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leA• atrodyg1;10AI 

Or~t1n oonnoWlda nre sabstanoea 1n whioh e.t loaet ou 

tin-oarbon bond is nreaont. ~he first ohertl.at to re l10rt an ortpao­

tin oom'lound seerae to bave been • .L"'rankl.Luld (1,~). ~\it hie work 

B'l1lear& to bnvc rennilled Wl :noun to most of to o n ten orruoiee ae 

weLl ao to lator n t ora. ~ho ;or oi" .:.,o~i!S (v) in 1t.J52 baa 

uautl1l..v boon aJ.uaiderod to repreoe.1t the bc~.t.. .. 1U:...~ oJ. o t;9L401;1ll 

o!tonistr • ~'> "t !rvn tho OJ noundo desori'ooll b,3 !.~1 3 11 1Dflll8 a1~ 

n1ficaut o~u...r1 bl.lt \Jll9 O"" (!](\ e 1u t 1o fiold dur A 1e next taw 

doo co. etwt 1~ l er1. vas of' ;.ruu~ IV • etal.e, he 

so olo 18 ..... ta .e .. e 00~ 

il t.rioan of t o iJr W,LQ ota. lio ueri'VQtiveo of a t1C:)ll 11 t .u o.nd lon.d 

·vrned n~t o fm bnaie ot au oloo f 'a · oue 

- o Jn ur 1n...tun,. J.ho ru.ooovor o! nt1ua ;,rial 

a 1· ttono of CJ :;o.uottn O.J lOUAdD o. •• \O eta.btliaoro o:r nolyviJVl 

ohlortdo 11...'\ot t oa 11 ao rubber ~ tiox1.dru~.te, .... ;J..ur c ()[ tal.) eta 

1n the 'lOl.* lJrioati.> .. of olof·us, a~tcLll. urnl .£w ;iai eo, ru~ active 

1 rol1iouto 1.11 oortain "84 or~ modj.oJ.aus (4J u1d 01.&. nor968ed 

~neral · nt&reot have nroduoed a stri .in..; reno.iesanoe of or~.&O'tiA 

ohenis tr otnrt · n 1 bout 1 J49 Wld oou t1Au:Lnc tQ the vreaent c1aJ • 

l.D. 

Jo ·ore aom · to doo rtbo the orcnu.otin 0..1 llOUllWJ in d.otail, 

it w;Ji.&ld bo W1 .f\.d to tl1.ooaao brio~ tho nnturo of b J.U('11nc 1n these 

000 ')()Uilda • 
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~ill 1.0 a nonbor of crouo IVA or pal"iodic tablo. -4bo fifty 
'> ·.. G 2 

olootro.no or t 1o tin o:ton arc arr .u~ d aa •'ollowo :1 1o~ 40 s..p 3e 

3!'l 6 3d10 4B 2 4p 6 4d10 Ba 
2 

up 
2

, the {;I'oun<l o~ ~to of \i io 1 1e n B~ 
2 2 otate dorivod fro~ o p oJu igtlration (fi}. he ou on tetra-ouw.lent 

otato iD (lerivod fr tho op l br161oat OA b ro ot tLl vno of the 

11nired o alo.o tro.&.o to tho noxt 1 r level. .a. 

"o , :oauro l\lo o 

n n1bcr 

tnbl.o n.: \1 

f ;t'"1U 

o r 

4 ..> a. 0 WWdlS OV r 

ua aJnt 

ott vi 

4 t 0 

t QJl.. 

1 •.• 

0 .-

t 

vnr1 u.t oro LA r oont oars ( 1-~j) J • 

U.~Lllont 

to~coVBlont 

t t 

014 } 0 

t 

iutt 

0 

ho di tiu co nounda ~ be '1rop !.I' ott by n numb or of rou.too 

(33), tl o alkyl derivutivoe arc ;onarally liQuid horons nr 1 com-

poun.do tend to bo aoli.d at roon to. rperaturo. ;oud n bar of com-

nOWl<lG \71.th oh0. n loncrth vnr. 1nG fran 2-6 h:: vo boon dooor1tlcd (tJ3). 
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l actiono of o.!on0l.2 tli th ooli1 U1 liq\o\16 ar1 on1n roducoe linear 

;>loculoo G1o2"n Jn uith chain lcn,3th = 1..!--..0 nn.d ey bo noro, no 

:roll a nt loo.ot one c .. olio oo~ nouna, [::.:e2un ]6 • ~.her io no ovi­

donco :fbr br:u1ohin "~' in ot ~i.:ln in th oe conpo~ a ( 1B). illia.rwona 

~ or or ( 0, 7) have re o tod t o 

c u c oun , ( h3Jn) J! 
on,.y c::>lotn' d ro.>duote 

b the a ot n or 113 
t"to<l iu the ynth 1o o 

000 )Q't.Ul 0 10 urttn l bvo.nc d t 

1 c 0 .t 0 ol t .~-

l co ). 

a braached 

1 ' t Jl4. 
di 1 ltin 

( IJ ) • ..... 
t r-

0 

ion 

' 

iho JOn ~al f~aturo hat the electro ooitivity oharaotor 

ot~o noa . t 1 t.J 11c nunber in a crual'), io l.Oo otri!~Cl.Y ro-

l.OtmCOd :011 • t otnl.a of J IV. • ome r" orti of tho 



elemonte are ~ ven 1n table -I ( 8). 

?.»lalt -I 

.. te 1ont :.lootrunic Ion.iea,ion ~'leotro- UovaleAt 
otrt.~otw:-e potentials ue":a.t1v1. ties ~e; Radlua( b} 1n 

ill a.v. o .. \ 
'irot ueoond 

0 ~ ~ 2 f.! {e ... s ... >- 11 •. .) 24.4 ~.~.50 0.77 
I) 

J1 [eJ3e~Jp~ tJ.1 16.3 1.7, 1.17 
10 2 c 

:() [ .r]3t'l 4e n 7.'3 1u. J ~.O£! 1.22 

~io,~{L 
~ 8 10 
~.r ~ u8 G '•t.l 1 • J 1.7 1.40 

[ ro] ,1r-4u61o 
Gs2(h .. 

'?.4 16.0 1.uu 1.54 

t- .cc~ ng to l\.rtJd an oo ·u·r; b- tetr htltlr .o. 
3 ea rn.d1!. 

a ov ' eaottd ... rv table-~, no booau. e t oro 1o a u ~.n or ble 

d1£.f:eranoe 1n eleotronot~t1vit1ee bet ,eau oarbun u other el.e oate 

of 3r0up IVA, tho etal-oorb\1n b..ruds ohu~(\ be exoaotod to be qtd.te 

nolar. In taot, )aultnc (~) has oalouU.atoc1 1on1o oharaotor of u-u1 

a.ud u-.;n b.lndo to be 12 o.nd 15, resnootivel.y. ooo ol' .11 ·ed and 
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loohow'o oleotrone{9lt1v1ty valu.oe nou.ld make those va1uee 14. ~,,) 

md 14.6 al.Cloat 1lloa.t1ool. J1noe the eleotrono69t1Vit .. of oar~.u 

vnrioo nit 1 tho n.rtture Nld numbor of attached tona and {;rOtL!)St the 

ionic olL.'l.l'aotor of ttlro u-bon bond will aJ.eo vor:; • 

.~oho 1)h:,ro-t cal. 88 \Jell us ohe.lioal proportioe of the oooxpoWl4a 

de,end on the bJlld olo.ri t • lu ;onoral, bond ~tuoro tl \t oarry 

rut ') lr ct bl.c d1lt'ur noo f e1ectr1oa.l. o•mrge rot tivc to eaoll 

other wUl o&rVo aa nu elootrio dipole tl.t;'lt o.t.tra.cte rwa ur1unta 

rut1 ~bour u re 

hO"'O ... Ol'e • ~0 

-.J 

,J\) Ll or .. 

ce t 1 i.e oo tive ·t 

d- cf+ 
,_ l 

. !;Qt 

c d, 

J.~(i 

d- J+ 
\} - l.Jll 

dot d­
u- u 

' i l c .. oo 

1roct oJ..t.. 

t_.. oot tt.> oarbuu, 

-~ .. J. ole ad 

.rho a mroaot of dipoloe w .11 oJntinUe, h'itl-. oorroapon.diuG lose of' 

po1ent1al an.er{t\', WltU the ropulslon o.f tho eleO'WI)U tthella 1• 

oolanoe4 by the attract on. In theeo o1rouelotnnoeo 1 tho tormet 

noti ve 1ntornod1 to oay oi thor break noo.rt into the ori(;iu.t\1 oom­

ponGl'lta or ronllien ita bonds to fora now oubetanooo. If tll8 ohallBe 



111 troo enerml' .tav()ura ~ e la:ttor noaai b1U t .. , the proclwate wUl 

bel 

\J iJA 

I I 
AI 

lut ~uo tv lOW ®1 trtt u:r k.i b a • ntt 'L. 1 e e~l ls a&lll 

&l'Vl ,.,QX'ivn.tiv a o ~ t1n r. uot nRunU· 1\:ldr"l h4 If, at•• au-

ttaott~J t G at bou o · t :..a. ~. rnt ~ ur""'-' 

t n Q.J!ll\)l.W.~O 0 t 1C J.OiU&a't CIU U • JJ\.1 0 U -. the 

•h1• ::al I ~ 

-
.:am QAtataJ ti"Uir u; 'rMH'!• at 

H \# p \Jl ..... 1 

0 9J ~; 116 79 G6 G7 02 

Jl '10 GJ 129 00 60 01 tJJ 

Allltd ••• 
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ont .) 

-------------~--------------------~----------------·--~~---------
10 ant (n) ..Aqf.,m.,.::; •• .w......:~ .............. ......,.~._a,;;;-..z._,.,o\:~· 

0 

-

o· 

1 •.• 

Vl 

ut 

( ). 

'11 uV 

a 'J 

0 

1. t1 ll. b ll rr o b:l. toJ.o -J-.. 

r -

tu o or to 

:Jthor el enta o w :nown If. h s ·11ruu, ~Wl, Jl or 1 4 

haron.o ~ bJu 

noo t t 

~ 1t t ·w1oum t <.b 

o ll Ol'"b o t o l.o uto, utl or t 

• 
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usod in dlf- p,-r bondinlJ (6). ~hWJ, tho o.Jn.ai<iers.tion o~ noid 

atron~h of tho four aoide ot tho type p-R~,u6H4oouH rev ale thnt 

tbe oar bon oompuWld ;hi Oh 'llOllld be ex >eoted tu he.Ye the o;reateet 

o.o1d s't~enr:tll booo.uoo of 1 t8 'loat oloctrone :t1ve ol ar ote.r, ahowo 

tho loweet 101d atreu~h. bio iutlio tee that d11- Drr b 'tiillC ie 

onera.1i1ve i l o o~ r>o utae (1 ). o""• a 

tl t t e t nnano 

o ,n, ainoe 1U ((jo I •. )~ Ld (UeU J u, tha o-.,-vo o.a.d Ue-J-Ue 

u:- t ont (11) h .. as 1u ( ) ~ o 1-u- 1 

l,: 1 {1 ). 1- ' 

e- bvn 

oov ant r 

, or no l 

o· ican o o r 

( 8 ) 

a it 

iB C;1 

basic t 

l d 08 00 

bn (1 ). 

r ve brul tr 

and (un G ) ~.to to h.Y 
() 

virtoo ly non-bfla'io, bu.t 

0 ' her 

0 llD {6). !(() ov ' 
1 ti 1 oarwot be co. letel1 

0 

the 

"kJ 

ot 

. t 8 

beo 

• 
lli .... be 

owl4 

Wld ia 10re 

ot d 1T­

t th el~ 

1 nta of hi bor nt ic .numbora o.~., v-"1, r, I eto. 1 fB-ot, 41T.., pTf 

b\) uu.na ia partly rea~no 'blo tor hit;her vnluoo of n-01. otretoh-

1118 ;troqllenoy in oerta .n tin oor.lpouncla (14J rma .,n-v £requ.en.oy in 

(~3i.)n)2o (16). lt \JU.Cl , lntc.u.• on, L).'ora I. and :Gl on otud1oa of 

oon JOWldB RaJ~lw 3 ( a \J, ~~ it w&e oonol\1t1ed that there ss DO 
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rr-oontr1but on to t w Jn-u on. n-O) l>~n o ij1), s 1 ide o 

r fVlrd -0 an1 un--.) bon in thor o oun .oro rceo.ob d by 

ot r t)r :or Op - 4Q. 

W) 0 t 0 :vn. 1 b 11 0 0 t l 1to 

- -
t ' 

, • 
f 

• 

~~ r .. u1 11 t ' 
thr~>lino (,..C, ... 4) oto. , io .tr ft or o eti 

oovon n ci ~t o ted conpo u~.s. 

A p nt en:> a tod ter od!eto f t 

bo f r d h n n ucl o hilic aubotit tion at t~n t oo nl co o 

£ollo o ( G) 

t 
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hborn (27) ll•1s puintod vu th .t 1u oaoe of o1~ oon at(jm ou.oh 

t:•pe ot intormodinte oomolex fornatio.o. may deoreaee 8\lbetantia.Ll¥ 

the froo enar~t~ o.: t'1o tranottlon state • .>inoe oom'llex .t~ma~ion 

is r.1uoh "lOre ulr :cd ,.1 th till tht.c .. LJit ail1olln t~e i'aoilitation o~ 

ne\loloonh 11o Gllb t tutto11 ree.ot one by t 110 m.oono io oorreaooud­

l.n(~ '10rG i"VlOrt!\l!t. Thio fnoilita:t un ~ be nro11ouu.ood eve.u if 

t~1e nter 1od1 te "o ver wo t ,J b6 <leteotod ... c·1) • 

• euo1oonh111o neeiatBJloe t.n.:r uauoee the cleava te of tin 

on bi>.\l b n1A b el o /l"o.,h:tlio attao a't oorban ntvm ( .... .-JO;. bus 

vc lt, o ~oo \O U&l n .OJh.>l or aoo t1o aold, ovau t ~. .. h, 1 t, oau.~J.Ot flJr l 

at 1bl nl'i uot , t 1 tho t ~ o .. Yl HHUld on.a cU'J.'oo"'t tf.o r.- vO ur :.1\l eu 

0 v b "ll o,.. • L0\10 .J b H.o aoniotanoo. 

w\1 l vunt ---"•• uu.t • -

.,... .•• •••. ·A. .J\. J-] 

"'ho polari t:~ of Wl-0 bJnd to~thor wit tllo tondeno.; o~ 

tin tlton t-> tom adduote with ,ow1e baeoe ( dunors) na:; bo au.oceae­

fullY t111aed to ex ,J.aLn n number of roa.ottono, o.t)., the oJ.•vaue 
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of .un-o bond.a by o.mo ollolatu , t1{,rcnta studied b ~oloun nnd 

lar'tin (25) an!\ the reactions of 3'-m.oJCJR 1
, (l~~n)2J Md O!lme 

,... 
orBD--&.Ot11l ox nntea with r.terow: y oalta oto. 

'-
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n I 1! a ,1 lt - n I. 

1 . • i'ro.nldo.nd L1eb1ee Ann. Cbem., 171; eo>. 
71, 212 (1849) 

.. 
Je ~land -... J.uho .~o., .... ~.:.61 (1 0) 

• • A) J1n ."1 1 , 
' 4 • SOB (1 ,..) 

4. • • .... • ~aonb r v., oo, 5 ~o-626 (1 GU) 

5. .:: . • ..Jor 

• • • 0 • il tr ., "" 
cience 

7. • • r In.or .u I., t 'l 6 

• • • :dl or tnl "' 1 ) 

• • .. d lie 
Ul ono. 

10. J. tt • • i:Uio: u• • o., ·~VlO, (19 ) 

11. • t1 1.o 11 • a., , 1 ?J 1 ) 

1.~. Inore;. h ., 3, 17u~ 4) 

1.:.>. J • .&.~ . riffit!m 
' . D. ~\f'ee 

nnd 1Jroo .Ob.an.i.iOC., 456 (11JG1) 

14. .U.Uelaon • ~.Ilo.rtin J.Ioora. uo~.Chen., t.i7t 89 (1965) 

15. .c. o~lor J. Inore ... ;uo1 . 0ha:n. , 124, 3:)3 {1962) 

16. .A • 1Bt\71yoff nnd Inora.Uhon •• o, ~ ... 7 (10G4) 
.~. ~ 



17. .nw.ne 
10. H.C. ulark nnd . J. U'Br1en 

19. JI. O. ulnrlt, ... J . J'Ilrien 
and J . ro~ler 

eo. • u • .1 0 b1M d ~ . .. . 
?re14line 

Cl. n.m :e, 
J . : . te 

2 • 

3 . • • otl.n!: d 
• • :!lrtin 

...!4. l. • lle tJ 
ei.J'e :vioo 

~. • • • • 1n 

a. echor 

7. • or. 

20. . Doua, .• \lial 1 

J. 1 loki 

~J. 1olo~ 

30. , .. Giolon £Uld .. o101ok:1. 

31. •• • .SO~" d .• a.tt 

;:>4 . t.c •• ullor 

au • • '. o n!lll 

J . Ohor.h tioo. , 1524 (1ga~) 

InorB. Cbem., 2 , 740; 1020 (1963) 

J .. Ohom. toJOO., 2..,32 ( 1 64} 

rg. uhe ., 4, 216 (1365) 

J. h • oo., 75G (1. G1) 

J.vr • natal no ., 1 1 (1~64) 

J. !nor g. uol. h 
(1 05) 

., ~v, 107 

• ., u 1 ( ul, 

•• 4, 1 (1 wJ 

t .ho ... ov.' 1, <Wu 

(1900) 

~.vr 1 ., 1, 17~ (1aGv) 

J.vratnQo t :t IJhe&;.<.., 7, "'7tJ (1 6'1} 

OraanometBl boo. mv., Ad, 1.~7 
(1969) 

or6fWOmetall1.o COt'lDOUl'UlS of tbe 
croup IV olomonts, :;nroe:t el ker, 

ew York (1968) 

Oranmt 1n O.:>l!l)OWJ.do, crcol o::Jtnr, 
ew York, (1372) 

:.~.:bo v Diotr oi: or otill co ;x,wldo, 
fPO t'raea ll ?O) 

~ho vrganic Uhcnt.atry of tin, 
( ~:lah) 1 JolUl , 1llV'J and uona, 
ondon, lle.1 York (1~0) 



36. ~.c. 111iamaons and 
G. J. ~ . Vnn ller Kerk 

3'7. L. C. 1ll1a.'188n.a and 
G.J •• van der Kork 

aa. 
\l9. • ..ua;:~yor tUid ...... 

• U1v11a 

40. "• ~•..JG yor <l • • 
u.ivUn 

41. • d D • • ..nrtin 

42. • t 

43. • • bel • .J.rlit ;a 

• 

45. .• !nrohoad, J. ~ndelsubn, 
t. Lobe doff and J. Vo.l de 

Iuvoeticatiou.o in tho .f1eld of 
ur68J10 load oho!'li.e~ ~ Inot. 
Vr~O vberl•t ~ .if • .J . vtreoht, 
Holland (1960J 

J . vrganonotal Ohem., 2 , 260 ( 1964:) 

alb'"'ew.Obon., 75, pj),G (1063) 

cr.. ."nen.wo., 2, u950 (1U60) 

.vr .t• Jlen., e7, 010 ( 1V64) 

ChaG.voma., 1~ ( 1965) 

~dv&mooe in. 1.1r ~J.am t lio 
her;i.strJ , 0:1de .1c ~os, 
8\7 Yor ruld nd.ln u (190?} 

J .vr~motnl. hon., 17, 379 (196J} 


