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 Chemicallymod鑑edelectrodes(CMEs),皿adeofconductingorsem童conduct海g搬aterialsare
 t数eeIectrodescoa偽dwith8elected斑01ec犠lar,ionic,orpoly皿ericfnmsofchemica玉modifiers.

 C認srex励itexcellentcレe通圭ca1,e}ectr・cke皿重cal,and'・r・P擁calpr・per艇esby臓eans・f
 c五arge一旋aBs艶rreactionsorinもerfゑcialpot天狙tia1虚i£蝕rences。Inthe(ii8sertatioゑ,promi8加gC1〉困s,
 PrRs曲Blue(PB)anditsOsmiu血a曲9簸e,Os蜘mPurple(OP),haveわee豆studie曲y
 electroc五e療。段1a面8pectroelectroc五e面cahnethods.Inaαdition,LiMn204,w五ichisoneofthe

 pぎomisin客斑aterialsfbrt五erechargeablebatteries,haveめee遼studiedもymicrovoltammetryl

 Cyclicvolta通過ogramsofthePBandOPfi11nsondiskshapedPtelectroαes短di施翌ent

 elec捷01ytB8s鼓owe(ithatわ。血electrontra丑s艶rreactionandio丑transpor綴tionoccur段tt蓋e

 elec授・de/s・1主dred・xspecies/elec伽1脚inter£aces、Thetransp・r訟伽n・fthei・嚢8dependsup・nt蓋e
 s玉zeofthe血ydrate{honcomparedtot}le&reaoftheopenspaceofthePBorOPcrys絨si且tot池e
 伽s」ngenera1,smallerthesize・fthehyd㈱di・n,easiert・be伽nsp・魏dthr・ug五the・pe数
 s夢aceofthecrys綴lsofPBa盈虚OPst丑ted})elow1

 Inthecase・f撫ePBthinmm8,the伽simmer8edin血es・1uti・nsc・ntaini益gK+,NH4+,Rわ+
 an&Cs+ionsshowthes惚1}levoltam!mogra斑sa貧(玉the士efbretheionscanbetransporte(ithrough旗e
 PBt姦in負lmasthera(liiofthesehy伽&tedio聡(K+=1.25A,NH4+鴛1.25A,Rb+濫1.ま8Aa鍛(1
 Cs+=1・19A)段res磁allerthant蓋eckaぬ数elradius・f伽・pe薮sp段ce・ft鼓e髄(一1.6ん,S鰯ya撮
 aimostsy斑澱etrica1waveswereobtai鍛eda費errepeatedscansofthePBfii獄on段Ptelec旗ode沁the

 solutionconねiniBgK+ion;while,沁thesolut重onscontainingNH4+,Rb+andCs+io近s,slig}1tlyless
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symmetric waves were observed than that in the solution containing K+ ion. On the other hand, 

much less stable and symmetric voltammograms were obtained in the solutions containing Li+, Ba2+ 

and Na+ than containing K+, and about 400/0 Ioss in total charge were observed at the reduction 

wave from Ist cycle to 4th cycle in the solution containing Li+ and Na+ iohs. Therefore these three 

ions can not be transported through the PB film because the radli of these hydrated ions 

(Li+ =2.37A. Ba2+ =2.88A and Na+ =1.83A) are larger than the channel radius of the open space of 
the PB film (-1.6A). 

In the case of the OP films, the films immersed in the solutions containing K+, NH4+ and Rb+ 

ions show stable voltammograms and therefore the ions are concluded to be transported through 

the OP film because the radii of these hydrated ions (K+ =1.25A, NH4+ =1.25A, and Rb+ =1.18A) are 
lower than the channel radius of the open space of the OP film (-1.6A). Similar to the 
electrochemical behaviors of PB film, steady and allnost symmetrical waves are obtained for the OP 

film on Pt disk electrode after repeated scans in the solution containing K+ ion, while, in the 

solutions containing NH4+ and Rb+ ions, slightly less symmetric waves are observed than that in a 

solution containing K+ ion. On the other hand, much less stable voltammograms were acquired in 

the solution containing Li+ and Ba2+ ions. In fact, about 56'/. and 40e/. Iosses in total charge at the 

reduction wave are observed during Ist cycle to 3rd cycle of the cyclic voltammogram in the 

solutions containing Li+ and Ba2+ ions, respectively. Therefore, these two ions can not be 

transported through the OP film, which can be reasonably explained by the fact that the radii of 

these hydrated ions (Li+=_2.37A, and Ba2+=2.88A) are much larger than the chamel radius of the 
open space of the filln (- 1.6A). From the results obtained for the thin films of PB and OP, it can be 
concluded that on PB and OP films on the electrodes, one electron transfer reaction as well as ion 

transportation occur in both cases. The reduction wave for Fe8+ ion in PB or OP ~lm shows the same 

peak position, indicating that high spin ferric (Fe8+) ions in the nitrogen holes are not affected by 
the low spin metal ions in the carbon holes (Fen ion in PB and Osn ion in OP). More symmetric and 

sharper waves obtained in the solutions containing K+, NH4+ and Rb+ ions for OP film than those for 
PB film indicate that electron transfer reaction in OP film is faster than that in PB film. 

 Spectroelectrochemical analysis in the ultraviolet･visible region of the OP film on Sn02 

electrode demonstrated that absorption maxima shifts toward longer wavelengths and absorbance 

decreases by increasing the degree of the reduction of the OP film, while the maximum position of 

the spectra shifts toward shorter wavelength and absorbance increases in the reverse direction. The 

spectrum of the completely reduced form of OP shows no characteristic absorption feature. These 

results suggest that electronic and optical properties of the OP film depend upon the degree of the 
reduction of the OP film as in the case of the PB film, 
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Comparing the results of PB and OP thin films on electrodes in the solutions containing NH4+ 
and Rb+ ions, the waves in OP film are much more symmetric than PB film, indicating that the 
electrochromic properties of the OP film is expected to be superior to that of the PB film. 

Using the microvoltammetic technique on a LiMn204 polycrystalline particle, cyclic 
voltammetric results show that the peak current increases as the scan rate increases and the waves 

become distcrted when the scan rate becomes more than ImV/s. The slopes of loglpA-log v plot GpA = 
peak current and v = scan rate) are estinrated 0.79 and 0.80, which are intermediate values between 

0.5 at infinite diffusion to I at finite diffusion. Since both the size of the LiMn204 particle and 
 diffusion distance of Li-ions into the particle are finite, the Li･ion intercalation/deintercalation 

reaction can be completed up to the center of the particle only ~t the lower scan rate (<1 mV/s). 
Charge/discharge amount by the integration of current vs. scan rate plot shows that 
charge/discharge amount decreases as the scan rate increases more t,han ImV/s. 

These results demonstrate that the extraction/insertion of Li-ion can not follow the scan rate 

 higher than I mV/s, and the Li･ion extraction/insertion reactions cannot be completed up to the 
center of the particle at the scan rate larger than I mV/s. 

 The diffusion process of Li･ion in LiMn204 polycrystalline particle using the potential step 
 method was also examined･ The result shows that the apparent diffusion coeffilcient of Li･ion varied 

in the region of 2-5 x 10-9 cm2/s, depending on the electrode potential. In the point of view of the 

defor~nation of the crystal structure lattice constant decreases with increase of positive potential up 
tc -0.7V. This deformation is consistent with decrease of D.pp, but at the larger potential, more than 
O.7V, the variation of D.pp can not be explained in terms of only variation of lattice constant. 

In conclusion, the electrochemical as well as spectroelectrochemical studies of the PB and OP 

films have made it possible to acquire the basic insight into the role ofhigh- and low-spin metal ions 
of PB and OP films arid in addition find out the usefulness of the OP film as electrochromic devices. 

In addition, the Li-ion intercalation/deintercalation reactions through the supplied LiMn204 

polycrystalline particles indicate that these particles can be used as the rechargeable battery 
materials. 
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 論文審査結果の要旨

 第一章では、プルシアンブルー(PB)及びその類似化合物オスミウムパープル(OP)の、幾

 何学的構造・電子構造・電気化学特性・エレクトロクロミック特性について概説し、過去

 の研究及びその問題点について述べている。また、カチオンの層間反応を伴うLi擁n204の電
 気化学特性及び研究現状についても概説した。

 第二章では、PB及びOPの化学的合成法、白金電極およびSnO2電極への電気化学堆積法
 について述べている。また、電気化学的紫外可視吸収分光の測定法の詳細について述べて

 いる。また、LIMn204の単一粒子の電気化学特性を調べるために用いた、マイクロ電極作製

 法、及びマイクロサイクリックボルタンメトリーについても述べている。

 第三章では、PB及びOPの電気化学特性および電気化学的紫外可視吸収分光の測定結果
 について述べている。種々の電解質溶液中でのPBおよ・びOPのサイクリックボルタンメト

 リ測定結果から、電極/固体レドックス種/電解質界面を横切って、電子移動反応及びそれ

 に伴うイオン輸送が起こることを明らかにした。イオン輸送は、イオンの水和イオン半径
 に依存する。小さなイオン種(K+,NH4+,Rb+andCs+)のイオン輸送は可能であるのに対して、
 大きなイオン種(Lr,・Ba2+andNa÷)のイオン輸送は起こり難いことを明らかにした。また、

 高スピンFe3+は、.低スピンイオン種(PB中のFellイオン及びOP中のOsHイオン)からの影

 響を受けないことも初めて明らかにした。特に、OP薄膜の電子状態及び分光学的性質は、

 OP薄膜の酸化還元状態により大きく変化することを世界で初めて明らかにした。

 第四章では、マイクロサイクリックボルタンメトリによるLiMn204の単一粒子の電気化
 学特性を調べた。その結果、掃印速度がimV/s以下において、Liイオンの層間反応が、

 単一粒子全体にわたって起こることから、層間反応が律速過程である事を明らかにした。

 よって,本論文は博士(工学)の学位論文として合格と認める。
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