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A summary of the basic principles and information content of the spectroscopic 
methods most often used to determine the electronic structure of transition metal 
complexes is presented. The methods covered are electron paramagnetic resonance 
(EPR), electronic absorption (associated with ligand-field and charge-transfer tran- 
sitions), x-ray absorption, and photoelectron spectroscopies. The higher resolution 
information available through EPR (hyperfine coupling) and electronic absorption 
(vibronic coupling and bandshape analysis) spectroscopies is also considered. Attention 
throughout this Comment is focused on the relatively simple examples of the square 
planar and distorted tetrahedral CuCI,= complexes. 

I .  INTRODUCTION 

The purpose of this Comment is to present a condensed summary 
of the information content of the spectroscopic methods most often 
employed to elucidate the electronic structure of transition metal 
complexes. In Part 1, the basic principles of each method are briefly 
developed, the nature of the experiment is outlined, and the exper- 
imental results are compared with the results from ligand field and 
molecular bonding (in particular, SCF-Xa-SW) theories.' Two spec- 
troscopic techniques can provide information which is of significantly 
higher resolution than is appropriate for an overview. These methods, 
EPR (electron paramagnetic resonance) and electronic absorption 
spectroscopy, are discussed in further detail in Part 2.  Attention 
throughout this comment is focused on one of the simplest inorganic 
molecules, the CuC1,- complex. 

The free cupric ion has five degenerate d orbitals which are raised 
in energy and split into a t2g and an eg set upon placing the ion into 
an octahedral ligand field. The nine valence electrons of the cupric 
ion fill these d orbitals to produce a (t,,)6(eg)3 ground many-electron 
configuration which contains one unpaired electron in a degenerate 
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orbital set. Associated with this configuration is a “Jahn-Teller” force 
which causes the octahedral complex to undergo a tetragonal dis- 
tortion.2 For copper(I1) this usually involves an axial elongation 
which leads to a square planar complex in the infinite distortion limit. 
The D4,, ligand field produced by the chloride ligands in this geometry 
results in the d orbital splitting shown to the right in Figure 1-1 with 
the highest energy d orbital being dx2p,1(b,g) which is oriented along 
the four Cu-C1 bonds. The nine d electrons then generate a 
(a ,,)2((e,)4((62,)2(6,,)’ many-electron configuration which corresponds 
to a 2B,gmany-electron ground state. This ground state can be probed 
directly by EPR spectroscopy. 
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