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Introductions 

Mossbauer resonance l1$Ve been observed £or a number of nuclei 

including 119sn isotope having . a relative abundance of a. 68%.. This 

provides an excellent scope for using Mossbaue~ spectroscopy as a 

probe to study the nature of bonds and to determine the coordina­

tion number o:f the tin atom in organotin compounds. Although the 

in-terpretations of the experimental data, in most cases, ·are n9t 
entirely satisfactory, the Mossbauer technique has been quite ex­

tensively used in this field and a. vast body o:t data on both isomer 

shifts and quadruPQle apli ttings have already aoownulated in chemi-

, cal literaturel-4, Gold~skii has suggested a linear relationship 

between the isomer shift_ and ligand electronegativity or percentage 

ionic character for tin tetrahalides, This view has been extended 

to other quadrivalent tin compounds by Cordy-Hayes and Herber and· 

has been critically examined· by Zuckerman3 ,o •6• Parish et al have 

shown that_f'or snx
4 

and snx.
4
y22 type compounds (X,. Y::: F,Ol, Br 

or !)isomer shifts decrease with the increase in average eleotrone­

gativity of the halogen atom M,d are E)ssentially independent of the 

coordination number of the tin atom7• More over the relationship 
' . 

be~veen isomer shift and tin proton spin-spin coupJ..ing conatant8 

as well as a number of' theoretical approaches to the oalcuJ.ation of 

isomer shifts in organotin compounds have b.een examined9110• It has 



been suggested that the im9a~ance in the XI-interactions determines 

whether or not a quadrupole splitting would be observable in organo­

_tin · compow~a·s11 ' 12• This ~ule is. however only qualitative in nature 

and even fails in. manY casesll '13.-lo • . Gr~e;p.wood et al )lave obtained· 

a Q_orrelation between qua~upole splitting .and the occupation number . . 

of the three individ1,1B.ls 5p orbitals _of. ~he ._tin atom calculated by 

SCF MO .method of': Pople with ·basis ;set involving tin 5s-, 5p:ancl-5·d 

or~~ t~J.s-9 •. More rece1i:t;ly the· imbalihce in the tin-ligand. cr-bond 

pola.ri ti~s has been sugges·ted as .the dom~ting factor in determi-
~ . ' . . 

n~~g the quadrupo~e -s~~itting~ .anO. a good .correlation between the 

inductive T·af't constant1-7 and the _qua.~pol~ splittings has been 
' . ' ' 

obtained £or a nll:Dlbe:r. of o~ganotin, c;!Qmpm,ul.ds4 • Howe.ver, inspite of· 

considerable attention give~-in this field, no genera~ apprQac~ pf 
' ' ' . . ' ~ . . . . ' . . ' . 

wide a.ppliqabi~ity, has yet been d~ve~OPl7d .:(or .. t~e .. interpretation 
' . . 

and .correle.tion, of .the Mo_elsbau.e::r;- p~~eters .in organot:i,.n compoWJ.ds. 

T,h.eoretioally the l1_9,sn ;Isomer , shifts are line~rly ~elated 
.. . . . . 18 ' 

to the total electron density.at the tin nuc1el.l,s which in turn 
. . . 10 19 

i$ rc;tlated. to :fihe s_-and p-eJ.ectron l?OP.Ulations. · :i,n .t}le valenc~ ,shel1 , 

while ·the quadrupole splitting depends on the:magnitud~ of the· £ie1d 
. 18 . . . . . . 

gradJ.ent .which is related to the asymmetry of the p-electron dis• 

t:ribu.tion. in the valence p-orbitals 'or the tin atom. Thus, in order 

to. ·investigate· the· Moss bauer iscun,~r- shif·ts aha quadr'upole 'splitt­

mgs in organotirl. compounds the· lmowledge of the· electron: popUlation 

at. the tin 5s,- 5P;tt. 5Py and 5pz orbitals· are e·ssen.t~aJ:~· Aithou~ a 
' number of sophisticated quantum mechanical procedures like SOF MO 
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etc. a.r~ a:va.ilable for this .Plll'.PO!=le~ suoh m~:thods are .of l.ittle . 

value to experimental .chemists as a general tool . for the interpre-
• I • • I • ' ' < I > ' • • ' '' '' : ' : : I • 'I ' ' I' ;,,' ' • ' I 

and the complicated mathematics involved therein •. 
• . ~ '-. . •• ' l ~ ~ -· ·, ~ •• ) • ~- ,,· 

,.. ~ • • ' ' J ' • 

In ·the prese.nt c~p1;er .we ~ve~ .t~~r~.:f'ore,, (J.ey~loped .~ 
' . . . . . . . . ' . . ' .. -. ~ 

extremely ··simp;Le; .,yet ve,~y ef~e.~i.;iv~, meth9d for .t.4is purpose·· 
• • . • ' •• • • • 'J -. 

:tn the lo·oaliz~d .MQ -app~oaoh1. the. ~- and ~el~~tron. :popula-
• ' • • o , ,' o '• I > ' o ;, ~ i ' • : ' 

tiona a.t the.tin atom may be easily calculated from. the co-effioients 
• '' ' ' o ' I ' ' ' , • '' • : • ; • o ' " ' ' • ' , ' ' i I ~ '< 

of the bondi~ MO.prqvide.d the s-and p character of the hybridisid 
,- ' , • ' ' I J ' •; • • J ', • .: ,' ' : ; t•' • ' 

valence orbitals . of . the· 1;i,.n atom a.~e ~C?wn., , lp,. . the . Del R~ method, . 
' • , ' ' ' ' ' , ' ' I '• ' , I , I i · ' , ~ ., , : 

at.omic·. orbitals .are. no~ c].e~ly .defined~ ~s. such the s~ an~ ~con-
• o ' ' ' ' • ' I • 0 

' o ' I • • 1 l • ~ 
0 

, 

tent· of the· hybridised orbit~~ of the tin atom 14S.eg; tor the ~orma .. 
" ' , 1 ' ·' '• I .:\ ' • , , , , '} , , • • ' , ' ', ; ~ 

_ 'tion. of·~-bonds w~th the ligand orbitals a~e not dir:~ctly aya~lable 

:f.'ioom the solutions ·of· the secUlar equ.a:~j.o:ns used in. the D~l··~e .. pro­

ced~e ~·. Howeyer, · a clue to. the s-oha,racter: of. a. tin~ca,I'bon. bon<l. may 

be .obtained from the correJ.ation between the. calcUlated Del Re. 
' ~ . . ' ' . ' ' . ' . . 

Cbu.iOlri'l;> _integral: parameter and· J (Sn-C~H) .. sp:tn~spil:l. ¢ot~pling cons-

tan.t:s in organotin. compounds discussed ·in Chapter 5.•: In the cll.."tTi:uit , 

chapter we. will. f~st develop a simple . m(3thod of. esti~t.i;ng ' s:.. an~ . 
P..ohara.oter of th,e different. ·bo~ds formed. ·:bY .the ·1i$21 ato~ .. f:'rcun :Pel. 

Re parameters and then use. ·th:ese data to ;C8~lc.u.la.te PO:Pul:ation~ in . . . . ' ' -,. . . ') ' . . ~ ,. 

the· valence -shell of ·the tin ·atom.· T~e e,:tect.ron. deztsi ty :at t.ll~ .-Jiin 

nucleus 'has thell. been obtained by u.aing ·.the f.ol.'Inu.la .o~t?.,in~d by . 

Lees ·and. ·Flinn from an. analysis .or·tne .SQF .AO's .of. the. tin-a,tom19• 
I • . • • • • l ' ~ ' . 

·The calculated electron densities ·show a.fa~ correlation 

with the experimental Mossbauer isomer shifts u1 a ~umber ot organo-
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tin compounds and the vaJ.ue o! ( 6R/R) calculated from the sl9pe 
. . . . . ' 

•4 ·.· . 
o:f the correlation line. is 3.2 x 10 in excellent agreement -~ith 

t~~- va~~e of 3.3 x ~0~4 ob~ain~d .from ~n· inde·p-end~t me~hod bas.ed 

on. interna~ electron conversion. me~s~;emen~s20 • ~lOreover a method 

:for calculating the asymmetry. in the .~electron distribution at. the 
~ . , . , o ' , , r • 

tin atom has been developed and an.a~ymmetry P~$lleter 'A' has- been 
• . ' '' . ' . ' ' : ~ . ' ' . ~ ' ' • . ' ' ' ' I . . ' • 

defined~ This parameter shows an excellent coorelation with the 
• 

experimental quadrupole. splittin(;?;S• 

(Al- M:ossbp.,~er isome~.·.s.hif't·s · in orsail.otin· compoimds: · 

Method.:· llllo.ssbauer· isomer shift in: EU:t · organotin compound r~lative' to 

a standard at;>urce is given· :by eqn. · (6-1)3·~;ta where ( L1R/R) is the 

.:tractional· change ·in the nuqlear oh~ge radius· o·:f the tin-atom on 
. . 

exQi tat ion; 

, 6 =. d~ ( . .6.R/R)l 'fa? (o) - · 'f':(o.)J · . (:6-1) 

2 2 . 
~a .(o). and '\J

6
· (o) X'epresents t,he electro!!: density .. at the nucleu~;~ 

of ,the absqrber and the source respectively, and C is e. oonsta:nt 

giv-en by eqn~ (6-2) 

(6 .... 2)· . 

Here R, ·is the equival~nt rt:t,d:i,.u~ in the :Wliforntiy charged· 

s·p~ere appro:x:~ation, z i~ the· atomio number of' the moss bauer .active 

nucleus and -~ . is the eleQt:t'onio oharg$.• . 

,'. ' 
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Using relativis•tic wave functions for the tin atom· in 

various·oxidation states and different eleqtronic configurations, 

F 19 h' . t d,'L in . . "' -3* ·• . ' Lees and li~ ave shown tha. .,a.. (a) ~ , .. un!Lt~ o~ .a0 . :t.s g1ven 

by the eqn• (6-3) where fo ~~presents the elect_ron deneity of the 

'(6-3) 

bare core state (sn.4 +), and f is the el.ectron density due to the 

valence electron which is given by eqn. (6-4) ** where n8 and l'lp 

(6-4) 

are the s- and p-;-eleatron.. popula~·ion cp 
6 

is the charg~ density of. 

a single 5s electron, 6 6 is the inner sc:reening of a sing].~ 5s 

electron, Sss is the 5s-5s sc:rleening effect and Ssp is the &s-5p 

_screening effect. The ·calculated. values of ~ s , 1::. 8 , S6 s and 

Ssp are 5~,,28; ..;1.00, -3~77 and -1.65 ~espeotivelyl9 in units of 

a;3. Substituting these-values in eqn~ (6-4:Y we have eqn. (6-5) • 

. (6-5) 

--~----------~~------------------~---·------~----------~------* a0 is the atomic units of length,- i·~,e. o.529A0 • 

*·)(- Though, only the s-e1ectrons have de£:411 te probab:l.li ty at the 
nucleus of an atom, the p-electrons exert an indir?ct influence 
on the electron density at the nucleus by screening the s~electron. 
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' . ').... 2.. . 
Substituting_ the value of 'fa lo) and ~s(o) from eqn-,,· :(6-3)·. in: eqn. 

(.6-1), the isomer e~hift 6 will be l$iven by the eqn. (6-6) Where·,~ 

the. primed term ind_icate the sou.rc~~ The: electron de~sity o.f!' the· 
. ' . . . I 

bare core state (Sn. 4 +core) being a constant, :i.. e •·- fo == fo , eqn. ·. ' : 
. . . . 

(6-6) simplifies to eqn-. .(6-7) where the term ~c-. ( AR/R)P' has 

I I 

8 = c(LlR/R)[~ + P) - (~ + fJ)] (6-6) 

. . . . . I 

8 :C. ( 6. R/R) ( p- f )' ' . 

=0• ( ~R/R)P + C' 

been replaced by a•. Since 0 and ( ~ R/R) are constants, the. value 
. ' '. ' 

of C' depends on_ t~e italue of P/ i•e• ~he source onJ.y~ If the isomer 

shifts. ar~ expressed. l .. elati-ve to a~ standa.rc;l. source,. C-' may then be 

treated as a. cons~an.t .• Therefore, -:the_ isom~r shi~t~ re~ative to. a 

f'ixed sourc~. w.;lll "be ;t.ine~lY rela.t~d to p, . whi<;lh may· be oalcu,l.ated 
\ ' .· - ' ' 

from ~he ~-and p~elect~on. popu1ations·of the valence shel~ by·eq~. 
. . 

( 6-5}. In the f'ollow_ing secrtion we would, t.herefore, develop· a. sim­

ple method or· calcula.~ing ~the quanti ties n6 and ~ by the Dei Re" 

method!t 

, Con~?ide~ a tetravalent ~in opmJ?9~d-~, .Tl:le i~h hybridised 

v~lene~ orpi,tal 'fi , . which f'orms tlle it.h · cr-bowi ~lith the ligand, 

may ~e \'ilrit'!ien ~a· m· eQ.n• (6.-8) -whe+"£l s, ~x~ Py and; Pz repres~ntf!J. , .. 

the atomic o~bitals of the 'tin atom in the va.len.ce shell• n!he ith 

localized bonding ~o, ¢ 1 , formed from the tin orbi-'c;al t 1 and the 
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·ligan~ orbital *x ma.y be written as in eqn~ (6-~). Hence the 

eiectron' popuia.ti~n, nj ~ in the jth atomic orbital (j = s, ::p~, .·:. 

Py or~. Pz). of the. tin atom will be giv~n 'by eqn,," (6~10) whe;e the 
. . 

fac·tor 2 has been introduced to. a~c~Un.t ~:for' the ':f:e.ct that. every 
. ~ . 

·bonding MO is occupied by two electrons. 
,, ' 

. . 

:::. C:t·~is's +. Ciaix•·Px -t-Ci~iy•Py -rei .aiz•Pz +Ox· fx (6-gb) 

=2 ·(6-10) 
"· 

' ' 

Because the Del R~ boncl char,ge.. Qsni' for the Jth ~in ligand .bond 

is given by eqn. (6-l.l) and the j ·total ·number .o£ bonds formed by the 

. ; 
(6-11) 

-t:1.n atom is four in the. present case, the total electron popul~tion 

1~ ·at the tin atom \1ill be given by eqn~ ( 6-12), where ~sn <= ? Qsni) · 
. . . ' I. 

is the partial charge at the tin.atom, Similarly the a-electron 

popuJ.a.tion lls and the tot?-1 p-ele~tron ·population .np in. the valence 

shell o.f the •tin atom will .. be given by' eqns, ·(6-13) and (6-14) 

2 respeoti vel.Y where ais ·· ~s bee:O: repla.·cea·: by Asi , .. t¥J.e s character 

(6-12) 
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(6 ... 13) 

(6-14) 

of the ith bybridised valence orbital of the tin atom. Thus n8 and 

n..... can. be, evaluated i£ the values of "A • oan be determined. In. t.Q.e -y . . Sl. 

previous chapter it has been .shown that for MenSnX~n (all X's 

identical) type compo_unds ~~he a-character 'A.. s, of the tin orbital 

used to bond the methyl group is giyen by eqn. (6~15) and the tin 

proto~ spin-spin coupling constant,. J(119sn-O~H); is' given by eqn. 

'(6-16)21 •. :Clie v~lue of K can be readily determined i'rom the slope 
,·. 

A..s·= o.25+K ~(8~ · ·'""' Osn)/n. (6-15) 

Cf(119~n-0-:ijt =. 0.2QB + l;C•B ~ ( cS X - 6Sn)/n (6-16> 

and intercept of the correlatio!Lline of J (sn-.o-H) ~d 2: ( cS x - o8n)/n •. 

Using a value of 0.284 for !<;.*, calculated from the oo~relation line 

* A much different value o£ K is o bta.ined if one considers the corre­
lation line of the ethyl oompm.\ri.ds given in l!1J.g. (5-5). B~cause of 

· considerable discrepa~cies in ·t.~e ,:reported values of J(ll sn .. C-H) 
in the ~byl compounds (values a.~ low as 32.2 Hz and as high as 6 9. 2 
Hz have been reported for Et4Sn ) these data appear· to be unreliable 
for the evaluatton of K. ~he- fact that· the value of K obtained from 
p,qenSJl.X4 ... n type compowids is applicable ~so to many other organo_tin 
compounds containing propyl, butyl, benzyl groups indicates beyond 
doubt that the J(Sn-C-H) data for the ethYl compounds include large 
systematic errors. 
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shown in Fig. (5-4),. eqn. (6-15) redu.cestoeqn. (6-17). 

A.a ~ o.~5 +:0.284 (4-n)~_.?·x ~ &"~n.?/n .. (6-17) 
. .. ,· , 

Aa /-.... is the fractional a-character of ea~h o~ the .tin orb5,.tals. s ,. •' ·, .. .. ,·· . 
'' 

used to ·bond the methyl groups, the remaining a-character, i.e., 

.(1 ..... n 'As),. will .·~e equa:Uy .di~tri~u.ted b~tvtee.n the .r.e:maiD::lJlg (4-n) 
' . ' . ' . • ' . . r. J 

tin orbitals used to .bond (~n) id~ntioal :J_igana,s,. ~·-_·Therefore the 
' . . : . ~ . ' ' ' . . ' ' . . -

fr~ctional a-character of each of the tin orbitals .involved in the 
'l I-' ' • • I , • '• ' , - I ' ··• ·.' ' ',' 

sn~x bond is (1 _- .n /;-...6 )/(4.~n)_.- With these· va~ues of· A. 
6
,. eqn~· · (6..:..13) 

siulpli,;eied ·to .E39,ll• (6-1_8) · , ·. . . .. . 

{6-18). 

All_the par~eters i11.volved .i!{eqn.c (6~17) SI.J.d (6-18)· are . .. 
ava:ilable,, f~om th~ .~el Re, c~culat~.ons. TJ.?.us,. ns ai'ld hence np_ Ceqn. 
_(6-14.)J.may, _be--eas;Lly. calcu1ated. Although' eq:r;r.~· (6-17) has be~n · 

' . . ' .- ' ' . . . ' 

derived by considering MenSnX4-n typ~ compoun,ds onJ.y,, we a.sstune that 

the relation' ·~s' true. :f. or . al:J. 'I\~ snx~n type . 90lllpOunds' as long as 6 x. >' .... 
5 n(. _ )~.·:It is· ne~es'sary to. impbse · thi~ condition· ~ince- eqn~ ( 6-15) . 

vR . . . 
-. haa· been derived f'rom the isova~ent hybridisation rute22 by assuming 

.. ' .. . . 

that the el.ectronegativity of the J.igan.d X is gTeat~l .. : than that o:f .. 
' , o ' , , 'I } <• , , • • I • , • 

the ear.bon atom bonded to th~ tiil: .atom {see . C~a.pter 5). This- as-sum~. 
' • , • ;, I ' ' , ' ,·, ' ' ' '• o o • • 

ption .is_ justif:i..~d by t.ne·_+~ct. t~t (i) ~or a",numbe:r;a of Rns}:ix4-~· · __ ,_ 
' ' ' ' ' , > I • • • 

type compounds-_ (R· ~Me,· Pr~ B~· ~tc~) .the ,l."epo~'ted ·.~arues _ot_.i(~19s~~ 
C.-H) ~e o-f ·comparable magnitude2 wh:\..ch ·sh<iuld be -the case only ·if 
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eqns. (~16) and (6-17) a.re applicable to all these o.ompoUl:l,d,a ap.d 

(ii) fair correlations are obtain~d betw~en the calcul~ted parameters 

and the e~perimental Mossbauer ieomer shifts and quadrupole splitt­

ings in such cases also~ 

Result ru1d discussion: 

For the present study we have ~elected a number of compounds 

of the type HnSnX4-n ?nly (the eqns. derived in the ~esent ohapte~ 

is applicable to such cases onlY) where n = 0 to 4;~ R ::w .Me, B:u., Ph, 
' ' 

:PhC(Me2)c~ and X:= Ql"i1 CF3 , c6F5 ,Ph an,d V~ ,~oup fo.r which the 

necessary Del Re parameters have been evaluated. The c~loUlated 

values 0 f "- ( . ) , A. ( ) , o v. &6 and 0.0 for these compo.u.n.ds are · s o . s X A~ .n .. 
given in Table (6-1),· "--s(C) and ~(X) stand fo:r: the s-oharaoters of 

Table 6-1 

CalcuJ.at~d s-charaot_e:r;- i\. s(O) ~d "-s(X) ()f'. Sn-O(R) and Sn-X 

bond and the Coul.omb integral pa~ameters 6 0 (R) , o .x; · and c5" sn · in 
some. RztSnX4.,.n type compounds wh.ere n = 0 to 4, R =Me, ;au, Ph, 

PhC(Me2 )oH2-, and x· m Cl, CF3 , 06F5 , Ph and Vi gi"OU.PEh 

Compound "-s(O) ~(X) 6
c(R) cSX 0 sn 

' . . -
Me4sn 0.250 ~. Q.1000 .... -0~0000 

Me;3SnCl 0.283 O~lijl 0~10~$ o.a513 0.0()32 

Me2snc12 0.336 0.164 0.1212 o.asoa 0,0764 

Contd ••. 
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Table 6•I(Oontd.) 

Compound "-s(C) "s<x) &a(R) 8x 6sn 

Bu.4sn 0,250 """ 0.1002 - """0•0599 

Bu3Bn,Ol 0.283 O~t151 0.1085 0.3511 0.0027 

~- Bu2snc12 0,337 o.1s3 Oe1184; 0.3803 0.0758 

BuSn.Cl~ 0~466 0,178 0.1299 0.4147 O.l617 

ME)3SnCF3. 0•27.7 0.169 0.1023 0.2438 -0,0450 

Me3sn(c6F5 ) 0,270 0.190 0.1009 0.1580 •0,0539 

Me2sn(CsF5 )2 o.-309 o,t9i. 0.-1018 Oe1586 -0.0479 

Me~n<c6F5)3 Oe421 Oe193 0.1027 0.1592 -0.0419 

! 0 sn(c~·-F · )' · ~ ,····r, 0.250 ~ ' 0.15~8 . ~0.;0361 6 54 
~ Me3SnPh • 0.269 ' 0.193 -0,100.7. 0.1491 -~0.;0548 

· · Me3SnVi 0~269 .. o,a,93- 0.1008 0.1504 . . -0.0547 

Ph4sn·_ 0~2q0' - o,_1~9·a· ... -0.0397 

J?haSnCJ. 0.282 0.164 0,1566 0.3573 0.0184 ' .. 

Ph2Sn012 Oe335 o.~65 0.1635 o,-3846 o.oa65 
PliSnOl· 0.4~3 

. 
d.t79 0.1718 .. O.t4i69 0.1673 . 3 

,. t. '. 

*(Neo)4~n 0,2l?O - 0,1003 -0,0599 
:-.- -. , 

·:+ (N~o )3snCl,. 0•284 Oe1i8 0.1087 0~3612 0,0028 

SnC14 o,-250 - 0~4559 0.2647 

·*Neo ::: PhC(Me2)CH2 
. , ....... 
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the tin orbitals directed towards the carbon atom o:f the group R 

arW. the ligand X respectively• The ca.tculated values of n 6 , np and 

P? obtained from e.qnst (6-13), (6-14) and' (6.;.5) along with the o b­

served isomer ahifts1-3 are given in Table (6-2)~. Fig~~ (6-1) shows. 

Table 6-2 

Calculated· values of the electr9n population Ils and ~ 

and the experimental Mosaba.uel* isomer ~hif'ts,. 

compotmd ns ~· ufa-3 8(mm/sec .• ) 
0 relative to 

M~4sn o.,a4o 2~52,0 . 38.&8 lt22 - 1.29 

Me3SnOl 0;851 2,442 3~.15 1 .. ·41- 1•44 

Me3SnCF3 0••829 '2.440 38.22 1!'31 i •.. 

Me3sn( o6F5 ) o.a34 2•489 38•30 1•27 

Me3SnPh ·0~835 2;495 38.32 1.16 

~~3SnV:i 0.835 ~,493 38.33 1,30 

Me2snc12 .0.~.859 2.37p 39.69 1.52 - 1.~1' 

Me2sn c c6F5 >2 0~829 2e459 
.. ' 

3~~t18 1,25 

MeSn(CsF5 )3 
0;.823 I 2,429 37.99 1..i9 

· )~u4Sn 0.840 2•520 38~48 1.30 ... 1 ·35 . ~ 

Sn02 

Bu3SnCl 0'.852 2 '444 . " 
39,19 1;36, 1.58-1.,65 

Bu2Sn012 0',861 2.377 39.77 1.50 - 1•·ao: 

.:Su,SnC13 o.soo 2.3~4 •. . . -$0,10 1,31' 1-.70 

Pn4sn o.s10 2,429 37~43 1.15 ... 1.27 

.PbsSnCl 0.'825 2.384 
' !' 

38!t19 l~31 ·- 1··45_ 

Fh2SnCl2 o,aa9 2.345 38.91 1,31 - ~.38 

ColJ,.td;. ,, 
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Compound 

PhSnCi3 

*(Neo)4sn 
* (Neo)3S!tCl 

<ce:5) 4sn 

Sb~l4 

' . 
.-97-

Table ~2 .(eon.ta.;~ 

lla. 

0.849 

0.,840 

. 0.851 

0.804 

o • .,aa 

.. 

n' p 

2~_314 

2.519 

2 .. 433 
. . 

2.412 

*Ne9~ ~ PhC·(Me2J) ~ 

c. , •• 

' ' p '3 
~n a() 

• • • I) 

. ' . 
37.21 

36.66 

.: '~ 

) . 

. 6 (mro/sec~} 
rel~tive ~o S:tl.02 

'<:;1, I \ I • ' 

'. :: · ..... 

th~ correlatio~ bet·ween t,he. calcuJ..ated ... electron dens:ity, P and 

the experime:n·ta.l isomer sJ!ifts. In view, .of the largeJ .discrepancies 

m the reported;· isomer sh~ft~ no meaningful. choice .oi' .the data. is . . 

po~sibl·e and th.e complete. range, wb.erev.er available,. -is shown in 

Fig~ (6~1)• In.~ fev1 case~ ,(e.g;. BuSnC13 6 ::: 1.,31 ~ .. 1~70 .mJ~/sec) 

th~ disarep~cy bemveen the·values reported by different worker is 
. ' ' 

so -le~ge that these points' had to be left out. Considering such 
' 

le.r.ge 'discrepancies in the ·experimental· data the correlatiox~ ·b~tween 

P . and the isomer shift is very satisfa·ctory and barring only ·two 

cas~s out of a total of fZl 'compcHmds given in Table··,{6-2) tne· devia­

tion o:£. the experimental clata from the correlation line' is,_less than 

t(r.oo -mm/sec; the. reported.· Un.oertain~ty' in the isomer:·.~hift·' ·aata 
' ~· . - .. . .. 

be'i11g of the order. of 1 0~1 ia.ro/!=JeQ1• This clearly demoiw·trat_e·s the 

vdde applicability as well as realiabity ·of the present method. 
. I . 

'• t' 
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.Ae a further stringent teat of' the relia.bili ty we have· 

calculated the value of ( 6R/R) from the slope of the· correlation 

line, which, according to eqn~, (6-7) ·is O(l::.R/R). Expressfr.Lg the 

' mm/ 1/3 isomer shift in sec and using the value of R as 1.24 x.A x 

ao-13 em. (A = 119 in the present cas·e) given ·by Anderson et a123 

-22 
this· constant ·C is calculated to be 0~85 x, 10 · for 23.8' lteV 

Moss bauer transition of tin from eqn.· (6-2) .,; Using this value o£ o, 

( .6..R/R) is foun.d to be 3.2 x io-4 fi'om the ·slope o£ the correla.-
, 

tion line given in Fig~. ( 6-1). 'This value, though in excellent 

agreement with the value of 3,3 x 10-4 obt~ined from an independent 

method based on internal electron conversion20, differs ~y a factor 

of about 3 from i:iha.t obtained l:)y Lees and Flinn19 
t!· We, however, 

consider the .present calculations, though apparently. crude in nature, 

to be more reliaole because (i)" the reliability of the Del Re cal­

culations and the various para.nieters invo'lved in the present cal­

culations have been already de~onstrated by the very successful 
< ~ L ' \ 

interpretation· of many other properties o£ organotin compounds as 

indic~ted ,in the .earli.e; .chapte.rs21•24-29; 411) no. assumption of 

doubtfu1 validity (except thos~ inherent .in the Del Re approxima-
' i ' . 

tions) is involved in the calculation of electron density as is 

the· case with. most oth~r methods~, (iii) the calculated asymmetry 

*For example Le~a end Flinn19 considered the bonding in (snF6)2 -

to be purely ionic with an ideal. Sn4 +oentral ion which is very - . . 

Contd •• 



......_. 

in the elect~on distribution at the tin atom, ·to be ~scv.ssed in 
. . - . ' . . 

the following section, shows a good quantitativ~ correlation with . . . 
. - . ' ' 

the experimental quadrupole splittings. ~he excellent agreement 
. . . : . . . 

betwe~n o~ .~alue .of ( 6.R/R) ·~d. that obtained ·by the direct 

metno.a20 further supports our· contention. 

(B)· Qua..<!rupole spli ttings in organa tin ..Q..Ompow}gi: 

Method: The . .lflO.ssbauer quadrupole sp~:j.tt:illg ;in a compound depends 

o~ the. ~gp.itude of the el~ct.r,ic field gradien·b .. at. the nuclel1a .. <?.f:. 

the absorber~ In a .tetravalent,tin compoun~ the .. eleotric ·field. 

gradient is due to. (i) asymmetr.y in the distribution or the p•elec~. 

tron.'s between the three :p-qrbi·tals and/or {ii) asyiruri.etric distribu ... · 

tion ·of the charges of the· liga.Qd atoms1~ • The- existence of :a ·good 

linear relation between the . induoti ve Tai't17 constant and quadrnpole 

spli:ttings ·in a ·nUmber· o£ orgai1otin compoUnds indicate the -asymme·try 

in the p.-e{ectron: distribution to be ·the ·aomine:ting .factor~•; In the 
' / 

preceding·section:we hav~ already·shown tnat ·the total p-cleotron 
' • p ' ~ • J ' 

(e.o-ntd..· ·) 
doubtful since the poasibility of OOllSide;ra.ble COvalE;ll'l.t character. . . 

.. 

can not be excluded• · Simtlarly the calculation. ()f the isome~. shift 
for ideal 5s2 oon~l~ation by extrapolation to zero quadrupole 
splitting may be in error in·~view of our· discu.'ssion on quadrv..:pole 
splitting and asymmetry~: In fact, consideration· of these effects wUl 
tend_ to incret:lse ~he value of ( A R/R), even if_ calculated by their 
method. 

',1, 
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.popUlation~ np· at' the. tin atom in tetravale~t ti!i· com'pounas.: can- be 
' . . . . . ' . ' 

calcUlated by eql'b (6loloi4h. !..1'). orde:r to evalua:te· the' asymmet:ry· o£ the 
I .: 

p~eleotron distribut.ion it .. is neoessarw- to .. know: the· population, of 

the three .ind:i..viduai 5p o:bb:lta.ls of.;'~the· till atom• ~o obtain: quan.- . 
' ' ' I ' ,.- ~ > 

titat"ive. correlation betwE)en the· asyminetry in the p-electron distrt-
., C 0 0 

, I ' o , , ~ ~ 
, . '•. . . . '· . 

but.ion ~d the quadrupole .apli~tings. we,- therefore, develop a ·method 
I '• , • ', • • 

0 
•• • • •I, , ',; , .,' 

0 
,' 

0 

o , :' ,. 

0 

'·.·,: • t ' ' I 

of. calculating the elec-tron- :popu.l=.ti(m. in di.fferent p..orbitals, of 
0 

: • .,1 ' / , ~ 
1 

, ' 
0 0 

: 0 • o I • 1 ' ' ' I ', 

0 

• - , ' ; ' ' 0 , ·• • ' • • • • ' '. 

0 

• 
0 

' • ' • 
1 

: 

the tiri ato.m and then define an $r;;lymm~try parameter . capable of ex~ 
o ~ < • ' o 

0 

I 

0 

~. : 
0 0 

, 

0 

.: ' , , ' ·,: 

0 

I < I 

0 

' 

0 

' •.' 
0 

' 
0 

, ', I , : 

1

, , : .. \ 0 ; :' /, : ! . j '. • ; •• 
0 

i : : l,: ~ ,' ·' ".. ' 

p~essing q~titativ~ly t~e.devi~~ion.of the_c~lcUlat~d ~lectron 
' ' ' • • • : ; ' ~ ' ' . • • . . ' • • • , , ' ' • • , ' • ~ • ' • ' • , • : • ! ' ~ ' • • r • • ' .' ·:. : ~ • ' • f ; 

d:tstri but.ion from spherical BY:J!Ilne~ry •·. · 
. . •. ' . ' .. ' .... ~ . ' : : : 

. .. ·. . , qo~p~~ds o~ ~~e t,YP~ ,.~3.snX. be~o~ t;o:. C3v po~t .. group~. ~.he 
fo~r h,ybrid orbita1s .•. t1' .t2,·t~ and 'f-4.'. 'e~presaed. as in ~tn~:~· ... _., 

'.. • • •••. f. l •• _,. 

(6-1~) .te>; (6-19d) forms .four cr-bonds \Vith. thQ. ligands. Y and x:. 
• ' ' I ' • : • ' ' • ' • • • : • • ' • ' •' ' ' ' • • ' ~ • • ' ' ' ' ', 

~et ~ n.ow . consi~er t~a.t t~~ hy.b~:l,~ or-bi ~~1 ~1 f~rms; the b~nd 
• , • ~ , • • , , • ., I • • 1 , • • , • 

.with the ligand x, .. The.~ a.~is ~s cr;>nvanti.ons,Uy chosen along the 
. . . . . . ' . ' • • '.' . ' . . . ' . 1. . . •. . • . ' ' 

. .' . '4i 1 ::· a1s:;~. ,_ a.tx~• Px; -1: ~iy·· Py "+ a.~ ··Pz . , : . 
. . . 

. 'l ' ', 

. . 
. ·. ~ 2 =. a21i3 '~ -t- a2x·•P~.+ a2y• Py + a2z !~z (6-19b) ....... 

'• 

I,' . . ' I': ' 

. 'f3. =. ~~s~g~aa~~Px+:·~~y·Py ·+aazPz . (~l9c.) 
'' •• • ,I 

.. 'f 4 ·.=- a4s;s + a4iPx· + a4,yPy + ~4zPz . . 
. ' . , c· . . ; • 

.' 

. . ' 
. ' 1 ,' .' 'I 

sn-i bond direction, coincident with the 03.axis of the molecv~e 

CJJ,ig;, (6-2)J~ With this choice of axi.s a..Vl.d. using normalization 



·-~ 

condition (eqn~ 6-19e) • the ooefficients aiz 's of the hybrid 

(6-19e) 

orbitals '+':J.t '+'2' \f3 and '+'4 may be determined as follows. 

Since _both ~.Jt and Py o:!;'bitals have zero a.mplit~de along the 

z-~is, Six = a1y ~ o. There~ore the orbital.~1 may be rewri~ten as 

in eqn• (G-20) and the coefficients i.d.ll be giveri. by eqn4! (6"""21) • 
. . . 

~he value of the coefficient a1z is thus obtained from eqn• (6-22) 

2 * a1~ = (1 - a ) -
u ls . 

(6-21) 

(~22) 

Evidently the· remaining Pz character, 1-af3 ·, will be equally 

distributed among the tb.ree remaining orbitals . ..y 2-, t 3 and '{; 4 

because of symmetry so that:-

(6-23) 

It is obvious from ~qns~ (6-22) and (6-23)· that the Pz character 

of the orbitals. fl ,: 'f2 , +' 3 and '-\J 4 can be qompu.ted from t~e s-char~­

cte~- of the orbitl!.l, 'Va • ·vsing these values of aiz i..'l eqn~· (6-10) 
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al!ong with f3qn. (6-l;t.~) it. is easy. to show that the PQPuJ.at:t.on o£ 
. ; •. . - . . . '0 . • • .. ~ ' . . • '. ' . ' . . . :2 .·. 
the Pz orbital; llzt. _w-111 be given 'by eqn. (6-24) where a.is has been 

replaced ~x~ Since. A. eX can be: computed by using eqi\! ( p-,.17). ~nd 

.· ) ·. '.•). ;(9-24) 

all otheJ:. · qUai.tti ti tea are e;vailable · by ·standard Dei· Re ca!'cv.la­

tion_s,~ nz may be easily obta.:iiled. ·. Fu.rther' because of t~e axiaJ.. 
'. . . . 

symmf}try iD. Y3~nX mol~cuies the popUlation _of the Px a.nd' Pj/orbitals, 

11x and .6.p vrill be equal and. are thus given. by aqn·· ( S.:.25) · · 

(6-25) 

FQr molecules of the type Y 2snX2 belonging to C2v point 

group a different method is. need.ed, For this purpose the z~axis. may 

be chosen along the c2 axis and the. x and y axes are chosen along 
- . 

the mutually perp~ndicular ·SnJt~ ~a sn:t2 PlJ~.I~es·_ ~e.spectively- as 

·shov.m. in Fig~ (6~3)..~ With this'·-~ choice of axes and .using the· norma-
. -

l;tzat~on. and Ql'thogonality_ conditions, the.four hybridized valence 

orbital 0 £ the tin atom 'Vl' t 2 t '{1 3 and '-\1 4-may be writ~n as in· 

, eq.ns:~ (6..-26a.). to (6~26d) where t~~- superscripts refer to the pl~e 

Oll. which the orbital$ are .locate(!.~* . . .::· 

*Deduction of hybl--id orbital with·. this choice of' axes is given in 
Appendix :.:I~ · · . , 

. ~ ,'I ' 

i • 

'• J-
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,­
. l,' 

fa- -- -~ 

_ -t~z '· (~ ~ a:2 >. ~~ + (1t > •J}y -· -~!-Pz (6.i..26e) 
.1.. I . 

'f~z. = ll ~a,_) 2..s -C~)"i.·.PY:.- ~ -~oz, ... (6-2t.~) 

Su.bstituthg 'the val'ues of .the a:ppropZ.ia.te. coefficient's ftao~ eqns. 

(~26a?) ~ ,(6~'26d) ·~ eqntt (~10)- and' using) eqn.-. (S.:.fi), it' is' e~sy 
-; . ' .· . . . ' . ' . ' . ' ,' : :· .· ... :: . ;, . . . ' 

, 
0 

' • • ' 0 , : , ; , 
0 

• , 1 0 .. , 1 , • I , ' I • • ' , , I ~ 

to show .that ·t;he pop~ tion .of the dJ.f'!e;~:"ep.~ 5p. orbi:t~s of the ·tin· · 
' ' ' ' . ' ' ' . . . . . . ; . ·' ' ' 

- '. 
distributions in all organotin compounds of the type ~~nX4-n 

--
(6-27) 

•,' .. •, 

(6-28) 

ll I l , ' 

. ; ~ . ' . 

(n: ~ ·1 ·, · 2 or 3l may be con1:Puted from ·the date."~ bt~ih~a by· ·~ifu.Ple ·; · 

; .. ; :-

• g 

' -. 
''' 

' . 

Since the eleotri~.f~eld gra~ient is determined by the devia-

tion from the spherical: ·symmetry it is now neo~eaa.ry to define a 

parameter _·c$pable of 'exp:r.-eas~g this ~eviation q~tita~ive~y .- -_FC?r 
' ' - •• ' • : : • • ' • • . ' • ' • ' .j . . ., ' • ' • ' ••• ~: • ; • •• • J :;. 

spherical ~ymmetry ea.ob, of the. three :p-orbitals should have: equal 
' ' 'J • ' 

number of electrons~ and therefore the·deviation from spherical 



/ ! ".' 
~: j / ) 
~".:.--,( ·. : J ' ' ,I 

- . ···,1!. '. 
:'":'... . ,;/;/./I /;! 

'' ' 

t- }' , ·. symmetrY .maor b. a , def~ed · aa the root. !116M .square .deviation of the . 

/ 
,., .: . j e.Ctwu' ·-.ieo~rop.. P:OP.Ulatio!l fro.; ihe l:cy"pothetioe.l spheric!ilJ.y SJT111ll!a-

/i' ) 
/ / trio di~tribution •. ~~ the to.·ta.l number of p-electrons were eqtlally 

)/ distrib~teif t:ne .. Popu:iQti~~ of ~cl, Of 'the orbitals would !i2.v~ been 

., · 1 n:if.3 •. Hen~e ~e ro<?t mean ~quare. deviation .from the. spherical symme~ 

/I· try w:J.l1 ·be ~ive-n 'by eqn .. ·; (6~3~)'~; We will' refer to ·the· parameter· A 
) I ) '. ) ' . . ' , ' 'i' . ' 

I. • ' • : ' ; : ' ' ;. • . ' . . ~J 

'. ' ' . ' ,;1,. 

A =[<nif3 - nx>2 .+ (n/3 ' ~· n;-)2 + (n/S· ._·. ~·)'2 ]'~ . 
. ' . . . ~ ' (, ' ' . . . ·. . ':' . . . ;; ' 

(6-30) 

in eqn. (6~30·) as thtl as~~rtey parameter which should not be con-

fUsed with the.convgntiona.l·asymmetry parameter 

v J 18. 
z~ . 

' ' ' 
. . 

' ' -~ . . ' 

Result and Discussion: . 
. ' 

~ . . '4 . :, . 

The total p..:.ele~tron po'pulation, np; is calculated by the 

use :of', eq.u, (6..;.14).~ the electron pop:L\lationa ·nx~ Ily and. llz .are .then 

oalcul.ated either by eqri.s, (6-24) and (6-25) or by the eqns~ (6-27) t 
. ~ . . . ' . . ' 

(6-28.) and _(6-2~). depending on whether .the moleov~e belo,ngs to t.b,e ... 
. ' ' 

point group o3v Qr c2v an~ .fi~'l.a~ly tl'le ·r1symmetry par~eter A is ... cal­

culated f':rom eqn, (6-30)~.The caJ.culate~lvaluea of Il:x:.~ D.pt nz,and. 

the. asymmetry parameter A foX" a. number o+ org~momin pompow1ds of the 

tY:P~. RnSnX4~n -~ ~ ~~ 2. ~r a) are g~ven. ~: .T.a~le (~~3) along::~th _ 
. . ' . . . - . . . 

the re1:>orted quadrupole splittings~ It has already been mentioned that. 

the quadrupole splitting depends both on the asymmetry it!. the p-
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Table 6-3 ................ _ ..... ~ 

Calculated values o£ the ele~t~op. population. of the Px, 

Py and ':Pz oi'bitals of tin," the asymmet~y parameter, A; alld the. 
. . 

experimental quadrupolo spli ttings •· 
' :· 

------------------------------.. ~ ... .---

Compound Ilx 
\. . 

~1Ie3sn:o1 .. 0~893 0~893 

Me2SnC12' 0·.955 0.662 

Bu3 sn_Cl · o.a95 . 0.895. 

BuSnOl ' .. : ·3 o.719. o.·719 

·:enssnoi 0~862 0.862 

Pi!-~S~Cl2_ 0.923 0.669 

PhSn013 ··0•723 0.723 

Me3snCF3 ·: · O~o853 0.'853 

*·(Neo )3sn.ci o.-994 ·; 0~894 

IvieSil.(C6F5 )
3 

~~799· 0.799 

Me.2sn( o
6

F5. )
2 

o·.ooo o.:794; 

M~;SSn ( CaF5 -) 0~845' o-.845 

J?b.sn(o6F5)
3 

().aos o.:so3 
Eh2Sn( o6F5 )2

. 
. .. 

0.811 o.eo~ .. 
PtAapn( 0(3~5 )_ 

.. 

:, 0.811 0.811. .. ' .. . . . ' 

0.656' 

o.758 

o.655. 

o.ass 
0,.660 

0,.753 

0.8'69 

0.735 
,. o;a45 

0.832 

0,.81:5' 

0~'.799 

o.ao9 
0~805. 

0.803 . . . . '(} 

A 

0.1935 

.. 0~2114 

0.1955. 

b~i364 

-o.i649 

0.1831 

. 0.1196 

jo~·o959 

'o •. o274 
0.0405 . 

o.0376 

0~904_9 

. o.oo63 

. o.ooe1 

3.ot .:.. 3.41 

. ·3~33 ~. 3.56 
... 2.~78\ ·.:.. 3 .·46 

2.4Q • 2.e>e 
2.66- 2.90 

1.80 ... 1.84 

',: 

.... 

1.48 -1.56 

1.31 
') .. , 

;1.~'11 

·o. 90 .. ~ o.96 

Oontd •• 
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Table 6-3 (Contq.. ·) 

Compound llx nz 

me3s~<oacl5 ) 0~846 0.846 0.794 
. ~ 

P~Sn(c60l5 ) 0.811 0.811' 0.798 

(C6F5 ) 3Sn{CaH4Me-p) 0.'803 o.ao3 0.~809 

(Ca]5)2Sn(CaH4Me-p)8•811 0~802 0.~:805. 

:tt Neo • PhO(Me) ~CHi 

A .6-EQ 
(mm/sec.) 

0.,0421 1".09 

0'!0106 0.84 

o.oo49 1~02 

0.0063 1~18 

el~ctron distribution at the tin atom and the asymmetry in the 
. . \, . 

ligand charge distribution. As such linear correlation petwee~ ~he 
' ' 

:parameter A and q;uadrupole spli ttings should be expecteQ. ~nly i£. · .. 

asymmetry due to the charge distribu.tion o£ the ligand~ is ~ith.er 

very small or constant or varies consistently with tpe parame·ter A. 

Fig~; (6-4) shows tbat the compounds given in Table (6-3) fall into 

two groups,. All compOUIJ.ds for which X = 01 or CF3 fall Oll one strai­

ght line and those for which X is o9F5 or o6c15 fall on the· other 

line•l! . :~ 

~~~-_:l~earity o:£ the relation between A ~d the quadrupole .. 

f}Plitting and: the ·presence Qf intercepts indicate that the asymmetry 
. ,· . . 

due to ligand charge distribution a~ound the cent~al tin atom exert 



)t. 

~ 

.. . -.. ' 

ne~ly cqnstant inf.luence ·on· the field gradient in a given series. 

Both the lines shown in Fig •. (6-4) have equal slopes, suggesting · . . . . . . . . . ' . . . . . ' . . . . . . ' . . . . . ' . . - . ' . . - . . ~ . - . . . . 

' 
t~t t~e main dif~erence between th~ ~wo groups of compounds is the 

magnitude of the asymmetry arising from the substituteri.ts·~ ·:rn t'he 
" - • • • ' • • • - ~ -· ' • ' • • • • • • • • • • - ~ • < • • - • • - - • 

~se . .o.f ~an,x4_n, cC??U.:POund~ with ~ ,~ .. OsF5 o~, 9.6?.15, R .. ~·. ~lkyl, Ph. 

()~, P¥e ~ c.O,u..4~, :!fig~_· (~-4).. ~~ows that: the c;orrelation ,:l:tri.e has a 

~elat:tvely· ~arg~ .. i!r~~rcept ,suggesting larg~ .. cop.tribu~:i.,on to the 

tot$1 quadrupole splitt~g from the asymmetry in the. charge distri-
" . ' t . ' . - 0 ..• ' 

butioris on the substituent. When X is 01 or OF3, this contribution 

is very small and the correlation line meets the x-axis; represQnt-

1ng the asymmetry paramet~r JLat about o.04~ It is interesting to 
' , ' ' ; ! , '\' ' 'I . , •': • 

no~e that all Rn,SnX.g."!"n type' compounds; where R : alkyl~ Ph or. Vi and 

X ::; Vi, -Ph or p.substituted phenyl group for which A i~ less than 
·, ' 

Q/~·04 dq not show any qliad:t'u.pole splitting~- The calculated Values of 
' .- . 

D:x:~ ·n:P and nz along with A;'foz' a few .such 'coinpoimds ·are showl'i: in 
. -

Table (6-4)r This seems to be a general rule, ·the onlY exception· 

C~l.c~ted e:t.~c·t;ron ·popula~:i,.on of th~_ Px' Py a.n,d :pz o:t>bital.s 

and the asymmetry ~ameter,, A, for some o~~anotirl. compound~. ?Jhe>wing. 

no 9-uadr~pole spl~ t~.inS!F· 

ComPOUil:d 11x n : nz A .. 
··y· 

Me3SnVi 0•844 Q-:844 o·.;eos· . Ot'0318 ·':;· .. , 
' 

Me3snPh o,a45 .. 
0~'845 

'. . ·~~' ' . ~ 
0· •. $05. . 0~0327 ~ 

Oontd •• 



-· 

,/ ,. 
'/ 

. '. 

c01npouna 

' ~ . 

n .. . -z ... -A·. 

~--------~------------------~--------------------~--~--------. , ' . . " ~: : . . . ) . ' . ' : . ' . 

~~te3Sri(c5:a4F..-~ !. : ·· . · 6Je45 · o,a45 o~ao5 
; ' . . ~ . ·- , - ' ' } ' . ' 
Ph

3
SnVi . . 0~810' . . . O,S10 

' ~ ' • ' ' ' I ' ' ' ) < 

Ph.snVi3 o •. ao9 o~ao9 
I ' '" • ' ' : 

. '. i '·, . 

0,809 

·o.si<r · · 

. :·· 

o.o327 
0~0014 

·o~ooio . ': ,' 

·.' ' 
, ',. : 

:; ·. :. ; ... ·. ;''. '':; ') . •' . ' 

being compou,nds having: O...su.bsti tut·ed. ;phenyl, groups. In these oases, 
. . . . . . . ' ' . . 

-the·quadrupble:_~pl_it~ing is ma.:LnJ.y-du.e to the asym.'rne·tric ·charge· dis­

tribut~on: associated' w'ith such :substituent a' as is demonstrated 'by 

<the. reiati ~eiy large in~er·o~p·f in ~he correlation 1il1~-.:: As a further 

·test of the •Valid.ity Of thia· ··correlation vie have·m.ade some provision-
. . . 

aJ. cal·cula't'ions on R3SnC- OX type· oQmpoUn.ds' which show quadrupole 

-apli t_tingf1 

For ccpnpoUl:ld~ 9f t~e ~ype H3SnC =OX having sp carbon atoms 
.. •. 

the necessary Del Re parameters have not been evaluated so far• How­

ever, _in Chapter 1 ~t has bee.O: shown that the inductive pa:camaters 

d~ .not c~~g~ ~rom sp3 :-~o ap2 carbon24• We; therefore, assume that 
.. . . . ' . - . ' . 

the same set of inductive para.met~rs would be applicable to sp.. 

carbon atom also. On the. other hand, the par~eter· So is approxi-­

mately proportione.J. to ·electronegativ.tty. Tl1e electronegativity _of 
. .... 

·the carbon atom increa::!e~ as the 'hybridisation · changes ·front ·sp0 to 



~--

-109-

ap2 to' sp30 • -Thus,,_ on the 'b~~is . of 6 
6 

values of sp3 and sp2 carbon 

(0.'10 and o .. ,l2 respeotiv~lY:) cS~(liJp) is liltely to be oi the· order 

( of "0.22._. Using. this Value·, :Del Re calcUlations have b'een carrie:d· 
----- • ·. I 

out £_or ·some R;3Sri.d = CX type compounds· in the usUal. way. The ·re-

sults are given in Taple (6-5) along wit~ t4e ·experimentaJ. quadru:... 
pole splitt:i.D.gs~ Data:· given ih T~b~e (6..:5) sh?W tliEit· for R0~0::: OX . 

. ( Tabl.e--6-5 

Calculated valu.es o£ ns 1: -P:x:'' l'lyt: ·n21,: A and the: obs(;)r.fied _ 

quadrupole splitting·. AEq. o£ some R~Sno·=o~- (~ ~te 'or: :Et, :X ·=H, Me, 
. . 

Et,: Ph or oi) ·type eompou.n.ds using.·~ provisional ·value of· 0~22 .for 

8oc(sp)• ·' . -. . . 

-
Compound· 11a ': nx··: fly •' nz A .6E 

. :. ' . : . .I.·. .Q. 
· (m.nVseo.) 

Me 8-.a.O := CFh-.3. ·: . .0.82~ -0.-853. 0,8,53·· .. 1 0."/37 0"0943 1.17 

Et -S..'Y1.0 := OH . ·3. . 0.$29 0,,853 0'.853 0;.737. . 0~0943 ··le48 

Et3sno=CMe 0.829 0~863 o.853 0.737 0~0943' 1.22' 

Et3SnC = Ol?h 0_,829 o.~2. o.a52 Ot7.37 0.0943 1.42 

Et3s:no_- qc1 ; 
0.829 

''r '" • 0.853 o .•. $53 0.730, . 0.1000 1.75 

-
(R ::: Me, ·:mt~ X = ~.' Me, Pl1it Ph Ol!. 01) 1iYP<iJ compounds the asymmetry 

parameter A . lies , in the range o£ 0~ 0.~ - 0, 3:-0 ~9- . the . reported qua-

drupole splitting"1. fall cJ.O.se to tll~ ()O=!?r~lation. line •. Al tJ:lough tb,e 

:Parame·t~rs used. are_ Qnly approximate ~d _n.e~d to be refined t the 
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th~·.:~symm~t;"J par~neter A, in any case, wil+ be. t;~.PP,re~iably ~.ee.ter 

than, 0•9~•·· Thu.e .O~Q4,re.P~~rs.ents the appr_o~irf!.ate li~t: of th~ ,asymme-
- ,' • ; ' ' • ' ' '' • ' ~ ' ' ' • > ' ,/ ' ' ' .' I 

"fj~ Pa.-r~.m.~ter., A., .below .. wl',tiQl;J. qu~dJr.~po+e· apl1tt+ng ·Wil.~ not., be .o~ 
. . . : . ' .. . . "' . . . ·. . ' . . . . ~. . ' . . . ' . ' 

~~l:,'ved .. in oomp9unQ.$ w~~re • th~. co~t.ribu.tion_, .. f<~om. th~ .~~~e·try. -~ . 

the ~~s-a;tl~; charge .d:i.at~i·~tttion is i~sip;rdfica~t.~ T_hou~ no explana- · 
. ' ... , ' . . ' . . ; ' ,. . ' ' . ·. •' ' . 

tioti can be o~fered ·for tP,is sU:rprirsing res:ult, this confirms and 

quantifies the qualitative obs~rvation of Pari~h and Platt4 that · 
' _-: l '. q ' ' • 

large difference in ·polariti,eel of· }l..;sn' ancf sn.-x· bond_· is nec'essary 

fo~ -~uad:r~p;le. s·.plitt:tn~s .~ince ·large~ th~ · aiff~ereno~ · :Ut the· bond· 1 

· ' I , , ' ' I 

v· , . . . ' . . ;. , ·. . . . , , . . ·. . . . . , 

p_OlEWities, larger will be the asYllliiletry' ~~E¢leter, 'A. Parish and 

l?l~tt sUggested4 that (i) .. th,e m.agn.it~d~ Qf th~ quadrupole spl:l.tting . ' 

is· goveri}.ed prim~ily by· the· ;i.m}lalence · ;tn ·'the polarities ot the- tin..., 

li~<i' Cr-"bonds, (ii) this. ~ffect ma$'; ill ·Some cases, b~ supplemented 
' ~ ' ,' 

. by. st:t;'u.c~l,lpal e£f~ots· and. (ti:J.) .rr~p9:p.d~g. ~~ ~, .f3egon~~:cy. faotoro !Jjhe 
. . - . . .. ' ... '. ' 

. c<;>r:rela tion betvvee~ the a.synimetry :Parataetar· ,A;' and·. the·. experi~I!?P.tal 

q~drupol$ .. splitt:tng :Ls in· ess()ntiel· agr~eR~rent: wi·!ih .these st'lggestions. 

The ele·ctronf:l· which might be·· .contrihwted to .:iihe. vacant : .. 5.d 

or-bital :of' the tin· atora by ·t}ie lig~d thro~ ·d rr .-, p~ ··bon~· are 
. ' ' ' ~ 

oompleteiy neglected in the ·:Present·-·Study" .This wa·a.:doae 1n·.n:ew o£ 

the .. fact. that. many. important p~op~~t~~ s. 9f.. o;J;"g~e>t.in .compounds can 
' ' . ' - . . ' ' . -- ' . ~ . . . . ' 

be sa:tis:taotorUy ·inter:waeted .even: \Vithou.t,, i:n:vold:~l.g drr -prrbond• ·. 

·ing21~?4--29:. The axcell.,~nt. p()r:relapi()n.~ ·'betw~~n .. the Mossbaue~·:P~ra..; . ~ - ' . . . 
met~rs and ·th.e. cal¢ula.ted,·, quanti t~e,e :i'urther. s~ppQrt ·•!;his ;view •. 

ou;p .cOltclu~ion~ base.d ·on t~e. pre~ent calCQJ.at:i,ons and the 

;f'oregoing dis 91issio~ ~e. (i) ·that tb:e Mos~ba:q.er isome1 .. · ahi~t$'. irJ. 
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tetravalent organotin compounds can be- interpreted by the calcula-

ted elect~on density at the tin nuc~eus, (ii) that the magnitude o.f 

q~drupole splitt~g.is primarily deter~ined by the asymmetry in the 

P-electron distribution at the tin atom and (iii) that, in a ma~ority 

of cases, the asymmetry in charge distributions o.f the ligands exerts 

only minor effect on the electric field gradient• 

A method for calc~lating the electron density at the nucleus of 

tin atom in ~ tetravalent tin compound has been developed using the 
-

quantities available ~om· DelRe calculations in conjunction with the 

formu).a given by Lees and Flinn~ The ce.lcuJ.ated electro~ densities 

show a ;t"air correlation with the ~xperimental Mossba.uer isomer shifts 

and a value of 3.2x 10"""
4 is obtained for AR/R from th,e slope of the 

correlation line• This is in ex~ellent agreement" with--the·· value of . . . 

3.3 x 10~4 determ~ed by an independent me-t;hod. u.si!i.g·:tnterna]. .electron 

conversion measurements~ FurthAr, an asynunetry parameter, A, which is 

a measure of' the deviation of the p-el~ctron distl•ib~tion £rom the 
~· ' ' 

" bypothetical spherically symmetri-c distribution in which tlie p­

ele~trons would be distributed equally between the three P-Orbitals 

has' been d~t'ined ana l3, me·thod :for '1t::? calculatj.oi~ has ·b~en developed. 

The experimental g,~drupole splittings have been· co:r:·related and inter­

p~eted using t.hi~ asymmetry parameter~· The observed; .. q~drupole spli-

·- ttitJ.gs fo~. ~ n~ber. ot". org~0t~n .c:o~pounds of tll~ type·RusnX4-n when 
. . 

plotted against the calc~~at~d-values o£ A, fall on two different 
. ~ -

correlati9ll l~es,, ali!lost J?ar.a~~el ·to each o1;h~r~, .For, compounds 

havi~ X • o6F5 or o6c16 the as;ymm.etry in _the ligand oll.arge distri-
. . . ' ' ' . 

bution contributes appreciably to the observed q~.drupole splitting 



• 

as. indicated by the large inte:ro~pt of the correlation line. When 

X =. OF3 or Cl, ",the correlation· lin~ meats tl1,e ~is representing the 
- . . . 

asymmetry parameter at abo11t 0.04, suggesting a veJty small contri-

bution from the a$ymme~~r in the .ligand ch$rg~ d~stribution. Inter­

estingly, all contpotlllds of the type Rn,Sf1X4"~'n. (R. :: a1l~J., Ph, Vi and 
-· 

X • Vi, .Ph o:r p-substituted phenyl gro~p) :for which A is less than 

o,.04 do. not show any quadrupole spJ.i·ttj:l',l.g~. 
' - . . ' '.' ' . ' : . . ' 

The resuJ.ts indioo.te ~hat (i) the MossbauE;tr isomer shifts in 

tetravalent . orga.Il.otin ool11PQ.unds can b~ iil.ter:pr'et((:)d in terms of the 
' . 

. oa.lculatecl electron density. at ~he tin nuc~~us, (:l.i) the magnitude 
. ' . . . . . . . '' . . . . - . , 

of qua.dr.upoJ.e spli ttmg is primarily .determined .. bY .the asymmetcy in 
' . . ' . ·- -

the P-electron distri\:)utiori, ~t .the tin atom, and (iii) iiJ. a ~jority 
. ' . ' ~ ' ' ' . ' 

of oases, the a~;~ymmetry in the charge dist.ribu.tion~. of' the ligands . . . :' . ' . . ' . . 

exerts only a minor .eff~ct pn the ele~trical f.iel~. ~adient~ 
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