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QBJECZIVE AND INTRODUCTION 20 THE THEORY
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A. Introductions

The Organic Chemistry of tin began with the isoleﬁi&n of
diethyltin dilodide by B.Frankland in 1849, It took about hundred
years to start the real exploration of the subject. Since then many
new compounds have been reported in quick suocession with increasing
- btrend towards the studies"of the stractures and bonding, stereoche-
mistry, reaction mechanisgm and spectroscopys A vaat body of data on
both physical and chemical properties of these comipounds have already
accunulated and comprehensive compilatilons of these data are now
available in chemical Literature’ 18, Industrial uses of these com~
pounds as polymer stabilizer, catalyst, water-repellants, additives
for pvaints, varnishes and fuels, corrosion~inhabltors, insecticides,

fungicides ete. have started emergingi’z.

Despite the phenomenal growbth of organobin chemistry during
the last two decades, satisfactory theoretical intérgretation of
many experimental observations is yef to be found., For example, the
reasctivity sequence observed for the cleavage of the R group by halo-
gen or halogen acids in polar solvents in RiSnR is R = He) Nt) Bg>
9g> i_Pg>_t_Bulo’15. This steric rather than inductive sequence is
unexpected and there is no entirely satisfactory explanation for it.
Similarly, the polariby of the tin-chlorine bond in R SnCl, . com-

pounds ig.still a controversial topics. While bond diataacel?,
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7stretqhing frgquencys, nuélesr quadrupole coupling constant datala

indicate 2 decremse in the tin-chlorine bond polarity with pﬁogresaiv
chlorinelsuhstitution, opposite conclusion has been drawn from the
gbudy of dipole momentalg?goq Although the difference in electrone~
gativities of the bonded atoms is s very goo&'guide ﬁo the bond
polarity,lthe.standard eleétronegativitieé are of no use in such

. cases because the Pauling electronegativity implies that the electro-
negativity of an elemeut may vary with its molecular environme ot
© Since it is notb poe.szble to malc;e airect electronegatinty Nes, BUTE -
ments, theoreticai method fbr evaluatlon of these quantlties or the
'-boné polarities will be af conaiderable value in the interpretation
of aueh data-, | | \', | -

o ﬁossbauer spectroscopw ia beinb increaslngly applied to the

: study of the natunm@bonds and eoordlnatlon.nnmber of the tin atom in
organotin compoundsl-s. Muoh 1nformat10n on both isomer shift and

| quadrupole splzttzngs in organotln compounds is already avallable, -
uthough a satlsfacﬁory interpretatlon of the experimental data is not
available in nost cases and no ‘general anproach has yet been develop-
_;ga.fgr_the\intarpretétion-an& cofrelat10n7of'th§ Mossbausr paremeters

1- 3 #26-31, -Slmllarlya despite many dilgeussions

in organotin compounds
on fachors influenczng ehemical shift, tinhproton baugling constants
 etas. in organotln compounds; o veneral correlation of these quanti-
. ties with theoretﬁcally algnifzcanx parameters like partial charges,
s-character of :the bonding orbitals e%c. is avazlablel =357, 32-38,
Ageinyuthe role and extent of L - Pn 1nteractlon betweeﬁ the vacant

K
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ad pfhitals of the tin atém and p orbital of .carbon, oxygen nitro-
gén and hélogen in organotin cdmﬁounds is uncertain,. These are only
éomé.of.the instanpes’in organotin chemistry where our undersbtand-
iﬁg of the subject is fa£ from satisfachory. A'systematic.theoreti—'
cal.sﬁudy of the properties of.organotin compownds is thus desirable,
Althougﬁ a great deai of attention has been recently pald to the in-
I?G?Prétatioﬁ of properties of organosilicon compounds by gquantum

mechaﬁical_methoaa°9-46

, no similer studies on organotin compounds
are yat available., The present situdy was, %herefore, wndertaken with
a'viéw to.fbrmulating a simple and sysbematic approach to the inter-
'iaz-etatioﬁ and correlation of the p_rcpert'ies of organotin compounds
usiﬁg appxdﬁimate guantom mechanical methods.
In order. to inﬁerprete moleculgr propertieslby quantum mecha-

ﬁicallmethods; twa different-appraacheé are uasually employed. One

is to reproduce the experimental data by means of eﬁact calcwlations.
The other is %0 replace the émpirical rules in chemicel sciences by
‘nonempirical or semiempirical correlations. The former approach has
-baen-a%tempted'ﬁy éé'many thieoretical chemists that ﬁéﬁay we have ..
reaéhed'the convicﬁion that_quantum'mechanicé shionld be the only -
principle gbverning theIWOrld of atoms and moleculess More and more
accurate calqulatidﬂé have proved to shorten the distance between

fheory anﬁ oractices. The latter concerns fhe methodology for promo—
“:tiﬁg ﬁ:dgféés'in chemistry by formulating nonémpirical or semicm-
pirical.relatioﬁé fér the interpreéatidn and correlation of scatt-
Ieré& experimental gata®’. For this purpose, accurate wave fuactions
are ugsually not necessary; rather crude but effectiﬁe approximati-

© ons will facilitate the acquirement of thsoretical insighis to help
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the development of chemistry. The simple Huckel treatment of T=-gyoten
provides a very well known example of the latﬁer appraach48’49¢131nce
the primary objective of the present study is to develop a aimplé
nethod for the interpretation snd cqrrélatidn of the propertles of
| organctin compounds ve have adopted a similar approach.

Although several theoretical approaches are available for
the study of U;systems47 »50-53- we have been guided by the following
factors in selecting the procedure adopted in the present studyi—

(1) The concept of locallzed C-bonds, which has greatly con-
tributed to the development of the chemlstry of saturated compounds,
should no% be obscured. ' |

(ii) The method should be 51mple enough to be intelligible to
the practising chemigts and
(iig) numericai'computations must be kept to the minimum in
order to be able to provide quick sngswers without the help of a com~
puter. B l

The Del Re gpproach nearly agtisfies all thege coaditiona51,
thoiugh its application was Linmited so far to the ealculation of par-
tial charges and d1pole noments on1y59"45’51 Althbugh the approxi-
matlons 1nvolved in the Del Re method are undoubtedly very crude,
nevertheless, the extreme mathematical ginplicity of the method and
ite success in reproducing the dipole moments of many molecules with
renarkable accurac& makes it very attractive for the study of iarge
moleculess The method has begn developed ﬁnﬁ extended t0 such & point
in the present study that it is now passible $0 present a unified

approach to the interpretation of such diverse properties like dipole
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moménﬁ, heat of atomisation, NMR cﬁemical shift and tin~-proton cou=-
pling constants, reactivity, Uossbauer chemical shifts and guadrupole
splitting gtg.54-6i The auccess of the present approach is so impre-

sslve that the approximations involved in fthe Del Re method must be

-fegardéd a8 well founded.

In the following seéobions a brief discussion on the Del Re
method and the verious parameters needed for the present study will
be pre-ented and applicatluas of the method for the &nterpretatlon

of dmfferent propertles of organotln compounds will be dealt in the

- subsequent chapterss

Bs_The Del Re apgfoximationa

The Del Re approach to a-gystem is based on the concept of
l6¢alized bond orbitals, which ere bi-centric and monoelectronic® .

The form of the o-bond orbital Y is .

Y = Culpu T Cv-q’-v |

{(1-1)

where\gaaﬁdtk)are the appropriate atonic drbita;s; The energies of

the o-moleguler orbitals ave the solubions of the secular equation:

’ H/L{/U,_"'E H/u.v 11— O IR (1.—2)
Hpav SR, CED |

' The integrals K, , H vetc..appearing3in_eqng,(1~2)‘arg given by:

Al

e S e N e
Xﬁ%fk | L

{1~3)
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where Zﬁ's.repreSent the appropriate effective charges and X stands

for the atoms directly bonded to the atom .. 3 the conﬁrihution from
tﬁe atoms nob directly bonded to the atom y_béing neglected, In egn.
‘(1-3) the first integral contaiﬁs terms due to gaonly-and is a cons~-
tant for a perticular stol which is’Writteﬁ'as {x+573 ), while the-
second integral is approximated as ')}*(L)-g)\ﬁ where VM;\) is the 5o callew
inductive Del Re parameters Theoretical justification of this proce-
dure has been provided by Del Re in thie original paper. With this

approximation eqne (1~5) is rewritten as

Eﬂd_, (1—-6)
- _ /u_. 5 +Z 3_) ?\,
A

wherecx anﬁ,e are two empirical parameters represent_ng the stan&-
ard Oculomb integral and standsrd resonance integral respectively.
Ehe_éecdnd integral in ééﬂ.'(l-é) is neglected in the Del Re‘appro-
zimation on.fhe ground that it involves the product of two small
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‘f.erms, SN the overlap mtegeal and Zh the effec‘bwe Gharge on the
atom N and 'the i‘:u.rst integral is expressa& in terma of A a8 in eqhe
(1-7)

v = P = Cpn S (17)

M
pafa,meter, is ba,;en %0 be constant for a given bond Miew.

A

The pé.rame'ber E, s which may be called Del Re resomnce in‘l:egral

. Like the Huckel method, pumerical values of the paremeters oc

and g are nol usual-ly"ne’céssar:r-'in. sobual practice. The parameter.

&

/J.
.13 & measure. of Coulomb mtagral of. the aton ,urelateﬁ 5o 8 standard

’ wh:.ch may - be 'bermed a8 the shandard Coulomb 1ntegea1 parameter,

atom, conventionally taken to be the hyﬁrogen-atome1These~parameters
ave therefore estimgted from the clegtronegativities uging the rela-

tion
g,,“ WG ) e e

where x),\ and )‘FH a.re the electronegativities of the a.tom o and
h,ydrogen respectively, K J.E! a proportionallty constan‘h usmlly assi—-
gned a value of 0,57, B/W g are 'baken $0 be Droporu:-_onal t0 the bond
energies, though the final values for both £, and é;ua.re gdjusted
to give good fit with some chosen experimental properties, uaually
the dipol_e momentss Although the parameters 3) ) 'g are regarded as
inductive pa;c'ameﬁez's, théae are in .fac':t some complicated function.
of ‘the effective cherges and bond distance etc., as is evideﬁt from
_comparison df:‘ e(is; (1~3) and (1-5); and as such no standard method

is available for their evaluations These parameters are therefore
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ofen-
obtained by wrial.

Pue Dol Re method is, thus, cssentially o seniempivical quan=
tum mechanieal method in which tho interaction bebween tho different
bond orbitales and the intereliectronic Teprloions ore not explieitly
intmduﬁ%@é&; Hoviaver, “t;hé intoraction between the @ii:‘ferém bond |
orbitole ig teken in %o gecount throush the ompirical inductive |
paranoters which determine the bm’a;d_ orhitel in & given eé.ﬁmﬁment,
while the:inieralecﬁfonic ropulsion ié %ék@ﬁ.inta”accatnﬁ ompiyie-
eally by the rosonance navancter E:/w. o this respaect the aﬁ&zmaﬁim&w :
Hiong iﬁwglveﬂ in the Del Re mothod ars similoar tﬁdﬁhase 3nvolved in
the simple Huckel LOAD. 0 %régtﬁent af‘ﬁ—aysﬁemfz

' - Once the necossary paremclers are evaluated, the T=bond
orbitals and thoir energies can be emoily obtained by solving the |
2% 2 secular @qnp.(l-é}*.xn aetaél §raéﬁice, houevez, %hiﬁ.ié roare-
1§'&ona¢ Inaﬁea& vhe bond polaridy ¢, of the bond pvis commbed Lrom

agne (1-9},

Q/W:CZ{,'C;Li (8, - &)/ 26y - -9

The partisl charge 9n the uth atomy q, » is then obigined by ST

ing all the bond charges gﬁyabauﬁ the atom w o iﬁ oqis (1-10)
CTJ/#”ZQ/,L\) o . ) (11 }
Nl .

Eone .{1~2) is only an approximate one and noticenble discressndy
betweon the values calewladed from eghe (1-9) nnd those obtained by

golving the scouler eqnms (1~2} may cccur in some goses, parbiculariy
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whenhéy;Sv ig large. However, irrespective of thé‘acﬁual values of
. and &, e@na (1-=9) is uniformly used in all Del Re calculati-
ong®?~%99%, In fact this approximate relation has become a part of
the method itself agd the yarious_Dgl_ﬂé parameters are debtermined
by the use of this-equation@ ‘

Despite these crude approximatiqns, the'be1.Re”methqd,is
very attractlive because of (i)-itsIextremeumathematipal_simplicity,
(ii) the retention of'the,één¢apt of localized bonds and (iii) be- .
cause of ilg success lu reproducing experimental dipole moments in

rg_m 4
a large number of Caﬂesé-"és’ﬁiel

C. Hyaluaticn of. the D2l Re paveuweters for tin-carbon, tin-Chlorine

and_tin-hydrogen bondss

mhé'method of evaluating.thelDel Ré'pafaMQteré”has boen dis-
cugsed in the preceding section. The Couwlomb parameter §° for tin may
be.obtained from the electronegabivities of tin and hydrogen uslng
2Qits (1—8).-Be§éuse of serious ﬁiscrepanéies in the Teported values
for the electronegativity of Hin, unique choice is not possible. Use
of Pavling's data gives & rough valus of about ﬂo;Oé;.ﬁhich was fina-
11y adjusted'to -Gyl by vari&tional precedure. ”

_ The induckive parametiers and the resonance paramcters wore
determined from a consideration of the dipole momentsgof EGESnGl
MegSnOL,y MeSnCly and MeSnH, aad also the bond energies of tinwchlo-
rine tin~carbon and tinnhydrogeﬁ bonde Eany other properties,  such
as tin-~chlorine stretching frequencien, proton chemical shifts etc;

were also taken in to mccount in selecting the values given in Table



. =~30~
‘(1—1)5 Foxr all oﬁhef,bonds the paremeters given by Del Re have been
used and these data are algo included in Teble (1-1). Recently Nagy

ot a1 have used a dilferent value for the inductive paremeter o(uy

with a view %0 improving the calculated dipole moment of some orga-—
ﬁbsiliccn COmpounds and also to obtain linear correlation between
proton chemical shifts and caleulated partial charges own ihe hydro-
gen'atom'in'seﬁeral organié‘énd‘orgaﬁosilicon compoun&sés;'ln‘ﬁhe
pﬁésenk work the original yarametEf has been retained due to the :
following reasons. S o - . \
{i) In genoral the chenlcal shift dats are not reliable indi-
cation of electron densmby around the nucleus bei ing measured since /
the partlal charge on an abom determines the 1oeal dlamagnetlc-snlel&
ding onlys The observed chemical shift data, on the other hand, very
o‘ten inciude signi?leanj contributlon from neighbour anlsotropy and

other effects°7’58 62

s and in ggneral the magnitude of This effect
cannot he determined W1thleertéinxy 3« Hencey the correlatloa be—
tween the calculateﬁ nartial charges or hydrogen and the observedl
chemlcal shifts 1n;oogpounda having aifiereaxlceptral atons should
not be overemphasized. - ? | | -

(ii} The reactivities of oréanotin'coggnundé are consistent
with the original set of parameters, In faqt;‘a reverse order of
reactivity would be gnedicted from the boné ﬁolaris@bility index
ealeulated from the modified set of Nagy et al. :

(iii) Minor 1mnrovements in the calculhted ﬁipole moments 1n.“

2 few cases has no real signif ficance ag the dipole monrent data are



] L
consiberably influenced by experimental conditions .

- (iv.); The C-~H bond polarities; calcudated: with the original
set ol parameteré', re closer to the values obtained by bthe well

7
known LCAOC MO tresiment of J-systems by E‘u.l:u:i.('Jc .



Del Be parameters
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Table {i-1

})7

.galu

. ' 0
o - : S £ 5o
Bond A(B) '}%(A) AB A B
Sn-C 0,10 0,10 0,50 ©  =0.10  0,07(sp®)
| . S o O.121spR )n
Sn-CL 0420 0.40 - 0i45  =0.10 .85
Sn~H 0,50 —0.:40 0,40  ~0,10 0,00
C-H 0,30 0440 1,00 0.07(ap%) 0,00
CnC 0.10 0,10 1200 0,07(sp%)  0.07{ep%)
oaz(epy 0.12(sp)s -
601 0.20 0.40 0,65 0.07(sp®) 035
-7 0410 0.10 0,85 0,07(s®) 0.57

*Taken from ref., 45

S+ v ) - . . | : -
T et o 43 s Yace, Yaay i AR PR SIS < %
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