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ᆏ⏣ಇ ᯇᕝᬛဢ 

ᣦᑟᩍဨ ๓⏣ᗣ஧ ᩍᤵ 

 

1.◊✲┠ⓗ 

㉮ᰝࣝࢿࣥࢺ㢧ᚤ㙾㸦STM㸧࠿ࣈ࣮ࣟࣉ

༢ᒙ࣮࡚࢝࣎ࡗࡼ࡟㟁ὶὀධࣝࢿࣥࢺࡢࡽ

ᮇึࡿࢀࡉᑟධ࡟(SWNT)ࣈ࣮ࣗࢳࣀࢼࣥ

Ḟ㝗ࡢᵓ㐀ࠊ࡜㸰ḟḞ㝗ࣥࢥࡿࢀࡽ࠼⪄࡜

ࡣ㟁ὶὀධⅬ┤ୗ࡛ࣝࢿࣥࢺࠊࡀࢺࢫࣛࢺ

࡟ሙᡤ࠸࡞ STM ほᐹ࠿ࡽ᫂ࢆ⏤⌮ࡿࢀࡉ

 ࠋࡓࡗ⾜ࢆ✲◊ⓗ࡛ᐇ㦂┠ࡿࡍ࡟

 

2.ᐇ㦂᪉ἲ 

2-1 ᐇ㦂⿦⨨ 

ᮏ◊✲࡛⏝ࡓ࠸㉸㧗┿✵ప  STM ⿦⨨

㸦Unisoku ♫〇㸧ࠊࡣ┿✵ᅽ⣙ 5×10-10torr

௨ୗࠊḞ㝗ࡢ⇕ⓗᅇ᚟ࢆᢚ࡟ࡵࡓࡿ࠼ᾮయ

❅⣲࡚ࡗࡼ࡟ STM ࢆࢺࢵࢽࣘ 95K ⛬ᗘ࡟

ಖࠊࡕPt-Ir ᥈㔪ࠊ࠸⏝ࢆᐇ㦂ࠋࡓࡗ⾜ࢆ 

2-2 ヨᩱసᡂ 

 ᮏᐇ㦂࡛౑⏝ࡓࡋヨᩱ࡚࡭ࡍࡣ௨ୗࡢᡭ

㡰࡛సᡂࠋࡿ࠶࡛ࡢࡶࡓࢀࡉSWNT ࡚ࡋ࡜

CoMoCAT (Aldrich ♫ 704148-250MG 

94396KJ)ࢆ౑⏝ࡢࡇࠋࡓࡋ SWNT ࢡࢪࢆ

ࣥࢱ࢚ࣟࣟ C2H4Cl2࡟ศᩓࠊࡏࡉศᩓᾮࢆ

࡚ࡋ⏝౑ࢆࣈ࣮ࣟࣉ࣮ࢱ࣮ࢣࢽࢯ 1 ᫬㛫㉸

㡢Ἴศᩓࠊࡋᕷ㈍ࡢ Au ᇶᯈ㸦SPI ♫ 

466PS-AB㸧ࢺ࣮ࢥࣥࣆࢫ࡟ἲࡾࡼ࡟ሬᕸࡋ

 ࠋࡓ

3.ᐇ㦂⤖ᯝ࡜⪃ᐹ 

3-1 Ḟ㝗ࡢᙧᡂ࢚࣮ࢠࣝࢿ 

௒ᅇࡢᐇ㦂ࡿ࠶ࠊࡤࢀࡼ࡟ SWNT ࠸࠾࡟

࡟Ḟ㝗⏕ᡂࡿࡼ࡟ὀධࣝࢿࣥࢺ࡚ 3.5㹼

4.0Vࡢ㛫࡟㜈್㟁ᅽࡀᏑᅾࢆ࡜ࡇࡿࡍ☜ㄆ

ࡣᯝ⤖ࡢࡇࠋࡿࡁ࡛ Yamada ⾜ඛࡿࡼ࡟ࡽ

ບ㉳ຠࣈ࣮ࣟࣉࠋࡿࡍ⮴୍࡜ᯝ⤖ࡢ[1]✲◊

ᯝ࡟⇕ⓗ࡞ຓྍࡿ࠶ࡶࡅ⬟ᛶࢆ⪃៖ࠊ࡜ࡿࡍ

ึᮇḞ㝗ࡢᙧᡂ࢚ୖࡢ࣮ࢠࣝࢿ㝈ࡣ 4.2eV

࣮ࢠࣝࢿᙧᡂ࢚࡟࠺ࡼࡢࡇࠋࡿࢀࡉ᥎ᐃ࡜

࡚ࡋ࡜ᮇḞ㝗ึ࠸పࡀ Stone-Wales(SW)Ḟ

㝗ࠊࡀࡿࢀࡽ࠼⪄ࡎࡲࡀḞ㝗ᑟධ᮲௳ࡼ࡟

ࡌྠࡾ SWNT ࣜࣂ࡟ࡉࡁ኱ࡢḞ㝗ࡶ࡛ୖ

ᣢࢆ༢୍ᵓ㐀ࠊࡽ࠿࡜ࡇࡿ࠶ࡀࣥࣙࢩ࣮࢚

ࡁ࡭ࡘ SW Ḟ㝗࡛ࡓࡲࠋ࠸࡞ࡣ㜈್㟁ᅽࡢ

పࠊࡽ࠿ࡉmonovacancy-adatom ࡶ࡛࢔࣌

ࢀ㞳ࡽ࠿㟁ὶὀධⅬࠊࡀࡿࢀࡽ࠼⪄࡜࠸࡞

࡟ሙᡤࡓ STM ほᐹࡿࢀࡉ㸰ḟḞ㝗ࡢࡑࠊࡣ

ື⛣ࡽ࠿㟁ὶὀධⅬࠊࡽ࠿ࢺࢫࣛࢺࣥࢥ᫂

ࡓࡁ࡚ࡋ adatom 㢮㸦diadatomࡢ ᛶ⬟ྍࡢ

ࡵࡓࡢ௨ୗ⡆༢ࠊࡀࡴྵࢆ adatom 㸧ࡪ࿧࡜

 ࠋࡿࢀࡽ࠼⪄࡜

3-2 ὀධ࢟ࣕࣜಁ࢔㐍Ḟ㝗⛣ື 

ࡿࢀࡉᑟධ࡚ࡋ᫬㛫㟁ὶὀධࡌྠ

adatom ࡟㟁ὶࠊࡣ㊥㞳ࡢࡽ࠿㟁ὶὀධⅬࡢ

౫Ꮡ࡚ࡋቑຍࠊࡽ࠿࡜ࡇࡿࡍadatom ື⛣ࡢ

ࢀࡇࠊࡃ࡞ࡣ࡛ࡢࡶࡿࡼ࡟άᛶ໬ᣑᩓ⇕ࡣ

ࡤࢀࡅ࡞࠼⪄࡜ࡢࡶࡿࡼ࡟ὀධ࢔ࣜࣕ࢟ࡶ

ಁࡀື⛣࡚ࡗࡼ࡟ὀධ࢔ࣜࣕ࢟ࠋ࠸࡞ࡽ࡞

㐍ࡿࢀࡉᶵᵓࣞࢢ࢖࣐ࣟࢺࢡ࢚ࣞࠊ࡚ࡋ࡜

ࡘ࡟ࣝࢹࣔࡢࡘ㸰ࡢᣑᩓಁ㐍ࠊ࡜ࣥࣙࢩ࣮

 ࠋࡓࡋᐹ⪄࡚ࡋᐃᘧ໬࡚࠸

3-2-1 ᐃᖖ࢟ࣕࣜ࢔ศᕸ 

SWNT୰ࡢ▷㊥㞳࢟ࣕࣜ࢔ఏ᧛ࢫࣜࣂࡣ

ࡓࢀࡉὀධࠊࢀࡽ࠼⪄࡜ࡿࡇ㉳࡟ࢡࢵ࢕ࢸ

㊥㞳ࡢࡽ࠿㟁ὶὀධⅬࡢᐦᗘρ(x)࢔ࣜࣕ࢟ x



 ࠊࡣ౫Ꮡᛶࡿࡍᑐ࡟

( ) exp
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I x
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 
= − 

 +
 

࡛୚ࠋࡿࢀࡽ࠼ᐇ㦂ⓗ࡟ほ ࣜࣕ࢟ࡿࢀࡉ

ᩘࡣὀධຠᯝ࢔ nm ጇᙜࠊࡋ♧ࢆࡾࡀᗈࡢ

ࢆᑑ࿨τ࢔࡚ࣜࣕ࢟ࡋ࡜್࡞ fs ⛬ᗘࢀࡍ࡜

 ࠋࡿࡁㄝ࡛᫂࡟ᐃ㔞ⓗࡤ

3-2-2 ཎᏊ⛣ືಁ㐍ᶵᵓ 

 ࣝࢹࣔࣥࣙࢩ࣮ࣞࢢ࢖࣐ࣟࢺࢡ࢚ࣞ

adatom ཎᏊࡢ࢔ࣜࣕ࢟ࡀື⛣ࡢὶࡼ࡟ࢀ

adatomࠊࡣሙྜࡿࢀࡉㄏ㉳࡚ࡗ ཎᏊࡢ఩⨨

ὀධ㟁ὶࡣ I 㟁ὶὀධ᫬㛫࡜ t ࠊ࡚ࡋᑐ࡟

( )( ) ln 1X t Itλ β= +  

ࠋࡿࡍ౫Ꮡ࡟࠺ࡼࡢ λ, β ࢆ adjustable 

parameter ࢕ࣇ࡟ࢱ࣮ࢹᐇ㦂ࢆᘧୖ࡚ࡋ࡟

ᅗࠊ࡜ࡿࡍࢺࢵ 3-2-1  ࠋࡿ࡞࡟࠺ࡼࡢ

 

 

 

 

 

 

 

 

ᅗ 3-2-1  

ཎᏊᣑᩓಁ㐍ࣔࣝࢹ 

adatom ཎᏊࡢᣑᩓࠊࡀᐦᗘρ(x)࢟ࢺࢵ࣍ࡢ

ཎࠊࡣ࡛ࣝࢹࣔࡿࢀࡉ㐍ಁ࡚ࡗࡼ࡟࢔ࣜࣕ

Ꮚࡢᣑᩓಀᩘࢆ Da=ηρ(x)࡜௬ᐃࠊ࡜ࡿࡍ 

( ) exp
a a

x
D x D

 = − 
 l

 

adatomࠊ࡟ࡽࡉࠋࡿ࠶࡛ ཎᏊࡀ x㹼x+dx

ࢆ⋠☜ࡿ࠶࡟ P(x,t)dx Ꮡ࡚ࡋ⩏ᐃ࡜ࡿ࠶࡛

ᅾ☜⋡ᐦᗘ㛵ᩘ P(x,t)ࢆᑟධ࡜ࡿࡍᣑᩓ᪉

⛬ᘧࠊࡣ 

( ) ( ) ( ), ,
a

P x t P x t
D x

t x x

 ∂ ∂∂
=  

∂ ∂ ∂ 
 

௳ᮇ᮲ึࠊࡾ࡞࡜ P(x,0) = δ(x)ࢀࡇ࡛࡜ࡶࡢ

ࣝ࢖࢓ࣇࣟࣉື⛣ࡢḞ㝗ཎᏊ࡛࡜ࡇࡃゎࢆ

P(x,t)ࡀồࠊࡾࡲᖹᆒ⛣ື㊥㞳ࡣ 

0
2 ( , )x xP x t dx

∞
< >= ∫  

࡛ィ⟬ࡢࡇࠋࡿࢀࡉ೫ᚤศ᪉⛬ᘧࡣ㠀⥺ᙧ

࡛ゎᯒⓗ࡟ゎࡀ࡜ࡇࡃᅔ㞴࡛ࠊ࡛ࡢࡿ࠶㐺

ᙜ࡟ࡏࢃྜࡳ⤌ࡢࢱ࣮࣓ࣛࣃ࡞ᑐ࡚ࡋ

P(x,t)್ᩘࢆⓗ࡟ゎࠊࡁᐇ㦂ࢵ࢕ࣇ࡟ࢱ࣮ࢹ

ᅗࢆᯝ⤖ࡓࡋࢺ 3-2-2  ࠋࡍ♧࡟

 

 

 

 

 

 

 

 

ᅗ 3-2-2  

 

4.⤖ㄽ 

STM ᥈㔪ࣝࢿࣥࢺࡢࡽ࠿㟁ὶὀධࡼ࡟

ࡾ SWNT ᙧᡂ࢚ࡢᮇḞ㝗ึࡿࢀࡉᑟධ࡟

ࡣ㝈ୖࡢ࣮ࢠࣝࢿ 4.2eV ௨ୗ࡜᥎ᐃࠋࡿࢀࡉ 

ほᐹࡿࢀࡉ㸰ḟḞ㝗ࡢ㟁ὶὀධⅬࡢࡽ࠿

㊥㞳ࣝࢿࣥࢺࡣ㟁ὶ࡟౫Ꮡࠊࡽ࠿࡜ࡇࡿࡍ

ὀධ࢟ࣕࣜࡿࡼ࡟࢔ཎᏊ⛣ືࡶ㉳࠸࡚ࡗࡇ

ࢩ࣮ࣞࢢ࢖࣐ࣟࢺࢡ࢚ࣞࠋࡿࢀࡽ࠼⪄࡜ࡿ

୧᪉࡛ࡢࣝࢹཎᏊᣑᩓಁ㐍ࣔࠊࣝࢹࣔࣥࣙ

ᐇ㦂ࢆࢱ࣮ࢹゎᯒࠋࡓࡋ 
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