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Abstract: In this paper, a novel electrochemical biosensor was fabricated based on CaCOj;-chitosan composite nano-
materials, which was characterized by cyclic voltammetry, electrochemical impedance spectroscopy, chronoamperome-
try and scanning electron microscopy. The electrochemical behaviors of redox protein (enzyme) were studied in details
and the new methods for determination of H,O, were developed. These studies enriched the study of biological electro-
analytical chemistry, expanding the scope of the application of nanocomposites.

Keywords: Nanocomposite; Electrodeposition; Protein (Enzyme); Biosensor

ETRMRAKERS - SRES SN NNELFEEY
RS AR

Airet, fm=E, RBAPE

P S A AL 2 A IR AT, RIS
Email: 1hongyel@163.com

Wk H: 2012486 H 21 H: EEHWM: 201247 H4H: FHEM: 201247 H17H

o E: AR TR - SERMER S YORMRE T 2 ML s, RIIE R ik, AL 2 BB
T 228 R A B BORXS HeE AT 7 RAL, WFT 1 AL I 1 o (Bl 1) EL B FEAL A AL A R IR, 57 T
W H0, MIHTTT % ZWHRFE T AEMR AR NE, IR T EE KRR N Ve .

SR HAYRTRL BTG ERE: Rk

Ik

L 5 F Nafion 12 Hie 35 TR AT, 19T Hb

T A BRI HBR P 0 KA L AR R0 A2 M A% 1 3
1l £ 77 V5 T R B = AR I R B A 0 A ) A% Jk
A HEEE L FESFRGIRAE T, GRS
THAA R, RIS NETE &SR8z
R T Hy0, AL E Yt e iR, Shanl12%
IR AR BRIER S, 53 SR 4 1L 4125 1 (Hb)
RV E PIME A AE Bk PR R T T A 2 1 HoO, AR IR
%, KLY Hb MEER TREIFIG T R
RF . Sun R 224K Hb. Nano-CaCO;

Copyright © 2012 Hanspub

(B HL T A AT Ho0, T HLEEARAT

— o5 HRLTUARIS A M) 3 A 0 A S i 7R T ) AR
ZJiike—, WRHBPIRZ . NHET 0 —Fh.
IR BAR IR, I BER S P prifl s AR S
RAEATRST Ko H AITA I 52 RS 7 PR pH {E
AR AR AZ AR PR Ry A [R] IR K 8 K A e [R] SRR A H AR
R TE TARER D . 5ERE > ek halia 24
TR, HAE O IR i AL S A
JEAS AR R 2 F R, SRR pKL A 6.3, iR

15



T HPTBIRRIRYS - 52 R WE R G AORPRHI Fa A6 2 A W A T (X 2 P 7T

W pH /N T 6.3 I, @EEEF 1k, 5ERIEAK
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VAR A BN BRI R KA R TR B R
TEE TGRS TR S F Al & B pH {E
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nanoCaCO;-chit/CILE & /&%, W7t Hb i B #% ik 2
AT A, BRI H0, FIHT 7%

2. SCEGERSY
2.1. R FIFLEE

A= 141 3 (1 (Hb, M.W. 64500, 3% [H sigma 24 7)),
1- £, 5 -3 F I ok 4 O G600 R £k (EMIMIBF,, 4l % >
98.5%, =MLY FLIT), Ak Otikal, EZ
ERLAAFIBE R AT, FRBE(Chit, MW.1 x 10°,
Wt ZBKEE > 90%, iR R AR A R TTEA F),
AL BRI S 4% (CaCly, NHHCO;, REER KA
KA, dEAEWW, 30%, PEbERA) ),
HERFI A, 0.1 mol- L HYRARR £5 22 A ik
(PBS){E N Fr LR, ST 0.1 mol-L™ NaOH %
EE 0.1 mol-L™" HsPO, ¥R 11 A Y pH . Wl
I E E AT 15 min (4. A AL A
KHE=Zml RS TRy AN, Sd
WA < R (SCE), Bt N2z . &R
FEREIR(Z)25°C £2°C).

2.2. Hb-chit/nanoCaCO;-chit/ CILERY# 3

2.2.1. BFRATRMER(CILE)KHI&

AN R LR A SRR BT AR AR AR A i TR
A A% BT R B VR B F AR PR B BT AN TR
= R LK, S Bk (ALK 22
RO RERIIE ;s WERBRE RN, BRI G
K/ HAE LAY o ARSI i 240 F LR G LG RREX
32 g fiaky, ®H 300 uL &R 1-23E-3-F 5k
M4 O GECH R £ (EMIMBEF ) AT 700 pL AR A i T 30 3
WHAHIR G5, FRESIMBRIEN PVC &
2] 1 em(® =3 mm), kK, RAMWLIENTZL: 1
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FREACEITEE BT, RP#173 CILE.

2.2.2. RRFERRRECE

1.0 wt% 5o MR . BLH] 100 mL 0.5 wt.%
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ok ke

I — & &1 CaCl, fl NH;HCO; ¥ f#7E 10 mL —
WK, f[Ca® 1N 9 mmolL™, [CO* A 18
mmol-L's ] 1 mol-L ™' HC1 ¥ pH {H A5 % 5.0 £ 4,
SR I VA P N ) e 7 5 SRV R, A R B2
0.5 mgmL ™', PRI pHAET 5.0 247, Rk
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FECRARR R X IRE) pH (EEGEIE K, Y pH 1E
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Bl 1 BTN K B il 4 16 B AR FH — IR 2R AR K ph e 2
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Figure 1. The principle diagram of co-electrodeposition
CaCOs;-chit composite nanomaterials

1. BHFIHTR CaCOs-chit EEHRMHHREREE

Copyright © 2012 Hanspub



BT A TIBRRIRES - 7o JE G GORMRL) FLAb A AL ) A% Tk X ML BF T

3. &R 51he
3.1. nanoCaCO;-chitE S KM B R TR

FH 434 v 7 R 18R (SEM)RT L B 21 CaCOs-chit
HE YR RESEEAT T 0B 2). AT,
FE B DR B NEREFRL, R F K/ANZIN 100~
200 nm, JEARBE, HEFIEFP: d@dixiEm &M E S
YRR SRAS [F) T Hoph 7 ik & B A3, HoRiAR s
N, R AR R AU, AR SR B Ak
MBS HAR T A L T A AR FIES, wTRe T
TE FL YT A AR PR 2 RSCTE 5E AS (] T3 S P

3.2. NEEIHRREIRLFET

HL AL 22 BH BT (ELS) BT LA Ha AR 3R A& 4 11T s BH
PR AL SRS B0 1 3 73551 AR CILE. Hb-chit/
CILE F1 Hb-chit/nanoCaCOs-chit/CILE 7 1 mmol-L™"

N ’o.c el

U ';.‘f'o

X10,000 08 37 SEI X30,000 0.5um 08 32 SEI

Figure 2. SEM images of spherical structures of CaCO;-chit com-
posite nanomaterials prepared by the co-electrodeposition with (a)
Low magnification; (b) High magnification
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Figure 3. Electrochemical impedance spectroscopy for (a) Bare
CILE; (b) Hb-chi/CILE; (¢) Hb-chi/nanoCaCO;-chi/CILE in a
solution of 1 mmol-L™" Fe(CN)6*™ + 0.1 mol-L™' KCl as the sup-
porting electrolyte; The frequencies swept from 105 to 10~ Hz
3. £ 1 mmol-L™' Fe(CN)6*™ + 0.1 mol-L™" KCI jBi&PTF1&
#sEaARAY EIS B (a) CILE; (b) Hb-chit/CILE; (c)
Hb-chit/nanoCaCO;-chit/CILE ; $iZESEE: 105~107 Hz

Copyright © 2012 Hanspub

Fe(CN)e> ™ + 0.1 mol-L™" KCI ¥ i) s Ak 24 B BT
o MHE Randle 1 Ershler #EGU, % 1 B HEAT L& (U
Bl 3 PsmSE R eg), HEASH LS HPI(R)
43974 303.5 Q, 540.5 Q A1 1166 Q. FH chit, nano
CaCOs-chit F1 Hb # R E € £ | CILE I, Ry
HIZHETE R T 5258 M, nanoCaCO; il Hb =1
SHPEREZMHIH] T Fe(CN)e™* H%E 7E HUAR A THI )
TAEH.

3.3. HbZEHb-chit/nanoCaCOs-chit/CILE
HEEBLE

& 4 Az, BL Hb-chit/nanoCaCOs-chit/CILE(HH
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4R, Hb-chit/nanoCaCO5-chit/CILE 1] Hi Ak, 2 i f&
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Figure 4. CVs of (a) CILE; (b) nanoCaCO;-chi/CILE; (c)
Hb-chi/CILE; and (d) Hb-chi/nanoCaCO;-chi/CILE; (e)
chi/nanoCaCOs-chi/CILE in 0.1 mol-lIf1 pH 7.0 PBS at scan rate of
0.2 Vs~
4. 7£ 0.1 mol'L™' pH 7.0 PBS P AREEFERNBEFALZE
(a) CILE; (b) nanoCaCOs-chit/CILE; (c) Hb-chit/CILE; (d)
Hb-chit/nanoCaCO;-chit/CILE Fl(e) chit/nanoCaCOs-chit/CILE;

HiE: 0.2V
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H52 7 {E pH="7.0 5} 0.1 mol-L ™' PBS 22 Va i 4
FAFFHE T, Hb £ Hb-chit/nanoCaCO;-chit/CILE
ERPEIRMR 24T N 5(A)). IR, 7£-0.8~02V
FIHALYE I, 24 PL Hb-chit/nanoCaCOs-chit/CILE A
TAE AR, AR B — S R AL
W JEIE, BEEFEE N, Hb Ak, &R
AR UMK, HUEf RS 0 5 R 2t ok R (B
5(B)), LRYEFIHATFED N LauA)= 129 — 32.41v
(V-sh), 1=-0.9988, I, (nA)=5.54+44.82v (V-s"),
r=0.9981, i Hb 1 F b Ik Fi A 2 11 W 4% i A2

AR A 20(1) AT R4S HAR R T A FE 14 Hb 1
I 25 FE(T):
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BEAT ARGy, AT SRAS S U H M 11 3R 1T 78 25 VR B (T M
1.43 x 10 mol-cm . i%{H Lt ¥ 2 Hb W Fff 2= 4R Al R
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nanoCaCOs-chit/CILE B H % £ KR S EAL &5 . AR 4E
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Figure 5. (A) CVs of Hb-chi/nanoCaCO;-chi/CILE in 0.1 mol-L™
pH 7.0 PBS at different scan rates. Scan rate (from a to 0): 0.1, 0.2,
0.3, 0.4 0.5, 0.6, 0.7,0.8,0.9,1.0,1.1,1.2,1.3,1.4 and 1.5 V-s ', re-
spectively; (B) The plot of |, vs v
& 5.(A) 7£ 0.1 mol-L™'PBS pH 7.0 PBS 1, R[E$IET Hb 7

Hb-chit/nanoCaCO;-chit/CILE L AIEEFRMARE(E a B 0): 0.1,
0.2, 0.3, 04, 0.5, 0.6, 0.7, 08, 09, 1.0, 1.1, 1.2, 1.3, 14
M15V-sT; B)l,vsv
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3.5. pH{ERY SN

R T pH HAL, X Hb-chit/nanoCaCOs;-
chit/CILE PIIEHR AT NI m(E 6(a)). FHIHR
pH BRI, 28 F Rk 1 2 & HAT m) 705 1 RS 3,
1M HAE pH 4.91~9.18 Ju [ N I3 T I8 RiF. JLTF
SRR R 2 2k . A5 pH {H 2 RIFMIZ M
Z(K 6(b)): E“=0.1012 - 0.0615pH(n = 6, r = 0.9988).
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HEME(-59.0 mV pH Y%L, W Hb K4 H T8
MR, SEERE SRR TR Hb MELIE)R
T AR AT ] B R R R,

Hb heme Fe (IIT) + H" + ¢ <> Hb heme Fe (1)

pH {EXf[E 52 #E Hb-chit/nanoCaCOs-chit/CILE H
(1) Hb 15430 S50 F I B R TR s e (B 6(c)), B
Tt pH (EH A FIAES, JEReE R R A
TR AEYEYE, BTLAZSRER IS pH 7.0 1E i
pH LAA BB K RBE. FHoh, BT chit 1 pK, A
6.3, MIFEWH pHE > 6.3 I, chit NAFKIBELA,
7] PUREIE Hb-chit/nanoCaCO;-chit & &¥1RFaE &
MRTE R T AN s WM pH < 5.0, JHLIEE
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Figure 6. (a) CVs of Hb-chi/nanoCaCOQ;-chi/CILE in different pH
values of 4.91, 5.29, 6.24, 7.17, 8.04 and 9.18; (b) Plot of E” vs pH
value; (c) Plot of | vs pH values. Scan rate: 0.2 V-s ™'

6. (a) Hb 7E Hb-chi/nanoCaCO;-chi/CILE LZEF[E pH &k
(4.91, 5.29, 6.24, 7.17, 8.04 F1 9.18)Fh I TFEFR R E; (b) E” vs. pH;
(¢)| vspH, HiE: 0.2V
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3.6. Hb-chit/nanoCaCOj;-chit/CILE_EHb
STH,O, AR L ITA

N %%% Hb-chit/nanoCaCO;-chit/CILE Hi#% I Hb
FIRAEALTE T, R 2 BHAE AL T Hb S Hy0, 1
HLAEALAT (B 7(a))o AR IAI AN BT B 4 1 AL 1)
PBS ZZ R (pH 7.0) N A A FARI Hy0,(0.01
mol-L )&, A LARL 5] Hb f Ak i8 J5 B i\ HyO,
TR R R M BRRIG N, 1531 95% 1A e FRLIA I BL )
iHA)ZNT 3 s, 28 Hb-chit/nanoCaCO;-chit/CILE AR
ST H,O, MR N IR . Hb HIBAL LIRS H,0, Mk E
BEMXRE (b)), HLMERN 5.0 x 10 mol-L '~
1.3 x 10 mol-L ", HLEVERITFFEN = 10.83 + 5.1 x
10° Cyo, (n =52, 1 = 09994), KA 1.6 x 10°
mol-L ™" (SN = 3). MILLEMERLE 5.15 x 10° pA-uM ™,
AR RBUE N 0.16 AM em™. ZEITEE K TS0k
B 0.06 AM em 2 10.045 AM em 22, g/ N T
0.6 AM cm? F1 0.234 A-M "em 2B, Z& 1 b
() RS H T nanoCaCOs-chit &K AHRl gL 2T
HE NSO T R A IR H R
AT AR S

Lineweaver-Burk J5 2P A] FI T 3R @ FH T PEA Bl
AWV B RRIE B /15 S KR A

1/ISS = I/Imax + K{?/?p /([maxc)

A, I ARSI e AEBRKEESHIN: C NE
VIREE . 4 FLIR 2 B IR S RO A5 I, 7R — g JE
W, SR RUBIEOE( T, ~1/COERK 5 3] — 4 Bk
(E 7(c)), MILRIZHEAEIE R Hb AL IE IR H,0,
(i K2 R 8.17 x 10 mol-L™", 5 3k A& ({5 AH
EE, B ZICT Hb [E 7E 7E SP sephadex 1] 1.90 x
107 mol-L™'PAN Chitt-Aus/cys fEHF ) 1.40 x 107°
mol-L 3% K HH nanoCaCOs-chit 5 & HE AL {14 Hb
ST, X HoO, L R R AN T

3.7. ERBHREMRESY

# Hb-chit/nanoCaCO;-chit/CILE - 0.1 mol-L™' PBS
(pH 7.0) MR LL 0.1 Vs~ LT3 50 B, 4
A3 SR U FL R R S A L LT8R AR AR AL, B BT
P AL IR AR Ve R 4T
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Figure 7. (a) Amperometric response of Hb at the
Hb-chi/nanoCaCO;-chi/CILE when successive added different
amounts of H,O; into 20 mL stirring PBS (pH 7.0) at the potential
of =04 V;(b) ,vs C, , 5() 1" vs c:zoz
7. (a) ELEMATREIRE H,0, Bt Hb-chit/nanoCaCOs-
chit/CILE £ Hb BRI ZIGERMEL; (b) ,vs C,, 5 (©17'vs
c’ 0, } FRi: 20 mL 0.1 mol-L™' PBS (pH 7.0); BE{if: —0.4 V (vs SCE)

Hy

FEARIAE] PBS Sz, F EHEAI ) 6 3 Hb-
chit/nanoCaCOs-chit/CILE X} 1 x 10~ mol-L™" H,0, i
TN, RIS RSD N 4.3%, 2% B FTRy i
R M R AF.

FH 5] —3% Hb-chit/nanoCaCO5-chit/CILE %} 1 x 107
mol-L ™" HyO, SEL AT E 14 Ik, FRME—IK, H
FLI I B (1) RSD A 3.9%, KT LI as
PER I

4. Z5ig

KISCKH— P HUTRNE, b T S50
# nanoCaCOs-chit BA 4K KL, FHHE T Hb-
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Hb KA TP E#ER T, HX H0, RILH R4
P HEAGPE R . B R I R R . 3X — T THI PT R
R i i — 28 B PR B il 46 1Y) nanoCaCO; R4S
BN, EEREAR, 0 Ais), N Hb #4E T EZN
TEESL AL, RS Rl R R, S —J7 1
A] {842 BN nanoCaCOs-chit B & 4Kk B A RIFH]
AEIARZS TS Hb BRAS AR L7 I R FF N HoO, i ALIE SR
HIAYETE . B TT R AL S AR A% S ) A A R
T MBS Bl £ 1 nanoCaCO;-chit & & KA+
B AT LA T AR ., mHEaEEH T2
VoI SEHEAPRLII A TS A . B AR
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B, RENR AR TS A D, A
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