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A Supramolecular Janus Hyperbranched Polymer and Its Electrochemically
Responsive Self-Assembly Behavior

Qi, Meiwei Liu, Yong Zhou, Yongfeng*
(School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Abstract Herein, we report a Janus supramolecular polymer consisting of two chemically distinct hyperbranched polymers,
which is coined as Janus hyperbranched polymer (JHBP). Firstly, hydrophilic hyperbranched polyglycerol with an apex of
p-cyclodextrin (CD-g-HPG) and hydrophobic hyperbranched poly(3-ethyl-3-oxetanemethanol) with an apex of a ferrocene
(Fc-g-HBPO) were synthesized according to the anionic ring-opening multi-branching polymerization and cationic
ring-opening polymerization, respectively. Then, amphiphilic supramolecular JHBP HBPO-b-HPG was constructed by add-
ing H,O to cosolvent DMF through the special Fc/CD host-guest interactions and such an amphiphilic supramolecular poly-
mer can further aggregated into assemblies. The formation and self-assembly process of supramolecular JHBP HBPO-5-HPG
was tracked by dynamic light scattering (DLS). The results showed that when the volume percentage ratio of H,O/DMF was
increased to 16%, the HBPO-b-HPG was formed with Dy of 5.6 nm, which is close to the size of the 1 : 1 complex of
CD-g-HPG and Fc-g-HBPO, then, with H,O/DMF ratio continuing to increase, HBPO-b-HPG rapidly aggregated into as-
semblies. The 2D NOESY and cyclic voltammetry (CV) curves were also used to verify the Fc/CD host-guest complexation
ability. The scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were employed to character-
ize the morphology of the assemblies. The results showed that the HBPO-b-HPG self-assembled into unilamellar bilayer
vesicles of around 260 nm. When NaCl was added after electrochemical oxidation, such vesicles could disassemble due to the
cooperation of the transformation of Fc to oxidation state Fc* and equal potential destruction. Finally, DLS tracking proved
that such vesicles showed excellent stability under the conditions of heating and adding host and guest competition mole-
cules.
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Scheme 1 Preparation, self-assembly and disassembly process of the
supramolecular JHBP of HBPO-b-HPG
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1.61. My gpe /N T My, X528 T8 S0 L R S04
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AR UL RT R R SC P BRb 2z 4, @
CD-g-HPG 5 %2k HRANTEH /K H1 1) 2D-NOESY i
KI(K S7)Al &1, CD-g-HPG _EIRMIAS R 75 88k 1
JCHE 3 LT W A O AE S i (SRt T AE),
ULBH CD-g-HPG EIIFHIRE 5 Bk kA T R R4
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MERERE, M 2.7 nm 03] 5.6 nm. %45 F UL Fe-g-
HBPO #l1 CD-g-HPG 7E3L¥ 71 DMF 146 R A 1)
5315 Dy #1759 2.7 nm. DA 5.6 nm 23 T Fe-g-HBPO
A CD-g-HPG 11 1 : 1 AR RN, ik, 56—
MrEHTh T Fe/CD W ERRIRA SAL%E, BT
Janus HSZALHE TG HBPO-b-HPG. 1XFf Fc/CD
(1) A 2 2 S A AR AR 22 i 26 R (B 2) i 3]
ISAE. RS BB [VOK)/V(DMF) = 16%~24%], Dy, Tk
TN Z 260 nm, [F]EHEWOE A B FEAK, HILE R
. ARV, Janus BB Y TEED
HBPO-b-HPG i — P AT [ 4H $e 44,
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BB AIEH, FIH ZRass s 5 a8hd
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AR Fe-g-HBPO M1 Z: HUAE i — %8k F R (FcCOONa)
HEAT TR R (V)i Zeilit, Biag R 2 pik.
HHE 2a FTAI, HBEAKIFREER N 0522 V. %
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BEAT, iR WIHAEA Sy 0.445 V(& 2b). [FIF, 7K
A1 DMF PFHE I A A A s b T 75,
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Figure 1  Complexation and self-assembly of Fc-g-HBPO and
CD-g-HPG. (a) DLS results of the mixed solution with different
H,O/DMF volume percentage ratios. (b) Dependence of Dy on the
H,O/DMF ratios. Insets show the photos of the mixed solution with three
H,O contents
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Figure 2 Cyclic voltammetry curves. (a) Self-assemblies aqueous solu-
tion. (b) Fc-g-HBPO in DMF. (¢) FcCOONa in H,0. (d) FcCOONa in
DMF.
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Figure 3 DLS results of supramolecular JHBP HBPO-b-HPG assem-
blies with different concentrations
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Figure 4 The morphology characterization of the supramolecular JHBP
HBPO-b-HPG assemblies. SEM images of assemblies prepared by freeze
drying of solution with 0.5 mg/mL (a) and 1.0 mg/mL (b). (c) TEM image
of assemblies with 0.2 mg/mL. Insert shows the enlarged view. (d) TEM
image of assemblies stained by 3% phosphotungstic acid.
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Table 1 Disassembled experimental results of vesicles under chemical
or electrochemical oxidation
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DMSO-ds
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Figure 6  Stability characterization of the supramolecular JHBP
HBPO-b-HPG vesicles. (a) DLS results of vesicles at different tempera-
tures. (b) DLS results of vesicles with adding different host or guest mol-
ecules
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BUTEIE T TEK ZEEH, 78 1000 Da 1B TS A F £ 7
BT 3 d 2R SN Fe-OH. & i T3 48 Va7
53 F O [E A Fe-g-HBPO (12.1 g, F=HR41 4 90%).

4.4 Janus BXZ B FREYHBPO-b-HPG HIF &
5848%

R EIR I R (P Mg 75D CD-g-HPG Al
Fc-g-HBPO ¥ T — & &) DMF 1, ##F 30 min #H 7
SHIERRIG, TERIZIRE T 28mm 2 B 7K. Ui R
UG5 S RME IR oK, 4RS84 EE 30 min J5, FH 3500
Da WENTRAERE FRKPIEN 2 d BREBRAM
DMF, #5331 5t 0 I R 306 I A AR A L.
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