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(PEG-b-PCL); H IR H-NMR. GPC X SR & =W G5 M AT T 3R AE: W 9T T 51 R A/ 50 AR Bk LG L 58 & i () 36 B2
S B MR 00 s 25 82 T HS-PCL M35 2575 — FF AE AN DU Sk 74 B PP 44 2 i — s i v s F sl AR 0%
JCHUREFN H-NMR W98 T PEG- b-PCL ZE7K M B 4128 4 1) ROST R 4 L 4 R B, & = W) B A Tl 45
4 s [ 58 A6 IR T Novozym 435 A B HEALIG TR, 75 70°C AL e-CL ARRER A, 2 h I BRI AL T8 3 80%
2-$i5E ZWEFI MPEG #0178 51 & e-CL HF PRI A s HS-PCL A6 KRN, AEFTHE LA R, F— e L iR
— 2 BT, B M Y A RO (HARIA B R 4y 7 5 1 2 f%, 3R B — 34 HS-PCL %151 25 & 2F 440 )= 8 AR

% T PCL-S-S-PCL; PEG- b-PCL £E/K ¥ -H B 4125 8 1 HA 4% 56 45 M R, B LR b L cL)/LEO JF 0.23 4

KN 1.70, AR FZH 64 nm K F] 122 nm.

K#EiE  Novozym 435, HS-PCL, PEG-b-PCL, Wi, A%

5T RECPCL) AT B0 25 A PR 2
WA WA 5 1 D B2 BRI s T
AT 06 TR E. PCL — MO 47 ML 4
i e-CL B4 TF IR IR A1 80, AELAL #2010 R 46 P
IG5 i 57 10 5% B 25 P W T 20 pCL 1
I AEA SRR B 6 (2 0 B T 3R 28 75 o
T A AL ALV, B £ BT R
I PTG AU 25 5% B 3 P 5 6
B IV A
AU T 1 1M R A5, TG LR ph 5
(RS PR, 007 R G IO ST A 0
ATBCRIIREA T 1 R e KR 2 OB T
AT,

SN e B 0 IS AR 1 LA 236 4
PR TE 1L B B BL 5 0 R B
AL, S0 A 0 B2 I T A 5
RTINS U LB 4
TR BETAE e — 2 5N B AT R R 4 R
SRR BTG 4> T BRI 36 #5070 K S 7
B0 5 A7 0 55 A 10 5 77 0, 2 R
000 T R AEAG AT H S PR SR T

2R A5 B s ml DA SE I % ] A A oK B fig

M2 Hedfors 25 1 ¥k 4 18 LA [ 5 A6 Fg WG G
Novozym 435 A AT, F 2-3i 2k L5 K e-CL
TE 60°C I AR R G ] £ A v 7 346 1Y) PCL, T 459
PRSI E N T09%" 2 5 V7 45 DA = 6 Be i IR
W A A7) 2-30 0k S A 5 R A, 51K e-CL
AARTT B0 2R A 19 B i 4 S5 PCL, 7R
50% ~ 70%, ¥ 13 2 1 i A& 4 5 2L ) PCL £E
DMSO 11~ 100°C N MY 48 h, B AE e (] & —
s peL

PCL E A 1R 58 1) 7K P, e AR 1) % Aot okl et
L e SRR e 13 2 X PCL BT SR KM & i
(PEGOE R » 4 1 T 235 5 7K 2 0 A= 40 1% At 1k 73 1
i3, AT AT 75 32038 1 5 32 (0 8 S He 25 ]
Novozym 435 i 44 Fi H 4 2 58 & — I (MPEG) 5
K e-CL AR A4 T 2 Bl PEG-b-PCL, =% H
63% 1 66% » 73 ¥ AT B8, A3 3L Py Ly
EO 1k BE & B LA 5 okl H AR 22 5okt

ARSL AT 58 AR 1071 Novozym 435 A f#EAGF,
I3 IR FH VR G RO AS AR SR G 1) 7 25 ) 2% R vt 5
FAL ) PCL, FERIFFURE W IR A5 v 5 | R 3 A )
EOXS =) SR A BE (R s i), LA R AR (R 2R & AT
I [#) FHLFE 0] 7 40 43 7 S R0 A 238 1) s e, LU
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ARAT S AL FE 1) PCL: 25 52K 0 47 26 1Y) PCL
7E 2 FPA I DMSO~ THF 7 i A1 25 ) H, AN [ 3L
T S R A A PR BURR E 1 s LA MPEG R 51 R F
G e-CL TP IR Gr il 2% 9 2 1k B L SR W) PEG-b-
PCL, 50} EEXT 77 4) 43 - 5 RV ZH B 5% i), I
i FL PEG- b-PCL {E/K W (1) H4H 24T 4

1 KWES

1.1 #R5IRF

e-CL, " 1 Acros Organics A 7, H] CaH, T4
Rk, A AT 9 R 2R 0. A R SR &
(MPEG), V33173 ¥4 5000, 1 El Fluka 2 7 .
SEAHE T Novozym 435CIG S CALB [# 5 78 K AL
PE KGR W B b8, CALB & &8 10%), 1 H
Novozymes 2> 7], A Fl Hi 25°C 525 T4 2 K. 2-%i
TR R e A T R S R AR
(DMSO)~ VY & W IR CTHEF )~ P4 i 34 1 B 1 i 4 2
R 2w RS CaH, AAAE RIHIUL 8 ~ 12 h, &0 2%
TRAEH .

1.2 MRS R ik & 14

ZLARGE R H PARAGON 1000 21406
A, TR

"H-NMR (#7334 k F| MERCURYplus 400 #% fi
JLHR1%, €DCl, 5% D, 0 TEE I, TMS K A Ax

B E 1% GPC, Waters 1525 Binary HPLC
Pump, 2414 Refractive Index Detecter, Wl i i &
40°C, LA THF A k571, 33 1 mL/min, LUK &
W A BRAE:

A JGHUH Cdynamic light scattering, DLS),
Malvern Instrument Zetasizer Nano S; 4.0 mW He-Ne
BOCICUR, WOLBEAK 633 nm, B A FE R 1730, #F
Ak SRR gt , B S RSP A B 1) R 15 min.
1.3 FRHHMEUWBCDABEREK

# 50 mg Novozym 435( Novozym 435/¢-CL = 10
wt% VBN ZE G, N, T I 4.38 mmol e-CL
—E I 2-FE O, WG IN HIAN 1 mL T
P T, PR T Bt B e R R T IR s N — B
B[R] 7= — G B A el AR R, I DB o e AN
(R, G HFIEBOT A, 8 7 DE AR 2 A
T 5E e A e, T A D8 R I R DOTE AR B SR A
W, BT A
1.4 FinHBENBECHELRENRLSE

¥ 1.3 A5y 1 &4 4800 1) HS-PCL-1
43NN DMSO~THF FH A i, 2 5 76 ¥ 2 T

FE TR M AR 24 b, DO AL S 1, B
TR EE, T 90T,
1.5 BFREREHEEY PEG-b-PCL BIE X

— 5 1 MPEG A1 60 mL F Z& 1A 100 mL
PRE S (R — B 8] 5 75 25 40 mL F 2K A )
=W, N, FIA—E & Novozym 435 Fl ¢-CL
(Novozym 435/e-CL =10 wt% ), 70°C1Hit 20 h J5 15
IR R ST B R S IR A W), i DERR B A
VIR , & JE R IR AR . T A kO, HhdE, 71
JH R0 6 o 25 R IO 1R MPEG» IRC4R 9 2225 T
e
1.6 BEEBMAKBRPRIEAELE

4 20 mg LERWIEMEAE 5 mlL DYS AR CTHF)
o SR N 10 mLL MILLIPORE #E4l7K i, i
FIBEFEE A, LABR 25 THF, H1 0.45 pum ZKAH 38 B
JEN R DLS 43 00 52 L) R AE 25°C37°C
R 50°C PR K BRS040 .

2 #RSIE

L Novozym 435 R AL, 43 A LA 2-5i ik %
I MPEG A 51 R A, 51K e-CL JFH 4 13 £ HS-
PCL 1 PEG-b-PCLCE] 1)
2.1 KimFmEAE 2 WE5(HS-PCL)

KRR SG, %52 T AR EE(60°C70°C
90°C ~110°COMIA [A] 2 & I 18] (24124204560 h)
X 2R I TR 5% W) s A FH W 5 4 (LU 2R 3%
D, % 5T A 250 M & BE/e-CL # L
(1/19.5,1/39, 1/195 F1 1/390, mol/mol) X & 15 7= )
Iy R RN AR iy S S AR B 5, 15 3 T 55 4k
JEEiA 100% 12 & 779 1l GPCL IR AT'H-NMR
RAET T 1= s i F oy 5 BE 9 T R A
) L3R5 AE 2 Fh A L CDMSO, THF, 4 D #4010
TE R A B8 1R 1, 165 5% T [ 2 N HS-PCL K
Uiy S AR A AR
2.1.1 &R AE PL2-$fi5E ORE 5K e-CL 2R
GAFEN=PH GPC I e — 88 10 R (1) L,
W1 Ul B G 5 5 SN J 1 45 3 =) LU L4 )
IS =P IR B CE 240 77 WL 3500 em ™' 4
H—OH 4 #= 3l 51 A2 ¥ e AE W W 0% 5 1730 em ™!
A AT IR PV, JH J8 T —C=0 B 45 42 2 5
1243 cm™" 4b ¥ 45 4 U H 1B FR JC—COO0—CH, H
C—O0—C Mz 51 #; 2930 em ™' A H—CH,—
H C—H 4 3= 2)) 1R R R O U . AN ZR 5 7 W 1)
"H-NMR Kl CE 2B AT I, 6 =4.07 (e)+2.29 (a)s



798 o E 2009 4F
(JH 6
of
C s ¢
[,
o HsC ‘*OV\/”;” OH
I MPLG (Mg — 5000}
2-Mercaptoethanol
. - ()g\
HS/\/U#(\OI/\/ON/\O/\/OH H:g(.\o,(/\/o}\{’ro\/\\/ sl
" mi
O O O
(&) LS-PCL {B) PLG-b-PCL
Fig. 1 Synthetic process of (A) HS-PCL and (B) PEG-b-PCL
1.66 (b+ DA 1.40 Ce) kb AT 704, e 4145

3500 om !

2930 em™! |
A 1730 cm ™ 1243 em

4000 3500 3000 2500 2000 1500 1000 500
Wav cnumer tem ™}

1

HS-IMCL

1
L50 140 130
&

9]

b g MNovozym
—433arr
a L Hy~ L r
kg

e-Cl.

(){-Tl/—\_/\/“\( H}ﬂk/—\/\/(—)”

Hs-ICL

—

7 ¢ s 4 3 2z 1 0
A
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VA 1 2R O A iR B A 5 ) B G AN [ I R 1
ST 0 = 1.49 (DAL RRFAE W RE R T 5 55 b (1) )5t
T30 =2.73 (1 4.19 Ch) AL IR HEUE 5 51 VA )&
THRIEAHAB H I B T3 6 = 3.65 (DAL IFF

UV e TR SEAH AR F 3 B 5 0 = 5.4 4b
J U JE Tk B A S e i R T

IR AT A, LL Novozym 435 4 AL 71, 2-55 5
LWERHIRA, 51K e-CL T REF 2] T K i 51
FEAL I 2R SN BE(HS-PCL) .

K 2<C>IZIK12L<H*AHTIHW7 12 h I [ N R A
VI H-NMR % &, B 7K 2B 2 )& T HS-
PCL (1) TR 4, B 2(COTIEH AL T 6 =
4.24 (e').2.64 (a’)1.87 (DM 1.77 (b’ + dD4E
(RRFAEVEE , 73 R N T e-CL FRAA IR FE R T 1,
H 8 =4.07 CedF1 4.24 Ce' ) ALRFAE & 1) AR 43 T AR
EEn] DATHEAG e -CL SR I F 4 %

2.1.2 REXTHHE e-CL JF ISR A 1 52 M
1 ], B EE AN 60°C Tt B 90°C, R G )
(1) 53 5 AN W 1S K5 FRAR TG A 32 AE 70°C T di s
£ 110°C T, RAESr B 15 215 7 1) 1X R Wil

XIEEA T o - i e e A 2 AT S e I

oS T U AR R BT — 2 1215 90°C T
PRI EE AT 60% » 111 58 5 7= W) (1) 53 ¥ T AH AT AS
1, XA REAE T -8 AR R S LS N R
2 I 287, TS PR U T 2- 5 36 LI 1 PRI
LR 76 TR IR G IR FE R e A Fe M 43 1 BV S ), ik
70°C I¥) 2R Gl 2 45 A T 8 J B2 1 S 4
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Table 1 Bulk ring-opening polymerization of e-CL at different

temperatures®

Entry Temperature (°C)  Conversion®( %) M,,coc  PDlgpe

1 60 85 4600 1.7
2 70 95 9800 1.3
3 90 60 12300 1.3
4 110 — — —

“ Polymerization time: 20 h; 2-Mercaptoethanol: 0.22 mmol; Novozym
435: 50 mg: e-CL: 4.38 mmol; ” Based on the 'H-NMR data Csee
Fig.2C)

2.1.3 WHXEGE e-CL I ER A 1 52 M 1
Novozym 435 # B2 R 10 wi% -~ e-CL % K} £ 4 26
mmol 2-3 % B 1.35 mmol~ 2R A 5 70°C 1 4%
PER, F 52 | N I AR 3R B 7= 0 1) 9 1 s A A 4K
IR B 3 AT UL, 2 h I e-CL PR e AL Rl
CAIEH] 80%, 12 h I TH =13 929%, 45 h I #44k
FRET 100% 3 76 2 ~ 20 h 30 [ Py B S N I (7] %E
K, AT TR R, 20 h LU, BEWT
G315k J5 11 B 2R A I ) i A T B A L s A B[] ek
K5 L IR 43 1 B PR 1T 16 5 A1 S VA — ol 1
SNAT O R A0 2R B, B BE AR AL B A . RN
W, R AL IR A ROV G, BRI AR B AL
SEAT, WA AL BE AR AR B 8T WL, 3800 7R
K.

10004 —5 5100
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Fig. 3  Influences of the reaction time on M, of HS-PCL and

conversion of e-CL

2.1.4  BURFFARB R LG 5 O FE SRS AL
ap=al| K HH B LA & il 4% HS-PCL, 3R &
PR HS-PCL 1% 3 Al BA ' H-NMR 1% & 1
R i 5 ARV (14 3. FH 368 J5T 1 C g ) AR i 4 35 408 7
R0 B R 7 i) PR AIE 0 1T AR (I 2BD b 45
N 2 TG, B | R AR BORE L B AR, SR
PRI Gy BB O AR R AR AR EOR L R 1/
19.5 ~ 1/195 Cmol/mol) 0 [ 4, 5G4 AR i 578 ik
IR 96 9% LA L5 451 57 AR BERL L KA

(1/390, mol/mol) I, & £ 7 ) A iy 372 4 A4 (¥ LE 451
HA 70% , X 7] BEAE KA 48 R T R K 5 2-31
H LT GI R e-CL TR R A, 250 2 L 1 ot
BRI, KGR BB S AN I 2, R AW S AL
JEAE 2 B ARG . 51 TR 5 A BB EE B AT, 500 A2 PR
MR ARDOS 5 R RIHG K, T BUR & 4 73 1 4
K.

Table 2  Effects of the feed ratio of 2-mercaptoethanol to e-CL on M,
and the fraction of HS-PCL*

Fraction of

2-Mercaptoethanol/ Yield
Polymers eI ilol mol) HS-PCLY M, cpc PDIgp (%)
(%)
HS-PCL-1 1/19.5 100 4800 1.7 86
HS-PCL-2 1/39 100 8900 1.5 76
HS-PCL-3 1/195 96 12400 2.0 86
HS-PCL-4 1/390 70 21300 1.5 86

“ Polymerization temperature: 70°Cs Polymerization time: 20 h; e-CL:
4.38 mmol: Novozym 435: 50 mg: Toluene: 1 mL;: " Based on the 'H
NMR data

2.1.5 HS-PCL | i % 1) 48 4k 1 Kl 4 2%
HS-PCL-1(3 D% f#AE DMSO 1, T KA i
B 24 h J5 o SIS Y ) H-NMRS K. A1 2
(BM‘H Lo, B4 WAL T 6 = 1.49 AR o 55 25 1
RFAE VAV 2, L e BT DA SR A7 A, 38 I AR i P 30

CIRii &= N

H GPC RAE T AT G R EW 9y T =&
b 4> 4800 1) HS-PCL-1 % il Tﬁff’ﬁﬂlﬂ
JBUE 48 h G TR 4L, TH-NMR i B A
SRA—SH (155 1iE 0, wﬁ%ﬂixﬁﬁ%ﬁ%&ﬁkiﬂ
& FF HS-PCL-1 T 70°C N A g ££ DMSO 1,
HERSAEERINE 6 h J5, T n il
7400, JBCE N A ZEK 22 24 h )5, 4> TR A
9200; M E 37°C FHUE 24 h )&, FTfS /=9 5> T &
A 6600 . 3X 7 B FT 43 7 W AE AR [F) 3L, B I ]
TEA, 3 S I OR s FEAH RIS 1) Py, B v, 40
R e DNIVALE R PR RS P YU S G E S TN E
= oy 1 = BAA K, (R A KT HS-PCL
SR 2 A% T RO RE S T A
HS-PCL 731 b 8 56 e AR A0 s N 2B By 1 ol
HS-PCL 2 fi5 1] PCL-S-S-PCL( ¥ 4 Fin &5k 20 ¥
HS-PCL-1 - 37°C i A8 &% 50 4 THE 25 A 1
W IERSIAEE R 24 h S, PRI Ay 1 R
AAFIRERE 32 51, 23 0 4 8200 FH 7400, 3571
HS-PCL 7 ¥ &1 2 fi5.
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2.2 AFEMERELREY PEG-b-PCL

PL Novozym 435 A {451 MPEG 4 K431 451
R, 51K e-CLE G, 14 T 4 FpASRI AL %A 53
TR, I mik 86% ~ 94%, 77 =43 AT

A, N 1.2~1.4,GPC MR INEEGY 1= H
BRI AR BB IR 0 FRIEAY A (K 3D,
PO U BRI 2R B S N BT, PR 5T AR 3 ) e
Yoy ¥R,

Table 3 Molecular weights and composition of the PEG-5-PCL diblock copolymers

LCLILEO] in feed ) i 1 Yield

Polymers Cmol/mol) : QL]/Eiiﬂ;tlﬁrmlutt M Mk M, cpc PDI¢pc (%)
PEG- b-PCL-1 1.54 1.70 25000 27000 26800 1.4 9%
PEG- b-PCL-2 0.72 0.77 14300 15000 14300 1.2 86
PEG-b-PCL-3 0.39 0.35 10000 9600 9300 1.2 90
PEG-b-PCL-4 0.21 0.23 7700 8000 8100 1.2 88

@ Calculated according the ' H-NMR data; ® Calculated by the feed ratio

4o b ¢ 5 r

0O
PEG-6-T'CL.

b
N
[
d
(14 em ! N
A 1730 em ™! L a f
L " _I " L " _I " L _I - L L B 1 1 1 1 1 1 1 1
4000 3300 30600 . 2300 2000 1300 1000 500 7 P < 3 : 3 0 0
Wavenumber tem ™) 3
' Fig. 5 IR (A) and '"H-NMR (B, in CDCl;) spectra of PEG-b-PCL

MWEET=WHT IR K% CE SA) A5, 76 1730
em ™' AL 5RO W g, T8 T PCL ik BE
—C=0 M43 1114 em™ " 40 WL, I )

T PEG kB C—0—C 58 H 45 #i2 5h . W\ H-NMR
T CE SBY AT 5, S ANRFAE I 43 550 v] U 8 T PEG-
b—PCLﬁf%‘:P%‘}ﬁ?(a, b’ C» d’ e,f). U\_IZ%E%%
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HIZR & 7= W A PEG-b-PCL. HH 2 T 6 = 4.05 Fl
3.65 AL AE W TR R 2 LE DA & PEG 1k B 143 T
= DIVHRAZERG YIRS T8 My (K 4,
My 5L 73 T HRIEA—F UL e-CL 4RI
A EHRIE L MPEG 5 RIFH R AT .

¥ PEG-b-PCL [¥) THF %5380 i 27K H, B 22
THF Ji7 » F 8l 206 SO VL D s #F 5 . AR 4 mT 40,

PEG-b-PCL fE/KH T T 41Kk 1, NREEGY)
TE A KR HPRLARAE 50 ~ 130 nm [/, 2 43 1L
F5 50 PDI /N T-0.25, RWPRAT > A AH 243550 %t
[ — 2 & WAL SR U, 76 25 ~ 50°C YU [ 4, 44K
K RAR AR, PR EFFEE  BEA PEG-b-PCL 1)
T =B K (PCL B B KO, g4 oK R0 7 R 4%
BOK.

Table 4 Hydrodynamic diameters of the MPEG-PCL diblock copolymer nanoparticles

Polymers Diameters (nm) PDI Diameters (nm) PDI Diameters (nm) PDI
25°C) (25C) (37°C) 37°C) (50°C) (50°C)
PEG-b-PCL-1 122.2+0.8 0.132+0.017 116.8 +0.9 0.147 +0.039 110.7+1.0 0.092 +0.035
PEG-b-PCL-2 76.8+1.0 0.187 +0.013 75.3+0.8 0.174 £ 0.015 71.3+0.2 0.171 £ 0.019
PEG-b-PCL-3 63.7+0.2 0.140 = 0.007 61.3+0.3 0.125+0.013 60.0+0.1 0.099 +0.022
PEG-b-PCL-4 64.4+0.3 0.216 +0.001 57.5+0.4 0.170 + 0.008 52.2+0.3 0.127 +0.015

M sCBAHLE, ¥ 6 ' PEG-b-PCL 11 PEG i
BT T8 5 0w 2, 10 PCL B B T - 4 7k 59
BN R, KW PEG ik BLAE /K A ROIRAS, T
PCL R B AE 7K 0 5 s e 4 R, 3 455
5, 1 LAIA A, PEG-b-PCL fE/K T B BB AL T
PCL Bt =y FE Wi 4 58 56 T8 I A% A PRG. 5% B s
il AT 7K T I 78 53 87 J T I e Al B AT — 5 R
SRR, RIRK

A
e
[

6

Fig. 6 '"H-NMR spectrum of PEG-4-PCL in D,0

3 #it

TE [ 72 A6 107 B Novozym 435 AL T, KA
WA T8, UL 2-3i 5 S/ 51 RHAL Bl K e-
CL PR T A il 2 T 3 B4k % 1 1A 100% 1) HS-
PCL; LA MPEG 4 K731~ 5 1 R 500 il 2% (1) 9 5% 1k ik B
HERY) PEG-b-PCL 173 1 AN 4L Bl ml il 1 o A2
IR AR BB L REAT A 20 1Y [ 2 HS-PCL
R NE T A S R A A AL ¥ HS-PCL
FHEAE DMSO-~THF 1A i H 23 446 2E i PCL-S-S-
PCL; PEG-b-PCL 7K nl UL B 4 2878 B A, bl
FILRY T PCL kB F 2 (038G 0, e o () bz A% A
KBS R IX PR R G WA S A B AL
R, B RIFm 4tk
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LIPASE-CATALYZED SYNTHESIS AND PROPERTIES OF THIOL
END-FUNCTIONALIZED POLYCAPROLACTONE AND
POLY(ETHYLENE GLYCOL)-b-POLYCAPROLACTONE

HOU Jingwen, GUO Shengrong
(School of Pharmacy> Shanghai Jiao Tong University> Shanghai 200240)

Abstract  Thiol end-functionalized polycaprolactone ( HS-PCL ) and amphiphilic poly(ethylene glycol)-b-
polycaprolactone ( PEG-b-PCL) were synthesized via ring-opening polymerization of €-caprolactone (e-CL) using
Novozym 435 Cimmobilized form of lipase B from Candida antarctica) as biocatalysts and 2-mercaptoethanol and
methoxy poly ( ethylene glycol) ( MPEG) as initiators, respectively. The structure of the obtained polymers was
characterized by means of IR, '"H-NMR and GPC. The effects of the feed ratio of initiator to CL, polymerization
temperature and time on the monomer conversions and molecular weights of polymers were investigated . Oxidation of
the thiol end groups of HS-PCL to form disulfide bonds was studied in a series of solvents including DMSO, THF and
acetone. The structure and sizes of the copolymer PEG-b-PCL micelles were analyzed by means of DLS and 'H-
NMR. The results showed that the obtained polymers had the expected structure; Novozym 435 had high catalytic
activity, for the bulk polymerizaion with 10 wt% Novozym 435, the monomer conversion achieved ca .80% within 2
h at 70°C;; 2-mercaptoethanol and MPEG could effectively initiate the ring-opening polymerization of CL; HS-PCL
samples were placed in DMSO Cor THF or acetone) under ambient atmosphere at a certain temperature, such as
37°C or 70°C, the molecular weights of the oxidized products increased, but less than 2 times that of HS-PCL,
indicating that some HS-PCL molecules were oxidized to form PCL-S-S-PCL. The PEG-b-PCL copolymers could self-
assemble into nano-sized micelles composed of hydrophobic PCL core and hydrophilic PEG shell in aqueous
solution. The hydrodynamic diameters of micelles varied from 64 nm to 122 nm as the increase of [ CLI/LEO] of
copolymer from 0.23 to 1.70.
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