Feo
2004 5 12 B

_IE._J_‘ ﬁ} % % j;ﬁ No.6

ACTA POLYMERICA SINICA

Dec., 2004

B ATRP FHMABRTEBERENSEESEENR
BRGSO RESHR
—ZERAYRINEHR S RIE"

% F& TA#M A OB

I5% HEE

(EEXTAXFLFEAI¥KE L#E  200240)

# E RiMEIEFESAHEESTEARPAR TEREHARERHNERELZHERREY
Bl SEERTARG-ZEIBPREER TR S5 2R-FTEMBEEH B X5 FIEN (HP-Br), B Cu
(DB N, N, N N V- ERE_ZHE=(PMDETA) JE{b& R TP EESE P E (MMA) S ATRP K
BLCEBILPRANRRTREYENEE ERE TR S W (HP-g-PMMA) . L L HP-g-PMMA 53| X3, 4T H
ENBMEZR(HEMAYY ATRPE &S B BECRAERARANE R EZE R RATAES T (HP-¢-
PMMA-5 PHEMA) Sk 2E# H B R FHARKE(52-R-FTEREK ). 51K HEMA ¥ ATRP ER R &, 8
ATEEERBELESHR . “YHENH H-NMR.FTIR.GPC %37 T RIEEMBR.

Xl FRTFEBOHERS(ATRP), SXAXEY. RSO, RERYE, FERBRELE

FIAFNESHFEMEASARNESYEGT
HERAGFIENINENIRERESUMEER
ATFUEFBRIXEOEEHRE " HA
BELFEAREXNWETFHBAAERS
(ATRP)E,.EERTEERES YR ETRMNE
FERER B e BRI RV AR ER X
SFRBIUERGYIHART, R THEH
BERWEARSY X hEBRERHMEERS
DEBGREYE" .

DB E(3-CEI-BHERARRT RN
B AR RP TR ET G ATRP AR T B
RAAABERHHAEIRERRERANIUZ
ERRAYR, AXN=ZBEHES YR KHR
BT TR EoTE8RE L.

Fig. 1 The Cartoon of the hyperbranched polymer
brushes with cascade polarity from core to shell
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REXA  BALEFKREETH, UL KHREH
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BGPCHN LT A, LI DMF 3k 2E A, £ iR
5C, & 1.0 mL/min, 7~ 22 37 6 18 0k 19 2%
(RI), i PMMA Rtr#E 4T S8 R IE 8
£14h ¥ i ( FTIR ) A Bruker Equinox 55 3% (X Y
EBEFHEME(AFM) ML 7F Digital Instrament
4+ ] B9 Manoscape [ a BT EFE B LT,
FHARALEE R £, Tapping mode FH, RIB KAH
W ERERF AR .
1.3 8HERE
1.3.1 @it ATRP 4 i HP-g-PMMA O
TREANHEE FH SOomL EHEEEMED, MA
0.0136 g (0.0947 mmol) CuBr, 0.0164 g (0.0947
mmol) PMDETA & S mL Z B Z. BE. WM IE A
9.46 g{94.7 mmol )MMA , 3 5 N, 15 min. 53 B 0.25
£(0.947 mmol ) K 3| & ¥ (HP1-Br) B F 3mL &
B2 B, T 5 38 R HE S AR R R, S
FEN, ISmin. FEFHIB FRMN 24 h, BB 0, K
EHGEHEM FIERN, MA 20 mL 2B B,
FHEEN, SRS, B RARREER{NE
W EREELXKZBPIRE, MBE, EELTHE
PR BIAAAREUTENERPERAE
MEE ERE RS (HP-2-PMMA) , 7= F R
65% .

'"H-NMR (400 MHz, CDCl,) & 3.62 ~ 3.57
( —COOCH, ), 1.92 ~ 1.79 ( —CH,C), 1.16
(—C(CH,), ),0.99 ~0.82( —CIL, ).
1.3.2 &t ATRP &5 B HP-g-PMMA-5- PHEMA

FEORAR DB 19 50 mL 230 B K EEMH

i, A 0.0066 g (0.046 mmol ) CuBr. 0.0080 g
{0.046 mmol )PMDETA .0.5 g HP-g-PMMA & 10 mL
TR/A (7030, VIV)IBHBE N B &L A
1.20 g(9.19 mmol ) HEMA 1 5 mL B F /), H 3
N, I5min, FRERA FEFRTFRNM 24 h,BFR
BE6 HEAGHDESEM. St FEEL. B
HEAEEFAKPIE . EHEIEERS TREM
A, ST EEBCHE, LLIR RS MM e o, IR 2%
ENER  BEAXKIBFIE, MER.EE
SHEPTHR. BRHCERPURERERF
BERBREHRENERECLENBHNEEERES
1 (HP- g-PMMA-b PHEMA) , =28 % 60% .

' H-NMR (400 MHz , DMSO- d, ) 47 4.81(—OH },3.87
(—CH,CO },3.68 ~ 3.45( —CH,0H ; —COOCH, ),1.76
(—CH,C),1.13(—C(CH;), },0.92 ~0.75(—CH, ).

1.3.3 HPEH-g-PMMA-b-PHEMA #9iR f # % &
i TEC A B IR T /Y 50 mL H5 B iR
Lediich , hlA 0.4 g HP-g-PMMA -6- PHEMA 0. 0089
g(0.072 mmol )DMAP X 10 mL DMF, I H £ &5
B OBEIEIA 0.22 (2,18 mmol) =K . B LB
WA E EFH R S mL — KEEH&H—
X, 1.0 g(4.36 mmol ) 2-R B T HEHER,
H52mL DMF B . EXKKBMBE IR HRFR
FLULE 2 s 1 (4 sec £ 0.05 mL) K 3 [F ¥ BLIR
F DMF MIBRBEREAFR P HMTE, ®E
EHE AEFBRTHERNBhLBRAOCER.
HREKPOE, GEEFTAN, AE®E . REm
LB PRI, ERI KL TR, AiEs
AEENRE BREAXKZBPIE. MBS, &
HE AP TR BahRKREE, =F£H
45% .

"H-NMR (400 MHz, CDCl, ) J 4.37 ~ 4.20
( —CH,0C0—), 3.59 ~ 3.5 ( —COOCH, ), 1.9
( —C(CH,),Br), 1.87 ~ 1.80 { —CH,C), 1.4
(—C(CH,), ),1.08 ~0.84( —CH, ).
134 ZEEXEEERBIUES Y (TL-
HPB)M AR  ECEAB A TH S0 ml
BB, A 0.0066 g(0.046 mmol )
CuBr, 0.0080 g(0.046 mmol) PMDETA,0.5 g(#J
0.460 mmol 5| % 5 ) HPEH- g-PMMA-b5-PHEMA &
10 mL T B/ EE(70/30, VIVYIERIE R B E W
A 1.20 g(9.19 mmol ) HEMA 1 5 mL i FI¥E 7, 3
N, I5min, BREHE EHE TR 24 h, 5
BRESC KBESHI M. &1L, TFa i
FHEELBEFKPIE . EHEBREERTHE
HMER ARG, LB MBE A EMER, %
BARKAEIRE, BEEXK BRI, #
BERE . EESHASF TR . GR0EHEK. X
65% .

"H-NMR (400 MHz, DMSO-d, ) 4 4.73( —OH),
3.87(—CH,COC ), 3.56 ( —CH,0H; —COOCH; ),
1.77( —CH,C),0.78( —CH, ).
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Scheme 1  Synthesis route of multi-arm star hyperbranched polymer brush with three-layer building blocks { TL-HFB)
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Table 1 Synthesis conditions and results of multi-arm star polymer brushes at 25°C

Code Time(h} M, ik DP um M, aec DP e MM,
HP- g -PMMA 24 51,860 18 30,020 10 1.44
HP- g-PMMA -5 PHEMA 24 185,380 38 106,390 pal 1.62
TL-HPB1 8 - - 151,750 0.6 1.59
TL-HPB2 4 - - 217,070 1.5 1.78
TL-HFB3 4 - - 239,280 1.8 1.95

FHEERSE(DPyw) A 1B, MR (M, we)
$751,860.GPC {0 E 5 5 (M, o )8 30,020, W3
BEERSE(DPL )R 10,2 FRESIAENEA

0 C
QAU‘L.E’;:' °| dl
] . BEMK B FRTSHPEE(MIM, = 1.44),
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Fig. 2 'H-NMR spectra of HP-Br {A), HP-g-PMMA ReEHN 38ROV BT RN 185,380 i 7
(B) and HP-g-PMMA-5 PHEMA (C) YT GPC i M2k v i, 4+ R R 106,
390, BEHATA R 5+ B A B R ¥, PHEMA B
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EREE NMRIEEHEN S TEEN, X—HEZ
SRS K R TE , W LR S YR EKE
HEWMES TR GCPCHEER KW E .
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WHR RN,
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MM 2-RARTREBER S5 88 HP-
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B EHE 2 RS F7 &M TL-HPB-Br. TL-HPB-
Br 5| % HEMA H9 ATRP S0, =24 HIR =4 TL-
HPB(R.%E 1).

45+ FEl & # TL-HPB-Br & H 5= %7 59" H-
NMR i W, B 3.5 HP-g-PMMA-b-PHEMA [ 3%,
TL-HPB-Br B'H-NMR i h R i MR KWL T,
LR GTRABHBHRPESE BERN/G,
HrEEN EHEE (- CHLOH)BEETHE
RSO AE MM B9 FTIR 5B L (E 4), #5
AT RO EB 2R 8 (3500 cm ™" ) AE S O T AT 2 X 2
FIE R K4 T51 %A TL-HPB-Br & W2 W
f . '

H #7™% TL-HPB #j'H-NMR & (B 3C), 7]
WRHBMHERE &R KT PHEMA B2 A K
BT, me, 7 1.2 EREBAFIEZRPRRT
e FEHR A FTIR EES (B 4), HHETHE
fE LR W BS H-NMR # FTIR $(38 #6500 K 4
T3 EFSI % T HEMA 8 ATRP B &, BFN T
it BR T
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B, HEEE S &7 5 #4070 89 AC b 4918 b mi 58
K,EE, 2 FE 457K RE GPC MK
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Fig. 3 'H-NMR spectrs of HP-g-PMMA-b- PHEMA (A}, TL-HPB-
Br {B) and TL-HPB2 (C}
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Fig. 4 FTIR spectra of TL-HPB-Br and TL-HPB2
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. HFERMN PMMA ASRERESHE, 7+ F
BI5h 2 PHEMA A BERHESYE, TRl ML
HEEATAEEESETURAEFRERMES
Fy X 250 R B A 09 HE BT B o A AE 3R E A
T2z,
FHAEZAREYHREENREREN GRS
HZENEEETHAR ATRP B &, il

ME#LRIEETEN S TRER/D . BX5s
FEl %73 % MMA (5 ATRP B4 R M f5, K%
MRIE A SN, & Byl & HEMA #) ATRP
¥5 H2ERAYHURERMALE, &R
HEMAWUHERTHERMN, EHESOMNH LA
STFREOEX B¥HERESERF 0.6-1.8.
HTREVRMERSHERBRE, i — ¥
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BUILDING CORE-SHELL STAR POLYMERS AND POLYMER BRUSHES
WITH HYDROXYL GROUPS AND DIFFERENT POLARITY LAYERS
——THREE-LAYER POLYMER BRUSHES

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

Abstract Based on the atom transfer radical polymerization { ATRP) and the large amount of functional groups of

hyperbranched polymers , core-shell multi-arm star polymer brushes with gradient polarity distribution were designed

and prepared. ATRP of MMA initiated from hyperbranched macroinitiator (HP-Br) in the presence of Cu(I)Br and
N,N,N ,N', N'-pentamethyldiethylenetriamine (PMDETA) resulted in multi-arm star polymers ( HP- g-PMMA) .
Then ATRP of HEMA with HP-g-PMMA as polymeric initiator afforded another multi-arm star polymer with hydroxyl
groups ( HP-g-PMMA-5-PHEMA ). Accordingly, further reaction of HP-g-PMMA-b PHEMA with 2-bromo-
isobutyrylbromide produced multi-arm star polymer initiator ( TL-HPB-Br) . Finally, ATRP of HEMA initiated from

TL-HPB-Br gave multi-arm star polymer brusches with three-layer structures. The structure of the resultant novel

objects was confirmed with ' H-NMR, FTIR and GPC.

Key words  Atom transfer radical polymernization, Hyperbranched polymer, Star polymer, Polymer brush, 2-

Hydroxyethyl methacrylate



