Z—WAPTEK o,
Cova LENT _(PONDS _AND

HAPES OF MoLEcuLES

o OLD CONCEPT

Chemisal bond +ecults From attraction betweer
oppositely charged particles,

LIMITATION
Bond -Forma-h’on N wmolecules 7ke Hs s N; 5
organic compounds  Cannot ke explained by above COY\C&rt

% LEWIS TONCEPT

lewis 9gave octet theoYy, qcc‘o-rdu'ng to which
« Tn chemical bond formation atomg intevact by
Shqv]nqi o]: electyons o attain noble gac electyomic

confrquration”

LiMITAT\ON
TRis theoy feull W explain 3eome_+f:f of

molecules .

I ArNA~A~AArMIT A~ArM
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SHAPES OF MOLE CULES | :
Ngholm and_ Gillespie  PUt forwavd s

VGEPR  theowy 4o  explain  SChape and L?EDMQ*Y_‘LOF

molecule .

% VSEPR THEORY

Main Posiulate -

"The valence elecktron pairs (Lone _ pars and.
the btnd pars) ave aivoanged. avound the centval
otom 1o Yemain ot waxmum  distance to  keep vepllSiv

\ . b]
AN

PoSTULATES
. Both lone paiv and bond pair _detevmine the ﬁ“-’o"“et!j

of  molecutes, :
2. Lone Ppaw Ot‘-CULP"E"> ™ove  <pate Han o bond paiv
o. The wagiitvde of vepulsion is in the fbllowing ordex-
Lone Paix - Love Pav ) Lone Pair-Bond Patr > Bord Pair- Bord faiv
. Double hbond ond biple bmd bohaves lke a single
bond _in _deteymining the Jeometyy of fhe wnolecute. N
¢. The eoffect of a bonding election Par decveasee  waith
increasing  electrohegativity  of  an  otom forming o molecule

LiIMTATION
5 VSEPR Themy predics and  explains the —
molecules  but  doetn0t qve  veatons £

FOY | The {amf\
bend! .

~ Complexet Aot form  thic They

\

- \—
— e PN =l N e e
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Sy Coystal  Field Thwnj and _ Ligand Field Theory ave
applied b descyibe 4ne f«]eomehq o-f COmp/é’xES

% lore poly —» preCent on Centva\ -frtom

* DETERMINATION OF CeNTRAL__ATOM

“The element in o molecule swith
the lowest _electroneqativity - othey than hydvogen -
ackse as the cewmtal atom for the lewis s tructure.
quroqen can wever form more than one bord which
precludes it _from Sevvng as central afom.
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SHAPES OF MDLECULES

——

A: Central Atom

X + AHached Hioms

STeRIC NUMBER:

|
|
i'

Slevic Numbes = PHadhed. Proms () + Lone Pair

$revic Numbey Hybrvidi zaton
9, Sp.
- e‘,'p2
. cp’ I
B p'd
6 sp*d*
AR TYPE ELEMENTS

eq HF HCI, CO have mno central atom

They must

have  <ome dipole moment

—_—

“—-—.—.-_“

\
reratdalaYalal=as EEP_W g o
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__ 1) CONTRINING Twp ELECTRON__PAIRS
AX, -QP'O -

Hybridization = $p
ﬁeome{w{ = Lineay
Bond PAngle = (80°
Dipole Moment » Zevo
Exarples :  Be(l, , CO,

2) CONTAINING THREE ELecTRON PAIRS

CAsSE 4. -
F)x'_g, _ Qp=0

Crevic Numbey =3
Hybridization = ¢p*
Geometry = 120°
Bord brgle = Trigoal  Plarmas
Dipple Moment = gzevo
Exarvples: Bfs , ASF, , PACL, . BCl, . Cn, , SO,
(A of these ave electophites)

CAsSt 2
PX, fp-4

Stevic Nuraber = 3
Hybridization - Sp
Geomety - Argula
Bord Regle : Lets tham 1973

e

o W Aarc~amiAAarmi T A~
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Dipole Moment > Zexp
EXOMP[PS : S'nC!, ) SQL

3) QmTAiNINJa_JEQJB_QEQRoN PAIRS
_ CAsE 1: Ax. 2p =0

Stevic Number = 4
|+Hb1’idiza+,'on = QP""
Geometry = Tetrahedval
Bord Angle - 1pq-¢°
Examples Ho0 , NH, . CHy

ChSE 2 : ﬂX; Lp =1
Stevic Numsey =4
Hybvidizotion = sp’
Gleo\me’cﬂ/ c Pqnmdat
Bond ﬁnq!e < 109-5°  (NHy - 107-5‘?
Examplec NH; , NF3 , NCl, , py. | PF, , Pel,
%o*LE@ . , ,

Chse 3: AX, Zp-2
Stevic Number =4
Hybridization = sp3
Gwmﬁ{»{q = Tm Pn L”Q'Y
Bord, ﬁqq[eé 109-¢° (Hlo 104.5°)
Dipole  Moment v 2evo
Examples: H,p _ H.S OF

WK ArAsAr It~
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» CONTRINING _FIVE MM

AXs Lp=0 = 0

Stevic Number = 5

Hybvidization = sp3d |

Geomety = Tvigonal Bip}jﬂmaddl
Examples . Pllg | PBY¢

+_ CONTAINING S)x_ _ELECTRON _PAIRS
AXe dp =0

~ Steric Number =6 - I
Hypbridization = ¢p3d*
Geomety = Octahedval
Example : QFG

NOTE :
The actval angle of ¢p* is  ]20° pat due

o lone pair it becomes e than 120°
The actval angle of sp® _is  109-5°  but due
to  lone pair it becomeS  less thaw  1p9.¢°

CHAPES - Arquiar  Pysimidal  Tetyahodval
\ v £
GEOMETRY: Tetrahedaal Tetvahedyq ( Tetvahechal
X
X
R e ——
e~ A~ PAL L A~
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v If EN of centval atom incveases, bond angle increases

|
I H,0 > H,S
| NHy, 7 PH;3 |
] As we 30 down +the group bord argle
[ decveases  ber  E-N decveases. : '
g v With Incveate '™ lome paw, bond angl incveases and.
| vice versa. |
|

¥ Angle:
I sp > sp* > sp?

180° 120° 109:5°

H = -
4
F
I
|
L
]
¥
|
|
'S

n/.—..l“.-“-u"‘p‘—--- ——

Scanned by CamScanner



"RESONANCE

_%_Tngod -5 Mesomerism _ (an intevmediate swucfure).
% Heisenbevrg —» Resonance -> from  Quantum mechanits

—e—————

PROPERTIES:

4 lawe position of muclei
2. Diffevent position of - electrons
3. Same mumber of unpaived elections

HCTURL STRUCTURE
Resonancte Hybrid

PosSIBLE STRUCTURES

> Re¢onance Stuctures
= Canpnical Stroctored

Move Stable Mokcules pave

1. Move Resomating Styuctuyes
2. (areater Rec<onance Enevgy
3. Greatey Bond Enevqy

\

\-_‘--—

Il ArAa~NA AT T 7~
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% CTRAILITI OF RESONATING CTRUCTURES
To_compave s{:ab'nld'g of veco.naﬁrg shructures

wel  gee -
. More electons involved in bonding , wove the

stability (This will be ot Stable)

2. Negative charge on electomeqative element and.
pos“n'tive. cha@; on electropositive elemen E .
(This will be fecond in Ctabilty)

3. Pocitive Chavge on _electionegative element
(This _ will _be least stable)

0 9 o
e SR AR B o1

/ N\ 7 2\ W \_
o © oo O o Y

KAr~ms A oare o e ccss————

Scanned by CamScanner



\IBLENLEW —

B

"« VBT explains how bond 1€ formed.

of half ﬁ‘lled

¥ Pond e formed by the overlapping

Ov bital$
v+ The Spin of {wo electrons

have to be opposite.

‘in o covalent bond

TVPES OF PONDS :
.. Sigma  Bond
2. 7T~ Bond YT, N R

SiGMA  BoNnD:
- A bond fovmed by Uneay ovextapping of Fwo

half filled. atomic ovbitals . of adjacent atoms is
caled o Sigma bond. |

2. Electron dens':tH is concentrated avound. the bond.
axig

S

It _has only one lobe of electvon density betwaen
the nuclei. -

g. Only one g’gma bond can  exrct betweon 4, I

c. The Sigma bond¢ precent in  the
te Shape.

Molecule detevmine

[
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Tn  fdigma bomd , <$-S  ovexlap i< sbronae-f than

$-p o p-p oveYla{).

» PT- BOND

. A bmd fovmed by the Cidewise overlapping of 4wo

hal filled pavallel atomic orbitals of adjacent atoms

ic alled a x-bond.

2. Electron dentity fies above and below the bond.

axis.

3 Tt ha¢ two lobes of electron densty om opposite

Gides  of bond axis.

y. 7- bond has mo effect on the Shape of the

molecule.

x CALCULATIDN OF 7-BONDs (oR DoUBLE BoNDS)

IN OPEN CHAIN OLEFINIC HYDROCARBONS

P': 2X"Y+1

>

P: No. of &-bond

X : No. of Carbon afoms

y : No. of Hydvoger atoms

|

—_—

L A~~~
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_LCau.m_ATuoN OF _ SIGMHM

_ CHAIN___ OLeFeNIC.  HYDRO CARBON
-

1L C« x+VY -1 —
|

—a

$: No. of &- bonds
X: No. of Cavbon atom§
Y : No. of Hydrogen atoms

v CALCULATION OF & -BonND IN CNCLEIC
OLEFINIC  HYDROCARPONS

. __*_[_’._4‘[._3[ SR PRSI

P = ax-=Y
5

_ % CpLeulATIoN OF  &- Bowds In Cva:c
OLeFINIC _H(s

g = X'\‘Y

\
\
LK oA Al AR —
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| VBH&&D!ZBIIQIQ

— N process in which atomic orbitalg of diffevent

" enevqies and  shapes ave  wixed {pgether 4o form o new
Set oF equivalen’c'ovbi‘rals oF the Same energy and
same Shape s  called  hybridization.

> " Only ovbitals of compavable (~elatively close) enevqies

can be mixed 1o form hybvid ovbifal.

> The number of ghl/b:rr‘cl\f orbitals is always equal 4o
dhe numbey of orbitals which ave mixed.

> Once an ovbital hat been fowmrmed uced o form
hybridl  orbitals, it become Stable and.  loweved. in
enegy... than atomic orbifal.

5p 3 HYBRIDIZATION
= mixng of one ¢ and thvee p- orbrﬁqlg

-  §- chavac-l-ev 25/
- p- chavactey : 757/
- bond Angle : 409:§°
Examples: CHy , NHj3 |, H,O | H,S', CCly SO.,—Z,
' C:.Hs etc

sp* HYBRIDIZATION

) > Mixing of one § and 1wo p-ovbitals
> S-chavacter £ 337
= p-chavactey : 66°}
- Bond Rngle : (20°

Examples: Ehene (CoH,) , BFy , AlCly, SO5, S0, , BHy

| _ 1
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/-
SP HYBRIDIZATION - ‘/I
M’qu Of one § amd one &Orb_’_éff_.—-———-——————‘—".
5 (- chanattex : 504/ ,/—E
= _p- chavacter : 50/ _{
9

Bond Angle : 10° 1
= CaH
Exclm_ples' ; F)ce'ﬂ/(ene' (GHy), COy ,CO LS2 , Bell, , &20a

—0
_FOrRMuULA For HYBRIDIZATION — :
H= 1 (V+M—L+A3 . Al ]
2
|

\4 Numbev -of valence ele drons ,

M : Momovalent . - atoms bonded - o central afom :

¢ . catiponic charge (+) 1

A : Bnionic chayg (<)

Fov

_———-d—__-——

W ArNA~ANAArMI A~ TT—
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EXAMPLE B?Cli

_ Ve 2
I M= 2
g Cel
, A =0
| So He ! (a+2-040)
2
= 1 ()
<
H= a

o ¢p hybridization

EXAMPLE 2 : 5042

Central Ptoma: Culphoy

-
-

Ll<
1]
Ol

(No. of womovalent elections)

¢ sp>  hybidization

* Monovalent atows mean hydregen , alkali,

melay and halpgens.

L ArN~A~nAArMI A~ArM
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MoLgrecoiar _(BBITAL _THEORY 1
]

=2 Explaing magne Hc p’fOPEY'Hes of -molecules.

. . )
= The numbey of molecular prbitals foxmed is equa ]

0 the numbey of atomic orbitals overLaPPed.

1 Bonding Moleculax Orbital :
= lower in Energy

- Denofed by o or &

e @pﬁbomlinj Mpleculay Ovbifal :

—> Highey enevqy ovbn‘al

= Denoted by & or A

— Electvons ave filled in  polecular ovbitals according 7o

Aufbau and Paull exclusion  principle,

RELATIVE ENE Rr.u.:s

oils < cr' % 0-26 A - 2.9 < T2pe < WZBEKZP2<

BOND _ORDER.

Numbe Of bonds formed. betwee two otoms

i called bond ovder.

Lo s vl
< ArAA~a~AArfMmMI A~ArM -
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Bond Order = N - Na

2

Na : No. of electrons pvecent in bonding  molecular ovbital .

Na : No. of electvons Pves'en‘r in_anti bonding moleculay ovbitals

¥ Bond oOvdev is zevo if:

Ng = Nj

% Bond Ordev 7 Zevo if :

Ng ¥ Np

> All even electron cpectet  have bond ovdey in

whole mumber

- All odd electvon Species have bond ordey in

fractions and pa'vamaf)neﬂc.

2 Al _even electron (pecies ave diamagnetic except:
lbe 10e” -

2

O 8.

- Al iso - electron Species have same bond order,

madnetc behaviour, '

> e~ species Na |, O;_'n, No* | CN™' have bond

ordex :.-._3 and. awe dlhmqan?ffc

2 lée™ Species B ,N,_—z . N0 have bond ordey =2

and are  para megnetrc,

I Ar~N~A~AAArmI A~ArM
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I —————
e e ——

——————

— % FINDING BOND ORDER

B —
= e e

ELECTRONS IN  RANGE 1-2

e

1._MpLECuLes  AND ToNs HAVING TorAL No. OF

B.-0 - 7

2

n: Total mumbey of elections.

e9 H,
Total E€lectrons = 2
— _ _ _60 ,=_i =i-_,__,____ —— e .
a

2. TOTAL ELECTRONS » 2% 3-§

B-O = l4-x| ¢l I’ indicates wmod
2. fu:wchbn i-€ value
of kend ovdey it
@ Li,” (5 electrons) atways- ‘_/Dvﬁhbe'\
B-0 - ly-5l
a
P
=
= 0.5
—
— ANV S PN R W oY o = DS
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—3. ToTAL ELECTRONS : 7-11

= B0 = |8-m]
T ‘ ‘ 2

e:q (O

Total electrons = 6+8=14

B.o = ]9""“‘” -

p X

~ &, ToTAL ELECTRONS : 45- 20
} ‘

B-O = }20-'7”

[
-

2

- e:q NO

' Total electrons = 45

| B-0:= bo-i5 _ 5.5
— .

i

]

|

i

|

L

K I ArN~ANANArMIL A~
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\
¥ PARAMAGNETL
————— Pavamagqnetic wmeans attracted to  magnetic
frelol. Pa’Yamaqmeﬁ'Sm vefeys 4o 1he majne‘h'c State
Of an  atom with one or wore unpaired electrons
e __unraired electrons ave atracted 'f'b'mq%é’ﬁc— feld.

X DIAMAGNETIC

; Dr'amajneﬁc Substamces ave vepelled by ragnetic
eld. These cubctances are chavactevized by paired
electrons. There are mo unpaived  electrons.

__:?__dL He -molecule il exls{ accorc{fg 3 o MOT. There

ate {wo electrons in each of the bonding and )

antibonding  ovbitale 3ving .zevo  bond ordey.
He is nore Stable  than He,

= 0O: s wo€ pavamagnetic  phan o,"

SIGNIFIcANCE OF MOT
Ir_Predicts  bond feasibilrty
2. If Ns > Na, molecule is Stable
3. Greatey bond order, greater pomd dissocia

4. Bond length is inversely  prvoprtiomal faﬁz:d enc’fjj/
ovdey.

‘—_—-—_-—————-

—

\

S S

P o e e

——p e P PN aal N et el e =
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- The average amount of energy vequived. to break
al bonds of a pariiculay type = one mole of

the <Substance is called bond enérgy
> Umit of Bond Enevgy is KT /mol

y NON- POLAR BOND ENERGY .
When Sharing of electronS 1$ between

hwo Same atoms (e-q Hy) eackh atom cordributes half
of bond enesgy

¥ _PoLAR  DoND ENERGY
If the Shaxing of electrons is between

two diffexent atom: (e:q n HCR) e bond eneévQy
gwes highey dhan calculated vatue. This Shows that
with  unequal _chaving of electrons , theve comes an
addittonal  binding enevgy. .

Grreatey  the charge difference ieftween  the
bonded afoms , greater will ke additional bond enevgy.

— RELATIVE STRENGTH

Polav  bonds ave  ¢homgey than mem-pelay
bomd! bc2 the buncl enévqy oF polat bends ic
‘é'ﬂ’a‘l% than mnon- pom  bonds

.

reaYdalaYalal=~Yaal B N aYels o R
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mcmgs__Am@ma__Boub__

—
|-

NERGY

—— e

Grealor E-N  diffetence geafw bord enevgy

H-F > H-C2 > H-8y ¥y H-I

2. AToMic Size
____Lavgev _otomic  Size, Smalley bond enevqy

3. BOND LENGTH
_ Shorter  bond Lngth , highev bond ewmetqy

e-9 -

CEC > C=C > c-C

¥ Bond energy wmay be positive or megative
— Bond Breaking is endothermic

> Bond fovmation is exothermic

v VALUES :
|- Bond enevqy of H, (For ome mole)) :
Y36 kT /ol

2. Bond emevqy of H, mo/ecule -
=436 kT mol” = Ng

= 72x(D"*3 [T /% ond

—

\Aracon~n~nAaAarmi ~ArA T
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L "BonD _ LENGTH

| ¢ The dictance belween the huclel of twe atems

I forming o covalent omd s calted  bonel Lenjz’h".

I wONTS: A, »m, pwm

S DETERMINATION OF EDoND LENGTH

| - Electvon Diffyacton

- a. X-Ray Diffvaction (XRD)

3 pectal glucies
' |

% FACToRS AFFECTING POND LENGTM

I
-

| L. Greatn the EN Aifference  between bonded atoms,

Shottex  will be bond Llength,

|
' ordeN q" bevd Lenquk n HX s+

| H-L > HBv > H-CR > H-F

| 2. Tonie chavactey Shovtens bmd. Lev\qm"h_

3. Involvement of A-bond ~educes bond (enoth.

| 4 Greater S~ chavacter in 4he  hybvid ovbital ~vecults

n S‘boﬁenirg of  bond qul'qfh?'

|5 Along a peviod, bond (ength decreases,

Down 7he  ovoup | bomd (ength  increases.
T o

L ArNA~A~NAArMMIT A~ATM
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i ¥  Bond ‘Le;qqﬂ, of 1
j Pond EneYgy -

—

¥ FOR HoMoO ATomMIC MOLECULES
Bond _Jength _equals to U™

of atomic

vadi.

* FOR  HETERDO NucLEAR DIATOMIC _MOLECULES
Bond length for _hefevonuclear diatomic

ynolecules 18 SJ‘\OV‘er -fha\;-, the Sum O}f —//-,e,‘y a-foymc:

vadii. Thi¢ is due +o an Increase in elec-f-fovngah'wéy,

NALVES
H-H : F4pm
ce- (2 : (198 pm

Covalemt Oond Redivs of H : 3Fpm  (FY+2)
Bohr’s Radiu$ for H: 53pm

ToNIC BoND
Diffevence ™ E.N y 1.7

CovALENT ©OonD
AN <4 F

Polax Covalent = AEN bw 0.9- 1.3
Non- Polax Covalemt: Ne.n < 6.9

N
WArA~AAarmI T A~ —
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