This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

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

mesophase structure

P.J. Alonso? J. I. Martinez?

* Facultad de Ciencias, Instituto de Ciencia de Materiales de Aragén (Consejo Superior de
Fditor: Corrie T. Imrie Investigations Cientificas-U. Zargoza), Zaragoza, Spain

To cite this Article Alonso, P. J. and Martinez, J. 1.(1996) 'Relationship between the magnetic field induced orientation in
the mesophases of metallomesogens derived from Schiff's bases and their mesophase structure', Liquid Crystals, 21: 4,
597 — 601

To link to this Article: DOI: 10.1080/02678299608032869
URL: http://dx.doi.org/10.1080/02678299608032869

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299608032869
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08:51 26 January 2011

Downl oaded At:

Liouib CrysSTALS, 1996, VoL. 21, No. 4, 597-601

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 Aragén
{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 2,5-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.

1. Introduction

Macroscopic 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 [ 1-37.
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, y™. Usually domains of calamitic organic LCs (in
the N S,. Sc, ... phases) orient with the director parallel
to the magnetic field. The resulting phase is uniaxial and
the anisotropy of the domain susceptibility Ay® is given
by:

AxP = SAM (1)

where S is the Saupe order parameter and AyM=
%= — (4= + X%,)/2 gives a measure of the anisotropy of the
molecular susceptibility. Since Ay™ > 0, it follows that
AyP® > 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, 5]. In particular there is a great deal of
information about the orientational behaviour of some
copper(Il) 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(II) 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 II 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 hikely 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 figurc 1) can be described as planar and we
have chosen the molecular axis frame (xy, Vv, 2Zm) it
such a way that the xy axis is normal to the core plane
and the z axis is along the long axis of the molecule.
Thus the two aromatic rings in the central core (labelled
as A) lie in the yyzy plane and all the others (labelled

0267-8292/96 $12-:00 © 1996 Taylor & Francis Ltd.
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Table. Some types of metallomesogens derived [rom Schiff s bases.

Anisotropy Oriented
Type Formula for M =Cu phase
JH
Ry G
a o-M—0 .
I RZO—Q— N Ay <0 Sa
R 1
H é
? H
R c-0O q
N=CrHan,
ik O-M- Ay <0 N
H2n¢1cn N\
G Oo-C OR
H 1

e 2 M
Hc=N O o-
C

9_@_ oR Ay >0 Se

Q H
R1 C— (‘;‘
N—< >_R2

ve C Az>0 N
0- c—@— OR,
]
o
FhO (}-Q
Ve Ay >0 Sa
N
> ocH2 OR,

*Cu: Ry =OC,Hy, Ry =C,Hy, iy [8,97; Ry =C4H,q, Ry =C-Hy5 [8]
Cu: R=C,yH;,,n=1-10[10); n=1,5,10[12,13]. VO: R=C H,,, n=5,10 [14].

‘Cu: R=C,yH,,,n=1[12,13].

4Cu: R, =C,pH,,;, R, =0OCH,;, OC,,H,, [12-147; R,
OCsH,,. OC,,H,, [12,14].

°Cu: Ry =CgH,,, R, =C,H,, ;0= 1-10[9, 16].

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

=C,H,, R, =0OCH,, [15]. VO: R, = C,oH,;, R, = OCH;, OC,Hs.

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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Figure 1. Scheme for the metal-containing core of the molec-
ules. The molecular axes are shown (see text).
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Figure 2. Diagram showing the mean orientation of the
phenyl rings (a) for type I, II and III 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.

e
7= Xy
Az
-1 1
=é31 —1 +8—2)C -1 (2)
2 0

where y' represents the anisotropic part of the magnetic
susceptibility y and where Ay = y, — (x. + x,)/2 and 8y =
Xx— Xys Xa (@ =2, 2), being the principal values of the
magnetic susceptibility, give a measure of its anisotropy.

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

molecular axes this is given by:

A 2
o X
Sl ®
—1
with
uss+1
Agy="—" (g7 —2%) (4)

where pp is the Bohr magneton, g, and g, are the
principal g-values of the paramagnetic entity and § = 1/2.

The diamagnetic contribution, 73, 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 y;=—091x
10 ®emumol™! and y, = —37x 10" ®emumol~},
where || stands for the axis perpendicular to the plane
of the phenyl ring and L for any direction in this plane
[2]. If Appu=x;—xL=—54%x10"%emumol !, the
contribution of the two A phenyl rings to the anisotropy
of the molecular magnetic susceptibility is:

2
Ax
r=2=2 —1 (5)

—1

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

1 + = 3 20
D) {cos 2a
AXph 1 3
3 ) {cos2u>

m=2

-1
(6)

where {cos2a)> means the average of cos2a for all
molecular conformations, « being the rotation angle of
the B phenyl plane around the zy 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
Ayp
LM A _
== 1
—1
n+3 3
7777+4A)1
A 2 2
“f"“ ne3 3 (7)
~ 2 2 H

—f

with n =2 (or 3) if the molecule has four (or six) phenyl
rings, and

Ay=<{cos2u> or Ay=<{cosu>+ {cos2a’> (8)
Thus, we obtain for the molecular magnetic susceptibility:

A
AM=— % —nAzpn M= Ay, + 201 + A,)Axpn

(9)

Considering these values and using the order para-
meters introduced by Straley [17] in a general case, the
anisotropy of the domain magnetic susceptibility is
described by [4]:

1
AP = -5+ U)Ay, — inS+ U(1 + A,)} Aypn

1
50 = 5 (T -2V Ax, + {nT = 2V(1 + A,)} Aypn

(10)
For oxovanadium compounds, Ay, <@ from the EPR
data because g, <g; [4]. So, Ay® >0 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 xy and yy axes around the zy axis, only the Saupe
parameter S is necessary to describe such an order, and
T=U=V=0. Thus:

Ay A
AyP = —S(—;—p + nAXph> =5 (n{Axphl - fp>

(11)

This is true for N and S, phases, but in the case of
an S¢ phase, a non-vanishing value for T is expected,
whereas for a description of the molecules as being
cylindrical, U =V =0. As we will see later this is not
relevant for our conclusions.

1t 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 |
and type II metallomesogens as compared with those of
type 11 (see the table). All these compounds have four
aromatic rings in the molecules; however, whereas
type III complexes orient in the mesophase with the
director along the magnetic field (Ay” > 0), type T and
type II behave in the opposite sense (A" < 0).

If we introduce the ratio 7 = |Ayyl/Ay,, a perpendicular

orientation of the domain (AP < () would be reached if
[Axonl 1 . ,
n= Az, <5, T (12)
where y, =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 Ay,
and an estimation of Ay, in the mesophase of the
copper(I1) complexes of about 180 x 10 ®emumol ™!
(from the EPR data), we obtain for # 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 1I 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
order 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> yn, SO (see equation (2)):

&3P > 2A;P (13)
Combining this equation with equation (10), it follows
that:
jU—V]| 2nnp — 1
S+ T2 [1—2n(1+4,)

Introducing the mean value of cos®« for all the
B-aromatic rings in the molecule, that is {(cos?a> for
n=2 and ({cos?a) + {cos®a’ »)/2 for n =3, the former
inequality is given by

|U — V] 4n—1

(14)

forn=2
S+ T/2>|1 —dn{cos? o] orn
and
U —V| 6n — 1
> 5 forn=3
S+ T/2 |{1+2n—8ncos”ay|
(15)

The opposite is valid if the domains orient with the
mean direction of the molecular long axis parallel to the
magnetic field.
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Figure 3. Plot of the regions defined by equations (15) corres-
ponding to an orientation of the mesophase domains with
the director parallel (||) or perpendicular(.l) 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 #n ~0-3. As a first
conclusion, it is important to note that for a perpendic-
ular orientation of the domains, |U — V| 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 xy,
and yy 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 zy molecular axis (cos?«) = 1/2; however,
as a consequence of spatial impediments, this value is
an upper limit of the actual value of {cos?«). 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 Il (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
|U—V|>039 (S+ T/2), whereas in the case of com-
pounds with n=3, this orientation occurs when
|U—V|>125(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 IIl
compounds as compared with type I and type Il 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 al. [ 18] and impose differences in the molecu-
lar packing in the mesophase in such a way that type III
molecules are more free to rotate around their molecular
long axis than are type I and type II 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.

References

[1] pe Genngs, P. G., 1974, The Physics of Liquid Crystals
(Oxford: Clarendon Press).

[2] Dekxker, A. J., 1975, Liquid Crystals Physics 1. Lecture
Notes (University of Groningen).

[3] VErTOGEN, G., and DE Jeu, W. H., 1987, Thermotropic
Liquid Crystals, Fundamentals (Berlin: Springer).

[4] Aronso, P. J., 1996, Metallomesogens: Synthesis, proper-
ties and applications, edited by J. L. Serrano (Weinheim:
VCH), Chap. 10. :

[5] BicHANTAEV, 1., GALYAMETDINOV, YU., PROSVIRIN, A.,
GRIESAR, K., SoTO-BUSTAMANTE, E. A., and HAASE, W.,
1995, Lig. Cryst., 18, 232,

[6] IraHM, 1. H., and HAASE, W., 1979, J. Phys. (Faris)
C3, 40, 164.

[7] oE Jeu, W. H., and CLAASEN, W. A, P, 1978, J. chem.
Phys., 68, 102.

[8] LeveLur, A. M., Gueping, M., BartoLINO, R,
NiICOLETTA, F. P, and RusticHELLL, F., 1989, J. Phys.
(Paris), 50, 113.

[9] CampiLLos, E., 1993, PhD thesis, University of
Zaragoza, Spain.

[10] Marcos, M., RoMErO, P., and SErRraNo, J. L., 1989,
J. chem. Soc. chem. Commun., 1641,

[11] Marcos, M., RoMmEro, P., SErrANO, J. L., Bueno, C.,
CABEZA, J. A, and Oro, L. A, 1989, Mol. Cryst. lig.
Cryst., 167, 123.

[12] BarBERrA, J., LEVELUT, A. M., MARrcos, M., ROMERQ, P.,
and SERRANO, J. L., 1991, Liq. Cryst., 10, 119.

[13] Romero, P., 1992, PhD thesis, University of Zaragoza,
Spain.

[14] Marcos, M., RoMErO, P., and SERRANO, J., 1980, Chem.
Mat., 2, 495.

[15] Borchers, B., and Haasg, W., 1991, Mol. Cryst. lig.
Cryst., 209, 319.

[16] CampiLLos, E., MARCOS, M., SERRANO, J. L., BARBERA, J.,
ALoONso, P. J., and MarTingz, J. 1., 1993, Chem. Mat.,
5, 1518.

[17] StraLEY, J. P., 1974, Phys. Rev. A4, 10, 1881.

[18] Marcos, M., ROMERO, P., SERRANO, J. L., BARBERA, I.,
and LEVELUT, A. M., 1980, Lig. Cryst., 7, 251.



