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Preparation of New Amphiphilic Liquid—Crystal Diblock Copolymers
Bearing Side—on Cholesteryl Mesogen and Their Self—aggregation
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Abstract Amphiphilic block copolymers bearing rigid hydrophobic liquid crystal mesogen have recently attracted broad
interests since they could spontaneously self-assemble into functional objects at the micron and/or nanometer scales, and
these soft matters bearing high-order hierarchical structures have potential applications in micro-reactors, advanced catalysts,
biosensors, drug delivery, biotechnology and so forth. In this work, we designed and successfully prepared a new series of
amphiphilic liquid crystal poly(glyceryl methacrylate)-b-poly(6-cholesteryloxyhexyl methacrylate) (PGMA-b-PMA6Chol)
with hydrophobic PMA6Chol block bearing end-on cholesteryl mesogen through sequential controlled reversible addition-
fragmentation chain transfer polymerization (RAFT) and successive removal of ketal protection groups. Then, their structures
and comonomer composition were examined by nuclear magnetic resonance (NMR) and gel permeation chromatography
(GPC). Liquid crystal phase structures and their transition as well as thermal stability of the prepared LC copolymers were
characterized by differential scanning calorimeter (DSC), polarized optical microscope (POM), 2D small angle X-ray scat-
tering (2D-SAXS) and thermogravimetric analytic instrument (TGA). Moreover, self-aggregation of these amphiphilic LC
block copolymers in mixed solution was investigated by means of UV spectrometer, and the aggregate sizes and morpholo-
gies were examined by scanning electron microscopy (SEM) and dynamic light scattering (DLS), respectively. As a result, it
was revealed that the LC to isotropic phase transition temperature (7;c.;) of as-synthesized LC block copolymers increased
with an increase in rigid LC block content, and the presence of bishydroxyl groups of hydrophilic PGMA strongly influenced
the self-assembly and LC phase of rigid hydrophobic block in bulk state. In mixed solvent, the synthesized amphiphilic LC
copolymers were found to preferably self-aggregate into core-shell spherical objects with average sizes spanning a range
from 0.7 to 2.0 pm when the hydrophobic LC block content was less than 93%, in contrast, the LC copolymer with 93 wt%
LC block tended to form open hollow spherical aggregates, showing interesting thermal responsive particle sizes in aqueous
solution.
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Figure 1 'H NMR spectra of PSMA (A) and PSMA,;-b-PMA6Chol;y
(B) in CDCl; as well as GPC curves of the PSMA (C)
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Figure 2 Synthetic pathway to liquid-crystalline diblock copolymer PGMA-b-PMA6Chol

#1 PSMA, PMAG6Chol [Pk Bi K731 PSMA-b-PMAG6Chol [¥7) 145k Je HoopAii
Table 1 Molecular weight and distribution of PSMA, PMA6Chol and diblock copolymers

M, (GPC)*/ M, (‘H NMR)b/ Hydrophilic/Hydrophobic
Sample No. Sample (gemol ") PDI (gemol ") weight ratio/wt%
— PSMA 2698 1.19 2479 —
— PMAG6Chol, 10510° 1.21 — —
P1 PSMA;-b-PMA6Chol;s 10659 1.11 10806 17/83
P2 PSMA ;-b-PMA6Chol;g 12040 1.10 13026 14/86
P3 PSMA ;-b-PMA6Cholys 18018 1.13 27456 7/93

“Molecular weights and their distribution were determined by GPC; ° DP of PSMA and diblock copolymers were calculated by '"H NMR; ¢ Molecular weights
and their distribution were determined by GPC-SLS.
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Figure 8 Temperature-resolved FTIR spectra of the LC diblock co-
polymer PGMA,-b-PMA6Chol,y (P2)

& 9 (A) PMAGCholy, ¥EEMFI(B) PGMA,-b-PMA6Cholys (P3)HkBE
R T ARG TR/ Xoray HUN E %

Figure 9 SAXS patterns of the (A) PMA6Chol;o homopolymer and (B)
the PGMA ;-6-PMA6Cholys (P3) diblock copolymers in bulk
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F 21258 JIT T2 1T T 10 o 25 SR AR AE K T 38 R 42
It 5 8 P A A () R A R s R R B A L ) T
AR TR BRI, A RS AR ik, 1
—SUWEN4FTR, 260 C4AF T 1R E SRR F
FEMURE FICE 160 CHRIMA TG, REMRTISEM
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Figure 12 SEM images of the aggregates formed in THF/water mixed

solvent for the diblock (A) PGMA,;-b-PMA6Chol;s (P1), (B)
PGMA;-b-PMA6Chol,s (P2) and (C) PGMA;-b-PMA6Cholss (P3)

3

ARSI A T — R R v 12 R8T 2 P SR
B A PGMA |-b-PMA6Chol(P1, P2, P3). '"H NMR
FI GPC RALSE HAF KBRS W 451 F1 RAFT 3L
4. TGA, DSC Fl SAXS #fF5v &k e R Lk 4 fix B 2R
A BT L A6 PR B I S SR W ) AR P
FPETE, A G TCAE AR T I MERIAT P FE S
AR AR B3G5, TR EE M N 4.94 nm (13T &
R A 45 R, 5 PMAG6Chol ¥JERMIAILL, PGMA B
(A A T S8 SR v 3 ik B TR ME R A7 k. R
THF A L7, KRR A ARG TTE 2 11 42
LR EW], &5 PGMA,;-b-PMA6Chol {ETR &7
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Figure 13  Temperature responsive diameter of the PGMA,;-b-
PMAG6Cholys aggregates in deionized water

£ 2 THE-FREIEHT PGMA,-b-PMA6Cholys (P3) H 41 BSR4 AE
AU PP SR A e HL oy A7

Table 2 Average diameter of the PGMA,-b-PMA6Cholys (P3) aggre-
gates and their polydispersity indices (PDI) under different temperatures
in water

Heating  <Dy>/nm PDI Cooling  <Dy>/nm PDI
25 C 1963 0.096 25 C 1990 0.104
35 C 1657 0.085 35 C 1578 0.379
45 °C 1117 0.280 45 C 1029 0.173
55 C 792 0.194 55 °C 758 0.159
60 C 693 0.189

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 14 SEM images of the PGMA,;-b-PMA4Chol,s (P3) aggregates
at60 C (A)and25 C (B)
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TR KRR I (DCO) (R RE AL T AT R,
98%); NH [ I [E 24 52 M B tb X FIAT BR A A, 98%);
4- I FEE g (DMAP)(F /R AEAEBR A 7], 99%);
SR R (i A A XA R A ], 98%); HR ([
ZiE I Ak 2R FAT R A ], AR AN 22 T Tk
B, DLARIUA; DUSRRI (S3dk TBh3), AR).

42 (UHEMR SR

BB E (0354 (GPC, PerkinElmer 200, 3E[H), 35
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PAX(NMR, Bruker 300); #Kk 73 H1{(TGA, TA Q500,
), N F (60 mL/min) FHEH K 20 K/min; 75 %47
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TNHHTFHEEZE A 10 K/min — X R AHR = IR THE
I AE WG B BT (POM, Olympus BXS51), 1
K/min FHEERLRE S5, ORI [ R R U 48 b A
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BL16B1-X S 2k/M G £k ili, 10 keV, 1.24 A), W
B R TR Rl by R VA AR BT YERE i Ok
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rpomAeli 12 h, R R AR AL S OTs JE 4 &
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