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Relationship between the magnetic field induced orientation in the 
mesophases of metallomesogens derived from Schiff 's bases and 

their mesophase structure 
by P. J. ALONSO* and J. I. MARTINEZ 

Instituto de Ciencia de Materiales de Aragon 
(Consejo Superior de Investigaciones Cientificas-U. Zargoza) 

Facultad de Ciencias, Pza. S. Francisco s/n, 50009 Zaragoza, Spain 

(Received 12 February 1996; accepted 28 May 1996) 

In this paper the orientation of the mesophase domains of metallomesogens derived from 
Schiff's bases by the effect of applied magnetic fields is analysed. Particular emphasis is put 
on the copper compounds; in this case, the orientation depends on the number of aromatic 
rings in the molecule (four or six) and, when four rings are present, it also depends on the 
type of molecular structure (2,4- versus 2,s-substitution). These differences are related to the 
order of the mesophase and can be explained by considering the additional ordering of the 
short axes. A strong indication of the existence of biaxial order in the mesophase is thus 
derived. This order is associated with the shape of the molecule which imposes geometrical 
constraints on the molecular packing. 

Macroscopic 
1. Introduction 

orientation of mesophases can be 
achieved using moderate magnetic fields. This phenom- 
enon has been widely studied for conventional organic 
liquid crystals (LCs) and has been described as a coup- 
ling between the magnetic field and the director [ 1-31. 
The macroscopic orientation is due to the co-operative 
effect of the molecular orientation in a domain (the 
molecules are bound together by the anisotropic inter- 
actions responsible for the order of the mesophase) and 
of the anisotropy of the molecular magnetic susceptibil- 
ity, xM. Usually domains of calamitic organic LCs (in 
the N, S,, S,, . , . phases) orient with the director parallel 
to the magnetic field. The resulting phase is uniaxial and 
the anisotropy of the domain susceptibility AxD is given 
by: 

AxD = SAxM (1) 

where S is the Saupe order parameter and A x M =  
xz - (x, + x,)/2 gives a measure of the anisotropy of the 
molecular susceptibility. Since A-fM > 0, it follows that 
AxD > 0, which explains the observed behaviour. 

The phenomenology is richer in the case of metallome- 
sogens; orientations of the director both parallel and 
perpendicular to the magnetic field are found [4]. The 
competition between the paramagnetic contribution to 
the magnetic susceptibility due to the metal and the 

*Author for correspondence. 

diamagnetic contribution associated with the organic 
skeleton has been suggested as the reason for such 
behaviour [4, 51. In particular there is a great deal of 
information about the orientational behaviour of some 
copper( 11) and oxovanadium complexes derived from 
Schiff's bases (see the table). Oxovanadium complexes 
orient with the director parallel to the magnetic field, 
whereas it is found in Cu(I1) complexes the orientation 
depends on the number of aromatic rings in the molec- 
ules (four or six) and, in the case where four rings are 
present, it also depends on the type of molecule (type 111 
with 2,5-substitution versus types I and I1 with 
2,4-substitution). In this paper we shall discuss these 
differences and relate them to the structure of the 
mesophases. As a main conclusion, we will propose that 
the observation of perpendicular orientation is likely to 
be related to the existence of biaxial ordering of the 
molecules in the mesophase, which is associated with 
the shape of the molecules that imposes geometrical 
constraints on the molecular packing. 

2. Theory 
For all the systems collected in the table, the metal 

core (sec figure 1) can be described as planar and we 
have chosen the molecular axis frame (xM, yM, zM) in 
such a way that the xM axis is normal to the core plane 
and the zM axis is along the long axis of the molecule. 
Thus the two aromatic rings in the central core (labelled 
as A) lie in the yMzM plane and all the others (labelled 
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Table. Some types of metallomesogens derived liom SchifT's bases. 

Formula 
Anisotropy Oriented 
for M = Cu phase 

I" 

I l b  

I l l '  

IVd 

V' 

8% > 0 

A % > O  

N 

N 

as B)  can be rotated around the zM axis. For type 11, IV 
and V compounds, to consider zM as the rotation axis 
for B-phenyl is an approximation. However, in principle 
our conclusions about the relationship between ordering 

and magnetic field induced orientation in these com- 
pounds will not be affected by this hypothesis. A scheme 
for the orientation of the aromatic rings in the molecule 
is given in figure 2. 
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molecular axes this is given by: t yu 

A phenyl 

B phenyl 

with 

Figure 1. Scheme for the metal-containing core of the molec- 
ules. The molecular axes are shown (see text). 

~phenyl  j 
I !  

4% 

Bphenyl 

Figure 2. Diagram showing the mean orientation of the 
phenyl rings (a) for type I, I1 and I11 compounds (four 
phenyl rings); (b) for type IV and V compounds (six 
phenyl rings). 

Taking all these considerations into account we can 
estimate the anisotropy of the magnetic susceptibility in 
the following terms. 

where x' represents the anisotropic part of the magnetic 
susceptibility x and where Ax = xz - (x, + xy)/2 and 6x  = 
xx - xy; xa (a = x, y, z),  being the principal values of the 
magnetic susceptibility, give a measure of its anisotropy. 

The paramagnetic contribution, f;,  is obtained from 
the g-values measured from the electron paramagnetic 
resonance (EPR) spectra. With our choice for the 

( 3 )  

where pB is the Bohr magneton, gll and g, are the 
principal g-values of the paramagnetic entity and S = lj2. 

The diamagnetic contribution, xi, to the anisotropy 
of the magnetic susceptibility is estimated by considering 
the molecular anisotropy of a phenyl ring. Diamagnetic 
contributions from other organic groups in the molecules 
are not taken into account since they are small compared 
with those of the aromatic rings. This is supported by 
previous studies on the magnetic susceptibility of dia- 
magnetic mesogenic compounds where the experimental 
anisotropies agree very well with those calculated con- 
sidering only the contributions from the phenyl rings 
[ 6 , 7 ] .  The diamagnetic susceptibility of the aromatic 
rings is described as axial with 
1Op6emumolp1 and xI = -37 x 10-6emumol- , 
where 1 1  stands for the axis perpendicular to the plane 
of the phenyl ring and I for any direction in this plane 
[Z]. If Axph = xI, - xL = -54 x 10-6emumol the 
contribution of the two A phenyl rings to the anisotropy 
of the molecular magnetic susceptibility is: 

= -91 ? 

and the contribution for each pair of B phenyl rings is: 

I 1 3  
- - - (cos 2a) 
2 2  

where (cos2a) means the average of cos2a for all 
molecular conformations, a being the rotation angle of 
the B phenyl plane around the zM axis (see figures 1 
and 2). 

Taking into account both paramagnetic and diamag- 
netic contributions, the anisotropy of the molecular 
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magnetic susceptibility is given by: 

/2 \ 

n - 3  3 
~~~ -in,, 

2 
- 11 

with I? = 2 (or 3) if the molecule has four (or six) phenyl 
rings. and 

= (cos 2a) or A, = (cos 2 a )  + (cos 2a’)  (8)  

Thus, we obtain for the molecular magnetic susceptibility: 

AXp 
A7b’=  6xM = Axp + 2( 1 + /In)AXph 2 

(9) 
Considering these values and using the order para- 

meters introduced by Straley [ 171 in a general case, the 
anisotropy of the domain magnetic susceptibility is 
described by [4]: 

1 
Axu = - 7 (S + U)Axp - {nS  + U (  1 + An) ]  Axph - 

(10) 
For oxovanadium compounds, Axp < 0 from the EPR 

data because g , ,  <gI [4]. So, Af’>O in each case, in 
agreement with the observed behaviour. In the following, 
we will restrict ourselves to the copper compounds. If 
we follow a classical description of the phase by assuming 
cylindrical symmetry for the orientation of the molecular 
long axis around the director and for the orientation of 
the xM and y ,  axes around the zM axis, only the Saupe 
parameter S is necessary to describe such an ordcr, and 
T = CT = C’ = 0. Thus: 

(11) 
This is true for N and S, phases. but in the case of 

an Sc phase, a non-vanishing value for T is expected, 
whereas Tor a description of the molecules as being 
cylindrical, U : V =  0. As we will see later this is not 
relevant for our conclusions. 

1 t is worth noting that for a uniaxial arrangement of 
the molecules in the domain, the magnetic susceptibility 
anisotropy does not depend on the actual orientation of 

the B-phenyl rings around the long axis, but only on 
the number of pairs of aromatic rings in the molecule. 
This is in contrast with the behaviour observed in type I 
and type I1 metallomesogens as compared with those of 
type 111 (see the table). A11 these compounds have four 
aromatic rings in the molecules; however. whereas 
type 111 complexes orient in the mesophase with the 
director along the magnetic field (AxD > 0), type 1 and 
type 11 behavc in the opposite sense (AT” < 0). 

If we introduce the ratio 11 = / A x ~ ~ ~ , / A ~ ~ ,  a perpendicular 
orientation of the domain (AxD < 0) would be reached if 

( 1 2 )  

whcre I,, = 0.25 (0.17) in the case of two (three) pairs of 
aromatic rings in the molecule. 

Taking into account the value quoted above for Axph 
and an estimation of Axp in the mesophase of the 
copper(I1) complexes of about 180 x 10~hemumol - ’  
(from the EPR data), we obtain for ti a value around 
0.3. Therefore, in the approximation of classical uniaxial 
ordering, we would expect for all families collected in 
the table an orientation of the domains with the director 
parallel to the magnetic field. Thus, to explain the 
behaviour of type I and type I1 copper complexes, we 
have to consider another contribution to the anisotropy 
of the magnetic susceptibility. According to equa- 
tion ( 10). some other order parameters besides the Saupe 
ordcr parameter, S,  must take values different from zero. 
Besides, if we consider the competition between the 
metal paramagnetic contribution and -the diamagnetic 
contribution, perpendicular orientation of the meso- 
phase of the copper complexes will be achieved when 
1: > 26, so (see equation (2)): 

6zD > 2AxD (13) 

Combining this equation with equation ( lo) ,  it follows 
that: 

ju- v1 2nq - I 
S + T:2 > (14) 

Introducing the mean value of cos’a for all the 
B-aromatic rings in the molecule, that is (COS’CL) for 
n = 2 and ((cos’a) + (cos2 &’))I2 for n = 3, the former 
inequality is given by 

11 - 2q( 1 + ivI)l 

IU-  v /  417 - 1 
> for Y ?  = 2 

S +  TI2 11 -4y(cos2a)/ 

and 

(15) 
The opposite is valid if the domains orient with the 
mean direction of the molecular long axis parallel to thc 
magnetic field. 
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2 

1.6 

1.2 

0.8 

0.4 

I 
0 '  I 1 1  I I I I I I 

0.0 0.2 0.4 0.6 0.8 1 .o 
< cos2a > 

Figure 3. Plot of the regions defined by equations (1 5) corres- 
ponding to an orientation of the mesophase domains with 
the director parallel ( 1 1 )  or perpendicular( I) to the mag- 
netic field. Solid line for n = 2 and broken line for n = 3. 

3. Results and discussion 
In figure 3 we show a graphical picture of these results, 

using the previously quoted value of q z 03. As a first 
conclusion, it is important to note that for a perpendic- 
ular orientation of the domains, 1 U - V1 has to be 
different from zero, regardless of the mean orientation 
of the B-phenyl rings. This implies, as has been pointed 
out above, an order of the molecular short axes (the xM 
and y ,  axes) in the mesophase, in addition to the order 
considered in a classical description of calamitic 
mesophases. 

Besides, if the B-phenyl rings were able to rotate freely 
around the zM molecular axis (cos2a) = 1/2; however, 
as a consequence of spatial impediments, this value is 
an upper limit of the actual value of (cos2a). For these 
values of (cos' a), the differences observed in the orienta- 
tional behaviour of type IV and type V compounds (six 
phenyls) as compared with type I and type TI (four 
phenyls), whose order in the mesophase is expected to 
be similar, can be understood after examination of 
figure 3. For instance, for (cos' a) = 0.4, a perpendicular 
orientation is expected for compounds with n = 2  if 
1 U - 1/1> 0.39 ( S  + T/2), whereas in the case of com- 
pounds with n = 3, this orientation occurs when 
I U - VI > 1.25 ( S  + T/2). Thus, a higher degree of order 
of orientation of the short axes would be needed to 
achieve a perpendicular orientation of the director in 
the case of compounds with six phenyl rings than in the 
case of those having only four rings in their molecules. 

Another important point for discussion is the differ- 
ence between the orientational behaviour of type 111 
compounds as compared with type I and type I1 com- 
plexes. In the first case, the molecular shape is more 
linear than in the second case, in which the molecule 

can be better described as two rods bound by the metal 
core. These differences have previously been pointed by 
Marcos et ul. [ 181 and impose differences in the molecu- 
lar packing in the mesophase in such a way that type 111 
molecules are more free to rotate around their molecular 
long axis than are type I and type I1 molecules. Thus 
lower values for the U and V parameters are expected 
for the former mesogenic compounds than for the latter. 
Consequently, our model explains, at least qualitatively, 
the differences observed in the orientational behaviour. 

As a final point, we conclude that the description of 
the mesophase of some metallomesogenic compounds 
needs to be revisited and that some order in addition to 
the calamitic order should be considered. 

This work has been supported by the DGICYT 
(Spain) under contract PB92-0040. We also wish to 
thank Professor V. M. Orera for helpful discussions. 
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