%48 B 3
2020 4£ 3 A

L B # oM R

NEW CHEMICAL MATERIALS

TUHE B & W & oK B 51 4 T S A M BE R 3R
B

QAERFEASGOHFTHRELETBR T . AERXRFAFAHIE AR IRSFR, LiF 201620;
2RAMYHSFIRBARETELERT(AEKRSF), LiF 200433)

ALY R R ORAAT AR

C:
2=

i il AT AL R Ae T i AR - R S RS (RAFD RAFRA B EH ARG UBEAARGWR(ZRT
R WEY R AMRKRE-6-O-TH AT R -D-akvh B H FH 4/ F LS [ Poly(DEGMA-co-OVNGmix) ] ; #) A i& &
MBERGMEBORBHLTR FIEBA - SHYREMW S TAS Au Bl 2AREZ AT, KAM LTt
REN EH LB EAEFTFRS RO AN R BN B R LRBEREIRFTHRL., EREAY.
AuNSs@Poly(DEGMA-co-OVNGmix) s % #] &, Z L4 F 6 - F ¥ 4% % 50~100nm, 5f L LA RAFFE 2, &
ke m X EREAN A A B TR RAFILL 50.54% LA L EHas &Mk E L AR e kit

KBEHR SBRED TENR-WEAEBRS, EHRE , LABLRT

Preparation and photothermal property of
AuNSs@ Poly (DEGMA-co-OVNGmix)

Zhang Yina' Cai Hao' Zheng Yongli' Quan Jing'*

(1.Key Laboratory of Science and Technology of Eco-Textiles, Ministry of Education,
College of Chemistry,Chemical Engineering and Biotechnology,Donghua University,
Shanghai 201620;2.State Key Laboratory of Molecular Engineering of Polymers (Fudan
University) , Shanghai 200433)

Abstract

enzymatic reaction and fracture chain transfer (RAFT) polymerization. After the thioester bond at the end of the

The temperature-sensitive random glycopolymer, Poly (DEGMA-co-OVNGmix) was synthesized by

glycopolymer was reduced by reductant, the glycopolymer molecule with the end of the S—H bond was obtained and
modified to the surface of the gold nanostar (AuNS) by the S—Au bond.The structure and photothermal properties of
the grafted AuNSs were characterized by Fourier transform infrared spectroscopy (FT-IR) ,nuclear magnetic resonance
("H-NMR) and transmission electron microscopy ( TEM). The results showed that AuNSs @ Poly ( DEGMA-co-
OVNGmix) was successfully prepared and its stability was greatly improved by the modification of glycopolymer.The
average sizes of the grafted nanoparticles were 50~100nm. The results of photothermal performance test proved that
the photothermal conversion efficiency of these nanostars achieved 50. 54 %.In addition, the modified gold nanoparticles

had excellent photothermal conversion capability.

Vol.48 No.3
e 259 -

Key words

< A RORL T LAH A A G 9 A S 4 5, /R
RO TR S N A S o A N e Y i
S A W R 2 45 R A 2 O TR IR R T A
S G UKL AR L ADOE T HA DR aE T B
RE A K7 I AL 1Y) D't R 4% 488 S AV RE B Tk S8 i 48 52 9L
JE T 3R B % sl S0 bR A R H . Hh
0K B CAUNS) R — Bl BAT SRR S5 H 1 2 5290

glycopolymer, RAFT polymerization, gold nanostar,photothermal therapy

KGR L X6 BE T Al 45 44 4 <5 20 K B0RL , 4 94 oK
B AE 2 AT B R Bt VR B AOR 5 R
SEHEET

THEREG YR — R EHHEEA N T A
KA, BARLF (K BEAE B DL IR S 14 A2
Yy Dy + BG4 B RE A5 1 Bl A0 S Y o 2 R A
12 3R AR M AR IS 5 o FUBE 4 T AR S T AN e 3R

HEE2TB BEZE AR #IES (21303014 BRAEW /4T TRE R E ALK E (& B K2 PRSI (K2017-18)
YEFE B A IR AR 1994, & A+, T E R EEAL2E LR BT ST .

BB AR R ER .



+ 260 - o T BB ow 5 48 &

THT P 2 VR TR W R 1 A2 AR SR RS A DN 4
2 ZUE BE A WO T i 20 B A T R R L R A
THRRAYM T RAREEEA, YIRS T
AR I S s 78 L B (LCST) B 38 4 W 76 VA W P ok
SRR G AR AL T L o5 K PR R L R R d4kani oA
CHEFRAN K T R AW 5 BL AR Z 18] ) 55 A, B
STz MO T AR R R R

TE F 3B 5T 00 B Al 050 3 gk T i - by 2
HEF AL R A (RAFT) B i SO 5 (DEGMA) F 4
EIRE AR COVNGLW L FLBE R (OVNGaD 3L 5,
BT HAT RGP YA A R B XU R AW
HE— L F TR G WM AuNS, DLECE AuNS & 5E
PEA R EW M KBS s R 2 A K E
B I B AR 7 L 48 5 LA U A0 RO SR YT R
T RETE .

1 SRIEER4SY

1.1 MH5&&

2-H Fe-2-TH s FR-2-(2-H1 | R 2 | 3E) 2 B
(DEGMA) ; S-+ —hg 5&-S'-(2- B B-% W ) =i
i (DDATC) s 2 3 & F IS C(ACCND ;2L 7L Bk
HIA B N, N-Z B3 B R e (DMEF) 5 B & 1L 4l
(NaBH, ) ; & 4 2 ; Fr 46 02 &5 BT 7K 34 28 8 4t K
(HLBEME A 18MQ)

% g 2 R 3% A (' H-NMR, Avance 400 %), I
1 Bruker 24 Al ;3% 3 L W 7858 (TEM, JEM-2100
A, H A JEOL 23 w5 5 4071 UL oG 43 O O B 3t
(UV-Vis,Lambda 35 %), H A PerkinElmer 2\ 7 ;
i B i 21 Ah % 3% A% (FT-IR, Nexus-670 #1), 2 [H
Thermo A A ; A IR BT F s OB R s B2 T4
Bl
1.2 XWHZE
1.2.1 B8 H &

MR C© W ST R LB OVNGal
KA EFERETE OVNGlu, 2 % A 382 2 | 19 0F 52
Jr kAR
1.2.2  BH KL NE S 4 Poly (DEGMA-co-

OVNGmix) # #) %

Lh DDATC A 55 5% #% 5, ACCN i 5| &, HL
0. 3312g DEGMA..0. 075g OVNGIu,0. 075g OVNGal,
8.08mg DDATC #l 0.305mg ACCN ¥ F 1.5mL
DMF W, &0 3 i B = - A AL EE, T 90°C
VA RONE 10h, SR 5 BT UK R E . RN
P HIE C R UTTE B BT TR 5 159 20 2 Gk 9 .

}

1.2.3 AAMAEZE AuNSs@4 4R &M H %

IR A2 i A A0k B A e DA AE A T
oSk e = BRI AL B (CT AB) 25 2% 1 3% 1 577 422 1l
& BIEH Ik B IMRAT, BT B Y
B,

MG ¥ 40mL Immol/L HAuCL ¥ W& N
% 150mL [BI IS Be i rf, B 2=k s L B im A 6mL
1Yo R 6 R M 175 VL - 4 2 W 1 29 10min, V5 ) 2 3%
TELL AR, A VKK PR E S 1, SN JS 1Y) 4 P i Wi 42
0. 22pm JEME L U8, 4°C T A & B A K 100pL
FR AR M A E 10mL 0. 2mmol/L HAuCl,
WL & Imol/L SRR W . B 10pL) » [F] B 37
ZIm A 100pL 2. 5mmol/L AgNO, ¥ # Fl 50uL
2. 5mmol/L HT IR 1ML BR » Bl U4+, 30s PN W i IR
ZLAB Sy A 4, N7 20 B VR 0 . B ET R Al K
1,28 0. 45pm JERT IE S 67 T 4CARIE T,

BAWHR B 10mL 100mg/L 45 B AW,
A 10mL 0. Img/mlL P(DEGMA-co-OVNGmix) 7K
W, B PEIR A, -k oim A SmL BHAC Y
0.01mol/L NaBH, %, &M 30min ITA 1mL, =
T RE G S T B PSR B AuNSs@P(DEGMA-
co-OVNGmix) , & .0 £ Br #5 oK &0 R A 9 fl
NaBH, .
1.2.4 A#HEEELCST) ayn &

TEW K 500nm AR E 1mg/mL 0954 Y5 I
fE 20~ 60°C 3 Bl N 19 55 A IO BE B . A il R
FZ IR0, 5°C/min 89 Tt B B2 247 THIE . LCST 2&45
3 e 8 U 5% AN S e SR S W 3 B W e R RO JEE
CAD 1 50 %6 s JIT X6F IO 114 ek B 1B
1.2.5 UV-Vis Mk 548 2 M bk

el Au ¥ N 20mg/L ) AuNSs F1 AuNSs
@ OB R WV W R 46 A1 W6 43 6t BE AR
400~1000nm i+ 0 [ P9 X FE i 34T 2 B 4L 00
SRR W BE . HOAH [ AR B B 4 A ) AuNSs il
AuNSs@ 75 W55 A& W W 53 A 10mL # 5t i
TOBEAZR T, B 1R E I AT
UV-Vis M, H #5944 & e tE .
1.2.6 o for gk 4K

W HER — OC B S ™ N R R E AuNSs@ &
WA W W LB AR L . I AuNSs @ P
(DEGMA-co-OVNGmix) At #l i 45 ¥ & A 10mg/ L.,
20mg/L.30mg/L.40mg/L.50mg/L #1 60mg/L A9
WL SR 05 43 L B IR 45 600p L & T 1mL ¥R
SRR A, LU 2l K A S X R4, ] 808nm BT



55 3 4] TRASCIIR A5 - WU 5 G W He A 4 2 K B 1 ) 5 DO AR RE B 5T .« 261 -

R 5T 3005 (TR A 1. OW/em?) , 18 i # i B 4 5s i
SR — YR T 000 85 R 1 R AR A A 1O

WA RO 38 B T W] — e B AuNSs @ 5 b
KA Vv W IR B S AR B0, 43 0 B 600
50mg/L [ 5 9 FE. 7 0.6W/cm®, 0. 8W/cm? |
1.OW/cm?® . 1. 2W/em?® Fl 1. 4W/em?® 18 5% AuNSs
@EHEREYRIRAAT N HBES Rk IRA .

I FH BCr 8 KG  AuNSs @ & 85 B A W) IR i
(50mg/L, 0. 6mL) 7E # )t (1. 0OW/cm?®) 48 FF it
300s, ZJa RAmBOLHS PR AR R E S T~
AR B AR IR . SRR (D — GBI
A 4 B L I R0

_ hS (T — Taw) — Qu

3 [@D)
T [(1—10 %)

Qu = 10° X C X AT /¢ (2)

2 im;C,;
hS = — (3)

T,
T— T

o= — 4
T — T W

K, g AOCRFIRBOR, Vo h IR A
T o BT oy 53 500 2 1 RE 19 S 8 UL BE A6 555 iR
FE,°C5S AM B LR TR, em® s T A EOGR TR,
W/em® s Agos R A REFE 808nm Ak Y 58 A1 W Wi 1A
Qu MBI O A 5C R HG C K T A2,
1/ (kg+"C) st OGBS [H] , min,

2 ZERE5iT

2.1 FI-TR 447

1 MR OVNGlu,OVNGal . DEGMA FI %
&% P(DEGMA-co-OVNGmix) i FT-IR % ¥,
B & 7] I, DEGMA 1 FT-IR % &t 2928cm ™" il
2879cm ™" Kb RFAIE W g 0 AR 3R R (— CHL) R IE
B CHO AR A 45 42 2, 1708em ' by
Fits e JE v B R OB EE (C = O) 1 45 Ik 3h 05 16
OVNGal.OVNGlu P Fl % 5 4& 1 FT-IR % Kl s
3544cm ™ 1 3529em AR AR TR (- OHD Y
AS MG PR 8%, 3355cm ™ Ml 3385em ' Ab —OH
a4 BT % B il 45 ik 3h W Wi i, 2947em !t Ak S
—CH, Wk & 45 i 2h %, 1733cm ' 1 1729cm !
b S R PR R B R B C = O 45 Bk B g,
1646cm ™' Hl 1643cm " &b Sy il il XL (C=C) i 45
P, 1147cm " F1 1175cm " &b Ay TR B v e 4 e
(0 45 4k 3 FF AE 1, AR5 W P (DEGMA-co-
OVNGmix) i) FT-IR 3 K 7] LI & . 3000cm ™" LA
R BE B th—OH i 45 4 3h 0 R 9K A7 AR, 5 Ab

1737cm "R RYTEIHE C—=O i 45 I g I K 1 2% . 1M
1646cm ' ZEATHY C—C {45 R sh AR IR W 2% 1. 9F
H 2880cm ™" Ah i 1) Rl S0 A 46 B s e i e X EH
FT-IR i K 45 Uk 1 & B3 R Y P(DEGMA-co-
OVNGmix) [ & .

DEGMA
292% W
OVNG 1748
u 1169
2943 1643
3529 3385
OVNGal B s
o ™
P(DEGMA—-¢6-0VNGmix) T
3310 2880
2926
1737 1113,

4000 3500 3000 2500 2000 1500 1000
K /nm

K 1 DEGMA.OVNGlu,OVNGal f
P(DEGMA-co-OVNGmix) # FT-IR 1%

2.2 'H-NMR ##7

& 2} OVNGlu, OVNGal,DEGMA ,P(DEG-
MA-co-OVNGmix) i 'H-NMR #% &, 1 & " i,
£ DEGMA i 'H-NMR & & i fb 2447 F2 0=4. 75
Fik F (D, O) A 15 5 1§, 8 4 6.35 (s, 1H,
CH,=—C).5.65(s, 1H, CH, =C) . 4.30 (s, 2H,
—CH,—).3.70 (t, 2H,—CH,—). 3. 65 (t, 2H,
—CH,—).3.50 (t, 2H,—CH,—). 3.35 (s, 3H,
—OCH,), 1.85 (s, 3H, CH, = C—CH;); 1&

DEGMA 1 7

6 7 0, 4
- 2 s n l 510‘6
LA 0

10
OVNGlu OW 13
) 9 i 0/\14
910  6CH,
{0]
8,11 4@01.[1
13 l,iJ 61,5 HOY—/
I LI A, .
OVNGal o \7/8\/10\)A\ 13
) 3 12 0/\14
9,10 6 CH,
50
s AN yoi
13 141 6 15 3 0151
P(DEGMA—co~OVNGminx) I
HO—C:
[}
11
3,6
7,10
12 1
J— L— o~
75 65 55 45 35 25 15 05
A2 1(x1076)

% 2 OVNGlu,OVNGal.DEGMA .
P(DEGMA-co-OVNGmix) ) ' H-NMR &% &



. 262 1 T 8 B 948 &

OVNGlu iy '"H-NMR & E #,5 K 7.10(dd, 1H,
CH,=—CH—0).4.75(dd,1H, 14~ HTrans) .4. 50
(dd,1H,14~HCis) 2. 75(dd,2H,—CH,—).1. 80
(s, 2H,—CH,—), OVNGal 5 OVNGlu
"H-NMR % & AL k%6 % . 7 P(DEG-
MA-co-OVNGmix) i 'H-NMR #% & i, 3. 45 ~
3.75 4 Jy DEGMA 5t 5 i W i i, 3. 35 (s,
3H,—CH,)H 2.15 (s, 2H,—CH,—) Jy B fig v i
T B Ui . XF L BERE Al DEGMA 9 'H-NMR %
K.6 N 7.10(dd, 1H) . 6. 35 (s, TH) Fl 4. 75 (dd,
1TH) 1 W% W ¥ 72 P (DEGMA-co-OVNGmix) i
"H-NMR 3% & Py 22K B 33 75 R 25 3044 oK 3 Bk B
X H BE SR, X2H T RE RN M
Tt FRLAA o3 i 25 B BUBRE T O, {45 A — HC—=—CH,
I H WA BRI T s, RUDEREGY
P(DEGMA-co-OVNGmix) i B3 i %% .
2.3 EHREVMHERSIEST

Img/mL P(DEGMA-co-OVNGmix) % ¥ % )t
JERR AR I L UL 3, BRI, TR A Y
) LCST 2R 32.0°C ., 4 i J& AR B, 3t R Yy
DEGMA ik §8 25 ¥4 5 7K 43 [a] () S 58 4 FH ) 45 45
HRE Y T R E AR T LR W e
T s YR B TEE 30°C 22 A, Bk B 45 A 5 K 4
5[] ) SRR O 6 IR L (45 2R 5 0 B 2R KR
BB RNGEARES W AB A ENFL A6, IEY
LR AW A R 0 I e HORE i AR IR Ry
32.0°C,

****** LCST=32.0C

15 20 25 30 35 40 45 50 55
MREE/C

K 3 1mg/mL P(DEGMA-co-OVNGmix) ¥ #
W 5 B B I B AR Ak il 4k 1A
[ a A 25°CHRE T # & A P(IDEGMA-co-OVNGmix) % X 5
by 40°C I JE T # E 19 PIDEGMA-co-OVNGmix) ¥ # ]

2.4 UV-Vis &7#7

Bl 4 AR Au W BE T 4 Fl CAuNP) | 42 &
(AuUNS FITE LR & R YK 4 2 AuNSs@P
(DEGMA-co-POVNGmix) # UV-Vis i &, K
AL 4 A G 94 oK B 23 BIAE 523nm H1 716nm I
KA AW 1) LSPR W ic e , 1 W 38 5 b 7 A 595

WD T ek 2, MBS B 4 90K 2 A0 Hs
LSPR W i1 (790nm) A F T B 4 40 K S i i 1 1
Ba BT AR WA R A T LR X R RS T

AR G R,
2.5
20} 523nm

S7 16nm 7905m

AuNSs@P(DEGMA-co-POVNGmix)

400 600 800 1000
¥ K /nm

B4 HHFE Ao ¥E T 4 (AuNP) .4 2 (AuNS) F
ToHLR & WA K 4 B AuNSs@P(DEGMA-
co-POVNGmix) 1) UV-Vis 1% &

2.5 TEM %4t

Kl 5 8 AuNSs@EFBER-G Y TEM B,
AL UL A IR AN D i ) 28 1) 4 b, RN —  oF
YIHAEAE 15~20nm; & &8RS W15 1 49N
KB BEBAF RS 43 A A8 50 ~100nm Z [A], H.
BA R SRS, JF B4 B R B bR 8N
BIo) i) — 2 R4 AL 25 UE B 2R & ) o B B B 4
Yok BRI .

(b) (c)

100 nm 20 nm

50nm L

5 AREZSHET AuNSs@ SR A TEM F
LA Ca) S 42 0 K0 L iR 100000 4% 5 (b) TR 80000 4% 5
() K 300000 %]

2.6 AMEBRYEMITE

SWEXE G4 ETE 808nm L (1. 0OW/ecm?)
JEG 300s B I BE A 52 M UL I 6 () o FHET AT T, 42
W N 10mg/L., 20mg/L. 30mg/L. 40mg/L.
50mg/L F1 60mg/L By AuNSs@ 5 H8 &Y s AE
HWOL IS 300s J& . % WO B 2y 0l 35 F) 35.7°C
40.5°C \43.7°C ,49. 5°C ,52. 1°C 1 57.2°C . I bt &
G VR BE ) T VA VR R AR 5 T R A ] SR
PR X B 2l K AR R BT 8 2. 0°C L iX R4
i SR A B G A ARk A R S ok
PPEBE

WO B X 2 A 4 BEOC A PERE R m LI 6



55 3 4] TRASCIIR A5 - WU 5 G W He A 4 2 K B 1 ) 5 DO AR RE B 5T . 263 -

(b, \HE® W, £&3d 0.6W/cm’. 0. SW/cm? .
1.OW/em? 1. 2W/cm? F1 1. 4W/cm?® 5% B By #4006
MR 300s J5 ,50mg/ L 5 & 4 ALV W B 5 1 2 40
K] 31.7°C .41, 2°C ,52. 1°C ,60. 8°C Fl 65.2°C , I
T ) A VA R B R O TR B R, R R R R
i X BT AuNSs@ F 85 545 W 09 06 #5452 AR
T Au W EEFIBOG R B

60

(a) 60 mg/L
50 mg/L
40 mg/L
© 30 mg/L
= 40k 20 mg/L
g 10 mg/L
0 mg/L
205 100 200 300 200
A /s
(b) 1.4 W/em?
601 1.2 W/em?
s_} 1 W/em?
Q 0.8 W/em?
= 4of -
0.6 W/em?
1 L L L
205 100 200 300 400
s i) /s
(c)
50} Y
45t K
Zat  F
’% 35§
30 2
25 <
20 1 1 1 1 1
0 200 400 600 800 1000
A iE) /s
600
(d)
5001 y=160.77x + 32.24
=160.77
N 400 1rez=03747
= 300
= 200
100}
of , , .
0 1 2 3
-In(8)

B 6 SREXES S ETE 808nm #HE (1. 0OW/cm?) IR
5 300s IR JE 5 ] Ca) | OR300 92 4 4 22 0 AP
BERY B W (b) . 50me/L & A 4 4% K B I W 7E 808nm
(1. OW/em®) 0O B BT 300s 74 31 2 28 15 B 4R 2 IR % Fifi
i 0 6 2 b il 2 P o) i A2 4 i b K 7 YR 0 0 5
] R0 — In0 (9 6 R (D
50mg/L AuNSs@ & B R & ¥ % W AE 808nm
(1. OW/em?) 0O B ST 300s J5 T 56 F BOG 8% 1l
ARV 31 3] 5 3 9 Ao R v A AR U R I () 7 2 £k it
LUK 6(c), J T I R G IS 30 AR
PP 6 Co) A (4) 22 il HE I VI i B B B ) ¢ 5
—Info M A2 ML, WK 6., FAKX 2 ITE

Qu.=1.68mW; Mz (3) i =, BIFE 6 (o) H # i U1
AR AR A 160. 77,185 hS=15. 67mW/C;
M 440k B X R UV-Vis H17E 808nm &b (1 1
B Ags=0.721, (1) A5 3] 50mg/L AuNSs@
THERAWLE 1.0W/em® Ay 808nm #OE IR G T %6
IR 50. 54 %,
2.7 BEASEMBEESH
AuNSs /KB AuNSs@ & B85 Y75 W AF
FURAM R HCE 0.3 JEA 6 Ji 5 )28 AW 1 B
KA ARG B UL 7, f L RTL, AuNSs 3 WTE i
B3 G KW W AR W B A, HL i i AR
78X L AuNSs @ 5585 545 9 9 W1 WO B ith 2 AE
0—6 JE N JCHA AR Ak, UE B 3R A W 1 18 M 7E — o
JE R T a9k B E T
0.8
0.7
0.6
<0.5¢

= 0.4

0.3
02}

0.1

(a)

oA

0 . . . L
400 500 600 700 800 900 1000 1100
B

/nm

400 600 800 1000
/nm

7 AuNSs JKIEW () Fl AuNSs@ & HER &Y
() R4 T CE 0—6 JE BB E kA8 101 i 8

@ A B () A B

()

A
“ I
[ 8 AuNSs /KB (A)Fl AuNSs@ &R 54

W (BYTE 0—6 J& N B 9y BR ZA8 1k 1% O
[0 J# (b2 Ji;(c)3 (D6 Ji]



e 264 -

& T BB OB

o548 %

AuNSs KA AuNSs @ 7 54 R & W) 15 A
0—6 J& P A 4 IR 25 A8 A A% O UL 1 8. H [T AT AL
T RS RO S R 2 B G 4
BEWW ALV MG, LRI & @,
AuNSs@ & Wi R A WIEWAKRR D W 85 Z %
MR R . UL, 4 L 26 T I DURE R & W e A AL
WEFIE SRR NETEMWKERGREEANLE
1 e

3 i

GEA BT R W 5 RAFT &0 1 45 M % H A
ARIGAEVHAEEMERBELTHNEREGY P
(DEGMA-co-OVNGmix) , I fl H1 NaBH, if Jii
B W K i 1) T T B o R R 3 A A OK R R T
il B R R EENE G &9k R AuNSs@P
(DEGMA-co-OVNGmix) . & i J5 [ 4 44 ok 2 %
T AE RO BRI S5 1 T TR BSOR 4, VAW &2 & kL1 B
AL R e 01 . B s B R D BE
7 T .

2% Uk

[1] Liu D, Wang Q, Hu J. Fabrication and characterization of
highly ordered Au nanocone array-patterned glass with en-
hanced SERS and hydrophobicity[ J]. Applied Surface Science.
2015,356:364-369.

[ 2] Nikoobakht B,El-Sayed M A.Preparation and growth mecha-
nism of gold nanorods (NRs) using seed-mediated growth
method[ ] ].Chemstry of Materials.2003,15(10):1957-1962.

(3] oeLr, sk M 02, 55 . Rl o 4 B0 4 B 4 0 K R+ S
JeEPEREWT A [J]. 5t )8 . 2010,31(4) 1 15-19.

(4] MAE HEFL HE A WRR T [ BRIE bk 6 5 A8 f g
K e b2k mr5e [ A2 244, 2012,63(11) - 873-879.

[5] Kan C X,Wang CS,Li H C.et al.gold microplates with well-
defined shapes[]].Small,2010,6(16):1768-1775.

[ 6] LiuK.,Zheng Y,Lu X.et al. Biocompatible gold nanorods: one-
step surface functionalization, highly colloidal stability, and
low cytotoxicity[ J].Langmuir,2015,31(17) :4973-4980.

[ 7] Saha K,Agasti S S,Kim C,et al.Gold nanoparticles in chemi-
cal and biological sensing[ J].Chem Rev,2012,112(5):2739-
2779.

[ 8] Kong T,Zeng J,Wang X.,et al. Enhancement of radiation cy-
totoxicity in breast-cancer cells by localized attachment of
gold nanoparticles[ ] ].Small,2008,4(9) :1537-1543.

[ 9] D'Souza A A.Devarajan P V.Asialoglycoprotein receptor me-

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

diated hepatocyte targeting-strategies and applications [ ] ].
Journal of Controlled Release,2015,203:126-139.
Ting S R S,Chen G,Stenzel M H.Synthesis of glycopolymers
and their multivalent recognitions with lectins [ ] ]. Polymer
Chemistry,2010,1(9) :1392-1412.
De la Fuente J M, Penades S.Glyconanoparticles: types, syn-
thesis and applications in glycoscience,biomedicine and mate-
rial science[ ] ]. Biochim Biophys Acta, 2006, 1760 (4): 636-
651.
Munoz-Bonilla A, Heuts J] P A, Fernandez-Garcia M. Glycop-
articles and bioactive films prepared by emulsion polymeriza-
tion using a well-defined block glycopolymer stabilizer[]].
Soft Matter,2011,7(6) :2493-2499.
Becer C R.The glycopolymer code: synthesis of glycopolymers
and multivalent carbohydrate-lectin interactions [ J ]. Macro-
molecular Rapid Communications,2012,33(9) ;742-752.
Gerke C, Ebbesen M F, Jansen D, et al. Sequence-controlled
glycopolymers via step-growth polymerization of precision
glycomacromolecules for lectin receptor clustering [ J]. Bio-
macromolecules,2017,18(3) :787-796.
Xu M R, Shi M, Bremner D H, et al.Facile fabrication of P
(OVNG-co-NVCL) thermoresponsive double-hydrophilic gly-
copolymer nanofibers for sustained drug release[ J]. Colloids
and Surfaces B:Biointerfaces,2015,135:209-216.
Quan J,Shen F W, Cai H.,et al. Galactose-functionalized doub-
le-hydrophilic block glycopolymers and their thermorespons-
ive self-assembly dynamics[]]. Langmuir, 2018, 34: 10721-
10731.
Shao D, Wu H, Shen F,et al.Carbon dioxide-modified polyeth-
ylenimine as a novel gene delivery vector and its in vitro vali-
dation[ ] ]. Journal of Biomaterials Applications, 2017, 31:
1257-1266.
Sun K,Xu M,Zhou K,et al. Thermoresponsive diblock glyco-
polymer by RAFT polymerization for lectin recognition[ J].
Materials Science & Engineering C Materials Biological Ap-
plications,2016,68:172-176.
Yuan H,Khoury C G,Hwang H,et al.Gold nanostars: surfac-
tant-free synthesis, 3D modelling,and two-photon photolumi-
nescence imaging[ J ]. Nanotechnology, 2012, 23(7):075102-
075112.
FE B R TR L R AR R /U R T R A O R
B M e GR T 1] 4241, 2018, 39(3) : 280-286.
Roper D K, Ahn W, Hoepfner M. Microscale heat transfer
transduced by surface plasmon resonant gold nanoparticles
[J1.J Phys Chem C.2007,111:3636-3641.

W 7% B #7:2018-11-09





