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Summary 

The lead--lead nuc!ear spin -spin coup!ing constant determined by hetero- 
nuclear double resonance in he?tamethyldiIead has the surprisingly small value of 
+290 Hz which suggests that the s-overlap integral For the me*&-metal bond is 
low. 

- 

Theoretical treatments [l, 21 oE the nuclear spin coupling of directly bound 
elements indicate that for Group IV of the periodic table the Fermi contact inter- 
action should dominate and that the reduced coupling constants K( XY) should 
have large positive values when X = Y = C, Si, Sn, or Pb. Most experimental 
results confirm this [3] and suggest that eqn. 1 is valid. In this equation cy’ is the 
s-character of the hybrid orbital used to form the X-Y bond, Q’(O) is the 

(1) 

valence s.eIectron density at the nucleus, and LIE is an average electronic excita- 
tion energy. On this basis reduced coupling constants K(PbX) should be ca. 
Q&,(O)/LL&(O) times the corresponding tin ones K(SnX) in similar compounds 
provided that the excitation energies are roughly comparable, and data for X = H, 
C, and Se support this view. The value of I J( “9Sn-“9Sn) in hexamethylditin [4] 
is +4462 Hz and the use of eqn. 1 then leads to a predicted value for ‘J{“‘Pb- 
zo7Pb) in hexamethyldilead of 43000 to +6000 Hz according to the state of 
hybridization assumed [S] for the metal atoms. Recently, however, it has been 
found [61 that the single bond couphng in hexaorganoditins varies over a remark- 
ably wide range (from 780 to 4460 Hz) according to the substituents on the tin 
atoms and this casts doubt upon the applicability of eqn. 1 to this type of com- 
pound and also to the above estimate of the couphng constant in hexamethy Idi- 
lead. As a test we have therefore used a recently developed [?I double resonance 
technique to determine the sign and magnitude of ‘J(‘“‘Pb-‘07Pb). 
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Freshly prepared samples containing the isotope ‘07Pb (I = ‘A) in natural 
abundance (ca. 21%) were examined as 70% solutions in benzene and diethyl 
ether on a JEOL C60-H spectrometer at 23”. The relevant species (CH3), -“‘Pb- 
‘07Pb( CH3 )3 is present in an abundance of only ca. 4% and has a proton spectrum 
[5] consisting of a deceptively simple triplet of which the central component is 
hidden by the line horn molecules containing non-magnetic lead isotopes and the 
two outer lines are at f E(‘J(PbH) f ‘J(PbH)) relative to the centre [8]. There 
are also some lines near -+ J(PbPb) but these have very small transition moments 
and were too weak to be detected. The “‘Pb spectrum is a deceptively simple 
19.Jine multiplet (spacing %(‘J(PbH) + 3J(PbH)) = 9.5 Hz) which was detected 
by standard ’ H- { “‘Pb) double resonance experiments, together with lines near 
u(Pb) f J(PbPb) which can be used to give an accurate value of J(PbPb) but which 
are probably too weak to be detected by direct ‘07Pb NMR even with the aid of 
Fourier transform techniques. (Note that proton decoupling could not be used in 
this caseas it would destroy the magnetic asymmetry of the &AbXX’spin 
system). However, these weak lmes in the lead spectrum are connected with 
strong lines in the proton spectrum 17, 81 and theu positlons were therefore 
determined by ’ H- ( 207Pb} double resonance experiments using high irradiating 
power levels as illustrated in Fig. 1. 

The results show that ‘J(PbPb) in hexamethyldilead is 290 r. 10 Hz and ~sof 
opposite sign to (‘J(PbH) + 3J(PbH)) = -42.1 + 22.9 = -19.2 Hz. That is, 
‘K(PbPb) = + 55 nmW3 which is very much smaller than would be expected from 
eqn. 1 even by the use of improbable values for the s-character of the orbitals 
used to form the lead-lead bond. For example, $&JO) should be larger for lead 
than for tin and it has been suggested [ 51 that cy’) for the metal-metal bond is 
also greater for lead than for tin; yet in hexanlethylditin ‘K(SnSn) = 267 nmm3. 
We suggest that this shows that the mean escitation energy approximation (eqn. 1) 

Y(Pb1 + 275 303.5 332 HZ 

Fig. I. Low-Erequency component of Lhe deceptively simple tnplet in the ‘H NMR spectnun of Me,“‘Pb_ 
“‘PbMe, with nmulkmeous urabatron neiir the “’ Pb resonant frequeocy usmg an r.f. field of ;unptitude 
given by ?( “‘Pb)B: /Sn = ca. 30 Hz to detect lines in tbe *“Pb spectrum with low traasltion momeok The 
lead im&Ang h-equuency has been mcrezed by 9.5 Hz m sucesswe traces. and &bough there are some 
ambiguitws of aSSl@meDt associated with this complex spin system it - be &OWKI Lhat J(PbPb) + 
(‘J(-PbFi) - ‘J(PbH))‘/J(PbPb) = 294 ! 10 Hz. i.e. J(PbPb) = 290 _* 10 HZ. 
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is not valid [l] and that eqn. 2 must be used to describe the coupling in hexa- 
methyldilead (and possibly in hexaorganoditins [6] also). 

‘K(XY)=-$g. Icl~(O) 4$(O) "xy 

nxy is the mutuai polarisability of the orbitals of the atoms X and Y, and is 
positive when PxY the s-overlap integral between X and Y is large (and eqn. 1 IS a 
good approximation), but decreases as cl_yY becomes smaller and adopts negative 
values for very small fixy_ Thus m hesamethyldllead &+,~b is apparently quite 
small leading to a small but still positive value for ’ K( PbPb) and in some dilead 
compounds may be sufficiently small for the coupling constant to be zero or even 
negative. However, it is to be expected that thsse molecules would be of low 
stability; the bond energy of the Pb-Pb bond in hexarnethyldilead itself is only 
139 KJ/mole. 

The broader implications of our results are that great care must be taken in 
using coupling constants involving lead or tin to assess changes in hybridisation 
or nuclear charge. 
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