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⍸⊻⊻〘崓⵫⤵⧐ℶ㵆‌ Wollo ⢢⒬䟶 Hydrophane 㲙㸼慍妾Ὸ嶣Ⳙ⍸㤂Ѭ⿨ᾀ灃㲙㸼һ䟯㲙㸼ᾀ㶦㲙㸼慍妾Ὸ⵫㵆Ҿ㳖⪈Ѭ

憌愹㻪㶦ⴐ毾崳㞀Ὸ⋨▪㶦㆙Ҿ偅㤎㞰䪬Ѭ1098 cm ɩ 1 架慃䟶倔⪈▪㚨⹢◾惵ガ䟶 970 nm 架慃▪㚨⹢㞡⎖ⴌ Hydrophane

㲙㸼䟶㡻㚺ℏ㓠Ҿ㐻㡮⊻嶣㑹䪬嵗㏫ Hydropahne 㲙㸼ᾬ Opal-CT ⣽Ҿ㻪㶦ⴐ毾姚㞀 Hydrophane 㲙㸼䟶Ⳇ栋〘惵汊Ѭ⋩㡻

惵ガ䟶▪㶦㆙Ѭ偁㻪㶦▀Ѭ䚣 㶦⍸Ⳃ⊷⧝Ⳇ栋Ѭ䂝┿⵶⃎䚚枿⃀Ѭ⵮卦挿捁⨐␒Ѭ╊ホ㻺⪣Ѭ憁㞀〘⨐␒Ҿ

㗊嫳

ょ孲

㲙㸼㞡ὲ䬿棐㟨庚㎈偅㟨䭽〘惵⽠䟶㣂㜋Ѭ䚣偅㣶汊〘㝒

、䟶▝㶦῾㶙⒈䦷ҡSiO2·nH2OҢㄠ䕵倶㎂ҡJones and Segnit, 

1971; Webster, 1975; Leechman, 1984ҢҾ㓠㐗懅Ѭ⤵⧐ℶ㵆‌

㲙㸼㡲㝛  1994 ⿦⢚⒉扚嶔䙘䡳䟶 Menz Gishe ⢢⒬娝╃䔢Ѭ⿨

  1994 ⿦ 2 㡺⢚ ICA ⋞㐗ᾟ娝欈㲓㐗懅ҡBarot, 1994; Koivula 

et al., 1994ҢҾ嵗㲙㸼䥱⒬₿  Mezezo ⒉扚Ҿ⪙⪌㛢㲙㸼►䞖䐨

ҡnodulesҢѬⷐ 䇝ⷣ㎂⡒Ѭ⋨⪈架㡻ὲⶴ㺳倫⸛橀⒈ⶴҡJohnson 

et al., 1996; Downing, 2017ҢҾ䊨兾Ѭ態䬿㲙㸼偏⪙扚⍸扯㞅 

ひ娴ᾆ὿䮥ⴌҾ⡒㳖Ѭ⽴⢬⵫嵗䥱⒬㲙㸼䟶⋥㹚〘⿨὿汊Ҿ

2008 ⿦Ѭ⢚⤵⧐ℶ㵆‌ Wollo 䡳 Wegel Tena ⶁ暹架慃╃䔢

Ὸὲᾜ㜢䟶㲙㸼䥱⿼Ѭ嵗䥱⒬䟶㲙㸼╾㦩ⷐ 䇝ⷣ㎂⡒Ѭ䬿䷭侳⪌

ҡFritsch and Rondeau, 2009; Rondeau et al., 2009ҢҾWegel 

Tena ◚⡦䟶㛦ᾜ⒬⥑䚣┌䇝ⷣ㷻䭡ⶴҡ>3,000 ䷥Ң倶㎂Ѭ䓶㳘⸛

◾㺳倫⸛䌆偅⍏䇢⸛►‖㡱ⶴ䐨⍬䔢ҡRondeau et al., 2010ҢҾᾀ

᾽⎿⢚ Mezezo 架慃╃䔢䟶㲙㸼὿╾Ѭ態ᾜ㜢╃䔢䟶㣂㜋⋩㡻㺷古

⃅古ᾆ὿⾪嬳╊古䔢巓Ѭ㡦␒䷭₮ ⢚䄥⪙⎛‌◾⽦嫱’⍬䟶㷻䭡

㎂⡒䟶㲙㸼ҡRondeau et al., 2010ҢҾ⢚ 2011⿦⡰㩠⷇ὼѬ㣗卜

Wollo 䟶㲙㸼⪙捁㻾䔢Ҿ䚣 ⋨䏫㳼䟶⊻Ⳙ䔢巓◾╡㔗╉䟶⁩㦮Ѭ

Wollo 㲙㸼Ѭῑ娝䭢ᾬ Wello 㲙㸼Ѭ娝⽴⢬⿱㹍㔗╉Ѭ⿨娝〆䚚 

䕒ⴏ欈櫢ᾟҾ

嵪⪌䦆䯨‬◊⵫嵗㣂㜋慍妾Ὸ䦆䯨Ҿұ㑹䐨╊ホҲҡ 䡪䯱㕄

䟶╊ホ古㜃⡰㦺Ң㞡Wollo 㲙㸼䟶⋪⣽䏫ンҾRondeauҡRondeau 

et al., 2013Ң欈㲓㔚䂆Ὸ嵗╊ホピ㎂䟶愹䭽Ѭ㻻┼㷻䭡һ₊⊺㚫╊һ

㷻㼲һ⿤䍗◾⍏⡬䲻愹䭽ҾWollo 㲙㸼ᾟ῾㶙⒈䦷ㄠ䕵䟶䡦ヶҡd = 

80–500 nmҢ◾ㄠ䕵⡔凌䏛ҡd = 200–580 nmҢ䁓弥Ὸ⵫╡嬳⊻

妿⵶䟶㣓⁨Ѭᾆ䦷䕵䟶ⶴ┌〘ҡh = 120-200 nmҢ䁓弥囶匎⿤㻻䟶

㣓⁨ҡZhao, et al., 2020ҢҾ䚣 Ⳇ栋䓹䡪⵫惵⪙Ѭ⵫㥅㜋䟶▪架

副␍ガѬ⤵⧐ℶ㵆‌㲙㸼㞡㥅古⩶䕸䟶㡲⃥慻㑛Ѭ⳵╡⁗㻪㹓⢚὿

╾樎古䟶⒈Ⳙ䀨㼤ᾟ㥅古ҡYu et al., 2014ҢҾ

䊨兾Ѭ⤵⧐ℶ㵆‌ Hydrophane 㲙㸼ᾀ⋨⁈䷭⣽㣂㜋䟶

▪㶦㆙⽠ぴ⵫㵆䦆䯨‿惵ᾬ催῁Ҿ㢞㲓䦆䯨㝚⢚⋚棔►䔢 Hy-

drophane 㲙㸼䟶▪㶦㆙䏫ンѬ⁗懱⊿㽩㼸Ѭ⳾⛶崖䥗Ҿ㎃⁞慍妾

Ὸ偮╺⊻嶣䦆䯨◾▪㶦㆙ⴐ毾Ҿ㳖⪈Ѭ㢞㲓䦆䯨╡⁗ᾬ㝒㓑揦⎝

Hydrophane 㲙㸼㕂ℍ㜢㆏彡Ҿ
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㦩☳┼㺽嵇㜫㹇

㢞㲓䦆䯨㦩☳ҡ⡰ 1Ңᾬ 6 樉⤵⧐ℶ㵆‌ Wollo ⢢⒬ҡ⡰ 2Ң

䟶 Hydrophane 㲙㸼ҡE-1~E-6Ѭ挿捁呵⡦ 0.43-2.19ctҢ┼ 3

樉䄥⪙⎛‌灃㲙㸼ҡAB-1~AB-3Ңһ3 樉䄥⪙⎛‌䟯㲙㸼ҡAW-

1~AW-3Ңһ2 樉⨚嫱♗㶦㲙㸼ҡMW-1~MW-2ҢѬᾬ㪟⡸ピ互棔Ѭ

⢹╡嬳╊ホ䔢巓Ѭ⫴⡰ 1 ㎲䪬Ѭ废ῢ  Cody Opal ⋞╪Ҿ

㢞㲓䦆䯨䚚㲙㸼⢹►㪟⡸ピ゙棔Ѭ⃅古ᾬ㝒古һ慃䟯古㎈㺷

瀶古Ѭ憁㞀 - ὿憁㞀Ѭ態‍䦆䯨㦩☳⢹废  Cody Opal ⋞╪Ҿ⋨

ᾟ 6 ᾜ hydrophane 㲙㸼䟶䈫㺽㐊⵶䓹呵⡦ᾬ 1.45-1.47Ҿ㎲㡻

㦩☳⢚曱㹔亝⪈倱䋙⵶ώ⢹►䔢ᾟ䲻卥ガ䟶噏哙⊻Ҿ姚 1 倸卦►

䔢Ὸ㵁樉䦆䯨㦩☳䟶ⴏ䥥Ⳙ⥬㢞㆙庚Ҿ

㢞㲓䦆䯨⃱䚚抿⩹┾䡠㞰ㄠ曎䟶䋙䡪㢬⵫㦩☳慍妾㐿䋙Ѭ㚰

⪙ⅿ㛢㡲汊╡愰 100 ⅿҾ

⇷挾╨╊㓔倔⪈⊻嶣ҡFTIRҢ㞡⢚ TENSOR й倔⪈⊻嶣

⁜ὼ慍妾䟶Ҿⴐ毾㣓⁨ᾬѪ⊻嶣呵⡦ 400-2000cm ɩ 1Ѭ⅓⟜㵆

4000:1Ѭ⊻嶣⍸愚䓹 4cm ɩ 1Ѭ⁗ 7.5KHz 䟶㏝㕁憑〘㏝㕁 32 㲓Ҿ

㢞ⴐ毾⃱䚚䟶⁜⟚㞡XplorRA Horiba⋣凌䊘㐻㡮㞰ㄠ曎Ҿ

䄲╃㹔曱ᾬ 785nmѬ⊻嶣⁜⍸愚䓹ᾬ 4.5cm ɩ 1Ѭ㺽嵇呵⡦ 100-

1500cm ɩ1Ҿ⢚㺽嵇⎿Ѭ嵗⁜⟚⃱䚚䦷䎹ҡ520.7cm ɩ1Ң慍妾Ὸ㦓⌸Ҿ

挹䚚 Gem-3000 ⣽亝⪈ -╡嬳⍸⊻⊻〘崓⵫㦩☳慍妾⍸㤂Ѭ

㺽嵇㣓⁨Ѫ䭡⍸㝨杦 120msѬ⿥⢹㲓㛢 12Ѭ⿥䁃⴯〘 3nmѬ㹔曱

挹核呵⡦ 220nm-1000nmҾ

⡰1 㲙㸼㦩☳Ҿ㐿㖶Ѫ廧㋙㲕Ҿ

⡰2嵗㲙㸼䥱⿼₿ ⤵⧐ℶ㵆‌ᾟ⒉扚Ѭ棒慃Wegel Tenaⶁ暹ҡⅠ㚫卜Rondeau et al., 

2010ҢҾ偊⎨Ѫ廧㋙㲕Ҿ

㺽嵇偅㤎ᾀ崚崬
⥬㢞ⴏ䥥Ⳙ䏫ン
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㦩☳ E-1һE-2 ╡嬳䑞䏫䟶ұdigit patternҲҡ㑹䐨╊ホҢѬ⡒

ピ₮㎽㑹兾ㄉ╿Ѭ㞡⤵⧐ℶ㵆‌㲙㸼䟶⋪⣽䏫ンҡRondeau et 

al., 2010ҢҾ態‍╊ホ䚣慃῀⿥妾䟶㥣䐨偅㣶倶㎂Ѭ憁㞀〘һ╊

ホ樎古╶ぴѬ⋨杦䚣⢹⑲慐偟䟶⥬庚栆ひҡ⡰ 3A-CҢҾ憌愹㡦ᾬ

倸卦䟶嬴ⵑѬ⿥妾㥣䐨偅㣶㞰䪬⍬䡪₮䟶妿⵶樎古Ѭ態╡副㞡䚣

㜫▃䭿㡻⇁⽠䟶䦷䕵㎲卦ҡ⡰ 3CҢҾ㳖⪈Ѭ⁀倔古ҡ〇扚Ң⎢瀶古

⋿⎢偱古ҡ槨扚Ң䟶妿⵶樎古䟶惞╊姚㞀䕵⃅⢚挿␍䟶㔙⎨ώ㡻

嬶ヽ⢢㑻䋙⪙ⶁ㔄⎉ҡRondeau et al., 2013ҢҾ㳕⫴ Rondeau

䲻㕂⍬䟶ұ㑹䐨╊ホҲピ㎂䟶㮓⣽Ѭ̔ 㶙⒈䦷䟶㶦╺䕵⃅偅╺㎂

㩣ピ䟶⣴䡦㥣⃅Ѭ⿨憂㾂⍸娴㎂䡪戭䟶⪌ᾜ㥣⃅Ѭ㮜㎜棔►⪌愫ピҾ

㶦㎈⋨⁈㺳⃅䟶℧⋗憂㾂㚫╊㥣䐨偅㣶䟶愫䚾Ѭ⁀⿨⎉䟶嬶⎋

⪌愫ピ╊㎂⡸⒈⪌愫ピҡRondeau et al., 2013ҢҾ⋨⁈㦩☳慊

㞰䪬Ὸ⋨⁈⡰㦺Ѭ⑷㑞䎹䐨һ⾘䐨◾䇝䊢䐨ҡ⡰ 3D-FҢҾ

姚��㲙㸼㦩☳䟶⥬㢞ⴏ䥥Ⳙ㆙庚

☳䬿

Hydrophane 
㲙㸼

Hydrophane 
㲙㸼

Hydrophane 
㲙㸼

Hydrophane 
㲙㸼

Hydrophane 
㲙㸼

Hydrophane 
㲙㸼

灃㲙㸼

灃㲙㸼

灃㲙㸼

’⢢
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䄥⪙⎛‌

傈╩

E-1

E-2

E-3

E-4

E-5

E-6

AB-1

AB-2

AB-3

挿捁/ct

2.190

0.685

0.573

0.488

0.426

0.472

0.189

0.220

0.218

⃅古

㝒古

㺷瀶古

㝒古

㝒古

䟯古

㺷瀶古

灃古

灃古

灃古

憁㞀〘

憁㞀

Ⓖ憁㞀

憁㞀

Ⓖ憁㞀

ㄠ憁㞀

憁㞀

὿憁㞀

὿憁㞀

὿憁㞀

㐊⵶䓹

1.45

1.47

1.44

1.47

1.46

1.45

-

-

-

䋙䎹

倔⪈▪㚨⊻嶣䏫ン

㺽嵇偅㤎姚㞀Ѭ㲙㸼㦩☳⢚ 400-2000cm-1 呵⡦⋷䟶▪㚨

⹢ᾭ嫳ᾀ Si-O-Si 䟶㒡␚䡪⋥ҡFarmer, 1974; Adamo et al., 

2010ҢѬ⋨嶣⹢ツⷐ⫴ώ姚 2Ҿ⋩⃅兾孲Ѭ1115cm-1 ◾ 780cm-1

⹢₿ツⷐ  Si-O-Si 䟶┿⵫䭢◾⵫䭢₪傛㒡␚Ѭ兾 475cm-1 ⹢

₿ᾀ O-Si-O 䟶ァ㡤㒡␚䡪⋥ҡFarmer, 1974; Smallwood et 

al., 1997ҢҾ὿╾䬿䷭㲙㸼䟶倔⪈┿⵶嶣⡰⥬㢞䡪₮Ѭ₸ Si-

O-Si ┿⵫䭢₪傛㒡␚₌╃䚑㞀㞰⇁䭭ѬHydrophane 㲙㸼ᾭ

嫳⢚ 1098cm-1 架慃Ѭ兾棐 Hydrophane 㲙㸼ᾭ嫳⢚ 1110-

1115cm ɩ 1Ѭ䡪⽠倘 17cm ɩ 1ҡ⡰ 4ҢҾ嵗⹢₿䟶⍬䔢ᾬ⎖ⴌ Hy-

drophane 㲙㸼䟶㡻㚺ℏ㓠Ѭ兾὿桲嫳慍妾㻪㶦ⴐ毾㣗⒬⍸Ҿ
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䟯㲙㸼

䟯㲙㸼

䟯㲙㸼

㶦㲙㸼

㶦㲙㸼

⹢₿ / cm ɩ 1 ⹢₿ツⷐ

姚 ��㲙㸼䏫ン⹢䟶⹢₿ツⷐҟ)DUPHU������Ҡ

1098-1115

777-785 

475

VasҡSi-O-SiҢ

VsҡSi-O-SiҢ

ƈ ҡO-Si-OҢ

䄥⪙⎛‌

⨚嫱♗

AW-1

AW-2

AW-3

MW-1

MW-2

0.255

0.232

0.305

0.770 

0.780

䟯古

䟯古

䟯古

㝒古

㝒古

὿憁㞀

὿憁㞀

὿憁㞀

憁㞀

憁㞀

-

-

-

-

-

⡰3 Hydrophane㲙㸼ᾟ䟶⪌古╊ホҾAѪ⁀㦩☳E-2䟶ὲℙ嬴ⵑѬ⪌愫ピ㎈愫傊⡸⒈䟶古㜃►毞廍⊽䐨Ѹ嬸⥑Ѫ10.61 mmѸBѪ⢚㡦⪙䟶㚰⪙ⅿ㛢ώ嬴ⵑ⪌愫ピ偅㣶Ѭ䷭₮毞廍⊽偅㣶㎈塴䰏䐨Ѹ

嬸⥑Ѫ4.10 mmѸCѪ㦩☳E-2 ᾟ䟶㑹䐨╊ホѸ嬸⥑Ѫ11.09 mmѸDѪ㦩☳E-1ᾟ䟶湐䎹䐨╊ホѸ嬸⥑Ѫ10.37 mmѸEѪ㦩☳E-1ᾟ䟶⾘䐨╊ホѸ嬸⥑Ѫ9.65 mmѸFѪ㦩☳E-6ᾟ䟶䇝䊢䐨╊ホѸ嬸⥑Ѫ6.61 

mmѸ㐿㖶Ѫ廧㋙㲕Ҿ⊻倖䋙㞀Ҿ
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⡰4 䄥⪙⎛‌灃㲙㸼◾䟯㲙㸼һ⤵⧐ℶ㵆‌Hydrophane 㲙㸼ᾀ⨚嫱♗㶦㲙㸼䟶倔⪈┿⵶⊻嶣

⵫㵆ҾᾬῸ㡦⫯䟶嬴ⵑѬ㎲㡻⊻嶣娝╒␒㚰僠Ҿ

⡰6 䄥⪙⎛‌灃㲙㸼◾䟯㲙㸼һ⤵⧐ℶ㵆‌Hydrophane㲙㸼ᾀ⨚嫱♗㶦㲙㸼䟶亝⪈⊻嶣⵫㵆Ҿ

⡰5 ⤵⧐ℶ㵆‌Hydrophane㲙㸼䟶㐻㡮⊻嶣㑹䪬⋨ᾬopal-CT䷭⣽Ҿ

㐻㡮⊻嶣

▪㶦㆙

亝⪈ -╡嬳 - 慃倔⪈▪㚨⊻嶣

㦫㓠 X ⵶倱妿⵶ҡXRDҢ䟶偅㟨ピㅳѬ㲙㸼╡⍸ᾬ opal-Aһ-

CT ◾ -C ύ䬿䷭⣽ ҡJones and Segnit, 1971ҢҾ㳖⪈Ѭ㐻㡮⊻

嶣ҡSmallwood et al., 1997; Sodo, 2016Ңһ倔⪈⊻嶣ҡDay, 

2008; Bobon, 2011; Chauviré, 2017Ңһ㦪䨳⋣㒡㹔嶣ҡParis, 

2007Ңῑ╡⁗⾠␛慍妾㳖䬿䷭⣽䟶⍸䷭Ҿopal-A ᾭ嫳ᾬ棐㟨ㅳѬ

opal-CT ᾬ䚣ƅ-㜫䥥呣ҡCҢ◾ƅ- 瀑䥥呣ҡTҢ倶㎂䟶Ⓖ㟨庚䐨ㅳѸ

opal-C ⋩㡻䚣 ƅ-㜫䥥呣倶㎂䟶㡻、偅㣶ҡJones et al., 1972; 

Elzea et al.; 1994ҢҾ

㢞䦆䯨挹䚚㐻㡮⊻嶣⵫䦆䯨㦩☳慍妾⎏㳗⍸䷭Ҿ㲙㸼䟶㐻㡮

⊻嶣ᾭ嫳⢚ 1100 cm ɩ 1 ⁗⋷䟶⒬⥑Ҿ㎲㡻 hydrophone 㲙㸼⋩

㡻 307 cm ɩ 1 䟶▪㚨⹢Ҿ㳖⪈Ѭ104cm ɩ 1һ230cm ɩ 1һ346cm ɩ 1һ

411cm ɩ 1һ483cm ɩ 1һ781cm ɩ 1 ◾ 978 cm ɩ 1 ⩶ῑ⋩㡻▪㚨⹢ҡ⡰

5ҢҾ㦫㓠⎿‬䦆䯨ҡSodo, 2016; Curtis et al., 2019ҢѬ㢞㲓䦆䯨

䟶 hydrophone 㲙㸼ⷐ  opal-CT ䷭⣽Ҿ

㢞㲓㻪㶦ⴐ毾⋣⍸ᾬᾖ倶Ҿ

⵫䋙倶 1Ѫ慻㑛灃㲙㸼 AB-1һ䟯㲙㸼 AW-1һHydrophane

㲙㸼 E-3һ㶦㲙㸼 MW-1Ѭ⵸ 4 樉㦩☳╾㝨㻪 ⥫⋭䠱ᾟѬ㵁 30

⍸昑╈⍬㦩☳慍妾挿捁㺽嵇Ѭ⵫㵆὿╾䬿䷭㲙㸼䟶▪㶦㆙Ҿ㺽嵇

㛢㓠嬳姚 3Ҿ

⵫䋙倶 2Ѫ慻㑛 E-2һE-4һE-5 ύ樉 Hydrophane 㲙㸼慍妾

▪㶦〘⵫㵆ⴐ毾Ѭ⵸ 3 樉㦩☳╾㝨㻪 ⥫⋭䠱ᾟѬ㵁 5 ⍸昑╈⍬

㦩☳慍妾挿捁㺽嵇Ѭ呗挿捁╊⒈⍁傅Ѭ⎋慴ヅと曱挿捁㺽捁杦栆Ѭ

䡦卥挿捁὿⋿㚫╊ᾬ㳔Ҿ㺽嵇㛢㓠嬳姚 4Ҿ

㲙㸼䟶▪㶦㆙ᾀ⋨偅㣶Ⳇ栋䡪⋥Ѭ⡒㳖ѬᾬῸ㡦⫯⢢䕸孕㲙

㸼䟶▪㶦㆙ᾀ⋨偅㣶䟶⋥乭Ѭ㢞㛹慍妾Ὸ㲙㸼䟶Ⳇ栋〘崓䴉Ҿ㲙

㸼䟶Ⳇ栋〘㞡㑹㎲㡻Ⳇ栋䯬杦⃅䭡᾽◾ҡVpҢᾀ㲙㸼䟶⃅䭡ҡVҢ

᾽㵆Ѭ䚚䟰⍸㵆姚䪬Ҿ⢚䕸㉥䐨ㅳώѬ㲙㸼曱㢑棋僠 䯬㶆ᾟѬ⋨

Ⳇ栋ᾟ䟶㶦⳾⋚㻺⪣Ѭ嵗㲙㸼㻪㶦▀㎲㡻ひ㚰Ⳇ栋娝㶦⧝䁓Ѭ態

㝨╡崖ᾬⳆ栋ᾟ㶦䟶⃅䭡ҡVwҢᾀひ㚰Ⳇ栋䟶⃅䭡 Vp 䡪䲻Ҿ↹崰

㻪㶦⎿㲙㸼䟶庚捁ᾬ W1Ѭⴸ〘ᾬ Ɣ1Ѭ㻪㶦▀㲙㸼䟶庚捁ᾬ W2Ѭ

㶦䟶ⴸ〘 Ɣw ᾬ 1g/cm3Ҿ䚣㳖╡㔚⵮⍬Ⳇ栋〘䟶崓䴉⋞めᾬѪ

㺽嵇偅㤎姚㞀Ѭ䚣 ╉⎢╊ホ古㜃䟶ャ☿Ѭ⋩㡻╊ホ㚺〆

䟶㲙㸼䟶亝⪈⡰嶣栁㺽嵇₿僠兾╊⒈Ѭ₸ Hydrophane 㲙㸼⢚

970nm ⍬䔢㞀㞰䟶▪㚨⹢Ѭ兾⋨⁈䬿䷭㲙㸼⢚㳖⩶䟶▪㚨⹢⢹

惵ィҡ⡰ 6ҢҾ
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⡰9 ὿╾䬿䷭㲙㸼挿捁⨐␒栁㻪㶦㝨曱䟶╊⒈Ҿ

                  P  = Vp  / V ×100%

                      = ҡҡW2- W1Ң/ƔwҢ / ҡW1/Ɣ1Ң ×100%

                      =  ҡW2- W1Ң �Ɣ1/W1×100%

㹚Ѫ⢚㢞㲓ⴐ毾ᾟѬƔ1 䚚 hydrophane 㲙㸼䟶ⴸ〘 1.82ҡ⢹↮Ң慍

妾崓䴉Ҿ

⡰7 灃㲙㸼һ䟯㲙㸼һH ydrophane㲙㸼ᾀ㶦㲙㸼㻪㶦⎿ҡὼҢ▀ҡώҢ⪈嬴⵫㵆Ҿ棐

Hydrophane㲙㸼⢚㻪㶦⎿▀䟶⪈嬴⿨㢜╃䚑㚫╊Ѭ兾Hydrophane㲙㸼㞀㞰憁㞀〘㕂汊Ѭ╊

ホ㻺⪣Ҿ㐿㖶Ѫⳋ桜唫Ҿ

⡰8  Hydrophane㲙㸼㻪㶦⎿ҡὼҢ▀ҡώҢ⪈嬴⵫㵆Ѭ憁㞀〘㕂汊Ѭ╊ホ㻺⪣ҡ㦩☳⁀⽘⎢╥ℏ

㲓ᾬѪE-2ѬE-4ѬE-5ҢҾ㐿㖶Ѫⳋ桜唫Ҿ

姚 ��὿╾䬿䷭㲙㸼挿捁栁㻪㶦㝨曱䟶╊⒈

0.575 

0.605 

0.605 

0.605 

0.605 

0.605 

0.217 

0.217 

0.217 

0.217 

0.217 

0.217 

MW-1

0.774 

0.774 

0.774 

0.774 

0.774 

0.774 

AW-1 E-3AB-1

0.307 

0.307 

0.307 

0.307 

0.307 

0.307 

傈╩

挿捁 /ct㻪㶦㝨杦

0 min

30 min

1 h

1 h 30 min

1h 40 min

1 h 50 min

挿捁⨐曱䓹 0.000% 0.000% 5.217% 0.000%
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⡰10 ⤵⧐ℶ㵆‌Hydrophane㲙㸼挿捁⨐␒栁㻪㶦㝨曱䟶╊⒈Ҿ

姚 ��⤵⧐ℶ㵆‌+\GURSKDQH 㲙㸼挿捁栁㻪㶦㝨曱䟶╊⒈┼Ⳇ栋〘3崓䴉

3.78% 

10.80%

1.89% 

7.29%

12.69%

0.00%

4.32% 

11.34%

2.70% 

8.10%

12.69% 

0.81% 

6.21% 

12.42%

3.51% 

9.45%

15.16%

15.16%

9.86% 

15.16%

15.16% 

3.79%

15.16% 

15.16% 

12.13%

15.16%

15.16% 

6.44%

15.16% 

15.16%

13.65% 

15.16% 

E-4E-2

W/ct P W/ct P

傈╩

挿捁 /ct㻪㶦㝨杦

0 min

30 min

1 h 50 min

5 min

35 min

2 h 5 min

10 min

50 min

2 h 20 min

15 min

1 h 5 min

2 h 35 min

20 min

1 h 20 min

2 h 50 min

25 min

1 h 35 min

挿捁⨐曱䓹

0.685 

0.699

0.725 

0.692  

0.712

����� 

0.685 

0.701

0.727

0.695  

0.715 

0.732 

0.688

0.708 

0.731 

0.698  

0.720

6.861%

0.488 

������

0.528  

0.514  

0.528  

0.528 

0.498

0.528  

0.528  

0.520 

0.528 

0.528  

0.505  

0.528  

0.528 

0.524  

0.528  

8.197%

0.423  

0.489

0.489

28.87%

28.87%

0.489 

0.489

0.489

28.87%

28.87%

28.87%

0.486  

0.489

0.489 

27.55% 

28.87%

28.87%

0.489

0.489

0.489

28.87% 

28.87%

28.87%

������

0.489

0.489

28.87%

28.87%

28.87%

0.489

0.489

28.87%

28.87% 

E-5

W/ct P

15.603%

⵫䋙倶 1 䟶ⴐ毾⋣㑳偟 1 ⶁ㝨 50 ⍸昑Ѭ⢚㻪㹓愹䭽὿╡嬳

㶆㹓Ѭ棐 Hydrophane 㲙㸼ҡ灃㲙㸼һ䟯㲙㸼ᾀ㶦㲙㸼Ң㻪㶦

⎿▀挿捁ᾀ⪈嬴ҡ⑷㑞╊ホ◾憁㞀〘䲻Ң⢹㢜╃䚑╊⒈ҡ⡰ 7Ѭ9ҢҾ

⵫䋙倶 2 䟶ⴐ毾⋣㑳偟 2 ⶁ㝨 50 ⍸昑Ѭ⢚㻪㹓愹䭽ᾟ㲙㸼姚

棔㞀㞰╡嬳⪙捁䟶㶆㹓Ѭ偁㻪㶦▀Ѭ挿捁⨐␒ 6.861%-15.603%

὿䲻Ѭ╊ホ㻺⪣Ѭ憁㞀〘⨐␒ҡ⡰ 8Ѭ10ҢѸᾆ Hydrophane 㲙

㸼䟶⎏⬽䐨ㅳ挿捁廼ⶁѬ▪㶦廼ㅝѬ▪㶦▀挿捁⨐␒䓹廼汊ѬⳆ

栋〘廼⪙Ѭ▪㶦▀愰⎢䮥ⴌ䐨ㅳ㎲桲嫳䟶㝨杦廼䥟Ҿ⃽⫴ѬE-5

ҡ0.423ctҢ㦩☳挿捁㡲ⶁѬ‷ 10 ⍸昑ⶣ愰⎢▪㶦櫣◾䐨ㅳѬⳆ

栋〘汊愰 28.87%Ѹ兾 E-2ҡ0.685ctҢ㦩☳㻪㶦倘 2.5 ⶁ㝨▀

㎿▪㶦櫣◾ѬⳆ栋〘ᾬ 12.69%Ҿ㲙㸼䟶▪㶦㆙ᾀ SiO2 䕵⃅偅

㣶䟶ㄠⳆ栋◾㵆姚棔䭡㡻⋥ҡQin et al., 2006ҢѬ庚捁廼ⶁ䟶

㦩☳ㄠⳆ栋廼⪌Ѭ㵆姚棔䭡廼⪙Ѭ⎋▪㶦㆙ⶣ廼ガҾ
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㻪㶦ⴐ毾▀Ѭ⵸㎲㡻 Hydrophane 㦩☳㚰僠 ⿤䍗䟶⥫

⋭䠱ᾟѬ倘 2 ◚▀Ѭ㦩☳⪈嬴◾挿捁⢹㇔⩿⎢㻪㶦⎿䟶䐨ㅳҡ⡰

11ҢҾ埯䊨▪㶦愹䭽╡慸Ѭ₸ Hydrophane 㲙㸼䟶劣㶦愹䭽䡪⵫

傅㋔Ҿ

⤵⧐ℶ㵆‌ Hydrophane 㲙㸼▪㶦▀Ѭ䚣 ⪙捁㶦⍸Ⳃ⊷

䁓Ⳇ栋Ѭ䂝┿⵶⃎䚚⍁ィѬ⋨憁㞀〘㕂汊Ҿ嵗愹䭽⥬㢞ὼ㞡╡慸䟶Ѭ

ⓥ⵸㻪㶦䟶 Hydrophane 㲙㸼⢚⿤䍗䟶䔡⧵ᾟ㚰僠ὲ㴧㝨杦Ѭ

⋨憁㞀〘枿⃀Ѭ╊ホ㇔⩿Ҿ態ὲ愹䭽㇔⩿䟶㝨杦ᾭ嫳╈⌥ ◚⡦

䔡⧵䟶㿱〘◾㦩☳䟶┌〘ҡRondeau et al., 2010ҢҾ

⡰ 11 㻪㶦ⴐ毾▀ѬHydrophane㲙㸼偁⿤䍗䔡⧵棋僠2◚▀Ѭ╊ホ㇔⩿Ѭ憁㞀〘枿⃀ҡ㦩☳⁀⽘

⎢╥ℏ㲓ᾬѪE-2ѬE-4ѬE-5ҢҾ㐿㖶Ѫ廧㋙㲕Ҿ

⡰12 㥅噏古ᾀ灃古䟶⤵⧐ℶ㵆‌Hydrophane㲙㸼Ҿ㐿㖶Ѫ戅㇬咧Ҿ

▪㶦㆙䟶〆䚚

Hydrophane 㲙㸼ᾀ㶦㲙㸼

▪㶦㆙態ὲ㆙庚棐⾪㡻引Ѭᾀ㳖╾㝨Ѭ⳵ῑ偋㎃⁞⁗□䪬Ѫ

⁭⃇⴫㞅▪㚨㼤⃅䟶ⴏ䥥㣂㜋₌㎂ᾬ㥅古⩶䕸䟶㡲⃥┑㜋慻

㑛ҡRenfro, 2011ҢҾ䡠⎿Ѭ⽴⢬ὼ⾪嬳䟶㥅古㲙㸼⪌ᾬ Hy-

drophane 㲙㸼ҡ⡰ 12ҢѬ䚣 Ⳇ栋〘惵⪙Ѭ⵫㥅㜋䟶▪架㆙ガѬ

⵸⋨㻪㹓 ὿╾樎古䟶⒈Ⳙ樎㜋䀨㼤ᾟѬ╡㥅㎂㯋古һ噏古һ灃

古⁗ⁱ䇝㲙㸼◾灃㲙㸼Ҿ

⡒ Hydrophane ⋩㡻ұ㻪⋗㶦ᾟ╊憁㞀Ҳ̓ ㊁Ѭ⢚ᾟ⡯⽴⢬

ὼ憌⾪⵸ Hydrophane 㲙㸼䭢ᾬұ㶦㲙㸼ҲҾ䊨兾Ѭ’卜⨚嫱♗

䟶ὲ䬿⃅古ᾬ㝒古һ憁㞀һ⋩㡻╊ホ䟶㲙㸼ҡ⫴ MW-1һMW-2Ң

䟶呣㛹╿䭢ᾬұwater opalҲ, ⢚⽴⢬ὼῑ憌⾪娝䭢ᾬұ㶦㲙㸼ҲѬ

₸⫴ὼ慢㻪㶦嵇毾ᾀ倔⪈⊻嶣㺽嵇偅㤎㎲䪬Ѭ嵗䬿㲙㸼㞡ὲ䬿棐

Hydrophane 㲙㸼Ѭ὿⋩㡻▪㶦㆙Ѭ╊ホ㡦ᾬ䮥ⴌҾ̔ 具⪈嬴䡪

₮Ѭ䡪╾䟶ᾟ㛹╿䭢₌憒㎂㲙㸼☳䬿䟶㽩㼸Ҿ⡒㳖Ѭ䲆具ぬ崠⵸

Hydrophane 㲙㸼嵃㎂ұ憁㲙㸼ҲѬᾀұ㶦㲙㸼Ҳ䡪⒬⍸Ҿ

偅崬

▪㶦㆙ⴐ毾崳ⴐ⤵⧐ℶ㵆‌ Hydrophane㲙㸼⋩㡻惵汊䟶

▪㶦㆙Ҿ態䬿㣂㜋⢚㻪㹓▀Ѭ挿捁⨐␒Ѭ⪈嬴╃䚑Ὸ㚫╊Ѭ╊ホ㻺

⪣Ѭ憁㞀〘⨐␒Ҿ嵗㆙庚ᾀ῾㶙⒈䦷䕵䟶ㄠⳆ栋䓹◾㵆姚棔䭡㡻

⋥Ҿ嵗愹䭽⥬㢞╡慸Ҿ偮╺㆙䟶⊻嶣䦆䯨ᾬ㎃⁞㕂ℍῸὲ䬿棐䦦

⣁㆙䟶㜫㹇㣗崸⎝ Hydrophane㲙㸼Ҿ⢚ 1098 cmɩ 1⩶䟶倔⪈

▪㚨⹢◾亝⪈ -╡嬳 -慃倔⪈⊻嶣ᾟ㞀㞰䟶 970 nm▪㚨㞡揦⎝

Hydrophane㲙㸼䟶㡻␍ℏ㓠Ҿ

卦嶔

㊑嶔戅㇬咧㕂ℍ⡰䎹㐿㖶⾠␛Ҿ

⃎具‽倿

ⳋ桜唫㞡 Guildⴏ䥥ⴐ毾ⴖҡ㽣⢥Ң汊候ⴏ䥥Ⳙ⴨Ҿ

扎䓻㣢㞡 Guild ⴏ䥥ⴐ毾ⴖҡ㽣⢥Ң⏡ㆭ娳Ҿ廧㋙㲕㞡

Guildⴏ䥥ⴐ毾ⴖҡ㽣⢥Ң䟶ⴏ䥥Ⳙ⴨Ҿ
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