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PP A 0 TR A4 /K HE IR L 0l R DL R
K40 Ak T AE5E i, A8 F AT CaH, 0, 98 2%
TR R DR AT 5 S A, 0 Al , R T AR R Ak
TR AP I 8 DK 1R R PP I S RO L TR
WERAT 2,2 - BRI E , 3 M sk, R Al
VAR 2 w5 — F 6 T fie , o0 A 4l SR R Rk
Ak A R B TR Cal, 48, 98 2%
TR AR R PR AE 5 2-1R AN 5 T R S BR, J3 A 4l Alfa
Aesar 23w 5 A7, 73 A 4l , KR Z8KG 4040 2
FRA W) Sk, o3 Al , R K 280G 40 4k 2 it A PR
AW O R o el R AR R AL AR T, Al
FHHTH] CaH, 18 10190 12 h, 980 2% 18, kO f)
129 AL O, ,200 ~300 H, [H 24 A1k 2 i 5
AR A R EAR N+ A\ i) CdSe/ZnS ¥
S f Dr. Y. Andrew Wang ( Principle Scientist of
Ocean Nanotech, USA) & it | & HF & 7F 580 ~ 630
nm, K7 4E O 10 nm 72 475 25% DY R S04 AL B
(TMAH) 7K, Fluka 23 ] $2 1.

it 36 % ("H-NMR) 43 7 % | Bruker ARX-
500 %k I 4R e i A, AR SR D7 B K MO R
TMS {5 P9 b5 £ 47 3 s 5 W0 00 23 5 K HL o A
TE Waters 410 B %t 8 B 15 3% ( GPC) Ll &,
B A 10-um Styragel HTOE #F (300 mm x 7.8
mm ) , F U kI A i SAH , JE Y 1 mL/min, P
By TR B 2R R L bR RE AR Ol AL IR i
Bruker 23 @] i) IFS66 VFTIR Y 5 fif 57 - 75 46 2T 4
JEIEAX (FTIR ) , KBr Ji 715 3 R & ¥ 09 £ 5h %
R ;£ 40 AT I 5% O 3% 38 3 Varian Cary 5000 UV-
Vis-NIR 73 O 0t B2 11 I 15 5 %¢ O & 3t Ot 3% i 1o
Jobin Yvon Spex Fluorolog 3 3¢ 36 43 3¢ 3¢ & i1 I
3 3 06 WU (DLS) i id zeta HL 7 73 #r X
(Brookhaven Instruments Corporation ) 3845 , Il 3z /5.
9 25 °C ;i B (TEM) 185 i Hitachi H-
8100 75 ff L 1 W il BE 3K 45
1.2 PGMA HIE R

SRR RE L2 LR, R, R 3
U, A Ak ) S Ak T4 0.024 g(2.4 x107°
mol ) FIFELAA 2,2 - B IE 0. 112 g(7.2 x 10 ™* mol)
28 3 WHA AR, A& AR S 1 5
& GMA (2 mL,0. 015 mol) A1 F] DMF (2 mL) ,
FEMCR: ERE S A 51 & 77 NA (61 pL,4.2 x107°

mol) , T 70 CyhiE i+ s n: 7 h (2 B i 2 UL K]
1), BN 2 v, AR 2R AS T AR 2 31 i B 1) s, 465
RN ) ST T A 2 e AL O, A BB R
KRG QTP UITE VR 3 i, F iR B TR E
T AR R, 773k 98% .
1.3 EDA 3t PGMA B K i

0.2 ¢ PGMA (BRI, 1. 41 x 10~ mol)
REYT 25 mL B EJEFIE S, I A 9.6 mL EDA
(0. 143 mol) , W5, T 30 CyhiE P K hi
S5h( Pt FEULIE 1), %20, BeZE, in 28 18K i
fift , KB, EZ8, THIBRES N TR EHEE. 15
pRuk YLy
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Fig. 1 Synthesis of PGMA and PGMA-g-EDA

1.4 KAMEFH PGMA-g-EDA-QDs Bl &

2 20 mg PGMA-g-EDA 454 T 50 mL ()&
JEREIR L m 2 mL R U A, PR R 2 mg
CdSe/ZnS ¥ 5i, H1 2 mL @05 % % B B 1 AU
WA RGeS A1 3 2 5% 25% i)Y
3 SRR B K A T, 7E 30 °C A v B 3k s 0 4
h ¥ 20, A & K AR RS A AER,
I3 RE G FE A, R RN R K M R SO
153 By & 1 AT K W 2 A8 T T U e
R B TR AR,

2 H#RE5iTR

2.1 PGMA HJ'H-NMR #1 GPC By &R 1T
&2 S LA & i 545 1) PGMA R 4&
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VIR EAL RS B 6 =3. 80 F14.28 kb i BE 1)
2 AN T PGMA th—CH,0CO0—3: 4] |7 |
LT 0 B S B0 56 = 3. 22 Ab i 2l 3R 4R
LA 1 Uk i T A iR B IR U | R 1
8=2.83,2.63 P4k iy 0 2y AR LA B H
FErp i i 0 R Bh W g R 5 £ A i =R F 4y
UL AR /E 5 =0.93,1. 08, 1. 24 Ab 13 3 A~ p
BV QI N 5 71 D R STV o U 21 5 WY 3 8
8=1.90 4b T JE T e 40T H 3L F 5 S5 T
(W i 0. " H-NMR 3% P 23 Br 7] %0 ATRP 32 A]
DL & L PGMA 5.
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Fig. 2 'H-NMR spectra of PGMA

K3 45 7 PGMA ) GPC 3% [&]. iy [ 7] 41,
GPC iy 2k B 78 1 FL U 7y A, P45 2R &5 4 PGMA
() Kty 53 14 (M,) A 8.03 x 107, 43k 43 7ii 4K
(M, /M) 09 129 ikl A1 Z R E W0 T
N IR TR AR X N A ORI /N T R B
g 20

My=8.03x103, Mo/My=1.29

5 6 7 8 9 10
Elution time (min)

Fig. 3 GPC trace of PGMA
2.2 PGMA-g-EDA jy'H-NMR &1

4 g5 T LA AR oK S i R4S 8y
PGMA-g-EDA ) & ¥ /% 5. | EDA X} PGMA

IR E LT ETE 6 =2. T3 AL T8 T m,
L,j B HFAEDE g B RFAE UG JU) HH I AE 6 =3. 98 b 7
8=1.90,6=0.83 ~ 1. 19 &b I& 43 W& T e, f Y
FRAEWE. i,n k 2b 0 S8 TTH Ik AL, 5 5 U E K
e i,k FRRIEMEAL B AE 6 =4. 71 Ab R 3,
5 N e . ol B G 3 TR AT R0 B M A T
PGMA-g-EDA B 4&¥).

f
CH | e CH,

H
H <
H;C/ \{O/C\C/(/C \ZC//)ZBr

nc” cn, |
O//C\
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Fig. 4 'H-NMR spectrum of PGMA-g-EDA

2.3 PGMA #1 PGMA-g-EDA {4 4R 4E

Bl S 23l 45 7 PGMA 34 & W) fl PGMA-g-
EDA $EH W) (21 AW 1] 7E PGMA (1) 21 71 W
Wik & bl LA FIAE 850,910,993 em ' Ak i BR
Ty P ARER Y R AR W I 05 5 2999, 2941
em " Ab A WG R B PGMA R BT B LAY
4G IR BN 51 15 78 1732 em ™" 4b HY 3R A9 98 Z1 1Y)
W g U8 D) 2 i T PGMA th A2 7E K& (1 —0—C =
O Y, B I R W58 3 ATRP 35 BT & 0 T
PGMA B 4 ¥y, % & PGMA 14 £ 4h % & 43 #7,
PGMA-g-EDA [ 21 41k B v =t 3L )& T 30 A 5L 1A
[ 850,910,993 em ' 3 445 fiF I&, i 7 3327,
1576 cm ™' 4b HVEL T B SO0 R AE 06, 40 SR T T 3R
S 7 A R 8 R R e ) A 4 iR B 3 B YRR AR
W i e i s B U B T R EDA AT LR T )
PGMA [ [y ¥1 S8 5 A I 01 J oy A 555 3 0 2 3k 11
TRREY.
2.4 PGMA-g-EDA-QDs fi4£4h 535 5 R 4E

L 6, % b v i A S 7 R 3R TG AR
T\ i) CdSe/ZnS i - 55 % W 1 PGMA-g-
EDA 55 ifigs ¥ i 1 0 2547 10 14 22 8 5 15 31 1y K
VIR T R W PGMA-g-EDA-QDs 1) 55 4h Al L
S WG AT T, W A i 2 7E 587 nm, 552 nm
A 7 A A W AT U 1 A 150 W3 i TG4 3 4 S
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Fig. 5 FTIR spectra of PGMA (a) and PGMA-g-EDA (b)
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Fig. 6 UV-Vis spectra of the CdSe/ZnS QDs in THF and
PGMA-g-EDA-QDs in water

K7 45t T PGMA-g-EDA-QDs H 1 fi K i
43 AE R UL G AN 52 A0 6 BEHIE 0 S 09 R 7 e
M AT B B T 05 f PGMA-g-EDA-QDs 12 - /5 1Y 5%
Ik S B AE AT L' RS 1 B e e SR
TR S TR A D A L A, T XY SR AT IR
SR J5 W K R B Y B A — RS 8 0O,
Al LA B A ] PGMA-g-EDA B4 ¥ %t CdSe/ZnS
BT RSB S S B AR AR T
J ok B RGBS R 1 O HL R I A B i
TR IK W rh AR WA 53 BOPE A R PR A5
fE.

3 2o T A 22 4 A5 B A o A 080 R B IR A6r
BEIC R 5 & 1 1T 0y & a5 AR — 2, Ud B O
TR B AR A7 1) 56 1A - a5 7K U M 9 48 i . 48 i
() 1 SUTE 609 nm Kb A —FRAE & G I, 1B 105 f5 75
F (i SU7E 606 nm A —RFAE & 0. H AT DA
UG FHOE 18 00 0 A 6 s, o B A 52 e I A
W A SA TSRS, X d TR &

T SMEZ R e A Al L R X AR T SR A
Ui B A o T vk A TR N K R T
S MR T RAT LR AR B ) o A M R 41 4L, T L
SR B2 0 T A g R e AR

800

a)Normol light
b) UV light

A) QDS
B) PGMA-g-EDA-g-QDS
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PL intensity (a.u.)
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Fig. 7 PL spectra of CdSe/ZnS QDs in THF and PGMA-g-

EDA-QDs in water and pictures of PGMA-g-EDA-QDs in water

taken under normal and UV light

2.5 ZhEEHE MK
P& 8 Ji il o e 4K 52 ¥ J5 153 B 1Y PGMA-g-
EDA-QDS s 7K ¥ W 1Y 20 25 06 #0345
SRR DU AT R K ) AR R 16,2 nm, 253
PERHECH 0.24. iy T AR 3 09 2+ s 76 K IR
rh R AR IT Y, B DL d i 3h 250G B I A5 1 RS
SR SAE—E B EE B K. i & rh AT A o A
24 AT LA SR G (4 B — 43 HOPE 1 i A
100

80

601
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Fig. 8 Hydrodynamic diameter of PGMA-g-EDA-QDs in water

2.6 TEM R{E

& 9 & PGMA-g-EDA-QDs & F /5 f 5 &t
BElE, N AT LUE B &8 7 R T B S S S8
R BRCR UKL , OF B RSE 4 A R 5 i 340, T A
X, I3 POGMA-g-EDA &Y FEAR 1 &8 1
(1 2 T BE A5 R DL 1 1 0t AT 3R 1% i) A 3 ok
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TEM [&] 0] 1 38 4o e 7R 28 4 Jim 45 3 /9 B 7 5 9 R
<28 nm Z£ A7, H DLS 18 2 (4 45 520N, IR
DLS B 1 IR 25 2 B 7 K 8 W, 78 K9 W
PGMA-g-EDA-QDs 1 i J2 58 70 & 19, i TEM
AR R 25 2 TR T K B9 25 4, B LA DLS A5 Y
FOF SR B h 753 5 i 1 5509 90K ROF R
UE 7T Al B A A0 R 2 2, AT R
AR By 9 ol 40 J A e LA i8S, O HEAE A g B 24 7 T
4 I B 3t T AR B B R

S0mm

Fig. 9 TEM image of PGMA-g-EDA-QDs

2.7 MHAENEEMNFR

S T UK R G B OD A Y F
0.1, 7E=IR T, 5 KRB R 4: 1R & F 45
KW E T & % 44T (UVP model UVGL-25
multiband ;16 W ,254 nm)4 cm v & oE 47 BB 5T,
8 AN Ti) R S sF ] o a5 7K I I 45 -] I
W% (&L 10) . & 1T J2 i AN [R] 58 41 AT BE S
V) ) 2 A KV T B 58 - AT DL I S R A
B — W VAT ) A7 " S s % {1 I IR SR B 1] 174 25 b
.

T AT 58 AT U R A T 1 TR AL 0 1) AR Ak ]
B3 & TS AL R . L5 A T L 10 i
11 Al o0 fE R ARTE W 25 T B 55 A0 T TR G
R T 7 18 0, et A5 7K V1R O % (B R AR O B
WV AR R R A T RSTR e)N
T AR B G, B A T R A B
SRR TE G BT 5 T8 U AT 3 A
64, T i T B VR, N REAR 4 b B 1k F - A
(i 48 1T A I A R e T X — Bk
B I U A IR 2R 5 0 X 1 R R AT AR 52
AT B Y B RUK ISR AN G 7T RZE 1
L2 Ah-0T UL W T I B AT R — B AT T AR
Pl i B2k, R AT S 28 W] R 7 RS &
T R R A P R ECTTTE , A5 SR B2 1 B4 BT
KW . B 11 (b) BR7ELIMT IS 2 J5 , & T

A G PR R e AR AR R 1 AR AL, SR AN KT IR
ST RIaO6E R TEORM 15% £ 4.
BRI, PGMA-g-EDA-QDs HA AR 4F 1 6 4k 54 52
SEVE, Xt i T PGMA-g-EDA R &) 76 B 1 13
T B T A2 B0 B R R, — s TR BB Ik
TN A R A AR O T ORI T
AR R R T O R E

Absorbance (a.u.)

450 500 550 600 650 700
Wavelength (nm)

Fig. 10 The UV-Vis absorption spectra of PGMA-g-EDA-QDs

in water under the photooxidation conditions
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Fig. 11
position (a) and normalized OD (b) of PGMA-g-EDA-QDs

Temporal evolution of the first absorption peak

in water under the photooxidation conditions
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2.8 EFRmEUEENTAR

Br TSRS, s e X
T TEOEVE BE I SR WL LU K H,0, 4]
AR 3 B 1 AT BT AL o S A PR RE RO B 5T, R
0.2 mL Biit 7 8 1% 9 H,0, M A F] 3 mL &
T RUKIEBOT 98 5 5 B B 1R R % K, A
(e Fsf [ T 5 s A R ) 5 AT L i 1 (T
12).

MNP 12 Hra] DL Rl ) A 5 0 7 A
X 5 A B4 5 — TR WL U ) TR ' SR AR /N BT R A
P4 % L B Wi A7 " 5 o ) A O R P (TR 13) T
WL BEE H,0, A B[R] A 30, A AOL
JRE (AR /)N B B — W AT WA i e 7 B R B T EE AR, LA
LBREIED] T &1 e 1,0, A AL A
H,0,48 h J& , & 1 s % W B0 A8 3, (EL47) 5 0 0
B W RARAS , i & 11 48 h B 55 a5 0 58 40T
AL A3 Pt AT R AT T AR e 3 A A K
T AR PR PR sRULTE . 1 I V(80 i A
He T H,0, & it PGMA-g-EDA f 3 JZ f5
CdSe %kl CdSeO, B IR | CdSe/ZnS & ¥ i Y
Zikg SRR H,0, A 48 h f5 % 7 fid A
AR BB (13 (b)), BB PGMA-g-
EDA-QDs HA TR Mt s A b T aE.

Absorbance (a.u.)

400 450 500 550 600 650 700
Wavelengh (nm)

Fig. 12 The UV-Vis absorption spectra of PGMA-g-EDA-QDs

in water against H, 0, -mediated oxidation
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1 mL N 1 mol/L £ 8 HCL ¥ WU A
# 4 mL &7 KUK R % B A [ )R
(1 5 b -nl DL IR L (18] 14) .

i P 14 mTA Bl G HCL 890N A fR I [a] 38
AN R BN & e <3 A N A
F 5 R A TR S k. B T KR O B A
BEEALR , B AT W A5 W %, RUST A D /N o — 20 13
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Fig. 13 Temporal evolution of the first absorption peak

position (a) and normalized OD (b) of PGMA-g-EDA-QDs

in water against H, O, -mediated oxidation

TR 3R AR TR T . 24 HCL O A
48 hJm , H 0O 8 B ELAT OR R AR 0Ol o
{H, ORI 87 % , il B 15 W1 1% 1 1 il B AT AR 4
(VS 7 JE5 o Pk, B PGMA-g-EDA 345 W) J2 %) 4 1
REE] T ARG R (15 (b) ). sr Hr &l 14
48 h IR BT Y 55 SR AT UL WOt 3% T A,
fE HCLAA 48 h J5 , 8 1 miOR W R sl U0 # 1
SORTUFEBLW] HC HUB IR T & 1 i 3R 1, 76 B 1
AT IR , (H R BER PGMA-g-EDA K5 W)

Absorbance (a.u.)

400 450 500 550 600 650 700
Wavelengh (nm)

Fig. 14 The UV-Vis absorption spectra of PGMA-g-EDA-QDs

in water against HCI etching
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S L
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Fig. 15 Temporal evolution of the first absorption peak position (a) and normalized OD (b) of PGMA-g-EDA-QDs in water against HCI
etching

ST R R SR T RO R, 1
A AL R R P A 9F 5T U0 W] 38 i PGMA-g-EDA
R WX+ /N e A E 1Y 1 i HEA T BC MR S 4 AT
DAAR AR L 4 19 0 i1 5 RS e, R LA 4 i ]
ERCX/E IV K8

3 4

ASCH L AR 2R 5 W) PGMA-g-EDA X 1 5
HEAT BC AR 28 400 T K U M 1 o i, 3 o 0 T vk

2 &7 A RS/ R E M TR
P50 B — I3 B A L, ARG B pOE AL Al
A AR TR A A . % T AR DR TR
T PO, OF TN AT B — 28 B D BE
A, mT A S AN IS RE B D REME B RE AT, X
Se T REMEE BB 5 IR, R B R SE — S AR
Oy TR AR AW R 25 SOLIREN AR B A
A W) A Jedis R0 245 s 1o 45 5 THI A B AR 4 6 R .

REFERENCES

1 Wu Zhanyu ( 2 5 ) ,Sa Zongpeng (52l ) , Qiu Fangping( [ 5 $#£) ,Zhao Yili(#X SCHN ) ,Li Yapeng( Z=V %) , Wang Shuwei( F 50 ) ,
Wang Jingyuan ( F ## % ) . Acta Polymerica Sinica( i3> F2£4) ,2010,(5) :516 ~521
2 Chu M Q,Pan X J,Zhang D,Wu Q,Peng J L,Hai W X. Biomaterials,2012,33(29) :7071 ~ 7083

Chen,H C,Lin C C,Han H V,Chen K J,Tsai Y L,Chang Y A,Shih M H,Kuo H C,Yu P C. Sol Energy Mater Sol Cells,2012,104:92 ~96

3 Zhang H,Fu X,Liu L,Zhu Z J, Yang K. Anal Biochem,2012,426(1) :30 ~39

4 LiYF,LiuLL,Fang X L,Bao J C,Han M,Dai Z H. Electrochim Acta,2012,65:1 ~6

5 Michalet X,Pinaud F F,Bentolila L. A, Tsay ] M, Doose S,Li J J,Sundaresan G, Wu A M,Gambhir S S, Weiss S. Sci,2005,307 :38 ~ 544
6  Jung H,Chung W,Lee C H,Kim S H.J Nanosci Nanotechno,2012,12(7) :5407 ~ 5411

;

8  Nikodem T,Dominik Ji,Han M Y, Vancso G J. Prog Polym Sci,2009,34(5) ;393 ~430

9 Cui Y,Gong X Q,Zhu S J,Li Y H,Su W Y, Yang Q H, Chang J. J Mater Chem,2012,22 ;462 ~469

10 Li Kun(Z£E) ,Sun Ting( #M ) ,Sun Yuan( #M g ) , Yang Bohan ( #1H # ) , Meng Xinlei ( 7 5735 ) , Li Yapeng( 2=V J% ) , Wang Jingyuan
( E#E) . Acta Polymerica Sinica( 254> F54%) ,2012,(2) : 180 ~ 186

11 Selvan S T,Tan T T,Ying J Y. Adv Mater,2005,17(13) :1620 ~ 1625

12 Wang Cunlei( E# %), Yang Bai( #4f1) , Li Dongmei (25 & 4k ) , Li Mianjie (25875 ) , Han Kun (#53)) | Zhang Junhu (312 /) . Acta

Polymerica Sinica( & 4> F %4 ) ,2005, (4) :594 ~599

13 Kim M, Kiyohara S, Konishi S, Tsuneda S, Saito K,Sugo T. ] Membrane Sci,1996,117(1-2) ;33 ~38

14 Jin G T,Hu X C,Liu Y C.J Polym Mater,1996,6(13) :69 ~72

15 Zhang Jidei( 5K 4% ) , Yang Mujie( #5275 ) , Yang Huan(# ¥ ) , Zhu Yangrong ( 2 4% 2% ) . Acta Polymerica Sinica (= 4> F 2% 4t ) ,2006,

(7):878 ~884

16 Mageswari S,Subramanian K. J Appl Polym Sci,2012,125(4) :3115 ~3124

17 Zhan F X,Chen W, Wang Z J,Lu W T,Cheng R,Deng C,Meng F H,Liu H Y,Zhong Z Y. Biomacromolecules,2011,12(10) :3612 ~ 3620
18 Ochiai B,Lwamoto T,Miyazaki K,Endo T. Macromolecules,2005,38(24) :9939 ~ 9943

19 Kloepfer J A, Bradforth S E,Nadeau J L. J Phys Chem B,2005,109(20) :9996 ~ 10003



1046

v ¥ Eiid 2013 4F

I
RS

SYNTHESIS OF COMB POLYMER PGMA-g-EDA AND
STUDIES OF THE MODIFIED QUANTUM DOTS

Yu-zhen Wang, Ming Zhu, Hai-long Huang, Yu-xiang Li, Ya-peng Li, Jing-yuan Wang
(Alan G, MacDiarmid Institute, College of Chemistry, Jilin University, Changchun 130012)

Abstract  Poly ( glycidylmethacrylate ), ( PGMA ) is prepared by atom transfer radical polymerization
(ATRP) ,while 2-bromoisobutyrate ethyl (NA) is used as the initiator. Hydrophilic comb polymer PGMA-g-
EDA is prepared through the ring-opening reaction of PGMA with ethylenediamine ( EDA). Nuclear magnetic
resonance , infrared spectroscopy and gel permeation chromatography were used to characterize the structure and
molecular weight distribution of PGMA and PGMA-g-EDA. The comb polymer PGMA-g-EDA modified
quantum dots (QDs) by licand exchange to prepare water-soluble quantum dots. The quantum dots has good
stability in water, UV-Visible spectroscopy and fluorescence emission spectra were used to study the optical
properties of quantum dots, indicating that the QDs aren’ t destroyed and have the same optical properties of
the unmodified QDs. Transmission electron microscopy and dynamic light scattering color test show that the
water-soluble quantum dots are monodisperse ,uniform,and have small size,no significant surface deterioration
or aggregation and solubility in water. The stability of QDs is studied against photo-oxidation, H, 0, -oxidation
and acid etching,the result implies that the QDs are very stable in water,and no deterioration or aggregation of
the quantum dots occurrs in water. What’ s more, the way of synthesis of PGMA and PGMA-g-EDA and
modification of QDs are extremely convenient.

Keywords Glycidylmethacrylate, Atom transfer radical polymerization, Ring-opening reaction, Quantum

dots, Water-soluble



