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ABSTRACT

We studied the effect of a low-temperature nematic 
metallomesogen (MOM) model structure based on synthesized 
rod-like Palladium (Pd) Alkyl/Alkoxy-Azobenzeneon on 
transition temperatures of its eutectic ligand/MOM mixture 
with a low-temperature E43 and high-temperature TN10427 
commercial nematic liquid crystals. The results indicate 
complete and wide-range nematic miscibilies of these model 
mixtures as potential materials for application in electro-
optical devices.
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INTRODUCTION

The metal-organic liquid crystals known as "metallomesogens" 
(MOMs) consisting of metal- complex centers in organic 
mesogenic structures have been studied for decades as 
potential materials for technological applications [1-7]. The 
presence of metal complexation in the chemical structures of 
liquid crystals adds many physical and optical features that are 
not present in the organic mesogenic systems. These features 
have been the main driving force for potential application 
of MOMs in a wide range electro-optical device applications 
by combining the mesogenic supramolecular order and 
additional properties of metal-complexation.

In spite of many developments regarding the chemistry and 
phase behavior of varieties of synthsized MOMs, there have 
been few recent studies on their applications in electro-optical 
devices, smart sensors, encryption systems and fuel cells [1,8], 
photo-luminescence and water-free proton conduction [10-
12], electro-luminescence [9,13], magnetic [14,15] and electric 
[16-18] properties. In addition, there have been further scientific 
[19-23] and patent [24-28] literature on potential applications 
of calamitic and discotic MOMs as dichroic dyes, non-linear 
optics, thermal recording, thermo-chromism, passive optical 
filters, photo-sensing, laser addressing, optical and thermal 
recording, PDLC and polarizing flms, radiation absorbing films, 
ferroelectricity, ferromagneticity, electroconductivity, reaction 
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catalysts, liquid crystal intermediates, ink jet and security 
printing, medicinal and agricultural components.

However, in spite of extensive literature on MOMs, such 
materials have not yet been developed for commercial 
application. In fact, the major drawbacks of studied MOMs 
have been due to their high transition temperatures, small 
mesophase stabilities and risk of chemical decomposition. 
In order to develop MOMs for commercial application, one 
requires providing qualified materials with new properites not 
found in organic liquid crystals. Therefore, in addition to stable 
chemical structure, the appropriate solution for commercial 
application of MOMs is their accessible mesogenic transition 
temperature, which could be obtained through their mixings 
and miscibitities similar to commercial liquid crystal materials. 
Except to our previous and recent studies on physical and 
chemical mixtures of MOMs [29-33], we are not aware of any 

other literature works on the MOMs’ mixing approach.

In this work, we utilized a low-temperature mono-ligand MOM 
model structure based on Palladium alkyl/alkoxy-azobenzene 
complex and studied the transition temperatures and phase 
diagrams of a binary MOM/ligand mixtures. Subsequently, 
with mixed the eutectic composition of this low- temperature 
mixture with two commercial E43 and TN10247 liquid crystals 
as potential materials for application. The results of these 
studies are provided in the following sections.

MATERIALS AND METHODS

The synthesized HL2 ligand and HL2/Pd-acac MOM were 
based on a common class of mono-ligand palladium alkyl/
alkoxy-azobenzenes metal-complexes, which are presented in 
the following general chemical formula.

The original synthetic procerdures of ligand and MOM 
chemical structures have been reported elsewhere [29,30]. 
Accordingly, the chemical structures of MOM were obtained by 
incorporating its parent ligand in Pd-alkyl/alkoxy-azobenzene 
complex having the following chemical compositions:

•	 HL2: R= C6H13; R'= O(CH2)2CH=CH2

•	 HL2Pd-acac: R= C6H13; R'= O(CH2)2CH=CH2

Further details on the synthetic procedures this class of ligand 
and mono-ligand MOM compounds have been mentioned 
elsewhere [29,34,35]. The studied transition temperatures 
of HL2 ligand, HL2Pd-acac MOM, E43, TN10427 materials 
consisted of crystal-mesogenic (Tcm) and mesogenic- isotropic 
(Tmi) on heating mode, as well as the isotropic-mesogenic 
(Tim) and mesogenic-crystal (Tmc) transition temperatures 
on cooling mode, were determined by a Perkin Elmer DSC7 
Differential Scanning Calorimeter (DSC) method. In addition, 
the phase transitions and mesophase types of the components 

and mixtures were carried out by Nikon Eclipse-50i polarizing 
optical microscope (POM) equipped with temperature 
controlled Mettler FP5 microscopic hot-stage.

The phase diagrams of the mixtures were carried out by 
direct weighing of the components in DSC pan and through 
the repeated DSC scanning at heating rate of 10 °C/min and 
cooling rate of 5 °C/min until the mixings were completed 
with no change in their thermograms. The same DSC mixtures 
were then utilized to determine their liquid crystalline phases 
by POM method.

RESULTS

In Table-1, we tabulate the transition temperatures on cooling 
mode of synthesized low-temperature L2 ligand, L2Pd-acac 
MOM, where both exhibit mesogenic stabilities below 70°C. 
With respect to mesomorphism, the HL2 ligand exhibits 
entantiotrpic nematic phase and 33°C nematic stability range, 
whereas HL2Pd-acac exhibits monotropic nematic phase 
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and nematic stability range of 55°C. The results of the phase 
diagrams of binary HL2/HL2Pd-acac mixtures and its eutectic 

point composition in ternary mixtures with commercial liquid 
crystals E43 and TN10427 are described as follows.

Compound

Transition Temperature (°C)

MesophaseHeating Cooling

Tcm Tmi Tim Tmc

L2 41.7 51.1 48.1 14.8 Enantiotropic Nematic

L2Pd-acac 66.2 - 43.1 -12 Monotropic Nematic

E43 - - 78 -30 Enantiotropic Nematic

TN10427 - - 114 -40 Enantiotropic Nematic

Table 1. The transition temperatures of ligand, MOM and commercial liquid crystals

L2 Ligand and L2Pd-acac MOM Mixtures

As a model system, we studied the mixtures of low-temperature 
HL2 ligand and HL2Pd-acac MOM having the same R and R’ 
terminal groups. Accordingly, with reference to Table-1and 
Figure-1 (left), we present the transition temperatures and 
phase diagram of HL2/HL2Pd-acac mixtures on cooling mode. 
It is noticed that due to linear trend of isotropic-nematic (TIN) 
transitions, the low-temperature mixtures exhibit a complete 
nematic miscibility within the whole composition of the phase 
diagram.

Also, both HL2 ligand and HL2Pd-acac MOM exhibit similar TIN 
range, where the presence of Pd metal-complex in L2Pd-acac 
exhibits a wider nematic range (55.1°C) than L2 ligand (33.3°C). 
Also the nematic-crystal (TNC) transitions of this mixture 
exhibits a distinct eutectic point at L2Pd-acac = 62.3%wt 
composition. At this eutectic point, the nematic range of the 
mixture is widely expanded to 81°C (i.e., from TIN=+45.9°C 
to TNC=-35°).   Such a wide low-temperature nematic range 
at the eutectic point of this model mixtures suggests that 
such systems could be considered as potential material for 
application in the electro-optical devices.

Eutectic L2/L2Pd-acac and Commercial Liquid Crystal 
Mixtures

In order to evaluate the eventual utilization of MOMs 
for eventual application, we also studied the transition 

temperatures and phase diagram of eutectic HL2/HL2Pd-acac 
(37.7/62.3%wt) with commercial low-temperature E43 (Merck) 
and high-temperature TN10427 (Hofmann La Roche) nematic 
mixtures.

According to Figure-2 (left), we provide the transition 
temperatures and phase diagram of HL2/HL2Pd-acac / E43 
mixtures on cooling mode. The linear trend of TNI transion 
temperatures clearly demonstrate the complete miscibility of 
nematic phase within the whole composition range of HL2/
HL2Pd-acac / E43 phase diagram. Also, as both components 
are eutectic, their TNC transition temperatures exhibit a linear 
trend within the total compositions of phase diagram. The 
stability of nematic phase in this low-temperature system is 
within 81-108 °C, which is sufficiently wide for application at 
various compositions of their phase diagram.

In Figure-2 (right), we provide the transition temperatures and 
phase diagram of eutectic HL2/HL2Pd- acac (37.7/62.3%wt) 
with commercial high-temperature nematic TN10427 mixtures 
on cooling mode. The phase diagram of this mixture also 
demonstrates the total miscibility of nematic phase within the 
total concentration range of the phase diagram due to linear 
trend of TNI transion temperatures. Also, the TNC transition 
temperatures of HL2/HL2Pd-acac / TN10427 mixtures also 
exhibit a linear trend, where the nematic stability in this 
mixture is quite wide and lies within 81-154 °C range at total 
compositions of the phase diagram.
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DISCUSSION

In the present study, we provided a model low-temperature 
mono-ligand MOM structure based on Pd- alkyl/alkoxy-
azobenzene complex. Accordingly determined its phase 
diagram and transition temperatures in binary mixtures with 
parent ligand, utilized their eutectic composition and studied 
the ternary mixtures of its phase diagram with two commercial 
nematic liquid crystals. Subsequently, we suggested that 
it is possible to introduce MOMs as alternative materials for 
potential application in elecro-optical devices, providing that 
other properties of mesogenic metal-complexes not present 
in organic liquid crystals will be exploited. A brief discussion 
of the results are as follows:

•	 The rod-like HL2 ligand and HL2Pd-acac MOM with 
the same terminal groups exhibited low transition 
temperatures and accessible mesogenic stabilities of 33°C 
and 55°C, respectively. The presence of Pd metal complex 
in the HL2Pd-acac MOM expanded its nematic phase by 
22°C larger than that of HL2 ligand

•	 The phase diagram of low-temperature HL2 and HL2Pd-
acac binary mixtures showed complete nematic miscibility 
within the whole composition range of phase diagram and 
exhibited distinctive eutectic point at HL2Pd-acac=62.3% 
composition and a wide nematic stability range of 81°C.

•	 The ternary mixtures of eutectic HL2/HL2Pd-acac with 
commercial low-temperature E43 and high-temperature 
TN10427 also exhibited total nematic misciblity and 
wide nematic stability up to 81°C (E43) and 154°C 
(TN10427) range within the total compositions of their 
phase diagram. The phase behavior of these two model 
systems further indicates that introduction of MOMs in 

commercial liquid crystal products is a viable approach 
for potential application.

CONCLUSION

The results of this preliminary study demonstrated that 
eutectic ligand/MOM mixture could be considered as potential 
guest in commercial liquid crystal host materials. However, the 
present model MOM system is not the final solution and their 
eventual commercial application requires future systematic 
developments to obtain qualified chemical structures and 
performances, such as stable chemical structures, wide 
and accessible mesogenic stability, complete mesogenic 
miscibility with commercial liquid crystals and exploitation of 
other MOMs’ physical and optical properties not present in the 
organic liquid crystals.
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