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Synthesis and Characterization of Novel Chiral
Liquid Crystalline Monomers and Polymers

Derived From Menthol

XIAO-XU XU∗

College of Chemical Engineering and Material, Eastern Liaoning University,
Dandong, People’s Republic of China

The synthesis of two chiral mesogenic monomers (IM−IIM) derived from menthol and
the corresponding polymers (IP−IIP) is described in this study. The chemical structures
were characterized by FT-IR and 1H NMR spectra. The thermal properties and optical
textures were investigated by differential scanning calorimetry (DSC), thermogravimet-
ric analysis (TGA), and polarizing optical microscopy (POM). IM and IIM showed
cholesteric phase and blue phase. IM also exhibited a chiral smectic C phase. IP and
IIP showed a smectic A (SmA) phase, this indicated that the liquid crystalline (LC)
polymers with siloxane chains tended to form a lower order smectic phase. TGA reveals
that the temperatures at which 5% mass loss occurred of the polymers obtained were
above 310◦C.
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1. Introduction

In recent years, chiral liquid crystalline (LC) materials have attracted considerable interest,
because of their unique optical-electric properties, including the selective reflection of
light, thermochromism and ferroelectricity, and potential applications such as nonlinear
optical devices, fast switching and full-color thermal imaging, etc. [1–12]. In general, LC
compounds with rod-like and chiral molecules show a cholesteric phase and a chiral smectic
C (SmC∗) phase. Recently, many investigations on the synthesis and characterization of
chiral LC materials, based on cholesterol, (S)-(+)-2-methyl-1-butanol, etc., have been
reported, and work continues in extending the range of these materials and exploring their
application [13–21]. Today, to the best of our knowledge, synthesis and characterization
on the LC monomers derived from menthol and their polymers are not reported, although
menthol derivatives have been used as a nonmesogenic chiral monomer for the synthesis of
side chain chiral LC polymers [22–29]. Therefore, it would be both necessary and useful to
synthesize LC compounds based on menthol to study structure–property relationships and
explore their potential applications.

In this study, two new chiral LC monomers derived from menthol and the corresponding
polymers were prepared and characterized. Their thermal properties and optical texture were
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Chiral Monomers and Polymers Derived From Menthol 119

investigated with differential scanning calorimetry (DSC), polarizing optical microscopy
(POM), and thermogravimetric analysis (TGA).

2. Experimental

2.1. Materials

Allyl bromide was purchased from Beijing Chemical Reagent Co. Undecylenic acid was
purchased from Beijing Jinlong Chemical Reagent Co., Ltd. 4-Hydroxybenzoic acid was
obtained from Shanghai Wulian Chemical Plant. 4,4′-Dihydroxybiphenyl (from Aldrich)
was used as received. L-Menthol was purchased from Shanghai Kabo Chemical Co.
Chloroacetic acid was purchased from Tianjin Bodi Chemical Co. Polymethylhydrosilox-
ane (PMHS) was purchased from Jilin Chemical Industry Co. All solvents and reagents
used were purified by standard methods.

2.2. Measurements

FT-IR spectra were measured on a Perkin-Elmer spectrum One (B) spectrometer. 1H NMR
spectra were obtained with a Bruker ARX300 spectrometer. The thermal properties were
determined with a Netzsch DSC 204 equipped with a cooling system. The heating and
cooling rates were 20◦C/min. A Leica DMRX POM equipped with a Linkam THMSE-600
cool and hot stage was used to observe optical textures. The thermal stability of the polymers
under nitrogen atmosphere was measured with a Netzsch TGA 209C thermogravimetric
analyzer. The heating rates were 20◦C/min.

2.3. Synthesis of the Compounds

The synthetic route of the compounds a–f is outlined in Scheme 1. 4-(Undec-10-enoyloxy)
benzoic acid (a), 4-hydroxyphenyl-4′-(undec-10- enoyloxy)benzoate (c), 4-allyloxy-4′-
hydroxybiphenyl (d), and 4-menthyloxyacetoxybenzoic acid (f) were prepared according
to the method reported previously [21,30].

2.3.1. 4-(4′-Menthyloxyacetoxybenzoyloxy)benzoic Acid (g). 4-Menthyloxyacetoxyben-
zoyl chloride was prepared through the reaction of compound f with excess thionyl chlo-
ride. The compound f (6.68 g, 0.02 mol), dissolved in 25 ml of tetrahydrofuran (THF), was
added dropwise to a solution of 4-hydroxybenzoic acid (3.45 g, 0.025 mol) in 30 ml of
THF and 1.6 ml of pyridine. The mixture was reacted for 2 h at room temperature, and then
refluxed for 24 h. After removing the solvent by rotatory evaporate, the residue was poured
into a beaker filled with 200 ml of ice water. The crude product, obtained by filtration,
was washed several times with water, and then recrystallized from ethanol. A solid g was
obtained (yield 72%, m.p. 131oC).

IR (KBr, cm−1): 3076 ( C H); 2950, 2845 ( CH2 ); 1646 (C C); 1608, 1505
(Ar ); 1256 (C O C).

2.4. Synthesis of the Monomers

The synthetic route of the chiral olefinic monomers IM–IIM is shown in Scheme 2. Their
synthesis is presented by the same method.
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120 X.-X. Xu

Scheme 1. Synthetic route of the intermediate compounds a−h.

Scheme 2. Synthetic route of the chiral monomers IM and IIM.
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Chiral Monomers and Polymers Derived From Menthol 121

2.4.1. 4-(4-(Undec-10-enoyloxy)benzoyloxy)phenyl-4′ -(4-(menthyloxyacetoxy)-benzoy-
loxy)benzoate (IM). The compound g (4.54 g, 0.01 mol) was dissolved in 10 ml of
chloroform, and then added dropwise to a solution containing the compound c (4.7 g,
0.01 mol) in 25 ml of chloroform and 0.8 ml of pyridine. The reaction mixture was re-
fluxed for 36 h, and then concentrated. The crude product was precipitated by adding
methanol to the filtrate, and recrystallized from ethanol. Yield: 66%. mp: 95◦C. IR (KBr,
cm−1): 3076 ( C H); 2925, 2853 ( CH2 ); 1785, 1756 (C O); 1640 (C C); 1602, 1458
(Ar ); 1201 (C O C). 1H NMR (CDCl3, TMS, δ): 0.85–2.64 [m, 34H, (CH2)8 and in
menthyl H]; 3.27–3.35 (m, 1H, CH< in menthyl); 4.37–4.50 (m, 2H, OOCCH2O );
4.94–5.03 (m, 2H, CH2 ); 5.79–5.90 (m, 1H, CH ); 7.17–8.35 (m, 16H, Ar H).

2.4.2. 4-(p-Allyloxybiphenyl)-4′-(4-(menthyloxyacetoxy)benzoyloxy)benzoate (IIM). The
monomer IIM was synthesized by reacting the compound g with in chloroform and pyri-
dine. The crude product obtained was recrystallized from ethanol/acetone (2:1). Yield:
66%. mp: 95◦C. IR (KBr, cm−1): 3077 ( C H); 2953, 2867 ( CH2 ); 1778, 1732
(C O); 1646 (C C); 1601, 1456 (Ar ); 1169 (C O C). 1H NMR (CDCl3, TMS, δ):
0.87–1.83 [m, 18H, in menthyl H]; 3.25–3.31 (m, 1H, CH< in menthyl); 4.35–4.63
(m, 4H, OOCCH2O ) and CH2O ; 5.31–5.51 (m, 2H, CH2 ); 6.02–6.10 (m, 1H,
CH2 CH ); 7.15–8.32 (m, 16H, Ar H).

2.5. Synthesis of the Polymers

The polymers IP and IIP were prepared through a hydrosilylation reaction using an excess
amount of olefinic monomers (5 mol% excess versus the Si−H groups in PMHS) and
PMHS in toluene. The reaction mixture was heated to 60◦C in the presence of H2PtCl6
catalyst. The reaction was held for 36 h. The polymer was obtained by precipitation from
toluene solution into methanol, purified by several filtrations from hot ethanol, and then
dried in a vacuum.

3. Results and Discussion

3.1. Optical Textures

In general, the rod-like, chiral molecules responsible for the macroscopical alignment of
the mesogenic domains can produce cholesteric, blue, or chiral SmC∗ phases. The SmC∗

phase usually exhibits a broken fan-shaped texture, while the cholesteric phase exhibits an
oily streak texture and a focal conic texture.

The optical textures of IM and IIM were studied by POM with a heating stage. IM
exhibited a broken fan-shaped texture of the SmC∗ phase and an oily streak texture of the
cholesteric phase on heating, and a platelet texture of a cubic blue phase (BP), a focal
conic texture of the cholesteric phase, and a broken fan-shaped texture of the SmC∗ phase
on cooling. IIM only showed a cholesteric phase, and exhibited an oily streak texture, a
platelet texture, and a focal conic texture on the heating and cooling cycles. The optical
textures of IM, as examples, are shown in Fig. 1. In addition, the BP is a frustrated defect
phase, generally observed in a temperature interval smaller than 1◦C, between the isotropic
phase and the cholesteric phase of highly chiral mesogens. The BP exhibited a different
color corresponding to different lattice planes, which shows Bragg scattering at different
wavelengths, because the condition for constructive interference depends on the distance
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122 X.-X. Xu

Figure 1. Optical textures of IM (200×). (a) oily streak texture of cholesteric phase on heating
to 131◦C; (b) platelet texture of a cubic blue phase on cooling to 171◦C; (c) focal conic texture of
cholesteric phase on cooling to 167◦C; (d) broken fan-shaped texture of SmC∗ phase on cooling to
105◦C.

between the lattice planes and their orientation with respect to the direction of the incident
light [31].

The unique optical properties of the SmC∗ and the cholesteric LC materials are related
to their helical supermolecular structure. The periodic helical structure selectively reflects
visible light like an ordinary diffraction grating. It is known that the reflection wavelength
depends on the pitch, and the pitch depends on the molecular structure and external condi-
tions. The reflection color mainly exhibited red in the SmC∗ phase and blue in the cholesteric
phase for IM, and green in the cholesteric phase for IIM. In addition, dP/dT > 0 for SmC∗

phase, and dP/dT < 0 for cholesteric phase, so the reflection wavelength or reflection color
is temperature dependent. Therefore, the selective reflection shifted to the long wavelength
region (red shift) in the SmC∗ phase and to the short wavelength region (blue shift) in the
cholesteric phase with increasing temperature.

POM showed that IP−IIP exhibited a needle batonnet texture of a smectic A (SmA)
phase, although their corresponding monomers showed SmC∗ and cholesteric phases. This
indicates that the polymer chains hinder the formation of the helical supermolecular struc-
ture of the mesogenic units. Moreover, the LC polymers with siloxane macromolecular
chains tend to form lower order smectic phases.
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Chiral Monomers and Polymers Derived From Menthol 123

Table 1. Phase transition temperature (◦C) and enthalpy changes (J·g−1) of monomers

Monomers [α]25
D

a Mesophase and phase transitions/heating/cooling

IM −24.5 K95.5(7.3)SC
∗115.1(0.8)

Ch172.5(0.4)I
I168.5(0.4)Ch108.5

(4.3)SC
∗84.7(9.1)K

IIM −36.1 K114.5(29.1)Ch209.6(1.0)I I174.5(1.1)Ch98.7
(1.1)K

Note: K, crystal, SC
∗, chiral smectic C phase; Ch, cholesteric phase; I, isotropic.

aSpecific optical rotation, about 0.19 g in 100 ml of CHCl3.

3.2. Thermal Properties

The thermal properties of the monomers and polymers were investigated with DSC,
POM, and TGA. The phase transition temperatures, corresponding enthalpy changes, and
mesophase types of IM−IIM and IP−IIP are summarized in Tables 1 and 2. All phase
transitions are reversible, and the transition temperatures noted with DSC are consistent
with those observed by POM.

DSC heating curves of IM showed a melting transition at 95.5◦C, a SmC∗ to cholesteric
phase transition at 115.1◦C, and a cholesteric to isotropic phase transition at 172.5◦C, re-
spectively. On cooling, three exothermic peaks were seen, which represent an isotropic to
cholesteric phase transition at 168.5◦C, a cholesteric to SmC∗ phase transition at 108.5◦C,
and a SmC∗ to crystallization transition at 84.7◦C, respectively. IIM showed a melting
transition at 114.5◦C and a cholesteric to isotropic phase transition at 209.6◦C on heat-
ing process, and an isotropic to cholesteric phase transition at 174.5◦C, a cholesteric to
crystallization transition at 98.7◦C on cooling process.

For IP−IIP, their DSC curves all showed a glass transition at low temperature, and an
LC to isotropic phase transition temperature at high temperature. Moreover, the mesophase
temperature ranges of IP−IIP were greater than those of the corresponding monomers. This
indicates that the polymerization effect can stabilize and widen the mesophase temperature
range.

In general, with increasing the flexible spacer length, the intermolecular forces weaken,
this will make the corresponding phase transition temperatures decrease. For example,
compared with IIM containing terminal allyl spacer, Tm and T i of IM containing terminal
undecylenyl spacer decreased by 19.0◦C and 37.1◦C, respectively. Similarly, the glass
transition temperature (Tg) decreased from 32.3◦C for IIP to 12.8◦C for IP, and T i decreased
from 193.8◦C to 178.7◦C.

Table 2. The phase transition temperatures and decomposition temperatures of polymers

Polymers Tg (◦C) T i (◦C) �Hi(J·g−1) �Ta Td
b (◦C)

IP 12.8 178.7 0.8 165.9 335
IIP 32.3 193.8 2.6 161.5 315

aMesophase temperature range (T i−Tg).
bTemperature at which 5% weight loss occurred.
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124 X.-X. Xu

The thermal stabilities of IP−IIP were detected with TGA. The corresponding data
are shown in Table 2. TGA results showed that the temperatures at which 5% weight loss
occurred (Td) were greater than 310◦C, this indicates that they have a good thermal stability.

4. Conclusions

Two new chiral mesogenic monomers containing menthyl groups and their corresponding
polymers were synthesized and characterized. The monomers IM and IM all showed an
enantiotropic cholesteric oily streak texture and a focal conic texture, as well as a platelet
texture. In addition, IM also exhibited a broken fan-shaped texture of a SmC∗ phase on
heating and cooling cycles. IP and IP exhibited the batonnet textures of SmA phase. With
increasing the length of flexible spacer, the corresponding Tm or Tg and T i decreased.
Moreover, a flexible polysiloxane backbone, a rigid mesogenic core, and a long flexible
spacer tended to generate a low glass transition temperature, a wide mesophase temperature
range, and a high thermal stability.
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