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Fi, 45 R W] P(HFMA-co-NaSS) -g-PEG 7E 7K % W
R A e A% e 2 R B 0 B SRR, ELRE A
B FUEE B b, 3 5 W e o ER AR IR B A
JEL W BR R 25 4, [ e, & B P ( HFMA-co-
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FH 3l AR A S 8 A 5 DL R e B A T
250 1 A2 i A8 A4 T T A o T T 1 g T AN

1 SLWEsS

1.1 EFEiKH

PR M B2 7S 90T TR (HFMA) | i R i 5 4
AL A R |, T UK P e N R & — %
FH Tk HY 79 05 R TR ( MPEGMA ) |, 8034 73 1 1
1100, Sigma-Aldrich A ], 7E =R T EHa T4 24 h
JEAE 5 X5 28 & ik R B (NaSS ), 4l B2 Ry 90%
Sigma-Aldrich 23 7] 5 4 75 & 1 (BSA) , 2L 4EY)
THEL ] BCE N 0.68 g/L W KIE W, T k48 h
TRAF# A 5 TIE (AIBN)  fk27 4, Jok &
Jist o 45 i Ab 3L DU S kIR (THF ), 43 B 46, SR FH &
A5 5 7K I I ZE 1RORS ) S A s e ke, A by
afi | [ 2 4 B AL SRR A BR 2 A A G T A T
24 h J5 Ml WO, 4y gl [ 24 4R A AL AF R A
FRZSE] L A 53 F i A7 24 b )5 ff .

1.2 AEFRSAWEZHELRY P(HFMA-
co-NaSS) -g-PEG Wy #l &

TE 50 mL P F B Be g Hh 28 J5 i A 20 mIL
fiz,0.6 g MPEGMA,1.3 g HFMA,0.1 g NaSS, i
ANEA, BB FE 30 min, IR 5 B2 5, A
0.012 g AIBN, Wi FFHilR & 72°C , B 4 ) Jii 24 h,
RN ARG e % 22 W bR 2 i 7, SR 5 ] THF %
fi =, OE C B #E AT DLTE Ak, Je J5 35°CF
HATHET2 h B3 A EERRA Y. HE SR
ERAWHALE, B2 MPEGMA , HFMA FI NaSS
() EL A6 il o S B B A B B S [ 1Y B S
TR R R A LR Y.
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'"H-NMR #1"” F-NMR 2 [ Varian 2\
UNITY INVOA-600 7 2% i 1 4% A I 52 , TMS Sy 4
T 5 3 2R ) 1 I A e TR 9k B2 ( CMLC) Hy 3R T 5K ) %
DU W T A5 8 3 3R 0 0 K I e T B — R 90 vk B

B T, 1 Krtiss 28 7] KrissK12 8 8fy 25 36 i
AE 23 AT AAE 25 °C e S SR Y P W i R Tk ), K
77745 3] 1 55 e R v B 5 5 o 1% 7K 5 e A DR A )
i % JH ¥ E Malvern 2 5] Autosize Loc-Fc-963 7l
WO CHUR R EE G AT E , ASPBI A =679
nm, A1 90° 3 25°C ;3OO H AR
HEAH]) RF-540 Y5856 53 606 B2 1H I e , D i B
HUE R G YW 10 mL, # /1 A —5E & 1Y BSA
VW, BEIRTR A R 5 min J5 I E L IRE N 25°C
PEICWOR WA #5280 nm, & 5t 4y 350 nm,
BAE VL E S 10 nm, [F] ARG 25 15 S SR ol
R TE 54 B 3 [E FEI 2 7] Tecnai G20 %35 5 B T
T WL B 3], iR T4 1, s T AR O S
M .
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KAy T B4k MPEGMA Fid: 54 P(HFMA-co-
NaSS)-g-PEG (LM i R an & 1 fifsR, (a) K
MPEGMA 1y £ #b 5t 3% #, (b) iy P ( HFMA-co-
NaSS) -g-PEG IR Yy 21 4Pk 5.
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Fig. 1 FTIR spectra of (a) MPEGMA and (b) P(HFMA-co-
NaSS) -g-PEG
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O WA 51640 em ™ R BB Ui (C = C)
() il 45 41 2 W S0 06 53573 em R JRURE rh AR A7
K HY CO—H) HFAE M i i



1404 s

4'%‘

?

i 2011 4F

RS

XFF (b) PCHFMA-NaSS) -g-PEG JE R Y 21
SPGB, 5 (a) A H, BB (C—O) (Y 1 45 4k 20
Wi (1104 em ") 3SR AFAE BRI AU (C = C)
f¥) fil 245 4% 2h W A0 (1640em ™" ) 15 2%, 3 3% W AL {A
EEAE4A;1737 em ™ UNERBREE (C = O) ) 1 45
P Bh ST 0, A8 (A ) v I ST o B8 AR R, A R A
X & MPEGMA Fl HFMA %) 5 ¥ 3 5 AH & i iy
GiR WA T C=C RG4Sk
1455 cm ™' R R PR B SRR B 2 0 04,839 em ' R
TR PR S (= C—H) i i%, 1247 em
SRR L AR AU (S = O) MY HFRAE W Wi e, X R
B NaSS 21 T L % ;1191 e¢m ™' 3 HFMA vk 8
B (C—F) By FRIE M i i, 9720 R W HFMA 20
TR AR B R RV 52952 em T AT 1378 em AR I
HH L (C—H) B A X % A 4 41 31 1 Wi 0 R X6) R
1 205 41 30 W i 0 52922 em O A W) FEHEAN PEG
SCHE O T (C—H) By S X FR i 45 41 3l W i
I ;3445 cm ™ JEFE S SR AE fCRE K 19 (O—H) 4
I W WA 0
2.1.2 BB TRE
Vi

K 4> T B fk MPEGMA F1 P(HFMA-co-NaSS) -
g-PEG W'H-NMR 3% 10 & 2 FF ", (A) H
MPEGMA #)' H-NMR i [, % %] & D,0, (B) K
P(HFMA-co-NaSS)-g-PEG 1t B ¥ i)' H-NMR 3%
&, #5572 CDCI,.

X F(A) MPEGMA K43 F Bfk , #8 § = 3. 54
(d) i B 5 (9 58 1 = —CH,CH,0— i1 ¥ I, 5 =
3.35(e) B KM CH,0—J& FU4%,8 =5. 54 (a) Al
6. 10 (a) hy ik fisie XU 0T 706, 6 = 4. 27 (¢ ) & FI g
FEAHFE B W LT 0,8 =1.87(f) Fl s =1.11
() o2 B ok e BB AH 3 0 Y BT 06, 6 = 4. 73
(b) F ¥ (D,0) . X T (B) P ( HFMA-co-
NaSS)-g-PEG 3£ 4y (' H-NMR 3% &, 5 (A) #
L, BB ST F I R I B T B B F UL 6 =7. 76
(h)F17.05(h) J& NaSS K —CH—JFi 14,6
=5.00(j) J& HFMA 1 (j—CHFCF, Jii FI%,6 =
4.11(1) /& (—OCH,—CF,—) H CH,—Jfii F%,5
=1.89(a) 2 F 45 —CH,—1 i FI%,5 =2.45
(g) & £ 5 bR PR AR % 1) —CH—JiT 1%, 6 =
0.80 ~1.45(f) 2 F1 3 B AH 2 79 FH L o0 1105, 6 =
7.27(b) E¥F (CDCI,) .
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Fig. 2
(B) P(HFMA-co-NaSS)-g-PEG
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Fig. 3 "YF-NMR spectrum of P( HFMA-co-NaSS) -g-PEG
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NG FEER 530, 2 R W UEL T 43 iAd T 3 F
ANE AL F IR B 6 = —75.3(a) i2—CF, EH 1Y
W, R A7 3] S fE AR RN, B I TE R X8 =
—114.4(b)F1 6 = —120.3(b) J2—CF,—I )
W, B T A2 B AH 4B B ] —CH,— R & 1B, oy
ZUNME W6 = - 213.0(¢) —CHF—HE A 1y
W | YA AR AR O AR T s BRAE = 3 X
FTIR FAZ g S 4% 04 40 A 45 SR 3R B, K41 5
K MPEGMA _HFMA F1 NaSS 2 [a] 38 of & iy &322
ARG R T A A O R R A R . 2
R & FURE BB B 7 R A B it B HFMA
h (—OCH,—CF,—) (6 = 4.11) i ¥ g,

MPEGMA 1 CH,0—(§ =3. 35) Jfi T4 F1 NaSS
HKHR—CH— (6 =7.76 F17.05) i 1 W iy FL 001
AR R ARSI A AT 9 i B B 2 R S
ALK Y, F PEG-FXNaY X fRERR G T &
WEERMEEAE TR, Y RAREW T ET
FEB IR E Ay i, MR R IR i PEG-F65Na5 |
PEG-F55Na5 . PEG-F45Na5 ., PEG-F35Na5. PEG-
F25Na5, PEG-F45Nal, PEG-F45Na3, PEG-
F45Na7 .PEG-F45Na9 [ 2 1 (B) Jj PEG-F65Na5
(9  H-NMR % (8. K[R8k H A i P(HFMA-co-
NaSS) -g-PEG ) it 7 . % 1k 2 J R ik 2 509 F
1.

Table 1 Recipe, conversion and characteristic data of the graft copolymers

HFMA (wt% ) NaSS (wt% )

HFMA MPEGMA NaSS Conversion CMC Yeme
Sample code ("H-NMR ('"H-NMR
(g) (g) (g) (%) (g/L) (mN/m)
results) results)
PEG-F65Na5 1.302 0. 603 0.103 94. 6 64.3 4.81 0.16 42.52
PEG-F55Na5 1. 103 0. 802 0. 105 95.7 56. 8 4.93 0.18 43.97
PEG-F45Na5 0.902 1. 006 0. 100 94.3 43.2 5.22 0.21 45. 15
PEG-F35Na5 0. 698 1.214 0. 101 96. 2 36.7 4.87 0.23 47.59
PEG-F25Na5 0.511 1.427 0. 108 95.8 24.2 5.31 0.25 51.60
PEG-F45Nal 0.909 1. 085 0. 021 96. 6 43.7 0.98 0.19 43.65
PEG-F45Na3 0.903 1. 047 0. 065 94. 8 45.2 3.13 0.20 44.72
PEG-F45Na7 0.908 0.970 0. 144 95.6 44.3 6.58 0.23 45.83
PEG-F45Na9 0.902 0.936 0. 181 95.9 43.6 10. 21 0.24 46.17
. H g Bs 173 = 5
2.2 HARYBBRRLITATFR 63— o PEG-F65Na5
2.2.1 B B T = o PEG-F45Na5
= ; - ISR = 60
K 3% B 2% 1 45 2 0P o 2R R W 1 IR s g =
. . . =} o )
W, BARLBRWT 8 45 19 PEG-FXNaY 3 T /b = 55t a
7 THF 1, FHfL 4%~ 450 nm [Y Millipore 7€ &% i g o s
; T, e oty v S s 2 50
UE L TE S RGP HE R — 5 & 1) THF 15 W22 18 3 o
P o
T —E AR R gl K R IE R A E A, & 45} 000000
o
P AACGERT 3 K, BIAS 20 % e R R eoe e ood
SR N 40 L ! I ! L |
2.2.2 i BRI 0.00 005 010 015 020 025 030
. . . c(g/l)
W BARINS , P 2 4 A L R Wy LA B Gy 1 B AT
1E ; e B ik 2 s ﬁ,ﬂfcﬁi e B sk , :/H\: = % IF izé‘ éﬁ?% , Fig. 4 Surface tension versus concentration plots of PEG-

FI 20 e R 0 1 e R A &, TR I 2 2R S 0 Y
CMC 25 0 23 P 43 A 3 SR W e o A A7 S ) o
LT, M 2R Ak TR E CMC g E
2. % PEG-F65Na5 fl PEG-F45Na5 43 5 it il i A~
) ¥k B (4 K V9, 76 25°C Pl e e e ik 41, | 4
45 ) PEG-F65Na5 Fil PEG-F45Na5 7K i ik %
T ik 3 i e A A ) i 2%

i & 4 7T 41, % F PEG-F65Na5 , X4 v fig /N F
0.16 g/L B, = 18 5K 77 Bl v B 34 Jn 28 o T B, 4

F65Na5 and PEG-F45Na5

All the measurements are carried out at 25°C.

WK T 0.16 ¢/L B, K5k J1 B A AR AZ, X FR
W] PEG-F65Na5 e /K I 1B i 1T I, H CMC
H90.16 g/L, MW JE T AR M 5K T Cyene) N
42.52 mN/m. X} F PEG-F45Na5 , 43k B /NF 0. 21
g/ L INF, FRTAT 5 3 [ v 88 84 o % 3 T e, 2R R
F0.21 g/L I, Rk 1 A A, X R W] PEG-
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FASNa5 76 7K % W B B T i, H CMC oy
0.21 g/L,yeye M 45.15 mN/m. I 15 [ 4% A~ B 5
(1 I 3 2 Rk B W e B T B R ki sk (5 TR
1.

I 55 g o e i A2 AR 22 PR 3R 1) 52 T, n S K i
B PEG 4y 7 (R TR B 3L R W A B b KOy T
A ARSI RS T AL R Y EE B X CMC By oy
B SZ MR N9 i BT 2 - 805 95 R SR 2 R A R W
CMC B yoye /T UAE B — D5 10, A B 4 B L TR )
RRBEAR T 7K i 2 18 5K I, AT 7E 88 20 35 96
G F R ENE VRN 5 55— O i, BE A R EE B
Wl D I S RV B B T Ry o U 2 T AR K
— I A R K T 1 B SRR BT LA R Jn v S
SEE Y R G PE, HFMA B & & O b,
P(HFMA-co-NaSS) -g-PEG {3 i 1% 1 i 23 F A1
M 2% K HE ) PEG SC8E & B A B, it i 7 L 5
YK B CMC Iy o B8 K. TR, 24 46 2R
Wb B ST B A TR 5 L B T B T R AR
AR, CMC B AE Ky oy BT, X 2
HE T B m g, LR YR K RE S, in 2 #
LT VR I CMC 1R
2.2.3 P(HFMA-co-NaSS) -g-PEG & ) DLS 43
Br

e 5 e o e 8 1 0 5, 2 B i & i 1) B S 1
TS U S B L R e SR R VA K R T 3 4
BT I AR AR Z L B K P 1 B R 2 B R PR 1
¥, i 5B K PE Y PEG SZ8E AL NaSS 32 8% WP i i
W FE. T HF3E P(HFMA-co-NaSS) -g-PEG IR R

AR B A, o i 5 B PEG-F65Na5 il PEG-

FA5Na5 I o7 W 43 50 I 1 A [k B2 (0. 3,0. 5,
1.0 g/L) 2R H sh &G 1T (DLS) 1y 77 2% I i 2R
BV REH MK RLAR KRR o3 AR, 45 &l 5
6 .

MIE 5 fIE 6 f] A1, PEG-F65Na5 il PEG-
FA5Na5 757K 7 #B RETE A8 K R SF i i o, B
JE R B A A 43 A e ¥ —. [RIIF, Bifi % PEG-F65Na5
1l PEG-F45Na5 [ o ¥ W vk B 4 38 0K, JL 453 19
JiE SRR kAR B B R B B . X R T RA YK
WG B B2 — > 8l ) 2 VA o B AR T
1A VR 2 % Ji o 1) B A R B 2R R, — Al
B % e B I 1K B AR N R A R AR 2, i
IR AR K. S A FEM R IE M X4 F, 5
PEG-F65Na5 # I, & PEG % 4% & & iy PEG-
FASNaS Jif & B i 2 ok 45 %2t PEG-F65Na5 Jif
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Fig. 5 Hydrodynamic diameters and distribution of
PEG-F65Na5

Top-down: 0.3,0.5,1.0 g/L
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Fig. 6 Hydrodynamic diameters and distribution of
PEG-F45Na5

Top-down: 0.3,0.5,1.0 g/L

TR AORLAE R 32 th T PEG SR K
B8, L 7K IR A T I R T B K P ) 5 9 i
BAe KO Ak T4 ARZS XA PEG S8R 1949
TN 8K 3 PR JE R AR B 38R
2.2.4  JERYIEARL BSA 1M P b
PN A EWT T AR B A PR 85 Sy B
JR ) — Bl G BE R, B AR W R R A W R AL AT
SR BT T H) JOL P B ORB3 , nl A R 23 1
Ji] R0 352 1474 AT 5 RS 5 6 06 1 U3 1 — B ok
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TF 5% JE AR PN 505 1 A 458 P T, A il e L Rl B
R ATV R 3 Bl g
BSA & 4 2 R 5k Jk , XY 52 B 58 A1 6 I Ak it
= A BP0, 4 BSA L) 280 nm ¥ & B, 7F
350 nm Kb e KPOECRHE K& 6. > BSA 431 5
g Wy o e Az A AT LB B0 85 & AR el AR I 8
iR 5 T A2 B A AR BE 0 SE e, 2 AR H OO
SR A IR AR TAE IS W T BSA 4y T4,
10 SR Bk 5 i 98 3L 1Y e K ST e 1 K 25 1 B
W B2 L I S R Wk B UL L R,
P(HFMA-co-NaSS) -g-PEG £ H #H 24 Il R o7, i
T P(HFMA-co-NaSS)-g-PEG 5 BSA 2 [a] (9 4H H.
YEH, BSA 43 B Ab i S R 85l 25 R A A8 4k, 9ot
5 B A 23 Bl 2 AR Ak, PR AT LA 2O O 1% ok i
3% P ( HFMA-co-NaSS) -g-PEG 5 BSA B #H H {E
ML ST AL 3 ) P(HFMA-NaSS) -g-PEG 1Y i
RACAT N
50
451

Tl I -
= th O
T T T

(3]
=
T T

v (1)0
(2) 0.1 g/L. PEG-F45Na5
(3) 0.2 g/l PEG-F45Na5
(4) 0.3 g/L. PEG-F45Na5
(5) 0.4 g/l PEG-F45Na5
(6) 0.5 g/l PEG-F45Na5
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Fig. 7 Fluorescence spectra of BSA in different concentrations
of PEG-F45Na5

BSA concentration was kept at 0. 68 g/L; Volume ratio of PEG-
F4A5Na5: BSA was 5:1.

7 J&4l BSA 76 K [A] ¥ BE 1) PEG-F45Na5 7K
VW TR O B, N RT LU Y, 2 A
PEG-F45Na5 2 i ,BSA £ 350 nm &b i 5¢ G & 5
U iR B B S A 559 , 3X R B PEG-F45Na5 5 BSA
() A AR 58 i AH T AFE . B %5 PEG-F45NaS ¥k FE 1
BN, BSA 5 65 B B Wik 59 , & B %A etk
RS, 24 PEG-FA5SNaS [y ¥ Ji 76 It L i o vk )i
(0.21 g/L) LUF B, BSA 5% 558 32 U 55 1 2 45 /)
HEB A 8,024 PEG-FA5Na5 1) ¥ & 78 I 7t
I PR B LA B, 5 AR R ) U 58 R BH R
H RS AR 15 B 5. 76 i 5 Rk B DR |, 2R )
FE LR E U T b, a1

BB T BSA ) IE L 3 A1 2 (8] A i VR FH 2
M BSA B B R 58 00 32 R 0L 7E I
TRV B DL b B, PEG-FA5NaS 76 7K ¥ W A
AT I, i K P 1 U BE B R AR TE ISR N
08 B — > SR K MR N, TR S BSA
oy F 2Z B s B 7K 07 M VE R, BSA 4343 UK AH
TR Z B AOAR 0 S b T R P g BSA 43
FBR T RAEN 1 240, A K RS
PEG-FA5Na5 4y F A M EAE. AME R SY
B N, B 0 RS AR R A RS AR A
TR ECE 2 (1 BSA 43 1 i A B R 1y N &
Az R Z R AR, SRR SRS 0 T RIE 4 1 fiE
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Fig. 8 Fluorescence spectra of BSA in different types of PEG-
FXNa5 solutions

BSA concentration was kept at 0. 68 g/L; All the PEG-FXNa5
concentration was kept at 0.30 g/L; Volume ratio of PEG-
FXNa5: BSA was 5:1.
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Fig. 9 Fluorescence spectra of BSA in different types of PEG-
F45NaY solutions

BSA concentration was kept at 0. 68 g/L; All the PEG-F45NaY
concentration was kept at 0.30 g/L; Volume ratio of PEG-
F45NaY: BSA was 5:1.
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Fig. 10 TEM morphology of PEG-F65Na5 micelles in aqueous solution (1.0 g/L) (a,b); TEM morphology of PEG-F45Na5 micelles in aqueous
solution (1.0 g/L) (c¢,d); TEM morphology of PEG-F45Na5/BSA complexes in aqueous solution (e,f)
PEG-F45Na5 concentration was kept at 1. 0 g/L; BSA concentration was kept at 0. 68 g/L; Volume ratio of PEG-F45Na5: BSA was 5: 1.
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Fig. 11 Schematic drawing of self-assembled of the P( HFMA-
c0-NaSS) -g-PEG micelle

TE 5 B K HEMA B Be & 45 (0 5 00T, 3848 1 ik
Hy T S R ELAT A 7 5 R 1 bR R 5 2 K
P HEMA § BE 3 2500 10 145 , D) ik Ay 90 000 1 1
BRIE % 7% 45 #. 3% 26 4% ¥y P ( HFMA-NaSS) -g-
PEG 1 J 25 4 1 20 1R B2 4L 7 7T R, L 5 S Bk B
TE 10 FY B K At PR A T AR S B8 750 24 W 6 B, 25 4 T
3 gt 0 2 e T TR A M 0 TP R K BE
I 4 1 5 D) ) R R IR R g A T



1410 s

I

?

Ea i 2011 4¢

3 #Aig

W K AR E R A T B R A
SEEM ALY P(HFMA-co-NaSS) -g-PEG , Jf] 1A
sk LM E T P(HFMA-co-NaSS) -g-PEG (1l #t
WE R A T, R IRBEE PEG 3285 DL M B T & =
P v, CMC 320 7 48 K, Ho vk BE T /9 3R 1 ok 01 1%
Wb 3h A OGEUR R 7 D 2 T P (HFMA-

RIS O R AL IR Y 5 BSA (A EAE T, KB
P(HFMA-co-NaSS) -g-PEG fE 5 BSA ) 4 41 H.1F
FHASE 9 S0 B vk 55 , FLB 5 2 SR vk B 3 e
B RN B B - e 0 M N, 2 O 5 B 2 U ik 5
FHE G T BB EE TR A A2, &
A% FE 45 #) 1) P( HFMA-co-NaSS) -g-PEG i 3 XF
BSA A B & iy W B . SEae g5 SR R0, B A
3 5 - R 5 3R S HE R TR T U R Ay R T

VR R O R L R A AR 2 R R R
GEJ7 1A TR AE A L 4

co-NaS8) -g-PEG KW K &5 ki 48 be ooy A1, % B
W 25 e oI VR VIR BE R PEG 55 i 0 4 S TR K B
KA WL . F 20 OE i R WS T BT R 1

REFERENCES
I WangY,Gao S J,Ye W H,Yoon H S, Yang Y Y. Nat Mater,2006,5:791 ~796
2 Zhang M F,Drechsler M,Muller A H E. Chem Mater,2004,16:537 ~543
3 Wang D Q,Tan J J,Kang H L,Ma L, Jin X,Liu R G,Huang Y. Carbohydr Polym,2011,84.195 ~202
4 Dong HB,Xu Y Y,Yi Z,Chinese J Polym Sci,2009,27(6) :813 ~820
5 Lee H,Jeong J H,Park T G.J Controlled Release,2001,76:183 ~192
6  ShiL,Tang G P,Gao S J,Ma Y X,Liu B H,Li Y,Zeng ] M,Ng Y K,Leong K W, Wang S. Gene Ther,2003,10:1179 ~ 1188
7  Fabienne D,Nicolas M, Bernard U, Nathalie L., Marcus B, Veronique P. Eur J Pharm Biopharm,2009,73.:230 ~238
8 Hussain H,Busse K, Kressler J. Macromol Chem Phys,2003,204 :936 ~ 946
9 Ojogun V A,Lehmler H J, Knutson B L. J Colloid Interface Sci, 2009 ,338 :82 ~91
10 He J L,Ni P H,Liu C C.J Polym Sci Part A; Polym Chem,2008,46:3029 ~3041
11  Kavanagh C A,Rochev Y A, Gallagher W M,Dawson K A,Keenan A K. Pharmacol Therapeut,2004,102:1 ~ 15
12 Lucke A, Fustella E,Tebmar J, Gazzaniga A, Gopferich A.]J Controlled Release,2002,80:157 ~ 168
13 Najafi F,Sarbolouki M N. Biomaterials,2003,24.1175 ~ 1182
14 Harada A,Kataoka K. Science,1999,283 .65 ~ 67
15 He Yuan(faJ#f5i) , Yu Lin( A %) , Tan Songwei (A3 %4 ) , Jiang Hongliang ( 3% 72 %% ) , Tu Kehua (1% 52 4€ ) , Wang Liquan ( F 37 ). Acta

Polymerica Sinica( 543 F2#4k ) ,2010,(7) :897 ~902

16  Wang J,Zhang Y Y ,Guo Y,Zhang L,Xu R,Xing Z Q,Wang S X,Zhang X D. Dyes Pigments,2009,80:271 ~278

17 Zsila F,Bikadi Z,Simonyi M. Biochem Pharmacol,2003,65 :447 ~456

18 Dockal M, Carter D C,Ruker F. ] Biol Chem,2000,275:3042 ~3050

19  Xiong Shengdong( BE3: %) ,Li Ling(Z£#) , Wu Shuilin( & 7K #K) , Yi Changfeng( 55 E JX\) , Xu Zushun (##H)Ii1) . Acta Polymerica Sinica
(B4 F2:4) ,2010, (2) ;149 ~ 155

20 Xiong S D,Li L,Wu S L,Xu Z S,Chu P K. J Polym Sci Part A: Polym Chem,2009,47:4895 ~4907

21  Zhao Li(#&%i),Yan Yun([& = ) ,Huang Jianbin( # % ). Acta Phys Chim Sin( 3k 22224k ) ,2010,(26) :840 ~ 849

22 Ding Min( T #{) ,Guo Lihua( ¥8Hi%E) ,Zhang Ling( 5K #) , Wu Qing({li75 ) . Progress in Chemistry (fk2# &) ,2010, (22) ;458 ~ 464

23 Yan C N,Zhang H X,Mei P,Liu Y. Chin J Chem,2005,23.1151 ~1156

24  Kasai S,Horie T,Mizuma T, Awazu S.]J Pharm Sci, 1987 ,76:387 ~392

25 Walton A G,Maenpa F C.J Colloid Interface Sci,1979,72:265 ~278

26 Li L,Wang Y X,Song G W,Wu S L,Chu P K,Xu Z S. ] Fluorine Chem,2009,130:870 ~877

27 Cole M A, Thissen H,Losic D, Voelcker N H. Surf Sci,2007,601:1716 ~ 1725

28 Sun F Q,Li X S,Xu J K,Cao P T. Chinese J Polym Sci,2010,28(5) :705 ~713

29 Lee ] H,Khang G,Lee ] W,Lee H B.J Colloid Interface Sci,1998,205:323 ~330

30 Zhu A P,Yuan L. H,Chen T,Wu H,Zhao F. Carbohydr Polym,2007,69:363 ~370

31 Park ] H,Bae Y H. Biomaterials,2002,23:1797 ~ 1808

32 Li L,Xu Z S,Song G W.]J Fluorine Chem,2009,130.225 ~230

33 Zhang J H,Sun Z Q, Yang B. Curr Opin in Colloid Interface Sci,2009,14:103 ~ 114

34 Chen T,Wang L,Jiang G H,Wang J J,Wang X J,Zhou J F,Wang W. Eur Polym J,2006,42:687 ~ 693



12 1] ) [ 8 25 - ) 8 5 9 7 2 4 SR W W A L B IR R AR AT S 1411

35 Kim J K,Yang S Y,Lee Y,Kim Y. Prog Polym Sci,2010,35 ;1325 ~ 1349
36 Zhang K,Yu A, Wang D W,Yang W M,Li J N,Zhang X R, Wang Y J. Mater Lett,2011,65 ;293 ~ 295

37 Choi C Y,Chae S Y,Nah J W. Polymer,2006,47 ;4571 ~4580

38 Li Y Y,Zhang X Z,Kim G C,Cheng H,Cheng S X, Zhuo R X. Small,2006,2:917 ~923

39 Wang H J,Zhao P Q,Liang X F,Gong X Q,Song T,Niu R F, Chang J. Biomaterials, 2010 ,31 ;4129 ~ 4138
40 Lila A S A,Doi Y,Nakamura K, Ishida T,Kiwada H.J Controlled Release,2010,142.167 ~ 173

SYNTHESIS AND MICELLIZATION BEHAVIOR OF ANIONIC FLUORINE-
CONTAINING AMPHIPHILIC GRAFT COPOLYMERS

LIU Guogiang', XIONG Shengdong' , ZHANG Lingfei', YI Changfeng'®, XU Zushun'"
(" College of Materials Science and Engineering, Hubei University, Wuhan 430062)
(* Ministry-of-Education Key Laboratory f or the Green Preparation and Application

of Functional Materials, Hubei University, Wuhan 430062 )

Abstract A novel series of anionic fluorine-containing amphiphilic graft copolymers P( HFMA-co-NaSS) -g-
PEG were synthesized by graft copolymerization of poly ( ethylene glycol ) methyl ether methacrylate
(MPEGMA ) macromonomer, 2, 2, 3, 4, 4, 4-hexafluorobutyl methacrylate ( HFMA ) and sodium 4-
vinylbenzenesulfonate (NaSS). The molecular structures of the amphiphilic graft copolymer were characterized
by FTIR,'H-NMR and ""F-NMR. The critical micelle concentration ( CMC) of P( HFMA-co-NaSS)-g-PEG
was measured by surface tension technique,indicating that the CMC increased gradually with increasing PEG
branched chains and anionic contents in the copolymer. The average hydrodynamic diameter and size
distribution of micelles were measured by dynamic light scattering ( DLS). The measurement showed that the
hydrodynamic diameter increased gradually with increasing the concentration of P ( HFMA-co-NaSS) -g-PEG
aqueous solution and the content of PEG branched chains in P ( HFMA-co-NaSS ) -g-PEG. The fluorescence
spectrum showed that there was a significant interaction between P ( HFMA-co-NaSS)-g-PEG micelles and
bovine serum albumin ( BSA). The fluorescence intensity of BSA decreased gradually in P( HFMA-co-NaSS) -
g-PEG/BSA aqueous solution with increasing the concentration of P( HFMA-NaSS) -g-PEG aqueous solution,
HFMA segments and NaSS contents. Transmission electron microscopy ( TEM ) was used to investigate
P(HFMA-co-NaSS ) -g-PEG micelles and the aggregates of P ( HFMA-co-NaSS ) -g-PEG/BSA | the results
showed that P ( HFMA-co-NaSS) -g-PEG copolymers could self-assemble into core-shell structure micelles.
Besides, with the decrease of HFMA contents in the copolymer,the morphology of P( HFMA-co-NaSS) -g-PEG
micelles changed from a leaf-like structure to a spherical one. In particular, when BSA was added, the micelles
changed from a tight core-shell structure into a loose vesicle-like structure, and the micelle size and size
distribution also increased. TEM micrographs of P(HFMA- co-NaSS )-g-PEG/BSA displayed a visible
adsorption phenomenon between P( HFMA-co-NaSS) -g-PEG micelles and BSA ,and suggested that P( HFMA-
c0-NaSS) -g-PEG may have potential applications in loading proteins and other bioactive drugs.

Keywords Anionic, Amphiphilic graft copolymer, Micellization, Fluoropolymer, Fluorescence

spectroscopy, Bovine serum albumin



