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% (7 CHEAR, BAMC, FAEE
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y 7RIGHEE GELATL) #Hiu—4, %M %

(11:15~12:30)

C210. Rugithzairr 7 4 4 v BHEG LAV CEKRNE
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Fx7278VE—v sy Lk °HRBEKE, REET,
HAHEH
(11:30~12:30)
D211. EREBEAY £ v ¥ v BHEROESILFH Fitk
(HEIERT) °5k #F¥, KkF—, NEA B
D212. 7rdxvyeEde—+¥r/£Y (P—AFVY ALK
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D307. $gEkEz 7 vy F LAY =— 2B/l BBRIZXD
H 7 a— A ORRMBIKIE BRATL) °CEAERME, FM A,
ki %

D308. A4 HBEREZFETIAYV E=17 - vt FHHE
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¥ VYEA GELAL) wERER, ARWOAR, FHi—,
N &
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E212. MEZ7 A=y =y MZ LBV 7T YDRILE £4
YEY Vo (FILERKET) °FHRWL, BE B
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(13:30~14:30)

E319. HEHRFEBEOE FBEIRIC L BREHEOESHE
(RLATL) °&RE—, BEREH, HERD

E320. HBEMESTF (FVre—1) hADBRL AT 4 =
— 2 —DFRFEEL KT °“BaFH, S8THK, Xl

%=

E321. Ft7mac BEELERZELDNADHBLRE GE
FERTIATL) °$HiAREN, AFE2, WWTE—, KRb#EE

E322. EAFHEBEEELF 2 e ac OMEERORNT GE
FETKRT) °lxE—, BPEZ, HAEH, KB/,
it

(14:30~15:45)

E323. XA v €= 4y AKIZEDF + 7 v s cDBERILE
EE) BEEAL) S8 E, AR, MARFHE, -
Y NI,

E324. BEEDF t 7 m ac Of(LETEBNCNT 5 &R
mFOKE BEEAL %o E, MARSHE, AR
=

E325. EtEF + 7 v & c OREELHBERTEMICRIE
THE GULTHR, BAATL, ~—v =727 2RK)
‘tFFEIR %, #0 I, Fred M. Hawkridge

E326. L B#ZHAWHREKMmAROEBEANOBE K
KI) BT, PSR, BE R
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MEMBRANES AND THIN FILMS - THEIR SCIENTIFIC FOUNDATIONS AND INDUSTRIAL APPLICATIONS (II)
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Sardar K. Bahador

Dept.Indus.Chem.Fac.Eng.Kyoto Univ., Sakyo P.0. Box 51, Kyoto 606 Japan

I) We are convinced as the vangaurds owe to recent
scientific advances and technological progress in di-
fferent areas of concern,followed by the global cri-
ses in environmental protections, exploration and ex-
ploitation methodologies of the available raw mater-
ial and resources, to safegaurd the man's causes and
to ensure a prosperous future , primarily through cr-
eative procedures. Some scientific principles as re-
gards the basic parameters governing the preparative
concepts, characterization steps and methodology and
the applicability of specific organic and inorganic
membranes and thin films in relation with their app-
licability in energy conversion and storage processes
seems worth of consideration.

JE ) The membranes and thin films considered in this
project ranges between molecular monolayers produced
by adsorption, functionalization and L-B technigques,
through ionic- and electronically conducting organic
polymers (chiefly, Nafions, PAc, PAn, Pc, PPy, TCNQ,
PVf,...) prepared by electrochemical methods, vacuum
deposition and plasma assisted techniques,to inorga-
nic ion exchangers and lamelar materials such as /f-
aluminas, clays, ion selective glasses etc. prepared
via several synthetic and deposition techniques.

) Pc, PAc, PAn, PPy, VPc,... all have been recog-
nized as an important class of org. S.C.- & photocon-
dutive materials. One of their important application
will be as photocatalyst and spectral sensitizer in
solid state solar energy conversion devices as well
as in light weight batteries. Inorder to evaluate the
feasibility and practicality of solar cells consist-
ing of org. S.C. thin films in contact with an elec-
trolyte, studies have been conducted on several org.

S.Cs. which are well matched to solar spectrum. Pre-
paration and properties of thin films of polymeric
materials bonded to or coated on some metal & S.C.

electrodes have been considered. Regarding the deve-

loping and engineering concepts of conducting polym-
ers for use in advanced energy conversion devices,ef-
forts are being exercised on understanding the physi-
co-chemical properties as 10,
well as improving their
conductivity, processabi-
lity and stability. Furth-
ermore, Nafion which is a
perfluorosulfonate membr-
ane and consists of a per-
fluorinated polyethylene
backbone with pendant side
chains terminating with
-S03M* groups; its usual
eq.wt. ranges between
1100 to 1500 per -SO0”zM*
group, has also been ex-
tensively studied in this
work. It should be added
that, the main advantage
of polymeric solid elect-
rolytes, PSE, and the 1li-
ke seems to lie in their thin film fabrication with
relative ease, thus materials with relatively high
resistivity can be applied in the processes of inte-
rest. In this talk problems and perspectives in resp-
ect with the afore-mentioned concepts will be exten-
ively discussed.
ﬁ) S.K.Bahador, " Ext.Abst., Chem.Soc.Jap., 40th
Symp.Coll.Surf.Chem., P. 176, Sept. 1987 Kyoto Japan"
&I; The work in this series have been conducted ent-
irely on private expenses and by self-scientific po-
wer. Regardless of the unique racistical oppressions,
criminal corruption and interruptions in the environ-
ment,as a well documented victim of inhuman darkness-
es& as powerful as avalanche;

' TOWARDS A HISTORICALLY REFULGENT TOMORROW ! " ,
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wE 8.12 6.32 10.17 7.28 18.07
500hr - - I1.22 - 15.47
1000hr 0.03 0.67 3.82 7.95 10.51
S.Tanase, T.Kodama, K.Morimoto
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CEUBBERSBRKBIZKBREBERNE U 2
2. —EBDSrCer-xVbx0sy(a X BMBERBEB OKEGKL — 38
FORBECAL, ERILEEM Ar230 ml/minTH U R
SCEAFTHAUE. KBS +AFEHELULHK. EE. kB
RAAEBIVUEBELERXRREILIETEHLEMZT S L.
FTOROEBERCLIMEBELI LR AKEROBRKHBERE U k.
3. KERDER2RBHMUEILIE., ZhRHSBESFEOEIL
EMELVLREZS COBBRIE. KERAERBAIE S L
BMELREL. KERDPEOEKTRER->-TRELHAT S
Ebhok, COHRW. XOL>CHETES, LFRL
R2OOFHADBKBRPTELVUTRIUTVEIHK. KERLE
BHLRBE. (DRAOEFHPEXEAREEAVOSERET T
OFYHPERT 3. TOLDQAOXOFEFHN. #EPURVIE RN
S HM(EMEICTh TR FAREOLOHEBRIhBESR

H. Uchida,

OWHE#HZ, HNIIEH,

H. Yoshikawa, H.

BELH

¥ 5, #i. KBERSEDNTEE. (DROFFHERL T h
3. (DAOFHIERIME. BEEBRNITIEF XS iz
&KizSrCer-xYbx 0w BB P O T b Y RERREMS 2O,
EMURTOF RTESLEGFBOHIZERRKA R, 600TT

BEArERUTEHCEL 215 T v

. AAEBMECYOBR 3 ISrCe abdse 1wl 30, o
ABEABCRELR. 2 Jqof ° 5
OMBEHRIEREEREED B X=0.03
. XOEBKRELEESL T | S T
OKEREKBURLMED, § X=0
COZEUMESARNS 2 :
WEETOM YEEMN®L & 600 6800 1000 1200 1400
RBZERRBRUTLE, = Tngpueghure £ 'L

KEROBKE E$H1200°CT B1 RENOKBERREER
tk¥ok, FZT. 1200°CAERBEULBREEURL KER
EE TORBO00CCBIIKBERAMEBEESZ X, CO@ED
SEEETOKBERAREBRZELIE. ChE22BUTHETO
Job RMELEHEUR, ZOHR. SrCeo.ssYbo.os03-« DT
b RMERIELHYE00CTHO.02ELERY., A S MH
DAFETCRESRERZEVD DTS ok, . ZOTO}
VRECREE»SBHULBHED EHEREALV S L. X
BEOTHRKFEHER I ILBRWPTEIZ B hd o I,
1)H.lwahara et al, Solid State lonics, 3/4, 359 (1981)

DEMEA, NN, BRE ., BRI, BILBS3E AL, FRiME-90(1986)

Iwahara
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BEBEARY L1#8

B #® MNIALANMRBIUXRHBACE—FYREZFAWT,
BHEEMEFo7a b yOE¥EHIIOVWTAXRL,
BREABNOBEBY*PETEILIREH-T. A EOT2 L
VORERBIENT2ARSEh, OREHEICKT,
BRORFBEABROERBAL LY ORENLER»PLOBEER
FLZWTHETE HAFXD S, EHREEEICIE. FLLTT

VIEVEBERY., BHEKSRABREKRKODRICOVWTHANRL,

5 ¥ TrFEVE (Sb20s-nH:0) O AN, EABRILES
SUMAKSBECIITA-L., £RVEXBETBEICL D H
Bl Ch*EERERZLBAEAESH T, 100, 200, LU
320°CT2hr B AR L (CHhHDBRMBEHL T WHBIZ
RBLBRAR BRI LET ), RBFOANGHFBRIRER
HHEFBICIVBAELL, ARLLTYFEVBRIECO2WT, N
MANMREE*?HWT, HhFBEE (FID) B ORAE
CEIDHBNBEAT. 2RO, 2L RAGCHEEHFEERICE
NHEEAE—F2ZHELR

B HxhTEEoORUABEFLLTVFECVEABLCOW

T. FIDHBIPLRDOLT LESHEMNEEZR1 IR,

AMBERE T, 200~240usDT2xL. BFEOHEHRH
FHEERAEL, YR 32N HEFVWRBEHEL I L E
FLTWw3, 22 REBOAMRELCLI->TMe DEFRLHT
B, RBBREOKSEHE (Sb205-nHe0) i3, HRERHGH
DRSS, BRABAERAN T=2.720 mAFBEBEXE Tn=3. 264
BoN72NT, Me DERKEHAORICIIIEAL TWE,

G.Okada, K.Kobayashi, J.Kumanotani

=® £ U > R A b & ™ o
A328
BEAE I1%%
B ® YYyBRAILIAZT7LILEHE. ERREKY—LED

LT, BRALBWIERELHMELZHDL, AREBICLIEM
ThHhiried BEL VT —-—BIURBAETBTHRANOFHALEZ LN
3, AWATE. VUrELEBICBTAZ 7o ZEDOTES
E2o2WTRHELTAL,

¥ T ZTHwWRY UE{LAHIE. AV rEZLIZ
NVZr0(HzP04)2, X7V VBT > =77 5 (NHePO3)n B X U (Zr
Nad, ZrNas, CuNaz, Mg, Ni,Sr) o X %) VBt &EHMTHN, H~x
DFETHABLL, ZhosDtdMERBL. 02580532 T

HNEBEECERAMAB I IV EARBRBEZT - 22

X2V CBLELABICBVWTIE., FERA,2H5100°C 0@ KRB TAK
FRETEIILREI->TLAEARLERTH-L, ARLLAES
JUaGARBELZABII xBEAFCIOIEHELCODVWTRE
L, BEEHRLARNOBELXRERFHICLIVDANR. RAkD
WerrELL (2R CHT IR AEENLETS)., T
LOKEFRTOKRDEERBIZSVANMRTHEMBERT:
LEoTHARL, BREEBERIRTAEY Y 2BEICEIDR
Lo AN

R ANV UVEBYALMNIAZIVZRERSFOERE,»PLZR
&K (n=4.2)L, NMRRIDKDOKEAKBHFERHL (T-.-=
2200 s ) THD, EHEELNEL HAHEESIRCBVWTIIZH
MERLNZ, XZV VBT YESLATERADOEERBIZE
K (T2=20us), CHELFEBI NS PR, 22 HNE
E80% cBWTHRERLNL, DEXD. VU yBEDNP-OHR

T.Koike, G.Okada, K.Kobayashi, J.Kumanotani

N MR & T3,

°HE  JTX. Mk RRER. MEH &

£1 FBERANBEHELCBITE2TLMeN§E

o R (A3 ok by w8 &
o0 S5fF T2/ 18 Mo T2/ u$S Me
iy 243 459 439 533
100°C 72 363 149 440
200°C 34 220 28 214
320°C 22 73 19 99

100°C oML ->T, BEABMELABTIIT. 0@ENF1/3 &
BRALTBN, Mo DERXIBHEBEN ST WOT, BRBBIC L -
Thbhitoid, EWwT: RA242KkH5T. 7YFEVER
DEESRFPICESEALLEHRKTH S, 2000C BB EH
CERPCR-ASIE. T FPEBELEVWOT, EHBTH
CH<BAL-MEREZEZLNRS, 320C DBUEKRD K
BERRFLroRNEERPBRL. BLWEKRBICHELEZL
n, 2 TORBCEWT: Ry, RBREBLU100°C #&
MBXEBCBWILFID#BELEZIATWEDT, LED
BB L-oTHLLCELLLOTIRT W, LH->T, R4
B7 FE BACREERBORL2EBOKRYFHE I L E
FTHLTWSE, ChLbOBRMEOHRIIZ, RERHSFTOREIC
EIKOBBUBR T RBOEHAFFET LI LIERNIBLT
Wwa,

E R R M X B S TE

N B MHE Jt& IR B R, RES ®
TYEZOLEDN R YT 3, EHARKIKCHEEL.
BEREHLEFHFSL T W Lo,

DECHD HECIIVBRERSTICLZEMHMA120°C
BbLbh23XAXAREFEOXASV CBLELEDTHELY XS
YBTIMUTLYNVIAZTAE, T BRl0uskHbEL &
BELNIDP-LDT, COLEHICEZIREZ TN VIIRE
BEKICIZLDTHAS, FhIXZYVCEFVNITLYL
A LREOVWTE, M2A<HBETEZILiCED., Bl AH260°
CffEIRLENL., 2AXEL»H1000C DEERBET AP M
AL, 550°C AR L EMAARAL., 2L, #&AKH26
0°CB XU CTAhRbNEIKHKOBALCBWIHRARY H
N, MERIEL. BEEIEBIL-., TOEKLILABICBITS
NMROERIZHANBEBEIXT T=10u s THH, FARICLINE
AEhL7ab oREEBWI LFABHLMCL -

F72ftd (CuNaz, Mg, Ni,Sr) X2 ) YBiLEHICOWVWT, %
NENAHZT0°CTABRMHELLLDIEB. THEIXAFY BT
RUDAY LA AERBIC260°CE L5550 CTEH AL B
N, FONMROERBIWThOAXETLT. Fl0usHitks
NEL, HARBEIALRKEBO T Y B3EEGFEVWEHFZSL
nad, 27, 2600C THRERSNB2AKRBAFACOEBGICHEEL.
550°C THR*AkENhBAiZ. KPRFESATWIARTRES N
KEMLLELELXHDLNBZOHETH A I,




PEO-LiCF3S05"7 L- % - ZEiS{4<hoDLi A = > 3iEtE
(RATH8) BHEZ, BEX ., SANE (ZFREH) HRE, AR
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1. B LBZHWLE FTEAERBTIIHEMN S WLIA A
CHEERERTILEHFAOLAT VLN, 204 A GE A H =
ZLWOWTRABEL AR ZL BEBHERA A 2icH
TE5F - HARLTWS, 22 TABHETIE PEO-LiCF5S0,
TLERERDA A BEFPE L PFG-NMREEIC L 52 1 4 >
DHCHEBFABAEL2IT. SERMOEERL T 7.

2. hEk ABIE. FHHYFRA0DPEOR i # & o) HMDI (Hexa-
methylenediisocyanate) & R JE# . TMP(Trimethyrolpropane)
BULICF3S0:D 7 & b Y #HW%E M2 . HEFilmft L sk &%
KRLEHEHWL ., 28, —B0XBIEIA A FETEL% LiFz
TOWTBRZRMLZ, aTBWHICIE CHs0(CH,CH,0)sCHs = #
P PEOMIBOMEZ LOMBAZHWEL ., A4 BEEIFH
FA4E—%> 2% (0.1Hz-100kHz) D Cole-Cole7 T v k&
Livh, HCHEBARRIE'LIBE 'FBE%* 70— 7 & L 72 PFG-
NMR ZTHBAENSNVZALCEIDVAELBAE T a—DHEDL L
Ko7z, g BUBEAETLIT- 2.

3. ¥R AAVHERZ -FBoXBTELIC LD WLFR
DEBHHR LN LIIIE ArrheniusB O BE®KEL RLZ . B
CHEBREZTERAZENLZVWABOAF AL (LiIB) 0B
GEBRVWTKRN2ODE—-—KHFBBENL., Lif AL BRIZT
BRANDORKHT 0.2~0.5BK . sI#8HALL T3 0.1LLFiIc%
SR, HICHCHEBERDn A A HELo i DBEKED
—BEZRT., LELDnNIB2ODE—FKDZFTRZFRICHEER. *®
PHTEHLLETHE., TEFZMZZVWABIEIDnE 6io
J. Tsuchiya

N. Sugii, K. Kishio, K. Fueki,

REBELVTOLAF Y HMERH T (5)

A330

BEKFICEBVWSALNEHTBREMZ 2 L BEKREILZFL
%%, Ch3Xxx V7045 REBBREBPEZLEZEZ LN, Dn
£ oi (ZNernst-Einstein DX #@HLTXF X+ U THEENZ K
O, M2ICNOBEKREEZ RS . TR M2 Z0wWKH TR
NiXArrhenius O @BEKFETH L5 . IBHZ ML 2HIC L
ONDBHBLYBECEKELLLS L2 EI 603,

L AACERBBECOWTHAKBAZOERLED T
ERTLL. . DOE—FOKPFFELCjumplEREICERL .
WAL PEOLHUOME*H DL 208HEHNA A0
HEHREEDO jump2 BT 2 R H 2L HEENS,

/e
120 100 80 60 40 20
vy wp

No Plasticizer

/cm2s7')
/scm™')

.
-
i

log (N/cm™3

log (D
log (7

-6 [L1]/ [E0] =0.01

[L1]/ (€0} =0 02

I TIPS A IS o B e
2.4 2.6 2.8 3.0 3.2 3.4

10%K/T

1. Dm, oi DiBEKTKE N O i & &k ¥

(2.

and T. Ohta

EHEREORS

EERFET®2H OHIUESR RABTE HHAEHR

1) 43T T, UquidEectoyte “‘W%}“’M’ Solid Electrolyte
BLuiAYENEEESE g i
BRroBRILFEHESER mm m_ :
BFC & BT EE R E o
HERETH 3, it->THE
HRFORFLANILOER
tEMEE L2 2 HTEAK
ORIEBEEZ% (F1) . XMTWR. BLAOHLFOEMEL
"AHU. BHEREOBEEREYT 3,
2,3) AAVERBHSHAFREO-LEMYAZY. ERES
T35 RYVEQ-LAB7 ) -FETRRBLAFVERHESH
FRRERT S (H2) ., #-TEAHKWE. KVEn-L/H
BREREO_BHEABRMSHEO >N 3, KUy —- LEE10-102
Scm ' OB FIEHE. BHRERHELIO S ' DA VizHER
BU. POERRKETCEO-LEBOLF Y AREBERT 3.
COEIRK_BEABRUINER(EEK)/ A A V8 EDOE
BRALEAZCENTE., TORABMHORMAEASNHEFXL S,
AAVEEUEGLFPFRCBFEFR UL 7 zO0L I}, FISBWRT

Fig.l Several stages for the study
of redox reactions.

Fig. 2 Schematic view for the synthesis of polypyrrole by
electrochemical polymerization using polymer electrolytes.

ESwagMRLF Y ARG
REZT. BILBRORIIEE
Wb, BEKGEE» S 2O
CRERLBAEETSH 22 &
bhohke LFv 7 ARG
SEBEFBERLCWE. 7x0d
OB EESEE. Jrot
CHHEHCBEFRBRISEN S B T A
WHEEZONS. EMiHE. 15 4 05
HAFOHMBC L3 ET B

DN WN -

E (Volt vs Ag)

Fig. 3 Cyclic voltammograms of
ferrocene(3 mM) in the polymer

H EHT 1 1 taini Liclo.
iduticat LS -3 e i
° = g = L} X"
Kvero-ryegn OO =BG F SO0
v v v

(VR aVE 3 T a5
—EBEOLFY 7 ABEER
U(BAA) . hFA235Y
AN (V) ERCHESER
BEREIh 2.
DS, @ahr¥1
> Ui, @R O
AFOBRMLERS 2
TEEEEE U TREEL.
ChollgMERELE R
B3ZENTE S,

E/Volt vs Ag
Cyclic voltammograms of
polyviologen-coated polymer
electrolyte at 80 °C.

Fig. 4

Masayoshi Watanabe, Kohei Sanui, and Naoya Ogata
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B101

(RRLEKRF T¥H)

1. HY

HIVI LG ERRR ROV ERMBEE U TORESSESR
ThTLEN., CoLEOBRILFHHFIWE 1960 FRICVL D
PiITRbh DN, REORENIXHDTLRV. AHETEH
U LBBROBRILENI T LY. BUAERFRLEERB &
BIFATFROVCERERREZRAU L.
2. ik

HYAD@L (29.780£0.005C) WKL . FiBiF CEK.
BEOHELNS 30 THKRBR T - LBE L. HBEEANS S
LEHEEEHV., B0V EBREOBNMLZBEL L. &
RN 250cm’DE - AEEHU. BERUTHBIERITR>
o MBBEBWPLEBTZH VI LEEOLBEETESR pHl.0~3.0,
BE15~40C O®EE CTEILXE. KF Yy aX¥y b, X-YLa-—
YWk BaE-EA. B -BHEMELLEEU k.
3. KR

Fig.1 &, pH 1, BIBETONY - FHBHMBERT. hY -
FABRMEEKERERIETH Y. 0O pHZBET 3 RGN T X —
% n=1(dlog i/d3pH)e = -(Blog i/3E),u+ (BE/BpPH); WEIF
X 0.8 BETHS. 7/ —FABMBEAT YT LOBEBRRIETS
%0 Fig.1 OBEAEMME» S, HY I LADKILT S 30CULETW
RABMUEECBITTSY 0V LAV EREMEBLTREREY
10f5& 72 %,

S.S.Jang, H.Numata, |.0hno, S.Haruyama

EEPEREERPC IS T S I VI 7 2. O TESRAELSEAI ST

oo BEME,  HHEEHE, KB O, FLUES
OB Bl D > T E o e '
NARBAUBDXEDELST
b%. £ "1
E
2a + 3,0 = Gao0s + 6H' +6e” S | y
Gap0s + 3H,0 = 2Ga0:3" + 6H° %
0° ° &
Table 1 & HY — F 56 g' :%E
s B & R b o K B T2 IR swm
107 1
O Tafel G, XHBK F
w7 U CHRBRE R . . .
T, KEFELED TafelAfid i 10 05 o 05
N Fig.1 Potential , E 7V
X% 0.12 V/decadeT. it
B, pHiZ X 3 ZEZREED S Table |
hgve ¥R RBEHEE bl.... 2b 1 1.5 2 2.5 3

W1075A/m2 DA = —T L AL

o R 5 B | e 15| 0120 | 012 | 013 | 01z | 0120
2 R2e i At afel

25| 0.2 0.120 | 0.120 0.120 | 0.12

slope
WiCicorr = RT/3F.i/ 7 )i |Wedecase™

35| o0.120 0.12¢ 0.121 0.120 | o0.18

SRORIETH %, ph, i 15| 28 | 2a | 1a | 8.3 | 5.2
B L 3KEHEE/N VD (:_"'_') 25| 110 | 3a | 30 21 11
BENERZEERAE iR AR B MR AN

15 [5.9x10°° | 2.5¢10°® | 8.4x10°® | 2.9x10°® | 1.4x10"*

EEELS RS, i

(A +m?)

25 |9.8x10°% | 7.0x10°% | 4.6x10°% | 2.2x10°% | 2.2x10°%

35 |6.4x10°% | 5.0x10° | 2.0x10* | 2.4x10°% | 1.5x10°%

BHiEBIIGLIE A RIS X S R 8 v o W 38

B102

(MM ITEKR¥E TEH)

1. #5 NSV LBHRCEAMNR7? ) —FoBE2HSOE
MiEeBHT AL, BHRERBP»OLFETCEVERY NG
GNBE3ZERTTREEUVR. COLSREAMBRY ) —-F R
EEHOSBHBECLII2BEERNRIOFMIRFAT 3 20,
ERERBRAERELIZBEARERB P SOBRBIH KOV T
B Uk,

2. ERAE KR, WEA (AgN0s  0.227M. NaNOs
2.070M. pH 5.0) & BIEXEHBA (AgC10. 0.224M. NaNO: 2.0
TOM. pH 2.3) BHUV 2, BEEWRS0CE U L. HEIZIWTEAN
190 FABCUERYRMEMAE LU TCHEE. ZEEESE
REARQE. 297 LKR (1lem?) RE2EIX I um»-2LEDOD
PRV, EBREURR-ELLEESLELLE U R, M. RIS
FTHER. BLREBTITV. ERDBUETFTERRETRD 2.
3. BE BRETE. FERERYSE>hRVLBEEB.
BEFBB. TBUNLAERERHVLEE, 7L 8
EHESEMRAB T TURN FERESHYEE N ZZ L BH
Dok, ZITRMBHRY /- FEHOBRERFT TSR
B, SVRANRERETHIIEAFRERIFERERLHVTR
F Uk Fig.1W lcp=-80mA/cm®. lap=13mA/cm2& UT. FEI#H%
EELTBREZR. HEBBDP»OBOLRERPOREERD
—Hl 2R U k. 10HzZD & 100HzA E B HE BEMT 312> h T,
BRPORBUENILLRY, I00HzTELIBETEERERY N
mohk. —F. 200Hz& VD FVREAHEKTW. Islandtk D EBH
PE/OhBI3CEBhOPoRe COFERAEHEIHPRXT EHIE

O 5, MkFR #¥ % @)IHn
% By O T il 3% 2
EWEULREZ
A, FE#E
m¥ 3
V—-FRU7
— FEMPIB
BENEKELI RS
ZENDHD o e Fig.1 _Effects of frequency on
L I = e
s M Tl (a) 10Hz, (b) 100Hz.

AIV—FEBBPRECEERRDPEZ 22D, KERRE
OB EIHE>h. KFAHEBM TR FLATEEZORD
CHY—-FEBRBCENEREh. 7/ —FERDPRUEENR
POFEMRBABBERINZZEDOBERERYBES L
ZZERFTBUTVS, COZEDPO>BETERERRENDIE
HAIV=FRU7 )—-FBRPO+HRHBRE->THESN S
LbOLFPHEIh 3, —F. BEXBRBIP»>UHBRABOESL
ARCAREEMN TR RREOBRYBES> h. EKFHEY
BT BEREHRPIEOh LN 10HzOBEARXEDLBE
TEFRZBEFRYBEOIO 2. COZEDOHBD. BEFE
BEBYIRBAOEREZUHOZWL. ERBOLOBHILKE
T2&EIXOh SR, BE. HRREDTVIOTHET
WETBFETD 3.

Hiroshi ENDOH, Morio MATSUNAGA, Yutaka TSURU, Kunisuke HOSOKAWA
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LHBAEITES - o Eit,RE F#

1. B®Y

BURBRABE I OOHERE. <ol - %, EE5 1
ZVVHOERUBEREREOh TV 3, BREEAF Y 2R
TEHERERBOBEASESEILT ZENMOhTBY. B
EINHHEOIORB[EILHDREFOFEMELR2Y PO —AL LTV 3,

ARRETW, KBHB P COHBHRC BV TEEA A Y OFEM
EEXTLITTHERRORTASA YE-F Y ARE, HHPOR
M, ELTA+OV—-ROVTREU 2.

2. ERFE

ERBWCWE Imol/dm2CuS04+0.5mol/dm? HoS0. 2 R AB & U, &
FAFZEUTKCIREX 10 4-25(kg/m )OBETHEMURDDOR
AUk. BiBW25TEUR. BB RIIINOCUE(I5¢ ) O BRE
HEEHL. NOHEBEHEFUEBEUR. RESAVE-Y V2R
WEECBV TR, SEEORERE, T EEEH (500A/m2 B &
HEEERRDE, BHROGOunE) I x BEHFTC LV REH L.
SEMBERIZIVREHHERE FAN L.
3. BRBIUEER

CUEBDOA YE-YYZAMBOMER 1 XRY, REEL, 50
nA/cmDOBHRE DI, KOIERFEMTIEMBE2o0FEHL
—TeR3MEMERLU L. GARBMNOL—-T2HEEL S L.
AOHRLOTh o BXREORER A HEBMERT 3. T2bb.
Z=Rso1+Ro/ {1 +(jwre)} ,0=n(1-1n) /2,
REU. Z;4YE =Y A, Reo; EH, R, BHBHEH,
To, FHREBTH 3, 500A/mDERED O SKCIMEDOBMERE

Takeo 0KI,

o B TR

TK-I

46

B104

|1Be9) v 72 b0 7 22X CRMBAMaEEL 59 XL S
TFE T hhIvd, AnPR e Fold8XZE 2hH3,
B vrsAdc R 2Rr BRI s A AR rag
2T TInBRUWEGOI ) COT N, (r L BBK~ 2
BHER > R BB TFRTLE0H A ovMBin (2
Bl G o BRxnTRALSK2, 82 R AEFREA
nliﬂf’&.u—wzagu'zft? tn-Rr L 15d4E 2@
ZBE - AR AREI cRE CEREAREBREEK A2
EHEHVRE-RABTERR 2o Yo v 1T E.
237%) 0.05(1CS0s 3 & 7 0.05M CuSO«~ /.85 H Ha SOe 0 2 48 P
NBRRZALEMEA-B. BEABRKBL L 2% 8 n
PRt & B, 4BDEPTeRRAZ 445 WEMAR
BRosoe LSRR RRBEHAIR, B. BEDHELHE2 o
R e M ERT VI HZ SEMRR T3 L2 I
XBEEMFECE, IERRCLET, TRAMMR T HLIFA
S93 7T -ZtRR A -LUBLHECLRRETHGB L,
RIER 1T 250, /000, 5L ¥ 4ooo Fpm THD, A L RITH X - &
BT HSO n ¥ E QB 5 v BRE1 ¥ E BB L EE F
BB HVERS n < B £67- &,

340 DB B 085N G SO~ (FEM HaSOx KRR F 0 58 &
BaMR L3 CUIRRR R EZTEEHK U8 3 1< /300 V
TRYBZwO 2w BLI2LBB ) REACRoBE IR
HSHhE. - 5005MCSO¢ kxBR2TEB HaSOx 2 0 LEHBE o
F5 TR RRBKEABU L BRAEARRE 54 c@m S h &

Y. Nakamura , Y. Fukunaka gnd Y. Kondo

ZUHBRRKFR¥KR - K% ¥, A &6

BI2WRd. KCIENM0.1kg/m®* F TRHEHD U. Th U ERKCIRE
MIFBERELRZMBRABA SN 2o
XRELIMAMOBREFIWRT. KIREMT 3 & BH
VEIRELZEEENT N TE . KCIH0. 1kg/m*iZ BV T (220)HF
ANORFAPELDAREL O, HHREIB-RESI IV FROK
SESBERIN 2. ThULOKCIRETE(ID)EOR M A

Sk, KCIMIkg/mMLETEHBHRYFZGWCIODRANAS
Re 4YE-F Y AKHEREY

DFER»S. KCI1H 0.1kg/m* T Yol
<NROHEOBERESEL. 20 L TN

B OWNE<. REOREMAN ACI
Wi, Y—#osscren >
BTFoh360L%%5h03, R/ o ot

B1 4AYE-522A0H
- (A)KC1=0, (B)62.5(mg/1)

/_LQ-\
: g 7 - 2y
ER— / . P i O
~ (R 3 \‘4( \.
= ol . L o s N
\ . gu \G-J > o
. E [
— H
v v w v 0 - *
K/ kgu*
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HEBLEFBCEELSY, ZROCVFETCOERENR L
HEhTtuvwhovid, FWECEOFEOEIERAA AL, &b
i, HEFCREITEIFCOEBHEHEOMICTAALD, ¥
FUrONMEBBEPABHF LOBEEEHS ML LD E LA,

2. Ak (DERE---FFHo0¥WPOEFFre=tnm
er =27 42— (NC filter)THIK LA, ZTDXS5 F v
% Amidoblack 10B (ABIO) & ERMICKIEH B s &, BFODAB
10 BEBRCoE LA, €5 F &4 L7 ABLOO A % NaOH
THEME e, ThiCI6N BB 0. lnl%2 M T ABLOD BEE
(620nm)2 BEL, €5 F O ERETR 24 (D) BEH
--MBLADDIHFOELT F % NC filterTHEL, *
DESFUrRREEKACAMHSIET, FrBE I~ TS
71— %FHOTEITF Ly ORFRS AW,

3. £ (MEREOEI---AD-IBHIOEIF VOFE
iz, ZROC MNP EELLD, £ T, BAMEMNNC filter
LERMICKAT S LiIcHFHL, NC filter ik >2TEhAD
DLMNTIEL LD LEXLT, COBRERBEOD > EITH~D
EHE2RS A, ABIORS Lol (pHI. ))OBAEFEREMOES
LEBICABMCETLAN, 4N BELULOREBR2ML 5 &
CkY, =8 (pH6 UTI)OBEELSEHM—FcR>Z &
Tk, 2T, BRE&HLHREF LA LA, NC filter fLE
0.1xm, 0.1% AB10 5ml, FE&KM3 4. 1% FEEES®E 200l
Lo hi, TORBTTRODAREBRIZ, €5 F 0-80ug
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(DVESFVvOLMREBHLBAOD > Y HE---¥5F DL R
NEOD> IHEICAKI(EETILvbATVE0DT, 20
EWMOTRLLT, BOBRBEESTFLrOfBRICO>THN A,
32.0, 45.5. B0.0CEEETOD > ¥HHPITBIFZIESF LD
AFROBEBEILAWA LA, HEIESEEENEL,
2400 HET. 2 FEKT00000 b D, £h Fh 25000,
10000, 5000 =AM+ 5 = &S » &Mk 2 A (Fig. 2)
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1. B8 7 /84kBLr608-BTHELTENICEBL, E®
HEVWVEREEHARTELR2TRMICB VT, HIcHRLED
L ERTHLIERHOAFRFBEFCHMT2BALSHE S
T&R, ARG, ZhoH60BHE2ETTUMERELBY, BH
DeH, B, EHL T /HUOFHBRENB AL SR L SRHL
ST/ BB LDE-ERELEN O L EE L T
2L EHBEL L.

2. HiE KRBUCEAWCERBOERE*R1IECRELL. A
EXBHERT, BBRBADPSBERFPCEEEL TV 7Y -0
STUAFCRECBWIRLZ2LDTH D, opHzBRRE
BIUABILTM I 7AYHWIHEL., KBTEICIZI A
XWHERY, 7008 - ) CBEASHATTERTIEL %
BHLL, 274, SRICEHAKRE. BATECIZELALY 7L
BMUOOB HLBERXAMELL. EHHOALERIE. BF
MENFER L GRTRAESPRETHN L2 EELHVTE

1
s XL A &BER
3. #F X 1(pH10.0
CHAEBLLBAPLES Bath A B
RRREMOERMRL | (. 4, 3.5 1 351
EREMOBEFRERL 72,
e Al . CuCN 0.594 0.594
e = SEEORBE | on). 0,167 0.167
FRA-1.15~-1.30 VO | Nac 1. 450 1.579
tﬂﬁﬁf’;#t:fgbﬂyv Naz2C03 0.283 0.283
KNaCaH40 0.159 0.159
nth BREMHFL)E R
Y. Tsuru, A.Narahara, M.Tabuchi,
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1. B3

PI-MBERICHEBRHEBLELTHSNh, BHK &P
-MNAERBREBIHEREBESERBRONENBTREA N
T2, BAGBHIRRESINTELAGRERBESNATOVEL,
AMRATRAELD A AV EHEAEL, NVIABBREEE -
TPI-MEEZBH L, BREL, BHHER. BEOERN
FA-SEKEHREZAXR, ~B5%DBIERBROKXROH D24
EREBLOTHET S
2. RRAE

0.05 M AgBr - 0.1 M KZPdBr4-6.5 M NaBr BBASTOBR
BIOBWSIEL ., WD YW-FKREXAMR 1 cdOEROTHEEAK.
Z7/-FKiRps®zABA0nik.,
ARABRBRPI-AIESEH M L0 V vs.Ho/HoO TEBEL .,
BR-FEAUBROBSENSHHLL., BRHOXAREBRE
EYEFRERBLAVCTRRBL,. BHRPORERELEBIER
RXBEREZECLIP2BMBOBEL LOAFTANMNS RO -,
3. K8
SCEKHUTHMELAHHONY - FLEBRBERIKCRT .
AEBTRRERIE-0.19 Vvs.SCEEDUIBEHRD, —BKE >
KO5-1VEORTHMALL., XBEFEXETEARLERBRE
RORNIBEUNRAB CHHIELEBRRPI-AERETHBC &
Bobhotk,

Pd-AgO BH BR K i p toHHSJCU i & OHEMEHENRL
B, U FRS<BIENBREDPLE (B2-4),

Yukio Fukumoto,

ARSI AT ORAFSH, # #I1
ARORRRE T, SET i, OMMCHENEML, T
ARG EEDPLE, BERBEROBADIKOMMK &> T XK
REBAMMIBICERDOLDRKE (B2-3) .
HREODEORRBEZEEBOBHAATINT(IN) THok,
éﬁqﬂnﬂﬁﬁlﬂmﬁ!ﬁﬂﬁi.@mmc#b‘iﬂMLko
BERBEROBAKLEBREREOMMKHFEVEIERIEMT S
CEhbhok (B4) .
BOAY-FBUKLGEAZN LV 2ABREZLGTREFDYORT R
RHECEVAROSOARORELEMABENL, t, 0.1
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SEBNNN%ODO-> OB LCRERBOBRHIABSNL,
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1.8 ® Bl idsEoi, "VABRICEED2&TR, HEKOD

EELIF, NVAD-EIBIAERAMEBHRRICHT
ZHLEMBFERICESE, "IABRIFEREEGEOERER
HATHBLAERBLE, AMATE, "VAEBREAWLT,
GRERLWORELZBER¥HARIAGERO—-DTH 500
THASOBH2T2W, EKHBEC-TIEEBBAICBITEINILA
BROEYHICHMLTERE T LI, BBAC-TIAEORER
fLEHFE/FEICOVWTRITL 2,

2./ &

BRBEICIE, BEKBEC-TIASBEAVWTERRNANL R
BRAEFZ 2% NV ZAEMAR, PHEERBE 1av 2%10%4/2,
ton 102 s —F& L, toff 2%{tX¥ T duty cycle
(=ton/(ton+ toff )= diav/ip, ip:ANABREE)
£0.05~1 (HEEARBR) oBBTCELxE~2, BHRAEDTIE
HBIBAEAREZICIDREL, SRMEIXBREFRICIDR
HEfTZ- %,

3.8 B

Fig. 1lcmd &5ic, BIHA&OTiZaHERI, BHROTIRE
oMMz EWEML, XBREFOKRE, B Co TRHLI S
hep Co (100),(002),(10B & ¢¥ (LIO)EH EIFH X, Tid
HREOMmME LI EENICT O - FiceD, Co-Ti 2RFREE
OFPHBLERICB TS HHMK 21.9 nol %TIEBFOTIEHE
17.8 mol% U EOAE&TIH, TOMEFRIT 26~ 91 .5° (Co-
Ka) fElcBRABE*LOFGEBFHEOND-LB D, BT,

Bol- B LTIaERIMML, SEIFTLIBMELTS. &
P, MBEESEC-TIiAL, BRCOKCERKRREBRFIZE L
THAEHIRAESZ2ZREREBD AZVWHOO, H_Hi®w WK
FEBMBEREETR T

l Co as-deposited

~
‘____._A__ (TIM1/ TN+ (Co(ID]) in bath
([Co(I] 0.025 knol/s® const.

)
/mol% (pH)
a) T1. 4 (0.90)

T1 content

/mol%

3.31

o S - ,,,...J\_ b) 83.3 (0.60) 3. 851

) i e et N Y™ 8858 (0.60) €. 11

@) e —— " d)™ 83. 3 (0. 80) 8.83

uon (110) e) 88.2 (0.55) 3.91

thCO' (100) (OOIZ) ‘ ) 80. 9 (0. 50) 14. 4

- o - - &) 93.8 (0. 30) 17. 8
45 50 55 90

*  ASTH Card Mo 5-0727
*s As pulse-plated ( lav : 2¢10° A/w%, Duty cycle 0.1)
*%s fav : 20104 A/n%, Duty cycle 1.0

28 / Co-Ka,deg

Fig.1 X-ray diffraction patterns of electrodeposited
Co-Ti alloys (i, : 2-103A/m2, Duty cycle1.0).

Y.Jyoko, I.0hno, S.Haruyama

o JE & B C o E & &5 o S & . BT
HEIER¥IT¥H OXX Ex. A% ®R.EFL EX

1.8 B, 2.%/H &

FREGLONNVABHBMMBUO-BHLLT, CoE2RH
BEEOVWTEOBERENESY, 26V CHE 2RI TEOER
FEFfikEA0onY - FEARKAEXIEHER, @) >
FA4RVBEBBICEIDHAEL, TS HCOESSTEAERMICHALT
B zRAE,

3.8 #®

MU T U MEBRICBITAEGECo-oFERTEHICML
TRIFLEEREZ -MELTRT, Fig. 11&, M7 VMK
Co—- Mo &BILBII2AEHHORIIBHBRTH S, 6&R
CBWTR, KEBR» > HBBEH LBVWNoDAR ST, Cotf i
LZTOHMITHICHBLAESMEIh, KERREREFLLW
Wxhz, L»L, EpHBIBWTIX, Mol HHiZFLIWMH
EhTws, i) 7 F U HEB®R+®ICIZX,

Mo042- + H* HMo0 4~ (1)
DOPEEREEL, AV - FEILREIE, o0 25 KRAICTT
OB BEPME HoO, 2BBHLTETTZLEEZLNDS,

HMoO4~ + 3H*+ 2e~ ——= Mol + 2H20 (2)

Mo0> + 4H*+ 4e- —> Mo + 2H20 (3)
L2L, COBRBPMBRRACTTEIOEAHLERBL, &
V-FEITRE (5) BRK (3) tOBERKBICZ 3,

MoO> + B0 ———> MNaDp + 2H*+ 28~  (4)
3M00,+ 2H0 ——> MoaOe+ 4H*+ 4e-  (4)
MoO> + 4H*+ e~ ——> MNo®* + 2H,0 (5)

Y.Jyoko, I.0hno, S.Haruyama

EpHBIELBWTIE, KW (5) HIXEMICEZD, Thilt, No
FHAMEMEhzoicnd. ULOERZHEIC, CoBMMEN
2 CoOHad # RISHME L LTETTAC L4 EET DL, ¥
SHECo-NoAS&OBEENIZ, KMMAHMIALH Cold -xNol2-yH20
AMFpPMEL LUCESL, tAKKE, CORBHIMER, &
SItRABEAMASEASELARIEEZRAFICZ2TWV S
bortExHbh B,

T T T T T T T T T T

03, (@ — Co-Mo aloy bath- (b)

E . --- Co single bath
\
s [Mo Amorphous
x
= (Mo30g)
- - 0;
> 021co N\ 2
& .
g l
© P '
€
5 |
3 olf [
5 H
5 |
S
[V e u!
&
°
-1.2 -1.0 -0.8 -.2 -1.0 -0.8
Cathode potential, E/V vs.SCE
Fig.1 Partial polarization curves for electrodeposition

of Co-Mo alloy from acid citrate bath.

(a) pH 4.0, (b) pH 2.0.
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1. B BWWHEICIZTOHNBEILEET. WHERDOT Y Y
724G &IETA ItV ERNE. BHE. Atz YXOD
ER#HEOmEXMIFTE S, AR T, AEMRE L EN-P
BEIZCoZ FEMUNI-Co-PEE & ZILY 1 £ (SiNOK FItHF
HABABRUKEBOMEIZOWTHNRE,

2. Ak FR1iK, ANV 7 VMBEZEVWAID > EB0HK
FRLEABICASE. REAEGIcAg/AgCIBREAA W, BIFS
GONY - FABWBRRTET R %W Table 1 Basic bath composition
ELE, ®-> &BIRMETBICES L 2. NS0, uyo 400 /L
HRAOPRIEEANI LD, CoMT 20 pat
BEAHICE> THBLE. &R H — —
3703 3
HAEBREICIDBMEL £ T 61T, commsog, up  0- 357 0
SVEBAERWTHY — FEBOpHER (co?* 0- 6.5 9/L)
SigNy particle 0 - 100 g/t
BRMELEZ Fuwd->-EBEEBEOEH%
fI2BEI1ICIk. Cok NiODWBEH®RT7 /- FEZ2RAWBHARE—EI2
FRoZke GERUIMOD->EEBIZOVWTIZ, ERREUMMAM

B, B, ERBNMER2YZARE,

3. #R BHE1iz Ni-Co-PAEBFOAYV - FoBHMBMETRL
EFNOBRFERiwv E. 2EHRUDOEMEFIIFETLTIME
LB e, ine RU i HBRABR L 2D, SE&MERMAH
YV-FORBMICEI->TEILE, AEDOIWHEARICARS
VOB, KWTKOSBIZEISKEBEREMVRZID, HY -
FEBOPHIZBBEDOI~20H10F TELAEMN, DX >5%pH
DEANNIECODERELEREBICEEARET O IOLERIGN

N. FURUKAWA, S. NOYA

E=EFZEEBEF
B112

— P — S ig N 45 8-> =

Hf. ¥X HEA

5. —FH SiNHFOHRWHIZIONWT
2. G40 X8O FIREC vold) 't
LEBYORFAEE(a volDDED i
H(C/a) RO Co R i i 45 B8 (R AT E2

sh. AV — FEMMICW B L EKFI
BEEFLCKFLEREERETEE L
Wy acedrbhror, BIFLEEE
DONi-Co-PE &I1X. POEHENHTIU
FTXgmicEREIcEVWlE L RD
(B 2). SisN.fF% 7 (10 volR) X 0.0
BT L2k THW(Hy 630) 3 M
S X EHMHEGHN T, Ni-Co-P-SisN,
AWM Do x HBIE. HA00CTNI PO Hi{LIc &> THEEdME
F L7 400CH il B W T HNI-P-Si;NHEED BV

Current density (A/am?)

o O T e

05 06 07 08 09
Potential -E (V vs. Ag/AgCl )
Flg. 1 Cothodic polorization curves for
the electrodeposition of Ni-Co-P
alloy coatings

BHEh, B4V FYV Y 7AOBRMRICHIBESOETHC0
DFER J:')?ﬂlﬁ‘léﬂé._klblﬁﬂfiﬂ\l_&of
" onurn,a. i
2 P orea O W-P-Sighy
| Sigh, 16.9v0i1 P et
o mesigny

0

Intensity (A.U.)

Wordness (W)
g

R

.

- 0 £l © “ »

Flg. 2 Effect of omealing temwerature on X-roy ewslisg tampen
diffroction patterns Ni-Co-P-Sigh, lspersion 0] B CTPN08 oF oRNStTIS Wwicare o vy

o hordness of discersion cootings
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1. EROBHBBRUEANRERILENRETCHY., ZOH
MAEBREETHS, LV VY —h—KRyREODEBRI
¥EHEMLELIE I DR LBERAERSESZCEBLE LWL
bhd, WVFhOBGLENEEOXREHEICH T 2HMIELHE
FREETHS. AMETR TSIy Vv —I—KLEZBH LR
HEOXEHELEENETHERSE (SEM) tE&HRM P V2
lbﬁﬁﬁ (STM) 2AVTHBEURBRRXDVLVTHET %,

CHOVEREEBERM N X LVEMKEEDIgital Instrumentsit &
@NanoScope ITH Y. BEE0.025mmDPt(80%) — 1r(20%)» 3 L
BVESHEMUV R EPHABREIVRREERAMT A3 & &
VDXBIUYHHMOERE P X LEFRE —TERXHRE2R2DDZ
FROElLERiTRbE R, YISy VY —h—KY (REEHh—KY
GC20) W7 L XFTO0.05p0FT

Time/sec

WE. EERERRESR (@K 40 80 120 160

0.39cm?) EUTHVWER. HZD
BRIEILALBE A Y U L (5mM)

ORBABH(IM) FTEE R ! 4
+600mVH S -400mViZ N L R U . LL o
100msi@& W 2 ®+100mVIC N JIL A U

TiTR > ko +100mVIiC & < B R
EELSTCERERZHEU L. B1
3. EMROBROBREILE
M1RXRKLUE. IFOA~DT
EM:2FELULRbOREBE L

BERBROBRE(L

K. Uosaki, K. Shimazu, H. Kita

. BEREIORML o BHEWZHETH2.9. 5.7, 15.1.
35.98CTHoh. BI2WHNBOSEMBTS 3. KEZ3~5nm
OHEZNFHRE NS, HURKBOS TMEER3WLERU R,
SEM&rEontotﬁinbksérméynomwmﬁ
EBRoh3, srREROH KL
B (3b) SEMETW1> P
CRA2HLEFHPEZI0mET
DHFHVLOLET > THRE |
NTVBRZERHBRRLUTYL 3B
STMISEMRENTEELE W
ENERHEFHICEIh., 5K
ENMBELMEIZLTCHEYRF
BuR3b0tExBN 3,

B2 HAEBBOSEMEH

X/50nm “S71onn

(a) (B)
F3 #HBHBOSTME
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1) ¥EB7YVEoUAUMBRLVBATETHRIBEEILT,
ALLT7IFEARERET ZRANBERD, COBBRYRT VT
SYULAGEETEBRRT, KCEMURHERE EdKZEATRL
SEBIEY LS RERLAVEOERT ZBRERMEEER OHKE
WTH2., 22T, BRXB7VEILBRHE->T, #KROKE
BWERHAFULVHEROBH AL UTOTREER DL THE, &
UTHke

2) BRULTHEX®7 YESY LOKBEREERY P TL—PLET
120°C , 2BMILAE, oEh, BEMU LK, BRICESERNUERL
PLBaBE EDTARET AL R AV ERERMNEL L. Ch
PERBC UTHERLCASAHNBEL T, ERRECHBEE
W, Xt h, Boh BRI XREF, XEAEFINRE
RECLIVBMEL MM EAND LD, WBKFEBRS THERiE
B2WEU L.

3) KildF &A@ RVBILTES( 1.6x10% 8/1008,29°) @
BER7VESU LB 27T ¢ UELERU, BORSBRERY T
HERALA7IFBIE 19 g BRTZZEBbP ok, TOIL
PoRILFEHREHNT IFREBY VEoY LBOERBIER O
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Table 1 Results for the determination of hypochlorite

and residual chlorine

coulometry orthotridine
nnnnnn tration

(ppm) (ppm)

coulomb*  RSD concentration

(mc) (%)
hypochlorite 98 2.9 0.72 0.7

85.3 A 0.63 0.6
53.8 . 0.35 0.35
c 833 . 0.61 0.6

lean values for 10 data

1) Wi, /ANE, B®E, 8k BE(LF¥SHEE S IIXCLI6(1988)

Uchiyama Shunichi, Ono Masaki, Hamamoto Osamu, Suzuki Shuichi
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(BR) MEBOUBRCEHE T v 2 E2FALLS 53— 2 B
DRFEBEMRLLN. EHALT 2D}, BEHME. F8
BB/ AXSOEBIBLINIBENRSS, CchookH
DEDiE. ERBOBOEHRALHM. »V - FEBOFEHX
EmR. #* 2 ZBUR0Y S HREOMEABRRI AN T hE
BoBWVWEEAONG, 22 T4, MNIBREEEBOEA L
EHELAE 70 e 20 QBB L CEREB ORGSR D
WTHRET 3,

(Fik) Fig.] W RBREFEBOREE R T, RIWE R A4
Lo FVIRIVERINAROPEEV L 2A0GEHESE
R (0.1M NazS04) AL HRY T2 YNLTIFFLEN ZEB
IR (A BT+ PLYRE) DoMRING, COBEER
ORRIEE & & Acrylamide gel

(R 1LY roBS 2 EBHMOBEEOBFR

Table 1 W72 Y7 FOREA Table 1l BEREXR
X B A i o % % 7

A TN TN TTT
T 4.35~17.28 @7 2 Yy v7 3 ra!%“% o8
ETeHl~kElsr, BRBERBCHELSE im 26&
HEDOhT. FLIEERBOER 15% zdm
:7‘_,, STV < P o o s >

KRB oTOBEDI ENDN R 57 8y =

2.BHEMOWLE (V4 X) 0FEH
NBRFEBOEE LRI LHNEREOROE (/4 X)
ARBHONDZDBONRLIELBL. ZRBASVHOTCEROK
M LERECLBEE, 2ORBMELTUTOIEAELON
o O VHOBBEVROELE. QX Lol (FrhTo
BERBOEKOHES) . @2V —FLA2EBHBMEOER

W R L Pobluiiredon - (FAHTOLORBOFY ) . @ LEROBHREEO
BMERELELAR T N« ROEMALTH 3CroER

% 7% iNazS03 Photoresisl KBOKR, O~/ 41 XL BBRE. @N/ 41 X0E
EBEMLABO Smmﬂm42£ifﬁrmme BHTH2C EMbh ok,

BEOWRT %22 i .o oo

BomzrEm . SiOs NIBREBRBOLREMOTIODEERETI 203, &8
DV THEIBE °E:jd EROR - ARTHD, COFRIDL-TR. V7 A7 &
W7, BHME DBy FYIOENEENPENTHE ENbh R,
Ei1.2V &L Fig.l] NOIBEEBOEE (8#3#k) (UH.Suzuki, E.Tamiya and I.Karube, Anal.Chem.

r, EERBIOBOFHEZ0.1 X2 om. 0.2 X2 mm.
0.4 x3 mm. 0.8 X3 mm® 4 %
H.Suzuki, N.Kojima, E.Tamiya, I.Karube

in press.
Q#HAMEE, RAK—. BBIEX. BoHELEE v yHERE
SMmPRE. 057 (1987)
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RABIKRE  I¥H . ARA%  I28* OKBEBH - EHXE  AKRB - AL 8- EHHZ*

(B®) &<, hET. BRYE LS VY 2% (FET)
ERWEAZ V2 VY ORBBEORERB LO LD I EREST
Bz A ERE” © LTRAWAZ L ERATHAT LBEL
D, I TR, ChoLARD - BEAEL ORISR T.Ohsaka, F.Yoshimura, T.Hirokawa, and N.Oyama, J.Polym.
YF 9680 AHY VA4 FTURRBBRAYE MUY RS Sci. Part C, Polym. Lett. 25, 395(1987). 3)K.Kimura, H.
(Li*-BXUK*'-ISFET) OFERMEIZOWTHE~NS, VYano, S.Kitazawa, and T.Shono, J. Chem. Soc. Perkin
(XB) ®WHixbasal-plane pyrolytic graphite(BP G)% Trans. II, 1986, 1945.

EBLLT. COLI-EBRESEICE DAERY(P,P’-7x)—

Shimomura, Anal. Chenm. 59, 258(1987); N.Oyama, T.Ohsaka,
F.Yoshimura, M.Mizunuma, S.Yamaguchi, N.Ushizawa, and T.

Shimomura, J. Macromol. Sci. Chem., in press (1988). 2)

V) B(PBP)#®EL?Y . X61PVCEXBALTEAS Al . B| .

VERHEM (ISM) #BBLA, Li*BXUK 1454 . ‘.
F/727LLT. TRAER YRYYN-14-95% -4 5 2 . e

EUNRY /R4y v EAwE, chbOREAMOSHFET A o

DY~ PRICERL, 25 CTMESETo%, K'~ISFE %o g
TEOWTI. HTHOBREE A+ BEEOBHLBOH - 7, - B M TR Y s %
(#ER) FHLEAZISFETOPM (=-1logdn, M=Lir-, & % - o . Tee e
E) ks 2HAEUBER. pLi:l.4 ~3.0 BLEUPK % * ° T tee. o
P10~ 3.0 DHBIBWTEBESAN VA NEEARL - s e id °

(Fig.1) o &S F Vot s 58RI, Li*-ISFET ]“”

PHBE. BHEOBRETHLNAM Lt ASOENBERE. gt R 100aM NaC1 * °°
K'-ISFETTWR. BB+ _-_REMBBEICT5Licsn. ("% 2" 3% Bay 6 LA B S N AR
K A3 O BREE T 3 EREN ML L, —HHE pLi P

Fig,1 Electrode characteristics of (A)Li+-ISI-'E'1‘s and (B)
K'-ISFETs. (@ )bilayer—coated electrode,((Q)ISM—coated elec—

BITBILIEST. OB LUCO:0MABHICHT T
grfzeoh, $2EHFY 7 hEL BURBRBEOREHD
m|EdX&H6RE,

1)N.Oyama, T.Hirokawa, S.Yamaguchi, N.Ushizawa, and T.

trode,(Q)commercially available electrode.

Mizunuma Masaya, Yoshimura Fumihiro, Ohsaka Takeo, Oyama Noboru, Shono Toshiyuki
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1. (B8] SEHRFHRETCERESEICLY. XU-F} T (
0—=73I/T7xZl) anNLbHELT+YY (Co—TAPP) (Fi
g.1) BEAEREAL RERL Y —%2FRLE-. Co-TAPPH
B BERPOBRFEOETRICZMBL. ZOBELY Y —CTLVEER
BliCHL->T. BRECIVEFEERFRRELRINTZZENTES,
FRRE. H—R2T 74 N—1%K (EE10umPT) BEEEC
o-—TAPPHEAHA U LB EEL YV —2FRL. ZOEHBEN
KOVTHREEIT k. £k, EBEMELAI LIS OLBELHET
HWET 3.

9

<.

[REBAE] h—KOEK (EHEEM2.83x107~2.83x
107%cm?®) OXHEERKRILEACLVCo-TAPPRTHEL
2. BEBOKMFEL. #REKELTS50mMY) YBREEGHGEBL.
BEBRAMDOO, N BAN AL BU THRERELEX. Y47 v UK
LAFZRPY—, 207 ROXAPY =&V iToh,

3. [BREER]I 1.41x10  cm*OERELOH—HKUERE (
T74N—=500%) . RU'2.83x 10 7cm?OEE (T 74 N—
18) 2FEHUTHERUABEL VY —DH ATV T ELIET S A
2Fig.2 (a), (b) KBAXRT.,. BON—K EBE (T 741N —
1X) (Fig.2(c)) Tld. —0.5Vvs.SSCEms>EED
BRAESBHAZOIEN. Co-TAPPREEL-EETE. —-0.
2Vvs.SSCEffIETEHEN S B T HMBRoN. BROMEET
DEI->TWAZENDNE, UhURds. KEEOERE (a) Tt
BrE—JBUELBE THroLBHREHSEILL TV EH. BIEROE
B (b) T, BE—TELR-THY. TEBERNBOATVZ, Th
SO EMS. AMROERIEFR LY ¥k, BEBcHitiEr >

.

M F(FLEWRMARB. KRABIAI)

BEAEGs. ) EBoktte @

EOER>TWAZ b ok, ‘:'luk.
/ ¢\

K. ZhoOBBIZ-0.6V " >
Vs.SSCEQEEBLEMI L. @3; “u§>43\
BOhZEFBHRIELBETREL Yot
WUTTOY T EE. BEER i
I ©
BfE»2 02, UL, @UE
FRETH, ZOEHRTEL L&
T4, BEREmEAS/IES LRI
OBV T IMEINESh. 2O
BRAERENEFU NE LR35,
ih. BRRE—EORHTT.
FERBBEFRBHIELI5E. BR
NEREL Y —TR. BEAEHE
POTBERI RV, KEAEOD
LOUBOREE &L EHKIEH
A (EEmE2.83x10°°
cm*T. HEHO0~250m!l /
minZtUhE. $51.0nA/
cmimlr. ) U. Z0ELD
KEL RSB,

1) #M W62-1080263

Fig.1 Structure of meso-tetlra

{e-aminophenyl) cobalt-porphirine

] o.sna

0.5 °
E / V vs. SSCE

Fig.2 Cyclic vol tamwoarams for (a),(b)
Co>TAPP ccated and (c) bare carbon
an

s satulatod
100 (PH7.4) .

Naoto Uchida.Shuichiro Yamaguchi,Norihiko Ushizawa,Takeshi Shimomura,Noboru Oyama

—_— R Y- IRF RIBIALIYFITYOARL T RY VY I
(BENTHX., PRUAEFH*) EHED. ORJIBH*
1. BM® 4mM
SOBER, WHELBMHWEAAL LYY (BEF-I24) REC. [ WB,AMP F 3nM,ne7
FAVALGNEHROHWERT>TVSB Y, ABRTE. F I Damper ot oo tam BoTdar 2 s
FFAVOBBAAF LYYV FEANELT, BEESNFF 4 )
VANTERY L AFVHX - B0 Y-S RELELMBLET DT el W ol om
B-AYYzsvavRfivIFAEMRUE, SOV FALRA Pk g
V. S FAVHBMCH T SERRBEORNET >, el 2| e
2. FE Themistof : dhuk‘
FNEFAVOERNBRAKTFELTINAFAVINTE KD _— : k &N

VWAFv¥-t%, ELBBMEARTFLLTHISS-E2ENE
NAMICFARA-Fy FCELEBELE. ThHEXEBLEHRE
WADZA(ST.10X22.00mm)NIC ETF 2 BUICEBULSB, ¥-3I X
FETORBEULTHDINZARNL -N&EBULE, TOFNVY - %
Fig. IKRLE7 B -A v V22 vavRBivAFAOEER30°C)
ACHAL, —HOBRXRIBCHSBBELEERELEUTHE
Lk, BEZLER, X4 -FXFVYTVy Y WB)EALTLI -
& (REC) EICTR U,

Fr )V - C@NHellvainefHM(pH 5.0 AV, BRELEL.0
nl/winiCE LA, ZNVEFFVERBOEA(0.201)ICE B -%
V—AvvzosvavAVTERAVE.

3. #%

BERECOVTE, Fig. 2ERFTXSAMBIBHN . HBEA
BRSSP TRBRBENLE - JCBL. ABUBDTEDURIVERS
L. COBRBRELULTINAFFVORIERIEH., RUETDER

Ikuo SATOH, Shuji ARAKAWA

Carrier tThermostat Waste
... P

—————
FIG.1 SCHEMATIC DIAGRAM Scan

OF THE ENZYME THERMISTER FIG.2 RESPONSE CURVES

HTHIBRLEAXROPRRIGHUICERT I BOTH D,
FWEFFVRELRBEBEOL - 2L OMICE 0.5aMn B 10
O RETHRELHBMENAROS N, COLSIOHNBAREEE
ROBE 1.5203uM, =N VNSHERNBALNL. BB.0.5mM7 ) &
FAVKHTDEEELEEDHO0. 1600 TH >,

UM

) EWAER - WAL, 56,70,1988

) WA : {b¥ T R38, (11),933,1987

) 1.Satoh,S.Kimura, T.Nambu:Technical Digests of the 4th
International Conference on Solid-State Sensors and
Actuators, p. 789~792, 1987

4) ERER . RNBH :WeELFEerHRERRL2HEET K, p73,1987
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1. B @EESFR. SEREV LUV Y —CHTI—HOWE
EfToT&E. REAEARED L VY —ZEZBTFTTHERX
N3 B0, BIZEEBEZILIH LCRELRLEX BLA
BV —NEEZIATWS, AMRATIR. FHUAEBOREE
HIHB L., BEZFL B TEIRED LYY —0OHE, B
RETD 2.

2. FE HHRUEER. BXYBERNEOLEBIDRBRL =,
AEHKZ1S5HM, SOCTHARNICEELE, Boh2HEKE
ZROSHEE, HRE. 1OmMEIL7 YVEZDLESUTPHT
.00100mMY) v#BEBRPICESHZIE., OD660=1.0
CHYT s EE4 - btott Vo —Z2B (LB 0.45 um) F
KRESEEZ. RKICChz2, BREEOFABICERL. S
BTHELEZZ. Juo—€2 VN ItHARAARED L VY-V X T
LEZHELEZE. BREBOFAR, NERRICHLEE, 38R
BrREELtREE+AVWE., EEOREKIZ. 0.1 M KC
128w, FABORERMN A2 —560mV (vshg/ AgCl) ¥
L. IER. MEREOEBE2EEMICEAT A I LICED
I-o2~,.

3. R 9. HELEEVY—IEEE LTI NVNO—-R%
HFALELIA, 29T —2¥Boh, TORBEIIRE
REPL. 200 IR EX@EICERBLE, 22T, 70
-2 REL VY -—REBEBLOBEMMEELHAREL 310
~100mMOEBETESEMENZDLAZE (H1) ., KWT.
BHERECBI VY —OREBE+*FARE, BE@EIX507C

E. Itakura, E. Tamiya, I.
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THRAOEARLEMN, 30°C,
EETRTILHVE-E(H1) ., £,
tr¥—-%30°%C,
o3 BREI00%CHBEMIEABTZIZ LR -
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*
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BB oM MWK T FIFH I 5 I T g — EIJLE M - = > %
TTEI—E (GPT) EHEEMIEA R T 29— 5 2

(BEK - T > 2=F0Whif) ORBERY - MRBXT - ZHH # - xHAZ - FEMA

1. H
EHRAE., HICHRES XCOHEEDZHOHEL U TiEbh 5 i
hDINEIVE-CVE UBESURATIF—¥ (GPT) OFEHNE
BRELD BRECI>THDNRNTWS, L USRS K S4XEE
T, BHE»DD, BELODT DO REHT LZHENEUPTVRAR
HoTW3B, TITWES IEHMT. ULrHERMESRIFT. BEHSOD
GPTHEHHMEHAS T Y Y AFARHRBEORBEI NV E2I VY
VFR—¥ (GS) LAMTEt Ku¥ > —¥ (LDH) - TH%ET 3
ZEREPL, ERAOHERAZDOTHET 3.

2. % B F ¥

GPTRODEDRKEZMIET 3. e
L-73=V+2-AXVI ¥ —

L-JNVE2IVE+E e om (1)
FITHARTBL-INVEIVEIIVEEILE Y BOBRRETNIG
PTOWEWNMETES, JNVII VBB INVEIVIUFE—VYDOE
DRIGEFHL, PVE=I AL A VORI ET VE=I LA T VBET
BETZD. ARTEAKAA R pHEBRIE T, WETBIEIEST
tHcxs,

L-J0%IvM+NHL +ATP 22
L-dwasy+ADP+HPof+€'(2)
—~HEWE Y BIARTE KoY S —¥0->XORGEZFIHUTKEAS A
y@ﬁ&%pHiEtTﬂﬂT55¥
e + NADH + H
L-9% + NAD'

LDH

—

(3)

T.Iida, Y.Ogura, T.Mitamura, K.Nagata, K.Tomita

mHE, {LFITE,

COWRCIIEFEHFRBLIY)GSBLUCLDHZMEL, SHBYS
AC—ANMRZEBETEL. H1OYRAFAZTERCTEIAFENTY
Xy S)—pHEBBXIUISFET (HExH) CCiANMIzcL

&D, GPT (F2obffihk) et =4—L1k,
3.8 B
GPTOMIETZ (1) RORKK > Tp HEABELU 2L ZRHFL

EREREPHE2IRT, I2RRT IO 1M,/ m1IDOGPTHETT

50mMAOL-75=220mMDAXV I ILE)VER 1 0mMA I
Vo VBT TRGEETH, pHRDTH»0. 0 2 EEMENABH
T2EPT. (1) ORKBRE->TAERp HEARBMENZP 2,
Ld»L, GS®O0. 58/ mlftFEese. (2) RIXDINVFIY
MEMBUTCITINVEIVSERTIBRAKRAT UBERTSDOTC. pH
M AL CAS < UM BHTE. EO6KGPTZ28/m1
THmETAE. ARTBL-INEIVEOBSHATEZOT, pHOE
BN AEL B LHDIZ, Ch6DRELD, GPTOEMERIH
FTERA ALV VAT ABEMRLE MBI KRG SEH > TTETD
BT eMRENT,

—~ 0

0

]

0 —oas GPT 2.0units/ml

S with GS

o

?'Ma

2 GPT 1.0unit/ml

o with
Fig.l The GPT sensing system v Bl szii;lg::‘éé‘l
1.pH electrode,2.reaction mixture, 4/,-&’—
3.pump,4.enzyme column,5.capillary S S T Y e
pH electrode or ISFET,6.pH meter, Time (min)

7.recorder,8.thermostat Fig.2 pH changes caused by the

GPT and GS at pH 7.0 and 30°C.

The GS conc. was 0.5u/ml.

38, 257 ((198717)




AT+ T4 -/ BREATILEBEAVLY LAY Y RUAREY Y

B204
(BAK I , VAIATHA LYW

1. EBXEARILEARECHMHUCEBEKSBRERS
DEFREUNTILUIETHERERIISRXUVULBEREESE
. 2HEE Y. GRBAY 7 29— NAARARAVE
ZRABEAOBBEUTOIEASMEFIIL TV S, UL, —
BEBER-BEEMOEBEMNLRETBHERUIEV LD, B4R
ATF 4T A —RAVERRENETBEHESHATIRZICED
BV, COBE. BRREBBLUTCERFILT I RDRREXTF
I T4 —BIUBROGFLEEILT I ENEETh B, #
CTABMRTE. ERRVHULE Y LAY Y RUAERILE
FOATF 4 LAY —RUBZLEBELCEEILLUTCEREE
BMoVvbhws3E _tHHROoBELV Y EERU R,

2. Pyrolytic graphite(basal)E®&(PG; @ = ca.5mm disk)
KHhFEY W0OFOHF A Poly-L-lysine (PLL) 5 mg/m2
DOKBBE 20 § a— P U, Rtk 60 C TH | BRI
THIERAEUL. Bohlk PLLEMESRLE W(CNs4- T2
Mo(CN)g*- BWHP TRBEUBIIVUTAF 1AV —BEHA
ABFEUVR. R, AIVKYLIFABREAVTBELRS
TET. V(N -/ ABAF VY —E (LOD). Mo(CN)s4-/ ¥
Nay A&y ¥y —¥ (S00) BEELEBEERLUR. EVY
RERY VBEGHEB® (pH ) FTHEU R,

3. Mo(CN)s4-/S0D EEILEBEXXTF + T4 Y —DEILX
h2BAETHS +0.65 V vs. Ag/AgCl WHBEL. XF 414
S—RBItARURR. AUBMNSBETTY LAY VR2EMU
REZAY LAY IRIHMUTKEULUR(Fig. D. BHELZ W

osO M, HH #HHE , TAA—Kk , @R -
0.5mMU TORBE TEIEEN TH - k. EBREXTEICKEMHT S
PLL OENEXIZ L. Boh2BREODAELL RS, PLLOE
ZPMSESBRULEBEBTE. ERLLTOHEBEEHEL | mMEE F
THMU. IO MBEEFTOY LAY VORI MBTAETH 3
(Fig.2)o MHBEIZ. W(CN)s*- & LODRBEEIL L 2 PCEBR AL
TWCN)e - Bt X h 5 +0.3 V vs. Ag/AgCl T L-A B
TE2EBARENBEO . ARERE 0.2 MEEZ TOABMK
HUTEBERENEILUR. TZT. WCN)s*-—LODRTO B
REORKEILCABBEOHBRIE S FROMBIZ. Mo(CN)s-
-SODRTHEHEMA OB R k. ChIIBERLES
DHENRBUTWVWE EEZ >N 3,
UEARRCEBRTRBEEAEI I Z NSO LEEHISE EFE
NEVCHBEEIAF 14y -/ BEBEETLHNESESER
TEh. AMRTCHLV-BEREETBOEREL. XF1+ 1
49 —B7 A HERLTFOBE. HORRX2VTHELELHHA
TEHEIENTESZLELZON S,

0.5

i7pA

o 2 & 6 L] 0 1 H 0 0 20 30
Time / min [Sarcosine) / mM [Sarcosinel/mM

Flg. 1 Response curve of the
prepared sarcosine sensor.

Flg. 2 Current of the sensor for sarcosine concn.
0s o function of amount of {mmobilized PLL,

1) 1. Taniguchi, et al., J. Electroanal. Chem., 240 (1988) 333,

[. Taniguchi , Y. Yokota , K. Yasukouchi , K. Takizawa

ATF4 - —HEMELBE S+ &4~
WHKZHEERMORT WEEE. ORI, SHE 0%, &2 F
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1. Langmuir-Blodgett #H K Ko TEBREE D FLANITF
AUV ULEBEBNAM AU Y- OBEREEH I, HE TY
AVBRFYNFIVORRFMEAR-HF -2 LTI INI-2X
AXx VX -¥(GOD) 2 BEEAL EH0BREBD 7 2O R b
Yo7 -s#%BLE. B TRERIHKLGODDAFA T
—8-TH27z0b V2P MAPRAEMBEELBELXA Y,
BEBEBELBELLR2VWEY Y- KOVWTHARS,

2. AF4T-R - UTOREEERE 7202y ((ferro-
cenylmethyl)dimethyloctadecylammonium hexafluorophos-
phate, B 1), FacciA D HF#2 I &> T (ferrocenylmeth-
yl)dimethylamine & 1-iodooctane A H &K L. cheE A7 &
FUNTIV, AVRFHI - IVEEIVE 111I5TRYE VI
BRLULTAKEECEBBEU, 20.7aN/n0 XEE T, KENBET
EERE LR UE, EHICESIBEAS A& £EH AL
REULTHWE., TOBBEZIBILTVILZLFE FKEBER
L, GOD#BHEPH 7.2V v BEEH) CHALE LU THELE
EBELUE.Y HBRRER0=ZBR L e B (S RE: 6 - H1
GEE, W@ A®), pH 64 v BBER Y, AXFBHEAFT
7o 7=,

3. ¥ L~EZLB
Bhorzovy o PFO
i, BB LTERK
LFEHICH{E - 2
nTEBHZLEY

Fig. 1. Surface active ferrocene used
as a GOD mediator.

H. Tsuzuki, Y. Okawa, S. Yoshida, and T. Watanabe

A2V 9 7 KNVE AP K&
THBL =(E=0.53V vs., Ag/AgCl 0

). ZOLBBHILEAIZVEFYILY NC@CH(';—EE
IVEMAPRAATHBHDT, ED7
IJREWKLITNVANWFZIVFEREARL
THHEIEEATELIV(K2A). 8
GOD2BEEMALEZBEIzORY 0o .
PAFL4ZT-R—-2LTHE, K2 X: Xj 7
BOBARREBYL - &ko THEEB Suam *o00re 7 N re
#FrAWTICITNNa- AD0BLICH
stétﬁ&mﬁftb.‘z‘ (e 4 (A) and electron flow
FAIT-2—-%2MHIPAAELBE® )

VY- (AXT)E, AFq4x -4 """
RMAPAETRVH0 REBLBE® - T T T
v -V (BEMAT)OI IV - R
KHTEEEMERT. AF4T—o
B-MEyYy -k, EREWNTHO, §
&ty#—®%2%®&ﬁﬁx&ﬁ2“'
Lk. -

-

Fig.2. Film structure

mediator -type
(¢]

1) 8%, K),HME,#:0, K, B4t o o =
WO6EFESR, 11XC06 (1988).

2) J.S.Facci et. al., Langmuir,
2, 732 (1986).

(glucose] I mM

Fig.3. Response of LB
film-modified sensors.
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FEBTRRY BALEN - OKN EX, 44 AXT, HEH %K, 8 B, SHEAY K¥EHE - A8 B, BK 54, 58 8¢

(BR) EEGR. ATRRYXFLHMEA2EHMOELT. 275
— MR RNBLEELERXEZAALE. R2O0FERBROT L
A—-A2 Y —2MBLIEXE, FALZAXEERIR. WT
hbHEHY —FLBT7 /) —Ferb6BR3b0DT. -0.6 V
HEAY—FRHEML, PNVa—-RABEARLOY VO —
AHMILEE (GOD  MEBERBICIIABEAXRRETLLI»6 TN
A—ABEAMETHHDOTH- 2,

AREOINVa-ZA vy -k, MELEZENELTHEL
EHERXAOBRRBEERLBEAIC., ChIGODA2EEL., *®
DERTNVA—ZADOBREMBTIM2L2BALEZDOTSH
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CADS %7 b BHASMEBMLEEL Y —Z, 700
mg,/dlETHBMEBLSEBELEY, *OEREEEH I
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Fig.2. Cyclic voltamograms of 0.02M Fe(CH)3™/
'.(a')é " in the absence (—) and presence (--)
of GOD at coated carbon electrodes. (A) CMC
(B) polyacrylate (C) PVP

Fig.1. Cyclic volcammograms of 0.02M Fe(CM)g ™/
FelcM)g"™ in the absence (—) and presence (--)
of GOD. (A) Pt electrode , (B) Carbon electrode
Scan rate ;0.1Vs”
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B U. RERMWELREZ A, Fig.l RRTELSRCAHFEOHE
BHENEoh R, BERE HERAHIPBEORBLIODVLTH
FURBEROLELYE THET 3.

MFWL 3T BEEESATOCVIEENFES >h. X3, Fig.2
RRTEOUHXAPTEGERILAZTEEAX)ERVHEMBER
Uke MEEY. KT LAY WE. T AR=-YTLY
A T7EUVTEEEEDh 3%,

° n=23
¥=0.03X
r=0.963

250 500 758 1000 100 200 300
Glucouse concentration (mg/dl) H202-electrode method (mg/d1)

Fig.1 Relationship between Fig.2 Correlation between
this method and H202-electrode
method for the determination

of blood glucose

current output and glucose
concentration
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1. ZFold. KLY I Ty A P RECEREGERZAVT. KU (X
V=F b3 (0=7I7Tx2lh) KLT ¢ Y=L sEtk) g%
BEULBEL DY -0 THEL R, ) ZOBEZRLYY—TUH.
ANV =—FRLT ) VEPBERETRICEME T3 ER2FBL TL
3, COBFLVY-—FEETHAL BRI EBOBE LY ¥ —0OMN
ELEDTEY. SEEBHI L2t — OB 20 THE
T3,

2. Fig.] BB/ LA —2A oY —DOREHROHEELETT., Bl
HEUVTH—R2T7AN—=DT +5 AP (EEL ~10 pm) 2AL
Feo Film (INCWANNVE =XV FPFF (0=73X/)Tx2) K7
1t VRO BEREAKE (T coi2~5x10"*mol /cm?  JEE:1 ~ 5um,
poly-Co(o-TAPP) &) ZHW. Film 202, FLa—AA A * v ¥y —+
CGOD ) M7 7 I VHZEEILUE GOD i ( 10 ~ 100 um
YRRV, Film (D TUBRERE(E.(I))OEITIH > TEESHE
Th3E, COLXOBFOEEZILE. Film (DO 718 T i #4E
Eq.CHEFALVR7 XX PIHETZZEREV T LI — A BRE
2RD 3,

Glucose + 0, + Hz0 A Gluconolacton + Hz0. (1)

0 +2e + 2H° oty Cubor AT HeOz ~-(2)

3. Film () 2FEEU BB TORREARICCHT Z3H42 v
cHRLFET I LPSWE 50 mV/sec BIIFEELS VT, BRI AKE

Shuichiro Yamaguchi, Naoto Uchida, Takeshi

BORBBO—>TH3EFEERIBAEA . EREMEL-0.6 V vs.
SSCE WEFLT7oANOX MY —R{Toh#&R. LERFR (950
1IBLUAT3 3Pk, BT LI—AR Y —TiEdh
REHR-TLI-AREQOHRBAIZERE Fig. 2 WRLR,. F LI
—AMEN 0 ~ 106 mg/dl OFEATCRLVEZHEAE AL, 20O
EEQINI-AREFILCHT ZEEHMUEIBUATSHY. BF
RETZZEnDok. Fh. GOD AFEE. BE, £EFAMSE
HHTE2E THREROMANIET S 3,

1) HREIe1-022509. A A2 BI36

capillary

insulator

carbon fiber

—— Film 1

20 40 50
[Glucose]” mM

Film 2

Fig.1 Schematic construction of
an ultra-micro glucose sensor.

Fig.2 Typical calibration curve
in 10 mM phosphate buffer solution
pH 6.10 at 23.0 C.

Shimomura, Noboru Oyama
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(ESEUNEU LY —HEF. EheAy hdigis) ORILEZA BHEES TREWE >, WHExs, LN %

]l BARECEBRIEENFRLESKCIVUBREBROMKHE KO EHNTHEZLAED ML R

HBOMBIADH L. IJ70fcMEIHAREALE 2. AH Glucose 1,0, + 0
T IJoOBXBRENSA Y Y Y IFAL AL UTREY Teflon 0 Hit

T2 rlkkoT HLOHMESIRLTESZ L 2 HET 2, E. MECER

2 WABEK A0 - 200 po) , HBHOEEH/ (200 pm), E L

THEBR GO0 pm) EHIKKRTIILHAL EdROHFH T ER

T ABMEBMREEEMCLE BHREE - ELEBEL L 8

EDB. XKHABLEYYYTFALRELE ZOFAALR Blank
WHERBDOI NI - ARXBEBFEFL HlrTHEY AT A Micro-enzyme I (phosphate buffer
TROEAM 0.6 V) KESBRSEERBT B L1 EoT. electrode & =

EFNAL ZADBHELXEDS M L . Fig.l Illustration of micro- _L____-_-.-_---__--_

biosensing device

3 IALAQHEKE T3 — ARB (20 a0 10 pLEF

. (] Fig.2 Typical responses of
NAALBETUTBMEAMUAEL 245 B2 RTEEH S S~ < , - "
B Ny 1<) . micro-biosensing device
bhEk. TRDEBYLAZLBERBRORES XV AKR 53100 | o
N - 3
BEFNBHEN TORERBEROD 2PV BENS B Ak o _*
- o § .
G L A B X 3 y = c B > 1) Y.Ikariyama,S.Yamauchi,
7 7/9§ﬂ (o m‘u‘/&ﬂﬁfﬁ) BEEIWI k=X e w0} et T ok st wxd A lshicde,
HHTORAKOBRELEAIBHEhE 00, Jva—2xe 2o 5 Anal.lett., 20, 1407 (1987).
" 5 g w
LHET 2L BBEBERCYHRLERANED DA E 22T % & " L N 2) Y.lkariyama, S.Yamauchi,
BV —2XBREDEBILONT En oS = T.Yukiashi, and H.Ushioda,
E Raw W, 2 el . W R Anal.Lett., 20, 1791 (1987).
IRBLOELR- 2L 2 5, BUARTHEHBRANS D h - Glucose concentration (mM)
TRAARHEHERE QBEE T3 —RRE (10 o) (0] Fig.3 Relation of transient
WEEYX 1-20 leﬁ%fﬁift?/(41@mg&a/{tn z response to glucose concentn.

DK R AIVOBRFTALARHERBR CEEESh T WE#®
EHTAIULAREINBLLB. BLEKEBORERS 025

OY.Ikariyana, N.Shimada, T.Yukiashi, H.Ushioda, and S.Yamauchi

ISFETR&DBERRT YV ARXDMY —

METIXEW BRH ORBEZ - BAX . THE

T. BH IS-FETRA A VBBEBEA Y E -S4V 2AERR BLELARBRGE 10| ELTHSBRBROBUNBEEZE AN,
E-—HRELLEBEBEZLTWAN, IS-FET2 LAY -4 Y R 3. B8 Eﬁf'ﬁﬁﬁ’!ﬁﬁﬁ@ﬂ\'?‘/*‘/?fﬂhu—@iﬂé‘
EBRBLELTOBAVERTYYAA MY -2 BRLUEA BELAXRCANIZBUNRBEEENTIBLADERHO T
NDEBRET-> TV, TR, BRM#EOSHZ 70 -3 = 5FH0OBEBEAES (Fig.3-a), BRERFYIYAXNY =
KEWTEBERKRBETBARTYYAAPMNY —FBOHLE TOHRBROGEHBE (FIg.3-DKRT. - 4@
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DTHRET 3. BERBOENBERABELCEKEL . CERBRBUIBL LAD Y
2. i PHE-BELTHERUBTTIS-FETR A YL -4 ETHADHCELSNUBUTTSH 3,
VABBBEITBIRTUIAADMY-T, FEEBERE COCER, LEZBOFAKLDERERLCHEEBL I

BBRKERITDILERLDBREAT YO ARX MY — K # B B, BECREITDIOKEBENNZABREER A MM
TES (Fig. 1) CORTIh¥BAEIASNDELEERER TRCLELTHRDBUNIRENATETHALEERL TW %0
CEARECODRARKBEBLABRAE -2 KELREE., & ER.ABBRRBRAEOBR#OSTHBENR TN S,

EEBKANM D THETACLTEHREOBRN D EH O & &
2. RBRBIS-FETLASFRAERE M EER (Ag-AgCIR
SRE®) Zthin-layerB e LK RBELE (Fig.2), U Y
BEBERORERRMI/HTA VY104 BKAEATEAE

T
!

Pump Injector ISFET WE Ag-AgCl

Ag-AgCl
electrode

i il 110
! i | | | i i
el e =
|+ |
IN out HNaR |
o S e e ‘ o
(a) Working electrode only. (b) Working electrode is connected

1o Ag- AgCl clectrodé.
Fig.3 Typical output peaks of Pt electrode

pH6.86 Vout

s
Buffer ‘l i : it o f P by the injected hydrogen peroxide.
7 7% o

i . 1 P776(1985)
Fig.1. Schematic diagram of high-speed —[t ele::’llfode TRERT i ;;gg ég@g%%ﬁgt)*fﬂﬁ%ﬁ%:ﬁﬁﬁ p3(1986)
potetiometry. Fig. 2. Thin- layer cell block. NEE FH, B eEkELYTHRRRETAE p87(1987)
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1. BUDE BRAGEAKTIFIYVYT I T4 —HHO—1 UEDXEBOTRDONLAH OBED > BEHOp HE K

THB3VIMPFTTHERBAVTIBERON Y~y 2% LT REKEIVREU R

VAP, BRYTIVOYA Y- TBEBOBELH @2 vei=pKatlog { [AH*'] / ( [Total.A]l — [AH*]) }
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ROKODOBRELROTEN g

2. EFMNL Rﬁ&h’ti‘?t@ﬁGOD&EﬁtUkﬁ)l«:l-— :['f,..Sanor Solution

AEYHTH3. BRRBWE. FLa—ALBELERE LR iy Membrane

2EHBRTH 3. REOANZALELTUR. LUFOR T

TEYKRIAAZALD —BRIBILATEVY., RA4dh ]
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E'+S:2ESI2EP,=E+P, @ . ki

E: GOD E’:GOD-0 S::ZAa—2 S:z: O, > PU-10 oD o417
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COBAEOBERLOERA R RO & 512t 3, § §x=0 Y

v - Vmax [S:] [Se] o =T K.
Kmu[Sa]+Km2[S1]+[S1] [S:] B1 RMPYDIR

Vmax: SBKRIEEE Km: INIYIEX FHEIENSERHOTITR ke BIMTX TRENSIWE (

BEELBERBEATE. YLa—R BE FLaVE Ny L) 220488 Uk, L2/DgR2REHK (T) EEXZhi—
7-—»{7]‘J[AH IOBMEEOSVTUTORBAABANBLYS 2, EOLRTEDRBOHNOTLEHE LR FLERBEOY L
8 [S1] 8 2[s1] =2tV ORUEFHERI IO -V AFLATITRo Y. BR

A 3 G -V ® BEEBOERMEZLE XA THEL k.
aLP1] _ a2[P1l |, ® [Si1]=0[S1]le{l—-exp (—t/k)} ®
3T Pt axe b OBM Ok BEH
N Y AELAM] |, ® 1) S. Nakamoto et al., Proc. ICOM’87, TOKYO p.805(1987)
aT T UeNel T xR 2) AHo ®EeEILELYIYHRLFHE p.79(1987)
9 [S2] = i ac[sa) _ v 3) Caras, S. et al., J. Anal. Chem. 1985, 57, 1920 # &
3T se 3 X2 @ D: ## %%
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(BARAPRUFA) ° W ¥ AN . PRED. FREE. RIS

1 BU»W [ISFET La—RARtV9yOHAOrFHET IRDBERNY I 7—BEOL YV HARREIITHELZIODVLT
ZEFLREORBEYI2L-Va oERE. EBOEYy VYiIalb-vaYiRak. (H4)
YHARLUKU. LY HARFEIZLDOHBRENI X
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DAEVS3. ChorARCRET IR UEEYNS 3 1 s 8 = o
D2BRETRDR. T FILa— AWEMNI00mg/dI L TFTO®H . e " g |
ETEBERES BN+ I RCEETSEREL. Y La—2 /

OREEREVL I EEEFALEBERUD g, KmgBHRT U / . ,

ke TOMHT. ZZTROO>N2Dg, Kmge2EHEFL ' e RS T - S
WHAUDoO, Kmo%R¥k, BohRZhBDONIA—Y i B
EAVTYIal—-varyeiizn, BE Nyv7Tr7—#E.

BEBREBEOL VY EECRETHEEBE2LVTHANE, = s

3. R ®1§l-‘!‘:-’1’)b&€>tl2b'€“/iab-—‘ya>& Calculated -—-- o
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cm?/sec EBODTEVETS S o he QRRZYIa2L—YIYR oureur RO g curmun

o TRODBREBEERORBH L. VLo —-A T L 0:62an »

3Kmi. Kmg=8mpRdshi (2). OQLETRD Ry "

5hkDg, Kmgh2%ZBYIal—vasyeRAURDE P [
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THEN®O. Sun~1. OumOBENTEYIREREEF
WIBZENTETHEIENTEh . @B O RNF X —
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1. EHECRDTHMHESRIL. BENESL LU TEEHX L
T3, COBREAGRNTHRE. ERHE, ERLAHELY
ABZETYEDY - BERALENHEOREORERIBEAB R
FRTES, APRETWR. FIIVOERESRULHET 3
CETRYFIIVUMHEBRLAV L BRSNS RERT G
B 4 2EHUE,

2. A THEMHEEE. Pt (6=0.5,0=5mm) L. F¥5
IVEBREAGUTCHR. FIE-HIKR E U T. human 1gG& ¥
¥HMmMEX VM anti-186, . EBBELLTT L2 -2

AFRVYT —€ (GOD) 2HVL. BERETER UL BBILAES

EEB L TEKRamperometricl BB UE. #EWR. YLa—2 %
BLY VBEHHEE (ph 7.0) F T >k,

3. ZLHY-XH%¥ )= (NaOH-MeOH) BEP S K Y F5 3
JEHEBEAERL. COBBOT I JRBERNTFFIRBAET
anti-1gGR EEGE ¥ L, CORBTEEBBLET. 136 GODEE 3% 1 G
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FERCELIOBLUATEEUR (Fig. 1) o % 72 Tween-20% 0
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=7 RUF S5 I VRS0 K BER NaOWK B D > EWE

GEHL. AROBRFEMALECS. O BEXBHI AL

RYUFSIVHE. OB ABREOMOANMBUL (XE
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—®B, RAN—-K, FHAEE"

B HeOc XMW T ZBERENIBULERELS R S5R, U
DU, GOVERISCOFKEREFELREL2RMEIZCENEHBR
BB, @ PAAYKBHEDPOBRRKYFSI VB, 7L H
Y-X5 ) - LNBEIPOBRBEEIZFASORER2RT., 22
T. BUEKBEDOOBRKYFSIVBOLRZALAY - ¥
J-NLVBEBPOIORVFSIVEEBEAL., KEREEHES
BREOOEBREZONIRAKYVFSI VB TERTmLE- 2
EZ3 ng/ml LRNLDISGCHRIHTXIFREGE LY ¥ B
Bmohk,

DE. BERHUHEREXAZ L TERECTE A FHROKHED
RRBRARVFSIVBEERTZZENTE, KYFS53Y
BEAHAURARBEL Y YO SHMELNTHE TSI ENES
Dok,

0.2
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a }"
~N0.1F 2 @
= b ~0.1F
<
o
1 1 1
0 2 4
time / min, 0 Lys L 1 1 1
Fig., 1 Response curves of the anti-Ig6 o 107 1 10! 102
immobi11zed PTy electrode on adding : (a) (1661 / pe/ml

196-60D, (b) 10 pg/ml 1g6 + 19G-GOD. Fig. 2 Calibration curve of the IgG sensor

I. Taniguchi, H. Eguchi, I. Tsuji, K. Yasukouchi, M. Unoki
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PHOTO-SINKING OF TiO, POWDERS
BRI - K./CF), b ds Z 6% ug, 85

Cl112

INTRODUCTION The surface modification drastically
changes the properties of a semiconductor. 1In our
present study, we treated the surfaces of TiO
and also those of ZnO,SiO ,AlZOS,SrTiO witE
silane. The silane treatea surface becomes
hydrophobic so these powders float on water. Upon
band gap illumination the highly reactive holes
decompose the silane layer and the powder sinks.
The amount of the powder photo-sunk reveals
photocatalytic activity. We are interested that

whether the photo-sinking method can be applied to

°
s
= o
- |
- Vesio,  Fuscmiog ( T102
¢ 0Al20, /[a2n0 »WAXO (ana)
< AKO (rut

FLOATING WEIGHT

separate these powders according to their

photocatalytic activity. FIG 1. Change in hydrophobicity at silane cocen. FiG, 2. Relation detveen
EXPERIMENTAL The dry powder (500 mg) is treated 7 ! S suriace area & Cmin.
with 10 ml silanizing solution ( SiCH3Cl in Zof powders having higher
benzene). The unreacted silane is washéd “with ;E— 5% surface area. Figure.3
benzene. The powder (floated) converted to z shows correlation in the
hydrophobic is weighed.The powder is illuminated H measured photocatalytic
by a xenon lamp and the photo-sunk powder weighed. i activity between photo-
The photocatalytic activity of each powder is g sinking and alcohol
measured by the oxidation of alcohol. The surface Ear oxidation. However,
area of each powder is measured by BET method = . there are exceptions,
before the surface treatment. . rgb;“"" e.g. 2ZnO & TiO (P-25).
RESULTS & DISCUSSION Figure.1l shows the amount = A////Eahoj ZnO is seen "the most
of the powder converted to hydrophobic at different - STPi03 J active by photo-sinking
silane concentration. It is clear from the figure 2 = =5 Jo due to big particle
that the minimum concentration required to ACTIVITY BY ALCOHOL OXIDATION(au) sjize. The TiO, particles
convert the powder completely hydrophobic (Cmin.) FIG.3. Comparision of activity. (except P-ES) have
is quite different for different powders Sio2 & intermediate particle size therefore the amount of
Al 03 requiring the lowest and TiO (P-25) the photo-sunk powder is relatively less. The particle
highest. However, for the other brands of TiO2 size of TiO,(P-25)is small therefore the amount of
Cmin. 1is nearly same. Figure.2 shows that the photo-sunk powder is too less. From a mixture of an
relation between the Cmin and the surface area is active & =a passive powder we separated active
linear. It is quite reasonable that the number of powder by photo-sinking method, for example, TiO
-OH groups undergoing reaction is high for the (ana) from TiO2 (rut), TiO2 from Sioz,and so on.

K- Patel. S Yeumagoedtew e A Figjohiimet
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THE EFFECT OF CORROSION INHIBITORS ON THE OXIDATION OF COPPER IN

Cl14

A. Aruchamy and A.

In basic electrolytes anodic oxidation of copper
and CuO

In this work

leads to a duplex layer containing Cu20
which are photoactive semiconductors.
the effect of corrosion inhibitors on the oxidation
of copper in agueous electrolytes has been investi-

gated by photoelectrochemical(PEC) measurements.

Benzotriazole(BTA,I), Tolyltriazole(TTA,II) and
6-aniline 1,3,5-diazine 2,4-dithiol{III) were used
as inhibitors. A conventional three electrode set-

up was employed for the electrochemical studies.

The above mentionned inhibitors function as anod-
ic inhibitors. In the case of BTA in NaOH the anodic
peak of Cu - cu™(A(I)) is almost absent and that of
Cu - Cu2+(A(II)) is significantly reduced. The cath-
odic photocurrents are correspondingly small(Figs.1
and 2). The potential of cathodic photocurrent onset
is not affected by the inhibitor. Small photoanodic
currents noticed during the anodic scan in pure NaOH
(Fig.l) are also observed in presence of inhibitors.
It is considered that the anodic photocurrents are
due to Cu20 layer which remains unreduced on the
electrode at cathodic potentials or that formed in

the anodic scan. At pH=9 the current-voltage behav-

AQUEOUS ELECTROLYTES - A PHOTOELECTROCHEMICAL STUDY

Fujishima

iour Cu electrode in presence of BTA is qualitativ-
ely similar to the same in NaOH. The photocurrent
onset potentials shift to more positive values both
in the anodic and cathodic scans as expected by the
The

inhibitor III was found to be less effective than

pH dependent flat-band potentials of oxides.

the other two compounds. On the other hand, photo-

anodic currents are more pronounced with III(Fig.3).

1. A.Aruchamy, G.Zhou, and A.Fujishima, J.Electro-
anal. Chem., in press.
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Figures: Current-voltage
curves of Cu(99.9%) elec- [
trodes under chopped white ,
light illumination in !
Fig.l: 0.1M NaOH b 3
Fig.2: 0.1M NaOH+10 mM BTA ..
Fig.3: 0.1M NaOH+4 mM 6-
aniline 1,3,5-diazine 2,4- *'[ | X L
dithiol (scan rate: 10 mv/ - N et T

sec). Fig.3
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Cc121 ( Photoelectrochemical reactions at SiC (I ))
(KX - T) AL =Yy Foy, g L]
Introduction: ) ) ! that the holes are injected into the valence band.
Recently we investigated the iurrent—dogbl;n? Therefore, the luminescense observed for both types
reactions at n- and p- SiC's(crystals) by alcoho of crystals can be easily explained by injection of

and persulfate, respectively. Former reaction showed
no current multiplication and thereby explaining the
relatively negative conduction band edge of n- SiC
in comparison to the semiconductors of similar band
gap. Latter one showed current-doubling about 60%
showing that the reduction of persulfate is a double
band process in SiC. In order to get more
information about the semiconductor as well as the
electrode reactions we extended our study to see the
electroluminescence (EL) properties during
persulfate reduction. Since the band gap of this
material varies in between 2.3 and 3.3 eV depending
on the crystal structures referred to as polytypes,
EL studies are of important in the field of making
light emitting diodes.

Experimental:

Single crystals of n- and p- SiC single crystals
were used as the electrode materials. Usual pyrex
cell with a quartz window was fit in the sample
position of a fluorescence spectrofluorimeter for EL
measurements. A potentiostat was used for biasing
the electrodes. All potentials refer to saturated
calomel electrode.

Results and discussion:

In the previous studies,
observation of EL at SiC/aqg.
during the reduction of persulfate. EL spectra
obtained for the two types of crystals used have
been found to differ considerably, indicating the
presence of different recombination pathways. From
the observation of cathodic currents at n- SiC (in
dark) and p- SiC (in light)/persulfate, it is clear

we reported the first
electrolyte interface

A. Manivannan, A. Fujishima
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Per Carlsson, K.Uosaki, H.Kita

holes into the valence band and subsequent radiative
recombination of the highly energetic holes with the
electrons from the conduction band. Figs. 1 and 2
show the spectral distribution of the emitted light
at -5V and -10V vs. SCE applied biases for n- and p-
SiC's, respectively. p- SiC shows a maximum at 415
nm which is close to the band gap energy (~~v3eV).
Light emission considerably lower than band gap,
with an emission maximum at 565 nm was observed at
n- SiC. The difference in the spectra is possibly
due to the radiative recombination via the dopant
levels in the case of n- SiC. An inversion layer is
formed under sufficiently cathodic bias at p- SiC so

that electrons can tunnel from the bulk of the
valence band to the conduction band at the surface
for reduction.
: [ 2 o~ A
e L e 1
525 5% 515 e 0 00 “" tL )
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Figure 1. Figure 2.
1. A.Manivannan and A.Fujishima, (submitted,J.Lum.,)
2. A.Manivannan,G.V.Subba Rao and A.Fujishima,
(submitted to Ber.Bunsenges.phys.chem.)
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