CHAPTER - 6

MOSSBAUER SP:CTRA OF ORGANOTIN COMPOUNDS



CHAPTER~G

Introductiont

Mossbﬁuer resonance have besn observed for a number of nuclel
incivaing +19%n isotope having a relative abundance of 8,68%, This
provides an excellent scope for using HMossbauer apectroscopy as & .
probe to study fhe nature of bonds and to determine the coordinaw
tion number of the tin atom in organbtin compounds. Although the
interpretations of the experimental deta, in most cases, are ngt
enﬁifely satiéfaetory, the Mossbauer ftechnigue has been quite ex-
tensively used in this field and a vasat body of data on both isomer
shifts and quadrapole splittings have already acowmulated in chemi~-
cal literaturel~%. Goldanskii has suggested a linear relationship

between the isomef ghift and ligand electronegativity or percentage
| ionic character for tin tetrahalides. This view has been extended
t0 other guadrivalent tin compounds by Cordy-Hayes and Herber and
has been critically examined by ucicerman®® 16, Parish et al have
shown that for ShX, end SnX,Y- % type compounds (X, ¥ = P,Cl, Br
or I)isomer shifte decrease with the increase in average electrone~-
~gativity of the halogen atom and are essentially independent of fhe
coordination number of the tin-atbm?. Hore over the relationahip |
between isomer shift and tin proton spin—sbin coupling conatants
as well as a humber of theoretical approaches to the'caldulation of

isomer shifts in orgagotin compounds have been examinedg’lo. it has
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'béen suggested that thé imbalance in the Il-interactions determines
whether or not 8 quadrunole splittlng would be observable in organo-
_tin compounds 1512, tpis rule is however only qualitative in nature
and even fails in\many case511?15‘15..6reenwood et al have obtained
a correlation between quadrﬁpole splitting and the qccupation nunber
of the three individuals 5p orbitals of the tin atom calcwlated by
SCF MO method of Pople with basis set involving tin Ss, 59=anﬁ~5ﬂ
orbltalsg. More recently the lmbalance in the tin~1i and g~-bond
polarities has_bqen_suggested a8 the dominating factor in determi-
ning the quadﬁupole‘aplittinga.and a good_correlation between the
inductive Taft cqnstant17 and the quadrupole splittings has been

obtained_ior_a avmber of organotin cpmpounds4. However, ingpite of-
considerable atitention given in this field, no general approach of
wi&e_agpligabi;ity has yet been developed.fbr,the,interpretation
and.cprfelation of the Mossbauer parameters in organotin compounds.
.. Theoretically the ?1?Snﬂsomer:shiftslare linearly related
td the total electron density .at the tin nucleusla ﬁhieh in turn

is related to the s—and p—electron populations  in the valence aheli19

while the quadrupole splitting depends on the magnitude of the field
' gradient® which is related 4o the é.aymmetry of the p-electron als-
tribution in the valence p-orbitals of the tin atoma Thus, in order
to. investigate  the Mossbauer-iaomer-shifts snd quadrupole splitt-
ings in organotin compounds the knowledge of-the'electfon:populatioﬁ
at the tin 53, 5Py, 5py and 5p, orbitale are essentlals Although a

number of sophisticated guantum mechanical procedures like SCP MO
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etcs are available for thia.purpoge,_sugh_methpds are of 1ittle
value to experimental chemists es a general tool for the inﬁeipre; |
tation of the:MQSSbauer data becauae_qfltheﬁfedioqaqulg@lg#iéﬁs :i
and the complicated matnematica involved therein.
In the present chapter we h&ve, therefore, developed an
extremsly simple, yet very effectlve, method for this purpose. |
In the lacalize&jﬂo-approaeh;‘thg‘a-land p-glgq?rqn popula-

tions at the tin gtom mayibe easily palgqlataalfrqm.the”co-gfiiciants
of the.hénﬂing M0 provided the s- and.p characﬁer of the hybriﬁisﬁd
valence orbitels of the tin atom ave known. In the Del Re methoa,

atomic orbitals are. not clearly deflned. As such the s~ and p-con-
teunt of the ‘hybridised orbitals of the tln-atom_use@.for tha forma~
tion of Ghbonds with the ligand orbitals are not directly available
from ﬁhe solutions of the seeular equat;ons uged. in the Delnae_pro-
cedure, However, a clue to the s-character of. g btin-carbon bond may
be obtained from the correlation between the caloulated Del Re.
"cbﬁiomb_inﬁagfal‘parameter and J(Sn~C~H) gpin~spin coupling cons-
tante in organotin compounds discussed in Chapter 5. In ths ourrent
chapter we will first Aevelop a simple method of estimating s~ and -
pAcharaéter of the different bonds formed by the tin atom from Del
Re parameters and then uhe-these.dé%a tqgcaléplatempopulgtigna ;g,
the valence shell of the;tin'&tﬁm.-mhe electfon_ﬁensify:at.ﬁheItin
'nhcleus“has then been obbained by using the formula obtained by
hees*and-@linn'from an-anakysis,of'the.SGE_&O'&‘of_tna,tinratomisb
‘Phe calculated sleotron deﬁsiﬁies'show a.fair'correlationh

with the experimental Hossbauer isomer shifts in a number of organo-
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.tin_eempeunde and the velue pf_(ASR/R)Icalcuiaﬁed from the slope.
of the correlation line is 5.2 x 10”% in excellent agreement with
the value of 3.3 x 10 % obtained from an independent method based
on internal electron conyerelon meaeurementsgqq Moreover 8 method

- for calculetang the aeymmetry in the p—electren dletrlbutlon at the
tin atom hae been developed anﬂ an aeymmetry parameter At hae been
defined. Thle parameter shows an excellent ceprelat}qn with the

experimental quadrupole splittings.

(A) Mossbauer ieomersehifte-in erganotin'compeunde=-

Method s Moaebauer igsomer shift in an organotin compound relative to
a standsrd source is given by equ. (6-1) 3,18 where (AR/R) is the
fractional ochange in the nuclear charge radius of thé tin stom on

excltatlon,

& =6 (AR/BJL% () --\v-ﬁ‘io-i\-; o (em)

QQf(o}-ana‘Ps'KO) represents the eleciron depsity at the nucleus
of the absorber and the source respecfiv91y,-and C is g constant

given by egn. (6-2)
.-22 . S
C.=x &BTWe ™R - - - . . . C (6~2)
Here R is the equivalent radius in the uniformly charged

gphere approximation,'z is the atomic number o%.the Mosebauer,acfive

nucleus and e.is the electronic charge..
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Using relativistic wave functions for the tin aton in
various - oxidation states and different electronic confiéuratione,
Lees and Flimlg have shown "I;hé.'b qng (o) » in units of 'a:;s'% is given
by :t;h,e eqns (6-3) where /f,) vepresents the electron density of the

o | , :
Vo (0) = 75+ 77 | . (6-3)

. +, _
bare core state (Sn_4 }, and £ 1s the electron density due to the

valence electron which is given b;r‘ egns {6=4) #** where n, and By,
Prng (Gg+ &g+ Sggeng 28 lip) (6-4)

are the s- and p-electron po-pula_*ﬁiqn ¢4 iz the charge density of
a single 58 electron, AB is the inner scereening of a ainglé- ba
electron, Syq is the Hs~5s scpeening effect and Sy, is the 9s-5p
goreening effects The caleulated values of d)a s B4y Sgg and
Sgp 8Te 58428, -1.00, ~3.77 and ~1.65 respectively’” in units of
z%;z. Substituting these values in eqne (6=4) we have eqns (6-5).

N P= 1y (57,28 .- s;?7n5 ~ 34300 )ag? - (e-8)

* a, 1is the atomic units of length; Lees 0.52948%

#% Though, only the s-elechrons have definite probebility at the
nucleus of an atomy the p-electrons exert an indlrect influence
on the electron density at the nucleus by screening the s-clectron.
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Substituting the value of qﬁkp) andkpZ@g from eén{-(s—ﬁ)ginfeqn.
{6—1), the ‘isomer shift § will be given by the eun. (6~6) where
the prlmed term indicate the sources The eleotron density of the
bare coTe state (Sn 1L'c:\::»rea) belng a constant, L.ge- f’ f? 3 eqn.

(6~6) simplifies to equ. (6~7) where the term =Ci{AR/R)P’ has

5 = GCARRE +P) ~ (£ +0)] | (6-6)

8 :-.-.C_.{AR/R) (PQPJ)' _
(AR/R)P + G . . | (6-7)

been replaced by C'. Since C and ( AR/R) are constants, the value
of C' depends on the valué of fjlige; the gource only. If the isomer
shifts are expreSsed_felative to a_stanﬁard SOUrce s Cf_maylthen he
treated as a consfant. Therefore, the isomer shifts relative to a
fized sogrce_will be linearly related to /Qg_whioh-may-be cal culated
from the g~ and p-electron populations of the valence shell by”eqn.
(6~5). In the following secbion we would, therefore; deveTOp a2 sim-
ple methoa of calculatlng the quantlties ng and ny, by the Del Re
metho&. _

. Congider a tetravalent tin eompound. The ith thrlaised
valence orbital LPi s which forms the ith - ¢-bond with the ligand,
may be wri%ten_as'in eqite (6—8),Whe?e s,_px, by ahd;ﬁz representsil_
the atomie orbitals of the tin atom in the valence shell. The ith

localized bonding HO, q)i , formed from the tin orbital \l; and the
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‘ligand orbital kPK may be written as in ean. {6~3). Hensce the
, in the jth atomic orbital (5 = 8,

eiectron'pbpuiatibn, ny

Dy o pz) of the tln atom will be glven hy eqn- (6-10) whefe ther

factor 2 has been introducea to account Ior the fact that every

bondlng ¥0 is occuple& by two alectrona.

“?i * Biged *'aix‘px*"aiy'Py‘* 845005 - {6-8)
RS 2 T e

'nj =2 z;__ GE . ai’] ‘ N ? -'.(6.-10.)

Because the Del Re bond charge Qgnpi» £o¥ the ith tin ligand bond
is given by equ. (6-11) and the total number Qf-bOnds formed by the

Qgny =3 ’2¢§ o (e
4in atom is four in the presenf case, the total electron population
W at the tln atom will be given by eqn. (6-12), where den (-ZZQSni)
is the partial charge at the tin atom. Similarly the s-electron
papulation ns and the total p~eledtron: populatlon_np in the wvalence
shell of the tin abom will be given by'eqns.-(s_is) gnd (6~14}

respectively where ags has been replaced by %k i the s character

- - b * - 4"' =1 -
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ng =52 02 afg = % (L -ggleny (6-13)
Ny = N ~ng =4 - qg - 5 Q)i (6-14)

N

of the ith hybridised vzlence orbital of the +tin atom. Thus g and'

Dy, can be evalusted if the values of %‘éi

can be determined., In the

previous chapter it has been shown that for Hep8nk, . (all X's
identical) type compomds The s~chavacter A g of the tin orbital

uged %o bond the methyl group is glven by eqne. (6-15) and the tin

protion spin-spin coupllng conytant, J(

gnn-C-H); is given by eqn.

(6~ 16}21 The value of K can be readily determlned from the slope

(119$n O~H) =

and intercept of the correlation line of J(Sn-C-H) and ¥(&,

.)/n_

Sn

0,258 + KB {6,

{6-15)
& Ya (6-16)
Sn '

d_Sn)/n"

ﬁsing a value of 0,284 for E*, caloulated from the correlation line

A much dlfferent value ef K ias gbtained if one con31ders the corre~

lation iine of ¥he ethyl compounds given in Fig.
. considerable discrepancies in ‘the reported values of J(%

in the ebhyl compounds {values ag
Hz have been reported for E{,Sn

{(5w5)a Bgcause of
Sn~C-H)

low as 32.2 Hz and as high as 69 2

) these data appear to be uareliable

_fbr the svaluation of K. The fact that the value of X obtained from

type compounds is applicable alsc to many other organotin

eompounds containing propyl, butyl, benzyl groups indicates beyond
doubt that the J{Sn-C-H} data fbr the ethyl comrounds include large

systenatic errors.
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ghown in Fig. (5=~4), eqn. (6-15) reducesveqns (6-17).

ng = 0:25+0.288 (4n)( Oy - Sgn)/n  (ean)

A >\ is the fractlonal s-character of each of the tin orbitais.

uged to bond the methyl groupa, the remalning s—character, lecs,
(4 ~ n7\3), will be equally distributed between the remaining (4-n)

tin orbitals used to bond (4—n) 1aentlcal 1igands, Xa Therefbre the
| frectional gs~charactier of each of the tln orbltala 1nv01ved in the
Sn~-X bond is (l - nNg)/ (4en)s With these values of A, eqn. (6n13)
simplified to eqn. (6-18} ‘ |

y = 801 = Ggpe)e N R m - QSM} o c'g-s.;s)':‘

A11 ‘the parameters involved 1n Sgie (6—17) and (6~18) are -
available, from the Del Re calculatlons. Thus, g and hence Ap zrbqn.
_(6m14)_7'may be'eas¢ly calculated. Although eqne (6=17) has been
derived by considering Me SnX4_n type compounds only, we assume that
the relation is true for all RnhnX4 type campounds as long as 5
G(R)' Tt ig necesaary to impose this oondltion slnee egn. (6~15)

- hag heen aerlve& from the 1sovalent hybrialsatlon ruleza by assumlng
that the electronegatlvity of the ligand X is greater than that of.
the carbon atom bonded tq_the tin atom (seg:phapterls). Thig assun- |
pmibn,is,juatifie& by the £act_thaﬁ_(i)_£or afﬁumheﬁ_of Rnﬁﬁﬁﬁﬁﬁf

Ly pe compounds (R-§ He, Pry 33'eﬁcé)_the'répofﬁe&]ﬁalues_of,ﬁtiigsn

c—§) afé.0chomparab1e magnituﬂeg Whiph'shQuid'be-the case only if
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eqnd. {6-16) ond (6-17) are applicable to all these compounds and
(11) fair correlations are obiained between the caloulated parameters
and the experimental Mossbauer isomer shlfte and guadrupole spliti-

ings in such cascs also,

Besult and digcusaion?

For the present study we have selscied o number of compoun:ﬁa
of the type R,SuX, , only (the equs. derived in the present chapter
is applicable to such cases only) where n = O to 4, B = 4e, Bu, Ph,
PhC (Mo, )OH, and X = OL, CFg, Cgls,Ph and Vi group for which the
necessary Del ch peramsters have been evalusted. The calculated
valuea of N g(gyr Mg (x)? Sx» Ssn and g for these compoqnd's ars
givén i Table (6-1).'7\5(0) and ?\s x) s‘hgn& fo;' the s-characters of

Pable 6-1

Calewlated s-chsracter N (q) 888 Ag(x) Q?f.'ISIl'-'O(R) and Sn-X

bond and the Couwlomb integral parametiers & C(R)? S X'.&nd JSn'm
some R,SnXs., Bype compounds where n x 0 %o 4, R = He, Bu, Ph,

?hC(Meg)(}Hz"s and Xm Cl, GF;-}; 0635, Ph and Vi groups.

s 3
Compound >\a (¢y g s (X) C(R) 5 X S 5o
lie,Sn 0.250 - 0.a000 - ~0,0600
MegSnCl 0,283 0,151 0,1098 = 0,3513 °  0.0032
MegSnCly 0.336 0,164 0.1212 0,3805 0,0764

Contdee .



Table 8-2(Contd.)

-

Compownd  Ng(g) N Semy & Ssn
BuySn 0,250 - 042002 - 0,059
BuzSnCl 0,285 - 0,151 0,1085 0.3511  0,0027
BugSnCls 0,337 04163 0.1184 043803  0.0758
 BuSnClz 0,466 0.178 0.1299 0.4147  0,1617
MezSnOFs  0.277 0,169 - 0,1023 0,2438  =0,0450
Megsu(CgFs) 04270 0,190 0,1009 0.1580  -0,0539
MeoSn{0ghs )y 04509 0,193 0,1018 0,1586  «0,0479
Mesn(Calg)y  0.421 0,193 0.1027 0.1592  -0,0419
sn(CgBs), =~ - 0.880 .. = . 0.1598  -0.0361
© MegSnPh < 0,269 ¢ 0.193 .. 0,1007. 0.1491 ~0,0548
. MegSmVi  0.269 . . 0,193 0,008 0,1504 = =0,0547
Physn 0250 = 0,508 = ~0.0397
PheSnCl  0.282 0,154 0,1566 0.3575 = 0.0184
PhoSnCly  0u335 04165 0,1635 0,3846  0,0865
PHSnOL, 0,463 0,179  0,1718 " 0.4169  0.1673
#(Neo),Sn . 0,250 s 0,1003 = = =0,0599
*(Neo)sSnCl. 0284 0,148  0,1087 0,3612  0,0028
SnCl, - 0,250 - 0,4559  0.2647

*Neo = PhC(Meg)CH
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Pige (6-1) Correlation between the calcilated eleotron
densivy A and the ekpﬁrimen'bal isomer sh.z.f‘t, S
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thé tin orbitals directed towards the carbon atom of the group R

- and the ligand X respectivelys The calculated values of ng, u, and

P obitained from equns. (6-13), (6=14) and (6-5) along with the obe
served isomer shifts?™® are given in Table (6-2). Figds {6~1) shows

Table 6-2

Calculabed values of the electron population ng sund n,

and the experimenital Mosgsbauer isomer ghifis.

Comomd - mymy e g NP
e ;Sn ' 0,840 2,520 368,48 1422 ~ 1.29
MezSn0l 0,851 2,442 39415 1e41 - 1.44
MegSniPy 0;829 2,440 38422 1,531
Me33n(062‘5) 0.834, 26489 38430 1427

MegSnPh . -0.8356 2,495 38432 1,16

MezSnVi 0836 2,498 38,35 1,30

‘MepSnOl,  0i859 2,575 39, 69 1:58 = 1,61
Mepsn(CgPy )y 04829 2:459 38418 1425 a
HeSn(0gFyz); 0:823 4429 37,99 1,19

 BugSn 0,840 2,520 38.48 1430 ~ 1,35
BugSaCL 0,852 2,444 39,19 1436, 1.58-1,65
BugSnClg 0,861 2,377 59,77 1,50 ~ 1,60 ;
BusnCly 0,865 2,324 40,10 1:31; 170
Ph,Sn 0,810 24429 57443 1015 = 1,27
Pg5aCl 0,825 2,384 38,19 1531 - 1,45
PhoSnCl, 0,839 2,345 | 38,91 1.31 = 1,38

Co;;.‘hd. -
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Pable 6-~2 {Contd,)

" Coe o . ’ o ooy

ompouna ngomy a8 ragute ooy
PhSnCl, 0,849 24314 39443 - 1427

*(Neo ), 5n 0,840 2.5619 8.8 L3
#(Neo)5n01L 0,851 R4433 39,18 1e4l
(0635)48n' 0.804 | 2;412 - 37.21 1,06
SH01, 0.788 | 2362 36,66 047 = 0.9

*leo = PnC(Hey ) CHy

the cor:elation)between ﬁhe:calqulated”eieetron density,  aud

thg experimental isomer shifts. In view of the large discrepancies
ﬁnlthe reporte&;isomer shiftslno meaningivl cholce of the data isg
possible end the complete. range, wherever available, is shown in
'Figg (6-1)s In a few caség G- BuSnClz § = 1431 & L1.70 nn/sec)
the_diserepanoy,between the values reported by different worker is
so-large that these points had to be left out. Considering such
large discrepancies in the experimental data the correlatlon between
£ end the isomer shift is very satisfactory and varring only two
cages out of a total of £1 compounds givea in Téble-(ﬁuz) the devia-
tion of the experimenfal data from the correlation line' 1s:less than
tﬁ;os.mm/sec;.tpe'reportea uncertainiiy in the isomer shift data |
being of the order of 0,1 mm/sec’. This clearly demonstrates the

wide applicability as well as realiabity of the present method.
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As a further stringent test of the relisbility we have
caleulated the value of (AR/R) from the slope of the correlation
line, which, according to eagn, (6~7) is C{AR/R}. Expressing the

1/3

isomer shift in mm/sec and using the value of R ag 1.24 % A X

10—15 ome (A = 119 in the present case) given by Anderson et 3123

this constant C is calculated to be 0.85 x,1o’22 for 23,8 eV
lMossbauner transition of tin from eqn. (6~2). Using this value of C,
( AR/R) is found to be 3.2 % 1074

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

from fhé'slbpe of the correla-

agreement with the velue of 3.3 x 10”% obtained from an independent
method based on interns) &lectron cqnveréion?o, differs by a factor
of about 3 from that obtsined by Lees and Flinnig. Wley however,
congider the preseni calculations, thpugh apparently crude in nature,
to be more reliable because (i) the reliability of the Del Re cal-
culations and the various parameters involved in the present cal-
culations have been already demonstrated hy the very succesaful,
lnterpretatlon of many ather properties of organotin compounds as
1ndicated in the earlier chapterszi »24~89; £41) no assumption of
doubbful validity (except those inherent in the Del Rée approxima-
tiong) is involved in thé celoulation of electron deaslty as 1s

she case with most other methods#*, (iii) the calculated agymmetry

*For example lees and Fllnn;g considered the honalng in (SnFs)

to he purely ionic with an. ideal Sn% central lon which is wvery

Contdee
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in the eleetron diatrlbuﬁion at the %1n atom, to be discussed in
the fblloW1ag section, shows a good quantitative correlatlon with
Ithe experimental quadrupole splittings. The excellent agreement |
between. our value of { AR/R) and that obtaznea by the direcﬁ |

methoazo further aunports our conﬁsntion.

{B) Quadrupole splitbings in organotin compoundss

Methods The losshauer quadrupole splitting in & compound depends

on the magnitude of the electric field gradient at the nucleus of.
the absorber. In a.tetravaleniutin'compound the. elsectric field.
gradient is due to (i) asymmetwy in the distribution of the peelec-.
trons between the three p-orbitals and/or (ii)'asymmétric distribuﬁ'-

18. The existence of :a goad

tion-of the charges of the ligand atoms
' linear relation between the inductive Taftl’ constant and quadrupole -
eplittings in a number of organotin compounds indicate the .asymmetry
in the pneiectron:diStribution ﬁo be-the'dominaﬁing factoréaLIn the

preceding section ‘we have already shown that the total p-clectron

CComtd.

doubtf%l sinee the 90551b111ty of considerable covalent character

can not bhe excluded. Similarly the calculatlon of the isgomer ghift
for ideal 5s configuration by extrapolation to zZero quadrupole
agplitting may be in errory in view of our discussion on quadrupole
splitting and asymmetrys In fact, consideration of these cffects will
tend to increase the value of (AR/R), even if celculated by their
nethode.
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Fig. (6“2) Choiceé of co-ordinstes in Yssm-:
type compoun&s. __
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population, np at the tll abom in tetravalent tin' compounds: can be
calculated by eqiie (6»14). In order to evaluate the aaymmetry of the
p~elactron distribuxlon it is necessary to know the population of
“the three individual 5p ohbitals ofi'the tin atom. To obtain quan-— .
qitatlveocorrglatian between the asymmetry in the p~electron d;s?;i-
hﬁtion and the quadrupole splittihgs we,. theréfore;“aevélbp”é-ﬁethoa
of calculat;ng the elecbron nopuéwt¢oa 1n diffﬁrenﬁ p—orbitals, of
the tiﬂ atom and then deflne an asymmetry parameter capable of ex=
pressing quantitatively the deviation of ﬁhe calculatea electron
dlstrlbuﬁlon from spherical aymmetry. o

. Gompounds of the type Yssnx belong to C”v point group- The |
fbur hybrid orbitals,xpl,,ﬁg.*ys and ‘%4' expréssed as in eﬁnﬁ- o
{(6-192) %o (6-193) forms four O-bonds with the llganda Y and x. -
Lot us now conszder that the hyhri& orbital kyl fbrms the bond -
with the ligand x. The 2 axln ia conrentionally choscn,along the r'

- \"Pj_ = aig:;"?".ﬂ' alxt‘px + a‘ly‘py""' am;-pz" s S (6w19a)
e = 325'-'3*ézx"px;fjazy'pyf%z?l’z. ,f - éﬁ-_‘_l%)_ﬁ

I _‘QPsfé.aﬁs‘g*'aax~9x*'§359y +'aBZPm;  i‘; I , ; THM;.:_iﬁééiQGi

| “Pé - a4ss T aéxpx N a’4ypy + %.zP = | I (61-'.._:1;96;) |

Su~X bond direotion, coincident with the Cs.axis of the molecule

L ¥igs (6=2)_7. With this choice of axis and using normalization
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condition (eqns 6=19a), the coefficients ajz's of the hybrid

2 2 - : o
aiat8ixp + agy + a?z =1 _ (6~19e)

orbitals Wy Wg? Y3 and y, may be determined as followse

Since hoth px and v, orbitals have Zero ampli'!;u&e along the

'LJT
BrDKiS, B4y T 81y & O Thereiore the orbital y, mey be rewritten as
in eqn. (6-20) and the coefficients will be given by eqne (6-21).

The value of the coefficient ay, is thus obtained from eqn. (6-22)

\pl w 8455t By peD, | (6~20)
2 2

%19 + 23z =1 (6~21)

a3, = L ~ag) (6-22)

, Evidently the remaining p, character, 1—a§53 will be egually
_ distributed among the thres remaining orbitals Yo, ‘bz and ¢,

bhecause of symmetry g0 thats

B 2 .
%2z = 83y afs = (1- a1y )/3

= 855 | (6-25)

It ia obvious from eqns. (6-22) and (6~23) that the p, 5 Sharacter
of the orbitals ‘1“1’ Yy Y ! and \p, can be comnu’sed f:“om the s-—-chara-~
cter of the orbital, y, s+ Using these values of a‘iz in eqns (6-10)



Mg, (6-3) Choice of co~ordinates in Yo Snip

type. compoundg.



--102-

akong with eans (6-11) it. is easy ‘to show that the nopulation of
the p, orbitaly ngs will be given by eqne. (6-24) where ais has been
replaced kﬁxq Since. A gx can be.computed by using eqhe (6=17) and

ng = 1+ * gx@snx = nr )= snx o, A6=24)

all other quantitites are available by standard Del Re caloulae
tloﬂs, n, way be ¢asily obtauned. Further, because of the axlal
symmetry in Ygsnx moleeules the populatlon of the px anﬂ 9& orbltals,
n, and n, will be equal and ave thus given by °qne (6-25)

Uy = n, = (o, - h;z_)/z - - (6-25)

For molecules of the type YoSnX, belonging to Gy, point
group a different method is needed. For this purpose ithe z-axis may
be chosen along the 02 axis and the x and y axes are chosen along
the mutually perpendicular Snxz and SnIz Planes: respectively as
shown in Figs (6-3}s With this’ choice of axes and using the norma-
lizetion and Qrthogonality_conditlons, the . four hybr;dized valence

orbital of the tin atom yy» Lo Wz 208 Y4 BEY be writen as in
eqns, (6-26a) to (6-264) where the superseripta refor Yo the plane

on which the orbitals are located,*

#Deduetion of hybrld orbital with thia chomce of axes is given in
Appendix I, , ‘ S -
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¢ = ae + (172 unet @ - azﬁ.-'pz U (e-2ea)
Y 2 asm G Fengt & = o% o (esan

_z% R | PP

gz . (5 - a*) s + ) «Py —«a.pz R (6-26E)

\P:z. - l‘ f"a‘):. 1)1 ?y B a -.P-z, | : | Ce 26&)

Suhstltuting the valuea of the appropriate coefficients from euns.
(6—26&) - (6—26&) in eqn. (6—10) and u51ng eqn. (6—11), it is’ easy
to show that the populatlon of the dlfferent 5p orbitals of the tln
atom Will be given by eqnse’ (6-27) - (6—29). Thus, the p-electron
distributions in a1l organatln conpounids of the type Rn§nx44n

ne m (L = Qguy) (6-27)
ny;: (1iQ3nf) S . T (6-28)
- (8-r9)

n = 1"**27%3:-(@51,3{'523112')“ anx

(=1, 2 or 3) may be computed from the data obtained by simpleﬁi'
Del Re caloulatlons. | ’ S | N
T Since the electrlc field gradlent is determxned by the devia—
tion from the spherzcal symmetry 1t is now neceasary to define a
parameter capable of expr9351nw this deviation quan$itat1vely. Ibr
apherlcal symmetry eaeh of the throe puorblﬁals shoul& have eaual

number of electrons, and therefore the deviation from spherical
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, isymmet;#,may be,deﬁiﬁeﬂ‘aa %he‘rootfﬁeéﬂ,BQuare_deviation of the

ﬁlaétuﬂl"eiécﬁronwpppulatian frqﬁ.ﬁhe hypothetical spherically. symme-
/ / tric distribution.fxi the total number of p-electrons were eéqually

k/ diatribﬁtédifhe_‘ﬁoﬁﬁiéﬁiéﬁ‘of each of ‘the orbitals would Mave been
oo np/3. Henqe the rootb mean square deviation from the spherical symme-
jﬁ? try ﬁi;}fﬁe'givan‘by aqn(igﬁesa)g Ve will ?eier fo:the-parameter-k |

-

oL

5 .-.-[(n ;/3 _ F‘z’fz . (np/b' _ ny)g+ (a p/3 ,__'Ilnz-)-z- 12 I- .(6-50) :

in egn. (6-30) as ﬁhehaaymmatry parameter which should not be con=
fused with the conventionsl asymmetry parameter :q [= (Vi a-va%/

y
Vas ) . -

Reeult agdlDiscusaiqnal

The total p-electron’ populatlon, nyy is ealculated by the
use of: oqie (6»14), the eleotron populations nx, ny and 1, are then
calclﬁ.a'ted either b:,r eqns. (6—?4) and (6-25) or by the eqns. (6-27),
(6e28)_and_(6-29)_depenﬁ;ng on whether the molecale belongs to the .
poiny ggoup csé\‘r C?v and.finally'the-asymmetry paraneter A is. cal-
culated from eqms (6-30). The calculated values of Ngs N ng, ang. .

tha asyrmetry rorameter A for a number of.organomin campeunds ©0f the
e Rn3“x4 . (n.- 1y 2 or 3) are given in Table (6—3) along with

the reported qpadrupole splittlngs. It has already been menﬁionﬁd that
the quadrupole splitting depends both on the asymmaetry in the p-
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Table 6--3

Calculated values of the electron. poplﬂ.atlon of '!;he px,

I’y and py orb:r.ta,ls of 1::?.11, -the asymmetry parameter, A, and the
experinental quadrupofle spli‘b'bings »

compoun_.di , n:F | Yoo % A B _@ﬁ%ﬁsec".)'
MegSuCL - 0,893 0,895 0,656  0,1985 3,01 = 5,41
legSnCly * 0.955 0,662 0758 0,214 5,35 - 5,55
BugSnCl 0895 0,895 0,655 0,195  2,78'% 5,40
BuSnCl,’ 00719 0,719  0.886 "0.1364 1.8%
PpaSnCl  0.862 o,éezf 0,660 -0,1649 245 = 2,56

BoSnOly, = 0.923 0,669 0,753  0,1851 2466 = 2.90
PhSnCls . 0s725 0728 0,869 ~0.1196 1,80 = 1.84
MegSnCPz 0,856 =~ 0,863 0,735 '0,0959 1,38
*(Neo)ssnci 0,894 1 0,894 0,645 ” 0;2635”-? 2,63
HeSa(Cglp), 0,799 0,799 ~ 0.832  0,0274 1,44
MezSn(Cgly), 0850 04794 ~ 0.815 0,0205 1448 ~1.56
MesSn(Cgfs) 0:845 0,845 0,799 10,0376 t.5L
PhSn(CGFs) 0.805 = 0,803 0,809 Io,oo49 _'”fo,gé
Phytn(0gls ), 0.811'.'0;30g.  0.805 0. 0063 _;.‘1;1;
?hgsﬁ(céggi'"6.811 7'6,51; 0,808 0,006% - 0,90 .~ 0,98

Gont@.u |
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Table 6=3 (Contd..)

Compound D, - R, A LEq

' ks (mm/sec, )
MezSn({CaCls) ©.846  0.846 0,794  0,0421 1.09
PhSn(C0ly) 0.813  0.811 0.798  0,0106  0.84

(Cé?sisSnicéﬂ4ye-p)O;803 0,805 0,809 0,009 1,08

(0g85) Sn(cégéue,p)g.all 0,802 04805  0.0063 ~ 1,18
g~ 6 S -

# Neo = PhG(_Me)ECH;

electron distribution at the tin atom and the asymmetyry in the
1ligand charge distribution., As such linear correlation bgtween;ﬁhé
varaneter A and quadrupole splittings should be expected only if .
asymmetry due to the charge distribution of the ligands is either
very small or constant or varies consistently with the parameter A.
Pig,, (6~2) shows that the compounds given in Table (6-3) fall into
two gfoupspikll compounds for which X = C1 or CFz fall on one strai-
| ght line and those for which X is 06F5 or 06015 fall on the’ofher
lines | | :
The linearity of the rolation between A an& ‘the quadrupole
gplitiing andfthg presence of inte:cepts indicate that the asymmetry

due to ligand charge distribution sréund the central tin atom exert



R

=3, 0%

nearly constant influence on the field gradient in a given serdes.
Both the lines shown in Fig., (6-4) have equal slopes, suggesting
that the main difference betweeﬂ the two groups of compounds is the
magm.tu&e of the asymma'try aris:t.ng i‘rom tha subatitu’tents. Inthe |
case of RmSnx4_n compounds with X = Cgf5 o 66015, = alkyl, Ph
or ge ~ CgHy™, Fige (6-4) shows that the correlation . line has a
relatively large intercept suggesting large conbtribution to the
: toﬁal quadrﬁpole splitting"fxom t%elasymmeﬁry_in the_ghgrge distri-
butioﬁs on the'sﬁbstituént; When X is ClL or CFgz, this contribution
ia very small and the correlatlan line meets the x—axls, represen$—
ing the aaymmetry parameter A at about 0.04. It isg interestzng to
note that all Rnsz;x4 n.type comnounds, where R = alkyl, Fh or Vi and
X = v1g Ph‘or p=substituted phenyl group for which A is less than
0504 do not show any quadrupole splitting, The caloulated values of
ﬂx?'nﬁ aad n, aloné'with A-for & few such compounds are showh in
Table (6~4), This seems 10 be a general rulé, the only exception
{L‘gb;e-ﬁ-t]: | '
Galculate& electron poyulatlon of the Pxy. Py and p; orbitals

and the asymmebry parameter, A, for some organotin compounds showing

no qusdrupole splittink.:

¢ , ; _ n _ A
Qmpé?nd SR Pe B By A
HezSuVi 0.842 0,844 0,805 0,038
MesSnFh - 0,846 - 0,845 10,805 10,0827

Contde.
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Table 6~4 {Contd.)

Compownd - - - B, T T
Me5Sn(CSH4E~p) 0i845 0,845 0,806 0,0387
.Ehsani ’ ro;aiO“" 0,610 0,802 0,0014
PhunVis ©. T 0.809 0 6,809 0,816 0,000

hein‘g-' ddmpoﬁﬁd‘él-'-hgﬁixlzg- Ofsﬁbsti'ﬁuted .'pﬁe_nyl; g_'r'fou'ps-. . In these cé.ses,
the quadrupole splitting ié mainly due to the asymmetric "charge' dis-
*bributwn assoc:.ated wlth such subatituents as i demonstrated by ‘
'the relatively large in'bercept in the correla’tlon Lines As a i‘ur'lmer :
'test o; the -validi‘by of thig correla'l;ion we have made some provﬁ.sion—-
ai cal, cula,t:..ons on Rssnc = GX type compozmds which show quadrupole
splz.tting. T

For compounds of i;he *t:y-"pe' 3Snc=cx having sp carbon atoﬁs
't:he necessary Del Re parameters have not been evalua'ted 80 far. How-
aver, in Ohapter 1 :1.1; has been shouwn tha‘t‘. the inductive garameters

do not chgnge from sps zto app carbon%

» e, therefore, assume that
‘bhe same sot of inductive para.meters would. be applicable to sp-

caz:‘bon atom also. On the other hand, the parameter & is approxi~
mately proportional to 'ele'ctronegatiﬂty. Thie electronegativity of

“the carbon stom increases as the hybridisation changes from e:p3 +0
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sz to‘spgoo Thus, on the bails of S wvalues of spﬁ and sp® carbon

{0.70 and 0.12 respeetivgly) CSDG(Ep) is 1ikely %o be of “he order

of 0,22, Using this valuey Del Re calculations have been carried

auﬁ forﬂaome_Rgan = (X type compounds in the usual way. The re-
sults are given in Table {6-5) along with the experimental guadru-

vole splittings. Data given in Table (6-5) show that for BySaC=C0X

. Table 6-5
Caleulated values of ngy Bey Uy Ty, & and the observed
quadrupole-splittingiszé of some RgSnGEEOK'(R'=Mg‘6r’Et, X':H,.Me,

Bty Ph or Cl) type compounds using a proviéional'vélne”of 0.22 for

80(8}?)‘ 5

Compound. LBy B %y om, A DBy |
' {mm/sea, )

B $n0 = CH 0,829 0,853 04853  0.737 0,0943 1.48

B0 = Ole 10,829 0,853 0.855 0,757 0,0943 1,22

TtzSnC=CPh - 0,820 - 0.852 0,852 0,757 0,0943 1,42

BtzSn0=001 . | 0,829  0.853 0,853 0730 0.1000 - 1.75

(R = Me, Bt; X = H, Me, Et, Ph or O1) type Qompdunds the asymmetry
parameter A lies in the range of 0,09 - 0,10 aud the reported gqua-
drupole splittings fall close to the correlation line. Although the

parsmeters used are only approximate and need to be refined, the
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'L“he asymmetyy parameter A, in any case, will be appreciably g}:la,aﬁ-e;r |
thar, 0+04+ Thua 0.04 represents the apm'.o:;;im@;!;e_ 1imit of the asymme-
txy pavameter, A, below which quadzugole aplitting will not be ob-
served in compounds where the contribubion from the esymmetry in II
the ligand éhargé dlstribution is insignificarl‘i:.- Though no éxpléna—'
tion can be offered for thisg sv:cnr::.sing result, this coni‘ims a.nd
q_uan*bifies the qual:.ta.'blve observat:.on of Parish and Pratt® tha'b
1arge differen.ce :m. polaritiaa o.f.‘ R—Sn an& Sn-x bcmd is necessary
:E‘or q_mdrupole spllttings since 1arger ‘the dlfierence :Ln t.h.e ba:ld
polarities, 1arger w:u.ll-. be the asymmetry paramet_er, Ko Parmh ami
Platt suggested4 ‘eha'l: (i) the magaitude of the quadrupole splitting
ig governed primarily by the imbalencs in- the polsrities of the tin~
ligan& G'-bonds, {(11) thi-_effect may, in some cases, be sqpp}.emented
by stractural effects and (iii) r-bonding is a secondary factors The
--c'crx_'e_la,tion betﬁaez; the asyr_:imetry paraneter A and- the experimental
guadrupole splitting is in essentisl -a@'eramen*hrvai'bh-.-‘bheae suggestions.
The" electrors which ra:z.g;h’s be contributed to the vacent 5d

o:cbital m" the tin sbon by the la.ga.nd through 4 ~ p bonding a.z'e
completely neglechted m the - present gtudys This was dore in view of
the fact that many. impo_rrtant. Prqper,ti,e,s of orga.nofa_m compounds can
- be satisfactorily -in;térﬁr'eted even without invok:i.ng 4. -~p’ bonde
Iingzi 24w29, The axeellent correla‘blons between. the Mosshouer para-
meters a:ad the caleula'!:ed quan’c:.ties further support Lthis view. :

- Our _._conclusion., based on the presant calcl;latl_ons_._aml _‘!_J_he

' ;Eforégomg- dispu"sgiogl are (1) -ﬁha_“a the Mosghauer isomer ghifis din
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tetravalent organotin compounds can be’inter??eted by the calcula-
ted electron density at the tin nucleus, (ii) that the magnitude of
guadrupole splitting_is primarily ﬁétermine& by the asymmeiry in the
p-electron distribution at the tin atom and (iii) that, in a majority
of cases, the asymmetry in charge distribuﬁioﬁs of the ligands exerts

only minor effect 6n the electric field gradient.

summary ¢

A method for calculating the'electron density at the nucleus of
tin atom in a tetravalent tin compound has heen developed using the
auentities available from Del Re celcwlations in conjunction with the
fbfmula given by Liees gnd IMinn. Thetcalculated electron densitiles
show a fair correlation with the experimental Moésbaﬁeﬁ ;somer shifts
and & value of 3.2x 10°F is obtained for AR/R from the slope of the
correlation line. This is in excellent agreement”with~the~valué of
3ed X 1dq4 determiﬁed by en independent method uéing”inﬁernai slectron
convergion measurements. IFurther, an asymmeﬁry rarameter, A, wﬁ;ch is
- a measure of the deviation of the p—eléctrén dispribgﬂion from the
. hypotheticel spherically symmetric distribution in ﬁhich the p=
electrons would be distributed equally between the three p-orbitals |
héslbeen &efined and a metheé for its calculaﬁioﬁ has been developed.
The expérimental guadrupole sﬁiiﬁtings have been correlated and inxer—'
pfeted weing this asymmetry parsmeters The observed quadrupole spli-
 ttings for a ngﬁber.df_organqt;n compounds of the type'HnSnxé_ﬁ when
plotted against the calculated values of A, fall on two different
correiation linea, almost parallel 40 each othgf;:For compounds
having X ;_GGFS or 06015 #he asymmatry in the ligand charge digtri-
bution contributes appreciably to.fhe:observéd guedrupole splitting
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as_indiéated by the large iﬁtercept of the correlation line, When
X = OF3 or Gl,ﬁthe'corrélation:line meets the axis representing the
asymmetry paremeter at about 0.04, suggesting a very emall coumtri~
bution from the asymuetry in the ligand charge distribution, Inter-
estmgly, a1l compounds of ‘bhe type BySnXpen (R = allqu, Ph, Vi and
X m Vi, §y41 or pusubstituted phenyl ﬂraup) for which A is less than
0,04 do not show any quadrupole spllbtlng._ |

. The reuults 1ndlcate that (1) the Hossbouer isomer shifts in

' tetravalent organotln cumpounds can be 1n$erpreted in terms of the

. ealculated electron denalty at the tin nucleua, {i1) the nagnitude
of auadrupole spllttlng is prlmarlly determined by the asymmetry in

the p-electron distribution at the tin atom, and (331) in a majority

: df cases, the asymuetry in the charge distributiong of the 1igands

exerts only a minor effect on the electrical field gradient.
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