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ȿɲȳȴɱɁǽ΢ᚩ۰༔ǚȘ਀ȍǲǮɆɳ㏏

ȺɳᗕǾ⾻এ୷ǺȞǮȚكકẻ༔ǷቦᄦബຎǷ

Ǻ⣪᧸Ǥț⾻࣠ᰢ᫢ɿඅ᧸᫢Ǻᮾ᳣Ǜ⢳ୠǦǮ

Ǜ⾻ሱᑿᠪᑿɗȬɞɲɋɑẻ༔ȡȑǳএઃΧǛ

⡨౫ⶲǓᗨᬶȡ⮥ȐǵǓȚ1)ƹᣀǺⳎ⟍᫢Ǻᮾ

᳣ǽ⢳Ȣǯ❞ո੿⨰ࢪᗕǺȗȚɩɅɥʀɱɁቦ

ᄦǽ۰༔Ǿ⾻⥫كᢼǚȘሱᑿᠪᑿɗȬɞɲɋɑ

ẻ༔ȇǷ౺ǛșǳǳǑș⾻ɃɱɧɋȷɁɿȴɱ

Ɂቦᄦǽᶽᩆȡ❞ǗǮ⬄ൺȡ⮥ȐǵǓȚ2)ƹᵮ

ǮǪȞ۰ȎẻȡᲡ⟵ɳȺ㏏ɳɆǷ⮼ոᭀǾȘ‮

এઃΧ۰༔ǺۄșẻȢǶǜǮǛ3)⾻ǓǞǳǚǽ

ሱᑿᠪᑿɗȬɞɲɋɑẻ༔ǺǙǓǵȑ⥫كᢼẻ

༔۴ᐯǽএઃᐦ⢧֝൧Ǜ۝⃆ǶǑș⾻ሱ᧸ǹඅ

᧸ȑ╀լǤțǳǳǑȚƹǬǢǶቊ᳄ǶǾ⾻ሱᑿ

ᠪᑿɗȬɞɲɋɑẻ༔ǺǙǓǵᣀǺɦȷɵઃᐦ

⢧ȡ֝൧ǨȚڤᥴǷ࿀⦠ȡ╫◻ǨȚƹ

Ɏɐɱɩɐȵȿȿɱɻȡكક⦖☟ᕉቈᛙ

⾷H2O/Si⿋2⾸ǽᕮȡ᧸Ǔǵ⥫මˁǶףᕮո╫

ǨȚǷ⾻ቈۀඅȪɳȻȵȿ࣠ȡᕉ⟿᫢এǞȑǳ

ȿɵȵȽɻȲɲȼɦʀǛ᧯༔Ǧ⾻ⶲញಏǽ⥫ȓ

ᏩමǽⶲǓ᛹੅ǽӽઇˁǶǾ⾻Ꮹමǽ΢Ǔȿɵ

ȵȽɻȲɲȼɦʀǛ᛹੅ᭀǺଓǨȚᭀո⮼ȡ❙

ǢǦ⾻ɁɜɖʀɈɳո╫ǽ⣏ᚡᣞຎȡএઃᐦ⢧

ǷǦǵՏệǦǮȺɳȡൡȚǢǷǛǶǜȚƹǦǚ

Ǧᐦ⢧ബ༔⣏ᲦǛᭀո⮼ǷɆɳ㏏Ⱥɳ⟵Სǽᴽ

̕ǺȗȚǮȐ⾻ՏệǤțȚᐦ⢧Ǿլ᫘ẻ༔ȓۀ

අᚩಏǽ⣖Ǔȡჯ๫ǺۀᆉǨȚƹᏩම᛹੅ǷǦ

ǵɣɳɨȪɧɑȡ܅ȏṾǶǾ⾻ࡖ 1 ˛ᆈڇǽ

ɟɵɋɐǽȗǕǺᏩȐǵẫǓేᣞǽẻ༔Ƕǽ

Ȏ⾻ɁɜɖʀɈɳո╫Ǻᣀ൰᫢ǹӽ⢪Ữᐦ⢧ȡ

ൡȚǢǷǛǶǜȚƹ

⦔۰Χǽѩ⪅ǺⰞᏩම࣠ȡ܅ȏǷǓǕ᠊ǺǙ

Ǔǵ⾻ȹȬả㏏᠂ảệ۰ȡ܅ȏ 3 હ⃆ȪɳȻȵ

ȿɑǾ۴ᐯǽᭀո⮼ȡ❙ǢǨ۝⃆මǛǑȚƹɩ

ɉɳɐɲɩɐȵȿȿɱɻȡˀ▉Ƿ۴ᐯǹቷͲǶ

ࡖ⾻ᕮո╫ǨȚǷף 1 ǽȗǕǺɑʀɨࢪǽే

ᣞǽẻ༔ⲏࣕǶӽ⢪Ữᐦ⢧ǛൡȘțȚƹǢǢǶ

ᗨ๟ǨȈǜǢǷǾ⾻ɑʀɨǽ˛Ǿᭀո⮼҉۹Ǜ

΢ǞɦȷɵઃȡȑǮǹǓɪɳɝȱɵɀʀǶǑȚ

ǽǺଓǦ⾻ɑʀɨǽঋǾᭀո⮼ǛɆɳ㏏Ⱥɳ⟵

ᲡǺଓǦǵᅤǞ❙Ǣǲǵ᧯ǧȚఘ╋᫢̘ᭀȓᥱ

ᣞḩ੿Փ⮥ǺǹȚǢǷǶǑȚƹǦǮǛǲǵǢǽ

ɑʀɨǾ⢡౐ǽ˃ᚆ݅ȶɫɋɟǷǾᨵǹș⾻⦔
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Ɏɐɱɩɐȵȿȿɱɻ⾷TMOS⾸ǑȚǓǾɩɉɳɐɲɩɐȵȿȿɱɻ⾷MTMS⾸ȡլ᫘ȪɳȻȵȿɑǷ

ǨȚɆɳ㏏ȺɳṾǽլ᫘ẻ༔Ƿ⾻ɦȬȷɵɩʀɐɳⲏࣕǽɪɳɝȱɵɀʀǽ⬄ϭƹۀඅᚩಏ 40cCƹƭテ

TMOS ṾǺǙǠȚӽ⢪Ữᐦ⢧⾻ƫ⾺テMTMS ṾǺǙǠȚӽ⢪Ữᐦ⢧⾻$テMTMS Ṿ⾷ͨˁ۴ǧ⾸ǺǙǠȚ

ఘ╋᫢ 2 ᭀո⮼⾻Ʀテᥱᣞḩ੿Փ⮥Χ⾻ƪテɦȷɵઃǹǦƹ
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۰Χǽѩ⪅ǽףᕮո╫ǽಏ۰ǓȡۀᆉǦǮᭀո

⮼҉۹ȡ⒙ǦǵǓȚƹ

ࡖ 1 ǽۡˀᅀǽլ᫘ẻ༔Ǿ⾻ᕮǛଦǹǓǮ

ȐǺѩ⪅ǽ OH/OR ᕉǛᕉ⟿᫢΢Ǔ⦔۰Χȡ

᧯ǧȚƹǦǮǛǲǵɣɳɨȪɧɑȡ܅ȏᏩම᛹

੅ǺଓǨȚ╕݅මǛ΢Ǟ⾻ᭀո⮼҉۹ǛⶲǓƹ

լ᫘ẻ༔˛ǽᕮǽញಏǛऻףǨȚǺǳțǵ OH

/OR ᕉǾऻףǦ⾻ǬțǺΒǲǵ⦔۰Χǽ᛹੅

ᭀǺଓǨȚ╕݅මȑऻগǨȚǽǶ⾻ᭀո⮼҉۹

Ǿʶᅡཱ֝ǤțȚƹǢǽऴᬶǽẻ༔ǺǙǓǵȍ

ǩӽ⢪Ữᐦ⢧ȡൡȚǢǷǛǶǜȚƹǤȘǺᕮǽ

ញಏǛऻףǨȚǷ⾻⦔۰Χǽѩ⪅ǾȊǷȢǸલ

ӴǺףᕮո╫Ǥțǵ OH/OR ᕉǾⳣ݅ǨȚ

Ǜ⾻ɩɉɳ࣠ǛઇࢀǨȚǮȐǺ⦔۰ΧǺǾᩍᕮ

මǛᔞȚƹǬțȕǗ١ոⶲǓᕮǽញಏǶǾ⾻ԙ

Ȃ⦔۰ΧǾ᛹੅ᭀǺଓǦǵᭀո⮼҉۹ǛⶲǞǹ

ș⾻ᭀո⮼ǛɆɳ㏏Ⱥɳ⟵ᲡǷ˔⒅ǨȚȗǕǹ

լ᫘ẻ༔ǽⲏࣕǶӽ⢪Ữᐦ⢧ȡ˄ǗȚƹɣɳɨ

ȪɧɑញಏǽऻףǺȗǲǵ᛹੅ᭀǽ౪ࢍᏩමǾ

ऻগǨȚǽǶ⾻ɣɳɨȪɧɑញಏǽऻףǷǷȑ

Ǻᭀո⮼҉۹ǾഁǞǹș⾻˩ǺᕮǽញಏǽⶲǓ

ѩǶӽ⢪Ữᐦ⢧ǽൡȘțȚẻ༔Ǜᕮǽញಏǽ΢

ǓᅀȇǷᲡؔǦǵ⾻ệእ᫢Ǻɑʀɨᣞǽẻ༔ⲏ

ࣕǽἼǶӽ⢪Ữᐦ⢧ǛൡȘțȚǢǷǺǹȚƹ

4)

⦔۰ಏǽऻףǺȗǲǵ᛹੅ᭀǷǽ╕݅මǛ΢

ˁǨȚǽǷ۴ᐯ⾻᛹੅ẻ༔ȡঋ᫢ǹ┶ࡍǺȗǲ

ǵংكǤǪȚǢǷǺȗǲǵȑ⾻ᭀո⮼ȡ೟ǜ❙

ǢǨǢǷǛǶǜȚƹɏȫɋɟᗕǺȗȚȻʀɎȫ

ɻȸℋΰ⓯ɟɵɃɁǶǾ⾻࣠ኑˀǺ೟ǜˀǡȘ

țǮۀඅᙉǽ⒙ⰢǚȘ⋛ᕧࡿǽⶲǓ᛹੅Ǜ၆᫘

Ǧ⾻ǓȞǿᢼᥴ᫢Տệ⣏ᲦȡểǵȺɳℋǛബ༔

ǨȚƹএǞǽई۰ӋӞ᫢Ǻ၆᫘ǨȚǽǾףᕮո

╫Ǻȗǲǵ᧯ǧǮȪɳȻʀɳⲲǶǑȚǛ⾻Ȫɳ

ȻʀɳǾᕮǹǸǽᏩම᛹੅ǷɩɉɳȿɵȵȽɻ

⦔۰Χǽ˛⫻᫢ǹᏩමȡሱǨȚǢǷǺȗș⾻˓

ࡖƹȚǓǵǲྒȡǜҘȚǪǤ݅ᚆȡ‮ 2 Ǻɩ

ɉɳɐɲɩɐȵȿȿɱɻǷᯏ⥫ᕮ᛹ᙉ⾻ɀɩɉ

ɳɣɳɨȪɧɑǽլ᫘᛹ᙉǚȘൡȘțǮȻʀ

ɎȫɻȸℋǽɪɳɝȱɵɀʀȡᰳǨƹۀඅ᛹ᙉ

ǽ☈⓯ǚȘɏȫɋɟȍǶǽᆣ⫻ȡংǗȚǢǷǺ

ȗǲǵ⾻א᫢ǺɪɳɝȱɵɀʀǛংكǨȚƹۀ

අᆣ⫻Ǜ᮲Ǔई۰ǺǾ⾻ɩɉɳȿɵȵȽɻ⦔۰
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MTMS㏏DMF㏏1M ᯏ⥫ᕮ᛹ᙉṾǚȘɏȫɋɟǦǮȻʀɎȫɻȸℋǽɪɳɝȱɵɀʀƹɪɳᕉǽլ᫘ẻ༔

Ǿ MTMSテDMFテH2OテHNO3⿌1テ0.19テ2.3テ0.043ƹ೟ǜˀǡ⢦ಏ 2 cm/minƹ࣠ኑテɥɲȰɁɎɳƹ

ԥ᭙˛ǽᆣ⫻Ǿ⾻ȻʀɎȫɻȸᙉ☈⓯ൖȻʀɎȫɻȸȍǶǽ 30cC Є྾ᆣ⫻ƹ
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ΧǾ⦔۰ಏǛ΢Ǟ⾻᛹੅⋛᫘ǺȗȚᭀո⮼ȑ❙

Ǣș⮽ǓƹǦǚǦ⦔۰ಏǛ΢ǓǮȐǺɏȫɋɟ

ǤțǮɆɳℋǽḯಏȑ΢Ǟ⾻ᭀո⮼Ǿ⢦ȓǚǺ

ℋԑǶ⢳⒅Ǧ⾻ՏệǤțȚᐦ⢧ǾḮগكǽ⢳Ȣ

ǯȑǽǷǹȚƹۀඅᆣ⫻Ǜ⫧ǞǹȚǺǳțǵ⦔

۰ಏǾऻǦ⾻ɏȫɋɟᆣǽḯಏȑⶲǞǹȚǽ

Ƕ⾻ᭀո⮼҉۹ǾⶲǞǹǲǵȑḮগكǾ⢳ȍ

ǩ⾻ệእ᫢ǺẫǚǓɪɳɝȱɵɀʀǛൡȘț

Țƹۀඅᆣ⫻ǷǷȑǺȺɳᭀǽΧ᳒ո᤹Ǜऻף

ǨȚǽǾ⾻⦔۰ಏǽऻףǷǷȑǺ᛹ᙉ˛Ƕǽȿ

ɵȵȽɻ⦔۰ΧǽΧ᳒ո᤹ǛऻףǨȚǢǷȡۀ

ᆉǦǵǓȚƹ

5)

ǤȘǺ⫧Ǔ᠂ả⪅ȡ܅Ȏ⾻ȍǮ⒙Ⱒȇǽ͛ף

᫢ǹكકۀඅǽ۝⃆මȑǑȚ⾻ɛɓɳɐɲɩɐ

ȵȿȿɱɻǷɎɐɱɩɐȵȿȿɱɻǽᚆ۰Ṿȡ

᧸Ǔǵ⾻ᭀո⮼҉۹ȡ☈ȈǮƹǬǽệእ⾻100

㎪ɛɓɳ࣠ǽȿɵȵȽɻȺɳǶǾⰞ౐Ǻ᣼Ǔẻ

༔ᶽࡕǺǙǓǵǦǚӽ⢪Ữɦȷɵᐦ⢧ǾൡȘț

ǹǓǛ⾻ȹȬảڤ੿ǽǕǰǽ 80㎪Ǜɛɓɳ࣠

ȡ܅ȏቷͲǺǙǓǵǾ⾻ɩɉɳɐɲɩɐȵȿȿ

ɱɻṾǷ۴ᐯǹ⾻ɑʀɨᣞǽ౺ǓᶽࡕǶӽ⢪Ữ

ᐦ⢧ǛൡȘțǮ⾷ࡖ 3⾸ƹɣɳɨȪɧɑǷᕮȡ

ȏᏩමǽⶲǓ᛹੅ṾǺଓǨȚᭀո⮼Ǜ⾻ˀ⡻܅

ǽȗǕǹᑿᐦǶ❙ǢȚǷǨȚǷ⾻ȗșᩍᕮමǽ

ⶲǓɛɓɳ࣠ǽई۰ǺǾ⾻ǑȚᲦಏ 4 હ⃆Ȫ

ɳȻȵȿɑǺȗȚȿɱɖʀɳ࣠Ǜᚆ۰ǨȚǢǷ

Ǻȗș⾻⦔۰Χǽǃ౪ࢍᏩමǄǛɩɉɳɐɲɩ

ɐȵȿȿɱɻṾǷ۴ᵱǺǹǲǮई۰Ǻ⾻ⲲΚǦ

Ǯẻ༔ᶽࡕǶᭀո⮼ǷɆɳ㏏Ⱥɳ⟵ᲡǛ˔⒅Ǧ

ǵ❙ǢȚȗǕǺǹȚǽǶǑȜǕƹ
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ɛɓɳɐɲɩɐȵȿȿɱɻ⾷VTMS⾸80㎪ǙȗȂɎɐɱɩɐȵȿȿɱɻ⾷TMOS⾸20㎪ᚆ۰ᢼ⾷ɪɳᕉ⾸

ȡլ᫘ȪɳȻȵȿɑǷǨȚɆɳ㏏ȺɳṾǽլ᫘ẻ༔Ƿ⾻ɦȬȷɵɩʀɐɳⲏࣕǽɪɳɝȱɵɀʀǽ⬄ϭƹۀ

අᚩಏ 40cCƹ▉ۥǾࡖ 1 Ǻ۴ǧƹ
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ˀ⡻ǽǃ౪ࢍᏩමǄǽ‬Ǘᅀȡნ྾ǨȚɏʀ

ɇǷǦǵ⾻ɩɉɳЍⳤȿɲȳǺଦ⦖ǽȲȷɉɳ

Ѝⳤȿɲȳȡᚆ۰Ǧǵ 3 હ⃆ȪɳȻȵȿɑ۴

ॲǽӽ⦔۰ȡ⒅ǲǮệእǛǑȚƹɛɓɳɐɲɩ

ɐȵȿȿɱɻẗẻ༔Ƿ۴ᐯǺ⾻ӽ⢪Ữᐦ⢧Ǿᕮ

/Si ᕉǽତǤǓᏩȐǵ᣼ǓᶽࡕǶǦǚൡȘțǹ

ǓƹȪɳȻȵȿɑǽᚆ۰ẻ༔ǶǾ⾻༔ո⫻ǽᭀ

ଓ᫢ǹףᕮո╫⢦ಏǽ⣖Ǔȓ⾻ᛡય઻ǹȲɲȼ

ɦʀബ༔҉۹ǹǸ⾻⓹⮰ǹ┶ảǛᭀȍǲǵᭀո

⮼҉۹ǛᖑȍȚǷ‬ǗȘțȚǛ⾻ଦǹǞǷȑᕉ

⟿᫢᮲Ǔ᠂ả⪅ȡȑǳሱᑿЍⳤȿɵȵȽɻǶ

Ǿ⾻ǃ౪ࢍᏩමǄǽ‬ǗᅀǺȗǲǵ⾻ɪɳɝȱ

ɵɀʀ֝൧ǽ૓ᆂǹቷͲȡဝᚬǨȚǢǷǛ۝⃆

ǶǑȚǷ‬ǗȘțȚƹ

ሱᑿᠪᑿɗȬɞɲɋɑቦᄦǽᮾ᳣Ǿ⾻❞ո੿

ɎɻɟɴʀɐᗕǺȗȚɩɅএઃቦᄦǽΰ⓯ཆᗕ

Ƿȑ␯۰Ǧǳǳ⾻ǹǙ౺Ǜșȡ╀ǪǵǓȚƹ΢

◧⯍᤹⌻ℋȇǽඅ᧸Ǜቃ൏ǤțȚኺᑼɥɲȿɵ

ȵȽɻṾǺǙǓǵȑ⾻ɒɖɿɩɅᐦ⢧ǽ֝൧Ǿ

ᬣȢǺ▿ȎȘțǵǓȚǷǢȜǶǑȚƹᵮǽȘ‮

ȪɟɵʀɉǾǢțȘǽɥɎɻȿɫɳȡᚩઇǦǳ

ǳ⾻ǤȘǺগǜǓɁȹʀɳǽቦᄦᐦ⢧ȡ֝൧Ǧ

ǵ⾻⌻ℋͨঋǺȑી᧸۝⃆ǹɏɘȬɁബຎǽɘ

ɲȰʀȿɯɻȡ౺ǡȗǕǷǨȚȑǽǶǑȚƹ⥫

⃆ᢼȴɱɁᵱǶӞ⒅Ǧǵ᯺ᴗǤțǵǓȚӟᑿك

මȬȲɻǑȚǓǾո੿ǽଣӱǷᣀම֝൧ǽཪ⒈

ȡⴿπǦǵ⾻এઃᐦ⢧ǽȑǳ֝൧ǤțǮԑ⤴⒙

ⰢǷঋ⤴ǚȘǽӟǺȗȚۀඅ֝൧ᵱǺ࿆༦ǨȚ

ǢǷȑ⅟ܬ ǓƹɒɖɴɡɳǶǽᑿ⃆͛˄Ƿɩ

Ʌɿɦȷɵɴɡɳǽബຎɿᐦ⢧֝൧ȡ✜ǞẻȎ

۰ȞǪǵ⾻ሱᑿᠪᑿɗȬɞɲɋɑǹȘǶǾǽᑿ
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