% 4 ) =

2013 4 H

ACTA POLYMERICA SINICA

% j:li No. 4
Apr., 2013

< BRAR -

BEAFEEHETITANMSKE-GBKkH B L LRI ER

¥Rl

N I

(ZS ) N W B S A2 B0 TR R 2 & BRIV 4 TR S HOR S i =
PEIE TP K2 B2A g P42 710072)

WOE R E sk m (THF) A4 K Hith (glycidol) 47 B ES TIF 3L, — AR T 8 b A R 1
IV I 202 TR 4 B O IR P S S A AL R k. SR T B U C-NMR B T AL RO 8 S AR g5 M, R A T H S 4k
JE .M AR BUHE BR (035 -2 £ BEWOE L BT (SEC-MALLS ) X 5 & ) 7 i Koo A A7 1 RAT. 55077 WL oot
B (UV) 038 2 5003 3R P K ¥ VRO o 4 A s IR I 70 it UL (LCSTY) R 3T 22 B 210728 b, {H R AR 2 o o %
18, AH 2 P-4 16T 1R AT 3% 30 min 5 B3 5 490 ¥ TR0 A0 A A2 T S0 R0 SR A1 00 i R 1 B A I MR At . SR T S R B
(TEM) X AR i FE LR % B, 3 ol G248 A 78 oo 8 2 o 17 4 52 1 36 3R Tt 201 2% T2 i ) JC A R 8 T oo o A2

[ 75 B 2R 4R T B
XEH BIARSY, REERSY, ZEARE

AR, AR AW SR Tz 5%
. HLAE RYAR LB ARG YRS R
VA PR BRI B 2 5, T ELAS 5 45 i FE DG A
B AL A W AR 25 S AT A A T BN R
SRR IR A W R — o i g LA
M SO P ) R 6 0, 24 T AT T o A i B A T
(LCST) LR W & W ae v 7K, il & T
LCST B WIAHAS AT . % T8 S AL 3 A W R Lk
PTER AW 1 kR 0 B AL o PR BE B P 4G
B I R R T A S A R S W T I L R A
PRI G W) S AL RS W i S P fE

TE & U BCE E S A SR 5 Wi  w R
AT 5 W 5 8 DA X S 3R 5 i ik R A A
BUHEA, 1K B — i A 38 2K -5 A A T
WRACPE T B A BT AR DR ALK B T ST
I Tt i ( PNTPAm) (SR W IR NG R NV, N-— 1 24
L TiE (PDMAEMA ) 8 1) 3 Ak 2R & W 41 Bl 1) &
H LA R R P A O e e LR AT
BLULET5 A Ml AR S n EEE A B4
R ALYE. T AROR A A A R IR
(backbone-thermoresponsive ) # 37 1k 8 & ¥ i) ] £
AIFFE AT B AR AR AT LA 22 B [ i 25 A5 5%
K K G B B AT A ) O B GE B T R

TEIR IR A il 5 22 B 324 LA TR SOk 0 S TR R
B FIT, Frey 2SR R 48 79 Jo 0 45 K H il
LB £ Hh il A 2RI IR IR SN e S K S b
Tk BV A S A A SR T

H R, 6 28 5 ot 8 S A i oY R A
TE B BG4 B D B LCST B 5 1 12° 1) i o
T 2ok R G TR AR ST ) A R . R, AR S0k
JH VY Sk g 5 4 K CH IR AT B S TR R R AR
A Z M PTHE & 19 8 28 05 itk 8 b
Bk, JF PRI oY T R SO AR o AR L 52 A0 4ok
JEEETE (UV-Vis) i 58 & xR G W H A 5218 ]
P 1) T AR AR ) R 3l L 3 ) L (TEMD) Xof A AR
LRI 5T R T, 6 S A0 3R A W) 20 266 B i S o
Wi I 5 T e T A O TR R R R X H
FECT AR N TR
1 EH

UK (THF, AR, [ 253K 70) ) H 28 W i
YEFE /R, 4 e 4 Il o 22 i 58t (i A 25 1
457K H il ( Glyeidol , GC, Alfa Aesar) F1 = AL 2,
fit (BF,-Et,0,CP, [ 2537 ) B8z 00 . H Al i 51
YRy Hr el .
2 BIUERBHNERTR

H 10 mL U &k g A — 22 B A9 4 K H 3 im A

# 2013-01-25 Y # ,2013-03-04 &5 5 [F 5K A AR B 2 4 (BE 5 21274116) A TAL A5 B AL S A5 01 H (51 H 5 1142011001 ) % 8).

w4 30 K R, E-mail ; xfand @ 126. com
doi:10.3724/SP. J. 1105. 2013. 13041



4 AR A HLA T 5 R A

ARAT g H) 1 2 K R -4 K i S Al 3 SR TBE Y 5 A 457

T Y 100 mL 5 CVRE 76 VKoK I g o Bt
OB m BN SR EE IR % 0. 2% 1) =
ol 2l , T okoK i i B P SO 2 h J5 A 10 mL
IR 1k N B Jim e e 78 T B 25 7K A I g 1) B
AR S AR = 9. 7Y 4 300 D iEHT 485 4T 24 h
afifb 5 3 R TR A .
3 RIEFE

FE S A% 1% R H] Bruker AM300 4% 4 2 % £330
FE L, TMS S N A J B0 88 S A R Bk 9 o T &= i
BE I 375 03 - 22 f BE WO 6 HICS 86 HT X (SEM -
MALLS) Wl & , f# ] 5 um 500 A MZ-Gel SDplus {4,
AL, DU E K A s AR, R 0.5 mL/min, £ R
25 C. BEYH) LCST R F 5 it UV-2550 #4 4 4)
G360 BE TN GE |, 2R AR IR 0 A0 R KR 5 R 3R
BYVERAE R 1.0 wt% , I 5E P K 500 nm.

OH
o o
o
0 HMO»

B F3 M Etzo

w
) N
w

YK WAL R A Hitachi H-7650 125 5 Hy
B AT WL, s L I 80 kV.
4 BXURBHEMRSRIE

SR FH DY S0k T R 45 K Il BE AT RS R ER 2L
B, e — A0 T AT M ) o R S AR LR E, R
Lo, 15, 46 7K H il A = 3 AL Bl & Bk 2 A
TGBHES T, T DU Sk P B AR G A8
BT IR RS BRI R b, D Sk i A 4 K
HFEAT T AL IR T 45 K H b T b Y R L T
VA T 4R 845 1E 8 10 1 o0 e AR A B R T,
RE W R KB 2 LA /K H i BT R S AR AR T
RO % , [ B 00 6 F) 35 56 A0 A T 40 402 3% 1 i
AT BERE, BT UM S A G SRt et A Y
SR T R 4 K A BORE LG A T R 1 B
ZNIVERE SR 30

OH OH

>7Z 0 0 OH
“\/j\wwﬁ;/\(o >>V

Hovgs \/\%O,\/O\}:}\’ KJJ
N

O)(_[OH
n

OH OH

OH

Scheme 1 Schematic representation of random copolymerization of THF and glycidol

Table 1 Synthesis and characterization data of hyperbranched polyethers

Monomer feed

Sample TR Oy (Vo 1) M, M M,/M," ¢ (%) DB, DBy

HP 1 10:2.5 6190 8720 1.41 43.0 0.20 0.21

HP 2 10:3.0 11050 17210 1.56 46.8 0.22 0.22

HP 3 10:3.5 11440 17200 1.50 50.2 0.23 0.24
“Determined by SEC-MALLS
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Fig. 2 Trend of transmittance of HP1 in aqueous solution

(1 wt% ) versus temperature
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Fig. 3 Temperature dependence of the final transmittance

of hyperbranched polyethers aqueous solution
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Fig. 4  Phase transition dynamics of HPl aqueous

solution (1 wt% ) as temperature jumped to different

temperatures from 25 °C
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Fig. 5 TEM images of the aggregates of HP-2 in aqueous solution at 34.0 C (a), 34.4 °C (b) and 34.8 C (c), respectively

&t WS SN E I R AE LCST My iz 2218 TR, 381
SR DY S 5 A K H AT PR 0T RS ARG A TR SORE AR AT . i R A A R R

B,k A AR R S AR IC R AR R I T RO Y TR R S R AT
SR BEAE K 9 WO B L T R A AR R 3.
AL HE A R A TROR, XK T BUR G Pk

O 0 N N R W N =

[ T N R N e T e SO e S e S S S G S
R o= O 0 X NN R W N = O

REFERENCES

Gao C,Yan D Y. Prog Polym Sci,2004,29(3) ;183 ~275

Chen Hao( [fiftit) , Jia Zhifeng( B¥ 504 ) , Yan Deyue( Bifi{F ). Acta Polymerica Sinica ( 2543 F2£##) ,2007, (11) ;1097 ~ 1101
Bajpai A K,Shukla S K,Bhanu S, Kankane S. Prog Polym Sci,2008,33(11) :1088 ~1118

Haba Y, Harada A, Takagishi T,Kono K.J Am Chem Soc,2004,126(40) :12760 ~ 12761

You Y Z,Hong C Y,Pan C Y,Wang P H. Adv Mater,2004,16(21) :1953 ~ 1957

Gillies E R, Jonsson T B,Fréchet ] M J.J Am Chem Soc,2004,126(38) :11936 ~ 11943

Tian W,Lv X,Mu C,Zhang W,Kong J,Liu Y,Fan X.J Polym Sci Part A:Polym Chem,2012,50(4) :759 ~771

Tian W,Lv X, Huang L, Ali N,Kong J. Macromol Chem Phys,2012,213(23) ;2450 ~2463

Chen H,Jia Z,Yan D,Zhu X. Macromol Chem Phys,2007,208(15) :1637 ~ 1645

Jia Z,Chen H,Zhu X,Yan D.J Am Chem Soc,2006,128(25) :8144 ~ 8145

Xia Y,Wang Y, Wang Y, Wang D, Deng H,Zhuang Y, Yan D,Zhu B,Zhu X. Macromol Chem Phys,2011,212(10) ;1056 ~ 1062
Schémer M, Seiwert J, Frey H. ACS Macro Lett,2012,1(7) :888 ~891

Tokar R, Kubisa P,Penczek S,Dworak A. Macromolecules,1994,27(2) ;320 ~322

Satoh T, Tamaki M, Taguchi T,Misaka H,Hoai N T,Sakai R, Kakuchi T.J Polym Sci Part A;Polym Chem,2011,49(11) :2353 ~2365
Wilms D, Schomer M, Wurm F,Hermanns M I, Kirkpatrick C J, Frey H. Macromol Rapid Comm,2010,31(20) :1811 ~ 1815
Hawker C J,Lee R,Frechet J M J.J Am Chem Soc,1991,113(12) :4583 ~4588

Tsuboi Y, Kikuchi K, Kitamura N, Shimomoto H, Kanaoka S, Aoshima S. Macromol Chem Phys,2012,213(4) :374 ~381

Tsuboi Y, Yoshida Y, Okada K, Kitamura N. J Phys Chem B,2008,112(9) :2562 ~2565

Burke S E, Eisenberg A. Langmuir,2001,17(21) :6705 ~6714

Haba Y, Kojima C,Harada A, Kono K. Angew Chem Int Ed,2007,46(1-2) :234 ~237

Tasaki K. J Am Chem Soc,1996,118(35) :8459 ~ 8469

Cheng H,Xie S,Zhou Y ,Huang W,Yan D,Yang J,Ji B.J Phys Chem B,2010,114(19) :6291 ~ 6299



4 U A - B T R AR AR AT S ) I S e -4 K i A S A 3 SR TBE Y S A 461

SYNTHESIS AND CONTROLLED PHASE TRANSITION BEHAVIOR OF
THERMOSENSITIVE HYPERBRANCHED
POLY ( TETRAHYDROFURAN-co-GLYCIDOL)

Wei-wei Fan, Xiao-dong Fan, Xuan Zhang, Gang Wang, Wan-bin Zhang
( The Key Laboratory of Space Applied Physics and Chemistry, Ministry of Education and Shaanxi Key Laboratory

of Macromolecular Science and Technology, School of Science, Northwestern Polytechnical University, Xi’ an, 710072)

Abstract Backbone-thermosensitive hyperbranched polyethers were synthesized in one step by the cationic
ring-opening copolymerization of tetrahydrofuran and glycidol. The hyperbranched polyethers had soft
polytetrahydrofuran segments in the backbones, and their structures were characterized by quantitative ”C-
NMR. Then the degree of branching and the ratio of glycidol units incorporated into the structure were also
calculated. The molecular weight and molecular weight distribution were characterized by size exclusion
chomatography-multi-angle laser light scattering ( SEC-MALLS ). The thermoresponsive phase transition
behavior of the hyperbranched polyether in aqueous solution was intensively investigated by UV-Vis
spectrometer equipped with a thermocell. It was found that the UV transmittance of the aqueous solution of the
hyperbranched polyethers decreased dramatically when the temperature was increased above LCST, but the
balance of phase transition was very slow and the phase transition time was up to 30 min. At the same time,
the kinetics of phase transition and final value of UV transmittance were dependent on the temperature, which
suggested that the phase transition process could be effectively controlled by adjusting the temperature. TEM
inspection showed that the hyperbranched polyethers in aqueous solution could assemble to form micelles at low
temperatures. And then, the micelles gradually aggregated as the temperature was increased above LCST,
which caused the slow and controlled phase transition process.

Keywords Hyperbranched polymer, Thermosensitive polymer, Slow phase transition



