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Abstract 
The phase diagrams of mixtures of two non-mesogenic alkyl/alkoxy-zobenzene palladium (L1Pd-acac) and alkyl/alkoxy-zobenzene mercury 
(L1HgCl) metal complexes with their mesogenic parent ligand were studied in order to evaluate the phase behavior of their mixutres for potential 
application. Although the studied metal complexes belonging to the metallomesogen (MOM) class were not mesogens, but their parent ligand HL1 
exhibited an enantiotropic nematic phase. The phase behavior of L1Pd-acac/HL1 mixtures indicated mesogenic miscibility where the nematic phase 
of ligand extended through the whole concentration range of their phase diagram. This means that, although L1Pd-acac was not mesogen, the L1Pd-
acac/HL1 mixtures could be utilized for as potential mixture for application. In contrast, the L1HgCl/HL1 mixtures were only partially miscible, 
where the HL1 nematic phase was only stable at the low concentration range of L1HgCl. 
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Introduction

The organometallic liquid crystals known as “metallome-
sogens” (MOMs) are organic mesogenic structures including the 
metal-complex centers. The presence of metal complexation in 
the chemical structures of liquid crystals could add many physical 
and optical features that are not present in organic mesogenic ma-
terials. Such features have been the main motivation for potential 
applications of MOMs, which offers the possible combination of 
liquid crystal supramolecular order with new properties of met-
al-complexation. In the past few decades, in addition of extensive 
studies on chemistry and chemical structures, MOMs have been 
also studied as potential materials for technological applications  

 
[1-8]. There exist some scientific and patent literature on potential 
applications of MOMs as photo and electro luminescence [9-13], 
magnetic and electric properties [14-18], as well as more general 
dichroic dyes, non-linear optics, thermal recording, thermo-chro-
mism, optical filters, photo-sensing, laser addressing, optical and 
thermal recording, polarizing flms, radiation absorbing films, fer-
roelectricity, ferromagneticity, electro-conductivity, reaction cat-
alysts, intermediates, ink jet and security printing, medicinal and 
agricultural components [19-28]. 

In spite of extensive literature on chemical structure, character-
ization and potential applications, MOMs have not yet been devel-
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oped for commercial utilization even in simplest guest-host elec-
tro-optical systems. In fact, the major drawbacks of existing single 
component MOM materials have been due to: 

a)	 high crystal-mesogenic and mesogenic-isotropic transi-
tion temperatures

b)	 small mesophase range

c)	 risk of decompositions at high temperatures

d)	 low chemicl stability. 

Therefore, in order to develop qualified MOMs for commercial 
application, either to apply themolecular engineering approach to 
synthsize a totally new single-component MOM chemical struc-
ture with accessible and wide range mesogenic phase or to utilize 
a more practical approach of MOM/MOM and MOM/ligand mixing 
strategy to develop materials with low transition temperature, eu-
tectic behavior and wide-range and accessible mesogenic phase. 
The successful proof of the mixing approach has been provided in 
our previous studies [29-33] on the phase behavior of MOM/MOM, 
MOM/ligand, as well as their mixtures with commercial liquid crys-
tals, which provided mesogenic miscibilities, eutectic behavior and 
accessable temperature range that qualified MOMs for potential 
application. 

However, as there are some MOM structures that do not exhibit 
liquid crysralline phase, until now their phase behavior of by mix-
ing approach have not yet been studied. As the first experimental 
attempt, in this work we utilized two none-mesogenic L1Pd-acac 
and L1HgCl metal complexes based on alkyl/alkoxy-azobenzene 
structures and studied their phase behavior in mixtures with their 
mesogenic parent ligand HL1. Accordingly, in order to determine 
the effect of none-mesogenic metal-complexes on liquid crystalline 
phase of mesogenic parent ligand, we studied the crystal, mesogen-
ic and isotropic transition temperatures within the total composi-
tion range of their phase diagrams. The results of this experimental 
study are described in the following sections.

Materials and Methods

In Figure-1, we present the chemical structures of these 
non-mesogenic mono-ligand metal complexes and their me-
sogenic parent ligand (HL1), based on the common class of alkyl/
alkoxy-azobenzene palladium (L1Pd-acac) and mercury (L1HgCl) 
metal-complexes. The original synthetic procerdures of these met-
al-complexes and mesogenic ligand have been reported elsewhere 
[34-36], where they were synthesized through incorporation of li-
gand in Pd and Hg metal-complex chemical structures. 

The transition temperatures of all materials and their mixtures 
were determined by a Perkin Elmer DSC7 Differential Scanning Cal-
orimeter (DSC) and the phase behaviors were evaluated by Nikon 
Eclipse-50i polarizing optical microscope (OM) equipped with a 
temperature-controlled Mettler FP5 microscopic hot stage. The 
transition temperature of all mixtures were carried out by direct 
weiging of the components in DSC pan through repeated heating 
and cooling modes with scanning rates of 10 °C/min and 5 °C/min, 
respectively, until there were no change in their thermograms.

Results and Discussion

In Table-1, we tabulate the transition temperatures and enthal-
pies of HL1 ligand, L1Pd-acac and L1HgCl metal-complexes, includ-

ing crystal-nematic (Tcn), nematic-isotropic (Tni) and crystal-iso-
tropic (Tci) on heating mode, as well as the isotropic-nematic (Tin), 
nematic-crystal (Tnc) and isotropic-crystal (Tic) on cooling mode. 
The studied non-mesogenic L1Pd-acac and L1HgCl metal-complex-
es belong to the metallomesogens (MOM) class. In our previous 
studies, we reported on the phase transitions of other mesgogen-
ic alkyl/alkoxy-azobenzene MOM mixtures with other terminal 
groups than the utilized -O-C6H13 in this study [29-33].

According to Table-1, the HL1 ligand exhibits an enantiotropic 
nemtic phase, high transition temperatures, two crystalline transi-
tions and nematic range of 11.5°C and 14.2°C on heating and cool-
ing modes, respectively. Both none mesogenic L1Pd-acac and L1H-
gCl complexes also exhibit high transion temperatures in the range 

Figure 1: General chemical formula of L1Pd-acac, L1HgCl and mesogenic HL1 ligand. 
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of 100°C. With respect to transition enthalpies tabulated in Table-1, 
both HL1 ligand and L1Pd-acac exhibit high crustalline enthalpies 
in the range of 100 J/gr, whereas the crystalline enthalpy of L1Hg-

Cl is around 50 J/gr, indicating its low crystal structure. The phase 
behavior of HL1/L1Pd-acac and HL1/L1HgCl binary mixtures are 
presented and discussed in the following sections.

Table 1: Transition temperatures (top) and enthalpies (bottom) of metal-complexes & patrent ligand.

Compound
Transition Temperature (°C)

Heating Cooling

  Tcm  (Tci) Tmi Tim Tmc (Tic )

HL1 104.3 115.7 113.5 99.1

L1Pd-acac -140.6 - - -116.3

L1HgCl -100.2 -   -81.6

Compound
Transition Enthalpy (J/gr)

Heating Cooling

  ∆Hcm (∆Hci) ∆Hmi ∆Him ∆Hmc (∆Hic)

HL1 108.2 3.1 3 104.1

L1Pd-acac -102 - - -94.4

L1HgCl -52.7 - - -49.4

L1 / L1Pd-acac Phase Behavior

In Figure-2, we present the phase diagram of nematic HL1 and 
none mesogenic L1Pd-acac mixrutres at heating and cooling modes 
within the whole composition range of the components. Accord-
ingly, the phase diagram HL1/L1Pd-acac exhibits the extension of 
HL1 nematic phase up to 97% concentration of L1Pd-acac complex. 
The extention of nematic phase and quasi-linear trends of nemat-
ic-isotropic Tni and Tin transitions within the totlal phase diagrams 
of HL1/L1Pd-acac mixtures indicate the nematic miscibility of the 
components at both heating and cooling modes. Similar Tni and Tin 

transition trends and mesogenic miscibilities have been repored in 
the phase diagrams of metallomesogens and parent ligands [37], 
indicating according to Figure-2, the two-phase region of coexist-
ing nematic and isotropic phases exhibit noticable Tni at 106.4°C 
and Tin at 102.1°C minimums at L1Pd-acac = 50% concentration. 
With regards to Tcn and Tnc transitions in HL1/L1Pd-acac phase di-
agrams, it is also noticed that, the mixtures exhibit an apparent eu-
tectic point, particularly on cooling mode at L1Pd-acac=50% con-
tcentration range (see Figure-2). At this concentration range, the 
nematic stability from 10.2°C on heating mode expands to 25.4°C at 
cooling mode as a result of Tnc super-cooling of the mixture. 

Figure 2: Phase diagrams of HL1 / L1Pd-acac mixtures demonstrating the Tcn / Tnc (blue) and Tni / Tin (red) transition temperatures on heating 
mode (left) and cooling modes (right).
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The phase behavior of HL1/L1Pd-acac binary mixtures exhibits 
sufficient nematic miscibility of the components, where the nem-
atic phase of HL1 ligand persists within the whole concentration 
range of phase diagram. The eutectic behavior in HL1/L1Pd-acac 
binary mixture at around 50% concentration of L1Pd-acac on cool-
ing mode and its 25°C nematic stability range also indicates that 
L1Pd-acac complex behaves as a metallomesogen and the two com-
pnents are also miscible at their crystalline phase. According to 
Table-1, the crystal-nematic transition enthalpy of HL1 ligand and 
crystal-isotropic transition enthalpy of L1Pd-acac metal-complex 
are of the same order of magnitude of around 100 J/gr, which is 
also a further confirmation of their crystalline compatibility, ap-
pearance of eutectic behavior and extension of HL1 nematic range 
within the whole phase diagram (see Figure-2). 

L1 / L1HgCl Phase Behavior

In Figure-3, we provide the phase diagrams and transition tem-
peratures of HL1 / L1HgCl mixtures at heating and cooling modes. 
Clearly the nematic phase of HL1 ligand in this binary mixtures do 
not prolong over 30% of L1HgCl concentration range. The Tni and 
Tin transitions of the mixtures exhibit sharp linear decrease with-
in this concentration range. At above L1HgCl 30% concentration 
range, the mixtures do not exhibit any mesogenic phase and only 
exhibits nonmesogenic Tci and Tic transition temperatures. 

Also according to Figure-3, the phase behavior of HL1/L1Hg-
Cl binary mixture shows that the HL1 and L1HgCl components are 
not miscible within the whole composition range of their phase di-

agrams. Clearly, the nematic phase of HL1 decreases sharply, sur-
vives only within 30% L1HgCl concentration range and disappears 
in the resmaing compositions of their phase diagrams on both heat-
ing and cooling modes. Another confirmation to immiscibility of 
HL1 and L1HgCl comonents is the sharper decrease of Tin and Tnc 
transitions on cooling with respect to Tni and Tcn transitions on 
heating below the 30% concentration range. Namely, in contrast to 
HL1/L1Pd-acac mixtures, by increasing the L1HgCl concentration, 
the nematic instability of HL1 from 14.4°C to 6.5°C at heating mode 
drops from 11.4°C to 6.0°C at cooling mode (see Figure-3).

As presented in Figure-3, above 30% L1HgCl concentration 
range the HL1/L1HgCl phase diagrams do not exhibit any nematic 
phase and the mixtures only exhibit crystalline and isotropic tran-
sition temperatures both on heating and cooling modes. Although 
due to immiscibility of HL1 and L1HgCl the Tci and Tic exhibit ap-
parent minumum transitions within 30-50% L1HgCl concentration 
range, this does not provide any evidence of eutectic behavior in 
their phase diagrams.

With respect to Table-1 data, the crystal-nematic transition 
enthalpy of HL1 ligand and crystal-isotropic transition enthalpy 
of L1HgCl metal-complex exhibit different order of magnitudes, 
where the former is 100 J/gr and the latter is 50 J/gr. This differ-
ence is also another confirmation of incompatibility of HL1 and 
L1HgCl crystalline structures, which has resulted to disappearance 
of HL1 nematic phase of HL1 above the 30% concentration range of 
L1HgCl in their phase diagrams (see Figure-3). 

Figure 3: Phase diagrams of HL1 / L1HgCl mixtures demonstrating the Tcn / Tnc (blue) and Tni / Tin (red) transition temperatures on heating 
mode (left) and cooling modes (right).

Conclusion

The phase behavior of non-mesgnic metal-complexes L1Pd-
acac and L1HgCl in mixtures with their nematic HL1 parent ligands 
were studied. This sudy was part of the industrial development of 
metallomesogens and their parent ligands mixtures was to explore 
and qualify them as model materials for applications in electro-op-
tical devices and liquid crystal displays. The choice of non-me-
sogenic metal-complexes in this study was to understand if the 

non-mesogenic metal-complexes could be also qualified as new 
materials for potential application. In conclusion, we found that the 
phase behavior of HL1/L1Pd-acac mixtures exhibited satisfactory 
mesogenic miscibility within the whole phase diagram, where the 
nematic phase of HL1 ligand survived up to 97% of L1Pd-acac con-
centration. This interesting outcome indicated that even a non-me-
sogenic metal-complex could stabilize the mesogenic phase of 
parent ligand and qualify such model mixture for application. On 
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the other hand, the results in HL1/L1HgCl mixtures were different, 
where the components were not miscible and the nemtic phase of 
HL1 ligand did not survive above 30% L1HgCl concentration range. 
It should be noted that, further systematic studies will be required 
to provide better understanding of such structural materials for po-
tential application. 
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