
˶Ό͙͔ͣͤͫͼ͔ͤͭͤ·͔ 
͔͙ͣ͊ͭͪ͊͡·
˭͊͟͡Ό;͙͔ͭ͡Έͤ͊Ύ ͔͟͡ͼ͙Ύ



˽͊ͤ͡ ͔͟͡ͼ͙͙

Å̅ ͦͭͦ͡Ό͙͔ͣͤͫͼ͔ͤͼ͙Ύ

Å˶ Ό͙ͣͤͦͺͦͪ· ͒͡Ύ ͔͋͡·ͻ ͍͔͙͍ͫͭͦ͒ͦ͒ͦ

Å˹ ͔͊ͤͦͪ͊ͣͪͤ͘·͔͡Ό͙ͣͤͦͺͦͪ·



˻͙ͨͭ;͔ͫ͊͟Ύ ͔͙ͫͨͭͪͦͫͦͨ͟͟Ύ



͙́ͨ· ͔͔ͨͪͻ͍ͦ͒ͦ ͍ ͙ͪͫͭ͊͊͟͡͡ͻ

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʧʝʨʝʭʦʜʦʚ ʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ. 

1 ïʤʝʞʟʦʥʥʳʝ ʧʝʨʝʭʦʜʳ, 

2 ïʚʥʫʪʨʠʮʝʥʪʨʦʚʳʝ 

ʧʝʨʝʭʦʜʳ, 

3 ïʧʝʨʝʭʦʜʳ ʩ ʧʝʨʝʥʦʩʦʤ 

ʟʘʨʷʜʘ, 

4 ïʬʦʪʦʠʦʥʠʟʘʮʠʷ, 

5 ïʧʝʨʝʭʦʜʳ ʩ ʚʝʨʭʥʝʡ 

ʦʩʪʦʚʥʦʡ ʟʦʥʳ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, 

6 ïʢʨʦʩʩʣʶʤʠʥʝʩʮʝʥʮʠʷ 

(ʦʩʪʦʚʥʦ-ʚʘʣʝʥʪʥʳʝ 

ʧʝʨʝʭʦʜʳ)



˨͍ͯͻ͍͔͍ͯͪͦͤ·͚ ͼ͔ͤͭͪ ͍ ͔͙͍ͦͤ͒ͤͫͪͦ͊ͤͤͦͣ͟ 
͍͔΅͔͍͔ͫͭ



˶Ό͙͔ͣͤͫͼ͔ͤͼ͙Ύ



ˢͭͦͣͤ·͔ ͙͙ͦͪ͋ͭ͊͡

ʌʦʨʤʳ s-, p-, d-, f- ʦʨʙʠʪʘʣʝʡ ʚ ʘʪʦʤʝ 

ʚʦʜʦʨʦʜʘ



˶Ό͙ͣͤͦͺͦͪ· ͒͡Ύ ͔͋͡·ͻ ͍͔͙͍ͫͭͦ͒ͦ͒ͦ



˶Ό͙ͣͤͦͺͦͪ· ͒͡Ύ ͔͋͡·ͻ ͍͔͙͍ͫͭͦ͒ͦ͒ͦ

˾͔͔͔͒ͦͣ͘͟͡Έͤ·͔ ͙ͦͤ· ͍ ͔͙ͣ͊ͭͪ͊͊͡ͻ ͙͔ͣΌͭ 
͍͔͊ͤͭͤͦͫͭ͡Έ нҌΣ оҌ ͙ пҌΦ ˽͙ͪͦͫͻ͙ͦ͒ͭ ͔͙͔͊ͨͦͤͤ͘͡ 
Ή͙͍͚ͪ͊ͤͪͦ͊ͤͤͦ͟ 4f ͦ ͋ͦͦ͡;͙͟Φ
ˤ ͔ͭͪͻ͍͔͊ͤͭͤͦͣ͡ ͫͦͫͭͦΎ͙͙ͤ La ͙ Lu ͙͔ͣΌͭ ͊ͪ͘͟·ͭͯΌ f-
ͦ͋ͦͦ͡;ͯ͟



˶Ό͙ͣͤͦͺͦͪ· ͒͡Ύ ͔͋͡·ͻ ͍͔͙͍ͫͭͦ͒ͦ͒ͦ



˶Ό͙ͣͤͦͺͦͪ· ͒͡Ύ ͔͋͡·ͻ ͍͔͙͍ͫͭͦ͒ͦ͒ͦΦ 
˾͔͔͔͒ͦͣ͘͟͡Έͤ·͔ Ή͔͔ͣͤͭ͡·



˴͍͍͊ͤͭͦ·͔ ;͙ͫ͊͡



˾͊ͫ΅͔͔͙͔ͨͤ͡ 4f ͯ ͍͔͚ͪͦͤ

Splitting of energy levels of 4fn electronic configuration due to: I ςCoulomb interaction;
II ςspin-orbit interaction; III ςcrystal-field interaction



Crystal field splitting for 4fn-15d electronic configuration

The 5d electrons are not effectively shielded by other electrons, and the crystal field 
influence on the energy levels of 4fn-15d electronic configuration is strong. 
Accordingly, crystal field splitting of 5d levels is large and the energies of levels within 
4fn-15d electronic configuration can strongly differ for different crystal hosts.

Crystal-field splitting of 5d1 configuration for tetragonal Ce3+ center: 
I ςfree ion, II ςOh, III ςOh + spin-orbit, IV ς˿ 4V



˿͙ͨͤ-͙ͦͪ͋ͭ͊͡Έ͔ͤͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘Φ 
˾͊ͫ΅͔͔͙͔ͨͤ͡ f-ͫͦͫͭͦΎ͙ͤΎ



˿͔ͨͭͪ͟· RE2+



͍͙̂ͪͦͤ ͙͍͊ͤͭ͊ͤͦ͒ͦ͡ ͍ ͙͔ͪͫͭ͊͟͡͡

ʇʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ 4f 

ʫʨʦʚʥʝʡ ʠ ʥʘʠʥʠʟʰʠʭ 

ʚʦʟʙʫʞʜʝʥʥʳʭ 5d-ʫʨʦʚʥʝʡ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʪʨʝʭʚʘʣʝʥʪʥʳʭ (RE3+) ʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ (RE2+) ʠʦʥʦʚ ʚ 

ʟʦʥʥʦʡ ʩʭʝʤʝ ʢʨʠʩʪʘʣʣʘ 

ʬʪʦʨʠʜʘ ʣʘʥʪʘʥʘ. ɺʝʨʭʥʷʷ 

ʟʦʥʘ ïʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʥʠʞʥʷʷ ʟʦʥʘ ïʚʘʣʝʥʪʥʘʷ ʟʦʥʘ. 

P.Dorenbos, J. luminescence, 2013, 

135, 93-104


