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CHAPTER

CHEMICAL BONDING

The nature of the chemical bond is the problem at the heart of all
chemistry.

“BRYCE CRAWFORD”

INTRODUCTION

he attractive force which holds various constituents (atoms, ions, etc,) together in
different chemical species is called a chemical bond. Since the formation of chemical
compounds takes place as a result of combination of atoms of various elements in
different ways, it raises many questions. why do atoms combine? Why are only
certain cmbinations possible? Why do molecules possess definite shapes? To an-
swer such questions different theories and concepts have been put forward from
time to time. These are kossel-Lewls approach, valence Shell Electron Pair Repulsion
(VSEPR) Theory, Valence Bond (VB) Theory and Molecular orbital and the interpre-
tation of the nature of chemical bonds have closely been related to the developments
in the understanding of the structure of atom, the electronic configuration of ele-
ments and the periodic table. Every system tends to be more stable and bonding is
nature's way of lowering the energy of the system to attain stability .




CHEMICAL BONDING

Contraction of Octet (Incomplete Octet) F

BeF, BF, AlCL, BCl, |

(4e) (6e) (6e) (6e) B-—F (6 Electrons)
Expansion of Octet (Due to Empty d-Orbitals) L;:

PCl, SF, CIF, 1IC IF,
O 0 0 0 0

F F
10e)  (12¢)  (106) (12¢)  (14e) \ /

Odd Electron Species F——S——F
Ex. NO,NO,, CIO, etc.
X F* (12¢) F
0.
O
Compounds of Noble Gases

Noble gases which have already completed their octets (or douplet in case of He.) should not form compounds.
However, their compounds like XeF,, XeF, & KrF, etc., have been actually prepared.

CLASSIFICATION OF BONDS
ATTRACTIYE FORCES
v v
STRONG BOND WEAK INTERACTION
J
v v v v v v
Ionic  Covalent Co-ordinate Metallic ~ Hydrogen Vander waal's
bond bond bond bond bond Interaction
Covalent Bond

(a) A covalent bond is formed by the mutual sharing of electrons between two atoms of electronegativity
elements to complete their octet.(Except H which completes its duplet)

oo % %

H{:)H) H-H ol 0=0 s
M, molecule 0o O

(b) The shared pair of electrons should have opposite spins, and are localised between two atoms concerned.
(c) Shairing of electrons may occurs in three ways —

No. of electrons shared Bonded Electron pair Bond

between two atoms
2 1 Single bond (-)
4 2 Double bond (=)
6 3 Triple bond (=)

Fx. H—N—H {Three single bonds (not triple bond}

|
H

N =N Triple bond. (not three single bond) O = O (Double bond) H— O — H (Two single bonds.)
Co-ordinate Bond
(a) Itisacovalent bond in which the shared electron pair come from one atom is called coordinate bond.
(b) Necessary conditions for the formation of co-ordinate bond are -

(i) Octet of donor atom should be complete and should have atleast one lone pair of electron.
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CHEMICAL BONDING

Sr. No.

= Lo

Hybridisation

Sp

Sp

Sp

sp’d

sp3d?

sp3d’

- =

Structure

Linear

Triagonal planar

Tetrahedral

Trigonal bipyramidal

Octahedral

pentagonalbipiramidal F

Cl 5 Cl

(@)

Cl
Structure of PCI,

Bond Angle

180°

120°

109°28'

3 orbitals-120°
2 perpendicular
orbitals

90° between
all hybrid orbitals

F 1 spondangle 72°
and 10 bond
argles 0°

Examples

BeF

2

BF

CH

PCl

SF
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CHEMICAL BONDING

Ex.1

Sol.

Ex.2
Sol.

Ex.3

Sol.

Ex.4

Sol.

SOLVED EXAMPLE

Which of the following will be strongest Lewis
base ?

(A) CH,CN
(O)N, (D) None of these

(B) In CH,NH,, hybridisation of N is sp® while in
CH,CN hybriéisation of N is sp. N, is also sp
hybridised.

We know that in hybridisation, as s-character
increases the electronegativity of atom also
increases. Due to this tendency the release of lone
pair of electrons becomes some what difficult. In
methyl amine the nitrogen is in sp® hybridisation
and therefore the donation of the lone pair of
electron will be quite easier; so it is strongest Lewis
base.

(B) CH,

Which type of hybridisation is found in HO" ?
According to steric no. rule

Steric number = Number of bond pair(s) + number of
lone pair(s) at central atom

H—0—>H
H

So, steric number =3 + 1 =4,
Thus the hybridisation of oxygen in H,O" is sp”.

Classify the following bonds as ionic, polar
covalent or covalent and give your reasons :

(A) SiSi bond in C1,SiSiCl,

(B) SiCl bond in C1,SiSiCl,

(C) CaF bond in CaF,

(D) NH bond in NH,

(A) Covalent, due to identical electronegativity.

(B) Covalent, due to less electronegativity
difference.

(C) Ionic, due to more electronegativity
difference.

(D) Covalent,
electronegativity.

due to nearly similar

(A) Which one has highest and lowest melting point
and why ?

NaCl KC RbCl  CsCl

(B) Why melting points of cesium halide (CsX)
decrease in the order given below ?

CsF> CsCl> CsBr> Csl.

(A) NaClwill have highest lattice energy on account
of the smaller Na* while CsCl has lowest lattice
energy on account of the larger Cs*. Hence NaCl
has highest melting point and CsCl has lowest
melting point .

(B) As size of anions increase their polarisability

increases thus their covalent character increases
and melting point decrease.

Ex.5

Ans.

Sol.

Ex. 6

Sol.
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Which is incorrect statement ?

(A) In CF,=C=CF, molecule all the four fluorine atoms
are not in the same plane.

(B) Ka, of fumaric acid is more than Ka, of maleic
acid due to intra molecular hydrogen bonding in
maleic acid.

(C) The O-O bond length in O,[AsF,] is longer than
KO,

(D) The bond angle order in halogen — S —halogen
is OSF,<OSCI,<OSBr,

©
F//////. - P Py / F

z

\ C—— ¢ —
) T/ﬂﬂ (s+p) ™

As both carbon atoms are in different
planes, all the four fluorine atoms are not in the
same plane.

(B) maleic acid fumaric acid
@)
! D
H\C/ \O:x O‘/ \|C|:/
|c|: AH /C N\ /o_H
AN o H ¢
S A\
No o

Due to intramolecular hydrogen bonding the maleate
ion gets stabilized and thus removal of second
hydrogen becomes quite difficult.

(C)O,[ASF,]=0,
KO,=0,

B.O=25
B.O=15

1
bond length
bond length than O,

(D) Greater the size of the halogen atoms greater will
be the steric repulsions and thus larger will be the
bond angles.

Bond order o« ; s0 O," has smaller

Which of the compounds MgCO, and ZnCO, is
thermally more stable ? Explain.

Mg has less polarising power due to inert gas
configuration while Zn*? has higher polarising power
due to pseudo inert gas configuration. A cation i.e.
Zn*" with a greater, polarising power exercise a
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Exercise # 1 /

1. Which forms a crystal of NaCl
(A) NaCl molecules (B) Na*and Cl~ions
(C)Naand Cl atoms (D) None of the above
2. When sodium and chlorine reacts then

(A) Energy is released and ionic bond is formed
(B) Energy is released and a covalent bond is formed
(C) Energy is absorbed and ionic bond is formed
(D) Energy is absorbed and covalent bond is formed

3. Which one is least ionic in the following compounds
(A)AgCl (B)KClI
(C)BaCl, (D) CaCl,
4. The valency of sulphur in sulphuric acid is
A)2 (B)4
©6 (D)8
5. The number of electrons involved in the bond
formation of N, molecule
A)2 (B)4
(©)6 (D) 10
6. The electronic configuration of four elements are

given in brackets
L(lsz, 2s°2p' ); M(lsz, 2s? 2p5)
Q(lsz, 2s%2p°, 3s' ); R(lsz, 2s? 2p2)

The element that would most readily form a diatomic

molecule is
(A)Q (B)M
(OR D)L
7. Which species has the maximum number of lone
pair of electrons on the central atom?
(A)[CIO,I (B) XeF,
(C)SF, D) L]
8. A simple example of a coordinate covalent bond is
exhibited by
(A)CH, (B)H,SO,
(C)NH, (D)HCL
9. The bond that exists between NH, and BF, is called
(A) Electrovalent (B) Covalent
(C) Coordinate (D) Hydrogen
10. Which of the following does not have a coordinate
bond
(A) SO, (B) HNO,
(C)H,SO, (D) HNO,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

etoosindia.com

Which molecules has zero dipole moment

(A)HO (B)CO,

(C)HF (D) HBr

In the following which one have zero dipole moment
(A) BE, (B)CCl,

(C)BeCl, (D) All of these

Which molecule has the largest dipole moment
(A)HC1 (B)HI
(C)HBr (D) HF

The unequal sharing of bonded pair of electrons
between two atoms in a molecule causes

(A) Dipole

(B) Radical formation

(C) Covalent bond

(D) Decomposition of molecule

Which one in the following is not the resonance
structure of

(A)0=C=0
©r0=C-0"

(B)-0-C=0"
D)yo=Cc=0

Which of the following molecule contains one pair
of non-bonding electrons

(A)CH, (B)NH,

(OH0 (D)HF

Resonance is due to

(A) Delocalization of sigma electrons
(B) Delocalization of pi electrons
(C) Migration of H atoms

(D) Migration of protons

Resonating structures have different

(A) Atomic arrangements

(B) Electronic arrangements

(C) Functional groups

(D) Alkyl groups

The structure of [Cu (H,0), T+ ion is
(A) Square planar (B) Tetrahedral
(C) Distorted rectangle (D) Octahedral

The bond angle in PH, would be expected to be
close to

(A)90° (B) 105°
(©) 109° (D) 120°
In which molecule are all atoms coplanar
(A)CH, (B) BF,
(C)PF, (D) NH,
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CHEMICAL BONDING

Exercise # 2 /

/- A

1. Pick out among the following species isoelectronic
with CO,.
(A)N;” (B) (CNO)
(C) (NCN)*> (D) All of these
2. The correct order of increasing C-O bond length of
CO, CO,*, CO,is:
(A)CO><C0O,<CO  (B)CO,<CO,> <CO
(C)CO<CO,> <CO, (D)CO<CO, <CO*
3. The average charge on each O atom and average
bond order of [-O bond in 1065‘ is:
(A)-1and 1.67 (B)—5/6and 1.67
(C)-5/6 and1.33 (D)-5/6 and 1.167
[ly
4. H—OLC—ZO' The relation between x, y and z in
bicarbonate ion with respect to bond length is :
(A)x>y>z (B)x>z>y
(C)z=y>x D)yx>y=z
5. Indicate the wrong statement :
(A) A sigma bond is stronger then « - bond
(B) p-orbitals always have only sidewise
overlapping
(C) s-orbitals never form 7 - bonds
(D) There can be only one sigma bond between two
atoms
6. C,* has
(A) two ¢ and two 1t bond
(B) three ¢ and one 7t bond
(C) two ¢ and one 7 bond
(D) two o and three 7t bond
X
7. How many bonds are there in ©/\/ ?
(A)13 (B)23
(©)20 (D)26
8. Which of the following overlaps is incorrect
[assuming z-axis to be the internuclear axis] ?
(A)2p,+2p,—>m2p,
(B)2p,+2p,—>c2p,
(O)2p,+2p, > m2p,
(D)1s+2p —>mn(ls-2p,)

10.

11.

12.

13.

14.

etoosindia.com

(A) ‘a’ & ‘b’
(C) only °d’

(B) ‘b’ & Gd’
(D) None of these

Effective overlapping will be shown by :

(A) @O+60 ®) 8+

(C) @R+ (D) All the above
The covalency of nitrogen in HNO, is

(A0 ®B)3

©4 D)5

What is covalency of I in IF, ?

(A)S5 (B)3
O7 M1

In which of the following N is in the sp* hybridisation
state

(A) (CH;);N
(O)CH,CN

(B) CH,CONH,
(D)NO,"

In pent-3-en-1-yne the terminal carbon-atoms have
following hybridisation
(A) sp & sp’
(C) sp® & sp

(B) sp® & sp’
(D) sp & sp’

Identify the correct match.

(i) XeF,

(A) Central atom has sp> hybridisation and bent
geometry.

() Ny

(B) Central atom has sp>d® hybridisation and
octahedral.

(iii) PCI, (PCl, (s) anion)

(C) Central atom has sp hybridisation and linear
geometry.

(iv) ICL," (L,Cl (¢) cation)

(D) Central atom has sp*d hybridisation and linear
geometry.

(A) (i-a), (ii—b), (iii—c), (iv—-d)

(B) (i-d), (ii—b), (ili—d), (iv—c)

(C) (i-b), (ii—c), (iii —a), (iv—d)
(D) (i—d), (i —c), (iii — b), (iv—a)
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1. Column-I Column-II
(A) HyP;0, (p) S—O-S bond is present
(B) H,S,0, (q) Di-basic acid
(C) H,8,04 (r) P-O—P bond is present
(D) H,P,O4 (s) Central atom (S or P) in maximum oxidation state.
2. Column-I Column-II
(A) N,"is stable than N - (p) due to one have greater number of electrons in
antibonding molecular orbitals than other
(B) NO can easily lose its electron than N, (q) one has B.O. 3 and other has 2.5
(C) NO have large bond length than NO* (r) both are paramagnetic with same bond order
(D) He," exists, but is less stable than H * (s) one is paramagnetic and other diamagnetic
3. Column -1 Column—1I1I
(A) SO, (gas) (p) Polar with pr—dn bonds and identical S—O bond, lengths.
(B) OSF, (q) One lone pair and prt—dn bond.
(C)SOF- (r) Non—polar with pn— prand pt—dn bonds. Identical
S—0 bond lengths.
(D) CIOF, (s) Polar with pmt — drn bond.
4. Column -1 Column—1I1
(A)TF, (p) spd
(B) CIF, (q) polar
(C) XeOF, (r) one of the bond angles is 180°.
(D) SF, (s) one lone pair
5. Column-I Column-II
(A) Blue vitriol (p) Ionic bond
(B) Gypsum (q) Covalent bond
(C) Pure orthophosphoric acid (r) Hydrogen bond
(D) Chloral hydrate (s) Resonance stabilisation

112 etoosindia.com
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CHEMICAL BONDING

Exercise # 4 /

1.

Which one of the following molecules will form a
linear polymeric structure due to hydrogen

bonding ? [CBSE AIPMT 2000]
(A)NH, (B)H,0
(O)HCI (D) HF
Which one of the following is planar ?

[CBSE ATPMT 2000]
(A) XeF, (B) XeO,
(C)XeO,F (D) XeO,F,

The relationship between the dissociation energy
of N,and N} is [CBSE AIPMT 2000]

(A) dissociation energy of Nj > dissociation

energy of N,

(B) dissociation energy of N, = dissociation energy
of N

(C) dissociation energy N, > dissociation energy of
N,

(D) dissociation energy of N, can either be lower or
higher than the dissociation energy of N

Which one of the following is not paramagnetic ?

[CBSE AIPMT 2000]
(A)NO (B)N?
(©)Co (D)0,

Among the following group which represents the
collection of isoelectronic species ?
[CBSE AIPMT 2000]

(A) NO,CN",N, O;
(B) NO*,C03,0;,CO
(C) N,,C5,CO,NO
(D) CO,NO*,CH™,C5”

Among the following group which represents the
collection of isoelectronic species ?

[CBSE AIPMT 2000]
(A) NO; (B) NO3
(C) PO} (D) CO3™

A compound contains atoms of three elements A, B
and C. Ifthe oxidation number of A is+2, Bis +5 and
that of C is —2, the possible formula of the

compound is [CBSE AIPMT 2000]
(A)A,BC), (B)A,(BC),
(©ABO), (D) ABC,

10.

11.

12.

13.

14.

15.

Which of the following two are isostructural ?
[CBSE AIPMT 2001]

(B) NH,, and BF,

(D) PCl, and Icl,

(A) XeF,, and IF;
(C)CO;,and SO}~

In which of the following, bond angle is maximu ?

[CBSE AIPMT 2001]
(A)NH, (B)NH,;
(©)PCl, (D) SCl,
In X-H ---Y, X and Y both are electronegative
elements, then [CBSE AIPMT 2001]
(A) electron density on X will increase and on H will

decrease

(B) in both electron density will increase

(C) in both electron density will decrease

(D) on X electron density will decrease and on H
increase

Main axis of a diatomic molecule is z molecular
orbital, p_and p_ overlaps to form which of the

following orbitals ? [CBSE AIPMT 2001]
(A) m-molecular orbital (B) o-molecular orbital
(C) 6-molecular orbital (D) NO bond will form

Which of the following is isoelectronic ?

[CBSE AIPMT 2002]
(A)CO,,NO, (B)NO,, CO,
(C)CN, Co (D)S0,,CO,
Which of the following has pr - dm bonding ?
[CBSE AIPMT 2002]
(A) NO; (B) SO>
(C) BOY (D) CO3™

In NO; ion number of bond pair and lone pair of
electrons on nitrogen atom are

[CBSE AIPMT 2002]
A)2,2 (B)3,1
(01,3 (D)4,0

Which of the following statement is not correct for

sigma and pi-bonds formed between two carbon

atoms ? [CBSE AIPMT 2003]

(A) Free rotation of atoms about a sigma bond is
allowed but not in case of a pi-bond

(B) Sigma bond determines the direction between
carbon atoms but a pi-bond has no primary
effect in this regard

(C) Sigma bond is stronger than a pi-bond

(D) Bond energyies of sigma and pi-bonds are of
the order of 264 kJ/mol and 347 kJ/mol.
respectively
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10.

11.

12.

Among the following species, identify the isostructural pairs, NF,, NO;, BF,, H,O", HN,
(A) [NE,, NO;] and [BF,, H,0"] (B) [NE,, HN,] and [NO;, BE,]

(C) [NF,, H,0"] and [NO;, BF,] (D) [NF,, H,0"] and [HN,, BF,]

In the compound CH, = CH-CH, —CH, —C =CH, the C, - C, bond is of the type
(A) sp—sp® (B) sp* —sp’ (C) sp—sp’ (D) sp? —sp’

The correct order of increasing C — O bond length of CO, CO;™, CO, is

(A) CO* <CO,<CO  (B) CO,<CO> <CO (C)CO<CO> <CO, (D)CO<CO,<CO>

In the dichromate dianion
(A) 4 Cr—0O bonds are equivalent (B) 6 Cr—O bonds are equivalent
(C) All Cr—0 bonds are equivalent (D) All Cr—O bonds are non-equivalent

Hybridisation state of chlorine in CIF, is
(A) sp® (B) spd (©) sp’d® (D) sp*d’
In which of the following the central atom does not use sp* hybrid orbitals in its bonding

(A) BeF; (B) OH; (C) NH; (D)NF,

The magnetic moment of K,[Fe(CN),] is found to be 1.7 B.M. How many unpaired electron (s) is/are present per

molecule
A1 B)2 ©O)3 D)4

N, and O, are converted into monocations N; and O; respectively. Which is wrong

(A) In N, the N - N bond weakens (B) In O, the O~ O bond order increases
(C) In O, paramagnetism decreases (D) N; becomes diamagnetic

The common features among the species CN-, CO and NO+ are

(A) Bond order three and isoelectronic (B) Bond order three and weak field ligands
(C) Bond order two and -acceptors (D) Isoelectronic and weak field ligands

The number of S —S bonds in sulphur trioxide trimer S0, is
(A) Three (B) Two (C)One (D) Zero

Select the most ionic and most covalent compounds respectively from the following.
CrO,, Mn O, PbO, P,O, , SnO,

277 2747107
(A)CrO,,Mn 0O, (B) Mn_O_, PbO (©)CO,P0,, (D) CrO,, SnO,
In which of the following sets central atom of each member involves sp* hybridisation ?
A)IO0,, ICI, IF (B) XeO,, XeO,, XeF,
(B)SO,,80.,80,> (D)PCl", BF,,CIO,
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