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Scheme 1 Chemical structure and self-assembly behavior of PA-g-PAzo/(TPE-HEG) asymmetric molecular brush.



434 PRIz s S AR SR EE AR 27 Rl RSP A S B 4R TT 409

(97%) 4 B #7524k il Tl Ak e A B A
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AP BRI NG R I SR 2 B
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¥ W L 1R A 3% ('H-NMR) % H] AVANCE 111
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FRELE(TMS), IR 9 20 °C. SR A A (i
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TR TR AMEATIE . LN AL
1% F R (PMMA)FRFEX 7> 7 B TR OE, F THF
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(TEM)XF H 2R TS AT RAE, RS AR I Y
8 uL 73 Tl S W 2 B R T, TR 2 AT AR D)
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1.3 WIHERBETNBE /K Br-acrylate-C1 B9 & B

B 6-FEHE(51.84 g, 0.38 mol). =% (74
mL, 0.54 mol) Al — 5 F %52 (165 mL) I\ T 15 1)
500 mL = FBEif A, KRG IR & 105] . 2%
18 ¥ N TA M T 540(44.81 g, 0.50 mol), = I [
IR S N R, AN kK P VR UE R 3~
4%, FERUKM, ToKBRRETE. g, JEH
WdE, N 2K Iy BH R S5 AT R 25
73 3] 64.50 g ¥4k acrylate-Cl 1, 7% A 90%.
'H-NMR (CDCly/TMS, 400 MHz, ): 1.32~1.81
(m, 84, —OCH,CH,CH,CH,CH,CH,Cl), 3.47
(t, 2H, —CH,—Cl), 4.10 (t, 2H, —OCH,—), 5.82

(dd, 1H, —CH=), 6.13 (dd, 1H, CH,=), 6.41 (dd,
1H, CH,=C).

HRAE 50 mL At TR H I FRLAK acrylate-Cl 1
(12.00 g, 62.94 mmol). % % H (095 g, 3143
mmol) I = H iz 7K 3% ¥ (9 mL, 37.77 mmol),
60 °C/X .72 h. RMZEH G 70, TooK LRk FEEL
IKAH3~4 R, GHANAE, ToKBRERAN 5. i
PE, VRIS I RE AR SR AR (Y (IE 2 )V (LR
Z.Mg) =30:1), 13%14.17 g ¥4K OH-acrylate-Cl 2,
7% % 30%. 'H-NMR (CDCL/TMS, 400 MHz, J):
1.32~1.81 (m, 8H, —CH,CH,CH,CH,—), 3.53 (t,
2H, —CH,—Cl), 4.16 (t, 2H, —OCH,—), 4.32 (s,
2H, CH,OH), 5.90, 6.34 (s, 2H, CH,=C).

i) 1000 mL = 73 Fg I A 4K O LA OH-
acrylate-C12 (2.25 g, 10.20 mmol). = Zfi%(1.55 g,
15.30 mmol) Al & H 52(55 mL). 485K 2- R R ik
1R(3.15 g, 14.25 mmol)Zet& i i . = I W
SR JEHE, BEMORAE R I R AR AV (E &
$):V (LR LHR) = 15:1), #532.78 g #.4K Br-
acrylate-Cl 3, 7% % & 78%. 'H-NMR (CDCly/
TMS, 400 MHz, 6): 1.38~1.84 (m, 8H, —OCH,CH,
CH,CH,CH,CH,Cl—), 1.87 (d, 3H, CH;CH), 3.56
(t, 2H, —CH,—Cl), 4.15 (t, 2H, —OCOCH,—),
4.40 (q, 1H, CHBr), 4.93 (q, 2H, CH,0CO), 5.93,
6.38 (s, 2H, CH,=C).
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'H-NMR (CDCI;/TMS, 400 MHz, 6): 2.45 (s,
3H, —CH,CH;), 3.37 (s, 3H, —OCH;), 3.51~
3.74 (m, 20H, —O(CH,CH,)sOCH;), 4.15 (t, 2H,
—OCOCH,—), 7.35, 7.77 (m, 4H, C¢H,) (FE T3¢
FrE B SY).
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Scheme 2 Synthesis of (a) Br-acrylate-Cl functional monomer and (b) poly(Br-acrylate-Cl) macro-agent.
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Fig. 1 'H-NMR spectra of (a) Br-acrylate-Cl functional
monomer in CDCl; (*: CH,Cl,) and (b) poly(Br-acrylate-
Cl) macro-agent in CDCl;.
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Scheme 3 Synthesis of PA-g-PAzo/(TPE-HEG) asymmetric molecular brush.
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Fig. 2 'H-NMR spectrum of PA-g-PAzo/(TPE-HEG) in CDCl,.

B3t GPC %4, PA-g-PAzo/(TPE-HEG)H 7 T8
N 1.20x105 g/mol, 7> TN 1.31 (T3 F
R S3).
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Fig. 3 UV-Vis absorption spectra of PA-g-PAzo/(TPE-HEG)

in THF (a) upon irradiation of 365 nm light, and (b) recovered

by 450 nm light. (The online version is colorful.)
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Fig. 4 TEM images of aggregates formed by PA-g-PAzo/(TPE-HEG) in various solvents at a concentration of 0.02 mg/mL:
(a) CH;OH/THF = 85/15 (V/V), (b) CH;OH/THF = 90/10 (¥/¥), and (¢) CH;OH/THF = 95/5 (V/V).
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Fig. 5 TEM images of the formation process of sheaf-like aggregates self-assembled by PA-g-PAzo/(TPE- HEG) at (a) 50 °C,
(b, ¢) 35°C, (d, e) 20 °C, (f, g) 5 °C after aging for 1 h, and (h) 5 °C after aging for 3 h.
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Fig. 6 Schematic diagram illustrating the growth process of sheaf-like aggregates.

Fig. 7 TEM images of (a) bundle-like aggregates, (b) bundle-like aggregates irradiated by 365 nm light, (c) sheaf-like aggregates,

(d) sheaf-like aggregates irradiated by 365 nm light.
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Research Article

Synthesis and Self-assembly of Asymmetric Molecular Brushes with
Azobenzene-containing Side Chains

Yuan Yao, Pin He, Xin-feng Tao, Bin-bin Xu"*, Shao-liang Lin"
(Shanghai Key Laboratory of Advanced Polymeric Materials, School of Materials Science and Engineering,
East China University of Science and Technology, Shanghai 200237)

Abstract Self-assembly of amphiphilic copolymers presents a promising platform for the design and synthesis of
nanomaterials, depending heavily on the topological polymer chemistry and properties of their compositions. In
particular, asymmetric molecular brushes are composed of two different side chains grafted on a linear backbone,
possessing distinct assembly behaviors in comparison with conventional linear copolymers, owing to the
asymmetric double-brushes and combined effects of backbone and brushes. Additionally, the introduction of
unique functionalities and responsiveness into the self-assembly system of asymmetric molecular brushes endows
extra opportunities to pursue morphologic diversity and intriguing functionalities. In this study, a novel functional
acrylate monomer Br-acrylate-Cl with Br-containing initiating group and alkylchlorine group was designed and
synthesized. The functional macro-agent, poly(Br-acrylate-Cl), was first prepared by reversible addition-
fragmentation chain transfer (RAFT) homopolymerization of Br-acrylate-Cl monomer. Azobenzene-containing
side chains were then directly grown from the backbone via atom transfer radical polymerization (ATRP) of
azobenzene-containing monomer initiated by the pendant Br-containing initiating groups on the backbone,
affording PA-g-PAzo molecular brushes. The obtained PA-g-PAzo molecular brushes were subsequently used in
postpolymerization substitution to generate PA-g-PAzo/(TPE-HEG) asymmetric molecular brushes with
azobenzene and hexaethylene glycol-containing side chains and tetraphenylethylene groups. Due to the special
architecture and inter/intramolecular association of pendant azobenzene and tetraphenylethylene groups, PA-g-
PAzo/(TPE-HEG) asymmetric molecular brushes exhibited unique self-assembly behavior. Therefore, z-z and
solvophobic interaction-driven self-assembly of PA-g-PAzo/(TPE-HEG) in CH;OH-THF mixed solvents was
studied, and the morphologies of the assemblies were characterized by transmission electron microscopy (TEM).

* Corresponding authors: Bin-bin Xu, E-mail: binbinxu@ecust.edu.cn
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Well-defined bundle-like aggregates, sheaf-like aggregates, and 2D platelets were constructed via self-assembly
of PA-g-PAzo/(TPE-HEG) through a heating-cooling-aging process. The formation of sheaf-like aggregates was
systematically investgated. Intriguingly, the azobenzene moieties undergo trans-cis isomerization upon UV
irradiation and further promote a morphology evolution of the assemblies, leading to the formation of rectangular
platelets. Our study presents an efficient method for preparing asymmetric molecular brushes based on the
functional monomer stragtegy, and opens a new avenue to design molecular-brush-based nanomaterials with
tunable morphologies.
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