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 ḣ 1 ḣ  

 

─☻☻ⱷ 
 

 

  

 

 

 

╦⅜ ─ ─ ⌐ ╘⅜⅛⅛╡╕∑╪⁹ ⌐ ─ ≤⇔≡╙╟ↄ ╦╣╢ ⌐

≈™≡│↔ ─≤⅔╡⁸╒≤╪≥─ ≢ ה ≤╙⌐ ╩ → ↑≡™╕∆⁹ ה ╙∕─

≢│№╡╕∑╪⁹ 
 

 ⇔⅛⇔⁸ ⌐⌂∫≡⇔╕™ ≢∆⅜⁸ │ ⅜2022 3 ╕≢™√ ה NIMS │↓─ ╡

≢│№╡╕∑╪⁹ ╩ →╢≤⁸2016 ⌐ │1605⁸╕√ ─ ≤™ⅎ╢♩♇ⱪ1 ─ │

1.9 ≢⇔√⅜⁸↓↓ ↓╣╠─ │ ⌐ ┘⁸2021 │ 1914⁸♩♇ⱪ1 │2.5 ≤⌂∫≡™

╕∆⁹∕─ ⁸ │ 1 √╡─ ╛ 1 √╡─ │⁸ ─♩♇ⱪ ≢№╢☻♃fi

ⱨ◊⁸♪כ◔fiⱩꜞ♇☺⁸○♇◒☻ⱨ◊⁸♪כMIT⁸Caltech ⌂≥⌐ ∆╢꜠ⱬꜟ⌐⌂∫≡™╕∆⁹ 
 

 NIMS≢ ⁸ ⌐ Ɽⱨ◊כⱴfi☻⅜ ┘√ │™ↄ≈⅛ ⅎ╠╣╕∆⁹⌂⅛≢╙ ∆═≡⌐ ⇔⁸₈◄

ⱨ◊50─♩כ │ ⁸ ─ ⅝⌂ ╩ ™⁸ ╩ ∏ ─ ≢ ⌐ ∆↓≤₉≤⁸ ╩ ⇔⁸

┌ ⇔√↓≤⅜ ∞∫√≤ │ ∫≡™╕∆⁹ ─ ⅝⌂ ╩ ℮↓≤⅜ ╙ ╩ ┌∆ ≤⌂

╡╕∆⁹ ─ │ ⅎ⁸∕─ ╙ ⇔≡™ↄ↓≤⅜ ≢⅝╕∆⁹∕─ ≢ ≤⇔≡─NIMS─Ⱶ

♇◦ꜛfi⁸≈╕╡ ⌐≈⌂⅜╢ ⱪ꜡☺▼◒♩╛ ⌂≥─ ╩ ╡ ─◄ⱨ◊כ♩≢ ℮─≢

∆⁹ │ ─ ⅝⌂╟℮⌐ ╩╛∫≡™╢─≢∆⅛╠⁸ Γ⅔ Δ≢№╢NIMS─Ⱶ♇◦ꜛfi≤⇔≡─ ⅛╠

╙ ─ ™ ⅜ ≡ↄ╢≢№╤℮↓≤│ ═╢╕≢╙№╡╕∑╪⁹ 
 

 ↕≡⁸↓╣╩ ⌐ ≡│╘≡╖╕⇔╞℮⁹ ─Ⱶ♇◦ꜛfi│ ⅜ ⁸ │ ≢⇔╞℮⁹↓─

⌐ ≡╠╣╢◄ⱨ◊כ♩│ ⁸∆═≡ ⌐ ≡╢═⅝≤™℮─⅜ ─ ⅎ≢∆⁹ ⅜ ⅛╠₈

⌐ ≈ ╩₉⌂≥≤ ⅎ╢ │№╡╕∑╪⁹−└ ⌐ ╩ ╠╕∑≡ ╩ ╘⁸ ╩ ≤⇔≡

∆╢═⅝≢∆⁹∕─ ⌂ ⅛╠ ≡⅝√ ⅜⁸╙⇔ ⌐ ≈ ⌐⌂╢ ⅜№╢─≢№╣┌⁸∕

↓⅛╠ ╩ ⌐ ╣√ ┼≤ ∆╢≤╟™≢⇔╞℮⁹⇔⅛⇔⁸₈⌂╪∟╚∫≡ ₉│∞╘≢∆⁹

─√╘⌐ ≈⌐│⁸ ∆╢ ╟╡ ╣≡™⌂↑╣┌ ⅜№╡╕∑╪⁹ ⌐ ─ ⅜ ╛

╟╡ ╩╙∫≡™╢⅛ ∆╢ ⅜№╡╕∆⁹ 
 

 ─ⱨ□fi♦▫fi◓◦☻♥ⱶ⅛╠ ╢≤⁸ ╩ ∆╢─│ ≤⇔≡ ⁸≈╕╡

JSPS ─ ≢∆⁹ ≢ ℮ ─ ─ │⁸ ─ │╙∟╤╪⁸ ╩╙

∆╢ │ ↄ⌂™≤ ™╕∆⁹ ╠⅜ ™⁸№╢™│ ⌂ ⅜ ™≤ ╩ⱴכ♥℮ ┬═⅝≢∆⁹∕

℮⇔≡ ≤⇔≡ ⌐ ┌√⅝⁸ ╩ ⌐ ⇔≡™√∞⅝√™≤ ™╕∆⁹ 

 ⁸ ⌐ ∆╢ ╩ ∆╢─│ JST ╛ AMED⁸

↕╠⌐ ◄Ⱡꜟ◑הכ NEDO─ ≢∆⁹ ⌐JST│ ⌐≈⌂⅜╢ ─℮∟⁸

╩ ≤⇔≡◌Ᵽכ∆╢↓≤╩Ⱶ♇◦ꜛfi≤⇔≡™╕∆⁹ ≢ ≡⅝√ ╣√ ─℮∟⁸ ⌐

≈⌂⅜╢ ─№╢ ╩ ⅎ⁸ ↕∑╢↓≤⅜JST─ ╙ ⌂ ≢∆⁹ ∕─ ≢⁸ ╩ ╣√

≤⇔≡ ⇔≡™ↄ↓≤╩ ⇔╕∆⁹ 
 

 ⁸↓─╟℮⌐ⱨ□fi♦▫fi◓⅜℮╕ↄ≈⌂⅜╡⁸ ╣√ ⅜ ╣⌂ↄ ↄ╟℮⌐∆╢√╘─ ╖≠ↄ╡

╩ ╘≡™╕∆⁹−└≤╙⁸ ─ ─V ⌐≈⌂→≡™⅝√™≤ ∫≡™╕∆⁹≢╙⁸ ∆╢─│

↕╪≢∆⁹ ↕╪─ ╩ ™⌐ ⇔≡™╕∆⁹ 
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ḣ 2 ḣ 

 

│⇔╙≤⅛∏└≤  

ה ה   
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( 2007 ╕≢)⁹2003 ⁹2015 ⁹2016

ⱦ☺ꜛfi☿fi♃כ ⁹2016 ה ⁹2020 ⁹2021

╟╡ ⁹ ⌂ 2004 ( )⁸2012 ⁸2017

Heinz Gerischer Award ( The Electrochemical Society )⁸2019 ⁹ ⌂ (

 2005 )⁸ ─⇔ↄ╖(  2000 )⁸ ╪╓⅜ ⌐⌂╢ (►◄♇☺ 2014

)⁹ ⁸  
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ḣ 3 ḣ 

ɥ ─ ⅔╟┘ ה  
 

ה  ♫ⱡ▪כ◐♥◒♩♬◒☻   

 
 

 

 

│∂╘⌐ 

 ╛ ⌐ ⌂ ▪◔☻ꜟⱫה ─ ה ⌐ ╗►▼▪ꜝⱩꜟ ╛⁸◘▬Ᵽכ ≤ ╩

↕∑╢ⱷ♃Ᵽכ☻ ≢ ≢⅝╢Ɫⱪ♥▫◒☻ ⌂≥⁸Eco-Society 5.0╛Well-Being ⌐ ↑√ ⅜

⌐ ╦╣≡™╢⁹∕╣╠►▼▪ꜝⱩꜟ ╛Ɫⱪ♥▫◒☻ ≢│⁸ ─ ה↕⅛╠ ≤ ה ⅜

∆╢ ⅜№╢⁹∕↓≢ ₁⅜ ⇔√─⅜⁸ ─ ─ ╠⅛↕ ╩ ≈ ─ ≢№╢1)⁹

↕╠⌐⁸ ╛ ≤│ ⌂╡⁸ ∕─╙─⌐ ה ╩ √∑╢↓≤╩ ⇔≡ ╩ ∫√⁹ ה

╩ ╢ ꜚ♬♇♩≤⇔≡ˊ ╩ ⇔⁸ˊ ╡⌐ ⁸ ↄ ≈ ─ ▪ꜟ◐ꜟ ╩ ∆╢↓

≤≢ ─ ╩ ╢↓≤⌐ ⇔√2)⁹ ꜠ⱦꜙכ ≢│⁸▪ꜟ◐ꜟ ˊ ─ ─◖fi☿

ⱪ♩⁸ ⁸ ⌂╠┘⌐ ⌐ ⇔≡⁸ ╠─ ╩ ⌐ ∆╢⁹ 

 

▪ꜟ◐ꜟ ◄́fi☺♬▪ꜞfi◓ 

 ⌐│⁸ ─ ™ˊ │ ≤⇔≡─

⅜ ≤⌂∫≡⅔╡⁸ ⌐ ↕∑╢↓≤⌐

╟╢◐ꜗꜞ▪ ─ ⅜ ≤↕╣╢↓≤⅜ ™⁹↔ↄ

≢│⁸ ⌐ Ⱡ♇♩꞉כ◒ ⇔≡ ╙ ╩

╘≡™╢⅜⁸ ╣⌐⇔≡╙ˊ │ ה ∆╢↓≤⅜

≢№╢⁹↓╣╠ ≤ ─ ⅎ≤⇔≡⁸ˊ ╩

ה ↕∑≡⁸ │ ⇔√ ╩ ⇔√⁹∆⌂╦∟⁸

Ᵽꜟ◒ ≢№╡⌂⅜╠ ╡ ℮ˊ ─ ⅜ ∂

⌂™ ⌐ˊ ─ ╡⌐ ≈ ™ ▪ꜟ◐ꜟ

╩ ∆╢ ≢№╢ 1 1,2)⁹ ∆╢ ▪ꜟ◐ꜟ

│ ™◄fi♩꜡Ⱨכ╩ ∆√╘⁸ ⅝⌂ˊ ≢№∫

≡╙ ≢ ∆╢↓≤⅜≢⅝⁸▪ꜟ◐ꜟ ─ ╙ ╕

∫≡ ⇔√ˊ ─ ה ╩Ᵽꜟ◒ ≢╙

≢⅝╢⁹ ∏↓↓≢│⁸▪ꜟ◐ꜟ ˊ ─ ╩2Ɽ

⌐fiכ♃ ↑≡ ∆╢⁹ 

Core-Shell  

 ▪ꜟ◐ꜟ ˊ ─ ◖▪ ⌐ˊ ╩ ⇔⁸∕─ ⌐ ─ ▪ꜟ◐ꜟ ╩ ∆╢↓≤≢⁸

Core-Shell ─ ≤⌂╢ 2a ⁹◖▪⌐ ⇔√ˊ │⁸▪fi♩ꜝ☿fi3,4)⁸Ⱨ꜠fi5)⁸☺☻♅ꜞꜟⱬfi♀fi6)⁸

ⱳꜟⱨ▫ꜞfi7)⁸ⱨ♃꜡◦▪♬fi8) ⅜№╡⁸ ⅜≤⌂(fi10꜠▪כꜝⱪ⅛╠╙♥♩ꜝⱨ▼♬ꜟ◄♥fi9)╛Ⱨכꜟ◓ ─

≢ ╩ ≡™╢⁹ ⇔√▪ꜟ◐ꜟ │4 16 ≢№╡⁸ˊ ⅜ ⅝™╒≥ ╙

ↄ⌂╢ ⅜№╢⁹ 

Head-to-Tail  

 Head-to-Tail ≢│⁸ˊ ─ ⌐ ▪ꜟ◐ꜟ ╩ ∆╢↓≤≢ ╩ ≡™╢ 2b ⁹ ⁸

≤ ─ ⌐ ⅎ╢⅜⁸ˊ ⁸▪ꜟ◐ꜟ │ ╣╙ ≢№╢↓≤≤⁸ ▪ꜟ◐ꜟ │ ▪ꜟ◐ꜟ

≤ ⇔≡▪ꜟ◐ꜟ ─van der Waals ⅜ ↄ⁸ ⌐ ™◄fi♩꜡Ⱨכ╩ ∆√╘ ≢⅝∏⁸▪⸗ꜟⱨ

□☻ ─ ≤⌂∫≡™╢⁹ ≢ ↕╣√ˊ │⁸♫ⱨ♃꜠fi11)⁸Ⱨ꜠fi5)⁸ⱨꜝכ꜠fi C60, C70
12,13)

⅜№╡⁸ (ⱡ◐◘ꜞfi15)⁸☺ⱬfi♂☺ⱨ▼♫☺fi16◐⁸(14ꜟכ♂ⱪ⅛╠╙◌ꜟⱣכꜟ◓ ⅜ ↕╣≡™╢⁹↓─ ⁸

⇔√▪ꜟ◐ꜟ │1 3 ≢№╡⁸Core-Shell ≤ ⇔≡ ⌂™⁹∕─√╘⁸́ ─ │ ↄ⁸

─▪ꜟ◐ꜟ ˊ ⌐ ─ˊ ╩ ∆╢ ⅎ┌▪ꜟ◐ꜟ C60 ─ ↓≤≢ ⅜ ↕

 

 
1 (a) ▪ꜟ◐ꜟ ≢ɥ ╩ ⇔

√ ─ ⸗♦ꜟ (b) 

⁸ ╩ ∆▪ꜟ◐ꜟ ▪fi♩ꜝ☿fi . 
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ḣ 4 ḣ 

╣⁸ ╩ ∆╢↓≤⅜≢⅝╢13)⁹≈╕╡⁸♦Ᵽ▬☻ ⌐ ∑∏ ─╕╕ ↕∑√ ⁸ ╩

↕∑√™♃▬Ⱶfi◓≢ˊ ╩ ∆╢↓≤≢ ╩ ≢⅝╢ⱷꜞ♇♩⅜ ∂╢⁹ 

 

 2c⌐ɥ ⌐ ⌐ ∆╢▪ꜟ◐ꜟ ╩ ∆⁹ ₁⅜ ╪≢ ∫≡™╢▪ꜟ◐ꜟ │⁸Guerbet

▪ꜟ◐ꜟ 17)≢№╡⁸2-◄♅ꜟⱫ◐◦ꜟ 2-C2C6 ⅛╠2-♪♦◦ꜟⱫ◐◘♦◦ꜟ 2-C12C16 ╕≢ ₁⌂ ╩

ⅎ╢↓≤⅜≢⅝╢⁹╕√⁸ ─ │ ≤⌂╢⅜⁸ ₁│ ─ ╩ ⇔≡ ⅎ≡ꜝ☿Ⱶ ╩ ⇔

≡™╢⁹∕─ ⁸ ▪ꜟ◐ꜟ 12)⁸ ▪ꜟ◐ꜟ 3)⁸3,7,11-♩ꜞⱷ♅ꜟ-1-♪♦◦ꜟ 15)⁸( 3R╕√│3S) -3,7-☺ⱷ♅ꜟ

○◒♅ꜟ 16)╩ ⁸√╕⁹╢№╙☻כ◔╢∆ ▪ꜟ◐ꜟ ─ ⌐⁸◦꜡◐◘fi ╛◄♅꜠fi◓ꜞ◖כꜟ ╩

⇔≡ˊ ╩ ∆╢ ╙№╢1)⁹ ╣⌐⇔≡╙⁸ ─ ╩ ⇔⁸ˊ ─ ╩ ∆╢─

≤⁸ ─◄fi♩꜡Ⱨכ╩ ⇔≡⁸ˊ ─ ⅜ ↕╣≡™╢⁹ 

 

 

 

 ▪ꜟ◐ꜟ ˊ ╩ ⇔√ ⁸ ∏ ∆╢─⅜ ─ ≢№╢⁹ ∏⁸ TGA ≢

─ ─ ≤ ⌐⁸ ╩ ╪≢™⌂™⅛≥℮⅛╩ ∆╢⁹ ─ │⁸1H NMR ⌐⅔™≡

╙♄Ⱪꜟ♅▼♇◒∆╢⁹ ⅎ┌⁸ ─ ⱷ♅꜠fi ⅛╠ ⁸40~50 ęC─ ⁸ ⇔√◘fiⱪꜟ

╩⁸ ◒꜡꜡ⱱꜟⱶ ≢1H NMR ╩ ™⁸ ─ ╩ ∆╢⁹ ⌐⁸ DSC ⌐⅔™≡⁸

╛●ꜝ☻ ⅜ ≢№╢↓≤╩ ∆╢⁹3-2.≢ ╣╢⅜⁸DSC─ ╩ ∆╢↓≤≢⁸

≢№╢⅛ ⅛─ ╙ ≢№╢⁹╕√⁸▪ꜟ◐ꜟ ˊ ⅜ ⌐ ╩ ∆╢ ⌐ ⇔≡│⁸TGA

─ 350 ęC≤DSC─●ꜝ☻ 50 ęC─ ⁸ 400 ęC─ ≢ ╩ ∆ ⅜ ™1)⁹ 

™≢⁸▪⸗ꜟⱨ□☻ ⅜⌂™ ╩ ∆╢√╘⌐│⁸X ה ⅜ ≢№╢⁹

⌂─│⁸ ─▪ꜟ◐ꜟ ⅜ ≢№╢↓≤╩ ∆Ⱪ꜡כ♪⌂Ɫ꜡⌐ ⅎ⁸ ⌐ ╡ ℮ˊ ─ ⅜

∂ↄⱩ꜡כ♪⌂Ɫ꜡≤⇔≡ ╠╣╢↓≤⌐№╢⁹↓╣│⁸▪ꜟ◐ꜟ ≢ ↕╣√ˊ │ꜝfi♄ⱶ⌂ ≢

№╡⌂⅜╠⁸№╢ ─ ⅜ ↕╣╢√╘⌐ ╠╣╢Ɫ꜡≢№╡⁸ 2 nm ─ˊ ≤⇔≡

⌐ ∆╢3)⁹▪ꜟ◐ꜟ ─ │⁸ FT-IR ≢╙ ≢⅝╢⁹ ⁸ˊ ≢─ ─ │⁸

⅔╟┘ ☻Ɑ◒♩ꜟ ≢⁸ ⌐ ⇔√ ─☻Ɑ◒♩ꜟ⅛╠Ⱨכ◒◦ⱨ♩⅜ ∂╢⅛ ⅛≢

≢№╢⁹ 

─ ╩ כ☺꜡○꜠│⌐╢∆ │ ≤⌂╢⁹ ⅎ┌⁸◕ꜟ≤ ─כ☺꜡○꜠│≢ │ ⌂╢⁹

ⅎ┌⁸ Gô ⁸ Gò ─ ≢ ⌐ ∆≤⁸◕ꜟ≢│Gô > Gò∞⅜⁸ ≢│Gò > Gô≤⌂╢

─⅜ fi♩כꜙ♬⁹╢№≢ ─ │⁸ ⌐ ⇔≡ ⅜ ≤⌂╢⅜⁸ fi♩כꜙ♬ ≤⌂╢ │⁸

 

2 ▪ꜟ◐ꜟ ˊ ─ a) Core-Shell ⁸b) Head-to-Tail ⁸c) . 
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ḣ 5 ḣ 

≤⌂╠∏ ╣√ ╩ ∆⁹ ─ │⁸ ≢ˊ ˊ ⅜ ∂≡™╢⁸╕√│№╢ כ♃☻ꜝ◒─☼▬◘

╩ ⇔≡™╢ ⅜ ↕╣╢12)⁹ ₁⅜ ⇔≡⅝√▪ꜟ◐ꜟ ˊ ─ ≢│⁸ˊ ⅜ ↕⌂

fi♩כꜙ♬│≢ 11)⁸ ⅝⌂ ≢│ fi♩כꜙ♬ ⌐ ↕╣╢↓≤⅜ ™8)⁹ ╩ ∆╢Ɽꜝⱷכ♃כ≤

⇔≡│⁸ ◘▬☼ ⁸ ⁸ ⌂≥⅜ ⌐ ╦∫≡™╢⁹↓╣╕≢⌐⁸ ⌐

⇔≡│⁸ NMR╩ ⇔≡ ≢│№╢⅜ ⅜ ≢№╢↓≤⅜ ⅛∫≡™╢5,7)⁹ 

 

 

 ≢ ≤⇔≡ ╠╣√▪ꜟ◐ꜟ ˊ │⁸

⌐ ⅛╠ ﬞ ─ ─ ⌐ ⇔≡™╢↓≤⅜

№╢⁹↓╣│ ⌐ ╠╣√ │⁸ ≢│

⌐ ⌂ ≢│⌂ↄ⁸ ⌐ ≤⇔≡♩

ꜝ♇ⱪ↕╣√ ≢№∫√↓≤╩ ∆╢⁹

⌐ ╠⅜ ≤ ╘√▪ꜟ◐ꜟ ▪fi♩ꜝ

☿fi 3,4)⅜⁸ ╠⅛ⱪכꜟ◓─ ≤⇔≡ ↕╣√
18)╙№╢⁹ ⅛╠ ∆╢↓≤≢⁸ ⅎ┌

⅜ ⇔≡⇔╕℮√╘⁸ ≤⇔≡ ↄ ↕

╣╢√╘⌐│⁸ ≢ ⇔⌂™ ⌐ ⌂

≢№╢↓≤⅜ ╕⇔™⁹ ₁│⁸ ─ ╩ ∆⅛

⅛─ ≤⇔≡⁸ ╩0.2 ęC/min≤ ⌐ ↄ

⇔√DSC ⁸↕╠⌐│●ꜝ☻ ╟╡10 ęC╒≥ ™

◓fiꜞכ♬▪≢ ⌐ ↕∑╢DSC ╩ ⇔√

3 4)⁹↓╣╠ ⌐⅔™≡⁸ ⅜

≢ ↓╠⌂™ │ ─ ≤⇔≡ ⌐ ╡ ℮↓

≤⅜≢⅝╢⁹ 

 

 

⅔╟┘  

 ▪ꜟ◐ꜟ ˊ │⁸▪ꜟ◐ꜟ ─

≤╙ ™ ⅎ╢↓≤⅜≢⅝╢⁹∕╣╠ ─10

5~10 6 M ─ ≢ ↕╣╢ ה ☻Ɑ◒♩

♩כ♬≥ꜟ ─☻Ɑ◒♩ꜟ│╒╓ ⌂╢ ∂ 6)⁹

↓─ │⁸Ᵽꜟ◒ ⌐⅔™≡⁸ˊ ꜚ♬♇♩│

⌂ ≤⌂╡⁸ ─▪ꜟ◐ꜟ ⅜ˊ ꜚ♬♇♩

⌐ ⌐ ∆╢√╘⁸́ ˊ ⅜ ╘≡ ↕™╕√│

∂≡™⌂™↓≤╩ ∆╢⁹╕√⁸ ∆╢▪ꜟ◐ꜟ ─

╩ ╠∆↓≤≢⁸ˊ ꜚ♬♇♩ ⅜ ╦⌐⌂╡⁸

⅔╟┘ ⌐⅔™≡ ⇔ ╢↓≤⅛╠◄◐◦

ⱴכ ─ ╩ ∆5)⁹ 

 ▪ꜟ◐ꜟ │⁸ ─ ╩ ⅛⇔ ╗₈ ₉

╩ ⌡ ⅎ≡™╢⁹ɥ ꜚ♬♇♩⁸▪ꜟ◐ꜟ ─ ╣╙

≢№╢↓≤⅛╠⁸ ─ ╩ ⅛∆↓≤

⅜≢⅝╢⁹ ⅎ┌⁸ ∆╢▪fi♩ꜝ☿fi3)⁸☺☻♅ꜞ

ꜟⱬfi♀fi6)─ 4a ⌐⁸ ╛ ⌐ ∆╢ ╩

⁸ ≤⇔≡ ∆╢⁹ ∆╢ ─ ה

⁸ ⅛╠─◄Ⱡꜟ◑כ FRET ╩

⌐ ∆╢↓≤≢⁸ ∆╢ ▪fi♩ꜝ☿fi╕

 
3 ▪ꜟ◐ꜟ ▪fi♩ꜝ☿fi ─ ≤DSC i

-45 ęC≢▪♬כꜞfi◓ ⁸10 ęC/min≢ ⁸ii  

0.2 ęC/min⌐⅔™≡ 4). 

 
4 (a)▪ꜟ◐ꜟ ▪fi♩ꜝ☿fi ≤▪ꜟ◐ꜟ ☺♅

ꜞꜟⱬfi♀fi ─ ▪ꜟ◐ꜟ ☺♅ꜞꜟⱬfi

♀fi ≤ ─♩Ɽfiכ♪ ─(b)

─ (c) UV-LED─

⌐╟╢ ⁸ ⇔─

LED . Angew. Chem. Int. Ed., 2012╟╡ 6). 
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√│☺☻♅ꜞꜟⱬfi♀fi ╩⁸ ⁸ ⁸ ⁸ ⁸ ⌂≥ ∆╢ ┼≤ ≢⅝╢⁹ ∫≡ ∆╢ ⌐

╙ ≢№╡⁸ ≢─ ┼─Ɑ▬fi♩≢⅝╢

4b ⁹╕√⁸ ─ LED─ ⌐ ∆╢↓≤≢

⌂ LED ≤⇔≡ ℮↓≤⅜≢⅝╢ 4c ⁹ 

 

◄꜠◒♩꜡◒꜡Ⱶ♇◒  

 ⌐ ╘ ╕╣√ˊ │⁸ ─

╩ ⇔≡ ₁⌂ ╩ ≢⅝╢⁹ ⅎ┌⁸ ꜝ☺

◌ꜟ ☻Ⱨfi ╩ ⌐ ≈♄Ⱪꜟ♦♇◌כ ꜟ♥♅►

ⱶⱨ♃꜡◦▪♬fi Pc2Lu ╩◖▪⌐ ⇔⁸16 ─ ▪

ꜟ◐ꜟ ─ ≢ ⇔√ │⁸ ╩ ∆8)⁹ ⌐

│⁸Pc2Lu⌐ ─ ⌐╟╡⁸☻Ⱨfi ╩

○fi ○ⱨ ≢⅝╢─≤ ⌐⁸ Ҟ

Ҟ ─◄꜠◒♩꜡◒꜡Ⱶ☼ⱶ⌐╟╢

╙ ≢№╢ 5 ⁹ 

 

◄꜠◒♩꜠♇♩7,19) 

 ⌐ ₁⅜ ⇔√─⅜⁸ ◄꜠◒♩꜠♇♩≢№╢⁹

▪◔☻ꜟⱫה ⌐⅔™≡ ↕╣≡™╢ ⌐ ≢ ≈ ꜠☻≢ ∆╢☻♩꜠♇♅ꜗⱩꜟה►▼▪ꜝⱩꜟ

≢│⁸ ⁸ ⅜ ↄ⁸ ה ⌐ ╣√ ⅜ ≤⌂╢⁹↓╣╕≢─ ╛ ⱨ▫ꜟⱶ╩

≤⇔√◄꜠◒♩꜠♇♩ ≢│⁸ ╩ √∆↓≤│ ⇔ↄ⁸ ⌐ ≢⅝╢ ⅜ ↕╣ ≈ ─

─ ™◄꜠◒♩꜠♇♩ ─ ⅜ ╕╣≡™╢19)⁹ ≢ ≈ ─▪ꜟ◐ꜟ ⌐╟∫≡ ה ↕╣√ˊ

ꜚ♬♇♩⌐ ↕╣╢ │⁸ ⌐ ↕╣╢≤ ⇔⁸☻♩꜠♇♅ꜗⱩꜟ ─◄꜠◒♩꜠♇♩ ≤⇔≡▪ꜟ◐

ꜟ ˊ ⅜ ≢№╢≤ ⅎ√⁹ ╩ ↕∑╢ˊ ⌐♥♩ꜝⱨ▼♬ꜟⱳꜟⱨ▫ꜞfi╩ ⇔⁸ 8

─ ▪ꜟ◐ꜟ ╩ ⇔⁸ ⱳꜟⱨ▫ꜞfi╩ ⇔√ 6a ⁹ ⱳꜟⱨ▫ꜞfi│ ≢№╢⁹

ITO●ꜝ☻ ─ ⌐ ⇔√ⱳꜟⱨ▫ꜞfi ⌐◖꜡♫ ╩ ⇔⁸☻Ɑכ◘כ╩ ⇔ITO ╩ ↕∑

∆╢↓≤≢⁸ ⌂◄꜠◒♩꜠♇♩ ≤ ⌂ ⌐ ╖ →√⁹ ≢ ⌐ ⅜ ∂≡⅔╡⁸◄꜠◒♩꜠♇

♩ ≤⇔≡ ⇔≡™╢↓≤⁸ ה ☿fi◘┼─ ╩ ⇔√ 6b ⁹╕√⁸ ±100 V⁸1 kHz

─ ⌐│⁸200 Hz─ ⅜ ∂√↓≤⅛╠⁸ ─≡⇔≥♃כ◄ꜙ♅◒▪ ╙ ≢⅝√ 6c ⁹

│⁸ ─₈ ◄꜠◒♩꜠♇♩₉─ ⌐⌂╢7)⁹ 

 
5 ♄Ⱪꜟ♦♇◌כ ꜟ♥♅►ⱶⱨ♃꜡◦▪♬fi

─ ⌐ ⇔≡ ∆╢☻Ⱨfi ─on-off≤◄

꜠◒♩꜡◒꜡Ⱶ☼ⱶ8) 

 
6 (a) ⱳꜟⱨ▫ꜞfi─ ≤ ⸗♦ꜟ (b, c) ↕∑√ ⱳꜟⱨ▫ꜞfi╩ITO ⌐ ⇔≡

⇔√◄꜠◒♩꜠♇♩ (b) ה ☿fi◘ ⁸(c) ה  (7.♃כ◄ꜙ♅◒▪
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™≢⁸ ─ ⁸ ╩ ⅛⇔√◄

꜠◒♩꜠♇♩ ╩ ⇔√⁹◖꜡♫ ↕∑√

ⱳꜟⱨ▫ꜞfi╩ ⁸ ⌐ ↕∑⁸ⱳꜞ►

꜠♃fiⱨ▫ꜟⱶ ⌐ ⱷ♇◐ ╩ ♫▬꜡fi

⌐Ɽ♃כ♬fi◓⇔√ ≢ ╖ ╖

∆╢ 7a ↓≤≢⁸☻♩꜠♇♅ꜗⱩꜟ ◄꜠◒

♩꜠♇♩ ╩ ⇔√7) 7b ⁹ ─ ╩ ≢

∆≤⁸±100 120 mV─ ⅜ ╠╣√ 7c ⁹

↓─ ◄꜠◒♩꜠♇♩ │⁸ ⁸ ╡ →╛

₁⌂ ⌐ ≢⅝╢√╘⁸ ꜠☻≢ ∆

╢ ה ☿fi◘⁸ ─≤⌂◘fi☿fiꜛ◦כ⸗ה

Well-Being ⌐╙ ∆╢ ┼─ ⅜

≢⅝╢⁹ 

 

⌐ 

 ─◘▬◄fi☻─ │╕∞ ↄ⁸ ⅜ ⇔√ ╛◄꜠◒♩꜠♇♩ ⌐╙⁸ ₁⌂

⅜ ↕╣╢ ╩ ╘≡™╢⁹ ⅜↕╠⌐ ↕╣╢↓≤≢⁸ כ◑ꜟfi◄Ⱡכꜞ◒⌂√ ♩fiכꜞ◓╛

ꜝfi☻ⱨ◊כⱷכ◦ꜛfi GX ┼─ ─ ╙ ≢⅝∕℮≢№╢⁹ ≢⁸ ♁ⱨ♩ ─ ≤⇔≡─

ה ⌐ ⇔≡╙⁸ │ ↄ ↕╣≡™╢⁹ ↄ─ ⅜ ◘▬◄fi☻─ ⌐ ╩ ╖ ╣⁸ ה

─ ≢▪ꜟ◐ꜟ ˊ ⌐ ╠∏ ₁⌂ ─ ⅜ ∆╢↓≤╩ ⇔≡™╢⁹ 

 

 

 ◄꜠◒♩꜠♇♩ ⌐ ∆╢ │⁸ ─ ≤─ ─ ≢№╢⁹╕√⁸ ─

─ │⁸ 25104011⁸15H03801⁸18H03922⁸20F40041 ─ ⌐╟∫≡ ╦╣√⁹ 
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⌂⅛⌐⇔√⅛⇔  

ה ♫ⱡ▪כ◐♥◒♩♬◒☻ ▪▫♥ⱨ꜡fiה ꜟ◓הⱪכꜟ◓

 כ♄כꜞⱪכ

2000  ⁹2000 2003  

ⱥꜙכ☻♩fi ⁸○♇◒☻ⱨ◊כ♪ ⁸ ⌐≡ ⁹∕─ ⁸ ה

⌐≡ ⇔⁸2016 ╟╡ ⁹ ⱴ♇◒☻ⱪꜝfi◒ ◖꜡▬♪

⁸כ♄כꜞⱪכꜟ◓ה ה↑⅜⅝↕ ⁸꞉ꜟ◦ꜗ꞉ ה ⁸

ה ⁸ ה ⁸ ה ⁸

♁ⱨ♩ⱴ♃כ ה  

─ ⱴכ♥/ ◘▬◄fi☻⁸ ה ⁸ ♃כ♦  
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╩ ™√Ᵽ▬○▪◒♥▫Ⱪ ─  
 

ה  ⁸   

 

│∂╘⌐ 

 ─ ╩ ⌂ ─ ⌐│⁸ ≤ ─ ─ ⅜ ≢№╡⁸ ╛

⅜ ⁸ ⁸ ⁸∕⇔≡ ≢ꜟכ◔☻─ ⌐ ╓∆ ╩ ∆╢ │₈ⱴ♥ꜞ○Ᵽ▬○꜡☺כ 

(Materiobiology)₉≤⇔≡ ↕╣≡™╢1)⁹ ⁸ ─ ה ⌂ ⅜ ה ─ ╛ ⌐

╓∆ ⅔╟┘∕─ ⱷ◌♬☼ⱶ⅜ ╠⅛⌐⌂╡≈≈№╢⅜⁸∕─ ↄ⌐⅔™≡ ≢№╢ ⌂ ה

⅜ ╦╣≡⅔╡⁸ ⌐⅔↑╢ ⌂ ≤│ ⅝⌂ ⅜№╢⁹ ⱪ꜡☿☻⁸ ╛ ⌂≥≢ ↕╣╢

ↄ─ ⅜ ─ ╩ ℮↓≤╩ ╖╢≤⁸ ⌐ ⇔≡∕─╟℮⌂ ╩ ⌂

─ │⁸ ⅛≈▪◒♥▫Ⱪ⌂ ╩ ∆╢√╘⌐ ≢№╢≤ ⅎ╠╣╢2)⁹∕─√╘⌐│⁸

≤ ╛ ⅜ ∆╢₈Ᵽ▬○ ₉─ ⌂ ה ⅜ ≤⌂╢⁹ 

 ₁│⁸ ╩ ╖ ╪∞ ─ ╩ ∆╢ ─ ╩ ╘⁸ ≤ ⌂ ה ─ ┘

∕─ ⌐ ∆╢ ⌂ ─ ⁸ ─ ╩ ⇔≡™╢⁹ ≢│⁸ ⌐ ⇔

╩ ∆╢₈ ₉╩ ⇔⁸ ♩ⱳ◓ꜝⱨ▫כ ≤⇔≡ ⇔√ ╛↓─ ⌐⅔↑╢

⅜ ∆╢ⱳ♥fi◦ꜗꜟ⌐≈™≡ ∆╢⁹ 

 

─  

 ⱳꜞⱴכ⅜ ╩ ∆╢ⱷ◌♬☼ⱶ⌐≈™≡⁸ ( ) ⱳꜞⱴכ⅛╠⌂╢ ⌐≈™≡

∆╢ ( 1A)⁹ ⌐№╢  (Ttrans) │⁸ ≤ ≢∕╣∙╣  (Tm) ≤  (Tc) ≤⌂╢⁹№╢

≢ ╩ ∆╢≤⁸∕─ ─ ⅜ ─ ≤⌂╢⁹Tm ⌐ ∆╢≤ ⅜ ⇔⁸ⱳꜞⱴכ ─

☿◓ⱷfi♩ ⅜ ≤⌂╡⁸◗ⱶ ⌐╦∏⅛⌂ ⌐╟╡ ⅜ ≤⌂╢⁹↓─ ⅛╠ ╩ ↄ≤◄fi♩꜡

Ⱨכ ⌐╟╡ ┼ ╢─⅜◗ⱶ≢№╢─⌐ ⇔⁸ ╩ ⇔√╕╕Tc ┼≤ ∆╢≤ ⌐╟╡ ⱳ

ꜞⱴכ ─☿◓ⱷfi♩ ⅜ ™ ╩ ↑╢↓≤⌐⌂╢√╘⁸ ╙ ↕∑√ ╩ ∆╢↓≤⅜≢⅝╢╟℮

⌐⌂╢⁹↓─ ≢│ ⌐╟╡ⱳꜞⱴכ ⅜ ◄fi♩꜡Ⱨכ ─╕╕♩ꜝ♇ⱪ↕╣≡⅔╡⁸Tm╟╡ ™ ≢

│ ⅜ ↕╣╢⅜⁸Tm ─ ⌐╟╡ ─ ⅜ ⅝⁸◄fi♩꜡Ⱨכ ╩ ≤⇔≡ ┼≤

⌂ ╩ ∆⁹ ╩ ╢ ⌐ ⅜ ≤™℮ ⅝≢№╢⅜⁸↓─ │

≢№╢⁹↓─ │⁸ ─Ᵽꜟ◒─╖⌂╠∏₈ ₉≢ ↕∑╢↓≤╙ ≢№╢ ( 1B)3,4)⁹

╩ ∆╢◘fiⱪꜟ╩Tm ⌐ ⇔√ ≢⁸ ─Ɽ♃כfi╩ ∆╢ ╩ ≢ ⌐ ╖⁸∕─ Tc ┼≤

∆╢↓≤≢ ╩ ∆╢↓≤⅜≢⅝╢⁹↓─ ⁸ ≢№╢Ɽ♃כfióBô⅜Tm ─

⌐╟╡⁸ óAô┼≤ ╢√╘⁸ ╩ ⌐ ↕∑╢ ─ ⅜ ≤⌂╢⁹ 

 

1. ─ⱷ◌♬☼ⱶ: (A) Ᵽꜟ◒≤(B) ─ ⁸(C) PCL─ ⌐╟╢ ─
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 ≢│⁸ ≤⇔≡ⱳꜞ(e-◌ⱪ꜡ꜝ◒♩fi) (PCL) ⌐ ⇔√⁹PCL│ ≤ ╩

⇔⁸▪ⱷꜞ◌  (FDA) ╩ ⇔≡™╢ ─ ™ ≢№╢⁹╕√⁸PCL│ ≤⇔≡

↕╣⁸Tm╩60 ⌐ ∆⅜⁸∕─ │ ╟╡ ⅛⌐ ™⁹ ₁│⁸↓─PCL─ ╛ ⁸∆⌂╦∟

♫ⱡ▪כ◐♥◒♩♬◒☻╩ ∆╢↓≤⌐╟╡⁸PCL ─ ─ ╩ ╖√⁹ ⅎ┌⁸4 PCL≤2

PCL─ⱴ◒꜡⸗ⱡⱴכ╩ ⇔⁸ ⇔√PCL │4 PCLⱴ◒꜡⸗ⱡⱴכ─ ⌐ ⇔≡⁸ ╩ ↕∑⁸

╩◌Ᵽכ∆╢ ≢Tm╩ ≢⅝╢↓≤╩ ╠⅛≤⇔√ ( 1C)3,5)⁹↓↓≢─ Tm│⁸

╩ ∆╢☻▬♇♅fi◓ ≤⌂╢√╘⁸Ᵽ▬○ ⌐ ⌂ ╩ ⌐⇔√↓≤≤⌂╡⁸
6)⁸ Ᵽꜟכfi7)╛ ♦Ᵽ▬☻8)⌂≥ ╩ ™√ ⌂Ᵽ▬○ⱷ♦▫◌ꜟ♦Ᵽ▬☻

─ ╩ ╡ ™√⁹ 

 

3 ╩ ™√ ─▪◒♥▫Ⱪ  

 ─ ╛ ─ ⌂≥─ ⌐ ─  (♩ⱳ◓ꜝⱨ▫כ) ⅜ ⇔≡™╢↓≤⅜ ↕╣≡

™╢⁹ ─ ≢│ ⅜ ⇔ↄ ⇔⁸↓─ ⅜ ─ ™ ─ ╩ ∫≡™╢⅜⁸

─ ≢│ ─ ⅜ ⇔ↄ ╣≡™╢ ( 2A)⁹↓↓⌐│ ─♩ⱳ◓ꜝⱨ▫כ ⅜ ∆╢≤ ⅎ

╠╣╢⅜⁸∕─ ⌐ ∆╢ ╛ ─ ╩ ≈ꜞ▪ꜟ♃▬ⱶ≢ ∆╢↓≤⅜≥╣╒≥ ⇔™⅛│ ⌐

™⁹↓─♩ⱳ◓ꜝⱨ▫כ ⌐ ∆╢ ╩ ⁸≡⇔≥ꜟכ♠─╘√╢═ ─ ╩ ⇔√

╩ ⇔√⁹ │⁸32≤37─ ⌐ ⇔≡ⱴ▬ꜟ♪⌂ ⌐╟╡◘ⱩⱵ◒꜡fi☻◔כꜟ─

╩ ─♃▬Ⱶfi◓≢ ╛ №╢™│ ↕∑╢↓≤⅜≢⅝╢ ( 2B)3)⁹↓─ │◖fi♃◒♩●▬

♄fi☻≤ ┌╣╢ ╩ ⇔⁸ ⅜ ⌐ ∫≡ ∆╢⁹↓─ ⇔√ ⌐ ⇔≡⁸

⌐╟╡90° ─ ╩ ↕∑√ ⁸ │ ─ ⅛╠ ₁⌐ ⅝╩ ↕∑⁸ ⌐ ╩90°

↕∑√9)⁹╕√⁸↓─ │ ⅜ ⌐ ∆╢ ─╖⌂╠∏⁸ - ╩ ⇔⁸ ⌐ ™

⌐╙ ≢№╢⁹ ─◘ⱩⱵ◒꜡fi☻◔כꜟ─ ╩ ∆╢ ≢ꜝ♇♩ ╩

∆╢≤⁸ ⇔√ ─♩כ◦ ≤∕╣⌐ ℮ ≤™∫√ ─ ╩ ⅝ ∆↓≤⌐

⇔√ ( 2C)10)⁹ ↄ═⅝↓≤⌐⁸ ─ ╩90° ↕∑ ⁸ ⇔√ ⅜♩כ◦ ⌐ ⅝╩

↕∑╢≤≤╙⌐⁸ ╙ ∆╢↓≤╩ ⇔√⁹↓╣╠─ │⁸ ⅜ ∞↑≢⌂ↄ⁸

꜠ⱬꜟ≢─ ╩╙ ⌐ ≢⅝╢↓≤╩ ⇔≡⅔╡⁸ ─ ⱪ꜡☿☻⌂≥ ╩ ⇔√

⌂ ╩ ∆╢ √⌂ ≤⌂╡ ╢⁹ ⁸↓╣╠─ ⌐⅔™≡│ ─ ╩ ∆╢ ⁸

╩ ∆╢√╘⁸ ⌐│ ⅜ ⌐ ╓∆ ╩ ∆╢ ⅜№╢⁹↓╣╩ ∆╢√╘⌐⁸ ╠│ ♫ⱡ

꜡♇♪11, 12)╛ ♅♃fi♫ⱡ 13)⌂≥─ ♫ⱡ ╩Ɫ▬Ⱪꜞ♇♪ ⇔√PCL ⌐≈™≡╙ ⇔≡™╢⁹ ♫

ⱡ꜡♇♪╛ ♅♃fi♫ⱡ ⅜ ∆╢ ╩ ⇔√▪ⱪ꜡⁸╘√╢№≢♅כ ╩₈ ₉≢ ↕∑

╢↓≤⅜ ≤⌂╡⁸ ─♃▬Ⱶfi◓⅛≈  ( ) ⌂ ≤ ─ ╩ ≢⅝╢⁹╕√⁸

╩ ∆╢ ⅜⌂™√╘⁸ ⌂ ⌐ ∆╢ ╩╟╡ ⌐ ™ ≢ ∆╢√

╘─ ≤⇔≡ ≢№╢⁹ 

 

4 ╩ ™√ √⌂Ᵽ▬○  

 ⌐≤∫≡ ⌂ ≤⌂╢ ⱴ♩ꜞ◒☻ (ECM) ⅜◖ꜝכ◕fi╛◄ꜝ☻♅fi ⌂≥ ╩ ∆╢↓

≤⌐ ⇔⁸ ╩ ∆╢ ─ ╩ ∫√14)⁹PCL☺○כꜟ (Mn = 46.3k)⁸1,4-Ⱪ♃fi☺○⁸ꜟכ☺▬♁◦

▪Ⱡכ♩⅛╠⌂╢ꜝfi♄ⱶ◖ⱳꜞⱴכ╩ ⇔⁸  (◄꜠◒♩꜡☻Ⱨ♬fi◓) ⌐╟╡⁸Ɫכ♪☿◓ⱷfi♩ ⌐

2. ╩ ⇔√ : (A) ≢ ╠╣╢ ─  ( ) ≤ ─  ( )⁸

─90° ⌐ ∆╢ (B) ─ ⁸(C) ◦כ♩─  ( ) ≤  ( ) 
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℮ ⌐╟╡ ↕╣√♫ⱡⱨ□▬Ᵽכ╩ ⇔√⁹↓─ ⌐╟╡⁸ ╩ ∆╢ⱨ▫ꜟⱶ ─ ╩ ∆

╢ ⅜ ╠╣⁸SEM ╟╡⁸∕─ ⅜♫ⱡⱨ□▬Ᵽכ≢ ↕╣≡™╢↓≤⅜ ↕╣√ ( 3A)⁹ ╠╣√PCL

♫ⱡⱨ□▬Ᵽ⁸│כ∕─ ⌐╟╡ ⌂ ─╖⌂╠∏⁸♫ⱡⱨ□▬Ᵽכ─ ╙ⱪ꜡◓ꜝⱶ ≢№╡⁸

└∏╖ ⌐ ⌐ ∫≡ ⇔√ ⅜⁸ ⌐╟╡ ─ꜝfi♄ⱶ ┼≤ ╢↓≤╩ ⇔√⁹◄꜠

◒♩꜡☻Ⱨ♬fi◓ ─ ⅜ꜝfi♄ⱶ⌂PCL♫ⱡⱨ□▬Ᵽכ ≢ⱥ♩ ╩ ⇔√ ⁸ │ ⌐

∆╢⅜ ─ │ ╘╠╣∏ꜝfi♄ⱶ⌂╙─≢№∫√⁹ ⁸└∏╖ ⌐╟╡ ⇔√♫ⱡⱨ□▬Ᵽכ ≢│⁸

⅜ ⌐ ∫√ ╩ ⇔ ( 3B)⁸ ⌐╟╢♫ⱡⱨ□▬Ᵽכ─ ╩ ⇔≡ ─ꜝfi♄ⱶ-

╩ ≢⅝╢↓≤╩ ╠⅛≤⇔√⁹↓─ECM─ ╩ ⇔√ ♫ⱡⱨ□▬Ᵽ⁸│כ ⇔√ ⱪ

꜡☿☻⌂≥ ╩ ≢ ⌐ ≢⅝╢ ╩ ╘≡⅔╡⁸ ─ ⌂╢ ⅜ ↕╣╢⁹ 

 

5 ⅔╦╡⌐ 

 ⁸ ≢│ ⅜ ∆ ₈ ₉─ ╩ ⇔√ Ᵽ▬○▪◒♥▫Ⱪ ─ ┘ⱴ♥

ꜞ○Ᵽ▬꜡☺כ ┼─ ≤⇔≡─ ⌐≈™≡ ⇔√⁹ │╒╓ ≡─ ⅜ ⇔℮╢

≢№╢⅜⁸ ≢ ∆╢ ≤⌂╢≤↕╒≥ ↄ⌂™⁹ ₁⅜ ⇔√ ♫ⱡ▪כ◐♥◒♩♬◒

☻─ ⌐╟╡ ╠╣╢ PCL │⁸ ⌂ ⌐ ∆╢ ─ ≢│ ╩ ∆╢╙─⅜

№╡⁸ ה ♦Ᵽ▬☻⁸ ♦Ᵽ▬☻⌂≥─Ᵽ▬○ⱷ♦▫◌ꜟ♦Ᵽ▬☻─ ⌐ ∆╢↓≤⅜ ↕

╣╢⁹╕√⁸ ≤⇔≡─ │⁸↓╣╕≢ ⅜ ╪≢™⌂™ ─ ⅜

ה ⁸ ─ ⁸ ⱪ꜡☿☻─ ─ ⌐ ≢№╢⁹ ╩ ∆╢ /☿ꜝⱵ♇◒☻♫

ⱡ ╛♫ⱡ꜡♇♪≤PCL─Ɫ▬Ⱪꜞ♇♪ │⁸ ╩ ⌐╟╡ ≢⅝╢∞↑≢⌂ↄ⁸ ╩ ↕∑

╢↓≤⅜≢⅝╢⁹◘ⱩⱵ◒꜡fi☻◔כꜟ─ ╩ ∆╢ ⌐╟╡⁸ ─ECM╩ ⇔√ ─ ─╖

⌂╠∏⁸ ⌐ ↕╣╢ ─ ≤ ─ ╩ ↄ ⅜⅛╡╩ ╢↓≤⅜≢⅝√⁹↓╣╠

│⁸ ♫ⱡ ≤─Ɫ▬Ⱪꜞ♇♪ ╛ ─ ⅜⁸ ⌂ ╛ ─╟╡

⌂ ╩ ⌐∆╢ ≤⇔≡ ≢№╢↓≤╩ ⇔≡™╢⁹↕╠⌐⁸♩ⱳ◓ꜝⱨ▫כ⌐ ∫≡ ⇔√ ⌐⅔™

≡⁸▪◒♅fi⸗ⱡⱴ0) כ ) ⅜▪◒♅fi  (1 ) ┼≤ ∆╢▪◒♅fi ⱪ꜡☿☻─ ⅜ ♩ⱳ◓ꜝⱨ▫

╡╟⌐כ ↕╣≡™╢↓≤╩ ╖╢≤⁸ ♫ⱡ ⅜ ╩ ⇔≡™╢≤ ⅎ╢↓≤⅜≢⅝╢⁹ ⁸

╩ ≤⇔√ - - ─ⱴꜟ♅☻◔כꜟ⅛≈ ⱪ꜡☿☻╩ ∆╢↓≤⌐╟╡⁸ ₁⌂

╩ ∆╢ ─ ╛ ⅜ ╕╣╢↓≤⅜ ≢⅝╢⁹ 

 

 

 ≢ ⇔√ ─ │⁸ ה ₈ⱷ◌ⱡⱣ▬○꜡☺כ ─ ⌐╟╢

┘ ─ ₉⁸ (A)₈ⱴ♥ꜞ▪ꜟ◦fiⱣ▬○◦☻─√╘─ ₉⁸

(C)─ ╩ ↑≡ ╦╣√ ≢№╢⁹ ╩ ℮⌐№√╡⁸ ה ─ ◦⁸꞉כ♄כꜞⱪכꜟ◓

fi♩fi ◔Ⱶ◌ꜟ◄fi☺♬▪ꜞfi◓ ─Cole A. DeForest ⁸☺ꜛfi☼הⱱⱪ◐fi☻ Ᵽ▬○ⱷ♦▫◌ꜟ◄fi☺♬

▪ꜞfi◓ Deok-Ho Kim ╟╡↔ ╩ ∫√⁹↓─ ╩ ╡≡ ↄ ⇔ →╢⁹ 
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♩ꜝfi☺☻♃ ╩ ⇔√ 

⌐⅔↑╢ ─  
 

ה  ♫ⱡ▪כ◐♥◒♩♬◒☻  

⁸  
 

│∂╘⌐ 

 ─ ─ ╦╡⌐ ╩ ™╢ │ ─ ⁸ ⁸ ╣⁸ ⌂≥─ ╩ ≢⅝

╢√╘ ─ ≢№╢⁹ ≢─ ⅜ ╖⁸ ( EV)⌂≥┼─ ⅜ ↕╣≡™╢⁹ ◄

Ⱡꜟ◑כ ╛ ⅜ ↕╣╢ ⁸ / ─ ™ ⌐╟╢ ⅜ ≤⌂∫≡™╢⁹ ™

─ │ ╠⅛≢⌂ↄ ₁⌂ ⅜ ↕╣≡™╢⅜⁸ ≤⇔≡ ≢─Li▬○fi ⌐ ∆╢

─ ⅜ ╦╣≡™╢⁹ ≢│ ⌐ ⅜ ↕╣╢↓≤│╟ↄ ╠╣≡™╢⅜⁸

≢│∕─ ( ) ⌐≈™≡ ₁⌂ ⅜№╡╟ↄ╦⅛∫≡™⌂™⁹↓╣│ ⌐ ═≡▬○fi/

╩ ∂╛∆™ ≢│ ⅜ ∆╢ ⌐ ⇔≡⅔╡⁸ ─ ⌂ ╛

⅜ ─√╘≢№╢⁹∕↓≢ ╠│ ⁸ ♩ꜝfi☺☻♃─ ╖╩ ⇔≡⁸ ─

─ ╩ⱱכꜟ ≢ ∆╢ ╩ ⇔√(1)⁹ ≢│⁸ ₁─ꜞ♅►ⱶ ≤♄▬ꜘ⸗fi♪

╩ ™≡ ⇔√♩ꜝfi☺☻♃⌐ ╩ ⇔ ⇔√ⱱכꜟ ⌐≈™≡ ∆╢⁹↕╠⌐⁸

⌐╟╢∕─ ≤ ∆╢↓≤≢ ╠⅛⌐⌂∫√ꜞ♅►ⱶ ─ ─ ⌐≈™≡ ═╢⁹ 

 

♩ꜝfi☺☻♃╩ ∆╢ꜞ♅►ⱶ /♄▬ꜘ⸗fi♪ ─ⱱכꜟ  

♩ꜝfi☺☻♃≤│⁸ ≤ ♩כ◕√⇔

⌐ ♩כ◕) )╩ ⅎ╢↓≤≢ ╩ ⇔⁸

≢ √♅ꜗⱠꜟ ─ (╕√│ )◐ꜗꜞ

▪ ╩ fi▬꜠♪ה☻כ♁⁸⇔ ─ ─ ╩

∆╢ ─♩ꜝfi☺☻♃≢№╢⁹ ≢│⁸

♩ꜝfi☺☻♃─ ⌐ꜞ♅►ⱶ

╩⁸↕╠⌐ ⌐Li▬○fi≤ ∑∏⁸▬○fi

ה ╙⇔⌂™(=▬○fiⱩ꜡♇◐fi◓ )♄▬ꜘ⸗

fi♪╩ ™√⁹↓─ ⌂ ╩ ™⁸ ─ ⌐╟∫≡ ∂√ ─

╖╩♄▬ꜘ⸗fi♪ ─ ◐ꜗꜞ▪ ≤⇔≡ ⅎ╢─⅜ ™≢№╢⁹ │⁸

⌂╢ ╩ ╗╙──▬○fi ⅜ ≢№╢2 ─ꜞ♅►ⱶ ⁸Li - Si -

Zr- O(LSZO) ⅔╟┘La- Li - Ti - O(LLTO) ╩ ™≡⁸ ⌐ ∆ ─♩ꜝfi☺☻♃

(LSZO⁸LLTO/LSZO⁸LLTO)╩ ⇔√(1)⁹LLTO/LSZO♩ꜝfi☺☻♃│⁸LSZO♩ꜝfi☺☻♃─♄

▬ꜘ⸗fi♪ ⌐5nm ─LLTO ⅜ ↕╣≡™╢─⅜ ≢№╢⁹ 

ⱱכꜟ ≢ ╠╣√ ♩כ◕─ ╩ ⌐ ♩כ◕⁹(1)∆ ─ ⅝

│Li▬○fi⅜♄▬ꜘ⸗fi♪/ ⅛╠╟╡ ⅝ ⅛╣╢ ⅝╩ ⌐≤∫≡™╢⁹

♩כ◕ ╩ ─ ⅝⌐ ⇔≡™ↄ⌐ ™⁸ꜞ♅►ⱶ≤ ─ ⌐◦ꜞ◖fi≤☺ꜟ◖♬►

ⱶ╩ ╗LSZO♩ꜝfi☺☻♃≢│ ⌐╟∫≡♄▬ꜘ⸗fi♪ ─ ⅜4

×1010 cm- 2⅛╠2×1013 cm- 2╕≢ ⌐╙ ∫≡ ∆╢↓≤⌐ ⇔≡⁸♅♃fi≤ꜝfi♃

fi╩ ╗LLTO♩ꜝfi☺☻♃≢│ ⅜ ↄ ↕╣⌂⅛∫√⁹↓╣│LSZO ≢│Li

▬○fi⅜ ⅝ ⅛╣╢⌐ ™ ⅜ ∂≡™╢↓≤≤ ⌐⁸LLTO

≢│ ⌐╟╢ ⅜ →╠╣≡™╢↓≤╩ ⇔≡™╢⁹↕╠⌐

⌐5nm ─LLTO ╩ ⇔√LLTO/LSZO♩ꜝfi☺☻♃⌐⅔™≡╙LLTO♩ꜝfi☺☻♃≤ ─ ⌐ ↕⌂ ⇔⅛ ↕

╣⌂⅛∫√⁹↓╣╠╟╡⁸ ─ ⅜ ⅛╠5nm ─ ─ ⌐ ↕╣╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

LSZO♩ꜝfi☺☻♃≤⁸LLTOהLLTO/LSZO♩ꜝfi☺☻♃─ ⌂ ™│ ⌐ ⇔≡™╢─∞╤℮⅛ ≈─ │⁸

≢─ ≢№╢⁹♄▬ꜘ⸗fi♪/ ⅛╠Li▬○fi⅜ ⅝ ⅛╣╢ ⌐ ∂╢ ⅜⁸LSZO♩ꜝfi☺

 

≢ ™√ ─♩ꜝfi☺☻♃( 1)  

♩כ◕─

( 1)  
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☻♃≢│♄▬ꜘ⸗fi♪ ⌐ √⌐ ↕╣√ ≤ ∆╢─⌐ ⇔≡⁸LLTO/LSZO♩ꜝfi☺☻♃≢│LLTO ≢

─ ⌐╟╡ ∂√ ≤ ∆╢⁹╙⇔↓─╟℮⌂ ™⅜№╣┌⁸ ─ ╩

⌐ ∆╢↓≤⅜≢⅝╢⁹∕↓≢⁸ ╩ ∆╢ ─∕─ ╩ ╖√⁹ 

 

Ӈ ◄Ⱡꜟ◑כ ⌐╟╢∕─  

LLTO ─ ≈ ─ ╩ ═╢√╘⌐⁸ Ӈ ◄Ⱡꜟ◑כ (STEMӇ

EELS)⌐╟╢∕─ ╩ ⌂∫√⁹ (a)⌐ ∆♄▬ꜘ⸗fi♪ /LLTO ( 5 nm)/LSZO /LiCoO2 ─ ☿ꜟ

╩ ⇔⁸ ╩ ⇔⌂⅜╠♄▬ꜘ⸗fi♪ /LLTO ─Ti L EEL☻Ɑ◒♩ꜟ╩ ⇔√(1)⁹ ( b)⌐

Ti L EEL☻Ɑ◒♩ꜟ╩ ∆⁹V=0V≢ ↕╣√☻Ɑ◒♩ꜟ │⁸L2⁸L3Ⱨכ◒⅛╠ ↕╣Ti▬○fi⅜+4 ─☻Ɑ◒♩ꜟ

≤╟ↄ ⇔≡™╢⁹⇔⅛⇔⁸+4 ╟╡╙ ◄Ⱡꜟ◑כ ⌐ ∆╢+3 ─ ⌐╟∫≡⁸ ◄Ⱡꜟ◑כ ┼

─◦ⱨ♩⅜ ╘╠╣╢⁹ ⁸V=1V≢ ↕╣√☻Ɑ◒♩ꜟ≢│

L2⁸L3Ⱨכ◒≤╙⌐ ◄Ⱡꜟ◑כ ⌐◦ⱨ♩⇔√⁹↓╣│

⌐╟∫≡Li ▬○fi⅜LLTO ⅛╠ ⅝ ⅛╣╢↓≤

⌐╟∫≡ ∂╢ ⅜Ti▬○fi─+3 ⅛╠+4 ┼─

⌐╟∫≡ ↕╣≡™╢↓≤╩ ⇔≡™╢⁹∆⌂╦∟⁸LLTO

╩ ™√♩ꜝfi☺☻♃─ⱱכꜟ ⌐⅔™≡ ╘╠╣√

─ │⁸LLTO ⌐ ╕╣╢Ti▬○fi─

⌐╟∫≡ ↕╣╙√╠↕╣╢↓≤⅜ ↕╣√⁹ 

 

X ╩ ™╢ ─∕─

 

LSZO≤ ≢ ∂≡™╢ ─ ↕╛ ╩ ═╢√╘⌐⁸ X ⌐╟╢∕─ ╩ ⌂∫

√⁹ ⌐│⁸ SPring- 8─ⱦכⱶꜝ▬fiBL15XU─∕─ X ╩ ⇔√⁹ ≤⌂╢

⌐│⁸♄▬ꜘ⸗fi♪ ⌐▬○fiⱩ꜡♇◐fi◓ ─ ≤⇔≡ ╠╣╢Au ╩ ⇔⁸Au /LSZO /LiCoO2

─ ☿ꜟ╩ ⇔√⁹↓─☿ꜟ⌐ ╩ ⇔≡Au /LSZO ⅛╠ ⌐ꜞ♅►ⱶ▬○fi╩ ⅝ ⅝

⌂⅜╠⁸Au ─Au 4f╛LSZO ─O 1s ☻Ɑ◒♩ꜟ╩∕─ ⇔√⁹ ₁⌂ ╩ ⇔√ ≢ ⇔√O 1s

☻Ɑ◒♩ꜟ╩ (a)⌐ ∆⁹ ╩ ∆⌐ ∫≡☻Ɑ◒

♩ꜟ ⅜ ⅜∫≡™╢↓≤⅜╦⅛╢⁹↓╣│Au

/LSZO ≢─ꜞ♅►ⱶ▬○fi⅜ ⅝ ⅛╣

⅜ ↕╣╢↓≤⌐╟∫≡ ⅜ ∂≡™╢↓≤

╩ ⇔≡™╢⁹↓─☻Ɑ◒♩ꜟ ⁸⅔╟┘☿ꜟ╩

∆╢ ≢─ ─ (IMFP) ╩

∆╢↓≤≢ ⌐ ∂≡™╢ ╩ ∆╢

↓≤⅜≢⅝╢⁹ ╠╣√ ─ ╩

( b)⌐ ∆⁹ ⅜ ∆⌐ ∫≡⁸ ⅛╠1nm

(2₩4М)─ ⌐ ™ ⌐ ⌂ ⅜ ∂≡

™╢↓≤⅜╦⅛╢⁹ ≢ ↕╣≡™╢

Helmholz ≤ ─ ⅜ ≢╙ ∂⁸

⅜ ↕╣╢↓≤╩ ⇔≡™╢⁹ 

 

 

⌐ 

─ ╩♩ꜝfi☺☻♃ ╩ ⇔≡ ∆╢ ⌐≈™≡ ⇔√⁹↓↓≢ ↕╣

╢ │LLTO/♄▬ꜘ⸗fi♪ ⌐⅔↑╢ ( ) ≤∕╣⌐ ℮ ─ ≢№╢⁹LLTO ─

Ti ▬○fi⅜♄▬ꜘ⸗fi♪─▬○fi ⱳ♥fi◦ꜗꜟ╟╡ ◄Ⱡꜟ◑כ ⌐ ╩ ⇔ ╩ ⅝ ↓∆↓≤≢

╩ →╢ ⅜ ↕╣╢√╘⁸ ─ ⌂≥╩ ⇔≡ ⌐ ∆╢ ≢№╢⁹

(a)STEM- EELS ☿ꜟ⁸(b)  LLTO ≢

⇔√Ti L EEL☻Ɑ◒♩ꜟ( 1)  

( a)  ( b)  

(a)  ∕─ ⇔√O 1s X ☻Ɑ◒♩ꜟ⁸

(b)  ☻Ɑ◒♩ꜟ─ ⅛╠ ╠╣√

─ ( 1)  
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⁸ │ ─ ⇔√⅜⁸ ♩ꜝfi☺☻♃─Ɽꜟ☻ ⌐│ ⌂ ⅜ ╘╠╣╢⁹ ⁸

↓─ ⌐ ∆╢ ™ ╩ ⇔≡⅔╡⁸ ♦Ᵽ▬☻┼─ ╩ ╘≡™╢⁹ │

≤─ ⌐╟∫≡ ⌐ ↕╣⁸◄Ⱡꜟ◑כ╛ ╩ ⌂⁸ ╙ ⅛≈ ⌂ ≢№╢⁹∕─

⌐╟∫≡ ⌐ ™ ╩ ∆╢ ◄Ⱡꜟ◑כ♦Ᵽ▬☻⁸ ♦Ᵽ▬☻─ ⌐≈⌂⅜╢≤ ↕╣╢⁹ 

 

 

 │JSPS ₈ ₉ A04(JP20H05301)⁸ ( JP19K05279)⁸ ┘

( JP19J22244)─ ╩ ↑≡ ↕╣√⁹╕√⁸ │( ) ⁸( )

⁸( ) ⁸( ) ⌐╟╢ ╩ ↑≡ ↕╣√⁹ X

│NIMS ⱦכⱶꜝ▬fiBL15XU/SPring- 8─ ╩ ↑≡ ↕╣√( 2020A4605, 2019B4605, 2018A4604)⁹STEM- EELS│NIMS

─ ⁸ ─ ╩ ↑≡ ↕╣√⁹ │ ─ ⁸ ⁸ ה

─ ⁸ ⁸ ⁸ ≤─ ≢№╢⁹ ⌐ ⇔ →╢⁹ 

 

 

1) T. Tsuchiya, M. Takayanagi, K. Mitsuishi, M. Imura, S. Ueda, Y. Koide, T. Higuchi, K. Terabe. Commun. Chem. 4, 117 (2021) 

 

 

≈∟╛√⅛⇔  

ה  ♫ⱡ▪כ◐♥◒♩♬◒☻ ה  

⌐≡ ( ) ⁸ ⁸ ה ⌂≥≢ ≤⇔≡

⁹2016 ⌐ ה ⌐ ≤⇔≡ ⁹2020 ╟╡ ⁹ 

─ ⱴכ♥/ ▬○♬◒☻≤ ╩ ⇔√ ♦Ᵽ▬☻─  

 

 

 

 

≡╠═⅛∏╛  

ה  ♫ⱡ▪כ◐♥◒♩♬◒☻ (MANA)הMANA כꜞⱪכꜟ◓

 כ♄

⌐≡ ⁸ ⁸

⌂≥╩ ≡⁸2000 ⌐ ה ⌐ ⁹2011 ╟╡  

─ ⱴכ♥/ ─ ⌂▬○fi ╩ ⇔√ ⌂ ╩ ∆╢♦Ᵽ

▬☻ ≤  
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/ⱳꜞⱴכ/ ≤ ◔▬ ─  
 

ה  ♫ⱡ▪כ◐♥◒♩♬◒☻    
 

1.  │∂╘⌐ 

 ↓╣╕≢⁸ ⌐ ╩ ∫√ ╩⇔≡⅝╕⇔√⁹

⌐₈ ◔▬ ₉≤ ─ ⌐⅔↑╢⁸

─ ⌂ ⌐ ╩ ∫≡™╕∆⁹ ◔▬ ╩ ℮

│ ₁№╡╕∆⅜⁸∕─ ≢╙₈ ⌂ ₉₈ ⌂

╖₉₈ ≢─ ₉₈ ₉₈ ┼─ ₉

⌐ ⅜№╡╕∆⁹ ─ ≢│₈ ╕≢⌐⌂™ ╖

╦∑≤ ⇔™ ≢ ╩ ∆₉↓≤⅜ⱷ●♩꜠fi♪≤

⌂∫≡™╕∆─≢⁸ ⌐↓╣≤™∫≡ ─⌂™

◔▬ │ ╢ ⅜ ╠╣≡™╢╟℮⌐╙ ⅎ╕∆⁹ ◔

▬ │ ⅛╠ ─ ⌐ ≡╠╣≡⅝√ ≢∆

⅜⁸ ⌂╙─╒≥ ╩ ∂⌂ↄ⌂∫≡⇔╕℮╙─≢∆⁹

│ ≤⇔≡₈ ◔▬ │╕∞╕∞™↑╢₉≤™

℮ ⅜№╡⁸↓╣╩ ∆╢√╘⌐™ↄ≈⅛─ ╩⇔√─≢↓─ ╩ ╡≡↔ ⇔╕∆ ⁹ ◔▬ │

⌂≥∑∏ ∕─╕╕ ™⁸ ∆╢ ─ ⌐Ᵽꜞ◄כ◦ꜛfi╩ √∑╢↓≤≢ ◔▬ ─ ╠╣↨╢

╩ ⇔╕⇔√⁹ 

2.  ≤ ◔▬ ─  

 ≤ ─ │ ⌂ ╖ ╦∑≢ ↕

╣≡™╕∆⁹ ⌐ │ ≢ ⅜ ⌐ ∆╢↓≤

⅜ ↄ⁸∕─ ╛ ⅜ ≤⌂∫≡™╕∆⁹ ◔▬

⌐│ ⌂≥─ ⅜⌂™√╘⁸ ┼─ ─╖⌐╟╢

╩ ⌐ ∆╢↓≤⅜≢⅝╕∆⁹ │⁸ ⅜ ⌐

╟∫≡ ╩ ⅎ╢ ╩ ñAdsorchromismò ₈ ◒꜡Ⱶ☼ⱶ₉≤

↑⁸↓℮™∫√ ─ ╩╕≤╘╕⇔√( ⁸Adv. Sci. 

2021)⁹ ⌐╟╡ ─ ⅜ ⇔⁸ ⌐ ╩ ⅎ╢

│ ◔▬ ≢ ⌐ ⌂╙─≢№╢≤ ⅎ╕∆⁹ 

 

3.  ≤ ◔▬ ─  

∕╙∕╙ ⅜ ↓╢─│⁸ ◔▬ ─

⌐╟╢ ⅜ ≢∆⁹ ⌂ ⌐╟∫≡

◌♅○fi╩ ⅝ ∑╕∆⁹Adsorchromism│

⅜ ⌐ ⇔ ≤⇔≡ ╣√╙─≢∆

⅜⁸╟╡ ⌐│≥─╟℮⌂ ⅜ ⅝≡™╢─⅛⁸

∆╢ ⅜№╢≤ ⅎ╕⇔√⁹∕↓≢ ⌐╟╢

⅜ ⅝⌐ↄ™≤ ⅎ╠╣╢⁸ ─ ⱳ

ꜞⱴכ╩ ◔▬ ≤ ⇔⁸ ≢

╩ ⇔╕⇔√⁹↓─ ⁸ ⌐╟╡ Fe ─

◄Ⱡꜟ◑כ⅜ ⇔⁸↓╣⅜ ─ ⌐≈⌂⅜╢ ╩ ∆╢↓≤⅜≢⅝╕⇔√⁹↓╣⌐│ ◔▬

─ ≤ ▬○fi─ ⅜ ⇔≡™╢≤ ⅎ╠╣╕∆⁹ ⌐◦fiⱪꜟ⌂ ≢∆⅜⁸ ≢№╢

◔▬ ≢ ─ ╩ ⅎ╢↓≤⅜≢⅝╢≤™℮⁸ ™ ╩ ╢↓≤⅜≢⅝╕⇔√ ⁸ACS AMI 

2017 ⁹↓╣⅛╠ⱥfi♩╩ ≡⁸ ◔▬ ≢ ╩ ↕∑╢↓≤⌐╙ ⇔⁸ ⇔╕⇔√⁹ 

 

◒꜡Ⱶ☼ⱶ 

─  

◔▬ ≤ ─  


