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ZRERINBEIL Fe,O/Mx MK E /R RBIEE A IE
AE TR E B BRI
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, ROAR, KR AT, AR AT

(1. R ER R 2R 25 T 2, FE 2 48 M 350004 2. B K F 4098 ks, L7 B & 330031)

FE . RAICHOEHI& THRIE T IEEIIREIL Fe,O, 4K K0 T (FMC-AFNPs) & &40 kE, % 2 S Ak ik 5%
BERRINOKE (MWNTs) FeBRAH (CS) KA A AL IE(GOD) IR G M T A il Y G DU B IR MGO) 1, il & T
GOD/FMC-AFNPS/MWNTS/CS & & Bi/E Y5 As el L0245 SR 3R FMC-AFNPs & & MR AUb e IR T 7%
ERTER AR AR, 5 FMC-AFNPs/MWNTS/CS &A% R AT AE A R R b s 1 [ 2 4k GOD WA 9T
£ MWNTs HA R AT 095 B AR LR TR, AEAE RS N TV S B AL R, Al 12 20 AW 1) Pl 1 2ol
B PR v AR ) EL A AR R SR AR 2 F R A A R DU R R TR R 1.0x107 ~ 6.0 107 mol - L, il R Sy
3.2x10 mmol- L' (S/N=3) , & WK FCH BN 5.03+10° mmol - L, HA B4 ka2 P AT .

KR . B Fe,O BRAKAS ; FETRM; AR A ILNG ; LWL Ias

FED RS 0657.1

W S [ T R A R T AT A AR AL
RUA: WA IR (DR A% 15 ML R T A 4 2R
1 N5 2 P A% S T i %) TR 3B IR AR
58 R WY, 2K v I PRI ] [ T Ml 3R T ]
kT A SR A R R AR, R A, K2
HL I AR JE /N L [ T Fa A R T
S RE A RAM , fHET S R I P AR
FEPEZE AR T IS A e I AE
RS T REW W SRR T
AR DA MU R B R ) A A AR I
A RE 3 TR B AL T 1 | 10 B4R S X I B s
D RS, B oK A B i SR |
R F A B e 1 AN L) A e s vk FE AR 2 )
I FH 7 T 48 52 OG0, U R R AF ) A vT A
o F AR T AL T FL T R 0K DL Sk
Ak 2 AL SR 10, 5% B B (Chitosan, CS) & —FF &
TR IR I M SR BH B -2 b, X 8 oA
R EAME A BRI AYaesS S o
AT R YRR e ol A R TR R E ) Ak

X akFRIRED: A

Wi R T AR i L A9,

AR AR R ik — Bk (FMO) A T
RAIIREAL Fe,O4 K KL (AFNPs) MM, il 25 1
FMC-AFNPs & & 40K A1 KL IERZ D) RERG M9 0K
BT 5 ZEERRAIKEE (MWNTS) 50 B0 (CS) M 7
AL (GOD) IR A 1M B il i) Rt B e ik
JEMGOZ T , #H: T GOD/FMC-AFNPs/MWNTs/CS
A2 A IS E AR, | FH X R 28 A 1 v SR G
1 £ ¥
1.1 KFIS5=5

AT HEHE LT (GOD, EC 1.1.34, 15000 U-g")
1-(3- L F)-3-2 Hehle — W e Eh Rk N-¥%
SEBEHI MR R A IR (FMC) Se R BE(CS) Fl
3- I LRI [ Sigma. K REEIET H R
KB B TR Y R o irat, Ses K Ch —
RFRIBIK.

524 MR AR 33 5 fL T S8 68% (TEM,
HITACHI H-600) , {# 57 H-£1 4 E3E4Y (Nicolet 5700
FTIR), Autolab PGSTAT30 Hi fk.2% T.4E ¥4 (Eco
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Chemie). Jf-{#i i} Rigaku/Max-3A S£& 1 Y F4E
FHUIRIR X S (XRD) , X ST Cu K,
FRTZR (A=0.15418 nm). HLAk24100 6 F = sl ik &
i Ag/AgCl ZH M (3 mol-L' KCl) | 4224} i,
W IR B B (MGCE ) 8 HAS M B A S T AR
WA, SZiFHLf#RA 0.1 mol-L' Na,HPO,-KH,PO,
S AR (PBS,pH 7.4).
1.2 BETREKINEN Fe;04 HK LT HY

iilh=3

K FH Massart [ 7 351 45 T #EGHE FesO, 40K KL
FU9, ] [ ib FesO, & 77 (10 mg-mL™") #1534 il
A 50 pL 3-Z ARG, IR e 12 h
Yz RG89 CBERUKGE 7 R A 4L
K, 50 °C EL25 T4 i, BFS Z 3L g1k Fe,O, 4H
KT (AFNPs). R 5, FREL 15.5 mg R I — 8k
(FMC) ¥ 4.0 mL pH 7.4 /Y PBS ZZ il b, 7
JIA 63.2 mg N- #2358 71 3V 5k % A1 86.1 mg 1-(3-
TR IE)-3- 2 He Rk T R ER R SR, PiEFE 1 h
JE A 1.5 mL AFNPs 59 (0.5 mg-L") , =&
TR 24 h. SOV 58 UG 4 BT EOR. B JE
A WA pH 7.4 1) PBS FRiENT 24 h B LR
1 i) FMC.
1.3 ERERHENGIE

75 mg CS JilA 30 mL 0.1 mol-L* E&E& H, Jin
PBFER R, RS HER 2IEIE M CS W, H
NaOH ¥ 15 H pH A2 5.0 Z£47,4 °C P14

H (0.25%).
1.4 GOD/FMC-AFNPSMWNTSs/CS isE &

YRR BB AR B I &

R B8 SCHR A T8 1k ARG 3k AR
(MGCE)". ¥ 100 wL FMC-AFNPs(1 mg-mL") 5
15 wL MWNTSs (5 mg-mL") % 20 pL 0.25%) CS
VTR, EEFE S min IRAIA) K S wL iKIR AV THE
WS, 2R T, AT il FMC-AFNPs/MWNTSs/CS
BB M. 78 & FMC-AFNPs/MWNTs/CS
BEWWHINAARFER GOD, IRAHAIEIS
pL ZIR A Y T B IE I 4 °C T, AR
GOD/FMC-AFNPs/MWNTSs/CS i 58 £ 1y ot v 4% .
Z NG H AR ] A AR AN 1 R,

2 RS
2.1 Fe;O, BETEM AN FHIRIE

& 2A A Fe;O, KK 1) TEM . DA
ATLAE M, FeO, 99Kk 7 B A RIFAIERIREE#
WARI A 5], A Btk b, HoRiAe o 5 ~ 10 nm.
& 2B & Fe;O, 4 KK T XRD 3 &l H & W] A,
JIi A U FeiO, REPEGR KT XRD i1 4116 55k
YE R AR St A BRI RRAE AT 506 (ICDD £ d
JE )RR I SIEBH BT AE PR A A T FesO,
L% N
2.2 FMC-AFNPs/MWNTSs/CS FE 1 &4 B 4k

FITA

E 3A NRFEME i A 7E PBS o PG R &

Fc GOD(FAD) Glucose

Fc* GOD(FADH,)  Gluconolactone

Current/pA
3]

00 01 02 03 04 05
E/N(vs. Ag/AgCl)

Kl 1 GOD/FMC-AFNPs/MWNTSs/CS {8 i A 7 358 B B i e Bl e A LR B 1
Fig. 1 Schematic representation of the GOD/FMC-AFNPs/MWNTs/CS modified electrode and the mechanism of oxidation of

glucose
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AL . TIRBRINAEAL Fe O /B KA /5T RMEANAK I 5 AT A0 =) 1 B AR R AT 5
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Fig. 2 TEM image (A) and XRD pattern (B) of the synthesized Fe;O, nanoparticles
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& 3 A.CS (a), FMC-AFNPs/CS (b)#ll FMC-AFNPs/MWNT/CS (c)FE#%1E 0.1 mol-L" pH 7.4 PBS I, 100 mV -s* $347%
RANEFMR 222 ; B. FMC-AFSNPs/CS HLH 7E 0.1 mol-L" PBS (pH 7.4) V& W A S AL R L 17 5 Al R e &
&k (343 22 i N E M350k 50, 100,200,300,400,500, 600,800 F1 1000 mV s, 47 &l - W i 544 i 2 14 G

ML)

Fig. 3 Cyclic voltammograms of CS (a), FMC-AFNPs/CS (b) and FMC-AFNPs/MWNT/CS (c¢) modified MGCE at 100 mV -s™
(A) and FMC-AFSNPs/CS modified MCPE at 50,100, 200, 300, 400, 500, 600, 800, and 1000 mV +s" (from internal to

external) in 0.1 mol-L" PBS (pH 7.4) (inset: plot of cathodic peak current (a) and anodic peak current (b) vs. scan rate)

2k, BRI LA Y, CS B4 H b JE B i i) 4801k
W JEE 2k a) , 11 FMC-AFNPs/CS Hibl 531 T
— X AT 3 ) AR AR iU | EEHL 057 43 51 R 202 mV
267 mV (i ZE b), X X} S Ak I8 5 X R T
FMC-AFNPs & & ¥ — % 4k (Fe) 19 E A ik J5 i
T, R FMC C Db [ E F R SR . 1Ah,
FMC-AFNPs/MWNTs/CS HLAK b2 8 T —XF Fe
P AR Ak T 0 L0 P 0 B S 3 K (1t 4k ¢). ik 2
HF MWNTs (9777 B b i35 1 F bl % 1 1) 5
2R U S 1K (S B R 5 e e SR LS D BIEBIED)
T Fo FTHLBR [H] A F 1% 3 . 1 rip 3% 2e g R 4

i 100 J&J5 , HE L AR R IR AR FL Y 95% , 3R
HH FMC-AFNPs/MWNTSs/CS Hi % Hi Ak 24 1 g -+ 4
FaxE ,FMC-AFNPs & &)t Fe,O, i MV BE 7T
HAEHMEIZE T A8 8500 [ 7F f i e, HLE—
g CS ZAL MR YR B o, KWk,
FMC-AFNPs/MWNTSs/CS & i i) MGC & i il A
Y fif P FMC 7 F B 2% 1T A9 i O 0] . (&1 3B oy
FMC-AFNPs/MWNTSs/CS & &4 il 7£ 0.1 mol -L*!
PBS(pH 7.4) 2%t A Rl 3 32T A PG PR
Tk, AR ORI, AR R F R
AWHE K, RN BB R, 456 7T



.36 . &,

= 2014 4F

FMC-AFNPs & &Y Fe /K5 T R 4F 1y L fb
. 7E 50 ~ 1000 mV -s 4 Bl Py e L 7 5
TR E L (] 3B A D) , 28 W AR S i aok 72
R T il 2k R L
2.3 RNEEIHBRMNEEREBEL

(] 4 Shy A [ 8 s FEL ARG 1) 7 26 B L A A AR A 7
R ZE k. %< MWNTs 7EGOD/FMC-AFNPs/
MWNTSs/CS A= P15 B S Ay o AR, A T
GOD/FMC-AFNPS/CS F1GOD/FMC-AFNPSYMWNTS/CS
AV AT . Il 4 7T 0L, GOD/
FMC-AFNPs/CS it (Hh£k a) il GOD/FMC-AFNPs/
MWNTSs/CS Hi % (HHZE b)Y H BT — X} n] 9 ) Fe
WA AR 5 {H & MWNTSs (&G Lk 1 Fe
AR B G FL B A 24 1m) PBS HOIn A A
¥%J5 , GOD/FMC-AFNPs/CS F1 GOD/FMC-AFNPs/
MWNTSs/CS L 3 52 I A Ab DA A I s/ N )
B e B P R AE A FL AR A A AR A R 4B R
Ak fE. SR, GOD/FMC-AFNPs/MWNTSs/CS Hi
e (MIZk a’) B2 0 F A A me 07 R IS i 3 KT
GOD/FMC-AFNPs/CS Hi#l (14 b'). XEBH A E
AT MWNTSs IAATE, AU K T R R TH A
BB, A A Ak R T 2 Rk
SRy R R e I (B R e s o e
el IE , SN T Fo AIEZTH A AL T10] )

6
b
4 .
< e Sa'
I 2f
5 b
g ..... a
O 0
[
20

O.‘O Oil 012 013 014 015
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Fig. 4 Cyclic voltammograms of the GOD/FMC-AFNPs/CS

and GOD/FMC-AFNPs/MWNTs/CS composite

film in the absence(a, b) and presence(a’, b’") of

3.0 mmol-L" glucose in PBS at 100 mV -5’

Tk , 4R 0 T FA A rL A P B S
2.4 GOD/FMC-AFNPsSMWNTs/CS B4R H)

BEE R 4

&l 5 5y GOD/FMC-AFNPs/MWNTs/CS HiLH )
wizEpER N 2. BT, 247 0.1 mol- L' (pH
7.4) PBS H N A A B , FLH A A e 7 H I 22
K,10 s N EPAT 3K B i KA HLIE (95%) , R IIZ
FL BB OS2 W ) A e 1 o 4 TRk S R )
P FEITY T GOD/FMC-AFNPs/MWNTS/CS
FL I ) — 24 235 ) T 1) 70 2 0 ) PR AR PR PR e
B, TS 224547 () MWNT's 18 184 B P i 25 F -
SLRVER, Bk B 7 M GOD JiPEH L2 A
Py HAR T AL 36 . AR 5 A IR A il £k T
DIE W, WA EETE 1.0x10° ~ 6.0x10° mol - L
70 [l PN 5 2 0 R ) L e A R AR e G
R, MHXRECH 0.999, KPR K 3.2x10° mol -L*!
GOD/FMC-AFNPs/MWNTSs/CS Fi, 1% 1175 % 4 v fi:
B FF A K RN Iy 2= RR A, WK [CH B0nT By
Lineweaver-Burk J5 F219205|&. .

app
KM .L+ 1

1
]SS ]max C Ima

K 1 I AR GRS TR RN, C R
IR U B 1 R SRk B RR S 1Y
WL AR SZG I A5 HUBZ B GOD Y K, 4 5.03x

10° mol- L™, ixfHESCHRIRIART 14.9x10° mol- L2
6.87x10° mol - L' 6.6x10° mol - LM% , 3 B i%

6 6
»
5F%4 M
E . 1.0 mm(T»L ‘[M""\(

4l B,
< (\w
3 ]
S ,.-' o
S 3r o VI
= 0 . 2 4 o 6 0.5 mmol-L"
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0.1 mmol-L"
1 _0 01 mmol.L" 0.06 mmol-L ‘l
0 -L—ﬂ’wm ;
| 0.03 mmeL'I 0"2 mmol-L ) )

150 300 450 600 750 960
Time/s
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2 W22 B O 2k (A ] L RS 2R
Fig. 5 Typical amperometric response of the GOD/FMC-
AFNPs/MWNTs/CS modified electrode at 0.3 V

Inset: Calibration curve
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FACTEAE . IR BRIBEAL Fe O /B ANRAE 50 RIEANOK I 5 A 4

a7/ R S P <37 -

52 G GOD X ) 25 WH A 5 A= W) 2% R 0 R s
AT M.
2.5 EMHE. REEMRTIHE

GOD/FMC-AFNPs/MWNTSs/CS Hi 1% 16 & (4 °C
I VKAR ) PRI, e 97 FL AT PR B 90% , 26 BHZ
H B A R4 ryAs e M. B 3 T 1.0 mmol - L
FEIZ 0% PBS HLARIR S UCPATINNE , AR AR
2= (RSD) N 2.8%. [RIHtt 5 =2 Miff A Al 7 A [R] HL i
WEATHEI ) RSD H 3.9%, B H B 31 B 4.
1E 0.2 mmol -L' %5 ## PBS Hi fif ¥ fim A 0.1
mmol - L HTIRIMLFEZ AT 0.1 mmol - L JRAR, %5 E
B, FEE LAY 0.3 V BN FAG, iR B Ah 9 Y
FETEARTE I IZ F AR A s A e 1, Lt Tk B
it
3% i

AT —Fh B T GOD/FMC-AFSNPs/
MWNTS/CS S i e 14 B Al S P FH 173 26 Wl v R
ECRI 8 5 1% 2B RS R DR [ AL
FITEPERRAE T A oA s, HLA BB 1k T Ak
FMC 7 Bl R 1w B i 2 . 25004 T8 06)2 TP iy
MWNTs R A3 35 2 4 g 18 0 5 ) 5 L A A
ALLERTAIAN, MR M = T R A R A %
FE, G 14 ) 2 W ARG T 1) R P TR R 1.0x10° ~ 6.0
10° mol- L, KM PR A 3.2x10° mol - L, 5 B T2k
iR IR
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Design and Development of A Novel Glucose Biosensor Based
on the Ferrocene-Functionalized Fe;O, Nanoparticles/Carbon
Nanotubes/Chitosan Nanocomposite Film Modified Electrode

PENG Hua-ping',ZHA Dai-jun*, HUANG Zheng-jun, CHEN Wei', LIU Ai-lin"", LIN Xin-hua"
(1. Department of Pharmaceutical Analysis of the Fujian Medical University , Fuzhou 350004 , China; 2. Institute
Jor Advanced Study of Nanchang University , Nanchang 330031, China)

Abstract: A novel platform for the fabrication of glucose biosensor was successfully constructed by entrapping glucose oxidase
(GOD) in a ferrocene monocarboxylic acid-aminated Fe;O, magnetic nanoparticles conjugate (FMC-AFNPs)/chitosan (CS)
/multiwall carbon nanotubes (MWNTSs) nanocomposite. The formation of FMC-AFNPs could effectively prevent the leakage of
ferrocene and retain its electrochemical activity. This GOD/FMC-AFNPs/CS/MWNTs matrix provided a biocompatible
microenvironment for retaining the native activity of the immobilized GOD. Moreover, the presence of MWNTSs enhanced the
charge-transport properties of the composite and facilitated electron transfer between the GOD and the electrode for the

electrocatalysis of glucose. Under the optimal conditions the designed biosensor to glucose exhibited a wide and useful linear range
of 1.0x10% to 6.0x10”° mol -L" with a low detection limit of 3.2x10° mol-L"'(S/N=3). The value of K:ip was 5.03x10° mol -L",

indicating that the biosensor possesses higher biological affinity to glucose. Furthermore, the biosensor possesses satisfactory

stability and good reproducibility.

Key words: ferrocene-modified Fe,0, nanoparticles; carbon nanotubes; chitosan; glucose oxidase; biosensor
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