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㑭. Ǿ ǧ Ȑ Ǻ

Judd-Ofelt⾷ɀɫɋɑ㏏Ȳɝȯɳɐ⾸ᥴ☟1),2)

Ǿ⾻సࡽⲲȬȲɻǽ 4f ⟧⣔ԑǶǽ⯍ᕧڿᏩ

⣸ᲡǺǳǓǵ⾻ഁہ܋ಏǺڽȋǨ⥎Ρईǽ഻

ⱶȡ◻ᅽǦǮȑǽǶǑȚƹJudd-Ofelt ᥴ☟⾷ͨ

ˁ JO ᥴ☟Ƿ▉Ǩ⾸ȡ࣠Ǻ܋ӟಏǽᚬǚȘ

ӟǽ⣸Ს᤹ǛᶟլǶǑȚ3)ƹǢǽཆᗕǾ

ɴʀȾʀڽȂӟऻౙࠔ᧸ȴɱɁǽẻ༔▚╹Ǻ౺

Ǟ᧸ǤțǵǓȚƹቊ♠ಐǶǾ⾻JO ᥴ☟ȡ࣠

Ǻہ܋ϭᄋȡᖑǨȚࡍǽȴɱɁẻ༔Ϟઇම

ǚȘ⾻సࡽⲲȬȲɻܦ⡙ǽୋཀᐦ⢧Ǜဝ

ǶǑȚǢǷȡẴ͒ǨȚƹ

㑮. 4f ⟧⣔ԑ⯍ᕧڿᏩ⣸Სǽہ܋ϭᄋ

ȡᖑǨȚࡍ

4f ⟧⣔ԑǽ⯍ᕧڿᏩǺȗȚ⣸Ს⾷ͨˁ f-f

⣸ᲡǷ▉Ǩ⾸Ǿ⦖ᄋǺ⬄ǨȚ Laporte ǽ╄֧

Ǻȗțǿᱞ֝ǶǑȚǛ1),2)⾻ȴɱɁǹǸǽᦹऴ

ǺǙǓǵ⾻ệᇋईȓ͙ǽ⯍⟧⣔ǽ഻ⱶǺȗș

⤴ոǺ▞ǤțȚƹ▞⣸Სǽἠഁಏ S2) Ǿ

᜵ᶟ⾷ǢǢǶǾᛡΡǷẹᛡΡ⫻ǽ⯍ᕧڿᏩ

ɪʀɩɻɐǺȗȚႣΰǶǑș⾻⒅։┶ảǶ▉

⡻ǤțȚ⾸ǶῲǤțȚǢǷǚȘ⾻Judd Ƿ

Ofelt Ǿ⾻f-f ⣸Სǽἠഁಏ S ȡǋ4f ⟧⣔ǽ۬Ȱ

ɕɳȶʀᛡΡǷ⦖ᄋǺ⬄⢪ǨȚ⒅։┶ả

ƿĬU(t)ĬǀǌǷǋ⥎Ρईǽ഻ⱶǺȗș▞ǽᲦ

ಏȡ⒙Ǩəɱɩʀɇ Vt ǌǷǽ᳒ǽἠബệ۰

SVtjƿĬU(t)Ĭǀ2 Ƕ⒙ǦǮƹǢțǺȗș᳒ոہ܋

ϭᄋĲk(l)dl⾷ేہ܋ӴΧǺȞǮȚہ܋ϭᄋǽ

݅⾸Ǿ(1)Ƕ⒙ǤțȚ3)ƹ

fk(l)dl⿌8p3e2lr/3ch(2J⾺1)jxjS,

S⿌SVtjƿĬU(t)Ĭǀ2(t⿌2, 4, 6⾸ (1)

ǢǢǶ e Ǿ⯍ǽ✤⦖⾻l Ǿేہ܋ǽ౪ࢍᗢ⫧⾻

r ǾసࡽⲲȬȲɻញಏ⾻c Ǿӟ⢦⾻h Ǿɟɱɻ

ȷᄋ⾻J ǾᛡΡǽӴ⟧⣔╦⣌ؔ⦖ǶǑȚƹ

x Ǿླྀ᤹ǽ⬄ᄋǶǑș⾻సࡽⲲȬȲɻ Re3⾺

ǽ 4f ⯍ǛୋࢀǨȚ◧⯍ΧǶǽ⾻ɵʀɴɻɌ

ǽୋཀईǺȗȚⓝᓺǶǑȚƹ

ἠഁಏ S ǺǙǓǵ⒅։┶ảƿĬU(t)ĬǀǾ⾻۬

ȬȲɻǽȰɕɳȶʀᛡΡȡᣀ൰ǴǠȚࡘሱɡȷ

ɐɳǚȘ⾻╹ᶟǶᕷȐȘțǵǓȚ4)ƹt⿌2, 4, 6

ǶǑȚᥴᨁǾ1),2)⾻ƿĬU(t)ĬǀȡଣӱǨȚ⣏ᲦǶ
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㑮ࡖ Nd3⾺ ǽہ܋ɁɢȷɐɳǽԄࢪό
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ǽ⾻4f ⯍ǺଓǨȚ╦⣌ؔ⦖ǽףᗕǽම✤Ǻ

࣠ǴǓǵǓȚƹVt Ǿ⾻ીᚬǽہ܋ϭᄋǺଓǨ

ȚɝȫɋɎȫɻȸəɱɩʀɇǶǑȚƹ൝ǲǵ⾻

Vt Ǿ f-f ⣸Სǽ▞ǽᲦಏȡ⒙ǦǵǓȚƹ

㑯. f-f ⣸Სǽ▞ǽəɇʀɻ

ࡖ 1 Ǿ⥎Ρईǽ഻ⱶǺȗș⾻f-f ⣸ᲡǛ▞

ǷǹȚԄࢪόȡᑡǺ⒙ǦǵǓȚƹəɇʀ

ɻ(a)Ǿ⾻⥎Ρ⾷⭞ȬȲɻ⾸ǛⰞଓᲠǹ⥎Έ

ȡǷȚǢǷǺȗș⾻ệᇋईǽଓᲠමǛைțǵ

4f ⟧⣔Ǜ▞ǤțȚȑǽǶǑȚƹəɇʀɻ(b)

Ǿ⾻⥎ΡǷǽᭀ̞ΰ᧸Ǻȗș⾻4f ⟧⣔ȇ͙

ǽ⯍⟧⣔ǽᚆǧș⡛ȎǛ❙ǢȚई۰ǶǑȚƹ

ᥴ☟ǹ╫ኝ5)Ǻȗțǿ⾻əɇʀɻ(a⾸⾷ệ

ᇋईእ⾸ǺଓǦ⾻V2 Ǿ Re3⾺ Ƿ⥎ΡǷǽ

˛⫻ΡΈ͛⡨Ƕǽệᇋईǽ഻ⱶȡۅǠ⾻V4 ȓ

V6 ǶǾ⥎Ρ͛⡨ǽệᇋईǽ഻ⱶȡۅǠȚƹ

əɇʀɻ(b⾸⾷⯍ǽᚆǧș⡛Ȏእ⾸ǺଓǦ

ǵǾ⾻V2 Ǿ Re3⾺ ⡨ѳǶǽᚆǧș⡛Ȏȡ˩Ǻ

ᆉǦ⾻V4ۀ ȓ V6 ǶǾǬțǭț⥎ΡǷǽ˛

ǠۅȂ⥎Ρ͛⡨Ƕǽᚆǧș⡛Ȏǽ഻ⱶȡڽ⫻

ȚƹసࡽⲲȬȲɻǽ⥎ΡǽᲷⲲ⾷όǗǿ⾻F,

O Ȃڽ S⾸Ǻඅǧǵ⾻əɇʀɻ(a)ڽȂ(b)ǽǸ

ǰȘǚʶᅀ⾻༚ǓǾ˓ᅀǛ Vt ǽоǺۀᆉǤț

ȚƹͨˁǶǾ༕Ƽǽ⥫كᢼȴɱɁǽệእȡ˛ൺ

Ǻ◻ᅽǨȚƹ

㑰. Vt əɱɩʀɇǽগǜǤǷہ܋Ɂɢȷ

ɐɳǽଓඅâNd3⾺ ȡόǷǦǵâ

ࡖ 2 Ǿ Nd3⾺ ǽہ܋ɁɢȷɐɳǽԄࢪόǶǑ

Țƹ2 ᲷⲲǽ⥫كᢼȴɱɁǶǾ⾻Vt ǽоǛগ

ǜǞᨵǹǲǵǓȚƹࡖǽὓ⟸Ǿہ܋ᄺⰢ᳒ sa

ǶǑȚƹsa⿌ہ܋ϭᄋ k(l)dl/ȬȲɻញಏ r Ƕ

˄ǗȘț⾻sa Ǿ(1)ȗșἠഁಏ S ǺᕉόǨ

Țƹগǜǹ sa ȡ྾ǳƫㆌ」ƫㆎǽ⣸ᲡǺᗨᬶǦǵ

ȎȗǕƹࡖ˛ǺᰳǨ۬⣸Სǽἠഁಏ S ǚȘȞ

ǚȚȗǕǺ⾻˩ Ǻƫㆌǽ⣸Სǽ sa Ǿ V2ƿĬU(2)Ĭǀ2

ⱼǺϞઇǦ⾻ƫㆍǷƫㆎǽ⣸ᲡǾ V4ƿĬU(4)Ĭǀ2 Ƿ

V6ƿĬU(6)Ĭǀ2 ⱼǺϞઇǦǵǓȚƹǹǙ Vt Ǿ⾻3

ǳͨˀǽ⣸ᲡǺǳǓǵ⾻⢪ᴗᅀᲦȡ╫ǞǢǷ

Ƕ ᕷ Ȑ Ș ț Ț ƹ 40K2Oɿ40Ga2O3ɿ20Ta2O5
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㑯ࡖ K2O-Ga2O3-Ta2O5 ȴɱɁǺǙǠȚ Nd3⾺ ⡙ܦ

ǽୋཀᐦ⢧

㑰ࡖ Nd3⾺ ǽ Vt əɱɩʀɇǽẻ༔Ϟઇම

⾷a) Na2O-SiO2 ȴɱɁǺǙǠȚ Na2O ሱ⦖Ϟઇම܅

⾷b) 40R2O-60SiO2 ȴɱɁ⾷R⿌Li, Na, K⾸ǺǙǠȚȪɳȳɲȬȲɻǽ cation ˆeld strength Ϟઇම
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(KGT⾸ȴɱɁǶǾ V2 ǽоǛগǜǞ⾻ǢțǾ

ƫㆌǽ⣸Სǽ sa ǛগǜǓǢǷǷଓඅǦǵǓȚƹ

20K2Oɿ20CaOɿ60SiO2 ȴɱɁǶǾ KGT ȴɱ

ɁǷᕉȈǵ⾻ǨȈǵǽ Vt ǽоǛତǤǓǢǷǺ

ଓඅǦǵ⾻ƫㆌ」ƫㆎǽ⣸Სǽ sa ǛତǤǞǹǲǵ

ǓȚƹ

㑱. Vt ǷసࡽⲲȬȲɻܦ⡙ǽୋཀᐦ⢧ǽ

⬄ϭ

౺ᶽࡕǹẻ༔ǽ⥫كᢼȴɱɁǺǳǓǵ Nd3⾺

ǽ Vt əɱɩʀɇȡ☈ȈǮệእ5),6)⾻V2 Ǿ 2.7

」11 pm2 ǽᶽࡕǶগǜǞংكǨȚǽǺଓǦ⾻

V4 Ƿ V6 Ǿ 1.8」5.9 pm2 ǽᕉ⟿ତǤǓᶽࡕ

ǶংكǨȚƹ

㎥ㆌ V2 ǛগǜǞংكǨȚȴɱɁ

ᢼȴɱɁǽك⥫ V2 Ǿ⾻⥎ΡǶǑȚ⥫ảǛ

ബ༔ǨȚএⰢΧǽⰞଓᲠමǺϞઇǨȚ⾷ࡖ 1

ǽəɇʀɻ(a⾸⾸ƹǬǽόǷǦǵ⾻Na2O-B2O3

̘әṾ5)Ǜ࿇ǡȘțȚƹ۴ṾǶǾ Re3⾺ Ǻ⥎Ρ

ǨȚ B-O ⭞ȬȲɻǽബຎ7)ǺϞઇǦǵ⾻Na2O

ሱ⦖ǺΒǓ܅ V2 Ǿ 2.7」4.9 pm2 ǽᶽࡕǶংك

ǨȚƹǤȘǺ KGT ȴɱɁǶǾ⾻ࡖ 3 ǺᰳǨȗ

ǕǺ⾻Nd3⾺ ȬȲɻǛ Ga2O3-Ta2O5 ǽ⓹۰ȴɱ

Ɂɕɋɐɷʀȷԑǽ Ga3⾺ ȬȲɻȽȬɐǺΈ၁

ȂڽǶӱș8)⾻⥫ảȬȲɻএⰢΧǽΩકࢪ

Ⱉ⯍ǹⰞଓᲠමǽȿɒɀʀእǺȗș⾻V2

Ǜগǜǹо⾷11 pm2⾸ȡᰳǨȑǽǷᄺǤț

Țƹ

㎥ㆍ V4 Ƿ V6 ǛগǜǞংكǨȚȴɱɁ

ᢼȴɱɁǽك⥫ V4 Ƿ V6 ǺǳǓǵǾ⾻⥫ả

ȬȲɻ͛⡨Ƕǽ⯍ǽᚆǧș⡛ȎǛ˩Ǻ഻ⱶǦ

ࡖ⾷ 1 ǽəɇʀɻ(b⾸⾸⾻ẻ༔ǺଓǨȚংكǾ V2

Ƿᕉ⟿ǦǵତǤǓƹǬǢǶ V4, V6 Ƿ Re3⾺ ܦ

⡙ǽୋཀᐦ⢧ǽ⬄ϭǷǦǵ⾻ླྀࡋᗕ⾻ոӟᗕڽ

Ȃ╹ᶟᗕǺȗșᕉ⟿ᐦ⢧ǽᥴ╫ǛǹǤțǵǓ

Ț9)⾻ȪɳȳɲȹȬ⥫दȴɱɁǽόȡ◻ᅽǨ

Țƹࡖ 4 Ǻ Vt ǺǳǓǵ⾻Na2O-SiO2 ̘әṾȴ

ɱɁǶǽ Na2O ⾻ሱ⦖ϞઇමǷ܅ 40R2O-

60SiO2 (R⿌Li, Na, K⾸ȴɱɁǶǽȪɳȳɲȬ

Ȳɻ⾷R⾸ǽ⭫ȬȲɻ⯍ई⾷cation ˆeld strength,

Z/a2: Z ǾڤϢ⾻a ǾȬȲɻ⫻❹⮼⾸Ϟઇම

ȡᰳǨƹ

Vt Ǿ Na2O ǽ܅ሱ⦖⾻╵Ǔ၁ǗȚǷȹȬ⥫

दȴɱɁɕɋɐɷʀȷǽ⦔۰ಏǺǾϞઇǪǩȊ

ȋʶǶǑȚ⾷ࡖ 4(a⾸⾸ƹȪɳȳɲ⥫كᢼǽᲷ

ⲲȡংكǤǪǮई۰ Li⿋Na⿋K ǽⱽǶసࡽⲲ



43

㑱ࡖ ȪɳȳɲȹȬ⥫दȴɱɁǺǙǠȚ Nd3⾺ ⡙ܦ

ǽୋཀᐦ⢧
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ȬȲɻܦ⡙ǽ⥫ảȬȲɻএⰢΧǽⰞଓᲠමǛऻ

গǦ⾻ȞǩǚǶǾǑȚǛ V2 ǛগǜǞǹǲǵǓ

Țƹʶᅀ V4, V6 Ǿ K⿋Na⿋Li ǽⱽǶ 1.8」5.0

ǽᶽࡕǶⲩ⊣ǺংكǦǵǓȚ⾷ࡖ 4(b⾸⾸ƹ

V4 Ƿ V6 ǽẻ༔ϞઇමǚȘဝǦǮ⾻Nd3⾺

ࡖ⡙ǽୋཀᐦ⢧ȡܦ 5 ǺᑡǺᰳǨƹࡖ 4

ǽệእǚȘᵥ 2 ⥎ΡǾȪɳȳɲȬȲɻǶǑ

ȚǷǗȘțȚƹNd3⾺ Ƿᕉ⟿ǦǵȪɳȳɲȬ

ȲɻǾএ⦖ǺઇࢀǨȚǮȐ⾻Na2O ሱ⦖Ǜ܅ 10

」40 mol㎪ǽᶽࡕǶǾ Nd3⾺ ⡙ǽୋཀᐦ⢧Ǿܦ

ᔙǸংكǦǹǓƹK⿋Na⿋Li ǽⱽǶᵥ 1 ⥎Ρ

⾷⥫ảȬȲɻ⾸Ƿᵥ 2 ⥎Ρ⾷ȪɳȳɲȬ

Ȳɻ⾸⫻Ƕǽ⭫ȬȲɻ⯍ईǛഁǞǹȚǺǳț

ǵ⾻ᵥ 1 ⥎Ρǽ⥫ảȬȲɻǷ Nd3⾺ ǽệ۰❹

⮼Ǜ⫧ǞǹȚǢǷǺଓඅǦ⾻⥫ảȬȲɻǽ 2p

⟧⣔ȓ Nd3⾺ ǽ 5d ⟧⣔ǚȘǽ⯍ǽᚆǧș⡛

ȎǛऻগǦ⾻ệእǷǦǵ V4, V6 ǛগǜǞǹȚ

ȑǽǷᄺǤțȚƹǹǙ XAFS (X ἠہ܋൮ẫ

ᐦ⢧⾸╫ኝ10),11)ǚȘȑ⾻V4, V6 ǽẻ༔Ϟઇම

ȗșဝǦǮୋཀᐦ⢧⾷ࡖ 5⾸Ǿნ྾ǤțǵǓ

Țƹ

㑲. Ǚ Ȟ ș Ǻ

ȴɱɁǾ͆⫻Ƿ۴ǧǶএᐯǶǑȚƹଦ⦖ǽస

ⲲȬȲɻǾǬțǭțǽȴɱɁṾǺǙǓǵᣀሱࡽ

ǽȽȬɐ⣹ཾමȡᰳǨƹόǗǿ⾻ɲɻ⥫दȴɱ

ɁǶǾ Vt Ǿẻ༔ǺଓǦǵᔙǸংكǪǩ⾻Re3⾺

Ǿ P⿌O2 ⦔ệ۰ǽ⡨ѳǺઇࢀǨȚȑǽǷဝ

ǤțȚ⾷ᵥ 2 ⥎ΡǾ P⾸ƹቊ♠ಐǶόȡᰳǦ

ǮȗǕǺ⾻JO ᥴ☟ȡ࣠ǺȲɩȴəɱɩʀɇǽ

ẻ༔Ϟઇමȡ☈Ȉ⾻ȴɱɁɦɐɲɋȷɁǽᐦ⢧

ǷǽଓඅȡᎰ╿ǨȚǢǷǶ⾻1,000」10,000 ڤ

ഝșǺ 1 ХᲦಏ܅ȍțǮ⾻ଦ⦖ǽసࡽⲲȬ

Ȳɻܦ⡙ǽୋཀᐦ⢧ȡဝǨȚǢǷǛǷǹ
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