
Inorganica Chimica Acta, 31 (1979) 71-11 
@Elsevier Sequoia S.A., Lausanne - Printed in Switzerland 

71 

Far-Infrared and Raman Spectral Assignments for 1 :l Complexes of Metal Dihalides 
with Unidentate Ligands. 
Double-Strand Halogen-Bridged Chain Structures of MX2(pyridine) Polymers 

MICHAEL GOLDSTEIN* 

Department of Chemistry, Sheffield City Polytechnic, Pond Street, Sheffield SI 1 WB, U.K. 

and RAYMOND J. HUGHES 

Department of Chemistry, The Polytechnic of North London, Holloway, London N7 808, U.K. 

Received March 13.1979 

Far-infrared (30-350 cm’-‘) and low frequency mode of co-ordination is not always certain. The 
Raman spectra have been studied for a series of com- second main point which needs to be made is that 
plexes MX2(pyridine) where M = Mn, Co, Ni or Cd, nearly all the previous far-infrared studies were 
and X = Cl or Br. Assignments of v(MX) and v(MN) restricted to the spectral range above 200 cm-‘, 
modes have been made, assisted by noting shifts in whereas pertinent information, often the most dia- 
the bands on replacing the pyridine ligand by penta- gnostic, is to be found in the 100-200 cm-i region. 
deuteriopyrtdine. The results are compatible with, In consequence, since previous work [l-3] has 
and lend support to, a structure comprising double- shown that erroneous assignments resulted from 
strand halogen-bridged polymeric chains in which studies restricted to a 200 cm-’ limit in the case of 
each metal atom is surrounded by one pyridine MXs(pyridine), and MXa(pyridinek complexes, 
ligand, two bicoordinate halogen atoms, and three there remains the distinct possibility that a similar 
t&o-ordinate halogen atoms. The results provide the situation obtains for the 1:l series. Certainly, the 
most definitive basis so far for structural diagnosis of spectra of MX,(L) complexes have not been subject 
compounds of this stoicheiometry. to proper study hitherto. 

Introduction 

The literature contains reports of a large number 
of complexes of transition metal(II) salts with uni- 
dentate ligands, in which the metal:ligand ratio is 
l:l, i.e. MX,(L) adducts. Because of difficulties in 
obtaining samples suitable for single-crystal X-ray 
diffraction, definitive structural data on these systems 
are not common. Instead, inferences are usually 
drawn from measurements of magnetic susceptibility 
and electronic spectra concerning the co-ordination 
geometry, and far-infrared spectra are used to 
identify the metal-ligand vibrational modes and 
hence the geometrical arrangement of the metaL 
ligand bonds. 

There are two aspects of this previous work which 
are not wholly satisfactory. In the first place, the 
types of organic ligands (L) which have been used 
cover a wide range and are often of such complexity 
that interpretation of the far-infrared spectra is 
hazardous and ambiguous. Additionally, even their 

We have therefore undertaken a detailed inves- 
tigation of the series of complexes which may be 
regarded as the ‘model system’ for the 1:l series, 
viz. MXa(pyridine). Fragmentary reports of these 
compounds are scattered through the literature [4- 
14] , but the structural data are not at alI definitive 
and are certainly insufficient to use in structural 
diagnosis beyond specification of the metal co- 
ordination number. For only a few members of the 
series have far-infrared bands been reported [9, 10, 
121, and there are no Raman data available. The 
compounds can only be made by thermal decomposi- 
tion of 1:2 or 1:4 analogues, and because they are 
unstable to further thermal treatment and are 
insoluble in nondestructive solvents, samples suitable 
for single-crystal X-ray diffraction cannot be 
obtained. Low-frequency vibrational spectroscopy is 
thus the most amenable technique for determining 
their skeletal structures. 

Results 

*Author to whom correspondence should be addressed. 

The compounds studied in the present work are 
listed in Table I; all were obtained by heating the cor- 
responding bis(pyridine) or bis(pentadeuteriopyrldine) 
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because some of the very low frequency bands (<SO 
cm-r) could be lattice modes. 

Secondly, it should be noted that the infrared 
wavenumber positions of the u(MX) modes are 
comparable with the infrared values of @4X) in the 
parent (uncomplexed) dihalides MX2 (Table V). 
This is consistent with the structural relationships 
between the two series illustrated in Fig. 3; the 
replacement of one halogen atom in the co-ordma- 
tion sphere of the metal in MXa by the weaker pyri- 
dine donor compensates for the lower co-ordination 
number of half of the remaining halogen atoms. In 
agreement with this interpretation we note (Table V) 
that the <MN) band positions are at considerably 
lower wavenumbers than in the MX&y)a series, as 
the stronger metal-halogen bonding would weaken 
the M-(py) bonds (Pauling’s electroneutrality 
principle). 

Thus the vibrational spectral data provide compel- 
ling evidence that the complexes MXa(py) have 
double strand halogen-bridged chain structures as 
depicted in Fig. 3. This conclusion applies to all the 
complexes studied, but the infrared spectrum of 
NiBr&y) is slightly unusual in that only three V(MX) 
modes could be identified (Fig. 2) and, more signifi- 
cantly, the highest wavenumber v(MN) mode (band 
E) is anomalously low compared with that in NiCla- 
(py). We attribute this not to a grossly different struc- 
tural type, because the general features are clearly 
closely similar to those of the other complexes 
studied, but to some slight distortion, possibly akin 
to that recently reported for CdC12(CHJCSNH2) 
WI. 

All the complexes were prepared from the cor- 
responding 1:2 adducts by heating on a Stanton HT- 
SM thermobalance in a stream of nitrogen, under 
conditions determined by preliminary measurements 
on the thermobalance. The analytical data are in 
Table I. Far-infrared spectra were obtained using a 
Beckman-RIIC FS-520, with the samples as pressed 
discs in polyethene (BDH Ltd.). Spectra were 
computed to a resolution of 5 cm-‘. A CTi model 20 
cryocooler was used to obtain the low temperature 
data, with the samples estimated to be at cu. 30 K. 
Raman spectra were recorded using a Cary model 82 
spectrometer with Ar’/Kr’ laser excitation (488.0, 
514.5,568.2, or 647.1 nm). 
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