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Fig. 1 The Cartoon of the core-shell hyperbranched
polymer brushes
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. A& A HP1-Br K BHATIRAE TEC R ERA
1 XREH BEHERE T 6 100 L, 2 50 H REAEHE R A 6 ¢ T
1.1 EREHAR B E R EE XL FE® HP1(51.72 mmol X&),

BEXUEOGZEIEPHEAELTFT )
(HP) H 3-Z B:-3- B H B ¥ 73 T &L BF, - Oy,
BULTLABAAFRRARNHBEY  BH 1
(HP1)H X ALTE DB = 32% .5+ T8# M, = 3,200,
STFRME PDI = 1.55, BB DP = 27862
(HP2YWI AL DB = 35% , %+ F& M, = 6,800,
SFEA4T PDI = 1.65,B5% DP = 58. 2-j&
LR THBR (S 98% , Aldrich 4% &) 1 fh ) B
AW ENBRRE A (HEMA), s34 4, L%
WMMALTT &£, R, EBEE® 25% %
KIEW, IECFEie % =38 , B M A NaCl #2467, Bk
FKE AT KRBRET R, IRERERE. ¥
FYEHBTRKETRERRA PR EuR
(DMAP, 51 ¥ 99% , Aldrich 2> 5] M & ) B8 {0 A .
S (TEA, At s, LB EMN =) B EE
18, (& BTE 0.4 nm 47 T P& AL . Cu( 1) Be( 5347
a4, P EEERTEANR D EHTAKEREZES
o, ME AXKLEMEKIBERE=ZK, T#
FHERREEEFER. NNN N NV-ARZE LR
= ( PMDETA , 25 B 98% , Aldrich 2 7] 3 4 ) B 4
R EPRE (s, P EEEEH L LA
IHDEEFH. N N-_HEFRBE(DMF) RHE
AOLER WA, T 0.4 nom WG FF7F
HEEH.

1.2 (UBERE

BoVWEtERERE N, 2 TFERS
FB45-fi#E PE Series 200 # B {238 (GPC) {{ £ #
TR, L DMF 983, AL IR 25°C, Wik 1.0
mL/min, 75 22 57 Y6 46 %0k 39 2% (RL) , F§ PMMA 5
AT I 38 #2140 A R (FTIR) A
Bruker Equinox 55 F i { M . "'H B #g L iR ('H-
NMR) #]i& 2 £ Bruker 400 MHz {X 2% F 347, LIR
RAM(CDCL) BRZW R T W (DMSO-d,) R
M, L4 BEREGE A AR . PE pyres-1 ZEREAME
BA(DSC) AR M E =M HE B TRE
(7)), BRP T FHEEFHH 20 K/min. PE R E
S BUTCA) R RM E= YRR HREE, B
£47 T JHE % #2520 K/min.

1.3 AS5EN
1.3.1 ABX{LEB XS5 &R (HP-Br) & B

0.21 g(1.7 mmol) DMAP % 30 mL & {}j , i H E 4
TR S A 5.23 g(51.72 mmol) = 2.0, 78
LEBR ABMIOBEERH B Sol —KHEE
51 88— 3% MR BY 27.308 g( 103 .44 mmol )2-TR 7 T 4
BEIR , 5 10 mL RAGIRIE . FEvKK B R R
RET, R 2s 1 W (EH20.05 mL) 9 EEH
BRE A HRMEREARE D BNEEs,
EHRBRTHERN QL BEEAER. FEER
FAW A (1 mol/L NaOH) B # {1 mol/L HC1) F1 % &
TRERWEK, GRATKMBRMHTE, HAEEXR
EUETED BEEL TIKKBTHEBEPH
.M AsMEP TR GARTEOE L
BB A F5I AN (HPL-Br), = #% 60% .

'"H-NMR (400 MHz, CDCL, ) R 4.11 ~ 4.07
{ —CH,00C—), 3.3 ~ 3.5 { —CH,CO0—), 1.9
{(—C(CH, ),Br),1.45 ~ 1.31 (—CH,—), 0.80 ~ 0.90
(—CH,).
1.3.2 HP-g-PHEMA H1 & & L& 14 No.9
REIHETEE ERRAR AR FH S0 mL
BHFEEIR S, A 0.068 g(0.473 mmol ) CuBr,
0.082g(0.473 mmol ) PMDETA % 5 mL T B/N B
(70730, /o) IR RBE R .IEMBIS A 6.15 g(47.3
mmol) HEMA F1 5 mL IR M|, H F N, 15 min, I
WEKA . B 0.25 g(0.947 mmol) K4+ T 5| & 7
HP1-Br % T 2 mL IR FE A b, AES SRBRIFT
AR, BEEE 7 N, 15 min. 7E SOCTF K AF 4 h,
KEAHSHW FERN FHEEEEEX
BrAKPIE, SFEVHEEETRMEN 4=
Bk, LB B REMIE B, BB R AR ALK
R, BRTEL KBTI WS EESE
HAEP TR, BB~ F 4.1

"H-NMR (400 MHz, DMSO-d,) 4 4.80( —OH),
3.88 ( —CH,0C0), 3.5 ( —CH,OH), 1.77
( —CH,C—), 1.13 { —C(CH,),), 0.93 ~ 0.76
(—CH; ).
1.3.3 ¥XHBHE 5 HP-g-PHEMA R iR K
i PIAL=E TR 1.5 £5 2 B U o O B
T ECEFRIMHE TN 100l LHE
R A0 4g CERMELRE L Ik
B4 %Y HP-g-PHEMA.0.0122 g DMAP % 10 mL
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DMF, P Z2MMBEMR FHEIMA 0.303 g =L,
ABOREEFH RS5mL —KEEHHZ—X.
BERO0.52mL ZHEER, 53 mL DMF B . XK
KBRBE A RHEMNER T H%EP B E X DMF /)
BRBEBREALKS BmEE MEEHH &
EE TSR 48 h, BEMREBRGCHER LK
FEEETE HUERTEGF, HRB (1 mol/
LNaOH) . B8 ¥ (1 mo/L HC MO X & F R HHEM
K.EAXKBBATER BEAHGS.EXKL
RPESIHR™Y, ME EEATHEPT

RN 40%.
H-NMR{400 MHz, CDCl, Y4 8.03~7.45(EH L
HO HO OH
HO\Ji N

RIEJHF),4.47 ~ 3.64( —COOCH,CH,0C0—),1.83
(—CH,C),1.2(—C(CH;), ),1.03~0.90( —CH; ).

2 ER51E

2.1 HFigit

BHRHIE, PEAGHEEZE (HEMA) B
ATRP RS T MG AR EREN T 358
M H MR R Ew e R SO R BEE R R T
%, #4T HEMA £ ATRP BB RS A MA R Y
FAERAERENEZEERBEMAEADN .
WitHERWELR 1.

OH
'\&’EQOH Br)k(Br
- H
(8] oH Ol
5{ OH
HO’)YQ H
HO HP

HP-Br
N(CH,;CH3),

HP-g-PHEMA

Scheme 1 Synthesis route of multi-arm star polymers with high density of hydroxyl groups
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Fig. 2 FTIR specira of HP1, HP1-Br and HP1-g-PHEMA
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KAF3] %7 HP1-Br 9’ H-NMR LA 3(B).
55 % HP1 4 t, HP1-Br #9' H-NMR 3% B K t§
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¥, 5 HPl hZE P EEEA LN 1.98/1,7R
BB 271, TELAH HP1 LR EREE TS
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2.3 SRESRENRBAYHNESHERTE

ATRP MR S Z — R a8 ¢, 8 B 2 b /Y %
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.
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Fig. 3 'H-NMR spectra of HPL (A), HP1-Br (B) and HP1-g-
PHEMA (C)
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R SERME, MRHER, FREETENG
BOXHRER T REKER A, 4151 R AAER
REBEERK, MARTEFHEI ZMELKEH
HER .

TRPERBARTERESRAE N3 TEMS}
MERHAKL (F1PHE No. 1,5,6),BfERE
WA RSN TEHER /D, AKFEE
FH—LEIT . AR 1 PEEL, Y51 kR S5k
Frnkitbh 1:0.1 BB 1:0.4 B, 5 F R
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Table 1 Synthesis of HP2-g-PHEMA at different conditions

No (Ml/(1)scul1]/(L]" M(mL)/S{mL)*  T{C)  Time(h) Mo M, cec M. /M,
1 50:1:0.1:0.1 1/8 50 24 387,590 43,630 1.41
2 50:1:0.1:0.1 1/4 50 24 387,590 44,740 1.38
3 50:1:0.1:0.1 1/2 50 24 387,590 47,600 1.55
4 50:1:0.1:0.1 111 50 1.0 387,590 82,270 1.65
5 50:1:0.1:0.1 1/8 70 24 387,590 32,550 1.50
6 50:1:0.1:0.1 1/8 9% 24 387,590 25,870 1.45
7 50:1:0.2:0.2 1/8 50 24 387,590 49,340 1.33
8 50:1:0.4:0.4 1/8 50 24 387,590 96,900 1.77
9 50:1:0.5:0.5 12 50 4 387,590 126,890 1.81
* Mole ratio of monomer/initiator point/ CuBr/PMDETA ; b Monomer/solvent
g ERTR, AT LA LT S5, 51 R A S gk T&2.%3.

FE BB (<1 : 0.2), W3 FRSME
B RNESEL, ARSETREERARERE
BARILMEATHAERS, A3 -YH T TR
ARGHE AN S#EARELEXE(>1 -
0.2), BEMBELERE, "YaTERK HA
RZEAETFHTEAGERAERS ZERER.

FTIHEANETEREZBEERBIALES
W HEFETAERER, AFEAETHLBELEN
Bm XERHBHRTYES TR EARKER . B
L AXRATI AR SH#AEARENR 1 0.5,
TRIRERN SOC, AR 20% ~ 35% M K R &
H HTREES AMMRL LB ASE RN
BKHNEBEERBIMESYR EREHER
KETRBASFREBEANTY, ANEE TR
Rl ( FR 1 #) No.9).

LA HP1-Br ft HP2-Br H51 &/, M TRk S
7| &P BIEC H HEFT ATRP LAY, AT 18 45 3 4 51 3

Hig b, K FIIRAFNREGEEK RS
EG AR AMERIGI AR ATRP RN P, &
T RSB REEN  MREE(DP)E KK
ERFSRNFHHERL KRR 2 %3, 7
DES ERARKHERNERT . REEEAN
SIEFBTERT IR TREERAKTRSER

PRSI ERF GRS TR ES TR AN

B Fe  AREGEEANSIERFERHES
VRINEBITBERK(EGE), EER/DTREGER
NI ERBER MY FETRBETESE
BRI ER+T , 8051 REZEEERNEE,
BT RS RN, WRTBR R 1B K A s
TR A B R R A Y A FTIR f1'H-NMR i
TTHRIE, EAREXFEE>FINE 2,8 3.K454
F5[ &M - PHEMA /5,4 FTIR A& -5 B35
BHERER KW, £ HNMR 8 -, B R T
PHEMA ) # i BT F % . [6] B, #2 #5 '"H-NMR ) 45
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Table 2 Synthesis conditions and results of HP1- g-PHEMA a1 50C

No [M]f[I]fCu[I]f[L] Time(h) Mn.m Mn..'\.\lﬂ Dan Mn.GPC DPGPC MJMH
PB1 10:1:0.5:0.5 24 39,062 31,904 8 31,930 8 1.52
PB2 25:1:0.5:0.5 24 92,900 107.252 29 83,350 22 1.88
PB3 50:1:0.5:0.5 4 182,600 135,956 37 127,770 34 1.77
PB4 75:1:0.5:0.5 1 272,300 139,544 38 130, 360 35 1.76
PB5 100:1:0.5:0.5 1 362,000 175,424 48 160, 170 44 2.75
Table 3  Synthesis conditions and results of HP2- g-PHEMA at 507C

No  [MIs[1]/Cul1]/[L] Time(h) L M. xur DP xyr M. crc DP e MM,
PB6 10:1:0.5:0.5 24 83,598 75,460 9 63,120 7 1.92
PB7 25:1:0,5:0.5 24 197,595 158,400 20 126,630 16 2.81
PB8 50:1:0.5:0.5 387,590 150,860 19 126,890 16 1.81
PB9 75:1:0.5:0.5 577,585 226,260 29 148,330 19 1.90
PBI10 100:1:0.5:0.5 767,580 256,420 33 181,950 23 2.05
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Fig. 4 The glass transition temperature { T, ) of hyperbranched

polymer brushes as a function of degree of polymerization ( DPcp )
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MR —HN.
25 BLIRERNBRERHBFDEENEER

HAEAREHGEAERSYVBE LEREE
R RN TEYE, R REL 2. AE 5 Eaf
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PHEMA ) 7E 3400 cm ™' ZE A1 — B0 M 72 2 TR I
B UFEITRISEEFREARFEH =D
(HP1-g-PHEMAen) ) 5 B8 B /s 3 — 25 LA
IR 3 X BE RN R R
KKE/N HHBE 2K . H-NMR 781 £ H
LI 1.5 A5 K W mER 3 e 3 2 i R R 3
F A% UEETREIFETBREHNATBRESN
RREK60% XFEHEEYRE LWERXNSE
—E MR R, 0] LU o — 2 ThEEfL , X Ok
EREEEBEERSVRININEEA RN ATIREMRT
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FH A E S YR SRR R T
in DMF . DMSO W, F 3% J5 &1 7= 81 75 Rt K ke
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Scheme 2 Reaction of HP-g-PHEMA with benzoyl chleride
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Fig.5 FTIR spectra of HP1-g-PHEMA and the end-capped

products

L1:HP1-g-PHEMA;12: HP1- g-PHEMAen with a {eed matio

of 1.5/1( benzoyl chioride/hydroxyl) ; L3: HP1- g-PHEMAen

with a feed ratio of 3.0/1( benzoyl chloride/hydroxyl)

H#F 4+ F HP-z-PHEMA B 2 M EHR R
XA E R A B KRR PHEMA, B A X 24y F

MEEZS BT AL A AR BB X R H T
ARt R RN AT RIEE#TZF.

DABE R B35 8 L RBHE A R T35l %
. Eif HEMA ) ATRP BFHBERS, SR TEA KX
BREENEHEERBLRS YR X ATRP X
AR TERFETTEE, RAKE BREM
AR R BEREH ARSI AN
Rk, BRI T - RIRAAFAERNESY
B 3P AR, B XL RS YRI5
HETEEAEHSERKERAX, MHSEMK
APRASTFRAX HA—-BZXARSDE B
Kug b RS ARRG Y, S
KEDE S FREBAN B ARERS . =&
AARME#ITRELHRMN TR N EZFERE
TAREYRHEEEHHET T EE, RUHE
THBRENRA - EHESE, TUHTHE-FH
EEL THE R B A R RS YR 342 8 R B R
HRLETRESAHRNESYURIBARRE
K. BEMUEAEEANE.
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BUILDING CORE-SHELL STAR POLYMERS AND POLYMER BRUSHES
WITH HYDROXYL GROUPS AND DIFFERENT POLARITY LAYERS
—— TWO-LAYER POLYMER BRUSHES

GAO Chao, QIAN Hui, WANG Shoubo, KONG Hao, WANG Shujun, YAN Deyue
{ College of Chemisiry and Chemical Engineering, Shanghai Jiao Tong University . Shanghai  200240)

Abstract Multi-arm star polymers with high density of hydroxyl functional groups on the shell were synthesized via
atom transfer tadical polymerization ( ATRP) . Reaction of hyperbranched poly (3-ethyl-3-hydroxymethyloxetane }
{HP} with 2-bromo-isobutyryibromide resulted in a multifunclional macroinitiator ( HP-Br) . HP-Br was used to
initiate the ATRP of 2-hydroxyethyl methacrylate (HEMA) in the presence of Cu(I)Br and N, N, N', N', N'-
pentamethyldiethylenetriamine (PMDETA) in a mixed solvent of 2-butanone and 1-propanol, giving rise to various
multi-arm star polymers with different lengths of arms (HP-g-PHEMA) . In addition, the reaction of benzoyl chloride
with HP- g-PHEMA indicated that the hydroxyl groups were reactive. The structure and thermal properties of the
resultant polymer brushes were characlerized and confirmed with '"H-NMR, FTIR , GPC, TGA and DSC.

Key words  Atom transfer radical polymerization ( ATRP), Hyperbranched polymer, Star polymer, Polymer
brush, 2-Hydroxyethyl methacrylate



