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Introduction
Metallomesogens (MOMs) are a class of inorganic liquid crystals, 

which incorporates metal complexes in organic mesogenic structures. 
MOMs have been studied for few decades as possible materials in 
liquid crystal electro-optical and display devices.1–7 

The presence of metal complexation chemistry of liquid crystals 
could provide additional physical and optical features not present in 
organic mesogenic material.  These features include large electrical 
polarizability; large refractive index; high birefringence and order 
parameter; mesogenic stability; additional selective absorption and 
dichroic property.  Therefore, by combining supra-molecular organic 
mesogenic and metal complexation features, it is possible to provide 
an opportunity for utilizing MOMs in liquid crystal devices.  

In spite of extensive studies on MOM’s chemical structures, only 
few attempts have been made for their potential applications.1,8,9  
Recently, few studies on MOM materials for potential utilization  
in photoluminescence,10–12 electroluminescence9–14 magnetic15,16 and 
electric17–20 applications have been proposed.  Also, few scientific and 
patent literature have reported on some rod-like and discotic MOMs as 
dichroic dyes, non-linear optics, thermal recording, thermochromism, 
passive optical filters, photo-sensing, laser addressing, optical 
and thermal recording, polarizing flms, radiation absorbing films, 
ferroelectricity, ferro-magneticity, electro-conductivity, reaction 
catalysts, mesogenic intermediates, ink jet and security printing, 
medicinal and agricultural materials.21–30 

In spite of these proposed applications, until now MOM material 
have not been yet appeared for even simple commercial guest-host 
liquid crystal devices.  Among the major draw backs of existing 
MOMs are their high transition temperatures, decomposition at high 
temperature, inaccessible mesophase range and low chemical stability.  
In order to overcome these drawbacks, in addition to proper molecular 
engineering and synthesis, an alternative approach for commercial 
application of MOMs will be the development of multi-component 
MOMs and their miscibility in liquid crystal materials.  

In the present work, we studied the phase diagrams through physical 
mixing of model rod-like MOM structures consisting of a mono-ligand 
alkyl/alkoxy-azobenzene Pd complex and three bi-ligand Cu, Ni and 
Pd complexes.  Accordingly, we studied mesogenic miscibility and 
eutectic behavior in these binary model MOM materials.  In addition, 
we carried out ternary phase diagrams consisting of the binary eutectic 
mixture of MOM-ligand with two other mono-ligand MOMs, as well 
as with three commercial NLC materials, to demonstrate the potential 
use of MOMs in commercial applications.  

Materials and methods
In Figure 1, we provide the general chemical formula of mono-

ligand MOMs based on Pd complex alkyl/alkoxy-azobenzene and 
their parent ligand, where the MOM’s structures are obtained by 
changing the ligand’s terminal R and R’ groups.  Specifically, the 
chemical structures of three MOMs are obtained by incorporating 
their relevant ligands in  Pd complex chemical structures.  

With reference to the general formula of Figure 1, the chemical 
structures and nomenclature of utilized parent ligand and three MOMs 
are as follows:

a. HL2: R: -C6H13, R’: O(CH2)2CH=CH2

b. Pd-L2: R: -C6H13;  R’: O(CH2)2CH=CH2

c. Pd-L5: R: OC7H15;  R’: O(CH2)3CH2CH=C(CH3)2

d. Pd-L6: R: OC7H15;  R’: O(CH2)2CH(CH3)-(CH2)2CH=C(CH3)2

The details of the synthetic procedures, transitions temperatures 
and mesogenic phases of these mono-ligand MOMs have been 
mentioned previously.31,32 

In Figure 2, we provide the general chemical formula of bi-
ligand MOM based on salicylaldiminate metal complexes, which are 
obtained by changing the structure of terminal R and R’ groups with 
different Cu, Ni and Pd complexes.  
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Abstract

We present a new approach to utilize the eutectic metallomesogen (MOM) mixtures to 
improve the electro-optical properties of commercial nematic liquid crystal (NLC) materials.  
Accordingly, we studied the phase diagrams of rod-like MOM models structures, including 
alkyl/alkoxy-azobenzene with Pd complex and salicylal-diaminates with Cu, Ni and Pd 
complexes. These phase diagrams we utilized the eutectic MOM mixtures and mixed them 
with few commercial NLC hosts. The results showed a complete mesogenic miscibility and 
wide mesogenic range.  Although the studied MOM model materials are not the optimum 
structures and we did not study the electro-optical properties of MOM-NLC mixtures, the 
present results indicate the potential application of MOMs to improve the performance of 
commercial NLC, which require further future studies.
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Figure 1 The general formula of alkyl/alkoxy-azobenzene ligand and MOMs.

Figure 2 The general formula of salicylaldiminate MOMs.

With reference to the general formula mentioned in Figure 2, 
the chemical structures and nomenclature of synthesized bi-ligand 
MOMs are as follows:

a. 12-8N-Cu: R= -O(CH2)11-CH3; R’= -(CH2)7-CH3;

b. A6O-8N-Cu: R=-O(CH2)6-OOC-CH=CH2; R’= -(CH2)7-CH3,

c. A11O-6ON-Ni: R= -(CH2)3-O-CH2-CH3; R’= -O-(CH2)11-OOC-
CH=CH2);

d. A11O-6ON-Pd: R= -(CH2)3-O-CH2-CH3; R’= -O-(CH2)11-OOC-
CH=CH2.

The details of synthetic procesdures, transitions temperatures and 
mesogenic phases of this class of bi-ligand MOM chemistry have 
been reported elsewhere.33–39,40  

The utilized commercial Nematic Liquid Crystal (NLC) materials 
in this study include TN10427, TNO623 (Hofmann La Roche) and 
E43 (Merck).  All NLC materials were used as such and details of 
their transition temperatures have been mentioned elsewhere.34 

The phase transition temperatures of all utilized MOMs, 
commercial NLCs and their mixtures including the nematic-crystal 
(TNC) and isotropic-nematic (TIN) transition temperatures were 
determined by a Perkin Elmer model DSC7 Differential Scanning 
Calorimeter (DSC) and Nikon Eclipse-50i polarizing optical 
microscope (POM) equipped with a temperature-controlled Mettler 
FP5 microscopic hot-stage.  The binary and ternary MOM and NLC 
mixtures were prepared by physical mixing method of binary MOM 
components.  The phase diagrams of the mixtures were carried out 
by direct weighting of the components in DSC pan through repeated 
heating (10° C/min) and cooling (5° C/min) scanning rates until there 
were no changes in their transition temperatures.  All studied phase 
diagrams by DSC where carried out on cooling modes.

Results and discussion
The studied mono-ligand Pd-L2, Pd-L5 and Pd-L6 and their 

HL2 parent ligand exhibit low TIN transitions below 70°C and TNC 

transitions below room-temperature.  With respect to mesogenic 
type, Pd-L2 and Pd-L5 exhibit monotropic nematic phases; Pd-L6 
shows an enantiotropic chiral nematic phase and HL2 ligand exhibits 
an entantiotrpic nematic phase.  All studied bi-ligand 12-8NCu, 
A6O-8NCu, A11O-6ONNi and A11O-6ONPd MOM mixtures exhibit 
enantiotropic nematic phases with shorter TIN transition below 150°C 
and TNC transitions below 120°C.  

In Figure 3, we present the phase diagram of binary mixtures of 
mono-ligand Pd-L2 / HL2. Both components exhibit similar TIN 
transitions, where Pd-L2 shows a wider nematic range (52°C) than 
HL2 (33°C).  Also according to Figure-3, due to complete linear 
trend of TIN transitions of Pd-L2 / HL2 within the whole composition 
range of phase diagram confirms total nematic miscibility of their 
components.  In addition, the Pd-L2 / HL2 mixtures also exhibit a 
distinct eutectic behavior of TCN transitions at around 62%wt Pd-L2 
concentration with an expanded nematic range up to 80°C.

Figure 3 The phase diagram of Pd-L2 / HL2 mixtures.

We also studied ternary phase diagrams consisting of mono-ligand 
Pd-L2/HL2 (62/37) eutectic mixture with Pd-L5 and Pd-L6, where 
the results are presented in Figure 4. With regards to Pd-L2/HL2 / 
Pd-L5 phase diagram, the predominantly linear trend of TIN transitions 
confirms the nematic miscibility of the components.  Also this mixture 
exhibits an additional small eutectic point around Pd-L5=50 % at 
TNC = -40°C and provides a nematic stability range of around 73°C.  
Also according to Figure-4, the ternary Pd-HL2/HL2 / Pd-L6 phase 
diagram exhibits a chiral nematic (cholesteric) mesophase and total 
miscibility within the whole composition range manifested by linear 
trend of their TIN* transition temperatures.   This mixture also exhibits 
a small eutectic point at the composition of around Pd-L6=10% 
and a mesomorphic stability range of around 79°C at TN*C = -38°C.  
The occurrence of eutectic point in these ternary MOM mixtures at 
different compositions means that, the crystalline structure of Pd-L2 
is more similar to Pd-L5 than Pd-L6. 

Figure 4 The ternary phase diagrams of eutectic Pd-L2/HL2 with Pd-L5 and 
Pd-L6.
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With respect to the bi-ligand MOM mixtures, in Figure 5 we 
present the binary phase diagrams of 12-8NCu/A6O-8NCu and A11O-
6ONNi/A11O-6ONPd mixtures.  It should be noted that, while the 
former phase diagram consists of the same metal (Cu) and different 
ligands, whereas the latter phase diagram consists of the same ligand 
and different metals (Ni & Pd).  The linear trends of TIN transitions 
within the whole composition range of both phase diagrams (Figure 
5) is the clear indication of complete mesogenic miscibility of these 
MOMs as well.  Also both MOM mixtures exhibit strong eutectic 
behavior with the lowest nematic-crystal (TNC) transitions and largest 
nematic stability range.  The eutectic composition of 12-8NCu/A6O-
8NCu mixrures appears at around 12-8NCu=25 % with a nematic 
phase expansion of around 46.5 °C.  The eutectic point of A11O-6ONNi/
A11O-6ONPd phase diagram occurs at around A11O-6ONNi=40 % and 
similar nematic phase expansion of around 46.0 °C.  Although both 
phase diagrams (Figure 5) exhibit the same nematic expansion range, 
but the eutectic composition in A11O-6ONNi/A11O-6ONPd mixture 
indicates its more crystalline structure similarity of their components 
with respect to those in 12-8NCu/A6O-8NCu.  Such difference means 
that MOM mixtures with the same ligand and different metal have 
more similar crystalline structure than those with the same metal and 
different ligand..      

Figure 5 Phase diagrams of 12-8NCu/A6O-8NCu and A11O-6ONNi/A11O-
6ONPd mixtures.

With regards to MOMs and commercial NLC model mixtures, in 
Figure 6, we provide the phase diagrams of eutectic Pd-L2/HL2 with 
three commercial TN10427, TNO623 and E43 materials.  According 
to these phase diagrams, we find a complete nematic miscibility due 
to consistent linear trends of their TIN transitions within the whole 
composition ranges of three commercial NLC systems.  It is also 
noticed that, the TNC transitions of this mixtures exhibit the linear 
trends with no ulterior eutectic behavior.  Ideally, the nematic stability 
of such model guest-host systems depends on the nature of MOM and 
commercial NLC structures, as well as the extent of their TIN range. 

Figure 6 The phase diagrams of eutectic Pd-L2/H-L2 and three commercial 
NLC mixtures.

Conclusion
In the present study, we utilized few mono-ligand and bi-ligand 

model MOM structures and studied their binary and ternary phase 
diagrams, mesogenic miscibility and eutectic behaviors. Due to low 
transition temperatures of mono-ligand MOMs, specifically the wide 
nematic range of eutectic mixture of Pd-L2/HL2 (62/38), we studied 
its phase diagrams with three commercial NLC liquid crystals to 

provide a new material approach for improvement of electro-optical 
performances of commercial NLCs.

The initial results of these guest-host model systems clearly 
indicate the complete mesogenic miscibility of MOM/ligand with 
commercial NLC mixtures.   Accordingly, we presented the potential 
introduction of MOMs as guests in the commercial NLC materials, 
not only to expand the transition temperatures and mesophase range 
of NLC hosts, but also to exploit other unique properties of eutectic 
MOMs to improve the electro-optical performances of NLC materials 
for various applications.  

Knowing that the utilized MOMs in this work are not ideal 
materials, however the present study has clearly confirmed that 
eutectic MOMs are potentially capable to be utilized as new materials 
to imporove the performances of liquid crystals in electr-optical 
display devices. Consequently, depends on the future systematic 
investigations to develop ideal MOMs, either as guest in commercial 
NLC or as alternative materials for many technological applications.
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