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Development of a novel bioorganic electronic device mimicking a i
micro-hierarchical structure in the intestinal tract for a miniature electrical
power source

Kuwahara, Takashi
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Aiming at efficient use of the electrode space that is limited by the
miniaturization of biofuel cell, we imparted fine structures to enzyme electrode. For the
enzyme-immobilized carrier, a polythiophene derivative film prepared by electrochemical
polymerization was used. By investigating the film fabrication conditions, we succeeded in producing

a structure with hemispherical indentations on the electrode, and a hierarchical structure with
submicron-villiform structure and a network structure of nanofibers. The results of this research
showed that the enlargement of the surface area and the control of the diffusion of reactants by
applying nano- and microstructures is the key to efficient use of the space on the electrode.
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Fig. 1 SEM image of (a) a single PS particle covered
with PEDOT and (b) PS particles templated PEDOT
film with a high passed charge amount.
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Fig. 2 SEM image of PS particles templated PEDOT
films. (a, b) A diameter of a particle is 5 um, and a
passed charge amount is 9 mC. (c, d) A diameter of
a particle is 1 um, and a passed charge amount is
1.5mC.
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Fig. 3 Background-subtracted bioelectrocatalytic
fructose oxidation current obtained with FDH
immobilized electrodes fabricated using PS
particles (5 um) and without using PS particles.
Measurements were performed in 0.05 M acetate

buffer solution (pH 4.5) containing 0.20 M fructose.
Scan rate was 5 mV s%.

K THET CTlIX, &/ v—0aHEx n,
JEDSTZRR L, RifE 1 pm DR T % w7z
BE T, BEARELE WD, HEOKT
FHWbolEZONS, &k, ITO EM
ICTEYE FDH # W& L 7-EMi L i3 ¢, 5
pm & 1 pm O PSRF 2 L 2561055
NnN7-BHRaEEROKE 3L, ThFh 61
BB LU37ETH o7,

M EofER 2o, BuNahiF2FAL 72
PR & D 5 5 (3 I 55 ik 45 78 5 o0 B8 i &
RITH 2 L BRI N, FTFoREEIC
X2BEHE~DEEDILRICL Y X 57
5 EIMOBEMBIR OB R BIATF I N2 23, K
FORMEBIVE ) ~—DihflicE b
DWW TCHFHICHET T 2 R D %,

(B) BRESEZHDORETICE D PTh BE~DH
ST 5

PTh % W CERLL 7-BEEEMIC X b
AL E B SR b ER I ~ o BB A A S
DRI L7z, EHEAICIVIEKL
PTh 13— I N i BRI S 2SR A L 75 o
%SRS 5, A CMGTL -5
BEHENICBCTHOR T 4 XLEEI0HE
WiEFHBrbDD, FDOLXdhBIRE Lo
(Fig. 4a) . AW Clx - ohikiE% X v 3
Mlc#izEd 5 2 LT, K238 30 nm 24
DF WL VBRI NI2GEHE2DE C
&, F /MO 3 2 EAREICE
HEInsZ LWL L (Fig 4b),

F 7 REHEIC X0 TR & L B PO 1
PR DK X X ICHEL -, KB
WRMECTHDLEEZLND, L2LAEDD,
RSO EEOFEE L m Ao, F /i
MEDTER E NG ETH-TDH, BRI NA
WEFE X D B BEEMILE RN WA D
Hot= (Fig. 5), 2% Y, F/MHEDOIRIT
KREBMOWERICHENTH 228, Zhbick
DIZEK & 3 5 Z2BR (ARFZE © IR TERE 50 nm f2
) 2NE WA, WE OB E L,



Fig. 4 (a,b) SEM image of a PTh film prepared in
acetonitrile solution at 2.2 V vs. SCE. Amount of
passed charge was 0.80 C cm™.
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Fig. 5 Comparison of bioelectrocatalytic current
generated by enzyme electrodes with PTh films
prepared in different solvents. Measurements were
carried out in 0.10 M phosphate buffer solution
(pH 7.0) containing 0.10 M glucose and 1 mM
p-benzoquinone.
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Fig. 6 SEM image of the surface morphology of PTh
films prepared at (a) 3.0 V and (b) 2.2 V vs. SCE.
Amount of passed charge was (a) 0.80 C cm™ and
(b) 1.6 Ccm-2.
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