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Summary 

When nickel core electron binding energies in frans-Ni( X)( Y)( PEt3 )2 
complexes (X, Y = alkyl, alkenyl, alkynyl, aryl, halide) are compved with 
caIcuIated nickel charges, nickel-aryl r-bonding is concluded to be unimportant_ 

The possibility of transition-metal-aryl n-bonding has frequently been 
mentioned in the chemical literature since 1959 11) _ Esperimental evidence 
confirming such an interaction remains equivocal and controversial. For 
example, some authors [2] claim metal-aryl bond lengths are shortened by 
n-bonding, while others 13, 41 say these bond lengths are normal. Interpretations 
concerning the extent of metal-carbon r-bonding from “F NMR studies of 
fluoroaryl metal complexes are equally controversia1 [ 5, 6 J _ If it does exist, 
metal-aryl n-bonding would likely be most important in square-planar ortko- 
substituted arylnickel complexes where steric constraints orient the ligands in a 
conformation of maximum pT-dn overlap [ 7, 8 ] _ To assess the extent of 
n-bonding in arylnickels, we have measured the nickel 2p , ,2 and 2p 3,2 binding 
energies in a series of organonickel complexes and, by comparison with 
calculated charges, have concluded that nickel-aryl n-bonding is of little 
importance. 

X-Ray photoelectron binding energies were recorded on a Varian IEE-15 
electron spectrometer and were referenced to the carbon Is line (taken to be 
285.0 eV) of each sample. For elemental nickel, the reference was the carbon Is 
line of “pump oil”. The values shown in Fig. 1 are the average of three or more 
measurements with the confidence limits taken as the standard deviations. In 
Fig. 1, the nickel 2p,,, binding energies for elemental nickel and several trans 
square-planar Ni(X)(Y)(PEt,)2 complexes are plotted vs. a calculated nickel 
“charge parameter” [9], qNb which is based on pure n-bonding. A similar piot 

(not shown) was obtained with nickel 2p,,, binding energies. The ligands X and 
Y are alkyl, alkenyl, alkynyl, aryl, and halide groups. The 4Ni is the sum of the 
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Fig. 1. Correlation of nickel 2~~1~ binding energies with the 

ligand bonds. q~i- 

of the partial ionic characters of the nickel- 

partial ionic characters for all nickel-ligand bonds. The partial ionic character of 
each bond was calculated using Pauling’s equation [lo]. The electronegativities 
for nickel and the halogens were Pauling’s [lo], while Huheey’s [ 111 electro- 
negativities, xp, were used for the carbon ligands. The xp for the CCl=CCl, group 
was calculated by Huheey’s method. The ionic character of the Ni-PEta bonds 
are assumed to be very small and to remain constant for all the organonickel 
compounds, so they have been neglected. The negligible effect of the PEt3 ligand 
on 4Ni is corroborated by comparing the Ni Zp,,, binding energy of elemental 
nickel (853.0 eV) with that predicted for Ni(PEt,), (852.9 eV)*. 

A straight line connects the two compounds in Fig. 1 for which Ni to X or 
Y n-bonding should be least important, i.e., elemental nickel and NiC12 (PEt3)z. 
This line represents the relationship between nickel binding energy and qNi for 
complexes with pure cr nickel-carbon bonds*” . The correlation of nickel binding 
energies with qNi is remarkably good for all compounds except Ni(CmCPh)z - 
(PEt3)z _ The high binding energy observed for this alkynyl complex is caused by 
nickel donating its electrons through x bonds to the alkynyl ligand which induces 
an increased positive charge on nickel relative to that predicted by pure u-bonding. 
The small deviation of the point for NiBr(CC1=CC12)(PEts)2 from the line 
remains unexplained. The correlation in Fig. 1 leads us to conclude that nickel- 
carbon n-bonding is of little importance in alkyl-, alkenyl-, and aryl-nickel 
compounds, while x-bonding is important in the alkynyl complex. Nickel- 
alkynyl n-bonding is also strongly suggested by infrared [14] and ultraviolet [15] 
spectral studies. 

The greater stability of orfho-substituted arylnickel complexes compared to 
i;hose without ortho substituents [4,7, S] must now be attributed primarily to 

*This prediction is derived from the linear relationship of nickel binding energies in air-stable Nf(PR,), 
complexes with v(CO) (A I) in Ni(CO),PR, complexes C121. For Ni(CO),PEt,. v(C0) (A,) OCC- at 

2061.7 cm --I Cl31 and co~esponds to a Ni 2~~1~ binding energy of 852.9 eV for Ni(PEt,),. 
**The binding energy for elemental nickel is assumed to be equal to that of NiZ,(PEt3),. where z is a 

o-bonded l&and having the same electronegativity as nickel. 
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steric factors. The observed trend in binding energies can also explain the 
relatively high reactivities of methyl nickel complexes toward protonic reagents 
[4,16,17] when compared to aryl and alkynyl complexes, since the electron 
density, or basicity, on nickel is greater in the methyl nickel complexes. A similar 
sensitivity to nickel basicity has been demonstrated in the protonation of 
nickel{ 0) complexes [ 18]. 

Acknowledgements 

We wish to thank Dr. C.A. Tolman for a preprint of a paper [12] prior to 
publication_ The assistance of M-L. Cutright in measuring the ESCA spectra is 
gratefully acknowledged. 

References 

1 J. Chatt and B.L. Shaw. J. Chem. SW.. (1959) 705. 
2 M.R. Church% K.L. Kalra and M.V. Veidis. Inorg. Chem.. 12 (1973) 1656. 
3 G.W. Parshall and J.J. Mrowca. Advan. Organometal. Chem., 7 (1968) 157. 
4 D.R. Fahey. Organometal. Chem. Rev. A. ‘I (1972) 245. 
5 G.W. Parshall. J. Amer. Chem. Sot.. 88 (1966) 704. 
6 R.P. Stewart and P.M. Treichel. J. Amer. Chem. Sot.. 92 (1970) 2710. 
7 J. Chatt and B.L. Shaw. J. Chem. Sot.. (1960) 1718. 
8 G.E. Coats. M.L.H. Green and K. Wade, Organometallic Compounds. Vol. 2. Methuen and Co.. London. 

3rd ed.. 1968. pp_ 217-233. 
9 C. Nordling. Angew. Chem. Intern. Ed.. 11 (1972) 83. 

10 L. Pauling. Nature of the Chemical Bond. ComeLl University Press. Ithaca. N.Y.. 3rd ed.. 1960. 
pp. 97-102. 

11 J.E. Huheey. J. Phys. Chem.. 69 <1965) 3284; 70 (1966) 2068. 
12 CA. Tolman. W.M. Riggs, W-3. Linn. C.M. King and R.C. Wendt, Inorg. Chem.. 12 (1973) 2770. 
13 CA. Tolman. .I. Amer. Chem. Sot.. 92 (1970) 2953. 
14 H_ Masai,K.Sonogashira andN.Hag!hara.J. OrganometaLChem.. 26<1971)271. 
15 H. Masai. K. Sonogashira and N. Hagihara. Bull. Chem. Sot. Jap.. 44 (1971) 2226. 
16 M.L.H. Green and M.J. Smith. J. Chem. Sac. (A), (1971) 639. 
17 H.F. Klein and H.H. Karsch. Chem. Ber.. 106 (1973) 1433. 
18 C.A.Tolman.Inorg.Chem..11(19i2) 3128. 


