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In the early days of metallomesogen research, the emphasis was on Cu(II), Ni(II), Pd(II) 

and Pt(II) complexes, because the coordination polyhedron of these metals is square 

planar and the rod-like shape of the ligands is preserved in the complexes. Nowadays, 

metallomesogens with other geometries are sought and therefore other metal ions are 

incorporated in liquid-crystalline complexes. Newcomers are the lanthanide ions (or the 

rare earth ions in general). 

 

Although the lanthanides are sometimes called “inner-transition elements” their 

complex forming behaviour significantly differs from that of the d-block transition 

elements and more closely resembles the behaviour of the earth-alkaline elements (Ca, 

Sr, Ba). Because the 4f valence shell is shielded by the filled 5s and 5p shells, 

directional overlap between the metal and ligands orbitals is not a determining factor for 

the geometry of lanthanide complexes. The geometry of the complexes can be predicted 

by finding the minimum in inter-ligand repulsion. For d-block complexes, the most 

often found coordination numbers are 4 (tetrahedron or plane square) and 6 

(octahedron). Generally, the coordination numbers are for lanthanide complexes are 

higher: 8 (dodecahedron, square anti-prism) and 9 (tricapped trigonal prism, 

monocapped square anti-prism), although all coordination numbers in the range 6-12 

are possible. The trivalent lanthanide ions are hard acids and prefer ligands with O-

donor and N-donor atoms. Therefore, lanthanide ions can be used to design 

metallomesogens with geometries different from those found in the “classical” Cu(II)-, 

Ni(II)- or Pd(II)- containing metallomesogens. 

 



Despite their high cost, research into lanthanide compounds is flourishing because of 

their unique physical properties, particularly their luminescence and paramagnetism. 

Eu3+ and Tb3+ ions show a strong luminescence, and these ions are widely used as 

spectroscopic probes (for instance in fluoro-immunoassay). With the exception of La3+ 

(4f 0 ) and Lu3+ (4f 1 4 ), the lanthanide ions are paramagnetic, behaviour which can be 

described within the framework of the Van Vleck theory. 

 

We will give an overview of the present state in the field of lanthanide-containing 

metallomesogens and of our own work. In particular we will discuss the mesophase 

behaviour of liquid-crystalline lanthanide complexes with Schiff base ligands. Typical 

ligands are: 

 

A special feature of these Schiff bases is that they can coordinate as neutral ligands to a 

trivalent lanthanide ion. Typical stoichiometries of the complexes are Ln(LH)3X3 and 

LnL(LH)2X2, where Ln is a lanthanide ion, X is a counter-ion (NO3, Cl, DOS, ...), LH is 

the protonated form of the Schiff base ligand and L is the deprotonated form. The 

results of the various experimental methods for characterising these complexes will be 

discussed. 

 

Although the multi-ring ligands are liquid crystals by themselves, lanthanide ions are 

able to induce mesomorphism in the non-mesomorphic Schiff bases with one aromatic 

ring. All the mesomorphic complexes exhibit a smectic A (SmA) mesophase, often with 

a high viscosity. The mesophases can easily be supercooled to a glassy mesophase. The 

counter-ion can be used to tune the transition temperatures of these ionic 

metallomesogens. The lanthanide contraction is found to have a strong influence on the 

transition temperatures of the complexes. 
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