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㸯 ࡟ࡵࡌࡣ 

ᵓ㐀Ⰽ䛸䛿䠈䝁䞁䝟䜽䝖䝕䜱䝇䜽䜔䝅䝱䝪䞁⋢䛾䜘

䛖䛻ᚤ⣽䛺ᵓ㐀䜢䜒䛴䛣䛸䛻䜘䜚ⓎⰍ䛩䜛⌧㇟䛷䛒

䜛䠊ᵓ㐀Ⰽ䛿䛭䛾≀㉁䛾ᣢ䛴Ⰽ⣲䛾Ⰽ䛸䛿␗䛺䛳

䛯ⓎⰍ䜢䛧䠈ග䜶䝛䝹䜼䞊䜢ኻ䜟䛺䛔䠈䛛䛴㔜㔠

ᒓ䜢⏝䛔䛺䛔䛸䛔䛖≉ᚩ䛜ᣲ䛢䜙䜜䜛 1)䠊⮬↛⏺䛷

ᵓ㐀Ⰽ䜢♧䛩䜒䛾䛸䛧䛶䛿┿⌔䜔㈅䛾┿⌔ᒙ䛜䛒

䜚䠈䛣䜜䜙䛾୺ᡂศ䛿Ⅳ㓟䜹䝹䝅䜴䝮䛷䛒䜛 1)䠊㈅

䛾┿⌔ᒙ䛷䛿㛗䛥 0.5- 20䃛m䠈ཌ䛥 0.3- 1.5䃛m

⛬ᗘ䛷䛒䜚䠈䛣䛾኱䛝䛥䛿ග䛾Ἴ㛗䛻㏆ఝ䛩䜛䛯

䜑ග䛾ᖸ΅䜢ཷ䛡䠈ᵝ䚻䛺Ⰽ䜢䜏䜛䛣䛸䛜䛷䛝䜛
1),2)䠊䜎䛯䠈஧㓟໬䜿䜲⣲䛾⌫≧⢏Ꮚ䜒ᵓ㐀Ⰽ䜢♧

䛩䛣䛸䛜▱䜙䜜䛶䛔䜛䠊䛯䛸䛘䜀䠈⢏ᚄ 280nm䛷䛿

⥳䠈360nm 䛷䛿㉥⣸䛻䛺䜛䛺䛹䛾ሗ࿌䛜䜏䜙䜜䜛
3)䠊䝫䝸䝇䝏䝺䞁䛺䛹䛷䜒ྠᵝ䛾ᵓ㐀Ⰽ䜢♧䛩 4)䠊䜎

䛯䠈ᵓ㐀Ⰽ䛿䠈⢏ᚄ䠈⢏Ꮚ㛫㊥㞳䠈ᒅᢡ⋡䠈㓄⨨䠈

ゅᗘ䠈⢏Ꮚ䛾Ⰽ䛚䜘䜃ᙧ≧䛻౫Ꮡ䛩䜛䛣䛸䛜▱䜙

䜜䛶䛔䜛 5)䠊 

Ⅳ㓟䜹䝹䝅䜴䝮䛿䠈་⸆ရ䜔䝥䝷䝇䝏䝑䜽䠈䝂䝮䛾

ῧຍ๣䛺䛹䛾ศ㔝䛷ᗈ䛟฼⏝䛥䜜䛶䛚䜚䠈䜹䝹䝃

䜲䝖䠈䜰䝷䝂䝘䜲䝖䛚䜘䜃䝞䝔䝷䜲䝖䛾 3 䛴䛾⤖ᬗከ

ᙧ䛜Ꮡᅾ䛩䜛 6)䠊䛣䜜䜙 3 䛴䛾ከᙧ䛿䠈䛭䜜䛮䜜

␗䛺䜛⢏Ꮚᙧែ䜢䜒䛱䠈䜹䝹䝃䜲䝖䛿⣳㗽≧䜔⳻

㠃య,䜰䝷䝂䝘䜲䝖䛿ᰕ≧䠈䝞䝔䝷䜲䝖䛿⌫≧䛚䜘䜃

ᯈ≧䛾⢏Ꮚᙧ≧䛸䛺䜛.䛭䛾䛯䜑,せồ䛥䜜䜛ᙧ≧

䛿⏝㏵䛤䛸䛻␗䛺䜛䠊┿⌔ᒙ䛾Ⅳ㓟䜹䝹䝅䜴䝮䛾

ᙧែ䛿䜰䝷䝂䝘䜲䝖䛸䛔䜟䜜䛶䛔䜛䛜䠈䜰䝷䝂䝘䜲䝖

䛾ᯈ≧⤖ᬗ䜢⏕ᡂ䛥䛫䛯౛䛿䛺䛔䠊䛣䜜䛻ᑐ䛧䛶䠈

䝞䝔䝷䜲䝖䛷䛿䛣䜜䜎䛷⌫≧䛚䜘䜃ᯈ≧⤖ᬗ䛾ྜ

ᡂ䛜ሗ࿌䛥䜜䛶䛔䜛 7䠅䠊➹⪅䜙䛿䛩䛷䛻䠈Ỉ㓟໬

䜹䝹䝅䜴䝮䇲஧㓟໬Ⅳ⣲⣔཯ᛂ䛻䜘䜚䝰䝜䜶䝍䝜䞊

䝹䜰䝭䞁䠄MEA䠅䜢⏝䛔䜛䛣䛸䛷䠈ᚤ⣽䛺⌫≧䝞䝔䝷

䜲䝖༢୍┦䛾ྜᡂ䛻䛴䛔䛶ሗ࿌䛧䛶䛔䜛 8),9)䠊䛥䜙

䛻䠈Ⅳ㓟Ỉ⣲䜹䝹䝅䜴䝮Ỉ⁐ᾮ䜢ຍ⇕䛩䜛䛣䛸䛻

䜘䜚භゅᯈ≧䝞䝔䝷䜲䝖䛜⏕ᡂ䛩䜛䛣䛸䜒ሗ࿌䛧䛶

䛔䜛 10)䠊䛣䛾䜘䛖䛻䠈䝞䝔䝷䜲䝖䛿ᯈ≧䛚䜘䜃⌫≧䛾

ᙧែ䜢⏕ᡂ䛩䜛䛻䛿㐺䛧䛯ᙧែ䛷䛒䜛䠊䛧䛛䛧䠈ྜ

ᡂ䛥䜜䛯䝞䝔䝷䜲䝖䛜ᵓ㐀Ⰽ䜢♧䛧䛯౛䛿䛺䛔䠊䛭

䜜䛿ᖹᆒ⢏ᚄ䛜 1䃛m ௨ୗ䛾䝞䝔䝷䜲䝖༢୍┦䛾

ྜᡂ౛䛜☜❧䛥䜜䛶䛔䛺䛔䛣䛸䠈ᚤ⣽䛺⤖ᬗ䜢ᆒ

୍䛻୪䜉䜙䜜䛺䛔䛯䜑䛷䛒䜛䠊๓ሗ䛻䛚䛔䛶䠈

MEA Ỉ⁐ᾮ⃰ᗘ䠈 ᗘ䜢ไᚚ䛩䜛䛣䛸䛻䜘䜚䠈ᖹ

ᆒ⢏ᚄ 0.66䡚㻝㻚㻢㻡㽀㼙 䛾䝞䝔䝷䜲䝖༢୍┦䛾ྜᡂ

䛻ᡂຌ䛧䛶䛚䜚䠈ᖹᆒ⢏ᚄ 㻝㻚㻢㻡㽀㼙௨ୗ䛾䝞䝔䝷䜲

䝖༢୍┦䛷ᵓ㐀Ⰽ䛜Ⓨ⌧䛧䛯䠊䛧䛛䛧䠈ⓎⰍ䛾⃰䛥

䜔Ⰽ䛻䜐䜙䛜䛒䛳䛯 11)䠊䛭䛣䛷,ᮏ◊✲䛷䛿䠈0.66

䃛m 䛾⢏ᚄ䛻ไᚚ䛧䛯ᴃ෇⌫≧䝞䝔䝷䜲䝖䜢⏝䛔

䛶ᵓ㐀Ⰽ䜢Ⓨ⌧䛩䜛䛣䛸䜢┠ⓗ䛸䛧䠈ᵓ㐀Ⰽ䛾Ⓨ

Ⰽ䛻ཬ䜌䛩䝞䝔䝷䜲䝖⤖ᬗ䛾⢏ᚄ䠈ᠱ⃮ᾮ⃰ᗘ䛚

䜘䜃ᘬ䛝ୖ䛢㏿ᗘ䛾ᙳ㡪䛻䛴䛔䛶᳨ウ䜢⾜䛳䛯䠊 

 

㸰 ヨᩱ䛚䜘䜃ᐇ㦂᪉ἲ 

2.1 ヨ ᩱ 

࣒࢘ࢩ㸪Ỉ㓟໬࢝ࣝࡣ࡟ᡂྜࡢࢺ࢖ࣛࢸࣂ 

(⣧ᗘ 96㸣)࣑ࣥ࢔࣮ࣝࣀࢱ࢚ࣀࣔࡧࡼ࠾(MEA)㸪

(⣧ᗘ 99㸣)࠸⏝ࢆ㸪ࡢࡽࢀࡇヨ⸆ࡣ㛵ᮾ໬Ꮫ♫

〇࡛ࡿ࠶㸬ࡓࡲ㸪Ⅳ㓟໬ࡢࡵࡓࡢ஧㓟໬Ⅳ⣲࢞

⣧ᗘ)ࢫ 99.95㸣)ࡣ࡟㸪ᕮၟ఍♫〇ࡓ࠸⏝ࢆ㸬

⣧ᗘ)ࣥࢺࢭ࢔ࡓ࠸⏝࡟፹⁐ࡢࢺ࣮ࢥࣉࢵ࢕ࢹ

99㸣)ࡣ㛵ᮾ໬Ꮫ〇࡛ࡿ࠶㸬 

2.2 ᐇ 㦂 ᪉ ἲ 

2.2.1 ᴃ෇⌫≧ྜࡢࢺ࢖ࣛࢸࣂᡂ 

8 mol㺃dm-3࡟ㄪ〇ࡓࡋ MEAỈ⁐ᾮ 100 ੉㸱࡟

ᑐ࡚ࡋỈ㓟໬࢝ࣝࢆ࣒࢘ࢩ 0.05 mol ῧຍࡋ㸪

0.5 mol㺃dm-3Ỉ㓟໬࣒࢝ࣝ࢘ࢩᠱ⃮ᾮࢆㄪ〇ࡋ

ࢆᗘ ࡢᠱ⃮ᾮࡢࡇ㸬ࡓ 55Υ࡟Ỵᐃࡋ㸪300 rpm

ࢆࢫ㸪100㸣CO㸰࢞ࡽࡀ࡞ࡋࢇࡣࡃ࠿࡛ 500 cm3㺃

min-1࡛࢞ࣛ20࡚࠸⏝ࢆ࣮ࢱࣝ࢕ࣇ࣮ࣝ࣎ࢫ ศ

㛫྿ࡁ㎸࡛࡜ࡇࡴⅣ㓟࣒࢝ࣝ࢘ࢩᠱ⃮ᾮࢆస

〇ࡓࡋ㸬ࡢࡇᠱ⃮ᾮࢆ 10000 rpm࡛ 2ศ㛫㐲ᚰ

ศ㞳࠸⾜ࢆ㸪ࡢࡑᚋࢁ㐣㸪Ὑίࡾࡼ࡟࡜ࡇࡿࡍ㸪

ᴃ෇≧ࢆࢺ࢖ࣛࢸࣂᚓࡓ㸬ᚓࡓࢀࡽヨᩱࣕ࢟ࡢ

㸪Xࡣࣥࣙࢩ࣮ࢮࣜࢱࢡࣛ ⥺ᅇᢡ㸪࣮ࣞࢨᅇᢡ

ᘧ⢏ᗘศᕸ ᐃ㸪࣐ ㉮ᰝࡧࡼ࠾ࣉ࣮ࢥࢫࣟࢡ࢖

ᆺ㟁Ꮚ㢧ᚤ㙾㸦SEM㸧ࡓࡗ⾜࡚࠸⏝ࢆ㸬 

2.2.2 ᵓ㐀ⰍࡢⓎ⌧᪉ἲ 

ヨᩱࢆࣥࢺࢭ࢔࡟ῧຍ࡚ࡋᠱ⃮ᾮ⃰ᗘࢆ 0.01-

0.12㸣࡟ㄪᩚࡋ㸪 45kHzࡢ㉸㡢ἼὙίჾ࠸⏝ࢆ

ࢆ㉸㡢Ἴ࡟ᠱ⃮ᾮࡢࡇ࡚ 5ศ㛫↷ᑕࢸ࣮ࢥ࡚ࡋ

࣮ࢥࣉࢵ࢕ࢹ㸬ࡓࡋస〇ࢆᾮ㸦ᠱ⃮ᾮ㸧ࢢࣥ࢕

ࢢࢻ࢖ࣛࢫ)ᯈࢫࣛ࢞ࢻ࢖ࣛࢫ࡟࠿ࡸ㏿㸪ࡣࢺ

ᘬ࡚ࡏࡉᾐₕ࡟ᠱ⃮ᾮࢆ(ᯇᾉ◪Ꮚ⫼〇 ࢫࣛ

ᗘ㏿ࡆୖࡁ 3-25cm㺃s-1࡛ᘬࡓࡆୖࡁ㸬᭱ࢆࢀࡇ

኱ 40 ᅇ⧞ࡾ㏉ࡋ㸪ࡓࡗ⾜ࢆࢺ࣮ࢥࣉࢵ࢕ࢹ㸬
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ᵓ㐀Ⰽࡢ෗┿ࡣ iphone XR࡚࡟᧜ᙳࡓࡋ㸬࠾࡞㸪

ࡇ㸬ࡍ♧࡟ᅗ㸯ࢆࣝࢺࢡ࣌ࢫⓎගࡢ※ගࡓ࠸⏝

ࢃྜࡳ⤌ࡢ㯤Ⰽ࡜㟷Ⰽ࡜ࡿࡳࢆࣝࢺࢡ࣌ࢫࡢ

 㸬ࡓࡗ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡗ࡞࡜␲ఝⓑⰍ࡛ࡏ

㸱 ⤖ᯝࡧࡼ࠾⪃ᐹ 

3.1 ᠱ⃮ᾮ⃰ᗘࡢᙳ㡪 

㸪ྜࡎࡲ  ᡂࡓࡋᖹᆒ⢏ᚄ 0.66ȣm࢖ࣛࢸࣂࡢ

ࡢࢺ SEM෗┿ࢆᅗ ࡣ㸬ᖹᆒ⢏ᚄࡍ♧࡟2 0.66ȣ

m ࡗ࠶࡛≦⌫ᴃ෇ࡓࡗ࡞࡜ࡽᖹࡀ㸪ୖୗࡾ࠶࡛

ࡣ๭ྜࡢᚄ▷ࡿࡍᑐ࡟㸪㛗ᚄ࠾࡞㸬ࡓ ࠶0.7࡛

㸪X࠾࡞㸬ࡓࡗ ⥺ᅇᢡ࡛ࡢࢺ࢖ࣛࢸࣂࡣ༢୍┦

ศᕸࡾ࡞࠿ࡣ㸪⢏ᗘศᕸ࡛ࡋㄆ☜ࢆ࡜ࡇࡿ࠶࡛

ᖜࡓࡗ࠶࡛ࡢࡶ࠸⊂ࡢ㸬 

ᴃ෇⌫≧࡚࠸⏝ࢆࢺ࢖ࣛࢸࣂᠱ⃮ᾮ⃰ᗘࢆ

0.01㹼0.12㸣࡟ㄪᩚࡗ⾜ࢆࢺ࣮ࢥࣉࢵ࢕ࢹࡋ

㸬ᅗࡓ ࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹᠱ⃮ᾮ⃰ᗘ࡛ྛ࡟3

ࡢ㏱㐣ගࡢ㝿ࡓࡋᑕ↷ࢆගࡽ࠿ୗࡢᯈࢫࣛ࢞

෗┿ࡍ♧ࢆ㸬࠾࡞㸪ࢺ࣮ࢥࣉ࢕ࢹᅇᩘࡣ 30 ᅇ

㸬ᠱ⃮ᾮ⃰ᗘࡓࡋ࡜ 0.01㸣࡛ࡣගࡢ୰ᚰࡽ࠿እ

ኚ໬࡟⥳㸪㯤㸪㉥㸪㟷㸪ࡣᵓ㐀Ⰽ࠸క࡟ࡿ࡞࡟

☜᫂ࡣ⌧Ⓨࡢ㸪ᵓ㐀Ⰽࡽࡀ࡞ࡋ࠿ࡋ㸬ࡓ࠸࡚ࡋ

㸬ᠱ⃮ᾮ⃰ᗘ(a)ࡓࡗ࠿࡞ࡣ࡛ 0.04㸪0.06㸣࡛

㸪ࡀࡓ࠸࡚ࡋⓎⰍࡃ࡚⃰ࡋẚ㍑࡜㸦a㸧ࡀᵓ㐀Ⰽࡣ

0.04㸣ྛࡀ࠺࡯ࡢⰍࡢቃ┠࠾࡚ࡋࡾࡁࡗࡣࡀ

㸦(b),(c)㸧㸬ᠱ⃮ᾮࡓࡗ࠶࡛⌧Ⓨ࠸ᙉࡾࡼ㸪ࡾ

⃰ᗘ 0.12㸣࡛ࡣᵓ㐀ⰍࡢⓎ⌧ࡣ୙᫂░ࡗ࡞࡜

 㸬(d)ࡓ

 

ᅗ ࢡ࢖࣐ࢆᯈ⾲㠃ࢫࣛ࢞ࢻ࢖ࣛࢫࡢヨᩱ࡟4

ࡧࡼ࠾ࣉ࣮ࢥࢫࣟ SEMほᐹࡓࡋ෗┿ࡍ♧ࢆ㸬ࡲ

ࡢ㸪ᠱ⃮ᾮ⃰ᗘࡣ࡛┿෗ࣉ࣮ࢥࢫࣟࢡ࢖㸪࣐ࡎ

ቑ኱࡟క࠸㸪࢞ ࠸࡚ࡗ࡞ࡃከࡀ⢏Ꮚࡢᯈୖࢫࣛ

ࡀ࡞ࡋ࠿ࡋ㸬((d)-(a)ࡓࢀࡉほᐹ࡟☜᫂ࡀࡢࡿ

ࢀࡇ㸪ࢀࡉほᐹࡃከࡀ㒊ศ࠸ⓑࡣ㸪0.12㸣࡛ࡽ

ࡉ㸬(d)ࡿ࠶࡛ࡵࡓࡓ࠸࡚ࡗ࡞㔜ࡀᬗྠኈ⤖ࡣ

㸬ࡓࡗ⾜ࢆ㸪SEMほᐹࡵࡓࡿࡍほᐹ࡟㸪ヲ⣽࡟ࡽ

SEM෗┿࡜ࡿࡳࢆ㸪ᠱ⃮ᾮ⃰ᗘ 0.01㸣࡛ࡣ㸪ࣂ

ᑡ࡟㠀ᖖࡀ╔௜ࡢ࡬ᯈࢫࣛ࢞ࡢᬗ⤖ࢺ࢖ࣛࢸ

ῶࡀ΅ᖸࡢගࡿࡼ࡟㸪⢏Ꮚࡵࡓࡢࡇ㸬ࡓࡗ࠿࡞

ᑡࡋ㸪ࡾࡼ࡟ࢀࡇᵓ㐀Ⰽࡿࢀࡽ࠼⪄࡜࠸ⷧࡀ

(e)㸬ᠱ⃮ᾮ⃰ᗘ 0.04㸣࡛ࡣ㸪⤖ᬗࡢ௜╔ࡀቑ

⃰ࡀᵓ㐀Ⰽࡾࡼ࡟ࢀࡑ㸪ࡋቑຍࡀᩓ஘ࡢ㸪ග࠼

㸪ᠱ⃮ᾮ⃰ࡋ࠿ࡋ㸬(f)ࡿࢀࡽ࠼⪄࡜ࡓࡋ⌧Ⓨࡃ

ᗘ 0.06㸣࡛ࡣ௜╔ࡓࡋ⢏Ꮚࡀⴠୗࡗࡲࡋ࡚ࡋ

ࡣ㸪⢏Ꮚᩘ࠿ࡢࡓ 0.04㸣ࡾࡼᑡࡓ࠸࡚ࡗ࡞ࡃ࡞

 
)LJ���(PLVVLRQ�VSHFWUXP�RI�OLJKW�VRXUFH� 
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)LJ���6(0�SKRWRJUDSK�RI�VSLQGOH�VSKHULFDO�YDWHULWH�ZLWK�
DYHUDJH�SDUWLFOH�VL]H�RI�����ȝP� 

1 ȣP

 
 

)LJ���3KRWRJUDSKV�RI�VDPSOHV�FKDQJLQJ�FRQFHQWUDWLRQ�
RI�VXVSHQVLRQ� 
$YHUDJH�SDUWLFOH�VL]H�����ȝP� 
6XVSHQVLRQ�FRQFHQWUDWLRQ���㸣 
�D��������E��������F��������G������ 
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(g)㸬ᠱ⃮ᾮ⃰ᗘ 0.12㸣࡛ࡣ⤖ᬗࡳ✚ࡀ㔜ࡗ࡞

࡚จ㞟యࢫ࡚ࣛ࢞ࡋ࡜ᯈ࡟௜╔ࡓ࠸࡚ࡋ(h)㸬

ࡼ࡟࡜ࡇࡿࡆጉࢆ㏱㐣ࡢගࡀ㸪จ㞟యࡕࢃ࡞ࡍ

 㸬ࡿࢀࡽ࠼⪄࡜ࡓࡗ࡞ࡃⷧࡀ㸪ᵓ㐀Ⰽࡾ

 

 ᙳ㡪ࡢᅇᩘࢺ࣮ࢥࣉࢵ࢕ࢹ3.2

ᖹᆒ⢏ᚄ 0.66ȣmࡢᴃ෇≧࠸⏝ࢆࢺ࢖ࣛࢸࣂ

࡚㸪ɔ 㐀ⰍࡢⓎ⌧࡟ཬࢺ࣮ࢥࣉࢵ࢕ࢹࡍࡰᅇᩘ

㸬ᅗࡓࡋウ᳨࡚࠸ࡘ࡟ᙳ㡪ࡢ ࢥࣉࢵ࢕ࢹྛ࡟5

ࢆ┿෗ࡢᵓ㐀Ⰽࡓࢀࡉほᐹ࡚࠸࠾࡟ᅇᩘࢺ࣮

㸬1ࡍ♧ ᅇࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹヨᩱ࡛ࡣ඲యⓗ

㸬10(a)ࡓࢀࡉほᐹࡀᵓ㐀Ⰽ࠸㯤Ⰽ࡟ ᅇ⾜ࡓࡗ

ヨᩱ࡛ࡣ 1ᅇࡢヨᩱࡶࡾࡼ㯤Ⰽ࿡ࡀᙉࡃⓎ⌧ࡋ

࡚ࡡ㔜ࢆ㸪ᅇᩘ࡟ࡽࡉ㸬(b)ࡓ࠸࡚ 30ᅇ⾜ࡓࡗ

ヨᩱ࡛ࡣ㸪ෆഃࡽ࠿㯤㸪㉥㸪⣸ࡢ⥳࡚ࡋࡑ㡰࡟

ᵓ㐀Ⰽࡀᙉࡃほᐹࡓࢀࡉ(c)㸬ࡋ࠿ࡋ㸪40 ᅇࢹ

ⷧ࡟࠿ࡎࢃࡀᵓ㐀Ⰽࡣヨᩱࡓࡋࢺ࣮ࢥࣉࢵ࢕

 㸬(d)ࡓࡗ࡞ࡃ

ᅗ ࢖ࣛࢫࡓࡗ⾜ࢆᅇᩘࢺ࣮ࢥࣉࢵ࢕ࢹྛ࡟6

ࡧࡼ࠾ࣉ࣮ࢥࢫࣟࢡ࢖࣐ࡢᯈ⾲㠃ࢫࣛ࢞ࢻ SEM

ほᐹࡓࡋ෗┿ࡍ♧ࢆ㸬1 ᅇࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹ

ヨᩱ࡛ࢺ࢖ࣛࢸࣂࡣ⤖ᬗ࡟ࢫࣛ࢞ࢻ࢖ࣛࢫࡀ

ࡑ㸬(e)ࡓࢀࡉほᐹࡀࡢࡿ࠸࡚ࡋ╔௜࡟ࡽࡤࡲ

ࡀ⌧Ⓨࡢ㸪ᵓ㐀Ⰽ࡚ࡋῶᑡࡀ΅ᖸࡢ㸪ගࡵࡓࡢ

ᙅ࡜ࡓࡗ࠿᥎ᐹࡓࡋ㸬10ᅇ⾜ࡓࡗヨᩱ࡛ࡣ 1ᅇ

ࡓ࠸࡚ࡋ╔௜ࡀᬗ⤖ࡢࡃከࡶࡾࡼヨᩱࡓࡗ⾜

㸪⤖ᬗࢀࡽࡳࡶᡤ⟠࠸࡞࠸࡚ࡋ╔௜ࡀ㸪⤖ᬗࡀ

㸬30(f)ࡓࡗ࠶୙ᆒ୍࡛ࡀ௙᪉ࡢ╔௜ࡢ ᅇ⾜ࡗ

ࡓࡗ࠶ࡶ㒊ศ࠸࡞࠸࡚ࡋ╔௜ࡶఱࡣヨᩱ࡛ࡓ

ࡢࡑ㸬(g)ࡓ࠸࡚ࡋ╔௜ࡀᬗ⤖࡟ᐦ⦔ࡾ࡞࠿ࡀ

㸬ࡿࢀࡽ࠼⪄࡜ࡓࡗࡲᙉࡀ⌧Ⓨࡢ㸪ᵓ㐀Ⰽࡵࡓ

40 ᅇ⾜ࡓࡗヨᩱ࡛ࡣ⤖ᬗྠኈࡀ㔜ࡓࡗ࡞㒊ศ

࡞ࡃⷧࡀᵓ㐀Ⰽ࡚ࡋ஘཯ᑕࡾࡼ࡟ࢀࡑ㸪ࡃከࡀ

 㸬(h)ࡿࢀࡽ࠼⪄࡜ࡓࡗ

3.3 ᵓ㐀ⰍࡢⓎ⌧࡟ཬࢺ࣮ࢥࣉࢵ࢕ࢹࡍࡰ    

㏿ᗘࡢᙳ㡪 

㸪ɔ࡟ࡂࡘ 㐀ⰍࡢⓎ⌧࡟ཬ࣮ࢥࣉࢵ࢕ࢹࡍࡰ

㸬ᅗࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ࡟ᙳ㡪ࡢᗘ㏿ࢺ ྛ࡟7

ᖹᆒ㏿ᗘ࡛ࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹヨᩱࡢ෗┿ࢆ

ࡣᅇᩘࢺ࣮ࢥࣉࢵ࢕ࢹࡶヨᩱࡢࢀࡎ࠸㸬ࡍ♧ 30

ᅇ࡛ࡿ࠶㸬᭱ࡶ㏿ᗘ࠸㏿ࡀᖹᆒ㏿ᗘ 25 cm㺃s-1 

ᆒࡀ㸪⤖ᬗࡎࢀࡽࡳࡣࡾ࡞㔜ࡢࡋ࠺࡝ᬗ⤖ࡣ࡛

㸪ࡽ࠿ෆഃࡓࡲ㸪ࢀࡉほᐹࡀࡢࡿ࠸࡚ࡋ╔௜࡟୍

㯤㸪㉥㸪㟷㸪⥳ࡢᵓ㐀Ⰽࡃ⃰ࡀⓎⰍࡓࡋ(a)㸬ᖹ

ᆒ㏿ᗘ 5.0 cm㺃s-1 ࡜ࡿ࡞࡟㸪⤖ᬗࡀ㔜ࡓࡗ࡞

ⓑࡓࡗ࡞࡟࠺ࡼࡿࢀࡽࡳࡀ➽࠸㸬ࡓࡲ㸪ෆഃ࠿

࠿ࡋ㸬(b)ࡓࡁㄆ࡛☜ࡀᵓ㐀Ⰽࡢ㸪㉥㸪㯤㸪㟷ࡽ

㐜ࡶ㸬᭱ࡓࡗ࡞࡟᭕᫕ࡀ┠ቃࡢ㸪ྛⰍࡽࡀ࡞ࡋ

ᖹᆒ㏿ᗘ࠸ 3.3 cm㺃s-1࡛ࡣ㸪ⓑࡀ➽࠸ከࡃほᐹ

 
)LJ��� 6(0� DQG� RSWLFDO� PLFURVFRSH� LPDJHV� RI�
VDPSOHV� V\QWKHVL]HG� FKDQJLQJ� FRQFHQWUDWLRQ� RI�
VXVSHQVLRQ�  $YHUDJH� SDUWLFOH� VL]H�� ����ȝP� 
6XVSHQVLRQ�FRQFHQWUDWLRQ���㸣 
�D����H���������E����I����������F����J���������G����K������ 

 
 
)LJ���3KRWRJUDSKV�RI�VWUXFWXUDO�FRORU�GHYHORSHG�DW�HDFK�

1XPEHU�RI�GLS�FRDWV� 
$YHUDJH�SDUWLFOH�VL]H�����ȝP� 
1XPEHU�RI�GLS�FRDWV���WLPHV 
�D�����E������F������G���� 

 
)LJ���6(0�DQG�RSWLFDO�PLFURVFRSH� LPDJHV�RI� VDPSOHV�

V\QWKHVL]HG� FKDQJLQJ� FRQFHQWUDWLRQ�RI�1XPEHU�
RI�GLS�FRDWV� 
$YHUDJH�SDUWLFOH�VL]H������ȝP� 
1XPEHU�RI�GLS�FRDWV���WLPHV 
�D����H������E���I�������F����J�������G���K���� 
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ㄆ㆑ࡀ࡜ࡇࡿ࠸࡚ࡗ࡞㔜ࡀᬗ⤖ࡶ࡛║⫗㸪ࢀࡉ

 㸬(c)ࡓࡗ࡞ࡃⷧࡶ㸪ᵓ㐀Ⰽࢀࡉ

ࡢᯈࢫࣛ࢞ࢻ࢖ࣛࢫࡢヨᩱࡢࡽࢀࡇ㸪࡟ࡂࡘ

⾲㠃ࡧࡼ࠾ࣉ࣮ࢥࢫࣟࢡ࢖࣐ࡢ SEM ෗┿ࢆᅗ 8

ࡿ࡞㔜ࡀᬗ⤖࡝࡯ࡿ࡞ࡃ㐜ࡀ㸬ᖹᆒ㏿ᗘࡍ♧࡟

㒊ศࡀቑຍࡓࡋ㸬ᖹᆒ㏿ᗘ:25㸪5.0 cm㺃s-1࡛ࡣ

⤖ᬗࡀ 1ᒙࡣࡓࡲ 2ᒙ࡟୪ࡓ࠸࡛ࢇ(d)㸬୍ ᪉㸪

ᖹᆒ㏿ᗘ:3.3 cm㺃s-1 ࡀᬗ⤖ࡣ࡛ 3 ࡞௨ୖ㔜ࡘ

࠿Ἴ㛗ࡢどගྍࡵࡓࡢࡇ㸪ࡃከࡀ㒊ศࡿ࠸࡚ࡗ

ࡳࡀᵓ㐀Ⰽ࡚ࡋᩓ஘ࡀ㸪ගࢀእࡃࡁ኱ࡀ⢏ᚄࡽ

 㸬(f)ࡿࢀࡽ࠼⪄࡜ࡓࡗ࡞ࡃࡃ࡟࠼

  

3㺃4 ᵓ㐀ⰍࡢⓎ⌧ᶵᵓ 

௒ᅇ࡚࠸࠾࡟✲◊ࡢᴃ෇⌫≧ࢺ࢖ࣛࢸࣂ⤖

ᬗࢆ୪࡚࡭㸪࡟ࡇࡑගࢆ↷ᑕ࡜ࡿࡍ㏱㐣ග࡛ᵓ

㐀Ⰽࡀほᐹࡓࢀࡉ㸬ࡢࡑⰍࡣほᐹഃࡽ࠿㯤㸪㉥㸪

㟷㸪⥳ࡓࡗ࡞࡜㸬ᅗ ⓎⰍ࡜ධᑕゅࡢᵓ㐀Ⰽ࡟9

 㸬ࡍ♧ࢆ

ྛⰍࡢධᑕゅࡣ㯤ࡀ 65r㸪㉥ࡀ 61r㸪㟷ࡀ

55r㸪⥳ࡀ 53r࡛ࡓࡗ࠶㸬௒ᅇࡣ㸪࣑ ࣮ᩓ஘ࡢ

࠶ࡶᛶ⬟ྍࡿ࠸࡚ࡋ㛵ಀࡀ㇟⌧ගᩓ஘࡞࠺ࡼ

࡜ࡇࡿ࠸࡚ࡋᙧᡂࢆᒙࡀ⢏Ꮚࡢ≦⌫㸪ᴃ෇ࡀࡿ

ゎᯒ࡚࠸⏝ࢆᖸ΅⌮ㄽ⭷ⷧ࡟㸪㏆ఝⓗࡋ┠╔࡟

 ࢆᘧ࠺ྜࡵᙉࡀ΅ᖸࡢ㸬ගࡓࡳヨࢆ

 

2dncosȟ=(m +1/2)Ȣ 

 

࡛ࡇࡇ㸬ࡿࡁ࡛ࡀ࡜ࡇࡿࡍ⌧⾲࡛ n㸸ᒅᢡ⋡㸪

d:ཌࡳ㸪Ȣ㸸Ἴ㛗࡛ࡾ࠶㸪m㸸ᩚᩘ㸪ȟ㸸ධᑕゅ

ࡣ⋠ᒅᢡࡢࢺ࢖ࣛࢸࣂ㸬ࡿ࠶࡛ 1.56㸫1.66 ࡛

ࡀᬗ⤖ࡣࡳ㸬ཌࡓࡗ⾜ࢆ⟭ィ࡚ࡋ࡜㸪1.58ࡾ࠶

㛗ᚄ㸸▷ᚄ㸻1㸸0.7ࡢᴃ෇⌫≧࡛ࡽ࠿࡜ࡇࡿ࠶

660�0.7㸻462 nm ࡋ࡜㸪m 㸻㸯ࡓࡲ㸬ࡓࡋ࡜

ධᑕゅࡢ㸬㯤Ⰽࡓ cosȟ=65r࡚ࡋ࡜ィ⟬ࡿࡍࢆ

ࡣἼ㛗࡜ 433nmࡓࡗ࡞࡜㸬ࡣࢀࡇ㟷ⰍࡢἼ㛗࡛

㸬ࡿࡍⓎⰍ࡚ࡋ࡜㏱㐣ගࡀ㯤ⰍࡢⰍ⿵ࡢࡑ㸪ࡾ࠶

㉥㸪㟷㸪⥳ࡢධᑕゅ࡛ィ⟬࡜ࡿࡍ㸪㉥Ⰽࡢධᑕ

ゅȟ=61 ࡁ࡜ࡢ 497nm㸪㟷Ⰽࡢධᑕゅධᑕゅȟ

=55rࡁ࡜ࡢ 588nm,⥳Ⰽࡢධᑕゅȟ=53r࡜ࡢ

ࡁ 617nmࡓࡋ♧ࢆ㸬ࡢࢀࡒࢀࡑἼ㛗ࡢ⿵Ⰽࡣ㉥㸪

㟷㸪⥳Ⰽ࡛ࡾ࠶㸪⫗║࡛ほᐹࡓࡋⰍ୍ࡰ࡯࡜⮴

 㸬ࡓࡋ

 

㸲㸬࡟ࡾࢃ࠾ 

 ᮏ◊✲࡛ࡣ㸪MEA ᖹᆒ⢏ᚄࡓࡋᡂྜ࡚࠸⏝ࢆ

0.66m 㸪ᵓ㐀Ⰽ࡚࠸⏝ࢆࢺ࢖ࣛࢸࣂ≦⌫ᴃ෇ࡢ

▷㛗ᚄ㸸ࡀ㸬⤖ᬗࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ࡟⌧Ⓨࡢ

ᚄ㸻1㸸0.7ࡢᴃ෇⌫≧࡛ࡽ࠿࡜ࡇࡿ࠶㸪ᖹᆒ⢏

ᚄ㹼0.7�ᖹᆒ⢏ᚄࡿࡎ‽࡟Ⰽࡀほᐹ࡛ࡓࡁ㸬

㸪㏱࡜࠸࡞ᑡࡀᬗ⤖ࡓࡋ╔௜࡟ࢫࣛ࢞ࢻ࢖ࣛࢫ

㐣ࡿࡍගࡀῶᑡࡋᵓ㐀Ⰽࡾ࡞ࡃⷧࡀ㸪ఱᒙࡶ࡟

㔜࡚ࡗ࡞௜╔ྍ࡜ࡿࡍどගࡢἼ㛗ࡽ࠿⢏ᚄࡀ

኱ࡃࡁእࢀ㸪ගࡀศᩓࡋᵓ㐀Ⰽࡓࡗ࡞ࡃⷧࡀ㸬

 
)LJ�� 3KRWRJUDSKV� RI� VDPSOHV� FKDQJLQJ� DYHUDJH�

VSHHG� 
$YHUDJH�SDUWLFOH�VL]H�����ȝP� 
$YHUDJH�VSHHG���FP࣭V�� 
�D������E�������F����� 

 

 
 
)LJ���6(0�DQG�RSWLFDO�PLFURVFRSH� LPDJHV�RI�VDPSOHV�

FKDQJLQJ�DYHUDJH�VSHHG� 
$YHUDJH�SDUWLFOH�VL]H�����ȝP� 
$YHUDJH�VSHHG���FP࣭V�� 
�D����G�������E���H��������F���I����� 

 

 
)LJ�� ,QFLGHQW�DQJOH�RI�HDFK�VWUXFWXUDO�FRORU� 
 

light

spindle spherical vaterite

Observer

yellow

53r

red
blue

green

65r
61r

55r
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㸪ɔ࡛ࡇࡑ 㐀Ⰽࡢ⌧᫬Ⅼ࡛᭱ࡢ㐺ࢥࣉࢵ࢕ࢹ࡞

㸪ᠱ⃮ᾮ⃰ᗘࡣ௳᮲ࢺ࣮ 0.04㸣㸪ᖹᆒ㏿ᗘ 25cm㺃

s-1 ࡛ 30 ᅇࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹヨᩱ࡛ࡓࡗ࠶㸬 

ࢆᘧ࠺ྜࡵᙉࡀ΅ᖸࡢ㸪ගࡓࡲ 2dncosȟ

=(m+1/2)Ȣ࡛⾲⌧ࡁ࡛ࡀ࡜ࡇࡿࡍ㸪ồࡓࡵගࡢ

Ἴ㛗ࡢ⿵Ⰽ࡜㸪ほᐹ࡛ࡓࡁⰍࡓࡋ⮴୍ࡰ࡯ࡀ㸬 

 

ཧ⪃ᩥ⊩ 

�� .㸬+DVKLPRWR㸪-�6RF�,QRUJ�0DWHU��-DSDQ㸪
����㸪��㸪�������� 

��1�)XND]DZD㸪-RXUQDO�RI�WKH�6XUIDFH�)LQLVKLQJ�
6RFLHW\�RI�-DSDQ㸪����㸪��㸪�������� 

��≉㛤� ����������� 

���7�,VKL]DNL㸪-RXUQDO�RI�WKH�6XUIDFH�)LQLVKLQJ�
6RFLHW\�RI�-DSDQ㸪����㸪��㸪�������� 

��0LFKLQDUL�.RKUL�HW�DO��/$1*08,5�����㸪
��㸪� ���������㸬 
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