%2 =

% j:li No.2

2012 42 J3 ACTA POLYMERICA SINICA Feb., 2012
ArEERETEYNIEREGEETR
BO3EB AN R HhE ZFE ZIBT IRk
(HMAR AR R B2 SRR KBRS KA 130012)
B OE LIRARSTRME SRR oy 7 0B L, 8 AV o RGA vk, LA IE S T R o T R SR 2 T AR T AL Tk

(mPEG aldehyde ,mPEG-ald ) i 52 R W , i # 7 B A 58 BLK M BT N-2F JEL-N-mPEG L 58 R AE AT A 9 (V-
octyl-N-mPEG-chitosan, OPEGC) , 3 H LA Wit R BB A YA E E T HH & T KBRS E TRk
BT FH FTIR " H-NMR X 7 SMERT L A7 T 45 40 R AE . ] 45 0 7K 8 1 I 3, 3 245 016 BLSE ( DLS ) 0 3 3 3
B HAR S50 W T B AR BE R L R APRL AR KNI S M, R Y 45 SR R W e SE B R AR M, R B YR
HORLAR BN, DLBE b 40 TR 38 3 66 v I A2 T 5% SR AT 2 9 A e B ROk JEE (CMC) Oy 2,032 x 1072
mg/mL, XK VIR G Wi SRR BT 154 DO OB SR AE S R R IR B T HOL R BT RS W

REWET SRR T, H RS — DKk

XEW Pk, RO, R, HARE, BT

7 RN [ AR S M — R 77 7 9 5 20 1 B
YRR S0, 5 A 0 TR E, BAT ORI
Z R AR R P TR E I R T B B R
AR R4 AR R A A A T R S e A S
PEFIAE Wi PSR DL, 8 Z W T Tk R
W AW TR (BR2G i H AL 5K AL H 25 SUED
PR T TR A K RS IR T
A TV4 3 0800 D3 7 e SRE B AL a3 3 51 AR K
() PEG 1T 7K K A1 37 &, BRI AT B P 2% 1 38 &
P TR K M TR (QDs) FEARE
IR R B R T A B M, AR S OB IR B
QDs G2 FEE L AR 2R W) R b 3 TR A% S A Bl
YeRh A7 B0 W 0 e 0L BT, LAK U QD
VEFOCIREH R e bR i AR W 0 1 A S B A3
Yok 1 A= W) 0 1 2 1) 22 (815 5 T 2 IR T
R T R A A5 B A A
PERAHLEC S 4, B e ] DAIE A B 5 43 7 R Y
G KA N TS SR B A1 J2= 00 A 25 KB R sl £
E T AR KA B RS E P, OF HowT 34T e T hE
fb. ELARZ PR T 8O ] T8 1
(A 28, P A A B A R O — e 4y T
JRE R A L B SO A A A T A
L UL A, Qi SRk [ 18,19 [ pirad , il & 1T R

A RLAE O 2 A B AR R BT e R R A
BEL. VRIS 0 ) FH 78 ST A L T K TR
T A A2 LI R A A R 16 W 5 SR
(ORCIERIR S o5 i A G2 o R SR /LB VA B
A LA BE £ AR W) A A VR PEG i & T
PEG AL 25 5 BB IF WF 58 1 L ok o, 6 W
LT AR (9 TR B SR, I KA N A AT 3 B
K AERE 19 I 7 0. FRATT A % PEG AL R 1
7 RN AL BL I A VR 1, A T KR R T R B
T RN T, I O A T RORE T B B
F1 7 AL MR WX Rl L% 2 J0 8 A WA A
U1 AR 72 TR OB ) 7 19 3R 5 i T A RORE 1 ¢
e A, HICRIEA B S BRE A BAE B2t
AR KSR T R T B 2 U 3 ol 58 SR /K
AR R R S TN VT R N R I

1 SEEERSY

1.1 RXF S5

SR, LI RETRARAR, 0 FES5 X
10°, JBi 2, BE B 90% 5 1F £/ (97 % ) , b iff 23R
FIA BRI A ALER, & & 95% |, [E 25 S Hl b %
A FRA F] Tk CBE, L s, Rt E K
446 T RIS B DK IR , 43 B 40, R 1T O 52 KG 4t

# 2011-04-29 Wefi ,2011-06-20 &5 ; [H 5K A R B2 3 & (JE 45 20904014) 5 MR BHET 5 4 3 4 (3£ 445 20080119) 7 #B ¥ 4 i 2k
4 (345 20090061110017) I B HERK 4 (H4 5 2070310) F BT H 5 == @ 1B & A, E-mail ; liyapeng@ jlu. edu. cn

doi;10.3724/SP.J. 1105.2012. 11128



2 3 FRAF PR PR ST RMEAT A2 W il o SO L 181

————————— » PEG
c%?‘ ; C'J'r ---------- »The chitosan chain
J\I\I\I\ . .

POy, Pt »Hydrophobic side

chain on chitosan

Sl S » Hydrophobic side

§ :s? chain on QDs
Fig. 1 Schematic illustration of QDs nanoparticles

encapsulated within the hydrophobic core of the amphiphilic

chitosan

AT B 5 i s A, 4 B 2, b 5t 4k T2 5 CdSe/
ZnS 70 SR A R R O Ul
(2000) , 19 [ Sigma-Aldrich ; — H 537§, 53 #7 46,
KT KU AL 2 R R A BRA B 5 SR, 23 A
ali, [ 24 4 W1 A 2 1R AT BR 2 A

FTIR & &% A Bruker 2\ ] B IFS66VFT-R
0 E ) 37 I 5 6 27 50 Y6 % (FTIR-IR) | KBr JF
s 4% #5328 % F] Varina Unity-300 (300 MHz)
BETEAX, ST A AR 1R 5, TMS Sy A 5 3l 25 Dt Tk
Bt (DLS) i 11 zeta HL 37 43 #7 /¥ ( Brookhaven
Instruments Corporation ) ; ¢ 4 il] i 5% F§ Shimadzu
UV-2450 UV-Visible spectrophotometer; %¢ 3t & 5}
S35 {# A Jobin Yvon Spex Fluorolog 3 ¢ 343 )60t
JEE; 3 5 B 7 B BB (TEM) ff Al Hitachi H-
8100 #l.
1.2 % & N-=¢ & & B # ( N-octyl-chitosan,
OCTS)

FREUT T 5 x 10° (7 FAE 1 g, 7% F 20 mL
2% FgiR 5 20 mL HIBERIR G ) b, 2R T S
12 b, BRI K o 88 20 RUUBR % 1S min, fITA
FE 2.3 mL, W 12 h AR R AR RS A 60 mL
OB ARSI T R 48 h. AT 1 mol/L A & fL 1
P R Z P S BC ] 0. 4693 ¢ B A AL 1Y)
S UE S WL 0.6 mL, I W I <1 iR 0 2 B N R
Ak A R B RE 24 he BJE ROV T T mol/L L
WA 2= ek, e W g, F K R DR 2 )
ek 3 IR T 30C B IR TR B
PR ), 15 3] N- JE 72 M (OCTS 01).

[vi) V25 i 5 JBOAR B AR Y 3 A 3 Ff e SR, I
BLE B 52 R 1 g, F B 1.8 mL, Al S fk A
0.3128 g, Bp OCTS 02;5- ¥ 1 ¢, ¢ 1.4 mL,

E L AR 0. 2346 g, B} OCTS 03 ; % 0 1 g, FiE
0.9 mL, I E4L80 0. 1564 g, B OCTS 04.
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ity 0 e B 2, T A PR K 1) 1) 5 2 % Harris 1)
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SEEE T 500 mL 2k BT L S i T vE
D E AR R, AR B TTE R, A LA
BAAE— W IR TUTE , P =R T 5 T2 48
h, 7780 10 g, 72 R4 HN 66.67% , LI T — Al
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Fig. 2 Synthetic route of N-octyl-N-PEG chitosan( OPEGC)
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Fig. 3 FTIR spectra of chitosan (a) ,0CTS (b) and OPEGC (c¢)
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Fig. 4 '"H-NMR spectra of chitosan (a), OCTS (b) in

D,0 /DCIl and OPEGC(¢) in D,0
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1&gl 4 N-F He b 50 B ] T B AV )
A5 L A1) Y BE S 2% TR TR & VA R, 1 o
RWEE RS AL, 5 7 REVA f AAd IX RE R
Tt S AN 2 P AR SN R T S5 o7 288 381G F AT ol %
- FE AL 5T B I (0 P s I R TR S VR L TE
FCRE 12 A Z2 BB IS b & BE R D5 R AR 2 TR
RV A B R R A G TR
BORAR - S5 4 10 = B Al 52 RO Il o Vi T
e B, 2 E KK S 1.309, 1.288, 1. 166,
1.091 g, /= R{KIK N 45.36% ,52.02% ,54.28% ,
62. 77% . e se BMEAE B A B vh AR K IH
1 g, RO ) T RN A B DU A S LA
S oE, @ g A [m (OCTS) - m
(chitosan) ]/M (octyl)/n (—NH, ) 18 & 3 5 W
FeA R 1 BT s 77 W 4E BCR 43 00 S OCTS 01,
41.50% ; OCTS 02,38.70% ; OCTS 03,22.27% ;
OCTS 04,12.23% . R B B & $OFH L Y B AT, 79
FERCR TR JATTK IR A R @ 1 2 =0 M (OCTS)
=Mx(1-G,)xn+[M-1+M(octyl) ] xG, xn
AT F I 7 M 4 7 1, Hoh My 5e A
SERIEATTI o T8, n O 1 mol 5 SRl T 5 4l Al £
TR, G, N FE AR XA B R o> T RS TR
1.

Table 1  Hydrodynamic diameters and polydispersity index of the
micelles formed by OCTS with different octyl grafting level and

molecular weight

Sample Grafting Molecular Polydispersity

D (nm)
1D level (% ) weight index
OCTS 01 41.50 66060
OCTS 02 38.70 64978
OCTS 03 22.27 58630 266. 4 0. 109
OCTS 04 12.23 54750 349.5 0.118

VERRPESZIS W R . OCTS 01 ANV T 2% Bz
OCTS 02 fi# F 2% Et R ,OCTS 03 5 OCTS 04 %
T 2% FER , 31T Wiz WY W' i) e SRV L, o
R AT W A TR BE U, ANk 1 fira , HORL AR 43
Bk 266. 4 nm 5 349.5 nm. 455 £, Y
Pt H A Z 0, SR AR TSRS, X2
B 7K R R B SRR AR A Y A AR BT, S Ak
FCRMETERE R K W e i T B 2%, H U
AR, BV 7K B R 22 R AR B /DN | X2 BT R KR
3 RE ) B 1 0 5 7K B 43 B 22 N A R AR AR TR

IR
2.4 N-EMU-N-PEG UL ERERFHERF
R

FEFRATT PEG AL 2 72 rp )3 Fho5s JROME T 4% A
i) o [ 3 PEG J2 [A] 45 2 2 1, H 2 76 [\ 1 =
FEAERCRT WS R AP K, A RS 1)
WS o AR b AT e B T R K P A B IS S 43
Y, 2 IR SE U - 34 7R R AN 52.22% . TG Y
PEG {652 R MHIE 75 AR [8] 18 B 2% A #E4T 19, 38
b A WG R 53 0 T AR LG R AS B PEG B4R BUR 2128
15% 745, i MR B A % 38 3 X M (OPEGC) =
Mx(1-G, -G,) xn+[M-1+M(octyl) ] xG,
xn+[M-1+M(PEG) ] x G, xn it N-2E3E
f6-N-PEG fbe R ME 0 4> + =, Kb G, 2y mPEG
FERCR X R 4 18 T3 2. 774 OPEGC
01,0PEGC 02,0PEGC 03 7 21 /K 5 & A5 v % it
KA, YT RE I Bl ads W Y, 0 HL /K 3 R 4 A 5 )
i, Wk 2 FoR, B4 4 243.9,310.6,384.2
nm. X} [t OCTS 03 5 OPEGC 02, j5 # ki f2 38k,
%I OCTS 04 5 OPEGC 03, J5 # k42 1 4, ixX
FWISEIK Y PEG {75 5 o b 72 15 K, PR3 K 1
FomAR Iy 2= HAR . T IRATT T B A 0 B oK
LT RAR N, A W) AR S PR B A, PRI AT T 2 %
e ae /N OPEGC O1 HEAT Il 5 e R v JB2 il i DA Je
FH T A2 1 m R Tl A K 1 78 OBl & 9K
AR

Table 2  Hydrodynamic diameters and polydispersity index of the

micelles formed by OPEGC with same PEG grafting level and different

molecular weight

Grafting
Sample Molecular Polydispersity
level D(nm)
1D weight index
(%)
OPEGC 01 15 160974 243.9 0.264
OPEGC 02 15 154626 310.6 0. 005
OPEGC 03 15 150746 384.2 0.269

FIF EEAE R 28 SRS ok = AE OPEGC 01 W 3%
MRS B IG FE AR E E 9 A AR
Tvi] Vi JE2 s B2 119 AR L 11 5 D o i, A5 B & 1
Lo/ Loy (I/1)) WO AEL. Wil % V5 WOV B 0 08/, 1, /1,
2N R E S fiR, RL(L/L) A Dge £
P, A5 30 I L vk A 2. 032 x 10 7 mg/mlL.
2.5 ERBETARRNEMSEARE

6 25 T FRATT & /K 7 M T R g0 KoL
K VR A A 3 ' HEORD 55 A0 O BRGS0y R IR
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Fig. 6 Pictures of OPEGC/QDs are taken under
normal (a) and UV (b) light Fig. 7 (a) The Uv-Vis absorbance spectrum of the
OPEGC/QDs; (b) The fluorescence emission spectrum of
OPEGC/QDs
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PERAE TR F R, THBR N 1 mg/
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HMRE WKL T AN ERIE , B i —,
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SN ST P S
3 #it

ASCHil & T PEG AL PR RS RBERT LW, IF
Ht—2 il s 72 B 7 R S 9000 7. X
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KR 778 A ) BR 2 AR T AT 3 AR G 9 B A SR
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Fig. 8 TEM images of OPEGC/QDs (1 mg/mL)
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SYNTHESIS OF AMPHIPHILIC CHITOSAN DERIVATIVES AND THEIR
APPLICATION IN ENCAPSULATION OF QDs

LI Kun, SUN Ting, SUN Yuan, YANG Bohan, MENG Xinlei, LI Yapeng, WANG Jingyuan
(Alan G. MacDiarmid Institute, College of Chemistry, Jilin University, Changchun 130012)

Abstract Amphiphilic chitosan derivatives ( N-octyl-N-mPEG-chitosan, OPEGC ) were successfully
synthesized via sequential Schiff base reduction reaction of chitosan with mPEG- aldehyde and n-octanal , with
chitosan acting as the backbone of the grafted copolymers, and mPEG- aldehyde providing hydrophilic chain
and n- octanal providing hydrophobic alkyl chain, respectively, thereby hydrophobic moiety inclining to
segregate into the core of the polymeric micelles, while hydrophilic moiety forming a stabilizing interface
between the hydrophobic core and the external medium. The structure of grafted copolymers with both
hydrophilic and hydrophobic composition simultaneously was confirmed by characterization employing FTIR
and '"H-NMR. In the subsequent procedure, water-soluble quantum dots (QDs) ,widely used as nanoprobe for
medical application, were achieved by incorporation of QDs inside the polymeric micelle core through the
hydrophobic interaction between the acyl chain ligand capped on the QDs and the hydrophobic inner core of
the polymeric micelles. The size and distribution of the polymeric micelle was determined by dynamic light
scattering ( DLS) , as well the effect of the amount of alkyl chains on the size of the hollow polymeric micelles.
The result showed that with grafting level increasing, the size of these nanoparticles diminished accordingly.
Moreover , critical micelle concentration (CMC) was determined based on I,/1, derived from emission spectrum
afforded by fluorescence spectroscopy with pyrene as fluorescent probe, with the value of CMC 2. 032 x 10 ~*
mg/mL. At last, the optical properties of OPEGC/QDs were characterized by UV-Vis spectroscopy , fluorescence
spectroscopy and the morphology of their assembly formed in water was observed by TEM. The results indicated
that the OPEGC/QDs nanoparticles with narrow size distribution were prepared here, which represented good
water solubility and high quantum yield.

Keywords Amphiphilic, PEG, Chitosan, Grafting level, Quantum dots



