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㑮ࡖ B3LYP/6-31G(d)ɴɡɳǶሬ⣪كǦǮȷɱɁ

ɇʀɪɏɳ

(a)Egöǽɪɏɳ⾷ᮧڇǽڤ੿Ǜ౐ᰁමȿɲȻ

ɻ)ヅ(b)peroxy radical ǽɪɏɳ⾷ᄩἠ⤴Ǜ͛

⾸ǦǮ⥫ảո੿ף
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ǽ᧯༔ᑿᐦ9) , EgöǛ⯍੿࿠᤬Ǻȗșԙệ۰ǨȚ

⣏ᲦǶ 2.8 eV ǽӟȡ᫘ӟǨȚɩȳɓɂɨ8)⾻
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ȴɱɁᣀሱǽᓍ⭓ᐦ⢧ǛઇࢀǦ⾻ǢțȘᓍ⭓ᐦ

⢧Ǜ⾻SiO2 ȴɱɁȓ⾷ᓎǺ⡻ȈȚ⾸GeO2-SiO2
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ك
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⾷WDM⾸Ό⢌ᅀ೙ǺǙǠȚᗢ⫧ո⮼ɝȫɳɇʀ

ǷǦǵી᧸كǺ۹ǠǮᮾ᳣ǛগǜǞ⢳ୠǦǮƹ

ɝȩȬɘʀླྀࡋ጗੿ǽബ༔Ǿ⾻ӟᡄଙǺΒǕ

GeO2-SiO2 ṾȴɱɁǽ୓ླྀ᤹ˀᅶ׼እȡ֐᧸Ǧ

ǮȑǽǶǑȚƹǦǚǦ⾻ɝȩȬɘʀླྀࡋ጗੿ǽ

ബ༔ᑿᐦǾቈ᮪ǽ᠊ǛএǞ⾻ȍǯǬǽӴ⛙Ǜᅽ

ȘǚǺǹǲǮǷǾ╵Ǔ⮽Ǔ12)ƹ
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㑯ࡖ B3LYP/6-311G(d)ɴɡɳǶሬ⣪كǦǮȷɱ

Ɂɇʀɪɏɳ

(a)2 ⥎Ρ Ge ɪɏɳ⾷Ӵ⯍∜ 0)ヅ(b)˛⫻ᣞ

ຎヅ(c)Ge Egöǽɪɏɳ⾷Ӵ⯍∜⾺1⾸ᄩἠ⤴Ǜ

ᄽǮǺǶǜǮ 4 ᦹᐦ⢧ݲ
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GeO2-SiO2 ȴɱɁǽӟ◧❙୓ླྀ᤹ংكǾ⾻Ǔ

ǞǳǚǽảۀඅǛ⬄ȞȚ⓹⮰ǹӟكકۀඅǺᨁ

ቻǨȚǷ‬ǗȘțǵǓȚƹǬǽ˛Ƕȑ⾻ẇ 5

eV Ǻӟేہ܋ȡ྾ǳ 2 ⥎Ρ Ge(Ge2⾺⾸Ǜ⬄Ȟ

ȚӟكકۀඅǛɝȩȬɘʀླྀࡋ጗੿ǽബ༔⣏Ღ

Ǻ૙˄ǦǵǓȚǢǷǛᰳތǤțǵǓȚƹી⵮᫢

ǺǾ⾻ӟᡄଙǺΒǓ Ge2⾺ Ǜ Ge Eǫ̈ ൺ⾷ӞǺ

⡻ȈǮ EöǺǙǓǵ⾻Si Ǜ Ge ǺΈǜ၁ȞǲǮ

ȑǽ⾸Ǻং၁ǨȚǢǷǛ᯺◜ǤțǵǓȚ13)ƹ

ǦǚǦ⾻Ǭǽং၁ᑿᐦǽ◌ẫǾ˃ᅽǶǑȚƹ

ǬǢǶ⾻༕ƼǾ⾻GeO2-SiO2 ȴɱɁ˛ǽ

Ge2⾺ ᓍ⭓ȡၻႹǦǮȷɱɁɇʀȡ᧸Ǔ⾻Ǭǽ

ᓍ⭓ᐦ⢧ǛȬȲɻكǽ⣏ᲦǶ⾻ǸǽȗǕǹᐦ⢧

ংكȡ೟ǜ❙ǢǨǽǚǺǳǓǵ⾻ո੿⟧⣔╹ᶟ

Ǻ࣠Ǵǜ╫ኝǦǮ14)ƹࡖ 3 Ǻቊᮾ᳣Ƕ᧸ǓǮ

ȷɱɁɇʀǽʶόȡᰳǨƹࡖ 2 ǽȷɱɁɇʀ

Ƿ۴ᐯǺ⾻቉ᴻڤ੿Ǿᕮảڤ੿ȡ͛˄Ǧ⯍∜ⓝ

ӈȡǦǵǓȚƹǢǢǶ⾻ࡖ 3a Ǿ⾻Ge2⾺ ᓍ⭓

ȡၻႹǦǮ˛මȷɱɁɇʀǶ⾻ǢǽȷɱɁɇʀ

ǚȘ⯍੿ȡʶǳۄșڸǲǮൖǽᐦ⢧ংك⾷⯍੿

ȡ็઻⾸ȡكǺΒǕલӴȬȲɻ❙״ B3LYP/6-

311G⾷d⾸ɴɡɳǶ╹ᶟǦǮƹᐦ⢧ሬ⣪كǽệ

እ⾻Ge2⾺ ᓍ⭓ȡၻႹǦǮȷɱɁɇʀǾ⾻ࡖ 3b

ǽ˛⫻ᣞຎȡểǵሬẹ᫢Ǻࡖ 3c ǺᰳǨᐦ⢧Ǻ

ংكǨȚǢǷǛȞǚǲǮƹࡖ 3c ǽᐦ⢧˛Ǻ

Ǿ⾻ӞǺ 2 ǶǽȈǮ EgöǷⲲΚǽ౐ᰁමᓍ⭓ᐦ

⢧ǛᥰțǵǓȚǢǷǛȞǚȚƹǢǽᓍ⭓ǺଓǨ

Ț❞൮ẫệ۰઻ᄋǽ╹ᶟоǾ⾻22.6 mT Ƿǹ

ș⾻Ge Eöǽીᚬо⾷23.8 mT⾸ȡȊȋԙᥰǦ

ǮƹǨǹȞǰ⾻ቊ╹ᶟệእǺȗș⾻Ge2⾺ ᓍ⭓

ǛȬȲɻكǺȗș Ge Eǫ̈ ൺǺং၁ǦǕȚǢǷ

Ǜᥴ☟᫢Ǻⓔ͛ǠȘțǮƹǤȘǺ⅟ܬ Ǔ᠊Ǿ⾻

Ge Eǫ̈ ൺǽ᧯༔⣏ᲦǶ⾻4 ᦹǷǓǕତǤǹݲ

ᦹᐦ⢧Ǜബ༔ǤȚǢǷǶǑȚƹӟᡄଙǺΒǕ

ɝȩȬɘʀླྀࡋ጗੿ǽബ༔⣏ᲦǶી⭾Ǻ 3, 4

ᦹǷǓǕତǤǹᦹᐦ⢧Ǜബ༔ǤțȚǢǷǾીݲ

⵮᫢Ǻȑ᯺◜ǤțǵǙș15)⾻Ǣǽᐦ⢧ংكǛ

ӟ◧❙ⶲ૛ಏك⾷ⶲ୓ླྀ᤹ك⾸ǽ⾷ȁǷǳǽ⾸

❙ᛠǶǑȚǷȑ‬ǗȘțǵǓȚ12)ƹ⦖੿كક

╹ᶟǺ࣠Ǵǜ⾻Ge2⾺ ǽ Ge Eǫ̈ ൺȇǽং၁⣏

ᲦǷ⾻ⶲ૛ಏكǺǳǹǛȚତǤǹᦹᐦ⢧ǽബ༔

⣏Ღȡ۴ᆣǺᰳǦǮǽǾᵮ᳣ᮾቊș⭈Ț᮪ǽ‮

Ǜ֊ȐǵǶǑȚƹ

㑰. Ǚ Ȟ ș Ǻ

ͨˀ⾻ሬ⡨ǽᮾ᳣ệእȡ˛ൺǺ⾻SiO2 Ṿȴɱ
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Ɂǽᓍ⭓ᐦ⢧ȡၻႹǦǮȷɱɁɇʀ╹ᶟǽόǺ

ǳǓǵẴ͒ǦǮƹǤȘǺ༕ƼǾ⾻GeO2-SiO2 ȴ

ɱɁ˛Ƕǽ⯍੿ɐɱɋɟǽɩȳɓɂɨ16) , SiO2

ȴɱɁ˛ǺǙǠȚ Si2⾺ ᓍ⭓ǚȘ˛ම⥫ảᓍ⭓

ȇǽং၁ᑿᐦ17)⾻ڽȂ Eǫ̈ ൺǽʶᲷǶǑȚ Eaö

ǽᐦ⢧ɪɏɳ18)ǹǸǺǳǓǵȑᅝǺअܝǦǵ

ǓȚƹȴɱɁ˛ǽᓍ⭓ᐦ⢧Ǿ⾻Ǭǽ⯍੿ᣞຎǛ

ᕉ⟿᫢ୋكࢀǦǵǓȚǮȐ⾻ቊᮾ᳣Ƕ᧸ǓǮᕉ

⟿᫢ତǤǹȷɱɁɇʀ╹ᶟǶȑ⾻ᥰીǽṾǶ❙

ǢǲǵǓȚᥰ⛅ȡǚǹșǽᲦಏȍǶԙᥰǶǜȚ

ȑǽǷቃ൏ǶǜȚƹȍǮ⾻ӟ◧❙ᐦ⢧ংكǾ⾻

SiO2 ṾȴɱɁǽȎǹȘǩ⾻ᐦ⢧ዔ⟲මȡሱǨ

ȚȪɪɳɝȩɁᢼ✤ʶⅺǺ╞ᚬǤțȚᇃ⣎᫢ǹ

ᥰ⛅ǶǑȚƹ༕ƼǾ⾻ቊཆᗕǛȳɳȻȺɒȬɑ

ȴɱɁǽӟ⼽كᥰ⛅⾷photodarkening eŠect⾸

ǽ╫ᅽǺȑሱᬖǹ࿀⦠ȡ˄ǗȚǢǷȡअܝǦ

Ǯ19)ƹǦǚǦ⾻ɘɳȷᣞຎȑ܅ȐȴɱɁǽ⯍

੿ᐦ⢧ǺଓǨȚᥴ╫Ǿȍǯȍǯ˃١ոǶǑȚƹ

͑ൖ⾻ȴɱɁǽ൮ẫףకཪ⒈Ǜ⢳ୠǨȚǺǳ

ț⾻ڤ੿ɴɡɳǶǽȴɱɁ⾷ᓍ⭓⾸ᐦ⢧⾻Ǚȗ

ȂǬǽ⯍੿ᣞຎǺ⬄ǨȚᥴ╫Ǿ⾻͑ȍǶͨˀǺ

˃۝ᓍǹȑǽǷǹȚǶǑȜǕƹୋࢀ⯍੿ᣞຎǽ

╹ᶟȡൡ๟ǷǨȚո੿⟧⣔╹ᶟǾ⾻ǢțǚȘǤ

ȘǺǬǽሱ᧸මȡऻǦǵȕǞȑǽǷቃ൏ǤțȚƹ

ቊᮾ᳣Ǿ⾻̸⤹গકكકᮾ᳣ཀᑥ୉ᮾ᳣ૅǺ

ǙǓǵ⒅ȞțǮȑǽǶǑȚƹᮾ᳣ǺǑǮș⾻এ

Ǟǽތᰳ⾻╵׬ȡⱹǓǮᑥ୉ϱЈჹ࿽⾻ӽ۴ᮾ

᳣চѠ̡ల⾻ཆ׬׬ⓖ̡ਐ⾻ཆ׬⇠⮤ᑼⶲǽ‮

ǹȘȂǺ۴ᮾ᳣ૅǽક⤴⾻গક⭐᧯♁ᕟ⾻ۺ⤦

Ǻ Ǟ๫♢ǓǮǦȍǨƹ
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