
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ 

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ʉʄʀʈʅʆɺɸ ʂʩʝʥʠʷ ʉʝʨʛʝʝʚʥʘ 

 

 

 

ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʃɸʅʊɸʅʀɼʆɺ(III ) (Eu, Sm, Tb, Dy ʠ Gd) 

ʉ ʇʈʆʀɿɺʆɼʅʓʄʀ ɓ-ɽʅɸʄʀʅɼʀʆʅɸ: 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 2023  
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 
 

ʈɿʕ ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

Ln ï ʣʘʥʪʘʥʠʜʳ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʂɹʉɼ ï ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʉɼʆ ï ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʂʏ ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

L1 ï 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ 

L2 ï 2-{[( 4-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ 

L3 ï 2-{[( 3-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ 

L4 ï 2-{[(2 -ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ 

L5 ï 2-{[( 4-ʤʝʪʠʣʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ 

L6 ï 2-{[( 4-ʭʣʦʨʦʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ 

L7 ï 2-{[( 4-ʭʜʦʨʦ-2-ʤʝʪʠʣʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ 

ɚex ï ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 

ɚem ï ʜʣʠʥʘ ʚʦʣʥʳ ʵʤʠʩʩʠʠ 

ɺɿʄʆ ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʅɺʄʆ ï ʥʠʟʰʘʷ ʚʘʢʘʥʪʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 
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ɺɺɽɼɽʅʀɽ 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʀʥʪʝʨʝʩ ʫʯʝʥʳʭ ʢ ʢʦʤʧʣʝʢʩʘʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʥʝʠʟʤʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, 

ʥʘʯʠʥʘʷ ʩ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ [1ï10]. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʤʝʯʘʪʝʣʴʥʳ ʩʚʦʠʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. ɼʣʷ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ (Ln) ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 

(ʦʙʳʯʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 8 ʜʦ 12), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʳ Ln ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ (ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ 

ʚr ʭʦʜʳ, ʜʣʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʫʟʢʠʝ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ) 

ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʭʠʤʠʠ. ɼʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʘʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ; 

ʩʣʫʞʘʪ ʘʛʝʥʪʘʤʠ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʥʳ ʦʢʨʘʰʠʚʘʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ; ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ï ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ 

ʧʨʦʥʠʢʘʪʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝʬʝʢʪʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʝʱʠʥ, ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʇʦʩʢʦʣʴʢʫ ʠʤʝʶʱʠʝʩʷ ʫ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ 4f-ʦʨʙʠʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʣʠʛʘʥʜʥʦʤʫ ʦʢʨʫʞʝʥʠʶ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʈɿʕ ʚʠʜʫ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʵʤʠʩʩʠʠ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʫʟʢʠʭ ʧʦʣʦʩ. ʋʯʠʪʳʚʘʷ, ʯʪʦ f-f-ʧʝʨʝʭʦʜʳ ʷʚʣʷʶʪʩʷ 

ʟʘʧʨʝʱʝʥʥʳʤʠ ʧʦ ʧʨʘʚʠʣʫ ʃʘʧʦʨʪʘ, ʧʨʷʤʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʣʘʥʪʘʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ ʠ ʧʝʨʝʜʘʚʘʪʴ ʵʥʝʨʛʠʶ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ (çʘʥʪʝʥʥʳʡ 

ʵʬʬʝʢʪè). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʮʝʣʝʡ ʣʠʛʘʥʜʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʢʣʘʩʩʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ, ʷʚʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʝ ɓ-ʜʠʢʝʪʦʥʘʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʭʝʣʘʪʥʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ, ʘ ʚ 

ʨʷʜʫ ʣʘʥʪʘʥʠʜʦʚ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʝʚʨʦʧʠʷ(III) , 

ʩʘʤʘʨʠʷ(III) , ʪʝʨʙʠʷ(III) ʠ ʜʠʩʧʨʦʟʠʷ(III), ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʘʟʫʤʝʝʪʩʷ, ʧʨʦʠʟʚʦʜʥʳʝ ɓ-

ʜʠʢʝʪʦʥʘʪʘ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʣʘʩʩ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʈɿʕ, ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ ʥʘʨʷʜʫ ʩ ʬʦʩʬʦʨ- ʠ 

ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠ ʢʨʫʛ ʚʦʟʤʦʞʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚ ʩ 

ʥʘʠʣʫʯʰʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʰʠʨʷʪʴʩʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʧʨʠʤʝʨʦʚ çʥʦʚʳʭè ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʬʨʘʛʤʝʥʪ ʝʥʘʤʠʥʦʥʘ R2NïC(H)=C(H)ïC(H)=O, ʠʟʚʝʩʪʥʦ ʥʝ ʙʦʣʝʝ 
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ʜʚʘʜʮʘʪʠ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʝʥʘʤʠʥʦʥʘ. ʇʦ ʜʘʥʥʳʤ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟ r

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʂɹʉɼ) ʩ ɓ-ʝʥʘʤʠʥʜʠʦʥʦʤ, ʧʨʦʠʟʚʦʜʥʳʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʢʦʤʧʣʝʢʩ ʥʝʦʜʠʤʘ(III ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʘ ʣʘʥʪʘʥʠʜʦʚ(III) ï Eu(III), Sm(III), Tb(III), Dy(III) ʠ Gd(III ) ï ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʩʪʨʦʝʥʠʷ ʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʟʥʘʯʠʤʳʤ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

4f-ʤʝʪʘʣʣʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʣʘʥʪʘʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʭʠʤʠʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ, ʩʪʨʦʝʥʠʶ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ, ʥʝʠʟʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ 

ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ Google Scholar ʧʦ ʟʘʧʨʦʩʫ çlanthanide complexes luminescenceè ʪʦʣʴʢʦ ʚ 2022 

ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʝ ʚʦʩʴʤʠ ʪʳʩʷʯ ʩʪʘʪʝʡ ʧʦ ʵʪʦʡ ʪʝʤʝ, ʧʨʠ ʵʪʦʤ ʚ 2012 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ 

ʧʫʙʣʠʢʘʮʠʡ ʜʦʩʪʠʛʘʣʦ ʯʫʪʴ ʙʦʣʴʰʝ ʪʨʝʭ ʪʳʩʷʯ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ-çʘʥʪʝʥʥè ʚʳʙʨʘʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʝʥʘʤʠʥʦʥʘ 

R2NïC(H)=C(H)ïC(H)=O, ʘ ʠʤʝʥʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʩʠʥʪʝʟʝ [11ï20], ʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʨʦʷʚʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ [21,22], ʥʦ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ [23ï28]. ʅʝʩʤʦʪʨʷ ʥʘ ʷʚʥʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʥʳʭ ʝʥʘʤʠʥʦʥʘ/ɓ-ʝʥʘʤʠʥʜʠʦʥʘ, ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʤ 

ʈɿʕ(III) ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤ, ʯʪʦ ʦʩʪʘʚʣʷʝʪ ʧʨʦʩʪʦʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ɺ ʂɹʉɼ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʟʘʜʝʧʦʥʠʨʦʚʘʥʦ ʪʦʣʴʢʦ 18 ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʝʥʘʤʠʥʦʥʘ [29ï38], ʘ ʥʘ ʦʩʥʦʚʝ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ ï ʪʦʣʴʢʦ ʦʜʠʥ ï ʢʦʤʧʣʝʢʩ ʥʝʦʜʠʤʘ(III) ʩ 

ʣʠʛʘʥʜʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʢʦʥʜʝʥʩʘʮʠʝʡ ʪʨʠʩ(2-ʘʤʠʥʦʵʪʠʣ)ʘʤʠʥʘ ʩ ʜʝʛʠʜʨʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ 

[39]. ʇʦʤʠʤʦ ʢʨʘʡʥʝ ʤʘʣʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʦʧʠʩʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʦ ʪʦʣʴʢʦ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʚʩʝ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʡ ʜʠʟʘʡʥ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʠʜʦʚ(III)  ï ʝʚʨʦʧʠʷ(III), ʩʘʤʘʨʠʷ(III), ʪʝʨʙʠʷ(III) , ʜʠʩʧʨʦʟʠʷ(III)  ʠ 

ʛʘʜʦʣʠʥʠʷ(III ) ï ʩ 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ ʠ ʝʛʦ 

ʤʝʪʦʢʩʠ-, ʤʝʪʠʣ- ʠ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʫʯʝʥʠʝʤ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʠ ʚʳʜʝʣʝʥʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ 

ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ(II I) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ɓ-ʝʥʘʤʠʥʜʠʦʥʘ; 

ï ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

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

ï ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʫʩʪʘʥʦʚʣʝʥʠ ̫ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; 

ï ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʥʘ ʠʭ ʦʩʥʦʚʝ; 

ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʩʪʨʦʝʥʠʝ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʧʨʠʨʦʜʦʡ ʣʠʛʘʥʜʘ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʠʭ ʩʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ, ʯʪʦ ʚʥʝʩʣʦ 

ʩʫɦʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʈɿʕ. ʇʦʣʫʯʝʥʦ 34 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʝʚʨʦʧʠʷ(III ), ʩʘʤʘʨʠʷ(III ), ʪʝʨʙʠʷ(III ), ʜʠʩʧʨʦʟʠʷ(III ) ʠ ʛʘʜʦʣʠʥʠʷ(III)  ʥʘ ʦʩʥʦʚʝ 2-

[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʘ ʠ ʝʛʦ ʤʝʪʦʢʩʠ-, ʤʝʪʠʣ- ʠ 

ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʙʦʨʦʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʧʝʨʚʳʝ, ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 25 

ʢʦʤʧʣʝʢʩʦʚ. 

ɼʣʷ ʰʝʩʪʠ ʩʝʨʠʡ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ ʤʝʪʦʜʠʢʠ 

ʩʠʥʪʝʟʘ ʧʦʜʙʠʨʘʣʠʩʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ, ʧʨʠ ʵʪʦʤ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ, ʨʘʩʪʚʦʨʠʪʝʣʠ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʠʥʪʝʟʦʚ ʫʜʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ ʝʜʠʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ (2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ, L1), ʥʘʨʷʜʫ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʫ ʢʦʪʦʨʳʭ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ (L4 

ʠ L7). ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʘʨʘ- (L2, L5 ʠ L6) ʠʣʠ ʤʝʪʘ-

ʧʦʣʦʞʝʥʠʠ (L3) ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ɓ-ʝʥʘʤʠʥʜʠʦʥ r ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʧʨʠ ʵʪʦʤ ʮʚʝʪ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʚʩʝʡ ʩʝʨʠʠ ʣʠʛʘʥʜʦʚ ʤʝʥʷʝʪʩʷ ʦʪ ʩʠʥʝʛʦ ʜʦ 
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ʙʠʨʶʟʦʚʦʛʦ. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʣʠʛʘʥʜʘ ʥʘ ʠʦʥ ʣʘʥʪʘʥʠʜʘ(III ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III ) ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩʘʤʘʨʠʷ(III ). 

ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʦʪ ʥʘʣʠʯʠʷ ʠ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ 

ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. ɺʩʝ ʜʘʥʥʳʝ ʧʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʧʦʣʫʯʝʥʳ 

ʚʧʝʨʚʳʝ, ʧʦʩʢʦʣʴʢʫ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ɓ-

ʝʥʘʤʠʥʜʠʦʥʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʥʝʝ ʥʝ ʠʟʫʯʘʣʠʩʴ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʙʨʘʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ  

2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʘ ʠ ʝʛʦ ʤʝʪʦʢʩʠ-, ʤʝʪʠʣ- ʠ 

ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʝʧʦʥʠʨʦʚʘʥʳ 

ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʥʘʫʯʥʦʛʦ ʦʙʱʝʩʪʚʘ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III ) ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ 

ʭʠʤʠʶ ʈɿʕ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʜʦ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʜʠʥʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʦʜʦʙʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ 

ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ(III ) ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ɓ-ʝʥʘʤʠʥʜʠʦʥʘ, ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʜʝʪʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʧʨʦʚʦʜʠʣʦʩʴ ʥʘʙʦʨʦʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʵʣʝʤʝʥʪʥʳʡ (CHN), ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟʳ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. 

ʈʘʩʰʠʬʨʦʚʢʘ ʠ ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ 

OLEX2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ SHELXTL. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʀʥʩʪʠʪʫʪʘ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Amsterdam 

Density Functional (ADF2020). ʏʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʯʠʩʪʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ) ʠ ʀʥʩʪʠʪʫʪʦʤ 

ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ.ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ (ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ 
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ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʵʤʠʩʩʠʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʣʠʛʘʥʜʦʚ). ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʡ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

ï ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ(III)  ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ; 

ï ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʦʚ, ʘ ʪʘʢʞʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 

ï ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 25 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʙʳʣ ʧʨʦʜʝʣʘʥ ʚʝʩʴ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ, ʘ ʪʘʢʞʝ ʧʦʜʙʦʨʫ ʫʩʣʦʚʠʡ ʜʣʷ 

ʨʦʩʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʰʠʬʨʦʚʢʝ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ. ʃʠʯʥʦ ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥ r

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʜʣʷ ʚʩʝʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʤʝʩʪʝ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ 

ʩ ʢ.ʭ.ʥ. ʀ.ʇ. ʇʦʟʜʥʷʢʦʚʳʤ (ʀʍʂɻ ʉʆ ʈɸʅ). ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ 

ʟʘʜʘʯ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. ʇʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ 

ʜʦʢʣʘʜʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʥʘ 

9 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫çVI ʈʦʩʩʠʡʩʢʠʡ 

ʜʝʥʴ ʨʝʜʢʠʭ ʟʝʤʝʣʴè (2020, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʧʦ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (2021, ʛ. ʊʫʘʧʩʝ), ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çVII  ʈʦʩʩʠʡʩʢʠʡ ʜʝʥʴ ʨʝʜʢʠʭ ʟʝʤʝʣʴè (2022, ʛ. ʂʘʟʘʥʴ), XVII  ʠ XIX  ʄʝʞʜʫʥʘʨʦʜʥʳʝ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (2020, 2022, ʛ. ʊʫʘʧʩʝ), XII ʠ XIV  

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʍʠʤʠʷ 

ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè (2021 ʠ 2023, ʛ. ʊʦʤʩʢ), VI ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2022 (2022, 
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ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), XXVI  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ï ʭʠʤʠʢʦʚ (2023, 

ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ). 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ 3 ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ 

ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Scopus, ʘ ʪʘʢʞʝ ʪʝʟʠʩʦʚ 9 ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʙʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʪʠʭ ʩʚʝʜʝʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʫʙʣʠʢʘʮʠʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

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 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 153 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 67 ʨʠʩʫʥʢʦʚ, 15 ʩʭʝʤ ʠ 11 ʪʘʙʣʠʮ. 

ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʚʚʝʜʝʥʠʝ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ (ʛʣ. 2), 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ (ʛʣ. 3), ʟʘʢʣʶʯʝʥʠʝ, ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ, ʩʧʠʩʦʢ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (228 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ 27 ʩʪʨʘʥʠʮʘʭ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

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

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ). ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʠ 

ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʅʌ ˉ 20-73-10207 (ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ.ɺ. ʃʠʜʝʨ), ʈʅʌ ˉ 23-23-10028 

(ʨʫʢʦʚʦʜʠʪʝʣʴ ʂ.ʉ. ʉʤʠʨʥʦʚʘ). ʊʘʢʞʝ ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʩʪʠʧʝʥʜʠʝʡ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (2022 ʛ.).  
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ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 
 

1.1. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʣʘʥʪʘʥʠʜʦʚ(III)  

ʈʷʜ ʠʟ ʧʷʪʥʘʜʮʘʪʠ ʵʣʝʤʝʥʪʦʚ ʦʪ ʣʘʥʪʘʥʘ (57) ʜʦ ʣʶʪʝʮʠʷ (71) ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ  

4f-ʵʣʝʤʝʥʪʘʤʠ ʠʣʠ ʣʘʥʪʘʥʠʜʘʤʠ (Ln), ʚʤʝʩʪʝ ʩʦ ʩʢʘʥʜʠʝʤ ʠ ʠʪʪʨʠʝʤ ʦʥʠ ʦʙʨʘʟʫʶʪ ʛʨʫʧʧʫ 

çʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚè (ʈɿʕ). ʕʣʝʤʝʥʪʳ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ (Sc, Y, La ʠ Ac) ʦʪʢʨʳʚʘʶʪ ʨʷʜʳ 

ʧʝʨʝʭʦʜʥʳʭ d-ʤʝʪʘʣʣʦʚ (3d, 4d, 5d ʠ 6d), ʧʨʠ ʵʪʦʤ ʣʘʥʪʘʥʠʜʳ (Ce ï Lu) ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ 

ʨʷʜʫ ʧʦʜ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝʡ, ʪʝʤ ʩʘʤʳʤ ʦʪʨʘʞʘ ̫ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘʟʚʘʥʠʝ çʣʘʥʪʘʥʠʜè 

ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʦʛʦ ʩʣʦʚʘ lanthanein ï çʫʩʢʦʣʴʟʘʪʴ ʦʪ ʚʥʠʤʘʥʠʷè. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʈɿʕ ʚ 

ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʦʪʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʠʥʪʝʨʝʩ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʦʥʮʝ XIX  ʚʝʢʘ ʂʘʨʣ ɸʫʵʨ ʬʦʥ ɺʝʣʴʩʙʘʭ ʧʦʤʠʤʦ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʧʨʘʟʝʦʜʠʤʘ ʠ 

ʥʝʦʜʠʤʘ ʠʟ ʜʠʜʠʤʠʷ, ʢʦʪʦʨʳʡ ʦʰʠʙʦʯʥʦ ʩʯʠʪʘʣʩʷ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ, ʠʟʦʙʨʝʣ ʜʚʘ 

ʧʨʦʜʫʢʪʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʚʝʱʝʥʠʝʤ:  

- ʢʘʣʠʣʴʥʫʶ ʩʝʪʢʫ ʜʣʷ ʛʘʟʦʚʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʩʦʜʝʨʞʘʱʫʶ ʦʢʩʠʜʳ ʪʦʨʠʷ ʠ ʮʝʨʠʷ; 

- ʤʠʰʤʝʪʘʣʣ (ʩʧʣʘʚ ʈɿʕ) ʬʝʨʨʦʮʝʨʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʧʠʨʦʬʦʨʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʟʘʞʠʛʘʣʦʢ ʠ ʚ ʨʷʜʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʣʘʥʪʘʥʠʜʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʧʪʠʢʝ ʠ ʢʘʪʘʣʠʟʝ, ʦʜʥʠʤ ʠʟ 

ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʢʨʘʩʥʳʡ ʣʶʤʠʥʦʬʦʨ ʩʦʩʪʘʚʘ Y2O3:Eu3+, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʵʢʨʘʥʘʭ. ʉ ʥʘʫʯʥʦʡ ʞʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʛʥʦʨʠʨʦʚʘʣʠʩʴ ʭʠʤʠʢʘʤʠ ʠ ʩʯʠʪʘʣʠʩʴ ʤʘʣʦʠʥʪʝʨʝʩʥʳʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʥʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʳʣʠ ʩʚʷʟʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʨʦʩʪʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ. ʊʦʣʴʢʦ ʚ ʢʦʥʮʝ XX ʚʝʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʈɿʕ ʧʨʠʚʣʝʢʣʘ ʢ 

ʩʝʙʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʘ ʧʦʣʫʯʘʝʤʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ 

ʠʟʫʯʘʪʴʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʢʘʪʘʣʠʟʘ, ʤʝʜʠʮʠʥʳ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʧʦʤʠʤʦ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʠʛʘʥʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʣʠʛʘʥʜ,r 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʜʥʦʛʦ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ (ʥʘʧʨʠʤʝʨ, ʛʘʣʦʛʝʥʠʜ-ʠʦʥ)r ʠʣʠ ʥʝʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ 

ʠʦʥʳ ʠʣʠ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʝ ʢʘʢ H2O, NCSï, NO3
ï ʠ OHï, ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ. ɽʩʣʠ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʠʦʥʫ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʦʙʲʝʤʥʳʝ 

ʣʠʛʘʥʜʳ, ʪʦʛʜʘ ʠʤʝʥʥʦ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʢʨʫʧʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ. ʅʘʧʨʠʤʝʨ, ʦʙʲʝʤʥʳʝ ʘʤʠʜʳ N(SiMe3)2
ï ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʦʙʳʯʥʦ ʥʠʟʢʠʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ.  

ʇʦʩʢʦʣʴʢʫ ʣʘʥʪʘʥʠʜʳ ʷʚʣʷʶʪʩʷ çʞʝʩʪʢʠʤʠè ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ, ʪʦ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ 

çʞʝʩʪʢʠʤè ʜʦʥʦʨʥʳʤ ʘʪʦʤʘʤ ʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ O- ʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [40,41]. ɺ 
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ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ ʩ ʂʏ ʦʪ ʪʨʝʭ ʜʦ ʜʚʝʥʘʜʮʘʪʠ [42ï46], ʦʜʥʘʢʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʧʦ ʩʪʨʫʢʪʫʨʘʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦ ʢʦʪʦʨʳʭ 

ʩʦʦʙʱʘʣʦʩʴ ʚ ʧʝʨʠʦʜ ʩ 1935 ʧʦ 1995 ʛ.ʛ. (1389 ʩʪʨʫʢʪʫʨ), ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 

8 ʠ 9 ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ (ʨʠʩ. 1) [47]. 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ ʩʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (La-Nd, Sm-Lu, Y) ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʧʝʨʠʦʜ ʩ 1935 

ʧʦ 1995 ʛ.ʛ. [47]. 

 

ɼʦ 1960-ʭ ʛʦʜʦʚ ʤʘʣʦ ʯʪʦ ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʣʘʥʪʘʥʠʜʦʚ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Nd(H2O)9](BrO3)3 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʝʱʝ ʚ 1939 ʛʦʜʫ ʠ 

ʯʝʪʢʦ ʫʢʘʟʳʚʘʣʘ ʥʘ ʜʝʚʷʪʴ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ Nd3+ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʚ ʚʠʜʝ ʪʨʝʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ [48], ʰʠʨʦʢʦ 

ʚʳʩʢʘʟʳʚʘʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʦʥʳ ʦʙʨʘʟʫʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʧʦʜʦʙʥʦ 3d-ʤʝʪʘʣʣʘʤ. ʊʝʦʨʠʷ ʦ ʙʦʣʴʰʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʣʘʭ ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʠʜʦʚ 

ʥʘʰʣʘ ʩʚʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ 1965 ʛʦʜʫ, ʢʦʛʜʘ J.L. Hoard ʩ ʩʦʘʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʠʣʠ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʘ(III) ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (H4EDTA) ʩʦʩʪʘʚʘ 

K[La(EDTA)(H2O)3]Ŀ5H2O ʠ [La(HEDTA)(H2O)4]Ŀ3H2O, ʚ ʢʦʪʦʨʳʭ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʥʘʭʦʜʠʪʩʷ 

ʚ ʦʢʨʫʞʝʥʠʠ ʜʝʚʷʪʠ ʠʣʠ ʜʝʩʷʪʠ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [49,50] (ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [La(EDTA)(H2O)3]
ï [49]. 

 

ɺʣʠʷʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʂʏ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣʠ L.L. Martin ʠ 

R.A. Jacobson ʚ 1972 ʛʦʜʫ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨ ʧʨʘʟʝʦʜʠʤʘ ʠ ʜʠʩʧʨʦʟʠʷ ʩ ʘʥʠʦʥʦʤ 

ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (H3NTA). ɺ ʵʪʠʭ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʩʪʘʚʘ 

[Pr(H2O)2(NTA)] nĿnH2O ʠ [Dy(H2O)2(NTA)] nĿ2nH2O ʘʥʠʦʥ NTA
3ï ʧʨʦʷʚʣʷʝʪ ʢʘʢ ʭʝʣʘʪʥʳʡ, ʪʘʢ ʠ 

ʤʦʩʪʠʢʦʚʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʷʚʣʷʝʪʩʷ ʛʝʧʪʘʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ ʚ ʩʣʫʯʘʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʘʟʝʦʜʠʤʘ(III) [51] ʠ ʛʝʢʩʘʜʝʥʪʘʪʥʳʤ ï ʚ ʢʦʤʧʣʝʢʩʝ 

ʜʠʩʧʨʦʟʠʷ(III) [52]. ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʮʝʥʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʨʘʚʥʳʝ ʜʝʚʷʪʠ ʠ 

ʚʦʩʴʤʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Pr(III) ʠ Dy(III) ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩ. 3). 

  

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ ʧʨʘʟʝʦʜʠʤʘ(III) ʠ ʜʠʩʧʨʦʟʠʷ(III) ʚ 

ʢʦʤʧʣʝʢʩʘʭ [Pr(H2O)2(NTA)] n [51] (ʘ) ʠ [Dy(H2O)2(NTA)] n [52] (ʙ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ. 
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ɺʣʠʷʥʠʝ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʵʪʘʥʦʣ, 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ ʠ ʪ.ʜ. L.A. Aslanov ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʣʫʯʠʣʠ ʥʠʪʨʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʥʝʦʜʠʤʘ ʠ ʣʶʪʝʮʠʷ ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (DMSO) ʩʦʩʪʘʚʘ [Nd(DMSO)4(NO3)3] 

[53] ʠ [Lu(DMSO)3(NO3)3] [54], ʚ ʢʦʪʦʨʳʭ ʥʠʪʨʘʪ-ʠʦʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʠʜʝʥʪʘʪʥʦ-

ʮʠʢʣʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥ ʥʝʦʜʠʤʘ ʚ ʩʚʦʝʤ ʦʢʨʫʞʝʥʠʠ ʠʤʝʝʪ 

ʜʝʩʷʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʘ ʣʶʪʝʮʠʡ ï ʜʝʚʷʪʴ (ʨʠʩ. 4). 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʳ ʥʠʪʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʜʠʤʘ (ʘ) ʠ ʣʶʪʝʮʠʷ (ʙ) ʩ DMSO [53]. 

 

ɹʦʣʴʰʠʝ ʂʏ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ 

(ʨʠʩ. 5). ʉʨʝʜʠ ʧʨʦʩʪʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʠʣʫʯʰʠʤʠ ʧʨʠʤʝʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʵʜʨʦʚ ʩ ʂʏ = 7 

ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʠʦʮʠʦʥʘʪ-ʠʦʥʦʤ (NMe4)4[Ln(NCS)7] (Ln(III ) = Dy, Er, Yb), ʚ ʢʦʪʦʨʳʭ 

ʘʥʠʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʦʥʦʜʝʥʪʘʪʥʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʤ ʘʟʦʪʘ ʩ ʛʝʦʤʝʪʨʠʝʡ ʪʠʧʘ 

ʧʝʥʪʘʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ [55]. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ Ba[LnCl7] (Ln(III ) = Eu ï Lu) ʫʩʪʘʥʦʚʣʝʥʦ 

ʦʜʥʦʰʘʧʦʯʥʦʝ ʪʨʠʛʦʥʘʣʴʥʦ ʧʨʠʟʤʘʪʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ [56], ʘ 

ʤʦʩʪʠʢʦʚʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʤʝʪʠʣʬʦʩʬʘʪʘ (DMPï) ʚ ʢʦʤʧʣʝʢʩʝ [Nd(ɛ-DMP)3]n ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʰʘʧʦʯʥʦʛʦ ʦʢʪʘʵʜʨʘ [57]. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʂʏ = 8 ʧʨʝʦʙʣʘʜʘʶʪ ʜʚʝ 

ʛʝʦʤʝʪʨʠʠ ï ʜʦʜʝʢʘʵʜʨ ʠʣʠ ʢʚʘʜʨʘʪʥʘʷ ʘʥʪʠʧʨʠʟʤʘ. ʅʘʧʨʠʤʝʨ, G.E. Freeman ʠ K.N. Raymond ʚ 

1985 ʛʦʜʫ ʦʧʠʩʘʣʠ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ ʩ ʢʘʪʝʭʦʣʘʪʦʤ (cat2ï) [Gd(cat)4]
5ï, ʚ ʢʦʪʦʨʦʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʧʦʣʠʵʜʨʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʷʚʣʷʝʪʩʷ ʜʦʜʝʢʘʵʜʨ [58]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʥʝʦʜʠʤʘ 

(NEt4)[Nd(H2O)4(NCS)4] [59]. A.A. Pinkerton ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʣʫʯʠʣʠ ʮʝʣʳʡ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ 

Ln(III ) ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʜʠʪʠʦʬʦʩʬʠʥʘʪʘʤʠ R2PS2
ï ʠ ʜʠʪʠʦʬʦʩʬʘʪʥʳʤʠ (RO)2PS2

ï ʣʠʛʘʥʜʘʤʠ 

[60ï62]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʦʩʬʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (R = OMe, OEt, OPri), ʚ 

ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʨʘʚʥʦ 8, ʨʝʘʣʠʟʫʝʪʩʷ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʩ ʬʦʩʬʠʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (R = Me) ʥʘʙʣʶʜʘʝʪʩʷ 
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ʢʚʘʜʨʘʪʥʘ ̫ʘʥʪʠʧʨʠʟʤʘ. ʇʨʠʤʝʨʘʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ Ln3+ ʚ ʚʠʜʝ ʪʨʝʭʰʘʧʦʯʥʦʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ (ʂʏ = 9) ʷʚʣʷʶʪʩʷ ʘʢʚʘʢʦʤʧʣʝʢʩʳ [Ln(H2O)9]
3+ [63ï66]. 

 

ʈʠʩʫʥʦʢ 5. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʚ ʢʦʤʧʣʝʢʩʘʭ Ln3+ 

[67]. 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʙʦʣʴʰʝ ʜʝʚʷʪʠ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʚʩʣʝʜʩʪʚʠʝ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʟʘʤʝʥʦʡ ʥʘ 

ʥʝʦʙʲʝʤʥʳʝ ʙʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜ,r ʪʘʢʠʝ ʢʘʢ ʥʠʪʨʘʪ-ʘʥʠʦʥ, 2,2ô-ʙʠʧʠʨʠʜʠʥ [68ï71], 1,10-

ʬʝʥʘʥʪʨʦʣʠʥ [72,73] ʠʣʠ ʪʝʨʧʠʨʠʜʠʥ [74ï79]. ʊʘʢʠʝ ʣʠʛʘʥʜʳ ʟʘʥʠʤʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʩʧʦʩʦʙʩʪʚʫʷ ʫʚʝʣʠʯʝʥʠʶ ʂʏ. ʇʦʣʠʜʝʥʪʘʪʥʳʝ 

ʢʨʘʫʥ-ʵʬʠʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʚʳʩʦʢʠʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ [80ï85]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʢʨʫʞʝʥʠʠ ʣʘʥʪʘʥʠʜʘ ʚ ʨʷʜʫ ʢʦʤʧʣʝʢʩʦʚ [Ln(bipy)2(NO3)3] (Ln = La, Pr, Nd, Eu, 

Lu) ʥʘʭʦʜʷʪʩʷ ʜʝʩʷʪʴ ʘʪʦʤʦʚ, ʧʨʠʯʝʤ ʪʨʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʭʝʣʘʪʥʦ, ʘ ʚʩʝ 

ʦʧʠʩʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʟʦʤʦʨʬʥʳ [68ï71]. ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʦʧʠʩʳʚʘʣʩʷ ʢʘʢ 

ʜʚʫʭʰʘʧʦʯʥʳʡ ʜʦʜʝʢʘʵʜʨ ʠʣʠ ʩʬʝʥʦʢʦʨʦʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ, ʢʦʪʦʨʳʡ 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠ, ʘʮʝʪʘʪ-ʘʥʠʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʢ 

ʭʝʣʘʪʥʳʡ, ʪʘʢ ʠ ʤʦʩʪʠʢʦʚʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʤʠʤʦ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʙʦʣʴʰʠʤʠ ʂʏ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ: ʦʪ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʜʦ 

ʪʨʝʭʤʝʨʥʳʭ ʢʘʨʢʘʩʦʚ [86ï90]. ʄʘʢʩʠʤʘʣʴʥʦʝ ʂʏ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ, 

ʨʘʚʥʦ 12, ʘ ʛʝʦʤʝʪʨʠʷ ʧʦʣʠʵʜʨʘ ʧʨʠʙʣʠʞʝʥʘ ʢ ʠʢʦʩʘʵʜʨʫ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʠʪʨʘʪʘ ʧʨʘʟʝʦʜʠʤʘ ʩ 18-ʢʨʘʫʥ-6 [91], ʚ ʢʦʪʦʨʦʤ ʢʨʘʫʥ-ʵʬʠʨ 
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ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʝʢʩʘʜʝʥʪʘʪʥʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ, ʜʦʧʦʣʥʷʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʜʦ 12 

ʪʨʠ ʙʠʜʝʥʪʘʪʥʳʝ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ (ʨʠʩ. 6ʘ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʘʪʘ ʧʨʘʟʝʦʜʠʤʘ ʩ 2,6-ʙʠʩ(-

1,2,4-ʪʨʠʘʟʠʥ-3-ʠʣ)-ʧʠʨʠʥʠʥʦʤ (L) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ [PrL2(NO3)3] ʩ ʂʏ = 12 

(ʨʠʩ. 6ʙ), ʛʜʝ ʧʨʦʠʟʚʦʜʥʦʝ ʧʠʨʠʜʠʥʘ ʷʚʣʷʝʪʩʷ ʪʨʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ [92]. ɺ ʧʦʭʦʞʠʭ 

ʩʠʩʪʝʤʘʭ M.G.B. Drew ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʣʫʯʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

[LnL(NO3)x(H2O)y] (x = 1 ï 3, y = 0 ï 3; Ln = La, Pr, Nd, Sm, Ho, Er ʠ Yb) [93,94], ʘ ʪʘʢʞʝ 

ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [LnL2(NO3)2][LnL(NO3)4] (Ln = Nd, Sm, Tb, Dy ʠ Ho) [95], ʚ 

ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʜʝʩʷʪʠ 

ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʣʠʛʘʥʜʦʚ. 

    

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 6. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ ʧʨʘʟʝʦʜʠʤʘ ʩ 18-ʢʨʘʫʥ-6 [91] (ʘ) ʠ ʧʨʦʠʟʚʦʜʥʳʤ 

ʧʠʨʠʜʠʥʘ [92] (ʙ). 

 

ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʚʷʟʘʥ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʥʠʟʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ 

ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʠʜʦʚ (ʤʝʥʴʰʝ 6). ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʘ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln(N(SiMe3)2)3] (Ln = La, Nd, Sm, Eu ʠ Lu) (ʨʠʩ. 7), ʛʜʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ ʨʘʚʥʦ 3 [96ï99]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʜʜʫʢʪʳ ʩ Ph3PO ʩʦʩʪʘʚʘ [{La{N(SiMe 3)2)3}(Ph3PO)] ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 4 

[100], ʘ ʪʘʢʞʝ ʩ ʮʠʢʣʦʛʝʢʩʠʣʠʟʦʮʠʘʥʠʜʦʤ ʩʦʩʪʘʚʘ [Ln(N(SiMe3)2)3(CyNC)2] (Ln = Y, La ï Nd, 

Sm, Eu, Tb ï Ho, Tm, Yb; Cy ï ʮʠʢʣʦʛʝʢʩʠʣ) ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 5 [101]. ɼʨʫʛʠʤ 

ʧʦʜʭʦʜʦʤ ʢ ʥʠʟʢʠʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʘʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʲʝʤʥʳʭ ʘʨʠʣʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ, ʧʨʠʯʝʤ ʧʝʨʚʳʤ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʣʘʥʪʘʥʠʜʦʚ ʩ 

ʂʏ = 4 ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [Li(THF)4][Lu(2,6-Me2C6H3)4] [102]. 
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ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Nd(N(SiMe3)2)3] [99]. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʛʨʦʤʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʉɸ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʂɹʉɼ) ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

ʙʦʣʝʝ ʩʦʨʦʢʘ ʧʷʪʠ ʪʳʩʷʯ ʩʪʨʫʢʪʫʨ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʪʨʦʝʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

1.2. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Ln(III ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʜʠʢʝʪʦʥʘʪʘ 

ʇʨʦʠʟʚʦʜʥʳʝ ɓ-ʜʠʢʝʪʦʥʘʪʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III), ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʟʦʨʦʚ, ʛʜʝ ʜʝʪʘʣʴʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʪʘʢʞʝ ʠʭ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ [7,103ï108]. 

 

1.2.1. ʉʪʨʦʝʥʠʝ ʤʦʥʦʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ln(III ) c ɓ-ʜʠʢʝʪʦʥʘʪʘʤʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʜʠʢʝʪʦʥʘʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʝʱʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ. G.W. Pope ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʚ 1961 ʛʦʜʫ ʦʧʠʩʘʣʠ ʧʦʣʫʯʝʥʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦ- ʠ ʪʨʠʛʠʜʨʘʪʦʚ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ [109]. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʠ 

ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln3+ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʟʦʨʝ 1964 ʛʦʜʘ. 

ʅʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ ʩ ʭʝʣʘʪʥʳʤ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʦʢʩʦʬʠʣʴʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʫ ɓ-ʜʠʢʝʪʦʥʘʪʦʚ ʜʚʫʭ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʜʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʩʧʦʩʦʙʥʳ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ [110]. 
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ʈʠʩʫʥʦʢ 8. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ [110]. 

 

ɺ 1972 ʛʦʜʫ J.P.R. de Villiers ʠ J.C.A. Boeyens ʦʧʠʩʘʣʠ ʢʦʤʧʣʝʢʩ ʪʨʠʩ-(2,2,6,6-

ʪʝʪʨʘʤʝʪʠʣʛʝʧʪʘʥ-2,5-ʜʠʦʥʘʪʦ)ʵʨʙʠʷ (ʨʠʩ. 9ʘ) ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʫʶ 

ʢʦʦʨʜʠʥʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʢʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʧʦ 

ʢʦʤʧʣʝʢʩʘʤ ʝʚʨʦʧʠʷ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ [111]. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʦʤʧʣʝʢʩʝ ʚ ʦʢʨʫʞʝʥʠʠ 

ʠʦʥʘ ʵʨʙʠʷ ʥʘʭʦʜʷʪʩʷ ʪʨʠ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ, ʧʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʠʤʝʝʪ 

ʛʝʦʤʝʪʨʠʶ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ (ʂʏ 6). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 8 ʠʣʠ 9 ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ [112ï115] ʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴʩʷ ʜʘʞʝ ʩ ʦʙʲʝʤʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʫʪʝʤ 

ʢʦʦʨʜʠʥʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʚ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ 

ʤʦʥʦʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln(paaH)2(H2O)4]Cl3Ŀ2H2O ʠ 

[Ln(paaH)2(NO3)2(MeOH)]NO3 (Ln3+ = Gd, Tb, Dy, Ho, Er, Y; paaH ï N-(2-ʧʠʨʠʜʠʣ)-

ʢʝʪʦʘʮʝʪʘʤʠʜ) ʩ ʂʏ 8 ʠ 9, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʪʘʢ ʢʘʢ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ 

ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʦ [116]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʜʦʧʦʣʥʷʶʪ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ, ʤʝʪʘʥʦʣʘ ʠʣʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ (ʨʠʩ. 9ʙ). 

   

   ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 9. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʨʠʩ-(2,2,6,6-ʪʝʪʨʘʤʝʪʠʣʛʝʧʪʘʥ-2,5-ʜʠʦʥʘʪʦ)ʵʨʙʠʷ [111] 

(ʘ) ʠ ʢʘʪʠʦʥʘ [Ln(paaH)2(H2O)4]
3+ [116] (ʙ). 
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ʅʘʣʠʯʠʝ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠʦʥʘ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩʧʦʩʦʙʥʳ ʪʫʰʠʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʥʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʘʷ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Ln(III ). ɺ ʨʘʙʦʪʝ [117] ʪʝʪʨʘʜʝʥʪʘʪʥʳʡ ʪʝʨʧʠʨʠʜʠʥ-

ʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʣʠʛʘʥʜ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʦʢʨʫʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ ʥʘʭʦʜʷʪʩʷ ʚʦʩʝʤʴ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ: ʪʨʠ ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʧʷʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 10ʘ). 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʘʙʦʪʘʭ [118ï127], ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʤʦʥʦʷʜʝʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ ʩ ʂʏ 8, ʦʙʨʘʟʦʚʘʥʥʦʝ ʟʘ ʩʯʝʪ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʭ ʤʦʣʝʢʫʣ ɓ-

ʜʠʢʝʪʦʥʘʪʦʚ ʠ ʦʜʥʦʡ/ʜʚʫʭ ʤʦʣʝʢʫʣ ʘʟʦʪ- ʠʣʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ. 

  

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 10. ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʝʨʙʠʷ ʩ ʪʝʨʧʠʨʠʜʠʥ-ʢʘʨʙʦʢʩʠʣʘʪʥʳʤ ʣʠʛʘʥʜʦʤ 

[117] (ʘ) ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʜʠʤʝʨ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ ʩ 1,2-

ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥʦʤ [128] (ʙ). 

 

ʆʜʥʘʢʦ ʜʘʞʝ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ [Ln(ɓ-ʜʠʢʝʪʦʥʘʪ)3Lx] ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ L ʥʝ 

ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʟʘʧʦʣʥʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠ ̫ Ln-ʠʦʥʦʚ. ʊʘʢʘʷ 

ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʙʦʪʝ R.L. Longo ʩ ʩʦʘʚʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ ʝʚʨʦʧʠʷ ʩ ʬʦʪʦʘʢʪʠʚʥʳʤ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ ï 1,2-ʙʠʩ(4-

ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥʦʤ [128]. ʈʉɸ ʧʦʢʘʟʘʣ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ɓ-ʜʠʢʝʪʦʥʘʪʘ, 

4,4,4-ʪʨʠʬʪʦʨ-1-ʬʝʥʠʣ-1,3-ʙʫʪʘʥʜʠʦʥʘ, ʥʘʨʷʜʫ ʩ ʤʦʥʦʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʤʝʪʘʥʦʣʘ. ʆʙʱʝʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ {EuNO7} ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʘʥʪʠʧʨʠʟʤʫ. ɼʣʷ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ ʤʝʪʘʥʦʣʘ ʚʤʝʩʪʝ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʣʠʥʢʝʨʦʤ 



19 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

10ʙ, ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʆʅ-ʛʨʫʧʧʦʡ ʤʝʪʘʥʦʣʘ ʠ ʘʟʦʪʦʤ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʠʜʠʥʘ ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ˊĿĿĿˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʠʨʠʜʠʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʤʝʨʘ. 

ʀʥʦʛʜʘ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʠʥʪʝʨʝʩʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ 2004 ʛ. S. Faulkner ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʣʫʯʠʣʠ 

ʩʦʝʜʠʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʜʠʙʝʥʟʦʠʣʤʝʪʘʥ ʘʥʠʦʥʘʤʠ (dbm) ʠ ʙʦʨʩʦʜʝʨʞʘʱʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [LnL(dbm)2] [129]. ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʥʝʦʜʠʤʘ 

[Nd(L1)(dbm)2], ʛʜʝ L
1 ï ʪʨʠʩ[3-(2-ʧʠʨʠʜʠʣ)ʧʠʨʘʟʦʣ-1-ʠʣ]ʛʠʜʨʦʙʦʨʘʪ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Nd(L1)2][Nd(dbm)4] 

(ʨʠʩ. 11ʘ). ʀʦʥ ʥʝʦʜʠʤʘ ʚ ʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ ʠʤʝʝʪ ʧʦʯʪʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ 

(ʂʏ 12), ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʧʠʨʠʜʠʣ-ʧʠʨʘʟʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʦʪ ʜʚʫʭ ʛʝʢʩʘʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ L1. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ [Nd(dbm)4] ʥʝʦʙʳʯʥʘ ʪʝʤ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʠʤʝʝʪ ʢʚʘʜʨʘʪʥʫʶ ʧʨʠʟʤʘʪʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ ʩ ʧʦʯʪʠ ʠʜʝʘʣʴʥʳʤ 

ʢʫʙʠʯʝʩʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʦʩʴʤʠ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚʦʢʨʫʛ Nd (ʨʠʩ. 11ʙ). 

    
   ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 11. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʚ ʢʦʤʧʣʝʢʩʝ [Nd(L1)2][Nd(dbm)4] (ʘ) ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʥʦʡ ʧʨʠʟʤʳ (ʙ) [129]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

1.2.2. ʉʪʨʦʝʥʠʝ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ln(III) ʩ ɓ-ʜʠʢʝʪʦʥʘʪʘʤʠ 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ ʥʝʩʢʦʣʴʢʠʭ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʦʪ ɓ-ʜʠʢʝʪʦʥʘʪʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʣʠʛʘʥʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂ ʧʨʠʤʝʨʫ, ʚ 2013 ʛ. ʧʦʣʫʯʝʥʳ 

ʙʠʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʝʚʨʦʧʠʷ ʠ ʩʘʤʘʨʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln2(BTP)3L2], ʛʜʝ BTP ï 1,3-

ʙʠʩ(4,4,4-ʪʨʠʬʪʦʨ-1,3-ʜʠʦʢʩʦʙʫʪʠʣ)ʬʝʥʠʣ, ʘ L ï ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ (2,2ǋ-ʙʠʧʠʨʠʜʠʥ 

ʠʣʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ) [130]. ɻʝʦʤʝʪʨʠʷ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʤʦʞʥʦ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ 
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ʠʩʢʘʞʝʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʘʥʪʠʧʨʠʟʤʘ ï ʚ ʦʢʨʫʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʥʘʭʦʜʷʪʩʷ ʰʝʩʪʴ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʦʪ ʪʨʝʭ ʤʦʣʝʢʫʣ BTP ʠ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ. ɺʠʜʫ ʪʦʛʦ, ʯʪʦ BTP ʩʦʜʝʨʞʠʪ 

ʜʚʝ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʝ ʛʨʫʧʧʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʠʤʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʨʠʩ. 12ʘ). ʇʨʦʠʟʚʦʜʥʳʝ ɓ-ʜʠʢʝʪʦʥʘʪʘ ʚʳʧʦʣʥʷʶʪ ʪʘʢʞʝ ʤʦʩʪʠʢʦʚʫʶ 

ʬʫʥʢʮʠʶ ʚ ʨʘʙʦʪʘʭ [131ï133], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʙʨʘʪʥʘʷ 

ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [134], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚʳʩʪʫʧʘʝʪ  

2,2ô-ʙʠʧʠʨʠʤʠʜʠʥ (bpm). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʩʦʩʪʘʚʘ [Ln2(tmhd)6(bpm)], ʛʜʝ tmhd ï 2,2ô,6,6ô-ʪʝʪʨʘʤʝʪʠʣ-2,4-ʛʝʧʪʘʥʜʠʦʥ, ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʤʦʣʝʢʫʣ ɓ-ʜʠʢʝʪʦʥʘʪʘ ʠ ʜʚʫʭ ʘʪʦʤʦʚ ʘʟʦʪʘ bpm (ʨʠʩ 12ʙ). 

ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ ʪʘʢʞʝ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʦʙʨʘʟʫʷ 

ʙʠʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʨʘʙʦʪʘʭ [135ï139]. 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 12. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Ln2(BTP)3(bpy)2] [130] (ʘ) ʠ [Ln2(tmhd)6(bpm)] [134] (ʙ). 

 

ʄʦʩʪʠʢʦʚʫʶ ʬʫʥʢʮʠʶ ʧʨʦʠʟʚʦʜʥʦʝ ɓ-ʜʠʢʝʪʦʥʘʪʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚ ʨʘʙʦʪʝ [140]. 

ʆʜʥʘʢʦ ʤʝʞʜʫ ʜʚʫʤʷ ʠʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʪʠʦʥʳ ʢʘʣʠʷ, ʪʝʤ ʩʘʤʳʤ 

ʦʙʨʘʟʫʷ ʩʦʝʜʠʥʝʥʠʝ ʚ ʚʠʜʝ ʩʵʥʜʚʠʯʘ (ʨʠʩ. 13ʘ). ʂ ʢʘʞʜʦʤʫ ʣʘʥʪʘʥʠʜ-ʠʦʥʫ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 

ʚʦʩʝʤʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʦʪ ʯʝʪʳʨʝʭ ʤʦʣʝʢʫʣ 1,3-ʜʠʬʝʥʠʣ-1,3-ʧʨʦʧʘʥʜʠʦʥʘʪʘ (dbm). ʕʪʠ ʘʪʦʤʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʠʩʢʘʞʝʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ. ɼʚʘ dbm-ʘʥʠʦʥʘ ʩʦʝʜʠʥʷʶʪ 

ʢʘʞʜʳʡ ʣʘʥʪʘʥʠʜ ʩ ʠʦʥʦʤ ʢʘʣʠʷ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʦʢʨʫʞʝʥʠʠ ʠʦʥʘ ʢʘʣʠʷ ʥʘʭʦʜʷʪʩʷ ʯʝʪʳʨʝ 

ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʦʪ ʯʝʪʳʨʝʭ ʤʦʣʝʢʫʣ dbm ʠ ʢʠʩʣʦʨʦʜ ʤʦʣʝʢʫʣʳ 1,4-ʜʠʦʢʩʘʥʘ, ʦʙʨʘʟʫʷ 

ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ. ʀʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʝʨʠʷ 

ʠʟʦʤʦʨʬʥʳʭ ʥʦʥʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʝʥʟʦʠʣʘʮʝʪʦʥʦʤ [141]. ʕʪʦʪ ʣʠʛʘʥʜ ʧʨʦʷʚʣʷʝʪ ʢʘʢ 

ʭʝʣʘʪʥʳʡ, ʪʘʢ ʠ ʤʦʩʪʠʢʦʚʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʦʩʪʦʚ ʥʦʥʘʷʜʝʨʥʦʛʦ ʘʥʠʦʥʘ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʝ ʢʚʘʜʨʘʪʥʳʝ ʧʠʨʘʤʠʜʳ, ʧʦʚʝʨʥʫʪʳʝ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦʜ ʫʛʣʦʤ 45Á ʠ 

ʩʚʷʟʘʥʥʳʝ ʯʝʨʝʟ ʦʙʱʠʡ ʘʧʠʢʘʣʴʥʳʡ ʠʦʥ ʤʝʪʘʣʣʘ, ʧʨʠ ʵʪʦʤ ʚʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʧʦʤʠʥʘʝʪ 
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ʧʝʩʦʯʥʳʝ ʯʘʩʳ (ʨʠʩ. 13ʙ). ɺ ʦʢʨʫʞʝʥʠʠ ʜʝʚʷʪʠ ʤʝʪʘʣʣʦʚ ʥʘʭʦʜʷʪʩʷ ʰʝʩʪʥʘʜʮʘʪʴ ʤʦʣʝʢʫʣ 

ʙʝʥʟʦʠʣʘʮʝʪʦʥʘ. 

   

   ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 13. ʉʪʨʫʢʪʫʨʘ ʙʠʷʜʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʝʚʨʦʧʠʷ (ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ) 

[140] (ʘ) ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʦʩʪʦʚ ʥʦʥʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ [141] (ʙ). 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʪʘʢʞʝ ʚʩʪʨʝʪʠʪʴ ʧʨʠʤʝʨʳ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ln3+ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʜʠʢʝʪʦʥʘʪʘ. ɺ 2007 ʛ. A. Fratini ʠ Sh. Swavey ʧʦʣʫʯʠʣʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʝʚʨʦʧʠʷ ʩ ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ (hfa) ʠ ʙʠʧʠʨʠʤʠʜʠʥʦʤ (bpm) ʩʦʩʪʘʚʘ 

[Eu(hfa)3(bpm)] [142]. ʈʉɸ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʦʡ 

(ʨʠʩ. 14), ʛʜʝ ʚ ʦʢʨʫʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ ʥʘʭʦʜʷʪʩʷ ʰʝʩʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ 

ʯʝʪʳʨʝ ʘʪʦʤʘ ʘʟʦʪʘ, ʧʨʠ ʵʪʦʤ ʤʦʩʪʠʢʦʚʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʝʪ ʘʟʦʪʩʦʜʝʨʞʘʱʠʡ ʛʝʪʝʨʦʮʠʢʣ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [143ï145]. 

 

ʈʠʩʫʥʦʢ 14. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʚ [Eu(hfa)3(bpm)]n [142]. 
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1.3. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Ln(III) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʝʥʘʤʠʥʦʥʘ 

ɽʥʘʤʠʥʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʤ ʟʚʝʥʦʤ 

R2NïC(H)=C(H)ïC(H)=O. ʂʘʨʙʦʥʠʣʴʥʳʡ ʠ ʝʥʘʤʠʥʦʚrʡ R2NïC(H)=ʉH2 ʬʨʘʛʤʝʥʪʳ ʦʙʨʘʟʫʶʪ 

ʩʦʧʨʷʞʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʜʦʧʫʩʢʘʶʱʫʶ ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʝʨʝʪʷʛʠʚʘʝʪ ʥʘ ʩʝʙʷ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʘ ʘʤʠʥʦʛʨʫʧʧʘ 

ʦʪʜʘʝʪ ʝʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʥʘʤʠʥʦʥ ʩʦʜʝʨʞʠʪ ʜʚʘ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʠ ʪʨʠ ʥʫʢʣʝʦʬʠʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʝʥʘʤʠʥʦʥʳ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʨʷʜ ʦʙʟʦʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʥʘ ʦʩʥʦʚʝ ʝʥʘʤʠʥʦʥʦʚ [11ï20]. ʇʨʦʠʟʚʦʜʥʳʝ ʝʥʘʤʠʥʦʥʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʥʝ 

ʪʦʣʴʢʦ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʥʦ ʪʘʢʞʝ ʩʚʦʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ [23ï28] ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ [21,146]. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʝʥʘʤʠʥʦʥʦʚ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʳ 

ʩʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ d-ʤʝʪʘʣʣʦʚ ʩ ʝʥʘʤʠʥʦʥʘʤʠ, ʛʜʝ ʧʦʢʘʟʘʥʘ ʚ ʦʩʥʦʚʥʦʤ 

ʭʝʣʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʬʨʘʛʤʝʥʪʘ N-C(H)=C(H)-C(H)=O [147ï154]. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʥʝ ʪʘʢ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ln(III ) 

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʝʥʘʤʠʥʦʥʘ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʤʧʣʝʢʩ ʠʪʪʝʨʙʠʷ ʩ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ ʠ 4-ʘʤʠʥʦ-3-ʧʝʥʪʝʥ-2-ʦʥʦʤ (ʨʠʩ. 15ʘ). ɺ ʦʢʨʫʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ 

ʤʝʪʘʣʣʘ ʥʘʭʦʜʷʪʩʷ ʩʝʤʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʰʝʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ɓ-ʜʠʢʝʪʦʥʘʪʫ. 

ʇʨʦʠʟʚʦʜʥʦʝ ʝʥʘʤʠʥʦʥʘ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ, ʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʚʦʢʨʫʛ ʠʪʪʝʨʙʠʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʦʜʥʦʰʘʧʦʯʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ 

ʧʨʠʟʤʘ [29]. ʍʝʣʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʬʨʘʛʤʝʥʪʘ ʝʥʘʤʠʥʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʮʝʨʠʷ ʩ  

2,2-ʜʠʤʝʪʠʣ-5-N-(2-ʤʝʪʦʢʩʠʵʪʠʣʠʤʠʥʦ)-3-ʛʝʢʩʘʥʦʥʦʤ (ʨʠʩ. 15ʙ). ʕʪʦ ʤʦʥʦʷʜʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʩʦʩʪʘʚʘ [CeL3], ʛʜʝ ʠʦʥ ʮʝʨʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʚʦʩʴʤʠ ʛʝʪʝʨʦʘʪʦʤʦʚ, ʛʜʝ ʜʚʘ ʘʥʠʦʥʘ 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʨʝʪʠʡ ʷʚʣʷʝʪʩʷ ʙʠʜʝʥʪʘʪʥʳʤ ʠ ʠʤʝʝʪ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʵʬʠʨʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ [30]. ʇʨʠ ʵʪʦʤ ʘʪʦʤʳ ʚʦʢʨʫʛ ʮʝʨʠʷ ʦʙʨʘʟʫʶʪ 

ʜʚʫʭʰʘʧʦʯʥʫʶ ʪʨʠʛʦʥʘʣʴʥʦ ʧʨʠʟʤʘʪʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ. 

ʘ)  ʙ) 

ʈʠʩʫʥʦʢ 15. ʄʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʪʪʝʨʙʠʷ [29] (ʘ) ʠ ʮʝʨʠʷ [30] (ʙ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʥʝ ʧʦʢʘʟʘʥʳ. 



23 

ʏʘʱʝ ʚʩʝʛʦ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʥʠʪʨʘʪʳ ʠʣʠ ʪʨʠʬʣʘʪʳ ʈɿʕ. ɸʥʠʦʥʳ ʵʪʠʭ ʩʦʣʝʡ ʧʨʦʷʚʣʷʶʪ ʙʠʜʝʥʪʘʪʥʦ-

ʮʠʢʣʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ, ʪʝʤ ʩʘʤʳʤ ʟʘʧʦʣʥʷʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ [31ï33]. D. Hu, ʥʘʧʨʠʤʝʨ, ʦʧʠʩʘʣ ʩʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ 

ʠ ʧʨʘʟʝʦʜʠʤʘ ʩ 3-(ʜʠʤʝʪʠʣʘʤʠʥʦ)-1-(2-ʧʠʨʠʜʠʣ)ʧʨʦʧʝʥ-1-ʦʥʦʤ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʘ ʠ ʥʠʪʨʘʪʦʚ Ln(III ) [31,32]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʭ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ ʂʏ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʨʘʚʥʦ 

ʜʝʩʷʪʠ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ï ʜʚʫʭʰʘʧʦʯʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʘʥʪʠʧʨʠʟʤʘ). ʇʨʠ ʵʪʦʤ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʘʪʦʤʦʤ ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ 

ʝʥʘʤʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʨʠʩ. 16). ʀʩʧʦʣʴʟʫʷ ʧʝʨʭʣʦʨʘʪʳ ʣʘʥʪʘʥʠʜʦʚ(III) ʚʤʝʩʪʦ ʥʠʪʨʘʪʦʚ ʩ 

ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʣʠʛʘʥʜʦʤ, H. Dong ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʣʫʯʠʣʠ ʤʦʥʦʷʜʝʨʥʳʝ ʢʘʪʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [Tb(L)4](ClO4)3Ŀ2H2O ʠ [Eu(L)2(H2O)5](ClO4)3, ʛʜʝ ʧʝʨʭʣʦʨʘʪʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʧʨʦʪʠʚʦʠʦʥʘ [34]. ʆʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʦʚ ʛʘʜʦʣʠʥʠʷ ʠ ʧʨʘʟʝʦʜʠʤʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠʦʥʘ ʪʝʨʙʠʷ ʠ ʝʚʨʦʧʠʷ 

ʨʘʚʥʦ ʚʦʩʴʤʠ ʠ ʜʝʚʷʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 16. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʠʪʨʘʪʘ ʧʨʘʟʝʦʜʠʤʘ ʩ 3-(ʜʠʤʝʪʠʣʘʤʠʥʦ)-1-(2-

ʧʠʨʠʜʠʣ)ʧʨʦʧʝʥ-1-ʦʥʦʤ [32]. 

 

ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʘʭ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʢ ʤʠʥʠʤʫʤ ʙʠʷʜʝʨʥʳʭ, ʘ 

ʯʘʱʝ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [35,36] ʠʟʫʯʘʣʘʩʴ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʣʶʪʝʮʠʷ (ʨʠʩ. 17) ʧʦ ʟʘʤʝʱʝʥʠʶ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʠ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʠʚʘʣʦʥʠʪʨʠʣ,  

2,6-ʜʠʠʟʦʧʨʦʧʠʣʘʥʠʣʠʥ, N,N'-ʜʠʠʟʦʧʨʦʧʠʣʢʘʨʙʦʜʠʠʤʠʜ ʠ ʜʨ. ɺ ʢʘʯʝʩʪʚʝ ʝʥʘʤʠʥʦʥʘ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʧʨʦʠʟʚʦʜʥʦʝ 2,6-ʜʠʘʤʠʥʦ-2,5-ʛʝʧʪʘʜʠʝʥ-4-ʦʥʘ, ʢʦʪʦʨʦʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʠʜʝʥʪʘʪʥʦ-

ʮʠʢʣʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʝʥʘʤʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʦʛʦ, ʪʝʤ ʩʘʤʳʤ ʦʙʲʝʜʠʥʷʷ ʜʚʘ ʠʦʥʘ ʣʶʪʝʮʠʷ ʚ 

ʙʠʷʜʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʨʠʩ. 17). 

 

ʈʠʩʫʥʦʢ 17. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʶʪʝʮʠʷ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤ 2,6-ʜʠʘʤʠʥʦ-2,5-ʛʝʧʪʘʜʠʝʥ-4-ʦʥʘ [36]. 

 

ɹʠʷʜʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʘʢʞʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʪʨʠʩ(ʙʠʩ[ʪʨʠʤʝʪʠʣʩʠʣʠʣ]ʘʤʠʜʘ)ʥʝʦʜʠʤʘ ʩ ʙʠʩ-5,5ǋ-(1,3-ʧʨʦʧʘʥʜʠʠʣʜʠʠʤʠʥʦ)-2,2-ʜʠʤʝʪʠʣ-4-

ʛʝʢʩʝʥ-3-ʦʥʦʤ (ʨʠʩ. 18ʘ). ʕʪʦ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʜʚʫʤʷ ʝʥʘʤʠʥʦʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʝʪ ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʘʤʠʜʥʳʝ ʛʨʫʧʧʳ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʪʨʝʭ 

ʤʦʣʝʢʫʣ ʝʥʘʤʠʥʦʥʘ ʧʨʦʷʚʣʷʝʪ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʠʦʥʘʤ ʥʝʦʜʠʤʘ: ʧʝʨʚʘʷ 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʪʝʪʨʘʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʚ ʩʦʩʪʘʚʝ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ 

ʠ ʢʠʩʣʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʦʜʥʦʤʫ ʠʦʥʫ Nd2 (ʨʠʩ. 18ʙ). ɺʪʦʨʘʷ ʤʦʣʝʢʫʣʘ ʷʚʣʷʝʪʩʷ 

ʤʦʩʪʠʢʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʮʝʥʪʨʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ï ʦʜʥʘ ʝʥʘʤʠʥʦʥʦʚʘʷ ʛʨʫʧʧʘ ʭʝʣʘʪʥʦ 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ Nd1, ʘ ʚʪʦʨʘʷ ï ʢ Nd2, ʧʨʠ ʵʪʦʤ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ O6 ʪʘʢʞʝ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʠ ʢ 

Nd1. ʊʨʝʪʴʷ ʤʦʣʝʢʫʣʘ, ʢʘʢ ʠ ʧʝʨʚʘʷ, ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ ʜʣʷ Nd1, ʦʜʥʘʢʦ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ O2 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ʘʪʦʤʫ ʥʝʦʜʠʤʘ. ʆʙʘ ʘʪʦʤʘ ʥʝʦʜʠʤʘ 

ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʨʘʚʥʦʝ ʩʝʤʠ, ʘ ʧʦʣʠʵʜʨʳ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʢʘʢ ʦʜʥʦʰʘʧʦʯʥʳʝ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ [37]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʩʘʤʘʨʠʷ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʷʚʣʷʝʪʩʷ ʤʦʥʦʷʜʝʨʥʳʤ, ʚ ʦʢʨʫʞʝʥʠʠ ʠʦʥʘ ʤʝʪʘʣʣʘ ʥʘʭʦʜʠʪʩʷ 

ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʝʥʘʤʠʥʦʥʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʪʝʪʨʘʜʝʥʪʘʪʥʦ, ʠ ʦʜʠʥ ʘʥʠʦʥ 

ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʘʤʠʜʘ (ʨʠʩ. 18ʚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʷʚʣʷʝʪʩʷ 

ʠʩʢʘʞʝʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʦʡ (ʂʏ 5). 

 ʘ)  ʙ)  ʚ) 

ʈʠʩʫʥʦʢ 18. ʌʦʨʤʫʣʘ ʙʠʩ-5,5ǋ-(1,3-ʧʨʦʧʘʥʜʠʠʣʜʠʠʤʠʥʦ)-2,2-ʜʠʤʝʪʠʣ-4-ʛʝʢʩʝʥ-3-ʦʥʘ (ʘ), 

ʢʦʤʧʣʝʢʩ ʥʝʦʜʠʤʘ (ʙ) ʠ ʩʘʤʘʨʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ (ʚ) [37]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 
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ʇʨʠʤʝʨʦʤ ʧʦʣʠʷʜʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʤʧʣʝʢʩ ʣʘʥʪʘʥʘ ʩ 4,4'-(ʮʠʢʣʦʛʝʢʩʘʥ-

1,2-ʜʠʝʥʘʤʠʥʦ)ʙʠʩʧʝʥʪ-3-ʝʥ-2-ʦʥʦʤ [155]. ɺ ʤʦʣʝʢʫʣʝ ʣʠʛʘʥʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 

ʝʥʘʤʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ, ʥʦ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʜʚʫʤ ʩʦʩʝʜʥʠʤ ʠʦʥʘʤ ʣʘʥʪʘʥʘ, ʩʚʷʟʳʚʘʷ ʠʭ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʧʦʣʠʤʝʨʥʫʶ 

ʮʝʧʦʯʢʫ (ʨʠʩ. 19). ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʘʞʜʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ ʩʦʩʪʦʠʪ ʠʟ ʜʝʩʷʪʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ: ʪʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʦʪ ʪʨʝʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ, ʰʝʩʪʠ ï ʦʪ ʪʨʝʭ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ ʠ 

ʝʱʝ ʦʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ ʚʦʜʳ. 

 

ʈʠʩʫʥʦʢ 19. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʘ ʩ 4,4'-(ʮʠʢʣʦʛʝʢʩʘʥ-1,2-ʜʠʝʥʘʤʠʥʦ)ʙʠʩʧʝʥʪ-3-

ʝʥ-2-ʦʥʦʤ [155]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ɺ ʨʘʙʦʪʝ [38] ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜ-ʠʦʥʦʚ ʩ ʛʠʙʢʠʤ 

ʣʠʛʘʥʜʦʤ H2L, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʤʝʞʜʫ 1,10-(2,6-ʧʠʨʠʜʠʣ)ʙʠʩ-

1,3-ʙʫʪʘʥʜʠʦʥʘ ʠ 2-ʘʤʠʥʦʬʝʥʦʣʦʤ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ 

ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʣʠʛʘʥʜʘ L2ï, ʪʘʢ ʠ ʬʦʨʤʘ HLï (ʨʠʩ. 20ʘ). ʏʝʨʝʜʦʚʘʥʠʝ 

ʜʚʫʭ ʬʦʨʤ ʣʠʛʘʥʜʘ ʩ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʩʴʤʠʷʜʝʨʥʳʭ 

ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Ln8(HL)4L4(OH)6(H2O)2(acac)2](ClO4)4Ŀ2CH3OHĿ12H2O, ʛʜʝ Ln3+ 

= Gd, Tb, Dy ʠ Ho (ʨʠʩ. 20ʙ). ʃʠʛʘʥʜ H2L ʩʦʜʝʨʞʠʪ ʜʚʘ ʝʥʘʤʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ, ʢʦʪʦʨʳʝ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʦʜʥʦʤʫ ʣʘʥʪʘʥʠʜ-ʠʦʥʫ ʪʦʣʴʢʦ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 20ʘ), ʧʨʠ ʵʪʦʤ ʬʦʨʤʘ 

HLï ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʘ ʜʣʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʠʦʥʦʚ ʤʝʪʘʣʣʘ, ʘ ʬʦʨʤʘ L2ï ʩʚʷʟʳʚʘʝʪ 

ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʪʳʨʝ ʠʦʥʘ ʤʝʪʘʣʣʘ. ɼʚʘ ʘʥʠʦʥʘ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ (acac) ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 

ʢ ʠʦʥʘʤ Gd4 ʠ Gd5. ʐʝʩʪʴ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʢʠʩʣʦʨʦʜʘʤʠ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ 

ʠʣʠ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩ. 20ʙ), ʘ ʦʩʪʘʚʰʠʝʩʷ ʜʚʘ ʠʦʥʘ ʛʘʜʦʣʠʥʠʷ (Gd1 ʠ Gd8) ʨʘʩʧʦʣʦʞʝʥʳ ʚʳʰʝ 

ʠ ʥʠʞʝ ʧʦʣʠʵʜʨʘ ʠ ʩʚʷʟʘʥʳ ʩ ʜʨʫʛʠʤʠ ʠʦʥʘʤʠ ʩ ʧʦʤʦʱʴʶ ʣʠʛʘʥʜʦʚ L2ï. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ 

ʩʬʝʨʘ ʠʦʥʦʚ Gd2, Gd3, Gd6 ʠ Gd7 ʩʦʩʪʦʠʪ ʠʟ ʜʝʚʷʪʠ ʘʪʦʤʦʚ (ʚʦʩʝʤʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʦʜʠʥ 

ʘʪʦʤ ʘʟʦʪʘ), ʚ ʦʢʨʫʞʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʠʦʥʦʚ ʥʘʭʦʜʷʪʩʷ ʚʦʩʝʤʴ ʘʪʦʤʦʚ, ʧʨʠ ʵʪʦʤ ʚʦʢʨʫʛ Gd4 ʠ 

Gd5 ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʘ ʚʦʢʨʫʛ Gd1 ʠ Gd8 ï ʰʝʩʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʜʚʘ 
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ʘʪʦʤʘ ʘʟʦʪʘ. ɺ ʠʪʦʛʝ ʧʦʣʠʵʜʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʰʝʩʪʠ ʘʪʦʤʦʚ ʛʘʜʦʣʠʥʠʷ ʠ ʚʦʩʴʤʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʠʩʢʘʞʝʥʥʳʡ ʜʚʫʭʰʘʧʦʯʥʳʡ ʜʚʦʡʥʦʡ ʢʫʙʘʥ ʩ ʦʙʱʝʡ ʛʨʘʥʴʶ. 

ʘ) 

ʙ) 

ʈʠʩʫʥʦʢ 20. ʉʧʦʩʦʙʳ ʢʦʦʨʜʠʥʘʮʠʠ ʘʥʠʦʥʦʚ L2ï (ʩʣʝʚʘ) ʠ HLï (ʩʧʨʘʚʘ) (ʘ); ʩʪʨʦʝʥʠʝ 

ʚʦʩʴʤʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ (ʙ) [38]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

1.4. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Ln(III) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ Ln(III ), ʟʘʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʚ ʂɹʉɼ, 

ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʣʠʛʘʥʜʦʤ, ʩʦʜʝʨʞʘʱʠʤ  

ɓ-ʝʥʘʤʠʥʜʠʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. ʕʪʦ ʢʦʤʧʣʝʢʩ ʥʝʦʜʠʤʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ 1995 ʛʦʜʫ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ H3dha3tren (ʨʠʩ. 21ʘ), ʧʦʣʫʯʝʥʥʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʪʨʠʩ(2-ʘʤʠʥʦʵʪʠʣ)ʘʤʠʥʘ (tren) ʩ ʜʝʛʠʜʨʦʘʮʝʪʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(dha) [39]. ʅʘ ʨʠʩ. 21ʙ ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Nd(H3dha3tren)(NO3)3]n, ʛʜʝ 

ʚ ʢʘʯʝʩʪʚʝ ʟʚʝʥʘ ʚʳʩʪʫʧʘʶʪ ʜʚʘ ʘʪʦʤʘ ʥʝʦʜʠʤʘ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʪʳʨʴʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 

ʥʠʪʨʘʪʦ-ʛʨʫʧʧʘʤʠ. ʈʘʩʩʪʦʷʥʠʝ Nd-Nd ʩʦʩʪʘʚʣʷʝʪ 4,06 ¡, ʚ ʦʢʨʫʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʳʭ ʠʦʥʦʚ 

ʥʘʭʦʜʷʪʩʷ ʜʝʚʷʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʫʷ ʦʜʥʦʰʘʧʦʯʥʫ  ʁ ʢʚʘʜʨʘʪʥʫ  ʁ ʘʥʪʠʧʨʠʟʤʫ. 

ʄʦʩʪʠʢʦʚʫʶ ʬʫʥʢʮʠʶ ʤʝʞʜʫ ʙʠʷʜʝʨʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚʳʧʦʣʥʷʝʪ ʣʠʛʘʥʜ H3dha3tren, ʧʨʠ ʵʪʦʤ 

ʢʦʦʨʜʠʥʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʧʠʨʘʥ-2,4-ʜʠʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɸʪʦʤ ʘʟʦʪʘ ɓ-ʝʥʘʤʠʥʜʠʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʦʩʪʘʝʪʩʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ ʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʦʨʜʠʥʘʮʠʠ. 

  

  ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 21. ʆʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ H3dha3tren (ʘ) ʠ ʢʦʤʧʣʝʢʩ ʥʝʦʜʠʤʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ (ʙ) 

[39]. 

 

1.5. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʜʠʢʝʪʦʥʘʪʘ ʠ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ 

ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ, ʩʚʝʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʥʘʩʝʢʦʤʳʭ ʠ ʤʠʥʝʨʘʣʦʚ ʠʟʚʝʩʪʥʳ ʩ ʦʯʝʥʴ ʜʘʚʥʠʭ 

ʚʨʝʤʝʥ ʠ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʫʶ ʫʯʝʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʥʘʯʘʣʠ ʠʟʫʯʘʪʴ ʪʦʣʴʢʦ ʩ ʢʦʥʮʘ XIX  ʚʝʢʘ. ʇʨʦʮʝʩʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ, ʢʘʢ 

ʥʝʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ ʵʥʝʨʛʠʶ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʦʜʠʪʴ ʝʝ ʠʟʚʥʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ. ɺ ʦʩʥʦʚʥʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʪʠʧʫ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ: 

- ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ï ʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩʚʝʪʠʪʴʩʷ; 

- ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʣʶʤʠʥʦʬʦʨʦʚ; 

- ʪʨʠʙʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʣʶʤʠʥʦʬʦʨʳ 

(ʨʘʩʪʠʨʘʥʠʝ, ʨʘʟʜʘʚʣʠʚʘʥʠʝ, ʨʘʩʢʘʣʳʚʘʥʠʝ ʠ ʪ.ʜ.); 

- ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ; 

- ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ï ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ, ʧʦʛʣʦʱʘʷ 

ʠʥʬʨʘʢʨʘʩʥʳʡ, ʚʠʜʠʤʳʡ ʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ. 

ʇʦʩʣʝʜʥʠʡ ʪʠʧ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʟʫʯʘʝʪʩʷ ʜʣʷ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʘ ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (S0) ʧʝʨʝʭʦʜʠʪ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʝ (S1, S2 ʠ ʪ.ʜ.). ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʩ ʤʦʣʝʢʫʣʘʤʠ ʩʨʝʜʳ 
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ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʘʷ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʥʘ ʥʠʞʥʠʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʦʩʪʦʷʥʠʷ S1 (ʚʥʫʪʨʝʥʥʷʷ 

ʢʦʥʚʝʨʩʠʷ) ʠʣʠ ʧʝʨʝʭʦʜ ʠʟ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ S1 ʚ ʪʨʠʧʣʝʪʥʦʝ T1 (ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ 

ʢʦʥʚʝʨʩʠʷ). ɺʦʟʚʨʘʱʝʥʠʝ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ S0 ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦ, 

ʪʘʢ ʠ ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɽʩʣʠ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʥʦʩʪʴʶ (S1 Ÿ S0), ʪʦ ʚʦʟʥʠʢʘʝʪ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʘ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 

ʨʘʟʣʠʯʥʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ (T1 Ÿ S0) ï ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ. ɼʣʷ ʧʝʨʚʦʛʦ ʪʠʧʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʭʘʨʘʢʪʝʨʥʳ ʢʦʨʦʪʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʥʘʥʦʩʝʢʫʥʜʳ), ʜʣʷ ʚʪʦʨʦʛʦ ï ʦʪ 

ʤʠʢʨʦʩʝʢʫʥʜ ʜʦ ʩʝʢʫʥʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʛʣʦʱʘʝʤʘʷ ʩʚʝʪʦʚʘʷ 

ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʥʝʨʛʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʩʧʫʩʢʘʥʠʝ ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʙʦʣʴʰʝʡ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʚʝʪʘ [156]. 

ʆʧʠʩʘʥʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ ʗʙʣʦʥʩʢʦʛʦ (ʨʠʩ. 22), ʘ ʜʣʷ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ, ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ 

(ʠʟʣʫʯʝʥʠʷ), ʘ ʪʘʢʞʝ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʘʤ ʠ ʚʨʝʤʝʥʘʤ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʫʩʢʘʝʤʳʭ ʬʦʪʦʥʦʚ ʢ 

ʧʦʛʣʦʱʝʥʥʳʤ, ʘ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ) 

ʦʧʠʩʳʚʘʝʪ ʚʨʝʤʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ e ʨʘʟ. 

 

ʈʠʩʫʥʦʢ 22. ɼʠʘʛʨʘʤʤʘ ʗʙʣʦʥʩʢʦʛʦ ï ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʥʠʤʠ, 

ʪʠʧʠʯʥʳʝ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ [156]. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 22 ʤʝʭʘʥʠʟʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ï ʣʶʤʠʥʦʬʦʨʦʚ, ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʯʘʱʝ ʚʩʝʛʦ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʝ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

[Ln2(BTP)3L2], ʛʜʝ BTP ï 1,3-ʙʠʩ(4,4,4-ʪʨʠʬʪʦʨ-1,3-ʜʠʦʢʩʦʙʫʪʠʣ)ʬʝʥʠʣ, L ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

ʠʣʠ 2,2ô-ʙʠʧʠʨʠʣʠʥ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ɓ-ʜʠʢʝʪʦʥʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʵʤʠʩʩʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʫʰʠʨʝʥʥʦʡ ʧʦʣʦʩʳ (ʨʠʩ. 23) [130]. 

 

ʈʠʩʫʥʦʢ 23. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (1) ʠ ʵʤʠʩʩʠʠ (2) 1,3-ʙʠʩ(4,4,4-ʪʨʠʬʪʦʨ-1,3-

ʜʠʦʢʩʦʙʫʪʠʣ)ʬʝʥʠʣʘ (BTP), ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ [Gd2(BTP)3(H2O)4] (3), ʵʤʠʩʩʠʠ ʙʠʧʠʨʠʜʠʥʘ (4) ʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ [Gd(bpy)2(NO3)3] (5), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [130]. 

 

ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʘʙʦʪʝ [21] ʧʨʠ ʚʚʝʜʝʥʠʠ ʙʨʦʤʘ ʚ 

ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʝʥʘʤʠʥʦʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʮʚʝʪʘ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ (ʨʠʩ. 24ʘ). ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʠ ʚʚʝʜʝʥʠʠ ʙʨʦʤʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ʨʘʙʦʪʝ [146]. ɹʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ 

ʵʤʠʩʩʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [157], ʧʦʩʚʷʱʝʥʥʦʡ ʩʠʥʪʝʟʫ ʙʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʝʥʘʤʠʥʦʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ (ʨʠʩ. 24ʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʦʪ 

ʧʨʦʩʪʳʭ (ʤʝʪʦʢʩʠ-, ʮʠʘʥʦ-, ʛʠʜʨʦʢʩʠ-) ʜʦ ʙʦʣʝʝ ʦʙʲʝʤʥʳʭ (ʮʠʢʣʦʛʝʢʩʘʥ, ʬʝʥʠʣ-, ʥʘʬʪʘʣʠʥ) 

ʮʚʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʝʥʷʣʩʷ ʦʪ ʩʠʥʝʛʦ ʢ ʦʨʘʥʞʝʚʦʤʫ (ʨʠʩ. 24ʙ). ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʧʨʠ ʵʪʦʤ 

ʤʝʥʷʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 10ï90%. ɺʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʙʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʝʥʘʤʠʥʦʥʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [158ï160]. 
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ʘ) 

ʙ) 

ʈʠʩʫʥʦʢ 24. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʠʟʣʫʯʝʥʠʷ ʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʙʨʦʤʘ ʚ ʩʦʩʪʘʚ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʝʥʘʤʠʥʦʥʘ [21] (ʘ); ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʙʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ R ʠ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʵʤʠʩʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ R [157] (ʙ). 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʦʙʦʣʦʯʢʘ ʠʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʠʪ 4f-ʦʨʙʠʪʘʣʠ, ʢʦʪʦʨʳʝ 

ʵʢʨʘʥʠʨʦʚʘʥʳ ʚʥʝʰʥʠʤʠ 5s- ʠ 5p-ʦʨʙʠʪʘʣʷʤʠ. ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ, ʧʨʠ ʵʪʦʤ ʧʝʨʝʢʨʳʚʘʥʠʝ ʦʨʙʠʪʘʣʝʡ ʈɿʕ 

ʠ ʣʠʛʘʥʜʦʚ ʤʠʥʠʤʘʣʴʥʦ. ʀʟʤʝʥʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ f-ʵʣʝʢʪʨʦʥʳ, ʘ ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ ʣʠʛʘʥʜʦʚ 

ʤʠʥʠʤʘʣʴʥʦ (ʧʦʨʷʜʢʘ 100 ʩʤ-1) ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʝʭʦʜʥʳʭ d-ʤʝʪʘʣʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ Ln3+ ʩʦʩʪʦʷʪ ʠʟ ʫʟʢʠʭ ʧʦʣʦʩ, ʘ ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʪʦʣʴʢʦ ʥʘ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʝ ʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʧʦʣʦʞʝʥʠʝ ʩʘʤʦʡ ʧʦʣʦʩʳ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ 

ʣʘʥʪʘʥʠʜ-ʠʦʥʦʚ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʙʣʠʞʥʝʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ (ʋʌ), ʚʠʜʠʤʦʡ ʠ 

ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʦʥʘ 

ʭʘʨʘʢʪʝʨʝʥ ʩʚʦʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ (ʨʠʩ. 25ʘ) ʠ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 25ʙ). 



31 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 25. ʍʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʟʥʘʢʦʤ ç*è ʦʪʤʝʯʝʥʳ ʧʦʣʦʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʛʣʦʱʝʥʠʶ ʚʦʜr ʠ ʢʚʘʨʮʘ) (ʘ) [161] ʠ ʵʤʠʩʩʠʠ (ʙ) [162] ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

ʣʘʥʪʘʥʠʜʦʚ(III ). 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʣʘʥʪʘʥʠʜ-ʠʦʥʦʚ ʧʦʛʣʦʱʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʠʟ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ. 

ʂʘʞʜʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, 

ʢʦʪʦʨʳʡ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʚ ʚʠʜʝ ʪʝʨʤʘ ï 2S+1LJ, ʛʜʝ L ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ, (2S + 1) ʫʢʘʟʳʚʘʝʪ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ ʪʝʨʤʘ (S ï ʢʚʘʥʪʦʚʦʝ 

ʯʠʩʣʦ ʧʦʣʥʦʛʦ ʩʧʠʥʘ ʵʣʝʢʪʨʦʥʦʚ), ʘ J ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ ʧʦʣʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʬʦʨʤʠʨʫʶʪ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 26 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʠʦʥʦʚ 

ʣʘʥʪʘʥʠʜʦʚ(III ) ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ. 
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ʈʠʩʫʥʦʢ 26. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ (ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ  

ʵʥʝʨʛʠʠ *  1000 ʩʤï1) [163]. ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʪʠʧʠʯʥʳʝ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʠʥʠʤʠ ʣʠʥʠʷʤʠ ï ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

 

ʕʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʜʠʧʦʣʴʥʦʡ ʠʣʠ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʠʤʝʶʱʠʭ 

ʮʝʥʪʨ ʠʥʚʝʨʩʠʠ) ʜʝʡʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʘʚʠʣʘ ʦʪʙʦʨʘ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʘ 

ʠʤʝʥʥʦ ʟʘʧʨʝʱʝʥʳ ʧʝʨʝʭʦʜʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʯʝʪʥʦʩʪʴʶ (ʧʨʘʚʠʣʦ ʃʘʧʦʨʪʘ). ʕʪʦ ʧʨʘʚʠʣʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʧʝʨʝʭʦʜʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʠʧʦʣʷ (ʕɼ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, f-f ʧʝʨʝʭʦʜʳ 

ʟʘʧʨʝʱʝʥʳ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʚ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʰʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʯʝʪʥʦʩʪʠ (4f ʠ 5d, ʘ ʪʘʢʞʝ ʦʨʙʠʪʘʣʝʡ 

ʣʠʛʘʥʜʦʚ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʩʥʷʪʠʶ ʟʘʧʨʝʪʘ ʥʘ f-f ʧʝʨʝʭʦʜʳ. ʊʘʢʠʝ ʧʝʨʝʭʦʜʳ 

ʥʘʟʳʚʘʶʪʩʷ ʚʳʥʫʞʜʝʥʥʳʤʠ ʕɼ ʧʝʨʝʭʦʜʘʤʠ [164]. ʅʝʢʦʪʦʨʳʝ ʚʳʥʫʞʜʝʥʥʳʝ ʕɼ ʧʝʨʝʭʦʜʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ Ln3+. ʊʘʢʠʝ ʧʝʨʝʭʦʜʳ ʥʘʟʳʚʘʶʪʩʷ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠ ʦʙʳʯʥʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳ ʜʣʷ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʦʢʨʫʞʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ, ʯʝʤ ʜʣʷ ʠʦʥʦʚ ʚ ʦʢʨʫʞʝʥʠʠ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣ ʚʦʜʳ [165]. 

ʂʨʘʪʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʧʝʨʝʭʦʜʘʭ ʜʣʷ ʠʦʥʦʚ ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ (III ) ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʘʙʣʠʮʝ 1. ʊʘʢ, ʥʘʧʨʠʤʝʨ, Nieuwpoort ʠ Blasse ʚ 1966 ʛʦʜʫ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʧʝʨʝʭʦʜ 5D0Ÿ
7F0 ʜʣʷ 

Eu3+ ʧʦʷʚʣʷʝʪʩʷ ʚʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Cnv, 

Cn ʠʣʠ Cs [166]. ɼʘʥʥʳʡ ʬʘʢʪ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ ʜʠʧʠʢʦʣʠʥʘʪʥʳʭ (DPA) 

ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III ), ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜ 5D0Ÿ
7F0 ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Eu(DPA)]+ ʠ [Eu(DPA)2]
ī ʠ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ [Eu(H2O)9]
3+ ʠ [Eu(DPA)3]

3ī ʩ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ D3h [167], [168]. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʝʨʝʭʦʜ 5D0Ÿ
7F0 ʦʯʝʥʴ ʩʣʘʙ ʜʘʞʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III) ʩ 

ʩʠʤʤʝʪʨʠʝʡ Cnv, Cn ʠʣʠ Cs. ʊʝʤ ʥʝ ʤʝʥʝʝ ʵʪʦʪ ʧʝʨʝʭʦʜ ʚʳʩʦʢʦ ʠʥʪʝʥʩʠʚʝʥ ʜʣʷ ɓ-ʜʠʢʝʪʦʥʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [Eu(dbm)3(H2O)] (dbm ï ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘʪ-ʘʥʠʦʥ), ʛʜʝ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʥʘʭʦʜʠʪʩʷ 
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ʚ ʧʦʟʠʮʠʠ ʩ ʩʠʤʤʝʪʨʠʝʡ C3 [169]. ʄʘʛʥʠʪʥʳʝ ʜʠʧʦʣʴʥʳʝ (ʄɼ) ʧʝʨʝʭʦʜʳ ʷʚʣʷʶʪʩʷ 

ʨʘʟʨʝʰʝʥʥʳʤʠ, ʦʜʥʘʢʦ ʦʙʳʯʥʦ ʦʥʠ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʠ ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ. ɺ ʩʣʫʯʘʝ 

ʣʘʥʪʘʥʠʜʦʚ ʄɼ ʧʝʨʝʭʦʜʳ ʠʤʝʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, ʯʪʦ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʕɼ 

ʧʝʨʝʭʦʜʳ, ʠ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʚ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʂʚʘʜʨʫʧʦʣʴʥʳʝ ʧʝʨʝʭʦʜʳ, ʢʘʢ ʠ ʄɼ, 

ʷʚʣʷʶʪʩʷ ʨʘʟʨʝʰʝʥʥʳʤʠ ʧʦ ʯʝʪʥʦʩʪʠ, ʥʦ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ [170]. 

 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʠʦʥʦʚ Eu3+ ʠ Tb3+ [171,172]. 

J ʆʙʣʘʩʪʴ, ʥʤ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʂʦʤʤʝʥʪʘʨʠʡ 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ 5D0Ÿ7FJ ʠʦʥʘ Eu3+ 

0(ʕɼ) 570ï585 ʦʪ ʦʯʝʥʴ ʩʣʘʙʦʡ ʜʦ ʩʠʣʴʥʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʠʤʤʝʪʨʠʠ Cn, Cnv ʠ Cs. 

1(ʄɼ) 585ï600 ʩʠʣʴʥʘʷ 
ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʦʢʨʫʞʝʥʠʷ 

2(ʕɼ) 610ï630 ʦʪ ʩʣʘʙʦʡ ʜʦ ʦʯʝʥʴ ʩʠʣʴʥʦʡ 
ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʳʡ; ʦʪʩʫʪʩʪʚʫʝʪ ʝʩʣʠ ʠʦʥ 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ 

3(ʕɼ) 640ï660 ʩʣʘʙʘʷ ʟʘʧʨʝʱʝʥʥʳʡ 

4(ʕɼ) 680ï710 ʦʪ ʫʤʝʨʝʥʥʦʡ ʜʦ ʩʠʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʝʥʠʷ 

5(ʕɼ) 740ï770 ʦʯʝʥʴ ʩʣʘʙʘʷ ʟʘʧʨʝʱʝʥʥʳʡ 

6(ʕɼ) 810ï840 ʦʪ ʦʯʝʥʴ ʩʣʘʙʦʡ ʜʦ ʫʤʝʨʝʥʥʦʡ ʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ 5D4Ÿ7FJ ʠʦʥʘ Tb3+ 

6 480ï505 ʦʪ ʫʤʝʨʝʥʥʦʡ ʜʦ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʝʥʠʷ 

5 535ï555 ʩʠʣʴʥʘʷ ʭʦʨʦʰʦ ʜʝʪʝʢʪʠʨʫʝʪʩʷ 

4 580ï600 ʦʪ ʫʤʝʨʝʥʥʦʡ ʜʦ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʝʥʠʷ 

3 615ï625 ʫʤʝʨʝʥʥʘʷ  

2 640ï655 ʩʣʘʙʘʷ ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʝʥʠʷ 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʠʜʦʚ(III) ʠʟʚʝʩʪʥʳ 

ʩʚʦʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ Ln-ʠʦʥʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

1. Sm3+(4f 5), Eu3+(4f 6), Tb3+(4f 8) ʠ Dy3+(4f 9); 

2. Pr3+(4f 2), Nd3+(4f 3), Ho3+(4f 10), Er3+(4f 11), Tm3+(4f 12) ʠ Yb3+(4f 13); 

3. La3+(4f 0), Gd3+(4f 7) ʠ Lu3+(4f 14). 

ɼʣʷ ʠʦʥʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʵʤʠʩʩʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ 4f-ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʥʠʟʰʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ 

ʦʩʥʦʚʥʳʝ. ɺʝʨʦʷʪʥʦʩʪʴ ʵʪʠʭ ʧʝʨʝʭʦʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʪʠʭ ʤʝʪʘʣʣʦʚ. ɺʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʠʟʤʝʨʷʝʪʩʷ ʤʠʢʨʦ- ʠʣʠ ʤʠʣʣʠʩʝʢʫʥʜʘʤʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʠʦʥʦʚ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥʳ ʦʯʝʥʴ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʧʦʵʪʦʤʫ ʠʟʣʫʯʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ, ʯʝʤ ʫ ʠʦʥʦʚ ʧʝʨʚʦʡ 

ʛʨʫʧʧʳ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʠʦʥʦʚ ʧʦʩʣʝʜʥʝʡ ʛʨʫʧʧʳ, ʪʦ ʦʥʠ ʠʤʝʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʫʩʪʦʡʯʠʚʳʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ: ʥʘ ʠʭ 4f-ʦʨʙʠʪʘʣʷʭ ʵʣʝʢʪʨʦʥʳ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ (La3+), ʣʠʙʦ 

ʦʨʙʠʪʘʣʠ ʧʦʣʥʦʩʪʴʶ (Lu3+)/ʨʦʚʥʦ ʥʘʧʦʣʦʚʠʥʫ (Gd3+) ʟʘʧʦʣʥʝʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ f-f ʧʝʨʝʭʦʜʳ 
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ʥʝʚʦʟʤʦʞʥʳ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 4f-ʦʨʙʠʪʘʣʠ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩ rʛʘʜʦʣʠʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʣʫʯʘʶʪ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʠʥʦʛʜʘ ʠʟʣʫʯʝʥʠʝ ʜʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ 

ʧʦʜʭʦʜʷʱʠʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʘʤ, ʘ ʵʤʠʩʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʣʠʛʘʥʜʘ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, f-f ʧʝʨʝʭʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʧʨʝʱʝʥʥʳʤ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʠʤ ʤʦʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʧʦʛʣʦʱʝʥʠʷ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʷʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ ʠ ʜʘʣʝʝ ʧʝʨʝʜʘʚʘʪʴ ʵʥʝʨʛʠʶ ʢʘʪʠʦʥʫ ʣʘʥʪʘʥʠʜʘ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʚʝʜʝʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʮʚʝʪʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ 

çʘʥʪʝʥʥʳʤè ʵʬʬʝʢʪʦʤ (ʨʠʩ. 27), ʢʦʪʦʨʳʡ ʦʧʠʩʘʣʠ G.A. Crosby, R.E. Whan ʠ J.J. Freeman ʚ 

1962 ʛʦʜʫ [173]. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ-çʘʥʪʝʥʥè ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʋʌ-ʠʟʣʫʯʝʥʠʷ, ʩʠʣʴʥʳʤʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ. 

 

ʈʠʩʫʥʦʢ 27. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ çʘʥʪʝʥʥʦʛʦè ʵʬʬʝʢʪʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʣʘʥʪʘʥʠʜʦʚ. 

 

ʇʦʜʙʦʨ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ çʘʥʪʝʥʥʳè, ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ ʨʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ ʩ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [174] ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ 1,1,1-ʪʨʠʬʪʦʨ-2,4-ʧʝʥʪʘʜʠʦʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ Pr3+, Nd3+, Sm3+, 

Eu3+, Tb3+, Dy3+, Er3+ ʠ Yb3+, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʣʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʥʝ 

ʪʦʣʴʢʦ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʨʠʩ. 28), ʥʦ ʠ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. 

 

ʈʠʩʫʥʦʢ 28. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ln(III) ʩ 1,1,1-ʪʨʠʬʪʦʨ-2,4-

ʧʝʥʪʘʜʠʦʥʦʤ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ [174]. 
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ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʜʦʙʨʘʪʴ çʘʥʪʝʥʥʫè, ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʫʶ ʩʨʘʟʫ ʜʣʷ ʚʩʝʭ 

ʣʘʥʪʘʥʠʜ-ʠʦʥʦʚ. ʇʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III) ʩ 1,3-ʜʠʬʝʥʠʣ-1,3-ʧʨʦʧʘʥʜʠʦʥʘʪʦʤ (dbm), ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚ ʧ. 1.2.2, 

ʚ ʨʘʙʦʪʝ [140] ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʦʷʚʠʣʠʩʴ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ Eu3+. ʆʪʩʫʪʩʪʚʠʝ ʵʤʠʩʩʠʠ ʫ ʢʦʤʧʣʝʢʩʘ Tb3+ ʩ ʵʪʠʤ 

ʣʠʛʘʥʜʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟʣʫʯʘʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠʦʥʘ ʪʝʨʙʠʷ(III ) 5D4 ʠʤʝʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʫʶ ʞʝ ʵʥʝʨʛʠʶ, ʯʪʦ ʠ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ dbm (ʨʠʩ. 29). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

çʘʥʪʝʥʥʳʡè ʵʬʬʝʢʪ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ. 

 

ʈʠʩʫʥʦʢ 29. ʄʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Eu3+ ʠ Tb3+ ʩ 1,3-ʜʠʬʝʥʠʣ-1,3-

ʧʨʦʧʘʥʜʠʦʥʘʪʦʤ (dbm) [140]. 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʲʝʤʥʳʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʝʨʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʣʠ ʧʦʣʥʦʤʫ 

ʪʫʰʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟ-ʟʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʘʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʋʩʪʨʘʥʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʣʘ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ M.L.P. 

Reddy ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III ) ʩ 1-(4-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣ)-4,4,5,5,5-ʧʝʥʪʘʬʪʦʨ-

ʧʝʥʪʘʥ-1,3-ʜʠʦʥʦʤ (DPPFH). ʀʟʥʘʯʘʣʴʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʝʚʨʦʧʠʷ(III ) ʩ DPPFH 

ʧʦʣʫʯʘʣʩʷ ʢʦʤʧʣʝʢʩ [Eu(DPPF)3(H2O)2], ʢʦʪʦʨʳʡ ʥʝ ʦʙʣʘʜʘʣ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ 4,5-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-9,9-

ʜʠʤʝʪʠʣʢʩʘʥʪʝʥ ʦʢʩʠʜʘ (DDXPO) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ [Eu(DPPF)3(DDXPO)] ʧʨʠʚʦʜʠʣʦ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ (ʧʨʠʤʝʨʥʦ ʚ 2,5 ʨʘʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ 
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ʢʦʤʧʣʝʢʩʫ) ʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ [175]. ɺ ʨʘʙʦʪʝ [176] ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ Eu(III ) ʩ 2,2,6,6-ʪʝʪʨʘʤʝʪʠʣ-3,5-ʛʝʧʪʘʥʜʠʦʥʦʤ (tmhd) ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʢʦʤʧʣʝʢʩ 

[Eu(tmhd)3(H2O)2], ʧʦʩʣʝ ʯʝʛʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʟʘʤʝʱʘʣʠʩʴ ʥʘ ʧʠʨʠʜʠʥ-N-

ʦʢʩʠʜ (PNO) ʠʣʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ ʦʢʩʠʜ (TPPO). ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʠʣʝʥʠʝ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʵʪʦʡ ʩʝʨʠʠ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʷʜʫ H2O < TPPO < PNO (ʨʠʩ. 30).  

 

ʈʠʩʫʥʦʢ 30. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Eu(III) ʩ 2,2,6,6-ʪʝʪʨʘʤʝʪʠʣ-3,5-

ʛʝʧʪʘʥʜʠʦʥʦʤ (tmhd) ʚ ʊɻʌ [176]. 

 

ɺʣʠʷʥʠʝ ʥʘ ʧʨʦʷʚʣʷʝʤʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [177], ʛʜʝ ʩʝʨʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III ) ʠ ʪʝʨʙʠʷ(III ) ʩ 

ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ (hfa) ʩʦʩʪʘʚʘ [Ln(hfa)3(Q)]n ʧʦʣʫʯʝʥʘ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ 

ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ ʢʦʤʧʣʝʢʩʦʚ [Ln(hfa)3(H2O)2] ʠ ʣʠʛʘʥʜʘ Q, ʛʜʝ Q = 1,4-ʜʠʘʮʝʪʠʣʙʝʥʟʦʣ 

(acbz), 1,4-ʜʠʘʮʝʪʦʢʩʠʙʝʥʟʦʣ (acetbz) ʠʣʠ 1,4-ʜʠʤʝʪʠʣʪʝʨʝʬʪʘʣʘʪ (dmtph). ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʠʛʘʥʜʳ 

Q ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ, ʥʦ ʠ ʥʘ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Eu3+ ʠ Tb3+: ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʨʷʜʫ H2O < acbz < acetbz < dmtph. ʂʨʦʤʝ ʪʦʛʦ, ʚʣʠʷʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [130,178ï186]. 

ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʞʝ ʤʦʛʫʪ 

ʩʠʣʴʥʦ ʤʝʥʷʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ çʘʥʪʝʥʥʳè ʧʠʨʘʟʦʣʟʘʤʝʱʝʥʥʳʝ ɓ-ʜʠʢʝʪʦʥʘʪʳ 

ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III ) ʩ ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʛʨʫʧʧʘ ʨʦʩʩʠʡʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʣʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (754 ʤʢʩ, 

ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ) ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ (42%) 

ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ 1-(1,5-ʜʠʤʝʪʠʣ-1H-ʧʠʨʘʟʦʣ-4-ʠʣ)-4,4,4-ʪʨʠʬʪʦʨʙʫʪʘʥ-1,3-

ʜʠʦʥʘ [187,188]. ʅʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ Ln(III ) ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʩʪʨʦʝʥʠʝ ʣʠʛʘʥʜʘ, ʥʦ ʠ ʛʝʦʤʝʪʨʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ [189] ʠʣʠ 
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ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ [123,135,190]. ɺ ʨʘʙʦʪʝ [189] ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʦʚ Eu3+ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʥʦ-ɓ-ʜʠʢʝʪʦʥ ((p-ʤʝʪʦʢʩʠʙʝʥʟʦʠʣ)ʪʨʠʬʪʦʨʘʮʝʪʦʥ) ʠ ʙʠʩ-ɓ-

ʜʠʢʝʪʦʥ (1,2-ʙʠʩ-(4,4ô-ʙʠʩ(4,4,4-ʪʨʠʬʪʦʨʦ-1,3-ʜʠʦʢʩʦʙʫʪʠʣ))ʬʝʥʦʢʩʠʵʪʘʥ). ʂʦʤʧʣʝʢʩ ʥʘ ʦʩʥʦʚʝ 

ʤʦʥʦ-ɓ-ʜʠʢʝʪʦʥʘ ʦʢʘʟʘʣʩʷ ʤʦʥʦʷʜʝʨʥʳʤ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ ʚʦʩʴʤʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʦʙʨʘʟʫʝʪ ʪʨʠʛʦʥʘʣʴʥʳʡ ʜʦʜʝʢʘʵʜʨ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʦʝʜʠʥʝʥʠʝ ʩ ʙʠʩ-ɓ-ʜʠʢʝʪʦʥʦʤ ʦʢʘʟʘʣʦʩʴ ʙʠʷʜʝʨʥʳʤ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʝ (ʨʠʩ. 31). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʫʩʪʘʥʦʚʣʝʥ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʤʦʥʦ-ɓ-ʜʠʢʝʪʦʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʩ-ɓ-ʜʠʢʝʪʦʥʘʪʥʳʤ. ʋʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʤʦʥʦ-ɓ-ʜʠʢʝʪʦʥʘʪʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʩʚʷʟʳʚʘʶʪ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠʦʥʘ Eu(III), ʘ ʪʘʢʞʝ ʩ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʪʦ ʧʦʣʫʯʝʥʥʳʝ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ(III ) 

[123,135,190], ʩʘʤʘʨʠʷ(III ) [135], ʠʪʪʝʨʙʠʷ(III ) [123,135] ʠ ʥʝʦʜʠʤʘ(III ) [123] ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʫʶ ʵʤʠʩʩʠʶ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ [123], ʤʝʪʘʥʦʣʝ [135] ʠʣʠ ʊɻʌ [190]. 

 

ʈʠʩʫʥʦʢ 31. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʜʣʷ Eu(III ) ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʦʛʦ ʜʦʜʝʢʘʵʜʨʘ 

(ʩʣʝʚʘ) ʠ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ (ʩʧʨʘʚʘ) [189]. 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʵʤʠʩʩʠʠ ʚʣʠʷʶʪ ʥʘ ʠʪʦʛʦʚʳʡ ʮʚʝʪ 

ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʚʦʩʧʨʠʷʪʠʝ ʮʚʝʪʘ ʦʜʥʠʤ ʯʝʣʦʚʝʢʦʤ ʤʦʞʝʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʚʦʩʧʨʠʷʪʠʷ 

ʜʨʫʛʦʛʦ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʙʳ ʯʠʩʣʝʥʥʦ 

ʦʧʠʩʳʚʘʣʘ ʚʩʝ ʪʦʥʢʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʮʚʝʪʘ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ 

ʦʩʚʝʱʝʥʠʶ (CIE, ʬʨ. Commission internationale de lË®clairage) ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʪʘʥʜʘʨʪʳ ʚ 

ʦʙʣʘʩʪʠ ʮʚʝʪʘ, ʠʟʣʫʯʝʥʠʷ ʠ ʮʚʝʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʏʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ ʚʦʩʧʨʠʠʤʯʠʚ ʢ ʢʨʘʩʥʦʤʫ 

(R), ʟʝʣʝʥʦʤʫ (G) ʠ ʩʠʥʝʤʫ (B) ʮʚʝʪʫ, ʘ ʣʶʙʦʡ ʮʚʝʪ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʦʤʙʠʥʘʮʠʝʡ ʦʩʥʦʚʥʳʭ 

(R, G, B) ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʚʠʜʝ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʮʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

CIE XYZ 1931 (ʛʦʜ ʨʘʟʨʘʙʦʪʢʠ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʩʝ ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʮʚʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ xy. 

ɻʨʘʥʠʮʝʡ ʵʪʦʡ ʜʠʘʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʚʠʜʠʤʳʡ ʩʧʝʢʪʨ (ʦʪ 380 ʜʦ 700 ʥʤ), ʘ 
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ʪʘʢʞʝ ʧʫʨʧʫʨʥʘʷ ʦʩ,ɹ ʠʜʫʱʘʷ ʦʪ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʢ ʩʠʥʝʤʫ ʯʝʨʝʟ ʬʠʦʣʝʪʦʚʳʡ (ʨʠʩ. 32ʘ). 

ɼʠʘʛʨʘʤʤʘ CIE ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʮʚʝʪʦʚ ʧʦ ʩʧʝʢʪʨʘʤ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʠʟʤʝʥʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪ ʮʚʝʪʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʠʘʛʨʘʤʤʳ 

ʮʚʝʪʥʦʩʪʠ CIE 1931 ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʮʚʝʪʦʚʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ: ʠʟʤʝʥʝʥʠʷ 

ʮʚʝʪʥʦʩʪʠ ʚ ʟʝʣʝʥʦʡ ʯʘʩʪʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʥʝ ʪʘʢ, ʢʘʢ ʚ ʢʨʘʩʥʦʡ ʠʣʠ ʩʠʥʝʡ. ɿʝʣʝʥʳʡ ʮʚʝʪ 

ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʜʠʘʛʨʘʤʤʳ, ʪʦʛʜʘ ʢʘʢ ʢʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʦʙʣʘʩʪʠ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ. 

ʇʦʵʪʦʤʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʮʚʝʪʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʠʥʠʤʠʟʠʨʫʶʪ ʵʪʫ 

ʮʚʝʪʦʚʫʶ ʨʘʟʥʠʮʫ ʠ ʚʳʛʣʷʜʷʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤʠ. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʮʚʝʪʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ CIE LAB, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ 1976 ʛ. (ʨʠʩ. 32ʙ). ʎʚʝʪʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ a* ʠ b*, ʘ ʷʨʢʦʩʪʴ (ʦʩʴ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ) ʢʘʢ L*. ɺ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʭʨʦʤʘʪʠʯʝʩʢʘʷ ʦʩʴ ʘ* ʧʨʦʭʦʜʠʪ ʦʪ ʟʝʣʝʥʦʛʦ (-ʘ*) ʜʦ ʢʨʘʩʥʦʛʦ (+ʘ*) ʮʚʝʪʘ, ʘ ʦʩʴ b* ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʦʪ ʩʠʥʝʛʦ (-b*) ʜʦ ʞʝʣʪʦʛʦ (+b*). ʀʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ (L* ) ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 (ʯʠʩʪʦ 

ʯʝʨʥʳʡ ʮʚʝʪ) ʜʦ 100 (ʨʘʩʩʝʷʥʥʳʡ ʙʝʣʳʡ). ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʦʩʝʡ a* ʠ b* ʧʨʠ L*=50 ̫ ʚʣʷʝʪʩʷ 

ʥʝʡʪʨʘʣʴʥʳʤ ʩʝʨʳʤ ʮʚʝʪʦʤ [10,191ï193]. ʎʚʝʪʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʤʝʥʠʤʳ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʢʘʟʘʪʴ ʜʘʞʝ 

ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʝʨʠʡ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʠʷ(III ) [194], ʩʘʤʘʨʠʷ(III ) [180,181,195] ʠ ʪʝʨʙʠʷ(III ) [182] ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ 

ʵʤʠʩʩʠʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʣʠʛʘʥʜʦʚ ʠʣʠ ʟʘʤʝʩʪʠʪʝʣʝʡ (ʨʠʩ. 32ʚ). 

 

ʘ)     ʙ)     ʚ) 

ʈʠʩʫʥʦʢ 32. ʎʚʝʪʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ CIE XYZ (ʘ) ʠ CIE LAB (ʙ), ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Sm(III ) (ʚ) [181]. 

 

ʇʦʩʢʦʣʴʢʫ ʤʝʭʘʥʠʟʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ çʘʥʪʝʥʥʦʤʫè ʪʠʧʫ, ʪʦ ʚ ʩʣʫʯʘʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ (ʂɺ) ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʬʦʪʦʥʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʣʘʥʪʘʥʠʜʦʤ, ʢ ʯʠʩʣʫ ʬʦʪʦʥʦʚ, ʧʦʛʣʦʱʝʥʥʳʭ ʣʠʛʘʥʜʦʤ 
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ʠ ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʠʤ ʂɺ (• ). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʧʦʥʷʪʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʂɺ (• ), 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʥʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ Ln(III ) ʢ ʢʦʣʠʯʝʩʪʚʫ ʬʦʪʦʥʦʚ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʛʣʦʱʘʝʤʳʭ ʣʘʥʪʘʥʠʜ-ʠʦʥʦʤ (ʯʝʨʝʟ ʦʯʝʥʴ ʩʣʘʙʫʶ f-f ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ). 

ɺʥʫʪʨʝʥʥʠʡ ʂɺ ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʨʶ ʵʥʝʨʛʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʠʷ ʣʠʛʘʥʜʘ (ʦʙʨʘʪʥʳʡ 

ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʦʪ ʣʘʥʪʘʥʠʜʘ(III) ʥʘ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʣʠʛʘʥʜʘ) ʠʣʠ ʷʚʣʝʥʠʷ ʪʫʰʝʥʠʷ. 

ɺʥʫʪʨʝʥʥʠʡ ʂɺ ʩʚʷʟʘʥ ʩ ʦʙʱʠʤ ʂɺ ʯʝʨʝʟ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ (ɖ), ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ 

ʧʨʦʮʝʥʪ ʦʪ ʯʠʩʣʘ ʧʦʛʣʦʱʝʥʥʳʭ ʬʦʪʦʥʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʥʘ ʣʘʥʪʘʥʠʜ-ʠʦʥ: 

• ʂ • . ʆʙʱʠʡ ʂɺ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ, ʦʜʥʘʢʦ ʨʘʟʜʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

•  ʠ ɖ ʥʝ ʪʘʢ ʦʜʥʦʟʥʘʯʥʦ. ɺʥʫʪʨʝʥʥʠʡ ʂɺ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ, ʠʩʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʡ 

ʠʟʤʝʨʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (†̎́̂)̌ ʠ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

(†̉̈)̌: •
̎́̂̌

̉̈̌
. ʈʘʩʯʝʪ †̉̈̌ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʩʦʙʦʛʦ ʩʣʫʯʘʷ ʩ ʠʦʥʦʤ Eu3+, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʝ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʄɼ ʧʝʨʝʭʦʜʘ 5D0Ÿ
7F1, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʊʦʛʜʘ ʜʣʷ ʨʘʩʯʝʪʘ †̉̈̌ ʥʫʞʝʥ ʪʦʣʴʢʦ ʩʧʝʢʪʨ ʵʤʠʩʩʠʠ 

ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʠʥʪʝʛʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ (Ὅ̏̂)̚ ʠ ʧʦʣʦʩʳ 5D0Ÿ
7F1 

ʧʝʨʝʭʦʜʘ (Ὅ̇ )ˑ: 

̉̈̌
ὃ̇ ȟˑ ὲ ̏̂̚

˙ˑ
, 

ʛʜʝ Aʄɼ,0 ʦʪʨʘʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 5D0Ÿ
7F1 ʧʝʨʝʭʦʜʘ ʚ ʚʘʢʫʫʤʝ, ʘ n ï 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ (ʨʘʩʪʚʦʨʠʪʝʣʷ). ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ Aʄɼ,0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 14,65 ʩ
-1 [168,196ï199]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III ) 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʦʮʝʥʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʧʘʨʘʤʝʪʨ 

ʧʦʢʘʟʳʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʚ ʢʘʯʝʩʪʚʝ 

çʘʥʪʝʥʥʳè. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʝʨʠʠ ʨʘʟʥʦʣʠʛʥʘʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Eu3+ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʦʛʦ  

ɓ-ʜʠʢʝʪʦʥʘʪʘ ʠ ʬʝʥʘʪʨʦʣʠʥʘ ʧʦʤʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ •  ʠ †̎́̂̌ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʝ ʚ 4,5 ʨʘʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ 1-(1,5-ʜʠʤʝʪʠʣ-1H-ʧʠʨʘʟʦʣ-4-

ʠʣ)-4,4,4-ʪʨʠʬʪʦʨʙʫʪʘʥ-1,3-ʜʠʦʥʘ. ʇʨʠ ʵʪʦʤ ʟʘʤʝʥʘ ʪʨʠʬʪʦʨʤʝʪʠʣʘ ʥʘ ʝʱʝ ʦʜʠʥ ʧʠʨʘʟʦʣ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʝʨʝʥʦʩʫ ʵʥʝʨʛʠʠ [187]. ɺʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ ʟʥʘʯʝʥʠʝ ɖ 

ʧʦʢʘʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [200] (ʟʘʤʝʥʘ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʪʦʣʠʣʴʥʫʶ) ʠ [201] 

(ʜʦʙʘʚʣʝʥʠʝ ʢʘʨʙʘʟʦʣʴʥʦʡ/ʤʝʪʠʣʢʘʨʙʘʟʦʣʴʥʦʡ ʛʨʫʧʧʳ ʢ 1,3-ʜʠʬʝʥʠʣ-1,3-ʧʨʦʧʘʥʜʠʦʥʫ). ʇʨʠ 

ʵʪʦʤ ʥʘʣʠʯʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠʦʥʘ Eu(III ) ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ 

ʧʘʨʘʤʝʪʨ ɖ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʘʭ [184,202ï205]. 

ʇʦʤʠʤʦ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʧʦʜʭʦʜʘ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʫ ʧʘʨʘʤʝʪʨʘ ɖ [206ï208]: 
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ʂ ̉̈̌

̉̈̌ ̎̆̉̈̌
, 

ʛʜʝ ʧʘʨʘʤʝʪʨʳ Aʠʟʣ ʠ Aʥʝʠʟʣ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʥʝʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʘʪʫʭʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ †̎́̂̌: ὃ̏ ̂̚
̎́̂̌

ὃ̉ ̈̌ ὃ̎ ̆̉̈̌. ʀʟʣʫʯʘʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʜʠʩʢʨʝʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ A0j ʜʣʷ ʚʩʝʭ 

ʧʝʨʝʭʦʜʦʚ 5D0Ÿ
7Fj, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʠʦʥʘ Eu3+. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ὃ ὃ , 

I0j ʠ I01 ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ, ʘ ʟʥʘʯʝʥʠʷ ɜ01 ʠ ɜ0j 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʦʚ 5D0Ÿ
7F1 ʠ 

5D0Ÿ
7F0-3. ʉʢʦʨʦʩʪʴ ʄɼ ʧʝʨʝʭʦʜʘ A01, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʧʨʠʤʝʨʥʘ ʨʘʚʥʘ 50 ʩ-1 

[206,207,209]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ [176], ʧʦʩʚʷʱʝʥʥʦʡ ʢʦʤʧʣʝʢʩʘʤ 

ʝʚʨʦʧʠʷ(III ) ʥʘ ʦʩʥʦʚʝ 2,2,6,6-ʪʝʪʨʘʤʝʪʠʣ-3,5-ʛʝʧʪʘʥʜʠʦʥʘ: ʧʨʠ ʟʘʤʝʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ ʠʣʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ ʦʢʩʠʜ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ɖ. ʊʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʟʘ ʩʯʝʪ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʦʩʪʘʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʦʪʨʘʞʝʥʦ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ 

[210]: ʧʘʨʘʤʝʪʨ ɖ ʨʘʚʝʥ 15% ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Eu(tfaa)3H2O], ʘ ʚ ʩʣʫʯʘʝ [Eu(tfaa)3(bipy)] ï 65% 

(tfaa ï 1,1,1-ʪʨʠʬʪʦʨ-2,4-ʧʝʥʪʘʜʠʦʥ). ʊʘʢʞʝ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʚ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Eu3+ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʮʠʶ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ 

[211,212]. 

 

1.6. ɿʘʢʣʶʯʝʥʠʝ ʢ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʣʘʥʪʘʥʠʜʦʚ, ʧʦʣʫʯʠʚʰʘʷ ʩʚʦʝ 

ʥʘʯʘʣʦ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʦʩʪʘʝʪʩʷ ʰʠʨʦʢʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʭʠʤʠʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ, ʩʪʨʦʝʥʠʶ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ 

ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ 

Google Scholar ʧʦ ʟʘʧʨʦʩʫ çlanthanide complexes luminescenceè ʪʦʣʴʢʦ ʚ 2022 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʦ 

ʙʦʣʴʰʝ 8 ʪʳʩʷʯ ʩʪʘʪʝʡ (ʨʠʩ. 33). ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʤ 

Ln(III) ʥʘ ʦʩʥʦʚʝ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ, ʦʧʠʩʳʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 33. ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ ʧʦ ʧʦʠʩʢʦʚʦʤʫ ʟʘʧʨʦʩʫ çlanthanide complexes 

luminescenceè ʩ 2000 ʧʦ 2022 ʛʦʜ ʩʦʛʣʘʩʥʦ Google Scholar. 

 

ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʧʨʠʤʝʨʳ ʩʪʘʪʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʢʦʤʧʣʝʢʩʳ ʈɿʕ(III ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʝʥʘʤʠʥʦʥʘ/ɓ-ʝʥʘʤʠʥʜʠʦʥʘ, ʢʦʪʦʨʳʝ ʪʝʤ ʚʨʝʤʝʥʝʤ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ 

ʪʦʣʴʢʦ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ln(III ), ʘ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʚʩʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III ) (Eu(III ), Sm(III ), Tb(III ), Dy(III ) 

ʠ Gd(III )) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʣʘʥʪʘʥʠʜʦʚ. 
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 
 

2.1. ʈʝʘʢʪʠʚʳ 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III) ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʝ ʨʝʘʢʪʠʚʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ: ʧʝʥʪʘʛʠʜʨʘʪ ʥʠʪʨʘʪʘ ʪʝʨʙʠʷ(III) 

Tb(NO3)3Ŀ5H2O (99,9%; Sigma-Aldrich), ʧʝʥʪʘʛʠʜʨʘʪ ʥʠʪʨʘʪʘ ʜʠʩʧʨʦʟʠʷ(III) Dy(NO3)3Ŀ5H2O 

(99,9%; Sigma-Aldrich), ʦʢʩʠʜʳ ʝʚʨʦʧʠʷ(III), ʩʘʤʘʨʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III) ʢʚʘʣʠʬʠʢʘʮʠʠ çʭʯè; 

ʵʪʘʥʦʣ-ʨʝʢʪʠʬʠʢʘʪ, ʘʮʝʪʦʥʠʪʨʠʣ 0 çʦʩʯè, ʧʨʦʧʘʥʦʣ-2 çʭʯè, ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ çʭʯè. ɺ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʠʟʚʦʜʥʳʝ ɓ-ʝʥʘʤʠʥʜʠʦʥʘ: 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-

ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ ʠ ʝʛʦ ʤʝʪʦʢʩʠ-, ʤʝʪʠʣ- ʠ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʝ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʜ.ʭ.ʥ. ɼʦʮʝʥʢʦ ɺʠʢʪʦʨʘ ɺʠʢʪʦʨʦʚʠʯʘ ʠʟ ʂʫʙʘʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʂʨʘʩʥʦʜʘʨ). ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ 1. 

 

L1     L2     L3 

 

L4     L5     L6 

 

L7 

ʉʭʝʤʘ 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-

ʜʠʦʥʘ (L1) ʠ ʝʛʦ ʧʘʨʘ- (L2), ʤʝʪʘ- (L3) ʠ ʦʨʪʦ-ʤʝʪʦʢʩʠ- (L4), ʧʘʨʘ-ʤʝʪʠʣ- (L5), ʧʘʨʘ-ʭʣʦʨ- (L6) ʠ 

2-ʤʝʪʠʣ-4-ʭʣʦʨ- (L7) ʧʨʦʠʟʚʦʜʥʳʭ. 

 

2.2. ʆʙʦʨʫʜʦʚʘʥʠʝ 

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

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʥʘ CHNS-ʘʥʘʣʠʟʘʪʦʨʝ vario MICRO cube. ʀʂ-
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ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Scimitar FTS 2000 ʚ ʜʠʘʧʘʟʦʥʝ 4000ï400 ʩʤ-1 ʜʣʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʠ ʚ ʚʘʟʝʣʠʥʦʚʦʤ ʠ 

ʬʪʦʨʠʨʦʚʘʥʥʦʤ ʤʘʩʣʘʭ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Shimadzu XRD-7000 ʠʣʠ Bruker D8 Advance (CuKŬ-ʠʟʣʫʯʝʥʠʝ, ɚ = 1,54056 

¡, Ni ʬʠʣʴʪʨ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ 2ɗ ʦʪ 5 ʜʦ 40Á, ʥʘʢʦʧʣʝʥʠʝ 1 ʩ). ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʧʝʨʝʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʧʪʘʥʘ; ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʥʘʥʦʩʠʣʠ 

ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʩʪʦʨʦʥʫ ʩʪʘʥʜʘʨʪʥʦʡ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʳ; ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʛʝʧʪʘʥʘ 

ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʪʦʥʢʠʡ ʨʦʚʥʳʡ ʩʣʦʡ (ʪʦʣʱʠʥʘ  100 ʤʢʤ). ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) 6-8 ʠ 11-15 ʚʳʧʦʣʥʷʣʠ ʥʘ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʝ NETZSCH 

TG 209 F1 ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʪʠʛʣʷʭ (ʟʘʛʨʫʟʢʘ 7ï13 ʤʛ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 

10 KĿʤʠʥ-1). 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʯʠʩʪʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʳ ʗʄʈ ʧʦʣʫʯʝʥʳ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʦʚ L1-L7 (28 ʤʛ), ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ 

0,6 ʤʣ CDCl3, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ FT-ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance III 500 ʩ ʨʘʙʦʯʠʤʠ 

ʯʘʩʪʦʪʘʤʠ 499,93, 125,71 ʠ 50,66 ʄɻʮ ʜʣʷ ʷʜʝʨ 1H, 13C ʠ 15N ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker D8 Venture, ʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ L3, L6, 3ʘ, 5, 15, 17, 25 ʠ 31 

ï Agilent Xcalibur. ʆʙʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʦʩʥʘʱʝʥʳ ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʩ MoKŬ-

ʠʟʣʫʯʝʥʠʝʤ (ɚ = 0,71073 ¡). ʇʦʧʨʘʚʢʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ SADABS [213] 

ʚ ʩʣʫʯʘʝ Bruker D8 Venture, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Agilent Xcalibur ï ʚ CrysAlisPro [214]. 

ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʷ SHELXTL [215,216] ʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ OLEX2 [217]. ʇʘʨʘʤʝʪʨʳ ʘʪʦʤʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʜʣʷ 

ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʫʪʦʯʥʝʥʳ ʘʥʠʟʦʪʨʦʧʥʦ. ʇʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʨʘʩʩʯʠʪʘʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ 

ʜʝʪʘʣʠ ʫʪʦʯʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ1. 

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

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Amsterdam Density Functional (ADF2020) 

[218]. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʦʙʱʝʥʥʦ-ʛʨʘʜʠʝʥʪʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ (GGA), ʬʫʥʢʮʠʦʥʘʣ 

ʧʣʦʪʥʦʩʪʠ BLYP (Becke-Lee-Yang-Parr) [219,220] ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʪʦʤʥʳʤ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ 

TZ2P [221]. ɼʝʪʘʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʣʠʛʘʥʜʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ DFT-ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ɺɿʄʆ ʠ 

ʅɺʄʆ (ʚʳʩʘh ̫ ʟʘʥʷʪʘʷ ʠ ʥʠʟʰʘʷ ʚʘʢʘʥʪʥʘʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ 

ʵʥʝʨʛʠʷʭ ʩʠʥʛʣʝʪʥʦʛʦ ʠ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷʭ ʣʠʛʘʥʜʦʚ. 
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ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-3101PC (ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʦʪ 240 ʜʦ 

800 ʥʤ, ʰʠʨʠʥʘ ʱʝʣʠ 5 ʥʤ). ʊʦʯʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ ʦʩʠ ʜʣʠʥ ʚʦʣʥ ʨʘʚʥʘ Ñ 0,3 ʥʤ ʜʣʷ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʦʚ, ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʩʝʷʥʥʳʤ 

ʩʚʝʪʦʤ, ʩʦʩʪʘʚʣʷʣʠ 0,01 %. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʧʨʠʤʝʥʷʣʩʷ ʩʫʣʴʬʠʜ ʙʘʨʠʷ. ʉʧʝʢʪʨʳ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʝʜʠʥʠʮʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ FLSP920 (Edinburg 

Instruments), ʢʦʪʦʨʳʡ ʦʩʥʘʱʝʥ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ ʠ ʜʠʦʜʥʳʤ ʣʘʟʝʨʦʤ EPL-375. ɺʩʝ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʩʝʥʦʥʦʚʫ  ʁʣʘʤʧʫ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʠʥʝʪʠʢʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʠʛʘʥʜʘ ï ʜʠʦʜʥʳʡ ʣʘʟʝʨ EPL-375 (Edinburg Instruments, 

ɚex = 375 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 70 ʧʩ). ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ űʥʘʙʣ 

ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʳ Quanta-ű ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Fluorolog 3 (Horiba Jobin 

Yvon), ʦʩʥʘʱʝʥʥʦʤ ʦʭʣʘʞʜʘʝʤʳʤ ʤʦʜʫʣʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʦʚ PC177CE-010 ʩ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ R2658. ʂʠʥʝʪʠʢʫ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʪʘʢʞʝ ʥʘ ʧʨʠʙʦʨʝ Fluorolog 3. ʌʦʩʬʦʨʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ(III ) 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ 77 ʂ ʩ ʟʘʜʝʨʞʢʦʡ ʠʤʧʫʣʴʩʘ 0,30 ʤʩ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 5 (ɚEx = 390 ʥʤ), 0,10 ʤʩ 

ʜʣʷ 15 (ɚEx = 375 ʥʤ) ʠ 0,15 ʤʩ ʜʣʷ 20 (ɚEx = 420 ʥʤ), 25 (ɚEx = 410 ʥʤ) ʠ 30 (ɚEx = 390 ʥʤ). ɼʣʷ 

ʢʦʤʧʣʝʢʩʘ 10 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʥʝ ʫʜʘʣʦʩʴ. 

 

2.3. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 

ʉʠʥʪʝʟ Eu(NO3)3Ŀ6H2O. ʅʠʪʨʘʪ ʝʚʨʦʧʠʷ(III ) ʧʦʣʫʯʘʣʠ ʠʟ ʦʢʩʠʜʘ ʝʚʨʦʧʠʷ Eu2O3 ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ: 

Eu2O3 + 6HNO3 Ÿ 2Eu(NO3)3 + 3H2O. 

ʂʦʣʠʯʝʩʪʚʦ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:6 ʩ ʥʝʙʦʣʴʰʠʤ ( 5%) 

ʠʟʙʳʪʢʦʤ (0,068 ʤʦʣʴ, 3,1 ʤʣ). ʇʦʩʣʝ ʯʝʛʦ ʛʦʪʦʚʠʣʠ ʩʤʝʩʴ HNO3+H2O (1:1). 

ʂ ʥʘʚʝʩʢʝ ʦʢʩʠʜʘ ʝʚʨʦʧʠʷ(III ) (3,8 ʛ., 0,011 ʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ 6,2 ʤʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (1:1) ʠ ʦʩʪʘʚʣʷʣʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ Eu2O3. 

ʇʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʣʠʚʘʣʠ ʚ ʚʳʧʘʨʠʪʝʣʴʥʫʶ ʯʘʰʫ ʠ ʧʦʤʝʱʘʣʠ ʥʘ ʚʦʜʷʥʫʶ ʙʘʥʶ. 

ʋʧʘʨʠʚʘʣʠ ʨʘʩʪʚʦʨ ʜʦ ʩʠʨʦʧʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʝ (5,0 ʤʣ) ʠ ʩʫʰʠʣʠ 

ʧʦʣʫʯʠʚʰʠʡʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ ʚ ʵʢʩʠʢʘʪʦʨʝ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ï 83% (6,0 ʛ.). 

ʇʦ ʜʘʥʥʳʤ ʊɻ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʘʷ ʩʦʣʴ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʛʠʜʨʘʪʦʤ. ʀʟʤʝʨʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 
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ʧʣʘʚʣʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʯʠʩʪʦʪʫ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ: Tʧʣ. (ʪʝʦʨ.) = 85ÁC, Tʧʣ. (ʵʢʩʧ.) = 86ÁC. 

ʉʠʥʪʝʟ Sm(NO3)3Ŀ6H2O. ʅʠʪʨʘʪ ʩʘʤʘʨʠʷ(III ) ʧʦʣʫʯʘʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ. ʅʘʚʝʩʢʘ 

ʦʢʩʠʜʘ ʩʘʤʘʨʠʷ Sm2O3 ʨʘʚʥʘ 6,0 ʛ. (0,017 ʤʦʣʴ), ʦʙʲʝʤ HNO3ʢʦʥʮ ʨʘʚʝʥ 8,0 ʤʣ (0,11 ʤʦʣʴ), ʦʙʲʝʤ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (1:1) ï 16 ʤʣ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ï 88% (10,4 ʛ.). ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ: 

Tʧʣ. (ʪʝʦʨ.) = 78ÁC, Tʧʣ. (ʵʢʩʧ.) = 80ÁC. 

ʉʠʥʪʝʟ Gd(NO3)3Ŀ6H2O. ʅʠʪʨʘʪ ʛʘʜʦʣʠʥʠʷ(III ) ʧʦʣʫʯʘʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ. 

ʅʘʚʝʩʢʘ ʦʢʩʠʜʘ ʩʘʤʘʨʠʷ Gd2O3 ʨʘʚʥʘ 5,0 ʛ. (0,014 ʤʦʣʴ), ʦʙʲʝʤ HNO3ʢʦʥʮ ʨʘʚʝʥ 6,0 ʤʣ (0,085 

ʤʦʣʴ), ʦʙʲʝʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (1:1) ï 12 ʤʣ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ï 85% (9,1 ʛ.). ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ: Tʧʣ. (ʪʝʦʨ.) = 91-92ÁC, Tʧʣ. (ʵʢʩʧ.) = 93ÁC. 

ʉʠʥʪʝʟ 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʘ ʠ ʝʛʦ ʤʝʪʦʢʩʠ-, 

ʤʝʪʠʣ- ʠ ʭʣʦʨʦʧʨʦʠʟʚʦʜʥʳʭ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʤʝʜʦʥʘ, ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʘ ʠ 

ʘʥʠʣʠʥʘ (ʘʥʠʟʠʜʠʥʘ, 4-ʭʣʦʨʘʥʠʣʠʥʘ ʠʣʠ ʧʘʨʘ-ʪʦʣʫʠʜʠʥʘ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʤʝʩʠ ʵʪʠʣʘʮʝʪʘʪ : ʧʝʪʨʦʣʝʡʥʳʡ ʵʬʠʨ, ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ 70-90% [153,154,222,223]. 

L 1. 1H ʗʄʈ (500 ʄɻʮ, CDCl3) ŭ 1,02 (s, 6H, CH3), 2,35 (s, 2H, 4-CH2), 2,39 (s, 2H, 6-CH2), 

7,17 (t, 1H, J = 7,1 ɻʮ, p-Ph), 7,20 (d, 2H, J = 8,2 ɻʮ, o-Ph), 7,34 (t, 1H, m-Ph), 8,54 (d, 1H, J = 13,5 

ɻʮ, 2-CH), 12,79 (br. d, 1H, NH). 

13C ʗʄʈ (126 ʄɻʮ, CDCl3) ŭ 28,62 (CH3), 31,13 (5-C), 51,35 (4-C), 51,68 (6-C), 108,94 (1-C), 

118,17 (o-Ph), 126,40 (p-Ph), 129,96 (m-Ph), 138,55 (i-Ph), 150,41 (2-C), 196,05 (3-C), 199,81 (7-C). 

15N ʗʄʈ (51 ʄɻʮ, HCONH2) ŭ 141,0. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3247-3154 ɜ(NH); 2956-2866 ɜ(CH2, CH3); 1460-1411 ŭ(CH2, CH3); 1673, 

1592, 1580 ɜ(C=O); 3095-3047 Rʢʦʣʝʮ. 

 

ʉʭʝʤʘ 2. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʣʠʛʘʥʜʘ L1. 

 

L 2. 1H ʗʄʈ (500 ʄɻʮ, CDCl3) ŭ 1,04 (s, 6H, CH3), 2,35 (s, 2H, 4-CH2), 2,39 (s, 2H, 6-CH2), 

3,76 (s, 3H, O-CH3), 6,87 (d, 2H, J = 8,9 ɻʮ, 3ǋ-CH), 7,14 (d, 2H, 2ǋ-CH), 8,46 (d, 1H, J = 13,7 ɻʮ, 2-

CH), 12,86 (br, d, 1H, NH). 

13C ʗʄʈ (126 ʄɻʮ, CDCl3) ŭ 28,67 (CH3), 31,29 (5-C), 51,34 (4-C), 51,64 (6-C), 55,67 (O-CH3), 

108,55 (1-C), 115,20 (3ǋ -C), 119,70 (2ǋ -C), 131,80 (1ǋ -C), 150,66 (2-C), 158,33 (4ǋ -C), 196,26 (3-C;  
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2JCH = 6,4 ɻʮ, 3Jcis-CH, = 2,7 ɻʮ), 199,70 (7-C; 2JCH = 3Jtrans-CH, = 6,4 ɻʮ). 

15N ʗʄʈ (51 ʄɻʮ, HCONH2) ŭ 138,0 (1JNH = 88 ɻʮ). 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3224-3101 ɜ(NH); 3056, 2995, 2965, 2951, 2932, 2887, 2866, 2835 ɜ(CH2, 

CH3); 1477ï1429, 1377, 1313, 1209, 1122 ŭ(CH2, CH3); 1655, 1594, 1576 ɜ(C=O); 1520, 1508, 1489, 

1418, 1275, 1254, 1182, 1134, 1028 Rʢʦʣʝʮ. 

 

ʉʭʝʤʘ 3. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʣʠʛʘʥʜʘ L2. 

 

L 3. 1H ʗʄʈ (500 ʄɻʮ, CDCl3) ŭ 1,07 (s, 6H, CH3), 2,39 (s, 2H, 4-CH2), 2,44 (s, 2H, 6-CH2), 

3,81 (s, 3H, O-CH3), 6,75 (s, 1H, 2ǋ-CH), 6,75ï6,78 (m, 1H, 4ǋ-CH), 6,80ï6,86 (m, 1H, 6ǋ-CH), 7,25ï

7,31 (m, 1H, 5ǋ-CH), 8,56 (d, 1H, J = 13,7 ɻʮ, 2-CH), 12,81 (br, d, 1H, NH). 

13C ʗʄʈ (126 ʄɻʮ, CDCl3) ŭ 28,72 (CH3), 31,29 (5-C), 51,50 (4-C), 51,86 (6-C), 55,69 (O-CH3), 

104,08 (2ǋ-C), 109,05 (1-C), 110,56 (6ǋ-C), 112,37 (4ǋ-C), 130,96 (5ǋ-C), 139,82 (1ǋ-C), 150,54 (2-C), 

161,14 (3ǋ-C), 196,38 (3-C; 2JCH = 6,2 ɻʮ, 3Jcis-CH, = 3,3 ɻʮ), 200,10 (7-C; 2JCH = 3Jtrans-CH, = 6,6 ɻʮ). 

15N ʗʄʈ (51 ʄɻʮ, HCONH2) ŭ 141,2 (1JNH = 88 ɻʮ). 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 2924 ɜ(NH); 3185-3153, 3140, 3111, 3088, 2955, 2868, 2853 ɜ(CH2, CH3); 

1302, 1244, 1200, 1120, 1049-1001, 972, 918, 891, 864, 771, 723, 625, 478-420 ŭ(CH2, CH3); 1670, 

1614, 1578 ɜ(C=O); 1561, 1273, 1155, 1120, 1049-1001, 891, 842, 723, 688, 594, 478-420, 412 Rʢʦʣʝʮ. 

 

ʉʭʝʤʘ 4. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʣʠʛʘʥʜʘ L3. 

 

L 4. 1H ʗʄʈ (500 ʄɻʮ, CDCl3) ŭ 1,03 (s, 6H, CH3), 2,36 (s, 2H, 4-CH2), 2,41 (s, 2H, 6-CH2) 

,3,90 (s, 3H, O-CH3), 6,90 (dd, 1H, 3J = 8,2 ɻʮ, 4J = 1,1 ɻʮ, 3ô-CH), 6,94 (td, 1H, 3J = 7,8 ɻʮ, 4J = 1,1 

ɻʮ, 5ô-CH), 7,12 (td, 1H, 3J = 8,0 ɻʮ, 4J = 1,4 ɻʮ, 4ô-CH), 7,33 (dd, 1H, 3J = 8,0 ɻʮ, 4J = 1,4 ɻʮ, 6ô-

CH), 8,57 (d, 1H, J = 14,0 ɻʮ, 2-CH), 12,96 (br, d, 1H, NH). 
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13C ʗʄʈ (126 ʄɻʮ, CDCl3) ŭ 28,67 (CH3), 31,20 (5-C), 51,43 (4-C), 51,76 (6-C), 56,11 (O-CH3), 

109,21 (1-C), 111,59 (3ô-C), 115,56 (6ô-C), 121,40 (5ô-C), 126,76 (4ô-C), 127,85 (1ô-C), 148,86 (2-C), 

149,65 (2ô-C), 196,39 (3-C; 2JCH = 6,4 ɻʮ, 3Jcis-CH, = 3,2 ɻʮ), 199,55 (7-C; 2JCH = 3Jtrans-CH, = 6,4 ɻʮ). 

15N ʗʄʈ (51 ʄɻʮ, HCONH2) ŭ 133,2 (1JNH = 91 ɻʮ). 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3067-3022 ɜ(NH); 2955, 2926, 2870, 2853 ɜ(CH2, CH3); 1462, 1377, 1304, 

1250, 1180, 1022, 974, 891, 771-702 ŭ(CH2, CH3); 1664, 1614, 1591, 1574 ɜ(C=O); 1556, 1277, 

1160-1107, 1076, 854, 771-702 Rʢʦʣʝʮ. 

 

ʉʭʝʤʘ 5. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʣʠʛʘʥʜʘ L4. 

 

L 5. 1H ʗʄʈ (500 ʄɻʮ, CHCl3) ŭ 1,06 (s, 6H, CH3), 2,32 (s, 3H, Ph-CH3),2,38 (s, 2H, 4-CH2), 

2,42 (s, 2H, 6-CH2), 7,12 (d, 21H, 3J = 8,3 ɻʮ, 2ô,6ô-H), 7,18 (d, 2H, 3ô,5ô-H), 8,55 (d, 2H, J = 13,7 ɻʮ, 

2-CH), 12,84 (br, d, 1H, NH). 

13C ʗʄʈ (126 ʄɻʮ, CHCl3) ŭ 21,03 (Ph-CH3), 28,69 (5-CH3), 31,27 (5-C), 51,41 (4-C), 51,74 (6-C), 

108,75 (1-C), 118,17 (2ô,6ô-C), 130,59 (3ô,5ô-C), 136,12 (1ô-C), 136,60 (4ô-C), 150,55 (2-C), 196,34 

(3-C; 2JCH = 6,03 ɻʮ, 3Jcis-CH, = 3,1 ɻʮ), 199,87 (7-C; 2JCH å 3Jtrans-CH, å 6,5 ɻʮ). 

15N ʗʄʈ (51 ʄɻʮ, HCONH2) ŭ 141,47 (1JNH = 88ɻʮ). 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3223-3173 ɜ(NH); 3100, 3067, 3036, 3019, 2957, 2936, 2885, 2868 ɜ(CH2, 

CH3); 1438, 1389, 1317, 1215, 1188, 1014, 980, 824 ŭ(CH2, CH3); 1666, 1612, 1593, 1576 ɜ(C=O); 

1519, 1414, 1273, 1252, 1153, 1132, 1040, 856 Rʢʦʣʝʮ. 

 

ʉʭʝʤʘ 6. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʣʠʛʘʥʜʘ L5. 

L 6. 1H ʗʄʈ (500 ʄɻʮ, CDCl3) ŭ 1,04 (s, 6H, CH3), 2,37 (s, 2H, 4-CH2), 2,41 (s, 2H, 6-CH2) 

,7,15 (d, 2H, J = 8,8 ɻʮ, 2ô-CH), 7,33 (d, 2H, 3ô-CH), 8,48 (d, 1H, J = 13,5 ɻʮ, 2-CH), 12,8 (br, d, 1H, 

NH). 
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13C ʗʄʈ (126 ʄɻʮ, CDCl3) ŭ 28,64 (CH3), 31,20 (5-C), 51,40 (4-C), 51,76 (6-C), 109,22 (1-C), 

119,40 (2ô-C), 130,16 (3ô-C), 131,88 (4ô-C), 137,25 (1ô-C), 150,24 (2-C), 196,21 (3-C; 2JCH = 6 ɻʮ, 

3Jcis-CH, = 3 ɻʮ), 200,19 (7-C; 2JCH = 3Jtrans-CH, = 6,4 ɻʮ). 

15N ʗʄʈ (51 ʄɻʮ, HCONH2) ŭ 138,0 (1JNH = 90 ɻʮ). 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3236-3161 ɜ(NH); 2957, 2924, 2868, 2853 ɜ(CH2, CH3); 1477-1431, 1408, 1377, 

1211, 1188-1124, 1030, 974, 831 ŭ(CH2, CH3); 1653, 1616, 1593, 1576 ɜ(C=O); 1558, 1317-1246, 

1188-1124, 1078, 864 Rʢʦʣʝʮ. 

 

ʉʭʝʤʘ 7. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʣʠʛʘʥʜʘ L6. 

 

L 7. 1H ʗʄʈ (500 ʄɻʮ, CHCl3) ŭ 1,06 (s, 6H, CH3), 2,35 (s, 3H, 2ô-CH3), 2,38 (s, 2H, 4-CH2), 

2,44 (s, 2H, 6-CH2), 7,20 (s, 1H, 3ô-H), 7,21 (d, 1H, J = 8,5 ɻʮ, 5ô-H), 7,26 (d, 1H, 6ô-H), 8,53 (d, 2H, 

J = 13,1 ɻʮ, 2-CH), 13,03 (br, d, 1H, NH). 

13C ʗʄʈ (126 ʄɻʮ, CHCl3) ŭ 17,54 (2ô-CH3), 28,72 (5-CH3), 31,32 (5-C), 51,46 (4-C), 51,75 (6-C), 

109,54 (1-C), 117,50 (6ô-C), 127,75 (5ô-C), 130,03 (2ô-C), 131,34 (3ô-C), 131,67 (4ô-C), (4ô-C), 

136,04 (1ô-C), 150,45 (2-C), 196,24 (3-C; 2JCH = 6,2 ɻʮ, 3Jcis-CH, = 3,5 ɻʮ), 200,32 (7-C; 2JCH å 3Jtrans-

CH, å 6,4 ɻʮ).  

15N ʗʄʈ (51 ʄɻʮ, HCONH2) ŭ 136,95 (1JNH = 88.1 ɻʮ). 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3120-3017 ɜ(NH); 2955, 2932, 2880, 2868 ɜ(CH2, CH3); 1454, 1431, 1385, 

1367, 1310, 1267, 1250, 1200, 1172, 1026, 976, 883, 764 ŭ(CH2, CH3); 1668, 1614, 1587, 1568 

ɜ(C=O); 1286, 1155, 1139, 1124, 1094, 862, 710 Rʢʦʣʝʮ. 

 

ʉʭʝʤʘ 8. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʣʠʛʘʥʜʘ L7. 



49 

ʉʠʥʪʝʟ [Eu(L1)2(NO3)3] (1). ʃʠʛʘʥʜ (0,20 ʤʤʦʣʴ, 0,049 ʛ), ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

(3,0 ʤʣ), ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʢ ʨʘʩʪʚʦʨʫ Eu(NO3)3ẗ6H2O 

(0,10 ʤʤʦʣʴ, 0,045 ʛ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (3,0 ʤʣ). ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʦʙʲʝʤʘ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  60 ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʝʣʳʡ 

ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ 1 ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,053 ʛ (65 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ C30H34N5O13Eu: C 43,7, H 4,2, N 8,5; ʥʘʡʜʝʥʦ: C 43,5, H 4,3, N 8,5.  

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3235-3179 ɜ(NH); 2955-2869 ɜ(CH2, CH3); 1463-1420 ŭ(CH2, CH3); 1659, 

1601, 1549 ɜ(C=O); 3055, 3019 Rʢʦʣʝʮ; 1377, 836 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Eu(L1)2(H2O)(NO3)3] (1ʘ). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 2,0 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʣʠʛʘʥʜ (0,20 

ʤʤʦʣʴ, 0,049 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ Eu(NO3)3Ŀ6H2O (0,10 ʤʤʦʣʴ, 0,046 ʛ) 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (1,0 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʭʣʘʞʜʘʣʠ ʜʦ  4ÁC. ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 1ʘ. 

ɺʳʭʦʜ: 0,047 ʛ (60%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H36N5O14Eu: C 42,8, H 4,3, 

N 8,3; ʥʘʡʜʝʥʦ: C 41,0, H 4,3, N 8,2. 

ʉʠʥʪʝʟ [Sm(L 1)2(NO3)3] (2). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 3,0 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʣʠʛʘʥʜ (0,20 ʤʤʦʣʴ, 

0,049 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ Sm(NO3)3Ŀ6H2O (0,10 ʤʤʦʣʴ, 0,045 ʛ) 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (3,0 ʤʣ). ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʥʘ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  60 ÁC. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ 2 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,061 ʛ (74 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H34N5O13Sm: 

C 43,8, H 4,2, N 8,5; ʥʘʡʜʝʥʦ: C 42,6, H 4,2, N 8,4.  

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3235-3177 ɜ(NH); 2955-2869 ɜ(CH2, CH3); 1462-1415 ŭ(CH2, CH3); 1658, 

1602,1548 ɜ(C=O); 3057, 3019 Rʢʦʣʝʮ; 1377, 835 ɜ(NO3
ï). 

ʇʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 2 ʠʟ ʵʪʘʥʦʣʘ ʚʳʜʝʣʝʥʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ [Sm(L1)2(EtOH)(NO3)3]n (2a). 

ʉʠʥʪʝʟ [Tb(L1)2(NO3)3] (3). ʃʠʛʘʥʜ (1,0 ʤʤʦʣʴ, 0,24 ʛ), ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

(4 ,0ʤʣ), ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ Tb(NO3)3ẗ5H2O (0,50 ʤʤʦʣʴ, 0,22 ʛ) 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (2,0 ʤʣ). ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʥʘ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  60 ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ 3 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,27 ʛ (65 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H34N5O13Tb: 

C 43,3, H 4,1, N 8,4; ʥʘʡʜʝʥʦ: C 42,7, H 4,2, N 8,5.  
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ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3238-3175 ɜ(NH); 2953-2874 ɜ(CH2, CH3); 1462-1420 ŭ(CH2, CH3); 1658, 

1600, 1548 ɜ(C=O); 3056, 3018 Rʢʦʣʝʮ; 1378, 835 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Tb(L1)2(H2O)(NO3)3] (3ʘ). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 2,0 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʣʠʛʘʥʜ (0,20 

ʤʤʦʣʴ, 0,049 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ Tb(NO3)3Ŀ5H2O (0,10 ʤʤʦʣʴ, 0,043 ʛ) 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (1,0 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʭʣʘʞʜʘʣʠ ʜʦ  4ÁC. ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 3ʘ. 

ɺʳʭʦʜ: 0,054 ʛ (63%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H36N5O14Tb: C 42,4, H 4,3, 

N 8,2; ʥʘʡʜʝʥʦ: C 41,2, H 4,3, N 8,3. 

ʉʠʥʪʝʟ [Dy(L 1)2(H2O)(NO3)3] (4). ʂ ʨʘʩʪʚʦʨʫ Dy(NO3)3ẗ5H2O (0,10 ʤʤʦʣʴ, 0,044 ʛ) 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (3,0 ʤʣ) ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʘ (0,20 ʤʤʦʣʴ, 0,049 ʛ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (3,0 

ʤʣ). ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  60ÁC. 

ʆʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ  4ÁC ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʚʝʪʣʦ-ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 4, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,055 ʛ (66 %). ʕʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H36N5O14Dy: C 42,2, H 4,2, N 8,2; ʥʘʡʜʝʥʦ: C 42,5, H 4,2, N 8,3. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3377 ɜ(H2O); 3230-3181 ɜ(NH); 2960-2870 ɜ(CH2, CH3); 1463-1408 ŭ(CH2, 

CH3); 1657, 1601, 1544 ɜ(C=O); 3078-3051 Rʢʦʣʝʮ; 1377, 831 ɜ(NO3
ï); 3402-3318 ɜ(OH)ʚʦʜʳ. 

ʉʠʥʪʝʟ [Gd(L 1)2(H2O)(NO3)3] (5). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 4,0 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʣʠʛʘʥʜ (1,0 ʤʤʦʣʴ, 

0,24 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ Gd(NO3)3Ŀ6H2O (0,50 ʤʤʦʣʴ, 0,22 ʛ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

(1,0 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʠ 

ʜʦ  4ÁC. ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 5. ɺʳʭʦʜ: 

0,17 ʛ (40%). 

ʂʦʤʧʣʝʢʩ 5 ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʣʠʛʘʥʜʘ (1,0 ʤʤʦʣʴ, 0,24 ʛ), 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ (3,0 ʤʣ) ʩ ʠʟʦʧʨʦʧʘʥʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ (2,5 ʤʣ) 

Gd(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 0,22 ʛ). ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, 

ʧʦʩʣʝ ʦʭʣʘʞʜʘʣʠ ʜʦ  4ÁC. ɺ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ 5. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,36 ʛ (86%). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H36N5O14Gd: C 42,5, H 4,3, N 8,2; ʥʘʡʜʝʥʦ: C 41,9, 

H 4,2, N 8,3. ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3360 ɜ(H2O); 3238-3175 ɜ(NH); 2953-2874 ɜ(CH2, CH3); 1463-

1408 ŭ(CH2, CH3); 1655, 1605, 1544 ɜ(C=O); 3078-3051 Rʢʦʣʝʮ; 1377, 831 ɜ(NO3
ï); 3402-3318 

ɜ(OH)ʚʦʜʳ. 
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ʉʠʥʪʝʟ [Eu(L 2)2(NO3)3]n (6). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ ʵʪʘʥʦʣʝ ʣʠʛʘʥʜ (1,0 ʤʤʦʣʴ, 0,27 ʛ) ʜʦʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (3,0 ʤʣ) Eu(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 0,22 ʛ). 

ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 80ÁC. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʙʝʣʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ 6 ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʘʜʢʘ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ 

ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  4ÁC, ʯʝʨʝʟ ʥʝʜʝʣʶ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʚʝʪʣʦ-ʞʝʣʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 6, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʭʦʜ: 0,31 ʛ (70%). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O15Eu: C 43,4, H 4,3, N 7,9; ʥʘʡʜʝʥʦ: C 43,2, 

H 4,3, N 7,7. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3267ï3172 ɜ(NH); 3078, 3028, 2999, 2963, 2951, 2928, 2901, 2882, 2860, 2831 

ɜ(CH2, CH3); 1491ï1421, 1377, 1306, 1209, 1122 ŭ(CH2, CH3); 1661, 1560 ɜ(C=O); 1514, 1489, 

1418, 1271, 1248, 1171, 1134, 1030 Rʢʦʣʝʮ; 1344, 812 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Sm(L 2)2(NO3)3]n (7). ʕʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ (3,0 ʤʣ) ʣʠʛʘʥʜʘ (0,10 ʤʤʦʣʴ, 0,028 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʢ ʨʘʩʪʚʦʨʫ Sm(NO3)3ẗ6H2O (0,050 ʤʤʦʣʴ, 

0,023 ʛ) ʚ ʵʪʘʥʦʣʝ (2,0 ʤʣ). ʇʨʠ ʫʧʘʨʠʚʘʥʠʠ ʠʟʙʳʪʢʘ ʵʪʘʥʦʣʘ ʜʦ İ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 80ÁC ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ 

ʦʭʣʘʜʠʣʠ ʩʥʘʯʘʣʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʧʦʩʣʝ ʜʦ  4ÁC, ʧʦʩʣʝ ʯʝʛʦ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʦʙʨʘʟʦʚʘʣʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ 7, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ 

ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʧʦʩʣʝ 

ʫʜʘʣʝʥʠʷ ʦʩʘʜʢʘ ʦʩʪʘʚʣʷʣʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  4ÁC, ʯʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʚʝʪʣʦ-ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʭʦʜ: 

0,031 ʛ (72%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O15Sm: C 43,5, H 4,3, N 7,9; 

ʥʘʡʜʝʥʦ: C 43,1, H 4,1, N 7,7. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3267ï3177 ɜ(NH); 3080, 3024, 2999, 2962, 2953, 2928, 2903, 2872, 2858, 2831 

ɜ(CH2, CH3); 1481ï1429, 1377, 1304, 1211, 1122 ŭ(CH2, CH3); 1657, 1555 ɜ(C=O); 1516, 1489, 

1423, 1273, 1248, 1173, 1136, 1032 Rʢʦʣʝʮ; 1344, 814 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Tb(L2)2(NO3)3]n (8). ʕʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ (3,0 ʤʣ) ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʢ ʨʘʩʪʚʦʨʫ Tb(NO3)3ẗ5H2O (0,50 ʤʤʦʣʴ, 

0,22 ʛ) ʚ ʵʪʘʥʦʣʝ (2,0 ʤʣ). ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

~ 80ÁC. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ 8 ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʦʩʘʜʢʘ 

ʦʩʪʘʚʣʷʣʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  4ÁC, ʯʝʨʝʟ ʥʝʜʝʣʶ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʚʝʪʣʦ-

ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʭʦʜ: 0,18 ʛ (82 %). 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O15Tb: C 43,1, H 4,3, N 7,9; ʥʘʡʜʝʥʦ: C 42,4, 

H 4,0, N 7,9.  

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3262ï3177 ɜ(NH); 3076, 3024, 3001, 2963, 2951, 2936, 2905, 2883, 2868, 2831 

ɜ(CH2, CH3); 1477ï1429, 1377, 1304, 1211, 1122 ŭ(CH2, CH3); 1659, 1553 ɜ(C=O); 1514, 1485, 

1418, 1269, 1246, 1171, 1134, 1032 Rʢʦʣʝʮ; 1339, 812 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Dy(L 2)2(NO3)3]n (9). ʕʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ (4,0 ʤʣ) ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʢ ʨʘʩʪʚʦʨʫ Dy(NO3)3ẗ5H2O (0,50 ʤʤʦʣʴ, 

0,22 ʛ) ʚ ʵʪʘʥʦʣʝ (2,0 ʤʣ). ʇʨʠ ʫʧʘʨʠʚʘʥʠʠ ʠʟʙʳʪʢʘ ʵʪʘʥʦʣʘ ʜʦ İ ʦʙʲʝʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

~ 80ÁC ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ 

ʩʥʘʯʘʣʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʧʦʩʣʝ ʜʦ  4ÁC. ʏʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʚʝʪʣʦ-

ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 9, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ 

ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,19 ʛ (86%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ C32H38N5O15Dy: C 43,0, H 4,3, N 7,8; ʥʘʡʜʝʥʦ: C 43,9, H 4,0, N 7,3.  

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3264ï3172 ɜ(NH); 3075, 3025, 3001, 2964, 2951, 2938, 2906, 2280, 2866, 2830 

ɜ(CH2, CH3); 1481ï1429, 1376, 1308, 1211, 1124 ŭ(CH2, CH3); 1658, 1554 ɜ(C=O); 1515, 1485, 

1420, 1268, 1248, 1170, 1135, 1032 Rʢʦʣʝʮ; 1342, 815 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Gd(L 2)2(NO3)3]n (10). ʃʠʛʘʥʜ (0,50 ʤʤʦʣʴ, 0,14 ʛ), ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʭʣʦʨʠʩʪʦʤ 

ʤʝʪʠʣʝʥʝ (3,5 ʤʣ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʠʟʦʧʨʦʧʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (2,0 ʤʣ) 

Gd(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 0,22 ʛ). ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, 

ʧʦʩʣʝ ʦʭʣʘʞʜʘʣʠ ʜʦ ʜʦ  4ÁC. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ ʦʙʨʘʟʦʚʘʣʩʷ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ 10 ʞʝʣʪʦʛʦ 

ʮʚʝʪʘ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,21 ʛ (95%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ C32H38N5O15Gd: C 43,2, H 4,3, N 7,9; ʥʘʡʜʝʥʦ: C 43,1, H 4,0, N 7,8.  

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3254ï3159 ɜ(NH); 3075, 3026, 2999, 2963, 2951, 2934, 2901, 2883, 2868, 2829 

ɜ(CH2, CH3); 1479ï1431, 1377, 1302, 1211, 1121 ŭ(CH2, CH3); 1659, 1555 ɜ(C=O); 1516, 1421, 

1273, 1246, 1171, 1134, 1032 Rʢʦʣʝʮ; 1342, 814 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Eu(L3)2(NO3)3]n (11). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 4,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,50 ʤʤʦʣʴ, 0,13 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (3,0 ʤʣ) Eu(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 

0,23 ʛ). ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 80ÁC ʜʦ İ 

ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʂʦʤʧʣʝʢʩ 11 ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 
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ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʯʝʨʝʟ ʥʝʜʝʣʶ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,15 ʛ (68%). 

ʂʦʤʧʣʝʢʩ 11 ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʘ 

(0,50 ʤʤʦʣʴ, 0,14 ʛ) ʚ 2 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʠ ʛʝʢʩʘʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʝʚʨʦʧʠʷ(III ) (0,50 

ʤʤʦʣʴ, 0,22 ʛ) ʚ 2,0 ʤʣ ʠʟʦʧʨʦʧʘʥʦʣʘ. ʇʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 11, ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,19 ʛ (86 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

(%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O15Eu: C 43,4, H 4,3, N 7,9; ʥʘʡʜʝʥʦ: C 43,8, H 4,3, N 7,8. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 2924 ɜ(NH); 3242, 3211, 3134, 3126, 3103, 3088, 3070, 3030, 3018, 2953, 2866, 

2855 ɜ(CH2, CH3); 1315, 1242, 1200, 1123, 1036, 980, 923, 887, 851, 775, 737, 631, 453, 437 ŭ(CH2, 

CH3); 1668, 1616, 1558 ɜ(C=O); 1559, 1292, 1157, 1132, 1049, 887, 831, 723, 685, 596, 467, 418 

Rʢʦʣʝʮ; 1491, 1348, 818 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Sm(L 3)2(NO3)3]n (12). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 4,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,50 ʤʤʦʣʴ, 0,13 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (3,0 ʤʣ) Sm(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 

0,22 ʛ). ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 80ÁC ʜʦ İ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʂʦʤʧʣʝʢʩ 12 ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʯʝʨʝʟ ʥʝʜʝʣʶ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,13 ʛ (59%). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O15Sm: C 43,5, H 4,3, N 7,9; ʥʘʡʜʝʥʦ: C 43,4, 

H 4,3, N 7,7.  

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 2924 ɜ(NH); 3240, 3212, 3145, 3134, 3126, 3103, 3088, 3071, 3063, 3028, 3019, 

2953, 2868, 2855 ɜ(CH2, CH3); 1315, 1244, 1200, 1122, 1036, 980, 926, 887, 852, 775, 741, 631, 451 

ŭ(CH2, CH3); 1668, 1616, 1562 ɜ(C=O); 1562, 1296, 1155, 1132, 1049, 887, 831, 723, 685, 586, 467, 

415 Rʢʦʣʝʮ; 1491, 1350, 818 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Tb(L3)2(NO3)3]n (13). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 4,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,50 ʤʤʦʣʴ, 0,13 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (3,0 ʤʣ) Tb(NO3)3ẗ5H2O (0,50 ʤʤʦʣʴ, 

0,22 ʛ). ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 80 ÁC ʜʦ İ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʂʦʤʧʣʝʢʩ 13 ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʯʝʨʝʟ ʥʝʜʝʣʶ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,17 ʛ (77%). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O15Tb: C 43,1, H 4,3, N 7,9; ʥʘʡʜʝʥʦ: C 42,4, 

H 4,5, N 7,8.  
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ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 2926 ɜ(NH); 3240, 3209, 3146, 3132, 3125, 3101, 3088, 3065, 3049, 3030, 3019, 

2953, 2866, 2855 ɜ(CH2, CH3); 1315, 1244, 1200, 1123, 1034, 980, 926, 887, 851, 775, 741, 631, 451 

ŭ(CH2, CH3); 1666, 1616, 1558 ɜ(C=O); 1558, 1294, 1155, 1134, 1049, 887, 831, 729, 685, 598, 467, 

413 Rʢʦʣʝʮ; 1489, 1344, 818 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Dy(L 3)2(NO3)3]n (14). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 4,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,50 ʤʤʦʣʴ, 0,13 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (3,0 ʤʣ) Dy(NO3)3ẗ5H2O (0,50 ʤʤʦʣʴ, 

0,22 ʛ). ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 80ÁC ʜʦ İ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʂʦʤʧʣʝʢʩ 14 ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʯʝʨʝʟ ʥʝʜʝʣʶ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,14 ʛ (64%). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O15Dy: C 43,0, H 4,3, N 7,8; ʥʘʡʜʝʥʦ: C 43,1, 

H 4,3, N 7,6. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 2926 ɜ(NH); 3240, 3211, 3125, 3103, 3088, 3065, 3030, 3018, 2953, 2868, 2843 

ɜ(CH2, CH3); 1315, 1244, 1200, 1123, 1036, 980, 926, 887, 852, 775, 741, 631, 451 ŭ(CH2, CH3); 

1668, 1616, 1560 ɜ(C=O); 1560, 1294, 1155, 1132, 1049, 887, 831, 723, 685, 588, 467, 413 Rʢʦʣʝʮ; 

1491, 1348, 818 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Gd(L 3)2(NO3)3]n (15). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 4,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,50 ʤʤʦʣʴ, 0,13 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (3,0 ʤʣ) Gd(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 

0,22 ʛ). ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ 

ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʨʠ 4Áʉ. ʂʦʤʧʣʝʢʩ 15 ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ. ʉʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ 

ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,16 ʛ (73%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ C32H38N5O15Gd: C 43,2, H 4,3, N 7,9; ʥʘʡʜʝʥʦ: C 43,0, H 4,4, N 7,8. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 2926 ɜ(NH); 3242, 3211, 3150, 3124, 3103, 3072, 3067, 3032, 3019, 2954, 2868, 

2843 ɜ(CH2, CH3); 1315, 1244, 1200, 1122, 1034, 978, 926, 889, 852, 771, 739, 631, 451, 428 ŭ(CH2, 

CH3); 1668, 1616, 1558 ɜ(C=O); 1558, 1294, 1157, 1132, 1051, 889, 831, 721, 685, 586, 467, 411 

Rʢʦʣʝʮ; 1491, 1350, 818 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Eu(L4)3(NO3)3] (16). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (4,0 ʤʣ) Eu(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 0,22 ʛ). 

ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ 

ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 16. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 
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ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,18 ʛ (95 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): 

ʚʳʯʠʩʣʝʥʦ ʜʣʷ C48H57N6O18Eu: C 49,8, H 5,0, N 7,3; ʥʘʡʜʝʥʦ: C 49,0, H 4,9, N 7,0.  

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3110-3059 ɜ(NH); 2955, 2925, 2875-2840 ɜ(CH2, CH3); 1463, 1377, 1295, 1258, 

1180, 1122, 1110, 1025, 980, 886, 758 ŭ(CH2, CH3); 1648, 1620, 1590, 1575 ɜ(C=O); 1560, 1166, 

1130, 1079, 845, 720 Rʢʦʣʝʮ; 1405, 1333, 815 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Sm(L 4)3(NO3)3] (17). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) ʜʦʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (3,0 ʤʣ) Sm(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 

0,22 ʛ), ʧʦʩʣʝ ʯʝʛʦ ʩʨʘʟʫ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 17. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ ʋʌ-ʣʘʤʧʳ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʨʘʥʞʝʚʦʝ ʩʚʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠ ʩʠʥʝ-ʟʝʣʝʥʦʝ ʩʚʝʯʝʥʠʝ ʣʠʛʘʥʜʘ. ʆʯʠʩʪʢʫ 

ʢʦʤʧʣʝʢʩʘ ʦʪ ʧʨʠʤʝʩʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʣʠʛʘʥʜʘ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠʟ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ (4,0 ʤʣ), ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 17 

ʠ ʧʨʠʤʝʩʠ ʣʠʛʘʥʜʘ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʠʟ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʚʝʪʣʦ-

ʞʝʣʪʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 0,14 ʛ (74%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ C48H57N6O18Sm: C 49,9, H 5,0, N 7,3; ʥʘʡʜʝʥʦ: C 49,3, H 5,1, N 7,2. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3105-3055 ɜ(NH); 2955, 2928, 2870-2843 ɜ(CH2, CH3); 1460, 1378, 1295, 1260, 

1178, 1123, 1108, 1024, 978, 887, 755 ŭ(CH2, CH3); 1648, 1618, 1588, 1575 ɜ(C=O); 1558, 1165, 

1133, 1078, 846, 719 Rʢʦʣʝʮ; 1403, 1335, 815 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Sm(L 4)2(H2O)(NO3)3] (17ʘ). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 2,0 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʣʠʛʘʥʜ 

(0,25 ʤʤʦʣʴ, 0,068 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʠʟʦʧʨʦʧʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (2,0 ʤʣ) 

Sm(NO3)3ẗ6H2O (0,25 ʤʤʦʣʴ, 0,11 ʛ). ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 100ÁC ʜʦ İ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʨʠ 4Áʉ. ʂʦʤʧʣʝʢʩ 17ʘ 

ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ 

ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,082 ʛ (74%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): 

ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H40N5O16Sm: C 42,6, H 4,5, N 7,8; ʥʘʡʜʝʥʦ: C 41,4, H 4,5, N 7,6. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3339 ɜ(H2O); 3094-3063 ɜ(NH); 2965, 2949, 2922, 2866, 2851 ɜ(CH2, CH3); 

1501, 1468, 1418, 1385, 1302, 1257, 1186, 1126, 1113, 1024, 978, 885, 748 ŭ(CH2, CH3); 1651, 1612, 

1572 ɜ(C=O); 1541, 1167, 1142, 1041, 843, 736 Rʢʦʣʝʮ; 1435, 1337, 818 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Tb(L4)3(NO3)3] (18). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) ʜʦʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (4,0 ʤʣ) Tb(NO3)3ẗ5H2O (0,50 ʤʤʦʣʴ, 

0,21 ʛ). ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʘʥʜʘ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʞʝʣʪʦʚʘʪʳʡ ʨʘʩʪʚʦʨ ʥʘʯʘʣ ʤʫʪʥʝʪʴ, 
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ʘ ʧʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ 

ʢʦʤʧʣʝʢʩʘ 18. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ 

ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺr ʭʦʜ: 0,16 ʛ (84 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): 

ʚʳʯʠʩʣʝʥʦ ʜʣʷ C48H57N6O18Tb: C 49,5, H 4,9, N 7,2; ʥʘʡʜʝʥʦ: C 49,0, H 5,3, N 7,0. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3105-3051 ɜ(NH); 2953, 2926, 2874-2840 ɜ(CH2, CH3); 1462, 1377, 1294, 

1259,1180, 1120, 1109, 1024, 976, 889, 754 ŭ(CH2, CH3); 1649, 1618, 1589, 1574 ɜ(C=O); 1556, 

1165, 1132, 1078, 847, 721 Rʢʦʣʝʮ; 1402, 1335, 814 ɜ(NO3
ï). 

ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ [Tb(L 4)2(H2O)(NO3)3] (18ʘ). 

ʉʠʥʪʝʟ [Dy(L 4)3(NO3)3] (19). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) ʜʦʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (3,0 ʤʣ) Dy(NO3)3ẗ5H2O (0,50 ʤʤʦʣʴ, 

0,22 ʛ), ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 19. ʇʦʣʫʯʝʥʥʳʡ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ ʋʌ-ʣʘʤʧʳ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʣʠʛʘʥʜʘ (ʩʠʥʝ-ʟʝʣʝʥʦʝ ʩʚʝʯʝʥʠʝ). ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ʵʪʘʥʦʣʝ (2,0 ʤʣ), ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 19 

ʠ ʧʨʠʤʝʩʠ ʣʠʛʘʥʜʘ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʠʟ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʣʩʷ ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ. ɺʳʭʦʜ: 0,097 ʛ 

(51 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C48H57N6O18Dy: C 49,3, H 4,9, N 7,2; ʥʘʡʜʝʥʦ: 

C 49,3, H 5,3, N 7,2. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3108-3056 ɜ(NH); 2952, 2925, 2874-2841 ɜ(CH2, CH3); 1460, 1377, 1293, 1260, 

1179, 1120, 1108, 1026, 978, 886, 754 ŭ(CH2, CH3); 1648, 1621, 1590, 1573 ɜ(C=O); 1558, 1167, 

1130, 1080, 845, 721 Rʢʦʣʝʮ; 1403, 1332, 816 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Gd(L 4)2(H2O)(NO3)3] (20). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (4,0 ʤʣ) Gd(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 0,22 ʛ). 

ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʘʥʜʘ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʞʝʣʪʦʚʘʪʳʡ ʨʘʩʪʚʦʨ ʥʘʯʘʣ ʤʫʪʥʝʪʴ, ʘ ʧʦʩʣʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 20. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,13 ʛ (56 %). 

ʂʦʤʧʣʝʢʩ 20 ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) 

ʚ 2,5 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʠ ʛʝʢʩʘʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʛʘʜʦʣʠʥʠʷ(III ) (0,50 ʤʤʦʣʴ, 0,22 ʛ) ʚ 2,0 ʤʣ 

ʠʟʦʧʨʦʧʘʥʦʣʘ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ  4ÁC ʯʝʨʝʟ ʜʝʥʴ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 20. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,20 ʛ 

(87 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H40N5O16Gd: C 42,3, H 4,7, N 7,7; ʥʘʡʜʝʥʦ: 

C 41,5, H 4,1, N 7,7. 
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ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3308 ɜ(H2O); 3132-3067 ɜ(NH); 2966, 2949, 2924, 2874-2847 ɜ(CH2, CH3); 

1499, 1435, 1385, 1286, 1257, 1186, 1124, 1113, 1026, 980, 885, 750 ŭ(CH2, CH3); 1651, 1610, 1572 

ɜ(C=O); 1543, 1169, 1142, 1080, 845, 739 Rʢʦʣʝʮ; 1418, 1338, 816 ɜ(NO3
ï). 

ʏʝʨʝʟ ʥʝʜʝʣʶ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ [Gd(L 4)2(H2O)(NO3)3]Ŀ2iPrOH (20ʘ). 

ʉʠʥʪʝʟ [Eu(L 5)2(NO3)3]n (21). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,20 ʤʤʦʣʴ, 0,052 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (2,0 ʤʣ) Eu(NO3)3ẗ6H2O (0,40 ʤʤʦʣʴ, 

0,18 ʛ). ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 70ÁC ʜʦ İ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʦʚʘʪʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʨʠ 4Áʉ. ʂʦʤʧʣʝʢʩ 21 ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 0,041 ʛ (48 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O13Eu: C 45,1, H 4,5, 

N 8,2; ʥʘʡʜʝʥʦ: C 44,7, H 4,7, N 8,2. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3238-3175 ɜ(NH); 3076-3013, 2959, 2924, 2872-2847 ɜ(CH2, CH3); 1485-1427, 

1377, 1304, 1215, 1180, 1013, 974, 823 ŭ(CH2, CH3); 1662, 1614-1539 ɜ(C=O); 1514, 1485-1427, 

1283-1261, 1155, 1130, 1041, 862 Rʢʦʣʝʮ; 1498, 1342, 835 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Sm(L 5)2(NO3)3]n (22). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,10 ʤʤʦʣʴ, 0,026 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (2,0 ʤʣ) Sm(NO3)3ẗ6H2O (0,20 ʤʤʦʣʴ, 

0,089 ʛ). ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʦʚʘʪʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʤʧʣʝʢʩ 22 ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ 

ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,023 ʛ (55 %). ʕʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O13Sm: C 45,2, H 4,5, N 8,2; ʥʘʡʜʝʥʦ: C 44,4, H 4,6, N 8,2. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3233-3182 ɜ(NH); 3072-3016, 2961, 2928, 2880-2847 ɜ(CH2, CH3); 1433, 1385, 

1321, 1217, 1182, 1028, 977, 824 ŭ(CH2, CH3); 1661, 1610, 1585-1539 ɜ(C=O); 1516, 1410, 1281-

1256, 1157, 1132, 1040, 864 Rʢʦʣʝʮ; 1498, 1335, 835 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Tb(L 5)2(NO3)3]n (23). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,20 ʤʤʦʣʴ, 0,052 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (2,0 ʤʣ) Tb(NO3)3ẗ5H2O (0,40 ʤʤʦʣʴ, 

0,17 ʛ). ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 70ÁC ʜʦ İ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʦʚʘʪʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʨʠ 4Áʉ. ʂʦʤʧʣʝʢʩ 23 ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 
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ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 0,037 ʛ (43 %). 

ʂʦʤʧʣʝʢʩ 23 ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʘʚʝʩʢʠ ʣʠʛʘʥʜʘ (0,20 ʤʤʦʣʴ, 0,051 ʛ) 

ʢ ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (4,0 ʤʣ) Tb(NO3)3ẗ5H2O (0,40 ʤʤʦʣʴ, 0,17 ʛ) ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʘʥʜʘ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʠʣʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʇʦʣʫʯʝʥʥʦʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,060 ʛ 

(70 %). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O13Tb: C 44,7, H 4,5, N 7,9; ʥʘʡʜʝʥʦ: C 44,6, 

H 4,7, N 7,9. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3236-3153 ɜ(NH); 3075-3016, 2963, 2930, 2889-2846 ɜ(CH2, CH3); 1433, 1385, 

1321, 1217, 1182, 1030, 978, 825 ŭ(CH2, CH3); 1674-1614, 1558 ɜ(C=O); 1516, 1410, 1275, 1157, 

1132, 1043, 862 Rʢʦʣʝʮ; 1497, 1337, 835 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Dy(L 5)2(NO3)3]n (24). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 3,0 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʣʠʛʘʥʜ 

(0,5 ʤʤʦʣʴ, 0,13 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʠʟʦʧʨʦʧʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (3,0 ʤʣ) 

Dy(NO3)3ẗ5H2O (1,0 ʤʤʦʣʴ, 0,44 ʛ). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ  4ÁC 

ʯʝʨʝʟ ʥʝʜʝʣʶ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 24. ʇʦʣʫʯʝʥʥʳʡ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,12 ʛ (54 %). ʏʝʨʝʟ ʥʝʜʝʣʶ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ 24. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): 

ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O13Dy: C 44,5, H 4,4, N 8,19; ʥʘʡʜʝʥʦ: C 44,3, H 4,1, N 8,2. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3252-3188 ɜ(NH); 3078-3017, 2966, 2934, 2887-2860 ɜ(CH2, CH3); 1435, 1380, 

1321, 1217, 1182, 1030, 976, 824 ŭ(CH2, CH3); 1661, 1614, 1593-1539 ɜ(C=O); 1520, 1410, 1284-

1259, 1159, 1132, 1043, 864 Rʢʦʣʝʮ; 1497, 1335, 837 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Gd(L 5)2(NO3)3]n (25). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 2,0 ʤʣ ʵʪʘʥʦʣʘ ʣʠʛʘʥʜ (0,20 ʤʤʦʣʴ, 0,052 ʛ) 

ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (1,5 ʤʣ) Gd(NO3)3ẗ6H2O (0,40 ʤʤʦʣʴ, 

0,18 ʛ). ʀʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʫʜʘʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 70ÁC ʜʦ İ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʦʚʘʪʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʨʠ 4Áʉ. ʂʦʤʧʣʝʢʩ 25 ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 0,050 ʛ (58 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H38N5O13Gd:C 44,7, H 4,5, 

N 8,1; ʥʘʡʜʝʥʦ: C 44,0, H 4,6, N 8,1. 
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ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3236-3186 ɜ(NH); 3094-3017, 2953, 2922, 2874-2845 ɜ(CH2, CH3); 1462, 1377, 

1319, 1215, 1180, 1028, 974, 824 ŭ(CH2, CH3); 1663, 1614, 1583-1539 ɜ(C=O); 1516, 1410, 1279-

1259, 1155, 1130, 1041, 862 Rʢʦʣʝʮ; 1495, 1344, 835 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Eu(L6)2(NO3)3]n (26). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (1,0 ʤʤʦʣʴ, 0,27 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ Eu(NO3)3ẗ6H2O (1,0 ʤʤʦʣʴ, 0,44 ʛ) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (5,0 ʤʣ). 

ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʘʥʜʘ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʥʘʯʘʣ ʤʫʪʥʝʪʴ, ʘ ʧʦʩʣʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʣʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 26. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,39 ʛ (87%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ C30H32N5O13Cl2Eu: C 40,3, H 3,6, N 7,8; ʥʘʡʜʝʥʦ: C 40,0, H 3,9, N 7,8. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3237-3159 ɜ(NH); 2957, 2926, 2872-2856 ɜ(CH2, CH3); 1485, 1464, 1454, 1437, 

1410, 1385, 1369, 1217, 1180, 978, 831 ŭ(CH2, CH3); 1661, 1612-1537 ɜ(C=O); 1612-1537, 1317, 

1298, 1271, 1157, 1136, 1124, 862 Rʢʦʣʝʮ, 1498, 1337, 816 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Sm(L 6)2(NO3)3]n (27). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (0,50 ʤʤʦʣʴ, 0,14 ʛ) ʜʦʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ Sm(NO3)3ẗ6H2O (0,50 ʤʤʦʣʴ, 0,22 ʛ) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (4,0 ʤʣ), 

ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʣʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 27. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ ʋʌ-ʣʘʤʧʳ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʨʘʥʞʝʚʦʝ ʩʚʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠ ʩʠʥʝʝ ʩʚʝʯʝʥʠʝ ʣʠʛʘʥʜʘ. ʆʩʘʜʦʢ ʧʨʦʤʳʣʠ ʭʣʦʨʠʩʪʳʤ 

ʤʝʪʠʣʝʥʦʤ (ʧʨʠ ʵʪʦʤ ʧʨʠʤʝʩʴ ʣʠʛʘʥʜʘ ʨʘʩʪʚʦʨʠʣʘʩʴ ʠ ʩʚʝʯʝʥʠʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ) ʠ ʚʳʩʫʰʠʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,17 ʛ (77%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H32N5O13Cl2Sm: 

C 40,4, H 3,6, N 7,8; ʥʘʡʜʝʥʦ: C 39,6, H 3,4, N 7,8. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3238-3167 ɜ(NH); 2957, 2926, 2878-2856 ɜ(CH2, CH3); 1485, 1466, 1454, 1437, 

1412, 1385, 1371, 1217, 1178, 976, 831 ŭ(CH2, CH3); 1661, 1609-1533 ɜ(C=O); 1609-1533, 1315, 

1296, 1271, 1159, 1136, 1124, 860 Rʢʦʣʝʮ, 1499, 1338, 816 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Tb(L6)2(NO3)3]n (28). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (1,0 ʤʤʦʣʴ, 0,28 ʛ) ʜʦʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ Tb(NO3)3ẗ5H2O (1,0 ʤʤʦʣʴ, 0,43 ʛ) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (6,0 ʤʣ). 

ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʘʥʜʘ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʥʘʯʘʣ ʤʫʪʥʝʪʴ, ʘ ʧʦʩʣʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʣʦʛʦ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ 28. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

4ÁC, ʯʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 28. ɺʳʭʦʜ: 0,31 ʛ 

(69%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H32N5O13Cl2Tb: C 40,0, H 3,6, N 7,8; ʥʘʡʜʝʥʦ: 

C 39,9, H 3,5, N 7,7. 



60 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3240-3179 ɜ(NH); 2959, 2924, 2870-2845 ɜ(CH2, CH3); 1485, 1466, 1454, 1437, 

1412, 1385, 1371, 1217, 1178, 976, 831 ŭ(CH2, CH3); 1663, 1607-1535 ɜ(C=O); 1607-1535, 1317, 

1298, 1271, 1157, 1136, 1124, 862 Rʢʦʣʝʮ, 1499, 1338, 814 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Dy(L 6)2(NO3)3]n (29). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 1,0 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʣʠʛʘʥʜ 

(0,5 ʤʤʦʣʴ, 0,14 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʠʟʦʧʨʦʧʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (3,0 ʤʣ) 

Dy(NO3)3ẗ5H2O (1,0 ʤʤʦʣʴ, 0,44 ʛ). ʇʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 29, ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,14 ʛ (62%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

(%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H32N5O13Cl2Dy: C 39,9, H 3,6, N 7,7; ʥʘʡʜʝʥʦ: C 39,8, H 3,4, N 7,9. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3252-3173 ɜ(NH); 2961, 2936, 2883-2860 ɜ(CH2, CH3); 1483, 1464, 1454, 1437, 

1410, 1389, 1369, 1217, 1178, 976, 829 ŭ(CH2, CH3); 1663, 1607-1535 ɜ(C=O); 1607-1535, 1317, 

1304, 1271, 1157, 1134, 860 Rʢʦʣʝʮ, 1499, 1338, 814 ɜ(NO3
ï). 

ʉʠʥʪʝʟ [Gd(L 6)2(NO3)3]n (30). ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 2,5 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʣʠʛʘʥʜ 

(0,5 ʤʤʦʣʴ, 0,14 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʠʟʦʧʨʦʧʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ (2,0 ʤʣ) 

Gd(NO3)3ẗ6H2O (0,5 ʤʤʦʣʴ, 0,22 ʛ). ʇʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 30, ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʤʳʚʘʣʠ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,17 ʛ (77%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

(%): ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H32N5O13Cl2Gd: C 40,1, H 3,6, N 7,8; ʥʘʡʜʝʥʦ: 39,8, H 3,4, N 7,9. 

ʀʂ-ʩʧʝʢʪʨ (ɜ, ʩʤ-1): 3237-3159 ɜ(NH); 2957, 2926, 2872-2856 ɜ(CH2, CH3); 1485, 1464, 1454, 1437, 

1410, 1385, 1369, 1217, 1180, 978, 831 ŭ(CH2, CH3); 1661, 1612-1537 ɜ(C=O); 1612-1537, 1317, 

1298, 1271, 1157, 1136, 1124, 862 Rʢʦʣʝʮ, 1498, 1337, 816 ɜ(NO3
ï). 

ʉʠʥʪʝʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ [Tb(L 7)3(NO3)3] (31). ʅʘʚʝʩʢʫ ʣʠʛʘʥʜʘ (0,25 ʤʤʦʣʴ, 

0,072 ʛ) ʜʦʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ Tb(NO3)3ẗ5H2O (0,25 ʤʤʦʣʴ, 0,11 ʛ) 

ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ (3,0 ʤʣ). ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ ʚ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʘ ʦʩʪʘʚʰʝʝʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ ʩʪʘʣʦ ʤʘʩʣʷʥʠʩʪʳʤ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 2,0 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʩʪʚʦʨʝʥʠʝ ʤʘʩʣʷʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ 31.  
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3. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 
 

3.1. ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ ʠ ʝʛʦ 

ʤʝʪʦʢʩʠ-, ʤʝʪʠʣ- ʠ ʭʣʦʨʦʧʨʦʠʟʚʦʜʥʳʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ Wolfbeis ʠ Ziegler [224] (ʩʭʝʤʘ 9). ʉʦʩʪʘʚ 

ʠ ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʳ ʗʄʈ- ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʘ 

ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ. 

 

ʉʭʝʤʘ 9. ʉʠʥʪʝʟ 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʘ ʠ ʝʛʦ 

ʤʝʪʦʢʩʠ-, ʤʝʪʠʣ- ʠ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ. 

 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʥʳʝ ʣʠʛʘʥʜʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1 (ʪʨʠʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ), ʠʩʢʣʶʯʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘ-ʤʝʪʠʣʟʘʤʝʱʝʥʥʳʡ L5, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P21/c. ɺ ʩʣʫʯʘʝ 2-ʤʝʪʠʣ-4-ʭʣʦʨʟʘʤʝʱʝʥʥʦʛʦ L7 ʬʦʨʤʠʨʫʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ ʢʘʢ ʩ ʪʨʠʢʣʠʥʥʦʡ, ʪʘʢ ʠ ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʝʡ. ɼʣʷ ʚʩʝʭ ʣʠʛʘʥʜʦʚ ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ NïHĿĿĿO ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʘʪʦʤʦʤ 

ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 1,92-2,06 ¡ (ʊʘʙʣ. ʇ2), ʜʘʥʥʘʷ ʩʚʷʟʴ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʛʘʥʜʦʚ ʩʝʨʠʠ ʦʙʘ ʢʦʣʴʮʘ (ʙʝʥʟʦʣʴʥʦʝ ʠ 

ʮʠʢʣʦʛʝʢʩʘʥʦʚʦʝ) ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ C(H)ïCïNïC(H) (űʪ), 

ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʜʚʘ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ 

ʝʥʘʤʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,28-4,97Á (ʊʘʙʣ. ʇ2). ɿʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʤʝʪʘ-ʤʝʪʦʢʩʠʟʘʤʝʱʝʥʥʦʛʦ L3: ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 

ʥʘʭʦʜʷʪʩʷ ʜʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʤʦʣʝʢʫʣʳ ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʦʨʦʪ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ 

ʜʦ 37,03Á ʠ 27,78Á (ʨʠʩ. 34). 
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ʈʠʩʫʥʦʢ 34. ʊʦʨʩʠʦʥʥʳʝ ʫʛʣʳ C(H)ïCïNïC(H) (űʪ) ʚ ʣʠʛʘʥʜʝ L 3. 

 

3.1.1. ʂʦʤʧʣʝʢʩʳ Ln(III) ʩ 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʢʦʤʧʣʝʢʩʦʚ 1-3 ʩʦʩʪʘʚʘ [Ln(L1)2(NO3)3] ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʙʝʣʳʭ ʦʩʘʜʢʦʚ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʠ 

ʣʠʛʘʥʜʘ L1 ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ = 1 : 2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ 

ʠʟʙʳʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʩʭʝʤʘ 10): 

 

ʉʭʝʤʘ 10. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 2-[(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-5,5-ʜʠʤʝʪʠʣ-

ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ. 
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ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ(III) ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʆʭʣʘʞʜʝʥʠʝ ʜʦ  4ÁC ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ [Dy(L1)2(H2O)(NO3)3] (4). ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʧʫʩʪʠʪʴ ʩʪʘʜʠʶ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʦ ʩʤʝʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ 

ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ ʨʘʩʪʚʦʨʦʤ ʣʠʛʘʥʜʘ ʚ ʚʳʙʨʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʧʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

 4 ÁC ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ(III ) 1ʘ ʠ 

ʪʝʨʙʠʷ(III ) 3ʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln(L1)2(H2O)(NO3)3]. ɿʘʤʝʥʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʭʣʦʨʠʩʪʳʡ 

ʤʝʪʠʣʝʥ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʘʥʜʘ ʠ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʥʠʪʨʘʪʘ 

ʛʘʜʦʣʠʥʠʷ(III) ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 

[Gd(L1)2(H2O)(NO3)3] (5). ʉʦʩʪʘʚ ʠ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ L1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ L1 

ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʎʚʝʪ 

ʄ, 

ʛ/ʤʦʣʴ 
ɺʳʭʦʜ, % 

ʄʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(L1)2(NO3)3] (1) 

C30H34N5O13Eu 
ʙʝʣʳʡ 824,6 65 CHN, ʀʂ, ʈʌɸ, ʉɼʆ 

[Eu(L1)2(H2O)(NO3)3] (1ʘ) 

C30H36N5O14Eu 
ʙʝʣʳʡ 842,6 60 CHN, ʈʉɸ, ʈʌɸ 

[Sm(L1)2(NO3)3] (2) 

C30H34N5O13Sm 
ʙʝʣʳʡ 823,0 74 CHN, ʀʂ, ʈʌɸ 

[Tb(L1)2(NO3)3] (3) 

C30H34N5O13Tb 
ʙʝʣʳʡ 831,5 65 CHN, ʀʂ, ʈʌɸ 

[Tb(L1)2(H2O)(NO3)3] (3ʘ) 

C30H36N5O14Tb 
ʙʝʣʳʡ 849,6 63 CHN, ʈʉɸ, ʈʌɸ 

[Dy(L1)2(H2O)(NO3)3] (4) 

C30H36N5O14Dy 
ʙʝʣʳʡ 853,1 66 CHN, ʀʂ, ʈʉɸ, ʈʌɸ 

[Gd(L1)2(H2O)(NO3)3] (5) 

C30H36N5O14Gd 
ʙʝʣʳʡ 847,9 

40 

86 
CHN, ʀʂ, ʈʉɸ, ʈʌɸ 

 

ʇʦʣʫʯʝʥʥʳʝ ʬʘʟʳ 1-3 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʤʧʣʝʢʩʫ ʩʦʩʪʘʚʘ [Ln(L1)2(NO3)3], ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʘ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʷ 1-3 

ʷʚʣʷʶʪʩʷ ʠʟʦʤʦʨʬʥʳʤʠ (ʨʠʩ. 35). ɺ ʀʂ-ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʣʦʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ 

NH-ʢʦʣʝʙʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 3247ï3154 ʩʤ-1, ʵʪʘ ʧʦʣʦʩʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ C=O-ʛʨʫʧʧʳ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʠʭ ʛʨʫʧʧ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ. 
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ʈʠʩʫʥʦʢ 35. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [Ln(L1)2(NO3)3] 1-3. 

 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 2 ʠʟ ʵʪʘʥʦʣʘ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʩʮʚʝʪʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [Sm(L1)2(EtOH)(NO3)3]n (2a). ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʦʤʧʣʝʢʩ 2ʘ ʷʚʣʷʝʪʩʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʦʡ, ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b (ʨʠʩ. 36ʘ). ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʦʥʘ ʩʘʤʘʨʠʷ(III ) 

ʥʘʭʦʜʷʪʩʷ ʰʝʩʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ, ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʜʚʫʤ ʤʦʣʝʢʫʣʘʤ L1, ʘ ʪʘʢʞʝ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʨʘʚʥʦ ʜʝʩʷʪʠ (ʨʠʩ. 36ʙ). ʆʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʘ 

ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ: ʤʦʥʦʜʝʥʪʘʪʥʳʡ ʠ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʡ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʅʠʪʨʘʪʦ-ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʭʝʣʘʪʥʦ. 

 ʘ) ʙ) 

ʈʠʩʫʥʦʢ 36. ʇʦʣʠʤʝʨʥʘʷ ʮʝʧʦʯʢʘ [Sm(L1)2(EtOH)(NO3)3]n, ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ (ʘ) 

ʠ ʬʨʘʛʤʝʥʪ ʢʦʤʧʣʝʢʩʘ 2ʘ (ʙ). 
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ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ, ʪʦ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʠʧʘ ʧʦʣʠʵʜʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ çShape Measureè ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

SHAPE 2.1 [225]. ʇʘʨʘʤʝʪʨ S ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʩ ʞʝʣʘʝʤʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠ ʚʳʯʠʩʣʷʝʪʩ ̫ʜʣʷ ʥʘʙʦʨʘ ʪʦʯʝʢ (ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʝʨʰʠʥ ʠʜʝʘʣʴʥʳʭ ʵʪʘʣʦʥʥʳʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠʣʠ ʥʝʮʝʥʪʨʠʨʦʚʘʥʥʳʭ. 

ʅʝʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʢʣʘʩʪʝʨʦʚ ʙʝʟ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ, ʪʦʛʜʘ ʢʘʢ ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ ʦʙʳʯʥʦ ʦʪʨʘʞʘʶʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ɽʩʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʤʝʪʨʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʣʠʵʜʨʘ, ʪʦʛʜʘ ʧʘʨʘʤʝʪʨ S ʨʘʚʝʥ ʥʫʣʶ. ʇʨʠ ʵʪʦʤ 

ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʦʪʢʣʦʥʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʦʪ ʠʜʝʘʣʴʥʦʡ [226]. ɺʩʝ ʟʥʘʯʝʥʠʷ S 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʧʦʣʠʵʜʨʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʦʜʥʦʡ ʰʢʘʣʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʶʪʩʷ 

ʩʦʧʦʩʪʘʚʠʤʳʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʩʪʝʧʝʥʴ ʦʢʪʘʵʜʨʠʯʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʠʩʢʘʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʂʏ = 6. 

ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 2ʘ çShape Measureè ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ 

ʩʘʤʘʨʠʷ(III ) ʙʣʠʟʦʢ ʢ ʩʬʝʥʦʢʦʨʦʥʝ J87 (ʨʠʩ. ʇ1) ʩ ʧʘʨʘʤʝʪʨʦʤ S(C2v) ʨʘʚʥʳʤ 2,91. ɼʣʠʥʳ 

ʩʚʷʟʝʡ SmïO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2,39ï2,60 ¡ (ʪʘʙʣ. ʇ3). ʂʦʦʨʜʠʥʘʮʠʷ ʤʦʥʦʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʮʠʢʣʦʛʝʢʩʘʥʜʠʦʥʘ (ʨʠʩ. ʇ2), ʢʦʪʦʨʳʡ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ NïHỄO. ʅʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ (ʨʘʩʩʪʦʷʥʠʝ NỄO 2,61 ¡), ʪʘʢ ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʵʪʘʥʦʣʘ, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʢʠʩʣʦʨʦʜʘʤʠ OỄO ʨʘʚʥʦ 2,67 ¡ (ʨʠʩ. ʇ3). ɻʝʦʤʝʪʨʠʷ ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʤʘʣʦ 

ʤʝʥʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 2ʘ. ɿʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʙʦʜʥʦʤ ʣʠʛʘʥʜʝ ʥʘʭʦʜʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ 

ʝʥʘʤʠʥʦʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ï ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ C(H)ïCïNïC(H) (űʪ) ʨʘʚʝʥ 1,81Á (ʨʠʩ. ʇ4), ʪʦʛʜʘ 

ʢʘʢ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʦʨʦʪ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʜʦ ʚʝʣʠʯʠʥʳ 

ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ űʪ = 16,10Á; 22,2Á ʜʣʷ ʤʦʥʦʜʝʥʪʘʪʥʦʛʦ ʠ ʤʦʩʪʠʢʦʚʦʛʦ L1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 1ʘ, 3ʘ, 4 ʠ 5 ʷʚʣʷʶʪʩʷ ʤʦʥʦʷʜʝʨʥʳʤʠ ʠ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1 (ʪʨʠʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ). 

ʂ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ ʜʚʘ ʣʠʛʘʥʜʘ L1, ʭʝʣʘʪʥʦ ʪʨʠ ʥʠʪʨʘʪ-ʠʦʥʘ 

ʠ ʤʦʣʝʢʫʣʘ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʯʠʩʣʫ ʨʘʚʥʦʤʫ ʜʝʚʷʪʠ (ʨʠʩ. 37). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ Ln(III ) ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ çʤʘʬʬʠʥè ʩ ʧʘʨʘʤʝʪʨʦʤ S(Cs) = 2,06 ʜʣʷ 

1ʘ, 1,98 ʜʣʷ 3ʘ, 2,08 ʜʣʷ 4 ʠ 2,06 ʜʣʷ 5 ʠʣʠ ʢʚʘʜʨʘʪʥʫʶ ʘʥʪʠʧʨʠʟʤʫ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʰʘʧʢʦʡ ʩ 

S(C4v) ʨʘʚʥʳʤ 2,19 ʜʣʷ 1ʘ, 2,08 ʜʣʷ 3ʘ, 2,14 ʜʣʷ 4 ʠ 2,15 ʜʣʷ 5 (ʨʠʩ. ʇ1). ʈʘʩʩʪʦʷʥʠʷ LnïO ʣʝʞʘʪ 

ʚ ʜʠʘʧʘʟʦʥʝ 2,34ï2,49 ¡ ʜʣʷ Eu(III ), 2,31ï2,47 ¡ ʜʣʷ Tb(III ), 2,29ï2,46 ¡ ʜʣʷ Dy(III) ʠ 2,34ï2,49¡ 
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ʜʣʷ Gd(III ) (ʪʘʙʣ. ʇ3). ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ 1ʘ ʠ 3ʘ ʚ ʦʜʥʦʡ ʠʟ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

ʜʠʩʧʨʦʟʠʷ 4 ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ ʮʝʣʦʡ ʤʦʣʝʢʫʣʳ L1 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 0,5:0,5. 

ʇʦʚʦʨʦʪ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ L1 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʤʦʥʦʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ űʪ ʙʦʣʴʰʝ ʚ ʩʣʫʯʘʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʢʦʤʧʣʝʢʩʘ 4 ʟʥʘʯʝʥʠʷ űʪ ʩʦʩʪʘʚʣʷʶʪ 5,87Á ʠ 19,80Á. ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

OïHỄO ʦʙʨʘʟʫʶʪʩʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʠ L1 ʩ ʨʘʩʩʪʦʷʥʠʝʤ OỄO 2,69 ʠ 2,81 ¡, ʦʙʨʘʟʫʷ 

ʜʚʦʡʥʫʶ ʮʝʧʦʯʢʫ (ʨʠʩ. ʇ5). 

 

ʈʠʩʫʥʦʢ 37. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Ln(L1)2(H2O)(NO3)3]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ 1-3 ʥʝ 

ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʠʟ ʜʘʥʥʳʭ ʈʉɸ (ʨʠʩ. ʇ6). ʆʜʥʘʢʦ ʠʭ ʩʦʩʪʘʚ ʦʜʥʦʟʥʘʯʥʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʦʨʤʫʣʦʡ [Ln(L1)2(NO3)3], ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʦʝʜʠʥʝʥʠʡ 4 ʠ 5 ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʈʉɸ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚʩʝʡ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʤʘʩʩʝ 

ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. ʇ7) [227]. 

 

3.1.2. ʂʦʤʧʣʝʢʩʳ Ln(III ) ʩ 2-{[(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-

ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʩʝʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ L2 

ʙʳʣ ʚʳʙʨʘʥ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ, ʦʧʠʩʘʥʥʘʷ ʨʘʥʝʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 

L1, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʦʚ. ʉʦʝʜʠʥʝʥʠʷ 6-9 ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʠ L2, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʵʪʘʥʦʣʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʧʘʨʠʚʘʥʠʝʤ ʠʟʙʳʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ (ʩʭʝʤʘ 11): 
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ʉʭʝʤʘ 11. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 2-{[(4 -ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-

ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ. 

 

ɼʣʷ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ:ʣʠʛʘʥʜ = 1:2, ʦʜʥʘʢʦ 

ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ [Ln(L2)2(NO3)3]n ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʘ ʠ 

ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʠʜʘ(III), ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣ ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ ʛʘʜʦʣʠʥʠʷ(III ) 10 ʚ ʚʠʜʝ ʦʩʘʜʢʘ 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 

 

ʊʘʙʣʠʮʘ 3. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ L2 

ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʎʚʝʪ 

ʄ, 

ʛ/ʤʦʣʴ 
ɺʳʭʦʜ, % 

ʄʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(L2)2(NO3)3]n (6) 

C32H38N5O15Eu 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
884,6 70 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ, ʊɻɸ 

[Sm(L2)2(NO3)3]n (7) 

C32H38N5O15Sm 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
883,0 72 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ, ʊɻɸ 

[Tb(L2)2(NO3)3]n (8) 

C32H38N5O15Tb 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
891,6 82 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ, ʊɻɸ 

[Dy(L2)2(NO3)3]n (9) 

C32H38N5O15Dy 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
895,2 86 CHN, ʀʂ, ʈʌɸ, ʈʉɸ 

[Gd(L2)2(NO3)3]n (10) 

C32H38N5O15Gd 
ʞʝʣʪʳʡ 889,9 95 CHN, ʀʂ, ʈʌɸ 

 

ʂʦʤʧʣʝʢʩʳ 6-10 ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ (ʨʠʩ. 4). ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʘʚʫ [Ln(L2)2(NO3)3]. ʇʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ(III) ʠ ʩʘʤʘʨʠʷ(III) ʩʪʘʙʠʣʴʥʳ ʜʦ 265 Áʉ, ʘ ʪʝʨʙʠʷ ï ʜʦ 250 Áʉ (ʨʠʩ. ʇ8-10). 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʣʠʛʘʥʜʘ ʠ ʢʦʤʧʣʝʢʩʦʚ ʰʠʨʦʢʘʷ ʠ ʤʘʣʦʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʢʦʣʝʙʘʥʠʡ ɜ(NH) 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʦʨʜʠʥʘʮʠʠ 

ʣʠʛʘʥʜʘ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ. ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ɜ(C=O) ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ, ʥʘʧʨʦʪʠʚ, 

ʩʤʝʱʘʝʪʩʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʠ ʫʰʠʨʷʝʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʣʠʛʘʥʜʘ ʢ 

ʠʦʥʫ ʤʝʪʘʣʣʘ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʮʠʢʣʦʛʝʢʩʘʥʜʠʦʥʘ. 

 

ʈʠʩʫʥʦʢ 38. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʯʝʨʥʘʷ ʣʠʥʠʷ) ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʦʚ [Ln(L2)2(NO3)3]n 6-10. 

 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 6-9 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ C2/c 

(ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʣʘʥʪʘʥʠʜ-ʠʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʝʩʷʪʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʯʝʪʳʨʝʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ ʠ ʪʨʝʭ ʙʠʜʝʥʪʘʪʥʳʭ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ (ʨʠʩ. 39ʘ). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʤʧʣʝʢʩʘ 2ʘ, ʠʤʝʶʱʝʛʦ ʘʥʘʣʦʛʠʯʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ, ʚ ʜʘʥʥʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʫʟʣʝ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʠ ʦʜʥʫ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʫ (ʯʝʨʝʟ ʩʚʷʟʴ N=O) ʧʨʦʭʦʜʠʪ ʦʩʴ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ çShape Measureè 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ Ln(III ) ʙʣʠʟʦʢ ʢ ʜʚʫʰʘʧʦʯʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʝ J17 (ʨʠʩ. 

ʇ11ʘ) ʩ ʧʘʨʘʤʝʪʨʦʤ S(D4d) = 2,82, 2,92, 2,70 ʠ 2,64 ʜʣʷ 6, 7, 8 ʠ 9 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. L2 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤ ʩʧʦʩʦʙʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʦʡ 

ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ab (ʨʠʩ. 

39ʙ). ʅʠʪʨʘʪ-ʠʦʥʳ ʧʨʦʷʚʣʷʶʪ ʪʦʣʴʢʦ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ. ɼʣʠʥʳ ʩʚʷʟʝʡ ʠ 

ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʚ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʙʣʠʟʢʠ ʜʨʫʛ ʜʨʫʛʫ (ʪʘʙʣ. ʇ4). ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ C(H)ïCï

NïC(H) ʚ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ L2 ʨʘʚʝʥ 7,0Á (ʨʠʩ. ʇ12), ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʦʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ~27,9Á. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ OẗẗẗHïN ʚ ʣʠʛʘʥʜʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʢʦʤʧʣʝʢʩʘʭ, ʘ ʨʘʩʩʪʦʷʥʠʝ OỄN ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 2,77 ¡. 
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ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 39. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʢʦʤʧʣʝʢʩʘ [Ln(L2)2(NO3)3]n (ʘ) ʠ ʧʦʣʠʤʝʨʥʘʷ ʩʣʦʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ (ʙ), ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

3.1.3. ʂʦʤʧʣʝʢʩʳ Ln(III ) ʩ 2-{[(3-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-

ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ 

 

ʉʭʝʤʘ 12. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 2-{[( 3-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-

ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ. 

 

ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III) 11-15 ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ L3 ʩ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʦʡ ʚ ʤʝʪʘ-

ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʉʠʥʪʝʟ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʝ 

ʧʨʠʚʝʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʩʝʨʠʝʡ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ L2. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘʚʝʩʢʠ ʣʠʛʘʥʜʘ ʠ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʨʘʩʪʚʦʨʷʣʠ ʚ ʵʪʠʣʦʚʦʤ 

ʩʧʠʨʪʝ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʠʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʧʘʨʠʚʘʣʠ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʦʩʪʘʚʣʷʣʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʧʨʦʜʫʢʪʘ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 
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(ʩʭʝʤʘ 12). ʇʦʣʫʯʝʥʥʳʝ ʩʢʦʤʧʣʝʢʩʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʨʝʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ɺ ʭʦʜʝ ʩʠʥʪʝʟʘ ʧʦʣʫʯʘʶʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln(L3)2(NO3)3], 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʘ ʣʠʛʘʥʜʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʪʘʢʦʚʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʣʝʙʘʥʠʷ ʩʚʷʟʠ NïH ʚ ʤʦʣʝʢʫʣʝ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 2924 

ʩʤ-1 (ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ) ʢʘʢ ʚ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʚ ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 11-15. ɺʘʣʝʥʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʉïʅ ʛʨʫʧʧ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3240ï2840 ʩʤ-1 ʚ ʚʠʜʝ ʫʟʢʠʭ ʧʦʣʦʩ. ɺ ʩʨʝʜʥʝʤ 

ʢʦʣʝʙʘʥʠ ̫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʧʨʠ 1668, 1616 ʠ 1560 ʩʤ-1. ʇʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʝ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʩʚʦʙʦʜʥʦʤ ʣʠʛʘʥʜʝ, 

ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʫʟʢʠʭ. ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʧʨʠ  

1049ï1001 ʩʤ-1, ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ, ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʨʠ 1049, 1036 ʠ 980 ʩʤ-1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. ʉ 

ʧʦʤʦʱʴʶ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ(III) 11 ʠ 

ʩʘʤʘʨʠʷ(III) 12 ʩʪʘʙʠʣʴʥʳ ʜʦ ~267 Áʉ, ʘ ʩʦʝʜʠʥʝʥʠʝ ʪʝʨʙʠʷ(III) 13 ʠ ʛʘʜʦʣʠʥʠʷ(III ) 15 ï ʜʦ 243 ʠ 

249Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩ ʜʠʩʧʨʦʟʠʷ(III) 14 ʦʢʘʟʘʣʩʷ ʪʝʨʤʠʯʝʩʢʠ 

ʥʝʫʩʪʦʡʯʠʚʳʤ (ʨʠʩ. ʇ13-17). 

 

ʊʘʙʣʠʮʘ 4. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ L3 

ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʎʚʝʪ 

ʄ, 

ʛ/ʤʦʣʴ 
ɺʳʭʦʜ, % 

ʄʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(L3)2(NO3)3]n (11) 

C32H38N5O15Eu 
ʙʝʣʳʡ 884,6 68 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ, ʊɻɸ 

[Sm(L3)2(NO3)3]n (12) 

C32H38N5O15Sm 
ʙʝʣʳʡ 883,0 59 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ, ʊɻɸ 

[Tb(L3)2(NO3)3]n (13) 

C32H38N5O15Tb 
ʙʝʣʳʡ 891,6 77 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ, ʊɻɸ 

[Dy(L3)2(NO3)3]n (14) 

C32H38N5O15Dy 
ʙʝʣʳʡ 895,2 64 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ, ʊɻɸ 

[Gd(L3)2(NO3)3]n (15) 

C32H38N5O15Gd 
ʙʝʣʳʡ 889,9 73 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʊɻɸ 

 

ʇʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ 11-15 ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʪʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʦʜʥʦʬʘʟʥʦʩʪʠ ʚʝʱʝʩʪʚ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʟʤʝʣʴʯʘʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟr ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ (ʨʠʩ. 40). 
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ʈʠʩʫʥʦʢ 40. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʯʝʨʥʘʷ ʣʠʥʠʷ) ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʦʚ [Ln(L3)2(NO3)3]n. 

 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 11-15 ʠʟʦʤʦʨʬʥʳ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pbcn (ʨʦʤʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ L2, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʩʦʜʝʨʞʠʪ ʜʝʩʷʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 41ʘ). 

ʏʝʪʳʨʝ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʯʝʪʳʨʝʤ ʤʦʣʝʢʫʣʘʤ ʣʠʛʘʥʜʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʰʝʩʪʴ ï ʢ ʪʨʝʤ ʥʠʪʨʘʪʦ-

ʛʨʫʧʧʘʤ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʣʘʥʪʘʥʠʜ-ʠʦʥʘ ʙʣʠʟʦʢ ʢ ʩʬʝʥʦʢʦʨʦʥʝ J87 (ʨʠʩ. ʇ11ʙ) ʩ 

ʧʘʨʘʤʝʪʨʦʤ S(C2v) ʨʘʚʥʳʤ 1,86, 1,87, 1,85, 1,77 ʠ 1,82 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 11-15 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʘʥʘʣʠʟ çShape Measureè). ʏʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʠ ʦʜʥʫ ʥʠʪʨʘʪʥʫʶ ʛʨʫʧʧʫ (ʩʚʷʟʴ N=O) 

ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʢʦʤʧʣʝʢʩʘʭ 6-9, ʧʨʦʭʦʜʠʪ ʦʩʴ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ. ɼʣʠʥʳ ʩʚʷʟʝʡ ʠ ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

(ʪʘʙʣ. ʇ5). ʈʘʩʩʪʦʷʥʠʷ LnïO(L3) ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 2,31ï2,46 ¡, ʘ LnïO(NO3) ï 2,48ï2,56 ¡. ʇʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʧʦʚʦʨʦʪ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʣʠʛʘʥʜʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ űʪ 

41,3Á. L3 ʧʨʦʷʚʣʷʝʪ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʧʦʣʠʤʝʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʣʦʩʢʦʩʪʠ ab, ʦʙʨʘʟʫʷ ʩʝʪʢʫ (ʨʠʩ. 41ʙ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ OỄN 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ OẗẗẗHïN ʚ ʣʠʛʘʥʜʝ ʩʦʩʪʘʚʣʷʝʪ 2,74 ¡. 
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ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 41. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʚ ʢʦʤʧʣʝʢʩʝ 

[Ln(L3)2(NO3)3]n (ʘ) ʠ ʧʦʣʠʤʝʨʥʘʷ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ (ʙ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

3.1.4. ʂʦʤʧʣʝʢʩʳ Ln(III ) ʩ 2-{[(2-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-

ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ 

 

ʉʭʝʤʘ 13. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 2-{[( 2-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-

ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ. 



73 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III)  ʩ ʣʠʛʘʥʜʦʤ L4, ʫ ʢʦʪʦʨʦʛʦ OCH3-ʛʨʫʧʧʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠʣʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʢʦʤʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln(L4)3(NO3)3] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-

ʞʝʣʪʳʭ ʦʩʘʜʢʦʚ ʢʦʤʧʣʝʢʩʦʚ 16-19 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʘʚʝʩʢʠ L4 ʢ ʠʟʦʧʨʦʧʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʥʠʪʨʘʪʘ Ln(III)  ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ:ʣʠʛʘʥʜ = 1:1 (ʩʭʝʤʘ 13). ʇʦ ʜʘʥʥʳʤ ʈʌɸ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 16-19 ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ ʠʟʦʤʦʨʬʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ. 

ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 17 

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 42). ʇʨʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʢʦʤʧʣʝʢʩʘ 

ʪʝʨʙʠʷ(III ), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ [Tb(L4)2(H2O)(NO3)3] (18ʘ) ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ 18ʘ ʥʝ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʧʦʣʥʫʶ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʦʩʪʘʚ ʠ ʩʧʦʩʦʙʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠʠ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ ʥʘ 

ʦʩʥʦʚʝ L4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

 

ʈʠʩʫʥʦʢ 42. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʣʠʣʦʚʘʷ ʣʠʥʠʷ) ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʦʚ [Ln(L4)3(NO3)3]. 

 

ʊʘʙʣʠʮʘ 5. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ L4 

ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʎʚʝʪ 

ʄ, 

ʛ/ʤʦʣʴ 
ɺʳʭʦʜ, % 

ʄʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(L4)3(NO3)3] (16) 

C48H57N6O18Eu 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
1158,0 95 CHN, ʀʂ, ʈʌɸ 

[Sm(L4)3(NO3)3] (17) 

C48H57N6O18Sm 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
1156,3 74 CHN, ʀʂ, ʈʌɸ, ʈʉɸ 
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ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʎʚʝʪ 

ʄ, 

ʛ/ʤʦʣʴ 
ɺʳʭʦʜ, % 

ʄʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Sm(L4)2(H2O)(NO3)3] (17ʘ) 

C32H40N5O16Sm 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
901,0 74 CHN, ʀʂ, ʈʌɸ, ʈʉɸ 

[Tb(L4)3(NO3)3] (18) 

C48H57N6O18Tb 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
1164,9 84 CHN, ʀʂ, ʈʌɸ, ʉɼʆ 

[Dy(L4)3(NO3)3] (19) 

C48H57N6O18Dy 
ʞʝʣʪʳʡ 1168,5 51 CHN, ʀʂ, ʈʌɸ 

[Gd(L4)2(H2O)(NO3)3] (20) 

C32H40N5O16Gd 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
907,9 

56 

87 
CHN, ʀʂ, ʈʌɸ, ʈʉɸ 

 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʦʩʘ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ NïH, 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʘʢ ʚ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʚ 

ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ CïH ʛʨʫʧʧ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 2955ï2840 ʩʤ-1. ɺ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦʣʦʩʳ ɜ(C=O) ʚʩʣʝʜʩʪʚʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʦʡ ʛʨʫʧʧʳ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʰʠʨʦʢʘ ̫ʧʦʣʦʩʘ ʧʨʠ 771-702 ʩʤ-1, ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʣʠʛʘʥʜʝ, ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʝ ʫʟʢʠʭ ʧʨʠ 754 ʠ 721 ʩʤ-1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʦ-

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʠ CïH ʛʨʫʧʧ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ(III) ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʝʪʩʷ 

ʩʦʝʜʠʥʝʥʠʝ [Gd(L4)2(H2O)(NO3)3] (20), ʚ ʢʦʪʦʨʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ:ʣʠʛʘʥʜ = 1:2 ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʤʧʣʝʢʩʦʚ 16-19 (ʩʭʝʤʘ 13). ʈʘʩʪʚʦʨʝʥʠʝ ʣʠʛʘʥʜʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʜʦʙʘʚʣʝʥʠʝ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢ ʥʠʪʨʘʪʫ ʛʘʜʦʣʠʥʠʷ(III), ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 20. ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʘ ʠ ʥʠʪʨʘʪʘ ʩʘʤʘʨʠʷ(III ) ʚ ʵʪʠʭ 

ʞʝ ʫʩʣʦʚʠʷʭ (ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ ʠ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ) ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ [Sm(L4)2(H2O)(NO3)3] (17ʘ). ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ 

ʠʟʦʤʦʨʬʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 17ʘ ʠ 20 ʜʨʫʛ ʜʨʫʛʫ (ʨʠʩ. 43). 

 

ʈʠʩʫʥʦʢ 43. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʩʠʥʷʷ ʣʠʥʠʷ) ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʦʚ [Ln(L4)2(H2O)(NO3)3]. 
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ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Sm(L4)3(NO3)3] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P-3 (ʪʨʠʛʦʥʘʣʴʥʘʷ ʩʠʥʛʦʥʠʷ) ʠ ʷʚʣʷʝʪʩʷ ʤʦʥʦʷʜʝʨʥʳʤ [Sm(L4)3(NO3)3]. ʏʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ 

ʧʨʦʭʦʜʠʪ ʦʩʴ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʝʚʷʪʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ: 

ʪʨʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʦʪ ʪʨʝʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ L4 ʠ ʰʝʩʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ï ʦʪ ʪʨʝʭ ʥʠʪʨʘʪʦ-

ʛʨʫʧʧ (ʨʠʩ. 44ʘ). L4 ʧʨʦʷʚʣʷʝʪ ʪʦʣʴʢʦ ʤʦʥʦʜʝʥʪʘʪʥʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ, ʘ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʘ ï 

ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʡ, ʢʘʢ ʠ ʚʦ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʉ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ 

çShape Measureè ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ (ʨʠʩ. ʇ11ʚ) 

ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ S ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʯʝʪʳʨʝʭ ʧʦʣʠʵʜʨʦʚ: 

S(Cs) = 2,88 ʜʣʷ ʪʠʧʘ çʤʘʬʬʠʥè, S(D3h) = 2,57 ʜʣʷ ʩʬʝʨʠʯʝʩʢʠ ʪʨʝʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʧʨʠʟʤʳ, S(D3h) = 2,88 ʜʣʷ ʪʨʝʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ J51 ʠ S(C4v) = 2,77 ʜʣʷ 

ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʰʘʧʢʦʡ. ɼʣʠʥʘ ʩʚʷʟʠ SmïO(L4) ʩʦʩʪʘʚʣʷʝʪ 2,35 ¡, ʘ 

SmïO(NO3) ï 2,52 ʠ 2,53 ¡ (ʪʘʙʣ. ʇ5). ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʣʠʛʘʥʜʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʝʥʘʤʠʥʦʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ (űʪ = 1,1Á), ʘ 

ʨʘʩʩʪʦʷʥʠʝ OỄN ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʨʘʚʥʦ 2,65 ¡. ʄʝʞʜʫ ʬʝʥʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 3,81 ¡ 

(ʨʠʩ. ʇ18). ɺ ʨʝʟʫʣʴʪʘʪʝ ˊ-ʩʪʵʢʠʥʛʘ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ [Sm(L4)3(NO3)3] ʦʙʨʘʟʫʶʪ ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʨʘʩʧʦʣʘʛʘʶʱʫʶʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ab (ʨʠʩ. 44ʙ). 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 44. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Sm (L4)3(NO3)3] (ʘ) ʠ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ 17 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ˊ-ʩʪʵʢʠʥʛʘ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 17ʘ ʠ 18ʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Ln(L4)2(H2O)(NO3)3] 

ʷʚʣʷʶʪʩʷ ʤʦʥʦʷʜʝʨʥʳʤʠ ʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pbca ʩ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʠʥʛʦʥʠʝʡ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʪʘʢʞʝ ʨʘʚʥʦ ʜʝʚʷʪʠ, ʦʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʢʦʤʧʣʝʢʩʘ 17, ʪʨʝʪʴʷ ʤʦʣʝʢʫʣʘ ʣʠʛʘʥʜʘ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʤʦʣʝʢʫʣʫ ʚʦʜʳ (ʨʠʩ. 45ʘ). ʃʠʛʘʥʜ 
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ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ, ʥʠʪʨʘʪʦ-ʛʨʫʧʧʘ ï ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

ʢʦʤʧʣʝʢʩʦʤ 17, ʛʝʦʤʝʪʨʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʡʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ S ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʶ: ʪʠʧ çʤʘʬʬʠʥè ʩ 

S(Cs) = 2,87 (17ʘ) ʠ 2,78 (18ʘ), ʩʬʝʨʠʯʝʩʢʠ ʪʨʝʭʰʘʧʦʯʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ ʩ S(D3h) = 2,86 

(17ʘ) ʠ 2,68 (18ʘ), ʘ ʪʘʢʞʝ ʢʚʘʜʨʘʪʥʘʷ ʘʥʪʠʧʨʠʟʤʘ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʰʘʧʢʦʡ ʩ ʧʘʨʘʤʝʪʨʦʤ S(C4v) 

= 2,70 (17ʘ) ʠ 2,60 (18ʘ). ɼʣʠʥʳ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. ʇ6: ʜʣʠʥʘ ʩʚʷʟʠ LnïO(L4) 

ʩʦʩʪʘʚʣʷʝʪ  2,34 ¡ ʜʣʷ 17ʘ ʠ 2,31 ¡ ʜʣʷ 18ʘ, LnïO(NO3) ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,45 ï 2,52 ¡, ʘ 

LnïO(H2O) ï 2,35 ¡ ʠ 2,31 ¡ ʜʣʷ 17ʘ ʠ 18ʘ. ʂʨʦʤʝ ʪʦʛʦ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ 

ʚʦʜʳ ʠ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʣʠʛʘʥʜʘ L4 ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ OĿĿĿO ʩʦʩʪʘʚʣʷʝʪ 

2,67 ʠ 2,72 ¡ (ʨʠʩ. 45ʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʳ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 45. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 17ʘ ʠ 18ʘ (ʘ) ʠ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʙ). ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

 

ʀʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ(III ) 20 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 

[Gd(L4)2(H2O)(NO3)3]Ŀ2iPrOH (20ʘ). ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/c ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʝʡ ʠ ʷʚʣʷʝʪʩʷ ʤʦʥʦʷʜʝʨʥʳʤ, ʢʘʢ ʠ 

ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʷ. ʂ ʮʝʥʪʨʘʣʴʥʦʤʫ ʠʦʥʫ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʜʚʝ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʪʨʠ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ ʩ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠʦʥʘ ʛʘʜʦʣʠʥʠʷ(III ) ʨʘʚʥʦ ʜʝʚʷʪʠ 

(ʨʠʩ. 46ʘ). çShape Measureè ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʙʣʠʟʦʢ ʢʘʢ ʢ 

ʩʬʝʨʠʯʝʩʢʠ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʝ ʩ ʧʘʨʘʤʝʪʨʦʤ S(C4v) = 2,02, ʪʘʢ ʠ ʢ ʪʠʧʫ ʤʘʬʬʠʥ ʩ S(Cs) = 
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2,02. ɼʣʠʥʘ ʩʚʷʟʠ GdïO(L4) ʩʦʩʪʘʚʣʷʝʪ 2,33 ¡, ʜʣʠʥʳ ʩʚʷʟʠ GdïO(NO3) ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

2,45 - 2,53 ¡, ʘ GdïO(H2O) ï 2,35 ¡ (ʊʘʙʣ. ʇ6). ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ 17ʘ ʠ 18ʘ ʚʦ ʚʥʝʰʥʝʡ 

ʩʬʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 20ʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʤʦʣʝʢʫʣʳ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʦʜʥʦʡ ʥʠʪʨʘʪʥʦʡ ʛʨʫʧʧʳ, ʘ 

ʪʘʢʞʝ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʧʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

OĿĿĿO ʩʦʩʪʘʚʣʷʝʪ 2,85 ʠ 2,64 ¡. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʦʜʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʧʦʯʢʠ 

(ʨʠʩ. 46ʙ). 

ʘ) 

ʙ) 

ʈʠʩʫʥʦʢ 46. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 20ʘ (ʘ) ʠ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ(III) (ʙ). 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ. 

 

3.1.5. ʂʦʤʧʣʝʢʩʳ Ln(III ) ʩ 2-{[(4-ʤʝʪʠʣʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-

1,3-ʜʠʦʥʦʤ 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʥʘ ʦʩʥʦʚʝ L2 ʠ L3, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ(III ) ʩ ʣʠʛʘʥʜʦʤ L5 ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʵʪʠʣʦʚʦʤ 

ʩʧʠʨʪʝ ʣʠʛʘʥʜʘ ʠ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʠʜʘ(III) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ɺ ʭʦʜʝ ʩʠʥʪʝʟʘ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ:ʣʠʛʘʥʜ ʩʦʩʪʘʚʣʷʣʦ 2:1, ʘ ʢʦʤʧʣʝʢʩʳ 21-

23 ʠ 25 ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (ʩʭʝʤʘ 14). 
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ʉʭʝʤʘ 14. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 2-{[( 4-ʤʝʪʠʣʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-

ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ. 

 

ʊʘʙʣʠʮʘ 6. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ L5 

ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʎʚʝʪ 

ʄ, 

ʛ/ʤʦʣʴ 
ɺʳʭʦʜ, % 

ʄʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(L5)2(NO3)3]n (21) 

C32H38N5O13Eu 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
852,6 48 CHN, ʀʂ, ʈʌɸ, ʈʉɸ 

[Sm(L5)2(NO3)3]n (22) 

C32H38N5O13Sm 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
851,0 55 CHN, ʀʂ, ʈʌɸ, ʈʉɸ 

[Tb(L5)2(NO3)3]n (23) 

C32H38N5O13Tb 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
859,6 

43 

70 
CHN, ʀʂ, ʈʌɸ, ʈʉɸ 

[Dy(L5)2(NO3)3]n (24) 

C32H38N5O13Dy 
ʙʝʣʳʡ 863,2 54 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ 

[Gd(L5)2(NO3)3]n (25) 

C32H38N5O13Gd 

ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ 
857,9 58 CHN, ʀʂ, ʈʌɸ, ʈʉɸ 

 

ʉʦʩʪʘʚ ʠ ʩʧʦʩʦʙʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 6. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʦʨʤʫʣʦʡ [Ln(L5)2(NO3)3], ʘ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʘ 

ʠʟʦʤʦʨʬʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 47). ɸʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʟʘʤʝʥʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʥʘ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʠʜʘ(III ) ʠ 

ʜʦʙʘʚʣʝʥʠʠ ʥʘʚʝʩʢʠ ʣʠʛʘʥʜʘ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ 23 ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʈʌɸ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʈɿʄ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ 

ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʠʜʘ(III ) ʠ ʣʠʛʘʥʜʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ʂʦʤʧʣʝʢʩ ʜʠʩʧʨʦʟʠʷ 24 

ʚʳʜʝʣʝʥ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ. ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
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ʣʠʛʘʥʜʘ ʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ N-H ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 3240-3180 ʩʤ-1. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ CH2- ʠ CH3-ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʚʘʣʝʥʪʥʦ-

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 1520-860 ʩʤ-1, 

ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ CH2- ʠ CH3-ʛʨʫʧʧ ï ʧʨʠ 3100-2840 ʩʤ-1. ʂʦʣʝʙʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʚ ʀʂ-ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʨʘʟʨʝʰʝʥʥʳʭ ʫʟʢʠʭ ʧʦʣʦʩ, ʦʜʥʘʢʦ ʚ ʩʧʝʢʪʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʯʘʩʪʠʠ ʜʘʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ. 

 

ʈʠʩʫʥʦʢ 47. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʯʝʨʥʘʷ ʣʠʥʠʷ) ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʦʚ [Ln(L5)2(NO3)3]n. 

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʠʜʦʚ(III ) 21-25 ʥʘ ʦʩʥʦʚʝ L5 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ C2/c (ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ), ʯʪʦ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ ʥʘ ʦʩʥʦʚʝ L2 (ʤʝʪʦʢʩʠ-ʛʨʫʧʧʘ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ). ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʝʩʷʪʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ: 

ʯʝʪʳʨʝ ʘʪʦʤʘ ʦʪ ʯʝʪʳʨʝʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ ʠ ʰʝʩʪʴ ʦʪ ʪʨʝʭ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ (ʨʠʩ. 48ʘ). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʜʚʫʭʰʘʧʦʯʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʝ ʩ 

ʧʘʨʘʤʝʪʨʦʤ S(D4d) = 2,93 (21), 2,98 (22), 2,80 (23), 2,74 (24) ʠ 2,88 (25). ʃʠʛʘʥʜ ʧʨʦʷʚʣʷʝʪ 

ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʦʡ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ab (ʨʠʩ. 48ʙ). 

ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʚ ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʣʠʛʘʥʜʘ ʩʦʩʪʘʚʣʷʝʪ 2,20Á, ʘ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʦʨʦʪ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʣʠʛʘʥʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʨʩʠʦʥʥʦʛʦ 

ʫʛʣʘ ʜʦ ʟʥʘʯʝʥʠʷ  32,3Á. ɼʣʠʥʳ ʩʚʷʟʝʡ LnïO(L5) ʠ LnïO(NO3) ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,36 ï 

2,50 ʠ 2,44 ï 2,56 ¡ (ʊʘʙʣ. ʇ7). 
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   ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 48. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʢʦʤʧʣʝʢʩʘ [Ln(L5)2(NO3)3]n (ʘ) ʠ ʧʦʣʠʤʝʨʥʘʷ ʩʣʦʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ (ʙ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

3.1.6. ʂʦʤʧʣʝʢʩʳ Ln(III ) ʩ 2-{[(4-ʭʣʦʨʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-

1,3-ʜʠʦʥʦʤ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ (L2 ʠ L5), ʩʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III ) ʥʘ ʦʩʥʦʚʝ L6 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1: ʥʘʚʝʩʢʫ ʣʠʛʘʥʜʘ ʜʦʙʘʚʣʷʣʠ 

ʢ ʥʠʪʨʘʪʫ ʣʘʥʪʘʥʠʜʘ(III ), ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ. ʇʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʢʦʤʧʣʝʢʩʳ 26-28 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʙʝʣʳʭ ʦʩʘʜʢʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʥʠʪʨʘʪʫ ʣʘʥʪʘʥʠʜʘ(III ) ʣʠʛʘʥʜʘ, 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ 

ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ(III ) 29 ʠ ʛʘʜʦʣʠʥʠʷ(III ) 30 (ʩʭʝʤʘ 15). 

 

ʉʭʝʤʘ 15. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ(III ) ʩ 2-{[( 4-ʭʣʦʨʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-

ʜʠʤʝʪʠʣ-ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ. 
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ʊʘʙʣʠʮʘ 7. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ L6 

ʠ ʩʧʦʩʦʙʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ, 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ 
ʎʚʝʪ 

ʄ, 

ʛ/ʤʦʣʴ 
ɺʳʭʦʜ, % 

ʄʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

[Eu(L6)2(NO3)3]n (26) 

C30H32N5O13Cl2Eu 
ʙʝʣʳʡ 893,5 87 CHN, ʀʂ, ʈʌɸ 

[Sm(L6)2(NO3)3]n (27) 

C30H32N5O13Cl2Sm 
ʙʝʣʳʡ 891,9 77 CHN, ʀʂ, ʈʌɸ 

[Tb(L6)2(NO3)3]n (28) 

C30H32N5O13Cl2Tb 
ʙʝʣʳʡ 900,4 69 

CHN, ʀʂ, ʈʌɸ, ʈʉɸ, 

ʉɼʆ 

[Dy(L6)2(NO3)3]n (29) 

C30H32N5O13Cl2Dy 
ʙʝʣʳʡ 904,0 62 CHN, ʀʂ, ʈʌɸ 

[Gd(L6)2(NO3)3]n (30) 

C30H32N5O13Cl2Gd 
ʙʝʣʳʡ 898,7 77 CHN, ʀʂ, ʈʌɸ 

 

ʉʦʩʪʘʚ ʠ ʩʧʦʩʦʙʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. ɼʘʥʥʳʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʫʣʝ [Ln(L6)2(NO3)3], ʧʨʠ 

ʵʪʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʦʤʦʨʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 26-30 (ʨʠʩ. 49). 

 

ʈʠʩʫʥʦʢ 49. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʦʨʘʥʞʝʚʘʷ ʣʠʥʠʷ) ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʦʚ [Ln(L6)2(NO3)3]n. 

 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʣʝʙʘʥʠʷ NH-ʩʚʷʟʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 

3240-3150 ʩʤ-1. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ C=O ʧʨʠ ~ 

1661 ʩʤ-1 ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʧʦʣʦʩʳ ʥʘ 1616, 1593, 1576 ʩʤ-1, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʩʧʝʢʪʨʝ 

ʣʠʛʘʥʜʘ ʜʣʷ ʩʚʷʟʠ C=O, ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʫʰʠʨʝʥʥʦʡ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ. ʕʪʠ 
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ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʯʘʩʪʠʝ ʵʪʦʡ ʛʨʫʧʧʳ ʚ 

ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʘ. ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ C-H ʛʨʫʧʧ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2960-

2850 ʩʤ-1, ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ï ʧʨʠ 1480-830 ʩʤ-1, ʘ ʚʘʣʝʥʪʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 1560-860 ʩʤ-1. 

ʉʨʝʜʠ ʚʩʝʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʘʥʠʜʦʚ(III ) ʩ ʣʠʛʘʥʜʦʤ L6 ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʦʜʭʦʜʷʱʠʝ 

ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʙʠʷ(III ) 28. ʂʦʤʧʣʝʢʩ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ C2/c ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʝʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʢʩʠ- ʠ ʤʝʪʠʣʧʨʦʠʟʚʦʜʥʳʭ. ʂʦʤʧʣʝʢʩ 28 ʠʟʦʩʪʨʫʢʪʫʨʝʥ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʨʘʥʝʝ ʢʦʤʧʣʝʢʩʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ 6-9 ʠ 21-25: ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʠʦʥʘ 

ʪʝʨʙʠʷ(III ) ʩʦʩʪʦʠʪ ʠʟ ʜʝʩʷʪʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 50ʘ). ɺ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʘʪʦʤʫ ʫʯʘʩʪʚʫʶʪ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʣʠʛʘʥʜʘ L6, ʜʝʤʦʥʩʪʨʠʨʫʷ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʡ ʩʧʦʩʦʙ 

ʢʦʦʨʜʠʥʘʮʠʠ. ʊʘʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʦʡ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ab (ʨʠʩ. 50ʙ). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʷʚʣʷʝʪʩʷ ʜʚʫʭʰʘʧʦʯʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʦʡ, ʧʨʠ ʵʪʦʤ 

ʧʘʨʘʤʝʪʨ S(D4d) ʨʘʚʝʥ 2,73. ɺ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʣʠʛʘʥʜʝ ʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠ 

ʝʥʘʤʠʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʨʘʚʝʥ 3,92Á. ʇʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʚʦʨʦʪ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʪʦʨʩʠʦʥʥʳʡ 

ʫʛʦʣ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 33,07Á. ɼʣʠʥr ʩʚʷʟʠ TbïO(L6) ʨʘʚʥʳ 2,44 ʠ 2,34 ¡, ʘ TbïO(NO3) 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,46-2,58 ¡ (ʊʘʙʣ. ʇ7). 

     

   ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 50. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʢʦʤʧʣʝʢʩʘ [Tb(L6)2(NO3)3]n (ʘ) ʠ ʧʦʣʠʤʝʨʥʘʷ ʩʣʦʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ (ʙ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 
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3.1.7. ʂʦʤʧʣʝʢʩ ʪʝʨʙʠʷ(III ) ʩ 2-{[(4-ʭʣʦʨ-2-ʤʝʪʠʣʬʝʥʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʝʥ}-5,5-ʜʠʤʝʪʠʣ-

ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʦʤ 

ɺ ʩʣʫʯʘʝ ʩ ʣʠʛʘʥʜʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʭʣʦʨ ʠ ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʯʝʪʚʝʨʪʦʤ ʠ ʚʪʦʨʦʤ 

ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʞʝʣʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ(III ) 31. ʉʠʥʪʝʟ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʥʝ 

ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʠʪʦʛʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʠʟ ʨʘʩʪʚʦʨʘ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝ ï ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ʠ ʘʮʝʪʦʥʠʪʨʠʣ. ʉ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 31 [Tb(L7)3(NO3)3]: 

ʤʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-3 ʩ ʪʨʠʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʝʡ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʨʘʚʥʦ ʜʝʚʷʪʠ ʠ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ: ʪʨʠ ʘʪʦʤʘ ʦʪ ʪʨʝʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ L7, ʦʩʪʘʚʰʠʝʩʷ ʰʝʩʪʴ ʘʪʦʤʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʤ 

ʥʠʪʨʘʪʦ-ʛʨʫʧʧʘʤ (ʨʠʩ. 51ʘ). ɼʣʠʥʘ ʩʚʷʟʠ TbïO(L7) ʩʦʩʪʘʚʣʷʝʪ 2,31 ¡, ʘ TbïO(NO3) ï 2,48 ʠ 2,47 

¡ (ʊʘʙʣ. ʇ7). ʄʝʞʜʫ ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ˊ-

ʩʪʵʢʠʥʛ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 3,81 ¡, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʷ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʨʘʩʧʦʣʘʛʘʶʱʫʶʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ab (ʨʠʩ. 51ʙ). 

    

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 51. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Tb(L7)3(NO3)3] (ʘ) ʠ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʚ ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ (ʙ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʢʦʤʧʣʝʢʩʫ ʩʘʤʘʨʠʷ(III ) ʩ ʣʠʛʘʥʜʦʤ L4 (17). ʇʨʠ 

ʥʘʣʦʞʝʥʠʠ ʜʚʫʭ ʩʪʨʫʢʪʫʨ ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʳʭ ʠʦʥʦʚ ʠ ʜʚʫʭ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ ʩʦʛʣʘʩʫʝʪʩʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʨʠ ʵʪʦʤ ʘʪʦʤʳ ʪʨʝʪʴʝʡ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ ʫ ʵʪʠʭ 

ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʟʝʨʢʘʣʴʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ (ʨʠʩ. 52). ɼʣʠʥʳ 

ʩʚʷʟʝʡ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʠʪʴ ʢ ʢʘʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ 
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ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʢʦʤʧʣʝʢʩʘ 31 ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

ʩʦʝʜʠʥʝʥʠʝʤ 17. ɸʥʘʣʠʟ çShape Measureè ʜʣʷ 31 ʧʦʢʘʟʘʣ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ S ʜʣʷ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʧʦʣʠʵʜʨʦʚ: S(Cs) = 2,63 ʜʣʷ ʪʠʧʘ çʤʘʬʬʠʥè, S(D3h) = 2,10 ʜʣʷ 

ʩʬʝʨʠʯʝʩʢʠ ʪʨʝʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ, S(D3h) = 2,83 ʜʣʷ ʪʨʝʭʰʘʧʦʯʥʦʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ J51 ʠ S(C4v) = 2,48 ʜʣʷ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʰʘʧʢʦʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɿʕ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʝʥʘʤʠʥʦʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ ʚ ʤʦʣʝʢʫʣʝ ʣʠʛʘʥʜʘ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʤ ʧʨʠ ʢʦʤʧʣʝʢʩʦʙʨʘʟʦʚʘʥʠʠ, ʪʦ ʝʩʪʴ 

ʧʦʚʦʨʦʪʘ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ: űʪ = 1,1Á ʜʣʷ ʢʦʤʧʣʝʢʩʘ 17 ʠ űʪ = 7,9Á ï ʜʣʷ 31. 

 

ʈʠʩʫʥʦʢ 52. ʅʘʣʦʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [LnL3(NO3)3] 17 ʠ 31. ʉʠʥʠʤ ʠ 

ʟʝʣʝʥʳʤ ʮʚʝʪʘʤʠ ʦʪʤʝʯʝʥʳ ʮʝʥʪʨʘʣʴʥʳʝ ʠʦʥʳ ʠ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ, ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʀʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʈɿʄ ʥʘ ʦʩʥʦʚʝ  

ɓ-ʝʥʘʤʠʥʜʠʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʙʝʟ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ, ʘ ʪʘʢʞʝ ʩ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʦʡ 

ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ (L1 ʠ L4). ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ 

ʢʦʤʧʣʝʢʩʦʚ 17 ʠ 31, ʵʪʠ ʤʦʥʦʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [LnL2(H2O)(NO3)3] 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ: P-1 (ʪʨʠʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ) ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩ L1 ʠ Pbca (ʨʦʤʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ) ï ʩ L4. ʆʜʥʘʢʦ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʩʪʨʫʢʪʫʨ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ, ʘʥʘʣʠʟ 

çShape Measureè ʧʦʢʘʟʘʣ ʪʨʠ ʪʠʧʘ ʧʦʣʠʵʜʨʘ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʘ S: ʪʠʧ 

çʤʘʬʬʠʥè, ʢʚʘʜʨʘʪʥʘʷ ʘʥʪʠʧʨʠʟʤʘ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʰʘʧʢʦʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ L1 ʠ L4, ʘ ʪʘʢʞʝ 

ʩʬʝʨʠʯʝʩʢʠ ʪʨʝʭʰʘʧʦʯʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ L4. ʂʨʦʤʝ ʪʦʛʦ ʵʪʠ 

ʤʦʥʦʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʜʚʦʡʥʫʶ ʮʝʧʦʯʢʫ (ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ L1) ʠʣʠ 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ L4) ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʣʠʛʘʥʜʘ ʩʦʩʝʜʥʠʭ 
























































































