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ʉʧʠʩʦʢ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʦʢʨʘʱʝʥʠʡ 

ʆʙʦʟʥʘʯʝʥʠʝ ʈʘʩʰʠʬʨʦʚʢʘ 

CuAAC ʈʝʘʢʮʠʷ ʘʟʠʜ-ʘʣʢʠʣʴʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʤʝʜʴʶ(I) 

DMEM ʇʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ Dulbeccoôs Modified Eagle Medium 

DOTA 
1,4,7,10-tetraazacyclododecane-N,Nô,Nôô,Nôôô-tetraacetic acid ʠʣʠ 1,4,7,10-

ʪʝʪʨʘʘʟʘʮʠʢʣʦʜʦʜʝʢʘʥ-N,Nô,Nô,Nôô-ʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

DPTA 
1,1,4,7,7-diethylenetriamine pentaacetic acid ʠʣʠ 1,1,4,7,7-

ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥʦʧʝʥʪʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ECE ɺʥʝʰʥʷ̫  ʵʬʬʝʢʪʠʚʥʦʩʪʴ OLED ʧʦ ʪʦʢʫ 

EDX ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

EIL ʕʣʝʢʪʨʦʥʦʠʥʞʝʢʪʠʨʫʶʱʠʡ ʩʣʦʡ 

EQE ɺʥʝʰʥʘʷ ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ OLED 

ETL ʕʣʝʢʪʨʦʥʦʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ 

H2L 
((ɽ)-N-(2-((2-ʙʝʥʟʦʠʣʛʠʜʨʘʟʦʥʦ)ʤʝʪʠʣ)ʬʝʥʠʣ)-4-

ʤʝʪʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʤʠʜ ʠʣʠ 2-ʪʦʟʠʣʘʤʠʥ-ʙʝʥʟʠʣʠʜʝʥ-ʙʝʥʟʦʠʣ 
ʛʠʜʨʘʟʦʥ 

HIL  ɼʳʨʦʯʥʦ-ʠʥʞʝʢʪʠʨʫʶʱʠʡ ʩʣʦʡ 

HOMO ʅʘʠʚʳʩʰʘʷ ʟʘʧʦʣʥʝʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

hsens ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ 

HTL ɼʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʣʦʡ 

IC ɺʥʫʪʨʝʥʥʷʷ ʢʦʥʚʝʨʩʠʷ 

ICP-MS ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

in cellulo ʚ ʢʣʝʪʢʘʭ 

ISC ʀʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ 

LUMO ʅʠʟʰʘʷ ʥʝʟʘʧʦʣʥʝʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

NP ʅʘʥʦʯʘʩʪʠʮʳ 

OLED ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʜʠʦʜʳ 

PLQY ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

PVP ʇʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ 

Sn ʉʠʥʛʣʝʪʥʳʡ ʫʨʦʚʝʥʴ 

STEM-EDX 
EDX ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʫʶʱʝʡ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ 

Tn ʊʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ 

Ů ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ 

ɼʄʉʆ ɼʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ N, N-ɼʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ʀʂ ʀʥʬʨʘʢʨʘʩʥʳʡ 

ʂʉ ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʂʉɹɼ ʂʝʤʙʨʠʜʞʩʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

ʂʏ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

ʄɼ ʄʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʧʝʨʝʭʦʜ 

ʄʆʂ ʄʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ 

ʆʃʂ ʆʜʥʦʨʦʜʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ 

ʇɿʉ ʧʨʠʙʦʨ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ 

ʇʕʄ ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʈʃʂ ʈʘʟʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ 

ʈʉɸ ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʉʕʄ ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʊɻɸ ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
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ʊɻʌ ʊʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʎʂʇ ʎʝʥʪʨ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʕɼ ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʜʠʧʦʣʴʥʳʡ ʧʝʨʝʭʦʜ 

ʕʃ ʕʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʕɼʊɸ ʕʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʗʄʈ ʗʜʝʨʥʦ-ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

Ὧὲὶ 
ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

ὯὶὥὨ ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

†, †έὦί (ʅʘʙʣʶʜʘʝʤʦʝ) ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʀʥʬʨʘʢʨʘʩʥʳʝ (ʀʂ) ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ, ʠʩʧʫʩʢʘʥʠʝ ʢʦʪʦʨʳʭ 

ʦʙʫʩʣʦʚʣʝʥʦ f-f ʧʝʨʝʭʦʜʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʥʠʢʘʣʴʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʫʟʢʠʝ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʚ ʩʧʝʢʪʨʝ, 

ʙʦʣʴʰʦʡ ʩʪʦʢʩʦʚ ʩʜʚʠʛ, ʜʣʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʢʨʦʤʝ ʪʦʛʦ, 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʚʳʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʀʂ 

ʠʟʣʫʯʘʪʝʣʝʡ. ɺʩʸ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ 

ʜʠʦʜʳ (OLED), ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʪʝʨʤʦʤʝʪʨʠʷ. ʅʘʠʙʦʣʴʰʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʂʉ) ʩ ʭʦʨʦʰʦ ʧʦʛʣʦʱʘʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʝʪ çʵʬʬʝʢʪʘ ʘʥʪʝʥʥʳè. 

ʉʨʝʜʠ ʀʂ ʠʟʣʫʯʘʶʱʠʭ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʩʦʝʜʠʥʝʥʠʷ ʠʪʪʝʨʙʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʳ ʥʘʠʙʦʣʴʰʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

(PLQY). ɽʱʝ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʜʠʟʘʡʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʤʦʥʦ-, ʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʝʣʘʪʠʨʫʶʱʠʭ 

ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʪʘʙʠʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʩʦʮʠʘʮʠʠ. 

ʆʜʥʘʢʦ ʂʉ ʩ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤʠ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ (ʕɼʊɸ, DOTA ʠ ʜʨ.) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʠʟʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʭ 

ʣʠʛʘʥʜʦʚ. ʇʨʠʤʝʨʦʤ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʚʳʩʦʢʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʩʦʮʠʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ 2-

ʪʦʟʠʣʘʤʠʥʙʝʥʟʠʣʠʜʝʥ-ʙʝʥʟʦʠʣ ʛʠʜʨʘʟʦʥʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʨʘʩʰʠʨʝʥʠʝ ʯʠʩʣʘ ʀʂ 

ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʝʙʫʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʭ ʜʠʟʘʡʥʫ, 

ʧʦʣʫʯʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ, ʯʝʤʫ ʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʀʂ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ OLED ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʛʘʣʦʛʝʥ-, ʘʨʠʣʦʠʣï ʠ ʛʝʪʘʨʠʣ-ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʫʢʘʟʘʥʥʳʭ ʣʠʛʘʥʜʦʚ, ʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʝʥʩʦʨʥʳʭ ʠ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ï ʘʟʠʜʦʤʝʪʠʣï ʠ ʵʪʠʥʠʣ-

ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʂʉ ʩ ʣʠʛʘʥʜʘʤʠ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʧʦʟʚʦʣʠʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʟʠʜ-ʘʣʢʠʣʴʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ 
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ʦʪʜʝʣʴʥʳʤʠ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʣʘʥʪʘʥʠʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ. 

 ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʛʦʤʦï ʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʣʘʩʩʘ ʦʩʥʦʚʘʥʠʡ 

ʐʠʬʬʘ, ʘ ʠʤʝʥʥʦ ʩ ʟʘʤʝʱʸʥʥʳʤʠ 2-ʪʦʟʠʣʘʤʠʥʙʝʥʟʠʣʠʜʝʥ-ʘʨʠʣʦʠʣ-ʛʠʜʨʘʟʦʥʘʤʠ, ʠ 

ʠʟʫʯʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʛʦʤʦï ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʣʘʩʩʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ 

(ʟʘʤʝʱʸʥʥʳʤʠ 2-ʪʦʟʠʣʘʤʠʥʙʝʥʟʠʣʠʜʝʥ-ʘʨʠʣʦʠʣ-ʛʠʜʨʘʟʦʥʘʤʠ), ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʲʶʛʘʪʳ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

 ʂʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

1. ʉʠʥʪʝʟ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ï ʟʘʤʝʱʸʥʥʳʤʠ 2-

ʪʦʟʠʣʘʤʠʥʙʝʥʟʠʣʠʜʝʥ-ʘʨʠʣʦʠʣ-ʛʠʜʨʘʟʦʥʘʤʠ, ï ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠʭ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; 

2. ʀʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʂʉ, ʘ ʠʤʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦï ʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʟʘʚʠʩʠʤʦʩʪʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʠʜ-ʘʥʠʦʥʘ; 

3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʙʠʤʝʪʘʣʠʯʝʩʢʠʭ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʤʝʪʦʜʦʤ 

ʘʟʠʜ-ʘʣʢʠʣʴʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʘʟʠʜʦʤʝʪʠʣï ʠ ʵʪʠʥʠʣï 

ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ; 

4. ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʲʶʛʘʪʦʚ. 

5. ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʘʥʠʦʥʥʦʛʦ ʣʠʛʘʥʜʘ 

ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʲʶʛʘʪʦʚ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ ʮʝʣʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʩʠʥʪʝʟʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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 ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ  

1. ʇʦʣʫʯʝʥʦ 76 ʥʦʚʳʭ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʟʘʤʝʱʸʥʥʳʤʠ 2-ʪʦʟʠʣʘʤʠʥʙʝʥʟʠʣʠʜʝʥ-N-(2-

ʘʨʠʣʦʠʣ)-ʛʠʜʨʘʟʦʥʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 15 ʥʦʚʳʭ ʣʠʛʘʥʜʦʚ; 

2. ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ 2-ʪʦʟʠʣʘʤʠʥʙʝʥʟʠʣʠʜʝʥ-N-(2-

ʘʨʠʣʦʠʣ)-ʛʠʜʨʘʟʦʥʘʤʠ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʣʠʛʘʥʜʝ; 

3. ʆʧʨʝʜʝʣʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʦʚ ʠ ʨʘʩʪʚʦʨʦʚ; 

4. ʇʦʣʫʯʝʥʳ ʢʘʥʜʠʜʘʪʳ ʚ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ OLED ʥʘ ʦʩʥʦʚʝ ʂʉ 

ʠʪʪʝʨʙʠʷ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʣʘ 

441 ʤʢɺʪ/ɺʪ; 

6. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʂʉ ʝʚʨʦʧʠʷ ʩ ʬʫʨʘʥ ʠ ʪʠʦʬʝʥ-

ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ, ʘ ʂʉ ʠʪʪʝʨʙʠʷ ʩ ʧʠʨʝʥ-ʟʘʤʝʱʸʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ 

ʐʠʬʬʘ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ OLED; 

7. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʨʘʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʩʫʣʴʬʠʜ-ʘʥʠʦʥʘ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ Yb ʩ ʘʟʠʜʦʤʝʪʠʣ-ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ; 

8. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ 

ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʧʨʠ ʧʦʤʦʱʠ ʘʟʠʜ-ʘʣʢʠʣʴʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ; 

9. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʲʶʛʘʪʦʚ {Yb-Nd} ʠ {Yb-Er} ʧʦʣʫʯʝʥʳ 

ʨʘʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʀʂ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʪʝʨʤʦʤʝʪʨʳ. 

 ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʇʦʜʭʦʜ ʢ ʜʠʟʘʡʥʫ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ 

ʐʠʬʬʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ OLED.  

2. ʉʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʂ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʸʪ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʂʉ ʠʪʪʝʨʙʠʷ ʩ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

3. ʇʦʜʭʦʜ ʢ ʜʠʟʘʡʥʫ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʬʦʪʦï ʠ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʥʫʪʨʠ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ OLED. 

4. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʲʶʛʘʪʦʚ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʠʢ-ʨʝʘʢʮʠʠ ʪʦ ʝʩʪʴ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʣʴʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʤʝʜʴʶ(I), ʤʝʞʜʫ ʣʠʛʘʥʜʦʚ ʜʚʫʭ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʂʉ. 
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 ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʫʶ 

ʩʪʨʫʢʪʫʨʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. ʀʟʤʝʨʝʥʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ. ʇʨʦʪʝʩʪʠʨʦʚʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʩʫʣʴʬʠʜ-

ʘʥʠʦʥʘ ʂʉ ʠʪʪʝʨʙʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ. ʈʷʜ ʢʦʤʧʣʝʢʩʦʚ, 

ʠʩʧʳʪʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (-196 ʜʦ 300Áʉ). ʇʦʜʭʦʜ ʢ 

ʠʟʤʝʨʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ OLED. ʇʦʜʭʦʜ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʂ OLED ʟʘ ʩʯʸʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʂʉ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʵʤʠʪʪʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ. ʇʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 

ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʲʶʛʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʙʦʨʢʠ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʟʘʜʘʯʠ ʩʧʝʮʧʨʘʢʪʠʢʫʤʘ (2020-

2024 ʛʛ.) ʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʢ ʟʘʜʘʯʝ 

ʩʧʝʮʧʨʘʢʪʠʢʫʤʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʋʄʅʀʂ-2021 ʠ 

ʛʨʘʥʪʦʚ ʈʅʌ 20-73-10053 ʠ 23-23-00293. 

 ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʨʝʰʘʶʱʘʷ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʙʦʨʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʘ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩʪʫʜʝʥʪʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʬʝʜʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ, ʨʘʙʦʪʘʚʰʠʤʠ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ. 

ʉʠʥʪʝʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢ.ʭ.ʥ. ʄʝʜʚʝʜʴʢʦ ɸ.ɺ. 

(ʀʆʍ ʈɸʅ), ɹʫʨʣʦʚʳʤ ɸ.ʉ. (ʖʌʋ). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʢ.ʭ.ʥ. 

ɸ.ʉ. ɻʦʣʦʚʝʰʢʠʥʳʤ, ʜ.ʭ.ʥ. ʖ.ɺ. ʅʝʣʶʙʠʥʦʡ (ʀʅʕʆʉ ʈɸʅ) ʠ ɺ.ɽ. ɻʦʥʯʘʨʝʥʢʦ (ʍʌ ʄɻʋ). 

ʀʟʤʝʨʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʘʧ-ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜ.ʬ.-ʤ.ʥ. ʃ.ʉ. ʃʝʧʥʝʚʳʤ (ʌʀɸʅ). ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢ.ʭ.ʥ., 

ʜʦʮ. ʊ.ɹ. ʐʘʪʘʣʦʚʦʡ (ʌʅʄ ʄɻʋ) ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ çʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄɻʋè. ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢ.ʭ.ʥ., ʜʦʮ. ʀ.ɺ. ʂʦʣʝʩʥʠʢ (ʌʅʄ ʄɻʋ) ʥʘ ʙʘʟʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ çʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄɻʋè. ʀʟʤʝʨʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʢ.ʭ.ʥ. ɽ.ɸ. ʅʠʢʠʪʠʥʳʤ ʠ ʢ.ʭ.ʥ. ʂ.ʖ. ɺʣʘʩʦʚʦʡ (ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ). ʇʦʣʫʯʝʥʠʝ 

OLED ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢ.ʬ.-ʤ.ʥ. ɸ.ɸ. ɺʘʱʝʥʢʦ (ʌʀɸʅ) ʠ ɼ.ɸ. ʃʳʧʝʥʢʦ 
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(ʀʌʍʕ ʈɸʅ). MALDI -TOF ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢ.ʭ.ʥ. ʄʘʣʦʰʠʮʢʦʡ ʆ.ɸ. (ʍʌ 

ʄɻʋ). ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢ.ʭ.ʥ. ʇʘʚʣʦʚʳʤ ɸ.ɸ. ʠ ʉʘʬʠʫʣʣʠʥʦʡ ʕ.ʉ. 

(ʀʅʕʆʉ ʈɸʅ). 

 ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ VII -VIII  ɺʩʝʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ɼʝʥʴ ʈʝʜʢʠʭ ɿʝʤʝʣʴ (2022, 2024 ʛʛ., ʂʘʟʘʥʴ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʩʝʥʥʝʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ IFSOE-2021 (2021 ʛ, ʄʦʩʢʚʘ), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ Mendeleev 2021 (2021 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ LUMOS-2024 (2024 ʛ, ʄʦʩʢʚʘ),  ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚè (2021, 2022, 2023, 

2024), ʂʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʦʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤè (2021 ʛ, ʂʨʘʩʥʦʚʠʜʦʚʦ). 

 ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 4 ʧʫʙʣʠʢʘʮʠʷʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʟʘʨʫʙʝʞʥʳʭ 

ʞʫʨʥʘʣʘʭ. ʉʜʝʣʘʥʦ 17 ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

 ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 131 ʩʪʨʘʥʠʮʘʭ, ʥʝ ʩʯʠʪʘʷ ʧʨʠʣʦʞʝʥʠʷ, ʠ ʩʦʜʝʨʞʠʪ 79 

ʨʠʩʫʥʢʦʚ, 21 ʪʘʙʣʠʮ ʠ 196 ʣʠʪʝʨʘʪʫʨʥʳʭ ʩʩʳʣʦʢ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʷ. 
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2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ɺ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʳ ʭʠʤʠʠ ʣʘʥʪʘʥʠʜʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʂʉ) ʣʘʥʪʘʥʠʜʦʚ, ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʩʣʦʸʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ (OLED), ʦʙʩʫʞʜʝʥʳ ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʂ ʠʟʣʫʯʘʶʱʠʭ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʚ OLED ʠ ʧʝʨʝʯʠʩʣʝʥʳ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ.  

 ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʠ ʣʘʥʪʘʥʠʜʦʚ 

ʃʘʥʪʘʥʠʜʘʤʠ ʥʘʟʳʚʘʶʪ 14 ʵʣʝʤʝʥʪʦʚ ʩ ʘʪʦʤʥʳʤʠ ʥʦʤʝʨʘʤʠ 58-71, ʫ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ 4f-ʧʦʜʫʨʦʚʥʷ. ʀʥʦʛʜʘ ʢ ʥʠʤ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʣʘʥʪʘʥ (La), ʫ ʢʦʪʦʨʦʛʦ 

ʟʘʧʦʣʥʝʥʠʝ 4f-ʧʦʜʫʨʦʚʥʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ.  

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʣʘʥʪʘʥʠʜʦʚ ʜʣʷ ʘʪʦʤʦʚ Ce, Gd ʠ Lu ʚʳʛʣʷʜʠʪ ʢʘʢ 

[Xe]4fn5d16s2, ʛʜʝ ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪʩʷ ʥʘ 5d-ʦʨʙʠʪʘʣʠ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ [Xe]4fn+16s2, 

ʢʦʛʜʘ ʵʣʝʢʪʨʦʥ ʩ 5d-ʦʨʙʠʪʘʣʠ ʧʝʨʝʭʦʜʠʪ ʥʘ 4f-ʦʨʙʠʪʘʣʴ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʩʪʝʧʝʥʴʶ 

ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʘʥʪʘʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +3, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʙʣʠʟʦʩʪʴʶ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ/ʩʦʣʴʚʘʪʘʮʠʠ ʠ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ 

ʧʦ ʪʨʝʤ ʩʪʘʜʠʷʤ [1ï3]. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʘʥʪʘʥʠʜʦʚ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʥʝʢʦʪʦʨʳʝ ʠʭ ʩʚʦʡʩʪʚʘ, ʷʚʣʷʝʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʣʘʥʪʘʥʠʜʥʦʝ ʩʞʘʪʠʝ, ʪʦ ʝʩʪʴ ʧʦʯʪʠ ʣʠʥʝʡʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʦʥʥʳʭ 

ʨʘʜʠʫʩʦʚ ʦʪ ʣʘʥʪʘʥʘ ʜʦ ʣʶʪʝʮʠʷ (ʩ 1.068 ¡ ʜʦ 0.848 ¡). ʃʘʥʪʘʥʠʜʥʦʝ ʩʞʘʪʠʝ ʩʚʷʟʘʥʦ ʩ 

ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 4f-ʦʨʙʠʪʘʣʝʡ ʢ ʷʜʨʫ, ʘ ʪʘʢʞʝ ʩ ʥʠʟʢʠʤ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʟʘʨʷʜʘ ʷʜʨʘ 

4f-ʵʣʝʢʪʨʦʥʘʤʠ. ʆʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʨʘʜʠʫʩʘʤ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ 3+, 

ʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʢʘʢ ʞʝʩʪʢʠʝ ʢʠʩʣʦʪʳ ʇʠʨʩʦʥʘ [4,5]. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ. 

ʀʦʥʳ ʣʘʥʪʘʥʠʜʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʞʝʩʪʢʠʤʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ F ʠ O [4,5]. ʇʨʠʯʝʤ ʚ ʨʷʜʫ F ï O ï N ï S ʩʪʝʧʝʥʴ 

ʩʨʦʜʩʪʚʘ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʢ ʜʦʥʦʨʥʦʤʫ ʘʪʦʤʫ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ, 

ʥʘʧʨʠʤʝʨ, ʦʪ d-ʤʝʪʘʣʣʦʚ, ʩʪʨʦʝʥʠʝ ʂʉ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʣʠʛʘʥʜʦʚ, ʘ ʥʝ ʵʬʬʝʢʪʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ (ʕʉʂʇ) [6]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ 
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ʣʘʙʠʣʴʥʳʤʠ, ʠ ʜʘʞʝ ʚʦʜʘ ʤʦʞʝʪ ʚʳʪʝʩʥʷʪʴ ʣʠʛʘʥʜ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ. ʅʘʠʙʦʣʝʝ 

ʞʝ ʩʪʘʙʠʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʧʦʣʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

 ʆʩʦʙʝʥʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʠʜʦʚ 

ʆʩʦʙʝʥʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʠʭ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ï 

[Xe]4fn+16s2, ʛʜʝ ʚ ʨʷʜʫ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ 4f ʧʦʜʫʨʦʚʥʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʥʦʚʷʪʩʷ 

ʚʦʟʤʦʞʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʚʥʫʪʨʠ ʵʪʦʛʦ ʧʦʜʫʨʦʚʥʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʘʨʠʘʥʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʠ f-ʦʙʦʣʦʯʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ ɼʠʢʝ (ʩʤ. 

ʇʨʠʣʦʞ. 1). 

ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʥʠʤʠ ʧʦʢʨʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʜʦ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ (ʈʠʩ. 1). 

 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚ ʚʠʜʠʤʦʤ ʠ ʀʂ ʜʠʘʧʘʟʦʥʝ [7] 

ʊʘʢʞʝ ʟʘ ʩʯʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʭ 5s2 ʠ 5ʨ6 ʦʨʙʠʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʫʜʘʣʝʥʳ ʦʪ ʷʜʨʘ 

ʩʠʣʴʥʝʝ, ʯʝʤ 4f-ʦʙʦʣʦʯʢʘ, ʧʦʩʣʝʜʥʷʷ ʦʢʘʟʳʚʘʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʛʝʦʤʝʪʨʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʟʢʠʝ ʵʤʠʩʩʠʦʥʥʳʝ ʧʦʣʦʩʳ ʠ ʧʦʯʪʠ ʧʦʣʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ 

ʵʤʠʩʩʠʦʥʥʳʭ ʣʠʥʠʡ ʦʪ ʦʢʨʫʞʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʣʘʥʪʘʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʟʘʧʨʝʪʦʤ 

ʧʝʨʝʭʦʜʦʚ ʚʥʫʪʨʠ f-ʦʙʦʣʦʯʢʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʷʨʢʦʩʪʠ ʧʦʜʦʙʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ 

ʜʘʞʝ ʧʨʠ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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 ʆʩʦʙʝʥʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ 

ʉʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ɺʘʡʩʤʘʥʦʤ ʚ 1942 ʛʦʜʫ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʵʬʬʝʢʪʘ ʘʥʪʝʥʥʳè [8]. 

ʕʪʦʪ ʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ ʥʝʧʨʷʤʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠʦʥʦʚ 

ʣʘʥʪʘʥʠʜʦʚ ʯʝʨʝʟ ʭʦʨʦʰʦ ʧʦʛʣʦʱʘʶʱʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʠʘʛʨʘʤʤʦʡ ʗʙʣʦʥʩʢʦʛʦ ʜʣʷ ʂʉ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈʠʩ. 

2). 

 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʗʙʣʦʥʩʢʦʛʦ ʜʣʷ ʂʉ ʣʘʥʪʘʥʠʜʦʚ. knr ï ʦʙʦʟʥʘʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʙʝʟrʟʣʫʯʘʪʝʣʴʥʳʭ 

ʨʝʣʘʢʩʘʮʠʡ, ket ï ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, krad ï ʨʝʣʘʢʩʘʮʠʠ ʩ ʠʟʣʫʯʝʥʠʝʤ ʢʚʘʥʪʘ ʩʚʝʪʘ 

ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʢʚʘʥʪʘ ʩʚʝʪʘ ʣʠʛʘʥʜ ʧʝʨʝʭʦʜʠʪ ʚ ʦʜʥʦ ʠʟ ʩʠʥʛʣʝʪʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʘ ʟʘʪʝʤ, ʧʦʩʣʝ ʨʷʜʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ï ʚ ʥʠʟʰʝʝ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (S1). ʀʟ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʟʤʦʞʥʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ, 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ (S1ŸS0), ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜ ʚ ʦʜʥʦ ʠʟ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ (Tn) ʩ ʙʦʣʴʰʝʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ (ʪ.ʢ. ʧʝʨʝʭʦʜʳ (Tn-S0) ʟʘʧʨʝʱʝʥʳ). ʀʟ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʟʤʦʞʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʣʠʛʘʥʜʘ (Tn-S0), ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʠʣʠ ʞʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʥʘ 4f-ʧʦʜʫʨʦʚʝʥʴ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ, ʦʪʢʫʜʘ ʣʘʥʪʘʥʠʜ 

ʩʤʦʞʝʪ ʠʟʣʫʯʘʪʝʣʴʥʦ ʠʣʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦ ʨʝʣʘʢʩʠʨʦʚʘʪʴ. 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʷʚʣʷʶʪʩʷ ʝʝ ʩʧʝʢʪʨ, ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ (ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ) ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ). 

ʅʘʙʣʶʜʘʝʤʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʚʝʯʘʝʪ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʧʘʜʘʝʪ ʚ ʝ ʨʘʟ. ʉʭʝʤʘʪʠʯʥʦ 
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ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ ʨʝʘʢʮʠʶ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʝʨʝʭʦʜʘ ʯʘʩʪʠʮʳ ɸ ʠʟ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [ɸ*] ʚ ʦʩʥʦʚʥʦʝ [ɸ] ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʢʚʘʥʪʘ ʩʚʝʪʘ hɡ:  

[ɸ*] Ÿ [ɸ] + hɡ 

ʕʪʦʤʫ ʧʨʦʮʝʩʩʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ krad (ʦʪ radiative), ʢʦʪʦʨʘʷ 

ʥʘʟʳʚʘʝʪʩʷ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʢʦʥʩʪʘʥʪʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʘʯʘʩʪʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʯʘʩʪʦ ʝʡ ʩʦʧʫʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʳ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ [ɸ*] Ÿ [ɸ], ʢʦʪʦʨʳʝ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʢʚʘʥʪʘ ʩʚʝʪʘ. ʂʦʥʩʪʘʥʪʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

knr (non-radiative). ʊʦʛʜʘ ʩʭʝʤʘ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʩʥʦʚʝ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʭʝʤʝ ʧʨʦʪʝʢʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʢʮʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [ɸ*] ʦʪ ʚʨʝʤʝʥʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ὨὃᶻȾὨὸ Ὧ Ὧ ὸ 

ʈʝʰʝʥʠʝʤ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ [ɸ*] ʦʪ ʚʨʝʤʝʥʠ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʚʠʜ: 

ὃᶻ ὃᶻ ϽὩ  

ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʥʩʪʘʥʪʘ (observed) kobs = krad + knr ʨʘʚʥʷʝʪʩʷ ʩʫʤʤʝ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʢʦʥʩʪʘʥʪ, ʘ ʚʨʝʤʷ ʞʠʟʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʨʘʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʢ ʜʘʥʥʦʡ ʢʦʥʩʪʘʥʪʝ.  

ʐ
ρ

Ὧ
 

ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ QY (quantum yield) ʜʣʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʫʱʝʥʥʳʭ ʬʦʪʦʥʦʚ ʢ ʢʦʣʠʯʝʩʪʚʫ ʧʦʛʣʦʱʝʥʥʳʭ. 

19  
˗̘̏̌̉̆̒̓̃̏ ̘̜̖̉̈̌̔̆̎̎ ̏̓̏̎̏̃̕

˗̘̏̌̉̆̒̓̃̏ ̜̖̐̏̄̌̏̆̎̎̚ ̏̓̏̎̏̃̕
 

ɺ ʩʣʫʯʘʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʤʦʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ: 

ὗὣ  
Ὧ

Ὧ Ὧ Ὧ
 

ʛʜʝ kflu ï ʢʦʥʩʪʘʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, kIC ï ʢʦʥʩʪʘʥʪʘ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ, ʘ kISC 

ï ʢʦʥʩʪʘʥʪʘ ʚʥʫʪʨʠʩʠʩʪʝʤʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

ɺʳʜʝʣʠʪʴ ʢʦʥʩʪʘʥʪʫ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʨʝʜʠ ʢʦʥʩʪʘʥʪ ʦʩʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʦʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ 

ɼʞʘʜʜʘ-ʆʬʝʣʪʘ. ʕʪʘ ʪʝʦʨʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʝʟʘʚʠʩʠʤʦ ɼʞʘʜʜʦʤ [9] ʠ ʆʬʝʣʪʦʤ [10], 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ. ʆʥʘ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʥʥʳʡ f-f ʧʝʨʝʭʦʜ ʠʤʝʝʪ ʵʣʝʢʪʨʦʥ-ʜʠʧʦʣʴʥʫʶ ʠ 

ʤʘʛʥʠʪ-ʜʠʧʦʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ. ɺ ʩʚʦʝʤ ʠʟʥʘʯʘʣʴʥʦʤ ʚʠʜʝ ʵʪʘ ʪʝʦʨʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 
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ʩʣʦʞʥʘ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʷʜʘ 

ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʨʘʩʩʯʠʪʘʪʴ ʠʟʣʫʯʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʧʨʷʤʫʶ ʠʟ 

ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝ ʫʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʨʘʩʯʸʪʳ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ: 

ρ

†
ςσπσϽ

ψ“ὧὲʑ

ὔ
Ͻ
Ὣ

Ὣ
‐ʑὨʑ  

ʛʜʝ c ï ʵʪʦ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, ɡ ï ʯʘʩʪʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ, NA ï 

ʧʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜʨʦ, Ů(ɡ) ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ, n ï ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ, gu, gl ï ʚʳʨʦʞʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʋ ʠʦʥʘ Yb3+ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ [Xe]4f13 ʠʤʝʝʪʩʷ ʚʩʝʛʦ ʜʚʘ ʫʨʦʚʥʷ ï 2F5/2 ʠ 
2F7/2. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʫʧʨʦʱʘʶʪʩʷ ʜʦ ʬʦʨʤʫʣʳ: 

ρ

†
ςσπσϽ

ψ“ὧὲʑ ςὐ ρ

ὔ ςὐ ρ
Ͻ ‐ʑὨʑ 

ʛʜʝ NA ï ɻ ʪʦ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, J ʠ Jô ïʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ ʦʩʥʦʚʥʦʛʦ ʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ,  

Ů(ɡ) ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʚ ʄ-1Ŀʩʤ-1, n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ [11] ʚ ʩʤ/ʩ. 

 ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʨʠʚʣʝʢʘʝʪ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ 

ʙʣʘʛʦʜʘʨʷ ʝʝ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ [12], ʚ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ 

ʜʠʦʜʘʭ ʠ ʣʘʟʝʨʘʭ [13,14], ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ [15] ʠ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ 

[14,16,17]. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ 

ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʀʂ ʠʟʣʫʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

2.5.1 ʆʩʦʙʝʥʥʦʩʪʠ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ɼʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 100%, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʦʣʴʢʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ [18ï20], ʘ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʧʨʝʚʳʰʘʶʪ ʪʠʧʠʯʥʳʝ ʜʣʷ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʟʥʘʯʝʥʠʷ ʚ ʜʦʣʠ ʧʨʦʮʝʥʪʘ [21ï23]. ʇʨʠ ʵʪʦʤ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʀʂ 

ʠʟʣʫʯʘʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 100% [24], ʦʜʥʘʢʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʢʨʘʡʥʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ʠ ʧʦʵʪʦʤʫ ʧʦ 

ʷʨʢʦʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʩʨʘʚʥʠʤʳ ʠʣʠ ʜʘʞʝ ʫʩʪʫʧʘʶʪ ʢʦʤʧʣʝʢʩʘʤ  ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ 

ʩʚʷʟʘʥʳ ʩ ʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʪʫhʝʥʠʝʤ, ʠ ʧʦʪʦʤʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ (ʈʠʩ. 3). ɼʣʷ ʂʉ ʣʘʥʪʘʥʠʜʦʚ 

ʩʥʠʞʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʩ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʀʂ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 

ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʯʘʩʪʦ ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʪʨʠʧʣʝʪʥʳʤ ʫʨʦʚʥʝʤ ʣʠʛʘʥʜʘ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʩʝʥʩʠʙʠʣʠʟʘʮʠʷ, ʠ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʦʥʘ 

ʣʘʥʪʘʥʠʜʘ. ʊʘʢ, ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 2F5/2 ʠʦʥʘ Yb
3+ ʩʦʩʪʘʚʣʷʝʪ ~10000 ʩʤ-1, 

ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʰʠʨʦʢʦ ʠʟʫʯʝʥʥʳʝ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʣʠʛʘʥʜʳ, ʪʨʠʧʣʝʪʥʳʝ ʫʨʦʚʥʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ~20000 ʩʤ-1.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʫʰʝʥʠʷ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʢʦʣʝʙʘʥʠʷʭ ʩʚʷʟʝʡ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʥʳʝ ʩʪʨʘʪʝʛʠʠ. ʅʘʧʨʠʤʝʨ, ʟʘʤʝʥʘ ʉ-ʅ ʩʚʷʟʝʡ ʥʘ ʉ-F ʠʣʠ ʉ-D, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʫʰʝʥʠʷ ʀʂ 

ʣ ʤʁʠʥʝʩʮʝʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʫʩʢʘʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʦʥʦʥʦʚ ʝʜʠʥʦʚʨʝʤʝʥʥʦ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʥʦʥʥʦʛʦ ʪʫʰʝʥʠʷ: 

ὖ ὲ ρ ȟ  

ʛʜʝ ὴ
ᴐ

 ï ʚʝʨʦʷʪʥʦʩʪʴ ʤʫʣʴʪʠʬʦʥʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ὲ ᴐ  ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɹʦʟʝ-

ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʩʨʝʜʥʝʡ ʬʦʥʦʥʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʪʫʰʝʥʠʷ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ O-H ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʚʳʪʝʩʥʷʶʱʠʝ ʤʦʣʝʢʫʣʳ-ʛʘʩʠʪʝʣʠ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ 

ʣʘʥʪʘʥʠʜʘ, ʣʠʙʦ ʧʦʣʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ, ʠʟʦʣʠʨʫʶʱʠʝ ʠʦʥ ʤʝʪʘʣʣʘ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʦʣʥʦʩʪʴʶ.  

ɺ ʨʘʙʦʪʘʭ [25] ʠ [26] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ ʩ ʧʦʣʠʜʝʥʪʘʪʥʳʤʠ 

N,O-ʜʦʥʦʨʥʳʤʠ ʕɼʊɸ-ʧʦʜʦʙʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɿʘ ʩʯʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʢʦʤʧʣʝʢʩʳ ʥʝ ʪʦʣʴʢʦ ʠʪʪʝʨʙʠʷ, ʥʦ ʠ ʵʨʙʠʷ, ʠ ʥʝʦʜʠʤʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 
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ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʜʘʞʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ. ʊʘʢ, ʢʦʤʧʣʝʢʩ ʠʪʪʝʨʙʠʷ ʩ ʙʝʥʟʦ-ʘʟʦʢʨʘʫʥʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʘʠʚʳʩʰʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʚ 0.53% ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 4ʘ) [15]. ʉʘʤʳʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ɼʄʉʆ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (1.9% ʠ 

3.8%), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʤʧʣʝʢʩʳ [Yb(trop)4]
ï ʠ [Yb(az)4]

ï ʩ ʪʨʦʧʦʣʦʥʘʪʦʤ (trop) ʠ 

ʘʟʫʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʤ (az) [27,28]. 

ʘ)  ʙ)  ʚ)  

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʘ ʘ) ʣʠʛʘʥʜʘ 1b ʠʟ [15], ʙ) [trop]ï ʠʟ [27] ʠ ʚ) [az]ï ʠʟ [28] 

 

ʊʘʙʣ. 1. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʝʨʝʭʦʜʳ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ f-f-ʧʝʨʝʭʦʜʳ 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʘʧ-ʢʦʥʚʝʨʩʠʠ (UC) ʠ ʚ ʜʘʫʥ-ʢʦʥʚʝʨʩʠʠ (DC) ʠʟ [29]. 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʩʨʝʜʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʣʫʦʨʦʬʦʨʦʚ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʡ 

ʜʣʠʥʝ ʚʦʣʥʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʘʞʝ ʫ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0.06% 

[30]. 

ʉʨʝʜʠ ʀʂ ʠʟʣʫʯʘʶʱʠʭ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ Yb3+, Er3+, Nd3+, ʭʦʪʷ 

ʩʨʝʜʠ ʜʨʫʛʠʭ ʢʘʪʠʦʥʦʚ (Pr3+, Sm3+, Dy3+, Ho3+, ʠ Tm3+) ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʚ ʀʂ 
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ʜʠʘʧʘʟʦʥʝ [31]. ʊʘʢ, ʜʣʷ ʢʘʪʠʦʥʦʚ ʠʪʪʝʨʙʠʷ ʤʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ 980-1020 ʥʤ, ʵʨʙʠʷ 1546 ʠ 

1705 ʥʤ ʠ ʥʝʦʜʠʤʘ 860-920, 1060-1090 ʠ 1320-1390 ʥʤ (ʊʘʙʣ. 1).  

 ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʩ 

ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ  

ʆʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʥʘʟʳʚʘʶʪʩʷ N-ʟʘʤʝʱʝʥʥʳʝ ʠʤʠʥʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

R1R2C=NR3, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ ʘʟʦʪʘ ʩʚʷʟʘʥ ʩ ʘʨʠʣʴʥʦʡ ʠʣʠ ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʥʦ ʥʝ ʩ 

ʚʦʜʦʨʦʜʦʤ. ʆʥʠ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʘʣʴʜʝʛʠʜʦʚ ʠ ʢʝʪʦʥʦʚ ʩ 

ʘʤʠʥʘʤʠ, ʧʦʵʪʦʤʫ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʥʦʞʝʩʪʚʦ ʣʠʛʘʥʜʦʚ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [32ï35]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʦʣʠʜʝʥʪʘʪʥʳʝ 

ʭʝʣʘʪʠʨʫʶʱʠʝ ʣʠʛʘʥʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʙʨʘʪʴ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ 

ʣʘʥʪʘʥʠʜʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [36ï38]. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʜʨ. [39]. 

 

ʈʠʩ. 5. ʉʧʝʢʪʨ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 1) IIIa ʠ 2) IIIb ʠʟ [40] 

ʉʨʝʜʠ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ N-ʟʘʤʝʱʝʥʥʳʝ (2-ʪʦʟʠʣʘʤʠʥʦ)-

ʙʝʥʟʠʣʠʜʝʥ-ʠʤʠʥʳ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠʭ ʢʦʤʧʣʝʢʩʳ ʩ d-ʤʝʪʘʣʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ [41ï43] ʠ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʵʤʠʪʪʝʨʳ ʚ ʩʦʩʪʘʚʝ 

OLED. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʩ ʣʠʛʘʥʜʦʤ ʵʪʦʛʦ ʢʣʘʩʩʘ (IIIa ʠ IIIb) ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ OLED-ʩʪʨʫʢʪʫʨʘʭ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʣʦʝʚ: ITO / CuPc (5 ʥʤ) / 2 TNATA (35 ʥʤ) / spiroTPD (7 ʥʤ) / (20 ʥʤ) / BCP (5 ʥʤ) / IIIa ʠʣʠ 

IIIb / Bphen (20 ʥʤ) / LiF (1 ʥʤ) / AL (100 ʥʤ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʜʦʩʪʠʛʣʘ 500 

ʢʜ / ʤ2 ʧʨʠ 12 ɺ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʘ ʠ ʧʦʣʦʞʝʥʠʠ ʧʦʣʦʩ ʬʦʪʦï ʠ ʵʣʝʢʪʨʦʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥ:r ʩʧʝʢʪʨ ʕʃ IIIb ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʩʣʫʯʘʝ IIIa ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʚʦʟʙʫʞʜʝʥʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ ʚ ʩʠʩʪʝʤʝ [40].  
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ʉ 2014 ʛʦʜʘ ʚ ʥʘʰʝʡ ʛʨʫʧʧʝ ʥʘʯʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʜʘʥʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʂʉ ʩ ʀʂ ʠʟʣʫʯʘʶʱʠʤʠ ʣʘʥʪʘʥʠʜʘʤʠ 

(Yb, Er, Nd), ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ [22]. ʊʘʢ, ʢʦʤʧʣʝʢʩ 

Yb(L)(HL) (H2L = 2-(ʪʦʟʠʣʘʤʠʥʦ)-ʙʝʥʟʠʣʠʜʝʥ-ʙʝʥʟʦʠʣ-ʛʠʜʨʘʟʦʥ) ʦʙʣʘʜʘʝʪ ʢʚʘʥʪʦʚʳʤ 

ʚʳʭʦʜʦʤ 1.4% [22], ʘ ʧʦʛʣʦʱʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 30 000 (ʄĿʩʤ)-1, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʠʦʥʘ ʠʪʪʝʨʙʠʷ 

ʣʠʛʘʥʜʦʤ ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʩʪʠʛʣʘ 55%.  

 

ʈʠʩ. 6. ʈʘʥʝʝ ʠʟʫʯʝʥʥʳʝ ʚ ʥʘʰʝʡ ʛʨʫʧʧʝ ʣʠʛʘʥʜʳ ʢʣʘʩʩʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʚʝʣʘ ʢ ʨʘʟʚʠʪʠʶ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ʠ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ.  

 

ʈʠʩ. 7. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʣʠʛʘʥʜʦʤ H2L 

ʇʦ ʨʝʘʢʮʠʠ ʭʣʦʨʠʜʦʚ ʠʣʠ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ ʢʘʣʠʝʚʦʡ ʩʦʣʴʶ 2-(ʪʦʟʠʣʘʤʠʥʦ)-

ʙʝʥʟʠʣʠʜʝʥ-N-ʙʝʥʟʦʠʣ-ʛʠʜʨʘʟʦʥʘ (KHL) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʂʉ ʩʦʩʪʘʚʘ Ln(L)(HL) ʚ ʣʦʢʘʣʴʥʦʤ 

ʠʟʙʳʪʢʝ KHLĿH2O, ʪʦ ʝʩʪʴ ʧʨʠ ʧʨʠʢʘʧʳʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʣʘʥʪʘʥʠʜʘ ʢ ʨʘʩʪʚʦʨʫ ʢʘʣʠʝʚʦʡ 

ʩʦʣʠ ʣʠʛʘʥʜʘ. ʊʘʢʞʝ ʂʉ ʩʦʩʪʘʚʘ Ln(HL)2X ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʣʦʢʘʣʴʥʦʤ ʠʟʙʳʪʢʝ ʭʣʦʨʠʜʘ 

ʣʘʥʪʘʥʠʜʘ LnCl3Ŀ6H2O, ʪʦ ʝʩʪʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ ʨʘʩʪʚʦʨʘ ʣʠʛʘʥʜʘ ʚ 

ʨʘʩʪʚʦʨ ʩʦʣʠ ʣʘʥʪʘʥʠʜʘ. ʍʦʪʷ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʠʤʝʣʠ ʨʘʟʥʳʡ ʩʦʩʪʘʚ, ʠʭ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ 

ʩʭʦʞʝʡ: ʦʙʘ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʦʷʣʠ ʠʟ ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ [Ln(L)(HL)] ʠʣʠ [Ln(HL)2]
+, ʚ 

ʢʦʪʦʨʳʭ ʠʦʥ ʣʘʥʪʘʥʠʜʘ ʠʤʝʣ ʦʜʠʥʘʢʦʚʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ (ʯʝʪʳʨʝ ʘʪʦʤʘ ʘʟʦʪʘ 
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ʠ ʯʝʪʳʨʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʂʏ = 8 (4O + 4N)). ʇʨʠ ʵʪʦʤ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʜʚʘ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ ʦʜʥʦʛʦ ʘʥʠʦʥʘ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢʘʪʠʦʥʦʤ Ln3+, ʦʙʨʘʟʫʶʪ 

ʠʩʢʘʞʝʥʥʫʶ ʪʨʘʧʝʮʠʶ. ɼʚʝ ʠʩʢʘʞʝʥʥʳʭ ʪʨʘʧʝʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʜʚʫʭ 

ʘʥʠʦʥʦʚ ʣʠʛʘʥʜʦʚ ʚ ʦʜʥʦʤ ʤʦʥʦʷʜʝʨʥʦʤ ʬʨʘʛʤʝʥʪʝ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʜʥʦʤ ʤʦʥʦʷʜʝʨʥʦʤ ʬʨʘʛʤʝʥʪʝ ʬʨʘʛʤʝʥʪʳ ʙʝʥʟʠʣʠʜʝʥ-N-

ʙʝʥʟʦʠʣʛʠʜʨʘʟʦʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʨʪʦʛʦʥʘʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ. ɹʝʥʟʦʣʴʥʳʝ 

ʢʦʣʴʮʘ ʪʦʟʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦ ʬʨʘʛʤʝʥʪʘʤ ʙʝʥʟʠʣʠʜʝʥ-N-

ʙʝʥʟʦʠʣʛʠʜʨʘʟʦʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ, ʦʥʠ ʦʙʨʘʟʫʶʪ ˊ-ʩʪʵʢʠʥʛ ʣʠʙʦ ʩ 

ʙʝʥʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ ʪʦʟʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʤʦʥʦʤʝʨʘ ʄʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ ʠ ʥʝ ʠʟʤʝʥʷʶʪ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʘ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʢʘʢ OĿĿĿH-O, ʪʘʢ ʠ OĿĿĿH-N.  

 

ʈʠʩ. 8. ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʩʦʩʪʘʚʘ ʘ) Lu(HL)2Cl, 

ʙ) Yb(L)(HL)(EtOH)2(H2O), ʚ) Er(L)(HL), ʠ ʛ) Yb(L)(HL)(H2O)2 [39,44,45] 

ʘ) ʙ)  

ʈʠʩ. 9. ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʩʦʩʪʘʚʘ ʘ) K[Yb(L)2] ʙ)K[Yb(L)2]Ŀ4(ʊɻʌ) 

[45] 

ʂʠʧʷʯʝʥʠʝ ʩʚʝʞʝʦʩʘʞʜʝʥʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʣʘʥʪʘʥʠʜʘ ʩʦ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ 

ʣʠʛʘʥʜʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ Ln(L)(HL): 

Ln(OH)3 + H2L = Ln(L)(HL) + 3H2O 
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ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ Ln(L)(HL) ʩ KOH ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ K[Ln(L)2](solv)x, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʜʚʘ ʜʚʫʭʟʘʨʷʜʥʳʭ ʘʥʠʦʥʘ 

ʣʠʛʘʥʜʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʫʨʘʚʥʝʥʠʝʤ ʨʝʘʢʮʠʠ: 

Ln(L)(HL) + KOH + (xï1)H2O + yEtOH = K[Ln(L)2](H2O)x(EtOH)y 

ʇʦʤʠʤʦ ʘʥʠʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [Ln(L)2]
ï, ʚ ʩʦʩʪʘʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʚʭʦʜʠʪ ʠʦʥ 

ʢʘʣʠʷ, ʢʦʪʦʨʳʡ ʢʦʦʨʜʠʥʠʨʫʝʪ ʢʘʢ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʘʢ ʘʥʠʦʥʳ ʣʠʛʘʥʜʦʚ. ɿʘ ʩʯʝʪ 

ʠʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʫʯʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ Ln(HL)2X (X = Cl, NO3) ʠ Ln(L)(HL). ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʤʝʪʘʣʣʘ ï ʥʘʯʘʣʘ, ʩʝʨʝʜʠʥʳ ʠʣʠ ʢʦʥʮʘ ʨʷʜʘ ʣʘʥʪʘʥʠʜʦʚ, ï ʘ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʣʠʛʘʥʜʘ ʂʉ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ P-1, P21/C ʠ Cc. 

 

ʈʠʩ. 10. ʉʭʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʘʣʣʘ. ʆʜʠʥʘʢʦʚʳʤ 

ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʢʦʤʧʣʝʢʩʳ ʦʜʠʥʘʢʦʚʦʛʦ ʩʪʨʦʝʥʠʷ. ʏʝʨʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʣʘʥʪʘʥʠʜʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʦʙʨʘʟʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ [44] 

ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʜʦ 12%/K ʧʨʠ 125 ʂ [39]. 

ʊʘʢʞʝ ʦʜʥʦ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ Ln(LPr)(HLPr), ʛʜʝ H2L
Pr ï ʵʪʦ 2-ʪʦʟʠʣʘʤʠʥ-

ʙʝʥʟʠʣʠʜʝʥ-N-(2-ʠʟʦʥʠʢʦʪʠʣʦʠʣ)-ʛʠʜʨʦʟʦʥ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ [46]. 

 ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʜʠʦʜʳ 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ (OLED ï organic light emitting diode). ɼʠʩʧʣʝʠ ʥʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʜʠʦʜʘʭ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʤʘʨʪʬʦʥʳ, ʧʣʘʥʰʝʪʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʢʥʠʛʠ, 

ʮʠʬʨʦʚʳʝ ʬʦʪʦʘʧʧʘʨʘʪʳ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʙʦʨʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠ ʪ.ʜ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʜʠʩʧʣʝʷʤʠ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʸʪ. ʕʪʦʪ 

ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʜʠʩʧʣʝʠ, ʧʨʦʠʟʚʝʜʸʥʥʳʝ ʧʦ OLED-

ʪʝʭʥʦʣʦʛʠʷʤ, ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʪʘʥʫʪ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʥʠʢʠ. 
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ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʝʚ ʜʣʷ ʪʘʢʠʭ ʜʠʦʜʦʚ ʪʦʞʝ 

ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

2.7.1 ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ OLED 

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʫ OLED ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: ʘʥʦʜ/HIL/HTL/EBL/ʵʤʠʩʩʠʦʥʥʳʡ 

ʩʣʦʡ/HBL/ETL/EIL/ʢʘʪʦʜ, ʛʜʝ HIL ʠ EIL ï ʜʳʨʦʯʥʦï ʠ ʵʣʝʢʪʨʦʥ-ʠʥʞʝʢʪʠʨʫʶʱʠʝ ʩʣʦʠ, HTL 

ʠ ETL ï ʜʳʨʦʯʥʦï ʠ ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʣʦʠ, EBL ʠ HBL ï ʵʣʝʢʪʨʦʥï ʠ ʜʳʨʦʯʥʦ-

ʙʣʦʢʠʨʫʶʱʠʝ ʩʣʦʠ (ʈʠʩ. 11). 

.  

ʈʠʩ. 11. ʌʠʟʠʯʝʩʢʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ OLED 

2.7.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʀʂ OLED  

ɻʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ OLED ̫ ʚʣʷʝʪʩʷ ʝʛʦ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ j [ʤɸĀʩʤī2] ʠ ʷʨʢʦʩʪʴ L [ʂʜĀʤī2] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

U [B]. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ OLED: ʩʚʝʪʦʦʪʜʘʯʫ ὖὉ

  [ʣʤĀɺʪ-1], ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʣʳ ʪʦʢʘ ὅὉ     [ʂʜĀɸ-1] ʠ ʚʥʝʰʥʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ὉὗὉ  ρππϷ   [%]. 

ʊʘʢʞʝ ʚʘʞʥʦ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ; ʜʣʷ ʵʤʠʪʪʝʨʦʚ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʵʪʦ 

ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʷʨʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 1 ʂʜĀʤ-2. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʤʠʥʠʤʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʝʨʝʟ ʜʠʦʜ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʪʦʢ, ʩʦʩʪʘʚʣʷʝʪ Ὗ

ὉὒὟὓὕ ὉὌὕὓὕ
Ὡ, ʛʜʝ E(LUMO) ʠ E(HOMO) ï ʵʥʝʨʛʠʠ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʤʘʪʝʨʠʘʣʘ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ, ʧʦʵʪʦʤʫ ʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 

OLED ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ OLED ʦʪʨʘʞʘʝʪ ʚʝʣʠʯʠʥʘ EQE, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʳʨʘʞʝʥʠʝʤ: 

ὉὗὉ ‎  –   ὖὒὗὣ  –  

ʛʜʝ ɔ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʵʤʠʩʩʠʦʥʥʦʤ ʩʣʦʝ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʫʩʪʨʦʡʩʪʚʘ; ɖr ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʜʦʣʷ ʵʢʩʠʪʦʥʦʚ, 
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ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (25%, ʝʩʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʪʦʣʴʢʦ ʩʠʥʛʣʝʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʠ 100% ï ʝʩʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʠ ʩʠʥʛʣʝʪʥʳʝ, ʠ ʪʨʠʧʣʝʪʥʳʝ ʵʢʩʠʪʦʥʳ); PLQY ï 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ; ɖout ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʭʦʜʘ ʩʚʝʪʘ ʠʟ ʫʩʪʨʦʡʩʪʚʘ 

(ʜʣʷ ʧʨʦʩʪʝʡʰʠʭ OLED ʩʦʩʪʘʚʣʷʝʪ 20-30%). 

2.7.3 ʉʧʦʩʦʙʳ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ OLED ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ OLED ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʚʩʝʭ ʩʣʦʝʚ 

ʜʦʣʞʥʳ ʙʳʪʴ ʘʤʦʨʬʥʳʤʠ, ʥʝ ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʙʳʪʴ ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʪʦʣʱʠʥʝ. 

ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʥʘʥʝʩʝʥʠʷ: 

ʊʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʳʣʝʥʠʷ, 

ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʛʦʪʘʚʣʠʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ OLED-ʫʩʪʨʦʡʩʪʚ 

[47,48]. ʆʜʥʘʢʦ, ʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʥʝʧʨʠʤʝʥʠʤʦ ʜʣʷ ʥʝʣʝʪʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʜʣʷ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ. 

Spin-coating. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʢʘʧʣʷ ʨʘʩʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʥʦʩʠʪʩʷ 

ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʧʦʜʣʦʞʢʫ, ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʳʩʪʨʦ ʠʩʧʘʨʷʝʪʩʷ, ʦʩʪʘʚʣʷʷ ʥʘ 

ʧʦʜʣʦʞʢʝ ʦʜʥʦʨʦʜʥʫʶ ʧʣʝʥʢʫ. ʕʪʦʪ ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʜʝʰʝʚʠʟʥʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʩʠʪʴ 

ʦʜʥʦʨʦʜʥʳʝ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ 10-200 ʥʤ. 

 

ʈʠʩ. 12. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʪʦʜʘ spin-coating 

 ʄʘʪʝʨʠʘʣʳ ʜʣʷ OLED 

2.8.1 ʄʘʪʝʨʠʘʣʳ ʵʣʝʢʪʨʦʜʦʚ 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʘʥʦʜʘ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʨʘʙʦʪʦʡ 

ʚʳʭʦʜʘ, ʭʦʨʦʰʠʤʠ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
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ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ɼʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʠʥʜʠʡ-ʦʣʦʚʷʥʥʳʡ ʦʢʩʠʜ (ITO, In2O3/SnO2=9:1) [49].  

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʘʥʦʜʘ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʪʘʢʞʝ 

ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʜʣʷ ʥʝʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʥʠʞʝ ʧʦʣʦʞʝʥʠʷ LUʄʆ ʫʨʦʚʥʷ EML 

ʤʘʪʝʨʠʘʣʘ; ʢʨʦʤʝ ʪʦʛʦ, ʦʪ ʢʘʪʦʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʟʨʘʯʥʦʩʪʴ. ʆʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʢʘʪʦʜʘ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʳ ʠʣʠ ʠʭ ʩʧʣʘʚʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʯʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ 

ʠʩʧʦʣʴʟʫʶʪ Al [47,50]. 

2.8.2 ʀʥʞʝʢʪʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʦʜʦʚ ʠʟ ITO ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-ʠʥʞʝʢʪʠʨʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚʳʙʠʨʘʶʪ ʚʝʱʝʩʪʚʘ ʩ ʚʳʩʦʢʦʡ ʜʳʨʦʯʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʫ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʷ 

HOMO ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʨʘʙʦʪʦʡ ʚʳʭʦʜʘ ITO. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʷʚʣʷʝʪʩʷ PEDOT:PSS (ʧʦʣʠ-(3,4-ʵʪʠʣʝʥʜʠʦʢʩʠʪʠʦʬʝʥ):ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ), ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ, ʭʠʤʠʯʝʩʢʠ ʠ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʢʨʦʤʝ ʪʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʌʝʨʤʠ 

ITO ʠ HOMO PEDOT:PSS ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʝʥ ʥʫʣʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

OLED-ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [21ï23].  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥ-ʠʥʞʝʢʪʠʨʫʶʱʠʭ ʩʣʦʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʦʚ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʪʘʢʠʝ ʢʘʢ LiF, BaF2 ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ [56]. 

2.8.3 ʊʨʘʥʩʧʦʨʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ETL ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ TPBi (2,2',2''-(1,3,5-

ʙʝʥʟʠʥʪʨʠʠʣ)-ʪʨʠʩ(1-ʬʝʥʠʣ-1-H-ʙʝʥʟʠʤʠʜʘʟʦʣ)), TAZ (3-(ʙʠʬʝʥʠʣ-4-ʠʣ)-5-(4-ʪʨʝʪ-

ʙʫʪʠʣʬʝʥʠʣ)-4-ʬʝʥʠʣ-4H-1,2,4-ʪʨʠʘʟʦʣ), ʘ ʢ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ HTL ʠʩʧʦʣʴʟʫʶʪʩʷ  

NPD (N, N'-ʜʠ(1-ʥʘʬʪʠʣ)-N,N'-ʜʠʬʝʥʠʣ-(1,1'-ʙʠʬʝʥʠʣ)-4,4'-ʜʠʘʤʠʥ), TPD (N,N'-ʙʠʩ(3-

ʤʝʪʠʣʬʝʥʠʣ)-N,N'-ʜʠʬʝʥʠʣʙʝʥʟʠʜʠʥ), TAPC (1,1-ʙʠʩ[(ʜʠ-4-ʪʦʣʠʣʘʤʠʥʦ)ʬʝʥʠʣ] 

ʮʠʢʣʦʛʝʢʩʘʥ), PVK (ʧʦʣʠ (9-ʚʠʥʠʣʢʘʨʙʘʟʦʣ)), CBP (4,4-N, N'-ʜʠʢʘʨʙʘʟʦʣ-1,1'-ʙʠʬʝʥʠʣ) [47]. 
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ʘ) ʙ)  ʚ)   

ʛ)  ʜ)  ʝ)   

ʞ)  

ʈʠʩ. 13. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʪʨʘʥʧʦʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘ) TPBi, ʙ) TAZ, ʚ) NPD, ʛ) TPD, ʜ) TAPC, ʝ) PVK, 

ʞ) CBP 

 

2.8.4 ʕʤʠʩʩʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʵʤʠʩʩʠʦʥʥʳʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʯʘʩʪʴʶ OLED, 

ʠʤʝʥʥʦ ʦʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʆʩʥʦʚʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʘʪʝʨʠʘʣʫ ʜʣʷ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʜʚʠʞʥʦʩʪʠ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʟʥʘʢʘ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʢʘ, ʘ ʪʘʢʞʝ 

ʜʦʩʪʘʪʦʯʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ [27]. 

ʂʦʥʢʨʝʪʥʳʝ ʢʣʘʩʩʳ ʩʦʝʜʠʥʝʥʠʡ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

 ʀʂ OLED  

ʀʟʣʫʯʝʥʠʝ ʀʂ OLED ʧʨʠ 700ï1200 ʥʤ ʩʦʚʧʘʜʘʝʪ ʩ ʦʢʥʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʠʦʩʝʥʩʦʨʘʭ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʀʂ ʣʶʤʠʥʦʬʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʸʚ ʀʂ OLED, ʘ ʠʤʝʥʥʦ:  

1) ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʣʫʦʨʦʬʦʨʳ 

2) ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʧʦʣʠʤʝʨʳ ʠʣʠ ʦʣʠʛʦʤʝʨʳ 

3) ʧʦʨʬʠʨʠʥʦʚʳʝ ʂʉ 
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4) ʣʁ ʤʠʥʦʬʦʨʳ ʥʘ ʦʩʥʦʚʝ ʂʉ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʧʨʠʤʝʨʳ ʩʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʵʪʠʭ ʢʣʘʩʩʦʚ. 

ʉʨʝʜʠ ʂʉ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ ʢʦʤʧʣʝʢʩʳ Ir(III) ʠ Pt(II), 

ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʥʘʯʘʣʘ 2000-ʭ ʛʦʜʦʚ [48,59]. ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʫʩʧʝʰʥʳʭ 

ʧʦʧʳʪʦʢ ʜʦʙʠʪʴʩʷ ʀʂ ʠʟʣʫʯʝʥʠʷ ʠʟ OLED ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ir (III), ʙʳʣ ʦʧʠʩʘʥ 

Williams et al. ʚ 2006 ʛʦʜʫ. ɸʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʀʂ-ʵʣʝʢʪʨʦʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩ ʧʠʢʦʤ ʧʨʠ 

720 ʥʤ ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʩ ʙʠʩ (1-ʧʠʨʝʥʠʣʠʟʦʭʠʥʦʣʠʥʘʪʦ-N, C ') ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ ʚ ʤʘʪʨʠʮʝ 

PVK ʠ PBD. ʆʥʠ ʜʦʩʪʠʛʣʠ EQE 0.25% ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 100 ʤʢɺʪ/ʩʤ2 [60]. 

ɽʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʀʂ OLED ʙʳʣʠ ʦʧʠʩʘʥʳ Tuong Ly ʠ ʜʨ. [61] ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʡ ʩʝʨʠʠ 2-ʧʠʨʘʟʠʥʠʣʧʠʨʘʟʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pt(II), ʢʦʪʦʨʳʝ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʦ 85%. OLED ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Pt(II) ʧʦʢʘʟʘʣʠ 

ʩʘʤʳʡ ʚʳʩʦʢʠʡ EQE (24%), ʦ ʢʦʪʦʨʦʤ ʩʦʦʙʱʘʣʦʩʴ ʜʦ ʩʠʭ ʧʦʨ, ʩ ʧʠʢʦʤ EL ʧʨʠ 740 ʥʤ. ɹʦʣʝʝ 

ʪʦʛʦ, 78% ʪʘʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʣʠʞʥʶʶ ʠʥʬʨʘʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. 

ɼʦʥʦʨ-ʘʢʮʝʧʪʦʨʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ï ʚʘʞʥʳʡ ʢʣʘʩʩ çʙʝʟʤʝʪʘʣʴʥʳʭè ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʜʦ ʩʠʭ ʧʦʨ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʢʨʘʩʥʦʡ/ʙʣʠʞʥʝʡ ʀʂ-

ʦʙʣʘʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥ-ʦʙʦʛʘʱʝʥʥʳʭ (ʜʦʥʦʨʥʳʭ, D) ʠ 

ʵʣʝʢʪʨʦʥʥʦ-ʜʝʬʠʮʠʪʥʳʭ (ʘʢʮʝʧʪʦʨʥʳʭ, A) ʬʨʘʛʤʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ çDï ɸè ʢʨʘʩʠʪʝʣʝʡ. 

ɺ 2002 ʛ. Beyerlein et al. ʠʟʛʦʪʦʚʠʣʠ OLED, ʚʢʣʶʯʘʶʱʠʝ ʩʦʧʨʷʞʝʥʥʳʡ ʩʦʧʦʣʠʤʝʨ 

ʩʪʝʨʞʥʝʚʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʡ ʘʢʮʝʧʪʦʨ DPP. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʠʢ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 650 ʥʤ (ʩ 15% ʠʟʣʫʯʝʥʠʷ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ) 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ EQE ʜʦ 0.7% (ʧʨʠ 5 ɺ), ʭʦʪʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 0.4% ʧʨʠ ʧʨʠʣʦʞʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 20 ɺ [62]. 

ʄʘʪʝʨʠʘʣʳ ʩ ʪʝʨʤʠʯʝʩʢʠ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ 

(ʊɸɼʌ), ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʥʴ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʜʦʩʪʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 670ï730 ʥʤ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʟʘ ʧʨʝʜʝʣʘʤʠ 730 ʥʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʣʫʯʘʪʝʣʠ 

TADF ʦʙʳʯʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ (FWHMå100 ʥʤ), ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʧʨʠʣʦʞʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʯʠʩʪʦʪʘ ʮʚʝʪʘ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʥʝʜʘʚʥʦ ʧʨʝʜʣʦʞʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʩʪʨʘʪʝʛʠʶ. TADF-ʵʤʠʪʪʝʨʳ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ ʠʣʠ ʪʨʠʧʣʝʪʥʳʭ 

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʟʣʫʯʘʪʝʣʷʤʠ, ʥʝ ʷʚʣʷʶʱʠʤʠʩʷ TADF [63ï65]. ʀʩʧʦʣʴʟʫʷ 

ʤʝʪʦʜ ʪʨʠʧʣʝʪʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ TADF, Adachi ʠ ʩʦʘʚʪʦʨʳ [66] ʥʝʜʘʚʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʦʩʪ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʤʝʩʝʡ 2-ʬʝʥʦʢʩʘʟʠʥ-4,6-ʜʠʬʝʥʠʣ-1,3,5-

ʪʨʠʘʟʠʥʘ (PXZ-TRZ) ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ ʤʝʜʠ (CuPc) ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ 

ʧʣʘʪʠʥʳ (PtPc) ʚ ʢʘʯʝʩʪʚʝ ʀʂ-ʣʶʤʠʥʦʬʦʨʦʚ. ʍʦʪʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʪʘʣʣʦʚ ʥʝ ʧʦʟʚʦʣʠʣʘ ʠʤ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ EQE ʚʳʰʝ 
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0.1%, ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʘʢʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʨʫʛʠʝ 

ʀʂ ʣʶʤʠʥʦʬʦʨʳ. 

ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ Er(III), Yb(III) ʠ Nd(III), ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ 

ʩʚʦʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

800ï1600 ʥʤ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʙʠʦʣʦʛʠʠ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ [21]. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʤʝʨʦʚ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ 

(ʕʃ) ʪʨʠʩ (ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦ) (1,10-ʬʝʥʘʥʪʨʦʣʠʥ) ʵʨʙʠʷ [Er(acac)3(phen)] ʚ ʤʘʪʨʠʮʝ PVK [67] 

ʠ ɻ ʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʨʠ å890 ʥʤ ʢʦʤʧʣʝʢʩʘ ʥʝʦʜʠʤʘ ʥʘ ʦʩʥʦʚʝ ʪʝʨʬʝʥʠʣʘ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʣʠʩʩʘʤʠʥʦʤ ʚ ʤʘʪʨʠʮʝ F8BT [68]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʜʥʘʢʦ, 

ʚʘʞʥʳ ʢʦʤʧʣʝʢʩʳ ʠʪʪʝʨʙʠʷ (ʕʃ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 977 ʥʤ). ʅʘʠʣʫʯʰʠʝ ʠʟ ʥʠʭ ï ʢʦʤʧʣʝʢʩ 

ʠʪʪʝʨʙʠʷ ʩ ʪʠʦʥʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʦʤ ʠ ʜʠʙʝʥʟʠʣʩʫʣʴʬʦʢʩʠʜʦʤ [69], ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ 

ʠʪʪʝʨʙʠʷ ʩ ʙʝʪʘ-ʪʨʠʢʝʪʦʥʘʪʦʤ [70]. 

 ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʚ ʵʤʠʩʩʠʦʥʥʦʤ ʩʣʦʝ OLED 

ʈʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʜʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ ʠʣʠ OLED ʘʢʪʠʚʥʦ 

ʥʘʯʘʣʦʩʴ ʩ 1987 ʛʦʜʘ [71], ʢʦʛʜʘ Tang ʠ Van Slyke ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʝʨʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ 

ʦʩʥʦʚʝ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘʪʘ ʘʣʶʤʠʥʠʷ (Alq3) ʠ ʩʭʦʜʫ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʷʨʢʦʩʪʴ 

1000 ʂʜ/ʤ2 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʠʞʝ 10 ɺ. ʇʝʨʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʠʜʘ 

ï ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʝʚʨʦʧʠʷ ï ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ 1991 ʛʦʜʫ [72] Okamoto ʠ 

ʩʦʘʚʪʦʨʘʤʠ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 0.6 ʂʜ/ʤ2 ʧʨʠ 18 ɺ. ʕʪʦ ʩʨʘʟʫ ʧʦʜʯʸʨʢʠʚʘʣʦ ʩʣʦʞʥʦʩʪʴ 

ʟʘʜʘʯʠ ʧʦ ʧʦʣʫʯʝʥʠʶ OLED ʥʘ ʦʩʥʦʚʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ OLED ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʯʠʩʪʦʪʘ ʠʩʧʫʩʢʘʝʤʦʛʦ ʩʚʝʪʘ ʟʘ ʩʯʸʪ ʫʟʢʠʭ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʧʦʣʦʩ ʠʩʧʫʩʢʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʧʨʝʚʘʣʠʨʦʚʘʥʠʠ ʚ ʛʝʥʝʨʠʨʫʝʤʳʭ ʵʢʩʠʪʦʥʘʭ ʧʨʠ 

ʵʣʝʢʪʨʦʚʦʟʙʫʞʜʝʥʠʠ ʪʨʠʧʣʝʪʥʦʡ ʬʦʨʤʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʣʫʦʨʦʬʦʨʳ ʩʧʦʩʦʙʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʩʪʠʛʥʫʪʴ ʪʦʣʴʢʦ 25% ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʂʉ ʣʘʥʪʘʥʠʜʦʚ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ 100% ʵʥʝʨʛʠʠ [73]. 
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ʘ) ʙ)  

ʈʠʩ. 14. ʘ) ʀʣʣʶʩʪʨʘʮʠʷ ʩʧʠʥʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʙ) ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩʠʥʛʣʝʪʥʦʛʦ (S) ʠ 

ʪʨʠʧʣʝʪʥʦʛʦ (ʊ) ʵʢʩʠʪʦʥʘ ʥʘ ʦʨʙʠʪʘʣʷʭ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʜʣʷ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ 

ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [74]. ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʠʩʧʫʩʢʘʥʠʷ ʧʨʠʚʦʜʠʪ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʢ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʢ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ 

ʧʘʨʘʟʠʪʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʦʢʠʩʣʝʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ʠ ʪ.ʜ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ OLED ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʣʫʯʘʶʱʠʭ ʢʘʪʠʦʥʦʚ ʠ 

ʠʭ ʢʚʘʥʪʦʚʦʤʫ ʚʳʭʦʜʫ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ 

ʦʙʟʦʨʘ, ʢʨʦʤʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ OLED, ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ OLED ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ 

ʩʯʸʪ ʧʦʣʫʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʠʟʣʫʯʘʶʪ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʂʉ 

Eu, Tb) ʚʚʠʜʫ ʧʨʦʩʪʦʪʳ ʥʘʙʣʶʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʠʧʦʪʝʟ. ʀʟʫʯʝʥʠʝ ʀʂ 

OLED ʪʨʝʙʦʚʘʣʦ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʯʘʣʦʩʴ ʧʦʟʜʥʝʝ ʠ ʙʳʣʦ 

ʦʩʣʦʞʥʝʥʦ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʫʯʸʥʳʤʠ. 

ʉʨʝʜʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠ ʧʨʠʚʳʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ OLED, ʪʘʢʠʭ ʢʘʢ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ [ʤɸ/ʩʤ2], ʫʜʝʣʴʥʘʷ ʷʨʢʦʩʪʴ [ʂʜ/ʤ2], ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ (Uon[ɺ]), ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʫʩʢʘʥʠʷ ʠʣʠ ʩʚʝʪʦʚʦʡ ʚʳʭʦʜ [ʃʤ/ɺʪ], ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʪʦʢʫ (CE[ʂʜ/ɸ]) ʠ ʚʥʝʰʥʷʷ 

ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (EQE[%]), ʥʝ ʚʩʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʀʂ ʜʠʘʧʘʟʦʥʘ [75]. 

ʊʘʢ, ʧʦʩʢʦʣʴʢʫ ʢʘʥʜʝʣʘ ï ʵʪʦ ʝʜʠʥʠʮʘ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʡ ʢʦʥʪʫʨ, ʘ 

ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʠʟʤʝʨʷʝʪʩʷ ʚ ʣʶʤʝʥʘʭ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʟʳʚʘʪʴ 

ʟʨʠʪʝʣʴʥʳʝ ʦʱʫʱʝʥʠʷ, ʪʦ ʜʣʷ ʀʂ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʥʝʩʧʦʩʦʙʝʥ, ʷʨʢʦʩʪʴ ʚʩʝʛʜʘ ʨʘʚʥʘ ʥʫʣʶ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʀʂ ʠʟʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʚʘʪʪʘʭ ʠʣʠ ʤʠʢʨʦʚʘʪʪʘʭ ʥʘ ʢʚʘʜʨʘʪʥʳʝ ʩʘʥʪʠʤʝʪʨʳ [ʤʢɺʪ/ʩʤ2]. 
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ɸʥʘʣʦʛʠʯʥʦ ʠʟʤʝʨ̫ ʝʪʩʷ ʠ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʪʦʢʫ ʩ ʧʦʤʦʱʴʶ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʡ ʪʦʢʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ECE [ʤʢɺʪ/ɺʪ]). 

 ʀʂ ʠʟʣʫʯʘʶʱʠʝ OLED ʥʘ ʦʩʥʦʚʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʀʂ OLED ʥʘ ʦʩʥʦʚʝ ʂʉ ʠʪʪʝʨʙʠʷ (ʤʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ 980-

1020 ʥʤ), ʵʨʙʠʷ (1546, 1705 ʥʤ) ʠ ʥʝʦʜʠʤʘ (860-920, 1060-1090 ʠ 1320-1390 ʥʤ, ʧʝʨʝʭʦʜʳ 

ʫʢʘʟʘʥʳ ʚ ʊʘʙʣ. 1). ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʙʫʜʝʪ ʩʜʝʣʘʥ ʥʘ ʂʉ ʠʪʪʝʨʙʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʠʟʣʫʯʝʥʠʝ ʧʦʧʘʜʘʝʪ ʚ ʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʘ ʪʘʢʞʝ 

ʦʙʣʘʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʷʤʠ ʜʣʷ ʀʂ ʦʙʣʘʩʪʠ. 

2.11.1 ʇʝʨʚʳʝ ʀʂ OLED 

ʇʝʨʚʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʫʧʦʤʠʥʘʝʪʩʷ ʀʂ ɻʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʣʘʥʪʘʥʠʜʦʚ, ʘ ʠʤʝʥʥʦ ʥʝʦʜʠʤʘ, ʷʚʣʷʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ Pavier ʠ ʩʦʘʚʪʦʨʘʤʠ ʚ 1996 ʛʦʜʫ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʠʤʠʪʠʚʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/Nd@LB/Al, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʵʤʠʩʩʠʦʥʥʦʛʦ 

ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʸʥʢʘ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪʘ (LB) ʥʘ ʦʩʥʦʚʝ (E)-N-ʛʝʢʩʘʜʝʮʠʣ-4-(2-(4-

ʜʠʵʪʠʣʘʤʠʥʦʬʝʥʠʣ)ʵʪʝʥʠʣ)ʧʠʨʠʜʠʤʠʡ ʙʠʩ[1,6-ʙʠʩ(1ó-ʬʝʥʠʣ-3ô-ʤʝʪʠʣ-5ô-ʧʠʨʘʟʦʣʦʥ-4ô)-

ʛʝʢʩʘʥʜʠʦʥ(1,5)] ʥʝʦʜʠʤʘ [76] (ʈʠʩ. 15). ʇʦʣʫʯʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʧʦʨʷʜʢʘ 4 ɺ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʩ ʟʘʤʝʪʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ 

ʧʦʟʜʥʝʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʨʳ ʥʝ ʧʨʠʚʝʣʠ. 

ʘ) ʙ) ʚ)  

ʈʠʩ. 15. a) ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ Nd@LB ʠʟ [76], ʙ) ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚ) ɺɸʍ ʧʦʣʫʯʝʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ 

ʉʣʝʜʫʶʱʠʤʠ ʨʘʙʦʪʘʤʠ ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ ʩʪʘʪʴʠ Kawamura ʠ ʩʦʘʚʪʦʨʦʚ ʚ 1999 [77] ʠ 

ʚ 2000 [78] ʛʦʜʘʭ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʀʂ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ 

ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘʪʘ (DBM) ʥʝʦʜʠʤʘ ʠʣʠ ʠʪʪʝʨʙʠʷ ʩ ʙʘʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ (Bphen) ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/TPD/EL /Alq3/Mg:Ag (10:1), ʛʜʝ EL = Nd-1, Yb-1. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʪʘʢʞʝ ʟʝʣʸʥʫʶ ʧʦʣʦʩʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

Alq3, ʩ ʧʨʠʤʝʩʴʶ ʩʠʥʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʘʤʦʛʦ ʵʤʠʪʪʝʨʘ. ɼʣʷ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʵʪʦʡ ʧʦʣʦʩʳ 

ʚ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ 2001 [79] ʛʦʜʫ ʵʪʠ ʞʝ ʘʚʪʦʨʳ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ 

ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘʪʳ ʣʘʥʪʘʥʠʜʦʚ (Ln = Eu, Er, Nd, Yb) ʩ ʙʘʪʦ-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʚ 
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ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/TPD/EL /BCP/Mg:Ag (10:1), ʛʜʝ Alq3 ʟʘʤʝʥʸʥ ʥʘ BCP. ʕʪʦ ʧʨʠʚʝʣʦ ʢ 

ʟʘʤʝʥʝ ʚ ʩʧʝʢʪʨʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʜʥʦʡ ʟʝʣʸʥʦʡ ʧʦʣʦʩʳ ʥʘ ʜʚʝ ʧʦʣʦʩʳ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 400 ʠ 550 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ TPD ʠ ʵʢʩʠʧʣʝʢʩʘ 

TPD/EL . ɺʥʝʰʥʷʷ ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (EQE) ʧʦʣʫʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣʘ ʦʮʝʥʝʥʘ ʚ 

7³10-5, 3³10-5 ʠ 1³10-5 ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Nd, Yb ʠ Er, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʦʮʝʥʢʠ EQE ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʠʜʝʥʪʠʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʂʉ ʝʚʨʦʧʠʷ ʩ ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʦʤ ʠ 

ʙʘʪʦʬʝʥʝʥʪʨʦʣʠʥʦʤ, ʢʦʪʦʨʦʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʷʨʢʦʩʪʴ 3.2 ʢʜ/ʤ2 ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

1 ʤɸ/ʩʤ2 ʠ EQE=0,14%. ʇʦʩʢʦʣʴʢʫ ὉὗὉ ––ὖὒὗὣ, ʛʜʝ – ï ʵʪʦ ʜʦʣʷ ʚʳʰʝʜʰʠʭ ʠʟ 

ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʚʩʝʭ ʠʟʣʫʯʸʥʥʳʭ ʚ ʫʩʪʨʦʡʩʪʚʝ ʬʦʪʦʥʦʚ, – ï ʵʪʦ ʜʦʣʷ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʭ 

ʧʘʨ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʵʢʩʠʪʦʥʳ, ʘ PLQY ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʦ ʜʣʷ 

OLED ʦʜʠʥʘʢʦʚʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʪʦʣʴʢʦ ʠʟʣʫʯʘʶʱʠʤ ʢʘʪʠʦʥʦʤ ʚ 

ʤʘʪʝʨʠʘʣʝ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʬɻʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ὉὗὉ  ὉὗὉ
ὖὒὗὣ

ὖὒὗὣ
 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ OLED ʫʩʪʨʦʡʩʪʚʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪʥʦʰʝʥʠʶ 

ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

a) ʙ)  

ʈʠʩ. 16. ʘ) ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʙ) ʩʧʝʢʪʨ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʸʥʢʠ ʤʘʪʝʨʠʘʣʘ 

ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 200 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ 390 ʥʤ [77] 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ 2000 ʛʦʜʫ Khreis ʠ ʩʦʘʚʪʦʨʳ ʦʧʫʙʣʠʢʦʚʘʣʠ ʥʘʙʣʶʜʝʥʠʝ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʨʠʩ(ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘʪʘ) ʥʝʦʜʠʤʘ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ 

ITO/TPD/Nd-2/Al  [80]. ʇʦʣʫʯʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʭʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ 

ʠʩʧʫʩʢʘʥʠʷ ʢʘʪʠʦʥʘ ʥʝʦʜʠʤʘ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 13ɺ. 

ʊʘʢʞʝ ʚ 1999-2001 ʛʦʜʘʭ Curry ʠ ʩʦʘʚʪʦʨʳ ʦʧʫʙʣʠʢʦʚʘʣʠ ʜʚʝ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʸʥʥʳʝ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʨʠʩ-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘʪʘ ʵʨʙʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʘʪʠʦʥʘ ʵʨʙʠʷ ʩ 

ʨʘʟʣʠʯʥʦʡ FWHM (33-76 ʥʤ), ʯʪʦ ʘʚʪʦʨʳ ʩʦʦʪʥʝʩʣʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʦʢʨʫʞʝʥʠʷ 

(ʉ3v ʠ ʉ2v). ɺʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥʠʷ (ʜʦ 17 ɺ) ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʥʝʦʧʪʠʤʘʣʴʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ, ʥʦ ʠ ʥʠʟʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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ʘ) ʙ)  

ʚ)  

ʈʠʩ. 17. ʘ) ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚ ʠ ʙ) ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʚ) ʉʧʝʢʪʨʳ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʸʥʢʠ ʤʘʪʝʨʠʘʣʘ 

ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 400 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ 390 ʥʤ. Nd(dbm)3Bphen ʧʨʠ 15 ɺ (ʩʣʝʚʘ), 

Yb(dbm)3Bphen ʧʨʠ 13 ɺ (ʮʝʥʪʨ), Er(dbm)3Bphen ʧʨʠ 19 ɺ (ʩʧʨʘʚʘ) 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪʳ [78] Hong ʠ ʩʦʘʚʪʦʨʳ ʚ 2001 ʛʦʜʫ [73] ʧʦʣʫʯʠʣʠ ʩʝʨʠʶ ʙʝʪʘ-

ʜʠʢʝʪʦʥʦʚ ʠʪʪʝʨʙʠʷ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ, ʪʠʦʥʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʪʦʥʦʤ (TTA) ʠ 

ʙʘʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ. ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Yb-1 (Yb(dbm)3Bphen) ʧʦʢʘʟʘʣ 

ʥʘʠʚʳʩʰʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʣʫʯʰʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʵʪʦʤʫ 

ʘʚʪʦʨʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʥʝ ʪʦʣʴʢʦ ʵʤʠʩʩʠʦʥʥʦʛʦ ʥʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʣʦʷ ʠ ʚ ʫʩʪʨʦʡʩʪʚʝ ʩ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ ITO/TPD/Yb-1:TPD/Yb-1/Mg:Ag. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 

ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʢʨʦʤʝ ʧʦʣʦʩʳ ʀʂ ʠʟʣʫʯʝʥʠʷ ʠʪʪʝʨʙʠʷ ʧʦʣʦʩʘ 

ʵʢʩʠʧʣʝʢʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 580 ʥʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢ ʥʘʯʘʣʫ ʪʨʝʪʴʝʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʀʂ ʠʟʣʫʯʘʶʱʠʭ ʣʘʥʪʘʥʠʜʦʚ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʦʢʘʟʘʣʠʩʴ ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʠ ʥʠʟʢʠʝ PLQY, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʙʦʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʸʚ ʠ ʜʠʟʘʡʥʘ ʵʤʠʩʩʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʠ ʧʦʚʳʰʝʥʠʷ PLQY. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʙʦʪ, ʤʝʪʦʜʠʢʘ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʝʱʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ, ʧʦʵʪʦʤʫ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʪʘʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ EQE ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ.



 33 

 

ʊʘʙʣ. 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʀʂ OLED ʥʘ ʦʩʥʦʚʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ 1996-2001 ʛʛ. 

ɻʦʜ 

ʃʶʤʠʥʦʬʦʨ (Emitter) ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ 

ʄʘʢʩ. 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

[ʤʢɺʪ cʤī2] 

EQE, 

% 

Uon, 

V 

Ű, 

ʤʢʩ 

QY, 

% Ref. 

1996 Nd@LB Nd-LB ITO/ Nd@LB/Al n.a n.a 4 n.a n.a. [76] 

1999 

Nd-1 [Nd(dbm)3Bphen] 

ITO/TPD/Nd-1/Alq3/Mg:Ag (10:1) n.a n.a 15 0.7 

[81] 

0.2 

[82] 

0.33* 

[77] 

2001 ITO/TPD/Emitter/BCP/Mg:Ag (10:1) 

n.a 7E-5 11 

[79] 

Er-1 [Er(dbm)3Bphen] n.a 1E-6 18 2.3[82] 0.007* 

Yb-1 [Yb(dbm)3Bphen] 

n.a 3E-4 9 

12 [82] 1.41* 2000 ITO/TPD/Yb-1/Alq3/Mg,Ag n.a n.a 15 [78] 

2001 ITO/TPD/Yb-1:TPD/Yb-1/Mg:Ag n.a n.a 4.5 [73] 

2000 Nd-2 [Ndq3] ITO/TPD/Nd-2/Al n.a n.a 13 0.3[83] 0.02[84] [80] 

1999 Er-2 [Erq3] ITO/TPD/Erq3/Al  n.a n.a 30 1.1[85] 

1.0[83] 

0.01 [85] 

0.014[86] 

[87] 

2001 Er-2 [Erq3] p-type Si/Al/TPD/Erq3/LiF/Al  n.a n.a 17 [88] 

2000 Er-3 [Er(acac)3phen] ITO/PVK:Er(acac)3phen/Al:Li/Ag n.a n.a 10 1.0[86] 0.012[86] [67] 

*ʚ ʨʘʩʪʚʦʨʝ 
ʉʦʢʨʘʱʝʥʠʷ: LB = (ɽ) -N-ʛʝʢʩʘʜʝʮʠʣ-4(2-(4-ʜʠʵʪʠʣʘʤʠʥʦʬʝʥʠʣ)ʵʪʝʥʠʣ) ʧʠʨʠʜʠʤʠʡ ʙʠʩ [ 1,6-ʙʠʩ(1ó-ʬʝʥʠʣ-3ô-ʤʝʪʠʣ-5ô-
ʧʠʨʘʟʦʣʦʥ-4ô)-ʛʝʢʩʘʥʜʠʦʥ(1,5)],dbm = ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘʪ; Bphen = ʙʘʪʦʬʝʥʘʥʪʨʦʣʠʥ; q = 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘʪ; acac ï 

ʘʮʝʪʠʣʘʮʝʪʦʥ; phen ï ʬʝʥʘʥʪʨʦʣʠʥ. 
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2.11.2 ʀʂ OLED ʥʘ ʦʩʥʦʚʝ ʂʉ Yb 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʦʛʨʝʩʩʘ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, 

ʦʙʦʟʨʝʚʘʝʤʳʝ OLED ʫʩʪʨʦʡʩʪʚʘ, ʙʫʜʫʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʪʠʧʫ ʣʠʛʘʥʜʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʚ ʵʤʠʩʩʠʦʥʥʦʤ ʩʣʦʝ. 

ʇʦʨʬʠʨʠʥʘʪr Yb3+  

ɺ 2001 ʛʦʜʫ Kang ʠ ʩʦʘʚʪʦʨʳ [89] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥʘʪʘ ʠʪʪʝʨʙʠʷ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʚ 

ʤʘʪʨʠʮʝ MEH-PPV ʠ PPP-OR11. ʇʦʣʫʯʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ EQE ʜʦ 0.1% 

ʧʨʠ 7 ɺ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʨʠʮʳ PPP-OR11. 

a) ʙ) ʚ)  

ʈʠʩ. 18. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʷ ʘ) Yb-2.1 [89], ʙ) Yb-2.2 [90,91] ʠ ʚ) Yb-2.3 [91] 

ɺ 2003 ʛʦʜʫ [90] ʪʝ ʞʝ ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ OLED ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʠʪʪʝʨʙʠʷ ʩ 

ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥʦʤ ʠ (ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ)ʪʨʠʩ(ʜʠʵʪʠʣʬʦʩʬʠʥʠʪʦ)-ʢʦʙʘʣʴʪʘʪʘʪʦʤ(I) ʩ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ ITO/PEDOT:PSS/Yb-2:PS/Ca:Al, ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 0.6 ʤʢɺʪ/ʩʤ2 ʧʨʠ 15ɺ ʠ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 4ɺ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʙʳʣʠ ʚr ʙʨʘʥʳ ʧʦʣʠʩʪʠʨʦʣ (PS) ʠ 

ʧʦʣʠʚʠʥʠʣʢʘʨʙʘʟʦʣ (PVK). ʆʜʥʘʢʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ OLED ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʟʣʫʯʘʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʣʶʤʠʥʦʬʦʨʘ 

ʥʘʜ ʤʘʪʨʠʮʝʡ.  

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ OLED ʥʘ ʦʩʥʦʚʝ Yb-2.2 ʠ Yb-

2.3 ʚ ʤʘʪʨʠʮʝ ʙʠʩ-ʘʣʢʦʢʩʠ-ʟʘʤʝʱʝʥʥʦʛʦ ʧʦʣʠ(ʧ-ʬʝʥʠʣʝʥʘ) ʠʣʠ PPP-OR11 c ʨʘʟʣʠʯʥʳʤ 

ʤʦʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʤʠʪʪʝʨʘ. ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ OLED ʥʘʠʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ ʫʩʪʨʦʩʪʚʦ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʠʪʪʝʨʙʠʷ, ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 10 ʤʢɺʪ/ʩʤ2 ʠ EQE ʜʦ 0.018% ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ʚʢʣʶʯʝʥʠʷ 5 ɺ. 
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ɹʝʪʘ-ʜʠʢʝʪʦʥʘʪr  Yb3+ 

ɺ 2012 ʛʦʜʫ Li ʠ ʩʦʘʚʪʦʨʳ [92] ʧʦʣʫʯʠʣʠ ʙʝʪʘ-ʜʠʢʝʪʦʥʘʪr ʠʪʪʝʨʙʠʷ ʩ PMBP (ʪʨʠʩ(1-

ʬʝʥʠʣ-3-ʤʝʪʠʣ-4-(4-ʪʨʝʪ-ʙʫʪʠʣʙʝʥʟʘʮʠʣ)-5-ʧʠʨʘʟʦʣʦʥʦʤ) ʠ ʜʚʫʤʷ ʥʝʡʪʨʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ï ʙʘʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ (Yb-3.1) ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʦʤ (TPPO) (Yb-3.2). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ 

ITO/NPB/EL :NPB/Alq3/LiF/Al  ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Yb-3.1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʣʝʢʪʨʦʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ Yb-3.2 ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʦʩʪʠʛʣʘ 0.8 ʤʢɺʪ/ʩʤ2. ʉʦʯʝʪʘʥʠʝ ʜʚʫʭ ʵʤʠʩʩʠʦʥʥʳʭ 

ʩʣʦʸʚ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ OLED c ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ 

ITO/NPB/Yb-3.1/Yb-3.2/Alq3/LiF/Al, ʢʦʪʦʨʳʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 1.47 

ʤʢɺʪ/ʩʤ2 ʠ EQE = 0.027%, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʚʢʣʶʯʝʥʠʷ 6.7 ɺ. 

ʘ) ʙ)  

ʚ)  

ʛ) ʜ)  

ʈʠʩ. 19. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʘ) Yb-3.1 ʠ Yb-3.2 ʠʟ [92], ʙ) Yb-4.4 ʠʟ [69], ʚ) Yb-4.0, Yb-4.1, Yb-4.2 ʠ Yb-4.3 

[93], ʛ) Yb-5 ʠʟ [94], ʜ) Yb-6 ʠʟ [70] 

ɺ 2016 ʛʦʜʫ Ahmed ʠ ʩʦʘʚʪʦʨʳ [69,93] ʧʦʣʫʯʠʣʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʙʝʪʘ-ʜʠʢʝʪʦʥʘʪʳ 

ʠʪʪʝʨʙʠʷ ʩ TTA ʠ ʨʘʟʣʠʯʥʳʤʠ ʥʝʡʪʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ OLED ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/b-NPB/Yb-4.ʭ(10%):TcTa/BCP/Alq3/LiF/Al  ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 22.48 ʤʢɺʪ/ʩʤ2 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʚʢʣʶʯʝʥʠʷ 7.6 ɺ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʢʦʤʧʣʝʢʩ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʚʘʥʪʦʚʳʤ 
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ʚʳʭʦʜʦʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʨʘʚʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʠ ʢʚʘʥʪʦʚʳʭ 

ʚʳʭʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ ʷʚʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʠ ʧʨʷʤʫʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʤʝʞʜʫ ʥʠʤʠ. ʊʘʢ, 

ʥʘʠʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʂʉ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʩʝ OLED ʧʦʣʫʯʝʥʳ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ.  

ɺ 2017 ʛʦʜʫ Jinnai ʠ ʩʦʘʚʪʦʨ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ Adachi ʧʦʣʫʯʠʣʠ ʀʂ OLED ʥʘ ʦʩʥʦʚʝ 

ʂʉ ʜʠʙʝʥʟʠʣʤʝʪʘʥʘʪʘ ʠʪʪʝʨʙʠʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʦʢʩʠʜ ʙʠʩ[2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣ]ʵʬʠʨʘ (DPEPO). ʇʦʣʫʯʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ c 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ ITO/a-NPD/mCP/Yb-5:DPEPO/TPBi/LiF/Al  ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ EQE ʜʦ 

0.15% ʧʨʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 42 ʤʢʩ ʠ ʥʠʟʢʦʤ ʢʚʘʥʪʦʚʦʤ ʚʳʭʦʜʝ 

ʣʶʤʠʥʦʬʦʨʘ ï 0.4%. 

ɺ 2014 ʛʦʜʫ Reid ʠ ʩʦʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʙʝʪʘ-ʪʨʠʢʝʪʦʥʘʪ ʠʪʪʝʨʙʠʷ ʩ ʚʳʩʦʢʠʤ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʜʦ 3.2% ʠ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 47 ʤʢʩ [70]. ʇʦʣʫʯʝʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ OLED ʩ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ 

ITO/mCP/Yb-6:mCP/TPBi/LiF/Al, ʚ ʢʦʪʦʨʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʨʝʢʦʨʜʥʳʝ ʥʘ ʪʦʪ ʤʦʤʝʥʪ 

390 ʤʢɺʪ/ʩʤ2 ʠ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 6 ɺ ʠ ʚʩʸ ʝʱʝ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʤ EQE = 0.17%. 

ʆʜʥʘʢʦ, ʜʘʞʝ ʪʘʢʘʷ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʸʪ ʚʳʩʦʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠ ʫʜʘʯʥʦʛʦ 

ʧʦʜʙʦʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʸʚ ʠ ʤʘʪʨʠʮʳ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

ɸʣʢʦʛʦʣʷʪ rYb3+ 

ɺ 2013 ʛʦʜʫ ɹʘʨʘʥʦʚ ʠ ʩʦʘʚʪʦʨʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹʦʯʢʘʨʸʚʘ [95] ʧʦʣʫʯʠʣʠ 

ʪʨʠʷʜʝʨʥʳʝ ʂʉ ʠʪʪʨʠʷ ʠ ʠʪʪʝʨʙʠʷ ʩ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʦʤ. ʉ ʧʦʣʫʯʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʙʳʣ 

ʩʦʟʜʘʥ OLED ʩ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ ITO/TPD/Yb-7/Bphen/Yb. ɺ ʩʧʝʢʪʨʝ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʙʣʶʜʘʣʘʩʴ ʢʘʢ ʚʠʜʠʤʘʷ ʧʦʣʦʩʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʭʠʥʦʣʠʥʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 530 ʥʤ, ʪʘʢ ʠ ʀʂ ʧʦʣʦʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠʪʪʝʨʙʠʷ. ʇʦʣʫʯʝʥʥʳʡ OLED ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 50 ʤʢɺʪ/ʩʤ2 ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʪʦʢʫ ʜʦ 0.0044%. ʇʨʠ ʩʨʘʚʥʠʤʳʭ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʘʭ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʷʭ 

ʩ ʙʝʪʘ-ʜʠʢʝʪʦʥʘʤʠ ʠʪʪʝʨʙʠʷ ʧʦʨʷʜʦʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʘʟʘʣʩʷ ʩʦʧʦʩʪʘʚʠʤ, ʭʦʪʷ ʥʘʧʨʷʞʝʥʠʝ 

ʚʢʣʶʯʝʥʠʷ ʙʳʣʦ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ ï ʜʦ 9.5 ɺ.  
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ʘ) ʙ)  

ʚ)  ʛ)  

ʜ)  ʝ)  

ʞ)  

ʈʠʩ. 20. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʘ) Yb-7 [95], ʙ) Yb-8 [21], ʚ) Yb-9.1, Yb-9.2 [96],  

ʛ) Yb-10.1, Yb-10.2 [97], ʜ) ʣʠʛʘʥʜʦʚ ʜʣʷ Yb-11.1, Yb-11.2 [98][99], ʝ) Yb-12 [99], ʞ) Yb-13.1, Yb13.2 [100] 

ɺ ʪʦʤ ʞʝ 2013 ʛʦʜʫ [21] Wei ʠ ʩʦʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ 6-(ʧʠʨʠʜʠʥ-2-ʠʣ)-

1,5-ʥʘʬʪʠʨʠʜʠʥ-4-ʦʣʦʤ (PND), ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʜʣʷ Nd, Er 

ʠ Yb ʜʦ 0.17, 0.015 ʠ 0.9%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʂʉ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʝʚ OLED ʩ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ ITO/NPB/Yb-8:CBP/BCP/LiF/Al, ʢʦʪʦʨʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 86 ʤʢɺʪ/ʩʤ2 ʧʨʠ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 5 ɺ. 
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ɺ 2011 ʛʦʜʫ ʂʘʪʢʦʚʘ ʠ ʩʦʘʚʪʦʨʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹʦʯʢʘʨʸʚʘ [96] ʧʦʣʫʯʠʣʠ 

ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ ʩ 2-(2-ʙʝʥʟʦʠʤʠʜʘʟʦʣ-2-ʠʣ)ʬʝʥʦʣʷʪʦʤ, 2-(2-ʙʝʥʟʦʢʩʠʘʟʦʣ-2-

ʠʣ)ʬʝʥʦʣʷʪʦʤ (hpbo, Yb-9.1) ʠ 2-(2-ʙʝʥ-ʟʦʪʠʘʟʦʣ-2-ʠʣ)ʬʝʥʦʣʷʪʦʠ (hpbt, Yb-9.2). ʂʉ 

ʣʘʥʪʘʥʠʜʦʚ ʩ ʩ 2-(2-ʙʝʥʟʦʠʤʠʜʘʟʦʣ-2-ʠʣ)ʬʝʥʦʣʷʪʦʤ ʥʝ ʫʜʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ OLED, ʘ 

ʦʩʪʘʚʰʠʝʩʷ ʂʉ ʧʦʢʘʟʘʣʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/TPD/Yb-9.2/Bphen/Yb ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ 286 ʤʢɺʪ/ʩʤ2 ʠ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 6 ɺ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʳʝ ʧʦ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʩʫʪʩʪʚʫʶʪ, ʧʦʵʪʦʤʫ ʩʣʦʞʥʦ 

ʦʮʝʥʠʪʴ ʢʘʢʦʡ ʧʘʨʘʤʝʪʨ ʚʥʸʩ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʦʜʘ. 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʦʡ ʨʘʙʦʪʳ ʚ 2013 ʛʦʜʫ ʇʫʰʢʘʨʸʚ ʠ ʩʦʘʚʪ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɹʦʯʢʘʨʸʚʘ [97] ʧʦʣʫʯʠʣʠ ʀʂ ʠʟʣʫʯʘʶʱʠʝ ʂʉ Yb, Tm, Nd, Er ʩ 3-(2-ʙʝʥʟʦʢʩʘʟʦʣ-2-ʠʣ)-2-

ʥʘʬʪʦʣʘʪʦʤ (NpOON, Yb-10.1) ʠ ʩ 3-(2-ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣ)-2-ʥʘʬʪʦʣʘʪʦʤ (NpSON, Yb-10.2). 

ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ, ʦʜʥʘʢʦ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/TPD/Yb-10.x/Bphen/Yb ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʩʪʠʛʣʘ 

889 ʤʢɺʪ/ʩʤ2, ʘ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 5 ɺ. ɺ 2014 ʛʦʜʫ ɹʘʣʘʰʦʚʘ ʠ ʩʦʘʚʪ. ʧʨʦʜʦʣʞʠʣʠ ɻ ʪʫ 

ʨʘʙʦʪʫ [98], ʟʘʤʝʩʪʠʚ ʭʦʨʦʰʦ ʩʝʙʷ ʧʦʢʘʟʘʚʰʠʡ 3-(2-ʙʝʥʟʦʢʩʘʟʦʣ-2-ʠʣ)-2-ʥʘʬʪʦʣʘʪ 

ʤʝʪʠʣʴʥʳʤʠ ʠ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʘʤʠ. ʆʜʥʘʢʦ ʂʉ ʠʪʪʝʨʙʠʷ ʩ ʜʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʪʦʡ ʞʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ʧʦʢʘʟʘʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʝʛʦ 320 ʤʢɺʪ/ʩʤ2 ʠ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 

4.5 ɺ. 

ɺ 2014 ʛʦʜʫ ʇʫʰʢʘʨʸʚ ʠ ʩʦʘʚʪ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹʦʯʢʘʨʸʚʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʧʝʥʪʘʬʪʦʨʬʝʥʦʣʷʪʳ ʣʘʥʪʘʥʠʜʦʚ ʩ ʬʝʥʘʥʪʨʦʣʠʥʦʤ [99]. ɺ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ 

ITO/TPD/Yb-12/Yb ʜʘʥʥʳʝ ʂʉ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 90 

ʤʢɺʪ/ʩʤ2, ʘ ECE 800 ʤʢɺʪ/ɺʪ. ʅʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 4.5 ɺ.  

ɺ 2017 ʀʣʴʠʯʝʚ ʠ ʩʦʘʚʪ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹʦʯʢʘʨʸʚʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʂʉ ʣʘʥʪʘʥʠʜʦʚ 

ʩ 2-(2-ʤʝʨʢʘʧʪʦʬʝʥʠʣ)ʙʝʥʟʦʢʩʘʟʦʣʘʪʦʤ (Ln(OSN)3, Yb-13.1) ʠ ʩ 2-(2-

ʤʝʨʢʘʧʪʦʬʝʥʠʣ)ʙʝʥʟʦʪʠʘʟʦʣʘʪʳ (Ln(SSN)3, Yb-13.2). ʇʦʣʫʯʝʥʥʳʝ ʂʉ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/TPD/Yb-13.x/Bphen/Yb ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 860 ʤʢɺʪ/ɺʪ ʠ EQE 

0.167%, ʘ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 8 ɺ. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʙʦʢʩʠʣʘʪʳ Yb3+ 

ɺ 2016 ʛʦʜʫ ʋʪʦʯʥʠʢʦʚʘ ʠ ʩʦʘʚʪʦʨʳ [101] ʧʦʣʫʯʠʣʠ ʘʥʪʨʘʮʝʥʘʪʳ ʣʘʥʪʘʥʠʜʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Yb3+ ʚ 2.5%. ʊʝʩʪʠʨʦʚʘʥʠʝ ʚ OLED ʧʦʣʫʯʝʥʥʳʭ 

ʂʉ ʧʦʢʘʟʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʜʦ 0.21%, ʘ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 5ɺ. ʇʨʠ ʵʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 12 ɺ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 600 ʤɸ/ʩʤ2. ʆʮʝʥʢʘ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦ ɻʪʠʤ ʜʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ EQE ʥʘ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ 

ʥʘ ʥʘʧʨʷʞʝʥʠʝ, ʯʪʦ ʜʘʸʪ 15.12 ʤɺʪ/ʩʤ2.  

ʂʉ Yb3+ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ 

ɺ 2019 ʛʦʜʫ ʂʦʚʘʣʝʥʢʦ ʠ ʩʦʘʚʪʦʨʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʋʪʦʯʥʠʢʦʚʦʡ ʧʦʣʫʯʠʣ 

ʢʦʤʧʣʝʢʩ ʠʪʪʝʨʙʠʷ ʩ 2-ʪʦʟʠʣʘʤʠʥ-ʙʝʥʟʠʣʠʜʝʥ-ʧʠʨʠʜʠʣ ʛʠʜʨʘʟʦʥʦʤ (H2L) ʩʦʩʪʘʚʘ 

Yb(L)(HL) (Yb-15) [46]. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʠʣ 0.9%, ʘ ʚʨʝʤʷ 

ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Yb3+ 12 ʤʢʩ. ʊʝʩʪʠʨʦʚʦʚʘʥʠʝ ʚ OLED ʩ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ 

ITO/PEDOT:PSS/PVK/Yb-15/TPBi/LiF/Al ʧʦʢʘʟʘʣʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 8.25 ʤʢɺʪ/ʩʤ2, ʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 0.02%. ʅʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 5 ɺ. 

ɺ 2022 ʛʦʜʫ ʎʝʣʳʭ ʠ ʩʦʘʚʪʦʨʳ [102] ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʋʪʦʯʥʠʢʦʚʦʡ ʧʦʣʫʯʠʣʠ 

ʛʘʣʦʛʝʥ-ʟʘʤʝʱʸʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʪʦʛʦ ʞʝ ʢʣʘʩʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʂʉ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʦ 1%, ʠ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʝ 

ʚʨʝʤʷ ʞʠʟʥʠ ʤʝʥʝʝ 1 ʤʢʩ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/PEDOT-PSS/poly-

TPD/EML /OXD-7/LiF/Al  ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 17 ʤʢɺʪ/ʩʤ2 ʠ ECE ʜʦ 430 ʤʢɺʪ/ɺʪ, ʘ 

ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 4.5 ɺ. 

ɺ ʪʦʤ ʞʝ 2022 ʛʦʜʫ ʂʦʨʥʠʢʦʚ ʠ ʩʦʘʚʪʦʨʳ [103] ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʋʪʦʯʥʠʢʦʚʦʡ 

ʧʦʣʫʯʠʣʠ ʂʉ ʠʪʪʝʨʙʠʷ ʩ 2-ʪʦʟʠʣʘʤʠʥʦ-ʙʝʥʟʠʣʠʜʝʥ-(2-ʙʝʥʟʦ[d]ʪʠʘʟʦʣ) ʛʠʜʨʘʟʦʥʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/PEDOT:PSS/poly-TPD/Yb-17/OXD-7/LiF/Al 

ʧʦʢʘʟʘʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦ 8 ʤʢɺʪ/ʩʤ2, ʘ EQE ʜʦ 0.025%. ʅʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 

ʩʦʩʪʘʚʠʣʦ 4ɺ.  

a) ʙ)  ʚ)   

ʈʠʩ. 21. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʘ) Yb-15 [46], ʙ) Yb-16.1-4 [102] ʠ ʚ) Yb-17 [103] 

ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʜʝʤʦʥʩʪʨʠʨʫʶ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ, ʥʠʟʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʠʟʢʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, EQE ʠ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥʠʷ. ɼʘʣʴʥʝʡʰʠʡ ʜʠʟʘʡʥ ʩʦʝʜʠʥʝʥʠʡ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʷʨʢʠʝ OLED. 
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ʊʘʙʣ. 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ OLED-ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʂʉ ʠʪʪʝʨʙʠʷ 

ɻʦʜ ʕʤʠʪʪʝʨ ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ OLED 
ʄʘʢʩ. 
ʀʥʪʝʥʩ. 
[ʤʢɺʪ cʤī2] 

EQE,% 
(ECE, 
ʤʢɺʪ/ɺʪ) 

Uon,V Ű, ʤʢʩ QY, % Ref. 

2001 Yb-2.1 [Yb(TPP)(acac)] 
ITO/PEDOT:PSS/Yb-2.1:MEH-PPV (1:20)/Ca,Al n.a. 0.015 4 n.a. n.a. 

[89] 
ITO/PEDOT:PSS/Yb-2.1:PPP-OR11 (1:4)/Ca,Al  n.a. 0.1 4 n.a. n.a. 

2003 
Yb-2.2 [Yb(TPP)(LOEt)] 

ITO/PEDOT:PSS/Yb-2.2:PS (4:1)/Ca,Al 0.6 0.1 4 
32 

[104] 
3.2 

[90] 

2004 

ITO/PEDOT-PSS /PPP-OR11:Yb-2.2 (5-
15mol%)/Ca/A1 

n.a. n.a.  

[91] 
Yb-2.3 [Yb(TPP)(Tp)] 

ITO/PEDOT-PSS /PPP-OR11:Yb-2.3 (5mol%)/Ca/A1 1.6 0.005 6 

43 
[104] 

3.4  
[104] 

ITO/PEDOT-PSS /PPP-OR11:Yb-2.3 
(10mol%)/Ca/A1 

5 0.018 5 

ITO/PEDOT-PSS /PPP-OR11:Yb-2.3 
(15mol%)/Ca/A1 

10 0.013 5 

2012 

Yb-3.1 [Yb(pmbp)Bphen] 
ITO/NPB/Yb-3.1:NPB/Alq3/LiF/Al  0.14 0.0007.3 7 

18 <0.9 

[92] 
ITO/NPB/Yb-3.1:NPB/ Yb-3.1/Alq3/LiF/Al  0.42 0.0064 6.3 

Yb-3.2 [Yb(pmip)TPPO] ITO/NPB/Yb-3.2/BCP/Alq3/LiF/Al  0.80 1.2E-5* 10 24 <1.2 

Yb-3.1/3.2 ʉʤʝʩʴ ITO/NPB/Yb-3.1/Yb-3.2/Alq3/LiF/Al  1.47 0.027 6.7 n.a. n.a. 

2016 

Yb-4.0 [Yb(tta)3]H2O2 ITO/b-NPB/Yb-4.0(10%):TcTa/BCP/Alq3/LiF/Al  2 n.a. 8 
1.2 

[105] 
0.38 
[106] 

[93] 
Yb-4.1 

[Yb(tta)3(DBSO)] 
H2O 

ITO/b-NPB/Yb-4.1(10%):TcTa/BCP/Alq3/LiF/Al  22.48 (51*) 7.6 n.a. 2.4 

Yb-4.2 
[Yb(tta)3(DPSO)] 

H2O 
ITO/b-NPB/Yb-4.2(10%):TcTa/BCP/Alq3/LiF/Al  12.13 (44*) 7.7 n.a. 1.41 

Yb-4.3 [Yb(tta)3(BGA)]H2O ITO/b-NPB/Yb-4.3(10%):TcTa/BCP/Alq3/LiF/Al  9.60 (42*) 7.9 n.a. 1.33 

2016 Yb-4.4 [Yb(tta)3(TPPO)]H2O ITO/b-NPB/Yb-4.4(10%):TcTa/BCP/Alq3/LiF/Al  19.29 (47*) 7.7 n.a. 1.92 [69] 

2017 Yb-5 [Yb(dbm)3(DPEPO)] ITO/a-NPD/mCP/Yb-5:DPEPO/TPBi/LiF/Al 7.5** 0.15 >5 42.6 0.4 [107] 

2014 Yb-6 [Yb(KÖHOEt)(tbm)4]2 ITO/mCP/Yb-6:mCP/TPBi/LiF/Al 390 0.17 6 47 3.9 [70] 

2013 Yb-7 [Yb3q9] ITO/TPD/Yb-7/Bphen/Yb 50 (44) 9.5 
10 

[108] 
>1.6 
[108] 

[95] 

2013 Yb-8 [Yb(pnd)3] ITO/NPB/Yb-8:CBP/BCP/LiF/Al  86 0.14 5 n.a. 0.9 [21] 

2011 
Yb-9.1 [Yb(hpbo)3]2 ITO/TPD/Yb-9.1/Bphen/Yb 154 (530) 8 n.a. n.a. 

[96] 
Yb-9.2 [Yb(hpbt)3]2 ITO/TPD/Yb-9.2/Bphen/Yb 286 (1220) 6 n.a. n.a. 

2013 
Yb-10.1 [Yb(NpOON)3]2 ITO/TPD/Yb-10.1/Bphen/Yb 316 0.6 5 n.a. n.a. 

[97] 
Yb-10.2 [Yb(NpSON)3]2 ITO/TPD/Yb-10.2/Bphen/Yb 889 1.6 5 n.a. n.a. 

2014 
Yb-11.1 [Yb(Np5mbo)3]2 ITO/TPD/Yb-11.1/Bphen/Yb 315 0.082 4.5 n.a. n.a. 

[98] 
Yb-11.2 [Yb(Np6mbo)3]2 ITO/TPD/Yb-11.2/Bphen/Yb 320 0.085 4.5 n.a. n.a. 

2014 Yb-12 [Yb(OC6F5)3phen] ITO/TPD/Yb-12 /Yb 90 (800) 4.5 n.a. n.a. [99] 

2017 Yb-13.1 [Yb(OSN)3]2 ITO/TPD/Yb-13.1/Bphen/Yb 860 0.167 8 n.a. n.a. [100] 
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Yb-13.2 [Yb(SSN)3]2 ITO/TPD/Yb-13.2/Bphen/Yb 415 0.6 8 n.a. n.a 

2016 Yb-14 [Yb(ant)3] ITO/PEDOT:PSS/Yb-14/TAZ/Ca 15.12** 0.21 5 52 1.5 [101] 

2019 Yb-15 [Yb(LN)(HLN)] ITO/PEDOT:PSS/PVK/Yb-15/TPBi/LiF/Al. 8.25 0.02 (50) 5 12 0.9 [46] 

2022 

Yb-16.1 Yb(LF)(HLF) 

ITO/PEDOT-PSS/poly-TPD/EML /OXD-7/LiF/Al  

7.5 
0.035 
(113) 

4 13 0.94 

[102] Yb-16.2 Yb(LCl)(HLCl) 17 0.06 (188) 4.5 14 0.91 

Yb-16.3 Yb(LBr)(HLBr) 7 0.12 (429) 4.5 14 0.95 

Yb-16.4 Yb(L I)(HL I) 4 0.07 (245) 4.5 13 1.02 

2022 Yb-17 Yb(LOS)(HLOS) ITO/PEDOT:PSS/poly-TPD/Yb-17/OXD-7/LiF/Al  9 0.025 4 14 0.9 [103] 

*ʦʮʝʥʝʥʦ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ/ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ/ʥʘʧʨʷʞʝʥʠʝ ʠʟ ʜʘʥʥʳʭ ʠʟ ʩʪʘʪʴʠ 
**ʦʮʝʥʝʥʦ ʢʘʢ EQE*I*U. 

ʈʘʩʰʠʬʨʦʚʢʘ: MEH  PPV = ʧʦʣʠ(2ʤʝʪʦʢʩʠ5(2ǋʵʪʠʣ)ʛʝʢʩʦʢʩʠʬʝʥʠʣʝʥʚʠʥʠʣʝʥ), PPPïOR11 = ʙʠʩ-ʘʣʢʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʡ ʧʦʣʠ(ʧ-ʬʝʥʠʣʝʥ), Tp ï ʛʠʜʨʠʜʦʪʨʠʩ(1-
ʧʠʨʘʟʦʣʠʣ)-ʙʦʨʘʪ, dbm = ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘʪ; Bphen = ʙʘʪʦʬʝʥʘʥʪʨʦʣʠʥ; TPP = ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥ; LOEt = ʃʠʛʘʥʜ ʂʣʶʠ { CoCp[OP(OEt)2]3}; tta = 

ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪ; DBSO = ʜʠʙʝʥʟʠʣʩʫʣʴʬʦʢʩʠʜ; DPSO = ʜʠʬʝʥʠʣʩʫʣʴʬʦʢʩʠʜ; BGA = ʙʝʥʟʦʛʠʥʘʤʠʥ; DPEPO = ʦʢʩʠʜ ʙʠʩ(2-
(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣ)ʵʬʠʨʘ; pmbp = 1-ʬʝʥʠʣ-3-ʤʝʪʠʣ-4-(4-ʪʨʝʪ-ʙʫʪʠʣʙʝʥʟʦʠʣ)-5-ʧʠʨʘʟʦʣʦʥ; TPPO = ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜ; pmip = 1-ʬʝʥʠʣ-3-ʤʝʪʠʣ-4-
ʠʟʦʙʫʪʠʨʠʣ-5-ʧʠʨʘʟʦʣʦʥ; tbm = ʪʨʠʙʝʥʟʦʠʣʤʝʪʘʥ; q = 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘʪ; pnd = N,N,O-ʣʠʛʘʥʜ 6-(ʧʠʨʠʜʠʥ-2-ʠʣ)-1,5-ʥʘʬʪʠʨʠʜʠʥ-4-ʦʣ; hpbo = 2-(2-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʙʝʥʟʦʢʩʘʟʦʣ; hpbt = 2-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʙʝʥʟʦʪʠʘʟʦʣ; NpOON = 3-(2-ʙʝʥʟʦʢʩʘʟʦʣ-2-ʠʣ)ʥʘʬʪʦʣʘʪ; NpSON = 3-(2-ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣ)ʥʘʬʪʦʣʘʪ; Np5mbo 
= 3-(5-ʤʝʪʠʣʙʝʥʟʦʢʩʘʟʦʣ-2-ʠʣ)ʥʘʬʪʦʣʘʪ; Np6mbo = 3-(6-ʤʝʪʠʣʙʝʥʟʦʢʩʘʟʦʣ-2-ʠʣ)ʥʘʬʪʦʣʘʪ; OSN = 2-(2ô-ʤʝʨʢʘʧʪʦʬʝʥʠʣ)ʙʝʥʟʦʢʩʘʟʦʣʘʪ; SSN = 2-(2ô-

ʤʝʨʢʘʧʪʦʬʝʥʠʣ)ʙʝʥʟʦʪʠʘʟʦʣʘʪ; ant = 9-ʘʥʪʨʘʮʝʥʘʪ; LN ï 2-ʪʦʟʠʣʘʤʠʥ-ʙʝʥʟʠʣʠʜʝʥ-ʧʠʨʠʜʠʣ ʛʠʜʨʘʟʦʥ, Lhal  ï 2-ʪʦʟʠʣʘʤʠʥ-ʙʝʥʟʠʣʠʜʝʥ-(2-ʛʘʣʦʛʝʥ)ʬʝʥʠʣ ʛʠʜʨʘʟʦʥ 
(ʛʘʣʦʛʝʥ = F, Cl, Br, I), LOS ï 2-ʪʦʟʠʣʘʤʠʥʦ-ʙʝʥʟʠʣʠʜʝʥ-(2-ʙʝʥʟʦ[d]ʪʠʘʟʦʣ) ʛʠʜʨʘʟʦʥʦʤ. 
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 ɻʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩ rʣʘʥʪʘʥʠʜʦʚ 

ʉʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ ʠ ʙʦʣʝʝ ʪʠʧʦʚ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʥʠʢʘʣʴʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʘʧ-ʢʦʥʚʝʨʩʠʷ [109,110], ʪʝʨʤʦʤʝʪʨʠʷ [111ï113], 

ʤʘʛʥʝʪʠʟʤ [114,115], ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʄʈʊ [3,114,116], ʠ ʜʨ. ɼʘʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʠ ʚʦʩʪʨʝʙʦʚʘʥʳ 

ʚ ʨʘʤʢʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʜʦʙʥʳʭ 

ʩʚʦʡʩʪʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ ʨʘʟʥʳʭ 

ʢʘʪʠʦʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨ rʠʣʠ ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʚ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʥʝʧʨʠʛʦʜʥʦ ʠʣʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷʷ ʜʣʷ ʞʠʚʳʭ 

ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʩʢʦʣʴʢʦ ʢʘʪʠʦʥʦʚ ʨʘʟʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʜʝʣʴʥʫʶ ʩʝʨʴʝʟʥʫʶ ʟʘʜʘʯʫ.  

2.12.1 ɹʠ-, ʛʝʪʝʨʦï ʠ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʧʫʪʘʥʥʦʩʪʴ ʚ ʪʝʨʤʠʥʘʭ ʜʣʷ ʥʘʟʚʘʥʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʤʝʪʘʣʣʘ. ʉʪʨʦʛʦʛʦ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʪʝʨʤʠʥʦʚ 

çʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡè, çʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡè ʠ çʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡè ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʧʦʩʢʦʣʴʢʫ ʚ ʚʳʧʫʩʢʝ ʪʝʨʤʠʥʦʚ ʀʖʇɸʂ ʦʪ 1994 ʛʦʜʘ [117] ʫʢʘʟʘʥʦ ʪʦʣʴʢʦ 

ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: çheterobimetallic complex ï a metal complex having two different 

metal atomsè, ʪʦ ʝʩʪʴ: çʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ï ʵʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, 

ʩʦʜʝʨʞʘʱʠʡ ʜʚʘ ʨʘʟʥʳʭ ʘʪʦʤʘ ʤʝʪʘʣʣʘè. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʢʘʪʠʦʥʘ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʦʚ 

çʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡè ʠ çʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡè ʢʦʤʧʣʝʢʩ ʦʪʩʫʪʩʪʚʫʝʪ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʪʝʨʤʠʥʳ, ʘ ʠʤʝʥʥʦ çʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡè, çʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡè 

ʠ çʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡè, ʤʦʛʫʪ ʦʟʥʘʯʘʪʴ ʢʘʢ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ [118], ʠʣʠ ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʥʳʝ ʤʝʪʘʣʣʳ, ʥʦ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ [119] ʠ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʪʦʣʴʢʦ ʜʚʫʭ ʪʠʧʦʚ, ʘ, ʢ 

ʧʨʠʤʝʨʫ, ʚ ʬʦʨʤʘʪʝ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ [120,121], ʘ ʤʦʛʫʪ 

ʦʙʦʟʥʘʯʘʪʴ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʤʦʣʝʢʫʣʝ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʷʟʘʪʝʣʴʥʦ ʜʚʘ ʢʘʪʠʦʥʘ ʨʘʟʥʳʭ 

ʤʝʪʘʣʣʦʚ [117,122]. ʇʨʠ ʵʪʦʤ ʟʘʯʘʩʪʫʶ ʵʪʠ ʪʝʨʤʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ, ʯʪʦ 

ʦʩʣʦʞʥʷʝʪ ʚʦʩʧʨʠʷʪʠʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ, ʚ ʩʦʩʪʘʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʝʜʠʥʠʮʳ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʜʚʘ ʪʠʧʘ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʥʦ ʩʘʤʠʭ ʢʘʪʠʦʥʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ (ʢ ʧʨʠʤʝʨʫ, ʪʨʠʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ). ɺ ʫʢʘʟʘʥʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ 
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ʤʦʣʝʢʫʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʨʠ ʢʘʪʠʦʥʘ ʜʚʫʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʝʪʘʣʣʦʚ, ʪʘʢʘʷ ʤʦʣʝʢʫʣʘ ʙʫʜʝʪ 

ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ ʪʨʠʷʜʝʨʥʳʡ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. 

2.12.2 ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ. ʊʘʢ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʢ ʧʨʠʤʝʨʫ, ʚ 

ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ [120,121].  

ʉʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʭʝʣʠʢʘʪʦʚ, ʩʝʣʝʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʤʝʪʘʣʣʘ ʠʣʠ ʧʨʷʤʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʟʘʡʥ ʣʠʛʘʥʜʘ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʟʠʮʠʡ, ʚ ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʝʪʩʷ ʪʦʣʴʢʦ ʠʣʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʸʥʥʳʡ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ [123,124] (ʈʠʩ. 22ʘ). ʆʜʥʘʢʦ ʚ ʩʠʣʫ 

ʩʭʦʞʝʩʪʠ ʢʘʪʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʠ ʚ ʩʠʣʫ ʣʘʙʠʣʴʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʵʪʦʪ ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ d-f 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʠʪʴ f-f 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʤʝʪʘʣʣʦʚ ʩ ʙʣʠʟʢʠʤʠ ʢʘʪʠʦʥʥʳʤʠ 

ʨʘʜʠʫʩʘʤʠ. ʉʝʣʝʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʤʝʪʘʣʣʘ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ ʦʜʥʘ ʠʟ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʟʠʮʠʡ ʤʥʦʛʦ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʠʣʠ ʧʦʷʚʣʷʝʪʩʷ 

ʧʦʟʜʥʝʝ. ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ [125] Sames ʠ Tremblay ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ DOTAï ʠ DTPA-ʬʨʘʛʤʝʥʪʳ, ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʳ, ʩʦʜʝʨʞʘʱʝʡ ʢʘʪʠʦʥʳ Tb3+ ʠ Eu3+ ʧʫʪʸʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʳʤʳʚʘʥʠʷ ʢʘʪʠʦʥʘ 

ʣʘʥʪʘʥʠʜʘ ʠʟ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʟʘʤʝʥʳ ʝʛʦ ʥʘ ʜʨʫʛʦʡ ʢʘʪʠʦʥ 

(ʈʠʩ. 22ʙ). ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʚ 2003 ʛʦʜʫ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ Faulkner ʠ Pope [126], ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʠʣʠ ʪʨy ʭ̡̫ ʜʝʨʥʫʶ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʫʶ ʤʦʣʝʢʫʣʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʙʦʨʢʦʡ 

ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʤʦʩʪʠʢʘ (DTPA) ʤʝʞʜʫ ʜʚʫʤʷ ʂʉ Tb3+ ʩ DOTA-ʬʨʘʛʤʝʥʪʦʤ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʤʝʱʝʥʠʝʤ Yb3+ ʚ ʧʦʣʦʩʪʴ DTPA (ʈʠʩ. 22ʚ). 
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ʘ) ʙ)  

ʚ)  

ʈʠʩ. 22. ʘ) ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʣʠʛʘʥʜʦʚ ʠ ʩʪʨʦʝʥʠʝ d-f ʭʝʣʠʢʘʪʦʚ ʠʟ [123] (I ʠ II ) Ga(CF3SO3)3, 

Ln(CF3SO3)3/CH3CN, 55ÁC/36 ʯ, ʙ) ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʤʝʪʘʣʣʘ ʠʟ [125] 1) ʠʟʙʳʪʦʢ LnA
3+, 2) ʩʝʣʝʢʪʠʚʥʘʷ 

ʜʝʤʝʪʘʣʣʠʟʘʮʠʷ, 3)LnB
3+, ʚ) ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʪʨʠʷʜʝʨʥʦʛʦ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ { Tb-Yb-Tb} 

ʠʟ [126] 

ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʧʨʷʤʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʳ ʜʚʫʭ ʠ ʙʦʣʝʝ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʦʙʲʝʜʠʥʝʥʠʷ 

ʧʨʦʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʠʢ-ʨʝʘʢʮʠʠ, ʪʦ ʝʩʪʴ ʨʝʘʢʮʠʠ, ʧʨʦʭʦʜʷʱʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚ 

ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʢ ʧʨʠʤʝʨʫ, ʨʝʘʢʮʠʶ ʘʟʠʜ-ʘʣʢʠʣʴʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʤʝʜʴʶ(I), ʠʣʠ CuAAC. 
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ʘ)  

ʙ)  

ʈʠʩ. 23. ʘ) ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʙʠï ʠ ʪʨʠʷʜʝʨʥʳʭ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠʟ [127], ʙ) ʩʭʝʤʘ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʙʦʨʢʠ ʬʨʘʛʤʝʥʪʦʚ Ln(DOTA) ʩ ʘʟʠʜʥʳʤ ʠ ʘʣʢʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠʟ [128] 

ɺ 2012 ʛʦʜʫ Borbas ʠ ʩʦʘʚʪʦʨʳ [127] ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ CuAAC ʜʣʷ ʩʙʦʨʢʠ 

ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʦʚ Ln(DOTA). ɹʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʙʠï ʠ ʪʨʠʷʜʝʨʥʳʝ ʩʙʦʨʢʠ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʯʝʨʝʟ ʤʦʣʝʢʫʣʫ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ (ʈʠʩ. 23ʘ). 

ɺ 2022 ʛʦʜʫ Lin ʠ ʩʦʘʚʪʦʨʳ [128] ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʦʞʠʣʠ ʠʜʝʶ 

ʠʪʝʨʘʪʠʚʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʠʟ ʷʜʨʘ Ln(DOTA) ʩ ʯʝʪʳʨʴʤʷ ʘʟʠʜʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʤʠʮʝʣʣ, ʛʜʝ ʢʘʞʜʳʡ ʧʨʝʜʳʜʫʱʠʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʢ ʠʩʭʦʜʥʦʤʫ ʷʜʨʫ ʧʦ ʨʝʘʢʮʠʠ 

CuAAC ʧʨʠʰʠʚʘʝʪʩʷ ʬʨʘʛʤʝʥʪ Ln(DOTA), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 1 ʵʪʠʥʠʣʴʥʫʶ ʠ 3 ʘʤʠʜʥʳʝ 

ʛʨʫʧʧʳ. ʇʦʩʣʝ ʧʨʠʰʠʚʢʠ ʘʤʠʜʥʳʝ ʛʨʫʧʧʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʘʟʠʜʥʳʝ, ʠ 
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ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʥʘʨʘʱʠʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʤʝʪʘʣʣʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʣʠʯʠʝ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʤʝʪʘʣʣʘʤʠ, 

ʯʪʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʧʦ ʩʧʝʢʪʨʘʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʧʝʢʪʨʦʚ ʩʤʝʩʠ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʠ 290 ʥʤ (ʈʠʩ. 23ʙ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʧʦʜʭʦʜʦʤ ʢ ʩʙʦʨʢʝ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʮʠʠ 

CuAAC. ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʪʦʣʴʢʦ ʜʚʘ ʧʨʠʤʝʨʘ ʧʦʜʦʙʥʦʡ ʩʙʦʨʢʠ, ʠ ʚ ʦʙʦʠʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ ʩ DOTA-ʧʦʜʦʙʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʕʪʦ, ʦʯʝʚʠʜʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʦʣʴʢʦ ʜʣʷ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ. ʆʜʥʘʢʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʘʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʘʧʨʠʦʨʠ ʥʝʚʝʣʠʢʠ, ʧʦʵʪʦʤʫ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʧʦʜʭʦʜʘ ʢ 

ʢʦʤʧʣʝʢʩʘʤ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ. 
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3. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʸʚ OLED ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʧʨʠʚʣʝʢʘʝʪ ʢ ʪʝʙʝ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʩʚʝʪʘ ʠ ʛʠʙʢʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ [129ï131]. ʄʘʪʝʨʠʘʣʳ ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʸʚ OLED ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʷʨʢʦʩʪʠ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʢʚʘʥʪʦʚʦʤ ʚʳʭʦʜʝ ʠ ʥʠʟʢʠʭ ʚʨʝʤʝʥʘʭ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʣʘʥʪʘʥʠʜʘ. ɼʠʟʘʡʥ ʤʘʪʝʨʠʘʣʘ ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʦʣʫʯʝʥʠʝ ʀʂ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ OLED ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʮʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʪʝʨʤʦʤʝʪʨʦʚ ʠʣʠ ʘʧ-ʢʦʥʚʝʨʪʝʨʦʚ ʧʨʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʙʦʨʢʝ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʠʭ ʬʨʘʛʤʝʥʪʦʚ. ɺ ʩʣʫʯʘʝ ʘʧ-ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʨʘʙʦʪ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʦʯʝʥʴ ʤʘʣʦ [132], ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ʆʩʥʦʚʘʥʠʷ ʐʠʬʬʘ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ((ɽ)-N-(2-((2-ʙʝʥʟʦʠʣʛʠʜʨʘʟʦʥʦ)ʤʝʪʠʣ)ʬʝʥʠʣ)-4-

ʤʝʪʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʤʠʜ ʠʣʠ 2-ʪʦʟʠʣʘʤʠʥ-ʙʝʥʟʠʣʠʜʝʥ-ʙʝʥʟʦʠʣ ʛʠʜʨʘʟʦʥ (H2L) ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ, ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʩʠʩʪʝʤʳ ʩ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʠʟʘʡʥʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʵʪʦʤ ʩʣʘʙʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʦʢʨʫʞʝʥʠʠ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ [22,44,46,133]. ʇʦʣʫʯʘʝʤʳʝ ʩ ʜʘʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ ʠʤʝʶʪ ʩʦʩʪʘʚ Ln(L)(HL), Ln(HL)2X (X = Cl, NO3) ʠʣʠ 

K[Ln(L)2](Solv) (Solv = EtOH, H2O, ʊɻʌ). ɺ ʢʘʞʜʦʤ ʢʦʤʧʣʝʢʩʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʘ ʣʠʛʘʥʜʘ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ ʯʝʨʝʟ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ (ʘʤʠʥʥʦʛʦ ʠ 

ʛʠʜʨʘʟʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ) ʠ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ (SO2-ʬʨʛʘʤʝʥʪʘ ʠ ʛʠʜʨʘʟʦʥʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ), ʯʪʦ ʥʝ ʜʦʧʫʩʢʘʝʪ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʣʘʥʪʘʥʠʜʘ ʤʦʣʝʢʫʣ-ʛʘʩʠʪʝʣʝʡ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʀʂ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʣʘʥʪʘʥʠʜʦʚ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʠ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʤʠʩʩʠʦʥʥʳʭ 

ʩʣʦʸʚ OLED ʠ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ. 
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a) ʙ) ʚ)  

ʈʠʩ. 24. ʘ) ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʣʠʛʘʥʜʘ H2L, ʙ) ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʵʨʙʠʷ ʩ ʣʠʛʘʥʜʦʤ H2L ʩʦʩʪʘʚʘ 

Er(L)(HL) ʠʟ [44], ʚ) ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʠʪʪʝʨʙʠʷ ʩ ʣʠʛʘʥʜʦʤ H2L ʩʦʩʪʘʚʘ K[Yb(L)2](EtOH)2 ʠʟ [133] 

ɼʠʟʘʡʥ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʘʥʜʠʜʘʪʦʚ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʥʘ ʦʩʥʦʚʝ ʂʉ 

ʣʘʥʪʘʥʠʜʦʚ ʩ ʣʠʛʘʥʜʘʤʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʚʦʟʤʦʞʝʥ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʠʟʤʝʥʝʥʠʝʤ 

ʩʦʩʪʘʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï Ln(HL)2X (X = Cl, NO3), Ln(L)(HL) ʠʣʠ K[Ln(L)2](Solv), 

ï ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʠʜʘ ʠ ʚʚʝʜʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: 1) ʫʣʫʯʰʝʥʠʝ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ 2) ʧʦʚʳʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ OLED, 

3) ʧʦʣʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 4) ʦʙʝʩʧʝʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʫʯʝʪʦʤ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʩʦʮʠʘʮʠʠ ʠʭ ʤʦʞʥʦ ʘʧʨʦʙʠʨʦʚʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʚ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʣʴʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʢʘʪʠʦʥʦʤ ʤʝʜʠ(I). ʕʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʝʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʢʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʦʣʫʯʝʥʠ ʁ ʢʘʥʜʠʜʘʪʦʚ ʚ ʤʘʪʝʨʠʘʣʳ ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʸʚ OLED ʠ ʚ ʤʘʪʝʨʠʘʣʳʜʣʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʠ ʩʝʥʩʦʨʠʢʠ.  

 

ʈʠʩ. 25. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʙʦʪʝ. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ 

ʟʘʤʝʩʪʠʪʝʣʠ, ʦʪʣʠʯʘʶʱʠʝ ʥʦʚʳʝ ʣʠʛʘʥʜʳ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠ ̫H2L 
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ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʧʦʜʭʦʜ ʚʚʝʜʝʥʠʷ 

ʛʘʣʦʛʝʥ-ʟʘʤʝʩʪʠʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʥʝʝ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʢʘʨʙʦʢʩʠʣʘʪʘʭ ʣʘʥʪʘʥʠʜʦʚ [134]. 

ɻʘʣʦʛʝʥ-ʟʘʤʝʩʪʠʪʝʣʴ ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʧʦʣʴ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʩʦʣʴʚʘʪʘʮʠʶ 

ʤʦʣʝʢʫʣʳ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢ ʧʨʠʤʝʨʫ, ʚ ʊɻʌ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʤʝʪʦʜʦʤ spin-coating. ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʙʨʦʤ-ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʯʝʪʚʸʨʪʦʝ ʧʦʣʦʞʝʥʠʝ ʙʝʥʟʦʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʣʠʛʘʥʜʘ (H2L
Br) ʠ ʬʪʦʨï 

H2L
BrF ʠʣʠ ʡʦʜ-ʟʘʤʝʩʪʠʪʝʣʠ H2L

BrI ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʝ ʙʝʥʟʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʩʠʣʴʥʦ 

ʩʦʧʨʷʞʸʥʥʳʝ (ʥʘʬʪʠʣ-, ʘʥʪʨʘʥʠʣ-, ʧʝʨʝʥʠʣ-) ʟʘʤʝʩʪʠʪʝʣʠ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʠʣʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʢ ʧʨʠʤʝʨʫ, ʢʘʨʙʘʟʦʣ ʠʣʠ ʦʢʩʠʜʠʘʟʦʣ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ OLED ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ [135]. ʊʘʢ, 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʬʪʠʣï (H2L
Naph) ʠ ʧʠʨʝʥ-ʟʘʤʝʩʪʠʪʝʣʴ (H2L

Pyr) ʚ ʢʘʯʝʩʪʚʝ 

ʩʠʣʴʥʦʩʦʧʨʷʞʸʥʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 

ʪʨʠʬʝʥʠʣʘʤʠʥï (H2L
NPh3) ʠ ʢʘʨʙʘʟʦʣï H2L

cbz, ʩʧʦʩʦʙʥʳʭ ʧʦʚʳʩʠʪʴ ʜʳʨʦʯʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. 

ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʦʜʠʪʴ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʝ ʛʨʫʧʧʳ, ʢ ʧʨʠʤʝʨʫ, ʙʝʥʟʦʢʩʘʟʦʣï 

(H2L
NO) ʠ ʙʝʥʟʘʪʠʘʟʦʣ-(H2L

NS), ʤʝʪʠʣʦʢʩʦʜʠʘʟʦʣ-(H2L
NONMe) ʠʣʠ ʬʝʥʠʣʦʢʩʦʜʠʘʟʦʣ-

(H2L
NONPh) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʳʨʦʯʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʂʉ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʢ-ʨʝʘʢʮʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʵʪʠʥʠʣï (H2L
yl) ʠ ʘʟʠʜʦʤʝʪʠʣ-ʟʘʤʝʩʪʠʪʝʣʠ (H2L

N3 ʠ H2L
BrN3). ʊʘʢʞʝ 

ʘʟʠʜʦ-ʟʘʤʝʱʸʥʥʳʝ ʣʠʛʘʥʜʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʝʥʩʦʨʥʳʤ 

ʦʪʢʣʠʢʦʤ ʥʘ ʩʫʣʴʬʠʜ-ʘʥʠʦʥʳ ʟʘ ʩʯʸʪ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʠʜʦ-ʛʨʫʧʧʳ.  
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4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 ʈʝʘʢʪʠʚʳ 

ɺʩʝ ʨʝʘʢʪʠʚʳ ʠ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩ:ɹ LaCl3Ŀ6H2O, 

EuCl3Ŀ6H2O, GdCl3Ŀ6H2O, YCl3Ŀ6H2O, YbCl3Ŀ6H2O, NdCl3Ŀ6H2O, Lu(NO3)3Ŀ7H2O (99,9%, 

Sigma Aldrich); ʪʨʠʬʝʥʠʣʘʤʠʥ (99%, Sigma Aldrich), ʬʝʥʠʣʢʘʨʙʘʟʦʣ (99%, Sigma Aldrich), 

ʦʨʪʦ-ʬʪʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (99%, Sigma Aldrich), ʦʨʪʦ-ʡʦʜʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (99%, Sigma 

Aldrich), ʘʟʠʜʥʘʪʨʠʷ (99%, Sigma Aldrich), ʙʝʥʟʦʡʥʘʷ (H(bz), 99%, Sigma Aldrich), ʧʘʨʘʙʨʦʤ-

ʙʝʥʟʦʡʥʘʷ (H(pbbz), 99%, Sigma Aldrich), ʧʠʨʝʥʢʘʨʙʦʥʦʚʘʷ (H(pyr), 99%, Sigma Aldrich); 

ʤʝʪʘʥʦʣ (CH3OH, ʯ.ʜ.ʘ.), ʵʪʘʥʦʣ (C2H5OH, ʯ.), ʊɻʌ (C2H5OH, ʭ.ʯ.), ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ (KOH, 

ʯ.ʜ.ʘ.), ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʤʤʠʘʢʘ (NH3ÖH2O, ʯ.ʜ.ʘ.), D2O (>99.98%, Euriso-top), CDCl3 

(>99.98%, SOLVEX-D),  ɼʄʉʆ-d6 (>99.98%, SOLVEX-D), THF-d4 (>99.98%, SOLVEX-D) 

ʠ ʜʨ. ʢʘʯʝʩʪʚʘ ʥʝ ʥʠʞʝ ʭ.ʯ. 

 ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟi ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʝ STA 409 PC Luxx 

(NETZSCH, ɻʝʨʤʘʥʠʷ) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20-1000 Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʩʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ 10 Á/ʤʠʥ, ʥʘʚʝʩʢʘ 2-5 ʤʛ. ʉʦʩʪʘʚ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʙʨʘʟʮʦʚ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʠʟʫʯʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ QMS 403C Aeolos 

(NETZSCH, ɻʝʨʤʘʥʠʷ), ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʦʤ NETZSCH STA 409 PC Luxx.  

ʀʂ ʩʧʝʢʪʨʳii ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ PERKIN ELMER SpectrumOne FTIR ʠ Thermo 

ScientificÊ NicoletÊ iS50 FTIR ʚ ʜʠʘʧʘʟʦʥʝ 400ï4000 ʩʤ-1 ʚ ʨʝʞʠʤʝ ʥʝʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʪʨʘʞʝʥʠʷ, ʎʂʇ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ.  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟiii  (ʈʌɸ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Advance ʚ 

ʛʝʦʤʝʪʨʠʠ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ ʩ ʦʜʥʦʤʝʨʥʳʤ ʜʝʪʝʢʪʦʨʦʤ LynxEye, ʩ ʦʙʨʘʟʮʦʤ, 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʤ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʝ, ʠʟʣʫʯʝʥʠʝ CuKŬ, ʩʢʘʥʠʨʦʚʘʥʠʝ 

                                                 

i ʊɻɸ ʙʳʣ ʧʨʦʚʝʜʸʥ ʢ.ʭ.ʥ., ʜʦʮ. ʐʘʪʘʣʦʚʦʡ (ʌʅʄ ʄɻʋ) ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ çʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ 

ʄɻʋè. 

ii ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢ.ʭ.ʥ., ʜʦʮ. ʂʦʣʝʩʥʠʢ ʀ.ɺ. (ʌʅʄ ʄɻʋ) ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

çʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄɻʋè. 

iii  ʈʌɸ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ɻʦʣʦʚʝʰʢʠʥʳʤ ɸ.ʉ. (ʀʅʕʆʉ ʈɸʅ).  
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ɗ/ɗ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʨʘʟʤʝʨʘʤʠ ʱʝʣʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4Á ʜʦ 65Á 2ɗ ʰʘʛ 0.020Á. 

ʇʦʨʦʰʢʦʛʨʘʤʤʳ ʙʳʣʠ ʦʧʠʩʘʥ rʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠ ̫ TOPAS 5 

(ʘʣʛʦʨʠʪʤ SVD-index [136]).  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟiv (ʈʉɸ) ʙʳʣ ʧʨʦʚʝʜʸʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 

Quest, ʦʩʥʘʱʝʥʥʦʤ ʟʦʥʘʣʴʥʳʤ ʜʝʪʝʢʪʦʨʦʤ Photon-III (ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, 

ʙʝʟʟʘʟʦʨʥʦʝ ű- ʠ ɤ-ʩʢʘʥʠʨʦʚʘʥʠʝ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʦʂʘ-ʠʟʣʫʯʝʥʠʷ (ɚ = 0,71073 ¡) ʧʨʠ 

120ʂ. ɼʣʷ Er(Lyl)(HLyl ) ʈʉɸ ʙʳʣ ʧʨʦʚʝʜʸʥ ʥʘ ʣʠʥʠʠ BL13-XALOC ʩʠʥʭʨʦʪʨʦʥʘ ALBA (ɚ 

= 0.72931 ¡) ʧʨʠ 100 ʂ [140]. ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʘʩʰʠʬʨʦʚʘʥʳ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʠ 

ʫʪʦʯʥʝʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ 

SHELXTL ʠ OLEX2 [137ï139]. ʇʦʣʦʞʝʥʠʷ ʚʩʝʭ ʘʪʦʤʦʚ, ʢʨʦʤʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʪʦʤʘʭ 

ʫʛʣʝʨʦʜʘ, ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʨʘʟʥʦʩʪʥʦʤ ʌʫʨʴʝ-ʩʠʥʪʝʟʝ ʧʦ ʢʘʨʪʝ ʨʘʟʥʦʩʪʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʛʝʦʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʫʪʦʯʥʝʥʳ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ "ʥʘʝʟʜʥʠʢʘ". 

ʄʘʩʩ-ʩʧʝʢʪʨʳ MALDI-TOFv ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʧʨʠʙʦʨʝ Bruker Autoflex II 

(ʨʘʟʨʝʰʝʥʠʝ FWHM 18000), ʦʩʥʘʱʝʥʥʦʤ ʘʟʦʪʥʳʤ ʣʘʟʝʨʦʤ ʩ ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 337 ʥʤ 

ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʳʤ ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ. ʋʩʢʦʨʷʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʩʪʘʣʴʥʫʶ ʧʦʜʣʦʞʢʫ. ɿʘʧʠʩʴ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʝʞʠʤʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʩʧʝʢʪʨ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʫʤʤʫ 50 ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʦʙʨʘʟʮʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʪʨʘʮʝʥ (Acros, 99%), 2,5-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (DHB) 

(Acros, 99%) ʠ -ʮʠʘʥʦ-4-ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʘʷ ʢʠʩʣʦʪʘ (HCCA) (Acros, 99%). 

ʉʧʝʢʪʨʳ 1ʅ, COSY ʗʄʈvi  ʠ ʜʠʬʬʫʟʠʦʥʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ (DOSY) ʗʄʈ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʜʣʷ ʨʘʩʪʚʦʨʦʚ DMSO-d6 ʠ CDCl3 ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance 300 FT-ʗʄʈ 

(ʯʘʩʪʦʪʘ 1ʅ 300.15 ʄɻʮ) ʠ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Ascend 400 (ʯʘʩʪʦʪʘ 1ʅ 400.1 ʄɻʮ). 

ʉʠʛʥʘʣʳ ʦʙ ʦʩʪʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʵʪʘʣʦʥʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ DOSY ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Bruker ledbpgp2s 

pulse (2D ʩʚʝʪʦʜʠʦʜʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʧʦʣʷʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ). 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ŭ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʨʘʚʥʦʡ 0.04 ʩ. 

ɿʘʜʝʨʞʢʘ ʜʠʬʬʫʟʠʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʨʘʚʥʦʡ 50 ʤʩ. ɼʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʛʨʘʜʠʝʥʪʳ 

                                                 

iv ʈʉɸ ʙʳʣ ʧʨʦʚʝʜʸʥ ʢ.ʭ.ʥ. ɻʦʣʦʚʝʰʢʠʥʳʤ ɸ.ʉ., ʜ.ʭ.ʥ. ʅʝʣʶʙʠʥʦʡ ʖ.ɺ. (ʀʅʕʆʉ ʈɸʅ) ʠ 

ɻʦʥʯʘʨʝʥʢʦ ɺ.ɽ. (ʍʌ ʄɻʋ) 

vMALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢ.ʭ.ʥ. ʄʘʣʦʰʠʮʢʦʡ ʆ.ɸ. (ʍʌ ʄɻʋ).  

viʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢ.ʭ.ʥ. ʇʘʚʣʦʚʳʤ ɸ.ɸ. ʠ ʉʘʬʠʫʣʣʠʥʦʡ ʕ.ʉ. (ʀʅʕʆʉ ʈɸʅ). 
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ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʠʥʝʡʥʦ ʦʪ 0.68 ɻĿʩʤī1 ʜʦ 32.35 ɻĿʩʤī1 ʚ 32 ʪʦʯʢʘʭ, ʘ ʠʤʧʫʣʴʩʳ ʛʨʘʜʠʝʥʪʘ 

ʙʳʣʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʚʦʩʝʤʴ ʩʢʘʥʠʨʦʚʘʥʠʡ ʚ 32 ʪʳʩʷʯʘʭ ʪʦʯʝʢ ʜʘʥʥʳʭ 

(ʚʨʝʤʷ ʧʦʚʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 3 ʩʝʢʫʥʜʳ). ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʢ 

ʩʚʦʙʦʜʥʳʤ ʠʥʜʫʢʮʠʦʥʥʳʤ ʟʘʪʫʭʘʥʠʷʤ (FID) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Topspin (Bruker) ʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʧʨʦʮʝʜʫʨʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. 

ɼʣʷ ʚʩʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʤʧʫʣʴʩʦʚ ʘʤʧʣʠʪʫʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ (I) ʗʄʈï

ʨʝʟʦʥʘʥʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʉʪʝʡʩʢʘʣʘ-ʊʘʥʥʝʨʘ [144]. 

Ὅ ὍὩὼὴὈ‎Ὣ‏ ɝ
‏

σ

†

ς
 

ʛʜʝ I0 ï ʦʧʦʨʥʘʷ ʘʤʧʣʠʪʫʜʘ (ʧʨʠ ʥʫʣʝʚʦʡ ʩʠʣʝ ʛʨʘʜʠʝʥʪʘ), D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ɔ ï 

ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʷʜʨʘ, Ű ï ʚʨʝʤʷ ʤʝʞʜʫ ʙʠʧʦʣʷʨʥʳʤʠ 

ʛʨʘʜʠʝʥʪʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ, g ï ʩʠʣʘ ʛʨʘʜʠʝʥʪʘ, ŭ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ 

ȹ ï ʚʨʝʤʷ ʜʠʬʬʫʟʠʠ (ʩʘʤʦʜʠʬʬʫʟʠʠ). 

ʀʟʤʝʨʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ. ʉʫʩʧʝʥʟʠʷ ʠʟʫʯʘʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʪʜʝʣʝʥʠʷ ʦʩʘʜʢʘ 2ʭ2 ʤʣ 

ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʩʦʩʫʜ ʩ ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʦʡ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʩʦʩʫʜʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʢʦʣʠʯʝʩʪʚʫ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ.  

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ 200-800 ʥʤ ʠ 800-1100 ʥʤ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʤʝʪʨʦʚ PerkinïElmer Lambda 35 ʠ Lambda 950 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʫʤʘ 

ʧʦʛʣʦʱʝʥʠʷ ʣʠʛʘʥʜʘ, ʜʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ, ʯʪʦʙʳ 

ʨʘʩʩʯʠʪʘʪʴ ʷʨʢʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʩʯʸʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʠʪʪʝʨʙʠʷ, ʧʦ ʫʧʨʦʱʸʥʥʦʡ ʬʦʨʤʫʣʝ ʠʟ ʪʝʦʨʠʠ ɼʞʘʜʜʘ-ʆʬʝʣʪʘ: 

ρ

†
ςσπσϽ

ψ“ὧὲʑ ςὐ ρ

ὔ ςὐ ρ
Ͻ ‐ʑὨʑ 

ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ (ʩʤ/ʩ), NA ï ʵʪʦ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, J ʠ Jô ïʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ ʦʩʥʦʚʥʦʛʦ ʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ɡ2 ï ʙʘʨʠʮʝʥʪʨ ʧʝʨʝʭʦʜʘ (
᷿  

᷿
), Ů(ɡ) ï ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ, n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 

ʚʝʱʝʩʪʚʘ [11]. 

ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠvii ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʥʘ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ Horiba FluoroMax Plus ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʳ ʩ 

                                                 

vii ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʘʚʪʦʨʦʤ. ʅʝʢʦʪʦʨʳʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʦʚʤʝʩʪʥʦ ʩ ʜ.ʬ.-ʤ.ʥ. ʃʝʧʥʝʚʳʤ ʃ.ʉ. (ʌʀɸʅ) 
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ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ S2000 (Ocean Optics) ʩ ʘʟʦʪʥʳʤ ʣʘʟʝʨʦʤ ʃɻʀ-21 (ɚex = 

337 ʥʤ) ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ. ɺʩʝ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʙʳʣʠ ʩʥʷʪʳ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ (ʜʦ 1100 ʥʤ) ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʥʘ ʇɿʉ ʩʧʝʢʪʨʦʤʝʪʨʝ Ocean Optics 

Maya 2000 Pro. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ (800-1700 ʥʤ) ʙʳʣʠ ʠʟʤʝʨʝʥʳ 

ʥʘ ʇɿʉ ʩʧʝʢʪʨʦʤʝʪʨʝ Optosky ATP8600. 

ʇʦʣʦʞʝʥʠʷ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ ʣʠʛʘʥʜʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʧʝʢʪʨʘʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʂʉ ʛʘʜʦʣʠʥʠʷ, ʠʟʤʝʨʝʥʥʳʤ ʚ 

ʧʦʨʦʰʢʝ. ɺ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʣʘʩʴ 

ʪʦʣʴʢʦ ʧʦʣʦʩʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʦʪʚʝʯʘʶʱʘʷ ʧʝʨʝʭʦʜʫ S1ŸS0. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ 77ʂ ʚʤʝʩʪʦ 

ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʥʝʡ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ, ʦʪʚʝʯʘʶʱʘʷ ʧʝʨʝʭʦʜʫ 

T1ŸS0. ɽʩʣʠ ʚ ʩʧʝʢʪʨʝ ʧʦʨʦʰʢʘ ʂʉ ʛʘʜʦʣʠʥʠʷ ʧʨʦʷʚʣʷʣʠʩʴ ʦʙʝ ʧʦʣʦʩʳ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʨʝʤʷʨʘʟʨʝʰʝʥʥʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ: ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʩ ʟʘʜʝʨʞʢʦʡ (~1-10 ʤʢʩ) 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʦʣʛʦʞʠʚʫʱʘʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʦʜʠʣʠ ʜʝʢʦʥʚʦʣʶʮʠʶ ʧʦʣʦʩʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʠʟ ʜʣʠʥʳ ʚʦʣʥʳ 

ʤʘʢʩʠʤʫʤʘ ʧʝʨʚʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʵʥʝʨʛʠʶ 

ʢʘʢ Ὁὧά . 

ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷviii ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʘʟʦʪʥʦʛʦ ʣʘʟʝʨʘ (ɚex = 337 ʥʤ) ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʄɼʈ-3, ʬʠʣʴʪʨʦʤ ʂʉ-19 ʠ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ 

ʌʕʋ-106.  

ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 77 K ʜʦ 298 K ix  ʠ ʦʪ 298 

ʜʦ 500 ʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʤʫʣʴʪʠʢʘʥʘʣʴʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ S2000 (Ocean Optics) ʩ ʘʟʦʪʥʳʤ 

ʣʘʟʝʨʦʤ ʃɻʀ-21 (ɚex = 337 ʥʤ) ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʩʜʝʣʘʥʥʫʶ 

ʚʨʫʯʥʫʶ ʧʨʠʩʪʘʚʢʫ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʈʠʩ. 26).  

                                                 

viii  ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜ.ʬ.-ʤ.ʥ. ʃʝʧʥʝʚʳʤ ʃ.ʉ. (ʌʀɸʅ) 

ix ʀʟʤʝʨʝʥʠʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʊ=77-298) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜ.ʬ.-ʤ.ʥ. ʃʝʧʥʝʚʳʤ ʃ.ʉ. (ʌʀɸʅ) 
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ʈʠʩ. 26. ʇʨʠʩʪʘʚʢʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ɺ ʚʘʢʫʫʤʥʳʡ ʘʟʦʪʥʳʡ ʢʨʠʦʩʪʘʪ ʂʈ-15ʄ (1), ʥʘ ʤʝʜʥʳʡ ʩʪʦʣʠʢ (3) ʧʦʤʝʱʘʣʩʷ 

ʦʙʨʘʟʝʮ (2), ʢʦʪʦʨʳʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʭʣʘʞʜʘʣʩʷ ʭʣʘʜʦʧʨʦʚʦʜʦʤ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

(4), ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʨʝʟʝʨʚʫʘʨʦʤ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ (5), ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʛʨʝʚʘʣʩʷ 

ʩʜʝʣʘʥʥʦʡ ʚʨʫʯʥʫʶ ʧʝʯʢʦʡ ʠʟ ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ (d = 0.3 ʤʤ) (6). ʅʘʛʨʝʚʘʥʠʝ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʚʳʩʦʢʦʧʨʝʮʠʟʠʦʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ BTP-3 (7), ʢʦʪʦʨʳʡ 

ʚʳʧʦʣʥʷʣ ʨʘʩʯʝʪʳ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʨʤʦʧʘʨʳ (8) ʠ ʦʧʦʨʥʦʡ 

ʪʝʨʤʦʧʘʨʳ (9), ʧʦʤʝʱʝʥʥʦʡ ʚ ʞʠʜʢʠʡ ʘʟʦʪ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʨʤʦʧʘʨʝ 

ʧʦʢʘʟʳʚʘʣʦʩʴ ʚʦʣʴʪʤʝʪʨʦʤ V7-23 (10), ʢʦʪʦʨʘʷ ʧʝʨʝʩʯʠʪʳʚʘʣʘʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʧʦʣʴʟʫʷ 

ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʰʢʘʣʫ. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ ʤʫʣʴʪʠʢʘʥʘʣʴʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ S2000 (Ocean Optics) (11) ʩ ʘʟʦʪʥʳʤ ʣʘʟʝʨʦʤ ʃɻʀ-21 (12) (ɚex = 337 ʥʤ) ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ PLQY ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ 150 ɺʪ 

ʦʪ FluoroMax Plus ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʜʝʪʝʢʪʦʨ ocean Optics Maya 2000 Pro ʠ PTI K-sphere ï ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʩʬʝʨʘ 

ʦʪ Horiba Tobin Yvon ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʛʨʘʜʫʠʨʦʚʘʥʥʘʷ ʚ ʜʠʘʧʘʟʦʥʝ 200-1100 ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʣʘʤʧʳ 

ʥʘʢʘʣʠʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʠʧʘ SIRSH. ʆʙʨʘʟʮʳ ʚʦʟʙʫʞʜʘʣʠʩʴ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 380 

ʥʤ. 

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴx ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ɼʄʉʆ, ʢʦʪʦʨʳʝ 

ʜʦʙʘʚʣʷʣʠʩʴ ʢ ʢʫʣʴʪʫʨʘʤ ʢʣʝʪʦʢ ʚ ʪʨʝʙʫʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʦʣʦʨʝʢʪʘʣʴʥʘʷ ʢʘʨʮʠʥʦʤʘ ʯʝʣʦʚʝʢʘ HCT116, ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʘʷ ʢʘʨʮʠʥʦʤʘ ʣʝʛʢʦʛʦ A549, 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF7 ʠ ʜʠʧʣʦʠʜʥʘʷ ʣʠʥʠʷ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ WI-38, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʬʠʙʨʦʙʣʘʩʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʝʚʨʦʧʝʡʩʢʦʡ ʢʦʣʣʝʢʮʠʠ 

                                                 

xʀʟʤʝʨʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʢ.ʭ.ʥ. ɽ.ɸ. ʅʠʢʠʪʠʥ ʠ ʢ.ʭ.ʥ. ʂ.ʖ. ɺʣʘʩʦʚʘ (ʍʌ ʄɻʋ) 
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ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ (ECACC; ʉʦʣʩʙʝʨʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʂʣʝʪʢʠ 

(HCT116, MCF7, WI-38) ʚʳʨʘʱʠʚʘʣʠ ʚ ʩʨʝʜʝ DMEM (GibcoÊ, ʀʨʣʘʥʜʠʷ) ʠ ʩʨʝʜʝ RPMI 

(A549) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10% ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʠ (GibcoÊ, ɹʨʘʟʠʣʠʷ). ʂʣʝʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʠʥʢʫʙʘʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37ÁC ʚ ʘʪʤʦʩʬʝʨʝ ʫʚʣʘʞʥʝʥʥʦʛʦ 5% CO2 ʠ 

ʧʦʜʚʝʨʛʘʣʠ ʩʫʙʢʫʣʴʪʠʚʠʨʦʚʘʥʠʶ 2 ʨʘʟʘ ʚ ʥʝʜʝʣʶ. ɺʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʛʦ ʄʊʊ-ʘʥʘʣʠʟʘ. ʂʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ 

96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʪʢʘʥʝʡ (çTPPè, ʊʨʘʩʘʜʠʥʛʝʥ, ʐʚʝʡʮʘʨʠʷ) ʠʟ 

ʨʘʩʯʝʪʘ 7 Ĭ 103 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʚ 100 ʤʢʣ ʩʨʝʜʳ. ʇʦʩʣʝ ʥʦʯʥʦʡ ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

37ÁC ʢʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʪʝʩʪʠʨʫʝʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0 ʜʦ 

100 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʠʩʧʣʘʪʠʥ. ʇʦʩʣʝ 72-ʯʘʩʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʩʪʚʦʨ ʫʜʘʣʷʣʠ, ʠ ʩʚʝʞʝʨʘʟʚʝʜʝʥʥʳʡ ʄʊʊ (3-(4,5-ʜʠʤʝʪʠʣʪʠʘʟʦʣ-2-ʠʣ)-2,5-

ʜʠʬʝʥʠʣʪʝʪʨʘʟʦʣʠʡʙʨʦʤʠʜ) (Sigma-Aldrich, St. ʃʫʠʩ, ʉʐɸ) ʨʘʩʪʚʦʨ (100 ʤʢʣ, 0,5 ʤʛ/ʤʣ 

ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ) ʜʦʙʘʚʣʷʣʠ ʚ ʣʫʥʢʠ, ʠ ʧʣʘʥʰʝʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

50 ʤʠʥʫʪ. ɿʘʪʝʤ ʩʨʝʜʫ ʫʜʘʣʷʣʠ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʬʦʨʤʘʟʘʥ ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʢʣ ɼʄʉʆ 

(Component Reactive, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ). ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ ʢʣʝʪʦʢ ʚ ʢʘʞʜʦʡ ʣʫʥʢʝ ʦʮʝʥʠʚʘʣʠ 

ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 570 ʥʤ ʩ ʧʦʤʦʱʴʶ ʩʯʠʪʳʚʘʪʝʣʷ 

ʤʠʢʨʦʧʣʘʥʰʝʪʦʚ çZenith 200 rtè (Biochrom, ʂʝʤʙʨʠʜʞ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʂʘʞʜʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʷʣʠ ʪʨʠ ʨʘʟʘ, ʠ ʢʘʞʜʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ. 

ɿʥʘʯʝʥʠʷ 50%-ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (IC50) ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GraphPad Prism ʚʝʨʩʠʠ 5.03 ʜʣʷ Windows.  

 ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

4.3.1 ʉʠʥʪʝʟ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘxi 

ɻʠʜʨʘʟʠʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (14.00 ʤʤʦʣʴ) ʙʳʣ ʨʘʩʪʚʦʨʸʥ ʚ EtOH 

(60 ʤʣ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʙʳʣ ʜʦʙʘʚʣʝʥ ʨʘʩʪʚʦʨ 2-(N-

ʪʦʟʠʣʘʤʠʥʦ)ʙʝʥʟʘʣʴʜʝʛʠʜʘ (14.00 ʤʤʦʣʴ) ʚ EtOH (33 ʤʣ) ʠ ʨʝʘʢʮʠʦʥʥʘ ̫ʩʤʝʩʴ ʢʠʧʷʪʠʣʘʩʴ ʩ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʙʳʣʘ ʦʭʣʘʞʜʝʥʘ ʥʘ ʣʝʜʷʥʦʡ 

ʙʘʥʝ ʠ ʚʳʧʘʚʰʠʡ ʚ ʦʩʘʜʦʢ ʩʳʨʦʡ ʧʨʦʜʫʢʪ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ, ʧʨʦʤʳʪ ʥʝʙʦʣʴʰʠʤ 

                                                 

xi ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 2-ʪʦʟʠʣʘʤʠʥ-

ʙʝʥʟʘʣʴʜʝʛʠʜ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʢ.ʭ.ʥ. ɹʫʨʣʦʚʳʤ ɸ.ʉ. (ʖʌʋ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ). ʉʠʥʪʝʟ 

ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʧʨʦʚʝʜʸʥ ʢ.ʭ.ʥ. ɸ.ɺ. ʄʝʜʚʝʜʴʢʦ (ʀʆʍ ʈɸʅ), ʘ ʪʘʢʞʝ ʘʚʪʦʨʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʭ.ʥ. 

ɸ.ɺ. ʄʝʜʚʝʜʴʢʦ (ʀʆʍ ʈɸʅ). 



 56 

ʢʦʣʠʯʝʩʪʚʦʤ ʭʦʣʦʜʥʦʛʦ EtOH, ʘ ʟʘʪʝʤ ʚʳʩʫʰʝʥ ʥʘ ʚʦʟʜʫʭʝ. ʏʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ 1ʅ ʗʄʈ. 

 

ʈʠʩ. 27. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ, ʧʨʦʠʟʚʦʜʥʳʭ 2-ʪʦʟʠʣʘʤʠʥʙʝʥʟʠʣʠʜʝʥ ʘʨʠʣʦʠʣ ʛʠʜʨʘʟʦʥʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʛʠʜʨʘʟʠʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʦʢʪʘʜʝʥʪʘʪʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ (H4Lclick ) ʢʣʠʢ-

ʨʝʘʢʮʠʝʡ 

ʂ ʩʤʝʩʠ ʨʘʩʪʚʦʨʘ H2LN3 (448 ʤʛ, 1 ʤʤʦʣʴ, 1 ʵʢʚ.) ʠ H2Lyl  (417 ʤʛ, 1 ʤʤʦʣʴ, 1 ʵʢʚ.) ʚ 

ʤʝʪʘʥʦʣʝ (50 ʤʣ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʨʘʩʪʚʦʨ ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ (4.3 ʤʛ, 0.02 

ʤʤʦʣʴ, 0.02 ʵʢʚ.) ʚ ʚʦʜʝ (0.5 ʤʣ) ʠ ʨʘʩʪʚʦʨ ʧʝʥʪʘʛʠʜʨʘʪʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ (II) (1.59 ʤʛ, 0.01 

ʤʤʦʣʴ, 0.01 ʵʢʚ.) ʚ ʚʦʜʝ (0.5 ʤʣ). ʈʝʘʢʮʠʦʥʥʘ ̫ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 50ÁC ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʩʣʝʛʢʘ ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ ʙʳʣ 

ʦʪʬʠʣʴʪʨʦʚʘʥ, ʧʨʦʤʳʪ ʚʦʜʦʡ ʠ ʤʝʪʘʥʦʣʦʤ, ʘ ʟʘʪʝʤ ʚʳʩʫʰʝʥ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. 

ʇʦʣʫʯʝʥ ʧʦʨʦʰʦʢ ʩʣʝʛʢʘ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ: 95%. 

ʈʠʩ. 28. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ H4Lclick ʢʣʠʢ-ʨʝʘʢʮʠʝʡ H2LN3 ʠ H2Lyl  

4.3.2 ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ (H2LR). 

ʉʠʥʪʝʟ Ln(L)(HL). ʉʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʛʠʜʨʦʢʩʠʜ ʣʘʥʪʘʥʠʜʘ (1.0 ʵʢʚ. 

0.167 ʤʤʦʣʴ) ʙʳʣ ʜʦʙʘʚʣʝʥ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ H2LR (2 ʵʢʚ., 0.335 ʤʤʦʣʴ) ʚ ʩʤʝʩʠ 

ʵʪʘʥʦʣ:ʘʮʝʪʦʥʠʪʨʠʣ ʠʣʠ ʘʮʝʪʦʥʠʪʨʠʣ:ʊɻʌ (30 ʤʣ, 2:1). ʉʤʝʩʴ ʛʨʝʣʘʩʴ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʚ ʪʝʯʝʥʠʝ 24 ʯ, ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʳʣ ʫʧʘʨʝʥ ʥʘʧʦʣʦʚʠʥʫ. ɾʸʣʪʳʡ ʦʩʘʜʦʢ Ln(L)(HL) ʙʳʣ 

ʦʪʬʠʣʴʪʨʦʚʘʥ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ ʠ ʚʳʩʫʰʝʥ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 70-90%. 
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ʉʠʥʪʝʟ Ln(L 1)(HL 2) ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʩʤʝʩʠ H2LR1 ʠ H2LR2. 

ʉʠʥʪʝʟ K[Ln(L)2](Solv)n. ʂ ʩʫʩʧʝʥʟʠʠ Ln(L)(HL) (1,02 ʵʢʚ., 0.075 ʤʤʦʣʴ) ʚ ʵʪʘʥʦʣʝ 

ʠʣʠ ʊɻʌ (4 ʤʣ) ʙʳʣ ʜʦʙʘʚʣʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʪʠʪʨʦʚʘʥʥʳʡ 40.7 ʤʄ ʨʘʩʪʚʦʨ ʂʆʅ (1 ʵʢʚ). 

ʅʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʥʝʨʘʩʪʚʦʨʸʥʥʦʛʦ Ln(L)(HL) ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʠ ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ ʙʳʣ 

ʚʳʧʘʨʝʥ ʜʦʩʫʭʘ. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʘ ̫ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʟ ʨʘʩʪʚʦʨʘ ʵʪʘʥʦʣ:ʚʦʜʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ɺʳʭʦʜ: 50-70%. 

ʉʠʥʪʝʟ K[Ln(L1)(L2)](Solv)n ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ Ln(L 1)(HL 2). 

ʉʠʥʪʝʟ Ln2(HLclick )2(Solv). ʉʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʛʠʜʨʦʢʩʠʜ ʣʘʥʪʘʥʠʜʘ (1.0 ʵʢʚ., 

0.087 ʤʤʦʣʴ) ʙʳʣ ʜʦʙʘʚʣʝʥ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ H4Lclick (1. ʵʢʚ., 0.087 ʤʤʦʣʴ) ʚ ʊɻʌ (100 

ʤʣ). ʉʤʝʩʴ ʛʨʝʣʘʩʴ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 48 ʯ, ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʳʣ ʫʧʘʨʝʥ 

ʥʘʧʦʣʦʚʠʥʫ. ʆʩʘʜʦʢ Ln2(HLclick)2(Solv) ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʠ ʚʳʩʫʰʝʥ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 80%. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʠ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʜʠʬʬʫʟʠʠ ʩʣʦʸʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʊɻʌ ʠ ʥ-ʛʝʢʩʘʥ. ɺ 3-5 ʤʣ ʬʣʘʢʦʥ ʩ ʧʨʦʙʢʦʡ ʧʦʤʝʱʘʣʩʷ 1 ʤʣ 

ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʅʘ ʩʣʦʡ ʪʷʞʸʣʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʊɻʌ ʧʦ ʩʪʝʥʢʝ ʧʨʠʣʠʚʘʣʩʷ 2-4 ʤʣ 

ʚʪʦʨʦʛʦ, ʤʝʥʝʝ ʧʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢ ʧʨʠʤʝʨʫ, ʥ-ʛʝʢʩʘʥʘ, ʢʦʪʦʨʳʡ ʦʜʥʘʢʦ ʤʦʛ 

ʩʤʝʰʠʚʘʪʴʩʷ ʩ ʊɻʌ. ʇʦʣʫʯʘʝʤʫʶ ʜʚʫʩʣʦʡʥʫʶ ʞʠʜʢʦʩʪʴ ʦʩʪʘʚʣʷʣʠ ʥʘ 1 ʩʫʪʢʠ ʜʣʷ ʩʤʝʰʝʥʠʷ 

ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ. ʇʦʩʣʝ ʧʦʣʥʦʡ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʩʣʦʸʚ, ʬʣʘʢʦʥ 

ʧʨʠʦʪʢʨʳʚʘʣʩʷ ʜʣʷ ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

4.3.3 ʉʠʥʪʝʟ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ 

ʇʦʣʫʯʝʥʠʝ ʢʦʥʲʶʛʘʪʦʚ {Ln 1-Ln2}xii 

ʂ ʨʘʩʪʚʦʨʫ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ (1 ʵʢʚ, 0.02 ʤʤʦʣʴ ʢʘʞʜʳʡ) ʚ ʤʝʪʘʥʦʣʝ (40 ʤʣ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʳʣ ʜʦʙʘʚʣʝʥ ʨʘʩʪʚʦʨ ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ (0.02 ʵʢʚ, 1 ʤʛ) ʚ ʚʦʜʝ (0.1 ʤʣ) ʠ 

ʨʘʩʪʚʦʨ CuSO4Ŀ5H2O (0.01 ʵʢʚ, 0,4 ʤʛ) ʚ ʚʦʜʝ (0.1 ʤʣ). ʈʝʘʢʮʠʦʥʥʘ ̫ʩʤʝʩʴ ʢʠʧʷʪʠʣʘʩʴ ʩ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʇʦʣʫʯʝʥʥʘ ̫ʩʫʩʧʝʥʟʠʷ ʙʳʣʘ 

ʫʧʘʨʝʥʘ ʜʦʩʫʭʘ, ʘ ʟʘʪʝʤ ʧʨʦʤʳʪʘ ʚʦʜʦʡ (3Ĭ1 ʤʣ) ʠ ʤʝʪʘʥʦʣʦʤ (2Ĭ1 ʤʣ) ʧʫʪʝʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚʦ ʬʣʘʢʦʥʝ ʦʙʲʝʤʦʤ 1.5 ʤʣ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʙʳʣ ʚʳʩʫʰʝʥ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ɺʳʭʦʜ: 60%, ʞʝʣʪʦʛʦ ʧʦʨʦʰʢʘ. 

                                                 

xii ʂʣʠʢ-ʨʝʘʢʮʠʷ ʧʨʦʚʝʜʝʥʘ ʘʚʪʦʨʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʭ.ʥ. ɸ.ɺ. ʄʝʜʚʝʜʴʢʦ (ʀʆʍ ʈɸʅ) 
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ʈʠʩ. 29. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʘʪʦʚ { Ln-Ln} ʠʟ K[Ln(LX)2](H2O) (Ln = Nd, Er, Yb, Lu; LX = LN3 ʠ Lyl ) 

4.3.4 ʇʦʣʫʯʝʥʠʝ OLED ʫʩʪʨʦʡʩʪʚxiii  

ɺ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʠʟ 

ʦʢʩʠʜʘ ʠʥʜʠʷ ʠ ʦʣʦʚʘ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 15 ʆʤ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʜʶʡʤ ʥʘ ʩʪʝʢʣʷʥʥʳʭ 

ʧʦʜʣʦʞʢʘʭ (Lumtec Corp.). ʇʦʜʣʦʞʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʳʣʠ ʧʨʦʤʳʪʳ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʚʘʥʥʝ ʨʘʩʪʚʦʨʦʤ NaOH (30 ʤʠʥ), ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ (10 ʤʠʥ) ʠ 2-ʧʨʦʧʘʥʦʣʦʤ (10 

ʤʠʥ), ʘ ʟʘʪʝʤ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʧʦʜ ʩʪʨʫʝʡ N2. ʉʣʝʜʦʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 30-ʤʠʥʫʪʥʘʷ ʋʌ-

ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 

ɺʩʝ ʧʨʦʮʝʩʩʳ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ spin-coating ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʳʯʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʉʣʦʡ PEDOT:PSS (ʧʦʣʠ (3,4-ʵʪʠʣʝʥʜʠʦʢʩʠʪʠʦʬʝʥ):ʧʦʣʠ 

(ʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ), Lumtec Corp.) ʪʦʣʱʠʥʦʡ 50 ʥʤ ʙʳʣ ʥʘʥʝʩʸʥ ʧʫʪʝʤ ʚʳʣʠʚʘʥʠʷ 300 ʤʢʣ 

ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʜʣʦʞʢʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʸ ʚʨʘʱʝʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ ʧʨʠ 2000 ʦʙʦʨʦʪʘʭ 

ʚ ʤʠʥʫʪʫ. ʇʦʣʫʯʝʥʥʘ ̫ʧʣʝʥʢʘ ʙʳʣʘ ʚʳʩʫʰʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ʉʣʦʡ poly-TPD ʠʣʠ PVC (Ossila) ʪʦʣʱʠʥʦʡ 20 ʥʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʜʳʨʦʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʙʳʣ ʥʘʥʝʩʸʥ ʤʝʪʦʜʦʤ spin-coating ʠʟ ʭʣʦʨʙʝʥʟʦʣʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ 5 ʛ/ʣ) ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 2000 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ, ʘ ʟʘʪʝʤ ʙʳʣ ʚʳʩʫʰʝʥ 

ʧʨʠ 120ÁC ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ.  

ʅʘʢʦʥʝʮ, ʵʤʠʩʩʠʦʥʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 30 ʥʤ ʙʳʣ ʥʘʥʝʩʝʥ ʤʝʪʦʜʦʤ spin-coating ʠʟ 

ʊɻʌ (c = 5 ʛ/ʣ) ʧʨʠ 1000-2000 ʦʙʦʨʦʪʘʭ ʚ ʤʠʥʫʪʫ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. 

ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ, ʧʦʜʣʦʞʢʠ ʙʳʣʠ ʧʝʨʝʥʝʩʝʥʳ ʚ ʘʨʛʦʥʦʚʳʡ 

ʧʝʨʯʘʪʦʯʥʳʡ ʙʦʢʩ, ʛʜʝ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ÁC ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. 

ʕʣʝʢʪʨʦʥʦʪʨʘʥʩʧʦʨʪʥʳʡ ʠ ʜʳʨʦʯʥʦʙʣʦʢʠʨʫʶʱʠʡ ʩʣʦʡ OXD-7 (Ossila) ʪʦʣʱʠʥʦʡ ~15 ʥʤ 

(Univex-300, LeybordHeraeus) ʙʳʣ ʥʘʥʝʩʸʥ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚ ʛʣʫʙʦʢʦʤ 

ʚʘʢʫʫʤʝ, ʧʦʩʣʝ ʯʝʛʦ ʘʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣ ʥʘʥʝʩʸʥ ʩʣʦʡ LiF ʪʦʣʱʠʥʦʡ ~1 ʥʤ ʠ ʩʣʦʡ 

ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ >100 ʥʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʥʠʞʝ 10-5 ʤʙʘʨ. ʊʦʣʱʠʥʘ 

ʩʣʦʝʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʚʘʨʮʝʚʦʛʦ ʤʠʢʨʦʙʘʣʘʥʩʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ.  

                                                 

xiii  ʇʦʣʫʯʝʥʠʝ OLED ʫʩʪʨʦʡʩʪʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢ.ʬ.-ʤ.ʥ. 

ɺʘʱʝʥʢʦ ɸ.ɸ. (ʌʀɸʅ) ʠ ʢ.ʬ.-ʤ.ʥ. ʃʳʧʝʥʢʦ ɸ.ɽ. (ʀʌʍʕ ʈɸʅ) 
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ʀʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ OLED-ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʘʨʛʦʥʦʚʦʤ 

ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ. ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʇɿʉ-

ʩʧʝʢʪʨʦʤʝʪʨʘ Ocean Optics Maya 2000 Pro, ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʚ ʜʠʘʧʘʟʦʥʝ 200-1100 ʥʤ. 

ɺʦʣʴʪïʘʤʧʝʨʥʳʝ ʢʨʠʚʳʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʮʠʬʨʦʚʳʭ ʤʫʣʴʪʠʤʝʪʨʦʚ DT 838. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʀʂ ʠʟʣʫʯʝʥʠʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʠʩʧʫʩʢʘʥʠʷ ʢ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ.  
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5. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʠʟʘʡʥ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ: 

1) ʚʘʨʴʠʨʦʚʘʥʠʝ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʠʜʘ, 2) ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʂʉ ï Ln(L)(HL) ʠʣʠ 

K[Ln(L)2](Solv), 3) ʚʘʨʴʠʨʦʚʘʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʩʥʦʚʘʥʠʠ ʐʠʬʬʘ, ʘ ʪʘʢʞʝ 4) ʧʦʣʫʯʝʥʠʝ 

ʢʦʥʲʶʛʘʪʦʚ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʂʉ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʣʠʛʘʥʜʘʤʠ 

ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʦʥʢʨʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠ ̫

ʜʠʟʘʡʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ OLED ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ. 

 ʇʦʣʫʯʝʥʠʝ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ 

ʆʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʜʝʥʩʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 2-ʪʦʟʠʣʘʤʠʥ-

ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ ʛʠʜʨʘʟʠʜʘ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʈʠʩ. 27). 

 

ʈʠʩ. 30. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ  

ʉʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʇʨʠʤʝʨ ʩʦʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʚ 

ʩʧʝʢʪʨʝ 1ʅ ʗʄʈ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 
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ʈʠʩ. 31. 1ʅ ʗʄʈ ʩʧʝʢʪʨ (300 ʄɻʮ, ɼʄʉʆ-d6) ʜʣʷ H2LN3. ʅʦʤʝʨʘ ʧʨʦʪʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʜʧʠʩʘʥʥʳʤ 

ʩʠʛʥʘʣʘʤ ʚ ʩʧʝʢʪʨʝ 

ɺ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʢʠʩʣʳʝ ʘʤʠʜʥʳʝ ʧʨʦʪʦʥʳ (6, 12), ʢʦʪʦʨʳʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ, ʠʩʯʝʟʘʶʪ. ɼʘʣʝʝ ʚ ʜʠʘʧʘʟʦʥʝ 8.6-7 ʤʜ 

ʥʘʙʣʶʜʘʝʪʩʷ ʛʨʫʧʧʘ ʩʠʛʥʘʣʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ (2-6, 7-10, 13-16). ɺ ʦʙʣʘʩʪʠ 

ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʉʅ2-ʛʨʫʧʧʳ ʘʟʠʜʦʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ (17) ʥʘ 4.6 ʤʜ ʠ 

ʩʠʛʥʘʣʳ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʪʦʟʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (1) ʥʘ 2.32 ʤʜ.  

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʫʜʘʣʦʩʴ ʤʝʪʦʜʦʤ ʠʩʧʘʨʝʥʠʷ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʚʳʨʘʩʪʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ. ɺʩʝʛʦ 

ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢ.ʭ.ʥ. ɻʦʣʦʚʝʰʢʠʥʳʤ ɸ.ʉ. (ʀʅʕʆʉ ʈɸʅ) ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ 10 ʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ (ʜʣʷ ʣʠʛʘʥʜʦʚ H2L, H2LPyr, H2LNPh3 (2 ʬʦʨʤʳ), H2LO, H2LS, 

H2LN3 (2 ʬʦʨʤʳ), H2Lyl , H2LBrI). ʇʨʠ ʵʪʦʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʣʠʩʴ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. 
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ʘ) ʙ)  ʚ)  

ʛ) ʜ) ʝ)  ʞ)  

ʟ)  ʠ) ʢ)   

ʈʠʩ. 32. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ: ʘ) H2L(EtOH), ʙ) H2LPyr, ʚ) H2LNPh3(CH3C(O)CH3), ʛ) 

H2LNPh3, ʜ) H2LO(MeOH), ʝ) H2LS(EtOH), ʞ) H2LN3-a, ʟ) H2LN3-b, ʠ) H2Lyl , ʢ) H2LBrF. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʫʙʨʘʥʳ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʨʠʩʫʥʢʘ. ʆʙʦʟʥʘʯʝʥʠʝ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ: ʩʝʨʳʡ ï ʫʛʣʝʨʦʜ, ʢʨʘʩʥʳʡ ï 

ʢʠʩʣʦʨʦʜ, ʩʠʥʠʡ ï ʘʟʦʪ, ʞʸʣʪʳʡ ï ʩʝʨʘ, ʩʘʣʘʪʦʚʳʡ ï ʬʪʦʨ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ï ʙʨʦʤ 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʪʨʘʥʩ-

ʠʟʦʤʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ -ʉ=N-NHï ʛʠʜʨʘʟʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

 ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʂʉ 

ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ 

ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʩʦʩʪʘʚʘ Ln(LX)(HLX) ʠ 

K[Ln(LX)2](Solv) ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ c ʨʘʟʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʦ ʩʭʦʞʠʤ 

ʤʝʪʦʜʠʢʘʤ, ʧʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʘ ʦʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠ 

ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʟʘʪʝʤ ʚ ʨʘʟʜʝʣʘʭ, ʧʦʩʚʷʱʸʥʥʳʭ 

ʢʦʥʢʨʝʪʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʙʫʜʫʪ ʫʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ. 
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5.2.1 ʉʠʥʪʝʟ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ Ln(LX)(HL X) 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩʦʩʪʘʚʘ Ln(LX)(HLX) ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʧʦ 

ʛʠʜʨʦʢʩʠʜʥʦʡ ʤʝʪʦʜʠʢʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʚʝʞʝʦʩʘʞʜʸʥʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʣʘʥʪʘʥʠʜʘ 

(ʧʦʣʫʯʝʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʦʩʘʜʢʘ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ ʣʘʥʪʘʥʠʜʘ (ʭʣʦʨʠʜʘ ʠʣʠ ʥʠʪʨʘʪʘ) ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ) ʩ 

ʨʘʩʪʚʦʨʦʤ ʠʣʠ ʩʫʩʧʝʥʟʠʝʡ ʣʠʛʘʥʜʘ ʚ ʵʪʘʥʦʣʝ, ʘʮʝʪʦʥʠʪʨʠʣʝ, ʊɻʌ ʠʣʠ ʤʝʪʘʥʦʣʝ: 

Ln(OH)3 + 2H2LX Ÿ Ln(LX)(HLX) + 3H2O, ʛʜʝ Ln = Nd, Eu, Gd, Er, Yb, Lu. (2) 

ɺʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʠ ʮʝʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʦ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ 

ʠʟʙʳʪʢʝ ʠʣʠ ʥʝʜʦʩʪʘʪʢʝ ʨʘʩʪʚʦʨʠʤʦʛʦ ʣʠʛʘʥʜʘ. ʊʘʢ, ʝʩʣʠ ʦʙʨʘʟʫʶʱʠʡʩʷ ʢʦʤʧʣʝʢʩ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʥʝʜʦʩʪʘʪʢʝ ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʣʠʛʘʥʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʩʪʚʦʨʝ ʦʩʪʘʚʘʣʩʷ ʪʦʣʴʢʦ 

ʨʘʩʪʚʦʨʸʥʥʳʡ ʧʨʦʜʫʢʪ (LX)(HLX), ʘ ʠʟʙʳʪʦʢ Ln(OH)3 ʙʳʣ ʦʪʜʝʣʸʥ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ɺ 

ʩʣʫʯʘʝ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʩʠʥʪʝʟ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʚ ʠʟʙʳʪʢʝ ʣʠʛʘʥʜʘ, ʘ 

ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʚʠʜʝ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʦʪ ʠʟʙʳʪʢʘ 

ʨʘʩʪʚʦʨʘ ʣʠʛʘʥʜʘ ʠ ʧʨʦʤʳʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ Ln(LX)(HLX) ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʥʠʟʢʘʷ (ʥʠʞʝ 5 ʛ/ʣ), ʯʪʦ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ OLED. ʆʜʥʘʢʦ, ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʜʘʣʦʩʴ ʚʳʨʘʩʪʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʤʝʪʦʜʦʤ 

ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦʨʦʚ [145]. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʘʢʦʚʢʫ ʤʦʥʦʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ [Ln(LX)2]. ʎʝʥʪʨʘʣʴʥʳʡ 

ʢʘʪʠʦʥ ʣʘʥʪʘʥʠʜʘ ʦʢʨʫʞʸʥ ʜʚʫʤʷ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʜʨʫʛʫ 

ʣʠʛʘʥʜʘʤʠ, ʪʦʟʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʚʥʝ ʧʣʦʩʢʦʩʪʠ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʦʩʥʦʚʘʥʠʷ 

ʐʠʬʬʘ. ʂʦʦʨʜʠʥʘʮʠʷ ʣʘʥʪʘʥʠʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ Sʆ2-ʛʨʫʧʧʳ, ʘʪʦʤʘ 

ʘʟʦʪʘ ʘʤʠʥʦ-ʛʨʫʧʧʳ, ʘʪʦʤʘ ʘʟʦʪʘ ʛʠʜʨʘʟʠʜʥʦʡ ʛʨʫʧʧʳ ʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʘʣʴʜʝʛʠʜʥʦʡ 

ʛʨʫʧʧʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʣʘʥʪʘʥʠʜʘ ʧʣʦʪʥʦ ʟʘʧʦʣʥʝʥʦ ʜʚʫʤʷ 

ʧʣʦʩʢʠʤʠ, ʥʦ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ ʛʨʫʧʧʘʤʠ ʘʪʦʤʦʚ, ʥʝ ʜʦʧʫʩʢʘʷ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʢʨʠʩʪʘʣʣʝ ʩʦʝʜʠʥʝʥʠʷ Ln(LX)(HLX) ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ. ɺ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʣʝʢʫʣʳ 

ʩʦʣʴʚʘʪʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʦʩʪʷʭ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʘʪʠʦʥʦʤ 

ʣʘʥʪʘʥʠʜʘ.  
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ʘ) ʙ)   

ʚ)  ʛ)  

ʈʠʩ. 33. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ: ʘ) Yb(LNS)(HLNS)(ʊɻʌ)(ACN), ʙ) Yb(LN3)(HLN3), 

ʚ) Lu(LBrN3)(HLBrN3)(ʥ-ʛʝʢʩʘʥ), ʛ) Er(Lyl )(Lyl ). ʆʙʦʟʥʘʯʝʥʠʝ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ: ʩʝʨʳʡ ï ʫʛʣʝʨʦʜ, 

ʢʨʘʩʥʳʡ ï ʢʠʩʣʦʨʦʜ, ʩʠʥʠʡ ï ʘʟʦʪ, ʞʸʣʪʳʡ ï ʩʝʨʘ, ʩʘʣʘʪʦʚʳʡ ï ʬʪʦʨ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ï ʙʨʦʤ, ʦʪʪʝʥʢʠ 

ʟʝʣʸʥʦʛʦ ï ʣʘʥʪʘʥʠʜʳ 

ʉʦʩʪʘʚ ʧʦʨʦʰʢʦʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʝʪʦʜʦʚ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ MALDI -TOF 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ.  
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ʈʠʩ. 34. ʘ) ʆʧʠʩʘʥʠʝ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ Eu(LBrH)(HLBrH) ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

TOPAS 5. ʏʸʨʥʦʝ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʨʘʩʥʦʝ ï ʦʧʠʩʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʤ SVD-

index ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʤʝʪʦʜʦʤ ʇʘʫʣʠ, ʩʠʥʠʤ ï ʨʘʟʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʙ) ʉʨʘʚʥʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ H2LN3-Yb(LN3)(HLN3)-K[Yb(LN3)2](Solv) 
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ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ Ln(LX)(HLX) ʜʦʩʪʘʪʦʯʥʦ 

ʢʨʠʩʪʘʣʣʠʯʥʳ, ʧʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʜʘʚʘʣʦʩʴ ʧʨʦʠʥʜʠʮʠʨʦʚʘʪʴ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʣʛʦʨʠʪʤʦʤ SVD-index [136] ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ TOPAS5.  

ʊʘʙʣ. 4. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ Eu(LBrH)(HLBrH) ʠ Eu(LBrI)(HLBrI), 

 ʧʦʜʦʙʨʘʥʥʳʝ ʘʣʛʦʨʠʪʤʦʤ SVD-index [136]. 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ Eu(LBrH)(HLBrH) Eu(LBrI)(HLBrI) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P-1 P-1 

a (¡) 9.898(6) 10.904(9) 

b (¡) 13.28(13) 23.07(2) 

c (¡) 18.44(14) 26.97(2) 

Ŭ (ę) 102.09(7) 111.98(2) 

ɓ (ę) 72.66(5) 103.67(2) 

ɔ (ę) 85.46(6) 83.74(2) 

V (¡3) 2234(3) 6112(8) 

 

ʘ)

200 400 600 800 1000

m/z = 64

m/z = 44

m/z = 30

m/z = 18

ʊʝʤʧʘʨʘʪʫʨʘ (Áʉ)

m/z = 17

20

40

60

80

100

ʄ
ʘ
ʩ
ʩ
ʘ
 
(
%
)

0

2

4

6

8

10

12

ɼ
ʉ
ʂ
 
(
ʤ
ɺ
ʪ
/
ʤ
ʛ
)

ʙ)

0 20 40 60 80 100

m/z = 18

m/z = 30

m/z = 44

m/z = 45

ɺʨʝʤʷ (ʤʠʥ)

m/z = 72

0

20

40

60

80

100

ʄ
ʘ
ʩ
ʩ
ʘ
 
(
%
)

-2

0

2

4

6

8

10

12

14

16

18

20

22

ɼ
ʉ
ʂ
 
(
ʤ
ɺ
ʪ
/
ʤ
ʛ
)200 400 600 800 1000 1200

ʊʝʤʧʝʨʘʪʫʨʘ (Áʉ)

 

ʈʠʩ. 35. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʜʣʷ ʘ) Yb(LN3)(HLN3), 

ʙ) Er(Lyl )(HLyl )(H2O) 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʛʨʘʥʠʮʫ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʦʣʴʚʘʪʥʳʡ 

ʩʦʩʪʘʚ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ Ln(LX)(HLX) 

ʦʪʩʫʪʩʪʚʫʶʪ ʤʦʣʝʢʫʣʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 300Áʉ (ʜʦ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ) ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʦʥʥʳʭ ʪʦʢʦʚ. ɺ ʩʣʫʯʘʷʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʘʟʠʜʦ-ʛʨʫʧʧʫ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʝʝ ʨʘʟʣʦʞʝʥʠʝʤ. ɺ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ Er(Lyl )(HLyl )(H2O), ʥʘ ʢʨʠʚʦʡ ʊɻɸ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʜʦ 200ÁC ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʠʦʥʥʦʛʦ ʪʦʢʘ 18 m/z, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
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ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʦʣʦʩʪʷʭ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʘʪʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ. 

ʊʘʙʣ. 5. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ  

ʩʦʝʜʠʥʝʥʠʡ Ln(LX)(HLX) (LX = LN3, LBrN3, Lyl ). 

# 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ 

(Tmax), oC 

ʇʨʦʮʝʩʩ 

M(ʦʩʪʘʪʢʘ), 

% 

ʨʘʩʯ. 

M(ʦʩʪʘʪʢʘ), % 

ʵʢʩʧ. 

Yb(LN3)(HLN3) (M = 1067 ʛ/ʤʦʣʴ) 

1 223-301 ï 2N3 or ï 2(CH2N3) 92.3 ʠʣʠ 89.7 93.6 

2 301-651 ­Yb(SO4)1.5 ʠʣʠ ­Yb(CO3)1.5 29.8 ʠʣʠ 24.7 24.7 

3 651-1086 Yb(SO4)1.5­ YbO1.5 ʠʣʠ  

Yb(CO3)1.5­ YbO1.5 

18.6 18.7 

Yb(LBrN3)(HLBrN3) (M = 1223 ʛ/ʤʦʣʴ) 

1 196-344 ï 2N3 ʠʣʠ ï 2(CH2N3) 93.3 ʠʣʠ 91.0 93.5 

2 344-638 ­ Yb(SO4)1.5 ʠʣʠ ­Yb(CO3)1.5 24.0 ʠʣʠ 21.6 25.4 

3 638-1092 Yb(SO4)1.5­ YbO1.5 ʠʣʠ  

Yb(CO3)1.5­ YbO1.5 

16.7 16.8 

Yb(Lyl )(HLyl) (M = 1005 ʛ/ʤʦʣʴ) 

1 357-511 ­Yb(Ts)2-2Me 48.3 47.5 

2 511-631 ­Yb(SO4)1.5 ʠʣʠ ­Yb(CO3)1.5 31.6 ʠʣʠ 26.3 29.8 

3 631-1194 Yb(SO4)1.5­ YbO1.5 ʠʣʠ  

Yb(CO3)1.5­ YbO1.5 

19.7 23.3 

Er(Lyl )(HLyl )(H2O) (M = 1015 ʛ/ʤʦʣʴ) 

1 60-280 ï H2O 98.2 98.7 

2 280-640 ­ Yb(SO4)1.5 ʠʣʠ ­Yb(CO3)1.5 30.5 ʠʣʠ 25.2 19.5 

3 640-1100 Yb(SO4)1.5­ YbO1.5 ʠʣʠ  

Yb(CO3)1.5­ YbO1.5 

18.7 13.3 

 

MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʣʫʯʝʥʥʦʤ 

ʧʦʨʦʰʢʝ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʠʛʥʘʣ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ m/z, ʥʦ ʠ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʘʥʪʘʥʠʜʘ ʠʟʦʪʦʧʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʢʘʢ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʘʢ ʠ ʧʦʢʘʟʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʠ ʧʦ ʩʜʚʠʛʫ, ʨʘʩʱʝʧʣʝʥʠʶ ʠ/ʠʣʠ 

ʫʰʠʨʝʥʠʶ ʩʠʛʥʘʣʦʚ ʧʦʛʣʦʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʦʚ ʠʩʭʦʜʥʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʣʷ ʥʘʠʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʘʥʘʣʠʟ ʀʂ 

ʩʧʝʢʪʨʦʚ ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʨʷʜʫ çʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ ï Ln(LX)(HLX) ï K[Ln(L X)2](Solv)è, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʪʝʥʜʝʥʮʠʶ ʩ ʦʧʦʨʦʡ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠ ʜʘʥʥʳʝ 

ʦ ʩʦʩʪʘʚʝ. ʇʦʵʪʦʤʫ ʦʙʩʫʞʜʝʥʠʝ ʀʂ ʩʧʝʢʪʨʦʚ ʙʫʜʝʪ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 
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ʈʠʩ. 36. MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʳ (ʯʝʨʥʳʝ) ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʟʝʣʸʥʳʝ) ʜʣʷ 

ʘ) Yb(LBrH)(HLBrH), ʙ) Yb(LBrF)(HLBrF), ʚ) Yb(LN3)(HLN3), ʛ) Er(Lyl )(HLyl ) 

5.2.2 ʉʠʥʪʝʟ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ K[Ln(LX)2](Solv) 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩʦʩʪʘʚʘ K[Ln(LX)2](Solv) ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ 

ʜʦʙʘʚʣʝʥʠʝʤ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʨʘʩʪʚʦʨʘ KOH ʚ ʩʧʠʨʪʝ (40 ʤʄ) ʧʦ ʢʘʧʣʷʤ ʢ ʙʣʝʜʥʦ-

ʞʸʣʪʦʡ ʩʫʩʧʝʥʟʠʠ ʥʝʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ (2-5 ʤʘʩʩ%) Ln(LX)(HLX) ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʵʪʘʥʦʣʘ, ʘʮʝʪʦʥʠʪʨʠʣʘ, ʊɻʌ ʠʣʠ ʤʝʪʘʥʦʣʘ: 

Ln(LX)(HLX) + KOH Ÿ K[Ln(LX)2](Solv) + H2O, 

 ʛʜʝ Ln = Nd, Eu, Gd, Er, Yb, Lu, Solv = H2O, ʊɻʌ, EtOH, MeOH, ʥ-ʛʝʢʩʘʥ. (3) 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʱʸʣʦʯʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʚʝʪʣʝʣʘ ʟʘ ʩʯʸʪ ʨʘʩʪʚʦʨʝʥʠʷ 

Ln(LX)(HLX) ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʦʛʦ K[Ln(LX)2](Solv). ʆʙʨʘʟʫʶʱʠʡʩʷ 

ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʦʪ ʥʝʨʘʩʪʚʦʨʸʥʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʫʧʘʨʝʥ ʥʘ 

ʯʘʩʦʚʦʤ ʩʪʝʢʣʝ. ʆʙʨʘʟʦʚʘʚʰʘʷʩʷ ʷʨʢʦ-ʞʸʣʪʘʷ ʧʣʸʥʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʘ ʦʢʘʟʘʣʘʩʴ 

ʧʨʦʟʨʘʯʥʦʡ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʥʝʸ ʧʦʨʦʰʦʢ ʦʢʘʟʘʣʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤ. ɼʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʫʧʘʨʠʚʘʥʠʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

0.1-0.3 ʦʙʲʝʤʘ ʚʦʜʳ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 10-20 ʤʠʥʫʪ. ʇʨʠ ʚʳʧʘʨʠʚʘʥʠʠ ʩʤʝʩʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʠʩʧʘʨʝʥʠʝ ʣʝʛʢʦʣʝʪʫʯʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ, ʚ 

ʢʦʪʦʨʦʡ K[Ln(LX)2](Solv) ʨʘʩʪʚʦʨʠʤ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʧʘʜʝʥʠʝ ʙʦʣʝʝ 

ʢʨʠʩʪʘʣʣʠʯʥʦʛʦ ʦʩʘʜʢʘ.  
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʨʘʩʪʚʦʨʘ ʂʆʅ ʥʘ ʚʦʟʜʫʭʝ, ʠʟ-ʟʘ ʯʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʠʥʪʝʟʦʤ ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʱʸʣʦʯʠ 

ʪʠʪʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʤ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʩ ʬʝʥʦʣʬʪʘʣʝʠʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ. ʇʨʠ 

ʵʪʦʤ ʙʳʩʪʨʦʝ ʜʦʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʱʸʣʦʯʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʣʦʢʘʣʴʥʦʤʫ ʠʟʙʳʪʢʫ ʠ 

ʢʨʠʪʠʯʝʩʢʦʤʫ ʧʦʚʳʰʝʥʠʶ pH, ʠʟ-ʟʘ ʯʝʛʦ ʤʦʞʝʪ ʚʳʧʘʩʪʴ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʘʜʦʢ ʛʠʜʨʦʢʩʠʜʘ 

ʣʘʥʪʘʥʠʜʘ: 

Ln(LX)(HLX) + 3KOH Ÿ Ln(OH)3Ź + K2LX + KHLX 

ʆʙʨʘʟʫʶʱʘʷʩʷ ʢʘʣʠʝʚʘʷ ʩʦʣʴ ʣʠʛʘʥʜʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʷʨʢʠʤ 

ʞʸʣʪʳʤ ʮʚʝʪʦʤ, ʯʪʦ ʤʦʞʝʪ ʚʚʝʩʪʠ ʚ ʟʘʙʣʫʞʜʝʥʠʝ ʦ ʧʦʣʫʯʝʥʠʠ ʮʝʣʝʚʦʛʦ K[Ln(LX)2](Solv), 

ʢʦʪʦʨʳʡ ʪʦʞʝ ʦʙʣʘʜʘʝʪ ʞʸʣʪʳʤ ʮʚʝʪʦʤ, ʦʜʥʘʢʦ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʀʂ ʠʟʣʫʯʘʶʱʠʭ 

ʣʘʥʪʘʥʠʜʦʚ, ʢ ʧʨʠʤʝʨʫ, ʠʪʪʝʨʙʠʷ, ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʠʛʥʘʣʦʤ ʦ ʥʝʧʨʘʚʠʣʴʥʦʤ ʭʦʜʝ ʩʠʥʪʝʟʘ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʠʥʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʠʛʘʥʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʢʦʤʧʣʝʢʩʦʚ 

K[Ln(LX)2](Solv) ʦʥʘ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʚʳʨʘʞʝʥʘ ʢʨʘʡʥʝ ʩʣʘʙʦ.  

ʘ)  ʙ)  ʚ)   

ʛ)  ʜ)  ʝ)   

ʞ)  ʟ)  

ʈʠʩ. 37. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ: ʘ) K[Yb(L)2](ErtOH)2, ʙ) K[Yb(L)2](ʊɻʌ)2, ʚ) 

K[Yb(LNPh3)2](H2O)2, ʛ) K[Lu(LN3)2](ʅ2ʆ), ʜ) K[Nd(LN3)2](ʊɻʌ), ʝ) K[Yb(LN3)2](ʅ2ʆ), ʞ) 

K[Yb(LBrN3)2](ʊɻʌ), ʟ) K[Lu(Lyl)2](ʊɻʌ)2. ʆʙʦʟʥʘʯʝʥʠʝ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ: ʩʝʨʳʡ ï ʫʛʣʝʨʦʜ, ʢʨʘʩʥʳʡ ï 

ʢʠʩʣʦʨʦʜ, ʩʠʥʠʡ ï ʘʟʦʪ, ʞʸʣʪʳʡ ï ʩʝʨʘ, ʩʘʣʘʪʦʚʳʡ ï ʬʪʦʨ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ï ʙʨʦʤ, ʬʠʦʣʝʪʦʚʳʡ ï ʢʘʣʠʡ, 

ʦʪʪʝʥʢʠ ʟʝʣʸʥʦʛʦ ï ʣʘʥʪʘʥʠʜʳ 
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ɼʣʷ ʦʯʠʩʪʢʠ ʦʪ ʧʨʠʤʝʩʠ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʠʟ ʧʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʵʪʘʥʦʣ, ʘʮʝʪʦʥ), 

ʧʦʩʢʦʣʴʢʫ K[Ln(Lʍ)2](Solv) ʨʘʩʪʚʦʨʠʤ ʩʣʘʙʝʝ K2Lʍ/KHLʍ ʠʣʠ, ʚ ʩʣʫʯʘʝ ʤʘʣʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ, ʧʨʦʤʳʪʴ ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʥʘ ʬʠʣʴʪʨʝ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʘʥʦʣʘ ʠʣʠ ʘʮʝʪʦʥʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʩʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ, ʧʦʩʢʦʣʴʢʫ 

K[Ln(Lʍ)2](Solv) ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʜʘʞʝ ʚ EtOH. 

ʇʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ K[Ln(Lʍ)2](Solv) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʜʣʷ 8 ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʜʘʣʦʩʴ 

ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦʨʦʚ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣ ʠ ʫʩʪʘʥʦʚʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ 8 ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ 3 ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʘ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ.  

 ʘ)  ʙ)  

ʚ)  

ʈʠʩ. 38. ʉʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʘ) K[Yb(LN3)2](ʅ2LN3)(ʊɻʌ), 

ʙ) K[Yb(LBrN3)2]2, ʚ) K2.5[Yb(LBrN3)2]3(ʊɻʌ)3(ʥ-ʛʝʢʩʘʥ). ʆʙʦʟʥʘʯʝʥʠʝ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ: ʩʝʨʳʡ ï ʫʛʣʝʨʦʜ, 

ʢʨʘʩʥʳʡ ï ʢʠʩʣʦʨʦʜ, ʩʠʥʠʡ ï ʘʟʦʪ, ʞʸʣʪʳʡ ï ʩʝʨʘ, ʩʘʣʘʪʦʚʳʡ ï ʬʪʦʨ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ï ʙʨʦʤ, ʬʠʦʣʝʪʦʚʳʡ 

ï ʢʘʣʠʡ, ʦʪʪʝʥʢʠ ʛʦʣʫʙʦʛʦ ï ʣʘʥʪʘʥʠʜʳ 

ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʤʘʪʦʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩʠʥʪʝʟʘ, ʧʨʠ ʠʟʙʳʪʢʝ (ʈʠʩ. 38ʘ) ʠʣʠ ʥʝʜʦʩʪʘʪʢʝ 

(ʈʠʩ. 38ʙ, ʚ) KOH ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ ʠʟʙʳʪʢʝ KOH ʢʦʤʧʣʝʢʩ 
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ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʠʣʩʷ, ʘ ʚʳʧʘʚʰʠʡ ʛʠʜʨʦʢʩʠʜ ʣʘʥʪʘʥʠʜʘ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ. ʀʟ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʨʦʩ ʩʦʢʨʠʩʪʘʣʣ K[Yb(LN3)2](ʊɻʌ) ʠ ʣʠʛʘʥʜʘ (ʅ2LN3). ɺ ʜʨʫʛʠʭ 

ʜʚʫʭ ʩʣʫʯʘʷʭ ʚ ʥʝʜʦʩʪʘʪʢʝ KOH ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʤʝʥʴʰʠʤ, ʯʝʤ ʪʨʝʙʫʝʪʩʷ, 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʪʠʦʥʘ ʢʘʣʠʷ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʈʠʩ. 38ʙ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʙʳʣʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʝʝ 

ʮʝʣʝʚʦʛʦ, ʪʦ ʝʩʪʴ ʥʘ ʜʚʘ ʬʨʘʛʤʝʥʪʘ K[Yb(LBrN3)2] ʧʨʠʭʦʜʠʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʢʘʪʠʦʥ ʢʘʣʠʷ, ʘ 

ʚ ʩʣʫʯʘʝ ʈʠʩ. 38ʚ ʥʘ ʪʨʠ ʬʨʘʛʤʝʥʪʘ [Yb(LBrN3)2]
ï ʧʨʠʭʦʜʠʣʦʩʴ ʪʦʣʴʢʦ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ 

ʢʘʪʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ (ʟʘʩʝʣʸʥʥʦʩʪʴ ʦʜʥʦʡ ʠʟ ʧʦʟʠʮʠʡ ʢʘʣʠʷ ʙʳʣʘ ʨʘʚʥʘ 0.5).  

ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ K[Yb(L)2](ErtOH)2, ʚ ʢʦʪʦʨʦʤ ʢ ʢʘʪʠʦʥʫ ʢʘʣʠʷ ʙʳʣʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʜʚʝ ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ ʠ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʪʦʟʠʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʦʙʦʠʭ ʣʠʛʘʥʜʦʚ ʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [Ln(LX)2]
-, ʩʪʨʫʢʪʫʨʘ ʦʩʪʘʣʴʥʳʭ ʧʦʣʫʯʝʥʥʳʭ 

ʂʉ ʩʦʩʪʘʚʘ K[Ln(LX)2](Solv) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨʥʫʶ ʫʧʘʢʦʚʢʫ ʪʘʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 

[Ln(LX)2]
- ʯʝʨʝʟ ʢʘʪʠʦʥ K+, ʢ ʢʦʪʦʨʦʤʫ ʪʘʢʞʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ ʩʦʣʴʚʘʪʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʣʘʥʪʘʥʠʜʘ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʦʩʪʘʸʪʩʷ ʨʘʚʥʳʤ 8 

(4N+4O). 

ʉʦʩʪʘʚ ʧʦʨʦʰʢʦʚ ʩʦʝʜʠʥʝʥʠʡ K[Ln(LX)2](Solv) ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ MALDI -TOF ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ.  

ʉʦʝʜʠʥʝʥʠʷ K[Ln(LX)2](Solv) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʧʦʵʪʦʤʫ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʠʭ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʘʙʦʢʨʠʩʪʘʣʣʠʯʥʳʝ 

ʠʣʠ ʘʤʦʨʬʥʳʝ ʧʦʨʦʰʢʠ. ʀʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʩʤʝʩʠ ʊɻʌ:ʚʦʜʘ ʧʦʟʚʦʣʠʣʘ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, ʥʦ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʫʜʘʣʦʩʴ ʧʨʦʠʥʜʠʮʠʨʦʚʘʪʴ ʜʠʬʨʘʢʪʦʨʘʛʤʤʫ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ. 
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ʈʠʩ. 39. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʠʬʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦ ʧʦʜʦʙʨʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ K[Yb(LN3)2](H2O)2 

ʤʝʪʦʜʦʤ ʇʘʫʣʠ. ʏʸʨʥʳʝ ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ, ʢʨʘʩʥʦʝ ï ʦʧʠʩʘʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʘʣʛʦʨʠʪʤʫ SVD-index [136] ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ TOPAS5, ʩʠʥʷʷ 

ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʦʧʠʩʘʥʠʝʤ 
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ʊʘʙʣ. 6. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ K[Yb(LN3)2](H2O)2 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 
a, ¡ b, ¡ c, ¡ Ŭ, Á ɓ, Á ɔ, Á V, ¡3 

P-1 10.488(4) 15.148(7) 19.089(8) 114.755(15) 62.95(2) 86.022(13) 2323(2) 
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ʈʠʩ. 40. ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʜʣʷ ʘ) K[Yb(LN3)2](H2O)2, ʙ) 

K[Yb(LBrN3)2](H2O) 

 

ʊʘʙʣ. 7. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

 K[Yb(LN3)2](H2O)2 ʠ K[Yb(LBrN3)2](H2O) 

# 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ (Tmax), 

oC 

ʇʨʦʮʝʩʩ 
M(ʦʩʪʘʪʢʘ), % 

ʨʘʩʯ. 

M(ʦʩʪʘʪʢʘ), % 

ʵʢʩʧ. 

K[Yb(LN3)2](H2O)2 (M = 1141 ʛ/ʤʦʣʴ) 

1 73-184 -2H2O 96.8 96.9 

2 184-288 ï 2N3 89.5 91.4 

3 288-350 90.0 

4 350-451 ­0.6(KYb(CO3)2) + 0.4(KYbO2) 26.1 26.1 

5 451-540 

6 540-660 

7 660-740 

K[Yb(LBrN3)2](H2O) (M = 1279 ʛ/ʤʦʣʴ) 

1 40-214 -H2O 98.6 98.7 

2 214-353 ï 2N3 92.0 92.4 

3 353-444  ­0.5K2(CO3)+Yb(CO3)3/2 

24.4 

77.0 

4 444-532 56.6 

5 534-662 27.0 

6 662-763 24.4 

7 763-908  0.5K2(CO3)+Yb(CO3)3/2­0.5K2O+0.5Yb2O3 19.1 18.4 

 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ K[Ln(LX)2](Solv), ʧʨʠʯʸʤ ʥʘʣʠʯʠʝ ʠʤʝʥʥʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʠʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʥʘ ʠʦʥʥʳʭ ʪʦʢʘʭ m/z 17 ʠ 18 ʦʜʥʦʚʨʝʤʝʥʥʦ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ 
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ʨʘʟʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ ʣʘʥʪʘʥʠʜʦʚ, ʧʨʠ ʵʪʦʤ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʦʣʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʪʨʝʙʫʝʪʩʷ ʙ·ʣʴʰʝʝ ʚʨʝʤʷ ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000-1200Áʉ. 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʨʷʜʘ 

ʩʧʝʢʪʨʦʚ H2Lʍ ï Ln(Lʍ)(HLʍ) ï K[Ln(Lʍ)2](Solv). 
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ʈʠʩ. 41. ʀʂ-ʩʧʝʢʪʨʳ H2LN3, Yb(LN3)(HLN3) ʠ K[Yb(LN3)2](H2O)2. ʂʨʘʩʥʳʝ ʩʪʨʝʣʢʠ(ŷ) ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ, ʯʝʨʥʳʝ ʩʪʨʝʣʢʠ (ŷ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʣʠʛʘʥʜʦʤ 

ɼʚʝ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʧʨʠ 3500 ʠ 3200 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ N-H ʢʦʣʝʙʘʥʠʷʤ ʘʤʠʜʦ-

ʛʨʫʧʧʳ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʝʨʚʦʡ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ 

(Yb(LN3)(HLN3) ʠ K[Yb(LN3)2](H2O)2), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʩʣʘʙʦʡ ʚʪʦʨʦʡ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʝ Yb(LN3)(HLN3). ʉʣʘʙʘʷ ʠ ʦʯʝʥʴ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

3500 ʩʤ-1 ʚ ʩʧʝʢʪʨʝ K[Yb(LN3)2](H2O)2 ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ OH-ʢʦʣʝʙʘʥʠʷʤ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ ʩʠʣʴʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʂʦʩʚʝʥʥʦ ʦʙ ʵʪʦʤ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ K[Ln(LN3)2](H2O)2, ʚ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

ʩʠʣʴʥʦ ʩʚʷʟʘʥʳ ʯʝʨʝʟ HéH ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʋʟʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 

3060 ʩʤ-1 ʠ 2927 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʉ-ʅ ʩʚʷʟʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʣʠʛʘʥʜʘ H2LN3 ʵʪʠ ʧʦʣʦʩʳ 

ʫh ʠʨʝʥʳ ʠ ʩʤʝʱʝʥʳ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʙʦʣʝʝ ʣʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʣʘʙʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ 

ʣʠʛʘʥʜʘ ʠ K[Yb(LN3)2](H2O)2 ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ʪʠʧʫ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦʜʳ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ K[Yb(LN3)2](H2O)2. 

ʉʣʝʜʫʶʱʠʝ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 1600 ʩʤ-1 ʠ 1560 ʩʤ-1 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ N-H ʘʤʠʜʥʳʭ ʛʨʫʧʧ, ʠ ʚ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ ʵʪʠ 

ʢʦʣʝʙʘʥʠʷ ʟʘʪʫʭʘʶʪ ʠ ʧʦʢʘʟʳʚʘʶʪ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚʦ 

ʚʥʫʪʨʠ-  ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1440 ʩʤ-1 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʢʦʤʧʣʝʢʩʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʣʝʢʩ Yb(LN3)(HLN3) ʪʘʢʞʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʦʡʥʫʶ ʧʦʣʦʩʫ ʧʨʠ 1420 ʩʤ-1 ʠ 1410 ʩʤ-1. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʦ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʨʝʞʠʤʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ; ʪʘʢ, ʚ K[Yb(LN3)2](H2O)2 ʧʦʣʦʞʝʥʠʷ 

ʣʠʛʘʥʜʘ ʵʢʚʠʚʘʣʝʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ Yb(LN3)(HLN3) 

ʥʝʪ. ʉʜʚʠʛ ʠ ʩʫʞʝʥʠʝ ʩʠʛʥʘʣʘ ʘʤʠʜʥʦʡ ʩʚʷʟʠ N-H ʩ 1330 ʩʤ-1 ʚ ʣʠʛʘʥʜʝ ʜʦ 1360 ʩʤ-1 ʚ 

Yb(LN3)(HLN3) ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ Ln(LX)(HLX) ʠ K[Ln(LX)2](Solv) 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʂʉ ʩʦʩʪʘʚʘ K[Ln(LX)2](Solv) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ln(LX)(HLX). ʉʦʩʪʘʚ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ: ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʝʜʠʥʝʥʠʷ Ln(LX)(HLX) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʟʘ ʩʯʸʪ ʦʪʩʫʪʩʪʚʠʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʠʦʥʦʤ ʢʘʣʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ 

ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʟʠʜʦ-ʛʨʫʧʧʫ: ʝʝ ʥʘʣʠʯʠʝ ʩʥʠʞʘʝʪ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʦʠʭ ʩʦʩʪʘʚʦʚ. 

 ʀʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ 

ɼʄʉʆ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʠʤʝʥʝʥʠʡ ʩʦʝʜʠʥʝʥʠʡ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʷ, ʧʦʩʢʦʣʴʢʫ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʂʉ ʩ ʀʂ ʠʟʣʫʯʘʶʱʠʤʠ 

ʣʘʥʪʘʥʠʜʘʤʠ ʩʦʯʝʪʘʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʙʠʦʩʦʚʤʝʩʪʠʤʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ɼʄʉʆ. 

ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʠʟʘʡʥʘ ʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʪ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʠ ʜʣʷ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʙʳʣʦ ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ ʩ H2LN3 

ʠ H2LBrN3, ʧʦʩʢʦʣʴʢʫ ʠʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʘʥʜʠʜʘʪʳ ʚ ʤʘʪʝʨʠʘʣʳ-

ʠʥʜʠʢʘʪʦʨʳ. 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʷʚʣʷʝʪʩʷ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʯʝʪʘʥʠʠ 1D ʩ 2D ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʘ ʪʘʢʞʝ ʩ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʥʘ ʷʜʨʘʭ 23Na. ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ 1ʅ 

ʠ DOSY ʗʄʈ ʠʩʭʦʜʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʝʛʦ. 

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʨʘʥʥʝʡ ʨʘʙʦʪʳ ʥʘʰʝʡ ʛʨʫʧʧʝ [45], ʛʜʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʷʟʴ ʣʘʥʪʘʥʠʜʘ ʩ L2ï ʚ ɼʄʉʆ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʚʷʟʠ ʩ HL-, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Ln(L)(HL) ʠ K[Ln(L)2](Solv) ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ 

ʜʠʩʩʦʮʠʠʨʫʶʪ ʧʦ-ʨʘʟʥʦʤʫ:  

2Ln(L)(HL) Ÿ H2L + [Ln(L)]+ + [Ln(L)2]
- (4) 

K[Yb(L)2] Ÿ K+ + [Yb(L)2]
-  (5) 

ɹʦʣʝʝ ʪʦʛʦ, ʚ ʫʢʘʟʘʥʥʦʡ ʩʪʘʪʴʝ [45] ʜʣʷ ʬʨʘʛʤʝʥʪʘ Ln(L)+ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʚ ʨʘʩʪʚʦʨʝ ʟʘ ʩʯʸʪ ʘʥʘʣʠʟʘ ʩʜʚʠʛʘ ʩʠʛʥʘʣʦʚ Yb(L)+ ʦʪʥʦʩʠʪʝʣʴʥʦ Lu(L)+ ʠ c ʧʦʤʦʱʴʶ 

ʨʘʩʯʸʪʘ ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʘ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʘ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʢʘʪʠʦʥʘ 

ʠʪʪʝʨʙʠʷ, ʠ ʪʘʙʫʣʠʨʦʚʘʥʳ ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʘ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʚ ʬʨʘʛʤʝʥʪʝ Yb(L)+. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ ʚʠʜʥʦ, ʯʪʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʧʝʢʪʨ 

Yb(LN3)(HLN3) ʩʦʜʝʨʞʠʪ ʩʠʛʥʘʣʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ H2LN3 ʠʣʠ K[Yb(LN3)2](H2O)2, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʤʦʥʩʪʨʠʨʫʷ ʥʘʙʦʨ ʥʝʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʠʭ ʩʠʛʥʘʣʦʚ (ʯʸʨʥʳʡ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢ), ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʠʛʥʘʣʘʤ Yb(LN3)+ (ʈʠʩ. 43). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʂʉ Yb(LN3)(HLN3) ʠ K[Yb(LN3)2](H2O)2 ʪʘʢʞʝ ʜʠʩʩʦʮʠʠʨʫʶʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (4)-(5). 

 

ʈʠʩ. 42. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ 

a)

18 16 12 10 8 6 4 2 0 -2 -4

(3)

(2)

 

 

(1)

 
 

ʍʠʤ. ʩʜʚʠʛ (ʤʜ)

 

ʙ) ʚ)  

ʈʠʩ. 43. ʘ)1H ʗʄʈ ʩʧʝʢʪʨ ʜʣʷ (1) H2LN3, (2) Yb(LN3)(HLN3) ʠ (2) K[Yb(LN3)2(H2O)2 ʚ ɼʄʉʆ-d6. 

DOSY ʗʄʈ ʩʧʝʢʪʨʳ ʜʣʷ ʙ) Yb(LN3)(HLN3), ʚ) K[Yb(LN3)2](H2O)2 
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ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʚ ʨʝʞʠʤʝ DOSY ï ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʠʪʴ ʛʨʫʧʧʳ ʩʠʛʥʘʣʦʚ ʯʘʩʪʠʮ 

ʩ ʨʘʟʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʘʤʦʜʠʬʬʫʟʠʠ. ɺ ʩʧʝʢʪʨʝ DOSY ʢʦʤʧʣʝʢʩʘ K[Yb(LN3)2](H2O)2 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʛʨʫʧʧʘ ʩʠʛʥʘʣʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ (). ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. ɺ ʩʧʝʢʪʨʝ ʞʝ 

ʢʦʤʧʣʝʢʩʘ Yb(LN3)(HLN3) ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʠ ʛʨʫʧʧʳ ʩʠʛʥʘʣʦʚ ʩʦ ʩʭʦʞʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʩʘʤʦʜʠʬʬʫʟʠʠ, ʧʨʠʯʝʤ ʵʪʠ ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʜʝʣʝʥʥʳʤ ʩʠʛʥʘʣʘʤ ʬʨʘʛʤʝʥʪʦʚ 

H2LN3, Yb(LN3)+ ʠ [Yb(LN3)2]
- (ʈʠʩ. 43ʘ). ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ K[Yb(LN3)2](H2O)2 

ʜʠʩʩʦʮʠʘʮʠʠ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʨʝʘʢʮʠʠ (5).  

-40 -20 0 20 40

Na[Lu(LN(Ph)2)2]

ppm
-40 -20 0 20 40

ʛ)

Na[Lu(L(N,O,N)Me)2]

ppm

ʚ)

 

ʈʠʩ. 44. 23Na ʗʄʈ ʩʧʝʢʪʨʳ ʚ) Na[Lu(LNPh2)2], ʛ) Na[Lu(LNONPh)2] 

ʏʪʦʙʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʢʘʪʠʦʥ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦʣʥʦʩʪʴʶ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʦʤʧʣʝʢʩʦʤ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ LNPh2 ʠ 

LNONPh ʙʳʣʠ ʪʘʢʞʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 23Na ʗʄʈ, ʜʣʷ ʯʝʛʦ ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ Na[Lu(LX)2]. ɺʦ ʚʩʝʭ 
23Na ʗʄʈ-ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʩʝʛʦ ʦʜʠʥ 

ʩʠʛʥʘʣ ʧʨʠ -2.9 ppm, ʧʨʠʯʝʤ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʈʠʩ. 

44ʚ-ʛ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʠʩʩʦʮʠʘʮʠʶ Na[Lu(LX)2] ʧʦ ʨʝʘʢʮʠʠ (4). 

ʀʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦ ʨʘʟʥʳʤ ʨʝʘʢʮʠʷʤ 

ʷʚʣʷʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʣʘʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʠʮʝ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʛʦ 

ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʨʘʚʥʝʥʠʝʤ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʕʪʦ ʪʘʢʞʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ ʩ H2LN3 ʠ H2LBrN3. 

ʊʘʢ, ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʥʘʙʣʶʜʘʝʪʩʷ 1.5-ʢʨʘʪʥʦʝ ʨʘʟʣʠʯʠʝ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʤʝʞʜʫ 

Yb(LX)(HLX) ʠ K[Yb(LX)2](Solv), ʛʜʝ L = LN3 ʠ LBrN3. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʯʸʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʪʪʝʨʙʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠʤʝʨʥʦ 

ʚ 1.5 ʨʘʟʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʟʣʠʯʘʶʱʝʤʩʷ ʚ 1.5 ʨʘʟʘ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʭ ʩ ʠʦʥʦʤ ʠʪʪʝʨʙʠʷ 

ʣʠʛʘʥʜʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʠʩʩʦʮʠʘʮʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʠʟʤʝʨʝʥʠʝ 

ʢʨʠʚʳʭ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʂʉ K[Yb(LX)2](Solv) ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʤrʠ, ʪ.ʝ. ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʘʩʪʠʮʳ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ, 
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ʩʦʜʝʨʞʘʱʠʝ ʠʪʪʝʨʙʠʡ, ʘ ʜʣʷ Yb(LX)(HLX) ʥʘʙʣʶʜʘʝʪʩʷ ʙʠʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʢʠʥʝʪʠʢʘ 

ʨʝʣʘʢʩʘʮʠʠ, ʪ.ʝ. ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʠʪʪʝʨʙʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʘ (ʇʨʠʣʦʞ. 

4). 

ʊʘʙʣ. 8. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Yb(LX)(HLX) ʠ K[Yb(LX)2](Solv), ʛʜʝ LX = LN3 ʠ LBrN3, ʚ 

20 ʤʄ ʨʘʩʪʚʦʨʝ ɼʄʉʆ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʀʂ ʣʶʤʠʥʦʬʦʨʘʤʠ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ 
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19, % 1.04(9) 1.50(13) 1.29(6) 1.64(11) 0.54 5.3 å3.9** 2.5% 

ɚmax(em), ʥʤ 1016 1016 1016 1016 1000 1048 1035 978 

Ů, (MĿcʤ)-1 38400 45300 33500 39000 9700 5000 å12000 6000 

ɚmax(abs), ʥʤ 385 386 391 391 655 733 å340* 385 

ŮĿQY, (MĿcʤ)-1 400 680 432 640 53 250 468 150 

Űobs, ʤʢʩ 15.7(2) 22.6(2) 15.7(1.4) 23.4(1.5) - - 47 52 

Űrad, ʤʢʩ 659(3) 900(78) 592(2) 916(38) - - å1200 680 

19 , % 2.4 2.5 2.7 2.6 - - 3.9** 7.6 

ɖ, % 43 60 48 66 - - 100** 33 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʠʤʝʥʥʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ K[Ln(LX)2](Solv), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʚ ʨʘʩʪʚʦʨʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʘʥʠʦʥʘ [Ln(Lʍ)2]
-, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ln(Lʍ)(HLʍ), 

ʛʜʝ ʚ ʨʘʩʪʚʦʨʝ ʩ ʦʜʥʠʤ ʢʘʪʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ ʩʚʷʟʘʥʳ ʪʦʣʴʢʦ 1.5 ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ ï Ln(Lʍ)(HLʍ) ʠʣʠ K[Ln(LX)2](Solv) ï ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ. ɿʘ ʩʯʸʪ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʩ ʣʘʥʪʘʥʠʜʦʤ 

ʜʚʫʭʟʘʨʷʜʥʦʛʦ LX2-, ʯʝʤ ʦʜʥʦʟʘʨʷʜʥʦʛʦ HLX -, ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ [Ln(LX)2]
- ʫʩʪʦʡʯʠʚ ʢ 

ʜʠʩʩʦʮʠʘʮʠʠ ʜʘʞʝ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ, ʪʦʛʜʘ ʢʘʢ Ln(Lʍ)(HLʍ) ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ Ln(LX)+ ʠ 

[Ln(LX)2]
-. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʢ-ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʟʞʝ, ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʠʤʝʥʥʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

K[Ln(LX)2](Solv), ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Ln(Lʍ)2]
- ʚ ʨʘʩʪʚʦʨʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʠʩʩʦʮʠʘʮʠʷ Ln(Lʍ)(HLʍ) 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ ʘʥʠʦʥʥʦʡ, ʥʦ ʠ ʢʘʪʠʦʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ, ʯʪʦ 

ʪʘʢʞʝ ʚʘʞʥʦ ʜʣʷ ʙʠʦʧʨʠʤʝʥʝʥʠʡ. 
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 ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʛʘʣʦʛʝʥ-ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ 

ʐʠʬʬʘ ʜʣʷ OLED 

ʀʂ OLED ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʬʦʪʦʪʝʨʘʧʠʠ [148], ʥʦʩʠʤʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ [148], ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʩʚʝʪ [149]. ʇʨʠ ʵʪʦʤ OLED ʥʘ ʦʩʥʦʚʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 

ʠʟ-ʟʘ ʫʟʢʠʭ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʠʟʣʫʯʘʝʤʦʛʦ ʩʚʝʪʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʸʚ ʀʂ OLED ʥʘ ʦʩʥʦʚʝ ʂʉ 

ʠʪʪʝʨʙʠʷ ʟʘʪʨʫʜʥʝʥʦ ʢʘʢ ʥʠʟʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʚ ʦʙʲʝʤʝ ʣʶʤʠʥʦʬʦʨʘ, 

ʪʘʢ ʠ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʪʦʥʢʫʶ ʧʣʸʥʢʫ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʣʱʠʥʳ ʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʧʦʜʭʦʜ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ, ʧʦʩʢʦʣʴʢʫ ʚʚʝʜʝʥʠʝ ʛʘʣʦʛʝʥ-ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʞʝʪ ʩʦʟʜʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʧʦʣʴ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʩʦʣʴʚʘʪʘʮʠʠ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʦʥʦï ʠ ʜʠ-ʟʘʤʝʱʸʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ: H2LBrH, H2LBrF, H2LBrI . ʅʘ 

ʧʨʠʤʝʨʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʧʦʢʘʟʘʪʴ ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʪʝʧʝʥʴ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʠ ʚʳʙʨʘʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. 

 

ʈʠʩ. 45. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ H2LBrH, H2LBrF, H2LBrI  

 

ʊʘʙʣ. 9. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʂʉ ʠʪʪʝʨʙʠʷ ʩ ʛʘʣʦʛʝʥ-ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʧʨʠ 25Áʉ  

Yb(LBrX)(HLBrX) ʊɻʌ CH3CN CH3C(O)CH3 ɼʠʦʢʩʘʥ ʕʪʘʥʦʣ 

X=H 18 3 7 28 <0.001 

X=F 24 12 6 32 <0.001 

X=I 14 5 5 30 <0.001 

X=H 
(Yb(L)(HL) ) 

2 1 1 18 <0.001 

 

ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʛʠʜʨʦʢʩʠʜʥʦʡ ʤʝʪʦʜʠʢʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Ln(LX)(HLX) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʦʩʪʘʪʦʯʥʫʶ (5 ʛ/ʣ ʠ ʚʳʰʝ) ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʜʣʷ OLED 
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ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢ ʧʨʠʤʝʨʫ, ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʊɻʌ ï ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʂʉ ʩ ʥʝʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʤʧ ʣʠʛʘʥʜʘʤʠ. 

ʇʨʝʞʜʝ, ʯʝʤ ʠʟʫʯʠʪʴ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʳʣʘ 

ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʯʪʦ ʚʢʣʶʯʘʣʦ ʦʮʝʥʢʫ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ 

ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ, ʠʟʤʝʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʀʂ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ.  

ʆʮʝʥʢʘ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (E(T1)) ʣʠʛʘʥʜʘ ʦʙʳʯʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʘʢʩʠʤʫʤʫ ʧʦʣʦʩʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ (77ʂ) ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ ʩ ʵʪʠʤ ʣʠʛʘʥʜʦʤ. 

ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (E(S1)) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤ 

ʧʦʣʦʩʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʠʛʘʥʜʘ. ʕʥʝʨʛʠʶ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʛʘʣʦʛʝʥ-ʟʘʤʝʱʸʥʥʳʭ 

ʣʠʛʘʥʜʦʚ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʜʣʷ LBrH: ʦʥʘ ʩʦʩʪʘʚʠʣʘ E(T1)=17100 ʩʤ-1, 

E(S1)=18800 ʩʤ
-1. ɺ ʩʧʝʢʪʨʘʭ Gd(LBrF)(HBrF) ʠ Gd(LBrI)(HLBrI) ʜʘʞʝ ʧʨʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ʇʨʠʣʦʞ. 6).  

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʧʳʪʢʘ ʧʨʦʚʝʨʠʪʴ ʵʪʠ ʟʥʘʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ ʠʟʤʝʨʝʥʠʷ 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ, ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ [150], ʪʘʢʞʝ ʥʝ ʫʜʘʣʘʩʴ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (77 ʂ) 

ʩʚʝʯʝʥʠʝ ʝʚʨʦʧʠʷ ʙʳʣʦ ʝʜʚʘ ʟʘʤʝʪʥʳʤ (ʇʨʠʣʦʞ. 7). ʕʪʦ, ʦʜʥʘʢʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʩʝʭ ʣʠʛʘʥʜʦʚ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʝʚʨʦʧʠʷ (E(5D0(Eu3+)) = 17200 ʩʤ-1) ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʪʪʝʨʙʠʷ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Yb(BrLX)(HL BrX) (ʈʠʩ. 46ʙ) ʧʦʢʘʟʘʣʠ 

ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʪʠʧʠʯʥʦʡ ʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Yb3+, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʛʦ ʧʝʨʝʭʦʜʫ 

2F7/2 Ÿ 
2F5/2. 

ʊʘʙʣ. 10. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʉ ʠʪʪʝʨʙʠʷ ʩ ʛʘʣʦʛʝʥ-ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ. 

ɺʝʱʝʩʪʚʦ Yb(LBrH)(HLBrH) Yb(LBrF)(HLBrF) Yb(LBrI)(HLBrI) 

QYYb
L ,% 0.5 1.3 1.9 

Űobs, ʤʢʩ 12.4 9.2 11.4 

Űrad, ʤʢʩ 383 960 521 

QYYb
Yb, % 3.2 0.9 2.2 

ɖsens, % 17 100 86 

 

ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʠʪʪʝʨʙʠʷ ʙʳʣ ʦʧʨʝʜʝʣʸʥ 

ʘʙʩʦʣʶʪʥʳʤ ʤʝʪʦʜʦʤ (ʊʘʙʣ. 10). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 0.5% ʜʣʷ 

Yb(LBrH)(HLBrH) ʜʦ 1.9% ʜʣʷ Yb(LBrI)(HLBrI). ʇʝʨʚʦʝ ʟʥʘʯʝʥʠʝ ʦʯʝʥʴ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʦʨʦʰʢʦʚ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʜʠʥʩʪʚʝʥʥʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 
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ʠʪʪʝʨʙʠʷ ʥʘʭʦʜʠʪʩʷ ʧʦ ʵʥʝʨʛʠʠ ʦʢʦʣʦ 10 000 ʩʤ-1 ʫʩʣʦʞʥʷʝʪ ʝʛʦ ʩʝʥʩʠʙʠʣʠʟʘʮʠʶ ʠ 

ʫʧʨʦʱʘʝʪ ʪʫʰʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʣʫʯʘʶʱʠʤʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ Tb3+ ʠ Eu3+. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʝʣʠʯʠʥʳ QY ʧʦʨʷʜʢʘ 1.5% ʩʯʠʪʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ï ʢʘʢ, ʢ ʧʨʠʤʝʨʫ, 

QY = 1.4%, ʧʦʣʫʯʝʥʥʳʡ ʜʣʷ Yb(L)(HL) ʚ [151]. ʇʦʩʢʦʣʴʢʫ ʣʠʛʘʥʜʳ ʚ Yb(L)(HL) ʠ 

Yb(LBrH)(HLBrH) ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʘʪʦʤʘ ʙʨʦʤʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʝʛʦ ʥʝʛʘʪʠʚʥʦʡ ʨʦʣʠ ʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʪʪʝʨʙʠʷ ʚ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʚʝʜʝʥʠʝ 

ʛʘʣʦʛʝʥʘ ʚʤʝʩʪʦ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʨʷʜʦʤ ʩ ʠʦʥʦʤ ʠʪʪʝʨʙʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ (1.3% ʜʣʷ Yb(LBrF)(HLBrF)) ʠʣʠ ʜʘʞʝ 

ʚʦʟʨʘʩʪʘʝʪ (1.9% ʜʣʷ Yb(LBrI)(HLBrI)) ï ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʢʦʣʝʙʘʥʠʡ C-H, 

ʪʫʰʘʱʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʶ. ɿʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʜʣʷ Yb(LBrI)(HLBrI) ʷʚʣʷʝʪʩʷ 

ʯʝʪʚʝʨʪʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʧʦʨʦʰʢʦʚ ʢʦʤʧʣʝʢʩʦʚ 

ʠʪʪʝʨʙʠʷ ʧʦʩʣʝ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʣʦʢʨʘʫʥʘ {Yb 3+[Zn(II)MCquinHA]} (2.4% ʚ [19]), 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 9-ʘʥʪʨʘʮʝʥʘʪʘ ʠʪʪʝʨʙʠʷ [Yb0.3Lu0.7(ant)3] (2.5% ʚ [152]), ʠ ʙʝʥʟʦʢʩʘʟʦʣ-

ʟʘʤʝʱʝʥʥʦʛʦ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘʪʘ (3.7% ʚ [153]). 

ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʙʳʣʠ ʩʭʦʞʠʤʠ, ʚʥʫʪʨʝʥʥʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʪʘʢʞʝ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ 

(0.9-3.2%), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʝʥʠʝ PLQY ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʂ ὗὣȾὗὣ  ʠ ʟʘʚʠʩʠʪ 

ʦʪ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʛʘʥʜʘ. 
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ʈʠʩ. 46. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʘ) ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʙ) ʜʣʷ 1) Yb(LBrH)(HLBrH) 2) Yb(LBrF)(HLBrF) ʠ 3) 

Yb(LBrI)(HLBrI) ʚ ʧʦʨʦʰʢʝ 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʘ ʠʥʪʝʥʩʠʚʥʘ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ 

ʧʦʛʣʦʱʝʥʠʝʤ (ʜʦ 89000 (ʄĿʩʤ)-1 ʜʣʷ Yb(LBrI)(HLBrI) ʧʨʠ 230 ʥʤ), ʘ ʢʨʘʩʥʘʷ ʛʨʘʥʠʮʘ 

ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ (ʈʠʩ. 46, ʘ) ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (425 ʥʤ). ʕʪʦ 

ʜʝʣʘʝʪ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳʤʠ ʪʘʢʞʝ ʠ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ.  

ɺ ʜʘʥʥʦʡ ʞʝ ʨʘʙʦʪʝ ʤʳ ʩʬʦʢʫʩʠʨʦʚʘʣʠʩʴ ʥʘ ʠʟʫʯʝʥʠʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ PLQY ʠ ʚʳʩʦʢʦʡ 



 80 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʦʧʳʪʝ ʨʘʙʦʪʳ ʩ 

ʥʝʣʝʪʫʯʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʣʘʥʪʘʥʠʜʦʚ [45,150,151], ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʣʝʜʫʶʱʘʷ: 

ITO/PEDOT:PSS (50 ʥʤ)/poly TPD (20 ʥʤ) /EML (30 ʥʤ)/OXD 7 (15 ʥʤ) /LiF (1 ʥʤ)/Al (100 

ʥʤ). ɺʩʝ OLED 1-3 (ʊʘʙʣ. 11) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʠʦʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠʪʪʝʨʙʠʷ. 

OLED1 ʥʘ ʦʩʥʦʚʝ Yb(LBrH)(HLBrH) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʚʳʩʰʫʶ ʚ ʨʷʜʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʪʦʢʫ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʣʘ 110 ʤʢɺʪ/ɺʪ  

(U = 4 ɺ, I = 0.1 ʤɸ/ʩʤ2, P = 0.075ʤʢɺʪ/ʩʤ2) (ʈʠʩ. 47). 

ʊʘʙʣ. 11. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ OLED ʫʩʪʨʦʡʩʪʚ 

OLED OLED1 OLED2 OLED3 

ʉʦʝʜʠʥʝʥʠʝ Yb(LBrH)(HLBrH) Yb(LBrF)(HLBrF) Yb(LBrI)(HLBrI)  

Uon, ɺ 4 3 5 

ECE, ʤʢɺʪ/ɺʪ 110 70 80 
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ʈʠʩ. 47. ʘ) ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʙ) ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚ) ECE ʜʣʷ OLED1-3 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʛʘʣʦʛʝʥʦʚʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚʤʝʩʪʝ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʜʦ 24 ʛ/ʣ ʚ ʊɻʌ). ɻʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʨʷʜʦʤ ʩ ʠʦʥʦʤ ʠʪʪʝʨʙʠʷ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ 

ʫʚʝʣʠʯʠʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʙʣʘʛʦʜʘʨʷ ʫʭʫʜʰʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʫʰʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ; ʦʜʥʘʢʦ ʙʨʦʤʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʥʦʛʦ ʷʜʨʘ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ QY. ɺʳʩʦʢʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ (ʜʦ 1.9% ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʯʝʪʚʝʨʪʳʤ 

ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʢʘʟʘʪʝʣʝʤ) ʧʦʟʚʦʣʠʣʠ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ 

OLED-ʫʩʪʨʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦ 110 ʤʢɺʪ/ɺʪ ʜʣʷ 

Yb(LBrH)(HLBrH). 

 ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʘʨʠʣʦʠʣ-ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ 

ʐʠʬʬʘ ʜʣʷ OLED 

ʉʣʝʜʫʶʱʠʤ ʧʦʜʭʦʜʦʤ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ OLED ʩʪʘʣʦ ʧʦʚʳʰʝʥʠʝ 

ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʠʪʪʝʨʙʠʷ. ɼʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʂʉ, 

ʩʦʯʝʪʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʫʶ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʜʳʨʦʢ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʣʠʛʘʥʜʳ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ, ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠ ʩʦʧʨʷʞʸʥʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʈʠʩ. 48). 

 

ʈʠʩ. 48. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ (ʅ2L) ʠ ʘʨʠʣʦʠʣ-ʟʘʤʝʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

5.5.1 ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʩʦʧʨʷʞʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʦʚ 

ʇʝʨʚʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʙʳʣʦ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʩʦʧʨʷʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ: ʨʘʥʝʝ [154,155] Guangjun 

Nan ʧʦʢʘʟʘʣ, ʯʪʦ ʫʧʘʢʦʚʢʘ ʠ ˊ-ʩʪʝʢʠʥʛ ʤʦʣʝʢʫʣ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʤʝʩʪʦ 

ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʬʪʠʣʴʥʘʷ ʠ ʧʠʨʝʥʠʣʴʥʘʷ, ʠ ʩ ʣʠʛʘʥʜʘʤʠ H2L, H2LNaph 

ʠ H2LPyr ʧʦ ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ ʤʝʪʦʜʠʢʘʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Ln(LX)(HLX) 

ʠ K[Ln(LX)2](Solv). ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʩʠʥʪʝʟʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʊɻʌ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʚ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʂʉ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʘʤʝʩʪʠʪʝʣʷ.  

ʘ) ʙ)  

ʈʠʩ. 49. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʘ) Yb(LNaph)(HLNaph)xiv, ʙ) Yb(LPyr)(HPyr)xv 

                                                 

xiv ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ ʢ.ʭ.ʥ. ʎʳʤʙʘʨʝʥʢʦ ɼ.ʄ. (ʍʌ ʄɻʋ) 

xv ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ Dr. Zhu Yanan (Shenzhen MSU-BIT University) 
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ʘ) ʙ)  

ʚ) ʛ)  

ʜ) ʝ)  

ʈʠʩ. 50. ʃʦʢʘʣʠʟʘʮʠʷ ʘ),ʚ),ʜ) HOMO ʠ ʙ),ʛ),ʝ) LUMO ʜʣʷ a),ʙ) Yb(L)(HL), ʚ,ʛ) Yb(LNaph)(HLNaph)xvi, ʜ),ʝ) 

Yb(LPyr)(HLPyr)xvii 

ʊʘʙʣ. 12. ʀʟʤʝʨʝʥʥʳʝ ʤʝʪʦʜʦʤ photo-CELIV ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʥʝʢʦʪʦʨʳʭ ʂʉ 

 ʇʦʜʚʠʞʥʦʩʪʴ, cʤ2 ɺī1 ʩ ī1 (Ñ5 Ĭ 10ī7 cʤ2 ɺī1 ʩ ī1) 

ʇʦʜʚʠʞʥʦʩʪʴ ʜʳʨʦʢ, ɛh ʇʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ɛe 

K[Yb(L) 2] 2.62 Ĭ 10ī6 6.89 Ĭ 10ī7 

K[Yb(L Naph)2] 2.68 Ĭ 10ī6 1.69 Ĭ 10ī6 

 

                                                 

xvi ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ ʢ.ʭ.ʥ. ʎʳʤʙʘʨʝʥʢʦ ɼ.ʄ. (ʍʌ ʄɻʋ) 

xvii ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ Dr. Yanan Zhu (Shenzhen MSU-BIT University) 
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ʇʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʂʉ ʩ ʘʥʠʦʥʘʤʠ L2-, ʜʣʷ 

Yb(LNaph)(HLNaph) ʠ Yb(LPyr)(HPyr) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʛʝʦʤʝʪʨʠʷ ʠ ʵʥʝʨʛʠʷ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ DFTxviii. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʡ ʛʝʦʤʝʪʨʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ Yb(L)(HL). ʇʦʣʫʯʝʥʥʳʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʩʭʦʜʥʳ ʩ ʥʝʡ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʥʦʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ Yb(Lʍ)(HLʍ), 

ʛʜʝ LX = L, LNaph, LPyr (ʈʠʩ. 49). 

ʈʘʩʯʝʪ ʵʥʝʨʛʠʠ ʠ ʛʝʦʤʝʪʨʠʠ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ 

ʢʦʤʧʣʝʢʩʦʚ Yb(Lʍ)(HLʍ), ʛʜʝ LX = L, LNaph, LPyr. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʠʚʳʩʰʘʷ ʟʘʧʦʣʥʝʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ (HOMO) ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ 

ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʣʠʛʘʥʜʝ (L2-), ʘ ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

(LUMO) ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ ʜʨʫʛʦʤ ʣʠʛʘʥʜʝ (HL-) (ʈʠʩ. 50). 

ʊʘʙʣ. 13. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ HOMO ʠ LUMO ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ TD-DFT ʨʘʩʯʸʪʦʚ 

 E(HOMO), ʵɺ E(LUMO), ʵɺ 

Yb(L)(HL) 5.129 2.633 

Yb(LNaph)(HLNaph) 5.138 2.65 

Yb(LPyr)(HLPyr) 5.67 2.57 

 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ LUMO ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʣʠʛʘʥʜʝ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ HOMO ʦʞʠʜʘʝʤʦ ʨʘʩʪʝʪ ʚ ʚʳʙʨʘʥʥʦʤ ʨʷʜʫ ʟʘʤʝʩʪʠʪʝʣʝʡ, 

ʠ ʜʣʷ ʧʠʨʝʥʠʣ-ʟʘʤʝʱʸʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʦʢʘʟʘʣʦʩʴ ʧʦʯʪʠ ʥʘ 0.4 ʵɺ ʥʠʞʝ, ʯʝʤ ʫ ʬʝʥʠʣ- 

ʠʣʠ ʥʘʬʪʠʣ-ʟʘʤʝʱʸʥʥʳʭ ʘʥʘʣʦʛʦʚ (ʊʘʙʣ. 13). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ photo-CELIV 

(ʠʟʚʣʝʯʝʥʠʝ ʟʘʨʷʜʦʚ ʧʨʠ ʣʠʥʝʡʥʦ ʧʦʚʳʰʘʝʤʦʤ ʥʘʧʨʷʞʝʥʠʠ ï Charge Extraction in a Linearly 

Increasing Voltage), ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʵʪʦʪ ʤʝʪʦʜ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʪʦʥʢʠʭ ʧʣʸʥʢʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʤʝʪʦʜʠʢʠ, ʦʥ 

ʠʟʤʝʨʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʜʚʠʞʥʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʶ, ʘ ʥʝ ʚʜʦʣʴ ʩʣʦʷ. ɼʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʩʪʳʝ ʩʣʦʠ ʤʘʪʝʨʠʘʣʘ ï 

ʥʝ ʤʝʥʝʝ 100 ʥʤ, ï ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ K[Yb(LX)2](Solv) (LX 

= L, LNaph), ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʦʩʪʘʪʦʯʥʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʪʘʢʠʭ ʧʣʝʥʦʢ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʜʳʨʦʢ ʚ 

ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʘ ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʫ 

                                                 

xviii  ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʬʫʥʢʮʠʦʥʘʣ PBE0 ʩ ʢʦʨʨʝʢʮʠʝʡ D3BJ ʧʦ ʤʦʜʝʣʠ PCM ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ, ʩ SDD ʜʣʷ Yb, ʜʣʷ ʜʨʫʛʠʭ ʘʪʦʤʦʚ ʩ 6-31G**. ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ Gaussian 

09 D.01. ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ Dr. Zhu Yanan (Shenzhen MSU-BIT University) 
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K[Yb(L Naph)2] ʚ 2.5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ K[Yb(L)2], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʜʝʣʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ (ʊʘʙʣ. 12). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʚʩʝʛʦ ʥʘ 

ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʧʦʜʚʠʞʥʦʩʪʝʡ ʪʠʧʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢ ʧʨʠʤʝʨʫ, TPBi 

(2,2ǋ,2ǌ-(1,3,5-benzenetriyl)-tris(1-phenyl-1-H-benzimidazole) ɛe= Ḑ10-5 cʤ2 ɺī1 ʩ ī1 [167]. 

ʘ) ʙ)  

ʈʠʩ. 51. ʘ) ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Lu(LNaph)(HLNaph) (ʚʚʝʨʭ) ʠ Gd(LNaph)(HLNaph) (ʥʠʟ), ʘ ʪʘʢ ʞʝ 

Lu(LPyr)(HLPyr) (ʚʚʝʨʭ) ʠ Gd(LPyr)(H LPyr) (ʥʠʟ) ʧʨʠ 77 ʠ 293ʂ 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ OLED ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ ʠʟʫʯʠʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ.  

ʊʘʙʣ. 14. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʂʉ ʩ ʩʦʧʨʷʞʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ 

ʉʦʝʜʠʥʝʥʠʝ 
T1,  

cm-1 

QY (%), 

Ñ0.2% 

Ů (ʄ-1ʩʤ-1), 

Ñ 1000 ʄ-1ʩʤ-1 

Ls (ʄ-1ʩʤ-1), 

Ñ80 ʄ-1ʩʤ-1 

Űobs, 

ʤʢʩ 

Yb(L)(HL)  19400 1.21 44 400 537 15 

Yb0.5Lu0.5 (L)(HL)  19400 1.34 44 400 595 14 

Yb0.1Lu0.9(L)(HL)  19400 1.13 44 400 502 13 

K(H2O)2[Yb(L) 2] 17100 1.31 44 400 582 12 

Yb(LNaph)(HLNaph) 17400 0.51 60 000 306 14 

K[Yb(LNaph)2](H2O)2(EtOH) 16700 0.58 60 000 348 12 

Yb(LPyr)(HLPyr) - 0.28 106 400 298 10 

 

ʆʮʝʥʢʘ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʛʘʥʜʦʚ ʦʢʘʟʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʡ ʪʦʣʴʢʦ ʜʣʷ ʬʝʥʠʣ- ʠ ʥʘʬʪʠʣ-ʟʘʤʝʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʧʝʢʪʨʘʭ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ ʠ ʣʶʪʝʮʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʩʳ ï 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɼʣʷ ʧʠʨʝʥʠʣ-ʟʘʤʝʱʸʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʵʪʦʪ ʤʝʪʦʜ ʥʝ 
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ʩʨʘʙʦʪʘʣ, ʧʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨʳ ʂʉ ʣʶʪʝʮʠʷ ʠ ʛʘʜʦʣʠʥʠʷ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʘʷ ʧʦʣʦʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. 

ʀʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʷʜʫ ʂʉ ʠʪʪʝʨʙʠʷ ʩ ʬʝʥʠʣ-, ʥʘʬʪʠʣ- 

ʠ ʧʠʨʝʥʠʣ- ʟʘʤʝʱʸʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʦʞʠʜʘʝʤʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ʩ 44 400 ʜʦ 106 400 (ʄĿʩʤ)-1, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ ʣʠʛʘʥʜʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʚ ʚʳʙʨʘʥʥʦʤ ʨʷʜʫ ʣʠʛʘʥʜʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʪʪʝʨʙʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʩʦʧʨʷʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ: 1.3%, ʜʣʷ ʂʉ ʩ 

ʬʝʥʠʣ-ʟʘʤʝʱʸʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ, ʦʢʦʣʦ 0.5% ï ʩ ʥʘʬʪʠʣ-ʟʘʤʝʩʪʠʪʝʣʝʤ ʠ ʦʢʦʣʦ 0.3% 

ï ʩ ʧʠʨʝʥʠʣ-ʟʘʤʝʩʪʠʪʝʣʝʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʘʞʝ ʧʦʚʳʰʝʥʠʝ ʚ ʜʘʥʥʦʤ ʨʷʜʫ 

ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʩʚʝʪʠʤʦʩʪʠ (Ls), ʨʘʚʥʦʡ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʘʜʘʝʪ ʩ ʧʦʯʪʠ 600 ʜʦ ʧʦʯʪʠ 300 (ʄĿʩʤ)-1. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʂʉ ʩ L ʠ LNaph, ʚ ʩʧʝʢʪʨʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ Yb(LPyr)(HLPyr) 

ʢʘʢ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ Yb3+, ʪʘʢ ʠ ʧʦʣʦʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. ʂ ʵʪʦʤʫ ʧʨʠʚʦʜʠʪ ʥʠʟʢʠʡ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (0.3%) ʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʠʨʝʥ-

ʧʨʦʠʟʚʦʜʥʳʭ ʢ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [168]. ʅʘʣʠʯʠʝ ʵʪʠʭ ʜʚʫʭ ʧʦʣʦʩ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ: ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠʪʪʝʨʙʠʷ ʩʣʘʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ (luminescence intensity ratio 

ï LIR) ʙʳʣʦ ʚʳʙʨʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʝʪʘʣʣʘ (850-1100 ʥʤ) ʠ ʣʠʛʘʥʜʘ 

(400-700 ʥʤ).  
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ʈʠʩ. 52. ʘ) ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Yb(LPyr)(HLPyr) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʙ) ɿʘʚʠʩʠʤʦʩʪʴ LIR ʠ 

Sr ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 300-400ʂ. ɚex = 365 ʥʤ 

ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (Sr) ʜʘʥʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ 

ʬʦʨʤʫʣʝ (ʈʠʩ. 52): 
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Ὓ ρππϷ
ὨὒὍὙ

ὒὍὙὨὝ
 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ LIR ʧʦʨʦʰʢʘ Yb(LPyr)(HLPyr) ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 77-400ʂ 

(ʈʠʩ. 52 ʠ ʇʨʠʣʦʞ. 8), ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 2.4%/ʂ.  

ʊʘʙʣ. 15. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ OLED 

ʄʘʪʝʨʠʘʣ EML Uon, 

ɺ 

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ, 

ITO/PEDOT:PSS 

éé../LiF/Al  

ʄʘʢʩ. 

ʷʨʢʦʩʪʴ, 

ʤʢɺʪ/ʩʤ2 

ʄʘʢʩ. 

EQE, 

% 

ʄʘʢʩ. 

ECE, 

ʤʢɺʪ/ɺʪ 

OLEDˉ 

K[Yb(L)2] 

3.8 /poly-TPD/ Emitter /TPBi/ 2.5 0.025 79 4 

3.8 /poly-TPD/ Emitter /OXD-7 2 0.02 54 5 

4.8 /PVK/ Emitter /TPBi/ 6.5 0.04 82 6 

4.2 /PVK/ Emitter /OXD-7/ 8 0.14 376 7 

K[Yb(LNaph)2] 
3.9 /PVK/ Emitter/TPBi/ 4 0.0003 93 8 

3.4 /PVK/ Emitter /OXD-7/ 10 0.12 441 9 

Yb(LPyr)(HLPyr) 
9 /PVK/ Emitter /TPBi/ 14 0.008 7 10 

5 /poly-TPD Emitter /TPBi/ 15 0.01 30 11 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ OLED ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ. ʇʦʜʙʦʨ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠ ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʸʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʧʘʨʳ PVK (poly(9-

vinylcarbazole) ï ʧʦʣʠʚʠʥʠʣʢʘʨʙʘʟʦʣ) ʠ OXD-7 (1,3-bis[2-(4-tert-butylphenyl)-1,3,4-oxadiazo-

5-yl]benzene-1,3-ʙʠʩ[2-(4-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣ)-1,3,4-ʦʢʩʘʜʠʘʟʦ-5-ʠʣ]ʙʝʥʟʦʣ). ʇʨʠ ʵʪʦʤ poly-

TPD (N,Nǋ-bis(3-methylphenyl)-N,Nǋ-diphenylbenzidine ï N,N'-ʙʠʩ(3-ʤʝʪʠʣʬʝʥʠʣ)-N,N'-

ʜʠʬʝʥʠʣʙʝʥʟʠʜʠʥ), ʭʦʪʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ 200Áʉ, ʯʪʦ ʩʜʝʣʘʝʪ ʝʛʦ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʠ ʧʦʟʚʦʣʷʝʪ 

ʥʘʥʦʩʠʪʴ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʊɻʌ. ɺ ʩʣʫʯʘʝ ʞʝ PVK 

ʥʘʥʝʩʝʥʠʝ ʠʟ ʊɻʌ ʧʨʠʚʝʜʸʪ ʢ ʝʛʦ ʨʘʟʤʳʚʘʥʠʶ.  

ʄʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (EQE = 0.14%) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʫʩʪʨʦʡʩʪʚʦ ʩ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ ITO/PEDOT:PSS/PVK/K[Yb(L)2]/OXD-7/LiF/Al, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ECE = 441 ʤʢɺʪ/ɺʪ ï ʫʩʪʨʦʡʩʪʚʦ 

ITO/PEDOT:PSS/PVK/K[Yb(LNaph)2]/OXD-7/LiF/Al. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ 

ʥʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ Yb(LNaph)2, ʚʚʝʜʝʥʠʝ ʩʦʧʨʷʞʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʤʠʩʩʠʦʥʥʦʤ ʩʣʦʝ. 

ʂʦʤʧʣʝʢʩ Yb(LPyr)(HLPyr) ʦʢʘʟʘʣʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩʪʚʦʨʠʤ ʚ ʩʧʠʨʪʝ, ʧʦʵʪʦʤʫ ʦʥ 

ʙʳʣ ʥʘʥʝʩʸʥ ʠʟ ʊɻʌ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʤʳʪʠʶ ʩʣʦʷ PVK ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʟʠʣʦ ECE 

ʫʩʪʨʦʡʩʪʚʘ ITO/PEDOT:PSS/PVK/Yb(LPyr)(HLPyr)/TPBi/LiF/Al, ʦʜʥʘʢʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ 
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ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʷʨʢʦʩʪʠ ï 14 ʤʢɺʪ/ʩʤ2 ï OLED10. ɿʘʤʝʥʘ PVK ʥʘ poly-TPD 

ʧʦʟʚʦʣʠʣʘ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʜʦ 15 ʤʢɺʪ/ʩʤ2. ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʠʞʝ, ʯʝʤ ʜʣʷ 

K[Yb(L)2] ʠ K[Yb(LNaph)2 ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʘʢ 

ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʣʠʛʘʥʜʘ. ʕʪʦ, 

ʦʜʥʘʢʦ, ʥʘʪʦʣʢʥʫʣʦ ʥʘ ʤʳʩʣʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʧʝʨʚʳʝ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ OLED 

ʤʝʪʦʜʦʤ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ.  
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ʈʠʩ. 53. ʘ) ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʙ) ʟʘʚʠʩʠʤʦʩʪʠ EQE, ECE ʠ ʠʩʧʫʩʢʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʚ) ʢʨʠʚʘʷ eLIR (electroLuminescence Intensity Ratio = IYb/(4ĿIʣʠʛʘʥʜ) ʜʣʷ OLED10 

ɺ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʵʢʩʠʪʦʥʦʚ ʧʨʠ ʵʣʝʢʪʨʦʚʦʟʙʫʞʜʝʥʠʠ, ʪʦʣʴʢʦ 25% 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʵʢʩʠʪʦʥʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʩʠʥʛʣʝʪʥʳʤʠ, ʘ 75% ʪʨʠʧʣʝʪʥʳʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ OLED, ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʢʩʠʪʦʥʦʚ ʧʦʧʨʘʚʢʫ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣ ʚʳʙʨʘʥ eLIR = 

IYb/(4ĿIʣʠʛʘʥʜʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ, eLIR ʩʦʩʪʘʚʠʣ ʦʪ 0.27 ʜʦ 0.47, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 77Áʉ ʜʦ 114Áʉ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʦʪ 5ɺ ʜʦ 8ɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʩʦʧʨʷʞʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʙʝʥʟʠʣ-, 

ʥʘʬʪʠʣï ʠ ʧʠʨʝʥʠʣ-ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ 

ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ OLED ʩ ʨʝʢʦʨʜʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ECE. ʇʨʠ ʵʪʦʤ ʫʭʫʜʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʥʘ ʢʘʪʠʦʥ 

ʣʘʥʪʘʥʠʜʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʘʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ. 

5.5.2 ɺʚʝʜʝʥʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʌʫʨʘʥ- ʠ ʪʠʦʬʝʥ-ʟʘʤʝʱʸʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʦʙʣʘʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤ ʷʜʨʦʤ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ ʧʦʜʭʦʜ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ OLED. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʚ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ 
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ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ ʥʘ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʉ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʵʪʦ ʚʣʠʷʥʠʝ ʙʳʣʦ ʦʞʠʜʘʝʤʳʤ, ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʵʪʦʛʦ ʚʘʞʥʦ, ʢʘʢ ʯʘʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʦʚ, 

ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʣʠ ʢʘʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʙʳʣʠ ʚʳʙʨʘʥʳ Ln = Nd, Eu, Gd, Er, Yb. 

 

ʈʠʩ. 54. ʌʫʨʘʥ- (H2LO) ʠ ʪʠʦʬʝʥ-(H2LS) ʟʘʤʝʱʸʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 

ɼʘʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʤʝʨʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʧʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ Ln(LX)(HLX) ʩ ʥʠʤʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʚ ʊɻʌ ʚ ʠʟʙʳʪʢʝ ʨʘʩʪʚʦʨʠʤʦʛʦ ʣʠʛʘʥʜʘ. 

ɺ ʩʣʫʯʘʝ Ln = Gd ʚ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʉ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʣʠʛʘʥʜʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʝʨʚʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʘʜʦʣʠʥʠʷ ʣʝʞʠʪ ʚ ʋʌ 

ʜʠʘʧʘʟʦʥʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʂʉ ʛʘʜʦʣʠʥʠʷ ʠʩʧʦʣʴʟʫʶʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʛʘʥʜʘ. ʆʙʳʯʥʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʟʘ ʩʯʝʪ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʛʘʜʦʣʠʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ 

ʣʠʛʘʥʜʘ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʂʉ ʩ ʘʥʠʦʥʘʤʠ H2LO ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʶ 

ʧʨʠ ʦʙʝʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (300ʂ ʠ 77ʂ), ʪʦʛʜʘ ʢʘʢ ʚ ʩʧʝʢʪʨʘʭ Gd(LS)(HLS) ʧʨʠ ʦʙʝʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʣʦʩʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ (ʈʠʩ. 55). ʇʦ ʤʘʢʩʠʤʫʤʫ 0-0 

ʬʦʥʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ (565 ʥʤ) ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʣʠʛʘʥʜʘ ʚ 

Gd(LS)(HLS), ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 17700 ʩʤ-1. 
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ʈʠʩ. 55. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ (300ʂ) ʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (77ʂ): 

ʘ) Gd(LO)(HLO), ʙ) Gd(LS)(HLS) 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ H2LO ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ (ʈʠʩ. 56). ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ ʚ ʥʘʰʝʡ ʛʨʫʧʧʝ ʥʘ ʧʨʠʤʝʨʝ LX = L, ʥʘʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʛʦ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ Eu Ą L ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʟʘʟʦʨ (ɽʘ) ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 5D0 Eu3+ (17 200 ʩʤ-1) ʠ ʵʥʝʨʛʠʝʡ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʣʠʛʘʥʜʘ ʊ1 ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʝʚʨʦʧʠʷ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩ. 57) ʧʦ ʫʨʘʚʥʝʥʠʶ ɹʦʣʴʮʤʘʥʘ: 

ÌÎὍ ὧέὲίὸ
Ὁ

ὯὝ
 

ʛʜʝ k ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ, ɽʘ ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʩ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʚʨʦʧʠʷ 

ʥʘ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʣʠʛʘʥʜʘ, ʘ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ. ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʘʟʥʠʮʫ  

ɺ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ Eu(LO)(HLO), ʘ ʪʘʢʞʝ Eu(LS)(HLS) 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʣʠʛʘʥʜʘ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ʆʜʥʘʢʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ 150ʂ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʝʚʨʦʧʠʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʩʪʝʪ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ.  
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ʈʠʩ. 56. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘ), ʙ) ʠ ʢʨʠʚʳʝ LIR/Sr ʚ),ʛ) ʜʣʷ ʧʦʨʦʰʢʦʚ ʘ), ʚ) Eu(LO)(HLO) ʠ 

ʙ),ʛ) Eu(LS)(HLS) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 80 ʜʦ 200ʂ (ɚex = 337 ʥʤ) 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Ea = 460 Ñ 50 cʤī1 ʜʣʷ 

Eu(LO)(HLO) ʠ Ea = 480 Ñ 30 cʤī1 ʜʣʷ Eu(LS)(HLS), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʵʥʝʨʛʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʛʘʥʜʦʚ ʨʘʚʥʳ T1=17660 cʤ-1 ʠ 
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T1=17680 cʤ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʣʠʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʦʚ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ. 
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ʈʠʩ. 57. ɿʘʚʠʩʠʤʦʩʪʴ ln(I) ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (Tī1) ʜʣʷ a) Eu(LO)(HLO) ʠ ʙ) Eu(LS)(HLS): 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʯʝʨʥʳʝ ʪʦʯʢʠ) ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) 

ʅʘʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʉ ʝʚʨʦʧʠʷ ʥʝ ʧʦʟʚʦʣʠʣʦ ʥʝ 

ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʠʭ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʨʘʮʠʦʤʝʪʨʠʯʝʩʢʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ ʜʣʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʝʚʨʦʧʠʷ ʠ ʣʠʛʘʥʜʘ (ʈʠʩ. 56). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʯʝʥʴ ʚʝʣʠʢʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 6.8 % K-1 (140 K) ʜʣʷ Eu(LO)(HLO) ʠ 7.0% K-1 (100 K) ʜʣʷ Eu(LS)(HLS). 
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ʈʠʩ. 58. a) ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (10-5 ʄ, ʘʮʝʪʦʥʠʪʨʠʣ) ʠ ʙ-ʛ) ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʧʦʨʦʰʦʢʦʚ) (1) 

Yb(LO)(HLO), (2) Yb(LS)(HLS), (3) Nd(LO)(HLO), (4) Nd(LS)(HLS), (5) Er(LO)(HLO), (6) Er(LS)(HLS) 
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ʅʘʢʦʥʝʮ, ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʀʂ ʠʟʣʫʯʘʶʱʠʝ ʠʦʥʳ Ln = Nd, 

Er, Yb. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ Ln(LX)(HLX) (LX = LO, LS) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʘʥʪʘʥʠʜʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ (ʈʠʩ. 58). ʊʘʢ, ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʉ ʠʪʪʝʨʙʠʷ ʜʦʩʪʠʛʣʠ ʚʩʝʛʦ 1%, ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦʡ (ʜʦ 69%) ʩ ʫʯʸʪʦʤ ʥʠʟʢʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʚʳʭʦʜʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 45 000 (ʄĿʩʤ)-1, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʀʟʤʝʨʠʪʴ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʂʉ 

ʥʝʦʜʠʤʘ ʠ ʵʨʙʠʷ ʥʝ ʫʜʘʣʦʩʴ ï ʢʘʢ ʠ ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʠʨʝ ʂʉ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ï ʦʜʥʘʢʦ ʨʝʛʠʩʪʨʘʮʠʷ ʭʦʨʦʰʦ ʨʘʟʨʝʰʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʥʝʦʜʠʤʘ, ʘ 

ʪʘʢʞʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʨʙʠʷ ʧʨʠ 1500 ʥʤ ʩʘʤʠ ʧʦ ʩʝʙʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, 

ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʝʣʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʂʉ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʀʂ ʠʟʣʫʯʘʶʱʠʝ ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ, ʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʥʝʦʜʠʤ ʠ ʵʨʙʠʡ, ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʜʚʝʨʞʝʥʳ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʪʫʰʝʥʠʶ ʠ ʧʦʪʦʤʫ ʚ 

ʩʦʩʪʘʚʝ ʂʉ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʧʦʯʪʠ ʥʠʢʦʛʜʘ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʫʶ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

 

ʊʘʙʣ. 16. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ 

ʂʦʤʧʣʝʢʩ Yb(LO)(HL O) Yb(LS)(HL S) 

QYYb
L,% 0,9(3) 1,0(3) 

Űobs, ʤʢʩ 10 10 

Űrad, ʤʢʩ 750(5) 638(3) 

QYYb
Yb, % 1,3 1,6 

ɖsens, % 69 63 

 

ɺʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦ 

ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ Yb(LO)(HLO) ʠ 

Yb(LS)(HLS) ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ.  

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 80 

ʜʦ 200 ʂ, ʥʦ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʦʞʠʜʘʝʤʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 300-600 ʂ (27-327Áʉ) ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝ ʐʪʘʨʢʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʝ 

ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ Yb3+, ʘ ʠʤʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 980 ʠ 1015 ʥʤ. 
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ʈʠʩ. 59. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʘ) Yb(LO)(HLO) ʠ (ʙ) Yb(LS)(HLS) ʚ ʧʦʨʦʰʢʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 293 ʜʦ 550 

ʂ (ɚex = 380 ʥʤ). LIR ʠ ʟʥʘʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ Yb(LO)(LO) (ʚ) 

ʠ Yb(LS)(HLS)(ʛ) 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (LIR) ʚ ʧʦʣʦʩʘʭ 980 ʠ 

1015 ʥʤ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʜʦʩʪʠʛʘʣʘ 0.34%/ʂ ʠ 0.14%/ʂ ʜʣʷ ʧʦʨʦʰʢʦʚ Yb(LO)(HLO) ʠ Yb(LS)(HLS), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʤʧʣʝʢʩʘʭ 

ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ [169ï171], ʥʝ ʪʘʢ ʤʥʦʛʦ, ʠ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʵʪʦ 

ʚʪʦʨʦʡ ʧʨʠʤʝʨ ʧʦʩʣʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 9-ʘʥʪʨʘʮʝʥʘʪʦʚ Yb-Nd, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʚ ʥʘʰʝʡ 

ʛʨʫʧʧʝ, ʛʜʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʣʘ 1.8%/ʂ. ʕʪʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪ.ʝ. ʩ 

ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ Yb-Nd.  

ɺ ʧʨʦʜʦʣʞʝʥʠʠ ʨʘʙʦʪʳ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʨʦʚʦʜʠʤʦʡ ʚ 

ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʙʳʣʦ ʨʝʰʝʥʦ ʜʘʣʝʝ ʨʘʟʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ 

ʪʝʨʤʦʤʝʪʨʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ ʧʨʦʰʣʦʤ ʨʘʟʜʝʣʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ ʚ ʤʘʪʝʨʠʘʣʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʚʳʙʨʘʣʠ 

ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʨʘʮʠʦʤʝʪʨʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʇʨʝʞʜʝ, ʯʝʤ ʠʟʫʯʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʫʶ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʂʉ ʝʚʨʦʧʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʂʉ ʩ ʜʘʥʥʳʤʠ ʣʠʛʘʥʣʘʤʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʝʚ OLED, ʜʣʷ ʯʝʛʦ ʚʳʙʨʘʣʠ ʂʉ ʀʂ ʠʟʣʫʯʘʶʱʠʭ ʠʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʫʶ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 



 93 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʘʣʘʩʴ ʩʣʠʰʢʦʤ ʤʘʣʘ ʜʣʷ 

ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ OLED. ʇʦʵʪʦʤʫ in situ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʠʥʪʝʟ K[Ln(LX)2] ʚ ʨʘʩʪʚʦʨʝ ʊɻʌ, 

ʧʦʩʣʝ ʯʝʛʦ ʠʟ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʵʤʠʩʩʠʦʥʥʳʝ ʩʣʦʠ OLED ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ 

ITO/PEDOT:PSS/poly-TPD/emitter/TPBi/LiF/Al. ɼʘʞʝ ʚ ʪʘʢʦʤ ʚʠʜʝ ʜʦʩʪʘʪʦʯʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʦʡ ʧʣʸʥʢʠ ʦʙʣʘʜʘʣʠ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ K[Ln(LS)2], 

ʧʦʵʪʦʤʫ ʪʦʣʴʢʦ ʜʣʷ ʥʠʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʀʂ ʠʟʣʫʯʘʶʱʠʝ OLED: OLED12 (Ln = Yb) ʠ 

OLED13 (Ln = Nd). 

OLED12 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʪʦʣʴʢʦ ʠʦʥʥʫʶ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠʪʪʝʨʙʠʷ, ʧʨʠ 

ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʀʂ ʦʙʣʘʩʪʠ ʜʦʩʪʠʛʣʦ 18 ʤʢɺʪ/ɺʪ. OLED13 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʣʘʙʦʠʥʪʝʥʩʠʚʥʫʶ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʥʝʦʜʠʤʘ ʧʨʠ 900 ʥʤ ʥʘ 

ʬʦʥʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʠʛʘʥʜʘ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʦʙʦʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ photo-CELIV (ʂʉ ʙʳʣʠ ʧʦʯʪʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳ) ʛʦʚʦʨʠʪʴ ʦʙ ʦʞʠʜʘʝʤʦ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. 

ʅʘʢʦʥʝʮ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʙʳʣ 

ʧʦʣʫʯʝʥ OLED14 ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ ʩ ʠʟʣʫʯʝʥʠʝʤ ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ. ɼʣʷ ʵʪʦʛʦ 

ʪʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩ K[Eu(LS)2], ʧʦʣʫʯʝʥʥʳʡ in situ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʥ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʫʶ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʣʠʛʘʥʜʘ. ʉʦʛʣʘʩʥʦ ʝʛʦ ɺɸʍ, ʥʘʙʣʶʜʘʣʘʩʴ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ.  
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ʈʠʩ. 60. ʘ) ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ OLED12 ʧʨʠ Uon ʥʘʧʨʷʞʝʥʠʠ; ʙ) ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʢʨʠʚʘʷ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ OLED12; ʚ) ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ OLED13 ʧʨʠ Uon ʥʘʧʨʷʞʝʥʠʠ; 

ʛ) ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʢʨʠʚʘʷ OLED13 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, OLED ʫʩʪʨʦʡʩʪʚʦ ʙʳʣʦ ʧʦʤʝʱʝʥʦ ʚ ʩʦʩʫʜ ɼʴʶʘʨʘ (Horiba) ʩ ʧʨʦʟʨʘʯʥʦʡ 

ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ OLED ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 



 94 

ʜʦ -195ÁC. ɺ ʩʧʝʢʪʨʘʭ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 30 ɺ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ, ʠ ʧʦʷʚʠʣʘʩʴ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʝʚʨʦʧʠʷ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʘ ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

Eu(LS)(HLS) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -195ÁC ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʨʘʟʣʠʯʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʣʠʛʘʥʜʘ ʠ ʝʚʨʦʧʠʷ: ʧʝʨʚʦʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ~ʥʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʝ ï ʚ ʜʠʘʧʘʟʦʥʝ ~ʤʩ. 
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ʈʠʩ. 61. ʘ) ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ OLED14 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ʯʝʨʥʘʷ ʣʠʥʠʷ); ʙ) ʢʨʠʚʘʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ OLED14 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʢʘʪʠʦʥ ʣʘʥʪʘʥʠʜʘ ʚ ʂʉ ʦʧʨʝʜʝʣʷʝʪ 

ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ ʵʤʠʩʩʠʠ, ʘ ʪʘʢʞʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʠʜʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥ ʧʦʜʭʦʜ ʢ ʠʟʤʝʨʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. 

5.5.3 ʇʦʣʫʯʝʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ɺ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʘ ʪʘʢʞʝ 

ʝʱʝ ʦʜʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʠʟʘʡʥʫ ʠ ʩʠʥʪʝʟʫ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ, ʩʦʯʝʪʘʶʱʠʤʠ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʨʘʟʥʳʭ ʟʥʘʢʦʚ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʢʘʢ ʥʘʥʝʩʝʥʠʝʤ ʧʣʸʥʢʠ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʠʟ ʩʤʝʩʠ ʜʚʫʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʩ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥ-

ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʪʘʢ ʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ï ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʈʃʂ). ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, 

ʦʜʥʘʢʦ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʨʘʟʥʦʣʠʛʘʥʜʥʳʡ ʂʉ. ʅʠʟʢʘʷ 

ʢʦʦʨʜʠʥʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʦʙʳʯʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢʠʭ 



 95 

ʢʦʤʧʣʝʢʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ ʦʙʤʝʥʘ ʣʠʛʘʥʜʘʤʠ ʤʝʞʜʫ ʣʘʙʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʦʙʨʘʟʫʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʤʝʩʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʤʝʥʥʦ ʩ ʣʠʛʘʥʜʘʤʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʦʙʨʘʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠʬʝʥʠʣ- (H2LNPh3), ʢʘʨʙʘʟʦʣ- (H2Lcbz), 

ʙʝʥʟʦʢʩʘʟʦʣ- (H2LNO), ʙʝʥʟʦʪʠʘʟʦʣ- (H2LNS), ʤʝʪʠʣʦʢʩʦʜʠʘʟʦʣ- (H2L(NON)Me) ʠ 

ʬʝʥʠʣʦʢʟʦʜʠʘʟʦʣ-ʟʘʤʝʱʸʥʥʳʝ (H2L(NON)Ph) ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ. 

 

ʈʠʩ. 62. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ (H2LNPh3, H2Lcbz) ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ (H2LNO, H2LNS, H2L(NON)Me, H2L(NON)Ph) ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ H2Lcbz ʥʝ ʨʘʩʪʚʦʨʷʣʩʷ ʜʘʞʝ ʚ ʊɻʌ. ʇʦʵʪʦʤʫ 

ʜʘʞʝ ʜʣʠʪʝʣʴʥʦʝ (ʙʦʣʝʝ ʥʝʜʝʣʠ) ʢʠʧʷʯʝʥʠʝ ʝʛʦ ʩʫʩʧʝʥʟʠʠ ʚ ʊɻʌ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʣʘʥʪʘʥʠʜʘ 

ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʦʩʘʜʦʢ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʠʩʭʦʜʥʳʡ ʣʠʛʘʥʜ ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ, ʚʦʟʤʦʞʥʦ, ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʈʠʩ. 63).  
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ʈʠʩ. 63. ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ (1) HLczb ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ HLczb ʩ (2) Gd(OH)3 ʠ (3) Yb(OH)3 

ʉ ʦʩʪʘʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

Ln(LX)(HLX) ʠ K[Ln(LX)2](Solv), ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʈʌɸ, 

ʊɻɸ, ʀʂ ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʘʭ 

5.2-5.3. 

ɺr ʙʦʨ ʣʠʛʘʥʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʧʦʩʣʝ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʪʪʝʨʙʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʩʝ ʢʦʤʧʣʝʢʩʳ 

ʠʪʪʝʨʙʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʧʝʨʝʭʦʜʘ ʠʦʥʘ ʠʪʪʝʨʙʠʷ 2F5/2Ÿ
2F7/2 ʀʂ 
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ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 1000 ʥʤ, ʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʣʠʛʘʥʜʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʯʪʦ 

ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʣʠʛʘʥʜŸʠʪʪʝʨʙʠʡ. 

ɺʥʝʰʥʠʝ ʞʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʟʣʠʯʘʣʠʩʴ: ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

Yb(LNPh3)(HLNPh3) ʠ K[Yb(LNPh3)2](Solv) ʦʥʠ ʙʳʣʠ ʘʥʘʣʦʛʠʯʥʳ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ ʂʉ ʩ 

ʣʠʛʘʥʜʘʤʠ ʵʪʦʛʦ ʢʣʘʩʩʘ [39] (ʊʘʙʣ. 17), ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ L(NON)Ph ʦʥʠ ʙʳʣʠ ʚ ʜʚʘ ʨʘʟʘ 

ʥʠʞʝ, ʘ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʦʙʱʝ ʩʣʠʰʢʦʤ ʤʘʣʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʠʛʘʥʜʳ LNPh3 ʠ 

L(NON)Ph. 

ʊʘʙʣ. 17. PLQY ʜʣʷ ʂʉ ʠʪʪʝʨʙʠʷ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ 

L = LNPh3 LNO LNS L(NON)Me L(NON)Ph L1+L5 

Yb(LX)(HLX) 1.45 -- 0.9 0.4 0.7 1.5 

K[Yb(LX) 2] 1.45 -- -- -- 0.7 1.65 

 

ʉʠʥʪʝʟ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʂʉ ʧʨʦʚʦʜʠʣʩʷ ʪʘʢʞʝ ʧʦ ʛʠʜʨʦʢʩʠʜʥʦʡ ʤʝʪʦʜʠʢʝ ʨʝʘʢʮʠʝʡ 

ʛʠʜʨʦʢʩʠʜʘ ʣʘʥʪʘʥʠʜʘ ʩ ʛʦʤʦʛʝʥʥʦʡ ʩʤʝʩʴʶ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʚ ʠʟʙʳʪʢʝ (H2L1 ʠ H2L2) ʚ 

ʨʘʩʪʚʦʨʝ ʊɻʌ ʩ ʚʳʜʝʣʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʚ ʚʠʜʝ ʦʩʘʜʢʘ ʧʦʩʣʝ 

ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʦʩʘʜʢʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʩʤʝʩʴ Ln(L1)(HL2), Ln(L1)(HL1), Ln(HL1)(HL2) ʠ Ln(L2)(HL2) ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʪʦʣʴʢʦ 50% ʧʦʣʫʯʝʥʥʦʛʦ ʂʉ ʙʫʜʝʪ ʨʘʟʥʦʣʠʛʘʥʜʥʳʤ. ʆʜʥʘʢʦ ʨʘʟʜʝʣʝʥʠʝ ʵʪʦʡ ʩʤʝʩʠ ʥʝ 

ʧʨʦʚʦʜʠʣʠ, ʧʦʩʢʦʣʴʢʫ ʟʘ ʩʯʝʪ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (4) ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʦʧʷʪʴ ʙʫʜʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʤʝʩʴ. 

ɺʤʝʩʪʦ ʵʪʦʛʦ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ KOH ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʊɻʌ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ 

K[Ln((L NPh3)(L(NON)Ph)]. ʆʥ ʦʢʘʟʘʣʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤ, ʯʪʦ, ʭʦʪʷ ʠ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʈʃʂ, ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʥʝ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ 

ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʂʉ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʡ ʂʉ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʙʦʣʴʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʯʝʤ ʨʦʜʠʪʝʣʴʩʢʠʝ K[Ln((LNPh3)2] ʠ K[Ln(L(NON)Ph)2], ʯʪʦ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʠʣʦ ʦʪʜʝʣʠʪʴ ʝʛʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ, ʘ ʩ ʜʨʫʛʦʡ ï ʢʦʩʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʛʦ, ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ, ʢʦʤʧʣʝʩʘ. ʂʦʤʧʣʝʢʩ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ ʧʦʩʣʝ 

400ÁC (ʈʠʩ. 64). 



 97 

ʘ)

10 20 30 40

KYb(L
(N,O,N)Ph

)
2

KYb(L
NPh2

)
2

KYb(L
(N,O,N)Ph

+L
NPh2

)
2

2Theta (Á) ʙ)

100 200 300 400 500 600 700 800

ʊʝʤʧʝʨʘʪʫʨʘ (ÁC)

KYb(LNPh2+

LNONPh)2

ʀ
ʦ
ʥ
ʥ
ʳ
ʝ
 
ʪ
ʦ
ʢ
ʠ

0

20

40

60

80

100

m/z 44

m/z 18

m/z 41

ʄ
ʘ
ʩ
ʩ
ʘ
 
(
%
)

m/z 46

 

ʚ)

1600 1500 1400 1300 1200 1100 1000 900

K[Ln(LNPh3)2]+

K[Ln(L(NON)Ph))2]
C=Oɸʤʠʜ IISO2 ʠʟ Ts

ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ (cʤ-1)

ɸʤʠʜ

 III

K[Ln(LNPh3)(L(NON)Ph)]

 

ʈʠʩ. 64. ʘ) ʉʨʘʚʥʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʙ) ʊɻɸ ʠ ʚ) ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʆʃʂ ʠ ʈʃʂ 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢʞʝ 

ʩʦʨʘʩʪʚʦʨʝʥʠʝʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ K[Yb(LX)2](Solv) (LX = L(NON)Ph, LNPh3), 

ʦʙʦʟʥʘʯʝʥʥʘʷ ʢʘʢ [KYb(LNPh3)2+KYb(L(NON)Ph)2]. ɹʳʣʦ ʪʘʢʞʝ ʚʘʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚ 

ʵʪʦʡ ʩʤʝʩʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥʘ ʣʠʛʘʥʜʘʤʠ ʠʟ-ʟʘ ʣʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K[Ln((LNPh3)(L(NON)Ph)] ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ 

ʚʦ ʚʪʦʨʦʤ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʈʃʂ ʚ ʨʘʩʪʚʦʨʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

1H ʗʄʈ K[Ln((LNPh3)(L(NON)Ph)], ʘ ʪʘʢʞʝ [KYb(LNPh3)2+KYb(L(NON)Ph)2], ʚ ʩʨʘʚʥʝʥʠʠ 

ʩʦ ʩʧʝʢʪʨʘʤʠ ʦʜʥʦʨʦʜʥʦʣʠʛʘʥʜʥʳʭ ʂʉ K[Yb(LNPh3)]2 ʠ ʂ[Yb(L(NON)Ph)2]. ʉʧʝʢʪʨ 

ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K[Ln((LNPh3)(L(NON)Ph)] ʩʦʜʝʨʞʠʪ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʧʝʢʪʨʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʂʉ (ʈʠʩ. 65ʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʧʝʢʪʨ ʩʤʝʩʠ 

[K[Yb(L NPh3)2]+K[Yb(L( NON)Ph)2]] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʩʠʛʥʘʣʦʚ ʩʧʝʢʪʨʦʚ 

ʦʪʜʝʣʴʥʳʭ ʂʉ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ K[Ln(LX)2] ʩ 

ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ ʥʝ ʷʚʣʷʶʪʩʷ ʣʘʙʠʣʴʥʳʤʠ, ʦʙʤʝʥʘ ʣʠʛʘʥʜʘʤʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ (ʙʦʣʝʝ 

ʜʚʫʭ ʥʝʜʝʣʴ, ʈʠʩ. 65ʙ) ʩʪʦʷʥʠʷ ʨʘʩʪʚʦʨʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ 
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ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʥʘʰʝʡ ʛʨʫʧʧʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ɓ-ʜʠʢʝʪʦʥʘʪʦʚ [172]: 

ʦʥʠ ʣʘʙʠʣʴʥʳ, ʠ ʩʤʝʰʝʥʠʝ ʛʦʤʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢʦʛʦ ʞʝ 

ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʘʢ ʠ ʠʟ ʩʤʝʩʠ ʣʠʛʘʥʜʦʚ.  

a)
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24 22 16 14 12 10 8 0 -2 -4 -6 -8 -10 -12 -14
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 K[Yb(LNPh3)2]+K[Yb(L(NON)Ph)2]
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ʍʠʤ. ʩʜʚʠʛ (ʤʜ)

 K[Yb(L(NON)Ph)2]

ʙ)

14 12 10 8 6 0 -2 -4

ʍʠʤ. ʩʜʚʠʛ (ʤʜ)

14 12 10 8 6 0 -2 -4

ʏʝʨʝʟ 2 ʥʝʜʝʣʠ

K[Yb((LNPh3)2]+K[Yb(L(NON)Ph)2]

ʉʚʝʞʠʡ ʨʘʩʪʚʦʨ

 

ʈʠʩ. 65. ɼʘʥʥʳʝ 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʘ) ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʭ ʩʤʝʩʠ ʠ Kb(LNPh3)(L(NON)Ph) ʠ ʙ) 

ʩʤʝʩʠ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠ ʯʝʨʝʟ 2 ʥʝʜʝʣʠ 

ʅʘʢʦʥʝʮ, ʯʪʦʙʳ ʜʦʢʘʟʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

K[Ln((L NPh3)(L(NON)Ph)], ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ. ʀʟʤʝʨʝʥʠʝ ʢʚʘʥʪʦʚʳʭ 

ʚʳʭʦʜʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʜʥʦʨʦʜʥʦ- ʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʂʉ (ʠʣʠ ʈʃʂ) K[Yb(LX)2] ʠ 

Yb(LX)(HLX) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʈʃʂ PLQY ʚʳʰʝ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 1.65%. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘʢʦʥʝʮ, 

ʠʟʤʝʨʝʥʠʝ ʢʨʠʚʦʡ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʥʘʙʣʶʜʘʝʤʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʜʣʷ ʨʦʜʠʪʝʣʴʩʢʠʭ ʆʃʂ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʩʦʨʘʩʪʚʦʨʝʥʠʷ ʦʜʥʦʨʦʜʥʦʣʠʛʘʥʜʥʳʭ. ʆʜʥʘʢʦ 

ʧʨʠ ʩʠʥʪʝʟʝ ʂʉ ʠʟ ʩʤʝʩʠ ʣʠʛʘʥʜʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʈʃʂ K[Ln((LNPh3)(L(NON)Ph)]. 
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ʈʠʩ. 66. ʂʠʥʝʪʠʢʠ ʨʝʣʘʢʩʘʮʠʠ 1) K[Yb(LNONPh)2], 2) K[Yb(LNPh3)(LNONPh)], 3) Yb(LNPh3)(HLNONPh), 

4)K[Yb(LNPh3)2], 5) Yb(LNPh3)(HLNPh3), 6) Yb(LNONPh)(HLNONPh) 
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ʇʦʣʫʯʝʥʥʳʝ ʆʃʂ K[Yb(LX)2](Solv) (LX = LNPh3, L(NON)Ph), ʈʃʂ 

K[Yb((LNPh3)(L(NON)Ph))], ʘ ʪʘʢʞʝ ʩʤʝʩʴ ʂʉ [KYb(NPh3)2+KYb(L(NON)Ph)2] ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ OLED ʚ ʩʣʝʜʫʶʱʝʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ITO/PEDOT:PSS/poly-

TPD/K[Yb(Lʍ)2]/TPBi/LiF. ʕʤʠʩʩʠʦʥʥʳʡ ʩʣʦʡ ʥʘʥʦʩʠʣʠ ʠʟ ʊɻʌ (ʊʘʙʣ. 18). 

ʊʘʙʣ. 18. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ OLED ʫʩʪʨʦʡʩʪʚ 

OLED ʕʤʠʪʪʝʨ Uon 
ʗʨʢʦʩʪʴ 

[ʤʢɺʪ/ʩʤī2] 
100ĬEQE,% 

ECE, 

ʤʢɺʪ/ɺʪ 

15 K[Yb(LNPh3)2]  3,5 4.5 3.5  110 

16 K[Yb(L(NON)Ph)2] 4 - - - 

17 K[Yb(LNPh3+L(NON)Ph)] 3 16 4.5 140 

18 K[Yb(LNPh3)2]+ K[Yb(L(NON)Ph)2] 4 - - - 

 

a) 
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K[Yb(LNPh3)2]

K[Yb(L(NON)Ph)2]

ɼʣʠʥʘ ʚʦʣʥʳ (ʥʤ)

 

ʈʠʩ. 67. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʨʦʰʢʦʚ K[Yb(LX)2] ʠ ʙ) ʩʧʝʢʪʨʳ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ OLED1-4 ʧʨʠ 5ɺ. ʆʜʠʥʘʢʦʚʳʝ ʮʚʝʪʘ ʛʨʘʬʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʠʥʘʢʦʚʳʤ 

ʢʦʤʧʣʝʢʩʘʤ 

ɺ ʩʧʝʢʪʨʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʕʃ) ʢʦʤʧʣʝʢʩʘ K[Yb(L(NON)Ph)2] ʥʘʙʣʶʜʘʣʘʩʴ 

ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʵʤʠʩʩʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʣʦʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠʪʪʝʨʙʠʷ ʙʳʣʘ ʦʯʝʥʴ ʥʠʟʢʦʡ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʠʟʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 0.7%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

K[Yb(LNPh3)2] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʪʦʣʴʢʦ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠʪʪʝʨʙʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʣʘ ECE = 110 ʤʢɺʪ/ɺʪ. 

ʉʧʝʢʪʨ ʕʃ ʩʤʝʩʠ [KYb(LNPh3)2+KYb(L(NON)Ph)2] ʩʦʜʝʨʞʘʣ ʢʘʢ ʧʦʣʦʩʫ ʠʟʣʫʯʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʧʦʣʦʩʫ ʵʤʠʩʩʠʠ ʢʘʪʠʦʥʘ ʠʪʪʝʨʙʠʷ, ʠ ʦʞʠʜʘʝʤʦ ʧʨʝʜʩʪʘʚʣʷʣ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʩʧʝʢʪʨʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ K[Yb(LNPh3)2] ʠ K[Yb(L(NON)Ph)2]. 

ʅʘʧʨʦʪʠʚ, OLED17 ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K[Yb((LNPh3)(L(NON)Ph))] 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʪʦʣʴʢʦ ʠʪʪʝʨʙʠʡ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʯʪʦ ʝʱʝ ʨʘʟ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʠʮʫ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʆʃʂ ʠ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʦʣʝʝ ʪʦʛʦ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ OLED17 ʜʦʩʪʠʛʘʝʪ 140 ʤʢɺʪ/ɺʪ (ʈʠʩ. 67ʙ) ʠ, ʪʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʧʨʝʚʦʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʂ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʦʠʭ OLED ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʦʜʥʦʨʦʜʥʦʣʠʛʘʥʜʥʳʭ ʂʉ, ʜʦʢʘʟʳʚʘʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʣʘʥʪʘʥʠʜʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʈʃʂ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, 

ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʸʪ ʧʦʚʳʰʝʥʠʷ PLQY ʠ 

ʩʦʯʝʪʘʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ. 

 ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʘʟʠʜʦʤʝʪʠʣ-ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ 

ʐʠʬʬʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʩʫʣʴʬʠʜ-ʘʥʠʦʥʘ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʥʝʜʘʚʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ H2S ʷʚʣʷʝʪʩʷ 

ʵʥʜʦʛʝʥʥʦ ʚʳʨʘʙʘʪʳʚʘʝʤʳʤ ʛʘʟʦʦʙʨʘʟʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ (ʛʘʟʦʪʨʘʥʩʤʠʪʪʝʨʦʤ), 

ʢʦʪʦʨʦʝ ʨʝʛʫʣʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʝʡʰʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ, 

ʥʝʡʨʦʥʥʘʷ ʠ ʠʤʤʫʥʥʘʷ. H2S ʪʘʢʞʝ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʘʥʪʠʦʢʩʠʜʘʥʪ ʠʣʠ ʧʦʛʣʦʪʠʪʝʣʴ ʘʢʪʠʚʥʳʭ 

ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʢʣʝʪʢʘʭ, ʠ ʧʨʝʧʘʨʘʪʳ, ʚʳʩʚʦʙʦʞʜʘʶʱʠʝ H2S, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [177ï181]. 

ɹʦʣʝʝ ʪʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ H2S ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʯʝʥʳʤʠ [179] ʚ ʪʝʩʥʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩ NaHS [182] ʠ S2ï [183]. ʇʦʵʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʠ 

ʥʘʜʝʞʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʠ ʚʥʫʪʨʠ ʞʠʚʳʭ ʢʣʝʪʦʢ. 

ʆʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʜʘʥʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʟ-ʟʘ 

ʠʭ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ ʠʣʠ ʪʢʘʥʷʭ [184ï

188]. ɸʟʠʜʦ-ʛʨʫʧʧʘ ʠʟʚʝʩʪʥʘ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʝʣʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ H2S [189,190], NaHS [191], ʠ S2-(Na2S) [192]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʦʙʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʧʦʩʦʙʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [191,193,194]. ʇʦʵʪʦʤʫ 

ʘʟʠʜʦʤʝʪʠʣ-ʟʘʤʝʱʸʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʠ ʂʉ ʣʘʥʪʘʥʠʜʦʚ ʩ ʥʠʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩʫʣʴʬʠʜ-ʘʥʠʦʥʘ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ Yb(LX)(HLX) ʠ K[Yb(LX)2](H2O)n (L=LN3, LBrN3) ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣ. 19. ɽʱʝ ʨʘʟ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

K[Yb(Lʍ)2](H2O)n ʟʘʤʝʪʥʦ (ʚ 5 ʨʘʟ) ʚʳʰʝ, ʯʝʤ ʫ Yb(LX)(HLX). 

ʊʘʙʣ. 19. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ ʩ ʘʟʠʜʦʤʝʪʠʣ-ʟʘʤʝʱʸʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ, ʛ/ʣ Yb(LN3)(HLN3) K[Yb(L N3)2](H2O)2 Yb(LBrN3)(HLBrN3) K[Yb(L BrN3)2](H2O) 

 <0.01 0.08 <0.01 0.15 

CH3C(O)CH3 3.5 28 12 33 

ʊɻʌ 4.5 33 21 40 

EtOH 0.55 3.3 0.5 3.9 

CH3CN 1.2 6.2 1.8 8.0 

ɼʄʉʆ >20 >100 >20 >100 
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ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʝʥʩʦʨʘ 

ʚ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (1-5 ʦʙ. %) ʜʣʷ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʠʣʠ <20 ʦʙ. % 

ʜʣʷ ʚʥʫʪʨʠʤʳʰʝʯʥʦʛʦ ʚʚʝʜʝʥʠʷ ʚ ʚʠʜʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ɼʄʉʆ), ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʷʣʠ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʩʦʮʠʘʮʠʠ 

ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʨʘʟʜʝʣʝ 5.3. 

ʉʨʘʟʫ ʦʪʤʝʪʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ʙʳʣ ʚʳʩʦʢ (ʜʣʷ 

Yb(LN3)(HLN3) ï ʜʦ 45300 (ʄĿʩʤ)-1), ʘ ʢʨʘʩʥʳʡ ʢʨʘʡ ʜʦʩʪʠʛʘʝʪ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʜʦ 

430 ʥʤ), ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ. 

a) ʙ)  

ʈʠʩ. 68. ʘ) ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʙ) ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Yb3+ ʜʣʷ Yb(LX)(HLX) ʠ K[Yb(LX)2](H2O)n 

(LX = LN3, LBrN3) (ɼʄʉʆ, 20 ʤʄ, ɚex = 380 ʥʤ) 

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʪʠʧʠʯʥʦʝ ʫʟʢʦʧʦʣʦʩʥʦʝ ʠʟʣʫʯʝʥʠʝ Yb3+ ʩ 

ʮʝʥʪʨʦʤ ʦʢʦʣʦ 1000 ʥʤ; ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʣʠʛʘʥʜʘ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʠ ʥʘʙʣʶʜʘʝʤʦʝ ʚʨʝʤʷ ʞʠʟʥʠ (Űobs) ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʧʨʠʚʝʜʝʥʳ 

ʚ ʊʘʙʣ. 8. ʇʦ ʩʚʝʪʠʤʦʩʪʠ (Ls = QYĿŮ) ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʚʦʩʭʦʜʷʪ ʤʥʦʛʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʀʂ-ʠʟʣʫʯʘʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ [195]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʳ 

K[Yb(LX)2](H2O)n (L = LN3, LBrN3) ʨʘʩʪʚʦʨʠʤʳ ʚ ɼʄʉʆ, ʫʩʪʦʡʯʠʚʳ ʚ ʨʘʩʪʚʦʨʝ ʢ 

ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʩʫʣʴʬʠʜ-ʘʥʠʦʥʘ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʫʣʴʬʠʜ ʥʘʪʨʠʷ (Na2S) ʚ ʢʘʯʝʩʪʚʝ ʵʢʟʦʛʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ S2-. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 1 ʤʄ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʘ ʚ ɼʄʉʆ ʠ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʢ 1 ʤʄ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ 100 ʤʢʄ ʩʫʣʴʬʠʜʘ 

ʥʘʪʨʠʷ (Na2S) ʚ ɼʄʉʆ. ʊʝʩʪʠʨʫʝʤʳʡ ʨʘʩʪʚʦʨ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʣʠʯʝʩʪʚ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʝʥʩʦʨʘ 1 ʤʄ. ʊʝʩʪʠʨʫʝʤʳʡ 

ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʘ ʟʘʪʝʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʠ 380 ʥʤ (ʈʠʩ. 69).  




























































































