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STRUCTURE OF DIBORANE

The structure of Diborane molecule consists of four
hydrogen atoms and that of two boron atoms coming on
the same plane. In between these planes, there are said
to be two dividing atoms of hydrogen.

The boron atom is khown to be sp3 hybridized and has
four hybrid orbitals. From these four hybrid orbitals, three
of the orbitals have one electron each, and of which one is

' an/&mpty orbital. The two electrons of the hybrid orbitals

if each of the boron atoms form 2 bonds with the 1s
drogen atoms. The two atoms of boron left with that of
each unpaired electron orbital and empty orbital forms the
twoi bridging (B-H-B) bonds with that of the two 1s
hydrogen atoms, is also called as the banana bond.




~ STRUCTURE OF DIBORANE

» X-ray diffraction has shown the following structure of
diborane

- H H

* Here B atoms undergo sp3 hybridization. There are
four terminals B-H, normal covalent bonds which are
quite strong and two bridge B.....H,.....B which are
different from normal covalent bonds and are quite
weak

H X H | 2 -
Hrs\i /B‘ Tl.'“ /B\ /B\
H



~As there are 12 electrons and & bonds mn B, H, molecule
it is an electron deficient molecule

- Because of their resemblance to a banana these are
also called banana bonds shown in the structure.

{ o ~
\ L J /
- " 4

B “Hy 'H

Hence diborane molecule has two electrons less than

the maximum required number thus it is an electron
deficient molecule
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~ Historvy

~ Structure P

Like othher boranes, the structure of tetraborane
involves multicenter bonding, with hydrogen
bridges or protonated double bonds. According
to its formula, BjH . it is classified as an
arachno-cluster and has a butterfly geometry,
which can be rationalized by Wade's rules_ Bl Each
boron is sp~ hybridized, and “the configuration of
the three hydrogens surrounding borons B1 and
B3 is approximately trigonal and suggests
approximately tetrahedral hybridization for these
borons which would predict bond angles of
120°.741:35 However, the boron arrangements can
be classified as fraaoaments of either the









Boron Nitride — Inorganic graphite
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Boron Nitride - Inorgamc graphite

Boron nitride is a chemical compound with chemical formula BN, consisting of equal numbers of
boron and nitrogen atoms. BN is isoelectronic to a similarly structured carbon lattice and thus
exists in various crystalline forms. The hexagonal form corresponding to graphite is the most stable

and softest among BN polymorphs, and is therefore used as a lubricant and an additive to cosmetic
products. The cubic variety analogous to cdiamond is called c-BN.

Boron nitride is not found in nature and is therefore produced synthetically from boric acid or

boron trioxide. The initial product is amorphous BN powder, which is converted to crystalline h-BN

by heating in nitrogen flow at temperatures above 1500 °C.
Because of excellent thermal and chemical stability, boron nitride ceramics are traditionally used
as parts of high-temperature equipment. Boron nitride has a great potential in nanotechnology.

Nanotubes of BN can be produced that have a structure similar to that of carbon nanotubes, a BN

nanotube is an electrical insulator . Similar to other BN forms, BN nanotubes are more thermally

a - 4 -



Boron nitride (BN),

It's a polymer of boron & nitrogen. Similar to graphite C, & also iso electronic to it.

*Both B and N undergo sp? hybridisation. The hybrid orbitals of B & N overlap to form o©
bonds while the remaining electrons from 1-bonds

*The structure is similar to graphite C,, but the m— electrons are partially delocalized over B-
atoms leading to unequal (B-N) bond lengths

*Each hexagonal ring has alternate single & double bonds with three boron and three nitrogen
atoms

*The layers are so arranged that boron atom of one layer is immediately over the nitrogen atom
of the adjacent layer

*B-N bonds length is 1.45 A° while the distance between any two layers is 8.33A°

*Boron nitride when heated to 3000° at 70,000 atom pressure gives a cubic form like diamond

structure where B & N attains a tetrahedral coordination. The (BN), in this form is superior to



Preparation of Boron nitride

1. By heating boron in nitrogen, NO or NH;
2B+N, - 2BN
5B+3NO-> 3BN + B,0,
2B +2NH; 2 2BN +3H,

2. By heating B,O5 with Hg(CN), KCN or NH,CI
B,05;+2 KCN -2 2BN +K,0+2CO

3. Anhydrous borax is heated with dry NH,CI to red heat in a platinum

crucible
Na,B,0; + 2NH,Cl = 2BN +2Na Cl + B,O5; +4H,0

4. B,Hg reacts with excess of NH; at high temp, BN is obtained
B,Hg+2NH; 2> 2BN+6H,

Properties
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BORON NITRIDE GRAPHITE



Borazine or Borazole,
(BH)s(NH): or BsNsH

-

:
; ‘
’

Borazine Benzene

®» Isoelectronic with benzene and
hence as been called INORGANIC



Stucture of Borazine

Various chemical reactions and electron diffraction
studies shows that Borazine is isoelectronic
with Benzene and hence its stucture is the
same as that of Benzene.

Like Benzene ,borazine has a planar hexagonal
structure ,containing 6 membered ring , in which
B and N atoms are arranged alternately

Because of the similarity between the structures of



Stucture of Borazine

® In Borazine both Boron and Nitrogen are sp2
hybridised

@ Each N-atom has one lone pair of electrons
,while each B-atom has an empty p-orbital.

@ (B-N)O-bond in borazine is a Dative bond
,which arises from the sidewise overlap



Stucture of Borazine




® Since borazine is isoelectronic with benzene
,both the compounds have aromatic O-
electron cloud.

® Due to greater difference in electronegativity
values of B and N-atoms ,the [O-electron
cloud in B3NS ring of borazine molecule is
partially delocalised (since N-[C orbitals are
of lower energy than the B-1 orbitals)

® while Iin case of benzene ring ,the O-electron






@ M.O calculations have indicated that O-
eletron drift from N to B is less than the -
electron drift from B to N ,due to greater
electronegativity of N-atom.

® |In benzene molecule ,C=C bonds are
nonpolar ,while in case of BEN3H6 ,due to
the difference in electronegativities between
B and N atom ,B-N bond is polar.

@ It is due to the partial delocalisation of -
electron cloud that C-bonding in B3N3 ring is
weakend.




@ N-atom retains some of its basicity and B-

atoms retains some of its acidity.

@ Polar species like HCI ,therefore ,attack the
double bond between N and B. i.e why
borazine in contrast to benzrne ,readily
undergoes addition reaction.

@ In borazine B-N bond length is equal to 1.44

A° ,which is between calculated single B-N
bond (1.54 A°)

@ B=N bond length is 1.36 A°

= The anadlae are aaiial to 120 °



Lewis acid

contain an empty orbital
tendency to accept a pair of electron



How do you say that BX is Lewis acid

I 25 2p,! 2p,0 2p]

B = Il |1} |

round
g sp hybrid orbital
s % 2pxl 2py 2pZO \OQO/ cmpty p oroita
exite
\/ L , sp” hybrid orbital Og
empty p orbital X sp” hybrid orbital
sp” hybridization
s’ np, mp,? p, X0

s (HTTAE T 41 B-X



Electronegativity

attract bond pair of electrons towards itself H Q X

Electronegativity order of halogens

F>Cl>Br
0 > x.0 - x0
*-B-x Xpx aX ) 2
X0 X0~ X0~ X0~
X=F X=Cl X=Br

Therefore Lewis acid strength order suppose to be

BFz > BCl3 > BBr3

D“l" 7% S asee s b I\“I‘]f\iﬂ np Dn«t\m I-«;]nnlzrlf\ o~ -pf\]]n'vrn



empty 2p orbital of Boron and fully
¢y filled 2p orbital of of fluorine overlapping

RV y very good overlapping
£'0 ¢ effective back bonding

(‘
ON! O
B(|

a0 O

empty 2p orbital of Boron and
fully filled 3p orbital of chlorine
overlapping

weak back bonding

fully filled 4p orbital of bromine \0
overlappin B
pping r\/B-Br
Br 0
not effective
overlapping

very weak
back bonding






