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Synthesis and Phase Transition Behavior of Temperature-Responsive Core
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Abstract: A series of temperature-responsive core cross-linked star polymers (P(PEGA-co-DEGA) CCSP), in
which poly(methoxypolyethylene glycol-co-di(ethylene glycol) ethyl ether acrylate) (P(PEGA-co-DEGA)) served
as the temperature-responsive arm, have been successively prepared via reversible addition-fragmentation chain
transfer (RAFT) polymerization using the “arm-first” approach. Fourier transform infrared spectroscopy (FT-IR)
and nuclear magnetic resonance spectroscopy (‘H-NMR) have been applied to characterize the structure and
composition of the resultant polymers. The molecular weight of the P(PEGA-co-DEGA) arm and the corresponding

P(PEGA-co-DEGA) CCSP was obtained by gel permeation chromatography (GPC), which showed that the efflux
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time of P(PEGA-co-DEGA) CCSP was significantly shortened compared with its corresponding arm, indicating the
successful preparation of CCS polymer. The phase transition behavior of the resultant CCSP was evaluated through
UV-vis spectroscopy. The results showed the low critical solution temperature (LCST) of P(PEGA-co-DEGA)
CCSP showed a downward trend with the increasing DEGA content in the P(PEGA-co-DEGA) arm. The LCST of
P(PEGA-co-DEGA) CCSP was also affected by the pH value of the solution due to the ionization of the carboxylic
acid groups at the end of the polymer chains, which showed an upward trend with the increases of solution pH
value. The experimental results indicated that the LCST of P(PEGA-co-DEGA) CCS could be controlled at a range
of 49~82 °C by adjusting the moles ratios of PEGA and DEGA in the arm and the pH of solution. Furthermore, the
prepared CCS polymer demonstrates a narrower temperature range of phase transition and thus faster phase
separation process in comparison to the corresponding linear arm.

Key words: core cross-linked star polymer; temperature responsiveness; tunable LCST
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1.1 FERARH]

PEGA: 7> T8N 480, AR, #7ibk (Macklin) ; DEGA: AR; FIEIEER —H &% 21 (DMAEMA):
AR, FTM (Macklin) ; 23 (DVB) : 80 wt%, FiAk (Macklin) ; % 5% T/ (AIBN) :
98 wt%, F M (Macklin) ; &M (HAuCly) : 48~50 wt%, FwAk (Macklin) ; HHEBH 2- (=
Bk = AR 2L 2-F AR (DMP) : AR, FRLITHA G HRAF . DVB @i it S b 4R R LR
FEEH, AIBN @i OB EL SEHH.

1.2 RS RIE

BHEFEIR A (NMR) (B [E A4 78 A PR A ] AVANCE 111400 MHz )« DURAR S5 6 710 i
AW, MR 10 mg/mL ¥ 2 RAFLLAMERAL (FT-IR) (35 [FE 2RER K /R BHL 2 7] Nicolet 6700 )
MARVEE R 4000 ~ 750 em™; B BEEREAL (GPC)  (SE[E Waters HIRAF 1515 8) : £ 35 'C FHAES
#H Waters 2414 75 22K W 25 1) Waters 1515 (350G, AikH 8 =M 5424 10000A, 500A, 100A [
RRCIHBAIL R OSBRI, LR IR batt, (R NN-—HEEREZ (DMF) 1B S)
H, WY 1 mL/ min; ZHAGHUNAC (DLS)  (FEE ALV A7) SLS-5022F &)« A PHOGE Ky 633 nm,
R £ 2 90°, WK BT LA 450 nm (/K R JEAL 98, EEWE 3 WHEUL-PFHME: @ BT RHE (TEM)

(HAHH RS JEM-2100 29« ¥4 CCS REWHEMAEBAIKF, BLdlk 0.1 mg/ mL FI7KE BRI 2
B, VEFIZE R EAE 200 KV s NS BOEHEASNT WOt T (UV-Vis) (H A B A 7] UV-2700
A o fEBEK 600 nm AW E AW (0.5 mg/mL) WEJCRBEEE AN, TP FHRE A 1 K/ min,
HIFEIGE TR 90 %, BI BIE I A W AR IR S R L. (LCST) A
1.3 SERIPER

1.3.1 P(PEGA-co-DEGA)HIA R % iR BE /R EE(n(PEGA): n(DEGA))N 10:10 % i P(PEGA-co-DEGA)
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i, FREL 4.8 g iR A PEGA (10 mmol) . 1.8 g I /A DEGA (10 mmol) « 40 mg 5] &7 AIBN (0.134

mmol) LA 500 mg RAFT 7] DMP (1.34 molD HIA 100 mL MK« A 50 mL ZJE1E N R B
A, BRSEME, REMATHREAR 3 WEREAS. 7570 CHIMBH M 10 h JFUKIBRK, 5350
VETEIE . e —RIERZE, HAMmE: 28R O0E=3:1 fE MR DUERIVOE =Y. 856 /D=1 LG
fEUTIEY), FE ERIBAVUEF P UUE, Wik R E A 3 R HA TR S H 43 5 AT R R i S 6 A
P(PEGA-co-DEGA), it N P(PEGA-co-DEGA)-1.

FUAREE R (n(PEGA):n(DEGA) ) A 10:15. 10:25 FIAMNE & BT 155 10:10 & RO R, TR 211 4h
By % w44 )9 P(PEGA-co-DEGA)-2 Al P(PEGA-co-DEGA)-3. -
2.3.2 P(PEGA-co-DEGA) CCSP HJ & LA P(PEGA-co-DEGA)-1 J#i % P(PEGA-co-DEGA) CCSP, ¥
500 mg P(PEGA-co-DEGA)-1 (0.05 mmol) + 195 mg 2247 DVB (1.5 mmol) . 80 mg DMAEMA (0.5 mmol)
Je 51 K3 AIBN AR i) 25 mL (9 ERERH, REFEMA 8 mL i L/, Fiamidfie, REMES A
R3IR, BREER TR 70 CHRI R RS 24 h J5 FVKIB R, 133138 (LR IE TR . K I BB N EE o
TR 1LAX10* FET R ENT . ERIEH CRENENTR, BN 3d, & 8h#t—IRAFE. &5 ENTIR
B ZEE N 7KOENT 3 d, B 8 h #— K, Wik TEE AT RIS AR E R R AW, fr 46 CCSP-1, il % id
FEUIFE 1 Fis

PLAH A B 5 3%, 4 9 BL P(PEGA-co-DEGA)-2 il P(PEGA-co-DEGA)-3 ( 0.05 mmol ) X #

P(PEGA-co-DEGA)-1 5 DVB. DMAEMA Jx M #4133 CCSP, F#Hdr 4~ CCSP-2 1 CCSP-3.
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Fig.1 Synthetic routes of P(PEGA-co-DEGA) and CCSP
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2.1 P (PEGA-co-DEGA) Fl CCSP HIZR1E

Kl 2 & P(PEGA-co-DEGA)-1 fil CCSP-1 [4: 5 204 ik . B ] 2 7T LA HAME P (DEGA-co-DEGA)-1
£ 1730 e’ 1100 e AL 7 N0, 30 D9 i B8 HL48 PEGA A1 DEGA 1 fig 2k (0-C=0) Ff## (C-0-C)
H i ga ks . i DVB M1 DMAEMA R&TE R CCSP-1 7£ 835 em! Ab i3 7 % r B Y 1HI 4h 32
TEARSN, 7£ 796 cm! Al 709 et IX P AL H I 1 1A 457 BUACH 1 T AR AR TE AR B BT 51 RS AU, FHAE 2927 em! F1 2860
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Fig.2 FT-IR spectra of P(PEGA-co-DEGA)-1 and CCSP-1
Kl 3 7& P(PEGA-co-DEGA)-1 Al CCSP-1 MZHEILIRE G . W& fEALFALF8 4 4.27 (a) 3.71 (b). 3.36 (¢)
A1.21 (d) HBLRUES V8 T PEGA 1 DEGA #E Bt b E A B AL #5125, HERRAMEAHLL, 1%
SHRERREYIME 6.5~7.2 ()AL I T DVB A3 LR b 2200 4%, 48 2.43 (h) A1 2.59 (DI T A5 1
W, 437V )8 T DMAEMA Ik (-CHo-N(CHs)) FIEHIEE (-CHx-N(CHa)) A A, #E—5 i
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Fig.3 'H-NMR spectra of P(PEGA-co-DEGA)-1 and CCSP-1
K 4(a)/& P(PEGA-co-DEGA)-1 Jz CCSP-1 $241 [ J51f) GPC HhZk. ML T-4ME, CCSP-1 FAL i i a] ]
B, 4T EME PPEGA-co-DEGA)-1 #2110 f5Lh I, Ui 4ME 5 DVB. DMAEMA R4 T it—5
A, MR CCSP-1. Lt iE#4i 2 J5 CCSP-1 [ GPC it Hi il £&AH LA 4l ji (g W AL 58 sk Bk, AT R
Fee PRI — B8R B N7 A0 AN A DB AT B, R4S 1 BUNZE ) CCSP-1. 18] 4(b)Jy CCSP-1 = T
K425 4ii LA & TEM [, Firil & ff) CCSP-1 HUkLA% S sl o3 A, HoopAii 4%, DLS W& HoK3) i EAE N 16
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nm, TEM ER Tl 1) CCSP-1 2ERIELEH, Seit B3 RL4E8 10 nm. TEM St B3Rz bk DLS Frill
HHImE /N, ATRER

T TEM MR 2 T8 R k42, 1 DLS MR IEAS T K 1% EZ.
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& 4 P(PEGA-co-DEGA)-1 DL} CCSP-1 #2411 5 (1) GPC £k (a) ; CCSP-1 [{IRif2504ii e TEM JEH (b)
Fig.4 GPC traces of P(PEGA-co-DEGA)-1 and CCSP-1 before and after purification(a); Size distribution

and TEM image (inset) of CCSP-1 (b)
2.2 CCSPHIER W

2.2.1 PEGA F1 DEGA HIECHUX CCSP IR MR RIFEm 18] 5 s A AME R R ¥ CCSP (AR IR 58 4h

B % DEGA & &3, P(PEGA-co-DEGA)-1. P(PEGA-co-DEGA)-2. P(PEGA-co-DEGA)-3 il it %t B ]
CCSP-1. CCSP-2. CCSP-3 32 6 2% b 5 B A5 4k 1) i 28 AR 7 I #2 8. 24 n(PEGA): n(DEGA) Y 10:10 B,
JIT 13 41 B P(PEGA-co-DEGA)-1 (] LCST £1°4 86 'C; 4 n(PEGA): n(DEGA) F&{% 2 10:15 i, Frig 4
P(PEGA-co-DEGA)-2 ] LCST F B 3| 71 'C, # — B & {& n(PEGA): n(DEGA) | 10:25, Fr 1% 4 B
P(PEGA-co-DEGA)-3 #] LCST F[%9 56 'C. [AIIAHR. CCSP 1) LCST fA 1 2 3L [FIFF 1) T PEi#a%s, CCSP-1,

CCSP-2. CCSP-3 [f] LCST 435129 82 °C. 59 C. 56 'C. H4F, HT CCSP WAL, [RSNEFLL,

AR EAR I B S [ B 228 % . LAANEE P(PEGA-co-DEGA)-3 A, iE 6 M 56 CIF4E TR, #ik 67 C
BEARFEAAE, AR PR E ARG 11 Cs i LK) CCSP-3 M2 56 CHFUa T, % 58 CHA
Fasg, WRFERIRAENCA 2 Co IXAIESE T 3 FE W R AL CCSP AT S 5 R A5 A0 AR A% b R R B 4% [ 4 A8 T
JEJGH. EAERNE, 5 HATHIER 2627 281 — sl ig mewe B AR SR L, BT A AR AR AL R A
FE AR IR O B L R — e s
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Fig.5 Effect of the monomer ratio on the temperature responsiveness of P(PEGA-co-DEGA) (a) and
corresponding P(PEGA-co-DEGA) CCSP (b)
1 R e T il R S 2R SR AR A i Y

Table 1 Temperature range of phase transition of previously published temperature responsive polymers

Temperature range of
Polymers Reference
phase transition (C)

P(MEO:MA-co-OEGMA) 5 [22]
P(OEGA-co-DEGEEA) 10 [26]
Thermo-3HF 8 [27]
P(NIPAM-co-FITC)-b-P(OEGMA-co-RhBAM) 10 [28]

2.2.2 pH Xt CCSP BEEMI SRR ASCHiEH 1 RAFT 1075 DMP 431 F R Bk 1 o (0 A0 2 5 514

CRIRI pKa 7E 3~5 A7) 3 SUR A F B R Bk P, DRI T HE 23 5 i /1S RAZ 32 1k 2 R0 5 50 11 U P
RitE. B 6 /& pH Xt P(PEGA-co-DEGA)-1 1 CCSP-1 & B mi M e sem, MR LURHERKEH, FE
pH UGN, HME RIS I (¥ A% S 6 A2 28 5 W 1328 T e Bt P2 A A v ot 26 1) el 190 A8 3l . 2433 pH
3 I, P(PEGA-co-DEGA)-1 ) LCST #1249 51 'C, W& AW pH FHm 3] 5 i, H LCST A&l 64 C, #—2
P2 pH 2] 7, LCST FH % 86 'Co RIS XN CCSP AW LCST W B A FIFER L%, 45k 49 C.
50 'C. 82 °C. DA pH MBI SRR SV AR MBI Z (KR AL B, TS SR S BE K
PSR, HIMBEE pH 30N, AME LUK BT B 32 B R B SR A1 LCST 2 Al B4R o

] —=—pH=3 i —a—pH=3
100 earties 100 D i
| —&— pH=T7 —a— pH=7
~ 804 . 80+
2 2
< <
o 60 o 60
Q Q
H g
£ a0 £ a0
. &
5 20 5 204
- e
= -
4 04
01 (a) (b)
40 50 60 70 80 90 100 110 40 45 50 55 80 85 90 95

Temperature(C) Temperature(C)
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Fig.6 Effect of pH on temperature responsiveness of P(PEGA-co-DEGA)-1 (a) and

CCSP-1 (b)
% e
(1) JEid “EARM” FIEEM RAFT RA & 7 AMNE IR N2 554 P(PEGA-co-DEGA) 115 £ i
N7 CCSP.

(2) L AME AR AR PR LB R SR A R pH T L LCST #EA T 20 AT 5 ki e
T4 CCSP ) LCST 7& 56~82 “C 8484k, TV pH w2 CCSP [ LCST 1E 49~82 ‘CAF{L .,

(3) CCSP A HEAMMAMRETEH (2~3 'C) , SRR N R SYIAEL, Fms R g,
BRI, KL RERE A AL 2SR AR ISR I (K L R
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P(PEGA-co-DEGA) CCSP

A kind of temperature-responsive core cross-linked star polymers (P(PEGA-co-DEGA) CCS) have
been successively prepared via reversible addition-fragmentation chain transfer (RAFT)
polymerization using the “arm-first” approach, which showed adjusted LCST value between

49~82 ‘Cand a narrow temperature range of phase transition.



