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THi COHCEFT OF OUBIRAL HYBRIDISATIN
ARD YTBOVALLET EYARIDIGATION



.sgnﬁhesia of q&emical insight end quantum nechanlces
hno ofbon resalted in outetanding chomical conceptes 4 ronarit=
ablo exanple of this 1m\§ha oanéﬁgt dﬁlhybwi&igatioa‘which
srovides o veyy oimpleos 3’@# guite elegant inﬁer;:mtatim of
chomioal bondge o B

Thot the chemical bonds arve divected in space hag been
supiaaz’tea both by experimental ovidences ond theoretical cal~
culations 5’25. One of'-‘éhe conigeyuences of the directed
valonoy of ptome in melcoulos ig the @efinite pottera in which
atomy ave orranged in moleouler frome worits It is mainly the
geameﬁny oL naleaulaa qﬂﬁ ita variation £r¢n ana molatula o

sacther that led i aaling ta iaﬁradnca the concept of hybridi—
| saﬁ_ioﬁ oy mming of intra=gtonie orbital in VBIO theowy. it‘ha
iden of hybridisatlion probably stemmed from the ReSohvodingarts
work o miark egfect of Hydrogen whore the splibting was
explaingd ualng a lineor eombiaaﬁion of Z8 and Ep orbltal of
hydm{;ané. '

_I.::h Jalie;zt i’eamr@a of tha eoncept of 'hybdridisation®
Qauling developad his hybridisation theoxy on the
bagls of following conpiderationss
| {1) ¢hemical bond moy be considered to be loealised
main.l,y in the region botwoen the bond ‘Porning atome.




P . |

(11) The Givection of chomicel bond corresponds to that
in which the overlap between the orbitals it mazimum.

(114) The otrength of & chonical bond is proportiondl to |
- the | avarlay hetwewn the eoanceting drbital_ég o
(iv) orbitale ueed by the eonnseted stomsin general can
. be a linear combliantion of pure atemic erbifalo { gsnedess ot0)
ae as 4o —satiaw ﬁh@ ppinoinle of maximum wer.!.ap. The orbitals |
copatructed by g liosar combination of glonle orbitale ars
toraod the hytrid orbitale aud ‘the prodess is aalled hyﬁridiﬂ

pabion. s o | : - |

(v) Zhe mmxbézf-ﬁf hy beid orbitsla i_:m-t- ma;j ba construaw i
ted fron 4 givog gt of &ﬁnﬁim srbisels eqpals the awaber of ;
baeis orbiiele in the suts -

Uping these eriterlia slong with mmaliﬁaﬁiaa and

| d*’timgamlifsy copditions aatiafied by the zn.ttmig orbitals,
mulﬁ.ag commewﬂ. b;rbré.d orbitale frm avrme'axy eonsldoras

_tion. ‘Eh‘is spproach pz'm:i.&eﬁ an eleuant explanation of the

- HelB,17,81
FGlalals g ries af many malemzlem Since thean :aavem ) e

havo z;aea thig mdmum.nverlap arita,zﬂim_ for constructing
hy bridd arbi‘aal-a £ron gmip th@'txretieal mmiﬁeﬂaﬁm whore the

nolecules passoss a high degres of mrmme%r.;r. I ta’bl.s 1.2 |
| ' _mmplaa of diffemnt typas of rgbriﬁisa’cim senﬁ ‘bhe T |
panding geaﬂwtry are {,ivan.
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Pype of hybrifleation Geonebey
53;;)5 totraheliral
%
- a
apa bxigonal
&p digopal
2 3
d"ap oetohadral,
ap® teilzonal
o
ﬂﬂa teional
dapa bebrasgoanl
a®gp irroguler totrvahedron
o ¢ .
a%p totragonal
dap blnyrenid
o
8%ep” totragonal pyramid
«&%a sebragonal
&ép oyranid
38 :
d.p peatasonal,
_&5 noentasonad pyranid
4
g* trigonal preien
3_59: 1] ‘ i
Cmm : .
.&39“’ % antiprden
&Qapg dodecahodron
&593 antipelion




The liybmﬁisatmn' aﬁd.th@ geonstries given in table
Lei ave otriotly applicoble o moleeiles with equivalent cabe
atituen$;-ﬁhusg apg hybrigioation which implicg hybrid orbitals
with &5 p&réent;mwaharaaﬁer holde only fop aymma%rié nolaculeos
of 3he '{;ypé CKy (X « B, halagjeii o:f.* alleyl group ohc)s Any aube
atitution of tha X grovpy by 2 non aqaivalent groun ¥ will lover
' the aymmetmy with a nonconfi tant chonge in the hybriﬁiaaﬁian-
. In puch o situation, ell the orbitale o not have exusl (25
porcent) s-chafnoters, some have nors than 29 peroeat while the
.athers leas than Eﬁgpernen%-alﬁhau@hltha bagie sob remains tha
sanc, Vizey one g orbital snd the three 2p ariaiﬁa;i,_al aof the
carbon atam; It ig because of this $hat 2ll sotrahadeal mnolew
aules are ususlly ciaﬂaifiea ag ﬂpa hybridised thcygh the
inﬁividuai hy berid 6rhitala'1a such cates ﬂiffer in thelr e~
oharactor. | : _

While such clazeifloation based on the haaia-aat used

in the congirustion of hybriﬁ.orb&taia, Seflay Eﬂﬁg sp y B¥y

asp . 3239? atoe glven in table Lil, oi%en helps greatly in N

the underatanding and inﬂe:prabatian of moleaulay properties -
{the nse of hybtridisation in the intarbratatioa of geonctrion
and magnotie propersica of oosrdination compound le olassio
examplo of such epplications), the variation of molecular pro~-
partiﬁa with varlation of ﬁubstitua&t.in-a given class of nole-
a&les ia of greater chemiepl intercst. For exaéplaﬂ,the
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properyies of the O«H bondy Os8es iﬁcnﬁ enupling constant,
bond dlobance, polarity,etc; ghow @ wide varistion in going
from Oy té-enﬂls, thongh o1l the molecules belong to the
goneral ocabegory of ﬂpg'hybridiae& malaauléag.ﬁli the proper-
tios indicnte A gradunl varistion in the p-characters of the
carbon valonce orbitale aloang the sorices Qiy, 011301. Gﬂaﬂlg,
uH313¢ buah variation of hybridication where anly uh@ dagrae
of wmizing within the pame sel of gbomic Qrbiis;a..l_,s,t_ﬁ;.‘na,aa Rag

termed as 'Ieovalent (valency vemainiag gane) Hybridisation
28

by Muiliken™ %o Gistlaguish 1% from the type sp° and " whore

the variatian n the nizing fs 8 Tecull of chm&ﬂ,ng the hasm
set £ren a—-ﬁ’&p o a--.‘ip sots
"‘ha R Ay ¥ Xk anca of imvalen’c .’rwbméziaat Lon 4n mﬁeratnnd-
ing tho chemical and mvaim}. p‘mpev i Ko c}? mgleculea was. poine
sed onth h}r walaah"a with mi‘ereme to cazsbon. OOﬂpﬂuﬂdﬁa H_e--
d@ﬁuaea 8 qualitative rule ohowing the deas&&@nee of the
degree of mixidg (s or pechavpctor af tho hyhri@--.,_orbi'&al_} with’
tha elegtranesativity 'ﬁ'ﬁf the éﬁhﬁtmumﬁé canncoted to carbon
atoms His principle is afte'n ealled the %Walsh Rule's
The Ldea that the sahat&tuant ema*trmag& ,.iviiw plwe
a najar role m. dgterniniag tha &egrea af hy!wm% a.e.:!non of .
an obor in o m;caea}.a. wag daveloped -aore _'-bngmu&mzf by Lent

by an analyelis of pvailabla éggérimemaﬂ, date on large nunber
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of noisouless Tho cunlltotive rule that -ca:zmrg_é& from his .
atudlos is ag Lollowss
" ‘The stomic s-oharoaoter tends do erucentrate in an
orbital divected towand elostro positive subsiitusnta’s
‘Tﬁia relo is bnown as Bent's rule ox 'E‘i.&;l_ahﬁléenrﬁ%%'
Rules Although this mule beap found wide applicablon in veriouns
fietdd of chenlsbyy ha&aus@ of its simpliclily, it .haia? soveral

dragbaeke and Linitotions. Thoepe ave discussed fully in the

noRt chnptor,

Tho sanstruetion m‘i’ suitabls hybrid orbltalse in -th—a g 31
impordent £iret sbep in the loealised deseription of ch@:‘iml
boade dn & toleculic. Begauoe of Shis bhe problem hae yvooelved

s‘n T{au%'ﬂ\g t.e'nhtwc.tfﬁno; ,

the atbention of meny vorkers™ -'-._-,inw Nybrdd ovbitale fo
atong i moleoulen with high dupree of symnebdy o.&. ﬁﬁ-%; Coligs

. O - R . '
ates ig rolatively s;im_pti.a& 2’5"5’3*5"”5; constragtion of the
best hybrid orbltals in moleoule with no oyametty or vory little
ayrmotyy ie rather diffienlt, She construction of the bast or
| optinum m,tma- srbitale .-..zz gush Rolegules bas been disoussed
el B2 .1&;179 21
by Jurmil ’ Ggmi}iwamr and AT ather workors

The ox-‘i topion that bhoam been gimost alvoye weod far the
gopatruction of tho bogh zwbria orbi tals ia the ‘prisgiples of

maxinlsing cw@rlagn The basla argmenﬁ underdy ing the use of



thie ;jﬂsaqigl_a' is that the strength of o chonleal bond 1%&? o
quelitatively proportions) to the overiap end therefore naxi-
mimation of overlap is qualiSatively expected to Lead to the
moot wtable geometiy. It should be bomno i mind that the
cosontial oriterion for the construetion of optimws hybrid
orbitals is e the ;arinéiple o2 maximisation of overlap', bud
the principle of aininigation of the eaarﬁyﬁ; focause of the
aiffiealty of hoving reliable explielt functions for the bond
enoriy in tems of basle qrbitels, it io nomislly &ifficalt
tn uge this obitorions lswever, computation of the everlapa
poges no 3L8Cioulty end the principle of maziusisaiion of the
overiap ie genorally alopted dus to the simplieclty of the pro-
idbh el o |

Phe concept of hyﬁﬂ&im‘&im iz 86 appenling to chenists.
that & nunbor of aar;zemw’ 18538-20 aave &1-13.‘3;&5'@_??353& %0 datoraiss
e orbital hybridisation Exon the fully delocalized molecular
nrbitale using gone Mmizaﬁi@ﬁ eTitoriohs 6. e OPBLGAL
loocpiisation, bond populetion. maxinivation (bond index) eto.
It should, however, bo mentionod that the coacept of hybridi-
antion in delocalized M0 thaory 1o not sa cesentinl Tequives
nent and thorefore, not unaobiguously defisable in bhe fally
olocalized LESO B0 theoIy. o

Tela Ant

- Like all c;uazxtmﬁ ohemical concepts mhich have Topulbod
from o syathesis of chonleal intultion and guantin qechuaios,



the concopt of hybridisation involved cortain apsumpilons
and therefore this goncept is applicable only when tho assumPQ
tions invelved nre valid,

The bhasic nesumption waderlying tho congepd of hybridie
satlon has boen oxoelleatly highlighted by Trindle snd-
) . 10 |
Slosogin e

the ides of hybwridieation rests on the following

| gpesunytionse

{4} sn otom petains 146 ldentity within u molecule and
npikos olishd adjnetnent o the molecular cuvironnent so that
the to%al aclecnlar wave luactlon wey be reprocented in torms
of oxbitale formed by combination of mtomic orbitalss

- {44) Hoch bybrid orbitel may be aseociated with only
one 10@&&&55& hpﬂﬁ“gad ite internation with other orbitale
moy be neglovteds |

Obriouoly, $ho enuesst of hrbridiantion has ?eiavan@a
oaly 11 these conditions sre at loast approxiontely fulfilléﬁe.
Yor exdmple, moloeular orbitals construgted fra&:flqating'
gausnion srbilale or 5 ana-eenﬁre-axpénﬁiqgiéan;aat bn undeopyw
ghood in ﬁermﬁ-ef hybriﬁ&éation, hgping In Dy aq1aéaliaea
avat@mg 2efley COnjREATEL T =bondn, whope the ides of  Looaliusd
bonding hae 1ittlalm$aaingf‘ﬁha aooopt hybridisation losss |
' itﬁ.gigmiﬁinaugéi_



Ta conclueion it noy be mald that the ooncept of
hybridisation i an oxtremoly umsful artifice in mnderstanding
aglosilar proporties in gyetoms wherse the molocnle can be

adonuately reprosented by locnl bond or chemical bond concepts
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