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% %R

L1 HEEHOBESRCFBRAL KIS IS

BERETOFERCEWOBLRTSICE T 205, 19 OO ICHENA v DT
BHILERTEITEILINFRDA VT NBILSNB I L DERFBIN LSO TS
D, 19 2P ED Kolbe (2L B2ANKVEEEOEMRIZ L B RILKZEOEFICHETHRER
WL DERPIEE -7 EE RS, €D, Monsanto #HIZ L AT 7 o= ) VOBEMRIC
BT IR MY DA E TEMIRII 8872 2 & B TEALAAT 72 A EERES RS
DHERERTH 5,

21 R EZDR -4 FREBERICICETAMERBEB:2ZIT525HELoTWVD,
FRREBREESEIUSIBMT ) - ZREBEELNTVERPLTHL, — KN LHRE
BUSIIEERPEREND ZEDH LD, BREGHIISIIHERTESICIT) ZEMNTE
BHo F/EBRT CEMEMICZHEICT A 26, MBI X D EMBERY DS
TNIZ K % B 7:DIZRRDM LI D% D, & HITMHE OLERISIC BV TEHRILT A
VWX —RETEEL7-DICHETHVE Z ENE VDS, I OfEx ISHEICEYL 720 HE
KOWMBIZFH S5 —F T, BRERKIEOGEEIIBRE FVMETH L5615
7o, RIShOREL EVEHTHD,

OGO OWTB 2T 5 &, ERARSITER AN F -2 HEABLEWIC
N5 $HDT, COBFORMEITI) L RFSEMAELOBIFICEDLLONDEEL A
Thb, BEOBMIIBVTEE (b LIIZEM) BLUEBRO I PO — LVIISEEICHE
BEPOBBIATI T AT TH D, & o, BELERKCICERE RS IIEMED
HHEEZD,

AFREBERIACON LG, LISHEEFRWIDTH > THEMWHITHRETH S,
ARILEYMOFTORBIZERRIIZEIIHFEL, EIZAFRIIBOTIEERT ANV F—
DR % 5% EZOEERIEIKEBGVLEND—D2TH b, TOHEBEOEITILEMEILKX
I BRwL B E LT, BHEBEME IO~ S 57 4 — (High Performance Liquid
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Chromatography : HPLC) ORHEBIZH VA Z ENEIF SN S [1-8] o JHIIKRBESICE
BEBRZREBELTHL2—ENEME*RLLFOEREEL. BERALTRETA2EED
BREZBRET 5, EBEMITICEET S E TSR A T A THlES L, SRES NI HEED
EBRRKALTERMFERSE ) T TERIACERIE LS, ELIBROKE SI3EH
DIFEITHFI L TnB7:0, REBTHELIBROKRE S HOLBEOEREIT) 2 LHT
Eho COBMEZAVIEILL > THEEORBEBRIEZF/ EV (imol) S5 ETEI
(pmol) b DWEOBEHF LKL TH I LN L LD [78] o« D L) LHMEBOEH OB
IR EREFREEIREREDTH 5,

CDEH)IEEOBRBIZEEN THE2. EMSTE L TEREALDH B, ThiztEE
HPLC DY A7 A TIIEEP SN TRER TRBEA T2, 23 W EEOREYH
CHEDHERDAEZRETHICEAMETHL, FE., ZOBEFETIIEREIUMNMZTV
I—NVRERBOBIIDTRETH S 12,7.9. 10] o £ T, FEOEHD A% FIRIIZK
T2 S L AT R DI LT, ST RMT B A LTV MRV A
EPREINTV S, BNV I - A2 BRWIIRET57-DICBRTH L7 VI — 24
¥ ¥ ¥ — ¥ (Glucose Oxidase : GOD) T W7z M 4k —DFHEN S TWE [11-
16] o

TNVA—AAF LT —FEDFEN 15 TUELHB b, EREFRHEREILE
Vo, DL BN TFOBEBFILENSERXBLL-OOENLFERE LTEBLSTFLOBD
BB 2 WENTANELAFA T -5 - FEHVIHMERFBECEYED 5,
AT 4 L= =S TFIIBEROFERPLE TAY RATERGFLERPPIIEFRETES
TLATELLLEDII, BRLOBFRBIID THMIERPIEE 2T T2 52w, it
STEDEIBRFFTHATALI-F—GFELTHEIETEDIITIIRS, &5 FER
FRIZBLIZATA L= —5FDdbb, TOLI) BYLAF4 -5 —-2RETLZ
ERBESTIIRVD, AT A -5 -5 FOBRIETEL, K& &, EFKE, B
KR & UBANE 2 EOBEFBRHOFTFLEEST LI LPLEL END,

FLRIALFRICIN NI - A EIRUICRETE L2 H LS, MHPDF7 VT — Rk
BFEOREIFATLEZL Y —DORELEDLNTVS [17-19]
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PO X3z, EEOERFHERSOM I E IEHEOERLFENREICHY
HBUECRON S,



1.2 FREBOBK

W, BOIANF—ERREZEL 2 L0 ZOEMBIMED 5TV B EREED
THHH, TOEBIIEL PLAMONTV 20] » MHAEMOBERIIEBENCHKE (K
FHARE) &, EBRAICER (K 246352 &L TUTORER

H2 — 2H*+2e- (1-1)
4H* + 02 + 4e- — 2H20 (1-2)

HELSELIETRETHIANF BRI ANF-E LTI HETILILH S, &
DRSS BT Z2BEHOKFIIEBETIE 90% bOBOHEREET L, LrL, ERICH
ERBH L TV L2 BRAERIERERET L TORET ARRBAOEN 2 EOBERICL Y
40% BEOMBIHE o TnD, LELaPBoIDIEA V) vk EOMBIREE v
7ZARBEEOZRE 20% ICHXEEBVEEZRLTWVS, F/-, BRIAVF-LLT
DH2 6T, RIGKHIZERT 288 OFIHTE I L T AVF - OEBRHFIL 50% 8
RBIFE, REBOBNWIVATATHD, ELIIKIEK (141, 1-2) o6b2 b LHIIK
ISR ZZTTH Y | BERSIIT L THARERNLERTHL I Ehbr 5,

TTBHEMIZDOIATLORESE, KOLIZANF-—DORZISII Y HRHER
I3 PO—WTEBLILIKERBIHD—DOTHELEEX S, 2FNAATT v I (MW)
BOREN 2 WETI2RENEFAEORERNEBTLVAT AL, FTT v b (kW)
DEDBENERVLEETE2—HREEOBIFELEHEDOE IR, 7y b (W) 77 ADOWHREZ
B K=y 7VBEABE T T, KAALRVATLAZBEERTEI %) 2 &5
THbo

PREIEDIIHERBMICHAVCONIEBREOWEIZL Y [ S EREIME B | (Phosphoric
Acid Fuel Cell : PAFC) [21-23] . [E@RBIEEVAAEM] (Molten Carbonate Fuel Cell :
MCFC) [24-29] . [BRtYEHEREIPFENL] (Solid Oxide Fuel Cell : SOFC) [30-33]

B FEAERETIREEM] (Polymer Electrolyte Fuel Cell : PEFC) [3443] L K& < %
BN Tnwa,

CDEHIIZZANT-OEBEHFIEL, FLEHOVAT ABLIUTHENPFINS
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EBMTH L0, BRHABAICAZENECETIZRS S ORMELIEZ TS, flziE, L
SLRHEOF T VER, BRUKEHRE B LBt ESAEFRERREERITIER L L
TEEICLERIBENFEREICE . (£ 200, 700, 1000 T) HAKELREETH S,
COOILEME LTHESEDLDIIRIANVF -2 MR 2LEFHLDT, WBEET
DY A LATARKRMICLELBRIANT -2 L e TR LRV EORER ST
bhb, FLAETTFEGEREANBRAEBIILENECRE (50~70C) TEMETETDH
DH, B (AF 7 —WRRATR) OBALICHAER D KSEEIEVL EhTw28E
ARAVARLENH LD TEMERBENH /YD IR IIEL RO E6%B2VE, BT
BREIIEEINTVE2H5VIERISEBIETERT 5 —BILKE (CO) DHELEEEZRHE L~D
WEILLL2EREEOERTHELZ R EPRKRELBEE LTHFELTWSE, ZOMERE
BRT B720DHENFED LN T D [4446] o THIIHEESEHELICRAOSE (8. =
VAN, TNV, VF I ARYE) LAY FHEICEVERLAZASAESERIZ CO 2
L THESEFEL2ET LI EFBOOLNA TS, LI DLHIERLEGEERIIE
FEOAEBRIZENTHBOBILICH L TEWFEEEZ AT L L ARSI TV 5,

TR L LI ICHRB MG L TRB S ELHREBOT T, BHAORSICERZHY
72 [)N4 A &Eith] (Biofuel Cell) DWFFEL L PRI S HERAIITTORT VS [47-51] o B
HEBOBBELS 7 VI —VRKETH LI LT, N1 A EOBRFHIZEICEED
AVWLNRD AP RKELFMO—DOTHB, BETHLMBLHRICL VBILT 5 —F TR
ZOBTICOEBZETHVARIC2EDA LI NVAEEMICBVWTERI AV -2 5
LBEMTH D, BELFHVAIIETHAIDIZEIRTOFBPITRTD 58P, LB
Bt hBELBOERY AV E2LERP VW EOMAFBITOoND, T-AVS
BRE/NELTHIENNRETHL7-0B/NREMOVERDESZTHY) ., FZZoaTH
BTN TV D,

—RIHRTHS S EMBEERE (M L 5E, BERTAENNIGARILARTLES
Bz, AFTRTLENSG R (BRBEIL) CHXTEROHBANKECETILR
Ehbor. LAL, RIEDOHE 48] 1I2Lb L., BERORITEHIC Laccase T HEU, H
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Y AFAL—F —2lAELEEILIZLoTHEZKRE HREILTELZ EIIKTIL,
COFHBRINITOINVI-ALBEZHAEDEANAFTEBMOEIEHELZ —KIC S
EETHEDLIEIEH LTS,

CODEHINAFERIIHNEFEICBNTIASY ) —VRAKELRAVBEERIZIZE
FiERVbOD, aA M, MULOTESES L OFERTHRBZ EOFREF->TEY,
D LOMFEORREE X UERLICHIFIF/ LTS,



1.3 BXALFKGREFMEEDFEE L LA

BRILFKBIRE)FH2EE (Electrochemical Quartz Crystal Microbalance : EQCM) 137K &
RE)FOYHFEEZFAL T, KEFLOERECZBEEOE, LEHT 5 HIEE
Thb, COWEZTERICT B L LT, KOS L THREOAHE TR L 7
K EEAR DTG - AR Z B ) CTEAF IR ES ZEINT 5 &, KEDEBZIRIZ &
D AR BIRE (EATXYIRE) 28223, ZORBEREK f 3. K&ERD
B& d EKRBRPTOREOEHERE Vo 12X oTHE 5,

f=Vir/2d=N/d (1-3)
ZIZT N BKGOUAMIZL Y EELMET. EHBER (N=Vu/2, AT 7 v boiR
BFTld 1.67X10° Hz - ecm) EMHEN TV 5, (1-3) MIIBWT, KBRBFOEXHA
d 7ZITEL % 5 ERRED Af 123 EALT 5,

Afif= —Ad/d (1-4)
T2, KRB FOEEBE M(g). REFEE Acm?), KEDEE » (g-em’) LT 5E d
BT D (14),1-5) KDL HlzkEh b,

d=M/Ap (14

Ad= AM/Ap (1-5)

(1-4), (1-5) W% (1-3) RIRKATEELTD (1-6) RE21F5,
Af/f= —AM/dAp (1-6)

Sauerbrey 3 (1-6) RO MFENKBIREFORMEIIH—ICHELLZEEAmM IZ0VT

LD ILDELT (1-7) REH/L (52

Aflf= —Am/dAp = —Amf/NAp (1-7)
KEEDTEE % 2.65glem® & T 5 &, FEARBEE F(MHz) OKBIRB)F LORER A (cm?)
ICEREAmM () PH—IHFETEI LI DAE LB FEBENAF (He) 12 (1-8) XD L)
272 5%,
AF= —226X10°F Am/A (1-8)
Thbb, BEE 5mm . EAFEE 9 MHz OKERIFICBVTIE 1 Hz OFEEEL
7



PBIEZ 1 ng OEEFICHET L, FLRAMICEROEZEIIBWTERICAW K
iREF (B 2.54cm. EXREHEE 6 MHz) Tld | Hz OFBEBEISEBLZ 16ng D
Ei%ﬂuﬁ%Téocwx5&%&&%%%m%¢5:tnlb‘f/ﬁiAognw@
= —TOEEEIZWNET LI LATREEL %5, (1-8) Rebohb L), KEL
[ LS5 ICIRBIRFEROE W KAIRBFE2HAERWI EI2% 5, LAL, HiRE
W e LTA7-0IC3KSEMEES LTI 6T, BREEO AL 65—zt 5
~ 10 MHz DKBBRPHAVLI TV 5,

FRDLHIZ EQCM WEEE T/ I 7 24— F—DEREILELXWNETE S, ZOH
EFERIREDRET - BFLARVTOEALZ BT AMEINEZATHLEZERICEZEON
FEIFHI LTS,

Bl ITEBEBRMEIZE VT, EROBLETICHE ) RELSE OBLIREICET 5 3
FIWZAVONTVERENDD (5361 . TOWNEZSEIIL-EREERLHBBTHE
TETHwmLTWaA,

BFLANNVTEELREREBOFP L V) A TEEFBEFALEOFTH TLEL ALty
LHEMGEREIL, REOEEEF ZHEF—R5 A v F (Under Potential deposition : UPD)
LTEBICH - B NS T AEMMPHVON TS, COEF—BHDA v F &l
TAHHELLT EQCM WELZFIHA L TWEHRENH D [62,63] . BFLXVOEELE(
DBIFEDTONTV S, FLERBEERNOGFHOREBEDBIIZE EQCM HlEIZH
WwHN |64, 65] . BEREICEESEFALE T U —FFELTHAL TV HRED
bdH B 66-68] o

BRTHELETHLI TS L)L, EBERALICER SN ERADOA F VOB
BT AHFZEIC D EQCM HiIEIRA VS 169-73] . MIEDOESRLFEMSFEDOFEA I’ AT

5> T\Wh,
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ETE TN ) KEWPIZET HIMEE L TOREDMER LIS

B DE—BETIH L/ BY, £BRER L THEOESALENSENEGONL Z &%
DoTWh, TOETIIHERICEE LT, HEOBMBRILOIFHIZOWTH L b,

2.1 TIAYKEBRPICBITHEEREERO RS

EREEREMPEHBRD pH B L UEBEMICL D ZOBILIKENESZIIELT ST LT,
Pourbaix diagram (Fig. 2-1) IZ7RENTWVEEN THS [1] o TTTIXEFT NN KEHR
PICBITH, FERE S OBILETRISICOVWTRE 2 BI ko7,

Fig. 2-1 & DSHEBOBEILETIZOWVTHESEHED pH 2 EEBICANS & B
BERIIBVTHZ ERICFERIRIL S /58I D A + LS

Cu — Cu* +2e- (2-1)
PEL, #RE L TERRHDLLDMOBEHPEL B, LAL, TA)KEKFIZBN
TREFRICHER L BALFRNCERRIL S 7256, ERRMIIKERILI F 22 1 3B LR 2B
SN, A ELTOBEREBEZAIENTED, o TT VA KEWIZBTH
BEReERABICL BRI TS TERTH ), s LAERLENREEELS
BHIEDTREL 2 b,

0.1IM NaOH D7 NV # ) KEHBIZEB T HHEEE FOBILETRIGERTHA 7 ) v o
RWVY TS T L%RT (Fig. 1-2(a)) o -1.2V (vs. Ag/AgCl) B SEEEANCEBEILIRS 1 212 Lo
72%5E. 03V EIL—D2EOBILE - R 6N, THIZUT ORISR

Cu+OH — CuOH +e- (2-2)
W& D, BERERIIC—MOKBILAISERTLIIDEZELZONTWS 124) , T7-FEIC
2CuOH — Cu20 + H20 (2-3)
DBIRFUEIZ & ) — D KER L D> & — DB LEIC L RS HEIT T L b FE 2 S NhT
Wa 24] o L2L. CORSOEREIIBRILY -7 SRBH/NSVWI LD SBRERTORE
F—E5. »HVITEBRALICBVTHSHRBILRIGEEZONS,
13



RIZ 02V ~ +0.5V FEICKREZBILE- 7P RNz ZHENLRDO— D KERAL

7% & DERAL RS

CuOH + OH — Cu(OHR2 +e- (2-4)
FLRIOBME THRILS N FICEBREIKRISD $ £5R > TWHPERIL S5 Kb

Cu +20H — Cu(OH)2 +2e- (2-5)
W& ) ERREIC ZMOKEBELHESER L TWELDEEZ LTV [24] . £/22C
T AR O — DKL & B4k

Cu(OH)2 — CuO + H20 (2-6)

DEKRIGIZ L ) ZMHOBILEASERTHIDEZEZONTVDS (24| o TDXHIHT
M~NDEALEMIZBVTIRER (24) ~ (2-6) DRBOFISHUIIIZERICE L TWS T
O, 03V IZRONE L) —D0DOWREEBILY — 27 L LTRERY, #BOL - 5&E
RoTKEGBALEL LTHERZLDLEZ NS, T2, TOBILEIKELHATY
HZENL, BRERMPOBETFTOERS I THOBRILIKISHETLTRLELDEERS
o,

E 6512 +0.8V R TIZ=MDFHBRILKERILY (CuO2) DEHDELLNTWV D, —

XIS Z DEMIZHB WV TIIKEILY A A+ > DBYLIC & HERE DAL

20H — 02+2H" +4e- (2-7)
WX BB BHREOEMEELR L7, KBEEPTOHA 2V 2 KNVE TS T ATk
BEEAL KB O & R 2 R T BBERELEORBIZEETH S, LrL, +0.6V fHEIh
ThePOBRLE—IFRLNIZE,E, ZTHIZ 408V £ TORRILET I OBIZHER
R AR L 72l EMALKB L OBITIZ L 250 L b EZ SN, 408V FTOREICH
VT ABR L BREIZ BV THBBRI KB LY DERAE - b BETE 2V,

—F. BRAOTINIBWTIE 0.6V BL U 1.0V fHEICZFMFhLBBYBARR 22 & 7T
K= #BRoNE, ZhTENENHF ML S —1fli~N, —fEroXOfii~DBITEEZS
NnNTw3 [24] .

T WA IKERPIZBITHHBEOBIETIISIZOWT, H5%IZLDHAHER (nitial
Potential) & OV & L72& EDHYA ) v I RNVIET T L%RT (Fig. 1-2 (b)) o ZDFE
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F. OV 2HDFFNIBWVTIE +0.8V (FEDEEFERIC L 5 ERICERMEOIE ML IZEA
BRBERFENERIRSN 2 h ol THIIRBFIFO OV 2BV TEBREAOHIZT
TIZZME THRILESATE D, oV 226 +0.8V ETORFIBAIFIZBWTHITEELD L
CIFBTEORSHEL B Z LD ndELLND,
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A A:HCuO2 = Cu022- 4+ H+

T ] I T ] T |
201
F\n
1.0
o
an 1(b): O2 + 4H* +4e-
Z F = 2H20
7]
Z 0fF-.
> -
m
{(a): 2H* + 2e- = H2
-1.01
0 2 4 6 8 10 12 14 16

Fig. 2-1 Pourbaix diagram for Cu

In 0.1M NaOH aqueous solution (pH 13)
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1 ] ] | ]
-1.2 -1.0 -0.5 0 0.5 0.8

E/V vs. Ag/AgCl

C

0.5 0.8
E/V vs. Ag/AgCl

IO.SmA

—,
L
0

Fig. 2-2 CVs of Cu electrode in a 0.1M NaOH aqueous solution. Initial potentials
are (a) -1.2V and (b) 0V. S.R. : 50mV/s.
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22 TVAYKEBFIZBITAFERETCOBEBEOY A7)y 7RV TS T 4

BB 7V 71 1) KB B 2 ERE H OBALETTIGIZBWT, TOREBPIC
ME (RKIESD) 2L, SAER L TOBAOCESMFREII OV THEZITo 4 (Fig
2-3) o

Fig. 23 £ D 7 A Y AKBERPIZBWT VI =R H/MLIZEE. +0.6V (vs. Ag/AgQl)
A BRBE A B L Y — 7 SR O N7z TOBMLE — 2 I3RE I LODENMND -1.2V B
U oV WTFROLBHIZBWTHEH SN, 22 TLUKRIINY Z 759 v FERDP/N
X, EHOBLE - KIS b T Vv OV 2oR/FILTHA 7Y v 7RIV
BT ARWEL.

+0.6V DBt — 7 BN I - RICHERDDDTHL I L 2P H L2, LT
—ADBEEREITNERZ L7 (Fig. 2-4) o VI —ZADBEITIZITHLE L THRILE -2
ERMAEN L7 (Fig. 2-5) Se2b, Q=237 Va—AOBLIZL 5D THS
&R L,

KIZZ I T — AL O S FRICAE 21T o 72 (Fig. 2-6) o Fig. 2-6 TIZHEMEEHP, 5
FNVa—A, ZHEEPLTIV IR, ZEENPLT T4/ R, SEEAHPOLRS —F (]
B TARA) DA 2 v 2 RVEETTL%R LI, 2B, BAULASFRELOESE (7
WA—RIIWTHEHS I b=, TV P—AIIHTHT77 =A% E) TiIHELER
Reohidhoi,

Fig. 2.6 X W HEEISSHET THE LA TRTOEHICB VT, Wih b Rt
BAERONI, 72720, ZOEBIZEEE,LOZHEE - =8, T LTSBHELSFEN
AT 2125 TEILEMIZIERNZS 7 F L, BALERBEI /DS RBHEAPR LN,

DEDHKERIY, FNVI—ADARL L THMOBEDL 7 VA ) KERP TOMEREIZE
WT, BERALFEMICHERIL S NS S E PR PICR 272,
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| l | | I |
-1.2  -1.0 -0.5 0 0.5 0.8
E/V vs. Ag/lAgCl

0 01 02 03 04 05 06 07 038
E/V vs. Ag/AgCl

Fig. 2-3 CVs of glucose at Cu electrode in 0.1IM NaOH aqueous solution. Initial
potentials are (a) -1.2V and (b) 0OV. S.R.: 50mV/s.
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— 10mM glucose

—_ M ;’tl«,\l"c

————— 21di chaoose
ImM glucose
----- OmM glucose

0 01 02 03 04 05 06 07 038
E/V vs. Ag/AgCl

Fig. 2-4 CVs of glucose of various concentrations at Cu electrode in 0.1IM NaOH
aqueous solution. S.R. : 50mV/s.

é 0.7 T T T 1D
~ /7
/7
% 06 7/ -
:
= 05 I ,/ -
Q /
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S oar O =
& /’
S 03[ o =
5 @
5 02 , -
< %,
2 ol -Q' .
=
.E R/
0 | 1 1 1 I
© %j 2 4 6 8 10 12

Concentrations of glucose / mM

Fig. 2-5 Plots of the oxidation current of glucose at +0.6V vs. concentrations of
glucose. Data extracted Fig. 2-4.



CH:OH disaccharide

monosaccharide

NG CH:0H CH:=0
He 20H
OH -
Glucose Maltose 0 O OH
H OH OH
H H

H

Electrolysis
potential

Blank
L 1 ] L 1 ]
0 0.5 0.8 0 0.5 0.8
E/V vs. SCE E/V vs. SCE
CH:0H
HO 0 .
trisaccharide OH polysaccharide
Raffinose HéH: Starch CH:O];

O oH
. OH
l H 0 HA
¢100 A %HOH:C 0 ¢100 nA l
’ 0 ’
e o H20H _} =is !

-e—_——— - n e

0 0.5 0.8 0 0.5 0.8
E/V vs. SCE E/V vs. SCE

Fig. 2-6 Cyclic voltammograms of sugars at Cu electrode in 0.1 M
NaOH aqueous solution. Scanrate: S0 mV /s
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2.3 T KEBRFICB T BHIEE L TORMOEEMEM IS

EREFDST WA ) KBEBR BV TERMFNIIRILSNE IO LNLDT, &
BEILOWIEBMNERLZITV., ERERY LIS, ThEFLOBRDELELL TS
T & CEMERUS O % FHE L 2.

VA2V IRNVYES T L (Fig. 2-6) &), BEFETIZ +0.5V (vs. SCE) . “HEHE
LU= T 406V . ST 407V 2 BREME LTED L, ERMBICIIHFIKR
(2em*2cm) ERAW Iz, T OSMIIERICETICY >~ FR=/3—=27 )L I FHER TEHE
KHZEL, SOICHMEEPICR L CREDHBILY 2 E2BELL, FOBMKTT
GkE L CEBGICAV . IBIZEESIRE Hv, fERABICIEEMN, o X VERE i3
R - B SBEEET AV, 2B MEFPOMBETORITIIG, BLUSRERD
TG L DM E ST 5720, BB L USRERE BEREEHE OB T AROBE
W7,

WEHEOBMARY L L TFB (HCOOH) . ¥ = 7§ (COOHy) . 7V a— )V
(HOCH2COOH) . Z)V3a/ 5% b (CeéH1006) B L URBEA A > (CO3*) MMz, &
BRI~ OBRAL UG U HAEE THNI BT 5 L LT o UG

C6H1206 + 60H" — 6HCOOH + 6H* + 12¢-  (2-8)
C6H1206 + 60OH — 3(COOH)2 + 12H* + 18e- (2-9)
C6H1206 + 30H" — 3HOCH2COOH + 3H* + 6e-  (2-10)
C6H1206 — C6H1006 + 2H* + 2e- (2-11)
C6H1206 + 120H — 6CO3* + 24H* + 24e- (2-12)
O LICEMAERYOBRMELENL L2, ZHE, SHEERB L USBEICOWTL ER
DOFEERICHE L ER % AW CEBERY OERIIREEE L7,

Table 2-1 |[CHIEBHOBERER> OHL SN BEHIFEL TR T, Table 2-1 & ) BEFHD
BRCLDZEBMERIITMCTHLI LI DD D, FILTNVI-RAZIELOETET L
F=Z8 (TAVTE F7HhI— ) (23T 100% OBRDFECFHIBONL, S0k
INZT WA ) KBEBRPIIBWTHER LTI/ VI - AT EABL SN S E W) BRI,
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IhETOHRE 156] E—HLTwd, F/oF 0 - RITKER 5 OBBEH (T
YEP—R) TINI—AREDRFH 6 DEE (TVFAFV—R) LEZZHDD,
MiELEFLO—2R3 TNV IF—AETHE 2OV I — ZAFEHIC 100% I VEFRHRTY
BAIBOoNLIENbrol, LAL, BLTVIFAFY - AQOBEHETHY ZBL TV
Jh—RAFRLDETES =R (& FTIVa— V) OFFEOERMDRIIH 80% &#
L. 73— Vg EOREREBRY OBRIRAHEN BN 72,

TDXHIENELBFEEE LT, Scheme 2-1 D L) MBS FOBEDENIZL -
TEBEBALUCICEVYHD DO LN L. TERERY P FHRTHoZ 0, B
LIS DR ORETHEES FHRORE - REES (CC) DRRRIEFELL LD
ERELZe COREDDE, TV F—AEDOHMEETIE CC ORRIZIVAELLRFE
— DD ISP R (C1 molecule) 6 7 Fi, BMLRIS T T TIRTHFME L TERT
LZOTHENH 100% L%5, LPrLT F—ABHOBEERTIISFHFOr M (>C=0)
E—EDOBERISIC L ) FRRICI 2O TITBML SN TRBRA A+ v~ HBWIET LK
ELTVEMEORELOHEVINTIIRD ., THPBILTAHI L TELL Y 2 VER
) a— VBt E Vo RFETZD (C2 molecule) DB FHERTIdbNDEEzZLND , fiE
S2TCH b—=2AG5FHD 6 BFD Cl molecule D) B 5 FFITFBEICERLSI NS A7 Pk
oD 1 FFIIRERA L ICBILEND, 2 ) CDBEDFBOPYRIIR/RATL 7V
F—2ED 516 . Tbb# 83% I[LbbDLEZOLNDL, b LIRS F—AHFrh
D 6 57FD Cl molecule D) H 4 HFIIFRISERILSNDEDr M EEHEG LTS KE
EDRAEDPELZVEE C2molecule & LTEBRILSNTY 2 7EER YY) 2 — VER~BEL S
Nd, COBEOFHBOWMERIBRKTHTIVEF—RED 4/6 , TbbH 66% 12k 5
bNEEZLNS, LEOZODBERIFEZLND T b — A TEFEABEIL S H 2B
HWEDH 80% THHHHEL L TERXLNS,

RICTHR, ZREBLUSHERAYEMRLHRE Table 22 IR L7, TORFRERDLL
oD% L) CHFEIREL BBILONTEERERY TH o 2 FBHOMEIFH L.
RIERERYTH B 2 VB EOREISEINT 2EMIBH LN THIFTFEIK
ELBBIONTHETRE CC #HEDENPHINT S L) GICEFE LTHRML A

23



(Scheme 2-2) o C-C #EMWIT 2 LEBRERBMLETO C-C MRISIZBVWTTNTDH
C-C AWML E LDHNHLRIG S ET L, #RE LTHED CC #HEVHRET
125 572 C2 molecule ® Cn molecule (n>3) &2 EDEFYAIMTHEEZOND, ZHE
FILEBTAE, A7 0-ADFHEANDERMRIRIINV I —ART T P —ADIZFE L /A
Edol, COFEEIITVE—ART 7 b—=ADTIVF—AHEOBEHE 2 FFORKAI
LNHRINTUADFHEFZLTVIDIINL, AZU—RETIVF—AFLT F—2
H 1 AFTOo0HKEICL BRI TV FHEELZLTVS, ito THEERDEE
EEBRICT IV F—AFICERTY b= 2HEIFENOBRDEIBITIIL L2 E LN
/O NTHBITIZITHEFETEX S,

INE COBBEOERBILICIIB VT, FBRP Y 2B EOBRBEPERTH—F
T, RERX2HWTFNRORGIIBWTHKRESNF Y AFREICERL T2, LaL, 4H
DEMEGOFHEMATIIH VT VA ) EE (0.1M NaOH) OEBRBEREHAVTW5, BF
LD RN BRREPOERTHKEAF D EHET B, FORITBEBOKBE A +
VIRE LB LTINEWRTH oz, Lo TERTBKEA L VB L o TEMPIZE
WD pH PKRELEMT A LId %L, TOKREAL F » OERISHERBALSRRER
DER L EITREIE v,

F7- Fig. 227 WX/ Va2 - A2 EBMNERL TV AEOEREMRES L UEREOLL
¥Rl TTEREICEETA L, ERBBLERCEREIBRL LTS, SHIZEHE
RISHEDIIONTEBMEATH L 7NV I—-RBEPRBITH7:0THY, ZHIEENM
BEMRICTHERONIEH TH D, TLEREIBRITSH I LICL > THUEMBY
DEREDHMOEEG LI LT 5,

Fig. 2-8 TIZHMHE (Fva—), ZHEE (FNVIF—R) BLU=ZHE (7714 —
A) oW T, LABREBICH LTERL-FEOREL2 7Oy ML, ZOEENS.
PEEOBMAICHE UAERT A2 FHIIERZICHBA L THEMNML TS, 20 LIidEERILK
WU DRSS (FROBFBILRIG: &) BRI s TwinwbnetEzx ohb,
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Table 2-1 Current efficiencies for formic acid, oxalic acid, glycolic acid ,
gluconolactone and carbon dioxide formation by electrooxidation of
monosaccharides at Cu electrode in 0.1 M NaOH aqueous solution.

C.E.(%) Electrolysis
mono- T potential
saccharidle ~HCOOH (COOH)2 Glycolic Glucono-  co2 (E/V vs. SCE)

acid lactone
Glucose 100 1 6 <1 5 +0.5
Galactose 105 1 7 <] 3 +0.5
Mannose 106 1 6 <1 5 +0.5
Fructose 77 1 26 <1 10 +0.5
Sorbose 81 1 26 <] 10 +0.5
Xylose 107 2 4 <l 5 +0.5
————— Aldose — __
~
/ CH:OHOGIUCOSC CH:0H Galactose A
H 2
f OH HO °
| HO OH /
OH CH:0H OH
\ 0_oH OH /
~ OH Ol Mannose / ., - - - — — — Ketose ~
~ HO - Sorbose HOH-C o OH
-~~~ 1_ - - [ HOH:C O~ CH:0H K OP N\
| H(’)QOOH Fruc?ose CH:OH |
OH J/
~_ OoH__ -
O _OH
OH Xylose
HO
H



ketose

aldose
CHO ?HKHJ
H%OH ?O
HO?H ?HOH
H?OH ?HOH
HCOH . CHOH
CH20H cHo [ B . CHOH CH20H
aion 50
cHiow gHo
CHoH UEE:JVC)“IJ
. giion tion
CH20H CH20H
C-C bond C-C bond
cleavage cleavage

CHO
CHOH
CHOH

CHOH
CHOH

CH20H i

Ox.

SHCOOH

OH

Scheme 2-1 Schematic illustration of oxidation with C-C
bond cleavage of aldose and ketose on Cu electrode in
alkaline solution.
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Table 2-2 Current efficiencies for formic acid, oxalic acid, glycolic acid,
gluconolactone and carbon dioxide formation by electrooxidation of
sugars on Cu electrode in a 0.1 M NaOH aqueous solution.

C.E.(%) Electrolysis
potentoal
HCOOH (COOH)z  Glycolic  Glucono- 5y (/v ys SCE)
acid lactone
Glucose 100 1 6 <] 5 +0.5
Fructose 77 1 26 <1 10 +0.5
Maltose 61 4 19 <] 7 +0.6
Lactose 64 3 16 <] 4 +0.6
Sucrose 37 4 10 <] 3 +0.6
Raffinose 38 18 7 <1 4 +0.6
Starch 18 14 0 <1 6 +0.7
CH:OH CH:OH
Maltose o) 0. OH
OH Lo K on .
HO CH-0H
OH OH HO O
OH Raffinose
Lactose ¢H:0H CH:0H CH: Starch
o oon o OH CH:0H
OH 1 OH 0
HO N
OH OH Hom:c _-O~oH" O
CH:OH <|_/_\+/}O o
Sucrose }— o OH OH CH:OH
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monosaccharide disaccharide
C C C
1 | |
C ¢ g
é ¢S
|
C C (lj
I
: Lol
|
é "\x?\/’ g (I: C-0-C
. C C
rfur” e
C C
Rasgne’ |
C C
o # |
C _C
o NS TR
C -0—-C
C-C bond C-C bond
cleavage cleavage
C1
G
c Cy Cy
1 C
C 2
1
w Ox. S i Ox.
: e C, oxide
Cy oxide OH ™ OH (ex. acd )
( SEPIB— ) lonalidie.

Scheme 2-2 Schematic illustrations of oxidation with C-C bond
cleavage of mono- and disaccharide at Cu electrode in alkaline
solution.
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Fig. 2-7 Plots of current and charge passed as functions of
electrolysis time during electrolysis of glucose.

29



12

10~

[formic acid] / mM
o
T

—E©—Glucose
—A—Maltose

—&—Raffinose

| ] | |

0 20 40 60 80 100 120 140
Charge / Coulomb

Fig. 2-8 Change in concentration of HCOOH formed as a
function of the charge passed during electrolysis.
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2.4 HEEOEBRMBRISICE T 5 EMEMOEE RUCFE

CHITOBBEOERTEITA )y 2 RNVIRTIAINEONHREHIC, il
ALY — 2RO BN # BIREME LTEDZ, TITERZOEMBMEIE - BME LI
B3, BREMNEBREREOEBIZONTEELITo 7,

BRBENPZEDHESETINVI-ABIT IV b—A2BRELIHERERT (Fg 2-9,
10,11, 12) o ZNWIA—ABLUPF TN P =R LB IEBHRENZEHE LI LIZL-TE
MENRICRKDIFHSRON, bbb, BUcRAICERHSELZEIILD ) a—
WVEEDBEGMBIEML, FEER Y 2 VBOBRMEIRWD Lz, TEAIIEESZES
CEIZE Y VA BOBRYDESEML, FBRRP Y 2 VEEOERDERI B L,
FEBEFYTH 5IFBOBRPRIZOVTL, F4 2 ) v 7 RVIETSL L DNES
NIEBALE — 7 B E TOEMRFR O BRPEIE L, FRIDVEBLIUTEAIIEHL
1B DORMEL WD Lo TRIBEMEBRN THo722) - VEIIAMDOEMNTE
RS BT L D ERESHML, FA2aVBIEIEMOEMTHMLZ:, CRIIEE
IRERMDOBCIKIER EZ - HE (7)) - VIB<FM< T a2yl kb, Lo THIL
BBV SIIBLIREDO/NI W) a- VA ER LR T, $BILEMTSVS
GIEBILIREOREV a2 AR LR T o T, ULEOEE,SEREMEE
R B DOBLIKE L OMEN I RO 5N B,
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Fig. 2-9 Current efficiencies for formic acid, oxalic acid and, glycolic
acid produced by the electrooxidation of glucose at Cu electrode in
0.1M NaOH solution at various potentials.
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Fig. 2-10 The amounts of formic acid, oxalic acid, glycolic acid
produced by the electrooxidation of glucose at Cu electrode in
0.1M NaOH aqueous solution at various potentials.
( @ : HCOOH, e :(COOH)2, O: HOCH2COOH)
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Fig. 2-11 Current efficiencies for formic acid, oxalic acid and, glycolic
acid produced by the electrooxidation of fructose at Cu electrode in

0.1M NaOH solution at various potentials.
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Fig. 2-12 The amounts of formic acid, oxalic acid, glycolic acid
produced by the electrooxidation of fructose at Cu electrode in
0.1M NaOH aqueous solution at various potentials.
( ® : HCOOH, e :(COOH)2, O: HOCH2COOH)
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2.5 v a— 2B EDERE

AR CIIEREM L BMERDIZOVTOMEREEE L, CITREMIRYTSD
DB OBALIKEE L BRERKRICOVWTEERE L,

DFOBEVEEE LAYV L TWAIERILEWTH LA T 7 F F—Iv (CeHI406) . 7
V3 B (CeH1207) « AT 2 T (CéH1007) . FEHER (CeH1008) B L U7 Lo —
A OVTHRE %7070 TNHALAYWR VI —AS5FLLBLT, FO5TFEREI R
TERBBILINREILH D, RBBLREL [F77F bM< Va—-A<F N
YT TV 70 YBR<KERER] OIRIZE,

ERABILEWIIOVTT VA ) KERFOMERLIIBITEFA 7 ) v I RNVEET
S AN/ LN (Fig. 2-13,14) o WTENDOILEW S 7V 3 — AFERIZ +0.5V  (vs. Ag/AgCl)
BRI LA R S, AV a—ARBICT VA ) KERFILBVWTHER ETOE
SALEBRE UG T TH B 2 EAb o7z,

AR OFEF L MRS T VA ) KIBHEF, MEHE L TOEEVNERZIToLHER, wTih
DILEW L EBMBAERDIFEETH o7z, TOFBROBERIMIFICEETLE, FVa—2A
RH T IF b= &V o 2BALIKEDORLENIZZDONRAZFDOIIN LT, Fvar
B, oY o0 B, FBEE BILIRES B 22 1o CTXBROBRMFEVRI TS L
V) EEASR S L7z (Table 2-3) o

DEDREREY, BENRYOBILKEIL > TH FEERICE L TZOERITICE
rHELIELEILFDIoT,
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Glucose Electrolysis
potential
(a)

t ImA

E/V vs. Ag/ AgCl

Gluconic acid ‘ 4 ICOC)H
(C) l l'. ;,v' H(:IOH i
I 0.5 mA HO(%H %
|
HqOH !
IS IIII I  HCOH |
' ' - I
i‘ CH20H
O 0.5 0.8 e oo o -

E/V vs. Ag/ AgCl

Fig. 2-13 CVs of 10mM (a) glucose, (b) galactitol and (c) gluconic acid at
Cu electrode in 0.1 M NaOH aqueous solutions. Scan rate: S0 mV /s
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Galacturonic acid

Electrolysis
potential

0 0.5 : E;’ EOOH%

E/V vs. Ag/ AgCl

Mucic acid

) l fo ?OOH”'
HCOH
HOCH
HOCH
HCOH

0 0.5 0.8 . oo

E/V vs. Ag/ AgCl

Fig. 2-14 CVs of 10mM (a) galactronic acid and (b) mucic acid at Cu
electrode in 0.1 M NaOH aqueous solutions. Scan rate: S0 mV /s

36



Table 2-3 Current efficiencies for formic acid, oxalic acid, glycolic
acid by the electrooxidation of organic molecules similar to glucose at
Cu electorode in 0.1 M NaOH aqueous solutions.

C.E. (%) Electrolysis
potential

HCOOH (COOH)2  Glycolic acid (E/V vs. Ag/ AgCl)

Glucose 101 2 12 +0.5
Galactitol 99 1 17 +0.5
Gluconic acid 69 3 8 +0.5
Galacturonic acid 65 7 2 +0.5
Mucic acid 41 3 0 +0.5
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2.6 TIVAH ) KB TOFEROEEAVE TS BN

TV ) KB PIZ BT B HEROBCBRTIIRKIGIZOWTIITTICIME L TWwa, &
T E DRSO W TEKRALF K & 3R B F (Electrochemical Quartz Crystal
Microbalance : EQCM) Mll5€#k & AV T, B % 5 FUSHFIE DT % 7> 720 EQCM HIEE
FEBRERE~NOGFRA 4 HEOREREICET 56, EROBHLITRIETS
Rtz B3 20 SN TV IHEEND—DOTHb, BRRELOBME*HB5IT5Z
LT, BRLBAEBROGE EONS, COEEXER TS LTCEBRAOERELIL
RN THIENTE D, KSIRBFORARMENENERRAOERELEIZHBAIL T
W57:0, BBRBOBILEIrCEEOEILE*BERTHI ENTE S,

TNH ) KREBEFIZHEITAH EQCM HSHEMR (Cw/TI/EQCM electrode, Basic Frequency :
6MHz, Electrode area : 1.3cm?, Mass sensitivity : 16ng/Hz) (23817 B OBLZETTETH BT
BWEEITo72,

TNA) KEEP BT HAHEBOMBILRITCICOVTORERKE 2T (Fig. 2-15) o
Fig. 2-15 X D BRALIBTIBEDBED -02V 75 +0.6V (vs. Ag/AgCl) DB BEIZB VT,
ALY H O b5 LIFBERORD . TobbEEOHMARD LN, ZOEBMMHE
W TH L % RSSO Z M~ DB RIS

CuOH + OH" — Cu(OHR2 +¢ (24)
F/-id

Cu+20H — Cu(OH)2 +2¢ (2-5)
EEZZLNTWVS 24| o TORBRIIBWTEBEEANERLZILICETAREE LT,
BT 1mol (IF) 7z Y KERALA + > A 1mol BERREDME KELTWBZ A5,
COBEEIIEZ LML EREINEIIKELA A OREDS [+17g/F] OEERII & HeH)
T&5o LL%AH, BILKOERK L VB L-BERE (=BHXEM=FKXE3E
IR/ Hm5HEE) &, BMEBEE L ORICK DB SN [+30g/F~+60g/F] & il
EFIIKELEVPELORZ LY, FOMIMEANEL Y bRE2EIBON,
FICEREDH ) OEFHBMESHENEL Y SRELESEBORLFERIZOWTIE, B
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BERE ERKB P E R T ABRICBETH LR TRAF VHEINA v 5 —HL—F —
ELTHDAINLGLDICI YV RELREBENIIEN oL DEEZBNSD (Scheme 2-
3) o COXHICEREMICER L 72KE{LYEZ EPMA *®° FT-Raman 7 £ D4
EXTo TR e AA, BRATII LRFNZEHT2RELB2ETIRES LA
o7z, F72 03V FIEDFH—H~DOBEALKIGIZ B 2 BEBEE M~ 0 BLER Iz
ERBLIBEALEERNL RS h ol T

1) ZENOBRLETRE & KR THRN2EREDI/D S WADITELED /AW

2) BALM DR EF CREICHKRESETT 270 KE2EEENEBIZES 20

3) BIEBEMNATESE L TWeh F4 »OBEFKIGS#EITT 5
R EDHBERDIEZLNDH, KEINSHENZEETHIIEE > TRV,
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(a) Frequency

IIOOHZ

(b) CV

IlmA

| 1 1 I I J
-1.2 -1.0 -0.5 0 0.5 0.8

E/Vvs.Ag/ AgCl

Fig. 2-15 Frequency responses (a) and cyclic voltammograms (b) of
Cu/TV/EQCM electrode in 0.1M NaOH aqueous solution.
Scan rate : 50 mV/s.



Cu electrode surface
(potential : -1.2V)

(Positive scan)

(%
W

CuOH:~ . ..o

Cu clectrode surface
(potential : -0.3V)

(Positive scan)

_  <lbilie
s e i @5@

Cu electrode surface
(potential : from -0.2V to +0.6V)

Scheme 2-3 Schematic illustrations of Cu hydroxide layer at Cu
electrode surface in alkaline solution.
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2.7 HHEEELT VA ) KETE P TOMBERDOMEAL R TT IS FEAT

WEOMBRLRISIZB Y 2MERKRE LOKIC % TS5 BHT, #BEZELTIVA
KB AVCRIBOMOBLEITERICHAT 2 EE L MHIC EQCM HIEZ1To 7
(Fig. 2-16)o

TTEEOFEEOREICLAHERD CV EEBMHIZIE +0.5V (vs. Ag/AgC) 5
DEFOBCIZ & ZELERMEOMUAMIKE REIIR OIS, BHEEATVLE
BHRICBVWTHIHERPBILBIUORTENE Z b2 5E, LA LEERREZIZEEY
BE, A_M~OBILE— 2 EZZ LN TV .02V ~ +0.6V fHEDOKE 2BILE — 2
IEELTREBEEOEN, TAbLEROBRIPBMNINL, LA LINOHERERENE
EBRLOREIZ, BHEETHLINI-AEZWETHET 74/ —ALOMICKE 2E
IR 5N H o7z (Fig. 2-15(A), (B)) »

COBEERVIF_M OB -7 PRANBOLIBMUTHE 02V FTEDPLLELT
Wk, FRFEIEMDETILICE ST, &V A 7 VEIZ—HICERBPSENL TWwE C
Eb, BVELFSIRTT) L THICAKRORIGHREI o TWHbDEEZ LML, T
NEDOZEPLINBBREAODEERIDOERE LT, RER,LDMORME] 2% 2
720 BBYA2) v 2 KRKIVYET T LDOEHDOHFER Pourbaix diagram [1] 26 HWFT %
&L BEEORVPRDOA & AMALRISIC L AEOFH L 1ZE 212, FOREEIBEIE
BRICERLTVWEHDEEZZ LN,

PDLEDIERNHS» G, MEOBMEM & LRROBFRBENT 2EMEPITIT—H LTS
TEDL, HEEOMEBRILISICE L TROBUPREI o TWaEDOTId i eE 27,
LAl BEERROBEREZ WM LIER, M- 33 AEHRES N o7, OF
D, BEOEENEBRISIZBVTIADBERIIB I 2Tk,

INLDI ERLIERDEBRILZIT) ERMEBRIISICBIT 2MERET ETORIGE
BEEECT NI ) KEERP TO/RIN L 2HOBALETRIS L 3OS TR Wik
ZR7:o £ZT CuTI/EQCM EBEEETHREZ STV ) KEEF THES Z24 )R
L7 BROEREEPDOTEL N (Bl %52 OB CREME OB I L TETFRY
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SMEERERE V) L, BRPOMBEISS L TRS 248 0 R LR L A Bk
ZALE%® 70y L7z (Fg 2-17) o CO#R, EERVPETROBEBIZL DD LK
SEL7E EOERMMRE BEH) LBERPOMBEE (WADK) 25ITT—HL, 202
EHo, HEEEET CEMRBSI 2RV ETI LI 2MEROERZDRE IO X
5bDEHRI NI,

DL OISR BFREEICOVTEE L2, Scheme 24 IIRTLH 12, TTE
SALFWIBALBUS & 72 5 IEBMA~OFE IS A OKERILIA A ERKRE L ICAERT 5,
I THESTFET AL ZOTMOKELEIC X W EESBIL ST, KBRILIFRT S
N5, SAVREEL TVWDBWEMERT 5 & — OB L RohsREGEOULEIRON
72 (OB LIIZERDXETH Y, FAZMOKBEILE L SITFEHROLETH S)
ZEDH, ZMOKBILHIIHEREIC L o T—MiDB L~ BT I DL EZ NS,

Cu(OH)2 + 2e- — Cu20 + H20 + OH (2-13)
OB, BILINZHMIBEBRENRLS TILEBRPIINE S NLLDITHR L LTHPERE
HPOREET B0 bL 20, BROEEVHALTEIDOEEIOLNS,

PLED X ) ICHKBEAEIZHEEIC L VBB ICEIT END, BV TR I KBRS
WL DB bENE, TOL) TR EHIE L BB ITHILRTL I NS Z LA, B35
BCHEDPFEE THILINAZERIZZ 2 TWwAEIDEEZLNSE, LML, HEHELET
DHEHDBILIZ DOV T OMBIEHEIRIEBRILFATHL EVIHEDLHY [6) . THHER
B L CTHELZ BB LETH S,
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¢ 100 Hz (A) Glucose ¢100 Hz (B) Raffinose
———-\

(a) ——

L l | l ] } L l l 1 | J
-1.2 -1.0 -0.5 0 0.5 08 -12 -10 -0.5 0 0.5 0.8

E/V vs. Ag/AgCl E/V vs. Ag/AgCli

Fig. 2-16 Frequency responses (a) and cyclic voltammograms (b) of
Cu/TI/EQCM electrode in 0.1M NaOH aqueous solution in the
presence of 10mM (A) glucose and (B) raffinose. Scan rate : 50 mV/s.
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Fig. 2-17 Concentration of Cu against the change of frequency at
Cu / Ti / EQCM electrode. Cu / Ti / EQCM electrode was scanned
many times between -1.2V and +0.8V (vs. Ag/AgCl) in 0.1 M NaOH
aqueous solution in the presence of 10 mM glucose. Theoretical
concentration of Cu calculated by the change of frequency (----)
and Cu concentration found in solution ( W ).
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Cu electrode surface
(potential : -1.2V)

* (Positive scan)
+

i ShEak, QNa_)A(HEm
<alil» N
_CuoH

Cu clectrode surface
(potential : -0.3V)

*(Positive scan) \' ©

Cu electrode surface
(potenual : -0.2V)

Cu electrode surface
(potential : from -0.1V to +0.5V)

Scheme 2-4 Schematic illustrations of the chemical reduction of Cu
hydroxide layer by sugar at Cu electrode surface in alkaline solution.
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2.8 #&E

TV ) KERPIZ BT B MEE L TORBEDOMERILIZ OV TRE 2T o 72/ R. L
TORMAPELN,

) BEEIX 7 IV H ) KEBERT, HEBELICBVWTERBILSRS, 2 LTERRSOS
R, SOMBFRITEBERY L LTFRETHLEN S, FICEEEOT IV F—XET
X ZDERMETILIZIT 100% TH5E, KEDEORVRISGTH 5,

2) EILHZzHE T 5 EHEHE (CH1206) DHELERMEMR, 7V F-—AFHE S b —2EHILB
WTHEDBEWISERT 2 L Bbh b FBOBRMEOENFOLN L,

3) HAEESL O THME, SHEBIUSBEN LS THIES 2210 o T, ¥EEOE
RHDEFEA L, BREIERY THE L 27 7) 2 — VEEOBIREIFRHHEIAIIZE <
%%

4) BEZEOERIIBVTEREMPEVCEIIBCKEDO/ NS WERRIERY (7)) 3
— V) OERMEBSHEMEICEL 20, ERBUIBVCREBLREORE WERFRIL
B (2B OBFRDEIEL % 5.

S) BEBLUBEELEENIUTWE T LI — VR EEBOEMERI L. BEINL
AR AEYOBLKEBIC L W ERERYOBRMEIIEI RSN S,

6) EQCM PIEDR R, BEIIFBRET L I24 B U7 §k Bt % BT L 72 2% 6 3 8t
SELMWEEALTEY, ZOMKBYEEEL ORSHOB S HPHEE LR L
FTBILSEBERD—2oTIZEVh EELOND,
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L& TAUA)KEEPIIBITAEL DOLREER L TOEREDMBEL IS

HETETIIHEERICED LT7 VD ) KBEPIZBIT HEHEOMBER{LOFEM % #RE L
72 COEBTIZAUNOEBERICOWVTEREOMERILOFEM LRI L7,

3.1 = v VERER L TOWEE LG

— o VERLREBRRARICABLEMOBRLFNMBERILELALTBY), HIH
FORBWREE LTT LI = VOBLIZOWTHEN 2 ENTWE [16] o 2ZTlE=v
rOVERD BRI EOMBERLATRE,E ) NIIOVTOBRF 217272,

EUDICHIEDOHEBE L BT VA ) KBBHRICET S =y 7y VERE FOBLET
122V T. Pourbaix diagram [7] (Fig.3-1) & WRFF 21T 072,

Fig. 2-1 £ ), 7vh ) KEW (0.JM NaOH) HFIZBIFATHIIBVWTERE L TIAEIIK
b= 7 Ni(OH)2 P SIN TV b, ZOEBRKMDIRELHERTL7-DI, T
AVIKBEBRPIIBVW Ty F VEROBEIFENWEBILRITIZAT LA 7 ) v 7RV EE
75 ADPIEEIT o7 (Fig. 3-2) o« = v T INVEBROEHE, BILEAFRIZEB VT +0.5V (vs.
Ag/AgCl) 88 X UERITTERRICB VT 1045V HEICENEFN—TF OB {LETTOE -2
BROLN, E—=20RESIJIFERELVIEPSIFERNELEFELTNREbDELEZ
Hibo

Z OEAHE TSI

Ni(OH)2 + OH' 2 NiOOH + H20 +e- (3-1)
ICLBbDLEHESN [1-7]. Fig. 3-1 @ Pourbaix diagram (2R3N TWAIKEL 12—
BLIHRETHDLEEZOND, TV A7) v 2 BNIET T LDOWNEREDI LI LR
B LBITTRUOC UMM B o - EBIIR oo 7z,

RIZT VA )KEBRFIHEE (FVI—R) Z2iRMUCHELIToLER. vy VE
BEIZBWTIE +0.6V FHTICZ VI - ADBYLY — 2 TR SNz (Fig. 3-200) o $HEME
EDHETIEAZ NI - ADBALBEMNIZMER ETRON/BM LD RREMIZ 7 MLT
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VAP

ZOBALY — BBV T NV I - ADEBRMEMZ TV, BMERYOELESL LU
EEDOLBRMEBOBH 21T 572 (Table 3-1) o B, EHELMIIHER L ERILET 5
7eolz, BUEZMERL +0.6V EED, BREOKER, MEBRAKII=y F VERLIZ
BB NV ADFEENEBRIZLD2EBRERPIFERTHo7. LoTZy TNy s
NI—ADBBEHALEISIZBNT, FVI—ASFHD C-C HEDMHE 4D B g
BEELTVwAI L bhol, LELFENOBRIIIRIIN 70% L4h, HERLL
RIUTENETH o 72,
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2.0

1.0

% (b) : O2 + 4H+ +4e-
Z. =2H20
@
Z 0
>
(04
“l(a) : 2H* + 2e- = H2
-1.0

Fig. 3-1 Pourbaix diagram for Ni

In 0.1M NaOH aqueous solution (pH 13)
Ni203

Ni ] Niomy INisOiI NiO2

-1.0 0 1.0 2.0
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0 0.2 0.4 0.65
E/V vs. Ag/AgCl

Fig. 3-2 CVs of Ni electrode with (a) absence and (b) presence of 10mM glucose
in 0.1M NaOH aqueous solution. S.R. : 50mV/s.

Table 3-1 Current efficiencies for formic acid, oxalic acid, glycolic acid and
gluconolactone by the electrooxidation of glucose at Cu and Ni electrodes in 0.1
M NaOH aqueous solution.

Electrolysis Current efficiencies (%)

Electrodes potential . . S ‘ .
(E/V vs. Ag/AgCl) Formic acid Oxalicacid  Glvcolic acid  Gluconalactone




3.2 $RERKE LT OO MBS

FEBBIZOWVTHEHIIT VA ) KGR PICEITHHERE G OBRILETTIZOWT,
Pourbaix diagram [8] (Fig. 3-3) & W R #1T o720

Fig.3-3 &0, #3705 ) KB (0.1M NaOH) BBV TII=ngks LTHEEL.
Ffb#k (Fe203) F7213KIR1LER (Fe(OH)3) WM ORETEBRE LICEER S A TW
2HDLEZOND, SKEBICEALTORBEICY A2y 7 RKVE A M) —FIZEDH
EZITo> TRl 2T o7 (Fig. 3-4(a)) o T DR, FRICERILTEF IFIZB VW THRREOER &
B 2BLEREOWMIUSMIHE 2 ERALFNIEEILR 5Nk H o572, Pourbaix
diagram [8] IZBWT, SO 5 UMD ENDOEILIZHABICE S 2Ty, 20
BANIMEOLENEBEM L Y D IEMOBEMIIAET 5D T, Fig. 3-4) OG5 IBMIBAICE
WTEONI~NDBE LIIR b v EEZ N5,

RIZT WA KRERPIHEE (FVI—R) 2/ MLTHA7) v 7Ky 2 D) —
HWEZToER, HFEBRBEIIBWTIE +0.7V (vs. Ag/AgCl) [EIZ NV a—-ADB L%
AT EBDONEBALEROWIMRE SN (Fig. 3-40)) o Lo THERIIFEERE LB L T,
TN 3= ZADBACEMYRRIERNI Y 7 P T AR bz,

COBALERIEML TV LBMICBW TNV I - ADEBMER LTV, BFERY
DEHE - EELLEMHEOEL 21T o 72 (Table 3-2) o B, BREMINV 7T
YFERBLTBILERMARDOKE Y 407V LEDL, BROKE, HEBRRICH
BHREICBIIZINVI-ADOEEMNEBICIIFEREIDIFETH o7, Lo THD
FNI—-ADEMRBEILEISICBNT, FILVI—RA5FHD C-C HEEDRE LS B bt
WREZ AL TWB T &b ole L LEFMAOERDEIIN 50% Ly, FEMHL
EAANIEEFIZEDRNETH o7,
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- Fe3+ n
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% , “1(b) : 02 + 4H* +4e-
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Fig. 3-3 Pourbaix diagram for Fe

In 0.1M NaOH aqueous solution (pH 13)
Fe(OH)2

IXONE

Fe(OH)3

T.\:.r. ;m:l!;::

-1.0
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0.2 0.4 0.6 0.75

E/V vs. Ag/AgCl

Fig. 3-4 CVs of Fe electrode in the (a) absence and (b) presence of 10mM
glucose in 0.1M NaOH aqueous solution. S.R. : 50mV/s.

Table 3-2  Current efficiencies for formic acid, oxalic acid, glycolic acid and
gluconolactone formation by the electrooxidation of glucose at Cu and Fe
electrodes in 0.1 M NaOH aqueous solution.

Electrolysis Current efficiencies (%)
Electrodes potential _ ) ] i , ,
(E/V vs. Ag/iAgCl) Formic acid Oxalicacid  Glycolic acid  Gluconolactone
Cu +0.6 100 1 6 1
Fe +0.7 50 9 28 !
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3.3 £ERKM L TOMBEOMBRRILIT

EEBIZOVTHREBICT VA ) RBEWF BT 5 EEME & DER{LETIZOWT,
Pourbaix diagram [9] (Fig. 3-5) & W& #1757,

Fig. 3-5 £ V. BB 7V H JKEBEF (0.1M NaOH) 2BV TITFEIL 0 fiDIRET
FEL. EMNOBMIZL > T=MOEDOKERILY AuOH)3 1225 L ENTw5S, LirL
Z DKREEALYII AR E THARIG

2Au(OH)3 — Au203 +3H20 (3-2)
WKL) ZMOBLEIc 25 b DL SN TW5,

TOA JKERPIEE (FVa—R) 2BINLCHEZTo &R, €EEBELIZBY
Tid +0.35V (Ag/AgC) FFEICZ Va2 —ADB LR L TWA EEDbNBEBILE -7 RS
N7 (Fig. 3-6(b)) - SAIBHE DHETIX NV — ADOBLEMIZIEMIZS 7 P LTWi,
T 7 Fig. 3-6 &), BETEFIOBRIZB VT +0.05V FEICBWTHIBILE -2 2R 6
Nize THIZEBRETCODFEORSE T /-IINEICHETZODLEZ 61505, FHld
AHTH S,

CDOBALERSEML TV LEMICBW T IN I - ADEBMER LTV, ERFERY
DEHE - ERSOSEHRBFEOEHZ/To7/ (Table 3-3) o & B, BREMIT +035V L5E
Wizo F 4005V DBEMTEF 2 AAZL0O0, BRFIHEVBILERSBITERICED
S EPLCIDEMTOINVI—ADERBIISIITELZWHD EHRTL 72,

BROER., ChEITOEBRERRAKIIEERLIIBU B/ VI - ADEBNERIL
LEBBERMIFETH 7. COERPLEDL NV I - ADBERBRBELSIZBWVT,
TNI—AFFHD C-C HEDHR I BRILMBEREZAL TV I LMW bPo7, L
2 LEFBE~OBERDEIIH 50% LEVWLDTHo7l, SHIEERBOF®E LT, BIE
MREBRWTHLINI ) T P OBERDFEDY, ThEFTOEREBE LTREL2EE
RL72e CORRZEERORERIFHLEER b,

56



(b) : O2 + 4HT +4e-
=2H20

E/V (vs.NHE)

(a): 2HT +2e-=H2

0 2 4 6 8 10 12 14 16

Fig. 3-5 Pourbaix diagram for Au

In 0.1M NaOH aqueous solution (pH 13)

Au Au(OH)3

T L 1 o ~; S F 3,‘—-& R ;_»L-—-ra -
m@@%am‘f&:? ml ey B TN Lo e e ]
1.0 1.8

0
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0.4 0.6 0.75
E/V vs. Ag/AgCl

Fig. 3-6 CVs of Au electrode in the (a) absence and (b) presence of 10mM
glucose in 0.1M NaOH aqueous solution. S.R. : 50mV/s.

Table 3-3 Current efficiencies for formic acid, oxalic acid, glycolic acid and
gluconolactone formation by the eclectrooxidation of glucose at Cu and Au
electrodes in 0.1 M NaOH aqueous solution.

Electrolysis Current efficiencies (%)
Electrodes potential . N . S
(E/V vs. Ag/AgCl) Formic acid Oxalicacid  Glycolic acid  Gloconaolactone
Cu +0.6 100 1 6 i
Am +0.35 48 2 2 21
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SHILEERIZOVWTHRFT 2ENLFER, ChEITOERBERLEIEL)., LHVEAUD
BIZBWTH NI - ADEMRBALYTETH L 2 LAbh o7,

IhEF COBBMREOWEH KL LTY v FAR=N=RT7 )V I FHER % AV TOFE,
TR EBICLOBE L EOREFRAVONTE, TNETORFRILIVUE L&
ERFTLICBEVT, BHOBEBMTI VI - ADMEBILERTTIA 2 )y 7R VS ES
TLIFONL o (Fig. 3-7(b))e LA L. WERNZT VA ) KBEHRIZBWTEERE
DEALBEBTICHAELSBMICBVTEMFEII 2RI EL TERRTO®RELZ T
(ORC : Oxidation and Reduction Cycles) /i, FAXKPICEBEH R T I LI VERT
PERIETHEORMEB/AIHFELLVEBRAZLETLILIZLD. -04V (vs.
Ag/AgC) £V ChETEHOERTINELZToTHONL VI - ADBRILERICH
NTH L NBROBMIZBWT /NI - ADMEBRILEXESL 2 EHFTE /2 (Fig. 3-8(b) -

COMILE - 7 BMICBWT IV - A2 EBMERLHER., EEEERDII IV
)52 rTHY (Table 3-4) . TOHRIIINTF TCORESINLER (10, 11] &iFIF—
BLIHERE o7 RIBR 2-11) TRLAEEIIC 2 EF 2 7u by FieTh b, F
T DEMIZEABREOBRIIBNT, V3527 b DA OERERWIIZNETO
EZARERTETVARV,
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|
-0.6 -0.5 -0.4 -0.3 -0.2
E/V vs. Ag/AgCi

Fig. 3-7 CVs of Au electrode in the (a) absence and (b) presence of 10mM
glucose in 0.1M NaOH aqueous solution. Au-disc electrode was polished by
alumina polishing suspention. S.R. : 50mV/s.

]
0.6 0.5 0.4 0.3 0.2
E/V vs. Ag/AgCl

Fig. 3-8 CVs of Au electrode with (a) absence and (b) presence of 10mM glucose
in 0.1M NaOH aqueous solution. Au-disc electrode was cleaned by ORC
method (potential width : from -0.6V to +0.6V vs. Ag/AgCl, 10 cycles in 0.1M
NaOH aqueous solution). S.R. : 50mV/s.
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Table 3-4 Current efficiencies for formic acid, oxalic acid, glycolic acid and
gluconolactone by the electrooxidation of glucose at Cu and Au electrodes in 0.1
M NaOH aqueous solution.

Electrolysis Current efficiencies (%)
Electrodes potential ) ) ) ) _ _ )
(E/V vs. Ag/AgCl) Formic acid  Oxalic acid  Glycolicacid  Gluconolactone
Cu +0.6 100 1 6 I
A -0.35 0 0 0 54

Au electrode was cleaned by ORC method (potentialwidth : from -0.6V to
+0.6V vs. Ag/agCl, 10 cycles in 0.1M NaOH aqueous solution).
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TNI—=APUNDOBEFIZOWTHFEBRICEER LT 0.4V (vs. Ag/AgCl) T ETOBERAL
WU HETH 5 PHRET L7,

R 73— A LEFIC TNV I — A DS DOEBERD T IV F— ZEIIOWTHEZTT-
7oA (Fig 39) . FVa—AREKIZ 04V FEICHBILE -2 DBR6N, TIVF—2Z
Hid 04V HETEBILDS TR THE I EFEDONE, —F., 7 F—RAEFHIIDWTHllE
#{To1-% R (Fig. 3-10) |, -04V fHETCRELERBEOHMASEL Eohizv, 2Fh 7T
WIE—REES P AFLDOGFHEOEICL VEXRLFERICE IR ZEN R LN,

RIZZHEFIZOWTHBRICNE 2 T2 728 R (Fig. 3-11) . TIVF—AEHZoFr o
BMENTWBETNV =T 7 b—Rid 04V FHICHEILE - BRONEDS, THEF
— AL P AEPOHMEINTVAE A O — AL ERMBEOEIAR O i,
XLHICEHEERESEEIIODVWTHERTo &R (Fig. 3-12) . 574/ —ABLURY
—FWVTROBE L BILEREOHINIR b\,

IDEHIEBEBEDOWEIZBVT, EEOGFHEEDENIZ X ) BERILFEMNLE I
BLRESRONZ, TOLIZTNVIF—AFOAIIBILY - PRNLEDIE, 7 b
L L IRIANF Y VEBEAOBALYH R, EIPICL Db 0L ENSE, TV F-ZAHEHD
C1 BAIH 2 BF 2 70 b VI X BBMLIZE WAF Y UEBABRILS N, AF YV U BE S
7 b EANOEELOFEHIELD, Lo TIDL) LEBAILRISHAEL A REMEVEH LT
WE—ABEDOH 04V THILENDBODEZZLND,
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(a) glucose

CH:0H
O OH
OH
HO
OH
10mM glucose
¢]0P-A ————— OmM glucose
L 1 ] i [

-0.6 -0.4 -0.2
E/V vs. Ag/AgCl

(b) mannose

CH:0H
O _oH
OH (¢}
HO
10mM mannose
oA /| ----- OmM mannose
l 1 1 L L3
-0.6 -0.4 -0.2

E/V vs. 'Ag/AgCI
(c) galactose
CH-0OH
HO 0
OH

10mM galactose
----- 0mM galactose

i 1 1 ] L1
-0.6 -0.4 -0.2
E/V vs. Ag/AgCl

[0mM xylose
0OmM xylose

-0.6 -0.4 -0.2
E/V vs. Ag/AgCl

Fig. 3-9 CVs of 10mM (a) glucose, (b) mannose, (¢) galactose and (d) xylose at Au
electrode in 0.1M NaOH aqueous solution. S.R. : 50mV/s.
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(a) fructose

HOH:C 0 OH
H@HzCH

OH

10mM fructose
_____ 0OmM fructose

-0.6 -0.4 -0.2
E/V vs. Ag/AgCl

(b) sorbose

HOH:C 0 CH:0H
|< oy
HO OH

OH

10mM sorbose
————— 0OmM sorbose

............

-0.6 -0.4 -0.2
E/V vs. Ag/AgCi

Fig. 3-10 CVs of 10mM (a) fructose and (b) sorbose at Au electrode in 0.1M
NaOH aqueous solution. S.R. : 50mV/s.



(a) maltose

CH:-OH CH:0OH 10mM mallose
(0] ooH  |----- 0OmM maltose
OH OH
HO 0
OH OH
¢IOMA
L S R T )
-0.6 -0.4 -0.2
E/V vs. Ag/AgCl
(b) lactose
CH-OH CH:20H
0 O OH 10mM lactose
o . N f-77--- OmM lactose
OH OH
HO
OH OH
¢]OMA
| I_—__I———_I—H--hlrrf'l J
-0.6 -0.4 -0.2

E/V vs. Ag/AgCl

(c¢) sucrose

CH:0H
o OH

OH
HO
0O

HOH:2C O~CH
Y 10mM sucrose
CH:0H
————— OmM sucrose

-0.6 0.4 -0.2
E/V vs. Ag/AgCl

Fig. 3-11 CVs of 10mM (a) maltose, (b) lactose and (c) suctose at Au electrode in
0.1IM NaOH aqueous solution. S.R. : 50mV/s.
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(a) raffinose
CH:0H

HO 0o
OH

10mM raffinose
_____ OmM raffinose

P ————

-0.6 -0.4 -0.2
E/V vs. Ag/AgCl

(b) starch
CH:0OH
0
0
OH
n
10mg/ml starch
————— Omg/ml starch
¢ 1uA
| 1 1 | 1 1 -J
-0.6 -0.4 -0.2

E/V vs. Ag/AgCl

Fig. 3-12 CVs of (a) 10mM raffinose and (b) 10mg/ml starch at Au electrode in
0.1M NaOH aqueous solution. S.R. : 50mV/s.
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3.4 HEEREKH L TOMEOMERILRKIC

HEERICOWVTOHORBIZT VA ) KBRTIZBIITZHEEERB FOMLEITIIDOWT,

Pourbaix diagram [12] (Fig.3-13) & W#&5T %17 o7z,

Fig. 3-9 £ 9. B&X7 VA ) KB (0.IM NaOH) HFICBWTIREIK 0 flin f £ TF
L., EMOBMICE » TEERREN CHEOBLRIGIC L D KELEHE POH)2 % &
DEALKRIEIL 2B L ENT V5B, TOREZHZTLH-OICALERIZBL T EIRRIY
A7)y 2ENVE AN —FIZEYPIEZIT Tl EITo 72 (Fig. 3-14) o TDFHE.
BLBERIZB VT 07V (vs. Ag/AgCl) BIRIZEBOB LY — 2, BXU 03V EH5
Do P RBALERMEOMMPHR I, ELHD 07V BIEIIBIT S EBOBKAL
E—2il20nTid, &TBMICBVWTHEERKEICHE L/KEROLBICHEST 58
fbE—2 L |E SN TV D, T2 -03V 226 DEEILEIRBEDOHENIZ. Pourbaix diagram [12]
TR SN TV 5 EEKBRILY D& R

Pt+20H- — Pt(OH)2 +2¢- (3-2)
EEZOND, —JF, BITREERRBIZB VLTI 03V fhEicEiE — 245, 72 08V 1
FEICHEBORBTRE - RN, 03V HHEDRTTY — 7 134K L 7-A&KBRILY D
BREEZOND, F7- 08V HHEDNETY — 7 I3ASLBRRME L~DKEBORE &
HmEEh T3,

FIZT VA KEBRPICHER (FVv3—R) ZHRMLTHELT-7-&RX. O&ERL
WBWTIE 07V FETORBLEY -2, -03V [FETOBRILE—2. +0.1V {fETH
Bt — 7B LU +0.6V [FETOBLEGEDENAHER SN2 (Fig. 3-14) o LLED 4
HFHDEBMIIBWTINI—AOEBEMNERLIT, FEMERYICH L TERHEIROR
%47 o7 (Table 3-5) o 727 L ERBEMOPT 07V I L TIE, EMERIIBILER
PHEND DD, T CIEITEMICED Y LERBCBRIHN LTI o7, Lo T
ZD 07V TOZNVI—ADBMEBLTSIEETE b DEEx, BREBMOKERIL
RS L 72,

BRDBOEHOKEE, BFEEMH +06V 205 +0.1V | £LT 03V EBAICESD
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FTEHIHEo T, FEMEBWIFHE,IS 7)) I—VENY 7 LTV SEIFHER S NI,
FEBAERY DXL LU ) -V THo/oZ b, HED Va2 — ADEMHFRL
RIS iZBWT C-C #HADOMBEEZE) MEREALTVEHDEE R b,

HERETHLIHEEMISEERMIT VA VARBRPIZBVT, VI - 2ADOBILK
JEASE U B BEMAR RS BERICH LT oV LT THERED, L=y F Vi &
DEREBLERKESRLHFHTH 5,
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2.0

PtO3 « xH20

1.0

% (b) : O2 + 4H+ +4e-
Z, | =2H20
%
< OfF~.
> T Pt
m ~\~\~\~
@~ _
B (@) : 2H* +2¢- = H2
-1.0F

Fig. 3-13 Pourbaix diagram for Pt

In 0.1M NaOH aqueous solution (pH 13)

Pt J P{(OH)2 Pt032-?  PtO42-?

-1.0 0 1.0 2.0
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E/V vs. Ag/AgCl

Fig. 3-14 CVs of Pt electrode in the (a) absence and (b) presence of 10mM
glucose in 0.1M NaOH aqueous solution. S.R. : 50mV/s.

Table 3-5 Current efficiencies for formic acid, oxalic acid, glycolic acid and
gluconolactone formation by the electrooxidation of glucose at Cu and Pt
electrodes in 0.1 M NaOH aqueous solution.

Electrolysis Current efficiencies (%)
Electrodes potential L L .
(E/V vs. Ag/AgCl) Formic acid Oxalicacid  Glvcolic acid  Gluconolactone
Cu +0.6 100 1 6 |
+0.6 43 14 22 3
Pt +0.1 38 39 7
-0.3 11 6 65 <
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T3 = AUANDHERIIOWT L FERICHEER L TRILAPTRTH LR L,

WMEDLERETORNEL BRI 7L I — AU OBMEFEO T IV F— RABICDWTHE
#iTo7& 2 A (Fig. 3-15) . 73— A[HRIC -0.7V, -03V BX U +0.1V fFiilik1k
¥— 225, +0.6V 1 CHALBERMEDOHEMAZN TR O/, —77, TV F—AFZ
0.3V HEIZEEILE =7 DBROENB T THS (Fig. 3-16) o LLLEDHERPL, EEMRE
E)LIRXTNVIF-REL Ty F—AHLOFFHEEDEIZL ) ERFENSEIZHRE 2 £
BRLNT,

RICZHERIZOWTRBRICHE X T 28R (Fg 3-17) . TVF—AEZH 2o
MENTVWBEINF—ART 7 b—RAZERT NV F—ABEEFAHELBILE -7 IEFRS
NBZ—HFT, TVF—ZREES P —AEPLFEREINTVLEAI70-ART F—AFLE
BABLE - 20RO, SHIEZBERSHEBAIIOVTNEL T ER (Fe
3-18) . T F—AFLEHLEBILE - JIREPRON D,

IDL)ICHEER EOWEIIB VT, SEBEERIEHOSFHEDRE L YESR
{LZMISEICHR 2 EAR SN, TIVF—AEB LU F—RHIIC 03V fHEIcEE
b€ —2HRONBI LD, TOBMIZBOTIZVWTNRD 7)) a— VBRI {LE B 7
D, EERETOIND ) 7 P IAOBILSE B D D FHEEDENICL HHEELE
BERLALZV, TR T P—ZAEILH 7)) I - VEBNOBILPHELTRTHL 2L T
HohbrtEZbNE, LPL, -07V FEOE -7 7NV F—AETREEAND BT b —
ZAHETHALWERE LT, #ESFOHELERLEANDREMEIIRZ LEVYFHEZLD
EEZON5B,
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(a) glucose
CH:0H

OH
HO

OH

(b) mannose
CH:OH

O _oH

OH O
HO

(c) galactose

10mM glucose
OmM glucose

0.25 0.50.6
E/V vs. Ag/AgCl

10mM mannose
0OmM mannose

0.25 0.50.6
E/V vs. Ag/AgCl

CH20H
HO o
OH
OH 10mM galactose
OH /-~ N | ===-- OmM galactose
1 L]
0 0.25 0.50.6
E/V vs. Ag/AgCl
(d) xylose
O _OH
OH !
HO _ lOmM'x_)lose
N T - (e OmM xylose

¢5 pnA

0 0.25 0.50.6

E/V vs. Ag/AgCl

Fig. 3-15 CVs of 10mM (a) glucose, (b) mannose, (c) galactose and (d) xylose at Pt
electrode in 0.1M NaOH aqueous solution. S.R. : S0mV/s.
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(a) fructose

HOH:C 0o OH
I
HWH@H

OoOH LT ) N ____
T - 10mM fructose
----- OmM fructose
N ¢5 nA
L ] ] i | 1 | | I |
-0.9 -0.75 -0.5 -0.25 0 0.25 0.50.6
E/V vs. Ag/AgCl
(b) sorbose
HOH:C 0 CH20H
OH

¢5 nA

| 1 ] 1 1 1 1]
-0.9 -0.75 -0.5  -0.25 0 0.25 0.50.6
E/V vs. Ag/AgCl

10mM sorbosc
————— OmM sorbose

Fig. 3-16 CVs of 10mM (a) fructose and (b) sorbose at Pt electrode in 0.1M NaOH
aqueous solution. S.R. : S0mV/s.
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(a) maltose

CH-0H CH-0H
O O_0OH
OH .0y -1\ OH
HO 0
OH
10mM maltose
————— OmM maltose
L ] [ 1 ] L | I |
-0.9-0.75 -0.5  -0.25 0 0.25 0.50.6
E/V vs. Ag/AgCl
(b) lactose
CH:20H CH-0H
O f O _OH
OH O K oH
HO

OH OH

10mM lactose
¢SMA ————— OmM lactose

L ] 1 1 | | | |
-0.9 -0.75 -0.5 025 0 0.25 0.50.6
E/V vs. Ag/AgCl

(¢) sucrose
CH:>0H
0 OH

OH
H

0O

HOH:C O OH
0O
CHOH . o~ 10mM sucrose

o» 5 === _ e | -a--- 0OmM sucrose
¢5pA
1 ] | ] | 1 | T |

09-075 -05 025 0 025 0506
E/V vs. Ag/AgCl

Fig. 3-11 CVs of 10mM (a) maltose, (b) lactose and (c) suctose at Pt electrode in
0.1M NaOH aqueous solution. S.R. : 50mV/s.
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CH:0H
HO 0

OH

O
1

CRH:
(a) raffinose o OH

OH
HO

0}
HOH:C o-oH 10mM raffinose
————— OmM raffinose
CH20H

OH

-

L $SHA

| 1 1 1 1 ] L]
-0.9 -0.75 -0.5 -0.25 0 0.25 0.50.6
E/V vs. Ag/AgCl

(b) starch

CH:20H

10mg/ml starch
oNn_vTT e Omg/ml starch

OH

¢5 HA

L ] | L | [ L1l
.09-075 -05 -025 0 025 0506
E/V vs. Ag/AgCl

Fig. 3-18 CVs of (a) 10mM raffinose and (b) 10mg/ml starch at Pt electrode in
0.1M NaOH aqueous solution. S.R. : S0mV/s.
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35BS

ol:fER. LTORMAEFRZLNZ,

) v VBIUHERICOVWTHER2To/2E 2 A, MIBRRERIZT VA Y KIEHE
HFIZBWTI NV - A FBABRILTAIMERZAELTWE I EFFDLNSL, LALE
DBITIHFIIMIE 2DV D D TIE R,

2) EBLUVHEBERIZIOWVWTHEERIToL I A, TN )KBEPIZBNTI VI
—AZBREBLT HIMEREZAL TWE 2 EXROOND, BREMIFE—IELESRE
IS LTEROBMIZBWTIE, =y FVRHEEAKRICI VI -2 2 FBETHRILSES
ZENTRTDH S, L LERHELERI- v 7 VBB LELVSRBRERIZNLTE
FDBMIIBNTO NI - A BRBILTELZEPBEOONE, ZOBRDOETEMER
WILERLTIII VA5 b ThY, HEERLETIEHS ) - VEETH 5,

3) BFICEBRLEICBITSD 0.4V (vs. AgiAgCl) TOHEOBALICBWT, 7V F— X3
DEEREHLVIIT NV F—RADADP OB IN T L ZHEETIIABELZBLY — 2 2SR5
NBEHR, FF—2AEHLVET V- AELEEUSTHELE T HERTEBRILY -2 ¥R
LNT, FFEEOMHEC L VHERLZERMFNCEDOEIRONS,

4) F/-HEBEREICBVTH 0.7V FEDBILE — 7120V T, LRESEBEHT IV
F—AHEDOBEEEDHLVIET IV F-ADEP LRI TV 5 ZBETRBILE — 7 2R
LNBEH, T b —RAEHHVRT M- RAEZEUCHTHELE T AMETIIBILY — 228
RoNTHFHEOERICHAR L ERILENREDENRON D,
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FEUE  FEEOMZOMMERIL RIS

EEEBB LB AHEEOMBEELEISIEV TN OKIG b BERE L TOEEN Bl
s, b L IZEREICBIT 2 8REBLABRY A E L LT BILRETH 2, RET
SHEELEBROM TEFLEEDBHEL R TAT A I — LT BMEZ N LIEEHD
PRI LBUCIC DOV TR L 5,

41TEMPO % A7 4 T— % —IZF\v/2 GOD 2k 57V 3 — 2 ORI RS

TEMPO (2,2.6,6-tetramethylpiperidinyloxy radical) 13 & #1bEW DS EEIL. FicT v
=RV A= WLEYDOBRICTUSIZ L CFIAS TS [1-3] o 2ZTHEHZ D TEMPO %
F 7= 4B o0 R BEAY R EERE L BUG D T REIEIZ DV THRRET L 72,

TEMPO {3 Fig. 4-1 IZRTHFHELZLZLTBY . 7 FO—HH

~ >N-OH 2 >N-O* +H* +e- = >N*=0 + H" +2e- (4-1)
DL BBILET T ). FICZOT PV a VENOLER IS,

KB FIZBIT D TEMPO DERILFWRFEEZ R T L5720, ¥4 7 ) v 7 RLVy >
A M) —EIZEBERIENNEZITo72 (Fig. 41) o BB, HFEWITIE) Y BEHER
(pH7) E W, TEFRE LTS T v o — 5 —K > (Glassy Carbon : GC) B % V> 7,

HEDH R, TEMPO OBRILETZRTINEPHFE LN, TORF/RIITEIZ M) vk
TRRICHZEZIT o 7o 8RE 4] OFERIZE BTV 5, Fig. 4-1 L D E{Lds L OZETIIC
ZOoNE—shHLbbRTED, ERROK @-1) IR LAEBIERTRISHEL TS D
DEEZLNA,

+0.1V (vs. AgIAgCl) FHED LT Hh LY — 27 B LU 045V HEDETEY — 713

>N-OH 2 >N-O* +H* +e-  (4-1 (a))
WEBRIBEZEZOND, BRPOEHALLEERY — 7 DBUPREICHERATEY, M
LEBTROE -7 BROEVFKEVI EPL, LEREALGETTRIGIANT S TEFBEEE
e DBV,
—H. +0.6V MHEDEILY — 27 B LU +0.5V fHADETE — 713
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>N-O* 2 >N'=0+e- (4-1(b))
WEARIGEZZONS, BBILEBITOE - BUNOEN/NSCBILLBITOBHENE
MWELAERWZEPS, ZOBLRITRIGIZIZIZTE CEFRIEE LE Y, BERIX
REEEOFHRIN L TIRIZTEZWIEML TWD (Fig. 42,3) 2eHhb, ZORRLE
TCRIS IR THEITL T 5,

TEMPO #4714 L—%—& LT GOD IZ& 5 7 V3 — AR il BRUIS 12F) H
PHFEPBE T 5720, TOBEEDIZ 100 GOD B LU 10mM D)V I — A% FML
TMEZITo7: (Fig.44) o ZOFKR, 7V I — AOMEBELRE % RTERIE LN,

DEDOFKERLY TEMPO & GOD DA F4 L—%—& LTT VI —ZADEERREE
(UM RGP S TAY A= (I AN
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(TEMPO : 2,2,6,6-tetramethylpiperidinyloxy radical)

- e’/H+ _ e_

H3C CH3 —> ysC CH3 —> HsC CHs3
+

H3C IT CH3 <———e_ ot HaC IT CH3 €% HiC T|\|I CH3
OH Q 0

L 1 1 1 1 | 1 ] J
-0.7 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

E/V vs. Ag/AgCl

Fig. 4-1 CV of ImM TEMPO at GC electrode in P.B. solution (pH7).
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S.R.:200mV/s

S RO H00mV s
SR 20mV s
S.R.: 10mV/s

.1 5mV/s

L ] 1 1 1 ]
0.3 0.4 0.5 0.6 0.7 0.8
E/V vs. Ag/AgCl

Fig. 4-2 CVs of 50uM TEMPO at GC electrode in P.B. solution (pH7).

1.4 | I | I

1.2 -

I -

0.8 |- -

0.6 -

04 L -

cathodic current / pnA

02 | -

0 1 ] 1 |
%/ 0.1 0.2 0.3 04 0.5
(scan rate)12/ (V/s)112

Fig. 4-3 Plots of the cathodic current vs. (scan rate)2. The data were

extracted from Fig. 4-2.
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10mM Glu + 10u GOD + 50uM TEMPO
_____ 50uM TEMPO

0.3 0.4 0.5 0.6 0.7 0.8
E/V vs. Ag/AgCl

Fig. 4-4 CVs of 10mM glucose with 10u GOD (enzyme) and S0uM TEMPO
(mediator) at GC electrode in P.B (pH7) solution. S.R.: SmV/s.
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42 GOD % B\vi- 7N o — 2 ORBE iR L S

GOD (Glucose oxidase) ¥ AV 727 V3 — ADMEMMBEBRILKISIE, 2/ va—-2
oY —DEUF—FFHGE LTHEBIUREFEDONTELI LI, F—ETH
ULTvwb, GOD (2L 57V —ZADOBALRIGIE

C6H1206 + O2 — Co6H1006 + H202 (4-2)
Thdo FNWI—ANBTNAF7 FICBILEINE—AT, BEFBRILKEIETS
NHRIETH b,

LV —FFELTHRIETAHEE LT, F V- A0BLIC X 58MBILAkEr BRI
FHHHTS (5, 6] 2. B LLIIEREE GOD O TEFEELHEIAT AT -4 —
FHVWTT V- ADOMBEBICERZRET L2 EPETOND, AT -5—-LLT
BWMEE LTVTFoy a8k 7] . 70+t [8, 9] . PQQ (pyrroloquinoline quinone)
[10] e &, & ZRESHCLNT, FIFEINTV 5,

TITRATAZI=F = LTHL I EPRONT VAN, FuF /> (Hydroquinone)
[11, 12] ZAWRHIEILOWTIRE 217072 N4 FO X/ Vid Fig. 45 O &) 2B LE
TERIEEE LD, OEEBRILETENMIZ +0.70V (vs. NHE) TH 5,

) CEERRENEIRTR (pHY) ST v VA — R UBRLETON, KX A2y
RN ET S LARBE LR (Fig 450) o MEDHK R, BRILY — 75 103V (vs.
Ag/AgCl) iz, FBITE =24 +00V FRICRON, TOBRILETICERI N F
Ox) Ny F ) vEDBMERTES

HO-(C6H4)-OH =2 O=(C6H4)=0 + 2H* +2e- (4-3)
tEzZobND,

OIS GOD RIEIL 7z (Fig. 4-5(b) 5. /N4 FOF )/ » OBRLETICE LS
BAELZILIZR SNV, SHICT IV I—A2FMT AL (Fig. 45c)) . 7 NVI—
A DERRALE & RSN ABLEROBIMA R S Nize THUT Scheme 4-1 DX IINA
FO%/ > BXU GOD "7 NVa—ADE{LofEs LTl , BERELOEZRA
T3 7% BB LG PE L TnE I 2R LTV 4,

NA Fax) o OBLETESIIRDR 4-3) L 2 BF 2 7O P RISTH A, &£
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S>THWFD pH BEDL L L. ZOMALETEMLS Y 7 M35 e PRSI NS, £2
THEWRD pH PEL ) UEREHERP CRMBRICHZELITI & (Fig. 46) . pH AT
5 EMALBRITEMANIIT -60mV/pH TV 7 M T HHFHIHEFZR SN2, $7/2 GOD %
BOTNVI - ADOMBEBILEDL N FOF ) LRABREMDOY 7 M52 LRSI,
DEDFERDPOLNA FOF )/ % GOD &RV 7 Va3 — XD RERERILRIGD
AT L= —E LTS EFHREIN . N FEF ) Y ERRTRVEVB—25K
ERGFHEFTALTVSEFT 7 bF ) v (Fg 4-7) OZEHEEBEALBITERIZ 049V (vs. NHE)
Thh, N Fux) refxaE 02V BEEMIFAMWMIZC 7 FLTWE, V) VEEE
B (pHT) PTOEBRERIF 7 b/ VOBILBTEMIINA FOFx ) > ERT
0.25V BERAMICY 7 PLTW/: (Fig. 47) o BLF7 X/ U5 GOD DAT 4 L—%
—E LT 26, VI — AR I NERCVEMNTRILSES Z EPTRRICL 5,

L2L, SOBHIZ GOD BLU M NVa—2A2ifkMLTHELTH, Fva—Xof
HEELRIZIRON kol Lo TF T X/ ViINA Fox) Y EFUBILETEM %
BETAH5FTHAHD, HOEREHETTII GOD DAFA4T—5—¢ LTIEHd %
I EDFERR I N,
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(@) -----e-e- 50uM Hydroquinone + 0.1M KCl in P.B. (pH 6.8)
(b)y — — - 10u GOD + 50uM Hydroquinone + 0.1M KCl in P.B. (pH 6.8)
2mM Glucose + 10u GOD + 50uM Hydroquinone + 0.1M KCl in P.B. (pH 6.8)

Hydroquinone

OH O
-2e” -2H*
+2e” +2H*
OH O
(QH2) Q)

-0.1 0 0.1 0.2 0.3
E/V vs. Ag/AgCl

Fig. 4-5 CVs of glucose by using glucose oxidase (enzyme) and hydroquinone
(mediator) at GC electrode in P.B. (pH 7) solution.

GOD(Ox) Glucose

GOD(Red) Gluconolactone

Scheme 4-1 Illustration of the indirect electrooxidation of glucose by using
hydroquinone (as mediator) and GOD (enzyme) at GC electrode in P.B.
solution (pH7).
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ImM glucose + 10u GOD + 50uM HQ + 0.1M KCI
""" 50uM HQ + 0.1M KClI

0.4 -03 -02 0.1
L (] 1 [

.o

0.1 0.2 0.3 0.4 0.5
] ] ] L1

E/V vs. Ag/AgCl

-04 -0.3 -02-0.1 0 0.1 02 03 04
[ | I ] ] 1 1 1 ]

E/V vs. Ag/AgCl

. /7

204 03 -02-0.1 0 0.1 02 03 04
1 [ 1 1 § [ ] ] (]

E/V vs. Ag/AgCl

Fig. 4-6 CVs of glucose by using glucose oxidase (enzyme) and hydroquinone
(mediator) at GC electrode in P.B. solutions.
pH value of P.B. solutionsare (a) 5, (b) 7 and (¢) 9.
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Naphthoquinone Hydroquinone
O OH

=
X

O OH

ImM glucose + 10u GOD +
50mM HQ + 0.1M KCl

""" 50mM HQ + 0.1M KCl

ImM glucose + 10u GOD +

50mM NQ + 0.1M KCl
""" 50mM NQ + 0.1M KCl

0.1pA

-,
R -
-

VTT BTV vs. Ag/iAgCl
1 ]

[ I ] ] ]
-04 -0.3 -02-0.1 0 0.1 02

Fig. 4-7 CVs of glucose with glucose oxidase and mediator (a) naphthoquinone
and (b) hydroquinone at GC electrode in P.B. (pH 7) solution.
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43 &S

I O R AR IRALBUS IZ DWW THE LSRR, T OMAEF /LR,

) RELES A NVEMEFOERLEN THD TEMPO OWEDNHR. ) v BkE
B (pHT) B, GC BB LIZB VT +0.55V (vs. Ag/AgCl) 113 12 BHBE 2 B LB TCIC & 7F
BoNz, ZOBBKELOBALRITKCIIETFRIEEAIHE L, IEHEETRIG L Tw
HIENRBOLND,

2) b5 TEMPO 2 A7 4 L —% - LTHELAEZ A, I Va—ADOREERLE R
THEALIEAE O NIz, & o T TEMPO 27V 0 — A DBBAMBEEBILRIED A 74 L—
F—e LT HbDLBOONE, T/MMOME (707 b —AR<TIV F—R) b FEFKIC
WEERTo7200D, THSHEREOBILICREL RV,

3) GOD #HWw/ 7V a—ADBLRITIE, ) CEEREBEE (pH7) 0 GC ERLET
AFLI—F—INAFOx) 2 HAV5E I ETYIVa— ADMEMEE LS 2 T4k
295,

4) BWD pH OEFIHEVATF A T —F—ThsNL FOF /) Y OBALRTEMITY
7 b (-60mV/pH) 5, pH OELR H5BFEWEHV-HIEDOHERE., "M FoFx ) OBALE
BN 7 M, SNV —ADBILEMD 7 T 5 EPRBOLNS,
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BARE KERPIIBITLHEEOERILFEITIT

KBS BIT 5 BEOBERACFEN R TS IO IERN O RISV 5 728 D 5L
FETHD,
EBEAICEFROBTRICE AV RAOF ST, HEREISEIIFETSERZEMRO
IANF—LLTHRATELRALDD, ZReHICERAICETEL VAT 2202
ET. FAAMICEMOLERE L TORREBZFHRTE S, TLEROETIIS TRIBHT
SEATEHERE L 5 EBWIIIEE K
O2 + 4H* + 4e- — 2H20 (5-1)

THHIEPOLRBICTAEETEZLIEMDVATADVBARALEN LI LI G D, LoTH
FOBTALFENRTIMIE B ORFICBIT HA9E5REE L TED LN TV S [1-3] 6

5.1 BB ETOBRROESLFERRTRT

BADERER L TCOBEDERIENRITRIC L AATHE, £EBEICBVTHEE
DFEIFTC A HETH B Z E PR SN2,

KEBEHNEEYE (0.05M H2S04) . H11%E (phosphate buffer (pH7)) BL T4 (0.1M
KOH) D&KBHEPIZBIT2E£ER ETCORZROERFEMNETRIGERTHA 7)) v o
KWVEERT T APEOLONL (Fig. 5-D) o

Fig. 5-1 &0, WFNOKBEPIZIBWTLEEBR L TOBZOBTEI B O, B
B O BILEMASIEMIZELS ., FOEMIT 0.2V (vs. Ag/AgCl) ThHo7z, F/izH
HTIZ 03V Tholo TIVH)ERPEIIMOBREBHIZhHLoTEH, 06V &
1.0V OZHARIZETTEN R 6N,

CHDEHIHEBD pH ICE VERFEDORBTEMA L 7 b T 5D, ISR 5-1) (20h
NTVBEHNIIRBIIIKEAFT DVBE Lo TSN LTHE, KEAT VIRENBHGWVIR
. 2 VBRI BEOBFEIRIERK (5-1) OFEITEHFRMEI, ZHIIBERDORITHS
BRI TR EERL, ERHRE LTRVELZIANVY - (XHIEWDEM) T
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RISWELTWE I EE—H LTS, —F. KFEAA VIBEMERVIKE, 2F D T7LH
VOB ITFHIIEIEE BT EAIILC S L D, FOERL VBV ANLF-%

VEET D ORTEMPEUN~N 7 T 5,
CDEIKBEBPICBWTEEROBITTIUCICIZ, BlD pH 2"KELEEE5 X 5,
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Sat. O2in 0.1M KOH
--~-- Sat. N2in0.1M KOH
Sat. O2in P.B. (pH 7)
----- Sat. N2 in P.B. (pH 7)
~——— Sat. O2 10 LOSN H2SO4
----- Sat. N2 1n (L.03N HaSOH

L L 1 1 1 ]
-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0
E/V vs. Ag/AgCl

Fig. 5-1 CVs of oxygen at Au elestrode in 0.05M H2S04, P.B (pH7)
and 0.1M KOH aqueous solutions.
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52 HEER ETOBRIOESRILFIEITRG

IlmonTwad L)L, HEBB L TEHZORITITUETHS (49

MBDOEBEE BV E L BERIZ, KERICEEYE (0.05M H2S04) . 1% (phosphate
buffer (pH7)) BL U7V H Y (0.IM KOH) DEKBRFICBIT2EERETOBRENESR
ILZHBTEIEERTH A2 v 2RV EST T LDEB LN (Fig 5-2) o
AMRDEERETOHRL FAAICHBEEEF RO BLEMSEMIMEL. £0EMIE
+0.35V (vs. Ag/AgCl) TH o7z, T TIE 0.1V TH Y., 7 AH Y IBEE TIE -0.25V i
=272 F B b S Sbh, RUT VA ) KBEPICBVWTEITYE -7 ¥ 28I/
BB ETOEHEIIR L >TVE, LALEKBBEPD pH H/AS L %5120 > THE
FOBITLEMIIEMI 7 P LTWAE I DEMIE, EBEBREAVLEDOHRLEAHLT
Vb,
—ATRILKERTHREOETEMNZRE TS L. HEEREISERI VD ENOEL
ARL TS, 2%, HEERISERI D IBHUBMEL BT TLABELFTHI L
DROLNS,
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Sat. O2in 0.1M KOH
---- Sat. N2in0.1IM KOH
Sat. O2 in P.B. (pH 7)
----- Sat. N2 in P.B. (pH 7)
Sat. O2 1 0.05M H2S04
----- Sat. N2 in 0.05M 2S04

-09 -0.8 -0.6 -04 -0.2 0 0.2 04 0S5
E/V vs. Ag/AgCl

Fig. 5-2 CVs of oxygen at Pt elestrode in 0.05M H2SO4, P.B (pH7)
and 0.1M KOH aqueous solutions.
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5.3 BERS T AW EZOBERCFHETRS

BEOBTEGICBNT, EEEBE* VWA EENERBTOA RO THRz BB
B 72 BT L ME SN TV S [10,11] o JHUIERMOMENIERZFA LA [31 4
HEL] OBEFEOOLNTEY), BEORTICIBRELAVTEVEEZ/SL Z L5
BEIZ o T\ 5,

CITHBMEORTIIWEL AT AT —F — 2 AV FSIIOW TR 21To 7%, AV
% B 3% 13 Bilirubin oxidase . * 7 4 L — & — {213 ABTS (2,2'-azinobis (3-
ethylbenzothiazolin-6-surfonate)) & RV 72 [12] o

) EEREAKIET (pHT) . A=KV BELEICBITEAT 4 L—4 —D ABTS DOERAL
BITEBPRITA 2y 7 RLIYESTADELN: (Fig. 5-3) o Fig. 5-3 &) +0.5V
(vs. ag/AgCl) fHEiZ—xt DEEILETIELS B O Nz HEVTI DIEWH T Bilirubin oxidase

TMAZCHERToALETS, EXFEKTTRELoEBREON 207 LAL

COBWIHEEREAATHEET o7 E T A, +0.4V I BIE 7 BR TR Ol EHR TR
P/LN, Lo TEREAVHI LT, MBENEWOBN THREORTHATHETH S Z

EBTRSI NI,

COBMIZTNVA)KERFTOEEERLICBITLBEEDORITENM (025V) L0 b
RECEMHELTV S, LPALEREREH ) OERE (KbE) chBETsE. O
EBBELD BALPIT/IIV (Fig. 54) o Lo THEBZRZAVARICIIELNICERTY
BREANSVEV)IRABEFFIZEL TS I b ol
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GC el_ectrode

ABTS R BOD( Rcd X-) 02
> ABTS~ BOD(Ox) H20
ABTS?- : 2,2"-azinobis(3-ethylbenzothiazoline-6-sulfonate)

BOD : bilirubin oxidase

S.R. 100mV/s 50uM ABTS + 5u BOD + Sat. 02
;:g: o 50uM ABTS + 5u BOD + Sat. N2
- SR TOmMVS 50uM ABTS
S.R.5mV/s
1nA

P.B (pH7) P.B (pH7)

L 1 | ] i L ] L 1 ] | | | ]
02 0.3 04 0.5 0.6 0.7 0.8 02 0.3 04 0.5 0.6 0.7 0.8

E/V vs. Ag/AgCl E/V vs. Ag/AgCl

Fig. 5-3 CVs of oxygen with or "in the presence of" bilirubin
oxidase and ABTS at GC electrode in P.B. solution (pH7).
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(b)

1 0.2mA/cm-2

E/V vs. Ag/AgCI
| 1 L 1 1 ] | ]
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Fig. 5-4 Comparison of (a) Pt electrode (direct reduction) in 0.1M KOH aqueous
solution and (b) enzyme-mediator system (indirect reduction) in P.B. solution
(pH7) for the electroreduction of oxygen.
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54 &S

KB PIIBITHBEOBRICFENRITTISIZOWVTRE LHER, DTOMREPES

7,

) EEBEICBWTERIIEYE., PHEBIUTLVAVHEOVWTIOKEBRIZBNTD
BIEENDILDBOOND, F-FDOBLEMITEED pH ITKEIKREL TS,
2) HEEB LICBWTH, EEBRAKSKERPIZBWTREZETT 5 Z L0
bhb, FELKBERTOLETIZ, £2EBRE AV L EOBMEORILEMICHNT,
I DEWEN (EHOBEL) THREOETZARRILT S,

3) MEOBTIKMEYHVAEE, AVAIMELATA I -9 —1lLoTZORLE
MNIZLEREEREBRLELTORTEMLI D O X HLICBWEMN THRIEDOEBITYTREICT 5, L
L. TORCEEIECZDICEERER L TORTICHXTEREIZ NSV,
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BERE FR E-E=XRER] DML R

HAANMZIZILD &ET5% C OEMKIEHOBEIN L IFRI & > TEMGEMICLE LT
AINF—%BTNE, EEOFTIIFHERL TCA ¥4 7))V %l U THERAIITHERIZ ZER
ILRFEAEBL S, BERIIKRANBILENDE, 2EINEGBITOBE LRI L OBRILET
RS

C6H1206 + 602 — 6CO2 + 6H20 (6-1)
WELoTHELAZANF - ZAEMGINIIHAL TV,

COEHLBEDETNIC TEOLNLAZIANF - 2B AW ANVF L LTWMYHLT
ﬂﬁ?%:&ﬁ%ﬁf%—%ﬁ%@l%%@ﬁ&t%6o%M®%ﬂﬁﬁééﬁﬁﬁl0
BERIIHIR IS EICHFEL, IIRELEZTHFIATESL LICEZDO IR MI+HHECIZ
AIENTED, SHIIKSHRICERT HKIIEEETH S, TL2HILKEITHIRE
BALOFEPWEE ShTwb, ZILRZEzRPOERLANVF-TEITTEI, £
DBICERY) (A5 R F L &) PUTBRBKEE L THABEFTRICES, SHICH
E—RIZHFRENTVBEEL DE (VT VEBBLT VA )EERLY) 3BHRZH
BT5500850HICERARIEEE 2O 2 FMI2» 50, ZOFREMIBEEDOHE
Bhed  BLBEZOMMBLMHENIIITI) ZE THEAAMIEHSIELI L OMFTE S,
COFBIIBENEARBIED SN —F TIIERICHEBH L T2 [BREER] LELUTH
5o LAL, BEBRBAL TV L2BEELEORERED [BHREOZ2E] THr LW
ZBo DENSGOBEBEMNS LIIKFERAY /-, HDWVIEZ— TV HBHRICA
TWVEHDHPLEV, TNHRELDIANT -2 5T 5 2 LATERTH 525, —ARIE
AT 5ICI3Z0RYFie EDfEttdrH b, —HFTHEEBEIEICLISEE. Bohs
IANVF-ZERBBIIERS EENDIOD, BNFVIEIESZTHL, 61 LEETHH
HOFMBEIZZIAEHMP>ODEB RN Y LEETH—FCHRBIIEW» S BES BN
DICHEBEOIAMBIR DI EDTHTHD, D) LHALS, BEEBOBE L L
THATZAY Y MIKREWIDEEZ LND,

COFR [E-ZREh] ORBICEHLTRD KELMER BOBLER] B LU B
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EOBRITLEN]| OB (BEM) Thbh, Fig. 61 DL I, ERBLIUVEBIFEFNEFNE
BRISHEL, B LTl 20 I3BOBLEMIBEOERTEML ) bEHOEM
BT ALEND D, Lo THEOMLEMEZ L YEUNOBMIZ, BEORILEMNE LD
EROEBMIZEE LD, BRRVATLADURDVLEL 2D, ER—BEEOERED 0
DL EZOMBHOBMENBIO [RAEE] (HEREE) THH., MEMHOEMED
ZVRICHNA S ERY [HKER] EHRER) THd, HHEMETHEEMICEHELY
BRATNTCNDEE, FOBELBHMEOMRE [BH] L4 b,

COETIIINE TOBBEOBIALB L UBREDEBTRIGIZOWVTEDEN 2 K2 BE L.
ERRICEE LTHA LT L 202 0BHMOREEIIOWTHE 21T 072,
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Current

Oxidation of sugar

Maximum current

(=voltage X current)

. T Battery power
| s . Potential

Maximum voltage

Reduction of oxygen

Fig. 6-1 Illustration of the condition for "sugar-air battery"
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6.1 77 VKIS R AV [HE— 2R WIS 7- 0 DM

IHETIEZBERERS L UHE 2 v OEEOBERIFENILRISICOWTEH L,
CITRENLICHEBHOARE L THHAT R E ) 2RET L7,

FUDICE_ETRUAEHERIIOWTERZ D, TV YKBEHRPICBITLHEBHELD
BHEOMERICRIC OB ITEREFET +0.6V (vs. Ag/AgCl) Th o7z TOEBEMIZBEWVT
BRISEICFEANLEEBL SN D Z EPHEIN TV 5, FENOBALRIGICIZEESE (7
VA=) | HFHVBONIEFRIIFLR 2-8) &0 [12] THhH, ZEILREN
DEALRISIZE VIBONEEBTFH [24]) 1CHERIELZVWIOD, BVWRIGETFHES 2 5,
DENENLETELDIAFANF— 2P OF | M T IEATRES L 5,

—F. SRFEFTEEORTICOVTRFETERLER, TV KERPIZEBITHEE
DRELBLUFRDEAICVNETLIORBRHEEM B/ LETHY, TOEMIT 025V
(vs. Ag/iAgCl) TH o7z,

DEDHRDPL, BOBILEMNIPHBEOEITEML L) SRNWOEMIZHEL T2\
(Fig. 6-2) OTHOMILICHBERZEEORTICHEEBz AWVZEEIZIE, WERETAH
FERUMIEL Z A2, Eibe LTREL 2V,

PLEDEE,S, MREIIHED S FHA~OLMBILIIIAEA 2 SIBEBETH 225,

(3 Z=REh] OREE LTHHETAZ LRBIRTETERY,

kDTN G, E=F T U7 &) ICHBHBRERIIHEL FEABRILT 5 Z &2 RER =
VIVBLUPHEOZEERDL, TOBLEM,S [HE_ERAEh] 0BEE LTHATSS
EIXTE 2V,
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Oxidation of glucose
at Cu electrode

-,

Reduction of oxygen ™
at Pt electrode < ca. 0.8V |

Fig. 6-2 CVs of the electrooxidation of glucose at Cu electrode and the
electroreduction of oxygen at Pt electrode in alkaline solutions.

104



6.2 HEEME AV [H—2REiL] ORICHHE

ERBBTHRLALHIIC BETNVA ) KERPIZBWTREORTEMIIAEEHE S
Wik ZED 025V (vs. Ag/lAgCl) DSIRDIEFMOEMICAEL TV 5, [E-_ZEKE] 1F
DTz OIZE, ZOBME D D EBUNOBA THBEHOBILAT 2 EHBSLETH S,

F_EBIUVE=ETHEROERLENBEBILIC 2R LER, Vo — A8k
ILIcEEBEEZ M2 SO LEMIZ 03V THY., COBMISHBEORTEM LY
BEMIMEL TV, Lo TT VA YKER AV HE—_ZZRE] ICAKRE EE
BERFAVCHL I LT TH S,

ZZT, Fig. 63 D&% HELIWVLERZHEME L, HEBLYLVOZOOEDORIZIZ
HIARTANE —%FREBEL., WWEBRNHOWEHOBE 2 MIIIPR A5 b @A §E 2 IKIE
L7 FABBEITHICBRREAMOREERLEML 2o ThoXVBIUERIC
Fig. 6-3 IR L7 Mgz EAEST. BB LUTEENSZLAVWCERHOEEB LU
BILEAHIE L, B L LT EEROIBIMEZEZ 206 ZDBOHREL L UG
WA 70y F¥5h& Fig. 64D L) M, £DTF -5 %l BELEN (=&
EXER) o700y PHERL THERKENLRTEERICOWTHRE L7,

BT 0.1IM NaOH % Fiv», B (BEBLA) (& 0.1M glucose %, IEREM (BEE
BICR) IZBEMICEREAT A L WEN 2 S5/57) 7 L TEREOBENERIC L THEICHY
720

ERREHT CTHAZBMOEE—EROERD Fig. 65 DXHIZBON, BESNI:
FRIE Fig. 64 3BT Oy FPEONAEZENS, BHOB LB I UBENETICH
EXHVE, WEEBTELE LTHEEL TV Z LD MRS NG,

COBHBIBRAREED 095V . RAER (BEHER) CEREHELZELCEHL
180uA/cm? DEZRT B TH o720 THRIDF— 72 RICBERICNTEEN 2 7uy b
L7-#R% Fig. 66 IIRLTV3, COFR, ZOBEMIT 06V IZBVWTRAES
40uWiem? 2R L7z ZOFRRIEA S ) =V RKFEXZHCBEBILIIERSZEHBHE L
TIRENSV, LoL, ALV ALBEZEBOIANT-BLELTHS, BE
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ZEAWENAFTERTELSNTWARKREN 64pWiem?) [1] X LTH 23 BEOHS

HIBAHILESTWV A,
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The anode The cathode .
(Pt, Au-plate) (Pt-plate) ,O2 inlet

0.1M sugar-'

0.IM NaOH aqueous soln.

Fig. 6-3 Cell and electric circuit for the measurements of "sugar-air battery"

IITIHX

Pmax

0 — ) rEl Emax
E/V

I - E plot P- E plot

Fig. 6-4 The typical plots of "I vs. E" and "P vs. E" for battery.
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200

150

100

Current / A cm-2

W
e

0 ] 1 ] 1
0 0.2 0.4 0.6 0.8 .0

Voltage / V

Fig. 6-5 Current-Voltage curve for a cell of :
Pt/ 0.1M glucose in 0.1M NaOH // Sat. O2 in 0.1M NaOH / Pt

Power / uW cm-2

OJL l 1 ] 1

0 0.2 0.4 0.6 0.8 1.0
Voltage / V

Fig. 6-6 Power-Voltage curve for a cell of :
Pt/ 0.1M glucose in 0.1M NaOH // Sat. O2 in 0.1M NaOH / Pt
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6.3 £BBr A7 HE-_ZEREL] ORBFE

E=BOEEO/ERE. TVH)KEBERFIZBV T/ VI —RIELEHET 04V (vs.
Ag/AgQl) DEMNTEILTELZ b oTWd, JoTI I TEHEOBILILEER Y
Azt 2 OBIBFEISOVTRET L7,

BROBEEBE AV lEE R UEREHT CHEEZ LA I A, Fig. 67 DLHIC
Boh, WERMTEE LTHELTVWS Z BRI,

Fig. 67 £ 9. ZOBIIIRKEE 07V TH ), JHKEBIHMIE 140puA/cm? 2R L7z,
FLEREICHLCERLABNZ 70y P LAHER (Fig. 6-8) . 035V IZBWTRAEN
22uW/em? 2R L7z, COEIRFEIROBEEREY AV ROBRICHEXTHINIWELZRL
720

SEBRFHEERICHRTNSVENEZRLAEBHE LT, VI - A0OBLRIEDE
WHEITONDE, TUHY)KBEFICBVWTHEERLETIE 03V T/ a— VBT
BibEhsd, KGR 2-10) LY RISETFEHE 6] THB, — K. £BHELETIZ 04V T
TNy b ICE LIRS, KIER 2-11) SO REETFEEI 2] THhH, BLERE
LDNEVETH D, Lo THENI—ARDPSELNLEFENFEALBEBROFIKE
vV, 2D FRZITBEVERENE LA TVEVIEEID S, HICALERO I
WENZRLIDIEL TR EEZ bND,
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200 -
150

100

Current / pA cm2

W
o

0 ] I 1 ] ]
0 0.2 0.4 0.6 0.8 1.0

Voltage / V

Fig. 6-7 Current-Voltage curve for a cell of :
Au/ 0.1M glucose in 0.1M NaOH // Sat. O2 in 0.1M NaOH / Pt

40

30 F

Power / uW cm-2

0 0.2 0.4 0.6 0.8 1.0
Voltage / V

Fig. 6-8 Power-Voltage curve for a cell of :
Au/ 0.1M glucose in 0.1M NaOH // Sat. 02 in 0.1M NaOH / Pt
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6.4 S

T (-2 Bih] O LFEFMICOVTHRE LA#R, UTOMRLE,

SEBIIT VA ) KBBETIIBWTHERY Y CBLT 2, BVEREAEL TS,
L2L., ZOBMLBEMIIBEEB ECOREORTEM L) IEMIMEL TWE DI
Bihe L THAZBSEIMERM TERWIIKICHES 2\, DEDEMLE LTHRLLZ
Vo

TNa—ADBICBMNISEZORTEML YD SEMMNET2EEERIL, HE—ZEXK
Bih] OBERE LTAVS I EPTETHL, 7IVAVKERPIZENTHEERZ IV
O —ZADBLB L UERORTICAVAERIZ, RAEBIE 09V . RKEHRME 180pA/cm?
BLUORKET 40uW/em? (at 0.6V) xR L7,

HEEBRABICI NI - A2 BVEMN THRILTE 28BH 2 AVWT LR L FERISHEAL
BHIIRAERE 07V . BAEFME 140uA/em® B X UTRKESD 22uWiem?® (at 0.35V) %

~L7

References
[1] T. Chen, S.C. Barton, G. Binyamin, Z. Gao, Y. Zhang, H. —H. Kim and A. Hekker, ibid., 123

(2001) 8630
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wLE Jr1o0vVEOBMILETRIGICIED) T4 O Y AAZEIICET S EQCM il

P
JE

BERALFKRZIRBF (EQCM) HIBER T FRAFT Y BR EOFFBITEFLNLD
ML BRELOWUEIZHVEZENTEL, TOWEERE AV TEZETIIMOFIEEC
M3 2MRA%2/B2ILTa&l, COWUETIIEBLLOFDORBHEL VS T LT, F0E
BEERRERELRDDOTH o7z COETIR 7 20t VEOBEILERTTICHH - TSI

WMYAFNAT=F > OFDOEFHIZOVWT, EQCM HIEZ TS L7,

7.1 7zO0kYFF— LD SAMs

7 x O+ F 4 — ) (8-ferrocenyloctanethiol : 8FT) i& Fig. 7-1 Ok ) ks BT 4H
BERBILEYTHH, BERILENHEICAVIZOOEHE LT, 70t Yo
WZERA A DY, COBSVESIIRILETTE XTS5,

Fe* & Fe*+e- (7-1)
BERAENHUZICE VT I OBLRITOIGEDSFEF ICHFICEL, SEOHZEICAVOR
TW5 [1-5] o

SAMs (Self-assembled monolayers) (3. HEREEBFEOMEIZL CHVONR TV BFE
THbD 6] o CHIEHBRDSTFRWICAND T M (SH) FANVT 4 FH (SS-) 2F
TAEGFFBEFTHBERPIIBNTEETFL

R-SH+Au — RS-Au+H' +e- (7-2)
DEBICE DV REFEFENLTARDFLERFIEIEE TS, COBRICAERS TRL
DEKEHEEIEM A E o TEBHBERA LICHES FAEY L T, BERICER SIS
(Fig 7-2) o

ZJxzalryFE—VEid, 79t A (CsH5)2Fe) ICA NI T M TILVFIVEE (-
(CH2n-SH) ZALTHEY), Chz£BHREMEIJERICESI S NS I EFTEIC2 S,
EHIEFI L7 20ty FF — WidHLOEkA + v OB LRTICENESLEREIC &
h B IC BN B,
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@ CH2 CH2 CH2 CH2
@ CHz/ \CHz/ \CHz/ \CHz/ \SH
(=7

Fig. 7-1 Structure of 8-ferrocenyloctanethiol (8FT)

J_

Au electrode Au electrode

: alkyl chain

O : thiol group

Fig. 7-2 Illustrations of Self-assembled monolayer for alkanethiols.
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72 EBREEBLIBH L7208y F 4 - VOB LETHE L EQCM JlisE

EQCM Dl izH7-h . WZEMADEM (AwTI/QCM electrode : Basic Frequency : 9MHz,
Electrode area : 0.2cm?, Mass sensitivity : Ing/Hz) i~ ORC (Oxidation Reduction Cycles) #L¥ %
FEL7:o ZAUIEREL 0.1M KCl KRBEFIZB VT -0.2V ~ 1.2V (vs. Ag/AgC) DEAL
WWBWTEBILETEEDEL., BRRAOELEMR - fTHEZHRVETI LIl Lo TEEEX
HDHENEZHEL TEBROOLEFETH 5, FICZOBEBRUEEIREH®RS v 5%
#5E¥E (Surface Enhanced Raman Spectroscopy : SERS) 2BV T, BEREHEOEH2HO 5
DIZKREFHTHDZ LD DPoTWS [7] o FDTR. 100mM 8FT DL ¥ ) — VIEHIZ 20
SHETZETEREKRLIC 8FT iS4, 0.1M HCIO4 KEBEHR T TERILENHE
ZiT-o7

SFT % 5ffi S €72 AwWTI/IQCM EED 0.1M HCI04 KB P IZ BT 5 BRACFERZTD,
BIUTDKEEZRT EQCM HE VB LN/ (Fig. 7-3) o Fig. 73 £ H, KIEHDOER
KEICBVWTIIT A2 v 7RV 75 ABIURABEEILDO LS 5100 B - 72258
RO ol —H, BAILABREREICEWTL, Y427 ) v 7 RKVYET T A
BT +0.35V (vs. Ag/AgCH FEICBVTHE Z — OB LBTY — 7R ohs, Th
13X (7-1) WWARENR TS 720 YELOHEA F DELRBITTERL TVA, 420
BEOREHENRE, BIEARICBVWCRERORY. 2% ) EEOMMAHR SN, T
72 BICBR BV TIIEARBOMM, 2 W EROBVIPHRIN, BEEROEIE
CTWBEMIBED, kA4 OB LB E R T Y — 2 BMIBLIZIT—HLTWBE I Lhb,
ZHDEEBEIIIHA AV OBLETICHRELTWALDEEZI OGNS, F-MR{LEBFE TH
S L7:BRERERE EEITEE TN L - BBREEMEFIIIZ-ELTwE I &hb, &
BERELEORSIIIFIITEIETL TR0 EEZ LN,

LD L) CEHLBTERCEBRRANOERPENT 5D, BLETEEIZB T
O VERIIAFA Y THLBEZEEA L (Cl04) OMYAAPEETVLHDLE
ZoNDb, THIIBALBIRIZBVTHA F VS MIC LS NA-BRIC, BIEFHEEEA + 2%
HEMIFEOT LN TREFICR Y AT, ZRZTEOERNE { & o TREBD BL

114



L7:bDEEZONS, BILEARIIBV TR, kA A VDB ZMICET S NBICIAET
BENICEPICR) A TN TOIBEREEA 4 A ROBRNT 2RO I B iL
HaEh, BEOEEPBEL L TCHERSENLzbDEZE2 605, LAL, BMLY -7
MrLHESNBREL COBRORBEBEILELORD: | BFHhOEEMIIE
X [+144 g/ F] &z olcy TOMEILEBEREA 4 ORKE (995) LHRTKELREL %
o7 TOFBIY LREIRMIIR-7ERE LT, BIREREA A PO AKZEFIZA 4
YORDIIFELTWAAKRGTFIRBINY AT NG00, FPRULOESEMINEICA
27bDEEZLND,

FREIABELEL TNEEZITo/2E 5 (Fig. 74) . BEIIERICI>THA 2 v 2
FNWEETFTABIUBFEBREILL D RELZEVIZIRON o7z, Lo TR & B
LBRTTHEBIIEICR LB LEBREVEBEL TR DELEEZ LN, LB LE 720k
BEOBEBZ EIIRONT, BRILELTEIEREATWEINEELILNS,
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(a)

(b)

]
0 0.2 0.4 0.6
E/V vs. Ag/AgCl

Fig. 7-3 Frequency responses (a) and CVs (b) of 8FT modified
Au/Ti/QCM electrode (solid line) and bare (dashed line) Au/Ti/QCM
electrode in 0.1M HCIO4. Modified electrode was made in 100uM
8FT ethanolic solution for 20min. Scan rate : 20mV/s.
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(a) \\\\

(b)

L ] ] 1 d i 1

]
0 0.2 0.4 0.6
E/V vs. Ag/AgCl

Fig. 7-4 Effect of repeated potential cycling on frequency responses
(a) and CVs (b) of 8FT modified Au/Ti/QCM electrode in 0.1M
HClO4. Number of cycles are first cycle (dashed line) and 30th cycle
(solid line). Modified electrode was made in 100uM 8FT ethanolic
solution for 20min. Scan rate : 20mV/s.
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73 EEWMREEIBEH L7 =0t F 4 - VOBMLETINE & H5tF e

AR D & 512, SEHEM IS S 27 8FT OB LRTEBHOBISBIEEREA 4 0
BORARICLBEBLNLIEEMMMIROONZ, 22T, 20O 8FT OBRILETER
BT AREREL . S ENRE L BV TFHTERA7T,

SHFEHPEIE [ aRlER] 2RV COREEEAVAEILICL D, 8FT
A ATNEBIEFRRA T > OB ZITo 7,

MEDFER (Fig. 7-5) « W LDIZY 7NV THB 8FT (Fig. 7-5(0)) B L BIEREE (Fig.
7-50) DT ANY POz, 8FT KR OMS 1106em” DNy Fid7 =0ty
D5 BROBPUIIBT AN FThb, 72 320em” ONY FidgkA 4+ L 5 BRD
MHEIRENICR T 530 FTHDH (8] o BIEHRHKICAOND 933cm™ D/VY FidBIEHEK
AF D Cl-0 DHFBEIRENZIFT S35 FTH5DH [8.9] o

RIZ 8FT 2L @BRICOVTEBRRANDOEM cFFISERPFOHAUELLET A,
BAICE D AT PNVEALDEED 5T (Fig. 7-5 (¢)-(2)) o BITMDENRL (Fig. 7-5 (c) (d)
(2) WIRR SN L o7 933em™ DN FA5, BHLRIOBAL (Fig. 7-5 (e) () TITERH =
Nz TONY FIIBEERAF IIHEKRTHELDTHS, Lo TRILHMDEMNIZBNT
FEERE LIGBEERA 4 AT B, TRbLBEERA 4 B LEERICB T
8FT ERIZMN AT N L2 RTHRTHLEEZ LIS,

DEDHER LY, BLBIRIZBT S 8FT K ~DBEIEREMRA + > OHLY :AAHD . EQCM
BLUSHNEEEAVWTIERA S,
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1600 1000 400
Raman shift / cm-!

Fig. 7-5 Raman spectra of 8FT in powder (a), 1.0M HC104 (b), and
in situ SERS specra of Au electrodes modified with 8FT SAM in 0.1M
HCIlO4 (c-g).
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74 #£E

SEBREMEBHLAZ7 202 F4 - BFD) BEORKHICOWT, LTOmMRAH
"o,

1) 70k rFF—)V (8FT) IZE&EWERM LT SAMs 12X D E 5 ICH S FREITZK
ENb, HBRLABEIZOWT, 7x0b VBICHFET 284 4 Y 3ES ICHRILRTOE
ZIRTY (+0.35V vs. AgIAgCl) ZEFH A7) v IFENS A M) —FEOWERFRLIYRS
N7z,

2) BIEEBKBEFICBITZ7 0t U BUOBILETICERICB VT, EQCM HfilE
DHERED LBLERICB VW TERREA LOEROMNE ., BTARIIBVCEERRE LD
EROFBDEFHEE L2, SHIEBILBRICBITABENRIFEHICL 28EERIA > D7
OtV ERANOIRD AR, BLURTBEIZBITLEADL L OBIEFRERA + > ORI
LHAZEBOHBETTIDOLHEN SN,

3) COBREFHRT H7-DIGNFWRAE (S rakk) K& 720k EOlk
IERTEBRIIBITLERZBAELA-E IS, BILBRICBVWTEANOBEEESN 4+ D
Y AR TR L 720
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AR CIIEEOBRALFE W MRS & Fr [ —=KEL] HEOMEEBENE L
TUTRRTEEOHMREIE LN,

EZEIIBWTT L) KB ICB T H8EE - TOEREOMBERRILIISIZDWTR
LR, BEIRT VL) KGR, FBHREICBVWTES I CERRILSINEEZHED
DIz, MEBOUFMEEL LT, 7UA ) KERPICEITEBILFEANDOEAFEFIOBIZ, &
BRELICABILED L VB LIRSS,

COMBBEHNT VA ) KERTICBITAEROBMISOFME LT, £ 0%
BIXEEMERY L LCFEEE CHbE D, ¥HETRILEN BRI, ZOBRK
INIBEESFPORFZE-RFZBESORELEIRCTHL I LBOONDL, FFICHER
DTV EF—=RAFTIZZOEHRFILIZIZ 100% THILIRKEDERORVRIETHZH5, [
CHEHTH LTIV F—RETIZE DRI 80% THE%E, FTFHEIZ L 5 KISHF
HOEVHEDONE, THIOEBRGIIEREMRLER SNIBEOBLREICL-
T, FBOYFIILEIRAON S,

F7: EQCM WDKK, MBI BEMSFTE LIZAR LSRRItz 8T L 22 6 F)
BMEELBMEZALTVBEEZON, JZOFABLYEERL ORSHOE SRS
RIS FEREITRILSELIERDO—DOTIdWnhtEZLNL,

E=ZFIIBWTT A KBEENIIB T B A OEBER L TOMRBEO MRS I
DWTHRH LER, =y 7 VEBBRIIOWVWTHNER T/ TAFERERRICT VA ) K
BEP BTN IT - A XFHRETRILT HMFERZEL VB LPTHOLNE, L
2 LEDOBHMFIIHN 70% TH Y, MERICLERDL LENETHS, FLHERD FHK
NI - A FHBEITRILTA2MERZALTVWDAILPRBOONL, LELZOER
HEIIH 50% ThHY, FEBELANDLLENETDH %,

RHRICEEBETHLEEBBMIIOVWTHEZTo/L 25, EREREERILFHICHESE
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THIEICEY, F RSB ERICKH L TRMNOEMICB VTSIV I — A OBEILESS
b, ChIBEETHAMERZIILYD., = v rVERB L UHRERIIEIR O EW
BHHTHL, COBMNOBMIZBNWTINVI—A5BMRLILIA, TEHBERMIZT NV
357 THY, FEANOBCRICIZERTRILDEFROD 2 WEBRELRICHEA
TWBIEHBEDOLNE, T-HEERIIOVTHHIELALE IS, £ERFABICEND
BAIZBWT I NI - ADBILIBNS, COBROBMIZBVTI VI A2 ERELL
EZAH, EEMERYIIS) - VETH), FEANOBILICHNS L RIDEFHIZD 2
WD, T3 ) T7 by NOBALIZERT RIS EFBOLZ BRBILUS S HEA T
WHIZAHPRDOLNS,

ISV TEREOMBMNMEBLRCIC OV TR LAZER, £ELLT I LE
MEFOABILEYW TH S TEMPO 3HHD ) VEEEHKBEHEFIIBWTT Iy -7
— R BELETIZIMHE 2 BIRTIRENHEONL, FFIC DS BELTHL I &
6. TEMPO L EBRMOBEFRBHIIE . ZD TEMPO ZHWVTI IV a— ADMRILE
BZRE LR, TEMPO AT 4 L—% —L LTIV — A% HENICRMERILT 2
ZEDNTRTHLILPBDOLNS,

FhrNa—-ABILEERZERTHS GOD 2 AV 7V a— ADOHEENBILRIEIR. AT
4 IL—F =N FOx ) FVDLI LTIV a— AOMBERNEE LIS 2 THEIC T
Bo JFIINAFOX )V OMALBRITEMDEWD pH ICLHD 7 PL, 2OV 7 MICf
\» GOD ZHW/A V- ADBILERLI L 7 M5 LHBDHLND,

FRABEICBWTKBRNICBIT SBROBERILFHBETCIIOWTRE LER, €
BIVASEREICBCTHREIIEE. PEB LT LA )BT RLOKBERFIZBNT
LBEILEINLZEDPRDONL, T FDBETLBMIZBED pH ITKRELKFLTVS
SEREASEROKK T, HEBROFV LY EMNOBMTCRITLSTIETSH S,

—F. BEOBRTICEZRLTHWVWIEE, AVABEEATA I —IlLoTEFDETT
BN LEESEREERLETORTEML Y S SHIBWEBN THREORTEWRRIZT 5,
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LA LZOREEEIIERERETORISE ) DBV D, BRONLIFLEREIERE
BLETORITRIGIZL 6T VNS RETH S,

EREIIBWTHE (BR8] ORRLIFEETME L-ER, FETHRLELH
BR T EERLOERE LTHVS IR ZOFVEBILEMDO-DIIATRTH S, FHRIZ
BERTHHo v r VBLUHROESERLIEFBRILOBEE LTRHVL I LATTE RV,

HEoBTHRULALBERIZIOWVWTIET VA ) KBEEPIZBV TV I — ADB LB
BEOBTEMI Y DEMET A7-012, [E—EREh] 0BKL LTHWEZ L
HHRETH B, HEBEE SNV I - ADOB{LEB L UBEO&ETICAWVW -Eild, &REE
0.9V ., BAEME 180uA/cm® B L UIHRKES 40uW/ecm? (at 0.6V) =R L7,

FREBRLIINI-AOBLEMSEVAOICEBHAOERE LTHVWS ZEXTE
LH, BohABEHOLNDIEIBEIIHRTNEVEDTH B,

BLEEIIBNWT 720 Y EOMLRTRIGIZED) 724 Y OM Y ALBEFHIIHT
EQCM HEL72&ER, 7x0t s F4 )b BFT) IIE£BBERMLEIZ SAMs 12X DVESH
ICESTFEE LTHBENSL, B LAZBED T = 0% Y EALICIFET 5861 4 ~ OB L
TUSERIIB VT, EQCM HIEDRER P LBLBREICEB I BEXHEA A D70k
YEANDE D AR, BITETARICE T DERND L DBEIEFEMEA 4 » ORI TED S
N5,

T OBLRITERE T < s aNNEEIC L DIE LR, BERBA 4 Oy
AAB L UBHEPEBED LN, EQCM SR EEHL-BERITBLNS,

DEomR Ly, SRER ETOERNEEOBLRGLBENRTLAASHES S
EWED, TREME LT ZENTHTH L ERERTITHI LN TE S,
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BRICAPRLIT) ILH) THREWALZE T LAFOTEEE. BLBZHEM,. Lo
FBIF, %O PICHEAREDEEGILFERORETT, FRETITHREN LV EF LIE
7, BHOFETIHANALLEZ E LR TESEMHIRAOSIENL. BIREDNE
BABIURE, TLTRBEERALGIIIOB B LELCEELEL HIFTEY,
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