
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ 

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ʉɸʅɾɽʅɸʂʆɺɸ ɽʣʠʟʘʚʝʪʘ ɸʥʜʨʝʝʚʥʘ 

 

 

 

ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʉʆɽɼʀʅɽʅʀʗ Eu(III ), Tb(III ) ʀ Gd(III ) ʉ 

ʇʈʆʀɿɺʆɼʅʓʄʀ ʀɿʆʊʀɸɿʆʃɸ ʀ 1,10-ʌɽʅɸʅʊʈʆʃʀʅɸ / 2,2'-ɹʀʇʀʈʀɼʀʅɸ: 

ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ ʀ ʌʆʊʆʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉɺʆʁʉʊɺɸ 

 

 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ʃʠʜʝʨ ɽʣʠʟʘʚʝʪʘ ɺʠʢʪʦʨʦʚʥʘ 

 

 

 

ʅʦʚʦʩʠʙʠʨʩʢ ï 2026  
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

bipy ï 2,2'-ʙʠʧʠʨʠʜʠʥ 

CCDC ï ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

dmbipy ï 4,4ô-ʜʠʤʝʪʠʣ-2,2'-ʙʠʧʠʨʠʜʠʥ 

dmphen ï 4,7-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

Hep2 ï ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ 

HL1 ï 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

HL2 ï 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

LC50 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ ʢʣʝʪʦʢ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 50% 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

LNïN ï ʧʨʦʠʟʚʦʜʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ 

MRC5 ï ʥʝʦʧʫʭʦʣʝʚʳʝ ʬʠʙʨʦʙʣʘʩʪʳ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ 

phen ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

ɚem ï ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ  

ɚex ï ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ  

űʥʘʙʣ ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʈɿʄ ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʉɼʆ ï ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʊʌʇ ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʣʘʥʪʘʥʠʜʦʚ(III) ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ  

XX ʩʪʦʣʝʪʠʷ. ʀʥʪʝʨʝʩ ʢ ʭʠʤʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥ ʫʥʠʢʘʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʠʦʥʦʚ Ln(III), ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʡ 4f-ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʙʦʣʦʯʢʦʡ, ʵʬʬʝʢʪʠʚʥʦ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʟʘʧʦʣʥʝʥʥʳʤʠ 5s- ʠ 5p-

ʧʦʜʫʨʦʚʥʷʤʠ. ɽ ʝɦ ʚ 1942 ʛʦʜʫ ʉ. ʀ. ɺʘʡʩʤʘʥ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʝʤ ʠʦʥʳ Ln3+ [1].  

ʇʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʳ ʠʟʣʫʯʘʶʪ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (ʝʚʨʦʧʠʡ(III), ʩʘʤʘʨʠʡ(III)  

ʠ ʪʝʨʙʠʡ(III)) ʠʣʠ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʛʦʣʴʤʠʡ(III), 

ʠʪʪʝʨʙʠʡ(III) ʠ ʥʝʦʜʠʤ(III)) [2ï5], ʘ ʮʚʝʪ ʠʟʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʦʥʦʤ Ln. 

ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʥʠʢʘʣʴʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʫʟʢʠʤʠ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤʠ ʧʦʣʦʩʘʤʠ, ʙʦʣʴʰʠʤ ʩʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ, ʚʳʩʦʢʦʡ ʮʚʝʪʦʚʦʡ ʯʠʩʪʦʪʦʡ 

ʠ ʜʣʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ [6ï9]. ɺʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ: ʚ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʶʱʠʭ ʩʣʦʝʚ ʚ ʤʘʪʝʨʠʘʣʘʭ 

OLED [10,11], ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʯʝʨʥʠʣʘʭ [12], ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʙʠʦʣʦʛʠʠ  

ʠ ʤʝʜʠʮʠʥʝ [13,14], ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʘʪʯʠʢʠ [15ï17] ʠ ʣʘʟʝʨʳ [18ï21].  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʤʧʣʝʢʩʳ ʛʘʜʦʣʠʥʠʷ(III) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ  

ʚ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ [22ï24]. 

ʃʁ ʤʠʥʝʩʮʝʥʮʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʠʦʥʦʚ 

Ln(III), ʘ ʦʧʠʩʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝʧʨʷʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʯʝʨʝʟ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʣʠʛʘʥʜ r

ʠʟʚʝʩʪʝʥ ʢʘʢ çʘʥʪʝʥʥʳʡ ʵʬʬʝʢʪè [1,25]. ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʘ(III) ʩ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʝʪʩʷ 

ʧʦʜʙʦʨ ʣʠʛʘʥʜʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʇʠʨʩʦʥʘ, ʠʦʥʳ Ln(III) ʷʚʣʷʶʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ çʞʝʩʪʢʠʤʠè ʢʠʩʣʦʪʘʤʠ ʠ ʧʦʵʪʦʤʫ ʩʢʣʦʥʥʳ ʢ ʢʦʦʨʜʠʥʘʮʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʘʟʦʪʘ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩ ʘʪʦʤʘʤʠ ʩʝʨʳ ʠʣʠ 

ʬʦʩʬʦʨʘ [26,27]. ʇʦʵʪʦʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ [28ï35] ʠʣʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ [36ï41].  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʣʠʛʘʥʜ r ʚʳʧʦʣʥʷʪʁ ʨʘʟʥʳʝ ʬʫʥʢʮʠʠ: ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ çʘʥʪʝʥʥʘè, ʢʦʪʦʨʘʷ ʫʩʠʣʠʚʘʝʪ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʫʧʨʘʚʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʜʨ. ʊʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʭʝʣʘʪʠʨʫʶʱʠʝ 

ʧʨʦʠʟʚʦʜʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ 2,2'-ʙʠʧʠʨʠʜʠʥʘ, ʤʦʣʝʢʫʣ r ʢʦʪʦʨʳʭ ʚ ʢʦʤʧʣʝʢʩʝ 
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ʧʨʠʚʦʜʪ̫ ʢ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʝʪ ʥʝʙʦʣʴʰʦʡ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ  

ʥʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʫʶ ʨʝʣʘʢʩʘʮʠʶ. ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʦʪʠʘʟʦʣʘ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʣʘʥʪʘʥʠʜʦʚ(III). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ, ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʪʠʘʟʦʣʘ  

ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʟʥʘʯʠʤʦʡ ʟʘʜʘʯʝʡ  

ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʭʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ, ʢʦʤʧʣʝʢʩʳ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ.  

ʇʦ ʜʘʥʥʳʤ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʳ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʝ ʠʟʚʝʩʪʥʦ ʥʠ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ ʠ ʪʦʣʴʢʦ 24 ʢʦʤʧʣʝʢʩʘ ʩ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʤ 

ʘʥʘʣʦʛʦʤ ï ʠʤʠʜʦʤ 2-ʩʫʣʴʬʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʩʘʭʘʨʠʥ) [42ï46]. ʇʨʠ ʵʪʦʤ ʪʦʣʴʢʦ  

ʚ ʝʜʠʥʠʯʥʳʭ ʨʘʙʦʪʘʭ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʩʘʭʘʨʠʥʘ  

ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ [45] ʠ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [42]. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III )  

ʥʘ ʦʩʥʦʚʝ ʩʘʭʘʨʠʥʘ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʪʠʘʟʦʣʘ [47,48], ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 3d-ʤʝʪʘʣʣʦʚ  

ʥʘ ʠʭ ʦʩʥʦʚʝ [49ï52]. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ  

ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʨʘʛʤʝʥʪ 

ʠʟʦʪʠʘʟʦʣʘ [53,54]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʳʛʣʷʜʠʪ ʨʘʙʦʪʘ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʘ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ ï  

4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ (HL1) ʠ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ 

(HL2) ʠ ʧʨʦʠʟʚʦʜʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʫʯʝʥʠʝʤ  

ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ  

ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʵʪʘʥʦʣʝ, ʘ ʪʘʢʞʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʠʤʠ 

ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III )  

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ; 

ï ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʵʣʝʤʝʥʪʥʳʡ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟʳ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ); 

ï ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʠʭ ʩʪʨʦʝʥʠʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ï ʠʟʫʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚ ɻʪʘʥʦʣʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ (Hep2) ʠ ʥʝʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʬʠʙʨʦʙʣʘʩʪʦʚ 

ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ (MRC5). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) (ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III)) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʠʟʦʪʠʘʟʦʣʘ ï 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʠ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ. ʇʦʣʫʯʝʥʦ 27 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʩʪʘʚ  

ʠ ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʝʥʳ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʧʨʦʷʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ: ʙʠʜʝʥʪʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ; ʘʪʦʤʦʤ ʘʟʦʪʘ ʠʟʦʪʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ; ʘ ʪʘʢʞʝ ʪʨʠʜʝʥʪʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠʟʦʪʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʦʡ ʬʫʥʢʮʠʠ ʘʮʝʪʘʪ-ʠʦʥʦʚ 

ʠʣʠ ʛʝʢʩʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʦʡ ʬʫʥʢʮʠʠ (L1)ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʇʨʠ ʩʠʥʪʝʟʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʫʯʘʩʪʠʝʤ  

1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʦʙʨʘʟʫʶʪʩʷ ʤʦʥʦʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩ 4,7-ʜʠʤʝʪʠʣ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ ï ʙʠʷʜʝʨʥʳʝ, ʛʜʝ (L1)ï ʧʨʦʷʚʣʷʝʪ ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʦʧʘʨʥʦ ʩʚʷʟʳʚʘʷ ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ(III ). ɺ ʩʣʫʯʘʝ  



8 

3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʳʡ ʠ ʭʝʣʘʪʥʳʡ ʪʠʧʳ 

ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ 

ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʦʡ ʬʫʥʢʮʠʠ ʘʮʝʪʘʪ-ʠʦʥʦʚ. ʉ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 

2,2'-ʙʠʧʠʨʠʜʠʥʘ ʦʙʨʘʟʫʶʪʩʷ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʘ ʩʦʝʜʠʥʝʥʳ 

ʧʦʧʘʨʥʦ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (L2)ï. ʅʘʣʠʯʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ClĿĿĿCl ʩʚʷʟʝʡ  

ʠ ˊ-  ́ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʨʘʟʥʦʣʠʛʘʥʜʥr ʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. 

ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʚʩʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠʤʝʶʪ 

ʙʠʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ HL2, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ 2,2'-ʙʠʧʠʨʠʜʠʥʘ ʩʦʩʪʘʚʘ 

[Ln2(phen/bipy)2(H2O)2(L
2)6]. ʀʟʫʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ  

ʚ ʵʪʘʥʦʣʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʬʦʨʤr ʩʪʘʙʠʣʴʥʳ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. 

ɼʣʷ ʨʘʩʪʚʦʨʠʤʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ  

ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ (Hep2) ʠ ʥʝʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ (MRC5). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ  

ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ ʜʦʟʦʟʘʚʠʩʠʤʳʤ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ Hep2, ʘ ʢʦʤʧʣʝʢʩ ʪʝʨʙʠʷ(III)  

ʩ 2,2'-ʙʠʧʠʨʠʜʠʥʦʤ ʥʝ ʧʨʦʷʚʣʷʝʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʚʳʙʨʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (1-50 ʤʢʄ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʦʜʘʭ ʧʦʣʫʯʝʥʠʷ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ, 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʣʘʥʪʘʥʠʜʦʚ(III) ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʪʠʘʟʦʣʘ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʙʳʣʠ ʜʝʧʦʥʠʨʦʚʘʥʳ 

ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (CCDC), ʛʜʝ ʦʥʠ ʜʦʩʪʫʧʥʳ ʚʩʝʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʚʥʦʩʷʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʭʠʤʠʶ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ  

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥ rʣʠʰʴ ʝʜʠʥʠʯʥʝr ʧʨʠʤʝʨ.r ʂʦʤʧʣʝʢʩʳ ʩ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʥʠʟʢʦʡ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʣʶʤʠʥʦʬʦʨʘʤʠ  

ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III)  

ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʪʠʘʟʦʣʘ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ 2,2'-ʙʠʧʠʨʠʜʠʥʘ; ʧʦʣʫʯʝʥʠʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʩʪʘʚʘ 

ʠ ʯʠʩʪʦʪʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʟʫʯʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʫ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ʉʪʨʦʝʥʠʝ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʠ ʯʠʩʪʦʪʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʨʷʜʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʵʣʝʤʝʥʪʥʳʡ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟʳ,  

ʀʂ- ʠ ɻʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ (ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ). ʋʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚ ʵʪʘʥʦʣʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ. ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ, ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʘʭ ʠ ʢʠʥʝʪʠʢʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ). ʆʮʝʥʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ in vitro ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

ï ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III ) 

ʠ ʛʘʜʦʣʠʥʠʷ(III) ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʪʠʘʟʦʣʘ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ/2,2'-ʙʠʧʠʨʠʜʠʥʘ; 

ï ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʦʚ,  

ʘ ʪʘʢʞʝ ʀʂ- ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 

ï ʩʚʝʜʝʥʠʷ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 16 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʣʠʜʝʨʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʝʥ ʧʦʣʥʳʡ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ  

ʠ 2,2'-ʙʠʧʠʨʠʜʠʥʘ, ʧʦʜʙʦʨʫ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠ ʁ



10 

ʩʲʝʤʢʠ ʯʘʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʜʣʷ ʚʩʝʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʀ. ʇ. ʇʦʟʜʥʷʢʦʚʳʤ (ʀʥʩʪʠʪʫʪ 

ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ ɺ. ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ). ʆʮʝʥʢʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʝʜʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʖ. ɸ. ɻʦʣʫʙʝʚʦʡ, ʢ.ʭ.ʥ. ɽ. ɸ. 

ɽʨʤʘʢʦʚʦʡ (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ) ʠ ʢ.ʙ.ʥ. ʃ. ʉ. 

ʂʣʶʰʦʚʦʡ (ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ 

çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳè). 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. 

ʇʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ (ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 8 ʨʦʩʩʠʡʩʢʠʭ 

 ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʍʍVI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ-

ʭʠʤʠʢʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) (2023, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ), VII ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʍʠʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠè (2023, 2025, ʛ. ɼʦʥʝʮʢ), New Emerging Trends in Chemistry 

(2023, ɸʨʤʝʥʠʷ, ʛ. ɽʨʝʚʘʥ), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ LUMOS-2024 

(2024, ʛ. ʄʦʩʢʚʘ), XX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡè (2024, ʛ. ʊʫʘʧʩʝ), XXII ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

(2024, ʛ. ʉʦʯʠ), ʅʠʢʦʣʘʝʚʩʢʠʝ ʯʪʝʥʠʷ 2025 (2025, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 3 ʩʪʘʪʝʡ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ Web of Science 

ʠ Scopus, ʘ ʪʘʢʞʝ ʚ 8 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʫʙʣʠʢʘʮʠʠ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʥʘʫʯʥʳʭ 
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ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʦʩʩʠʡʩʢʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ ʩʣʫʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʣʦʞʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʜʘʥʥʳʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ (ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ): ʧ.1. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝè, ʧ.2. çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ 

ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè, ʧ.5 çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ 

ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳè ʠ ʧ.7 çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 140 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 55 ʨʠʩʫʥʢʦʚ,  

8 ʩʭʝʤ ʠ 9 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ (ʛʣʘʚʘ 1), 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ (ʛʣʘʚʘ 2), ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ (ʛʣʘʚʘ 3), ʟʘʢʣʶʯʝʥʠʝ, 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ, ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 195 ʥʘʠʤʝʥʦʚʘʥʠʡ 

ʠ ʧʨʠʣʦʞʝʥʠʝ ʦʙʲʝʤʦʤ 29 ʩʪʨʘʥʠʮ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ). ɼʠʩʩʝʨʪʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ 

ʅʀʈ ʀʅʍ ʉʆ ʈɸʅ (ˉ 121031700321-3) ʠ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ  

ˉ 23-23-10028 (ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ʂ.ʉ. ʉʤʠʨʥʦʚʘ). 
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1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. 4f-ʕʣʝʤʝʥʪʳ: ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʀʩʪʦʨʠʷ ʣʘʥʪʘʥʠʜʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ 1787 ʛʦʜʘ, ʢʦʛʜʘ ʤʦʣʦʜʦʡ ʂʘʨʣ ɸʢʩʝʣʴ ɸʨʨʝʥʠʫʩ 

ʠʩʩʣʝʜʦʚʘʣ ʢʘʨʴʝʨ ʚ ʥʝʙʦʣʴʰʦʤ ʛʦʨʦʜʝ ʀʪʪʝʨʙʶ ʥʝʜʘʣʝʢʦ ʦʪ ʉʪʦʢʛʦʣʴʤʘ ʠ ʥʘʰʝʣ 

ʥʝʦʙʳʯʥʳʡ ʯʝʨʥʳʡ ʤʠʥʝʨʘʣ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦʪ ʤʠʥʝʨʘʣ ʩʪʘʣ ʠʟʚʝʩʪʝʥ ʢʘʢ çʠʪʪʝʨʙʠʪè 

ʠ ʧʨʠʚʝʣ ʢ ʦʪʢʨʳʪʠʶ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʠʪʪʨʠʷ (Y), ʪʝʨʙʠʷ (Tb), ʵʨʙʠʷ (Er) 

ʠ ʠʪʪʝʨʙʠʷ (Yb). ʈʫʜʥʠʢ ʀʪʪʝʨʙʶ ʩʪʘʣ ʫʥʠʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʪʢʨʳʪʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʩʜʝʣʘʣʦ ʝʛʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚ ʤʠʨʝ ʤʝʩʪʦʤ, ʛʜʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʛʘʜʦʣʠʥʠʡ (Gd), ʛʦʣʴʤʠʡ (Ho) ʠ ʩʢʘʥʜʠʡ (Sc), ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜʳ ʵʪʦʛʦ ʢʘʨʴʝʨʘ [55]. 

ʀʦʥʳ ʣʘʥʪʘʥʠʜʦʚ, ʚʢʣʶʯʘʶʱʠʝ 15 ʵʣʝʤʝʥʪʦʚ ʦʪ ʣʘʥʪʘʥʘ ʜʦ ʣʶʪʝʮʠʷ, ʚ ʦʩʥʦʚʥʦʤ 

ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʩʪʝʧʝʥ ɹʦʢʠʩʣʝʥʠʷ +3 ʟʘ ʩʯʝʪ 

5d1 ʠ 6s2 ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ [56]. ɺʩʝ ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ(III ) ʦʙʣʘʜʘʶʪ ʠʜʝʥʪʠʯʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ [Xe]6s05d04fn, ʛʜʝ n = 0-14, ʘ ʥʘʣʠʯʠʝ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʭ 

5s- ʠ 5p-ʧʦʜʫʨʦʚʥʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʨʘʥʠʨʦʚʘʥʠʝ 4f-ʦʨʙʠʪʘʣʝʡ. ʕʪʦ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʩʣʫʞʠʪ 

ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʫʟʢʠʭ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʘʭ ʠʩʧʫʩʢʘʥʠʷ [57,58] (ʨʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 1. ʍʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III ) [58] 

 

ʀʦʥʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʩʧʦʩʦʙʥʳ ʣʶʤʠʥʝʩʮʠʨʦʚʘʪʴ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ  

ʀʂ-ʜʠʘʧʘʟʦʥʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ. ʎʚʝʪ ʩʚʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤ 

ʠʦʥʦʤ: Eu3+ ʜʘʝʪ ʢʨʘʩʥʦʝ ʩʚʝʯʝʥʠʝ, Tb3+ ï ʟʝʣʝʥʦʝ, Sm3+ ï ʦʨʘʥʞʝʚʦʝ, ʘ Tm3+ ï ʩʠʥʝʝ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʠʦʥʳ Yb3+, Nd3+ ʠ Er3+, 

ʦʜʥʘʢʦ ʪʘʢʠʝ ʧʝʨʝʭʦʜʳ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ Pr3+, Sm3+, Dy3+ ʠ Ho3+. ɼʣʷ ʠʦʥʘ ʛʘʜʦʣʠʥʠʷ 

(Gd3+) ʭʘʨʘʢʪʝʨʥʘ ʵʤʠʩʩʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʆʜʥʘʢʦ ʨʝʛʠʩʪʨʘʮʠʷ  

ʝʛʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʦʣʝʞʘʱʠʤʠ ʩʠʥʛʣʝʪʥʳʤʠ ʠ ʪʨʠʧʣʝʪʥʳʤʠ 
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ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʨʦʚʥʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʪʘʢʦʚʳʭ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʪʫʰʝʥʠʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ [59]. 

ʇʦʩʢʦʣʴʢʫ f-f ʧʝʨʝʭʦʜʳ ʟʘʧʨʝʱʝʥʳ ʧʨʘʚʠʣʦʤ ʦʪʙʦʨʘ ʃʘʧʦʨʪʘ (ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʯʝʪʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥʳ), ʧʨʷʤʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʠʦʥʦʚ 

ʣʘʥʪʘʥʠʜʦʚ(III) ʥʝʵʬʬʝʢʪʠʚʥʦ, ʧʦʵʪʦʤʫ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʪʦʣʴʢʦ ʩʣʘʙʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ, ʠʟʚʝʩʪʥʳʤ ʢʘʢ çʘʥʪʝʥʥʳʡ ʵʬʬʝʢʪè, ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʪʴ 

ʵʥʝʨʛʠʶ ʠ ʧʝʨʝʜʘʚʘʪʴ ʝʝ ʠʦʥʫ ʤʝʪʘʣʣʘ [60,61]. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ 

ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ (ʩʭʝʤʘ 1): 

 

ʉʭʝʤʘ 1. çɸʥʪʝʥʥʳʡ ʵʬʬʝʢʪè ï ʤʝʭʘʥʠʟʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) 

 

1) ʇʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʣʠʛʘʥʜʦʤ ʠ ʝʛʦ ʧʝʨʝʭʦʜ ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (S0) 

ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (S1); 

2) ɺʥʫʪʨʝʥʥʷʷ ʢʦʥʚʝʨʩʠʷ ʠ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʣʠʛʘʥʜʘ; 
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3) ʀʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʙʫʞʜʝʥʥʳʡ ʣʠʛʘʥʜ ʧʝʨʝʭʦʜʠʪ ʠʟ 

ʩʠʥʛʣʝʪʥʦʛʦ (S1) ʚ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (T1); 

4) ɹʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʠʛʘʥʜʘ (T1) 

ʢ ʠʟʣʫʯʘʪʝʣʴʥʦʤʫ ʫʨʦʚʥʶ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ(III); 

5) ʀʩʧʫʩʢʘʥʠʝ ʩʚʝʪʘ ʚ ʚʠʜʠʤʦʡ ʠʣʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ(III) ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʚʨʘʪʘ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤʠ ʧʦʣʦʩʘʤʠ 

ʠʩʧʫʩʢʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʪʦʢʩʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ʠ ʜʣʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʚʳʙʨʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ 

ʚ ʢʦʤʧʣʝʢʩʝ [62]. 

ɺ ʨʘʤʢʘʭ ʚʳʙʦʨʘ ʣʠʛʘʥʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʦʥʦʨʥʳʝ  

ʠ/ʠʣʠ ʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʣʠʛʘʥʜʝ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ ʚʣʠʷʶʪ  

ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ (ʩʠʥʛʣʝʪʥʳʝ (S1) ʠ ʪʨʠʧʣʝʪʥʳʝ (T1) ʩʦʩʪʦʷʥʠʷ), ʢʦʪʦʨʳʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʠʦʥʫ ʣʘʥʪʘʥʠʜʘ(III ) [63]. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʣʘʥʪʘʥʠʜʘ(III) ʦʧʪʠʤʘʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ʪʨʠʧʣʝʪʥʳʤ ʫʨʦʚʥʝʤ ʣʠʛʘʥʜʘ (T1) 

ʠ ʫʨʦʚʥʝʤ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʘʥʪʘʥʠʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ~2500-3500 ʩʤ-1. 

ɽʩʣʠ ɻ ʥʝʨʛʠʷ T1 ʩʣʠʰʢʦʤ ʥʠʟʢʘʷ ʠʣʠ ʥʘʦʙʦʨʦʪ ʩʣʠʰʢʦʤ ʚʳʩʦʢʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ Ln
3+, 

ʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʚʩʝ [64ï66]. 

ɼʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ïOMe, ïNH2 ʠ ʜʨʫʛʠʝ, ʧʦʚʳʰʘʶʪ ʵʥʝʨʛʠʶ  

-́ʦʨʙʠʪʘʣʝʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʦʚ 

ʣʠʛʘʥʜʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʟʘʪʨʫʜʥʷʷ 

ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʠʦʥʫ ʣʘʥʪʘʥʠʜʘ(III ) ʠ ʫʩʠʣʠʚʘʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʧʫʪʠ 

ʨʝʣʘʢʩʘʮʠʠ [67]. 

ɸʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ïCN, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʛʘʣʦʛʝʥʠʜʳ 

ʠ ʜʨʫʛʠʝ, ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʥʠʞʥʠʝ ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʣʠʛʘʥʜʦʚ 

ʠ ʧʦʚʳʰʘʶʪ ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ T1, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ɻ ʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ [68]. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ Eu3+ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʘʥʪʨʦʣʠʥʘ, ʩʦʜʝʨʞʘʱʠʤʠ CF3-ʟʘʤʝʩʪʠʪʝʣʴ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ 

[69]. ʅʠʪʨʦʛʨʫʧʧʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʠʣʴʥʳʡ ʘʢʮʝʧʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʘʩʪʦ ʪʫʰʠʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ [70]. 
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ʆʜʥʘʢʦ, ʧʦʚʳʰʝʥʠʝ ʜʦʥʦʨʥʳʭ ʠʣʠ ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʘʭ  

ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʘʭ ʧʦʜʦʙʨʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʩʦʛʣʘʩʦʚʘʥ ʩ ʢʦʥʢʨʝʪʥʳʤ ʠʦʥʦʤ Ln3+, ʘ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʣʝʢʩʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʝʩʪʢʘʷ ʠ ʟʘʱʠʱʝʥʘ ʦʪ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ [64,71]. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʞʝʩʪʢʠʭ ʠ ʤʷʛʢʠʭ ʢʠʩʣʦʪ ʠ ʦʩʥʦʚʘʥʠʡ, ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ(III ) 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ çʞʝʩʪʢʠʝè ʢʠʩʣʦʪʳ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʩʢʣʦʥʥʳʤʠ  

ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ [26,27]. ʇʦʵʪʦʤʫ ʯʘʱʝ ʚʩʝʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʜʠʢʝʪʦʥʘ (1,3-ʜʠʢʝʪʦʥʘ), 

ʢʦʪʦʨʳʝ, ʚʳʩʪʫʧʘʷ ʚ ʨʦʣʠ ʦʩʥʦʚʘʥʠʡ ʃʴʶʠʩʘ, ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ  

ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɺ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʦʙʳʯʥʦ ʧʨʦʷʚʣʷʝʪʩ ̫ ʙʠʜʝʥʪʘʪʥʳʡ ʩʧʦʩʦʙ 

ʢʦʦʨʜʠʥʘʮʠʠ ʯʝʨʝʟ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ [72ï74], ʦʜʥʘʢʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ 

ʮʠʢʣʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʥʘʧʨʠʤʝʨ, 5,5-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ (ʜʠʤʝʜʦʥ), ʤʦʛʫʪ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʤʦʩʪʠʢʦʚʳʤ ʠʣʠ ʤʦʥʦʜʝʥʪʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤʘʤʠ  

ʢʠʩʣʦʨʦʜʘ [4,75ï79]. ʍʦʪʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʩʦʪʥʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ɓ-ʜʠʢʝʪʦʥʘʪʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ, ʣʠʰʴ ʥʝʤʥʦʛʠʝ ʠʟ ʥʠʭ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʝʪʘʣʴʥʦ. ɸ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʷʚʣʷʝʪʩʷ [Eu(tta)3(phen)] (ʨʠʩ. 2), ʛʜʝ tta ï ʩʦʧʨʷʞʝʥʥʦʝ ʦʩʥʦʚʘʥʠʝ 2-ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥʘ 

(Htta), phen ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ [80,81]. 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʪʨʠʩ[4,4,4-ʪʨʠʬʪʦʨ-1-(2-

ʪʠʝʥʠʣ)-1,3-ʙʫʪʘʥʜʠʦʥʘʪʦ]ʬʝʥʘʥʪʨʦʣʠʥʝʚʨʦʧʠʷ(III) [73] 

 



16 

1.2. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʆʜʥʦʡ ʠʟ ʟʥʘʯʠʤʳʭ ʛʨʫʧʧ ʩʨʝʜʠ ʦʩʥʦʚʘʥʠʡ ʃʴʶʠʩʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 

[34,82ï85]. ʕʪʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʘ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ, ʦʙʨʘʟʫʷ ʫʩʪʦʡʯʠʚʳʝ ʧʷʪʠʯʣʝʥʥʳʝ ʤʝʪʘʣʣʦʮʠʢʣʳ. ʄʦʣʝʢʫʣʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 

ʠʤʝʝʪ ʞʝʩʪʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʥʘʣʠʯʠʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʩʦʧʨʷʞʝʥʥʦʡ  

-́ʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʝʪ 

ʥʝʙʦʣʴʰʦʡ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʫʶ ʨʝʣʘʢʩʘʮʠʶ. 

ʉʦʛʣʘʩʥʦ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ Google ɸʢʘʜʝʤʠʷ ʪʦʣʴʢʦ ʟʘ 2025 ʛʦʜ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 

ʙʦʣʝʝ ʪʳʩʷʯʠ ʩʪʘʪʝʡ ʧʦ ʟʘʧʨʦʩʫ çLanthanide(III) complexes with phenanthrolineè. ʇʨʠ ʵʪʦʤ 

ʥʘʯʠʥʘʷ ʩ 2000 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʨʘʩʪʫʱʝʤ ʠʥʪʝʨʝʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ (ʨʠʩ. 3). 

 

ʈʠʩʫʥʦʢ 3. ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ ʚ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ Google ɸʢʘʜʝʤʠʷ ʧʦ ʟʘʧʨʦʩʫ 

çLanthanide(III ) complexes with phenanthrolineè ʩ 2000 ʧʦ 2025 ʛʦʜ 

 

ʂʦʤʧʣʝʢʩʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠʟʚʝʩʪʥʳ ʫʞʝ ʙʦʣʝʝ 

ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ. ɽʱʝ ʚ 1964 ʠ 1965 ʛʦʜʘʭ F.A. Hart ʠ F.P. Laming ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʳ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʝʡ ʣʘʥʪʘʥʠʜʦʚ(III )  
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ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʘʚʪʦʨʦʚ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ 

ʘʥʠʦʥʘ (ʭʣʦʨʠʜ, ʨʦʜʘʥʠʜ, ʘʮʝʪʘʪ, ʥʠʪʨʘʪ) ʥʘ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʚʦʡʩʪʚʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʚ ʪʦ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʣʦ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ [86,87]. 

ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʩʝʨʠʠ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʢʦʤʧʣʝʢʩʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʭʣʦʨʠʜʦʚ  

ʠ ʨʦʜʘʥʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ [86]. ɼʣʷ ʨʦʜʘʥʠʜʦʚ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʣʘʥʪʘʥʠʜʦʚ(III ) 

(ʦʪ La ʜʦ Lu, ʢʨʦʤʝ Pm) ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

[Ln(phen)3](SCN)3. ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʣʦʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 152ÁC ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ 

ʜʦ 320ÁC ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʮʝʨʠʷ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ ʢ ʢʦʤʧʣʝʢʩʘʤ ʣʶʪʝʮʠʷ. ʆʜʥʘʢʦ ʚ ʨʘʩʪʚʦʨʘʭ (ʚʦʜʘ, 

ʤʝʪʘʥʦʣ, ɼʄʌɸ, ɼʄʉʆ) ʢʦʤʧʣʝʢʩʳ ʙʳʩʪʨʦ ʠ ʧʦʣʥʦʩʪʴʶ ʜʠʩʩʦʮʠʠʨʫʶʪ. ɼʘʥʥʳʝ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ SCN ʚ ʦʙʣʘʩʪʠ ~2040-2070 ʩʤï1) ʠ ʘʥʘʣʠʟ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʦʜʘʥʠʜ-ʠʦʥʦʚ  

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʢʘʪʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Ln(phen) ]3+. 

ʉ ʭʣʦʨʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩʠʪʫʘʮʠʷ ʦʢʘʟʘʣʘʩʴ ʩʣʦʞʥʝʝ ï ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʦʤ 

ʠʟʙʳʪʢʝ ʣʠʛʘʥʜʘ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʨʦʜʘʥʠʜʥʳʤ. 

ɺʤʝʩʪʦ ɻʪʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ 

ʤʦʣʝʢʫʣʫ ʚʦʜʳ ʠʣʠ ʵʪʘʥʦʣʘ [Ln(phen)2(H2O/C2H5OH)nCl3]. ʉʦʩʪʘʚ ʠ ʪʠʧ ʩʦʣʴʚʘʪʘ ʟʘʚʠʩʷʪ  

ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. ɼʣʷ ʙʦʣʝʝ ʣʝʛʢʠʭ ʣʘʥʪʘʥʠʜʦʚ(III ) (La-Nd) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [Ln(phen)(H2O/C2H5OH)nCl3].  

ɼʘʣʝʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʝʨʝʰʣʠ ʢ ʠʟʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʘʪʦʚ ʠ ʥʠʪʨʘʪʦʚ, 

ʘʥʠʦʥʳ ʢʦʪʦʨʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʭʣʦʨʠʜʘ ʠ ʨʦʜʘʥʠʜʘ, ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʭʝʣʘʪʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ [87]. ʅʠʪʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʩʝʭ ʣʘʥʪʘʥʠʜʦʚ(III) ʠʤʝʶʪ ʩʦʩʪʘʚ 

[Ln(phen)3(NO3)3] ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. ɼʘʥʥʳʝ  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ n(NO3
ï) ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʣʦʩʳ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʘʪ-ʠʦʥʦʚ (1027-1039 ʩʤ-1, 814 ʩʤ-1).  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʤʦʥʦ-, ʪʘʢ ʠ ʙʠʷʜʝʨʥʳʤʠ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʝr ʯʠʩʣʘ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 7 ʜʦ 9. 

ɸʮʝʪʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ : phen = 1 : 1 ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

[Ln(phen)(CH3COO)3] ʜʣʷ ʚʩʝʭ ʣʘʥʪʘʥʠʜʦʚ(III), ʢʨʦʤʝ La. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʩʝ 

ʪʨʠ ʘʮʝʪʘʪʥʳʝ ʛʨʫʧʧʳ ʠ ʤʦʣʝʢʫʣʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʷʚʣʷʶʪʩʷ ʙʠʜʝʥʪʘʪʥʦ-ʭʝʣʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ 8. ʇʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʷʨʢʦʝ ʦʨʘʥʞʝʚʦʝ ʩʚʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ Eu3+ ʠ ʞʝʣʪʦʝ ʜʣʷ Tb3+, 
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ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʩ ʪʨʠʧʣʝʪʥʦʛʦ 

ʫʨʦʚʥʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʥʘ ʨʝʟʦʥʘʥʩʥʳʝ ʫʨʦʚʥʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ). 

ɺ 2001 ʛʦʜʫ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ Yue-Qing Zheng 

ʧʨʦʜʦʣʞʠʣʘ ʨʘʙʦʪʫ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʪʨʘʪʦʚ 

ʣʘʥʪʘʥʠʜʦʚ(III) (Ln(III)  =  Pr, Nd, Sm, Eu, Dy) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ 

ʦʙʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʚʣʠʷʥʠʝ ʣʘʥʪʘʥʠʜʥʦʛʦ ʩʞʘʪʠʷ [88]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʷʪʴ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ [Ln(phen)2(NO3)3], ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ (ʨʠʩ. 4 ʘ,ʙ). 

ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ  

ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ C2/c, ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʠʦʥʦʚ 

ʣʘʥʪʘʥʠʜʦʚ(III ) ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʜʚʫʭ ʭʝʣʘʪʥʳʭ ʤʦʣʝʢʫʣ phen ʠ ʰʝʩʪʠ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʙʠʜʝʥʪʘʪʥʦ-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ. ʄʝʞʜʫ  

1,10-ʬʝʥʘʥʪʨʦʣʠʥʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ˊ-ʩʪʵʢʠʥʛ, ʯʪʦ ʧʨʠʚʦʜʠʪ  

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʚ ʫʧʘʢʦʚʢʝ (ʨʠʩ. 4 ʚ). ʇʨʦʷʚʣʝʥʠʝ ʣʘʥʪʘʥʠʜʥʦʛʦ ʩʞʘʪʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ï ʜʣʠʥʳ ʩʚʷʟʝʡ LnïO ʠ LnïN, ʢʦʪʦʨʳʝ 

ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʨʷʜʫ ʦʪ ʧʨʘʟʝʦʜʠʤʘ ʢ ʜʠʩʧʨʦʟʠʶ. 

ʘ)   ʙ) 

ʚ) 

ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨ r ʢʦʤʧʣʝʢʩʦʚ [Pr(phen)2(NO3)3] (ʘ), [Dy(phen)2(NO3)3] (ʙ)  

ʠ ˊ-ʩʪʵʢʠʥʛ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ ʧʨʘʟʝʦʜʠʤʘ(III) (ʚ) [88] 
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ʇʘʨʘʣʣʝʣʴʥʦ ʨʦʩʩʠʡʩʢʘʷ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ɻ. ʄʠʨʦʯʥʠʢʘ ʨʘʙʦʪʘʣʘ ʥʘʜ 

ʩʦʟʜʘʥʠʝʤ ʨʷʜʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [EuxLn1īx(phen)2(NO3)3] (Ln = La, Y, Nd  

ʠ Lu) ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʘʥʪʘʥʠʜʦʚ(III) ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠ ʁʢʦʤʧʣʝʢʩʘ 

ʝʚʨʦʧʠʷ(III), ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ ʣʘʥʪʘʥʠʜʦʚ(III). ɺ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ 

ʝʚʨʦʧʠʷ(III) ʫʟʢʠʝ ʣʠʥʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʝʭʦʜʘʤʠ 5D0ï7 ­ Fj, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ 90% 

ʠʩʧʫʩʢʘʝʤʦʡ ʵʥʝʨʛʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʭʦʜ 5D0ï7 ­ F2. ɺ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʘʢ f-f ʧʝʨʝʭʦʜʘʤʠ Eu3+,  

ʪʘʢ ʠ ʧʝʨʝʭʦʜʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʦʪ ʤʦʣʝʢʫʣʳ phen ʢ Eu3+ (ʘʥʪʝʥʥʳʡ 

ʵʬʬʝʢʪ) [89]. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʚʪʦʨʦʛʦ 

ʣʘʥʪʘʥʠʜʘ(III), ʥʦ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʚʨʦʧʠʷ(III) ʚ ʢʦʤʧʣʝʢʩʘʭ. 

ʇʦʟʜʥʝʝ ʢʠʪʘʡʩʢʘʷ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ Yan Yang ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʠʩʧʨʦʟʠʷ(III) ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ [90]. ʆʩʥʦʚʥʦʡ 

ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʟʘʤʝʥʘ ʘʥʠʦʥʘ ʚ ʩʦʣʷʭ ʜʠʩʧʨʦʟʠʷ(III) 

(ʘʮʝʪʘʪʘ ʥʘ ʥʠʪʨʘʪ), ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʛʦ ʞʝ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ (phen), ʩʢʘʟʳʚʘʝʪʩʷ  

ʥʘ ʜʠʥʘʤʠʢʝ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʙʠʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [Dy2(phen)2(CH3COO)6] (ʨʠʩ. 5 ʘ), ʛʜʝ ʜʚʘ ʠʦʥʘ ʜʠʩʧʨʦʟʠʷ(III) ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʯʝʪʳʨʴʤʷ ʘʮʝʪʘʪ-ʠʦʥʘʤʠ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤ ʩʧʦʩʦʙʦʤ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʜʦʧʦʣʥʷʶʪ ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ 

ʘʮʝʪʘʪ-ʠʦʥ ʠ ʤʦʣʝʢʫʣʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1. ʄʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʩʦʩʝʜʥʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ˊ- ʩʪʵʢʠʥʛ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʫʧʘʢʦʚʳʚʘʶʪʩʷ 

ʚ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 5 ʙ). ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ (P-1) ʠʣʠ 

ʤʦʥʦʢʣʠʥʥʦʡ (P21/c) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ [91,92]. ʂʦʤʧʣʝʢʩ [Dy(phen)2(NO3)3] ʠʤʝʝʪ 

ʤʦʥʦʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 4 ʙ). ʅʠʪʨʘʪ-ʠʦʥʳ ʠ ʤʦʣʝʢʫʣʳ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʙʠʜʝʥʪʘʪʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʯʠʩʣʫ ʨʘʚʥʦʤʫ 10. ɼʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʝʪʠʢʘ ʥʘ ʦʩʥʦʚʝ Dy(III)  

ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʂʏ = 10. ʀʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʘ ʢʦʤʧʣʝʢʩʘ 

ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʛʥʝʪʠʢʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʤʝʜʣʝʥʥʫʶ ʨʝʣʘʢʩʘʮʠʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʅʘʙʣʶʜʘʝʤʳʡ ʫ ʥʠʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʵʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʥʠʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʦʤʝʪʨʠʝʡ ʘʮʝʪʘʪʥʦʛʦ. 
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ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʘ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Dy2(phen)2(CH3COO)6] (ʘ)  

ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʡ ˊ-ʩʪʵʢʠʥʛ (ʙ) [90] 

 

1,10-ʌʝʥʘʥʪʨʦʣʠʥ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ,  

ʥʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ  

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʢʚʦʟʴ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ ʠ ʩʚʷʟʳʚʘʥʠ ̫ʩ ʙʦʨʦʟʜʢʘʤʠ 

ɼʅʂ ʠ ʈʅʂ ʧʦ ʪʠʧʫ ʠʥʪʝʨʢʘʣʷʮʠʠ ʟʘ ʩʯʝʪ ʧʣʦʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [93]. ɺ ʨʘʙʦʪʝ [94] ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʨʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln3L2(NO3)5], 

ʛʜʝ Ln = Gd3+, Tb3+ ʠ Eu3+, ʘ H2L ï 3-(2-ʧʠʨʠʜʠʣ)-N-[(E)-[9-[(E)-[[3-(2-ʧʠʨʠʜʠʣ)-1H-ʧʠʨʘʟʦʣ-

5-ʢʘʨʙʦʥʠʣ]ʛʠʜʨʘʟʦʥʦ]ʤʝʪʠʣ]-1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2-ʠʣ]ʤʝʪʠʣʝʥʘʤʠʥʦ]-1H-ʧʠʨʘʟʦʣ-5-

ʢʘʨʙʦʢʩʘʤʠʜ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʠʦʥʳ ʤʝʪʘʣʣʦʚ ï ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʜʣʷ ʢʦʥʮʝʚʳʭ 

ʣʘʥʪʘʥʠʜʦʚ(III ). ʇʨʠ ʵʪʦʤ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʦʙʲʝʜʠʥʷʶʪ ʪʨʠ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ(III) ʚ ʦʜʥʫ 

ʤʦʣʝʢʫʣʫ ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʦʡ ʬʫʥʢʮʠʠ (ʨʠʩ. 6). 

 

ʈʠʩʫʥʦʢ 6. ʉʪʨʫʢʪʫʨʘ ʪʨʝʭʲ̫ ʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Tb3L2(NO3)5] [94] 
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ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʜʣʠʥʦʡ ʚʦʣʥʳ 350 ʥʤ ʢʦʤʧʣʝʢʩ ʪʝʨʙʠʷ(III ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʝʣʝʥʦʝ 

ʩʚʝʯʝʥʠʝ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʟʢʠʭ ʧʦʣʦʩ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʘʤ ʩ ʫʨʦʚʥʷ 5D4 ʥʘ ʦʩʥʦʚʥʳʝ ʪʝʨʤʳ 
7F6 (~490 ʥʤ) ʠ 

7F5 (~544 ʥʤ). 

ʂʦʤʧʣʝʢʩ ʝʚʨʦʧʠʷ(III ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʢʨʘʩʥʦʝ ʩʚʝʯʝʥʠʝ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʣʠʥʠʷʤʠ ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 578, 589, 615 ʠ 639 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʝʨʝʭʦʜʘʤ 5D0 Ÿ 7F0, 
5D0 Ÿ 7F1, 

5D0 Ÿ 7F2 ʠ 
5D0 Ÿ 7F3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʙʣʘʜʘʷ ʚʳʨʘʞʝʥʥʳʤʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʩʦʢʦʡ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʦʮʝʥʝʥʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʛʝʥʪʳ ʜʣʷ 

ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ. ʀʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʄʊʊ-ʪʝʩʪʘ 

ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ (MCF7), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0-100 ɛʄ. ʉ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʢ MCF7, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʠʛʥʘʣʳ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III) ʥʝ ʪʦʣʴʢʦ ʚ ʮʠʪʦʧʣʘʟʤʝ,  

ʥʦ ʠ ʚʥʫʪʨʠ ʢʣʝʪʦʯʥʦʛʦ ʷʜʨʘ (ʨʠʩ. 7). 

 

ʈʠʩʫʥʦʢ 7. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III ) ʧʨʦʥʠʢʘʪʴ ʚ ʷʜʨʦ ʠ ʮʠʪʦʧʣʘʟʤʫ ʢʣʝʪʦʢ MCF7 ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ɛʄ [94] 
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ʇʦʤʠʤʦ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ, ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʨʘʟʥʦʣʠʛʘʥʜʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʚ ʢʦʪʦʨʳʭ  

1,10-ʬʝʥʘʥʪʨʦʣʠʥ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʦʣʠʛʘʥʜʘ ʥʘ ʨʷʜʫ ʩ ʤʦʣʝʢʫʣʘʤʠ ʩʘʤʳʭ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [95ï100]. ɺʪʦʨʦʡ ʣʠʛʘʥʜ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪ ɹʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʬʫʥʢʮʠʡ: ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ çʘʥʪʝʥʥʘè, ʢʦʪʦʨʘʷ ʫʩʠʣʠʚʘʝʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʫʧʨʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʠ ʜʨ. [97,101ï104]. 

ɺ ʨʘʙʦʪʝ L. Jin ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III ) 

ʠ ʠʪʪʝʨʙʠʷ(III) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʠʟʦʤʝʨʘʤʠ ʙʝʥʟʦʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (Hbdc), 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ  

ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ [105]. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʥʷʝʪʩʷ  

ʦʪ ʜʚʫʤʝʨʥʳʭ ʜʦ ʪʨʝʭʤʝʨʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʟʦʤʝʨʘ Hbdc. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʝʚ ʠ ʢʘʨʢʘʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʦʡ ʬʫʥʢʮʠʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ˊ-ʩʪʵʢʠʥʛʘ ʤʝʞʜʫ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣɹʮʘʤʠ ʤʦʣʝʢʫʣ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʂʦʤʧʣʝʢʩ ʝʚʨʦʧʠʷ(III) ʩʦʩʪʘʚʘ 

[Eu(1,2-Hbdc)(phen)(H2O)(1,2-bdc)]n ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʢʨʘʩʥʦʝ ʩʚʝʯʝʥʠʝ, 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʠʦʥʦʚ Eu(III). ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ (5D0Ÿ
7Fj) ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʠʟʢʫʶ 

ʩʠʤʤʝʪʨʠʶ ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ ʝʚʨʦʧʠʷ(III), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. ɸʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʢʦʤʙʠʥʘʮʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ  

ʩ ʭʝʣʘʪʠʨʫʶʱʠʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʦʣʠʛʘʥʜʦʤ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ  

ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʠʭ ʤʘʛʥʠʪʥʳʤ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ 

ʩʚʦʡʩʪʚʘʤ. 

ɺ ʨʘʙʦʪʝ [106] ʠʩʩʣʝʜʦʚʘʥ  rʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʠʷ(II I), ʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III) ʩ ʙʝʥʟʠʤʠʜʘʟʦʣ-5,6-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(Hbide) ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʩʦʩʪʘʚʘ {[Ln3(phen)2(bide)4(NO3)]Ŀ2H2O}n, ʵʤʠʩʩʠʷ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʢʨʘʩʥʦʡ, ʟʝʣʝʥʦʡ ʠ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ(III ): 

Ln(1) ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 9, ʘ Ln(2) ʠ Ln(3) ï 8 (ʨʠʩ. 8). ʃʠʛʘʥʜʳ bide ʠʤʝʶʪ 

ʪʝʪʨʘ- ʠ ʧʝʥʪʘʜʝʥʪʘʪʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʩʚʷʟʳʚʘʷ ʠʦʥʳ ʤʝʪʘʣʣʦʚ  

ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ ʚʜʦʣʴ ʦʩʠ c. ɿʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ˊ-ʩʪʵʢʠʥʛʘ ʩʦʩʝʜʥʠʝ 

ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʬʦʨʤʠʨʫʶʪ ʪʨʝʭʤʝʨʥʫʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʂʦʤʧʣʝʢʩ 

ʛʘʜʦʣʠʥʠʷ(III) ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʜʣʠʥʦʡ ʚʦʣʥʳ 376 ʥʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʥʝʝ ʣʠʛʘʥʜ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʤʘʢʩʠʤʫʤ ~ 440 ʥʤ), ʧʦʩʢʦʣʴʢʫ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʣʠʛʘʥʜʦʚ 

ʣʝʞʠʪ ʥʠʞʝ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ Gd3+. ʂʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ(III ) ʠ ʪʝʨʙʠʷ(III) ʧʨʦʷʚʣʷʶʪ 
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ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʵʪʠʭ ʠʦʥʦʚ ʠʥʪʝʥʩʠʚʥʳʝ ʢʨʘʩʥʫʶ (5D0Ÿ
7Fj) ʠ ʟʝʣʝʥʫʶ (

5D4Ÿ
7Fj) 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ 

ʯʝʨʝʟ ʣʠʛʘʥʜʳ (ʘʥʪʝʥʥʳʡ ʵʬʬʝʢʪ). ʈʘʙʦʪʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʙʝʣʳʤ ʠʟʣʫʯʝʥʠʝʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʚʝʪʦʜʠʦʜʘʭ. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʫʶ ʥʘʩʪʨʦʡʢʫ ʙʝʣʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʫʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ Gd(III ) ʠʦʥʘʤʠ Eu(III) ʠ Tb(III). 

 

ʈʠʩʫʥʦʢ 8. ʌʨʘʛʤʝʥʪ ʟʚʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʨʠʤʝʨʝ 

{[ Eu3(bide)4(phen)2(NO3)]Ŀ2H2O}n [106]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ [105,107ï112]. 

ʈʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ʈɸʅ, ʜ.ʭ.ʥ. ɺ.ʇ. ʌʝʜʠʥʘ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʄʆʂʇ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ 

ʣʠʛʘʥʜʘ ï ʪʨʘʥʩ-1,4-ʮʠʢʣʦʛʝʢʩʘʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H2chdc), 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʭr [34,95,100]. ɺ ʨʘʙʦʪʝ [100] ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʄʆʂʇ  

ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [M2(phen)2(NO3)2(chdc)2]Ŀ2DMF (ʛʜʝ M = Y3+, Eu3+, Tb3+), ʢʦʪʦʨʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʜʘʶʱʠʝʩʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ (ʨʠʩ. 9). ʂʘʨʢʘʩʳ 

ʧʦʩʪʨʦʝʥʳ ʠʟ ʙʠʷʜʝʨʥʳʭ ʙʣʦʢʦʚ [M2(phen)2(NO3)2(OOCR)4], ʦʙʲʝʜʠʥʝʥʥʳʭ ʣʠʛʘʥʜʘʤʠ 

chdc2ï, ʠ ʩʦʜʝʨʞʘʪ ʫʟʢʠʝ ʱʝʣʝʚʠʜʥʳʝ ʢʘʥʘʣʳ (ʜʦ 26% ʜʦʩʪʫʧʥʦʛʦ ʦʙʲʝʤʘ). ʉʦʝʜʠʥʝʥʠʷ 

ʠʟʣʫʯʘʶʪ ʚ ʩʠʥʝʡ (Y), ʢʨʘʩʥʦʡ (Eu) ʠ ʟʝʣʝʥʦʡ (Tb) ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʬʦʨʤʠʨʫʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʙʘʟʦʚʳʝ ʮʚʝʪʘ RGB-ʤʘʪʨʠʮʳ, ʘ ʣʝʛʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ Y3+ ʠʦʥʘʤʠ Eu3+ 

ʠ/ʠʣʠ Tb3+ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩ ʧʣʘʚʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʮʚʝʪʘ 

ʩʚʝʯʝʥʠʷ ʠ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ (ʜʦ 84%). ʇʨʠ ʵʪʦʤ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʟʙʘʚʣʝʥʠʝ ʬʦʪʦʘʢʪʠʚʥʳʭ ʠʦʥʦʚ Eu3+/Tb3+ ʚ ʠʥʝʨʪʥʦʡ ʤʘʪʨʠʮʝ Y3+ 

ʧʦʜʘʚʣʷʝʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʪʫʰʝʥʠʝ ʠ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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ʈʠʩʫʥʦʢ 9. ʌʨʘʛʤʝʥʪ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠʪʪʨʠʷ(III ) 

[Y2(phen)2(NO3)2(chdc)2] [100] 

 

ʂʨʦʤʝ çʞʝʩʪʢʠʭè ʢʠʩʣʦʪ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʆ-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜ,r ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ N- ʠ S-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʝʥʠʷ ʢ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʫ [113ï122]. 

ʅʘʧʨʠʤʝʨ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʘʷ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ (ʝʚʨʦʧʠʷ(III) ʠ ʩʘʤʘʨʠʷ(III ))  

ʩ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ- (Et2NCS2
ï) ʠ ʜʠʠʟʦʙʫʪʠʣʜʠʪʠʦʬʦʩʬʘʪ- (i-Bu2PS2

ï) ʘʥʠʦʥʘʤʠ, ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʧʣʝʥʦʢ ZnS:Eu/Sm [120ï122]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ 

[Eu(bipy/phen)(Et2NCS2)3], [Sm(bipy/phen)(Et2NCS2)3], ʘ ʪʘʢʞʝ [Sm(phen)(i-Bu2PS2)3] 

ʷʚʣʷʶʪʩʷ ʤʦʥʦʷʜʝʨʥʳʤʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʠʦʥʘ Ln3+ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʦʙʨʘʟʫʝʪʩʷ 

ʟʘ ʩʯʝʪ ʰʝʩʪʠ ʘʪʦʤʦʚ ʩʝʨʳ ʦʪ ʪʨʝʭ ʭʝʣʘʪʥʳʭ ʜʠʪʠʦ-ʣʠʛʘʥʜʦʚ ʠ ʜʚʫʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʤʦʣʝʢʫʣ 

bipy/phen (ʨʠʩ. 10). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʠʥʳ ʩʚʷʟʝʡ LnïS ʠ LnïN ʚ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ Eu(III) ʠ Sm(III) ʦʢʘʟʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʤʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʠʮʫ  

ʚ ʠʦʥʥʳʭ ʨʘʜʠʫʩʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʞʝʩʪʢʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʢʦʤʧʣʝʢʩ [Sm(phen)(i-Bu2PS2)3] ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʷʚʣʷʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

ʠʦʥʦʚ Sm3+ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ (ʧʝʨʝʭʦʜʳ 4G5/2 Ÿ 
6H9/2, 7/2, 5/2). ʇʨʠ 

ʵʪʦʤ ʙʳʣ ʚʳʷʚʣʝʥ ʚʳʨʘʞʝʥʥʳʡ ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ: 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩ phen ʧʨʠʤʝʨʥʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʫʶ ʜʣʷ 

ʘʥʘʣʦʛʘ ʩ bipy. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ 

1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʥʘ ʨʝʟʦʥʘʥʩʥʳʡ ʚʦʟʙʫʞʜʝʥʥʳʡ ʫʨʦʚʝʥʴ 4G5/2 ʠʦʥʘ Sm
3+. 



25 

 

ʈʠʩʫʥʦʢ 10. ʄʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Sm(phen)(i-Bu2PS2)3] [122]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ 

 

1.3. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 2,2'-ʙʠʧʠʨʠʜʠʥʦʤ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ 

ɹʠʧʠʨʠʜʠʥ r ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʣʝʮ, ʩʦʝʜʠʥʝʥʥʳʭ ʩʚʷʟʴʶ ʤʝʞʜʫ ʚʪʦʨʳʤʠ ʘʪʦʤʘʤʠ 

ʫʛʣʝʨʦʜʘ, ʠ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [123ï129]. 

ɹʠʧʠʨʠʜʠʥ rʷʚʣʷʪʁʩʷ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠ̫ʤʠ ʜʣʷ ʨʷʜʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʭʝʣʘʪʠʨʫʶʱʠʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, ʚʢʣʶʯʘʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ (phen) ʠ 2,2':6',2ǌ-

ʪʝʨʧʠʨʠʜʠʥ (tpy) [130]. ʕʪʦʪ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ 

(ʩʭʝʤʘ 2.), ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʭʝʣʘʪʠʨʫʶʱʠʤ ʣʠʛʘʥʜʦʤ ʷʚʣʷʝʪʩʷ  

2,2'-ʙʠʧʠʨʠʜʠʥ (bipy, 1). 

 

ʉʭʝʤʘ 2. ʀʟʦʤʝʨʳ ʙʠʧʠʨʠʜʠʥʘ [123] 

 



26 

2,2'-ɹʠʧʠʨʠʜʠʥ ʪʘʢ ʞʝ, ʢʘʢ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) [129,131]. ɺ ʨʘʙʦʪʝ  

L.N. Puntus ʠ ʜʨ. ʧʦʣʫʯʝʥʳ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III) 

ʩ 2,2'-ʙʠʧʠʨʠʜʠʥʦʤ ʩʦʩʪʘʚʘ [Ln(bipy)y(H2O)zClx]Cl3-xĿnH2OĿmEtOH (Ln = Eu3+, Gd3+, Tb3+;  

x = 1, 2; y = 1, 2; z = 2-4) [129]. ʄʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʠʦʥ 

Ln(III) ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʚ ʚʠʜʝ ʠʩʢʘʞʝʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ  

ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ʨʘʚʥʳʤ 8 (ʨʠʩ. 11). 

 

ʈʠʩʫʥʦʢ 11. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III ) [Eu(bipy)2(H2O)2Cl2]ClĿH2O [129] 

 

ʉʠʣʴʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʭʣʦʨʠʜ-

ʠʦʥʘʤʠ (ʢʘʢ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ, ʪʘʢ ʠ ʚʥʝʰʥʝʩʬʝʨʥʳʤʠ) ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʜʣʠʥʫ 

ʩʚʷʟʝʡ LnïO ʠ LnïCl, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʘʨʢʘʩʳ. ɻʠʙʢʦʩʪʴ 

ʣʠʛʘʥʜʦʚ bipy ʧʨʠʚʦʜʠʪ ʢ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʧʣʦʩʢʦʩʪʠ ʢʦʣʝʮ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʠ CïC ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ ʠʟ-ʟʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ 

ʢʘʢ ClĿĿĿˊ ʠ ˊ-ʩʪʵʢʠʥʛ (ʨʠʩ. 12). ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ˊ-  ́ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʤʝʞʜʫ ʩʠʥʛʣʝʪʥʳʤ  

ʠ ʪʨʠʧʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ ʣʠʛʘʥʜʘ(ʦʚ) bipy. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʫʣʫʯʰʘʝʪʩʷ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʣʠʛʘʥʜʘ ʢ Eu, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ  

ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʙʠʷ(III) (37%), 

ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʝʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʪʫʰʠʪʝʣʷʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  
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ʘ) 

ʙ) 

ʈʠʩʫʥʦʢ 12. ɺʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʠʩʢʘʞʝʥʠʷ ʧʣʦʩʢʠʭ ʢʦʣʝʮ ʚ ʩʪʨʫʢʪʫʨʝ bipy (ʘ)  

ʠ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʝʚʨʦʧʠʷ, ʛʜʝ S1 ï 

ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ bipy; T ï ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ bipy; SICT ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ ʣʠʛʘʥʜʝ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ -́ ʩʪʵʢʠʥʛʦʤ; LMCT ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʪ ʣʠʛʘʥʜʘ ʢ ʤʝʪʘʣʣʫ (ʙ) [129] 

 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʦ ʘʥʪʝʥʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʚʘʞʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʣʠʛʘʥʜʘ ʠʟʣʫʯʘʪʝʣʴʥʦʤʫ ʫʨʦʚʥʶ 

ʢʦʥʢʨʝʪʥʦʛʦ ʠʦʥʘ Ln3+. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [132] ʩʦʩʨʝʜʦʪʦʯʠʣʠ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʣʫʯʝʥʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʜʠʧʠʨʠʜʦ[3,2-ʘ:2ǋ,3ǋ-ʩ]ʬʝʥʘʟʠʥʦʤ (dppz), ʧʦʩʢʦʣʴʢʫ ʝʛʦ 

ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʠʦʥʦʚ N3+, Er3+ ʠ Yb3+, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ [133]. ɺ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩʦʩʪʘʚʘ 

[Ln(dppz)2(NO3)3] (Ln = Nd3+, Er3+ ʠ Yb3+). ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʛʘʥʜ 

dppz ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʭʝʣʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ (ʨʠʩ. 13). ʂʦʦʨʜʠʥʘʮʠʦʥʥʫʶ 

ʩʬʝʨʫ ʜʦʧʦʣʥʷʶʪ 3 ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʭʝʣʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ(III) ʩʦʩʪʘʚʣʷʝʪ 10. 
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ʈʠʩʫʥʦʢ 13. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Nd(dppz)2(NO3)3] [132] 

 

ɼʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʝ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ [Nd(dppz)2(NO3)3]  

ʢ ʠʥʪʝʨʢʘʣʷʮʠʠ ʚ ʩʪʨʫʢʪʫʨʫ ɼʅʂ ʪʠʤʫʩʘ ʪʝʣʝʥʢʘ (CT-DNA). ʇʨʠ ʚʳʙʦʨʝ ʜʘʥʥʦʛʦ ʣʠʛʘʥʜʘ 

ʘʚʪʦʨʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʥʳʡ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ [Er(bta)3(dppz)] (Hbta = ʙʝʥʟʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʩ ʣʠʛʘʥʜʦʤ Hbta ʠ 2,2'-ʙʠʧʠʨʠʜʠʥʦʤ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠʣʠ ʜʠʧʠʨʠʜʦ[3,2- d :2ǋ,3ǋ-f] -

ʭʠʥʦʢʩʘʣʠʥʦʤ [134]. ʂʦʤʧʣʝʢʩ [Yb(L)3(dppz)] (L = 3,5-ʛʝʧʪʘʥʜʠʦʥ), ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ 

[135], ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɺʢʣʶʯʝʥʠʝ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʧʦʣʠ(ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ) ʠʟʫʯʘʣʦʩʴ  

ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 2,2'-ʙʠʧʠʨʠʜʠʥ ʙʦʣʝʝ 

ʨʘʩʪʚʦʨʠʤʳ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʠ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʠʤʝʶʪʩʷ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ 

ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 2,2'-ʙʠʧʠʨʠʜʠʥʦʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʕʪʠ ʣʠʛʘʥʜʳ 

ʯʘʱʝ ʚʩʝʛʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʜʨʫʛʠʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ [113,114,136ï143]. 

ɸʚʪʦʨʳ [136] ʧʦʣʫʯʠʣʠ ʯʝʪʳʨʝ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ(III ) 

ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln(5,5'-dmeibpy)(H2O)(2,3-DCIBA)3]2, ʛʜʝ Ln = Sm, Eu, Dy, Ho;  

2,3-DCIBA ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ 2,3-ʜʠʭʣʦʨʙʝʥʟʦʘʪ; 5,5'-dmeibpy ï 5,5'-ʜʠʤʝʪʠʣ-2,2'-

ʙʠʧʠʨʠʜʠʥ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳ.  
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ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʙʠʷʜʝʨʥʳʝ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P-1. ʎʝʥʪʨʘʣʴʥʳʡ ʠʦʥ Ln3+ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ 8, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ï ʠʩʢʘʞʝʥʥʘ ̫ʢʚʘʜʨʘʪʥʘ ̫ʘʥʪʠʧʨʠʟʤʘ (ʨʠʩ. 14). ɼʚʝ ʠʟ 

ʪʨʝʭ ʤʦʣʝʢʫʣ 2,3-DCIBA ʢʦʦʨʜʠʥʠʨʫʪʁʩʷ ʤʦʩʪʠʢʦʚʳʤ ʩʧʦʩʦʙʦʤ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʦʙʲʝʜʠʥʷʷ ʜʚʘ ʤʦʥʦʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘ ʚ ʙʠʷʜʝʨʥʫʶ ʤʦʣʝʢʫʣʫ, 

ʪʨʝʪʴʷ ï ʤʦʥʦʜʝʥʪʘʪʥʦ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʨʦʠʟʚʦʜʥʦʝ  

2,2'-ʙʠʧʠʨʠʜʠʥʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʭʝʣʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III ): ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 360 ʥʤ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʠʦʥʘ Eu3+ ʠʥʪʝʥʩʠʚʥʦʝ ʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʝʭʦʜʘʤ ʩ ʫʨʦʚʥʷ 5D0 ʥʘ ʫʨʦʚʥʠ 
7Fj (j=1-4). 

 

ʈʠʩʫʥʦʢ 14. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Dy(5,5'-dmeibpy)(H2O)(2,3-DCIBA)3]2 [136]. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ 

 

1.4. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ 

ʀʟʦʪʠʘʟʦʣʳ (1,2-ʪʠʘʟʦʣ)r ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʘʟʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʷʪʠʯʣʝʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʩʝʨʳ  

ʠ ʘʟʦʪʘ. ʇʨʦʠʟʚʦʜʥʳʝ ʠʟʦʪʠʘʟʦʣʘ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ, ʠʥʩʝʢʪʠʮʠʜʥʦʡ, ʧʝʩʪʠʮʠʜʥʦʡ ʠ ʜʨ. [47,48]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʜʨʫʛʠʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [53,54] ʄʝʪʠʣʠʟʦʪʠʘʟʦʣʠʥʦʥ 

(MIT, 2-ʤʝʪʠʣ-4-ʠʟʦʪʠʘʟʦʣʠʥ-3-ʦʥ), ʤʝʪʠʣʭʣʦʨʠʟʦʪʠʘʟʦʣʠʥʦʥ (CMIT, 2-ʤʝʪʠʣ-5-
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ʭʣʦʨʠʟʦʪʠʘʟʦʣʠʥʦʥ-3) ʠ ʙʝʥʟʠʟʦʪʠʘʟʦʣʠʥʦʥ (BIT, 1,2-ʙʝʥʟʠʟʦʪʠʘʟʦʣ-3-ʦʥ) ï 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʢʦʥʩʝʨʚʘʥʪʳ ʚ ʢʦʩʤʝʪʠʢʝ, ʙʳʪʦʚʦʡ ʭʠʤʠʠ ʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ ʠ ʧʣʝʩʝʥʠ [144]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ  

ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠʟʦʪʠʘʟʦʣʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʵʬʬʝʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [49ï51,145]. ɺʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʟʦʪʠʘʟʦʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʪʦʥʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʝʯʥʳʭ ʤʦʣʝʢʫʣ ʚ ʧʨʦʮʝʩʩʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ [146,147]. 

ʇʦ ʜʘʥʥʳʤ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʳ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʝ ʠʟʚʝʩʪʥʦ ʥʠ ʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ ʠ ʪʦʣʴʢʦ 24 ʢʦʤʧʣʝʢʩʘ  

ʩ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ ï ʠʤʠʜʦʤ 2-ʩʫʣʴʬʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʩʘʭʘʨʠʥ, Hsac ï 

C7H4NO3S) [42ï46]. ʕʪʦʪ ʣʠʛʘʥʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III ) ʝʱʝ ʚ 1991 ʛ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ P. Starynowicz ʙʳʣ ʧʦʣʫʯʝʥ 

ʢʦʤʧʣʝʢʩ ʥʝʦʜʠʤʘ(III ) [Nd(H2O)8(sac)](sac)2 [46]. ʃʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ 

ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʨʠʩ. 15). ʇʨʠ ʵʪʦʤ ʚ ʦʢʨʫʞʝʥʠʠ ʠʦʥʘ ʥʝʦʜʠʤʘ 

ʥʘʭʦʜʠʪʩʷ ʝʱʝ ʚʦʩʝʤʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʯʪʦ ʜʦʧʦʣʥʷʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ ʜʦ ʜʝʚʷʪʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ï ʪʨʝʭʰʘʧʦʯʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ. 

 

ʈʠʩʫʥʦʢ 15. ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Nd(H2O)8(sac)]2+ [46]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʥʝ ʧʦʢʘʟʘʥʳ 

 

ʇʦʟʜʥʝʝ ʘʨʛʝʥʪʠʥʩʢʠʝ ʫʯʝʥʳʝ [43] ʧʨʦʜʦʣʞʠʣʠ ʨʘʙʦʪʫ ʧʦ ʧʦʣʫʯʝʥʠ ʁʢʦʤʧʣʝʢʩʦʚ 

ʣʘʥʪʘʥʠʜʦʚ(III) ʥʘ ʦʩʥʦʚʝ ʩʘʭʘʨʠʥʘ. ʆʥʠ ʧʨʦʚʝʣʠ ʩʠʥʪʝʟ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ, ʢʦʪʦʨʳʡ 

ʧʦʜʪʚʝʨʜʠʣ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ, ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ [46], ʘ ʪʘʢʞʝ ʧʨʠʚʝʣ 

ʢ ʦʪʢʨʳʪʠʶ ʪʨʝʭ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʪ̫ ʦʪ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʣʘʥʪʘʥʠʜʘ(III ). 
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ɻʨʫʧʧʘ 1 ʚʢʣʶʯʘʝʪ ʢʦʤʧʣʝʢʩʳ çʣʝʛʢʠʭè ʣʘʥʪʘʥʠʜʦʚ(III ) (La ï Eu) ʩʦʩʪʘʚʘ 

[Ln(H2O)8(sac)](sac)2ĿH2O (ʨʠʩ. 16), ʪɻʠ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʦʧʠʩʘʥʥʦʤʫ ʨʘʥʝʝ 

ʥʝʦʜʠʤʦʚʦʤʫ ʢʦʤʧʣʝʢʩʫ [46]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʯʝʪʢʫʶ ʪʝʥʜʝʥʮʠʶ ʫʤʝʥʴʰʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʝʝ ʦʙʝ̡ʤʘ ʚ ʵʪʦʤ ʨʷʜʫ ʠʟ-ʟʘ ʣʘʥʪʘʥʠʜʥʦʛʦ ʩʞʘʪʠʷ. 

 

ʈʠʩʫʥʦʢ 16. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Pr(H2O)8(sac)](sac)2ĿH2O [43]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ 

 

ɻʨʫʧʧʘ 2 ï ʵʪʦ ʢʦʤʧʣʝʢʩ rçʪʷʞʝʣʭrè ʣʘʥʪʘʥʠʜʦʚ(III ) (Gd ï Lu, ʠʩʢʣʶʯʘʷ ʪʝʨʙʠʡ ʠ 

ʪʫʣʠʡ) ʠ ʠʪʪʨʠʷ(III ). ʂʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʦʥʠ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ P-1 ʠ ʠʤʝʶʪ ʦʙʱʠʡ 

ʩʦʩʪʘʚ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [Ln(H2O)6(sac)2](sac)(Hsac)Ŀ4H2O (ʨʠʩ. 17).  

ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʝʪʘʣʣʘ ʚʭʦʜʷʪ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʜʚʫʭ ʩʘʭʘʨʠʥʘʪ-ʘʥʠʦʥʦʚ  

ʠ hʝʩʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

ʠʩʢʘʞʝʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʘʥʪʠʧʨʠʟʤʘ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ ʘʥʠʦʥ ʩʘʭʘʨʠʥʘ sacï, ʪʘʢ ʠ ʥʝʡʪʨʘʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʩʘʭʘʨʠʥʘ 

Hsac. ʄʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʘʤʠ ʩʘʭʘʨʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 

-́ʩʪʵʢʠʥʛ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 3,723 ¡. 

 

ʈʠʩʫʥʦʢ 17. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Ho(H2O)6(sac)2](sac)(Hsac)Ŀ4H2O ʠ ˊ-ʩʪʵʢʠʥʛ 

ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʘʤʠ ʩʘʭʘʨʠʥʘ [43]. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ 
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ɺ ʛʨʫʧʧʫ 3 ʚʢʣʶʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʪʫʣʠʷ(III) ʠ ʪʝʨʙʠʷ(III), ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʂʦʤʧʣʝʢʩʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ P-1  

ʠ ʩʦʩʪʦʷʪ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʦʚ [Ln(H2O)7(sac)]2+, ʩʘʭʘʨʠʥʘʪ-

ʘʥʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ɺ ʩʣʫʯʘʝ Tm ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʩʦʩʪʘʚ [Tm(H2O)7(sac)]3(sac)6Ŀ9H2O 

(ʨʠʩ. 18), ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ Tb ʩʦʩʪʘʚ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [Tb(H2O)7(sac)]2(sac)4Ŀ6H2O 

(ʨʠʩ. 19). ʆʜʠʥ ʩʘʭʘʨʠʥʘʪ-ʠʦʥ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʜʦʧʦʣʥʷʶʪ 7 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ (ʂʏ = 8). ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʢʦʤʧʣʝʢʩʘ ʪʫʣʠʷ(III) ʥʘʙʣʶʜʘʝʪʩʷ  

-́ʩʪʵʢʠʥʛ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʘʪʠʦʥʘʤʠ [Tm(H2O)7(sac)]2+ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 3,832 ¡. 

 

ʈʠʩʫʥʦʢ 18. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ [Tm(H2O)7(sac)]3(sac)6Ŀ9H2O  

ʠ ˊ-ʩʪʵʢʠʥʛ ʚʜʦʣʴ ʦʩʠ ʘ [43]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ 

 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʢʦʤʧʣʝʢʩʘ [Tb(H2O)7(sac)]2(sac)4Ŀ6H2O ʧʦʤʠʤʦ  

-́ʩʪʵʢʠʥʛʘ ʤʝʞʜʫ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʦʚ [Tb(H2O)7(sac)]2+ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 3,960 ¡, 

ʥʘʙʣʶʜʘʝʪʩʷ ˊ-ʩʪʵʢʠʥʛ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ ʩʘʭʘʨʠʥʘʪ-ʠʦʥʘʤʠ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 

4,083 ¡, 3,713 ¡, 4,057 ¡ ʠ 3,751 ¡, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ.  

ʇʨʠ ʵʪʦʤ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ  

ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʩʘʭʘʨʠʥʘʪʘ ʠ ʢʘʪʠʦʥʦʚ [Tb(H2O)7(sac)]2+. 
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ʈʠʩʫʥʦʢ 19. ʉʣʦʠʩʪʘʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

[Tb(H2O)7(sac)]2(sac)4Ŀ6H2O ʠ ˊ-ʩʪʵʢʠʥʛ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʦʚ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ ʩʘʭʘʨʠʥʘʪ-ʠʦʥʘʤʠ [43]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʨʠʤʝʨʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʩʘʭʘʨʠʥʘʪ-ʘʥʠʦʥʦʤ [42]. ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʯʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʝʚʨʦʧʠʷ ʠ ʩʘʤʘʨʠʷ ʩʦʩʪʘʚʘ (C4mim)3[Eu(H2O)2(sac)6], (C4mpy)3[Eu(sac)6]ĿCH3CN  

ʠ (C4mpy)5[Ln(H2O)2(sac)6][Ln(H2O)3(sac)5]Ŀ2H2OĿ2CH3CN (Ln = Sm, Eu), ʛʜʝ C4mim+ ï  

1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʥ-ʠʦʥ; C4mpy+ ï N-ʙʫʪʠʣ-4-ʤʝʪʠʣʧʠʨʠʜʠʥ-ʠʦʥ. ʊʝʨʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʘ (C4mim)3[Eu(H2O)2(sac)6] ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʦʢʦʣʦ 85 ÁC, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʧʦʣʫʯʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ï ʥʠʟʢʦʧʣʘʚʢʠʝ ʩʦʣʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ (ʚʳʰʝ 

100 ÁC). ɼʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (77, 298 ʠ 353 K). ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʝʚʨʦʧʠʷ(III ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʠʥʪʝʥʩʠʚʥʫʶ ʢʨʘʩʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 5D0 Ÿ 
7Fj (j = 0-4),  

ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʩʘʤʘʨʠʷ(III ) ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʘʷ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ 

ʧʝʨʝʭʦʜʘʤʠ 4G5/2 Ÿ 
6Hj (j = 5/2, 7/2, 9/2, 11/2). ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ ʩʦʝʜʠʥʝʥʠʝ 

(C4mpy)3[Eu(sac)6]ĿCH3CN (ʨʠʩ. 20), ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ: ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 3,85 ʤʩ, ʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʨʘʚʝʥ 58%. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ ʤʦʥʦʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ r

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʰʝʩʪʴ ʩʘʭʘʨʠʥʘʪ-ʘʥʠʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʦʢʨʫʞʝʥʠʶ ʝʚʨʦʧʠʷ(III ). 
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ʈʠʩʫʥʦʢ 20. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Eu(sac)6]
3ï [42] 

 

ɺ ʨʘʙʦʪʝ [45] ʘʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʯʝʪʳʨʝ ʨʘʟʥʦʣʠʛʘʥʜʥʭr 

ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʘ(III) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʩʘʭʘʨʠʥʦʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʣʘʥʪʘʥʘ(III) ʚʭʦʜʠʪ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘʭʘʨʠʥʘʪ-

ʠʦʥʦʚ, ʤʦʣʝʢʫʣ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʚʦʜʳ. ʅʘʠʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠʟ ʚʩʝʡ ʩʝʨʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʦʙʣʘʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ [La(phen)(H2O)4(sac)2](sac) (ʨʠʩ. 21 ʘ). ɼʘʥʥʦʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʣʠʛʘʥʜʦʚ  

ʚ ʨʘʩʪʚʦʨʝ ʜʨʫʛʦʛʦ ʢʦʤʧʣʝʢʩʘ ï [La(phen)2(H2O)2(sac)3]Ŀphen (ʨʠʩ. 21 ʙ). ʇʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʘʭʘʨʠʥ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʤʦʥʦʜʝʥʪʘʪʥʦ 

ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ; ʤʦʣʝʢʫʣʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 

ʧʨʦʷʚʣʷʝʪ ʪʠʧʠʯʥʫʶ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 21. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [La(phen)(H2O)4(sac)2]
+ (ʘ) ʠ ʢʦʤʧʣʝʢʩʘ 

[La(phen)2(H2O)2(sac)3] (ʙ). ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝ ʧʦʢʘʟʘʥʳ [45] 
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1.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ɹʠʦʚʠʟʫʘʣʠʟʘʮʠʷ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʪʢʘʥʝʡ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʢʣʝʪʦʯʥʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ. 

ʕʪʠ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥ rʥʘ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʚʠʟʫʘʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʤʧʦʥʝʥʪʳ ʢʣʝʪʢʠ ʙʝʩʮʚʝʪʥʳ ʠ ʥʝʚʠʜʠʤʳ ʚ ʦʙʳʯʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʜʣʷ ʠʭ 

ʠʟʫʯʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʬʣʫʦʨʝʩʮʝʥʪʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ. ʕʪʦʪ ʤʝʪʦʜ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʷʚʣʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʧʝʮʠʘʣʴʥʦ ʚʚʝʜʝʥʥʳʭ ʬʣʫʦʨʦʬʦʨʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʥʪʨʘʩʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ [148,149]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʠʜʦʚ(III )  

ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʚʠʟʫʘʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʠʟʣʫʯʘʶʱʠʭ ʢʦʤʧʣʝʢʩʘʭ ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III), ʧʦʩʢʦʣʴʢʫ 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ Eu(III) ʠ Tb(III) ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʪʫʰʝʥʠʶ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʝʙʘʥʠ ̫ʩʚʷʟʝʡ OïH, NïH ʠ CïH, ʯʝʤ ʦʩʪʘʣʴʥʳʝ ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ(III ) [150]. 

ʅʘʧʨʠʤʝʨ, ʨʘʟʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Eu(phen)(THA)3] (HTHA ï ʧʨʦʠʟʚʦʜʥʦʝ  

ɓ-ʜʠʢʝʪʦʥʘʪʘ ʩ ʢʘʨʙʘʟʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʨʠʩ. 22) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʦʢʨʘʰʠʚʘʥʠʝ 

ʮʠʪʦʟʦʣʷ ʢʣʝʪʦʢ MCF7 ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʷʜʝʨ ʢʣʝʪʦʢ ʠ ʷʜʨʳʰʝʢ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʂʣʝʪʢʠ MCF7 ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʚ ʪʝʯʝʥʠʝ  

1 ʯʘʩʘ, ʟʘʪʝʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩ. 22) [151]. 

  

ʈʠʩʫʥʦʢ 22. ʂʦʤʧʣʝʢʩ [Eu(phen)(THA)3] (ʩʣʝʚʘ) ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʢʣʝʪʦʢ MCF7, ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 400 Õʄ (ʘ) ʠ 200 Õʄ (b)  

(ɚex = 770 ʥʤ, ɚem = 613 ʥʤ) (ʩʧʨʘʚʘ) [151] 

 

ʂʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʪʝʨʙʠʷ(III) ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʦʬʦʨʘ ʘʟʘʢʩʘʥʪʦʥʦʚʦʛʦ ʪʠʧʘ ʧʦʢʘʟʘʣ 

ʩʝʣʝʢʪʠʚʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʷʜʨʘ, ʧʦʟʚʦʣʷʷ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʭʨʦʤʦʩʦʤʥʦʡ 

ɼʅʂ ʧʦ ʤʝʨʝ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʤʠʪʦʟʘ. ʄʦʞʥʦ ʫʚʠʜʝʪʴ ʧʝʨʝʭʦʜ ʦʪ ʠʥʪʝʨʬʘʟʳ ʯʝʨʝʟ 

ʧʨʦʬʘʟʫ ʢ ʧʨʦʤʝʪʘʬʘʟʝ ʠ ʤʝʪʘʬʘʟʝ ʚ ʜʝʣʷʱʠʭʩʷ ʢʣʝʪʢʘʭ HeLa (ʨʠʩ. 23). ʉʘʤ ʢʦʤʧʣʝʢʩ 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ (IC50 ι 400 Õʄ) [152]. 
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ʈʠʩʫʥʦʢ 23. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ(III) (ʩʣʝʚʘ) ʠ ʚʨʝʤʝʥʥʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʝʣʷʱʝʡʩʷ ʢʣʝʪʢʠ ʣʠʥʠʠ HeLa, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʥʪʝʨʚʘʣʦʤ 5 ʤʠʥʫʪ (ʩʧʨʘʚʘ). 

ʍʨʦʤʘʪʠʥ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ(III) (ɚex = 300 ʥʤ) [152] 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʤʧʣʝʢʩʳ Eu(III) ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʠ ʘʥʘʣʠʟʘ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ɼʣʷ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ B. McMahon  

ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʘʤʠʜʦʥʘʬʪʘʣʠʥʦʚʘʷ ʛʨʫʧʧʘ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ çʘʥʪʝʥʥʳè ʧʦʛʣʦʱʘʶʱʝʡ ʩʚʝʪ, ʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʘʮʝʪʘʪʥʳʝ ʛʨʫʧʧʳ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʠʦʥʘʤʠ Ca(II) ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ï 

ʦʩʥʦʚʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʩʪʥʦʡ ʪʢʘʥʠ [153]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩ. 24) ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʪʠ  

ʟʘ ʩʯʝʪ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʨʘʩʥʦʛʦ ʩʚʝʯʝʥʠʷ Eu(III) ʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʦʥʪʨʘʩʪʘ. 

 

ʈʠʩʫʥʦʢ 24. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ Eu(III) (ʩʣʝʚʘ) ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʙʨʘʟʮʘ ʢʦʩʪʠ: ʬʦʪʦʛʨʘʬʠʷ ʢʦʩʪʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʙʝʟ ʢʦʤʧʣʝʢʩʘ (a); ʢʦʥʪʨʦʣʴ (b); ʯʝʨʝʟ 

4 ʯ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʨʘʩʠʪʝʣʝʤ (c); ʯʝʨʝʟ 24 ʯ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ (d) [153] 
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ʇʦʤʠʤʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʦʝʜʠʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʄʈʊ). ʄʈʊ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ 

ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʩʘʤʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ, 

ʙʝʟʦʧʘʩʥʳʭ, ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʥʝʠʥʚʘʟʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʝʜʠʮʠʥʝ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʝʣʘ ʩ ʚʳʩʦʢʦʡ ʯʝʪʢʦʩʪʴʶ  

ʠ ʪʦʯʥʦʩʪʴʶ [154,155]. 

ʆʜʥʘʢʦ ʩʪʘʥʜʘʨʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝʙʦʣʴʰʦʡ ʦʧʫʭʦʣʠ, ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʚʦʩʧʘʣʝʥʠʷ ʠʣʠ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʂʦʥʪʨʘʩʪʥʳʝ ʚʝʱʝʩʪʚʘ ʨʝʰʘʶʪ ʵʪʫ ʧʨʦʙʣʝʤʫ. ʆʥʠ ʫʣʫʯʰʘʶʪ ʚʠʜʠʤʦʩʪʴ  

ʠ ʨʘʟʣʠʯʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʢʘʥʝʡ, ʦʨʛʘʥʦʚ, ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʠʣʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (ʥʘʧʨʠʤʝʨ, ʦʧʫʭʦʣʝʡ ʠʣʠ ʚʦʩʧʘʣʝʥʠʡ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʣʦʭʦ ʚʠʜʥʳ ʠʣʠ 

ʥʝʦʪʣʠʯʠʤʳ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʪʢʘʥʝʡ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ (ʥʘʪʠʚʥʳʭ) ʩʥʠʤʢʘʭ (ʨʠʩ. 25) [22,156]. 

 

ʈʠʩʫʥʦʢ 25. ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ [157] 

 

ɺ ʧʝʨʚʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʘʭ ʥʘ ʦʩʥʦʚʝ ʛʘʜʦʣʠʥʠʷ(III ) ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹʣʠʥʝʡʥʳʝ (ʥʝʮʠʢʣʠʯʝʩʢʠʝ) ʤʦʣʝʢʫʣʳ. ɺ 1987 ʛʦʜʫ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʢʘʪʠʦʥʥʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʛʘʜʦʣʠʥʠʷ(III )  

ʩ ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥʧʝʥʪʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (DTPA) ʩʦʩʪʘʚʘ [Gd(H2O)(DTPA)]2+ (Gd-DTPA, 

ʨʠʩ. 26), ʢʦʪʦʨʦʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʠʣʦ ʢʦʤʤʝʨʯʝʩʢʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ çʄʘʛʥʝʚʠʩʪè [158ï

160]. DTPA ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʚʦʩʴʤʠʜʝʥʪʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʧʷʪʴʶ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ. ɼʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʨʘʚʥʦʛʦ 9, ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ 

ʜʦʧʦʣʥʷʝʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣ rʚʦʜʳ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʩʪʘʣ ʧʝʨʚʳʤ 

ʢʦʥʪʨʘʩʪʥʳʤ ʘʛʝʥʪʦʤ ʜʣʷ ʄʈʊ ʥʘ ʦʩʥʦʚʝ ʛʘʜʦʣʠʥʠʷ(III ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʪʘʢʠʝ 
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ʧʨʝʧʘʨʘʪʳ ʩʯʠʪʘʶʪʩʷ ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʣʶʜʝʡ ʩ ʥʦʨʤʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʯʝʢ ʠ ʚʳʚʦʜʷʪʩʷ 

ʩ ʤʦʯʦʡ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʢʦʤʧʣʝʢʩʳ ʛʘʜʦʣʠʥʠʷ  

ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʭʠʤʠʠ ʵʪʦʛʦ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

ʈʠʩʫʥʦʢ 26. ʉʪʨʫʢʪʫʨʘ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Gd(H2O)(DTPA)]2+ ï ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʝʧʘʨʘʪʘ çʄʘʛʥʝʚʠʩʪè [161] 

 

ʅʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʧʝʨʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʄʘʛʥʝʚʠʩʪʘ ʠ ʜʦ 2004 ʛʦʜʘ ʙʳʣʠ ʦʜʦʙʨʝʥʳ 

ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʘʜʦʣʠʥʠʡ(III ) ʩ ʣʠʥʝʡʥʤrʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ: ʛʘʜʦʜʠʘʤʠʜ ([Gd(DTPA-BMA)], ʨʠʩ. 27, ʆʤʥʠʩʢʘʥ) [162],  

ʠ ʛʘʜʦʙʝʥʘʪ ʜʠʤʝʛʣʫʤʠʥ (ʨʠʩ. 28, MultiHance) [163,164]. ʉʦʝʜʠʥʝʥʠʝ ʛʘʜʦʜʠʘʤʠʜ ʤʦʞʝʪ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P212121 (I),  

ʘ ʪʘʢʞʝ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P21/n (II). ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʳ I ʩʦʜʝʨʞʠʪ 

ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʩʪʝʨʝʦʠʟʦʤʝʨʘ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʠ 10 ʤʦʣʝʢʫʣ ʚʦʜʳ  

(ʧʦ 5 ʥʘ ʢʦʤʧʣʝʢʩ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʦʨʤʘ II ʠʤʝʝʪ ʦʜʠʥ ʥʝʟʘʚʠʩʠʤʳʡ ʢʦʤʧʣʝʢʩ ʠ 7 ʤʦʣʝʢʫʣ 

ʚʦʜʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʠ ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʳ, ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʛʝʦʤʝʪʨʠʷ ʩʘʤʠʭ ʢʦʤʧʣʝʢʩʦʚ [Gd(DTPA-BMA)] ʚ ʦʙʝʠʭ ʬʦʨʤʘʭ ʦʜʠʥʘʢʦʚʘʷ (ʨʠʩ. 27). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʚʦʢʨʫʛ ʠʦʥʘ Gd3+ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʢʘʞʝʥʥʫʶ ʪʨʠʛʦʥʘʣʴʥʫʶ ʧʨʠʟʤʫ. ɺʦʩʴʤʠʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʨʝʤʷ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʧʷʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ (ʪʨʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ  

ʠ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ 9 ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ [165]. 
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ʈʠʩʫʥʦʢ 27. ʉʪʨʫʢʪʫʨʘ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [Gd(DTPA-BMA)] ï 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʧʘʨʘʪʘ çʆʤʥʠʩʢʘʥè. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ ʧʦʢʘʟʘʥʳ [165] 

 

ʇʨʝʧʘʨʘʪ MultiHance ʩʦʩʪʦʠʪ ʠʟ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ï ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ(III )  

ʩ ʣʠʛʘʥʜʦʤ BOPTA (BOPTA ï 4-ʢʘʨʙʦʢʩʠ-5,8,11-ʪʨʠʩ(ʢʘʨʙʦʢʩʠʤʝʪʠʣ)-l-ʬʝʥʠʣ-2-ʦʢʩʘ-

5,8,1l- ʪʨʠʘʟʘʪʨʠʜʝʢʘʥ-l3-ʦʚʘʷ ʢʠʩʣʦʪʘ) (ʨʠʩ. 28). ʂʦʤʧʣʝʢʩ Na2[Gd(BOPTA)] 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, P-1. ʀʦʥ Gd3+ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

ʨʘʚʥʦʝ 9, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ï ʠʩʢʘʞʝʥʥʘ ̫ ʪʨʠʛʦʥʘʣʴʥʘ ̫ ʧʨʠʟʤʫ. ʂ ʠʦʥʫ 

ʛʘʜʦʣʠʥʠʷ(III) ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʚʦʩʴʤʠʜʝʥʪʘʪʥʦ ʧʷʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʪʨʝʪʠʯʥʳʭ ʘʤʠʥʦʚ. 

 

ʈʠʩʫʥʦʢ 28. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Gd(BOPTA)]2ï ï ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʝʧʘʨʘʪʘ çMultiHanceè. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ [164] 

 

ʇʦʟʜʥʝʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʛʘʜʦʣʠʥʠʷ(III) ʩ ʣʠʥʝʡʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʨʠʩʢ ʥʘʢʦʧʣʝʥʠʷ ʚ ʪʢʘʥʷʭ ʠʟ-ʟʘ ʠʭ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʩʪʚʠʠ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʛʘʜʦʣʠʥʠʷ(III ) ʩ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʜʦʣʠʥʠʷ ʚ ʪʢʘʥʷʭ in vivo 
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ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʛʝʥʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʥʝʡʥʳʝ ʣʠʛʘʥʜ,r ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʧʘʮʠʝʥʪʦʚ [166]. 

ʂ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʣʝʢʩ r ʛʘʜʦʣʠʥʠʷ(III )  

ʩ 1,4,7,10-ʪʝʪʨʘʘʟʘʮʠʢʣʦʜʦʜʝʢʘʥ-1,4,7,10-ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʤʠ  

ʩ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʥʘʟʚʘʥʠʷʤʠ ʧʨʝʧʘʨʘʪʦʚ çDotaremè (ʛʘʜʦʪʝʨʦʚʘʷ ʢʠʩʣʦʪʘ), çGadavistè 

(ʛʘʜʦʙʫʪʨʦʣ) ʠ çProHanceè (ʛʘʜʦʪʝʨʠʜʦʣ) (ʨʠʩ 29) [167]. 

 

ʈʠʩʫʥʦʢ 29. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʫʣ ʢʦʤʧʣʝʢʩʦʚ 

ʛʘʜʦʣʠʥʠʷ(III ) ʩ 1,4,7,10-ʪʝʪʨʘʘʟʘʮʠʢʣʦʜʦʜʝʢʘʥ-1,4,7,10-ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʤʠ [167] 

 

ɿʘʜʦʣʛʦ ʜʦ ʧʨʠʤʝʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III), ʚ ʯʘʩʪʥʦʩʪʠ ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III), 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʢ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ DELFIA (ʜʠʩʩʦʮʠʘʪʠʚʥʦ-

ʫʩʠʣʝʥʥʳʡ ʬʣʫʦʨʦʤʝʪʨʠʯʝʩʢʠʡ ʠʤʤʫʥʦʘʥʘʣʠʟ), ʛʜʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III ) 

ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ [168]. ʄʝʪʦʜ DELFIA ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʘʥʪʠʛʝʥʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʛʦʨʤʦʥʳ [169,170], ʦʥʢʦʤʘʨʢʝʨʳ [171ï173], ʘʥʪʠʪʝʣʘ ʢ ʚʦʟʙʫʜʠʪʝʣʷʤ ʠʥʬʝʢʮʠʡ (ʩʪʦʣʙʥʷʢ, 

ʢʨʘʩʥʫʭʘ) [173,174], ʘ ʪʘʢʞʝ ʚʠʨʫʩʥʳʝ ʘʥʪʠʛʝʥʳ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʪʦʢʩʠʥʳ [175,176]. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʢʨʫʧʥʳʭ ʩʢʨʠʥʠʥʛʦʚʳʭ ʧʨʦʛʨʘʤʤ: ʥʝʦʥʘʪʘʣʴʥʳʭ 

(ʚʨʦʞʜʝʥʥʳʡ ʛʠʧʦʪʠʨʝʦʟ [177], ʘʜʨʝʥʘʣʦʚʘʷ ʛʠʧʝʨʧʣʘʟʠʷ [178], ʤʫʢʦʚʠʩʮʠʜʦʟ [179])  

ʠ ʧʨʝʥʘʪʘʣʴʥʳʭ (ʦʮʝʥʢʘ ʨʠʩʢʘ ʩʠʥʜʨʦʤʘ ɼʘʫʥʘ ʠ ʜʝʬʝʢʪʦʚ ʥʝʨʚʥʦʡ ʪʨʫʙʢʠ ʧʣʦʜʘ [180,181]). 

ʊʘʢʞʝ ʦʧʠʩʘʥʦ ʧʨʠʤʝʥʝʥʠʝ DELFIA ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʢʘʥʝʚʳʭ 

ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ ï ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʪʝʩʪʠʨʫʶʪ ʜʦʥʦʨʩʢʫʶ ʧʣʘʟʤʫ ʥʘ ʥʘʣʠʯʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʦʥʥʳʭ ʙʝʣʢʦʚ [182].  
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1.6. ɿʘʢʣʶʯʝʥʠʝ ʢ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʠ ʣʘʥʪʘʥʠʜʦʚ(III), ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʠʥʪʝʨʝʩ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʈɿʄ ʠ ʠʟʫʯʝʥʠʶ ʠʭ ʩʚʦʡʩʪʚ ʪʦʣʴʢʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʉʦʛʣʘʩʥʦ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ Google ɸʢʘʜʝʤʠʷ ʧʦ ʟʘʧʨʦʩʫ çlanthanide(III) 

complexes with phenanthroline/bipyridineè ʯʠʩʣʦ ʩʪʘʪʝʡ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ,  

ʠ ʚ 2025 ʛʦʜʫ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʰʝʩʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ 2000 ʛʦʜʦʤ (ʨʠʩ. 30). 

 

ʈʠʩʫʥʦʢ 30. ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʚ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ Google ɸʢʘʜʝʤʠʷ  

ʧʦ ʟʘʧʨʦʩʫ çlanthanide(III) complexes with phenanthroline/bipyridineè ʩ 2000 ʧʦ 2025 ʛʦʜ 

 

ʆʜʥʘʢʦ, ʚʦʧʨʝʢʠ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ 

ʤʝʪʘʣʣʘʤ, ʚ ʮʝʣʦʤ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʷʚʥʫʶ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʢʣʘʩʩʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ. ʀʟʚʝʩʪʥʦ 

ʚʩʝʛʦ 5 ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʤ ʈɿʄ ʩ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ 

ʠʟʦʪʠʘʟʦʣʘ ï ʠʤʠʜʦʤ 2-ʩʫʣʴʬʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʩʠʥʪʝʟ, 

ʘ ʪʘʢʞʝ ʩʪʨʦʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʣʠʰʴ ʚ ʦʜʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʦʚʩʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ (ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III)) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʠʟʦʪʠʘʟʦʣʘ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ, ʠʟʫʯʝʥʠʝ ʠʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 
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ʩʚʦʡʩʪʚ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʣʠʛʘʥʜʦʚ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʧʝʨʝʯʝʥʴ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III )  

ʩ ʠʟʦʪʠʘʟʦʣʘʤʠ.  
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʈʝʘʢʪʠʚʳ 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʨʝʘʢʪʠʚʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ: ʪʝʪʨʘʛʠʜʨʘʪ ʘʮʝʪʘʪʘ 

ʝʚʨʦʧʠʷ(III) Eu(OAc)3Ŀ4H2O (99,9%; Sigma-Aldrich), ʪʨʠʛʠʜʨʘʪ ʘʮʝʪʘʪʘ ʛʘʜʦʣʠʥʠʷ(III) 

Gd(OAc)3Ŀ3H2O (99,9%; Sigma-Aldrich), ʪʝʪʨʘʛʠʜʨʘʪ ʘʮʝʪʘʪʘ ʪʝʨʙʠʷ(III) Tb(OAc)3Ŀ4H2O 

(99,9%; Sigma-Aldrich), ʵʪʘʥʦʣ-ʨʝʢʪʠʬʠʢʘʪ, ʘʮʝʪʦʥʠʪʨʠʣ çʦʩʯè. ɺ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʦʪʠʘʟʦʣʘ: 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (HL1) 

(ʜʘʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦ ʤʝʪʦʜʠʢʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ  

ʚ [146,183,184], ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸʢʘʜʝʤʠʢʘ ʅɸʅ 

ɹʝʣʘʨʫʩʠ, ʜ.ʭ.ʥ. ɺ.ʀ. ʇʦʪʢʠʥʘ, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ), 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-

ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (HL2, 97%, RHAWN), ʘ ʪʘʢʞʝ ʤʦʥʦʛʠʜʨʘʪ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 

(phenĿH2O) çʭ.ʯ.è, 4,7-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ (dmphen, 98%, ABCR), 2,2'-ʙʠʧʠʨʠʜʠʥ 

(bipy) çʭ.ʯ.è ʠ 4,4'-ʜʠʤʝʪʠʣ-2,2'-ʙʠʧʠʨʠʜʠʥʘ (dmbipy, 98%, ABCR). 

ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʘʭ 3 ʠ 4. 

    

HL1     HL2 

ʉʭʝʤʘ 3. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʪʠʘʟʦʣʘ ï 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (HL1) ʠ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (HL2) 

 

    

 phen  dmphen bipy dmbipy 

ʉʭʝʤʘ 4. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (phen), 4,7-ʜʠʤʝʪʠʣ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ (dmphen), 2,2'-ʙʠʧʠʨʠʜʠʥʘ (bipy) ʠ 4,4'-ʜʠʤʝʪʠʣ-2,2'-ʙʠʧʠʨʠʜʠʥʘ (dmbipy) 
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2.2. ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (C, H, N, S) ʧʨʦʚʦʜʠʣʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ ʥʘ CHNS-ʘʥʘʣʠʟʘʪʦʨʝ Vario MICRO cube ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʀʂ-ʩʧʝʢʪʨʳ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 4000-400 ʩʤï1 ʚ ʪʘʙʣʝʪʢʘʭ KBr 

ʠ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʠ ʚʦ ʬʪʦʨʠʨʦʚʘʥʥʦʤ ʤʘʩʣʝ ʥʘ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Scimitar FTS 

2000. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Advance ʠʣʠ 

Shimadzu XRD-7000 (CoKŬ-ʠʟʣʫʯʝʥʠʝ, Ni-ʬʠʣʴʪʨ, ʜʠʘʧʘʟʦʥ 5-40Á 2ɗ, ʰʘʛ 0,03Á 2ɗ, 

ʥʘʢʦʧʣʝʥʠʝ ʚ ʪʦʯʢʝ 1 ʩ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩ ʛʝʧʪʘʥʦʤ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ 1, 4ʘ, 5ʘ, 7, 8, 10ʘ, 

11ʘ, 13, 16ʙ, 17ʘ, 18ʘ, 21, 23, 26 ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Venture, ʘ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 9ʘ ï ʥʘ Agilent Xcalibur (ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ ʛʨʘʬʠʪʦʚʦʝ MoKŬ-ʠʟʣʫʯʝʥʠʝ, 

ɚ = 0.71073 ¡). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ű- ʠ ɤ-ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʇʦʧʨʘʚʢʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʚʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SADABS ʜʣʷ Bruker D8 Venture 

[185] ʠ CrysAlisPro ʜʣʷ Agilent Xcalibur [186]. ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ ʠ ʫʪʦʯʥʝʥʳ  

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ SHELXTL [187] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ OLEX2 

[188] . ʇʘʨʘʤʝʪʨʳ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠ ʘʥʠʟʦʪʨʦʧʥʦ. 

ʇʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʦʟʠʮʠʷʤʠ ʠ ʫʪʦʯʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ çʥʘʝʟʜʥʠʢʘè. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ  

ʠ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʪʦʯʥʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ1. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, 

ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʙʝʩʧʣʘʪʥʦ ʥʘ ʩʘʡʪʝ 

http://www.ccdc.cam.ac.uk/data_request/cif. ʀʥʬʦʨʤʘʮʠʶ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʣʝʢʩʦʚ 7-11ʘ, 17ʘ, 18ʘ, 21, 23, 26 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʦʙʨʘʪʠʚʰʠʩʴ ʢ ʘʚʪʦʨʫ. 

ʊʠʧʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

SHAPE 2.1. ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʬʦʨʤʘ 

ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʪʦʯʝʢ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʬʦʨʤʳ ʚʝʨʰʠʥ ʠʜʝʘʣʴʥʳʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ 

(ʚʢʣʶʯʘʷ ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʠ ʥʝʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ), ʠʩʧʦʣʴʟʫʷ ʥʝʧʨʝʨʳʚʥʳʝ ʤʝʨʳ 

ʬʦʨʤʳ. 

ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu MPC-3100 (ʦʪ 240 

ʜʦ 500 ʥʤ, ʰʠʨʠʥʘ ʱʝʣʠ 5 ʥʤ). ʊʦʯʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ ʦʩʠ ʜʣʠʥ ʚʦʣʥ ʩʦʩʪʘʚʣʷʝʪ Ñ0,3 ʥʤ ʜʣʷ 

ʋʌ ʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʦʚ, ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʩʝʷʥʥʳʤ ʩʚʝʪʦʤ, 

http://www.ccdc.cam.ac.uk/data_request/cif
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ʩʦʩʪʘʚʠʣʠ 0,01%. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-

ʄʫʥʢʘ (M) ʧʦ ʫʨʘʚʥʝʥʠʶ: ὓ . ʉʫʣʴʬʠʜ ʙʘʨʠʷ ʧʨʠʤʝʥʷʣʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʊʌʇ) 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Amsterdam Density Functional (ADF) 

[189]. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʦʙʱʝʥʥʦʝ ʛʨʘʜʠʝʥʪʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ (GGA), 

ʬʫʥʢʮʠʦʥʘʣ ʧʣʦʪʥʦʩʪʠ Becke, Lee, Yang, ʠ Parr (BLYP) [190] ʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʡ ʙʘʟʠʩʥʳʡ 

ʥʘʙʦʨ TZ2P [191]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨ FLSP920 (Edinburg Instruments), ʦʩʥʘʱʝʥʥʳʡ 

ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʛʠʩʪʨʘʮʠʶ 

ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʳ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʩʦʝʜʠʥʝʥʠʡ 1, 2, 4 ʠ 5 ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

HORIBA Fluorolog 3 ʩ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ Quanta-ű, ʦʩʥʘʱʝʥʥʳʤ ʦʭʣʘʞʜʘʝʤʳʤ 

ʤʦʜʫʣʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʦʚ ʤʦʜʫʣʴ PC177CE-010 ʩ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ R2658. 

ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 13 ʠ 14 ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨ FLSP920  

ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ ʧʣʦʱʘʜʝʡ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʘʥʪʨʘʮʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ (űant = 0,91) [192]. 

ɼʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ Edinburgh FS-5 ʩ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ, (CNILaser (Changchun New 

Industries Optoelectronics Technology Co., Ltd.), ʂʠʪʘʡ).  

ʆʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (űʥʘʙʣ) ʧʨʦʚʦʜʠʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʳ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʩʨʘʚʥʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʵʪʘʣʦʥʘ ʨʘʩʩʝʷʥʠʷ 

(ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʧʦʜʣʦʞʢʠ) ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʝʛʦ ʧʨʷʤʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚ 

ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɿʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʳʯʠʩʣʷʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: 

ʒ̎ ́̂̌   
 

, 

ʛʜʝ Nem ʠ Nabs ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʣʫʯʝʥʥʳʭ ʠ ʧʦʛʣʦʱʝʥʥʳʭ ʦʙʨʘʟʮʦʤ ʬʦʪʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

La ʠ Lc ï ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʦʱʘʜʷʤ ʧʠʢʦʚ ʨʘʩʩʝʷʥʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʵʪʘʣʦʥʘ 

ʠ ʦʙʨʘʟʮʘ, Pc ï ʧʣʦʱʘʜ ɹ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠʟʤʝʨʷʣʠ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ HORIBA Fluorolog 3. ʌʦʩʬʦʨʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ(III ) 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ HORIBA Fluorolog 3 ʧʨʠ 77 ʂ ʩ ʟʘʜʝʨʞʢʦʡ ʠʤʧʫʣʴʩʘ 30 ʤʩ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ 3 ʠ 6 (ɚex = 300 ʥʤ). ʌʦʩʬʦʨʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ 15 ʠ 27 (ɚex = 320 ʥʤ), 12, 18 

ʠ 21 (ɚex = 340 ʥʤ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ Edinburgh FS-5. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʜʣʷ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ 16, 17, 22, 23 

(1 ʤʄ) ʩ ʧʦʤʦʱʴʶ ʢʦʥʜʫʢʪʦʤʝʪʨʘ ɸʥʠʦʥ 4155 ʧʨʠ T=23 ęC. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ 16 (0,1 ɛʄ), 17 (0,1 ɛʄ), 

22 (35 ɛʄ) ʠ 23 (11 ɛʄ) ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-102 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʶʚʝʪ ʩ ʜʣʠʥʦʡ ʧʫʪʠ 1 ʩʤ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ (t = 0 ʯ.), ʘ ʪʘʢʞʝ ʯʝʨʝʟ 24 ʠ 48 ʯʘʩʦʚ. 

ʎʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 16, 17, 22, 23 ʠʟʫʯʘʣʠ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ 

ʯʝʣʦʚʝʢʘ Hep2 (ʢʣʝʪʢʠ ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ) ʠ MRC-5 (ʥʝʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʬʠʙʨʦʙʣʘʩʪʦʚ 

ʣʝʛʢʠʭ) (ɻʅʎ ʚʠʨʫʩʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ çɺɽʂʊʆʈè). ʂʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ 

DMEM ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ ʧʨʠ 37 ÁC, 5% CO2 ʠ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʢʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ  

ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɿʘʪʝʤ ʢ ʢʣʝʪʢʘʤ ʜʦʙʘʚʣʷʣʠ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 1ï50 ʄ˃ (ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ)  

ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ 

ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ Hoechst 33342 (Sigma-Aldrich) ʠ ʡʦʜʠʜʘ 

ʧʨʦʧʠʜʠʷ (Invitrogen), ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʣʠ ʥʘ 30 ʤʠʥʫʪ ʧʨʠ 37 ÁC. ɺʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʩʢʘʥʝʨʝ IN Cell Analyzer 2200 (GE Healthcare, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ)  

ʩ ʟʘʭʚʘʪʦʤ ʯʝʪʳʨʝʭ ʧʦʣʝʡ ʥʘ ʣʫʥʢʫ. ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ, ʤʝʨʪʚʳʭ ʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ In Cell Investigator. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʚʳʭ, ʤʝʨʪʚʳʭ ʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

2.3. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 

2.3.1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ln(III) ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʉʠʥʪʝʟ [Ln(H2O)L1
2(OAc)]n (Ln = Eu3+ (1), Tb3+ (2), Gd3+ (3)). ʃʠʛʘʥʜ HL1 

(0,20 ʤʤʦʣʴ, 0,040 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʠ ʜʦʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ ʘʮʝʪʘʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʘʥʪʘʥʠʜʘ(III) (0,10 ʤʤʦʣʴ) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 1,0 ʤʣ ʚʦʜʳ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʫʧʘʨʠʚʘʣʠ ʜʦ ~İ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠ ʊ = 60 Áʉ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ 
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ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʥʘ ʚʦʟʜʫʭʝ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 1, ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ [Eu(H2O)L1
2(OAc)]n (1) ï 0,051 ʛ (82%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H5Cl4N2O7S2Eu, %: C 19,3; 

H 0,8; N 4,5; S 10,3. ʅʘʡʜʝʥʦ, %: C 19,3; H 1,0; N 4,4; S 9,6. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3190 ɜ(OH); 2922, 2850 Rʢʦʣʝʮ; 1655 ɜ(COO)as; 1482, 1430, 1408, 1363, 

1343, 1309 (Rʢʦʣʝʮ + ɜ(COO)s); 1093 ɜ(C-Cl). 

ɺʳʭʦʜ [Tb(H2O)L1
2(OAc)]n (2) ï 0,041 ʛ (65%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H5Cl4N2O7S2Tb, %: C 19,1; 

H 0,8; N 4,5; S 10,2. ʅʘʡʜʝʥʦ, %: C 18,9; H 1,0; N 4,8; S 10,2. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3200 ɜ(OH); 2962, 2923, 2850 Rʢʦʣʝʮ; 1660 ɜ(COO)as; 1489, 1431, 1412, 

1360, 1340, 1311 (Rʢʦʣʝʮ + ɜ(COO)s); 1093 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd(H2O)L1
2(OAc)]n (3) ï 0,040 ʛ (64%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H5Cl4N2O7S2Gd, %: C 19,1; 

H 0,8; N 4,5; S 10,2. ʅʘʡʜʝʥʦ, %: C 18,4; H 1,1; N 4,6; S 9,9. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3208 ɜ(OH); 2965, 2922, 2883, 2852 Rʢʦʣʝʮ; 1652 ɜ(COO)as; 1493, 1427, 

1357, 1315 (Rʢʦʣʝʮ + ɜ(COO)s); 1096 ɜ(C-Cl). 

ʉʠʥʪʝʟ [Ln 6(H2O)10L1
18] (Ln = Eu3+ (4), Tb3+ (5), Gd3+ (6)). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ HL1 

(0,30 ʤʤʦʣʴ, 0,059 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʠ ʜʦʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ ʘʮʝʪʘʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʘʥʪʘʥʠʜʘ(III) (0,10 ʤʤʦʣʴ) ʠ 1,0 ʤʣ ʚʦʜʳ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ  

ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ  

ʜʦ ~İ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠ ʊ = 60 Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ  

ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ 

ʦʪʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʦʩʘʜʢʘ, ʚʳʨʘʩʪʘʣʠ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ 

[Eu6(H2O)10L1
18]ĿH2OĿC2H5OH (4ʘ) ʠ [Tb6(H2O)10L1

18]Ŀ2H2O (5ʘ), ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ [Eu6(H2O)10L
1
18] (4) ï 0,056 ʛ (76%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C72H20Cl36N18O46S18Eu6, %: 

C 18,6; H 0,4; N 5,4; S 12,4. ʅʘʡʜʝʥʦ, %: C 19,1; H 0,6; N 5,4; S 13,1. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3208 ɜ(OH); 2920, 2850 Rʢʦʣʝʮ; 1651 ɜ(COO)as; 1484, 1417, 1353, 1314 

(Rʢʦʣʝʮ + ɜ(COO)s); 1093 ɜ(C-Cl). 
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ɺʳʭʦʜ [Tb6(H2O)10L
1
18] (5) ï 0,036 ʛ (47%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C72H20Cl36N18O46S18Tb6, %: 

C 18,5; H 0,4; N 5,4; S 12,3. ʅʘʡʜʝʥʦ, %: C 18,7; H 0,6; N 5,2; S 11,0. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3143 ɜ(OH); 2972, 2923, 2852 Rʢʦʣʝʮ; 1659 ɜ(COO)as; 1486, 1433, 1359, 

1312 (Rʢʦʣʝʮ + ɜ(COO)s) ; 1094 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd6(H2O)10L
1
18] (6) ï 0,048 ʛ (62%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C72H20Cl36N18O46S18Gd6, %: 

C 18,5; H 0,4; N 5,4; S 12,4. ʅʘʡʜʝʥʦ, % : C 19,2; H 0,8; N 5,4; S 11,8. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3208 ɜ(OH); 2965, 2923, 2882, 2854 Rʢʦʣʝʮ; 1652 ɜ(COO)as; 1503, 1470, 

1427, 1357, 1318 (Rʢʦʣʝʮ + ɜ(COO)s); 1095 ɜ(C-Cl). 

2.3.2. ʉʠʥʪʝʟ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(III) ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ 1,10-ʬʝʥʘʥʘʪʨʦʣʠʥʦʤ/4,7-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ 

ʉʠʥʪʝʟ [Ln(phen)(H2O)L 1
3] (Ln = Eu3+ (7), Tb3+ (8), Gd3+ (9)). ʅʘʚʝʩʢʫ ʘʮʝʪʘʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʘʥʪʘʥʠʜʘ(III) (0,10 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2,0 ʤʣ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ  

ʢ 4,0 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ phen (0,10 ʤʤʦʣʴ, 0,020 ʛ), ʥʘʢʨʳʚʘʣʠ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ  

ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʊ ~ 90 Áʉ. ʏʝʨʝʟ 10 ʤʠʥʫʪ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʘ HL1 (0,30 ʤʤʦʣʴ, 0,059 ʛ) ʚ 3,0 ʤʣ ʵʪʘʥʦʣʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ  

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʚʳʧʘʜʘʣ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠʟ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʦʩʘʜʢʘ, ʚʳʨʘʩʪʘʣʠ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʦʚ 7, 8 ʠ [Gd(phen)(H2O)L1
3]Ŀ4H2OĿC2H5OH (9ʘ), ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ [Eu(phen)(H2O)L1
3] (7) ï 0,048 ʛ (51%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H10Cl6N5O7S3Eu, %: C 30,6; 

H 1,1; N 7,4; S 10,2. ʅʘʡʜʝʥʦ, %: C 30,8; H 1,5; N 7,4; S 7,9. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3455 ɜ(OH); 3081, 3063, 3025, 2999, 2963, 2919 Rʢʦʣʝʮ; 1648 ɜ(COO)as; 

1521, 1480, 1418, 1315, 1290 (Rʢʦʣʝʮ + ɜ(COO)s); 1089 ɜ(C-Cl). 

ɺʳʭʦʜ [Tb(phen)(H2O)L1
3] (8) ï 0,060 ʛ (63%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H10Cl6N5O7S3Tb, %: C 30,4; 

H 1,1; N 7,4; S 10,2. ʅʘʡʜʝʥʦ, %: C 30,9; H 1,2; N 7,4; S 10,9. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3461 ɜ(OH); 3060, 3003, 2922, 2851 Rʢʦʣʝʮ; 1650 ɜ(COO)as; 1519, 1480, 

1420, 1315, 1293 (Rʢʦʣʝʮ + ɜ(COO)s); 1088 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd(phen)(H2O)L1
3] (9) ï 0,067 ʛ (72%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H10Cl6N5O7S3Gd, %: 

C 30,5; H 1,1; N 7,4; S 10,2. ʅʘʡʜʝʥʦ, %: C 30,9; H 1,2; N 7,4; S 11,5. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3456 ɜ(OH); 3081, 3060, 3025, 2997, 2961, 2919, 2849 Rʢʦʣʝʮ; 

1648 ɜ(COO)as; 1520, 1482, 1421, 1315, 1290 (Rʢʦʣʝʮ + ɜ(COO)s); 1089 ɜ(C-Cl). 
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ʉʠʥʪʝʟ [Ln 2(dmphen)2L 1
6] (Ln = Eu3+ (10), Tb3+ (11), Gd3+ (12)). ʇʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ 1,0 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʮʝʪʘʪʘ ʣʘʥʪʘʥʠʜʘ(III ) 

(0,10 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ ʢ 3,0 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ dmphen (0,10 ʤʤʦʣʴ, 0,021 ʛ), 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 90 Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʦʜ ʯʘʩʦʚʳʤ 

ʩʪʝʢʣʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ 3,0 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ HL1 (0,30 ʤʤʦʣʴ, 0,060 ʛ). 

ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚʣʷʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ  

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʤʝʩʷʮ ʥʘ ʚʦʟʜʫʭʝ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʦʩʘʜʢʘ, ʚʳʨʘʩʪʘʣʠ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ 

[Eu2(dmphen)2L1
6]ĿC2H5OH (10a) ʠ [Tb2(dmphen)2L1

6]ĿC2H5OH (11a), ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ [Eu2(dmphen)2L
1
6] (10) ï 0,073 ʛ (77%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C52H24Cl12N10O12S6Eu2, %: 

C 32,8; H 1,3; N 7,4; S 10,1. ʅʘʡʜʝʥʦ, %: C 33,2; H 1,7; N 7,2; S 9,1. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 2924, 2853 Rʢʦʣʝʮ; 1676 ɜ(COO)as; 1593, 1526, 1500, 1477, 1427, 1406, 

1359, 1319, 1290 (Rʢʦʣʝʮ + ɜ(COO)s); 1086 ɜ(C-Cl). 

ɺʳʭʦʜ [Tb2(dmphen)2L
1
6] (11) ï 0,064 ʛ (67%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C52H24Cl12N10O12S6Tb2, %: 

C 32,6; H 1,3; N 7,3; S 10,0. ʅʘʡʜʝʥʦ, %: C 32,8; H 1,6; N 7,2; S 8,8. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 2926, 2853 Rʢʦʣʝʮ; 1675 ɜ(COO)as; 1582, 1526, 1502, 1472, 1427, 1407, 

1372, 1319, 1286 (Rʢʦʣʝʮ + ɜ(COO)s); 1085 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd2(dmphen)2L
1
6] (12) ï 0,055 ʛ (57%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C52H24Cl12N10O12S6Gd2, %: 

C 32,6; H 1,3; N 7,3; S 10,1. ʅʘʡʜʝʥʦ, C 32,2; H 1,5; N 7,0; S 8,6. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 2920, 2853 Rʢʦʣʝʮ; 1677 ɜ(COO)as; 1593, 1582, 1526, 1500, 1478, 1428, 

1406, 1368, 1318, 1293 (Rʢʦʣʝʮ + ɜ(COO)s); 1085 ɜ(C-Cl). 

2.3.3. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ln(III) ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʉʠʥʪʝʟ [Eu(H2O)2L2
2(OAc)]n (Ln = Eu3+ (13), Tb3+ (14), Gd3+ (15)). ʇʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʥʘʚʝʩʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʮʝʪʘʪʘ ʣʘʥʪʘʥʠʜʘ(III ) 

(0,20 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ ʢ 2,0 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ HL2 (0,40 ʤʤʦʣʴ, 0,079 ʛ), ʟʘʪʝʤ  

ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʣʠʚʘʣʠ 1,0 ʤʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ  

ʜʦ ~İ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠ T ~ 40 ÁC ʠ ʦʭʣʘʞʜʘʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʩʪʘʚʣʷʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʜʣʷ ʫʢʨʫʧʥʝʥʠʷ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ  

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʤʝʩʷʮ ʥʘ ʚʦʟʜʫʭʝ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʩʪʘʚʰʝʛʦʩʷ 
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ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʦʩʘʜʢʘ, ʚʳʨʘʩʪʘʣʠ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 13, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ [Eu(H2O)2L
2
2(OAc)]n (13) ï 0,025 ʛ (46%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H7Cl4N2O8S2Eu, %: 

C 18,7; H 1,1; N 4,4; S 10,0. ʅʘʡʜʝʥʦ, %: C 18,9; H 1,3; N 4,2; S 8,1. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3328 ɜ(OH); 2959, 2923, 2850 Rʢʦʣʝʮ; 1627 ɜ(COO)as; 1552, 1513, 1464, 

1417, 1397, 1381, 1352, 1296 (Rʢʦʣʝʮ + ɜ(COO)s ; 1113 ɜ(C-Cl). 

ɺʳʭʦʜ [Tb(H2O)2L
2
2(OAc)]n (14) ï 0,014 ʛ (22%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H7Cl4N2O8S2Tb, %: 

C 18.5; H 1.1; N 4.3; S 9.9. ʅʘʡʜʝʥʦ, %: C 17.8; H 1.2; N 4.3; S 9.5. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3322, ɜ(OH); 2955, 2922, 2850 Rʢʦʣʝʮ; 1625 ɜ(COO)as; 1560, 1516, 1458, 

1419, 1397, 1379, 1352, 1298 (Rʢʦʣʝʮ + ɜ(COO)s); 1120 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd(H2O)2L
2
2(OAc)]n (15) ï 0,033 ʛ (51%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H7Cl4N2O8S2Gd, %: 

C 18.6; H 1.1; N 4.4; S 10.0. ʅʘʡʜʝʥʦ, %: C 18.2; H 1.3; N 4.7; S 10.4. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3333 ɜ(OH); 2918, 2850 Rʢʦʣʝʮ; 1627 ɜ(COO)as; 1554, 1515, 1465, 1418, 

1396, 1379, 1352, 1298 (Rʢʦʣʝʮ + ɜ(COO)s); 1117 ɜ(C-Cl). 

2.3.4. ʉʠʥʪʝʟ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(III) ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ 

ʉʠʥʪʝʟ [Ln 2(phen)2(H2O)2L 2
6] (Ln = Eu3+ (16), Tb3+ (17), Gd3+ (18)). ʇʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʥʘʚʝʩʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʮʝʪʘʪʘ ʣʘʥʪʘʥʠʜʘ(III ) 

(0,20 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ ʢ 2,0 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʣʠʛʘʥʜʘ HL2 (0,60 ʤʤʦʣʴ, 0,119 ʛ).  

ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 1,0 ʤʣ ʚʦʜʳ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ  

5 ʤʠʥʫʪ ʧʨʠ 60 Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ 1,5 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ phen (0,20 ʤʤʦʣʴ, 

0,039 ʛ). ʇʦʩʣʝ 10 ʤʠʥʫʪ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ,  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ 

ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʤʝʩʷʮ  

ʠʟ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ, 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ [Tb2(phen)2(H2O)2L2
6]ĿC2H5OH (17ʘ), 

[Gd2(phen)2(H2O)2L2
6]ĿC2H5OH (18ʘ). 

ɺʳʭʦʜ [Eu2(phen)2(H2O)2L
2
6] (16) ï 0,114 ʛ (63%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C48H20Cl12N10O14S6Eu2, %: 

C 30,6; H 1,1; N 7,4; S 10,2. ʅʘʡʜʝʥʦ, %: ʉ 31,0, ʅ 1,3, N 7,4, S 9,4. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3405, ɜ(Oʅ); 2926, 2857 Rʢʦʣʝʮ; 1669 ɜ(COO)as; 1612, 1518, 1427, 1395, 

1357, 1337, 1294 (Rʢʦʣʝʮ + ɜ(COO)s); 1103 ɜ(C-Cl). 
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ɺʳʭʦʜ [Tb2(phen)2(H2O)2L
2
6] (17) ï 0,125 ʛ (66%). ɺr ʯʠʩʣʝʥʦ ʜʣʷ C48H20Cl12N10O14S6Tb2, %: 

C 30,4; H 1,1; N 7,4; S 10,2. ʅʘʡʜʝʥʦ, %: C 30,7; H 1,3; N 7,3; S 10,7. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3424, ɜ(Oʅ); 2926, 2857 Rʢʦʣʝʮ; 1676 ɜ(COO)as; 1610, 1518, 1427, 1401, 

1358, 1336, 1295 (Rʢʦʣʝʮ + ɜ(COO)s); 1104 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd2(phen)2(H2O)2L
2
6] (18) ï 0,132 ʛ (70%). ɺr ʯʠʩʣʝʥʦ ʜʣʷ C48H20Cl12N10O14S6Gd2, %: 

C 30,5; H 1,1; N 7,4; S 10,2. ʅʘʡʜʝʥʦ, %: C 30,5; H 1,3; N 7,2; S 9,4. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3410, ɜ(Oʅ); 2926, 2850 Rʢʦʣʝʮ; 1673 ɜ(COO)as; 1612, 1519, 1427, 1400, 

1358, 1337, 1295 (Rʢʦʣʝʮ + ɜ(COO)s); 1104 ɜ(C-Cl). 

ʉʠʥʪʝʟ [Eu2(phen)2(H2O)2L 2
6]Ŀ3C2H5OH (16ʘ). ʅʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʥʘʚʝʩʢʫ 

Eu(OAc)3Ŀ4H2O (0,10 ʤʤʦʣʴ, 0,040 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1,0 ʤʣ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ ʢ 2,0 ʤʣ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ HL2 (0,20 ʤʤʦʣʴ, 0,040 ʛ). ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʢ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʧʨʠʣʠʚʘʣʠ 1,0 ʤʣ ʨʘʩʪʚʦʨʘ phen (0,10 ʤʤʦʣʴ, 0,019 ʛ) ʚ ʵʪʘʥʦʣʝ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʫʧʘʨʠʚʘʣʠ ʜʦ  İ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 60 Áʉ ʠ ʜʦʙʘʚʣʷʣʠ 0,50 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʩʮʚʝʪʥʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʤʝʩʷʮ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ 

T = 4 Áʉ ʚʳʨʘʩʪʘʣʠ ʙʝʩʮʚʝʪʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ 

[Eu2(phen)2(H2O)2L2
6]Ŀ6H2O (16ʙ), ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ [Eu2(phen)2(H2O)2L
2
6]Ŀ3C2H5OH (16ʘ) ï 0,043 ʛ (64%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C54H38Cl12N10O17S6Eu2, %: ʉ 32.1, ʅ 1.9, N 6.9, S 9.5. ʅʘʡʜʝʥʦ, %: ʉ 32.5, ʅ 1.8, N 6.9, S 7.0. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1):3425, ɜ(Oʅ); 2925, 2850 Rʢʦʣʝʮ; 1654 ɜ(COO)as; 

1520, 1452, 1393, 1349, 1295 (Rʢʦʣʝʮ + ɜ(COO)s); 1105 ɜ(C-Cl). 

ʉʠʥʪʝʟ [Ln 2(dmphen)2(H2O)2L2
6] (Ln = Eu3+ (19), Tb3+ (20), Gd3+ (21)). ʃʠʛʘʥʜ HL2 

(0,60 ʤʤʦʣʴ, 0,119 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʠ ʜʦʙʘʚʣʷʣʠ ʢ 1,0 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʮʝʪʘʪʘ ʣʘʥʪʘʥʠʜʘ(III) (0,20 ʤʤʦʣʴ) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʝ. ʏʝʨʝʟ 5 ʤʠʥʫʪ ʜʦʙʘʚʣʷʣʠ 1,5 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ dmphen (0,20 ʤʤʦʣʴ, 

0,042 ʛ). ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

60 Áʉ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ [Eu2(dmphen)2(H2O)2L
2
6] (19) ï 0,152 ʛ (78%). ɺr ʯʠʩʣʝʥʦ ʜʣʷ 

C52H28Cl12N10O14S6Eu2, %: C 32,2; H 1,6; N 7,2; S 9,9. ʅʘʡʜʝʥʦ, %: C 32,6; H 2,1; N 6,8; S 10,0. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3403, ɜ(Oʅ); 2917, 2849 Rʢʦʣʝʮ; 1670 ɜ(COO)as; 

1608, 1526, 1508, 1426, 1395, 1357, 1334, 1297 (Rʢʦʣʝʮ + ɜ(COO)s); 1113 ɜ(C-Cl). 
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ɺʳʭʦʜ [Tb2(dmphen)2(H2O)2L
2
6] (20) ï 0,131 ʛ (67%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C52H28Cl12N10O14S6Tb2, %: C 32,0; H 1,5; N 7,2; S 9,9. ʅʘʡʜʝʥʦ, %: C 31,9; H 1,6; N 7,1; S 10,5. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3453, ɜ(Oʅ); 2919, 2852 Rʢʦʣʝʮ; 1679 ɜ(COO)as; 

1613, 1524, 1510, 1426, 1397, 1358, 1337, 1294 (Rʢʦʣʝʮ + ɜ(COO)s); 1112 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd2(dmphen)2(H2O)2L
2
6] (21) ï 0,159 ʛ (81%). ɺr ʯʠʩʣʝʥʦ ʜʣʷ 

C52H28Cl12N10O14S6Gd2, %: C 32,0; H 1,5; N 7,2; S 9,9. ʅʘʡʜʝʥʦ, %: C 31,9; H 1,8; N 6,8; S 9,8. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3430, ɜ(Oʅ); 2920, 2852 Rʢʦʣʝʮ; 1675 ɜ(COO)as; 

1606, 1526, 1508, 1427, 1395, 1357, 1336, 1295 (Rʢʦʣʝʮ + ɜ(COO)s); 1115 ɜ(C-Cl). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 21 ʩʦʩʪʘʚʘ [Gd2(dmphen)2(H2O)2L
2
6] ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ HL2 (0,30 ʤʤʦʣʴ, 0,060 ʛ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ) ʠ dmphen (0,10 ʤʤʦʣʴ, 0,021 ʛ ʚ 2,0 ʤʣ 

ʵʪʘʥʦʣʘ) ʩ ʨʘʩʪʚʦʨʦʤ Gd(OAc)3Ŀ3H2O (0,10 ʤʤʦʣʴ, 0,039 ʛ ʚ ʩʤʝʩʠ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʠ 1,0 ʤʣ 

ʚʦʜʳ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ 90 Áʉ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

ʉʠʥʪʝʟ [Ln 2(bipy)2(H2O)2L 2
6] (Ln = Eu3+ (22), Tb3+ (23), Gd3+ (24)). ʇʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʥʘʚʝʩʢʫ ʣʠʛʘʥʜʘ HL2 (0,60 ʤʤʦʣʴ, 0,120 ʛ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʠ ʜʦʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʮʝʪʘʪʘ ʣʘʥʪʘʥʠʜʘ(III ) 

(0,20 ʤʤʦʣʴ) ʠ 1,0 ʤʣ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʠ ʜʦʙʘʚʣʷʣʠ 2,0 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ bipy (0,20 ʤʤʦʣʴ, 

0,031 ʛ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ. ɿʘʪʝʤ 

ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʜʦ ~İ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 Áʉ ʠ ʦʭʣʘʞʜʘʣʠ,  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʦʜʠʥ ʤʝʩʷʮ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 Áʉ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʦʩʘʜʢʘ ʚʳʨʘʩʪʘʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 23 ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ [Eu2(bipy)2(H2O)2L
2
6] (22) ï 0,105 ʛ (57%). ɺr ʯʠʩʣʝʥʦ ʜʣʷ C44H20Cl12N10O14S6Eu2, %: 

C 28,8; H 1,1; N 7,6; S 10,5. ʅʘʡʜʝʥʦ, %: C 27,6; H 1,2; N 7,3; S 9,9. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3388, ɜ(Oʅ); 2921, 2853 Rʢʦʣʝʮ; 1672 ɜ(COO)as; 1610, 1510, 1477, 1438, 

1398, 1356, 1338, 1294 (Rʢʦʣʝʮ + ɜ(COO)s); 1113 ɜ(C-Cl). 

ɺʳʭʦʜ [Tb2(bipy)2(H2O)2L
2
6] (23) ï 0,105 ʛ (54%). ɺr ʯʠʩʣʝʥʦ ʜʣʷ C44H20Cl12N10O14S6Tb2, %: 

C 28,6; H 1,1; N 7,6; S 10,4. ʅʘʡʜʝʥʦ, %: C 29,0; H 1,2; N 7,6; S 9,8. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  
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ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3407, ɜ(Oʅ); 2921, 2853 Rʢʦʣʝʮ; 1672 ɜ(COO)as; 1600, 1510, 1476, 1438, 

1400, 1357, 1337, 1295 (Rʢʦʣʝʮ + ɜ(COO)s); 1113 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd2(bipy)2(H2O)2L
2
6] (24) ï 0,146 ʛ (79%). ɺr ʯʠʩʣʝʥʦ ʜʣʷ C44H20Cl12N10O14S6Gd2, %: 

C 28,6; H 1,1; N 7,6; S 10,4. ʅʘʡʜʝʥʦ, %: C 28,8; H 1,2; N 7,5; S 9,5. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3390, ɜ(Oʅ); 2924, 2850 Rʢʦʣʝʮ; 1677 ɜ(COO)as; 1603, 1510, 1477, 1439, 

1398, 1356, 1338, 1294 (Rʢʦʣʝʮ + ɜ(COO)s); 1113 ɜ(C-Cl). 

ʉʠʥʪʝʟ [Ln 2(dmbipy)2(H2O)2L 2
6] (Ln = Eu3+ (25), Tb3+ (26), Gd3+ (27)). ʅʘʚʝʩʢʫ 

ʘʮʝʪʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʘʥʪʘʥʠʜʘ(III) (0,10 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1,0 ʤʣ ʚʦʜʳ  

ʠ ʜʦʙʘʚʣʷʣʠ 2,0 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʣʠʛʘʥʜʘ HL2 (0,30 ʤʤʦʣʴ, 0,059 ʛ), ʧʝʨʝʤʝʰʠʚʘʷ 

ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ ʊ = 90 Áʉ. ɿʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ 2,0 ʤʣ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ dmbipy (0,10 ʤʤʦʣʴ, 0,018 ʛ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʝ 

10 ʤʠʥʫʪ ʜʦ ʚʳʧʘʜʝʥʠʷ ʙʝʩʮʚʝʪʥʦʛʦ ʦʩʘʜʢʘ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ  

ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʘʜʢʘ 

ʢʦʤʧʣʝʢʩʘ 26, ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ [Eu2(dmbipy)2(H2O)2L
2
6] (25) ï 0,069 ʛ (73%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C48H28N10O14S6Cl12Eu2, %: C 30,5; H 1,5; N 7,4; S 10,2. ʅʘʡʜʝʥʦ, %: C 31,7; H 1,7; N 7,3; S 9,8. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3439, ɜ(Oʅ); 2961, 2923, 2853 Rʢʦʣʝʮ; 1667 

ɜ(COO)as; 1615, 1511, 1400, 1354, 1331, 1291 (Rʢʦʣʝʮ + ɜ(COO)s); 1114 ɜ(C-Cl). 

ɺʳʭʦʜ [Tb2(dmbipy)2(H2O)2L
2
6] (26) ï 0,065 ʛ (68%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C48H28N10O14S6Cl12Tb2, %: C 30,5; H 1,5; N 7,4; S 10,1. ʅʘʡʜʝʥʦ, %: C 30,3; H 1,5; N 7,3; S 9,0. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3440, ɜ(Oʅ); 2960, 2921, 2853 Rʢʦʣʝʮ; 1665 

ɜ(COO)as; 1612, 1510, 1398, 1296 (Rʢʦʣʝʮ + ɜ(COO)s); 1109 ɜ(C-Cl). 

ɺʳʭʦʜ [Gd2(dmbipy)2(H2O)2L
2
6] (27) ï 0,069 ʛ (72%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C48H28N10O14S6Cl12Gd2, %: C 30,3; H 1,5; N 7,4; S 10,1. ʅʘʡʜʝʥʦ, %: C 30,6; H 1,6; N 7,3; S 9,9. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ (ɜ, ʩʤï1): 3435, ɜ(Oʅ); 2961, 2923, 2854 Rʢʦʣʝʮ; 1676 

ɜ(COO)as; 1615, 1508, 1498, 1356, 1337, 1290 (Rʢʦʣʝʮ + ɜ(COO)s); 1109 ɜ(C-Cl). 
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3. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

3.1. ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ  

ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʪʠʘʟʦʣʘ  

ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʤʝʜʠ(II), ʥʠʢʝʣʷ(II)  

ʠ ʢʦʙʘʣʴʪʘ(II)) ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʠ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [50ï52]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 27 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) (ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III ))  

ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʠ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ  

ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ, ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ 16 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʀʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ  

ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʦʝʥʠʠ  

4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (CCDC 1237133), ʢʦʪʦʨʘʷ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ  

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1 (ʪʨʠʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ). ʄʦʣʝʢʫʣʳ ʫʧʘʢʦʚʳʚʘʶʪʩʷ  

ʚ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠ ʵʪʦʤ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ OïHĿĿĿN (OĿĿĿN 2,830 ¡ ʠ HĿĿĿN 1,858 ¡)  

ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʭʣʦʨʘ: 3,356, 3,365 ʠ 3,372 ¡ (ʨʠʩ. 31). 

 

ʈʠʩʫʥʦʢ 31. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʠʥʠʝ ʣʠʥʠʠ) ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (ʢʨʘʩʥʳʝ ʣʠʥʠʠ) 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 
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3,4-ɼʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʚʠʜʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʨʝʘʢʪʠʚʘ (RHAWN), ʦʜʥʘʢʦ ʥʝ ʙʳʣʘ ʨʘʥʝʝ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʠ ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ 

ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʝ ʩʦʜʝʨʞʘʣʦʩʴ ʩʚʝʜʝʥʠʡ ʦ ʝʝ ʩʪʨʦʝʥʠʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ HL2, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦ ʜʘʥʥʳʤ 

ʈʉɸ HL2 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/c (ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ). 

ʄʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʷ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 32ʘ), ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 

ʨʘʚʥʳʤʠ 3,471 ¡ (ʨʠʩ. 32ʙ), ʯʪʦ ʤʝʥʴʰʝ ʩʫʤʤʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʜʚʫʭ ʘʪʦʤʦʚ 

ʭʣʦʨʘ (1,75 ¡ [10.1021/J100785A001]). ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ OïHĿĿĿN ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ OĿĿĿN 2,775 ¡  

ʠ HĿĿĿN 1,939 ¡. 

ʘ) 

ʙ) 

ʈʠʩʫʥʦʢ 32. ʋʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ HL2 ʚ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʘ) ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ClĿĿĿCl 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ (ʙ) 
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3.1.1. ʂʦʤʧʣʝʢʩʳ Ln(III) ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩʦʩʪʘʚʘ 

[Ln(H2O)L1
2(OAc)]n (1-3) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʪʚʝʨʜʳʭ ʥʘʚʝʩʦʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʮʝʪʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʢ ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ ʵʪʘʥʦʣʝ ʣʠʛʘʥʜʫ HL1 ʧʨʠ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ = 1 : 2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ  

(ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʚ ʵʪʘʥʦʣʝ ʘʮʝʪʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ(III)) ʠ ʫʜʘʣʝʥʠʝʤ 

ʠʟʙʳʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ~ 60ÁC (ʩʭʝʤʘ 5). ɺ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ ʜʦ 1 : 3, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʩʘʜʢʠ ʛʝʢʩʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Ln6(H2O)10L
1
18] (4-6). 

 

ʉʭʝʤʘ 5. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ. ɻʦʣʫʙʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ HL1 

 

ʉʦʩʪʘʚ ʠ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ HL1 ʧʨʝʜʩʪʘʚʣʝʥʳ  

ʚ ʪʘʙʣʠʮʝ 1. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʦʚ 

[Ln(H2O)L1
2(OAc)]n ʜʣʷ 1-3 ʠ [Ln6(H2O)10L

1
18] ʜʣʷ 4-6. 
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ʊʘʙʣʠʮʘ 1. ʉʧʠʩʦʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 4,5-ʜʠʭʣʦʨ-

ʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʄ, ʛ/ʤʦʣʴ ɺʳʭʦʜ, % ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(H2O)L1
2(OAc)]n (1) 

C10H5Cl4N2O7S2Eu 
623,10 82 CHNS, ʈʌɸ, ʀʂ, ʉɼʆ, ʈʉɸ 

[Tb(H2O)L1
2(OAc)]n (2) 

C10H5Cl4N2O7S2Tb 
630,00 65 CHNS, ʈʌɸ, ʀʂ, ʉɼʆ 

[Gd(H2O)L1
2(OAc)]n (3) 

C10H5Cl4N2O7S2Gd 
628,40 64 CHNS, ʈʌɸ, ʀʂ 

[Eu6(H2O)10L
1
18] (4) 

C72H20Cl36N18O46S18Eu6 
4638,3 76 CHNS, ʈʌɸ, ʀʂ, ʉɼʆ, ʈʉɸ 

[Tb6(H2O)10L
1
18] (5) 

C72H20Cl36N18O46S18Tb6 
4680,1 47 CHNS, ʈʌɸ, ʀʂ, ʉɼʆ, ʈʉɸ 

[Gd6(H2O)10L
1
18] (6) 

C72H20Cl36N18O46S18Gd6 
4670,3 62 CHNS, ʈʌɸ, ʀʂ 

 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 1-3 ʠʟʦʩʪʨʫʢʪʫʨʥʳ 

(ʨʠʩ. 33ʘ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ  

ʠʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III) 1, ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʦʛʠʯʥʫʶ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ ʢʦʤʧʣʝʢʩʘ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ 4-6 (ʨʠʩ. 33ʙ). 

     

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 33. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [Ln(H2O)L1
2(OAc)]n (1-3, ʘ)  

ʠ [Ln6(H2O)10L
1
18] (4-6, ʙ) 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ  

OH-ʛʨʫʧʧʳ (ɜ(OH)) ʧʨʠ 2410 ʩʤï1, ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʩʧʝʢʪʨʝ HL1, ʠʩʯʝʟʘʝʪ ʚ ʩʧʝʢʪʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ 1-6, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʧʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦʣʦʩ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ (1660 ï 1655 ʩʤï1)  

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʩʦʡ ʚ ʩʧʝʢʪʨʝ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ (ɜ(COO)as = 1727 ʩʤï1).  

ɺ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʫʰʠʨʝʥʥʳʝ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1440 ï 1208 ʩʤï1, 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ Rʢʦʣʝʮ ʠ ɜ(COO)s. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʜʚʠʛ ʵʪʠʭ ʧʦʣʦʩ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ (1503 ï 1309 ʩʤï1) ʠ ʥʝʢʦʪʦʨʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ï ʯʠʩʣʦ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʤʝʥʷʶʪʩʷ. ɺʩʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʢ ʠʦʥʘʤ ʣʘʥʪʘʥʠʜʦʚ(III). ʇʨʠʩʫʪʩʪʚʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ  

ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʰʠʨʦʢʦʡ 

ʧʦʣʦʩʳ ɜ(OH) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3208 ʜʦ 3143 ʩʤï1. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Eu(H2O)L1
2(OAc)]n (1) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʦʝʜʠʥʝʥʠʝ ʝʚʨʦʧʠʷ(III) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ  

ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ (Pbca). ʄʦʣʝʢʫʣʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ L1 ʧʨʦʷʚʣʷʶʪ 

ʜʚʘ ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ (ʨʠʩ. 34a) ï ʭʝʣʘʪʥʳʡ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʠʟʦʪʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ  

ʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʡ ʩʧʦʩʦʙ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ 

(ʨʠʩ. 34ʙ). ʂʘʞʜʘʷ ʘʮʝʪʘʪʥʘʷ ʛʨʫʧʧʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʪ ʢʘʢ ʤʦʩʪʠʢʦʚʫʶ,  

ʪʘʢ ʠ ʭʝʣʘʪʥʫʶ ʬʫʥʢʮʠʶ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʜʦ ʜʝʚʷʪʠ ʜʦʧʦʣʥʷʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ 

ʤʦʣʝʢʫʣʘ ʚʦʜʳ. 

         

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 34. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʠʦʥʘ ʝʚʨʦʧʠʷ(III) ʚ [Eu(H2O)L1
2(OAc)]n (1, ʘ)  

ʠ ʬʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ (ʙ) 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʩʬʝʨʠʯʝʩʢʘ ̫ ʰʘʧʦʯʥʘ ̫ ʢʚʘʜʨʘʪʥʘʷ 

ʘʥʪʠʧʨʠʟʤʘ ʩ ʧʘʨʘʤʝʪʨʦʤ S(C4v) = 2,544 (ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ SHAPE). ɼʣʠʥʳ ʩʚʷʟʝʡ  

LnïO(L) ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2,34 ʜʦ 2,42 ¡, LnïO(OAcï) ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,45 ï 2,56 ¡,  

LnïN(L) ʩʦʩʪʘʚʣʷʝʪ 2,61 ¡, ʘ LnïO(H2O) ï 2,55 ¡ (ʪʘʙʣʠʮʘ ʇ2). ʄʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʧʦʣʠʤʝʨʥʳʤʠ ʮʝʧʷʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 

3,375 ¡, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʫʧʘʢʦʚʢʝ (ʨʠʩ. ʇ1), ʘ ʪʘʢʞʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 2,733 ʠ 2,807 ¡ (ʨʠʩ. ʇ2). 

ɻʝʢʩʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 4ʘ ʠ 5ʘ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P-1. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʦʢʪʘʵʜʨʘ (ʨʠʩ. 35ʘ). ɺ ʩʪʨʫʢʪʫʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ, ʨʘʚʥʳʤ ʜʝʚʷʪʠ. ʀʦʥ Ln1 ʦʢʨʫʞʝʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʜʚʫʭ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ (L1)ï, ʢʦʪʦʨʳʝ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʭʝʣʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʷʪʠʯʣʝʥʥʳʭ ʤʝʪʘʣʣʦʮʠʢʣʦʚ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ Ln1 ʜʦʧʦʣʥʷʶʪ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʪʨʝʪʴʝʛʦ ʠʦʥʘ (L1)ï, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʭʝʣʘʪʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʯʝʪʳʨʝʭʯʣʝʥʥʦʛʦ ʤʝʪʘʣʣʦʮʠʢʣʘ, ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʜʚʫʭ ʠʦʥʦʚ 

(L1)ï, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤ ʩʧʦʩʦʙʦʤ ʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ (ʨʠʩ. 35ʙ). ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ SHAPE, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʙʣʠʟʦʢ ʢ ʪʠʧʫ 

çʤʘʬʬʠʥè ʠʣʠ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʝʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ ʩ ʧʘʨʘʤʝʪʨʦʤ  

S(Cs) = 1,400 ʠʣʠ S(D3h) = 1,438 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʣʫʯʘʝ ʠʦʥʘ ʝʚʨʦʧʠʷ(III) ʠ 1,364 ʠʣʠ 1,380 

ï ʜʣʷ ʪʝʨʙʠʷ(III). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Ln2 ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʪʨʝʭ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʭʝʣʘʪʥʳʭ ʠʦʥʦʚ (L1)ï, ʘ ʪʘʢʞʝ ʦʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ (L1)ï, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʜʝʥʪʘʪʥʦ, ʠ ʜʚʫʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩ. 35ʚ). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ Ln2 ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʩʬʝʨʠʯʝʩʢʫʶ ʪʨʝʭʰʘʧʦʯʥʫʶ 

ʪʨʠʛʦʥʘʣʴʥʫʶ ʧʨʠʟʤʫ ʩ S(D3h) = 1,488 ʠʣʠ ʩʬʝʨʠʯʝʩʢʫʶ ʰʘʧʦʯʥʫʶ ʢʚʘʜʨʘʪʥʫʶ 

ʘʥʪʠʧʨʠʟʤʫ ʩ S(C4v) = 1,525 ʜʣʷ ʠʦʥʘ ʝʚʨʦʧʠʷ(III); ʚ ʩʣʫʯʘʝ ʠʦʥʘ ʪʝʨʙʠʷ(III) ʦʥʘ ʙʣʠʟʢʘ  

ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʝʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ ʩ S(D3h) = 1,387. ʇʦʜʦʙʥʘʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ Ln3 (ʨʠʩ. 35ʛ), ʦʜʥʘʢʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʵʜʨ ʙʣʠʟʦʢ ʢ ʪʠʧʫ çʤʘʬʬʠʥè ʩ ʧʘʨʘʤʝʪʨʦʤ S(Cs) = 0,904 ʜʣʷ Eu3 ʠ 0,886 ʜʣʷ Tb3. 

ɼʣʠʥʳ ʩʚʷʟʝʡ LnïN(L) ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,53 ï 2,74 ¡, LnïO(L) ï ʦʪ 2,33 ʜʦ 2,47 ¡,  

ʘ LnïO(H2O) ï ʚ ʜʠʘʧʘʟʦʥʝ 2,32 ï 2,43 ¡ (ʪʘʙʣʠʮʘ ʇ2). ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʰʠʨʥʘʷ ʩʝʪʴ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʨʠʩ. ʇ3) ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 
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ʢʠʩʣʦʨʦʜʘ ʦʪ 2,58 ʜʦ 2,81 ¡ (ʪʘʙʣʠʮʘ ʇ2). ʄʦʣʝʢʫʣʳ ʫʧʘʢʦʚʘʥʳ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʨʠʩ. ʇ4) ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 3,39 ï 3,46 ¡ (ʨʠʩ. ʇ5). 

ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʜʫ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʦʜʥʦʛʦ ʛʝʢʩʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʜʨʫʛʦʛʦ ʛʝʢʩʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 

2,668 ¡ (4ʘ) ʠ 2,657 ¡ (5ʘ). ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʜʫ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʛʝʢʩʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʘʪʦʤʦʤ 

ʚʦʜʦʨʦʜʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 2,89 ï 2,95 ¡. ʇʨʠʩʫʪʩʪʚʠʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 4ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ  

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ, ʨʘʩʩʪʦʷʥʠʝ OĿĿĿO 

ʨʘʚʥʦ 2,814 ¡. 

 

ʘ) ʙ) 

 

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 35. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Eu6(H2O)10L
1
18]ĿH2OĿC2H5OH (4ʘ, a), 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʫʟʣʳ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ Eu1 (ʙ), Eu2 (ʚ) ʠ Eu3 (ʛ). ʄʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʧʦʢʘʟʘʥʳ  
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3.1.2. ʈʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Ln(III) ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʠ 1,10-ʬʝʥʘʥʘʪʨʦʣʠʥʦʤ / 4,7-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʣʠʛʘʥʜʦʚ, ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʨʝʘʛʝʥʪʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ HL1 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʦʣʠ 

ʣʘʥʪʘʥʠʜʘ(III) ʧʨʠʚʦʜʠʪ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʦʛʦ ʛʝʢʩʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʩʪʘʚʘ [Ln6(H2O)10L
1
18], ʠ ʜʘʣʴʥʝʡʰʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʠ ʧʦʧʳʪʢʠ ʚʥʝʜʨʠʪʴ ʚʪʦʨʦʡ ʣʠʛʘʥʜ  

ʚ ʵʪʫ ʩʠʩʪʝʤʫ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 7-12 ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ  

ʠ 1,10-ʬʝʥʘʥʘʪʨʦʣʠʥʦʤ/4,7-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ (LN-N) ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ 

ʥʘʚʝʩʢʠ ʘʮʝʪʘʪʘ ʤʝʪʘʣʣʘ ʚ ʚʦʜʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʣʠʛʘʥʜʦʚ LN-N ʠ HL1 ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Ln : HL1 : LN-N = 1 : 3 : 1, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʜʘʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 90 Áʉ (ʩʭʝʤʘ 6). 

 

ʉʭʝʤʘ 6. ʉʠʥʪʝʟ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-

3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ 1,10-ʬʝʥʘʥʘʪʨʦʣʠʥʦʤ/4,7-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ 
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ɺʩʝ ʧʦʧʳʪʢʠ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III )  

ʩ 2,2'-ʙʠʧʠʨʠʜʠʥʦʤ ʠ 4,4'-ʜʠʤʝʪʠʣ-2,2'-ʙʠʧʠʨʠʜʠʥʦʤ ʥʝ ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʩʢʦʤʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚʳʧʘʜʘʣʠ 

ʦʩʘʜʢʠ ʛʝʢʩʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ [Ln6(H2O)10L
1
18]. ʉʧʠʩʦʢ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III )  

ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ 1,10-ʬʝʥʘʥʘʪʨʦʣʠʥʦʤ / 4,7-ʜʠʤʝʪʠʣ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʄ, ʛ/ʤʦʣʴ ɺʳʭʦʜ, % ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(phen)(H2O)L1
3] (7) 

C24H10Cl6N5O7S3Eu 
941,24 51 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Tb(phen)(H2O)L1
3] (8) 

C24H10Cl6N5O7S3Tb 
948,20 63 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Gd(phen)(H2O)L1
3] (9) 

C24H10Cl6N5O7S3Gd 
946,53 72 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Eu2(dmphen)2L
1
6] (10) 

C52H24Cl12N10O12S6Eu2 
1902,6 77 CHNS, ʈʌɸ, ʀʂ 

[Tb2(dmphen)2L
1
6] (11) 

C52H24Cl12N10O12S6Tb2 
1916,5 67 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Gd2(dmphen)2L
1
6] (12) 

C52H24Cl12N10O12S6Gd2 
1913,1 57 CHNS, ʈʌɸ, ʀʂ 

 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʦʚ 

[Ln(phen)(H2O)L1
3] ʜʣʷ 7-9 ʠ [Ln2(dmphen)2L

1
6] ʜʣʷ 10-12. ʏʠʩʣʦ ʠ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ 

ʚ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʢʦʤʧʣʝʢʩʦʚ 7-9 ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʢʦʤʧʣʝʢʩʘ 8, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʦʩʪʨʫʢʪʫʨʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ (ʨʠʩ. 36ʘ). ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʢʦʤʧʣʝʢʩʝ 7 ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ dmphen 10-12 ʩʦʛʣʘʩʫʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʢʦʤʧʣʝʢʩʘ 10ʘ (ʨʠʩ. 

36ʙ). ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʤʦʨʬʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ 10-12. ʈʘʟʣʠʯʠʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ  

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʵʪʘʥʦʣʘ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ 10ʘ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ  

ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 36. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [Ln(phen)(H2O)L1
3] (7-9, ʘ)  

ʠ [Ln2(dmphen)2L
1
6] (10-12, ʙ) 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ɜ(OH), ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʩʧʝʢʪʨʝ 

HL1 (2410 ʩʤï1), ʠʩʯʝʟʘʝʪ ʚ ʩʧʝʢʪʨʘʭ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ  

ʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ HL1 ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. ɺ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʤʝʱʝʥʠʝ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ 

(1677 ï 1675 ʩʤï1 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ phen ʠ 1650 ï 1648 ʩʤï1 ï ʜʣʷ dmphen)  

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʞʝʥʠʝʤ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ HL1  

(ɜ(COO)as = 1727 ʩʤ
ï1). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  

ʚ ʦʙʣʘʩʪʠ 3081 ï 2849 ʩʤï1, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʚʘʣʝʥʪʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʢʦʣʝʮ. ɺ ʩʧʝʢʪʨʝ HL1 ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʫʰʠʨʝʥʥʳʝ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1440 ï 1208 ʩʤï1, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʢʦʣʝʙʘʥʠʡ Rʢʦʣʝʮ ʠ ɜ(COO)s. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʵʪʠʭ ʧʦʣʦʩ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ (1593 ï 1286 ʩʤï1), ʘ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʩ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ  

ʥʘ ʧʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ Rʢʦʣʝʮ(LN-N) ʚ ʦʙʣʘʩʪʠ 3081 ï 2849 ʩʤï1. ʅʘʣʠʯʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ phen ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʧʝʢʪʨʘʭ 

ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ɜ(OH) ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ 3450 ʩʤï1. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 7-9ʘ  

ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ 1,10-ʬʝʥʘʥʘʪʨʦʣʠʥʦʤ ʤʦʥʦʷʜʝʨʥʳʝ. 

ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʣʠʛʘʥʜ (L1)ï ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 
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ʘʪʦʤʦʤ ʘʟʦʪʘ ʠʟʦʪʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠʣʠ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʝʪʘʣʣʦʮʠʢʣʦʚ. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ 10ʘ ʠ 11a ʩ 4,7-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ  

ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ (L1)ï ʧʦʤʠʤʦ ʭʝʣʘʪʥʦʡ ʧʨʦʷʚʣʷʝʪ 

ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʩʚʷʟʳʚʘʷ ʧʦʧʘʨʥʦ ʢʘʪʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʚ ʙʠʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ. ʃʠʛʘʥʜʳ LN-N 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʭʝʣʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʨʘʙʦʪʝ. ʂʦʤʧʣʝʢʩʳ ʩ phen ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ  

ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P21/c, ʘ ʩʦʝʜʠʥʝʥʠʷ ʩ dmphen ï ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P-1. ɺ ʢʦʤʧʣʝʢʩʘʭ ʩ phen ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʠʦʥʦʚ 

ʣʘʥʪʘʥʠʜʦʚ ʜʦʧʦʣʥʷʝʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ (ʂʏ = 9, ʨʠʩ. 37ʘ),  

ʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ dmphen ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʙʠʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʥʘʧʦʤʠʥʘʝʪ ʪʠʧ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè (ʂʏ = 8, ʨʠʩ. 37ʙ). 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 37. ʉʪʨʫʢʪʫʨʳ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Tb(phen)(H2O)L1
3] (8, a)  

ʠ [Tb2(dmphen)2L
1
6]ĿC2H5OH (11ʘ, ʙ) 

 

ʄʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʠʟʦʪʠʘʟʦʣʘ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ 

ʠʟʦʪʠʘʟʦʣʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 4,100 ¡ ʠ 3,820 ¡ (7), 4,129 ¡ ʠ 3,821 ¡ (8) ʠ 4,121 ¡ ʠ 3,883 ¡ (9ʘ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 38ʘ). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʣʦʝ ʠ ʤʝʞʜʫ ʩʣʦʷʤʠ  

ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 3,488 ¡, 3,631 ¡ (7), 3,488 ¡, 3,633 ¡ (8) ʠ 3,699¡ (9ʘ) (ʨʠʩ. 38ʙ). ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʜʣʠʥʳ ʩʚʷʟʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ3. 
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ʘ) 

ʙ) 

ʈʠʩʫʥʦʢ 38. ˊ-ʉʪʵʢʠʥʛ (ʘ) ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʝ Cl-Cl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʙ) ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ [Tb(phen)(H2O)L1
3] (8) 

 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ dmphen. ʄʝʞʜʫ 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ ʠ ʠʟʦʪʠʘʟʦʣʴʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 3,726 ¡ (10ʘ) ʠ 3,708 ¡ (11ʘ) 

(ʨʠʩ. 39ʘ), ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʠʟʦʪʠʘʟʦʣʘʤʠ ʚʥʫʪʨʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 4,071 ¡ (10ʘ)  

ʠ 4,152 ¡ (11ʘ). ʄʝʞʜʫ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʩʦʩʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ 

ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 3,214 ï 3,692 ¡ (ʨʠʩ. 39ʙ). ɼʣʠʥʳ ʩʚʷʟʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ3. 
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ʘ) 

ʙ) 

ʈʠʩʫʥʦʢ 39. ˊ-ʉʪʵʢʠʥʛ (ʘ) ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʝ Cl-Cl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʙ) ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ [Tb2(dmphen)2L
1
6]ĿC2H5OH (11ʘ). ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʠ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʧʦʢʘʟʘʥʳ  
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3.1.3. ʂʦʤʧʣʝʢʩʳ Ln(III) ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 13-15 ʩʦʩʪʘʚʘ [Ln(H2O)2L
2
2(OAc)]n ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʘʚʝʩʦʢ ʘʮʝʪʘʪʦʚ 

ʣʘʥʪʘʥʠʜʦʚ(III) ʢ ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ ʵʪʘʥʦʣʝ HL2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Ln: HL2 = 1 : 2 

(ʩʭʝʤʘ 7): 

 

ʉʭʝʤʘ 7. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ. ɻʦʣʫʙʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ HL2 

 

ʇʦʧʪrʢʠ ʧʦʣʫʯʝʥʠʷ ʛʝʢʩʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʤʝʪʘʣʣ : ʣʠʛʘʥʜ = 1 : 3 ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʣʫʯʝʥʥʳʤ ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʥʝ ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ. ʉʧʠʩʦʢ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. ʉʧʠʩʦʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 3,4-ʜʠʭʣʦʨ-

ʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʄ, ʛ/ʤʦʣʴ ɺʳʭʦʜ, % ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(H2O)2L
2
2(OAc)]n (13) 

C10H7Cl4N2O8S2Eu 
641,08 46 CHNS, ʈʌɸ, ʀʂ, ʉɼʆ, ʈʉɸ 

[Tb(H2O)2L
2
2(OAc)]n (14) 

C10H7Cl4N2O8S2Tb 
648,04 22 CHNS, ʈʌɸ, ʀʂ, ʉɼʆ 

[Gd(H2O)2L
2
2(OAc)]n (15) 

C10H7Cl4N2O8S2Gd 
646,36 51 CHNS, ʈʌɸ, ʀʂ 

 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʩʦʩʪʘʚʘ [Ln(H2O)2L
2
2(OAc)]n (13-15).  
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ʏʠʩʣʦ ʠ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʚ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III) 

(13), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʦʩʪʨʫʢʪʫʨʥʦʩʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ (ʨʠʩ. 40). 

 

ʈʠʩʫʥʦʢ 40. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [Ln(H2O)2L
2
2(OAc)]n (13-15) 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ɜ(OH), 

ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʩʧʝʢʪʨʝ HL2 ʧʨʠ 2433 ʩʤï1, ʠʩʯʝʟʘʝʪ ʚ ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 13-15, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ HL2 ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝʤ  

ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ɜ(COO)as 

(1627 ï 1622 ʩʤï1) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʩʦʡ ʚ ʩʧʝʢʪʨʝ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ  

(1734 ʩʤï1). ɺ ʩʧʝʢʪʨʝ HL2 ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʝʤʴ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ 1513 ï 1215 ʩʤï1, ʢʦʪʦʨʳʝ, 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʣʠʛʘʥʜʘ HL1, ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʢʦʣʝʙʘʥʠʡ Rʢʦʣʝʮ ʠ ɜ(COO)s.  

ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʧʦʣʦʩ  

ʩ ʧʦʷʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ. ʅʘʣʠʯʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ 

ɜ(OH) ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3333 ï 3328 ʩʤï1. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ 13 ʘʥʠʦʥ  

3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʷʚʣʷʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ ï 

ʤʦʥʦʜʝʥʪʘʪʥʳʡ ʠ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʡ, ï ʧʨʠ ʵʪʦʤ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ 
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ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʨʠʩ. 41). ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʦʡ ʬʫʥʢʮʠʠ ʘʮʝʪʘʪ-ʠʦʥʦʚ, ʘ ʜʚʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʜʦʧʦʣʥʷʶʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʜʦ ʂʏ = 9. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

SHAPE ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʙʣʠʟʦʢ ʢ ʪʠʧʫ çʤʘʬʬʠʥè ʩ ʧʘʨʘʤʝʪʨʦʤ 

S(Cs) = 1,990. ɼʣʠʥʳ ʩʚʷʟʠ EuïO(Lï) ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,31 ï 2,57 ¡, EuïO(H2O) ï  

ʦʪ 2,37 ʜʦ 2,46 ¡, EuïO(OAcï) ï ʦʪ 2,44 ʜʦ 2,64 ¡ (ʪʘʙʣ. ʇ4). 

 

ʈʠʩʫʥʦʢ 41. ʉʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Eu(H2O)2L
2
2(OAc)]n (13). ɺʠʜ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ a (ʘ) ʠ c (ʙ) 

 

ʇʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʢ 

ʚʥʫʪʨʠ-, ʪʘʢ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʘʥʠʦʥʦʚ (L2)ï ʠ ʘʮʝʪʘʪ-ʠʦʥʦʚ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ OĿĿĿO ʥʘʭʦʜʷʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ 2,68 ï 2,96 ¡ (ʪʘʙʣʠʮʘ ʇ4). ʄʝʞʜʫ ʤʦʥʦʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʘʥʠʦʥʘʤʠ (L2)ï ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ClĿĿĿCl 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 2,355 ¡ (ʨʠʩ. ʇ6ʘ). ʊʘʢʞʝ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ˊ-ˊ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʟʦʪʠʘʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ ʤʦʥʦʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʠ ʠʟʦʪʠʘʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ 

ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 3,644 ¡, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʠʩʪʦʡ ʫʧʘʢʦʚʢʝ (ʨʠʩ. ʇ6ʙ). 
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3.1.4. ʈʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Ln(III) ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III )  

ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʢ ʨʘʟʥʦʣʠʛʘʥʜʥʳʤ ʢʦʤʧʣʝʢʩʘʤ  

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ ʠʟʥʘʯʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ : HL2 : LN-N = 1 : 2 : 1, ʯʪʦ ʥʘ ʧʨʠʤʝʨʝ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III ) 

ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

[Eu2(phen)2(H2O)2L
2
6]Ŀ3C2H5OH (16ʘ), ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʪʘʣʣ : HL2 : phen = 1 : 3 : 1. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʚʝʩʢʠ ʘʮʝʪʘʪʘ 

ʝʚʨʦʧʠʷ(III) ʚ ʚʦʜʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʘ HL2  

ʠ phen ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60 Áʉ  

ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʇʦʩʢʦʣʴʢʫ ʚʳʙʨʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ʦʢʘʟʘʣʦʩʴ ʥʝ ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʦʪʢʘʟʘʪʴʩʷ  

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʩʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [Ln2L
N-N

2(H2O)2L
2
6], ʛʜʝ LN-N = phen, bipy, dmphen, 

dmbipy, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ : HL2 : LN-N = 1 : 3 : 1, ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ 

ʥʘʚʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʮʝʪʘʪʘ ʣʘʥʪʘʥʠʜʘ(III) ʚ ʚʦʜʝ ʠʣʠ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ  

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ HL2 ʠ LN-N ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ (ʩʭʝʤʘ 8). ʉʧʠʩʦʢ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

 

ʉʭʝʤʘ 8. ʉʠʥʪʝʟ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-

5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ. ɻʦʣʫʙʳʤ 

ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ HL2 
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ʊʘʙʣʠʮʘ 4. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III)  

ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ/ 

2,2'-ʙʠʧʠʨʠʜʠʥʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʄ, ʛ/ʤʦʣʴ ɺʳʭʦʜ, % ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu2(phen)2(H2O)2L
2
6] (16) 

C48H20N10O14S6Cl12Eu2 
1882,5 63 CHNS, ʈʌɸ, ʀʂ 

[Eu2(phen)2(H2O)2L
2
6]Ŀ3C2H5OH (16ʘ) 

C54H38Cl12N10O17S6Eu2 
2020,7 64 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Tb2(phen)2(H2O)2L
2
6] (17) 

C48H20N10O14S6Cl12Tb2 
1896,4 66 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Gd2(phen)2(H2O)2L
2
6] (18) 

C48H20N10O14S6Cl12Gd2 
1893,1 70 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Eu2(dmphen)2(H2O)2L
2
6] (19) 

C52H28N10O14S6Cl12Eu2 
1938,5 78 CHNS, ʈʌɸ, ʀʂ 

[Tb2(dmphen)2(H2O)2L
2
6] (20) 

C52H28N10O14S6Cl12Tb2 
1952,5 67 CHNS, ʈʌɸ, ʀʂ 

[Gd2(dmphen)2(H2O)2L
2
6] (21) 

C52H28N10O14S6Cl12Gd2 
1949,2 81 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Eu2(bipy)2(H2O)2L
2
6] (22) 

C44H20N10O14S6Cl12Eu2 
1834,4 57 CHNS, ʈʌɸ, ʀʂ 

[Tb2(bipy)2(H2O)2L
2
6] (23) 

C44H20N10O14S6Cl12Tb2 
1848,4 54 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Gd2(bipy)2(H2O)2L
2
6] (24) 

C44H20N10O14S6Cl12Gd2 
1845,0 79 CHNS, ʈʌɸ, ʀʂ 

[Eu2(dmbipy)2(H2O)2L
2
6] (25) 

C48H28N10O14S6Cl12Eu2 
1890,6 73 CHNS, ʈʌɸ, ʀʂ 

[Tb2(dmbipy)2(H2O)2L
2
6] (26) 

C48H28N10O14S6Cl12Tb2 
1904,5 68 CHNS, ʈʌɸ, ʀʂ, ʈʉɸ 

[Gd2(dmbipy)2(H2O)2L
2
6] (27) 

C48H28N10O14S6Cl12Gd2 
1901,1 72 CHNS, ʈʌɸ, ʀʂ 

 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 16-27 ʩ HL2 ʠʤʝʶʪ ʩʦʩʪʘʚ  

[Ln2L
N-N

2(H2O)2L
2
6], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʠʷ(III) ʩ phen ʧʦʣʫʯʝʥʦ ʜʚʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʵʪʘʥʦʣʘ, ʧʨʠ ʵʪʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʩʦʜʝʨʞʘʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ 16, 16ʘ ʠ 16ʙ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳ (ʨʠʩ. 42). ʉʨʘʚʥʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 16ʙ (ʩʦʜʝʨʞʠʪ 6 ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ) ʠ 17ʘ (ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʤʦʣʝʢʫʣʫ ʵʪʘʥʦʣʘ), ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʢʦʤʧʣʝʢʩʦʚ. ɺʦ ʚʩʝʭ ʯʝʪʳʨʝʭ ʩʝʨʠʷʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ LN-N  
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ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ  

ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

 

  

 

ʈʠʩʫʥʦʢ 42. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ HL2 ʩ ʨʘʟʣʠʯʥʳʤʠ LN-N: 

[Ln2(phen)2(H2O)2L
2
6] (16-18), [Ln2(dmphen)2(H2O)2L

2
6] (19-21), [Ln2(bipy)2(H2O)2L

2
6]  

(22-24), [Ln2(dmbipy)2(H2O)2L
2
6] (25-27) 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ɜ(OH), ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʩʧʝʢʪʨʝ 

HL2 ʧʨʠ 2433 ʩʤï1, ʠʩʯʝʟʘʝʪ ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

16-27, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ HL2 ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ɜ(COO)as ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ (1677 ï 1665 ʩʤï1) ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ ʧʦʣʦʩʦʡ ʚ ʩʧʝʢʪʨʝ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ (1734 ʩʤï1). ɺ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʫʰʠʨʝʥʥʳʝ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1440 ï 1208 ʩʤï1, ʢʦʪʦʨʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʢʦʣʝʙʘʥʠʡ Rʢʦʣʝʮ ʠ ɜ(COO)s. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʵʪʠʭ ʧʦʣʦʩ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ  

ʩ ʧʦʷʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʩ ʧʨʠ 1615 ï 1290 ʩʤï1. ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ Rʢʦʣʝʮ(LN-N) ʚ ʦʙʣʘʩʪʠ 2961 ï 2849 ʩʤï1. 

ʅʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ɜ(OH)  

ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʦʪ 3453 ʜʦ 3388 ʩʤï1. ʅʘʙʣʶʜʘʝʤʦʝ ʩʤʝʱʝʥʠʝ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ 

ʧʦʣʦʩʳ ɜ(OH) ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩʦ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʣʘʥʪʘʥʠʜʦʚ(III) ʷʚʣʷʶʪʩʷ ʙʠʷʜʝʨʥʳʤʠ, ʘ ʠʭ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʪʠʧ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè 

(ʨʠʩ. 43). ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P-1), ʢʨʦʤʝ ʢʦʤʧʣʝʢʩʘ 21 ʩ dmphen, ʢʦʪʦʨʳʡ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ  

ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P21/c). 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 43. ʉʪʨʫʢʪʫʨʘ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʨʠʤʝʨʝ 

[Tb2(phen)2(H2O)2L
2
6]ĿC2H5OH (17ʘ, ʘ) ʠ [Tb2(bipy)2(H2O)2L

2
6] (23, ʙ). ʄʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʧʦʢʘʟʘʥʳ 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʯʝʪʳʨʝʭ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ (L2)ï, ʦʜʥʦʛʦ 

ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʤʦʥʦʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ (L2)ï, ʜʚʫʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʤʦʣʝʢʫʣ LN-N, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠ, ʘ ʪʘʢʞʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ  

(ʨʠʩ. ʇ7-8). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʘʞʜʦʛʦ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ(III) ʨʘʚʥʦ 

ʚʦʩʴʤʠ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʢʚʘʜʨʘʪʥʫʶ ʘʥʪʠʧʨʠʟʤʫ. 

ɺ ʢʦʤʧʣʝʢʩʘʭ 16ʙ-18ʘ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

ʦʙʨʘʟʫʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠʟʦʪʠʘʟʦʣʴʥʳʭ ʮʠʢʣʦʚ ʠʣʠ ʩ ʘʪʦʤʘʤʠ ʭʣʦʨʘ 

ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ OĿĿĿN ï 2,993 ¡ (16ʙ), 3,001 ¡ (17ʘ), 3,039 ¡ 

(18ʘ) ʠ OĿĿĿCl ï 3,121 ¡ (16ʙ), 3,109 ¡ (17ʘ), 3,168 ¡ (18ʘ). ʅʘʨʷʜʫ  

ʩ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ˊ-ʩʪʵʢʠʥʛʦʤ ʤʝʞʜʫ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʤʝʞʜʫ ʠʟʦʪʠʘʟʦʣʴʥʳʤʠ ʮʠʢʣʘʤʠ 

ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʦʚʳʭ ʣʠʛʘʥʜʦʚ (L2)ï ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

(ʨʠʩ. 44, ʪʘʙʣʠʮʘ ʇ5). 

 

ʈʠʩʫʥʦʢ 44. ʉʣʦʠʩʪʘʷ ʫʧʘʢʦʚʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʬʠʦʣʝʪʦʚʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï  

-́ʩʪʵʢʠʥʛ, ʟʝʣʝʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ) ʥʘ ʧʨʠʤʝʨʝ 

[Tb2(phen)2(H2O)2L
2
6]ĿC2H5OH (17ʘ). ʄʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʧʦʢʘʟʘʥʳ 
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ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ bipy ʠ dmbipy (ʨʠʩ. ʇ9-11).  

ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ClĿĿĿCl ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʠʩʪʝʤʘ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʠ -́ʩʪʵʢʠʥʛ ʤʝʞʜʫ ʠʟʦʪʠʘʟʦʣʴʥʳʤʠ ʮʠʢʣʘʤʠ, ʘ ʪʘʢʞʝ ʮʠʢʣʘʤʠ LN-N ʩʦʩʝʜʥʠʭ 

ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ. ɺʩʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ6-7. 

ɺ ʙʠʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʛʘʜʦʣʠʥʠʷ(III) ʩ dmphen (21) ʘʪʦʤʳ ʭʣʦʨʘ ʦʙʨʘʟʫʶʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʣʠʛʘʥʜʘ (L2)ï  

ʠ ʘʪʦʤʦʤ ʉ2 dmphen ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʉlĿĿĿC(ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʫʨʧʧʘ) 

3,352 ¡ ʠ ʉlĿĿĿC(dmphen) 3,346 ¡. ɸʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʫʯʘʩʪʚʫʶʪ ʚ ʩʠʩʪʝʤʝ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ dmphen ʩ ʨʘʩʩʪʦʷʥʠʝʤ 

OĿĿĿC(dmphen) 2,609 ¡. ʇʦʤʠʤʦ ʵʪʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ -́ʩʪʵʢʠʥʛ ʤʝʞʜʫ ʠʟʦʪʠʘʟʦʣʴʥʳʤʠ ʮʠʢʣʘʤʠ 

ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʦʚʳʭ ʣʠʛʘʥʜʦʚ (L2)ï ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ c ʨʘʩʩʪʦʷʥʠʝʤ 3,654 ¡. 

ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʠʩʪʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʘʢʦʚʢʠ (ʨʠʩ. 45). ɼʣʠʥʳ 

ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ  

ʚ ʪʘʙʣʠʮʝ ʇ8. 

 

ʈʠʩʫʥʦʢ 45. ʉʣʦʠʩʪʘʷ ʫʧʘʢʦʚʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ [Gd2(dmphen)2(H2O)2L
2
6] (21), 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʬʠʦʣʝʪʦʚʳʝ 

ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ, ʟʝʣʝʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ́ -ʩʪʵʢʠʥʛ). 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ  
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3.2. ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ Ln(III ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʠʟʦʪʠʘʟʦʣʘ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ 

ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʣʘʥʪʘʥʠʜʦʚ(III) ʠ ʣʠʛʘʥʜʦʚ ʠʟʫʯʘʣʠʩʴ ʜʣʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʠ 3,4-ʜʠʭʣʦʨ-

ʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ ʥʝ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ  

ʠ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʣʠʛʘʥʜʳ ʥʝ ʧʨʦʷʚʣʷʶʪ ʩʦʙʩʪʚʝʥʥʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ  

ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʠ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʨʩʠʡ ʢʘʢ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʨʘʩʧʘʜʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʅʘ ʨʠʩ. 46 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III) (1, 4) ʠ ʪʝʨʙʠʷ(III) (2, 5) ʩ HL1. 

ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʩʧʝʢʪʨʘʤʠ ʜʠʬʬʫʟʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ. ɺ ʩʧʝʢʪʨʘʭ ʠʟʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʫʟʢʠʝ f-f ʧʦʣʦʩʳ, 

ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III) ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʝʭʦʜʘʤ 5D0Ÿ
7Fj (j = 1  4), ʘ ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ(III ) ï ʢ 5D4Ÿ
7Fj (j = 6  3), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ  

c ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ HL1 ʥʘ ʠʦʥ ʣʘʥʪʘʥʠʜʘ(III) ʧʦ çʘʥʪʝʥʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫè (ʨʠʩ. 46). 

 

ʈʠʩʫʥʦʢ 46. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʯʝʨʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ), 

ʚʦʟʙʫʞʜʝʥʠʷ (ʮʚʝʪʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) (ɚem: 613 ʥʤ (1), 543 ʥʤ (2), 617 ʥʤ (4)  

ʠ 543 ʥʤ (5)) ʠ ʠʟʣʫʯʝʥʠʷ (ɚex: 300 ʥʤ (1), 295 ʥʤ (2), 305 ʥʤ (4 ʠ 5)) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʣʘʥʪʘʥʠʜʦʚ(III) 
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ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʘ, ʧʦʩʢʦʣʴʢʫ  

ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ ʢʘʢ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III), ʪʘʢ ʠ ʪʝʨʙʠʷ(III) ʥʘʙʣʶʜʘʶʪʩʷ 

ʚʳʨʘʞʝʥʥʳʝ f-f ʧʝʨʝʭʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʙʫʞʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʣʠʛʘʥʜʘ (300 ʥʤ) ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʫʤʝʨʝʥʥʦʤʫ 

ʢʚʘʥʪʦʚʦʤʫ ʚʳʭʦʜʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʠʜʦʚ(III). ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (űʥʘʙʣ) ʧʨʠ ɚex = 300 ʥʤ ï 12% ʠ 16% ï ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 2 ʠ 5 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʟʙʫʞʜʝʥʠʝ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʦʙʣʘʩʪʠ f-f ʧʝʨʝʭʦʜʦʚ ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʠʦʥʦʚ ʈɿM(III) (ɚex = 395 ʥʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Eu(III) ʠ 350 ʥʤ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ Tb(III)) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  

ʜʦ 20% ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III ) 1 ʠ 4 ʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 24% ʜʣʷ 

ʛʝʢʩʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ(III) 5 (ʪʘʙʣʠʮʘ ʇ9). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʤʠʣʣʠʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʨʠʯʝʤ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʛʝʢʩʘʷʜʝʨʥʳʭ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʙʠʷ(III) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʝʤ ʩʦʝʜʠʥʝʥʠʷ 

ʝʚʨʦʧʠʷ(III), (ʤʩ): 0,62 (1), 1,4 (2), 0,46 (4), 1,0 (5) (ʨʠʩ. ʇ12 ï ʇ15). 

ɺ ʩʧʝʢʪʨʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ HL1  

ʠ phen / dmphen ʥʘʙʣʶʜʘʶʪʩʷ ʩʜʚʠʛʠ ʤʘʢʩʠʤʫʤʦʚ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʨʥʦ  

ʥʘ 40 ʥʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʠ ʛʝʢʩʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʨʠʩ. 47). 

 

ʈʠʩʫʥʦʢ 47. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʯʝʨʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ), 

ʚʦʟʙʫʞʜʝʥʠʷ (ʮʚʝʪʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) (ɚem: 616 ʥʤ (7), 544 ʥʤ (8), 612 ʥʤ (10) ʠ 545 ʥʤ 

(11)) ʠ ʠʟʣʫʯʝʥʠʷ (ɚex = 340 ʥʤ) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) 



78 

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ(III ) 8 ʠ 11 ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ 

ʧʨʠ 488, 541 (phen) / 546 (dmphen), 587 ʠ 620 ʥʤ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʝʭʦʜʘʤ 5D4Ÿ
7Fj 

(j = 3, 4, 5 ʠ 6) ʚ ʠʦʥʘʭ Tb3+. ɸʥʘʣʦʛʠʯʥʦ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III ) 7 ʠ 11 

ʥʘʙʣʶʜʘʁʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʧʨʠ 593, 617 (phen) / 612 (dmphen), 649 ʠ 688 (phen) / 698 

(dmphen) ʥʤ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʝʭʦʜʘʤ 5D0Ÿ
7Fj (j = 1, 2, 3 ʠ 4) ʚ ʠʦʥʘʭ Eu3+. ʉʘʤʳʡ 

ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 50% ʚ ʜʘʥʥʦʡ ʩʝʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

ʪʝʨʙʠʷ(III ) 8 ʩʦʩʪʘʚʘ [Tb(phen)(H2O)L1
3]. ɼʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 18-28%. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ (ʪʘʙʣʠʮʘ ʇ9  

ʠ ʨʠʩ. ʇ16-ʇ19). ʅʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚ ʜʘʥʥʦʡ ʩʝʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

ʝʚʨʦʧʠʷ(III) ʩ dmphen ï 2,0 ʤʩ (10), 1,5 ʤʩ (7), 1,2 ʤʩ (8), 0,82 ʤʩ (11). 

ʅʘ ʨʠʩʫʥʢʝ 48 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 13, 14 ʩ 3,4-ʜʠʭʣʦʨ-ʠʟʦʪʠʘʟʦʣ-5-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩʦʩʪʘʚʘ [Ln(H2O)2L
2
2(OAc)]n. 

 

ʈʠʩʫʥʦʢ 48. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʯʝʨʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ), 

ʚʦʟʙʫʞʜʝʥʠʷ (ʮʚʝʪʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) (ɚem = 616 ʥʤ (13) ʠ ɚem = 545 ʥʤ (14)) ʠ 

ʠʟʣʫʯʝʥʠʷ (ɚex = 320 ʥʤ) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) 

 

ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʩʧʝʢʪʨʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʣʠʛʘʥʜʘ. ʆʜʥʘʢʦ, ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ 



79 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III) 13 ʧʦʤʠʤʦ ʧʦʣʦʩʳ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ 

ʫʟʢʠʝ ʧʦʣʦʩʳ f-f ʧʝʨʝʭʦʜʦʚ ʠʦʥʘ ʤʝʪʘʣʣʘ. ɺ ʩʧʝʢʪʨʘʭ ʠʟʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʫʟʢʠʝ ʧʦʣʦʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 13 

ʥʘʙʣʶʜʘʶʪʩʷ ʫʟʢʠʝ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 587-592, 615 ʠ 685-700 ʥʤ, ʚʦʟʥʠʢʘʶʱʠʝ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʦʚ 5D0Ÿ
7Fj (j = 1, 2 ʠ 4), ʜʣʷ ʢʦʤʧʣʝʢʩʘ 14 ï 489, 541-545, 585-591, 618-

623 ʥʤ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʝʭʦʜʘʤ 5D4Ÿ
7Fj (j = 6 ï 3). ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 13 

ʩʦʩʪʘʚʠʣ 1,5%, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 14 ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 13%. ɺʨʝʤʝʥʘ 

ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʤʠʣʣʠʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ï 0,35 ʤʩ  

ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III) 13 ʠ 1,0 ʤʩ ï ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʙʠʷ(III) 14 (ʨʠʩ. ʇ20 ʠ ʇ21). 

ʅʘ ʨʠʩʫʥʢʝ 49 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʠʟʣʫʯʝʥʠʷ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III ) ʩ HL2 ʠ LN-N.  

ɺʦ ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III) ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ f-f ʧʝʨʝʭʦʜʦʚ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʠʦʥʘ Eu3+. ɺ ʩʧʝʢʪʨʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ phen / dmphen ʩʦʩʪʘʚʘ [Ln2(phen/dmphen)2(H2O)2L
2
6] ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʜʚʠʛʠ ʤʘʢʩʠʤʫʤʦʚ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʥʘ 20 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ bipy, dmbipy ʠ HL2. 

 

ʈʠʩʫʥʦʢ 49. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʯʝʨʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ), 

ʚʦʟʙʫʞʜʝʥʠʷ (ʮʚʝʪʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) (ɚem: 615 ʥʤ (16), 544 ʥʤ (17, 23 ʠ 26), 611 ʥʤ  

(19 ʠ 25), 543 ʥʤ (20), 614 ʥʤ (22)) ʠ ʠʟʣʫʯʝʥʠʷ (ɚex: 340 ʥʤ (16, 17, 19 ʠ 20); 320 ʥʤ  

(22, 23, 25 ʠ 26)) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) 
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ɺ ʩʧʝʢʪʨʘʭ ʠʟʣʫʯʝʥʠʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ 

ʫʟʢʠʝ f-f ʧʦʣʦʩʳ, ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III) ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʜʠʘʧʘʟʦʥʘʭ  

ʧʨʠ 588-594, 611-621 ʠ 688-702 ʥʤ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʝʭʦʜʘʤ 5D0Ÿ
7Fj (j = 1, 2 ʠ 4), ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ(III) ï 483-494, 537-550, 580-591, 614-623 ʥʤ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʝʭʦʜʘʤ 

5D4Ÿ
7Fj (j = 6  3). ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 51% ʚ ʜʘʥʥʦʡ ʩʝʨʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʙʠʷ(III) 17 ʩʦʩʪʘʚʘ [Tb2(phen)2(H2O)2L
2
6]. 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʚ ʩʝʨʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ  

ʩ dmphen: 13% ï Eu(III) ʠ 11% ï Tb(III). ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ bipy ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʩʦʩʪʘʚʣʷʶʪ 44% ï Eu(III) ʠ 18% ï Tb(III), ʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ dmbipy ï 47% Eu(III)  

ʠ 10% Tb(III). ɿʥʘʯʝʥʠʷ ʚʨʝʤʝʥ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʣʝʞʘʪ ʚ ʤʠʣʣʠʩʝʢʫʥʜʥʦʤ 

ʜʠʘʧʘʟʦʥʝ (ʪʘʙʣʠʮʘ ʇ9 ʠ ʨʠʩ. ʇ22-ʇ29). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʤʧʣʝʢʩʫ 

ʪʝʨʙʠʷ(III) ʩ dmbipy 26 ï 1,7 ʤʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʚʫʢʨʘʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ ʛʝʢʩʘʷʜʝʨʥʳʤʠ ʠ ʧʦʣʠʤʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ HL1, ʘ ʪʘʢʞʝ ʧʦʣʠʤʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʩ HL2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʩʨʝʜʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʝʨʠʡ ʜʦʩʪʠʛʘʝʪʩʷ 

ʜʣʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ(III) ʩ HL1/HL2 ʠ phen ʠ ʩʦʩʪʘʚʣʷʝʪ ~50%.  

ɼʣʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III ) ʩ HL2 ʩ bipy/dmbipy ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʥʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʝʪ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ~45%. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʊʌʇ ʜʣʷ 4,5-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-3-ʢʘʨʙʦʥʦʚʦʡ ʠ 3,4-ʜʠʭʣʦʨ-

ʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʦʨʙʠʪʘʣʠ (ɺɿʄʆ) ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʠʟʦʪʠʘʟʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʠ ʘʪʦʤʘʭ ʭʣʦʨʘ, 

ʪʦʛʜʘ ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʥʠʟʰʝʡ ʚʘʢʘʥʪʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ (ʅɺʄʆ) 

ʩʤʝʱʘʝʪʩʷ ʢ ʬʨʘʛʤʝʥʪʫ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚʜʦʣʴ ʠʟʦʪʠʘʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ (ʨʠʩ. 50). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ HL1 ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʘ  

T1-S0 ʩʦʩʪʘʚʣʷʝʪ 20200 ʩʤ
-1 (495 ʥʤ). 

  ʘ) 

ɺɿʄʆ ʅɺʄʆ 
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  ʙ) 

ɺɿʄʆ ʅɺʄʆ 

ʈʠʩʫʥʦʢ 50. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ɺɿʄʆ ʠ ʅɿʄʆ 

ʜʣʷ HL1 (ʘ) ʠ HL2 (ʙ) 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ  

1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ / 2,2'-ʙʠʧʠʨʠʜʠʥʘ, ʧʨʠ ʧʨʷʤʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʥʪʘʥʠʜʦʚ(III) ʠʟʣʫʯʝʥʠʝ 

ʠʦʥʦʚ ʈɿʄ(III ), ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ 

ʚʩʣʝʜʩʪʚʠʝ çʘʥʪʝʥʥʦʛʦè ʤʝʭʘʥʠʟʤʘ. 

ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʨʘʟʥʦʣʠʛʘʥʜʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʦ 

çʘʥʪʝʥʥʦʤʫè ʤʝʭʘʥʠʟʤʫ: ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʠ ʧʝʨʝʜʘʶʪ ʵʥʝʨʛʠʶ ʥʘ 

ʨʝʟʦʥʘʥʩʥʳʝ ʫʨʦʚʥʠ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ(III). ʇʨʦʤʝʞʫʪʦʯʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʷʚʣʷʝʪʩʷ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʣʠʛʘʥʜʘ (T1). ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʧʦ ʚʝʣʠʯʠʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʧʝʢʪʨʦʚ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ(III), ʩʥʷʪʳʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ [193]. ʇʝʨʚʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʦʞʝʥʠʠ ʩʧʝʢʪʨʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 

ʥʘ ʛʘʫʩʩʦʚʳ ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʠʥʷʪʠʠ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʟʘ ʵʥʝʨʛʠʶ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ. 

ɺʪʦʨʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʛʨʘʬʠʢʫ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ. ɿʜʝʩʴ ʵʥʝʨʛʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝʤ ʢʘʩʘʪʝʣʴʥʦʡ  

ʩ ʦʩʴʶ X [194]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʠ ʛʝʢʩʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 4,5-ʜʠʭʣʦʨ-ʠʟʦʪʠʘʟʦʣ-3-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ T1-S0 ʧʦ ʚʝʣʠʯʠʥʝ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 21 395 ʩʤ-1 (467 ʥʤ), ʘ ʧʦ ʜʘʥʥʳʤ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʡ  

ʩ ʦʩʴʶ X ï 22 520 ʩʤ-1 (444 ʥʤ), ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʤʝʪʦʜʦʚ T1ʩʨ = 22 000 ʩʤ-1 

(ʨʠʩ. 51). ʉʧʝʢʪʨʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ(III) ʧʨʝʜʩʪʘʚʣʝʥʳ  
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ʥʘ ʨʠʩʫʥʢʘʭ ʇ30-ʇ34. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ [Gd(H2O)2L
2
2(OAc)]n (15), ʘ ʥʘʠʤʝʥʴʰʝʝ ʜʣʷ [Gd2(dmphen)2(H2O)2L

2
6] (21). 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠ ̫ɻ ʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʥʘʭʦʜʷʪʩʷ ʚʳʰʝ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʪʝʨʙʠʷ(III ) (~20 000 ʩʤ-1), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ ʪʨʠʧʣʝʪʥʳʭ 

ʫʨʦʚʥʝʡ ʣʠʛʘʥʜʦʚ ʥʘ ʠʟʣʫʯʘʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʠʦʥʦʚ ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III) (ʪʘʙʣʠʮʘ 5). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʷʜʫ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ 3,4-ʜʠʭʣʦʨʠʟʦʪʠʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʫʶ 

ʢʠʩʣʦʪʫ, ʵʥʝʨʛʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ:  

dmphen < dmbipy < phen < ʅL2. 

 

ʈʠʩʫʥʦʢ 51. ʈʘʟʣʦʞʝʥʠʝ ʥʘ ʛʘʫʩʩʦʚʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ 3 ʧʨʠ 77 ʂ 

 

ʊʘʙʣʠʮʘ 5. ɿʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ(III) 

ʉʦʝʜʠʥʝʥʠʝ T1ʩʨ, ʩʤ
-1 

[Gd(H2O)L1
2(OAc)]n (3) 22 000 

[Gd6(H2O)10L
1
18] (6) 22 000 

[Gd2(dmphen)2L
1
6] (12) 21 000 

[Gd(H2O)2L
2
2(OAc)]n (15) 23 400 

[Gd2(phen)2(H2O)2L
2
6] (18) 22 250 

[Gd2(dmphen)2(H2O)2L
2
6] (21) 20 500 

[Gd2(dmbipy)2(H2O)2L
2
6] (27)  21 750 



83 

ʅʘ ʨʠʩʫʥʢʝ 52 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʮʚʝʪʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III). ɺʩʝ ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ(III) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʟʣʫʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 

ʚ ʦʜʥʦʡ ʮʚʝʪʦʚʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 52ʘ). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʙʠʷ(III) 5, 14 ʠ 23 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʝʣʝʥʳʝ ʦʪʪʝʥʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ  

ʠ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʦʪʪʝʥʢʘʤʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 52ʙ). 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 52. ɼʠʘʛʨʘʤʤʘ ʮʚʝʪʥʦʩʪʠ CIE1931, ʦʪʨʘʞʘʶʱʘʷ ʮʚʝʪ ʠʟʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʠʷ(III) (ʘ) ʠ ʪʝʨʙʠʷ(III) (ʙ) 

 

ʂʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ CIE ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʯʠʩʪʦʪʳ ʮʚʝʪʘ (ʥʘʩʳʱʝʥʥʦʩʪʠ) 

ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʤʦʥʦʭʨʦʤʘʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʮʚʝʪ ʠ ʥʘʩʢʦʣʴʢʦ 

ʦʥ ʙʣʠʟʦʢ ʢ ʜʦʤʠʥʠʨʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 

̘̉̒̓̏̓́ ̗̃̆̓ ́
ὼ ὼ ώ ώ

ὼ ὼ ώ ώ
ρππϷȟ 

ʛʜʝ x ʠ y ï ʢʦʦʨʜʠʥʘʪʳ CIE ʩʧʝʢʪʨʘ ʢʦʤʧʣʝʢʩʘ, xs ʠ ys ï ʢʦʦʨʜʠʥʘʪʳ CIE ʩʪʘʥʜʘʨʪʥʦʛʦ ʙʝʣʦʛʦ 

ʩʚʝʪʘ (0,31006, 0,31616), xd ʠ yd ï ʢʦʦʨʜʠʥʘʪʳ CIE ʜʦʤʠʥʠʨʫʶʱʝʡ ʜʣʠʥʳ ʚʦʣʥʳ (ʢʨʘʩʥʳʡ 

ʠʣʠ ʟʝʣʝʥʳʡ). ʇʦʣʫʯʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ CIE ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʯʠʩʪʦʪʘ ʮʚʝʪʘ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 6 ʠ 7. 

 




























































