% F F R oo

ACTA CHIMICA SINICA DOI: 10.6023/A13030285

—FP T BUEE A 4 Rt B ot PRAR A I R 1S RERT R
AiEEe XES RRELET KANET Bhader

(WA R T 2R A2 AE IR S T R E K TS E KV 410082)
CHEE EaEEE K 410015)

WE BRI (CNT)F -HRWIRS (B-CD)Z [ a8 S fEH, 920 CNTs ¥ g-CD Zhikfk. p-CD HAT P fls
Bk AMEESEKIIHOR G50, TE P 28 5 5 Bk (Fo) G B E I R R AR LA 4548, SEIIL Fe AEDRANRAE 1% v A T 35
¥ CNTs-p-CD-Fe 4595 A Hi S LB (GOD)YIR A, K I W8 s IR 7)1 W] (938 1K, JE A GOD/CNTs--CD-Fe &
G, SR JE R R BB R (GC) b, 45 B —FhoEr B e A P 0k} L i BH A (GOD/CNTs-B-CD-Fc/GC). K H [F] 20 #4
SN B AR LT AN FE S F T BB BT 1) CNTs-B-CD-Fe EAWAT T RAE, RAMMAR k05T
T GOD/CNTs-5-CD-Fc/GC HLM A A 2 M A AL I E AL PE e, 25 R TERIS5SE0 414, WA H %K Fe 1 GOD/CNTs-
B-CD/GC B FEAR T ML BT, 11T GOD/CNTs-B-CD-Fe/GC HLMK L H E GOD/CNTSs-Fe/GC HLA 5k H ki e fi Ak
fe. #—2 Ll GOD/CNTs-f-CD-Fc/GC HiMa, GOD/CNTs-Fe/GC H Jy BB, 7 H 4L E-TEK Pt/C HAR(E-TEK
PY/C/GC) IR, i 2 B/ 4 S B R FEML(EBFC), 45 28 W Rl 1 i K Ih R 5 2 (33 pWeem 2, 0.18 V)L TR
B ZAE(LT pWeem 2, 0.16 V). BRI H A7 B S 1) (94240 98 T EBFC (fF&5E 1, L GOD/CNTs-f-CD-Fe/GC
FLAR A FHAR ¥ EBFC AE 42 TAE 9 h G MR T 92% 1 JT % My, A Z M A RAFIELL TARR e . A3
R R AR YRR U B AR G T v, A R PERE . R AR E MERO TR/ EBFC R4 TR BB

RERE RAUKE; ORER B-EOBIRG; AR AR AR

Construction and Performance of a New Bioanode for Biofuel Cells
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Abstract Acid-treated carbon nanotubes (CNTs) were functionalized by S-cyclodextrin (CD) through the van der Waals
force between them. It is well-known that CD is toroidal in shape with a hydrophobic inner cavity and a hydrophilic exterior.
Based on the recognition of CD to ferrocene (Fc), a water-soluble complex, CNTs-4-CD-Fc, was prepared. Glucose oxidase
(GOD) was mixed with CNTs-f-CD-Fc and crosslinked with glutaraldehyde to form enzyme polymer. Then the
GOD/CNTs-f-CD-Fc composite was coated on the glassy carbon (GC) electrode and the GOD/CNTs-B-CD-Fc/GC bioanode
was obtained. The prepared CNTs-4-CD and CNTs-f-CD-Fc were characterized by thermal gravimeritric analysis, fourier
transform infrared spectroscopy and transmission electron microscopy. The electrocatalytic properties of the
GOD/CNTs-f-CD-Fc/GC bioanode towards glucose oxidation were investigated by cyclic voltammetry. The results showed
that under the same experimental conditions, the GOD/CNTs-f-CD/GC electrode (without Fc) had almost no catalytic
currents for glucose oxidation and the GOD/CNTs-4-CD-Fc/GC bioanode had higher electrocatalytic activity towards
glucose oxidation than the GOD/CNTs-Fc/GC electrode. The long-term cycle stability of the developed
GOD/CNTs-f-CD-Fc/GC bioanode was also evaluated by cyclic voltammetry and the results showed that the
GOD/CNTs-f-CD-Fc/GC bioanode had much better stability than the GOD/CNTs-Fc/GC electrode. Taking the commercial
E-TEK Pt/C modified GC electrode as the cathode, the maximum power density of the glucose/O, biofuel cell (EBFC) based
on the GOD/CNTs--CD-Fc/GC anode was 33 pWeem > (at 0.18 V), almost 3 times higher than that of the EBFC based on
the GOD/CNTs-Fc/GC anode (11.7 pWeem 2 at 0.16 V). The stability of the developed EBFC was also investigated by
monitoring the change of the open circuit potential (OCP) of EBFC. After continuous operation for 9 h, the developed EBFC
(the GOD/CNTs-f-CD-Fc/GC electrode as the bioanode) remained 92% of initial OCP, suggesting the good operating
stability. The proposed strategy for bioanode preparation may provide a new way for the development of glucose/O, EBFC
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with good perfomance and high stability.

Keywords carbon nanotubes; ferrocene; f-cyclodextrin; glucose oxidase; biofuel cells
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Figure 1  Schematic diagram for the preparation of the GOD/
CNTs-4-CD-Fc complex
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Figure 3 The FTIR spectra of (A) pure CD (a), CNTs-4-CD (b) and (B)
pure Fc (a), CNTs-f-CD-Fc (b)
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TR TESUHAERL, R Fe MEIAANS S CNTs--CD 1)
FESR. 1M 4B 1) ao-CNTs FMEESRL AR A Wi, v
HIE 4A F14C W EIR 2k AT g-CD (WAL, K
7t CNTs-f-CD Fll CNTs-A-CD-Fe ¥ i g-CD ERIh &
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50 nm

B 4 CNTs-5-CD (A), CNTs-Fc (B), CNTs-g-CD-Fc (C) #
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Figure 4 TEM images of CNTs-4-CD (A), CNTs-Fc (B),
CNTs-f-CD-Fc (C) and GOD/CNTs-4-CD-Fc (D)
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[ 0.1 moleL ' PBS Z&#ifi(pH 7.0)H1 1) CV Hi£k; F793: 10 mVes ™!
Figure 5 Cyclic voltammograms of the GOD/CNTs-f-CD-Fc (A),
GOD/CNTs-F¢ (B) and GOD/CNTs-A-CD (C) electrodes in 0.1 moleL ™
PBS (pH 7.0) buffer solutions with 50 mmoleL ' glucose (a) and without
any glucose (b) at 10 mVes '
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Figure 6 (A) LSV curves of GOD/CNTs-f-CD-Fc¢/GC (a) and
GOD/CNTs-Fc/GC (b) electrodes in 0.1 molsL ™' PBS (pH 7.0) with 50
mmoleL " glucose at 1 mVss '. (B) The long-term cycle stability of the
GOD/CNTs-B-CD-F¢/GC (a), GOD/CNTs-Fc/GC (b) electrodes in 0.1
moleL "' PBS (pH 7.0) with 50 mmolsL ' glucose at 50 mVes '

Ai/(mA- cm‘z)

43 4.9 5.8 7.0 8.0
pH

Bl 7 GOD/CNTs-B-CD-Fc/GC Hit ) Ai 5K pH fEHIISE R
Figure 7 The relationship between Ai of GOD/CNTs-f-CD-Fc/GC
electrode and pH value
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Figure 8 The current-potential and power density-potential results of
EBFCs based on the GOD/CNTs-f-CD-Fc/GC (a) and GOD/CNTs-Fc/
GC (b) bioanodes. Scan rate, | mVes '
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B-CD #Hi#AE 100 mL /KHIFIMA 50 mg FRAALFE 5 1)
ao-CNTs, Bl 2 hy B HidE 12 h JegE i w, o
W&, FH/KPEE, B B DU PR L2 T AR 40
C T4, 3543 CNTs-4-CD. FREL 120 mg Fe ¥i# T8
KB, FEINA 20 mg CNTs-4-CD E 44, #7H0H
30 min, FWHEFE 2 KEHEIDIE, HTOK OB,
T4, 53] CNTs-f-CD-Fe. 4 T #HT LA, T CNTs
FFe 8] 1) m-n HERRAH BAEH], R RIFEIR 504 TR
AR EAT ) CNTs-Fe 4.

FREL 5 mg CNTs--CD-Fc &), #AAECT 1
mL PBS (0.1 moleL ")W&WH, k5 IR A
200 puL CNTs-B-CD-Fe 73 5 100 pL GOD ##(10
mgemL ™ )4 5 min J5IIA 100 pL 2.5 wt% GA, 4 CF
B 2 h, #35] GOD/CNTs-A-CD-Fe JR A, VKA
HARAEAE . O T RMT R, K RIR r vk & T
GOD/CNTs-Fc B G AIA T Fe ] GOD/CNTs--CD i

Eaie
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F1 0.3 F10.05 um ¥ ALO; Ky A EHAE K 3 mm (1)
GC it 2 Baim, i FH 2K oK LR A T UL,
AT H. HMEB ST NBEI 7 ul
GOD/CNTs-B-CD-Fc, GOD/CNTs-F¢ 5§ GOD/CNTs-5-
CD VR G BvRg 2 AR R T, RANVKART 4 C T,
#l % GOD/CNTs-p-CD-Fc/GC, GOD/CNTs-Fc/GC &,
GOD/CNTs-p-CD/GC  Hitl. HARAE IR 2 /i FH 4tk
B, LA [ 52 .

4.2 WMRIREREGBREEER LB ELERED
iR

T A B AR SR 2T AR A (FT-IR, Nicolet 6700),
]2 $ 43 M A (TGA, NETZSCH STA 409PC)Ai% i}
T2 HBI(TEM, JEM-2100F)% il # 1A BH3EAT T3
fiE.

KAMEG = AR R, AN AR O BEFT A, Pt 22
A, AN Ok AR (SCE) A 2 LU HiIlK, /£ CHI
660D HLf22 TAES(_EERAE) b, SR CV R LSV J5is:
W97 T GOD/CNTs-f-CD-Fc/GC, GOD/CNTs-Fc/GC #ll
GOD/CNTs-4-CD/GC HifE 0.1 molsL™' PBS (pH 7.0)
HR G B A T LA R A b 2R AR I R
2542 C FEHT.

4.3 EBFC Ry &k

MR A B 5 uL E-TEK Pt/C (4 mgemL ")
WAE VAL FLUF 1) GC HIR R T, il T T, 153
E-TEK PY/C Witk. #R)5, FATH GOD/CNTs-B-CD-Fc/
GC HLH(E{ GOD/CNTs-Fc/GC HL# )R IAESH 50
mmolsL ™' #%FH4(%) 0.1 moleL™" PBS (pH 7.0)+, 1E N
EBFC ¥R RH L, F FiR )45 1K) E-TEK PY/C HUAE AL
/AT 0.1 moleL ™! PBS (pH 1.0), 1524 EBFC )
A%, 5 FE AR 2 17 Fi] Nafion 117 JRGITF, % T 6 %05/
A< EBFC. KM LSV VEFITT i A I I 43 A VTAS T F
F3 EBFC 1A% s SRR AR e
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