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1T As Lntpoduetions

In thig chapter va -emé‘u, fim'é‘ disguon the axg:ammmﬁm.
£aote vhich led to the dovcdlopnent of Haloh-Bont rule congerne
ﬁ;ng doovnlent hybeiflostion. A Q:ﬁ’iﬁié&l aggsapnend of it
| experimmta? dato ag o gulde to ovbitel hybridleation is alao
- pragentods Zhe m&a@mmﬁ.ﬁa pnd 1initations of the rule ave
pramam:ﬂﬂ and Tingily the aa:sﬁ.smntitaﬁva a,;g;mmn of maaa
15 isconased o omphasize the gﬁﬁﬁf?ﬁ?&'& that one should ¢rnolier
in she development of & aa _gﬁwﬁiw theovetical trectneat of
ipovalent hybridications |

II Be ©

| in smier 0 oxplain the %raz'iatiwh in the properiies
|  Beife t_&ma{; lengti, bond .fanew@;.,' resabivity otes of bondg
Forned by aaméx atom in 4lfferent moloowlor eavironmont,
Efp:ﬁ,ed:{z propasod a prinolple uaderlying the hybrids sation of
garlion orbitals Jron an analysis of a‘;:cgammmfa;}. faotys, The
arganents given by -‘a‘f&léhﬁ aro as followsd

In mpat of itn @g;'a_pﬁm‘iia; ﬁ@bm ﬁﬁ@ﬁ} valcamie{a whioh
ney bo deseribed as hybrids of 1ts 2o sod Ep stonie wave
fonctionss A% a resuld of thie hybtridiention, 8 carboa aton |
in n noleoule ﬁas an mg)mwnmﬁ FLexibility. Tho properdies of
o oavhon %m..emy shonge an the aa@ma af i:z;b:e‘i Aloation ohanges.
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Than ite cloctroncgativity changss ﬁﬁﬁﬁ-ﬁi%ﬁ.iﬁf.ﬁhﬂnﬁeﬂ the
pirendth of the bond formed by she valendye In gonfarnity with
the regulrenent of minisisstlon of frae WOTEY ¢ therelors, a
carbon atom adjusts iteelf %o the poriiculor environment in
which 1t lies, The propovtics of any carhon valonoy (Csge,
tho Lengbh oad divection of the bond i% may fomu) eve alwaye
- opecific to & narticalay valenoy in a pavticuley stom in 4
pariioulsy moleondee

Consliering thiS wlong with the fact that the move e
characier in o cnrbon valengy, the move alagtxaﬁegm%zVB ia the
carbon aton in that mwmionay, 'ﬁ?al'ahg in 1247 proncsed: "if g
group X bo B ocarbon is roplaced Ly o uore electroncpative |
gooup Ty Ghon, the cavbon valonoy toward ¥ hao more p~charaoter
then 1% bad Yoward X9, | _ '

%alshg applied thig quaelitetive wﬁlm-ﬁa oxplain the
obaerved trendo in tho @3@9@?@1&3 0f carbon boads Gules bonﬂ_
'@gl@gﬁﬁyﬁ bopd etrengbhs bond abgle, foree couctant obe, in
aifferent poleculaoy wnvivonmont,

- Thms, the increase in HON bond &ﬂﬁle-in aobhyl hallde
- fror the tevrahedral vélﬁe of 102:6° wa &%trihuﬂed te the
incroase 1n the 3~angraa%er-e£ ﬁh@;a&whaﬁ prhital along the
=g bond due fo higher slectronesativity of the holosen Coms
.garﬂﬁ to that of ﬁhﬁ~hyarmgaﬁ_ia_cﬁé; The smailar oanting
force consgtent in the methyl haiiﬁas ésy akao be avivibuted



to the inovenssld s-chavpover which lowens she rasigtanag
vovnrdo bouding becauso of sphorien) eymuetly of the -

0rbitals.

The greaual decrecps in the C-H banding fovee aonotent
in the series R~0H » UHR with lncrease in the clectronogativity
of tho ﬁubaﬁiﬁgenﬁ-ﬂ may he readiiy ex@laiﬂei ginilarly. |

| Goonetricg of UHg, Gy and CN radieals wero alss disw
cnsasd by ﬁalahﬁ in theo light of the absve princinle and an
exteonsdion of the principle to the valenoien of éﬁnms nthor

than cmrboag Sses phopoghiorons, wos also dumzoated,

T3 Co Bont!

Orbital bybridisotion in stoms ueing o and p orbitale
in %hair-ﬂml@ﬁﬁylwas hiTe Yo olaﬁmréﬁely axaminnﬁ ol discugned
by Beaﬁa in g reviow published in 186l. Usilug o vast budy of
. molepular ﬁata he cxaninod the dapsuadonce of moloenlar pro=-
@mfﬁiaa R (i} tho nﬂbitallhyﬁri&isaﬁioﬁ.a&é (ii) the slectro~
negativitiss of tho subsbituents, This analysis rovealed an
obvious sorreiation betwesn tho ﬁwé factors, Vizey Hybridisg-
: $lon used by an sbtom and Yhe elsetronozabivity of tho subabie
suente coancolod o L%s He ptated thie correlation og Lollowes

Hatonio s-character oaneentrateg in orhitaim diresctad

towarde eloctroporitive substltuonta’s
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Bofore we moke o oviticel ceseasment of dhis prineiple,
gonorally HEnown as tho Hent‘s-wuia or Valoh~Pontta mile, we
ahall outiine $he various fanters wh*eh.wafe gonoidored by
uanﬁ o arrive at thls ruls. ?hese ere given belows
£ hybeidiaation on olestronssqtivitys

(1) EEfont af

- Ap She 2s\elaﬁtwsn§ ape more tightly bouid to the

nugiena than In aia&ﬁrﬁaa The e&ae*vémagaﬁiviﬁy af an atomie
valenoy (hybeid orbital} ahaulﬁ inorenoe fs the awehmraatar in
that valency incressess A oarbon sp valeacy should be npre
alcotraaegative thon & aarban apz'valency, wbiah in turp
should be mofe eleabranssahlva %han caybon ag VLAY (Lee
ﬁighar anidiﬁy of acutylenio hyﬁragen in ‘eompprison o eﬁhylanic
Ihyara&ani aupporte tmia. _

Orgaanie ﬁhamiahzg nﬁaviéma an exbenzive cvidencoes as
o tho eflegt of nybrﬂﬂiaatiaa Gt the elaatrnaﬁgﬂﬁ ivity« Table
I;a.i ghowes the effadh a£ &rbita&-nybriﬁiSﬁ&Laa on,tha-aqidity
of some carbiosylic aoidos The av&er of eLac%runegativibiea
detorninel Lram the date in tabla 241 do8
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1,6
Toble i

nffoot of orbital hybridleation on Acidity

u— S : 5&-- S
Aoid £q % 10

ngooR o 17.12
Hg0000R 1,75
HOCHL000 R T
HyG  OH.OH,G00H T
5 & OsCHaGOOH R

CLOML000H 1378 .

. a}) Rafs 4] h

The ﬁ;gnﬂ;mtim @m%mﬁg of the folloving acides
N g G(ONp), 000K, O1(CH;)aC00H, 8 » G(0H,)4000H and
i I @Hg)gﬂwm vbose pity ors 3409 4408, 4:4¢ ond 4462 alo
supppry the ehoVe scinonces !Eaf’!sw mmétam'hs Tor Gﬁ-, (s T
- OHyl0=y OgHgeq B olcs ave alaoo Q.méiatant with this trends
Tipele momenbs provide an pdditional ovidence of the
affect of kybriddsation on electvonsgebivity, Postulabing
- that elugle bonde between earbon aﬁama‘af different hybridi-

- satlon have pod Sero erneits sud uelng for ouTbon-Bydrogen bonds

-
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. verdable bond moments deived from infze rod data on UHg,
Oply and Cpliny patro® has obtalaed the arbonecarbon bond
z&mmmﬁ_é given in table B2 fvom & veotod adGel caleulation.

Tobly 258
Effeot of orbital hybridisetion on bond monende

. 31
Garbon~earbon bond - - Bonpd #onent
and polarily _ - {debyas)

' -+ —_ ' . u
%pﬁ — U Tt
Lot e - . S

ap” T Vpp

&} Refe Bs

Tho varintion of D=0 bond moments with the ehange of orbital
hybeiddsation of covbon oteme Lo guite obviouss Thms both
oherteai aud I-ﬂﬁ?’ﬁiﬁiﬁ evidences azﬁp@w‘ to support the view that
o change ia orbital hybridisation may hove a .fgamrful affeot on
the slestronegetivisy of ;&%‘@mm valEnOYs |
(21) 2.2

vhon othylene whivh in turn, 16 & obroassr aoid thon mé.%hme



boaouse in the Lformck Gompounds the clectrons reoside ia an
orbival rieh in.&-charagﬁﬁr io the corregponding conjugute
bangs Aldehydes and ketones sve loms haslie thaiz ethors nad
sloshole for pinilay Yennons because lans pai“ Tesidas in
o{ep®) and o(ep®) -ma bybrid erbitelse

Pable 2.5 shows the voriatica of dond angle with the
orbital hybridisations Cleariy, the bond pugle inercases with
the tncreass in the a-oharactor af Bonla.

orbitel | sbbrevintions P2ersont  inter
deoigoation . : geghnranhisr orbital
S , in hybrid angles
arbital

. _ 3 , nanloal
Zotrahadyral apv 3 | 102V 28
Tpganal n® 95 3207
Dgonal \ e &6 1.80°

Table 2:4 showo the variation of U-C bond length with
the change of bybradisstion »% zavbon oxbitels foxming 00
bond. |



" DPfeot of atom hybridicetlion on bond lensths
of carbonecarbon bonde.

Deseription | Bopd length®

=) Gy — O & 1454
0B — Cap® & e
-—éﬂ@.ﬁ Oy = 1488
e —8g2d e

1e4R
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Larger the s-gharacter af the orbitale shorter la the bonde
Arain, dato lisfi;cd in table 246 pbown the gradual shorteaing
of oarbon-oxysen bond ?x_.émgth ie:;.a the o-choractor of casbom
orbital or of oxygen orbital ineroases.

Table L8

i¥foot of hybyiddenticn on the length of
the earboneciyren double bends

nicoule Taebon _ - Garbonenstyoes
hyteidicavior  boid dletance ©
Lo (a9 )

S e S A Y o oy 2 A Ty it

HOHO " op?  1.028
Ople=0 Bp . | iel€2
HC 2 G20 . - 15368
Hig Cw0 # $e17i
:.*ﬁnﬁsu@.;a:&?. W ' Led
g0 e | 14126

&1‘ ﬁﬁf; 5 " ,

Poves conshante, bond Alssociatisn energys bond Length
etas alas ohow 8 gradual vesdintion with bhybhwidisation. Sxperls
rental data on sohe anrbshn compounds listsd In tablo 2.8

gcloarly show thatb the Iargoy the pecopbont of the bond lavger
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im the stretching force constont, shorter is the bDond length

and lorger 1o thoe bond onsrgye

Table Eief

BEfoct of hybridlostion on bond dlssosiation
onermrs bond lensth and force conatanto.

Holeoule Carhoenyes Bond  Foree Bond Dissociation

aarbon longbth constond Enewgy, B
bond type K x 1070 -
_ - - e —
A dy cea/onm E al/mole’
OHy ~ CHy ﬂpa - spﬁ 1854 4,5 s
(.:I‘IS - G?-HS an® = op 144D - D25
OHg = O sp% = mp  5.86  Bed 1050
02_}13 - {}gﬂs spg - ﬁpa 140 - 104,00
HO = O sp = sp  $.88 67 11840
) Refe &
.

(v} iffoct of hvbridisation on 1fs~H CHUN

Yhaoretically, the magaliude of eaaglingjcanstaat
shoald depond on the state of hybridisstion of the carbon
atmén'lﬂy Date given in bable 247 show bhat grgaﬁar-%ha =
charactor in a carbon valoaocy toward hydrogen the greater the

130,11 coupling conctent.
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1

g22sot of atom hybridisation on ~OCH
eoupling constants,

dolsouls fgbridieation  § Y%0-H (n B,)®
of onrbon - |

oy o s
Caily C ep® ae7
Ogllg o ep® 159

Gz & . 2eee9
E - S 248

a) Ref, §

The effect of the elestronogativiiy of the eubetituents
" on ﬁhé,malaﬁuléé yraper%iam_diﬂanéséﬁ?axﬁ en £ollows:

. (4) EEfeok of slectronogntivity on Dond snalegs |

In compounids of the type AKg and Ay, the valonce

| fagle ;&&ax &paéaga.ﬁo-ﬁa-caxrelata&_witn the olestronegstivity

. of X In the gboence of .obvious storic effects, the valence
anglé gauerally'daoreaaeaiaa ﬁh@_aleeﬁranmgativiﬁy of the b~
gtituont X 2noréase5m Iiluaﬁratiﬁé exauplen aye given in table
248, Data glves in fable B0 ouggest that as the eleotronesati-
vity of tﬁa subatituents inereaces the central atom (atom 4)



e T

diverts inercesing amount of e-chavactor o %he orbltel, or
orbiteley, oeccupicd by the lone pair clectyons, thus dsoreasing
the f=i-4 bond sngle due to incromsed p-charocier is the

orbiials towarda L.
tbte 22

i foot of eloctronogativity on bond angles.

(-} .
VA N
x H - /x0¥
L 4 _ o - |

O

_ G}}% CHy 131

OHs W 107 - 1099

t n - 16°

P B 105,8°

2 [ &%

e ; Al 3ed

CH; H - awe®

Bou 92°

Ay cotmpund TS S
T o

BRyly | S 1097

) . 106°46"
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Zable 2.8 (Contdse)

O - o
Mg conpound [XA%

08y | | 102730
?QGﬁﬁjs 582568

9
PHy 93.18’
As{0n, ). 98°
ASiHy ' ' @1339 ' '

KoYy dm CF a8 O LE-;{JE &

Fy ¥ | 114°

(11) Effect of, edeglrmnos

pivity on bond denedth:

In abssnes of marked stovic effcats, veplocement in
the gtrenoture X«a~Y of £ by ap abon move cleotronogative than
X gauges the éﬁgaéaﬂm 4~Y bond to bogoms ghoptor. This effect
ip pertionierly asticosble whes fluorine io indrofuced intp
a moieoulo {(Tabis E@Q}; Apain, this shortening nay be atiii-

tubed to the lnoressd in the c-charastsr of the orbital of A

L
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along A=Y bond due to a wore electroncgntive substituent along |

Iable 2i0

Bffeat of eleatronegetivity oa Bond Lengthe™

HoLeoulg Dond Lengthe ()%

1« Bhortealns of C=F bond oubstituvion of ¥ for H

OHP ' ' L.391, 1,885
CHgPo | C 143984

OHEg - - 1.532, 1+586
eP, Le503

2s thortening of C-GL bond sﬁbﬂ‘ﬁitwﬁiﬁm of G for U

OHu0L | aT3h, 14781
GHgOL, 14778
CHOLy - L7675 14761

Ss Shortening of ¢»Br bonds Subetituition of By Lor K

CHTr | 1939
GHBry o 14980

_ Boxctde o
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 Zable 20 {Contdss)

iplecnls

Fond lengths (g}a

4. Shoritening of

Ge01 bonds Substitubion of P Lok B

QHﬁsf:ﬂ
CPgl,

1.784
1751

5+ Shortening of

o001 bond

CCLpHy
el

17
1,781 '

&, Shortening of

U= bend, Substitution of P fhr I

Uolig
ugﬁé

14836
T

¥ Shoriening

¢ = @ bond in K&%O_.;Y

o X - ',Ig .

¢ = 0 distence

1,226
1285
14218
14198
1:17

Contdy e



5. 22 (Contdas)

'-sﬂ;@i_e'mﬂe* - o Bond 1angfbhes. -(g}“

' &» Sﬁortaaiﬁg af ﬁum, bm{iu uubwsmﬁtmu af %1 mr ‘335

ﬁ(ﬁﬂa}gcl — a— . ) 1‘??

9, Shortesing of 0= C bonds Substitution of F fom#

%‘*g | IR o | 138

mnlaaement ;in ﬁhm shiuoture Lot :af % b@' as atam,

. oF grotpy BOTC mleatrmagatim than X 1mrea-ﬁ@s the ﬁea.-ﬁ_
'wmimgf constont. The ’«r%«ezf coupling constont in the peries
eng,-, CHz0Ly 'ﬁﬁgﬁlg ard GHElx for emme; inevensés in the
_orae:.* 185y 190, 1V8s. acssmqg Geneam:/ﬂ%ﬁm@lyg the carbon
ydrozen dishanod mﬁmaws in the order Leily 10959, 1.082,
1407 ? - ‘i‘h,a ai’fecm of alaatmmgatwe e;mupsa on 13&»3 *ougling
: wm;tmxtm iﬁl shown' 1n tabie 2:1@; ‘



3031 aoupling constants of OBy, 01, (n {3)
and CHzR type compoundes S |

Hy S | 12845

o oEgEH, - 188
CHgfes 0 | 147

oBgom . i

owgor - - s

_ eﬁgﬁiz R £ 3

oROL, %09

B) Bufs 1,847-8

o ad ﬁiamase& -ﬂf&il’l.iﬁi’-'% iﬂ@m&m in la@*ﬁ conpling cons«
font defialtely Ladicabes coniceatration of s-characters of
thy carbon orbitel Yavards the hydrogen with mraﬁm 1% the.
Slachronogativity of the oubmtibeent conne stod ta 1ts

Bont™ pointed out that the dependence of molegulay
properhies on the gia_ﬁtggﬂegatiﬁﬁy of th&a'sﬁ:ﬁ sbituonts can



~29-

be canily explained 4f one postilates & variation of the
orbitnd W&ﬁﬁim‘amﬁ of an é‘bam\ wim.& variation in the )
slectronogutivity of the oubstibuonts consscted to it He |
stoted this offect s followss

atomie segharadior oonceatretoy in f;)“hi. s51s directed

hoerde azeei;mgos«“ve {or Leoag 1@3*@@&&@&%&9} sibnbitaentat o

seitd ammimt%w oL.khe Sovedation of Bonhls mile

1IDs A _
| The wm‘.’ulmm af thﬁ.ﬂ rul«s hisg btﬂﬁ aml,f aazzmstrated
by Beat 5.1:*. bin r;z*!;gma‘i am:!.ala?’ a.ﬁ ‘*mrafﬁm nesds m ;ﬁ'&rehar
ela,bﬁmtu:m, "séhi}_,-t} *"'i.s% ginple guniliative mlm pogns to work
rather well -ﬁ.ﬁ. 8 nunber of caseg, the foundation of 'i:;zigx m}.e
in m-t ag gtrong ém 4% io generally b.-el:iw‘e&;. %0 bes This is
bednuoe moat of the msieauﬁ.w aropertios which wore Gousldered
by ﬁem in ibmlaﬁ_mé; his wule ere complicated funetions of
mamf fagtors .csibher- i}hmi the s-character in '?xf:hé valencs orbitely,
0 the DRy “}2‘@99&"&1@8 wged Ly Bont to ascartsin orbl-
| | 1;&1 hybrmimi.ion, mﬁ. e a :E’r;:w merid epaciel comment on ‘bhoir
mlf quity s & gulds ts orbital hybridimﬁ ons ome of these
ale gg:i.vm. b&lmva |
(1) ond snedes
 Al%hpugh Jarge changes in bond engle .f:ézzwqmn% ona
change dn ackesular gaar_aef;ry-, _'-su'ch aa the agriea, Hglloy
Sl (lineary 1800); BClg,. -Gémg; ogly (planas, szigonal,



220%; gy GeQlgy 52024 (@gﬁmmml,amg"%*}s m(e:m,,,, '
Gu(ﬂﬂa)@ (square planary % b Solitg) gy emﬁ)g (aataheam}
ohos can BY explainea wi.th a@g apag epg* ﬁap and 6. s,z,s Hybrl-
&iaatica raap&guvaw # vaxeia‘fsﬁ.on of hond angles fn mARy come
pnunﬁa have basi axplame& by congldering only 'the alaatm
mgu}.siana“ ‘mﬁ aimlarw bond anzles in case a.f af&l-ls, HF;.;. '
’ Hp0 etia. love been explaincd in terme of deviations .f.'z:@aa -‘ketra-'_
hedynl geonsdoy dwue m lone gair-bma palr nad bopd pail=

- bond peir vepulelonds Hond sngles in ﬂ.‘aclé; RO .:irﬁ‘ﬁ,

Kooy 6Py ooy calt olso Ve explalined sm;zeaasf:uu.y weing
iuﬁserﬂ-e}le—ctmz; paty '#apulsiagzxa- ag tho deteraiaing f&ﬁtﬁés The
im-pwtama,cﬁ" ronsbonding intersotions Ao deteroining bond

anples Bave beon enphasized Yy Bar‘fiellm’w

o fach evidencas

" have graduslly acedmulatod to chow thal the cobstituente often
do no¥ Ffollow the sxio of the hybrid orbitals spd ahemieal bonde
ave more aften bent than not T E, | "

That She bond angle afi:erz daviatios congiderably fron
the engle botween the bo:;.aﬁ.-m‘hybrias nay e shown as followss
' ig airmﬁgr mentioned, 3—*5@*5 coupling constants in a
m:;mm 19 mﬁmﬁamw reiatea %o the g-ghorseber of the
-earbon arbm&?’a’,g; 1% has baea ghown that the g-characten, |

Por; + 0% the earbon orbivel towar&a $ho O bond. i related

o the *%0.H coupling constants J, by the rolation 1o,



g =000y ses (241)

sgﬁghamgtar oYy ‘bh@;;‘ai'bx?é;- be Q.Qni,@ut‘aﬁ irom the experis
mental coupling sonetent dates the angle betuson the hybrid
orbitsle, O 5 nlong the =i honds in CEXT type cospounds

can be ealeuloted from the ﬁ&l&tiﬁﬂz".s"

0 = tos™ £~ Pon sla=  fow 7 ese (262)
'_ Corbining eqns (Zs1) and (258} xﬁe-ga#
g = Gos™s [ = afs00er] aes (2480)

similerly for OBy .y typo cospouwal (4 = 243) the inter
orbitel englsy @ » botusen the G-i hybrids is given by

'_';-;'Qeé% f & 250 - .,7 Lor 6z 2 sss (2.8D)

ad § o= %aﬁl'-: - s3e (Beli0)

Tabin 2,11 shows & compnviepn bebween the inter orbital
angle gpapitted from Q1 {ﬁraﬁ)fgg*&h azpairineatal boad englen
A 8 aumber of noleculas. The vesult clearly ehows that bopd
angle iz an unsotisfoststy gudde bo-orbiisl hybridisstion. In

£aoty 1% is now gonerally agreed that elsctronioc regalsiang-



T

" play an important role in deternining tho boud angless

 pable Sul
g

"0 and celeulated bond angle foi' & mumber of
maletules along with obaewved angles

Moleowle Jgg  Inter orbital angle(R) maptil® .
Hz [pon [xcE [aer [xex

QHz0L 153 1166 108
OMgily - 178 . 1886 9947 | 418 113,8
emoL; 9 . . 1089 1044
OHgF 0 149 1183 _ -
GMF, 455 386 088 1310 1088
awg 0 @3 . 10%3 108:8
CHghy w2 A 1112

CCHBR, - RO - 1042 110,89
CHgo 4 B -7 S 10948
COHHH, . 383 0 0 tidl.2 | 102:5

g . ) &

a) Rofs 1eBy7=3

{41) Bond lopgib: |
AXBhongh bohd Gilstances Detueers twe abous vary with
the a’a@h&matﬁr- of the. combiring. arbita}_gsg i% is by no means
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the only faotors Pawling in hls classig book16 has &iaaussei

the various factors that influence bond lengths, The main

factors are 3 (1) Resonance effects (ii) hyperconjusative

effeotes (1ii) Double bond = po=bond resonances The role of

thepso  factors ere so woll kiowsa and exanplos aXre o nﬁmeroua

that no further comment is regquived. Thus bond length, like

bond angle, is not n very reliasble guide 4o the orbital hybri-
disation. For example, s-characters of the carboan orbitél bonded;
o the hydrogen atom in OB@ and CHgCl are 0.25 and 0.d0 {cal~ |
culated from ean, (241) respectively, the O-H bond distance in
the two compounis ere virtually constant).

The dependence of C-C hond length on the bandrarderlv
in conjugated molsoules where all the carbon atoms avre supposed
to be.spz - hybridised he well knowhe

In view of tﬂi&, the uge of the bond angle or bond
length date as a guide to orbitel hybridisation in molecules
ig opon to gquestion. |
(111) Zonisetion Paotentinls

_ The graduesl deérease in the lomisation potential in
the series NHz (10.18) ) CHzNl, (8.97) ) (CEz) MH (8.78)>
(CHzYglt (7:82) or the series HgO (12.59)) CHzOH (10.85))
(OHS}QO {10:00) and in similer series of molecules has been

cited by Bent to illustrate the decrease in the s-character



of the lone peipr orbital with ilncreasing methyl substltution.

Yhe idsa that $he isaisation poboatial would decreansd
with decoreaping s-charyacher is an avof aimplification of &
aonplex oPocess whers the cnergy change ie Gotormined npt only
by the structure of the iniilal nolecule/radical, but also by
the struoture of the resuliing ion. That suach o3 over pimpli-
Tiention may offton by veory sisleading is 1llustrated by the
fallowing exanless

Ioniza%inﬂ'ef oxysen aton Leading o %ha prOoRas O-?<f
dofinitely involves rernval of at eleotron from p orbital
wherons ionisetion of Hp0 must involve nn orbital widoh is
1icely to hove s-churecter nround 855, yot, vhe lontzation
gotentiel of omygen, O (13,61 ev) is greater thon that of
uater (12.52), Sinliariy, the ionlsation potenticl of nitroe
gen (14,54 ev) ig fav greater than that of iy (10416 ev)
though the latter nust involvé an orbital with gignificent
anowat of secharacter. '

In fact, chenical shifd dats on zobe Loron @c;mg)le:masla
siugrests the coeordinntion ability in methyl asinss Lollows
the sequonce hﬁs} CHgiHs Y WHE}BHH>(GH;5}3§ uhich goes againset
the organic chemipt's concept of an eleotfoa roloaping methyl
GEO0De

3ince 'the ability ;%lfama ﬁ copxfdingbe link by & base

ig very likely to be influenced by the eape of oleetronly



S

aisplaﬁemsnm from the louoe péiﬁ orbitals iﬁ-gh@ul& be & auoch
betler measure of the orbital hybridisation (idoreasing g~
eharastor will bend to degrocae %ha-eaé&din&ﬁiﬂg abllity of
the bonge due te tighter bindiss of the a=gledtirons to the
nnelonn} than the looisation poteatial since the forver does
net requirve & gomplets roumoval of cleptrons and therelore
correegpond more eiﬂeeiy o the aitaatima partaioing in the
neutral molecule; _ _

It ig therefors nore likely ithnd tha'sacharacter ok
nitrogon lone palr orbltal in aethyl anines ;ﬂcreases in the
sequencest itz {CHaMM, ((OHS}R&H <(0113)3$BI ag sugcesced by
AR &ata?’ia; rather than the opposite spquence suggested by
tﬁe ionization potential,

The complaxities of fectora that deteraine the other

moledular wuaatitles 6.5, Lorea constant, boad meacat, acid-

kage etrengih etos oo So well regogulsed that one oan concinde

with sufficiont Juetification that the molecular quuntities
‘umeﬂ hy'Baaﬁg for aaséﬁain@ orhital hyuriﬂia&%ian in nolegulos
are generally unsobiafaetory. n |
Heving %hué 3hswﬁ the weaknseses of the bagle fownda-
tiong of the 8en$;s rale we shell now dioouss sone of the
examplen vhere ozporimentsl data definitely contrsdiot the

nrediotions of WalsheBeoad's rulé.



{a) tg Qincunned carlicrs 136-——3 mu_gling. constants depend
almost explicitly on the s-churvacter of carbon orbldel divec-
ted towards the hydrogen okom. AScoording to Bont's ruley the
geahapacter of 2 carbon orbital olong the C=H bond ( F Ol )]
should docronss with incronging methyl substituentes Thorefore,
the expestod trend in Fmer. in the Following coupounds (the osx-

‘bon atom considered is morkod with sn asterik)
Gy , #Cllge*Clys CHge*CHCH,

~ showld ﬂe:;ai'sase along the sebies Cyrom left bto rights The
) (3'3{59-3{} voluer pres 120-0, 126, 128 Hs reapcotively, The
counling constant dota in propene definitely indicates a
epneentration of s~chavacter in the mothylene H orbital
compared to that in 0¥y and 033.;;}113 + Thic ip olearly contrary
to the prodlction Twom Benv's rule.
(b} Q0 the basie of slectronegativity of halogensy Bent's
rale prodicks o decrence in p-character in tho garhon O
orbital along the series OHgR) OHpCl 7 OHzBr 7 Cllzl. Both the
3'3(}«'—3 coupling conotont and HOH bond anglo in these aoapounis
indleate a slight increase fyron the flworide to the dodide
- (Table 2.12)s '



ey eauplmg ﬂamm{: awl HCH bond
aagle o nethyl haliﬂeaa .

dompound B { 1ﬁc'an}ﬁ | 1I0H bond angle”
2 1459

G501 S -i‘-iﬂ@ﬁq
Olgle e | 112.2°

- GH31 | 8% S : 3-.1_33@40

8) Rofy 2,88 (b} Ref, 18

(6)  ouoch snomelios nro found nob oply i cerbon conpounds
‘éﬁt aleo in some ergagometalile cmmpaanﬁagiﬁbr=axamgla;
J(ﬁsﬂhﬁ}'Vqluea in %Ea’tatfam&tnyl Campounds . nf'grﬁﬁp iv
(table 2418 follows tho order (Qﬂa}4ﬁ>(ﬁ"ﬁé}¢bi {{Cliz) 400
<£¢E§)é55.<€cab)*?b% Thio order is in dipect contradiotions
to Bent's elaeuranegatxvi by ecnaiﬁeratianaa This olearly shows
'ﬁhmﬁ factorea other then eleobPonegntivity should he:ﬂanﬁi&araé
k173 aatimaﬁipm;qf ﬁyhﬂiéiéﬁﬁiaﬂ'af'carba& Qﬁﬂmriﬂeiﬁﬂ orgaags
metallic Gerivatives, If the inerease in J{wiﬁ‘-ﬁ) values 16
at$ribuﬁed o &"arhi al: part¢cipatian, it ia ﬁiff*uulﬁ o
unﬁamatamﬁ the deeroage of J£139~ﬂ} in the ollicon compounds



11’5&.-3 emuplim mnsﬁants 5f totranetiyl
compand uf_ group IV olenentas

Componnd I %,

ieﬁ;‘;;‘éa. 124

(Clig),si C 148-20.

(OH5) 4Ge | 10428

(CHgyb . . 128

(o ¥aP® L 155-56
n) Ref, i

where d-orbiiel participetion is well recoguised. In this

| gombext, it ia perticent %o polny out %hnt this spparently
anomalous trcna of Coupling comb iy data in i:l.l.:,ﬁ series hag
bmrz atbribubed $o mﬂiﬂtiom in Qeil bﬁmi szxerw by Drage
and Hrtwiyofs™, | | |

in mww of Dartt®

induotive soastaat & ) methyl

gop iu less alectronosative than hydvsgens Sent'o nee of

group elestronsgetivitios as @ven Ly, the Taft constants ia

questionable since evidances 2y gogunnlating to show that
o

- mebhyl groups attached $o & ap” ~ conire whowe T-conjuzetion

in nat possible behave ag more el getronssntive than H atom



Iy 2 E

ng supooted f%‘;'—c’;m the eleootronegativiiy of the OHy corban
orbital through which 6-bond is forned, In auy cnoe; use.
of eleotronegativity .cilong with Bent's rule prodicte the
By conpling asans‘-mmts in méﬂm
aniness (Gﬁs}suxuﬂz;aﬂn) Ceigifigs Bat the experinastal duta
- show & reverse trend (‘fabla s.m}. '

following sequence for

1861 compling constdnte of methyl smines

OH NE, - s
(CHig) KK - . 182
(OHz )8 | | 18

) Refs 7,0

(0)  PPytace conpling consteuta in (OHg)81X type aom-
pounde given in table 2410 inctonse ia the é‘agaeme; K = He,
P, 01 ,Br, 1. fhis trend 1o again cpposite to that expected
Lron Sonb!t g i‘ule_z‘. Thotgh,y ﬁ:ia- trend has bosn attributed to
the paﬂaﬁ.hmi‘by of &, = Pq bonding b@fﬁ&@a ﬁi__.liaaﬂ. and the -
halozZen atoms, o similar treéﬁ_ in ¥y coupling gonstante



| 2951041 coupling constante in Glizsik
type conponnds

Compounds o T5ieel (Hz)® |
Wﬂs}é&i : - - 678
(Hggmad 2400
(oHglgstcr o
(oBglgotlr o 753
(OBg)gsal . hE

o) Refs 4.

iu mothyl halides vhere the possibility of Gy p, boading

is ruled oub, au{ﬁ;g@ﬁ‘kﬁ m;kjm‘:'.?_ faﬂtﬁ;*e_z- %o be opovative in theme
mologuleoge Kany sueh é@;ga-aﬂi&aénml ants ave now availsble whiok
- demonotrete the ipadegunciew pf Bent's rulee

It is nob eifi‘ieulh to trace L;he reasons for the
'fam.uraa of the Bent'n rule whan oas - exsmizzaa the baaie AQSump-
ui.oxx., mmlvaﬁ in this mla.

93!;1@ eaaenea of the principle ux;.aarlying ‘the rule moy
b damribaﬂ an fallawa:



il

Sonnder a syoten A=i=Y« Ths boud orbitaloy ‘PM:_
and v}gﬂ corresponding to bonds A%X and 4<Y recpeciively,

nay bs reprogénted by

\PAE_ = Opx ¢A T Oy w ¢g vee {Ruda)

\er Cpy +Pn Or oPy toe (240)

where qb 5 ool 4);;. are the two hyleride of 4 sud ¢3 ¥ and C}bg
ars the orbitale of £ ond ¥ reapeotivelys © ts avo the coeflie
clonta which nmindrdze the enorgy of the 10%s.

1{ the e-chaynoters of ga; orbital Cf) a 18 lacreased
hy an prnount A -(Os and that of ¢J A fi3 degreasad by theé aame
- omowaty thon the change in enorgy is given by first order

'gertﬁrbat fon mos

PIY) = = (G =0 ). af cos (2:5)

Loceodling $o 'eqn.a {2:5) the tronsfor of g=charpober
02 the hybrid orbital ﬂb A o ¢>&_ wolutld stab;«.liw the aynten
of Gt Y {}fa.y . | | |

Since the suare of the coefficleut of 4{&, is o més;.sum
af the -gmimbility thoat the eleostron ronain _-maecaiam& with
that carbﬂ.%al., Gix wordd be groster tm 'cgy if 953,_ s lesa



el eati*onegati&e thon 953; and vice-veres. Therofore, tranefer
of s«ahﬁractar Lrom an orbitel ﬁireactc:& towards nonro e‘lec‘:‘bro—
nagatwe atnn or group tosmEsEs an urbi_ml dirooted towerds
less elsctronepative atom or group lo exgected to stabilise
the pystems This {maliﬁativé ploture of ,b_anﬂ.a"}.cfsd Bent to
anunclate the ruies | | ’ |

'stomic e-chavacter tends to concentyate towerds 1&5@
aleatran&gaﬁiw at@mq/grmlpa’ ‘ _

It is oow obvious that validity of Bont's rule reste
on tho sasunptions that (1) the syeten can be adeguntely des—
eribed by localissd orblitale corresponding to bonds end lone
palrse (11) Chsnge of g~charmoters of &Ibybrisﬂ. grbital aflects
ouly he Cowlonb SHOTEY o

uirma the Hent'a rulc concerap only with 6 ~prbitnla,
the firat of the two gesunptions fa a ressoncble ones However,

- the meesnd one ie for from tme;

The vensons aves | N

(1) The change ia the s-shoracter of auy of the two hybrid
orbitale ¢, ond ¢y involved in the bonf A=B would change the
werlap betueen the zmj'arbmmlm “:&ma the resonapce intaegral
<¢& | E[‘PB) i expressed to be prowrtienal %0 the overlap, a
chmm in bond ener@r wonrld cemtain}:; abouy in wdﬂiﬁiﬂn o the
change in the Uoulomb eneveys L



u43-

Thet the change in hond energy is often larger than
tho.t of Coulomb encrgy wmoy be shovn as follgwss

Although 4% ie Qif€fioult %o csloulato the rossnance
and Conlonmb epergies accurately, one may obtola reasonable

approgimations to thene thanges thyough senlenpirical mebhods,

D

Befe EHDBD mat_had' 38 where parasetriszation hos been sptandard-
iged by conmperdson with experimontal proportiod. '

For a band orbitel l[) AD glven by oqn, {Re8) formed
£pom the orvltaly ¢, end Py of 4 aud B respectively, the
total cnovgy ol the bond i given by eqnms [R.%).

Vis= 0 Ps+ Cge Py ose (268)
e AB & 2{}5 ' :fw‘r‘-%gﬁ‘gg‘ﬁﬁﬁ +2@§  : 1%35 see (2e7)
whore |
Hap "’“(ﬁt’{% /8 4’"&) » Hpp = @’B /¥ 4’B>

. and Hip z <¢;L V4’4 ¢33>

H is the cleotrouic hamiltonian for the wetém.
1f we write the hybrid orbitel 43,5‘ a8

Fa = £ 8 +(—R)%R e (208)

whove [y is the s-character of the Lybrid orbital and ey,
D, denode the s and p orbitals of 4.



oo fithen

Tharafory

=@, /B/P) |
= P_g.- <5A/W%>+ {1~ Fayi ) <p§ /a /E;a__;?

s Bt [o - (Hgg = Hyp) won (249}

Therelore the change in the coulonb integral due to
g change in /DB_:L& glven by

Hyp a (Hgg ~ H{,{;}m A{% k wee (Ra10)

In terme of QDO epproximations, the resooonce injegral
Hp do .gg_v@a by

.
Hop = (B&}‘B_ » B , | sni (2441)
Q
where ﬁAB iy the bornd resomance paramcier and S, 1w the
value of the overlap integeal (P A/ ¢p)e Therafore, ve havey
. a . ' ‘

ﬁf&'h@?éi‘am, tho total change in tho oaergy of tho bond arbita)
53\.'1‘3- aae&ae&ateﬁ? with o change in the e-oharacter of one of
the orbitaley says ¢, io given by

AE = 20F. A Hyyt40,40ne A Fyp ees (2413)



A5
Unleos the bond ie highly ocolar, bobh the osrbital population

(20%) and the bond owder (26,0} is close to ualty, so thab

for our purpoos we oy write eibns (£.13) as

af zaljy+ 24Ky

0
= ‘ﬁgjg - -9@3‘.43&3*' <. ﬁi&B" A E;%B

0 _ Ew 14‘3 114)‘
z ={Iy~ Ipha for 2 Bupe & 84p

Yhe difference in Coulsub energy hap b@ﬁn.replaéeﬁ by
the swp grmﬁatiﬁﬂ'aﬂ@rgy of 44 which noy be regarded as the
diffevense in the ionisation potentisle of o ond p eleatrona.

"‘ﬁi‘h;@ chenze in the onersy asgacisted with redlsiribiition

of pechavacter o somo typleal systens ealounlated Lron ogiw

_ 19=20
{2414 ¢ uzing CHDO pavamnsters are shown in tables (2.18a-
Cle
_ iohle Se163
Change 40 onorsys af 4 of gy ~H bond ag & fanetion
a8 tho ehange in tho g—-oharpoter (4f§} of carbon orbidal.
&/35 -2 & Hyp ~ A ey -~ 4Nsp
000 0«00 @00 000
O gﬁi Ga@&}ﬁ Q 103’3 Q * 3-76

Contde s



b G~

fable Z.16n {Contdes)

A /05;3- =% A Hyy —ol, s

oW ' o G.Iﬁi'?ﬁ:: 0178 04349 |
0403 C . 0.234 04863 04517
0,06 04832 . 0381 0,698
LT 04408 04439 04 845
008 0,477 0,626 14008
007 - 0:648 04614 1.150
0408 0610 0s708 14512

G090 . De678 : 0eTE  1s461
0 - DMBE 0BT 1,609

 0sld 0786 0985 - 14753
hg,gpg_ SR Q;M - le0B2 1.394
0413 O oeams 16140 £4085
0414 . 0,942 1.228  gal?
0s38 . 0,988 1,318  2.304
0.8 1032 14808 24435
0u17 o o 1,491 . 24565
0418 o 38 1679 2,691
0v39 140 14686 24815
0s20 1,483 1,784 2,99
0.20 - 3 1:218 14842 $058

| | | - Contds s
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Tab) B 3. 16!3. ( Col‘ﬂiﬁg o } .

a Pe =% 4 Hyp -aly ol

0,22 1:246 14529 3,178
0428 | 1,273 2,07 54200
0ed | 1450 24105 54406
Os 25 1.382 2,193 B4515
0428 | 1,343 2280 5,683
or 1,862 2368 .78

0,28 | 1.373 £.486 5,034
0450 | 1,595 2,543 3,996
0430 o 14405 2,631 4:036

¥ ev.
Table 2.18b
Change in onewiyy ab 5 of 5ﬁ93 - Qﬁ@& bond am
o fusctien of the chonge iu the s-character {of )

afy  -aaly el -ofyg

0400 - L Qe0U G400 C0e0

I A L 0088 02688 - 0u176

De08 - 06372 04178 - OuBa

| | ‘ Gonbily o
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Table 2,186 (Contdss)

 (___:_:*
~a A B

e

maBy  -afy

003

D404
0@053
0.06

0407
T 0.08

0409
0410

C0a1%
013

Geldk
015

0el6

017

;0 '18 T

0413
_lﬂigﬂ
0e21

Ga258

Oy aR7
04308

0865

058
"04588"
04644

 0.697

04746
0a79%

. 0835

TG§ﬂ?ﬁ~_
0:910

. 0u044
D4
I;igﬁﬁ}
ﬂikﬁgﬁ

14047
14068

04263
0+351
0»439
0:85R6
04614
05708
4789
0l
e 268
14082
| ial&ﬁ
l@%ﬂ&-
1+516
16403
14491

1.579 ™ .

1.866
11?54
1+842

TaS1D -

0+678
04857
0,991

1,143
;i;aﬁo
14435

1574
1.711
1%84¢
14975
24102

. B.2P8

2:347

. 22468
2458

Le B2

. 2,801
.2&90?

Gontd, .
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Table 2:16h (Contde.)

N2 aaty - A -algd
Qe 1083 18289 10
D23 1093 24017 F+110
Oeid 12303 24108 D4 208
G825 14310 Bel93 3,308
0,26 1114 24260 34394
 De2T - Le«118 22368 T Seai4
T G828 © 14134 2+4586 3457
0,20 ‘14430 2,543 3,653
0,30 15108 2631 B5.734
sk'av
‘3.‘_&1??:@" ﬂ.iﬁo
Chonge in enexcys €, of 8,3 - H bond ap a
function of'the-; change in the s~charngter (o P{.}}
of carbon orbital. '

AP& . —~ & A HA‘}} — Aﬁﬁi ”AeﬁB
G400 0,00 8600 0400
0401 ®e104 0+124 0,228
: 0,082 04204 0.248 0a462

GQH;'{?QQ -



{Cantdye }

—
- AfsB

G378

- 0s496
0s62

. 08743
04887

Ge DY

14315
1,259
1,568
144837
&tﬁli
15755
1858
1282
24107

- 2280

2384
22608

| D672
0883
1300

. 18508
16548
_1e718
14910
2,124
24308
24499
246057
2:873
3,056
S4836
34414

- 3589
BJT6R
34932
| 4,101

. Gontldes



-t Gb {Contdas)

afs . T A By — ARy -4

0a8 1,540 226 44866
0e23 1,580 24850 4b%
0ol | CLaBL7 . 24974 4591
OsRB 1658 . Y008 4,95
bu26 | 14656 54281 44908
vez? 1:715 34345 506
re28 - 1743 3:409  5.2AR
0429 1763 3508 5.862

i PYy S ' 3.}?"353‘ . WMt 8,809

._ *_1@_\}.‘__ "
I¥ ip ¢lear from the dats glven in tables {2.ifs-o), hax

“he variation in tho regonsnce energy o .é.a:zxsmamtala and

in no cssey’ 4t can be nogloctods In view of thio it is surpri-

olog how Ba'm:‘.aﬁ rule 'pﬁaaﬁata the sorrect trend in rebydri-

dieation of atomio orbitale so oftons One resgon for the

' uppavest success of Sont's rule that ezorged fros the present

atudy (b0 be dlpousecd rinpe If.’u;;!.lzr in the latey chapters) 16
Fhat the shinge in the resonanos ini:.@ma't-ionm of tmo hondg



A-X and A<Y in e wste_smfxﬁﬁ-»f ‘1;: often proporitional to the
eleotronegativity &iffgrénce-o£'x and ¥ as is sloo the ahangg |
in the Conlomb inteaﬁai;s 1% io precisely thoso caees where
&hﬁﬂg& in ts:étﬁl regonanes interaction of the systen dovs not'
follow the eledtronegativity aiifﬁ:emaae of the subotituents
% xmﬁ Y thad Beat's Tule f.‘a:‘.lm _

(1) &ao%haw-faatav'that nay be of Goasiderable impartunaa
in atoms with lone gair-elaqtrana“ia the change in the inter
aleotronie repulelions due ‘t-gi change in hybeid érb‘imlés Sinoe
m&m}.m of such changes arve paaaible only of the lovel of
Eﬁl@ oy NULD appraximationgal 53 whioh gre beyond thm BEOpe

cf areae&ﬁ war&, thile painz will nod ba.ﬁuythgn gonsidered,

| In ovfer to have & more guastifative spprosch to
%&ﬂ@aiaaﬁ hySriﬂigaﬁiam_whigh ineludes the-chéagaa-ia Ooulomb
' aa'wall A5 PONOAGHSE GHOYLY, ﬁﬁd&a‘ eint foryard o sinple |
traaﬁmanﬁ. Hlg trentmont io ag Lollows:
Leh ue camaiﬁﬁr g woleoule YeA=L, Lt tho bonﬁing

- 405 of 4 Gdrected towerds X ani ¥ be repromonted by ¢,

- anf Py Gﬁﬁ&cﬁ are hybeids of s and g orbitale) regpeotively.

- he 16‘&&1&;&?& bond orbitols for the AL and ¥ tonde may be

- weitten an

IP ﬁﬁi =* (’AR'. CP%’. ‘*'GE!CP;; o e {2218)



=38

' VJH GAY" q)ﬂ+ GI ¢Y | . e (2‘16}

anf the total enerw, £y, of the molecule is given by
B 214( O&K' Hélﬁ"_ GX H.LK +20AX.‘0X‘ ﬁAX ¥
(CiyeHL, + Op By t20,y.Cye By .7 ves (2027)

where

e, = Bl H.\@Q? - . crs (2418)

Pax = (%x\ Hlﬁ”x} | - s e {2429)

With similar exnressions for H‘:;‘ and ﬁ AT S

The hybrid orbitels P,, and P,y may be written
in terms of the s and p orbitals of A (s, and p,) as in
egns (2:20)., The conlomb integrale ig then given by (2.21)

-vhere B, is the s~p promotion energy of the atom A.
L pE L p o o
'#DME = PA}{ + 8yt (1 Fgds oy ase (Ba20)

iy = Poyelgra- Fude 5
s Ep"" PSIE s (Bg - EP) '
= --p'i'? 'Pax ' Toene (2.21)

The resonance in.'tegfalﬂ- mgy be oimilarly apprnxiﬂiated
by ean. (2,822)[ Balbaussem - Gyay Seheme] ¢
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s
/3&:{ = K'[H.}éﬂ " HH.KJ » SM _ e (2.22}

tihere X ip a proportionately constant aand bm{ ig the
Ioverlap inkegral between fﬁ ax and ¢X « Similar exprepsions
for A-Y bond may be written.

A rehybridisation at 4 in which the s-characters of
5;) Ax ond tf)ﬂ are chonged by AP, and afly respectively,

will change the total encrgy approximately 'by' the swounts

' p [/ X . a . 2
AN [_Ecmc %Lé::‘ + %CA:&' Cx. 3%‘;: )}- A @x_

T Bnla co BhBay
C L] ‘+ 2'(: ' + - ’ A P 5 .
+ (. A 3 AY k4 ;Sf%y ) SY] LR (2023)

From egn, (2.81) oue gets
(8}1—21 /& Pax) = {SH;;& /8 Pgyl - Py asd (Ze24)

Heglecting tho change in overlap dus to relybridisa-

Yion one obitains

_——_'; P.&' ﬁf-\x | ire (2.25)
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and 3{#7 ~ ﬁA‘f ens (£a28)
PRy 2 7 HA R

Purthor, sormellsebion coundltion reguires

S af =0 ,0r  Afy + Afjy =0 voe (2.27)
N

Yrom egiza (2.81) - (2,27} .we oblain

Y 3 Cax Cx. (QAP% Cay Cy- ﬁ/w 4
A = 'Lﬁg[ﬁ(,%x | A‘f)*‘( T-— H’AA )] 1'D _ | (2.28)

5
For wave functions éorrectly represeating the equili-
brivm configuratlon of the molecule 8‘15;/6?3 would be zZers,
However, if the calouwlatlon a-lbse garricd with sone asgumed
mgu}.ar.hybi'idisa%ion at A (e.g. 9Dy apg.-, sps- ete) as is the
'ﬁeua.l practice in simgl@’fiﬁ eatoulations the bond orbitals
will not represent the irue equilibi*itm and the right hand
side of can. (2.23) wiil not he Zero. The magnitude of this
grantity ig, t-}z;ez‘elszz.e..,_ e:«;;;eatc—;ci to b2 proncriionnl to the
dsv:‘a.atioﬁ of the assumed hybridlsation from the optimum
hybridleaetion reguired for cusrgy minimisation. Therefore a
rebybridisation, which ig egulvalent 4o transfering gw

character from an orbital must ocoux H1li 31»‘/3 Pﬁ hegomesa 'ze:m.
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On the basis of this arsument, transfer of e-character from
A~Y bond to A-X bond is expected to be proportional to AR,
that is,

Af, X ab Cae o P
" ok 2. P [CC&-‘: -""Cﬁ'::) <t (_c“*' Cg.-BAJ\‘T- C..A-*'-' %2529) ‘1

Since, Hia = Hz; = HAA $ for regular hybridisation.
It is essy to show that the same conditions apply to com—
pounds of the general type XnAYp’also.

Use of Del Re approximation324 chhapter (Vv )_7 for
the localised bond orbitals then gives,

205y - 800y = (1-Quy) ~ (1-Quy) (2.50)
= (Qax = Quv)

where Q. end @y are the bond polarities of 4~X and A=Y

bonds respectively. Further

BGAX. GK pry (1-@%)—%‘:‘5 1 (RN ( 2. 313)
20y. Oy = (1-0%)Px 1 | (
AT GY = AY = LN e :.?Jlb)

. 2 2
Since - :
QAX and Qﬁrlare always very small,

24

In terms of Del Re parameters™ and bond charges, the

change In s—-character is then given by



-

APgy = Ky Ry = Q) ¥Ko ( Epx ~Epy) e (2:32)

where'the proporéionality canetant K; and Xgp inéluﬂe promnotion
onergy (B valedoe state ionisation energles (H,,) etc; €'s
are the Del Re resonaice paraﬂetersl‘24 |
I ﬁhe resonance integrals for A-X and A-Y bonde are
nearly equai;which heppons when A-X and A=Y bond energies
are roughly egusaly thﬁ-secon& torm of egn. {(2:32) may be
neglected, Furthsf‘{Qﬁiagﬁx} wlll be roughly proportionsl to
electronegativity difference. When this cohﬁition is fule-
filleﬁ, the decrease dn the g-character of the 4~Y orbital,

consequently the incresse in the s-character along A-X bond

in & geries X0,y will be praportional‘to the electronegativity

" of the subatituent Y. Thus Bent's rule is only aﬂspecial case
of more géneral Tiule e@bodied in eqn{ (2+32) which may be
atated as follows. |

In a moleenle of the type Xni¥n' 5 the inercass in the
s=-character élong:the-awx bond and consequent increase in p-
chargoter along A~Y bond iam proportional to (a) the difference
in the polarities of the two bonde and (b) the difference in
the resonscnce integrels of the two bonds.(goughly bond aneye
gles}s In other words, g-character will be transferreﬂlfrbm'

a more polér bond to & less polar bond if the bond snergies



are pearly equal and frod 8 less :s#rang bond to 4 nors strong
Eana, 12 the bond polarities are nearly equaly
The superiority of thie genersl rule over Waleh~Bont's
rule and quantitative sorrelutions of ghrupling constants in
" A lergs npuwmber of gyotens -aéiﬂg Tel Ré-— caleoulations have heen
roviewsd in detail by tajee’ and needs no further elaborations
Although this trostuent repressnts an inportant advanve
in the right direetion, 4t is far from satisfactory due to
following reasons’ .
(1)  The formulation of the sgue (2:02) 1s baved on
gialitative avgamente |
(31)  The parsmetors Ky ond K, sppearing in eqhl (2+38)
are Yo bo deberoiaed emplriocelly. S
(111) Eqrz..-... (é;:ﬁ‘a)' enit ot be used in omeos whers more than
two flfferent mubstituents are conncesed to the sane abom.
(v} 1Ina mw atonie nolocule eny change in hybridim*
tion at & gives abom would result in roedjustamt of hybridi-
sations in 61l the atomes This offect hos not bhoen consldered
in this models : ’ | | |
in viow nf fhe advantege of uwging valence-bond ¢oncept
in the aemcrig}tian of moleawdes which retaine the chenlat's
concept of & bonds 1t 4o worthwhile o develop & more quan
© titative snd patisfogtoxy approach for the deseripbion of
orbital by-bxidisa"bion in moleculess | o



. 5t N

e ghall therolore atlempt 5 davoelon o sore quenti-
satlve theorctical approach o orbital hyiridicetion ln the

subgequont chuptors of the prosent works
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