
DIPOLE MO:YlENTS OF ORG.ANOO:IU COMPOUNDS liND 

VARIAY!IOl~ IU THE _TIN-CliLORINE .AND TIN'""! 

CARBON BOND POLARITY 



. l 

Introduction# · \ : I 

• 1 . ' 
., , The electrical dipole moments of· org:;motin compounds, parti-

• , , r ':' . ·'; " , 

cularly' those· of' ot-g~otin ha.iides hav~. beerJ. .the subject matter of 
.., (' (l t'l 1 } • I I • • 

many discus~ions. Lorbertl1. a~d Noi;l;ll measl.'l+'ed .. the dipole nmm~nts of 

·a .s~r~e~ of o~gru~ot=!-U.halides RnSJ;L014 ..i.n ~R,= OH~2~5',~4H9' ·~6~)·,. 
with. the aim of studying oontributions to ·the bon~ st:r;ength in the 

5n-Cl , by back (tone .. tion of .un.shaired .. electron pa$-rs · o :f: '; ch.lorin:e· to 

empty d-.or~ita.ls o~ t:tn·. Su~h ·9: d 11 -pn do_ub;Le bo?-.d o~o~tri.bu~i.on , " 
• I> ~ ' I > 0 ' • I • . ') ~ ' -; ' • ' I • • ' ' ' • • ' 

w~uJ.d be ,expected ,to ·incr,ease with progressive· ¢hlorinat'ion''of'-. 

~3.)4sn :because· the :electron~~~~Vit~· of .. the ·.group ~~s!':~~~~ would 

~ in:crease wi tp. increase in halogen substitution. This would tend to 
. ' ' ' ~ I • \; ~ ' . ' t ' 

' ' : 
d:ecrea.se the polarity of the Sn-Cl bond •. However, to. ~ccount for 

' : . . . '=': ' '-. . 

the. experimental dipole moment~, these ~~thora argu~d in. favour of 
. • . ' • - ' ' . '::? . ' .. : ' . : 

increa~e in Sn-01 bond polarity with ino~ease in chlQrine,substitu-
. . ... ' . . ":; ~ . : . 
' ' . . . 

tion, .The sru;ne conclusion was. drawn by Huang et al als9, though by 
'' . ' . . . . ' . 2 . 

a .slightly different approach • This concllll3ion ~s, howevsr, hard 

t:o re~oncile wi~h.~~ weJ.i·,.lqJ.own ~xp.~rii!le~t~ :r~~ts3 ~4• Thus, the 

decrease in the tiil.-chlorme bond distahc.e, increase· ·in the tin-, \ . . 

chlqrine'stretching freque:ricy,~d 

pole coup~ing constant of chlorine 

' . ') '; . .. ' 
increase . in .th~ nv.olear quadru-

ato~ in·R.n~4Cl4_n·~ype: comp~~ds 
with increasing number of chlol .. ine atoms defini·liely 'indicate that 

the tin-chlorine bond. polarity decreases with:progressive chlorine 

substitution and no really satisfactory explenation was available 

for this apparent anomaly. The most logical approaoh·to ·the problem 
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would be to calculate the bond po_].arities~ hence bond moments, of 

a11 the bonds and examine their variations with progressive halogen 

substitu,tion• The success of the Del Re method in taterpreting.: the 

heats of atomisation° of organotin compounds and the ease with,which 

the desired quantities may be calculated by this method, prompted us 

to calauJ.a. te and analyse the varia~tion of. bo~d. po.lari ties . an~ dip<;>J.e 

moment~ in orgQilotin oompolmds \vith a. view to r'esolying the anomaly 

just- disoi:tss~d .. • As in. ·the· previous chapter,· 'lihe dn -prr bonding. has 
, I • 

not been: oonsider,ed in the calcUlations, since almost all the experi-. . ' . ~ . -

mental data can be explained without involving any drr-Prr bondi~11 • 
The result~( o:t:, ·the ·.~e~pp.t calcUlations not _only provide a very satis-

. . ) 

' . . 
factory explanation for ~he experimental dipole moments-of organotin 

' II ·~ " !J •' • i.' • • 

compoun<le;; but aiso' a'ccount for ·the observed variation in the nuclear 

quadrup(>J.e co-upling const:fUlts· of _t~e ·chlorill.el _ato)n in ~SnC14_n 
compounds. ·Incidentally,, ·the :Pre,sent resuJ.ts :strongly auatify the· 

reliability of the, partial ,charges calcUlated by'the Dei Re method, 

Fr'ocedure: 
; 

A;, · CalcUlq].ion of ;the cr-moments: 

The. dip:ole mome11t; }J-. is a ve.ctor ·which .is ·a mea~u.re o_:t charge 
' . . . . ... 

displacement and. is def'~ed. by eqn·•· ~3~1), where e is the aharge and 
. l . . . ' . . 

r is.the,vector ,indicating th~ separa~ion of'tne. positive and the 

:n.egativ~ charges, .. Olear:cy",_. the. bond moment between the two atoms 
" •' • .. I ' • 

/A_=-e.r· 
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bonded directly is give~ by the product of the bond pqlatity and 
. ' ' 

the bond distance as in. eqn.\ (3-2) 

. ·. · f-(bond.) = :Bond charge X Bond distance. . ·<a-2). ; 

Therefor.e .for the cr~bond a-b in. a .molecule: the bond ·nlOnient,· . 
' • ' ! • ' ' • Cl • ' '1 ~ ': 

)-t~~b Wi~l be· given b~ eqn• (~3) where Qa~ is the' bond' :polarity, e 
is' the efeetronic charge and :ra~b ·ie.the, bond~ength:· 

{3-3) 

. ' ' 

The bo!.t.d polarity (or the DelRe b?nd charge) Qab is given by_ e.qn~ .. 

(,~-~) v~b.~r~. cSa and. c5b: ~e ~~ .·~?U:Lom~ .~te~aia 'of. the .a~tioms a and 
b re.sp~ctively a.p.d ·s8bist~e .Del Re reso~~.e. inte~al parameter

12
• 

. . ' ' ' ' ' ' . 

' . . . 

Using a' v$'lu~ of' 4.802 x .·10':"!'10 e. siJ'u· .f~:to. ''e~i and>expressing ra-b 
fit: A0.;. ~qhs •. ~3-3) ·an~ (3-4). give 'the bond moment in'Debye Unit' 

a~' ill eqn •.. (3..;.f)) 

(3-5) 

In. a neutral syate1n, consisting of seve_r{:'J.l charged poi..l'l.ts, the total 

or the .. net dipole moment is the r~st~tant of the oompone~t moments. 

Thus ·the permanent. electpic ~ipole moment of a molac~e may be 
. ' 

easily .. calculated by the vectorial addition of bond moments of all 
' . . 

the bonds present from a consideration of the geometry of the ·mole-
. ' ·. . . ' . 

cule13 ,l4, The electric dipole moment of a molecUle.hBrving ~~bonds 
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(3-6) 

I
. I The quanti ~ies- cf a an,d: -ob appearing fp. -eqn-. -(3-6) c~ -be easily 

computed_ by ·the u~ual Del Re· method provided_ all the h:eeessary Del 

j Re_ ?ara.rn:eters _are" 1¥-owri!t _ - · · 

I 
"' i• ' B. Calcv~ation ot: tl:ie _ rr-momei±t.s.: 

For phenyl and vinyl orga..11.otin compounds, .having a Tl-:-system 

eqn• (3-6) does no. longer giv~ the tot~ dipole moment because the 

imbalance in the rr~cbarge diatribu.tion will lead to an additional 
f ' • • ·~ ' • ' • • 

moment .• For compoU:lids ·having a n~n..et wo~It it is convenient ·ho diss­

ect the total dipole m?niE;).!lt; jJ--, into two components, viz., ,a--moment,. 
· · - rc : - 13~15 ;--f, and rr-moment, F a.13 in eqn. (3-'1) 

~ - ; 

The. a-moment, fAa-, can )Je_ eva:tua.ted by the method discussed in t.tte 

-pr_aceding section, whil_e_ the rr-moment can be calculated ,from t4e 

n ... charge distr-ibution. The latter· may be calculated })y the usue.l.­

Huckel; method. As ~iscussed_ in the vrevious chapter, sub~titutio:n 

_o:£ the hyd.I'ogen atom of a C-H bond_ ,by tin .atom primarily alt.ers the - . . ' .: 

couJ.omb integral .of the di,rectly bo~ded _carbon atom only~ A general 

method f'or- eva.tua:\;_ing the change in the c.o)'J.omb integral, h, of the. 

a.tta~he~ carbon atom has be_en ~eYeloped, the~e5 .and is give~ by eCln.• 

_(3~) l 

(3-8) 
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where q00 and q0 are the partial a--charges o:r th~ rel~v~t 9arbon 

atom in the parent hydrocarbon and in the organotin compound respect­

ively, Using the value of the CoUlomb integral thus obtained for the 

carbon atom bonded to tin and assigning a standard value OC0.to the 

other carbon atoms; the appropriate secUlar equation ·necessary for 

the calculation of the rr-energy and IT•oharges may be obtained. The 

n -charge distribution in the viriyl g:coup in vinyl tin compound has 

been calQ.ula.ted direc·tJ.y from the _secular. P.quation..while the pert~-

. ba:tio.n ~t.ec.b,..'liq~e ,has. bee~ .empJ,.oyed in the .. t:a~e of phenyl tin com­

pounds because the c~ga in ~he co:u,lomb integral, h; is very small 

.for all the compounds stu~ied_·, Aooord5.ng to per.tu:rbation,- method the 

.chang~ :tn the n ... cp.a~ge. at t:he sth atom, . 6 qs, o :f a phenyl group 

compared to that in ·be~~ne, d1.1e· to .. a change in the S~ulomb int~gral 

.. o.f th~ rth atom,.6o: , . ~s g_iven. by e!a.n. (3-:J.O) 

(3-10) 

where n · is -q}l,e ·atom-at·om polaris"ability-., Combining eqns~ (3-8) . s,r · · 
·and· .(3-;to) we he:ve· eQ.n. (~ll) 

(3-11) .. 

W!lich g~ves the net rr-oll?-rge at the sth ~tom ?.! :the· phenyl group 

( t_h~ fl ~charge ~t tha benzene carbon atoms being zero due to equal 

eleQt:tton de-?-E;Jity at ~11 :the ~tol{ls) ~ terms Qf o-~~harges qc and 

qco , ~-d· pol~isability., rr s,r,• The u~oharges may be easily cal­

culat~d by the Del Re method while tabulated . data are ~vailabl·e £or 
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Fig,. (3-1) Phenyl ring in ph.enyltin. oompoun.ds 
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· .. I-f w~ assume that the· phenyl riri.g presa.Ylt· in an organo·tin 

·compound is a regular· hexagon ·with each- side· 1.40J~9 the:ri. it can: be . . . 
easily shown· that the . JT-moment, f;--11

-, which- lies· along .. the Sn-C bond, 

d~s g:i_ ven by. eqn• . -(3-1~0 l see · · Ftcs • (j. _,) 1 . 

. : r~· e t 2~2.NO t 2q3 .Nhi_.+q4 ._NP] _· (3-12) 

v--1here q2; -·q
3 

anQ.. 'q
4 

are· the IT-charges at 02_, c3 and c4 respectively. 
· 0 no ·. ·o ·. . ·o 

It is ea.~ily srpen tlla.t. NO ·~ . uA ·; tiM :: 2-.:l.A · and .NP. = 2 .• 81. • Sub-

stitu:til'lg, these valuef? :i.n,. eq!!,G (3•12). ancl. uaj.ng the :Value of e; the 

rr --moment due to .a :phenyJ. ~oup is given by eqn. (3.,..13) ... q 

.(3-13) 

I ' ~ 

I ' 

. . ' 
The ~-bond moment$ in organotin compounds have bee~ computed 

by eqn .• · (3-5) usin-g i;he. calculate(} V'alues. o;f Co~lqmo. integr.aJ.s~ The 
. . . 

. necessary DelRe Pai"am.~ters are given in·Table (1~1), Chapter 1. The_. 

net o--di·pole moment,- Fa-, has .been calculated by v~otorial addition 

of the componen·t. bond mome11ts. ·The· rr -moment~ ?-rr, for the phenyl ' 

grQup has been c~lc~ated frc~ eqn• (3~13) using t4e IT-charges 

Qbta.ined from eqn• (3-11). Th~ v-cha.J:>ge .distributi~n in pheeyl and 
' ' 

yin.y~ -groups in some organoti..Vl. compo11nds are given.· in. Tabie (3.;..1) 

Table 3~1 · · .--. , . a ._.._, 

CalcUlc+te'i value b£ the· ·coulomb 'parameter 'h' and rr~c~ge, 

distribution in some phenyl and vinfl organotin compounds 'o1 ·stands 



-40-

.~or the carbon atom bonded .to the tin.~tom) ~ 
' ' 

------·-"·----~~----~--------------------~~~----~~----·----~---\ '. / ' .. 

h 

V12snc12 -o .op3 o •. oo2o 

V:l.SnC13 0~011 "'"Q,006Q 

-0.0020 

ViSnMe3 ~9~0~7 '_ .. , .0.0140 .. ~0.0140 

Ph3~n.C1 . -0,.014 9.0056 .u0.0022 

llhSnC~3 .. 

PhSnl1e3 

J?hSnEt ' 3 

Ph3Sp.Et 

0.011 .. 

·9·027. 

-0.027 .··· . 

.0.0012 ' ... o. 0005 
' ll . ; ~ 

-0.0044 ,.·, -... ' ·, 

0.0108 
''' I' 

0.0.108_ 

0 0099 
1 • · ~- I·.· r 

o.oo17 

-.0.~0042: 

-0.0042 ,. .: ' 

""0.0039 
1 - •· ' 

OeOOOl 
: : 

01)0000 
'. {' .· .. 

-o.oool 
:. .1 

0.0002 
' ·' 

' ' 

9,~0002 

'0,0002 

I 
I I,' 

~0,0014 

..;.o •. ooo3 

0.00+1 

-0.0028 

-0.00~8 

.. 

-0 .• 0026.-

In the m-asent calou.lationa, the lengths o£ Sn-c, . c-o, 0 = o 
' ' . ' . ' . 

(Vinyl}~ 0 ~ C {phenyl), C-H~ Sn·-Cl ~d.Sn-H -bonds are taken to be 
.. ' . '' . ' . '' . . .. ' ' ' ' . . ' -' 

2.lBA.
0

, :J.'!54A
0

,_l,. .. 35A0 ,_1,40~0 , 1.09A0 ,.2.'ll(A~ ~d 1.70A0 respect-

ively~ 7~19 ·for all ,comppu.n.ds except methyl. ·tin cP.lo:rid.es wher<?: thE;) 

~lectron di;t'fr?-ction. data repprtecl by Skinn~p17 ~ve been use.d. For 

th~' tin atom a tetr~hedral' geqrnetry ~as been· a~sumed which is con­

sistent'wit~ the X-ray and e~ectron ~.£fraction data whe~e these are 
• C , • '• ' • I ' 

ava:l,lable17 .' 20 ' 21, 

For compou.r."lda such aljl Me3sncl, rlie2sno12 , MeSn010 , Me3 sn.H, 
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Me2SnH2 , 

P~SnCl, 

MeS:n.B3·, ·~earitl3 ; Me3PhSn, ~ie3yisn, :t-Bu2SnCJ.2 , ViSnC1
3

, 

J?h
2
Sncl2 and PhSnCl3 only one geometry ~s possible and 

. . -
therefore the ci.Uculation of' electric dipole moment is no:~ oompli-

cated by the possibility· of different geOmetr-.r .. However, for organa­

tin compOl.mds ··having e_thyl or vinyl· groups different orientations of 

the· organic grou.ps a}?eut the tin·· atom, aS! shown in :&'ig. ~(~-.:2;J,, ~e 
,"1 • ' 

possible. In such casas i·b is rather ·difficult to asav.me w:y parti-

. cU:tar cop.formation22 • However, the d:i.ffer0nc~. in the d~.pole moments 

of these e~ntioniers ai'e expected t'o 'be ~mall because of tb.e l()W 

values o:r the· bond l)Olarities of' c..:.H:: and C-C' bonds. In order to esti-
. . . 

mate the magni tud.e of this difference the dipole moments· of Vi3SnC1 

a..11.d Vi2SnC12 nave bee,n· calmu.ated fo~ diff.ereil:h possible, conforma­

tions. Th9se values, given L~ Table (3-2), 1na1cate that the diff-
(· 

·Table 3-2 

Calculated electric dipole moment o£ Vi3Sn01 and. V'i2SnCl2 

assv.ming confi~at1.ons: (a) ~d (b) • 

.,.~-----~,........--........ -.-.------, -----· ______ ._. __ ' -. --
Compound 

Vi3SnCl 

. V:t
2

SnC1
2 

Calcd. dipole Calcd. -dipole 
· momen·t ¥t De bye moment in· De bye 

... ·-•·--·- (a},. _ (b) .. · .. ·. 

3o 645 

3,101 

3~71,0 

Difference in 
De bye 

0.,048 

0.,065 

--~-------~--~--~----------,----,------------------m----------~--------

ere~1.ce iu. the dipole moments due ·to a conforma,tione.l change is of ' 

the order o£ ±0.06D and is much less than the variation in there-· . - ' 

ported· date.. For ethyl compounds, this d~fference. :t's even smaller. 
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Because of this the sterically most favoured conformation has been 

assumed whenever there is a :possibility· of more than one. conforma­

tion~ (For example in the case of Vi3SnCl and Et3snCl configurations 

Ia and.IIa are assumed). 

The calcula·ted dipole moments for a number of organotin com­

pounds along with the experimental dipole moments1 ~2 ,23-29 are given 

in Table (3-3). Considering the large variations in the reported 

Table 3-3 

Calculated and Experimental· dipole moments of organotin 

compounds in Debye unit, 

---
Compound Oald. dipolE> 

moment 

1~~e3sn01 3r46 

M~2SnCl2 4.04 

Mesnc13 3~63 

Et3SnCl 3.55 

Et2SnC12 4.14 . ' . 

EtSn013 3.73 

Me3snH 0 67 ,,. 
Me2snH2 0:.78 

MeSnH3 : o, 65 

Me3BhSn 0,54 

Et3:PhSn 0,50 

EtPh3Sn 0.51. 

iVIe3ViSn 0~52 

:,~-Bu2Snc12 4~14 

Ex:per• dipole 
moment 

~ •. 46 - 3,52 

4.14 - 4,21 

3~62 ... 3.77 

~~44 -.3~80 

3,-85 - 4,47 

4.08 

--
-""! 

o.Bs 
0.51 

0~50 

0,73 

0,.45 

4.34' 

-. 

· References 

1,2,24 

1,2,24 

1,24 

2,25,26 

2,25,26 

1 

--
27 

28 

27 

27 

29 

2 

Contd •• 
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Comp~und 

Vi3SnCl 

Vi2Sn012_ 

Y'iSnC~3 
P~_SnOl 

l?h
2

SnOJ.2 

PhSnOl3 

\ 

~4S­

·~!..,.3-S (Oontd•) 

Oald. -dipole Exper •.. dipole 
moment moment 

3 •. o5 
34165. 

34134 

3.oi 

'' 

.. 
'44106 

3.77 . 

3.30 .. ~h46 

: ·3.59 .... 4.31 

3. 99 ...;. 4.50 
,' ~ -

' r I> o 

, , l, ... . I 

.References ... , . ) 

'2 

~-
~ . : .... 

2 
- ~ ; ' ' ) ·' . 

1;2,23,25 . 

1,;~,23 ' 

. :t;·2,23 i ". 

dipole moment data the agreement between the ca.lov.iated and th~· 
. ' . 

experimental values is generally very good;l': 
\!,•. . ~~ . ~ :: . . . . 

A very significant te~ture· of' the :P!.esent calculation is the 
I ~ < ') • • • : I ' ' !' 

change in tin-chlorine bond polarity in going from ~4e3snCl _to Sn014 • 
.,') '; ·. ,' '} ' .. 

In order to account. for the variations in t.ha diPOle moment in -the 
. . . . . ·'·. . ., .. . ,·. 1 ·:: ; . 2 

a~?rie~_ R3SnCl1 · R2snol2 and RSnCl3 L~rberth and Noth . and Huang et al 
• ! :; ' ':1 

b,ave argued in favour of ~crease in the tin-chlorine bond polarity 
> ' ~ • • • 

with progressive c~orine substitution although the nuqlear qua.dru-
.. : 3 4 ' ' ' 

pql'e coupli:Q.g cont::rtants and infrax'e.Q. spectra . of organotin chlori-
' • • • ' ' ~ '_ ·I ' • , 

d~s indicate a ~ev~rse trend~. Thea~ ta,pparently oontr~4ictory .conclu­

~io~s have been reoonciled in_ our ·QalcuJ.ation .• 'An. ex~linat.ion of the 

var1-ation in the bond polarities ot 'the various bonds, of metbyl tin 

' 
' ' 

.1.: 
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chlorides given iil. Table . (3-4) shows 'that the tin chlorine bond 

polarity decreases ~rom Me3Sndl to Mesn·m3· ~a would be. expected· · 

£rom t'he nuclear ~u?-d_ru.pole coup~~~ -;~?natant data. I-Io;wey~~:'·· the. 

table, .3-4 .• 

Polarity (p~r,c.ent) ·of diff'e~en.t bonds in Methyltin Chlorides. 

Compound ,Sn-m. ,Sn-0 '' :a~q. '' 

Me3Sn01 38.68 10~66 3,,30 

·Me
2

sn01
2

· 33~79 4.48' 3~64 

MeSn013 28.07 -2.77* 4.05 
.. . . 

*Negative sign indica:teE:f revers~l of po~arity. 

,·' 

"{?in-~bon bond polar± ty als.o decz;eases· concurrently and in :·fact:,: 

it· ·is reverse,d in. WieSnC13'~ U!hu.a~ although the till-chlorine· bond · 
., . . . . -

·mom~nt .deoree.f:3es. ,in the ser?-es, ·the decreaae:.in. the tin-carbon bond 
.. 

moment which acts in: the opposi'te direction leads to an over~ll 

h:tgher dipole moment_ .. 

!]!haj:; the calculated b.ond. polarities ·are ·essent;ta.lly ·.correct. . 

is also reflected .from a co.mparison. of the calculated Del Re. charges 

at. ·~he ch19rine atom in n-Bu2·~:p.Ol2 ;. ;n.-Bu.Sr+Cl3 .and sn014 ·and. t~e- ·ex-
I 

pf)rimental n1.1.clea~ .. que.cwu.pole Qoupl~ constants of chlorine in these 
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~ompounds3 gi,ven in Table (3-5). A singly occupied p-orbital has a 

Table 3-5 

Comparison of charge ·on .the. chlorine atom with i·t£3 nuclear 

quadrupo~e coupling constant• 

--------------------------------------------------------------------
C~mpound Charge on Ol 

48.-2· 

large gradient at the nucleus and.gives rise to a relatively high 

value .of the coupling constant for a chlortiie atom,· where as that 

for a ~hloriil.e ion is zeio;· a totally fill~d P-shell has e. spheri­

a,a]. symmetry and .has no interi:iction vJith t4e quadrupble' momen:li 30• ' 

Hance, the nuclear quadrupofe coupling constant· of ·chlorine ·ill a 
' . 

series of ·similar c·ompounds is strongly dependent on the electron 

density at the chl.orine atom and 'decrease with in:cr:ea.sing negative. 

cha.I;tge on the chlorine atoms •. Thus·, the calculated ·charges are in 

'full' agreement wi·th the. nuclear qliadrupale coupling cons·ta.nt data-·· 

also.~ 

'': 
.. 



. . : . AnotheJ;" :point that· strongly jU~tifies the;.· validity O·f the . 
; ·.- . . . . . : 

Del Re calculations in the ·study o£ orga.n.otin compounds . is the ·cal~ 

culated ~ariatfon in tin~c~bon· bo~d po~arity. in ~Sn014-n type. 

compounds., :Because the electronegativity se9.uence is phenyl) methyl> 

ethyl) n-b~tyl > t..:butyl2;3l~33 ,· it .is expected t~at the . ~in,;,;c~bo~ 
. ' . . -

bond polarity viouJ.d f.olio\111 the same .order. This .is clearly_ demon~-

txo'ated ·by the dat~ givc;tn in; ~able (3-6). T,P.e tin--carbon bond pol,a.r- · · 

; ' ,· 

Variation in the yin-c~bon bond polarity (percent)of . 
. ~ . ~- . 

. . ·' 

~------------~--------------~-----------------------------
R 

Vi 

Ph 

M~·. 

Et . 

n•Bu 
t~Bu 

13.97_ 

;1.3.82 

iOiiG6' 

10.61 ' 

10r5s 

10.55 

7.9ij 

·7 .. 70·· 

;4.48 

4.29 

. 1~25 

-~.05 

'' . -

0.82 

·o.46 
._2ff.:77*' . 

~3.14* 

·.;.;3,;19* .. · .... 

·..:3. 64*' 
'•.-

ity in vinyl tin oom~ounds suggests the vieyl group to be more . 

electronegative than the phenyl ~oup which is consistent with,the 
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resu.l ts of cleavage of symmetrical organomercury compounds by 
. 34'' 

HOl. .• 

· · Although the .presen~ calculations· can: a'ccou.lit :for the dipol~ 
1·. 

·moments a~· wal.l as ·!ibe varietion in ·the bon:d pola.ri ties · satia:taoto~ 
' :: ' . . . 

rily~ in -~ few c~ses 9 . viz··.':~ PhSn010 and,. ViS.nOJ.3 the (}alcu)..~t_ed .. zno .... 
'I , .• . 

menta are some what 'low. The high dipole moments of these compounds 
\ ' : ' I ' • ' ~ ' ' ' ' ' ' ,· I • : ' :. ' ' ' ! j' • ' • : ' ~- ' I ' ,J • ', : : ' ' • • ; ' I, : ' ; • '''' . ' • ' ' ' ' ;. .' ' • 

.have been attr:l. bu. ted to drr - p
11 

bonding betwee:p. tin. and carbon by . 
'.. ' .2 ,. ' . ·.' . ' ' ' ., . ' .. . . ' 

~ua.ng ~t· al •. However, the .d:f.pole moments of orga.notin chlorides, 

parti cuJ.arly in the case . o£ R2sno~2 . and RSno~3 type compounds, shows 

a strong sol.vent depe.nd~~oe. For example the ·dipole moment' of 

PhSn013 ,varies from ,3.99:Q t.o 5,81D depending ·on. the· solvent23 indi­

cating .a ,strong solv:e.nt solute interaction in this case. ;Because of 

such large inte:r:a.ctions. :t t is not possibl.e to obtain the dipole mo-

ment·· of 'the free moiecU:te to' which 0~ cal.culation applies. In 8.lW' 
. . . 

ca~e' the .di!J«;>le moment of· ph~nyl1;:in·· cbl.ori~ in the absence of aiJ.y 
- . ' . ·. . . . 

iil.teraction would be ·certl1inl.Y lo~ver: than a .. 99D which is the value 
. ' 

in hexane since the o·bserved dipole· moment increases iil solvents 
': ' ' ' . ' ' 

li..'tli:e dioxance where- the inte:raction With th~ solvent is expected to 
. ' ' . ' . . 

be .. greater~· It irJay .be·notea·· that co~paratively large deviation from 

the caicul~ted values·· occur oilly in such cases. Thus, it appears that 
I ' ' ' ' ' ' • '• I • 

• ' v 

the: dis.crepan.cy between.'the oalculate'<i and the observed dipole momen-

ts iu .such cases is mor~ likely to be du~ to· uncertainity in the 
I ' • ' 

~xperimental valu~s r.ather. t~ ~u~ to · a,'ey. ·drr ·- Prr bondiDg. This view 
' . . . 

is supported by the fact that ;.our caiou.lations satisfactorily account 
. . . . . . 

for .such ·diverse. pr~pertie~· as· he·at c.t atomisa.tion~··variation' in bond 

polarities' borid' distances; nuclear quadrupole . ooupiiiig constants, 
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stret9hing frequencies etc.,, in organotin oompounda5- 11 \1<]1 thout 

illvolting any .a \T ... Prr- bonding • 

. ' 

In this ohapte~ the electric dipole moments of 20 orga.uotin 

compounds containing methyl,. ethyl, t-bu.tyl, n-butyl, phenyl and 

vinyl groups have been calculated using approximate quantum m,echa-
,· l 

.nical methods. The ~-moments are computed from the a-change dis-

tributions calculated by the usual Del Re's procedure while the 
·'· ., - --

contribution of the TT-.system to the total moment .of a molecule 
. ' . ~ 

having a IT-system is calc~lated from the TI•charge distributions 

obtained by the Ruckel LOAO MO method using perturbation techni­

que. To ascertain tbe ef£ect o£ the.relative orientation of the 

org~nic group R about the ceutreJ. tin atortl on the dipol·e moment, 

the dipole moments of Vi3Sn0l and Vi2SnCl2 have been calcula-ted for 

mvo extreme configurations of the vinyl group about the tin atom. 

The results indicate the change in the dipole moment due to such 

changes in ori.enta.tion to be smaller than .. the variatfons in the 

reported values. 

Agreement between the calcv~ated and the experimental values 

is in general very good. The calculated bond polarity of: the tin­

chlorine bond decreases in the order. R3SnCl) R2Sn012) RS.h.l3) SnCl4 

in accordance with the vari.~·tiqn in the l'liclear quadrupole coupling 

constant of chlorine in these molecules. The tin~carbon bond polar~ 
' 

ity .follow the order v¥1Yl) phenyl) methyl) etllyl) n-butyl) t-butyl 
. . . 

as would be expected from their relative electronegativities. 
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