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Preparation of PVP-capped CdS Quantum Dot Modified Electrode
and Its Application to the Determination of Hemoglobin
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Abstract  Polyvinylpyrrolidone (PV P)-capped CdS semiconductor nanocrystals (quantum dots, QDs) were
prepared and used to modified glass carbon electrode. The electrochemical behaviors of hemoglobin on
PVP/CdS QD modified electrode were studied. The results showed that hemoglobin exhibited good current
responses to the electrode. In addition, the results of flow injection analysis further suggested high stability
and reproducibility of PVP/CdS QD modified electrode. The peak currents were linear to the concentrations
of hemoglobin ranging from 1.0X 10 8 to 2.0 10 > mol/L with the correlation coefficient of 0.9986 and the
detection limit of 5.0 10 ?mol/L. The method was applied to the determination of hemoglobin of whole
blood and satisfied results were also achieved.
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Figurel Structureof PVP
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1.1 U5

CHI830 HLAL2AAFHT AN (CHI A 7], SEH), = HiAK T
VEtRZR: TAEHMCH PYPICAS & 1 St b, ZHf
W A WL R H K AR (SCE), Sl Bh AR B A, e B i
JE AR AR (BSA A F], HA); LC-10AS BU4EFI 20
pL SIL-6B BUFE (A ], HA); &5 i R ilsi
TEM (JEOL JEM-100CX-II Electron Microscope, H4);
X AT XRD (CuKo, 40 kV, Bruker 22+, 7#[H):
Cary 50 &A1 WA WL EETH(Varian, ).

413 F(Hb, 43754 68000, Sigma A ), 21l
HE(BSA, 4> 14 67000, Sigma A1), LK
Mt bE i (PP iR AR B A R A |, 2 H
%%), Bitbii(NaS9H,0). S A4 (CdCl»2.5H,0) K 5

Bk oy e, BT LK O IR &K, Gt e s AH
0.1 mol/L f¥) pH 5.0 BB 22 M.

SR AR B N AT, DT S 0 i 43 B A
20 min, FEAGZEIIE 7R R UR R SERK.
1.2 44K PVP/CAS 2 F = 1&1HERAYHI &
121 PVPICAS T 44944

F4 0.1 mol/L i) CdCl, % 1 mL ¥\ 40 mL 5%
PVP W, A4l Ny, ZE0KKS R HEE 30 min. 4R
JEAEBLEE T 22183 A 0.01 mol/L 1) NagS % 5 mL. %
TR W TG A AR T, IO 30 min. [NV 45 RS,
I VR NI B (R TR, A 0 i RS E, T
FH IR Lok =0k, BUUTUE BRI A3 Bk H
3% S F B (TEM)BEAT A0 52,
1.2.2 PVPICAS & T & 4540 e AR 4 4] &

@=4 mm [ AlLOs ¥ A (0.05 pm)fE
R AT BE S aE, JFKIRAE 1 mol/L AR . 1 mol/L
NaOH ¥ I LA & — IR ZE AR /K ol AEBE 5 min,

¥ 20 mg R HI#F PVPICAS 1 iR AF RN
AB] 1 mL ZRZERK, BRESAE, B GiEY]
WU AR HX 50 pL B, 5 3 ul Nafion V&5 1k
EMEHL. 4 5 pl B v R v 380 A L 1) 3 e
AL, FRE, FRBT.
1.3 MmiFagbIE

At BN AT 06 1A P AR R TR A AR R B f 1, X
2 mL FFEPUBLL, &0, Wk BRI, ARk
FEARLr g iufic 1 0 10 £5F0R(0.5 mL £040 i o AL+ AR B
£h7K 4.5 mL)JEAI, B5.02(2000 r/min, 10 min), Wi B3
W, WIEEs 3~4 Ik, BREMKE AR, KA
JKHME 2mL, 7E 4 CUKFATPiET7 4 .

2 HZR5iTE

2.1 PVP/CdS EF SEMRIE
211 TEM

2 M3 PVPICAS &1 s S S LB (TEM)
K. MWER AT LLE % PVPICAS & 1 Bk Bk,
SFYRIAE N 2~4 nm.
2.1.2 XRD

MK 3 T LLE H PVPICAS &1 55 7E 20 Ab A 1R
L B F 377 i CdS fr(111), (200), (311) =AM
(JCPDS No. 10-454). X A7 5 W (1) Ji 58 W) 27 iz i A4k Al
NI, L XRD fr0& 58 a] LTS H CdS Bk
fiI R ~F K% 3.2 nm (Scherrer 2434 D=Kka/fcosh).
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Figure2 TEM image of PVP-capped CdS quantum dots
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Figure3 XRD pattern of CdS quantum dots

2.2 PVP/CAS EFmHIEMFRAM
SEERATEEMHFEIRS, 7GR T (pH
4.0~8.0) M 41 8 1 e R FFIL A M i AN v, %11
ZLE 1, HAE 408 nm A A5 1) Soret W e Ay B T LAE Ky
JIIRANR: g S PRSIl CA 003 T o 71| PPt a1 KA =3
LT 2 KB R R T UK. O T B R
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JeREE. RIS K, Hb 78 PBS (K 4a), 551
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FLF ARSI R 1. AEB el R, 2 5 iR
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Figure 4 UV-visible spectra of Hb in PBS (a), PBS containing
PVPICAS QDs (b), film (c) and PVPICAS QD film (d)
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AN T I ER TR AR A SR, REEE G M AR R
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RS A 2T 2 Bt — AR K IO SE, ami A R T4/
b IIRAR-gSNiokas7/brrtdc
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F1TH
231 IR ZEmR L

PVPICAS &1 siAE i - AE ¥ 1 1) PBS A7 %
PRI R HL I (] A @). ¥ PVPICAS &1 A B AR N
49 Hb (2.0X 10 ° mol/L)f) PBS " HEAT G AR 223144,
fE—0.25 V (vs. SCE)MHIT HHL T —A R Id Jru e (1
5Ab), 1fii HBEAE Hb W BERIIG N, Ve B gn2e i b b fin (]
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Figure5 (A) CVsof a PVP/CdS QD modified electrode in (&)
PBS; (b) 2.0X10 ©, (c) 4.0X 10 ¢, (d) 6.0X10 ¢, (e) 8.0X10°€,
(f) 1.0X107° mol/L Hb in PBS; scan rate: 100 mVes *. (B) Plot
of peak current vs. concentration of Hb in Figure A
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5A b—f, & 5B). AL AEIX— AT A, BATIAA
XIEHT PVPICAS &1 et T 20 & 1 5 k2 6]
(PR T~ 328, A5 i R0 AR sk AR bl LU 52 281 1) afi 41
B AL 2 N B A T RE. R ()4F pH 5.0 [ PBSH,
T 1E FE PR I 20 2 1 (25 H 05 pH 6.7) 575 6 HeL 1) CdS &1
RU(EE S pH 1.0~ 2.0)i@ i A AR L 45 &, RiET
I 2T 85 A 5 FAl 2 8] ) 4% F T AR 3 (2) CAS =7 A
TR BRI, A3 T i b A, AR R b 38
THMAEARERRmEM, e T H AR
K (AT CASE 1 SiAE PVPIE N 5] 0 A 1 — AN 45
[A) B, JF ELH T CAS &1 1 [0 375 i 28 = 4 2= [R] 4544y
AR - b AR E FL P TR v K A s

H TR T A SN R, T I HLR K
NSRS R, 7E 4753 50~500 mVes i [l ik
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Figure 6 (A) CVs of a PVPICAS QD modified electrode in a
PBS containing Hb (1.0X10 ° molsL Y); scan rates from inner
cycle to outer cycle are 50, 100, 200, 300, 400, 500 mVes * re-
spectively. (B) Plot of peak current vs. scan rate in Figure A

2.3.2 DPV v 5L A= i-t 7 f

Kl 7 AR IMLLE I/ PYPICS &1 i
MiF R ) DPV W . S AR AR S 1 PBS H )
Wi 3 1t 2 (K] 7a)AH G, Hb #EFLA. —0.15 V BRI (1)id i
B Hb ¥ 380, W R AR N3N (K1 7 b—f), H
WS Hb WS S R ALtk G R, RV HLg
(i-t)VE4k 852 T PVPICAS & T s I Al £ —0.15 V
P OGS ILZT 2R IR N e R i AR i .0x 1077
mol/L 1) Hb, BEAT Hb ¥ 2 (135 K Rl RE 3545 B 1 13 Ji
HLAL I Y (] 8), #3315 ] 7 AL 45 3.
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Figure7 DPV responses of a PVP/CdS QD modified electrode
in (a) PBS; (b) 20X 10°¢, (c) 40X10°®, (d) 6.0X10°®, (e) 8.0
X 10, (f) 1.0X 10 ®mol/L Hbin PBS
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Figure 8 Amperometric i-t current of a PVP/CdS QD modified
electrode response to the continual addition of Hb to PBS at a
given potential of —0.15 V  (with each addition of 1.0X 10’
mol/L Hb)
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T MR AAE PVPICAS &1 pSE i i bl b E Rz ik
AT N, fE+02~—05 V A TEE A, LLPBS{E N
M, WA 1.0 mL/min, BEFEN 20 pL [ 2.0X10°°
mol/L Hb FRyEA R, 1ML 21 8 A 7E 1A M FAl b A Ak
o I B 9b . BEAE B0 e A ok B, 2 B T
FELJ I WY BOR B, £ —0.10~—0.15 V, Hif —4
SEER. AP S5 I FL A B A S EL AT ) o ke K (1
9a), MWAFEIIAERIEMELL, P TR N —0.20 V.
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Figure 9 (&) Background current vs. potential; (b) Hydrody-
namic voltammogram of Hb on a PVP/CdS QD modified elec-

trode
Injection concentration of Hb: 2.0 10~ ® mol/L ; injection volume: 20 uL

242 AMEE. b RAEIME

LTI € TR B 73 B 46 A, W gt bt A 1M 21
BB AR BRI (I 10 FioR). E 10X 10 8~
20X 10 ° mol/L ¥ FESEIH AN B RAFLkbE R R, Ltk
T2l y=1.0841x+2X 107, y M IEHFI(A), x A Hb
(mol/L), HI1Z %k 0.9986, IR 5.0X 10 °mol/L.
FEM A S F R IESEHERE 9 WK, AT bn vt 22 (RSD) A
1.2%, VT4 PVPICAS & 1 s i Al AT 1R
UFREILTE. 54k, B Ak fE PBSH M 4 C MR
1710 d, RGN 5%740 40, BiHiZ% PVPICAS &
T RV AR A E .
2.4.3 BRI Ao A 64 ]

AV — B AT T IR S5, 75 PVPICS &
T rE AR RIS T AR AR, S AR AR i
TH A (28, 14, 7 mg)FIiLLL 5 (=~ 13 mg)KIAE N
I3 A IRAE 200 mL [ PBS H1, P 45 LK 1. s 4
REIZINE MR 2 N, 11 H 2 54 ML

AEAATH 20X10 ® mol/L M08 (. Bah,
KA SEAE) TN 5 W FE M Bk A by — S5 4 i 15
YA = BT, 5 AR ZE /N T 5%.
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Figure 10 Flow injection anaysis of Hb on a PVYP/CdS QD
modified electrode
Potential: —0.20 V; injection concentration of Hb: 1~3: 2.0X 107, 4~6:
4,0X1077, 7~9: 6.0X10 7, 10~12: 80X 107, 13~15: 1.0X10 ® moliL;
injection volume: 20 pL

1 MAE AN TIRAFET B RN e
Table 1 Recovery determination of hemoglobin in synthetic
samples

K 15 25 3%
121 475 B/ (umoleL ™) 2.05 196 208

FMEEEE S R/ (umolsL ™Y 4.03 2.08 111
41 3% N &/ (umoleL 1) 2.00 2.00 2.00
AT 3R A E B (umolsL ™) 4.02 392 406
[ /% 98.5 980  99.0

HE 4 AR T K 2 s e i A3 1) af B 48 iy Ak 2 (AL
1.3)Jc, F PBS #ikt 1000 fi%, fEAHIRIZAT NIELLHEFTE 5
W, BRI 2.69X10 ¢ A, RSD 4 1.9%, 4
A3 A P M 2T A R 2.3 mmol/L, 2974 156
mo/mL. A IR SR BRE 23 66 BEE DN A3 45 3 158
mg/mL, 15 A A 20 S Y 150~ 180
mo/mL. G545 SRR, A L ) TR RN T8
B LA HP I 2T 28 1 1R 20 AT AS .

3 g

ARICEIKLL PVPICAS 1 si B AR AR Hi bk,
XL E (L AL SAAT N BEAT TRESE. PVPICS 1 5
AMLGRFF T ML (B 5, T Has e S 2
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