NCERT SOLUTIONS
CLASS-XI CHEMISTRY
CHAPTER-4
CHEMICAL BONDING&MOLECULAR STRUCTURE

Q-1) Explain Chemical bond formation process.
Ans.)

“Chemical bond is an attractive force that bounds the constituents of a chemical
species together.”

So many theories are suggested for chemical bond formation such as valence
shell electron pair repulsion theory, electronic theory, molecular orbital theory, and
valence bond theory.

Formation of chemical bond is credited to the tendency of system to achieve
stability. It was noticed that inertness of noble gasses is direct result of their
completely filled outermost orbitals. Consequently, it was proposed that the
elements having deficiency of electrons inoutermost shells are unstable. Thus,
atomscombine with one another and finish their separate octets or duplets to
achieve the stable configuration of the closest inert gasses. So, thiscombination
may occur either by sharing of electrons. The formed chemical bond is a result of
sharing of electrons amongatoms is known as a covalent bond. Also a formed
ionic bond is a result of sharing of electrons amongatoms.

Q-2) Give the lewis dot symbols for the elements given below:
a) Na

b) Mg
c)O
d) N

e)B

Sodium atom contains only 1 valence electron. Thus, the lewis dot symbols for Na
is Na-

b) Mg

Magnesium atom contains only 2 valence electrons. Thus, the lewis dot symbols
for Mg is

Mg
c)O

Oxygen atom contains only 6 valence electrons. Thus, the lewis dot symbols for
Ois

:0:



d) N

Nitrogen atom contains only 5 valence electrons. Thus, the lewis dot symbals for
N IS

6. .0

«N

e)B

Boron atom contains only 3 valence electrons. Thus, the lewis dot symbols for B
is

f) Br

Bromine atom contains only 7 valence electrons. Thus, the lewis dot symbols for
Bris

Q-3) Give the lewis dot symbols for the elements given below:
(a) Al and AI%*

(b) H and H™

(c) S and 2

Ans.)

(a) Al and AI%*

Aluminium atom contains only 3 valence electrons. Thus, the lewis dot symbols
for Al is

oAl
.

The tri-positive charge on aluminium indicates that it has donated 3 electrons.
Thus lewis dot symbol is

I Al] 3+

(b) H and H-

Hydrogen atom contains only 1 valence electrons. Thus, the lewis dot symbols for
His

H.

The single negative charge on hydrogen indicates that it has gained 1 electron.
So, one valance electron plus one gained electron.

Thus lewis dot symbol is
e e
[H

(c) S and 8%



Sulphur atom contains only 6 valence electrons. Thus, the lewis dot symbols for S

The bi-negative charge on sulphur indicates that it has gained 2 electron. So, six
valance electron plus two gained electron.

Thus lewis dot symbol is

B

Q-4) Give the lewis structure for the ions and molecules given below:
(a) SiCly

(b) HaS

(c) HCOOH

(d) BeF2

(e) COY™

Ans.)

(a) SiCl,

:Cl

: Cl——Si—Cl :

- 6 2
(b) H2S
. L]

(¢) HCOOH
ﬁ:
H—~C —O—H

(d) BeFs

-e -8
SF—na—F?
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Q-5) Write the definition of octect rule. State the significance and limitation
of octet rule.

Ans.)

Octet rule says, “atoms can combine either by transfer of valence electrons from
one atom to another or by sharing their valence electrons in order fo achieve the

nearest inert gas configuration by having an octet in their valence shell.”

) 22C22

Octet rule explains chemical bond formation depending upon nature of element.
Limitations:
(a) Octet rule fails to predict the relative stability and shape of the molecules.

(b) It is based on inert nature of noble gases. But, some inert gases say,
krypton(Kr) and xenon(Xe) form compounds like KrFo, XeF5 etc.

(c) For elements beyond 3™ period the octet rule cannot be applied. Elements

present beyond 3rd period have more than 8 valence electrons surrounding
central atom. E.g. SFg, PFg etc.

(d) For atoms in a molecule having odd number of electrons octet rule is not
applied. E.g. For No2 and NO octet rule is not applicable.

(e) If an compound is having less than 8 electrons surrounding the central atom
than octet rule cannot be applied to that compound. E.g. BeH>, AICI3, LiCl etc. is
not obeying octet rule.

H:Bel H

ClsAlI:C
Cl

LisCl



Q-6) State the factors that are favourable for ionic bond formation.
Ans.)

Formation of ionic bond takes place by transfer of 1 or more electrons from one
atom to another. Thus, ionic bond formation depends on the flexibility of neutral
atoms to lose or gain electrons. Formation of ionic bond also depends on the
lattice energy of compound which is formed.

The factors that are favourable for ionic bond formation:
(a) High electron affinity of atoms of non- metal.
(b) High lattice energy of compound which is formed.

{c) Low ionization enthaipy of aiom of meiai.

Q-7) Comment about the shape of the molecules given below by using
VSEPR model:

(a) BCI3
(b) SiClg
(c) AsFs
(d) PH3

(e) BeCla

Central atom is not having any lone pair but have 3 bond pairs. Thus, its shape is
AB3. i.e..Trigonal planar.

:C1: 120° (‘T’) 120°

P B

:CHB—Cl: aa
120°

(b) SiClg

Central atom is not having any lone pair but have 4 bond pairs. Thus, its shape Is
AB4. i.e. Tetrahedral.

i Cl
R -
: e
«Cl: Cl
(c) AsF5

Central atom is not having any lone pair but have 5 bond pairs. Thus, its shape is



ABs. i.e. Trigonalbipyramidal.
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(d) PH3

Central atom is having 1 lone pair andis having 3 bond pairs. Thus, its shape is
AB3E. i.e. Trigonalbipyramidal.

H: P :H Q
H &H
(e) BeCl»

Central atom is not having any lone pair but have 2 bond pairs. Thus, its shape is
ABo. Le. Linear shape.

: Cl-Be-=Cl:

() HzS

Central atom is having 1 lone pair and is having 2 bond pairs. Thus, its shape is
AB,E. ie. Bentshape.

Q-8) Explain why the bond angle in H20 is less than NH3, even though they
are having distorted tetrahedral structure.

Ans.)

The geometry of HoO and NHai:

5
XX
H H

Central atom(N) in ammonia is having 1 lone pair and is having 3 bond pairs.
Central atom(O) in water is having 2 lone pair and is having 2 bond pairs.

Thus, these 2 lone pairs on O- atom in water molecule repels the 2 bond pairs.
And this repulsion is between lone pair and bond pair on O- atom of H,O is
stronger than the repulsion is between lone pair and bond pair on N-atom of NH3.

Thus, the bond angle in H20 is less than NH3z, even though they are having
distorted tetrahedral structure.



Q-9) Express,‘bond strength in terms of bond order’.
Ans.)

The extent of bonding which occurs between two atoms while forming a molecule
is represented by bond strength. As the bond strength increases the bond
becomes stronger and the bond order increases.

Q-10) Define: Bond length.
Ans.)

“Bond length is defined as the equilibrium distance between the nuclei of 2 boned
atoms in a molecule.”

Q-11) Explain important aspects of the resonance with reference to COE_
ion.

ANS.)
Experimental results shows that, all the C-O bond in CO%‘ are equivalent.

Thus, it is inefficient to represent CO§‘ ion by single lewis structure which is
having 1 double bond and 2 single bond.

Thus, the resonance structures of CO;' is -

01 :T: 02
C L C
7N P AT .

08 08 0 07 W O

Q-12) H3PO; can be represented by following structures.

Can we take these 2 structures as canonical form of resonance hybrid
which is representing H3P0O3? Explain.

Ans.)
H e ws ws
.oo-o..oo. H:H:.P.:SI:H
H...:'P.:...H :9:
e H

In the given structures the position of atoms are changed, so we cannot take the
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H3zPO3.

Q-13) Give the resonance structures of the following ions

(a) NOy



(c) SO3
Ans.)
(a) NOy

Foor_

N -— N =-— N
/™ A
& €#® 0o | W
(b) NO2

N - N

/N '\

0z < 0 W0:
(c) SOs3
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Q-14) Show transfer of electrons between the atoms given below to form
anions and cation.

(i) Oand Ca

(ii) N and Al

(iii) S and K.

Ans.)

(O and Ca

Electronic configurations of O and Ca are:
0:2,6

Ca:2,8,.8,2

Here, it clear that Ca has 2 more electrons then nearest inert gas. i.e. Ar,
whereas O needs 2 electrons to complete its octet. Thus, the transfer of electrons
takes place in following way,

o 0 —e e S
2,8,8,2 2,6 288 1% =Ctol

(i) N and Al
Electronic configurations of N and Al are:

N:2,5

3



Al:2,8,3

Here, it clear that Al has 3 more electrons then nearest inert gas. i.e. Ne, whereas
N needs 3 electrons to complete its octet. Thus, the transfer of electrons takes
place in following way,

N, oud=
AN — AP IND = AP N
2,8,3N#23 28 28

(iii)S and K

Electronic configurations of S and K are:
5:2,8,6

K: 2,881

Here, it clear that K has 1 more electrons then nearest inert gas. i.e. Ne, whereas
S needs 2 electrons to complete its octet. Thus, the transfer of electrons takes
place in following way,

2881 286 2,881

'

kO k= st
288 288 288

Q-15) H20 and CO; are tri-atomic molecules, then also the shape of H,0 is
bent and that of shape of CO3 is linear. Why?

Explain with the help of dipole moment.
Ans.)

Experimental results show that the dipole moment of CO; is 0. And it is possible
only if the shape of molecule is linear as dipole moments of bond between C-O is
equal and opposite so, it nullifies each other.

“n “s
=0 =0

. Resultant, u =0

Ho0 has 1.84D dipole moment. The value of dipole moments indicates that

structure of water molecule is bent as dipole moments of bond between O-H is
unequal.

Q-16) Give the significance of dipole moment.



Ans.)

In heteronuclear molecule, there is difference in electro-negativities of
constituents of atom, due to which polarisation arisesin it. Thus, one end of
acquires positive charge and other end acquires negative charge. So, molecules
are said to have a dipole moment.

The product of distance between centres of negative and positive charges and
magnitude of charge is known as dipoie moment (gt). Dipoie moment is a vector
quantity and it is represented by an arrow in such a way that head of a tail is
pointing towards negative centre and tail of arrow is pointing towards positive
centre.

L = distance between the centres ( r) * charge (Q)
S| unit of dipole moment is ‘esu’.
1esu=3.335 x 10~*em

It is the measure of polarity of a bond. It differentiates the non-polar and polar
bonds as all the non-polar molecules have dipole moment equal to 0. It also
calculates the ionic character of a molecule.

-—
o 0=C=0
2

u=1840 B

]
=

Q-17) Give definition of electronegativity.State difference between
electronegativity and electron affinity.

Ans.)

“Electronegativity is the ability of an atom in a chemical compound to attract a
bond pair of electrons towards itself”.

EL‘ Electronegativity Electron affinity

Tendency to attract the shared pairs

1 of electrons for an atom which is in
chemical compound is its
electronegativity.

Tendency to gain electrons for an
isolated gaseous atom is its electron
gain enthalpy.

2 It varies according to element to It does not vary according to

which it is bounded with. element to which it is bounded with.
3 it is not constant for any eiement. It Is constant for an element.
4 It is not a measurable guantity. It Is @ measurable quantity.

Q-18) Explain polar covalent bond with suitable example.
Ans.)

When two unique atoms having distinctelectronegativities join to form a covalent
bond, the bond pair ofelectrons is not shared equally. The nucleus of an atom
having greater electronegativityattracts the bond pair. So, the electron distribution
gets distorted and an electronegativity atom attracts the electron cloud.
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other hand, the other atom gets slightly positively charged. As a result of this, two
opposite poles are developed in a molecule and this type of bond formed is
termed as ‘polar covalent bond'.

E.g. HCl is having a polar covalent bond. In HCI, CI- atom is having more
electronegativity than H- atom. Thus, bond pair shifts towards Cl- atom and
because of that it acquires positive charge.

e o 5--

H@C: =H—C(
Bond pair attracted
more toward

Q-19) For molecules given below, arrange the bonds in increasing order of
their ionic characteristic,

K20, Nj, CIF,, LiF, SO,
Ans.)

lonic characteristic of a molecule depends on the difference in electronegativity
between constituents atoms. So, higher the difference, the ionic characteristic of a
molecule will be higher.

So, the required order of ionic characteristic of the given molecules is

No< SO,< CIF3< K0 <LiF.

Q-20) Some of the bonds are incorrectly shown in the skeletal structure of
CH3COOH. Give the correct Lewis structure of CH;COOH.

Ans.)

=z

C
|
g [ e (e ]

H ===

— ) - —

H

Correct Lewis structure of CH3COOH is given below:

H 0"
|

H—C—C—0—H

H

Q-21) Ch4 can also have square planar geometry other than tetrahedral
geometry, and in that geometry all the 4 H- atoms are at the corner of the
square and C- atom is at the centre. Give reason why Methane’s geometry is



PR
Electronic configuration of C- atom:

6C :18% 252 2p?

Orbital picture of C- atom in excited state is:

1s 2s 2, 2p, 2p;

o [t ] [t[t[H

Thus, C- atom undergoes sp® hybridization in methane molecule and forms
tetrahedral structure.

H

g
~INUMH
= \H

For square planer geometry, C-atom should have dsp? hybridization. But as C-

atom is not having d- orbital so it cannot undergo dsp? hybridization. Thus,
Methane's geometry cannot be square planer.

Also in square planar geometry the bond angle is 90° so the stability is not there
because of repulsion between bond pairs. So as per VSEPR theory methana’s

tetrahedral structure is perfect.

Q-22) Even though Be- H bonds are polar In BeHj, the dipole moment of
BeH; is 0. Why is it so?

Ans.)

Lewis structure of BeHs is:
H: Be :H

Central atom is not having any lone pair but have 2 bond pairs. Thus, its shape is
AB,. i.e. Linear shape.

4

H Be H

Thus, the dipole moment of Be- H bond is equal and opposite in direction so it
nullifies one another. Thus, the dipole moment of BeHs is 0.

Q-23) Which is having higher dipole moment out of NF3 and NH3?

Ans.)

Ml mdmpmn im bl mmpmdem] mbminn af I =l RILEDY



IN= atulll 1 LIS LSHnal atin Ui N D aliid INm2.

Central atom is having 1 lone pair and is having 3 bond pairs. Thus, for both teh
shape is AB3E. i.e. Pyramidal.

As, F-atom is more electronegativity than H- atom NF3 should have higher dipole
moment than NHa. But the dipole moment of NH3 is 1.46D which is higher than
dipole moment of NF3 which is 0.24D.

It gets clear from the directions of dipole moments of individual bond in NF3 and
NHa.

0! 01
PSRRI 2N, e

Jh-FbondH 3N - Hbond

As, both the N-H bond are in same direction it adds to the bond moment of the
lone pair, while N-F bond are in opposite direction so they partly cuts the bond
moment of lone pair.

Thus, dipole moment of NH3 is higher than that of NF5.

Q-24) Explain ‘hybridisation of atomic orbitals’. Draw sp, sp?, sp*, hybrid
orbitals.

Ans.)

“Hybridization is defined as an intermixing of a set of atomic orbitals of slightly
different energies, thereby forming a new set of orbitals having equivalent
energies and shapes”.

E.g. 1 s- orbital hybridises with 3 p- orbitals to form 4 sp3 hybrid orbitals.

(a) sp hybrid orbital

1 s- orbital hybridises with 1 p- orbitals to form 2 sp hybrid orbitals. sp hybrid
orbital is having linear shape. The formation of sp orbital is:

x X
3 K,

s=orbital F’__wm

l intermixing

v

180°
-.
sp-hybnds

(b) sp? hybrid orbital

1 s- orbital hybridises with 2 p- orbitals to form 3 sp? hybrid orbitals. The shape of
sp? orbital is trigonal planar.
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(¢) sp2 hybrid orbital

1 s- orbital hybridises with 3 p- orbitals to form 4 sp® hybrid orbitals. The shape of

sp® orbital is tetrahedron.

Q-25) Whether the hybridisation of Al- atom change for the reaction given
below?

AlCly + Cl™ aAICI;
Ans.)

The ground state of valence orbital of Al —atom is:

1]

3s 3p

In excited state the orbital picture of Al- atom is:

35 3r. p, ap,

L

Thus, Al -atom in AICI3 undergoes sp2 hybridisation and forms trigonal planar

geometry. Foe the formation of AZCI; the vacant 3p; orbital will also get

involved. Thus, s.p2 hybridisation is converted into sp3 hybridisation and forms a
tetrahedral structure.

Q-26) Determine that there is any change in hybridisation of N-Atom and B-
atom because of the reaction given below:

BF3 + NH3a F3B.NH3
Ans.)

N- atom in NH3 is having sp3 hybridization. Orbital picture of N- atom is shown
below:

2s 2 2p, 2p,



RI|EA NN

B- atom in NF3 is having sp2 hybridisation . Orbital picture of B- atom is shown
below:

2 2 2, 2p,

R A

On the reaction of NH3 and BF3, F3B.NH3 is obtained as product, as
hybridization of B-atom is changed to sp3. Although, hybridization of N-
atomsremains unchanged.

Q-27) Explain the formation of double and triple bond in C2H2 and CyH4 with
the help of diagrams.

Ans.)
CaHa

In formation of ethyne(CoHs) molecule, C- atom is having sp hybridization with 2
2p- orbitals in unhybridized state.

1 sp orbital of each C- atom overlaps the inter-nuclear axis and forms C-C sigma

bond. The 2"%sp orbital of each C- atom overlaps half-filled 1s orbital so as to
form a sigma bond.

The triple bond between the 2 C- atoms has 1 sigma bond and 2 Pie bonds. This
is because 2 unhybridized 2p- orbitals overlaps with the 2p- orbital of other C-
atom, thus forming 2 pie bonds.

CoHy
Electronic configuration of carbon atom in excited state is given below:
6C: 152251 2pl2pl2p]

In the formation of CyHy4 (ethane) molecule 1 s‘.p2 orbital of C- atom overlaps sp2
orbital of other C- atom. Thus, forming a C-C sigma bond.

The 2 remainina sp? orbital of everv C- atom forms sp?-s o bond with 2 H- atoms.



[ F v

One ¢- atom having unhybridized orbital overlaps with the unhybridized orbital of
other C- atom and forms a pie bond.

pN!

g'«’:]’_‘:nl;\

& 9
e s
|/C)_{_J\| PG f

—
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(i) C2Hy

Ans.)

Single bond is formed as the axis of bonding orbital overlaps. Thus, it forms a o
bond. By sidewise overlapping of orbital double and triple bonds i.e. multiple
bonds are formed.s bond is always present in the multiple bonds. Triple bond
consist of 2 w and 1e bond.

(i) CaHz
_/" WY o bond
H—C=C—H

Thus, there are 2 w bonds and 3 o in CoHo.

(if) C2Hg
Thus, there are 1 m bonds and 5 ¢ in CoHy.
H pi bqnd H
\C I'. C/ sigma bond
/ -_ \ sigma bond

sigma bond

sigma bond

7 sigma bond

Q-29) Take x- axis as inter-nuclear axis and find which of the orbital given
below will not form o bond and why?

(i) 1s and 2py
(ii) 1s ans 1s

(iii) 1s and 2s



(iv) 2py and 2p,
Ans.)
(iv) 2py and 2py

2py and 2py orbitals won't form a o as it will undergo lateral over lapping and will
form a w bond.

Q-30) Give the hybrid orbitals used by the C- atoms in the molecules given
below:

(i) CH3-CH=CH>
(i) CH3-CH3
(iii) CH3-CHO
(iv) CH3COOH
(v) CH3CH,-0H
Ans.)

(i) CH3-CH=CH;

N
e

Here, C3 and Cp are having sp? hybridization and C+ is having sp® hybridization.

(i) CHa-CH3
H H
\; 2 /
H /’ C H
/7 N\

H H

Here, Cq and C» are having sp3 hybridization.

(iii) CH3-CHO

H\

N

H { ¢

OH

Here, Cq is having sp® hybridization and C5 is having sp? hybridization.



(iv) CHzCOOH

g *

Here, Cy is having sp® hybridization and C5 is having sp? hybridization.

(V)CH3CHyp-OH

N b
Py

H M

H

Here, C4 and C» are having sp3 hybridization.

Q-31) Explain lone pairs and bond pairs of electrons with an example.
Ans.)

A covalent bond is formed when 2 atoms combine with each other by sharing
their valence electrons

“The shared pairs of electrons present between the bonded atoms are called
bond pairs”. Each and every electron cannot participate in bonding. “The pairs of
electrons which do not participate in bonding are called lone pairs”.

E.g. a) Ethane is having 7 bond pairs but zero lone pair.

Q-32) State difference between pi bond and sigma bond.

Ans.)

Fi bond Sigma bond



FI pONa IS TOrmea py 1ateral
averlapping of orbitals.

>igma pona Is Tormea py end 10
end overlapping of orbitals.

2 It is comparatively weak bond. It is comparatively strong bond.

3 There is only one overlapping orbital The overlapping orbitals are s-s, s-
is p-p. P. P-p.

: Rotation around pi- bond is Raotation is possible around sigma

4 : ! ! o
restricted. bond.

5 Electron cloud is not symmetrical Electron cloud is symmetrical about
about the line joining 2 nuclel. the line joining 2 nuclei.
It is having 2 electron clouds one It is having 1 electron cloud and

6 above the plane of atomic nuclei and that is symmetrical about the inter-

one below the plane of atomic nuclei.

nuclear axis.

Q-33) Using valence bond theory, explain the formation is hydrogen
molecule.

Ans.)

Assuming 2 H- atoms X and Y with nuclei Nx and Ny and electrons ey and ey
respectively.

When X and Y are far for each other then there is no interaction between them_

As soon as they come closer, the attractive force and repulsive force becomes

active.

The repulsive forces are:

(i) Between electrons of both the atoms i.e. ex and ey.

(il) Between nuclei of boththe atoms i.e. Ny and Ny.

The attractive forces are:

(1) Between the electro and nucleus of the same atom i.e. Nx — ey and Ny -ey.

(i) Between the electron of one atom and nucleus of other atomi.e. Nx—ev and
Ny—ex.

The repulsive force push the 2 atoms apart whereas the attractive force tend to
bring them together.

Repulsive forces:




The values of repulsive forces are less than that of attractive forces. Thus, 2
atoms approach each other. Thus, there is decrease in potential energy. At the
end a stage is reached when the repulsive forces balance the attractive forces
and the system achieves the minimum energy,which leads to formation of H2
molecule.

Q-34) What are the condition that is required for linear combination of an
atomic orbitals to form a molecular orbitals.

Ans.)

The condition that is required for linear combination of an atomic orbitals to form a
molecular orbitals are as follows:

(i) The joining of atomic orbitals must have approximately same energy.
Thisimplies in a homo-nuclear molecule, the 1s-orbital of one atom can join with
the 1s- orbital of another atom, but cannot join with the 2s-orbital.

(i) The joining atomic orbitals must have legitimate orientations to ensure
themaximum overlap.

(iii) The overlapping must be in a large extent.

Q-35) Explain why molecule Beydoesn't exist by using molecular orbital
theory.

Ans.)

Electronic configuration of Be:

152 252

Molecular orbital electronic configuration of Bes is:
o1, 01, 3, 05,

Thus, bond order of Beo: 0.5(Ny — Ng).

Ng: No. of electrons in the bonding orbitals

Np: No. of electrons in the anti-bonding orbitals

Therefore, bond order of Beo = 0.5(4 —4)=0

Zero value of bond order indicates that given molecule is unstable. Thus, Bes
doesn't exist.

0-36) Compare relative stahility of the species given helow and also writ

their magnetic properties.

(a) 02

sy 2= L



D) U7 (peroxiae)
(c) OF (superoxide)
(d) O;

Ai‘i:.)

O contain 16 electrons i.e. 8 electrons from each O- atom.

Electronic configuration of O is:

lo— (18)][o* (15)]*[0(28)]2[0* (28) P (1p: ) | [w(2p) 2w (2p, )2 [n* (2p2 )| [7* (2p, )]
As 1s- orbital of each O- atom does not involve in the bonding,

No. of bonding electrons = N, = 8

No. of anti-bonding electrons = Na = 4

Now,

Bond order=0.5(8 -4)=2

Electronic configuration of Og' (peroxide) is:

KK|o(28)*|o" (25)*[o(2p:)]* [(2p2 ) [m(2p,) P [7* (2p2) [P [7* (2p, )]
No. of bonding electrons = N, = 8

No. of anti-bonding electrons = Na = 6

Now,

Bond order=0.5(8 - 6) =1

Electronic configuration of 02" (superoxide) is:
KK[o(25)*[o"(25)]?[o/(2p:)]*[7(2p0 ) " [m(2p,)]*[7* (2p2) ] [7* (2p,)]*

No. of bonding electrons = N, = 8

No. of anti-bonding electrons = Na=5

Electronic configuration of 0’2" is:
KK|o(2s)]*[0* (28)*[o(2p:) P 7 (2p2) [ (2p,) P [7* (2]

No. of bonding electrons = N, =8

No. of anti-bonding electrons = Na = 3

Now,

Bond order=0.5(8-3)=25

As, bonddissociation energy o bond order

Hence, higher the bond order, higher stability will be there.

Arrangement according to decreasing order of stability is given as:

05 >0,>0; >0}



Q-37) What is the significance of positive (+) and negative (-) sign in
representing the molecular orbitals?

Ans.)
Generally molecular orbital are represented by the ‘wave function’.

Paositive (+) sign in representing a molecular orbital indicates positive wave
function.

Negative (-) sign in representing a molecular orbital indicates negative wave
function.

Q-38) Which hybridization is PCls is having? Why are equatorial bonds are
shorter than axial bonds?

Ans.)

The electronic configuration of outer orbital of phosphorus in excited state and in
ground state is given below:

Ground State:

] [elefe] LI 1]

3s Ip 3d

Excited State:

O LT 1T

3s ip 3d

Phosphorus atom is having sp®d hybridization. These orbitals are filied due to
donation of electron pairs by 5§ Cl- atoms: PClg

M MM BEII1]

t tt
a saa .a

)
.
]
----------------------- 4

-

The 5 sp3d hybrid orbitals present here are directed towards 5 corners of
trigonalbipyramidals. Thus, the geometry of PCl5 is given below:

Cl

Cl Cl

Cl

PCls contains 5 P- Cl sigma bonds. Out of which 3 P-Cl bond lie in only 1 plane

and they are making 120° with each other. And as these bonds lie in 1 plane they
areknown eauatorial bonds.



Out of 2 remaining P-Cl bonds one bond lie above the equatorial plane and one
bond lie below the equatorial bond. And they are making 90° with each other.
These bonds are called axial bond.

Equatorial bond pairs repel axial bond pairs to a large extent so, equatorial bonds
are slightly shorter than axial bonds.

Q-39) Give definition of H- bond (Hydrogen bond). Is H- bond stronger or
weaker compared to Van der Waals force?

Ans.)

“H-bond is defined as an attractive force acting between the hydrogen attached to
an electronegative atom of one molecule and an electronegative atom of a
different molecule”.

As there is differencein the electronegativities between the atoms, thus, the bond
pairelectronegative atom and hydrogen atom is drifted away from H- atom.
Therefore, hydrogen atom gets electropositive w.r.t. the other atom and procures
a positive charge.

The value of H- bond is minimum in gaseous state and maximum in the solid
state.

Two types of hydrogen bond are there:
(a) Intramolecular hydrogen bond e.g., o- nitrophenol

(b) Inter molecular hydrogen bond e.g., HF, Ho0O etc.

o

H- bonds are stronger than Van der Waals forces as H- bond are regarded as
extreme form of the dipole- dipole interaction.

Q-40)What do you mean by bond order? Aiso caiculate the bond order for:
(a) Oz

(b) Oy (superoxide)

(c) Oy

{d) Na

Ans.)



BONA Uraer: ITIs aennea as u.d UMmes e aimerence Detween e “No. OT e1ecirons
present in bonding orbitals and No. of electrons present in anti- bonding orbitals”
of a molecule.

Bond Order = 0.5(Np — Na);
Na: No. of anti-bonding electrons
Nb: No. of bonding electrons

07 contain 16 electrons i.e. 8 electrons from each O- atom.

Electronic configuration of O is:

[o—(18)2[c* (15) 2 [o(28) [0 (28) o (1p2 ) |* [(2p ) | [ (2p, ) |* [* (2p0) ]! [ (2, )] A
1s- orbital of each O- atom does not involve in the bonding,

No. of bonding electrons = Ny = 8
No. of anti-bonding electrons = Na = 4
Now,

Bond order=0.5(8 - 4)=2

Electronic configuration of O; (superoxide) is:
KK[o(2s)]*[o"(28)]*[o(2p: )| [m(2p.) [(2p,)]* [7* (2P )P [7* (2p,)]!

No. of bonding electrons = Ny = 8
No. of anti-bonding electrons = Na = 5
Now,

Bond order=0.5(8-5)=1.5

Electronic configuration of O; is:

KK][o(29)2[0° (28)?[0/(2p:) 2 [w(2p) P (2p,) 2 [* (22!
No. of bonding electrons = Np = 8

No. of anti-bonding electrons = Na =3

Now,

Bondorder=05(8-3)=25



ctroni

o(18)2[o* (1) [o 25) Lo (28) P (2 Pl (20, ) 2 (2 )

No. of bonding electrons = Ny = 10

El chfmll_rntlnn nf I\I-\ ig:

No. of anti-bonding electrons = Na = 4
Now,

Bond order=0.5(10—-4) =
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