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The structure of a transition metal complex may, in favourable cases, be determined by combining the information
obtained from d-d spectroscopy, which indicates the nature of the ligand field, and metal (K)-edge EXAFS, from
which the metal-ligand distances may be obtained; the approach is illustrated for tetragonally distorted, pseudo-
octahedral Nilv complexes: [NiCl,{0-CsHa(PMe,),},12+ (Ni-Cl = 2.26, Ni-P = 2.22 A), [NiCl,{0-CeH4lAsMe,),} 512+

(Ni—Cl = 2.27, Ni-As = 2.36 A).

During the last decade, owing to the availability of synchro-
tron radiation, X-ray absorption spectroscopy in general, and
the extended X-ray absorption fine structure (EXAFS)
associated with absorption edges in particular, has developed
into a powerful technique for the characterisation of local
structure about specific atoms.'—3 A major advantage of this
technique is that it can be applied to non-crystalline samples.
Furthermore, the local environment about virtually all atoms
with atomic number = 20 may be investigated at concentra-
tions =10 p.p.m. Significant advances have been achieved by
the measurement of the EXAFS of metal centres in a wide
variety of biological systems and in heterogeneous catalysts of
industrial relevance; also, valuable information has been
obtained for inorganic glasses and other amorphous phases.
However, the direct impact of EXAFS on chemistry has been
relatively slight, despite the general need to obtain accurate
structural information for non-crystalline chemical systems.

EXAFS contains information concerning the nature, num-
ber, distance, and disorder of the atoms surrounding the
primary absorber. Distance information up to ca. 3.5 A is
usually clearly manifest in the frequency of the EXAFS
oscillations and an accuracy of ca. #0.02 A in interatomic
distances is typically obtained. However, it can be difficult to
distinguish between back-scattering atoms of a similar atomic
number and the occupation number (N) of a shell is strongly
correlated with the disorder (Debye-Waller) parameter
within the EXAFS amplitude envelope, and often, uncertain-
ties of *1 in N can occur. These weaknesses, plus a lack of
angular information, perhaps makes EXAFS unattractive to
chemists who are accustomed to the precision and three-
dimensional perspective provided by X-ray crystallography.

We have been interested in combining EXAFS information
with other spectroscopic data to demonstrate that, thereby, it
is possible to obtain a comprehensive structural characterisa-
tion of a local environment within a non-crystalline chemical
sample. The complexes [NiClL{o-C¢H4(PMe,),},]2+ and
[NiCly{0o-CsH4(AsMe,),},]2* 4 were chosen for investigation
because of the intrinsic chemical interest in obtaining struc-
tural data for this metal in its rare (+1v) oxidation state and,
also, because the instability of these complexes in solution has
prevented the production of single crystals for X-ray crystallo-
graphic study.

X-Ray absorption spectra at the nickel K-edge were
recorded for [NiCl,{0-CsH4(PMe,),},]){ClO,],, (n = 1,2) and
[NiCly{0-CsHi(AsMe,),},][ClO4], at  the  Daresbury
Synchrotron Radiation Source operating at 1.8 GeV with a
current of 200—300 mA, using a Si 220 channel-cut crystal
monochromator. The extraction and interpretation of the
EXAFS was accomplished in the manner described previ-
ously.5 The accuracy of the structural interpretations was
verified by corresponding studies of [PhsMeP],[NiCl;] and

[Ni{o-C¢Hy(ZMe,},][ClOy], (Z = P or As), since X-ray
crystallographic data are available for these nickel complexes
(Table 1).6—8

The electronic spectra of [NiCl,{0o-CsHs(ZMe,),}, ]2+ (Z =
P or As) are similar in profile to those of the corresponding
isoelectronic (d) trans-[CoCl,{0-CsH4(ZMe,), },]*+ complex,
with the lowest energy transition (14, — 1E) shifted by ca. 500
cm~! to higher energy for the Ni!'V complexes.® Moreover, the
far i.r. spectra of these complexes show a single M—Cl
stretching mode. %10 Hence, there is convincing spectroscopic
evidence that nickel is in a tetragonally distorted octahedral
ligand field (Z,Cl;). Also, the d-d and i.r. spectroscopic
properties of [NiCl,{0-CsHs(PMe,),},](ClO,] are consistent
with this Nilll complex being isostructural with its arsenic
analogue, the structure of which has been established in
trans-[NiC12{0-C6H4(ASM62)2}z]Cl.11

The above information, together with the confidence
obtained from the successful interpretation of the nickel
K-edge EXAFS for related complexes of a known structure,
provided the basis for the analysis of the EXAFS data for the
Nilll and two NilV complexes. The results are summarised in
Table 1. The Ni-Cl and Ni-P bond lengths for [NiCl,-
{0-C¢H4(PMe,),},][ClO,] are as expected, given the struc-
tural data for the analogous arsenic complex and the differ-
ence in the Ni-Z distances manifest by the [Ni{o-
Ce¢Hy(ZMe;),},]?+ complexes. Comparisons of the Ni~Z and
Ni—Cl bond lengths in [Niclz{O-C6H4(ZM62)2}2]"+, forn =1
or 2, reveal small variations in Ni-Z between corresponding
Nilll and Ni!V complexes but a significant reduction in Ni—-Cl.

Table 1. Bond lengths (A) obtained for some nickel complexes.

Length
Complex Bond X-Ray EXAFS2
[NiClL 2~ Ni-Cl  2.27(1)® 2.25¢
[Ni{o-C¢H,(PMe,),}. ]2+ Ni-P 2.205(5)¢  2.19
[Ni{o-CcHy(AsMe,), )12+ Ni-As  2.29(1)f 2.29¢
. Ni-Cl 2.41e
NiCL {o-CH,(PMes)s})+ | NS 241
. Ni-Cl  2.425(3)h 2.41e
[NiCL{0-CsHa(AsMe,),},]* { Ni-As 2,34252;h 2.33e
) Ni-Cl 2.26¢
[NICL {o-CoH,(PMes); o+ {NES 226
. Ni-Cl 2.27¢
[NiCl{o-CsH,(AsMe,),} .2+ {N;_ As 5 36

2 The estimated uncertainty in these bond lengths is 0.01—0.02 A.
® [Ph;MeAs]* salt, ref. 6. ¢ [PhsMeP]* salt. d 2[I3)-, 2I, salt; ref. 7.
¢ 2[ClO4]~ salt. f 2I- salt, ref. 8. & [ClO,]~ salt. h Cl- salt, ref. 11.
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This is consistent with the removal of the metal-ligand
o-antibonding electron, known to be principally in 3d,2,!?
upon oxidation and clearly demonstrates that this process is
metal centred (i.e. Nilll ;.6 e,1 — NilV £,.9 ¢,0). The changes in
the Ni-Cl bond lengths observed upon oxidation are inconsis-
tent with the [NiCl,{0-C¢H4(ZMe;),}2* complexes contain-
ing dithiolene-like, cation radical ligands. Hence, these
species are satisfactorily described as NifV and, as such, are the
only known examples containing neutral ligands.

Thus, we have shown that the interpretation of EXAFS can
be greatly enhanced by the availability of suitable spectro-
scopic data, especially when this details the nature, number,
and angular distribution of the atoms surrounding the primary
absorber. d-d Spectroscopy, which provided the vital com-
plementary information used here, is especially useful for the
study of d-transition metal complexes; in other situations, f~f
transitions, vibrational and/or magnetic resonance data could
provide similar information. Therefore, we hope that this
study will enhance the application of EXAFS, in combination
with other spectroscopic techniques, to define accurately the
local environment about specific atoms in various phases of
chemical interest.

Added in proof: The crystal structure of [NiCl{o-
CeHa(PMe),},][PF¢] - 2H,O has been reported since the sub-
mission of this communication, C. Mahadevan, M. Seshas-
ayee, B. L. Ramakrishna, and P. T. Manoharan, Acta
Crystallogr., Sect. C, 1985, 41, 38. The Ni~Cl and Ni-P
distances of 2.424(4) and 2.255(3) A, respectively, are in good
agreement with the corresponding EXAFS values of Table 1.
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