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ABSTRACT: Europium-containing cholesteric liquid crystalline polymers were graft copolymerized using poly(methylhydrogeno)silox-
ane, cholesteryl 4-(allyloxy)benzoate (M;), cholesteryl acrylate (M,), and a europium complexes monomer (M;). The chemical struc-
tures of the monomers were characterized by Fourier transform infrared and 'H-nuclear magnetic resonance. The mesomorphic
properties and phase behavior were investigated by differential scanning calorimetry, thermo gravimetric analysis, polarizing optical
microscopy, and X-ray diffraction. With an increase of europium complexes units in the polymers, the glass transition temperature
(Tg) did not change significantly; the isotropic temperature (7;) and mesophase temperature range (AT) decreased. All polymers
showed typical cholesteric Grandjean textures, which was confirmed by X-ray diffraction. The temperatures at which 5% weight loss
occurred (T,) were greater than 300°C for the polymers. The introduction of europium complexes units did not change the liquid
crystalline state of polymer systems; on the contrary, the polymers were enabled with the significant luminescent properties. With
Eu’" ion contents ranging between 0 and 1.5 mol %, luminescent intensity of polymers gradually increased and luminescent lifetimes

were longer than 0.45 ms for the polymers. © 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 40866.
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INTRODUCTION

Cholesteric liquid crystalline polymers (ChLCPs) have attracted
considerable interest because of the outstanding optical proper-
ties such as selective reflection and transmission of light, circu-
lar dichroism, and thermochromism.'™> Moreover, ChLCPs can
form a stable Grandjean texture with selective reflection of visi-
ble light. In addition, heat resistance, good elasticity, and film-
forming properties increase the potential application of side-
chain ChLCPs, such as flat-panel displays, organic pigments,
and full color thermal imaging. The structure of side-chain
ChLCPs mainly contains the polymer backbone, the flexible
spacer length and the rigidity of the mesogenic units.*® At
present, polysiloxane,” cyclosiloxane,® polyacrylates,” polymetha-
crylates,'” and polyvinylethers'' are usually used as polymer
backbone for ChLCPs. To obtain the lower T, and mesomorphic
properties at moderate temperature, the polysiloxane backbone
is usually used."> One of the strategies for synthesizing side-
chain ChLCPs is graft copolymerized using polysiloxane, chiral
LC monomers and additional monomers.

Rare earth luminescent materials are applied in many optical devices,
such as displays, tunable lasers and amplifiers for optical communi-
cation."” Many rare earth complexes have been investigated exten-
sively, owing to their especially efficient strong narrow-width
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emission band in the visible region."*™® In the last decade, a sub-
stantial amount of research has been devoted to design luminescent
liquid crystals'”'® to obtain the materials that combine the proper-
ties of liquid crystals and rare earth complexes.'”' Most examples
of lanthanidomesogens are smectic liquid crystals,”>* which mim-
icked the disk-like or rod-like shape of the conventional organic lig-
uid crystals® and some examples of lyotropic lanthanidomesogens
have also been reported.”>* However, the high transition tempera-
tures, unworkability, and low thermal stability are major drawbacks
that hamper the application of the physical properties of these mate-
rials. Some methods have been put forward to overcome these prob-
lems such as by incorporating rare earth complexes into liquid
crystalline polymers to obtain rare earth-containing LCPs materials.
In addition rare earth-containing LCPs materials improved the
promising applications in many fields such as optics, electronics,
mechanics, displays, luminescent dye, and so forth.

In this paper, a series of new side-chain ChLCPs containing
europium complexes were synthesized. The LC properties of the
monomers and polymers obtained were characterized with dif-
ferential scanning calorimetry (DSC), thermogravimetric analy-
sis (TGA), polarizing optical microscopy (POM), and X-ray
diffraction (XRD); the luminescent intensity and lifetimes were
measured by fluorescence spectrophotometer. The influence of
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Figure 1. Synthesis routes of the olefinic monomers.

the concentration of europium complexes units on phase behav-
ior and optical properties were discussed.

EXPERIMENTAL

Instrumentation

Fourier transform infrared (FTIR) spectra was measured on a
Nicollet 510 FTIR spectrometer (Nicollet Instruments, Madi-
son); "H-NMR was measured by Varian WH-90PFT NMR Spec-
trometer (Varian Associates, Palo Alto, CA); element analyses
(EA) were measured by Elementar Vario ELIII (Elementar, Ger-
many); DSC and TGA measurements were carried out with a
NETZSCH TGA 209C thermogravimetric analyzer, and a
NETZSCH instruments DSC 204 (Netzsch, Wittelbacherstrasse,
Germany) at a scanning rate of 10°C min~ ' under a flow of
dry nitrogen; The polarized optical microscopy (POM) study
was performed using a Leica DMRX (Leica, Wetzlar, Germany)
equipped with a Linkam THMSE-600 (Linkam, Surrey, Eng-
land) heating stage; X-ray diffraction measurements were per-
formed with a nickel-filtered Cu-Ko radiation with a DMAX-3A
Rigaku powder diffractometer; Luminescence measurements
were performed on a HORIBA Jobin Yvon FL3-TCSPC fluores-
cence spectrophotometer; IR imaging was performed using
Spotlight 300 infrared imaging system (PerkinElmer).

Materials

Poly(methylhydrogeno)siloxane (PMHS, M,, = 582) was purchased
from Jilin Chemical Industry Company (China); Bromopropene,
4-hydroxybenzoic acid, acrylic acid, undecylenic acid, 2-propanol,
isopropoxide, and dibenzoylmethane (DBM) were purchased from
Shenyang Chemical (China); Cholesterol was purchased from
Henan Xiayi Medical (China); Eu,05 was purchased from Beijing
Fuxing Chemical Industry (China); Toluene was used in the hydro-
silylation reaction over sodium and distilled under nitrogen. All
other solvents were purified by standard methods.

Monomers Synthesis
The synthetic route to the olefinic monomers was shown in Fig-
ure 1, the liquid crystalline monomer cholesteryl 4-(allyloxy)-
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Figure 2. Synthesis routes of polymers.

benzoate (M;) was prepared according to previously reported
synthetic method.”®

Yield: 72%. IR (KBr): 3056 (=CH), 2973-2857 (~CHj, ~CH,),
1704 (C=0), 1643 (C=C), 1605, 1494 (Ar-), 1273, 1171 (C-
0O-C). C;37H5405: Caled. C 81.27, H 9.95; Found C 81.09, H
9.83. "H-NMR (600 MHz, CDCl,, &): 7.99-7.98 (d, J=9 Hz,
2H, Ar-H), 692 (d, J=9 Hz, 2H, Ar-H), 6.05 (m, I1H,
CH,=CH-), 5.44-5.41 (t, 2H, CH,=CH-), 5.32-5.31 (m, 1H,
=CH-in cholesteryl), 4.59-4.58 (d, J=4.8 Hz, 2H, —-OCH,-),
2.03-0.67 (m, 44H, cholesteryl-H).

Cholesteryl Acrylate M,. 4.03 g (0.056 mol) of acrylic acid, 20
mL (0.27 mol) of thionyl chloride were added to a round-
bottomed flask equipped with an absorption instrument of
hydrogen chloride. The mixture was stirred at room tempera-
ture for 1 h, and then heated to 60°C for 5 h, the excess thionyl
chloride was distilled under reduced pressure to obtain the
acrylic acid chloride, Yield: 85%.

2.7 g (0.03 mol) of acrylic acid chloride was added dropwise to a
cold solution of 11.58 g (0.03 mol) of cholesterol in 40 mL of
chloroform and 2 mL of pyridine. The reaction mixture was
heated to reflux for 12 h. The mixture was cooled to room tem-
perature, poured into 200 mL of methanol. The precipitated
crude product was filtered and recrystallized from ethanol.

Yield: 79%. IR (KBr): 3072 (=CH), 2972-2868 (~CH;, ~CH,-),
1732 (C=0), 1636 (C=C). C3,H450,: Caled. C 81.76, H 10.98;
Found C 81.57, H 11.13. "H-NMR (600 MHz, CDCls, §): 6.40—
5.78 (m, 2H, CH,=CH-), 6.12-6.07 (m, 1H, CH,=CH-), 5.38
(m, 1H, =CH-in cholesteryl), 3.77-3.74 (t, 1H, -COOCH- in
cholesteryl), 1.64-0.67 (m, 43H, cholesteryl-H).

Eu(C,,H,,0,)(DBM); M;. Anhydrous europium chloride (2.58 g,
10.0 mmol), which was prepared from Eu,0; ammonium
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Table I. Polymerization and Yield

Feed
Polymer PMHS (mmol) M1 (mmol) M5 (mmol) Ms (mmol) Eu®* (Mol %) Yield (%)
Py 0.25 1.050 0.7 0 0 87
P 0.25 1.047 0.698 0.005 0.3 77
) 0.25 1.043 0.696 0.011 0.6 85
Py 0.25 1.040 0.694 0.016 0.9 81
Ps 0.25 1.037 0.692 0.021 1.2 86
Ps 0.25 1.034 0.690 0.026 1.5 73
Table II. Thermal Properties of Liquid Crystalline Monomers
Monomers Phase transition temperature?, °C (Corresponding enthalpy changes, J g~%) Yield (%) AT+P (°C) AT:C (°C)
M1 Heating: K 115.2 (43.10) Ch 248.6 (3.51) | 63 133.4 151.6
Cooling: 1 245.4 (0.78) Ch 93.8 (4.39) K
Mz Heating: K 84.8 (37.76) Ch 120.1 (0.59) | 67 35.3 72.9

Cooling: 1 117.6 (0.53) Ch 44.7 (4.39) K

2Peak temperatures obtained by DSC were taken as the phase transition temperature.

>Mesophase temperature ranges on heating cycle.
“Mesophase temperature ranges on cooling cycle.
K, solid; Ch, cholesteric; |, isotropic.

chloride and hydrochloric acid,*® was dissolved in 20 mL of ben-
zene and anhydrous 2-propanol (1:1). The mixture was heated to
50°C for 12 h under N,, and then this stirred solution was added
a solution of sodium isopropoxide (2.46 g, 30.0 mmol) in 20 mL
of 2-propanol.”® The mixture was refluxed for 4 h to synthesize
europium isopropoxide and a solution of dibenzoylmethane
(6.72 g, 30.0 mmol) in 30 mL of benzene was added dropwise.
After this solution was refluxed for 2.5 h, a solution of undecy-
lenic acid (1.84 g, 10.0 mmol) in 20 mL of benzene was added.
The reactive mixture was refluxed for 3 h. After cooling to room
temperature, the mixture was filtered. The product was obtained
after the solvent evaporated and washed three times with cyclo-
hexane and dried under vacuum at room temperature for 12 h.

Table III. DSC, POM, and TGA Results of the Series of Polymers

Yield: 59%. IR (KBr): 3059 (=CH), 2924-2852, 1452 (-CH,-),
1641 (C=C), 1601, 1479 (Ar-), 1597 (C=0), 1552 (-COO-),
432 (Eu-0). Cs¢H5505 Eu: Caled. C 78.60, H 6.43, Eu 15.09;
Found C 78.53, H 6.51, Eu 14.91. '"H-NMR (600 MHz, DMSO,
d): 7.65-7.11 (m, 6H, Ar-H), 6.80 (m, 12H, Ar-H), 6.64—6.37
(m, 12H, Ar-H), 5.65 (m, 1H, CH,=CH(CH,)s—), 4.89-4.84
(m, 2H, CH,=CH(CH,)g-), 3.73 (s, 6H, -CH,— in DBM), 2.98
(m, 2H, -CH,COO-) 1.34-0.72 (m, 14H, —(CH,);—).

Synthesis of the Liquid Crystalline Polymers

For synthesis of all the polymers, a standard method was adopted, as
shown in Figure 2. The polymerization experiments were summar-
ized in Table I. The synthesis of P, was presented as an example.
Liquid crystalline monomers M; (0.538 g, 0.987 mmol), M,

DSC POM TG
Sample Tg (°C) T (°C) AT® Tia® (°C) Tiz® (°C) Tos%” (°C)
P+ 36.1 173.7 137.6 180.3 178.7 305.2
P2 38.4 169.9 131.7 173.2 171.4 302.8
Ps 39.7 169.1 129.4 171.7 169.3 309.6
P4 39.1 165.6 126.5 169.9 167.5 302.3
Ps 40.4 162.2 121.8 166.5 164.6 311.6
Pa 41.3 160.1 118.8 163.3 161.9 307.3

#Mesophase temperature ranges (T;—Tg).

b Temperature at which the birefringence disappeared completely.
°Temperature at which the mesophase occurred.

dTemperature at which 5% weight loss occurred.
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Figure 3. DSC thermograms of liquid crystalline monomers.

(0.290 g, 0.658 mmol) were dissolved in 40 mL of dry, freshly dis-
tilled toluene. To the stirred solution, europium complexes mono-
mer M3 (0.105 g, 0.105 mmol), PMHS (0.145 g, 0.25 mmol) and 1.5
mL of H,PtClg in 30 mL THF were added, the mixture was heated
under nitrogen and anhydrous conditions at 65°C for 72 h. Then
the solution was cooled and poured into 150 mL methanol, after fil-
tration, the product was washed with hot ethanol (three times), and
dried at 80°C under vacuum for 12 h to obtain polymer P,.

Yield: 81%. IR (KBr,): 2927-2853 (~CHj;, ~CH,—), 1745-1731
(C=0), 1605, 1510 (Ar), 1211 (C-O-C), 11281007 (Si—-O-Si).

RESULTS AND DISCUSSION

Syntheses

The synthetic routes for the target monomers and polymers
were shown in Figures 1 and 2, the chemical structures of
monomers and polymers were characterized by FTIR and 'H-
NMR spectroscopy. The FTIR spectra of M; and M,, respec-
tively, showed characteristic bands for ester C=O stretching
(1730-1740 cm ™ !), olefinic C=C stretching (1635-1645 cm™ Y,
and aromatic C=C stretching (1605-1510 cm ') in good
agreement with the prediction. The FTIR spectra of M3 showed

€xo
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-

T T T T T v T
0 50 100 150 200
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Figure 4. DSC thermograms of polymers.
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Figure 5. Effect of M3 content on phase transition temperatures.

characteristic bands for olefinic C=C stretching (1641 cm ),
aromatic C=C stretching (1601-1479 cm™ '), p—diketone C=0
stretching (1597 ¢cm™'), and Eu-O stretching (432 cm™') in
good agreement with the prediction. The '"H-NMR spectra of
M, and M,, respectively, showed peaks at 7.99-6.37, 6.40—4.84,
and 2.43-0.67 ppm corresponding to aromatic, olefinic protons,
and methyl and methylene protons, respectively.

The polymers were synthesized by a one-step hydrosilylation
reaction between Si-H groups of PMHS and olefinic C=C of
monomers in toluene, using hexachloroplatinic acid as catalyst
at 65°C. The reaction was monitored following the disappear-
ance of the Si—H band at 2166 cm ™' in the FTIR spectra. The
completely disappearance of the Si—H band indicated successful
incorporation of monomers into the polysiloxane chains. Yields
and detailed polymerization were summarized in Table I. All the
polymers were characterized by FTIR spectroscopy. Polymer P,
contained the representative features for all of the polymers.
The characteristic absorption bands were as follows: 2927-2853
cm ' (C-H stretching), 1745-1731 cm” ' (C=0 stretching),
1605, 1510 cm™' (C=C stretching of aromatic nucleus), 1211
cm™! (C-O stretching), and 1128-1007 cm” ! (Si-O stretching).
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Figure 6. TGA curves of representative polymers.
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Figure 7. Optical texture of monomers (200X): (a) oily streaks texture of M; on heating to 150°C; (b) focal-conic texture of M, on cooling to 106.4°C.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Thermal Properties

The thermal properties of liquid crystalline monomers and
polymers were determined by DSC, POM and TGA (Tables II
and III). Thermal properties determined by DSC were consist-
ent with POM observation results. Typical DSC curves of liquid
crystalline monomers and polymers were shown in Figures 3
and 4, respectively.

DSC thermograms of LC monomers M; and M, showed: an
endothermic melting transition at 115.2°C for M, and 84.8°C
for M,; an endothermic mesogenic—isotropic phase transition at
248.6°C for M; and 120.1°C for M,; an isotropic to LC phase
transition at 189.4°C for M; and 117.6°C for M,, and crystalli-
zation temperature at 93.8°C for M; and 44.7°C for M, on the
first cooling.

All the polymers synthesized showed a glass transition at low
temperatures and a LC phase to isotropic transition at high
temperature. For all the polymers, reversible mesomorphic
phase transitions were observed due to sufficient liquid crystal-
line molecular motion and orientation suggesting that physical
cross-linking of europium complexes units did not disturb the
liquid crystalline order of the polymer systems.

The tested range of europium complexes unit concentrations in
polymers P,—Ps did not significantly affect the glass transition
of polymers on heating cycles (AT, = 5°C); however they had
obvious influence on the mesophasic-to-isotropic transition
with T; decreasing by 14°C (Table 3; Figure 5). Low tempera-
tures induced vitrification rather than crystallization®" due the
intrinsic disordered and atactic systems of the side-chains of the

Figure 8. Optical textures of monomers (200 X): (a) Grandjean texture of P; at heating to 150°C; (b) Grandjean texture of P; at heating to 110°C; (c)
Grandjean texture of Ps at heating to 110°C; (d) Grandjean texture of Ps at cooling to 123°C. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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Figure 9. XRD curves of representative polymers at 125°C.

siloxane containing liquid crystalline. The flexible side chains
interacted with the mesogenic rigid moieties and with europium
complexes units; thus influenced the mesophase behaviors of
the polymers. The glass transition temperature (T,) may be
considered as a measure of the backbone flexibility. For poly-
mers with a low content of europium complexes units, the glass
transition temperature was not significantly affected indicating
that the backbone flexibility did not change significantly. On
the other, hand increasing concentration of europium com-
plexes units (0-1.5 mol %), destroyed the regularity of chain
segments, disturbing the liquid crystalline molecular mobility
and orientation. The result was a decrease in temperature from
the mesophasic to isotropic transition. In short, the introduc-
tion of europium complexes units did not change the liquid
crystalline state of the polymer systems.

TGA results showed that the temperatures at which 5% weight
loss occurred (T,;) were greater than 300°C for all the polymers,
as shown in Figure 6, this indicated that the synthesized poly-
mers had good thermal stability.

Relative intensities(a.u.)

T T T

BEIJO GISO 7(|)0
Wavelength(nm)

Figure 10. Emission spectra of P,—Pg; all the transitions in the emission
spectrum start from the *D, state and end at the F; levels (J= 0-4).
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Optical Texture

The optical textures of the monomers and polymers were studied
by use of POM with variable temperature test bench under nitro-
gen atmosphere. POM observations showed that the monomers
M; and M, exhibited enantiotropic oily-streak texture and focal—
conic texture of the cholesteric phase during the heating and cool-
ing cycles. When M, was heated to 114°C, the sample began to
melt, the typical cholesteric oily streak texture gradually appeared,
and the texture disappeared at 249°C. When the isotropic state
was cooled to 245°C, the focal-conic texture appeared. When M,
was heated to 84°C, the sample began to melt, the typical choles-
teric oily streak texture gradually appeared, and the texture disap-
peared at 121°C. When the isotropic state was cooled to 118°C,
the focal-conic texture appeared. Photomicrographs of M; and
M, are shown in Figure 7(a,b).

All of the polymers showed similar cholesteric phase textures in
the heating and cooling cycles. When Ps here used as example
was heated to 48°C, the cholesteric Grandjean texture gradually
appeared, and the selective reflection color changed from red to
blue with increasing temperature; the texture disappeared at
166.5°C. Similarly when the isotropic state was cooled to
164.6°C the similar cholesteric Grandjean texture gradually
appeared. Photomicrographs of P;, P5;, and Ps were shown in
Figure 8(a—d).

The cholesteric mesophase of polymers was also confirmed by
X-ray diffraction. XRD studies were carried out to obtain more
detailed information on LC phase structure. All the polymers
displayed broad peaks at wide angles around 20~17° in the
wide-angle region of XRD measurement and a sharp peak asso-
ciated with the smectic layers did not appear in the small-angle
region of XRD measurement. Therefore, cholesteric phase struc-
ture of polymers was confirmed by X-ray diffraction, which was
consistent with DSC and POM results. Figure 9 showed the rep-
resentative X-ray diffraction diagrams of samples P;, P5, and Ps
at 125°C.

Luminescent Properties

By quick freezing the obtained polymers P,—Ps in the LC phases
in liquid nitrogen vitrified mesophase solids were obtained and
the luminescent properties of the LC states were examined. Rep-
resentative photoluminescence spectra of polymers were given
in Figure 10 and the detailed luminescent data were shown in
Table IV.

Narrow-wide red emissions were observed. The emission spectra
showed the characteristic ° D0H7Fj (j= 0, 1, 2, 3, 4) transitions of
Eu’". The band near 579 nm was assigned to the *Do—"F, transi-
tion; the bands near 592 nm was assigned to the Do—’F, transi-
tions; the bands near 612 nm was assigned to the *Dy—F,
transitions; the band near 653 nm was assigned to the *Dy—'F;
transition; and the bands near 702 nm was assigned to the
*Dy—’F, transitions. The maxima of these bands were sourced
from °Dy—F, and °Dy—"F, transitions, respectively. It was com-
mon knowledge that the Dy—"F, transition of Eu’* was strictly
prohibited in a symmetric field, so the existence of this band indi-
cates that Eu’" in polymers was in low symmetry and did not
have an inversion center. The *Dy—’F; transition was a magnetic
dipolar transition; its intensity hardly changes with the local

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40866
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Sample Excitation bands (nm) Emission bands (nm) Relative intensities® ° (ms)
P2 370 580, 592, 616, 650, 703 32.0,56.7,134.7,13.2,13.3 0.455
P3 370 579, 592, 616, 653, 702 50.7,116.6, 332.0, 14.3, 13.9 0.473
Pa 370 579, 591, 615, 653, 702 75.1,143.8,431.6,24.3,22.8 0.493
Ps 370 579, 593, 615, 653, 703 79.7,184.0, 529.2, 25.3, 23.9 0.509
Ps 370 580, 594, 615, 653, 704 91.9,186.1, 574.7, 42.6, 25.0 0.530

?Relative intensities were obtained by the calculation of the integral area of the same emission bands.

For the ®Dg—’F transition of Eu3*.

Micromelers

41160 4200 4400

Micrometers

4609

structural environment. On the other hand, the *Dy—’F, transi-
tion was an electric dipole transition and was sensitive to the
coordination environment of the Eu’*. Figure 10 showed that
when Eu’" ion content increases the luminescent intensity of the
polymers gradually increases accordingly. At Eu’* (mol %) =
1.5%, Pg still did not show fluorescence quenching, possibly due
to the introduction of PMHS. With the introduction of PMHS,

600

500

400 +

Intensity(a.u.)
[#]
=3

100

0 i : ; :
0 1 2 3
Time(ms)

Figure 12. Decay curves of P5 (open circles, experimental data; solid line,
curve fitting, fitted according to I =I, + A exp [—(t — to)/7]).

M‘h\;":%’,§ WWW.MATERIALSVIEWS.COM
1

40866 (7 of 8)

Micrometers

s000 |0
60420

6200
Micrometers

Figure 11. IR imaging of P, (a) and Pg (b). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

6400

europium complexes units can be evenly distributed in the poly-
mers, thus preventing the europium complexes units’ close and
aggregation. This result can be explained by IR imaging analysis,
the IR imaging of P, and P4 were shown in Figure 11(a,b). The
yellow zone represented the europium complexes units and corre-
sponds to the carboxylate characteristic peak at 1552 cm™'. Fig-
ure 11 showed that the europium complexes units evenly
distributed in P, and Pg, rather than gather together to form clus-
ters. Therefore, it was difficult to reach Eu®>" ions concentration
able to quench the fluorescence. This was confirmed by the values
of the intensity ratios of the *Dy—’F, to °Dy—’F, transitions
which were 2.38, 2.85, 3, 3.37, and 3.09 respectively. These ratio
values are only possible when the Eu’* ions did not occupy a site
with inversion symmetry.**>>?

The typical decay curves of the Eu’" ion in polymers and M;
were measured, and the luminescence decay curves were all sin-
gle exponential, confirming that all Eu’" ion lie in the same
average coordination environment. The resulting lifetimes of
europium materials were included in Table IV. The decay curve
of P; was presented as example (Figure 12). The data showed
that luminescent lifetimes were greater than 0.45 ms for all the
polymers. In addition, with Eu’* ion content increases, the
luminescent lifetimes of the polymers were extended slightly.
This indicated that the content of Eu’* ion in polymers had a
small influence on the lifetime of the Europium-containing
ChLCPs materials.
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CONCLUSIONS

In this article, monomers M; and M, exhibited cholesteric oily-
streak texture and focal-conic texture, The TGA results showed
that 5% weight loss temperatures were greater than 300°C for
all polymers. With an increase of europium complexes unit in
the polymers, the glass transition temperature (T,) do not
change significantly; the isotropic temperature (7;) and meso-
phase temperature range (AT) decreased. All the polymers
showed typical cholesteric grandjean textures when it was
heated and cooled, which were confirmed by X-ray diffraction,
the polymers displayed broad peaks at wide angles around
20~17° and a sharp peak associated with the smectic layers did
not appear in the small-angle region of XRD measurement.
With Eu’™ ion contents ranging between 0 and 1.5 mol %,
luminescent intensity of polymers gradually increased and lumi-
nescent lifetimes were longer than 0.45 ms for the polymers.
These results indicated that the introduction of europium com-
plexes units did not change the liquid crystalline state of the
polymer systems, while the polymers were enabled with the sig-
nificant luminescent properties.
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