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solutions through the spin-Hamiltonian constants, the 
attempts made to find a single parameter to study the 
above are less. From a study on a number of Cu(I1) 
complexes, the authors found that the amount of 4s 
character present in the ground state of Cu(I1) indi- 
cated the nature of the symmetry of the chromo- 
phore around Cu(I1). In the present investigation six 
Cu(I1) complexes viz., (i) [Cu(trien)] (C104)2, (ii) 
[Cu(trien)NCS] Clog, (iii) [Cu(trien)Br] Br, (iv) [Cu- 
(trien)NCS] BPh4, (v) [Cu(Me6trien)NCS] Clog, (vi) 
[Cu(Me6trien)NCS] SCN (trien = triethylenetetr- 
amine; Me,trien = hexamethyltrien) in DMF (N,N’- 
dimethylformamide) solutions are chosen to find the 
validity of the above procedure. From the calcula- 
tions, it is found that the ground-state of Cu(II) in 
the (iv) complex is free from 4s contribution indicat- 
ing planar structure. Whereas in the case of the (iii) 
complex, the ground-state is found to possess 0.95% 
of 4s character indicating strong axial bond. This 4s 
character in other cases is found to be less than in the 
above complex. From these studies it is found that 
1% of 4s in the ground-state has reduced isotropic 
contact term (K) by about 30 MHz. Using this value, 
the values of K in other complexes are computed and 
these are found to surprisingly coincide with the 
values obtained experimentally within 1% error. 
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Interest towards heterometallic clusters and their 
reactivity is increasing [l] . Most of these species wete 
obtained via redox condensation or via reactions of 
carbonylmetalates in polar solvents; some were 
prepared by pyrolytic reactions in apolar solvents. 

We now report a synthetic method for neutral 
mixed clusters, based on the pyrolysis of cyclopenta- 
dienylnickel derivatives and of iron or ruthenium 

carbonyl or alkyne-carbonyl clusters, in hydrocarbon 
solvents. Complexes (cp)NiFe2(C0)6CzR (R = Me 
[2], But [3]) (I), (cp)NiFe2(C0),C*CHzR (R = Me 
PI, But [31) (II), (cpMGFe@% 141 (III), 
(cp)?NizFez(CO),(C,Etz) 141 W),(~PNWCO)T 
C*CH*But [S] (V), and two isomers (cp)NiRus- 

W%iGW 161 (VI) were characterized. The nature 
and yield of products is dependent from clusters 
stability; iron clusters are usually broken to give 
complexes containing two iron atoms, whereas from 
the ruthenium clusters mixed species, still containing 
three ruthenium atoms, are obtained. 

The structures of the complexes (I), (III), (IV), 
(V) and (VI) (one isomer), determined by X-ray dif- 
fraction methods, are shown in Fig. 1. 

In the above reactions, homometallic products are 
also obtained, as by-products; these are originated by 
ligand exchange (cyclopentadienyl, alkyne or car- 
bonyl) between the two metals. 

Comparable behaviour has been observed for the 
above compounds, in the mass spectrometer; thus 
comparable pyrolytic processes apparently occur in 
the solution and vapour phases. 
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Working on the study of the chemical reactivity 
and linkage isomers of the coordination compounds of 
the para- and meta-substituted benzeneseleninic acids 
as ligands, we report the interaction of Cr(lII), 
Mn(II), Fe(II), Fe(III), Sn(II) and Ag(I) with XC6H4- 
SeOy(X = H,p-Cl,m-Cl,p-Br,m-Br,p-Me). 

The seleninato ion is well known for its capability 
to coordinate to a metal ion as unidentate or 
bidentate ligand either inter- or intra-molecularly 
through the two oxygen and the selenium atoms. 
1.r. spectroscopy provides a convenient means of 
distinguishing between the different possibilities. 
All these possible types of binding have been reported 
in previous papers [l] , and the chemical reactivity of 
some of the obtained complexes, of the type [M(H,- 
0)2(XC6H4Se02)2] (M = Co, Ni, Zn), towards N- 
donor ligands has been described in other works 

P-41. 
In the present work we have obtained complexes 

of general formula Cr(L)3, Mn(H20),(L),, Fe(HaO& 
(L)*, Fe(L)3, Sn(L), and Ag(L); the compounds are 
microcrystalline or powder-like and with the excep- 
tion of the tin derivatives, whose limited solubility 
prohibits conductance measurements, all are non- 
conducting in nitromethane, indicating the covalent 
nature of the compounds. 

Infrared spectra. The bands due to the substituent 
X and all the bands assigned to fundamentals of the 
benzene ring appear in the complexes at the same 
wavenumbers as in the starting ligands. 

In the Mn(II), Fe(I1) and Ag(1) derivatives the 
bands due to the sym. and asym. v(Se0) are shifted 
towards lower energies in comparison with the 
stretching values of the free anions. This fact and the 
small frequency differences between these modes 
point to a O,O’-seleninato coordination. Three Se0 
bands with the irreducible representations Aa + 2E 
are observed in the i.r. spectra of all the Cr(II1) and 
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Fe(II1) trisderivatives, suggesting an octahedral 
configuration with Da symmetry. 

The i.r. spectra of the tin(I1) derivatives show a 
more complex profile, significantly different from 
those above discussed. The number of the bands, in 
the v(SeO*) region, is indicative of the nonequiv- 
alence in the manner in which the two areneseleni- 
nato ligands are coordinated. We could suggest that 
one group is O,O’-bonded intermolecularly to the tin 
atoms in linear chains, whereas the second group is 
seleninato-0 bonded. Taking into account the lone 
pair of electrons, the tin atom has a $-tetrahedral 
environment. 

The vibrational spectra of the Mn(I1) and Fe(I1) 
complexes show meaningful differences with the 
spectra of the other water-containing derivatives as 
regards the related-water bands; the spectra of these 
compounds show the absorptions characteristic of 
the coordinated water, and the complexes can be 
regarded as distorted octahedral. 

In the far4.r. region the v(M-0) vibrational modes 
have been assigned and discussed. It is noteworthy 
that v(Fe-0) in the iron(I1) derivatives is at lower 
wavenumbers than in the corresponding iron(II1) 
complexes, ‘in very good agreement with the fact 
that, in a change of oxidation number, the metal- 
ligand vibration increases in frequency with an 
increase of the oxidation number. 

Electronic spectra and magnetic moments. For the 
chromium(II1) derivatives the calculated Dq and B’ 
parameters suggest the presence of Cr06 chromo- 
phores, thus confirming the conclusions reached from 
the i.r. studies. 

As for the manganese(I1) derivatives the value of 
B, C and 10 Dq have been calculated by the method 
already reported, together with the energies of the 
bands arising from the transitions 6A1 + 4T1, (*G), 
h4T1d4P), and +4Tr.s(4F). In this way good agree- 
ment between calculated and observed energies has 
been found for all the states. 

The iron(H) derivatives exhibit an absorption band 
clearly split into two components, which represents 
the transition ST*9 -+ 5E, for octahedral iron(I1) 
complexes. 

The room temperature magnetic moment values 
are in agreement with the literature data. 
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