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Preliminary Communication
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metallomesogens with Schiff’s base ligands
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Low angle X-ray scattering studies have been used to identify the mesophase of some calamitic
lanthanide mesogens as smectic A, while magnetic birefringence studies have shown a huge

magnetic anisotropy for these complexes.

Metallomesogens represent a new and very promising
field of liquid crystal science [1]. One of the most
unusual and intriguing properties of some of these
substances is the presence of a paramagnetic moment
and magnetic anisotropy, which determines the behavi-
our of the liquid crystals in a magnetic field. The vast
majority of metallomesogens include d-block transition
elements, although it is known that the maximum values
of magnetic moments, and especially of magnetic aniso-
tropy, are inherent in f-block transition element
complexes.

The synthesis of the first calamitic lanthanide mesog-
ens has recently been described [2]. Here we report the
synthesis and some preliminary characterization of some
lanthanide complexes, [(LH),(L)LnX,] (LH =salicylal-
dimine), shown in figure 1 and table 1. The given formu-
lation, [(LH),(L)Ln}[X],, reflects the observed
stoichiometry of the complexes and shows that one
ligand coordinates as its deprotonated form, while two
ligands coordinate as neutral species, resulting in the
retention of two anions. Although it has not been
possible to grow single crystals of these complexes to

*Authors for correspondence.
+Present address: Department of Chemistry, University of
Exeter, Stocker Road, Exeter EX44QD, UK.

prove the structure, the ligand coordination about the
metal is regarded as being trigonal prismatic (the
molecular long axis contains a C, rotational axis), giving
a ‘Toblerone’-shaped complex (figure 2). The location of
the anions is not clear, but given the high coordination
numbers associated with lanthanides, it is likely that
they are either bound to, or at least closely associated
with, the metal cation.

The chemical composition was determined by ele-
mental analysis (table 2), vapour pressure osmometry
measurements (Eu complex), magnetic susceptibility,
and by infrared spectroscopy. The liquid crystalline
properties were measured using polarizing optical micro-
scopy and calorimetric data were obtained. For example,
enthalpic values (inkJmol™!) for the Tb-Cl and
Tb-NO; systems were as follows and were typical of
the data obtained.

Th(L)(LH),][Cl,] Cr=S, (41:6) S,—1 (143)
[Tb(L)(LH),]JTNO;1, Cr-S, (27-8) Sx-1 (12:9)

We observed the homeotropic and fan-shaped texture
typical for a S, phase. As seen from table 1, the
substitution of NO; group by Cl ion results in an
increase in the transition temperatures for the Tb
complex.

0267-8292/96 $12-00 © 1996 Taylor & Francis Ltd.
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As complexes of this type are rather new and as the
molecular structure of the mesogen was unsure, low
angle X-ray scattering patterns were obtained for the
complexes with Ln=La, Tb; X = NOj, and Ln=Tb;
X =Cl, and were consistent with the smectic A phase
structure as determined by polarizing microscopy. The
patterns contained two sharp reflections in the spacing
ratio 1:2 in the small-angle region, and one broad
reflection, corresponding to a spacing of 46 A, in the
wide-angle region. It was also possible to obtain some
diffraction data from samples which were partially

Table 2. Analytical data for the new complexes

Calculated (%) Found(%)

Formula C H N C H N
CoeH,70N50,La 668 99 41 670 99 41
CoeH,7oNs0,,Dy 659 98 40 663 98 41
CoeH -0Ns0,,Th 66-1 98 40 660 95 41
CyeH76N50,,Nd 667 99 41 666 98 41
Cy6H;70NsO4;Eu 663 99 40 667 98 41
CyH70N504,Gd 66-1 98 40 664 98 41
CyeH7o0N;04CLTb 681 101 25 683 98 25

3 C7H15O 0\
N"C18H37 (=LH)

Figure 1.

Table 1.

(Ln(LH):(LNX2

Proposed structure of the lanthanide complexes.

LnX4/EtOH/base

Transition temperatures and magnetic moments for
the complexes [Ln(LH),(L)}][X],

X Ln Transition T/°C  peg(exp)/BM  pg(theor)/BM
NO; La Cr—-S, 127 0 0
Sa—1 165
NO; Tb Cr-S, 148 9-8 97
Sa—1 151
NO; Dy Cr—1 151 10-3 10-5
(Sa—I) (150)
NO, Nd Cr->S, 142 34 36
S,—1 155
NO; Eu Cr—S, 140 32 34
Sa—l 153
NO; Gd Cr—-S, 148 7-7 79
Sa—1 155
Cl Tb Cr—S, 182 95 9-7
Sy—1 203
Figure 2. Synthetic scheme to the lanthanide complexes.

aligned on cooling from the I to S, phase in a transverse
magnetic field of 1-2T. The data so obtained from these
experiments were consistent with the assignment as a
S, phase.

No other sharp reflection was observed in the patterns,
but there was an additional broad refiection (figure 3)
at about 87 A for the La and Tb compound (X = NO;)
and at about 9-1 A for the Tb compound (X = Cl). These
8-9 A reflections were interpreted as corresponding to
the mean side-to-side distance between the rigid parts
of the complexes, while the diffuse reflection at about
4-6 A resulted from the mean distance between molten
aliphatic chains. The layer thicknesses (Ln=La, X =
NO,:300A; Ln=Tb, X = NO,:286A; Ln=Th, X =
Cl:30-0 A) were very similar for all complexes and much
smaller than the length of the ligand in its fully extended
conformation which was evaluated as 39 A by molecular
modelling using the Sybil package. If it is assumed that
the anions are located in the rigid core, closely associated
with the rare earth cation, then as a consequence, the
aliphatic chains, confined within their sublayer have to
cover a larger area than in the case of the ligand, leading
to a reduced layer thickness. The reflection at about 9 A
is then explained as a side-to-side distance if a cation
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Figure 3. X-ray pattern obtained from [ La(L)(LH),J[NO;],
at 140°C,
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diameter of 2-5A and a ligand parameter of about 55 A
(the average value of the mean distance separating hard
cores in a smectic phase) are assumed.

To estimate the scale of magnetic anisotropy for our
compounds, we have measured the magnetic birefrin-
gence of La, Gd and Dy complexes in CCl, (CARE,
carcinogen), CHCl; and in C4Hg (CARE, carcinogen)
solutions. The results obtained in different solutions
were very similar. Thus, the diamagnetic La™ complex,
and paramagnetic Gd™ complex in an 8S,, ground
state, possess a small magnetic anisotropy in the range
typical for liquid crystalline molecules. The small aniso-
tropy results from diamagnetism in the case of La™ and
the isotropic spin of the f7 Gd" ion. In contrast, a large
magnetic anisotropy is expected for the Dy"™ complex
which has a 6H,;, ground state resuiting from an f°
configuration.

We have observed that the magnetic birefringence,
Cnno), of none of the solutions is the molecular (Cotton—
Mouton) effect, even for the minimal complex concentra-
tions (2 x 10™* mol dm 2 for the Dy complex) available
from our measurements, and is therefore due to molecu-
lar association (Majorane effect). We will not discuss
here any specific features of this effect, which is four
orders of magnitude stronger than the molecular effect
and which is a macroscopic magnetic birefringence, but
will simply use the fact that its value is proportional to
the magnetic anisotropy, Ay, of molecular associates, at

least in the low field region. The molar constant of
magnetic birefringence, Cpgoy & A x Ay approximated
to zero field proved to be 6 x 107!, 7x 10! and
1077 cm® mol ™! Oe ™2 for La, Gd and Dy, respectively.
Spectroscopic data indicate that the structures of the
molecular associates for complexes of the different ions
are probably similar, and so we can expect the equality
of electronic polarizability, Aa, of molecular associates
with different ions. We can therefore conclude that the
magnetic anisotropy of Dy associates and even that of
the separate Dy complexes (in the axial symmetry
approximation) is 10° times greater than that of the La
and Gd complexes.

The authors would like to acknowledge gratefully finan-
cial support from INTAS, award number 93-0675.
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