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㑭. Ǿ ǧ Ȑ Ǻ

ኑȴɱɁ⾻ȂȢȴɱɁ⾻ӟકȴɱɁǹǸᥰࢀ

⓯⢧ǤțǵǓȚȴɱɁǽȊǷȢǸǾ⾻ڤᄦȡⶲ

ᚩǶ╫ǦǵᙉǷǦǮൖ⾻බՃكࡘǤǪȚ

බՃᗕǺȗǲǵΰ⓯ǤțǵǓȚƹȴɱɁᙉ

ǽᣞຎǾ⾻༔ബףకకᲦǺ⦔┶ǹḯමȓ⒙Ⱒ

Ǻ⦔┶ǹ഻ⱶȡ˄ǗȚɴɑɋȷ✤ݨǤȘǺ⾻מ

Ɂ౪⒖ǹǸ⾻ȴɱɁకકǙȗȂᲇકǽո⦕ǶǬ

ǽᥴ╫Ǜ⦔┶╋ǤțǵǓȚƹǢțȘǽම✤Ǿ⾻

ȴɱɁǽࡘΧᣞຎǺǙǓǵǬǕǶǑȚȗǕǺ⾻

ᐦ⢧Ƿǽ⬄⢪ǴǠǺȗǲǵ◌ẫǺᥴ╫ǨȚǢǷ

ǛǶǜȚǷǗȘț⾻ẻ༔ǹǸǽ♁ࡍǽ഻ⱶ

ȡΧṾǺ△ϢǨȚǢǷǛ⦔┶ǶǑȚƹ

൝ቻȍǶǽȴɱɁᙉǽᐦ⢧Ǻ⬄ǨȚ⚑☟

Ǿ⾻ᙉᣞຎǛȴɱɁᐦ⢧ǺՏệكࡘǤțȚǷ

ǓǕ⡨Κǽˁ⾻ȴɱɁࡘΧǺǙǓǵൡȘțǮᐦ

⢧ษअǽˀǺ⒅ȞțǵǜǮƹȴɱɁᙉǽᐦ⢧

Ǻ⬄ǨȚษअǛଦǹǓȑǲǷȑগǜǹᥴᨁǾ⾻

ᙉᐦ⢧ǽ╫ኝཆᗕǛᆂǺཆǺӱțȚǢǷǛ

ǶǜǹǓǷǓǕ᠊ǺǳǜȚǽǶǾǹǓǚǷථȞ

țȚƹǦǚǦ⾻ሬ⡨⾻ȴɱɁᙉǽᐦ⢧╫ኝǽ

⢳ୠǺȗș⾻ȴɱɁࡘΧᐦ⢧ǷǾᨵǹȚᐯƼǹ

ᥰ⛅Ǜ╀լǤț⾻ȍǮ⾻ǢțȍǶࡘΧǽᐦ⢧╫

ኝǶǾ١ոǹᥴ╫Ǜ⒅ǜ୕ǚǹǚǲǮ̗⛅Ǻǳ

ǓǵȑᄽǮǹ̗ીǛ╀լǤțǵǓȚƹ

༕ƼǽȸɳʀɟǾ⾻ⶲᚩȴɱɁᙉǽᐦ⢧╫

ኝཆᗕǷǦǵɱɦɻᄃ̇ոӟᗕȡ᧸Ǧǵᮾ᳣

ȡ⒅ǲǵǓȚƹቊ᳄ǶǾ⾻ǓǞǳǚǽͦ⒙ǹ

ᢼȴɱɁǷǬǽᙉǺǳǓǵǽɱɦɻɁɢك⥫

ȷɐɳᚬόȡẴ͒Ǧ⾻ᙉᐦ⢧ǛᚩಏǷǷȑ

ǺǸǽȗǕǺংكǦ⾻ȴɱɁᣞຎǺՏệǤțȚ

ǽǚȡᰳǨƹ

㑮. ⶲᚩɱɦɻɁɢȷɐɳᚬ

ⶲᚩᣞຎǺǑȚȴɱɁᙉǚȘṐಏȗǞɱɦ

ɻɁɢȷɐɳȡൡȚˀǶȑǲǷȑ⦔┶ǹǽǾ⾻

ᙉǑȚǓǾ⯍ᕧ៵ǚȘǽ⠤ଙӟǽ഻ⱶȡΩ

Ǻۄș⭒ǞǚǶǑȜǕƹᵮǶɟʀɳȸǽȘ

Ǿ⾻״❙ӟᛠǷǦǵⶲǓଫⲗоȡሱǨȚəɳɁ

ɴʀȾʀȡ᧸ǨȚǢǷǶ⾻ɱɦɻᄃ̇ȡഁǞ

ᥰǤǪ⾻ᚩಏǶǑȚ 1000cC ͨˀǽⶲᚩ

ᣞຎǶȑ᮲ᆣ⫻ǺⶲǓ S/N ᕉȡሱǨȚɁɢȷ

ɐɳȡᚬǹⓓΈȡẻȎˀǡǵીȡ⢳Ȑ

ǵǓȚƹࡖ 1 ǺᚬṾǽᑡࡖȡᰳǨƹ⦘

ǹǸǽࠔǺȗșЄ྾ǤțǮȴɱɁᙉǺˀᅀ

ǚȘ״❙ɴʀȾʀȡᡄଙǦ⾻᧯ǨȚɱɦɻᄃ
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㑭ࡖ ⶲᚩɱɦɻᚬⓓΈǽᨪࡖ⾽Mテɧɱʀ⾻w.p.テᗢ⫧ኑ⾻Lテɴɻɂ⾻GTPテȸɱɻɐɨɅɻіӟ⾻

NFテɖɋɉɝȫɳɇʀ
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̇ӟȡൖᅀȗș⮥ӟǦ⾻ոӟࠔȇଣǞƹሬ⡨ǽ

⋛᭭ཪ⒈ǽ⢳ᔀǺȗș⾻ൖᅀۀଙǺȗȚ״❙ӟ

ȡ⣯ȚӋțǮేࣕǽɝȫɳɇʀǛ⫳Ǥțǵ

Ǚș⾻Ǣǽӟક⤴ݨǽ᧸ȑᚬǽˀǶᓍǚǨ

ǢǷǽǶǜǹǓࡍǷǹǲǵǓȚƹCCD Ȫɴ

ȬࢪᎰլࠔǽ᧸Ǻȗș⾻ᥰሱǽ▚ѿǶǾẇ

500 cm⾼1 ǽᗢᄋᶽࡕȡ 5」10 ոᲦಏǽᆣ⫻Ƕ

ɁɢȷɐɳȡൡȚǢǷǛǶǜȚƹ

㑯. ȪɳȳɲȹȬ⥫दȴɱɁ

ȪɳȳɲȹȬ⥫दȴɱɁǽɱɦɻɁɢȷɐɳ

όȡࡖㆍᰳǨƹȪɳȳɲȹȬ⥫दȴɱɁᙉǽ

ɱɦɻᄃ̇ɁɢȷɐɳǾ⾻ȹȬ⥫दȴɱɁǽͦ

⒙ǷǦǵΩ͆ǚǽᮾ᳣ǓǵțǤᚬǵǲȗǺ

Ț1)」4)ƹǦǚǦ⾻ⶲᚩɁɢȷɐɳǽɘɻɑഁಏ

ǹǸȗș⦖ǹ╫⦏Ǻ➕Ȏ⡛Ȣǯ╫ኝǺǾ⾻

ӟકṾȓ⠤ଙӟǽۄཟǓǹǸ١ոⶲǓ S/N ᕉ

ȡ⣕༔ǨȚǢǷǛർ┶ǶǑȚƹȹȬ⥫दȴɱɁ

Ǿ⾻ʶⅺǺⶲᚩǺǙǓǵȑḯමǛⶲǞ⾻গǜǹ

ᐦ⢧ংكȡ❙ǢǤǹǓȴɱɁǷǦǵǗȘțǵ

ǜǮƹǦǚǦ⾻ɱɦɻɁɢȷɐɳǽ◌ẫǹ╫ኝ

Ǻȗș⾻ǬǽᐯᭀǾǩǓȅȢᨵǹǲǵǓȚǢǷ

ǛոǚǲǵǜǵǓȚƹ༕ƼǾ⾻ȪɳȳɲᲷǽ⣖

ǓǺȗȚȴɱɁᙉ˛Ƕ᧯ǧȚȹȬ⥫दɮɓɋ

ɐ Qn ǽংكȡ⾻Si㏏O⾼ Ⱎኺᑼ⥫ảǽ࿑ؔɜʀ

ȷǽഁಏᕉ⾷ᗢᄋ 900㏏1200 cm⾼1 ࣕ)ǚȘ╀᳒

ȑǲǮ5)ƹQn ոళǺǳǓǵǾ⾻ࡖ 3 ǺᰳǨȗ

ǕǺ 29Si㏏MAS NMR ոӟȡ᧸ǦǮȴɱɁǽ

ΧᣞຎǶǽоǛࡘ Maekawa Ș6)Ǻȗǲǵअܝ

ǤțǵǓȚǛ⾻द࣠මǽǓ Li ȡ܅ȏȴɱɁ

ǶǾǬǽոళǛ౺Ǟ⾻द࣠මǽⶲǓȪɳȳɲȡ

ȏȴɱɁȊǸ⾻R/Si܅ ᕉ⾷RテȪɳȳɲȬȲ

ɻ⾸ǚȘẻ༔ǺᕷȐȘțȚ Qn ոళǺ⡨Ǔȑ

ǽǷǹǲǵǓȚǢǷǛ᮪ȘțǵǓȚƹⶲᚩǽɱ

ɦɻɁɢȷɐɳǚȘൡȘțǮệእǾ⾻ࡖ 4 Ǻ

ᰳǨȗǕǺद࣠මǽⶲǓ Na, K ȬȲɻȡ܅ȏ

ȴɱɁᙉǶǾ⾻Qn ոళǽᚩಏংكǾগǜ

Ǟ⾻द࣠මǽ Li ȡ܅ȏṾǶǾȊǷȢǸᚩಏ

ϞઇමȡᰳǤǹǓǷǓǕȑǽǶǑǲǮƹǢțȘ

ǽệእǾ⾻ⶲᑼ⾻۱7)ǺȗȚᡡמકɏʀɇǷ

ȗǓᭀ⬄ȡᰳǦ⾻െᵱǽଣǓǮệᇋكǽⴿؔמ

ǺଓǨȚȰɻɐɵɜʀⱼǽእǺଓǦ⾻ɧȷɵ

ǹᐦ⢧╫⦏ȡ˄ǗȚȑǽǶǑȚǢǷǛոǚǲ
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㑮ࡖ 33Na2O㏏67SiO2 ȴɱɁᙉǽɱɦɻɁɢȷɐɳǽᚩಏংك⾽

㑯ࡖ 29Si MAS㏏NMR ᚬǺȗǲǵᕷȐȘțǮȪ

ɳȳɲȹȬ⥫दȴɱɁǽᐦ⢧ٸΡ Qn ǽׂ۰⾽

ᄙᤙ 6 ȗș᧸⾽
㑰ࡖ ɱɦɻɁɢȷɐɳഁಏȗș╀᳒ȑǲǮ 33R2O

㏏67SiO2 ȴɱɁᙉ˛ǽ Q3 ո᤹ǽᚩಏংك⾽

ᚩಏ⟸Ǿᙉᭀᚩಏ⾷᠊⾸Ƕ╄ك⾽
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ǮƹȍǮ⅟ܬ ǓǢǷǺ⾻ẻ༔ᕉǛ۴ǧई۰⾻

ᙉᭀᚩಏǶǾȪɳȳɲȬȲɻᲷȡުȞǩȊȋ۴

ǧ Qn ոళǷǹǲǵǓȚǢǷǛᰳތǤțǵǙ

ș⾻ᥰࢀǤȘǺ◌ẫǹ╫ኝȡ⒅ǲǵǓȚǷǢȜ

ǶǑȚƹ
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㑱ࡖ 18Na2O㏏82B2O3 ȴɱɁᙉǽɱɦɻɁɢȷ

ɐɳ⾽

㑲ࡖ ᲷƼǽẻ༔ȡሱǨȚɣȮ⥫दȴɱɁᙉǽ

1000cC ǺǙǠȚɱɦɻɁɢȷɐɳ⾽ᄋઆǾ R2

O ɪɳ㎪ȡᰳǨ⾽
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㑰. ȪɳȳɲɣȮ⥫दȴɱɁ

ȪɳȳɲɣȮ⥫दȴɱɁǽɱɦɻɁɢȷɐɳ

ǽᚬόȡࡖ 5 ǺᰳǨƹȪɳȳɲɣȮ⥫दȴ

ɱɁǽɱɦɻɁɢȷɐɳǺǾ⾻ǢǽṾǺᣀ൰

ǹɤɵȷɅʀɳᦹȓɢɻɇɤɴʀɐᦹǹǸǽǓ

ȞȕȚ˛❹⮼ᲙಂȡሱǨȚᐦ⢧ΧǺ⬄ϭǨȚ࿑

ؔɁɢȷɐɳȑ╞ᚬǤțȚǮȐ⾻◌ẫǹ╫ኝǛ

ǶǑȚƹ༕ƼǾ⾻ǢțȍǶǺᲷƼǽẻ༔ᕉ

ȡሱǨȚɅʀɈɤɴʀɐȴɱɁᙉȓ⧼ɤɴʀ

ɐȴɱɁᙉǽɱɦɻɁɢȷɐɳȡᚬǦ8)⾻

Ѝⳤ⥫كᢼǺȗȚȴɱɁɕɋɐɷʀȷᐦ⢧ബ༔

Ǻ⬄ȞȚᣀ൰ȡᅽȘǚǺǦǮƹࡖ 6 Ǿ⾻ᲷƼ

ǽẻ༔ȡሱǨȚ R2O㏏B2O3 ȴɱɁᙉǽ 1000

cC ǺǙǠȚɱɦɻɁɢȷɐɳȡᰳǦǮȑǽǶ

ǑȚƹᗢᄋẇ 800 cm⾼1 ǺઇࢀǨȚɤɵȷɅʀ

ɳᦹȓ 4 ⥎ΡɣȮảȡ܅Ȣǯɢɻɇɤɴʀɐ

ᦹǽɜʀȷഁಏǛ Ag ȡ܅ȏṾǶগǜǞ᚛ଦǦ

ǵǓȚǢǷǛոǚȚƹǢǽഁಏংكǽʶόǷǦ

ǵ⾻10R2O㏏90B2O3 (mol㎪)ᙉǺ⬄ǨȚệእ

ȡࡖ 7 ǺᰳǨƹɅʀɈɤɴʀɐȴɱɁǶǾ⾻

1000cC ǶૅᚩǺᕉȈẇ 50㎪ȍǶഁಏǛˁǨ

ȚǛ⾻⧼ɤɴʀɐȴɱɁǶǾ 10㎪ͨˁǺȍǶ

গǜǞ᚛ଦǨȚǷǓǕⲩ⊣ǹ⣖ǓǛ╀ȘțȚƹ

Ǣǽഁಏ᚛ଦǾ⾻ɣȮ⥫दȴɱɁǺᣀ൰ǹ˛

❹⮼ᐦ⢧Χǽബ༔Ǻ 1 ϢȳɉȲɻǽම✤ǛⰞ

ǺগǜǞ഻ⱶȡڽȋǦǵǓȚǢǷȡᰳǨȑǽ

ǶǑȚƹǢțȡәǺ༕ƼǾ⾻ǢțȍǶǺअܝǤ

țǵǓȚ⧼ɤɴʀɐȴɱɁǽ X ἠᐦ⢧╫ኝǽ

ệእ9)ȓ⾻⯍ᕧΌଣᣀම10),11)ǺǙǓǵ╞ᚬɿᰳ

ʶոళ⾷ȷɱɁࢍ˃ǤțǵǓȚǃ⧼ȬȲɻǽތ

ɇʀ⾸ǽബ༔ǄǺʶǳǽ◻ᅽȡ˄ǗȚǢǷǛǶ

ǜǮƹǨǹȞǰ⾻ȴɱɁᙉǛᔲǚȘՃ



24

㑳ࡖ 805,775 cm⾼1 ɘɻɑǽᭀଓഁಏᕉǽᚩಏং

10Ag2O㏏90B2O3(a)⾽ك ȴɱɁᙉ⾻(b)10Na2

O㏏90B2O3 ȴɱɁᙉ⾷mol㎪⾸⾽

24

NEW GLASS Vol. 17 No. 1 2002

ΧǷǹȚ⣏ᲦǶ⾻ɕɋɐɷʀࡘǤțǵȴɱɁڋ

ȷᐦ⢧ᣀǺ˛❹⮼ᐦ⢧Χǽബ༔ǷǬțȘǽ⢪ệ

Ǻ Ag ȬȲɻǛᣀሱǽ഻ⱶȡ˄Ǘ⾻ệእ⾻Ag

ȬȲɻ۴ॲǽᭀ⬄ǽഁǓոళǛȴɱɁࡘΧǺബ

༔ǤțȚǷǓǕȑǽǶǑȚƹǢǽ͙Ǻȑ⾻Ȫɳ

ȳɲɣȮ⥫दȴɱɁǺ╞ᚬǤțȚᲷƼǽᨵම

ǽᥰɩȳɓɂɨǺǳǓǵȑ⾻ᙉᐦ⢧ǽᚩಏ

ংكǽ╞᠊ǚȘ◻ᅽȡ˄ǗȚǢǷǛǶǜȚǢǷ

ȑոǚǲǵǜǵǓȚ12)ƹ

㑱. ȪɳȳɲȺɳɦɻ⥫दȴɱɁ

ሬൖǺȪɳȳɲȺɳɦɻ⥫दȴɱɁǽȴɱɁ

ǙȗȂᙉǽɱɦɻɁɢȷɐɳǽόȡࡖ 8 Ǻ

ᰳǨ13)ƹȪɳȳɲȺɳɦɻ⥫दȴɱɁǾ⾻Ȫ

ɳȳɲɣȮ⥫दȴɱɁǷ˔ȢǶᲷƼǽȴɱɁᢼ

මǺǳǓǵᣀᨵǹẻ༔ϞઇමȡᰳǨǃȺɳɦɻ

⥫ᨵǄȡᰳǨǢǷǶ᮪ȘțǵǓȚƹǢțǾ⾻

Ȫɳȳɲ⥫كᢼǽᚊףǺȗȚ GeO6 ӷⰢΧǽബ

༔ǺȗȚȑǽǷ╫⦏ǤțǵǙș⾻Ȫɳȳɲ⥫ك

ᢼ⦖ẇ 15」20 mol㎪ǺǙǓǵǬǽബ༔Ǜሬগ

ǺǹȚǷ╫ኝǤțǵǓȚƹࡖ 8 ǺᰳǨȗǕ

Ǻ⾻Ȫɳȳɲ⥫كᢼǽᚊףǺȗȚȴɱɁࡘΧǽ

ɱɦɻɁɢȷɐɳǽংكǾ⓹⮰ǶǑȚƹ6 ⥎Ρ

GeO6 ǽബ༔ǛሬগǷǹȚ Na2O」20 mol㎪ǽ

ẻ༔ࣕȡ❞ǗȚǷ⾻Ⱎኺᑼ⥫ảȡሱǨȚ GeO4

ⰢΧǽⰞଓᲠΖὗ࿑ؔǺȗȚࡈ 860 cm⾼1 ȡ˛

ൺǷǦǮഁǓɘɻɑȡᣀ൰ǷǨȚɁɢȷɐɳǺ

ংكǨȚƹʶᅀǶ 1300cC ǽɁɢȷɐɳǶǾ⾻

ૅᚩǶⰞኺᑼ⥫ảȡബ༔ǦǹǓ Na2O ញಏǽ

ȴɱɁǺǙǓǵȑ 857 cm⾼1 ȡ˛ൺǷǦǮⲲΚ

ǦǮɘɻɑǺȗșᣀ൰ǴǠȘțǵǓȚƹǢțȘ

Ǿ⾻ȴɱɁᙉǺǙǓǵǾ GeO6 ӷⰢΧǾય

ǶǾǹǞ⾻ȪɳȳɲȹȬ⥫दȴɱɁǷ۴ᐯǺⰞ

ኺᑼ⥫ảȡ˛ൺǷǦǮỿᬶǽЍⳤǛǹǤțǵǓ

ȚǢǷȡഁǞᰳތǨȚȑǽǶǑȚƹȪɳȳɲȺ

ɳɦɻ⥫दȴɱɁᙉǽᐦ⢧Ǻ⬄ǦǵǾ⾻

Kamiya Ș14)ǺȗȚⶲᚩ X ἠᐦ⢧╫ኝǽअܝǛ

Ǒș⾻ᙉǷȴɱɁǷǶ⥎ΡᄋংكǾȊǷȢǸ

ᠪǓǷǓǕệእǛൡȘțǵǓȚƹʶᅀǶ⾻

Sakowski Ƿ Herms15) ǺȗȚሬ⡨ǽⶲᚩ X ἠ

ᐦ⢧╫ኝệእǶǾ⾻Ge ǽ⥎ΡᄋǛⶲᚩǶˁ

ǨȚệእǛᰳތǤțǵǙș⾻ᙉᐦ⢧ǽ╫⦏Ǻ

ǳǓǵǓȍǯǮȚệ☟Ǻ⅏ǲǵǓǹǓƹⶲᚩ

ɱɦɻոӟǺȗȚ╫ኝǾ⾻ǢțȘǺǽ╞᠊ǚ

Șʶ᮸ȡཱུǧȚệእǷǹȚǷථȞțȚƹ

㑲. Ǚ Ȟ ș Ǻ

ͨˀǺ⾻ǢțȍǶǺ༕ƼǽȸɳʀɟǶ⒅ǲǵ

ǜǮȴɱɁᙉǽɱɦɻɁɢȷɐɳǽ╫ኝ̗ό

ȡʶ⤴Ẵ͒ǤǪǵǓǮǯǓǮƹ̗όǶᰳǦǮȗ

ǕǺ⾻ȴɱɁᙉǽɱɦɻɁɢȷɐɳǽংكǾ

ർǩǦȑȴɱɁࡘΧǺǙǓǵൡȘțǵǜǮᐦ⢧
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㑴ࡖ ɅʀɈȺɳɦɻ⥫दȴɱɁǷᙉ⾷1000cC⾸ǽɱɦɻɁɢȷɐɳ⾽x Ǿ Na2O ǽ mol㎪ȡ⾻ᄋоǾɜʀȷ

ΡΈǽᗢᄋȡᰳǨ⾽
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ɪɏɳǺʶ⅐ǨȚȑǽǶǾǹǞ⾻Ṿȓẻ༔Ǻ

ȗǲǵᣀǹᚩಏংكȡᰳǨƹǢțȘǽ 2 ༔

ոṾǾȑǷȗș⾻2 Ჷǽỿᬶ⥫كᢼ܅ȏ 3 ༔ո

ṾǹǸȴɱɁᙉǽᐦ⢧Ǻ⬄Ǧǵቈ᮪ǹ᠊Ǿȍ

ǯȍǯএǓƹⶲᚩǽɱɦɻɁɢȷɐɳǽ╫ኝǺ

Ǿ⾻ైୡǽުⲤǹǸ╫ᖑǨȈǜުⲤǾǑȚǛ⾻

ⶲᚩȴɱɁᙉǽᥴ╫ȡǨǨȐȚˀǶ⾻ቊཆᗕ

ǺȗȚ╫ኝǛʶǳǶȑএǞǽ˄ȡǶǜȚǢǷ

ȡЈǧǵᮾ᳣ȡ⢳ȐǵǓȚǷǢȜǶǑȚƹ
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