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Abstract A series of novel side-chain liquid crystalline (SCLC) copolymers were synthesized by attaching two distinct mesogenic units, namely a
chiral cholesteryl-based monomer (M1) and an achiral biphenyl-based monomer (M2), to a poly(3-mercaptopropylmethylsiloxane) (PMMS) back-
bone via thiol-ene click chemistry. The influence of side chain composition on the self-assembly behavior and phase structures of these SCLC
copolymers was systematically investigated using different instrument. Results indicate that three distinct liquid crystalline phases and four
unique molecular configurations were identified within the polymer series, with the emergence of the liquid crystalline phase being a synergistic
outcome of the two distinct side chains. This study underscores the critical influence of side chain dimensions, rigidity, and spatial volume on the
self-assembly structures and phase characteristics of liquid crystalline polymers, providing valuable insights for the rational design and develop-

ment of advanced functional materials with tailored properties.
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INTRODUCTION

Side-chain liquid crystalline (SCLC) copolymers, characterized by
two or more types of mesogenic groups attached to the poly-
mer backbone as side chains, represent a fascinating class of
materials that combine the unique properties of liquid crystals
with the versatility of copolymer chemistry. These materials
have garnered significant attention in the field of polymer sci-
ence due to their potential applications in various technological
domains, including display technologies, sensors, artificial mus-
cles, and actuators.'-4

The versatility of SCLC copolymers arises from the ability to
tailor their properties through attaching different side chains
with specific functions. Beyond the influence of the common
affecting factors, such as backbone flexibility/rigidity,’>-8!
length of flexible spacers®-'1 mesogenic content
density,[12-14] molecular weight,[15-17] topology
structure,['8-22] sizel23-251 and polarity?®! of the terminal flexi-
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ble substituents along with the architecture,[27-29 on the self-
assembly behavior and phase structures of SCLC polymers,
the coexistence of multiple mesogenic groups, the ratio and
the interactions between them also play a crucial role in de-
termining the characteristics of the resulting self-assembled
structures of SCLC copolymers.39-361 This tailor-made ap-
proach allows for the fine-tuning of characteristics, such as
the transition temperatures,3236-38] mechanical strength,3839]
and optical properties,'3537] which are crucial for the perfor-
mance of the material in specific applications. For instance,
the incorporation of more flexible or rigid monomers can en-
hance the mechanical flexibility and the thermal stability of
the copolymer,37:38401 and the inclusion responsive groups
can endow the copolymer responsiveness to external stimuli,
such as temperature, light, pressure, humidity, electric/mag-
netic fields, and solvent exposure, to create smart materials
can respond to their environment, providing a dynamic and
interactive platform for various applications.[241-46]

In this work, we report the synthesis and characterization of
a series of novel SCLC copolymers bearing both chiral
cholesteryl-based and achiral biphenyl-based mesogenic
units attached to a poly[3-mercaptopropylmethylsiloxane]
(PMMS) backbone via thiol-ene click chemistry. By varying the
molar ratio of the chiral monomer to the achiral monomer,
we aim to elucidate the influence of side chain composition
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on the self-assembly behavior and phase structures of these
SCLC copolymers, provide valuable insights into the complex
interplay between chiral and achiral mesogenic units in SCLC
copolymers and how their relative proportions dictate the
self-assembly behavior and phase structures of these materi-
als.

EXPERIMENTAL

Materials

The materials used in this study include poly(3-mercaptopropy-
Imethylsiloxane) (PMMS, SMS-992, M.W. 4000-7000, 95 cst,
Gelest Inc.), ethylparaben (A.R. grade, Sinopharm), cholesterol
(A.R. grade, Sinopharm), acetonitrile (A.R. grade, Sinopharm), 3-
bromopropene (98%, Beijing Dominant Technology Co.),
dimethylaminopyridine (DMAP, 99%, Energy Chemical), N,N-di-
cyclohexylcarbodiimide (DCC, 98%, Energy Chemical), 4-
phenylphenol (98 %, Sinopharm Chemical Reagent Co., Ltd.),

potassium hydroxide (A.R. grade, Beijing Chemical Reagents
Co.) and anhydrous potassium carbonate (A.R. grade, Beijing
Chemical Reagents Co.). These were utilized without further pu-
rification. Toluene (A.R. grade, Beijing Chemical Reagents Co.)
was prepared by refluxing over sodium and distilling under a ni-
trogen atmosphere prior to use. Azodiisobutyronitrile (AIBN)
(A.R. grade, Beijing Dominant Technology Co.) was purified by
recrystallization in ethanol. All other chemical reagents were
used as received without any modification.

Measurements

The materials were characterized using 'H-NMR spectroscopy,
thermogravimetric  analysis (TGA), differential scanning
calorimetry (DSC), polarized optical microscopy (POM), one-
dimensional wide-angle X-ray diffraction (1D-WAXD), small an-
gle X-ray scattering (SAXS), and two-dimensional wide-angle X-
ray diffraction (2D-WAXD), following the protocols as previously
described procedures 3!
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Synthesis

Scheme 1 outlines the synthetic pathway for the precursors,
monomers, and target polymers. Precursor 4-(allyloxy) benzoic
acid and monomers, cholesteryl-4-(allyloxy) benzoate (M1) and
[1,1-biphenyl]-4-yl 4-(allyloxy) benzoate (M2), were synthesized
using methodologies detailed in our previously published liter-
ature.B¢

Synthesis of the Copolymers

The copolymers were synthesized with minor modifications to
the literature methods.?%#”) The preparation of P-2 is described
as an illustrative example. M1 (344.60 mg, 0.63 mmol), M2
(831.60 mg, 2.52 mmol), PMMS (412.80 mg, 3.00 mmol —SH),
AIBN (49.26 mg, 0.10 mmol) and toluene (4.87 mL) were intro-
duced into a polymerization tube. After degassing and nitrogen
exchange through three freeze-thaw cycles, the tube was sealed
under vacuum conditions. The reaction was carried out at 65 °C
for 24 h. Subsequently, the crude polymer was precipitated by
pouring the reaction mixture into methanol, and further puri-
fied by dissolving in chloroform, followed by several precipita-
tions from methanol to remove excess unreacted monomers.
The polymer was dried under vacuum, yielding a white powder
with a purity of 86.3%.

RESULTS AND DISCUSSION

Synthesis and Characterization of Monomers and
Copolymers

As depicted in Scheme 1, the monomers were synthesized with
high efficiency through a series of reactions, beginning with the
Williamson etherification and concluding with the Steglich es-
terification. All polymers were obtained in high yields (>86%) via
the thiol-ene addition reaction using AIBN as the initiator. The
chemical structures of the precursors, monomers, and target
polymers were unambiguously confirmed by 'H-NMR spec-
troscopy.

Fig. 1 presents the "H-NMR spectra of the chiral monomer
M1, the achiral monomer M2, the backbone PMMS, and all
the synthesized polymers, respectively. The absence of vinyl
group signals from the monomers at 6.05, 5.43 and 5.31 ppm,
and the thiol group signal from PMMS at 1.37 ppm in the
polymer spectra confirms the complete consumption of
PMMS and removal of the monomers during the polymeriza-
tion. The emergence of proton peaks corresponding to aro-
matic rings and silicomethyl groups at 0.11 ppm verifies the
successful incorporation of the monomers and PMMS into the

1461

polymer structure. Moreover, an inverse relationship is ob-
served between the integral areas of signals at 4.81 ppm
(—O—CH— in cholesteryl moiety of M1) and 8.15 ppm (pro-
ton peaks of aromatic of M2), as highlighted by the red dot-
ted boxes. The actual molar fractions of M1 in each polymer,
relative to the (M1 + M2) ratio, are calculated and summa-
rized in Table 1. Interestingly, these fractions are higher than
those in the initial feed, suggesting that the substituted vinyl
monomer M1, with its larger and more rigid substituent, ex-
hibits greater reactivity than M2. This finding is consistent
with our previous observations.3648l

Table 1 and Fig. 2(a) present the results of the GPC mea-
surements, which reveal a trend where the number-average
molecular weight (M,)) of the polymers decreases with an in-
creasing proportion of M2. This trend is also reflected in the
M, values calculated based on "H-NMR results, which can be
attributed to the higher molecular weight of M1 compared to
M2. Additionally, the copolymers exhibit a broad molecular
weight distribution, which is inherited from the polymeric
starting material, PMMS.

Thermal and Liquid-Crystalline Properties of
Copolymers

The thermal and liquid-crystalline properties of these polymers
were thoroughly investigated using DSC, TGA and POM analy-
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Fig. 1 'H-NMR spectra of monomers, PMMS, and polymers in
CDCl;

Table1 Thermal properties and molecular characterization of polymers.

M

M1/(M1 + M2) (MR) 2 T,c T¢ » (@/mol) Tye ATf Yield
Sample ogc o pPDId o o .
Infeed  Calculated P (0 (0 GPCY  Calculated ® Q) (0 (%)
PMMS - - - — 800 6192 2.53 - - —
P-19 0.00 0.000 21.1 133.2 2400 21042 1.67 354 1121 91.6
P-2 0.20 0.216 31.2 137.1 2900 23132 1.97 329 105.9 86.3
P-3 0.40 0.409 26.3 148.4 3200 25036 1.88 326 122.1 88.5
P-4 0.60 0.613 29.4 173.9 3900 27028 1.71 325 144.5 91.5
P-5 0.80 0.811 30.8 183.1 4400 28961 1.70 324 152.3 894
P-69 1.00 1.000 35.7 204.8 4800 30852 2.04 337 169.1 91.2

2 Molar ratio; ® According to the "H-NMR results; © Evaluated by DSC during the second heating at the rate of 10 °C/min; ¢ Determined by GPC in THF using
polystyrene standards; © 5% Weight loss temperature was evaluated by TGA at a rate of 20 °C/min; f Mesogenic temperature ranges determined by T, — Ty
9 The data of P-1 and P-6 referenced as P-4 and PMMS-X,,-1.00 in Refs. [20] and [36], respectively, and listed here for comparison only.[203¢!

https://doi.org/10.1007/510118-024-3167-8


https://doi.org/10.1007/s10118-024-3167-8
https://doi.org/10.1007/s10118-024-3167-8
https://doi.org/10.1007/s10118-024-3167-8
https://doi.org/10.1007/s10118-024-3167-8
https://doi.org/10.1007/s10118-024-3167-8
https://doi.org/10.1007/s10118-024-3167-8
https://doi.org/10.1007/s10118-024-3167-8

1462

P-6

10

15 20 25
Elution time (min)

Fig. 2

ses. The results, summarized in Table 1 and Fig. 2(b), highlight
the exceptional thermal stability of the copolymers. The TGA
curves reveal that the temperature at which the copolymers ex-
perienced a 5% weight loss exceeds 324 °C under a nitrogen at-
mosphere. Interestingly, a slight decrease in thermal stability is
observed with increasing content of the chiral cholesteric
monomer M1. This observation suggests that the benzene ring
structure in M2 contributes to a higher thermal stability com-
pared to the cholesteryl group in M1.

The phase transition characteristics of the copolymers were
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Fig.3 DSC thermograms of the homopolymers during (a) the first
cooling and (b) subsequent second heating scans at a rate of 10
°C/min.
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(a) GPC curves of all the polymers and PMMS; (b) TGA thermograms of polymers in nitrogen at a rate of 20 °C/min.

investigated using DSC experiments, and the results present-
ed in Fig. 3. To minimize the impact of prior thermal history,
DSC scans were conducted during the initial cooling and sub-
sequent second heating cycles at a rate of 10 °C/min under a
controlled nitrogen atmosphere. The copolymers exhibited
diverse liquid-crystalline phases, identifiable by their charac-
teristic thermal transitions. For instance, copolymers P-2 and
P-5 displayed three or four distinct exothermic/endothermic
peaks during their cooling/heating processes, whereas
copolymers P-3 and P-4 exhibited only two peaks. This pat-
tern suggests the potential existence of multiple mesophase
structures within the mesogenic temperature ranges for P-2
and P-5, in contrast to the single mesophase observed for P-3
and P-4. Consistent with our expectations, the glassy transi-
tion temperature (Tg) and the clearing point temperature (T)
of the copolymers increased progressively with increasing
content of the rigid monomer M1, reflecting the modulated
side chain rigidity. Remarkably, due to the synergistic effect of
the flexible polysiloxane backbone PMMS and the less rigid
side chains, the T of the copolymers remained below 31.2 °C.

The liquid crystalline birefringence of all copolymers was
observed under POM with powder samples, and representa-
tive textures are displayed in Fig. 4. Pronounced birefrin-
gence was observed for samples P-2, P-3 and P-5 during cool-
ing at specific temperatures of 135,142 and 177 °C, respec-
tively. These temperatures were slightly lower than the
mesophase transitions identified in the DSC analysis, attribut-
ing to the super cooling. The observation of birefringence
confirms the presence of liquid-crystalline phases in these
copolymers and provides valuable insights into their meso-
morphic behavior.

For samples P-2 and P-5, as clearly depicted in Figs.
4(a)-4(c) and Figs. 4(g)—4(i), a focal-conic texture emerged
upon cooling from the isotropic state to 135 and 177 °C, re-
spectively. These textures are characteristic of a smectic lig-
uid-crystalline phase. As the temperature decreased further
to 130 °C for P-2 and 154 °C for P-5, a fascinating coexistence
of focal-conic and fan-shaped textures became evident. This
dual texture persisted essentially unchanged down to room
temperature, despite the observation of three and two phase
transitions in the DSC experiments for P-2 and P-5, respective-
ly. The only discernible change was a subtle alteration in col-
or. The appearance of fan-shaped texture, which are charac-
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teristic of smectic liquid crystalline phase, 14959 suggests that
P-2 and P-5 may possess a series of sub-smectic phase
throughout their entire mesomorphic temperature range.

In contrast, copolymer P-3 exhibited a unique behavior. Ini-
tially, a gritty texture was observed as the sample cooled from
the isotropic state to 142 °C, as depicted in Figs. 4(d) and 4(e).
This texture evolved into a fan-shaped pattern upon further
cooling to 125 °C, which was retained at room temperature,
accompanied by subtle color variations (Fig. 4f).

Overall, the appearance of the fan-shaped texture, which is
a characteristic of a smectic liquid crystalline phase, indicates
that P-2, P-3, and P-5 may all possess a series of sub-smectic
phase throughout their entire mesomorphic temperature
range.

Phase Structures and Phase Transition Identification
To systematically explore the existence of phase transitions
within the mesogenic state and the self-assembly structures of
all polymers, comprehensive studies were conducted using vari-
able-temperature 1D-WAXD, SAXS, and 2D-WAXD experiments.
Fig. 5(a) and Fig. 5(b) present the 1D-WAXD and SAXS pat-
terns of P-2 throughout the heating process, respectively. At
low temperatures, a distinct diffraction peak with a g (g =
411s5in6/A) value of 2.12 nm~" (corresponding to a d-spacing of
2.96 nm) is detected in the low-angle region. Additionally,
three diffraction peaks in the high-angle region, with g values
of 14.19, 15.33 and 19.75 nm~', indicate the existence of
molecular packing at the sub-nanometer scale. The combina-
- tion of these diffraction peaks suggests the existence of a
T A A Nl —— —_— smectic phase characterized by highly ordered molecular
Fig. 4 Representative textures of samples (a—c) P-2, (d—f) P-3, and packing. Upon heating to 70 °C, two peaks in the high-angle
(g—i) P-5 at different temperatures cooled from isotropic state. region, specifically those with g values of 15.33 and 19.75
nm-', disappear completely. Meanwhile, the peak at a g val-
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Fig. 5 (a) SAXS (the inset shows the enlarged patterns in the low-angle region) and (b) 1D-WAXD (the inset shows the enlarged
patterns in the high-angle region) patterns of P-2 during the heating process.
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ue of 14.19 nm~" weakens, and shifts to a slightly lower angle
(14.16 nm~1, corresponding to a d-spacing of 0.44 nm). The
sharp diffraction peak observed in the low-angle region per-
sists, indicating the loss of molecular packing at the sub-
nanometer scale and the emergence of a new phase. As the
temperature reaches 110 °C, the diffraction pattern in the
high-angle region transforms into an amorphous broad halo,
with a blue shift in the centre position. Concurrently, the in-
tensity of the low-angle region diffraction peak decreases
while shifting to an even lower angle (2.04 nm-"). These alter-
ations suggest further loss of molecular packing on the sub-
nanometer scale and the formation of a simple smectic phase
structure, resembling SmA or smectic C (SmC). Upon further
heating to 145 °C, the low-angle diffraction peak disappears,
and the high-angle scatter halo becomes more diffuse, indi-
cating that sample P-2 has entered the isotropic state.

Notably, the variations observed in the diffraction patterns
of copolymer P-2 closely resemble those previously reported
for homopolymer P-1, which exhibited a phase transition se-
quence of G—Smectic E«<>Smectic B«>Smectic A«<1s0.29 The
sole distinction between copolymer P-2 and homopolymer P-
1 lies in the minor inclusion of the chiral monomer M1 in the
side chain composition of P-2. Given this similarity and con-
sidering the fan-shaped texture captured by POM analysis,
along with the four phase transitions detected in the DSC
traces, we hypothesize that copolymer P-2 likely exhibits a
comparable phase transition sequence to that of homopoly-
mer P-1.

Based on our observations, we infer that the self-assembly
structure of copolymer P-2 at lower temperatures is likely the
smectic E (SmE) phase, characterized by the low-angle diffrac-
tion peak attributed to the (001) plane and the three high-an-
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gle diffraction peaks corresponding to the (110), (200), and
(210) planes of SmE, with lattice parameters a and b measur-
ing 0.82 and 0.54 nm, respectively.203236511 Upon heating to
intermediate temperatures, a loosely hexagonal packed
smectic B (SmB) phase emerges from the SmE phase with an
orthorhombic structure. Furthermore, at higher tempera-
tures, the low-angle diffraction peak and the high-angle
amorphous broad halo suggest that P-2 adopts a simple
smectic phase structure, resembling either SmA or SmC.

In contrast, the self-assembly behavior of P-5 and P-3 dif-
fers significantly from that of P-2, as shown in Figs. 6 and 7
across various temperatures, respectively. Notably, both sam-
ples exhibited a broad amorphous halo in the high-angle re-
gions during the heating process, indicating a lack of
nanometer-scale ordered molecular packing. In the case of
sample P-3, only a single diffraction peak with g value of 2.04
nm-' (corresponding to a d-spacing of 3.08 nm) was ob-
served prior to entering the isotropic state. However, for sam-
ple P-5, below 165 °C, two distinct diffraction peaks with g val-
ues of 0.97 and 1.93 nm~ (featuring a scattering vector ratio
of 1:2 and corresponding d-spacings of 6.48 and 3.26 nm, re-
spectively) were observed, suggestive of a characteristic layer
structure. Upon further heating, the first sharp diffraction
peak vanishes, while the second one persists and becomes
more intense, signaling the emergence of a new liquid crys-
talline phase. As the temperature reaches 190 °C, the low-an-
gle diffraction peak disappears, and the high-angle amor-
phous broad halo becomes increasingly diffuse, indicating
the transition of the sample into the isotropic state. The fan-
shaped texture observed in POM and the layer spacing of P-5
(approximately twice that of P-3) suggest a double layer ar-
rangement in P-5, akin to samples with a M1 molar ratio ex-
ceeding 0.4 in prior studies.3¢
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(@) SAXS (the inset shows the enlarged patterns in the low-angle region) and (b) 1D-WAXD (the inset shows the enlarged

patterns in the high-angle region) patterns of P-3 during the heating process.
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The DSC traces, 1D-WAXD and SAXS patterns of copolymer
P-4 are highly similar to those of P-3, confirming their analo-
gous phase transition behavior and self-assembly structures.

Given the limitations of 1D-WAXD and SAXS patterns in
terms of dimensionality, 2D-WAXD experiments were con-
ducted to accurately identify the smectic structures of all the
copolymers. For samples other than P-2, the specimens were
mechanically sheared and annealed at varying temperatures
after cooling from the isotropic state. However, for sample P-
2, its unexpected brittleness and continuous phase transition
during cooling precluded the successful formation of sheared
films at low temperatures. Fortunately, we overcame this
challenge by employing a quenching procedure, which al-
lowed us to obtain sheared films at high temperatures.

Fig. 8 shows representative 2D-WAXD patterns of selected
copolymers recorded at room temperature, with the X-ray in-
cident beam aligned perpendicular (along the Z direction) to
the shear direction (X direction). On the equator, one or two
pairs of strong diffraction arcs corresponding to the low-

angle diffraction peaks are clearly visible, indicating the de-
velopment of an ordered structure parallel to the shear direc-
tion on the nanometer scale. Additionally, two scattering ha-
los in the high-angle region are more or less focused on the
meridians, exhibiting a relatively broad azimuthal distribu-
tion at low angles. This indicating the existence of only short-
range order along the shear direction. In conclusion, the 2D-
WAXD patterns demonstrate the presence of a typical SmA
phase structure in these polymers.[5253]

Dependence of Phase Structures on the Two LC
Building Blocks and Their Interplay

Fig. 8 and Table 2 provide an in-depth analysis of the phase
transition temperatures and minimized layer spacings, high-
lighting the dependency of these properties on polymer com-
position. As illustrated in Fig. 8, a noticeable trend emerges in
the minimized layer spacing (denoted as c) of the periodic
smectic phase for each polymer. Intriguingly, an increase in the
molar ratio of the chiral monomer M1 is correlated with an ex-
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Fig. 7 (a) SAXS (the inset shows the enlarged patterns in the low-angle region) and (b) 1D-WAXD (the inset shows the enlarged
patterns in the high-angle region) patterns of P-5 during the heating process.

>
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z
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Fig.8 2D-WAXD patterns of (a) P-2, (b) P-4, and (c) P-5 recorded at room temperature, and (d) the shear geometry.
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Table2 d-Spacing, phase transition, and lattice parameter of homopolymers.

Phase transitions  (°C)

dion) ? dio02) ? - Lattice parameter @ c©
Sample (nm) (nm) Heating (nm) (nm)
Cooling
pq d 590 ~ G21.1SmE90.65mB9Y8.9SmA, 1333150 a=0.81, 500
: 150129.65mA,95.55mB85.8SME19.1G b=0.52 -
G31.2SmE60.55mB103.75mA,137.21s0 a=0.82,
P2 2.96 - 50137.05SMA,108.65mB54.55ME29.0G b=0.54 2.96
G26.3SmAs148.41so
P-3 3.08 - 150145.45SMAs24.9G - 3.08
G29.4SmAs173.9Iso
P-4 3.7 - 150172.65MAs28.2G - 3.17
G30.85MA4163.55mA,183.11s0
P-5 6.48 3.26 150181.05SmA,162.1 SmA,30.1G - 6.48
g G35.75SMA4139.95mA204.81s0
P-6 6.61 3.19 150197.95mA,136.65mA,34.6G - 6.61

2 Calculated at room temperature for all the polymers and according to the XRD results; ® According to the DSC results; G: glassy state; SmA,: smectic A phase
with single layer; SmA4: smectic A phase with double layer; SmB: smectic B phase; SmE: smectic E phase; Iso: isotropic state; © Minimized layer spacing of the
periodic arrangement; ¢ The data of P-1 and P-6 referenced as P-4 and PMMS-X,,-1.00 in Refs. [20] and [36], respectively, and listed here for comparison

Only.[20'36]

pansion in layer spacing. A pronounced leap in the measured ¢
from 3.17 nm to 6.48 nm is observed as the chiral molar ratio in-
creases from 0.6 to 0.8.

Assuming an all-trans conformation for the alkyl tails, the
theoretical lengths of the side chains are calculated to be 2.50
nm (L,) for the achiral side chain and 3.09 nm (L,) for the chi-
ral side chains. A comparative analysis between the mea-
sured ¢ and the respective side chain lengths yields valuable
insights. For P-2, the measured ¢ exceeds L, by 0.46 nm and
falls short of L; by 0.13 nm. In the case of P-3, the measured ¢
closely approximates L;. In contrast, for P-4 and P-5, the mea-
sured c surpasses L; by 0.08 nm and 2L; by 0.30 nm, respec-
tively. These observations suggest that the self-assembly
structure of these polymers is influenced by the dimensions
of the side chains.

In essence, the side chains from adjacent backbone units in
the smectic structures are substantially interdigitated, ensur-
ing a parallel and tightly packed alignment of the mesogen
units. It is plausible that in P-2, the n-alkyl tails of the chiral
side chains engage in a partial interdigitation, whereas a fully
extended packing is observed in P-3, P-4 and P-5. Notably, the
chiral side groups play an increasingly crucial role in the for-
mation of the self-assembly structure as the chiral molar ratio
increases. Upon reaching a chiral molar ratio of 0.8, the peri-
odic smectic arrangement of the structure is predominantly
governed by chiral monomer, resulting in a marked alter-
ation in the measured layer spacing (Fig. 9).

In contrast to the series of SCLC polymers constructed from
a poly(3-mercaptopropylmethylsiloxane) (PMMS) backbone
decorated with uniform chiral side chains and p-metoxyben-
zene-terminated achiral side chains (PMMSs-OCH;-based
polymers),3¢! the transition in the measured c is triggered by
a chiral molar ratio of 0.8 rather than 0.5. This phenomenon
implies that the emergence of the liquid crystalline phase is a
synergistic outcome of the two distinct side chains. The p-
biphenyl-terminated achiral side chains, which exhibit in-
creased rigidity in this study, can partially offset the effects
imparted by the chiral side chains, which occupy a larger spa-
tial volume and present greater steric hindrance, thus delay-
ing the change in the measured c.

300

250 1

200 F

Temperature (°C)
v
o
d-Spacing (nm)
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M1 content (MR)

Fig.9 Composition dependence of phase transition temperatures
and minimized layer spacings of for polymers.

Our meticulous examination and interpretation of DSC,
POM, 1D-WAXD, SAXS and 2D-WAXD data revealed three dis-
tinct liquid crystalline (LC) phases and four unique molecular
configurations within this polymer series (Fig. 10). These find-
ings are dependent upon the two LC building blocks, high-
lighting the delicate interplay among structural elements and
their influence on the collective phase behavior.

CONCLUSIONS

In summary, a series of novel SCLC copolymers bearing both
chiral cholesteryl-based and achiral biphenyl-based mesogenic
units attached to a poly(3-mercaptopropylmethylsiloxane)
(PMMS) backbone via thiol-ene click chemistry was synthesized
and characterized. Three distinct liquid crystalline (LC) phases
and four unique molecular configurations was observed de-
pending on molar ratio of chiral monomers with a larger spatial
volume and greater steric hindrance. Our research highlights
the critical influence of side chain dimensions, rigidity, and spa-
tial volume on the self-assembly structures and phase charac-
teristics of liquid crystalline polymers. The chiral molar ratio and
the diversity of side chains present play a crucial role in shaping
the organization of mesogenic units within the polymer matrix.
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Fig. 10 Schematic drawing of the proposed model for the self-assembly of all the polymers with different chiral molar ratios and

temperatures.

Understanding the complexities of these interactions and their
impact on structural formation is essential for the rational de-
sign and innovative development of advanced functional mate-
rials with tailored properties.
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