B0k 2 RS RTZIN Vol.40 No.2
2025 4E 2 A Chinese Journal of Liquid Crystals and Displays Feb. 2025

XEHS:1007-2780(2025)02-0309-20
RERBUNRELERDARBARXRT AN

MWKk, 222, 2T
(EE T Ak #REKR, LFE 100081)

FEE PG AORB B IR A R R AT L A S R A WA T2 8 T 72 00 el 2 G A )12
B PR S T S P A e BB SR A e Bk A R R T LA 2R S RS SR A A, AR R i BRI IR L TR
TE W At B S SR W 8 v 38 o 5 LAVt B A A TR S JLIE A 1 AL B2l g, T LA st AS T T 350 R RS 1) 48 0K Jie
FAENE T B4 T AL B AR R D Re A bE e o BRI, P58 i BE SRS A 1) RS - A 8 T AR, o] 3 S 757 A 2 2% 1)
T7 75 SIS S A W A A A e B R RS ARG B L B T AR SRR LR 2 40 A RS R S — o AR SCER IR TR AR R
TR i i B A SR 9 (liquid crystalline block copolymers, LC BCPs) A% TR 25 H 2H 2% 40k i iF 7% 00 i, 245 vh AE 34N i,
A4 X8 VR R AL A T 3K Bl 2 2 A TR A TILAR R 0 42 S RO 300 R0 RS B 26 07 1 DA M T 4 2 90 A 2

X B WoRARBEERY RATEAAEL SR AAE

FESZEE:0753".2 XEHRIEE:A  doi:10.37188/CJLCD.2024-0259  CSTR:32172.14.CJL.CD.2024-0259

Effect of liquid crystalline ordering on the self-assembly behavior
of block copolymers in solutions

ZHAO Mingzhu, JIN Bixin, LI Xiaoyu’
(School of Materials, Beijing Institute of Technology, Beijing 100081, China)

Abstract: With the development of nanotechnology, the preparation of polymeric nanoparticles with finely
controlled morphologies and structures has attracted extensive attention, and found widely applicable in
various fields. Amphiphilic block copolymers can self-assemble into a variety of micellar structures,
such as cylinders, vesicles, and spherical micelle in selective solvents. In particular, by introducing
mesogenic ordering as a driving force, the solution-state self-assembly behaviors of liquid crystalline block
copolymers LCBCPs can be significantly different. Since the properties of micellar aggregates are directly
determined by their morphologies and sizes, it is very important to control the size of the micelles
structure. In recent years, the precise control over the size of Polymer nanoassembly structures via simple
and efficient methods has been one of the hot spots and difficulties in the field of chemistry and materials
science. In this review, we summarized the research progress of solution-state self-assembly of .LC BCPs
for the past few years, mainly focusing on three aspects, including a comprehensive understanding of

mesogenic ordering-driven self-assembly, precise assembly methods, and controllable hierarchical self-assembly.
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Fig.1 (a) Chemical structure and schematic illustration
of the triblock copolymer PAA-6-PCEMA-b6-
PFOEMA; (b, ¢, e) TEM images and (d, {) AFM
images of micelle structure of triblock copolymer
PAA-6-PCEMA-6-PFMA assembled in mixed
solvent (TFT/MeOH) ; (g) Schematic illustration

and TEM images of ring, racquet and other ring

Eye-shaped Triangular ~ Quadrilateral

()

polygonal micelles assembled from block copolymer
PAA-b-PCEMA-b-PFMA ; (h) Schematic il-
lustration of packing of the PFOEMA block at a

sharp vertex and in the straight sections of the

polygonal structure™”’.
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Fig.2 (a) Chemical structure and schematic illustration of

the diblock copolymer PEG-b-PCholA; (b) Cryo-
TEM image of the nanofiber structure micelle as-
sembled by diblock copolymer PEG114-6-PCholA
(14%:86% is the hydrophilic/hydrophobic weight
ratio) in water; (c) Structural model of nanofiber
micelles; (d) Cryo-TEM image of the vesicles as-
sembled by diblock copolymer PEG114-6-PCholA
(28%:72%) in water; (e) Structural model of

vesicles™.

7 1 SR AR TR AT LB B A B 1Y K
) DR B o) 7 Rl R AR — Beml[a] AR 5 v
Ao A A R A R R T IR R U
45 L I BT R S A R RSO Rl B
IR 5 S R AE T T I — R R AR
(O R R IR R MR e R o Ve A R
FIE R AR h I RS W BE S TR AF G TR
s R P i S0 HE AR R fie 245 B 4 — Y HDIR R
WRF R A TR TR R T T RV R A A e B
SEIR My (1) T A B B 56 1 o 4 B M IR
T B8 55 W 22 T 36 R 3 A E AR I, DTG ] 45 2]
T AR 8 — A HPRBE R, AR AR A9 I 3
5 BCP B 55 7 7 J5 R A B B HE R PE S &R



% 2

X ER , 2 < 00 KU AL ik BOIL SR WD B AL AT 0 1 5 TR 313

2016 4F , AR PRI L oy oA 1 AL T R
WA PEFMA KRR B, iR B IRy &R
(2- 0% HEMENE ) - B -2R (2-(H - JE ) C HEH
FETN B R G ) (P2VP-6-PFMA ) 75 1 £ PE 15 71 5
PR B rf 25T K BE ML A AR I PR, AR U R KR
T 38 G R A K R A HOR R R
(L,=42 nm, L,/L,=1.07) , & 3(a) ff 2% . Fifi
J5 W A5 B B B AT GRS R K E

(a) (1) Self-assembly

P57 W RE RO SR e e 4 ) Bl R T LA
K 40~800 nm fy ¥ — 14 AF AR B A, i &
3(b,c) Bz o M A 5 Bl 25 1B K B2 B 49 2
T8 BRI, A7 35 B0 B o L ON EOR 5 TR
AR AL R R . KRG A MMER
F1% 26 B R I Ik I 2o A s TR 5 Y A AR
Ko W B WRSEH 1 X LC BCP 41 % il i i
SRR IR 25 R R G 42 16

(II') F-TA Process

i-PrOH

”1:4618 1F;2c> oy
" 2NCF,

Y

—

~N
Annealing %
g =

Ty W

I (d) 1000

800 1

600 1

400 1

Length/nm

200 1

0

20 30 40 50 60 70 80
Annealing temperature/°C

(a) i} Bt LY P2VP-0-PFMA 1 Ah 25 25 K [ &R 2 i) A 5000 FBOME R R 19 7 78 &1 5 B8 FF 7 76 (b) 50 “CHl(¢) 75 °C
Bk 1 h, A HEEIRAFA TEM R 5 (d) B 0805 9K 5 L BB R 284

Fig.3 (a) Chemical structure of diblock copolymer P2VP-6-PFMA and schematic illustration of monodisperse cylindrical

micelles prepared by self-seeding process; TEM images of uniform micelles obtained for the seed micelles were

annealed at (b) 50 “C and(c) 75 °C for 1 h and cooled to room temperature; (d) Number average length L, of

micelles versus annealing temperature™”’,
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Fig. 4

(a) Chemical structure of diblock copolymer PBLG-6-PNIPAM and the formation of monodisperse cylindrical

micelles through seed growth; (b) TEM images of cylindrical micelles; (¢) Schematic illustration of the L.C struc-

ture along the main axis of the micelles; (d) TEM images of terminated PBLG-6-PNIPAM cylindrical micelles;

(e) Schematic illustration to simulate the morphology of terminating aggregates ™' ;

975 (f) Fusion growth process of

forming monodisperse 2D disk micelles; (g) TEM images of disk seeds formed by PBLG-6-PEG; (h) TEM

images and (i) CLSM images of disk micelles were prepared by seeded-growth; (j) Diagram of the area of the disk

with the ratio of monomers and seeds™™”.
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Fig. 5

(a) Chemical structure of diblock copolymer P2VP-5-PFMA and the formation of dynamic covalent bonds between

PhSeBr and P2VP units; (b) Schematic illustration of cylindrical micelles prepared by one-pot method and

(c) diagram of mechanism; (d) AFM image of cylindrical micelles prepared by the one-pot method; (e) Linear

relationship between M/M, and 1/R, for small molecule initiators; ({) TEM image of the cylindrical micelles

produced from the thermo-seeded growth process™’; (g) Schematic illustration of pentablock cylindrical micelles

prepared by in-situ initiation-growth strategy and (h) TEM image, and the inset is DF-TEM image and corresponding

EDX-ray analysis *.
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Fig.6 (a) Schematic illustration of initiators in four different dimensions; TEM images of hierarchical micelles prepared

with (b) P(tBA-r-AA)as a zero-dimensional initiator, (¢) CNT as a one-dimensional initiator, (d) GO as a

two-dimensional initiator and (e) NS as a three-dimensional initiator™*”.
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Fig. 7 (a) Schematic illustration of controllable preparation of cylindrical micelles by in-situ nucleation-growth strategy;
(b) TEM images of homogeneous triblock cylindrical micelles; (c¢) Variation of cylindrical micelles length versus the
time and solution temperature during the cooling process; (d) Variation of cylindrical micelles length with the mass
ratio of P2VPy-6-PFMA;, and P2VPy-6-PFMA,;; (e) TEM images of heterogeneous triblock cylindrical micelles;
(f) TEM images of heterogeneous pentablock cylindrical micelles; (g) TEM and TEM-EDS images of heterogeneous
triblock hybrid cylindrical micelles™".
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Fig.8 (a) Chemical structure of diblock copolymer
PMMA-b6-PCholMA and schematic illustration of
uniform cylindrical micelles prepared by in-situ
nucleation-growth strategy; TEM images of cylin-
drical micelles obtained in different solvent mixtures:
8% (volume fraction) (b) TCE and (¢) DMSO in
NMP; (d) The variation of cylindrical micelle
length and PDI versus the volume fraction of the
solvents; (e) Length and PDI of cylindrical micelles

versus different solvent composition .
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(a) Chemical structure of diblock copolymer PIBA-6-PHATMA ; (b) Schematic illustration of the two morphologlcal

evolution routes with different mechanisms; (¢~f) TEM images of micelles by self-assembly of PIBA-6-PHATMA ;

(g) Schematic illustration of intramolecular chain rearrangement mechanism; (h) Schematic illustration of the doping

of HAT moieties with TNF molecules and the corresponding packing of discotic mesogens; (i) TEM image of
fiber-like micelles after doping a higher ratio of TNF (7=1.0) ; (j) TEM images of cylindrical micelles by self-seeding

under annealing condition at 72 °C; (k) Plot of L, and the semilogarithmic plot of the fraction of surviving seeds

versus annealing temperatures™”.

HRAENEIN, BRMEKN S TSR
A AR GBS DT B Bl i B SR W A 9 42 TRt
A DT e Vi B A R AR K R A Ay B
) HAGT AL, & T PISA KRR 5e)1Z e il
2 EWIK%%%%% RAFT BAEM PISAKRE .

T8 1 K 2 3 4 20 U A 1 S T O BT T
fn%l/&u PISA R & v il iF RAFT 78 £ B
RAERE T Wik B IR Y PDMA-6-PBz2MA |, %

LW [ i 7E 20 o [ 2 25 T A 4 oK Bk ol 4 3
W 10Ca~1) TR o Bl K 49 2K 3k R0 40 30 43 531 4
HFP TR A = R FMA 282 R4 Bl &
PFMA iz BE 2R 4 B 38 T%&%%ﬂ*ﬂkﬁfﬁﬁ%
BN 20 2% A I T 5 0 7 ) — 5 A TR AR IR 2
M= N IUE =N iznlzllo(pﬁﬁmo
A dd ik PISA #Emg , i ] RAFT 76 N, N-—
FH 35 H ke v B itk B G SR 9 PDMA-6-PFMA,



e H N
320 T EESETN %40 %

(a)

HOOC S 0 HOOC HOOC

CN 0 0 O O’\/CSFU 0
—>
Dispersion polymerization Seeded dispersion polymerization
,N— /N. CsFy,

PDMA-b-PBzMA-b-PFOEMA

PDMA PDMA-b-PBzMA

DP of BZMA

K10 (a)PDMA-b-PBzMA-b-PEMA % B R Y 3 U ER 5 (b~1) SURL R OB 2519 TEM % 5 () 1 5
7 1 A5 30 11 YL R 1 2L AT A T A I R R
Fig. 10 (a) Synthesis route of PDMA-6-PBzMA-b-PFMA triblock copolymer; (b~i) TEM images of typical micelles

morphology; (j) Schematic illustration of mesogen-tuned morphological transition of the assemblies by polymerization-
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Fig. 11 (a) Schematic illustration of the PICSA process of azobenzene-containing BCPs; (b) TEM images of typical

micelles morphology prepared by PICSA method; (¢,d) AFM images of helical fiber-like structures'”
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Fig. 12 (a) Schematic illustration of the PISA process

of stilbene-containing BCPs; (b, ¢) TEM images
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Fig. 13 (a) Schematic illustration of the “end-to-end”
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coupling process; (b) Corresponding TEM images;
(¢) DLS data of micelles after annealing at 70 °C
for 16 h and 6 months ®'; (d) Schematic illustra-
tion of the mechanism of one-step “end-to-end”
coupling protocol to form hierarchical supermicellar

fibrils; (e) TEM and (f) AFM images of the

supermicellar fibrils'™".
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Fig. 14 (a) SEM image of rod-like micelles of PBLG-g-PEG; (b~f) SEM images of the aggregates generated from the

rod-like micelles with the increase of DMF or THF content (volumn fraction) ; (d,g) TEM images of correspond-

ing figures (c) and (1), respectively'™ . The scale is 300 nm.
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