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subtract one (01) from this total value (TSLNC or TSLLP) to predict the power of the
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tried to focus two (02) time economic mnemonics by including two (02) formulae for the
prediction of hybridization of carbon atoms and hetero atoms in different organic compounds.
This article encourages students to solve multiple choice type questions (MCQs) at different
competitive examinations in a time economic ground on the prediction of hybridization state
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Chapter-2
INNOVATIVE METHOD FOR THE PREDICTION OF THE HYBRIDIZATION

STATE OF ORGANIC COMPOUNDS
Arijit Das
Department of Chemistry, Bir Bikram Memorial College, Agartala, Tripura, India
Email: arijitdas78chem@gmail.com

In chapterl, formulae based four mnemonics by counting totethber ofc bonds and lone pair of electrons around
the central atom and subtract one (01) from thisl tealue (&) to predict the power of the hybridization statesé
been highlighted by innovative and time economig veaenhance interest of students’ who belong tamaa zone of
chemistry for the prediction of hybridization stafiesimple molecules or ions.

In this chapter 2, another formulae-based mnemonics by countind ttmber ofc bonds and localized negative
charge (Eunc) or localized lone pair of electronsg(Tp) and subtract one (01) from this total value (E or Ts..p) to
predict the power of the hybridization state ofowar atoms and hetero atoms in different organicpmmds including
heterocyclic compounds have been highlighted byovative and time economic way. Educators can use th
mnemonic in their teaching style in the classroestures after discussing conventional methods @niihiitation to
make chemistry intriguing.

Here, | have tried to focus two (02) time economicemonics by including two (02) formulae for thediction of
hybridization of carbon atoms and hetero atomsifilerént organic compounds. This article encouragfesients to
solve multiple choice type questions (MCQs) atati#ht competitive examinations in a time economdauigd on the
prediction of hybridization state of carbon atonm&l dhetero atoms in different organic compoundsdietien of
hybridization state in different organic compoumgsalso useful to know the planarity of compounalich is a very
essential factor for evaluation of aromaticity of@anic compounds.

This chapter emphasizes chemical education inige bf other variety of mnemonics to make orgaciiemistry
metabolic, time economic and intriguing for studebécause the use of mnemonics in classroom lscisitbe very
essential tool to become a distinguished educatw.conventional method on the prediction of hyikation state of

carbon and heteroatoms in organic compounds to khewlanarity of compounds is time-consumirig
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Keeping this in mind, in this book, | have introéddwo innovative mnemonics to make this innovagiedagogical

chapter 2 intriguing in all respé&ct.

METHODOLOGY

1.Classification of Negative Charge inorganic compounds

The negative charge on the carbon atom of any siygjem can be generally classified into two typges a
delocalized negative charge (DNC) and localizechtieg charge (LNC) as follows:

a)Delocalized negative charge (DNC): When the negative charge on the carbon atom afrigesystem of
organic compounds undergo delocalization througfjugmtion then it is treated as delocalized negativarge
(DNC). Negative charge bearing carbon atom of thg system of an organic compound, when, directly
attached with single bonds from all ends within ting system, then it is considered as DNC contgjrwiarbon

atom and its negative charge is to be treated BEID
EX. In cyclopropenyl anions, cyclopentadienyl anions aycloheptatrienyl anion§ig. 2.14, Fig. 2.15, Fig.

2.16) negative charge on C atom are to be treated as DREjuse, it is directly attached with single bonds

directly from all side.

H W H H
5 big Py
(Cyclopropene) (Cyclopropenyl cajiofCyclopropenyl anion)

Fig. 2.14: Structure of cycloprope) cyclopropenylcation, and cyclopropenyl anion

H H H H

Lspf <sp” spP

(Cyclopentadienyl anion)  (Cyclopentadienyl cation)  (Cyclopentadiene)

Fig. 2.15: Structure of cyclopentadig/l anion, cyclopentadienylcation, and cyclopentadiene
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(Cycloheptatrienyl anion) (Cycloheptatrienyl cation) (Cycloheptatriene)

Fig. 2.16: Structure of cycloheptatenyl anion, cycloheptatrienylcation, and cycloheptatriene
b) Localized negative charge (LNC): When the negative charge on the carbon atom afiigesystem of
organic compounds does not undergo delocalizatiomugh conjugation then it is to be treated as liped
negative charge (LNC). Negative charge bearingararditom of the ring system of an organic compound,
when, directly attached with single and double lsomdth the ring system is to be considered as LNC

containing carbon atom and its negative charge liettreated as localized negative charge (LNC).

EX. In phenyl carbaniofiFigure 2.16a)vertex carbon atom bearing a localized negativegehd NC=1) is

surrounded by bonds (one single bond and one double bond) ariseifl

Fig. 2.16a. Structure of phenyl carbanion

2. Classification of Lone Pair of Electrons in heterocyclic compounds

Lone Pair of electrons can be generally classiiied two types as Delocalized lone pair electrohRpand
Localized lone pair electron (LLP) as folloW&:
a) Delocalized lone pair electron (DLP): When the lone pair of electron of heteroatom unaderg

delocalization through conjugation then it is totteated as a delocalized lone pair electron (DILRg
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The heteroatom (atom containing a lone pair ele}trevhich is directly attached with single bonddyadinom

all ends is to be considered as DLP based hetenoaal its lone pair is to be treated as (DLP).

EX. In Pyrrole, Fig. 2.18),the lone pair of N atom is to be treated as DLPabse it is directly attached with

three single bonds only.

b) Localized lone pair electron (LLP): When the lone pair of electron of the heteroatoesdwt undergo
delocalization through conjugation then it is to treated as Localized lone pair electron (LLP). The
heteroatom (atom containing lone pair electron)ictvis directly attached with single and double d®mvith
the ring system is to be considered as LLP basestdatom and its lone pair is to be treated a<alilced
lone pair electron (LLP).

Eg. In Pyridine,(Fig. 2.18) the lone pair of N atom is to be treated as LEPauise it is directly attached with

double and single bonds with the ring system.

H oo o

Pyrrole Pyridine Quinoline

Fig. 2.18: Structure of pyrrole, pyridine, and quinoline
3. Planarity of organic compounds
Planarity is one of the vital features for predintiaromatic, antiaromatic and nonaromatic behawfor
heterocyclic compounds or other organic compouRds.aromatic and antiaromatic behavior the compound
must be planar, whereas, the nonplanar compoundoigromatic in nature. Planarity of heterocyclic
compounds depends on the nature of the hybridizatiate of carbons and heteroatoms present inhiervéll
atoms (carbon and hetero) in the heterocyclic camgs having sphybridized then it is planar but when

there is a mixing of gpand sp hybridization state then it is treated as nonglana

4. The conventional method for prediction of hybridization state organic

compounds :

Hybridization state for a molecule can be calculat@ by the formula P = 1/2 (V+MA-C+A),
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Where, V = Number of valance electrons in the i@ ttom, MA = Number of surrounding monovalentnaso

C = Cationic charge, A = Anionic charge, P = powakthe hybridization state of the central atom.

5. Innovative mnemonics for the prediction of hybridization state of carbon atom in
organic compounds:

Prediction of sp2 and sp3 Hybridization state:

Formula: prediction of gmand sp hybridization state

Power on the Hybridization state of the heteroaton{PHys) = (Tsine) — 1

where, Ry, = Power on the Hybridization state of the heteywgtTsine = (Total no ofc bonds around each
central atom + LNC), LNC = Localized negative chearg

All single (-) bonds are the bond, in a double bond (=) there is anand oner. If the power of the hybridization

state (Ryy) will be 03, 02 and 01, then, the hybridizatioatstwill be sp, s, and sp respectively.

6. Innovative mnemonics for prediction of the hybridization state of the
heteroatom in different heterocyclic compounds:

Prediction of sp2and sp3 Hybridization state:

Formula: prediction of gpand sp hybridization state

Power on the Hybridization state of the heteroaton{Phys) = (Tstp) — 1
where, Rys = Power on the Hybridization state of the heteyogtTs..p = (Total no ofe bonds around each
central atom + LLP), LLP = Localized lone pair ¢éatron.
If the power of the hybridization stater(F) will be 03, 02 and 01 then the hybridization staill be sp, si,
and sp respectively. All single (-) bonds aredh®mnd, in a double bond (=) there is enand oner.

RESULTS AND DISCUSSION
1. Innovative mnemonics for prediction of the hybridization state (sp? & sp3) of

carbon atom in organic compounds can be well explained in the following way:

Hybridization state of carbon atom in organic coompids can be calculated from the total numbes difonds
around carbon atom and number of localized negativage (Einc) on the carbon atom and subtract one (01)

from this total value of Jinc to get the hybridization state &g sp®) of the carbon atom in the organic

compounds.



28

Ex.a. In cyclopropene, cyclopentadiene and cycloheptadriEig.2.14, Fig.2.15, Fig.2.16ertex carbon atom is
in sp® hybridization state. Here in all cases, the verasbon atom is surrounded by 4 single bord&dnds)
around itself, hence, power of the hybridizatioatest (Rys) = (Tsinc) — 1 = 4-1 = 3 (s}), whereas, rest carbon
atoms bearing gphybridization state corresponding te Bonds (2 single bonds and one double bond) around
themselves. The presence of oné Bpbridized carbon atom along with other® syybridized carbons makes
cyclopropene, cyclopentadiene, and cycloheptatriemplanar.

Ex.b. In cyclopropenyl anions, cyclopentadienyl aniond aycloheptatrienyl anion&ig. 2.14, Fig. 2.15, Fig.
2.16),vertex carbon atom bearing a negative charge asg ihybridization state. Here in all cases, the vertex
carbon atom is surrounded by 3 single bordbdnds) around itself, because, here, the negaligege of the
vertex carbon atom is treated as delocalized negatiarge (DNC) and cannot be counted during ptiediof

the hybridization state of the vertex carbon atbl@nce, the power of the hybridization statey{P= (Tsinc) —

1 = 3-1 = 2 (sp), whereas, rest carbon atoms also beamgpridization state corresponding to Bonds (2
single bonds and one double bond). The presencal afi hybridized carbons in cyclopropenyl anions,
cyclopentadienyl anions, and cycloheptatrienyl asimake them planar.

Ex.c. In cyclopropenyl cations, cyclopentadienyl catiansl cycloheptatrienyl cationBi¢y. 2.14, Fig. 2.15, Fig.
2.16),vertex carbon atom bearing a positive charge asgfimybridization state. Here in all cases, the vertex
carbon atom is surrounded by 3 single bord$&dnds) around itself. Hence, the power of the ioykation
state, (Ry) = (Tsing) — 1 = 3-1 = 2 (sf), whereas, rest carbon atoms also bedrhgpridization state
corresponding to@bonds (2 single bonds and one double bond). Tésepe of all sphybridized carbons in
cyclopropenyl cations, cyclopentadienyl cationg] eycloheptatrienyl cations make them planar.

Ex.d. In cyclobutadiene and cyclooctatetraehig(2.17),all carbon atoms are surrounded laytidnds (2 single
bonds and one double bond), hence, the power dfythadization state, (fs) = (Tsinc) — 1 = 3-1 = 2 (s,

which makes them planar.

S | |SIOZ
sp sz

(Cyclobutadiene)

(Cyclooctatetraene)

Fig. 2.1Structure of Cyclobutadiene and Cyclooctatetraene
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2. Innovative mnemonics for the prediction of the hybridization state (spZ & sp3) of
the heteroatom in heterocyclic compounds can be well explained in the following
way:
Hybridization state of heteroatom in heterocycl@mpounds can be calculated from the total numbes of
bonds around heteroatom and number of localized fmair of electrons @[Lp) on the heteroatom and then,
subtract one (01) from this total value af.r to get the hybridization state fsf sp®) of the heteroatom in the
heterocyclic compounds.
Ex.a. In Pyridine (Fig.2.18) lone pair of ‘N’ atom is to be treated as looadiZzone pair of electron (LLP),
because, it is directly attached with double amdjlsi bonds with the ring system, hence, it is abergid for
calculating the power of the hybridization stat®,) = (Tswe) — 1, to predict the hybridization state of
heteroatom ‘N’ in pyridine. Here, in pyridine, arml‘N’, there are twas bonds and one LLP (localized lone
pair electrons). Hence, power of the hybridizastate of ‘N' in pyridine, (Rp) = (Tswp) — 1 = (2+1)-1
= 2 (sB-N). All rest five carbon atoms are in same hylmadion state sphence, pyridine is planar.
Ex.b. In Pyrrole(Fig.2.18) the lone pair of N atom is to be treated as DLRofdized lone pair electron -
lone pair electron of heteroatom which is directtiached with single bonds only from all ends wfité ring
system), because, it is directly attached withetsiagle bonds only. Hence, is not to be underidenation
for calculating the power of the hybridization stafRiy,) = (Tswe) — 1, to predict the hybridization state of
heteroatom ‘N' in pyrrole. Here, in pyrrole, arouhd there are three bonds and zero LLP (localized lone
pair electrons). Hence, power of the hybridizatsteie of ‘N' in pyrrole, (Rp) = (Tswp) — 1 = (3+0)-1 =2
(sp-N). All rest four carbon atoms are in same hylzadion state $phence, pyrrole is planar.
Ex.c. In quinoline (Fig.2.18) lone pair of ‘N’ atom is to be treated as locatizone pair of electron (LLP),
because, it is directly attached with double amgjlsi bonds with the ring system, hence, it is abersd for
calculating the power of the hybridization stat@,) = (Tswe) — 1, to predict the hybridization state of
heteroatom ‘N’ in quinoline. Here, in quinolineoand ‘N', there are twe bonds and one LLP (localized
lone pair electrons). Hence, power of the hybritlirastate of ‘N' in quinoline, @) = (Tswp) — 1 = (2+1)-
1 =2 (sp-N). All rest carbon atoms are in same hybridizatitate s hence, quinoline is planagx.d. In,

aziridine (Fig.2.19) ‘N’ atom is surrounded by three bonds and one LLP (localized lone pair electrons).
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Hence, power of the hybridization state of ‘N’ mir@ine, (Riyb) = (Tswe) — 1 = (3+1)-1 = 3 (sBN). Hence,

it is non planar.

A

Aziridine

H

o

Oxetan

Fig.2.19: Structure of aziridine and oxetan

Adequate examples on prediction of the hybridizattate of heteroatom in heterocyclic compoundsaining

one, two or more same or different number of hetierms from the corresponding.1r value (total number of

o bonds around the central atom + localized lone gfaglectrons on the central atom) of the cerdtam have

been explored inTable 2.3.

Table-2.3 Hybridization state of Heteroatom in Heterocyclic Compounds with the help of LLP

Heterocyclic Compounds
(Planar/nonplanar)

Number ofo

bonds around the

Number of localized
Lone Pair of &

Total Number ob
bonds around the

Power on the
Hybridization state

hetero atom (LLP) hetero atom of the heteroatom
“double bonds) (Toun) (Pre) = (Teuss) 1
(T9) (Cq@sp_ondmg
Hybridization state)
/ \ 03 0 03 02
. (the lone pair of (s N)
N electron undergo
| delocalization, DLP
H with the ring system)
Pyrrole
(Planar
01
/ \ (out of two lone pairs
.. 02 of electrons, one 03 02
@] undergo
- delocalization, DLP (s7 0)
Furan and other remain as
(Planar) LLP)
02 01 03 02
/ \ (out of two lone pairs (SPS)
e of electrons of S one
S undergo
e delocalization, DLP
Thiophene and other remain as
(Planar) LLP)
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02 01 03 02
(sp N)
Pyridine
(Planar
03 0 03 02
N
H (sp N)
Indole
(Planar
(s’ N)
Quinoline
(Planar
5 4
02 01 03 02
6 A (s N)
7 9\/ N:
8 = 1 2
Isoquinoline
(Planar
3 4
N 03 0 03 02
‘\ \}5 (N1) (N1) (s N1)
2\[\]. 02 01 03 02
N3 N3

‘1 (N3) (N3) (s N3)

H
Imidazole

(Planar)

4 3 02 01 03 02
57 °N: (ND) (N1) (s N1)
6\ ) 2 02 01

03 02
N3 N3

N (N3) (N3) (57 N3)

1
Pyrimidine

(Planar
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02 01 03 02
(N1) (N1) (sp? N1)
02 01
03 02
(N3) (N3) (sP N3)
02 01 03 02
(N7) (N7) (sp? N7)
Purine
(Planar) 03 0 03 02
(N9) (N9)
(sp* N9)
—N: 02 01 03 02
L) ) ) (S N)
S
Thiazole (032) (Osl) 03 02
(Planar) (out of two lone pairs (sPS)
of electrons on S, one
undergo
delocalization, DLP
and other remain as
LLP)
N 02 01 03 02
> (N) (N) (P N)
. 02 01 03 02
S (S) (S)
o (out of two lone pairs (sp S)
Benzothiazole of electrons on S, one
(Planar) undergo
delocalization, DLP
and other remain as
LLP)
4
.o 02 01 03 02
N\ 3 (N1) (N1) (sp N1)
‘ 02 01
6\ /2 (N1) (N1) 03 02
N (sp” N4)
1
Pyrazine
(p-diazine)

(Planar
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N
AN 02 01 03 02
| (N1, N3, and N5) | (N1, N3, and N5) (s N1,N3,N5)
: N : 1 1
\/\‘
Cyanidine
(Planar
H
N
.. 03 0 03 02
(N) (N) (s N)
.o 02 01 03 02
s ® S (s S)
Phenothiazine (out of two LP of S,
ol one undergo
(Planar) delocalization(DLP),
and others remain ag
LLP)
N
N 02 01 03 02
(both N) (both N) (sp? both N)
Vi
Phenazine
(Planar
N\..
‘ N 02 01 03 02
. (N1,N2,N3,N4) (N1,N2,N3,N4) (s All N)
N/\l
1,2,3,4-te.t.razine
(Planar
.-N —
( | 02 01 03 02
_ (sp N)
Azocine
(Plana)
|l
— N 02 01 03 02
Azetine (sp* N)
(Planar
H
Aziridine PN

(nor-planar
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P

Oxetan
(non-planar)

02

02

04

03
(sp’ O)

Conclusion

It may be expected that this time economic inneeathethodology, described in chapter 2, will hélp student

of chemical education at Undergraduate, Senior tijmdduate and Post-Graduate level poedict

hybridization state of carbon atoms and hetero atonin organic compoundswhich will behelpful to detect

planarity and aromaticity of organic compounds. Experimentsin vitro, on 100 students, showed thhy,

using these innovative formulae, students can saup to 2-3 minutes' time in the examination halto find

out the hybridization state of carbon atoms anéroeehtoms in organic compound@n the basis of this, | can

strongly recommend using these time economic innotige mnemonics in organic chemistry.
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