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Chemical bonding is extremely important in everyday life. You've probably heard of
gasoline, LPG, CNG, and other fuels. These are the types of fuels that will allow you
to continue your long journey. Using the proper oil to fuel your vehicle ensures that it
performs optimally. The fuel or gases that are used in vehicles are the results of atom
bonding.
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2 Bond Parameters

B Theories of Chemical Bonding

Get More Learning Materials Here : i m @Y www.studentbro.in



Get More Learning Materials Here : &

CHEMICAL BONDING

' TOPIC1
CHEMICAL BONDING

We can't Gve in isolotiorc and people ke to form bonds
with one another. People maoy form strong bonds with
one another. and eome atoms can form strong bonds
with one another as well Wealk connections can exist

betwween atoms. just as they might exast between two
people.

Chemical bonding between otoms coreates the
proteine we requre and the carbohydrotes we
consume. Chemical bonding is responsible for the
gos we utilize in our cars We breathe oxygen (0,) as
o result of o chemicol connection. Chemical bonding
between otoms produces the medicines we need to
heol ourselves When two otoms or molecules are
held together in different chemical species. there s a
certain chemicaol knic between them which is termed
os o chemical bond. These bonds are the forces of
agtraction between two atoms or molecules. They are
formed to increase stability with the emancipaton of

energy.

Kossel - Lewis Approach to Chemical
Bond

A logical explanotion for chemical bondmng was
provided by Kossel and Lewis in 1B16. Their approach
to chemical bonding iz bosed on the inertness of
the noble gases which hove little or no tendency to
combine with other atomsa They proposed thot the
noble goses are stable due to ther completely filled
outer hell electronic configurotion. According to this
method. atoms take part m bond formation to ochieve
the nearest noble gos electronic configuration In
other words. atome form bonds to complete thew
octet or duplet to have the nearest stable noble gos
configuration. The bond is formed by losing, gaining or
shorng one or more electrons from their owter shell
For example. sodium loses one electron to form No®
ion and chlorine accepts that electron to give chloride
ion (CI7). enabling both atoms to atoin the nearest
noble gos configuration. The resultont tons. Na® and
CI* are held together by electrostatic ottractive forces
and the attractve force is colled o chemical bond.

Facts of Kossel Lewis Theory

Im the penodic toble. the highly electronegotve
hologens and the highly electropositve alall metaols
are eeparated by the noble goses.

(1) The formation of o negaotive ion from o hologen

otom and a positive ion from an alkah metal
atom iz assodoted wath the goin and loss of an

electron by the respective atomea

(Z) The negaotive aond positve tons thus formed
ottain stable noble gaos electronic configurations.

The noble gases (with the exception of helium
which has o duplst of electrons) howe a
particulorly stable outer shell configuraton of

eight (octe?) electrons, ns’np®.
(3) The negouve and positive ions are stabilised by
electrostatic attraction

Lewis Symbols

In 1816, Lewis introduced simple symbols to

represent valence shell electrons of the otom these
smple symbols are lnown s Lewis Symbol The

Lewis symbol iz the chemical symbol of elements
where the volence electrons are represented as the
dota For example.

i & <

These symbols help wo colculote the common or
group volence of the element The group valence of
the element is either equal to the number of dots or 8
munus the number of dots

Molecule/ Lewis

lon Representation
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Lewis Representation of Simple Molecules

(Lewis Structures)

The Lewis dot structuses provide a picture of bondeng

in molecules and ions in terms of the shared pairs of
electrons and the octet rule. Following rules ehould be

aodopted while writing Lewas structures:

(1)

2

)

()
&)

The total number of electrons required for
writing the structures & obtained by adding the
volence electrons of the combining atoms.

For anions. each negotive charge would mean

the addition of one electron. For cations. each
positve charge would result in subtroction of
one electron from the total number of valence

electrons.
Knowing the chemical symbols of the

combining atoms and hoving knowledge of the
skeletal structure of the compound (lmown or
guessed intelligenduy). it is eosy to distribute the
totol number of electrons os bonding shaored

pous between the otoms m proporton to the
totol bonds.

In general the least electronegotive atom oocupses
the central position in the moleculsfion

After occounting for the shored pairs of

electrons for single bonds. the remaoining
electron poirs ore either utilized for mulople
bonding or remaoin as the lone pora The basic
requirement being that each bonded atom gets
an octet of electrons.

Exomple 1.1: Write the Lewis dot structure of CO

molecule. [NCERT]

Anes, Step 1: Festlu. we hove tw count the totol

Get More Learning Materials Here : &

number of valenocz shell electrons of both
carbon and oxygen otomsa The electronic
configuration of carbon and oxygen atoms in
their outer shells:
C= 25%2p?
O = 2522p°
The volence electrons are therefore
4+6=10
Step 2z CO's skeletol structure = written as

c O

Step 3: Drow the valence electrons as dots and
represent one shared electron pair as o single
bond while the remaoining electron poire as lone

But sull. the octet of carbon does not complete
eo we hove to use multiple bonding between
carbon and oxuygen otome which sotsfies the
octet rule for both atoms.

:c GDo: Horic=o:

Example 1.2: Write the Lewis structure of the
nitrite ion, NO4- [NCERT]

Anes. Step 1: Festlu we hove tw count the totol
number of valence shell electronz of both
nitrogen and oxugen otoms. The outer shell
electronic configuration of niroegen and
oxygen atoms and the molecule contains one
odditional negative charge

N = 2522;::3
0 = 25%2p*
Thus the valence electrons are

=5+(2=6)+1

= 18 electrons

Step 2: Wirite the skeletal structure of NO3 aos
O N O

Step 3. Draw the valence electrons as dots and
represent one shared electron pair as o single
bond for completing the octet of both atoms
while remaining elecron poirs as lone pairs.
But by doing this the octet of nitroagen does not
complete o the remoining two electrons form
lone poirs on it

[5 & ]

So we have to use multple bonds between
nirogen and oxygen atoma which satisfies the
octet rule for both the atoms.

Oz NI 0O:] or

O0=—N—20:| or

:g;}_e@:gj]

Octet Rule

The octet rule hos these significant drowbacks:

(1) The form of the molecule cannot be antapoted
according to this orenon

(Z) This criterion cannot determine o molecules
relotve stobibity

Limitations of the Octet Rule

There are maoinly two limitotions of the octet rule:
(1) The mncomplete octet of the central atom
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(Z) Anybond & not completely ionic or completely
covalent when the octet rule is applied to some
rmolecules which hove olmost equal ionic and
covolent characteristics. this rule fails.

For example: In some polyotomic molecules like LiCL

BeH; and BCly, the number of electrons surrounding

the cenwal otom is Lless than eight Li. Be and B hove

1.2 and 3 valence electrons onlu. Thss is espeaolly the

caee with elements hoving iess than four electrons

in their volence shell Bwmmples of eother such
compounds are AlCl3 ond BR

Odd-electron molecules

Molecules hoving an odd number of electrons liks

nitric oxide. NO and nitrogen dioxdade. NO,, do not

sotsfy the octet rule for oll the atoms.

The expanded octet

Elements in the third pernod of the penodic table

and beyond hove 3d orbitals (opart from 3s and

3p orbital) ovailable for bonding. As we lonow thot
the atom will be stable when the outermaost shell
is completely filled. In this cose (4% period) the
completely filled outermost shell can accommodate

18 electrons. Numerous compounds of these

elements hove more than eight valence electrons

around the centrol atom. This is termed os the

expanded octet Some examples of euch compounds
are PFc. SFg H;S04 and number of coordination

compounds.

Example 1.3: Case Based:

Lewis structures are illustroons thaot fdlustrate the

bonding between atoms in a molecule. and just about
any lone pairs of electrons that could be present

They are also characterized os Lewss dat formulae.
Lewis dot structures electron dot structures. as
well as Lewis electron dot structures (LEDS) A
Lewwss structure can represent any covalently lnked
molecule. but also coordination compounds. Gilbert
N. Lewis introduced the Lewds structure in his 1916
essay. The Atom and the Molecule. and it was narmed
after him. Lewis structures add lines between atoms

to mndicate shared paoirs in a chemical bond. extending
the notion of the electron dot diagram.

(A) Among the following which molecule possess
o full octet of the centrol atom, according to
the Lewis and Kossel approoch?

(@) Lcl (b) BeH,
() BCO; (d) CO;
(B) €O, NO3, and CO3 have the following Lewis

dot structures of L, Il and lll, respectivelu
C==0:
0

ucnrcne €9

€
o g

(D
Which of the structures listed above is/are
incorrect?
() Only () () Only (N
(c) Only (M) (d) Al of the these

(© Draw Lewis structure of CN™.

(D) Assertion (A): SFg, PClg, H;SO4 etc, are the
compounds having incomplete
octets.

As they contain more thaon

eight electrons.
(o) Both (A) and (R) are true and (R) is the

correct explanation of (A).
(b) Both (A) and (R) are true but (R) is not the

correct explanation of (A).
(c) (A)is true but (R) is false.
(d) (A)is false but (R) Is true.

Ans. (A) (d QO

Bplanoton: According to Lewis and
Kossels mnethod. the 00, molecule

possesses a full octet of the central atom
nnolecules contoining an incomplete octet

of core atoms include LiCL BeH,, and BOA,.
The Lewis structure of CO,, & as follows

(®) (@) Only (M

Bplanation: The Lewas dot structure of CO
() is incorrect. [ts correct stbucture is drown

Reason (R):

os follows:
C=0:
(C) The Lewis sbucture of CN™ =
[[C=NI"

(D) (@) (A = false but (R) s brue.
Explanation: In PFc SFg; and H;SO..
the centrol atom hos more than eight
volence electrons. Hence they exhibit an
expanded octet. not an incomplete octet

This iz possible due two the avoilobility of
3d orbitals. Elements in and beyond the

third period of the periadic table do not
follow octet rule thus it applies mainly w

the second periad elements of the periadic
table

@g www.studentbro.in



Get More Learning Materials Here : &

Formal Charge on an Atom in a
Molecule/lon

The individuol otom in o polyatomic molecule is
composed of a chorge which is named a formal charge

Formal Charge (F. C) = [total number of valence
electrons in the free atom|

— [total number of mnon-
bonding (lone pair) electrons)

—;— ltotal number of bonding

(bond pair) electrons]
Example. B
O,
@/ "

] -
-
-

F.C.unDl=E—2—%(E) = +1

4
F.CanD,:E-E—4=D

FCon0,=6-6-2=-1
7

Thua the formaol charges represented in Oy are as
follow=

OE‘
u?]’ _O/ \O
Important

- Vhen compared to an [kolated meubral atom. the
formal charge on an atom In a molecule represents the
electran count ossoclated with the aton [Knowing the
formal charge on a certaln atom In o stvucture ie orucial
for keeplng track of electrons and determining and
forecasting reachvity

'TOPIC2 |
TYPES OF CHEMICAL BOND

There are three wpes of chemicol bond

(1) lonic Bond
(Z) Covalent Bond
(3) Coordinate Bond

lonic or Electrovalent Bond

An ionic bond s formed when electrons are
transferred from one otom or molecule to another
atom or molecule. resulting in the formation of o
chemical connection. The atom or molecule which
obtoins an electron carries o negotve charge (anion)
and that atom or molecule which gives on electron
carries o positve charge (caton).

The ionic bond becomes stronger when there @ o large
electronegauvity difference between the two atoms.
The higher the difference in electronegotivity between
cation and anion. the stronger is the ionic bond.

fﬁﬂ Important

e An lonic bond = an extreme example of a polar covalent
bond with the latter resulting from urequal electron
csharing rather than entire electron tranzfer. When the
electronegativities of two atome differ greatly lonic
bonds occur. whereos covalent bonds fonm when the
elecronegativitles are identicol

Explanation of ionic bond

Atoms are generally neutrol which means they hove
an equal number of electrons and protons. Sa. when
they lose or gon electrons. they become positvely or
negotively charged.

X — X* + €. lonisavon enthalpy

In this case. the atom X loses ane electron and thus.
attgins a positve charge

x>

Y + € — Y " Electron goin enthalpy

Furthermore, in the case of an atom Y. it goins one
electron eo it becomes o negative ion

WYWhen both tons are attracted two each other because

of electraostatic forces of attracton. then o new bond
s formed and this bond is termed as an ionic bond.

X e XY
Factors affecting the formation of ionic bonds

(1) lonisation Enthalpy (lonisation Energy): It is
the amount of energy required to remove an
electron from on isolated goseous atom. Thus
for formaotion of an ionic bond element ehould
have low ionisation enthalpy.

(2) Electron Gaoin Entholpy (Electron Affinity):
It ia the enthaolpy chaonge aoesociated with
an isoloted goseous atom when it goins on
glectron to form its corresponding onion
During the addition of an electron. energy
can either be relenosed or absorbed. Electron
affinity is the negotve of the electron gain
enthalpy. Thus. for the formation of an ionic
bond element should have o high negative
value of electron goin enthalpy.

(3) Lattice Enthalpy (Lattice Energy): To form
ionic compounds. cation and anion combine
to form the compound. Measurement of the
ionic bond’s strength ond its staobility in the
ionic compound is given by Llattice energy. It
18 the energy required to completely separate
one mole of a solid ionic compound into

goseoue constituent ions. For exaomple, the
lattice enthalpy of NaCl is 788 kJ mal™. This
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meane that 788 kJ of energy is required to
seporate one mole of salid NaCl into one mole

of Na®g) and ane mole of Cl%g) to an infinite
distance. The higher the value of lattice
energy. the higher is the eose of formnation of
ionic compounds.

General characteristics of ionic compounds

(1) These substonces ore solids. The ione ase
structured and brittle becouse they are held
together by strong electrostatic forces.

(2) High melong ond boiding temperatures ase
required to disintegrate the molecules as they
maoy be held together by strong electrostatic
forces.

(3) They are soluble in polar solvents Like water. but
not o much soluble in non-polar solvents lke
benzene. OCl, etc

(40 In o molten state and ogquecus solution
ionic compounds are the good conductors of

electricity. This i becausz the electrons or ions
are free to move but solid ionic compounds
are closely packed which doesnt ollow any
movement of ions thus maoling them o bad
conductor of electriawy.

(5) They are crystoline in notwe However.
the dimensions of the ouystolline stuctuze
are determined by the onions and cotons
diometers. A= to form an ionic compound.
several cations should be eguol to eeveral
anions. The whole ionic compounds are
uncharged or neutral

Covalent Bond

When there is o mutuol sharing of electrons among
hwo atoms to acquire their octets or duplets o
chemicol bond is formed between them These bonds
agse lonown as covalent bonds. Each atom donates
severol electrons termed as covalenay

For example. formoton of Qx
-5 - e

287 287 L=l

Bond poirs refer to shared powe of electrons between
two atomes in covalent bonding, whereas lone pairs
refer to unshored pows of electrons betw=en two
atomns in covolent bonding.

Types of covalent bond

(1) Non-polor covaolent bond: A non-polor
covalent bond iz o wype of chemical bond that
ig formed when electrons are shared equaolly
between two atoms having almost the some
electronegativities. Example. H;, 5 etc

(2) Polar covalent bond: A polar covalent bond i
o wype of chemical bond formed between two

ucnrene €9

atoms in molecules hoving an elecoronegative
difference. H-C. CO,, etc

Factors aoffecting the formation of covalent

bonding

(1) lonsoton energy For fonmoton of ocovalent
bonds. the ionisation energy of atoma should be
high

(2) Electron goin enthalpy: The atoms should haove

equal electron gain enthalpy for the formotion
of covalent bonds.

(3) Electronegotivitu: For formmotion of covalent

bonds. the atoms chould hove almost equaol
electronegotivities.

General characteristics of covalent compounds

(1) Covalent compounds exast in a liquid ar goseous
form ot ambient temperature becouse of
weak intermoleculor interactions. However. a
diannond is o covalent compound that is solid at
room temperatuse.

(2) They howe low melting and boibng ponts
because weak intermoleculor bonds require
less energy to break, except for diomond. whose
meltng point is high as it has mony covalent

bonds eo o high temperawuse s required to
break the bonds

(3) Covalent compounds are often poor conductors
because they laclk free electrons or ions

to carmry electrictyu. However, grophite s o
covalent campound that is o good conductor of
electrioty as carbon otoms are bonded in layers

with three ewrong covalent bonds thot gave
spore electrons which conduct electnicniy.

() Covaolent compound is soluble n o non-polar
solvent such as benzene but usuaolly insoluble in

waoter.

Example 1.4: Case Based:

Chemical bonding is the process of atoms joining

together to form molecules. ions oystals. and
other stable spedes that make up the recognisable

compaonents of everydoy lfe. When atoms come
close together, their nuclei and electrons interact

and tend to disperse themselves in space in such a
way that the total energy is lower than in any other

configuration When the overall energy of several
atoms = lesser than the summation of the energies

of the individual atoms. bonding occurs After the

electron wwas discovered and quantum mechanics
gove a system for describing the behaviour of

electrons in atoms, the theories that contributed to
determining the nature of chemical bonding came

to fruition in the early twentieth century. Despite
the fact that quantum physics is required to gain full

quantitative lcmowledge of bond formation. chemists’
pragmatic understanding of bonding = expressed

in simple intuitive models These models distinguish
between two types of bonds ronic and covalent The
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sort of bond thot s most likely to form between owo

atorms may be antidpated based on the elements’

positions in the periodic table. and the qualities of the

substances generated can be lLnked to the type of

bonding to some extent
(A) Which of the following chlorine compounds is

®

©

composed of both ionic and covalent bonds?

(o) NaCl (b) NaClO4
(c) PCly (d) POCi,

In PO,~, the formol charge upon every atom
and P — O bond order respectively ie:

(o) -0.75,1.25 (b) -0.75,10
(c) -0.75,0.6 (d) -3,1.25

Calculote the formol chorge on the central
oxygen atom in O3 molecule.

(D) Which of the following elements hos an

®

electrovalent bond?
CaCly; AlCl5; SiCl,; PCl,
Asserion (A): Oxygen atoms get aon octet of

electrons during the formation of
the water octet molecule.

Reason (R): Oxugen atomn forms two iomic

or electrovalent bonds with twe

hydrogen atamu

A statement of assertion followed of reason

is glven. Choose the correct answer out of the

following choices:

(o) Both (A) and (R) are ue and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

() (A) is true but (R) is false.
(d) (A) is false but (R) is true.

Ane. (A) (b) NadO,

Explanation: NaClO, is mode up of two
parts: Na® and ClO% ions with ionic bonding.
In ClO} (perchlorate ion) O-0 bonds on the
other hand. are covalent.

®) (0)075. 125
Explanation: The formol charge on each

O-atom in
PO =8
PO bond order n PD?’

_ Tatal number of bonds between atoms

Toral number of resonoting structures

—5—.

125

(C) Thesvucture of Oy =

P ..

<0 O:

=
Formal charge (FC) = V-1

2
Where,

V' = Total number of valence electrons in
the atom.

[ = Total number of non-bondmg (lone
pair) electrons in the atom

B =Total number of bonding (shared)
electrons in that particular atom.

Hence. the formal charge on the central O

nmrninO;:E—E-%nE=+1

(D) Because there = an electronegotivity
difference between the Ca and Cl atoms
in Ca(l;, thus Co-( bond are electovalent
or ionic bonds.

(B) (c) (A) = rue and (R) = false
Bxpalnation: In arder to fulfill the hydrogen
atom's duplet and the oxygen atom's octet
each oxygen atom estoblishes o covalent

bond with o hydrogen atom durning the
synthesis of the water molecule

(OBJ ECTIVE Type Questions)

[ 1 masl ]

A Cautlon

Multiple Choice Questions

1. The formation of the electrovalent
bond is easier if the difference in the

electronegativity of the two atomas is:

(o) high (b) Low
(c) equal (d) None of these
[Diksha]
Ans. (g) high
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Explanation: When electbonegotvity difference
is higher than ion formaotion takes place hence

ionic bond is fornned.

ucnrone €9

- Studente should remember that in each bond pair.
there are bwo electrons Far example. let a compound
hos nwvo band patrs then there are four electrans

2. The electronic configurations of the
element L, Il. and lll. are given below.

Answer the questions on the basis of these
configurations.

L 1s? 252 2p°
L 1s? 267 Zpa 35’ 3p3
m. 1s? 25?2 2p%35? 3p°
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The bond between IL and lIL will be: 5. The electrovalent compound dissolves in

lait] Covi it o solvent if the value of .. energy is
Vot Kby Gt ?n higher thon the ... . energy of the lonic
(c) Hydrogen (d) Coordinate compound.
[NCERT Exemplar] (o) lattice, solvation
Ans. (b) Covolent (b) ionisation, solvation
Explanation: As we lmow bonds formed (c) ionisation, lattice
between two non-metals ane nostly covalent S
Hese B and C are non-metals. eo they will form ) Il A [Picavial
o covalent bond. Ans. (d) solvation lattice
3. Using Kossel and Lewis's approoch, tell BExplanation: Th= ions of an onic compound
which of the following molecules hoes a are separated and solvated by the eolvent
complete octet on the central aton molecules during dissolution  Solvaton
ia th | d when i
(@) He3 (b) NO energy is the energy releosed when ione are
A surrounded by solvent molecules. whereos
() A0z (d) CO, lottice energy is the energy necessary Lo
Ans. (d) CO, remove ions from a compounde lattice
Explanation: According t Kassel-Lewiss The solute is insoluble in o eolvent & the
approoch. in the molecule CO, the cenwal lattice energy exceeds the esolvation
atom haos o complete octet whereas energy and no exemal energy i= given
He @. Which of the molecules below does not have

a dative bond?

[“‘EQ“‘*[ (o) CO (b) CO3~
U

(c) SO32 (d) All of these
= =P Ans. (b) CO$"
[ Hes HE] Explanation:

(o) :C=0: Here. oaygen shares its electron

NO = :N == 0: and A0, hove an moompl=z= with carbon and both C and O hove o

ucter_iij'— E;l: Q complete octet Thus it is following octet rule
Levas's structure of CO; = and has o dative bond.
(b) :[ﬁ:
5 o
4. Covalent compounds are most simply The carbon atom males one double bond with
formed with: an oxygen atom and two single bonds wath
(o) low electron affinity, high ionisation the other two oxygen atoms in the middle. The
energy oxygen atoms, even though they hove o lone
(b) high electron affinity, low ionisotion pair of electrons, will not establish a dotive
energy bond with the central C atom because the core
(c) high electron affinity, high ionisation C hos already acquired a stable configuration.
energy e 2=
(d) low electron affinity, low ionisotion © 2 ;_
energy g
Ans. (c) high electron affinity. high ioniscuon
energy .- -
; a S 0
Explanation: Covalent compounds are formed - .-
when
(1) When two atoms hove o strong and o
equal electron offinity. then o covalent L. - ]

bond is formed. Here. sulphur shores &s electron and maokes o

(2) F'ﬂth the atoms which are parucipating coordinote bond with two oxajgen atoms. Then,
in covalent bond formation should hove S and all four O howe a complete octet and it
high ionisoton entholpy. has a dative bond.

ucnrene €9
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Related Theory

Dative Bond: A coordinaze bond (cometimes refered
o as a dathve covalent connection) ie a sort of
covalent bond (by sharing pair of electrons) in wihich
both electrons origihate from the came element
When fwo atame chare a pair of electrons they form
o covolent bond Because both nuclel are ottracted
to the electron pair. the atomas are stuce together.

Assertion-Reason (A-R)
In the following question no. (7-9) a statement
of assertion followed by o statement of reason

is given. Choose the correct answer out of the
following choice.

(a)
(b)

(c)
(d)

Both (A) and (R) are true and (R) is the

correct explanation of (A).
Both (A) and (R) are true but (R) is not the

correct explanation of (A).
(A) is true but (R) is false.

(A) is false but (R) is true

7. Assertion (A): Sodium chloride formed by

Ans.

Read

the action of chlorine gaos
on sodium metal is a stable
compound.

Reason (R): This is because sodium and
chloride lons acquire ectet in
sodium chloride formotion.

[NCERT BExemplar]

(o) Both (A) and (R) are rue and (R) is the

correct explanation of (A)

Explanation: Sodium and chloride ions in NaCL

hove o complete octet Therefore. NaCl is a
stoble compound.

Na® + CTC - NoCI

B. Assertion (Ax The form of the molecule is

not explained by the octet
hypothesis.

Reason (R): The octet theory can predict
a molecule's relative stability

and energy.

- (©) (A) = oue but (R) is false

Explanation: The octet rule does not account
for the shape of molecules or exploin their
relatve stabilitu. and it iz completely mute

concermning a molecule’s energu

9. Assertion (Ax For the identical halides, the

order of lattice energy is LiF >
NaF > KF.

From Li to K, the size of alkali
metals rises.

Reason (R):

Ans. (b) Both (A) and (R) are true but (R) & not the

correct explonation of (Al

Explanation: As we lcnow thaot the size of the
cation or anion i inversely proportional with
the lottice energy. Stnce the anionis identicalin
all cases. the lattice energy i only dependent

on the eize of the caton. The following is the size
order of the specified cabons in ascending order:

Li®* <« Na® < K*
As o result. the order of lottice energy =

LiF > NaF > KF

(CASE BASED Questions (CBQs))

[ 4 &5 marks ]

the following possoges and onswer the

questions that follow:

10.
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Electron dot structures or Lewss dot formulas
can be drawn i the molecular formula of the
compound is lknown It defines the nature of
bond and position of atoms of the molecule
which are connected in the molecule. The
representation of molecules in Lewis electron
dot structure or just a Lewis structure is in
honour of the American chemist Gilbert
Newton Lewnss Lewns dot sbuctures also
called electron dot structures are diagrams
that describe the chemical bonding betwween
atoms in o molecide They also display the
total number of lone pairs present m each of
the atoms that constitute the molecule Lewss
dot structures are commonly referred to as

cucnrane €9

electron dot structures or Lewis structures.
Lewts defined o baose as an electron pair

donor and an aad as an electron pair acceptor.
Lewts dot structures reflect the electronic

structures of the elements including how the

electrons are paired Lewis struclures are a
useful way to summarire certain mformation

about bonding and may be thought of as
elecron bookkeeping” In the Lewss dot

structure. each dot represents an electron. A
pair of dots between chemical symbols for

atomns represents a band.

(A) Which of the following conditions doesn‘t
apply to Lewis dot structure?

(0 Each bond is created as a result of
the atoms sharing an electron pair.
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() Only one awom from the two
combining atoms contributes

electron(s) to the shared pair.

(i) The sharing of electrons allows the
atoms to ochieve the outer shell
noble gas structures.

Options:
(a) () and (1) (b) () and (D)
(c) Only (N (d) Only (D

(B) The structure with the ......... formal
charges on the atoms has the lowest
energy-
(o) smollest (b) highest
(c) zero (d) negative

(O) ldentify the group valence of atoms in
the halogen familu.
(a) 2 (®)1
(©) 9 (d) 7

(D) Which rule is folowed buy sharing or
transfer of electrons from one atom

to the other to attain a stable octet
configuration?

(o) Duetrule
(c) Octetrule

(b) Triplet rule
(d) Septet rule

(E) For which molecule octet rule is mnot
valid?

(o) H,0 (b) CO
(c) CO, d O,

Ans. (A) (c) (1) only

Explonation: To form covolent bonds we
need two atoms ot least so that sharing

of electrons can take ploce. Thus (1) is not
appropriate for the Levis structure.

(B) (a) smallest

Explonation: The stuctwre with the least
formol chorge on the atoma hos the lowest

energu.

O b1

Explonotion: The group valonce can be

calculoted from Lewia symbols either by
subtracting it from eight (more thon 4) or

having it equal (less than £). The hologen
family hos 7 electrons in their outer orbit

So B — 7 = 1 Therefore. the valency of the
hologen family is 1.

(D) (c) Octet rule

Explonation: As per the electronic theory

of chemicaol bond that's put forth by Lewis
ond Kossel states thot the atoms follow

ucnrone €9

the octet rule by shoring or wansfer of
electrons from one atom to the other to

attoin o stable octet configuration.

® B

Explanation: In CO molecule. the carbon
atom contains only six valence electrons
whereas eight electrons are required to
fulfill its octer.

Hence. CO maolecule does not hove an

actet. The Octet rule = not valbd for CO
molecule.

11. Lattce energy = a meosure of the strength

of the ionic bonds in an ionic compound. It
provides insight mto several properties of ionic
solids induding their volotlity, their solubility,
and their hardness. The lattice energy of
an ionic solid cannot be measured directly
However, it can be estimated wath the help of
the Born-Haber cycle. Generally. this quantity
= expressed in terms of llojoules per mole
(J/mol) Lattice energy can be defined as the
energy required to convert ane mole of an
ionic solid into goseous ionic constituents.
Alernatelu. it can be defined as the energy
that must be supplied to one mole of an ionic
aystol in order to separate it into gaseous
fons m a vacuwm via an endothermic process.
Therefore. this quantity always holds o positive
value Some sowrcss define lattice energy in
the opposite manner. ie the amount of energy
released when an ianic solid is formed from s
gaseous fonic constituents via an exathermic
process. According to this definition lattice
energy must always hold a negative value due
to the electrostatic forces between them. the
ecndnidual ions in an ionic lattice are attracted
to each other. The strength of the electrostatic
force of attraction is duectly proportional
to the magnitude of the charge held by the
constizuent iosms, ie. the greater the charge
the stronger the force of attraction and the
stronger the lattice For example. the lattice
energy of calcium chloride is greater than that
of potassium chloride despite the similarty in
the crystal arrangements of these compounds.
This s because the magnitude of the positive
charge held by the calaum cation (+2) is
greater than that held by the potassium cation
(+1). As o cansequence of this. the electrostatic
forces of attraction are stronger in calaum
chloride (than those in potassium chloride).
Therefore. the lottice energy of CaCl; is greater
than that of KCL
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(A) AlCly has o higher lattice enthalpy than
MgCl,. Exploin
(B) List the Lattice energies of lithium halides

in decreasing order.

(C) Which of the two saolts, NaCl or CsC{, has
the higher lattice energy and why?

Ans. (A) As charge & higher and =ize is smaoller of
A*. Charge i= directly proportional and

mize = wnversely proportonol to lotthcs

energy Hence. Al(3 has higher latuce
enthalpy than MgQa

() Li < LiBr < Lidl < LiF

(O Latuce energy is proportonal to ion charge
and inversely proportonal to atom radius.
Now. between NaCl and CsClL the radius
of Cs® is far greater than that of Na®:
even though CsCl is more ionic. the radius
= greoter. and thus the lottice energy is

lower.

(VERY SHORT ANSWER Type Questions (VSA))

[1 mark ]

12Z. Draw the Lewis dot structure of H;S molecule.
Ans. Lewiss dot structure of H;S molecule:
:5:
H H
13. Define the term “electrovalency”

Ans. The number of electrons given or received
by an elements vaolence shell to achieve a

stable electronic configuration s referred to os
electrovalency.

14. Whaot do bond paoir electrons and lone poir
electrons meon to you?

Ans. Those electron pairs of covalent compounds
that taoke part n bond crection are called
bond pair electrons while thase which do not
take part n bond creation are called lone pair
electrons.

(SHORT ANSWER Type-l Questions (SA-lD

[ 2 marks ]

15. The ionic bonds howve a partiol covalent
character. Why?

Ans. As we oll lmow thot no tonic bond = 100%
ionic. It hos some covalent character. Suppose
we talee two otoms A and B A®attract B™ but
it repels the nucdeus which oreates some
distorbon. Electron clouds around distorted
valence electrons get shared which s
covalency

16, In HAO,, compute the chionne's fommol

charge.
Amns. By using Lewiss structure. we can detenmine
the formaol charge on Cl
8
ﬁ:[l 0 H

Bonded electyvons = 10

Get More Learning Materials Here : &
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Formal charge=7 -2 —%(IU}

=7-2-5
=0

17. Whar do bond pair electrons and lone paoir
electrons mean to you?

Ans. Those electron paire of covalent compounds
that toke part n bond creation are called
bond pair electrons while those which do not
take port in bond creation are called lone poir

electraons.

18. Draw the Lewis structure of thionyl chloride.

Ans. Lewis structure of thionyl chlonde (S0Q,) is

:ﬁ

o S
'I:E-:;F-: - - ..\-'
:0:8::0: or =0 Cl:
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(SHORT ANSWER Type-Il Questions (SA-II))

[ B marks ]

19. Bxplain the difference between an ionic and
a covalent bond.

Ans. -
S. I bond Covalent bond
e el o e Ans. When there is the complete wonsfer of

20. What is on ionic bond? Exploin with two

suitable examples. [NCERT Exemplar]

electrons among two atoms resulting in

(1) Inionicbonds | The otomsina

positve and negotve charge and then a bond

one atom ' covalent bond
donotes an are held together iz formed between them is lohown as an ionic
electron and by the sharing of bond. For example. NaCl
the other atom | electrons, resulting
accepts that in the formaton //—\N . o e
electron making | of a covalent Na + :Cl Na =Ct
the whole molecule. S 5 e D
molecule stable. | Mg~ + O —>Mg™ O™ or MgO
(2) The electro- The bond is called <~ Vaa

Mg: + O:——Mg* 0% Or MgO

negobvity of nonpolor when
various elements | the electron is
Varies shored coordinately
amongst the atoms

5] lent
E‘ED - s Amns. MgCl, Becouse the hydrotion/solvation energy

Z1.Is it MgF; or MgCl; that is more soluble?
Justify your response.

(3) The formaotion

The creation of a

of MgCl; is higher than the lattice energuy. it is

of a polor polar covalent bond highly =soluble, but the lattice energy of Mgk is
bond happens | cocws when an signrficantly higher than the hydrotion energy
hEEﬂ”E_E ”F‘?}E EIEEU””;S —— [because F is o tiny ion and the forces of
GWGEFDH 5 P attraction between the molecules are highl As
oppositely atom than to

charged ions Srishles o result it is less soluble.

(LONG ANSWER Type Questions (LA))

[ & &5 marks ]

22. Moke Lewis's structure of the given © 3
compounds. TF:
AR5 g |

5 2 F Bz
©) CS; M
In these circumstaonces, is the octetr rule =
followed? pe
.
. “ e Hese, P is an expanded octet which means
H O C @ H

All otoms are occepung octet rule

® F:

v

:F

\F

there are more than eight electrons. Sao. it
does not follow the octet rule.

©)

:F: “F= -F

Here. S atam khos more thon eight

electrons Thus do not obey the octet rule Here | does not follow the octet rule

Get More Learning Materials Here : &
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® s C s:
Here., carbon atoms hove wtwo double

bonde and C and S both also obey the
octet rule

Z23. Create electron dot structures for the
following:
(A) CN™
®) SO
(O clo;

Ans. (A) :C
® [

NE

Z24. What is the meaning of o formal chorge? In
the nitrite ion, write the formaol charges of

the atoms.

Amns. The individuol atom in a polyatomic molecule
ic composed of o charge which nomed

a formaol charge. In the other words. the
charge assigned to an atom present i @

molecule & referred to as o formaol charge

ucnrene €9

(F.C or q). assuming thaot regardless of relative
electronegabvity. electrons in all chemicol
bonds are evenly ehared among atoms

Formaol charge =U—L—%S
Here. VV & the number of valence electrons in

free atoma. L is the lone poirs electron and S is
the bond pair electron. So. in nitrite ion.

/I;j \
=l \f;:r
For NL
-2 Yse
Z
=g 4
For Q.
=8-4—-——x=4
=2-2
For O".
1
=0-8—=x<2
7

Therefore. the total chorge = -1
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BOND PARAMETERS

We oll lcmow o diomond is an otractve object. For
centuries, people hove adored the brilbance of these
gema While it iz a perfect object to express their
affection to someone. others consider it the most
voluable commodity to acquire. Diomond = also used
industnolly for cutting, gnnding, sowing. and drowing
wire. The hardness of o diomond can be understood
by its crystol structure. Each carbon otom is attadhed
to four other carbon atoms vio covalent bonding m o
regulor tetrohedrol structure and by this continous
bonding. they form o giont structure This covalent
bonding includes different foctoss through which each
of the molecules iz bounded. And these foctors are
called bond porametess.

Covaolent bonds are charocterised by different bond
parameters. These bond porameters offer a vision
of the stabiliny of o chemical compound and the

strength of the chemical bonds holding its atomng
together. There are six bond parameters through

which bonds can be charactensed. They are
(1) Bondlength

(2) Bondangle
(3) Bond energy/ enthalpy
(4) Bondorder
(5) Resonance

(6) Polority of bonds

Bond Length

The bond length of o molecule refers to the

equilbrium distonce between the nuclei of two
bonded atomsa Angstrom or picometer units are used
to meosure bond lengtns. X-roy diffraction of solids
and electron diffroction of gosss techniques are used
to determine it spectroscapically. Two bonded poirs
are added together to generate bond lengths.

(1) In ionic compounds the bond length moy be
estmnoted by adding the rada of the cations and
anions. Le. r., + i, ond the link formed between
the ions is [mown os an ionic bond.

(Z2) The bond length of covalent compounds is
compuzed by summing the rado of two bonded

atoms. te. ra + rg and the bond ceated between
the otoms is referred to as o covolent bond. The
covalent radius s the distance between two
identical atoms in the some molecule divided by

. +r
Two. L.e. Ta a_
2

\

- —>!
Bond beagth

(3) In o solid state. the van der Waals radius s half
the distance between two identical atomae of
different molecules. It represents the overall size
of the atom which includes its valence shell in a
non-bonded situation

Table: Average Bond lengths for
Some Single, Double and Triple Bonds

Bond Bond Bond Bond
Length Length
(A) A
C—C 154 N—N 147
C=C 134 N=N 124
C=C 120 N=N 110
~ C—N 143 N—O 136
C=N 138 N=0 122
C=N 116
0—0 148
E—=0 143 0=0 123
e=o0 | 1 | |
C=0 119
Bond Angle

A bond ongle is on angle mode by two or maore
atoms between two odjocent bonds. It helps in the
determination of the shope of a particular molecule.
The bond angles are expressed m o degree which
i determined expenmentally Also it iz vsed for
determining the lone poirs of electrons of an atom
The more the number of lone pairs. the less ie the

bond angle due to the repulsion
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Example: Bond angle between C-H mn CH, is depicted
in the following figure:

H
109.5°
(!
2NN
" H
Bond Enthalpy

The omount of energy required to break one mole of
bonds berween two otoms in a gaseous state is called

bond energy or bond enthalpu
It is expressed in kJ mol™.

Example: - bond entholpy in chlorine moleculs =
242 Kl mol™.

G.;(g]—)%-i-% :M—I=242Hmul‘ﬂ
0O, 0O = Di bond entholpy in oaygen moleculs =
497id mol™.

0]{0= 'U]@ —> D@ + D@

u‘,ﬂ Important

we The higher ic the bond dxsocation enthaolpy O
stronger will be the bond of the molecule

The average bond enthalpy is determined for bond
strength calculotions in  polyotomic molecules
LGke H-0, CHs C,H(OH. etc The bond dissociation
entholpy & divided by the number of bonds broken
to get the average bond enthalpy.

-AH =497 kJ mol=*

Example:
CHgg) — 4Hg + G :AH = 1640 kJ mol™.
The average bond energy of the C—H bond = i:q
=410 kJ maol™.
Bond  Bondlength  Bond
(A) (dissociation)
energy
N (J mol™®)

H—H 074 436

F—F 144 159

a—a | 199 243

Br —Br 228 193

1—I 268 151
__H—F | oo | 50

H—Q 127 432

H—Br 142 366

H—I 161 298

H — O (of H;0) 096 460
H — N (of NHJ) 101 390 |
H—C (of CH3) 110 | 410 ‘

Bond Order

The number of shared paws of electrons between two
otoma in a molecule is referred to os bond order.

Example:

O=0 o 0::0

Bond Order = 2 (two shared paws of electrons)
N=N or N:I:N
Bond Order = 3 (Three ghared poirs of electrons)

Isoelectronic molecules hove identical band order.

Exampler O7 and F5 hove 1B electrons and bond
order 1.

No, NO* and CO hove 14 electrons ond bond order 3.

;ﬁ<b Important

= Relation betwesn bond order. bond enthalpy and bond
lengthe
Bond order = Bond enthalpy = -

Bond length

Example 2.1: How do you express the bond
strength in terms of bond order? [NCERT]

Ans. As the bond order increoses the bond strength
increoses and the bond length decreases.

1
Bond Order = Bond Enthalpy = 70 length

Resonance

It & found that the propertes of certain compounds
do not sotisfy the Lewis structure. The molecule is
then supposed to have eeveral structures. In such
o cose. resononce is introduced. Resononce is a
concept in wihich two or more olternate valence bond
structures ore written for a molecule and the octuol
structure is called the resononce huybrid while the
different individual structures are colled resonance
structuras or cananicol forms.

Resononce is represented by a double-headed arrow.
Alsp, resonaonce stabilises the maolecule os the energy
of resononce hybrid is less than the energy of any

single canonical structure.

O
o7 N
Ozonie Hybird
e :
P Y 7 \a
2 No — o &

Ozone Resonating Shuchurea

The bond length of O=0is 148pm O=01s 1Z1pm All
0O=0 bond lengths n O4 are equal and has o value of
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128 pm. Hence it s an intermediate between mingle
and double bonds.

Some other examples of resonoting structuwres can be
seenin: NO3, CO3% NO3. etc.
(1) Resonoung structure of nitrite ion. NO3

(2) Resonoting structure of nitrate ton. NO4™

-0: :0:
& e
Jfi 07+

Example 2.2: Explain the structure of 0032 ion in
terms of resonance. [NCERT]

Angs. According to the Lewis structure. two single
bonds ond one double between carbon ond
oxygen atom is insufficient to represent the
molecule occurately due to the presence of
wnequal bonds. Bxperimental findings prove
that all the bonds are equaol So. thats whu
the carbonate ion is best described in the

resononoe hybrid form.

- - 2— -.

o 5 -0z o )

(l: - {l_! -
o O /ol -

-

- {? B

0
[
o g

Example 2.3: Exploin the structure of 00,
molecule. [NCERT]

Ang. The bond length between carbon and oxygen in

COz is 115pm experimentally. The normal C=0
and C=0 bond lengths are 110pm and 121pm

the carbon-oxygen bond length liss between
these two volues. Hence. to describe the

structures. the resonance structures are formed

ond the nesonance hybrid of canonical sbucture
the bestto describe it

{j:C:@H:SEC—@:H@—CE&:

Exomple 2.4: Case Based:

The concept of resonance first appeared in 1899
in Johannes Thiele’s “Partial Valence Hypothesis™
to exploin the unusual stability of benzene which
would not be expected from August Kekulé's
structure proposed in 1865 with an alternating
single. Resononce is an extension of the idea that
o Lewss structure can characterise the bonding

in a chemical species. A single Lewis structure.
consisting of atoms obeying the octet rule. possibly

cucnrene €9

bearing formal charges., and connected by bonds
of positive integer order, is sufficient for describing
chemical bonding and justifying experimentally
determined moleculor properties such as bond
lengths. angles. ond dipole moments for many
chemical species. In some cases. more than one
Lewis structure can be drawn. and experimental
properties contradict any one structure. In arder

to deal with this kbnd of drcumstance. various
contributing structures are averaged out and the

molecule is soid to be represented by a resanance

hybrid. which combines several Lewis structures to
describe its true structure

Bensene resonance Hybrid

(A) Ozone is gfan ... . molecule and the two
O—O bond lengths in EEonNE Are ... and

AR RN R

(@) Uneor, 118pm ond 148pm
(b) angular, 110pm ond 148pm
(c) Unear, 128pm ond 14Bpm
(d) angular, 12Bpm and 128pm

(B) Whaot type of bond is normaolly expected
between highly electropositive and highly

electronegative atoms?

(o) Covalent bond
(b) lonic bond

(c) lonic with covalent choracter
(d) Co-ordinate bond
() A bond order of 3 is computed for the

diatomic molecule. It is possible that
in absence of further information,
this triple moy be made up of two

sigma bonds and one pi-bond. Exploin
(D) Draw the resonating structure of CO,.

(E) Assertion(A): The benzene malecule is
stable in spite of the fact that
it consists of three double

bonds.

Resonance exists in benzene
molecules.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

Reason (R):
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(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A)is false but (R) is true.

Ans. (A) (d) angular, 12Bpm and 128pm

Bplonation: The O—0 bond is present
m the resonance hybrid structure. All the

0O—O0 hove o bond length of 128pm in Oy

molecule It & an intermediote bond length
between O—0 and O = 0.

o O S
o hme ¥ 0T .

(B) (b) lonic bond

Explanation: lonic bond &= preseat
between  highly electropositve and

highly electronegotive atoms. Due to the
difference in electronegaobvitu one tends

to lose electrons (high electropositivitu)

and the other tends to gaoin electrons (high
electronegotivity).

(C) Ik & not possible that the tnple bond may
be made up of two sigmo and one pi-

bond. The order of filling orbitals and the
differentiotions exdsting among the bonding
and non-bonding electrons never permit the
establishment of morethan one eigmabond.

D) :ﬂ/}cg@ <> OMC— Ov6—>10—Cm O
1 | u
(E) (o) Both (A) and (R) are true and (R) = the
correct explanation of (A)

Explonation: The benzene moleculs s

stable tn spite of the foct that it consists
of three double bonds this is due to the

presence of resononce in the benzene

molecule The C—C bonds (resonance
hybrid) in the benzene are 140pm long

which m between gingle bonds and
double bondsa

Polarity of Bonds (lonic Nature in
Covalent Bond)

Hove you ever shared your chocolates with anyone?

Chocolates are everyone’s fovourite and no one waonts
to share thot When you divide the chocolate. youw

always want to have the bigger piece. Here someone
gets emaoll pieces and some hove the bigger pisces. In

chemistry, this type of unequol ehanng is the basis of
bond polarnity or dipole.

A homo-diatomic covalent bond is elways non-polaor

while thot of a heterootomic covalent bond is polar.
The polonty of any polor covalent bond is determined

by the dipole moment Pauling created the idea of the
dipole moment to meaosure the extent of polanty. The

product of mognitude of chaorges ond the distance
between the centre of negotive and positve charges

are known as dipole moment

ucnrene €9

Mathematically it = expressed aesp =g = d

u is the dipole moment
g is the maognitude of the charge

dis the separation distance

Here.

Dipole moment is expressed in Debye (D).
1D =3.33564 = 10~*cm

Where C = coulomb and m is metme.
Or 1D=1 = 10~ agu-cm

Where esu is an electrostatic unit.

Dipole moment iz o vector quantity. Sa. it has both
magnitude and direction. In chemistru, the presance
of o dipole moment = depicted by a crossed arraw
ploced on the Lewis structure of the molecule
pointing towards the more electronegotive atonw

For exomple Representation of dipole in HE

=
H—F:

Dipole Moments of Some Molecular

Structures

(1) In o diotomic molecule p depends on the
electronegotivity difference of atoms we. the
more the electronegatvity difference. the mare
is the dipole moment (4 o< EN)

Bwumple: order of p - H—F > H—O > H—B&r
> H—

(2) In o polyotomic malecule. p depends on the
vector sum of dipole mmomente of oll covalent
bonds
For exomple: SiCly CH4 CO,, PCls etc, in these
compounds the bond is polar but the compound
i nonpaolor.

@ In case of H,O molecule dipole moment is
185D (Debye) or 185 = 333564 2 10~°Cm

=617 = 10~3°Cm.

It is the result of dipole moments of two
O—H bonds. The dipole moment depends
upon the spatiol arrangement of the bonds

m the molecule.
8- &

R N AN

I

@ In the case of BefF, the dipole moment
s zero because the two equivalent bond
dipoles point in opposite duvections and
cancel the effect of each other.

Fe— Be

| |
% T T L

Bands Dipglas (n BeF,

(1 -+ o p):o

Toral Bond Marnent in BeF,
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(@) In the case of BRs, the dipole moment iz
zero becouse the bonds are aligned at an
angle of 120° according to the trigonal
plonar geometry and it is o symmetrical
molecule. Henee, the mndviduol dipole mo-
ment of polor bonds gets canczlled and
the resultant dipole ie zero.

=

:
I _ |
:+—+E+—+(+—+++—+)—D

AN

Bond dipoles

(v Both NF; and NH3 hove o puwamidol
shope with a lone pair of elecrons. The
electronegotivity difference between N
and F is greater than thaot of N and H in
NF ond NH,. the dipole moments are
0.2D ond 15D respectvely because in
NH3 the atomic dipole and bond dipole
are in the some direcbon whereos in
NF3 these are in opposite directions and
thus cancel the resultant dipole moment

g b
H/?\%H Fé k\§F

Table: The dipole moment of different types of

molecules with their geurnatry

Typa of Exumple Dipole Genmetrg
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Molecule Moment,
s o B
Molecule HF 178 bnear
(AB) HO 107 bnear
HBr 076 bnear
Hi 038 Lnear
H5 0 bnear
Molecule H,0 18S bent
(AB,) H.S 085S bent
0O, 0 Lnear
' Molecule NH, 147 tgonal-
(AB,) pyramidal
NF 023 trigonal-
pyramidol
BRN 0 wigonal-
planar
Molecule CH, 0 retraohedrol
(ABy) CHCO, 104 tetrohedrol
Oy | 0 tetvahedrol

Applications of dipole moment

(1) Molecules howing zero dipole moment are soid
to be non-polor molecules while those with
i # 0 are called polar molecules.

(2) Dmpole moment of ags- alkene mare than
the dipole moment of wrans- alkene Trans
olkene has zero dipole due to the presence of
symmetry.

(3) Dipole moment o« number of lone paire of
electrona. For example: HF > H,0 > NH4. Fluarine
hwog 3 lone pairs. oxygen hos 2 lone poirs and
nitrogen hos one lone pair.

Dipole moment = 2
B

For example Ortho > meta > para benzene

/C:nm _t:i Hnet
o v
N

ortho dichlorobanzene  meto dichlorobenzene
p=230D p=148D

a

para dichlorobenzene
peOD

Fajan’s rule (Covalent character of ionic bond)

No bond = 100% covolent or ionic in nature. [t contains
partial covalent as well as ionic character. The parual
covalent character of ionic bonds was discussed by

Fojons. Followings are the rules given by him which

are lcnown as Fajans rule.

(1) The smoller the size of the cotion the larger
is the polonsouon(distoruon) of the anion
Hence. more iz the covalent character. For
examples L#Ol is more covalent than NaCO
and KCl because Li* hove o smaller size of

cation as compared to that of No® and K"
(2) The larger the eize of the anion, the more is
the polarisability (the ability of an onion to get
polarised by the effect of the cation) te. as the
size af the anion increases for the given cation
the more is the covalent character. For example:
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in the cose of holides of calcwm. the covalent
character incorenses from Fonion to I” anion

(3) The greater the chorge on the cation. the more
ie the tendency to polorise the anion. Hence
maode is the covalent charocter.

(4) If the cation has the some charge and size. then
the one with 18 electrons in the outermost ghell

brings greater polarisability of anion than those
with noble gos configuration

For example: CuCl is more covolent than NaCL

Cu®= 2. B. 1B Maore covolent and less ionic in
noture.

Na® = 2. B More ionic and less covalent in noture.

;{ﬁ Important

w  Overall fr = to be remembered that covolent character
= fovoured byt

(1) Smoll size of cation

(2) The large size of anion

(3) A high charge of cation and anéon

(4) The cation with 18 electrons in the srel

Example 2.5t Case Bosed:
Following are the parometers related to a bond:

(1) Bond length is defined as the equilibrium distance
berween the nuclei of hwo bonded atoms in a
molecule. Bond length increcses with increases
i the size of bonded atoms and decreases with
an increase in the number of bonds between
bonded atoms.

(2) Bond angle In a covalently bonded molecule
hoving more than two atoms. the bonds form an
angle with each other, which is lmown as bond
angle. The factors which affect the bond angle
are.

(a) Lone pair repulsion
(b) Hybridisation of centrol roorm.

(3) Bond enthalpy It s defined as the amount of
energy required to breaic one maole of bonds of
o particular type to separate them inlo gaseous
atoms. It s also known as bond dissociation
energy. The greater the bond enthalpu the
stronger is the bond.

(4) Bond Order: According to Lewws m a covalent
bond the bond order is given by the number
of bonds bernween two atoms 1 a molecule
With the increase in bond order, bond enthaolpy

increases and bond length decreases.

(A) Which of the following has a met dipole
moment zero?

(@) H,0 (b) HF
(c) CHCL, (d) BF;

(B) The molecule hoving the emallest bond angle
is:

(a) AsCl, (b) SbCly
(c) NCly (d) PCly
(O Among K and Cl; molecules the bond

dissociation energy of Cl; is more thon F5. Why?

(D) Why does the deviation occur fream the
idealised shape of NH3 molecule?

(E) Assertion (A): \Woater is one of the best

solvents.

Reason (Rx H-bonding is present in water

molecules.
(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).
(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) (d) BF;
Explanatiom: The met dipole moment of
BF; ia zero because oll the B-F bonds in

BF; are arranged ot an angle of 120° tw
one another. The net result of the three B-F
bonds cames to be zero as the resultant of
two B-F is equal and opposite to the third
one The structure of BF; molecule is

/ |
F B y +—> Reaultont
: I )\, Dipole marment
=0

F

(B) (b) SbA;

Explanation: The molecule hoving the
smaollest bond angle is SbCly As we move
down the group the sze of the centrol
otom increases and the lone pair-bond pair
repulsion also inorecses. Thus the bond
angle decreases The mcreasmg order of
atomic radius is:N < P< As < Sb.

Deaeasing order of bond angle =
ng?PﬂgbﬁSﬂg}Shﬂg

(C) Among 5 and Cl; molecules the bond
dissogotion energy of Cl, is more than
F. Both the F ond Cl; possess three
non-bonded electron pais each Since
fluorine hos o small size so there is

larger repulsion between non-
m @& www.studentbro.in



bonded electrons in comparison
to chlonne Thus O; hos more
bond dissodotion energy than R

(D) Due to the repulsion between bonds
deviotion occurs in the NHy molecule from
s ideolised shope. ond olternaotions are
seen in bond ongles of the molecules. The
presence of lone paoir of electrons couses
repulsion between the lone poir-bond pair.
Hence. one lone pair of nitrogen repel three
bond pairs of N-H.

(E) (b) Both (A) and (R) are oue but (R) is nat
the correct explanation of (A)

Bplanation: Water is considered as the
best inorgonic solvent because of its high
dielectric constant value

Due to the high value of dielectric constant.
the electrostatic force of atracdon
between the ions decreoses and these ions

get eeparated and solvated by the solvent
molecules.

COBJ ECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

1.

Ans.

Ans.

®

—
3.

Ans.

Get More Learning Materials Here : &

The bond length of multiple (double or

triple) bonds is always ... . than the

corresponding single bond.

(a) shorter (c) longer

(b) equal to (d) none of these
[Diksha]

(o) shorter

Bcplanation: Multple bonds are stranger thon
a single bond. So, the stronger the bond the
shortest is its size.

Single, double, and triple bond lengths are
listed in order.

CmOQ<C=09<(C—0

Which of the following haove identical bond
orders?
@0 CN- @n NO*
(I o; V)03
Select the correct option.
(@) (0 and (1) (®) () and (1)
() () and (1) (d) () and (V)
[NCERT Exemplar]
(@) () and (1)

Explanation: To find the identical bond ordess
we need to calculote the number of electrons:

ON"=6+7=1=14
NO*=7+B-1=14
O;=B¢B+1=17
Of =B+8+2=18

Related Theory

lsoelectranic motlecules ar lons howve the same bond
arder.

For example F and 05~ (18 electrans) have bond
order 1.

The actual bond angle in H,0 is:
(o) 120° (b) 104.5°
(c) 109.5° (d) 107°
(b) 1045°

41:!

Ans.

Ans.

ocnrene €9

Explonotion: Becouse of the presence of two
lone poire on the oxygen atom, there is o
repulsion between the electrons. Due to this

the lone paoir slightly pushes the hydrogen
atom and the bond angle comes slightly less

than 1095°ie.itis 1045°

957 pn"l/w' 0
ek
104 5°

The dipole moment depends primarily on

the electronegativity of the constituent
atoms and shape of a molecule. Which of the

following has the highest dipole moment?

(a) CO, (b) HI
(c) H,0 (d) SO,
() H;0

Explanation: CO, being symmetrical hos zero
dipole moment

Among HL H;0 and SO, dipole moment &
highest for H;O as in H,0 the central atom

oxygen containg two lone poirs whide in SO,
sulphur contains one lone pair.

DaC=0 H-I H/E}:\H D//g\\n

M =0 Q3gD 1B4D 162D
ONO bond angle is minimum in:
(@) NO3 (b) NO;
(c) NO3 (d) NO}
(b) NOZ

Explanation: ONO Bond angle in NO3 is 120°
ONO Bond angle in NO3 = 115% ONO Bond

angle in NO; i= 132°. ONO Bond angle in NO3
is 180°. So, the bond angle is minimum in NO3

as shown in the figure:

e
N
.
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G. The resononce structure of a molecule
should not hove:

(o) nearly the smme energy content

(b) identicol arrangements of atomes

(c) the same number of paired electrons
(d) Identical bonding

Ans (d) identical bonding

Explanation: Resononce structure does not
have identicol bonding. Resononce involves the
delocolizotion of =-electrona

It o concept in which two or more aktermate
valence bond structures are wntten for o
molecule They hove almost the some energy
levels ond the structures hove identcal
arrangements of atoms.

7. The correct stability order of the following
resonance structure is:

+ - - -
M HL=N=N (@)H,C—N=N

_ + - B
(HH,C—NmmN (V)H,C=N=N

Select the correct option.

(@ > mn>an>q)
(b) @ > (N> (> (V)
(© ®>qn>av)>
d (V)> > (@) >@

Ans. @ 0> ) > () > (V)
Explanation: Stability of resonance swuctures
are decided by following factors
(1) Neutrol molecules are more stable

(2) Greater the number of covalent bonds
more will be its stabilitu

(3) Svructures with o negotive charge on more
electronegative atom will be more stable

(4) Like charges should be ot moamum
distance

@ Related Theory

= Points for the estimotion of stabiity n resonating
sbructures:

(1) Greater the number of covalent bonds he
greater = stability.

(2) Less the number of formal charges mare k& the
stobllty

(3) Negabive charge on more electronegative atunns
[z mnore atoble and vice vevza

(4) Equivalent resonance fanms have no difference in

stobllty. They contribute equally
fl. Which of the following statements is
correct?

(@) RO is linearin shaope.
(b) H,0 is bent in shape.
(c) RO is bentin shope

(d) Both (b) and (c)

cnrene €9

Ans. (d) Both (b) and (9
Bwplanation: Both KO and H;O are bent

in shope becouse of the lone pair-lone pair
repulsion between the atoms

A Caution

== Studentz should Imowv that shape of H;0 k= bent ar
V-shape due to the pregence of two lone pairs.

9. The bond angle in NF; (102.3)° is emaller
than NH, (107.2)". This Is because of:

(a) large size of Fcompared to H
(b) large size of N compared o F

(c) opposite polarity of N im the two
molecules

(d) small size of H compared to N
Ans. (c) opposite polarity of N in the two molecules

Bplanation:

SN N

H
In NHs. ‘N’ is more electronegotive and only [p-
bp repulsion is present but in the cose of NF
‘N is less electronegative thon 'F and there is
lp-lp repulsion between N and F lone poir of
elecrona. As o result. bond ongle decreases in
case of NF5.

H

Assertion-Reason (A-R)
In the following question no. (10-13) a
statement of assertdon followed by a
statement of remson is given. Choose the
correct answer out of the following cholce.
(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)istrue but (R) is false.
(d) (A)is false but (R) is true.

10. Assertion (A): Though the central avom of
both NH3 and H,0 muolecules
are sp° hybridised, yet H-N-H
bond ongle is greater tham
that of H-O-H.

This is becouse the nitrogen

atom has one lone poir and
the oxygen atom hos twao

lone pairs. [NCERT Bxemplar]

Reason (R):

Ans. (g) Both (A) and (R) are vue and (R) is the
correct explanation of (A)
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Explanaotion: Lone pows produce more
repulsion than bond pai= So. the angle will
decrease with the increose in repulsion In this
cose. nitrogen hos one lone pair and oxygen
hos two lone pairs. Because of the presence of
two lone poirs in oxygen bond angle of H,0
will be less compared to that of NHa

11. Assertion (Ax Among the two O-H bonds

in H;0 molecule, the energy
required to breolc the first

O-H bond ond the other O-H
bond Is the some.

Reason (R): The electronic environment
around oxygen is the some

even after the breckage of
one O-H bond.

Ans. (d) (A) is folse but (R) s true

Explanation: To break the different bonds in the

saome molecule. different energies are given. So.
for breaking the first and second O-H bonds in

H-0 molecule different energies are given. The
electronic environment around the oxygen will

change after brealdng one of the O-H bonds.

12. Assertion (Ax The dipole moment helps to

predict whether the molecule
is polar or non-polor.

Reason (R): The dipole mnoment helps
to predict the geometry of
molecules.

Ans. (g) Both (A) and (R) e tue and (R) iz the

carrect explanation of (A)
Explanation: The linear triatomic molecule
like O0; have no dipole moment beaduse

the two bond moment (polority) cancel each
other. Therefaore, geometry of molecule can be

predicted by the vaolue of dipole moment

2£3. Assertion (A): Both carbon and oxygen bond

lengths are equal in acetate
tomn.

Reason (R): Bond length decreases with
the multiplicity of bond
between two atoms.

Ans. (b) Both (A) and (R) are true but (R) is not the

correct explanation of (A)

Explonation: Due to the resonance in acetate

ton. the megative chorge spreads over the
molecule equaolly and hence, they hove equal

carbon and oxygen bond length

20: :0: -:08

i o T o=
AR o e e
T o - HE Yo we Sod

Bond length decreases with the mulupbaty of
bond between two atoms. For example: bond

length of ethane > ethene > ethyne

So. both the assertion and reason are wue
but the reason does not explain the asserton

carrectly

(CASE BASED Questions (CBQSD

[& &S marks ]
Read the following possaoges and amswer the (A) Arrange these in the bond energy order.
questions that follow: C=C
14. Bond energy is the amount of erergy required E=C

Get More Learning Materials Here : &

to break any bond in a molecule. It is observed

that the shorter the bond length greater is
the bond energy. Bond energy incregses with

the incregsing bond order. It olso decreases
with the increase in lone pairs on the bonded

atomn due to the electrostatic repulsion of lone

pairs on the two bonded atoms. Bond energy
is affected by the resonance In the case of

similar molecules down the group, the bond
energy deocregses. According to the concept

of resonance. when a single Lewss structure

cannot define a molecule properly then a
number of structures with the almost some

energy and the some position of nuclei are

taken os a canonical structures Resonance
stabilizes the molecule as the energy of the

resonance hybrid is less and lies between the
canaonical soructure. As the result of resonance.

the bond order changes in many molecules or
1078

ocnrene €9

C—-C
(B) H3PO3 can be represented by structures
1 and 2 shown below Can these two
structures be token as the canonical
formse of the resonance hybrid
representing H3;PO17 i not, give reocsons
for the same.

“
H:0:P:0:H H:=0:P:O:H
: E}: : {_:?:
- g
(1) (2)
[NCERT]

(C) Answer the following questions:
() Compare the bond energy in Cly, N-,
and O,

(i) Find the overage bond energy of O-H
bond in H;0 molecule.
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Ans. (A) The order of bond energy =

C=C>C=C>C—=LC

Muluple bonds have more bond energy
thon the single bond.

@ Related Theory

== The length of o double bond ks kess than the lzngth

of a zingle and the length of a winls bond E sv=n
sharter than a doudle bond
Triple < doutde < 2ingle

(B) As the positon of atoms hos been changed
in the given structuzes, thus these cannot
be token os the canonical forms of the
resonance hybnd of H3PO4.

(O @® The bond energy in 3 N5 and O, can

be calculated by the presence of a
number of lone poirs.

1
Bond order

Bondenergy =

C—Clhaos one bond
0O—O haos two bond order.
N—N has three bond order.

Sa. the order of bond energy will be
N—N>0—-0>0—-C"

@ InH;0 molecule
H-0-Hg—2Hg+O gy AH = 926 kJmol™
The overage bond energy of the O—H
bond

B 926
T2
= 463 kkdmo™

15. The bond angle of a molecule depends

on hybndisation. lone pair repulsion and
electronegativity of a molecule. The lone pair
of a molecule olways tries to repel the bonded
pair of electrons. Becouse of this g slight
increase is seen i the angle of the respective
agtom. The bond angle inocregses with a
decrease in the electronegativity o the central
atom is the same for different molecules It
also depends on the stote of hybridisation
of the central atom The geometry of a
molecule is also predicted by the dipole
moment A symmetrical molecule shows zero
dipole moment. Molecules haoving zero dipole
moments are colled non-polar molecules and
the molecules having p # 0 are called polar
molecules.

(A) The actual bond angle of NH; is:

(a) 105° (b) 106.7°
(©) 11095° (d) 102°

cnrene €9

(B) Compare the bond angle between NH,,
PH] and ASH}

(@) NH3> PH4 > AsH;4
(b) NH3 < PH3 < AEH]
(C} NH3 < ﬁEH3 < PH3
(d) PH] < ASH] < NH3
(C) Identify the correct statement regarding
NH] and BF}

(o) Both are Lewis aad
(b) Both are isostructural
(c) Both are Lewis base

(d) Have different values of dipole
moment [Delhi Gov. QB 2022])

(D) The S§Cl; molecule has a bent shape and
is not inear because of
(a) presence of two lone pairs at sulphur
atom

(b) presence of four lone pairs at sulphur
atom

() donothove a bentshape

(d) the size of sulphur atom is smaller
than chlorine

(E) The bond angle ... with the
decrease in electronegativity.
(o) increases
(b) decreases
(c) firstincreases then decrease
(d) remains constant

Ans. (A) (b) 106.7°

Explanation: The actual bond angle of NH4
s 1067~

N "l'.l'””
; AN
10677 "H

(B) (a) NH3 > PH3 > AsH3
Explanation: The bond angle depends
upon the electronegaobvity of the central
atom. Bond angle decreases with the
decrease in electronegativity.
NH3 > H‘Ig > QSH:;
107° 93° 9148°

@ Related Theory
— Lone palr repulsiore A= the lone pair of electrons

on the atom increases it creates repulelon behwveen
the bonded pair of efectrons which aimultancously

decregses the bond angle.

Electronegativity- Bond angle incregses with
decreases in electranegativity of surrounding atams
[n the molecules having the same central aton.
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(O (d) Hove different values of dipole moment
Explonation: NH; ta o Lewis bose as it has
lone poir of electrons to donate while BN
is o Lewss orcid o= Bz octet is not complete
and it is ready to accept the electrona.

NH; is tngonol puramidaol due tw the
presence of o lone par while BR; is tigonal
plonar.

BFs hos zero dipole mmonnent as it has o
symmetrical structure while NHy hos o

dipole moment of 1.4 D.

(D) (o) presence of two lone pairs at sulphur
atorm

Bxplonation: The SO, molecules hove o
bent shaope and are not Lnear becouse of

the presence of two lone pows of electrons
at the sulphur otom. The chlorine atoms

and lone pairs repel each ather. This gives
o bent shape to SC; molecule.

S wp’“
/QU_T>\

Cl cl

(B) (g) increases

Explanation: The bond angle is inversely
proportional 1w the  substiuents'
electronegotvity. A more electronegaotive
substituent attracts electrons. lowering the

charge density on the central atom. As a
result. the bond angle decreaees.

(VERY SHORT ANSWER Type Questions (VSA))

[T mark ]

16. How is the resonance energy related to the 18. Give a reason why the dipole moment of
stability of the molecule? [Diksha] CCly is zero.

Ans. The resonance ollows the delocolisotion of Ans.In. CCly the dipole moment is zefo

the pi-bond. Beoouse the electron occupies o although the C-C1 bonds are polar. this
vast space the overoll erergy of a molecule is becouse the shape of the molecule is

= reduc_ed. b, & ihe :_'m_::lerule pagsSsssm ony tetrohedral and due to this the molecule is
Fesonoting structures, it is the most stable. The ] £ oo .
symmetrical Hence. the individuol dipole

higher the resonance energy. the more stable
moment of polor bonds concels out each

the molecule.
other and the resultont dipole i =zero
i17. How do electron dot structures (Lewis

structures) relate to the bond angle? 19. Define bond angle and the factors on which

it depends.
Ans. Bond angle is the shortest angle between one

bond ond another bond. This is driven by the
electrons in the bonds and lone pairs of the

central otom repelling each other and trying
to maointain the further distance ae apart as
possible. and electronegativity.

Ans. Bond angle is the angle between two adjacent
bonds of an atom of the scome molecule. The

factore on which bond ongle depends are
Hybridisaton. lone paoir-bond pair repulsion

(SHORT ANSWER Type-l Questions (SA-I))

[ 2 marks ]

20. The bond angles of NHy and H,0 molecules
are shorter thon the normaol tetrahedraol
angles. Explaoin:

Anas. The bond angle of NHy and H;0 moleculess
are shorter than the normaol tetrahedral
angles becouse of the presence of one lone

pair of electrons on nitrogen atom in NH; and
two lone poirs on the oxygen atom of H;0.

which causes lone pair-bond pair and lone

H
1045°

lﬂi}’p/m' N EISL}"F:V. .c]"

Q\

R >

3 lﬁH PN
H
NH

3 H:O

Z231.In both wuwoter and dimethyl ether
CH;—O0—CH;, an oxygen atom is a central

atom yet they hove different bond angles.
Which one has a greater bond angle? Give a

pair-lone par repulsion between the atoms. reasomn. [NCERT Exemplar]
Get More Learning Materials Here : & m @) www.studentbro.in



between the two buly groups (methyl) as
compared to thot of the H atoms in water.

O O
S AN A AN
pows of electrons. The bond angle of dimethyl H 104.5° H HsC 117° CH
dimethyl ether

Ans. Dimethuyl ether has o greater bond angle os
compared to water. In both the molecules

the central atom = oxygen having two lone

ether is greater becouse of the more repulsion Water

22. All the C—O bonds in carbonate ion CO3' are equal in length. Explain.

Ans. In CO3 . all the bonds are equal because the bonds are not fied and hence. they show resonance.

- _
T—' Fok 108 Q
— | w— )
f/ é"'" ‘“‘t’l : :o"f{:\‘-ﬁ_e 0" 0
Resononce structunea of Resononce
carbonate fon hybrid
23. Write the resonating structure of Nx.
Ans. Azide ions (N3) hove three resonating structuses.
e e @ e - e
[N:N N] I N==N N‘-—"[N N:N]

(SHORT ANSWER Type-Il Questions (SA-Il))

[ 3 maths ]
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24, Eexplain why BeCl; has zero dipole moment

Ans. BeClz has zero dipole moment because:
(1) Be(l, i= symmetncol due to i@s Lnear
shape.
(2 Itis o non-polor molecule.

(3) In Be(Ql; molecule the equaol and opposite

Be—Cl bonds cancel their individuol dipole
moment and the net dipole comes to be
Zero.

B=0
- +—>
Cl Be a

25. Why the bond angle of H;0 is more than
thot of RO7

Ans. In both Hy0 and RO. the cenual atom &=
oxygen. Auore has a higher electronegativity
thon oxygen Due two this, the shared pair
of electrons shifts rowards the fluorine and
decreases the electron density on the central
atom. While @an the cose of H,0. the electrons
shift towards the oxygen Sa. 0 haos very little
tendency to open up the angle. But in H;0 this
opening up is more as the bond pair electrons
are closer to each other. Hence. bond angle of
~O is less than H,0.

ucnrene €9

14[15 pm

1045°

26. Which of the following in each pair has a

larger bond angle?
[Delhi Gov. QB 2022]

(A) CO,, BFy (B) H;0, H3S (€) CH, CyH,.
Ans. (A) OO, has larger bond angle than BR.

F
180
m A‘) 120°
=Cc=—0 £ .

(B) H4O0 haoe o higher bond nng[e as bond
angle increases with an incregse in

electronegaotivity of central atom.

L N ®®
/QS)\
b 921° H
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(LONG ANSWER Type Questions (LAD

[ 4 & 5 marks ]
27.Whaot is a dipole moment? Write its bond angle = 105° Similariw
significance. SO, also hove a bent structure
Ans. The product of mognitude of positive and (@ In CO,, the dipole moment = zero 8o it
negobve chorges and the distance between hos o linear shope

their dipoles are lmown as dipole moment

- ’
Mathemotically it is expressed os Z8. What is meant by the term average bond

enthalpy? Why is there a difference in bond

p.:g:(d -
enthalpy of O-H bond in ethonol and water?

Here. p iz the dipole moment q & the

NCERT Exemplar
mognitude of the charge ond d is the nuclear o [ _ p !
distonce Dipole moment is expressad in Debue Ans. The bond dissociation enthalpy is divided
D) by the number of bonds broken to get the

overoge bond enthalpu
Significance of dipole moment are
All the similor bonds ;m o molecule do not hove

(1) It is used to determine the polarity of a the some bond enthalpies. The averoge bond

motecule. enthaolpy iz determined for bond strength
Malecules hoving zero dipole moment are calculations in polyatemic malecules lie H,0.
soid to be non-polor molecules while those CHe C;HOH etc

with p 2 0 are called polor molecules. In case of HHO-H-0 - H{g — ZH@ * 0@

AH =926 kimol™
The average bond energy of the O—H bond &

(2 s volues are used to determine the
percentage tonic charocter m a molecule

The percentage ianic character for a bond

aan be calculoted with the help of a dipole _926

moment ts general formulo is: 2

% ionic character =463 Id nol™

_ experimentol volue of dipolennoment 100 The bond enthalpy of O-H bond in G;H,0H

" theoretica! value of dipole moment = and H,0 are different because of the different

chemicol (electronic) environment around

(3) It iz used to determine the geometry of oxygen atoms. In C;HgOH. the O-H bond is

moleculea. attached with carbon whide that in H;0. the

O-H the bond is attached with hydrogen. as
shown in the figure below

H . s

I . th

— VRN
H H H

The walue of dipole moments helps two
determine the molecular stuctwe For
example:

@Min H;O the dpolse moment
of molecule iz non-zero. So ©@
has a V-Shoped souctwe and

|
c
H
29. Write the resonating structures of SO3, NO3 and oczane.

Ans. The resonoting structure of SO, is as follows:

:'L'.:J':
| s I o

:tz-"/ S\.g:[. ‘Q.’/ \“d ::g“-/ i o / S\
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The resonating structure of NO3 s as follows

) 5 & ..;.‘. e -0.460
,D|: :T: :E}: O. E D'
N® -— N© -~ SIN — @IN; P 4assp N
S S : N
o e a”;' g @/ o 7~ o 2
M. = =) =) %9 '32;‘9 0 AED 480

The resonating structure of ozone (04) s as follows.

;/O\ - :0/5\'

- :{I:E:

- — —
-

IDI
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(1)

(2

(3)

(4)

®)

©

(8)

THEORIES OF
CHEMICAL BONDING

'TOPIC1
VALENCE SHELL ELECTRON PAIR REPULSION (VSEPR) THEORY

Although lewas's conoept exploined the structure of
geveral molecules but could not predict the shopes

of the molecules in mony cases. In order to explain
the shapes of molecules adequatelu Sidgwidc and

Powell in 1940 propoeed o valence ehell electron pair

repulsion theony based on the repulsive interaction of
the electron poirs in the vaolence shell of the atoms

Postulates of VSEPR Theory

The molecules are mode up of different types of
atoma. one of which is o central atom.

The chope of o molecule depends upon the

number of electron poirs in the valence shell
which includes bonded or non-bonded electrons

around the central atom.

The electron paoire repel each other since the
electron clouds are negatively charged.

The electron pair tends to be in the mmamum
distonce sp thaot the repulsion between the
electrons will be mininmum.

The valence shell is taken as o sphere where
the electron pa¥s are locolising on the spherical

surfoce which will be at a mmamum distance

The single or double or triple electron pairs are
counted as only one electron pair.

The VSEPR theory s also applicable to molecules
that hove two or more resonance sUructures.

The electron pair that takes part in the bonding
is called bond pair (bp) and the electron pair
that does not take part in the bonding & colled

lone pair (p)

The repulsive mterocton of electron pass
decreoses in the given order:

Lone poir — lone pair > lone pair — bond pair >
bond patr — bond pair

Refined Theory

(1)

Get More Learning Materials Here : &

Nuholm and Gillespie refined the VSEPR theory
and exploined the important difference between

the lone pairs and bond paws The lone pairs are

locolised on the central atom and bond paoirs
are shored betbween two atoms.

(2

G)

(4)

®)

(€)

The lone parr occupiee more space than
bonding pairs of electrons. So. there is o greater
repulsion between lone paire as compared to

bonding pairs of electrons

This repulsion offects the ideolised shopes of the
molecules and deviation in bond angles occura

The VSEPR theary diwides maolecules into two

Wpes

(@ The molecules in which the central atom has
no lone pair of electrona.

(@) The molecules in which the central atom has
one or mare lone pairs of electrona.

The VSEPR theory predicts the geometry of the
various molecules, especially elementgeometry.
It is also useful in determining the geometry of
the molecules even if their different possible
structures hove smaoller energy differences. The
VSEPR theory iz o theoretical one that cannot
exploin certain molecular shopes

When lone poirs of an electron ore present then
the ideol shope of the molecules gets distorted.

Taoble: Molecules hoving geometry with no lone

Molecule

pair of electrons

e Ideal shape Example
AB, Linear BeCl;
AB4 Tngonal planar BN
AH, Tetrohedrol 1 CH,
ABg Pentagonol bapyramidal PO
ABg Octahedral SFg

Lmear

180°
E —/E\— F
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I

'I’.‘IQS‘
C
w R

F 120°
iy .29
S

F
Trigonal Planar
H

H
H

Tetrahedral

e F

lig
120‘? II:’—I— F

£ F

Trigonal Bi-puramidol

F F
O
"

Octahedral

Table: Molecules hoving both bond pair ond lone paoir of electrans

Molecule @ No.of No.oflone Arrangement of Shape Examples
ype bonding pairs electron pairs
pairs |
AB,E 2 | 1 'I' Bent SO, 04
S
Trigonol planar
AB,E A 1 -I Tngonal NH,
Pyramidal
21N
B B
B
Tetrohedral
AB,E5 2 2 I Bent H-0
B
Tetrahedral
ABF 4 1 E See-sow Sk,
[
i I \
B
B
B Trnigonaol bi-pyramidaol B .
AB4E, 3 2 - T-shape ar;
| -
B
Trnigonal bi-pyramidol
AB:E 5 1 B Square Brig
B l ~B pyramidal
s 7~ | ~ 5
Octahedral Bl
AR E 4 2 8 'Ih . Square XeF,4
~ A ~ planar
& -, | ~ 8
Octahedral
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Molecule : No.of No. of lone

pe

ABLE

.~ pairs

bonding

4

pairs

Arrangement of electron
pairs

Shape Reason for the shape acquired

./

S
G’J’ %ﬂ

Bent

Theoretically the shape should
hove been tnangulor planar but

actually it is found to be bent or
V-shaped. The reason for this is
the lone pair-bond pair repulsion
15 much more os compared to the
bond pair-bond repulsion. So the
angle i@ reduced to 1195 from
120.

AB, E

AB; 5

H 1077

Bent

Trigonal As there 8 one lone poir present

Pyrami- and due to the repulsion between
dol lp-bp the angle between bond

pass ie reduced to 107° from
1095~

. - -
The shope should hove beenl

tetrahedraol if there were all bp but|

two lp are present so the shope is
distorted tetrahedrol or angulor.|
The reason i lp-lp repulsion which
is more than lp-bp repulsion. Thus.
the angle is reduced o 104.5° from|
1095".

(More arabls)

In (@) the lp is present ot mdol
posiuon so there are three lp-bp
repulsions at 90° while in (b)
the lone poir & present at the
equatorial position and there
are two lp-bp repulsions. Hence.
arrangement (b) is more stable.
The shape ghownin (b) is desoibed
as adistorted tetrahedron o folded

SqQuare or a ece-sov

AB;E;

@

T-shape In (a) the

equatoriol position eo there are

lone paire are at

less lp-bp repulsions as compared
to othere in which the lone pairs
are ot awaal positions. So structure
(a) is the most stable (T-shaped).

Get More Learning Materials Here : &
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Molecule | No.of No. of lone

Arrangement of electron Shope Reason for the shape acquired
wpe bonding pairs pairs
pairs

gf— 2

b =
S e

F
F

rfﬂ Important

= Number of electron pair = VE.+X)

Where VE = Valence electron and

X number of atoms linked to central atom except S O and

N aioms.

Number of bond pairz = totol number of bonds made by

aznbol atom

Number of lane pairs = total number of electron paiis - total
number of bond pairs

Far example BFq

Total electron pair = >+3 =
Tatal bond pair ks 3 2
Totol lone pairis 3—-3 =0
Hence. geometry of BFg Is Trigonal planar

Example 3.1: Case Based:

VSEPR theory says that the shape of a molecule
depends on the number of electron pass in

the valence shell which may be a bond pair
or lone pair. The bond pairs are the pairs that
take part in the bonding and the lone pair

remains as the non-bonded electron pair
(A) The number of lone pairs present in the BeCl;:
(o) Zero (b) One
() Two (d) Three

(B) Which of the following statements is incorrect
obout VSEPR theory?

(o) It applies to the molecules hoving two or
more resonance structures.

(b) The lone paoire tend to be at a modnnwm
distance.

(c) The bond pair-bond pair has the highest
repulsion.

(d) The lone poir-lone pair hos the highest
repulsion
(C) Calculate the number of bond poirs ond lone
pairs present in the CIFy molecule?

(D) In CIF; which one is the centrol atom and also
draw the structure of the molecule?

(E) Assertion(A): TheBrFg molecule hosa

square pyramidal shape.

The shope is distaorted due to

the one lone pair electron.

(@) Both (A) and (R) are true and (R) is the
carrect explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
carrect explanation of (A).

() (A)istrue but (R) is false.
(d) (A)isfalse but (R) is true.

Ans. (A) (g) Zero
Explonation: Number of elecbon pair

VE +X Where. VE = Valence electron and

X= n?urnher of atoms linked to central atom
except S. O and N atoms.

Reason (R):

Number of bond pairs = total number of
bonds made by central atom

Number of lone pairs = totol number of
electron pairs - totol number of bond pairs

For BeCl,

No. of electron par = g_%-_Z_ =2

No. of lone pair =2-2=0
(B) (c) The bond pair-band pair has the highest
repulsion

Bxplanation: The bond pair-bond pair
doesn't hove moxamum repulsion It &
having @ minimum amount of repulsion
Other statements are correct about the
VSEPR theory

(C©) Na. aof electron par = ?;—3 =5

Na of bond poir =3

No. of lone poir = No. of elecuron pair -

Nao. of bond pair
— 5 -— 3 = 2
m @g www.studentbro.in



(D) In the AR molecule. the chlonne s the
central atom with 7 electrons around it_ It és

hoving o T-Shoped molecular structure.
F

4

F
Structure of AFy molecute

(B) (o) Both (A) and (R) are tue and (R) is the
correct explanation of (Al

Bplanationr The B molecds hoz fwe
bond pairs and one lone por of etectrons
which makes the structure distorted. So. both

asservon and reason are correct and reason
i5 the comrect eplanation of assertion

g A F
F E F
The Strucage of Brfc molecule

Exaomple 3.2: Discuss the shapes of the following

molecules using the VSEPR model [NCERT]
Ane. Be(Q, BOy SO, AsFg H5S and PH,
Molecule Numberof  Molecular Bond
electron Geometry Angle
pairs
around
central
atom (Bond
pair + lone
pair)
BeCl; Two (2+0) Linear 180°
BO, Three 3+0) Trigonal 120°
Planar
Sl Four (4+0)  Tetrahedrol 109.5°

Get More Learning Materials Here : &
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Fwe (5+0)

Asky Trigonal Three
bipyramidal | 109.5°
Two 90°.

Nan-Linear or | 92°
Bent

HS Sx (2+2)

PH4 Fve (3+1) Trigonal 935°

Pyramidal

Exaomple 3.3: Apart from tetrohedral geometry,
another possible geometry for CH4 is square plonor
with the four hydrogen atoms at the corners of the
squore aond the carbon otom at its centre. Explain

why CHy is not square plonor-. [NCERT]

Ans. According to the VSEPR theoru four bonded

electran pors around a carbon atom arranged
themselves in regulor tetrahedral geometry.
in which bond ongle iz 109°2B. while in o
squore plonar structure. the bond angle is 90°.
Therefore CHs can't be square plonar because
in sequare planar repulsion will be more. Hence.

(Hg is tetrahedral in shope.

Geometry of methane molecule

Limitation of VSEPR Theory

Some =ignificant mitatons of the VSEPR theory
include

(1) This theary foils to explain =oelectronic species
(te. elements hoving the same number of

electrons). The spedes moy vary in chape
despite hoving the same number of electrons.

(Z) TheVSEPRtheorydoes notshed any ight on the
compounds of transition metals. The structure

of eeverol such compounds cannot be comrectly
described by this theoru This i because the

VSEPR theory does not take into account the
ossodated sizes of the substituent groups and

the lone poirs that are inactve

(3) Another limmotion of VSEPR theory is that @

predicts that halides of group 2 elements will
hove a bnear structure. whereos their actuol

structure is a bent one.
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'TOPIC2 |
VALENCE BOND THEORY (VBT)

The theory was fust proposed by Heitler and
London (1927) and this theory was later developed
by Pouling and others. The basic idea of VBT comes

fromm otomic orbital elecironic configurations of
elements. atomic orbitals overlop and variation and

superposition principles. According to VBT, electrons
in o molecule oocupy atomic orbitals rather than
molecular orbitals. The atomic orbitals overlap dunng

the bond formaoton and the larger the overlap, the
stronger is the bond. Let us consider the formation

of a hydrogen molecule which s the eimplest of all
molecules.

Consider the two hydrogen atoms A and B. The
nucleus of these atoms can be represented by Nj

and Ng and the electrons in these otoms can be
written as ey and eg. When the two otoms are for

aport there will be no interaction. when they ore at
o nearer distance then there will be esome otractve
and repulsive interactions between them

The attractve forces can occur between:

The nucleus of an atom and its electron Ny —e5 and
Ng-ep

The nudeus of an atom and the other otom’s electran
Na —Ep, NE -4,

The repulsive force may occur between:

The electrons belong to two atoms ea —s=.
The nuclei belong o two atoms Ny —Na

The attractive force brings the two atoms close to
each other, and repulsive force pushes them far owau
The experimental resulte show that the magnitude
is greater for ottractive forces than repulsive forces.
So. when the atoms opprooch closer, the potentol
energy decreasea At o paorticular ume. the resultant
attractive foroe baolonces the repulsive force and
the system requires minimaol energu At this point
the hydrogen otonnz get bonded together to form o
stable molecule haoving a bond length of 74pm.

;f;} Important

~ Dwing the fnmatlon of huydrogen malecdes the
energy gete released which reflects that [solated atoma of

hydrogen are less stable than a hydrogen meolecule The
energy released during the formation of a molecule i called

bond enthalpy. The energy required to dissodiate one mole
of a Hy molecute ks Hagy + 4358 kd mol™ — Hgg + Hgg
=

A b\
H,
.......... Old forces x

New forces

& ®)
(o)
(o) Farces of attractfon during formatlan
of hydrogen molecule

(b) Foroezs of repuleion during Hz molecule formation

E

= Fotential enesgy ve

= internuchear dlatonce

- between Luwo aboneg
g w i
=)
=
= Bond Length
= e
=
=
: g Q @
£ =

=

g \3

=

=

= :

=4

: P

internuclear distance (pm)
The potentiol energy dagram for H3 molecule formation

"TOPIC3
ORBITAL OVERLAP CONCEPT

Duning the formoton of o molecule. there eadsts
minimum energy which corresponds to two hydrogen
atorma thot are wvery close to eoch other ot that
point. the otomic orbitals of hydrogen otoms can
undergo partiol inter merging of orbitals which are
called overlopping of atomic orbitals that maokes the
electron to pair up. The extent of overlap s derectly
proportonal to the strength of o covalent bond. The
greoter the overlap between the atomic orbitals. the
greater ia their covalent bond strength. Therefore.
according to orbital overlop concepr. the formaotion

unrene €9

of o covalent bond between two atoms results by

pairing of electrons present in the volence shell
hoving opposite spins.

Directional Properties of Bonds

When two atomic orbitals of atoms averlop, it will
form o molecule with o covalent bond. The VBT

explains the moleculor shopes. their formaton
and direcuonal properties of bonds in polyatomic

molecules like CHy. NHa. H,0 etc. in terms of overlap
and huybridisation of atomic orbaals.
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Overlapping of Atomic Orbitals

The overlapping of two otomic orbitals moy be
positive. negaotive or zero depending on the sign
(phose) and direction of onentation of ampltude of
orbital waove function in space. Positive and negaotive
signs on the boundaory surface show the phose of
the orbital wave function and it does not depend on
the chorge. When the two atomic orbitals forming
a bond hove the some phaose ond orientation it is
called positive overlap. The overlop concept is the
main foctor for the formation of covalent bonds in
the cose of homonuclear or heteronuclear diatomic
and polyotomic molecules. The CHe NH; aond
H,O0 hove tetrchedral pyramidol & bent shapes

Example: The carbon haos the electronic configurotion
in its ground etate [He] 25%2p? when it is exdted it has
the electronic corfiguration of [He] 2s'2p, 2p!1__.. 2pl

Poaithe cwerlap

T
()

O )
&

S0 )
Qb

P- P-
)
> 7
P, P.
@)
Zera everlap
-4 >Z

111

P.
®

The ensrgy requoed for the exatation of electrons is
eguolly compensated by the energy released during
the gverlop of orbitols (p) of corbon and hydrogen The
four atomic orbitals of corbon-contoining unpaired
electrons overlap with the 1s orbitol of four H-atoma to
form 4 C - H =single bonds. The three arbitals of carbon
cre at 90° to one another the HOH has an angle of 90°
This indicates that thvee C-H bonds are orientad at 80°
to one another. The shape of the Zs-orbitol of carbon
ond 1s-orbitol of hudrogen & spherically symmetricol
allowing them to overlop in ony direction. The direction
of the fowth CH bond connot be found. These results
e not matcheng with the tetrohedrol HOH angles of
1095°. Thkss shows that smpler atoms overlopping
does not give the deectionol propertes of bonds in CH
Licswise. m NHa ond H;0 molecules the HNH and HOH
angles should be 90°. This is not m agreement with the
actuol bond angle of 107° and 104.5° n NH; and H;0
respectvelu
Negotre gueriap

W

o

R P,

@
Poszive negative and zero overlaps of s and p-atomic arbitals

Types of overlapping and nature of covalent
bond

The covalent bond & clossified into two wypes bosed
on the overlapping of orbitals. they are:

(1) Sigma bond (o)
(2) pi-bond (n)

(1) Sigmo bond

The sigma bond & formed by the end-to-end overlap
of orbitals on @s intemuclear wmds. This wpe of
overlop is called aaal overlop or head-on overlap.

This bond can be formed from the following wpe of
combination of atomic arbrtals
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s-s Overlopping: When two holf-filled =-orbral
overlop olong the internuclear wmas. it s colled s—=

overlopping.

©O O0—-0

s-ornitol s-arbial s—s overlap

&£-= arbital overlapping

s-p Overlopping: When one otwoms holf-filled
s—orbital overlops with another atom's haolf-filled
p-orbital this type of overlopping = colled s—p
overlopping.

0 00000

p-arbitol & overlap

ep arbial overlappang

p-p Overlopping: When two haolf-filled p- orbstals of
two atoms overlap it is called p- p overlapping.

00 09 — -0

p-orbital p-orbital

s-orbitnl

p-p overlap

— [f x-aude (e chosen as the intemuclear axs and can
overlap with s-orbital whereoz no overlopping can taxe
place between the orbXals ie_there ks zero overlap

(2) Pi-bond ()
When the atomic orbitals overlop m such a way

that their oxes remoin parollel to each ether and

perpendiculor to the internuclear mds. This = called
the pi-bond. The orbitals formed by sidewise overlap

of atomic orbitals consist of charged electron clouds
which are in soucer type above and below the plane

of atoms.
& | { o T
. = i

0 & wWr

p — p Ortitol gidewize overlapping

Strength of Sigma and Pi-Bonds

The strength of o bond generally depends on the
extent of overlapping of atomic orbitals. The sigmao
bond is stronger than the pi-bond as the signno bonds

overlop to o greater extent than the pi-bond which
overlops to o smaller extent

In the multple bond formaotion. one bond ehould be a
sigma and the other should be o pi-bond.

Example 3.4: Distinguish between a sigma and a
pi-bond. [NCERT]

Ans.

Sigma Bond

Pi—Ennr.i |

T'l'ua_ bond is ﬁ::rmed.
by the oxdal overlap of
atomic orbitals.

Thiz bond i formed by

the side-wise overlap of
atomic orbitals.

The bond s stronger.

| Tihe bond is weaker.

The moleculor orbital
iz symmetical aobout
the internuclear @ds

and consists of a single
charged cloud.

_ThiE bond can be ﬁ}rmeg
by overlap of s -g s—por

The moleculor orbitol
is discontinuous and
consists of two chorged
clouds above and below
the plone of atoms.

It involves l:;verlap of
p-orbitals only.

ucrine €3

p—p orbitals

Example 3.5: Case Based:

Valagnce bond theory was first proposed by Heitler
and London and this theory wos later developed

by Pauling and others. The basic idea of VBT is
from atomic orbital electronic confgurations,

atomic orbitals overlop and varigtion and

superposition prinaples Depending on the types of
overlaps different types of bonds are determined

(A) The given diagram corresponds to which type
of overlopping:

O 090—-000

(o) d-d overlapping (b) s-p overlapping
(c) p-p overlapping (d) s - s overlopping

(B) The pi-bonding is formed bu:
(o) Side-wise overlap
(b) Head-on everlap
(c) No overlop
(d) Two s-orbitals overlap

(©) What is s - 5 overlapping?

(D) Why N; molecule is less strong than the H,;
molecule?

(E) Assertion (A): The head-on overlap gives a
sigma bond.

Reason (R O; molecules have only a sigma
bond.

(o) Both (A) and (R) are wrue and (R) is the

carrect explonation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true

Ans. (A) (b) s-p overlapping

Explanation: Based on the given diagram.
the spherical-shoped orbital i= s-orbital and
the dumbbell-shoped orbitol is p-orbital
So.it & 5-p overlapping. The d-d overlopping
will oppear as an interaction between
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two clover leof-shoped-lZce orbitals. So ot

the incorrect one. The p—p overlapping
of orbitals will appear os an interacton

between two dumbbell-shaped orbitals. So.
this is also incorrect. The s-s overlopping
will oppear @s on interocction between two
spherical-shoped orbitals. But the diogram
given obove iz not lice the one So this s
also on incorrect onswer.

(B) (o) Side-wise overlap

Explanation: The pi-bond iz formed by
the cidewize overlop of atomic orbitals
The heod-on overlop will occur for the
formation of sigma bonda. This option is the
mncorrect one

V.V_. W &
(C) When wwo holf-filed s-orbzals ovesrop

olong the internuclear omas it is called s—=
overloppmng.

0 0-00

s-arbitol s-arbital g-8 Overlap

(D) The H; molecule is stronger thaon the N,
molecule As the hydrogen molecules are
formned by the head-on overlop of orbitols
which hove o greoter exent of overlop

tend to be stronger. The nitrogen molecules
formed by sideways overlop tend w be

vweoker.

Sidewsce overlap of nitrogen malecule

(E) (¢ (A is rue but (R) is false.
Explanation: The head-on averlop gives the

sigma bond whereas the eide-wise overlop
gives the pi-bond. The oxygen molecule

hos one sigmo and one pi-bond. Thus
reoson s mcarrect

Sidendee overlap of oajgen mokecule

CO BJECTIVE Type Questiong

[1 mark ]

Multiple Choice Questions
1. The BHy molecule belongs to which type:

@ Related Theory

= The AB represents the molecules that are made of
different types of atoms that hove a central atom

(a) ABg (b) AB; whoee volency k= satizfied by other types of atoms
(c) AB, (d) AB3E which are bond paire and E represents the lone pair
of electrons that will not tate place In bon
Ans. (b) AB; P g

Explanation: The BH3 belongs to AB; type as 2. The BeCl; molecules exist in which of the

. - geometry?

it has three H fzmnrum with o central atom. and (a) Tetrahedral (&) Trigonal planar

lnoe no lone poir of electrons (c) Linear (d) Octahedral

The molecule AB4E contoing a lone paoir of [NCERT Exemplor]
electrons but the given BH3 molecule doesnt Ans. (c) Linear

hove o lone poir of electrona So this =
mncorrect. ABy means the molecules should
hove one central atom which hos the valency
of four. but the given molecule hozs o valency
of three so this = incarrect. AB4 meons the
central otom with two volendes but the given 2 valenay is there Sa this is incarrect. In Trigonal
molecule hos o valency of three. so. this is also plonar, the central atom’s valency should be 3
moanrect So. this geometry & also incorrect. In Octahedral

Boplonatiorr In Be(l; Be. = the central atom
with Cl attached on both sides forming Enear
geometry of about bond angle of 180°

Tetvahedrol geometry will not be possible as
centrol atom's valenoy should be 4. but here only
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geometu, the o=ntral atoms volency ehould be
6. So this geomeltry is also mcorrect

3. Identify the molecule hoving side-wiss
overlopping of atomic orbitals.

(o) CH4 (b) CO,
(c) NH; (d) H,0
Ans. (b) CO,

Explanation: The covalent bond formed by the
aide-wasze overlop of atomic orbitals is colled as

pi-bond. Pi-bond is found in CO4.
4. Match the following:

Molecule type Ideal shape
(A) AB, (®) Tertrahedral
| (B) AB,y (1)) Pentagonol
|  bipyramidal
(C) ABy (i) Octahedral
(D) ABg () Linear
(E) ABg @ Trignnul_PlunuE' ]

(@) (A)-), (B)-(v), (O-0) (D)-(1), (E)-(ui)
(®) A)-(v), (B)-@), (C)-(im), (D)-(), (E)-(v)
() (A)-), B)-(v), (C)-(). D)-(im), (E)-(1))
(@ A-0@, (B)-(w), (O-(), O)-(im), (E)HV)
Ans. (a) (A-(w). (B)-(v) (OH1). (D)Hz). (E)H=)

Explanation:
~ Molecule Ideal shape i} éxample
tuype

AB, Linear : BeCl,

EB; Tannl planor E_F_;..

AB,  Tetrohedral CHy
ABg Pentagonal PO

bipyranidaol
| ABg ~ Octahedral Ske _

5. The electronic configuration of the exated

carbon atom is:
(a) [He] 2%, 2p}, 2p;, 2p;
(b) [He] 257 2p?
(c) [He] 152
(d) [He] 25? 2p°

Ans. (o) [He] 25, 2pL 2p ,f,, 2p;
Explanation: In the excited state. one of the
electrons from the 2s? jumped into 2p.

©@. Which of the following species hove the
same shope?

M BeCl; (D BF_

(1) CH, (V)NH,4

Select the correct option:

(@) () and (1) (b) () and (1IN

(c) (N and (1N (d) (i) and (V)
[NCERT Exemplar]

cucnrane €9

Ans. (d) (lf) and (IV)
Explanotion: Both the molecules CHg and

NHs have the some tewohedral geomeutu
Be(l; have linear geometry, whereos BR have

wigonal plonar geometry.

Molecule
geometry

B—A—8B sp
Lonear

B; p° BF

B B
Trigonal

plonar (ABJ)

S

B
Trigonal (ABQ ‘

' Hybridisation | Example N

BEC[} Hg CI] |

sp” CHg NHZ

7. The number of bond poire ond lone pairs
present in the SF4 molecule are:

(0) 4and 1 (b) 2ond 1
(c) 2and 3 (d) 4 and 2

Ans. (o) 4and 1
Explanation: Total no. of elecoons =6 + 4
=10
No. of bond pair electronz = 8
Nao. of lone pair electrons = 10-8
=i
2 No. of lone pair = 2/2=1

Thus. the SF; molecule hos four bond pairs
and one lone pair.

A Caution

- The students may confuze between electrons and
an electron pair. An electron pair means it has bwo

electrons and an electron mean a aingle electron
A aingle electron palr means that & contalns 2
electrons.

8. There are zero overlops between:
(a) s and p, orbital (b) s and p, orbital
(c) p, and p, orbital (d) s and s orbital
[Dikshal]

Ans. (a) s and p, orbital

Bplanation: The s and p, have zero
overlopping as they have different orientations
and different energies. The p, ond p, and s and
s-orbitol hove symmetncal orientaton and
it will give negative or positive overlap. The
symmetrical orientation would not give zero
overlops.
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9. The number of lone poirs present in the NH;
molecule is:

(0) 2 (b) 1
() 3 d O
Ans. (b) 1

Explanation: The NH3; molecule contams
3 bond poirs and 1 lone poir.

N\

| H

H

NHq molecule seructure

Assertion-Reason (A-R)

In questions no. (10-13) a skatement of assertion
followed by o statement of reason is glven.

Choose the correct answer out of the following
cholce.

(o) Both (A) and (R) are true and (R) is the correct
explanation of (AL

(b) Both (A) and (R) are true but R is not the comect
explonation of (A)

(c) (A is true but (R) is false.
(d) (A) is false but (R) is true.

10. Assertion (A):

i
H

The H;0 molecule has a
bent shope.

The water molecule haos

lone paoirs which molke the
geometry deviate from the

tetrohedral geometry.
[INCERT exampler]
Ans. (g) Both (A) and (R) are true ond (R) is the
correct explanation of (A)

Explanation: The H;0 molecule has four
electron pairs out of which nwo are bond

pore and two are lone pairs which male the
molecule deviate from the onginol structure.

-
"
H H

Water motecuie benr sbructhuoe.

Reason (R):

@ Related Theory

= The repulshe nteraction of electron pas= decregses
In the given arder:
Lone pair-lone paxr > Lone pair-bond par > Bond

pair-bond pair.

11. Assertion (A): According to VBT, the shape
of a molecule depends on the

number of valence electrons
present around the central

Ans.

Ans.

13.

Ans.

aoorm.

Reoson (R The shape of SF; is a see-

sow due to the extra valence
electron pair present on the

central atom Sulphur.

(a) Both (A) and (R) are true and (R) is the
correct explanation of (A)

Egplonotion: Both stotements are correct. The

sulphur atom has six valence electrons. out of
which four electrons are sotished by fluorine
molecules and o par remain as lone par of
electrons

F
F
s &2
F
F

See-saw shape of SFy structire

Assertion (A): The isolated hydrogen atom
is less stable thon a hydraogen
molecule.

Reason (R}  The two hydrogen atoms are

combined to get stability.

(a) Both (A) and (R) are true and (R) is the
carrect explanation of (A)

Explanation: All the molecules tend two attain
stability. During the formation of hydrogen
molecules. the two atoms of hudrogen

combine to form molecules with o release
of energy which reflects that isoloted atoms
of hydrogen ore less stable thon o hydrogen
molecule

1- ]1

Assertion (A): The sigmao bond is songer

than the pl-bond.

This is due to the greater

extent of overlapping of pi
bonds.

(c) (A) is rue but (R) &= false.

Explanation: The sigma bond is stronger due
to the greater extent of overlopping between
the atomic orbital This reason is incorrect

because the greater extent of overlopping is
geen in the eigmao bond. not in the pi-bond.

Reason (R):

@ASE BASED Questions (CBQSD

[ % &5 marks ]

Read the following possages and answer the
questions that follow:

Get More Learning Materials Here : &

14.The simplest case to consider overlopping s the

onrene €9

hydrogen molecule. Ho. Whean we say that the
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nwo electrons from each of the hydrogen atoms
are shared to form a cowalent bond between
the two atoms, what we mean in valence
bond theory tenms s that the two spherical 1s
orbitals overlop, allowing the two electrons to
form a pair within the two overlopping orbitals.
In simple terms, we can say that both electrons
now spend more bme between the two nuds
and thus hold the atoms together. As we will
see the situation & not quie so simple as
thot because the electron pair must stll obey
guantum mechanics - that is the two electrons
must now occupy a shared orbital space. This
will be the essental prinaple of valence bond
theory.

How far gpart are the two nudei? That s a very
mmportant issue to consider. If they are too far
apart. their respecthve 1s orbitals cannot overlap.

and thus no covalent bond can form - they are
stll just two separate hydrogen atoms As they

move closer and closer together, orbital overlap
begins to occur. and a bond begins to form. This
lowers the potential energy of the sustem as
new, attroctive positve-negative electrostatic
interactions become possible between the
nucleus of one atom and the electron of the

second However, something else is happening
at the same tme os the atoms get closer, the

repulsive positive-positive interaction between
the two nuclei also begins to increase.

©0— @
H H H,

(A) Which type of overlopping is there in Cly
molecule?
(o) s - s overlopping
(b) s - p ovarlapping
(c) p - p overlapping
(d) d - d overlappling
(B) Which type of overlopping is stronger?
(a) d - d overlapping
(b) p - p overlapping
(c) s - 5 overlopping

(d) s - p overlopping

(C) The bond in F; molecule is than O,
molecule
(a) weaker (b) stronger

(c) Little weoker (d) Little stronger
(D) There are zero overlaps between
(a) s and p, orbitals (b) s and p, arbitals
(c) p; ond p, orbitals (d) s ond s orbitals
(E) Choose the incorrect statement about
overlapping:

(@) In H;0 molecule there are one sigmao
and one pi-bond.

(b) Ammonio molecules camtain three
sigma bonds.

ucnrene €9

(c) In HCL, molecule has a sigma bond.

(d) Oxygen molecules contain one sigma
bond and one pi-bond.

Ans. (A) (c) p - p overlapping

BExplanation: The C; molecule edibit p—p

overlopping. The electronic configuration
of two chlorine atoms ia [Ne|3s?3p>. The

p—orbital @ the orbital containing valence
electrons which only involves in bonding

by overlapping of the two atomic orbitals
(te. p—orbital) of chlorine.

(B) (c) s - s overlapping
Explanation: The s-= overlopping is
stronger than other overlaps. This is due w
the similor size of s—orbital (Spherical) and
they are hoving high electronegativity so
the overlap between them is stranger.

(O (b) stronger

Bplanation: The bond in 5 molecule is
stronger thon O Because the Fluorine

molecule involves the head-on overlop
which forms o sigmao bond and the oxaugen

nnolecule involves side-wise overlap to form

a pi-bond. The sigma bond is the stranger
bond than the pi-bond due to the effective

overlopping of the sigma band

- Y - -00-

c-p cwerlap
p-orbital  p-crowoel
p-p orbital overlapping foraring
aigma bond [n fluonine molecule

i
<« »

= bond formation

(D) (o) s and p, orbitals

Explanation: s ond p, orbitals show zero
overlaps.

(B (o) In H;0 molecule there are one sigma
and ane pi-bond.
Explanation: In water molecules. there

are two sigma bonds where the oxygen is

attached to the two hydrogen atome. Sa
this etaotement i= incorrect one. There is no

pi-bond n the water molecule.

15. In 1956, British saentises RJ. Gillespie and RS

Nyholm recognized that the current model
for exploining bond angles did not worc well
The theory at that time relied on hybrid
orbitals to exploin all aspects of bondmg.
The problem was that this theory gave an
tncarrect prediction of bond angles for many
compounds They developed a new approach
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based on earlier work by other scentsts that
ecncorporated a consideration of electron pass

in predicting three-dimensional structures

The valence shell = the outermost electron-
occupied shell of an atom. The valence shell
holds the electrons that are imvolved in bonding
and are the electrons shown in g Lewnas
structure. The acronym USEPR stonds for the
valence-shell electron pair repulsion model

The model states that electron pairs will repel
each other such that the shape of the molecule

will odjust. so that the valence electron-

pairs stay as far apart from one another as
possible. Molecules can be systematically

classified according to the number of banding

pairs of electrons: as well as the number of
nonbondmng. or lone pairs. around the central

atom. For the purposes of the VSEPR model a

double or triple bond s no different i terms of
repulsion than a single bond.

A few molecules are given below. answer the
following questions based on these molecules.

CH;,. F‘Cls, SFE. H;O and XeFg4

(A) Identify the molecules which don't hove

a lone paoir of electrons and give the
number of bond pairs present in them.

(B) ldentify the molecule hoving four bond
paoirs and determine its geometyy.

(O And the molecules which ore hoving

lone pairs of electrons and drow their
structures.

Ans. (A) The nmolecules which do not hove lone
paire of electrons are SFe. CHy4 & PClg The

valence electrons present m the cenwaol

atom S is 6 thaot are sotsfied by the 6
fluorine atoma. so no lone poirs are there.
The valence electrons in carbon are 4
which are all sotisfied by 4-H atoms so
no mnore lone paoir is there and the valence
electrons pregent in the P are 5 which are
all sgtsfied by 5 - ( atoms. So. it also
does not have a lone paoir of electrons.

B) The CHs (methone) molecule is hoving

four bond paoirs where the four valencies
of carbon are sotisfied by four hydrogen
atoms. So. four bond poirs are present
The methone molecule is in a tetrohedrol

geometry
(O Among the given options H,0 and XeFq4
have both lone poire and band poirs. Both

the molecules hove 2 lone paoirs on central
aton

e F Fa
an L
ee
Srructuow of H O moicaude Structuwre of Xof,

= The students may get confused whetier the lone
pair present on the adfacent atoms should be
considered or not. The lone poir that = pregaent on
the central otom is only considered and. not on the
adjacent atom. Here in the XeFg the lone pair on
the central atom xenon e only consdered and not
prezent on flucrine atoms.

@ERY SHORT ANSWER Type Questions (VSAD

[ 1 mark ]

16. bploin whuy PClg molecule hos trigonaol
bipyromidol geometry whereas [Fs hove a

square pyramidal shope? [NCERT Exemplar]

Ans. In PClg molecule. the centrol phosphorus atom
hos 5 valence electrons which meon 5 bond
poirs correspond to the trigonol bipyramidol
chope ond [Fs molecule hoving 7 wolence

electrons around the central atom iodine, the
5 valenaces are sotishied by five fluorine otomns

and the remaining one lone pair which maokes

the distortion in structure to form o square
pyramidal shape

17. Why does SFg adopt octahedral geometry
and SF4adopt a see-saw shape?

[NCERT Exemplar]

Ans. The SFg molecule has sulphur as the cenwral
atom hos 6 valence electrons which are all

sotshied by B fluorine atoms. but in the case

of SF4 and only 4 voloncies are sotished by
F~atoms and the other two electrons remain

Get More Learning Materials Here: &

as a lone poir of electrons. Sa. SFg haos an
octohedrol shape while SF4 hos distortion in
structure which & o see-sow shape.

18. Bxplain the effect of overlapping in the bond
strength.

Ans. The strength of a bond generolly depends on
the extent of overlopping of atomic orbitals.
The sigma bond is stronger than the pi-bond
as the eigmo bonds overlop tw o greater exxent
than the pi-bond which overlops to a smaller
extent

19. HgCl; belongs @ which type AB, or AB47
BExplain.
Ans. The HgCla molecule represents ABj wpe. as it
iz not having any lone paoir. it only hos 2 bond
pars.

—Hg—a
Hg(; structure
m @g www.studentbro.in
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(SHORT ANSWER Type-l Questions (SA-1))

[ 2 marks ]

20. CIF; is T shaped but BF; is plonor. Explain

[Delhi Gov. QB 2022)

Ans. CiF5 hos sp”d-hubridisation with two lone pairs

of electrons on CL The expected shope of O~
should be trigonal bipyramidaol but due to the
presence of two lone paus of electrons the
shaope is T-shoped

BFR;, molecule has a plonar structure as © =
sp? hybndised (it hos 3 bond paire and no lone
pair)

21. Whaot type of attractive and repulsive force

arises when two atomes come closer to form
a molecule?

Ans. The attractive forces can occur benween

(1) The nucleus of an atom and its electon
Na-—ep ond NE —Ea

(D) The nucleus of on atom and the other
otoms electran. Ny — ep. Ng — e,.

The repulsive force may oocur between

(1) The electron belongs to two atoms ep—==

() The nucdei belong tw two atoms Nay-Na

22. Draw the structure of XeFg and the name of
the geometry-

Xo

P A
-

XeF, goomaetry Distoried octahodraf

23. Draw the structure of molecule hoving
4 bond poire and 1 lone poir.

Ans. The molecule which hos 4 bond paoirs and

one lone pair is SF4 where the sulphur (central
atom) i hoving 6 wvolence electrons. The

4 valence electrons are sotisfied by 4 fluorine
atoma and 2 electrons remain as a lone pair
electran

F

<
| F
F

See-sow shape

(SHORT ANSWER Type-Il Questions (SA-Il))

[ 3 marks ]

24, Explain the shape of BrFs. [NCERT Exemplar]

Ans. The bromine atom hos an electronic

configuration of 1e°, 2522;:5, 3523p3dm.
4s%4p> To get pentovalencu two of the
p—orbitals are unpowred and electrons are
shifted w 4d-orbitals. In this exdted state
molecule oocwrs octahedral structure. The
frve valencies of bromine are sotished by five
fluorine atoms forming o sigma bond and a
rennaining lone pair occupies the position and
mokes the structure distorted from octahedral
to square pyramidal shape

Srructure of Brfs molecule
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2Z5.Draw the shope of the following 26. (A) Why is free rotation about a -bond not

molecules according to VSEPR theory; possible?
Xe0,, XeF, XeOF, (B) H; exists whereas He,; does not exist.

Ans. In XeF5, Xe is sp d-hybridised but &s shape is Explain on the basis of valence bond

inear due to the involveament of VSEPR theory S

te. due to the presence of three lone pairs of © :::::uﬂz:ep_::haﬁu?rz:t:; ﬂi::fj ﬂ::;
electrons. Thus, geometry of Xefs is distorted why? [Diksha]

from trigonol bipyramidol to Linear.
Ans. (A) As the overlapping vanishes and the bond

breaks the free rotation & not possible

(B) According to the valence bond theony holf
or singly filled orbitals overlap each other
to form o covalent bond

In case of H; the two atoms are half-flled
with one electron overlop whereos in case

32 . : of Hea the two He atoms haove fully-filled
In XeOF,. Xe undergoes sp hybndisation orbitals which cannot overlap o form o

but fts shape is equare pyramidal due to the bond.

involvement of VSEPR theoru (te. due to (O The p-orbaal lobes are equal on both the
the presence of one lone pair of electrons. sides So. electron density is equol on bath

geometry of XeOF, is distorted from octahedrol the sides.
to square pyramidal) Shape of sp-orbitals:
- sp-orbitals hove one lobe larger than
£ the other ond most of the sp-probability
g \ / density is on the bigger lobe This mokes

the sp orbital more directional

Z27. How mony bond pairs and lone poirs are
present in the PClg molecule and drow its

geametry? [NCERT Exemplar]

In XeFy, Xe is spd*-hybridised but its shope is Ans. The phosphorus pentochloride hos five bond
square plonar due to the involvement of VSEPR paos and zero lone paira The central alom s
theory. (te. due to the presence of one lone phosphorus of vaolence five which are oll sotishied
poir of electrons, geometry of XeF, is distorted by five Cl o no mare lone pair of electrons [t hos
from octahedral to square planar). pentagonal bipyramidal geometry.

a

F E- a :”“
\ / 1y >
Xa /
s / \ -- a
= F:
" a

PCls moleairle

a

(LONG ANSWER Type Questions (LA))

[ 4 & 5 marks ]

28. Exploin the VBT theory. (2) Consider the two hydrogen atoms A and

B. The nucleus of these atoms con be

Ans. (1) The basic id fvBeT fi tomui
(1) The basic idea o e represented by Ny & Ng and the electrons

orbital electronic configurations. atomic

Get More Learning Materials Here : &

orbital’s overlop ond variation and
superposition prinaples To undesstand this

we can consider a simple example

onrcne €9

in these atoms con be written as ey & eg
When the two atoma are far apart there will
be no interaction. when they are ot a nearer
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distance then there will be some ottracove
and repulsive interaction between them

Atrraction

-—
s ==t v I
-— —

A repl-life example of attraction and
repulsion between bar magneis

The attractive forces can occur between

The nucleus of an atom and its electron Ny —ep

and Ng —ep.

The nudeus of an atom and the other atom’s

electron. Ny —eo, Ng — e

The repulsive force maoy occur between

The electron belongs to two atoma ey — s

The nuclei belong to two otoms Ny — Na

(3) The attractive force brings the two otoms
close tagether. and repulsive force pushes
them far away.

(4) The expenmental results show that the

magnitude is greater for attractive forces
than repulsive forces. So. when the atoms

opproach closer the potenbaol energy
decreoses.

(5) At o particulor ume. the resultont attractive
force balancea the repulsive force and the
system requires minimal energy. At this

point. the hydrogen atoms get bonded
together to form a stoble molecule having

a bond length of 74 pm_

(6) During the formation of hydrogen molecules.
the energy gets released which reflects that
icolated atoms of hydrogen are l=ss stoble

than a hydrogen molecds The enemy
releosed during the formouon of o molecule

is called bond enthalpu The energy requared
to dissooate one mole of the Hy moleculs =

Hyg + 4358 ldmol™ — He + Hg

29. Write the postulotes of VSEPR theoru.
[NCERT Exemplar]
Ans. (1) The molecules are maode up of diferent
types of otoms. one of which iz o central
atom.
(2) The shape of a molecule depends upon

the number of electron pors n the valence
ghell which includes (bonded or mnom-

bonded electrons) around the centrol atom.

(3) The elecuon poie repel each other eince
the electron clouds are negotively changed

cnrene €9

(4) The electron poir tends to be in the

moamum distance so that the repulsion
between the electrons will be minimum

(5) The valence shell is tolen as o sphere
where the electron pairs are localising on

the spherical surface which will be at o
moximum distonce

(6) The single or double or triple electran poirs
are counted as an only one electron pair.

(7) The VSEPR theory iz olso opplicable
to molecules that hove two or more
FESONONCe sructures.

(8) The repulsive interacton of electron pairs
decreases in the given order:
lone pair-lonie pair > lone pair-bond pair >
bond par-bond pair.

30. What is refined VBT theory?

Ans. (1) Nyholm and Gillespie refined the VSEPR
theory and exploined the impartont

difference between the lone pairs and
bonding pairs. The lone poire are locaolised
on the central atom and bond paire are
shared between two atoms

(2) The lone pair occupies more gpace than
bonding pois of electrons. So. there = a
greater repulsion between lone pawvs as
compared to bonding pairs of electrons

(3) This repulsion affects the ideolised shapes
of the molecules and deviation in bond
angles occurs.

(4) The VSEPR theorny dvides molecules into
two types
(M The molecules in which the central

atom has no lone pair of electrons.

(0) The moleculea in which the cenwral atom
hos one or more lone poire of electrona

Molecule Ideal shape Example
type

AB, Limear ' Be(l,

AB, Trigonal planar | BFs

AB, Tetrahedral CH,4

ABg Pentagonal ‘ PCg

bipyramidal |
ABg Octohedral | SFe |

(5) The VSEPR theory predicts the geometry of
the various molecules. espedolly element's

geometry. [t is also useful in determining
the geometry of the molecules even if their

different possible structures have smaller
energy differences. The VSEPR theaory is o

theoretical one that cannot explain certain
moleculor shopes

(6) When lone pairs of an electron are present
then the ideol ehope of the molecules gets

distarted.
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HYBRIDISATION AND MOLECULAR
ORBITAL THEORY

' TOPIC1
HYBRIDISATION

The phenomenon of wntermbang of pure otomic
orbitals to produce o new eet of equivalent orbitals
(known as hybrid orbitals) s colled hybridisoton
During this process. only valence ehell orbitals having
equal energy and shape take part

Postulates

(1) The totol number of hybnd orbitals formed &
equal to the total number of atomic orbitols used

in the bonding.

(2) The bond formed by hybrid orbitols és stronger
than atomic orbitals.

(3) Both half-filled and fully-filled orbstals can tole
part in hybndisation

(4) The hybrid orbitals arrange themselves in space
in such o way eo that there are minimum

repulsione between electron poirs and thus

get o stable arrangement. Therefore. the type
of hybndisoton indicates the geometry of the
molecules.

Tupes of Hybridisation
sp Hybridisation

In this type of hybridisoton. one = and one p orbital
intermbc with eoch other to give two equivaolent sp
hybnd orbitals. Along with s, P, orbitol is preferred
in sp hybridisotion because these orbitals hove the
same orientation in space. This hybrdisation is olso
known os diogonal hybndisotion.

In sp hybridsation
1
& s-character: 5 = 100 = S50%

1
X p-character- 7= 100 =50%

The two sp hybnds point in the opposite deecuon
along the z-oxis with projecting positive lobes and
very emoll megotive lobes. which provides more

Get More Learning Materials Here : &

effective overlopping resulting in the formouton of
stranger bonds.

-G @

zp h:;ar-- Hgbﬁ!ds showm

i i i: In ::m"...-"-sacﬂun
Schamatic cepasaanialinn
af bybrids thown cegathar

Molecules with sp hybridized central atomns possess
linear geametry. For example. BeCls.

¥ e X

N, /_\Z

D hi_],brl cle

Exomple 4.1: Exploin sp hybridisation in C;H,.
[NCERT]

Ans.

As we can eee. acetylene molecules form three sigmao
bonds Two of them are wath 1s orbital of hydrogen
with 2p orbital of carbon and other is between 2p-
2p orbitol of carbon atoms. Other two pi-bonds are
result of cideways overlopping of 2p carbon orbitals.

So. each carbon has two sigma bonds and zero lone
pomrs

@g www.studentbro.in



Get More Learning Materials Here: &

Huybrid orbitols = totol number of sigmao
bonda + totol number of lone pair

Thus hybrid orbital= (2 + 0) =2
Hubridisation =sp.

Neow

§Ez Hybridisation

In this type of hybridisotion. one s and two p orbitals
intermix with each other to give three equivalent sp?
hybrid orbitols

In sp? hybridisation
1
% s-character: E = 100=3333%

% p-character- % = 100 = 66.67%

O@*r 2

Molecules with sp? hybridised centrol atoms possess
tigonaol planar geometry. For example. B4

.
Cimﬂ\
cl
Example 4.2: Exploin sp? hybridisation in C;H,.
[NCERT]

Ans.

There are votol of five eigmao bonds in ethene
molecule. Four o-bonds are formed by overlap
between 1s orbitol of hydrogen with 2p orbital
of carbon and =-bond i= between 2p-2p
orbitol of carbon atoms. A pi-bond is resulr of
side-wise overlopping of carbon orbitals

So. each carbon has three sigmo bonds and
zero lone pous

Hybrid orbitals = total number of sigmao

Now =
bonds + totol number of lone pairs

Thus. hybrid orbitol= (3 + 0) =3
Hybridisouon: EPI.
§Es Hybridisation

In this type of hybridisotion. one 5 and three p orbitals
intermbc with each other to give four equivolent sp°

hybrid orbitols.

e @)

In sp® hubridisation

1
Z s-character: — » 100 = 25%

Z p-character: % = 100 = 75%

06 é goutk

'.ugnlhnr

Molecules with sp? hybridized central atoms possess
tetrahedrol geometry. For example. CH,

Example 4.3: Explain sp? hybridisation in : C;Hg

[NCERT]
Anes.

In ethane molecules. these are 7 sigmao bonds. Six
of them are formed with 1s orbital of o hudrogen

atom with 2p orbitol of carbon ond seventh o-bond
is formed by overlapping of 2p-2p orbital of carban

atoma. So, each carbon hose four sigmo bonds ond
zero lone pairs.

Now.  Thus. hybrd orbitals=(4 + 0) = 4

Hybridisation = sp°
A Caution

= While calculating the number of hybrid orbitals students
zhould obways keep n mind to count the number of lone

pars.
For example: In the case of H50.

Total bond pair 2 and number of hybnd orbitals 4
(this is because it has two lone pairs)

Sa. both bond pairs and lone paire contribute to
hybridisaton

sp>d Hybridisation
Hybridisation imwolving d orbitals sp?d

Here. one s. three p and one d orbitals intermix with
each other to give five equivalent sp?d hybrid orbitals.

This hybridisation poscseses trigonol bipyramidal

geomebry where there are 3 equatorial bonds (bond
angle = 120°) and 2 adal bonds(bond angle = 909).
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It hos been found thot the mdol bond experiencss Fluoring =
greater repulsions than equatorial bonds Thus odal 17 27

IPF
bonds are elightly longer and hence slightly weaker III lIl Iiljl
than the equatornial bonds For eg: PClg

P (ground state)

P (exoted state)

PO,

I Afrer bybrd=ation velonce zheol cioctronic corfigraation of Sulpbuer

3d @“““”TFL
~

I 'd

156.4 pmn

1114 ]1

3= 3p

1T
spd

[T AT

I F'lr:","|, i muF
= g LF

a0°

@ F
- D34 mn
C!c_m_..%l a &ﬁ Important
& 1
Clv™" I Eﬁn - Number of Hybrid orbitals (H) = > (Na of wvalence
cl electrons In valence shell of central atom the atom+ Na of
maonovalent atame surrounding - Charge on cation + Charge
-_spjne Hybridisation on anlon) B | B
Here one s. three p and two d-orbitals intermioc with Value of H ~ Type of hybridisation
each other to give six equivalent sp>d? hybrid orbitals . 2 | sp
This hybnidisoton posseses o regulor octchedral L 3 sp’ |
geometry where oll the bonds are equol in length. For = sp3
eg. SFg 5 spod
Sulphur (n ground s2otg) 6 ] EEEE
17 22 ¥ 3 3F 7 | spcP
] (1] A0W ] @00 |

Table: Electronic configuration, molecular shapes, their Hybridisation ond bond angles.

Total
number of Electronic Hubsiduaronil Eond cegles Bonding e~ T Molecular
electron shape clouds shapes
clouds
2 Linear sp 180° 2 0 Linear
3 0 Trigonal
9 =l
. Trigonal ;20 ('-:i.l-lglhtlg |- Planar
Planar B58 um- one
k) 2 1 Bent
| 4 0 Tewrahedral
|
1095° |
(sbghty less 1 1 Trigonal
4 Tetrahedral sp withlone: | Pyramidal
pairs) |
2 2 Bent
Get More Learning Materials Here : & @ @) www.studentbro.in
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Total

number of Electronic | ) Bonding e~ } Molecular
e e Hubridisation Bond angles e Lone pair Lhace
clouds
90° (a g
lgn[::}gu[} 5 0 Trngonal
Caiishitinioh bipyramidaol
S Trigonal 3y <90° (miui) |
bipyramidol L3 <120 4 1 See-saw
| {ecuitanal) || i
<90° (wdal) | 3 2 T-chaped
| 180° [ 2 Linear
| 6 0 Octahedral
90° (slightly | o =)
6 Octahedral s:,-:j.‘:f3 lesa with ‘ S 1 Squu{E
; pyramidol
lone pais) |
B | 4 2 - Square plonar

Exaomple 4.4: Which hybrid orbitals are used by
carbon atoms in the following molecules?

(A) CH;-CH; (B) CH3-CH=CH;
(C) CH;—-CH,-0OH (D) CHj-CHO
(E) CH;- COOH
Ans. (A)
H H
H = 3 H
H H

Each carbon otom has four sigmo bonds
and zero lone poes So the total number
of hybnd orbitols s 4 Thus both carbon

atams are sp° hybridized.
®

H
H fl: C=C H
]

|

H H H
Frst carbon atom has four hybnd orbitals
= sp° hybridisation
Second carbon atom hos three hybrnd
orbitals = sp? hubridisation
Third carbon atom has three hybnd orbitals
= sp? hybridisotion.
©
H H
H = c OH
H H

Both carbon atoms haove four
orbitals = sp> hybridized.

D)

hybrid

T
H—C—C =0
]

H H
First carbon atom has four hybrd orbitols
= sp” hybridisotion
Second carbon atom hos theee hybrid

orbitals = sp? hybridisation.
®

A OH
|/

H=—E=—
N
H

Fisst carbon atom has four hubnd orbitals

= sp" hybridisotion

Second carbon atom haos three hybrid
orbitals = sp? hybridisotion

Exaomple 4.5: Case Based:

Phosphorus pentachloride i a greenish-yellow
crystalline sold having an oritoting odour. It &
prepared by paossing an excess of dry chlorine
into lquid phosphorus trichloride. It is used os @
chlorinating agent and as a catalyst in many arganic
reactions. In the phanmaoceutical industry. it is used
in the manufacture of penialln and various other
important drugs. PClc s a reactive chemical Its direct
exposure can cause wealoness and headaches. Also,
it may damage the vital organs of our body like the
liver and ladney.
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(A) The hybridisotion of PCls molecule is:
(o) sp’ () sp’d?
(c) sp’d (d) sp?
(B) Cl-P -l bondangles in PClg molecule are:
(o) 120° and 90° (b) 60°and90°
(c) 60°and 120° (d) 120° and 30°
(©) Draw the structure of PClc.

(D) Why are the axiol bonds longer as compaored
to equatorial bonds in PClg structure?

(E) Assertion (A): AU bond lengths are equal im
PCl; but not in PCls.

Hybrid state of central atom is
different in both cases.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)istrue but (R) is false.
(d) (A)is false but (R) is true.

Ans. (A) (o sp’d
Bplonation: Number of Hybnid orbitals

Reason (R):

1
(I-D:E(Naafw!ﬁnceeiectmmmualence

shell of central atom + Na of monovalent

atoms swrrounding - Charge on cation +
Charge on anion)

For PCI_-;

1
{H]:E(S'I-S):S

since the value of H = 5 eo the hybndisation
would be spd

(B) (o) 120°and 90°
Explanation: PClg molecule has wigonol
pyramidaol geometry. The equatorial bonds

in the POl molecule form 120° angle
bonds and the wdol bonds in the PClg
maolecule form 90° degree angle bonds.

©

(D) In PCls there are two odaal and three
equatorial bonds. As the waal bond poirs
suffer more repulsion os compared to
equatoriol bond pows. the waal bonds are
longer as compaored to equotonolbonds

cnrene €9

(E) (b) Both (A) and (R) are rue but (R) is not
the correct explanation of (A)

Explanation: For PCla
1
H) = 3 (G+3)
=4

Since H = 4, the hybridisation will be gp>.
Here all the bond lengths are equal

For PCls.

H) = % (5+5=5
since the value of H = 5 so the hybndisation
would be spd

In PClg os the mdal bond pairs suffer more
repulsion a@s compared to equatorial
bond pairs. the adol bonds are longer as

compared to equatorial bonds.
Example 4.6: Case Based:

The elements of Group 18 will have been called inert
goses. The name noble gases imply that they tend to
be unreactive, in the same way that the noble metals

are often reluctant to react and are the least reactive
metals The gases He. Ne. Ar, Kr. and Xe all occur in

the otmosphere The elements are all colourless.
odourless monoatomic goses. The chemistry of Xe
5 quite interesting. Xe reacts deectly only with Fo
Howwever. oxygen compounds can be obtained from
the fluorides. The compounds XeFa XeFy and XeFg

are all white solids The lower fluorides form higher
fluorides when heated with ~ under pressure. The

fluondes are aoll extremely strong oxadzzing and
fluorinoting agents.

(A) What is the hybridisation of XeF?

(a) sp? (b) sp’d

(c) sp-:’d2 (d) None of these
(B) What is the geometry of XeO47

(o) Tetrahedral

(b) Square plonor

(c) Trigonol pyromidal
(d) None of these
(C) Draw the structure of XeFg.

(D) The structure of XeF; is ineor whereas XeF, is
square planar. Give reoson

(E) Assertion (A): The structure of PCls and XeF; is
trigonal bipyramidal

Reson(R): They both have sp’d hybridisation.
(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)istrue but (R) is false.
(d) (A)isfalse but (R) is true.
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Ans. (A) (b)sp’d
Explonaotion: For XeF
1
H) =5 @B+2
=5
Hybridisatiore sp°d
(B) (c) Tngonal pyramidal
(8+0)

Explonotion: (H) = 5 =4

Hybridisation: sp”
Geometry: Trigonal puramidal
©

F
(D) For Xehy
1
(H] = E [B - ‘Zj
=5
Hybridisation: sp>d

Stnce the hybridisation i 5 it should haove a
trigonal bipyramidol structure. But because

of the presence of 3 lone poirs occupying
the equotoriol posfbons. s geomeuy
would be inear.

FCITXE‘F&

1
H =@+
=6

The shope of XeFy 5 octghedral but
becouae of the presence of 2 lone pairs at

the perpendiculor axis &s geometry would
be equare planar.

(E) (d) (A) is false but (R) s rue

A Caution

- Although both hove spd hybridisation but their
geometries are different. Tras i Becsuse of presence of three
lone pairs on XeF5, giving it a linear geometry whereas no
lone pair Is present on POe giving & a trigonal bipyramidal
STructure

"TOPIC2
MOLECULAR ORBITAL THEORY

F. Hund and RS Mulliken developed the Molecular
Orbital Theory (MOT) in 1932 This theory explaoins

the chaoracteristics of molecules like relative bond
strength. mognetic noture. etc.

Postulates of MOT

(1) In MOT aoll electrons (including mner electons)
are involved in bond formation

(2) Artomic orbitals of comparable energies and
proper symmetry combine together to give
molecular orbitals.

(3) Molecular orbitals are formed by the LCAO
(Linear Combination of atomic orbitals) method

and once moleculor orbitals are formed atomic
arbitals lose their identitw

x>

(4) Moleculor orbitals are defined os 3D spoce in a
molecule at which the probabibty of finding an
electron is maamum

(8) The number of moleculor orbitals obtained
ig alwoys equal w the number of combining
otomic orbitals. There are two wpes of molecular
orbitals bonding moleculor orbitals and non-
bonding molecular orbitals.

(6) Bonding orbitals are formed by constructve
interference and non-bonding orbitals are
formed by destructive mterference.

(7) Bonding moleculor orbitals hove lower energy
thon atomic orbitols and ant-bonding orbitals

hove higher energy than atomic orbitals.
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(B) The elecron probobility distnbution around
a group of nuclei in a molecule & given by a
moleculor orbital

®©) Al rules of electron filling Gke the Aufbau
principle. the poul exclusion prinaple and the
Hund's rule are vaolid in filling of electrons in the
moleculor orbital

Formation of Molecular Orbitals: Linear
Combination of Atomic Orbitals (LCAO)

According to this method. the moleculor orbitals are

formed by the linear combination of atomic orbitals
thot tales ploce by addion and by subtraction of
waove functions of individuol atomic orbital

Let us conader the hydrogen molecule consisting

of two otoms Hp and Hg Eoch huydrogen atom in
the ground state hoe one electron in 1s orbital The

atomic orbitals of these atoms maoy be represented
by the wave functions wa and wg The moleculor

orbital is given ax
WD =Fa + 92
There are two moleculor orbitals @ and o® which are

formed ax
a=va+ %y (bonding molecular orbital)

a® =wa—-ws (ant-bonding molecular orbital)

© O

H (AQ)

H, (M09 H (AD)

The electron density in o bonding molecular orbital
is located between the nuclei of the bonded atoms
because of which the repulsion between the nuclei
is very less. Thus the energy of the bonding orbital
hos been lowered thon the parent arbitals. While in
the case of an antibonding moleculor orbital most of
the electron density is located oway from the space
between the nuclei Infoct. there is a nodal plane (on
which the electron density is zero) between the nucle:
and hence the repulsion betwween the nuclei iz high. =0
the energy of the antbonding orbitol is raised above

ucnrene €9

the energy of the parent atomic orbitals. The energy
of the antibonding orbital is roised above the energy
of the porent atomic orbitals.

Conditions for Linear Combination of
Atomic Orbitals

The condidons that are required for the linear
combiaotion of atomic orbitals are as follows

Same Energy of Combining Orbitals

Aromic orbitals combining to form molecular orbitals
ehould have comparable energy. This means thaot
the 2p orbital of an otom can combine with another
2p orbital of another atom but 1s ond 2Zp cannot
combine together as they have appreciable energy
differences.

Same Symmetry about Molecular Axis

The combining atome should hove the same

symmetry around the moleculor ous for proper
combinotion. otherwise, the electron density will be

eparse. For eg. all the sub-orbitals of 2p have the
some energy but stll 2p, orbital of an atom can

only combine with a 2p, orbitol of another atom but
cannot combine with 2p, and 2p, orbital as they hove
a different aydas of symmetry. In generol the z-axas is

considered as the molecular mas of eymmetry.

Proper Overlap between Atomic Orbitals

The two atomic orbitals will combine w form a

moleculor orbitol if the overlap is proper. The greater
the extent of overlop of orbitals. the greater will be
the nuclear density between the nudei of the two
otoma.

The conditon can be understood by two simple
requirements For the formation of a proper molecular
orbital. proper energy and orientation are required.

For proper energu the wwo atomic orbitals should
hove the same energy and for the proper orientation.

the atomic orbitals should hove proper overlap and
the some moleculor mds of symmetry.

Types of Molecular Orbitals

Moleculor orbitals of diatomic molecules are
designated as o (sigma). i (pi). d (delta). etc In this
nomenclotwre, the sigma (o) moleculor orbitals

are eymmetrical around the bond mds whie pi (w)
molecular orbitals are not eymmetrical

Sigma (o) moleculor orbitolk These orbitals are
formed when the atomic orbitals overlap olong the
internuclear axis. These atomic orbitals are formed
by the combination of s atomic orbitals or p, atomic
orb&als or 8 with p, atomic arbitals. Such moleculor
orbitals are of the o wype and are designated as 6 s
and o=
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pi (M) moleculor orbitak These orbitals ore formed
when the atomic orbitol overlop sideways. These

atomic orbitals are formed by the combinotion of p,

and py orbitals. Such moleculor orbitals are labelled
asm and "

Molecular Orbital Diagram
CASE 1: if no. of electrons are less than 14

MO diagram for period 2 elements Li; to N5

, 4
A ;s a°2p,
=\
-] a H
X :ZPE . 2';:'1; h\‘t
— ;?'
2p /7 2p
f -
: a2p 7
- -
m  —
-
=
cC T a <o
T 2;3 e Z’D*J
o
/ o®2s
als
Arnyme RAnlecuior Annmmwe
arbrada ouintinde curnindie

eg. Lip Bey B, 025 N, etc

So. order of energy ix

ﬂucﬂﬂucﬂhcﬂ“hcﬁzﬂ-ﬂz@{ Gzp‘{ﬁaipx-ﬂ&jpy]
<O%25

CASE 2: if na of electrons are greater than 14
MO diagrom for penod 2 elements from O to Ne

A

Enargy

2%
- NMuaobecular orbitols

— Atomic arbitals

Eg O, kK ec
So. order of energy is
O1s <O 15 <095 <T 9¢ {Uzp: f:(zzp‘ = z,ng)

-

<(m 2p. = 4 ng)c:u 2p.

.Q Important

“ In the first cose energy of oz, & greater than
fE;FJg:z;p_:)bﬂuuseofs-pniﬁhg.Mh the second case.
there = an energy difference behween s and p-orbitols sa
miding of s-p orbitals does not take place that’s why energy

afﬁzg,ﬂ:appg)ﬂ greater than oxp,

Bonding in Some Homonuclear Diatomic
Molecules

Here the term homonuclear means that there @ only

one type of nucleus. ie. one element & present and
diatomic meons thaot the molecule s composed of

oo atoms
Examples of some such molecules are given belows:
Hydrogen Molecule

It is formed when two hydrogen atoms combine
together. The number of elecrons inoneH atom =1

2 .

<4 1s
=
=
£

H atom H atom
— Gls
H, molecule

~. Number of elecrana m H; molecule=1 + 1 =2
3

MO configuration of H; =@2s
Here Ny =2and N,=0

N -N
The bond arder = —2 - - =1

Bond order 1 means that the two hydrogen atoms
are bonded together by o single covalent band. The

bond dissociotion energy of hydrogen molecule has
been found to be 438 kJ mal™ and bond length equol

to 74pm. Since. thers is no unpoired electron m the
hydrogen molecule. eo it is diamagnetic [ts molecular

orbital energy level diagram is given above

ﬁ Important

- Poathe wvalue of bond order indicazes that the H;
molecule & statle Bond order value of 1 means that the bwo
H atonws are connected by a zingle band.

The electronic configuration, bond erder and
magnetic properties of some diatomic molecules
are glven in the following table:

@g www.studentbro.in



Table: Electronic configuration, bond erder and magnetic properties of some important molecules.

Molecule/ No. of : : Magnetic
S. No. - Floctions Electronic configuration Bond order e
1 Swable and
1 Ho 2 a1s? ol i
2 Diamagnetic
° 1 Stable and
2. He; 4 ols’ o 157 - (2-2=0 :
2 Does not exdst
. 1 Stable and
7 | L+ (o) 2 2 2 = {4 S 2] =1
2 Sl in ek Z Diamagnetic
o s 1 Stable and
4 Be; 8 ols’. o 15’ 025% o 257 - (4-49=0 :
2 Does not exdst
g B, 10 ols o 1511, 025>, In 27, l B-49=1 Swable und-
n2p, =n2p, 2 Paramagnetic
a a
2 2 Stable and
6. C’z 12 515.515].U252.2ﬂ252_ _[B_q:)=2 ] ]
nlp; =np, Diomagnetic
7 N> 14 cls’ g 15’ 0262 o 28> 1 (10-4=3 Stable and
' a2ple n?pyz, o2p,’ 2 Diamagnetic
| a o
a o, 18 ols? o 152 0252 6252 a2p2 1 (10-6)=2 Stable and
72p,? mn?pyz. :-‘szl - ;ﬂpyl 2 Paramagnetic
ols?, o 1s’.028% o 252, nlp,z. 1
] ] =
9. Ne, 20 H'pri = rﬂp?zl ﬂpll = r[?py] E (10-10)=0 Does not exast
. o ZPZ'E
U‘J/\]) Important (2) The stability of a bond order can be determined

= [i; molecules exist In the vapour phase
=+ In C; the double bonds cansist of both pi-bonds because

of the prezence of 4 electrons in bwo pi molecular orbitals In
almost every molecule double band k= made up of a sligma

bond and a pl-band

Applications of MOT

(1) In determining the stabilty of molecules. & Ny

iz the number of electrons occupying bonding
orbitols ond N, is the number of electrons &)

oocupying the anti-bonding orbitals. then the
molecule is stable i Ny, is greater than N,

by using bond order (BO) It is defined as
one-holf the difference between the number
of electrons present in the bonding and the
antibonding arbitols

N -N
Bond order = —5-2—5- . for stable molecule bond

order must be greater than zero.

EF oll the moleculor orbitols in o molecule are
doubly occupied. the substance is diamagnetic
otherwise, paramaognetic.

(O BJECTIVE Type Questions)

[1 mark ]
Multiple Choice Questions

1. Among the given spedes Identfy the
isostructural poirs.

Get More Learning Materials Here : & m

(o) [NF and BF] (b) [BF; and NH4]

(c) [BCl3 and Br(l4] (d) [NHy and NO47]
[NCERT Exemplar]
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Ans. (b) [BF7 and NHj]
Bxplanation: For NF

(5+3)

H= =4

Total bond pairs 3

Total lone poirz(4-3)=1
Hybridisatior: sp®

Shape: Tngonol pyramidal
For BRS.

I @+3) =3

Total bond pairx 3

Total lone pairz(3-3)=0
Hybridisation: sp?

Shope: Tngonol planar
For BF;.

2
Totol bond paoirs £

Total lone pairz (4 -4) =0
Hybridisation: sp°

Shaope: Tetrahedral

For NHy.

=1y
S

H

Totol bond paoirs £
Totaol lone pairz (4 -4) =0
Hybridisation: sp’
Shape: Tetrahedrol
ForBOa
(3+3)
2

H= =3

Total bond pairs 3

Totol lone poirz(3-3)=0
Hybridisatior: sp?

Shape: Tngonol planar
For Br(la.

H=(7+3) =iy
y.

Total bond poes 3
Totol lone pairs (5 - 3) = 2

Hybridisotion: sp?d
Shape: T-Shaoped
For NH}
_(5+3) |
H= 5 - =4

Total bond poes 3
Total lone poiz (4 -3) =1
Hybridisation: sp?
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Gl [

Shape Tngonol pyromidaol
For NOJ.

T o) T

2
Totol bond pavs 3

Towllonepair(@3-3)=0
Hybridisatiore sp°
Shape Tngonol planar

A Caution

e During colculation of the number of electran pairs
students ghould never forget to count the number of
lone pakz

2. The bond angle (in degree) of ClF is:

(a) 109.5° (b) 104.5°
(c) 120° (d) B7.5°
Ans. (d) 875°
Bplanation: For (R,
H= (7+3) =5
2

Totol bond pavs 3

Totol lone poirs (5-3)=2
Hybridisatiorc spd
Shape: T-Shaped

Sao. bond angle is less than 90° in the case of
T-Shaped geometry.

3. The number of bonding and antibonding
electrons in a fluorine molecule is:

(0) 6,8 (b) 8,8
(© 10,3 (d) 8, 10 [Diksha]
Ans. (b) 8.6

Explanation: By appluing MOT to i, molecule.
ols? < 6'1s? < a2s? < 6"25% < 02p? < (m2p2=
EEp?g) <(=*2p% ==" Eply) a”2p”.

Total bonding electron =10

Total antubonding elecon = 8

4. The type of hybrid orbitals of § in §Fg and |
in IR respectively are:

(a) sp’d? sp’d’ (b) sp’d?, sp’d’

(c) sp’d,sp’d (d) sp’d?, sp’d?
[Diksha]
Ans. (b) spjdz ) sp3d3
Explanation: For SFg,
H= (€ +6) =b

2
Towol bond pogs 6

Totallone poiz (6-6)=0
Hubridisation: Epadl
Shape Octahedral

ocnrene €9
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For I,

H=0U+91 _
2

Totwol bond poes 7

Towl lone poir(7-7)=0
Hybridisation: sp’d®

Shape: Pentagonol bipyramidal

5. Which of the following pair is expected to
hove the same bond order?

(@) Oz Nz (b) 0% N7
(c) OF Ny’ (d) O7 N
[NCERT Etemplar]
Ans. (b) 0,°. N5
Bxplanation: O,
(019%(0 19720 202 (2p2 = 2%
n2p}

Bond order = % (10 -5)=25

N,®

(015)(c 15)X(a25)(o 25)*(n2p% = n?p ) (a2p).
A2p;

Bond order = % (10 -5)=25

@ Related Theory

= Bond order = ifN@,—NJ
Z

A Cautlon

= [wpelectranic speces hove same bond arder.

©. Which one of the following meolecules is
expected to exhibit diomaognetic behawviowr?

(@) & (b) N,
(©) Oy (d) Both (o) and (b)
Ans. (d) Both (o) and (b)

Explanatdon: By opplying MOT =N given
molecules. Cy:

als? < [EI 152 ca25? < (;3252 < (nﬁplﬁ'zﬁpa

NIZ

als? < a1 < 0252 <6 252 < (nlpi:nlpg)
< a2p;

Oz

(ﬂ15)1{(1‘;15)1{(625):{(;25}1{(52p;}1
(2p2=n2pd) (N 2p, = n2py)

7. Bond order and magnetic nature of CN™ are
respectively:
(o) 3, diomaognetic
(b) 2.5, paromagnetic
(c) 3, paramaognetic
(d) 2.5, diomagnetic
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Ans. (o) 3, diamaognetic
Explonation: Totol elecrons m QN> (B + 7 + 1) = 14

ols’ <o'1s’ <025’ <o 25’ <(n2p?, = ﬂp’y}

< U?p;

Bond order = l(2[1]--"!):3
2
As it has 14 electrons with all paired and no

unpaoired electrons. hence it ® diomagnetic.

@ Related Theory
= /e can colculate bond order of molecules without
uaing MOT dfagram by colculating total number of

electrons
Total na ofel  Bond Order

10 1

11 15

12 2

13 25

14 3 BOdecreases
15 25

16 2

17 1

1B 1

E. For the given molecules
Hg, Clll Q0, Ei‘g, Nz
I m m W Vv
Choose the correct option:
(o) L, Il and IV have the some bond order.

(b) Il and V have the same bond order.
(c) | and Ill hove the some bond order.
(d) L Il and V haove the same bond order.

Ans. (o) L Il and IV have the same band order.

Explanation: H,, (; and Br4 are single-bonded.
So, they oll have same bond order equal to 1.

CO and N, are triple-bonded. So. they haove
bond arder equal to 3.

9. The paoramagnetic behaviour of B, is due to
the presence of :

(@) 2 unpolred electrans in m MO
(b) 2 unpoired electrans in nMO
(c) 2 unpalred electrans in a MO

(d) 2 unpaired electrons in aMO
Ans. (g) 2 unpaired electrons in 1 MO

Explanation: Applying MOT for By molecule.
ols’ <o 1s? <025’ <6'25” <(n2p', = EZply}

10. Which of the following molecules is
paoramaognetic in noture?

(a) H; (b) Li;
(c) B, (d) N2
m @g www.studentbro.in



Ans. (c) B,

Explanation: B, mul:.n:ule has ﬂ'luE followang
configuratiorr ols®, als’?, a2s o2s5%. n2p}
= EZpHI. ond thus & paramognetic in nature.

Assertion - Reason (A-R)

(a)
)

(©
(d)

In the following question no. (11-14), a
statement of assertion followed by a statement

of reason is given. Choose the correct answer

out of the following choice. 13.

Both (A) and (R) are true and (R) is the carrect
explanation of (A).

Both (A) and (R) are true but (R) is mot the
carrect explanation of (A).

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

11. Assertion (A): NO® and CN~ both hove

the some bond order ond
magnetism.

Reason (R): NO®and CN™are isoelectronic
specdies.

Ans. (o) Both (A) and (R) are rue and (R) is the

correct explanation of (A)

Explanation: For NO®,
ols’ <c'1s’ <a2s? <o 2% <(a2p? = ﬂp;]
<alp

I
Bond order = 3 and diamagnetic in nalwee.

For ON™
ols’ <c'1s? <a2s’ <o 2s? <(m2p? = rﬂp;]
<o2p,

Bond order = 3 and diamagnetic in nawge

12. Assertion (A): NH; molecule is sp

hybridized.

Reason (R): The geometry of NHy
molecule is pyramidal

Ans. (b) Both (A) and (R) are true but (R) is not the

correct explanation of (A)

Explanation: Totol electran pos-
Totol bond pairs: 3

(5+3) _,
2

Totollone poinm(94-3)=1
Clearlu. sp? hybridized molecule with 3 bond
pair and 1 lone pair and shope is pyramidal

Here. due to 5p3 hybridisatior. shaope is
pyramidaol not the vice-versa.

Assertion (A): When p, orbital combine
with p, orbital thaon a sigma
bond is produced.

Reason (R} Atomic orbitals of similar
symmetry results in positive
overlap.

Ans. (d) (A) is false but (R) is true.

Explanation: p, cannot combme with p, to
form o sigma bond.

14. Assertion (A): SFg and PF5 are examples of

expanded octet rule.

Reason (R): P in PFg and S in SFg are

spzd and Epgdl hybridisation
respectively.

Ans. (b) Both (A) and (R) are vue but (R) = not the

correct explanation of (A)
Explonation: For SFe.

o 6+6) _¢
2

Total bond pairs: 6

Total lone paiz(6-6)=0
Hybridisation: sp’d?

For PFg

(5+5)

] = >

=5

Total bond pairss 5
Totallone poizr(53-5)=0
Hybridisouon: spad

@ASE BASED Questions (CBQSD

[ 6 &5 marks ]

Read the following possages and onswer the
questions that follow:

15. The attracthe force which holds the two

Get More Learning Materials Here: &

atoms together is called o chemical bond A
covalent bond is formed by an equal sharing
of electrons. A coordinate bond is also lnown
os the dotve bond is formed when an atom

donaotes both of ks electrons in a covalent

bond An fanic bond is formed by the transfer
of electrons from one atom to another. Octet
rule. although very useful. is not universally
applicable. Accarding to valence bond theony,
a covalent band is formed by overlapping half-
filled atomic orbitals which form new orbitals
of lower energy and more stability. The number

of bonds bethween the two atoms in a molecule
is called bond order. The higher the bond arder
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more will be stability and bond dissocation
entholpy but the smaller the bond length. The
polarity of a covalent bond depends upon the

difference in electronegathvity. The covalent
character of a bond depends upon polarzing

power. The smaller the cations and bigger
the anions more will be the polarizing power.
VSEPR theory helps to predict the shapes of

molecules.

(A) Draw the structure of XeO,.

(B) On the basis of hybridisation, drow the
shape of methane CH,.

(O Explaoin the non-linear shope of H;S ond
non-planar shape of PCly using valence

shell electron poir repulsion theoru.
[NCERT Exemplar]

Ans. (A) For XeO,

(8+0)
2

£
-

H=
Totol bond poirs £
Total lone paiz(4-4) =0
Hybridisotion of XeQ, is sp® with no lone
pair. so the shape is tetrohedral

@)
|
e

X
04// \\0\\0

Tetrahedral (0¥
(B) Atomic numberofC=6

[tz electronic configuration in the ground
state is 15° 257 2;:1,1 Zp:

The electronic configuraton of C n the
excited state is 1s? 2s! 2p} Ep,} 2p}

One 25 and three 2p orbitals undergo 5;:13
hybridisation to form four sp® h-orbitals
which are arranged tetrahedrolly at an

angle of 109.5° to each other.

g

v -
o

Formation and structure of methane

(O In H,S. S s the main atom which has 2 lone
pora These lone pows cause repulsion
and move the H-S bond owaoy causing o
non-linear shape.

The valency of Pis 5 m PCly P hos 3 single
bondes and 1 lone pair (pair of unshaored

ucnrene €9

electrons). This suggests us to use 5;33
hybrid orbitals on phosphorus And the
structure is non-plonor due w lone

parr-bond pair interactions

16. Molecular orbitaols are formed by the overlap of

atomic orbitals. Two atomic orbitals combine
to form two molecular orbitals called bonding
moleculor orbrtal (BMO) and antibonding
moleculor orbital (ABMQO). The energy of the
antibondmg orbital is raised above the parent
atomic orbitals that have combined and the
energy of the bonding orbital is lower than
the parent atomic orbitals. Energies of various
moleculor orbitals for elements hydrogen to
nitrogen increase i the order:

Gls<o ls<o2s<o 2s<(alp, =.="..2,::~Hr)«.:1::|C'£,-::‘T
{(E"}.‘p_ = rfipg]«:a'lp:

And for maygen an elements after oxygen order
of energy of molecular orbitals is given below:

Gls<c 1s<02s5<0 2s<02p, <(x2p, = n2p,)
< (E"Zp' = H'Zpy] < U'lp:

Different atomic orbitals of one atom combine
with those atomic orbitals of the second atom
which have comparable energies and proper
orentation. Further, f the overlapping is head-
on. the molecular arbital & called ‘Sigma. (o)
and o the overlap is lateral the maoleculor
orbital is called pr, (m) The molecular arbitals
are filled wath electrons according to the same
rules os followed for the filling of atomic
orbitals. However, the arder for fillng is not
the same for all molecules or their ions. Bond
order is one of the most important parameterss
to compare the strength of bonds.
(A) Which of the following statements is

correct?

(@) In the formotion of dioxygen from

oxygen atoms, ten molecular orbitals
will be formed.

(b) All the molecular orbitals in the
dioxygen will be completely filled.

(c) Total number of bonding molecular
orbitals will mor be the some as
the total number of anti-bonding
orbitals in dioxuygen.

(d) Number of filled banding orbitals will
be the some as the number of filled
anti-bonding orbitals.

(B) Which of the following molecular orbitals
has a mmdmum number of nodal planes?

(o) ols ®) o2p,
(©) a2p, (d) n2p,
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(C) Which of the following chemical species
s most stable?

(@) O; (®) O3

(d) 07
[Delhi Gov. QB 2022)

(D) Which of the following order of energies
of molecular orbitals is correct for G,
molecule?

@ (n2p,)=(x2p,)>(c2p,)>(x"2p,)
=(r*2p )

®) (n2p,)=(x2p )<(02p,)>(n"*2p,)
=(r*2p,)
© (72p,)=(x2p )<(c2p,)<(r"2p,)
=(n*2p )

(©) Oz

@ (2p,)=(x2p,)<(02p,)<(=*2p,)

=(x*2p,)

(E) Diomagnetic species are those which
contain no unpoired electrons. Which
aomong the following is diomaognetic?

@ C, (®) Ny~

(©) 0, (d) 0F

Ans. (A) (@) In the formation of dioxygen from
aajgen atoms. ten molecular orbitals will
be formed.

Explonotion: Appluymg MOT = dioxygen
molecule:

als’als’ a2’ 626’ U’Zp: ﬂp: e 1?,-3: ;{’Zp:
= ﬂp; 62;33

Clearlu. ven molecular orbitals are involved.

All molecular orbrtals are not completely
filled.

Total Number of bonding moleculor
orbitols will be the some as the number of

ant-bonding molecular orbitals. Number
of filled bonding orbitals will not be the

some as the number of filled ant-bonding
molecular orbitals

®) () a2p;
Explanation:
als hos 1 nodol plane
'-32;!3; hoa 2 nodol planes
a2p, hos 1 nodal plane.
;Iipy has 1 nodal plone
© ()02
Explanation: O
Oz (025)'(0°25)'(n2p)” = (M2p)*(0" 2p)’
(r*2p)' = (n"2p,)
0,* (a25)*(0°25) (n2p,)? =
(n2p)(e*2p,)* (°2p)*
05~ (62s)?(0°25)}(n2p) =
(n2p)’(0°2p)” (*2p)’ = (n*2p)’
0, (025)(6°25)*(n2p,)?
= (N2p)*(0"2p)* ("2p.)* = (n*2p)°
The most stable is O3 due to least electrons
mn antibonding orbital

©) (d (=2p,)=(=2p )<(a2p,)<(r"2p,)
=(n*2p )

Explanation: Molecules like B, C5 and N-.
Energy of o2p, moleculor orbital is greater

than that of 72px and n2py molecular
orbitals.

® (d 0F"
Explanation:
The MOT diagram for 03" i=
(015)*(a15)*(025)*(625) (0 2p;) *(n2p%

=n2p))2p} = =2p)
os there are no unpoired electron thus it
hos diomaognetic choracter.

(VERY SHORT ANSWER Type Questions (VSA))

[1mark ]

17. What is the magnetic character of anion of
KO,7 [Delhi Gov. QB 2022]

Ans. This is paramaognetic in nolwe

0% (025)(a*29)'(n2p)* = (n2p)’(0°2p)’
(n°2p)? = {rl'i'pg]l.

18. Why H; molecule exsts but not He;
molecules? [Diksha]

Ans. Bond order of H; molecule = 1
Bond order of Has mnolecule = 0

Hence. the H, mplecule edsts but not Hey
molecule

Get More Learning Materials Here : &

cucnrene €9

19. Define bond order.

Ans. Bond order (BO) i defined os one-half the
difference between the number of electrons
present in the bonding and the antibonding
orbitals.

20. Define bonding molecular orbital

Ans. In MOT. bonding orbitals are formed by
constructive interference of atomic orbitals and
they hove lower energy thon atomic orbitals

Z21. Why NH; and BFR; have different shapes?

Ans. NH3 hos three bond poirs and one lone pair
but BF; has 3 bond pairs only but no lone pair.

Hence they hove different shapes.
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22.

Ans.

23.

Ans.

24,
Ans.

27.

Ans.

28.

Ans.

Get More Learning Materials Here : &

(SHORT ANSWER Type-l Questions (SA-I))

[ 2 marks ]

Give a reason why HJ ions are more stable

thon H3 though they hove the same bond
order.

Bond order of H3: ———=

Bond order of H3:

H; hos one electron i its ont-bonding orbrtal
As o result. HY is less stable than Hy though
they hove the some bond order.

How would the bond lengths vary in the
following epecies?

C» C{,C3

Bond order of C;: 3

Bond order of C£~- 2

Bond order of G5 : 25

Bond length is inveresly proportonal to bond
order. So. order of bond length is C, < C§ < C4~

What are zero overlops?

The condions for overlapping are the
nnininnum energy differencz between orbitals

and thewr proper orentotion When these

25,

Ans.

26.

Ans.

two condmions are not full-filled. orbitals

cannat overlop each ather. This is called zero
overlapping. For example. P, and P orbitals of

0O, molecules cannot overlap with each aother
due to different orientations.

Exploin on the basis of molecular erbital
theory, why Be; does not exist

Eulectruniu: cc.;nﬁgurntinn of Be, malecule a1s?.
a1s? 0252 a 252

Bond nder:%mb—w=%(4—4]=0

Since bond order is zero. eo Be; does not exast

Why are bonding molecular orbitals more
stable than anti-bonding molecular arbitals?

Bonding orbstals are formed by constructve
interference of atomic orbitals so they
hove lower energy than the carresponding
atomic orbitals but anti-bonding orbitals are
formed by destructive interference of atomic
orbitols go they have higher energy than the

corresponding orbitals. That's why bonding
orbitols are more stoble thon ant-bonding
orbitals.

(SHORT ANSWER Type-|

Questions (SA-IID

[ 3 marks ]

Whatdo youunderstand abouthybridisation?
Give exaomples.

The intermbang of pure otomic orbrtals to
produce new hybnd orbitals of equal energies
for bonding purposes s colled hybridisobon
The concept of hubridisotion canT apply to

isoloted atoma. It is used to exploin the bonding
in a molecule. It & o hupotheticol concept in
which the number of hybrid orbitals generated
is equol to the number of pure otomic orbitals
that partiapote in the hybridisotion process
For example. BeF; hos sp hybndisotion in which

one 8 and one p-orbitol undergo hybridisation
to form two sp hybnd orbitals.

Write the hybridisation of each carbon atom
of the following molecule.

1 2 3 4
H,C —CH C CH

For C,. total sigmo bonds are four sa
hybridisation is sp™.

29,

Ans.

ccnrene €9

For C, total sigma bonds are three. sa
hybridisotion is apj.

For C, total sigmo bonds are twa sa

hubridisation is sp.
For C. totol sigma bonds are three. so
hybridisation is sp”.

CO, is linear whereas SO, is bent-shaped.
Give o reason.

For CD;,

Ho (4+0)
2

Totol bond paes: 2
Towallone paim(2-2)=0

Hubridisation: sp
Shope: linear
For SO,
H - (6+0) _3
2
&) www.studentbro.in



Total bond par: 2
Towllonepoir(3-2) =1
Hybridisation: sp?

Shope bent-shope

30. Using molecular orbital theorny, compare the
bond energy ond magnetic character of Of

and O, species. [NCERT Exemplor]
Ans. For O;°,
ols’ <a'1s’ <02s? < 0" 25% < 02p? < (2p]
= m2p?) <(x"2p})

Bond order = (102_5] = 2.5. and paramagnetic

m noture
For O3,

ols’ <o 1s’ <25’ <o 25° {UQJJZ
F |

- P U g |
<(n2p; _nip:)c:(n Zpy_z Zpg]

Bond order: {102_7) = 15. and paramagnetic

mn noture.

Since. band order & directly proportional to

bond energu. bond energy of O;° is greater
thon that of 05~

(LONG ANSWER Type Questions (LA))

[ 4 &5 marks ]

1. Write the difference between valence bond
and moleculor bond theories.

Ans.

Molecular Orbital
Theory

Valence Bond

SNo. Thece)

(1) | Bonding is exploined | Bonding is explained

with help of atomic | with the help of
orbitals molecular arbitals.
() | Only holf-filled All the electrons in
orbitals of the given atoma take
valence ehell take part in bonding

partin bonding.

(3) | The concept of Resonance hos no

FESONONCE is | role in MOT.
applicable.

(4) | It foils to explain It exploing the
the paramagnetic paramognetic
character of O+ character of O+

(5) | Calculoton & simple. | It s diffcult to applu

32. Give electronic configuration and calculate
their bond order and predict their

paramagnetic behaviour.

(A) H;® (B) Li;
(©) B, (D) G,
® G

Ans. (A) Hy°(1) = (o 19)*

Bond order = % 1-0)= % . paramagnetc
=]
(B) Li;(6) = als?als? o258

Bond arder = % (4 - 2) = L diomagnetic

(O Bx(10) = o1s?01s? 02s? a2s?n2p, = n2p,’

Bond order = % (6 -4) = 1. paramaognetc

Get More Learning Materials Here : &

x>

(D) C,(12) =als? als?a2s?a2s? n2p’= !I‘.Zpyz
Bond order = %— (B - 4) = 2. diomagnetic

@ @
B N% {1;1} = als’als? a2s? o2s? EZP‘IM HEp,f
aLp;

Bond order = % (10 -4) = 3. diamagnetic

33. Using molecular orbital energy level
diogrom to ehow K have o single bond, Ne,
no bond and N, o wiple bond.

[NCERT Exemplar]
Ans. Formation of F; molecule

oF = 1s2. 25%. 2p,2. 2p,2. 2p, !

a bed
H ﬁI'ID'I.EELlLE ulszjulsl. agsz. 025, criptl. rr:?,t:r,j
= 2Py , R 2px uﬁz;}g

Increasing Enarpy

a@y
AMoteculor orbital diagram of F; molecule

Bond order = % WB—N.:)=% (10-B)=1

Bond order value 1 means that / contains
gingle bond
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Formaotion of Ne; molecule

1 1
ipNe = 152 2:2 2px°, prl_ Zp.zl Bond order = E Ny —Ng= E (10-4)=13

Ne; = 51153j r;-ls]. 0’2_52, a2s?, o2p,?. 72pt = Baond order 3 means that Ny contoins a tiple bond
12py* 1p,* =m2p,*a 2p;’
Ne N, N 34. Drow the structure of OF, with the help of

VUSEPR theory. State the type of hybridisation
of the central aotom and geometry of

A
molecule. Write the oxidation states of O
and F. [Diksha]
6+2
- Ans. Total electron pass ( ) =4
=
= Tatal bond pas= 2
L
< Total lone pairz (4 -2) = 2
g Hybridisation: sp” and shape is bent shape
E /\
F P
Oxadation state of F -1
@2y Since overall molecule iz neutrol x + 2(-1) =0
Motecular orbital dBogr f Me ; motecule
s 1 o i 7 x = +2 which is equaol to the oxddation state of
Bond order = 5 Ny — NJ)= > (10-10)=0 Q
Bond order value zero means thot there is no 35. What is the sum of the bond pairs and lone
formotion of bond betnween two Ne atoms poire around Br in BrOJ ion?
Hence. Ne; the molecule does not exast.
: . (7+1+0)
Formaotion of N; molecule: Ans. Total electron posgg — =4
N =152 252, 2p. 1, zpyi_ 2p,} Totol bond pairs: 4
N, = als?, s o281 5251112;::,] ﬂﬂpyl a2p,? Total lone paes (£ -4) =0
B iR Thus sum of bond pair and lone pair: 4.
13 L %
A hb‘: 36. Out of B, C;, N3, N4, O3 ; how maony species
5 J;f L:D_h:_h N ﬁ‘ 3 are paramagnetic?
\ 4 Ans. By: 0ls? <gls? <02s? < g25” <r2p' =n2p')
\‘k azps ,.f! a ]
\ T— 7 Cy-01s? < als’< a2s%< 025 < 72p2 = n2p?
\ U/ y
? E‘—II[ILTI—‘; N ols? < ols’< 02s’< 025’ < rr‘pr = nl‘p,}
2 Bz= abw < olp;
(1] NS als? < cls?< a2s?< a2s% < n2pl= n?pj
- L=
O3: ols? < als’< a2s’< 2s’< 4::2,::}1I < nzpf
o 7 Sy W L 1
a2g —ﬂ?py <mp; = Tﬂpy
N DY N Clearlu 3 of them are paramagnetc

Molecular orbital dagram of Ny molecule

@
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HYDROGEN BONDING

Huydrogen Bonding

Howve you ever thought obout how water molecules
are bonded together and whaot lind of bonding they
hove? In H;0 molecule. the central oxygen otom ia
covalently linked to two H-otomas through o bond
called hydrogen bond The otractive force which
binds hydrogen atom of one molecule wath the
electronegotive atom (F. O. or N) of another molecule.
is called hydrogen bonding Each H-otom can form
a hydrogen bond. In oddition to these two hydrogen
bonds. the central oxygen atom also forms two
hydrogen bonds with the neighbouring molecules

Therefore. four hydrogen bonds are formed by a
single molecule of water as shown beloww

& H
\E}/

H

l
(4) O @
/H/\‘H\ A
S
o

NH

These bonds are represented by o dorted line Eg.
in case of HF molecule. the hydrogen bond exdsts
between hydrogen atom of one molecule and fluorme
atom of another molecule as shown below:

_Hﬁu_Fﬂn_HEn_F&-_Hﬂu_Fﬂ-

Here hydrogen bond behaoves like o bridge between
two atoms that holds one atom by o covolent bond

and the other by a hydrogen bond.

Cause of Formation of Hydrogen Bond

When o hydrogen atom & bonded to a highly
electronegotive atom through a covolent bond.
the electronegotve atom wies tw pull the shared
pair electrons towards its own side resulting in the
development of o lorge partiol negotive charge on
the electronegative atom and o corresponding partal
positve chorge on the hydrogen atom. Now. the
positively charged hydrogen otom of one maolecule
maoy attract the negotvely charged otom of some
other molecule and the two molecules can be bnked
together through o weaok force of attraction This

weok force of attraction is lknown as the hydrogen
bonding

Hudrogen bond &= much weaker as compared to a

covalent bond. The maognitude of H-bond:g also
depends on the phusical state of the compound.
In cose of solids. it is moxdimum ond for gases it is
minimun. Thus, the hydrogen bonds hovwe o great
influence on the structure and the physicol propertes
of the compounds.

Conditions for Hydrogen Bonding

A hydrogen bond & formed when the following
conditions are satisfied

(1) High electronegative atom is bonded to

hudrogen: The molecule must have an atom of
high electronegativity such as F, O or N directly

bonded to hydrogen atom as present in HF. H;0
and NHj.

(2) Small size of the electronegaotive atom: The
gize of the electronegative atom chould be
quite emall because o smoller atom attracts the

bonded electron poir strongly.

Example 5.1: Case Based:

The weaik attractive force which binds the partially

positively charged hydrogen atom of aone molecule.
with the partiolly negatively charged atom of some

other molecule of a similar ar different type. or with
some other negative centre of the same molecule: is
referred to as hydrogen bond or hydrogen bonding.
For effective hydrogen bonding. it is necessary that

the size of the electronegabive atom is small If the
size of the electronegative atom is large. its attraction

on the bonded pair will be less. Cansequently.
less polarity will be developed in the molecule and
the resulting hydrogen bond will be weaker. And

alse. hydrogen atoms should be banded to a highly
electronegative atom such as F. O. or N. The higher

the electronegativity of the atom bonded to
hydrogen. the greater is the strength of hydrogen
bond Sinoe the electronegativities of F, O, or N follow
the aorder F > O > N. the strength of hydrogen bond

decreoses in the aorder.

H---F>H—0O>H—N

(A) Though covalent in nature, methanol is soluble
in water, whu?
(o) Methonol is wranspaorent ke water.
(b) Due to
methonol grd woeer moleculss.

() Due w wan der Waol's forces between
methonol and woras.

hydrogen bonding between

(d) Due to couvolent attractive forces.
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(B) Which of the following compounds show
maoximum hydrogen bonding?
(o) HF (b) HaO
() NH, (d) CH,OH

(C) Bxplain why hydrogen bonding does not exdst
in HCl although Cl is quite electronegotive.

(D) Whot foctors lead to the formation of
hudrogen bonding with elements N and O.

(E) Assertion (A):

Hydrogem bond is much
wealer os compored to a
covolent bond.

Reason (R): The bond energy of a
covalent bond is usuolly of
the order of 400 kJ mol™.

(a) Both (A) and (R) are true and (R) is the
correct explonation of (A).

(b) Both (A) and (R) are true but (R) is not the
caorrect explonation of (A).

(€) (A)is true but (R) is false.
(d) (A)is false but (R) is true

Ans. (A) (b) Due to hydrogen bonding bebween
methanol and water molecules.

Explanation: Methanol = soluble in water
due to the preserce of hydrogen bonding
between methanol and water.

In methanol Ris — CHy group.
®) (o) HF

Explonation: Greater the electronegotivitu
and the emoller the =ize of the atom. the
stronger is the H-bond.

(O HO does not form hydrogen bonding
m spite of being highly electronegative
becouse of the large difference m the
electronegotivity of H and Cl atoms.

A Cautlon

- MNony times studenls Dhint thaot HO = soluble

water, as & forms H-banding But the foct is that since

& & jonic compound completely dissoaates into R
ions and thus i sofuble in water.

(D) Because of the high electronegativity

of the elements N and O resulting in the

development of o large portial negotive
chorge on the electronegative atom and a

corresponding partial positive chaorge on
the hydrogen atoms lead to formaoton of
hydrogen bonds.
(B) (b) Both (A) and (R) are true but (R) & not
the correct explanation of (A)

Explonation: The bond energy of a
hydrogen bond bes between 35 - 40 IdJ
mol™.
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Types of H-Bonds
There are two types of H-bonds

(1) Intemnmolecular Huydregem Bomd: Hydrogen
bond thot ewgsts between two molecules of
the some or different substonces lmown as
Intermoleculor hydrogen bond. Some examples
of the compounds containing such type of bond
arec Hydrogen fluoride molecule. Alcohol Water.
ice

This wpe of bonding results tn increcsed
melung points. boiling points and solubilitu

(2) Intramolecular Hydregen Bond: Such a bond
esdste within the some molecule. In this tupe of
huydrogen bonding, o hydrogen bond s formed
between a hydrogen atom covalentdy attached
to some electronegotive atom ond some ather

electronegative atom (F. O. N) present close
to it in the some molecule It results in the

cydlisation of the molecule. eg. o—nitrophenol

i

{I:J/"

H

\D

o-nmitrophenal

Thiz bonding psevents the assodobon
of molecules. malang the  molecule
conract. Hence. @ deceoses melting
point.  boibng point and  solubility.
eg. o—nitrophenal lhos a
lower boiing pomnt than
p—nitrophenol

Example 5.2: Define hydrogen bond. Is it weaker
or stronger than the van der Waaols forces? [NCERT]

Ans. The auracthve force which binds hydrogen
atom of one molecule with the electranegative
otom (F. O. or N) of another maolecule. iz called
hydrogen bond.

Huydrogen bond iz swranger than the van der
Wanols forces.

Example 5.3: Case Based:

The hydrogen bonding that occuss in water leads to

gome unusual but very important properties. Most
moleculor compounds that have a mass similar to

water are gases at room temperature Because of the
strong hydrogen bonds water molecules are able to

stay condensed in the liquid state. In the liquid state
the hydrogen bonds of water can break and reform

as the molecules flow from one place to another.
When water is cooled, the molecules begin to slow
down Eventually when water is frozen to ice. the
hydrogen bonds become permanent and form a very
spedfic networic The bent chape of the molecules
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leads to gaps in the hydrogen bonding networik of ice.
Ice hos the very unusual property that its solbd state

is less dense than its [quid state. Ice floats on liguid

water. Virtwally all other substances are denser in the
solid-state than in the liquid state. Hydrogen bonds

ploy o very impaortant biological role in the physical
structures of proteins and nucleic aads.

(A)

®)

©)
(D)

The ice floats on water because:
(a) Solids haove lesser density than liquids.
(b) It has an open cage-like structure in which

lesser molecules are paced per mlL thomn
waoter.

(c) lceis lighter thon water.
(d) When ice is formed water molecules come
closer and start floating.

What is the mmdmum number of hydrogen
bonds in which a water molecule can

porticipate?
(@ 1 (b) 2
() 3 (d 4

Explain why water has moximum density at
4°C?

How does the shope of H;0 affect its
properties?

Assertion (A): When ethuyl alcohol (C;HsOH)

is dissolved in water, the
molecules of the two

substances get associated
through intermoleculor
hydrogen bonding.

Reason (R): Intermoleculor hydrogen

bonding is also possible
between the molecules of
different substances.
(@) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

() (A)istrue but (R)is false.
(d) (A)isfalse but (R) is true.

Ans. (A) (b) It hos an open cage-lite structwre n

which lesser molecules are placed per mL
than water.

Explanation: Density of ice is less than
waoter due tw an open cage structure

formed by hydrogen bonding.

@ Related Theory

=+ The X-roy diffraction studies of lce suggest that In
it each H;0 molecule [= surrounded by the oxygen
atoms of four nelghbouwing H;0 molecules

®) (@ <
Explanatione In H;0 molecule. the central
oxygen atom i@ covalently bnked to two
H-atomna. Ench H-atom can form a hydrogen
bond. In addiion o these two huydrogen
bonds. the central oxygen atom also forms
two hydrogen bonds with the neighbouring

molecules. Therefore. four hydrogen bonds
are formed by a single molecule of water.

(C) This is because on heaoting ice. the hydrogen
bonds break up progressively and the
molecules start packang more closely in the
vacant spoces. Above this temperature. the
normal expansion of the liquid more than
compensates Thus, mcreasing in density.

(D) The bond angle in H;0 is 104.5° which
mokes it in bent shape H;0 forms angle
with H-otom at tips and O atom at comer.
Because of the high electronegotivity of O
atoma develop a partial negative charge

And due to this bent ehope. the H,0 is polar.
(E) (o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

Explanation: During intermolecular
hydrogen bondma bonds exst between

two nnolecules of the some or different

substances.
Hydrogen bond
H H
| -/
H 58 i D'\" --------- H<
ll !r 5" H O—H
O

(OBJ ECTIVE Type Questions)

[1mark ]

Multiple Choice Questions

Get More Learning Materials Here : &

1. Which of the following statements is true
about hydrogen bonding?
(@) Cl and H have o difference in electro-
negativities yet there is no H-bonding in
HCL because size of Clis large.
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(b) Intermolecular H-bonding results in a
decreose in m.p and b.p.

(c) Ice has mawamum density ot 0°C due to
H-bonding.

(d) KHCl3(HCL;,") exdsts but KHR(HF") does
not exist due to a lack of H-bonding in
HCL
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Ans.

Ans.

Ans.

Ans.

(@ and H hove a difference m
electronegotivities yet there @ mo

H-bonding in HCl because size of U is large

BExplanation: For hydrogen bondina. the size of
the otom should be emall

- In which of the following molecules will the

hydrogen bond be strongest?

(a) H,S (b) HI
(c) H,0 (d) HO

[NCERT Btemplor]
(©) HO

Explanation: Only H,0 forms H-bonding while
other substances HOL HI and H5S do not form

H-bonding.

. Which of the following hos the strongest

bond?

(o) HF (b) HCL
(c) HBr (d) HI
(a) HF

Bplanation: Due to the largest difference m
electronegativitu. H—F bond i strongest.

Which of the following molecules show
intramolecular hydrogen bonding?

(a) o-nitrophenol  (b) p-nitroaphenol
(c) Benzoic acid (d) Ethanol
(a) o-nitrophenol

Bplanation: Intramolecular hydrogen
bonding edsts within the molecule. Among

the given opuons only o-nirophenol shows
intramoleculor H-bonding.

0
I
@./'
v
\\D
o—niorophenol

@ Related Theory

et

5.

Ans.

Get More Learning Materials Here : &

o-Nitrophenol s steam volanle due to intramolecular
hydrogen bonding Thus it hes lower melning than
p-nitrophenol

Hydrogen bonds are formed in maony
compounds, e.g. H;0, HF, NH;. The boiling
point of such compounds depends to a large
extent on the strength of hydrogen bond

and the number of hydrogen bonds. The
correct decreasing order of the boiling points

of above compounds is:

(o) HF > H,0> NH; (b) H;0 > HF > NH,

(c) NHy>HF>H;0 (d) NHy> H;0 > HF
[NCERT Bxemplor]

(a) HF > H;0 > NH4

Bxplanation: Hydrogen bond is formed due
to the difference in electronegotivities. As the

electronegotivity difference increoses strength
of hydrogen bonding increases. The higher the
hydrogen bonding. the higher & the boiling
pomt Thus order of boiling pont & HF > H,0
> NH}

6. Which of the following observations can be
explained on the basis of hydrogen bonding?

(M HF hos o higher boiling point than other
hologen acids.
(IDH;0 hos highest boiling point among
hydrides of group 16 elements.
(1l) NH4 has a lower boiling point than PH,

Select the correct option:

() (), ) and (1) (b) () and (i)
(c) (N and (lN (d) (M and ()

Ans (d) (1) and (1))
Explanation: Statement () & not true since
NH4 has a higher boiling point than PH5 due to
hydrogen bondmg.

7. Hydrogen fluoride dissociates im water
giVE s -

(a) Hydrogen and fluarine atom

(b) Difluoride ion
(c) Fluoride ion

(d) None of the above [Dikshal
Ans. (b) Difluoride ion

Explanation: Hudrogen fluoride dissocaotes in
waterm due to intenmolecular H-bonding.

8. Which of the following substances have
abnormally high boiling points and why?

(@) HyS (b) HF
(c) HI (d) CH4
Ans. (b) HF

Explanation: HF due to ntermalecular
hydrogen bonding hae cbnormally high boiling
pomt

Assertion - Reason (A-R)
In the following question na. (8-11), a stotement
of assertion followed by o statement of reason

is given. Choose the correct answer out of the
following choice.

(o) Both (A) and (R) are rue and (R) Is the carrect
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)istrue but (R)is false.
(d) (A)isfalse but (R) is true.
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9. Assertion (A): Boiling point of p-nitrophenol
is greater than thot of
o-nitrophenol
There is  intermoleculor
hydrogen bonding
in p-nitraphencl and
intermoleculor hydrogemn
bonding in e-mraphenol
Ans. (c) (A)is true but (R) is fal==
Explanation: There is intermnolecular hydrogen
bonding in p-nitrophenol and intramoleculaor
hydrogen bonding i o-nitrophenol As
intramolecular  huydrogen bonding

o-nirophenol prevents further ossoootion ot
hose a lower boiling point than p—nitrophenol

Reason (R):

10. Assertion (A): NHy haos the highest boiling
point in the hydride of group

15.

Reason (R): NH, shows

intermoleculor
bonding.

Ans. (d) (A)is false but (R) is true

strong
hydrogen

Bplanation: Down the group. the boiling

pomnt of hydrides generolly increases due to
increase in van der Waals farces. But due to the

presence of H-bonding in NH4. ts boiling point
i@ higher thon thaot of PH5 as well as AsHy but
von der Waoals forces in bigger Sb molecules
dominate the H-bonding in NH4 and therefare.
the boiling point of SbH; is greater thon thaot of
NH4

The correct order of boilng point of group 15
hydrides is PHy < AsH3 < NH4 < SbH4 < BiHa

11. Assertion (A): Alcohols in spite of being
covalent compounds are
soluble in water.

Reason (R): Compounds whose molecules
are able te fornm hydrogen
bonding with water are

soluble in them.
Ans. (@) Both (A) and (R) are true and (R) is the
correct explanation of (AL

Explonation: Becouse their molecules can
form intermolecular hydrogen bonding with
water molecules

@ASE BASED Questions (CBQsD

[ & &5 marks ]

Read the following paossoges and answer the
questions thaot follow:

12. When we consider the boiling points of
molecules. we uwsuolly egpect molecules
with lorger molar masses to have higher
normaol boiling points than molecules with
smaoller molar mosses This without tacng
hydrogen bonds into account. is due to greater
dispersion forces Larger molecules have
more space for electron distribution and thus
more possibilities for an instantaneous dipole
moment

(A) Identify the hydride which bkos the
lowest boiling point.

(o) NH3 (b) PH3
(c) SbH; (d) AsHjy

(B) The hydrogen bonding Is strongest in:
(@) O-H——S () SSH—O
(c) FH—F (d FH—O

(O) What is the reason behind the higher
boiling point of water?
(a) Covalent bonding
(b) Co-ordinate bonding
(c) Hydrogen bonding
(d) Electrostatic force of attraction
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(D) The boiling increases with increase in .......
of o substance.

(o) intramolecular hydrogen bonding
(b) moleculor maoss

(c) intermolecular hydrogen bonding
(d) both (b) and (c)
(E) H-bonding couldn't affect the boiling

point oft

(a) HI (b) NH,

(c) H,0 (d) CH;0H
Ans. (A) (b) PH;

Explonation: As the hydrogen bonding &
absent in PH3 malecule in o liquid state. it
haoa the lowest boiling point

®) @ FH—F
Explonation: The hydrogen bonding &
strongest m FH ------F becaouse of high
electronegativity of fluonne

(O (c) Hydrogen bonding
Explonation: In H20 molecule. the central
oxygen atom is covalently linked to two
H-otoma Each H-oterm can form o
hydrogen bond. In oddition to these two
hydrogen bonds. the cenral oxygen atom
also forms two hydrogen bonds with the
neighbouring molecules Therefare the
reason behind the higher boiling point of
water i8 hydrogen bonding.
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() (d) both (b) and (c)
Explonation: Due to intermoleculor
hydrogen bonding molecules ossooaote
which onoreoses the boiling pomt of
substance

® (g HI
Explanotion: Hydrogen bonding exasts only
when o compound hos electronegotve
atoms lile N. O, F atoms Atomns which are
larger in size don't show hydrogen bonding
because they dont hove high electron
densiny.

13. Highly electronegotive ctoms [Ge N O. F
cannot completely remove the wvolence
electron from hydrogen and form an ion
because there are no core electrons n
hydrogen. Remowving the hydrogens 1Is
electron would produce o subatomic particle.
the proton. whose small size resuits in a high
charge density that would pull bock the
electron. So it will not happen The result =
thot hydrogen forms polar covalent bonds
when attached to an electronegobive atom
and does not form ions. The electronegaobive
atoms pull on the valence electron "Deshields”™
the hydrogen’s proton resulting in a lorge
&+ charge over a small area A highly
electronegative atom hos a large & charge
and if it has a lone pair of electrons. they are
strongly attracted to the “deshielded praton”®
of another hydrogen and create a hydrogen
bond. It should also be noted that the amall
size of the hydrogen allows it to move in real
close. resulting & o strong bonding tnteraction

(A) Answer the following questions:

(M Wil oll H aroms form H-bonds?

() Why is H-bond strength mare in
peroxdde thon water?
(B) How chloroform mnalkes hydrogen bond
with acetone?
(C) How mony numbers of hydrogen

bonds are present in Hy0'?7 Draw
structure alse.

Ans. (A) () A molecule thot hos o hydrogen atom
attached to some electronegative atom
will form hydrogen bonding.

Due to one addiional oxygen otom in
peroxde. the strength of the hydrogen
bond is more thon water.

(B) Due to the presence of thsee chlonne
atoms in chloroform, the carbon aotom
becomes partially positive. so it pulls oway
the electron density from the hydrogen
atom to bolonce electron distnbution.
thereby maolang te huydrogen atom
partially positive. Hence. the oxygen atom
of acetone which iz partiolly negatve
interacts to form huydrogen bonding.

(O 3 hydrogen bonds are present n H40°.

H H

N

hah

H

@ERY SHORT ANSWER Type Questions (VSAD

[ 1 mark ]

14. Why KHF, exists but KHCOl; does not?

Ans. Due to H-bonding in H—F, ww hove

This can dissodote to give HF7 ion and hence

KHF, exists but there is no H-bonding in H—CL
So HCOS. ion does mot esagst and hence KHO,;
also does not exést

15. Among the covolent bond end hydrogen
bond, which bond has a higher bond length?

Ans. The bond length of o hydrogen bond ia greater
than that of o cavalent bond.
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16. At room temperature H;0 exst as liquid
while H;S exdst as a gas. Give reason.

Ans. H,0 is bquid because of &s assooation due to
the hydrogen bonding which is not paossible in
H;S due to bigger size of sulphur.

17.Does the presence of intramolecular
hydrogen bonding affects the boiling point
of a liquid?

Ans. Na. because it does not assoaote with the

molecules.
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(SHORT ANSWER Type-l Questions (SA-I))

[ 2 marks ]

18. Explain why HF is less viscous than HQ 19. Why does formic acid exist as a dimer? What

is its one consequence?
Ans. There i greater mtermoleculor hydrogen =

Ans. Formic aad eadsts as a domer becauses of

20.

Ans.

21.

Ans.

22,

Get More Learning Materials Here : &

bonding in H,0 than that n HF as each H;0
molecule forms four H-bonds with other
water molecules whereos HF fornms only two
H-bonds with other HF molecules The greater
the intermoleculor H-bonding. the greaoter is
the wviscosity Hence HF iz less wviscous than

H,0.

hydrogen bonding.

0 H—o0

H44 %H
o ST o
Formic odd demer

C’SHORT ANSWER Type-ll Questions (SA-IID

[ 3 marks ]

Bxploin why glycerol (CH,O0H.CHOH.CH,0H)
is more viscous than ethyl alcohol (C;H{OH).

Glycerol (CH,OHCHOHCH,0OH) possesses
three—OH groups while ethyl alcohol possesses

only one-OH group. Hence. hydrogen bonding
iz more extensive in glycerol as compaored to

that in ethyl alcohol This = why glycerol =
mosre wscous than ethyl olcohol

Arrange the following bonds in order of
increasing lonic choracter by giving a reason

N—H, —H, C—H and O—H

The greater the difference in elecronegotwity
between two otoms bonded together, greater
the ionic character.

Therefore. increasing order of tonic character of
the given bonds i as follows:

HF (1.9) >OH (14) > NH (09) > CH (0.49)

Therefore. increasing order of tonic character of
the given bonds is as follows:

CH<N-H<O-H<FH

Here is the structure of molecules of two
different compounds.

0
L
-

-

H
\D

o-niraghenol

M
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O

HO

an

(A) Which of the two compounds will show
intramolecular H-bonding and which will
show intermoleculor H-bonding?

(B) Which of the given compounds will have
a higher melting point?

(C) Which will forrm H-bond with wonter
easily and is soluble in it?

[NCERT Exannplor]

Ans. (A) Compound () will show intramoleculor

H-bond Intromoleculor H-bonding =

ghown when o hydrogen atom esists within
o molecule In compound (I). the hudrogen
atom ig in between the two oxygen atoms.
And compound (). p—nirophenol will
show intermoleculor H-bond. In compound
(. a hydrogen bond i= found between a
hydrogen atom of one molecule attached
to some electronegative otom and O atonm
of another molecule.

B) Intermolecular bonding allows the
ossociation of molecules maolong the
molecule epand. Hence. in compound ().
p-nitrophenol will hove o higher melung
point
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(O Molecules of p-nitrophenol (compound 1) (compound [) due to muramoleculor

will form wntermolecular H-bonding wath H-bonding with feelf &z not able to
water eosily, so it results in increased associate with woter eosilu. thus #&s
solubility with water. While o-nitrophenol eolubiling & less in water.

Q.ONG ANSWER Type Questions (LAD

[& &5 marks ]

Z3.Whaot i a hydrogen bond? Whaot atom of high electronegotvity such as F. O
requirements should a molecule fulfil for or N directly bonded to hydrogen atom os
the formaotion of o hydrogen bond? Discuss present in HE. H;0and NH5
intramolecular ond intermolecular hydrogen ) )
bonds. (2) Small size of the electronegotive atom: The

size of the electronegatve atom should
be quite small becouse o smaller atom
ottracts the bonded electron pair stronglu.

Ans. When o hydrogen atom is bonded to o highly
electronegotive otom through a covalent bond.
the electronegobive atom tries w pull the
shared pawr of electrons towards its own side Types of H-Bonds:
resulting in the development of a large partial There are two types of H-bonds
negouve charge on the electronegotive otom
and o corresponding paortiol positive charge
on the hydrogen atom. Now. the positively
charged hydrogen atom of one molecule
moy ottract the negobvely chorged atom of
some other molecule and the two molecules

(1) Intermolecular Hydrogen Bond: Hydrogen
bond thot ewsts between two molecules
of the some or different substances. Some
examples of the compounds containing
such wypes of bands are

can be bnked together through o weol force » Hydrogen fluoride
of attraction. This wealk force of attraction & e Alcohol

lcnown as hydrogen bonding. e Water

A hydrogen bond is much wealer os compared e lce

o o covalent bond The magnitude of
H-bonding also depends on the physicol state
of the compound. In the cose of solids, it &

[t results in noeased melting, boiling pomts
and solubiity

nnowamum ond for goses. it is minimun. Thus. (2) Intramolecular Hydrogen Bond: Such a
the hydrogen bonds have a great nfluence on bond exists within the some molecule [n
the structure and the physicol properties of the the case of this type of hudrogen bonding.
compounds a hydrogen bond i= formed between a

hydrogen atom covalently ottoched to

some electronegotive otom and some

other electronegotive atom (F. O. N)

present close to it in the same molecule. It

(1) High electronegotvity of atom bonded reaults in the cyclisotion of the molecule.
to huydrogen: The molecule must have an eg. o-niophenol

Conditions for Hydrogen Bonding

A hydrogen bond is formed when the followmng
conditions are satished.
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