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The main results of the researches supported by the grant for the fiscal years, 1984-19886, are
summarized as follows:

1. Charge-transfer reactions at polymer film-coated electrodes.

A "heterogeneous” electron-transfer process of W(CN)i™~ and IrCI}~/*~ redox couples, which
were incorporated electrostatically into the protonated poly(4-vinylpyridine) (PVP) film, at basal-
plane pyrotytic graphite (BPG) electrode/PVP film interfaces, was examined by normal pulse
voltam metry (NPV). The relevant kinetic parameters (e, the standard rate constant, £S5, and the
ancdic transfer coefficient, &) of the electrode reaction and the apparent diffusion coefficients, D,
for the "homogenous™ charge transport within the fitm were determined at various molar ratios of
the incorporated electroactive species to the pyridine group of the PVP film, D/ Dpvp. With the
IrCIZ"/2~ system, both &%, and D,, were dependent on Jy/Tpve and decreased with increasing Jy/
Tpye. With the WCN)™#3~ system, on the other hand, both &5 and D,y were independent of Jy/
Ty The dependence of D, and the diffusion coefficients of IrClg Zand W(CN)A™in solutions (D)
upon temperature was also examined. The temperature dependence of Dy, and Dy, was of the
Arrhenius type and thus the relevant activation parameters of the homogeneous charge transport
within the films and of the physical diffusion of IrCl~ and W(CN)™ in solutions were evaluated.

A “heterogeneous” electron-transfer process of [Fe(CN)s]'™"*" redox couple, which was con-
fined electrostatically to the protonated PVP film, at BPG electrede/PVP film interfaces and a
“homogeneous” charge-transport process within the PVP Alm were examined by alternating
current (ac) impedance method. The obtained impedance loci were found to correspond to those
expected for the elecirochemical impedance expressed by “Randles's equivalent circuit.”

A heterogencous electron-transfer process of {Os(bpy)]*/** (bpy: 2,2'-bipyridine) and [(tri-
methylammonio)methyl] ferrocene/ferricinium (T AT */2*) redox couples, which were confined in
perfluoro polycarboxylate and polysulfonate polyelectrolyte coatings on BPG electrodes, at the
electrode/flm interfaces as well as a homogeneous charge-transport process within the coating
films were examined by means of potential-step chronoamperometry (PSCA) and chronocoulo-
metry (PSCC), NPV and ac impedance measurements. The relevant kinetic parameters {i.e., kg, and
Dap) were determined at various concentrations of the redox species in the films at various pH's.
The temperature dependences of D, and the formal potentials of the [Os(bpy)s)**** and TAF*/**
couples confined in the films were also examined, and the relevant activation parameters for the
heterogeneous electron-transfer and homogeneous charge-transport processes and the reaction
entropies of these redox couples were evaluated.



The influence of supporting electrolytes upon the “heterogencous” electron-transfer rate of
the MV?*/* redox couple (NV** and MV* are dication and monocation of viologen site, respective-
ly, in polymer coatings) as poly{styrene-co-chloromethylated styrene) pendant viologen (PMV),
PMV-Nafion complex (PMV-Nafion) and PMV-poly{p-styrenesulfonate) complex {PMV-PSS),
which were attached to BPG electrodes, as well as upon the "homogeneous” charge-transport rate
within these polymer films was examined by NPV. The values of £ and « changed with the
supporting electrolytes used. The values of D, also changed with the supporting electrolytes.

Charge-transfer reactions in PMVs with various loadings (x: 3-34%) of viologen site coated on
BPG electrodes and at electrode/PMV film interfaces were examined by cyclic voltammetry (CV)
and NPV. As x was increased from 9 to 34% which correspond to the concentions (Cyy2+) of
electroactive viologen site from 6.7 X 107%t0 3.3 X 107" mol em ™%, D, increased from 2.5x 107" to
3.9x107®em?s™h ky from 8.0%107%t0 8.9% 10" %cm 57!, and e, was independent of Cyy2+ (042
0.04). The finding of the almost linear dependence of D,,, on Cyy2+ suggests the significant
contribution of electron self-exchange between viologen redox couples confined in the polymer
chain to the overall charge-transport in the PMV films.

The temperature dependences of kg and D,,, have been studied. The relevant activation
parameters (ie., the enthalpy (AH"upuond entropy (45 gpumon) and free energy (4G yson) OF
activation for the diffusional charge-transport processes within the PMV films, and the enthalpy
UAH® %Yot {AH° "Ngea} and entropy ((4S8° Yoo (45 ° Vet of activation for the heterogeneous
electron-transfer reactions at the electrode/PMYV film interfaces) have been evaluated. It was
found that there are linear relationships between A" yiusion @1d 48 giitusion a0d between (AH° TYgen
{or (AH®")ea) and (A4S Vgem (O (45° %)) for the series of PMVs used, and in hoth cases the
isokinetic temperatures are almost the same {ca. —63°C). Thus the heterogeneous electron-
transfer and homogeneous charge-transport rates at the PMV film-coated electrodes were found to
be governed more entropically than enthalpically at room temperature.

A kinetic examination of the charge-transport processes (ie, (i) heterogeneous electron-
transfer process at electrode/film interfaces and (ii) homogeneous charge-transport process
within films) at electroactive electropolymerized film-coated electrodes was conducted by NPV.
The films employed were those of poly(o-phenylenediamine), poly{N-methylaniline} and poly{¥-
ethylaniline), which were prepared on electrodes as coating films by electrooxidative polymeriza-
tion of the corresponding monomers in an acidic solution. Tt was found that process { i } obeys the
conventional Butler-Volmer equation and that process (ii) can be treated as a Fickian diffusion
process. In addition, the kinetic parameters characterizing processes (i ) and {ii) ({.e., kS,  and
Dypp) were estimated: D,p,=ca. (1-4)x107% cm? 57!, kg=ca. (4—6)x 10" cm s7!, a, (for anodic
process)=0.83—0.86 and «, (for cathodic process)=0.13—0.23.

Photoelectrochemical reaction of the Fe(CN)i~ complex (PVP[Fe(CN)E"1,) coordinated to the
unprotonated PVP film on BPG electrode was examined in an agqueous solution, It was found that
the BPG electrode with the PVP[Fe(CN);"], generates the long-time response of the photocur-renis
under irradiation of visible light.

2. Preparation, characterization, functions and applications of electropolymerized flm-
coated electrodes,

Films resulting from electrooxidative polymerization of various aniline derivatives (N-
methyl,, N-ethyl, 2,5-dimethyl- and 2,6-dimethylanilines) on a Pt electrode in an acidic aqueous
solution revealed reversible redox response in an agueous supporting electrolyte solution and
thus were found to be electroactive. Their analysis by IR spectroscopy suggests that films were
organic polymers possessing the 1,4-disubstituted benzene structures as unit structures and were
formed by a coupling of the phenyl nuclei at 1- and 4-positions with respect to the amine group.
Contrary to the films prepared in an acidic solution, the films prepared by electrooxidative
polymerization of those aniline derivatives on the Pt electrode in a basic agueous solution were
electroinactive. From their IR spectroscopy, these films were considered to possess the 1,3-
disubstituted benzene structure.

The polymer films, which were prepared by electrochemical polymerization of o-phenylene-
diamine and N-methylaniline on BPG electrodes in an acidic solution, showed reversible, well-
defined redox responses in aqueous solutions containing only supporting electrolyte, and thus



these films were electroactive. The proportionality relationship between the thickness of poly(o-
phenylenediamine} film, prepared by cycling the potential sweep, and the surface concentration of
redox active sife was found. Poly(o-phenylenediamine) and poly(¥-methylaniline) flms could
catalyze the reduction or oxidation or both of dissolved substrates. Electrodes coated with these
films revealed the selectivity for the redox reaction of substrates and possessed the property of
“redox diode”.

The electrochemical and spectroscopic identification of the structure of the electroactive
polymer poly(o-phenylenediamine) {PPD), which is prepared on electrode surfaces as a thin coating
film by electropolymerization of o-phenylenediamine in an acidic agueous solution, was carried
out. It was found that the PPD is a ladder polymer with phenazine rings.

The electropolymerization of 1-pyrenamine (PA} in an acetoniirile solution led to the poly-
meric film formation on electrode surfaces. The chemical, spectroscopic, electrical and elec-
trochemical characterization of the resuiting poly(1-pyrenamine) (PPA} films was carried out. The
conductivities of the PPA films in the dry state at 300 K were in the range 107 ''~10"' S cm ™.
The PPA film was electroactive in an aqueous solution as well as in a non-aqueous solution.

Electron-transfer mediation and catalysis of electroactive polyaniline(PA)-coated BPG
electrodes for the oxidation or reduction of solution-phase redox species (.e., Fe®*, [Fe(CN)1'",
[Fe{CN);]®~ and [W(CN¥]*") were examined by CV, NPV and hydrodynamic voltammetry using
rotating disk electrodes. The electrode reaction of Fe**** couple at PA-coated BPG electrode was
found to be much faster than that at uncoated BPG electrode, reflecting the fact that the standard
rate constant of the elestrode reaction of PA film on BPG electrode is about ten times larger than
that of Fe®*** couple at uncoated BPG electrode.

Polymer films with quaternary ammonium groups as permanently charged positive sites in
the polymeric backbone were prepared on BPG electrode surfaces in acidic aqueous solutions by
electrochemically-initiated polymerization of N N-dialkyl substituted aniline derivatives (ie, N,
N-dimethylaniline, N, N-diethylaniline, N-methyl-V-ethylaniline and ¥,N-dibutylaniline). The pro-
perties of these cationic films as anion-exchangers were examined on the basis of experiments on
the electrostatic incorporation of some multiply-charged redox species in solutions info these
films deposited on electrodes.

The electropolymerization of N,N-dimethylaniline (DMA) was carried out in an aqueous
CF,COONa solution (pH 1.0} containing DMA in the presence of tris(bathophenanthroline dis-
ulfonato) ion(Il), Fe(bphen)i~. Poly(V,N-dimethylaniline) (PDMA) film that is ionene polymer was
formed on electrode surfaces and at the same time Fe{bphen}l™ ions were stably confined in the
formed PDMA film by electrostatic interaction between Fe(bphen);~ ions and the positively-
charged quaternary ammonium sites of the PDMA film. The PDMA-Fel{tphen)i™~ film thus
prepared displayed the well-defined reversible electroactivity and electrochromic properties
which are ascribable to those of the Fe(bphen)i~/®~ couple confined in the film. The color of the
PDMA-Fe{bphen)i™ film is red and the PDMA-Fe(bphen);~ film is colorless.

An electrochemical study of fused pyrroles, ie, 1,4-dihydropyrrole[3.2-blpyrrole (PP), 3,6-
di-t-butyl-1,4-dihydropyrrola[3,2-blpyrrole (BPP) and dimethy! 1,4-dihydro-3,6-di-t-butyl-pyrrolo
[3.2-b]pyrrole-1 4-dicarboxylate (BMPP), was carried out. FP could be polymerized elec-
trochemically on electrodes, while BPP and BMPP could not be electropolymerized. The poly-
meric film (PPP) prepared from PP was electroactive in both acetonitrile and aqueous solutions.
The morphology of PPP films was found to depend on the supporting electrolytes used. The
conductivity of the ilm was 5x10°%§ em™".
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Scheme 1. Schermatic Depiction of Charge-
Transfer Processes on Electrodes Coated
with Polymers Containing Electroactive
Species®

* kg and ¢ are the standard rate constant and
the anodic transfer coefficient, respectively, of
the heterogeneous electron-transfer process. kg,
and kg are the rate constants of the electron
self-exchange reaction between redox couples
and of the physical diffusion of electractive spe-
cies, respectively, in a polymer domain.
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Table L. Activation parameters for charge transport in PVP coatings and solutions containing IrClE™ or

W{CN)E™ .
, E.. log AH* Alexp(AS™/R)} 120 A8*

dox 1

Redox specles e almol™)  (Dofem?s™)  (keal mol™ (A) (cal mol™' K™)
WICN)™ ¢ 54%1.0 -0.13 48+10 21 12h 2.9
WICN)§~ ¢ 73207 —2.64 B.710.7 1.2 061" —85!
HCIE e 59%05 ~ (.58 5.3%0.5 13 10" 0.88
Irci-« 7505 ~0.63 6.9+05 11 98" 065
IrCI3- ! 78105 ~1.82 7.2%0.5 2.9 43k 48

=

L2

Supporting electrolyte: 0.2 M CF,CO0ONa-CF,CO0H (pH 1.5).
Calculated by using D, =Dy exp(—~E,o/RT) and Dy=eA? (kT/h) exp(4S7/R) (E,. experimental energy

of activation, e: base of natural logarithm, k: Boltzman constant, »: Planck constant, A: average
distance between equilibrium positions in diffusion process, R: gas constant, 7% absolute temperature,
8% activation entropy, activation enthalpy (AH*)=E,,—R7T) at 298K.

In solutions.

=S

{I/ Fpyry=0.034.
In coatings, I /T pvp=0.0071.
In coatings, I/ Fpvp==0.074.

- =

= |

Calculated by assuming 1=1A (at 208K,
Calculated by assuming =104 (at 298K).
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Fig. 2. Typical Cole-Cole plots for the redox
N reaction of the [Fe(CN)]*™"*" couple con-
W e - fined io the protonated PVP film on BPG
£ e electrodes in a 0.2 M CF,COONa solution
;‘E 3 . ‘0.1 BA (pH 1.5). In both cases (A and B), the
= — o owgrao thicknesses of the PVP films were 8.7 X 107%
2 L o% em and surface concentration (Ipyve} of the
¢ pyridine site of PVP was 56X107" mol
. em -2 The concentrations (C°) of [Fe(CN)e)*™
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R — - % 10~" mol em™3. The molar ratios of incor-
B, | ¢ o porated [Fe(CNJ;]*~ to protonated pyridine
| site of PVP (Fewang®~/Tove) were (A) 0.17
0 . ] . 1 and (B) 0.089. The dc potentials were set at
-3 ' “(ZI"I ) =1 (A) 0.275 and (B) 0.265V vs. SSCE which
ogt I/ Tpve were formal redox potentials in cases A and
Fig. 1. Plots of the logarithm of Dy & and a B. The amplitude of an imposed ac voitage
vs. the logarithm of the malar ratio of incor- was 5.0 mV.
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dine group as PVP, Ipye: 5.6 X 1077 mol cm -2 polymer (CPFP) used.
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Table 2, Kinetic parameters of the heterogeneous electron-transfer process at the elecrode/film inter-
faces and the homogeneous charge-transport process in the films for the reduction process of
Fe(CNE™ confined in poly(N, N-dialkyl substituted aniline) films on BPG electrodes®

Film 10*c®/molem™  10°D,,,/em®s™  10%k°/cm s™! a.? k° Do /572 Method®

PDMA 25 1.6+0.3 89x18 0.310.02 2.2 NPV
25x0.2 PSCA, PSCC

PMEA 2.7 28%03 10£5 0.31£0.05 1.9 NPV
58204 PSCA
42402 PSCC

PDEA 2.3 11+2 22+%5 0.26+0.02 21 NPV
2043 PSCA
172 PSCC

PVPH*¢ 25 7.9 .30 3.0 NPV

¢ 5000° 0.48 0.67¢ NFV

* Supporting electrolyte: 0.2 M CF;CO0Na~CF,CQOH (pH 1.0).

® Cathodic transfer coefficient.

[

chronocoulometry.
d

Coating film: protonated poly{4-vinylpyridine).

NPV: normal pulse voliammetry; PSCA: potential-step chronoamperometry; PSCC: potential-step

¢ For the reduction of Fe(CN)™ at a bare BPG electrode in 0.2 M CF;COONa-CF3COOH solution (pH 1.0)

containing 2 mM Fe(CN);™.
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Fig. 5. Dependences of Dy, &° and a. on C). Coating films: (A) Nafion (thickness: 4.3x10"%cm), (B)

PEFPC (thickness: 2.1x107%cm).

Supporting electrolyte: 0.2 M CF;COONa+0.1 M CH;COONa/

CH,COCH (pH. 8.5). (O, O, @):[Os(bpyl]®*, (4, A, &) TAF*, Methods used for the measurements: (@,
A) potential-step chronoamperometry and chronocoulometry; (O, A) ac impedance method; (O, A)

normal pulse voltammetry.
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Fig. 8. Photocurrent responses to ON and OFF
. of irradiation on the PVP [Fe(CN);™],-coated
" BPG electrode in 0.2 M CF,CO0Na solution
P adjusted to pH 3.0 at the electrode potential
i /%/ g of 0.80V us. SSCE. [pvp=5.8x10""mol

S em ™ and Fryen,=6.8% 10" mol cm™ Pho-
1M~ tocurrents were measured as the difference
between the total current and its residual
current measured with an uncoated BPG
PS electrode at the same potential. Intensity of
the visibie light {400-800 nm) through UV
and IR cut-off filters is 140 mW cm ™
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Fig. 7. Dependences of [, &° and a, on Cifie-+.
The amount of each of PMV's coated on
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12 cm”?. The fraction of styrene group in

PMV's (z): (@) 59%, (A) 50% Supporting

13 electrolyte: 0.2 M KCI (pH 3.0). The percent

loadings of viologen site in PMV's (x) are
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Fig. 9. Electrochemical responses of (A, C) poly(aniling) and (B, D) poly(2,5-dimethox yaniline) films in 0.2

mol dm ¥ NaClO, solution {pH=1.0).

Poly{aniline} fitms were prepared from aqueous aniline (5 mmol-dm~%-Na,S0, (0.5 mol-dm~%-
phosphate buffer (0.2 mol-dm ™3 solution (pH=12.0). Poly(2,5-dimethoxyaniline) films were prepared
from aqueous 2,5-dimethoxyaniline (5 mmol-dm™%-Na,50, (0.5 mol-dm~%-phosphate buffer {0.2
mol-dm™) solution (pH=12.0). The charge passed to prepare each film was 30 mC-cm™%

{A, B At BPG carbon electrodes, (C, D): At Pt electrodes. (—): At film coated electrodes, {----) At

naked electrodes. Scan rate; 200 mV-s~.
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Fig. 10. Unit structures of electroactive and
electroinactive electropolymerized poly ani-
line films,
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Fig. 11. (A} Cyclic voltammogram showing
the electroactiviiy of poly(N-methylaniline)
(PMA) film on BPG electrode in 0.2 mol-
dm™ NaClQ,~HCIQ, solution (pH = L.0)
Scan rate: 200 mV s™!. {B) Redox potential
values for some dissloved redox species. (C)
Steady-state current-potential curves for
the oxidation or the reduction of varicus
redox species at both bare and PMA-coated
rotating BPG disk electrodes. (~) At a
PMA-coated BPG elecirode; (----) at a bare
BPG electrode. Oxidation of (1) [Fe(CN);)*",
(2) [Ru{CN)g)*"; Reduction of (3) [Methyl-
viclogenl®* (4) [FelCN)}*™, (5) fIrCl]*".
Concentration of the redox species: 2 mmol-
dm~® Supporting electrotyte: 0.2 moi-dm™3
NaCl0O,-HCIQ, solution (pH=1.0). Rotation
rate: 400 rpm. Scan rate: 1-2 mV-s”'. The
film thickness: 0.3 zm.
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Fig. 12. {A) Cyclic voltammogram for the
redox reaction of Fe**/2* couple at uncoated
BPG electrode in a 0.5 mol-dm ™ CF,COOH
solution containing 0.1 mol-dm~? Fe®* com-
plex. (B) Cyclic voltammogram represeni-
ing the electroactivity of PA film on BPG
electrode in 0.5 mol-dm™?® CF,CO0H solu-
tion:

The PA film (thickness: 2 gm) was prepared
potentiostatically by holding the electrode
polential at 1.2V »s. SSCE on BPG elec-
trode in a 0.5 mol-dm ™2 Na,S0,-H,30, solu-
tion (pH 1.0) containing 0.1 mel-dm™? ani-
line.

{C) Cyclic voltammogram obtained with the
PA-coated BPG electrode used in {B} in the
same solution as used in (A). In all cases,
scan rate: 20 mV-s™".

AR, HERUARHE Ty boso s s HE
(EEE {ljfzi; i fgﬂ (!lrnax =470 nm, ing;fi{ds #:tiig
BA)) A EoBlky ke ET A LAHS R

(PR A

_— 5().__



22 NN-PTHELT =) wEFHETR
221 #NVWN-YTFAFALT=Y V) [EDA
A AER B & UHETER

NN-ZE# 7 =) vk 2 Bk iEigrh ©
BT {LIEATAC &Lk, 7442 o4
HEAE ) F4 R Y = —FENEE ik
ELte SNOOHFA HIEE, 74 55
BstEzE L, Bhicsliv=4 v L Ky 7 24k
RSN, Lo bRECEES NS Cihib
baav‘:o

fl{‘ Electreooxidazive R,
N _@ Polymerization 46[1]*
| |

R: R,

Ry, R::

to(2)
alkyl groups

Fig. 14 oMotk S, TODIBEDOSE
FEEH10° ks, IHoDEREARRE
SALBERI AT T 427 - T @ “preconcentration”
HEE LTERTHB &bl o/,

222 HNVINN-IFLELT=Y ) B/

JRAESY ZeF v ol ¥IR NE
F—1F) BO/MFDOLLs oy
3w 7Rk

Fe(bphen)i™ (bphen:/¥v 7+ viho) »y
Rk F— 1) EEFEBRERPEFs T
NN-Zi#7 =) vFHUFEEIRT 5 &, B
LR AT DIAZ B T &b o
fo (Fig. 15), C OEHIEHEMRIE, 1/ toso
Iy 7 GEIGHE R, BBl BE) =8
T 5, EAOEKEE (C®) 47009 M THE
0.06 um DIFE, #H - HEEEHEER 02 BETF
Tdh o,

23 71/ BEESUHEAESHILKESR

231 EIEEAREY

T/ BEFTAHEEEIMIKHE (-
Fiv, 1. F2FNT Iy, VTP
WEY ET b= Y ERDTERRILTAC
Lickp, B EESEENCTEE T ESES
R B2 Edbidr ot

oA, BUA-gr+ ) (PPAE, T3

(A}
e
5
H
8
L]
(6:3]
[ 200pa
§ ol
H
o
L 1 1 1 1
-0.5 0 0.5 1.0
Ejv vs. SSCE
Fig. 13. {A) Cyclic voltammograms recorded

during the oxidation of o-phenylenediamine
on BPG electrode in agueous o-
pheylenediamine (50 mM)-+Na,50, (0.5 M}
+HyS0, solution {pH 1.0). Scan rate: 50
mVs~'. (B) Electrochemical respense of PPD
film in 0.2 M NaClQ,-+HCIO, solution (pH
1.0). The film on the electrode was prepared
by cycling a potential sweep between ~0.8
V and 1.2 V vs. SSCE 20 times at 50 mVs™'
as shown in {A). Scan rate: 200 mVs™".
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Fig. 14. Isotherms for Fe(CNJ;™ partitioned into the poly(V,N-dimethylaniline} (PDMA), poly{N-methyl-
N-ethylaniline) (PMEA) and poly{¥,N-diethylaniline) (PDEA) films on BPG electrodes from 0.2 M
CF,COONa solutions (pH 1.0} %‘ﬂ&gN,g" and I‘B‘;}émg- indicate the concentrations of Fe(CN);™ in the
incorporating solutions and in the films, respectively. The film thickness: (3.7 +0,5)% 1074, (6.0:21.0)
%10~* and (2.5+0.5)% 107* ¢m for PDMA, PMEA and PDEA, respectively.
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static binding of Fe(bphen)i™ in the PDMA
film on electrodes. The symbols ~, N* and
@ @ -Me show the polymeric backbone, the
“035 505 positively-charged quaternized ammonium
(B) site in the film, and methyl group, respec-

tively, (B) Struture of the Fe(bphen)i™*"
complex.
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Fig. 16. (A) Cyclic voltammogram of a mix-
ture of 1 mM nitrobenzene (NB) and 1 mM
ferrocene {FC) in 0.1 M TBAFB acetonitrile
solution on a bare BPG electrode (area: 0.20
cm?). (B) Voltammogram of the same solu-
tion as that used in A on poly-PP film-
coadted BPG electrode. (C) Voltammogram of
the poly-PP film-coated electrode used in B
in 0.1 M TBAFB acetonitrile solution. In
every case, scan rates are 200 mVs™h

BN REELTR Y (26-Y % FA-14-
o= lyadd ) (PPO)HMERT BT &bib
#» - 7z (Scheme 2), BWHRALFHNC RGBT R Y
(ZezlvdFvF) BIURY(@E-IXF A
14-7 = =L v s F) i, BEL o
LCEIRMB M E2E T LB bh -1
(Table 4),

25 MAEEHEERSLEWR

o — g Lo L LEERLAWTE S
E o al82.b] £n— (PP) B LU%OFIED
ERBLEARIGEF I, PP % BPG BLT



ITO BRTEEMLT 2 itk - T, HEER
L BREEENT (poly-PP) WA 7. poly-
PP B3k B LT 72 b = b ) RSP T
BRILFENICEETH Y, BEEIERZATL
B BLTMRDL I LRENDZ Ebhh-
foe TCT,

H
N N
= H’/e'(l/l}m
N/ )\ g (6)
m
N

HY, e~ B0 X i, ThehkFEa4 >, BF
BLUNHBME 7 =4 v KT, poly-PP D
£k o Y- FERESEOBRIEEORERYE
IRET B T Edibd ot poly-PP DR (¢)
i, IR L TERE (@) AL @55
~150mCem™ OFFHT), puvs. @ 7w bO
EEIE dum Clem? TH - ke, [EOBEEIE 35
BEBT 5X107%Sem™ THH, LEHANTHE
T3 &iRa R L, #12 ERT#IE 3x1070
Scm ' Thote 2, R o —LEDBEL
[ElgEI, - poly-PP iz 7 & b = b ) AMEHEDICE
WTEM LA GIER, £ L CEREHEEERTH
D, BEVFy 7 RGO LRSI LTE
HEEEINE =14 % T &dibde » 2 (Fig. 16),
& 51z, poly-PP HOBRAFH F—E s - i

F—Ervromiittad chTtisy, RIES A
70 Ry vy 7 ) =" OBEMEE LTH
HThaI Eibbhat,

B #*

A B ER SR O 3 pEchicd
HOR TS HEEIC L, AR ENEAISEITL S B
CENTEN, CTUERTIENOBEEET
B
MM REREK

1} N. Ovama, T. Ohsaka, and T. Ushirogouchi:

2)

3}

4)

5)

6)

7)

8)

9

10}

11}

12)

Charge-transfer Reaction of Metal Complexes
at Electrode/Film Interfaces and in Films. [
Phys, Chem., 88, 5274-5280 (1984).

N. Oyama, H. Yamamoto, T. Ohsaka, and M.
Kanelko: Photoelectrochemical Behavior of the
Fe(CN)E~ Complexes Coordinated to the Poly
{4-vinylpyridine) Film on Graphite Surfaces.
Bull Chem. Soc. Jpa., 57, 2042-2946 (1984).
FEinsk, SEEE, L B BREST =
) L RBUETHOWEE LB & i, DAL
BeLEk 1801-1809 (1984).

T. Ohsaka, Y. Ohnuki, N, Oyama, G. Katagiri,
and K. Kamisako: IR Absorption Specirosc-
opic [dentification of Electroactive and Elec-
troinactive Polyaniline Films Prepared by the
Flecirochemical Polymerization of Aniline. /.
Electroanal Chem., 161, 399-405 (1984).

M. Kaneko, S. Mori, A. Yamada, H. Yamamaoto,
and N. Oyama: Photoresponsive Electrode
Coated with Bilayer Membranes of Polymer
Pendant Ru(bpy)}* Complex and Viologen.
Electrochem. Acta, 29, 115116 {1984).

T. Ohsaka, H. Yamamoto, M. Kaneko, A.
Yamada, M. Nakamura, S. Nakamura, and N.
Ovama: Electrode Kinetics of Vicologen Poly-
mers Attached on Graphite Surfaces. Bull
Chem. Soc. Jpn., 57, 1844-1849 (1984).
SFIESR, LE B bl 5 EMSSdE s
SEBhR T & 0 iR & R A BTG & FEERE
DAk, HA{LZEREE, 1810-1814 (1984).

K. Acki, K. Tokuda, H. Matsuda, and N.
Ovama: Theory of Charge Transport within
Polymer TFilms with Uneven Thickness
Coated on Electrodes. . Electroanal. Chem.,
176, 139-149 (1984).

T. Ohsaka, K. Sato, H. Matsuda, and N. Oyama:
The Influence of Supporting Electrolyte on
Kinetics of Electroreduction Process of Poly-
(methylviologen), Poly(methyivionlogen}-
Nafion Complex and Poly(methylviologen}-
poly{p-styrenesulfonate) Complex Coated on

Electrodes. J. Electrochem. Soc., 132, 1871-
1875 (1985).
AU R, TSR, KEMEER, KRR B

HEET =) YHRAREOEEIE 4 515
RERLRITAETE,  RA(baeAE 1172-1177
(1985).

N. Oyama, T. Ohsaka, and T. Shimizu; Elec-
trochemically Polymerized NN-Dimethyl-
aniline Film with lon-exchange Properties as
an Electrode Modifier. Anal. Chem., 57, 1526-
1532 (1985),

K. Takamura, S. [noue, F. Kusu, and N. Oyama:
Electrocatalytic Oxidation of Chlopromazine



13)

14)

15)

16)

17)

18)

19}

20)

21)

22)

in Phosphate Sclution. Bull. Chem., Soc. Jon.,
58, 987-983 (1985).

N. Oyama, T. Ohsaka, T. Okajima, T. Hiro-
kawa, T. Maruyama, and Y, Ghuki: Changes of
Electrochemical Responses of the Bulk Solu-
tion Species by Thermotropic Permeability of
Liquid Crystalline Membranes Coated on
Electrodes. [ Electroanal. Chem., 187, 79-96
(1985).

T. Ohsaka, T. Ushirogouchi, and N. Oyama;
Use of Alternating Current Impedance
Methed in Diagnosing Electrode Kinetics of
Fe(CN)t™" Complex Confined to Protonated
Poly{4-vinylpyridine) Film on Graphite Sur-
faces. Bull. Chem. Soc. Jpn.,, 58, 3252-3258
(1985).

N. Oyama, T. Ohsaka, H, Yamamoto, and M.
Kaneko: Charge-Transfer Reactions in Pen-
dant Viclogen Polymers (PMYV) Coated on
Graphite Electrodes and at Electrode/PMV
Film Interfaces. f. Phys. Chem., 90, 3850~3856
(1988).

N. Oyama, T. Ohsaka, and T. Okajima: Catio-
nic Perfluoropolymer Coating as an Electrode
Modifier, Anai. Chem., 58, 979-981 (1986).
AR, R, M R 7=y vEREE
SHEEMEEOBREY F v 7 R{LSEfcs
SER A ER, BRI 457-464
(1988).

T. Ohsaka, T. Okajima, and N. Ovama: Anion-
exchange Properties of Polymer Films Pre-
pared by Electrochemically Initiated Polymer-
ization of N N-Dialkyl Substituted Aniline De-
rivatives, [ Electroanal. Chem., 200, 169-178
{1986).

N. Oyama, K. Hirabayashi, and T. Ohsaka:
Electrochemical Properties of Elec-
tropolymerized Poly (1 -pyrenamine} Films.
Bull. Chem. Soc. fpa., 59, 2071~2080 (1986).
N. Oyama and F. C. Anson: Catalysis of the
Electro-reduction of Hydrogen Peroxide by
Montmorilionite Clay Coatings on Graphite
Electrodes. [ Electroanal. Chem., 199, 467-470
(19886).

T. Ohsaka, K. Hirabayashi, and N, Oyama:
Electrochemical Study on the Initial Stages of
the Electropolymerization of 1-Pyrenamine in
Acetonitrile. Bull. Chem. Sve. Jpn., 59, 3423~
3429 (1986).

T. Ohsaka, T. Okajima, and N. Oyama; Elec-
trode Kinetics of Metal Complexes Confined
in Electropolymerized Poly(V.N-dimethyl sub-
stituted aniline) Films on Graphite Surfaces.
. Electroanal. Chem., 215, 191207 (1986},

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

N. Oyama, T. Ohsaka, and M, Nakanishi: Elec-
trochemically Polymerized N, N-Dimethyl-
aniline Films Containing Tris {bathophen-
anthroline disuifonato) Iron (II/II) Com-
Plexes. J. Macromol. Sci-Chem., A24, 375-388
(1987},

K. Chiba, T. Ohsaka, and N. Oyama; Electrode
Kinetics of Electroactive Electropolymerized
Polymers Deposited on Graphite Electrode
Surfaces, J. Electroanal Chem., 217, 239-251
(1987).

T. Ohsaka, H. Yamamoto, and N. Oyama: Ther-
modynamic Parameters for Charge-Transfer
Reactions in Pendant Violegen Polymers
Coated on Graphite Electrodes and at Elec-
trode/Pendant Viologen Polymer Film Inter-
faces. J. Phys. Chem., 91, 3775-3775 (1987).
K. Chiba, T. Ohsaka, Y. Qhnuki, and N. Oyama:
An Electrochemical Preparation of a Ladder
Polymer Containing Phenazine Rings. J. Elec-
troanal. Chem., 219, 117-124 (1987).

KIRES, SRNE, KEmicdk, 5T
W il 5 Y7 = = L& oBRES
I & BT R AR O R AL BT, &
SR, 44, 305-815 (1987).

N. Oyama, T. Ohsaka, K, Chiba, H, Mivamoto,
T. Mukai, S. Tanaka, and T. Kumagai: Elec-
trochemical Studies of Fused-Pyrrole Sys-
tems. Synth. Metals, 20, 245-258 (1987).

N. Oyama and T. Ohsaka: Electrochemical
Properties of the Pelymer Films Prepared by
Electrochemical Polymerization of Aromatic
Compounds with Amino Groups. Synih
Metals, 18, 375-380 (1987).

N. Oyvama, T. Hirokawa, S. Yamaguchi, N.
Ushizawa, and T. Shimomura: Hydrogen lon
Selective Microelestrode Prepared by Modify-
ing an Electrode with Polymers. Anal. Chem.,
459, 258-262 (1987).

T. Ohsaka, T. Hirokawa, H. Miyamoto, and N.
Oyama: Permselectivity of Films Prepared by
Electropolymerization of 2,6-Dimethylphenol.
Anal. Chem., 59, 1758-1761 (1987).

N. Oyama, T. Ohsaka, Y. Ohnuki, and T.
Suzuki: Anodic Oxidation of 2,6-Dimeth-
vlphenol in Various Solutions. J. Electrochem.
Soe., 134, 3068-3073 (1987).

N. Oyama, T. Ohsaka, T. Hirokawa, and T.
Suzuki: Synthesis of Conducting Thin Films
by Electrooxidative Polymerization of Phenol
J. Chem. Soc., Chem. Commun.,, 1133-1134
{1987).

T. Qhsaka, F. Yoshimura, T. Hirokawa, and N.
Oyama: An Electroactive Polymer Film Pre-



35)

36)

37)

38)

39)

40)

pared by Electrooxidative Polymerization of
p,p’-Biphenol. [ Polym. Sci, Polym. Lett. Ed.,
25, 395-397 {1987).

N. Oyama, T. Ohsaka, H. Miyamoto, K. Chiba,
T. Mukai, S. Tanaka, T. Kumagai, T. Aratani
and H. Yoshihara: Electropolymerization of N,
N'-Dimethyl-1,4-dihydropyrrolof 3,2-bipyrrole.
a New Heteroaromatic Polymer. J. Chem. Soc.,
Parkin Trans. 2, in press.

SIS, EHIE, b Fr ol 7 F T
v OEHES I £ 5 FEBHEMNS K OERE OE
S G, BR{bFail 2038-2044
(1987).

N. Oyama, T. Ohsaka, T. Ushirogouchi, S.
Sanpei, and S. Nakamura: Electrode Kinetics
of Metal Complexes Confined in Perfiuoro
Polycarboxylate and Polysulfonate Coatings
on Graphite Electrodes. Bull. Chem. Soc. Jpn..,
in press.

S, Kunimura, T. Ohsaka and N. Oyama: A
Preparation of Thin Polymeric Films on Elec-
trode Surfaces by Electropolymerization of o-
Aminophenol. Macromolecules, 21, 894-900
(1988).

N. Oyama, T. Ohsaka, K. Chiba and K. Tak-
ahashi: Effects of Supporting Electrolyte and
pH on Charge Transport within Electro-
polymerized Poly(o-phenylenediamine) Films
Deposited on Graphite Electrodes. Bull Chem.
Soc. Jpn., 61, 1095-1101 (1988).

T, Ohsaka, 8. Kunimura and N. Oyama: Elec-
trode Kinetics of Poly{o-aminophencl) Film
Prepared by Electro-oxidative Polymerization
of o-Aminophenol and Its Electrochromic Pro-
perties. Electrochim. Acta, 33, 639-645 (1088).

41)

42)

43)

44)

4b)

46)

K. Nomura, K. Hirayama, T. Ohsaka, M.
Nakanishi, ©. Hatozaki and N. Oyama: Elec-
trochemical and Electrochromic Properties
of Conductive Powder-Containing Polymer
Complexes Films Composed of Polytetra-
methylenevilogen and Poly(p-styrenesulfonic
acid). J. Macromol. Sci-Chem., in press.

N. Oyama, F. Yoshimura, T. Ohsaka, H. Koe-
zuka, T. Ando: Characteristics of the Solid-
State Field-Effect Transistor Fabrication with
Electropolymerized Thin Film of pp-Bi-
phenol. J. J. Appl. Phys., 27, L448-1L450 (1988).
N. Oyama, T. Ohsaka, F. Yoshimura, M. Miz-
unuma, 3. Yamaguchi, N. Ushizawa and T.
Shimomura: lon-Selective Electrodes Based on
Bilayer Film Coating. /. Macromol. Sci-Chem.,
in press.

T. Ohsaka, Y. Takahira, S. Nakamura and N.
Ovama: Charge-Transport Rates in Poly-
electrolyte Films on Electrodes. Disparate
Diffusion Coefficients for Alizarin Red S with
Two separate Electroactive Centers. J. Elec-
troanal. Chem., in press.

T, Ohsaka, Y. Takahira, Q. Hatozaki and N.
Oyama: Charge-Transfer Rates in Thin Poly-
electrolyte Films Incorporating a Redox Mole-
cule with Two Separate Electroactive Centers
Having Different Redox Potentials. Alizarin
Red §-Cationic Perfluoropolymer Film
System,, /. Phys. Chem., submitted.

N. Oyama, MKobayashi, T. Ohsaka and M.
Mizunuma: Electropolymerized Cobalt Tetra
(o-Aminophenyl) Porphyrin Film-Mediated
Enzyme Electrode for Amperometric Determi-
nation of Glucose. Anal. Chem., submitted.



