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ABSTRACT

Present article emphasize the new pedagogy to ksarhybridization and molecular
geometry. It is always a challenge for the studemtemember the hybridization and geometry of
the molecule correctly. This topic has several ingme in subjective and objective type
guestions and answers since in most of the cormysegkamination hybridization and molecular
geometry always comprise a huge number of questidosv in order to remember all the
hybridization, this paper gives you a table of fewnbers and those number are also no need to
remember because they contain certain trends iachand column (subtract 8 in row and subtract
6 in column) and certainly the table will form. ldethe more focus on the domain number (total
bond pair and lone pair) 6, 5 and 4 because th@s@it number contain various type of geometry.
This article is not emphasizing the theory behmalhybridization, but only on how to remember
different hybridization and their geometry as fartlae competitive skill is concerned. It has also
some of the restrictions (limitation) and may natrkvfor some of the coordination complex and
inorganic compound$African Journal of Chemical Education—AJCE 7(1gndary 2017]
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INTRODUCTION

Although the idea of orbital overlap allows us tedarstand the formation of covalent
bonds, it is not always easy to extend these ibgaslyatomic molecules. When we apply valence-
bond theory to polyatomic molecules, we must expltaith the formation of electron-pair bonds
and the observed geometries of the molecules.

The famous chemist Linus Pauling first developediybridization theory in 1931 in order
to explain the structure of simple molecules sushmethane (CkJ using atomic orbitals [1].
Pauling explained this by supposing that in thes@mnee of four hydrogen atoms, the s and p
orbitals form four equivalent combinations or hybairbitals, each denoted by*dp indicate its
composition, which are directed along the four Gé#ds [2]. Hybridization happens when atomic
orbitals mix to form new atomic orbitals. The nerbitals have the same total electron capacity
as the old ones. The properties and energies afaWe hybridized orbitals are an 'average' of the

original un-hybridized orbitals.

METHODOLOGY

In this methodology, only two numbers are taken axtcount and the rest of the numbers
have certain trends in row and column. The row stdirt from number 48, and 6 is subtracted in
row and 8 is subtracted in column.
For hybridization

In order to calculate the hybridization, we onlyddo sum the bond pair and lone pair. If
the sum is equal to 2, then it is sp (one for s@afor p), and if it is equal to 3, then it igpne

for s and two for p) and so on.
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Table 1: For hybridization

ISSN 2227-5835

Bond pair + Lone pair | Hybridization |Bond pair + Lon e pair | Hybridization
2 sp 5 spd
3 Sp 6 spid?
4 sp’ 7 spid?

For e- pair geometry and hybridization

In order to find the e-pair geometry (molecular getry), you only need to remember the

numbers (total valence shell electron, TVE) givetolv. For example, any compound which has

TVE equal to 40, it is always trigonal pyramidabahit has TVE equal to 28, then itis T shaped

and so on.

Table 2: For hybridization and e pair geometry

Domain 6 Domain 5 Domain 4

TVE | e- pair Hybridization | TVE | e- pair Hybridization | TVE | e- pair Hybridization
geometry geometry geometry

48 Octahedral sp*d? 40 Trigonal sp’d 32 Tetrahedral | gp?

bipyramidal

42 Square sp’d? 34 See saw sp’d 26 Trigonal sp?
Pyramidal bipyramidal

36 Square Sp3d2 28 T shaped Sp3d 20 Bent/ 5p3
Planer Angular/ V

shaped
22 Linear sp’d

Domain 4, 5 and 6 represent the coordination nurabtite central metal like if it is P&

then the central metal atom (most electropositiegamm P) is connected with five chlorine atoms

and it has 5 coordination number and so on.

In the table below (3), MIE stands for M = central metal atom, L= Ligand oosin

electronegative element, E= lone pair, n= 2, 35,46 ...). Coordination number 6 has three

category of total valence electron i.e. 48, 42,aB@ all have s hybridization, and similar
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phenomenon occurs for other coordination numbeeseHve avoid the use of sp andf sp

hybridization because they have only single mokcgéometry i.e. linear and trigonal.

1

CN6 | TVE | e- pair Molecular | CN5 e- pair TVE | Molecular | CN4 TVE | Molecular | e- pair
geometry | Geometry geometry Geometry Geometry | geometry
ML 48 Octahedral] Octahedral ML | Trigonal 40 Trigonal ML 4 32 Tetrahedra] Tetrahedrd
bipyramidal bipyramidal
MLsE | 42 Octahedra] Square | ML4E | Trigonal 34 See saw MIE | 26 Tetrahedral Trigonal
Pyramidal bipyramidal bipyramidal
ML4E; | 36 Octahedral] Square | MLsE | Trigonal 28 T shaped MiE, | 20 Tetrahedra] Bent/
Planer bipyramidal Angular/ V
shaped
ML:E3 | Trigonal 22 Linear
bipyramidal

RESULTS AND DISCUSSION

Now, in order to find out the hybridization and mallar geometry, you only need to

remember the above table and it is nothing butraation of 8 in column and subtraction of 6 in

row. First, we need to calculate all the valencellstlectrons in given compound and then the

compound must belong to one of the given above eumb

Let us, solve some of the examples:

Domain no 6

SF6 (Sulphur hexafluoride)

Total Valence Electron (TVE) =6 + 7x 6= 48
Six bond pair (total 12 e-) connected with the didorine atoms and all six fluorine contain 36
lone pair electron (6 for each fluorine) i.e. ishao lone pair left in order to complete the total

valence electron.
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Total bond pair electron = 12

Total lone pair electron = 36 (6 for each six fine) :F -
Total valence shell electron= 48 .o oo
So, hybridization= total bond pair + total lonerpai : FI““"'S ‘..\\\\F .

6 +0=5i.e(spd? ] F/ \F .

Molecular (e pair geometry) = Octahedral (48) * '

Other examples RFSiFs® F

SbC|52'
Total Valence Electron (TVE) =5 + 7x 5 +2= 42
Five bond pair (total 10 e-) connected with thefohlorine atom and all five chlorine contain 30

lone pair electron (6 for each chlorine) i.e. istwae lone pair left in order to complete the total
valence electron.
Total bond pair electron = 10
Total lone pair electron = 30 (6 for each five chie)
Total valence shell electron= 40
So, hybridization= total bond pair + total lonerpai
5 +1=6Iie(spd?d
Molecular (e pair geometry) = Square Pyramidal (40)
Other examples RFSiF>

ClF4
Total Valence Electron (TVE) =7 + 7x 4 +1= 36
Four bond pair (total 8 e-) connected with the fhuorine atom and all four fluorine contain 24

lone pair electron (6 for each fluorine) i.e. ishavo lone pair left in order to complete the total
valence electron.
Total bond pair electron = 8 — .. —

=

Total lone pair electron = 28 (6 for each four fine and 4 for central chlorine

o) F-0-F

Total valence shell electron= 36 |

So, hybridization= total bond pair + total lonerpai :.F.:
4 +2=06Ii.e(sp’dd

Molecular (e pair geometry) = Square Planar (36)

Other examples 1G] XeR
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PCls (Phosphorus pentachloride)
Total Valence Electron (TVE) =5 + 7x 5= 40
Five bond pair (total 10 e-) connected with the fohlorine atom and all five chlorine contain 30

lone pair electron (6 for each five chlorine) itdhas no lone pair left in order to complete thialk

valence electron.

Total bond pair electron = 10 # Ol 3 ¢
Total lone pair electron = 30 (6 for each five chie) .. I /CI_.
Total valence shell electron= 40 9' P

So, hybridization= total bond pair + total lonerpai
5 +0=5i.e(spd) Cl:

Molecular geometry= Trigonal bipyramidal (40)

CIF3 (Chlorine trifluoride)
Total Valence Electron (TVE) =7 + 7x 3= 28
Three bond pair (total 6 e-) connected with therfloe atom and all three fluorine contain 18 lone

pair electron (6 for each fluorine) i.e. it has tlwne pair left in order to complete the total veale
electron.

Total bond pair electron = 6
Total lone pair electron = 22 (18 at three fluoramel 4 at chlorine) C‘.-\('l ¥

Total valence shell electron= 28 CIF; @ ‘
P

So, hybridization= total bond pair + total lonerpai
3 +2=5i.e(spid) T-shape
Molecular geometry= T shaped (28)

IF4*
Total Valence Electron (TVE) =7 + 7x 4 -1=34
Four bond pair (total 8 e-) connected with the ffime atom and all four fluorine contain 24 lone

F
|

pair electron (6 for each fluorine) i.e. it has dor@e pair left in order to complete the total vede
electron.
Total bond pair electron = 8
Total lone pair electron = 26 (22 at four fluorigwed 2 at chlorine)
Total valence shell electron= 34
So, hybridization= total bond pair + total lonerpai
4 +1=5i.e(sp’d)
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Molecular geometry= See Saw (34)
Other examples are I§ITCli, PCk

I3
Total Valence Electron (TVE) = 7x 3 +1=22
Two bond pair (total 4 e-) connected with the i@datom and all two iodine contain 12 lone pair

electron (6 for each iodine) i.e. it has six lorarpeft in order to complete the total valence
electron.
Total bond pair electron = 4

Total lone pair electron = 18(12 at two corner medand 6 at central iodine aton

o

I

{

Total valence shell electron= 22 : II

So, hybridization= total bond pair + total lonerpai k

2 +3=5i.e(sp*d)

Molecular geometry= Linear (22)

Other examples XefICly

Limitation

1. It has no explanation about the inner and outelodkbconfiguration. No difference create
between &p* and spd? because it is part of coordination compound wlitecan be explain
accurately.

2. In coordination number four, there are three cate(@R2. 26, 20) but if the TVE is equal to 8
then it is also consider in this domain and then yeed to remember the general formula for
particular domain.

Domain no 2

NH3 (Ammonia)

Total Valence Electron (TVE) =5+ 1x 3=8
Three bond pair (total 6 e-) connected with theethrydrogen atom and it has one lone pair left in

order to complete the total valence electron.

Total bond pair electron = 6 H

Total lone pair electron = 2 (for nitrogen atom) ‘

Total valence shell electron= 8 /N””“H
So, hybridization= total bond pair + total lonerpai H "

3 +1=4ie(sp)
As it has three bond pair and one lone pair theortes under the category of M
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Molecular (e pair geometry) = Trigonal pyramidal (8)
Other examples D"

H20 (Water)
Total Valence Electron (TVE) =6 + 1x 2=8
Two bond pair (total 4 e-) connected with the twaliogen atom and it has two lone pair left in

order to complete the total valence electron.

Total bond pair electron = 4 o0,
Total lone pair electron = 4 (for oxygen atom) /O\
Total valence shell electron=8 H H
So, hybridization= total bond pair + total lonerpai

2 +2=4i.e(sp)

As it has three bond pair and one lone pair theortes under the category of b2

Molecular (e pair geometry) = Bent/ Angular/V shaped (8)

CONCLUSION

Problems (especially multiple-choice questions) lsarsolved easily, fast and accurately
by using this technique. It has great importancenanganic chemistry, especially coordination
chemistry. Most of the problem is solved by usinig method and it has some restrictions in CN

4 category of compounds.
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