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Abstract Multi-responsive (temperature, pH and redox) hyperbranched star polymers, poly(2-(2-methoxyethoxy)ethyl
methacrylate)-star-poly(dimethylaminoethyl methacrylate) (H-PMEO,MA-star-PDMAEMA) have been successfully synthe-
sized by self-condensing vinyl polymerization of disulfide-based inimer and MEO,MA first, and subsequently atom transfer
radical polymerization of DMAEMA with H-PMEO,MA as macroinitiator. The M, and M,/M, of the H-PMEO,MA were
8300 g/mol and 2.61, respectively. H-PMEO,MA-star-PDMAEMAs with different molecular weights were obtained by ad-
justing the polymerization time. The molecular weight of the hyperbranched star copolymer increased but the polydispersity
index (PDI) decreased with increasing polymerization time. Since the PDI of the PDMAEMA formed by ATRP is low, with
the molecular weight increase of the PDMAEMA, the relative amount of H-PMEO,MA in the hyperbranched star copoly-
mers becomes less; as a result, the influence of the core H-PMEO,MA’s PDI on the hyperbranched star copolymers de-
creases. UV/Vis TU-1901 spectrophotometer was used to investigate the lower critical solution temperature (LCST) of the
resultant polymer. The LCST of H-PMEO,MA is relatively low (2—10 °C). The effects of the compositions and pH of the
solution on LCST of the hyperbranched star copolymers were studied. The LCST increased with the chain length increase of
PDMAEMA. The pH of the solution has a significant impact on the LCST of the hyperbranched star copolymers. With de-
crease of the pH value, the protonation degree of PDMAEMA increased, the repulsion between the chain segments enhanced,
making the aggregation of the H-PMEO,MA-star-PDMAEMA molecules become difficult, and as a result, the wa-
ter-solubility of the hyperbranched star copolymers enhanced. In addition, when temperature of the aqueous solution raised
from 2 ‘C to room temperature, the spherical micelles with H-PMEO,MA as core and PDMAEMA as shell were formed.
During the formation of spherical micelles in the aqueous solution of H-PMEO,MA-star-PDMAEMA and Nile Red, the Nile
Red was successfully encapsulated in the micelles. The controlled release of this system, in which Nile Red was used as
model drug, was investigated, the results showed that this system is pH and redox-responsive, and may have potential appli-
cation in drug delivery.
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copolymer; multi-responsive; controlled release
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Scheme 1 Synthesis of H-PMEO,MA-star-PDMAEMA
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I3 A S AR AW — AMRFAE.
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Bl 1 BiBOE-S,-MAOE (A)fIi#31t, PMEO,MA (B)IfJ 'H NMR ¥ [&
(CDCl)

Figure 1 'H NMR spectra of BIBOE-S,-MAOE (A) and hyperbranched
PMEO;MA (B) in CDCl;
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#£1 BYWERESY H-PMEOMA-star-PDMAEMA (14 H
Table 1 Synthesis of H-PMEO,MA-star-PDMAEMA
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Bl b/a, W] LASEHIZE &Y DMAEMA ¥.0H MEO,MA
BT, THE SR TR 1 g5 R BORBER G RN
IR B N, SRR A Y DMAEMA [F&&1n, Bi%
ER=RI

a: M =8300, M /M =2.61
b: M=11600, M /M =1.87
¢: M =29100, M /M =1.42
d: M=31800, M /M =132

Elution time/min

B2 GPC K, (a) £ HPMEOMA, (b), (c), (d)7 42 H-PMEO,MA
5|% DMAEMA % & 30, 60, 90 min 75 21[f) 74

Figure 2 GPC curves of H-PMEO,MA and H-PMEO,MA-star-
PDMAEMA s obtained from ATRP of DMAEMA for 30, 60 and 90 min,
respectively

2.2 H-PMEO,MA #1 H-PMEO,MA-star-PDMAEMA
BRI R
Davis 5V R 5 40 7 (52 45 # 2 iR &

RO R, A TR G, B UEREEYN
LCST A kK. EFRATBER TAEh oW 2] T X
—H%. WH, 4% PMEO,MA (¥ LCST 71 % bt 1?2,
FATHIAS 1 H-PMEO,MA 7K ¥ W{(4 mg/mL){¥) LCST £
10 CUAR, M mmEEmE. HE4E 2 ClE—4&

Sample’ Time/min M,’/(gemol ") MM, R
H-PMEO,MA 0 8300 2.61 0

H-PMEO,MA-star-PDMAEMA-30 30 11600 1.87 0.6
H-PMEO,MA-star-PDMAEMA-60 60 29100 1.42 1.3
H-PMEO,MA-star-PDMAEMA-90 90 31800 1.32 1.7

“H-PMEO,MA was prepared by ATRP, BiBOE-S,-MAOE/MEO,MA/CuBr/PMDETA =10/152/1/2 (molar ratio), 50 ‘C, 48 h; H-PMEO,MA-star-PDMAEMAs
were prepared by ATRP using H-PMEO,;MA as macroinitiator, DMAEMA/CuBr/PMDETA =239/1/2 (molar ratio), H-PMEO,MA: 0.44 g; THF: 4 mL; 50 C;
®Measured by GPC. “ The ratio DMAEMA and MEO,MA units in the H-PMEO,;MA-star-PDMAEMA calculated based on '"H NMR data.
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Figure 3 'H NMR spectrum of hyperbranched star copolymer,
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Figure 4 Temperature dependence of the optical transmittance of the H-PMEO,MA-star-PDMAEMA-30 (A), H-PMEO,MA-star-PDMAEMA-60 (B)
and H-PMEO,MA-star-PDMAEMA-90 (C) aqueous solutions at various pHs, and at pH=7 (D). Concentration: 4 mg/mL; =500 nm.
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Table 2 The LCST of H-PMEO,MA-star-PDMAEMA at different pH
LCST/C
Sample”
pH=7 pH=5 pH=3 pH=2
H-PMEO,MA-star-PDMAEMA-30 17 24 26 26
H-PMEO,MA-star-PDMAEMA-60 23 29 31 32

H-PMEO,MA-star-PDMAEMA-90

b b b b

“ The same as in Table 1; * — refers that the dependence of temperature-transmittance was too small to be detected accurately.
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T2, B e B, I %Ak
TILTARIR. A TUEsE e B aasiide iz, Jfhaenri=
BRI, K IX — B 2R R E R A BERE(DTT) I 7K %
(0.2 mg/mL)yH, W AN [F] I (AR 28 6 61, 4528
Wil 6D fros. vl LG BR300, AL S AR
GV N ARG T B BRI X RO S AR &
H-PMEO,MA W 5IN T G, 7549k a4 bt H ik
ik & DTT M =T JEBR 4745, S—S B
AU AU S A 5 K TR A A, BT R R A B A
e 4.

B 5 WM pH=5 (A)M pH=7 (B)If] H-PMEO,MA-star-
PDMAEMA-60 [FI /K% BT I FE S TEM B R, 457 (A) 100 nm,
(B) 200 nm

Figure S TEM images of H-PMEO,MA-star-PDMAEMA-60 samples
prepared from its aqueous solutions at pH=5 (A) and pH=7 (B). Scale
bars: (A) 100 nm, (B) 200 nm
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Figure 6 The Nile Red release for the H-PMEO,MA-star-PDMAEMA-60 micelles containing Nile Red at different aqueous solution, (A) pH=7, (B) pH
=35, (C) pH=3, (D) DTT. Concentration: 3.75 mg/mL; Temperature: 25 ‘C; 1=630 nm
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41 BIIUEEY H-PMEO,MA HI& B

# BiBOE-S,-MAOE (0.30 g, 0.81 mmol), MEO,MA
(2.29 g, 12.15 mmol), CuBr (12 mg, 0.08 mmol)FIMig {4
PMDETA (30 mg 0.16 mmol)LA & PUSHEIR(3 mL)IIA
Fl—A 5 mL [N G VRl B R A
W, Brd N R, B iR 50 CR
SV 48 h. N 20 mL PSRRI ARE e, i PR
FERR 240 £h. R4 )5 704 ik R S TE IR, B
TR EE, £33 2.09 g.

42 B W E®EE Y (HPMEOMA-star-
PDMAEMA)& & B

# H-PMEO,MA (0.44 g), DMAEMA (3.00 g, 19.1
mmol), CuBr (12 mg, 0.08 mmol)Ffit /& PMDETA (30
mg 0.16 mmol) LA K& USRI (4 mL)MMAZ] 10 mL 1)
M. G S IR RS B RRAG IR, bR 2 OV R
AR, B, 7550 "CR M 0.5 he i 20 mL PYSIE
W RRRE S, o PR AR AT B 2 AR R A S A
Ak R Z VO IR, BT ERREE, 1939
0.57 g.
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