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CHAPTER

Chemical Bonding

Que. What is chemical bond?

Ans. Force of attraction between two atoms.

When Force of attraction > Force of repulsion — bond form.

Force of repulsion > Force of attraction — bond does it form. (Note: intended "does not form")
Que. Why a chemical being is formed?

Ans. To achieve the stability.

Force of attraction > Force of repulsion
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» Strong Bond:-
v Such bonds have low potential energy and thus High stability they have strong attractive forces
between them and bond energy is greater than $42 \text{ kJ / mol}$ is required to break the bond.

> Tonic Bond:-
v' Tonic bonding is the complete transfer of valence e~ b/w atoms.
v" Metal + Non-Metal — Tonic bond
(electro +ve element) + (electro -ve element)
v’ Na+ Cl- Na"Cl~
2p®3st 3s23p°
v' 2Ca + Cl, - CaCl, (+2,—2 charges)
» Covalent bond:-
v Chemical bonding is the sharing of $e/-$ between atoms.
H-+ H-H-H
» Condition:-

v Both elements are non-metal formation of covalent bond.
v Electro -ve element + electro -ve element — covalent bond
v Ex.F-+-F->F-F
v  Ex.H-+-Cl-> HCI
» Coordinate bond / Dative bond:-
v A coordinate bond is a type of covalent bond but
v But in this bond the electrons are shared by a single atom, whereas the second atom accepts the
electrons.

Lewis acid + Lewis Base — Coordinate bond
(e~ pair acceptor) (e~ pair donor)

(7 g
BH:‘S 8 NR3 >H _\ [
Ge®(un) Lewujs *1/ [ '\&
Bgxse Ctﬁ;nafi

P
L-A LB

» Maetallic Bond:-

v Metallic bond force that holds atom together in a metallic substance. Such a solid consists of
closely packed atom. In most cases the outermost $e/-$ shell of each of the metal atoms overlap
with a large number of neighbouring atom.

Fe — Fe (Metallic bond)

Mn,;(CO)1o + Na = [Mn(CO)s]~ (Weakest bond)

(close packed) smaller size = good overlap — strong metallic bond
larger size (not closed packed) — Bad overlap — weak metallic bonds
Metallic bond is weaker than ionic, covalent, coordinate bond.
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» Lewis Octet Rule:-
v According to this rule an atom undergoes bond formation in order to complete its octet i.e. 8 e in

the valence.
Ex.

CHy NH,

v But all molecules does not follow octet rule.
(i) Hypovalent species:-
= Less than 8 e called Hypovalent species.
= Ex. BF3 BCl3, Bl3, BH3, AICI3
(ii) Hypervalent species:-
= More than 8 e called Hypervalent species.
= FEx. PC15, PF5, SFG, Xer
v' Generally 2" period elements follow octet rule but 3' or 4" period elements does not follow octet
rule because they shows expanding.

» Condition for expanding:-

If Central atom containing vacant d-orbital.

Electronegativity of surrounding atom must be more than hydrogen.
If Hydrogen is surrounding atom they are not expanding.

OH,, NH;, NCl;, PCl;, PCl;, PF3, PF5, SF, XeF are exist

PH; — PH;5 (Not exist)

SH, — SHg (Not exist)

XeH, — XeHg (Not exist)

Because surrounding atom is hydrogen.

PH; (2.1 EN) - 3523p33d° but (more distance less attraction)

PF; (4.1 EN) - 3523p33d° (s or d - less distance more attraction)

> Bond order:-
v" Bond order of the molecule giving several resonating structure is calculated using the formula
given below.
v Average bond order = (Total no. of bonds formed between any 2 atom in all the structure) / (Total
no. resonating structure.)

EX. Cos ™

e, c—
>C:D MO\—OB —
e
N e"g’/ 7

I

AN N N N N U N NN
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No. of atoms 4
Bond order = ——— (30 + 1) = - = 1.33
resonating str. 3

This formula only applicable for trigonal planer molecule.

» Valence bond theory (VBT):-
v" VBT used for find out Hybridisation of molecule. This theory says that a covalent bond between
two atoms is formed when atomic orbitals of proper energy and symmetry overlaps. Heitler and
London proposed this theory and later on Pauling and Slater extended it.

[IT]

il S
— { I__T |
] - | I.
{ Hybrid ovh jtal)
Hybrid orbital Molecular orbital
When two orbitals of same energy mix | When in a molecular orbital, two orbitals of the same energy
together, hybrid orbitals are formed. overlap they form either a bonding molecular orbital or an

antibonding molecular orbital.

LI T : _ AEHG
+ {ag) -— _l y—[—} eI @ "
— e i e

() ovbifals Bra

{ lowest aneviy)

Que: Among s-s, p-p and s-p which has the longest bond length?

Ans: Heitler and London could not explain this concept. It was explained by Pauling and Slater.

» According to Heitler and London:-

v' Two atoms must come close to one another so that the overlapping of orbital of one atom with the
orbital of other atom could take place.

v" For the formation of a covalent bond.
Hoe~H->H-H

v" For the formation of bond electron must have unpaired or antiparallel.
He~H->H-H

v' Wherever the attraction is greater (bond is stronger) the bond energy will be higher but the bond
length will decrease.
Ex. H-F, HCI, H-Br, HI

v Bond length order: HF < HCI < HBr < HI

v In HF Fluorine is more electronegative the bond energy is higher. Whereas in HI due to less
attraction the bond energy is lower. So in HF compared to HI the bond length is shorter.

v' Concept: attraction T Electronegativity T Bond energy T Bond length

» Extension by Pauling and Slater:-
v" The extent of overlapping depends on the following factor.
1. Nature of the overlapping itself:-
= The smaller principal quantum number and closer it is the nucleus, overlapping will be

better.
n=1 (k-shell, good overlapping) n=3 (M-shell)
n=2 (L-shell) n=4 (N-shell, weak overlapping)

2. s-orbital have non-directional and spherical shape. s-orbital show headwise overlapping. but
p-orbital have directional in nature and dumbel shape they show both types of overlapping
head or lateral.
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Qb 0 0

head on ovw!a,np('nj ‘ é
3&"(6&0’3 (3) H(C(O, -Heqd OVO{/qFf"nj
Pregence oé—- centfey ob——
\S;}mme-hy celled >
Jevmcle (3) S1de- wise ovexjeppin

Absence of centet aﬁ. s e'hj
Called tm(jemo/e ().

Extended of overlapping :- 1s-1s > 2s-2s > 3s -3s
3. d-orbital :- Double dumbel shape and presence of center of symmetry called gereade.

3-3 S-Pz.
2o
T bong T=hend g5 b;,:’n
>0 S > D@j—\/p
Sf;v-s P’Z &3 PZ. G/ZZ— C/Zz
- bond f—bonq' B

du‘-jl dxx 4=
In head-on overlapping sigma (o) bond is always formed.
In I'T bond formation, sidewise overlapping always occurs.

When during ¢ bond formation the signs are ++ or -- then a bonding molecular orbital is formed.
When the signs are +- or -+ then an antibonding molecular orbital is formed.

ANEA NI NERN

PTI-dTr bond

Firfma'ﬁm P odTT bend FoT"l«ﬁW dr-d7r OV”‘IQFMJ

(M _ ,3*‘") - bond Fovmalion

» Strength of bonds:-
v The bond strength of bonds between two orbitals depends on the following factor.
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(A) Principal quantum Number (n):- Lesser the principal quantum number (n) of the orbital
smaller is its size and stronger the bonds it forms.
Ex. Sigma bond formation occurs in both 1s-1s and 2s-2s overlap, but the bond strength is
greater in 1s-1s than in 2s-2s because the size is smaller.
(B) Directional nature :- orbitals with directional nature show better overlapping as compared to
non-directional orbitals.
P, + P, — o but
P, — directional — good overlapping
s+ s — o but s = Non directional — Bad or Weak overlapping
v Due to the spherical shape of the s-orbital, electron density can be present anywhere around the
nucleus.
(3) % percentage s-character : If percentage of s-character T strongest bond will be form.
% s-character a bond strength a good overlapping
sp > sp>  >sp°
50% 33% 25%
More bond strength less bond length
Order of domination of different factor
% age s character > principal quantum NO > Directional nature
Hybridisation: Atomic orbitals having the same energy mix to form the same number of hybrid
orbitals.
o bonds + lone pair = Electron pair (Hyb")
IT-bond does not participate in Hybridisation

. BFs EX.

N
Il
£ oy 17l\,,
36—B‘P+OL'P:3Ef

Zc—'B'O_f.’LP = Q'EP

"
Fyb™ — sp> Hyb™ _ sp>
Electron pair Hybridisation Geometry Bond angle
2EP sp linear 180°
3EP sp? Trigonal planar 120°
4 EP sp? Tetrahedral 109° 28°
5EP sp>d Trigonal bipyramidal 120° (eg-eq) 90° (axial-eq)
6 EP sp>d? Octahedral 90°
7 EP sp>d’ P.B.P 90°/72°
8 EP sp>d* Sq. antiprismatic 45°

> VSEPR Theory:

v' VSEPR Theory applicable only for non-transition element (specially p-block)

v" VSEPR not applicable for transition element (3d/4d/5d)

v' VSEPR use for shape and geometry specially for P-Block elements.

ToppersNotes / 9828-286-909
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» VSEPR Theory: Find out the shape and Hybridisation of non-transition element.
> Repulsion Sequence: Find out bond order and bond angle.
[LP-LP>L.P-B.P>B.P-B.P]
More repulsion less Bond angle Less repulsion more bond angle

—"-;_=>-:>__

# LP—LP> P =

Temi‘m o |

Lome pauist -Z> LP —
double

band boﬂcl a/\ﬂe
X @ Hl
e 7 1 %
B QP " T,
/N H | y " H
H H h
LA . Y 2 S ok ST IR B
SBPra L f SBPA LP 4B'P+oLf = 5P Hy k)
:4EP:SP3 :4EFTSF3 Bond CU‘)JJe =]o9°
3ond an}le = 'Ot}"(' Boﬂc' angle = log (8-P~ B3P vzf/uj‘;"-c,q)

Less e Pu,,LM o

<L'P- L.PWMM) (L‘P_B'f)wf*d“"") Move Bond argl,
3

Move vepulsion !
Les bond angle

» STEP-1 Find out Central atom
v" Less electronegative element is always central atom except Hydrogen.
= Hydrogen is always present in the surrounding (terminal position) it can never act as a central
atom.
= Generally in a molecule the atom that appears only once (single atom) is the central atom.
= Ex. NSF3: Here S is central atom
= Ex. XeFs : Here Xe is central atom
= Ex. IFs: Here I is central atom

» Step II: Find out the valence e of central atom.

G-I G-II G-13 G-14 G-15 G-16 G-17 G-18
ns' ns’ ns’np’ ns’np> ns’np° ns’np* ns’np° ns’np®
valence 1 e 2e 3e” 4e S5e” 6e” 7e 8e
» Step-III: Find out the valency of surrounding atom:-
G-I G-II G-13 G-14 G-15 G-16 G-17 G-18
valency 1 2 3 4 3 2 1 0/8

v In Group 14, Group 15 and Group 16, those elements which have vacant d-orbitals can expand
their octet so their valency also increases.

v" Ex. PCls — Group 15 element. P = 5 valency (due to expanding)

ToppersNotes / 9828-286-909
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» Step-IV: Find out the electron pair
v" Electron pair = No. of Bond pair + No. of lone pair

EX. NSF3
N 8 *$W70wwdjnj ofom

X—F

X~—F

;-;: = 4 1 0.LP = 9P
1 = op3

;( N HYyb'l = SP

» Step-V: Find out geometry and shape. Geometry = With lone pair = No. of B.P + L.P shape =
Without lone pair = No. of only bond pair (¢ bond)

EX Qoﬁ 4EP= sp Hyb"
4 S Gremeby = Td

shope = v-shope/ bent -shope | Angulax
Shape
v In VSEPR we studied spd and in VBT we studied sp°.

B | i = g 'Ccmfafnfn] E354/0

X—F :

x —F 58 P+ ’L'P:G'EP
X —

X—Z—: HysM - gp?’da
X—F

XLrp G‘Ieomd‘rj = Ocfahedral

Shope = $9. pyvomidad.
=

A

3 -
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4RB-P +oLP=4£f IBPYILP=9Er 98P+ oLP=4ep

Hélb'n:-spa
Gromy = T4 Gty T Gty _ g

Shope =T (BlcNo  Shope = TFeigonal.  shape = Bent-
i Ppramidal Sliape:

Hyb" = sp3 H{jb’n =5p3

Tdenticad T4

All bond angle and
bend  dength cuce
(#ame)

v' If bond angle and all bond length are same we use identical word.

| Y

E ~TSTA TSE
x?” ™ /X
>c X %
F'f’:: 3BPOLP NBPE (L = 36
Ep = spp HYB™ = gp>
Hsb’)’) s SPQ‘ CI(’OM("!"Y:/ = “ﬁ,('y()rmo, {)Irvl)(’){,

\Sha’J(» ~ bent-
IJOOQ{ f’qne)t

= T[genal p laney

G'ICOm e‘f‘vj = x5
\Shafbe

> Bent Rule:-
v" Bent rule applicable For T.B.P Geometry and sp>d® hybridisation.
v According to bent rule In T.B.P molecule more electronegative element present in axial position
and less electronegative element present in equatorial position.
v AJc to bent rule larger size element and molecules
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Ex. T,~

Ex.  clFs B - Sefy
| = Fve® Se = gve® T = v 4 1 (-ve)
CFwmar xoe o rTDaen
X op SFP xE ¥ Jif ) q— a
: Trp Hyb" = s Y EJ_;,P Gf::__w
XTLrp e =Tpp I8P+ 1P x FIP " “"‘f"pp
' Share = T-shqpe » ;EEP pe = Iineqy

b _—Sfﬂqr
F Gieo = 1. p.p
Shape = See.gyq,y
T

F
“
« X
l/ dx
_
| =
% | x
%
(BP+oOLP = CEP
Hy bl =SF34L
G1co = O“\
Shape = oh

EX. ST (Tdentfeal ofy)

FF I
xK‘ 2 " v A %
\\j
E/ =% E
| FL.P A
X ! X x ¥
X
SRP+ILP=6EP 48P4ILP=6EP
HYEM = sPg> Hys"= spd?
6190 = Oh G’iCO e OA
\Sh:e =Sy tyvmid o shape = sq-Plans,
S B XeF, ||

v' IF Electron pair = 7 Hyb" = spd® Geometry = P.B.P

g fal )
XC\ qe axial)
X (e9) x )%
T2y '
X Xeq P X
4 X
X x

ToppersNotes / 9828-286-909
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Que. Find out geometry shape, Hybridisation, bond pair and lone pair?
(i) XeO4

:]o 4BP+ OLP= 4Ep x,!:\
S
XJo  HIB = sps o/ér ~o
XX To G0 = T4
;}Q \S'I)Qfe [~ 7-4
(ii) XeO2F4 Xe = 8 ve
x
:]}O 6BP+ oL-P=6Ep
b
X ;
-F
::‘r:r G1eo = PPBP
shafe = oh (octohedvad)
= it F
/Xe
= \1:
o)
(iii)XeO2F2 Xe = 8 ve
Xe = BVe®
;,(J'—O 4BP+ |L'P= 5EP fl O

e " =spy /

K= 0160-' T BP
X—g

z }I'P Yae ben+ nde

Shope = See ~$qu- F
(iv)[H2F] 8 ve
X=H  RBPF 3LP=FEp 0
L H—F —y
cqr  Geo = Tgp Jd D
XFr Sha = ]
x P pe Aineqy ého.fe,
P

ToppersNotes / 9828-286-909
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*  XeOsF:

i BBP+ oL = 5ep
£ 16 HIET = api
X
To try =
;_,: Cneome'hj = 7'8[’(3”’!{"1(110)
L Shape. =
X —p W '= TBP [ Becasse N lone palr)
£ V)
g0
* [CIF4]*
e 48F+ 1LP= By
i
= 5 -
’;:E HybM = .Sfﬁd ( Bert~ule)
x P Gleo= Tap
Shape = See- Squs-
o
C!\
F F
> Shape:-

1 L.P + 2 B.P = Bent shape

2 L.P + 2 B.P = Bent shape

1 L.P + 3 B.P = Pyramidal

1L.P+4B.P = See-saw

2 L.P + 3 B.P = T-shape

3 L.P+2B.P = linear

1L.P + 5 B.P =sq. pyramidal

2 L.P +4B.P =sq. planar

1 L.P + 6 B.P = pentagonal mono pyramidal

» Identical Td and Identical octahedral:- All bond angle and bond length are same called identical
octahedral.
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I
4 c[\ eé}__,S[__o@
F o}
sP spP sp°

Tdentieal Tof

H

Fiems, F
| 7

c
a” ™\ / S\

c{l = Q—"cy
sp® sps

distorted -1y~ 8-Td
Non- identfcal
& F
I = .
—s(identical) (PR T
&h SPB({;_
F F allbond F i
3 Clhg.le =90 r -

» Iso-structure and Iso-electronic:-
v" Condition For Iso-structure
(i) Same Hybridisation
(ii) Same No. of Lone pair and bond pair
v" Condition For isoelectronic:-

(i) Same number of valence e".
Que. How many molecules are iso-structure and iso-electronic?

B @ NHq@ ) BH‘{@ (c) CHy thich ang 50~ tsudier

X —H x =H Xiem b
Xy - Rt | * =4
X —H X—H B
L —
X —p H i

4BP+oLP = 4EP

4B P =4EP +B-P=4 ep
HYyb= sp3 HYE" = gp3 Hyb" = sp3
Gieo = Td Greo = Td G-reomrhj = 7—4
Shafe = TcJ ShaPe = Td ShCLPQ = Td

TVE = g TVE = 8e®

TVE = 82
W

AL ase (g0 -5ty and Loelectonic
28
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» Planar or Non-Planar Molecule:
v' Planar and non-planar nature of a molecule depends on symmetry.
v' If a molecule has a g, (horizontal) plane then it is planar.
v’ If it has only o, (vertical plane) then it is non-planar.
v’ Horizontal plane (03,) means a plane perpendicular to the principal axis.

EX. Benzene

5 Y
@ — Planast
H H
H

» VSEPR VS Point group: Point group depends on following factor.
(i) principal axis (C,)
(ii) Subsidiary axis (C5)
(iii) Plane - oy, 6, 04
» Principal axis (Cn): Principal axis denote by C,. n = Higher No. of rotation
v The axis covered / shifted maximum atoms called principal axis.

=

r
Ex
= ;- I:a = ié_lj__ =%
/-8 (20
F -
Ex. 0=—=C =—0 ——Com
Ex - I3
: > = 360 =4
X "“"C.,_ 3o
S e
H
B,
- H ﬁo_ = H /k\ H
8e = I '_(—‘“s
3 o HOONTH
) Benzene
Fovidine

» Subsidiary axis (Cz): The axis perpendicular to principal axis.
EXx

o =——J= o —=Ch
(Fw'nc;'pal)

Cl

ToppersNotes / 9828-286-909
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e MO a!Sr.lJ‘.lsFr‘tU{[':r qr 14

» If principal axis (Cn) 1 subsidiary convert Dn.

Plane
Oh Ov Od
The plane 1 to Ci. The plane $\parallel$ to Principal axis | The plane bisect by two
called vertical plane. Co-axis.
F i
t/
o &
£

Dsh planar (Non-planar) There is no subsidiary axis | These are generally found
There is a subsidiary axis there | there will be a vertical plane. in organic molecules.

will be a horizontal plane

v' If o, ov and oq are all present in a molecule then the priority order will be as follows: on > oy > da.
EX. l Wheneves) @ dul)smhaw/ aqxis 15
¥ ~ V
(&5 Ll 91——%1\, poipendicular fo the pincipal
(o

2(8) axis , i /s converled into D -

md 6 = s [
" C,.;h)h {Dm TF i+ s et pwfmdlouﬁq?f
Hoh = plingy +hen ¢y vemarns Cx-
1% o
EX. 5 — G® ( No»subslq'wuy)
! e b No hosizental

QLS = GV( Nen-planax)

v’ If amolecule has a oy plane, it is planar whereas molecules with oy planes are generally non-planar.

=3
=
</
F
ke P Y ((Non~Hlems) c«»ofxfm )
. i 97

Cplangy)
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Que. The point group symmetry of XeOF4 is
(a) Dsh (b) Dav (c) Cav (d) C3v

Ans.
X—F N
X~ HInM = 2
e P

,;({ }0 Geomu‘zj = 0")
5\:7’_’) Share :gq.mmfdal

F EW‘_PWV::MCQ@ No. Aubsidewy
LV/

Xe ]

I
T

0

Cqv-—> Hon-rlqnqv
Whenever a pyramidal shape occurs there will always be a vertical plane.

QU Iolen#@ the non- polgy Specics amony -

@) so3 (b) NOy~ © cos~~ Cf) So5¥”
T I
% To X Fo X HYyb ' =S f’a
>§( 5}0 d §}° Gieo = T
k> b o Soprbriny
'T‘l'gﬁ)a’ Trfgoned Hys = sz ;J‘l‘f’ thfe :ﬁ;dom]
p lanay Plongy  G1e0 = Tri gone] planey Pyramidal

Shqpe =Ta{§on] plangy vedtiele plane
( Non- Planqr)
» Tricks for point Group:
v Symmetrical linear: D, point group (planar)
Ex. CO, (sp)
v Asymmetrical linear: C,,,, point group (Non-planar)
Ex. (S=C=0) sp
v" Symmetrical Bent: C,,, (Non-planar)
Ex. OH,,OF,,0(CH3),
v Symmetrical trigonal planar: D5, (planar) - BF;
v Symmetrical pyramidal: Cs,, (Non-planar)
Ex. NH3, NF3, XeO3
v Symmetrical Td/oh: Tetrahedral (identical Td/oh) planar
Ex. CF,,CH,, Xe0,, SFg, PFg
v" Symmetric TBP: D5, (Planar)
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» VSEPR VSFNMR, 3'PNMR, "BNMR signal and spectrum:

Example:: PF,Cl;

X - Cl 5B.P=5EP
x_g  Hybn =spd
X—F Geo = TB.P (bent
X—F rule)
Shape = 1pp
Ex.  Xefy
X -F ' - 0P
X —-= ! v a,2
o HybY = oYy
X
x P Grcomchj - oh
XJp L
5 Shape = sq Flangy
I
T FNMR siancd =
1S A A
;‘:g 4 BP+ |LP=5EP
x_E Hyb" =spd
< FHiP Gieo = Tpp

shape = see- $q1y

I3
FNMR s;'an[ =0

-
o } \\\{

=

=

NMR (Nuclear Magnetic resonance)

Active Inactive
25 (2 2 oie) (3 Zona) (7 Zoven) 25 (3 C tven)

Nuclear spin I # 0

Nuclear spin I =0

1 2 19 31 11
Ex. Hl' Hli Fg, P15, BS

Ex. 12C, 24Mg

T [BH
x—H 4EP
;___Z Hye= sp3 .
Xy Gieo = T4
Shape = T4 Iy

C
7 —, THNMR S’{?nq/:/
/B\ ”B NﬂR s,'a.nql:’
J 1

NMR spectrum = 9V I 4/
= exugfﬂ =5 [c;xun?‘d)

|
* HNMR spechum = Mg T+ |

T IXI1¥3 4
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B [PRI®
E e -
X -F Hyo — 5f347-
X —F
X —p G’CO = ochahedyal
e p

Shape = octahedval

F F‘
ip/— 19 MR signal = |

P NMR sizned =

S'P'NNR Spectyury = 9MqIH|
= =
)(GXEI_-I'I F (septet)

!
5 NNR Spectyum =(@mqT+1)
- 3 =
’”X;I,_v‘/ = 2(dw6/e+)

> Berry-pseudo rotation

v

<

DN N N NN

Berry pseudo rotation is applicable only for TBP (Trigonal Bipyramidal) molecules and $sp/3d$
hybridization.

TBP molecules are temperature dependent, but identical geometries are temperature independent.
In identical TBP all positions are equivalent so only one signal is observed.

In Berry pseudo rotation axial bond inter convert into eq. bond and equatorial bond convert into
axial bond at 90°.

TBP Mefecule fempevaturw depend

J 3
Reom hmﬁewaﬁv& Belows- ~oom 7L€fnfemﬁ¢m
(23% K) R!'g /
Nem <rigid No ~ Fltyzabiona.
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Atom (2) and (3) are axial site and (4) and (5) is equatorial site.

Atom (4) and (5) are axial site and (2) and (3) are equatorial site.

Below room temperature berry-pseudo rotation not possible.

In between a transition state is formed which has a square-based pyramidal geometry.
Its point group is Cav.

square base pyramidal —sp>dx*-y?
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