


ln. t~~-s ohspt~~ \'la· ~ba,l.l t:irat dtslt3usa-. the ~p,;nmentat 

tacts whioh led to t!ls devQ'l.opm(!)nt. ot 1ieleb.~li~llt rule qot~.oern• 
. . 

!nt~ ~JiJiC"i1$l~it:t .t\V'bri/l!~:1Q.1.\~;. A ortttca.l aeae.s~ont of the 
J t •• _ 

e~.P~ri~1oatm,l. "?.tal _ae .c, ~,.a~~ to, or:'b1ta:1 b;Vhltidtaat::ton 1a also 
. . 

prau~nte«ii !h<f tnatlaqJ,taf.Jiea a~d l..~;ttatiQ_US $)# the :r!ule ~e 

Pl'Se~nted a~£~- ~h~ $$nl!qu.M.tl.-.attve a~proa.oh t:J# Ib3ee$ 

ifi ~~ssed t1l ~mpM.Il~ t~tli ta;ot'G1t1& tbla~ o~ eh?uld ·(:;:lD.S.idal' 

1t1 ·tna d~ve.l.op.men.t of e, f.\t;~l-t~1iT£tiw tbe.ore~1onl tr0atrnaa.t of 

iao.va:tmt 1\f.bridiao.tit:m.• 

·In o~der to e~J.~iJl· tkla ve.1'1t;~.t1on. ·io. tb.~ properties 

e.g~ 'bond l~~th, bl)~ $\e~Q':• waotivtty eti: •. rJt· llt'>nd$-' 

forrtt$1: b1 c.t:1~l?oel atom ~ ttt.:tte,.tmt m.olectttnr ~vS.r.o,gm:ent, 

~1f.t4Ph2 'Px»opo.s;ti ei pl-1.noiple· ~d~rlJ1 .. ~ the ·1\f~tdisa.tion o£ 

cnrl)on. &~bital.:FJ from •Em ~lf$if) ot -e~etn.m~;Q.t~ fam.h:J. ~e 
; .. ~ . 

argwnani>s gtven .by WQleh"' a,-(1 a$ tolltwit:J# . 

Ir.t rr_tpet ~f 1ts. ~f.!Hap~ls; o~bllln. us~$ velet4Ciee v1hi.oh 

tWO bo deeo~ibed aG htbrid9 ot"' 1ts 2$ and 2p t4ii¢.'111C v~VtD 

funot·1oilth~· )\:t a 2.1asu~t o#' tb1.t;J !\Vbr1tit.aaiiM:t ·e.. Q}l:f?boii etolll 

~l a moleo~ has an- impo~t~t U.~bil~tt.•; !!lAo ~p:mlpartiee 6f 

·a O£trbon vnle~ a~~.:;e ~ t~ de6XN.\'i~ ·of ~~"dt,a:tioa ch~ses •. 



' .;.13- . 

:11ma <its ~loet~n.egfltivi 'ti,y ohnngea ana., wi tb. it~· ohtmges thtl 

etl."()~~h of tna bona t'o~ed by the val.ency • -Itt Qontormt tr wi 'th 

t~(J) :.V¢~td.r.~t1an.t Qf miutmiaat~.on of t-ees en~ttgv, therefo:vo• a 

onrbon. fltom a«austa i taelf to the pn.t~t:io u~~w envi~onment in. 

wtd.o!i it liea. l!he propat<t1es of e..ey <:.lallbon vruan~y (e.g~, 

tho lonoth ontl f!1J."eot.i9Jl of tho bond it ma;y £or.:uJ are al.weye 

· sPer>ifio to ~ f:)~ticu;l~ valenoy ir.1. a .v~t:!Qttlar atom in .a 

lq~!M'i!cv.J.n~ moleo1~l~• 

·eo.rwid.~;t~i.a.g tb1.a ~ottg ~! th 'tha fao-t tim:t th(!) more .a­

ohf.\racter in a or.u."'bon valency~ tile~ m:>1"'() alaotl?t~nesat1ve ia t.h.e 

anrb-otA. a,tom. in. that "\ftlllmlcy~ 'fti&J.eh
2 

in 1947 proposed: nit ·a 

group X to a os;(i)o.n ia replo.cM by a mo·re elEH:rtt?onega.tive 

ff~ttp 1'; th~, tho C(ul'bo~ vntonc~r tows:ed ! Ilns more p•oharaoter 

than it had toward xn,. 
2 ' I 

\Vnlsh nppl'ie(l th.is q.tm.l~ta.tivt} l'ttlt~ to e~la.in the 

obsot'V-Gd t!'G.~:aas in the p~op:ertios oft on»t>ou bondJ e.g., bond 

1~ol~:!tu', bC~n.d t:·rb~engtlt:J ·bond ~(:)"' fo~aa oo;t..stant ete, in 
. I 

{l iff erent moleetd~ ~nvi,{!)t.urr¢nt.~ 

. Thue,1. ·ube increa.ea itt llOU bo!ltd c..ngl$· fin ~n,etbyl h~:lde 

f~om tn~ t~"iitah~d~l vatuo o£ :t.o9_.,aG wae: ~ttJ:."ibu.ted tq the 

i£~oroaae. in th$ a•otill~Qtez.., of. tbe otJ2~£~ orbital. alouz the 

O•H b.olld flue to high eX' l4)lectron$gat1 vi ty C~f ·!;1'1~ hfll.o5en com­

pared to that oZ ·!Jh~ ·h~tu1lo.ge:l _.1.1+ 0~14.- :l:he S!.l"ttd.lo~ ben..t\ing 

£oro.e · c~@.stan;t· ~L the. met!\SI~l hal~dee r~ al$o bG t4t.tilributt~ti 



to the ino~eaaeei ~-obnx·notel"' v;hich lowe~o the .. ro~istanoe 

towm:'da banding bacautJS o.f sphertc~l eymmetl'N' o£ the go,;. 

orblt~ls. 

The· t,~adua1. da()reuso ~. the O-li 'Qeu.ding .f'o:t•oe ocmstan.t 
' 

·in the !$Criers 1-t..,.cm:;. OM with tn.oreaea i!1. thP el,eo.trone~t.ivity 

of ~txe aubat,:M.t?-ent 11. may be rea.dilf ~pltdn(..:<Q. aimUa:sny ~ 

Geoo~.rtri~a oft ou3, oa2 and Q~I re.dicaJ.s we:t."'o a:too d.!s­

ot:~s~ad by Vulsh2 
irl tt1a iient o£ the above :r>rinoj,pl.e ond a.n 

GJet~lWiOl'l of· the prino1p1e to th$ valancieo o£ atoms othoi .. 

than. carbon.~ e;.gF~ phoaphorotlsj vm.s aleo srtf-t~ec:rt0d. 

'· 

01"'bitQl ha'h~id:L®tion in ~.tome ut3:1.ng e a.nc1 p orbt tale 

in. thoi.:r "t!!1\1enqy t1as mol:~ olo.bti:tt1:bely e~ami~~a autt di-eeues:ed. 
r:r. 

· by Bent~ in a ~~view published ~ t96l. Ua~J a vast body of 

malecttl.a,r ek~ta h41.t a$-m~d the aepoodonce ot n~oloor.:t:lnr p~· 

tJI31'11i<:aa on. (i) thQ o~bitnl. f'AYbl~idis~:tiotl ~d {ii} t!1o alectr¢• 

a(lgat:ivit~e of ·tho ou.batii,iuents. ~his analysis :?JOV&aled a.n 

obv1oua oorrol,ation. betv;c0t~ tho two :f'aot_t)rm, v:i~., bybr1d1oo• 

t:ltm. tu~l3ld by- ~ atoro GJ~.ti the al~etrnll.ogo:tivity of the aubsti­

tuonta odtU'lDOtod ·to it. He stut1r1d this conalation ns f'ollowsa 
' 

if Atomic s-olwra.oter OtJne~ntt'o;tea tn orbi tale di~eotad 

tow~ds elo:otroposi tivt) · a"bati t1,1ontan • 



Defore we ma.i;e a Qri.ti~al aeeeemne,ut, .of this .r511.nQi.ple, 

i-!onorally' tQ¥)Wli u.a tit a !lent • a. rUle o;rt Wa.l$h-iont • a tttale., \flt 

B!lall o~tline the '!farioU.£lt feoto:xte wn:Lclt w~re ooneido~t\ by 

1.!<?ftt.t
3

. to a~ive at th1e 11tu1~. ~hose a~a ~veri below. 

( i) ?;:~ftaa! at Jl!b£;liii§it:l.~n . 211·· ile,ot£O.Q,.~tlV1~ t· · ,f .. l T __ l:F •~ .. JM0.}1)~ .--l. -~ f<y . • ~ . -

As 'bh(I'J 2a . elaott;'-tU'l..e !~G more tightly boW:ld to th~ ' . . 

·nuoleua than. 2p eloet~t)~$ tho et~,;etrot~gativi.tf at an. fltoratc 

valency (l\vb~id Grbital) f;Jhot~d tnoveaae St'$ tlle · e~eha.raotett in 
'. . 

that· val&n~.r 1!1-cl'eaeee. ~1. Q~hon. e~ Valen.oy f;Jhould be .. mor• 

eleotrot:s.egative than. a ~~bon af'2 valency, which in t~ 
. . . 

ahould be mo~e ele~·tr®etla:G~'O:'$· than carbon spQ valency (e.g. 
' ' ' 

Highe~ ~id1tsr. ot: aa!gft3~sn1o b;TQ.r($en in ·oornpcwiae;n. to ethS'l.enio 
. . 

b.y&~og$D.) su.pporta Vh1$'~ 

Org&r.-io, Qh0m:ia't~l.~y P~OVilb~$ aA e~t~®:l. va G\rideuuea ae 

to .th~ effect ot .twbr$.~1oottoa on tb.e cloot~DnegatiVit/,•,· ~able 

_ ·1l•,1 ohowtl the atfeob o# ovbit~ · ~~:u!4lt$~bton on, t!la ao!dity 

ot soma onvbt:>!Ulic ~~iaa •. wh~ o~der ot ~l~ott\:n~t.~~tivt t1es . . - . 

det~rmmeti f~;,o ths dat& in· table ·2.-2. iea 

0( OPt :til ¢0'M11l$)) 01) 0( !11!)
2 V'i!Wl~ a) 0( op z f flle1lJw':t.) 

'' 
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WOOH 
I 

~OOOOB 

ltzO~OOQB 

HaO :;: Oli~Ollatl(){)~ 

!I t: Q•OflaOO()JI 
• 

OlOlfaOOOit 

~-
' ' 

- ··-- . a . -·- .. -
~-105 .. 

3/1.12 

1,'15 

a. .• _aa 
<h62 

(169 

""47.a · ~." 

..t . ......__a·:fa·a t1·; 

T·h'l ton.t~~ti.o~ ®n.st~.r-tte ct. the tollovjirlg aoithn · 

li ~ O(OR!-)taOOU~~t· \ll~.(o.~a)!G.OQJI, l~ • G(qlfn);COOH and 

01•( OBs)aOOOJlf \'1bc€S& pka; ar~. 5-.99, 4•08w 4i44 M€t t~€52 also 

$t,p,Q'!f.1l ~'10- nbm a.B9Jatm,~,, T$'lt~- \lo~.~t'5l.U.te lor ON~ 01 . 

-o~o~, OtJlf&~•, D et(;~ a~e ·Stl~o ~o~at(W;t tti th tbis tren&. 

Dipole. ~~~nte p~f1i!1d~ -~ o.dd1ttona1 ovida:l.Oe: ot the 
' ' . 

e;£'£aot of 1\yb:eld:l,e!tt·:ton ott el.e:ot:ttoMga.tivitY• PC)etuJ.a.•tillf; · 

that e~:ngt$ bonae ba·t;wea.i·•- o~bo~ ni101lls at W.fe~ent ey~idi• . - -

/ 



~:. 

. v~iable bona momenta d~!vlild' ~om w•. l'G~ ~t$; o~ QJ.t4, . . . 

. Cal\\· Md CAt ~etr68 baa o.b:tsa~ed th~ O~'bon..,~eoti botld 
' . 

n.tOllw.~t$: stv~ll. !Ul table. l~hdl ~om,. t."ii- VeQto~ r>~d~ ca\cula1ie'1Alt 

~-oa..,ea.:rbttn bod 
~mi-. ~larttl · 

. + 
Oep3-0epi 

+ ,_ 
o$112 - ot.il> 

+ 
a·~P~i~o.t;p 

a 
Bond ~!ometdJ: 
. (d~~~Qtl) 

.)ft4( '~ -,~' · · !lf8 tau~ 

~~G ve.r1f.\ti.o~ ·ot· ~~. b~~- m.om;•t-tii~ wii~ll tb~ 'oh.."Ulli~· of o»b.ltal 

ns~b~flie~·1ou. ot.' O~b~a -~·'tC!i2!t~ i~ ~t\1~ owio.u, • .,_ ~GUl both . 

o!l.Gr:ate:arl a~ ;p~·~1~1 ev:tdacee appeav:· t~ '~rJm:tl'i'lr- th~ Vif)lf that 

a ~Et m orb:tte.1 »w~aleatton, mv . ·lm'tte a Pf.rwe~.tu.l $ffeot a~ 

th$ t;ile~tx-orMll~ti'VitY t?f ~tomilo V'~1.~'4~t · 

(·!i \ ~?e~Ai, ~f.: ~-'b:!fitl*·ttt:t_'hl'J~oifl ;u · afi~.:'tw.~~:tfttw~k 
. ·. -I ~·~e):J~ ... ~,.,-.• ~r-.. cljll~--~~--'l~t;~~ . ' - ' 

fi~ ad oen2. $;~e · :St\•oag~-· ~~!de:~ .( b~tt~~ !iittoton a~re): 

ttl~l i)tb$'l..i$lttf'l 1f!hi~h !~ 'tnu:-'1?.¥, ts ~ et·~4~tJ:t•· aoi.~ thatl. ma.tbatlG 

' . 



.) .. 

-~ 

bEHJa\lee !tl. the former. eompoU.nda tbe. ~leetzrone J;'eetaa in. ru1. 

o~bita.l t-1011 m &-Che~dQtet• in the oorreGpou.ding COU3~tet 

base. J:'\ldebyd$a:. and ht~tones nro loasp ba.eic th®. eth.a;t,'s !1M 

alcohols fof! $itt..l1lar rea.aons beeau.se lone pair. ~esido$ iA 

o(a~e), and O($p3 )- typ~ i'JN'brid- orb1.tats, 

(1i!) F.f~eot. c£. 1m.!£~.diat~Q~ .s ,bo,nef; ilAi.~~-- mn~.bgnd ·~strsat!J. 

fnble 24J5 ehO.ws· ·t.ne v~iat~ou. of· bglt~d an{;(t.e with the 

orb1tGt.l bybrtdtaa:tion. Olomy ;- th~ btmil l?..nsl& increase& with 

tb.a inorea.ae in the a-cha:ratltot- o~ banda, 

Orbital. 
doai~t'-m.l 

~f.atl'~$6~1 

Tri8t1PAit 

:nigonal 

'it£t.h'l":.' .fZ·· 3 
8t~A,Wx~ 

l.n:ter 
orbital. 
(Ulgl$ 

0 t 109·· 26 

120° 

"'"'"(I J..<wy 

T.a.bls: .2•4· Ghow· ·tb;, v~i~titJn o::f o~o bt\'!'ld length w:.ttb. 

the· ctk"lllB& of hj."b:tt1d;:t~,$tio~ ,~g t;atJ<bo.n ¢~btta~•ii$ f:C!~ming 0•0 

bo.n«• 



~-·.!&· 2•1 ' . ' - -

Effei)t ·of atom 1\ybridi~at.ion on ·bond 1®-dbe 
of oarbt;m•otU'bon bonds., 

~ Or!p3 -· ?tiu$ (:-­

·~o·aptr: _ o~b? ::=. 

.......... 1'1 0 ,f'!l -. ~ vap"!•- ""''i!P = 

=aap'- Os~= 

) u a-c ·­ep ·- ·ep.-

lot:•• 1 a_·· ~ tr r·· ... ._ ·_·; .. f -,, J'U: _i -•• -PI ;· 1 .J _d S 1 

~ol1a l~€)the; 
(.AO) 

r; . lt_r:_ r. ·q· tZ !i•P:•iC ·_ · nr ·r .-d 3; '' . ···rn ·u · 1· · 
., 
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~--,--

L~8ef' the ~c~lfaQtei" of . th~ · orbital.E:t, shorter 1a the bofldj 

t\ga1not ·data :u.a~ed '-it tabl,~ 2,5 ~howe t~ ~dual .~J.'tQ~ 

of o~bon~ gen. bond l.¢1l.St!l as t:he -e·o~,a.Cftt.or of oaltbOl'l 

orbital c~ t;1f O:fJIB.EJil o~bt -1 :m(;)J.'Qeaee~ 

Effeot of J:Wb;ri.d.iaa.tion on ~.the length of 
tne eatrbon~..,o~~rger.• doqbltii· ~4,•· 

HoNG· 

H..-,o 'Iii!' a --. o . ....... """ = 

0. \) ' •• 

2 ·t;tp 

sp. 

ll' ,, 

1t16 

~.1.~ 

1•1G 

1•12e 

. ·.a·· .. _-, I, .. thi!P 

1f 11 :s·.~- _t". : . .1 .. .l•:.·•wt.·• ·mr~••••·:.-~~u~~~-~•:tJ!:t•b_rttilta11:;:::i!Jt~-,.."~rtq•vr laY· •.·ar·. -'"··na_ · .r 
' . 

eto.: ala() sbQw fi.. EWdU.al ~.tatinn. wtth b.y·b~idita:tion. EK9ari_. 

re-entQl d~ta -on aomo· oarif}o4 oompoWld;~ l1~'t€:!~. 1n t,.qbl.e 2t& 

f.lle~l.Y show that the· lars0~ ttw &.-®Atoll.t Qf t!lQ bond lf.Uiiger 
r / o" 



-~-. 

ie the stretching s:oree constant, aborter is tha bonit length . 

and io.re;et"" ita tho bonn · ~ne'I:f:!H. 

?;;ab,le 211~ 

Eftaot of hybrid.ieati·on on bot.td d:tsaoQiat1on 
ooerew '9. bond len.;Zth tm.d foro~ oMatrut te. 

_ .... f .. w·. ····_;--· -~ !«th'' li"lopa. .. h _._., . 

Moleeul.e carbon..,. lk)n,.d ~orca 
l01l.sth ecrurtan t 

Dond Diasoetation 
merw. ll · 

on3 - Gliz 

'(..1!3 ~ oa% 

01~ .... 011 

osna .,. oetts 

110 ..... O~f 

eai;txm. 
bon.d type 

ap3-~ ap$ 

S:fJ3 -. sp 2 

f'~ 

Sf)trJ. -op 

ap2 
--

ap2 

sp ~ sp 

. K ~ :t.o~5 

J\('J dy see/.OITJ ~ l/ . Q ca: tr.<Ole · 

3,.54- 4,5 a) 

:l-•49 - 9~,6 

1•~6 5.4 105~0 

1•40 ~ .l.04~0 

:t.as 6.7 ua.o 

' 
~heoretioally, the m,ugnit.ulle of Gtrttpli~~ cQnstent 

ah.oUld depend on tho @ta.t:e of twi.>:rid:ie~tion ot: t.b.o Qorbon 

nton?•lO • Data (given iA table 2•7 allow t}l<.'lt grant;ol? the $~ 
o.hara¢ter in a oar bon. valo.nay tm'ilard. hydrogeu. the sroa ter the. 

loc-11 ooU!)lin.g ·ao:1stant. · 



.~Qb}.e,-.!ti - . ,•-. ,. 

Efteot of atom 1\rb~idleat:ton on a.s~H 
C:OU.PliM C01'l$'ta.tl.'tftt: 

jr'e u1· jn_.·• ·: _ r- 1. J •-44 . ...iL- a .. , I ~ • •• ·;yp . Uq 1 ~ f I •• 111 I' ': .• .7? 

fi ··1,-- · -_, ~_-,·-~- ~-u~ -···~· •• . a··_· z..J. , 

#'4U 
v.u4 

ap2 

ep~ 

ep 

~fl 

24&+9 
'246 

the e:t.feot of tb.-e et~ot~on.~gativity o-t th() atabatitu.en.te· 
' " ' . :5 . . 

ml. tb~. moleonl~ propert!t?lfl iiis~tu~sed ~ ~a t'ollows; 

. ( t) f&t§(lt .J!!f .• e.~£1ir.p!lUQt!v.~U: -9~ . '1%291!-. i!!SSI•· 
. ~- -. . . ' . . . . .. . . . ., . . . .. - •.· --. - . ,. .. ~ . " . . . . ·, 

:Ill co.mpounds of the typ~ .u:2 and At3, tl\$· val~oe 
' 

~le ~a~x. ~pp('a;rs. to be com.oale. ted. wt tb the $leot:t?o~e~t1vit; 

ot x. xa.. ttlfl; abe$noe- ot .-etbvlo~s $ter1o ~fe~ta't the Vti;l~¢e 

an.gl.o f3~n..ert\l.lY' d.ecreaaoa aa tna el.e(lt:r1ouegativ1ty ot th& $l'b-
~, . . .. 

sti tu.oAt. X 1norenee:J;,, llll.u~trg,ti-v.e examples a~e Btvflni tn. tablt 

a.s. Data. SivCtl m table 2.a au~e$t tMt !ls the' eleotrouega.tt, ... 

vity o,f the -~att.tu.ell.ts i®tsa~e the oelltl'Q.l atom (atom A.) 



t\iv~rts 1noreuaiK~ nmount of a-o.htl:vactcrr to thQ QJ;9bital, or 

orbitals, · oo.¢up1od by the lon$ pui~ (}leo·t~ona ,. thus d€JQreae1nB 

tbG X"""t~ .... i{ botld angle dUO· to 1.l'l0l.'OeS&d p-e;haraotet' in tl'J.e 

o;pbi to.le to~:u:~rds x~, 

z/ ~hy ,.~ 
X '( 

:~,;oo«> 
0· 

92 

. . I 

1.·~-itR ,RJIII!! LIRII )A •· 



~. 

; ' 

N»'s 
'P(O!~)· . 

. . 't) 3 

i\S(Oltalz 

i\Slls 

a.oe0so• 
fJfP3G• 

G. 
es·1.a• 
ea0 

9a0ao 

0 110 

114° 

In a.bscne~ at mo.l.'ltefl · e.terio Q$f<Hl'ts~ re,plo,¢~ent ~.n 

the · st:rucrture g,...A~Y of 4 by an ~3,tom ttAQre eleotro.u.oaative thnn. 

X oaasas the aa.~aoent- ,.\~Y: bond: to beoou1e1 $hQ~tGV~• ~hi0 ef:te~t 

:h.1 psrtiou.ll;1;~lw .tlc(rbittCJable when flt\o~U'lf'J ia iu.t:rodu.oeeA into 

a tnol~cula (~able 2.•9}• Again~. this ebortonin€~ may t)a· attt':l­

bu.t<~d to t!i..o u~o-~eaa<i) in the e-ohn~f;l.ctat? oi the: orbi.ta.l of A 

/ 
\ 
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elong li.-Y. hon<1 due to e. r~re aleotronego.tivc su.bstttuetrb alollS 

,i\•X bond~. 

~f!l~-8t~. 

Effect o£ ale.otr-01\egntt.vity o;Q; B~d l<1i4gthsa 

_:l!r '* ·: •1 r • u , 

I·, 

~-~~11ft 

Olia'V 

OH2i;2 

om~3 
CF4 
........,. --

ott301 

OII2o12 
OflOlz 

001~ 

O~Dr 

f.nm~ -3: 

.. 

••••• ' 

r. · • \1\ ,.~_.:ern_ 

,~_r_ e , __ , : _·,,urcr __ .. 

i~'L .. _-_ •.. 

... ~: I 

HI .. ur ,., 1 

111!1. i: L . ~ 'J .. .. 
,U::p .. f I 

" .7 _h<i .. .. 

:!:.391. 1tJi)61J 

1.058 

1·332; 1·~;326 

:t.m~. 

.I !F.J.. ; __ .. r ' 

i:'f'P12 

~ •7G7 ,. :Laj781 

~~786 

1~(139 

3..930· 

.• . -

.. 
•• rt v;t 

t 
I 

'"' • 1 • .. _. 

. I 
I 
I 
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a) ~t. ~: 

... t.aa~. ·. 
,t-313· 

·( lt.1) l.~:teo.ltt g(..t?lfl-a't!Q~t!~li~Xi iJ:t: ·~~t!~~- OQl!linf? .,lQ~t!!M\~~ 
R~pt_ti(Jelaen'b ttl tbe; eW!u.ottarQ ~Q.-11 t>f 'X b3' eA atom., 

. o~ S'tata~~ tnore eleot~onegativa· tl~Eu1 X· in.o~~a~$ 'th$ a:s~R 
. (»ij,pl1M coMt~~t* ~~G 13~n eoUpl.'ing · ~Qnat~t ~ th$ ~elli~e-

, 

OH,t; OIJaOl; e~20lg Mll G.HClz tor emmpla1 ~UGrea~ee in. tha 
• • • • 

.oraer 126, ~eo, l781 .ro9~· ·, •. coneoM.rf~t~tlY'~ t~e oarboll 

Jv(t;,a~an eti~~n$. il~~e.t~J~e,·s ·~ tb.o; *)~d~~ ·1,•lt~- 1i<Hl59if. '1;0S2; 

l•<>' t1~ t~ ~~£~~ ~~· $l.~ot~n0sa~tve ~oups O'-' 13~a co~pltM 
- cQA!iilta•· ie ellf>Wn' itt;. t~\>1$ 2•t~fi• 
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: *'o~-t ~~llpl~ ¢otlt:)tfJA.ts o# 0!\..3ClQ.;(u. ~3) 
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f iiJtlf i)ls;t_l{ -· 'ri Jl Tl .. ·~ .fi . .. -_ 

as. 
·asr;nt2 · 

Oita'Q~. 

_cttaolJ 
Glf&G'l 

6ifa<aa. 
ono~:1. 

. .. 

~) Ret.. 113,.?..;.& . 

123~· 

.ta& 

147' 

t4t~ 

~~1 

~78' 

~9 

. - . . . - . .s..a 
. A.s (iti.,rJU.aa~d.ea!tlioi·,. ~o~aee -~ · -~Ji .eoa~ltos eo~ 

-t.Mt · defitli ta::]l ·ind!.Ga:te~ ~ne~ ti.'ta:tiou. o£ -~!i"chnt:o.Q.t~e ot! 

th.e. ~~})ott ~vbit$1 .tu\1a1\is the .bl~sen with ~o~ea.@ tn the· 

e~e(it.fllt~.eg$,t11t11ty oS: the $U.bstitueQ;t. (f®Eleoted · t.a ·iti. 

13an;b~ .poin.tGt\ o~t that .thS.· d$pe4denoe of ~o-leQUlat+· 
.. 

p~parti$S on. thG ~e.otton~ga1;ivtty ot the· ailbetitu.t~m:ttS emil. 



* 

be, eacl.l!' e31plai1llld U ·one pQstt\lat~a $ ~!ail.tOA ot the 
. .. ' 

Oj1bital t\YQ.-6i,e9.t101\ Of ~n a:bo·m wi.th fl. V'nrla.'ti.Ol.l -~ the 
• • • !I ' 

• ... I 

· ei.~~t~~sattvil:ty. oz· tho atibetitt\Gntf; e$tUle()t?Jd tC1 t t. Ht 

ratatad 'bhie: Gffeot ~e tollowsl 
'~-·. - . ' - ' . - - . . .. ., .. 

:tat;omc' ~obaraot~~ oonoantl?~te~ in o~b:itnta. '·diretlted 
' • J -

tewt~<la a1e~:dil'OtlOSit1V$ (01! le~e: -el,.~Ot:!!~:lCG~tiV&)· ~l)etiiU~~ts•.~ 

It t>~ .. it :ea\tt~- ~!41f\\~:U~t~,JA;,-.1ihfa .. :£ta~tJ.ti,tt~i).Qt._Bfta!!LmAQi• 
. . . . . . ~ ' . 

~lla ue,ft~l~Utfti$ o;t thi$ ~ttll.$·_ haf!l .t,eo~ amplf · demon.etrated 

by. Btm.t ~ his .ol.'ig1ool (a;rtic1~3 · -~ t}l\1~~fol!~ ~eede -~ ~~:tbw . .. 

alabo:r~tion• WhtlQ thi$ $1r:tpl$ q.u.altt~tiv(}: ~t(l.a $eema to woll:k 
1 ' -· 

rath~l" w.~U · 14 a numbfilv of oaacat the . foU!ldaition of- thi$ ~lc 
. . 

ia n()t a0 stt"on.g a.$ 1t.· .to gener~llY b.¢l1wved to ~-- ~Me te 
b$®U~ t!Q&t of t~e mol~gul~. ptroptn .. ~t1G~· wh:i.oll wor~ C1)4eide~td 

" n•t t.u. fo~la:cu,ri,g .ilia.- ~e a.re .QompUQ~teA · ttUlO.fU.on~ ot 
ra&JW f~ctt)~O oth$r· t!lau: 1!11\l ~~ehbll.~®fW i~ the valetaee o"bitfllm, 

Ot th$ m'W' ·p~opa~'&1tlS ll$04 ·bY ·S$nt "tQ aeo~~tall.\ orb!,• . . . . ' . 

t~l tq·b,idtaation, ~uttc ·fl. tevr me~.tt EJPeo1al. QOmmf.n:lt M tho1r 

~1t~btl1 tq as a gultit!J ·tc. ~rbl tal· l\ybV1dl$attiof1~, some ot thea~ 
' .. ' ' 

I ~: 

(!) ~~,1~¥\10 
' 

A.ltJlf$U.Sh largo changEn~· in bona. e:llSla .con.a~u.~n.t ou a 
ob~ES ln ~lethllQr· f$eotnet:r;y,. au~~ 8$- the Sl?)~eet ~(f;lgt 

·aatia. (lttw~~• l-t»">:• D.o1~•·· ~013~ aalii (~,. t~o~, 



disatto~ reet-Jeoti'ft'Jl.U; v.aviati.oa of bon~ angl~,e fA. •• Qo~ . . ·. . , 

pouna.e have ~esn a~pla:iMd:- ~~ consid$~ill$ .onl; tbe ~leettt~ 

;r$pu.:tsiop1l.;..:t,;. Strnil~~ bond ~lee 1A Gaa~ ot !~Rat· liF;st 

a2o·_etoc~ !U\ve ·b$~~ @p:i4i.Md in te$s ··of deviat:tone t~Yom tet .... 

hodJ"6)1 geom$t.~ dtte w :l;ou.~- pa1r-.bMd -r>~- ·Md. bond ~~ 

boru\. p~t~ :repfll.J;J~m.~~ -ai)ll.(l ~¢~ :!l?.t !fc.tOl4t · ~t-8, ~!'8, 

Xe~'ta': ~JY4 (:tt·o. q&J1 al(ltl be · ®lPl&.ined Em.eGessft\11¥- uei$18 
I • ' ' 

:t.u.te~(,io~l~at~~ t1~-" ·repulsto~e ae.l.- th~ ·<t~t~~~~ fa&tt>~• fb' 

impo~tat.lotr_ Qf ;n,on~o~ttiM it'l.te~otioAs· in datQ~¥t.~g b¢md 
~r;.'i · -. "" - ·· 1r. ... - -· - . t..... -1 -n ~ -n.M. -~·.; ,11,,12 '1:' .... " ~ 4 ;;~ .... 

a~~~afil. nave· w~n. Em.Pu;.iif~ ·ae~ _. rw_i ~1?~~.~ - , · • .~ ttt.lQ~, ~V:<iu.en.q•EJ 

' hav~. ~adt~\1W .~qQ\lmu.latc~l t.o- eilQw that ·;tb~ ti:!~~eti.tu.-el\te- oft.ezl 

do _t~Qt i'ollow tho uii s of the htb~id ~rbi tal.s, and · ohattt1o~ bonat.-
......... A M<oi<ft ..._.,. · b · .3i< ~'tn · .·· .. .;,.11•14 ";r;...,... ~· e (U{ve:J.l t?Jn:v' ~MM ®ct -· . . . > •. + 

fha.t tb~ bon.d aagle o!'te& d~ia:t~e; · c.on~:lde~b:tq £~<.lm 
-, 

th,~ engle b~tw'$en, the ~o{ldi~g h.Vbr-14~ mtJJJ be fihown o.$ . ;tb l.lawea 
As a::txae-aay me4t~Med; ~&c:~a coupling .oonstMts ~a 

mol~u)'f.tl.a: 1a tneorat,:f.oe.llf rel~te4 to the ~cba~~cter ()f -th& 
. . ?,s,,9 . "' 

-Q~Ol1 arb1.:~l. '· . · ·• :tt· baa ..,f'Jen. ~hown. that .-th~, rs-oharsd.ttf.fr:, 

Pea ,, ot 'bho- cal!bott. c~bit~l tow$rde ·the- e-.a bocnd. te relf!te4 

....... tt...~ ~;?o.,u -a~'"'nl~· .. u:\' -""~"'~+fu.n•:. T .. hn.· _ .... t... .... _ ·. il'll!>_l'='·~·t..._iJ."':,_S~_ 
~ u~ ;J;Ii ---""~rr .~-. ..,...,..~,...~~\)~. u it ""'-.l' . t,~UJO? iilOV ..... ,..~., .. ~, • 



~: 
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S.,..q~~teyi! may·,. th~~etb~a; be: t)om.~U;t~t\ t-rorn 1lho *lq)•1• 

mental · coupl~ cn.ust~t data~, :l:he ~$- -b$-b\ti~e¥4. th~ . lWb'-'id 

orb1tm.~,, e *' atoM the o---tt 'bonds· ~-- _0$~- trpe oomp().und$ 
- '"' - ' 1 o1>. .A. -0 ·· ._W... --· ·it .;..s· S,J) can r.Jta cGllcu a:u0"' .. wm ~~~I;! ""e.&oa~ ... oA . ... . . .. ~ . . . ' . . 

Similarly fojY Cl~nx t~,i]!PWt Q()tnpc~ (4 • 2t~> ,the- 1n.t~r 

c>rb1tt.tl CW.€il!lt, G ,_ between. tbe ~X l\Yb.tids is $1'\ftJJU. by . . . -

.. ~ -----1- c.--·-, e . .... a~e -- -- __ · -~-

· !f.al1:t!J 2~-11 ~11tWfa a, co~~f4l'ieon b~;bwe$P. t!.le inte~ orbi 'tal 
. a.lon3 _ 

--M~le · QOmpttte{t from $~•- ( 2t3, )/\ td~ th ~~P,e:trlulmte.l boud BUS].~$ 

·w ~ ilUrnber ot moleoUlee_• ~ll'tTI. aretn.nt ol;.sarl;r. ~bJJws t~t bond 

~1e. ;t~- -M U.t\a~ti$tao1l¢~3' std.de· to"~t-b1tat ~b~iit$eati.QQ_-. In 
' • c 

faot •- :tt ia l,\GW gens~U.y ~~-rl- that· el$.Qtl:fon1¢ ~epuled.Qt).$ 
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' . 

' Al:thougb bci~d aiatanoes:. bctwe!lll.q;· two 'etoraa vrsn i~ 1tll 

the ~OlUWllCt'G.l>" of th~· Combin.1ng, Q~bital.G; ;lt 1.~ bg M lll.EtMS 



16 
the only fa.Qtor. J?aUling 1;1. his OlaasiQ book. has aiaoassed . . . 
the variov.a factors that influence bond lengths. The m.a.in 

factors are .s ( i) Reat:>nanoe · ef:ffl;}cte (,ii) .byperoonjugative 

effeQta (iii} Double bond .... no .... bon.d re~onanqe~ The ~ole of 

theae ·factors ere· so w€)11 krlOW!l and examples al'e so numerous 

that no furthe;r comment i,s required• Thus bond length, lik~ 

bond anglet is no·t a very reliable guide to the orbital byb~i­

disation, Fo;r example,. s-oharaqtera of the oe.rbon orbital bonded 

to the hydrogen atom in OH4 and CH00l are 0~26 and ·o.so (oal­

Qula.ted from eqn,. ( 2~,1) respectively, 'the o~H bond dieta.nae in. 

the two compounaa are virtually constant). 
17 

The dependence o£ C~O bond length on the bond-ord~r 

in oonjugated moleoule$ where all the oarbon a.tome are eup,Posed ;, 

to be sp2 .- bybridis~d lia well. ~wn.• · 

In view of thie, the use of the bond ailgle or }.)ond 

length data as a guide to orbital hybridisation in moleauJ.ee 

i.a open. to question. 

(ii'i.)i [qnisation l?Qtee,tiaJ.: 

The gradual decrease j_n. the ionisation po-teutial in 

the series .NH~ (10.15} > OUaNHe (6.:97)> (e~)~JB (8;78)> 

(0Hs)3N (7~82) or the. aeriEHJ H20 (12,59)/ OHaOH (10.85}) 

( 0~)2o ( 10•00) and ip. similaJJ series of molecules bas b~en 

cited by Bent t.o illustrate the decrease in the. S""Oha.ra.oter 

I. 
I 



~-

~-

of the lon.e pa~ Ol?bi tat with iucreaai£lG mot.hyl. substitution,. 

~he 16aa. that tha ionization potential wout.d deer~aae'-> 

with d~Qreaaing ~ohnt"c.ct~:t."' is ~;. over sJ..mvlUioa:tion o£ a 

oomp1Qx proeosa where th~ enet::fff ohancJ~ 1a d¢to~lili.nod not only 

by t)le atrno1.;u~ of tne initial. oolacmla/radioa.l, but aloo. by 

tht) otruotu.ra of the :t.?eaUltiM ion.. Thri!.t euch en. over aiml!li·· 

fioat:ton Tf1!Xfl aften. by ve'11'J/ mtalending is ·illustrated by tb.e. 

-t-
Ionization. of o~gen: atom J.eadi-t.l.B to the .vroo~as 0 ___, 0 

tlOf.'i;nitely if~VOlV'eS. :t'fJf:lOVf.\1 of· aU eleotroll f;"()t:l p orbi ta.l 

~1he~eas iol!imo.tion of HzO mu.at involve nn orbital Wilit:fh ia 

lil.::el.Y· to 11ave s-ob.ars<rtcr nrolU.l4 25lS1: yet, t.b.t.1 ·1on1zati.nn. 

potential of oT.;igent 0 (13.-$1 'ev) i$ greater than that of 

VJS.tor (12.50). Sira11tl1.!"ly,. the ioi:lisation po'ten.ti!ll at nitta•· 

een (14:•54 ev) is :tar' greater than thut of llft3 (10e15 ev) 

.. ohough the la;t·ter nuot in:volvo an orbi tnl v;i th ~i~nifioant 

arnotn:1t of fJ-ioo!ltlraotsr .. 

In £not. oh,em:tcl!a shift dtita on aotlo· boron (;Jompl~e£tt18 

sugeests the oo-•o:t'd:tnation. abili WI ii.l. t4.etcyl arn~cs follOW$ 
) 

the sequence NH;;) OHoifHa) ( OH;;)~H) ( O~)tfi rihioh goes against 

the orgatliQ chemist' a oon.cept ot an electron. raloa.sing methyl 

f.WO't.lP• 
to · · 

Since ~he abil:t ·ty ~ ;t;ox .. .rt a ooordi.u.a.te link by a base 

is vor::r lil(ely to be. iui'l:u:en.oed by tile eaa~ o~ electvo~o-· 
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I 
t11eplaoe£r1Sfiii from the l.ono pa!r orbital, i~G .shouJ.(\ be a mt~.oh 

b&ttel~ m~o.sure of tha orbital bybridisatton (i~ioJ:~easing e­

ohn:raoter will tend to. deq~0sse the ooord5 .. nati!l~ ability of 

~jjhe kJo.ae (1tte to t:i.t;hter birul:i:n.g of tb.o a-eledt:t>ona to the 

n,uoleu:s) than the iofl.i~ation. potau.tial sitlo~ th~ £~~~ does 

not reclu1re liit oom.olate rorf!oval o£ elerJtroa..e and. the~ef;Ql;?f 

correspond. mott'a closelY to tha situat'i-on porte.ir.dng in the 

u.eutral moleoulo~ 

It is therefore more lik$lY thnt the· a•ot.k'l~~ter of 

ni·t:rogo.n lono pa1~ oztbite.l in meth..vl nmi.nes itl.l.)reaaas in. the 

l:iequences·~ NHa (<UI:stili2 ( (OH3}~Ut <<~)Jg.ti ee auggeated by 

lir.!'ffi. oota;7•18;_ rather than th8 oppoait~ se•1u.onee aut;geetad by· 

the ionization potential~ 

Tho complexities of f'aotore that detet-Jlit+e th~ other 

moleoul~r quQ •. i.titiea a.g. fo.t?oa· corletv.nt- bond moment .. ; .Q.Oid .... 

bao~ strength etc~ al?a eo wall reoogrt1eed thAt one oan oo~olud~ 

with t:1u£fioiet:tt ~ustiftoat:ton tbat the moleot!lax" quan.tit1e$ 
. ' 8 . . ·-
u~ed by-Bent for aaa~se!ng. orbit~ h,V~ridi~tion in molecules 

ar~ generally- Wlso.tia~aqto!ri-• 

Bav:h:\G thue auowt~ the vJe~E1Sfi3.e;s of tbe l$fJ1o founds.• 

tion$ of the Bent' a r«la, we Bh&J. uow diaou.os avmo o£ the 

~xn,r::plll)e ~~!he~·c3 axparitt~aatal data de;f'mitelY' contradict tha 

pred1.otiona of Walsh-Ben-t's :rUle. 



>---

{a) 1~ ~ dieouf.Joed oa;rlier,. 13c~n oouplill-G oonatnntfo d~pend 
fllmQat .expltot tly' on, the a~eno.raoter of carbon, o~.bi tal direc­

ted towar~1s the ha'droe;en o.t.om.. t~eo-ordU;g; to Bell:tJ-' s rul<h· the 

s-obataoto~ of a ca..rbo.Q. orbi:tt:,d o.J.one; the Clii"ll bond { f01i ) 

ahoulu daereo.aa v11 th inoreas:tng IE~~thyl l.'illibe.ti.·fii..ten.tei• ~~rta.fore,. 

th~ ~peotod trend .in f011 i.tt tha following OO;?lpQu.nds < th~ ~ 

-bon atom conaidaX>ed. i~- m~ktld with a.o. aaterik) 

shoUld aeor(;)a,sf;j aloAg the ae~iee- f~om left ·bo r,igllt. m11e 

· c.T(13u..n) vnluea n;t'e.o 123-6, 1261 126 Hz reapootivelY• The 

couvling· ontmtant data in propane defini te:Ly j,tLdiQat~SJ a. 

eonoen.trntion of a .... oharactar· in the rn.othylone Q.fi or.bital 

compared to that in t:Jt4 and 01\;~~Ha • Thic ie oleq.rly cor~trary 

to: the procl1ot:ton from aen.t • S- rule, 

(b) On the be.sie of Glectvo.n.egatitrity of h~1o~en.st Den:t• e 

:e>ul.e prod:icta, a decrao.aa in. s-cha:ro.ote:r in. tho o,@bon 041 

orbital alone; the aerias OUsF) 011301/ OI-Js:Br )'oH3l~ Both th€) 
13 . . . - . 
· O•li cou.plitJ-5 oouotant C>..n;d IiOli bond anglo l.tl. tn~se comt)ounde 

indioate a slight inc~eaee t:eon ths nuo:t"'ide to tha ioclid~ 

(Ta.blQ 2•-12) •· 
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(_·_·b) Ref· 1.6· 
'I . . " .. 

(c.;' SU.oh an;omulhs ~~ . f<»und ·n6ir o~J.y ill oQltbon ~ompoundl,\l 

cu:b at eo in a(.):me ol!~Oiaatal~it1 CQml)euude!< ·_ il?or ~p1$.t. 

J:('5a~HJ vlllues 1~ ·tlae tl'ltt-aruatbyl oomgoundG .of -~u;;, tV 
•' 

(tnbl~ 2.1$) .tflll~ws ~f;l ot:d&%'· to~a>,~) {!Jli~)4~U; <texiai4lle 

(COiJa~4aa (<_0~)4f1·~~- ~$11.$ oraer is ip, M:.r~ot. c«mtt"adt~ttona 
to nal't'·e· el6ot.rort.~gat1vity eonsid~tiat1o4~• ~ntEi -o~~~J.*ll $howe 

tbat t'aoto~$- oti:l~ il'h$tli eleotwog.egatiVl.~~ sho~\d b$. -eO'.tlS:ttiorod 
. ' 

tn e~tlmation of eyb~dj.stl'tion. ot· Qa,tibo~ ~tollt ,~ i$tt ®~~ 

m.etal.rt.~.o a~rtva1iiVE"ht.t· x~- t.ha tno,oa$$ ~ J(~t?a-n) v~Wtt$ ~e 
a.tt:Vibta.ted t:o- d~G,.-b:ital; pa:rtt,o1ffat1<tl1.; i..t ie dtft!.eult to 

uuae:v$t~u;Jl th&: daove!ttJ~ ot J. (·13o•ro 1• th~ aUiQQn oompound$ 



{' 

:CJ!ble· 2113 
·~_1, ·~~· 

10o.J eoupl:tng Qr>nstan.ts ·o~ iH:.r"J?~ettwl 
compound of st'o~p IV' elem$nte• 

(OJ!a)•Q 

(OU3)4st 
(0~)4Ge 
(ORal~~. 

.· (0~)4~b 

6 a. 
05 (\h.) 

124 

1..2~26. 

l28 

13~3$ 

where. 4:'"•01-'bltal part$cipstion ~s wt;ll. l?CflOO!niee.d·.• ~ this 

~ollt$t .... it ita' parttn..e~tt to point ou.t t!lat thie ~ppar~tlg 

.ano~ous tr(l}lld of OO:Upling co~·taa:6. dt;Y.ts. ir~. tbia series ha.a 

been ·e:iit~ibttt~d t~ · 1(~~~t1 {)na tu. ~t ·bond s.nettt:~i by Drag~ 
ruta: P£~twito£P ~ 

ln. iH)l.'tfilS ·oi: *alii't*"'0 if.Aductive ~ons~t~'1t ( 6~ ) methyl 
._ '1\ 

group · eleottl'one~tiv,i:fd.e~ ae Gi Vet~. bY. thi!J ma;:t· co~trt~t~ ie 
. . 

· .... metlwl· g~~upe· 4ttaolled to a (J'£1:, ... oent~e whore. TT -ooAjU5e.t1on 

is ~l.Qt poaa.:tble b~have. ~~ moJ:e (!)lQot:ro4eg~'f;~v~. t.~ fl a.tom 



?'J' 

~$ ~xpopted ~om the .el¢~;ron~~t-ivit.y· of .th~· QHa ~boo 

· o.:r:-b:l.t~l tbt"ou3b \rthieb 6-b.olld 10 :tormea •. In ~ 4~e,. utui . 

. a$ elaottoJw§atiVity al.ong t'ilth Bent'·s rule XJl:'OdiQte, ~he 

tollOWin{!; Gef4lt$nQe fpt lS~li CO~pl1ng Qonstanta itL methyl, 

amitlcss (O~)fll) (OUi}~R) OltfiB;a• ~t th~ e~~et'it.n~tal data 
.. -.. "''·. . I 

- show. t\ revarae t~~nd {!Cabl~ --2•14}• · 

1eJ:tJ.~ 2114 . ' . .¢ J ._ .. Jl _, 

13C""-H co~pl.mg con~~t.., ·ot· meteyl amine$ 

O"".m out'lde .... ]} .·· 

•.' · .. 

1~3 

132. 

151 

. l Atilt 1 _· __ .'_ (_ it:~! J). j(t) .. _$; -.. q_· c . ,. ... ? .... ·. 't .... ·r· 

(e.} 29 !iii•C•H. _ ·odllplt,ug _ oox.w t®.t~~ in ( Oii!3) Qsix ty~e . oom,.. 

poL\UiiQ' t:P.v~n, in table 2.15 :t.n.~a.$e i:1; th~;.t eaq~CQe X ·• Me, 

Ii~, 01 _, lJ~, I~ Whia t~~~_nd ~tl. ~;!A. OP.\'OSitG tt:f tbaif; 4P~peQted 

f~om BeAt'$ rul~.e• fhot~br thie 1:te0.1ld .l'la$ bOUll; a.ttt'ibu.tad to. 

tho posa!l'J~lit7 ot d tt,.~ p rr bond:$.~ bet'JE)Ott. ailioor.t. rtnd the 

J;lal.og~n. atoma; a aimU,ar tre~ 1il. ~8C..B: OQt\plius oonatau.te 



. ' ' 

11Jl1e .. :,2!ii-·. 
29$t-.Q*!ili Q()U.pl:tug eqfimt~ts m o~su 
type· Of)L,lpo®!de. · 

' ' 

6:) 1~-: l '. 

,' 

. I 

· e,vs 
?:~QO 

. '1>>10 
·~ 

.in •thyt, Mlide.Q \'ibi.U'e ~he .vorasibili.ty of 4n• Pn bond~ 
I 

' ' 

1$· rolil..,a ou.t,, augg~~t' othQt*' .tacto~~ to ~e Q:J.)Qrat~ve. in tbe$e 

~l~!:ttles•-lr!t~ ~ucll ~npartmell;~t ®t$ r.w.e- ~~~- ~va1iuae Whiq!l 

d~rtto~tr~t$ tt.ae ~tl~iul.iei('Ef. o.t l\eAt.·•s ~eif. 
" . f • . 

fa1lJ.~'"~Iii or the Bent•$ 1!tlle ·when one'. a•'n:l~ea- tbe. bt!s.$1" &~swap"" 

tion involved lf4 thi$ :t1lll<h· 
. . . 

reb$ lf1aee~t?~ f.J~t th$ p:r!Aoi ~le u~~.a~:vly·i~ tha i-tlle uy· 

be a&so1l~b~4 a.el follow$:• 



I ' 

Oonoder a eustOO>. X~•Y ~ ~he bon<t o~t;$:tnlet w v 01 I,Ad'f!o 

and 'f' t~Y. oorre~gondir~ to bond~l A., X e..mtt li""'Y .:cespeotivel,y 1. 

esy be represented b.Y 

where ¢ i\ e.M 4> ~, o:tta tbe twa twbrids of· A e.A<l ¢ x ·ann· ¢ y 

a.t'a the ol"bit~s 6f X ®tl Y l,"eapeQtiv~1rf c•a ara th.E'J ooeffi.;.~~ 

o:tents whi~h rnimU~iae the $rtO'C.I!JI of the mo~~~ 

It t ~..a· a-obat~acte4."e ot ~~ o;:;bi ta.l ¢A 1a :tno:uoaaed 

by $\A ~t'l<)'Wlt A fs l'fl.nd tbat ot· ¢14 1~a, <leor~a~e(i ·.by tbt;; ar;&me 

nEmMtt thon the cl.langa $n ~?r&r ia g;J.vetl by ti~at order 

perturbation t1o:-

Aooafding to e\ln• ( 2,.5} the tl"anafQl1 of S""'ol'la~¢t.er 

o~ tho hjb:I•id o:rbitQ). ~A tQ. ¢> ~ YiOUl<l atnbiliaa the .«'(stem 

""'~ Jrn. fa> A 2 
. "<".t.. V.fUt . "'J&'fl. -e 

Since the awnsrG of the c<.H~ffio:tent oft cpA ie a. m~eau;cf 

of ·the probabil~t~ tbnt the oleotron: remain asaooia:ted with 
. 2 ' . ·~ 

that orQ:l.tal., OA,;e WOttlii be graater t~ O~y it c/>~. is less 



~ 
/ -

electr~ogat iva t~ ¢1 ana: Vi(le--Wlfsa!li 'Wtle~fQre1 tranefe~ 
ot ~oharact~tt from. an. o~bital di?eoted t{>wsrde moX"e <.ll.eot:to-

\ . . 
ns~tg.ve atQm. o~ Sl'O?AP tO"A£~ an. o;rt?ita.l direqted towards 

le&a e·l$C'trQl'legattve aton1 ·or 61)oup ts. expected to ~tl:lbili:.se 

tb.e sretem.. !hl~l q.u.alita.t~V'tt ptot~ra c,f . bond.a l<;)d Bent t<; 

enuncta.t~ th, l'Ul~• 

'AtOm~(t a~C~tta()ter tantis to Oonoen:t7:D.t@· tOWt4!~.lt9SeJ 

$leotr.on.egat ±Wi ~tom~V'~oup_s • ., 

It is now obv1oua thQ:t v~liditV of Bont's :rule- reate 

on. the f:laft!.t!llPt.iQtlQ th~t. Ci} the _eye·te1n qan. be· ad~r;taateiJ dee"" 

cttib$(1 liS' lo~lie~d o~tta.l.e eorreepokldihi tG bon.ds and lone 

pa!Xts ... (it) oh&nse Qf. a•cl'lnraeter~,. o.i( e. }Worid o.:rbi:ts:l. af.iectl!J 

ontu th~ C('tttlom~ ~:ltsllS.Vt. 

Sinoa the Deut·'·$ rttla cou.oe~.na .o.ttl$ \lith 61'ioo:ttbit$.1s·, 

tho· fi't'st of the trJa e;ei;u,mptiona 1a .. a. r~asonuble on.t?t ~wever, 

·'the socnnd .Q!l9· ie fa~· tram tm:.e-. 
T~ reo.aone ~e:: 

· (1} 1:ha <>hans~ in. the a-chnra.oter ot at\V of: the wo !W'b::'1d 

~rbitale. cpA and· cpa ~volved ill ttJ,e .. bond A-"B. would change the 

ov~z.~ap beitl.Y"ee~l. the tt1:0 o~bital$•, S~OE.t tht;t Jr$~1li:UiO~ :tntegml 

(~A \ S( c/>:s) 1~· expr~S$9d ·to Qe ~t!OpQrtlonal to the QVe;'lap t a . 

ohangf) 1.n bona e~e;rgy WQttl.d ~~rttr.inlY oQ«W in .addition to the 

el't.msa in th0 Ooalomb ~~~Br•· .·. 

-· 



Thnt tbe change in bou~ one~gy is oi:ten ·large~ than 

that o£ oeu.lomb enarsv may be ahm'tn. aa. follQws~ 

. J).lthottgh :tt 1e diff':.l.eult to oaloulote tb~ reeo.n.oJlC$ 

a.J.ld 0ou.lomb e.ne!,l'gie~a €4_¢QUrateJ.y, on~ n10.y obtain. reasonable 
. : . 

appro~imationa to thee$. oha¥~~ea thr~ueh semiempirieal methode, 
. . 19 .. 20 

e.g.- CilDO metl"'.od . · whet:a. pa~etrization he.a beea.. i:l'tand.ard-

isad by oortJpa.noon t*)ith experiment~ p!?Gp(}:t-t1ea~ 

f:rom th-e orbitals cp 1"" ant! cp B of A and 13 _r~oooot:tvely, ths 

tQta;l onergy o J? the bo~d i.o g~;vt;~n by e~n-, ( 2 .. ·7} -~ 

Rru\ ..,., cp ~i /li/ ~A) ., Hnn -~ ( cp !J /IJ/ cpB > 
RJ\D ~(¢A /B/¢n) 

ll 1e· the olGotl'on.io htmlil t·onian tor the ewetera. 

_It: ~~e· writ(;) the hyb1•1d orbital <P A us 

w~re Pa :t~ tb.Q s-ch:lt'&~oter of ·th.G b,1brid orbital and a A.* 

PA d.e.nots the- s ana: p orbi tala of l': .• 



' . ' 

)r 

·. . 

S:ho-t.ore 

IM #~A/B/c/JA) 

·li>c fa (at/ff/~~)+ (~ fr!J'It ·~A /B. l!!t.( 

Ttlerefo:rrs _th~ cha~t f.~ the QoJJtlomb inta~ due to 
. -

a c;,~e m fa ia 61V.en tw · 

Xn teJ"rns of OODO ·ain>rax~t1on.s., the rt;)~oe lAtesral · 

n,~B ia· gt v~p; by 
0 '• ' 

!I~ ·:: PAD ~- SAD 

0 

rthatte f.i.t..s iC~ the·· bond ro®.t)t:L."l~ pararnGter aQ.d ~AB '-' t~e 
vnltte of tl'l~ · ·o:v~ap i~teg~a.l, ( cpA I ~:a> • g:hev~o:ra, ne have, 

. 0 .. 

A liAD ;; (3 .U} •· A Su 

~he~ foro, the total omnge 14 tho ~~ffiPilrf of tho bond ()l1b1 ~ 
' • Q,, 

a.nn aseooi.ated ·~ith a ~~~-in.. the ~oha.raot€tr of. oue. of 

the orbitala;. ea.v,.· cp lt- is given by 

. ' 

' ' 



Unleoa the 'Potld ia h1.gbl.y poJ.:nr, both the orbital l>OPUla~ion 

(20~) ar.;tl the bond G:w~· (20AO:a) 1e oloae trJ m~t;v, ·f1'-' tnat 
for oUl? vurpO$e t;,Te rre:!f wlJita ellll• (2.,13) ae 

6 E :F4 ii:AA + 2 .A 1\m 
0 

,. <~ • Npp~. A f~~; + 2 ~ PA'i)• a sAD 

¢ •(I a ~ Zp).A ft.l.+ 2 PAB• b. 3.aJJ 

The d.1fferer.~.oe in coulomb er:.-wrgy h.lls been ~apleoad by' 

the s•p promotion ~.ne~g.v of A, which mr;.y ba ~agar®d tlt3 the 

diff~t"ence in the iord.satiott potentials o·f s tmfi p el~o·l:a."'ona. 

The ohrul.ge 1n th~ ener&r ae$oois.tod w~ ... th re<i1attt.1btt:tian 

of a~Qha:m.lete~ in aozr.Q tYt}ioal eyatemfi} caloul9.t~d ft"cnfl, eqn,, 
19-20 

· (2•1.4), using ONDO ·pa~~m.etara.·· · atte ahown. in ta~l&t;l ( 2~-"~Ga-

o) .•. , 

tabl!;Jial1·~ · 

Ohange .in ¢tl$l!l&'f:t .a t , ot 0 S.i)3 -B bond aa Q. .fun.ction 

at tho ob.~~~~l· in tho a-oh..tlX.'a.Qte;c ( 4 fr) ot: onrbon. orbit"d.l• 

_....c ·.,. •. ,...,.,( • L· ... u ,-, . . at. Jl$ ·s . ·~· 

o,.oo· 
o,oa. 

IJibi.,. ij (" "! • •• s• 

o.oo 
o_.oee 

_) ... ut 

o.oo 
o .. oae 

o.oo 
0~:17~ 

.. 
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.IliA.. 

' ' 

I . 

r, • : 

)( 

o~os 

o.o:J 
o,o,~ 

o.oa 
0:+06 

. 0~0'1 
' 

0~06 

.. .' Ot09. 

Ot1 · 

o.u 
0•l2 

I, 0•1J 

0-•14 
o.au 
o.1s 
o.t? -

0•·18 

0.19'. 

o.eo 
- O·Sl - ' 

o.,,~ 

0~254 

o~a~a 

o.~e 

0~:471'' 

0.54$ 

o .• $10 

o.f!a -
O:t.'f$2 

'G•700 

0"•142 
r_· 

o,ea~r 

o.at.e 
P•9S6 

.1t0&2 

1+0?4 

1~1.1$ 

$.~149 

1•183 

1,:~].,$-

0;,175 

0~263 

·0-,351 

0#439 

o,.qae. 
(J,$14 

0;'70S 

6~76';? 

o,fll? 

Ot9$U 

,._052. 

t_·-140 
~· . -

;~._.2ee. 

a-.11& 
lt40'5 . 

~-491 -

. 1~6,9-

~.-.G(J& 

4•.7.K. 

1•842 . ' ~-· ·-·. 

o,s4s 
0,5~7 

o.6-aa. 
o_~a41 

1.Go;; 

1•1€>9 
, .• aua 
- ·461 1•- --

·1•009 

~~li~S 

1wJJ94-

a,.oa;; 
2.17 

2t30it\ 

2~4~3 ' 
3 565 ~.- -

s •.. $91 

2t816 
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Ot24 

0.-25 

o .. ns 
'""·· 

o.f!l 
oqa ' f;i1,, 

0~29 

o,$o 

*" e.v. 

1•246 

1;:273· 

1t&O 

1.•322 

;Lit.34& 

1 ';;.62 .;; '' 

1.379 

~.S9Z 

1•405· 

~~bJ:s 2:~1.11 

.a:,os!l 

~.lOB 

".S)' ' ·.' c;,.j~V\ 
i'J•t::~o;;,;v 

2 .• 455 

2~t.643 

3~171 

3.,290 

a.~os 

3•5lf.i 

3~83~ 

3•9tHi 

.. ;t-036 

Chang~ in enett!Q ,. ~ & t' of 03 p3 .. Oap~ blt)~d a a 

a ft.Ulf'$t1on of the o®lg$ in the ~ohat-fll.Qts;r (tlfs ) 

O~JJO 

0.-01 

o.,oe 
o.osa 
(h17& 

o.,oo 
0~;176 

o .. a4fl' 

/ 



Oti03 

0~04· 
i 

o~o~-

o.oe. 
~ o.o7 
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' • 1• 
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o•oa 
., 

()~09 ' 
• <~ • \ 

Oil.O 

.. Q.11 .. ' 

o.a~ 

0~13. 

0•14 

0•16 . ;· 

o.a.G : 
0~.1.., 

0~:18 

0.19 
·o.20 

,0,.21 

r ... · -
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· owa21 
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. 0 •. 465 
o•asg · 
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o~saa. 

·o'-$44 
0~691 
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o.~va2: 

o.sa5 
.. o-.·a'?t· · 
o~:tJao · 

.. o .• 9M 

o.,9?4; 
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1•e42 
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-AGAB 

0:.~78 

0~~7 
'> 

· o.99~ 
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1.21)0 
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t,433 

1:~57. 

~.711 

1iia44 

1,975 

2.~02 

2.226 

2•34? 
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.. 2.58 

.2-G92 -~. --

. ·0 '001 ' ..... -

-~·907 . 

oont4•t!· 
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0 .• 22 

o:.23 

0' • .24 

o.es 
o·.aa 
0.27 

o.ze 
C) 2@ •, .. 
0~30 

.AC­
•"mCJ~ 

1•063. 

.1:~093 

1•103 

1'.110 

1~114 

1•1.16 

1.1141 

1~·110 

1e103 

1~929 3.016 

2:',.017 3···110 

2.a,o5 ~· roa if>• . 

2,193 3.303 

2.200 3' .. 394 

2.366 3~404 

2.456 3'•57 

2~543 3~653 

2.631 3~734 

* ev. 

TabJ.e· 
-;R P. ~= 

2.160 
l '·· ........ 

0ho.tl€:H~ in enartW1 t1f: ; at N9p3 - U bond ap a 

£unction of tha·. c.bange in the s-Qharaot19r· ( o fs} 

of'' oarbo~ orbital•• 
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o,oe 
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o,aoe. 
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1~408 
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1(1ii5 

O•a72 
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o,743 

Ow867 
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1~11l$ 

1•2$9 

t~S~ 

1l4S1 

l•.Gll. 

1 •. 73.~ 

;l.f(SI)S 

·96' 1~ 2 

~i.107 

s.S?Q. 

0~:(1/2 

o'f;asa 
3.•100 

' l-•30$ 

' 1, •. 6:10 

. 1*13Jl 

1,.91f' 

a .. u-4! 
e.;,oa 
2~·99 
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r.Jt o· r.;;a v,,. 0"' 

a .. 236 

3~4~· 

~.6$~ 

3t762-
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~' 

o.~a 

Ot;~ 

0•~· 
Oi25 .. 
o.~s 

0'•?7 
· o •. ee 
(ht29 

th3.0 

. * e.v. 

1't540 

1t5So 

t·~a~v 

l.·~(if)2.: 

t-~~ 

l"?;Uj 

·'1···''159 .... 

2;000 

2: .. 974. 

3:~:096 

3~221 

3~34G 

a-4n9 . ~- y 

~.69~ 

$:.717 

"-•1?66 

4~·430 

,_59~. 

4~:73-

4.-006 

a.oe 
th·~a 

s,.ase· 
6t009 

I lit . I.~ • 

the ttM~tation !.n tho redonanoe ene~gy- ia .ooooid.Q~ble and 
' . • I , • 

'in no -Q~S$., · t. t can be no'Glao,t.etl; 1.."11. view ·ot thitf 1 t ia aurpg .... 
. f:Oi! • ,I 

·~ng bow· :ee~t·aQ rUle pre.diot(!. the C.Ol:lreot wend: ~ r$bydl'i• 

'd:teatio~ of atomio orbitals sn o:ften• one reast~r~ tot! th& 

apparent aU'WeBe Of .)aeu,ii' la :tt~Q tha:t etn.OI'f$(9{t f:tom the .P~&sen.t 

· "atuay · (to b~: iii aQuae~. !':lOtte/ £~Jtt !A tba latott· abe,p·t~:tl"e) te 

:;~m,i-t tbe:· at!anae in tho ~<::$tJ~o0 inte~aa~tot,t.s ._Of' tnio bond• 



\ 
~-

A...,X and A-.Y in;. a; $1S't~nl- Xti!>A•Y . ie o:ft$n. :propo~'h10!lfll to ·th• 
. ' 

~1ettl1on~g(lt1vit,y d:l.f.t~,r~noe. ot · l nntl Y aE.t le .Qlso the Chang• 
I i • 

in t"he aou.lomb int(?'.lf.S'Vala·! It ia pl'ecia"t?· th.Qeo· •~ea where 

ch~~ ill. tOtal v~ao.net1e~ j.nt~raoticm. o~ the f'Jatem 4oet,; Mt. 

follow the ~le$t*'l'Wf&Slti v~ t-9· tl·itte~e4(Je o£ tna ~tabst~tu..Etnts 

X ap.d Y that Bo4t • f:1. ml~ ff.tilS•: 

lili) t.ttoth$P taotor ttw.t ti1B/J be ot -~on.si<la~ab.le 1mpo:rtanoe 
. ' .... . 

in $:'tomtl With !Lone putt $l.~eot~.u.s ia the Qbnngt in i.ihe inter 
. ' 

a1ec.tron1o tepu.ts!o~ au.e· tQ Cl"$MO 1Q:~ b$bti4 o~bitalb~ a~oo 

l.ntllt.\$:l.o..n qt sucb qll.mtset;J a#¢) possible onlY e-1# 1ihe level !1f 

InDO c0·xa· »WDO, s-p.Pro:lt:tm~tiou21•23 whi<tli Qr'G b~on.:.t · the soope 
'0\.e . . . ' 

Of."f}:t-GS~t flGl,.ltt· thztt!f poih,.t Will not bG £uvtho~ Qo~sidf;ll'ed*-
. . ' 

m t)t'tl&r ·to· !w.VS .. ~ lUOtt"$' C!UeatitatiV& $-pproaob to 
~ •' ' . 

~$-O'Valent ~br1d3.£Ja'b1ora w;biCh 1AQ1ttl1C~s the chan~~$· 1!t Ool.tlomb 

o.e \<1ral_l $a l'G®~QQ.O.~ e~~flY~- Ma~~e.1 pl,\t :fQt\~d ~ · ~impl.e 
t~as:tm~n-tu.- lite: t"•\ttnn~nt .is ·a.£! tollow~• 

.. 
·Let n:a aonai d~r· a. ... inol~Qal.t~ t•A~l._, L$t ·the .boJ.tding 

AOa n;. ·a ~ir":ted tOWe#dS, -1~ ana ~ b~ · -~e~~e~0r~t~ . _.. ¢ u 
;. eA4 cp J~i 'wbl.cb ue l,Wb:t .. ~da ot a u.d ~ orbit~la) .Ve$9eot1v+e1.7, 

' mh$ looal~~d bond oa•b1t~ls to'l! th&· ~ and JB ·bl)n:ds m&.V' be 

· writttm aa 

\fJ i\X: • QAit; cf> AX : + Cg.i cf> z. •' •· ( 2•_1G} 

/ I. 



-~ 
~ 

')( 

· .. -.-2 X 2.· .. p· 
E ~ 2'L ( O,A:x;~t RJ4\.t Ox . ll~-. +20AJt~•o)t, . AX ) 

(O~.J!M t ~.Hyy+20Al'•0y• {JAY '}j 

' 

Witb; ~d.J!ltllal' t;)l(p:tsa~siona· tor ·af4 and fo.~Y., . 
Tha. eybrid orbitals <PAx and, cp13 :rrBY be ·written 

. ' . . . 

in terrns .o£ the. s and i>· or.bit~a. ot. A (SA and pi\) a. a in. 

aqn~· ( 2e:20..) • Tb~ coulomb integral a· ieJ then give.n by ( 2• 21) 

.. where fz is the S!l"P promotion energy ot the atom A~ . 
. . ' 

. ·~ . . . t 
.cp AX = ·f.u • SAt ll~ fAX) ~ PA . 

. . 

~·:: .:Pax_•-.,·+-<1 .... Pi;p(>·~· Ep 

·;; Ept.f~ ·t (Ee ,.. ~p) 

;;.. Epf'~~~·f a% 

-~ ••. (2.20) 

The· ~esonan.oe integrale may be ·~imil~ly a~prQximated 

. by e<.!rh < 2.~~lr Btd~l.t .lj$<&~ - 'ivo..:t sc."~lt\(1 : 



Wher0 K is a proportiona·tely' constant and $AX ~s the 

ov~rlap i,t~tegval bettt<;een· <PAX and cpx., •. Similar ~Jt:pressione 

for A ... Y bond may be 'll1:v·itt~ll1i· 

A rebybr~disatj.on at A in. which the a-.-characters of 

<})AI< and <Pta a:J;"e ohe~ed by APsx ~d4F:'3Y respecrtivelyt 

will ohange the total ene'l!gy approxima:tel;r by the amount; 

Negle(rhizl.g the ohauge in overlap due to :rebybz'idisa­

tion one obtains· 

-



and 
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pP\ .. ~A'!_ 
2 HlA 

••• (2,27) 

For wave .func;Jtiou.s ¢or:r:•aotly representin.:_s the equili­

brium configuration of the molecule 8E/tJfs woiJ~d be zero. 

However, if the calculation ah\ oarr~ed with some assumed 

regular· b.V'b~:idisation at A (e.g. sp• ap2, spa· eto) ae is the 

ueual. praotic.e iz'1 simple 1\iO oaloula.tions the bond orbi·ta.ls 

will not represent the :t:r:ue.. equ..i.libtliwn and the ~ight l.'le.nd 

side of eqn, (2.t~2e} will not be ~eliO• The magait\~de of this 

que.ntiw iet tberefore, e.a;peoted to be p:roport.:l.onal to ·the 

devie.tion of the assumed bybridisa.tion. from the optimum 

bybridisation required for ener:gy miA.!misation. T,b.erefore a. 

re.h.Vb:t>idisation, which is equiva.len·t to tro.u:;lf'erin.g s­

cha~~acter from. an orbital mu~t occur· •till li.EV~_PP! becomes ~ero. 
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0~ the basis of this argument, transfer of s-characte~ krom 

A-Y. bond to A-X bond is expected to be proportional to AE, · 

that is, 

AB o(AE . . ~ ~/ft J 
Sf. ct. 2. f', [ ( CA-; -CA ~}1- 0~< >'· c .. , ~A>'-:- ~A.~· (1: 2~~ M 

Since, ~A ::: B.:A = HAA ; for regular hybridisation • 

. It is easy to show that the same conditions apply to com-

pounds of the general type Xn,AY11
1 also• 

Use of Del Re approximations24 COhapter ( V )J for 

the localised bond orbitals then gives, ! 

2 2 
20AX - 20AY = (1-QAX) - (1~QAX) 

= (Q.u .. QAY) 
• • • (2.30} 

where QAX and Q AY are the bond polarities of A.;.X and A-Y 

bonds respectively. Further 

20AX• Ox = ( 1-Q!x}it? 1 • • • (2. 31a) 

1 

20AY• Oy ( 2 )~ ( 2.31b) - 1-QAY ? :1. ••• ... 

Since Q!x and Q!y·are always very small. 

In term~ of De~ Re parameters24 and bond charges, the 

change in a-character is then given by 
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whe·:re the proportionality oonr.:rt;ant K1 and K2 iAOlllde promotion 

ener§ (1?~, valt)ttGe atate ionisation energies (HAA} etq;· 6 • e 

are the :Del ii,e. resonance· .'para.tnetar alt 24• 

!'f the resonance integrals for A•X a.n.d A-Y bon.de ·are 

nearly e<J.ue.l which happens when A~l QJ::t.d li.-Y. boAd energies 
' 

are· ~oughly equal;· t®. second term of eqn,. ( 2 .• 32) may be 
. . 

neglected. Further ( QAy•QAx} will be roughlY proportioUQl. to 
- -

eleotronegativ:lty difference, When thia condition is ful·· 

filled, t.h(l deorease !n the ~ ... character o£ the A-Y. orbital; 

c~nsequ.a~tlf the increase i4 the s-ohar~ct~r along A•X ~ond 

in a;. ~eri~S Xz:i',..'f.r{ \Vill ba proportional ·to the eleotronegativity 
-

ot the sllbs.tituen.t Y.• Thus Ba11it' s tu.le is only ~ speQial: oase· 

of more general rul~ embodied in eqn, (2.32) which may be 

atateli as followst 

In a. m()laolll~ ·o:£ th~ type ~At n • ., the inorea.ae !n the· 

s-eharaoter along· the A,.-.K bond and 90~I(Jequent increase 1n p­

oha:.:a.oter al.QOO A-Y bond :La proportional to (a) tll~ difteren.oe 

in the polarities. of th~ two bonds and (b) the differe~oe in 

the :resonance :Lntegr~s of the two bondEJ. {~oughly bond ener­

gies~. In other words;. s-o.ha~aoter will be tran.sfer·red from· 

a. more polar bond to a·lass polar bond ·i£ the bond en.ergiea 

I 
, I 



CWO t).earl.y equal nti.d f'X'on\ a l.aaa :$tt'O.ru..t; bo.l:l.d to t1 mt>.re $tvong 

bond. i.f the bond polet?ities· are ~arly equal, 

~he stlperiori ty of· this gen.eral. v-u.la ·over Waleh~ent' e 

rule and que.nti·ta.titre Ot')rrelntio.ns. of ~4U91:1ns Qt:tn~an.ts in 

~ lJlrse nwnbe~· ot ey:atema Q.t;;d.ng Vol B.$ oal.oulatton~ l:u.l'll$_ been 

reviewea in detail ·tw t1a3ae1 and needs no ft.ll?th~r elabomtio~· 

Alt1'.ough th.$.tSJ t~aatment rGp~asente an impr>.rtant adv~noe 

tn tht rie;b'b d~eotioa.; it :le ta,7: frOJ-u oa:t1atacto$'y 4~~- to 

.following reaeon.a = 

(i) ihe tot'tn~lE\tio.n. ot th.e eqr.);; (~,e~) 1~ ba,aed on 

qU.a.li tati ve argument •. 
·( ii) ~he va.J:am.et.era ~ ooti 1t2 appe~ing in f>cant (2,52) 

are to bo d.&~e1"t.)i!leet emp1r.J..~~lt1Nf' 

{Ui) :aqn. •. (2.32) O!.li.t no.t b.$ g.eed in· oaa$s \"'b.et:~ mo~e than 

two, d1$f;Elr®tt au.bstt.t~en.ta t;l~e ·ooi"uu~o.ted to the t:Jf.\l'n$ a-tom! 

(iv) In ·a. POJ.N' atomic moloou.t.e ·af.W ch~e in. b8'brid1aa• 

tion at a. ai,en atom W()ttld raault in r:(;;adjWJtoan.t of 1\Vbridi-
• ' • I 

sat~.o.n.a . in all the: .Qt.ottU~• ~lliS ·ef£ocrti M9 not been. oone1det-G)(\ 

in this mod~l't 

tn..vtew ot the advW1tase .of ua1ns valeno~ .... bond oo~c~pt 

tln th$ deso~1ption of m(il-e.ot.tl.e~ Jlb.1oh wata.U~s the chemts.t' e 

aoAoept of· a bond.; .. itt !s wo:rtbwll!le to- develop a mote (1\laA""" 

titat1ve atld Qatistaoto~· app~oach for t.ho deaori:t>ti.ott. of 

orbi"ta.l ba'b:Cidiao.tion. in ·ro.ol~o~tles. 

.\ -r 

! 
-r 

I 

. ! 



~~ e shall th~~t'1fore u ttampt to develot) a. more quan:ti• 

tati:ve theore.t:lcel approach to O$.'P1ta.l eybrHU.aation iU the 

$UbeeKJ,t.:ton. ·t oho;ptel..,a of the present wotk. 
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