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A comparative study of some mesogenic azobenzene compounds and their
organometallic palladium(II) derivatives is reported. On the basis of the textural
properties, calorimetric data and uniaxial order parameters (as deduced approxi-
mately from infrared spectroscopy), the main features induced by palladium
complexation are (i) the transition temperatures increase, (ii) the number of
ordered mesophases increases, (iii) the nematic uniaxial order parameter decreases,
(iv) the textures are typical of highly ordered phases, and (v) an optical biaxiality
appears in the nematic phase. The calorimetric data as well as the order parameters,
if discussed in terms of molecular biaxiality result are interpreted at least quali-
tatively. Optical investigations show that macroscopical biaxial ordering can be
achieved.

1. Introduction

In order to obtain new liquid-crystalline materials, we are currently concerned
with the synthesis of transition metal complexes with mesomorphic properties [1-6].
In this paper we report a comparative study, carried out by calorimetric, optical and
spectroscopic techniques, on two related series of compounds, namely the free ligands
and their organometallic derivatives respectively. The ligands are alkyl-alkoxy azo-
benzenes whose general formula is depicted in figure 1 (@), while their organometallic
liquid crystals derivatives are the products resulting from their reaction with
(PhCN),PdCl,. Remarkably, when the reacted ligand mesogens are the n = 1 and
m = 1,2,12 or n = 2 and m = 12 members, their cyclopalladated complexes are
1: 1 mixtures of the species having the general formula shown in figure 1(b), or (c),
while the alkyl-azoxy azobenzene with n = 1 and m = 7 only gives the complex with
the molecular formula sketched in figure 1 (&) [7]. Thus, as far as the organometallic
series is concerned, the materials investigated whenn = landm = 1,2,120rn = 2
and m = 12, are actually isomeric mixtures.

0267-8292/90 $3.00 © (990 Taylor & Francis Ltd
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Figure 1. Formulas of: (a) the mesogenic ligands and (b) and (c) the isomeric organometallic
derivatives.

2. Experimental results
2.1. Phase diagrams and phase transitions

The transition temperatures were determined by textural observations performed
with a polarizing microscope (Leitz Orthoplan) the phase identification was con-
firmed also from miscibility [1] studies using terephthalylidene-bis(4-n-butylaniline)
(TBBA) [8,9] as a reference.

The thermal behaviour of the materials in both the ligand and organometallic
series are summarized in table 1. The ligands, except for the compound with the
shortest alkyl chains (n = m = 1) are mesogenic described previously [10], the
mesomorphic behaviour displayed by the organometallic series which includes also
the n = m = | member is therefore particularly noteworthy. Furthermore, compar-
ing the data reported in table 1 it should be noted, as a general trend, that the
transition temperatures for the organometallic complexes are significantly higher than
those of the parent ligand, and for each series, that they decrease as the number of
the aliphatic carbons increases (see figure 2). The clearing points, T}, of the organo-
metallic species, are constantly found at higher temperature with respect to the
corresponding ligands. Moreover the effect of lengthening the chains is more
enhanced for the organometallic complexes. In fact the difference (AT, = T, (organo-
metallic) — T, (ligand)) decreases with of the alkyl chain length (see figure 3) showing
that probably the entropic effect of the chains tends to be most important for longer
chains [11,12]. In particular, along the same series, the effect exerted by the chain
length on the lowering of Ty, can be tentatively evaluated by showing the clearing
temperatures T, (expressed as T7*, which are scaled by normalizing 7 to the nematic—
isotropic temperature of the shortest member of each series) versus the total length of
the chains (n + m). Interestingly, the plot which results (see figure 4) shows that
increasing (n + m) produces a lowering of 7, which is greater for the organometallic
series than for the ligands (i.e. the slope of the curves obtained for the transition
temperatures versus the total length of the aliphatic chains show that the ligand curve
is smoother than for the organometallic. One of our objectives with the present
investigation is the preparation of new materials suitable for practical applications
and so particular attention has been paid to the properties of the nematic phase. Thus,
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Figure 2. Transition temperatures versus the chain length n + m: the upper data are for the
organometallic complexes and the lower for the ligands

Table 1. Thermal behaviour of the mesogenic ligands and organometallic series.

Carbons in the

alky! chains
n m Mesogenic ligands Organometallic complexes
1 l C 108°C I C 229°C N 254°C I
C 117°C I C 214°C N 235°C I
1 2 87°C 97°C
N
C e I C_TC N e
1 7 59-3°C /fc
N
C 75-5°C N 76-1°C I C 150-4°C N 174°C I
69-8°C 75-2°C 108& Z“’C
1 12

S N
N |4ﬁ8\ /65°C
Sa

C 70-7°C 1 C 162:5°C N 169-1°C I

62 1N
2 12 N 697°C Sa 166:9°C
“N 40T
N

it should be pointed out that the mesogenic ligands in table 1, namely n = 1 and
m = 2,70rn =2and m = 12 display a monotropic nematic phase while all the
organometallic complexes, n = 1 and m = 1 included, display such a phase upon
heating.

The extent of the nematicAT  (ATy = Tny — Twx, where Ty, is the clearing point
of each compound and Ty is the temperature at which the nematic phase appears)
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Figure 3. The difference between the clearing temperatures AT, (AT, = 7, (organo-
metallic) — T, (ligand) versus the aliphatic chains length, expressed as the total number
of carbon atoms (n + m).
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Figure 4. Clearing temperatures, reported as the scaled variable T;*, by normalizing T, to the
clearing temperature of the shortest member of each series versus the chains length
(n + m); O organometallic and ¢ ligand.

of both the ligands and the organometallic series are reported in figure 5 (a). Note that
AT, decreases with the length of the aliphatic chains, morever, the organometallic
compounds exhibit a wider nematic range with respect to the corresponding length
(n + m) of the ligand species (AT (organometallic) > ATy (ligand)), and the dif-
ference AT, (organometallic) — ATy (ligand) decreases when the chain length
(n + m)isincreased, (see figure 5 (b)) thus indicating that for longer and longer chains
the effect of the organic moiety prevails.

Finally, it should be pointed out that some of the organometallic compounds, with
respect to the mesogenic ligands, display a richer mesomorphism (see e.g. » = | and
m = 12orn = 2and m = 12 in table 1). The additional mesophases, which have a
lower symmetry (S, and/or S¢), are detected only in the members having the longer
aliphatic chains, so paralleling the trend usually observed in a homologous series of
organic liquid crystals.
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Figure 5. (a) Nematic range AT where ATy = Ty, — Tux, where Ty, is the clearing point
of the compound and Ty is the temperature at which the nematic phase appears) versus
the chain length (n + m); © ligand and ¢ organometallic. (b) Differences between
the width of the nematic ranges, AN versus the chain length n + m (AN = ATy
(organometallic) — ATy (ligand)).

2.2. Calorimetric data

The calorimetric data for both the ligand and the organometallic series determined
by an automatic Perkin-Elmer differential scanning calorimeter are reported in
table 2. These data, for the solid—nematic CN, solid-isotropic CI, and nematic-
isotropic NI phase transitions, show that both the CI and the CN transitions are
always first order, as is well known. The NI phase transitions are also first order but
with specific heats of about one order of magnitude smaller than the heats of the CN
transitions. It is noteworthy, that the CN phase transition for then = landm = 12
organometallic compound has a small latent heat (four times smaller than the others),
and, for the same compound, the NI specific heat is significantly low. Therefore it
should be pointed out that such a value is comparable with that found for the NS,
transition which is usually considered second order when the nematic range is large
and first order, or at the least partially first order when that range is narrow [13].
Finally, regarding the alkyl chains, it appears, as a general trend that (i) the two series
behave similarly, (ii) the latent heat for the transitions in the organometallic series are
smaller than for the ligands, and (ii1) the difference between the latent heats of the two
series, AH, increases when the chain length increases (see figure 6).

2.3. Infrared spectroscopy and the major order parameter
To see if the reduction of the symmetry of the mesophases reflects an increased
order, we performed, in the nematic phase of the compound withm = landn = 12,
some approximate measurements of the major order parameter P,. The major order
parameter is defined by

P, = (3cos’f — 12
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Figure 6. Differences between the latent heats at the nematic-isotropic phase transition
AH = AHy, (organometallic) — AHy; (ligand), versus the chain length n + m.

where f is the angle between the director and the long axes of the molecule can be
determined from any physical quantity related to anistropic properties, i.e. dielectric
constant, magnetic susceptibility or infrared dicroism (the ratio of the absorption
coeflicients of linear polarized infrared light measured along orthogonal directions:
the reference axis is in this case the director). In the latter case the assignment of the
frequencies to molecular modes is made according to the approximate symmetry of
the molecule, namely modes pertaining to vibrations parallel and perpendicular to the
molecular axis, and not present in the isotropic phase, can be found [14]. In particular
the determination of the orientational order parameter by IR spectra for azo, azoxy
and Schiff’s base derivatives and their mesomorphic materials is not a very difficult
task since most of the stretching vibrations and in-plane deformations of the aromatic
part are well polarized along the long molecular axis (i.e. the major axis of alignment).
Therefore the determinating P, has been achieved by the infrared technique, operating
with a standard IR-Jasco spectrophotometer.

For the free ligands we have chosen three well characterized vibration bands [15],
ie. 1598cm ™', 1512¢cm ' (assigned to the benzene ring stretching) and 1170cm™!
(assigned to the in-plane deformation of the aromatic part). All of these lines are
strongly longitudinally polarized and the calculation of P, is easy. Although the
frequencies of these bands change slightly in the spectra of the organometallic
compounds their origin appears to us not to be alterated at all and therefore the same
can be used also to determine P, of the organometallic species: in fact it has been
shown that the coupling of these stretching bonds with other molecular vibrations is
very small, e.g. less than 10 per cent.

For more details on the vibrational potential energy distribution and on the
assignment of such vibrations, as well as their general application to investigations of
orientational order parameters the reader is referred to [14-16]. In figure 7, in order
to compare the P, data for the ligands and organometallic complexes, we report P,
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Figure 7. The major order parameter P, versus r: the difference between the actual
temperature and the clearing point (t = T — Ty,). ® organometallic and ¥ ligands.

as a function of the difference between the actual temperature and the nematic—
isotropic transition temperature (t = T — Ty,). The two curves, when the clearing
point is approached, show a regular decrease in P, and follow a similar fall to zero;
moreover the P, values for both ligand and organometallic complex, are well fitted by
a square root law. As a mean field theory could suggest,

PZ = B(TC— T)b

In the present case and within our accuracy, from the best fits we found critical
exponent b = 0-5, for both the order parameters and quite different B coefficients
B = 16 x 107 for the ligands and B = 8:0 x 10~ for the organometallic com-
plex. Nevertheless, it must be observed that the values of the major order parameter
for the organometallic compounds are systematically smaller than those determined
for the ligand species.

Because of the metal complexation an increased order was expected, so to obtain
more insight about this point the order parameter discontinuity, characteristic
of a first order transition, was considered. For such a parameter, the Maier-Saupe
molecular field theory [17] predicts that, at the transition, the discontinuity of the
major parameter P, should be about 0-43. Now at t = — 1°C, we obtain P, of 0-32
for the ligand, a value lower but close to some of the data reported in the literature
(see for example [8, 18], and P, = 0-20 for the organometallic. Finally the virtual
transition r* (the temperature at which the transition becomes second order and the
major order parameter is zero) is nearly 5:5°C for both compounds.

2.4. Optical and textural observations
These observations usually require several thermal cycles therefore only the
compounds which combine a low clearing point with an high thermal stability,
namely the ligands and organometallic compounds with n = 1 and m = 12, have
been studied. The investigations with the optical microscope were performed in the
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nematic phase on oriented samples. We used an Hortoplan-Leitz microscope with a
home made hot stage (temperature control to within + 1°C) and equipped with an
automatic photographic camera (Wild MPS). We operated with a magnification of
125 x and, for the sake of comparison, used cells whose thickness was controlled by
thin mylar spacers of 50 um. Moreover, in order to obtain conducting glasses, the
spacers were placed between two optical glasses treated with SnO,. Planar (homo-
geneous) orientation were achieved by coating the glass with a 1 per cent water
solution of Surfine, or to obtain homeotropic orientations, with a 1 per cent water
solution of DMOAP polymer.

Experimentally, the best and stable homeotropic orientations of the samples were
realized on heating and cooling down from the isotropic to the nematic phase a few
times. Thus, heating or cooling the organometallic sample (not for the ligand), a
hysteresis near the clearing point was initially observed, then, after several thermal
cycles, a well oriented nematic phase was obtained. Thereafter the nematic phase
texture become stable and large regions with strong homeotropic anchoring, together
with small islands with nematic schlieren textures (where the director is locally tilted)
appear (see figure 8). Such islands decrease in size upon cooling. The oscillations of
both the textures are related to the fixing of the organometallic system to the substrate
and close to the nematic-isotropic transition (¢ < 2°C) only the schlieren texture
is present. Therefore the organometallic molecules tilt at the nematic-isotropic
interphase.

At the clearing point temperature, for both ligands and organometallic a first
order transition occurs very strong for the former but much weaker for the latter.
Moreover, at the clearing point when the planar orientation is obtained, this different
behaviour between them is enhanced and easier to observe with the microscope: after
stabilization, the organometallic transition appears to be nearly second order. As far
as the behaviour on cooling is concerned the organometallic compound cooled to the
S, phase and shows a confocal texture with the focal conics parallel to the rubbing
direction. Then when the freezing point is reached, the ligands form an usual polycrys-
talline solid (see figure 9 (a)) while the organometallics, independent of the cooling
rate, form a glassy smectic (see figure 9 (b)), which, at room temperature, can be
described as a supercooled liquid crystal. The solid phase of the glassy organometallic
is optically very dark either in crossed or in parallel polarizers.

Finally, we report some qualitative remarks on the conoscopic pictures. In the
homeotropic nematic phase, observations near the boundary defects show local
conoscopic pictures and bulk conoscopic pictures appear in extended homogeneous
homeotropic regions. In the ligand case, as expected for a uniaxial system, over all of
the nematic range they consist of a set of local crosses typical of an uniaxially aligned
system wherein the position and shape of the crosses do not depend on the tem-
perature. Under the same conditions the organometallic gives a completely different
behaviour: the conoscopic pictures are more complicated and depend on the tem-
perature. In the nematic phase (and sometimes also in the S, phase, but not in a
reproducible way) the uniaxial crosses split slightly into isogyres in a stable and
reversible manner, so reflecting a weak biaxial character [19]. Remarkably this effect
is more evident when the homeotropic orientation is uniform and is enhanced when
the sample is placed in a magnetic field. Some conoscopic pictures of organometallics
obtained at different temperatures are shown in figure 10. The sample was placed
between of two crossed polarizers, heated to the isotropic phase and then cooled very
slowly in a quasi-equilibrium state (waiting several minutes before taking the picture,
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®

Figure 8. (a) Organometallic homeotropic texture, the picture has been taken at 170°C
(nematic phase) between crossed polarizers. (b) Organometallic planar texture, at 168°C
between crossed polarizers (nematic phase).
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(b)

Figure 9. (a) Optical textures of the free ligand (20 um cell) at room temperature. (b) the
organometallic (20 um cell) after cooling from 175°C to room temperature: a smectic
texture is still visible.
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even if the image appeared to be in equilibrium). In the nematic state the sample was
rotated until the cross opens into a set of two hyperbolas and then cooling keeping
the apparatus in a fixed position: figure 10 (a) is for the nematic, (b) for the smectic
A (the cross is closed) and (c¢) for the glassy state (the cross is again open in two
hyperbola).

3. Discussion
Some of the results can be conveniently analysed in the frame of the theory
developed by Luckhurst er al. [20] for biaxial molecules. Briefly in this model the
molecules are rigid interacting via second rank forces, the parameters required by
such a model are the coefficients of the expansion of the contemplete pseudopotential.
In particular two parameters which can be related to the molecular anisotropy must
be considered:

Cuo = (—2B(L* + W*) — 2W(L* + B*) + L(W2'+ BY) + 8LBW)/3
and
Cyo = (L} — BW)B — W)/6'.

Here L, W and B are, respectively, the length, the width and the breadth of the
molecule. Cyy is zero in the limit of cylindrical molecule (W = B) and the ratio
A = Cypp/Cyp is related to the deviation from pure cylindrical symmetry ranges
between 0 (for cylindrical symmetry) and 0-61 (fully biaxial molecule: L » W » B).
These coefficients are related to the transition temperatures, to the order parameters
and to the transitional entropy. Consequently, the value of the coefficient Cyy is
directly proportional to the nematic-isotropic transition temperature: therefore it is
qualitatively obvious that a greater molecular anisotropy leads to a higher transition
temperature.

Starting from our X-rays and neutron scattering experiments [21] we evaluted
approximately the C,y, C,5 and A parameters: we see that they are very different in
the ligand and organometallic cases, such an evaluation repeated for all the materials
gave similar results (with a small decrease of the molecular biaxiality when the
terminal chains are increased in length). The A values are 0 and 0-33 for the ligand and
organometallic compounds, respectively.

3.1. Transition temperatures
The transition temperatures have been obtained from calorimetric investigations.
They can be summarized as follows:

(1) In all of the alkyl-alkoxy mesogenic azocompounds studied the complexation
with palladium produces new mesogenic compounds. Even for the ligand
species without mesophases (e.g. in the case of short chains) the corresponding
organometallic compounds show at least a nematic phase.

(2) As a general trend, the organometallic materials display a number of
mesophases.

(3) The transition temperatures of the organometallics are dramatically higher
than for the ligands.

Figure 10. (a) The conoscopic picture in the nematic phase (50 um, 170°C), (b) the conoscopic
picture in the smectic A phase (160°C), and (c) the conoscopic picture in the glassy phase
at room temperature obtained by slow cooling.



13:49 26 January 2011

Downl oaded At:

494 C. C. Versace et al.

Table 3. The measured [21] the dimensions of the compounds with m = 12, n = 1 and the
calculated values of the anisotropy parameters

LIA WiA BIA Cio/ A} CioA’ A
Ligand 30 5 5 0 2775 0
Organometallic 295 9 5 1396 4195 0-33

(4) Thedifference in the T, between the ligands and the organometallics is reduced
as the chain length is increased.

(5) The complexation enlarges the nematic range and such a widening is chain
length dependent.

Potints (1)-(5) indicate (i) that metal complexation stabilizes the mesophases, and (it)
that in the organometallic compounds an orientational order, greater than in the
organic ligands is probably present. This feature could be tentatively explained by
taking into account several different contributions. First, the effects induced by the
increased molecular anisotropies, either as dynamical or as purely conformational
effects. In the former case (points (1) and (2)) we might assume that the introduction
of a metallic core into the ligand structure prevents some free rotations and as
supported by recent quasielastic neutron scattering measurements [22] causes a par-
tially hindered array of the organometallic molecules. To discuss point (3) we refer to
the theory given by Luckhurst e al. and to verify the influence of the steric anisotropy
on the transition temperature, appropriate calculations have been performed [20]. In
particular the calculated ratio of the temperature of the nematic-isotropic phase
transitions between the organometallic and ligands by 1-5, while for our experimental
data, this ratio varies from 1-38 (for the shortest member of the series) and 1-28 (for
the longest). Therefore, at least qualitatively, a straight correlation between the high
transition temperatures of the organometallics and their high molecular anisotropy
has been found. In this respect also the reduction from 1-38 and 1:28 could be
significant because for these molecules when the chain length is increased the biaxiality
decreases. Quantitative improvements in the theory applied to linear oligomers have
been made {23] and the results indicate a similar trend.

This discussion has been carried on the basis of the peculiar molecular geometry
exhibited by these organometallic species. Other effects could be present: such as weak
short range interactions of an electronic origin, these could either stabilize the struc-
ture or also induce mesophases, and so probably make the comparison more quan-
titative. Thus, for the organometallics, electronic interactions exerted by the metal
centres on neighbouring molecules, as found in mesogenic copper containing
materials [5, 24], cannot be excluded.

Concluding, with reference to point (4), qualitatively it is known [11, 12], that for
high temperature liquid crystals, the entropic term in the free energy usually increases
with the chain length (while the opposite occurs with low melting liquid crystals).
Therefore, in this respect, organic and metallorganic mesogens with high transition
temperatures behave similarly. To comment on this feature, it has been suggested [25]
that the observed Ty, lowering as the chain length increases may result from a
dilution effect in that the interaction between the mesogenic groups is reduced because
their average separation is lowered as the chain length increases. This effect is
clearly more important the stronger the mesogenic interaction and hence the higher
T
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3.2. Calorimetry

The model given by Luckhurst ez al. (20) also provides a useful tool with which
to discuss, at least qualitatively, the calorimetric data on the basis of the molecular
biaxiality. For sake of simplicity, the discussion will be restricted to the nematic-
isotropic transition of the compound most extensively studied (n = 1, m = 12).

The AH for the ligand and the organometallic are 0-45kJ/mol and 0-18 kJ/mol
respectively. For alkyl-alkoxyazobenzenes with a total chain length ranging from 2 to
12 [25) at the nematic-isotropic transitions the nematic-isotropic enthalpies are
0-5 < AH < 105 (kJ/mol). Accordingly while the value for the ligand is of the same
order as expected that for the organometallic is much smaller. In order to understand
the origin of such a discrepancy the entropy values, AS, have been calculated. For the
alkyl-alkoxy azobenzenes [26] they are of few J/K mol as predicted also by the Saupe
theory [17] for which AS is 3-5J/K mol, but such a value should decrease with
increasing molecular biaxiality [19]. In the present cases AS is 1-5J/K mol for the
ligand and 0-35 J/K mol for the organometallic. Again the ligand value is of the same
order of magnitude of the previously mentioned compounds while the organometallic
value is significantly smaller. Hence, according to [19] a large molecular biaxiality
must be present. In fact, for A = 0-33 the theoretical AS value is 0-40 J/K mol, which
is very close to the resuit for the organometallic.

3.3. Order parameter

Surprising for us the major order parameter determined for the organometallic are
systematically smaller than those determined for the ligand. Furthermore, the critical
exponents are roughly the same but both the critical coefficients, and the jump of the
order parameters at the phase transition, are remarkably different. However, recalling
the previous discussion, it is apparent that the introduction of a molecular biaxiality
may change P, at the transition. Thus, while according to the Maier-Saupe theory
(when 2 = 0) P, is 0-43 and for 2 = 0-2 P, is 0-34, with reference to the theory of
Luckhurst et al., for A = 0-33 P, should be 0-17 qualitatively close to our experimental
result of 0-2.

The residual difference between the theoretical and experimental data leads us to
conclude that probably the organometallic molecule investigated is biaxial but the
theory should be improved to modify the pseudopotential, or that the biaxial ordering
simply exists on a local scale, so that the measured major order parameter is only one
component of the tensor order parameter.

3.4. Optical observations

The optical observations show that ligands and organometallics orient on treating
the cell surfaces, in the same way. Moreover conoscopy displays without any doubt
that the organometallic can be macroscopically organized in a biaxial nematic phase.
Regarding the metal containing liquid crystals the observations of a macroscopic
biaxiality has been recently reported for a copper mesogen [27], so the main difference
is worthwhile. At first (apart from the different compound which we are considering),
as far as the stability of the material is concerned, in the organometallic case,
the compound is mesogenic at a lower temperature and stable without any apparent
decomposition, so that several runs of reproducible measurements, have been
obtained. As a further difference, it may be considered that the biaxial-uniaxial phase
transition was observed only for a mixture while such a transition is associated here
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with the smectic A-nematic transition which takes place in a pure organometallic
compounds. Finally, it should be pointed out that our observations do not need the
application of an orientating electric field, so bypassing the interpretative problems
arising from the interaction of a biaxial material with the electric field.

5. Conclusions

A comparative study has been carried on two homologous series of mesogenic
compounds in order to elucidate (i) the differences between the free ligands and
metallo-mesogens and (ii) the role played by the transition metal when organometallic
liquid-crystalline derivatives are prepared by complexation of metals to mesogenic
ligands. As expected, the two systems behave quite differently because of the dramat-
ically different molecular structures, nevertheless a comparison gives some useful
information. The calorimetric data as a whole indicate a greater molecular anistropy.
As an example the organometallic transition temperatures are higher than those of the
ligands, however the weak transition entropies are a possible indication of a large
molecular biaxiality. The presence of additional ordered mesophases and the optical
observations of the macroscopic ordering at the phase transitions suggest the
hypothesis that the complexation modifies the molecular interactions (perhaps
through the metal) creating a biaxial ordering and then a larger ordering. Neverthe-
less, while some results suggest a greater orientational order, the value of the major
order parameter does not: the molecular biaxiality seems more appropriate to interpret
these results. Remarkably, such a conclusion may be supported by the similar results
obtained recently by Kiefer and Baur [28] on materials with a weak biaxiality
(0-'1 < 4 < 0-2). On the other hand, preliminary optical observations seem to
indicate a macroscopic biaxial ordering, consequently the usual order parameter
measurements should be diagnostic of only a part of the total ordering. Therefore, in
order to clarify this point, more accurate measurements, including the analysis of the
biaxial character of the molecular ordering, are required.

Concluding, with reference to the packing mode of the organometallic meso-
phases, we suggest that, in addition to the usual long range orientational ordering
(which prevails when the aliphatic chains are properly long) a two dimensional
anisotropic liquid short range order (which could introduce further anisotropies in the
local order) might be considered.
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