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CHEMICAL BONDING AND MOLECULAR STRUCTURE

Long Answer Questions:

1) What is meant by Hybridisation? Explain different types of Hybridisation involving S and

P orbitals?

Ans. The process of mixing of suitable atomic orbitalsan atom resulting in the formation of
new orbitals of similar shape and energy is caflechybridization of orbitals. The different

types of hybridization, involving S & P orbitalsear

SP hybridization: One “s” orbital and one “p” orbital mix to form tw&P” hybrid orbitals. They
have 50% “S” and 50% “p” character. Geometry of *8kbridized molecule is linear with bond
angle 186
Ex: BeC)

Electronic configuration of be in groundtsts 18251 S

In excited state is 1&s'2p"

In the excited beryllium atom, ‘2s’ and y2porbitals intermix to give two equivalent ‘sp’

hybrid orbitals. The electronic configuration of 6118 282 206 3% 3py2 3py2 3p,L. It has one
half filled ‘p’ orbital. The half filled 3p orbitals of two chlorine atoms overlap with ‘spylrid
orbitals of beryllium atom in their axes to formaw sp-p bonds. BeGlmolecule has linear shape

with bond angle 180°.

180°
cl—Be—c|

9+ @D

Cl
Cl—Be—ClI
sp2 Hybridisation : The intermixing of one ‘s’ orbital and two ‘p’ otthis to form three sphybrid
orbitals. Each sphybrid orbital has 33.33%'s’ character and 66.6§%character. Geometry of
“SP” hybridized molecule is trigonal planar withrizbangle 129
Ex; BCI3
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The central atom in B@lis boron. The electronic configuration of boroomatin its excited state is
12 2sl 2p2 ie. 1825 2py2 p'y . In the excited boron atom ‘2etbital and two ‘2p’ orbitals

intermix to give three equivalent $faybrid orbitals. In the formation of B&Imolecule, three K20)
hybrid orbitals of boron overlap with half fillegp orbitals of three chlorine atoms to give three

osp’ -p bonds. BG4 molecule has trigonal planar structure with bongla 120°.

sp’
120° Cl
O 0
's' orbital S P a !B)E ’
cr

two 'p’ orbitals sp? hybrid orbitals ol

sp® Hybridization: The intermixing of one ‘s’ orbital and three ‘prbitals to give four
equivalent s hybrid orbitals is known as 3ghybridisation. The four sbhybrid orbitals are
directed towards the four corners of a regularatetdron. The angle between any tw® sp

hybrid orbitals is 109°28
Ex: Methane Molecule
The central atom in Ciis carbon. The electronic configuration of carlaom in its excited

state is 182sl2p3 i.e. 1< 2¢ 2p'%2p'y2p'z

R
4 sp? hybrid /

orbitals of carbon H

In the excited carbon atom, one ‘2s’ orbiad three ‘2p’ orbitals intermix to give four

equivalent ‘sg’ hybrid orbitals. In the formation of methane mmite, four ‘s hybrid
orbitals of carbon overlap with ‘1s’ orbital of founydrogens to give fous sp’ -s bonds.
Methane molecule has tetrahedral shape with bogk &©9.5°.
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2).Write the salient features of Molecular Orbitd Theory?
Ans. Salient features of Molecular Orbital Theory deyseld byHund andMulliken’ are

1) Electrons of atoms are present in atomidtals where as electrons of molecules are present

in molecular orbitals.

2) The number of molecular orbitals formed will bgual to the number atomic orbitals
combining.

3) The molecular orbitals whose energy is lesa tha atomic orbital are called as anti bonding
molecular orbitals and the orbitals whose energydase than the atomic orbitals are called as
anti bonding molecular orbitals.

4) The molecular orbital, formed by the additioh aitomic orbitals is called the bonding

molecular orbital and by subtraction of atomic talsi is called antibonding molecular orbital.
5) Stability of bonding molecular orbital is moteh that of anti bonding molecular orbital.
6) The electron probability distribution in a molge is given by molecular orbital.

7) The filling of elections in molecular orbitatssimilar to that of atomic orbitals

l.e.; in accordance to Hund'’s rule paulis exclngmoinciple and Aufbau’s principle.

8) Atomic orbitals are homocentric. i.e.: influexdconly by one nucleus where as molecular
orbitals is poly centric. i.e.: influenced by twaoatei

9) The combining atomic orbitals must have samaeearly same energy and same symmetry
along axes

Anti
A Bonding
molecular
orbital

Atomic

Atomic orbital

orbital

Bonding
molecular
orbital
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3) What are the basic postulates of VSEPR theory? iftuss the shape of Methane and
Ammonia molecules on the basis of VSEPR theory?

Ans. Valence shell electron pair repulsion theory (VSEREOry).

It was put forward by Sidgwick and Powell and lateveloped by Nyholm and Gillespie

1).It predicts the shapes of molecule based ondpelsive interactions between the electron pairs

in valence shell of atoms.

2).The shape of the molecule depends on the nuwibbonded and non bonded electron pairs

around central atom.

3:There is repulsion between electrons in valehe# as they are negatively charged.

4).To minimise repulsions the electrons tend tapggositions with maximum separation between

them.

5).The repulsive forces decrease in the order LPLEPBP>BP-BP.

6).The presence of lone pairs on the central atanses slight distortion of the bond angles from

the ideal shape. If the angle between a lone pairtlae central atom and a bond pair is increased, i

follows that the actual bond angle between the atomst be decreased.
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4. Give the Molecular Orbital Energy diagram of a)N, and O,. Calculate the respective bond
order. Write the magnetic nature of and molecules.
Ans. N,

o -1 =

Electronic Configuration. Of N (g1s)?(g*19)%(025)(0*29) (112 p,’=72p, 2)(02pz)2

N,—-N_, _10-4_
2 2
It is diamagnetic in nature as there are no ungaatectrons.

b) G,

Bond order 3

=
)
—
M—
T |
=a

o =1 =

EC of 02 =(als)*(c*19%(029)%(0*29) *(02p,)’ (72p,* = 12p,>) (77" 2p,* = 17" 2p,")

N, 10-6_

Bond order in G= Nb;
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O, molecules paramagnetic in nature as there are 2 unpaleetrens.

Short Answer Questions

1. How do you predict the shapes of the following atecules making use of VSEPR theory?
a) Xek, b) Bri c) Clg d) Icl,
Ans. a) Xek
It is AB4E, type of molecule. It has 4 B P and 2 LP. Hence ghape is square planar and

arrangement is octahedral with two lone pairs.

F /F
\Xe\
F F

b) BrFs
It is ABsE type of molecule with 5 BP and 1 LP. Hence thapsghis square pyramidal and

arrangement is octahedral with one corner occupyedP

F\, pd
Br
F/‘ \F
F

C) CIF3. It is ABsE; type of molecule with 3 bond pairs and 2 LP. Hetleeshape is T-Shape and

arrangement of electron pairs is Trigonal bipyraahidvith two positions occupied by lone pairs.
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d) |C|_4
It is AB4E, type of molecule with 4 bond pairs and 2 lone ptiesshape is octahedral with

2 position occupied by lone pairs

2. Explain the formation of coordinate Covalent bod with one Example?

Ans. A covalent bond is formed by sharing a pair otelens. A special type of covalent bond is
formed in which the shared pair of electrons istebated by one atom only. The atom which
donates the shared pair of electrons is callecbasrdand that which accepts the electrons is called
as acceptor. Such a bond results when a doubédfiirbital overlaps with an empty orbital of
another atom. The bond between two atoms in whiehdopnates a pair of electrons and the other

accepts a pair of electrons is called as coordipanel or dative bond.

[ —=+]"

Coordinate bond is shown by an arrow which isaleée from donor to acceptor.

&N
NH, + H"

3. Explain the hybridization involved in SFémolecule?
Ans.

s )] [ 1]
aesy (4] |11 111] ]

One “s” and three “p” and two “d” orbitals of sulphatom undergo §d2 hybridisation. These

6sp°d® hybrid orbitals overlap with 6 singly occupied—porbitals of fluorine atoms to form

6sp’d” - P sigma bonds.
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Shape is regular octahedron F

4. Define Dipole moment. Write its applications?
Ans. Dipole moment can be defined as the product ohthgnitude of the charge and the distance
between the charges. It is designediby
n=Qxd
Wherep dipole moment
Q is charge
D is distance (bond ldngt
It is expressed as de bye units (D) or coulomkemgm).
Dipole moment designated by a small arrow and/mlslizes the direction of shift of electron
density in the molecule
Applications:
1) It is used to decide the polarity of the molecMolecules with zero dipole moment are
non-polar and those with dipole moment are polar.
2) It is used to determine geometry of molecule.

Ex: CO,,BeF,are linear ag=0.

3) It is also used to determine percentage otioharacter of a covalent bond.
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Very Short Answer

1. How many sigma and Pi bonds are present in @H, and b) C,H,
Ans. In C,H, number of sigma bonds are three and pi bond ave tw

In C,H,number of sigma bonds are five and pi bond is one

2. Which of the two ions C&?(or) Zn*?is more stable and why?
Ans. Ca’ is more stable than Zfbecause
Ca'? has octet configuration in valance shell where @$ #as pseudo octet configuration in

valence shell (18 electron configuration). Octenbfgguration is more stable than pseudo

octet configuration.
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