One two aider Chemical Bonding

UNIT-10 CHEMICAL BONDING

MY REVISION TIMELINE:-

SUMMARY: :-

» Chemical bonding is the interatomic attractive forces which hold the constituent
atoms/ions together in a molecule.
» The atoms share or transfer electrons so that all atoms involved in chemical bonding
obtain 8 electrons in their outer shell (valence electrons)
» Types of covalent bonding:
e Covalent
e lonic
Covalent bond: Mutual sharing of one or more pairs of electrons between two combining
atoms result in the formation of chemical bond called covalent bond.
lonic bond: Electrostatic attractive force.
Bond length: The distance between the nuclei of the two covalently bonded atoms.
Bond order: The number of bonds formed between the two bonded atoms in a molecule.
Bond enthalpy: Minimum amount of energy required to break one mole of a particular
bond in molecules in their gaseous state.
Dipole moment: The polarity of a covalent bond can be measured in terms of dipole
moment.
u=qx2d
u - dipole moment (vector quantity)
» Electronegativity difference (Xa — Xg)
e Equalto 1.7, A-B bond has 50% ionic character.
e Greater than 1.7, A-B bond has more than 50% ionic character.
e Lesser than 1.7, A-B bond has less than 50% ionic charcter.
> lp-lp > lp-bp > bp-by where |, is lone pair and by, is bond pair.
» Sigma bond: When two atomic orbitals overlap linearly along the axis, the resultant bond
is a (sigma) bond.
» Pibond: When two atomic orbitals overlap sideways, the resultant covalent bond is called
n (pi) bond.
» Hybridisation: It is the process of mixing of atomic orbitals of the same atom with
comparable energy to form equal number of new equivalent orbitals with same energy.
» Types of hybridisation:
° Sp
o sp?
o spd
e spid
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° SdeZ
> Bond order =
Np = Total number of electrons present in the bonding molecular orbitals.
Na = Total number of electrons present in the antibonding molecular orbitals.
» Metallic bonding: The forces that keep the atoms of the metal so closely in a metallic
crystal constitute metallic bond.
TEXTBOOK EVALUATION

Np—Ng

Multiple choice questions:-

1. In which of the following compounds does the central atom obey the octet rule?

(a) XeFs (b) AICIs
(c) SFe (d) SClI
Explanation:
Compound No. of valance electron on the central atom
XekF; 10
AICI3 6
SFs 12
SCl, 8
2. Inthe molecule Oa = C = Og the formal charge on Oa, C and Og are respectively.
@-1,0,+1 (b) +1,0,-1
(c)-2,0,+2 (d)0,0,0
Explanation:
Formal change on Oa or Og =Nv—(Ni + %
4

=6-(4+ E)

Formal change on carbon =4-(0+ g)

3. Which of the following is electron deficient?

(@) PHs (b) (CH3)2
(c) BHs (d) NH3
4. Which of the following molecule contain no © bond?

(@) SO2 (b) NO2
(c) CO2 (d) H20
Explanation:

2 NPZAaN
RN O/ 5

¢}
O—C—0 / \
H H
Water contains only sigma bonds and no pi bonds.
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5. The ratio of number of sigma (o) and pi (7) bonds in 2- butynal is

(a) 8/3 (b) 5/3
(c) 8/2 (d) 972
Explanation:

CH,-C= C-C-H

I
0

No. of sigma bonds=4C-H+2C-C+1C-0=8
No. of pibonds=2C-C+1C-0=3

Ratio = 8/3
6. Which one of the following is the likely bond angles of sulphur tetrafluoride molecule?
(a) 120, 80° (b) 109°, 28
(c) 90° (d) 89°, 117°
Explanation:

Normal Trigonal bipyramidal angle is 90° and 120°, due to l.p-l.p repulsion, bond
angle in SF4 is 89° and 117°
7. Assertion: Oxygen molecule is paramagnetic.
Reason: It has two unpaired electron in its bonding molecular orbital.
(a) both assertion and reason are true and reason is the correct explanation of assertion
(b) both assertion and reason are true but reason is not the correct explanation of assertion
(c) assertion is true but reason is false
(d) Both assertion and reason are false
Explanation:
02 is paramagnetic. It has two unpaired electrons in its antibonding molecular orbital.
8. According to Valence bond theory, a bond between two atoms is formed when
(a) fully filled atomic orbitals overlap  (b) half filled atomic orbitals overlap
(c) non-bonding atomic orbitals overlap (d) empty atomic orbitals overlap
9. In CIF3, NFs and BFz molecules the chlorine, nitrogen and boron atoms are
(a) sp® hybridised (b) sp?, sp® and sp? respectively
(c) sp? hybridised (d) spd, sp® and sp? hybridised respectively
10. When one s and three p orbitals hybridise,
(a) four equivalent orbitals at 90° to each other will be formed
(b) four equivalent orbitals at 109° 28’ to each other will be formed.
(c) four equivalent orbitals, that are lying the same plane will be formed
(d) none of these
Explanation:
sp? hybridisation, geometry — Tetrahedral, bond angle 109° 28"
11. Which of these represents the correct order of their increasing bond order?

(@) Cz< C> <0 (b) C><Cr<0?< 0%
(c) 02 < 02" <0< C?* (d) 02 <Crt <0< C*
Explanation:
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12.

13.

14.

15.

16.

17.

Bond order = (np — na)

Bond order of 0,2 =% (8 —6) = 1

Bond order of C;" =% (5-2) = 1.5

Bond order of O, =% (8 —4) =2

Bond order of C;> =% (8 -2) =3

Hybridisation of central atom in PCls involves the mixing of orbitais.

(a) S, Px, Py, dXZ’ dxz_y2 (b) S, Pxy Pys Pxy, dxz'y2
(C) S, Px; Py, Pz, dxz_y2 (d) Px, Py Pxy, dxz'y2
Explanation:

PCls — sp3d hybridisation
S, Px, Py, Pz and dy’-y”
The correct order of O — O bond length in hydrogen peroxide, ozone and oxygen Iis

(@) H202> 03> 02 (b) O2>03>H0
(€) O2 > H20; > O3 (d) O3> 02 > H02
Explanation:

02=2

0O3=15

H.0, =1

Which one of the following is diamagnetic?

(@) O2 (b) O*

(c) O (d) None of these

Bond order of a species is 2.5 and the number of electrons are in its bonding molecular
orbital is found to be 8. The no. of electrons in its anti-bonding molecular orbital is

(a) three

(b) four

(c) zero

(d) cannot be calculated form the given information.

Explanation:

Bond order = % (np — na)

25=%(8-ny)

5=8-na
Na =3
Shape and hybridisation of IFs are
(a) Trigonal bipyramidal, sp3d? (b) Trigonal bipyramidal, sp3d
(c) Square pyramidal, sp3d? (d) Octahedral, sp3d?

Pick out the incorrect statement from the following.

(a) sp® hybrid orbitals are equivalent and are at an angle of 109°28 with each other.

(b) dsp? hybrid orbitals are equivalent and bond angle between any two of them is 900.
(c) All five sp®d hybrid orbitals arc not equivalent. Out of these five sp3d hybrid
orbitals, three are at an angle of 120°, remaining two are perpendicular to the plane
containing the other three

(d) none of these
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18.

19.

20.

21.

22.

23.

The molecules having same hybridisation, shape and number of lone pairs of electrons are

(a) SeFs4, XeOzF (b) SF4, XeF2
(c) XeOFy4, TeF4 (d) SeCls, XeF4
Explanation:

SeFs, XeO,F, — sp® hybridisation

In which of the following molecules / ions BF3, NO2~, H20 the central atom is
sp? hybridised?

(@) NO2™ and H20 (b) NO2~ and H.0

(c) BFs and NO> (d) BFs and NH2~

Explanation:

H,0 — sp®

NO; - sp?

BF; — sp?

NH; - sp®

Some of the following properties of two species, NOz™ and H3O* are described below.
Which one of them is correct?

(a) dissimilar in hybridisation for the central atom with different structure.
(b) isostructural with same hybridisation for the Central atom.

(c) different hybridisation for the central atom with same structure

(d) none of these

Explanation:

NOj3 - sp? hybridisation, planar

HsO" - sp® hybridisation, pyramidal

The types of hybridisation on the five carbon atom from right to left in the, 2, 3

pentadiene.

(@) sp® sp? sp, sp?, sp° (b) sp®, sp, sp, sp, sp’
() sp, sp, sp, sp , sp® (d) sp®, sp®, sp?, sp®, sp®
Explanation:

Sp s Sp : Sp Sp B Sp ?

CH, - CH=C=CH-CHs

XeF: is isostructural with

(@) SbCl, (b) BaCl;

(c) TeF> (d) ICIy™

The percentage of s-character of the hybrid orbitals in methane, ethane, ethene and ethyne
are respectively

(a) 25, 25, 33.3,50 (b) 50, 50, 33.3, 25
(c) 50, 25, 33.3, 50 (d) 50, 25, 25, 50
Explanation:

CHg — sp® 25%

CH3-CH3 —sp®  25%
CHo=CH, —sp* 33.3%
CH=CH-sp 50%
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24. Of the following molecules, which have shape similar to carbon dioxide?

(a) SnCl; (b) NO2

(c) C2oHz (d) All of these
Explanation:

COgz is linear

C2H: is also linear

25. According to VSEPR theory, the repulsion between different parts of electrons obey the
order
@lp-lLp>bp-bp>Lp-hbp (b)b.p-bp>bp-1Lp>lp-bp
©lp-lp>bp-lLp>bp-b.p (dbp-bp>lp-Lp>bp-1lp

26. Shape of CIFs is

(a) Planar triangular (b) Pyramidal
(c) ‘T’ Shaped (d) none of these
Explanation:

CIFs is sp® hybridisation.
27. Non- Zero dipole moment is shown by
(@) CO2 (b) p — dichlorobenzene
(c) carbon tetrachloride (d) water
28. Which of the following conditions is not correct for resonating structures?
(a) the contributing structure must have the same number of unpaired electrons.
(b) the contributing structures should have similar energies.
(c) the resonance hybrid should have higher energy than any of the contributing
structure.
(d) none of these
29. Among the following, the compound that contains, ionic, covalent and coordinate linkage

is
(a) NH4ClI (b) NH3
(c) NaCl (d) none of these

30. CaO and NaCl have the same crystal structure and approximately the same radii. If U is
the lattice energy of NaCl, the approximate lattice energy of CaO is
@u (b) 2U
(c) U2 (d) 4U

Write brief answers to the following questions:-

31. Define the following i) Bond order ii) Hybridisation iii) - bond

» Bond order: The number of bonds formed between the two bonded atoms in a
molecule.

» Hybridisation: It is the process of mixing of atomic orbitals of same atom with
comparable energy to form equal number of new equivalent orbitals with same
energy.

» ¢- bond: When two atomic orbitals overlap linearly along the axis, the resultant
bond is called a o-bond.

+1 Chemistry One two academy



One two aider Chemical Bonding

32. What is a pi bond?
» When two atomic orbitals overlaps sideways, the resultant covalent bond is called a
n-bond.
» When we consider x-axis as molecular axis, the py-py and p--p; overlaps will result in
the formation of a m-bond.

33. In CHa4, NHs and H,0, the central atom undergoes sp®hybridisation - yet their bond

angles are different. Why?

» The expected structure for all these compounds are tetrahedron and the bond angle is
109° 28".

> Due to the presence of one lone pair of electron on nitrogen atom on ammonia and
the two lone pairs of electrons on oxygen atom of water the structure deviates and
the bond angle varies.

» The lone pair of electrons occupy more space and they repel the electrons in the
covalent bonds.

v 9 /9@
S0 n A i
H‘ !_j H ) H 07.“[(?' o 1
. 109"285- \9&‘
Tetrahedton g Trigonal pyramid Bent 'V’ shape
(Wolone pair) . - (one lone pair) (tswo lone pair}

34. Explain sp? hybridisation in BFs.
> The ground state valence shell electronic configuration of Boron atom is [He]2s22p.

Ground State Excited state > Evbridisati Hybridised State
sp’ Hybridisation
I I I e
R 2p; ZP, 2p? E 2p! 2p; 2p; sp*  sp* sp?
[0 ]

¥]
25 25

> In the ground state boron has only one unpaired electron in the valence shell.

> In order to form three covalent bonds with fluorine atoms, three unpaired electrons are
required. To achieve this, one of the paired electrons in the 2s orbital is promoted to
the 2py orbital in the excited state.

> Inboron, the s orbital and two p orbitals (px and py) in the valence shell hybridises, to
generate three equivalent sp? orbitals.

» These three orbitals lie in the same xy plane and the angle between any two orbitals is
equal to 120°.

> The three sp? hybridised orbitals of boron now overlap with the 2px orbitals of
fluorine (3 atoms). This overlap takes place along the axis:

2p,
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35. Draw the M.O diagram for oxygen molecule calculate its bond order and show that
O:is paramagnetic.

A

a2 Electronic configuration of O atom is

[T
P 1s22s%2p*.
00 T 00 Electronic configuration of O, molecule is
PRI N g ER o2 o2 62 02 6% w2 w2 mwl il
5 T ‘ 1s) ¥ 1s» ¥ 250 ¥ 250 ¥ 2py 15 2py 15 2py 1V 2py 1 2p,
= Py 2p,
E s |t Np—N, 10-6
B o, Bond order =——2=—"2-=2
Py 2 2
e Molecule has two unpaired electrons.
a; *s . - .
—— * —1— Hence, It Is paramagnetic.
2s )
Atomic e Atnrriic orbitals
orbitals of oxygen G. of oxygen
Molecular orbitals of 0,
36. Draw MO diagram of CO and calculate its bond order.
4 A . . . .
A G N Electronic configuration of C atom is
g W WY 1522522p?.
A0 m T, _ _ _ _
SR NN o & o Electronic configuration of O atom is
& o, ‘ 1s22s22p*,
& P . . . .
L Electronic configuration of O> molecule is
- o% 02 0%, 032 5 ,m5 0%
S 1s) P 1s) Y25 Y257 52py TP 2pg0 Y 2py
A4— e Np—Ng _ 10—4
2% ) — Bond order =—2—%=—-=3
R i
o, Molecule has no unpaired electrons. Hence,
flt_f:f;ic : Molecular Atg}lﬁf it is diamagnetic.
or- 1tals o orbitals of CO orbitals
carbon of oxygen

37. What do you understand by Linear combination of atomic orbitals in MO theory?

>

The wave functions for the molecular orbitals can be obtained by solving
Schrodinger wave equation for the molecule. Since solving Schrodinger wave
equation is too complex, a most common method is the linear combination of
atomic orbitals (LCAO) is used to obtain wave function for molecular orbitals.
Atomic orbitals are represented by wave functions y. Consider two atomic orbitals
represented by the wave functions ya and ye with comparable energy that combines
to form two molecular orbitals.

One is bonding molecular orbital (y bonding) and the other is anti-bonding
molecular orbital (y anti-bonding).

The wave function for molecular orbitals, wa and ys can be obtained by the LCAO as
shown below:

Whonding = WA + B

Yanti-bonding = WA — B

The formation of bonding molecular orbital can be considered as the result of
constructive interference of the atomic orbitals and the formation of anti-bonding
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molecular orbital can be the result of the destructive interference of the atomic
orbitals. The formation of two molecular orbitals from two 1s orbitals is show below.
» Constructive interaction: The two 1s orbitals are in phase and have the same sign.

- M
s — |+ |
1s 1s 1s 1s

- — W

bonding molecular orbital

represented by :

e — ¢

¢ bonding MO
» Destructive interaction: The two 1s orbitals are out of phase and have opposite sign.

AL F A
N |

node

- — = »

anti-bonding molecular

represented by orbita:l

00 ©o O

bonding molecular orbital
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38. Discuss the formation of N2 molecule using MO Theory.

F s I e

3

o, Electronic configuration of N atom is
aAn 1s22s%2p?3.
8 444 T T, Af—4-0- : : : :
S| op e 2p e T 3 2 2 Electronic configuration of N2 molecule is
o A e T 2 42 2 42 2 2 2
o, 015 015,025 025, T’:Zpyl anzl O'pr
“A—i— Np—N, _ 10—4
L, Bond order =—2—2=—-=3
Py Wy 2 2
o Molecule has no unpaired electrons.
44— % e Hence, it is diamagnetic.
2s .‘»_‘ 2s
F\llmnic ‘*_1L_," Atomic
nrb] tals of o, orbitals
nitrogen - _ of nitrogen

Molecular orbitals of N,

39. What is dipole moment?
The polarity of a covalent bond can be measured in terms of dipole moment which is
defined as u =g x 2d.
u - dipole moment
g - charge
2d - distance between two charges

40. Linear form of carbon dioxide molecule has two polar bonds, yet the molecule has
Zero dipole moment why?
» The linear form of carbon dioxide has zero dipole moment, even though it has two
polar bonds.
» In CO, there are two polar bonds [C = O], which have dipole moments that are equal
in magnitude but have opposite direction.
» Hence the net dipole moment of the CO2 isp =1+ P2 =z +(— 1) =0

O0=C =40
e e——
H, H,

[n this case p= m‘FH)
T

—
o+ ) =0

41. Draw the Lewis structures for the following species. i) NOs™ ii) SO4% iii) HNOs iv) O3
=

@6 I N = (’j [l Lo

NO; Wi I (or) U= ‘l\T =9
0 01

o Lo 2&

C: BRids)

o e8-i-0 @ |alg

. o = " i
:0: 0
H-6-N=0
HNO,(Nitric acid) E A

.0 0.
J CRICHE o
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42. Explain the bond formation in BeCl> and MgCl..
» BeCly:

e In BeCl> both the Be-Cl bonds are equivalent and it was observed that the
molecule is linear.

e Itis sp hybridised.

e One of the paired electron in the 2s orbital gets excited to 2p orbital and the
electronic configuration at the excited state.

e The 2s and 2p orbitals hybridise and produce two equivalent sp hybridised orbitals
which have 50% s-character and 50% p-character.

e These sp hybridised orbitals are oriented in opposite direction.

Ground State +  Excited state L Hybridised State
| — sp Hybridisation =~ I —]—
| 1 — T ELlidly

0 2y 2 | 28k 2, 2, spsp

| 3 2s! ‘
e Each of the sp hybridised orbitals linearly overlap with 3p; orbital of chlorine to
form covalent bond between Be and CI.

Cl

3p, 3,
» MgCl: _
* Mg + Cl + Cl— MgCL

282) (287 (287  (28)(288) (2,8,8)

e Magnesium atom donates one electron each to each of the chlorine atoms.
Mg atom donates 2 electrons in total.

e Mg becomes Mg?* cation attaining stable Neon configuration.

e Two Cl atoms gain one electron each and forms CI- anion with stable
configuration of Argon.

e Mg?" and 2CI ions combine to form ionic crystal in which they are held
together by electrostatic attractive force.

43. Which bond is stronger ¢ or 77 Why?
¢ bond is the stronger bond. The area of contact (overlap) between two orbitals in n

bond is less whereas in ¢ bond the overlapping is more.

44. Define bond energy.
Minimum amount of energy required to break one mole of a particular bond in

molecules in their gaseous state is called bond energy.

45. Hydrogen gas is diatomic whereas inert gases are monoatomic — explain on the basis
of MO theory.

A o W

Electronic configuration of H atom is 1s?.

. R Electronic configuration of H, molecule
- Is Is : 2
%‘3 Atomic —WL'—’ Atomic IS O1s
s orbitals of G orbitals Bond order = Np=Na = 20 =1

hydrogen " of hydro, 2 2
Molecul: yerogen npai
olecuiar Molecule has no u palred electrons.

orbitals of H, o . .
Hence, ItIs dlamagnetlc.
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Helium molecule (i.e.) Ha:
Electronic configuration of H atom is 1s2.

Electronic configuration of H> molecule is 62,0732
Np—N, 2-2
Bond order ==—*==—==0

46. What is Polar Covalent bond? Explain with example.

» If a covalent bound is formed between atoms having different electro negativities.
The atom with higher electronegativity will have greater tendency to attract the
shared pair of electrons towards itself than the other atom. As a result, the cloud of
shared electron pair gets distorted and polar covalent bond is formed.

» Example — HF — Hydrogen fluoride:

The electro negativities of hydrogen and fluorine on Pauling’s scale are 2.1 and 4
respectively. It means that fluorine attract the shared pair of electrons
approximately twice as much as hydrogen which leads to partial negative charge on
fluorine atom and partial positive charge on hydrogen atom. Hence, the H - F
bond is said to be a polar covalent bond.

47. Considering x- axis as molecular axis, which out of the following will form a sigma
bond.
i) 1s and 2py - Sigma bond
i) 2px and 2px - Sigma bond
iii) 2px and 2p; - No sigma bond
iv) 1sand 2p; - Sigma bond

48. Explain resonance with reference to carbonate ion?
» The skeletal structure of carbonate ion (The oxygen atoms are denoted as Oa, O,
Oc)
@)

B
o ¢ o

Total number of valence electrons = [1x4(carbon)] + [3x6(oxygen)] + [2 (charge)] =
24 electrons.
> Distribution of these valence electrons gives us the following structure:

0z
B

0 —C—QO
A

oe

» Complete the octet for carbon by moving a lone pair from one of the oxygens (Oa)
and write the charge of the ion (2-) on the upper right side.

02
| B
O =C—0
A C
> For the above structure, we can draw two additional lewis structures by moving the

lone pairs from the other two oxygen atoms Og and Oc. and thus creating three
similar structures in which the relative positive of the atoms are same.
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:O:B
I |
10— C—:
A C
i
:0:
| B
0 —C=0

A
3

» They only differ in the position of bonding and lone pair of electrons. Such
structures are called resonance structures and this phenomenon is called resonance.

» It is evident from the experimental results that all carbon-oxygen bonds in carbonate
ion are equivalent. The actual structure of the molecule is said to be a resonance
hybrid, an average of these 3 resonance forms. The following structure gives a
qualitative idea about the correct structure of CO3z> (carbonate) ion.

%

0: o
|
7 ¢ X

%0 0

49. Explain the bond formation in ethylene and acetylene.
Bonding in Ethylene (C2H.):
» Bonding in ethylene can he explained by hybridisation concept.
» The valency of carbon is 4. The electronic configuration of carbon is
1s? 252 2pyt 2pyt 2p2°. One electron from 2s orbital is promoted to 2p; orbital in the
excited state to satisfy the valency of carbon.

Excited state Hybridised Stat
Ground State i : ~ sp*Hybridisation ¥ " 1 ei fe| :

i1 1 4 1| > P 1 a1
ey | ECRET CHTET
) 2 2! p| P 2y P s’ sp' spt 2p]
o

> In ethylene both the carbon atoms undergo sp? hybridisation involving 2s, 2px and
spy orbitals resulting in 3 equivalent sp? hybridised orbitals lying in the XY plane at
an angle of 120° to each other. The unhybridised 2p; orbital lies perpendicular to the
Xy plane.
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;:{ 4

> One of the sp? hybridised orbitals of each carbon atoms Iylng along the X — axis
linearly overlaps with each other resulting in the formation of C — C sigma bond.
The other two sp? hybridised orbitals of both carbon atom linearly overlap with the
four is orbitals of four hydrogen atoms leading to the formation of two C — H sigma
bonds on each carbon atom.

» The unhybridised 2p; orbital of both carbon atoms can overlap only sideways as they
are not in the molecular axis. This lateral overlap results in the formation of a pi
bond between the two carbon atoms.

Bonding in acetylene (C2H>):

» Bonding in acetylene can be explained by hybridisation concept.

» The electronic configuration of valence shell of carbon atom in the ground state is
[He] 2s? 2p«t 2p.°. One electron from 2s orbital is promoted to 2p; orbital in the

excited state to satisfy the valency of carbon.
Excited state Hybridised State

sp Hybridisation
LT ———— EOEC T
E| 2P 2p; 2 spsp 2p) 2p
1

25

» In acetylene molecule, both the carbon atoms are in sp hybridised state. The 2s and
2px orbitals resulting in two equivalent sp hybridised orbitals are formed lying in a
straight line along the X — axis. The unhybridised 2py, and 2p; orbitals lie
perpendicular to the X-axis.

» One of the two sp hybridised orbitals of each carbon atom linearly overlaps with
each other resulting in the formation of a C — C sigma bond. The other sp hybridised
orbital of both carbon atoms linearly overlap with the two is orbitals of two hydrogen
atoms leading to the formation of one C — H sigma bond on each carbon atom.
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» The unhybridised 2py and 2p; orbitals of each carbon atom overlap sideways. This
lateral overlap results in the formation of two pi bonds. (py — py) and (pz — p2)
between the two carbon atoms.

50. What type of hybridisations are possible in the following geometrics?
a) octahedral - sp®d? or d?sp®
b) tetrahedral - sp®
¢) square planer - dsp?

51. Explain VSEPR theory. Applying this theory to predict the shapes of IF7, and SFe.

» The shape of the molecules depend on the number of valence shell electron pair
around the central atom.

» There are two types of electron pairs namely, bond pairs and lone pairs. The bond
pair of electrons are those shared between two atoms while the lone pairs are the
valence electron pairs that are not involved in bonding.

» Each pair of valence electrons around the central atom repel each other and hence
they are located as far away as possible in three dimensional space to minimise the
repulsion between them.

» The repulsive interaction between the different types of electron pairs is in the
following order: lp-l, > lp-bp > bp-bp Where 1, is lone pair and by is bond pair

» The lone pair of electrons are localised only on the central atom and interact with
only one nucleus whereas the bond pairs are shared between two atoms and they
interact with two nuclei. Because of this, the lone pairs occupy more space and
have greater repulsive power than the bond pairs in a molecule.

IF:

It is an AB-7 type molecule. This molecule has 7 bond pairs of electrons and no lone pair

of electrons. Due to bond pair-bond pair interaction of electrons, IF7 has pentagonal

bipyramidal shape.
F

SFe:

It is an ABs type molecule. This molecule has 6 bond pairs of electrons and no lone pair
of electrons. Due to bond pair-bond pair interaction of electrons, SFe has octahedral
shape.

€3

N\
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52.

CO:z and H20 both are triatomic molecule but their dipole moment values are

different. Why?

» Molecules having polar bonds will not necessarily have a dipole moment.

» For example: The linear form of carbon dioxide has zero dipole moment, even
though it has two polar bonds.

» In COg, there are two polar bonds [C = O], which have dipole moments that are equal
in magnitude but have opposite direction.

» Hence the net dipole moment of the CO2 isSp =1+ P2 = 2 +(— 1) =0

O0=C=0
e
H, M,

In this case p= m+ﬁ>

- >
=, +(-p,) =0
> In case of water, net dipole moment is the vector sum of p1 + 2
) —>
u"l/ :%.6: l"’2 u2
S+ /l\ &+ u
H § H H)u

L
> Dipole moment in water is found to be 1.85D.

53. Which one of the following has highest bond order?

54,

55.

N2, N2t or Ny
N2 (14 electrons)

Bond order = 22 = 102—_4
N2* (13 electrons)

Bond order = @ = 9_74 =25
N2 (15 electrons)

Bond order = 22 = %
So N2 has highest bond order.

=3

=25

Explain the covalent character in ionic bond.

> lonic compounds like lithium chloride shows covalent character and it is soluble in
organic solvents such as ethanol.

» The partial covalent character in ionic compounds can be explained on the basis of a
phenomenon called polarisation.

» In anionic compound, there is an electrostatic attractive force between the cation
and anion. The positively charged cation attract the valence electrons of anion while
repelling the nucleus.

» This cause a distortion in the electron cloud of the anion and its electron density
drills towards the cation, which results in some sharing of valence electrons between
these ions. Thus, a partial covalent character is developed between them. This
phenomenon is called polarisation.

» Thus due to polarisation, ionic compounds shows covalent character.

Describe Fajan's rule.
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» The ability of a cation to polarise an anion is called its polarising ability and the
tendency of an anion to get polarised is called its polarisibility. The extent of
polarisation in an ionic compound is given by the Fajan’s rule.

» To show greater covalent character, both the cation and anion should have high
charge on them. Higher the positive charge on the Cation greater will be the
attraction on the electron cloud of the anion.

» Similarly higher the magnitude of negative charge on anion, greater is its
polansability. For example, Na* < Mg?* < AP*, the covalent character also follows the
order — NaCl < MgCl> < AICI3

» The smaller cation and larger anion show greater covalent character due to the
greater extent of polarisation. e.g., LiCl is more covalent than NaCl.

> Cation having ns?np®nd? configuration shows greater polarising power than the
cations with ns?np® configuration. e.g., CuCl is more covalent than NaCl.
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