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CHAPTER 1 

O:l3JEcTIVE AND INTRODUCTION TO THE THEORY 



OHAJPTER-1 

A. Introduction: 

Th~ Organic Chemistry of tin began with the isolation ot 

dietbyltin diiodide by E.Frankland in 1849. It took a~out hundred 

years to start the real exploration of the subject.~ Since then many 

new compo~da have" been reported in quick succession with increasing 

trend towaJ:"ds th:e stqdiea·· ,of the structures. ar!ii bonding, stereoche­

mistry, reaction mechanism and spectroscopy. A vast ·body- of data on 

both·physical and chemical properties of' these compounds have already 

accumulated q.nd comprehensive compilations o:f these data are :t;l.OW 

av~ilable ·in chemical literature1~16 • L1dustrial uses o! these com­

pounds as polymer stabilizer, catalyst, water-re~l:J.ants, additives 

for paints, varnishes ru+d ·fuels, corrosion-in.habitor~, :i,.Aseoticidee, 

fungicide's etc. have started emerging1'2• 

· Despite the phenomenal growth of organo tin chemistry during 

the last two decades, satisfactory theoretical interpretat~on of 

many experimental observation~ is yet to be found. For example, the 

reactivity sequence observed for the cleavage of the R group by halo· 

gen or halogen acids~ polar· solvents in R3SnR is R =Me) Et) Bu) 
Pr) i-Pr) t-Bu10~13 • This steric rather than inductiv~ sequence is 

unexpected and there is no ent~rely satisfactory explanation for it. 

Similarly, t~e polari·ty of the tin-chlorine bond ill RnSnC14-n com­

pounds is.still a controversial topic3• While bond .distan.cel7 , 
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· stl"etc~in.g fr~quenoy5 ; nuclear quadrupole ooupiintt 9onstant data18 

indicate a decrea$e in the tin-chlorine bo~d poiarity·w1th progressi~ 

chlorine substitution, opppsite conclusion bas been ar~wn f~om the 

study of dipole moments19, 20. Although the difference in. elect:r;oone­

gativitiaa of the bonded atoms is a very good guide to the bond 
' ' 

polarity,, the. standard eleotronega.tivit:Les are of no use in such 

cases beoau.se tb,e Pa.Ul,.ing electronegatiVity implies that the electro­

ne~tivity of an element ~Y vary \vith its lllOlec:tLLa.:; ,environmen~1-25 • 
• • ' 1 ~ j •• • 

Since it :is net wssible to make direct el.e~tro~e~tiv.ity meas~e-
. . : . ' . . . 

nients, thE.~oretical metho'd for evaluation Qf ,these .Q.®nt:Lties or the 

· ·~and polarities will be of considere.bte value in .the. interpzaetation. 

of each' data. 
' ' 

M.osf3bauer spectroscopy is be:lng i!J.c;rea~ingly .·applied to the 
i I • ' ' • • ' ' : ' ' '• \ : ' ' ~ I • ' I I • • • ' ' • ' - • 

;! 

StUdy Of' the natu.te}OJ bonds Mel . COOrdination. RWllber Of th~ till atom in '' ''3 ' •''' ... ',' ,:·,, ' :'' .'. .. ' 
o~gimot:i.n. o~mpotinds1- ;: !l[uoh, informa~ion o~ both i$omet sh~t and 

• . . , r . • ' , , ' ' , ' . , \l • : • , ••.• , • , ' , \. . 

q~drupolfi spli ttings in orsanoti~ cornpotmq.Q .is . already . available; · 

'tkttJugh a satisfactory int~rpreta;t~o~ of the e~periment~l data is not 

available in mos~ Q~ses. and no general ·approach ·J:i8.s 'yet bee.n develop-, ' 

. .. . . e.d. tor th~. mte7ipreta.tion $Ad .correlati<).n ·of: the l\4ossbatier paraillete;ra 

~- ' , , ..... ~ o~~i;:I,J:l COJ!Ipbunds:!.~S~l;l!l-31 <,; Sinlilarly, d.ispite mil.nu discussions 

. . . ~ . . . . on :t'a:oj;or~, influencing 9l',letnioal shift; . tin~pt.o·tori · ~.~)U.i)ling constants 
. '' ' . - . . \ : . 

~ ... 
'·' 

' ' 0 •• I ' ' ' 

.. etc•·· in 9~ga11:otin· compoundf:l; no general. correlation· o£ ·theae qu.anti-

ti~s, w:f.th theor~ti9el.lly .eignitioant paramete~e like partial charges, 

s~c~aoter .of 'the· bonding O;t>bitala :~tc,· is. a.va:Uablel.;.S,;7 , 32-3S • 

.Age.·~~,t;.the po~a an~. extEtnt of <1n .:. PTT :lntera;ction between the vacant 
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5d ~rbitals of the tin atom and p orbital of .carbon·, oxyg~:q. nitro­

~en and halogen in orga.t'l.otin compoW:l.ds is Wloerta:i.il. •. These aJ:e only 

some of the instances' in organotin chemistry VJhere Ottr·. under~tan~-:­

ing of the subject is f~ from satisfactory. A systematic.t~eo~eti~ . . ' 

cal study of the prope:rties of organotin compou.rids ·is thus ·desirable •. 

Although a great de~ o£ attention .has ·peen recently:paid to .. the in­

~t:lrpretation of pro:Pert1es of o'rganosilioon. ·compounds by. qu~tum .. 

mechanical methoQ.a39-46, no siniila.r ·studies on organotin compounds 
. ' ' 

are yet · ava.ila blt;h The present st1,1.dy vms, the~efore., unde~taken . with. 

a vi~w tq formulating a aiinple and ~Yf?tematio appro~ch to. th~. inter-
' ' 

~retation and co~relation of·the properties o£-organotin· compqund~ 
" using app~o~imate quantum, tp.echanioa~ I!l~thods~ 

rn order. to interprete mole9u.l.ar properties by quantu,m ~e.cha­

nioa.l methods~ two difterent . approaches are usually empl:oy_ed• .One 

i~ to repJ:oduc~ the. experimental dat~ by means 6f eJCaot oalc~ations. 

~h~ other.is to replace the empirical rules in chemical.sciel'l~e7' by 
. ' 

n~nempirical ·or semi~mpiri.c9J. correlationEh ·The. former approach. l)as 

been attempted- by so· ma.iJY theoretical chemists tlla.t · t~·agw we, llave .. 
' ' 

reached the conviction that qUa.ntum· mechanics should be· the.· ollly . 

principle governing the viorld of atoms and molecuJ.es~ More ~d m~re · 

~ccurate calculations bave proved to shorten the distance .betw~n 

·theoey a~d practice; The 'iat'ter oonoerns· the method'ol.ogy. for p~dmo-

ting pro~es~ .in chemistry by formUJ.atillg nonempirica.l or semiem'7' 
. . ' ' . 

p~ical relations for the interpreta/~iion and- correlation ot· s~tt-
~ . ·_ 47 

ered experimental data • libr this purpose, accurate .wave ~.notions 

are usually not necessary, rather crude but effective approximati­

ons will facilitate the acquirement of theoretical insights to help 
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the development of chemistry. !rhe simple Huckel treatment o£ Ti-system 
- 48-49 ... 

provides a. ·very well knovm example of the latte~ approach '· ~- ·smce 

the primar.y objective of th~ present st~dy is to develop a simple 

method for the interpretation and cor~elation of t~e _properties of 

organotin compounds we have adopted a similar ~pproe.ch• 

Although several theoretical approa~hes are. available for 

the study o£ a--sy~Stems 47 ' 5 O-Q3 -we have been gu,~de d by tp.e following 

factors in selecting the procedure adopted in the present study:­

(i) The concept of localizeq. cr"'!'bond.s~ which hEt.s greatly con­

tributed to the development of the· chemistry of sat~ated compounds, 

should not be obscured; 

(ii) The method should be simple enoqgh to be intelligible to 

the practising chemi~ts and 

(iii) numerical computations must ·be :B;ept to the tnin:i.mUJll in 

ord~r to be able _to provide quick an~wers without th~- help of a com-

puter. · 

The DelRe approach nearly satisfie~ all the~e conditions51 , 

though its application· was. limited so far to the calQulation of par­

tial charges and dipole. moments onJ.y-39- 45 ,4'1, Alth~ugh the app:l:'oxi-
. ! l. • ., 

mations involved in the Del Re method are undoubtedly very crude, 

nevertheless .. , 'the extreme rna.th~ma.tical simplicity of the nt~thod and 

its success· i~ reproducing the dipole moments o£ many molecUles with 

remarkable acc~acy makes it ve~y attractive for the stuqy of large . . . 

molecules• The meth9d has been developed and extended to su.Qh a POint 

in the present study that it 1s now possible to present a unified 

approach to the intel"preta.tio.n of such· diverse properties like dipole 
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moment, heat of atomisation, NMR chemical shift and tin-proton cou-

pling constants, ~eactivity, Mossbauer 

~plitting ~to.54-61 The success of the 

s.sive that the approximations involved 
' ' 

regarded as w~ll founded. ' 

chemical sh~fts and qua~u.pole 

present approach is so impre-
. ' 

in the Del Re method must be 

In the following seotio~s a briet dieoussion on the Del Re 

method and the v~ious parameters needed for the present study will 
. . ' 

bQ pre'sent'ed and application~ of. the. metho~ t:.or the il).:t;erpreta.tion 
·,· 

of different ·properti~s o;e Ol'"ganotin compounds wi+l be dealt in the 
' ' 

:!!.t The. Del RfL approximation' 
'. ' ' ' :. ' 

·The ··Dei Re approach to cr-s_ystem . i~ . ba~ed: o~. ~he . ~o:n.oept of 

localized. bond orbitals,. which are_ b~-ce~tric·.and monoeleotronic51). 

The form of t!ia cr-bond orbital~ is .. : .... 

(1-1) 

'INhere· ~JA a..iid y;v ~e· the appropriate_ at,omic or\)ita:J.si .The e11;~rgi·es of 

the <r-mole9u.lar orbitals are. the so:tu.tion~ of -tl\e secular -equation: : 

=o (1-2) 
. ·E·, 

~vv-

. The inteewa.l~ lifA/; ~veto •. $:ppea,ring .~· eq:p. •. (1-2). are g;tv:en by: 

.(1-3) 
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(1-4) 

where z:_ s. represent the' appropriate. efi'ective char~es and r.. stands 

tor·the atoms directly bonded to the atom~; t~e contribution from 

the atoms not directly Qonded to the. atom fA- being neglected, In eqn• 

(1-3) the first integral contains terms ·due to· f- only a:nd is a. cons­

tant for a particular atom which ia·written as (oc+c5'/3 ), while the· 

second ·inte·gral is approximated as ~(~) · [A.~ where Jl ft.["-.) is the so call e.• 

inductive Del Re paramete~. Theoretical ju~tification of this proce­

dure has been provided by JJel Re in· ·t.his original paper. With this 

approximation eqn. (1•3) i~_re~itten as 

(l-5) 

and 
. ' (1-6) 

sf'-~- &;_ + L r;p()\_) --~ ~ 
A.-;fj-L . 

~vner~ 0(_ and (3 are two empirical parameters representing the . stand­

ard Coulomb integral and standard r~sonanoe integral r~spectivelY, 

~he s~cond integr>al in eqn.· (1-4) is neglected in t.b.e DelRe appro­

~imation o~ the ground that it involves the product of two small 
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terms, . S~, the overlap htte~al and ZA. the effective ofu:U.ge on the 

a.tol:ll "- and the fil"st integral is expressed in terms of (!J as in eqn. 

(1~7) 

(3.-7) 

The parameter :~"'' which may oe · called: Del· B.e raso~1ce. intagr~l 

·parameter; is taken to be cons·tant for .. a given bond f.t~v . 
. I 

· Lilte the. Ruckel method, numerical values of the parameters ~ 

and p, are· not. ~s~ly ·necessary· 'in. actua:t. pra.ctiee. ~he. parameter. 

o;, '!Jlihioh ma.;y- ·b'e terme~ as the. standa:t'd Cou.l9mb integral; .. P~ameter. 

is a measu:r.e. o£ Coulomb .ilttegre.l ·of: ·the atom· fA r,el::.rt~(l .. to -~ s"t!anf).ar,d 

atom, COllVentionally taken to be ~he .hydrogen. atom~: ·.Th~s~· cparamet~rs 

are therefore estimate~, from the ·elect~ouegativities u~in,g. ·th~ r.e).a."!'" 

tiqn·· 

'(1~); 

wh,e~~ ~)A .~a .X\-1' B:re ·the el'edtro~e'ga.ti~itie'~ ,of the atom fJ- and 
; 

hydrogen respeo~ively; K is a proportionality constant usua~lY ~ssi-
• . I 

. . ' 

gned a valu~ o£ 0.57. E~v's ~e t~ken to be propo~tio~al to tlie bond 

~nf3~gie_s, thou~ the final values for· bot.h .8/Av and s;_ ate ~djusted 

to .give good t:it with some chosen experimeniial properties, usual~y 

the dipol~ momentsl! Al tho~gh the. parameters ~(v)' s are regarded as 
' ' 

inductive parameters, these are in fact some complicat.ed function,. ' . 

of .'the e£fe9tive' charges and bond 'diE?tatice etc., as is evident .from 

compariso;q. of eqs~ (1-3) ·and (1-5); and as such no standard method 

is· available fol; their evaluation-•- These· parameters ~e therefore 



; . 
The DelRe method is, thuat essentiallY t;t aemiem.p~ioal q~· 

·tum. meohMioal method ~" which the W.tera~tion between ·the dit'1"e.t,eu.t 

bond orbitals and the interaleot-ronie reptllt3ions a~e not; eltPl1citly 

introduced• How~ver, the it\teraotton batwe$1l the diffe~~nt bond · 

orbitals is tal-ten in to a.ocount tl'.lrougb. the ($mp~ieal 1ndu.ot:tve 

varameta'Vs which aetermiJ:le th~ t:x~nid orbital in a given on:~"'.trOI\ment, 

while the' ti.nt~releQt~on.io ropulaion :ts take.n :L1lto · aoooUn.t ¢mpiri-
. . . 

cally by the l?'aao:aance ~ametar 8JJ-v• In this rospaat the a:vproxima• 

tiona invQlved :til the Del· Re method are similar tt)' thoS(;) :tnvol vbd in 
' \ '. , 

the simple Ht.tclt:el LOAO. ~10 tr~atment of TT:.-systemf 

Once the neQE)ss~y 1mrameters are evalu.ated,· the . o--..oond 

orbitals and their enorg~e.S can b~ ea~ily obtainef.fby ~OlVUlg tho 

2 lt 2 secula.r eq,n• · (:I.-2)~,· 1-ll a.ctua:l }}l'a.o·t:tce, howe·ve:r; tl"l~~ :J.s l>are­

ly done. Instead the bond l'WleJ.~ity ~vof the bond r-)}'!s oor~'lpu.ted trom 
eqn•. (1·-9) ,. 

(1-i) 

The 'Pa..t'ti~l charge _gn, the, ,d:ih s;tom.1 Q.p., ;;.s. then obtained i:VJ e~""" 

ing· all ;the bond ohax'gas Qrv about thE? e. tom f'- aa in (;q!1~ (1-10) · 

(1-10) 

Eqnt ._(1~9) 'is. OlllY au approximate one atld noticea..ble disQrepmJ;ey· 

between the vaJ.u.ee ~loulated fl.'-Qtll eqn, (1•.9) ana tlwae obtained. by 

aolvmg the aeou:La.r eqn.; (l .... 2) ·may ooet~ 1u some co.seo~ P$i'tiot1larJ..y 
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when oJASv is large •. Howev~q.~,. irr13sp~ct:I.ve of the. aqtual values o.f. 

P-¥- and. 5-v, eqn. (:\,-~) is lln.~formly w~ed.: in. a~l Del Re calcul~ti- · ..... 

ons39-45,51._ In .fact this f:tp:pr_oximate·relation has.become.a pa:t-t:o£ 
! I ' •' ' • • • ' ' ' ' ' • • . ' 

the .method itself and the various ,lJel_,Re :parameters t?;r"e _q.~t~~ed 
• , ; , ~ . ' ' ~ " ' ' ' ' '• : ' ' ' I . • 

by the use of this· equation• · . ·. 
, ' ' ' • '. r ' ' ' ' ' • 

D?spite .these crude approximatiqns,- the.Del·~~ met~od.ie . . ' ' ' ' ' ~ . . . . . . ' . . . . . . ' ' 

very at·tra.ctiv~ beqause. of (i) its extreme 11Ulthemati.oal ~im.Plioity, 
' • • • ' ' i • ' '. ' •• • • .•• • • • '• ' ·'· • • '. 

' . 

(ii) the retention of· the .concept of looali~ed. bond.s a.7Ld (ii:i,.). be- .. 
' . . ;; . . . ' ' . . .... 

cau_se of its success , in l'EtP~oduc,i~g ¢x~~erimaXJ.tBl, Cl.i:po~~ .mi)~e.p:t?~. in· ... 

a .. la~ge number of cases39-45 151" 

C~ [?Lvalua"l{;bon: of. the :Q,~l-.. Re oaJ.•ame•ters for tiit-cai:bon 1 tin--Chlo:r:,ine 

&1:d t:i.J.t ... 8Vdrog<?n ·bond~.: ·. . ) 

The ·method of evalua:hing the_ nei Re ~ameters ·has be~ri dis­

cussed in· the preceding section. The Coulomb parameter 5° for tin may 

b~ obtained from the electronega:ti vi ties o£ tin· and hYdrogen. using 
' " . ' . I 

' ,'. 

eqn~· (1~8) •. Becaus·e of seriouS discrepancies in ·the repor~ed·values 

for the el·e.c;:tronega,tivity of tin, unique choice is not possible- Use 
• ' • ' I ' • ' ' • • 

of. ·.Paulingi s data g~ves a rough vaiua of about -o~·oa,: vihich was .fina-

lly adj~ted to -0.1 by variational procedure. · 

__ The .inductive parameters ana· the . resona.nce :para.t."leters w~re· 

de)terniined from a consideration of the dipole moments' of' rvre3Sn01 

Me2snc12 , Me~.n.c13 and, MeS~ .and a.l,s.o. i.;h~ 'Qofld energies .. 9;e. tin~chl.o-
: . ' ' . . . . . 

rille tin .... carbon ~d tin .. hy~oge~ bon~s• Many other Pro~erties,, su.ch 
I ; ' l . ' ~ '' ' ' ' ' ' ' • . • '~ • • • 

as: tin_;chlorine str.etohing f'reql4enci.es, protqn ch~mical shifts etc .• 
' ',' ' • • (I • ' ' o ' ' I . ' '• ! • ' • • •, 

were also talcen in to accolll'lt .in se,lecting the values given. in !!!able 
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(1-l) • Fo:r all otner. bonds th.e pa,:r:amet~;rs_ given.· PY Del Re h$.Ve been 

used and "tnese. ,da:ta a.re· al-~9· include~ ;Ln. ~able (1-1).~. R?c~tly Nagy 

et a.l. ha.v'e used a. ili:l:ferent val.ue for the :l.ud,ucti ve. parameter ~(H) 
, with a view to improving the ealculated dipole moment of' some orga­

noailico·n com,poun.ds an.a also: to obtain linear . correlation between 

proton chemical shifts and oalciil.ated ·part.ial charges oi'l the hydro­

gen atom· in ·seV.eral organi.o ·a11d ·org~10silicon compounds46 •· In 'the· 

present work the original pa.ramet·er has been retained due tci ·the 

fol.lovJing reasons.· 
r 
\ 

{i) ·In genera.i the chemio~l. shift 'da.t& are no:t reliable indi­

cation of electron 'densi'liY around the nucleus .bei:r.c.g measured since 1 
the partial charge on. a.n ~·tom determines ~Ghe .local diama~e·tic ·shie.l\ 

', ' ' • , I 

ding on.J.y• Th~ observed chemical shii't data,. on the other hand, ver:y 

often include significant. contribution ~om neighbo~ ~isotropy and 

other effectt;J37 ' 38 '62 , and in general the magnitu,d~ of this. effec·t . : .' 63 . . 
~~~t be determined with ~ertain~Y. ~ Hence, the correlation. be-

twe~n ·l:;b.e calmuated partia~ oh~ge$. on hydrogen and the observed 
i, ' I I ', ~ I ' . : ' : : ' ' ' . ' 

chemical shift~ ir.L: oompounds naviug f}i.f'fere.n1i central atoms should 

not be QV~~emvbasized. 

(,ii) The re.activities oi: organotin. compounds are consistent 

with the orig~l set of paramete.rs. ~ fact, a reverse order of 
' . ' . ' ~ . ' . . . 

!t"eactivity WQUld. be pr.edi~ted .frolil the boncl polar~sabilitY index . . .-
ealculat_ed from -tihe mo~f':i.ed · set of Nagy·. e·li ·al· 

(iii) Mino~ improvements in the. calcuJ.ated ··dipole moments in 
• ' • • • ' . i: ~ • • • ' 

. . I 

a few cases has no real significance as th,e. d~pole moment _data are 
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con;:Ji~erably illfluenced by experimental·condition~;:J• 

. {iv)~ TlJ.e C~H bond PQl,arities; · ca.lcu.J.a·ted.- wi·t;h th~ original 

se:t or p~~et~rs, are closer to·. the. ·values . obtained by· ·the . well 

known LCAO. lJIO trea.tnwnt of <J -systems . by Fukui 
47 

f! 

'I I ' .; 

.. , 



*TeJcen .from ref. 46 · 
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