35

Chapter-3
Prediction Of The Hybridization State - A Comparative Study

Between Conventional And Innovative Formulae

Arijit Das
Department of Chemistry, Bir Bikram Memorial College, Agartala, Tripura, India

Email: arijitdas78chem@gmail.com

In the previous two chapters (chapter 1 & 2)formulae based mnemonics by counting total nunolber bonds with lone
pair of electrons (LP) or localized negative chalgeC) or localized lone pair of electrons (LLP)darsubtract one (01) from
this total value ($.p, Tsine OF Tsiip) to predict the power of the hybridization stafesionple molecules or ions and organic
compounds including heterocyclic compounds haven Eghlighted by innovative and time economic wayenhance
interest of students’ who belong to paranoia zdnghemistry for the prediction of hybridization &af simple molecules or
ions and organic compounds including heterocydimjgounds. But in this chapter, limitation of contienal formula and its
comparative study in the light of innovative formelhave been discussed. Educators can use thacative study in their

teaching style in the classroom lectures to maleeniiry intriguing.

FORMULAE

i) Conventional formulae for prediction of hybridization state

Hybridization state for a molecule can be calculat by the formula P = 1/2 (V+MA-C+A),
Where, V = Number of valance electrons in the @rsttom, MA = Number of surrounding monovalent aspm
C = Cationic charge, A = Anionic charge, P = Poafethe Hybridization state.

ii) An innovative formula for predicting hybridization state of simple molecules or ions:

Power on the Hybridization state of the central aton (Pryb) = (Tswe) — 1
where, Ryr = Power on the Hybridization state of the cenétalm, Ts.p=(Total no ofc bonds around each central
atom + LP).
From the Lewis structure of a molecule, first df pfedict the number of sigma bondskonds), pi bondsrz{bonds)
and the lone pair of electrons (LP) if any. Allgie (-) bonds are the bond, in the double bond (=), there tsdnd
1z, in triple bond ) there is & and Z (excluder bond). In addition to these, each Co-ordinate benjl can be

treated asd bond. This formula is applicable up to four (04) AT
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If the power of the hybridization state{F) will be 03, 02 and 01 then the hybridization staill be sj, s, and sp

respectively.

iii) An innovative formula for predicting hybridization state of carbon atom in different

organic compounds:

Power of the hybridization state of the central atm, (Payb) = (Tsine) — 1
where, Ry, = Power on the Hybridization state of the cerditain, Ts.ne = (Total no ofc bonds around each central
atom + Localized negative charge).
All single (-) bonds are the bond, in the double bond (=), there isdnd . (LNC) = Localized negative charge.
Negative charge bearing carbon atom in the ringesy®f the organic compound when directly attachél single
and double bonds with the ring system is to beidensd as LNC containing carbon atom and its negatharge is

to be treated as localized negative charge (LNC).

iv)An innovative formula for predicting hybridization state of the heteroatom in

different heterocyclic compounds:

Power on the Hybridization state of the heteroaton{Puys) = (Tsip) — 1
where, Ry, = Power on the Hybridization state of the heteyogtTs..p = (Total no ofc bonds around each central
atom + LLP), LLP = Localized lone pair of electréhthe power of the hybridization stater(F) will be 03, 02 and 01
then the hybridization state will be3sgp?, and sp respectively. All single (-) bonds are d¢hgond, in a double bond
(=) there is ones and oner. The heteroatom (atom containing a lone pair dadt which is directly attached with
single and double bonds with the ring system ibdaconsidered as LLP based heteroatom and itspainés to be
treated as a localized lone pair electron (LLP).

RESULTS AND DISCUSSION
A. Comparative study between conventional and innovative formula for prediction of
hybridization state of different atoms in simple molecules or ions

By using conventional formula it is not possible flee prediction of hybridization state of O atamciclic ozone Kig.

1.2) as follows:

By Conventional Formula: P = 1/2 (V+MA-C+A) = 1/2 (6+0-0) = 3.0 (3perroneous hybridization state of O)
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By Innovative Formula: (Puys) = (Tswp) — 1 = (2+2)-1 = 3 (sthybridized O atom in cyclic ozone)

where, Ryr = Power on the Hybridization state of the cerdtam, Ts.r=(Total no ofc bonds around each central atom + LP)
By using conventional formula it is not possible foe prediction of hybridization state of S atamS and P atom in

P4 (Fig. 1.4)as follows:

Fig. 1.2. Equilateral triangle structure of cyclicozone (Q)

=§\\ e S \',s‘/g: =p$m

.o S *

(Ss) (Pa)
Fig. 1.4. Zig-zag structure of $and Tetrahedron structure of P
Ex.1. Hybridization state of S ingS
By Conventional Formula: P = 1/2 (V+MA-C+A) = 1/2 (6+0-0) = 3.0 (perroneous hybridization state of S i) S
By Innovative Formula: (Puy) = (Tswe) — 1 = (2+2)-1 = 3 (sphybridized S atom ingp

where, Ry, = Power on the Hybridization state of the cerdtaim, Ts.p=(Total no ofs bonds around each central atom + LP)

Ex.2. Hybridization state of P insP

By Conventional Formula: P = 1/2 (V+MA-C+A) = 1/2 (5+0-0) = 2.5 (unpredibta hybridization state of P in)P
By Innovative Formula: (Puys) = (Tswp) — 1 = (3+1)-1 = 3 (sthybridized P atom in4

where, Ry, = Power on the Hybridization state of the cerdtaim, Ts.p=(Total no ofs bonds around each central atom + LP)
By using conventional formula it is not possible the prediction of hybridization state of termirc@rbon atom of
alkynes as follows:

Ex.3. Hybridization state of Ethyngig. 2.12):
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By Conventional Formula: P = 1/2 (V+MA-C+A) = 1/2 (4+1-0) = 2.5 (Unpredibla hybridization state)
By Innovative Formula: (Puys) = (Tswp) =1 =2-1 =1 (sp hybridized carbon atom in Alky
where, Ryr = Power on the Hybridization state of the cerdataim, Tr=(Total no ofc bonds around each central atom + LP)

H-C=C-H
Sp sp

Figure 2.12: Linear structure of Ethyne(C,H;)

1 2 3 4 5
C‘H_\. =CH- CH: -C=CH

Figure 2.13: Structure of pent-1-ene-4-yne

Ex.-4. Hybridization state of pent-1-ene-4-y(igg. 2.13):

By Conventional Formula:

Power of the hybridization state of the terminabom G (P) = 1/2 (V+tMA-C+A) = 1/2 (4+1-0) = 2.5
(Unpredictable hybridization state)C

By Innovative Formula: (Puyy) for Gs = (Tswp) —1 =2-1 = 1 (sp hybridizedslC

where, Ryr = Power on the Hybridization state of the cerdtam, Ts.p=(Total no ofc bonds around each central atom + LP)

By using conventional formula it is not possible fothe prediction of hybridization state of oxygen @#oms in cyclic ozone,
hydrogen peroxide, S atom in & P atom in B etc. but by using innovative formula hybridization state in all cases

should be determined with absolute accuracy.

B. A comparative study between conventional and innovative formula for prediction of

hybridization state of carbon atom in different non-heterocyclic organic compounds

By using conventional formula it is not possibler fihe prediction of hybridization state of carbotoras in
cyclopropene, cyclopentadiene, cycloheptatrienelopyopenyl anion, cyclopentadienyl anion, cyclaiaémenyl anion,
cyclopropenyl cation, cyclopentadienyl cation, acytloheptatrienyl cation, benzene, toluene etc. lytusing

innovative formula hybridization state in all casbsuld be determined with absolute accuracy d@wWel
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By using conventional formulae hybridization statevertex carbon atom in cycloalkenes such as @yolgene,

cyclopentadiene, cycloheptatriene efig( 2.14, Fig. 2.15, Fig. 2.1&ame out erroneous as follows:

FX pl; HEPZ HZSIDZ

(Cyclopropene) (Cyclopropenyl cajiofCyclopropenyl anion)

Fig. 2.14: Structure of Cyclopropex Cyclopropenylcation, and Cyclopropenyl anion

H H H H

Sspf tsp sp°

(Cyclopentadienyl anion)  (Cyclopentadienyl cation)  (Cyclopentadiene)

Fig. 2.15: Structure of Cyclopentadig/l anion, Cyclopentadienylcation, and Cyclopentadiene

H ?2 H ipz H S?iH

(Cycloheptatrienyl anion) (Cycloheptatrienyl cation) (Cycloheptatriene)

Fig. 2.16: Structure of Cycloheptatrienylanion, Cycloheptatrienyl cation, and Cycloheptatriene
i)By using the conventional formula:
Power of the hybridization state of the vertex carP) = 1/2 (V+MA-C+A) = 1/2 (4+2-0) = 3 ($perroneous hybridization state)
ii)By using Innovative formula:
Power of the hybridization state, B = (Tsinc) — 1 = 4-1 = 3 (sphybridization state of vertex carbon)
By using conventional formulae hybridization stafeest carbon atoms other than vertex carbon @loajkenes such

as cyclopropene, cyclopentadiene and cycloheptatrigig. 2.14, Fig. 2.15, Fig. 2.16¢ame out unpredictable as

follows:
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i)By using the conventional formula:

Power of the hybridization state of the rest cag@) = 1/2 (V+MA-C+A) = 1/2 (4+1-0) = 2.5 (unpretiible hybridization state)
ii) By using Innovative formula:

Power of the hybridization state{B) = (Tsine) — 1 = 3-1 = 2 (sphybridization state of rest carbons other thamexecarbon)

By using conventional formulae hybridization stafievertex carbon atom bearing negative charge itloaykenyl

anions such as cyclopropenyl anion, cyclopentadianipn and cycloheptatrienyl aniokig. 2.14, Fig. 2.15, Fig.2.16)

came out erroneous as follows:
i)By using the conventional formula:
Power of the hybridization state of the vertex carfP) = 1/2 (V+MA-C+A) = 1/2 {4+1-(0-1)}
= 1/2{6B=<sp? - erroneous hybridization state)
ii) By using Innovative formula:
Power of the hybridization state of the vertex car(Rys) = (Tsine) — 1 = 3-1 = 2 (sphybridization state)
By using conventional formulae hybridization statlevertex carbon atom bearing positive charge inlaglkenyl

cation such as cyclopropenyl cation, cyclopentadieation and cycloheptatrienyl catiofi¢. 2.14, Fig. 2.15, Fig.

2.16)came out erroneous as follows:
i)By using conventional formula:
Power of the hybridization state of the vertex carbearing positive charge, (P) = 1/2 (V+MA-C+AlR {4+1-(1+0)}
= 1/2{4PAsp - erroneous hybridization state)
ii) By using Innovative formula:
Power of the hybridization state of the vertex carbearing positive charge,{k) = (Tsine) —1 = 3-1
= 2 Epybridization state)
By using conventional formulae hybridization stafecarbon atoms in benzene, toluene etc. is ungiadale but by
using innovative formula hybridization state in @ises should be determined with absolute accambyllows:

The carbon atom in Benzene (Fig.3.20):
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CHs

H H

(Fig.3.20: Sructure of Benzene and Toluene)

i)By using the conventional formula:
Power of the hybridization state of carbon, (PYZ(/+MA-C+A) = 1/2 (4+1-0) = 2.5 (unpredictableybiridization state)
ii) By using Innovative formula:

Power of the hybridization state of carbon atonyd)P= (Tsine) — 1 = 3-1 = 2 (sphybridization state)

Carbon atom of the methyl group in Toluene (Fig.3.20):

i)By using the conventional formula:

Power of the hybridization state of carbon atormethyl group in toluene, (P) = 1/2 (V+MA-C+A) = 1(2+3-0)

= 3.5 (unpredictable hybridization state)

ii) By using Innovative formula:

Power of the hybridization state of carbon atormethyl group in toluene, (f) = (Tsinc) — 1 = 4-1 = 3 (sphybridization state)

C. A comparative study between conventional and innovative formula for prediction of

hybridization state of the heteroatom in different heterocyclic compounds

By using conventional formula it is not possible tbe prediction of hybridization state of heteomatnitrogen in
pyridine, quinoline, isoquinoline, pyrimidine, thi@e, benzothiazole, pyrazine, cyanidine, phenaZif®s3,4-tetrazine,
azocine, azetine, aziridine, and oxygen atom intavxestc. but by using innovative formula hybridiaat state of

heteroatom nitrogen in all cases should be deteranivith absolute accuracy as follows.
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i)By using the conventional formula:

Power of the hybridization state of nitrogen atampyridine, P = 1/2 (V+tMA-C+A) =1/2 (56 +0-0 H & 25
(Unpredictable hybridization state) and power of the hybridization state of nitrogegona in quinoline, P = 1/2
(V+tH-C+A) =1/2 (5 + 0 — 0 + 0) = 2.8&Jnpredictable hybridization state) (Fig.2.18).

Power of the hybridization state of nitrogen atomariridine, P = 1/2 (V+MA-C+A) = 1/2 (5 + 1 — 006) = 3(sp? —
erroneous hybridization state of N)and power of the hybridization state of oxygemato oxetan, P = 1/2(V+MA-C+A)

=1/2 (6 + 0 -0 + 0) = & - erroneous hybridization state of oxygen atom) (i§.2.19).

Pyrrole Pyridine Quinoline

Fig. 2.18: Structure of pyrrole, pyridine, and quinoline

H .
N :
Aziridine Oxetan

Fig.2.19: Structure of aziridine and oxetan
ii) By using Innovative formula:

Power on the Hybridization state of the hetero aBip) = (Tswe) — 1

Power of the hybridization state of nitrogen atampiridine, Py = (3 -1) = 2 6 bonds = 2 & LLP = 1) (sp?
hybridization state of N atom)and power of the hybridization state of nitrogémnain quinolinePuy, = (3-1) =2 §
bonds =2 & LLP = 1) (sp? hybridization state of N atom) (Fig.2.18).

Power of the hybridization state of nitrogen atonaziridine,Prys = (4 -1) =3 6 bonds =3 & LLP = 1)

(sp?® hybridization state of N atom)andpower of the hybridization state of oxygen atonoketan Py = (4 -1)

=3 (c bonds =2 & LLP = 2jsp?® hybridization state of O atom)(Fig.2.19)
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Conclusion

In this chapter, limitation of conventional formwdad its comparative study have been discussdteilight of innovative
formulae for the prediction of hybridization staté simple molecules or ions and organic compourasuding
heterocyclic compounds. Educators can use this aoatipe study in their classroom lectures to makenustry

intriguing and trustworthy.
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