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Fig. 1 (A) Chemical structure of the ABA-type triblock copolymer; (B) AFM height images (1 mm x 1 mm)

showing the photoinduced morphological change of a Langmuir-Blodgett film on mica during transformation of

azobenzenes from cis-from (a) to trans-form (b) (Adapted with permission from Ref. [36]; Copyright (2012) ,

American Chemical Society)
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Fig. 2 (A) Chemical structure of the diblock copolymer; (B) Schematic illustration indicating the orientation of the azo
moieties and PEG cylinders in the irradiated and non-irradiated areas of the film; (C) AFM height image (a) and phase
images (b, c¢) showing the uniform orientation of the PEG nanocylinders induced by irradiation of linearly polarized laser

(Inset of (b) shows the FET image. ) ( Adapted with permission from Ref. [38]; Copyright (2012), American Chemical

Society )

A

Fig. 3 (A) Schematic illustration showing the correlation between the orientation of the PEG cylinders, their

positions in the SRG and the polarization states of the interfering lasers; ( B) AFM height images (1 mm x 1 mm)

of three different areas in an SRG ( Adapted with permission from Ref. [39])
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Fig. 4

(A) Chemical structure of the diblock copolymer; (B)

Schematic illustration showing the orientation control of the PS
cylinders in the film by patterned irradiation of LPL (436 nm) ;
(C) AFM phase image showing different orientions of PS
cylinders in one image (1 mm x 1 mm) ( Adapted with

permission from Ref. [ 40 ]; Copyright ( 2012 ), American

Chemical Society)

HRIE T A S B W A 0 T DG IR S
T ARSI L T AR E 4 M R INE RO
RUEE, AT LR R B 45 5 't B i R 1 A7 D Ao W ¢

VE A 25 04 TR 1) 380 A, 0 D AR e o L S0 1Y
BROIR e o B LN RV . L S A R T A AR
R DA U R 00 5 YA 2R G Wi B AT PEG ik BE
R LY P i Bt 3k R W) PEG-b-PMAazod44 (43
TR UL 6 (A)) % B A W 1 0k B 1
) ey AT 4 % BRBE Ty 14 ~ 15 nm BBV IR TR
B W o T DL R XS AT S B | i SR
0 42 9 BE Sy it K ) fH R BR  ) E B U2 S . Y
AMINAS X B 1 3% 16 5 AT AT O 4 e 2R R,
£ EANE 6 (C) B J 5 — B R B 48
M N R OGE PR ik B 3k R ¥ PEG-b-PBD
( polyethyleneglycol-b-polybutadiene ) 1 i F, {b. 71 2
FEAE Sy WO AR b KR R T 5 R A — A
B0 Ok PEG-b-PMAazoddd Jp ¥ I3 HL/E bR
P2 MK AR St b SR 5 ¥ 4L & T PEG-b-PBD
MFLHCE R 2 5 A AR G W B0 8 b I s
BLOar L 13 3 T AP E BE 2 PEG-b-PMAazo444 3
T, N2 BEJE PEG-b-PBD Jy ) AN X FK 4 3. F)
FH TR B (4 J7 6 AL mT LA A5 B A1 2 BE J& PEG-b-PBD
O3 NIZBE & PEG-b-PMAazoddd 431 1) 7R 4 Fk

E)
% ‘<— Visible-on
% 9.0 4
8 3
2 85 {
g g0l
= 80 .

7.5F a 4

20 ~—UV-on

10 0 10 20 30 40 50 60 70 80 90 100110120
Time (s)

Fig. 5 (A) Chemical structure of the diblock copolymer; (B)

Transmittance of the vesicle solution (in dioxane-water) and
SEM images of samples cast from solution before illuminated with
UV light (360 nm) (a), after UV illumination (b) and after
subsequent visible light (440 nm) exposure (c¢) (Adapted with
Copyright (2012 ),

permission from Ref. [ 43 ]; American

Chemical Society)
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Fig. 6 (A) Chemical structure of the two diblock copolymers; ( B) Structure of the asymmetric vesicle; (C)

Schematic illustration of the preparation method of asymmetric polymersomes; ( D) Snapshots of an asymmetric

polymersome bursting under UV illumination taken by using a high-speed digital camera ( Adapted with permission from

Ref. [47])

R AW v A DA BRI B A A PR T
AR AT 5 3 (R 52 B 0 I f R0 R A b R
A — SO o IR A e - A A S 6 b R 1
3 T R O 1 9 i 2 BRI T 3
()39 23 P 108 00 3R A 0 10 R o5t KL P A TE o 1
R SR, 2 0 B A ST R A B AR R A
W AE 5 006 B8 S I, 2 1T 2 2 00 3036 T
PRI, 2 TR AR A AR B A0 5 A BRI, R 18
AT A B b3 = R B T LS o
R B RO M AUR A A B Ak
G BEAE WS P T 23 SRR IRy T 4R i A
B A VD X I MR Y Y B R R K B AR R
IF , Fh T 0 BE 3 SR W A 40 5 B RBEE S 10 ~ 100
QK 8N F AT LGB K R A G B 0T
Kb 4 HIOR H B 1 SR B T R, HL U R AT B
7 B TOR 43 B 454 )40 ) L R 9% B R TR RO
45 2 T 425 4.

TE V% 8 04k BE G 3 W R A 4 B A7 A A
Mo, 558 R A 3 ) T OIG3% ik B T LA
BT, AR B O M Schmidt 4
Fr T E 2 2 ik BRI RO it B2 R 2 4
Sy IEEY (T (A) BR800  A  Bii h $ 4

K 8. 4% ) ;i 5 R A LA IR CF 40 B i B
SEIRY 5% B M 95% ) B F RS Y (A
SELH A3 1 TR A3 BN T 0.5% )L R T
JRBE 1 7 AR B EE 2 1. 1 mm (13556 B4 1
TR CPE 7 (B) ) 7 T v 8 200 e B 8 4 0% B Bk
PR AN, B L7224 10 ~20 nm. 3% 384 4 Jis o
M BT A FAE 94 BB, 18 20 2 W 13
GRS JT bR PE RE A A R R

13 280 W i 35 58 W O A7 % A R A 645 )
ATRP 4 il B 5% T35 74 6 R 1 ( PMIMLA ) ¢ Bt 5 11
SR B 2L A B TR L o I B U S A
64 B G VE R HE AT B 28 F2 0, ik B AL 3R W A
T PMMA RIS 00 M 5 4 B ) S5 6 3
X Tt BOAL R P w8 AR & & 3R E IR ET IR AT
LA VR i A T Y 5 R 6 2 76 AT L 484 308 1 B
[6]. % T A [ 2 b fr o B L B 4, LM e ) B R
[F). 48 itk B M iE S AH BT AR & ot
BT AT S A 82 B8 W Pe 4T, 7E R AR
23 S v Ol B 3 1T AR O R B 40
I 5 5 00 S e B B R A BRI, SR G ) R B
H R AR S BOUUHT 5, T 3% T A AR U e 52 4
.



968 =2 vax

2 e 2013 4

®)

polyHEMA

PS

) .
bloclrﬂ’i)coffco{’ﬁ

m & Y dn

D)

Fig. 7 (A) Chemical structure of the diblock copolymer; (B) Picture of an injection-molded sample with a diameter of

25 mm and a thickness of 1. 1 mm; (C) Sample with several inscribed holograms between crossed polarizers; (D) Sample

showing the first diffraction order of some of these holograms under illumination with white light ( Adapted with permission

from Ref. [50])
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Fig. 8 Schematic illustration showing photoinduced orientation of azobenzene chromophores in liquid crystalline
diblock copolymers exhibiting cylindrical and lamellar microphase-separated morphology ( Adapted with permission

from Ref. [22])
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RECENT DEVELOPMENTS IN LIQUID CRYSTALLINE AZO BLOCK
COPOLYMERS :SELF-ASSEMBLY AND PHOTORESPONSIVE PROPERTIES

Yu Zhu, Xiao-gong Wang

( Department of Chemical Engineering, Laboratory of Advanced Materials, Tsinghua University, Beijing 100084 )

Abstract Azobenzene-containing liquid crystalline block copolymers represent a special category of block
copolymers and functional materials. The combination of photoresponsive properties of azo polymers and
hierarchical supramolecular structures of liquid crystalline block copolymers leads to their unique
characteristics and functions. Research in this field has generated a number of new block copolymers and
recorded some newly discovered properties of the copolymers. In this review,a few examples were chosen to
discuss the recent developments in this area with emphasis on the photoinduced morphological changes and
holographic properties of this type of polymers and materials.

Keywords Azo polymer, Block copolymer, Liquid crystal, Photoresponsive properties, Holography



