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The electronic and esr spectra of a series of high 
spin cobalt(R) complexes of formula Co(EtNHCH2- 
CH,NHEtI, Z, (Z = Cl, Tr, NCS, NO3) and Co- 
(MeNHCH2 CH, NHMelz (NO, )2 have been examined 
at R. T. and 10 K respectively. The single qvs- 
tal polarised electronic spectra were analysed in 
terms of the Normalised Spherical Harmonic 
Hamiltontim and a good fit between observed and 
calculated band energies was obtained. All the com- 
plexes are trans, with the exception of Co(EtNHCH2- 
CH,NHEt),(NOJ, which is cis. The data are consis- 
tent with the presence of a 4E8 ground term derived 
from the cubic 4T18 term under the influence of a 
tetragonal distortion for all but one of the complexes. 
Orbital angular overlap model parameters were 
derived for this series. These were compared with 
similar data for cobalt(II) and nickel(R) in the litera- 

ture, with special reference to the corresponding 
nickel(U) ethylenediamine complexes. The chief 
difference between the cobalt and nickel complexes, 
in an analogous pair of ethylenediamine complexes, is 
a significantly larger axial repulsion energy in the 
nickel case. This is attributed to the presence of an 
extra anti-bonding electron in nickel(II) versus 
cobalt(U). The esr and magnetic data are filly consis- 
tent with the tetragonal model developed for these 
complexes but do not provide any additional char- 
acterisation. 

Introduction 

Whilst there have been a multitude of publications 
concerning the electronic structure of tetragonal 
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Fig. 1. ‘Ike single crystal spectra of Co@-Etsen)sCla at 10 K. The various spectra are recorded along different orthogonal extinc- 
tion axes. Their relationship to the molecular axes is unknown. The energies of principal band maxima (in kK) are cited. The 
query sign indicates a band which may be an instrumental artifact. It occurs at a detector changeover. 
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Fig. 2. The single crystal spectra of Co(s-Etzen)zBrz at 10 K. For details see legend to Fig. 1. 

Fig. 3. The single crystal spectra of Co(s-Etzen),(NCS)z at 10 K. 

nickel(H) complexes (1, and references therein) few 
data for tetragonal cobalt(H) have been discussed 
[2-lo], This is not surprising since in the cobalt 
series there is ambiguity concerning the ground state, 

and assignment of the split components of excited 
states is a more difficult problem because of the 
possible presence of relatively strong quartet-doublet 
transitions and possible spin-orbit or vibronic 















High Spin Co(H) Complexes 

we expect the 4P term to split, 4MM’)) < 
4E(T,(P)). There are three main features in the 17-22 
kK region which we iterate using each alternate 
assignment, to an acceptable fit. The results are 
shown in Tables I, II. Values of the OAM parameters 
are calculated using the method for cis complexes 
outlined in the Appendix. We note that the axial 
DQ (NCoN axis) and corresponding oN value is in 
good agreement with the corresponding (equatorial) 
values deduced from the trans data. 

The nitrate values are only approximate since our 
treatment assumes an orthoaxial chromophore which 
is not the case here. The available data do not merit 
more detailed analysis, which would require an addi- 
tional variable. We note however that the OAM para- 
meters for the cis nitrate are comparable to the values 
found both for the trans s-Me,en nitrate discussed 
here, and for the cis nickel analog (Table III) 
1201. If we consider the DQ(eq)(amine) and DQ(ax) 
(NOs) values for the trans nitrate (above), then the 
average of these numbers, namely 26368 cm-‘, 
should approximate to the DQ(eq) value of the cis- 
nitrate complex (CoN,(NO,)a) plane, namely 24462 
cm-‘; the agreement is quite satisfactory. Note that 
in this &example, compared with its nickel analog 
(Table II), oNo,(ce) > oNo,(Ni) which is consistent 
with the trans complex series, uz(co) > uZ(Ni) given 
that the principal axis of the molecule now passes 
through the nitrate group. 

Electron Spin Resonance and Magnetic Data 
We report esr and magnetic data for these com- 

plexes. The esr data at liquid helium temperature are 
displayed in Fig. 8. Data for tetragonally distorted 
high spin cobalt(I1) can only be observed at very low 
temperatures and are not common in the literature 
[21-251 . The overall esr spectra of these complexes 
are similar to those described earlier but they do not 
display hyperfine structure. The chloride complex 
exhibits absorption at gll = 2.32, gl = 4.116. In the 
bromide complex absorption is centred at g = 3.3. 
The cis nitrate has an esr spectrum (gr = 2.58, gl = 
4.11) very similar to those of the halides. This simila- 
rity may be taken as corroboratory evidence that 
these three complexes possess the same ground term, 
4E. Some early studies [2 1 ] demonstrated permissible 
ranges for gll and gi in terms of the splitting of the 

4Tra term and coupling to excited states. Our 
complexes are close to, but do not fit exactly into 
this prescribed range (see Fig. 3 of ref. 21a), preclud- 
ing a simple calculation of the ground term splitting 
and even a determination of its sense. There is 
rhombic distortion in these complexes as is evident 
from their electronic spectra (splitting of E states). 
This is undoubtedly a cause of their poor behaviour 
[21,26]. 

Magnetic data for these complexes recorded down 
to 80 K are reported in the Experimental section. 
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These data are fully consistent with the tetragonal 
distortion in these derivatives. Although a general 
solution to the theoretical treatment of this problem 
(d’, high spin, D4h) has been published [27] we do 
not attempt a detailed analysis. It is well known that 
such an analysis is relatively insensitive to the 
magnitude, or indeed sign, of the splitting of the 
4T,, term, unless very low temperature data and/or 
magnetic anisotropy data are available. 
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Appendix 

The equations appropriate for cis complexes are 
developed in ref. 20. We report relevant expressions 
here, based upon the assumption of pseudo Dhh 
symmetry. The nitrate group is assumed to be ortho- 
axial, in so far as the oxygen ligands are concerned, 

and the angles in the plane are assumed to be 90”. 
Further the magnitude of the uN anti-bonding inter- 
action along the NCoN pseudo tetragonal axis is 
presumed to be the same as the value of oN in the 
pseudo tetragonal plane, trans to nitrate. Then: 

do = (3/4)(0.5 oN - 0.5 Uo) 

dn = 0.5 ,rN - 0.5 lro 
cN=0.12123 DQ(ax) 
Uo= UN - (8/3)du 
X0=-2dn 
A more sophisticated approach recognising that 

these complexes belong to the point group Cz.,, 
and that the angle subtended by the nitrate group at 
the metal atom, is not 90”, will be published else- 
where [20] . 


