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s,n.-th.aste of cb.amioal in,aif1ht and qua.n.t~lm maohard.os 

haa often. resulted in ou:tetanding qhemio~ oozl,O~pte.. A retnarlt• 
' / I 

n)llEl example ot thita ie the concept ot byb~id1sat1oo. ~lh1ch 
I . 

provides a ve"'JU aimplt!)., yet qUite elesant il4&$rpretatio.n of 

chom1oal bou.d¢~• 

!Chat the chemical ·boud~ are di~acted in Qpaoe ooa been 
. . ' 

.sLl.ppQrted both by ~XiP~r.ime~tQ.l eviden.ae$ an!i tbQ~ret!cal oat• 

·Qulo:t1ons1• 3•25• ·one of. the couseqtlenoeQ of the dir~oted 
~$lOY of at~'me in. molecules is the definite pa.tter4 1n wniob 

atoma "Gre. arrtmged in molecul~ fzaa.~- worlt• I.t ts mailll$· th~ 
. ' 

g~ot'letey of moloQulaa· and. i t·a. varia.ti01i: fx-o.m oil~· tno~eoule "to· 

another too.t lea t"4allli.rJJ&,'J to: iatroduo.e tb.e 'concept ot b.Ybl'idi-. . 

ao.tion or mi~ing of int~•atorr.l1o o:tabi tal iA \fBj10 theo~.. ~he 
. ' 

idea of hy'br1a~ee.t1.on probablU at~ed from the :t~.Sel'J.t>odinger's 

wor&t OI'.l. ·atark effect-· Qf fii:droge~ ~.-~hor~J the epl:ltting was 
. ' 

.explained t\ei~g;" a linQI.)Xf combination of 2s and 2p orbital of 

l-iu• _,_,.. "'~~ 
L~ lu.tv(i;j~·· • 

x.a. Salient .t~a'ttWe$· ot th~ couoept of ·•t~Jrbridisatloa•· • 
. 6 . . . 

:Pauling f.?.evelopod bia .1\vb~id.iaat..ion thet>~l on the 

baaie o:f. follow1nm oonaid~rstiont!t 

(i) Cherdical bond mey- ba. QtJtleid.orad to be local:teed 

flti!ttAlQ ~.n the :t-egion b.etw(l)~n. tbe bond· forming atorna. 
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' (it) mb.e diveotion. Q;f ohemioa.l bonlt. 4Qrr~apon.da to that 

in wbiah the o'fiel'lav between th0 o$1t.a:ta iO ~um. -
-

(:7;:1.1) ~he att-ength- ot a chemical bond is pl'ooortiona.t to 

· the cwarlap betHeG"n the _ oQiul.~cting- orbi:_bal~ . 

(1V) Orbitals used by· thG QG~0Gted. Q,'~.Ol~S :1J:'l ge,na~Ql. OE.U' 

be a l-in~~ cr;mb:tr1a.tion of ptWe a.tomie orbital$ 'a~v_.a ••• -eto) 

$a ae to a~tiafy the :ptt!n..o!r;ta of r~mum ove~~l)._ ~he orbitals 

oonatruotad by a lin~~ oombin:Stion of o.tomt.Q· orbitals ~e 

tQr!ne! tha by~id :orbitalfi &a..d ~the- p~cesa i~t'called 1\vbri.<U.• 

·aatit'rA• 

(v} T!le numbe~·ot by'hri1.4- ovl>it~$ tl:'At may bf.l· conetruo­

ted trotl $ gi"4~oa, aet o£' a.t.?.)mio orb1 ta:Ls- cq;aQl a tho ll1l!nbcr of 

· .baa1$ orb-i tala -i~- tbGc sot., 

UeiAB thae$ or1 to~ia. along w1 th ~1'!'flal1eo.tioa. and 
. ' 

o~tbQ.gon.al.ity oonditiona sQti~iGd by the atom~g orbitals; . - ' . . . ' 

~a~$ll1l) OOtlS'tru.OtGd ·!wbrJ.d O:t'b~ttlls .from E\V"onlGt~ QOnaidGra.•-

t:ton" ~his a-pproach pttGVidad an. elegant ~·lana.ti.on. ot the 
. . . ' . ' . ' ' . . . ' ' . . ' ' . 5-15 11· 21 
geot1~t~i~o ~f ttla!\Y moleou.les, Since then_ save~ ">7orke_r, • · _ 

(.. . . ' ' 

h.avo ttsed thiG mwt1mum over~p or! tt;trion. f'or eonetruoting 
: . : ' - . ' . . . ' . 

b1 or:t~ o:vbital.a. f;t10m ~~up thet;t~eti~al oonsidf:lllat1on t~hel!e th• 

molao1lles- ·possess a high degree of -symmet'W'• In. table 1.1 
- . . ' ' . ' . . . . . . . 

OXQnll:)'lee of different -ty_pes of J;wb:rit'U.ootio~ a.o.d the ~on'ea• 
. -

-. 
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•?. , aa~ 

sv2 

sp 

d
2srl' 

dp2 

ds2 

2 dsp 

d2sp 
2 2 d p 

dsp3 

2 2 a ap 

I a.4~, 

d4 .P 

d.a.,;/a 
d$ 

ti 
d~sp 

dip 
·. 3 3 
Q.p 

d,4sp3 

,n5 3 
Q, p 

t~~sonal 

digonal 

octcl:lEHlral 

tr1goual 

tet:t'ngor:aa:L 

irregular ·tetrahedron 

tetraso..~l 

b:tpyro.ruid 

·tetr~gona.l pyl?acntd 

tet;t~agonol 

pyratzlid 
' 

p f3n:tago.ool 

oontagonal py~r.~1d 

tri8ona.l pri.G!ll 

d.odeoab.edron 

rultipr:t~ 
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The eybridieation: e.n.fl the geomatnoa eiv~ ita. table 

1•1 ~ etri.otly applicable to molOCl . .tlaa· with a qui valent mb­

atitu.en.t~ ~htte• apr[) }Wbl'Jidiaati® Wbioh implies l:Wbrid qrbttals 

with 00 percent: a ... aharaoter holdf,l only· for ~mmet~lf.a molecUles 

of tho ty-pe ox4 (X ., B, halo~en. or a.lkyl ~on.p etc) • l'.ny eu.b­

ati tutioA of tho· X ~o~ by a. non equ.ivaXant sroa~ Y will 10\.vex­

tha QY~et:tw with a oonoomt/litt&nt c~~u1ge in the bybr:1d1sat1on.. 

In ~uoh a s1tua.t1on, ell the orb:ttala do not have e~U.al ( 25. 

peroent) s•oh~raoter~, $Ome have mo:ra tban 25 p(;)l."Oent ·while the 

othors lees tban. 25· .tn~roent althQU.~ tha basis set rem.e.ina the 

aam.e, vtz~ ;• one 2EJ orbital .. ru1d tbe tbroe 2p orbi taie of· the 

Cal."bou. a:tom• It is beoatl$& of th1e t)m:t a'll totra.hEH'iral molG-!' 

eulae a~ usuallY olaaa:Utied as spa .hybr1d1ae4 though th& · 

1nd1v1dual llYbrid orb! tal:s in ouch Cat1GG tliffer in thei:l' a~ 

ohara.ot~. 

While such ola.ee1f1oation. ba.st£~d on the baeis ·set u.sed 

in the co.natruotton of b.Vbrid or'tlitata, ~hg~., sp3, sp2, sp,. 

dop2., d~B1]5 eto• given in table 1,,1; of1ten helps ~oatly in. 

the UJ1daratEtnding and ill.te;-pre·tatiop. of m.oleqUlQtt propertlea 

(the usa ot eybr1d1eat1on. in the 1ntorp:t$tat1.on of gaom(:rtrtec:J 

ana mo.gn.ot1o vro:pertiea of ooCJrdin.at:ton. tH7Jmpotmd !a olaeeio· 

$xampl.a ot auoh GPPlications) • the varta.t1on of mol~ouiar! Pl'O• 

perties with V(W:lation. of aubatt taent in a {t;1 van ·olaas of mole­

ottlQs 1~ of gveat~r obemtotll.interaat. Far exro.Z)ple0 .the 
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pt'opal'lties ot :the O~H ·bOA~i; $•gtt· 150-H: COU.pl.ing Construlte, 

bcm.\1 distance• polaritY. ato. show: a wide ·via,:la'biml in eto1rw · 
. ' . 

trom o~ to· OltQla, t!1Qngh all. the ·moa.eot.tlas · b.aloag to the. 

general category of or;5 · bybr'idleed moleoul~a· •. AU the proper­

ties .lndi.o~to a gradu.al vnristion· iv. ttrle ~Q~1*~9tere of the · 
. . . 

ca:cbon. valonoa ottb!tale alo~ ilhe s$ries•- OH4 , ·OlfeOJ.,, oa2o12t 

:QJlOls• ~uoh. v~;ti!:lt1on. · ot llY bv:id!.e.,~tio.n. wherQ_· .atJl:l ·th~ d~gree.. 

of m~..ira.g ~1ith!Ln tho ~me ~e'b ot $;t:orrd.o. ()~bit.n:Ls .·.Q~1.kl.g~s was 

.termed e.s 'Iaov&\l$n.t {vaJ;.e~oy -:il'emai.Q.~ ·~®a) 'tw-bridi~at:Lon' 
22 · a Q 

· by Mt\l.11itm · to di.at:tngutah 1t ·tront the: typtl $9 aDA· ep~ ~~b~:te 
• • • • '. J • • 

the vaMatio~. in the ·rn~:tng is. (1. re.$u..tt. ~f ,c~.ng ~h~ l.neis 
' 

set ·ft-om e;,;.trl to' ·fJ-1!!~ set1. · 
. ' : . 

The ·1 .. rnpot•t6nee· ot i:eovaleAt:, by"brt(t.iaatio!~ .in :U4Cl;e,~at$Ad""' 
. . . 

:t.ng the chemical ana pblaiCal .p:trop~rties ·o£ )iQle?!Jlee \vne ·tJoin-

ted out by. Wala1'l~3 with. ref~reu.'<le to·, . c~ba~. o~mpot.mtl$~. a$· · 
' . . .. - ' ' 

deduced a qual:ltativo X'Ula ~bOwing• the.·depend~~e.~ .. "t ·tb$ 

4esreo et miniQs (s or ~ol'l..o.racte~ of tl)e by~rid.. ,ol'bi~:) \tith.· 

the ~leatrQate€;ativity ()f.' th.e aubetituon.te ·COllnootti):d to· carbon. 

atom~ IU.s pl'i:U6iple is. o,~_ten. oal.led tho ''f.tal~h &.!le'·•· 

~h~· ·:1aes. that the . t;Jubst1tuent ·~leat.ro.negci~i v.i ty PlO\re 
. . 

a majo:tt ~ole ~~. d.etettmiJd.Qs :yhe. degree ·rxl bahr:t~i~tiOA :ot . 
'. ' .. · 24 

. an atom in a nol.eot.tle, was <\~$lop~d.,~r(;) tb.()r,~ughly ·by nen:t 
• ' • - J ' 
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of ·raolaoul.eG• Wha tt. ~~11 ta'ti ve . l"'til.e · thttt Grne~eod f,om hie 

·atWiifl1a ·!!s ea to:U.owat 

·. •mbe at,,rato a-~~Qte~ tends ·to oonoentratt~ ·1n. an 

o~bital ditteotea towtu."d clect,o po.eitive ~J.batitu.~~te" • . . - . . - •a-
~h1e rule ia lw,own as Be11t • a ~ride or Wal.~·~$t · ·: · 

Rul(JJ.• J\l;though thia a.'ule ha£3 foun.d wid& ap-pliO.~tbton :1n 'tiiu·~u.e 

t1el.de ot o.he:~d.atv.v be~auee of tte aimplio1W·t 4:t has eE!vt~~l. 
' '. 

IDne· 'oo.nst:ruction, ~$ su1te.bla l\vbt'id orbitals ·is tit;~ most 
'--' -

impQrtnntt firat- stet> in. th~ loC$l.ized tie·ao:t'iption of chemical 

bonds- Ut a molGcule. :Bec~u.s~ ot this- tha p:r-obl.$m baa: received 
. . . _ · . ·. . . 5-M T~O'-'I!f,..it.e. eonht~ e.'l:~on. of . . ' . 

the a.~tent:ton og m.oo.r workers · ~,..tbe> 1Wbr1(1 orbitals fr.tJJ 

$itnme in molecules with high d~pee ot asrmmGt%11 .:e.g• ott-'·' Cal4• 
etc~. ts ~als:t.ive~ a!mp1t1 .. 2'fi.-.,G.tttit·26', ooat;trt\(ffj!on f)£ . the 

lJe.f,it by'brid orb.1tale in moleallle with no eyaun~_tJJY o~ very- l!t~le 

~am1otrsr !a ~ather difttoult• ~he cot;Wtt:uotian c)£ the t>e~t. · oi' 

optimu.m eyb»id o.t'b1ta1s in. eu.o!:l molecules !ia~ been· diaouast:id 
? s 9-1.~·14 if 21 . 

b3 t!utrell , _ Go.leb1ew$lf$' and -~. othe~ .work <We ~• ' • • 
!!:he ox-ita~io.t\ ·!Jh.~t bt\G be¢tn almost always u-ae.d for tho 

eonatru.~t1(Yl"l! o£ the best ~bttitl o~b;t tal$ i·S tl:ae •:o:r--inp!.ple .of 
I 

max1m1'-11t~ ove~lav• Tha basic al!gwnen.t uudet'l:f~. the U.C:Ja of 



thia p:.t1J.leip.l,e· is that tne atran,Bth o£ ·~ obemioal ·"Po4d $.' · 
qu.el1tat1v0lq ~Pl."opol'tlo¥Ull to tb$· ove~l~P ~ tb&r$tore ~~ 

rld.za.t1on. of ~varl.e.p -ie. qual.ita.t,ivelY. e~f)eQted 'fro :tead. to: the 

moat att'clibl.e geomatt.v • It Mtould be bo~e •in.. mind ·that tb;$ 

ossanttal criterion to:v the coJQ.a.truotion. of t)ptim.um bybtd.ll 
\ 

orbi te.la ta n..">t tho· principle ot ~imi;ze..tion ¢f: ovarl~p •, bu.t 

tho. tni:tnoiplo .of m~i.m!~a.tion of the ene:rs5:~ B~eau.ae oft the 

dif.fioulty of h$Ving reliable e~plt.c1t tun.otione ~o~ th$ bona 

enargy in tevme of be.$:1s Q~bitals~ it 1a 4omalTt:f iU.t!.1CtUt 

to use this O.l'itsriont· ll0w$VW~ cQmpu.tation. ot th$· OV¢)tt1ape 

.voeee no d1£tio.UltY' a.r\d th~ .pnno!.r,il.~ o£ ttla.ld.m:i.Mation. of the 

ov~rl.ap · te SE;~U.$~ally adopted tlu.a to th~ s;i.mpl1..aitv ot the pro­

oedtu:re. 

~b$ concQpt. ot !w"brid15~10li i.e oo ~9P~l~ to· c~emteta, 

tna.t .~ nu.moor of wo,.ltet-tl15"~6•1a..oo bt:l.ve atte.mptod to detetmlne . . . 

. th~ orb:i.tal .}W bvldi$1,t1et~ ftoro. th.e fullY detlo0$li.~ed.. !T1o1$0Ul_a.r 

f;):£<b1tt;\l.e u.ei~ som.e 1Q~li~a.t.1on c~tto~ion, "•ai o~bital 
loca110~tion.~ bond Pt>PU.ltttion.. r.~i~td;1on. {bond ind0X)' ~to. 

tt ooou:t.ii~ b.Qwav~r, ba m~4tio:lt:)d that the QOAO~pt of b;br.idi ... 

aation in 6elooaltze6. tlo tbao~ 1a· not. sti· esa.eA·ti~ :regJlire-­

mon.t and thore-f()r0; not tulatn.biG;U.oU.$lf . d:efitmb~$ in tb¢t full$ 

de.ioooli~etl LOAO b10 tllGOIW• 

l:•E• A§flt:tJ~pJWm~ .. !tlXtl~ . ¥l i:!llfA. ,e~t :f4~, .lltl;;£i6&ii!f\l1Q,fU. 

. :Li~e aU. quantum ohemioa:t. ct.m.eapta w!lieb. h£:\Ve reSl.ll ted 

tl1om a ay-n.tbt>S1s _o£ o)lerrlioal intuittor~ tm.d £;Uantwa tll~obauioa, 



\, 

~r.W. the~e~ore tb1o ooaoept ie a.pplto~ble otlj.y' when. th~ asswn_p ... 

t :.tons zm "ifolv~a. are valtd,. 

The .baaio ~aeumpti<m. tmtlerlyin.g t'tlS· concept ot ,b;1br1di• 

sation Ms ba$n e~cell~tl¥ htght~ted by ~~intll$ ·ana · 
Uinanogl}l. 

~he _idea of bybJ1iti,eatton l:G$1;$ on t~ foUOV11!l$ 

·aeSuaption.s, 

. ( .tl. t\4 atonl rats.tlns .i.te. 1d,$Ati ta within. a moleoutQ and 
' - .. . 

maftos e;ti:::;ht adaueiHae~t to the moJ.scUl.al" envi?."O!tment ~l) t!'l.at 

tho total ntQle,cu:Lar v~VG func·t.1QA .maY be· ~®resQlAte.d in tezme 

of o~bitmla fo~ed: by _oombinat1on ()f Qtom:1o o~bt.ta1$• 

(!i) Each .tJ:brid orbital, l'lWll b~ a;.$eoeiat·ed with onlU 
<.\ 

one looal~etl b~nld and !te~ ~tera.ct~on w:t·tn other orbi tale 

.mp..'f lt~ il.$SlGO~d~ 

. Obviou.e,l.y •· th$ oO(loe.f;lt ot ltrb~$.41sation !U&a r~levt.llloe. 

only· if thoe.t oof.).ditia:ns are .. at la·a;at app~ill.:rlteJQ iul;f.tl.lGd• , 

FoX' •mplG , .~olacu.ia.~ -o~l).ttn~s oon..ntru.cted f!!om £toa:titlg 

e.auef.d .. ~ orbtta~$ o~ ~ one ·mrn:t:re· ~l'-paneion; orin tmct be ~d$~• . ' . 
' ' 

-etood U). terr.a$ of hyb:tid11l;la1iion.~ .ABAi.n• ;!..Q; ~ll d•looa.l~e4 . ' 

a.vatern,, e .. s.-,. oM3ttsat~4 1'f •bonao, wno:t'~ the ~iil.~a. o.t :\ooauze·a 
botuli~ hac 11ttl~ fi'l.$~• th$ C(~oapt eybv.tdiea1U.on. lc>eee, 

' '"'\ 
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i::n oon.olua:lon it may. be t'itid th.'lt the oonoe,pt ot 

byhr:ldisatioa is an. oxtremel;v t'!.mefu.l,, artifice if;1 mld~l"standit'lg 

molectil.ar prooperties in syeteme where the molcctlle ean be 

adcquat<1lY l"'eprooonted by local· botld o:r. chem1,.co.l bond concept. 

I 
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