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B OE AUHERCRS AR S5 i T 2 D RE AR W P SRy B (PR AR R -co- HY BE U TR 1\
15 - ( ZWEE-2 — iR ) (PSM-EE-FA) . FIZLAMIGi% (FTIR) A% RE3ER ("H-NMR) K BERES % @i (GPC) %
fiE TIZR B WIS Loy T A SR s R & 0 T iz R a8, B9 5y 11 (M) 2 28600, 2 73 B
o L375. JZPUERUIR R G B CdSe/ZnS o5 Tl AR RO AE T, A5 B /K P S 1) fE 1 17 (PSM-
EE-FA-QDs) . ZK i it 7 s IR A B (R 1. 3 i 58 Sh-nT UL (UV-Vis ) B2 K 55 63 0 i % 4k
TR AR B T 5. S5 R3E W], PSM-EE-FA-QDs (#5851~ 1] WOG3E K9t K S I 5 st 1 i A
—H i TR R RS YE R, WAk AR D 2L RS % KR IR A DGR B R I S
15 98% , 5™ HRIE IR T RUE DTN 95% . SIS CHIUN (DLS) K i 5 v B2 (TEM) 45 SRR WK i 1k

TR AR A R K R OB VR REARE , T HLZR A W oK M a5 A8 T 15 i i

XEIR ZURE, MUK, PR, BT, KR

TR R A W) & — 28 B A R R4+ 1 0% 5 43
T TEV WG AR A R B R [E] T H L TE TR
Wy B S AT A A B R R
FE S 53 IS K BERE 25 2 AR 4 i mT ok
HlE AR R, PRIk R R A Y o P 1 X
128 S CIF YN N SEN RN Sk /KR ]
WK R P R 25 Bk, LA TR S
320 25 B FVBURE B IR 9 20 A RRAIE. ZE S5 3R
BT LIS 53t 2R K o R K 43, ZE K T
HHRETE B B A BRIE N A —4h 52 45 4 1 T R W i
W, HB K R A8 BN %, 2 KR B LA 5. N
AT AR R G T i 54, B ) i K P 5
R BUK A 25 S AL L B IREERIE R, Ah
el X PEER 3 E AR E e JE R
IRTIZEREAE I A1 I 558 2 0y 2 T 12 32 988 o 0 1)
ARF R T A T L B B 1) 9 RE 0 I B A
FHH] .

BT AL (QDs) SUBRH- IR AR B I
P I ~ VI I ~ VIR R A4 2 ~20
nm LK G0 CdSe g #% ZnS HFE Mg T
SEA TR R R ) & B E O fbsatae v
b OGS vE HE SR A AT T 2 Ms iy
() [ BE Az, A K b A2 1 T 9 AR e AE AR W B

e I . A [ A PR G 23 S SR ) fu O
F R A DO - 1] A U BB AN KA T, 7EAE
WIERAT T Toh g ) B A% ) 5 I 2 A T T
Sy

ARSCE e FHH EE T R (MAA) FH R 4
2+ /\ Bk (SMA) & B 2 P 2R (25 D9 445 PR -co-
FREN G R T /R ) (PSM) | LY 3 ik 19 i S vy
1 PSM ZRTHI KR /- R 4 I L RERE (EtA)
B KV P A PR 2R R A R (TN A -
co-FIEPNIATR T /\ Bk ) - £ i (PSM-EtA ) | i3 —
A3 A8 PP Js 7 K PR & — i (EDA-FA) % 422 2]
PSM-EtA (54 FR Ik I, e 4045 31 ¢ 11 2 A5 0 1)
BRI 22 DR W SE 1 R A W) (PSM-EE-FA ) .
LR G YRR A AR R ), R g KA H 77 A3
AR R K 259, SORT DUR 3R
F14) BB ] 73— ol 0 B A R EL A S o) R 40 L 1Y)
ike.
1 SEIRERsy
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HIENIR TR , B gl , R R di Ak T 5%

Jr, A T 2 5 T RN AR R /i, Rty K
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(AP) r#rall, b st fb s ialsn & /s N, N- 23 E
FEBRIEV i (DCC) , Ak~ 2l [ 25 4 A1 Ak 2 i)
A BRZS A 5 MERE , ZrHral, b st OB A L TH AR
ABRA T LWERE , Al F 2548 Bk 2z 0 A
B ) e PR T 08 0l s 28 0 5 R & e, 4% 3C
Wk J7 35 B B DU P L SR AL 8% (THAM) 25% %
W, E B2 (R HAT) b A5 aaloR) 2 W) 3% i e
R R+ J\ Bz (4 30 5 1 CdSe/ZnS 1 5 1 36 [
Ocean KB /AF] Y. Andrew Wang $4it, H&
TN 429 . e iR B i R R 1 R A A 4t
DI L.

FTIR 7387 % F Tmpact 410 57 it 728 #2141
JEiEAX (KBr JE ) (£ Nicole 23wl ) ;' H-NMR
IR AT DMSO PR3], F ARX-500 A2 % 4t
PRWTEAL (B Bruker 28 #]) #EA7MK. GPC 43
Hr H Waters-515HPLC Z£, it L) Waters2410RI £
2% (S E Waters 24 7)) #EA7I I, >R F IO 00k iR
(TFH) A sh A, ik 1.0 mL/min, 32 5 B2
30°C. & ¥ s EEAh-1] UL (UV-Vis) 53 ] Cary
5000 %8 &h-7] W-31 20405306 6 BT (6 1 Varian
AT W e S B Spex Fluorolog 3 %
IR (2 [ Jobin Yvon 23 #]) ;i it
HL5E (TEM) |8 J i H-8100 3% 5 H W 458 ( H
7K Hitachi 22 7)) 2R 75 5 5 s 4 W 1) 30 28506 WO
(DLS) 5C 565 iy zeta H3 Ay 43 A7 4% ( 35 [E Brookhaven
A2 T W, MR 25°C , pH 7. 0.

1.2 ZIEEFWFREEY PSM-EE-FA 9& R
1L.2.1 PSM &M 7 250 mL = Ff A

COOH

6.5 mL MAA (0. 350 mol) il 11. 830 g SMA (0. 175
mol ) 7T 90 mL SN B, Z AR T 7E 70Tl
W — I — 3R, DL 2 SE/s (A EEE i 10. 0
mL 1. 8% s B R B /KW, B FE R 3 h. [ 4%
FG , KN =1 0°C JE K 2 Bk R A7 TUTE -4 4L
PR YR 3 W UITE A TR 3 R A B R Y 2R
(B R -co-H BT IR T /\ IR ) (PSM). j™=
YIREA A, 7% 95% .
1.2.2 PSM-EtA [f 4 i% I FH Pk e B2 I,
PSM M (1 KRR 43 AR AL 5 25 /K Pk EdA Al % 4% , 3
T 25 R A YR EKPE. B 0. 412 ¢ PSM Jii A 100
mL [F] B E, A 4. 0 mL 4li{k, DMSO 75 %
fif, A SR BERE 75 WL i it i) DCC Al
MERE ,30°C G Sk I 16 h. BG5S, W
Y 0°C ZBETIEIFUE 3 WK, DITE A T4 2 K,
PREN R (W IR -co- FF EE NG TR+ /\ R ) - £ 1
Jlit PSM-EtA A, 725 70% .
1.2.3  XUIJREMIE R A Y PSM-EE-FA {5 1%
FI T BERZ B , ¥ EDA-FA £33 PSM-EIA, &
B A R 8] 43 F IR A P SERUIR 2R A ) PSM-EE-
FA, A M R &K 1 iR, ¥ 0. 430 ¢
PSM-EtA F10. 012 g EDA-FA Ji& &% DCC Flnk
WE, A 100 mL [5] I8 B L, i A 4.0 mL Zfifk,
DMSO & 75 ¥ i, S 3k A% B 4 ab #3372 )
1.2.2 5. A ER (H I IR -co-H BT M
i+ /\Hig) -( Z -2, — W iR ) PSM-EE-FA
TR, 7 H55% .

0 C—I}\II/\/OH 0 COOH
/\/\/\/\/\/\/\/\/\()
CHj ol OH | /J\/\CONHCHZCHZNHQ
8_11211/\/ )/\/KNl N H
10) . ~~0OH R
FSM-EDA CHy ‘FA
DCC,Pyridine | DMSO
£ HNH,CH,CHNOC
80
OH
0 —I;Jl/v HOOCNH
NN,
0 81‘13 o)
(0] OH 7N
0 C_ﬁ/\/ 7N” X
ANNSNANNANINNNN \
0 CH, HO \NJ\NHZ
FSM-EE-FA

Scheme 1 Synthesis scheme of the amphiphilic copolymer, PSM-EE-FA
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1.3 KiZMEFE PSM-EE-FA-QDs %) &

IKEEPER T 5 PM-EE-FA-QDs 95 nid & 40
NEE 2 frx. 7E 100 mL B EE T, K 0. 020
g PSM-EE-FA % f#7F 2. 0 mL THF-/KIES %K
(AL 1: 1), 3 n 1.0 mL CdSe/ZnS & ¥ #4
THF %% (UV-Vis 580 nm [} 45— g i, OD =
1.0), FHmA 1.0 mL THF, J&835 184 W pH 10, #%
JigEHE 2 b XA R R R AW K K AR
HEIE T B K AR ) g B S R T e
ferb SRR AR R T 2.0 mL oK, BE IR A
HK ) ). P28 ad G 75 & Bk & THF (R R 58
BAREREAE R, T SR G W i KR 43, an S B
JHie B W PR 53 455 2 B AE AR Z b, T B 7K 3 43 D)
BT S RGEAEN. B e HKEN 2 K, &
0.45 pwm V8L 8 3 BT W A 31 RS 21 (0 % 7 PSM-
EE-FA-QDs /KA.

g ;{;f CONHCH,CH, NH
e Q ~OH "\

0] N
| ANAANANNANNNy H FA
QM RV VYV H,
v (0] OH
2% NN OH
ANANNNNNANN H
O \-CH;,4
|THF THF,
CH;CH,0OH,H,0
H,0 lpH>10 ;

Scheme 2 Schematic representation of the preparation of PSM-

EE-FA-QDs

1.4 KiZHEF S PSM-EE-FA-QDs [ R {E
X B K PE B - L PSM-EE-FA-QDs i
ATEEAM-RT WG 23 B, 2% K 51 635 43, T AR
P SCER[ 10 ] HEHADOE R F 2 2 (QY ) HK, X%t
PSM-EE-FA-QDs 7KW S CdSe/ZnS T i & 4jj
VEWEAT DLS M3t (25°C ) , If:-%F PSM-EE-FA-QDs
HEAT TEM Z3HT , T 28 12 0 RO 53 A 1

E 2010 4F
.
2 #REWR
2.1 PSM-EE-FA Hj%E1E
2.1.1 PSM-EE-FA M94T4pF4F Kl 1 % PSM

(a) ,PSM-EtA (b), EDA-FA (c¢) Ml PSM-EE-FA
(d) LA R B, (a), (b) F1(d) B7E
1710 em ™" BiF3T Y BR T B 6 A9 R AE I i 04, 2900
em ~ " BAFSE D) R B8 35 4 R AE I M. T (B ), ()
F(d) 7E 3200 em ™" Bif T 349 BT BRI 3 A R AE
Wi, fH2 (b) AHXT (a) 1 5, 78 3400 Jz 3200
em BT A3 BT O—H K N—H 4 47 4k
3y, [RIETAE 1300 em ™' HYBE T C—N 141 47 4% 30
U, KW 285 B PSM-EtA ; [A] A (d) AHXT (a) A1
(b) 5, 1E 1500 % 700 em ™" ff3T i 80T iR
FRIR A RRAE 16, R B 4 & B PSM-EE-FA. 1 4b
S A A R WY, A (d) [F i B 45 PSM-
EtA Fll EDA-FA f4RAEIE, R ILH % T PSM-EtA
F1EDA-FA J )i 45 3 P E AL ) PSM-EE-FA.

a

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm )

Fig. 1 FTIR spectra of PSM (a), PSM-EtA (b), EDA-
FA (c¢) and PSM-EE-FA (d)

2.1.2 PSM-EE-FA ) H-NMR F/iF K2 K
LR H-NMR &3, Hoh 6= 0.88 (a) Y=
HIEM S =1.26 ~1.31 (b) W EIES 5 SMA
B K 3% S HY BRI (—CH,CH, ) I Y Bk i
(—CH,CH,; #1—CH,CH,—) ;8 = 1. 64 }y = H I
% —CH,CH,CO— (¢), & = 4.13 [ff & H
—CH,CH,CO— (d) ;6 =8. 03 Jy EtA 34 F—CO-
NHCH,— (e), 3.61 M}y —CONHCH,—(f),
3.00 fff i h—NHCH,CH,0H (g); & =2.05 ~
2.15 M T 09 £ & & 5 EDA-FA 34 b 1
—COCH,CH,— (h), 8.45 [ & R—HN-
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CO— (1) ,7.70 BfF 3z > W i 28 B0 I R A 0 ()
5.6 [FHE R PhCH,NH— (k) ,6. 90 (1) BT Ay 42 1t
WA [ i 2 S (—CNH, ) . "H-NMR 3% [543 47 45 St
U], PR RRAR R 5 1) PSM-EE-FA %
BT

14 12 10 8 6 4 2

Fig. 2 'H-NMR spectrum of PSM-EE-FA

2.1.3  PSM-EE-FA f{§ GPC %I K3
PSM-EE-FA [¥) GPC {i% . i RS YIEE T &
(M) 228600, /3 B3E % (M /M) & 1.375. 7]
DA, BREVWHFEBR/N, 7 FE MR, X
o e 2T B K W B T A ] LA 25 5 M g i A
WIREZH 2 (i ELRE v N AR ) R 2R A

1 1 1 1
12 14 16 18 20 22
Retention time (min)

Fig. 3 GPC curve of PSM-EE-FA

2.2 KiaMEF S PSM-EE-FA-QDs g4 R
2.2.1 PSM-EE-FA-QDs fG2F 5 B 7 e R
&l 4 FEL S5 4300 R ik P CdSe/ZnS QDs 44
DA PSM-EE-FA-QDs 1 %8 4N 1% F1 58t &
FHGIEE. E 4 ATLLA H B a5 539 7 580
K 560 nm ih A W% Wi, PSM-EE-FA-QDs (4 1% it

e 55 FAH LU, W B A R A 28 A, U I 1 A
AL S R AR A WAL IR, T A A U ) D3 25
A2 nm ZEAT LIRS SRR TR A2 T
RE VRIS

CdSe/ZnS QDs

Absorbance intensity (a.u.)

PSM-EE-FA-QDs

500 550 600 650 700 750
Wavelength (nm)

Fig. 4 UV-Vis spectra of the CdSe/CdS QDs in
chloroform and the PSM-EE-FA-QDs in water

250 —_CdSe/ZnS QDs
- --PSM-EE-FA-QDS
200

—_
i
(=]

PL intensity

500 550 600 650 700 750
Wavelength (nm)

Fig. 5 PL spectra of the CdSe/CdS QDs in chloroform and
the corresponding PSM-EE-FA-QDs in water

il S WA ), K A PSM-
EE-FA-QDs 1% 5% & 5 9 B 5 Ji it 7 o5 Je A —
|, T LIAE 98% . (HE S R A L B s
TR K 1 7 25 605 nm b IELTAS T 29 3
nm , [fif H AR X F J5 i - 55 7E 500 nm &b () 06 7
RT.EHE AR EETHEREVENESY
JEIE YRR A YA S SR A TR
. Hyk, 500 nm ZhUERGTH R AT LA FR AW
JEA G X T 0T R B B IR/ E .
T P F R B 55 A, PR T A 500
nm bH 55 9 R BHIEIER T (R X R I R
FHXF 605 nm A A UEE 2 M /N X AN IR G i — 30
HE AR E T, R AW 2 AR Bk 1 i T
FURTH, B ZIE L T K PSM-EE-FA-QDs.

A SCER [ 10 ] rfill 2 26 20 7 ik,
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Al UL 45 3 PSM-EE-FA-QDs (1) 2¢ J )= 38 25 Ry
40% , 5 I F B 986 PR R (42% ) M H R,
PSM-EE-FA-QDs 1 %¢ J; = % 2 g Jii CdSe/ZnS
QDs &6 R 95% . 38 1 XF P 15 8 i 17
REERI M A, K PSM-EE-FA-QDs 7
SR MRS T I 1 1 R SR ORI

2.2.2 PSM-EE-FA-QDs i K. ~f il 5 K 6 2
PSM-EE-FA-QDs (a) 7K ¥ Wi 1 CdSe/CdS QDs
(b) S5V R Bh A RO 25 58, Hok O |
4% (mean diameter) & 5|2 16.7 F1 8.5 nm, A] [
AR TP R EYE RN (16.7 -8.5) /2
=4. 1 nm. {H i F =K Sy EARN, PR 7 i
WV R AN, I AR S S5 R SR 22
R IR X} PSM-EE-FA-QDs #£47 T 35 5t B2 .

100 Fa
80 [
60
40 -
20

0 1 - L |

0 10 20 30 40 50
100 Fp
80 -
60 - Mean diameter = 8.5 nm
40
20 +

0 1 1
0 10 20 30 40 50

Diameter (nm)

Mean diameter = 16.7 nm

Number

Number

Fig. 6 Hydrodynamic diameter of PSM-EE-FA-QDs (a) and
CdSe/CdS QDs (b)

7 J& PSM-EE-FA-QDs (i i L5 [l P o
A USRS R 6L T 25, 1K 70 Bl e e
TR RASLOER AR M T R A0 BR. B
(EkePNIp WIS I 2 T RIS /K TR S

5 i 2010 4F
- - »
. -
T T oa » c.
-
»
.
& . - L
&
. . ¢
. .
) . ®
.
.
.
. »
LR .. ¥ 5
. .
. “ ®
» : . ° - 100 nm

Fig. 7 TEM image of PSM-EE-FA-QDs

JRIERIE S, T LU 3 28 ks 1~ HA B2 19 XL
JREEH, NJZE i TR ANE ARG WE. 6
BRI LI BRI 72 A A & S RS
YKL FIEA, T H A RS A a1 A, DB
AR HARTE R g ASFLN BRTE. B 7 W] LUFE
IO B A DIRIY RO A R IR S . 5
FrRIRAHFE 3, 78 TR ST B R A2 2953 51 Ry 12
nm 2 10 nm. 3XFE KR RSTORIIE T 49 Kk AT
DL E ) H AR MRS ZH 2, e A A ik B A, hy
HAE A Wy B 2 U O A A 1 PR

3 #Fig

AR SE PR B AP B PR AATR /IRl AR,
LR KR O W AR M1, S T A
PR HL 21 (MR FORDIR PSR R S 1.l ad Py
PRI B K -5 A R R AT /K E A Y
HKAERL, AR T RS E M B I MR B e T
X yas VS SN e N U o o AR i €50
4. B2, M Z DRERUIR PR R Y 5
TR A KRR, A7 BT e R 48 )
G B A R A R 2 AT 22 I .
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SYNTHESIS OF A MULTIFUNCTIONAL COMB-TYPE AMPHIPHILIC POLYMER
AND ITS USE FOR ENCAPSULATING LUMINESCENT QUANTUM DOTS

WU Zhanyu', SA Zongpeng', QIU Fangping”, ZHAO Yili',
LI Yapeng', WANG Shuwei', WANG Jingyuan'
(" Alan G. MacDiarmid Institute, College of Chemistry, Jilin University, Changchun 130023)
(? College of Chemistry and Life Science, Changchun University of Technology, Changchun 130012)

Abstract Solution polymerization and amidation reaction were used to synthesize the multifunctional comb-
type amphiphilic polymer, poly ( stearyl methacrylate-co-methylacrylic acid) -( ethanolamine-ethanediamine-folic
acid) (PSM-EE-FA). A study on structure and configurations was conducted through Fourier transform
infrared spectroscopy (FTIR) and nuclear magnetic resonance ('H-NMR). The molecular weight distribution
was determined by gel-permeation chromatograpy ( GPC). It was found that the polymer was synthesized
successfully ,and that the number-average molar mass and the polydispersity index were 28600 and 1. 375
respectively. Through the phase transfer process,the amphiphilic polymer was used to encapsulate hydrophobic
CdSe/ZnS core-shell quantum dots (QDs) in chloroform to get water-soluble, targeting quantum dots ( PSM-
EE-FA-QDs) . The water-soluble QDs solution was stable. The optical properties of PSM-QDs were determined
by ultraviolet-visible (UV-Vis) and fluorescence emission spectrum. As shown in the results,the UV-Vis and
fluorescence emission peaks were similar to those of the original hydrophobic QDs. However, because of the
formation of the polymer layer on the surface of the QDs, the red-shifts of the peaks were observed. The
resulting PSM-EE-FA-QDs retained 98% of the photoluminescence value of the original CdSe/ZnS QDs in
chloroform. The quantum yield (QY) of the PSM-EE-FA-QDs was 95% of the original QDs. With the dynamic
light scattering (DLS) and transmission electron microscopy ( TEM) results, it was indicated that the water-
soluble Ds were well-dispersed within the polymer. In addition to good performance of PSM-EE-FA-QDs, the
synthesis of the copolymer and the corresponding water-soluble QDs is relatively simple.

Keywords Multifunctional, Comb-type, Amphiphilic, QDs, Water-soluble





