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BECHEBIERER i ME KRB B MR (self-organization)
AeEMRB R, EAKRBT.
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« 7 A3IVE LD R RS &

- F A — VO [ BB B S TR (SAN

mA¥OFERICINE. BRBEREIMMEFICI P OE-NENTSHRA. T
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EMERBCDETBHLEOERRIL, EERIRFEREKRTS. COBHEE. RO
I bOE— (S) BEALTWS., —ATHRE, EN—ETHRNIIEZSRE
TiL, GibbsOEHBEIRNF— (dG=dH-TdS) NHELTS. K> TEIFEMIK
BFERERENZDZ TR, T boE—0EALZERZ I I E— (H) OED.
FRRRORTHOMEMDI FOE—BADDIEANBNTNEIETTHS.

BFhEEE-RL a2V T« 5 — (Schrodingen) 1. TEMAEREBAL PO E-—
EFRRTAEETVS, TRROLBAICFOE—DHFENERVAAT., £ETWVWSEZ
ERXE->THELUZ I bDE—DHENZERL. EWEEFZEENRELIT > b
ODE—DKEICR-TWVDE) SR TWVBE2, RRIZBNT., IO THFE
REEZADE, FUEPEPIRIVF —ORNOHT GEEHEMBROE) ddEE,
Fig. 10 &3z, MNhOFLSILLP2A0I bOEE—245R L TRENEREINDE
ZEADILNTES., ELHRNOPTHEIRNF—ZHELENS, TOBET

BFZERLTWAREHEZ S.



Driving force of self-organization

Open system (Nonequilibrium system)

self-organization

ENERGY energy
— ---p>
—> e
> --->

SUBSTANCE \_ substance

Disspative structure BR reaction. -
Electrochemical oscillation

dS=deS+diS Rhythmic crystallization

deS: Contribution of the flow
diS: Entropy caused by the reaction

dS/dt=0 (steady-state)
deS=-diS<0 AG<0

Closed system (Equilibrium system)

Hydrophobic ~H20
interaction - g Iceberg

Process of spontaneous reaction.

AG=AH-TAS = AG<0

Entropy caused by cage structure of water < Entropy of bulk
H20 Iceberg AS<0
— ——| = self-organization

Fig.1 Spontaneous rhythm and pattern formation.
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2-1 8§

EBRBRHMIIBNT, FROIFAHEEFEALTRRATSILZHRBHO5 ZRAARER
% (Entrainment) &WH, D5 ZFABEHRIZTDWT, Briggs-Rauscher R & &K
#% B F (salt-water oscillator)IZ D W TF# N/,

{LZIRE RIS & L Tid. Belousov-Zhabotinsky KRG * (LLF. BRREET)
MELTHIN., BROGHUER-F-ERA-F— - - CHRVEBELELRL. HED
IZE R L 91 Briggs-Rauscher RISIZDWT. BEHDO AN Z X LRERERGOHEER
KEBEFERICOVWTHNL, CORBRBRBZREDOREANLPSENTH 2 0FER
D197 3FIZEKHMMODRavschersiZkoTHRAEENL, BZREMSEHSINE
57, BRRIBEBHARMNEN T, REEHBIIDOWTIZ1 9 8 24 LI, Epstein ©
KWEo2T1O0ULEDERIENSRDIRIGERPIRBREEINLY, LBALTF T2 0%
FICDODNTRABERSNA TRV, KRBV TIOCERTT T OKR
H&EZHELL>., BRREWE, ALERDBERICDVWTRRIIRIESETHH
HOLTRAREBEVWAREL TERBOEBMNA D 230D, ZORBFZE 2D,
3DENETRRTERUMEEAIEZ2E. TOMEEMORS (ROKEX) 1T
WU THRARFEARDIEMNY - E2ELCBIEERRALEY . FHEICKEL
U 2HRZLAIWMARAORBOEEERIZIDONT. ZEMNRAUCIHEINIZD
WTHE NI TNWD,

EMIIBNTE. PFTAMOBEECLHIBE. Mo REERE, EFHH
BROZXTHB., TIT2M. SHEHOEMNHENLZRVERELZTN. &iI23

AR (BVIBNRTER) O ERAIBERIODNT, REENOKEZS2TAER



EEMBICTEZIEICXoTEIZRABMRBEBIDRTARD, 1 20EMEOTNE
REMR 3ME—F (ri-phasic mode) PEU B BB EEXAMITITRALERL Y.
—%. WAKBERHFIZ. 197 0F., TAUAADMEEESE Martin BHEKDOERE
BPICEZARRLEEK O THS. Iy TORICImmEBEQOREHITCHICRE
KEAN, INEMAKDOASEFEBICEELIy TAAOKEZRLCICTZE, O
T OFOEREAKRBOD FAFRNHTHLESSLUTIEED ., 4FIXHEIC. 4ok
My TORARNAL, TRDLE2y TONREZBAL THBROLTOHEDIRLES
PEENICEIS., SSIRIORPFER—KELIZIZD, 3DERABICEFELT
RBEE2L. EROFETHEEMZ L THUNKFZERT Y. TROBE
BOBINICHAE Y XL ZEUCEEITE ZA D (Entrainment) N FEET 2. ZOHEE
AIZDOWTHREMICHI R ZED 2,
BREIBBIOEKEHFLOIMBERZERRTH SN, 5 ERBPLHBRED
EBRHEBTORMEZHA TS, kEBRDFOSNZRAIHAKEARNDIERR &
LTREBNTWVS., HBICBREREDIHRICBITZ3ERABIIBNLT. RSO
FE () 2EATHEABRKTEIEICLD., KELRSHE—ROEHIHRSH
SHMBEDRRIT. TOROERBARGEBZE >R THEIZFELLI AN

5N, Z<OHIREB HmEERHTZ.

2-2 £B

BELKkE. IURBEAIVTL, SOCE. MEBE~Y A2 (D) . BERE. 5
T NE RS (R 22O EREKITEDL T Table 2-10 K S ICHERL /=,
E—HF—ICA, BBEBEEZEL1Om! 2AN. RV RF U I AY—5—T—FHEET
BEFELENSCHEMAS. MADERBIZA My T+ v FTEHEL2BED S, Fig.

FIOEXDICREGHINDEETHENRELHEBEIIRD., TLT-RICLTHE



KED?. BLEHE. COBEERFIRESBTCH 2. FELCENOE. /5
BICHED. COXLZETREERZDRET. $RHOLKRY (FKFEBY L) T3,
BETHECORMEZREL., CORMERBMOBELCEE L OBEUIZDWTH

~, BRARORENORLEBMEERL:,

Table 2-1 Standard solutions A, B and C stored in three containers.

A: 1.0M H202
B: 0.2M K103, 0.16M HCIO4
C:. 0.15M Malonic acid, 0.015M MnSOs4, 0.1% Starch

As equal amounts of solutions A, B and C are mixed, the BR reaction starts.

When the mixture is stirred, the reaction gives cyclic changes from colorless
to brown to blue. The chage of color is very sharp.

Mixture

/

Magnetic stirrer

Fig.2-1 The colour variation of the solution in the BR reaction.

This reaction gives striking cyclic changes from
colorless to brown to blue using simple reagents.



RIEBBOBHOLDIL, CORROBRILETBUEZANELE. BERBEORKE
ZFig.2-2IC" T, IP62»35 L5, CORBIIbEEICLTKREL 2DICHT
bhd, TECTHHZESGLTCOETC2Z2HEY. bUBZIRIWPELE TS L. b. b

THETHAOTCHENNECEEH L AYORMERDZI LM TE S,

, 200mV

REDOX POTENTIAL /mV

O 60 120 180 240 300 360 420
TIME /s

Fig. 2-2 Experimentally observed oscillation in the redox potential

exhibited by the B-R reaction. Experimental conditions are as in
Table 2-1.

COBFEEIZ. BHPTIVIEDA A OBENBHRERLEBIA2:2HTHb. £
T, I A A VBEOHBIIONTIX, BEDAg—Agl B (I VWA T2 &E

FREEE) 2HANVCIVMA 7T v EEZEMELE LTRHELE. ZOAER.
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725 UM L BN OMMAEFig 2-3. 2-4ITRT Y,

Ag—-—Ag lEEIZ. BB (F0.8mm) 23 cmil¥YIp, TNZE2E/BEL T,
5% KIBHPIIBWT., 1. 5VT1S50MBKNMETS. CNICIDEROE
NI TVEBOBRTEDLDNS, CNETOMBRBETIVIENI AT EREER
785,

HnoamndL230kW1 T BEAKRELRZIIDONT, BAEBNELR
5., KIB#KEOND1., OM»A53X 10 *METIE. EMOEEIE-56mV (20
CT) TR A MGRIZELS . SWEKEEERENGS ', REEEL P
LNTARERFTHS. 3X1 0 *MUTORETIE. ENNTEETERELST
NTLB, CNRAKOBBRIZK> TETHKELMI T OHFICLZ2EE > T,
14 ERUEBRBO—DOBALEZIONS. ZORBERTIE. EMATREER

DTEBEANTIODRKROEMEZHBE > TH S,

2N A hDRK (Nernst equation) TEK T &
E=E°+ 2. 303RT/nFlog []"-]
n=—1. F=9. 65X104C/mol. R=8. 3 1joule/K-mol.
T=298KT
E=E° - 0. 0591lo0g [I"]
FHRIZ

E=E° - 0. 056log [I-]

FREHRIBICAVSIHENKXFELTVSHE,. 10 'MUTORBERTHE

HEIZETOENZEULDN, EMICRIZIEALEHBLABVWIEbERLE. £/

FAl—RHETHESLEEBOEGEZEDIZIEAERVWI ENGh o,
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e f | g a:computer
= b:A/D conveter
[ éj c¢: amplifier
Solution s d: pH meter
_%_ f: salt bridge

\"’ A :
3 ¢ h g:reference electrode

| L.l e: lodide ion electrode
1 h:3.3M KCl
i:stirrer
Fig.2-3 Measuring System for Iodide Ion Concentration.

300 LM

200

100

POTTENTIAL /mV
Q
L

-100

-200

and

8 7 6 5 4 3 2 -1 90
Log(I']

Fig.2-4 Potential vs. Iodide Ion Concentration

-300
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2—3 EBRERLEE

2-3—-1 OB FU7UORENBHERBERKOYE

Table 2-1DHED> b Eh» 1 DB LAY REDOERLEFREI SRV, §
TOBIRBRIGEASN RV, BN OB YO D EBEZBKRWEZRT. TOBAE.
GBI BEA M CEET LN, BHROBREDIETCZOROEDELMKRLONR
We Chid. RVIOFZHETTCZORDIRBMPLRVWI LEEKT 5, 2O &
. TOUVEBERWEIVRHEBEN D FAEEBRVI L ERET S, Table 2-1
CEAUBAREEECYDCOBEELITZR21. 67Xx10*M ~1., 00x10'M
EbXT R LEDHERER, Fig.2-5A,BlZmT. YTOVBMEENKRELI 2D LAY
BRHPEFEFVDEMPRESARBRWHFEHMELS 2>/~ (Fig.2-54) . Thid. thoHE
CHOBHBTRKELERZATH DY THIFZIRBICHLBERAS POMEDERD

YOUVBOEGEDHIZEBLI 3 -HEEILNS,

100 rvyryr|jyrrrerrryrrpyrrroppryrrerrrerrrrrrrrrrrrey

® induction period

80 ® period for oscillation

60

time /s

40 |

l'lllllllll]lllllllllllllllllll'lll

0
001 0.02 003 004 005 006 007 008 009

[CH2(COOH)2] /M

Fig. 2-5 A Effect of malonic acid concentration on the BR
reaction.
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10 l'll'l'll]lllllllll'l"llllll'llll1l‘ll

number of oscillations
EoN [e)

T T

1 1

0 PSS BT EEPT TEP I ST VAT U N TR VN Y T VY TV ST TR U VT T U (N WAY VO WY U N U WY

0.01 002 003 004 005 006 007 0.08 0.09
[CH2(COOH)2] /M

Fig. 2-5B Effect of malonic acid on the BR reaction.

ZCTC~VOVEBEEORRDZ 2HOBRIIDOWVWT. REKOI VWA F L EE
DELEFENZ. TOHREFIg.26ICFRT. 2D0ORPEGLZ LI 0 VEH#R
EMRRENWLEHHHIRELI Y, BYUOIVIEMA T OERMPEL > TV B,
ZFITCZOIVMMA AL OEROBRICL > TCHBPRLSBoTWBIDRES
PEHRARDZEDIC. Ricoydrs3avkh1 4 (10°EF10*M KI 0.
5ml) #MAELEDRBOBFERRE, Fig.2-Th6025 L5110, IV
AALEMAFLLEITBETSH . BB I H|EIIRD, ZORICFEHIC
HYT2H0»5PRIDEET S, DL, BHRPIIIVEMAI T U DBEET S L
CO—EHB L ABELINTSEETHH. RBPEZ 22DV
FCRT+AT. E=. EUNOVWHOFEEPLERILZRBLTWS, £/210-
'M KI 2mlzZmisdeiRHM2EICELL. 1M KI 0. smloE#EE:
MABEBWFICEEL, ZOEFEFTIRMEBILELUEZ, B OBMIRHIEHM»2 00m
V~0mVTHbh, CoE»PSTVEMA T RECIRIMIBIZ, 3X10-°~5X

10 *MTH%.
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400

200

I-ISE /mV

— 200 b————— s S
0 60 120 180 240 300 360 420

A TIME /s

400

200

I-ISE /mV

— 200 t—m———— . ‘ '
0 60 120 180 240 300 360 420

B TIME /s

Fig. 2-6 Oscillations in electric potential of iodide ion-sensitive electrode.

Experimental conditions were as following : Solution A ,

[malonic acid] =5X 102M; Solution B, [malonic acid]=6.7 X 102M
and others were as in table 2-1.
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400f
10M KI 0.5md
= 1
£ 200
84
2
- 0
—200, 50 120 180 240 300 360 420
A TIME /s
400
Z 102M Kl 0.5m#
g 200{
0
~200 R
0 60 120 180 240 300 360 420

B TIME /s

Fig. 2-7 Oscillations in electric potential of iodide ion-sensitive electrode.

Experimental conditions were as following : Solution A was added to KI solution (1.0 X 103Mm

: 0.5ml) ; Solution B was added to KI solution(1.0 X 102M : 0.5ml) at the beginning shown by
arrow.
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NSO ENSTVIEAITCN. BRPIHIBEZBIATEHEETS . &
BOY A I n5ETH, RIENREEOFHA—SICER BRI ST EEX
ENB. UEDCENSITRYA AL OBEDRENEREL. - OBEEHIL
TEBMAANEDB AN XANEEL TS EEA SN S,
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Fig.2-8 Observed oscillations in Electric potential of iodide ion-sensitive
electrode.
Experimental conditions were as following : Solution A was added to KCl

solution (1.0 X 10 1m: 0.5ml) in the beginning ; Solution B was added to KCl
solution(1.0 X 102M : 0.5ml) on the way shown by arrow.
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Fig.2-9A Effect of starch on the duration of the BR reaction.
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Fig.2-9B Effect of starch on the periods of the BR reaction.
QO period for oscillation @ induction period
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Fig. 2-10 Observed oscillation in electric potential of iodide ion.

In this system, starch was excluded from the solution.

Fig.2-11 Schematic illustration of the interaction between starch and iodide.
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Process A

I” consumption P
H102 production
Process B Process C |
Catalyst(quickly oxidized) e Organic reaction
Autocatalytic production of catalyst(reduced)
HIO2 viaA 102 * radical 1" production
T k
! :
| !
e e A !
““““““ Inhibition

Fig.2-12 Rough sketch of the mechanism of the BR reaction.
Because of the inhibitory step by I" which is produced during Process C, the reaction

loop proceeds only in the direction given by arrow (A—>B—C—A—>)
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HMATHNIE., xEYyWEAREISHEL TORBICIELELZRE (limit cycle,
BMEEHE) I2EBFL<. KIZ limit cycdle PSR THNAER(x, v) DSHELTH
limit cycle CEZERAEND., TROBNWHMEBEIEFELRVWERERLERBNK Z &
ERLTWVWD, F£x. yODBIEEZEIZLT, x. yAlimit cycle D5 TNHBH
WIREMNEND (Fig.2-13). COLDRTVatl—%—. BEBREOEMER
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Fig.2-13 Bifurcation and non-linear oscillations
observed in the Brusselator model.
a, b: limit cycle; c, d: bifurcation
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H5. BREIEEEWMDNKH & DOBMEIMEZ Table 2-21Z7RT

Table2-2. Analogy between chemical reaction and metabolism of organism.

Chemical Reaction Metabolism
substrate malonic acid sugar
oxidizing agent potassium bromate oxygen
catalyst metal enzyme

2—-3-3 ERHFOHMEERAIILZFZAZBRGEEGRE FOBHM/NY—222)
HMRORBZBME. hNaARRPEON, HSRA T4 NI —2BIILTETS
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URT. RPOEENLE. TH, THERPIEA/NSZNRTELTVS,
[, 0. O#icid, ENThEEFEAN., 1BORY—5—TRIKBIINEEES
ZEMTEDELDICLE. FEARBETART, BHOBAEALARALICRDZ KD IR
WEAN., INEAMY T U3y FE—HIETIRRELT, EHNOBRIPELET
5EEZORMENEL K,
BEELKRBMEMNIM 0. 93M OFAHEZ. 2HZOIHEIMIANTR
ISR EEORREEAXEEZFig. 2-15ICRT. DS DLDITRIEHEMS
3RERBLEIADNS [HETHORGAMENAN—RL., BLAERKRICHE

BETDHEITB27. CNREHHEENLOOERBTHIENTES V.
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Fig.2-14 Experimental apparatus for the measurement of
interference among two chemical oscillators.
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Fig. 2-15 Schematic diagram of synchronization in the asymmetric two cou-
Bled coscillators and its oscillation in electric potential of iodide ion.
ore size was 3mm in diameter.
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IS BAMBDEE. ARICHEELTWVWS, 4052 5D5ERAANRESN
7=,

Fig.2-1Tid, EMICKREFEZ2MmOTFRENVIDNT, K1 O:QREZITIEEZ
EEDHRTHD. ZOHFEFE, 2 305|&raBAEShE, MCHMRT. I
FOEKZ2mmTARANS 2mmENRN. 2S5I21mmFREEZRDE, RFALIIE.
Table 2-3D &L Di22:3-3:4—-4:5&HkLA. CTHIRZBLT2DO0DHK
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Fig. 2-16 Entrainment in the BR reaction: 2:5.

The circles indicate the appearance of dark blue color
in the reacting solution.

Cell 1: H202: 0.33M, K103:6.7X 10~ 2M, HCO4: 53X 10~ 2M

MnSO4: 5.0X 10’3M, Malonic acid: 5.0X 10'2M,Slarch :033%

Cell 2: H202: 1.0M, The othors are same.

l""'l"'l'lllll|lll"'l
i
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Fig.2-17 Entrainment in the BR reaction : 2:3.
The circles indicate the appearance of dark blue color
in the reacting solution.

Cell 1: H202: 1.0M, K103: 6.7X 10~ 2M, HCO4: 5.3 X 10~ 2M

MnSO4: 5.0X 10'3M, Malonic acid: 5.0X ]0'2M, Starch : 0.33%
Cell 2: KIO3: 6.7X 10 2M The othors are same.
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Table 2-3 Synchronization ratios of cell 1 tocell I in the various condition.
Excepting KIO3 or H202 another substance are same concentration as table2-1.

KIO3 H202
cell T:1I cell I : 10
0.067M:0.050M 0.33M:1.0M

2mm in diameter(base) 2:3 2:5
2mm in diameter(side) 3:4 X
glass filter 3:4 /
1mm in diameter (base) 4:5 1:4
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DEMEAN—BEL. RIZ1 : 2&RD, TORIZIEL : 3&2::3ABBIDST N,

SEDHRIEL. 2 :3—23:4—-4 : 5&RBEINMEOEE (BEER) 5B <
R BHIZDNT Farey tree D FOMER B> TS, BEOHEEHIL TN &, &
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Fig.2-18 Ratio of frequency on entrainment(farey tree).
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Hb51:1:10KEHRY (ri-phasic mode) I8 o7, LOADBBFROKEZZIELEHD
EEAAOBBRIIONTIR. FREOEDBRERWAENICELEL. TOKRIZ/N—F
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Cell I 1110

—

Magnetic Stirrer

Fig. Experimental apparatus for the measurement of
interference among three chemical oscillations.

Pore size: 3 mm diameter. Magnetic bars rotate at the same speed.
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Fig. 2-19 Tri-phasic mode of entrainment among three chemical
oscillators in the BR reaction ; 1:1:1

The circles indicate the appearance of dark blue color
in the reacting solution.
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DD TEEILERTDHIENERICEI o TRIES 2020, ZOEATEER
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FEBRTHEALLLEOLIN TR, ARAKZAZLLTDH. H1 02MTRHRI
BIlLET2, TITHEREZ—TEHETREEIIEZDRAS T7TO-RTRETZE. IR
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Ric%&iE (CSTR) %Fig. 2-20iC. ZTO#R2Fig. 2-2lIZRY. 314 DE
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- U
water jacket

Fig. 2-20 Schematic representation of a CSTR.

- 200
£
= 100 - -
o
I
a
0 Fig. 2-21 Stationary oscillation of iodide in CSTR
—100 720 840 360 1080 (Continuous-flow stirred tank reacter)
Time /s
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RIS AEBRTEZIRE2DOOHEMEBTAILERERZDOY 1+ 37 AKRRK

TRIIENTED M,

dx./dt=1/7 (x,—1/3x:*+y.) +e:v/V, (x.—%x,) (D)

dy./dt=—vy, +v./ V. (y.—y.) (2)

dXe/dtzl/f (X2_1/3X23+YZ)+52V/V2 (X —X2) (3)

dy./dt=—vyv., +v./ V., (y.:—vy:) (4)
TIT X XAIREE1 E20ENENDOIEHIALREF (activator : HI 078 &
ORIGTESERE). v, v i3I EF Gnhibiter : 371 F2) . V.. VBEE
M1L20FE. vERZELTBHI2HE BEMEMRKR) 2Xk7.
D~WRDOMOREHRIZIDVTIRRDOZ EBE I, EREORIGEOEBRER &
HIET B,

(a) HEMEAEY (BAEOKTHEB) NREL<LD L. 2DORBFRRHRAT 5,
(b) V.=V, (M#HtJ)) 0L &F. REOE- FNLETHEHREIRLETH 3,
(c) V.=V, (ExdfmtIL) ithkde, FHE-—FDBERELL VNI NEER

HH., vAXKELBRSELFAMEE-FERS.

CITRIBHOBHEV =V . T52 L. BROHREEIEMHIZILTNS Z
ETHD. COLOKCHEEHOMBEZEZDZEIRED. A - FHE—RD
MNHEEL(LEIEDIIENTESD,

EoT2DDVIINMTEVWIECHEHE- FAREREMBRIGHZ 3 DEHEL 25
ERBFOBE. CIBMTISIARML—2alhP4&l. ZhE2LPLTHEMTEE

DI TFOMENBENICL120° THNE=ZHE-FEELBZEEXI NS,

_36_



2-4 BARBTIIBISI2RIFOIERAA

2—-4-1 WAKERHTFORMEERRE

Fig. 2-220 &5y 7ORICImmBEORZHITTHICREEKEZAN. N
EHAKOA-LEBRICBEELIYy 7R OREZFELCICTSE. v TOPORE
KB FTAFNHITALESSLTIEED., $EBIC. AokPay TopaA
RIAD., TROEIy TORZBLTHEROLTORDELEBNEREMNICED
%20, Fig.2-23a0 k213 v TOEDREREL L TW L & U X LDEBA/N
S BOTWE, ROBEPHHHME (2mmEE) 2822 WOLTOEDER
LEBHRIELEL, REALTLETRAFAFICECDREBEICIER TS, TROESK
3 % (bifurcation) M I B. FFig.2-23bD LD 0. 1M KCI1LUTORBE
2 E, AUKETHAVRAKFICEIDEIILARS. ZOXDIBHBEEREENE SN
528, HAKRBTHERRIREGH THD2ANTHD. ZORBHTFIZ. BREKIZE
59, AV O—ABEREK, ELRBAKEBEFTINI-INOHEERETO RIS, R
O—XR V) OXIBHEOREREATIR, REAMMNBEIZIX> TKE
<SEEINZ, BEVWIIRITVEIBBFIIDONT,. BEOKRERKELIIAND &,
COHBORBRLEBSRONS., §aDB)ILEVIKENEREIND. JNIZE
BEORKERBOFVEEDNIVNOODOLIEFEETHILEVIEEOHEZRENH S
TEIZRALTWS., L2ASBHIKMIIHNAALEEKZEBOEIZEE D, HAM
KHNAAERKBBEROLBICAED., ROABEOBEEENIBVEKE—FIC
RIEND7DIHER (IM KCIAREZEFEOWABZBImMmOEINTS 05 L—
E) D limit cycle REET 2, ThbLE. ZORVOEH HiZ. EHICBToN-E
BMOPEBATHD, COLETERTHIMERIIETEEARRTOREBEE WS 2 &

MTED. FERTIE. BRELTIM NaCl. KClZAWERERTH S,



(CELL1:1M NaCl CELL |l :pure water) Salt water

,

CELLI

l s )
- :’ Y’ - s!'-’ -“.

Fig. 2-22 Salt water oscillation (CELL I: 1M NaCl; CELL Il : Water)

A rhythmic change of water flow is generated and continues for several
hundred cycles.

Fig.2-23 Bifurcation occured in case of (a) large pore size (>2mm in d)
and (b) low concentration (<0.1M) for the inner solution.
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2—4-2 HEARBFORNM

Fig.2-2d0 LD BBWDOA-T-ENZ 2., 3BEEFAKDA-STZRLUERICETE
LAEELEOERBFOREZANT, ELWIZIM KC I BRZAN. AAOKE
EoHEIEE. COREMPSENORZEML T, TORDORBOKTEZRAN.
ZOHRR, BEHOEIDOEERZRESEZIOAMMALLAEZ>TVWTS, 2@, 3
EEBICERHTES L. ESROFVIHEEEAL TREAMPERZII-ETSHLI
ol BEYNOERBOFIEABEET_SI—T22D,. BEOEE 7+ D7 @K
(Fig.2-25) LHEQHEMAYM A EBRUEEMEE> T, HARBFO2HE. 34§,
AMRDOBERABBERERUELRZ. LF3S56DAANIE—FRIT. 10:Q
ERENVNDOT. NBIKFIOXRERBMEOBMNAESWETHS. COBAEREH

HIAATESHORERDH ZFig. 2-261TR 7.

_ +OUT PUT
+INPUT 55 -
7. 7cm 6cm
<
‘3cm

L Bl T A R Bl T -OUT PUT

Y o ) ; \\ o+‘lo \\ o \\ ;
] N 8&m| | *+—/—"MWm™mmW—— . .

Fig. 2-24 Reactor used for the salt water — =
oscillation measurement. Fig.2-25 Voltage follower circuit.
pore size is lmm in diameter ;

¢ a: computer
b: A/D conveter

c: voltage follower

c - ; d: ion-selective
electrode

e.f,g: | Il lllcell

h: water

i: salt bridge

Fig.2-26 Measurement system for J: reference electrode

salt-water oscillators. k: 3.3M KCl
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CoEEIZ. I 0. I/ ANLELHI A BHROBHEZ., ROALIZEY b
Li-BEEOHEEM I A BR-ELER) EBICK>TEZSI—THDDTHD. #il
KBHAIZADRADEE, EBOBOOEEMI A BEN NS RBDTENMIT
ENB. WOBESTATRNETEE, EBMFAOBENTIIRS (KEL<RZS)
DT, ZHIZHBLTEMNTAS, Ko TEMEROELEIIEY FTBH I EITX
S>T,. BUELPSBEROBMELE I —THENTES'?, 1M KC1HRK
EANTHRORLEBHZIELELEO2HR. IHMRZROBERZFig. 2-27. 2-28IT R
T, BETRMWIZES> TWOWAEAY, ZORBICEORLENZITHOE2&. £
NENORHVPEELEL., BHNELICEAS>7. TLUTHHEEN, 180° ¢
7= 4K 18 (anti-phase) TIREN T H X DI >7'? . T2bHbB 1l : 1 DFIERBZBNET
DIFHNBFENERMICEREINE., CHRBEMNEELSDHERTHIIENTE S,
CDEEVINDRKESHESDTHREMNRALALZS 1 : 1IZEBALREZ. COXDITHE
2 DEFRMADTNIZESTH, FEBI>ZDLTHRHZNESEALTHELT
ERMUEREBEABZH >DARDICRSHHELAR SN, T O EIZEAKRE TS,
limit cycle THD I EEMEL> TS,

KIZ3IWHR (REPLCHKBEREL) 2o2WT, AKOERETTo RZ. ZOBHE
LIDEAKIZITOE, 1D1IDOEFRIADITDIIES THTHOENETNOERY
FREELEGW, BN TRIZEA 7, LABENENOERIIE. 120° O
FZZA LU TWS (ri-phasic mode) e TRHDLIMRITHWVWT, 1 :1: 10D5]&RA
BWEIDIENRDP27Y, COLEBROHNA I ~TI-MHONEIZIZZ D,
BIZ->0-> 1 DMECR2DENHEICEKEL TELESTHARTHIDTHEE
(bistable) & W1 X 3,

FHRICAWMFRIRKFICHELRL., COLELA—DOEABICEAS L. ZOLIRRERA

ERISETVWDIETIE. AKMOKMTHE, 2HOLED]1 80" DOALIEZE,
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3HT120° ORHEEZLDLE, AKHMOKMOEHARLAE, BENLD

RIONEETHDEDTH 5.,

Fig. 2-27 Entrainment in Salt-water oscillator (1:1).
Inner solution (cell | ) is 1M NaCl.

While cell | 's solution flow into cell |l
electric potential goes down.

CELL I A
50mV I

CELL1

Fig. 2-28 Entrainment in salt-water oscillator (1:1:1).
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RICREMImme 1., 5mmD2EENDORIRLUESHEZH . £ OHRE.
1:30%24LEAAY. HEBLUEMAAE»LERI N (Fig.2-29) . B
BEPMHEEERLTCELL. EMOoAHOLIIRSIEVNVBALIIR >TSS,

CODEIREIERAPRIDFEEIE. AKEDOKATH 2. SAKEOEE 2D
ARLPASLKLTZANVF-—NIIRIBRICT22DICE. LEOK D RFIEFAAIK
LBREBPROHEILLIVEDLEEZILOND, Lo THAKBOoEEZRELLTY
KRB FRAOEHEEIBL AV RENICEZNZhBICIRH T2L51CR %, &

KRB FOBAOBI I LVADOEMENKHLDLETH S,

T T T L I L T 1 ) I E] 1 L) T l L} L] ) L] l L] L} 1 L] ' L] L) L] T l L) ¥ 1] 1] I ¥ L] T L
CELL 2 Q o Q Q o A
CELL1 l 00 b0 0 0 00 O 0 00 00 O -
1 i ] 1 ' 1 1 [ } l [ 1 1 1 | 3 [) 4 |1 I b1 1 ] 1 l 1 1 1 [ I L 1 $ ] l 1 El H [
<>
10 seconds TIME /S

Fig.2-29 Entrainment between the two salt-water oscillators :1:3.

CELL 1: 1M NaCl solution and pore diameter ¢ =1.0 mm.
CELL 2: 1M NaCl solution and pore diameter ¢ =1.5 mm.
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EkiEHFE2SI21L—>aryT b
HEak FtaExoFEhot& (dx/dt=z20)

dx:/dt:=—a(dx/dt)*+bdx/dt—pcx

THEOHEIhDELE (dx/dt<0)

dx:/dt*=a(dx/dt)*+bdx/dt—-—cx

CZT. xBEEIWVADEKOKHORS (LWVANDKEXEDDED L EDKHE
DBIEX=02LELE) ., aldABNhIRREBBILICLZIENBL. DI
BCAEM R MEE L HEEEOM., cRKEORBIMEATEIILICKIZRDARE
KH<EHACEFELTWVWS., ocRBEKOHETCH S, Chz VT Ial—
varlk—#%. Fig.2-30ilRT. BPADMES RIREORHIE. BIZlbxTR
OHBZ2BIILEZLEDBDTH S, RPEKREL LD HEOLTEHITELS NA
& (RIED. RBHBOE) KRk >TWVWB, CHIFERBEL—-BLE. TOXSITH
MY, ZHNRBNERFESERNICERATINAD I L Z2ERE. EEFEOMSAER
WKEEY1ab—va Lo TERTDIILMHTES, IMRADIMEE—FDF

EAAIZODNWTH I a2 -~y —2Ial—a3 it THRTSERY,

®)
(A)

TIME /s
Fig.2-30 Computer simulation for a salt-water oscillator.
Pore size of ( A) is twice that of (B) in area.
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A EAAICELTCEKEDFELBREGAETREDFICBIZIEHORE
MEFig.2-31Ic T, EAIRIIFIL bistable TH B 5. IEXNFOILFEIRIK ISR Tid

monostable T3 %

A

T
|

Fig. Schematic illustration of the mode of tri-phasic entrainment in the asymmetric
three coupled chemical oscillators. When B is anti-phase against Aand C.

B has frustration against A and B. The monostable tri-phasic mode occurs in the
sequence A(large oscillator)-B(small oscillator)-C(middle oscillator)-A- in case of
weak coupling strength.

Symmetric three coupled oscillators

quasi-periodic state =  (tri-phasic mode ) —all death mode —>all in-phase mode

-
/ Coupling strength Strong

Tri-phasic mode appears only as a transient

;g:s_)';nmetric three coupled oscillafors ~

quasi-periodic state—>tri-phasic mode —>all death mode—>all in-phase mode
>

Coupling strength Strong
Tri-phasic mode is stable
A A
—>
C<+—8B C——B

Fig.2-31 Bistability of the mode of tri-phasic entrainment on three
equivalent oscillators. In case of the asymmetric three coupled
chemical oscillators, monostability occurs in the sequence A(large
oscillator)-B(small oscillator)-C(middle oscillator)-A-.
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2-5 #

el

(1) BREBICHEHFESUMAIEEL., DHBECEEL TREICEVNEL S,

(2) BREREZBWTIT T ORERZBEREELTORBUNIIC., TOT U8
BrRKELTHELEIRBEIRZZ<RIBERBICEEMDD TS,

T URBRPOBEMOIVEREZNE T HEBELEEI NS,

(3) YOCERBMORELRARZYD, BREMNABGRIEZL TV 3B,

(4) 2H. SHEZEELIZAVILLZR FOMEEFATIER. HEEAMNBR R
B2 DN THHE (anti-phase) . W% E (bistable) % #% T [F] 4H (in-phase) TR H T 3.
COMWHEMIIRIEENVOEFERZIERHFICTHILICLDHEME, REXICREEH
PEL, RIC3HAOHEFRATEIHE-—FDFIEZALEHIREREFEL.
tri-phasic mode A I D R §T K25 LEZMRICERITTRAL =,

(5) BEARBEHFREIMELRTH2D, F¥EHERHFORHMEBATSED., BREK
IERIBRICMZ ERECH . 5IZRABEOHBRIRHHFTOBKRNEANS.,

TORTHERRTHLIVENIIREEDHTFETINTHS.
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FBIE TAANECEODLZELH. MEROBENSY -

FAANWEEAY ) —NBBREXRMMIIRNDERTTHERZRFEIES L.
HOABMICHBNTES., COELEWEL->TIFEOEENY—2 (FALH. &
ik, H—RE) KABTHIEZHERALEZ?Y., HBEVPERENZIBI LS
+HOHMETIE. HOREE - BEIRZIE-—ETHD. COLEXBRTTTESH
BN =, —EEHT. BENERTIIETFERETHRINIBRFHEETD

c IO 5 %XMETHEREINZIFALABHET. —ERGT. BESEKETIIEF
ETTREIDEEHNI-—HERTHOBRFMIEE L TKERKEN,

EFEHERORLEADONY — 2 ERIZDWTIE, &<Iid. Liesegang ring "B Z K
EAE<HONTWVWS., FRETRHRKEZDORLHAELT2. 3OHEARHD
A, TAINECEOFERIIDWTIRBER RS, ELZ0EREBEEOEOREE
DEBRV, BELAELDDOELT. BBEATOTZAINECBOROMERIZD
WT, BRSY"MEREBTTHERINSIERINBEFAMEOAEL L THREL TS,
LaALEBEGNBOETANRr> k- DEHEBRER R T, FITET.
CHNIZDNTETFFICLBEDBBHEHEEITL, BRENTOROHEKRABREZ
AL, TORE. BRENTERINIFALAR,. ERNOERBELHICE
BLIbDOTHBIENHHALL, TO®, FHEERTTTESIHRKIIONLT.
ERREHEEHBNI - ORBFREZRAN, ERTTROMNTEDILRGEERRLEY.
CORLHE. BEX0RBRXTWBIERLALEY I XbEREHEOEI T HL
WERRRTHEIL2MHRLE. COMLAEROEMECERER. ROMDRE SR
BEANDREEZDERIIDVTHRANE, TORE, BNOBARBIERE—-—TH>T
b, AHRFC L TEREHEBESBIBICED I LTIV BEI AN —HE TR

7D, H—RBWEPIZELRERNY - OHBNIBRENDIIEEZWSMHIZL
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3—-1 %R
Fig.3-10&LD12. L-FRAANE#H 4. g2 XKAETEAMD, ARXT7S5A3%#FE>
T100mID7AINELEAY /) —)VBEHEED, COBMK2ZmM] £FHAEAX
vy hEFESTHBEI cmOANNJIL (K<EKHFLEZBD) ITIRDZ. TNEZERTIZ
KRETS. WERBEXIARMNIMOA T ABICTERT Z2HRNY - 2BEL.
HBEBOREERESLHELMONY RIGIZEEET L EiREEE (SHIMADZU CCD —
Z1. BEMEAIIN 1) Tk (404%. 10045, 2004%. 60068) L. TOETHEZMBFTS
DR, REFERT. B ELOTA70A-FDORABRTHAED . B
3G BBE (SHIMADZU EN) TRl GEENTOR.LHERDE
B3, Fig.3-20X21CETFTF AT (ZHNV-S30) 2R BEEOLOMICEE. T2
EWEXM)IMICEKRTDEREREL THEALEL. RMUILZSREEZIZKE
EEFICANT 2 ~3HME. EENTELDLEIAZ)EIEETI 0K
B, 40 EOR-ATHIFHIZOL > THRE L.
TRAANWECEEAS ) - VE3RERKZZOXTEHALL., £R2TR2NES

BAERIT. ZABLEIND20THERMAME., 1EAMUNOLOEFEAL L.
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Experimental

The amount 2ml of ascorbic acid methanol solution is
put into the Petri dish with 9em diameter.

When the methanol solution, including ascorbic acid, in the petri dish
. . was evaporated al room lemperature, various crystallization patterns
L-ascorbic acid were obtained.

4g/100ml methanol

solution f?

2ml .

Petridish | —» | I

Top view

Fig.3-1 The method of experiment.

MONITOR REFRIGERATOR(7°C) or room
temperature

'PETRI DISH

Fig.3-2 The method of recording by video camera during
crystal growth in a refrigerator or a room.
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3-2 WRLER
BROHBXOBEANS . Fig. 3-3 3R EENTTESELA#ERTHS. RL.OARK
WG LURODANIELZE ZARESHERIIDEE>TNS, TONF— ik
D—EH o r) v mmoxny 7 -y RFICAF-RIE (BRERIE) DR
AN —2EEL<BUTVS, BxEiL. ZORMLHBIEBELHETTERENSELH
ERNRTNS, LHALEFOERBERESICX-> TRENICTEEREZZNTIIVE
W, FITCZIORLAERDANZZXLIZDVTHRARS =D, £RBREET TR
FL., BREEREZDLEOENOREL(LEFFIZELHF UM L. Fig. 3-413%m
BRENOBEZHEALMOEREFROREEELZ 7Oy PLAEBDTHS. HR
BERXIAMS04. BESL3ICTTAMMICEHL TV, CORELZBIIHIGL
THBEROREEEDSHBMNICHRZEDIEL TWE I Ebhokk. TRDB
BENLAITZLERELAENEMLTNS. CTNEFEELRIHE > THAROREREN
HLBOENRENEEINZEZDEEZOND. TLRENTAVBDD LB
BENNILKBIEDIIREFREDBNEL R REEZISND,
THRIDIEDOHMZEBIDICRERALENEINOmEE (AM2 02, BRE
10+1C) TR#KDEREZTo7. COBERIREFEORAMMNBERAMEFEL
2002 ok. FEBRELEHOEIEAERVIOSBEE (5.5£0.5C) AT
BROARERET., —BIXE—RBERNTELETTHS. SSICLHOEEMN
STHIBD—ERHTH. H—REELBVRLHIBERLEP> L.
INSDIENSTRAIANECEDOAY ) - INBEREOGBEATRREEIES L
BORLEANI—NTEDZEVIWE DV T, ZOHEORDLMIE. G
EROKRAMNBEZHICAMUERREORRTH S I VRSN, i
BRELZHOR —OANEROLES. FLOABHDONY— N, Fig. 330 L 3ITE

BUEERMO2DOBERT D DIIEKAFATHD. TOIENS TDERRE,
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Lo LHMADBEREF O TVD I ENHERIND.

14

12

10

TEM./C

Fig.3-3 Rhythmic crystallization patterns of ascorbic acid
in a refrigerator.

v L] L) | L] L) ¥ l L] 1 § 1 | 1 ] L) ] ' L] L) 1 I T L) Ll ]
—aA— TEM.
- —O - RATE
L €
- O/Gp\ f\& e
aﬁ O
= e o¢o (S )
9 i I l I 2 1 l Fl [l 3 l I3 94 'l | 2 1 I I 1 [ 'l l
20 40 60 80 100 120 140
TIME /m

Fig.3-4 The relation between temperature in refrigerator
and the growth rate of the crystal front.
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TN TR —ZFREOTARASERALARERTERVWON., £HICXK> TIRAELM
ERBHDZOTRBVWNAEEX, ZRTTRLANY - NTEHRG2EL .
TAANECEHEUATIE., LE75ZX230%P0 700K ALABED S methyl
mesitylcarbamate D [F.L A BN TE2HANBEZN TN S,

ZRTTR., RENEKMICARNICEHTLZILEH0BR2VWOT. bLEER
TTRLHANERTZ2EENROMPNIE. TNIZ—FLET TORMMREREE
EWVNDTEILRD, EBOKR. Fig.3-50L3KEETTR., TREEDXRRICE

STHERPERLH. B—REDORKEI I DOBENI—BEREIND I EHND

sy
N

»Polt.

A Viscous finger
) Humidity: above 70%
}%ﬁ‘ f;«% 29°C
yjéemﬁ
Lo N
[ > ﬁ :”

lecm

RN

oY
N

A B Target pattern
A 03 Humidity: near 65%
‘ = 2s5c

Homogeneous growth
Humidity: under 50%

Fig. 3-5 Various crystallization patterns of ascorbic acid precipitated at
room temperature.
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imE., BEELEREOHEREZFIe.3-6ICRT. INLSAGNDLDIC. TRAANE
CEBEOHERHNS - BROENER. REIXDDRENKRESHBET I ENDA
77e 12C~33COERTTRALHANTEDRGENDHDENbho7 (RBES
0~65%D&LE) . T/BET7 O XU LETIIBERER. 50 BUTTIEHE—B

BICAHWKT DI ENHEAL .

lOO ) ¥ 1 L] l ] ) L L) I T L] LJ L) ' T T ¥ T l ] 1 L] L ]
80
60 [
X
z
5 _ .
=3
=
20 [ 7]
0 I L L 1 l L 1 3. L IJ 2 il 1 ' L 1 1 1 l L [ L '}

10 15 20 25 30 35
tempaperature / o

Fig. 3-6 Influence of humidity and temperature on the crystal form.

@ terget pattern @ center :terget pattern

Q outer: terget pattern X viscous finger

¥ homogeneous growth
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3-2-1 RLBERDAAZZXL

EFAMAOER, BEICHT2RLHDHEREHROMNES I UERZFig. 3-7

EFig. 3-8ICRT. RSB MNDEIIT. HOHEP.OMN S —E B E TH S I

CEMo THRETEHN., LESKTHEMENMFIEL., TORBY, REEHDS.

CNERAHMICRDBRTADICALANS - BEREND I ENahoT.

0.2

0.15

0.1

DISTANCE / mm

0.05

Fig.3-8 Rhythmic pattern for-
mation of ascorbic acid.

W

—=Lo

»ro®
@]

llll'lllllllrlllllll1llllllll L]
e '.‘ :’

L i1 l i 1 1 l -] Ll l Ll i I Ll 11 I L i L ' | S |

0 5 10 15 20 25 30

TIME /S

Fig. 3-7 Change in distance from a point to the crystal
front with time at various temperatures.
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ELRERERMOBROBNESMLZHER (LOKXKZWMEHEKICHKIE) ZFig. 3-9
KRT. #EAREL TV ELE, BRERICHIBWRPHHE AL > THEKE
FHEERFOFREIZEKIAATNS ((a) WEP-RNHRDOFANEZRLTWND) .
FREMELETAEMCERROMEFERNASNZ D). TUTRERENEEZ &
B, $EEICE > THEBROFEN/EZED (K(c)) . BRERMNSBEMES M
STV, ZNSDIENSERREDT VT T7OREER. BROMETH 5.
BLOHAERDEEDOERIT. HESHVESRBBEEREICL > THEERFOHBAN
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Fig.3-11 AFM images of ascorbic acid crystal on a petri dish.
Periodic precipitation of ascorbic acid is observed in various hierarchies.
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Fig.3-12 Schematic diagram of the crystal front and
its supersaturation degree o .
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Table 3-1 The growth rate of crystal front.

Homogeneous growth Target Pattern Viscous Finger

Growth rate(am/min.) 0. 45 0. 36 0. 12
(Temp. 2 1C)
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Fig.4-1 Attractor expression of non-linear oscillations
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Fig.4-4 Schematic illustration of Au minigrids.
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Fig.4-5 Preparation of modified Au(1000mesh) electrode
and illsutration of Au electrode modified with butanethiol.
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Fig.4-6 Reaction scheme of electropolymerization of
pyrrole and experimental conditions.
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Fig.4-11 dl/dt vs. I curve in a KCI-PPy/C4SH/Au electrode at OV vs.
Ag/AgCl in 0.1M KCl(reference side) and 1.0M KCI(+HCl)(counter side).
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Fig.4-12 dl/dt vs. I curve in a KCI-PPy/C4SH/Au electrode at OV vs. Ag/AgCl
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Fig.4-19 SERS spectra of PPy/C4SH/Au electrodes.

The character of membrane (a ) is similar to one of (b).
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Fig.4-21 Proposed mechanism of the oscillation
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EHE AE2 (111) REALTOTINACFFI-NEODFEBSKER

BT D EAHIE TR

5—-1 #HE

FA-IINBERIEEESERER T ESRAL T AN FAZRKTMICHBIEF
LECHRB{LE S FIE (Self-assembled Monolayer:SAM) Z KT 5", ZOEEDE
DFBEOHRBECHEREGEEZDFLARNTHHETZ I &, BELEBOXRTR
EzHETE2ELTHECEETHD, FEFMRKDO—BEBLETF—<ITHINI—2
BREVWIEANS D, EMECEEREMSEOES FHRZEEMICER T 2B L1
REERFE N,

SERETOERD FEERE. Z<0BFEE. FARICEBRAICEY FEWbildH
BORWKEEC S, B TFEERRESPE Y Y- BREHEEORLBZTILY
CFF IR, TEOMOFF—NELFTENNRONS. FEBHOFEEPDES
HETHEWAEIS. BE., EEOFERELIIOVTIIBEAIRHAKEIN TS,
SAMPEYy FOERBEBIZDNTIE. NY—2EREVWOIBEENSHFELEZHD
RIEZEAEASNT., TETHCERNER I NTIENLARNL., EITEAMETIE.
BIZHA 2 )R NI AR — (V) CLHBRILZFRHEE. EER So—7
A (AFMBXIUSTM? ") ZX>TSAMOERBERTE Y hOXRE
HRBIEEERL .

TORR. VWA FA—NTHRH. REHENELSZBIIONTIDDEY hDOFE
MINSLKBB—ATEy bOBIEBE<LBZEMAELKEEINZ. £L50uM Fho
FA-INTIHELHMKEBSMTHSAMORANEIINTF S A EITHEEINAE. LD
COBE., BHMEEANE<RZEDODNTEY FBRER2EANB SN, £/2C

4 SHTRSTMBETHEEIIKZHWERGENLY / —IDELEXIDE Yy FOR
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MKEL R, EEBABRMOCVTIRAKEZEAVWEESVNBAE -2 EMI38<.
MOFRHTF AT 7L, COTEDPLBHPBEBEIIL > THEMEM O REH
BENERD I ENREINI,

510, EMICERII—EBMEZHMTS I &K, BAICKDES FRH
Mottt EFo/l, TOHERE, 7H¥FF—NTIEX. —0. 5V (1 0mM B
. KEBELHDIA, TH /=) (vs.P1)) O FRABNZHMLZIKET
EHEXBESAMOEBTERBEMNIIHL. MORHF+ T T7bLE. £7STM
BRIIEIDIAFTABUNRAGEH T TEMHSIELERBRATIE Y hAEDTOAN -7,
COBEMI., REBEOEICEREIIEI>TOHERNVAHRINL, O EIFELL
HEOICEL->TSAMOHGEZ I bO—NTERLIEIIRD. THITEMLHB &
WOMERFETECHBILIEKEDFMERTHBDELELTEREDHDIDDOTHD,

BAFRZEECI DN TEZEAEEZRHLEATRERRER TH S,

5 -2 HWERUHEMEMR

5—2—-1 &EEMH

- BER (Mica) BZ0. 40~0. 45mORATAI HZKREHML THEA.
Zoakdat

- ©(Gold) ¢ 0. 5mm71Y—, EE.I9% AELEHREKASLH

5—2-2 ®HEEMA

CFA I RENMBIIRERREEOTEHERAL .

5—-2-3 Bzl

« Kiwater) 2B F MWL A/KE 1IBEZL. 51T Millipore SP TOC T 45 &
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L7z. (Milli-Q Water. H#K#118.3M Q -cm)
- L% /— )V (Ethanol) FMAETIEEEL L.
» Z % (Nitrogen Gas:N .) BAIEZHE (99.999%LL 1)
- 7K # (Hydrogen Gas:H .) BB AK#E (99.999%LL k)
XRERE
- B FEE HC10.=100.46
BMERAEZHRARE BElERE
- BERETMITL
cKEEH )L KOH=56.11
fosesigEm &t
- Wit H.S O0.=98.08

FREFHRa2dE BRMERE

5—2-4 {HHEM

- RERER

HRHICKE, tOF—7TEMNLTATy IR0 BnERALEZEL LT
AHERERELT, BEREFZRICIVDEELL. EBEZEREMIIKERTT Z—
WU THEEBRBEEZHZAVE., BREFHEOHAIE. O- VL JHARKERODOR
TYTHEHMBALRWVWESICEEL k.

- BHEE

SHBEBICEIEFERETHER L Ag/AgC] (sat.KCI) #AWE,
- X

H& B
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5—-3 WEEKUHEE

5—3—1 CV (Cyclic Voltammetry) %
i B8

* Potentiostat :POTENTIOSTAT/GALVANOSTAT 2020
TOHO TECHNCAL RESEARCH

* X-Y Recorder :X-Y RECORDER MODEL F-5C

RIKEN DENSHI Co.,Ltd

PEITIEFig. 5-1IR L B RAB BN EZMn, KELEEIOMIZIE. AR
0. 58mmPo—-ringgAVT =)Lk, BROEMHILLOMELNL P TE
EOERMEZEAELEKETEIRNCFA-—NBREFEAALL. BREHE., T4
J =), FLTK Milli-Q) TEINELSEHRLEBEADZENWLIZLEE. 0.
1M KOHB#EZ AN, INIC2040MEHEZBERL. BHEEREOREZTo -

®, BlRMEDOCVER- -,

5—-3—-2 HZEXKF

RGEBEBOHKXKEFig. 5-2ITR T,

- HZEH#ET VPC260F ERXFEE

- HZRBT PSEILSKVAR REHER

- HZEHT ERmA%HE

- BAEZEHMkat BEHHEEH G1-TM3

- BREZEEMHRRRE REBEI2 FO0— 35— CRTM-5000
- BFEBEEHHHRR2H 5 ZE%EFH GP1s

- HEBEZHMHRRXEE -9 TR T UTM-50
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R.E.(Ag/AgCl)

T é<___ C.E. (Pt-PLATE)

~

W.E. EVAPORATED .
AU FILM ON MICX> “ <

— >

/

GLASS PLATE e HOLDER (LOWER)

Fig.5-1 Schematic illustration of cell for cyclic voltammetry.

W WIRE
-~ l/ _\
QUARTZ Y
PIRANI GAUGE HEATER CRYSTAL | [ —ey
| EE
ol | 0 SUBSTRATE
THICKNESS MONITOR Ve
CRTM-5000 = ]
IONIZATION I ‘_,.J:;;;;;' @) D
VACUUM GAUGE | PT-50 || |R.P. 4" MAIN VALVE
GI-TL3 ==
AIR LEAK VALSBIET AR e | |<—mNieT FOR LIQ. N2
CONTROL UNIT FOR | .
EVAPORATION 3WAY
SHINKU KIKO VAL
POWER SOURCE TURBD PUMP
FOR EVAPORATION
v N
A B : “ROTARY PUMP
SWITCH BO
o 1 néo\ g L
£ Y TS~INDICATOR LAMP

MAIN SW R.P.SW TURBO SW GEISSLER SW

Fig. 5-2 Schematic illustration of vacuum evaporation system.
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e (STM tip)id, >0 AF204Y—%0. 6 M NaOHBHEFTHS7IF
EXTyvF L TEMELABUELEDDOERA VA, instu STM & L THWSESITL.
SIMF v 7 DERIIY_FaT7eH—IIBV Iy T —BREMAZ, EIREL TK
RRTT7TZ— Nk FI-NTEMLEEESEBERA VL. BREAKICIE.
BMEAENSHBLAZO. 1M HC10,. ®MEESHEBHBIII£KIIALTAY
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5—4 ERB

5—4-—1 RKHEEEOMHE

BEX#H0. 4 mmDIAIHEEFEATL. 5X1. 5 cmDRKESITYD, &K
BMEHREANERL THABERLIAHER@IC, 51X 10 "lorr. HIRIBE3 S50
CT2ZHERBERIIEIVIA/ sO—FHEETHRE IKATRDETES L. &

BEAHEAICKEZERTIOOs T INEfFTo7z,

5—4-2 XRKESTEOXRMEEIME

5—4-2-1 BEFEHIBEBERVTEEL RIBEMBIIILZ2ZESONME
BFLUARNTEELZAELETMEBRZEDICIE, BEOTFTHERZERNERT
HBDIENBLETHS. Y1 h (Efnica)ld. REUEHREANEMTSILITLD,
FOERMIZAFMOFig. 5-3ICRTLKDICEWNHBRICHZ> THRFLANINTEWHTIHE
HREMEHBBTEILENTES, YA HLICEKBELESEHEZ 3 08, KER
T7=Z—NVL7&kEES TMIZK> TEDHERMITE L EREFig 5-4ITRT . B
BERFMOMEEIZ0. 30mTHD. XBTICKDAu (1) H OB EFETRELREO.
29+0. 03IC&ELK—HLTWE, THICED3IS50TCTHREL, DT =)
ZLESERAEZMEICIIBEZEEEENEREL. BEFLANTERARATHD I &
MrENk. XEBOSTEOERBEZEZS50CE350CTH>1ES. 350
COEMBEORMMKEL BB ER., SHILKRRTT7Z—IT%5L£300nmnX
SOO0MOBEHRTHEFLANTERBRTIALERNBAT Y TORT Yy T —-F5
AMEEN—MIZECDZEN, AMBRETERINTVLDY, THEBERIZT S
EREDHERBNOEAIRINF —2MBHTHDHMICHRBMNOBHEKSATONIR
FOBEEFNRI > TEHENMRELEZDEEZ OGNS, ThRODEINIEHERII

BUILSRERDEHREIIHL D,

- 104 -



11.65%nmm

Fig.5-3 AFM image of mica. Fig.5-4A Schematic illustration of
hydrogen flame annealing.

" 2

st i
4. 109720m 4. t599nm

Fig.5-4B AFM image of evaporated Au Film on mica after annealing
in H2 flame for 30 seconds.
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5-4-2-2 BRACEMEICLSEELEHEDFME

AFM, STMZHWAEEBRAOBRERI /7 OL X))V TOFMAFEME VLD S
TENTVIN, EWMEAELTEASTIHHRFEHETFIMZEZTSZDICCVIEIILD
BRALFRE 1T,

SOBEBERTRAERECHAEP CEEBRICERNARILIIESSLER
TIEMHENTWS ', CORKEEED LEELZHOERL2MEOFEHR
BHIEZFETES. T TEERERZTONMZ. 0. 1M WMEPORILS
ETITLICE DT, KEBERTT7Z— VLA umica(350) XEOBEK _E
BEBTORNYES I LTI, Fig.5-5TFT&LDIIC0. 2V (vs. Pt) ITKRR
FIZELDANA N, — 0. 3VHARHKEAFT > ORKEHFIILKEZTOo—-RE
—OMMAESNT, CORREIDKEZERTTZ— VLA U mica(350) ErMmiL.

Au(IDEISGEVWERESEHL TV I PRI,

X 40

¢100uA

E/V vs Pt

Fig.5-5 Cyclic voltammograms of Au/micain 0.1 M H2S04 solution.
Au was evaporated at 350°C and treated in H2-flame for 30s.
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5—-—4—-3 BHFA-INRFLL5BCHBILESFIROERKREBRILFAE
2LEHHAOBRVWHEEENZAMALT, FA-INABARICEBEHMER T L ITOMER
RIETRLEWMERMLICAU-SHEEEERTSE#IC. TIFNHEFOHKEEE
ERICK > THRIEEDOBWES FIE (BCHMLE 5 FIE : Self-assembled Monolayer:
SAM) ZERT 2 EMHoNTNVWE 2,
CITREXARXKEALAFA IS TFORECHE. RoTITSAMERBIEZE
HBHIEE EEEHOI7O0LANINOEEGHETS LTKEEETHZ. F4
—NWARELLEEZO0. 1M KOHOTY N AUBRFPIZBOLTEITHRIZENMRF
5IL. TORICEIAFA NG TFOERBRRALPSDOERILFRET KT 28
RBEZEWEST, BEFA—INGFORBFREETE, TEOICHEML .

REBFA—NDFORBILBMEBRBIZI—RIZRKATREINS,

Au—-S—R + e~ - Au + R-5-
WHELTVEDFR—EFERITWMBILICLOBE TS ETHIE, E— 0K
FORDSNBBBOBOELR BRI ERREOREST FORBRERT ILITRD., X
ORICKVBEUEHRLYZVDORESIFOENKTHZEME (T :mol/cm?) &k
BIEMTES, FEBRBE— VBN, "DORXHF4 T 7 T213E. £
OEPBITBMBELICKVWEICKEFIILEZEBREERL TV LD LHETES, TOM.
EHERIZICLDCVEBEEOBVLWAL SAMOERBEEZEETLS2FENRNDMNES

3’1—60

- BUEBYEZDD)-0/8[C-cn?] X E— 7 ifiH [cn?]

& (mol/cmz) =
96485[C-mol-'] X BRI FE [cm?] X n



FITCTIFA—N, TAVFA =N AFYTAHAVFA-—NIZDODNT, 20
UM T8 )= )ViBHPICEEEE 2 0 2R LEMI ¥/~ (Self-assembly 3£) « %
hxe0. 1M KOHBWhCREMMKIGD CVRAIERITV., ZOHED S EMIK
EEERLE. TOHREFiIg.0-6ICRT,

PIWVENHDPRLS 2 BICON T, BB —28MEFHT 1727 bk,
COBRBMEMOEZR. FTFHOBKUEEEFRORIOBVWICILZIIDLEL SN,

PILFNVEPEWIEHAMEEAEERI G BEVWEELIOSN S,

f C4SH
i 10 1A T > CIOSH

I I I | I I |
-1.4 -1.0 -0.6 -0.2
E/V Vs, Ag/AgCl
Fig.5-6 Cyclic voltammograms for the reductive desorption of alkanethiols mono-
layer from Au/mica electrodes. Modification was made from 20 u M alkanethiols

in EtOH solution for 20 minutes. Au was evaporated at 350°C and treated in H2-
flame for 30s. The CVs were recorded at 50mV/s in a 0.1M KOH solution.

- 108 -



5-4-4 FEEFFI-INDPFILLECHBLLER TFROCV RS TMBAIE

EMHL/-SAMORAZERE M > FIIBEBETHER (KEKP) L. FA-IVOF
DAZIREE %2 T,

TORR., THIFA—N, THoFF -, AFHYFHFA-INIZDNT,
ZEIZCENDBARDOEy hELKidNB/hEBRIEVBEI N, FLTREHMNE
<RBBIZDO2NTE Y FOBERIEI/NSLKAIZN, TOREBZBLBDERBE SN,
FEy FOKREST (BER) BFA—NDFORKESIIIHERTHHRENSETHELE
XKEW, 500 nmEADEMBICDONTS TMOR%Fig. 5-TIZRY. £ w b

DHEEZEELETDFES ZTableb-1ITRT,

Table 5-1 Diameter and its depth of pit.

solvent diameter of pit depth of pit

water 4~1 8nn 0.21~0.29nm
C4SH

ethanol 5~12 0.18~0.29
C 10 S H | ethanol 3~ 9 0.20~0.30
C 16 S H | ethanol 3~ 9 0.18~0.24

Py hOZEEIEFH0. 2~0. 4nm. FEAEN). 29 nmnmTE&D1IBEFEIC

MUY T HIENghol, FEIY /) —IVBREOBEETIE. C4SHOE Y 2K
HbREL., TIFNEORERNEZEBZIIONTE Yy FRINS <D HERPMNES
Nz, LTI F=NTRIY ) —NBERLOKBBEOEHLE Y FORIIKED
ok, BELIKHBEIZEGDAT Yy T4 OAMICIE. By bADa. F3k,
25w THEIE. BEIXRNF—MITBEEICEXTHELHGWREBIZHD. F4—
IWOBBIICHETZETNE. ATy TATRARVWALEZIOSNS. TITRER

HOHFEIINE D SERICERT B HRMIHAT,
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A 20 uM C4SH(EtOH solution) B 20 uM C4SH (aqueous solution)
e ‘500

1.0 nn

BE10.5 o

0.0 nn

1,0 nn

k| 0.5 nw

0.0 nw

1.0 nn

0.5 nn

0.0 nn

Fig.5-7 STM images of (A),(B) and (C) 500 X 500nm? area Modification was
made from 20 u M Alkanethiol;(A)20 u M C4SH in EtOH solution,

(B)20 u M C4SH in aqueous solution, (C)20 4 M C10SH in EtOH solution (D)20
uM C10SH in EtOH solution.
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L2ALTFPHRIIRLTS TMERHOHMR. A7y THEIDBTFIARLFF IO
RALACHEZEREINTLWAEZEM g2k, TNEREFUXITERERZEIZS
AMMBERINPTVIEERBLTWS., 75y FRFERAOHFEN. mILKEH
DEBENE B KEHEERNES B LDLEEZLGNS,

SRENDTFFINOWHIZDODNWTIE, AHFEHMNO0. 5uM CIOSHIRDWLT,
QCMERSTMIILSZTDHHEBICL > TZERMBOREBETS AMMAERKRT N
BIEERNTWS ' 0, E—BIT., HOFNERBETREL D FHRICE:
KETSTMBRTERANSA TRICARZA 5. BZERBEERICKEZEDOBKEHEER
WED G FORREFREHBEICEIIRE L FHRAL > HRENEHED,

ZITSAMERBIEZERTLL-DEMEMELEATLXREE S TMBRL -,
FDEENDS TME%Fig.5-812% %, 50uM CIOSHI ¥ J—)LIEHKIT S5 4
BLEEk, FRE<BOBLTIYQHHLAKNS (Fig.5-8a.d) iZ. STM&
2. I TICZOBRBTEARICEZROE Yy b2HD, TOMD 75 v MRHEIZH FE
FIMBRIN:., TR, BBEOREDLSIICA M SIA TERERIMED 2
DDA TMERELTWS, Ev NI —2EF, 77y baeBRATyF o5
NELDSICRAD, SS5IEMEEZESLT. 50uM CIOSHILY )/ —IViER
IZ3OMMBL., TORAKEHFHL THELAEMIOWTS TMEBER (Fig. 5-8
b.e) L7z, —@IZHIABEY FXHD, SRGTEIHAUEN L2 FHEALS
1 7ogrE—EREICRsN. ZolEhsaelBBEE. 50uM CI0OSH
TiX., 3OBMUAREREINZ LEZOND. EHiFMEzEISIZOHMELT. £
DERBRZEZFB<HBELTIY /) —IVEIUQAKTHHELAZLDBDIIDVWTSTMEH
#2 (Fig.5-8c.f&Fig.5-9) 2ok, ZORT TR FEFNIVSRSNEZHMR LT
HSTRHRVWHEAVNEEL TV, ZOIENS50uM FACFA-INRERBERT

EEHLUNTOLEMTHIENThoT.

- 111 -



(c) ()

Fig.5-8 STM images of (a)and (b)200 X 200nm?,(c)100 X 100nm?’
(d) 30 X30nm2,(e) 23m X 23nm 2and (f) 20 X 20nm? on Au/mica
Modification was made from 50 M C10SH in EtOH solution for
(a),(d)300 seconds, (b),(e) 30 seconds and (c),(f) 5 seconds.
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- a 100 0.8 nm

0.4 nM

0.0 nm

4 50

- Section Analysis

Fig.5-9. STM images of (A) 100X 100 and (B)20X 20nm?2 area of C10SH monolayer on
Au/mica in air. Modification was made from 50 4 M C10SH in EtOH solution for 5

seconds. Au was evaporated at 350°C and treated in H2-flame for 30s. Bias voltage of
1.0 V. Tunneling current was 60 pA.
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DEDTEMSAIGHFENND ZERISEERE FIHOFENREFAEIVIEREED
Wk, BLURESENEREXREREOHERICHBLTWS) . 0. 5uM C10S
HIZDWTOHDTHH, 50uM CIOSHTIZ. STV 7 TZERMOBENTER
T25LEZOND, FLEY BT TIESHOBRATEL TSN, Ev hOEE
@EﬁE#BG@%é‘BO@‘30%&5%@@%Lt%@tw&fk%¢ﬁh
e ol, CTOIELERSRBAIRBETT AN FAFEET S ELE. KH
EHIZIBRTZEEMRDLEVIZRAEZXFTZDLDTH S,

FLSTMBEZIKBEITSZEL, HCHBLEBEORAA HEMRKRTHS HOMN
., N, ATEIIOEENECEROF O IEITHEL., DD RAAL DR
BHMIZESEN DD DEEZ NS, Fig.5- 10D KDITT N A FAF—IDE
TNEBERDFERETDE, FITALICEVWETIVFNEOBKEEEERNE
DIEFFICFRATHIOTRALSTMUENDZ7-0DIC. FAS L OREN—FEDHM

WREDBHREMAEIZEEZSNS,

Side view

Au electrode

Fig.5-10 Schematic illustrations on growth of domain.
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LOHEPSHWVWEELD 77y bRFFIALIZCTIO0SHDS AMMSELEMIZE
MTBIENTFREND, TITEMOFHEE (ERBHE) ¢FF - oBEMKE
EDRFEEMNNDDIZ, CASHECI6SHORASAMEEKEE. EEO
BHEHSTFRIERDADZ AL ERTHXRDIELLE, CHIZDNWTRERETETHR

ND.

5—4-5 HCHBILBEDT SV FINVENR

Ey PERDEBIZOWTIE, FA-NRFREERTZEZOLEHOI Y F
U ERRHBAMHEERICESE T a3 ilLo TN R NELLZENED
NTW3', By FEROEBMPFEMRIIF2NE, Ey b2V BVWTI Sy M ER
ERA5IEDBAELERDS., CNEBEMEIVEEICHEELL TS ETRKEEELRHEMN
L2, FIT. ZOEBy PAEKOEREERTSDICERRETZFMT 3 Hik
ELTI73 05N " 21757k,

STMEHOAMFED1DELTIS 77N aMoliexEMLLE. Jhid3E
AOWSMIERTELTHBELTSIHBOTKARTMN2. 000,53, 000T%k
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Fig.5-11 Schematic illustration of fractal dimension.
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Fig.5-12 Fractal analysis

Table 5-2 The Fractal dimensions of C4SH,C10SH and C16SH(Scan Area;500x500nm).
Modification was made from 204 M RSH in aqeous solution (A) and in EtOH
solution (B).(C) and (D) for 20 minutes and (E) 5 seconds.

(A) (B) (C) (b) (E)

thiol C4SH C4SH C10SH | Ci16SH C10SH(5s)

dimension 2.078 2.035 2.122 2.179 2.072
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Table 5-3 The factal dimensions of C4SH,C10SH and C16SH.

thiol C4SH Cl10SH C16SH

dimension 2.0 1.8 1.1
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g ~  Logr

Log (radius of circle)(cm)

Fig.5-13 Schematic illustration of fractal dimension.
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Fig.5-14 Fractal dimension of pit on SAMs.
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Fig.5-15 Cyclic voltammograms for the reductive desorption of the monolayers
at Au/mica electrodes. Modification was made from several solution contain

-ing 20 uM C10SH in EtOH under open-circuit potential.
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Fig.5-16 Cyclic voltammograms for the reductive desorption of the monolayers at
Au/mica electrodes. Modification was made from 10mM HCIO 4 containing 20 u M
C4SH under given applied potentials.
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Fig.5-17 Cyclic voltammograms for the reductive desorption of the monolay-
ers at Au/mica electrodes. Modification was made from 10mM KOH contain-

ing 20 4 M C4SH under given applied potentials.
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Fig. 5-18 Plots of surface exesses of C4SH in the monolayers on
Au/mica vs. potential of Au electrode.
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Fig. 5-19 Plots of desorption peak potential of C4SH in 0.IM KOH vs.
potential of Au electrode during modification.
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Fig.5-20 Schematic illustration of the effect of negative potential
on mobility of C4SH.
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E/V vs. Ag/AgCl
Fig.5-21 Cyclic voltammograms for the reductive desorption of the

monolayers at Au/mica electrodes. Modification was made from 10mM
HC10O4 containing 20 4 M C8SH under given applied potentials.
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Fig.5-22 Cyclic voltammograms for the reductive desorption of the monolayers
at Au/mica electrodes. Modification was made from 10 mM KOH containing

20 uM MPA under given applied potentials.
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Fig .5-23 Cyclic voltammograms for the reductive desorption of the monolayers
at Au/mica electrodes. Modification was made from 10 mM HCIO4 contain

-ing 20 uM MPA under given applied potentials.
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Fig.5-24 Cyclic voltammograms for the reductive desorption of the monolayers
at Au/mica electrodes. Modification was made from EtOH containing 20 u M
C4SH under given applied potentials.
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Fig.5-25 STM images of (a)500X 500nmZ, (b)and (c)200 X 200nm®,

Modification was made from 10mM HCIOs containing 20 « M C4SH
under given applied potential (a)+0.3V, (b)open-circuit potential, (¢)-0.5V.

- 135 -



5—4-9 BUBHEHTIIBIASAMOEBRBREOS TMEOHHER
SREICFI-INPRARTL T BEZTOHBETENE. BARAH O
RRPSAMOERBARBZIDMEICHS I EATES, TITEMRMTTFA—
Ve@dEmMl, TOFA-—NNSREICKFBERAINIBEBEZLOEBEETL &%
E R A
FT702EMIZ0. 01 M BEFEEZANTEC-STMAZEZITL., BH{RMNE
LRI TEYy Ry b5 2mM T FF—)bEHEMLEZ. THIZDWTIE,

EEMERHREZRBDICE> TWHia W,

INETHENRTELEMHMRETHRIND2ECHBLERZ. BUAIEDH S

FTEMTIIBIDINI—EREEZD., BEMNITXDIIFTWREZNEBTZILT

SAMDERKREZIPO—-NTEBILEERLEZTEHBNTH S,

5—5 #

i

(1) TIWAFF-NTR. REUPESBDIIONTELHBEOE— 7 BN
XHT4 T 7T 5,

(2) FINHZTFA-NDSAMTE, REHENELBRBIZO2NTEY bOHIRE
KBE2NHEy hOBRINEL7E S,

(3) Ev FOHEZIEHO0. 29 nmTRERIZ. REFEIZHYT S,

(4) BCHBLED FTHSAMs OXRBREEZFETIHEELTIZIIIIK
FILEKBRITBHBAERNTH D, EREY NI —-2RB TS50 NERBT
EMTES,

(5) TH2FA—INIZDWTIZ, Mg, X1 FXAEBM (FHIZ—0. 5V vs.Pl)

ZEHIMT A EICEDE Yy b DL, D, FEF—AMBIINNyF 4L

- 136 -



SAMBTERZLECVILLHZERLFREL S TMERICK > THESR
Lize BHREIE WS EBELRBETCEMREZEHHECE2TAEEEZTTHO
ELUTHBITH 5,

(6) BARBEIZOWT TSI U FF—NVPUHAOT VA F A= NIZD0WTR, 5
WHRETE RS B,

(7)) AvaZ7r7oed 8 (MPA) B, KEBEAEA YD LBHRTEYAFRE
MIENICEMEN ML, FICBREBBHR TR 7> IBATHRUESNT 2.

(8) MPAOHRBEFI OBE L U TBHAMHEEFHOMIZA T L L EREF
A—NWERDDBEBHREOBRMEHIBEELTVE I EHBTRBRI N,

(9) REMRPERBEIL - TENRHOWRIPBRRDL I LTI NE,

- 137 -



8]

-8 P

W
i

;N

1) R.G. Nuzzo and D.L. Allara, J. Am. Chem. Soc. , 105, 4481(1983)

2) G. Binnig, H. Rohrer, Ch. Gerber and E. Weibel. Phys. Rev. Lett49(1),57(1982)

3) G. Binnig, H. Rohrer, Ch. Gerber and E. Weibel, Phys. Rev. Lett.50(2),120(1983)

4) K . BRMAALFE. 255,56(1992)

5) BEFEFEES - FHFEED, BHARAE. 289(4),(1995)

6) HKE. AEREE, & F.KEEDR. FUE—. &2 FHXE, 56,600
(1999)

7) A. Alves, E.L. Smith and M.D. Poter, J. Am. Chem. Soc.,114,1222(1992)

8) MHMEBE. MAKRZXRFELELHM(1997)

9) 1. Clavilier, R. Faure. G. Guinet and Durand. J. Electroanal. Chem. , 107,205(1980)

10) H.A. Kozlowska, B.E. Conway. A. Hamelin and Stoicoviciw, J. Electroanal. Chem , 228,42

9 (1987)

11) A.Hamelin. J. Electroanal. Chem. ,407,1(1996)

12) 1. Taniguchi, K.Toyosawa, H. Yamaguchi and K. Yasukouchi, J. Chem. Soc.,Chem. Commun,
1032(1982)

13) R. Yamada, K. Uosaki. Lamgmuir, 13,5218(1997)

14) R. Yamada, K. Uosaki, Lamgmuir, 14,855(1998)

15) C. Sconenberger, J. Jorritsma, J.LAM. Sondag. Huethorst and L.G.J. Fokkink, J. Phys. Chem,
99,3259(1995)

16) @&kFEH. " 772407 ( HEAEIE(1988)

17) Mandelbrot,"The Science of FRACTAL IMAGES". springer(1987)

18) /hHhfe—. FEARKRFRERIE L HX(2000)

19) M. Hsieh, C. Chen, Langmuir, 16,1729(2000)

- 138 -



EoE KE2 (111) ORAFELTNACFF-NVEOSTESHE
204
6—1 #HE

RELIIFA—INE2EMIERL, BEALDOES, 2BEB/RANDS AMDHIC
Ey h&ERENBERGE 2 Z24ELCD. W—RROKFEOERZES LT, TOEY
CAERTHAIREEAZED. "Dy ML AOEBEEZ &N TENE, EEBOHE
EREIVBIENTES, TITHBROBESCHAE, FA- I OBEZEATE
BICEMHESE, COEEOE Yy PERDEHZE STz, TORR, Ev bZEDHIL
TE52HICIE. bETHRRNAEAEBROBAKEZTI I LUMIEMAREZ NS
LTEMIBIEMNANTHD I EE2HALIL.

FAERELEEI. WALWSRESLDCASHECI6S HDEMHP T—E KR
sz, TOELEDRESAMOYERBILZRFE L. TOHR, BHRFDOES
WA ZDOZERAESAMOEMILICE>TH 5T, CIGSHMNERIIEMT IR LE
BT DHNIIENHDIEN Do, ELEESDT I DIEETOHEMELIC
BWEALC, TZ—N30BE28 TR, 2BED30BOAMNCI6S HMESRIC
BT EANE S N,

FA-NPERELICHREZFT58BEELT,. (1) FA-IURBERFH»S ER
REMICBITTHEME (2) BRMREOTTFA—INNEE (AIAFHL#E) LRANEST
L2ERMED2DOMHHEEZSNDN. SAMEROEZIZ (2) EMEMTOF A
— VDB (ZFLRERBLEFA—NPHEEFITZ2ETOERE) Lo THRE
52EMNgMol. COLZHEENTHDOREINITEHKEHEEREBREF

T OEMERERLTVWBE I N/,

- 139 -



6-2 EvhrLASERMBEEORVMAAS
EMEENE<RZIIDNTRBICE Yy PHEREN. TOHEMPEA TSI L
. C10SHOSTMBMSESBTHHAL L., TOM. By bAERIEMNA R
EPEMICE-oTHEIIENEZLSND. TITEMFMCEMTIRBE. Bl
BEICL>TEY hOBSPHENBEDLDIBREEEZITIZONEZCVOERILFRAE

ESTMEBEIZK» THENT,

6 —2—1 EMBHOBEVICEIESAMBREZOCVRUS TMEER
20uM BEOTIFA—IN (5 ) -V RUVKBE) &NFHTHFF—
WOILEY ) —=NVEBRIIOWT., EMM258. 308, 608, 204&L T,
BT X > TEMKEEBRE L. TO#KKR%EFig. 6-1&Fig.6-2, Fig.6-3IZ7R
T. IS HrBEI5ICHBNESRBBIIDONTEDODBEEBHBELY - 3R 74
TJ7hRL. HDOE—ZWEBL< oKk, THREMEFKIZFA—NDFNEIINY
FOUOLTHFRFMEEZRRERL TS ZEEZRLTWS, C4SHIZDWT, L
— JRBEMIZAWVEBENKDODBEIE., T4/ - NVE0BbBBEE— 38, 2D
FHTFATTRLE. TOZEMSCASHTIR, T8/ - VBMLDKBHRD
ANKDEBELZFA—NGTFREFNTEEEZONDS. ZOHHBAELT., 75 2FF
—NBITY ) NEDOKBEPTEHHIFINF -PRESKBEPTRELEETH D
EEZOND (BAEOBEDDKD FMNiceberglk T hOE—/N) . TDE®HK
EDEMZEMEDELTFA—NELVETDIIIBREHNNEH LDITKBEE
THRIY ) —VBRICERTEHEICEREZEALONDS. ZOXDITSAMERIZIE.

FA-NDRFHEOMICHERIZETH I LN ok,

- 140 -



L (b)

— (d)

l
-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0

E/V vs. Ag/AgCl

Fig.6-1 Cyclic voltammograms for the reductive desorption of the monolayers

at Au/mica electrodes. Modification was made from 20 u M C4SH in EtOH solution
for (a) 5 seconds, (b) 30 seconds, (¢)60 seconds, and (d) 20 minutes.

Au was evaporated at 350°C and treated in Hp-flame for 30s.
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Fig.6-2 Cyclic voltammograms for the reductive desorption of the monolayers at
Au/mica electrodes. Modification was made from 20 uM C4SH in aqueous solution
for (a) 5 seconds, (b) 30 seconds, (c)60 seconds, and (d) 20 minutes. Au was evapo-
rated at 350°C and treated in H2-flame for 30s.
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Fig.6-3 Cyclic voltammograms for the reductive desorption of the monolayers at
Au/mica electrodes. Modification was made from 20u M C16SH in EtOH solution
for (a) 5 seconds, (b) 30 seconds, (c)60 seconds, and (d) 20 minutes. Au was evapo-
rated at 350°C and treated in H2-flame for 30s.
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Fig.6-4 Plots of surface excess of C4SH in the monolayers made from
(a)20 u M C4SH-EtOH solution (b) 20 u M C4SH-aqueous solution vs.
times and plots of surface excess of C16SH in the monolayers made
from (a)20 u M C16SH-EtOH solution vs. time.
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Fig.6-5 Cyclic voltammograms for the reductive desorption of the monolayers
at Au/mica electrodes. Modification was made from 1u M C4SH in EtOH
solution for (a) 10 minutes, (b) 20 minutes, (c) 40 minutes, and (d) 80 minutes.
Au was evaporated at 350°C and treated in H2-flame for 30s.
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Fig.6-6 Cyclic voltammograms for the reductive desorption of the monolayers
at Au/mica electrodes. Modification was made from 1 uM C16SH in EtOH
solution for (a) 10 minutes, (b) 20 minutes, (¢) 40 minutes, and (d) 80 minutes.
Au was evaporated at 350°C and treated in H2-flame for 30s.
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Fig.6-7 Plots of surface excess of C4SH in the monolayers made from
(a)l u M C4SH-EtOH solution vs. time and plots of surface excess of

C16SH in the monolayers made from (b)1 u M C16SH-EtOH solution
vS. time.
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Fig.6-8 STM images of (a) 100X 100 and (b)20 X20nm2area of C4SH
monolayer on Au/mica in air. Modification was made from 1 ©« M C4SH in EtOH

solution for 80 minutes. Au was evaporated at 350°C and treated in Hz-flame for
30s. Bias voltage of 0.39V. Tunneling current was 690 pA.
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Fig.6-9 STM images of (a) 100X 100 area of C16SH monolayer on
Au/mica in air. Modification was made from 1 ©u M C16SH in EtOH

solution for 80 minutes. Au was evaporated at 350°C and treated in Hz-
flame for 30s. Bias voltage of 0.60V.Tunneling current was 250 pA.
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Fig.6-10 STM images of 50 X50nm?2 area of (a)2-PySH,(b)3-PySH and

(c)4-PySH monolayer on Au(111) facet. Tunneling current was (a)850pA,
(b)1.5nA and (c)875pA.
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Fig.6-11 Cyclic voltammograms of Au/mica in 0.1 M H2SO4 solution.
Au was evaporated at 350°C and treated in H2-flame for (a) 2s (b) 30seconds.
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Table 6-1 Ratio of surface exesses of C4SH and C16SH in the mixed monolayers
on Au/mica as factor of molar ratio C4SH:C16SH in ethanol solution.
The electrode was annealed in H2-flame for 30s.

C4SH:C16SH in solution 3:1 5:1 10:1

' (C4SH(mol/cm?) X 10'°) 3.4 4.9 10. 4
in mixed monolayers

I (Ci6SH(mol/cm?) X 10'") 7.8 3.0 4.8
in mixed monolavers

C4SH:C16SH in mixed monolayers | 0.43:1 1.6:1 2.1:1
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HIZCI6SHD 28 TH 2, TDOTEDSKRFZBEOEWVCISSHACA4SHEDE
FEHNZEML TWB Z &dbho/z., Table 6-1&0WC4SH: CI6SH=5:1®
EE, BEEASFHEPOC4L4SH: CI6SH=1.6: 1IR>TW3. ZHILHRE
HOEWC16SHDAEMNE -2 - 1DHETHERLEZEBD. CI6SHMEL &
T EMETIERLS, CASHEHMLDWTCI6SHMNBEBLIEESTIEHELEZS
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Fig.6-12 Cyclic voltammograms for the reductive desorption of C4SH and
C16SH mixed monolayers Au/mica electrodes. Modification was made from

two kinds of alkanethiols in EtOH solution. (a) C4:C16=0:20 u M,
(b) 20:20 uM (c) 20:6.7 uM, (d) 20:4 u M and (e) 20:2 u M.
Au was evaporated at 350°C and treated in H2-flame for 30s.
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Fig.6-13 Plots of surface excesses of (a) C4SH(-o- ) ,(b) C16SH( —@-
in the mixed monolayers on Au/mica as a function of molar ratio

X casH=C4SH/C16SH in ethanol solution.
Au was evaporated at 350°C and treated in H2-flame for 30s.

WICKEZERTC2HM7P=—NVL=Au/nica(350)&iBiIc. LXEAULLC4SHYE
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OHHTCoOZE B BEIEZFig.6-14l0RF . COHEIFX. P=—NV3 0HOEFEAII
T, BRBE—2BFST 4 TMICS7PLT WS,

AP OMERIL X cosu= (Ccisn) / (Ceusw) (Ceasu=2 0 uM) iZx7
PR - X DBONIBERRYTFIHEPDZNZNDIELE % Table 6-212R 7,

Table 6-2 Ratio of surface excesses of C4SH and C16SH in the mixed monolayers

on Au/mica as a function of molar ratio C4SH:C16SH in ethanol! solutjon.
The electrode was annealed in H2-flame for 2s.

C4SH:C16SH in solution 3:1 5:1 10:1
' (C4SH(mol/cm?) x10'°) 6.4 6.9 10.1
in mixed monolayers
I (C16SH(mol/cm?) x10*°) 0.96 3.0 2.6
in mixed monolayers
C4SH:C16SH in mixed monolavers 6.6:1 2.3:1 3.9:1
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Fig.6-14 Cyclic voltammograms for the reductive desorption of C4SH and
C16SH mixed monolayers Au/mica electrodes. Modification was made from two
kinds of alkanethiols in EtOH solution.

(a) C4:C16=0:20u M, (b) 20:20 u M (c) 20:6.7 u M, (d) 20:4 u M and
(e) 20:2 u M.
Au was evaporated at 350°C and treated in H2-flame for 2s.
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Fig. 6-15 Effect of hydrophobic interaction as a driving force of rearrengment.
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Fig.6-16 STM images of binary SAMs of C4SH and C16SH formed (A)20uM
C4SH and 4 uM C16SH, (B)20 uM C4SH and 6.7 uM C16SH EtOH solution.

Modification was made for 20 minutes. Au was evaporated at 350°C and treated in
Hz-flame for 30s.
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Fig.6-17 Schematic illustration of step (A) and (B) for SAM-formation.
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