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CHEMICAL BONDING
| 2 4
MOLECULAR ORBITAL THEORY .
T i d

Covalent Bond ; .
“Covalent bond is a type of linkage in W
one another by s}_\gfl;i_r_lg.aAp,aiLoﬂ_elcctrons in their outer shells s0 t.hat th.e ‘
combining atoms to attain the nearest noble gas configuration in their o

valency shells. The electrons thus shared, contribute towards the stability \
of both the atoms.

hich two atoms combine with

To explain the concept of covalen :
questions like why covalent bonds are formed, how the electrons are
arranged in space ina molecule, how the sharing of electrons could takes 2
place etc. One such theory is Molecular Orbital theory. ;%

¢ bond we need theories to answer g
» .

. ~Basic concepts of Molecular, Orbital Theory :
i According to molecular orbital theory, : g
. All the atomic orbitals of the atom, participating in molecule formation, N
get disturbed when the nuclei approach each other. “ ‘

@ The atomic orbitals get mixed up to give equivalent number of new
orbitals called molecular orbitals.

3. Just as each electron in a single atom can be represented a certain \
wave-function y, every electron in a molecule can be denoted by a
similar wave function characteristic of a particular molecular orbital. RN

Like atomic orbital, a molecular orbital cannot accomodate more than
a maximum of two electrons.

The two electrons should have opposite spins.

However there is a clear cut difference between atomic and molecular
orbitals. An electron in the atomic orbital is influence by only one
positive nucleus while an electron in the molecular orbital is under -

the combined influence of two or more nuclei. .
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[4)
There are two electrons in each of the bonding and antibondin,

orbitals.

The number of bonds Y2 (2 - 2)=0. That is, the bond order is z¢,
In other words, there can be no bond between two He atoms, i¢
Enu - molecule cannot exist. .

WO N; - Molecule g
A The electronic configuration of N is |s° 2s’ w_u,_ wv,__ NP._. Each atom
) - contributes 5 valence electrons (2+1+1+1). The molecule would have
"~ eight molecular orbitals as shown in figure 4. Ten electrons are to be
accommodated in them. Eight electrons go to the bonding molecular
i orbitals and two electrons go to antibonding molecular orbital. This gives
the number of bonds as = %2 (8 — 2) =3. Thus N, molecule has a triple

bond. "
c*(Zp,)
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From the M.O. _.ma»:,..o of N, the following become evident.
g1 ‘e
1. Bond order = %2 (number of electrons in bonding orbitals - number tmu“
of electrons in the antibonding orbitals), =% (8 - 2)=3. &\ ‘
.2. There are two clectrons each in ¢ 2s and g* 25 orbitals. So these
become nonbonding electrons. There are two electrons in (o 2p)
M.O. and four electrons in (n 2p) MOs. So there is one g bond and
two_ bonds jn nitrogen. -
3. Since there are no unpaired electrons in the M.O. structures the
molecule will be diamagnetic. S q
Thus the MO structure of nitrogen explains its properties. ﬂ
HYDRIDES 4

/p_._vd_.aaw are binary compounds of hydrogen with other elements
whose electro negativity is lower than that of hydrogen. p

According to this definition the term hydride is not used to

compounds like H,0, H,S, NH,, PH,, HF, HCI, HBr etc. This term is not
used for the binary noBvocﬂmm of hydrogen with non-metals.

Classification :

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

A.vo_waozﬂrza_.aom.
_.

Salt like or Saline hydrides or jonic hydrides : .
,?Q are also called Ega:anm. Only elements with very
w _bk.a_oo:.o:nmmzsc\ values can transfer electrons to the hydrogen atom

V and form salt-like hydrides. The elements of ELE\E form Jw&aow
of this type having the composition MH, where x 1 the group valency 0

the metal.
Example : LiH, NaH, CaH,



s
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2. Volatile or Covalent hydrides:

These hydrides are formed by the highly electrone sative clemenys
by sharing of electrons with hydrogen. “They have the general formy),

XH,,, wheren is the group number ofth;_cj_chg:m.Thc mclal's bL‘l()nging
to IIB, IVB, VB, VIB and*V1I B groups form this type of hydrides.

Example : HF, CH,, NH,

,\D\Q‘«e\ 3
3. Metallic hydrides or interstitial hydrides: (&

The transition elements and rare-earth metals combine with hydrogen
to produce hydrides, which are metallic in appearance. They do not possess

definite composition. In these hydrides the hydrogen atoms seem to
3

occupy the interstities of'the metals. Hence they are called as interstitial
= e —

hydrides.

O = Metal.
e = Hydrogen

4. Pol)'meﬁc hydrides (or) complex hydrides or polynuclear hydrides:
In polymeric hydrides two or moreguetal atoms are linked by hydrogen

bridges. J—?“: w
Utiuro Boven }?&j\&g

Examples : LiAIH,, LiBH,.
- — 3

Preparation of Hydrides:

1. Preparation of salt-like or ionic hydrides:

a) Hydrides of alkali metals :
They are easily obtained by direct reaction between the pure-metals

and hydrogen at suitable temperatures (150°C — 800°C)
700°C -800°C
2Li+H, ———> 2LiH

400°C
;’?\"a—H2 —> 2NaH

«
)
LY

b) Hydrides of alkaline earth metals:
They are also prepared in the same manner as alkali hydrides are

prepared N
150°C - 300°C ~r
CatH, — 5 CaH, f.

800°C

St +H, —— > SrH,

150°C
Ba + H2 _— BaH2

¢) Hydrides of Ill A groups:
Aluminium hydride is prepared by treating an etherial solution of
aluminium chloride with lithium hydride or lithium aluminium hydride.

. Ether S
AICL+3LIH —> AlH, + 3LiCl

Eth
AICI, + 3LIAH, — 5 4AIH, + 3LiCI

2. Preparation of covalent hydrides:
L By the direct combination of the element with hydrogen.
F,+ H, ——> 2HF
ii. By the action of water on borides, carbides, nitrides, and silicides of
metals.
CaC,+ 2H,0' ———> Ca(OM), + CH,
, ALC,+ 6H,0 — > 2AL,0, + 3CH,
g MgN, + 6H,0 ———> 3Mg(OH), +2NH,
iii. By the action of dilute acids on borides, carbides, nitrides of silicides
of metals.
Mg.B, +6HCl ——> 3MgCl, + B H

Mg,Si + 4HCl ———> 2 MgCl, + SiH,
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10.
By the action of hydrogen on a metal or its compound.

AsCl, + 6H ———> AsH, +3HCI
ShCl, +6H ————2> SbH, + 3HCI
GeCl,+ 8 ——> GeH, + 4HCI

Ry the reduction of suitable halide with lithium aluminium hydride.
SnCl, + LiAlH, ———> LiCl +AICL, + SnH,
GeCl, + LIAIH, ——— LiCl +AICL, +GeH, -

3. Preparation of metallic hydrides:

i The metallic hydrides are obtained by occlusion or. m%o_.u:o: of
hydrogen at moderate or high temperatures. For example palladium
adsorbs 900 volumes of hydrogen. Similarly other metals adsorb
hydrogen forming metallic :vdlmnm. '

i Metallic hydrides are also obtained 3\ absorption of __vd_,omms ona
metal, which is made cathode during electrolysis.

4. Preparation of polymeric hydrides:
When lithium hydride is treated with aluminium o_:o:% in 2:2
lithium aluminum hydride is obtained. iy

Eth
ALiH +AICI, L BUEH o LiAIH, +3LiCl

When sodium hydride react with dibrome inpresence of either sodium
boro hydride is formed.

Ethe
2NaH + B,H, ———> 2NaBH,
When Born fluoride is treated with sodium hydride, sodium boro
hydride is formed.
BF,+4 NaH —————> NaBH +3NaF

Sodium aluminium hydride can be prepared by the direct combination
of Li, Al and H, under high pressure in the presence of ether.

Ether
Na+Al+2H, ——————> NaAlH,

150°C, 136 atm.

o
AT
fo
\\.Q
1. Ecn Borazine : B,N,H_

Preparation : &

1. Borazole can be prepared by heating ammonium chloride and boron _
trichloride in the presence of chlorobenze “The product obtained namely

- tri chloroborazine js reduced by sodium borohydride in polyether to
give borozine.

o ?c M

a
= —=

CH,CI i NaBH 2l
3NH, Cl+3BCl, —5—> __ _ — = , 4 Nad 3
140°C /B = —w/ = w/
o’ Ny F N u”" NZ M
S | 1
AR 0 H H
A .
& B, B, B - tri chloroborazine Borazole

2. Borazole can be prepared by heating a mixture of LiBH, and NH,Clin
vaccum at 230°C , This method gives 30% borazine.

230°C
wZI Cl +w~\:wI —_— w I I +w_.;0_+cI

3. It is prepared by heating ammnonia with diborane.
2B, H + 6NH = 3[B,H,.2NH aI.I||V~m;ZMIO+ 124,
maa:ﬁ

Properties :
i. Borazoleisa colourless mobile volatile liquid.

ii. Borazole decomposes slowly on standing giving H, and diborane.

iii. Iw%o_v@.m - Borazole undergoes hydrolysis-at high tem

i ic acid.
give dmhmi\\\,

B,NH, +9H,0 ——> 3H,BO+3NH,7 3H,T

perature t0

Inorganic benzene :
where
i Borazine is a six membered cyclic %&Fn&mﬁa:m

rogen in
the ring positions are occupl y boran and nitrog

{

o
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alternative positions like benzene.

conjugated single and double bonds.
Borazine ::aﬁmonv addition and substitution reaction with H(|

and Br, etc. like in the case of benzene. -
ii. The ring structure of borazine is related to layer structure of
BN. like the structure of benzene is related to layer structure
E Fﬂ borazine QOmm not posses aromatic r:uﬂﬁw

~There 1s a system of

Borazolc

Uses :
\
L It is used as a solvent.

It is used to prepare boric acid.

.
-

i
iii. It is usd to prepare diborane.

iv. It is used to produce inorganic polymers.

2 Sodium Borohydride : NaBH,

Preparation :
I Methyl borate disolved in Tetrahydro furan reacts with moa_:a

:Ea to form mom::: ‘borohydride. .

o 4NaOH'+ BlGCH: 3y ———> 3CH,ONa + NaBH, ¢ oL

4...\

2. Sodium :E:mn reacts with diborane to form sodium coqo:wa:an
2NaH + B,H, ———> 2NaBH,

Uses :
. Itis used to prepared Diborane

3NaBH, +4BF, ———> 9B H + 3NaBF,

C.scE:c

—

Na |n—B- W
13
It is used to prepare within lithium borohydride.

NaBH, + LiCl ———> LiBH,+ NaCl ~
3. lItisusedasa nmmfm@.m agent in organic chemitry.

OIWI GI~ -CO- CH, e CH, - mzu - CHOH - CH,
2 - Butanone 2 - Butanol

[

3. Lithium aluminium hydride : LiAIH,

Preparation
1. By the direct synthesis from elements.
Li +Al+2H, ——> Li[AIf):

2. By the direct combination of Lithium hydride and aluminium chloride
mllad ) b b

in ether solution.

4LiH 4@9\ Leiher LA +3LC),

By double anoozﬁom_:os. r_Q and sodium aluminium hydride react

3.
to give lithium aluminium hydride.

LiCl + Na[AIH,] ——> NaCl+Li[AlH,)

k\vmn&?.:n :
1. Reduction properties. It is strong reducing agent and reduces certain
halides of groups 111, IV and V to convalent of the elements concerned

. LiAlH,
.\awm +ur;>_:u s Nm~=‘+urm+u>=u
U&o..w:a
aur Pl

>_n_ +3Li[AIH,) ——> 4AlH + 3LiCl
m_n_ + Li[AlH,] I.I|IV SiH, + LiCl +AICl,
:&cn_:r ng agent for

X ?&:Q_cz of organic compounds. It is an ideal A

aldehydes, ketones and carboxylic acids.
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LiAIH,_ -
.RCHO —> _RCH,0H
Aldehyde Alcohol
\ A LiaH,
¢y wrcoR” —%> RCHOHR
Acid Sec. alcohol

LiAlH,
¢~ RCOOH ——> RCH,+2H0
N Alkane
3. Hydrolysis. It is hydrolysed by water evolving hydrogen.
Li[AIH,] +2H,0 ——> LiAIO, +4H,

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

Structure : fe ||4 . _}
The structure ofJAIH ] ion is tetrahedral Ll HosAl=H |
|

as shown below. o

University Questions

l. What are the basic concepts of M.O. theory?

2. What are bonding and antibonding orbitals explain with example. -
3. Whatare the differeences between bonding and antibonding orbitals?
4. What are non - bonding orbital explain with an example?
5.

Explain the structure of hydrogen molecule based on molecule orbital
theory?

6. Draw the molccular orbital configuration ol N, molecule and explain
its magnetic propertics.

Draw the molecular orbital configuration of F, molecule and explain
its magnetic properties.
Define bond order.

Calculate the bond order of oxygen and nitrogen molecules.

. What are hydrides?

How hydrides are classified?

What are ionic hydrides. Give examples?

What are covalent hydrides. Give examples?
What are metallic hydrides?

What are polymeric hydrides give on examples?
How sodium borohydride is prepared?

What are the uses of sodium borohydries.

How is borazole is prepared?

" What are the uses of borazole?

Why borazole is called an inorganic benzene?



