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Nuclear Quadrupole Resonance Spectra and n-Bonding of some Nickel(1r)
Complexes

By P. W, SmitH* and R. STOESSIGER
(Chemistry Department, University of Tasmania, G.P.O. Box 252C, Hobart, Tasmania 7001, Australia)

Summary The nuclear quadrupole resonance spectra of
some tetrahedral and square-planar mnickel(11) com-
plexes are reported: it is shown that the s-bonding
character of the metal-halogen bond is ca. 109%,.

RecENTLY Fryer and Smith! have reported #*¥Cl nuclear
quadrupole resonance (n.q.r.) spectra for the planar com-
pound (BujP),NiCl, and for the tetrahedral compounds
[Me,N],NiCl, and [Et,N],NiCl,.

We have independently observed the n.q.r. spectra of the
tetrahedral complexes (Ph,P),NiCl, and (PhgP),NiBr, and
of the square-planar complexes (Pr3P),NiCl,, (Pr3),NiBr,,
and (BujP),NiBr,. The n.q.r. frequencies (v) are given in
Table 1 together with reported data on some other nickel
complexes for comparison. The paramagnetic triphenyl-
phosphine complexes have been studied at 77 K as well as at
room temperature and show normal negative temperature

coefficients in their n.q.r. frequencies. The instrumenta-
tion and precision of measurement were as descr-
ibed previously.? A spectrum analyser was used to select the
central radiofrequency from the side bands. Where
necessary the resonant frequency was distinguished from
the side band responses by varying the quench frequency.
The compounds were prepared by standard methods.?

The notable feature of the observed resonances is the
large frequency shift between the square planar and the
tetrahedral complexes. This shift! can be associated with
the presence of partly filled metal orbitals suitable for
halogen—metal 7-bonding in the tetrahedral complexes and
the absence of such orbitals in the planar complexes. Our
results make possible an estimation of the 7-bonding in the
case of these uncharged (R,P),NiX, species where there are
no cation effects and where any lattice effects can be
ignored.

TABLE 1

N.q.r. frequencies of nickel(11) complexes

Compound Stereochemistry Nucleus
(Ph4P),NiCl, Tetrahedral 35C1
35(:1
(Pr3P),NiCl, Planar 35C1
(Bu3P),NiCl, Planar 35Cl1
(Me,N),NiCl, Tetrahedral 35Cl
CsNiCly Octahedral 35Cl
(Ph,P),NiBr, Tetrahedral %Br
79Br
(Pr3P),NiBr, Planar “Br
(BujP),NiBr, Planar *Br
(Ph,P),Nil, Tetrahedral 1271

a2 Fromref. 1, P From ref. 4.

Frequency Temperature
(MHz) (K) Signal :noise

9-471 298

9723 77 4
15-852 298 5
15-998 273 medium?#
8-85, 9-058 273 medium?®
8-349P 300 —
71-07, 75-15¢ 298 6
71-77, 77-16¢ 77 6
126-26¢ 308 15
126-53¢ 308 2
71-04, 138-0 298 3

¢ The #1Br frequencies were observed with the correct frequency ratio.
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If the degree of 7-bonding is given by 7, the s-hyhridisa-
tion by s, and the ionic character by 4, then it has been
shown?® that

€Qqmo1/€*Qat = (1—s)(1—i—m)—m/2 (1)
where €2Qgmo is the quadrupole coupling constant in the
molecule and €2Qq,¢ is that of the free atom. For spin 3/2
nuclei (e.g. ¥Cl, "Br)

e*Qdmo1 = 2v(1 + 1/3n?)}
where 7 is the assymmetry parameter. For tetrahedral
complexes, symmetry requires that » be small, and for
(Ph,P),Nil, where the spin 5/2 nucleus allows 7 to be
determined, the value 7 = 0-15 is obtained. There is
evidence that 7 is also small in planar complexes.! Hence
we can take e?Qqgmo; = 2v for these compounds. Following
Kubo et al. we assume 159, s-hybridisation as the most
reasonable value.® Then equation (1) becomes
€0Fmo1/€*Qgat = 0-85 (1 — i) — 1-35m )
We now take 7 = 0 for the square planar complexes, with
no available d7r orbitals, and calculate . If we assume the
same ionic character for the corresponding tetrahedral
complex then we can evaluate the degree of 7-bonding from
equation (2). The results obtained are given in Table 2.
The same values of ¢ and 7 are obtained when the tributyl
phosphine complexes are considered. This estimate of 109,
7r-bonding is the first obtained from n.q.r. studies of metal
complexes.
While the approximations made in this analysis are such
that the results in Table 2 must be regarded as an order of
magnitude estimate only, two observations support them.

1C. W. Fryer and J. A. S. Smith, J. Chem. Soc. (4), 1970, 1029.
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Firstly, the decrease in ionic character and increase in
7-bonding between the chloride and bromide is as expected.
Secondly, the classical measurement of the 7--bond character
of a metal-halogen bond by Griffiths ef al.® gave the value
5-39, for the hexachloroiridate(rv) ion. Our value of ca.
109, is significantly higher than this as expected for
compounds with two d-orbitals available for sr-bonding.

TABLE 2

Bonding parameters

Compound €2Qqmo1/€2Qqat i -
(PhsP)sNiCl, 0173 066 0-09
(Pr2P),NiCl, 0289 0-66 —
(Ph,P),NiBr, .. 0-190 061 010
(Pr2P),NiBr, 0-328 061 —

For the pseudo-octahedral compound CsNiCl; the n.q.r.
data suggest that the extent of #-bonding is quite similar.
The effects of the cations and the bridging nature of the
chlorine atoms would need to be considered in any further
analysis of 7r-bonding.

The two n.q.r. frequencies observed for (Ph,P),NiBr,
suggest that the compound is further distorted than the
chloride,” with two different nickel-bromine bond lengths.

We thank the Australian Research Grants Committee and
the Australian Institute of Nuclear Science and Engineering
for equipment grants. Omne of us (R.S.) acknowledges
receipt of a Commonwealth Post-graduate Scholarship.

(Received, December 11th, 1970; Com. 2149.)

2 L. P. Podmore, P. W. Smith, and R. Stoessiger, Chem. Comm., 1970, 221.

3 L. M. Venanzi, J. Chem. Soc., 1958, 719; K. A. Jensen, Z. anorg. Chem., 1936, 229, 265.

¢ H. Rinnenberg, H. Haas, and H. Hartmann, J. Chem. Phys., 1969, 50, 3064.

5 M. Kubo and D. Nakamura, Adv. Inorg. Chem. Radiochem., 1966, 8, 257.

$ J. H. Griffith and J. Owen, Proc. Roy. Soc., 1954, 4, 226, 96; E. Cipollini, J. Owen, J. H. M. Thornley, and C. Windsor, Proc.

Phys. Soc., 1962, 79, 1083.

? G. Garton, D. E. Henn, H. M. Powell, and L. M. Venanzi, J. Chem. Soc., 1963, 3625.



