, taWi \
Bonding orbital

lower energy than
that of atomic orbitals

Resonance

When light of a suitable frequency is allowed to incident on a metal, ejection of electrons take
place. This phenomenon is known as photo electric effect.

When a compound has same molecular formula but different structural formulas and
structures differ with respect to electrons only. These structures are known as resonating
structures or canonical structures. None of these structures can explain all the properties of
that compound. This phenomenon is known as resonance.
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Resonance hybrid

Hydrogen Bonding

When highly electronegative elements like nitrogen, oxygen, flourine are attached to hydrogen
to form covalent bond, the electrons of the covalent bond are shifted towards the more
electronegative atom. Thus, partial positive charge develops on hydrogen atom which forms a
bond with the other electronegative atom. This bond is known as hydrogen bond and it is
weaker than the covalent bond.

Types of Hydrogen Bonding:

i. There are two types of hydrogen bonding: It is a type of hydrogen bonding between two
similar or dissimilar molecules. Example : H — F, HF and water, NH3, NHs and water, alcohol,
alcohol and water etc.

H* — X > - S

i. Intramolecular hydrogen bonding: It is a type of hydrogen bonding within the molecule.
Example : Salicylaldehyde, O-nitrophenol etc.

0
1|\|1
e
(A
I
0

Applications of Hydrogen Bonding

i. State: Hydrogen bonding may affect the state of a compound. For example, H,O is liquid at
room temperature whereas H,S is gas. It is due to presence of intermolecular hydrogen
bonding between H,0 molecules, which is not present in H,S molecules.

i. Solubility: Only those covalent molecules are soluble in water which have tendency to form
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intermolecular hydrogen bonding with water molecules. P
i. Boiling point: Intermolecular hydrogen bonding increases the boiling point of compound.

For example, NHs has higher boiling point than PHs. This is because, there is intermolecular
hydrogen bonding in NHs but not in PHs.

iv. Density of ice is lower than water: In ice, hydrogen bonding gives rise to a cage like
structure of H-O—H molecules, in which each H-O—H molecule is linked tetrahedrally to four
other H-O—H molecule. In this structure, some vacant spaces are formed, which decrease
the density of ice.

Metallic Bonding

The force that binds a metal atom to a number of electrons within its sphere of influence is
known as metallic bond.

This model could easily explain the following properties of metals:

i. High electrical conductivity
i. High thermal conductivity
i. Bright metallic lustre

iv. Malleability

v. Ductility

vi. Tensile strength

vii. Elasticity

Bond Characteristics
Bond Length

When atoms come closer to each other, attraction takes place between them and ,therefore, the
potential energy of the system keeps on decreasing till at a particular distance, the potential energy
is minimum.

If the atoms are further brought closer ,the repulsion start and therefore, the potential energy of the
system begins to increase.

At equilibrium distance the atoms keep on vibrating about their mean position.

The equilibrium distance between the centres of the nuclei of the two bonded atoms is called its
Bond length

It is expressed in terms of angstrom or picometer.
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It is determined experimentally by x-ray diffraction or electron diffraction method or spectr ic
method.

&

In an ionic compound ,the bond length is the sum of their ionic radii and in covalent compound, it is
the sum of their covalent radii.

For a covalent molecule AB, the bond length is given by d=ra + rb
Factors affecting Bond length

1) Size of the atoms

The bond length increases with increase in size of the atom.

HI > HBr > HCIl > HF

2) Multiplicity of Bond

The bond length decreases with the multiplicity of the bond.
C-C > C=C > CEC

3) Type of hybridisation
An s orbital is smaller in size, greater the s character ,shorter is the hybrid orbitals and hence shorter

is the bond length.

spi™H Cep—H

increasing bond length
Bond enthalpy

When atoms come close together resulting in the formation of bond between them ,energy is
released.

The amount of energy required to break one mole of bonds of a particular type so as to separate
them into gaseous atoms is called bond dissociation enthalpy or Bond enthalpy.

Bond enthalpy is usually expressed in KJ mol-1

Greater is the bond dissociation enthalpy ,stronger is bond.
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For diatomic molecules like Hz, Cl, Oz, N2, HCI, HBr, HI the bond enthalpies are equal to thejus%,
dissociation enthalpy and hence have fixed. In case of polyatomic molecules, since a particular type
of bond present in different molecules or even in the same molecule do not possess the same bond
enthalpy, therefore , bond enthalpy are usually the average values.

o

In H,0, first O-H bond enthalpy=502 Kj/mol

Second bond enthalpy= 427 KJ/mol

Average bond enthalpy = (502 + 427 ) / 2 = 464.5 KJ/mol
Factors affecting bond enthalpy

1) Size of the atom

Greater the size of the atom ,greater is the bond length and less is the bond dissociation enthalpy i.e.
less is the bond strength.

2) Multiplicity of bonds
Greater is the multiplicity of the bond, greater is the bond dissociation enthalpy.
3) Number of lone pair of electrons present

Greater the number of lone pair of electrons present on the bonded atom ,greater is the repulsion
between the atoms and hence less is the bond dissociation enthalpy.

4) Bond angle

A bond is formed by the overlap of atomic orbitals. The direction of overlap gives the direction of the
bond.

The angle between the lines representing the direction of the bond i.e. the orbitals containing the
bonding electrons is called the bond angle.

5) Bond order
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In lewis representation of a molecular or ion ,the number of bonds present between two a
called the bond order

For odd electron molecule, as the 3 electron bond is considered as equivalent to half covalent bond,
the bond order can be fractional also.

Greater the bond order ,greater is the stability of the bond i.e. greater is the bond enthalpy.

Greater the bond order, shorter is the bond length.

Polar and Non-Polar Covalent Bond
Non-polar covalent bonds

If two similar atoms come close to each other and form a bond by sharing their electrons, the shared
electrons are equally attracted by the two atoms as the electronegativity of the atoms is same.

Hence no poles are developed. This leads to the formation of completely non-polar bonds.

If two hydrogen atoms form a bond, the electron pair will lie exactly in the middle between the two
atoms.

The electron cloud is completely symmetrical and there is no charge separation at all.

For Ex: Cl2, Oz, N2, F;
OO0 Q0
o [¢] ()
(] Q (9
0 Q0

Polar covalent bonds

When two dissimilar atoms ,having different electro negativities combined together to form a
covalent bond, the shared pair of electrons does not lie at equal distance from the nuclei of both the
bonded atom but shift towards the atom having greater electronegativity.

The more electronegative atom attracts the electrons more strongly, the distribution of electrons get
distorted i.e. the electron cloud is displaced more towards the more electronegative atom.
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One end of the molecule, having more electronegative atom becomes slightly negatively c
while the other end acquire slightly positive charge.

Positive and negative poles are developed and this type of bond is called polar covalent bond.

For Ex: HCl molecule

+—
H ClI

" o+ O—
S H—C

Chlorine is more electronegative than hydrogen. So the force of attraction, on the shared pair
,exerted by chlorine is more than that by the hydrogen. Chlorine becomes slightly negatively charged
and hydrogen become slightly positively charged.

In symmetrical molecules like CO2, CCls, although there are a number of polar bonds present, yet a
molecule on the whole or non-polar. This is because the polar bonds cancel the effect of each other.

Nonpolar

Partial ionic character of covalent bonds
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If two atoms linked together have different electro negativities ,the bond formed is polar. ;%,

The bond is said to possess partial ionic character.

The extent of partial ionic character is determined by the difference in electronegativity of the
combining atoms. More is the difference in electronegativity, greater will be the ionic character.

1) If electronegativity difference between two atoms is 1.9, the bond is said to have 50% ionic
character and 50% covalent character.

2)If the electronegativity difference between the two atoms is more than 1.9 ,the partial ionic
character of the bond is more than 50% and the bond is taken as ionic.

3) If the electronegativity difference between two atoms is less than 1.9 ,the bond is predominantly
covalent.

Dipole Moments

In a polar molecule, there are two poles present in the molecule. Hence, the molecule is said to
possess an electric dipole. Since the molecule as a whole is electrically neutral ,the negative charges
is always equal in magnitude to the positive charge.

The product of magnitude of negative or positive charge(q) and the distance between the centres of
the positive and negative charges is called dipole moment.

It is usually donated by p. .

It can be expressedaspu=qxd

The charge q is of the order of 10*° esu and the internuclear distance d is of the order of 10-8 cm.
Therefore ,the dipole moment is of order 10 '8 esu cm.

In S.I. units, 1 D =3.335x10 3°Cm

Dipole moment and molecular structure

Diatomic molecules

Dipole moment is a vector quantity i.e. it has magnitude as well as direction.

As a polar diatomic molecule possesses only one polar bond, the dipole moment of that molecule is
equal to the dipole moment of the polar Bond.
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In HCI, the molecular dipole moment is equal to the dipole moment of H-Cl bond i.e 1.07 D%,

Greater the electronegativity difference between the bonded atom, greater if the dipole moment.
Dipole moment of hydrogen halides are in the order :

H-F > H-Cl > H-Br > H-I
Polyatomic molecules

As a polyatomic molecule has more than one polar bond ,the dipole moment is equal to the resultant
dipole moment of all the individual bonds.

The magnitude of resultant dipole moment not only depends upon the values of the individual dipole
moment of the bonds but also on their arrangement in space.

Dipole moment of water is 1.84 D which is equal to the resultant dipole moment of two O-H bonds.

x A
O

L=18D
H/ \H L

5 o —+

In case of ammonia ,the dipole moment of molecule i.e. 1.47 D is the resultant of the dipole moment
of the individual dipole moments of N-H bonds.

In carbon dioxide molecule, there are two polar bonds. These polar bonds possesses the same value
of dipole moment but the overall dipole moment of molecule is found to be zero. Individual dipole
moment in this molecule are of equal magnitude but their directions are opposite to each and hence
cancel out.

O C O

- -
w + W

0

In symmetrical molecules like Boron trifluoride ( BFs) Methane ( CH4) and carbon tetrachloride
(CCla), the molecular dipole moment is found to be zero. Individual dipole moments cancel out on
account of the symmetry of the molecule. In BF3 ,the resultant of two bond moments being equal
and opposite to that of the third cancel out.
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Cl N\ 'Cl
Cl

carbon tetrachloride
u=0D

CHCIs is also tetrahedral but has a dipole moment of 1.04.

Dipole moment of NHz and NF3

.l. . .1.
N.. N. E‘

o N7\

u=146D nw=024D

Both NH3z and NFs molecules have pyramidal shape with one lone pair of electrons on N atom. As
fluorine is highly electronegative, it appears that N-F bond should be more polar and the net dipole
moment of NFz should be much greater than that of NHs.
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The dipole formed between the lone pair and nitrogen atom has to be taken into considerafif,
which is in the direction of the lone pair.

&
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F is more electronegative than nitrogen ,therefore direction of bond is from nitrogen to fluorine
whereas nitrogen is more electronegative than hydrogen, the direction of bond is from hydrogen to
nitrogen.

Resultant moment of N-H bond adds up to the bone moment of the lone pair, that of 3 N-F bonds
partly cancel the resultant of the lone pair. Hence the net dipole moment of NFs is less than that of
NHs.

Application of dipole moment
1) In determining the polarity of bonds :

Greater is the magnitude of dipole moment, higher will be the polarity of the bond.This is applicable
to molecules containing only one polar bond.In case of non-polar molecules like H, , Oz, N2 etc.
the dipole moment is found to be zero .This is because there is no charge separation in these
molecules.

2) In determining the symmetry of the molecules

If any molecule possesses two or more polar bonds ,it will not be symmetrical if it possesses some
molecular dipole moment.

Wateru=1.84D
HSu=0.95D
NHs u=1.47D

If a molecule contains a number of similar atoms linked to the central atom and the overall dipole
moment of the molecule is found to be zero ,this will imply that the molecule is symmetrical.

For Ex: BF3, CHa4, CCls4

3) To distinguish between cis and trans isomers

Cis isomer usually has higher dipole moment than trans isomer.
4) To distinguish between Ortho, meta and para isomers

The dipole moment of para isomer is zero and that of ortho is greater than that of meta.
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Fajan’s Rules

When a cation approaches an anion, the electron cloud of the anion is attracted towards a cation
and hence gets distorted. The effect is called polarisation of the anion.

The power of cation to polarise anion is called its polarising power and tendency of the anion to get
polarised is called polarisability. The greater is the polarisation produced, more is the neutralisation
of the charges and hence the ionic character decreases or the covalent character increases.

The polarising power of the cation and the polarisability of the anion and hence the formation of
covalent bond depends on:

1) Small size of the cation

Smaller the cation, greater is its polarising power.

2) Large size of the anion

larger the anion, greater is its polarisability. Covalent character of lithium halides is in the order:

Lil > LiBr > LiCl > LiF

3) Large charge on the cation or anion

Larger the charge on the cation, greater is its polarising power. Hence covalent character increases .
The covalent character of the chlorides is in the order:

NaCl < MgCl, < AICl3

Greater the charge on the anion, more easily it gets polarised .

4) Electronic configuration of the cations
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If two cations have the same size and charge, then the one with 18 electrons in the outermg3t<nell
has greater polarising power than the other with 8 electrons in the outermost shell.

Characteristics of covalent compounds
1) Physical States: The covalent compounds exist in all the three states i.e. solid ,liquid and gases.

2) Crystal structure :The crystal structure of covalent compounds differ from that of ionic
compounds. They usually consists of molecules rather than ions.

3) Melting and boiling point: Covalent compounds have low melting and boiling point because the
molecules in covalent compounds are held together less rigidly.

4) Solubility: They are generally soluble in organic solvents but insoluble in water and other polar
solvents.

5) Electrical conductivity :Since there are no free ions in covalent compounds to conduct electricity,
they are bad conductors of electricity.

6) Non-ionic reactions :These compounds are molecular in nature and not ionic, their reactions are
molecular and proceed at a much slower rate than those of ionic compounds.

7) Directional characteristics and isomerism: As the atoms in covalent compounds are held together
by the shared electrons ,it is rigid and directional. Hence, atoms in a molecule can take up different
directional arrangement and thus show structural and stereoisomerism.

Shapes Of Molecules
Shape of beryllium fluoride( BeFz) molecule
Atomic number of Be =4
Electronic configuration in ground state is 1s% 2s?
Electronic configuration in excited state is 1s% 2s* 2p,!

one 2s orbital and one 2p orbital undergo sp hybridisation to form two half filled sp hybrid orbitals
which are oriented at an angle of 180°.

They overlap with the half filled orbitals of the two fluorine atoms to give a linear shape.
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Shape of Boron trifluoride (BF3) molecule
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Atomic number of Boron=5
Electronic configuration in ground state 1s? 2s? 2py *
Electronic configuration in excited state = 1s® 2s! 2p,!

One 2s and two 2p orbitals undergo sp? hybridisation to form 3 half filled hybrid orbitals which are
planar and oriented at an angle of 120° to each other. These overlap with half filled orbitals of 3
fluorine atoms to form BF® which has triangular planar shapes.

Shape of Methane ( CHs )molecule

Atomic number of carbon =6

Electronic configuration in the ground state is 1s? 2s% 2px ! 2p,!
Electronic configuration in the excited state is 1s® 2s! 2py! 2p,! 2p.t

One 2s and three 2p orbitals undergo sp® hybridisation to form four sp® hybrid orbitals which are
arranged tetrahedrally at an angle of 109°28°to each other.

Website - www.fukeyeducation.com, Email :- fukeyeducation@gmail.com (25)



04

CHEMICAL BONDING AND MOLECULAR STRUCTURE

&

B

The 4 sp? hybrid orbitals overlap with the half filled 1s orbital of 4 hydrogen atoms ,forming &f:

A

Shape of Ethane molecule(C:Hs)

In the formation of ethane molecule, each carbon atom undergoes sp® hybridisation ,thus forming
four sp® hybrid orbitals directed towards the corners of a tetrahedron and inclined to each other at
an angle of 109°28.

One sp® hybrid orbital of the first carbon atom undergoes overlapping with one sp? hybrid orbitals of
second carbon atom along the internuclear axis ,thus forming a sigma bond between them.

The remaining 3 sp> hybrid orbitals of each carbon atom undergo overlapping with the half filled 1s
orbital of hydrogen atom, each along internuclear axis and hence forming sigma bond.
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H //1 53.51 pm\
H

Shape of ethylene molecule (C2H4)
The electronic configuration of carbon atom in the excited state is 1s2 2s* 2p,! 2p,* 2p;*
Each carbon atom undergoes sp? hybridisation, thus leaving one 2p, orbital is the unhybridized state.

The 3 sp? hybrid orbitals of each carbon atom are planar and are inclined to each other at an angle of
120°.

One sp? hybrid orbital of the the first carbon atom overlaps with one sp? hybrid orbital of the second
carbon atom along the internuclear axis thereby forming one sigma bond between them.

The other two sp? hybrid orbitals of each carbon atom overlap with the half filled 1s orbital of
hydrogen atom along their respective internuclear axis forming sigma bond.

The unhybridized 2p; orbital of the first carbon atom undergoes sideways overlapping with the
unhybridized 2p; orbitals of the second carbon atom, thereby forming a m bond between the two
carbon atoms. The two carbon atoms are linked to each other by 1 sigma bond and 1 t bond and
each carbon atom is further linked to two hydrogen atoms by sigma bond. The molecule is planar.
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Shape of acetylene molecule

In the formation of acetylene molecule, each carbon atom undergoes sp hybridization leaving two 2p
orbitals in the original unhybridised state. The two sp hybrid orbitals of each carbon atom are linear
i.e. they are 180° degree apart.

One sp hybrid of the first carbon atom overlaps with one sp hybrid orbital of the second carbon atom
along the internuclear axis thus forming sigma bond between them. The second sp hybrid orbital of
each carbon atom overlaps with half filled 1s orbital of hydrogen atom again along the internuclear
axis and thus forming Sigma bonds.

The unhybridised 2py orbital of the first carbon atom undergoes sideways overlapping with the 2p,
orbital of the second carbon atom, thereby forming a m bond between the two carbon atoms.

All the carbon and hydrogen atoms are linear and there is electron cloud above and below, in the
front and at the back of the C-C axis.
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Summary

1. Chemical Bond: The force of attraction which holds various chemical entities in different
species.

2. Electrovalent Bond : The attractive force between the oppositely charged ions which comes
into existence by the transference of electrons.

3. Electrovalency: The number of electrons which an atom loses or gains while forming ionic
or electrovalent bond.

4. Covalent Bond: The bond comes into existence by the mutual sharing of electrons by the
atoms participating in bonding.

5. Valence Bond Approach of Covalent Bond: The bond is formed by the overlapping of
halffilled atomic orbitals having electrons with opposite spins.

6. Covalency: The number of half-filled atomic orbitals which an atom provides for
participation in overlapping at the time of bonding.

7. Dative Bond or Co-ordinate Bond: The bond is formed by sharing of electrons in which the
shared pair of electrons is contributed by one of the atom called donor while the other
atom is called acceptor.

8. Hybridisation: The process of mixing or merging of orbitals (of slightly different energies) of
an atom to form another set of orbitals with equivalent shape and energy.

9. Geometry of the Molecule: The definite relative arrangement of the bonded atoms in a
molecule.

10. Regular and Irregular Geometry: The molecule is said to possess regular geometry if the
repulsive interactions among the electron pair around the central atom are of equal
magnitude. If the repulsive interactions among the electron pairs are unequal, the
geometry is referred to as irregular.
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Electronegativity: The power of an atom to attract bonding pair of electrons towards itsgifs .,

o

Dipole Moment (u): A vector quantity defined by the product of charge developed on any
of the atom and distance between the atoms; creating a dipole.

Polar and Non-Polar Molecules: The molecules with dipole moment (1) > 0 are called polar
molecules while those with p = 0 are non-polar molecules.

Dipole-Dipole Interactions: The attractive interactions among the opposite ends of polar
molecules in liquid and solid state.

Hydrogen Bond: The electrostatic force of attraction between covalently bonded H-atom of
one molecule and the electronegative atom (F or N or O) of the other molecule.

Resonance: When a molecule is represented by more than one electronic arrangement
none of which is able to explain the observed characteristics of the molecule, then the
actual structure is intermediate of various electronic arrangements and is known as
resonance hybrid. The various electronic arrangements are called resonating structures or
canonical structure.

Molecular Orbital Theory (MOT): According to this theory, in molecules the electrons are
present in new orbitals called molecular orbitals. Molecular orbitals are not associated with
a particular atom but belong to nuclei of all the atoms constituting the molecule.

LCAO Method: This is an approximate method, according to which the molecular orbitals
are obtained by linear combination of atomic orbitals.
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: Types:

: (i). Covalent Bond: A chemical bond formed between two atoms by

mutual sharing of electrons between them to complete their octet. :

: (iii). lonic Bond: A chemical bond formed by complete transference of ‘\
: electrons from one atom to another acquire the stable nearest noble : \

- gas configuration.

Energy required to completely separate one
mole of a solid ionic compound into gaseous
constituent ions.

Chemical Bond:
Attractive forces
which hold the
various chemical

0
3

constituents
Postulates: together in
* Shape of molecule depends upon the number of & different chemical
valence : species. /

shell electron pairs around central atom. |-

+ Pairs of electrons in the valence shell repel one
another.

* These pairs of electrons tend to occupy such

positions in

space that minimize repulsion.

« The valence shell is taken as a sphere with :
electron pairs localising on spherical surface at wilEl®
maximum distance frden one another.

*A multiple bond is treated as if it is a single
electron pair

and the two or three electron pairs of a multiple
bond are treated as a single super pair.

* When one or more resonance structures can

Lattice
Enthalpy

; ) : Chemical
represent a molecule, VSEPR model is applicable: : 5
» Decreasing order of repulsive interaction: : Bonding and
Ip-Ip > Ip - bp > bp -bp Molecular
Valence Bond Theory: Given by L Pauling. It Structure

explains that a covalent bond is formed between
two atoms by overlap

of their half-filled valance orbitals, each of which
contains

one unpaired electron.

Orbital Overlap Concept: Formation of a covalent
bond results by pairing of electrons in valence shell
with opposite spins.

Types of Overlapping: (i) Sigma0 bond - end to
end.

(ii) Pi (TT) bond - axis remain parallel to each other.
Hybridisation: Process of intermixing of orbitals of
different energies resulting in formation of new set
of orbitals of equivalent energies and shape,

Types of Hybridisation: () SP (ii) sp (iii) sp®
Bonding Molecular Orbitals: Addition of atomic
orbitals. Antibonding Molecular Orbitals:
Substraction of atomic orbitals.

Valence Shell
Electron Pair
Repulsion
(VSEPR)

(1) Bond Length: Equilibrium distance
between the nuclei of two bonded atoms
in molecule.

(ii) Bond Angle: Angle between the
orbitals containing bonding electron pairs
around central atom in a molecule
complex ion.

(iii) Bond Enthalpy: Amount of energy
required to break one mole of bonds of
particular type between 2 atoms.

(iv) Bond Order: Number of bonds
between the two atoms of a molecule

(v) Resonance Structures: Are a set of
two or more Lewis structures that
collectively describe the electronic bonding
a single polyatomic species.

(vi) Dipole Moment: Product of the
magnitude of the charge and distance
between centres of positive and negative

° B
B, 5 L3V BeCl HgCl, ;

120°
B

AB; Fy

Trigonal planar

\‘.";.B CH,NH

AB,

Molecular
orbital theory

Postulates:

- Electrons in a molecule are present in various molecular
orbitals as electrons are present in atomic orbitals.

+ Atomic orbitals of comparable energies and proper symmetry
combine.

+Atomic orbitals is monocentric while a molecular orbital is
polycentric.

* Number of molecular orbital formed is equal to number of
combining molecular orbitals.

- Bonding molecular orbitals has low energy and high stability
Tvnes of MO: 6(Sigma), & (Pi), 8 (Delta)

Kossel Lewis approach to chemical bonding:

Lewis pictured the atom as a positively charged 'kernel' and the
outer shell accommodates a maximum of eight electrons.

- Lewis postulated that atoms achieve the stable octet when
linked by chemical bonds.

* Kossel gave following facts:

In the periodic table, highly electronegative halogens and highly
electropositive alkali separated by noble gases.

Formation of a negative ion from a halogen atom and a positive
ion from an alkali metal atom is associated with gain and loss of
electron by respective atoms.

+  Negative and positive ions formed attain noble gas electronic

i configurations.

= Negative and positive ions are stabilized by electrostatic

:  attraction.

:  Octet Rule: Atoms can combine either by transfer of valence
electrons from one atom to another or by sharing of valence
electrons to complete octet in their valence shells.

Lewis Dot Structure provides a picture of bonding in molecules
and ions in terms of the shared pairs of electrons and the octet
rule.

How To Write A Lewis Dot Structure:

1 Step 1: Add the valence electrons of the combining atoms to
obtain total number of electrons.

Step 2: For anions, each negative charge means addition of one
electron. For cations, each positive charge means subtraction of
one electron from total number of valence electrons.

Step 3: Write chemical symbols of combining atoms.

Step 4: Least electronegative atom occupies central position.
Step 5: After accounting for shared pairs of electrons remaining
are either utilized for multiple bonding or remain as lone pairs.
Formal Charge = (Total number of valence electrons in free
atom) -

(Total number of non-bonding electrons) - 1/2(Total number of
bonding electrons)

Limitations Of Octet Rule:

* Shows three types of exceptions (ie) incomplete octet of central
atom, odd-electron molecules and expanded octet.

+ Does not account for the shape of molecules.

*Fails to explain stability of molecules.

Hydrogen Bond: Formed when the negative end of one
molecule attracts the positive end of other.

Types:

(i) Intermolecular: Between two different molecules of same or
different compounds.

(ii) Intramolecular: H atom is between two highly electronegative
atoms,

B
E ABE | N, | s B_| 8
ABE | 50,0, A e g—al s, ABE DAL BiF
A B// B I\B B l\B

S |
Bent Trigonal pyramidal See saw (Trigonal- Square pyramid

(Tetrahedral) bi-pyramidal) (Octahedral)

B X Shape
E
SF, ABE, P 1 \H:D |
E: B
7

B
T-shape(Trigonal-
bi-pyramidal)

E B_| B

ABE B—A/ CIF; ABE, \,\/ XeF,
NE = |\B

Square planar

Bent (Tetrahedral) (Octahedral)
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Question 1. Based on VSEPR theory, the number of 90° F-Br-F angles in BrFs is
(a)0

(b) 2

(c)4

(d) 8

Question 2. The hybrid state of Sulphur in SO, molecule is:

(a) sp?

(b) sp®

(c) sp

(d) spd

Question 3. In allene (C3Ha), the type(s) of hybridization of the carbon atoms is (are)
(a) sp and sp*?

(b) sp and sp?

(c) Only sp?

(d) sp? and sp?®

Question 4. The state of hybridization of the central atom and the number of lone pairs over
the central atom in POCI3 are

(@) sp, 0
(b) sp? 0
(c) sp* 0
(d) dsp?, 1

Question 5. The charge/size ratio of a cation determines its polarizing power. Which one of
the following sequences represents the increasing order of the polarizing order of the
polarizing power of the cationic species, K*, Ca?*, Mg?*, Be?*?

(a) Ca** < Mg?* < Be* < K*

(b) Mg* < Be?* < K* < Ca®*
(c) Be** < K+ < Ca** < Mg
(d) K+ < Ca?* < Mg?* < Be?*

Question 6. Which one of the following does not have sp? hybridized carbon?
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b) Acetic acid
) Acetonitrile

C
d) Acetamide

(
(
(
(

Question 7. Which one of the following is paramagnetic?
(a) NO+

(b) CO

(c) O~

(d) CN

Question 8. Which of the following structures will have a bond angle of 120° around the
central atom?

(a) Linear

(b) Tetrahedral
(c) Triangular

(d) Square planar

Question 9. An atom of an element A has three electrons in its outermost orbit and that of B
has six electrons in its outermost orbit. The formula of the compound between these two will
be

(a) A3 Bs

(b) A2 B3

(c) As B>

(d)A2B

Question 10. In which of the following, the angle around the central atom is largest?
(a) CS2

(b) SF4

(c) SO;

(d) BBR3

Question 11. Based on lattice enthalpy and other considerations which one the following alkali
metals chlorides is expected to have the higher melting point?

(a) RbCl
(b) KCI
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(c) Nacl P
(d) Licl

Question 12. In which of the following substances, the intermolecular forces are hydrogen
bonds?

(a) Hydrogen Chloride

(b) Hydrogen Sulphide

(c) Dry Ice

(d) Ice

Question 13. Which one of the following pairs of species have the same bond order?
(a) CN"and NO*

(b) CN~and CN*

(c) 027 and CN-

(d) NO" and CN*

Question 14. Dipole-induced dipole interactions are present in which of the following pairs?
(a) H20 and alcohol

(b) Cl2 and CCl4

(c) HCl and He atoms

(d) SiFs and He atoms

Question 15. In allene (C3Ha), the type(s) of hybridisation of the carbon atoms is (are)
(a) Sp and sp3

(b) Sp and sp?

(c) Only sp?

(d) sp? and sp?

Very Short:

1. What change in energy takes place when a molecule is formed from its atoms?

2. Arrange the following in order of increasing bond strengths.

3. Name the shapes of the following molecules: CHa, C2H,, CO..

4. Arrange the following in order of increasing strengths of hydrogen bonding O, F, S, Cl, N

5. ldentify the compound/compounds in the following in which S does not obey the Octet
rule: SOz, SFz, SF4, SFe.
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6. Name one compound each involving sp3, sp?, sp hybridization. Tutne ey

7. s-s, s-p, p-p form a bond, and only p-p form it bond.

Short Questions:

1.  Which out of CHsF and CHsCl has a higher dipole moment and why?
2. Define the term chemical bond. What are its different types?

3.  Why covalent bonds are called directional bonds whereas ionic bonds are called non-
directional?

4. AlFszis a high melting solid whereas SiF4 is a gas. Explain why?

Using the VSEPR theory identifies the type of hybridization and draw the structure of
OF, What are oxidation states of O and F?

6. Account for the following: The experimentally determined N-F bond length in NFs is
greater than the sum of the single covalent radii of N and F.

Long Questions:

1. State with reasons, which is more polar CO; or N,O?
2. Out of peroxide ion (O2) and superoxide ion (O2) which has larger bond length and why?

3. Explain the formation of the following molecules according to the orbital concept, F2, HF,
0, H20, N2, NH3 molecules.

4. What is a hydrogen bond, what are its causes, and give the conditions for hydrogen
bonding? What is the strength of hydrogen bonding? Describe the two types of hydrogen
bonding.

Assertion Reason Questions:

1. In the following questions, a statement of Assertion (A) followed by a statement of
Reason (R) is given. Choose the correct option out of the choices given below each
question.

Assertion (A) : Sodium chloride formed by the action of chlorine gas on
sodium metal is a stable compound.

Reason (R) : This is because sodium and chloride ions acquire octet in
sodium chloride formation.

(i) Aand R both are correct, and R is the correct explanation of A.

(ii) A and R both are correct, but R is not the correct explanation of A.
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(iv) A and R both are false.

2. In the following questions, a statement of Assertion (A) followed by a statement of
Reason (R) is given. Choose the correct option out of the choices given below each
guestion.

Assertion (A) : Though the central atom of both NH3 and H,O molecules are
sp3 hybridised, yet H-N—H bond angle is greater than that of

H-O-H.

Reason (R) : This is because nitrogen atom has one lone pair and oxygen
atom has two lone pairs.

(i) A and R both are correct, and R is the correct explanation of A.

(ii) A and R both are correct, but R is not the correct explanation of A.

(iii) A'is true but R is false.

(iv) A and R both are false.

Case Study Based Question:

1. Read the passage given below and answer the following questions:

Chemical bonding, involve interactions that account for the association of atoms into
molecules, ions, crystals, and other stable species that make up the familiar substances of
the everyday world. When atoms approach one another, their nuclei and electrons interact
and tend to distribute themselves in space in such a way that the total energy is lower than
it would be in any alternative arrangement. If the total energy of a group of atoms is lower
than the sum of the energies of the component atoms, then bond together and the energy
lowering is the bonding energy.

The ideas that helped to establish the nature of chemical bonding came to fruition during
the early 20th century, after the electron had been discovered and quantum mechanics
had provided a language for the description of the behaviour of electrons in atoms.
However, even though chemists need quantum mechanics to attain a detailed quantitative
understanding of bond formation, much of their pragmatic understanding of bonds is
expressed in simple intuitive models. These models treat bonds as primarily of two kinds-
namely, ionic and covalent.

The type of bond that is most likely to occur between two atoms can be predicted on the
basis of the location of the elements in the periodic table, and to some extent the
properties of the substances so formed can be related to the type of bonding.

A key concept in a discussion of chemical bonding is that of the molecule. Molecules are
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the smallest unit of compounds that can exist. One feature of molecules that can; &%,
predicted with reasonable success is their shape. Molecular shapes are of considerable
importance for understanding the reactions that compounds can undergo, and so the link
between chemical bonding and chemical reactivity is discussed briefly in this article.
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(1) According to molecular orbital theory, which of the following will not be available
molecule?

(a) Hest
(b)HeS
(c) Hy
(d))H3~

(2) Which of the following compounds of chlorine contains both ionic as well as covalent
bonds?

(a) NaCl
(b) NaClO4
(c) PCls

(d) POCl3

(3) In PO3~, the formal charge on each oxygen atom and P — O bond order respectively
are:

(a) - 0.75, 1.25
(b) - 0.75, 1.0
(c)-0.75,0.6
(d)-3,1.25

(4) On the basis of valence bond theory, the formation of H2 molecules from two H-atoms
involves.

(a) The overlap of vacant is orbitals of two H-atom
(b) The lowering of potential energy of the system as the two H-atom come near to
each other
(c) The maximum energy of the system at the equilibrium internuclear distance
(d) Stabilisation of the molecule; when the nuclei are brought still closer to each other
from the equilibrium inter-nuclear distance.

2. Read the passage given below and answer the following questions:

In order to explain the shapes of molecules adequately, Sidgwick and Powell in 1940
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proposed a theory based on the repulsive interaction of the electron pairs in the valepfE?,
shell of the atoms.
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Nyholm and Gillespie (1950) further developed and redefined the concept. The mai
postulates of this theory are as follows:

The number of valence shell electron pairs (bonded or non-bonded) present around the
central atom decides the shape of the molecules. The shared electron pairs are called bond
pairs and unshared or non-bonding electrons are called lone pairs. Electron pairs of valence
shell repel one another because their electron clouds are negatively charged.

These electron pairs arrange themselves in such a way so that there is minimum repulsion
and maximum distance in between them. The valence shell is considered as a sphere in
which the electron pairs are localised on the spherical surface at maximum distance from
one another.

A lone pair occupies more space than a bonding pair, since it lies closer to the central
atom. This means that the repulsion between the different electron pairs follow the order:

Lone pair-lone pair > lone pair-bond pair > bond pair-bond pair
(ip-1p) > (Ip - bp) > (bp - bp)

(1) Which of the following molecule has net dipole moment zero?
(a) HF
(b) H20
(c) BF3
(d) CHCl3

(2) Which one of the following species contains three bond pairs and one lone pair around
the central atom?

(a) H.0
(b) BF3
(c) NH;
(d) PCls
(3) Why do the deviations occur from idealised shape of H,O and NH3 molecules?
(a) Same hybridisation
(b) Different hybridisation
(c) Repulsive effect

(d) None of the above
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(4) The species, having bond angles of 120° is:
(a) PH3
(b) CIFs
(c) NCls
(d) BCls

Answer Key:

MCQ

8.

9.

. (a)o

. (a) Sp?

. (b) Sp and sp?

(c)sp 0

. (d) K*< Ca?* < Mg?* < Be?*

(c) Acetonitrile
(c) O
(c) Triangular

(b) A2 B3

10.(b) SFa4

11.(c) NaCl

12.(d) Ice

13.(d) NO* and CN*

14.(c) HCl and He atoms

15.(b) sp and sp?

Very Short Answer:

1. Thereis afall in energy.

Website - www.fukeyeducation.com, Email :- fukeyeducation@gmail.com

Yukey

-&E

Future's Koy

(39)



CHEMICAL BONDING AND MOLECULAR STRUCTURE Yu

(3
2.F2<Clz<02< Ny

Future's Koy

3. CHa: Tetrahedral; CoH2: Cylindrical; CO2: linear

4.Cl<S<N<O«F.
5. SF4, SFe.
6. sp>: CHa: sp?: CoHa: sp: CoH2

7.s-s, s-p, p-p form a bond, and only p-p form 1t bond.

Short Answer:

Ans: 1. The dipole moment of CHsCl is greater than that of CHsF. The C-F bond length in CHsF
is smaller than the C-Cl bond length in CH3Cl. The charge separation in the C-F bond is more
than in the CI-C bond- fluoride being more electronegative than chlorine. The bond length has
a greater effect than the charge separation. Hence the dipole moment of CH3C1 is greater
than that of CHsF.

Ans: 2. The attractive forces which hold the constituent atoms in molecules or species in
lattices etc. are called a chemical bond.
They are of the following types:

Electrovalent or ionic bond
Covalent bond

Coordinate or dative bond
metallic bond

hydrogen bond

van der Waals forces.

_ __ Eal o

Ans: 3. A covalent bond is formed by the overlap of half-filled atomic orbitals which have
definite directions. Hence covalent bond is directional. In ionic compounds, each ion is
surrounded by a number of oppositely charged ions and hence there is no definite direction.

Ans: 4. AlFs is an ionic solid due to the large difference in electronegativities of Al and F
whereas SiFs4 is a covalent compound and hence there are only weak van der Waal’s forces
among its molecules.

Ans: 5. The electron dot structure of OF; is
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Thus, the central atom (O-atom) has 4 pairs of electrons (2 bond pairs and 2 lone pairs). Hence
oxygen in OF; is sp® hybridized and the molecule is V-shaped oxidation state of F=—1,
oxidation state of O = + 2.

Ans: 6. This is because both N and F are small and hence have high-electron density. So they
repel the bond pairs thereby making the N-F bond length larger.

Long Answer:

Ans: 1. N,O is more polar than CO; which is a linear molecule and thus symmetrical. Its net
dipole moment is zero.

<+ +>
0=C=0

N,O is linear but unsymmetrical. It is a resonance hybrid of the following canonical
structures:

N=N=0: «=> N=N-O:
It has a net dipole moment of 0.116 D.

Ans: 2. The bond order of O, is 1.5 while that of 0% is 1.0.

The lesser the bond order, the greater is the bond length as the bond order is inversely
proportional to bond length. (Hence 02* has a larger bond length than 0,*

Ans: 3. 1. Formation of F2 molecule. Atomic number (Z) of fluorine is 9 and its orbital
electronic configuration is 1s? 2s? 2p?x, 2p?y, 2p‘z. Thus, a fluorine atom has one half-filled
atomic orbital. Therefore, two atoms of fluorine combine to form the fluorine molecule as
a result of the combination for their half-filled atomic orbitals shown in Fig. The two atoms
get linked by a single covalent bond

Is 2s . A— Y
FrL[rif[rifad]r|iF
1s 25 2p
Flru]{re][re]re] 1 ]iF
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Formation of F2 molecule
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2. Formation of HF molecule. Fluorine atom, as stated above, has one half-filled atomic
orbital. Hydrogen atom (Z = 1) has only one electron in Is orbital. Thus, the hydrogen
fluoride (HF) molecule. is formed as a result of the combination (or overlap) of the half-
filled orbitals belonging to the participating atoms.

Sra
F|T H

s 2s 2p
FUNLIITL] {14 ] 1 [iF

3. Formation of O, molecules. The atomic number (Z) of oxygen is 8 and its orbital
electronic configuration is 1s? 2s? 2p*x 2px 2p'z. This means that an oxygen atom has
two half-filled orbitals with one electron each. Two such atoms will combine to form a
molecule of oxygen as a result of the overlap of the half-filled orbitals with opposite
spins of electrons.

1s 25 i 2p
OITL T[T T 7T

1s 25 2p
OITL T[T 4| 4

Formation of O, molecule

-

Thus, the two atoms of oxygen are bonded to each other by two covalent bonds or
double bonds (O = O).

4. Formation of H,0O molecule. In the formation of the H,0O molecule, the two half-filled
orbitals of the oxygen atom combine with the half-filled orbitals (1s) of the hydrogen
atoms. Thus, the oxygen atom gets linked to the two hydrogen atoms by single covalent
bonds as shown in
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Formation of H,O molecule

5. Formation of N2 molecule. The atomic number of nitrogen is 7 and its orbital electronic
configuration is 1s? 2s? 2p*x 2ply 2p? z. This shows that the nitrogen atom has three
half-filled atomic orbitals. Two such atoms combine as a result of the overlap of the
three half-filled orbitals and a triple bond gets formed (N = N)

g e i

Is 25 | 2p -
N[ty [l [t ] ] N
1s L: 2p m
N[NV EN

Formation of N> molecule

6. Formation of NH3 molecule. In the formation of ammonia (NH3) molecule, three half-
filled orbitals present in the valence shell of nitrogen atom combine with 1s orbital of
three hydrogen atoms with one electron each. As a result, the nitrogen atom completes
its octet and a molecule of NHs is formed in which the nitrogen atom is linked to three
hydrogen atoms by covalent bonds.

1s 2'1_? Ep :
N T )

0
Eflslslsi[};-—H
3H IR U U 8 <

Formation of NHs molecule

Ans: 4. When hydrogen is connected to small highly electronegative atoms such as F, O, and N
in such cases hydrogen forms an electrostatic weak bond with an electronegative atom of
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the second molecule, this type of bond binds the hydrogen atom of one molecule and th
electronegative atom of the 2nd molecule is called as hydrogen bond. It is a weak bond
and it is denoted by dotted lines e.g., in HF, hydrogen forms a weak bond with the
electronegative F atom of the 2nd molecule neighboring HF.

'4 Koy

So it means hydrogen is acting as a bridge between two molecules by one covalent bond
and the other by a hydrogen bond. Due to this hydrogen bonding, HF will not exist as a
single molecule but it will exist as an associated molecule (HF)n. So hydrogen bond may
be defined as a weak electrostatic bond that binds the hydrogen atom of one molecule
and electronegative bond atoms (F, O, N) of the second neighboring molecule.

Cause of hydrogen bonding: When a hydrogen atom is bonded to an electronegative atom
(say F, O, N) through a covalent bond, due to electronegativity difference, the
electronegative atom attracts the shared pair of electrons towards its side with a great
force as a result of which the shared pair of electrons will be displaced toward
electronegative atom and away from a hydrogen atom.

Due to which hydrogen atom will acquire a slightly negative charge and if another molecule
is brought nearer to it in such a way that electronegative atom of the second molecule
faces hydrogen atom of the 1st molecule, due to opposite charges present on the
atoms, an electrostatic bond will be formed between the hydrogen atom of one

molecule and electronegative atom of 2nd molecule and this is called as hydrogen
bond.

Conditions for hydrogen bonding. The following two necessary conditions for hydrogen
bonding are:

1. Hydrogen atom should be connected to highly electronegative atom say F, O, or N.

2. The electronegative atom of which the hydrogen atom is connected should be the
same in size.

The smaller The size of the electronegative atom greater will be the attraction of that atom
for shared pair of electrons and hence that pair will be displaced more nearer to that
atom and hence that atom will develop greater negative charge and the hydrogen atom
will develop a greater positive charge and hence hydrogen atom of this molecule will
easily attract negative atom of the lan molecule and hence a hydrogen bond will be
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As both these conditions are satisfied only by F, O, N atoms so only three atoms show
hydrogen bond.

Strength of Hydrogen Bond: A hydrogen bond is a very weak bond. It is weaker than an
ionic or a covalent bond. Its strength ranges from 13 kJ mol-1to 42 kJ mol. The
strength of the hydrogen bond for some of the molecules is the order H-F H (40 kJ mol-
1) > O-H...... 0 (28 kJ mol™) > H-N...... H (13 k) mol™) whereas the strength of a covalent
bond is quite high. For example, the bond strength of the H-H bond in H2 is 433 kJ mol™

Types of H-bonding
There are two types of hydrogen-bonds

1. Intermolecular hydrogen bond. It is formed between two different molecules of the
same or different compounds. For example H-bond in case of HF, alcohol, or water.

2. Intramolecular Hydrogen bond. It is formed when a hydrogen atom is in between the
two highly electronegative (F, O, N) atoms present within the same molecule. For
example, in o-nitrophenol, hydrogen is in between the two oxygen atoms.

<@

Assertion Reason Answer:

1. (i) Aand R both are correct, and R is the correct explanation of A.

2. (i) Aand R both are correct, and R is the correct explanation of A.
Case Study Answer:

1. Answer:

(1) (d)) H3~
(2) (b)NaClOs
(3) (a) - 0.75, 1.25

(4) (b) The lowering of potential energy of the system as the two H-atom come near to
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2. Answer:

(1
(2
(3
(4

(c) BFs3

(d) PCl3

(c) Repulsive effect
(

)
)
)
) (d) BCl3
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