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Introduction 1
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Fig. Concept of glucose-air fuel cell.
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Fig. Metabolic pathway and glycolytic cycle in vivo

Glucose oxidation (fuel electrode) @ Ea= 043V AG = -26 kl/mol

CeHiOs+ 6 H:0 = 6 CO: + 24 HY + 24 &

Oxygen reduction (air electrode) : Ec = +0.82 YV AG = -2846 kl/mol
6O +24 H " +24e — 12 H0

-~

+)

CsHi206+ 6 02— 6 CO2+ 6 H:0

Cell voltage = (Ee-Ea) = 1.25V

Glucose H20 AG = -2872 klfmol
,—> 4.43Whig - glucose
CO2 02




Glucose oxidation products

CeH1206 + 60H- — 6CO2 + 18H + 24e7

CeH1206+ 60H — 3C2H204 + 12H + 18¢”

Oxalic acid

CeHI1206+ 60H- — 6CH202 + 6H+ 12¢-

Formic acid

Glucose
oxidation products
Glucose

77 Catalyst

CeH1206+ 30H™ — 3C2H203 + 9H" + [2¢”
Glyoxylic acid

CeHI1206+ 30H- — 3C2H403 + 3H' + 6¢”
Glycolic acid

CeH1206+ 20H™ — C6H1008 +4H"' + 6e”

CaH1206+ 60H" — CO2 + 18H" + 24¢
—}—) 602 + 24H" + 24— 12H20
CoH1206 + 602 — 6C02 +6H20 124V

Gluealic acid

CeH1206+ 20H" — 2C3He04 + 2H' + 4e”

Glyceric acid

CeHi1206+ OH™ — CeH1007 +3H' + 4e”

CoHi1206 — CsH1006 + 2H* + 2e

Keto-gluconic acid +) 1/202 +2H "+ 2¢ — H20

CeH1206 — CeH1006 + 2HT + 2e-

Gluconic acid

CoH1206 + 1/202 — CsHioOs + H20 1,18V
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Battery power

Fig. Illustration of the condition for g

= & Oxidation of glucose g (= voltage X current)
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lucose-air fuel cell.
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Table. Electrocatalytic oxidation of glucose
at metal electrodes in alkaline solution

Electrode Electrolysis potential Main electrolysis product
(E/V vs. Ag/ AgCl) |Current efficiency / %)|
Cu +0.6 Formic acid [100]
12-electron oxidation product
Ni +0.6 Formic acid [70]
Fe +0.7 Formic acid [100]
Pt -0.3 Glycolic acid [65]
6-electron oxidation product
Au -0.35 Gluconolactone [55]

2-electron oxidation product

FRISFEFRRIEREHSY

50

[ ¢ 200 ;e 400 E0C 4O TO¢
Eimy

-+ : E/Nafion-Carbon paper
— : Ag UPD Au
Sugar - 10 mM Glucose
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I m* - o ¢

= 'I;O}Lm 20 i 4 nm
19%x10! g/m? 6.4 %1072 g/m? 13%107 g/m?
67,550 yen/m? ™ 224 yen/m2 46 yen/m?

* Price of gold: 3500 yen/g

TEM Images of Au-nanoparticles

TEM micrographs
for Auy,, (@) and
AUs,,, (b) capped
with  decanethiol,
and Au13nm (C)
capped with citrate
on carbon-coated
copper grid. The
insert shows the
histograms of the
core size.




Au nanoparticles modified carbon felt electrode

‘ Hexane
"" al 300°C for2h

= — B —
Heat-treatment

Carbon felt

SEM images of Au nanoparticles modified carbon felt electrode
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Fig. Typical SEM images for Au nanoparticles modified carbon felt surface after heat-treatment at 300°C for 120 min

Voltage : DC 0.4- 1.5V
Current : 22 - 40 mA

ucose-air fuel cell
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Air electrade used for a zine-air battery Au nanoparticles modified carbon felt

Fig. A photo of tymical cell composed by Au nanoparticles modified electrode and ar electrode




Glucose-air fuel cell Glucosamine-air fuel cell

Max voltage : 807 mV Max voltage : 737 mV
Max current : 13.5 mA / em® Max current : 5.4 mA/cm’
Max power : 2.1 mW /cm? Max power : 1.4 mW /cm?
1000 25
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200 | 405
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Fig. Power output of glucose-air (left). glucosamine-air (right) fuel cell with the use of’ Au
nanoparticles modified carbon felt electrodes as the fuel electrode.
0.3 M NaOH agq. solution, 0.2 M glucose, 0.2 M glucosamine

T /—F (BAEAE) - &7/ K FIE A — R HiHE BB
AV—FGETE) - ERERBMOET (ER) B TERER)

Wy gy

S Glucose S

CHO CHO
H ——O0OH H ——NH:2
HO—— H HO——H
H —1—OH H ——0H
H —1—OH H —+—O0OH
CH20H CH20H
\ J \ J

svatiy .- %ﬂ/a»—-x@% RFEDKBIERT I 7 HICFBEhicT I 75

E%ﬁ?ﬁw PR POFFUEOEERS L LTEERIC
FELTNS,




TEM images for nanoparticles

Au 100 % Ih—— ROMA K Ag 100 %
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Fig. TEM micrographs for DT-Aune (a), DT-Au/Ag(92:8) (h), DT-Au/Ag(84:16) (c), DT-Au/Ag(54:46) (d).
DT-Auw/Ag(27:73) (e) and DT- Agnane () nanoparticles and the distributuion of its core size.

Glucose oxidation at NPs modified electrodes in an alkaline solution

(A) Aunane (By Aw/Ag (82:18) (C) Au/Ag (73:27)

— = 4 =t } 4 t
-0.8 A6 <04 02 X ¥ . 0.8 0.6 -0.4 02
E /W vs, Ag / AgCl (sat. KCI) E /W vs, Ag/ AgCl(sal. KCIy E /W vs, Ag / AgCl(sal. KCI)

(D) Au/Ag (40:60) (E) Aw/Ag (17:83)
] 50 pA
———— = —+—+
(¥ & 0.4 <2 (1]
E /W vs, Ag/ AgCl(sal. KCI) E /W vs Ag/ AgCl (sat, KCT)

Fig. CVs at nanoparticles modified PFC eleetrodes in a N2 saturated 0.1 M NaOH solution in the presence (——) and the absence
== of 5 mM glucose at scan rate of 30 mV/s,

Catalytic activity for glucose oxidation in an alkaline solution
Au-Ag(82:18), Au-Ag(73:27) > > Au,,, > Au-Ag(40:60), Au-Ag(17:83)
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Huge surface area of nanoparticles

e @

v
- — S 1.0 um 20 nm 4 nm
- -2 2
1.9%10! g/m? 6.4%10"2 g/m? 13x10°2 g/m
2 B 5 2
67,550 yen/m> 224 yen/m? 46 yen/m?
* Price of gold: 3500 yen/g
Nano structure and Quantum size effects Is there any size effect
on formation of AuOH sites ?
€ Surface structural property -
: s H = Reactant
€ Catalytic activity § I }=  Reactant . -
€ Electronic property A - cactant

€ Optical property
€ Magnetic property
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O
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Platinum group
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A Reduction of oxygen

Fig. Nustrotion of the condition for glucose-oxygen Tuel cell
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Fig, Typical voltammograms of
electrocatalytic reduction of oxygen
at Nafion, CB and Pd nanopanticles
modified CPelectrodes m 0.1
MNaOH solution. $can rate: 0,01 Vs
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CeH1206 = CeH1006 + 2 HY +2 ¢
02+4H++4e-—2H20

— —
g Nanoparticles ™.

Gas diffusion elecu‘nidi/

Fig. Mustration of a gas diffusion electrode.
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Preparation of CNT/Au electrode

Control unit
. Ethanol
£ (CH=C00kCo | Sub draintube  Vacuum pum
i (CH3COORMo E | | 3 pump
Sonication [ <t
Ha2 gas > T
Electric f p Floctric fi Main drain tube
ectric furnace for ectric furnace
Ethanol Dbt decomposition of for heating . .
i 2cm/s / carbon source substrate Experimental condition
lgl Flow rate: 100 scem
h Hot bath Synthetic time: 10 min
Dipcoat Synthetic temerature: 850 °C

Carbon source: ethanol

Fig. The schematic illustration for the ACCVD methoElectric furnace for heating substrated.

(a) (b

Fig. Photographs of gold wires before (a) and after (b) CNT synthesis.

TEM and SEM images of CNT:

i

50 nm

500 nm

10 pm A, A
— W ! A [k

Fig. SEM images of CNTs on a gold electrode.
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