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Determination of Ligand Field Splitting in Lanthanide(III) 
Monoporhyrinato Complexes 

Anas Santria, *a Akira Fuyuhiro, a Takamitsu Fukuda a and Naoto Ishikawa*a 

The 4f-electronic structures of the ground multiplet states of a series of lanthanide(III) monoporphyrinato complexes with a 

cyclen as the capping ligand  [Ln(TPP)(cyclen)]Cl (Ln = Tb, Dy, Ho, Er, Tm, and Yb; TPP = 5,10,15,20-tetraphenylporphyrinato; 

cyclen = 1,4,7,10-tetraazacyclododecane) have been determined using experimental NMR and magnetic susceptibility data. 

Magnetic susceptibilities of the microcrystalline samples of [Ln(TPP)(cyclen)]Cl were measured in the range of 1.8300 K. 

NMR signals corresponding to the protons on the porphyrin ring  show marked paramagnetic shifts (lower = Tb, Dy, Ho, Yb; 

higher = Er and Tm) in comparison with the diamagnetic Y congener.  A set of ligand-field parameters that simultaneously 

reproduces the magnetic susceptibilities and the paramagnetic shifts has been determined by using the self-developed 

multidimensional optimization program. In addition, the CASSCF calculations were carried out for further insight into their 

electronic structures.

Introduction 

Porphyrins, a class of macrocyclic π-conjugated compounds with four 

coordinating atoms, are known to form various types of complexes 

with trivalent heavy lanthanides.1-3 These compounds have drawn 

much attention due to their diverse range of potential applications 

such as magnetic dipolar probe,3 synthetic dyes1, tumors diagnosis,4 

and more recently, as single-molecule magnets (SMMs).5,6,7 To study 

and understand the properties of these porphyrinato complexes, 

information on the electronic structure of the 4f electronic system in 

the coordinated lanthanide ions is needed. Experimental 

determination of such electronic structures is nonetheless generally 

difficult, especially when symmetry of the coordination geometry is 

low, which is often the case for lanthanide complexes due to their 

high coordination number.  

This difficulty can be partially avoided if intrinsically symmetric 

polydentate ligands are used on complexation. For example, 

coordination of two porphyrin ligands to a lanthanide ion to give the 

so-called “double-decker” complex leads to the pseudo D4d 

symmetry because the two ligands are known to take the staggered 

conformation and, therefore, theoretical treatment of the electronic 

structure becomes simpler. In our previous study for the related 

phthalocyanine double-decker complexes [LnPc2]- (Pc = 

phthalocyaninato; Ln = Tb, Dy, Ho, Er, Tm and Yb), which triggered 

the field of lanthanide-based SMMs,8 the ligand field splitting 

structures were successfully determined based on the fact that the 

number of the necessary ligand filed parameters is greatly reduced 

due to the high coordination symmetry. In this approach, the 

determination is performed simultaneously for the isostructural 

lanthanide complexes.9 Although the similar treatment is essentially 

applicable for the porphyrin counterparts, it has not been achieved 

because of practical unavailability of the complexes with heavier 

lanthanide ions due to their chemical instability. Indeed, in the study 

of the SMM properties of porphyrin double-decker complexes with 

Tb(III), it was assumed that the sublevel structure was similar to that 

of lanthanide(III) phthalocyaninato complexes.5,7 

Recently, we reported the preparation and physical properties of a 

series of isostructural heavy lanthanide(III) monoporphyrinato 

complexes formulated in [Ln(TPP)(cyclen)]Cl (Ln = Tb, Dy, Ho, Er, Tm, 

and Yb; TPP = 5,10,15,20-tetraphenylporphyrinato; cyclen = 1,4,7,10-

tetraazacyclododecane) as sketched in Figure 1.10 These complexes 

have only one aromatic system, i.e. TPP, and  the skew angle 

between two squares defined by the four nitrogen atoms of either 

TPP or cyclen is close to 45 and lead to a pseudoD4d molecular 

symmetry. With this symmetry, the sublevel structures of their  
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Figure 1 Schematic structure of [Ln(TPP)(cyclen)]+ (Ln = Tb, Dy, Ho, Er, Tm, or Yb) 


