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Lo — R B/ 2= 6 I LB S RO A e AR S, HURFAEAE T < T I 3 A% AR A
TE I AR ) R T 78 75 A A BIR A K R / R NGK R / iR B T 2 A
J, 70 PR S A A SRR 0K/ SRR AR S e 41 / A 5% 2 i 2 W T 1) 3 T ik
1= & -3 (3 ZHSEZFETAED B — 0 il Sk B2 h FH N— F2 JE 055 BT I IV e 4k 22 5 [ o
FA 5 6 Piik,

2. MARBURIE SR 1 Bk RN (A2 6 1B 2 0 S e A BRs , HURFTEAE T
BTN A A SRIGANK /) BRI R MR / AL AR 21 0 R A IR DU R A8 AL A 58
I 0 SRR, T8 I AT AT B EAL AT SR IE A K/ BRI A K £ B A R A, BRI AL
WE T RIRA AR,

3. MRAEBCRE SR 1 8 2 Prid MR I LA 25 6 1 F B0 25 T ' S e A6 I8 (1 ) 2% 7
2, HRELE T AP BRIAT -

BIR— B 50ul PRI T 20ml WREA Imol /L IFRIRAR RV, 68 75 AR B 0. 5h J5 3K
1R IR B IR YA 517 20m] IR FEH 0. 5mg/ml FRIAEAL AT SR IG VAT P i I BT A 2 e e R v
W, = TR 30min J5, B 0. 1512¢ REBRERER , FRahidt 12h, 285 FH R B 1K B0k
A2 pH ol 6 ~ 7,65°C N EA T, SRAF S8 B =), WA SEAL A SBIG AR/ R R4k
LMETVE AW, UK TR ER, RN A SBIGAK R/ BIRIGAK L5 B A Y
FCR LR 0. bmg/ml [P SBIGANK R/ SR LGIK RS 2 5 WE I

IR KPR TR A S E AR/ R NR K S ) B S S B 2%
BT AR E A 8. 2X 10 mo /L fili A48 5 1 s i i AR L 1: 3 VR A, SR A 5B
WK/ BRI ANK GRS/ AR = i B S

SR = O R R AR I TP AR AR 10w m, 0. 3w m 0. 05 um [ =44k B
Kot 2 BE, A8 5 A E U, I BT, 19 2 FH B H Al

A IRVY AE TR =15 16 2 3k v B 10 w1 23R I iA3 (0) S8Ak A ssAd oK
/RN GRS/ iR B S S EER T S AR A P B ra Ak B AR
WA SBIGAIK R/ BRARNGANKLRES) / A% 81 S B A, BN 10w 1 20-30mg/
ml 1= Z%k -3- (3— Z ARG FENEO IR W HZ R B2 AT 10-20mg/ml N- SR ILBRHABE W I 20
HR AT T TR B S Im AR /R AR RS / WAL R & T oS R S I ) 2R
Hl, #'E 20-30min, 15 A FE 5

AU LB 5 B Y BT A5 AR TR RER N LK A 10mmo 1 /m1 ) pHT. 4 B B2 2k 2% vl i
NEEFNIREE R 0. Img/ml BN FA 25 6 HUAR B A P OB 12-20 /NI, BCH S IR R
10mmo1 /m1 [) pH7. 4 BEER TR 2 MPBLEVE, FHR NI R 2-3% HI2FE i & A 3 1Al 1-2
/INEE S BV PR RIS A I A 22 6 1 P EUL 25 R G S e AR 1S

4. —Fh R HBRIE R 3 BTl N (A 2% 6 1 FEL Bk 22 Tt G 13 A4 S 2% R I 7 95
HORFE R PP BRI A5 6 FERIRA

BB a W PTRRI AN B2 6 1 UL 2R RO S e AR RSN 10ul R A B/ 5 6
P, FRAE 3TCRIRE 50 2080 E BUHE BE, 517 D S e 5 s

B b KD IR a PSRN S e iR S 7E 57F 0. mol/L K,S,05 10. Imol/L KC1 [¥]
0. Imol/L [¥) pHT7. 4 BER £h S8 i b B AT HEL A 2 RO IR, AT AOG 8 A, R RO
FESFFIN A28 6 PR B IARHESC R 4, IR I 032 6 FE I IR EE
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5. MRAEACHIE K 4 Prad iRl 77 i2:, HARFAE 2 < Tl bR ¢ 38 i 26 2 i i o LLKR FE 73
524 0. 0005ng/m1.0. 01ng/m1.0. Ing/ml.1ng/ml Fl 10ng/ml I N /35 6 K 5 BT ifi) 2% I £
N A 52 A IR AR AT FLEUL A% RO IR, A3 2 M BE N B 2 6 B Sl Tt B IR R G5 FE
RJGLAN IR 6 B i B BE IR0 BB A AR BR L LLR OGSR FE A PARBR AT U5




CN 103487573 A i BB 1/5 5

—MRMABN R 6 MRBUFR N REERSFREH &
AR Tk

B

[0001] A B K — Rl dll A1/ 3% 6 (1 LA 2 ﬁﬁ‘ﬁ%f%’ﬁ%&/ﬁ:?ﬂ%ﬁ&%ﬁb
T7iE, ERMAH VR B P T A A RIGIUK T/ RN K E 51 / AL 5

54 (GO/PANT/CdSe) EAMHI I 7 ROt S AL 1A o

A

[0002] 3 ERMEKAE 2004 5 IAT 84 LUK, A1 88 G4 R — Fh 2 AR HERR I B8 2 S
T ZEM R G A T IR ERMIE SR A . A SR AR AT AR KR A A A
FEINHH A 1R R A DL B LR P R, 70 H 1 #5024 DA B R B g v v 25 A el
WK N HMAE [ & W (@)X S. Li, Y. W. Zhu, W. W. Cai, M. Borysiak, B. Y. Han, D. Chen, R.
D. Piner, L. Colombo, R. S. Ruoff, Nano Letters, 2009, 9, 4359. 1. F|H RS WXE A A 221
AT DhREAAE T, W] LUK KRR Ry T A s dds K P A et B o TEAR 2 DhReA A S50, 28
2R Na D Re AL A A S50 Bk L& KIK EE R T ARSE, 36 A RPN S [ 2
0Lz (b)Y. X. Liu, X. C. Dong, P. Chen, Chem. Soc. Rev. , 2012, 41, 2283. ],

[0003]  FLEAK A At A FUAR S N P ) 2 TR) B BAR P ) 5 A B B 21 43 1R AT A A IO
F P A —FOGER ST, B AR, 2 e B FE R SR 20 A, B 2002 4F, Bard
SEAE 2002 ORI T ' s BV 2R RO (BCL) BRZ LR, ECL S fE s e slie 1
AT KB X8 [ 2 0 :(c)Z. F.Ding, B. M. Quinn, S. K. Haram, L. E. Pel1, B. A. Korgel, A.
J. Bard, Science, 2002, 296, 1293. 1. SR 5 4% 48 i) ECL KOG L, ROGHERARTI A4
AHAMEZE 55 BRI T e e A A AP N o BRI, S OB B 80 M B AR AR A
UF IR BT 2R R ECL St B (W B 5T H b

[0004]  ANEMNE 6 2P 28 M 1, AR RAE RN A CBAER, 5 — 2 RE
VRS AN B2 JRE P DG 4 L /0o ML A R % P M T 5 0 5 o 1K) R ML) EL A
VIR AEGIRTIIN 3R 6 I AR I Ryt e %07V BOARMERA, (E2 & R 8
BB, AT RS, HEEFE E R, TR TS s, R E 5 s AL 1R
BAAF), AR T AT . PRI, SR A R — ] 5 L DRI ey SRR 1 2 A7 7 VR SR
NENE 6 KPR

[0005] A AAT SR IHANK v BRAR IR K BB A IR AL AR 2 1 IR AR R 5 A kS R il 4 4
WA BIGAK P/ BRARANK RS / kAR E 1 25, 7T LLss 7 R4 = LA fE
FEET B A ROGYERE, R I AEYIAH A ME, K B b 3% R R AR f i A T, 2 T
ECL 2% & B 1) R AF B KM RL, 75 Sz A 2 Al R 2 W S A8 2 T Rl 1) 1 FH iy
sto BET, ETHEMARBBEYK N / BARRGKE D)/ WifkiRE 1 8 2G5 B EuL
RN PEAR KA IE W TCARE

XMRAE
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[0006] A BH MR ¥ EIRINA H R FTAFE A R 2 AL, 3 — PP TR A S IG 90K
/ FTERREAREES / i & T R E AR B A2 6 B EUL2E R G e ik s
e i) 2% T BRI 75 v, CLBAAT DL DA Ry R B AL 22 R 6 R AE AR 2R PE ) B 22 R e e
PEAE ARSI N I 22 6 (] 5 BRI (RS o

[0007] A BHfRREEA R PR AT %

[0008] A% BAS I E1 3R 6 (1) HL A 27 R O S e A Bty , SLAS RS e T < ik f iz
e R SR AE BRI FEL AR () 3R 11 78 5 A B A BRI AN K B/ B R K 2R R 4 / Al AL AR 21 o0
AW, FEFTIREN A BIGAK R/ BRI ANKERES) / L & T S8 B SRR
W 1- 43 -3— (3— " HREEEIETNED Tk W0 kIR 3h F1 N— R S B H Tk I e b 31 5 [ 5
AANANF 6 Bk,

[0009] A BHATI A F A2 6 [ B2 R O S e AL BEs , SLESFRE ST AE T TR 4
WA BIGAKF /) R RES) / iR T S 2 AW DUR BRI A A A 5506 4 [
PRL, 18 AT R AT B EA A B IR AK  / RORIR K & MR 2 A4, TR AL S =
s IRE .

[0010] AR BHETIN N A3 6 (1) FEESUAb 2% R O S P A B 1R ol 46 v, FLRE JUFE T3
TOCRIEAT -

[0011]  JPIR— ¥ 50ul HZRMAE T 20m] RN Imol/L WIIRER RSV , 68 75 AR 2E 0. 5h
S5 3RS R (R BR WSV 1) 20m1 ¥R FE A 0. 5me/m1 FRIEAK AT B9 1 Y 1 In BT 3k 2R B 1A
BV, S35 N HERE 30min J5, BRI 0. 1512g B MR %Y , Feaditk 12h, SR 5 H 28 1K
DR pH N 6 ~ 7,65°C NEZS T4, SR SBat =y, WA EAL A BIGAK B/ B
YRS EW), UL B TR, B A S Im 9k ) R RGAK B 251
Bl e B R 0. 5mg/ml A AT BRIG AR F / SRR R R B B A W

[0012] IR KD IR— S A SBIGAK T/ RN K & M5 A5
L2 B TR B R R 8. 2 X 10 °mo 1 /L A4k 4% B r VAL AR AR L 1: 3R, $R15 54k
FSIGEAIKT / RIAREANK RS/ AR 7 2 SR

[0013] B3R = B B p AR Y FR AT REA2 R 1.0 nm 0. 3um Al 0. 05 um [ =44k 48
PRI CZ B, AR5 S TE U, AR, 1595 FH 3R Fi Ak

[0014]  JDIRDYFE0 38— 15 28 FH 30 ratl B in 10 v 1 D3R — P ilA3 i A 550G
YK/ BRI GIKR & RS/ AL & T R B AW, IR T S 7R & Bk Bk b
RN BIEAIK T/ BRI AKR &MY/ bR R T A E W, i 0w 1 H
20-30mg/ml 1- £3& -3- (3— ARG IENED B — W% R B2 2R A 10-20mg/m1 N- 2 FEBEHT
T IV fiiz 2 BRI VR B8 T TR S A A S0 oK/ SRR KRR / b B T B S
VIR T, 58 20-30min, 5 [AAE

[0015]  JDIR LD IR VU B 43 B9 (AR N LA BE R 10mmo 1 /m1 1 pHT7. 4 B R Eh 2% i
AR EE N 0. Img/ml N EI/ 25 6 PUAR RIS RV 12-20 /NI, B IS FHIREE R
10mmo1 /m1 ) pH7. 4 WEIR TR 2 MPBLEVE, PR AN B Z R 2-3% IR I & A Al 1-2
/INERE S B SR RIS A I A 22 6 1 FLEUL 25 R G S e AR 13

[o016] A& BRI 1 /3% 6 (1) HR B 25 0 o S 2 A% SR 28 IR 7 25, FURE AU 3%
W BB RIA AN 6 FERIREE -
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[0017]  JDIR a R TR A A2 6 HIHEUL2E R 6 B AL IRER RN 10ul FRA A
6 FEM T, JFAE 3TCNETE 50 /8 JE BUH I Yk, 19457 00 fo 5 A% I8

[0018] IR b DU a PITAS I AF I o 2 A6 AR AE A 0. Imol/L K,S,04 1 0. Imol/L KC1
[0 Imol/L ] pHT7. 4 B IR #h 2% pP il h AT Bk 22 RO IR, 3R15 R 60, R A R
SRFE SAFIN AN 3R 6 FEIR IR AEDC 2R 2R, AT R 1A 3R 6 RS IR A o

[0019] A& B FAS I 77 3%, FLE s B AE F < T IR R UE G F il 28 42 20 ok 0 LI & 43 5l b
0. 0005ng/m1.0. 01ng/ml1.0. Ing/ml.1ng/ml F1 10ng/ml K A EH % 6 FE 5 BT ) 25 1 45
G 5% A% TR UEAT B 22 R OB IR, RTFAIRE N 1A 35 6 FF 5 T R [ e 6 BT,
K] 1 TR, 2% 2R 4% BT IR 542 3K ca Sk Ong/ml. b 2 0. 0005ng/mlc K 0.0lng/ml.d K
0. Ing/ml. e 24 Ing/ml FI £ 24 10ng/ml ;4R 5 AN EIA 25 6 A (09 B2 PRI 0 B I A AR e
DL 58 g AR bR AT LA, Wil 1 R TR . B IR B N A 55 6 FE IR A
0. 0005 2| 10ng/ml JEF N, &G0 B Rl A5 9 B )38 DR BRAIC, 5 BT e M oC 38, Rl B ik
2 0. 17pg/ml

[0020] Pk HL UMK 2 R I LU T I 2 45 I S TR Mol DA Pt AR R o HE AR L LA
R SRR B b R 2 EE AR ) = R AR R, F MPT-A B s B4k 22 5 043, 5 0 B 1. 5V 33E47
PEIR 4, 6 A E = R 700V,

[0021]  HEHHRARME, AR GG R AL -

[0022] 1. A<k B3 I FL B0 2 RO f e AR IR SE IR T XS N /2R 6 BRI, 7 v ) R
R E, & THAE

[0023] 2 AR EHAT N A28 6 FAR I 75 v i e A ot i 20, R ARG

[0024] 3 AR BHIE I SEAL A SG K/ SRR ARG RES) / iR & 1 =AY
24 LB 25 RO e A s, i BUL 28 R G Re R, AE AR A AT, B HA IR iR oe T

i =] 152 AR

[0025] 1 2 0 SR 43 5 4 0. 0005ng/m1.,0. 01ng/m1.0. 1ng/ml. 1ng/ml A1 10ng/
ml PN EA2R 6 FF AT B 2 RO IR 5 L, 3B A A v o AR 2k

[0026] & 2 M A A A SRR K/ SRR AN K 26 M5 52 A ) 4 i B R
(SEM) RAESE R

[0027] & 3 AR B AT SBIGAK R/ AR ANK RS / SR B R E AW
FIHE T B (SEMD RIELE &

BAXHEA

[0028]  SEjfsl 1

[0020]  ASEHEBIATINA 25 6 [ B S ROt S8 AR A 4 2D BRIT 4% -
[0030]  ZDER-— 4450 u 1 R IZH T 20ml YK AR 1mol/L (R B, 75 A0 2 0. 5h
S5 RIS A (R R BRI 1) 20m1 ¥R A 0. 5mg/m1 FRIEAL AT B9 8V 1 n B 2R B 1
BRI, 38 N HERE 30min J5, BRI 0. 1512g i M MR %Y , Feadit#k 12h, SR 5 H 23 1K
DR pH N 6 ~ 7,65°C FEZS T4, SR SBat =1, WA EAL A SBIG UK B/ BB
YRS AW, UL E B TR, A S Im oK e/ R AK B 25
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PC il SR BE 4 0. 5mg/ml S8 AL AT SR AN K / BRI K S e 9 5B G DT s S8 A A SR 0 h
KA/ TR REAKR G5 AW 3 i1 S (SEMD RAESE SR 2 o

[0031] IR KPR BT A AT SBIGEK  / RIARI KRB B &SRS
AL BT SV R FE N 8. 2mo L /L, ¥ 7 A KD FRFALL 1:3 M AR A, SRAFEE A A S84
YK R/ RARNEAK GRS/ AR B B AV A A SRR R/ BRI AR K
LB/ s E T R 2 A YRR S50 (SEMD SRAEZ R a3 s

[0032]  PUE = CfF EAT Amm Bhk EARAK R P A R4 1.0 v m 0. 3um A1 0. 05 1 m ] =
FALTERIER e BB, AR E ISR, JEH AT, 138 FH Bk H K

[0033]  JDERPY. 760 38— 15 24 FH 3 ratl B in 10 v 1 D3R — P ilA3 A8 A 550G
YK/ RIAREANK MRS / AR R T AR AR, IR S E A B ik BB
EEMAT BBIRGAIK T/ RERIE AR &S / bR E 7 SR AV, BN 10w 1 20mg/
mll- £ -3 (3- ZHEZEFENED ik — W IR R £k (EDC) A 10mg/m1 (NHS) N- F2IEL B8
T IV fiiz 2 BRI VR BV T B SRR AR/ BRI oK e [ 2/ Il R = i B S i
(R, 5% E 20min, f3PajkE

[0034]  JDIR LD IRVU BT 645 09 TR AE R N LA BE R 10mmo 1 /m1 1 pHT7. 4 B R Eh 2%
WA RN 0. Img/ml BN EA2 6 PR AE 4°CF RNV 12 /N, B 5
FE24 10mmol/ml () pH7. 4 BEER ER G2 TG B8, FHRAJTERIK A 2% B4 M3 & B b 1
/NI, BOHTE BERIAFAL I B/ 25 6 BB 25 Rt 5 AR IS

[0035] 7| F A S5 Jh 491 L B804 2 R B 3 A AR ARSI N 3 A 3% 6 RSN T vk 2 # an )
BIRAAT -

[0036] IR a AT A B A2 6 I HLEUL 2% RO S e AL A RN 10ul RN A2 6
FE R, JRLE 3TCRILE 50 7B e HUHTEVE , 19570 Sz AL ks

[0037]  DIE b BRI AL S AE S 0. 1mol /L K,S,05 F110. 1mol/L KC1 [¥]0. 1mol/L [¥]
pH7. 4 BERR #h % iy 134T FL U 2% RO BIINE, SRASRR I 5 2% A8 SR 1 R OGRS, B &
TR S RA I 2 6 BRSO IARHE DS R IR, FIWRRII N B/ 35 6 AR IR .
[0038] St 2

[0039] A5 ] & LAUK FEE &y 30mg/ml F) EDC F4 55 S itids] 1 AH ] B 77 V2= ) 4 O A% ks,
JIT A3 S AL AR 5 S 1 TS Sn 5 AR RS RS0 5 M TR 0L, T8 AR R AN B/ 3%
6 A & PRSI , 15 2IAH [R] 0 S A i 45 2R

[0040]  SCjEfH] 3

[0041]  ASSEHEMR]E IR A 20mg/ml NHS 422 55 SEHEM5] 1 AH 5] 14 75 15 4 G 1% A5 i86gs, T
13 o P A AR 5 St g | AT S e Ak AR T 3R 5 1 B2 AL, 3@ ek AR R A TN A 22 6
FE S PRSI0, 15 AR R S s i 45 2R

[0042]  SEJtEfs) 4

[0043] ALK S 1 Hp P ERVY “m 10w 1 20mg/ml1- £42% -3 (3- —Z %
FHRER D T Wz Eh 2k (EDC) 1 10mg/ml (NHS) N- F2 L BEHAMEY i 20 e VRS v i T
FAA BIRGUIK T/ RORIEANKERES) / AR & T s 2 AR T, #E 20min "BCh
FRE 30min, RSB IR G SLHEE] 1 AHR], Irig S et Bas 58] 1 prfs o iR as i1
TES 5 M TS ABL, T b X AH RIRRIIN A 25 6 A% S ORI, 75 S0 AH R (9 e e A i 25 5 .

7
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[0044]  SEjifsl 5

[0045] AN S SEtf] 1 rh 2D BRUY “ i 10w 1 H 20mg/ml1- & -3 (3—- —HZE
FENED Bk W Eh R (EDC) AT 10mg/ml (NHS) N— F2 J5E 58 1k W file 20 R (1R B W T
FMA BIGIK T/ BRRLAOK L) / iR = SR SR, #E 20min "Ch
“Wn 10w 1 30mg/ml1- £k —3— (3— ZHEEIE NI Tk — WZ H R £k (EDC) FiT 20mg/
ml (NHS) N— J2 5 BRI 0 il 2 e VR A 3 T8 A A S0 Aok i/ BRIl K &6l 41 /
SR E 7 S E AYIERRTE, #E 30min”, LR &M DR STiEE) | AHIR, A5 905 14 2
55 S 1 TS S 95 AR SRR B TR B0 5 1k B AR, 8 XA RN A 2R 6 A AN
73 B AH ] ) S 2 A 25 3

[0046] St 6

[0047] A Sl 5 4 S ) 1 HP ) A B CE K D IR DU BT A3 I R TRDRE SR N LR FE A
10mmo1/ml [¥] pH7. 4 WIR ERGE M A ) IR E R 0. 1mg/ml NN 6 LA 1R
4°CTF R 12 /NI 7R O 20 /NI, HAR S P IR S S 1 AH R, PSS e At Bds 5k
A9 1 FTAS G AR 2R T 30 5 P 2R AL, 3 ek XA RIS N 1A 25 6 A S RO RGN, 753 310 4H
R el e 8

[0048]  SCjtEfH] 7

[0049]  ASE it 91K S As) 1 rp D BRI FH I SRR B R 2% 194 Iy 2 1 EOh T E
WP 3% W4 MG & A, R AP R 5] | AHF, i3 e it ke 558 1 s
T PEAL IBAS T30 5 1 B ARL, 8k R AH RIS BN A 2= 6 FF RS, 15 2041 [R] 1) SR
g5 R

[0050]  SEjitifs) 8

[0051]  ASEHEBIRHE LB | AP P IR L PR NI A 2% (192 35 85 A A Al 1
NI SR PR 2 /NI, AR A D R SIS 1 AR, 1S S S AR kAR 5 S 1 AR A
P AL AR T30 5 1 2 A0, T8 sk AR R DN B A 2R 6 A RSN, 45 210AH [R) 1) S e s
MEEF
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