2012 458 70 4 77 i)k Vol. 70, 2012
55 4 1, 505~511 ACTA CHIMICA SINICA No. 4, 505~511

BRI -

ARGET ATRP 5 ROP &% pH a A= RS0 FRIREH
SRR TR

WA WEE WM HHAR O EART XFF

(EFH LRS54 LB T 510640)

WE 50 TEBNAHEA- R TR B MRS (ARGET ATRP)AIJFIAE A (ROP)LE T — M HAT TS B K/
DH 100 )8 55 40 1R V9 S5 1 28 A5 0 0~ ) S8 (PR 5 TR 6 T S T A TR T -co- FFY 3 TN TR )-o- 3R FR 356 R 475 1R B HH AR 3L 2R 2 B TR
[P(PLAMA-co-MAA)-b-PPEGMA]. i 3 A% R 3t 4R 205 ("H NMR)FIEEIIBE (% (GPC) KL T B SIS 4> T %
SR AT VA IEE R PRI T RAMENERETY. RS RHRGHEDLS). Hiim T8
S (SEMIIEIY T 385020 1 RIAE AV b 1 A Il ke A2 . TB30 &% pH M NAT . P(PLAMA-co-MAA)-b-PPEGMA
2T R A B S BT e . FLREAE W pH[E N 7 BEAR AR 3, B 1) PMAA 18381 2 B 11k, WK I ok %
Wik s, ke H 200~300 nm YN E 150 nm ZEA7; (524 pH EREVNE] 2 DUF, R R R, IRRERE, 145
JIRES N

KB pH AN, REWS T, BAZRR; ARGET ATRP; ROP

Synthesis of pH-Sensitive Amphiphilic Copolymer Brush
by the Combination of ARGET ATRP with ROP and
lts Self-Assembly Behavior
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Abstract A random hydrophobic/pH-sensitive copolymer brush poly(polylactide methacrylate-co-
methacrylic acid)-b-poly(poly(ethylene glycol) methyl ether methacrylate) [P(PLAMA-co-MAA)-b-
PPEGMA] was synthesized by the combination of activators regenerated by electron transfer atom transfer
radical polymerization (ARGET ATRP) with ring opening polymerization (ROP). The chemical structure,
molecular weight and polydispersity index were characterized by nuclear magnetic resonance hydrogen
spectrum (lH NMR) and gel permeation chromatography (GPC). The reaction conditions of polymerization
were optimized and polymer products with controllable molecular weight and narrow distribution were ob-
tained. The self-assembly behavior (micelle size, morphology and pH-sensitive properties) of the polymer
brush was investigated by dynamic light scattering (DLS) and scanning electron microscopy (SEM). The
P(PLAMA-co-MAA)-b-PPEGMA self-assembled micelles were sphere in morphology and with an uniform
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particle size. As the solution pH decreased from 7 to 3, the deionization of carboxyl groups of PMAA con-

tributed to the shrinking of micelle structure, which made the micelle size decreased from 200~300 nm to

about 150 nm. When the solution pH decreased to below 2, the surface charge of micelle became very small

which resulting in the aggregation of micelles and the increase of micelle size.
Keywords pH-sensitive; polymer brush; self-assembled micelle; ARGET ATRP; ROP
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S B (DMF, AR, YL78aAL 1) 1E CBE(AR, Y195
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JL[E Malvern Zetasizer Nano S)ill5Z, A K 1=800
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FE/7K( - TARRRLE)ptE, 12588 /K PES 2 IRG TE 45
CTHREATHE 24 h, [HAAEHAR. 7ZH 90%.

122 R(F A R BRI A BE B -co- T AR A BT
A5 )(P(PLAMA-co-tBMA)-Br) 9 4~ %,

K H ROP VLG . HUMLRE T4 1 50 mL [ MW,
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123 R(FAAHBRIE A KB BE-co- T AR R T
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W ARUTAE S 35K 20 mL H2%. 3 g PEGMA F 63 uL
(0.3 mmol) PMDETA JIA R M HT, $E4t 10 min i 4k
FIBC AP K. 6 121.5 mg (0.3 mmol) Sn(Oct), iIA
SN, BERE S min 5N 70 C g R N 24 h.
RN SERE, RHIER R, I 50 mL THF #%, K5
LA THF AEVER 2k 8 A B A 13 DB R 25 fE A 71,
19 BN I WL i 78 R R4 5 92 1% NN E1 300 mL 0 C1E
Ot VOE, UL 35 C REA T 24 h, B30
WA, 77E%H 80%.
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Scheme 1 Synthetic route of the P(PLAMA-co-MAA)-b-PPEGMA

R 1 AFRMEIER PHEMA-co-tBMA)-Br (11511 K& 5 /3 Al
Table 1 Molecular weight and distribution of P(HEMA-co- fBMA)-Br at different reaction conditions
Sample EBriB/CuBr,/PMDETA/Sn(Oct),” HEMA® MBMA®  T/°C  #h Conversion/% M, M, /M,
1 1/0.05/0.25/0.25 10 35 70 3 71 4959 1.17
2 1/0.05/0.5/0.5 10 35 60 2 85 6616 1.24
3 1/0.05/0.5/0.5 10 35 70 2 87 6708 1.18
4 1/0.05/0.5/0.5 10 50 30 2 83 8335 1.22
5 1/0.05/0.5/0.5 10 60 90 1.5 91 10209 1.29
6 1/0.05/1/1 10 35 70 2 90 7100 1.36
7 1/0.1/0.5/0.5 10 35 30 2 81 6030 1.46
8 1/0.1/1/1 10 60 70 2 89 9916 1.47

“ Molar ratio of reagents to EBriB. ” Determined by GPC.

AL 7] CuBr, 514 751 Sn(Oct), I H] i & A st L
X [N SR K. CuBr, 4 0.05(5 EBriB (1145t (1 & L,
51 &5 EBriB H#¢4 1 mmol, FIA)EF, F=4(Sample
1~6)K 73 TR, Mm% 0.1 i (Sample 7, 8)
WA AR 58 LR RAE T ARGET ATRP J Wi [ 380 R By
YT Cu(yF Cu(ID) AR 7 & AR E I [Cu(D))/[Cu(1D)]
o8, IXAS VAT 5 48 Hh ik SR 45, CuBr, R E A2
WAL [Cu()/[Cu(D AR AE R FFAR E, I I A s 37 (1) mT 428
PEBRARIE S = e, BEAE CuBr, JH S0,
AT DA 008> S AR R T S N, A= 4y - A A R
ZEUS I Sn(Oct), T4 5 Y (138 36 S b, K /b
(0.25, Sample D)IJGVEARIE AL 11 Cu(l)iE, AT M
K18, A A%, K & B (1, Sample 6, 8) & f#
[Cu(D)/[Cu(ID]i K HAMETA0E, A 2+ & 5 A A
B0 DR A Sn(Oct), FHHE 4 0.5, ] DU 1)
NI RS A (5 i A, Rk, B SO il B T
(Sample 2~5), [NV KA FAT AR 5, (H2
W = WA P e AmA TSR, Z26%)8, Rk
SN E A 70 °C.

L P(HEMA-co-(BMA)-Br [N 5E5 R A IR

IR SE 51535 P(PLAMA-co-BBMA)-Br &Ik, K
H M,=6708 ] P(HEMA-co-tBMA)-Br (Sample 3)4K
Iy PRl A, 8T AR Sn(Oct), & (H4% D,
L-LA JiiER 0.05%~1%)52m, 458 Wk 2. & 2
A%, Sn(Oct), T A(0.05%)I, LR 2P, 48 h
Jare=n oy ¥ EAUE AR 2000, Hor A se. oA
0] DU R s R, (2 4R 8 K2 0.5%, 7=)
)5 B NIFIRAR /N B A AR5, X F SR T 20
Sn(Oct), 238 B AL BE PLA [¥1 7= A2 NI AL F= 0 ¥ ¥ T 9k
JIN, I ATAR FEPH. AR SO A e Sn(Oct), FH 50 0.1%.
£ 2 EAFIHEN P(LAMA-co-(BMA)-Br 518 M4
Eiwiinp Al

Table 2 Effect of the amount of catalyst on the molecular
weight and distribution of P(LAMA-co-tBMA)-Br

Sn(Oct), t/h M M, /M,
0.05% 24 8495 1.31
0.05% 48 10974 1.34
0.1% 24 12225 1.27
0.2% 24 12109 1.30
0.5% 24 11537 1.37

1% 24 11052 1.36

“ Determined by GPC.
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KA Bk 4, % HEMA/BMA BEREE 251 4
10/35 F110/50 fft] PCHEMA-co-1BMA)-Br £ i, P(PLAMA.-
co-BBMA)-Br, X545 K K45+ H.44 PEGMA () ARGET
ATRP [V, 133 P R RA AN BMA (35 H1 50)H]
P(PLAMA-co-tBMA)-b-PPEGMA, 1L [ W 4 1 5
HEMA/BMA {3558 S WA ], 380 S8 5 I 7] 48 24
h A= K. o = SN BMA [1UT ik
1Tk BME K 715 3) P(PLAMA-co-MAA)-b-PPEGMA.
VI M, b My/M, KT GPC EAE, 45 R1H1T3 3. e
7375 5 BB E (Mo, HRHE 220 SO IR B4R 0K EE
WO LR, 4y TR AN R, REREIT
P(PLAMA-co-MAA)-b-PPEGMA [¥] M,/M, } 125~
1.30.

# 3 P(PLAMA-co-(BMA)-b-PPEGMA #1 P(PLAMA-co-
MAA)-b-PPEGMA 1531 & 5§ 53 1

Table 3 Molecular weight and distribution of P(PLAMA-co-
/BMA)-b-PPEGMA and P(PLAMA-co-MAA)-b-PPEGMA

Sample” M1 M MM
P(PLAMA ¢-co-tBMA5)-b-PPEGMA,, 15300 16056 1.27
P(PLAMA ¢-co-tBMAso)-b-PPEGMA,, 17800 17335 1.30
P(PLAMA 1g-co-MAA;5)-b-PPEGMA,, 13300 13448 1.6
P(PLAMA jy-co-MAA5p)-b-PPEGMA |, 14800 14025 1.25

“ The subscript was the molar ratio of monomer to initiator. * Calculated by
theory. © Determined by GPC.

2.12 'HNMR &A4E

2 NP SR L 'TH NMR R AE.
1(A) 4 P(HEMA-co-1BMA)-Br ] '"H NMR [&], 5 0.8~1.2
(U b)RT 1.7~2.0(V6 )& HIHE M IR IR = B b HH RS0
LI R TIE, o 1.42(0 c) ) BMA U T JEIFFIE 7
Vg, M 6 4.12 (I d)A1 3.86(04% &)X} T HEMA P4
W, R ¢ 50 e AU TR AT LUVH2R 54
o BMA Hl HEMA [FJAHRT B 20 & &, 4580113 4 .
A DU Y, VA A R ER A (ARl 2 A ik B BRI
(15 L H A 21 A Bz

Kl 1(B)& P(PLAMA-co-(BMA)-Br ] 'H NMR ],
Hdp 6 5.16(0% g)f1 6 1.56(16 )73 5% PLA Il H Ik F
S R AE T 0. B 1(C) i P(PLAMA-co-
BMA)-b-PPEGMA [#] 'TH NMR [, M. 8 3.38(14 )Rl 6
3.65(U h)XJ N T- PEGMA (1) 2K B FF 0 3= 5% 1) 7 A .
2 = % 4R K R 13 3 P(PLAMA-co-MAA)-b-
PPEGMA &, BBMA BT HE(6 1.42)RHEIRI K, T 6
12.30 JUPHS 37 2B R FE (B 2)). R FH 455 HE 0 1)
T TR SR A 20 B TG ARG 1 20 i, A1) T3 4.
JT & B P(PLAMA-co-BMA)-b-PPEGMA % L B 8% {4
(1 25 R 2 B 5 B BT
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NMR i &

Figure 1 'H NMR spectra of P(HEMA-co-tBMA)-Br (A),
P(PLAMA-co-tBMA)-Br (B) and P(PLAMA-co-BMA)-b-
PPEGMA (C) in d-CDCl,

O a babgob f
P 7 Br h b
z

fCHj

() 4
H d =0 ,/~0 >0 i
\fo)g\foﬁno o I—J_IO OWO )fgcﬁg

14 12 10 8 6 4 2 0

B 2 P(PLAMA-co-MAA)-b-PPEGMA # d-DMSO ] 'H
NMR i &

Figure 2 'H NMR spectrum of P(PLAMA-co-MAA)-b-
PPEGMA in dg-DMSO

2.2 FRERAY pH MR BT H

KBTI % P(PLAMA-co-MAA)-b-PPEGMA
1 E AR, Sk FI A AN R PMAA & 5T
P(PLAMA-co-MAA)-b-PPEGMA 73 ¥ kill, 3 ist i 5 i ok
HY pH E, AR B AR MBSk, L AA
BRI ABEA pH AL /INTTZE M e v AR VR h, P
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# 4 P(PLAMA-co-MAA)-b-PPEGMA K HTTIREE AN "H NMR 2347 45 3
Table4 'HNMR data of P(PLAMA-co-MAA)-b-PPEGMA and its precursors
Sampl e? CThb/ Cawr’
PHEMA  PBMA  PMAA PPLAMA PPEGMA

P(HEMA y-co-tBMA5)-Br 20/26 80/74
P(HEMA y-co-tBMAs,)-Br 15/17 85/83
P(PLAMA y-co-BMA;;)-Br 44/46 56/54
P(PLAMA y-co-BMAs)-Br 54/56 46/44
P(PLAMA y-co-tBMA;5)-b-PPEGMA | 33/34 41/40 26/26
P(PLAMA g-co-tBMAs,)-b-PPEGMA | 42/44 35/34 22/23
P(PLAMA y-co-MAA;5)-b-PPEGMA 23/24 47/46 30/30
P(PLAMA j-co-MAA)-b-PPEGMA 31/32 42/41 27/27

“ The subscript was the molar ratio of monomer to initiator. * Calculated by the feed ratio. © Determined by the integration ratio of "H NMR spectra.

x5

ANJA] pH I} P(PLAMA-co-MAA)-b-PPEGMA JiE 3R ) DLS 4> #1 45 5

Table 5 DLS results of P(PLAMA-co-MAA)-b-PPEGMA micelles at different pH

P(PLAMA 1 0-CO-MAA35)-b-PPEGMA1 0

P(PLAMA 1 0-CO-MAA50)-b-PPEGMA1 0

pH Size/nm PDI Zeta potential/mV pH Size/nm PDI Zeta potential/mV
7.36 224 0.102 —39.8 7.67 300 0.198 —45.9
6.46 218 0.076 —39.5 6.47 256 0.212 —453
5.59 195 0.033 —34.1 5.40 244 0.276 —40.3
4.81 177 0.056 —30.5 4.52 160 0.249 —36.9
3.89 171 0.077 —23.0 3.71 165 0.314 —333
2.86 140 0.063 —17.5 2.88 178 0.265 —14.2
2.02 454 0.158 —1.9 2.02 467 0.230 —1.0
1.33 2338 — 0.3 1.26 2669 — —0.2

e pH B S 23 ] 305 M AR Sk P 1R B I RO . 3RS B
T BEA pH 224k P(PLAMA-co-MAA)-b-PPEGMA 141
BEIANPIRLAT RIAR I AT £ (PDI) M Zeta HLAZ IR AR 1L,
MRS, FTil4 ) P(PLAMA-co-MAA)-b-PPEGMA
JRE AR AR AT 534040, PDI /T 0.3, Uk BA Je o (1) 49 1
PELF. B pH WA, A RIAR S L i AR /MR
Jii XK.

%f T P(PLAMA g-co-MAAs5)-b-PPEGMA |, JKEHK,
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