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Chemical bond is the attractive force which holds various constituents together in a
molecule.

There are three types of chemical bonds: lonic Bond, Covalent Bond, Co-ordinate Bond.
Octet Rule:

Atoms form chemical bonds in order to complete their octet i.e. eight electrons in their
valence shell.

Lewis Structures:

e Pair of bonded electrons is by means of a ‘dash’ (-) usually called a ‘bond’.
e Lone pairs or ‘non-bonded’ electrons are represented by ‘dots’.

e Electrons present in the last shell of atoms are called valence electrons.

H

WH:) H : N : H ar H—N—H

Exceptions to the Octet Rule:
e Species with odd number of electrons: NO, NO,,
e Incomplete octet for the central atom: LiCl, BeH, and BCl;

e Expanded octet for the central atom: PFs, SFs and H,SO,
Formal Charge:

e Formal charge is the difference between the number of valence electrons in an isolated
atom and number of electrons assigned to that atoms in Lewis structure.

e Formal charge = [Total number of valence electrons in the free atom ) - (Total number of lone
pairs of electrons) -1/2(Total number of shared electrons i.e. bonding electrons)]

Resonance:

e For molecules and ions showing resonance it is not possible to draw a single Lewis
structure.

e All the properties of such species can only be explained by two or more Lewis
structures. Example: Resonance of O,

O O
0= \"g: :§'f :““"‘4;: o""oﬁ"‘ﬂ

A (B) i

A and B are resonating or canonical structures and C is the resonance hybrid

Some other examples
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Example

(if) Carbon-oxygen bond lengths in carboxylate ion are equal due to resonance.

//0 o 0.
R == R = R~< &
—\ \

(iii) Benzene

O-0-0

(iv) Vinyl Chloride

H20=\ : S Hzé—\
c: :

Cl

lonic Bonding:
Formation of lonic Bond:

e Formation of ionic bond takes place between a metal and a non-metal by transfer of electron.

e Steps involved in formation of an ionic bond: :

Steps

Equation

Energy involved

Formation of gaseous cations

A(g) + I.E. - A* (g) + e

lonization Energy

Formation of gaseous anions

X(g)+e —> X (g) + EA

Electron Affinity

Packing of ions of opposite

charges to form ionic solids

A (g) + X (g) —AX (s) +Energy

Lattice energy

Conditions required of formation of ionic bonds:

e Low I|.E of cation.

e High E.A of anion.

e High lattice energy.
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Covalent Bonding:

e Covalent bond is formed between two non-metals by sharing of electrons.
e Electron pairs which participate in bonding are called bond pairs.
e Electron pairs which do not participate in bonding are called lone pairs.

e There could be single, double or triple covalent bonds between two elements depending
on the number of electrons being shared.

cl-cli Na N

VSEPR (Valence Shell Electron Pair Repulsion) Theory:

e The shape of the molecule is determined by repulsions between all of the electron pairs
present in the valence shell.

e Order of the repulsion: Lone pair< Lone pair > Lone pair<~ Bond pair > Bond pair— Bond
pair.

e Repulsion among the bond pairs is directly proportional to the bond order
and electronegativity difference between the central atom and the other atoms.

Determination of shape of molecules using VSEPR theory:
e Calculate X using following method.

X = (No. of valence electrons of central atom) + (No. of other atoms) + (Negative charge on
the molecule) — (Positive charge on the molecule)

Use the following chart to find the shape.

X Shape Examples
2 Linear HgCl,/BeCl,
3 [Triangular planar BF,
3 Angular SnCl,, NO,
4 Tetrahedral CH., BF,
4 Trigonal Pyramidal NH,, PCl;
4 Angular H.O
5 [Trigonal bipyramidal PCls, PFs
5 Irregular tetrahedral SF., IF.
5 T-shaped CIF,, BrF;
5 Linear XeF,, Iy
6 Octahedral SFs, PFs
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Square Pyramidal IFs

Square planar XeF,, ICl,

Fajan's Rule:
It accounts for the covalent character in ionic compounds.

Covalency is favoured by
e Smaller cation .
e Larger anion and

e Large charge on either ion.

Dipole Moment:

e Dipole moment of any bond is the product of the net positive or negative charge and
distance between the two charged ends, i.e., the bond length. i.e.
Dipole moment (m) = electronic charge (e) x Distance (d) Dipole moment is measured in
debye unit (D);

e Dipole moment of a molecule is vector addition of all the individual bond moments.

Percentage lonic Character:

The percent ionic character =

Observed dipol t
served dipole moment .

(Expected dipole moment

Hydrogen Bonding:

e Hydrogen bond is an electrostatic attractive force between covalently bonded hydrogen
atom of one molecule or a part of a molecule and an electronegative atom (such as F,O,
N) of another molecule (Inter-molecular hydrogen bonding) or another part of the same
molecule (intramolecular hydrogen bonding).

e Intermolecular hydrogen bonding increases boiling point of the compound and also its

water solubility
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e Intramolecular hydrogen bonding decreases the boiling point of the compound and also
its water solubility

Hydrogen Hydrogen
Covalent Bond
- - Oxygen
]
Hydrogen -
- [
Hydrogen Hydrogen Bond

doygen
Valence bond theory (VBT):

e A covalent bond is formed by overlapping of valence shell atomic orbital of the two atoms
having unpaired electron.

e There is maximum electron density between the bonding atoms.
e Greater the overlapping of atomic orbital higher is the strength of chemical bond.

e The bond formed by lateral overlap of two atomic orbitals having maximum overlapping
on both sides of the line connecting the centres of the atoms is called a -bond. A 11-
bond possess a plane of symmetry, often referred to as the nodal plane.

@ W w Sideways overlap
s - — g J

“ \ -\ \‘

I\ \n \‘

—a n bond

+ ‘% \ - < Head-on overlap
> a ¢ bond

e o0-Bond : When covalent bond is formed by overlapping of atomic orbitals along the same
axis it is called s - bond. Such type of bond is symmetrical about the line joining the two
nuclei e.g.

(a) s-s overlapping
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OO D

(b) s-p overlapping

(S)+D<3—*®><)—'C><‘

(c) p-p overlapping

OO+ —— OO —— o9
p P

e T -Bond: This type of bond is formed by the sidewise or lateral overlapping of two half
filled atomic orbitals.

e |The strength of a bond depends upon the extent of overlapping of half-filled atomic
orbitals. The extent of overlapping is between two atoms is always greater when there is
end to end overlapping of orbitals than, when there is sidewise overlapping of oritals.
Hence s-bond is always stronger than p-bond.

e The average distance between the nuclei of the two bonded atoms in a molecule is called
bond length and the energy required to break one mole of bonds of particular type in
gaseous state is called Bond energy or Bond strength. The same amount of energy is
released in formation of one mol of particular bond.

Hybridization:

e The mixing of dissimilar orbital of similar energies to form new set of hybrid orbital.
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e Number of hybrid orbital formed is equal to the no. of orbital taking part in hybridization.

e Depending upon the different combination of s and p orbitals, these types of hybridization
are known.

sp? hybridization: In this case, one s and three p orbitals hybridise to form four sp? hybrid
orbitals. These four sp? hybrid orbitals are oriented in a tetrahedral arrangement.

sp? hybridization: In this case one s and two p orbitals mix together to form three sp2 hybrid
orbitals and are oriented in a trigonal planar geometry.

- o
» + .—-”Q. +'

1 c-orbital 3 p-orbitals 3 gp2-orbitals 1 unchanged

p-orbital

K"
-
Trigonal Planar

geometry

The remaining p orbital if required form side ways overlapping with the other unhybridized p
orbital of other C atom and leads to formation of p,C = CH, bond as in H

sp hybridization: In this case, one s and one p orbital mix together to form two sp hybrid
orbitals and are oriented in a linear shape.

(XX X
.+ —-’”4_

XX ce 90

1 s-erbital 3 p-orbitals 2 sprorbitals 2 unchanged

/ p-orbitals
Linear geometry
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The remaining two unhybridised p orbitals overlap with another unhybridised p orbital
leading to the formation of triple bond as in HC=CH.

Hybridization Total Number of Shape Examples
orbitals taking part
Sp 2 Linear —
H—C — ¢—H
(one s and one p) @
Sp? 3 Trigonal planar ) _
(one s and two p) \\ /
.-I// ) \\H
sp? 4 Tetrahedral
(one s and three p) H|
/C
H \\\T-T
H
sp3d 5 Trigonal
(one s ,three p and bipyramidal
one d)
cl
a
o
spid? 6 Octahedral
(one s ,three p and two . 3 .
d) N
g

Bond Characteristics:
Bond Length:

e The distance between the nuclei of two atoms bonded
together is called bond length. * . ~
o Itis expressed in angstrom (A) units or picometer
(pm). —
e Bond length in ionic compound =r.* + r,- bﬂnd |ength

e Bond length in covalent compound (AB) =, + 15
Important features of bond length

1. The bond length of the homonuclear diatomic molecules are twice the covalent radii.
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2. The lengths of double bonds are less than the lengths of single bonds between the
same two atoms, and triple bonds are even shorter than double bonds.Single bond >
Double bond > Triple bond (decreasing bond length)

3. Bond length decreases with increase in s-character since s-orbital is smaller than a p —

orbital.

sp*C — H = 1.112A: sp2C — H =1.103A; spC—H-=

1.08A;

(25% s-character as in alkanes) (33.3% s-character as in alkenes) (50% s-character as
in alkynes)

4. Bond length of polar bond is smaller than the theoretical non-polar bond length.
Bond Angel:

Bond angel is the angle between two adjacent bonds at an atom in a molecule made up of three
or more atoms.

Bond angles mainly depend on the following three factors:
e Hybridization: Bond angle depends on the state of hybridization of the central atom

Hybridization Bond angle Example
sp? 109°28' CH.,

sp? 120° BCl;

sp 180° BeCl,

Generally s- character increase in the hybrid bond, the bond angle increases.

e Lone pair repulsion: Bond angle is affected by the presence of lone pair of electrons at
the central atom. A lone pair of electrons at the central atom always tries to repel the
shared pair (bonded pair) of electrons. Due to this, the bonds are displaced slightly inside
resulting in a decrease of bond angle.

e Electronegativity: If the electronegativity of the central atom decreases, bond angle

decreases.
Bond Energy or Bond Strength:

e The amount of energy required to break a bond in molecule is called bond energy.
e Bond energy of sigma bond is more than that of a -bond.

e Bond energy increases with decrease in bond length

C=C>C =C>C - C (decreasing bond length)

S<p<sp<sp2<sp?

e The bond energy decreases with increase in number of lone pairs on the bonded atom.
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Molecular Orbital Theory:

e Molecular orbital are formed by linear combination of atomic orbital (LCAO)

e Atomic orbital of all the atoms are assumed to interfere with each other in the form of
waves.

e Bonding molecular orbital are formed by constructive interference of atomic orbital.
e Anti-bonding orbital are formed by destructive interference of atomic orbital.
e Anti-bonding MO is of higher energy than Bonding MO.

e In simple homonuclear diatomic molecules the order of MO's based on increasing energy

is
ols, o*ls, ols, 025 |T: 2p, | . 02p, . |Tt* 2p, |=G*2p:= -----
|7 2p, | |7 2p,

e For molecules including O, and above, the order is
ols, o*ls 0250%2s, o2p |7 2p | 7% 2p, | o*2p, -----
|x 2p, | |E*Ep5

e Bond Order: Bond-order = 1/2 (no. of bonding electrons - No. of anti-bonding electrons).
Application of Mot to Homonuclear Diatomic Molecules

Species[Total number Electronic configurationBond order Magnetic Behaviour
of electrons

H.* 1 s 1s? (1-0)/2 =1/2 Paramagnetic

H. 2 s 1s? (2-0)/2 =1 Diamagnetic

He,* 3 sls?, s* 1st (2-1)/2 = 1/2 Paramagnetic

He, 4 sls2?, s* 1s2 (2-2)/12 =0 Molecule does not

exist
O, 16 sls?, s 1s?, s2s2, s*2s2, |(10-6)/2 =2 Paramagnetic

S2p*. p2ps* , pP2p.7,

p*2p,* , p2p.*
Application of MOT to Heteronuclear Diatomic Molecules

Molecules/lons Total No. of electrons Magnetic behaviour
cO 14 Diamagnetic

NO 15 Paramagnetic

NO- 14 Diamagnetic

NO- 16 Diamagnetic

CN 13 Paramagnetic

CN- 14 Diamagnetic
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Question 1:

Which one is electron deficient compound?
(a) NHs

(b) ICI

(c) BCls

(d) PCls

Question 2:

1.0s is a/an

(a) ionic compound

(b) covalent compound
(c) coordinate compound
(d) double salt

Question 3:

The lattice energy order for lithium halide is
(a) LiF >LiCl >LiBr >Lil

(b) LiCI >LiF >LiBr >Lil

(c) LiBr>LiCI>LiF>Lil

(d) Lil >LiBr >LiCI >LF

Question 4.

The solubility of aphydrous AlCla and hydrous AICI3 in diethylether'are S1 and S2
respectively. Then

(a) S =S

(b) S: >S;

(c) S: <S:

(d) None of these

Question 5: _
The correct statement for the molecule, CsIj is

(a) Itis a covalent molecule

(b) It contains Cs* and I; ions

(c) It contains Cs™ and I ions _

(d) if contains Cs*, I" and lattice I; molecule

Question 6:

Among the following the maximum covalent character is shown by the compound
(a) FeCl.

(b) Snbl.

(c) AICls

(d) MgCl.
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Question 7:

Which contains both polar and non-polar covalent bonds?
(a) NH.CI

(b) H20:

(C) HCN

(d) CH,

Question 8:

A metal M forms chlorides in its + 2 and + 4 oxidation
states. Which of the futluvnng statemants about these
chlorides is correct? . .

(a) MCI, is more volatile than MCl, B
(b) MCI, is more solublé in amydmus ethanol than MCl,
(c) .\'wl{.‘,l2 is more ionic than MC,

(d) MCI, is more easily hydrolysed than MCI,

Question 9:

Dipole moments of HCl =1.03A, HI=038A. Bond
length of HCl =1.3 A and HI =1.6 A. The ratio of fraction
of an electric charge e~, existing on each atom in HCI

and Hl is |

(@) 1.2:1 ' (b) 2.7 : 1
(c) 1:33 (d) 33:1
Question 10:

Which of the following has a bond order 1.75?
(a) CIO; (b) CIO; (c) NO3 (d) CO%"

Question 11:

Which of the following is not carrec! reyaeing the

structure of POCI4? -

(a) Lewis structure violates octet rule

(b) It has irregular tetrahedral geometry

(c) P =0 bond and P— Cl bond repulsion is greater than
P — Cl and P— Cl bond repulsion

(d) Cl—P=0 bond angle is lesser than Ci— F’-— Cl bond.
angle
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Question 12:

For AB bnnd if par cent ionic character is plotted

against electronegativity difference (X, — Xg), the
shape of the curve would look like as

2
(Xa— Xgh—

The correct curve is

@A ()5, (©) C (d) D

Question 13:

The correct order in ‘which the O—O bond length
increases in the following is

{3} Hzoz {02 {03

(b) O3 <H,0, -qoz

(c) O, <053 <H0, (d) O, <H0, <0,
Question 14:

The correct order of C—O bnnd length among CO,
C0%". CO, is

a) £,0,<C02"<CO - (b) CO<CO2*<CO,

(c) CO3"<C0O,<CO 1, W< C0,<'Co%
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Question 15:

The bor.d order of NO is 2.5 while: that in NO™* is 3.
Which of the following statemEn;p is true fop these two
species? _

(a) Bon length in NO* is equal to that in NO

(b) Bo J length in NO is greater than in NO*

(c) B.nd length inNO* is greater than irt NO

(d) Bond length is unpredictable

Question 16:

Which combination is best explained by the coordinate
covalent bond?

(@) H + HO (0)Cl+ Cl (o) Mg+ % 0, (d) Hy + I,

Question 17:

The common feature among the species
CN-, CO andNO™ are

(a) bond order three and isoelectronic

(b) bond order three and weak field ligands

(c¢) bond order two and n acceptors
(d) isoelectronic and weak field ligands

Question 18:

The correct decreasing order of dipole moment in
CH,CI, CH4Br and CH4F is

(a) CH4F > CHyCl > CH,Br

(b) CH4F > CH4Br > CH,CI

(c) CH4Cl > CHyF > CH,Br

(d) CH,CI > CH,Br > CH4F
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Question 19:

The correct decreasing order of dipole moment in
CH,CI, CH Br and CHSF is

(a) CH4F > CHyCl = CH4Br

(b) CH4F > CH,Br > CH,CI

(c) CHLCl > CH,F > CHBr

{(d) CH,Cl > CH,Br > CH4F

Question 20:

Which one of the following conversions involve
change in both hybridisation and shape?

(a)CH, — C,Hg (b) NH; —— NH;
(c)BF, — BF, (d) H,O —> H,0"
Question 21:
In piperidine, <__—>N—-H, N-atom has
hybridisation -
(a) sp (b) sp® (c) sp° (d) dsp®
Question 22:
A sp3-hybrid orbital contains
(a) % s-character (b) %s-character
(c) %s—character . (d) None of these
Question 23:
Structure of ICI; is
(a) trigonal

(b) octahedral
(c) square planar
(d) distor@d trigonal pyramidal
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Question 24:

Planar structure is shown by

(a) CO%" (b) BCl,

(c) SIH3}3 (d) All of these
Question 25:

Among the following, the species having square
planar geometry for central atom are

| Xefy/.- II. SF, )
Il [NiCl, V. [PtCI, ]~
(a) land IV (b) tand i
(c) Itand I : (d) lland IV
Question 26:

H:0 is dipolar whereas, BeF: is not. It is because

(a)the electronegativity of F is greater than that of O

(b)H:0 involves hydrogen bonding whereas, BeF: is a discrete molecule
(c)H:0 is linear and BeF: is angular

(d)H:0 is angular and BeF: is linear

Question 27:
Which of the following order of energies of molecules
orbitals of N, is correct? [NCERT Exemplar]

() tx 2p,) < (02p,) < (x2p,) ~ (x2P,)
{b} (n 2{.’? ) >(62p,) >(n2p,) = {“Epy}
(c) (= 2,!9 }{{62,02)} (m2p,) = (TIIE,!‘J},}
(d) (m 2Dv} >(o2p,) < (m2p,) = (n2py)

Question 28:

In the formation of N} fromN,, the electron is lost from
(a) o-orbital ' (b) n-orbital

(c) o-orbital (d) ="-orbital
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Question 29:

The hydrogen bond is shortest in

(a) S—H...S (b) N—H...O
(c) 5—H...O (d) F—H...F
Question 30:

Peroxide ion

1. has completely filled antibonding molecular orbital
2. is diamagnetic

3. has bond order one

4. is isoelectronic with neon

Question 31:

Of the following sets which sets contain isoelectronic
species?

1. NO3,CO%".BO3”

2. CN", N,, C3~

3. PO¥, 805, CIO;

4. COZ", NO3, SO5,

Question 32:

Match the following Columns and choose the correct
codes given below.

Column | Columnll -
A. Ethane _ 1 Eﬁgl-_hybrid iﬁ:rmns
B. Ethylene 2. 2sp’-hybrid carbons
C. Acetylene 3. 6sp™hybrid carbons
D. Benzene 4. 2sp°-hybrid carbons
Codes
ABCD | ABCD.
(@) 1 2 3 4 (b) 2 4 1 3
(c) 4 2 1 3 (d 1 2 4 3
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Direction (Q. Nos. 33-39) Each of these questions contains two statements :
Assertion and Reason. Each of these questions also has four alternative choices,
only one of which is the correct answer. You have to select one of the codes (a),
(b), (c) and (d) given below.

(a) Assertion is true, Reason is true; Reason is the correct explanation for Assertion

(b) Assertion is true, Reason is true; Reason is not a correct explanation for Assertion
(c) Assertion is true, Reason is false

(d) Both Assertion and Reason are false

Question 33:
Assertion The O—O bond length in H,O, is shorter
than that of O F..

Reason H,O, is an ionic compound.

Question 34:
Assertion SeCl, does not have a tetrahedral structure.

Reason Se in SeCl, has two lone pairs.

Question 35:

Assertion All F—S—F angle in SF, is greater than 90°
but less than 180°. '

Reason The lone pair-bond pair repulsion is weaker
than bond pair-bond pair repulsion.

Question 36:
Assertion BF: molecules is planar but NF; is pyramidal.
Reason N-atom is smaller than B.

Question 37:

Assertion H— S — H bond angle in H,S is closer to
90° butH — O — H bond angle in H,O is 104.5°.

Reason /p - Ip repulsion is stronger in H.S than in H.O.
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Question 38:

Assertion B, molecule is diamagnetic.

Reason The highest occupied molecular orbital is of
o-type.

Question 39:
Assertion Among the two H— O bonds in H0
molecule, the energy required to break the first O — H
bond and the other O — H bond is the same.

Reason This is because the electronic environment
around oxygen is the same even after breakage of

one O — H bond. [NCERT Exemplar]
Question 40:

Which of the following species contains equal number
of & and n bond? [CBSE-AIPMT 2015]

(a) HCO3 (b) XeQ, (c) (CN), (d) CH, (CN),

Question 41:
Which of the following options represent the correct
bond order? [CBSE-AIPMT 2015]
(@)0; >0, =03 (b)0; <0, <03
()0, =0, <03 (d)0; <0, >0;

Question 42:
Maximum bond angle at nitrogen is present in which
of the following? [CBSE-AIPMT 2015]
(a)NO, (b)NO; (c)NO3 (d)NO;

IQuestion 43:

. The correct bond order in the following species is.

[CBSE-AIPMT 2015]

(a) 03" <03} <03 (b)03* <0, <03
(c)03* <0, <02 (d)0; <0} <03%*
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Question 44:
The enclic form of ethyl acetoacetate as below has
H;
NN = e
| | I 1
OH  OCzHs O OC,H;

(a) 18 sigma bonds and 2 Pi bonds
(b) 16 sigma bonds and 1 Pi bond
(c) 9 sigma bonds and 2Pi bonds
(d) 9 sigma bonds and 1 Pi bond

Question 45;
The total number of = bond electrons in the following

structure is
HC, H—H
—N\ /
%9ﬁ§’2#§*

H,C' H CH,

(a) 4 (b) 8 (c) 12 (d) 16
Question 46:

Which of the following molecules has the maximum
dipole moment? ' [CBSE-AIPMT 2014]
(a) CO, (b) CH, (c) NH,q (d) NF;
Question 47:

Which one of the following species has plane
triangular shape? [CBSE-AIPMT 2014]
(a) N, (b) NO3

(c) NO3 (d) CO;
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Question 48:
Which of the following is electron-deficient?
' [NEET 2013]
(@) (SiH3),  (b)(BHZ),  (c)PH; — (d)(CH;),
Question 49;
Which one of the following molecules contains no
n-bond? . [NEET 2013]
(a) H,O (b) SO, (c) NO, (d) CO,
Question 50:
Which of the following is a polar molecule?
INEET 2013]
(a) SF,. (b) SiF, (c) XeF, (d) BF 4
Question 51:
Which of the following is paramagnetic? [NEET
(a) O, (b)CN~ (c)NO™ (d) CO
Question 52:
XeF, is isostructural with [NEET §
(a) ICI; (b) SbCl, (c)BaCl,  (d)TeF,
Question 53:
Which of the following species contains three bond pairs and one lone pair around the
central atom?
(a) H-0
(b) BF:
(C) NH:
(d) PCls
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Question 54:

Which one of the following pairs is isostructural
(i.e. having the same shape and hybridisation)?

[CBSE-AIPMT 2012]
(a) BCl, and BrCl, (b) NH, and NO; ~
(c) NF, and BF, (d) BF; and NH;
Question 55:
The pair of species with the same bond order is
[CBSE-AIPMT 2012]

(@) 02°.B, (b) O3, NO*  (c) NO,CO (d) N, O,

Question 56:
. Bond order of 1.5 is shown by ~ [CBSE-AIPMT
(a) 03 (b)O; (€) 0% (d)O,.
Question 57: ‘
What is the nature of the bond between B and O in
(C,Hs),0BH,? [AFMC 2012]
(a) Covalent - (b) Coordinate covalent
{c) lonic bond (d) Banana shaped bond
Question 58: _
In TeCl,, the central atom tellurium involves
(a) sp>-hybridisation ' [A

(b) spd-hybridisation
{c) sp®d®-hybridisation
(d) dsp®-hybridisation

Question 59:
Which of the following has the minimum bond length?
[CBSE-AIPMT 2011]
(a) O, (b) 0% (c) O, (d) O}
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Question 60:

The correct order of increasing bond length of C —H,
C—0,C—CandC==Cis [CBSE-AIPMT 2011]
(' C-—C<C=C<C—0<C—H "
b)C—0<C—H<C—C<C=C

(c) C—H<C—0<C—C<C=C
(d)C—H<C=C<C—0<C—C

Question 61:

Which of the two ions from the list given below, have
the geometry that is explained by the same
hybridisation of orbitals, NO3,NO3,NH;,NH;, SCN™?

| [CBSE-AIPMT 2011]
(a) NH, and NO; (b) SCN™ and NH;
(¢) NO3 and NH; (d) NO; and NO3
Question 62:
The correct order of increasing bond angles in the
following species is ' [CBSE-AIPMT 2010]

(a) Cl,0 < CIO, < ClO; (b) CIO, < C1,0 < CIO;
(c) ClLO0 < CIO; <ClO,  (d) ClO,<Cl,0<ClO,
Question 63:

. In which of the fullﬁwing pairs of moleculesfions,
the central atoms have sp“-hybridisation?

[CBSE-AIPMT 2010]
(a) NO; and NH,4 (b) BF, and NO;
(c) NH; and H,0 (d) BF, and NH;
Question 64:
Which one of the following species does not exist
under normal conditions? ' [CBSE-AIPMT 2010]
(a) Be; (b) Be, (c) B, (d) Li,
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Question 65:

In which one of the following species, the central atom
has the type of hybridisation which is not the same as
‘that present in the other three? [CBSE-AIPMT 2010]

(a)-SF, (b) I; - (c) SbCIZ™  (d) PClg

Question 66:

Which of the following molecules has trigonal planar geometry?
(a) BFs

(b) NHs

(C) PHs

(d) IFs

Question 67:

Maximum number of H-bonds in one molecule of water is
(@1

(b) 2

(3

(d) 4

Question 68:

The compound containing coordinate bond is
(a) SO;

(b) SO

(C) H.SO0.

(d) All of these

Question 69:

The shape of IF; molecule is
(a) octahedral

(b) trigonal bipyramidal

(c) tetrahedral

(d) pentagonal bipyramidal

Question 70:
in a homonuclear molecule, which of the following sets
of orbitals is degenerate? : [AFMC 2010]

(a) oisand 62s (b) =2p, and n2p,
(c) =2p, and o2p, (d) o2p, and ¢ 2p,
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Answers:

10" 2@ 3@ LB 50 8. € 1.(0) 8. 9, (d 10. (b)
e 120 B W@ BE BE 11e B 8O 20
2 e BO WO K@ BO 6@ " BE B8O N
3. (a) 32, (0) 2. () W B 3. () e BEO  BE 40.0)
qo R0 8O ME KO 6O 40 8O L@ NE

M RO B0 MO KO 6e O B9 8O W0

Thie Materiad ie Downloaded Freom EoamsFrad. com




| ot St Ml Mk Tt s S Aty Barakip Gt ey are. |

Hints and Solutions

1. BCl; has six ebectmns in outer shell of boron atom Hence, it
is electron deﬁcl-ant mmpound .
2. 10, is actually 1003)3 It is an ionic mmpound
[10,)y == P*+310; ;
3. Smaller the size uf anion, lesser is its polarisation, more is
ionic nature, rnnre is lattice energy.

4. Hydrous AICI, remains in ionic form and is less soluble in
organic solvents, while anhydrous AICI; is cnvalent and
highly soluble in‘organic solvents.

5. Csl, is an ionic compound. It consists of Cs* (cation) and I3
(anion) ions. ]5 ion is made upof L and I" whu::h I‘shnear in
shape.

6. According to Fajan S, rula the poiansing power and coualent
character depends on large charge on ions: . .

() smaller size of cation (i) larger size of anion. Hare all
anions are same, i.e. CI™ anion hence, the covalent character
will be decided by polarising power of tation. :

FEE+ Sn2+ AI|3+ Mg_2+
1. e

-

. M“amimumrc':harge _
Out of the above AI** has maximum charge and polarising
power, hence maximum covalent character.
7. In H,0,, O— O bond is non-polar, while O— H bond is
8. MCI,; oxidation state of M=+2
MCI,; oxidation state of M = + 4 |
Since, higher the oxidation state, smaller the size and greater
the polarising power, greater is the covalent character.
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Therefore, MCI, is more covalent and MCl, is more ionic. ,

9. u=e xd —e=H

_ d .
Qﬂ:ﬂm .H-d_m=1:03!1+623.3:1
HI dHI‘.::! by 1.3x0.38
10. 0o

o |
::f"cK ofll%

1—}CI

--"'u“‘b %

Bond nrder ,
total nurnberufdmbiebmdbabmnﬁlandﬂ

¥ total number of bonds at delocalisation position

=1+ =-===1.75
4
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11. As electron density inP=0 bond is more, it causes greater
repulsion and reduces theCl — P — Clbond, consequently
increases Cl —P=0bond.

12. % ionic character =16(X, - Xg)+ 3.5(X, - Xz From the

above relation, itis clear that as soon as (X, ~ Xg)increases,
% ionic character will also increase Therefore, curve C
shows a comectpath.

13. Bond length of 0—0in0, = 1.21A
Bond length of 00 in 0, =1.278A
Bond length of 0—QinH,0, =1.49A
Therefore, correct order of O—O bond length is
0, <05 <H0,

14. A mytile. bond is always shorter than the corrﬂspondmg
single bond. The C-tom in COF is sp>hybridised as
shown

- O 0 O
— A_? /
Q== HO—C —0—-C
c< Nor o
The C-atom in CO, is mhybndlsed with bond d stanceof '
h carbor-oxygen is 122 pm.
~ 0=C=0—0"=C—0"¢> 0—C=0"
TheC-ainmmCOmsphybndlsadmmc Obond
distance 110 pm :C =0 -
So, lheoorredurdertsCO{COE < CO%.

15. Higher the bond order, shorterwnlbemabond Iength
~ So,NO has greater bond length than NO*.
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P
18.H-Ei>':+H+ > H EIJ »H

H H

'-1 7. Each species contains 14 electrons and bond order 3.

18. C—F bond length s smaller than C—Cl bond length, hence
CH4F dipole moment is less than CHyC

19. I~ ion is made up of an I, moleculg and I" ion.

L+ T —[I-I1e”

Lewis acid Lewis base Dative bond
Central atom ITis sp°-hybridised with 2 bond pairs and
3 lone pairs and should possess trigonal -
pyramidal structure. However, due to the presence of
Ip - Ip and bp - p repuision, the-three lone pairs.occupy
the equatorial pasmun in order to minimise the repulsive
forces. Thus, the ion is therefore linear in shape witha -
bond angle ofexacﬂwsl)“ | :

I
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20. CHy —— CHy—CHg
' 4bp + Olp 4!20+ 4bf

Tetrahedral ~ ————
Tetrahedral
NH; — NHj
3bp+1lp 4bp
sp° sp°
Pyramidal Tetrahedral
BF; — BFy
3bp  4bp

Spi‘ . .Spﬂ

;Tﬂgmﬂl planar  Tetrahedral
H,0 — HO*
2bp+2lp 3bp+1p
sp’ sp’
ﬁngmar Pyramidal
21 In piperidine, N is sp-hybridised having three 51gma bonds
and one lone pair.
22. In sp-hybridisation, there is 25% s—character and 75%
p-character.
23. InICI3, lis sde-hybridised. Due to the presence of lone pair
of electrons, it acquires distorted trigonal pyramidal shape.

24. C in CO%" and B in BCl, are sp>-hybridised thus, acquire -
planar geometry. Although N in N(SiH3); is sp3-hybridised
but the steric hindrance caused by three bulky groups
makes it planar for higher stability.

25. (i) In XeF,, Xe is sp *-hybridised and it is square planar.

(i) SF, is distorted trigonal bipyramidal in shape.
(i) [NiCl, >~ is tetrahedral in shape (sp®-hybridised).
(iv) [PtCI, ]~ is square planar in structure.
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26. The structure of H,0 is angular V-shaped and has
sp®-hybridisation and bond angle is 105°. Its dipole
moment value is positive or more than zero.

00
W/ 0r N
u>0

180°
F—LpeN\—f

u=0

Butin BeF,, structure is linear due to sp-hybridisation(p =0}
Thus, due top > 0, H,0 is dipolar and due to p = 0, BeF, is
non-polar. | |

21. Electronic copfiguration of N is 1% 25 2p”.
In N, molecule, there are 14 electrons. Therefore, its
electronic configuration is
N, - o15%0"1s? 625°, 6257 GEpEz. n2p% = 12p%.
Hence, option (a) is correct. - |
28. In the formation of N from N, one electron is removed from
g-orbital. '
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29. Strength of hydrogen bond between H —F is the strongest
and hence, it has the shortest H-bond.

30. Peroxide ion is O3~
05 (18)=0 162, 0* 182, 625°%, 6* 257, aEpf, T:E,Df = 1:2,0‘3'
n*2p%y = n*2p;
Bond order = 10— 8

=1

- 03" is diamagnetic due to the absence of unpaired electrons
and number of antibonding electron pairs in O3~ ion is four,
o*? p, is vacant.

31.NO; =32 CN™ =14 PDE' =40
CO% =32 N, =14 502%™ =40
BO3 =32 Ci =14 ClO; =40
Hence, all these ions are isoelectronic with each other.
Whereas,
CO3 =32
NO; =32
. S03 =
are not isoelectronic with each other.

sp®  sp?
32. (A) Ethane, CH3— CHj,4

= 2 sp*-hybrid carbons

sp?  sp?
(B) Ethene,CH,=CH,
= 2 sp?-hybrid carbons
| sp . Sp
- (C) Acetylene, CH =CH

= 2 sp-hybrid carbons -
(D) Benzene,
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Sp‘

o
(s
sp 7
= 6 sp>hybrid carbons
33. The O — O bond length is shorter in O,F, than inH,0, due
to higher electronegativity of F-atom. H,0, is a covalent
compound. o
34, SeCl,, has see-saw geometry, i.e. distorted trigonal

pyramidal geometry. In SeCl,, Se is sp°d-hybridised.
C :

e/cr
AN

Cl

35. SF, has see-saw shape. It has non-planar structure. In this
structure, bond angles are different between different S—F

atoms.
According to VSEPR theory jo - o > Ip —bp > bp - bp.
F

101°/F
S )89°
177\

Thie Materiad ie Downloaded Freom EoamsFrad. com

'S

F




| ot St Ml Mk Tt s S Aty Barakip Gt ey are. |

36. In BF;, boron is sp*-hybridised, so it is trigonal planar. INNF;,

nitrogen is sp®-hybridised. But due to the presence of one
lone pair it becomes pyramidal from tetrahedral.

0

N Pyramidal
F .

37. Lone pair- bond pair repulsion, is stronger in H,S as bond

pair - bond pair repulsion becomes weak with increase in
size of central atom.
38. The total number of electrons in B, =10,

B, = ol s? 6152, 62s°, 62 32;1:2;11 = 1:2;};. It has 2
unpaired electrons, therefore, it is paramagnetic and
highest occupied molecular orbital is of n-type.

39. The bond enthalpies of the two O—H bonds is H—0—H are
not equal because electronic environment around O is not
same after breakage of one O—H bond.

H

! :
40.NECT—?—~ C=N (6o+4n)
H

<Dﬂ (Ao+1m)
O—H
O

|
(4o+4n)
D/F}F\XD

O
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N=C—C=N (3o + 4r) -
In XeO, equal number of oand = bonds i.e. four

41. 0; = o15%, 515% 025%, 525°, 6207, (n2p? = n2p?)
(n2p; =~ n2p)) |
number of e in BMO — number of e~ ABMO

Bond =
ond order 5
10 -7
=—_"'-3/2=15
- 2 f
3 =o1s®, o*1s5% 02s° 0% 25% 02p%, (n2p% = n2pf)
(r*2p, = n*2p0)
Bond order = 10 ._ > =5/2=25
0, = o15%,6* 1s%,625% 6* 28%, 62, (P2 ~ n2pf)
(r*2p, ~n*2p))
Bnndmdm=m=f=2
2 2

Correct bond order — 05 <0, <03

42. Species NO; NO, NO; NO}
Hybridisation sp® sp° sp® sp (linear)
Bondangle 120° <120° <120° 180° |

So, NO3; has maximum bond angle.
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43. ozzmdmda_%am 15

10-5

0% - bond order = =5/2=25

03" = ois’c* 1s%02s%0* 25%02p2, (2p2 = m2p?)
(n*2pl = n*2p)
Bond order = 102 g 3

- Correct bond order is 05" >0} >0;

44. The enolic form of ethyl acetate has 18 single bond
(16 sigma bond) and 2 double bond (2 srgma and 2 Pi
bonds).

. There are 4 n bonds hence, total x electrons are 8.

s &

. NH4 has maximum dipole moment.
Dipole moment inNH, = 4.90 x10™*%cm

4. :0:

0 08

N is sp®-hybridised and no lone pair of electron is present
that's why NO3 has triangular planar shape.

48. (BH,), or (B,Hg)
H\ ,-fH‘ E<

It contains two 3-cantre-2-electrnn bonds.
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H
It contains only two o-bonds.

50. SF,hassp3d- I'rybrfdrsatmn and see-saw shape and is polar
in nature.

| ~F
f\F (4 bp + 1ip)
51. According to MOT O3 has one unpaired electron.

r.r1.5‘2 628, :IESE n2p? -11:2,0), uEpz n‘292 -:1:2.0,
Hence, it is paramagnstic.

gt
52. F— Xo —F sp®d and linear
Cl—I—Cl sp°d and linear
Sb, a 00 UL
c/ é \Cl sp® V-shaped
, |
Cl—Ba—Cl sp-linear
e : : o
F/ \F sp® V-shaped =an:

53. (8) H0= H,:U'-.\H |
' - @bp +2fp)
[bp =bond pairs and fo =lone pairs]
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F
I
(3bp + 04p)
(c) NH, = [H /,N\H:I
(2bp + 21p)
71N
C 1o Cl
(3bp + 1ip)

Thus, in PCl5, the central atom P has three bond pairs and
one lone pair.

54. If number of bond pairs and lone pairs are same for the given
pairs, then they are isostructural.

(a) BCly and BrCl,
Cl | » -
o] | CI—EE?-—Cl
SN e
3o bonds 3o bonds +2ip
= spg -hybridisation - = spad -hybridization
and trigonal planar geometry . and T shape geometry
(b) NH4 and NDE -
. {Zl}
—H
v
H N\‘H o Nag o
3abonds +1/p
= sp? -hybridisation 3o bonds

and pyramidal geometry = sr:r2 -hybridisation
and trigonal planar geometry
(c) NF; and BF;
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. F
—F
thk': ,fi|3*-\.
3 2
Jo bonds +1/p 3 bonds

=» §p~ -hybridisation 3 e
- et = 5p° -hybridisation
and 'dal geo and trigonal planar geometry
(d) BFy and NH,
—_ _—- — —_ +
I )
N
R H\H
| F _ - H
4o bonds 4o bonds
= sp3-hybridisation = sp-hybridisation

and tetrahedral geometry  and tetrahedral geometry
Thus, BF; and NH} are isostructural. -

55. 05°(8+ 8+ 2 =18)=ols?, 1%, 6257, 625% 02p?
n2p = 11:2,03?, ;I:Epf = ;IE,DE

Bond'Sider B0) = "2 ;Nﬂ - 1-02‘ 8.

1

B,(5+ 5=10)= o1s?, 615, 62s%, 525% n2p, = n2p,

6-4
2

BO = 1
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Thus, O3~ and B, have the same bond order.

Note BOofQO; =25N0O" =3NO =25C0 =3
56. (a) MO configuration of O5(8 + 8- 1=15)
N,-N, 10-5

BO = = =25
2 2
Similarly,
r[b} 02{a+s+1_1?; |
So, Bo=Ne=MNa _10-7 45
2 2
() O2°(8+ B+2=18)
N,-N, 10-8
e = —1
So, BO > >
(d) O,(8+8=16)
10-6
BO=——=2
2

Thus, O3 shows the bond order 1.5.
57. In (C,H;5),OBH; coordinate bond is formed in between B
and O.
(C,H5),0 — BHy
(C.H;),O gives one lone pair of electron to BHy. So, it is

called electron pair donor and BH, is called electron pair
acceptor.
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58. Number of hybrid orbital = % [number ofe ~ in valence shell of

atom + number of monovalent atoms - charge on cation +
charge on anion]

No. of hybrid orbital 2 3 4 5 6 7
Type of hybridisation ' sp | sp® | sp® | spd | sp¥? | sp™?

Hybridisation in TeCl,
Number of hybrid orbital = l—;—[ﬁ +4+0+0]=5
Hence, TeCl, shows sp®d-hybridisation.

59. Bond order of 0F =-2—>=25

Bond order of O3 =102_—? =15

Bond order of 03~ = 102—_8 =1

Bond order of O, = 102_ 6 _>
~» Maximum bond order = minimum bond length.

-.Bond length is minimum for O3.
60. C— H;bond length = 0.109 nm
C==C, bond length = 0.134 nm
C — O; bond length = 0.143 nm
C — C; bond length = 0.154 nm
. Correct order of bond length is
C—H<C=C<C—0<C—C
61. NO, —» sp?-hybridisation
NO; — sp®-hybridisation
NH; — sp®-hybridisation
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NH; —— sp®*-hybridisation
SCN* ——» sp -hybridisation
~. NO3 and NOj both have the same hybridisation.

62. As the number of lone pairs of electrons increases, bond
angle decreases due to repulsion between lp — lp. Moreover,
as the electronegativity of central atom decreases, bond
angle decreases.

Hence, the order-of bond angle is

- - - -.-D-i

< . Ci
o” o co? @ o
(Two lone pairs)  (Two lone pairs)  (One lone pair)

(Cl is less electronegative as compared to O).
63. For sp®-hybridisation, there must be 3¢ bonds or 2¢ bonds

along with a lone pair of electrons.
(i) NO; = 20 + 1/p = 3, i.e. sp*-hybridisation
(i) NH; = 30 + 1/p = 4,i.e. sp*-hybridisation
(i) BF; = 3o + 0Jp = 3,i.e. sp®-hybridisation
(iv) NH; = 20 + 2/p = 4, i.e. sp°-hybridisation
(V) HZO = 20 + 2ip = 4, i.e. sp°-hybridisation
Thus among the given pairs, only BF3 and NO3 have
sp? -hybridisation.
64. Molecules with zero bond order, do not exist.

(a) Be} {4+ 4 -1=7)=0cl1s?, ois?, 6252, 625"

4-3
BO=——=0.
5 0.5

(b) Be,(4 + 4 = 8) = o1s?, 51s?, 6252, 6252

Bo=2-%_¢
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(b) Be,(4 + 4 = 8) = o1s?, 51s°, 0252, 62s°
BO = 4-4_ 0
2
(€) Bo(5 + 5=10)= 015>, 51s°, 625°, 525%, n2p} ~ n2p)
6—4

BO=-""=1
2

(d) Lip(3+ 3=6)=ols?, 51s?, 52s°
2

Thus, Be, does not exist under normal conditions.

65. Molecules having the same number of hybrid orbitals, have
same hybridisation and number of hybrid orbitals.

H=%W+Y—C+m
where, V = number of valence electrons of central atom
Y = number of monovalent atoms
C = charge on cation
A = charge on anion
(@) InSF,, .
H=%[ﬁ+ 4-0+0]=5

) InI;,
! H=%[?+2+1]=5
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(c) !nSbCIE‘.
H=%[5+ 5+2]=6

d InPCl,,
H=%w+5+0—m;5

Since, only SbCIZ~ has different number of hybrid orbitals
(i.e. 6) from the other given species, its hybridisation is
different from the others, i.e. sp%d?2.
(The hybridisation of other species is sp®d).

66. (a) BF; = 3bp+0/p

= Sp2~hybridisat_ion and trignnal planar geometry.
(b} NH; = 3bp + 1/p
= sp>-hybridisation and pyramidal geometry.
(c) PH; = 3bp + 1ip
= sp>-hybridisation and pyramidal geometry.
(d) IF, = 3bp +2Ip
=> sp°d-hybridisation and T -shape.
67. A water molecule can form a maximum of four H-bonds as:

0.
| ™“H_ /_H
H “‘*-..CI}.-’ "HOHH
H
(-i;,
[ H
H

(Dotted lines represent H-bonds)
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68. The structures of the given compounds are as:

s .. ,Coordinate bond
0 0: :
@ N7 e .

O

—H
A\ ;
© I—z‘-':ngﬁlnata bond

(Arrow represents coordinate bonds)
Thus, all the given compounds contain coordinate bond.

69. Number of hyhrid cnrbitals SEEY
IV +Y+A-C]

i-\-lr\. .‘;: -

- {? +7+0-0]=7
Thus, the hybndisatlﬂn of IF; is sp3d3 and its geometry is
pentagonal bipyramidal.

70. Orbitals having nearly same energy are called degenerate
orbitals. Among the given, n2p, and n2p, orbitals are of
equivalent energy, thus, are called degenerate orbitals.
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