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Unit - I 

CHEMICAL BONDING 

MOLECULAR ORBITAL THEORY 

Covalent Bond : . 

Covalent bond is a type oflinkage in which. two atoms c·onib ine with 

one another by sharing a pair of electrons in their outer sheils so that t0e 

.combining atoms to attain· the nearest noble gas configuration iJJ the ir -~ 

yalency shells. The electrons thus shared, contribute towards the stability 

of ho.th the atoms. 
, 

· To explain the_ concept of covalent bond we need theories to answer . 

questions like why covalent bond3 · are formed , how the e"lectrons are 

arranged in space in a molecule, how the sharing of electrons could takes 

place etc. One such theory is Molecular Orbital theory.~ 

.. Basic concepts _of Molecular Orbital Theory : 

According to molecular orbital theory, · 

I. AIi the atomic orbitals of the ato·m, ·participating in molecule fonnati~n , 

. get disturbed when the nuclei approach each other. 

2. The atomic orbitals get mixed up to give eq~tivalent number of new 

orbitals ca11ed molecular orbitals. 

, 3. Just as each electron .in a single atom can be represented a certain 

wave-function lV , every electron in a molecule can be denoted by a 

sim.ilar wave fun ction characteristic of a particular molecular orbita l. 

4. Like atomic orbital, -a molecular orbital cannot accomodate more than 

a maximum of two electrons. 

5. The two . electrons should have opposite spins, 

· 6. However there is a clear cut difference between atomic and molecular 

orbitals . An electron in the atomfo orbital is influence.by only one 

positive nucleus while an electron in the molecular orbital is under 

t~e combined influence of two or more. nuclei. 
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Bonding and Airti Bonding Orbitals : · · . · . 

We have seen molecular orbitals areformed by combmmg the atomic 

orbitals of the bonded atoms. ·For_this purpose we apply the principle of 

Linear Combination of the Atomic Orbitals (LCAO). In a diatomic molecule 

the ·wave function for an electron in the field of two nuclei A and B will be 

given by two modes ofcombina~ions, _symmetric and antisym1'!1etric. So 

we haye 

\If = \II - \I/ "a 'YA '18 

· The· probability of finding an electron in the molecular orbital by~ 

LCAO according to equation ( 1) is greater than that in either of' \j/A or·\IJn

. . r_'n9ther wor9s the mol-ecularorbital represented by \/Is has a lower energy 

tha_n \VA or \Vs. · This orbital ·therefore leads to the formation of a. stable . 

chemica-1 bond. So this orbital' is called bonding orbital. 
. . . 

The probap i.J ity of finding an electron in the molecular . orbital by 

• LCAO according to equation (2) is less than that in ~ither \jJ A or q1
13

. 

In other wqrds the.molecular orbital'represented by \l'a has· hi~her energy 
than \VA and .\:/f 8. This orbital therefore cannot lead to the formation of a 

stable chemical bond. So this orbital is called antibonding orbital.· 

. · The formation of bonding molecµl~r orbitals \l's and antiborn.ii.ng 

-_m_olecuJar orbitals lV a from two atomic orbitals -\If A and ~, 
8 

is given in t-1,e .. 

following figure 1. · 

~la 
I t 

I ' , 
•, , ' ._ I 

lVA _,. I ' \/Is 
E 

, I ' ', I "" 
~ 

., I ,, ., ., 
•' \+' s 

; 

~ 
, I 

I ' 
, 

I 

A .O. -M.O. .A .O. 

Figure-:- 1 



3 

Thus we find two atomic orbitals combine to give two mole-cular 
orbitals· one of which is bondi_ng and the other anti bonding. · 

, 
When the two atomic orbit~Is· overlap in a finearfa-shion we get two · 

MOs. They are t~rmed a:s cr (bonding}_ anµ cr* (antibondirig). ·· The 
overlapping atomic orbitals may be .pure or hybridised. Thus we can ha~e 
s-s, p-p, sp3-s, sp2~s, sp-s etc. overlaps. E_ach such overlap would give 
one cr and one cr* orbital. 

When the two atomic orbitals overlap in a side wise fashion we get · 
two MOs,. They are terme·cl' as n (bonding) and n* (anfibonding). We can -
have-n~n overlap (lateral). · This gives 1t and n* orbitals. 

Differences between ,pondihg and anti bonding orbitals. 

Bonding molecular orbital 

1. Formed by the combination 

· electron wave of same sign i.e., 

by addition overlap of atomic 

orbitals 

2. Posse$s lower energy than 

the atomic orbitals from which it 
is formed 

3. The electron density in 

bet~ee.n the nuclei is high . So the 

attracti.on between the nuclei is 

1ig~ .. This explains the formation 

>fa bond between the atoms 

. Anti-bonding molecular orbital . 

· _Formed by the ·combination of 
" 

electron waves . of opposite sings 

·i.e., by the subtraction overlap of 

atomic orbitals 
_ . r.:node 

(® --..) ffi 
I 

P~ssess higher energy than the 

atomic orbitals from which it is 

formed. 

.The ¢lectron density in between the 

th·e nuclei. is low. So the· r,epulsion

between the nuclei is high. This 

explains the non formation of a bond 

between the atoms. 
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Bond order: 
Bond order= (Nb - Na) 

Nb= Number of electrons in bonding molecular orbitals. 

· Na= Number of electrons in an-ti - bo'nding molecular orbitals. 

Bond order ~ives the number qf bonds in a n~olec_ule. When the bond 
order increase stability i.e., strength of the mo}ecule also increase. Similarly 
when the bond order increases bond length decreases. 

Application of Molecular Orbital ·Theory 

~-~~~ - ' 

Let us consider the formation of hydrogen mo_lecu le accord_ing to 

molecular orbital theory. Two atomic orbi!als, (ls), one from each hydrogen 
atom approa~h to fo'r.~ a molecule. The number ·of molecular orbitals 
.formed from ato'tnic orbitals is iequal to the number of atomic orbitals. The 
molecular orbital which lowers the energy, brings about stability in the 
system and is re:sponsible for bonding between the at~ms. This type of 
molecular orbitals are therefore called bondi~g molecular orbitals. The_ 

-· bonding molecular orbitals 9f the type which is formed from 1·s atomi_c 
' . 

orbitals are denoted as cr (1 s). The electron density in a bonding moleculac 
orbital is more in the inter nuclear_region than at the ends. The_ 0ther_type 

: of molecular orbitals correspond to higher energy status. The electron 
. density of such molecular orbitals i's maximum-at the ends. The el'ecfron 
· density is almost zero in internuclear region. This is called the ant.ibonding 
·mole·cular orbital (denoted with an asterisk* mark). 

* cr *( 1 s) 

Atomic 
orbital of , 
H. atom 

• 
, . 

, 

' ' \ . . 

~. ' \ 
I 

, \_ID---: . 
cr(l s) 

Molecufar orbital 
of H2 molecule 

' . 
::--[I] 
{ 1 s 

Atomic 
orbital of 
H-atom 
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The hydrogen molecule is formed from 1 s 1 atomic orbitals of two 
atoms. They give rise to two molecular orbital cr(ls) and cr* (ls). The two 
electrons are -filled according to autbau principle. · Thus both these 
electrons go to the lower energy bonding molecular orbital and antibonding 
molecular orbital remains vacant. ~. 

1. Thus ·in hydrogen the bond order = (number of ele~trons in 
bonding orbital.s_ - number of -e lectroni . in a·ntibonding orbitals) ,. 

·1 I 
. = 2 (2-0) =2 x_ ~=I. 

~hat is, H
2 

molecule· is bonded by one bond as H-H 
. . 

I ts ino lecula_r orbital configurations is cr( 1 s )2 cr*(l s )0
. 

The molecuiar orbital diagram of hydrogen molecule is given in figure-2. 

~ 2 - Molecule · . 
. · · Let .us consider _the possibility of combination.of two helium atoms · 
to form He

2 
molecule. Each·helium atom has two Is electrons. Thus there · 

are four electrons to be accommodated. The ( cr 1 s )_molecular orbital will 
accommodate 2 electrons and (cr* Is) will accommodate 2 elect~ons as 

·shown in the following. ~ . 

The MO£onfiguration is (crls)2, (cr*Is)2 . 

· [I}--<. 
ls 

· Atomic 
o.rbital of 
He atom 

. 
• 

. . 
. 
. -~~-· 

. . 

cr( 1 s) 
rviolecular orbital 
of He molecule . ., . 2 

. . 

. .. 

':--4IJ . 
' 1 s 

Atomic 
· orbital of . 

·He atom . 
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There are two electrons in each of the bonding and antibonding 
orbital's. · · · · 

The number of bonds ½ (2 - .2_)~0. That is, the ·bond order is-zero. 
In other words, there can be no bond between two He atoms, i.e. 

. .- , 
He - molecule cannot exist. 

2 . \·"' . 

N - Molecule ~ ~,\' ~-~ ' ✓ · · · · · 2 . J The electronic cohfigur~tion of N is I s2 2s2 2p~ 1 2pv 1 2pz 1. Each .atom 
contributes 5 valence electrons (2+·1 +I+ I} The t_noiecule would_ have 
eight m·olecular orbitals as_ shown in figure 4. Ten electrons are to be 
accom .. modated in them. Eight electrons go t~ the bonding mo1ec·ular 
orbitals and two electrons go to antibonding molecular orbital. _This gives 
the number of bonds as,= ½ (8 ~ 2) =3. Th4s N~ molecule h·as. a triple · 

. . - \ 

bond. 

· lI }-~ :· 
· 2s 

, , 

Atomic orbital '' , 

a*(2p.) 
I. . 

-~, 
, ' 

, 
of N atom· · - ~ 

. \'~·, 
. cr'(2s) 

Molecular orbital 
· ofN 2 molecule 

' . 
' . 

':--m , . 

2s 
Atomic orbital 

ofN atom · 
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Fr~• the M.O. pict~r~ of N2 the foll~wing becoqie-evident. 

I. ~ond ordef ~ ½. ( nu~ber O '.electrons in bonding orbitals ~ number · 

. ~ of electr,:ms.m the ·anttbondmg orbitals). = ½ (8 ~ 2)=3 . . 

2. There are two electrons each in cr 2s and er*. 2s orbitals. So these 

become no_nbondirig electrons. There are two electro.~s iri ( cr 2p) 

M.O. and four electrons .in (7t 2p) MOs. · So there is one cr bond and 

t~o n bonds in -nitrogen, · · 

3. ,Sine~ there ~re no unpaired electrons in the M.O. structures the 

/ molecule wiH be diamagnetic. . . · · . - -. . 

Thus the_ MO struct_ure of nitrogen exp_lains its properties. 

HYDRIDES 

/ 
,~/ Hydrides are Q.t~~_ry_ co!}1p9Uods of hydrogen with C>th~r _elements 

whose electro negativity is lower than that of hydrogen. 

According to this definition the t erm hydride is not used to 

compounds like H
2
0, H

2
S; NH

3
, PH

3
,. HF, HCl, HBr etc. This term is not 

used for the binary compounds of hydrogen with non-metals. 

/iassijication : . 

· : The hydrogen are classified according to the electronegativity of 

the elements, which form the hydrides; Paneth classified the hydrides as 

follows . 

1. Salt -like hydrides or ionic hydrides 

2. Volatile or covalent hydrides· 

3.. Metallic hydrides and 

4. . Polymeric hydrides. 
. -

1. Salt Jike or Saline hydrides or .ionic hydrides : 

/ 

. They are also called electrovalent hydrides .. Only elements with very 

low ele.ctronegativity values can transfer electrons to the hydrogen a~om 

. and fonn salt ... Jike hydrides . The elements of IA, IIA and _I IIA form ·h):drt<les 

of this type having the composition MHx where xis th_e group valency of . 

the metal. 

Exampie : ~iH, NaH, CaH2 
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2. Volatile or Covalent hydrides': 
These hydrides are formed by the highly electronegative elements 

by sharing of ~lectrons with hydrogen. They have the ··general formula 

XH<s-n> where n is the group number of the element. The metals belon_ging 
to 11B, I.VB, VB, VIB and VII B groups form this type of hydrides . 

Example: HF, CH
4

, NHJ · 

3. .Metallic hydrides or interstitial hydrides: 
The tqmsition elements and rare·-earth metals combine with hydrogen 

to produc·e hydrides, which a.re metallic in appearance. They do not possess 

definite composition. In these hydrides the hydrogen atoms seem to 

occupy the interstities of the metals. Hence they are cal led as interstiti~I 

hydr_ides. 

0 = Metal. 
· • = Hydrogen 

. . 

4. Polymeri~_hydrides (or) complex hydrides or polynuclear hydrides: 

In pot'yrrieric hydrides two or more metal atoms are.1inked by hydrogen 
· bridges. · 

. Examples:_ LiAIH
4

, LiBH
4

.' 

Preparation of Hydrides: 

1. . Preparation of' sait-like or ionic hydrides: 

;a) · Hydrides of alkali metals: , 

They are easily obtained by direct reaction between the puie 1netals 

and hydrogen atsuitable temperatures ( l 5Q°C - 800°C) , 

100°c -soo0c 
iLi _,+H2 > 2LiH 

· . ., 400.°C 
2Na + H2 ' , ) 2NaH 
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b) Hydrides of alkaline earth metals: 

They are also prepared · in the same manner as alkali hydrides are 

prepared 

l 50°C - 300°C 

Ca + H2 
> CaH

2 

Sr+ H . . 2 

800°C 
---)~ SrH2 

1so0c 
Ba +H2 

) BaH
2 

-c) ·Hydrides of III A gro~ps: . _ 

Aluminium hydride is prepared by treating an e_therial solution of 

aluminium chloride with lithiui~ hydride or lithium aluminium hydride. 

AICl3 + 3LiH 
Ether . 

.,.---~) AIH 3 
+ 3LiCI 

AIC1
3 

+ 3LiAIH~ 
Ether 
--~) 4AIH3 

t 3LiCl 

2. Preparation of covalent hydrides:· 

i. -By the direct combi,nation of the element with hydrogen. 

--~) 2HF 

k By the action of water on borides, carbides, nitrides, and silicides of 

metals. 

CaC
2 

+ 2H
2
O ---~ Ca(OH)2 + C2H2 

• 
Al

4
C

3 
+ 6H

2
O _ ) 2Al2O3 + 3CH4 

., Mg
3
N

2 
+ 6H

2
O _ ) 3Mg(OH)2 + 2NH3 

m. By the action ,of dilute ac:ids on borides, carbides, nitrides of silicides 

of metals. 

Mg
3

~
2 

+ 6HC1 --~> 3MgCl2 + B2H6 

Mg
2
Si.+ 4HCI ) 2 MgCl2 + SiH4 
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iv. Bfthe· action of hydrogen on a metai or its ~ompound . 
. 

. . AsCI
3 

+ 6H ---)- AsH
3
-+ 3HCI 

_· SbC1
4 
+ 6H ) SbH 3 ·+ 3HCI 

, <;}eC14+ 8H ) GeH4 ~ ·4HCI 

v. . By the reduction of suitable halide with lithium aluminium hydride. 

t 

11 

SnCl4 + LiAIH4 ---- - ➔-- LiCL + AICl3 +SnH4 

GeC1
4 

+ LiA~H
4 

> LiCJ + A1Ci1 + GeH4 

Prep~ration of m-etallic hydrides_: · , - . 
The: metalli~ hydrides are obtained by occlusion or ads:0rption of 

hydrogen at moderate or.high temperatures. For example panadium 

ad_sorbs 900 volumes of hydrogen. Similarly other ·metals adsorb 

hydrogen forming metallic hydrides. 

Metallic hydrides are also obtained by ~bsorption or hydrogen on a 

m_etal, which is 1nade cathode during elec.trolysis . 
.... . 

4~ Pre.p·aration ot potymeric hydrides: _ 
When lithium hydride is treated with a_luminium chloride in ether 

lithium aluminum hydrtde is obtained. . . 

Ether 
· 4LiH +AICl3 --->~-LiAIH

4 
+ 3LiCI 

-_ When sodiui:n hydride-rcact'with dibrome inpres~nce of either so.di um 
boro hydride is formed. -

Ether . 
---) 2NaBH<1 · 

When ~orn fluoride is treated with sodium hydhde, sodium boro 
hydride is fonned . 

BF 3 + 4 NaH > NaBH
4 

+ 3NaF 

Sodium alumiT)ium_hyorid~ can be prepared by the direct combination 
of Li, Al:and Hi- under high .. pressure in the presence of ether. 

Na+Ai f 2H
2 

Ether --~-__;;:>~- NaAIH
4 

I ·so°C, 136 atm . 
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@® 
1. Borazole or Borazine : B N H 

. · · 3 3 6 
Preparation : 
1. Borazole can be prepared by heating a.mmonium .chk>ride and boron 
trichl?ride_in the presenc~ of chlorobenze. The product obtained namely 
B_ - tn chlo~obora~ine is reduced by sodium borohydride in polyether to 
give borozme. · 

Cl 
I 

. /B H, ,,,- · ~ ~H . · N ........_N .... 
. · 3Nil• Cl + 3BCl3 C6HsCl ) \ \ · I . NaBil4 > 

140°C . B B 
Cl/ '-....N? '-Cl 

I 
II 

B, B, B - tri chloroborazine 

· 2. Borazole can be prepared by heating a mixture of.LiBH4 and NH4Cl in 
vacc.um at 230°C , This method gives 30% borazine. 

3. It is prepared by ~eating ammnonia with diborane. 
2B

2
H

6 
+ 6NH

3 
> 3[,B

2
H6.2NH3] . > 2B3N3H6 + 12H2 

· adduct · · 

Propertie•s : 
1. Borazole is a colourless mobile volatile liquid. 

11. 
Borazole decomposes ~lowly on standing giving H2 and diborane. . . 

iii. Hydrolysis : Borazole undergoes hydrolysis at· high temperature to 

give boric acid. 
I , 

B N. H +9H o·--->~ 3H_.,B0_.,·+3NH_i-+3H/ 
· 3 3 6 2 , , 

Inorgani-~ benzene : ,- .• . b · h . . . . .. - d 1·. nd hke enzene w ere 
1. Borazme 1s a six membere . eye 1c compou · . . . . . . . . . · . d b boran and n1trogcrn m 

the nng positions. are oeeup1e Y 
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alternative pos1t1ons like benzene. • There ts a system of · 
conjugated single and double.bonds. 

n. Borazine undergoes addition and substitution rea~tion with HCI 
and Br 

2 
etc. like in the case of benzene. . . 

m. The ring structure o_f borazine is related to layer structure of 
BN, like the struct,ure of-benzene is related to layer structurt 
of graphite. But borazine does not posses aromatic character. 

II yorno.~iJ. H Ne• cncn,o+i: · I _(}\ · c· u ' .., I · -- ,,.t . -, '!r ) . r ,..., , . f •, r ,_,1 l •~ C . (;O i • B vvl ' , . 
H~C~ ~,/ll · I I"._ ~ ~ ,/H _ 

l ~ ~. l 
1-1/ -~C✓ "'~l 11/ ~~

3
"'11 

I I 
H II 

Benzerie 
Borazolc 

Uses : 
1. . It is used as a solvent. 

ii. It is used to prepare boric acid. 

nL It is usd to prepare pibor~ne. 

1v. . It is ·used to produce inorganic polymers. 

fl . -Sodium. Borohydride : NaBH
4 

. . · 

. Preparation : 
I. Methyl borate disolvea in Tetrahydro furan reacts with sodium 
hydrox,ide to· form sodium borohydride. "' 

4N_aOH + B(QCH:)3 - .. -_ --)~ 3CH
3
0Na + N_aBH

4 

2. Sodi_um hyqrid~ reacts with diborane to form sodium borohydride 
· 2Na_H + s;H

6 
· > 2NaBf:-I

4 
· 

Uses : 
. l. It is·· used to prepared Diborane 

3NaBH
4
~4BF3 ) B2H6 + 3Na~F4 

Diborane 
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2. · , It is used t~ prepare within li_thium borohydride . 

Nc:1BH4 + LiCI ) LiBH
4 

+ NaCl 

3. It is used ~s a reducing agent in organic chemitry: · 

C_H3 - CH2 :__ CO.- CH3 
:_> CH

3 
- CH

2 
- CHOH - CH

3
. _ 

--.., 2 - Butanone · 2 - Butano1 

/. Lithiu .... alUminium hydride : LiAm . 
. . . . 4 

Preparation . 

1. · By the direct synthe_si~ from elements·. 

. 
. 

f· By the direct combination of Lithium hydride and alum~ni~m chloride · 

in ether solution. 

4 LiH + AIC1
3 

e
th

er) Li[AIH
4
] + 3Li.C1

3 
. 

. 3. By double decomposition. LiCI and sqdium aluminium hydrid_e react 

. to give lithium aluminium hydride . 

LiCl + Na[AIH4] --~> .NaCl+ Li[AIH4] 

Applications : 

L . Reduction properties. It is strong reducing agent and reduces certain 
. . . 

. : 

· halides _of groups III, .IV and V to convalent of the elements concerned . 

. :· ( . LiAIH
4 

4BF3 + J(~i[AIH4
J > 2B2

H4 
+ 3LiF + 3AlF3 

Diborane 

Al~l3 + 3Li[AIH~) ---> 4AIH3 
+ 3LiCI 

-- SiC14 + Li[AIH4] --->- · SiH + LiCI + AICI~ 
4 . 

2. Re~uction of organic compo~nds. It is an ·ideal reducing agent for 

aldehydes, ketones and carboxylic acids. 
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LiAIH
4 RCHO > RCH

20H 
Aldehyde 

RCOR 

Acid 

Alcohol 

LiA1H
4 --~> · RCHOHR 

Sec-. alcohol 

LiA1H
4 RCOOH ,> RCH +2H o· 3 , 2 

Alkane · 
. . 

. 3. Hydrolysis. lt is hydrdlysed by . water evolving hydrogen. 
Li[AlH4]+ 2H

20 · . > LiA10
2 + 4H

2 _ 

4. It is used as powerful reducing agent for both organic and inorganic substances. 

- <!!:JY'ructure : _ · _ · . _ 
. · The structure of [AIH

4
r ion is tetrahedral 

H 7 I . 

1. 

2. 

3. 

4. 

5. 

6. 

H ➔ AI-H · as shown below. . ! I 
H J 

University Questions 

What are the basic concepts of M.O . theory? . 
What are bonding and antibonding orbitals explain with example. 
.What are .the differeences between bonding and antibonding orbitals? 
What are non - bonding orbital explain with an example? 
Explain the struct:ur~ of hydrogen molecule based on molecule orbital 
theory? 

Draw the molecular orbital configuration ofN ;nolecule and explain 2 its magnetic properties. 


