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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 lanthansbgess. The interegfiven 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 applicabilityis in the field ofliquid crystal displays (LCDSs).

The main objectives of the doctoral thesis were

U Synthesis b new classes of ligands anglyridinium salts andtuning their mesogenic
properties by using different mesogenic groups in the ligand structure

U Structural characterization and confirmation of the ligands by various techniques sHeh as
NMR and *C-NMR spectroscopy IR spectroscopy elemental analysis and
themogravimetric analysjs

U Synthesis of new classeslahthanidomesogens usitige newsynthesizedigands and Etf,
S, Tb** lanthanide iongs well as hybrid materials starting from pyridinium salts with the
polyoxometalated macroani@u\W:003zs-32H0 (EuWho);

U Structural confirmation of thesecompounds by IR spectroscopy, elemental and
thermogravimetric analysis

U Characterization of thenesogeit propertiesof ligands, pyridinium saltslanthanide ion
complexes and hybrid materials by differential scanning calorimetry (DSC), polapzedl
microscopy(POM) and Xray powder diffraction at different temperature.

U Characterization of the photomigal properties

The PhD. thesis is structured in two partsie first part dedicated to thditerature survey in

which different classes of ligands usedtil now to obtain lanthanidonsegens are presented,

and asecondpart in which the originatontributions argresented.

Liquid crystals are materials that have similar propestiis both liquids and soligrystalline
materials In a liquid crystal, the moleculesan haveas much fluidityas theliquids, but alsoa

certain orientation of the moleculegyst not as strict as in the case of molecular crystals.
Lantanidomeogens can be defined as lanthanide complexes with liquid crystgiertiesor

liquid crystals containing lanthanide ioifS). The way they are obtaad follows the same
pathwayas forthe organic liquid crystals, namedy 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 the case obrganic compound$3). These compounds
combine the unique properties of lanthanide ions (luminescence, paramagnetism) with those of
liquid crystals (fluidity, anisotropyleading toliquid crystals with coordination numbéigher

than six, by introducingahthanide 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 literatutevey, focusing on the types of ligands
used so far in obtaininignthanidomesogerend the mesogenic and luminescent properties that
the respective complexexibit. The mostemployedligands have been by far the Schiff bases.
While ligands of this type had a nematic mesophase, the corresponding complexes had viscous
mesophasesuch aghe SmA phasg25, 29)

Another class of ligandsankedin the second place in the preference of the researchers looking
for the synthesis of lanthamithesogens i s t h aiketormateligands @0). Bhe first
conplex of this type was [Eu (ttg) (tta- -tenoxifluoracetonatwith 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 lanthanidomesoggnihesis are:

- b-enaminoketoe ligands, which, although very similar in structure to Schiff bates,
correspondinganthanide complexasereless studied66, 67)

- bis(benzimidazolyPyridine ligandg90-92);

- phthalocyanine|utetium complexeswith substituted bisphthalocyaninato) ligandwere the

first lanthamdomesogens with ligands of this type described in the literatliod);

- polyoxometalate compoun$28-136).

The second part of the thesis presents the original contributions in the field of
lanthanidme®gens obtained with Nalkyl-4-pyridone ligandsand it is structured in five
chaptersThe synthesis danthanidomesogens with-&lkyl-4-pyridone ligands is an unexplored
frield so far in the literature there are no reported complexes of lanthanidediquiith crystal
properties obtained witlthis type ofligands. Two methods are known for the synthesis of
lanthanidomesogens. The firshe involves the separation othe coordination uniand the
mesogenic group blpng flexible alkyl chains, and the seabmethod involveshe preparation

of the mesogenic ligands by increasing the number of aliphatic chains atttwhtbe
coordinatng unit. 4-pyridone derivatives are known in thea n t h aovididaé® chemistry

as Ocoordinate ligands, but the use ehyidroxypyridine is of particular interest because of the
ability to form ligands with various mesogenic grouglkylated to either thexygenor nitrogen
atom, thus obtaining {Substitutedor O-substitied 4pyridones.This particular feature allows

the tuning of the liquid crystal properties of the ligands amdplicitly, of the corresponding
lanthanidomsogens by introducing different mesogenic grewither to the oxygen atoot to

the nitrogen atonpr even allows them to be linked to both ends of the coordmatiit. These
ligandshavean important role both from the point of view of the mesogenic and luminescent
properties of the lanthanide complexas these ligandsay the antennaole, absobing 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 whkere it
attachedo the pyridinering, leads either to thermotropi@yiiid crystals or ionic liquid crystals.

In this thesis, the lanthanide ions used to obtain compounds with mesogenitiggopere, on

one hand Eu**, Sm¥* and TB* and, on the other hand, the polyoxometallate macroanion
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EuWioOs6” due to their interestm luminescent propertiesyhile the 4pyridone ligandswere
obtained through botimethod mentioned before.

The first chapter presents the synthesis and characterizatiom ofew series of
lanthanidomsogens with Nalkyl 4-pyridoneligands with 34,5tri (alkyloxy) benzyl (n = 6, 8,
10, 12, 14 and 16 carbon atoms in the hydrocarbon chiisand 3,5di (alkoxy) benzyl (with
12 and 14 carbon atoms in the aliphatic chahlmescompound&laand11b) mesogenic groups

OCnH21rl

HMCHOQ
Hy,1C,0
H,,,C,0 Hyy1C,0 i e OC,Hapty
Hypi C,0

0C,Hy,., e @\v u 0C,Hyy.
Hop1 GO Hpni1 GO | N ] 0 ‘ N ]
o G0 Ln(NO3);x mH,0 0 ‘

N 3)3 2 (o)
\]_n/

4af O (NO3); Ln: Eu, Sm, Th
Eu:5a-f

|} EOH, agitarc temp. cam. 2h
(16,8, 10,12, 14, 16) ot
Both theligands4a-f and their corespondingpmplexesbaf, 6a-f and 7a-f exibit liquid crystal
properties. In the case ohcoordinatedigands, the study of their thermal behavior by DSC and
POM led to the observation of an enatrtopic hexagonal columnar mesophase. This mesophase
was first identified by the optical texture observed®M andthenconfirmed by Xray powder
diffraction.

ccccc

Heat Flow, mW.
Intensity.

-
I

2q/deg

Figure 1.6. DSC curves recorded fo Figure 1.10. The XRD pattern fdigand
ligand4d 4crecorded at cooling from the isotropi
phase

Figure 1.8. Image obtained by
POM forligand4b at 45C

The lanthanide complexes have been shown to form two types of mesojpHasesar anda
columnarphase over a large temperature range. It was observed that the evolution of the
mesogenic properties is not influenced by the nature of the lanthanideticather by the length

of the alkyl chains. Depending on theesogenidehavior, the complexes can be divided into
three categoriesComplexes with short aliphatic chains exhibited an enantiotropic, stable and
reproducible mesophase. The identificatidrihee mesophase blPOM was not sufficient due to

its weak birefringence. The diffractograms recorded for these complexes showed four equidistant
Bragg diffraction peakdn thesmalla n g Iregisndin a ratio of 1:2:3:4, specific to a lamellar
arrangementrhus, the liquid crystal phase was attributed to the SmA mesophase.
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d,
oot 5b, Cooling at 83°C b

- 001 6a, Cooling at 132°C

Intensitaty, a.u

8 1 2
2qdeg

Figure1.18.POM picturesfor complex5a at Figure 1.25. The XRD patterngecordedfor complexes with
205°C (a),and afteifis h e a kb) n g 6 short alkyl chaine=8 (a)and6 (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 textureasnobserved. Theseere initially identified by

POM analysis the correct attribution being supported by the data obtained from -tiag X
powder diff

60000 7, Cooling at 95°C

L =il
L7 ey N
Figure1.20.Modification of the optical texturef the Figure1.26.The XRD patternsecorded focomplex
complex6cat 180C (a), 120C (b) and 66C (c)oncoding 7cat145°C (a)and95°C (b)

from the isotropic state

High temperature diffractograms showed three sharp Bragmadlifin peaks, irthe ratio of

1 : 2 3pecific for hexagonal columnar mesophase, while low temperature diffractograms
showed 4 equidistant Bragg diffraction peak&,34, characteristic of a taellar arrangement. It

can be said that these complexegbit a SmA mesophase at low temperatures and a Col
mesophase at high temperatur@smplexes with long aliphatic chains (with 14 and 16 carbon
atoms) have a single mesophase, the formation of wkahobserved botlon heating and
cooling the materials. This was identified on tlebaracteristidexture observed bPOM as the

Colh mesophase, the correct attribution being confirmed Hogpowderdiffraction.

o 6f, Cooling at 125°C

Heat Flow, mW
W, mw

Heat Flo

Figure1.23.POM picturesfor Figurel.27.The XRD pattern Figurel.15.DSC curves recorded for complex
9 corﬁ Iéx5d atp223‘C recorded for theomplexetf with highernumbers of carbon atoms (nl2,
P at83°C 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 recosdechdor

4
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6¢c complexes, 18%, while the highestemperaturavasmeasiredfor complexéd, at 238°C. Al
18 complexes showed, in solid state, the characteristic emission of the corresponding lanthanide
ions, when thge complexewere excited with light in the Uyegion

0, F, §

\
i

\

ot

$80 600 620 640 €60 680 700

Figure 1.31POM picturesor complex
5f: hexagonal columnar mesophase ¢
55°C (a) and hexagonal columnar

mesophase in UV light at 35 (b)

Figure 1.32. Images @omplexesbe
6eand7edeposited on glass plate
under UV light (254 nm)

Figure30. Emission spectra
for complexe$af in solid
state

The photoluminescence spectralicatea clear influence of thearbon atomsiumberin 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 abfmut 30%
the complexes with six carbon atoms in the alkyl champared to those with 16 carbon atoms

in the aliphatic chains. In addition, the emissive properties were alsoa@sarthe liquid

crystal phase

The decrease in the number of aliphatic chains of the ligand, from 3 to 2 alkyl chains, was found
to have anajor influence on the mesogenic properties in the case -@fidsy-benzytpyridone
ligands,leading to ndiquid crystal properties

11b-I- Cl,l— Iso
H2n+1CnO Cvz&cu
2 oo
i > \ : |
N =
Hy,11C,0 \ \ T~
o 1
39 y T, Cr, Iso-Cr.
(0] = = 1 T e, :
!a, 11b s P P @ )
n=12, 14 Temperature, °C

Figure 1.41POM picturesfor ligand Figure 1.39. DSC curves recorded f
11bat cooling at 42C ligand11b

For thelanthanide complexdsavingligands containingwo alkoxy chains, it was observed that,
although the ligands do not have liquid crystal properties,complexed2, 14 (n = 12, 14) a

stable and reproducible enaitopic mesophase was obseryvetbllowing the DSC
measuremenisThe phasewas attributedto the Col phase, based on its specific fsimape

texture, observed by optical microscopy in polarized light and subsequently confirmedaiy X
diffraction. Comparing the transition temperatuteghe isotropic phastr the complexes with

3 aliphaticchains 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 ove?G0
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12b-11-

OCHHMH

eat Flow, mW
1)

. : =
. " X A
n: Eu, Sm, : ™ 2
Eu: 12a, 12b T T T T T T T T
|| Sm: 13a, 13b 20 40 60 80 100 120 140 160

N Th:14a, 14b

Jé\ Figure 1.47.POM picturesfor :
Hapt G0 0,y 1214 . Figure 1.59.DSC curves recorde(
complex12bat coolig at1l48°C for ligand 12b

Moreover, it was observed thafor complexes12-14a,b, the values of the isotrogation
temperatureareinfluenced by both the length of the alkoxy chains and the size of the lanthanide
ion. A special feature of these complexes w@sn the isotropic temperatures being higher for
the complexes with 12 carbon atoms in the alkoxy chains, fitvathosecomplexeswith 14
carbon atomsRegarding the variation of this parameter with the modification of the lanthanide
ion, the isotromationtemperature increases with thereasing of théanthanide iorsize (Tb

<Eu <Sm), exceptomplex13h for which themeasuredsotropic temperature was lower than
that of the other twsimilar complexesl2b andrespectivelyl4b.

The study of the emission spectrhisuch complexes revealetnissionbands characteristic of
each trivalent lanthanide ioAlthough the emission intensity was lower than in the case of the
3-alkyl chain counterparts, bgxcitation with light in the UV domain, the red luminescence
characteristic ofhe Ed* ion, the orange specific of the Shion and thegreen characteristicf o

the TP+ ion could be observed.

Chapter Il presents the synthesiand characterization of 3di(alkoxy)-cyanobiphenyl
pyridone and 4alkoxy)-cyanobiphenybpyridone ligands, in which the-gyridone coordinatig
unit is separated from the cyanobiphemgesogenic groups bwlkyl chains spacers with
different lengths (with 6, 9 and 10 carbon atoms in the aliphatic caaiwgll as the synthesis of
the orresponding complexes with BuSn* and TB*. Both ligands and their related complexes
had liquid crystal properties, with thexception of the 4hexyloxy)cyanobiphenyl pyridone
ligand andits corresponding complexes.

NCO—(CHZ)H—O
. O_(CHZ)H_O: Q NCO—(CHz)n—N\:>:O

18a-c 0 22a-c

For ligandsl8ac and 22ac, a nematic phase was observed, initially identified based on the
typical Schlieren texture of the fluid, nematic phaaed subsequently confirmed by -day
powder diffraction. The msence of a very weak peak at=25° and a very wide peak atL0-

22A are characteristic of the nematic phases. dearingtemperature was found to be higher
for ligands with odd number of atoms in thghhtic chainfor ligands18a-c, according to the
evenodd effect.
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18b Cooling at:

—s58°C
— 64°|

Intensity, a. u

5 10 15 20 25 30
2g/deg

Figure 2.7. POMicturesfor 18b on cooling at 75C (b) Figure 2.8. The XRD patterns recordedlfgand
and18cla 8C°C(c) 18bon cooling from the isotropic phase

In the case otomplexesl9-21ac, the connectiobetween the lanthanide ions and the organic
liquid crystal led to an increase of tléearing temperature by about 42compaed to the
corresponding ligands

R-0 O-R

D
R-G <§ \? Q 0-R
\ )/

0 0

\ / f ) ‘,‘:.
R: NCO*(CHZ)" /LH(NO’)S S e LT =~
n=6.9.10 (/_§ Ln: Eu, Sm, Th 75 ERNATERY 2
/ Eu:19a-c 4 8 1 1 N u B
S _ - _ _
o, Figure 2.17. Xray pattern diffraction
% Figure 2.13POM picturedor for complexel9aobtained during

complex19aat 99C 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, sm#tleanglesegion, 2
equidistant Bragg diffractiopeaks in the ratio of 12, this being ararrangement typicafor
lamellar phasesSimilar 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 cardoms in the aliphatic cl@a which did not
exhibit liquid crystal properties. SmAnesophase was identified by POM, based on the -focal
conical fn-shape texture, this attribution being supported by the data obtained afégr X
powder diffraction. The difictograms recorded for compl28b showed, in the smadk n g | e 6 s
region 3 equidistant Bragg diffraction peaks,thre ratio of 1:23, thus confirming the correct
attribution of the SmA mesophase

R R
3 M
0 O
\ )/
0

0]

NLANOY; ]
J
Ln: Eu, Sm, Th
(/§ Eu:23a'c
/ Sm:24a-c
N Th:25a-c I
R 2 gleg
Figure 2.40.XRD patternrecorded  Figure 2.38. POMicturesfor
R NCO?‘CHZ)" upon cooling of comple23bfrom  the complex24cat cooling at
n=6,9, 10 the isotropic phase 111°C
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In the case ofl9-21ac complexes, thelearing temperature wastrongly 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 forcmplexes having alkyl chaingth six and

10 carbon atoms.thdearingtemperature$or complxes23-25a-c do not depend on the size of

the lanthanide ion, but on the length of the aliphatic chain. Tiwss found theas the number

of carbon atoms in the aliphatic chain increases, their issatpntempeature increaseso
mattethe rature of the lanthanide ioAll 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 bamwdsre seencharacteristiof each trivalent lanthanide ion used. A
particular feature was observed for the cerpsof Sm** and TB* ions with ligands18ac; in

these cases,the emission spectrare dominated by the emission band of the ligand, their
emissioncolourbeing light blue and nahetypical orangered for Sni* and green for TH. The
complexes proved to be luminescent not only in solid state at room temperature, butlaso in
liquid crystalstate.

1.5 = 19a
— 202
- 212

o

Intensitate

4
n

0.0° — - — .
300 400 500 600 700

Figure 2.24. Emission spectraaimplexesl9a 20aand Figure 2.48. POM images abmplex23cin the
21arecordedin dichloromethane solution at 270 nm  mesophase without UV (a) and under UV radiation

As demonstrated iChapter 1l, the number of cyanobiphenyl mesogenic groups plays a very
important role in inducing liquid crystal properti@s both ligands and complexes. The decrease
of the number of cyanobiphenyl grougached tdhe ligand from two, in the case bfands
18ac, to a single cyanobiphenyl group for ligariza-c, gaveliquid crystal properties onlfor
ligands with 9 and 10 carbon atoms in the aliphatic chain anid Bb¥, Sn?* and TH* related
complees while the compounds with shortaumberof carbon ators in the aliphatic chain (n =

6), did notexibit liquid crystal properties.

Thus, themain scope of the results presente@iapter Ill was to demonstrate tledfectof the
nitrile group ge on the liquid crystal propertiedor both organic ligands, as well d@or the
corresponding complexes Witrivalent lanthanide ions By Sn?* and TG,

R
R‘N y\]
Nl
_ Ln(NO9)sx XH,0 \ )
_ N 0o ———M o
O (CHz & EtOH, agitare 2h A/

65-70°C FN(NOJs

27a, 27b Ln: Eu, Sm, Th U A
H _ N Th30a, 30b : S L
Wl R Figure 3.13.POM picturesfor complexe<8b
n=9,10 at cooling at 15%C
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The study ofthe thermal behavior digands27a, bby DSC and POMrevealedthat the two
ligands do not have liquid crystal properties. Despiteléick of mesogenic behaviour found for
the organic ligandsthe development of a mesophase was foondcooling the relaed
complexes28-30b from the isotropic phaserhe characteristidan-shape texturef the SmA
phase seen by MOP observatiohas led to its identification and attribution. Although
reproducible, the crystallization process takes place almost immediatetlie temperature
decreases

l CCCCC 55 T, —28a
o —a28p
29 -I- 290 -II-
000

Heat Flow, mW
f
Heat Flow, mwW/

SSSSS

30 60 %0 120 150 180 550 600 650 700 750

Temperature, "C I nm

Figure 3.15. Emission spectra for
Figure 3.11. DSC curvagcordedor complex29b complexe8(aandb)

In contrast to theicounterparts with nitrd groups, for which a chain lengtlith 9 carbon atoms
was sufficient to induce liquid crystal properttesthe complex,in the caseof complexes with
27a, b ligands a minimum lengtlof 10 arbon atoms in the aliphatic chais required.
Comparing theslearingtemperaturesf 22a-c ligands with those a27aand27b ligands,higher
valuesvith about 48C were measured for the latter omplex&be emission spectra of thsx
complexes have chartacistic bands for the corresponding trivalent lanthanide ions, which are
emissive in solid state at room temperatst®mwingtypical emissionfor each lanthanide ion

Chapter IV presents the synthesis and characterization of complexes similar to those discussed
in the previoushapterswith the purposeto betterunderstanithg the coordination of lanthanide

ions in the complexes presenteddhaptersHlll. For complexe82 and 34 single crystals were
obtained and isolated. Singteystal Xray diffraction indicated thathe lanthanié ions have
coordination numbe®, with six oxygen atoms from the three bidentate coordinated nitrogen
groups and 3 oxygen atoms from the three ligantecules

O $5X
N N Y {
V] , ol
S % Lo } <
\ A > oN y -~ ! =
\L'n//l\'()x N YC \/\; { > a ®c )
o ONGE e
o] IE: ;izu Sm, Th J \\'1 T\/‘\r
O B A TR .
b Figure 4.9. Two different perspectives of the Figure 4.10.Molecular
molecular structure of theomplex32 structure of theomplex34

In Chapter V, a series of ionic liquid crystaisere sintetized and investigatethese salts are
based onpyridinium salts derived from -gyridones 4af (Chapter 1.1.) with various
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counterions bromide (BF), tetrafluoroborate (BF), hexafluorophosphate (P} and tiflate
(CRS(Gy), including pyridinium salts with cyanobiphenyl groups and pyridinium salith
mixed mesogenic groupas well as the polyoxometalateompounds of EuWd coupledwith
thesepyridinium salts The pyridinium salts obtained frooompoundsta-f were synthesized by
alkylation with the corresponding bromoalkane. The obtained salts iweodved in the
methathesigeaction for the replacement of the  Bin with the three other counterion®Fs’,
BFs andCRSOGs.

OCnH2n+1
H2n+1CnO
Hzn1CnO D) x-
X=Br~: 35a-f | |
PFg : 36a-f
BF, : 37af OCHan+1 Figure 5.8. POMicturesfor compound35d at cooling at 10%C (a), 61.7C
CF3S0;4': 38af (b) and 61.8C (c) (the transition betwedhe twoCol, mesophases)

It was observed that only the pyridinium saltishwthe bromidecounterion haveiquid crystal
properties being in fact, ionic liquid crystals. The mesophase observe®%af salts was an
enantiotropic hexagonal columnginase Moreover,for the compounds with n = 12 and n = 14
carbon atoms, further cooling of theesophasded to the development o monotropic
mesophases this time. The mesophases were identified as being hexagonal cohasesy
based on the texturegen byPOM, the latterone having the same spherutittexture as the
previous one, but more @erd The correct assignment of the mesopkagas also supported
by the Xray studiesperformedonthese compounds

The pyridinium salts with two cyanobiphenyl mesogenic groufilac, display a mondropic
mesophase upon cooling fraime isotropic phaseéhus being considered ionic liquid crystats
indicated byDSC and POMstudies The mesophase observed by POM and identified as being a
nematic phase, based on the characteristic textures, was subsequently ednbymXray
diffraction studies

L) Oromons - 2
NC O-(H,C)n—N O—(CH,)n—0 CN

Br’ 40a-c

n=6,9, 10 i Ao A 497
Figure5.34.Image obtained bi?OM at
cooling, for the pyridinium saldOb at 70°C

In the third part of this chapter, the role played by the alkylation-lbydtoxypyridine by
undecene, on onside and decyloxyd-cyanobiphenyl on the other side, in order to obtain
pyridinium salts witHiquid crystalpropertiesand subsequently polyox@tabhtecompoundsvas
investigated The two groups werattached at the same time, eith& the nitrogen atom oo

the oxygen atom
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4
HZC=CH—(CH2)9fﬁC\>—Of(CH2),O—OCN
Br
43
=+
HZC:CH—(CHZ)Q—O@N—(CHZ)IO—OCN
44 Br

Figure 5.52.POM picturesat
coolingfor the pyridinium salt
44 at40°C

Figure 5.50.DSC curves
recorded for pyridinium sa#t4

By DSC and POMstudies it was observed that the position in which the m@sogenigroups

are atachedto the4-hydroxypyridinecorehasa aitical effecton theliquid crystal propertiesf

these pyridinium saltsFor example, The pyridinium salt 43, having the decyloxy4-
cyanobiphenyl group is linked the oxygenatomandthe undecene group tihe nitrogenatom

has been shown to be an ionic liquid crystal, which presents upon cooling a very viscous SmA
mesophase, while thgyridinium salt44, wherethe alkylation of the two groups was reversed,

did not exibit liquid crystal properties

The 35af pyridinium sdts were employed for the preparatiai hybrid materials with the
polyoxometdite macroaniorEuWi10036:32H0, giving products39arf.

100
/ 391, Cooling at 119 °C

OCrHansq
H2n41C0.

Hyn41CrO > [EuW 4054

T %
OC,Honsq 0 Lam

39a-f Figure 5.22.POM pictursfor the Figure5.23.X-ray diffraction
compound39f on cooling at 125C patternrecorded for compoungof

These productsexhibit liquid crystal propertiesshowinga monotropic hexagonal columnar
mesophase. POM and-rdy diffraction studiesplayed an important role in highlighting the
mesomorphic properties of the compounds, the transitions corresponding to the phase
transformations being too wide to be seen orX8€ curves. The mesophase observed by POM
was assigned to the Gglhase, based on its characteristic spherulitic texture. The diffractograms
related to these compounds confirmed the correct ideniificaif the mesophase, showing
Bragg diffraction peaksn the region of small angles, accordingto & 3 : 2spedific :to3 ,
hexagonal columnar phases

The hybrid materialtlac showed, upon cooling from the isotropic phase, a reproducible
enantiotropic SmA mesophasee thssignment wasased a the charactestic textures

Nc—o~(CH2)n-r¥C\>—o—(CH2)n—oCN

41a-c

[EuW,(056]”
9

n=6, 9, 10
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Figure5.42.POM picturesat cooling for
compound4lcat92°C (a) and70°C (b)

Figure 5.38. DSC curves recorded éompound1c

For compoundg5 and46, the same behavior was observed as far toeresponding salts

R
W N —
9
45 46

Compound45 exibits a SmA mesophasan cooling the material from the isotropic phaséile
compound46 has no liquid crystal properties For both the pyridinium salt 43 and the
corresponding polyoxometalate compoudf, the liquid crystal phase was identified and
attributed basedf the sgcific texture chaacteristic of thenighly viscousSmA mesophase

[EuW, (03]
9

SSSSS

Heat Flow, mw
Heat Flow, mW

g \\

H ;

°

Figure 5.57. Image obtained by POM at

Figure 5.55.DSC curves recorded faompoun5 cooling for the compounds at 45C

The pyridinium salt85af show a blue luminescence whirey wereirradiated with UV light,
while the corresponding Euldcompounds have a radtange light characteristic to tEef*ion.

Figure 5.14.Images of compoung5din solid state, Figure 5.15.Images of compoun@5d in liquid crystal
without (a) and withJV irradiation (b) phasewithout (a) and with UV irradiation (b)

The emission spectra recorded for all hybrid materials synthesized in this chapter s
characteristic bands of Elion transitions. Involvement of the Euv\anion in the formation of

hybrid materials has led to decreas#dhe symmetry of the Eti coordination environment
Comparing the ratio of the intensity of the light emission given by the trandtidh’F, to the

*DoY ‘2 transition(1(®°DoY "F2)/1(°DoY ’F1)) of all hybrid materiak, a decrease of the symmetry

in the coordination sphere of the Buion 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
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