CHENMICAL BONDING
ge.ssion — 1

AlM

o T, de@‘nne Chemical Bond

® To understand the reason gor chemical bond @orma.f‘wh

® T introduce lonic bond

CHEMICAL BOND s an attractive gorce which holds various constituents

(atoms, molecules or ions) together in diggerent species.

Chemical bonds devided into tuwo types:

a) Bonds which constitute molecules or gormula units. These are ionic bonds,
covalent bonds and co-ordinate or dative bonds.

b) Bonds which hold various particles in solid or liquid state o the
substances. These are alio called INTERMOLECULER FORCES.
These arel metallic bonds, dipole-dipole gorces, van der Waal gorces,
hydrogen bonds.

Cause og Chemical Combination:Chemical bohdil/tﬂ takes P[ace due

e T, acqu‘ure a state og Mikimum eherqy and maximum :{‘ab‘ul‘nfﬂ

® 1o convert atoms into molecule to acquire stable noble gas congiguration.
LEWIS THEORY
Lewis {'heo\r}j qave the @im{' exP[aMaﬁom g a covalent bond in terms og

electrons that was 59149»“0(“3 acceP{'ed. |§ two electrons are thared between
two atoms, this constitutes a bond and binds the atoms foﬂe'l'her. Eor many
light atoms, a stable arrangement is attained when the atom is surrounded

bﬂ eiﬂh{' electrons.



ACTIVE SITE EDUTECH

0CTATE RULE- “Atoms combine with each other either bﬂ sharihﬂ or bﬂ

the transgere o electrons to attain stable noble qas congiquration | n outer

most shell.’
S HED

Obegs octet rule

H
(R H N : or H— N—H
H
H H
(CO,) . 0=—c—o0 : (CH,CHO) H—Cli—(|3=6 :
I

LEWIS 0T STRUCTURES

The @ormula 0g a molecule shows the number og atoms og each element but

does not show the bOV\diVlﬂ arrahgemehf og the atoms.

T or example, F2 s :I'_:'_:'_I'?:or F—F and a wmolecule og lnﬂalrogeh @[uoride
it thown as H;f; or  H—F :

Arrahgemehf og valence electrons and :gmbol og elements in a molecules

are called Lewis structures.

(i) In water (‘HzO), ohe H and two O complete their :(|) 4 duet
P :
and octet resymcfive[g

(ii) In ammonia (N‘H3), three H and one N git fogefhe\r and H—N—H

SOL{'H@}:' their duet and octet re:Pecfiue[\b‘ as H
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ACTIVE SITE EDUTECH

(iii) In carbon tetrachloride (CC[4), gour C| and one C cowaple{‘e their

octet as :C|:I:
:(_.ZIII— (|3—CI
:Cl:

Limitations og Octate rule

® |t i @ai(ed to exp[aim the :t‘ab‘u[‘ufﬂ og ‘uncom?[efe octate.
T or exatmp[e, %Hg, %Fg, %Clg, ﬂ[C[g, GalCl3 ete.

ive.y contraction op octet < 8¢

BeF, BF, AICI, BCl,

R 2 A

(4e) (6e) (6e)  (6e)

:Cl 293 .C:l:
$Lle

{m BCI, }
Boron has only 6 electrors
® |t is gailed to explain the stability og extended octate.lt is possible in
those molecules having vacant d—orbitals.
For example, PCls, ST ete. @if;@
e, Expansion og octet > 8e- @%@?@

PCl, SF, CIF, ICl IF,
¢ ¢ ¢ ¢ ¢ Electron dot gormula op PCls
(10e) (12¢) (108) (12¢) (1de)

® |t is @ailed to explaim the :tabi[ifﬂ og odd electron species.
Tor exotmp[e, NO, NO2 and Cl02.

NO NO, CIO,
(11e) (17e) (19e) a&m

T &
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® It is gailed to explain the stability og duplet structure og Hydrogen
atom.
® |t is gailed to explain the stability og Cations o transition metals, which
contains 18 electrons in outermost orbit
&xample: : Ga*3, Cut, Aq" Zn*2, Cd*2, Sptt, Pb+t ote.
Electronic congiguration og Ga = 152, 252 296, 3:2 356 3410,4:2 4,1
Electronic congiquration og Ga3 - 152, 2:% 296,
® Octate rule based on the chemical inertness og noble gases but some
noble gases able to gorm compounds like Xef2 , Krf 2 ete
® Failed to explain the geometry og molecules.

® |t is @ai(ed to exp[a(im the relative :fabi[ifﬂ og molecules.
METHID 0F DRAWING LEWIS STRCUTURES og ?olgad'omic species

(i) Cirst calculate ni.

n = Total valence electron og all the atoms og the ipecies T et

clflarﬂe on the xPecies.

For anioh, electrons are added and gor cations electrons are
subtracted.
(i) Then calculate nz.
no =(8 X no, og atoms other than ‘H) + (2 X o, og H a{‘omx)
(i) Subtract n1 grom n2, which gives n3.
n3 = n2— n1 = humber og electrons shared between atoms = number

og bohdihg electrons.
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%z% = humber og shared electron or bps = number og bonds.

(iu) Subfro(cfiV\ﬂ h3 grom nl gives n4.
ng = n1—n3 =number og unshared electrons or V\oh—bomalim\ol electrons.

n, — nNp—ng

> > = ho, o@ Mmhared elecfrom pairs = number o@ lohe pairs.

(u) ldehfi@g the least elecfvoheﬁaﬁve atom in a wolecule as central

atom,when the other atoms do not contain hﬂdro\a[em.

When other atoms are hﬂdroﬂem omlﬂ, then the central atom

would be the more e[ecfvoheﬂa{'ive atom.

(vi) Now around the central atom, place the other atoms and distribute
the required number op bonds (as calculated in step (i) & required
number op lone pairs (as caleulated in step (iv), keeping in mind
that every atom gets an octet op electrons except hydrogen.

(vii) Calculate the §ov~wm[ clfmurﬂe oh each atom.

(ix) Lewis structure should obey like resonance (delocalization), bond
length, pTT—dT back bonding etc.
Exp- Determine Leuis structure og NO; ioh.
(Jn1 =5+ (6x3)+1=24
(iJn2 = (4 x 8) = 32
(iii)mg = np—n =32-24=8

o Number og bonds = 8 =4
2
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ACTIVE SITE EDUTECH
(i")"“} =n—n3=24-8=16 .. Number og lone pairs = % =8

(v)Nifwogem it central atom (lexx e[ecfvoheﬂaﬁve than 0) Awahgihg
three 0 atoms around it and dixfwibufihg 4 bonds and 8 lone pairs as

:0=N —O
@ | o
:0:

(vi)Ca[cu[afimﬁ @ormatl chahge oh each atom.
Forma[ cfnowﬂe omN=5-4-0=+1
T ormal chawge on 0 (0() =6-2-4=0
T ormal cl'\awﬂe on 0 (b) =6-1-6=-1
T ormal chawge on 0 (c) =6-1-6=-1

Thus, the structures can now be shown as

0 +1 -1 -1 +1 -1 -1 +1 0
0 =N — 0: < O—N— 0: P :Q:—N= 0:
:!|).: -1 :|0|: 0 :{L: -1

Final structure og NO3 is fhere@ore thown as

'D=

S

:0:

which even accounts gor resohance ih NO3 ioh.
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C[m:i@icui‘ioh og bonds & -

CHEMICAL BONS
!

v v
STRONG B0ND WEAK S0ND
(lhfer afomic) (lhfer /loleculm)
(6her53 = ZI)KJ/m[e) (5her53 = 2- ‘nKJ/mole)

v ! v v
(#) é%) ) (9) &)

lonic Covalent Co=ordinate Metallic ‘H&drogeh
bond bond bond bond bond
(10- 0KJ)

® |ONIC or ELECTROVALENT B0ND

v
()
Vander waml':
bond
(2- VKJ)

lonic bond is §ormed bg transgerence o electrons grom e[ec{'ro?o:ifive

atom to e[ecfrohegai‘ive atom.

Atom (osihg electrons becomes cation while the atom 50(“/1}145 electrons

becomes anion.

Electro *ve atom loses electron (group A o ”HQ)

Electro —ve atom gains electron (ﬂwoup VA to VH)A)

‘“The electrostatic gorce og attraction lnoldihﬂ the o??o:i{‘elﬂ charﬂed o’

is called electrovalent bond or ionic bond.

&x?' *IA and VIA group elements gorm maximum iohic comPomhd.

Na + Cl ——— Na” + ct
281 287 28 288
1L (Ne coheiguraﬁoh) (Ar coheiﬂuraﬁoh)
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® More the distance between two elements in periodic table more will
be ionic character og bond.
® Total number op electron lose or gained by an atom during the
gormation og ionic bond is called electrovalency.
(«) In MgCla gormation, electovalelency op Mg and Cl are 2 and 1

resf)ecfivelﬂ.

Mg 0
(b) 2 8 2 Z 6 clcct‘rovalahcg og /lﬂ =2
W clcct‘ravalahcg og 0=2
Ca Cl
2882 287 clecfrovulchcﬂ og Ca =2
(C) ¢ e ol alacfrovulehcﬂ og cl=1
_ 287
he e
Ca +0) —————p Cal
(0‘) Ca 0
2 8 8 2 26 elecfrovalehcﬂ og Ca =2
_ elecfromlehcﬂ og 0=2
2

T actors gavouring gormation og iohic bond:

® Atomic Size: l,ourﬂer atoms cah emilﬂ gorm cations.

ires) gorm iohic compouhd: em‘u[g, due to decrease in gorce og attraction
og the nucleus on the valence electrons.
Ovder og @ormod‘ioh og alkali metal cations isiLit < Na* < K¥ < Rb* < Cs*
Smaller atoms can eﬂﬁ[ﬂ gorm ahiohs.

Ex: The ease og @orwm(fiom og halide ions is: F¥>Cl- >Br <1~
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olonisation Potential: Atoms with low L.P can emi[}j gorm cations.

Lesser 1 e —— Qreater femalellwﬂ to gorm cation.

Ex:The 1P og Ne is 117.3 Keal / Mo[e, while that og K is 100 Kca[/wno[e.

There@ore K" ion is @ormed move emi[g {'['mm Na+ ioh.
e.g Na" >Mg™ >Al"

) Cation formationtendency
Cs">Rb" >K">Na" >Li"

® C‘large 0g the ions Cations with low charﬂe are @orwned more emilﬂ
than the cations with Lnﬂh charﬂe.
Exi Ease og gormation:Na® > Mg?t > Mg3t

® Electronic Cohe‘:qurat‘ioh.’Ca{'iom with inert gas coh@iﬂwaﬁom are

@ormed more emi[ﬂ than the cations with Pseudo inert gas
coh@iﬂwa{'iom. (18 valence e[ec{‘rom).
ExiCa®* ion (2, 8, 8) is gormed wmore emi[\tj than Zn?* ion (2, 8, 8).

® Electron A@ ‘mifﬂ/ﬁlec{'roheﬂai“w"fg: Atoms with l'\iﬂln electron

v

a@@ihifﬂ are able to gorm anioh more emilﬂ.
Ex. lnotlogem possess lﬂiﬂh electron a@@imi{’ﬂ.go the §orwmtfiom og their

iohs is very commo.
‘Hiﬂ[ner electron m@&ihi{‘ﬂ——>&reafer {'emolema\tj to gorm ahion
e.q. CU>F" >8> F=> 072>\

o C‘mrge 0g the ion Anions with low chawge are @orwleal more emi[ﬂ than

the anions with L\iﬂl« clﬂarﬂe.\/ice versa gor cation.

Ex: Ease og @orma{'iom:F_ > 0%~ > N3~
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® Lattice eherqy —“Amount og eherqy released when one mole og crgsfa.l

Produci‘ it §ormed grom gaseous reactants . Oy

“Amount o enerqy absorbed when one wole og ionic crystal is
dissociated into its gaseous reactants’.
Eactors aggecting lattice energy :
() Magnitude og charge —> U o€ 2* 27 (lonic charge)
High lattice enerqy —>Greater stability o ionic compound.
® Lattice energy OC Magnitude og charge
NalCl MqCl2 AlCl3
Na* Mq*? Al

»
»

— (/otffice eherﬂﬂ ihcreases
— Size og cation decreases.

® Size og Cation : — Lattice eherqy
LiCl Nall KCl RbCl  CsCl

[
»

— Size og catioh il/\cremihﬂ

— Size og amhioh is constant — Lattice eherqy decreases

SESSION — 2

CONTACT US FOR MORE DETAILS - 9844532971



ACTIVE SITE EDUTECH

AlM

l]To uhderstand the Pro?ert“ues og iohic com?ouhds
Z]To introduce lattice eherqy

PROPERTIES 0F 10NIC COMPOUNDS

® 'Phﬂﬁcal state- Theﬂ are hard, crﬂs't'a.“‘me and brittle solids due to

n‘.‘rohg electrostatic gorce og attraction.

Attraction l Qe?ul:ioh

(Same cfnarﬂed iohs comes hearer. o f‘lﬁﬂ repe“ each oﬂner)

® lwmorghi:m lonic cownpomhols are isomoranom i.e.,{'fneﬂ have same ho. og

e[ec{'vom.(simi[ar coh@igwa{‘iom og their cation and othioh)wii‘[n tame

crﬂxfa[ structure.

f’/xatmple — Na* t- /‘/|\o]+2 072
Vﬂ[el/lc\lj +1,-1 + 2, -2
electronic coh&iﬂwaﬁoh 2,8 2,8 2,8 2,8

%o‘l[‘lhﬂ ?o‘lhf and melf‘lhg‘ ?oihf it ['\iﬂh due to s{'rohﬂ electrostatics

gorce og attraction amoh g oPPosi{‘e[ﬂ chowged iohs.

Cohducfivifﬁ alepemals ol iohic Mobi[if’ﬂ.

In solid state - No gree ons = Pad conductor og e[ec{‘rici{'ﬂ.

In @mseol state or aqueous solution Due to gree iohs - Good conductor

og e[ei‘ricifﬂ.

cohducﬂv‘uf& order @ Solid state > T used state < ﬂa(ueoux solution
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* Reactivitys lonic cowzpoml/mlx Mhalergo iohic reactions which have very hiﬂlﬂ

reactioh rates. i.e., a(uh‘,‘e @mf

* Theﬂ do not exhibit isomerism due to non-directional nature og the Polar

bonds Presem’f in these cowzpouhds.

* Solubilii‘g ‘High[ﬂ soluble in water (F‘Po[ar solueh{'x) with hiﬂh value og

dielectric constant but insoluble in V\oV\'/f)olar solvents due to low dielectric
constant. T he xolmbilifﬂ og iohic compouhds decreases with increase in

covalent character og iohic covaouhds.
6xotw1p[e " NalCl in water
(l) The Nat ions ﬂef associates with —velﬂ clﬂarﬂeal ‘0’ og water

(”) And Cl” ions associates with +ve[ﬂ chavged “H og water.

() D,

Oxygen atom og Ho give its sloctron to Na™ H atom o H) qain eloctron grom CI
Solubility og lonic compound is governed by
a)LaH‘ice eherqy: Larﬂer the lattice eherqy, the lesser it the so[ubilifﬂ.
e.qy sulphates and phosphates op Ba & Sr are insoluble in water due to
high lattice energy.
b)Heat og hydration: Larger the heat og hydration, the wmore is the
solubility og ionic compound.
e.q AICI3, though covalent in nature is soluble in water due to high
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Born - Haber Cgc[e
((C/V\erﬂ\uj chahﬂes involved in the @orwm(fioh og ah iohic bohd):

The eherqy c‘mhge: which take ?[ace in the §ormati‘ioh og ah iohic com?ouhd
grom its compohem‘,‘ elements can be tudied with the help 0g a

thermochemical cgc[e known as Born-Haber cgc[e.
T or exoump[e, in the §orwnatfioh o ohe mole og sodium chloride grom sodium

and chlorine the @o“owihﬂ s{'epx are involved.

® Conversion op metallic sodium (solid] into qaseous sodium atoms:

Na( + AHsup) = Na(g Here AH sub = AH atomisation

1mole 1mole

where AH it the ehfhalpg og sublimation o sodium. |t is the
amounht og eherqy required gor cohver’rihg ohe wmole og solid sodium into

qaseous sodium atoms.

® Dissociation op chlorine molecules into chlorine atoms:

Cl,,,+D — 2Cl

Chlorine Chlorineatom
molecule (1mole) (2moles)

where ® it dissociation eherqy (bohd ehergﬂ) og Clo. It is clear that the
eherqy heeded gor the @orwzafioh og ohe mole og chlorine atoms is 59/2

® Conversion op qaseous sodium atoms into gaseous sodium iohs:

Na ., + lonizationenergy — Na*,., + €
) )
1mole (1L.LE) 1mole

® Conversion op qaseous chlorine atoms into gqaseous chloride ions:

Cl(g)+e — ClI @t

EA.
1mole 1mole.  (Electron affinity)

® Combination og qaseous sodium ions, chloride ions to qive solid crystal.

Na+(g)+CI‘(g) — Na"Cl™

Ol IatticeLgner
1mole 1mole 1mole ay
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The overall @ormal't‘ioh og iohic solid ma y be \re?resehi‘eol as below:

Na, +3Cl,4 —> Na"Cl,; AH;
Where AH, is the heat og gormation og 1 mole og Nat"'C[_(s) .

Sfepx ma y be rePrexeM’ed in the gorm og Born-Haber c}jc[e.

Na(s) + %Clz(g)—> NacCl(s) ;Energychange = (AH,)
A
ls i
S= Sublimation of sodium
Na(g) Clg) y D= Dissociat?on energyof Cl,
IE = IE of sodium(IE)
o |E EA EA = EA of chlorine(EA)
= Lattice energy of NaCl
Na'(g) CI'(g)

Accordihg to Hess law og constant heat summation, the heat og eormat‘ioh

og ohe mole og Nat"'Cl_(;) should be the same whether its §ormad‘ioh takes
?lace direct'lg ih a :ihﬂle step or H\rough a humber og steps.

Hence, AH;=AH,, +IE+1D+(-EA)+(-U)
On wbsfifufihﬂ values in the above expression,

we geti AH, =(+108.5)+4952+1(243.0)+(~348.3) +(-758.7) =—381.8k] mole™*

The hegative sigh in the values shows the eherqy released, while the positive sighs

indicate that the ehergy it absorbed.

T ormation og NalCl wmolecule,involves net ga[l in the eherqy og the :mfewn,hehce
Na*Cl7(y is quite stable.

'Higher the hegative values og heat og gormation, greater will be the ti‘abi[ii‘g og

the resu[fihg iohic comPothd.
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$&8SIoN — 3

AN
1 To introduce covalent bond

2 To expla.ih covalent bond §orma{“wh and fﬂpes og covalent bond

3] ex?luih Lewis -dot structures.
COVALENT BOND-The bond is @armed bﬂ mutual shar‘mg og electrons

between the atoms. The atoms participating in bohdihﬂ contribute
equa[ humber og electrons gor mutual :har‘mﬂ.
It is og 3 {'3?9:

al)Sihgle covalent bonditlere covalent bond gormed by sharing op two
e[echom(i.e.,l electron patir).
It is represented by a single line between two atoms.

cc/xamp/e ;

o §ormot{‘ioh og H2 molecule

He + H e #-1
or Sihﬂle bond

Shared pair

electrons

o §orma{‘ioh og Clo wmolecule:

L §orwm({'|om oe HCI :

H o+ Cl % o Cl— Cl
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b) Double bond or double covalent bond gormed by s‘mrihg og two electron

pairs, between two atoms, it i represem{'eal b\Lj a double line ( = )

between two atoms.

(c/xa(wzfp[e . T ormation og 02 molecule :

Shared ec_

c) Tr‘l?[e covalent bond @orwneal bﬂ sharihﬂ og three electron pairs. It i

represemfed bﬂ a fwiple line ( = ) between two atoms.
6xotmp[e. T ormation og No molecule

°°°
00O
N > or N =N

Thus, the number og covalent bonds gormed by an atom depend on

0o0©

N

o

i) the number og unpaired electrons in their valency shell.

ii) the humber o electrons required to attain inert gas congiquration.

C{ehero(l[ﬂ P block elements are involved in the covalent bond §orma{‘ioh.

Some more exa(m?[e: og §orma{‘ioh og covalent Donds:

o %eClzl

oo oo

o

oClo+ oBego + °ClIg——>
oo oo

o BF 3 or BCl3:

Short of 2-electrons
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0, + 2C2+ 05— =0
o 002:
o N3 ('Pﬂram‘udal):
AN T R
‘ AN
Gl
HNH =107° (Pyramidal)

o 20 (Ahgu[ar) :
Ho + o £oH D or H;rO—H

Sy
104°,
30°

(V-Shaped)

H

Based on nature og atoms bl electrons, covelent bonds devided into

1. Non=Polar Covalent Bondsitlere bond is @ormed between similar atoms,

shared pair og electrons lies almost in the centre and electron cloud is

uhi@ormlﬂ distributed around the two atoms.

H-H or HIH
Hydrogen molecule
* e xX X
Cl—-Cl1 or :.C.I; g‘li
Chlorine molecule
XX

0=0 or 3033:0%

Oxygen molecule

2.Polar Covalent Donds bond it §ormed between dissimilar atoms hawihﬂ

di@serehf electro heﬂafivifie:, the bond pair is disp[aced towards more

e[ecfvomega{‘ive atoms creai‘ihg Pour{‘io([ Po:ifiue chawﬂe on the less
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elecfvomeﬂa{‘ive atom and Pow{‘ia[ heﬂa{‘ive chawﬂe o more

e[ecfvohega{'ive atom. Such a bond deve[ops some iohic character.

-
5§ ©
XX
H-Br or H3$Bg / \
6— x 5+ 5+
[ H H

Ex: HClL or H6+ —C

SESSION — 4

AINL]To introduce properties o covalent compounds
2 To introduce dative bond

3 To introduce Fajah’: rules

Characters og Covalent com?ouhdt

*Comﬂfuehft:Tl'\eﬂ made with discrete molecules and s{'wohﬂ bohdimf] gorces
exist between the atoms og a covalent compouhd.
*fphﬂtica[ State: Theﬂ occur as [ia{uids or gases or so@f solids (e.ﬂ., wlpl/\w,

Phosphomx and ioalil/\e).

The various molecules are held i‘oge{'her bﬂ weak van der [;/am[’s gorces.
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* Solubility:They dissolve in non-polar solvents (organic solvents) like

ethanol, ether, benzene, chlorogorm ete. and insoluble in polar solvents. Some

og¢ the covalent compounds like alcohols, amines dissolve in water due to

hydrogen bonding.

* Electrical Conductivity: Covalent compounds contain neither ions nor

mobile electrons, so they are uhable to conduct electricifg in either the

solid, [‘uqu‘ud or gaseous state.

* /’leli‘ihg and %oilihg Points 2 is low bez in covalent compounds, molecules
are held together by weak van der Waal’s gorces.

Some giant wolecules (eﬂ. diamond,SiC & Silica have high NP and BP.

* Nature og Reactioniis molecular reactions which are slow and complex,

* Covalent compounds show structural and space isomerism because covalent

bonds is riﬂ‘nd and directional.

Covalency & It is degined as the number op electrons contributed by an
atom o the element gor s‘mirihg with other atoms to achieve noble
qas congiguration.

l¢ the outermost orbit has empty orbitals then covalent bonds are gormed

in exicted state.
Variable valehcﬂ in covalent bonds :

(l) Variable valencies are shown bﬂ those elements which have empfﬂ

orbitals in outermost shell.
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(1) Lone pair electrons gets excited in the subshell op the same to gorm
the maximum number op unpaired electrons. Maximum covalency is shown
in excited state.

() The energy required gor excitation og electrons is called promotion
eVleV‘ﬂH.

(IV) Promotion rule = Excitation op electrons in the same orbit.

(«) Phosphorus —=> Crround state
11 [TTTTT] Covalency 3 (PCl3)

3s 3p

f‘f)lﬂosplﬂoms —> Excited state
1 IERERRE Covalency — 5(?PCls)

3s 3p 3d

(b) &A[Phur —> Ground state.
MREERE Covalency=2 (SF2)

3s 3p 3d

SulPI/\w —> Excited state 1'fexcitedsitate

” 1 1 1 1 Coua[ehcg - 4 (SFZ].)
3s 3p 3d
2% excited state 1 11171 117 Comlemﬂ—6 (SF6)
3s 3p 3d

So variable coua[ehc\tj og Sis 2,4 &6.
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CO-0RDINATE BOND 0R DATIVE BOND “ a covalent bond in which both

olectrons og the thared pair are contributed by one o the two atoms . It

is represented by an arrow (=) pointing its head towards the acceptor

atoms.

The atom which supplies the electron pair (a lone pair) is called donor(Leuis
base) and the other atom accepting the share in this lone pair is
called the acceptor(Leuis acid).

Ex: Formation og ammohium ionh: Even fhouﬂh ammonia molecule has a stable

electronic coh@iﬂwa{'iom, it can react with a« l'bﬂalroﬁem ion HT bﬂ

alolfwcfim\o] a share in the I[{OMQ pair og electrons, gorming the ammonium

—=

ion, NH4T. H—I}R T H—I|\1—>H
Ex:NH3 reacts with BF 3 bﬂHi{‘s lp, to @Igrwz a covn?[ex [N‘H3 %FS]
H F H F

| | |
H—N: + B—F — H—N-»B—F
503 | |

H H F

|
F
CI\(|:| -
pa; | O—P <o
o |
cl

F T )
e ——
SbFg F/’
F
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Comparisoh og iohic, covalent & coordinate compounds

K'Proper{'ﬂ lonic Covalent Coordinate
b‘mdihﬂ gorce Betueen ions | Detween wolecules |in between
itrohg maller  (Vander
(coulombic) Waal's)
,,,,P/]gP High less than ionic in between
condition conductor og bad conductor Greater than
eleci‘ricii‘g ih covalent
gu:ed state
&
ih aqueous
solution
solubility in polar 'High Less in between
solvent (‘HzO)
Solub‘nlit‘g in non|Low 'H‘ugh in between
polar solvent
(efher)
6. ’Phgﬁcal 59“9"4“3 solid l‘nqu‘ud & gaseous solid, l‘nqu‘ud gas
state
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POLARISATION OF 10NS

(Fajah’: Rule) (Covalent nature in iohic bond)

In ionic cownpouhal,caf‘wh approawhe: an ahioh c[ose[H,Pos‘ufive c‘mrge oh the
cation attract the electron cloud og¢ the anion towards itselg due to
electrostatic gorce op attraction.

At the same time the cation also tends to re/f)e[ the posifive[ﬂ
cltmwﬂeol nucleus og the anionBs a result electron cloud og the anion no
[OMﬂQV‘ remains xﬂmme{'rica[ and elom\a[ad‘ed towards the cation it called
de@orwzafiom or Polarization og the anion bg the cation and the anion is

said to be Polarised.

The abilifg og a cation to po[ari:e a hearbg anioh is called its ?olar‘nzaﬁoh

@®» &)

(a) No Polarisation (b) Polarised anion

gower.

’Polarizab‘nh{'g is the ab‘ul‘nfg og ahion to get po[ari:ed bﬂ the cation.

® Polaritation 0g ahioh causes some :harihg og electron between the ions

t0 iohic bond acqu‘ure: certain covalent character.

ihe., Polarisation € Covalent character
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T actors ageecting the polarisation og an ion: (Fa( iah’s ﬁP\ule)

® C‘mrge on the ions: Clnalrﬂe on the cation increases, its i‘endehcg to

Polar‘lze the anion increases and covalent nature increases in iohic
compouhd.

Whereas with the increasing clnaurge og ahioh, its abilifg to
591‘,‘ Polar‘lzed, bg the cation, also increases.

ies, Polarisation oC cl'mrge oh catioh ahioh
Charge on cation € Polarisation (covalem‘.‘ characfer)
eq. NOLCl MﬂC[z A[C[g 8iCl4
Not Mﬂ++ Al+H++ Qi++++

v

- Charﬂe oh cation ihcreases
- Covalent character increases
- lonic character decreases (/4@ alecremes)

C‘mrﬂe oh ahion OC Polarimfioh oC covalent nature oC ﬁ

- fAmong PbCI2 and PbCl4 having charges +2 and +4 respectively
PoCl4 shows covalent nature.

- Awmong NalCl, Na28, Na3P, the charge o the anions are increasing,so
order og covalent character is Nall < Na28 < Na3?P

® Size og the cation Smaller the size og cation wore will be the

Polarizihg power and higlner it its covalehf hature.
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1

r‘PO[D{V‘iSOL'hOV\. oC -
size of cation

= lV\ A ﬂV‘OM‘P -
%GC(Z
/450(2 - Size og catioh ihcreases
CuClz = Covalent character decreases
SrClz = lonic character increases
%nClz v

Greatest Polarisihﬂ power o %92"', shows its maximum covalent character.
- n a Period - No(+, /45"'2, {q{+3, Si+4

»
>

- Size og cation decreases

- Covalent charater increases

® Size og amioh::/,arger the size og the ah‘noh,po[arized bg the cation
and covalent character increases.

Polarisation OC size og anioh

tor eXOLMPle, in the case og halides og calcium, the covalent character

ihcreases grom E— anion to I~ anion i.e.
Caf o
Cally - Size og anion increases
Ca%\rz - Covalent character increases
Caly v - lonic character decreases
Similowlﬂ, AlF5 AICl, AlBr, AII3}

Covalent character increases as the
size of the halide ion increases
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® Nature or Electronic congiquration og cation & -

Polarisation capacifg og cation hav‘mg pseudo inert gas
coh@iguraﬁoh it h‘lgh |§ the size og cations is same than that og

catioh havihﬂ inert gas coh@iﬂwaﬁom.

CuCl (M.P. 442°C)— Cu* 2, 8, 18(Covalent)
NaCl (M.P. 800°C) —Nat 2, 8(lonic)
Cut and Na® both the cation (F‘Pseudo & il/ter{') have same cfnarﬂe

and size but Po[arixihﬂ power o Cut is more than Na® .

So CuCl has more covalent character than NaCl.
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$€SSION — 5

AIM - To introduce VBT
Valehc‘t,{ Bond Theor‘t!:\/%T was Proposeo( bﬂ Heitler and London. It was

modigied by Pauling and Slater. (According to this theory, a covalent
bond s gormed by overlapping og atomic orbitals].
® A covalent bond is gormed by overlapping og unpaired atomic orbitals
og two atoms.
Agter overlapping both orbitals got common region og electron density.
® Ouerlapping og orbitals causes delocalisation og electrons which in turn,

lowers the eherqy and increases the sfa(bi[if\tj.

Resulting bond  acquires a pair op electrons with
opposite spins to get stability.
® The strength og the bond depends on the extent op overlapping.
Overlapping op orbitals is higher, the bond gormed is stronger.
Order og overlapping =1 > v=p > p-p
The direction og the bond gormed is the direction in which the bonding

orbitals are oriented.

® As the value og h ihcreases, bond :{‘rehg{‘h decreases.
1-1>1-2>2-2>2-3>3-3
|§Vtiswume ZP-2P>2s-2P>Zs-2s

1§'2’P>2S'2'P>38'3'P
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® (rbitals can ouerlwf) in 2 Ways,

Axial overlapping results in sigma (0 ) bond here atomic orbitals
over[a.p a[ohg the inter-nuclear axis and involve end to end or head
on overlap.tere electron cloud is cylindrically symmetrical about inter-
nuclear axis. The electrons constituting sigma bond are called figma

electrons.

Three types op axial over[app‘mq

- 7 overla??‘mg’ - 0\/9%[0(??1143 og two ha[@‘@i“ed s—orbitals og the atoms

otPProa(chihg to gorm a bond s=s Obond.

Formation og ‘Hz molecule:

"HﬂdY‘Oﬁ'eVl atom has one electron in 1s orbital. H — (1) 1:1, This orbital
l'mwil/tﬁ uhpaired electron ouer[w,:s Dlxiﬂ“\bl with 1s orbital og another H

atom to gorm a sigma bond. H-H molecule is thus @ormeo‘.

ONOINED

—_—

e
k L G bond s 1s
(Forwmtioh og ‘Hzmolacula)

LI 2 over[a??inﬂ. involves over[appihg og hal@‘@iued s=orbital og the one

atom with ha[@‘&il[ed P-orbifatl og the other, bond @ormeol it called =P
bond.

CONTACT US FOR MORE DETAILS - 9844532971



ACTIVE SITE EDUTECH

T ormation og HCl molecule:

Electronic congiquration og H is 141 with 1s orbital.
Electronic coh@iﬂurau'fioh og chlorine is 1:2 2:2 2P6 32 3P5 with mlfvpaired

electron in 3?1 orbital.
- 'HﬂdV‘Oﬂel/l’t 1: orbital and chlorine’s 3@2 orbital over[ap with each other

axia[[ﬂ to gorm a siﬂwnot bond.

O &= — (§§><D

]I De 'Hﬂd"oﬂeh %} De CMonhe

- pUp overla??‘lhg‘.ihvo[ue: over[atppihﬂ og ha[@'@i“ed P'orbifa(lx og the two

atoms. (he bond so @ormed it called PP bond.

F ormation J Clz molecule:

The electronic congiquration og chlorine atom iz 152 22 2p6 3:2 3P5

with an uhpaired electron in 3@1 orbi{'otl.Bf?)z_ orbital og two chlorine

atoms over[ap with each other axia[[ﬂ to gorm a xiﬂma bond.
<Dy (O — < O><)
p-p overlapping

® Side wa ys overla??ihﬂ og orbital is called T (’Pl) bond. Here electrons are

oriented above and below the inter nuclear axis.

= Formation og Ozmolecu[elf/lechomic congiguration og oxygeh 1:2 22 2134‘
It has 2 uhpoﬁrea’ electrons in 2@3 and 2Pz orbitals.
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;g,, orbitals og each 0x Yyqgen atoms oue\r[ap each other axiauﬂ to gorm a
sigma bond, Zr‘PH orbitals og the 0xYygen atoms are perpemdicu[ow to the
axis.So fheﬂ overlap lotfero(“ﬂ to gorm TU bond, Thus 0 = 0 is @ormed.

Ve ~
O, molecule

® O bond sfwohﬂer than T bond due to lﬂiglne\r ouerlappihg og orbitals.
® |n o4 O bond, the electrons are oriented a[ohﬁ the inter nuclear axis

but in arbond,.

® T yroe rotation og molecule aboutd bond is Poxsible but gree rotation

og molecule about T bond is not Possib[e.

Sigma %ahd Pi Bond
It is « s{'rohﬂer bond. It is a weaker bond.
It can exist imdepehdehf‘lﬂ. It exists ﬂ[OVtg with bond

It allows the gree rotation o bonded atoms. | It restricts the gree rotation og bonded

atoms.

The electron cloud o sigma bond is a(ohﬂ The electron  cloud og the bond

theinter nuclear axis og the bonded liesaboveand below this axis.

atoms.

All orbitals 5 Py d...... cah gorm sigma bond. axcepf & orbital, all other orbitals can
gorm bond

Doth pure and hﬂbrid orbitals can gorm ‘Hﬂbrid orbitals cannot gorm bond

bond.
This  bond s @orwned bﬂ the axial | This is @orw:eol bﬂ the (ateral

over[appihgo@ orbitals. over(appihgo@ orbitals.
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SESSION — 6

AIM - To introduce VSEPR Theorﬂ
VALENCE SHELL ELECTRIN PAIR REPULSION THEORY:

VSEPR 'l'['leorﬁ was P\roposed bﬂ C{i“et?ie and Nglnolm. This Hneor\u‘ ['\e[?x us

to Predic{' the s‘mpe og covalent wolecules based on the re?u[:ive

interactions og valence electrons.

The :hape og the molecule de?ehds upoh the number and nature og
electron ?alirt Pwesem’c in the valel/\cﬂ shell og the central atom.
Electron patirs around the central atom g a molecule rePeu ohe

ahother bez hega{‘iue chmrge on the electron cloud.

In order to minimise the repu[siom and to maximise the xfatbi[ifﬂ, valence

electron pairs arranged away grom each other around the central
atom ih a space.

Central atom in a wmolecule surrounded with 2 types og electrons.

- %ohd‘mﬂ or shared electrons(bond ?a‘nr)

- Non-bonding electrons(lone pair)

Bond pair og electrons are under the ingluence og two nuclei but the

[ohe Pair: are under the ih&[uehce o@ om[ﬂ ohe Vmc[eux. 'Hehce [ome

pairs are spreawl around the central atom and occupy more space
|§ central atom surrounded with oh[ﬁ bond pair electrons,molecules shows

de@‘mi{'e 5eomei‘r3.
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|§ central atom surrounded bﬂ atleast one lone pair electrons,
molecules shows altered or distorted or inde&ihii‘e geometrty.

ie. the origiha[ bond ahﬂ[e will disturbed due to repu[sioh between lone Pai\r

1

electrons. Bond angle o€
og ctrons oha ahg No. of lone pair of electron

L The VArious repmlsive @orces experiehced bﬂ these e[ecfwoh Patim it o@

the order l.? -['P > l.? - b.P > b'? - b'? repu[t‘lom

Shape og molecule having ohlg bond pairs
No. og bp e 8“_“}& Molecule
2 Linear BelF 2, BeClz, CO,
3 Triangular BF 3,8Cl3,803, C03%"
4 Tetrahedral C-H4, CCly etec
5 Trigonal bipyramidal PF s, PClg ete
6 Octahedral SF 6, Sif 62
7 Pentagonal bipyramidal | |7,
Sha(?e og molecule lnawihg bond pairs as well as lone pair electrons.
bond pairs lone pairs Total No. SLMPG °¢ Molecule &xample
basic shape actual shape
2 1 3 Triahgular Ahgu(ar SnCl2, 802
3 1 4 Tetrahedral P yramidal N3, H30*
2 2 4 Tetrahedral Ahgu[ar H20
4 1 5 Tolded square See Saw SF4
3 2 5 IPZ‘:';I nl | Tethaped CIF3
2 3 T.rigohal. Linear )(er
blPHrﬂMldﬂl
5 1 6 Octahedral Squarepﬂramidal IFs, BrFs
4 2 6 Octahedral Square ?lahar XeF 4
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GEOMETRY 0F MOLECULES

® Two C‘mrﬂe Clouds: When there are two charﬂe clouds, as in carbon
ad'oms(fwo double bohds) and HCN (omg sihg(e bond and one {'riple

bohd), the clouds are gar aupaur{' or ih oPPosi{'e directions. (hus, C02
and HCN are linear molecules with bond ahﬂ[ex og 180°.

180°

A CO, molecule
2
is linear, with a bond /—\ . ‘ ’
angle of 180°. 0=C=0
An HCN molecule 180°

s K N =D
Three C‘mrge Clouds: When 3 charge clouds, as in carbon atom of
@ormaldehﬁde (fwo sihﬂle bonds and one double bohal) and the sm[@w

atom o 802 (one single bond, one double bond, and one lp), the clouds
are @awﬂnesi‘ apfwheh flf\eﬂ lie in the same 'P[Oll/le and Poim{' to the

corhers o§ ah
equilat'era[ friahﬂle .
o e
Wlfh bOVlO‘ ﬂhﬂ[e 120 An SO, molecule is bent /'/O'
o with a bond angle of OS 120° | ’
ratherthan180°. approsamatsly L20% L

Top view ‘

T our Charﬂe Clouds? is occurs on the central atoms in CHy (@ow xim\of[e
bomds), N3 (H\ree :im\af[e bonds and one lone Pair), and H20 ({'wo
:ihﬂle bonds and two lone Pa(irs), the clouds are §m~fl«esi‘ apart ig

{'L\eﬂ extend toward the corners 0g a regular tetrahedron with bond
angle 109.5°.
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A methane molecule is
tetrahedral, with bond
angles of 109.5°.

<\'109.5°
H

H
|
H__./c\
H

An ammonia molecule is v
trigonal pyramidal, with H-" N—gy .
bond angles of 107°. 4

H,

107°

A water molecule is v
bent, with a bond H O .
angle of 104.5°. 7 v

1045 H

® Five Charge Cloudﬁ&ouhd in central atoms in @015, St 4 and ClEF 3

are oriented toward the corhers og {‘riﬂohalbipqramida[. Three clouds

T <

lie in a P[ahe and PoiM‘ toward the corners 0g an ea(uilod'ew(l

‘(‘riahg[e,fhe @ou\rﬂn cloud Poih‘(‘s direc{‘[ﬂ up, and the @i@f[t\ cloud 'Poim{'x

down:
A):’l':'- \/\:ml ~
=i
Equatorial ff,m‘
/V
T~
; Axial =
A trigonal bipyramid Side view Top view
a II:
A PCl; molecule is Cl.,_l—l, —ql A CIFB molecule lso . Cl—F
trigonal bipyramidal. a T-shaped (turn 90° to see it). ’ |
Cl F

o Six C‘mrge Clouds: shows reﬂu[ar octahedron,
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Center

@

w

A regular Side view Top view
octahedron
F
An SF; molecule is B, S| _sell C 0
octahedral. F™ | ~F

An XeF, molecule has a
square planar shape.
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Number Number
Number of Lone of Charge Molecular
of Bonds Pairs Clouds Geometry Example
2 0 2 @=@-@ Lincar O=C=0

i _ Trigonal H.. .
3 0 s‘_. planar H™ =0

O,
5 q s‘@ Bent o~ SQ

i T H
I “ |
! ’ s Tetrahedral H /C —H
H
. i 4 9 Trigonal 9
‘#Q. pyramidal H /N —H
2 2 9
) i ? Bent
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E 0] ' Trigonal ) |
bipyramidal Cl |
Cl
i
g B
4 1 @) Seesaw P~ SIQ
F
5
|
3 2 T-shaped Cll— F
F
f -
2 3 D &) Linear 0 IQ
B ) -

|
B ] F. .
6 0 Octahedral ~-GoC
B> | =g
F
2—
(fl
' Square Cl=e o 05Cl
5 i 6 % pyramidal cl rz\Cl
' Square E v F
L 2| g? planar F™ t‘e‘p
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AlM

SESSION - 7 AND 8

- To introduce hgbr‘ud‘uzaﬁoh

HYBRIDIZATION

The ihtermixihg up o pure atomic orbitals og ah atom havihg hearing
ehergies to give a set og equal humber og identical lngbrid orbitals og

same eherqy is called ‘Hiqbridizat‘ioh.

This is a hﬂpofhe{'ica[ cohce»f;'{' and was Propoxeol bﬂ ’Pau[ihg and Slater
Rules gor ‘H}jbridizatioh:

Atomic orbitals og ah atom can intermix
Atomic orbitals l'mwil/\ﬂ Vteawihﬁ eherqy can intermix

Vacant, [f\ﬂ[@'@i“ed or comp[efelﬂ @i“eal atomic orbitals can intermix
to gorm hﬂb\rial orbitals

No. og fnﬂbrid orbitals @o\rmed is ea(uat[ to number og atomic orbitals

imferming

Hybrid orbitals are identical in thape and have same energies but
digger in orientation in space.

The electrons are redistributed in these hybrid orbitals gollowing
Hund’s rule and Pauli’s exclusion principle

Atomic orbitals only participating in Hybridization but not electrons.
Hybrid orbitals gorm G bonds, unhybridized orbitals gorm T bonds.
Molecule has a reqular geometry, when hybrid orbitals contain shared

pair og electrons ig ohe or more lone pairs og electrons in the valence
shell,molecule shows distorted 5eomefr3.

E ach hﬂbrid orbital howihg two lobes, one is [owﬂer and other is smaller.
%omd will be @ormed grom [awﬂe lobe.

The hﬂbrid orbitals are oriented in ipace as gar atpow{' as Po:sib[e.
Thu:, flf\eﬂ l'\e[P in defermimihﬂ the shape or ﬂeomeﬁﬂ 0g a molecule.
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Diggerence between hybridisation & overlapping

Overlu??ihg 'Hgbridim{‘ioh
® |t sccurs between orbitals og two ® |t occurs amoh g orbitals og
atoms the same atom

.01/\[5 ha[§ @i“eo‘ orbitals takes ® ﬂh\\j {'\&”)e og orbital can
Pow{‘ ihover[appihﬂ Pat\r{‘ici?ad‘ex

® |t sccurs durihﬂ bond §ormafiom ® Process, Jmsf be&ore

overlatppihﬂ.
® (rbital og di@@erehf ehergies may ot ma y takes P[ace in 5r0uh0‘

bond @ormed a@fer hﬂbridiz_a{'ioh

participatesin excited states. or in excited itate
lhﬂroumd state— 13, NC[3,
PH3, PCl3,
® Molecular orbitals are §ovmed ® ‘Hﬂbridised orbitals are
§ormed

TY?PES 0F HYBRIDISATION:

® p Hybridization:

One s & one p orbital intermix to gorm two sp hybrid orbitals. This
process it called sp hybridization.sp-hybridised orbitals op equivalehf
:‘mpe: and ehergies and arrahge in sfraight' [ihe([inear :lnape) with
angle og 180°. Each sp hybrid orbital having 50% ¢ =character and
50% p —character
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| Jit
6xam?[e: %e‘HZ - central atom is Pe.

2s 2p
De (fproul/\d s{'otfe) 1
2s 2p

De (excifed s’ratfe) 1 1

Be-atom acceP{'x 2 clectrons grom Hin %e‘Hz,

2s 2p
sp hybridisation sp hybridisation

These two ip hﬂbrid orbitals og De oue\r[ap otxia([[ﬂ with the 181 orbitals
og 2 H atoms to gorm 2 sigma bonds with linear in sha?e anhd bond

angle 180°
( (;2 } —Be<C (z } }
H Sp l sp H
1s' Is'
H Be H

Beryllium Hydride
—Linear Molecule
—Bond Angle 180°

002 Molecule (0 =C =10 ) Heve C has two ip hﬂbwid orbitals & two
Mmhﬂbridixed P orbitals.lt shows linear in shatpe with 180° bond ahﬂ[e .
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Molecular orbital picture of CO, %01’10‘ [el/\ﬂﬂn be{'weeh C—
0 bond is reduced due to the presence og T bond.

CH=CH ['H—CA = C%—“H] Here each C atom contains two ip hﬂbrid orbitals
& tuo umhﬂbridised p orbitals

2s 2p

C(ﬂroumd x{'a{'e) 1 11111

C(excifed sfatfe) 1 BERE

C atom a(cce?‘(‘s gour electrons grom H&C 1 11
sp hybridisation

® ip hybrid orbital op each C overlaps to give sigma bond C — C.
® The remaining one sp hybrid orbital og each C atom overlaps with s
orbital og fl, gorming sigma bonds between C — H.
® The two unhybridised p orbitals og cach C atom (p, and p,) overlap
laterally or sideways to gorm two pi(7T)bonds.
Theregore in #—Cq = Ce—H
sigma bond between Ca— Cg is gormed sp — sp overlapping
sigma bond between Ca — H is gormed sp — 5 overlapping
sigma bond between Cg — H is gormed sp = 1 overlapping
pi bond between Ca — Cg is gormed I py=p,p—px overlapping
® Euch C atom gorms two sigma bonds but in Cotr 3 sigma bonds
® Euch C atom gorms two TC bonds. Total T bonds in CoH2 are two
® Total number og bonds in acetylene are : 30 + 2T bond = 5 bonds
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o :pz 'Hﬂbr‘lahtaﬁoh: it imfervnixihﬂ og ohe s and two p orbitals to give
3 xpz lnﬂbrial orbitals is called xPZ lﬂﬂbrialimfiom.

@ {
’ Hybridizati °
. N sp” Hybridizaf fon 120
7R
sp™ ey
px py

3 spz-hﬂb\rid orbitals lie in the same ?[“V‘e’ directed towards corners og

equi[ai‘eral i‘riahg[e with is 120° bond aLV\g[e between them. xPZ fnﬂbrid
orbitals shows 33.3% og —character , 66.7 % og P —character.
6xam?[e: - %Fi

In %FS molecule the central atom is B electronic coh@iﬂura{’iom it ih

D) (ﬂV‘OMVtOI s{‘a{‘e) ]Zf ] 2
D) (exci'{‘ed s{‘a{‘e) 1 117

D atom au;cepfs 3 electrons
From 3 F atom . in BF3 1 111

| E—
tPA ﬁﬂbrid orbitals

One S orbital and two P orbitals og D atom infermix to gorm 3 sPZhﬂbrids

orbital. These 3 lagbrid orbitals orient in space ih a ?[ahar friahgular
manher with bond Oll/lﬂle 120°
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sp’
@
B
&\,
sp’ sp

These three hﬂbrid orbitals overlap axia“ﬂ with 2/)07_ orbitals og 3F

atoms to gorm 3 tigma bonds
Hybridization of BF, B BYJU'S

Ds-

L e ® Boron Trifluoride

6”\3[9%9 (021“(4]_. Here each C atom contains three xPZ l’l\kjbrid orbitals &
ohe umlﬂﬂbridixed P orbitals awrau/\ged in frigolfm([ manher with bomd ﬂhﬂ[e

1200 C(ﬂroumd s{'od'e) 125 12p HE
C(excifea( xfatfe) 1 IERE

C atom otcce?fs gour electrons grom H&C 1 I

L 7
SpL hybridimfioh

® 5% hybrid orbital og each C overlaps to give sigma bond C — C.

® The remaining two sp” hybrid orbital og each C atom overlaps with -
orbital og two f atoms, gorming 2 sigma bonds between C — H.

® The one unhybridised p orbital og each C atom (p,) overlap laterally
or sideways to gorm one pi(7T)bonds.

® Eoach C atom gorms 3 sigma bonds but in CoHa 5 sigma bonds

® Euch C atom gorms ohe TU bond. Total T bonds in CoH2 are two

® Total number og bonds in ethene are : 50 + 1T bond = 6 bonds
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e S?S ‘H‘\,qbr‘ld‘ltaﬁoh:is ihferwlixihg og ohe s and 3 P orbitals to gorm 4 sPB
hﬂbrid orbitals it called S'PS hﬂbridisa{'iom. T ormed L\ﬂbrid orbitals

Oriented in tetrahedral manner with ahﬂle between them is 1090 28’.:793
[t\ﬂbrid orbital shows 50% og ¢ and 50% o¢ P characters.

oQ f X[up?
;;;fﬂf*f’
_Jis

&xamp[e: CHa (methane)
In CH4 , the central atom is C. Electronic congiquration og

6C - 1:2, 2&2 Zle ZPﬂl ZPZO
25! 2p\ 2py 2p}

C (ﬂromwl s‘(‘od‘e) ™11 |
28" 20 20y 2p!

C (exci'{‘ed s{‘a{‘e) t Ol

C atom share gour electrons

with & hydrogen atoms A0 I

sp® hybridisation
- One s orbital and three p orbitals og C intermix to gorm 4 xP3 hﬂbrid

orbitals. The hﬂbrid orbitals orient in pace {‘efrothedrot“ﬂ with bond
angle 1090 28’

CONTACT US FOR MORE DETAILS - 9844532971



ACTIVE SITE EDUTECH

- These 4 sP3 lnﬂb\rid orbitals over[otp with 1 orbitals og  gour H atom to

gorm 4 xiﬂma bonds

w\\\\k\uwso

HW"
H

Note:

- In orﬁahic compoul/ml:, wherever C gorms 4 siﬂma and zero Pi boholx, it s
VPB hﬂbridixed.
- When C gorms 1mn bond, it is spzhﬂbridized.

- When C gorms 2T bonds, it is ip hﬂrbridixed.
Find the hybridization og all ¢ atoms in the gollowing

® CHP = CH __CHp—_ CH3
P2 P2 3 593

o CCl4 — All carbon atoms thows SP3
® CHY = C = CHD

$P2 §P §P2
o CHD = CH _CH = CHD

$P2 $P2 P2 P2
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Ammonia (N'H3 )Molecu[e In N'H3 the central atom is N.
It G.e.C = 22 2P3 T LN

- One §u“ﬂ §i“eal s and three hal@ §il[ed p orbitals intermix to gorm 4
xp3 L\\ijrid orbitals

- ﬂ@fer hﬂbwidiza‘t‘ioh Nifvogem with 5 valence electrons has 3 mhpaired

e= in 35p3 hybrid orbitals and a lone pair in the gourth one.

- The three fl s - orbitals each are having an unpaired electron overlap
aith the 3 1p3 hybrid orbitals og N-atom. Thus 3 N — H electron pair
bonds are gormed

- Due to the presence og lone pair, the bond angle decreases to 107° due

to 1? - bp and b? - b? interactions and shows ?ﬂramidal sha?e.

3

sp

.Y
HY wess H
H
° ﬂzO moleculer In H20 the central atom is 0.

lts G.&.C is 22 Zp,% ijl, Zp;
- One s and three P orbitals intermix to gorm 4 sP3L\ﬂbri0[ orbitals Oxﬂﬂeh

with 6 valence electrons has 2 mwpaired e in two xf)3 [’\\ijrid orbital

and two lone Potir in remaihihﬂ two.
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- The two 1s orbitals og H cach are hawil/\ﬂ an uV\Potireal e ove\r[ap with
xp3 lnﬂbrid orbitals og OXﬂﬂ'eVl atom. hus two 0—H Higma bonds are
@ormeol.

- Due to the presence o two [ps ,the shwpe it distorted to amﬂula.r or
bent-V xhot?e and bond ahﬂ[e is decreased grom 109° 281 +, 104° 30’

104.5°

CO"'-\--..:,:= <0445~

° :?3d 'Hgbr‘ud‘umf‘wh

H O 95.84 pm

H

- Heve one 5 orb three p and one d orbital are mixed to ﬂive §ive hew
hﬂb\rial orbitals which are ea(uiuotleh{' ih shwpe and eV\eV‘ﬂ\lj called as spgd
hgbr‘nd orbitals.

- Qut og these give orbitals, three hﬂb\rid orbitals are at 120° owtg[e

Prexem{‘ on the P[ahe and two hﬂbrid orbitals are ‘Pe\rpemdicu[aw to the

P(ﬂl’le, xl'ha?e og molecule becomes is {‘r‘ugoha[ b‘upgrmaidal.

(a) Tive tigma and zero [? electron {'rigoha[ biggramidal
P, PCls, PHrs, Pls, Ast s, ACls, Sblls, SbF 5 ete.

cl Cl
/ \\
// P \\‘\
Il N
J ==«
cle=-
cl
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(b) Four sigma bonds and one lone pair og electron :
STy, Set g, Tebyg, Pol g, PT4, SbF 4, SClg, Selly, Tellg ete.

The Sl’la(‘f)e og all above exatmp[ex will be ‘urregular tetrahedron.

F
F

F
F

Structure og 8§t 4
(c) Three sigma bonds & tuo lone pair og electrons - CIF 3, BrF 3, IT3,
%rC[g, ICl3 etc.The xfnatpe og all above compouhd& i T :‘mge

(d) Two sigma bonds & three lone pair og electrons :Cl27, 1827, CIE L,
1F27, BvF 27, Kef 27, 137, Br3™ shows linear shape.

L :?30‘2 ‘I’f&bridim{‘ioh .

- one smorbitals, three p-orbitals & two d-orbitals are mixed to give six
new hybrid orbitals known as sp3d? hybrid orbitals.

- The shape og molecule obtained grom above six hybrid orbitals will be
symmetrical octahedral.

- The ahﬂ[e between all hﬂbrid orbitals will be 90°,
6xownf>le : ST, AlF 672, PFe, ICls, KeF g, Ke0F 4, ICl4,
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Shape op molecules or ions involving hybridization with bond pair electrons

Hybridization Bond Shape o molecules Example
angle
ip 180° Linear Beb o, Belly, COy CSy,
H\quz MﬂClz, Coty
p2 120° Trigonal Coplanar | @F 3, BCl3, BH3, AlCl3,80;
$03, 02H4, NO3, 0032_
ip3 109°28’ Tetrahedral 8iCla,CHa,SnCl4,8042, ClO4
ip3d 120°,90°| Trigonal bipyramid PCls, PF5, SbCls
sPSOIZ 90° Octahedral SF@,SMC[62_, Pt e, Sel g
SP30{3 900,720 @emi’aﬂohal bipﬂrm’nid It
dip? 90° Square planar [Ni(CN) 4] %, [P+Cla] %,
Cfeomefru molecules or ions ihvolv‘mgbr‘nd‘nzaﬁoh with lone pair og electrons
Hybridization | o, og lone Sond Shape og Examples
pair og ahﬂle molecule
electrons
ng 1 < 120° Anqular or V SnCly, S0,, NOo~
ihﬂ?e
i?;,3 1 <109°28’ /‘Pﬂramida( N3, PH3, PCl3,
AsH3, Cl03~
ip3 2 <109°28’ V Shaped 5,428,137
g79301 3 180° Linear Xef 2, I3~
"PBd 2 180°, 90° T shape ICl3, CIF 3
g,PSd 1 186°, See saw STy, Telly
116°
i,P3012 2 90° So{uowe p[aho&r XeF 4
VP?,OIZ 1 90°, 180° Sa(mowep\\jwthiofal IF5, Xe0F 4
i,P3013 1 72° & @ehfqgoha[ Xef g
90° pﬂramiol
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Method og ?red‘ucfimg the 'Hgbr‘ud ttate o

g the central atom

Simple Molecule

Polyatomic Anion

Poyatomic Cation

X:%[V+G]

X:%[V+G+a]

x:%[vm—c]

'HHbridimtioh or X = % [Tafal humber og valence ¢~ in the central atom + total number
og mohovalent atoms — charﬂe oh cation + chm‘ge oh ahiah]

In the above @o\rmulae,
V = No, og monovalent atoms or groups attached to the central atom

G = No, og outer shell electrons in 5r0uh0‘ state og the central atom

a = /‘/Iatﬂmifude og chawﬂe on anhioh
c = /‘/latﬂmifude og chawﬂe oh cation
X 2 3 4 5 6 7
Hybrid state sp sp? Sp® spd sp’d? sp’d®

Calculate the value og X and decide the hgbrid itate 0g central atom as @o“ows

T or &xample:

PFs COCl, NH,* ClO,”
X =5 [5+5] X =5 [2+4] X =5 [4+5-1] X=3[0+7+1]
=5 =3 =4 =4
Hybrid state of P is Hybrid state of C is Hybrid state of N is Hybrid state of Cl is
sp’d sp? sp® sp®
NO3~ IFs CO, XeF,
X=5[0+5+1] X =5[5+7] X =5 [0+4] X =% [4+8]
=3 =6 =2 =6
sp? sp? d? sp spd?
PCls PH; SF;" SF,
X=5[6+5+1] X=5[3+5] X=5[3+6-1] X =5 [4+6]
=6 =4 =4 =5
Hybrid state Hybrid state Hybrid state Hybrid state
sp* d? sp® sp® sp’d
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Se SSION — 9

AlM

® To introduce d‘lpo[e momeht.
® Ty introduce resohance

DIPOLE MOMENT (L)
A polar covalent molecule behaves like a diPole.deﬂree og Po[ari{'ﬂ og

a bond or wolecule is expressed in dipole moment,
The product of magnitude og negative or positive charge (e) on either
atom and the distance between them is called dipole moment
Mathematically,
L = electric charge X bond length = q x d.
Special Unit og dipole moment is Debye (D).
19 =1 x 1018 cisiu x em
or 1 = 3.335 x 1030 coulimb metere (S| unit)

- EDiPole moment is a vector quantit and is indicated bg ah arrow lnawihg

a symbol (+—) pointing towards the negative end.

“— 4 “— 4 “—+ +>
/O\]r /S\bi[ O=C=0 S=C=S Cl—Hg-Cl
H H O
1.84D 1.63D oD 0D 0D

- Qreater the dipo[e momenht, ﬂwea{'er it the Po[arifﬂ og the bond.
- In case og Po[aw diatomic wolecules there is one Po[ar bond o, dipole
momenht og molecule = diPo[e moment og the Po[a{r bond.

Ubond = Hmolecule

- In case og Polﬂa{’omic molecules, there are more than one Po[aw bonds, so,

W = Resultant di?o[e momeht og all individual Polow bonds.
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Resultant dipo[e momeht ma y be calculated bﬂ the vectorial addition og

the bond moments, as pg =12 +p2 +2uu, coSO
e.g.(i)&)‘l?l)lﬁ momeht og water is 18459, which is ea(uatl to the resultant
dipo[emomehf og two 0 — H bonds.

1 35 %

-25 N

+8% OR% ':a% j \J8
H H H+8

u=1849a n=149 9%

3)‘:?0[9 moment og umgmme{‘r‘ucal molecules.
¢:9- (‘u‘u)fi)‘u?o[e moment og Ammonia is 1.499, which is equal to the resultant
og dipole moments og there N — H bonds.
- The molecule lfuavihﬂ zero resultant dipo[e moment are said to be non

po[ar molecules like CO2, Belly, DeF o, CSy, BF3, BCl3, CHy CCly

l'lowilAg z.evo dipo[e moment but contain Polaw bond.
The wmolecules hawihg certain dipolomehfs are said to be

Po[aw molecules like H20 (Ll - 184@), N3 (]J S 14‘0@), NE 3
(02459) CH3Cl (18659), CHCl3, PCl3, S02 ete.

Molecule has zero di?ole moment under the @o“owing conditions:

a)le it has sp hybridisation (linear gqeometry) because p = p, ando = 180°
§ [N 9 4
g C02, $eCl7, ‘HﬂFZ ete 0= € =10

(b)l@ it has xPZ hﬂbridiza{‘iom({'riﬂol/ml P[al/mur ﬂeome{‘rﬂ) and the atomic
humber og the central atom is less than ;1
g %FB, %0[3, S03 ete. F =B )&
%F

(c) Molecules which have xﬂmmeﬁica[ tetrahedral structure:
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.9 CClg, CH4, SiCl4 etc
Cl
Il

cl=C =l

’\\

(d) |§ it is a {rans isomer:
e.qu Trans 1, 2, dichloro butene -2

CH; CH, HsC Cl
L O B
/C C /C—C\

az  Na q# CH;

uz0 u=0

l@ there are 3 di@@erehf groups around the double bond, then both cis

and trans isomers show dipo[e momeht buf.[ltrans < Ucis

e qu 3, 4 dichloro hep'l‘el/te -3

H H
6 \c—c/CH7 Q\C_C/Cl
- ™ TP
e Xl Cl CH 4
cis trans
(more dipole moment) (less dipole moment)

(e))A para isomer has no dipo[e momeht.
e.qu P-ahclq[oro benzene.

@lpo[e moment @o“owx the order 0 > m > p. @/Cl @\ @
Cl

A‘P P l 1C a{- 1ohs o e 8 | ‘p 0 [e momelh f o-dichlorobenzene m-dichlorobenzene p- dlchlurobcnnm

c@upo[e moment used to Preallcf
(a)aeomefrg og the wolecule

le p= 0 compound is non polar and symmetrical
eq. COp, BF 3, CClg, CHy Bel o ete.

le 1#0 compound will be polar and unsymmetrical.
H20, S02, NH3, Cl20, CH3Cl, CHCIl3 ete.

(b)cis or trans gorm og a qeometrical isomer.
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- @ipo[e momeht og Cit isomers is horma“g hiﬂlne\r than trans isomers

—t —t
Cl—l(li—H Cl—l(li—H
Cl—C—H Cl—C—ClI

—t —t

u=0 p=0

cis-form Trans-form
Polar (1 = 0) Non Polar (u = 0)

- |§ two groups have oPPoxife inductive e@@ecf than trans-isomer will have
ﬂreafer dipo[e momeht
H H
LA LA
i T
AN SN
ey F B D

(c) Orientation in benzene derivatives or to locate position op substituents
1
[0 O —
Bond angle

in aromatic compounds. u

- l@ tame substituents are Prexef in the xﬂmmef\rica[ Posi{'iom |:||:|o§ benzene

rimf] cowzpoumds will be Zevo

Cl
. Cl Cl
el | cl |
p=0 p=0
Angle 180° Angle 120° Angle 60°

p-dichloro benzene m-dichloro benzene o-dichloro benzene

- A am\alle between subtituents decrease value og Lincrease
(4)% ionic_character og _a bond.

Observed dipole moment

Percent ionic character = : : — x100
Calculated dipole moment assuming 100% ionic bond
_ Experimentalvalueofp
%Iloniccharacter = — X 100
Theoriticalvalueofp

e.ge 6xpe\rimel/\{‘o(l alipo[e moment gor HCl = 1.03
SMPPose cl'\awge on H* or Cl5, q = 4.8 5 10710 esy
d = 12740
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. theoretical value og L = g x d =48 1010 x 1.27 x 1078
=6.09 ®

les, O/() jonic character in H — Cl bond or HCl molecule =22x100 ~ 16.9

6.09
(e)&xf@hf og ?olarifﬁ

Mo[ecu[es howil/tﬂ zevro dipole moment (MQ) are Vtol/v)oolow Mo[ecules owml those
havihﬂ g # 0 are Po[aur ih hature.

g Ho, N2, 02 etc are Mohpo[ar (H=O) and HE, HC|, ‘H%r, Hl, etc are
po[aw molecules (HQR?‘—'O)

Thus, dipo[emomehf can also be used to d‘ltfihgu‘lth between Polar and

hohpolar mo(ecules.

RESONANCE

In certain molecules, a ximp[e Lewis structure cannot exp[aim all the

Proper{'ies og the molecule. The molecule is then swppoxed to have mah y

structures.

The actual structure is in between og all the cohfribufihﬂ structures
and is called resonance hﬂbr‘ud. The diggerent individual structures are
called resonating structures or canonical gorms. This phenomenon is
called resonance. In representing resonance, a double headed arrou

((—>) s PM‘(‘ between di@@erehf coh‘(‘ribu‘(‘ihg structures.

T or exathp[e we can write two electronic structures og 03

(+) (=) “) (+) 0]
107 0

O\ — @] = .
O%a 0 & b\o (©)
Structures (ﬁ) and (%) are called re:oha{'ihg or cahonical structures and

C is the retohance hgbrid. This Phemwzemm it called retonance

Some other examples
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(1)C03% ion

o) :.é:_ :b:
‘o*o‘ 3_91/&:0: ZQ/K:Q: -

(ii) Carbom—ox\tjﬂem bond [eMﬂfhs in carbox\tj[a{'e ioh are eo(uat[ due

resohalhce.

< = =

R
(i) Benzene
(iv) \/imﬂl Chloride
HZC:\". HZE_\ +
ck: Cl
ZaN 2\
(0] o) o 0
- Sulplﬂw dioxide §02
= Nitrous oxide (dimifwgeh oxiole), H20 N=N=0 <= N=N—>0
- Nitric oxide, NO N=0: —> =0

Nitrate ion, NO; (P[awww, {'wiahﬁu[ar)

/o i //o ] /o
AN AN
o 0
_ o
A s
o=N <= O C c
A AN N\
(6] o (0]

No. ofbondsbetweenthesametwoatomsinallthestructures

BondOrder = -
totalno. ofresonatingstructures

to
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&xam?[e: o Resonance:
(i) Ozone (03)

O

TATA N

Resonating structures Resonace hybrid

3
%ohol Ovder = E = 15

(ii) Carbon dioxide (002)
:0=C=0: «—> :6EC—§1_ <——>—:()—CE(J5=
I I ] T
%ol/ml Ovrder =§ = 2

(m) Cowboh Mol/loxmle (CO)
:C=0: «— C O — T 551

6
%omd Ovder = 5 — 2

508 105

AN L — LN
(iv)Carbonate ion (CO37) =Q=/ \=Q= =.c.>/ \=Q= =9=/ C\Q=

Resonance explaih wlng all bonds are equ‘waleh{' in lehgfln, eherqy.

O:é

Resohance eherqq:ff)‘l@@erehce in the ehergies o the canonical gorms and

resohamhce hybrid is called resonance stabilization enerqy.
Y 91y

The vresonance L\\ijrid is more stable than ahy og the resohatihg

structure.(reater the resohance eherqy more will be the :i‘abilii‘g to ipecies.
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Rules gor writing @\ewhaﬁhg Structures:

(i) The various resonating structures digger in the position og electrons and
not in the relative positions og atoms.

(ii)A“ the cohhibufihg structures should have the same number og uhpaired
electrons,

(iii)The various cahonhical structures shows same eherqy.

(iv)(‘Resomahce structures inh which the Vxeﬂot’cive cl'mwge resides  oh
e[eci‘roheﬂa{‘iue atom and Posi{'iue clflawge resides on e[ecfroposifive atom

in resohance hybrid

(v) Resonance structures should be so written that unlike clfmw\o]ex reside on
ad jacent atoms.

(vi)(‘Resomahce structure with greater humber og covalent bonds contributes

more towards the resonance hﬂbrid.
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gession - 10

AN
1] To introduce bond parameters

Z] To introduce @orma[ charge
POND PARAMETERS

2 Bond Lengfh.' The average distance between the nucleus og two bonded

atoms is Lnown as bond [emﬂhf‘, l/\.OV‘MOL“H it s re/f)rexemfeol in A or pm

(10-10 ¢u) or AO (10-8 cw).
- For the same atoms, bond [ehgfk decreases with the mulﬁphcif& og bonds.
1

Bond length o
Number of bond or bond order

C—C>C=C>C=C
ex: C2 He (1.54A) > C2 #4 (1.34A) > ¢2 #2 (1.20A)
- Bond [ehﬂt‘h decreases with increase in s=characters og the hybrid orbital
used in bonding.
ip3=0> 190> ip— O
- Polar bonds are shorter than theoretical hoh'po[ar bonds.
Actual H—Cl distance < theoretical H—=Cl distance.
- When the size og the atom increases, the bond lehgﬂl increases
Exi T -F <Cl-Cl<®r-%r<]|—|
aBond Enerqy or bond strengthilt is amount op enerqy required to

break one mole og the bonds to separate the bonded atoms in gaseous
state.

f actors aggecting bond eherqy:
- Size 0g the atoms: Larﬂer the size og the bonded atoms, lawger it the

bond [emf]f['\ and lesser is the bond eherqy.
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1
Atomic size

Ex: HE > HCL > H{Sr > A
- Mulfi?[‘lCif‘l'{ o bonds: T or the bond between the same two atoms, bond

%ohd ehe\rﬂﬂ oC

eherqy increases with the Mul{'iplicifﬂ og the bond.
Bond energy o« Bond order

Ex:C C>C=C>C-2C
- The ehergy required gor homolgi‘ic cleawage it more than that required
gor hefero[gt‘ic.

- Number og lone pairs og electrons:

Qreater the number og lone pair o electrons present on the bonded

atoms, greater is the \repu[xive interactions between them and smaller

it the bond eherqy

Bond ’Polarifﬂ - Bond ehergy o Po[awifﬂ
eq. H-t > H-Cl > H-Br > H-

ﬂgbridimfioh - Bond eherqy o« s=character in lngbrid orbitals.

eqe SP'SP > spz'spz > xPB'xPB

s —character- 50% 33.3% 25%

s Dond Ahgle - The amg[e between any two adjacehf bond is known
as bond al/tﬂ[e.

It s rePrexeM’ed ih aleﬂree (o), mih (I) and second (”)
T actors aggecting the bond ahgle
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Fol[owihg gactors can aggect bond amgle:

‘Hﬁbridimt‘ioh og central atom:% og s character increases bond ahgle

a[so ihcreases

p 180°
sPZ 120°
sP3 109.5°

1
No.of lone pair

- Presence og lone ?air:Them bond ahgle oC
bez [p—bp repu[xiom is more than bp—bp

-9 9

N\ @)
104.5° . H

107°

C\H

- a[ecfroheﬂafivifﬂ og central atom: Due to more e[ecfvoheﬂai‘iuifﬂ og

central atom bond Pair 591‘ xhi@fed toward it and distance between
them decrease thus @wfher bP_bP repu[xioh increases.

- bond ahﬂle oC e(ecfvohga{‘iuifﬂ og central atom

\ 4 \4
o e

104.5°

Aulf‘l?[e bondsiE lectron demifﬂ gor double bond is more than in ximf[le

bond,so rePulxiom in double bond is more than simg[e bond.
%olfml ahﬂle oc Number og bonds (%ohd oraler)
109° 120° 180°

Ze=c 2= —c=<
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FORMAL CHARGE

In a molecule,no cha\rﬂe on the wolecule as a whole or in a polﬂa{'owzic

ioh (e.ﬂ.,COrf_ or NH] ion efc.)buf cha\rﬂe preseht oh the ion is the

cfnarﬂe on the ion as a whole and wot on the individual atoms,

tormal c‘mrge it the di@@erehce between the valence electrons in an

itolated atom and the number og electrons m:ighed to that atom in

a Lewis Structure. or

Individual charﬂe ?o::essed bﬂ an atom in a molecule.

T ormal cl'murﬂe = Valence electrons og the atom — (anared electrons

og that atom + Unshared electrons og that afom).

Formal charge = Valence electrons og the atom — total number og

[? electrons — Y2 total number og bondind or shared electrons og
that atom.

E x. 1] Calculate §ormad clnarge on each 0 — atom og 03 molecule.

Solt Lewis structure og 03 is: -
1/9\.3
O O

The atoms have been numbered as 1, 2 and 3.
tormal charge on end 0 — atom numbered 1 =6 —4 - %(4—) =0

tormal chawge on end 0 — atom numbered 2 =6 -2 - %(6) = +1
tormal cfnowﬂe on end 0 — atom numbered 3 =6 -6 - %(2) =-1

T
@)

Hence, we rePrexer 03 a[ohﬂ with @orwm[ c['\awges as.
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E x. 2] Write the @orma[ c‘mrﬂes oh atoms i (l) carbonate ion (‘ﬁ) hitrite
ioh.

o: 12
Ja/.'(i) Lewis structure o¢ CO%‘ on i 07 o

1
tormal chawﬂe on C atom = 4 — O — 5(8) = O, T ormal chowﬁe oh
double bonded 0 atom
=6-4--(4=0
tormal chowﬂe oh xihﬂle bonded 0 atoms = 6 — 6 —%(2) =-1

ii) Lewis structure og NOZion is I:O=;\-I_O'i|

tormal charge on N atom =5 — 2 —% (6) =0,
tormal charge on double bonded 0 atom = 6 — 4 —%(4) =0
tormal chowﬂe oh xihﬂle bonded 0 atom = 6 — 6 —%(2) = -1
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$§&8SIoN — 11
AN To introduce hgdrogeh bohd‘mg
HY DROGEN %ON'?D'NC{ it electrostatic gorce og attraction exisfihg between
cova[ehf[g bonded H atom og ohe molecule and the e[ecf:rohegafive atom og

the other wmolecule.
This bond comes into existence when H atom is direcf[ﬂ bonded to hiﬂhlﬂ

elecfvomeﬁaﬁve atom such as N, 0 or F.

'Pro?erfiet and conditions og HYDROGEN BHOND
- H should be cova[ehf[g bonded with fmﬂh electro—ve element like T,0,N.

- Rtomic size og electro—ve element should be small.

@ecreasihﬂ order og atomic size s N> 0> F

1
atomic size of Z

S‘(‘rehﬂﬂn og H=bond m&[ecfwoheﬂa{‘iuifﬂ og Z (e[emehf) oC

-ﬁﬂdﬂ)ﬂem bomalihg occurs in HCN,due to (—CEN)hiP[e bond (sp

hﬂbridisa{'ioh), e[ecfrohegad‘iuifies og carbon and Vti‘(‘rogem ihcreases.

H—C=N........ H—C=N........ H—C=N
- A [t\ﬂdrogem bond is a bond og hﬂd\mﬂem between two elecfvohega{‘ive

atoms om[ﬂ. It never involves more than twe atoms.
- 'Hﬂ&lY‘OﬁeVl bond is very weak compaweal to a covalent bond. The bond
enerqy is in the range og 3-10 kca[/mole.

- Formation og H-bond does not involve xhowihg og electrons.

Tﬂfge: og hgdroﬂen bohding
Total of 'Hgdrogeh %ahdihﬂ

l

v v
Inter mlleculm Intra Molecular
v v
Homoo Inter Molecular Hetero Inter Molecular
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(a() Inter-molecular ‘H'bohdihﬂ Presem{‘ between two or wmore wmolecules

(ximi[ar or di@@erehf)
&xotmple: (I) In H#20, NH3 and HE wolecules:

L1 <
O_H-----O_H------O_H------ -....l .-...l .-...l

H H H
F .F
.7 /
M 1;:(J\H o 120° ,H/120NH\ 120° M
F oY .
“F N
F

20— H— 0

H—C _C—H—HCOOH (Formic Acid)
O — H== F

No. og H=-bonds in a molecule = No. op H-atoms attached to electro-negative
element + No. og lp electrons on electronegative element.

e.qgoNH3, No. og H-bonds =3 + 1 = 4

in 120, No. og H-bonds =2 +2 =14
Eggect op Intermolecular H-bonding:

- |t increases the bo‘ul‘mﬂ point og the compound.

E.9. BP og ethanol is higher than that op diethyl ether.

- With increase in intermolecular ‘H-bomdihﬂ the Phﬂt‘ucal state chahget
grom gaseous to liquid and to wlid. Ex: AT, 20 and NH3 are
associated liguids,

- Intermolecular hydrogen bonding increases the solubility og the substance
ih water.

Ex: organic compounds like alcohols,amines are soluble in water

- lee has less demifﬂ than water In ice H-bomalim5 absent so olemifﬂ

decreases thats y ice sloai‘: oh water

- |t increases the acidifﬂ og ah acid
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b)'mf‘rat'mo[ecu[atr ‘HﬂdMﬂeh %ohdihﬂ here H - bol/mlil/tﬂ fatkes P[ace when

hﬂdrogem and the e[ec{'rol/\eﬂotfive atom are Presehf in the same molecule.

@Q,@g o> @(

O-nltrophenol Salicyladehyde O-fluorophenol 2-6 dihydroxgyl benzoate

Conditions gor pormation og intramolecular hydrogen bonding:

= Tlne rihﬂ @ormed sfnou(&l be P[awww
- Position og the im{'erac{'ihﬂ atoms should be such that there is minimum
strain in rimﬂ @owma{'ioh.

e.g.,lhfwamo[ecular ‘H'bomdihﬂ hot Possib[e in m- & p- isomers o hifropheho[.

Eggect op intramolecular H-bonding
- |t decreases the boilimﬂ poim{' og the cowzpoul/\d.
- It increases the steam volatile nature og the compound.
e.q o-hitrophenol is steam volatile but p-nitrophenol is not.
- |t increases the acid SfV‘eMﬂfl’l.

e. g sa[icﬂc[ic acid is xfwohger than p- Hﬂdroxﬂbehzoic acid.
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$&8SIoN — 12

AN To introduce MOT
MOLECULAR O0RBITAL THEOIRY (/"IOT)PMJC @ovwaw&l bﬂ Hund &
Mulliken, to overcome the limitations og VST (\/a[ehce bond fheorﬂ) was

uhable to eX‘PlOLiVI

eq. Paramagniic nature 0g 02 wolecule, as per VBT (10t :0:) it should
be diamaﬂhe{'ic.

According to this theory,all the atomic orbitals op the atoms

participating in molecule gormation.They all get mixed up to an

ea(uivo(lemf humber og hew orbitals that beloV\ﬁ to the wmolecule now.

These are called Molecular Orbitals.
This {‘heorﬂ it based on 'PV‘iVlCi'Pﬂ[ og

Linear combination og atomic orbitals (LCAD).

nE lectron waves nothing but atomic orbitals have positive and
hegqative P“late. When waves are combined, Hne}j ma y interact either
cohs ruci‘ivelg or destreuctively.

- |§ two identical waves are adﬁed, flne\tj combine com{'rmcfive[ﬂ to Produce
the wave with double the am?lifude and same wavelenqth and gorm two
new orbitals called ‘bomdim5 molecular orbital’ ?%/40

- Cohvenelﬂ, ig they are subtracted, i‘[’\eﬂ combine ales{‘mc{‘ive[ﬂ to
Proaluce the wave w‘utgh less or zero am?[‘nfude gives ahﬁbohd‘nhg molecular

orbital’ (ABM0).

WA ] YA +¥B

Addition

Subtraction
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Sup/f)ose Y4 andyPp represents the am?[‘ut‘ude og electron waves og the 2

atomic orbitals og the atoms A and P rexpecfivelﬂ, then the situation

ma y be reprexemfed as @o“ows:

Case It When the two waves are in the (comt‘rucﬁve ihfer&ace), 10 that

Hneﬂ add up and the alm?[ii‘ude og the new wave is:

¢ = Pp+Yp
The Probabi[itg pE electron demifg it given bﬂ the square og the

amp[ifude, fhere@ore, we have

% = (a + Yp)% = Yi + Ui + 2Pl
e (I)Z > q]i + 1.|12B
The wolecular orbital @orvned b\o‘ the additive e@@ecf or cohstructive

ihfer@erehce og the atomic orbitals are called BHMO.

Case It When the two waves are out og ?hme (de:frucfive ‘nhfer@ace), the
waves are subtracted grom each other 5o that the almplif‘ude og the new

wave is: ¢ = Py — YPp
The ?robab‘n[‘lfﬂ PE electron deht‘lfﬂ it gqiveh bﬂ the iquare og the

almpl‘lfude, fhewe@ora, we have

d% = (Wa — Pp)? = Px + g — 2YaUp
o ? < U+ U
The wolecular orbital @orw:ed bﬂ the subtractive e@@ecf og the atomic

orbitals is called ABMO.

©0

Atomic Orbitals

Subtraction of

Wave Functions ( )

(o* 1s) MO,ABMO

Addition of Wave
Function

O

(6 1s) MO, BMO
Combination og 1: atomic orbital og both atoms
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&hergg og BM0 is always less than the eherqy o the atomic orbitals.

But eherqy og the A%ﬂa it lnigher than the ehergy o atomic orbitals.
Bez in the DM0,electron deht‘lfﬂ in the intern clear region is h‘uﬂh 50
the nuclei are shielded grom each other and the between the nuclei are

\/eV“H ﬁW]ﬂ“.
In ABMO, the electron demifﬂ in the internuclear region is very low. As a
result, the nuclei are direci‘[g expo:ed to each other i.c., there is very

less slnie[alihg. Hence the repm[siom between the nuclei are very [awge.

- Electrons pretent in BMO contribute towards the s‘t‘ab‘nlit‘ﬂ og molecule
where e[ectfrom present in ABMO destabilize the molecule

- Atomic orbitals powﬁcipod’ihﬂ in combination wmust have compowatb[e
ehergies.

Ex: Tor homogeheous diatomic wolecule, 15 atomic orbital og ohe atom
can combine with 1s atomic orbital og another atom or 25 can combine
with 25 and 2? with 2? and so on.
- Combining atomic orbitals must have proper orientation.
le. same symmetry about the molecular axis.
E x: Takinﬂ Z'axix as the molecular axis, 2"PZ orbital og ohe atom cah
combine with sz og another atom but not with 2?" or Zpﬂ orbitals

because og their di@@erem{' s\u‘mmef\rﬂ.

- B3M0’s are rePrexeM‘ed as o ,T, 8 etc. While AIMN0’s are rePreseM‘ed
as 0,1, 8" etc.
Thus 1: atomic orbitals og two atoms combine to gorm two MO’s labeled
as 0'1:(%/40) and 0" 1s Q%MO).
Similowlﬂ ,Zt atomic orbitals combine to gorm 02s and 6*2: og the ZP_
orbitals.
|§ z=axis it taken as molecular axis ,

Combination og two 2?,( or two 2?3 atomic orbitals to gorm ﬂ(ZPX) and

T[*(fo) or T[(ZPH) and T[*(Zpﬂ) molecular orbitals

- Fi[[ihg og e[ec{;\rom in Molecular Orbitals occurs awcomlihﬂ to ‘AM@bOUA
»Prilfwi?[e, Pauli’s exclusion PrinciP[e and Hund s rule.

The :l'mpe og the wmolecular orbitals dePelex upoh the s['m?es og
combihihﬂ orbitals.

CONTACT US FOR MORE DETAILS - 9844532971



ACTIVE SITE EDUTECH

- The Presehce o@ ohe or wmore uhpaireal e[ec{‘\rom ih a Molecmle shows
aramaghetic hature. Electronic congiquration having all the electrons
P K| §'9 9

patireal mgﬂesh its d‘mmaﬂheﬁc hature.

Com?uri:ioh o %ohdihg molecular orbital & Ah{'ibohdihg molecular orbital

%ouding molecular orbital (HM0) Ahfibohdinﬂ Molecular orbital
- %ohdihﬂ MO is the result og the | - ABMO it resu“‘ihﬂ og linear
linear combination og A0 when combination og A0 when their wave
their wave @thﬁoh are added §th{‘iom are substracted
¢ = Ya+yg ¢ = Ya— Vg
- |t does not have node - |t ﬂlwol\ljs have a node between two

nuclei og bonded atom

- Charﬂe demifﬂ increase between | ~ Cl'lawﬂe demifﬂ decrease in between
two nuclei rexu[fihﬂ between two two hucleileads to repu[xioh between

atoms two atoms.

'&herﬂﬂ og BMO is less, hence 'al’\‘”ﬂj og ABM0 s L‘iﬂl"; hence
stable unstable

Enerqu Level Diagram og molecular orbital :

s Cor diatomic homonuclear molecules such as [/12, %ez, %2, Cz, Nz it
(where the eherqy di@@ewhce between 2 s and 2 P-orbifotlx is [owﬂe
and hence fheﬂ canhot ih{‘eracf)

0ls < 0*1s < 02s < 0"2s < T2p,= M2p,<02p, <" 2p,= T 2p,
<G*2Pz
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For N2 i‘ﬂ?e molecule

A

lhcreatilag eherqy ihn Nz molecule

G'2S
25 . : s
G 2S
o'ls
1s @ 1s
o 1S
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Increasing energy

al or homogeheoux diatomic molecules such as 02, T2, Nep, (where the

di@@e\rehce ih energies between 25 and ZP'orbifoL[s it small and hence

H\eﬂ cah imfe\ro(cf)flne eherqy diaﬂram is
0ls < 0*1s < 02s < 0"2s < 02p, < M2p,= M2p <M 2p,= T 2p,

<G*2Pz

For 02 fﬂpe molecule-

’ ,’/ T T \*\\\\
WOOL 2 2, L OOO
2p RN 7 2p

-,

S
S

\ ~

Having two unpaired ™, w2p,  w2p,,”
electrons so paramagnetic s @
a2p,
c'2s

Q
[N
(%]

Bond order % B8-4)=2

Bondorder O, =1/2[8-4]=2

O; =1/2[8-4]1=25

O, =1/2[8-5]=15

03 =1/2[8-5]=15

032 =3
Stability order -

032 >05>0,> 0,>03"
Bond length —

03> 0,>0,> 05> 02
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INEORMATION EROM MO CONFIGURATIONS
(a) Bond order (%0) = % (Nb - N“) or it is de@iheol as hal@ og the

di@@erehce between the number og electrons present in the bohdihg

and the antibonding orbitals.
Where Ny = no. o electrons in the bohdiV\ﬂ M0’

N = no. og electrons in the al/n‘,‘ibohalimﬂ M0’s.

|§ bond order is more than zero, the molecule/ioh exists, otherwise not.

aBond dissociation eherqgy - ‘Hiﬂlne\r the bond order, hiﬂfne\r it the bond

dissociation enerqy.

nStability - Higher the bond order, greater is the bond stability.

|§ Ny> N, the wmolecule is stable .bez qreater number og bonding
orbitals are occupied than antibonding orbitals, resulting in a net gorce
og attraction.

lg No< N,, the molecule it unstable. Dez the antibonding ingluence
is qreater than the bonding ingluence, resulting in a net gorce o
repulsion.

|§ N, = N, the wolecule is agqain unstable.Dcz the numbers og

electrons are ea{ua[, the ahfibohdihg ih@luehce og the electrons in the

othfiboholihg molecular orbitals is ﬂrea{’er than the bomalimﬂ ih@[uehce og
the electrons in the bomalihﬂ molecular orbitals.

= Dond [ehgi“\' Higlner the bond order, shorter is the bond leMﬂ{'l«.

(b)//laghefic properties! //‘o[ecu[e/mo[ecular ioh are paramaghetic (atlemf
one electrons is um?aired) or diamaghefic(i@ all the electrons are

paired).
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%ondihq in molecules =-

(l) H2 molecule- ‘Hawil/tﬂ two H atoms with one e[ec{'rom(lx')

M.0. coh@iﬂwa{‘iom og Ho = (alx)z (a*lx)o

Bond order = V2 [Nb - Nﬂ] =% [2-0]=1 ie. s‘mﬂle bond

Hain\ﬂ Pa{ireal electron so d‘lamagheﬁc.

O

6’28
s N A [
(Af'omic orbif‘al) AN g:) ’|/‘i,2 (A‘l‘omic orbifa[]
cls
Nolecular orbital
o7 o'ls s
(INH2* ion = JLl < ‘;&1
S AN : . S
\\\ I,’+
M 0 Coh@iﬂwaﬁom og H2+ = (al:)l (alt)o ols

One electron in bomdihﬂ molecular orbital - Pauraumotghefic

%omd order = yz [1— O] - yz

Less stable
(l“) H2™ anion -
M.0. coh@iﬁwo{fioh - (01:)1 (alt)l

Lo ols s
@aramagmafic 1s 1s

S g:z /|’_|27
%omd order = yz [2 - 1] - yz ols

S{'abi[ifﬂ it less than [H2+] because H2™ Contain ABM0 electron
(IV) Helium molecule (‘Hez) :
M.0. coh@iﬂwmi‘ioh (|:||:|1s)2 (|:||:||:|1x)2 ) @) .

) c'ls .
@iamagmafic & &

1s SN ot 1s

He. c-1s
e (S =)
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Bond order = Y2 [2-2]=0 (zero)

Dond order it zero shows no bond between

molecule does not exist

Sfatbi(if‘ﬂ (Hez) Hiﬂ'l’i[ﬂ unstable molecule

(V)(Hef)
eC og He = 1s2, Het = 1.1,
MOC = (Gls)z < (*1s)1

1

Bond order =
2

Nature — Paramaghe{‘ic (s{'ab[e).

(V)Lithium molecule (Liy): ECofLi — 1s?,2s?!
MOC = (61:)? < (6*1:)2 < (62:)%, Pond order = 1
Nature = diawmtghe{'ic.

(Vl)%erﬂu‘uum molecule (%ez) 1 Pe — 1s2, 2&2

MOC = (o1s)? < (0 * 15)? < (02s)? < (0 * 15)?

He

Bond order = O, hature — diamaghefic (oloes hot exix'{‘)

(VIDBoron molecule (B2) : B — 1s22s22p?

atoms.So 'Hez

MOC = (01s)? < (0 * 15)? < (025)? < (0 * 25)? < (M2py)?* = (112py)1

0 = 1, Nature = ?aramaﬂm\e{'ic
x) Carbon molecule (Cz) : 6C — 1s22s22p?

MOC = (01s)? < (0 * 1s)? < (02s)? < (0 * 25)? < (M2py)? = (any)2< (625.)°,

Dond order = 2, Nature = diamaﬁhe{‘ic
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xi) Nit‘rogem molecule (Nz):
MOC = (01s)? < (0 * 1s)? < (02s)? < (0 * 25)? < (M2py)? = (any)2< (625.)2
Nature — aliotmotglwﬁc.
B0 = 3,
Ovder og bond order og N2, N2*, N27, NZZ_ it N, >N,"=N,” >N,*”
x‘l)Oxggeh molecule (02) 0 — 1s2 2&2 2P4
Molecular orbital ehergg level d‘mgram gor 02
MOC = KK < (025)? < (0% 25)? < (02p,)? < (m2py)? = (1T2py)2 < (m*2p)t =
(1o Zpy)1
B0 = 2, Nature — paramaghetic
Order og bond order og 02, 02%, 02%, 027, 0227 15 02" >04>0,>0; > 05"
x‘l‘l) T luorine molecule (Fz) e 182 282 2@5
MOC = (01s)? < (0 * 15)? < (025)% < (0 * 25)? < (02p,)? < (M2py)?
= (T[Zpy)2 < (1% 2py)? = (1 Zpy)2
B0 = 1, Nature diamo&ghefic (Sfanb[e, 29e = 151 kJ Mo['l)

Xii) NGOh Molecular doe: hot exists becaute %Ohd order it zero.
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MO0 CONFIGURATIONS 0F HETERONUCLEAR DIATOMIC SPECIES:

Molecule or Molecular Bondorde upaired /\agenfic
ioh orb‘:fa[Cohﬁiﬂuraﬁon ¢ Electron character
.
CN(13¢7) | KKo(25)%07(25)*n(2py _7;22_5 1 Paramagnetic
n(2py)*(02p,)"
CN~ (14 KKo(2s)?0*(2s)*n(2p,] =30 |Nil Diamagnetic
) (m2py)*0(2p,)?
NO (1 Se_) KKO_(ZS)ZO_*(ZS)ZT[(pr 8—-3 1 @aramaﬂhefic
" 2
TL’(Zpy)ZO'(ZpZ)ZTL' (2px) =25
NO* (14‘9_ KKO_(ZS)ZO-*(ZS)ZT[(pr 8 ; E Nil @iamﬂﬂhefic
) m(2py)*o(2p,)*m"(2px) =30
N0OZ*(13e KKo(2s)*c*(1s)*0(2p, -2 11 Paramaghetic
% 2
_) T[(pr)z)ﬂ(zpy)lﬂ (2py =25
C0 (14.™ |KKa(2s5)?0"(2s)*m(2p, 822 |Mil Diama gnetic
2
) m(2py)*o(2p,)° = 3.0
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