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Abstract

An amphiphilic nitroxide radical(2,2’6,6’ -tetramethyl-4-octadecyioxy-1-piperidinyloxyl, TEMOPO) or
mixture of TEMOPO and arachidic acid(Icosanoic acid, AA), was spread on water surface by the Langmuir
-Blodgett(LB) method and surface pressure-area curve was measured. Such monolayer films of TEMOPO
were transferred onto surfaces of photo transferable tin oxide electrodes(PTTO) by the LB method under
various surface pressure with the transfer ratio of larger than 0.95 at the surface pressure higher than
15mN/m. The electrochemical effect of functional nitroxy radical monolayer onto semi-conductive electrode
to electrolyte have been investigated by using LB method. Cyclic voltammetry technique was used for the
electrochemical behavior measurement of TEMOPO monolayer onto the PTTO in 0.18 mol/dm® H,SO,
solutions. The shape of voltammograms was found to change from one electrode to another. The amount of
charge for the oxidation and the re-reduction of the cation to TEMOPO were evaluated from graphical
integration. The amounts of charge were always smaller than those predicted from the z-g curves though
the transfer ratio was unity. The poor reproducibility of the cyclic voltammograms was improved by the
mixing with AA. Structure and arrangement of monomolecular layer on water surface and electrode were
studied. Characteristics of monolayer film applied for the mediation reaction was also discussed by electro-

chemical method.
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;2o A nitroxy radical,2,2’,6,6 ' -tetramethyl
-4-octadecyloxy-1-piperidinyloxyl TEMOPO =&
k43t Fig. 1= 4-hydroxy-2,2,6,6"-tetramet-
hyl-1-piperidinyloxy (TEMPOL)(Aldrich Co.)&
dgu=z dga, 92viAd  tris(2,2’-bipyridine)
rut-henium, osmium&HA| (bis(2,2-bipyridine) (4,
4-dinonadecyl-2,2’ -bipyridine) (4,4dinonadecyl-
2,2’ ~bipyridine ){ClO ):;ruthenium( I ) & A FH
o2 B3l (99%0°14) JNe=2HE o] 83td A4
st AH8-E FAL, Os(bpy)(ndbpy)(ClO4):
(714 ndbpy=4,4"-
dino-nadecyl-2,2” -bipyridine) ¢} TEMOPO<¢] C.
PK.2d T2& w2Zo= Fig. 29} Fig. 34 %4
2 AT

rR0{_NO =-R-o{§1+=o+e

Fig. 1. Molecular structure of TEMOPO;2,2 66"~
tetramethyl - 4 - octadecyloxy - 1 - piperid-
inyloxy.

bpy =2,2’-bipyridine,

R=Cy3Hy

CigHy CigHx

Fig. 2. Molecular Structure of Amphiphilic Os (bpy) »
{ndbpy) (I /M).M ; Os or Ru.

Fig. 3. C.P.K. Molecular Structure of TEMOPO.

g2 199 ZFAkEg /1 wi99A ndbpy&
BosTo W& 712t SAHos T3
o} FAWHE 1.17g2] ndbpy(1.7 X 10 *mol) 3+
90mle] 97% oler&& 200mle] 3FZepAzo)
gol Ak, dF 7k29) 7F3 oF A7 BF
steo] BU1A 0%, 1g9] Os(bpy).CL.H,0(1.7 x 10
“mol)& Frlstdrh 1 EFES MA3F] mults)
WA A, AF 7)Fslel ¢ 72x)2 FF AT
FF d5or YA 5, vhakgol siejxE
A Al A AAsG T o3t 90mle] 0.15
mol dm~* NaClO, +8-91& HH3| riste] 24H
& HEAZY. nAE 2HES Ko} oE T
Z 2,33 AAA A= Aoz FAF . 1.5¢
o] Aol YWy meFe] AL IUTHILX
107°mol, & 74%). BtE2] Aok Au=E= §
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2 ARY L 2EF 23 FHTE AHESt 24
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54 AFozr BT Sn0,AFE A4l
13 A3 AS919] fr1EE AAs Hst

o 9mol/dm?® H,SO,(Wako Chemical Co.) &
SAollA of 30RFt AMAHF, FHY 23 F
T, HIE, ZREIE, dEE T THE 2
o A F7]eA 208 AFE AR o] AL
2] WHEETE A2 gAA o E YA x4
Z AE B@sgd

FRIZTEL 4G AREAE =
%, 0] £98 nfolag AU E TeflonZHE tr-
ough (Kyowa Kaimenkagaku Co., Ltd.) & %
Aol HAAAT HA Leizb FEE ¥, 39
et—AxZMg Kyowa Interface ScienceA}lA)
LB= A 2t7)| 2 (4% 2 Hetero type) 4315
ot #E49 LB %o 25& 25.02£01TC= &
ANZ. FEgd A GRS 21 3F
Holl date] 44 49 9 J7AA4s £=3), bmn
/min, A= SnO,AFo 2 oldHgrt, o] A=
& A15e SRR (Fig. 4) 1331 de
(25.0£1C) A Potentiostat(Amel Model 568,
731 Electrochemical System)-2 o]&3le] 3
ARAGIAE FRAT. 54 A xy71%
A 8 plottersl A 715555, TARREA o2
Jrloleel FolRgel salel A4EH B3 B
ARAE skt

A4y de du
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B : water column C : filters

A :light source
D : monochromator E : light chopper F :cell

G : potentiostat H : XY-recorder I :lock-in amplifier

Fig. 4. Schematic representation of electrochem-

ical cell measurement,
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A Nitroxy radical®}'® Osmium complex& A}
A oz aqlste {AsA, F4E B2HE
€ IR, UV, EPR, NMR, 94845 dukel &
Ao 2 AEsHY.

3. 1.1 Nitroxy radical®} CisHy 9] amidoZd3
ether 2%},

24 4-hydroxy-2,2’,6,6 -tetramethyl-1-pipe-
ridineE 982 3o EDTA, Na,WO;, hydrogen
peroxide® Rl oH2AFE A oxide
2 A@st7] Aste] FrtF $84 4-hydroxy-2,

yE& #Ads
Art.(ca. yvield 85%) ©]59 uLEE FHX57]
A4 3 AZAE R U 449
Azt (CHiNO; : C;63.18, H;11.36, N,8.15,
Cal.C;62.76, H;10.53, N;8.13) 2% &I3tHth.

tgog A9 FFES DMFI §3AA 2
289718} A sodiumhydroxide®} E¢3%, A9
g9 EAHE Fo37] st A5 octadecyl-
iodide(CisHsr) &} 28217 2 A& IR, NMR,
UV, ESR spectrum$-2.2 HESHIL, 4284
A3} (CyHaNO, : C;76.08, H;13.52, N;3.27, Cal.
C;76.33, H;12.82, N;3.29)= HEsIH. =T
Fig. 3& 2H 44 Ex2gs dAEg= 4%
CPK.rdzA sstdslt #x 9 F7|E ¥2
AT 5 U= AHel AUtk

2’,6,6" -tetramethyl-1-piperidinylox

3. 1. 2. Osmium3} bipyridine$HA
* Ru & Os #A9] 34
19H4} : 4,47 -dimethyl-2,2 " bipyridine2] €4
2944 : 4,4"-dinonadecyl-2,2 bipyridine &} 4
3%+A : Dichlorobis(bipyridine)} Osmium( II )
o] 4
47 : Os(bpy).(ndbpy)(Clo,). o} ¥4
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ojde] 49AE FAF FUSY £X H%
AEst, A8 271 4RE HESAL

o] #FA= 3119 HHg Fmste] BA
3L, Aolgt BE whg 713 olgel 7)&3tgh
LA 4,4’ -dimethyl-2,2" -bipyridine(A)& 4-methy-
Ipyridine2 %€ Bardert o g A3, 44°-
(A)°] NaNH,
Octadecyl bromide & A715 ALBg7\A &4
et FFES] HaEAET(CuHuN, : C;83.
68, H;12.51, N;3.97, Cal.C;83.65, H;12.28, N;
4.07)& olEX¢t A AXFE & + At

dinonadecyl-2,2” -bipyridine(B) &

3. 1. 3. Dichlorobis(bipyridine)osmium( 1) (C)
o B4
bipyridine Na,S;0,
K,0sCls —>[Os(bpy):Cl:]JC1 —> Os(bpy).Cl;
anhydrous DMF
AaBHAT, 0s(CioHsN,CL)YH,0 :
Z2A42(%) : C;41.05, H;2.90, N;9.53, Cl;12.66,
A% ) : C;40.61, H;3.07, N;9.47, C1;11.99.

3. 1. 4. HF 3FES] A4 Os(bpy):(ndbpy)
(ClO,), 9] &4
1) B, ©
Os(bpy),Cl; ———> Os(bpy).(ndbpy) (CIO,),
(2) NaClO,
AgAo2 FAH OsCesHinNeCl:0s9] F2EM
27E vt 2ok
OsCesHi0oNsCLOs : ZA832(% ) : C;58.2, H;7.
19, N;6.12, Cl;5.28, AlAx(%) : C;58.73, H;7.
25, N;6.04, Cl;5.00.
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% ool FER ZAH LS FAT 5 9
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Fig. b. Surface pressure-area curves for mixtures
of TEMOPQO and arachidic acid spread on
water surface. Digits on the figure denote
mole ratioes with ny @ na.

0 50 100 150
area / molecule A*

Fig. 6. Surface pressure-area(z—o) isotherm for
Os (bpy) 2 (ndbpy) (I[) complex at 25C.

i

At [Ru)/[NO)=0/1
D B:[Ru)/[NO)=1/1
C : [Rul/[NO]=2/1
D : [Rul/INO]=3/1
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Fig. 7. Surface pressure-area curves for mixtures
of TEMOPO and Ruthenium complex spread
on water surface.
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TEMOPO3IES Rl & A3k 93t
o BFAIEZE 712 arachidic 4F9 &£8514
t. 2 27 dddl2 TEMOPO+ arachidic
A3 e A7) Jads JelA ¢ 2
A 3eET 53 £t 2 Bt 598 Vg
Wdth(Fig. 8). ©] AMdE <15t TEMOPOZ o]
B Az yhage] & Bajo] JojA 2 vk
< A4 &= dTE aRE JidE F e
o, 24w 9 FgUgh As d4o2RE 243
Axt A 249 EAEE A 2 E3 HWE7A
o g gate 4 Jvhs AHE FAF o AT

TEMOPOS$} arachidicAte] of2] Y& o}
2 guyg—d3d FH(z-0 curves)S Fig. 59
Os(bpy)(TII /M )9 F4& Fig. 6o, Ru A<}
TEMOPO<] E§u|gd w2 FAg—ad =4
& Fig. 7o Ztzk BAEk9IT) o] S48 FH
qFFe YA FgEo] EFuldl vl st
Hrtdog @A FvtEE AS € F UMCh

o e

> 0 @

A/nN /nm?

0 1 1
0 5 10

nA/nN

Fig. 8. Variations of A/ny with ny/naz= (O} 2,
(C) 10, {A) 20 my/m and (O) (evaluated
from eqgn.{1)), A;surface area of monol-
ayer, nN and nA;numbers of TEMOPO and
Arachidic acid molecules respectively,

oJRAL & T2 JH BAE AloldAMx 3
go| Fzsto] FuF RoEtE AHE YT
3 it Fig. 59 2dozRE 44 4 n=t
ARAHA G AN BHE Fig 89 FASHT
o714 Ax ©EA E2Z el dHo|1, na/ny
L Z}z} TEMOPOS$} arachidic4t YJAE9] =t
of ®3td Aotk ™A vebd TEMOPO
BAS B EFEY WHo] THo2 FAFHA
1, na/mye] Fobell W) $F0 FEHE &
Atk m-0 FAe BFo] nay/mno] gl SJEFHA
%1 EPHoz IS ¢ 4 At

EEel BAE thest 2ol vehd £

(n+7m)(o—00)=KkT

A= naoa+ nnon

o]7]4 k¥ Boltzmann A4, mer Spreading
coefficient, oo R F3=7]9] BAG oW, g4
9} gy 717} arachidic 4t TEMOPO £z} &
Mol AAS Yepd

FolA gt A ()48 o g WHEH, A/ny
o ny/mye) BAZFE 71&7)7F Aol el
Ne 482 vgAeln YA 198 Ao
(Fig. 8), di¥Be FXEo] A ZL 7&7]=
JAg o &g & F UAsTh o] AMEE
arachidicAte] H7}=Eglxwt TEMOPO=7} A
Ve EAds AFS TALEL F, FF n/
o] 37 A T A e HeE Y
el gty HAde] slgriz FE AN A,
Agu)g Hrhe o) wet arachidicite] B2} g
el WAL 2F(0.19+0.1)nm*E A=A
o] AMdE E@Aol UERd arachidic4t (2 HloFd
Atyel B 3ofe] 8 0.205nm?9) 3kt 24X
e AL dF Yok 3 ojE FHL g W
Hoz A (Dol =zt AlEdelEd A &
ARG = AMEE ot Yo ANE ro] g
Aol hFE na/myé] Hlo &k Fska, 19|
Agste e 9f(5.5+0.4) %10 Nmtolgl,
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o] g2 TEMOPOY rogta} 43ttt gAlz
&, arachidicAh-2 HAB3 AJefute] &3HE0|
@ A7fdreed &S YA ke Holoh
Fig. 89 Ueld A ¥, arachidicito] H|E
TEMOPOo| &322 =A 7l9stAe &A%, n
a/myell |2 Ao/ny 9] W3S By 787 £ A
Ho2RH ZHEA e dAUAE 22Y &
AL, H7rE B2t obFd A= flol Hrhe
o wat gxel w7t vjElA s Frtetga, B
Aol Srtll= drtge] AdddNE dge ¥
= 5 BA A3Age adrt e ¢ F
AN, o714 Ay/me EFEY f3ER a
71l thgt HAE 58 AAHHG Yepd
I B 7 e RAE £ AHHE U
e, o] AMEE oy B 5% AVERE
o] A 3F FHE FE3] AFH oA dold
o Aotk E8E0] ¢lgd ave Ay/mye]l S
ez 4 (1)) 08} o2 AF|F, 2(2)9 N& 4
ANA A4 Q) gt 24E 4g £ Utk
(m+mo)[A—(on)onn— (oa)onaJ=nxkT -ooeo 3)
A7 7=5.5x10" Nm', (04)e=0.19nm?*=}
(on)o=0.31nm’c|t}. o] B2 EFEL H
7bslo] &A= arachidicAt 8247+ TEMOPO &)
F& EAZ7E 24 (oa)ma] =27] WHET F
771 98TE dvke AE 9uskn o
AL 48 A9 FA AFe)A TEMOPO
o] A3l 9 gl 9% 7 AU, Qv o
# o] 71&E F U
Q=Fny/L

o7|4 F& Faraday A4¢]i L& Avogadro
Agroltt. 2] (3)e Ao tig v|E Helsta, Ad
sleq L/FE 34,

QL/(AF)=f(ns/ny)
o714

f(X) z[kT/(ﬂ+ﬂ0) + (GN)0+ (OA)UX]—I (6)

4714 QL/(AF)= 99 Wxg<9 TEMOPO
o] o], &, AF/(QL)E TEMOPOEALe] =
Al Aol agARoR HE TR, A3
39 nitroxy radical?] ¥9%5: I'ie 9F 1.60
%107 "mol/em* Q. A& cationid o] oYW A
o] 450} Ar1Hoz FAHUN oz HEm A
717t 322 AHE @4 Fujihira$'Vd) 9s)
o JHulA viologen TR} WEAINA AF
93, o) A& TEMOPOS] A$-ob= ojz3
A FFYoltt. EF AR W PtAF EE=
Stress anealed pyrolytic graphite =& arach-
idicAte] dEAHto g A&, SN [Fe
(CN)6I* 77 9] AFWrgol A3 Hafso] w2
o) 0.5¢ F/em’Pmol Aol AAMZ #aig]
€ deiEta gt oy A= AFw o
#e] Atole] ArIsE; ¥Hg-& Yog|rel FES
A7elFFel A71A e Aoz AgHTh oA
A dSvgo] AP 915te] woe) £
R o2 &4lo] Heates A7d dart o
Bk I 24 o] Edoht AAY ze
AR AETEE B4 B0 2oz o
£ Aol ZFsattn AREo)0l% SHeNE A
g 24¢ 95t TEMOPOSH AAste) 48
o] LBYoAN z-0FA 2 Sn0, dAFA Y cyclic
voltammogram-& H| w31, 1 A3 TEMOPO
Tl BRAel A ARE Bevels gel 2o
= 137 wgdddx d37t §A Jelgtou,
AAstel Ejtetel oA Ad dF AR
AsEARE ST AUTh Table 19+
o 7tdHe g o]Fo]A TEMOPOS$} arachidic

3]

fot

& IEHEE AAE JERIL. o] AR
TEMOPO &E417F et B3& oF <10147%
2 A4 ¢ 3L, arachidicAlzle] Egu]gol
ARl wel Mr)Fo] 2AAadE AFS B F U™
i, TEMOPOgHEA7F vetllE wE o] gis+
A& FAF 5 UAnk. M arachidicitate] 3
Aol o)} TEMOPOE-zte] A3 at80] ZHaw o]
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Table 1. Variations of Area Per One Molecule of
TEMOPQO with Mole Ratio of Mixture of
TEMOPO and AA-

S

Ratio Ares per one molecule of
AR}/ TEXOPO
11ex0p0) | QA1 mC ea? 1710700k ea”? s 210!

0 15.4 160 1.04
] 13.8 1.40 1.18
? 12.0 .24 1.3¢
3 1n.7 118 1.43
‘ 8.05 0.83 (.38
H 7.52 0.78 2.1
$ 5.84 0.58 2.84
? 4.88 9.50 3.28
] 5.01 9.52 3.18
8 4.26 .u n
0

1 [} 0.45 3.72

A0, 385ca?

7R i gle] HEoXE ARG LAREEr}
AR 182 grAtte] F83 2l E
T2E #8Us7] 98t arachidicitale] &3 &
&8 843 A7 1FREE Fig. 9o vehdroh
IPoME & & YKol d7lEe] HEXNE &
3 BRgae] AudAg Hoste] 2 A, A4
Bog F2E F UUR 2 71EV1Z FH p=1/4
o] ZAMEE AEE AU ol @A )
A A 12jsd arachidicibzle] E3u|of wet
ooz TEMOPO¥AIe] Ba& 2&d & SUvhe
AMd e omEit), & Aoz FHIA A=nSy+
naS:9 Q=Fny/L2Z FEH m=na/my$ p=Sa/Sx
& ddsty Fetd g 2 Aoz g%
4 At

0.18s017ds7 M50, solution 10 1V/s

Q/A=(F/L)ny/(mSx+naSs) = (F/LSy)/
(1+mp)

o7]A Sy nitroxy BftZEzle] WA, Sy
AAEZIe] BH, mE EFH)e]i pE W H]o)
t}. Fig. 92 F¥ F% pd go=z 7y 474
71%¢ arachidicite] wAe] 19470 AL Y
& Sy gro] 95A%m AbEED, o] AMNE
PAEH olsf] 7§ TEMOPOE=xle] HAAAL
Abslthe Ae B2k P2 HAXE #5 &
Atk

oA

i)
32

2=
T

R
154 ]
:
o 104+ \g
B N
2 Ay
= g\
é 5+ : §§§°
§
0 Y ¢ .
10 08 06 04 02 0
(1+mp)~!

Fig. 9. The amount of charge per unit surface area
of the electrode against (1+mp)~". m:mole
ratio of AA to TEMOPQ, p;ratio of area of
one molecule of AA to TEMOPO.,

3. 3. TEMOPO ct2X} 32} voltammogram

TEMOPOEEAIEto 2 mEA7l A=L 0.18M
Frgde Asd gYozsa of 10mV/sol
A 2V/s7AR 9] 92 ANFAEEE A S
Wl e} cyclic voltammogram-& AEs) B0,

Ax/do] F& Sn0, AT o)A BIEA A& 7HA]
i i, 502 oo AL AL U] HE
of AFA7t AA He 2V/solde AAFAIEE
d] A+ potentiostatol] A AF IR7}EHALE] 22D
AL8-8lod voltammogramg ZXstuth. 1 w3
< A3 =89 E,o 849 H3d9 Euob o
0.69 V., SCEelA A A3t 1, peak HHZH
WA e Asta Astuiel BUAnrt AHF &
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Fig. 10. Dependence of L, {®)and |, (O} upon the
potential sweep rates for TEMOPO.
Broken line is for ideal reversible surface
wave. Sweep rate:1.11mV/s-222mV/s.
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Fig. 11. Dependence of I, (®)and |, {O) upon the
potential sweep rates for TEMOPO.

Broken line is for ideal reversible surface
wave. Sweep rate : 1.11mV/s—222V/s.
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Fig. 12. Plot of cathodic peak potentials for cyclic
voltammograms for TEMOPO against na-
tural logarithms of potential sweep rate.
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