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ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʋɽʄʓʍ ʉʆʂʈɸʑɽʅʀʁ ʀ ʆɹʆɿʅɸʏɽʅʀʁ 

ʂʉ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʅʈ ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ 

ʅʅʈ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ 

ʀʅʈ ʠʤʠʥʦʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ 

ɻʉ ʛʝʪʝʨʦʩʧʠʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 

L 5Im 4,4,5,5,-ʪʝʪʨʘʤʝʪʠʣ-2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-5-ʠʣ)-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-

3-ʦʢʩʠʜ-1-ʦʢʩʠʣ 

 

 

L 4Im 4,4,5,5,-ʪʝʪʨʘʤʝʪʠʣ-2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-4-ʠʣ)-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-

3-ʦʢʩʠʜ-1-ʦʢʩʠʣ 

 

LR 5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-R-1H-ʧʠʨʘʟʦʣ 

 

PLR  

2,2-ʜʠʤʝʪʠʣ-1-(1-R-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʧʨʦʧʘʥ-1-ʦʥ 
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Cu(hfac)2 ʙʠʩ-(ʛʝʢʩaʬʪʦʨaʮʝʪʠʣaʮʝʪʦʥaʪʦ)ʤʝʜʴ(II ) 

 

ʊɻʌ ʪʝʪʨaʛʠʜʨʦʬʫʨaʥ 

Et2O ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ 

ʇʄʎ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʮʝʥʪʨ 

Õɻ ʬʬ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

Õɺ ʤʘʛʥʝʪʦʥ ɹʦʨʘ 

ɢ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ʈʉA ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʀʂ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

FTIR  ʠʥʬʨʘʢʨʘʩʥʘʷ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʘʥʛʣ. Fourier transform infared 

spectroscopy) 

CCDC ʂʝʤʙʨʠʜʞʩʢʘʷ ʙʘʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʇʕʗ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ  

SC-SC ʧʝʨʝʭʦʜ ʤʦʥʦʢʨʠʩʠʪʘʣ-ʤʦʥʦʢʨʠʩʪʘʣʣ (ʘʥʛʣ. single-crystal-to-single-

crystal) 

HT ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ (ʘʥʛʣ. high temperature) 

LT  ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ (ʘʥʛʣ. low temperature) 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʍʠʤʠʷ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʂʉ) ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʘʛʥʝʪʠʢʘʤʠ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ [1ï8]. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʪʠʧr ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʘʩʳʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʯʪʦ ʧʨʠʜʘʝʪ ʠʤ ʥʠʟʢʫʶ 

ʧʣʦʪʥʦʩʪʴ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ [9ï11], ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉʨʝʜʠ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʘʛʥʠʪʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʂʉ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʷʚʣʷʶʪʩʷ ʩʝʤʠʭʠʥʦʣʷʪʥʳʝ [12ï15], ʚʝʨʜʘʟʠʣʴʥʳʝ [16,17] ʠ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣ r(ʅʈ) 

[9,18ï20] ʢʘʢ ʢʠʥʝʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ. ʅʈ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ [19ï

25], ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩ ̫ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʧʠʥʪʨʦʥʠʢʠ [18], ʩʦʟʜʘʥʠʷ ʩʧʠʥʦʚʳʭ 

ʜʘʪʯʠʢʦʚ [26], ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ [27], ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ [28ï31].  

ʉʨʝʜʠ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʂʉ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʅʈ 

ʠʟʚʝʩʪʥʳ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʝʪʠʢʠ [32ï36], ʢʦʤʧʣʝʢʩʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʧʦʜʦʙʥʳʝ 

ʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʘʤ ɻʬʬʝʢʪʳ, ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʝr ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ 

ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʠ ʘʢʪʫʘʪʦʨʦʚ [37ï40], çʜʳʰʘʱʠʝ ʢʨʠʩʪʘʣʣʳè, ʧʨʠʨʦʜʝ ʢʦʪʦʨʳʭ ʧʨʠʩʫʱʠ 

single-crystal-to-single-crystal (SC-SC) ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ [41ï43], ʢʨʠʩʪʘʣʣʳ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [44,45], ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʚʳʧʦʣʥʷʪʴ 

ʬʫʥʢʮʠʶ ʚʳʩʦʢʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʚʢʣʶʯʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣ ̫

[46,47] ʠʣʠ ʤʘʣʳʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʩʤʝʱʝʥʠʷ [48], ʠʣʠ/ʠ ʚʥʝʰʥʝʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ [49,50]. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʦʤʧʣʝʢʩʘʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʅʈ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʚ ʢʨʫʛ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʠʟʫʯʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʘʨʘʤʘʛʥʝʪʠʢʠ ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʘʮʠʢʣʠʯʝʩʢʠʭ ʅʈ [51], ʢʦʪʦʨʳʤ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʥʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʢʦʤʧʣʝʢʩʘʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʅʈ 3-ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʨʷʜʘ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʘʤ ʩ ʧʠʨʘʟʦʣʠʣ- ʠ 

ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʤʠ ʥʠʪʨʦʢʩʠʣʘʤʠ 2-ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʨʜ̫ʘ. ɺ ʨʷʜʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʨʘʥʝʝ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʘʮʠʢʣʠʯʝʩʢʠʭ ʅʈ ï ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʦʚ ï 
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ʬʫʥʢʮʠʶ ʚʪʦʨʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʫ ʘʪʦʤʘ N ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʧʦʣʥʷʣʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [52ï55], ʧʨʠʤʝʨʳ ʞʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʙʳʣʠ ʝʜʠʥʠʯʥʳ [56,57]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ 

ʩʝʤʝʡʩʪʚʦ 1-ʘʣʢʠʣ-ʧʠʨʘʟʦʣ-4-ʠʣ ʟʘʤʝʱʝʥʥʳʭ ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʦʚ, ɻʉ Cu(hfac)2 ʩ 

ʢʦʪʦʨʳʤʠ ʧʨʦʷʚʣʷʣʠ single-crystal-to-single-crystal (SC-SC) ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ [51]. 

ɺʦʧʨʦʩ ʚʣʠʷʥʠʷ ʩʤʝʥʳ ʧʦʣʦʞʝʥʠʷ ʩʧʠʥʦʚʦʡ ʤʝʪʢʠ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʣʠʛʘʥʜʝ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ɻʉ ʦʩʪʘʚʘʣʩʷ ʦʪʢʨʳʪʳʤ. 

ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʘʚʪʦʨʘ ʧʨʠʚʣʝʢʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʝʪʝʨʦʩʧʠʥʦʚʳʝ 

ʢʨʠʩʪʘʣʣʳ. ɺ ʨʘʤʢʘʭ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʘ çʧʨʳʛʘʶʱʠʭè 

ʢʨʠʩʪʘʣʣʦʚ, ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʢʘʢ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʡ ʤʘʪʨʠʮʳ, ʪʘʢ ʠ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʧʨʠ ʵʪʦʤ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʣʶʯʝʚʘʷ ʨʦʣʴ ʫʧʘʢʦʚʢʠ 

ʛʝʪʝʨʦʩʧʠʥʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʣʠʛʘʥʜʝ 

ʥʘ ʫʧʘʢʦʚʢʫ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʯʪʦ ʧʦʙʫʜʠʣʦ 

ʘʚʪʦʨʘ ʚʢʣʶʯʠʪʴ ʪʘʢʫʶ ʟʘʜʘʯʫ ʚ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʠʥʝʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ 

ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʠʘʤʘʛʥʠʪʥʳʭ ʘʥʘʣʦʛʦʚ 

ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʜʣʷ ʜʠʟʘʡʥʘ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʤʥʦʛʦʩʧʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʳʷʚʣʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʩʫʱʠʭ ʠʤ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ, ʜʠʘʤʘʛʥʠʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ 

I-ʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʨʷʜʘ ʩ ʥʠʤʠ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʚʳʨʘʱʠʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ, ʠʭ ʢʣʶʯʝʚʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; 
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¶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘ ̫ ʧʘʩʧʦʨʪʠʟʘʮʠ ̫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ (ʈʉɸ, ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʗʄʈ, ʕʇʈ, ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ɻ ʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ); 

¶ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʚʳʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ, ʧʨʠʩʫʱʠʭ ʧʨʠʨʦʜʝ ʩʦʝʜʠʥʝʥʠʡ;  

¶ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʘʟʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʠʟʫʯʘʝʤʦʡ ʛʨʫʧʧʝ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 8 ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ: 1-ʵʪʠʣʠʤʠʜʘʟʦʣ-

4(5)-ʠʣ ʟʘʤʝʱʝʥʥʳʝ ʅʅʈ; 1-ʘʣʢʠʣʧʠʨʘʟʦʣ-5-ʠʣ ʟʘʤʝʱʝʥʥʳʝ ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʴʥʳʝ 

ʨʘʜʠʢʘʣʳ; 2,2-ʜʠʤʝʪʠʣ-1-(1-ʘʣʢʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʧʨʦʧʘʥ-1-ʦʥr. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ 19 ʥʦʚʭr ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʂʉ Cu(II ), Zn(II ), Mn(II ); ʜʣʷ ʚʩʝʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʬʘʟ ʦʧʨʝʜʝʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

(ʜʣʷ 6 ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ (2ï320 ʂ). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʂʉ Ŭ-[Cu(hfac)2L5Im]Ð ʦʙʥʘʨʫʞʝʥ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʟʚʘʥ çʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʟʘʨʦʞʜʝʥʠʷ 

ʥʦʚʦʛʦ ʧʦʣʠʤʦʨʬʘ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʝè. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʂʉ Cu(hfac)2 ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʥʠʪʨʦʢʩʠʣʘʤʠ 

1-R-5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)ʧʠʨʘʟʦʣʘʤʠ (LR) (R = Me, Et, n-Pr, i-Pr), 

ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʘʷ ʥʝʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʢ ʰʠʨʦʢʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʬʘʟ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ SCïSC 

ʧʨʝʚʨʘʱʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʤʦʨʬʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʦʚ I-ʧʝʨʝʭʦʜʥʦʛʦ ʨʷʜʘ (Mn(II ), Zn(II)) ʩ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʅʈ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ PLEt (2,2-ʜʠʤʝʪʠʣ-1-(1-ʵʪʠʣ-1H-ʧʠʨʘʟʦʣ-5-

ʠʣ)ʧʨʦʧʘʥ1-ʦʥ) ʠ PLn-Pr (2,2-ʜʠʤʝʪʠʣ-1-(1-ʥ-ʧʨʦʧʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʧʨʦʧʘʥ-1-ʦʥ) ï 

ʜʠʘʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʅʈ ï ʩ Cu(hfac)2 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ SCïSC ʧʝʨʝʭʦʜʳ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. 
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ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ: ʤʦʥʦʢʨʠʩʪʘʣʣ [Cu(hfac)2Ln-Pr]Ð ʧʨʠ T=303 K ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ 

ʥʝʦʙʨʘʪʠʤʦʝ ʪʚʝʨʜʦʬʘʟʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʳʡ ʢʦʤʧʣʝʢʩ 

[Cu(hfac)2L*n-Pr]Ð, ʚ ʢʦʪʦʨʦʤ L*n-Pr ï ʧʨʦʜʫʢʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʜʠʢʘʣʘ, ʚʢʣʶʯʘʶʱʝʡ 

ʦʢʠʩʣʝʥʠʝ Ln-Pr ʠ ʤʠʛʨʘʮʠʶ ʘʪʦʤʘ ONO ʥʘ ʛʝʪʝʨʦʮʠʢʣ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

5-(ʪʨʝʪ-ʙʫʪʠʣʠʤʠʥʦ)-1-ʧʨʦʧʠʣ-1,5-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣ-4-ʦʥʘ (L*n-Pr) ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʠʦʥʦʤ Cu(II ).  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʘʨʘʤʘʛʥʠʪʥʳʭ, 

ʜʠʘʤʘʛʥʠʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʂʉ M(hfac)2 (M = Cu(II ), Zn(II ), Mn(II )) ʩ ʥʠʤʠ, 

ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ, 

ʨʘʙʦʪʘʶʱʠʤ ʚ ʦʙʣʘʩʪʠ ʜʠʟʘʡʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʥʦʢʨʠʩʪʘʣʣ-ʤʦʥʦʢʨʠʩʪʘʣʣ ʤʦʛʫʪ 

ʧʦʩʣʫʞʠʪʴ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, 

ʢʨʘʩʠʪʝʣʝʡ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [58]. 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʠ 

ʘʥʘʣʠʟʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʧʦʥʠʤʘʥʠʠ 

ʤʝʭʘʥʠʟʤʦʚ ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ [59]. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʘʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʩʪʨʫʢʪʫʨʘʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠ ʜʠʘʤʘʛʥʠʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʇʦʜʙʦʨ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʠʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʷʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ (ʈʉɸ), ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ), ʵʣʝʢʪʨʦʥʥʳʡ 

ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʕʇʈ), ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ), ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, 



10 

 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʥʘ ʢʚʘʜʨʫʧʦʣʴ-ʚʨʝʤʷʧʨʦʣʝʪʥʦʤ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Maxis 4G. ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʥʠʪʨʦʢʩʠʣʦʚ ʠ ʂʉ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʩʪʘʪʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ʇʦʣʦʞʝʥʠʷ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

ï ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 8 ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʠʤʠʜʘʟʦʣʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʅʅʈ 

L(4ï5)Im, 1-R-5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)ʧʠʨʘʟʦʣʦʚ (LR) (R = Me, Et, n-Pr, i-Pr) ʠ ʠʭ 

ʜʠʘʤʘʛʥʠʪʥʳʭ ʘʥʘʣʦʛʦʚ ï 2,2-ʜʠʤʝʪʠʣ-1-(1-R-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʧʨʦʧʘʥ-1-ʦʥʦʚ PLR (R = 

Et, n-Pr).  

ï ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ I-ʛʦ ʧʝʨʝʭʦʜʥʦʛʦ 

ʨʷʜʘ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʅʈ ʠʣʠ ʠʭ ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

ï ɿʘʢʣʶʯʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʨʘʟʤʝʨʘ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 1-ʦʤ ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʘ ʥʘ 

ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʫ  ʁʘʢʪʠʚʥʦʩʪ ɹʢʦʤʧʣʝʢʩʦʚ ʩ ʘʣʢʠʣ-ʠʤʠʜʘʟʦʣʠʣ-ʟʘʤʝʱʝʥʥʳʤʠ ʅʅʈ.  

ï ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Ŭ-[Cu(hfac)2L5Im]Ð ʚ ɓ-[Cu(hfac)2L5Im]Ð ʧʨʠ 75 K.  

ï ɼʘʥʥʳʝ ʧʦ ʬʘʟʦʚʳʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ (single-crystal-to-single-crystal transformation) 

ʢʦʤʧʣʝʢʩʦʚ Cu(hfac)2 ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʥʠʪʨʦʢʩʠʣʘʤʠ 1-R-5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-

ʦʢʩʠʣʘʤʠʥʦ)ʧʠʨʘʟʦʣʘʤʠ (LR) (R = Et, n-Pr).  

ï ʈʝʛʠʩʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ in situ ʧʨʝʚʨʘʱʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʜʠʘʤʘʛʥʠʪʥʳʡ 

ʢʝʪʦʥ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ [Cu(hfac)2Ln-Pr]Ð ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ.  

ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʘʟʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʚ ʢʦʤʧʣʝʢʩʘʭ Cu(hfac)2 ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʥʠʪʨʦʢʩʠʣʘʤʠ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʝʩʴ ʦʙʲʝʤ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʶʱʠʡ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʧʦʣʫʯʝʥʠʝ, ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʨʦʩʪʘ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʜʛʦʪʦʚʢʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʠʥʪʝʨʧʨʝʪʘʮʠ ʁ

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥ ʣʠʯʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ, ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ ʠ ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ 

ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ.  
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ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʥʘ 8 ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʅʦʚʦʩʠʙʠʨʩʢ-2015, ʅʦʚʦʩʠʙʠʨʩʢ-2021); ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-

2015 (ʅʦʚʦʩʠʙʠʨʩʢ-2015); VII , IX International conference çHigh spin molecules and 

molecular magnetsè. X, XIV  Russian-Japanese workshop çOpen shell compounds and 

molecular spin devicesè (ʅʦʚʦʩʠʙʠʨʩʢ-2016, on-line-(ʅʠʞʥʠʡ-ʅʦʚʛʦʨʦʜ/ʅʦʚʦʩʠʙʠʨʩʢ)-

2021); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʃʦʤʦʥʦʩʦʚ-2021è, (ʄʦʩʢʚʘ-2021); The XII Internationale conference on chemistry for young 

scientists, çMendeleev 2021è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ-2021); I ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳè (ʄʦʩʢʚʘ-2021). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ, ʠʟ ʥʠʭ 1 ï ʚ ʨʝʮʝʥʟʠʨʫʝʤʦʤ 

ʨʦʩʩʠʡʩʢʦʤ ʠ 2 ï ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ 

ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʮʠʪʠʨʦʚʘʥʠʷ Scopus ʠ web of science. ɺ 

ʤʘʪʝʨʠʘʣʘʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 8 

ʜʦʢʣʘʜʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʜʘʥʥʳʭ 

ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʚʪʦʨ ʤʥʦʛʦʢʨʘʪʥʦ 

ʦʙʩʫʞʜʘʣʘ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʘ ʪʘʢʞʝ ʦʥʠ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ, ʟʥʘʯʠʤʦʩʪʠ ʠ ʧʨʠʟʥʘʥʠʠ ʥʘʫʯʥʳʤ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè, ʧ. 3 

çʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ ʩʪʨʦʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè, ʧ. 7 çʇʨʦʮʝʩʩʳ 



12 

 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ 

ʭʠʤʠʷ (ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 153 ʩʪʨʘʥʠʮʘʭ, ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ 80 

ʨʠʩʫʥʢʦʚ, 21 ʪʘʙʣʠʮʫ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, ʥʘʩʯʠʪʳʚʘʶʱʝʛʦ 135 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 5 ʧʨʠʣʦʞʝʥʠʡ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨè ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʄʊʎ ʉʆ ʈɸʅ). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʅʌ (15-13-30012 "ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʧʠʥʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ"), ʈʅʌ (18-13-00380 

"ɻʝʪʝʨʦʩʧʠʥʦʚʳʝ ʩʝʥʩʦʨʳ"), ʈʅʌ (17-13-01022 "P-, T-ʀʥʜʫʮʠʨʦʚʘʥʥʳʝ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʚ ʤʥʦʛʦʩʧʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ"), ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʧʨʝʟʠʜʝʥʪʘ ʈʌ (ʄʂ-

6040.2016.3 "ʅʦʚʳʝ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʠ ʚʝʨʜʘʟʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʚ ʜʠʟʘʡʥʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʛʥʝʪʠʢʦʚ"), ʈʌʌʀ (19-29-08005 "ʈʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʛʥʝʪʠʢʠ"), 

ɻʦʩʟʘʜʘʥʠ ̫(0333-2014-0002) çʆʨʛʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʘʛʥʝʪʠʢʠ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ 

ʤʘʛʥʠʪʥʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡè, ɻʦʩʟʘʜʘʥʠ ̫(0333-2015-0005) 

"ʉʠʥʪʝʟ ʠ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ 

(ʂʦʤʧʣʝʢʩʥʘʷ ʧʨʦʛʨʘʤʤʘ ʉʆ ʈɸʅ "ʀʥʪʝʛʨʘʮʠʷ ʠ ʨʘʟʚʠʪʠʝ" ˉII.2.49)". 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

ɻʝʪʝʨʦʩʧʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʅʈ ʠ Cu(hfac)2 ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʫʯʝʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʩʣʫʞʘʪ ʤʦʜʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʘʛʥʝʪʦʭʠʤʠʠ 

[60] ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʕʇʈ, ʪʘʢʞʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʩʧʠʥʦʚʳʝ ʩʝʥʩʦʨʳ ʠ ʩʧʠʥʦʚʳʝ ʘʢʪʫʘʪʦʨʳ [61,62]. ʅʝʩʤʦʪʨʷ ʥʘ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤ ̫ ʟʘʯʘʩʪʫʶ ʥʝʣʴʟʷ ʟʘʨʘʥʝʝ ʧʨʝʜʩʢʘʟʘʪʴ ʩʧʦʩʦʙ 

ʢʦʦʨʜʠʥʘʮʠʠ ʅʈ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʩ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ɻʉ ʥʘ 

ʦʩʥʦʚʝ Cu(II) ʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʅʈ ʟʘʜʘʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʛʠʭ ʧʨʠʯʠʥ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ NḌO ʛʨʫʧʧʳ, ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʡ ʤʘʪʨʠʮʳ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʣʠʷʥʠ ̫ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʠ ʚʣʠʷʥʠ ̫ʫʧʘʢʦʚʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ 

CuïOOḌN ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ï ʜʘʥʥʳʝ ʦʙʲʝʢʪʳ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ 

ʩʚʦʠ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʮʚʝʪ, ʨʘʟʤʝʨ, ʤʘʛʥʠʪʥʫ  ʁʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ). ʂʘʢ ʫʞʝ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ɻʉ ʥʘ ʦʩʥʦʚʝ ʉu(II) ʠ ʅʈ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ. ʇʦʩʢʦʣʴʢʫ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨ ʥʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʠʦʥʝ Cu(II ) (d9 ʵʣʝʢʪʨʦʥʥʘ ̫ ʢʦʥʬʠʛʫʨʘʮʠʷ) ʩ 

ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʘʭ Cu(II ) c ʅʈ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ 

ʩʧʠʥʦʚʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʚ ʛʝʪʝʨʦʩʧʠʥʦʚʦʤ ʦʙʤʝʥʥʦʤ ʢʣʘʩʪʝʨʝ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ 

ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʇʄʎ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʜʦʙʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʘ ʤʝʪʘʣʣʘ [1,63,64], 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʝʣʠʯʠʥʳ ʠʥʪʝʛʨʘʣʘ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʥʫʪʨʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠʦʥʘ Cu2+. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʝʨʝʢʨʳʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʠ NO ʛʨʫʧʧʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʢʩʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʨʘʩʩʪʦʷʥʠʝ 

CuïONO ~2.3 ¡, ʪʦ ʧʨʝʦʙʣʘʜʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʜʥʘʢʦ 

ʝʩʣʠ ʥʠʪʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʥʘʭʦʜʠʪʩʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʦʟʠʮʠʠ ï ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ 

ʨʝʘʣʠʟʘʮʠʶ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʘ [65]. ʉʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

Õɻ ʬʬ(T). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʯʠʩʣʦ ʩʪʨʫʢʪʫʨʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 
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ʜʘʥʥʳʝ ʦʙʲʝʢʪʳ ~ 800. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʣʠʰʴ ʥʘʠʙʦʣʝʝ ʷʨʢʠʝ ʧʨʠʤʝʨ r

ʬʘʟʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʦʩʦʙʝʥʥʦ ʪʘʢʠʝ ʧʨʠʤʝʨ rʩʦʝʜʠʥʝʥʠʡ, ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʳ ʢ ʬʘʟʦʚʳʤ 

ʧʨʝʚʨʘʱʝʥʠʷʤ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ SC-SC ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ. 

1.1 ʂʦʤʧʣʝʢʩʳ ʩ ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʤʠ ʅʅ ʠ ʀʅ ʨʘʜʠʢʘʣʘʤʠ 

 

ʇʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʂʉ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʩʷ 

ʥʝʦʙʳʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ Õʵʬʬ(T), ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʉu(hfac)2 ʠ 3-ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʦʛʦ 

ʅʅʈ (L 1) ï [(Cu(hfac)2)4(L 1)2], ʧʦʣʫʯʝʥʥʳʡ ʇʦʣʝʤ ʈʝ ʠ ʢʦʣʣʝʛʘʤʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʉu(hfac)2 ʩ L 1 ʚ ʩʤʝʩʠ CHCl3/ʥ-ʛʝʧʪʘʥ (ʈʠʩ. 1ʘ) [63]. 

 

 

(ʘ) (ʙ) 

ʈʠʩ. 1. (ʘ) L1 ï 3-ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʡ ʅʅʈ, (ʙ) ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

[(Cu(hfac)2)4(L1)2]. 

ʄʦʣʝʢʫʣʘ [(Cu(hfac)2)4(L 1)2] ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʪʦʜʦʤ ʈʉɸ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʜʠʤʝʨ, ʚ ʢʦʪʦʨʳʡ 

ʚʭʦʜʷʪ ʜʚʘ L 1 ʠ ʯʝʪʳʨʝ Cu(hfac)2 (ʈʠʩ. 1ʙ). ɺʥʫʪʨʠ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʪʁʩʷ ʜʚʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʘ { Cu1O5}  ʠ { Cu2O5N}. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʪʨʠ ʚʦʟʤʦʞʥʳʭ 

ʜʦʥʦʨʥʳʭ ʬʨʘʛʤʝʥʪʘ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ ʫʯʘʩʪʚʫʶʪ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʠʦʥʦʤ ʤʝʪʘʣʣʘ. 

ʊʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ ʉu1 ʠʤʝʶʪ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʚʝʨʰʠʥʫ 

ʢʦʪʦʨʦʛʦ ʟʘʥʠʤʘʝʪ ʘʪʦʤ O2
NO ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʜʣʠʥʘ ʩʚʷʟʠ ʉu1ïO2

NO 
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ʩʦʩʪʘʚʣʷʝʪ 2.316(8) ¡. ʆʢʨʫʞʝʥʠʝ ʘʪʦʤʘ ʉu2ï ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʩ 

ʪʨʝʤʷ ʘʪʦʤʘʤʠ Ohfac ʠ ʘʪʦʤʦʤ N ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(1.989(7), 1.969(5), 1.969(7), 2.022(6) ¡), ʥʘ ʫʜʣʠʥʝʥʥʦʡ ʦʩʠ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ Ohfac 

(2.277(7) ¡) ʠ O1
NO (2.384(7) ¡). ʈʘʩʩʪʦʷʥʠʷ Cu1ï O2

NO, Cu2ï O1
NO ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʨʫʧʧ NïO. ɿʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ Nï O1, Nï O2 ʨʘʚʥʳ 

1.251(10), 1.308(9) ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʠʞʝ 100 K ʤʝʪʦʜʦʤ ʈʉɸ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʦ ʧʨʠʯʠʥʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ ʙʳʣ ʩʦʙʨʘʥ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʨʠ 50 K ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʷʜʘ ʤʦʜʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʱʘʷ ʛʝʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʘ 

ʘʥʘʣʦʛʠʯʥʘ ʩʪʨʦʝʥʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

çʚʥʫʪʨʠʮʠʢʣʠʯʝʩʢʠʭè ʠʦʥʦʚ Cu2 ʧʨʝʪʝʨʧʝʣʘ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ Cu2 ʪʝʧʝʨʴ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʠ ʘʪʦʤ N ʧʠʨʠʜʠʥʦʚʦʛʦ 

ʢʦʣʴʮʘ, ʠ O1
NO ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Cu2ïN = 2.052(30) ¡ ʠ Cu2ïO1

NO = 2.028(50) ¡. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʥʘ ʩʚʷʟʴ O(hfac)-Cu2 ʫʢʦʨʦʪʠʣʘʩʴ, ʘ ʜʚʝ ʜʨʫʛʠʝ ʫʜʣʠʥʠʣʠʩʴ (2.379(54), 

2.17l(53) ¡). ʇʨʠ ʵʪʦʤ ʚ ʦʢʨʫʞʝʥʠʠ Cu1 ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʪʦʣʴʢʦ 

ʘʢʩʠʘʣʴʥʘʷ ʩʚʷʟʴ Cu1ï O2
NO ʫʜʣʠʥʷʝʪʩʷ ʥʘ ~0.09 ¡ (ʈʠʩ. 2ʘ). ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  

 

 

(ʘ) (ʙ) 

ʈʠʩ. 2. (ʘ) ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʫʟʣʳ {Cu1O5} ʠ {Cu2O5N} ʧʨʠ ʊ=300 K, 50 K; (ʙ) 

ʟʘʚʠʩʠʤʦʩʪʴ ɢʊ(ʊ) ʜʣʷ [(Cu(hfac)2)4(L1)2] [63]. 
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ɿʘʚʠʩʠʤʦʩʪʴ ɢʊ(ʊ) ʜʣʷ [(Cu(hfac)2)4(L 1)2] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 2ʙ. ɿʥʘʯʝʥʠʝ ɢʊ 

(Õɻ ʬʬ) (Õɻʬʬ å ψʔ˟ ) ʜʣʷ [(Cu(hfac)2)4(L 1)2] ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300-140 K ʩʦʩʪʘʚʣʷʝʪ 

2.56 ʩʤ3ĀKĀʤʦʣʴ-1 (4.53 Õɺ), ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʰʝʩʪʠ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʩʦ ʩʧʠʥʘʤʠ S=İ ʠ g=2 ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ 

ʦʙʨʘʟʮʘ ʜʦ 70 K ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ɢʊ (Õɻ ʬʬ), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ. ɺʝʣʠʯʠʥʘ ɢʊ (Õɻ ʬʬ) ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ 4 K ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʩʦʩʪʘʚʣʷʝʪ 0.84 ʩʤ3ĀKĀʤʦʣʴ-1 (2.6 Õɺ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʚʫʤ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʇʄʎ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʛʦ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʦʤʧʣʝʢʩʝ 

[(Cu(hfac)2)4(L 1)2] ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʬʘʟʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ O1
NO ʠʟ 

ʘʢʩʠʘʣʴʥʦʛʦ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ Cu2ï O1
NO, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ (ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ [(Cu(hfac)2)4(L 1)2] Ÿ ʥʠʟʢʦʩʧʠʥʦʚʦʝ 

[(Cu(hfac)2)4(L 1)2]). 

ʂʦʤʧʣʝʢʩʳ ʙʣʠʟʢʦʛʦ ʩʪʨʦʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʩ ʠʤʠʥʦʥʠʪʨʦʢʩʠʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ L 2 (ʈʠʩ. 3ʘ) [37]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(hfac)2 ʩ L 2 ʦʙʨʘʟʫʶʪʩʷ [Cu(hfac)2(L 2)2] ʠ Ŭ, ɓ ï[(Cu(hfac)2)4(L 2)2]. 

ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʨʘʟʣʠʯʠʷ ʤʦʜʠʬʠʢʘʮʠʡ. 

 

 

 

(ʘ) (ʙ) 

ʈʠʩ. 3. (ʘ) L2 ï 3-ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʡ ʀʅʈ, (ʙ) ʩʪʨʫʢʪʫʨʘ [(Cu(hfac)2)4(L2)2]. 
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ʂʦʤʧʣʝʢʩ Ŭ-[(Cu(hfac)2)4(L 2)2] ʧʦʣʫʯʝʥ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥ-ʛʝʧʪʘʥ-CH2Cl2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʪʝʤʥʦʪʝ. ʄʦʜʠʬʠʢʘʮʠʷ ɓ- 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ ï18Á ʉ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ ʢ [Cu(hfac)2(L 2)2] 

ʠ Ŭ-[(Cu(hfac)2)4(L 2)2], ʥʦ ʠʭ ʫʜʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠ. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʝʣʠʯʠʥʘʭ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ. 

ʕʥʜʦʮʠʢʣʠʯʝʩʢʦʤʫ ʠʦʥʫ ʉu1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ {Cu1O5N} ï 

ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʚ ʢʦʪʦʨʦʤ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʦʟʠʮʠʠ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ N 

ʧʠʨʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (Ŭ-(Cu1ïN) = 2.010(4), ɓ-(Cu1ïN) = 2.013(5) ¡), ʚ ʘʢʩʠʘʣʴʥʦʡ 

ʧʦʟʠʮʠʠ ï ʘʪʦʤ ʆ ʥʠʪʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (Ŭ-(Cu1ïONO) = 2.640(5), ɓ-(Cu1ïONO) = 2.017(6) 

¡). ʊʝʨʤʠʥʘʣʴʥʳʝ ʠʦʥr ʉu2 ʦʙʨʘʟʫʶʪ ʩʚʷʟʴ ʩ ʠʤʠʥʥʳʤ ʘʪʦʤʦʤ N 2ïʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʘ, ʨʘʩʩʪʦʷʥʠʝ Cu2ïN ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ Ŭ- ʤʦʜʠʬʠʢʘʮʠʠ 2.044(6), ɓ ï 2.013(5) ¡. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʭʦʞʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ Ŭ- ʠ ɓ-[(Cu(hfac)2)4(L 2)2], ʠʭ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʈʠʩ. 4). 

  

(ʘ) (ʙ) 

ʈʠʩ. 4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢʊ(ʊ) ʜʣʷ (ʘ) Ŭ-[(Cu(hfac)2)4(L2)2], (ʙ) 

ɓ-[(Cu(hfac)2)4(L2)2] [37]. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ Ŭ-[(Cu(hfac)2)4(L 2)2] ɢʊ (Õɻ ʬʬ) ʧʨʠ 300 K ʩʦʩʪʘʚʣʷʝʪ 2.97 ʩʤ3ĀKĀʤʦʣʴ-1 

(4.87 Õɺ), ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 2.97 ʩʤ3ĀKĀʤʦʣʴ-1 (4.87 Õɺ) 

ʜʣʷ ʜʚʫʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʇʄʎ ʩʦ ʩʧʠʥʦʤ S=İ ʠ ʜʚʫʭ S=1 (ʈʠʩ. 4 ʘ). ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʝʥʠʝ ɢʊ (Õɻ ʬʬ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ 5.68 ʩʤ3ĀKĀʤʦʣʴ-1 

(6.8 Õɺ) ʧʨʠ 2 K, ʯʪʦ ʙʣʠʟʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ S=3. ɺʝʣʠʯʠʥʘ ɢʊ (Õɻʬʬ) ʜʣʷ 

ɓ-[(Cu(hfac)2)4(L 2)2] ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʘ 3.00 ʩʤ3ĀKĀʤʦʣʴ-1 (4.9 Õɺ), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʜʚʫʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʮʝʥʪʨʦʚ ʩʦ 
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ʩʧʠʥʦʤ S = 1 ʠ ʜʚʫʭ S = İ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ Ŭ-[(Cu(hfac)2)4(L 2)2] (ʈʠʩ. 4 ʙ). 

ɼʘʣʴʥʝʡʰʝʝ ʧʣʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ɢʊ (Õɻʬʬ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 

152 K, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʩʤʝʥʷʝʪʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʜʦ 2.80 ʩʤ3ĀKĀʤʦʣʴ-1 

(4.73 Õɺ). ɼʘʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʦʚʘ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ɢʊ (Õɻʬʬ), ʢʦʪʦʨʦʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70 K ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0.95 ʩʤ3ĀKĀʤʦʣʴ-1 (2.75 Õɺ), ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 2 K ʚʝʣʠʯʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʅʘ ʦʙʝʠʭ ʩʪʫʧʝʥʷʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ ʦʪ 2 K ʜʦ 300 K, ʦʙʨʘʪʥʳʝ 

ʧʝʨʝʭʦʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ T=80 K, 211 K. ʆʜʥʘʢʦ ʩʦʧʦʩʪʘʚʠʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ 

ʩʪʨʫʢʪʫʨʥʫʶ ʜʠʥʘʤʠʢʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ɓ-[(Cu(hfac)2)4(L 2)2] ʘʚʪʦʨʘʤ ʥʝ 

ʫʜʘʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʦʠʩʭʦʜʠʣʦ 

ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʘ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʚ ʦʙʣʘʩʪʠ ~70 K ʠʤʝʝʪ ʪʘʢʫʶ ʞʝ ʧʨʠʨʦʜʫ, ʯʪʦ ʠ ʚ ʢʦʤʧʣʝʢʩʝ, ʦʙʩʫʞʜʘʝʤʦʤ ʨʘʥʝʝ 

[(Cu(hfac)2)4(L 1)2]. ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ɢʊ (Õɻʬʬ) ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʠ 

ʥʠʪʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʘʢʩʠʘʣʴʥʦʡ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʪʦʤʘ ʉu1, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʣʴʥʦʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(152-211 K) ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʥʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʧʠʥʦʚʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ, ʘ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ. ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 152 K ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʫʟʣʝ 

{ Cu2O4N} ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʧʦʣʦʞʝʥʠʷ ʠʤʠʥʥʦʛʦ ʘʪʦʤʘ N ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʚ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʝ ʥʘ ʘʢʩʠʘʣʴʥʦʝ ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ 

ʦʪ ʩʠʣʴʥʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʩʣʘʙʦʤʫ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʦʙʤʝʥʫ, ʧʦʵʪʦʤʫ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ɢʊ (Õɻʬʬ). ɺ ʟʘʢʣʶʯʝʥʠʠ ʘʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩʦʭʨʘʥʷʶʪʩʷ ʢʘʢ ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʦʚ ʦʭʣʘʞʜʝʥʠʝ ï 

ʥʘʛʨʝʚʘʥʠʝ, ʪʘʢ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʣʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʚʳʟʚʘʥʦ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘʰʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ, ʢʦʪʦʨʳʝ ʜʦʢʘʟʳʚʘʣʠ ʦʩʥʦʚʥʳʝ ʠʜʝʠ 

ʘʚʪʦʨʦʚ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ ʧʦʜʦʙʥʦʛʦ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʫ ʥʘ 

ɻʉ ʥʘ ʦʩʥʦʚʝ Cu(II) ʠ ʅʈ [37,63]. 
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ɺ ʨʘʙʦʪʝ [66] ʘʚʪʦʨʳ ʧʨʦʠʟʚʝʣʠ ʤʦʜʠʬʠʢʘʮʠʶ L 1 ʧʫʪʝʤ ʚʚʝʜʝʥʠ ̫ʤʝʪʠʣʴʥʦʛʦ 

(ʘʣʢʠʣʴʥʦʛʦ) ʟʘʤʝʩʪʠʪʝʣʷ ʚ 4 ʧʦʣʦʞʝʥʠʝ ʧʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (ʈʠʩ. 5ʘ), ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʦ ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ OÅ-NīC=NŸO ʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 55.2Á. ʊʦʛʜʘ ʢʘʢ 

ʙʝʟ ʤʝʪʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (H-ʨʘʜʠʢʘʣʘ) L 1, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ, ʫʛʣʳ ʨʘʚʥ  r52.99 ʠ 35.89Ü. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʬʘʟʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ. 

 

 

(ʘ) (ʙ) 

ʈʠʩ. 5. (ʘ) L3 ï 4-ʤʝʪʠʣ-3-ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʡ ʅʅʈ, (ʙ) ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ 

{[[ Cu(hfac)2]2L3
2][Cu(hfac)2]} Ð [66]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Cu(hfac)2 ʠ 4-ʤʝʪʠʣ-3-ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʦʛʦ ʅʅʈ (L 3) ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ 

{[[ Cu(hfac)2]2(L 3)2][Cu(hfac)2]} Ð, ʚ ʢʦʪʦʨʦʤ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʝ ʜʠʤʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʩʚʷʟʘʥʳ ʚ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʙʠʩʭʝʣʘʪʘʤʠ [Cu(hfac)2] (ʈʠʩ. 5ʙ). ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʚʳʨʘʩʪʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɺʥʫʪʨʠ ʮʝʧʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʪʦʤʘʤʠ Cu(2) ʠ ʘʪʦʤʘʤʠ O(10R) ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ NO ʛʨʫʧʧ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Cu(1)īO(1R) ʜʣʷ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ 

ʘʪʦʤʦʚ ʤʝʜʠ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʩʪʦʷʥʠʷ Cu(1)ïO(1R) ʠ Cu(1)-O(1) ʟʘʤʝʪʥʦ 

ʩʦʢʨʘʱʘʶʪʩʷ, ʪʦʛʜʘ ʢʘʢ ʨʘʩʩʪʦʷʥʠʷ Cu(1)ïO(2) ʠ Cu(1)-O(4) ʫʜʣʠʥʷʶʪʩʷ (ʊʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1. ʀʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʜʣʷ {[[ Cu(hfac)2]2(L3)2][Cu(hfac)2]} Ð 

T, K 360 300 250 150 

Cu(1)ïO(1R) 2.138(5) 2.053(2) 2.011(1) 1.990(1) 

Cu(2)ïO(10R) 2.423(6) 2.411(2) 2.393(1) 2.356(1) 

Cu(1)-O(1) 

Cu(1)-O(2) 

Cu(1)-O(4) 

Cu(1)-O(3) 

2.048(10) 

2.090(5) 

2.178(4) 

1.918(6) 

2.001(3) 

2.194(2) 

2.293(2) 

1.953(2) 

1.985(2) 

2.230(2) 

2.341(1) 

1.951(2) 

1.986(1) 

2.245(1) 

2.364(1) 

1.953(1) 

Cu(2)-Ohfac 
1.903(5) 

1.940(5) 

1.932(2) 

1.939(2) 

1.931(2) 

1.943(1) 

1.937(1) 

1.951(1) 

 

ɿʘʚʠʩʠʤʦʩʪʴ Õɻ ʬʬ (T) ʜʣʷ {[[Cu(hfac)2]2(L 3)2][Cu(hfac)2]} Ð ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 6ʘ. 

ɺʝʣʠʯʠʥʘ Õɻ ʬʬ ʧʨʠ 343 K ʨʘʚʥʘ 2.9 Õɺ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʳʭʦʜʷ ʥʘ ʧʣʘʪʦ 1.9 Õɺ ʥʠʞʝ 170 K. ʍʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ Õɻ ʬʬ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʩʠʣʴʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ >NïÅO ʛʨʫʧʧ ʚ ʢʦʤʧʣʝʢʩʘʭ Cu(II ). ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 170 ï 2 K ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Õɻ ʬʬ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʢʣʘʜʫ ʦʪ ʦʜʥʦʛʦ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ Cu(II ). ʊʦ ʝʩʪʴ ʩʧʠʥʳ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ ʠʦʥʦʚ Cu(II ) ʠ ʥʠʪʨʦʢʩʠʣʦʚ 

ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʠ ʚʢʣʘʜ ʚ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʢʦʤʧʣʝʢʩʘ 

ʚʥʦʩʷʪ ʪʦʣʴʢʦ ʩʧʠʥʳ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʠʦʥʦʚ Cu(II ). ʇʨʠ ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʦʚ 

ʦʭʣʘʞʜʝʥʠʝ-ʥʘʛʨʝʚʘʥʠʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 5ï360 K ʚ ʢʦʤʧʣʝʢʩʝ 

{[[ Cu(hfac)2]2(L 3)2][Cu(hfac)2]} Ð ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʠʤʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʢʦʪʦʨʳʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ ʦʪ ʢʨʘʩʥʦʡ ʜʦ ʙʦʨʜʦʚʦʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ.  
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ʈʠʩ. 6. ɼʣʷ ʢʦʤʧʣʝʢʩʘ {[[ Cu(hfac)2]2(L3)2][Cu(hfac)2]} Ð (ʘ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ (T); (ʙ) ʪʝʨʤʦʭʨʦʤʠʟʤ [66]. 

 

ʉʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʭ ʅʅʈ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ 

ʤʦʜʠʬʠʢʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʠʨʠʜʠʥʦʚʦʤ ʢʦʣʴʮʝ, ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʬʘʟʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝ ʙʳʣʦ [66ï68]. ʆʜʥʘʢʦ ʟʘʤʝʥʘ 

ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ 4 ʠ 5 ʧʦʣʦʞʝʥʠʷʭ 2ï ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʦʢʘʟʳʚʘʝʪ ʥʝʦʞʠʜʘʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [69]. ɺ ʨʘʙʦʪʝ [70] ʇʦʣʷ ʈʝ ʠ ʢʦʣʣʝʛ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1:1 ʉu(hfac)2 ʠ L 4 ï 2-(3-ʧʠʨʠʜʠʣ)-4,4,5-ʪʨʠʤʝʪʠʣ-5-

ʵʪʠʣʠʤʠʜʘʟʦʣʠʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣ (ʈʠʩ. 7 ʘ). ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʚʷʟʘʥ ʩ Cu(II) ʵʢʚʘʪʦʨʠʘʣʴʥʦ ʠ 

ʨʘʩʩʪʦʷʥʠ ̫ ʩʦʩʪʘʚʣʷʪʁ ~1.97ï1.99 ¡ (ʈʠʩ. 7 ʙ). ʈʝʟʫʣʴʪʘʪʳ ʈʉɸ ʧʦʣʥʦʩʪʴʶ 

ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʜʘʥʥʳʤʠ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ɿʘʚʠʩʠʤʦʩʪʴ ɢʊ(ʊ), 

ʧʨʝʜʩʪʘʚʣʝʥʥʘ ̫ʥʘ (ʈʠʩ. 7 ʚ), ʧʨʠ 300 K ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ 

ʩʧʠʥʘʤʠ Cu(II) ʠ ʥʠʪʨʦʢʩʠʣʦʚ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦʙ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʘ ONO. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 380 K ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ɢʊ (Õɻʬʬ) ʜʦ 1.5 ʩʤ3ĀKĀʤʦʣʴ-1 (2.8 Õɺ). ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʧʦʷʚʣʷʝʪʩʷ 

ʯʝʪʳʨʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʥʝʦʙʨʘʪʠʤ.  
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ʈʠʩ. 7. (ʘ) ʩʪʨʦʝʥʠʝ L4, (ʙ) ʩʪʨʦʝʥʠʝ [Cu(hfac)2(L4)]2 ʚ) ʟʘʚʠʩʠʤʦʩʪʴ ɢʊ(ʊ) ʜʣʷ 

[Cu(hfac)2(L4)]2 [70]. 

ɺʚʝʜʝʥʠʝ ʩʧʠʨʦʮʠʢʣʦʧʝʥʪʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʷ 4 ʠ 5 

ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ [66,71]. ɺ ʨʘʙʦʪʝ [71] ʙr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Cu(hfac)2 ʩ L 5 

(2-(4-ʵʪʠʣʧʠʨʠʜʠʥ-3-ʠʣ)-4,5-ʙʠʩ(ʩʧʠʨʦʮʠʢʣʦʧʝʥʪʠʣ)-4,5-ʜʠʛʠʜʨʦ-1ʅ-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-

1-ʦʢʩʠʣ) (ʈʠʩ. 8 ʘ) ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʚ ʩʤʝʩʠ CH2Cl2/ʥïʛʝʢʩʘʥ ʙʳʣ ʧʦʣʫʯʝʥ 

ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [[Cu(hfac)2]4(L 5)2] (ʈʠʩ. 8 ʙ). ʂʨʠʩʪʘʣʣʳ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʵʣʘʩʪʠʯʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʊʘʢ, ʧʨʠ ʊ=295 K ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ [[Cu(hfac)2]4(L 5)2] ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ Cu1 ï ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ ʩ ʘʪʦʤʦʤ ONO ʚ 

ʚʝʨʰʠʥʝ (Cu1īO14R 2.332(2) ¡) ʠ ʯʝʪʳʨʴʤʷ Ohfac (CuīOhfac 1.915(4)ī1.930(4) ¡) ʚ 

ʦʩʥʦʚʘʥʠʠ. ʋʛʦʣ ÏPyīEt ʨʘʚʝʥ 16.2Á. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʜʦ 150 K ʧʨʦʠʩʭʦʜʠʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ï ʫʪʨʘʠʚʘʝʪʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʧʦʣʦʚʠʥʫ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʣʝʢʫʣʳ ʩ ʘʪʦʤʘʤʠ Cu5 ʠ 

Cu6 ʠ ʧʦʣʥʫʶ ʤʦʣʝʢʫʣʫ ï ʩ ʘʪʦʤʘʤʠ Cu1ïCu4 (ʈʠʩ. 8 ʚ). ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʫʛʣʘ ÏPyīEt ʚ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʣʝʢʫʣʝ ʜʦ 41.6Á ʠ ʜʦ 53.2 ʠ 56.3Á ʚ 

ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ. ɼʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʜʦ 100 K ʧʨʦʚʦʮʠʨʫʝʪ ʝʱʝ 

ʦʜʥʫ ʩʪʨʫʢʪʫʨʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ, ʚ ʢʦʪʦʨʦʡ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʧʦʣʥʘʷ ʤʦʣʝʢʫʣʘ 

[[Cu(hfac)2]4(L 5)2] (ʈʠʩ. 8 ʛ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʫ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ Cu3 ʠ Cu4 

ʧʨʦʠʟʦʰʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʋ ʘʪʦʤʘ Cu3 ʩʦʭʨʘʥʠʣʦʩʴ 

ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʩ ʘʪʦʤʦʤ ONO ʚ ʚʝʨʰʠʥʝ (CuīONO 2.281(3) ¡), ʚ ʪʦ 
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ʚʨʝʤʷ ʢʘʢ ʫ Cu4 ʚ ʚʝʨʰʠʥʝ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ ʪʝʧʝʨʴ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ Ohfac (CuīOhfac 

2.158(3) ¡), ʘ ʘʪʦʤ ONO ʧʝʨʝʤʝʩʪʠʣʩʷ ʚ ʦʩʥʦʚʘʥʠʝ (Cu-ONO 1.954(3), CuīOhfac 1.918(4)ï

1.957(3) ¡). ʉʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 50 K. ʇʨʠ 

ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʘ ʦʭʣʘʞʜʝʥʠʝ-ʥʘʛʨʝʚʘʥʠʝ ʢʨʠʩʪʘʣʣʳ ʥʝ ʨʘʟʨʫʰʘʣʠʩʴ, ʯʪʦ ʠ ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʩʣʝʜʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʜʠʥʘʤʠʢʫ. 

ʅʘ ʈʠʩ. 8 ʜ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ Õɻ ʬʬ (T) ʜʣʷ ʢʦʤʧʣʝʢʩʘ [[Cu(hfac)2]4(L 5)2]. 

ɺʝʣʠʯʠʥʘ Õɻ ʬʬ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 122-345 K ʠ ʨʘʚʥʘ 4.73 Õɺ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 4.24 Õɺ ʜʣʷ ʰʝʩʪʠ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʇʄʎ ʩʦ ʩʧʠʥʦʤ 

S = İ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 122 K ʟʥʘʯʝʥʠʝ Õɻ ʬʬ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ 3.96 Õɺ 

ʧʨʠ ʊ=107 K, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʯʝʪʳʨʝʭ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʢʦʤʧʣʝʢʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʘ ONO ʠʟ ʘʢʩʠʘʣʴʥʦʛʦ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠ ʩʣʫʞʠʪ 

ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʦ ʬʨʘʛʤʝʥʪʝ 

> NïÅOïCu2+. ɿʘʪʝʤ ʟʥʘʯʝʥʠʝ Õɻ ʬʬ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 4.92 Õɺ ʧʨʠ ʊ = 5 K, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʦʩʪʘʚʰʠʤʠʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ. 
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ʈʠʩ. 8. (ʘ) ʉʪʨʦʝʥʠʝ L5, ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ [[Cu(hfac)2]4(L5)2] (ʙ) ʧʨʠ ʊ=295 K, (ʚ) 

ʊ=150 K, (ʛ) ʊ=100 K, (ʜ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õɻ ʬʬ (T) [71]. 
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ɿʘʚʝʨʰʘʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʂʉ ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʭ ʅʅʈ, ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʠ 

ʢʦʤʧʣʝʢʩʳ, ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʪʦʨʳʭ ʚʭʦʜʠʣʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ. ʊʘʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ L3 ʠ L3a, ʘ ʠʭ ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʩʭʦʞʝ ʩʦ 

ʩʪʨʦʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠ ̫ [Cu(hfac)2(L4)]2. ɼʣʷ ʥʠʭ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʦʙʨʘʪʠʤʳʝ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʩʤʝʥʦʡ ʦʢʨʘʩʢʠ 

ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʢʘʟʘʣʦʩʴ ʪʦ, ʯʪʦ 

ʚʢʣʶʯʘʝʤʳʝ ʚ ʩʦʩʪʘʚ ʪʚʝʨʜʦʡ ʬʘʟʳ ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ [47,66]. 

 

1.2 ʂʦʤʧʣʝʢʩʳ ʩ ʧʠʨʘʟʦʣʠʣʟʘʤʝʱʝʥʥʳʤʠ ʅʈ 

 

ʂʉ ʥʘ ʦʩʥʦʚʝ Cu(hfac)2 ʠ ʅʈ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʠʨʘʟʦʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚʦ 2 

ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʷʚʣʷʪʁʩʷ ʷʨʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʝʪʝʨʧʝʚʘʶʱʭ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜ.r ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʦʣʴʰʠʥʩʪʚʘ ʜʘʥʥʳʭ ʂʉ 

ʩʪʘʣʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠ ʁ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ r

ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʤ ʩʪʘʪʴ ʤʦʜʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [6,40,42,61,72ï75]. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʩʝʤʝʡʩʪʚʫ ɻʉ ʥʘ ʦʩʥʦʚʝ M(hfac)2 (ʄ= ʉu, Mn, Ni, 

Co) ʠ 4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-2-(1-ʘʣʢʠʣ-1ʅ-ʧʠʨʘʟʦʣ-4-ʠʣ)-4,5-ʜʠʛʠʜʨʦ-1ʅ-ʠʤʠʜʘʟʦʣ-3-

ʦʢʩʠʜʘ-1-ʦʢʩʠʣʦʚ (L 6R) (ʈʠʩ. 9) [76], ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʁ ʪ ʦʩʦʙʫʶ ʛʨʫʧʧʫ ʩʦʝʜʠʥʝʥʠʡ 

ï çʜʳʰʘʱʠʝ ʢʨʠʩʪʘʣʣʳè.  

 

ʈʠʩ. 9. ʉʪʨʦʝʥʠʝ L6R ʠ ʄ(hfac)2.  
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ʕʬʬʝʢʪ ʙʳʣ ʥʘ ʦʪʢʨʳʪ ʥʘ ʢʦʤʧʣʝʢʩʘʭ Cu(hfac)2 c L 6R (R= Me, Et, n-Pr), ʪʚʝʨʜʳʤ 

ʬʘʟʘʤ ʢʦʪʦʨʳʭ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʩʫʱʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ, ʧʦʜʦʙʥʳʝ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʫ [77]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʧʦʜʦʙʥʳʝ ʘʥʦʤʘʣʠʠ ʠʤʝʶʪ 

ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʝ ʩʪʨʦʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ~10% 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Cu(hfac)2-ʅʅʈ 

ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠ ʥʝʞʝʩʪʢʦʡ ʠ ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʫʩʣʦʚʠʷʤ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʩʢʣʦʥʥʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʞʝʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. ʗʨʢʠʤ 

ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫Cu(hfac)2 ʩʦ ʩʧʠʥ-ʤʝʯʝʥʳʤ ʧʠʨʘʟʦʣʦʤ 

L 6Me, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 12 ʩʦʝʜʠʥʝʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʩʪʘʚʫ 

ʠ/ʠʣʠ ʩʪʨʫʢʪʫʨʝ ʪʚʝʨʜʦʡ ʬʘʟʳ [78]. ʆʜʥʘʢʦ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʠ 

ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʟ ʜʚʝʥʘʜʮʘʪʠ ʬʘʟ ʂʉ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, 

ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Õɻ ʬʬ(ʊ) ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʠʤʝʨʥʦ-

ʮʝʧʦʯʝʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʦʨʜʠʥʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʣʠʛʘʥʜʦʚ (ʈʠʩ. 10 ʘ,ʙ).  
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(ʘ) (ʙ) 

  

(ʚ) (ʛ) 

ʈʠʩ. 10. ʌʨʘʛʤʝʥʪ ʮʝʧʠ [Cu(hfac)2 L 6Me]Ð ʩ ʤʦʪʠʚʦʤ (ʘ) çʛʦʣʦʚʘ-ʛʦʣʦʚʘè, (ʙ) 

çʛʦʣʦʚʘ-ʭʚʦʩʪè, (ʚ) ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ çʛʦʣʦʚʘ-ʛʦʣʦʚʘ 1è, (ʛ) çʛʦʣʦʚʘ-ʛʦʣʦʚʘ 2è [72].  

 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʦʥ Cu(II) ʧʦʦʯʝʨʝʜʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪ ʜʚʘ ʘʪʦʤʘ ʆNO ʛʨʫʧʧ ʦʪ 

ʜʚʫʭ ʣʠʛʘʥʜʦʚ ʠʣʠ ʜʚʘ ʘʪʦʤʘ N ʧʠʨʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʩʦ 

ʩʪʨʫʢʪʫʨʥʳʤ ʤʦʪʠʚʦʤ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè (ʈʠʩ. 10 ʘ). ɺʥʫʪʨʠ ʢʦʤʧʣʝʢʩʘ ʯʝʨʝʜʫʶʪʩʷ 

ʪʨʝʭʩʧʠʥʦʚʳʝ ʛʝʪʝʨʦʩʧʠʥʦʚʳʝ ʦʙʤʝʥʥʳʝ ʢʣʘʩʪʝʨ r { CuO6} ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʧʠʥʳ 

ʬʨʘʛʤʝʥʪʦʚ { CuO4N2}. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʠʦʥ Cu(II ) ʧʦʦʯʝʨʝʜʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪ ʘʪʦʤ ʆNO ʦʪ 

ʦʜʥʦʛʦ ʅʅʈ ʠ ʘʪʦʤ N ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʦʪ ʜʨʫʛʦʛʦ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʤʦʪʠʚʦʤ çʛʦʣʦʚʘ-ʭʚʦʩʪè ʩ ʜʚʫʭʩʧʠʥʦʚʳʤʠ 

ʦʙʤʝʥʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ { CuO5N}  (ʈʠʩ. 10 ʙ). 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(hfac)2 ʩʦ ʩʧʠʥ-ʤʝʯʝʥʳʤ ʧʠʨʘʟʦʣʦʤ L 6Me ʙr ʣʦ ʚʳʜʝʣʝʥʦ 2 

ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʤʦʪʠʚʦʤ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè. ʆʩʥʦʚʥʦʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ 

ʢʦʤʧʣʝʢʩʘʤʠ çʛʦʣʦʚʘ-ʛʦʣʦʚʘ 1è ʠ çʛʦʣʦʚʘ-ʛʦʣʦʚʘ 2è ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ 

Cu(II ) ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢ ʥʝʤʫ ʅʅʈ. ɺ ʩʣʫʯʘʝ çʛʦʣʦʚʘ-ʛʦʣʦʚʘ 1è ʩʚʷʟʴ ʉuïONO ʚ 

ʦʙʤʝʥʥʦʤ ʢʣʘʩʪʝʨʝ {>NïOÅïʉuïOÅïN<}  ʨʘʚʥʷʝʪʩʷ 2.339¡, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʚʪʦʨʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʩʩʪʦʷʥʠʷ ʫʞʝ ʩʪʘʥʦʚʷʪʩʷ 2.395 ʠ 2.459 ¡. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʧʨʠ 
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ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʧʝʨʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʫʟʣʝ 

{ CuO6} ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʘ ONO ʠʟ ʘʢʩʠʘʣʴʥʦʛʦ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʩ 

2.339 ʜʦ 2.174 ¡, ʘ ʦʜʥʘ ʠʟ ʜʣʠʥ ʩʚʷʟʝʡ ʉuïOhfac ʚʦʟʨʘʩʪʘʝʪ ʩ 1.969 ʜʦ 2.132 ¡. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ çʛʦʣʦʚʘ-ʛʦʣʦʚʘ 2è ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʨʦʤʝ 

ʦʙʳʯʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʞʘʪʠ ̫ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʚʳʟʚʘʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʝʤ. ʇʦʵʪʦʤʫ 

ʣʦʛʠʯʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ ʧʨʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʧʝʨʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ 

ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʪʦʨʦʡ, ʯʪʦ ʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ çʛʦʣʦʚʘ-ʛʦʣʦʚʘ 1è ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʈʠʩ. 10 ʚ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʸʭʩʪʫʧʝʥʯʘʪʫʶ ʢʨʠʚʫʶ. ʋʤʝʥʴʰʝʥʠʝ 

ʟʥʘʯʝʥʠʷ Õɻ ʬʬ ʧʨʠ 135 K ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʠʤ ʩʦʢʨʘʱʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ ʉuïONO ʚ ʧʦʣʦʚʠʥʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ { CuO6}, ʩʦʜʝʨʞʘʱʠʭ ʦʙʤʝʥʥʳʡ ʢʣʘʩʪʝʨ {>NïOÅïʉuïOÅïN<}, 

ʩʥʠʞʘʷ ʦʙʱʠʡ ʩʧʠʥ ʦʙʤʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʜʦ İ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 60 K ʧʨʦʠʩʭʦʜʠʪ 

ʚʪʦʨʦʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʩʦʢʨʘʱʘʝʪʩʷ ʧʦʣʦʚʠʥʘ ʦʪ ʦʩʪʘʚʰʝʛʦʩʷ ʦʙʱʝʛʦ ʩʧʠʥʘ 

ʚ ʦʩʪʘʚʰʝʡʩʷ ʧʦʣʦʚʠʥʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʘʭ {CuO6}. ʊ.ʝ. ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ 

ʩʦʭʨʘʥʷʝʪʩʷ 1/4 ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ {CuO6}, ʚʥʫʪʨʠ 

ʢʦʪʦʨʳʭ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʜʦʣʞʘʪʁ ʧʨʦʷʚʣʷʪʴʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ɿʘʚʠʩʠʤʦʩʪʴ Õɻ ʬʬ(ʊ) ʜʣʷ ʚʪʦʨʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 10 ʛ. ɺʝʣʠʯʠʥʘ 

Õɻ ʬʬ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʣʠʯʠʶ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʇʄʎ ï ʠʦʥʦʤ Cu(II ) ʠ ʅʈ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ Õɻ ʬʬ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʙʦʣʝʝ ʩʣʘʙʳʝ ʤʝʞʮʝʧʦʯʝʯʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu(hfac)2(L 6Me)]Ð ʩ ʤʦʪʠʚʦʤ ʮʝʧʠ 

çʛʦʣʦʚʘïʭʚʦʩʪè (ʈʠʩ. 10 ʙ) ʘʚʪʦʨʘʤ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʜʚʝ ʧʦʣʠʤʦʨʬʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʠ. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʞʝ ʜʦ 

230 K ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʨʘʪʠʤʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʤʦʥʦʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

çʛʦʣʦʚʘïʭʚʦʩʪ 1è ʚ ʪʨʠʢʣʠʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ çʛʦʣʦʚʘ-ʭʚʦʩʪ 2è. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʥʝʟʘʚʠʩʠʤʘʷ ʝʜʠʥʠʮʘ ʮʝʧʠ çʛʦʣʦʚʘ-ʭʚʦʩʪ 1è ʫʜʚʘʠʚʘʝʪʩʷ, ʘ ʮʝʧʦʯʢʘ çʛʦʣʦʚʘ-ʭʚʦʩʪ 2è 

ʫʞʝ ʩʦʜʝʨʞʠʪ ʜʚʘ ʪʠʧʘ ʠʦʥʦʚ Cu(II ) ʩ ʙʣʠʟʢʦʡ ʛʝʦʤʝʪʨʠʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʥʦʚʦʡ ʬʘʟʳ çʛʦʣʦʚʘ-ʭʚʦʩʪ 2è ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʠʤʦʤʫ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʤʫ ʠʟʤʝʥʝʥʠʝ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʦʡ ʦʩʠ 
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ʉu-ʙʠʧʠʨʘʤʠʜ.r ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʧʦʣʦʚʠʥʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ 

{ CuO5N}  ʘʪʦʤʳ ʆNO ʠ N ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠʟʤʝʥʷʶʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʘʢʩʠʘʣʴʥʦʛʦ 

ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʫʢʦʨʦʯʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ: Cuï ʆNO ʩ 2.484 

ʜʦ 1.992 ¡, CuïN c 2.329 ʜʦ 2.014 ¡, ʘ ʘʪʦʤʳ ʆhfac ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʘʢʩʠʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ. 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ {CuO5N} 

ʠʟʤʝʥʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʪ.ʝ. ʘʪʦʤʳ ʆNO ʛʨʫʧʧʳ ʠ N ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʦʩʪʘʶʪʩʷ ʚ 

ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʘ ʚʩʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʆhfac. 

ʆʧʠʩʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2(L 6Me)]Ð ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 293 ʜʦ 140 K ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʙʲʷʩʥʷʶʪ ʚʠʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ Õɻ ʬʬ(ʊ) (ʈʠʩ. 11) [72,76].  

ɿʥʘʯʝʥʠʝ Õɻ ʬʬ(ʊ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300 ï 150 K, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʥʝʙʦʣʴʰʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦʙ 

ʘʢʩʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʥʠʪʨʦʢʩʠʣʦʚ, ʜʣʠʥʘ ʩʚʷʟʠ Cuï ʆNO ʨʘʚʥʷʝʪʩʷ 2.484(5) ¡. ɿʘʪʝʤ 

Õɻ ʬʬ ʧʨʠ 150 K ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ Ѝς ʨʘʟ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʚʠʥʳ 

ʩʧʠʥʦʚ ʩ S= İ. ʊʘʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʳʟʚʘʥʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ 

ʧʦʣʦʚʠʥʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ {CuO5N}  ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʠʣʴʥʳʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

[37,79].  

 

ʈʠʩ. 11. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(ʊ) ʜʣʷ [Cu(hfac)2(L6Me)]Ð ʩ ʤʦʪʠʚʦʤ ʮʝʧʠ 

çʛʦʣʦʚʘ-ʭʚʦʩʪè [72]. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʢʦʤʧʣʝʢʩʝ [Cu(hfac)2(L 6Me)]Ð ʩ ʤʦʪʠʚʦʤ ʮʝʧʠ çʛʦʣʦʚʘ-ʭʚʦʩʪè ʙʳʣʦ 

ʚʧʝʨʚʳʝ ʜʣʷ ʩʠʩʪʝʤʳ ʤʝʜʴ-ʥʠʪʨʦʢʩʠʣ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ 
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ʩʚʦʡʩʪʚʘ [50]. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 10ï4 ɻʇʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 6Me)]Ð, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʢʘʤʝʨʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʙʳʣʦ 

ʘʥʘʣʦʛʠʯʥʳʤ, ʯʪʦ ʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʪʦʨʦʝ ʫʰʠʨʝʥʠʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠ ʜʘʚʣʝʥʠʷʭ P>0.14 ɻʇʘ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ. ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʦʙʨʘʪʠʤʳ. ʂʦʛʜʘ ʜʘʚʣʝʥʠʝ 

ʫʤʝʥʴʰʘʣʦʩʴ ʜʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʧʨʠʦʙʨʝʪʘʣʘ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʠ 

ʜʦ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʈʠʩ. 12). ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʢ ʚʝʣʠʯʠʥʝ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 6Me)]Ð ʩʦʩʪʘʚʣʷʝʪ 590 K/ɻʇʘ, ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʵʬʬʝʢʪʳ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʘ [5,80,81]. 

 

ʈʠʩ. 12. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T) ʜʣʷ [Cu(hfac)2(L6Me)]Ð ʧʨʠ 10-4(ủ), 0.04 (

ẽ), 0.07 (s), 0.14 (Ï), ʠ 0.32 (r) ɻʧʘ [50]. 

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʤʠ ʅʈ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʦʣʦʞʝʥʠʡ 4 ʠ 5-ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʅʈ L 7R (R = Me, Et, n-Pr, 

i-Pr) (ʈʠʩ. 13) ʩʦ ʩʧʠʨʦʮʠʢʣʦʧʝʥʪʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ Cu(hfac)2 ʩ 

ʥʠʤʠ.  
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ʈʠʩ. 13. ʉʪʨʫʢʪʫʨʘ L7R. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʪʩʷ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʳʝ ʂʉ ʩ ʤʦʩʪʠʢʦʚʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʅʈ ʩ ʤʦʪʠʚʦʤ çʛʦʣʦʚʘïʭʚʦʩʪè [82]. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2L 7Et]Ð (ʈʠʩ. 14 ʘ) ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʵʬʬʝʢʪ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʘ [49].  
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ʈʠʩ. 14. (ʘ) ʬʨʘʛʤʝʥʪ ʮʝʧʠ, (ʙ) ʟʘʚʠʩʠʤʦʩʪʴ Õɻ ʬʬ(ʊ), (ʚ) ʪʝʨʤʦʭʨʦʤʠʟʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2L7Et]Ð [49]. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʈʉɸ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ 295 K ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʘʪʦʤʘ Cu ʜʦ 

ʘʪʦʤʘ N ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʘʪʦʤʘ ONO ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʶʪ 2.333(2) ʠ 2.451(2) ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 295 ʜʦ 150 K ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʦʜʥʘʢʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʥʠʞʝ 110 K ʧʨʦʠʩʭʦʜʠʪ 

ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʙʲʸʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 7%. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʦʡ ʦʩʠ, ʘ ʠʤʝʥʥʦ ʩ ʘʢʩʠʘʣʴʥʦʡ ʧʦʟʠʮʠʠ NïCuïONO 

ʧʝʨʝʭʦʜʠʪ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ, ʠ ʥʘʦʙʦʨʦʪ Ohfac-CuïOhfac ʧʝʨʝʭʦʜʠʪ ʚ ʘʢʩʠʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ 

d (ʉu-N) c 2.333(2) ʜʦ 2.034(5) ¡ ʠ d (ʉuïONO) ʩ 2.450(2) ʜʦ 2.002(4) ¡, ʘ ʪʘʢʞʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ Cu-Ohfac ʦʪ 1.950(2) ʠ 1.955(2) ¡ ʜʦ 2.263(4) ʠ 

2.213(4) ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʫʯʝʥʠʝ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ (ʈʠʩ. 14 ʙ) ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʟʥʘʯʝʥʠʝ ɛʵʬʬ ʧʨʠ 300 K ʩʦʩʪʘʚʠʣʦ 2.55 mB, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʦʡ 2.45 mB ʜʣʷ ʜʚʫʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʩ S = İ. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 150 K ʚʝʣʠʯʠʥʘ ɛʵʬʬ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ (120-130 K) ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ~0.3 mB ʠ 

ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʚʧʣʦʪʴ ʜʦ 5 K. ʌʘʢʪʠʯʝʩʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʢʦʤʧʣʝʢʩ [Cu(hfac)2L 7Et]Ð ʧʝʨʝʭʦʜʠʪ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʜʠʘʤʘʛʥʠʪʥʦʝ ʟʘ ʩʯʸʪ ʩʧʘʨʠʚʘʥʠʷ ʩʧʠʥʦʚ ʚʦ ʚʩʝʭ ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨʘʭ 

{ Cu-OÅïN<}, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 6Me)]Ð, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʣ ʪʦʣʴʢʦ ʚ ʧʦʣʦʚʠʥʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʘʟʫ, 

ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʨʠ 125 K, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʢʦʤʧʣʝʢʩ [Cu(hfac)2L 7Et]Ð ʧʝʨʝʭʦʜʠʪ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʜʠʘʤʘʛʥʠʪʥʦʝ. 

ʂʨʠʩʪʘʣʣʳ [Cu(hfac)2L 7Et]Ð ʧʣʘʩʪʠʯʥʳ, ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʪʠʤʦʡ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʷʨʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʘ ʩ ʩʠʥʝʡ ʜʦ 

ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʡ (ʈʠʩ. 14 ʚ). 

ʇʦʩʢʦʣʴʢʫ [Cu(hfac)2L 7Et]Ð ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʝʨʝʭʦʜ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʚ ʜʠʘʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʝʛʦ ʪʚʝʨʜʦʡ ʬʘʟʳ [49]. ɿʘʚʠʩʠʤʦʩʪʠ ɛʵʬʬ(ʊ) ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʦʪ 1.0*10-4 ʜʦ 

0.48 ɻʇʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 15. ɼʣʷ ʦʙʨʘʟʮʘ [Cu(hfac)2L 7Et]Ð, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʷʯʝʡʢʫ 
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ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ ʚʠʜ, ʢʘʢ ʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ (ʈʠʩ. 14 ʙ ʠ ʈʠʩ. 15 ¸). ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦ 0.08 ɻʇʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ (Taŷ 228 K 

ʠ TaŹ 226 K). ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʙʦʣʝʝ 0.28 ɻʇʘ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʝʨʝʩʝʢʘʝʪ ʦʙʣʘʩʪʴ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʫʞʝ ʧʨʠ P > 0.2 ɻʇʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʢʘʢ ʠ 

ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʘʤʧʣʠʪʫʜʘ ʧʝʨʝʭʦʜʘ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T). 

ʆʧʠʩʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʦʩʷʪ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʜʦ 

ʥʘʯʘʣʴʥʦʛʦ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʧʨʠʦʙʨʝʪʘʝʪ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʠ ʧʝʨʝʜ ʧʦʚʳʰʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ. ʋʜʝʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2L 7Et]Ð ʚ ʦʙʣʘʩʪʠ ʜʘʚʣʝʥʠʡ 

0.08ï0.48 ɻʇʘ ʩʦʩʪʘʚʣʷʝʪ 290 K/ɻʇʘ , ʯʪʦ ʚ 5ï10 ʨʘʟ ʚʳʰʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ ï ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ [49,80,81,83].  
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ʈʠʩ. 15. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T) ʜʣʷ [Cu(hfac)2L 7Et] ʧʨʠ 1.01Ö10ï4 ɻʇʘ 

(¸), 0.08 ɻʇʘ(Â), 0.20 ɻʇʘ (t), 0.28 ɻʇʘ (ã), 0.35 ɻʇʘ (u) ʠ 0.48 ɻʇʘ (à) [49]. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʪʝʨʦʩʧʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Cu(hfac)2 ʩ ʅʈ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʤʘʛʥʠʪʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʦʤʘʣʠʠ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ.  
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ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʭ ʅʅʈ, ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʢʦʤʧʣʝʢʩʳ, ʚ 

ʩʪʨʫʢʪʫʨʫ ʢʦʪʦʨʳʭ ʚʭʦʜʠʣʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʮʝʣʦʝ ʩʝʤʝʡʩʪʚʦ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʣʴʚʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 1-ʥ-ʙʫʪʠʣ-

ʧʠʨʘʟʦʣʠʣʟʘʤʝʱʝʥʥʦʛʦ ʅʅʈ L 6n-Bu ʠ Cu(hfac)2. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʪʩʷ 

ʢʦʤʧʣʝʢʩʳ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʤʦʪʠʚʦʤ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʤʝʞʮʝʧʦʯʝʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪ ɹʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ ʠ ʤʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʂʉ ʩ ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʤʠ ʅʅʈ [46,84ï86]. 

 

ɺʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ R* ʚ 3ïʝ ʧʦʣʦʞʝʥʠʝ 

ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ (ʈʠʩ. 16), ʩʪʘʣʦ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʣʢʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʫʭʫʜʰʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ N ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʩʠʣʫ ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ. ʇʦʵʪʦʤʫ ʚʘʨʠʘʮʠʷ 

ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ L 8R/R* ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʘʥʦʤʘʣʠʡ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Õɻ ʬʬ(T) [45,87,88]. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʚʝʨʥʳʤ, ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʝʤʝʡʩʪʚʘ ʂʉ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʬʘʟʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

 

ʈʠʩ. 16. ʉʪʨʦʝʥʠʝ L 8R/R*.  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(hfac)2 ʩ L 8Et/Me (ʈʠʩ. 17 ʘ) 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1) ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ Et2O/ʥ-ʛʝʢʩʘʥ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʬʦʨʤʫʣʝ Cu(hfac)2L 8Et/Me [45]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʈʉɸ, 

ʧʨʦʚʝʜʝʥʥʦʝ ʧʨʠ 295 K, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʦʚʘʥ ʮʝʪʨʦʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʤʦʣʝʢʫʣʘʤʠ [(Cu(hfac)2)3(L 8Et/Me)2] ʠ [Cu(hfac)2(L 8Et/Me)2] (ʈʠʩ. 17 ʙ). ɺ 
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ʪʨʝʭʲʷʜʝʨʥʦʤ [(Cu(hfac)2)3(L 8Et/Me)2] ʚ ʚʝʨʰʠʥʝ ʢʚʘʜʨʘʪʥʦʡ ʙʠʧʠʨʘʤʠʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ Cu ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʆNO ʛʨʫʧʧʳ, ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 2.331(2) ¡, ʜʦʥʦʨʥʳʝ 

ʘʪʦʤʳ NPz ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʟʘʥʠʤʘʶʪ ʚʝʨʰʠʥʳ ʢʚʘʜʨʘʪʥʳʭ ʧʠʨʘʤʠʜ ʫ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʘʪʦʤʦʚ Cu (Cu-N= 2.284(3) ¡). ɺ ʤʦʥʦʷʜʝʨʥʦʤ [Cu(hfac)2(L 8Et/Me)2] ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ 

ʉu ï ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Ohfac ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʆNO ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (Cu- ʆNO= 2.024(2) ¡), ʥʘ ʫʜʣʠʥʝʥʥʦʡ ʦʩʠ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ 

Ohfac (Cu-Ohfac= 2.220(3) ¡). ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʪʦʤʦʤ Cu ʪʨʝʭʲʷʜʝʨʥʦʡ ʤʦʣʝʢʫʣʳ ʠ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ N ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʮʠʢʣʘ L 8Et/Me, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʤʦʥʦʷʜʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʩʦʩʪʘʚʣʷʝʪ 4.403(5) ¡.  

 

 

(ʘ) (ʙ) 

ʈʠʩ. 17. (ʘ) ʉʪʨʫʢʪʫʨʘ L8Et/Me; (ʙ) ʉʪʨʫʢʪʫʨʳ [(Cu(hfac)2)3(L8Et/Me)2] [Cu(hfac)2(L8Et/Me)2] 

ʤʦʣʝʢʫʣ ʧʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʝ [45].  

ʆʭʣʘʞʜʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʥʠʞʝ 225 K ʧʨʦʚʦʮʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʝʨʝʩʪʨʦʡʢʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʢʦʤʧʣʝʢʩʘ: ʧʘʨʥʳʡ ʢʦʤʧʣʝʢʩ [(Cu(hfac)2)3(L 8Et/Me)2] [Cu(hfac)2(L 8Et/Me)2] ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʳʡ ʩ ʤʦʪʠʚʦʤ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè [Cu(hfac)2L 8Et/Me]Ð (ʈʠʩ. 

18), ʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 270 K ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ: ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʩʥʦʚʘ ʧʝʨʝʭʦʜʠʪ ʚ ʧʘʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨ r

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʨʠ 150 K ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʦʤ Cu ʪʨʝʭʲʷʜʝʨʥʦʡ 

ʤʦʣʝʢʫʣʳ ʠ ʘʪʦʤʦʤ N ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ L 8Et/Me, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʤʦʥʦʷʜʝʨʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʩʪʘʥʦʚʠʪʩʷ 2.46(1) ¡, ʪ.ʝ. ʩʦʢʨʘʱʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 1.9 ¡. ʇʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 270 K ʩʚʷʟʴ ʩʥʦʚʘ ʨʘʟʨʳʚʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʪʚʝʨʜʦʬʘʟʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʨʘʪʠʤʫʶ ʭʠʤʠʯʝʩʢʫʶ 

ʨʝʘʢʮʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ-ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ: ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʦʙʨʘʟʫʝʪʩʷ ʩʚʷʟʴ Cu-NPz, ʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʚʷʟʴ ʨʘʟʨʫʰʘʝʪʩʷ, 
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ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʦʚ ʦʭʣʘʞʜʝʥʠʝ-ʥʘʛʨʝʚʘʥʠʝ. ɼʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʥʦʩʪʴʶ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

 

ʈʠʩ. 18. ʌʨʘʛʤʝʥʪ [Cu(hfac)2L8Et/Me]Ð ʧʨʠ ʊ=150 K [45]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õɻ ʬʬ(T) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 19. ʉʪʨʫʢʪʫʨʥʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʭʦʜʫ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ʢʨʠʚʦʡ Õɻ ʬʬ(T) ʚʦ ʚʨʝʤʷ ʮʠʢʣʘ ʥʘʛʨʝʚʘʥʠʝ-ʦʭʣʘʞʜʝʥʠʝ. ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ Õʵʬʬ(T) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

{>NïOÅïʉuïOÅïN<} ʬʨʘʛʤʝʥʪʘʭ, ʦʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʢ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʠ ʥʘʦʙʦʨʦʪ  ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ.  

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ [(Cu(hfac)2)3(L 8Et/Me)2] 

[Cu(hfac)2(L 8Et/Me)2] ʩ 300 ʜʦ ~235 K ʟʥʘʯʝʥʠʝ Õɻ ʬʬ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 4.7 ʜʦ 4.6 Õɺ, ʜʘʣʝʝ 

ʚʝʣʠʯʠʥʘ Õʵʬʬ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 5.2 Õɺ ʧʨʠ 195 K ʠ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ 5.9 Õɺ ʧʨʠ 10 K. ɺʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ 

ʢʨʠʚʘʷ Õʵʬʬ(ʊ) ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 10ï195 K, ʦʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ 

ʥʘʛʨʝʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ Õɻ ʬʬ ʦʪ 5.3 ʜʦ 4.7 Õɺ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 270 K.  
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ʈʠʩ. 19. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ [(Cu(hfac)2)3(L8Et/Me)2] [Cu(hfac)2(L8Et/Me)2], 

ʢʨʘʩʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ [45]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʦʙʨʘʪʠʤʦʡ 

ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʫʝʤʦʡ ʪʦʧʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʘ (SCïSC) ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʥʠʪʨʦʢʩʠʣʴʥʳʤ 

ʨʘʜʠʢʘʣʦʤ.  

ɼʨʫʛʠʤ ʥʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu(hfac)2L 8Me/Et]Ð, 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(hfac)2 ʠ L 8Me/Et ʚ ʥ-ʛʝʢʩʘʥʝ (ʈʠʩ. 20 ʘ), ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʦʪʝʢʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ [88].  

 

 

(ʘ) (ʙ) 

ʈʠʩ. 20. (ʘ) ʉʪʨʫʢʪʫʨʘ L8Me/Et; (ʙ) ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ [88]. 
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ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʥʠʞʝ 260 K ʧʨʦʠʩʭʦʜʠʪ ʪʚʝʨʜʦʬʘʟʥʘʷ ʭʠʤʠʯʝʩʢʘʷ 

ʨʝʘʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʮʝʧʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʥʦʛʦ 

ʛʝʪʝʨʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 8Me/Et)2] [(Cu(hfac)2)3(L 8Me/Et)2]. ɼʘʣʴʥʝʡʰʝʝ 

ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʥʠʞʝ 144 K ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʭʦʜʫ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʤʫʩʷ 

ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ Õɻ ʬʬ ʩ 2.52 ʜʦ 2.24 Õɺ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʨʷʜʦʢ ʵʬʬʝʢʪʦʚ 

ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ: ʩʥʘʯʘʣʘ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʟʘʪʝʤ ʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʘʨʳ ʢʣʘʩʪʝʨʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ. ʕʪʦʤʫ ʢʘʩʢʘʜʫ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ɛɻ ʬʬ(T): ʦʜʥʘ ʧʨʠ ʚʳʩʦʢʠʭ (Tŷ = 283 K ʠ TŹ = 260 K) ʠ ʜʨʫʛʘʷ ʧʨʠ ʥʠʟʢʠʭ (Tŷ =161 K, TŹ 

= 144 K) ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʣʠʛʘʥʜʘ, ʘ ʠʤʝʥʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʥʠʪʨʦʢʩʠʣʴʥʦʡ ʤʝʪʢʠ ʚ ʧʷʪʦʝ 

ʧʦʣʦʞʝʥʠʝ ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ L 9R (ʈʠʩ. 21 ʘ). ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

Cu(hfac)2 ʩ ʧʠʨʘʟʦʣʘʤʠ L 9R, ʥʝʩʫʱʠʤʠ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ 5 ʧʦʣʦʞʝʥʠʠ 

ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ, ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʜʦʙʥʳʭ ʧʦ ʩʪʨʦʝʥʠʶ 

çʜʳʰʘʱʠʤ ʢʨʠʩʪʘʣʣʘʤè ʩ ʠʟʦʤʝʨʥʳʤʠ ʥʠʪʨʦʢʩʠʣʘʤʠ ʚ 4 ʧʦʣʦʞʝʥʠʠ. ʆʜʥʘʢʦ 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʬʘʟ 

[Cu(hfac)2(L 9R)]Ð ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʀ ʪʦʣʴʢʦ ʦʜʠʥ ʨʝʜʢʠʡ ʧʨʠʤʝʨ ʢʦʤʧʣʝʢʩʘ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ [Cu(hfac)2(L 9Me)]2 (ʈʠʩ. 21 ʙ) ʙʳʣ ʦʙʥʘʨʫʞʝʥ, ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʳʡ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʫʝʤʳʡ ʧʝʨʝʭʦʜ ʘʪʦʤʦʚ ʆNO ʠʟ 

ʘʢʩʠʘʣʴʥʦʛʦ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨʘʭ ʉuïOÅïN<, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʩʤʝʥʦʡ ʩʣʘʙʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʩʠʣʴʥʦʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ʈʠʩ. 21 ʚ) [89].  
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(ʘ) (ʙ) 

 

(ʚ) 

ʈʠʩ. 21. (ʘ) ʉʪʨʫʢʪʫʨʘ L9R; (ʙ) ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ [Cu(hfac)2(L9Me)]2; (ʚ) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʜʣʷ [Cu(hfac)2(L9Me)]2 [89]. 

 

1.3 ʂʦʤʧʣʝʢʩʳ ʩ ʠʤʠʜʘʟʦʣʠʣʟʘʤʝʱʝʥʥʳʤʠ ʅʅʈ 

 

ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʠʤʠʥʥʦʛʦ ʘʪʦʤʘ N ʚ 

ʤʦʣʝʢʫʣʝ ʠʤʠʜʘʟʦʣʠʣʟʘʤʝʱʝʥʥʦʛʦ ʅʅʈ L 10 (ʈʠʩ. 22 ʘ) ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʧʠʨʘʟʦʣʠʣï ʠʣʠ ʤʝʪʘ-ʧʠʨʠʜʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʅʈ, ʯʴʠʤ ʢʦʤʧʣʝʢʩʘʤ ʩ 

Cu(hfac)2 ʭʘʨʘʢʪʝʨʥʳ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ [42,85,90]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʧʠʥ-ʤʝʯʝʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʠʜʘʟʦʣʘ ʪʘʢʞʝ ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʩʧʠʥʦʚʳʤ 

ʧʝʨʝʭʦʜʘʤ. ʆʜʥʘʢʦ ʪʘʢʘʷ ʟʘʤʝʥʘ ʣʠʛʘʥʜʘ ʧʨʠʚʝʣʘ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʥʦʚʦʛʦ ʜʣʷ ɻʉ ʥʘ ʦʩʥʦʚʝ 

ʥʠʪʨʦʢʩʠʣʦʚ ʵʬʬʝʢʪʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Cu(hfac)2 ʩ L 10 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʘ [ʉu(hfac)2(L 10)2] (ʈʠʩ. 22 ʙ), ʢʨʠʩʪʘʣʣʳ ʢʦʪʦʨʦʛʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʩʦʚʝʨʰʘʶʪ ʧʨʳʞʢʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʥʠ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʧʨʳʛʘʶʱʠʝè ʢʨʠʩʪʘʣʣʳ [44].  
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(ʘ) (ʙ) (ʚ) 

ʈʠʩ. 22. (ʘ) ʉʪʨʫʢʪʫʨʘ L10; (ʙ) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L10)2]; (ʚ)ʩʪʨʫʢʪʫʨʘ L11. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʜʚʠʞʝʥʠʷ çʧʨʳʛʘʶʱʠʭè ʢʨʠʩʪʘʣʣʦʚ ʩʚʷʟʘʥʳ ʩ 

ʧʨʦʮʝʩʩʦʤ ʦʪʱʝʧʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʧʣʘ ʠ ʩʚʝʪʘ, ʢʦʪʦʨʳʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʦʚ ð çʧʨʳʞʢʘʤʠè ð ʩʣʝʜʩʪʚʠ̫ 

ʨʝʟʢʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʳʩʪʨʦʛʦ ʨʘʟʣʝʪʘ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʦʩʢʦʣʢʦʚ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʆ2 ʩʥʘʯʘʣʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʣʦʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ ʢʘʢ ʚ 

ʢʦʥʪʝʡʥʝʨʘʭ, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ, ʨʘʟʨʫʰʘʷ ʠʭ. ʆʙʨʘʟʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʨʝʘʢʮʠʠ ʜʝʟʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ɻʉ ʩ ʅʅʈ 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩ [Cu(hfac)2(L 11)2] ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʀʅʈ (ʈʠʩ. 

22 ʚ) ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʆ2 (ʈʠʩ. 23). 

 

 

ʈʠʩ. 23. ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ [Cu(hfac)2(L 10)2]Ÿ[Cu(hfac)2(L 11)2].  

 

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʦʥʘ ʤʝʪʘʣʣʘ. 

ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ M(hfac)2 (ʛʜʝ M = Cu, Mn, Co, Ni) c L 10 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʤʧʣʝʢʩʳ [M(hfac)2(L 10)2], ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʤʦʣʝʢʫʣ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ [M(hfac)2(L 10)2] 

ʫʧʘʢʦʚʘʥʳ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ (ʈʠʩ. 24). ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʘʢʦʚʢʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʘʪʦʤʳ ONO ʛʨʫʧʧ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʛʨʫʧʧʠʨʫʶʪʩʷ ʯʝʪʚʝʨʢʘʤʠ ʩ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʆéʆ (3.67 ï 3.77 ¡) ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ. 
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ʈʠʩ. 24. ʋʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ [M(hfac)2(L10)2] ʥʘ ʧʨʠʤʝʨʝ [Cu(hfac)2(L10)2], ʉʅ3 - ʛʨʫʧʧʳ ʚ 

ʠʤʠʜʘʟʦʣʠʥʦʚʦʤ ʮʠʢʣʝ, ʉF3 - ʛʨʫʧʧʳ hfac ʠ ʘʪʦʤʳ ʅ ʥʝ ʧʦʢʘʟʘʥʳ [44]. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʨʠʮʳ hfac 

ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʦʚ (ʈʠʩ. 25), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʣʠ ʢ ʧʦʣʫʯʝʥʠʶ 

ʢʦʤʧʣʝʢʩʥʳʭ ɻʉ ʩ ʦʪʣʠʯʥʦʡ ʦʪ [M(hfac)2(L 10)2] ʫʧʘʢʦʚʢʦʡ ʤʦʣʝʢʫʣ ʠ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʢʘʢʦʡ-ʣʠʙʦ ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ [91].  

 

ʈʠʩ. 25. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʘʪʨʠʮʳ hfac ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʤʦʜʠʬʠʢʘʮʠ ʁʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʣʠʛʘʥʜʘ, ʘ ʠʤʝʥʥʦ ʩʠʥʪʝʟ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʦʛʘ L 12  ʠ L 13 ï 2-(N-ʤʝʪʠʣ-1,2,3ʪʨʠʘʟʦʣ-

5-ʠʣ)-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-2-ʠʤʠʜʘʟʦʣʠʥ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣ (ʈʠʩ. 26). ɹʣʠʟʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʛʘʥʜʦʚ L 12 ʠ L 13 ʢ ʪʘʢʦʚʳʤ ʜʣʷ L 10 ʧʦʟʚʦʣʷʣʘ ʥʘʜʝʷʪʴʩʷ ʥʘ ʩʭʦʜʩʪʚʦ 

ʫʧʘʢʦʚʦʢ ʪʚʝʨʜʳʭ ʬʘʟ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ Cu(hfac)2. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʠ 

ʠʟʦʪʦʧʥʦʤ ʟʘʤʝʱʝʥʠʠ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʣʠʛʘʥʜʝ ʩʦʭʨʘʥʣ̫ʘʩʴ ʫʧʘʢʦʚʢʘ ʠ ʥʘʙʣʶʜʘʣʘʩʴ 

ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ. ʂʦʤʧʣʝʢʩ [Cu(hfac)2(L 13)2] ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʫ  ʁ

ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʧʨʦʷʚʣʷʣ. 
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ʈʠʩ. 26. ʉʪʨʫʢʪʫʨʳ ʅʈ L12 ʠ L13. 

ʅʘʨʷʜʫ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʛʦ ʬʨʘʛʤʝʥʪʘ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ [Cu(hfac)2(L 10)x(L 11)2ïx], ʚ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʣʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʘ L 10 ʠ ʠʤʠʥʦʥʠʪʨʦʢʩʠʣʘ L 11. ɹʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ [Cu(hfac)2(L 10)2] ʠ [Cu(hfac)2(L 11)2] ʦʙʨʘʟʫʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʦʙʣʘʩʪʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʬʘʟʘʤ [Cu(hfac)2(L 10)2] ʠ 

[Cu(hfac)2(L 11)2]. ʀ ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ [Cu(hfac)2(L 10)x(L 11)2ïx] ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ L 10 (ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ x >1.72) ʠʤʝʶʪ ʫʧʘʢʦʚʢʫ, ʩʭʦʜʥʫʶ ʩ 

ʪʘʢʦʚʦʡ ʜʣʷ [Cu(hfac)2(L 10)2], ʠ ʩʧʦʩʦʙʥʳ ʢ ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʧʨʦʪʠʚ, 

ʢʨʠʩʪʘʣʣʳ [Cu(hfac)2(L 10)x(L11)2ïx] ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ L 11 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʧʘʨʘʤʝʪʨʘʤ ʜʣʷ [Cu(hfac)2(L 11)2], ʠ ʥʝ ʧʨʦʷʚʣʷʶʪ ʥʠʢʘʢʠʭ 

ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ [92]. 

ʇʦʩʢʦʣʴʢʫ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʩʪʨʦʝʥ ʪʘʢ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʪʦ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʦʙ 2-ʠʤʠʜʘʟʦʣʠʥʦʚʳʭ 

ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ ʠ ʠʤʠʥʦʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʴ 

ʠʤʠʜʘʟʦʣï4ïʠʣ (ʈʠʩ. 27). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʛʝʪʝʨʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʥʠʤʠ ʥʝ ʧʨʦʷʚʣʷʶʪ ʷʨʢʠʭ ʤʘʛʥʠʪʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ [93]. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ 

ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʣʠʛʘʥʜʳ ʦʢʘʟʘʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʄʈʊ [94,95].  

ʈʠʩ. 27. ʉʪʨʫʢʪʫʨʳ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ ʠ ʠʤʠʥʦʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ɿʘʤʝʥʘ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 4 ʠ 5ïʦʤ ʧʦʣʦʞʝʥʠʠ 2ïʠʤʠʜʘʟʦʣʠʥʥʦʚʦʛʦ ʮʠʢʣʘ 

ʥʘ ʙʦʣʝʝ ʦʙʲʝʤʥʳʝ, ʘ ʠʤʝʥʥʦ ʩʧʠʨʦʮʠʢʣʦʧʝʥʪʠʣʴʥʳʝ (ʈʠʩ. 28), ʫʚʝʣʠʯʠʣʘ ɻ ʢʨʘʥʠʨʦʚʘʥʠʝ 
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ʥʠʪʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʧʦʚʳʩʠʣʘ ʢʠʥʝʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʄʈʊ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʨʘʜʠʢʘʣ L 14 ʠ ʧʨʦʚʝʨʝʥʘ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ [82,96]. ʆʜʥʘʢʦ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʣʠʛʘʥʜʦʤ L 14 

ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ. 

 

ʈʠʩ. 28. ʉʪʨʫʢʪʫʨʘ L14. 

 

1.4 ʂʦʤʧʣʝʢʩʳ ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʅʈ 

 

ʍʠʤʠʷ ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʠʣ-

ʛʝʪʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʅʈ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ: 

ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣ,r ʬʦʪʦʧʝʨʝʢʣʶʯʘʝʤʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤ rʠ ʪ.ʜ. [18]. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʙʨʘʥʥʳʝ ʧʨʠʤʝʨ r ɻʉ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ 

ʘʮʠʢʣʠʯʝʩʢʠʤʠ (ʩʦʧʨʷʞʝʥʥʳʤʠ) ʅʈ, ʧʨʦʷʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜ.r  

 

ɸʚʪʦʨʳ [51] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʧʦʜʦʙʥʳʝ L 6R ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʳ 

L 15R (ʈʠʩ. 29), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ɻʉ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʘ 

çʜʳʰʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚè. 



44 

 

 

ʈʠʩ. 29. ʉʪʨʫʢʪʫʨʳ ʅʈ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Cu(hfac)2 ʩʦ ʩʧʠʥ-ʤʝʯʝʥʳʤʠ ʧʠʨʘʟʦʣʘʤʠ L 15R ʚ ʥ-ʛʝʢʩʘʥʝ ʠʣʠ 

ʥ-ʛʝʧʪʘʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu(hfac)2L 15R]Ð ʩ 

ʤʦʪʠʚʦʤ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʥ-ʛʝʢʩʘʥʘ ʚ 

ʪʚʝʨʜʫʶ ʬʘʟʫ ʚʳʜʝʣʷʣʠʩʴ ʢʦʤʧʣʝʢʩʳ ʩ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

[Cu(hfac)2L 15R]Ð*0.5ʉ6ʅ14. ɽʩʣʠ ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥ-ʛʝʧʪʘʥ, ʪʦ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʦʣʴʚʘʪʳ ʢʦʤʧʣʝʢʩʦʚ [Cu(hfac)2L 15Me]Ð*0.5ʉ7ʅ16 ʠ 

[Cu(hfac)2L 15Et]Ð*0.5ʉ7ʅ16, ʧʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʳ [Cu(hfac)2L 15n-Pr]Ð ʠ [Cu(hfac)2L 15n-Bu]Ð ï 

ʙʝʟ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ, ʥʦ ʚʳʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʘʚʪʦʨʘʤ ʥʝ ʫʜʘʣʦʩʴ. 

ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ [Cu(hfac)2L 15Me]Ð*0.5ʉ6ʅ14 ʠ [Cu(hfac)2L 15Me]Ð*0.5ʉ7ʅ16 

ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʠʭ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʩʪʨʦ ʪʝʨʷʣʠ ʤʦʣʝʢʫʣʳ ʚʢʣʶʯʝʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʊʦʛʜʘ ʢʘʢ ʢʦʤʧʣʝʢʩʳ [Cu(hfac)2L 15Et]Ð*0.5ʉ6ʅ14 ʠ 

[Cu(hfac)2L 15Et]Ð*0.5ʉ7ʅ16 ʙʳʣʠ ʢʠʥʝʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ (ʈʠʩ. 30).  

 

ʈʠʩ. 30. ʌʨʘʛʤʝʥʪ ʮʝʧʠ [Cu(hfac)2L15Et]Ð*0.5ʉ7ʅ16, ʤʦʣʝʢʫʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʠʟʦʙʨʘʞʝʥʘ 

[51]. 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʈʉɸ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ [Cu(hfac)2L 15Me]Ð*Ŀ0.5C7H16 ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ 

Cu-ONO ʚ ʫʟʣʘʭ {CuO6}. ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2L 15n-Pr]Ð*0.5C6H14 ʚ ʫʟʣʘʭ {CuO6} 

ʨʘʩʩʪʦʷʥʠʷ CuïONO ʧʨʠ 240 K ʥʘʤʥʦʛʦ ʢʦʨʦʯʝ, ʯʝʤ ʚ [Cu(hfac)2L 15Et]Ð*0.5C7H16 ʠ ʨʘʚʥʳ 

2.220(3) ¡, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 85 K ʦʥʠ ʩʦʢʨʘʱʘʶʪʩʷ ʜʦ 

2.019(2) ¡. ɺ ʢʦʤʧʣʝʢʩʝ [Cu(hfac)2L 15n-Bu]Ð*0.5C6H14 ʫʞʝ ʧʨʠ 240 K ʘʪʦʤʳ ONO 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʘʩʩʪʦʷʥʠʷ CuïONO 2.000(2) ¡, CuïOhfac 

1.930(2) ¡), ʚʳʪʝʩʥʷʷ ʚ ʘʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʜʚʘ ʘʪʦʤʘ Ohfac (CuïOhfac 2.358(2) ¡). 

ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ [Cu(hfac)2L 15n-Bu]ÐĿ0.5C6H14 ʫʞʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʛʝʦʤʝʪʨʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʟʢʦʩʧʠʥʦʚʦʤʫ ʩʦʩʪʦʷʥʠ ʁʢʣʘʩʪʝʨʦʚ 

>NḌOïCu(II )ïOḌN<.  

ʈʝʟʫʣʴʪʘʪʳ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 31 ʘ. ɿʥʘʯʝʥʠʝ 

Õɻ ʬʬ ʜʣʷ [Cu(hfac)2L 15Me]Ð (ƴ) ʧʨʠ 310 K ʩʦʩʪʘʚʣʷʝʪ 2.54 ÕB ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ  ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʯʠʩʪʦ ʩʧʠʥʦʚʦʡ ʚʝʣʠʯʠʥʦʡ 2.45 ÕB ʜʣʷ ʜʚʫʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʧʠʥʦʚ ʩ S = İ ʧʨʠ 

g = 2. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʢʨʠʚʘʷ Õɻ ʬʬ (ʊ) ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 2.64 ÕB 

ʧʨʠ 115 K, ʫʢʘʟʳʚʘʷ ʥʘ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʥʠʞʝ 115 K, ʟʥʘʯʝʥʠʝ Õɻ ʬʬ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 1.88 ÕB, ʢʦʪʦʨʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʝ ʩ ʦʜʥʠʤ ʥʝʩʧʘʨʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ, ʜʘʣʝʝ ʚʝʣʠʯʠʥʘ mɻ ʬʬ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʜʦ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2L 15Et]Ð*0.5ʉ7ʅ16 (Ƹ) ʚʝʣʠʯʠʥʘ Õɻ ʬʬ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʷʝʪʩʷ 

2.49 ÕB ʠ ʟʘʪʝʤ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 2.35 ÕB, ʜʘʣʝʝ ʧʨʠ 

ʧʝʨʝʩʝʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 200ï180 K ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 1.90 ÕB ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʦ 2 K. ɺ ʩʣʫʯʘʝ [Cu(hfac)2L 15n-Pr]Ð (ǒ) ʟʥʘʯʝʥʠʝ Õɻ ʬʬ ʨʘʚʥʦ 

2.04 ÕB ʧʨʠ 300 K ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʳʭʦʜʷ ʥʘ ʧʣʘʪʦ ~1.93 ÕB ʥʠʞʝ 260 K. ʀʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʳ 

ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ [Cu(hfac)2L 15Me]Ð ʠ [Cu(hfac)2L 15Et]Ð*0.5ʉ7ʅ16 ʷʚʣʷʶʪʩʷ 

ʧʝʨʚʳʤʠ ʧʨʠʤʝʨʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʩ N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʘʣʢʠʣʧʠʨʘʟʦʣʠʣʥʠʪʨʦʢʩʠʣʘʤʠ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʪʝʨʤʦʭʨʦʤʥʳʤ 

ʵʬʬʝʢʪʦʤ. 
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ʈʠʩ. 31. (ʘ) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ [Cu(hfac)2L 15Me]Ð (ƴ), 

[Cu(hfac)2L 15Et]Ð*0.5ʉ7ʅ16 (Ƹ) [Cu(hfac)2L 15n-Pr]Ð (ǒ), (ʙ) ʪʝʨʤʦʭʨʦʤʠʟʤ ʜʣʷ 

[Cu(hfac)2L 15Me]Ð ʠ [Cu(hfac)2L 15Et]Ð*0.5ʉ7ʅ16 [51]. 

ʅʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2L 15Me]Ð ʙʣrʦ ʠʟʫʯʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʙʣʫʯʝʥʠ ̫ [97]. ɸʚʪʦʨʳ ʦʞʠʜʘʣʠ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʝʨʝʚʝʜʝʪ ʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ. ʆʜʥʘʢʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ [Cu(hfac)2L 15Me]Ð ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 540 ʥʤ, ʧʨʦʠʩʭʦʜʠʪ 

ʬʨʘʛʤʝʥʪʘʮʠʷ ʢʨʠʩʪʘʣʣʘ, ʥʘʯʠʥʘʶʪ ʦʪʜʝʣʷʪʴʩʷ ʠ ʨʘʟʣʝʪʘʪʴʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ, 

ʟʘʥʠʤʘʷ ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ ʠʤ ʦʙʲʝʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʥʢʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ 

(ʈʠʩ. 32). ɸʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʪʦʣʴʢʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (<115 K), ʘ ʪʘʢʞʝ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʝʥʢʘ ʩʦʭʨʘʥʷʝʪ ʚʩʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʩʫʱʠʝ ʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ 

ʘʥʘʣʦʛʫ. 

 

ʈʠʩ. 32. (ʘ) ʄʦʥʦʢʨʠʩʪʘʣʣ [Cu(hfac)2L15Me]Ð ʧʝʨʝʜ ʦʙʣʫʯʝʥʠʝʤ; ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʝʥʢʘ, 

ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʣʫʯʝʥʠʷ, ʬʦʪʦʛʨʘʬʠʷ ʩʜʝʣʘʥʘ (ʙ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, (ʚ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ [97]. 
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ʗʨʢʠʡ ʨʝʟʫʣʴʪʘʪ ʦʧʠʩʘʣʠ ʷʧʦʥʩʢʠʝ ʫʯʝʥʳʝ ʚ ʩʪʘʪʴʝ [98]. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

Cu(BF4)2*6H2O ʩ ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʤ ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʦʤ L 16 (ʈʠʩ. 33 ʘ) 

ʦʙʨʘʟʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Cu(L 16)2(H2O)2](BF4)2 (ʈʠʩ. 33 ʙ), ʚ ʢʦʪʦʨʦʤ 

NO-ʛʨʫʧʧʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʭʝʣʘʪʥʦʛʦ ʤʝʪʘʣʣʦʮʠʢʣʘ.  

 

  

(ʘ) (ʙ) (ʚ) 

ʈʠʩ. 33. (ʘ) ʉʪʨʫʢʪʫʨʘ L16, (ʙ) ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ [Cu(L16)2(H2O)2](BF4)2, (ʚ) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢʊ(ʊ) [98]. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ɢʊ(ʊ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʥʦʝ 

ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʩ S=3/2 ʥʘ S=1/2 ʧʨʠ 175 K, ʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʟʤʝʥʷʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʩʥʷʪʴ ʩʪʨʫʢʪʫʨʫ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʜʦ ʠ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ. ʇʨʠ 204 K ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʨʠʩʪʘʣʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʤʙʠʯʝʩʢʦʡ ʙʘʟʦʮʝʥʪʨʠʨʦʚʘʥʥʦʡ (ʉ2221), ʧʨʠ 94 K ï ʨʦʤʙʠʯʝʩʢʦʡ 

ʧʨʠʤʠʪʠʚʥʦʡ (ʈ212121). ʀʦʥ Cu ʠʤʝʝʪ ʛʝʦʤʝʪʨʠʶ ʠʩʢʘʞʸʥʥʦʛʦ ʦʢʪʘʵʜʨʘ, ʚ ʢʦʪʦʨʦʤ 

ʘʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʘ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ï ʘʪʦʤʳ N 

ʬʝʥʠʣʧʠʨʠʜʠʥʘ ʠ ʆNO ʛʨʫʧʧʳ, ʨʘʩʩʪʦʷʥʠʝ CuïʆNO ʩʦʩʪʘʚʣʷʝʪ 1.945(2) ¡. ɸʚʪʦʨʳ 

ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ C̓u-O-N-C2py ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʢʦʪʦʨʳʡ ʧʨʠ 204 K ʩʦʩʪʘʚʠʣ 3.3Á, ʘ ʧʨʠ 94 K ʠʟʤʝʥʷʝʪʩʷ ʜʦ 3.1Á ʠ 31.1Á. ʊ.ʝ. ʚ ʧʨʦʮʝʩʩʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʜʚʫʛʨʘʥʥʳʭ ʫʛʣʦʚ: ʧʨʠ 204 K 

ʢʦʤʧʣʝʢʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʣʦʩʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʭʝʣʘʪʥʳʡ ʮʠʢʣ, ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʘ ʚʪʦʨʘʷ ʯʘʩʪʴ ʚʳʭʦʜʠʪ ʠʟ ʥʝʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚ ʛʝʦʤʝʪʨʠʠ ʧʝʨʝʢʨʳʚʘʥʠʷ ˊ*ï ʦʨʙʠʪʘʣʠ ʣʠʛʘʥʜʘ ʠ 

3d(x2-y2) ï ʦʨʙʠʪʘʣʠ ʠʦʥʘ Cu(II ), ʯʪʦ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʈʠʩ. 33 ʚ). ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʝʣʠʯʠʥʘ ɢʊ ʨʘʚʥʷʝʪʩʷ 
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1.47 ʩʤ3ĀKĀʤʦʣʴ-1 (3.43 Õɺ), ʟʥʘʯʝʥʠʝ ʥʘʤʥʦʛʦ ʚʳʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʜʣʷ 3 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʇʄʎ ʩʦ ʩʧʠʥʦʤ ʨʘʚʥʳʤ S=1/2 (3 Õɺ), ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʜʦ 175 K ʥʘʙʣʶʜʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ ɢʊ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɿʘʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ɢʊ 

ʜʦ 0.38 ʩʤ3ĀKĀʤʦʣʴ-1 (1.74 Õɺ), ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʦʜʥʦʛʦ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʇʄʎ ʩ S=1/2 (1.73 Õɺ). ʇʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ. 

 

ʊʘʢʞʝ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʪʨʝʪ-ʙʫʪʠʣʘʨʠʣʥʠʪʨʦʢʩʠʣʴʥʳʡ ʙʠʨʘʜʠʢʘʣ L 17 (ʈʠʩ. 34 ʘ). 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʚ Cu(hfac)2 ʚ Et2O/ ʥ-ʛʝʧʪʘʥ ʩ L 17 Et2O/ʉH2Cl2 ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1.5 ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʭʲ̫ ʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [(Cu(hfac)2)3(L 17)2] (ʈʠʩ. 34 ʙ), 

ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʝʡ ʩ ʫʟʢʦʡ ʧʝʪʣʝʡ ʛʠʩʪʝʨʝʟʠʩʘ [38].  

 

 

(ʘ) (ʙ) 

  

(ʚ) 

ʈʠʩ. 34. (ʘ) ʉʪʨʫʢʪʫʨʘ L17, (ʙ) ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [(Cu(hfac)2)3(L17)2], (ʚ) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(ʊ) ʜʣʷ [(Cu(hfac)2)3(L17)2] [99]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ [(Cu(hfac)2)3(L 17)2] ʤʝʪʦʜʦʤ ʈʉɸ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪʩʷ 

ʜʚʘ ʪʠʧʘ ʘʪʦʤʦʚ ʤʝʜʠ: ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ Cu1 ʠʤʝʝʪ ʢʚʘʜʨʘʪʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʝ 

ʦʢʨʫʞʝʥʠʝ, ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʆNO ʛʨʫʧʧʳ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ Cu1ïʆNO ʨʘʚʥʳʤ 2.4 ¡, ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʦʤʳ 

Ohfac c ʨʘʩʩʪʦʷʥʠʷʤʠ ~1.9ï2.0 ¡. ɸʪʦʤʳ ʆNO ʛʨʫʧʧʳ ʟʘʥʠʤʘʶʪ ʚʝʨʰʠʥʳ ʢʚʘʜʨʘʪʥʳʭ 
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ʧʠʨʘʤʠʜ ʫ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʤʝʜʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ~1.9 ¡, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ 

ʨʘʩʩʪʦʷʥʠʷ Cu2ïOhfac~1.9 - 1.96 ¡. ʊʘʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʫʟʣʝ {Cu2O5} ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

{ Cu1O6}, ʵʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʈʠʩ. 34 ʚ. ɿʥʘʯʝʥʠʝ Õɻ ʬʬ ʧʨʠ 350 K ʩʦʩʪʘʚʣʷʝʪ 3.08 Õɺ ʠ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 47 K. 

ɼʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ Õɻ ʬʬ ʜʦ 1.75 

Õɺ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʠʩʪʦ ʩʧʠʥʦʚʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʦʜʥʦʛʦ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʇʄʎ 1.73 Õɺ ʩ S=1/2. ʅʘʛʨʝʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʪʥʳʡ 

ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 50 K, ʧʦʵʪʦʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ. 

ʅʝʤʥʦʛʦ ʧʦʟʞʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʚʝʨʜʦʡ ʬʘʟʳ [(Cu(hfac)2)3(L 17)2]. ʅʘ ʈʠʩ. 35 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦcʪʴ ɢɟʊ(ʊ). ʇʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʢʨʠʚʘʷ ʩʦʚʧʘʜʘʝʪ ʩ ʈʠʩ. 34 ʚ. ʆʜʥʘʢʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 6 ʢʙʘʨ ʥʘ 

ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʘʥʦʤʘʣʠʡ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʦ ʧʦʜʘʚʣʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ [(Cu(hfac)2)3(L 17)2] [100]. 

 

ʈʠʩ. 35. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢɟʊ(ʊ) ʜʣʷ [(Cu(hfac)2)3(L17)2] ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ (r), 6 ʢʙʘʨ (ẽ) [100].  
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1.5 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʤʘʪʝʨʠʘʣʘ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʢʦʧʣʝʥ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʡr ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʩʠʥʪʝʟʘ ʢʘʢ ʢʠʥʝʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ ʅʈ, ʪʘʢ ʠ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʍʠʤʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʘʛʥʝʪʠʢʦʚ ʠ ɻʉ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦʜʦʣʞʘʝʪ ʥʝʧʨʝʨʳʚʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ, ʠʩʧʦʣʴʟʫʷ ʢʘʢ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʠʢʠ, ʪʘʢ ʠ ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʜʦ ʩʠʭ ʧʦʨ ʚʦʧʨʦʩ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʇʦʵʪʦʤʫ ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ 

ʥʦʚʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ ʙʳʣʦ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʫ ʧʠʨʘʟʦʣʠʣ- ʠ ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʳʭ ʅʈ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ɻʉ 

ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ 

ʘʮʠʢʣʠʯʝʩʢʠʭ ʧʠʨʘʟʦʣʠʣʟʘʤʝʱʝʥʥʳʭ ʅʈ ʧʫʪʝʤ ʩʤʝʥʳ ʧʦʣʦʞʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʚ L 15R - LR (5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʘʣʢʠʣ-1H-ʧʠʨʘʟʦʣʳ ), ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʠʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ɻʉ ʩ ʥʠʤʠ. ʆʪʜʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʪʘʢʞʝ ʩʪʦʷʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠ ̫

ʫʚʝʣʠʯʝʥʠʷ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣ ̫ʚ 1-ʦʤ ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʠʣʟʘʤʝʱʝʥʥʦʛʦ ʅʅʈ L 10 

ʥʘ ɻʬʬʝʢʪ çʧʨʳʛʘʶʱʠʭè ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʂʉ. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 

2.1. ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ 

 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ 1-ʘʣʢʠʣ-1H-ʧʠʨʘʟʦʣ [101], 2,3-ʙʠʩ(ʛʠʜʨʦʢʩʠʘʤʠʥʦ)-2,3-

ʜʠʤʝʪʠʣʙʫʪʘʥ [102], 4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-2-(1H-ʠʤʠʜʘʟʦʣ-4-ʠʣ)-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-

3-ʦʢʩʠʜ-1-ʦʢʩʠʣ [103], ʙʠʩ(ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦ)-ʤʝʜʴ(II ) [104], ʭʣʦʨʦʭʨʦʤʘʪ 

ʧʠʨʠʜʠʥʠʷ (PCC) [105] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʂʦʤʤʝʨʯʝʩʢʠʝ 

ʨʝʘʢʪʠʚʳ 1ʅ-ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʠʜ (98%), ʜʠʵʪʠʣʩʫʣʴʬʘʪ (98%), 

2-ʤʝʪʠʣ-2-ʥʠʪʨʦʟʦʧʨʦʧʘʥ (Ó 98%), ʥ-ʙʫʪʠʣʣʠʪʠʷ ʨʘʩʪʚʦʨ (2.5 M ʚ ʛʝʢʩʘʥʝ), 

ʪʨʝʪ-ʙʫʪʠʣʣʠʪʠʷ ʨʘʩʪʚʦʨ (1.7 M ʚ ʧʝʥʪʘʥʝ) ʬʠʨʤʳ Sigma-Aldrich. ɿɸʆ çʉʦʜʘè - NaHCO3 

(ʩʦʜʘ ʧʠʱʝʚʘʷ). ʈʘʩʪʚʦʨʠʪʝʣʠ: ɿɸʆ çʄʦʩʨʝʘʢʪʠʚè ï ʵʪʠʣʘʮʝʪʘʪ (ʯ), ʆʆʆ ʂʫʟʙʘʩʩʦʨʛʭʠʤ 

ï ʵʬʠʨ ʜʠʵʪʠʣʦʚʳʡ (ʏɼɸ); ɸʆ çɹʘʟʘ ˉ 1 ʍʠʤʨʝʘʢʪʠʚʦʚè ï ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ 0.5% ʵʪʘʥʦʣʘ (ʭʯ), Sigma-Aldrich ï Pentane (98%), ʆɸʆ çʈʝʘʢʪʠʚè ï 

ʥ-ʛʝʧʪʘʥ (ʵʪʘʣʦʥʥʳʡ ʥʦʨʤʘʣʴʥʳʡ), Acros organics ï ʥ-ʦʢʪʘʥ (99+%), çʈʝʘʭʠʤè ï ʥ-ʥʦʥʘʥ 

(ʯ), MERCK -ʥ-ʜʝʢʘʥ (Ó 94%), ʆɻʋʇ çʆʤʩʢʘʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʬʘʙʨʠʢʘè ï EtOH (95%) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ʥ-ʛʝʢʩʘʥ (ʭ.ʯ., çʢʦʤʧʦʥʝʥʪ-ʨʝʘʢʪʠʚè) ɸʆ 

çɺɽʂʊʆʅè ï ʥ-ʜʦʜʝʢʘʥ (ʯ), MeOH ʜʣʷ ʩʠʥʪʝʟʘ ʦʯʠʱʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ, ɸʆ 

çɹʘʟʘ ˉ 1 ʍʠʤʨʝʘʢʪʠʚʦʚè ï ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ (ʭʯ)[106].  

 

2.2 ʇʨʠʙʦʨʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ  ̫

 

ɼʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʩʪʠʥʳ ʜʣʷ ʊʉʍ ʤʘʨʢʠ çSilica 

Gel 60 F254, aluminium sheetsè, ʩʠʣʠʢʘʛʝʣʴ ʤʘʨʢʠ ç0.063ï0.200 ʤʤ ʜʣʷ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠè ʬʠʨʤʳ Merck ʠ Al2O3 ʤʘʨʢʠ çʯè, ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ɼʦʥʝʮʢʦʛʦ ʟʘʚʦʜʘ. 

ʀʂ-ʩʧʝʢʪʨʳ ʚ ʦʙʣʘʩʪʠ 400-4000 ʩʤ-1 ʦʙʨʘʟʮʦʚ, ʟʘʧʨʝʩʩʦʚʘʥʥʳʭ ʚ ʪʘʙʣʝʪʢʠ ʩ KBr, 

ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ VECTOR-22 ʬʠʨʤʳ Bruker. ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʤʠʢʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʩʪʦʣʠʢʝ BOETIUS ʠ ʘʧʧʘʨʘʪʝ SMP3 ʬʠʨʤʳ 

çSTUARTè. ʄʠʢʨʦʘʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʥʘ CHNS-ʘʥʘʣʠʟʘʪʦʨ EA-3000, ʩʧʝʢʪʨʳ ʗʄʈ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʧʨʠʙʦʨʘʭ çBruker AV-300è (300 ʄɻʮ ʜʣʷ 1ʅ) ʠ Bruker AV-400 (400.13 

ʄɻʮ ʜʣʷ 1ʅ) BrukerDRX-500 (500.13 Mɻʮ ʜʣʷ 1ʅ, 125.76 Mɻʮ ʜʣʷ 13C) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 



52 

 

25ï30oC ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʛʥʘʣ ʨʘʩʪʚʦʨʠʪʝʣʷ CDCl3 

dH 7.24 ʤ.ʜ., dC 77.16 ʤ.ʜ., ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʝʨʚʠʩʥʦʤ ʮʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

(ʎʂʇ) ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʉʆ ʈɸʅ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ. 

ʄʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (HRMS) ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʎʂʇ 

çʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷè ʄʊʎ ʉʆ ʈɸʅ. ʉʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʧʨʷʤʦʤ ʚʚʝʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʩ ʠʦʥʠʟʘʮʠʝʡ ʥʘ ʢʚʘʜʨʫʧʦʣʴ-ʚʨʝʤʷʧʨʦʣʝʪʥʦʤ 

ʵʣʝʢʪʨʦʩʧʨʝʡʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Maxis 4G (Bruker 

Daltonics, Germany).  

ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢ.ʭ.ʥ. ɹʦʛʦʤʷʢʦʚʳʤ ɸ.ʉ. ʥʘ 

ʉʂɺʀɼ-ʤʘʛʥʝʪʦʤʝʪʨʝ MPMSXL ʬʠʨʤʳ Quantum Design ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

2-320 K. ʕʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

‘ Ὕ  
 

 
Ͻ…Ὕ ψ…Ὕ , 

ʛʜʝ N, k, ɓ ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ ʠ ʤʘʛʥʝʪʦʥ ɹʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜ.ʭ.ʥ. 

ʈʦʤʘʥʝʥʢʦ ɻ.ɺ., ʢ.ʬ.-ʤ.ʥ. ʃʝʪʷʛʠʥʳʤ ɻ.ɸ.. ʅʘʙʦʨʳ ʦʪʨʘʞʝʥʠʡ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʝʥʳ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Apex Duo (Bruker) ʩ 

ʢʨʠʦʩʠʩʪʝʤʦʡ Cobra (Oxford Cryosystems) ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʉʪʨʫʢʪʫʨʳ 

ʨʘʩʰʠʬʨʦʚʘʥʳ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʘʥʠʟʦʪʨʦʧʥʦ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ. ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ H ʨʘʩʩʯʠʪʘʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʚʢʣʶʯʝʥʳ ʚ ʫʪʦʯʥʝʥʠʝ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ SHELX [107,108].  

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜ.ʬ-ʤ.ʥ. ʄʦʨʦʟʦʚʳʤ. ɺ.ɸ.. 

ʈʘʩʯʝʪʳ ʦʙʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʤʝʪʦʜʦʤ broken symmetry, [109] 

ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʦʤ ʧʘʢʝʪʝ ORCA 5.0 [110]. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʥʝʨʛʠʡ 

ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʠʙʨʠʜʥʳʡ ʬʫʥʢʮʠʦʥʘʣ TPSSh ʠ ʙʘʟʠʩ 

def2-TZVP (ʙʘʟʠʩ def2-QZVPP ʜʣʷ Cu). ʈʘʩʯʸʪ ʩʧʠʥʦʚʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

CASSCF/NEVPT2 ʧʦʜʭʦʜʘ, ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʫʯʘʣʠ ʥʘ 
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ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʚ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʦʤ ʧʘʢʝʪʝ PHI [111] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʥ-ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʦʙʱʝʛʦ ʚʠʜʘ H = ×ï2JijĀSiSj. 

ɼʘʥʥʳʝ ʕʇʈ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢ.ʬ.-ʤ.ʥ. ɺʝʙʝʨʦʤ ʉ.ʃ., ʊʫʤʘʥʦʚʳʤ ʉ.ɺ.. ɺʩʝ ʕʇʈ 

ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʤ ʕʇʈ ʩʧʝʢʪʨʦʤʝʪʨʝ X/Q ʜʠʘʧʘʟʦʥʘ Bruker 

Elexsys E580, ʦʩʥʘʱʝʥʥʦʛʦ ʩʠʩʪʝʤʦʡ ʛʝʣʠʝʚʦʛʦ ʧʨʦʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʢʦʥʪʨʦʣʣʝʨʦʤ Oxford Instruments (T = 4ï300 K). ʆʙʨʘʟʮ rʧʦʤʝʱʘʣʠʩɹ ʚ ʢʚʘʨʮʝʚʫʶ 

ʘʤʧʫʣʫ (OD = 2.8 ʤʤ) ʚ ʚʠʜʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ. ʉʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

Q-ʜʠʘʧʘʟʦʥʝ (ɜ å 34.1 GHz) ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 30 ʂ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʪʥʦ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠʩʴ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʰʘʛʦʤ ʚ 25 ʂ. ʊʦʯʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ Ñ5 ʂ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʘʢʝʪʘ easyspin ʜʣʷ Matlab [112]. 

ɼʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢ.ʬ.-ʤ.ʥ. 

ɺʝʙʝʨʦʤ ʉ.ʃ. ʠ ʄʠʥʘʢʦʚʦʡ ʆ.ɺ.. ʀʂ-ʩʧʝʢʪʨʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ŭ-[Cu(hfac)2L 5Im]Ð ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʩʨʝʜʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ 

4000ï550 ʩʤī1 ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ T = 8ï300 K c ʰʘʛʦʤ 2 ʂ ʩ ʧʦʤʦʱʴʶ 

ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker Vertex 80v (Bruker Optics, Germany). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʩʣʝʜʫʶʱʘʷ: 

300ʂŸ8KŸ300KŸ8KŸ300K.ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 1 ʩʤ-1. ɼʣʷ ʟʘʧʠʩʠ 

ʀʂ-ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʫʝʤʳʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ Ŭ-[Cu(hfac)2L 5Im]Ð ʙʳʣ 

ʥʘʥʝʩʝʥ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʙʣʝʪʢʠ KBr (200 ʤʛ), ʘ ʟʘʪʝʤ ʥʘʢʨʳʪ ʚʪʦʨʦʡ 

ʘʥʘʣʦʛʠʯʥʦʡ ʪʘʙʣʝʪʢʦʡ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʚʣʠʷʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʭʘʨʘʢʪʝʨ ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʥʳʭ 

ʤʘʛʥʠʪʦʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ [113]. 

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʆʍ ʈɸʅ 

ʉʳʨʦʝʰʢʠʥʳʤ ʄ.ɸ, ɸʢʳʝʚʦʡ ɸ.ʗ.. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʜʣʷ 1R ʠ LR 

ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ digital potentiostat IPC-Pro-MF (Econix) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ï3.5 ʜʦ 2.5 ɺ 

ʜʣʷ 1R ʠ ʦʪ ï2 ʜʦ 2.5 ɺ ʜʣʷ LR. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʫʭʦʤ ʙʦʢʩʝ ʚ ʘʪʤʦʩʬʝʨʝ Ar 

(CO2<2 ppm) ʚ ʬʦʥʦʚʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1R, LR (R= Me, Et, n-Pr, i-Pr) 3Ŀ10-3 ʄ 

ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 100 ʤɺ/ʩ. 

ʈʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ ʩʣʫʞʠʣ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʜʠʩʢʦʚʳʡ ʵʣʝʢʪʨʦʜ ʩ ʜʠʘʤʝʪʨʦʤ ʜʠʩʢʘ 
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1.7 ʤʤ. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʨʦʚʘʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʟʝʨʢʘʣʴʥʦʛʦ 

ʙʣʝʩʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʢʘʣʝʥʥʫʶ Pt ʧʨʦʚʦʣʦʢʫ, 

ʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ Ag/AgCl. ʂʘʣʠʙʨʦʚʘʣʠ ʣɻʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʳ ʬʝʨʨʦʮʝʥ/ʬʝʨʨʦʮʝʥʠʡ (ɽ0 = 0.400 V ʦʪʥ. ʅɺʕ). ʌʦʥʦʚʳʡ ʵʣʝʢʪʨʦʣʠʪ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 0.1 ʄ ʨʘʩʪʚʦʨ Bu4NBF4 (99%, Sigma Aldrich) ʚ CH3CN (Ó 99.9 %, HPLC 

Gradient grade, Fisher Chemical) c ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 20 ppm 

(Mettler-Toledo Titrator C10SD).  
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2.3. ʉʠʥʪʝʟ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

2.3.1. ʇʝʨʝʯʝʥʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ɺ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʘ ʩʚʦʜʥʘʷ ʊʘʙʣʠʮʘ 2 ʧʦ ʮʝʣʝʚʳʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʣʠʛʘʥʜʘʤ. 

ɼʣʷ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʢʘʞʜʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʧʨʠʩʚʦʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʬʠʛʫʨʠʨʫʝʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʊʘʙʣʠʮʘ 2. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ 

ʅʘʟʚʘʥʠʝ ʌʦʨʤʫʣʘ ʆʙʦʟʥʘʯʝʥʠʝ 

4,4,5,5,-ʪʝʪʨʘʤʝʪʠʣ-2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-5-ʠʣ)-

4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣ 

 

L 5Im 

4,4,5,5,-ʪʝʪʨʘʤʝʪʠʣ-2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-4-ʠʣ)-

4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣ 

 

L 4Im 

5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʤʝʪʠʣ-1H-

ʧʠʨʘʟʦʣ 
 

LMe 

5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʵʪʠʣ-1H-

ʧʠʨʘʟʦʣ 

 

LEt 

5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʧʨʦʧʠʣ-1H-

ʧʠʨʘʟʦʣ 

 

L n-Pr 

5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʠʟʦʧʨʦʧʠʣ-

1H-ʧʠʨʘʟʦʣ 

 

L i-Pr 

2,2-ʜʠʤʝʪʠʣ-1-(1-ʵʪʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʧʨʦʧʘʥ-

1-ʦʥ 

 

PLEt 

2,2-ʜʠʤʝʪʠʣ-1-(1-ʧʨʦʧʠʣ-1H-ʧʠʨʘʟʦʣ-5-

ʠʣ)ʧʨʦʧʘʥ-1-ʦʥ 

 

PLn-Pr 
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2.3.2 ʉʠʥʪʝʟ 2-ʠʤʠʜʘʟʦʣʠʥ-1-ʦʢʩʠʣʦʚ ʨʷʜʘ ʠʤʠʜʘʟʦʣʘ 

 

2-(1-ʕʪʠʣʠʤʠʜʘʟʦʣ-4-ʠʣ)-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-

1-ʦʢʩʠʣ (L 4Im) ʠ 2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-5-ʠʣ)-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-

ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣ (L 5Im). ʂ ʩʫʩʧʝʥʟʠʠ 

ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (1.5 ʛ, 16 ʤʤʦʣʴ) ʚ ʩʫʭʦʤ ʘʮʝʪʦʥʝ 

(15 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʜʠʵʪʠʣʩʫʣʴʬʘʪ (2.4 ʛ, 16 ʤʤʦʣʴ) ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʠʧʝʥʠʠ ʙʝʟ ʜʦʩʪʫʧʘ ʚʣʘʛʠ ʚ ʪʝʯʝʥʠʝ 18 ʯ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʝʡʪʨʘʣʠʟʦʚʳʚʘʣʠ ʩʤʦʯʝʥʥʳʤ ʚʦʜʦʡ 

ʠʟʙʳʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ NaHCO3, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʧʨʦʤʳʚʘʣʠ EtOH. ʌʠʣʴʪʨʘʪ ʚʳʩʫʰʠʚʘʣʠ ʥʘʜ Na2SO4 ʠ ʫʧʘʨʠʚʘʣʠ 

ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʣʦʡ 

Al 2O3 (1.5 ³ 10 ʩʤ), ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ EtOAc. 

ʌʠʣʴʪʨʘʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʠ ʧʦʣʫʯʘʣʠ 1.0 ʛ ʩʚʝʪʣʦ-

ʞʝʣʪʦʛʦ ʤʘʩʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʤʝʩʴ ʠʟʦʤʝʨʦʚ 1-ʵʪʠʣ-1H-

ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʠʜʘ ʠ 1-ʵʪʠʣ-1H-ʠʤʠʜʘʟʦʣ-5-

ʢʘʨʙʘʣʴʜʝʛʠʜʘ, ʢʦʪʦʨʫʶ ʜʘʣʝʝ ʚʤʝʩʪʝ ʩ 2,3-ʙʠʩ(ʛʠʜʨʦʢʩʠʘʤʠʥʦ)-

2,3-ʜʠʤʝʪʠʣʙʫʪʘʥʦʤ (1.2 ʛ, 8 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ MeOH (10 ʤʣ). ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ 12 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʫʧʘʨʠʚʘʣʠ. ʂ ʤʘʩʣʦʦʙʨʘʟʥʦʤʫ ʦʩʪʘʪʢʫ 

ʧʨʠʙʘʚʣʷʣʠ EtOAc, ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOAc. ʇʦʣʫʯʝʥʥʳʡ 

ʦʩʘʜʦʢ (0.752 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ EtOH (15 ʤʣ), ʢ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ MnO2 (3.7 ʛ), ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ. 

ʆʩʪʘʪʦʢ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ SiO2 (1.5 ³ 50 ʩʤ), ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʶʝʥʪʦʚ ʩʤʝʩʴ EtOAc ʩ MeOH (10:1). ʇʝʨʚʦʡ ʚʳʭʦʜʠʣʘ ʬʨʘʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʥʠʪʨʦʢʩʠʣ 

L 5Im, ʚʪʦʨʦʡ ï ʝʛʦ ʠʟʦʤʝʨ L 4Im. ʆʙʝ ʬʨʘʢʮʠʠ ʫʧʘʨʠʚʘʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʩʤʝʩʠ CH2Cl2 ʩ ʥ-ʛʝʧʪʘʥʦʤ. ɺʳʭʦʜ L 5Im 0.342 ʛ (8.5% ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ 

1H-ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʠʜ), ʢʨʠʩʪʘʣʣʳ ʪʝʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ. ʊ.ʧʣ. 141-142Áʉ (ʠʟ ʩʤʝʩʠ 

CH2Cl2/ʥ-ʛʝʧʪʘʥ), Rf 0.83 ʩ EtOAc:MeOH (3:2) ʥʘ ʧʣʘʩʪʠʥʘʭ ñAluminium oxide N/UV254ò. 

ʀʂ-ʩʧʝʢʪʨ, (KBr):  3415, 3096, 2990, 2933, 1715, 1676, 1583, 1493, 1456, 1421, 1399, 1386, 

1364, 1351, 1327, 1250, 1231, 1216, 1166, 1140, 1122, 1050, 960, 925, 871, 840, 805, 754, 661, 

608, 539 ʩʤ-1. ʅʘʡʜʝʥʦ (%): ʉ, 57.1; H, 7.4; N, 22.4. ʉ12H19N4O2. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 57.4; H, 

7.6; N, 22.3.  
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ɺʳʭʦʜ L 4Im 0.223 ʛ (5.6% ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ 1H-ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʠʜ), ʢʨʠʩʪʘʣʣʳ 

ʪʝʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ. ʊ.ʧʣ. 121-122Áʉ, Rf 0.70 ʩ EtOAc:MeOH (3:2) ʥʘ ʧʣʘʩʪʠʥʘʭ 

ñAluminium oxide N/UV254ò. ʀʂ-ʩʧʝʢʪʨ, (KBr):  3422, 3184, 3114, 2982, 2936, 1632, 1580, 

1510, 1450, 1396, 1366, 1338, 1286, 1259, 1232, 1213, 1167, 1131, 1110, 1052, 1012, 987, 964, 

867, 816, 786, 755, 665, 633, 542 ʩʤ-1. ʅʘʡʜʝʥʦ (%): ʉ, 57.3; H, 7.6; N, 22.6. ʉ12H19N4O2. 

ɺʳʯʠʩʣʝʥʦ (%): C, 57.4; H, 7.6; N, 22.3. 

2-(1-ʕʪʠʣʠʤʠʜʘʟʦʣ-4-ʠʣ)-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-

1-ʦʢʩʠʣ (L 4Im). ʉʤʝʩʴ 4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-2-(1H-ʠʤʠʜʘʟʦʣ-4-ʠʣ)-4,5-ʜʠʛʠʜʨʦ-1H-

ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣʘ (0.223 ʛ, 1.0 ʤʤʦʣʴ), tBuOK (0.115 ʛ, 1.02 ʤʤʦʣʷ) ʠ ɼʄʌɸ (5 

ʤʣ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʝ Ar ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʂ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʣʷʣʠ 

ʜʠʵʪʠʣʩʫʣʴʬʘʪ (0.154 ʛ, 1.0 ʤʤʦʣʴ), ʧʦʩʣʝ ʯʝʛʦ ʝʝ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʫʧʘʨʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʇʨʦʜʫʢʪ ʦʯʠʱʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʧʦʣʫʯʘʣʠ 0.186 ʛ (83%) ʥʠʪʨʦʢʩʠʣʘ L 4Et. 

 

2.3.3. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Cu(hfac)2 ʩ ʥʠʪʨʦʢʩʠʣʦʤ L 5Im 

 

[Cu(hfac)2(L 5Im)2]. ʈʘʩʪʚʦʨ Cu(hfac)2 (0.076 ʛ, 0.16 ʤʤʦʣʴ) ʠ L 5Im (0.08 ʛ, 0.32 ʤʤʦʣʴ) 

ʚ 2 ʤʣ ʘʮʝʪʦʥʘ ʨʘʟʙʘʚʣʷʣʠ 3 ʤʣ EtOH ʠ ʚʳʜʝʨʞʠʚʘʣʠ 48 ʯʘʩʦʚ ʧʨʠ ï18ʦʉ. ɺʳʧʘʚʰʠʝ 

ʢʨʠʩʪʘʣʣʳ ʩʠʥʝʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.13 ʛ (85%). 

ʅʘʡʜʝʥʦ (%): ʉ, 42.3; H, 4.4; N, 11.1; F 22.4. C34H40CuF12N8O8. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 41.7; H, 

4.1; N, 11.4; F, 23.3. 

[Cu(hfac)2L 5Im]2. ʉʤʝʩʴ ʥʘʚʝʩʦʢ Cu(hfac)2 (0.076 ʛ, 0.16 ʤʤʦʣʴ) ʠ L 5Im (0.04 ʛ, 0.16 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2ʤʣ ʉH2Cl2ʩʫʭ. ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 4 ʤʣ ʥ-ʛʝʢʩʘʥʘ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

48 ʯʘʩʦʚ ʧʨʠ ï18ʦʉ ʙʝʟ ʜʦʩʪʫʧʘ ʚʣʘʛʠ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʚ ʚʠʜʝ ʩʨʦʩʪʢʦʚ 

ʪʝʤʥʦ-ʩʠʥʠʭ ʧʨʠʟʤ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ ʥ-ʛʝʢʩʘʥʦʤ. ɺʳʭʦʜ 0.098 ʛ 

(80%). ʅʘʡʜʝʥʦ (%): ʉ, 36.8; H, 3.1; N, 7.5; F, 29.5. C44H42Cu2F24N8O12. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 

36.3; H, 2.9; N, 7.7; F, 31.3. 

Ŭ-[Cu(hfac)2L 5Im]Ð. ʂ ʨʘʩʪʚʦʨʫ Cu(hfac)2 (0.095 ʛ, 0.2 ʤʤʦʣʴ) ʠ L 5Im (0.05 ʛ, 

0.2 ʤʤʦʣʴ) ʚ 1.5 ʤʣ CH2Cl2, ʧʨʠʙʘʚʣʷʣʠ 3 ʤʣ ʥ-ʛʝʢʩʘʥʘ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ï18Áʉ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ. ʆʙʨʘʟʦʚʘʚʰʫʶʩʷ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʝʤʥʦ-ʩʠʥʠʭ ʧʨʠʟʤ 

[Cu(hfac)2L 5Im]2 ʠ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʠʛʦʣʦʢ Ŭ-[Cu(hfac)2L 5Im]Ð ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 
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ʣʝʜʷʥʳʤ ʥ-ʛʝʢʩʘʥʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʜʝʣʷʣʠ 

ʤʝʭʘʥʠʯʝʩʢʠ. ɺʳʭʦʜ Ŭ-[Cu(hfac)2L 5Im]Ð ï 0.078 ʛ (53%), [Cu(hfac)2L 5Im]2 ï 0.01 ʛ (6%). 

ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ, ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʠʟ ʦʩʪʘʚʰʝʛʦʩʷ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʧʘʜʘʣʠ ʢʨʠʩʪʘʣʣʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʬʘʟʳ Ŭ-[Cu(hfac)2L 5Im]Ð, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʫʚʝʣʠʯʠʪʴ 

ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦ 73%. ʅʘʡʜʝʥʦ (%): ʉ, 36.1; H, 3.3; N, 7.7; F 30.8. 

C22H21CuF12N4O6. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 36.3; H, 2.9; N, 7.7; F, 31.3. 

ɓ-[Cu(hfac)2L 5Im]Ð ʧʦʣʫʯʘʣʠ ʪʝʨʤʦʚʳʜʝʨʞʢʦʡ ʘʤʧʫʣʳ ʩ Ŭ-[Cu(hfac)2L 5Im]Ð ʚ 

ʞʠʜʢʦʤ ʘʟʦʪʝ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. 

 

2.3.4 ʉʠʥʪʝʟ ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ LR 

 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʚ 1R (ʥʘ ʧʨʠʤʝʨʝ N-ʪʨʝʪ-ʙʫʪʠʣ-N-

(1-ʵʪʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ) (1Et). ʂ ʠʥʪʝʥʩʠʚʥʦ 

ʧʝʨʝʤʝʰʠʚʘʝʤʦʤʫ ʨʘʩʪʚʦʨʫ 1-ʵʪʠʣ-1H-ʧʠʨʘʟʦʣʘ (0.6 ʛ, 6.2 ʤʤʦʣʴ) ʚ 

ʘʙʩʦʣʶʪʥʦʤ ʊɻʌ (30 ʤʣ) ʧʨʠ ï90Áʉ ʚ ʘʪʤʦʩʬʝʨʝ Ar ʧʨʠʙʘʚʣʷʣʠ ʧʦ 

ʢʘʧʣʷʤ 2.5M ʨʘʩʪʚʦʨ n-BuLi ʚ ʛʝʢʩʘʥʝ (2.7 ʤʣ, 6.8 ʤʤʦʣʴ). 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ ï30Áʉ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʟʘʪʝʤ ʚʥʦʚʴ 

ʦʭʣʘʞʜʘʣʠ ʜʦ -90Áʉ ʠ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 2-ʤʝʪʠʣ-2-ʥʠʪʨʦʟʦʧʨʦʧʘʥʘ (0.59 ʛ, 6.8 ʤʤʦʣʴ) 

ʚ 10 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʊɻʌ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʸ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ -90Áʉ 

ʠ ʦʩʪʘʚʣʷʣʠ ʥʘʛʨʝʚʘʪʴʩʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʣʷʣʠ 

10 ʤʣ ʚʦʜʳ ʠ 20 ʤʣ CH2Cl2. ʆʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʦʪʜʝʣʷʣʠ, ʚʦʜʥʫʶ ʬʘʟʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʙʨʘʙʘʪʳʚʘʣʠ CH2Cl2 (2ʭ15 ʤʣ). ʆʙʲʝʜʠʥʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʩʫʰʠʣʠ ʥʘʜ Na2SO4, 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ. ɾʠʜʢʠʡ ʦʩʪʘʪʦʢ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʣʦʡ Al2O3 

(2ʭ10 ʩʤ), ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ CH2Cl2. ʕʣʶʘʪ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʫʧʘʨʠʚʘʣʠ, 

ʧʨʠʙʘʚʣʷʣʠ ʢ ʦʩʪʘʪʢʫ ʥ-ʛʝʧʪʘʥ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 12 ʯ ʧʨʠ -15Áʉ. ɺʳʧʘʚʰʠʝ ʙʝʩʮʚʝʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʯʠʩʪʳʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʩʤʝʩʠ Et2O/ʥ-ʛʝʧʪʘʥ. ɺʳʭʦʜ 0.46 ʛ (41%). ʊ.ʧʣ. 112ï113ÁC. 

IR (KBr):  3198, 2976, 2938, 2875, 1733, 1521, 1470, 1445, 1413, 1388, 1358, 1308, 1207, 

1163, 1091, 1062, 1026, 980, 958, 936, 893, 780, 722, 638, 567, 489, 426 ʩʤï1. 1ʅ NMR (400 

MHz, CDCl3): d 1.15 (s, 9 H, t-Bu), 1.33 (t, J = 7.3 Hz, 3H, Me), 4.08 (q, J = 7.3 Hz, 2H, N-CH2), 
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6.17 (s, 1ʅ, 4-H (pz)), 6.36 (s, 1ʅ, 3-H (pz)), 7.41 (d, J = 2 Hz, 1ʅ, O-H). 13C NMR (125 MHz, 

CDCl3): ŭ 146.9 [5-C (pz)], 138.0 [3-C (pz)], 99.8 [4-C (pz)], 60.2 [C(CH3)3], 42.1 [CH2CH3], 

25.4 [C(CH3)3], 15.0 [CH2CH3]. ʅʘʡʜʝʥʦ (%): C, 58.8, H, 9.3, N, 22.6. C9H17N3O 

ɺʳʯʠʩʣʝʥʦ (%): C, 59.0, H, 9.4, N, 22.9. HRMS (ESI+, 35eV) ʅʘʡʜʝʥʦ: 184.1445, 

[C9H18N3O]+ ʚr ʯʠʩʣʝʥʦ: 184.1444. ʅʘʡʜʝʥʦ: 206.1263, [C9H17N3ONa]+, ʚʳʯʠʩʣʝʥʦ: 

206.1264. 

N-ʪʨʝʪ-ʙʫʪʠʣ-N-(1-ʤʝʪʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʛʠʜʨʦʢʩʠʣʘʤʠʥ (1Me). ɺʳʭʦʜ 0.54 ʛ 

(52%). ʊ.ʧʣ. 127ï129ÁC. IR (KBr):  3210, 2978, 2937, 2872, 1741, 1526, 1478, 1463, 1414, 

1389, 1359, 1292, 1231, 1205, 1166, 1056, 1015, 955, 941, 894, 779, 732, 701, 636, 566, 

463 ʩʤ-1. 1ʅ NMR (400 MHz, CDCl3): d 1.14 (s, 9 H, t-Bu), 3.65 (s,3H, Me), 6.16(d, J = 2 Hz, 

1 ʅ, 4-H (pz)), 6.60 (s, 1 ʅ, 3-H (pz)), 7.37 (d, J = 2 Hz, 1 ʅ, O-H). 13C NMR (125 MHz, 

CDCl3): ŭ 147.7 [5-C (pz)], 137.9 [3-C (pz)], 100 [4-C (pz)], 60.5 [C(CH3)3], 35.1 [N-CH3], 

25.3 [C(CH3)3]. ʅʘʡʜʝʥʦ (%) C, 56.5, H, 8.9, N, 24.8. C8H15N3O ɺʳʯʠʩʣʝʥʦ (%): C, 56.8, 

H, 8.9, N, 24.8. HRMS (ESI+, 35eV) ʅʘʡʜʝʥʦ: 170.1285, [C8H16N3O]+, ʚʳʯʠʩʣʝʥʦ: 170.1288. 

ʅʘʡʜʝʥʦ: 192.1107 [C8H15N3ONa]+, ʚʳʯʠʩʣʝʥʦ: 192.1107. 

N-ʪʨʝʪ-ʙʫʪʠʣ-N-(1-ʧʨʦʧʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʛʠʜʨʦʢʩʠʣʘʤʠʥ (1n-Pr). ɺʳʭʦʜ 

0.55 ʛ (61%). ʊ.ʧʣ. 70ï72 ÁC. IR (KBr):  3202, 2965, 2939, 2879, 1741, 1519, 1470, 1439, 

1409, 1389, 1361, 1310, 1272, 1230, 1205, 1157, 1072, 1056, 1023, 959, 947, 906, 894, 876, 

782, 755, 728, 703, 661, 651, 566, 471 ʩʤï1. 1ʅ NMR (400 MHz, CDCl3): d 0.85 (t, J = 7.5 Hz, 

3 H, Me), 1.15 (s, 9 H, t Bu), 1.81 (m, J = 7.2 Hz, 2 H, CH2), 3.99 (m, J(CH2) = 7.3 Hz, 2 H, 

N-CH2), 6.02 (s, 1 ʅ, 4-H (pz)), 6.17 (d, J = 2 Hz, 1 ʅ, 3-H (pz)), 7.42 (d, J = 2 Hz, 1 ʅ, O-H). 

13C NMR (125 MHz, CDCl3): ŭ 147.2 [5-C (pz)], 138.0 [3-C (pz)], 99.8 [4-C (pz)], 

60.3[C(CH3)3], 49.0 [CH2Et], 25.4 [C(CH3)3], 23.1 [CH2CH2Me], 11.2 [C2H4CH3]. ʅʘʡʜʝʥʦ 

(%): C, 60.9, H, 9.2, N, 21.3. C10H19N3O. ɺʳʯʠʩʣʝʥʦ (%): C, 60.9, H, 9.7, N, 21.3. HRMS 

(ESI+, 35eV) ʅʘʡʜʝʥʦ: 198.1601. [C10H20N3O]+, ʚʳʯʠʩʣʝʥʦ.: 198.1601. ʅʘʡʜʝʥʦ: 

220.1421.[C10H19N3ONa]+, ʚʳʯʠʩʣʝʥʦ: 220.1420. 

N-ʪʨʝʪ-ʙʫʪʠʣ-N-(1-ʠʟʦʧʨʦʧʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʛʠʜʨʦʢʩʠʣʘʤʠʥ (1i-Pr). ɺʳʭʦʜ 

0.43 ʛ (47%). ʊ.ʧʣ. 127-128ÁC, IR:  =3173, 2972, 2933, 2870, 1631, 1518, 1461, 1446, 1411, 

1385, 1359, 1333, 1316, 1264, 1205, 1133, 1109, 1070, 1051, 1026, 957, 942, 896, 797, 787, 

719, 687, 574, 516, 500, 437 ʩʤï1. 1ʅ NMR (400 MHz, CDCl3): d = 1.16 (s, 9 H, t Bu), 1.36 (d, 
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J = 6.7 Hz, 6 H, C(CH3)2), 4.87 (m, JCH = 6.7 Hz, 1 H, N-CH), 5.94 (s, 1 ʅ, 4-H (pz)), 6.17 (d, 

J = 2 Hz, 1 ʅ, 3-H (pz)) 7.44 (d, J = 1.7 Hz, 1 ʅ, O-H). 13C NMR (125 MHz, CDCl3): ŭ = 146 

[5-C (pz)], 138.0 [3-C (pz)], 99.7 [4-C (pz)], 60.1[C(CH3)3], 47.5 [CH(CH3)2], 25.5 [C(CH3)3], 

22.4 [CH(CH3)2]. ʅʘʡʜʝʥʦ (%): C, 60.9, H, 10.6, N, 21.5. C10H19N3O. ɺʳʯʠʩʣʝʥʦ (%): C, 60.9, 

H, 9.6, N, 21.3. HRMS (ESI+, 35eV) ʅʘʡʜʝʥʦ: 198.1599. [C10H20N3O] +, ʚʳʯʠʩʣʝʥʦ: 198.1601. 

 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʠʪʨʦʢʩʠʣʦʚ LR 

(ʥʘ ʧʨʠʤʝʨʝ 5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʵʪʠʣ-1H-

ʧʠʨʘʟʦʣʘ (LEt)). ʂ ʧʝʨʝʤʝʰʠʚʘʝʤʦʡ ʧʨʠ 0Áʉ ʩʤʝʩʠ (1Et) (0.12 ʛ, 6,5 

ʤʤʦʣʴ), NaHCO3 (0.12 ʛ, 14.4 ʤʤʦʣʴ), CH2Cl2 (10 ʤʣ) ʠ H2O (4 ʤʣ) 

ʧʦʨʮʠʷʤʠ ʧʨʠʙʘʚʣʷʣʠ K3[Fe(CN)6] (0.22 ʛ, 6.5 ʤʤʦʣʴ). 

ʆʨʛʘʥʠʯʝʩʢʘʷ ʬʘʟʘ ʧʨʠʦʙʨʝʪʘʣʘ ʷʨʢʦ-ʦʨʘʥʞʝʚʫʶ ʦʢʨʘʩʢʫ. ɼʚʫʭʬʘʟʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 12 ʯ, ʟʘʪʝʤ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʦʪʜʝʣʷʣʠ. ɺʦʜʥʫʶ ʬʘʟʫ 

ʜʚʘʞʜʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʦʨʮʠʷʤʠ CH2Cl2 ʧʦ 10 ʤʣ. ʆʙʲʝʜʠʥʸʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʵʢʩʪʨʘʢʪʳ 

ʩʫʰʠʣʠ ʥʘʜ Na2SO4, ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ SiO2 (2Ĭ10 ʩʤ, ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ). 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʠʟ ʵʣʶʘʪʘ ʦʪʛʦʥʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʜʠʢʘʣ 

LEt ï ʷʨʢʦ-ʦʨʘʥʞʝʚʦʝ ʤʘʩʣʦ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. HRMS 

(ESI+, 35eV) ʅʘʡʜʝʥʦ: 184.1444. [C9H18N3O]+, ʚʳʯʠʩʣʝʥʦ: 184.1444. EPR: g = 2.0118; aN 

(>NīÅO) = 1.2086 mT.  

5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʤʝʪʠʣ-1H-ʧʠʨʘʟʦʣ (LMe) ʧʦʣʫʯʘʣʠ ʧʦ 

ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʩ ʪʝʤ ʦʪʣʠʯʠʝʤ, ʯʪʦ ʜʚʫʭʬʘʟʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2-3 ʯ. HRMS (ESI+, 35eV) ʅʘʡʜʝʥʦ: 170.1288. [C8H16N3O]+, 

ʚʳʯʠʩʣʝʥʦ: 170.1288. 

5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʧʨʦʧʠʣ-1H-ʧʠʨʘʟʦʣ (L n-Pr). ʇʦʣʫʯʘʣʠ 

ʘʥʘʣʦʛʠʯʥʦ L Et. HRMS (ESI+, 35eV) ʅʘʡʜʝʥʦ: 198.1601. [C10H20N3O]+, ʚʳʯʠʩʣʝʥʦ: 

198.1601. EPR: g = 2.0128; AN (>NīÅO) = 1.208 mT. 

5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʠʟʦʧʨʦʧʠʣ-1H-ʧʠʨʘʟʦʣ (L i-Pr) ʇʦʣʫʯʘʣʠ 

ʘʥʘʣʦʛʠʯʥʦ LEt. HRMS (ESI+, 35eV) ʅʘʡʜʝʥʦ: 198.1606. [C10H20N3O]+, ʚʳʯʠʩʣʝʥʦ 

198.1601. 
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2.3.5. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ 

 

[ʉu(hfac)2LMe]Ð. Cu(hfac)2 (0.096 ʛ, 0.20 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ ʥ-ʛʝʧʪʘʥʘ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ 50Áʉ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ ʧʦʨʮʠʷʤʠ ʧʦ 100 ʤʢʣ 

ʨʘʩʪʚʦʨ ʥʠʪʨʦʢʩʠʣʘ LMe ʚ 1 ʤʣ ʥ-ʛʝʧʪʘʥʘ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 0.04ʛ (0.24 ʤʤʦʣʴ) 1Me. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯ. ɺʳʧʘʚʰʠʝ ʠʛʦʣʴʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ ʥ-ʛʝʧʪʘʥʦʤ. 

ɺʳʭʦʜ 0.76 ʛ, (58%). ʊ.ʧʣ. 89.6-90oC. IR (KBr):  3413, 2992, 1677, 1556, 1527, 1464, 1402, 

1383, 1260, 1202, 1151, 1034, 846, 799, 727, 672, 591, 520, 490 ʩʤï1. ʅʘʡʜʝʥʦ (%) C, 33.5; 

H, 2.5; N, 6.5, F, 34.9. C18H16CuF12N3O5. ɺʳʯʠʩʣʝʥʦ (%) C, 33.5; H, 2.5; N, 6.5; F, 35.3. 

ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʘʣʠ [Cu(hfac)2(LMe)2] ʩ ʪʝʤ ʦʪʣʠʯʠʝʤ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ï18Áʉ. ʆʙʨʘʟʦʚʘʚʰʫʶʩʷ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠʛʣ [ʉu(hfac)2LMe]Ð ʠ ʦʨʘʥʞʝʚʳʭ ʧʣʘʩʪʠʥ 

[Cu(hfac)2(LMe)2], ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ ʥ-ʛʝʧʪʘʥʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʜʝʣʷʣʠ ʤʝʭʘʥʠʯʝʩʢʠ. ɺʳʭʦʜ 

[Cu(hfac)2(LMe)2] ï 0.023 ʛ (32%), [ʉu(hfac)2LMe]Ð ï 0.01 ʛ (14 %). ʊ.ʨʘʟʣ. 60.5-61.5oC. IR 

(KBr):  3431, 3160, 2988, 1652, 1553, 1530, 1502, 1435, 1392, 1367, 1341, 1257, 1209, 1147, 

1085, 1026, 951, 911, 794,742, 720, 670, 592, 526 ʩʤï1. ʅʘʡʜʝʥʦ (%) C, 38.5; H, 3.7; N, 10.0, 

F,28.4. C26H30CuF12N6O6. ɺʳʯʠʩʣʝʥʦ (%) C, 38.4; H, 3.7; N, 10.3; F, 28.0. 

[ʉu(hfac)2LEt]Ð-I , [ʉu(hfac)2LEt]Ð-II, [ʉu(hfac)2LEt]Ð-III . ʈʘʩʪʚʦʨ ʥʠʪʨʦʢʩʠʣʘ L Et ʚ 

0.5 ʤʣ ʥ-ʜʦʜʝʢʘʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 1Et (0.04 ʛ, 0.22 ʤʤʦʣʴ), ʧʨʠʙʘʚʣʷʣʠ ʧʦʨʮʠʷʤʠ ʧʦ 

100 ʤʢʣ ʢ ʨʘʩʪʚʦʨʫ Cu(hfac)2 (0.089 ʛ, 0.19 ʤʤʦʣʴ) ʚ 3 ʤʣ ʥ-ʜʦʜʝʢʘʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 50Áʉ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. 

ɺʳʧʘʚʰʠʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩʚʝʪʣʦ-ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʤʝʩʴ 

ʚʩʝʭ ʪʨʝʭ ʤʦʜʠʬʠʢʘʮʠʡ [ʉu(hfac)2LEt]Ð, ʙʳʩʪʨʦ ʦʪʬʠʣʴʪʨʦʚʘʣʠ. ɺʳʭʦʜ 0.06 ʛ (50 %). ʉʦ 

ʚʨʝʤʝʥʝʤ ʢʨʠʩʪʘʣʣʳ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ) ʧʨʠʦʙʨʝʪʘʶʪ 

ʪʸʤʥʦ-ʟʝʣʸʥʫʶ ʦʢʨʘʩʢʫ, ʚʩʣʝʜʩʪʚʠʝ ʪʚʝʨʜʦʬʘʟʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʮʝʧʦʯʝʯʥʦ-

ʧʦʣʠʤʝʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʚ [Cu(hfac)2LEt]2-II . 
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[Cu(hfac)2LEt]2-I . Cu(hfac)2 (0.114 ʛ, 0.24 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʧʝʪʨʦʣʝʡʥʦʛʦ 

ʵʬʠʨʘ (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 5) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 50Áʉ. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ Cu(hfac)2 ʧʦʨʮʠʷʤʠ 

ʧʦ 100 ʤʢʣ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʥʠʪʨʦʢʩʠʣʘ LEt ʚ 1 ʤʣ ʧʝʪʨʦʣʝʡʥʦʛʦ ʵʬʠʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʠʟ 1Et (0.05 ʛ 0.27 ʤʤʦʣʴ), ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ï18Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯ. ɺʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ ʥ-ʛʝʢʩʘʥʦʤ ʠ ʩʫʰʠʣʠ ʪʦʢʦʤ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ 

5 ʤʠʥ. ʇʨʦʜʫʢʪ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ ï18oC. ɺʳʭʦʜ 0.075 ʛ (48%), ʠʛʦʣʴʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʪʸʤʥʦ-ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ. ʅʘʡʜʝʥʦ (%): C, 34.6; H, 2.8; N, 6.2; F, 34.6. 

C19H18CuF12N3O5. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 34.6; H, 2.7; N, 6.4; F, 34.6. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ [Cu(hfac)2LEt]2-I  ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʜʘʞʝ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʥʠ ʧʝʨʝʭʦʜʷʪ 

ʚ [Cu(hfac)2LEt]2-II . 

[Cu(hfac)2LEt]2-II . ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ [Cu(hfac)2LEt]2-I  ʤʝʪʦʜʠʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥ-ʛʝʧʪʘʥʘ ʠ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʚ ʚʠʜʝ ʩʨʦʩʪʢʦʚ ʠʛʣ 

ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ ʥ-ʛʝʧʪʘʥʦʤ ʠ ʩʫʰʠʣʠ ʪʦʢʦʤ ʚʦʟʜʫʭʘ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ. ɺʳʭʦʜ 0.07 ʛ (43%). ʊ. ʧʣ. 63.5-64.5oC. ʅʘʡʜʝʥʦ (%): C 35.3; H 2.6; N 6.4; 

F 34.7. C19H18CuF12N3O5. ɺʳʯʠʩʣʝʥʦ (%): ʉ 34.6; H 2.7; N 6.4; F 34.6. 

[ʉu(hfac)2L n-Pr]Ð. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ [Cu(hfac)2LEt]2-I  ʤʝʪʦʜʠʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥ-ʦʢʪʘʥʘ ʠ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯ. ɺʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ 

ʥ-ʧʝʥʪʘʥʦʤ ʠ ʩʫʰʠʣʠ ʪʦʢʦʤ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʇʨʦʜʫʢʪ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ 

ʧʨʠ 4Áʉ. ɺʳʭʦʜ 0.77 ʛ (66%), ʢʨʠʩʪʘʣʣʳ ʚ ʚʠʜʝ ʢʫʙʠʢʦʚ ʦʪ ʪʝʤʥʦ-ʢʨʘʩʥʦʛʦ ʜʦ ʞʝʣʪʦʛʦ 

ʮʚʝʪʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʚ ʥ-ʥʦʥʘʥʝ ʚʳʭʦʜ 0.93 ʛ (80%), ʚ ʥ-ʜʝʢʘʥʝ 0.150 ʛ (90%). 

ʅʘʡʜʝʥʦ (%): C, 35.7; H, 2.9; N, 6.1; F, 33.9. C20H20CuF12N3O5. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 35.7; 

H, 3.0; N, 6.2; F, 33.9.  

[Cu(hfac)2L n-Pr]2-I . ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ [Cu(hfac)2LEt]2-I  ʤʝʪʦʜʠʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥ-ʛʝʢʩʘʥʘ ʠ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯ. ɺʳʭʦʜ 0.30 ʛ (26%); ʜʠʭʨʦʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ. ʅʘʡʜʝʥʦ (%): C, 35.6; H, 2.8; N, 6.1; F, 33.9. C20H20CuF12N3O5. ɺʳʯʠʩʣʝʥʦ (%): 

C, 35.7; H, 3.0; N, 6.2; F 33.9. 
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[Cu(hfac)2L n-Pr]2-II . Cu(hfac)2 (0.11 ʛ 0.22 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ ʥ-ʥʦʥʘʥʘ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ 50Áʉ. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ Cu(hfac)2 ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ L n-Pr ʚ 0.5 ʤʣ 

ʥ-ʥʦʥʘʥʘ ʧʦʣʫʯʝʥʥʳʡ ʠʟ 1n-Pr (0.05 ʛ, 0.25 ʤʤʦʣʴ) ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 12 ʯ ʧʨʠ 4Áʉ. ɺʳʧʘʚʰʫʶ 

ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ [ʉu(hfac)2L n-Pr]Ð ʠ [Cu(hfac)2L n-Pr]2-II  ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʣʝʜʷʥʳʤ ʥ-ʧʝʥʪʘʥʦʤ, ʩʫʰʠʣʠ ʪʦʢʦʤ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, ʨʘʟʜʝʣʷʣʠ ʢʨʠʩʪʘʣʣʳ 

ʤʝʭʘʥʠʯʝʩʢʠ ʠ ʭʨʘʥʠʣʠ ʠʭ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ 4oC. ɺʳʭʦʜ [ʉu(hfac)2L n-Pr]Ð ʩʦʩʪʘʚʠʣ 

0.053 ʛ (37%), [Cu(hfac)2L n-Pr]2-II  ï 0.035 ʛ (24%), ʢʨʠʩʪʘʣʣʳ ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. 

ʅʘʡʜʝʥʦ (%): C, 35.7; H, 2.8; N, 6.0; F, 34.5. C20H20CuF12N3O5. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 35.7; 

H, 3.0; N, 6.2; F, 33.9. 

[ʉu(hfac)2L i-Pr]Ð. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ [Cu(hfac)2LEt]2-I  ʤʝʪʦʜʠʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥ-ʛʝʢʩʘʥ ʠ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʠ ï18Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʦʢ ʦʨʘʥʞʝʚʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ ʥ-ʛʝʢʩʘʥʦʤ ʠ ʩʫʰʠʣʠ ʪʦʢʦʤ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ 

5 ʤʠʥ. ɺʳʭʦʜ 0.072 ʛ (50%). ʊ. ʨʘʟʣ. 46.3ï47.3oC. ʅʘʡʜʝʥʦ (%): C, 35.3; H, 2.8; N, 5.9; 

F, 34.0. C20H20CuF12N3O5. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 35.6; H, 3.0; N, 6.2; F, 33.8.  

[Zn(hfac)2LEt]2. Zn(hfac)2*2H2O (0.06 ʛ, 0.12 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʥ-ʛʝʧʪʘʥʘ ʠ 

10 ʤʢʣ Et2O ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 50ÜC. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ ʧʦʨʮʠʷʤʠ ʧʦ 

100 ʤʢʣ ʨʘʩʪʚʦʨ L Et ʚ 1 ʤʣ ʥ-ʛʝʧʪʘʥʘ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 1Et (0.03 ʛ, 0.16 ʤʤʦʣʴ) ʠ ʦʩʪʘʚʣʷʣʠ 

ʥʘ 12 ʯ ʧʨʠ 4oC. ɺʳʧʘʚʰʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ ʥ-ʛʝʧʪʘʥʦʤ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ 

ʠ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ 4 oC. ɺʳʭʦʜ 0.032 ʛ (21%). ʊ. ʨʘʟʣ. 50oC. IR(KBr):  3414, 

2989, 1650, 1558, 1532, 1489, 1258, 1206, 1148, 1096, 798, 743, 668, 586 ʩʤï1. ʅʘʡʜʝʥʦ (%): 

C, 34.3; H, 2.6; N, 6.1, F, 34.6. C38H36F24N6O10Zn2. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 34.5; H, 2.7; N, 6.4 

F, 34.5.  

[Zn(hfac)2L n-Pr]2. ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʘʣʠ ʚ ʥ-ʦʢʪʘʥʝ ʧʦ ʤʝʪʦʜʠʢʝ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʥʪʝʟʫ 

[Zn(hfac)2LEt]2. ɺʳʭʦʜ 0.046 ʛ (20%). ʊ. ʨʘʟʣ. 48-49oC. IR (KBr):  3402, 2981, 1651, 1558, 

1532, 1490, 1409, 1372, 1259, 1206, 1148, 1096, 798, 743, 668, 586, 528 ʩʤï1. ʅʘʡʜʝʥʦ (%): 

C, 35.1; H, 3.0; N, 6.1, F, 33.4. C20H20F12N3O5Zn. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 35.5; H, 3.0; N, 6.2, F, 

33.7. 

[Mn(hfac)2LEt]2. ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʘʣʠ ʚ ʥ-ʛʝʢʩʘʥʝ ʧʦ ʤʝʪʦʜʠʢʝ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʥʪʝʟʫ 

[Zn(hfac)2LEt]2; ʢʨʠʩʪʘʣʣʳ ʪʸʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ ʚ ʚʠʜʝ ʩʨʦʩʪʢʦʚ ʠʛʣ. ɺʳʭʦʜ 0.023 ʛ (13%). 
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ʊ. ʨʘʟʣ. 85oC. IR (KBr):  3436, 2993, 1649, 1604, 1557, 1530, 1496, 1445, 1405, 1351, 1257, 

1223, 1148, 1099, 1063, 943, 799, 742, 665, 584, 528 ʩʤï1. ʅʘʡʜʝʥʦ (%): C, 34.3; H, 2.8; N, 6.5; 

F, 34.8. C19H18MnF12N3O5. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 35.0; H, 2.8; N, 6.5; F, 35.0. 

 

2.3.6 ʉʠʥʪʝʟ ʜʠʘʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ 

2,2-ɼʠʤʝʪʠʣ-1-(1-ʵʪʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)-ʧʨʦʧʘʥ-1-ʦʣ (2Et) ʂ 

ʧʝʨʝʤʝʰʠʚʘʝʤʦʤʫ ʧʨʠ ï90ÁC ʨʘʩʪʚʦʨʫ 1-ʵʪʠʣ-1ʅ-ʧʠʨʘʟʦʣʘ (1.3 ʛ, 

13.5 ʤʤʦʣʴ) ʚ ʊɻʌ (20 ʤʣ) ʧʨʠʙʘʚʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 2.5 ʄ 

ʨʘʩʪʚʦʨ n-BuLi ʚ ʥ-ʛʝʢʩʘʥʝ (5.9 ʤʣ, 14.9 ʤʤʦʣʴ), ʟʘʪʝʤ ʦʭʣʘʞʜʝʥʠʝ 

ʧʨʝʢʨʘʪʠʣʠ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʩʳʣʘʩʴ ʜʦ ï10ÁC ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩʥʦʚʘ 

ʦʭʣʘʜʠʣʠ ʜʦ ï90ÁC ʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠʙʘʚʠʣʠ ʢ ʥʝʡ ɼʄʌɸ (1.3 ʤʣ, 16.6 ʤʤʦʣʴ). 

ʆʭʣʘʞʜʘʶʱʫʶ ʙʘʥʶ ʫʙʨʘʣʠ, ʘ ʩʤʝʩʴ ʦʩʪʘʚʠʣʠ ʥʘʛʨʝʚʘʪʴʩʷ ~1.5 ʯʘʩʘ, ʟʘʪʝʤ ʜʦʙʘʚʠʣʠ 

ʢʦʥʮ. HCl (2 ʤʣ) ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʥʘʩʳʱʝʥʥʳʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ NaHCO3. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ CH2Cl2 (2Ĭ20 ʤʣ); ʦʙʲʝʜʠʥʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʵʢʩʪʨʘʢʪʳ ʩʫʰʠʣʠ ʥʘʜ Na2SO4, ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʡ ʩʣʦʡ ʩʠʣʠʢʘʛʝʣʷ (1Ĭ8 ʩʤ) ʠ 

ʫʧʘʨʠʚʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ 1-ʵʪʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʢʘʨʙʘʣʴʜʝʛʠʜ (1.45 ʛ, 11.6 ʤʤʦʣʴ) ʚʚʦʜʠʣʠ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʚ ʨʘʩʪʚʦʨʝ ʊɻʌ (25 ʤʣ), ʚ ʨʝʘʢʮʠʶ ʩ 1.7 M ʨʘʩʪʚʦʨʦʤ t-BuLi 

ʚ ʥ-ʧʝʥʪʘʥʝ (7.6 ʤʣ, 12.8 ʤʤʦʣʴ), ʢʦʪʦʨʳʡ ʧʨʠʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ, ʚ ʩʨʝʜʝ Ar ʧʨʠ ï80ÁC ʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʆʭʣʘʞʜʝʥʠʝ ʧʨʝʢʨʘʱʘʣʠ; ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʠʣʠ ʢʦʥʮ. HCl (2 ʤʣ), ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ 

ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ NaHCO3. ʇʨʦʜʫʢʪ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ CH2Cl2 (2Ĭ15 ʤʣ), 

ʦʙʲʝʜʠʥʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʩʫʰʠʣʠ ʥʘʜ Na2SO4 ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʆʩʪʘʪʦʢ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʉʅ2ʉl2. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ SiO2 (2Ĭ10 ʩʤ). ʉʥʘʯʘʣʘ ʵʣʶʠʨʦʚʘʣʠ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʉʅ2ʉl2, ʟʘʪʝʤ ï ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʩ ʧʦʤʦʱʴʶ EtOAc. ʈʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ, ʦʩʪʘʪʦʢ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʩʤʝʩʠ Et2O/ʥ-ʛʝʧʪʘʥ (3:1). ɺʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ 

ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ɺʳʭʦʜ 0.9 ʛ (44%). ʊ. ʧʣ. 67.5-69.5ÁC. 

Rf 0.89 (SiO2, EtOAc). IR (KBr):  3236, 3099, 3014, 2974, 2872, 1737, 1520, 1466, 1410, 

1390, 1360, 1341, 1325, 1308, 1296, 1240, 1197, 1141, 1074, 1059, 1014, 973, 937, 896, 793, 

768, 728, 663, 651, 479, 455, 415 ʩʤï1. 1ʅ NMR (300 MHz, CDCl3): d 0.95 (s, 9 H, tBu), 1.41 (t, 
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J = 7.2 Hz, 3 H, CH3), 2.20 (br.s, 1 H, -ʆʅ), 4.13 (m, 2 H, N-CH2), 4.50 (br. s, 1 ʅ ʉʅ-OH), 

6.18 (d, J = 1.6 Hz, 1 ʅ, C(4)-H), 7.40 (d, J = 1.6 Hz, 1 ʅ, C(3)-H). ʅʘʡʜʝʥʦ (%): C, 66.1; 

H, 10.0; N, 15.3. C10H18N2O. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 65.9; H, 9.9; N, 15.4.  

2,2-ɼʠʤʝʪʠʣ-1-(1-ʧʨʦʧʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)-ʧʨʦʧʘʥ-1-ʦʣ (2n-Pr) ʧʦʣʫʯʘʣʠ 

ʘʥʘʣʦʛʠʯʥʦ 2Et. Rf = 0.80 (SiO2, EtOAc). ɺʳʭʦʜ 1.2 ʛ, 66%, ʤʘʩʣʦ ʞʸʣʪʦʛʦ ʮʚʝʪʘ. 1ʅ NMR 

(300 MHz, CDCl3): d 0.89 (t, 3H, J = 7.4 Hz, CH3), 0.95 (s, 9 H, tBu), 1.84 (m, 2H, N-CH2-CH2), 

2.17 (br. s, 1 ʅ, -ʆʅ), 4.01,( m, N-CH2), 4.50 (s, 1 ʅ, ʉʅ-OH), 6.19 (s, 1 ʅ, C(4)-H), 7.40(s, 

1 ʅ, C(3)-H). HRMS (ESI+, 35eV). ʅʘʡʜʝʥʦ: 197.1649. [C11H21N2O]+, ʚʳʯʠʩʣʝʥʦ: 197.1648. 

ʅʘʡʜʝʥʦ: 219.1470 [C11H20N2ONa]+, ʚʳʯʠʩʣʝʥʦ219.1469. 

2,2-ɼʠʤʝʪʠʣ-1-(1-ʵʪʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʧʨʦʧʘʥ-1-ʦʥ (PLEt). 

ʂ ʧʝʨʝʤʝʰʠʚʘʝʤʦʤʫ ʨʘʩʪʚʦʨʫ 2Et (0.2 ʛ, 11 ʤʤʦʣʴ) ʚ CH2Cl2 (15 ʤʣ) 

ʧʨʠʙʘʚʠʣʠ ʈʉʉ (0.71 ʛ, 33 ʤʤʦʣʴ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 48 ʯ, 

ʨʘʟʙʘʚʣʷʣʠ Et2O (20 ʤʣ), ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʠ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʣʦʡ 

ʩʠʣʠʢʘʛʝʣʷ (1³20 ʩʤ, ʵʣʶʝʥʪ - Et2O). ʌʠʣʴʪʨʘʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ Al 2O3 (1Ĭ10 ʩʤ, ʵʣʶʝʥʪ ï CH2Cl2). ʈʘʩʪʚʦʨʠʪʝʣʴ 

ʠʟ ʵʣʶʘʪʘ ʦʪʛʦʥʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʦʣʫʯʝʥʥʳʡ PLEt ï ʤʘʩʣʦ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ 

ʮʚʝʪʘ. ɺʳʭʦʜ 0.11 ʛ (56%). Rf = 0.87 (Al 2O3, CH2Cl2). IR (KBr):  3111, 2978, 2936, 2874, 

1730, 1668, 1504, 1478, 1445, 1400, 1368, 1311, 1261, 1238, 1203, 1170, 1070, 1028, 974, 932, 

921, 793, 763, 699, 611, 538 ʩʤï1.1ʅ NMR (400 MHz, CDCl3): d 1.32 (s, 9 H, t-Bu), 1.37 (t, 

J = 7.0 Hz, 3H, Me), 4.46 (q, J = 7.0 Hz, 2H, N-CH2), 6.79 (br. s, 1ʅ, 4-H (pz)), 7.45 (br. s, 1ʅ, 

3-H (pz)). 13C NMR (125 MHz, CDCl3): ŭ 198.7 [C(O)C(CH3)3], 137.1 [3-C (pz)], 135.9 

[5-C (pz)], 110.2 [4-C (pz)], 47.6 [CH2CH3], 44.4 [C(CH3)3], 27.7 [C(CH3)3], 15.6 [CH2CH3]. 

HRMS (ESI+, 35eV). ʅʘʡʜʝʥʦ: 181.1334 [C10H17N2O]+, ʚʳʯʠʩʣʝʥʦ 181.1335. 

2,2-ɼʠʤʝʪʠʣ-1-(1-ʧʨʦʧʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʧʨʦʧʘʥ-1-ʦʥ (PL n-Pr) ʧʦʣʫʯʘʣʠ 

ʘʥʘʣʦʛʠʯʥʦ PLEt; ʤʘʩʣʦ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ 0.38 ʛ (79%). Rf = 0.84 

(Al 2O3, CH2Cl2). IR (KBr):  3324, 2968, 2876, 1670, 1504, 1479, 1463, 1398, 1366, 1311, 

1202, 1170, 1069, 1014, 941, 922, 899, 793, 764, 657, 612, 544 ʩʤï1.1ʅ NMR 

(400 MHz, CDCl3): d 0.87 (t, J = 7.4 Hz, 3 H, Me), 1.31 (s, 9 H, t Bu), 1.76 (m, J = 7.4 Hz, 2 H, 

-CH2CH2CH3), 4.38 (m, J = 7.4 Hz, 2 H, N-CH2), 6.80 (br.s, 1 ʅ, 4-H (pz)), 7.44 (br.s, 1 ʅ, 3-H 
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(pz)). 13C NMR (125 MHz, CDCl3): ŭ 136.9 [3-C (pz)], 136.0 [5-C (pz)], 110.3 [4-C (pz)], 

53.9 [NCH2], 44.39[C(CH3)3], 27.7 [C(CH3)3], 23.8 [CH2CH2CH3], 10.9[CH2CH2CH3]. HRMS 

(ESI+, 35eV). ʅʘʡʜʝʥʦ: 195.1493 [C11H19N2O]+, ʚʳʯʠʩʣʝʥʦ 195.1492. 

2.3.7. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʚʘʣʦʠʣʧʠʨʘʟʦʣʘʤʠ PLR  

[Cu(hfac)2PLEt]Ð. ʉʤʝʩʴ Cu(hfac)2 (0.08 ʛ, 0.17 ʤʤʦʣʴ) ʠ PLEt (0.03 ʛ, 0.17 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 1.5 ʤʣ CH2Cl2 ʠ ʜʦʙʘʚʣʷʣʠ 0.5 ʤʣ ʥ-ʛʝʧʪʘʥʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʟʝʣʸʥʦʛʦ 

ʮʚʝʪʘ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʫʜʝ ʧʨʠ 4oC. ʏʝʨʝʟ 20 ʯ ʚʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ ʟʝʣʸʥʦʛʦ 

ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ɺʳʭʦʜ 0.1 ʛ (92%). ʊ. ʨʘʟʣ. 50-52oC. IR (KBr):  3446, 2985, 1666, 

1643, 1604, 1560, 1531, 1482, 1403, 1356, 1316, 1256, 1224, 1148, 1108, 971, 944, 922, 800, 

766, 746, 680, 596, 528 ʩʤï1. ʅʘʡʜʝʥʦ (%): C, 36.6; H, 2.6; N, 4.0, F, 35.4. C20H18CuF12N2O5. 

ɺʳʯʠʩʣʝʥʦ (%): ʉ, 36.5; H, 2.7; N, 4.3 F, 34.7. 

[Cu(hfac)2(PLn-Pr)2]. ʉʤʝʩʴ PLn-Pr (0.07 ʛ, 0.36 ʤʤʦʣʴ) ʠ Cu(hfac)2 (0.086 ʛ, 

0.18 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ Et2O ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 12 ʯ ʧʨʠ 4ÁC. ɺʳʧʘʚʰʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʩʚʝʪʣʦ-ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ 

ʥ-ʛʝʧʪʘʥʦʤ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ 4ÁC. ɺʳʭʦʜ 

0.012 ʛ (4%). ʊ. ʨʘʟʣ. 42oC. IR (KBr):  3442, 2970, 2878, 1665, 1644, 1510, 1485, 1400, 1369, 

1315, 1257, 1216, 1150, 1105, 1088, 1036, 946, 921, 831, 809, 770, 679, 595 ʩʤï1. ʅʘʡʜʝʥʦ 

(%): C 45.0; H 4.7; N, 6.3, F 25.9. C32H38CuF12N4O6. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 44.4; H, 4.4; N, 6.5 

F, 26.3. 

[(Cu(hfac)2)3(PLn-Pr)2]. ʉʤʝʩʴ PLn-Pr (0.05ʛ, 0.26 ʤʤʦʣʴ) ʠ Cu(hfac)2 (0.18 ʛ, 

0.39 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ Et2O ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 12 ʯ ʧʨʠ -18ÁC. ɺʳʧʘʚʰʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ 

ʥ-ʛʝʧʪʘʥʦʤ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʭʨʘʥʠʣʠ ʧʨʠ 4ÁC. ɺʳʭʦʜ 0.13 ʛ (28%). ʊ. ʨʘʟʣ. 45oC. 

IR (KBr):  3435, 2979, 1642, 1610, 1561, 1534, 1480, 1401, 1357, 1260, 1029, 1149, 1107, 

950, 922, 804, 767, 746, 681, 597, 529 ʩʤï1. ʅʘʡʜʝʥʦ (%): C, 35.2; H, 2.4; N, 3.2, F, 37.1. 

C52H42Cu3F36N4O14. ɺʳʯʠʩʣʝʥʦ (%): ʉ, 34.3; H, 2.3; N, 3.1 F, 37.5.  

[Cu(hfac)2(PL n-Pr)2] ʠ [(Cu(hfac)2)3(PL n-Pr)2]. ʉʤʝʩʴ PL n-Pr (0.05 ʛ, 0.26ʤʤʦʣʴ) ʠ Cu(hfac)2 

(0.12 ʛ, 0.26 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ Et2O ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 12 ʯ ʧʨʠ 4ÁC. ɺʳʧʘʚʰʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ ʥ-ʛʝʧʪʘʥʦʤ, 

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʭʨʘʥʠʣʠ ʧʨʠ 4ÁC. ɺʳʭʦʜ × 0.15 g.  
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀʗ. 

3.1. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ 2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-5(4)-ʠʣ)-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-4,5-

ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣʦʚ (L 5Im) ʠ (L 4Im) 

ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʛʣʘʚʳ 1.3 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʧʨʦʷʚʣʝʥʠʶ ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [M(hfac)2(L 10)2], ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʡ ʤʘʪʨʠʮʳ. ʇʨʠ 

ʵʪʦʤ ʚʣʠʷʥʠʝ ʩʪʨʦʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʘ ʠʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 1-ʦʤ ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ, ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ 

ʚ ʢʦʤʧʣʝʢʩʘʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʦ ʠʟʫʯʝʥʦ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦʷʣʘ ʟʘʜʘʯʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

L 5Im ï 2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-5-ʠʣ)-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-

ʦʢʩʠʣʘ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ [44], ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ ʜʚʘ ʧʫʪʠ 

ʩʠʥʪʝʟʘ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ L 5Im. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʧʨʝʜʧʦʣʘʛʘʣ ʚʚʝʜʝʥʠʝ ʵʪʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʠʤʠʜʘʟʦʣʴʥʳʡ ʮʠʢʣ ʛʦʪʦʚʦʛʦ ʅʈ (ʉʭʝʤʘ 1). ɼʣʷ ʵʪʦʛʦ 

ʜʠʛʠʜʨʦʢʩʠʠʤʠʜʘʟʦʣʠʜʠʥ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ 

ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʠʜʘ ʠ 2,3-ʙʠʩ(ʛʠʜʨʦʢʩʠʘʤʠʥʦ)-2,3-ʜʠʤʝʪʠʣʙʫʪʘʥʘ (ɹɻɸ), ʦʢʠʩʣʷʣʠ 

ʜʝʡʩʪʚʠʝʤ PbO2, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʜʠʢʘʣʘ 3. ʆʜʥʘʢʦ 

ʧʦʩʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʢʘʣʠʝʚʦʡ ʩʦʣʠ 3 ʜʝʡʩʪʚʠʝʤ ʜʠʵʪʠʣʩʫʣʴʬʘʪʘ (Et2SO4) 

ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ ʥʠʪʨʦʢʩʠʣʦʚ, ʚ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʷʚʣʷʣʩʷ 2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-4-ʠʣ)-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-

1-ʦʢʩʠʣ L 4Im (ʚʳʭʦʜ 83%), ʘ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ L 5Im ʩʦʩʪʘʚʠʣ ʣʠʰʴ ~5 %. 

 

ʉʭʝʤʘ 1. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʥʠʪʨʦʢʩʠʣʦʚ L 5Im ʠ L 4Im. 
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ʈʝʟʫʣʴʪʘʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʚʪʦʨʦʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ L 5Im (ʉʭʝʤʘ 2), 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʚʚʝʜʝʥʠʝ ʵʪʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʠʤʠʜʘʟʦʣʴʥʳʡ ʮʠʢʣ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʜʠʛʠʜʨʦʢʩʠʠʤʠʜʘʟʦʣʠʜʠʥʫ ʠʤʠʜʘʟʦʣ-4(5)-ʢʘʨʙʘʣʴʜʝʛʠʜʘ [114]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩ Et2SO4 ʚ ʘʮʝʪʦʥʝ ʜʘʚʘʣʦ ʩʤʝʩʴ ʠʟʦʤʝʨʦʚ 

1-ʵʪʠʣ-1ʅ-ʠʤʠʜʘʟʦʣ-4- (4) ʠ 1-ʵʪʠʣ-1ʅ-ʠʤʠʜʘʟʦʣ-5-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (5) ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 

43%, ʢʦʪʦʨʫʶ ʜʘʣʝʝ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʚʚʦʜʠʣʠ ʚ ʢʦʥʜʝʥʩʘʮʠʶ ʩ ɹɻɸ ʚ ʄʝʆʅ. ʇʦʣʫʯʝʥʥʫʶ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ ʢʦʥʜʝʥʩʘʮʠʠ 6 ʠ 7 ʦʢʠʩʣʷʣʠ MnO2 ʚ EtOH, ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʧʨʠ ʵʪʦʤ ʮʝʣʝʚʦʡ ʥʠʪʨʦʢʩʠʣ L 5Im ʠ ʝʛʦ ʠʟʦʤʝʨ L 4Im ʨʘʟʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ L 5Im ʠ L 4Im ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 46% ʠ 30%, ʯʪʦ ʠʟ 

ʨʘʩʯʝʪʘ ʥʘ ʠʩʭʦʜʥʳʡ 1H-ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʠʜ ʩʦʩʪʘʚʣʷʣʠ 8.5% ʠ 5.6% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʉʭʝʤʘ 2. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʥʠʪʨʦʢʩʠʣʦʚ L 5Im ʠ L 4Im. 

ʅʈ L 5Im ʠ L 4Im ʫʜʘʣʦʩʴ ʚʳʨʘʩʪʠʪʴ ʚ ʚʠʜʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʠʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ ʨʘʜʠʢʘʣʦʚ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 36. ɺ ʤʦʣʝʢʫʣʘʭ L 5Im ʠ L 4Im ʨʘʩʩʪʦʷʥʠʷ ʚ N-O ʛʨʫʧʧʘʭ ʪʠʧʠʯʥʳ ʜʣʷ 

ʥʠʪʨʦʢʩʠʣʦʚ ʠ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 1.279(2)ï1.285(2) ¡ [9]. ʋʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 

ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ OÅ-N-C=NŸO ʨʘʚʝʥ 39.0Ü 

ʜʣʷ L 5Im ʠ 13.0Ü ʜʣʷ L 4Im, ʘ ʫʛʦʣ ʤʝʞʜʫ ʵʪʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ (EtïN) ʠ ʠʤʠʜʘʟʦʣʴʥʳʤ 

ʮʠʢʣʦʤ ï 77.2 ʠ 60.5Ü ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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L 5Im L 4Im 

ʈʠʩ. 36. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ L 5Im ʠ L 4Im. 

ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ L 5Im ʠ L 4Im ʚ ʦʙʣʘʩʪʠ ʢʦʤʥʘʪʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʦʙʦʠʭ ʨʘʜʠʢʘʣʦʚ ʨʘʚʥʦ 

1.74 ÕB, ʢʦʪʦʨʦʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʯʠʩʪʦ ʩʧʠʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ 1.73 ÕB 

ʜʣʷ ʦʜʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʮʝʥʪʨʘ ʩʦ ʩʧʠʥʦʤ S=İ ʠ g=2, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʯʠʩʪʦʪʫ 

ʚʳʜʝʣʝʥʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʈʠʩ. 37). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʚʝʣʠʯʠʥʘ Õʵʬʬ ʜʣʷ L 5Im 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 0.09 ÕB ʧʨʠ 2 K, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ L 4Im 

ʟʥʘʯʝʥʠʝ Õʵʬʬ ʧʦʩʪʦʷʥʥʦ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʝʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʭ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ Õʵʬʬ ʜʦ 1.88 ÕB ʧʨʠ 2 K. 
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ʈʠʩ. 37. ɿʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ (T) ʜʣʷ L 5Im (ǒ), L 4Im (ƴ) [114]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʠʪʨʦʢʩʠʣʘ L 10 ʧʫʪʝʤ ʟʘʤʝʥʳ 

ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʩ ʤʝʪʠʣʴʥʦʛʦ ʥʘ ʵʪʠʣʴʥʳʡ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʜʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

ʉu(hfac)2 ʩ L 5Im. 

 

3.2. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʉu(hfac)2 c L 5Im 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉu(hfac)2 ʠ L 5Im ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ [Cu(hfac)2(L 5Im)2], 

[Cu(hfac)2(L 5Im)]2 ʠ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ [Cu(hfac)2L 5Im]Ð. 

3.2.1 ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 5Im)2] 

 

ʄʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu(hfac)2(L 5Im)2] ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

Cu(hfac)2 ʩ L 5Im ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʠʟ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʘʮʝʪʦʥ/EtOH ʩ ʚʳʭʦʜʦʤ 

85%. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 5Im)2] ʘʥʘʣʦʛʠʯʥʦ ʩʪʨʦʝʥʠʶ ʨʘʥʝʝ 

ʦʧʠʩʘʥʥʦʛʦ [Cu(hfac)2(L 10)2] [44,114], ʢʨʠʩʪʘʣʣʳ ʢʦʪʦʨʦʛʦ ʧʨʦʷʚʣʷʶʪ ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ 

çʧʨʳʛʘʶʱʠʭè ʢʨʠʩʪʘʣʣʦʚ ʩʣʫʞʠʣʘ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ [Cu(hfac)2(L 10)2] ʪʘʢʘ,̫ 

ʯʪʦ ʘʪʦʤʳ ONO ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʯʝʪʚʝʨʢʘʤʠ ʩ ʢʦʨʦʪʢʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ OéO 

(3.797 ¡) ʠ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʢʦʥʮʝʚʳʤʠ (4.173 ¡) (ʈʠʩ. 38 ʘ). ɺ [Cu(hfac)2(L 5Im)2] 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʈʠʩ. 38 ʙ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʜʦʙʥʳʝ ʯʝʪʚʝʨʢʠ ʠʟ ʘʪʦʤʦʚ ONO, 

ʦʙʨʘʟʫʷ ʮʝʧʦʯʢʠ ʩ ʯʝʨʝʜʫʶʱʠʤʩʷ ʨʘʩʩʪʦʷʥʠʝʤ OéO, ʥʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʥʠʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʙ·ʣʴʰʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ ʦʪʩʫʪʩʪʚʠʷ ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʨʠʩʪʘʣʣʦʚ 

[Cu(hfac)2(L 5Im)2] (ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʥʝ ʧʨʦʷʚʣʷʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ, ʥʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ). ʇʨʠ ʵʪʦʤ ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʘʟʣʠʯʠʷ ʚ ʛʝʦʤʝʪʨʠʠ ʩʘʤʠʭ ʤʦʣʝʢʫʣ [Cu(hfac)2(L 10)2] ʠ [Cu(hfac)2(L 5Im)2] ʤʠʥʠʤʘʣʴʥʳ 

(ʊʘʙʣʠʮʘ 3). 
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(ʘ) (ʙ) 

ʈʠʩ. 38. ʋʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʚ ʩʪʨʫʢʪʫʨʘʭ (ʘ) [Cu(hfac)2(L 10)2], (ʙ) [Cu(hfac)2(L 5Im)2]. 

 

ʊʘʙʣʠʮʘ 3. ʀʟʙʨʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ (¡) ʠ ʫʛʣʦʚ (ʛʨʘʜ) ʚ ʤʦʣʝʢʫʣʘʭ ʤʦʣʝʢʫʣʘʭ 

[Cu(hfac)2(L 10)2] ʠ [Cu(hfac)2(L 5Im)2] [114] 

ʇʘʨʘʤʝʪʨ [Cu(hfac)2L 10
2] [Cu(hfac)2(L 5Im)2] 

T/K 305 295 

CuïO 
1.995(2), 

2.292(3) 
1.997(5), 2.262(6) 

CuïNIm 1.998(3) 1.981(6) 

NïO 
1.278(4), 

1.272(4) 
1.280(8), 1.253(8) 

Ï(EtïN)ïIm - 69.2 

ÏCN2ïIm 45.8 45.7 
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ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ [Cu(hfac)2(L 5Im)2] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ 

Õɻ ʬʬ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 300 ï 80 K ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʨʘʚʥʦ 3.04 ÕB, ʧʦʩʣʝ ʯʝʛʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 1.76 ÕB ʧʨʠ 2 K (ʈʠʩ. 39). ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ Õʵʬʬ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʯʠʩʪʦ ʩʧʠʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ 3.0 ÕB ʜʣʷ ʪʨʝʭ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʩʦ ʩʧʠʥʘʤʠ S=İ ʠ g=2: ʜʚʫʭ 

ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʦʜʥʦʛʦ ʠʦʥʘ Cu(II ). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʝʣʠʯʠʥʘ Õʵʬʬ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʇʄʎ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʣʠʯʠʝʤ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ 

ʤʝʞʜʫ ʥʠʪʨʦʢʩʠʣʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ. ɿʥʘʯʝʥʠʝ Õʵʬʬ ʧʨʠ 2 K ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʤʫ ʧʘʨʘʤʘʛʥʠʪʥʦʤʫ ʮʝʥʪʨʫ ʩʦ ʩʧʠʥʦʤ S=İ.  
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ʈʠʩ. 39. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ (T) ʜʣʷ [Cu(hfac)2(L 5Im)2] ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ - 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ [114]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʤʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu(hfac)2(L 5Im)2], ʠʤʝʶʱʠʡ ʫʧʘʢʦʚʢʫ ʘʥʘʣʦʛʠʯʥʫʶ ʠʟʫʯʝʥʥʳʤ 

ʨʘʥʝʝ çʧʨʳʛʘʶʱʠʤè ʢʨʠʩʪʘʣʣʘʤ [Cu(hfac)2(L 10)2]. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʫʜʣʠʥʝʥʠʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ OéO ʤʝʞʜʫ ʘʪʦʤʘʤʠ ONO ʩʦʩʝʜʥʠʭ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʥʘ 0.3 ï 0.5 ¡ ʚ ʧʦʣʫʯʝʥʥʦʤ [Cu(hfac)2(L 5Im)2] ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ [Cu(hfac)2(L 10)2] ʧʨʠʚʦʜʠʪ 

ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. 
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3.2.2 ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 5Im)]2 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(hfac)2 ʩ L 5Im ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1:1 ʚ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ CH2Cl2(ʩʫʭ)/ʥ-ʛʝʢʩʘʥ ʦʙʨʘʟʫʪʁʩʷ ʢʨʠʩʪʘʣʣʳ ʚ ʚʠʜʝ ʩʨʦʩʪʢʦʚ ʢʫʙʠʢʦʚ 

ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 5Im)]2. ʉʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʠʱʝʥʥʦʛʦ 

ʩʚʝʞʝʧʝʨʝʛʥʘʥʥʦʛʦ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ [106], ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʣʝʢʫʣ ʨʘʜʠʢʘʣʦʚ 

ʦʙʨʘʟʫʪʁʩʷ 14-ʯʣʝʥʥʳʝ ʤʝʪʘʣʣʦʮʠʢʣʳ (ʈʠʩ. 40) [114]. 

 

ʈʠʩ. 40. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ [Cu(hfac)2(L 5Im)]2, ʫʢʘʟʘʥ ʢʨʘʪʯʘʡʰʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ.  

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ [Cu(hfac)2(L 5Im)]2 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʊʘʙʣʠʮʘ 4) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ ʤʘʣʦ 

ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʙʣʶʜʘʶʱʠʝʩʷ ʠʟʤʝʥʝʥʠʷ ʦʪʨʘʞʘʶʪ 

ʦʙʳʯʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʚʳʟʚʘʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝʤ. ɿʜʝʩʴ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʬʘʢʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚ ʢʨʠʩʪʘʣʣʘʭ 

[Cu(hfac)2(L 5Im)]2.  
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ʊʘʙʣʠʮʘ 4. ʀʟʙʨʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ (¡) ʠ ʫʛʣʦʚ (ʨʘʜ) ʚ ʤʦʣʝʢʫʣʝ 

[Cu(hfac)2(L 5Im)]2 [114]  

ʇʘʨʘʤʝʪʨ [Cu(hfac)2(L 5Im)]2 

T/K 296 240 95 30 

Cu-ONO 2.476(4) 2.4356(18) 2.3952(15) 2.414(11) 

Cu-N 1.971(4) 1.9846(18) 1.9785(16) 1.993(12) 

CuïOhfac 2.302(4) 

1.961(4) 

1.963(4) 

1.943(3) 

2.2998(19) 

1.9570(16) 

1.9655(16) 

1.9686(17) 

2.3002(15) 

1.9595(14) 

1.9631(14) 

1.9686(14) 

2.318(11) 

1.974(10) 

1.971(10) 

1.987(10) 

ÏCuON 131.4(3) 128.08(15) 125.83(11) 126.9(9) 

N-O 
1.278(5) 

1.268(5) 

1.287(2) 

1.268(3) 

1.289(2) 

1.272(2) 

1.295(16) 

1.280(16) 

Ï(EtïN)ïIm 75.1 71.8 71.5 71.8 

ÏCN2O2-Im 38.3 37.5 37.7 38.0 

ïO...Oï 3.328(5) 3.313(3) 3.282(2) 3.31(2) 

 

ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2(L 5Im)]2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʈʠʩ. 41. ɿʥʘʯʝʥʠʝ Õɻ ʬʬ ʧʨʠ 300 K ʨʘʚʥʦ 3.45 ÕB, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʪʦ ʩʧʠʥʦʚʦʡ 

ʚʝʣʠʯʠʥʝ 3.46 ÕB ʜʣʷ ʯʝʪʳʨʝʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ï ʜʚʫʭ 

ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʜʚʫʭ ʠʦʥʦʚ Cu(II ). ɺʝʣʠʯʠʥʘ Õɻ ʬʬ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300ï120 K, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʟʥʘʯʝʥʠʝ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʚʳʭʦʜʠʪ ʥʘ ʥʝʙʦʣʴʰʦʝ ʧʣʘʪʦ ~2.5 ÕB ʥʠʞʝ 30 K, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʩʦ ʩʧʠʥʘʤʠ S=İ. ʆʧʠʩʘʥʥʳʡ ʩʢʘʯʦʢ 

ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Õɻ ʬʬ (T) ʜʣʷ [Cu(hfac)2(L 5Im)]2 ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʩʚʷʟʘʪʴ ʩ ʦʧʠʩʘʥʥʳʤ ʜʣʷ çʜʳʰʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚè ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʧʦʣʦʚʠʥʳ 

ʩʧʠʥʦʚ ʚ ʯʝʪʳʨʝʭʮʝʥʪʨʦʚʳʭ ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨʘʭ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʲʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ, 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʠʯʥʦ ʩʪʨʦʝʥʠʶ [Cu(hfac)2(L 5Im)]2 [63,66,115]. ʅʦ ʈʉɸ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2(L 5Im)]2 ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʝʛʦ ʢ 

ʩʝʤʝʡʩʪʚʫ çʜʳʰʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚè. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʨʝʢʪʥʦʛʦ 
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ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Õɻ ʬʬ(T), ʪʚʝʨʜʘʷ ʬʘʟʘ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2(L 5Im)]2 ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʕʇʈ. 
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ʈʠʩ. 41. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʜʣʷ [Cu(hfac)2L 5Im]2 (ǒ), ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ 

ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ [114]. 

ʅʘ ʈʠʩ. 42 ʧʦʢʘʟʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʕʇʈ ʩʧʝʢʪʨ ʧʦʨʦʰʢʘ [Cu(hfac)2L 5Im]2. ʇʨʠ 

300 K ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʦ ʨʘʟʨʝʰʝʥʥʫʶ ʦʙʤʝʥʥʦ-ʩʫʞʝʥʥʫʶ ʣʠʥʠʶ, ʥʦ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʜʦ 5 K ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʙʤʝʥʥʦ-ʩʫʞʝʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʚ ʭʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ ʕʇʈ ʠʦʥʘ Cu2+ ʚ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ. ʊʘʢʦʡ ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʠʟʦʪʨʦʧʥʳʤ g-ʪʝʥʟʦʨʦʤ c g|| > g .̂ ʇʨʠ ʵʪʦʤ, 

ʪʠʧʠʯʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʟʘ ʩʯʝʪ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʉʊɺ) ʩ ʷʜʝʨʥʳʤ ʩʧʠʥʦʤ 

ʠʦʥʘ ʤʝʜʠ (I = 3/2) ʥʘ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ (g||) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦʩʣʝʜʥʝʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʤʝʥʥʦʝ ʩʫʞʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʧʨʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʧʠʥʳ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʝ ʜʘʶʪ ʚʢʣʘʜʘ ʚ ʥʘʙʣʶʜʘʝʤʳʝ ʩʧʝʢʪʨʳ, ʥʠ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʠ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʩʠʛʥʘʣʳ 

ʤʘʛʥʠʪʥʦ-ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʧʝʢʪʨʦʚ ʕʇʈ ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʩʧʠʥʦʚ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʪ.ʝ. ʠʭ 

ʩʧʘʨʠʚʘʥʠʝ, ʠ ʦʩʪʘʝʪʩʷ ʩʠʛʥʘʣ ʪʦʣʴʢʦ ʦʪ ʠʦʥʦʚ ʤʝʜʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ.  
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ʈʠʩ. 42. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʦʚ ʕʇʈ Q-ʜʠʘʧʘʟʦʥʘ (nmwº34.18 ɻɻʮ) 

ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ [Cu(hfac)2L 5Im]2. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ [114].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʙʠʷʜʝʨʥʦʛʦ 

[Cu(hfac)2L 5Im]2 ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʥʝʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʛʨʫʧʧ 

>N-ÅO ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʩʧʘʨʠʚʘʥʠʶ ʩʧʠʥʦʚ ʥʠʪʨʦʢʩʠʣʦʚ ʧʨʠ 

ʊ ~ 40ï50 K. ʇʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʢʣʘʜ ʚ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʩʦʝʜʠʥʝʥʠʠ ʚʥʦʩʷʪ ʣʠʰʴ 

ʠʦʥʳ Cu(II ). 

 

3.2.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu(hfac)2L 5Im]Ð 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(hfac)2 ʠ L 5Im ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1:1 ʚ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ CH2Cl2/ʥ-ʛʝʢʩʘʥ (ʉH2Cl2 ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ 0.5% EtOH) ʧʨʠ -18Áʉ 

ʦʙʨʘʟʫʶʪʩʷ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩʠʥʝ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ ʪʦʥʢʠʭ 

ʝʜʠʥʠʯʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʠ ʩʠʥʠʭ ʧʨʠʟʤ 

[Cu(hfac)2(L 5Im)]2, ʢʦʪʦʨʫʶ ʨʘʟʜʝʣʷʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʬʘʟʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʨʠʩʪʘʣʣʘʤ ʩʠʥʝ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ 

ʦʙʦʟʥʘʯʠʤ Ŭ-[Cu(hfac)2L 5Im]Ð, ʘ ʬʘʟʫ ʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ï ɓ-[Cu(hfac)2L 5Im]Ð. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʘʥʦʚʠʣʦ, ʯʪʦ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʦʙʨʘʟʦʚʘʥʳ ʙʣʠʟʢʠʤʠ 

ʧʦ ʩʪʨʦʝʥʠʶ ʮʝʧʦʯʢʘʤʠ ʩ ʤʦʪʠʚʦʤ "ʛʦʣʦʚʘ-ʭʚʦʩʪ" ʠ ʮʠʩ-ʢʦʦʨʜʠʥʘʮʠʝʡ ʅʈ (ʈʠʩ. 43). ʊʘʢʘʷ 

ʢʦʦʨʜʠʥʘʮʠʷ ʅʈ ʚ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ [116]. 



77 

 

  

(ʘ) (ʙ) 

ʈʠʩ. 43. ʉʪʨʦʝʥʠʝ ʮʝʧʝʡ ʚ (ʘ) Ŭ- ʠ (ʙ) ɓ-[Cu(hfac)2L 5Im]Ð [116].  

ɺ ʢʚʘʜʨʘʪʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʘ Cu ʥʘ ʫʜʣʠʥʝʥʥʦʡ ʦʩʠ ʥʘʭʦʜʷʪʩʷ 

ʘʪʦʤ ONO ʠ ʦʜʠʥ ʠʟ Ohfac, ʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ï ʪʨʠ ʦʩʪʘʚʰʠʭʩʷ Ohfac ʠ ʘʪʦʤ NIm 

ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ~2 ¡. ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ Ŭ- ʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʟʥʘʯʝʥʠʷʭ ʜʣʠʥ ʩʚʷʟʝʡ CuïONO, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʚ ɓ-ʤʦʜʠʬʠʢʘʮʠʠ, ʠ ʫʛʣʦʚ 

ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʵʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ Et-Im 68.0Á ʚ Ŭ- ʠ 12.6Á 

ɓ-ʤʦʜʠʬʠʢʘʮʠʠ (ʊʘʙʣʠʮʘ 5). ʈʘʩʩʪʦʷʥʠʷ NïO ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 1.268(3)·1.303(4), ʯʪʦ 

ʪʠʧʠʯʥʦ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʦʚ [117]. 

ʊʘʙʣʠʮʘ 5. ʀʟʙʨʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ (¡) ʠ ʫʛʣʦʚ (ʨʘʜ) ʚ ʤʦʣʝʢʫʣʘʭ Ŭ- ʠ 

ɓ-[Cu(hfac)2L 5Im]Ð [116] 

 Ŭ-[Cu(hfac)2L 5Im]Ð ɓ-[Cu(hfac)2L 5Im]Ð 

T, K 296 100 296 100 

Cu-ONO 2.594(2) 2.446(9) 2.312(6) 2.011(2) 

Cu-Ohfac 

2.273(3) 2.257(8) 2.252(10) 2.028(3) 

1.954(2)  

1.963(2)  

1.975(2)  

1.949(8)  

1.969(8)  

1.975(9)  

1.936(5)  

2.036(6)  

2.039(7) 

1.938(2)  

2.268(3)  

2.289(3)  

Cu-N 1.966(2) 1.943(10) 1.949(5) 1.950(3) 

ÏEtïIm 68.0 71.1 12.6 10.6 

-O...O- 4.629(3) 4.845(15) 4.200(9) 4.165(4) 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʝʘʛʠʨʫʶʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʨʠʩʪʘʣʣʳ Ŭ-[Cu(hfac)2L 5Im]Ð ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʨʝʩʢʠʚʘʣʠʩʴ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʝ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʣʦ ʢʘʯʝʩʪʚʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʚ ʠʪʦʛʝ ʥʝ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 100 K. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʨʠʩʪʘʣʣʳ ɓ-[Cu(hfac)2L 5Im]Ð 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʝʛʜʘ ʜʘʚʘʣʠ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʠʟʢʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʚʰʠʡʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʇʨʠʯʠʥʳ ʦʙʫʩʣʦʚʣʝʥʳ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. 

ɺ ʭʦʜʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ɓ-[Cu(hfac)2L 5Im]Ð ʙr ʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 260 ʜʦ 100 K ʧʨʦʠʩʭʦʜʠʪ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʧʝʨʝʩʪʨʦʡʢʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʘʪʦʤ ONO ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʩ ʥʠʤ ʥʘ ʦʜʥʦʡ ʦʩʠ ʘʪʦʤ Ohfac ʠʟ 

ʘʢʩʠʘʣʴʥʳʭ ʧʦʟʠʮʠʡ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ, ʘ ʚ ʘʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʧʝʨʝʭʦʜʷʪ 

ʜʚʘ ʘʪʦʤʘ Ohfac. ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ CuïONO ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 2.312(6) ʜʦ 2.011(2) ¡ ʠ 

Cu-Ohfac ï ʦʪ 2.252(10) ʜʦ 2.028(3) ¡ (ʊʘʙʣʠʮʘ 5). ʊʘʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ 

ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ CuïOÅïN< ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʩʣʘʙʳʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʝʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠʦʥʘ Cu(II) ʠ ʨʘʜʠʢʘʣʘ ʥʘ 

ʩʠʣʴʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ [61,79], ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ Õɻ ʬʬ(ʊ) (ʈʠʩ. 

44). ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 260ï180 K ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (HT) ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (LT) ʬʘʟʦʡ 

ɓ-[Cu(hfac)2L 5Im]Ð-HT ( )̧ źɓ-[Cu(hfac)2L 5Im]ÐïLT (ƺ). 
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ʈʠʩ. 44. ɿʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʜʣʷ [Cu(hfac)2L 5Im]Ð ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʦʚ çʦʭʣʘʞʜʝʥʠʝï

ʥʘʛʨʝʚʘʥʠʝè. ʇʝʨʚʠʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ Ŭ-[Cu(hfac)2L 5Im]Ð (ƴ); ʥʘʛʨʝʚ ʦʭʣʘʞʜʝʥʥʦʛʦ 

Ŭ-[Cu(hfac)2L 5Im]Ð (Ǐ); ʧʝʨʚʠʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ɓ-[Cu(hfac)2L 5Im]Ð (ǒ); ʥʘʛʨʝʚ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ɓ-[Cu(hfac)2L 5Im]Ð (ƺ); ʧʦʚʪʦʨʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ɓ-[Cu(hfac)2L 5Im]Ð (ǅ) [116].  

ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ Ŭ-[Cu(hfac)2L 5Im]Ð ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʈʠʩ. 44. ɿʥʘʯʝʥʠʝ Õɻ ʬʬ ʧʨʠ 300 K ʩʦʩʪʘʚʣʷʝʪ 2.63 ÕB ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 200 K, ʟʘʪʝʤ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʳʭʦʜʷ ʥʠʞʝ 75 K ʥʘ ʧʣʘʪʦ 

~0.35 ÕB. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ T<75 K ʢʦʤʧʣʝʢʩ ʥʘʭʦʜʠʪʩʷ ʚ ʩʠʥʛʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ Õɻ ʬʬ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʘʛʥʠʪʥʦʡ 

ʧʨʠʤʝʩʠ (~2%). ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʚʝʣʠʯʠʥʘ Õɻ ʬʬ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʯʠʩʪʦ ʩʧʠʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ 2.45 ÕB ʜʣʷ ʜʚʫʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ï 

ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʠʦʥʘ Cu(II). ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʦʚ ʦʭʣʘʞʜʝʥʠʝ-ʥʘʛʨʝʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʚʦʡ Õɻ ʬʬ(T) ʜʣʷ ɓ-[Cu(hfac)2L 5Im]Ð. ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʧʝʨʚʦʤ ʦʭʣʘʞʜʝʥʠʠ Ŭ-[Cu(hfac)2L 5Im]Ð ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ɓ-[Cu(hfac)2L 5Im]Ð. 

ɹʦʣʝʝ ʪʦʛʦ, ʚʠʟʫʘʣʴʥʦ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʚ SQUID-ʤʘʛʥʝʪʦʤʝʪʨʝ 

ʜʦ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʩʠʥʝ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣ rŬ-[Cu(hfac)2L 5Im]Ð ʠʟʤʝʥʷʶʪ ʮʚʝʪ ʥʘ 

ʢʦʨʠʯʥʝʚʳʡ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪ,ɹ ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 

ʢʨʠʩʪʘʣʣʳ Ŭ-[Cu(hfac)2L 5Im]Ð ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʬʘʟʫ, ʦʭʣʘʞʜʝʥʠʝ 

ʢʦʪʦʨʦʡ ʜʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (~75 K) ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʧʝʨʝʭʦʜʫ ʚ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʡ ɓ-[Cu(hfac)2L 5Im]Ð. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ, ʞʝʣʘʝʤʳʝ ʢʦʣʠʯʝʩʪʚʘ 
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ɓ-[Cu(hfac)2L 5Im]Ð ʙʳʣʠ ʣʝʛʢʦ ʥʘʨʘʙʦʪʘʥʳ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ 

ʩʠʥʪʝʟʘ ʚ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ ʣʠʰʴ ʠʥʦʛʜʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʯʝʥʴ ʤʘʣʳʭ 

ʢʦʣʠʯʝʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ɓ-[Cu(hfac)2L 5Im]Ð. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʚʩʝʛʜʘ ʙʳʣ 

Ŭ-[Cu(hfac)2L 5Im]Ð. ɽʩʣʠ ʞʝ ʚʳʜʝʨʞʘʪʴ ʠʛʦʣʴʯʘʪʳʝ ʩʠʥʝ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ 

Ŭ-[Cu(hfac)2L 5Im]Ð ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʪʦ ʦʥʠ 

ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ ʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʷʪ ʚ ɓ-ʤʦʜʠʬʠʢʘʮʠʶ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʥʘ ʭʘʨʘʢʪʝʨʥʳʡ ʢʦʨʠʯʥʝʚʳʡ (ʈʠʩ. 45).  

 

 

ʈʠʩ. 45. ʉʣʝʚʘ ï ʬʨʘʛʤʝʥʪ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʩʩʳ ʪʦʥʢʠʭ 

ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ Ŭ-[Cu(hfac)2L 5Im]Ð, ʩʧʨʘʚʘ ï ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʧʨʠ 77 K ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥʫʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ɓ-[Cu(hfac)2L 5Im]Ð [116]. 

 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ Ŭ- ʚ ɓ-ʤʦʜʠʬʠʢʘʮʠʶ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʪʘʢʞʝ 

ʩʣʫʞʘʪ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩ. 46. ɽʩʣʠ ʢʨʠʩʪʘʣʣʳ 

ʠʩʭʦʜʥʦʛʦ Ŭ-[Cu(hfac)2L 5Im]Ð (Ǐ) ʦʭʣʘʜʠʪʴ ʥʝ ʜʦ 75 K, ʘ ʥʘʧʨʠʤʝʨ, ʣʠʰʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

140 K ʠ ʟʘʪʝʤ ʥʘʯʘʪʴ ʥʘʛʨʝʚʘʪʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʨʠʚʘʷ 

Õɻ ʬʬ(T) ʥʝ ʩʦʚʧʘʜʝʪ ʩ ʢʨʠʚʦʡ ʧʝʨʚʠʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ǒ), ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʦʧʨʝʜʝʣʸʥʥʘʷ ʯʘʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ Ŭ-[Cu(hfac)2L 5Im]Ð ʥʝʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʠʪ ʚ 

ʩʪʘʙʠʣʴʥʳʡ ɓ-[Cu(hfac)2L 5Im]Ð. ɽʩʣʠ ʧʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʟʝʮ ʚʥʦʚʴ ʥʘʯʘʪʴ 

ʦʭʣʘʞʜʘʪʴ, ʪʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 140 K ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ Ŭ- ʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʡ, ʟʘʪʝʤ ʧʨʠ T<140 K ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ Õʵʬʬ(T), ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 

Ŭ-[Cu(hfac)2L 5Im]Ð, ʚʧʣʦʪʴ ʜʦ 2 K. ʅʘʛʨʝʚʘʥʠʝ ʞʝ ʦʙʨʘʟʮʘ ʦʪ 2 ʜʦ 320 K (ǒ ) ʚʦʩʧʨʦʠʟʚʦʜʠʪ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Õʵʬʬ(T), ʧʨʠʩʫʱʠʝ ʧʨʠʨʦʜʝ ɓ-[Cu(hfac)2L 5Im]Ð, ʧʦʩʢʦʣʴʢʫ, 

ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʦʭʣʘʞʜʝʥʠʝ Ŭ-ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʜʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʟʳʚʘʝʪ 

ʝʛʦ ʧʝʨʝʭʦʜ ʚ ɓ-ʤʦʜʠʬʠʢʘʮʠʶ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʦʪʤʝʯʘʚʰʠʝʩʷ ʚʳʰʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʚ ʭʦʜʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ. ʂʨʠʩʪʘʣʣʳ Ŭ-[Cu(hfac)2L 5Im]Ð ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʥʠʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʨʠʤʝʩʴ ɓ-[Cu(hfac)2L 5Im]Ð, ʤʦʣʝʢʫʣʳ 

ʢʦʪʦʨʦʛʦ ʢ ʪʦʤʫ ʞʝ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʦʨʤʦʡ. ʄʘʩʩʠʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ɓ-[Cu(hfac)2L 5Im]Ð ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʣʩʷ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ T~100 K ʚ ʢʨʠʩʪʘʣʣʘʭ ɓ-[Cu(hfac)2L 5Im]Ð ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʦʨʤʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʥʝʦʙʨʘʪʠʤʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʧʨʠ ʧʝʨʚʦʤ ʦʭʣʘʞʜʝʥʠʠ Ŭ-[Cu(hfac)2L 5Im] ʙʳʣʘ 

ʥʘʟʚʘʥʘ çʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʟʘʨʦʞʜʘʶʱʝʡʩʷ ʬʘʟʳè, ʯʪʦʙʳ ʦʪʣʠʯʠʪʴ ʝʸ ʦʪ ʢʨʠʚʦʡ 

Õɻ ʬʬ(T) ʜʣʷ ɓ-[Cu(hfac)2L 5Im]Ð, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʪʠʤʦʤʫ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʜʣʷ 

ʛʝʪʝʨʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʜʠʢʘʣʦʤ, ʨʘʥʝʝ 

ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʰʝʡ ʛʠʧʦʪʝʟʳ ʥʘʤʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʀʂïʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʕʇʈ. 
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ʈʠʩ. 46. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T) ʜʣʷ Ŭ-[Cu(hfac)2L 5Im]Ð (Ǐ) ʠ 

ɓ-[Cu(hfac)2L 5Im]Ð (ƴ), ʥʘʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

Ŭ-[Cu(hfac)2L 5Im]Ð ʜʦ 140 K ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʜʦ 300 K (ǒ), ʘ ʪʘʢʞʝ 
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ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʪ 300 K ʜʦ 2 K ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʛʨʝʚʘ ʦʪ 2 K ʜʦ 320 K (ǒ) 

[116].  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ (FTIR-spectroscopy) 

ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʢʘʢ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ [49,71,113,118]. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʧʦʣʦʞʝʥʠʝʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʠʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʜʣʷ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[119ï121].  

ʅʘ ʈʠʩ. 47 ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ ʢʦʤʧʣʝʢʩʘ 

Ŭ-[Cu(hfac)2L 5Im]Ð, ʟʘʧʠʩʘʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ, ʘ ʪʘʢ ʞʝ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʜʦ 8 ʂ ʠ ʧʨʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 300 ʂ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ Ŭ-[Cu(hfac)2L 5Im]Ð ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ 

ʩʧʝʢʪʨʘʭ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 1650-1350 ʩʤ-1 

(ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʦʣʦʩ), ʢʦʪʦʨʳʝ ʦʪʤʝʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ 1633, 1561, 1357 ʩʤ-1. ʅʘ ʈʠʩ. 47 ʙ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ ʦʭʣʘʞʜʝʥʠʝ-ʥʘʛʨʝʚʘʥʠʝ, ʠʟʤʝʨʝʥʥʳʭ ʚ 

ʩʣʝʜʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʯʢʘʭ: 300 KŸ8 KŸ300 KŸ8 KŸ300 K, ʫʞʝ ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʝʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɓ-[Cu(hfac)2L 5Im]Ð-LT. ʆʜʥʘʢʦ ʬʦʨʤʘ ʩʧʝʢʪʨʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʫʜʘʣʦʩʴ 

ʥʘʡʪʠ ʨʘʟʣʠʯʠʷ ʚ ʩʧʝʢʪʨʘʭ Ŭ-[Cu(hfac)2L 5Im]Ð ʠ ɓ-[Cu(hfac)2L 5Im]Ð-HT, ʦʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʥʠʞʝ 900 ʩʤï1. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʦʣʦʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ 650 ʩʤ-1: 

ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʮʝʥʪʨʦʤ ʧʨʠ 652 ʩʤ-1 (ʚʳʜʝʣʝʥʘ ʞʝʣʪʳʤ ʮʚʝʪʦʤ), ʢʦʪʦʨʘʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ Ŭ-[Cu(hfac)2L 5Im]Ð, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʠ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘʥʠʷ-

ʦʭʣʘʞʜʝʥʠʷ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʮʝʥʪʨʦʤ ʧʨʠ 646 ʩʤ-1 ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʠʩʭʦʜʥʦʤ ʩʧʝʢʪʨʝ 

Ŭ-[Cu(hfac)2L 5Im]Ð, ʥʦ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʧʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʣʠʥʠʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘʥʠʷ-

ʦʭʣʘʞʜʝʥʠʷ (ʵʪʘ ʧʦʣʦʩʘ ʙʳʣʘ ʦʪʥʝʩʝʥʘ, ʢʘʢ ʭʘʨʘʢʪʝʨʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 

ɓ-[Cu(hfac)2L 5Im]Ð). ɼʝʪʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʚʫʭ ʧʦʣʦʩ 652 ʩʤ-1 ʠ 646 ʩʤ-1 

ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 47 ʩ. ɺʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʦʭʣʘʞʜʝʥʠʷ Ŭ-[Cu(hfac)2L 5Im]Ð, ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ 652 ʩʤï1 ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʰʠʨʠʥʝ ʠ ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʝʪ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ. ɿʘʪʝʤ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʣʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 652 ʩʤï1 ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘʥʠʷ-

ʦʭʣʘʞʜʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʧʝʨʝʭʦʜ Ŭ-[Cu(hfac)2L 5Im]ÐŸɓ-[Cu(hfac)2L 5Im]Ð 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʣʦʩʘ 646 ʩʤï1 ʧʦʷʚʣʷʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʧʦʣʦʩʳ 652 ʩʤï1, ʯʪʦ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

Ŭ-[Cu(hfac)2L 5Im]ÐŸɓ-[Cu(hfac)2L 5Im]Ð. 

 

(ʘ) 

  

(ʙ) (ʚ) 

ʈʠʩ. 47. ʀʂ-ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

300-8 K. (a) ʀʂ-ʩʧʝʢʪʨ Ŭ-[Cu(hfac)2L 5Im]Ð ʠ ʩʧʝʢʪʨʳ, ʟʘʧʠʩʘʥʥʳʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ 

ʜʦ 8 K ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ 300K, (ʙ) ʌʨʘʛʤʝʥʪ ʀʂ-ʩʧʝʢʪʨʘ (900-550 ʩʤ-1) 

Ŭ-[Cu(hfac)2L 5Im]Ð, ʟʘʧʠʩʘʥʥʳʡ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʯʢʘʭ: 300KŸ8KŸ300KŸ8KŸ300K. 

ɺʳʜʝʣʝʥʥʘʷ ʞʝʣʪʳʤ ʮʚʝʪʦʤ ʦʙʣʘʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʧʦʣʦʩʳ 

652 ʩʤ-1, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʣʠʤʦʨʬʦʤ Ŭ-[Cu(hfac)2L 5Im]Ð. ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʧʦʣʦʩʘ ʧʨʠ 646 ʩʤ-1 

ʩʚʷʟʘʥʘ ʩ ɓ-[Cu(hfac)2L 5Im]Ð, (ʚ) ɼʝʪʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʀʂ-ʩʧʝʢʪʨʦʚ, 

ʧʦʢʘʟʳʚʘʶʱʘʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ 652 ʠ 646 ʩʤ-1 ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʮʠʢʣʘ 

300KŸ8KŸ300K [116]. 
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ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ Ŭ-[Cu(hfac)2L 5Im]Ð ʚ ɓ-[Cu(hfac)2L 5Im]Ð ʪʘʢʞʝ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʤʝʪʦʜʦʤ ʕʇʈ ʚ Q-ʜʠʘʧʘʟʦʥʝ (ɜmw ~34 ɻɻʮ) (ʈʠʩ. 48). ʉʧʝʢʪʨʳ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

Ŭ-[Cu(hfac)2L 5Im]Ð ʟʘʧʠʩʳʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʯʢʘʭ 300, 200, 75, 30 K 

(ʩʧʝʢʪʨ - ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ). ɿʘʪʝʤ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʣʠ, ʩʧʝʢʪʨʳ ʠʟʦʙʨʘʞʝʥʳ ʢʨʘʩʥʦʡ 

ʣʠʥʠʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 300-200 K ʩʧʝʢʪʨ ʠʤʝʝʪ ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʥʫʶ 

ʦʙʤʝʥʥʦ-ʩʫʞʝʥʥʫʶ ʣʠʥʠʶ ʕʇʈ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʤʝʪʥʦʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɼʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʝʚʘʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʩʠʛʥʘʣʘ ʕʇʈ ʠ ʪʦʣʴʢʦ ʧʨʠ ʊ= 200 K ʧʦʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʘʙʩʦʣʶʪʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʛʥʘʣʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʧʝʨʚʦʤ ʦʭʣʘʞʜʝʥʠʠ ʧʨʠ 200 K, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘ ̫ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʘʥʥʳʤʠ ʕʇʈ. 

 

ʈʠʩ. 48. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʦʚ ʕʇʈ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ 

Ŭ-[Cu(hfac)2L 5Im]Ð. (ʆʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ - ʬʠʦʣʝʪʦʚʳʝ ʣʠʥʠʠ, ʥʘʛʨʝʚʘʥʠʝ - ʢʨʘʩʥʳʝ) 

ʄʦʜʝʣʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ï ʩʝʨʳʝ ʣʠʥʠʠ [116]. ʇʘʨʘʤʝʪʨʳ g- ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 1.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Ŭ-[Cu(hfac)2L 5Im]Ð, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʤʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ, ʢʦʪʦʨʦʝ, ʥʘʩʢʦʣʴʢʦ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʥʠʢʦʛʜʘ ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʉʪʦʠʪ ʝʱʝ 

ʨʘʟ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʝʩʣʠ ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ Õʵʬʬ(T) ʜʣʷ ʠʟʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʝʩʪʠ 
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ʥʘʯʠʥʘʷ ʩ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʦ ʧʦʣʫʯʝʥʥʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʢʨʠʚʫʶ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʙʳʣʘ ʙʳ ʬʘʟʘ Ŭ-[Cu(hfac)2L 5Im]Ð. 

ʅʦ ʥʘ ʩʘʤʦʤ ʞʝ ʜʝʣʝ ʵʪʠ ʜʘʥʥʳʝ ʫʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʬʘʟʝ ɓ-[Cu(hfac)2L 5Im]Ð, ʚ ʢʦʪʦʨʫʶ 

ʥʝʦʙʨʘʪʠʤʦ ʧʝʨʝʰʣʦ ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ Õʵʬʬ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

Ŭ-[Cu(hfac)2L 5Im]Ð ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʝʨʝʭʦʜʘ Ŭ- ʚ ɓ-ʤʦʜʠʬʠʢʘʮʠʶ. ɺʩʝ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ Õʵʬʬ ʜʣʷ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʨʘʟʮʘ Ŭ-[Cu(hfac)2L 5Im]Ð ʚ ʦʙʣʘʩʪʠ 

200ï100 K ʚʳʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʜʣʷ ɓ-[Cu(hfac)2L 5Im]Ð ʜʦ T~75 K, ʧʦʩʢʦʣʴʢʫ ʚʢʣʘʜ ʚ 

ʚʝʣʠʯʠʥʫ Õʵʬʬ ʚʥʦʩʷʪ ʢʘʢ ʬʨʘʛʤʝʥʪʳ Ŭ-ʤʦʜʠʬʠʢʘʮʠʠ, ʪʘʢ ʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʠ, ʦʙʤʝʥʥʳʝ 

ʢʣʘʩʪʝʨʳ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʠʧʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʚʩʷ ʠʩʭʦʜʥʘʷ Ŭ-ʤʦʜʠʬʠʢʘʮʠʷ ʥʝ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ɓ-ʤʦʜʠʬʠʢʘʮʠʶ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T), ʥʘʙʣʶʜʘʶʱʫʶʩʷ ʧʨʠ ʧʝʨʚʦʤ ʦʭʣʘʞʜʝʥʠʠ Ŭ-[Cu(hfac)2L 5Im]Ð, ʙʳʣʘ 

ʥʘʟʚʘʥʘ ñʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʟʘʨʦʞʜʘʶʱʝʡʩʷ ʬʘʟʳò, ʯʪʦʙʳ ʦʪʣʠʯʠʪʴ ʝʸ ʦʪ ʢʨʠʚʦʡ 

Õɻ ʬʬ(T) ʜʣʷ ɓ-[Cu(hfac)2L 5Im]Ð, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʠʧʠʯʥʦʤʫ ʦʙʨʘʪʠʤʦʤʫ ʩʧʠʥʦʚʦʤʫ 

ʧʝʨʝʭʦʜʫ ʜʣʷ ʛʝʪʝʨʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʥʠʪʨʦʢʩʠʣʴʥʳʤ 

ʨʘʜʠʢʘʣʦʤ. 

ʇʦʜʚʝʜʝʤ ʦʙʱʠʡ ʠʪʦʛ ʵʪʦʛʦ ʙʣʦʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʫʱʝʩʪʚʣʝʥ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ 

ʩʠʥʪʝʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ 2-(1-ʵʪʠʣʠʤʠʜʘʟʦʣ-5-ʠʣ)-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-

1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣʘ (L 5Im) ʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʥʠʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

[Cu(hfac)2(L 5Im)2] ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ ʨʘʥʝʝ ʠʩʩʣʝʜʫʝʤʳʭ çʧʨʳʛʘʶʱʠʭè 

ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʦʚʣʠʷʣʦ ʥʘ ʫʧʘʢʦʚʢʫ ʤʦʣʝʢʫʣ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. 

ɻʝʪʝʨʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 1:1 ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ([Cu(hfac)2L 5Im]2, 

[Cu(hfac)2L 5Im]Ð) ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʙʠʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ 

[Cu(hfac)2L 5Im]2 ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʙʤʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʩʧʘʨʠʚʘʥʠʝ ʩʧʠʥʦʚ ʥʠʪʨʦʢʩʠʣʦʚ ʧʨʠ ʊ ~ 40ï50 K, ʠ ʧʨʠ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʢʣʘʜ ʚ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʩʦʝʜʠʥʝʥʠʷ ʚʥʦʩʷʪ ʣʠʰʴ ʠʦʥʳ Cu(II ).  

ɺʧʝʨʚʳʝ ʜʣʷ ʠʤʠʜʘʟʦʣʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʅʅʈ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ 

ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ [Cu(hfac)2L 5Im]Ð, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʡ ʵʬʬʝʢʪ, ʥʘʟʚʘʥʥʳʡ çʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʟʘʨʦʞʜʝʥʠʷ ʥʦʚʦʛʦ 

ʧʦʣʠʤʦʨʬʘ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʝè. 
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3.3 ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ 5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʘʣʢʠʣ-1H-

ʧʠʨʘʟʦʣʦʚ (LR) 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ ʠ ʜʘʥʥʳʤ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʙʘʥʢʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ 

ʧʨʠʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʘʮʠʢʣʠʯʝʩʢʠʭ ʪʨʝʪ-ʙʫʪʠʣʛʝʪʘʨʠʣʥʠʪʨʦʢʩʠʣʦʚ ʦʧʠʩʘʥʦ ʢʨʘʡʥʝ 

ʤʘʣʦ [122]. ʆʜʥʘʢʦ ʩʨʝʜʠ ʥʠʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʧʨʝʪʝʨʧʝʚʘʪʴ 

ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ [123ï127]. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ɻʉ ʥʘ 

ʦʩʥʦʚʝ Cu(hfac)2 ʠ 4-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʘʣʢʠʣ-1H-ʧʠʨʘʟʦʣʦʚ (L 15R). 

ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʙʫʜʠʣ ʥʘʩ ʨʘʩʰʠʨʠʪʴ ʩʝʤʝʡʩʪʚʦ ʘʮʠʢʣʠʯʝʩʢʠʭ ʪʨʝʪ-ʙʫʪʠʣ-ʟʘʤʝʱʝʥʥʳʭ 

ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʠʨʘʟʦʣʘ, ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʣʠʞʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ L 15R) ʢ ʜʦʥʦʨʥʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ 

ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ, ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ Cu(hfac)2 ʩ ʥʠʤʠ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʚʦʟʤʦʞʥʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʉʠʥʪʝʟ ʮʝʣʝʚʳʭ 5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʘʣʢʠʣ-1H-ʧʠʨʘʟʦʣʦʚ 

(LR, R = Me, Et, n-Pr, i-Pr) ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʜʣʷ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ 

[18] (ʉʭʝʤʘ 3), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ: 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣʘ [101], ʨʝʘʢʮʠʶ 1-ʘʣʢʠʣ-1H-ʧʠʨʘʟʦʣʦʚ ʩ n-BuLi ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʪʠʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

2-ʤʝʪʠʣ-2-ʥʠʪʨʦʟʦʧʨʦʧʘʥʦʤ. ʆʙʨʘʟʫʶʱʠʝʩʷ N-ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʢʩʠʣʘʤʠʥʳ (1R) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʜʝʡʩʪʚʠʝʤ K3[Fe(CN)6] ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʜʘʚʘʣʠ ʮʝʣʝʚʳʝ ʅʈ L R ʩ 

ʚʳʭʦʜʘʤʠ ʙʣʠʟʢʠʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. ʉʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʜʠʢʘʣʳ LR ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʤʘʩʣʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʣʘʛʘʶʪʩʷ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʢʦʩʚʝʥʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ ʩʪʨʦʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʠʤ ʛʠʜʨʦʢʩʠʣʘʤʠʥʳ 

1R [128]. 

 

ʉʭʝʤʘ 3. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʦʚ LR 
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ʂʨʠʩʪʘʣʣʳ 1R ʦʙʨʘʟʦʚʘʥʳ ʮʝʧʦʯʢʘʤʠ ʤʦʣʝʢʫʣ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ OïHéNPz ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ OéN 2.770(2) ï2.834(6) ¡. ɼʣʠʥʳ 

ʩʚʷʟʝʡ NïO ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1.436(4)ï1.460(5) ¡, ʪʨʝʪ-ʙʫʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠ 

ʘʣʢʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ. ɿʥʘʯʝʥʠʝ 

ʫʛʣʘ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʮʠʢʣʘ ʠ ʬʨʘʛʤʝʥʪʘ {CtBu-NOH-CPz} ʨʘʚʥʦ ʜʣʷ R = Me, n-Pr (~73-

73.5Á) ʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʜʣʷ R = Et ʠ iïPr (68.5 ʠ 66.0Á ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʊʘʙʣʠʮʘ 6). ʅʘ 

ʈʠʩ. 49 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʪʘʢʦʡ ʮʝʧʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʝ 1n-Pr. 

ʊʘʙʣʠʮʘ 6. ʀʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʫʛʣʳ ʜʣʷ 1R 

ʉʦʝʜʠʥʝʥʠʝ 1Me 1Et 1n-Pr 1i-Pr 

T, K 240 240 296 296 

NïO 1.451(1) 1.450(2) 1.436(4) 1.446(2) 

OïHéNPz 2.811(1) 2.809(2) 2.796(6) 2.770(2) 

CtBu-NOH-CPz 72.97 68.46 73.52 65.95 

 

 

ʈʠʩ. 49. ʌʨʘʛʤʝʥʪ ʮʝʧʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʝ 1n-Pr. 

ʅʘ ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʮʝʣʝʚʳʭ ʨʘʜʠʢʘʣʦʚ ʙʝʟ 

ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʤʝʩʝʡ, ʧʦʵʪʦʤʫ ʛʠʜʨʦʢʩʠʣʘʤʠʥ r1R ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʜʠʢʘʣʳ LR ʙʳʣʠ 

ʠʟʫʯʝʥ rʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʫʭʦʤ ʙʦʢʩʝ ʚ ʘʪʤʦʩʬʝʨʝ Ar (C(O2)<2 ppm) ʚ ʨʘʩʪʚʦʨʝ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʩʥʦʚʝ 

CH3CN. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʚ 1R ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʳ 

ʥʘ ʢʨʠʚʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ ʨʘʟʣʦʞʝʥʠʷ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʧʨʠʚʝʜʝʥʘ ʎɺɸ ʢʨʠʚʘʷ ʜʣʷ 1Me ʥʘ ʈʠʩ. 50. (ʦʩʪʘʣʴʥʳʝ ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 2). ʅʘ ʢʨʠʚʳʭ 
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ʦʢʠʩʣʝʥʠʷ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʥʘʙʦʨ ʧʠʢʦʚ ʩʭʦʞʠʡ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ 1R, ʧʦʪʝʥʮʠʘʣ ʧʝʨʚʦʛʦ 

ʧʠʢʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʦʪʨʳʚ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʦʪ ʠʩʭʦʜʥʦʡ ʤʦʣʝʢʫʣʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʤʝʥʷʝʪʩʷ ʚ ʨʷʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 720 ï 750 ʤɺ; 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣ 1i-Pr, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʪʝʥʮʠʘʣ ʧʝʨʚʦʛʦ ʧʠʢʘ ʦʢʠʩʣʝʥʠʷ ʚʳʰʝ ʠ ʨʘʚʝʥ 

870 ʤɺ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʘʥʥʳʡ ʧʠʢ ʠʤʝʝʪ ʦʪʚʝʪʥʫʶ ʚʦʣʥʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʦʢ ʢʦʪʦʨʦʡ 

ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʚʘʟʠʦʙʨʘʪʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ (ʈʠʩ. 51). ʇʦʩʣʝʜʫʶʱʠʝ 

ʜʚʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʠʢʘ ʠʤʝʶʪ ʩʭʦʞʠʝ ʧʦʪʝʥʮʠʘʣʳ ʜʣʷ ʚʩʝʭ 

ʩʦʝʜʠʥʝʥʠʡ (1530-1550 ʠ 1670-1690 ʤɺ), ʢʨʦʤʝ 1i-Pr, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʠ ʧʠʢ 

ʧʨʠ 1640 ʤɺ. ɺ ʜʘʣʴʥʝʡ ʦʙʣʘʩʪʠ ʦʢʠʩʣʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʦʙʨʘʪʠʤʳʡ ʩʣʘʙʦ ʨʘʟʣʠʯʠʤʳʡ 

ʧʠʢ ʧʨʠ 2210-2230 ʤɺ ʜʣʷ 1Me ʠ 1Et. ʇʦʪʝʥʮʠʘʣʳ ʚʩʝʭ ʧʠʢʦʚ ʜʣʷ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʘ 7. 

 

ʈʠʩ. 50. ʎɺɸ ʢʨʠʚʳʝ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ 1Me (ʉ = 3Ŀ10ï3 ʄ), ʧʦʣʫʯʝʥʥʳʝ ʚ 

0.1 M Bu4NBF4/ʉH3CN ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ 

ʧʦʪʝʥʮʠʘʣʘ 0.1 ɺ/ʩ. 
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ʈʠʩ. 51. ʎɺɸ ʢʨʠʚʳʝ ʦʢʠʩʣʝʥʠʷ ʜʣʷ 1Me (ʉ = 3Ŀ10ï3 ʄ), ʧʦʣʫʯʝʥʥʳʝ ʚ 0.1 M 

Bu4NBF4/ʉH3CN ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ 

ʧʦʪʝʥʮʠʘʣʘ 0.1 ɺ/ʩ. 

ʊʘʙʣʠʮʘ 7. ʇʦʪʝʥʮʠʘʣʳ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ ʜʣʷ 1R 

ʉʦʝʜʠʥʝʥʠʝ 1Me 1Et 1n-Pr 1i-Pr 

 

 

 

 

 

Ep
ox, ɺ 

0.73 0.73 0.87 0.75 

1.54 1.55 1.54 
1.64 

1.68 1.67 1.69 

n/a n/a 2.22 2.23 

 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʦʚ LR (R=Me, Et, n-Pr) 

ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠ ʚ ʩʫʭʦʤ ʙʦʢʩʝ ʚ ʘʪʤʦʩʬʝʨʝ Ar (C(O2)<2 ppm) ʚ ʨʘʩʪʚʦʨʝ ʬʦʥʦʚʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʜʠʢʘʣʳ ʪʘʢʞʝ ʩʭʦʞʠ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ. ʂʨʠʚʳʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʨʘʜʠʢʘʣʦʚ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʠʟ-ʟʘ ʥʘʣʦʞʝʥʠʷ ʨʷʜʘ ʧʨʦʮʝʩʩʦʚ ʩ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤ ʧʠʢʦʤ ʧʨʠ 1130-1160 ʤɺ (ʈʠʩ. 52). ʅʘ ʦʪʚʝʪʥʦʡ ʯʘʩʪʠ ʢʨʠʚʦʡ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʠʢ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʨʘʪʠʤʦʩʪʠ 
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ʧʨʦʮʝʩʩʦʚ, ʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʥʝ ʫʜʘʣʦʩʴ. ʅʘ ʈʠʩ. 53 ʠ ʚ ʇʨʠʣʦʞʝʥʠʝ 3 

ʧʦʢʘʟʘʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʢʨʠʚʳʝ ʜʣʷ LR, ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʭʦʜʥʳʝ 

ʧʠʢʠ. ɺ ʜʠʘʧʘʟʦʥʝ 300 ï 1100 ʤɺ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʨʫʧʧʘ ʠʟ ʪʨʝʭ ʧʣʦʭʦ ʨʘʟʜʝʣʠʤʳʭ ʧʠʢʦʚ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʤʘʣʦʠʥʪʝʥʩʠʚʥʫʶ ʦʪʚʝʪʥʫʶ ʚʦʣʥʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɿʘ ʥʝʡ ʩʣʝʜʫʝʪ ʧʠʢ ʧʨʠ 

1250 ï 1270 ʤɺ, ʬʦʨʤʘ ʢʨʠʚʦʡ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʜʘʣʴʥʝʡ 

ʦʙʣʘʩʪʠ ʦʢʠʩʣʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʠʢ ʧʨʠ 2210-2240 ʤɺ (ʜʣʷ LEt ʩʣʘʙʦ ʨʘʟʣʠʯʠʤ). 

ʇʦʪʝʥʮʠʘʣʳ ʚʩʝʭ ʧʠʢʦʚ ʜʣʷ ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʘ 8. 

 

ʈʠʩ. 52. ʎɺɸ ʢʨʠʚʳʝ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ LMe (ʉ = 3Ŀ10-3 ʄ), ʧʦʣʫʯʝʥʥʳʝ ʚ 0.1 M 

Bu4NBF4/CH3CN ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 

0.1 ɺ/ʩ. 
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ʈʠʩ. 53. ʎɺɸ ʢʨʠʚʳʝ ʦʢʠʩʣʝʥʠʷ ʜʣʷ LMe (ʉ = 3Ŀ10-3 ʄ), ʧʦʣʫʯʝʥʥʳʝ ʚ 0.1 M Bu4NBF4/MeCN ʥʘ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 0.1 ɺ/ʩ. 

ʊʘʙʣʠʮʘ 8. ʇʦʪʝʥʮʠʘʣʳ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ LMe, LEt ʠ L nïPr 

ʉʦʝʜʠʥʝʥʠʝ LMe LEt L nïPr 

 

 

 

 

Ep
ox, ɺ 

0.58 0.59 0.59 

0.81 0.84 0.86 

1.00 0.98 n/a 

1.26 1.25 1.27 

2.24 n/a 2.24 

Ep
red, ɺ -1.13 -1.16 -1.16 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʚ 1R 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦ ʧʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝ ʧʨʦʪʝʢʘʝʪ. 
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ʆʢʠʩʣʝʥʠʝ ʨʘʜʠʢʘʣʦʚ LR ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʦʞʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʘ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦ, ʯʪʦ ʥʝ ʫʜʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ.  

3.4 ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ LR 

 

3.4.1. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʉu(hfac)2 ʩ LMe 

 

ʂʘʢ ʙʳʣʦ ʥʝ ʨʘʟ ʦʪʤʝʯʝʥʦ, ʩʠʩʪʝʤʘ ʉu(hfac)2-ʅʈ ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠ 

ʥʝʞʝʩʪʢʦʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʝʝ ʦʩʥʦʚʝ. ʕʪʦ ʦʢʘʟʘʣʦʩʴ ʩʧʨʘʚʝʜʣʠʚʳʤ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉu(hfac)2 ʩ 5-(N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʣʘʤʠʥʦ)-1-ʘʣʢʠʣ-1H-

ʧʠʨʘʟʦʣʘʤʠ (LR), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʪʨʝʙʦʚʘʣʦ ʪʱʘʪʝʣʴʥʦʡ ʨʘʙʦʪ rʧʦ ʧʦʜʙʦʨʫ ʫʩʣʦʚʠʡ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʂʉ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ ʉu(hfac)2 ʠ LMe, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʤʝʩʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ [Cu(hfac)2(LMe)2] ʠ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʦʛʦ [Cu(hfac)2(LMe)]Ð 

ʢʦʤʧʣʝʢʩʦʚ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʚʠʜʝ ʢʦʤʧʣʝʢʩ [Cu(hfac)2(LMe)2] ʩ ʚʳʭʦʜʦʤ 74% ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1:2 ʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ -18Áʉ ʚ ʥ-ʛʝʧʪʘʥʝ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʤʦʣʝʢʫʣʝ [Cu(hfac)2(LMe)2] (ʈʠʩ. 54) ʫ 

ʘʪʦʤʘ Cu ʥʘ ʫʜʣʠʥʝʥʥʦʡ ʦʩʠ ʙʠʧʠʨʘʤʠʜʳ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ Ohfac 2.250(2) ¡, ʘ 

ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʬʦʨʤʠʨʫʶʪ ʜʚʘ ʘʪʦʤʘ Ohfac 1.985(2) ¡ ʠ ʘʪʦʤʳ NPz 2.060(2) ¡. 

ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ "CuNPzNʉ ʩʦʩʪʘʚʣʷʝʪ 175.8Á. ʆʩʦʙʝʥʥʦʩʪʴʶ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʫʞʘʪ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ O..O ʠ O..N, ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2.612(2) ʠ 2.307(2) ¡ (ʊʘʙʣʠʮʘ 9). 

ʅʘʣʠʯʠʝ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʅʈ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʣʴʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʘʨʘʤʘʛʥʝʪʠʟʤ [Cu(hfac)2(LMe)2] ʦʙʫʩʣʦʚʣʝʥ ʪʦʣʴʢʦ ʩʧʠʥʘʤʠ ʠʦʥʦʚ Cu(II ). ʊʘʢ, ʟʥʘʯʝʥʠʝ 

mɻ ʬʬ ʧʨʠ 300 K ʩʦʩʪʘʚʣʷʝʪ ~1.96 ÕB ʠ ʩʣʘʙʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩ. 

55).  
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ʈʠʩ. 54. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ [Cu(hfac)2(L Me)2] (ʩʣʝʚʘ) ʠ ʬʦʪʦʛʨʘʬʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ (ʩʧʨʘʚʘ). 

ʊʘʙʣʠʮʘ 9. ʀʟʙʨʘʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ [Cu(hfac)2(LMe)2] 

ʉʦʝʜʠʥʝʥʠʝ [Cu(hfac)2(LMe)2] 

T, K 296 

CuïN 2.060(2) 

CuïOhfac 1.985(2), 2.250(2) 

NïO 1.293(3) 

"CuNPzNʉ 175.8 
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ʈʠʩ. 55. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ (T) ʜʣʷ [Cu(hfac)2(LMe)2].  

ʎʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu(hfac)2LMe]Ð ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʥ-ʛʝʧʪʘʥʝ ʠ ʥʝʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ ʨʘʜʠʢʘʣʘ 

(ʩʦʦʪʥʦʰʝʥʠʝ Cu(hfac)2:LMe = 1:1.2). ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 
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[Cu(hfac)2LMe]Ð ʦʙʨʘʟʦʚʘʥʘ ʮʝʧʦʯʢʘʤʠ ʩ ʤʦʪʠʚʦʤ "ʛʦʣʦʚʘ-ʛʦʣʦʚʘ" ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ LMe (ʈʠʩ. 56).  

 
 

ʈʠʩ. 56. ʌʨʘʛʤʝʥʪ ʮʝʧʠ [Cu(hfac)2LMe]Ð (ʩʣʝʚʘ) ʠ ʬʦʪʦʛʨʘʬʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

(ʩʧʨʘʚʘ). 

ʎʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʝ ʧʣʦʩʢʦ-ʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Cu(II) ʚʦ ʬʨʘʛʤʝʥʪʘʭ 

Cu(hfac)2 (1.921(3)ï1.976(2) ¡) ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ ʠʩʢʘʞʝʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʣʠʙʦ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ NPz ʧʠʨʘʟʦʣʴʥʳʭ ʮʠʢʣʦʚ (2.422(3) ¡), ʣʠʙʦ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ONO ʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ (2.437(2) ¡).  

ʊʘʙʣʠʮʘ 10. ɿʥʘʯʝʥʠʷ ʠʟʙʨʘʥʥʳʭ ʜʣʠʥ ʩʚʷʟʝʡ (¡) ʠ ʫʛʣʦʚ (ʛʨʘʜ) ʚ [Cu(hfac)2LMe]Ð 

ʉʦʝʜʠʥʝʥʠʝ [Cu(hfac)2LMe]Ð 

T, K 240 105 

Cu1ïONO 2.437(2) 2.399(3) 

Cu2ïN 2.422(3) 2.424(4) 

Cu1ïOhfac 
1.928(2) 

1.937(2) 

1.921(3) 

1.938(3) 

Cu2ïOhfac 
1.943(2) 

1.976(2) 

1.952(2) 

1.965(3) 

NïO 1.271(3) 1.298(4) 

ÏCuON 130.2(2) 127.6(2) 

"ONCNPz -60.9(4) -52.0(5) 
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ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʘ ʦʪ 240 ʜʦ 105 K ʨʘʩʩʪʦʷʥʠʷ Cu2ïN ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʤʝʥʷʶʪʩʷ (ʊʘʙʣʠʮʘ 10), ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʘʭ {Cu1O6}, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʪʨʝʭʩʧʠʥʦʚʳʝ ʦʙʤʝʥʥʳʝ ʢʣʘʩʪʝʨʳ {>NḌOïCu2+ïOḌN<},  ʨʘʩʩʪʦʷʥʠʷ Cu1ïONO 

ʩʦʢʨʘʱʘʶʪʩʷ ʥʘ ~0.04 ¡, ʥʘ ~2.5Á ʫʤʝʥʴʰʘʶʪʩʷ ʫʛʣʳ ÏCuON ʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 

8Á ï ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ "ONCNPz (ʊʘʙʣʠʮʘ 10). ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʠʣʝʥʠʶ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2LMe]Ð ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 57 

ɿʥʘʯʝʥʠʝ Õʵʬʬ ʧʨʠ 300 K ʩʦʩʪʘʚʣʷʝʪ 2.7 ÕB, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 

2.54 ÕB ʜʣʷ ʜʚʫʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʇʄʎ ï ʥʠʪʨʦʢʩʠʣʘ (S = İ ʠ g=2) ʠ ʠʦʥʘ Cu(II) 

(S = 1/2, g = 2.15). ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʝʥʠʝ Õʵʬʬ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ 

3.1 ÕB ʧʨʠ 8 K, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʚʦ ʚʩʝʭ ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨaʭ {>NḌOïCu2+ïOḌN<} ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʈʉɸ ʦʙ ʘʢʩʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʥʠʪʨʦʢʩʠʣʦʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 

5 K ʟʥʘʯʝʥʠʝ Õɻ ʬʬ ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

50 100 150 200 250 300

2,6

2,8

3,0

3,2

T, K
 

 

mɻ ʬʬ, mB

 

ʈʠʩ. 57. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɛʵʬʬ (ʊ) ʜʣʷ [Cu(hfac)2LMe]Ð. 

  



96 

 

3.4.2. ɻʝʪʝʨʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Cu(hfac)2 ʩ LEt 

 

ʂʦʤʧʣʝʢʩʳ Cu(hfac)2 ʩ LEt ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ. ʊʨʠ ʧʦʣʠʤʦʨʬʘ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʚ ʭʦʜʝ 

ʩʠʥʪʝʟʘ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʦʛʦ [Cu(hfac)2LEt]Ð: [Cu(hfac)2LEt]Ð-I, [Cu(hfac)2LEt]Ð-II , 

[Cu(hfac)2LEt]Ð-III. ɼʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2LEt]2-I ʠ 

[Cu(hfac)2LEt]2-II  ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ.  

ʂʦʤʧʣʝʢʩ [Cu(hfac)2L Et]2-I ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʚʠʜʝ ʩʨʦʩʪʢʦʚ ʠʛʣ ʪʸʤʥʦ-ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ 

ʧʨʠ ï18Áʉ ʠʟ ʧʝʪʨʦʣʝʡʥʦʛʦ ʵʬʠʨʘ. ʉʨʦʩʪʢʠ ʠʛʣ ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ 

[Cu(hfac)2LEt]2-II  ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ 4Áʉ ʚ ʥ-ʛʝʧʪʘʥʝ (ʈʠʩ. 58) [128]. 

 

 

ʈʠʩ. 58. ʌʦʪʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ Cu(hfac)2 ʩ LEt ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ [128]. 

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʪʨʦʝʥʠʷ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ 

ʜʚʫʭʲʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ [Cu(hfac)2LEt]2-I ʠ [Cu(hfac)2LEt]2-II  ʙʣʠʟʢʠ (ʈʠʩ. 59). ʆʢʨʫʞʝʥʠʝ 

ʘʪʦʤʘ Cu ï ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ Ohfac ʠ ONO ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (1.905(1)ï1.986(1), 1.925(2)ï1.986(2) ¡), ʥʘ ʫʜʣʠʥʝʥʥʦʡ ʦʩʠ 

ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ Ohfac (2.316(2)ï2.347(2) ¡) ʠ NPz (2.448(2)ï2.669(2) ¡). ʉʚʷʟʴ NïO 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʜʣʠʥʝʥʘ ʜʦ ~1.29 ¡, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤ ʜʣʷ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʛʨʫʧʧ d(NïO)= 1.275 ¡ [9]. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʪʨʦʝʥʠʠ ʤʦʣʝʢʫʣ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʩʪʦʷʥʠʷʭ CuïNPz ï ʙʦʣʝʝ 0.2 ¡ (ʊʘʙʣʠʮʘ 11), ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʠ 

ʥʘʣʦʞʝʥʠʠ ʤʦʣʝʢʫʣ (ʈʠʩ. 59 ʙ, ʚ). ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʫʧʘʢʦʚʢʠ (total packing 

energy) [129ï131] ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ [Cu(hfac)2LEt]2-I ʧʨʠ 296 K ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 

ï225.1 ʢɼʞ/ʤʦʣʴ, ʜʣʷ [Cu(hfac)2LEt]2-II  ʦʥʘ ʨʘʚʥʘ ï245.1 ʢɼʞ/ʤʦʣʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 
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ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ [Cu(hfac)2LEt]2-II, ʚ ʢʦʪʦʨʳʡ 

[Cu(hfac)2LEt]2-I ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʘʢʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘʜʝʞʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʈʉɸ. ɽʩʣʠ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʇʕʗ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ [Cu(hfac)2LEt]2-I ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʯʝʨʝʟ 18 

ʯʘʩʦʚ ʦʥʠ ʫʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʇʕʗ [Cu(hfac)2LEt]2-II. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʫʢʘʟʘʥʥʳʡ 

ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ SC-SC ʧʨʝʚʨʘʱʝʥʠʝ [Cu(hfac)2LEt]2-I ʚ 

[Cu(hfac)2LEt]2-II. ʇʦʣʠʤʦʨʬʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ [Cu(hfac)2LEt]2-II  ʫʩʪʦʡʯʠʚʘ ʢʘʢ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï18Áʉ.  

 

(ʘ)  (ʙ)  

(ʚ)  

ʈʠʩ. 59. (ʘ) ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ [Cu(hfac)2LEt]2-II, ʩʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣ (ʙ) ʠ ʫʧʘʢʦʚʦʢ (ʚ) 

ʧʦʣʠʤʦʨʬʦʚ [Cu(hfac)2LEt]2-I ʠ [Cu(hfac)2LEt]2-II. ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ I, ʞʝʣʪʳʤ ï II  [128].  
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ʊʘʙʣʠʮʘ 11. ʀʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʠ ʫʛʣʦʚ (ʛʨʘʜ) ʚ [Cu(hfac)2LEt]2-I ʠ 

[Cu(hfac)2LEt]2-II  [128] 

Compound [Cu(hfac)2LEt]2-I [Cu(hfac)2LEt]2-II  [Cu(hfac)2LEt]2-II  

T, K 296 240 296 

Cu-ONO 1.978(2) 1.976(1) 1.977(1) 

Cu-N 2.448(2) 2.643(2) 2.669(2) 

CuïOhfac 
1.925(2)ï1.986(2) 

2.316(2) 

1.897(2)ï1.984(2) 

2.350(2) 

1.905(1)ï1.986(1) 

2.347(2) 

NïO 1.288(3) 1.297(2) 1.291(2) 

ÏCu-O-N 126.1(2) 125.3(1) 126.0(1) 

 

ɺʩʝ ʪʨʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2LEt]Ð ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʥʝʨʘʟʜʝʣʷʝʤʦʡ ʩʤʝʩʠ ʢʨʠʩʪʘʣʣʦʚ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ 

ʮʚʝʪʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(hfac)2 ʠ L Et ʚ ʥ-ʜʦʜʝʢʘʥʝ. ʇʨʠ 4Áʉ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʫʞʝ 

ʯʝʨʝʟ 15 ʤʠʥʫʪ, ʢʨʦʤʝ ʵʪʦʛʦ, ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʦʜ ʩʣʦʝʤ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʣʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ. ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʣʸʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʢʨʠʩʪʘʣʣʘʭ [Cu(hfac)2LEt]Ð-I 

ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ [Cu(hfac)2LEt]Ð-II  ʠ [Cu(hfac)2LEt]Ð-III. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʝʣʸʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʚʥʫʪʨʠ ʦʨʘʥʞʝʚʳʭ ʚ [Cu(hfac)2L Et]Ð-III  ʨʦʩʣʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ [Cu(hfac)2LEt]Ð-II . 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ 15 ʯʘʩʦʚ ʧʦʯʪʠ ʯʝʪʚʝʨʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

[Cu(hfac)2LEt]Ð-III ʙʳʣʘ ʧʦʢʨʳʪʘ ʟʝʣʸʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʨʘʟʤʝʨʦʤ ~0.1 ʤʤ, ʪʦʛʜʘ ʢʘʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ [Cu(hfac)2LEt]-II  ʪʘʢʦʛʦ ʨʘʟʤʝʨʘ ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʦʩʪʠʛʣʠ ʪʦʣʴʢʦ ʯʝʨʝʟ 

44 ʯʘʩʘ (ʈʠʩ. 60). ʆʧʨʝʜʝʣʝʥʠʝ ʇʕʗ ʟʝʣʸʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ [Cu(hfac)2LEt]Ð ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ SC-SC 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʜʠʤʝʨʥʳʡ [Cu(hfac)2LEt]2-II  (ʈʠʩ. 60).  
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(ʘ) 

[ʉu(hfac)2LEt]ÐïI , 

[ʉu(hfac)2LEt]Ð-II, 

[ʉu(hfac)2LEt]Ð-III  

   

t, ʯ 0.05 2.67 5.33 

(ʙ) 

[Cu(hfac)2LEt]Ð-II   

   

t, ʯ 0 16  44 (20Áʉ) 

[Cu(hfac)2LEt]Ð-III   

   

t, ʯ 0 15 (20Áʉ) 39 (7Áʉ) 

 

ʈʠʩ. 60. (ʘ). ʇʨʝʚʨʘʱʝʥʠʝ ʩʤʝʩʠ ʢʨʠʩʪʘʣʣʦʚ [ʉu(hfac)2LEt]Ð-I , [ʉu(hfac)2LEt]Ð-II, 

[ʉu(hfac)2LEt]Ð-III ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ: ʯʝʨʝʟ 0.05 ʯ, 2.67 ʯ., 5.33 ʯ., (ʙ) ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ [Cu(hfac)2LEt]Ð-II  ʠ [Cu(hfac)2LEt]Ð-III. ʌʦʪʦ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ, 

ʢʨʠʩʪʘʣʣʳ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʧʨʝʜʤʝʪʥʦʤ ʩʪʝʢʣʝ ʩ ʧʦʤʦʱʴʶ ʪʦʥʢʦʛʦ ʩʣʦʷ ʚʘʟʝʣʠʥʘ [128].  

ɼʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ [Cu(hfac)2LEt]Ð ʚ 

[Cu(hfac)2LEt]2-II  ʪʨʝʙʦʚʘʣʦ ʥʝʤʝʜʣʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

[Cu(hfac)2LEt]Ð ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠʟ ʧʦʜ ʩʣʦʷ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʚʦ ʚʩʝʭ ʪʨʝʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʦʩʪʨʦʝʥʳ ʧʦ ʪʠʧʫ 

"ʛʦʣʦʚʘ-ʛʦʣʦʚʘ". Mʦʜʠʬʠʢʘʮʠʠ I ʠ II  ʩʦʜʝʨʞʘʪ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʪʠʧʘ ʮʝʧʦʯʝʢ (A ʠ B), ʘ ʩʪʨʫʢʪʫʨʘ [Cu(hfac)2LEt]Ð-III ï ʦʜʠʥ (ʈʠʩ. 61). ɺʥʫʪʨʠ ʮʝʧʝʡ 
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ʯʝʨʝʜʫʶʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʫʟʣʳ {CuO6} ʠ {CuO4N2}. ɺ ʢʚʘʜʨʘʪʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʤ 

ʦʢʨʫʞʝʥʠʠ Cu ʥʘ ʫʜʣʠʥʝʥʥʦʡ ʦʩʠ ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʘʪʦʤʘ ONO ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʠʣʠ ʜʚʘ ʘʪʦʤʘ NPz ʧʠʨʘʟʦʣʴʥʳʭ ʮʠʢʣʦʚ. ʄʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʠʥʘʤʠ 

ʩʚʷʟʝʡ CuïONO ʠ CuïNPz (ʦʥʠ ʩʘʤʳʝ ʢʦʨʦʪʢʠʝ ʚ [Cu(hfac)2L Et]Ð-III), ʘ ʪʘʢʞʝ ʫʛʣʦʤ 

ʨʘʟʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʪʝʨʦʮʠʢʣʘ (ʊʘʙʣʠʮʘ 12).  

 

(ʘ) 

 

A  
B  

(ʙ) 

 

A 

 

B  

(ʚ) 

 

 

ʈʠʩ. 61. ʌʨʘʛʤʝʥʪʳ ʮʝʧʦʯʝʢ ʚ ʩʪʨʫʢʪʫʨʘʭ [Cu(hfac)2LEt]Ð-I (a), [Cu(hfac)2LEt]Ð-II  (ʙ) ʠ 

[Cu(hfac)2LEt]Ð-III  (ʚ) [128].  
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ʊʘʙʣʠʮʘ 12. ʀʟʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu(hfac)2LEt]Ð 

[128] 

ʉʦʝʜʠʥʝʥʠʝ 
[Cu(hfac)2LEt]Ð 

I II  III  

T, K 296 296 240 

ʎʝʧʴ A B A B  

Cu1ïONO 2.449(2) 2.435(5) 2.495(3) 2.460(3) 2.432(4) 

Cu2ïN 2.564(2) 2.411(6) 2.518(3) 2.592(3) 2.439(6) 

Cu1ïOhfac 
1.940(2) 

1.941(2) 

1.931(4) 

1.937(4) 

1.923(2) 

1.937(2) 

1.933(2) 

1.949(2) 

1.928(4) 

1.945(4) 

Cu2ïOhfac 
1.950(2) 

1.950(1) 

1.953(4) 

1.964(4) 

1.951(2) 

1.953(2) 

1.945(3) 

1.947(3) 

1.959(4) 

1.968(4) 

NïO 1.284(3) 1.288(6) 1.277(4) 1.278(4) 1.284(4) 

 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ [Cu(hfac)2LEt]Ð ʚ [Cu(hfac)2LEt]2-II, ʧʦʜʪʚʝʨʞʜʝʥʥʘʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʠʩ. 62 a). ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʝʨʝʭʦʜʘ 

[Cu(hfac)2LEt]ÐŸ[Cu(hfac)2LEt]2-II , ʢʨʠʩʪʘʣʣʳ [Cu(hfac)2LEt]Ð ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʭʣʘʞʜʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʛʝʣʠʷ. ɿʥʘʯʝʥʠʝ Õʵʬʬ ʜʣʷ 

[Cu(hfac)2LEt]Ð ʧʨʠ 5 K ʩʦʩʪʘʚʣʷʝʪ ~3.6 ÕB ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 2.66 ÕB ʧʨʠ 275 K, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʝʣʠʯʠʥʘ 

2.66 ÕB ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 2.45 ÕB ʜʣʷ ʜʚʫʭ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʩʦ ʩʧʠʥʘʤʠ S = İ ʠ g=2. ʇʦʩʣʝʜʫʶʱʘʷ 

ʚʳʜʝʨʞʢʘ ʦʙʨʘʟʮʘ ʧʨʠ 275 K ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ (ʈʠʩ. 62ʙ), ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, 

ʧʨʠʚʝʣʘ ʢ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ [Cu(hfac)2LEt]ÐŸ[Cu(hfac)2LEt]2-II, ʯʪʦ ʚʳʟʚʘʣʦ 

ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ Õʵʬʬ ʜʦ 0.3 ÕB. ɼʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʜʦ 5 K ʠ ʥʘʛʨʝʚ ʜʦ 300 K 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʣʠ ʥʘ ʚʝʣʠʯʠʥʫ Õʵʬʬ (ʈʠʩ. 62a). ɹʣʠʟʢʦʝ ʢ 0 ʂ ʟʥʘʯʝʥʠʝ Õʵʬʬ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʤʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [Cu(hfac)2LEt]2-II, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʷ CuïONO 

ʢʦʨʦʪʢʠʝ ʠ ʜʦʤʠʥʠʨʫʶʪ ʩʠʣʴʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨʘʭ 
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{>NḌOïCu2+}, ʧʨʠʚʦʜʷʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʧʦʣʥʦʤʫ ʩʧʘʨʠʚʘʥʠʶ ʩʧʠʥʦʚ. ʊʘʢʘʷ ʩʤʝʥʘ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʘ ʥʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʘʪʦʤʘ O ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʠʟ ʘʢʩʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʙʳʣʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʨʘʥʝʝ 

[43,132,133]. 
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ʈʠʩ. 62. (a) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ(T): ʥʘʛʨʝʚ [Cu(hfac)2LEt]Ð ʦʪ 5 ʜʦ 275 K 

ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʪʝʨʤʦʚʳʜʝʨʞʢʘ ʦʙʨʘʟʮʘ ʧʨʠ 275 K (ƴ), ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ 

[Cu(hfac)2LEt]2-II  ʜʦ 5 K ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʝʛʦ ʥʘʛʨʝʚ ʜʦ 300 K (ǒ), ʙ) ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ 

Õɻ ʬʬ [Cu(hfac)2LEt]Ð ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʝʛʦ ʪʝʨʤʦʚʳʜʝʨʞʢʝ ʧʨʠ 275 K [128].  

ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 

ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʦʛʦ [Cu(hfac)2LEt]Ð-II I ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ [Cu(hfac)2LEt]2-II  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʈʉɸ ʧʨʠ 240 K. ʈʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: 

broken symmetry DFT (BS DFT) ʠ CASSCF, ʢʦʪʦʨʳʝ ʜʘʚʘʣʠ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʤʦʣʝʢʫʣʳ (ʊʘʙʣʠʮʘ 13).  
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ʊʘʙʣʠʮʘ 13. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ [Cu(hfac)2LEt]Ð-III ʠ 

[Cu(hfac)2LEt]2-II  ʩʦʛʣʘʩʥʦ ʢʚʘʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ 

[Cu(hfac)2LEt]Ð-II I 

ʊ, K 240 

ʄʝʪʦʜ BS-DFT CASSCF 

J(ONOïCu) 28 ʩʤï1 29 ʩʤï1 

J(ONO ïONO) ï ï12 ʩʤï1 

[Cu(hfac)2LEt]2-II  

ʊ, K 240 

ʄʝʪʦʜ  BS-DFT CASSCF 

J(ONOïCu) ï900 ʩʤï1 ï952 ʩʤï1 

J(ONO ïONO) ï ï4 ʩʤï1 

 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2LEt]Ð-III  ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʉuïONO ~2.43 ¡ BS-DFT ʜʘʸʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ J(ONOïCu) = 28 ʩʤï1 ʚ ʪʨʝʭʩʧʠʥʦʚʦʤ ʦʙʤʝʥʥʦʤ ʢʣʘʩʪʝʨʝ 

{>NḌO-Cu2+ïOḌN<}, ʘ ʤʝʪʦʜʦʤ CASSCF(9,7)/NEVPT2 ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʤʝʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ J(RïCu)= 29 ʩʤï1 ʠ ʩʫʧʝʨʦʙʤʝʥʥʦʤʫ ʠʥʪʝʛʨʘʣʫ 

J(ONO-ONO) = ï12 ʩʤ-1. 

ɺ ʩʣʫʯʘʝ ʜʠʤʝʨʘ [Cu(hfac)2LEt]2ïII  BS-DFT ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʩ ʚʝʣʠʯʠʥʦʡ ʦʙʤʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ J(ONOïCu) 

= -900 ʩʤï1, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʣʠʥʦʡ ʩʚʷʟʠ ʉuïONO ~1.98 ¡. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CASSCF(8,8)/NEVPT2 ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʚʥʦʝ 

J(RïCu)= ï952 ʩʤï1 ʠ ʥʝʙʦʣʴʰʦʡ ʩʫʧʝʨʦʙʤʝʥ ʤʝʞʜʫ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʦʥ ʤʝʜʠ ʩ ʠʥʪʝʛʨʘʣʦʤ J(ONOïONO)= ï4 ʩʤï1. 

 

3.4.3. ɻʝʪʝʨʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Cu(hfac)2 ʩ L n-Pr 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʢʚʠʤʦʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ Cu(hfac)2 ʠ L n-Pr ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʳʡ [ʉu(hfac)2L n-Pr]Ð ʠ 

ʮʠʢʣʠʯʝʩʢʠʝ ʜʠʤʝʨʳ [Cu(hfac)2L n-Pr]2-I ʠ [Cu(hfac)2L n-Pr]2-II.  ʉʨʦʩʪʢʠ ʪʸʤʥʳʭ 

ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʦʜʠʬʠʢʘʮʠʠ [Cu(hfac)2L n-Pr]2-I ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ 
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ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʥ-ʛʝʢʩʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï18Áʉ ʠʣʠ 4Áʉ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

Cu(hfac)2 ʠ L n-Pr ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ ʜʠʤʝʨʥʦʛʦ [Cu(hfac)2L n-Pr]2-II  ʠ 

ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʦʛʦ [Cu(hfac)2L n-Pr]Ð. ʇʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴʩʷ ʚ 

ʚʠʜʝ ʩʤʝʩʠ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʘʷ ʧʦʜʜʘʸʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʠ ʧʦ ʮʚʝʪʫ, ʠ ʧʦ ʬʦʨʤʝ. ʂʨʠʩʪʘʣʣʳ [Cu(hfac)2L n-Pr]Ð ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʙʲʸʤʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʪʸʤʥʦ-ʢʨʘʩʥʦʛʦ ʜʦ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʪʦʛʜʘ ʢʘʢ ʢʨʠʩʪʘʣʣʳ 

[Cu(hfac)2L n-Pr]2-II  ï ʧʣʘʩʪʠʥʢʠ ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ (ʈʠʩ. 63). [Cu(hfac)2L n-Pr]Ð 

ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʚʳʜʝʣʝʥ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ.  

 

ʈʠʩ. 63. ʂʦʤʧʣʝʢʩʳ Cu(hfac)2 ʩ L n-Pr, ʚʠʜ ʢʨʠʩʪʘʣʣʦʚ ʯʝʨʝʟ ʤʠʢʨʦʩʢʦʧ.  

ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʳ [Cu(hfac)2L n-Pr]2-I ʩʣʝʜʫʝʪ 

ʥʝʤʝʜʣʝʥʥʦ ʧʝʨʝʤʝʩʪʠʪʴ ʚ ʤʦʨʦʟʠʣʴʥʫʶ ʢʘʤʝʨʫ (ï18Áʉ) ʜʣʷ ʠʭ ʩʦʭʨʘʥʝʥʠʷ. ɽʩʣʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʦʩʪʘʚʠʪʴ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʧʝʨʝʥʝʩʪʠ ʠʟ 

ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʳ (ï18Áʉ) ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 22Áʉ, ʪʦ ʯʝʨʝʟ 3ï5 

ʤʠʥʫʪ ʢʨʠʩʪʘʣʣʳ ʥʘʯʠʥʘʶʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʪʨʝʩʢʠʚʘʪʴʩʷ, ʦʪ ʥʠʭ ʥʘʯʠʥʘʶʪ 

ʦʪʜʝʣʷʪʴʩʷ ʠ ʨʘʟʣʝʪʘʪʴʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʫʶ 

ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 30ï50Áʉ ʟʘʤʝʪʥʦ ʫʩʢʦʨʷʝʪ ʬʨʘʛʤʝʥʪʘʮʠʶ ʢʨʠʩʪʘʣʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʇʕʗ ʦʪʣʝʪʘʶʱʠʭ ʦʩʢʦʣʢʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʦ ʫʞʝ ʢʨʠʩʪʘʣʣʳ 

[Cu(hfac)2L n-Pr]2-II . ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʨʫʰʘʶʪʩʷ ʜʘʞʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

[Cu(hfac)2L n-Pr]2-I, ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ: ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ, 

ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʜʠʬʨʘʢʪʦʤʝʪʨ, ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʪ 240 ʜʦ 300 K. ʇʨʠ ʵʪʦʤ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (ʢʦʨʦʪʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʦʣʫʯʝʥʠʶ ʥʘʙʦʨʘ ʦʪʨʘʞʝʥʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʇʕʗ) ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʪʨʠ ʛʨʫʧʧʳ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʭ ʦʪʨʘʞʝʥʠʡ, 
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ʠʥʜʝʢʩʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʜʥʘ ʠʟ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʤʫ 

[Cu(hfac)2L n-Pr]2-I, ʘ ʜʚʝ ʜʨʫʛʠʭ ï [Cu(hfac)2L n-Pr]2-II. ʕʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʝʥʥʳʡ ʩ 

ʦʭʣʘʞʜʝʥʠʝʤ ʟʘʚʝʜʦʤʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ [Cu(hfac)2L n-Pr]2-II  ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ 240 K, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʥʝ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʡ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʞʘʪʠʷ 

ʦʙʨʘʟʮʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ 225 K ʤʦʥʦʢʨʠʩʪʘʣʣ [Cu(hfac)2L n-Pr]2-II  

ʨʘʩʪʨʝʩʢʠʚʘʝʪʩʷ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʝʢ ʜʣʷ ʜʚʫʭ ʚʳʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʦʪʨʘʞʝʥʠʡ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ [Cu(hfac)2L n-Pr]2-I. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʣʝʜʫʶʱʝʝ: ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ [Cu(hfac)2L n-Pr]2-I D [Cu(hfac)2L n-Pr]2-II  ʦʙʨʘʪʠʤ; 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [Cu(hfac)2L n-Pr]2-II, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ [Cu(hfac)2L n-Pr]2-I. ʇʨʠ ʵʪʦʤ 

ʧʝʨʝʭʦʜ ʚ ʣʶʙʫʶ ʩʪʦʨʦʥʫ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʧʨʠ 255 K ʢʨʠʩʪʘʣʣʳ ʦʙʝʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴʩʷ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ 240 K ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʧʦʣʠʤʦʨʬʳ I ʠ II  ʦʙʨʘʟʦʚʘʥʳ ʙʣʠʟʢʠʤʠ ʧʦ ʩʪʨʦʝʥʠʶ ʜʚʫʭʲʷʜʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

(ʈʠʩ. 64). ʇʦʩʢʦʣʴʢʫ ʢʨʠʩʪʘʣʣʳ [Cu(hfac)2L n-Pr]2-II  ʫʩʪʦʡʯʠʚʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʜʣʷ ʥʠʭ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʘʢʞʝ ʠ ʧʨʠ 296 K. ɺ ʧʨʠʚʝʜʝʥʳ 

ʠʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʜʣʷ ʦʙʩʫʞʜʘʝʤʳʭ ʤʦʣʝʢʫʣ. ʂʘʢ ʚ [Cu(hfac)2L n-Pr]2-I, ʪʘʢ ʠ ʚ 

[Cu(hfac)2L n-Pr]2-II  ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Cu ʦʙʨʘʟʫʶʪ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʨʠ ʘʪʦʤʘ Ohfac ʠ ʘʪʦʤ ONO, ʘʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ 

ʘʪʦʤʳ Ohfac ʠ NPz. ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʘʭ ʨʘʩʩʪʦʷʥʠʷ CuïO and CuïN ʨʘʟʣʠʯʘʶʪʩʷ 

ʤʘʣʦ. ɹʣʠʟʢʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʫʛʣʳ ÏCu-O-N. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʦʣʝʢʫʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʚʦʨʦʪʝ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧ (ʈʠʩ. 64ʘ). ʀʭ ʧʦʣʦʞʝʥʠʝ ʚ [Cu(hfac)2L n-Pr]2-I ʧʨʠʚʦʜʠʪ 

ʢ ʥʘʣʠʯʠʶ ʢʦʨʦʪʢʠʭ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ CïHéOhfac (CéO 3.16 ¡), ʢʦʪʦʨʳʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʜʣʠʥʥʝʝ ʚ [Cu(hfac)2L n-Pr]2-II. ʈʘʩʯʸʪ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʫʧʘʢʦʚʢʠ ʜʘʣ 

ʚʝʣʠʯʠʥʫ ï393.4 ʠ ï374.9 ʢɼʞ/ʤʦʣʴ ʜʣʷ [Cu(hfac)2L n-Pr]2-I ʠ [Cu(hfac)2L n-Pr]2-II  ʧʨʠ 240 K 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʣʠʤʦʨʬʘ I ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ.  
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ʈʠʩ. 64. ɹʠʷʜʝʨʥʳʝ ʤʦʣʝʢʫʣʳ (a) [Cu(hfac)2L n-Pr]2-I (ʞʝʣʪʘʷ), ʊ-240 K; [Cu(hfac)2L n-Pr]2-II  

(ʦʨʘʥʞʝʚʘʷ) 296 K; (ʪʦʥʢʠʝ ʯʝʨʥʳʝ ʣʠʥʠʠ - ʢʦʨʦʪʢʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ), (ʙ) 

ʩʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣ ʠ (ʚ) ʩʨʘʚʥʝʥʠʝ ʫʧʘʢʦʚʦʢ [Cu(hfac)2L n-Pr]2-I ʠ [Cu(hfac)2L n-Pr]2-II  [128]. 

ʊʘʙʣʠʮʘ 14. ʀʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʫʛʣʳ ʜʣʷ [Cu(hfac)2L n-Pr]2-I ʠ [Cu(hfac)2L n-Pr]2-II  

[128] 

ʉʦʝʜʠʥʝʥʠʝ  [Cu(hfac)2L n-Pr]2ïI [Cu(hfac)2L n-Pr]2ïII  

T, K 240 240 296 

Cu-ONO 1.983(1) 1.981(1) 1.959(5) 

Cu-N 2.594(2) 2.557(2) 2.576(7) 

CuïOhfac 

1.910(1)  

1.927(1)  

1.996(2)  

2.331(2) 

1.916(8)  

1.932(2)  

1.985(2)  

2.298(2) 

1.927(6)  

1.935(5)  

1.960(6)  

2.276(6) 

NïO 1.299(2) 1.287(3) 1.307(7) 

ÏCu-O-N 125.3(1) 126.1(1) 127.3(5) 
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ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ [Cu(hfac)2L n-Pr]2-I ʠʣʠ [Cu(hfac)2L n-Pr]2-II  ʜʦ ~320 K ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʧʣʘʚʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʥʘ ʦʨʘʥʞʝʚʳʡ (ʈʠʩ. 65).  

 

ʈʠʩ. 65. ɺʠʜ ʢʨʠʩʪʘʣʣʘ [Cu(hfac)2L n-Pr]2-II  ʜʦ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʜʦ 320 K (ʩʧʨʘʚʘ) 

[128]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʢʦʣʢʘ ʦʧʣʘʚʠʚʰʝʛʦʩʷ (ʥʦ ʥʝ ʨʘʩʧʣʘʚʠʚʰʝʛʦʩʷ ʧʦʣʥʦʩʪʴʶ) 

ʢʨʠʩʪʘʣʣʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʛʦ ʇʕʗ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʘʤ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2L n-Pr]Ð. ʀʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʟʘʚʝʜʦʤʦ ʧʦʣʫʯʝʥʥʦʛʦ [Cu(hfac)2L n-Pr]Ð 

ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʪʠʧʘ ʮʝʧʦʯʝʢ ɸ ʠ ɹ (ʈʠʩ. 66).  

 

  

A ɹ 

ʈʠʩ. 66. ʉʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʮʝʧʝʡ ɸ ʠ ɹ ʚ 

ʩʪʨʫʢʪʫʨʝ [Cu(hfac)2L n-Pr]Ð, ʅ-ʘʪʦʤʳ ʠ CF3-ʛʨʫʧʧʳ hfac ʩʢʨʳʪʳ [128]. 

 

ɺʥʫʪʨʠ ʮʝʧʝʡ ʯʝʨʝʜʫʶʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʫʟʣʳ {CuO4N2} ʠ {CuO6}, ʚ ʢʦʪʦʨʳʭ 

ʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ {Cu(Ohfac)4} ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ ʠʩʢʘʞʝʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ NPz ʧʠʨʘʟʦʣʴʥʳʭ ʮʠʢʣʦʚ ʠʣʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ONO ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ. ʇʦʩʣʝʜʥʠʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʪʨʝʭʩʧʠʥʦʚʳʭ ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ 

{>NḌO-Cu2+-OḌN<}. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʪʨʦʝʥʠʠ ʮʝʧʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʣʠʥʘʭ 

ʘʢʩʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʘʭ ʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʨʦʧʠʣʴʥʦʛʦ ʠ 
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ʪʨʝʪ-ʙʫʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʦʚ L n-Pr ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ. 

ɿʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʠ CuïNPz ʠ CuïONO ʩʦʩʪʘʚʣʷʶʪ ʧʨʠ 296 K ʚ ʮʝʧʦʯʢʝ A 2.464(2) ʠ 

2.470(2) ¡, ʚ ʮʝʧʦʯʢʝ B ï 2.438(2) ʠ 2.573(3) ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʳ [Cu(hfac)2L n-Pr]Ð ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʘ ʦʪ 240 ʜʦ 

90 K ʨʘʩʩʪʦʷʥʠʷ CuïONO ʠ CuïN ʩʦʢʨʘʱʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʊʘʙʣʠʮʘ 15). ʋʩʪʘʥʦʚʣʝʥʦ 

ʪʘʢʞʝ, ʯʪʦ [Cu(hfac)2L n-Pr]2-II  ʧʝʨʝʭʦʜʠʪ ʚ [Cu(hfac)2L n-Pr]Ð ʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ ʚʳʜʝʨʞʢʝ ʦʙʨʘʟʮʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 1ï2 ʩʫʪʦʢ.  

 

ʊʘʙʣʠʮʘ 15. ʀʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʠ(¡) ʠ ʫʛʣʳ (ʛʨʘʜ) ʚ [Cu(hfac)2L n-Pr]Ð [128] 

 A B A B A B 

T, K 296 240 90 

Cu-ONO 2.464(2) 2.438(2) 2.449(2) 2.409(1) 2.427(1) 2.365(1) 

Cu-N 2.470(2) 2.573(3) 2.443(2) 2.552(2) 2.400(1) 2.521(2) 

CuïOhfac 1.917(2)ï1.960(2) 1.925(2)ï1.961(2) 1.930(1)ï1.968(1) 

O 1.286(2) 1.279(3) 1.288(2) 1.284(2) 1.293(2) 1.294(2) 

ÏCu-O-N 126.1(2) 129.8(2) 124.5(1) 128.0(1) 122.2(1) 124.8(1) 

 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣ ʟʘʚʝʜʦʤʦʛʦ [Cu(hfac)2L n-Pr]Ð ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʝʝ ʩʫʪʦʢ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʧʨʠ 303 ʠʣʠ 315 K, ʪʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʙʨʘʟʮʦʤ (ʈʠʩ. 67) ʦʙʥʘʨʫʞʠʚʘʝʪ ʧʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ [Cu(hfac)2L *n-Pr]Ð, ʦʙʣʘʜʘʶʱʠʡ ʪʝʤʥʦ-ʞʝʣʪʦʡ ʦʢʨʘʩʢʦʡ.  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Cu(hfac)2L *n-Pr]Ð ʩʦʜʝʨʞʠʪ ʯʝʨʝʜʫʶʱʠʝʩʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʫʟʣʳ {CuO4N2} ʠ {CuO6}. ɺ ʫʟʣʘʭ {CuO6} ʘʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ 

ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ O ʧʠʨʘʟʦʣʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

L n-Pr. ʈʘʩʩʪʦʷʥʠʷ CuïOPz ʩʦʩʪʘʚʣʷʶʪ 2.541(1) ʠ 2.547(6) ¡ ʧʨʠ 315 ʠ 303 K 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 67. ʌʨʘʛʤʝʥʪ ʮʝʧʠ [Cu(hfac)2L *n-Pr] (ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʘ ONO ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʥʷʪʦʩʪʴʶ 

ʧʦʢʘʟʘʥʦ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ). L *n-Pr ï 5-(ʪʨʝʪ-ʙʫʪʠʣʠʤʠʥʦ)-1-ʧʨʦʧʠʣ-1,5-ʜʠʛʠʜʨʦ-4H-

ʧʠʨʘʟʦʣ-4-ʦʥ [128]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2L *n-Pr]Ð 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (303 ʠʣʠ 315 K, ʊʘʙʣʠʮʘ 16) ʪʘʢʞʝ ʥʝ ʚʣʠʷʣʦ ʥʘ ʨʝʟʫʣʴʪʘʪ. ʅʝ 

ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʝʢʘʣ ʥʝ 

ʜʦ ʢʦʥʮʘ. ʕʪʠʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦ, ʯʪʦ ʫʪʦʯʥʝʥʠʝ ʟʘʥʷʪʦʩʪʠ ʧʦʟʠʮʠʠ ʜʣʷ ʧʠʢʘ, 

ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ ʚʙʣʠʟʠ ʘʪʦʤʘ Nt-Bu, ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʝʸ ʢʘʢ ʯʘʩʪʠʯʥʦ 

(7-16%) ʟʘʥʷʪʫʶ ʘʪʦʤʦʤ ONO (ʈʠʩ. 67).  

 

ʊʘʙʣʠʮʘ 16. ʀʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʫʛʣʳ [Cu(hfac)2L *n-Pr]Ð [128] 

Compound 
[Cu(hfac)2L *n-Pr]Ð 

16% NO 

[Cu(hfac)2L *n-Pr]Ð  

7% NO 

T, K 315 303 

CuïOC=O 2.547(6) 2.541(1) 

Cu-N 2.612(7) 2.615(2) 

CuïOhfac  1.919(5)ï1.938(4) 1.9329(15)ï1.9449(15) 

NïO 1.24(4) 1.29(2) 

ʉ=O 1.224(8) 1.216(3) 

ÏCu-O-C 158.3(1) 157.79(17) 
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ʎʝʣʘʷ ʩʝʨʠʷ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ [Cu(hfac)2L n-Pr]2-II, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʈʠʩ. 68.  

 

20 ʤʠʥ 75 ʤʠʥ 343 ʤʠʥ 372 ʤʠʥ 399 ʤʠʥ 422 ʤʠʥ 

      

ʈʠʩ. 68. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʘʨʪʠʥʳ ʦʪʨʘʞʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ [Cu(hfac)2L n-Pr]2-II  ʚ [Cu(hfac)2L *n-Pr]Ð (ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ) 

[128]. 

ʇʝʨʚʳʡ ʢʘʜʨ ʥʘ ʈʠʩ. 68 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 20 ʤʠʥ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʄʦʥʦʢʨʠʩʪʘʣʣ ʙʳʣ ʧʦʤʝʱʝʥ ʥʘ ʩʪʝʢʣʷʥʥʳʡ ʜʝʨʞʘʪʝʣʴ ʧʨʠ 290 K, ʧʦʢʨʳʪʳʡ ʩʣʦʝʤ 

ʙʳʩʪʨʦʩʦʭʥʫʱʝʛʦ ʢʣʝʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʦʩʣʝ ʠʥʜʝʢʩʘʮʠʠ 98% 

ʦʪʨʘʞʝʥʠʡ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʇʕʗ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʵʪʦ ʤʦʥʦʢʨʠʩʪʘʣʣ 

[Cu(hfac)2L n-Pr]2-II . ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 303 K ʠ ʚʳʜʝʨʞʢʘ ʧʨʠ ʥʝʡ ʝʱʝ ʚ ʪʝʯʝʥʠʝ 

~60 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʘ ʠ ʧʦʩʪʝʧʝʥʥʦʤʫ ʥʘʨʘʩʪʘʥʠʶ 

ñʣʠʰʥʠʭò ʦʪʨʘʞʝʥʠʡ (ʈʠʩ. 68, 75 ʤʠʥ). ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣ ʟʘʧʫʱʝʥ ʧʦʣʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

ʏʝʨʝʟ 95 ʤʠʥ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʙʦʨʘ ʦʪʨʘʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

[Cu(hfac)2L n-Pr]Ð ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʨʘʞʝʥʠʡ ʦʪ [Cu(hfac)2L n-Pr]2-II. ʇʦ ʧʨʦʰʝʩʪʚʠʠ 

300 ʤʠʥʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʳ ʧʦ ʦʜʥʦʤʫ ʠʟ ʜʦʤʝʥʦʚ ʢʘʢ 

ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʦʠʟʦʰʣʘ SCïSC 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʙʠʷʜʝʨʥʦʛʦ [Cu(hfac)2L n-Pr]2-II  ʚ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʳʡ 

[Cu(hfac)2L n-Pr]Ð. ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʦʚʳʜʝʨʞʢʝ ʢʨʠʩʪʘʣʣʘ ʦʪʨʘʞʝʥʠʷ ʦʪ 

[Cu(hfac)2L n-Pr]Ð ʩʪʘʥʦʚʠʣʠʩʴ ʩʣʘʙʝʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʣʠ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʧʦʷʚʣʷʣʠʩʴ ʥʦʚʳʝ ʩʣʘʙʳʝ ʦʪʨʘʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʨʫʛʦʡ ʬʘʟʝ (ʈʠʩ. 68, 399 ʤʠʥ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʧʨʠʥʷʣ 

ʪʸʤʥʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ, ʧʦ ʥʦʚʳʤ ʦʪʨʘʞʝʥʠʷʤ (ʈʠʩ. 68, 422 ʤʠʥ) ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʦʧʨʝʜʝʣʠʪʴ ʇʕʗ ʠ ʨʝʰʠʪʴ ʩʪʨʫʢʪʫʨʫ ʥʦʚʦʡ ʬʘʟʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʚʦʤʫ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [Cu(hfac)2L *n-Pr]Ð (ʈʠʩ. 67). 
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ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʩʢʦʣʴʢʫ [Cu(hfac)2L n-Pr]2-I ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʝʭʦʜʠʪ ʚ [Cu(hfac)2L n-Pr]2-II, ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʠʥʘʣʠ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩ. 69).  
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ʈʠʩ. 69. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɛʵʬʬ(ʊ) ʜʣʷ [Cu(hfac)2L n-Pr]2-I ʧʝʨʚʦʝ ʥʘʛʨʝʚʘʥʠʝ 

ʦʪ 5 ʜʦ 300 K (ǒ), ʦʭʣʘʞʜʝʥʠʝ [Cu(hfac)2Ln-Pr]Ð (ƺ) ʜʦ 3.2 K, ʚʪʦʨʦʝ ʥʘʛʨʝʚʘʥʠʝ 

[Cu(hfac)2L n-Pr]Ð ʦʪ 3.2 ʜʦ 320 K  (ƴ), ʜʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ [Cu(hfac)2L *n-Pr]Ð ʯʝʨʝʟ 4 ʯʘʩʘ 

ʦʪ 320 ʜʦ 3.2 K (ǅ) [128].  

ɿʥʘʯʝʥʠʝ Õʵʬʬ ʧʨʠ 5 K ʩʦʩʪʘʚʣʷʝʪ 0.1 ÕB, ʢʦʪʦʨʦʝ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ~0.6 ÕB ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ ʜʦ 300 K (ʈʠʩ. 69, ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʩʯʸʪʝ ʥʘ ʬʨʘʛʤʝʥʪ 

[Cu(hfac)2L n-Pr], ʚʢʣʶʯʘʶʱʠʡ ʦʜʠʥ ʠʦʥ Cu(II )). ʍʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T) ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʠʣʴʥʳʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʩʧʠʥʘʤʠ Cu(II) ʠ ʥʠʪʨʦʢʩʠʣʦʚ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʘ ONO. ʅʘ ʟʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T) 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ [Cu(hfac)2L n-Pr]2-I Ÿ [Cu(hfac)2L n-Pr]2-II  ʥʠʢʘʢ ʥʝ ʦʪʨʘʞʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚ 

[Cu(hfac)2L n-Pr]2-II  ʥʠʪʨʦʢʩʠʣʳ ʪʘʢʞʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ (ʈʠʩ. 64), ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʠʣʴʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʥʝʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʩʧʘʨʠʚʘʥʠʶ ʩʧʠʥʦʚ ʚ ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨʘʭ 

{>NḌOïCu2+}.  
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ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ 300 K ʚ ʪʝʯʝʥʠʝ 7 ʯ ʧʨʦʠʩʭʦʜʠʪ 

ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʝ ʚ [Cu(hfac)2L n-Pr]Ð, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ Õʵʬʬ ʜʦ 2.66 ÕB, ʯʪʦ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 2.45 ÕB ʜʣʷ ʜʚʫʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʩʦ ʩʧʠʥʘʤʠ S = İ ʠ g=2. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ɛʵʬʬ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 3.2 ÕB ʧʨʠ 5 K. ʇʝʨʝʭʦʜ ʢ ʨʝʞʠʤʫ ʥʘʛʨʝʚʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʭʦʜ ʢʨʠʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ Õɻ ʬʬ(T), ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ɺ ʦʙʣʘʩʪʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʟʥʘʯʝʥʠʝ Õʵʬʬ, ʨʘʚʥʦʝ 2.66 ÕB, ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ 320 K. ɼʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T) 

ʠʜʝʥʪʠʯʝʥ ʥʘʙʣʶʜʘʝʤʦʤʫ ʜʣʷ ʟʘʚʝʜʦʤʦʛʦ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2L n-Pr]Ð (ʇʨʠʣʦʞʝʥʠʝ 4). ʆʜʥʘʢʦ ʚʳʜʝʨʞʢʘ ʦʙʨʘʟʮʘ ʧʨʠ 320 K ʚʳʟʳʚʘʝʪ 

ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ Õʵʬʬ ʜʦ 1.95 ÕB, ʯʪʦ ʙʣʠʟʢʦ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʯʠʩʪʦ ʩʧʠʥʦʚʦʤʫ 

ʟʥʘʯʝʥʠʶ 1.73 ÕB ʜʣʷ ʦʜʥʦʛʦ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ L n-Pr ʚ 

ʜʠʘʤʘʛʥʠʪʥʳʡ L *n-Pr, ʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʥʳʡ ʧʝʨʝʭʦʜ [Cu(hfac)2L n-Pr]Ð ʚ 

[Cu(hfac)2L *n-Pr]Ð ʧʨʦʠʩʭʦʜʠʪ ʟʘ 4 ʯʘʩʘ. 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪ r ʤʝʪʦʜʦʤ BS-DFT ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʝ 

[Cu(hfac)2L n-Pr]2-II ʨʝʘʣʠʟʫʶʪʩʷ ʩʠʣʴʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠ ʚʝʣʠʯʠʥʘ J(ONO-Cu) ʩʦʩʪʘʚʣʷʝʪ ~ ï800 ʩʤï1, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʥʠʪʨʦʢʩʠʣʘ. ʈʘʩʯʝʪ ʤʝʪʦʜʦʤ 

CASSCF(8,8)/NEVPT2 ʧʦʢʘʟʘʣ ʚʝʣʠʯʠʥʫ J(ONO-Cu) = ï851 ʩʤï1. ɺ ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʤ 

ʢʦʤʧʣʝʢʩʝ [Cu(hfac)2L n-Pr]Ð ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʮʝʧʦʯʝʢ ɸ ʠ ɹ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʸʭʮʝʥʪʨʦʚʳʝ ʦʙʤʝʥʥʳʝ ʢʣʘʩʪʝʨʳ {>NḌO-Cu2+ïOḌN<} ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʠʦʥʳ Cu(II ). ɺ ʪʨʝʭʩʧʠʥʦʚʦʤ ʦʙʤʝʥʥʦʤ ʢʣʘʩʪʝʨʝ ʧʘʨʘʤʝʪʨ J(ONO ïCu) ~80ï100 ʩʤ-1, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʙʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʦʣʝʟʥʦ ʩʨʘʚʥʠʪʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʘ ʩʧʠʥʦʚʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʘʤʢʘʭ CASSCF/NEVPT2. ʊʘʢ, ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2L n-Pr]Ð  CASSCF(9,7)/NEVPT2 ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʚʝʯʘʝʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʦʙʤʝʥʫ ʩ ʠʥʪʝʛʨʘʣʦʤ J(ONO-Cu)= 25ï40 ʩʤ-1 ʠ ʩʫʧʝʨʦʙʤʝʥʥʦʤʫ 

ʠʥʪʝʛʨʘʣʫ ʤʝʞʜʫ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʣʠʛʘʥʜʦʚ (ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʦʥ 

ʤʝʜʠ) J(ONO ïONO) = ï7 õ ï16 ʩʤ-1. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʣʠʟʢʠ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ J(ONOïCu)= 65 ʩʤ-1 ʠ 

J(ONO-ONO)= -26 ʩʤ-1, ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T) 
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(ʈʠʩ. 69, ʦʨʘʥʞʝʚʘʷ ʢʨʠʚʘʷ), ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʷ ʦʙʤʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʚ ʨʘʩʯʝʪʘʭ DFT 

ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ ʚʳʰʝ (ʊʘʙʣʠʮʘ 17). 

 

ʊʘʙʣʠʮʘ 17. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ [Cu(hfac)2L n-Pr]2-II  ʠ 

[Cu(hfac)2L n-Pr]Ð ʩʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ 

[Cu(hfac)2L n-Pr]2-II  

ʊ, K 296 

ʄʝʪʦʜ  BS-DFT CASSCF 

J(ONOïCu), ʩʤï1 ï800  ï851 

J(ONO ïONO), ʩʤï1 ï  

[Cu(hfac)2L n-Pr]Ð 

ʊ, K 90 

ʄʝʪʦʜ  BS-DFT CASSCF 

ʄʦʣʝʢʫʣʘ  ɸ ɹ ɸ ɹ 

J(ONOïCu), ʩʤï1 80 100 25 40 

J(ONO ïONO), ʩʤï1 - - 7 16 

 

ʇʦʜʚʝʜʝʤ ʦʙʱʠʡ ʠʪʦʛ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʛʣʘʚʘʤ 3.4.2 ʠ 3.4.3. ʆʙʥʘʨʫʞʝʥʳ 

ʛʝʪʝʨʦʩʧʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ 

ʬʘʟʦʚʳʤʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤʠ. ʇʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʬʘʢʪʦʨʘʤʠ, ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʪʚʸʨʜʦʡ 

ʬʘʟʝ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠ ʥʝʞʝʩʪʢʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ Cu(hfac)2, ʩʦʜʝʨʞʘʱʝʡ 

ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʡ ʠʦʥ, ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʥʠʪʨʦʢʩʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʘʮʠʢʣʠʯʝʩʢʠʡ 

ʨʘʜʠʢʘʣ. ʉ ʮʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ, ʥʘʤʠ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ: 

ʜʠʘʤʘʛʥʠʪʥʳʭ ʘʥʘʣʦʛʦʚ ʨʘʜʠʢʘʣʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʤʠ, ʠ ʛʝʪʝʨʦʩʧʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʄ(hfac)2, ʛʜʝ ʄ ï ʤʝʪʘʣʣʳ ʧʝʨʚʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʨʷʜʘ, ʠ LR (R = Et, n-Pr). 

ʇʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʘʭ 3.4.5, 3.5, 3.5.1. 
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3.4.4. ɻʝʪʝʨʦʩʧʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ Cu(hfac)2 ʩ L i-Pr  

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Cu(hfac)2 ʠ L i-Pr ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2L i-Pr]Ð ʧʦʣʠʤʝʨʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʤʦʪʠʚʦʤ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè, 

ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ L i-Pr ʯʝʨʝʟ ʠʤʠʥʥʳʡ ʘʪʦʤ N 

ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʘʪʦʤ ʆNO ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʈʠʩ. 70). ʂʦʤʧʣʝʢʩ ʦʙʨʘʟʦʚʘʥ 

ʜʚʫʤʷ ʪʠʧʘʤʠ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ ï { CuO6} ʠ {CuO4N2}. 

{ CuO6} ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʚʘʜʨʘʪʥʫʶ ʙʠʧʠʨʘʤʠʜʫ, ʘ ʚ {CuO4N2} ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʪʘʢʦʚʦ, ʯʪʦ ʥʘ ʫʜʣʠʥʝʥʥʦʡ ʦʩʠ ʉu ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ N ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠ 

ʨʘʩʩʪʦʷʥʠʝ Cu2-N ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 2.8 ¡ (ʊʘʙʣʠʮʘ 18). 

 
 

 

ʈʠʩ. 70. ʌʨʘʛʤʝʥʪ ʮʝʧʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʝ [Cu(hfac)2L i-Pr]Ð, ʚʠʜ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜ 

ʤʠʢʨʦʩʢʦʧʦʤ. 

ʊʘʙʣʠʮʘ 18. ʀʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʝ [Cu(hfac)2L i-Pr]Ð 

ʉʦʝʜʠʥʝʥʠʝ  [Cu(hfac)2L i-Pr]Ð 

T, K 296 

Cu1-ONO 2.423 

Cu1ïOhfac 1.937, 1.935 

Cu2-N 2.822 

Cu2ïOhfac 1.930, 1.919 

NïO 1.272(3) 

 
















































































