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Summary 

 

The PhD thesis "Luminescent liquid crystals based on lanthanide complexes" describes the 

synthesis and characterization of new classes of lanthanide complexes, which have liquid 

crystals and luminescent properties, known as lanthanidomesogens. The interest given to these 

materials is due to the special properties obtained by combining the properties of organic liquid 

crystals (fluidity, anisotropy, polymorphism) with those of lanthanide ions (luminescence), their 

main applicability is in the field of liquid crystal displays (LCDs). 

The main objectives of the doctoral thesis were: 

➢ Synthesis of new classes of ligands and pyridinium salts and tuning their mesogenic 

properties by using different mesogenic groups in the ligand structure; 

➢ Structural characterization and confirmation of the ligands by various techniques such as 1H-

NMR and 13C-NMR spectroscopy, IR spectroscopy, elemental analysis and 

thermogravimetric analysis; 

➢ Synthesis of new classes of lanthanidomesogens using the new synthesized ligands and Eu3+, 

Sm3+, Tb3+ lanthanide ions as well as hybrid materials starting from pyridinium salts with the 

polyoxometalated macroanion EuW10O36·32H2O (EuW10); 

➢ Structural confirmation of these compounds by IR spectroscopy, elemental and 

thermogravimetric analysis; 

➢ Characterization of the mesogenic properties of ligands, pyridinium salts, lanthanide ion 

complexes and hybrid materials by differential scanning calorimetry (DSC), polarized optical 

microscopy (POM) and X-ray powder diffraction at different temperature. 

➢ Characterization of the photophysical properties. 

 

The Ph.D. thesis is structured in two parts: the first part dedicated to the literature survey, in 

which different classes of ligands used until now to obtain lanthanidomesogens are presented, 

and a second part in which the original contributions are presented. 

Liquid crystals are materials that have similar properties with both liquids and solid crystalline 

materials. In a liquid crystal, the molecules can have as much fluidity as the liquids, but also a 

certain orientation of the molecules, just not as strict as in the case of molecular crystals. 

Lantanidomesogens can be defined as lanthanide complexes with liquid crystals properties or 

liquid crystals containing lanthanide ions (5). The way they are obtained follows the same 

pathway as for the organic liquid crystals, namely a rigid, anisotropic core with long flexible 

terminal chains. Incorporating a metal into an organic compound can lead to new design 

possibilities, which are not possible in the case of organic compounds (8). These compounds 

combine the unique properties of lanthanide ions (luminescence, paramagnetism) with those of 

liquid crystals (fluidity, anisotropy) leading to liquid crystals with coordination number higher 

than six, by introducing lanthanide ions into the liquid crystal matrix, the number of their 

coordination becoming 8 (associated with square or dodecahedron antiprism geometry) or 9 

(associated with tripiramidated trigonal prism geometry or monopyramidated square antiprism). 
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The first part of this work is dedicated to a literature survey, focusing on the types of ligands 

used so far in obtaining lanthanidomesogens and the mesogenic and luminescent properties that 

the respective complexes exibit. The most employed ligands have been by far the Schiff bases. 

While ligands of this type had a nematic mesophase, the corresponding complexes had viscous 

mesophases, such as the SmA phase. (25, 29). 

Another class of ligands ranked in the second place in the preference of the researchers looking 

for the synthesis of lanthanidomesogens, is that of the β-diketonate ligands (70). The first 

complex of this type was [Eu (tta)4]
- (tta- -tenoxifluoracetonat) with the imidazole cation with two 

cholesteryl groups linked by a long alkyl chain (73), which presented a monotropic chiral SmA 

phase (SmA *).  

Other types of ligands used in the lanthanidomesogens synthesis are: 

- β-enaminoketone ligands, which, although very similar in structure to Schiff bases, their 

corresponding lanthanide complexes were less studied (66, 67); 

- bis(benzimidazolyl)pyridine ligands (90-92); 

- phthalocyanine, lutetium complexes with substituted bis (phthalocyaninato) ligands were the 

first lanthanidomesogens with ligands of this type described in the literature (104); 

- polyoxometalate compounds (128-136). 

 

The second part of the thesis presents the original contributions in the field of 

lanthanidomesogens obtained with N-alkyl-4-pyridone ligands and it is structured in five 

chapters. The synthesis of lanthanidomesogens with N-alkyl-4-pyridone ligands is an unexplored 

frield so far; in the literature there are no reported complexes of lanthanides with liquid crystal 

properties obtained with this type of ligands. Two methods are known for the synthesis of 

lanthanidomesogens. The first one involves the separation of the coordination unit and the 

mesogenic group by long flexible alkyl chains, and the second method involves the preparation 

of the mesogenic ligands by increasing the number of aliphatic chains attached to the 

coordinating unit. 4-pyridone derivatives are known in the lanthanide’s coordination chemistry 

as O-coordinate ligands, but the use of 4-hydroxypyridine is of particular interest because of the 

ability to form ligands with various mesogenic groups, alkylated to either the oxygen or nitrogen 

atom, thus obtaining N-substituted or O-substituted 4-pyridones. This particular feature allows 

the tuning of the liquid crystal properties of the ligands and, implicitly, of the corresponding 

lanthanidomesogens by introducing different mesogenic groups either to the oxygen atom ot to 

the nitrogen atom, or even allows them to be linked to both ends of the coordinating unit. These 

ligands have an important role both from the point of view of the mesogenic and luminescent 

properties of the lanthanide complexes, as these ligands play the antenna role, absorbing the light 

and transferring the excited energy to the emissive levels of the metal ions. The type of 

mesogenic group attached to the coordination group in question and the place where it is 

attached to the pyridine ring, leads either to thermotropic liquid crystals or ionic liquid crystals. 

In this thesis, the lanthanide ions used to obtain compounds with mesogenic properties were, on 

one hand, Eu3+, Sm3+ and Tb3+ and, on the other hand, the polyoxometallate macroanion 
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EuW10O36
9- due to their interesting luminescent properties, while the 4-pyridone ligands were 

obtained through both methods mentioned before. 

 

The first chapter presents the synthesis and characterization of a new series of 

lanthanidomesogens with N-alkyl 4-pyridone ligands with 3,4,5-tri (alkyloxy) benzyl  (n = 6, 8, 

10, 12, 14 and 16 carbon atoms in the hydrocarbon chains, 4a-f) and 3,5-di (alkoxy) benzyl (with 

12 and 14 carbon atoms in the aliphatic chains, the compounds 11a and 11b) mesogenic groups. 

 
Both the ligands 4a-f and their coresponding complexes 5a-f, 6a-f and 7a-f exibit liquid crystal 

properties. In the case of uncoordinated ligands, the study of their thermal behavior by DSC and 

POM led to the observation of an enantiotropic hexagonal columnar mesophase. This mesophase 

was first identified by the optical texture observed by POM and then confirmed by X-ray powder 

diffraction. 
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Figure 1.8. Image obtained by 

POM for ligand 4b at 45oC 

Figure 1.6. DSC curves recorded for 

ligand 4d  

 

Figure 1.10. The XRD pattern for ligand 

4c recorded at cooling from the isotropic 

phase 

 

The lanthanide complexes have been shown to form two types of mesophases, a lamellar and a 

columnar phase, over a large temperature range. It was observed that the evolution of the 

mesogenic properties is not influenced by the nature of the lanthanide ion but rather by the length 

of the alkyl chains. Depending on the mesogenic behavior, the complexes can be divided into 

three categories. Complexes with short aliphatic chains exhibited an enantiotropic, stable and 

reproducible mesophase. The identification of the mesophase by POM was not sufficient due to 

its weak birefringence. The diffractograms recorded for these complexes showed four equidistant 

Bragg diffraction peaks, in the small angles’ region, in a ratio of 1:2:3:4, specific to a lamellar 

arrangement. Thus, the liquid crystal phase was attributed to the SmA mesophase. 
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Figure 1.18. POM pictures for complex 5a at 

205oC (a), and after “shearing” (b)  

Figure 1.25. The XRD patterns recorded for complexes with 

short alkyl chains n=8 (a) and 6 (b) carbon atoms respectively 

 

For compounds with intermediate carbon atoms in the aliphatic chain (n = 10), the formation of 

two liquid crystal phases with different textures was observed. These were initially identified by 

POM analysis, the correct attribution being supported by the data obtained from the X-ray 

powder diffraction, recorded at different temperatures. 
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Figure 1.20. Modification of the optical texture of the 

complex 6c at 180oC (a), 120oC (b) and 60oC (c) on cooling 

from the isotropic state 

Figure 1.26. The XRD patterns recorded for complex 

7c at 145oC (a) and 95oC (b) 

 

High temperature diffractograms showed three sharp Bragg diffraction peaks, in the ratio of 

1:√3:2 specific for hexagonal columnar mesophase, while low temperature diffractograms 

showed 4 equidistant Bragg diffraction peaks, 1:2:3:4, characteristic of a lamellar arrangement. It 

can be said that these complexes exibit a SmA mesophase at low temperatures and a Colh 

mesophase at high temperatures. Complexes with long aliphatic chains (with 14 and 16 carbon 

atoms) have a single mesophase, the formation of which was observed both on heating and 

cooling the materials. This was identified on the characteristic texture observed by POM as the 

Colh mesophase, the correct attribution being confirmed by X-ray powder diffraction. 

   
5 10 15 20 25 30

In
te

n
s

it
y

, 
a

.u
.

2deg

d
100

d
110

d
200

8Å

4.6Å

6f, Cooling at 125
o
C

 

30 60 90 120 150 180 210 240

H
e
a
t 

F
lo

w
, 

m
W

Temperature, 
o

C

7d -II-

g-Colh

Colh- Iso

Iso - Colh
Col

h
-g

20 40 60 80 100 120 140 160 180 200 220

Col
h
- Cr Iso - Colh

Colh- Iso

Cr-Colh

H
e

a
t 

F
lo

w
, 
m

W

Temperature, 
o

C

5e -II-

 

Figure 1.23. POM pictures for 

complex 5d at 223oC 

Figure 1.27. The XRD pattern 

recorded for the complexe 6f 

at 83oC 

Figure 1.15. DSC curves recorded for complexes 

with higher numbers of carbon atoms (n = 12, 

14) in the alkyl chain  

 

Another feature of these classes of complexes was that the isotropic temperature does not depend 

on the size of the lanthanide ion, so that the lowest isotropic temperature was recorded for 5c and 

a b c 

a b 
a b 
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6c complexes, 189oC, while the highest temperature was measured for complex 6d, at 238oC. All 

18 complexes showed, in solid state, the characteristic emission of the corresponding lanthanide 

ions, when these complexes were excited with light in the UV region. 

 

  
 

Figure 30. Emission spectra 

for complexes 5a-f in solid 

state 

Figure 1.31. POM pictures for complex 

5f: hexagonal columnar mesophase at 

55oC (a) and hexagonal columnar 

mesophase in UV light at 55oC (b) 

Figure 1.32. Images of complexes 5e, 

6e and 7e deposited on glass plate 

under UV light (254 nm) 

 

The photoluminescence spectra indicate a clear influence of the carbon atoms number in the 

alkyl chains on the optical properties of the complexes. By analyzing the shape of the emission 

peaks, it was observed an enlargement of them and a reduction of the lifetimes by about 30% for 

the complexes with six carbon atoms in the alkyl chain compared to those with 16 carbon atoms 

in the aliphatic chains. In addition, the emissive properties were also preserved in the liquid 

crystal phase. 

The decrease in the number of aliphatic chains  of the ligand, from 3 to 2 alkyl chains, was found 

to have a major influence on the mesogenic properties in the case of 3,5-alkoxy-benzyl-pyridone 

ligands, leading to no liquid crystal properties. 
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Figure 1.41. POM pictures for ligand 

11b at cooling at 42oC 

Figure 1.39. DSC curves recorded for 

ligand 11b  

 

For the lanthanide complexes having ligands containing two alkoxy chains, it was observed that, 

although the ligands do not have liquid crystal properties, the complexes 12, 14 (n = 12, 14) a 

stable and reproducible enantiotropic mesophase was observed, following the DSC 

measurements. The phase was attributed to the Colh phase, based on its specific fan-shape 

texture, observed by optical microscopy in polarized light and subsequently confirmed by X-ray 

diffraction. Comparing the transition temperatures to the isotropic phase for the complexes with 

3 aliphatic chains in the ligand structure with those containing two aliphatic chains, it was found 

that the decrease of the number of hydrocarbon chains leads to the decrease of the isotropic 

temperature of the complexes by over 50oC. 

a b 
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Figure 1.47. POM pictures for 

complex 12b at coolig at 148oC 

 

Figure 1.59. DSC curves recorded 

for ligand 12b 

Moreover, it was observed that for complexes 12-14a,b, the values of the isotropisation 

temperatures are influenced by both the length of the alkoxy chains and the size of the lanthanide 

ion. A special feature of these complexes was seen, the isotropic temperatures being higher for 

the complexes with 12 carbon atoms in the alkoxy chains, than for those complexes with 14 

carbon atoms. Regarding the variation of this parameter with the modification of the lanthanide 

ion, the isotropisation temperature increases with the increasing of the lanthanide ion size (Tb 

<Eu <Sm), except complex 13b, for which the measured isotropic temperature was lower than 

that of the other two similar complexes 12b and respectively 14b. 

The study of the emission spectra of such complexes revealed emission bands characteristic of 

each trivalent lanthanide ion. Although the emission intensity was lower than in the case of the 

3-alkyl chain counterparts, by excitation with light in the UV domain, the red luminescence 

characteristic of the Eu3+ ion, the orange specific of the Sm3+ ion and the green characteristic of 

the Tb3+ ion could be observed. 

 

Chapter II presents the synthesis and characterization of 3,5-di(alkoxy)-cyanobiphenyl-

pyridone and 4-(alkoxy)-cyanobiphenyl-pyridone ligands, in which the 4-pyridone coordinating 

unit is separated from the cyanobiphenyl mesogenic groups by alkyl chains spacers with 

different lengths (with 6, 9 and 10 carbon atoms in the aliphatic chain) as well as the synthesis of  

the corresponding complexes with Eu3+, Sm3+ and Tb3+. Both ligands and their related complexes 

had liquid crystal properties, with the exception of the 4-(hexyloxy)-cyanobiphenyl pyridone 

ligand and its corresponding complexes. 

                    
For ligands 18a-c and 22a-c, a nematic phase was observed, initially identified based on the 

typical Schlieren texture of the fluid, nematic phase, and subsequently confirmed by X-ray 

powder diffraction. The presence of a very weak peak at 2θ = 5o and a very wide peak at ⁓10-

22Å are characteristic of the nematic phases. The clearing temperature was found to be higher 

for ligands with odd number of atoms in the aliphatic chain, for ligands 18a-c, according to the 

even-odd effect.  
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Figure 2.7. POM pictures for 18b on cooling at 75oC (b) 

and 18c la 80oC(c) 

Figure 2.8. The XRD patterns recorded for ligand 

18b on cooling from the isotropic phase 

In the case of complexes 19-21a-c, the connection between the lanthanide ions and the organic 

liquid crystal led to an increase of the clearing temperature by about 12oCcompared to the 

corresponding ligands.  
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Figure 2.13. POM pictures for 

complex 19a at 99oC  

Figure 2.17. X-ray pattern diffraction 

for complexe 19a obtained during 

cooling from the isotropic phase 

 

The textures observed by POM led to the assignment of an enantiotropic SmA mesophase for 

this series of complexes. The recorded diffractograms presented, in the small angles region, 2 

equidistant Bragg diffraction peaks, in the ratio of 1:2, this being an arrangement typical for 

lamellar phases. Similar to complexes with two cyanobiphenyl mesogenic groups in the ligand 

structure, complexes with a single cyanobiphenyl group also exhibited an enantiotropic SmA 

mesophase, except for complexes with six carbon atoms in the aliphatic chain, which did not 

exhibit liquid crystal properties. SmA mesophase was identified by POM, based on the focal-

conical fan-shape texture, this attribution being supported by the data obtained after X-ray 

powder diffraction. The diffractograms recorded for complex 23b showed, in the small angle’s 

region, 3 equidistant Bragg diffraction peaks, in the ratio of 1:2:3, thus confirming the correct 

attribution of the SmA mesophase. 
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Figure 2.40. XRD pattern recorded 

upon cooling of complex 23b from 

the isotropic phase 

Figure 2.38. POM pictures for 

the complex 24c at cooling at 

111oC 

a b 
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In the case of 19-21a-c complexes, the clearing temperature was strongly influenced by the 

parity of the alkoxy chain. Thus, the transition temperatures of the complexes with nine carbon 

atoms in the aliphatic chain were higher than for the complexes having alkyl chains with six and 

10 carbon atoms.the clearing temperatures for complxes 23-25a-c do not depend on the size of 

the lanthanide ion, but on the length of the aliphatic chain. Thus, it was found thet as the number 

of carbon atoms in the aliphatic chain increases, their isotropisation temperature increases no 

matterthe nature of the lanthanide ion. All the complexes proved to be emissive in solid state at 

room temperature.  

Assessing the luminescent properties of the complexes, by recording the corresponding emission 

spectra, sharp emission bands were seen, characteristic of each trivalent lanthanide ion used. A 

particular feature was observed for the complexes of Sm3+ and Tb3+ ions with ligands 18a-c; in 

these cases, the emission spectra are dominated by the emission band of the ligand, their 

emission colour being light blue and not the typical orange-red for Sm3+ and green for Tb3+. The 

complexes proved to be luminescent not only in solid state at room temperature, but also in the 

liquid crystal state.  

 

    

Figure 2.24. Emission spectra of complexes 19a, 20a and 

21a recorded in dichloromethane solution at 270 nm 

Figure 2.48. POM images of complex 23c in the 

mesophase without UV (a) and under UV radiation (b) 

 

As demonstrated in Chapter II, the number of cyanobiphenyl mesogenic groups plays a very 

important role in inducing liquid crystal properties for both ligands and complexes. The decrease 

of the number of cyanobiphenyl groups attached to the ligand from two, in the case of ligands 

18a-c, to a single cyanobiphenyl group for ligands 22a-c, gave liquid crystal properties only for 

ligands with 9 and 10 carbon atoms in the aliphatic chain and  their Eu3+, Sm3+ and Tb3+ related 

complexes, while the compounds with shorter number of carbon atoms in the aliphatic chain (n = 

6), did not exibit liquid crystal properties. 

 

Thus, the main scope of the results presented in Chapter III was to demonstrate the effect of the 

nitrile group ge on the liquid crystal properties for both organic ligands, as well as for the 

corresponding complexes with trivalent lanthanide ions Eu3+, Sm3+ and Tb3+. 
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Figure 3.13. POM pictures for complexes 28b 

at cooling at 159oC 

a b 
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The study of the thermal behavior of ligands 27a, b by DSC and POM, revealed that the two 

ligands do not have liquid crystal properties. Despite the lack of mesogenic behaviour found for 

the organic ligands, the development of a mesophase was found on cooling the related 

complexes 28-30b from the isotropic phase. The characteristic fan-shape texture of the SmA 

phase seen by MOP observations has led to its identification and attribution. Although 

reproducible, the crystallization process takes place almost immediately, as the temperature 

decreases.  
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Figure 3.11. DSC curves recorded for complex 29b  

Figure 3.15. Emission spectra for 

complexes 28(a and b)  

 

In contrast to their counterparts with nitrile groups, for which a chain length with 9 carbon atoms  

was sufficient to induce liquid crystal properties to the complex, in the case of complexes with 

27a, b ligands a minimum length of 10 carbon atoms in the aliphatic chain is required. 

Comparing the clearing temperatures of 22a-c ligands with those of 27a and 27b ligands, higher 

valueswith about 45oC were measured for the latter omplexes. The emission spectra of the six 

complexes have characteristic bands for the corresponding trivalent lanthanide ions, which are 

emissive in solid state at room temperature, showing typical emission for each lanthanide ion. 

 

Chapter IV presents the synthesis and characterization of complexes similar to those discussed 

in the previous chapters, with the purpose to better understanding the coordination of lanthanide 

ions in the complexes presented in Chapters I-III. For complexes 32 and 34 single crystals were 

obtained and isolated. Single-crystal X-ray diffraction indicated that the lanthanide ions have 

coordination number 9, with six oxygen atoms from the three bidentate coordinated nitrogen 

groups and 3 oxygen atoms from the three ligand molecules.  

 

  
Figure 4.9. Two different perspectives of the 

molecular structure of the complex 32  

Figure 4.10. Molecular 

structure of the complex 34  

 

In Chapter V, a series of ionic liquid crystals were sintetized and investigated. These salts are 

based on pyridinium salts derived from 4-pyridones 4a-f (Chapter I.1.) with various 
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counterions: bromide (Br-), tetrafluoroborate (BF4
-), hexafluorophosphate (PF6

-) and triflate 

(CF3SO3
-), including pyridinium salts with cyanobiphenyl groups and pyridinium salts with 

mixed mesogenic groups, as well as  the polyoxometalate compounds of EuW10 coupled with 

these pyridinium salts. The pyridinium salts obtained from compounds 4a-f were synthesized by 

alkylation with the corresponding bromoalkane. The obtained salts were involved in the 

methathesis reaction for the replacement of the Br- ion with the three other counterions: PF6
-, 

BF4
- and CF3SO3

-.  

H2n+1CnO

H2n+1CnO

OCnH2n+1

N

OCnH2n+1

X-

X-= Br-: 35a-f

       PF6
- : 36a-f

       BF4
- : 37a-f

       CF3SO3
- : 38a-f  

   

Figure 5.8. POM pictures for compound 35d at cooling at 107oC (a), 61.7oC 

(b) and 61.5oC (c) (the transition between the two Colh mesophases) 
 

It was observed that only the pyridinium salts with the bromide counterion have liquid crystal 

properties, being, in fact, ionic liquid crystals. The mesophase observed for 35a-f salts was an 

enantiotropic hexagonal columnar phase. Moreover, for the compounds with n = 12 and n = 14 

carbon atoms, further cooling of the mesophase led to the development of a monotropic 

mesophases this time. The mesophases were identified as being hexagonal columnar phases, 

based on the textures seen by POM, the latter one having the same spherulitic texture as the 

previous one, but more ordered. The correct assignment of the mesophases was also supported 

by the X-ray studies performed on these compounds.  

The pyridinium salts with two cyanobiphenyl mesogenic groups, 40a-c, display a monotropic 

mesophase upon cooling from the isotropic phase, thus being considered ionic liquid crystals as 

indicated by DSC and POM studies. The mesophase observed by POM and identified as being a 

nematic phase, based on the characteristic textures, was subsequently confirmed by X-ray 

diffraction studies. 

   
Figure 5.34. Image obtained by POM at 

cooling, for the pyridinium salt 40b at 70oC 

 

In the third part of this chapter, the role played by the alkylation of 4-hydroxypyridine by 

undecene, on one side, and decyloxy-4-cyanobiphenyl on the other side, in order to obtain 

pyridinium salts with liquid crystal properties and subsequently polyoxometalate compounds was 

investigated. The two groups were attached, at the same time, either to the nitrogen atom or to 

the oxygen atom.  

a b c 

a 
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Figure 5.52. POM pictures at 

cooling for the pyridinium salt 

44 at 40oC 

Figure 5.50. DSC curves 

recorded for pyridinium salt 44 

 

By DSC and POM studies, it was observed that the position in which the two mesogenic groups 

are attached to the 4-hydroxypyridine core has a critical effect on the liquid crystal properties of 

these pyridinium salts. For example, The  pyridinium salt 43, having the decyloxy-4-

cyanobiphenyl group is linked to the oxygen atom and the undecene group to the nitrogen atom, 

has been shown to be an ionic liquid crystal, which presents upon cooling a very viscous SmA 

mesophase, while the pyridinium salt 44, where the alkylation of the two groups was reversed, 

did not exhibit liquid crystal properties.  

The 35a-f pyridinium salts were employed for the preparation of hybrid materials with the 

polyoxometallate macroanion EuW10O36·32H2O, giving products 39a-f.  
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Figure 5.22. POM picturs for the 

compound 39f on cooling at 125oC 

 

Figure 5.23. X-ray diffraction 

pattern recorded for compound 39f 

These products exhibit liquid crystal properties, showing a monotropic hexagonal columnar 

mesophase. POM and X-ray diffraction studies played an important role in highlighting the 

mesomorphic properties of the compounds, the transitions corresponding to the phase 

transformations being too wide to be seen on the DSC curves. The mesophase observed by POM 

was assigned to the Colh phase, based on its characteristic spherulitic texture. The diffractograms 

related to these compounds confirmed the correct identification of the mesophase, showing 

Bragg diffraction peaks in the region of small angles, according to 1:√3:2:√7:3, specific to 

hexagonal columnar phases.  

The hybrid materials 41a-c showed, upon cooling from the isotropic phase, a reproducible 

enantiotropic SmA mesophase, the assignment was based on the characteristic textures.  

 

a b 
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Figure 5.38. DSC curves recorded for compound 41c  
Figure 5.42. POM pictures at cooling for 

compound 41c at 92oC (a) and 70oC (b) 

 

For compounds 45 and 46, the same behavior was observed as for their corresponding salts.  

Compound 45 exibits a SmA mesophase on cooling the material from the isotropic phase, while 

compound 46 has no liquid crystal properties. For both the pyridinium salt 43 and the 

corresponding polyoxometalate compound 46, the liquid crystal phase was identified and 

attributed based of the specific texture characteristic of the highly viscous SmA mesophase.  

0 30 60 90 120 150

45 -I-

Temperature, 
o
C

H
e

a
t 

F
lo

w
, 
m

W

Cr1-Cr2

Cr2-Iso

SmA-Cr

 
0 30 60 90 120 150

45 -II-

Temperature, 
o
C

H
e

a
t 

F
lo

w
, 
m

W

Cr1-Cr2

Cr2-Iso

TSmA-Cr

 

 

Figure 5.55. DSC curves recorded for compound 45 
Figure 5.57. Image obtained by POM at 

cooling for the compound 45 at 45oC 

 

The pyridinium salts 35a-f show a blue luminescence when they were irradiated with UV light, 

while the corresponding EuW10 compounds have a red-orange light characteristic to the Eu3+ion.  

    
Figure 5.14. Images of compound 35d in solid state, 

without (a) and with UV irradiation (b) 

Figure 5.15. Images of compound 35d in liquid crystal 

phase, without (a) and with UV irradiation (b) 

 

The emission spectra recorded for all hybrid materials synthesized in this chapter show 

characteristic bands of Eu3+ ion transitions. Involvement of the EuW10 anion in the formation of 

hybrid materials has led to decreased of the symmetry of the Eu3+ coordination environment. 

Comparing the ratio of the intensity of the light emission given by the transition 5D0→
7F2 to the 

5D0→
7F2 transition (I(5D0→

7F2)/I(
5D0→

7F1)) of all hybrid materials, a decrease of the symmetry 

in the coordination sphere of the Eu3+ ion was observed. In the case of materials with long 

flexible chains, this symmetry increases with the increase of the number of carbon atoms in the 

a b 

a b a b 
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aliphatic chains. In addition, all synthesized hybrid materials have been shown to be luminescent 

both in solid state, at room temperature, as well as in liquid crystal phase. 

 

    
Figure 5.46. POM images of compound 41a in liquid 

crystal phase without UV irradiation (a) and with UV 

light irradiation (b) 

Figure 5.61. Images of compound 45: SmA mesophase at 

41°C (a) and SmA mesophase at UV light at 41°C (b). 

 

In conclusion, this thesis aimed to the synthesis and characterization of new types of luminescent 

liquid crystals based on lanthanide ions. For this purpose, a total of 144 compounds have been 

synthesized, of which 17 organic N-alkyl-pyridones ligands which led to the preparation of 51 

complexes with ilanthanide ions ( Eu3+, Sm3+ and Tb3+) and a number of 29 pyridinium salts with 

different mesogenic groups which resulted in 11 hybrid materials with EuW10 polyoxometalate 

anion and 36 precursors. 
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