Applied Polymer

SCIENCE

Synthesis and Optical Properties of Cholesteric Liquid-Crystalline
Oligomers Displaying Reversible Thermochromism

Ji-Wei Wang,! Bao-Yan Zhang?

1College of Pharmacy and Chemistry, Dali University, Dali 671000, People’:s Republic of China

2Center for Molecular Science and Engineering, Northeastern University, Shenyang, 110004, People’;s Republic of China
Correspondence to: J.-W. Wang (E - mail: jlwjw@sina.com)

ABSTRACT: A series of side-chain liquid crystalline oligomers (P,—P;) have been synthesized with cyclo(methylhydrogeno)siloxane and
two cholesteric liquid crystalline monomers cholesteryl 4-(10-undecylen-1-yloxy)benzoate (M;) and cholesterol 4-{6-[(4-(allyloxyl)-
benzoyl]-hexanoxocarbonyl}-benzoate (M,). The chemical structures and liquid crystalline properties of the synthesized oligomers
were investigated using various experimental techniques such as FTIR, 'H-NMR, DSC, POM, and XRD. All monomers and chiral
oligomers show a cholesteric mesophase with very wide mesophase temperature ranges. They appear highly thermally stable with
decomposition temperatures (T,;) at 5% weight loss greater than 300°C. The optical properties of the oligmers have been character-
ized by reflection spectra and optical rotation analysis. All synthesized oligomers display colors at room temperature, and show re-
versible thermochromism within a wide temperature range (>120°C). The A,,.x values of the oligomers also nearly coincide during
the first, second, and third heating cycles. The specific rotation of each oligomer is very sensitive to temperature, and the specific
rotation value of P; smoothly changes from —21.7° to — 0.7° when it is heated. The optical properties of the oligomers offer tre-

mendous potential for various optical applications. © 2013 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2013
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INTRODUCTION

Chiral materials have been extensively studied due to their
unique properties originating from their atomic chiral centers
and helical conformations. As a unique material, helical poly-
mers have attracted great attention for their chiral structure
and the resulting chiro-optical properties."™ In synthetic chiral
polymers, molecular helicity control can be achieved not only
by varying the molecular chirality, but also via repeating units,
hydrogen bonding, side chains, and block copolymers. When
molecular chirality is introduced into liquid-crystalline poly-
mers (LCPs), chiral LC phases with helical morphology are
induced, resulting in a series of potential applications in optics
and electro-optics.”® On the other hand, side-chain LCPs
combine optical and electro-optical properties of low molecu-
lar weight liquid crystals with mechanical properties and easy
processing of liquid crystal polymers.”™"* Chiral LCPs may ex-
hibit a marvelous variety of liquid crystalline phases, including
the chiral smectic C* phase, the cholesteric phase, and the
blue phases.">™"”

Recently, chiral side-chain LCPs and oligomers composed of chi-
ral mesogens have gained both industrial and scientific interests
because their additional properties such as piezoelectricity, ferroe-
lectricity, and pyroelectricity are associated with the symmetry
breaking induced by molecular chirality.'"®>* Furthermore, the
basic research on optical properties and its application have
grown substantially. Cholesteric liquid crystals are chiral nematics
which show a periodic helical structure, where the handedness of
the constituent molecules leads to the orientation of the local ne-
matic director to vary in space. The director is perpendicular to
the helix axis, and its orientation varies linearly along this axis in
the helical cholesteric structure axis. The periodic helical structure
of cholesteric liquid crystals results in a selective reflection band.
In this band, circularly polarized light with the same handedness
as the cholesteric liquid crystals is reflected totally. The edges of
the reflection band are at the free space wavelengths that are equal
to the reflective indices multiplied by the pitch. In the helical cho-
lesteric structure, the spatial period of the structure is the pitch.
Cholesteric LCPs with the unique property of selective reflection
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of circularly polarized light have presented great potential for var-
ious optical applications.**" However, the detailed relationship
between the structure and optical properties of LCPs remains
unclear so far.

To achieve a better understanding of the influence of molecular
structures on the helical twist sense and the optical properties,
we have synthesized a series of cyclosiloxane-based cholesteric
LC oligomers by use of two different cholesteric monomers cho-
lesteryl 4-(undec-10-en-1-yloxy)benzoate (M;) and cholesteryl
4-{6-[(4-(allyloxyl)-benzoyl]-hexanoxocarbonyl}-benzoate (M,).
The generic structure of the oligomers is shown in Figure 1.

EXPERIMENTAL

Material and Measurements

Terephthaloyl dichloride, p-hydroxybenzoic acid, cholesterol,
bromopropene, hexane-1,6-diol, N, N'-dicyclohexylcarbodiimide
(DCC), dimethylaminopyridine (DMAP), hexachloroplatinic
acid hydrate, and Cyclo(methylhydrogeno)siloxane (CMHS;
M,,=200-300) were obtained from Jilin Chemical Industry
Company and used without any further purification. Pyridine,
sulfuric acid, thionyl chloride, toluene, ethanol, chloroform, tet-
rahydrofuran (THF), and methanol were purchased from She-
nyang Chemical. Pyridine was purified by distillation over KOH
and NaH before using.

"H-NMR (300MHz) spectra were obtained with a Varian Gemini
300 NMR Spectrometer (Varian Associates, Palo Alto, CA) with
Fourier transform using dimethyl sulfoxide-ds, (DMSO-dg) or
CDCl; as a solvent and tetramethylsilane (TMS) as an internal
standard. FTIR spectra of the synthesized polymers and mono-
mers in solid state were obtained by the KBr method performed
on PerkinElmer instruments Spectrum One Spectrometer (Perki-
nElmer, Foster City, CA). Thermal transition properties were
characterized by a NETZSCH instrument DSC 204 (Netzsch, Wit-
telsbacherstr, Germany) at a heating rate of 10°°C min ' under a
nitrogen atmosphere. Phase transition temperatures were col-
lected during the second heating and the first cooling scans. Vis-
ual observation of liquid crystalline transitions and optical
textures under cross polarized light was performed by a Leica
DMRX (Leica, Wetzlar, Germany) POM equipped with a Linkam
THMSE-600 (Linkam, Surrey, UK) hot stage. X-ray diffraction
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(XRD) of the samples were performed using Cu Ka(4 = 1.54056
A) radiation monochromatized with a Rigaku DMAX-3A X-ray
diffractometer. Reflection spectra were measured by PerkinElmer
instruments Lambda 950. Measurements of optical rotation (o)
were carried out with a PerkinElmer instrument Model 341 Polar-

imeter using the D line of a sodium vapor lamp.

Synthesis of Liquid-Crystalline Monomers

Synthesis of Cholesteryl 4-(10-undecylen-1-yloxy)benzoate
(M;). 4-(10-Undecylen-1-yloxy)benzoate (M) prepared
according to previous reports.”” Yield: 72%. m.p.: 68.6°C. IR
(KBr, cm~'): 3076 (—CH), 2961, 2859(CH,, CH,), 1733
(C=0), 1645 (C=C), 1605, 1510 (Ar). "H-NMR (CDCls, 9):
0.62-2.64 [m, 59H, —(CH,)g—, and CH;—, —CH,— and
—CH— in cholesteryl); 4.91-5.04 (m, 2H, CH,—CH—); 4.83—
4.85 (m, 1H, cholestery]l —CH— in ester linkage); 5.41 (m, 1H,
=CH— in cholesteryl); 5.83 (m, 1H, CH,=CH—); 7.16-8.08
(m, 4H, Ar-H).

was

Synthesis of Cholesteryl 4-{6-[(4-(allyloxyl)-benzoyl]-hexanox-
ocarbonyl}-benzoate (M,). 4-Allyloxy-benzoic acid was synthe-
sized according to a reported procedure.’® 4-Allyloxy-benzoic
acid (20.0 g, 0.112 mol), hexane-1,6-diol (47.2 g, 0.4 mol) and
2.0 mL of sulfuric acid were added into a round flask. The mix-
ture was stirred at room temperature for 3 h, then heated to
80°C and kept for 14 h to ensure that the reaction finished. The
excess hexane-1,6-diol was distilled under reduced pressure, and
24.0 g of 6-hydroxyhexyl 4-(allyloxy) benzoate.

Cholesterol (38.7 g, 0.10 mol) and 16 mL pyridine were dis-
solved in 50 mL dry chloroform. It was added dropwise with
450 mL chloroform solution of terephthaloyl dichloride (121.2
g, 0.60 mol) at room temperature. The reaction mixture was
stirred at room temperature for 1 h, then heated to 60°C and
kept for 18 h in a water bath to ensure that the reaction fin-
ished. Then all chloroform was distilled out. The precipitates
were isolated by filtration and dried in a vacuum oven. Recrys-
tallization in alcohol results in white crystals of intermediate
cholesteryl 4-carboxyl-benzoate. Yield: 75%. m.p.: 161.6°C.

The intermediate cholesteryl 4-carboxyl-benzoate (77.4 g, 0.20
mol), DCC (41.2 g, 0.20 mol), and DMAP (6.1 g, 0.05 mol)
were dissolved in 200 mL dry THF. It was added dropwise with

CHs + My + M, P CHy CHy J
i— Tol i i
§| O n oluene §| O)X_(_§| 0 y
H X+y=n Ry Ra
n=3~5

Figure 1. The generic structure of the oligomers.
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Table I. Polymerization, Specific Rotation and the Max Selective Reflec-
tion Wavenumbers of the Oligomers

Feed (mmol) Mz/M42 yI—
Sample M4 Mo % [odlpP (nm)
P1 4.0 0.0 0.00 —23.6 548
p2 3.6 0.4 13.1 —-22.9 537
P3 2.8 1.2 43.6 —-21.7 533
P4 2.0 2.0 512 -20.8 519
P5 1.2 2.8 2.43 -201 508
P6 04 3.6 91.8 -19.2 499
P7 0.0 4.0 100.0 — 8.3 491

@Final molar ratio, estimated by *H-NMR spectroscopy.
b Specific rotation of oligomers, 0.1 g in 10 mL CHCls.
°The max selective reflection wavelengths of the oligomers at 25°C.

THF solution of 6-hydroxyhexyl 4-(allyloxy) benzoate (49 g,
0.20 mol) at room temperature. The reaction mixture was
stirred at room temperature for 48 h to ensure that the reaction
finished. Then the mixture was filtered, and the filtration liquor
was distilled under reduced pressure. The residue was recrystal-
lized by alcohol to obtain 25.6 g of liquid crystalline monomer
cholesteryl 4-{6-[(4-(allyloxyl)-benzoyl]-hexanoxocarbonyl}-ben-
zoate. Yield: 65%. [ocﬁ?= —29.8°, ¢ =1, chloroform, m.p.:
127.0°C. IR (KBr, ecm~'): 2927, 2854 (—CH,—, CH,= and
=CH), 1726, 1717, (C=0), 1604, 1507 (Ar), 1275 (C—O—C).
"H-NMR (CDCls, 6): 0.92-2.14 (m, 51H, CH;—, —CH,—, and
—CH— in cholesteryl groups and in —COOCH,CH,CH,CH,
CH,CH,00C—);  4.36-4.87 (m, 7H, =CHCH,O—,
—COOCH,—, and cholestery]l —CH— in ester linkage); 5.32—
5.65 (m, 3H, CH,=CH— and =CH— in cholesteryl groups);
6.03-6.10 (m, 1H, CH,=—CH—); 6.94-8.10 (m, 8H, Ar-H).

Synthesis of the Oligomers

For the synthesis of oligomers P;—P;, the same method is adopted.
The polymerization and specific rotation are summarized in Table
I. The synthesis of oligomer P; is given as an example. Chiral lig-
uid-crystalline monomers M; (2.8 mmol), M, (1.2mmol), and
CMHS (1.0 mmol) were dissolved in 50 mL of dry, fresh distilled
toluene. To the stirred solution, 2 mL of H,PtCls/THF (0.50 g hex-
achloroplatinic acid hydrate dissolved in 100 mL THF) were added
and heated under nitrogen and anhydrous conditions at 65°C for
24 h. Then the mixture was cooled and poured into methanol. Af-
ter filtration, the product was dried to obtain polymer in the yield
0f92%. IR (KBr, cm ~ '): 2958, 2868 (CH;— and —CH,—), 1716—
1715 (C=0), 1610, 1507 (Ar), 1261, 1120-1078 (Si—O—Si). 'H-
NMR (CDCly,8): 0.48-0.50 (m, Si—CH,), 1.28-2.68 (m,
—CH,—), 4.82-4.86 (m, cholestery] —CH— in ester linkage),
4.40-4.61 (m, —OCH,—), 5.30-5.44 (m, =CH— in cholesteryl
groups), 6.95~8.10 (m, Ar—H).

RESULTS AND DISCUSSION

Syntheses

The structures of M, and M, are characterized by IR and 'H-
NMR spectra, which is consistent with the predication, and
reveals the high chemical purity of these monomers.
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The structures of the synthesized oligomers were obtained by IR
spectra. Oligomer P; contains the representative features for all
polymers. The disappearance of the CMHS Si—H stretching at
2160 cm ™' and the olefinic C=C stretching band at 1635
cm ~ ' indicates successful incorporation of monomers into the
polysiloxane chains. The "H-NMR spectra of P; and its chemi-
cal structure are shown in supporting information. No signal
characteristic of terminal olefinic moiety and Si—H is observed
in the 'H-NMR spectra, i.e., the Si—H at 4.68, terminal olefinic
C—H at 5.83 for monomer M,, and at 6.03—6.10 for monomer
M,, suggesting that that Si—H groups in CMHS are substituted
via the hydrosilylation action, and the monomers are connected
to the CMHS chains. To determine the polymer compositions,
the M, substitution degree was assessed by comparing the inte-
grated ratio of the Ar—H signals by 'H-NMR analysis in the
oligomer systems. Therefore, the compositions of the oligomers
and the components of the mesogens were calculated and are
listed in Table I.

Thermal Analysis

The phase-transition temperatures of LC monomers M;, M,,
and the oligomers P,—P, were obtained using DSC measure-
ment upon the second heating. The transition temperatures are
summarized in Table II.

In Figure 2, M, undergoes a melting transition at 127°C
(0H,, = 18.74 J g~ ') and a cholesteric-isotropic phase transi-
tion at 218°C (6H; = 2.17 J g~ ') upon the second heating, and
shows an isotropic—cholesteric phase transition at 187.5°C (en-
thalpy changes —1.01 J g~ ') and a crystallization transition at
86.9°C (enthalpy changes — 11.95 J g~ ') upon cooling.

DSC thermograms of the oligomers on heating cycles are shown
in Figure 3. When heated, the oligomers display two phase tran-
sition temperatures, corresponding to glass transition (T,) and
mesophase—isotropic phase transition (7T;), respectively.

It can be seen that the T, values of the oligomers are all low,
which is due to the flexible chain in the monomers and the pol-
ysiloxane backbone. Side-chain liquid crystalline polymers are
most commonly composed of flexible and rigid moieties, thus
the polymer backbone, sterical hinder, the rigidity of mesogenic
units and the length of the flexible spacer would influence mes-
ophase behaviors of the polymers. The results, in Table II, show
that the T, values of the oligomers increase with an increase in

Table II. Thermal Properties and LC Phase of the Oligomers

Sample  T4°C)  T{(°C) AT3(°C)  T{LPC)  LC phase
Py 11.6 1223 110.7 305.2 Ch
P2 12.4 126.7 1143 308.0 Ch
P3 17.3 1417 1244 311.5 Ch
P 21.2 150.8 1296 3122 Ch
Ps 28.8 158.7 134.4 313.2 Ch
Ps 25.6 166.8 1412 314.4 Ch
P 28.3 180.1 1518 315.0 Ch

@Mesomorphic temperature range (AT = T; — Tg)
b Temperature at which the 5% weight loss occurred.
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Figure 2. DSC thermograms of the monomer M, on the second heating
and the first cooling cycles. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

the concentration of mesogenic M, in the oligomers. With an
increase in the concentration of M, units, the steric hindrance
increases and flexible spacer length decreases, which making the
chain flexibility decrease. As a result of a decrease in the chain
flexibility, the mobility of chain segments is decreased and the
T, values are increased. At the same time, the isotropization
temperature (7T;) increases for oligomers P;—P;. The increasing
rate of T, is slower than T;. Consequently, the mesomorphic
temperature ranges of the oligomers become broader.

The thermal stability of the oligomers was studied using TGA
under a nitrogen atmosphere. Figure 4 shows TGA thermo-
grams of some representative polymers, and the results are sum-
marized in Table II. TGA results of the oligomers show that the
decomposition temperatures (T,;) at 5% weight loss occurs
greater than 300°C. The thermal stability of the oligomers
reveals the bond strength of the oligomers. Because the bond
energy of Si—O band is much higher than those of C—C and

— Exo

0 50 100 150 200
Temperature (°C )

Figure 3. DSC thermograms of the oligomers on the second heating cycle.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com. ]
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C—H bonds on the side chain components in the oligomer sys-
tems, the thermal stability of the oligomers would be mainly
influenced by the side-chain structures of the oligomers. The
synthesized oligomers contain benzene rings and long alkyl
chain. The existence of the high conjugate phenyl segments and
longer mesogenic side chain might cause a strong interaction
between the repeating units leading to the increase of thermal
stability.” The synthesized oligomers have a high thermal stabil-
ity based on the molecular structures of the oligomers.

Texture Analysis

The optical textures of the monomers and oligomers were stud-
ied by means of POM with hot stage, and the representative op-
tical textures are shown in Figure 5. POM results show that all
monomers and oligomers exhibit an enantiotropic cholesteric
phase upon heating and cooling cycles. When M, is heated to
148°C, the typical cholesteric oily streak texture appears [Figure
5(a)]. When the isotropic state is cooled to 152.8°C, the bright
focal-conic texture appears again [Figure 5(b)]. All oligomers
show similar optical textures, and P; is selected as an example.
When P; is heated to 45°C, a typical cholesteric Grand-jean tex-
ture appears, as illustrated in Figure 5(c). When the sample is
heated continuously, it also shows the typical cholesteric oily
streak texture, as displayed in Figure 5(d). The oily streak tex-
ture is one of the most commonly observed textures of the cho-
lesteric phase prepared between two untreated glass substrates.

X-Ray Diffraction Analysis

The cholesteric mesophase of the oligomers was also character-
ized by X-ray diffraction analysis. Figure 6 shows the representa-
tive XRD patterns of samples P,, P,, and P,. In general, a
strong and sharp peak at low angle (1° < 20 < 4°) in small
angle X-ray scattering (SAXS) curves and a strong broad peak
associated with lateral packing at 20 ~ 20° can be observed in
wide angle X-ray diffraction (WAXD) curves for a normal
smectic polymer structure. For nematic and cholesteric struc-
tures of the polymer systems, there are no strong peaks detected
at low angle. But a broad peak at 20 ~ 20° or 20 ~ 17° is
observed in the WAXD patterns. For all oligomers, no strong

105

100

95F

90

Mass (%)

751

0 50 100 150 200 250 300 350
Temperature (°C )

Figure 4. TGA thermographs of liquid crystal oligomers.
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Figure 5. Some representative optical textures of the monomers and oligomers (200 X ): (a) Oily streak texture of M, upon heating to 148°C; (b) Focal-
conic texture of M, upon cooling to 152°C; (c) Grand-jean texture of P; upon heating to 45°C; (d) Oily streak texture of P; upon heating to 77°C.
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

reflections at small angles are observed, indicating that they do
not show a smectic mesophase. The XRD patterns of oligomers
P,—P, demonstrate that only one broad peak at 20 of about 20°
exists in the oligomers, suggesting the chiral helix structure av-
erage distance of 0.43 nm between two neighbor LC molecules
within the layers of the mesophase. The intensity of the diffrac-
tion peak around 260 ~ 20° decreases with an increase in M,
component in the oligomer systems P;—P,, reflecting the order
between two neighbor LC molecules can be disturbed by intro-
ducing bigger size groups.

Reflection Spectra Analysis

Cholesteric mesophases exhibit interesting optical properties
such as selective reflection of circular polarized light and an
angular dependence of the reflected wavelength. If the reflected
wavelength is in the visible range of the spectra, the cholesteric
phase appears colored. The wavelength, /., the reflected light
from a cholesteric sample is given by

Amax = nPsing (1)

where #n is the average refractive index of the liquid crystalline
phase, P is the pitch height of the helicoidal arrangement, and
@ is the incident angle of the beam. The helical pitch is an im-
portant parameter in connection with optical properties of the
cholesteric phase.

The reflected wavelengths of thin films P,—P; were characterized
at 25.0°C without any external field, which are listed in Table 1.
It is shown that the maximum reflection bands shift to long
wavelength from P, to P, with increasing the longer spacer
component in the polymer systems, suggesting the longer spacer
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component induces the helical pitch P to become longer. The P
of cholesteric polymers can be defined as:

P=") i(HTPixi)" 2)

where x; is the fraction of the chiral component, HTP is the hel-
ical twisting power. The HTP is the main parameter determin-
ing the helix pitch, which is a property of the chiral component
that induces cholesteric polymers.”* The HTP of a chiral com-
ponent strongly depends on the molecular structure or stereo-
chemistry of the chiral component. The shorter spacer and two
benzene rings of M, hinder the rotation of chiral molecules
around their long axes. It promotes a larger twisting of the
mesogenic groups in the polymers. In contrast, the longer

Intensity

R —
20( )

Figure 6. Representative XRD patterns of oligomers P,, P,, and P,.
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Figure 7. Selective reflection wavelength of P, at different temperatures.

spacer of M, free rotation around the long axis of the choles-
terogenic molecule will prevent a helical twist. Therefore, the
HTP of M, is lower than M,. According to eq. (2), an increase
in M; component in the polymer systems leads to an increase
in the helical pitch value of the oligomers.

Each oligomer displays different colors at room temperature,
such as orange, green and blue. Figure 7 presents the tempera-
ture dependence of A, for oligomer P; upon the process of
heating. For oligomer film P;, with increasing the temperature
in the mesomorphic state, A,,,x markedly decreases from 533 to
405 nm, which means P; changes color from yellow to blue
between 25°C and T;, showing a wide range of color display
(>120°C). The Ay, values of the oligomers are also nearly
coincident during the first, second, and third heating cycles,
showing that the polymer is repetitive and anti-fatigue. The big-
gest selective reflection wavelength (A.,)of polymer P; also
changes at different reflective angle at room temperature. The
Amax increases from 533 to 618 nm with decreasing the reflective
angles from 90° to 15°. This indicates that P; changes color
from yellow to red with observation angles from 90° to 15° at
room temperature. Therefore, it can be used as displays or lin-
ear and nonlinear optical materials.

Optical Rotation Analysis

The optical properties of chiral LC oligomers result from chiral
molecules in the liquid crystalline state that induce a twist in
the director of adjacent molecules thereby forming a super mo-
lecular helical structure. Compared with the monomers, the
oligomers show lower specific rotation. This indicates that
the concentration of optically active sites decreases because the
oligomers consist of optically inactive polysiloxane. This affects
the amount of optically active sites and this in turn decreases
the optical rotation. In Table I, the specific rotation of oligom-
ers P,—P; decrease with an increase in monomer M, component
in the systems. Compared with M;, M, contains more benzene
rings. The existence of high conjugate phenyl segments increases
the molecular polarity and the molecular interactions. The
higher molecular polarity and the molecular interactions hinder
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Figure 8. Optical rotation (o) of oligomer P; at different temperatures.

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

the rotation of chiral molecules leading to the decrease of the
specific rotation.”

Figure 8 shows the optical rotation (o) of oligomer P; at differ-
ent temperatures. The o value is negative at low temperature,
but it becomes positive when P is heated to 78°C. Further-
more, it shows the lowest and the highest o values when the
sample is heated.

The relationship between the optical rotation (o) and the selec-
tive light reflection wavelength A,y is given by

nAn*P 1
6= —7 5 (3)
12 1= (3 nas)

where An is the birefraction (An = n, — n,), P is the pitch
height of the helicoidal arrangement, and / is the measurement
wavelength (sodium light source, A = 589 nm).

As expressed in eq. (3), the measurement wavelength A4 is
fixed at the 598 nm (Na light), and the optical rotation is deter-
mined by the helical pitch and the selective reflection wave-
length A« In Figure 8, the A, of P; is always smaller than
the measurement wavelength. According to eq. (1), the optical
rotation of the oligomer is negative and the « value is decreased
with increasing temperature. It also can be seen from Figure 4,
the o value of film Pj is sensitive to the applied temperature,
which is decreased from —21.7° to — 0.7° when it is heated,
which is consistent with eq. ((3)). The curve of o changes
smoothly on heating and cooling cycles, suggesting that LC
phase is stable and the control of optical properties of the poly-
mers is easy. The characteristics of temperature sensitivity of
optical rotation and easy control of optical properties in
oligomers are very helpful when they are used for polarizers.

CONCLUSIONS

A series of side-chain liquid crystalline oligomers bearing differ-
ent cholesteric mesogens have been synthesized. All monomers
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and oligomers show a cholesteric mesophase with very wide
mesophase temperature ranges. The glass transition (7,), meso-
phase—isotropic phase transition (7;) and mesomorphic temper-
ature range (AT) of the oligomers increase with an increase in
M, component in the oligomer systems. The optical properties
of the polymers were characterized by reflection spectra and op-
tical rotation analysis. The oligomers display different colors at
room temperature, showing a wide range of color display. The
maximum reflection bands shift to long wavelength from P; to
P, with increasing the longer spacer component in the oligomer
systems, suggesting the longer spacer component induces the
helical pitch P to become longer. On the other hand, the spe-
cific rotation of the oligomers smoothly decreases as tempera-
ture increasing, suggesting the specific optical rotation is
sensitive to temperature and easy to modulate. It is helpful
when the oligomers are used for polarizers.
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