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Mesophase is an intermediate state of matter between the solid and the liquid, therefore 
the tenns "liquid crystal" or "mesomorph" are also used. The liquid crystalline media have a 
unique combination of properties. They are fluids , and also have one or two-dimensional ori
entational order leading to anisotropic behavior. They form two big families, the thermotropics 
and the lyotropics. The thermotropics change phases by a change of temperature, and majority 
of the liquid crystals fall into this category. They can be divided into rod-like and disc-like 
liquid crystals. Polymeric liquid crystals are also known. Furthermore, the rod-like liquid 
crystals are sub-divided into smectics and nematics, whereas the disc-like type is divided into 
nematics and columnar. 

nematic smectic columnar nematic 

Liquid crystalline compounds have been known for over a century. However, most of 
the liquid crystals that have been studied are organic in nature. Metallomesogens are a new 
class of compounds with liquid crystalline properties obtained by incorporation of one or more 
metal atoms into organic structures. This can extend the unique physical properties of liquid 
crystals by introducing metal-based chemistry. Many different types of metallomesogens have 
been made by inclusion of s-, p-, d-, even f- block elements [ 1-4,25]. Among them, palladium 
is one of the most versatile metals used so far, with all the main types of mesogenic complexes 
having been reported. 

A great number of thermotropic rod-like metallomesogens have been synthesized 
[7,8,22-24] based on the ortho-metalation reaction between aromatic azo-compound and palla
dium(Il) dichloride, which gives rise to the chloro-bridged planar dimer [5,6]. Metal com
plexation of organic ligands can give them quite different mesomorphic behavior from the free 
ligands, usually leading to higher phase transition temperature. Sometimes, metallomesogens 
are composed of ligands which are not mesomorphic [7]. The role played by the nature of 
halogen bridging atoms was studied by the substitution of chloride with bromide or iodide [9]. 
The breaking of the halogen bridge was also performed by neutral molecules, such ns quinoline 
or PPh3, giving rise to new monometallic complexes [9,10]. 

In contrast to the planar structure of halogen-bridged complexes, carboxylato-bridged 
compounds usually show nonplanarity, which has been expected to disfavor the mesogenic 
behavior [11,12]. However, an open book shaped palladium(II)-azine mesogen has been 
synthesized through the bent acetato-bridge [13,14]. Furthermore, by using a similar reaction, 
chirality can be easily introduced into the liquid crystal leading to the potentially useful ferro
electric liquid crystals [15]. 
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Discotic metallomesogens were first discovered in 1977. This type of complex nor
mally contains a flattish platelike core with the metal in the center, surrounded by unsaturated 
organic ligands, such as diketones and porphyrins [16,17]. Many of these complexes adopt 
packing arrangements in which the molecules fonn columns [16]. 

Polymeric metallomesogens are another unusual type of complex in which the poly
meric nature is likely to introduce more interesting prope1ties. Among the examples of these 
species are the palladium(II)-polyne polymers [18,19]. They do not show thennotropic prop
erties. However, they are lyon·opic nematic in trichloroethylene. It has been shown that the 
main chain of these polymers can be aligned in a magnetic field, probably due to their diamag
netic anisotropy [20,21 ]. 

The characterization of thennon·opic metallomesogens is carried out using hot stage 
polarizing microscopy, where different optical textures are observed for different phases as a 
function of temperature, and using differential scanning calorimetry. Sometimes, X-ray scat
tering investigations of the mesophases are also carried out. 

Despite the many exciting developments in this area, metallomesogens constitute a 
challenging subject for both the design of new complexes and the exploration of technological 
applications. 

References 

1 . Skoulios, A.; Luzzati, V. , "Structure of Anhydrous Sodium Soaps at High Tempera
ture," Nature 1959, 183, 1310. 

2. Sirlin, C.; Bosio, L.; Simon. J ., "Spinal Columnar Liquid Crystals: Polymeric Octa
substituted Oxo-(phthalocyaninato)tin(IV)," J. Chem. Soc., Chem. Commun. 1987, 
393. 

3. Caruso, U.; Roviello, S.; Sirigu, A., "TI1e Liquid-crystalline Properties of Bis[N-[4-
[4-(alkoxy)benzoyloxy]2-hydroxyphenylJmethylene]alkanamino] Complexes of 
Cu(II), Pd(II), and Ni(ll)," Liq. Cryst. 1991, IO, 85. 

4. Belarbi, Z.; Sirlin, C.; Simon, J.; Andre, J ., "Electrical and Magnetic Properties of 
Liquid Crystalline Molecular Materials: Lithium and Lutetium Phthalocyanine Deriva
tives," J. Phys. Chem. 1989, 93, 8105. 

5. Cope, A. C.; Siekman, R. S., "Formation of Covalent Bonds from Platinum or 
Palladium to Carbon by Direct Substitution," . Am. Chem. Soc. 1965, 87, 3272. 

6. Elder, R. C.; Cruea, R. D.; Mon-ison, R. F., "Crystal and Molecular Structure of 
trans-Dichloro-bis(phenyl-2C,N')diplatinum(II)," Inorg. Chem. 1976, 15, 1623. 

7. Ghedini, M.; Armentano, S.; Bartolino, R.; Rustichell, F.; Torquati, G.; Kirov, N.; 
Petrov, M., "New Liquid Crystalline Compounds Containing Transition Metals," 
Mo/. Cryst. Liq. Cl~vst. 1987, 9, 77. 

8 . Ros, M. B.; Ruiz, N.; Sell'ano, J. L.; Espinet, P., "Metallo-mesogens Based on Ortho
Palladated Polar !mines," Liq. Cryst. 1991, 9, 77. 

19 



9. Ghedini, M.; Licoccia, S.; Armentano, S., "Transition Metals Complexes with Ordered 
Mesophases: Cyclopalladated Compounds of (p-Ethoxyphenylazo)-p-Phenyl Heptano
ate," Mol. Cryst. Liq. Cryst. 1984, 108, 269. 

10. Ghedini, M.; Longeri, M., "Transition Metals Complexe.d to Ordere.d Mesophases: 
Palladium-Azo Complexes," Mol. Cryst. Liq. Cryst. 1982, 84, 207. 

11. Ciriano, M.; Espinet, P.; Lalinde, E.; Ros, M. B.; Serrano, J. L., "Structure Studies 
of Mesogenic Orthopalladated Imine Derivatives," J. Mol.. Struct.1989, 196, 327. 

12. Churchill, M. R.; Wasserman, H.J.; Young, G., "Cyclometalation of 2-p-Tolylbenz
thiazole and 2-p-Tolylbenzoxalzole with Palladium(Il) Acetate. Synthesis and Crystal 
Structure of the Acetate-Bridge Dimers," lnorg. Chem. 1980, 19, 762. 

13. Espinet, P.; Lalinde, E.; Marcos, M.; Perez, J.; Serrano, J. L., "Liquid Crystals Based 
on Ortho-Palladated Azines: Nonplanar Mesogens," Organometallics 1990, 9, 555. 

14. Espinet, P.; Perez, J.; Marcos, M.; Ros, M. B.; Serrano, J. L., "Synthesis, Characteri
zation, and X-ray Studies of Nonplanar Mesogens: Carboxylato-Bridged Orthopalla
dated Azine Complexes," Organometallics 1990, 9, 2028. 

15. Espinet, P.; Etxebarria, J.; Marcos, M.; Perez, J.; Remon, A.; Serrano, J. L., "A 
Novel Approach to Ferroelectric Liquid Crystals: The First Organotransition Metal 
Compound Displaying This Behavior," Angew. Chem. Int. Ed. Engl. 1989, 29, 
1065. 

16. Vijayan, K. U.; Sadashiva, B. K.; Rao, P.R., "Crystal and Molecular Structure of 
the Discogen bis[l,3-di(p-n-Decylphenyl)propane-1,3-dianoto]palladium(II)," Mol. 
Cryst. Liq. Cryst. 1990, 185, 1. 

17. Gregg, B. A.; Fox, M.A.; Bard, A. J., "2,3,7,8,12,13,17,18-0ctakis(hydroxyethyl)
porphyrin (Octaethanolporphyrin) and Its Liquid Crystalline Derivatives: Synthesis and 
Characterization," J. Am. Chem. Soc. 1989, 111, 3024. 

18. Takahashi, S.; Morimoto, H.; Murata, E.; Kataoka, S.; Sonogashira, K.; Hagihara, 
N., "Studies on Polyyne Polymers Containing Transition Metals in the Main Chain. 
Vll. Synthesis and Characterization of Palladium-Polyyne Polymers," . Polym. Sci., 
Polym. Chem. Ed. 1982, 20, 565. 

19. Takahashi, S.; Morimoto, H.; Takai, Y.; Sonogashira, K.; Hagihara, N., "Lyotropic 
Liquid-Crystalline Materials Containing Palladium and Nickel," Mol. Cryst. Liq. 
Cryst. 1981, 72, 101. 

20. Takahashi, S.; Takai, Y.; Morimoto, H.; Sonogashira, K., "Liquid Crystals formed by 
Transition Metal Poly(yne) Polymers: A Relation Between Magnetic Anistropy and 
Polymer Structure," J. Chem. Soc. 1984, 1, 3. 

21. Takahashi, S.; Morimoto, H.; Takai, Y.; Sonogashira, K.; Hagihara, N., "Direct NMR 
Obsetvation of Lyotropic Liquid Crystals Formed by Transition Metal-Poly-yne Poly
mers," Mol. Cryst. Liq. Cryst. 1981, 82, 139. 

22. Giround-Godquin, A.; Maitlis, P., "Metallomesogens: Metal Complexes in Organized 
Fluid Phases," Angew. Chem. Int. Ed. Engl. 1991, 30, 375. 

20 



23. Ghedini, M.; Armentano, S.; Munno, G.; Crispini, A.; Neve, F., "Transition Metals 
Complexed to Ordered Mesophases," Liq. Cryst. 1990, 5, 739. 

24. Ghedini, M.; Munno, G.; Viterbo, D.; Crispini, A.; Neve, F.; Armentano, S., "Transi
tion Metals Complexed to Ordered Mesophases," Chem. Mater. 1991, 3, 65. 

25. Schouten, P. G.; Warman, J. M.; de Hass, M. P.; Fox, M. A.; Pan, H.-L., "Charge 
Migration in Supramolecular Stacks of Peripherally Substituted Porphyrins," Nature 
1991, 353' 736. 

21 


	1991-1992 21
	1991-1992 22
	1991-1992 23
	1991-1992 24

