
SHORT COMMUNICATIONS 

THE INFRARED SPECTRA OF SOME IRON(II) PYRIDINE COMPLEXES* 

By J. I?. DUNCAN? and K. F. MoKJ: 

Iron forms a series of high-spin pyridine complexes of the type FeI1X, py, 
where py is pyridine and X is any anionic ligand (e.g. C1, Br, I ,  SCN, OCN, and 
HCOO). The preparative description of these complexes is well known1 but the 
investigation of their other properties has been limited only to a recent study of the 
infrared spectrum of the thiocyanate., In this note we report the infrared spectra 
of seven such compounds, two of which (FeI, py,,2py and Fe(OCN), py,) have not 
been prepared before. The conclusions obtained from this work support those from 
investigations of the Mossbauer spectra, the u.v. spectra, and the magnetic properties 
of these complexes which are reported el~ewhere.~ 

The infrared spectra of the complexes in the 270-4000 cnl-l region have been 
investigated but only the bands between 270 and 800 cm-l are given in Table 1. 
In the 400-4000 cm-l region the main features of the spectra are the strong and 
sharp absorption bands of the coordinated pyridine molecule. These are identical with 
those of the free pyridine molecule with the exception of three bands a t  403, 601, and 
1578 cm-l in the free pyridine molecule which shift to 420, 625, and 1600 cm-l 
respectively in the coordinated molecule. This observation is consistent with that by 
Gill et aL2 who investigated the thiocyanate only from 400 to 2000 cm-l. A band a t  
745 cm-1 in the free base also shifted to just above 750 cm-l in the compounds we 
investigated. The compounds with empirical formulae FeI, py, and Fe(OCN), py, 
showed bands characteristic of both coordinated and free pyridine (see Table 1). 
Therefore they are more appropriately represented as, respectively, [FeI, py,],2py and 
[Fe(OCN), py,],2py. Five of the pyridine molecule absorption bands in FeI, py, 
are split. The splittings probably result from the weak iron-pyridine bonding since 
FeI, py, is the least stable of all the pyridine complexes studied here and it decom- 
poses even in an atmosphere of dry pyridine. 

The thiocyanate ion can coordinate to the metal through either the nitrogen 
or the sdphur.4 These two different modes of coordination are easily distinguishable 
by the infrared absorption frequencies of the thiocyanate radical. The free thiocyanate 
ion absorbs at  about 750 and 2055 cm-1 (C-S and C-N stretching vibrations respec- 
tively) ; these peaks are shifted to 780-860 and 2080-2095 cm-1 respectively in the 
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SCN-metal complex and 690-720 and 2100-2125 cm-l respectively in the NCS-metal 
complex.* The thiocyanate group in the complex Fe(SCN), py, absorbed a t  480, 804, 
and 2070 cm-1, as would be expected if coordination occurred through the nitrogen 
atom. This is in accordance with the observation established by X-ray methods that 
a metal (11) of the first transition series normally forms M-N bonds with the 
thiocyanate group.6 

TABLE 1 

INFRARED SPECTRA OF SEVEN FERROUS PYRIDINE COMPLEXES IN THE 800-270 CM-I REGION 

(The assignments of the pyridine molecule vibration bands are those of' Gill et a1.%) 
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The cyanate ion is expected to  behave similarly, i.e, i t  could coordinate through 
either one of the two terminal atoms. The C-N stretching, C-0 stretching, and the 
skeletal deformation vibrations of the free cyanate ion occur a t  2130-2200,1200-1210, 
and 625-630 cm-l respecti~ely.~ By similar argument to that for the thiocyanate 
complex, the presence of strong bands a t  1330 and 2200 om-l in the two cyanate 
complexes suggests a coordination through the nitrogen atom. 

In the region from 400 to 250 cm-l all the complexes studied have a relatively 
weak band a t  about 390 cm-l. I n  addition the thiocyanate complex has a strong and 
broad band a t  278 cm-l while the two cyanate complexes have a similar band at 313 
cm-l. Such a band is likely to be due to iron-nitrogen vibration where the nitrogen 
atom is part of the thiocyanate or the cyanate ligand. This is consistent with the 
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fact that the ratio of these two frequencies, 2781313 = 0.89, is approximately equal 
to the expeoted value calculated on the assumption that the force constant is 
approximately the same for the two Fe-N bonds. Thus: 

which is in as good agreement with the observed value as can be expeoted on the 
assumptions made. 




