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ʆʉʅʆɺʅʓɽ ʉʆʂʈɸʑɽʅʀʗ ʀ ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

 

pz ï ʧʠʨʘʟʦʣʴʥʳʡ ʮʠʢʣ 

pym ï ʧʠʨʠʤʠʜʠʥʦʚʳʡ ʮʠʢʣ 

 

ESIPT ï ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (excited state intramo-

lecular proton transfer) 

GSIPT ï ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (ground state intramolecular 

proton transfer) 

TADF ï ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʟʘʤʝʜʣʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (thermally activated delayed fluo-

rescence) 

MLCT ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʤʝʪʘʣʣïʣʠʛʘʥʜ (metal-to-ligand charge transfer) 

LMCT ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʣʠʛʘʥʜïʤʝʪʘʣʣ (ligand-to-metal charge transfer) 

LL* ï ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʡ ʧʝʨʝʭʦʜ 

HOMO ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ (highest occupied molecular orbital) 

LUMO ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ (lowest unoccupied molecular orbital) 

ɚexc ï ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ɚem ï ʜʣʠʥʘ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʵʤʠʩʩʠʷ 

 

k ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

kr ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

knr ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

kisc ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ ʩʠʥʛʣʝʪŸʪʨʠʧʣʝʪ 

krisc ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ ʪʨʠʧʣʝʪŸʩʠʥʛʣʝʪ 

E ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

 

LS ï ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ (low spin state) 

HS ï ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ (high spin state) 

LIESST ï ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ (light induced excited spin state trapping) 

10Dq ï ʧʘʨʘʤʝʪʨ ʨʘʩʱʝʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ 

ʇ ï ɻ ʥʝʨʛʠʷ ʩʧʘʨʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

C ï ʪʝʧʣʦʸʤʢʦʩʪʴ 

Cp ï ʪʝʧʣʦʸʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 

T1/2 ï ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʣʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʠ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʬʨʘʢʮʠʡ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ 

Tʩ ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ 

Tʩŷ ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

Tʩŷ ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ȹH ï ɻ ʥʪʘʣʴʧʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ȹS ï ɻ ʥʪʨʦʧʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ɢM ï ʤʦʣʷʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ɛɻʬ ï ɻ ʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ  
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʘʟʘʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʣʠʛʘʥ-

ʜʘʤʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠ-

ʤʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʩʚʷʟʘʥʦ ʩ ʢʨʘʡʥʝ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ ʢʦʤ-

ʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʩʪʦʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ, ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʤʝʨʝ, ʧʨʦʚʦʜʠʪʴ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʮʝʣʝʚʦʛʦ ʩʚʦʡʩʪʚʘ. ɺʩʸ ʵʪʦ 

ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʢʣʘʩʩ ʢʦʤʧʣʝʢʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʦʡ-

ʩʪʚʘ ʢʦʪʦʨʳʭ ʠʥʪʝʨʝʩʥʳ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʪʘʢ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, 

ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʢʠ ʦ ʤʘʪʝʨʠʘʣʘʭ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ (spin transition, 

spin crossover) ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚʘʞʥʦ ʢʘʢ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦ-

ʚʝ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʵʪʠ ʩʚʦʡʩʪʚʘ. ʍʦʪʷ ʵʪʠ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʜʫʮʠʨʦʚʘʥʳ ʨʘʟ-

ʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʩʫʱʝʩʪʚʫʶʪ ʦʩʥʦʚʥʳʝ, ʜʦʩʪʘʪʦʯʥʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ 

ʩʣʫʯʘʝʚ, ʩʧʦʩʦʙʳ ʠʭ ʠʥʜʫʮʠʨʦʚʘʥʠʷ. ʊʘʢ, ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʥʜʫʮʠʨʦʚʘʥʠʷ ʩʧʠʥʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠʡ, ʪʦʛʜʘ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠ ʬʦ-

ʪʦ- ʠ ʵʣʝʢʪʨʦʚʦʟʙʫʞʜʝʥʠʠ. ʆʧʨʝʜʝʣʸʥʥʳʤ ʛʠʙʨʠʜʦʤ ʪʝʨʤʠʯʝʩʢʠ- ʠ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʟʘʤʝʜʣʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (thermally activat-

ed delayed fluorescence). ʉʦʝʜʠʥʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʫ  ʁʟʘʤʝʜ-

ʣʝʥʥʫ  ʁʬʣʫʦʨʝʩʮʝʥʮʠ ,ʁ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʠʟʣʫʯʘʶ-

ʱʠʭ ʜʠʦʜʦʚ (light emitting diodes, organic light emitting diodes). ʂʦʤʧʣʝʢʩʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 

ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʦʩʦʙʝʥʥʦ ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ 

ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʍʦʪʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚ ʪʦʡ ʦʙʣʘʩʪʠ ʭʠʤʠʠ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʘ ʜʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʷ, ʚʝʜʫʪʩʷ 

ʜʘʚʥʦ (ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣ-

ʣʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ), ʧʨʦʙʣʝʤʳ ʠ ʣʘʢʫʥʳ, 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚʝʩʴʤʘ ʤʥʦʛʦʦʙʨʘʟʥʳ. ʆʥʠ ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʦʙʟʦ-

ʨʝ ʣʠʪʝʨʘʪʫʨʳ ʢ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʪʤʝʪʠʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʩʨʝʜʠ ʥʠʭ.  

ï ʇʨʦʙʣʝʤʘ ʩʠʥʪʝʟʘ ʬʣʫʦʨʦʬʦʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚʘ, ʥʝʪʠʧʠʯʥʳʝ ʜʣʷ ñʦʙʳʯ-

ʥʳʭò/ñʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭò ʬʣʫʦʨʦʬʦʨʦʚ (conventional fluorophores), ʥʘʧʨʠʤʝʨ, ʜʚʦʡʥʫ  ʁʵʤʠʩ-

ʩʠʁ (dual emission), ʟʘʤʝʜʣʝʥʥʫ  ʁʬʣʫʦʨʝʩʮʝʥʮʠ ʁʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʤʠʩʩʠʠ ʢ ʜʣʠʥʝ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʇʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ/ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ.  

ï ʇʨʦʙʣʝʤʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʰʠʨʦʢʦʡ ʧʝʪ-

ʣʸʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʉʚʷʟʘʥʥʦʡ ʩ ʥʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʣʠʰʴ ʦʙʦʩʪʨʷʶʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʪʨʘʜʠ-

ʮʠʦʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʦʩ-

ʥʦʚʘʥʥʘʷ ʥʘ ʩʠʥʪʝʟʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʜʘʣʘ, ʢʘʢ ʵʪʦ ʥʠ ʧʘʨʘʜʦʢʩʘʣʴʥʦ, ʤʝʥʴʰʝ 

ʷʨʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʝʤ ʩʠʥʪʝʟ ʦʜʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʤʝ-

ʪʘʣʣʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʘʟʘʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʩ ʧʨʠʮʝʣʦʤ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʨʤʠʯʝʩʢʠ- ʠ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, 
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ʘ ʪʘʢʞʝ ʧʦʥʠʤʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʨʦʷʚʣʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʩʚʦʡʩʪʚ, ʧʨʠʥʘʜ-

ʣʝʞʘʪ ʢ ʯʠʩʣʫ ʘʢʪʫʘʣʴʥʳʭ ʠ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʭ ʟʘʜʘʯ ʭʠʤʠʠ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʤʳ ʜʝʣʘʝʤ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, 

ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, ʤʝʜʠ, ʮʠʥ-

ʢʘ ʠ ʢʘʜʤʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʣʦʚ (ʧʠʨʘʟʦʣ, ʠʤʠʜʘʟʦʣ, ʪʨʠʘʟʦʣ) ʠ ʘʟʠʥʦʚ (ʧʠʨʠʜʠʥ, ʧʠʨʠʤʠ-

ʜʠʥ), ʚ ʯʘʩʪʥʦʩʪʠ, ʩ çʛʠʙʨʠʜʥʳʤʠè ʣʠʛʘʥʜʘʤʠ, ʦʙʲʝʜʠʥʷʶʱʠʤʠ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʘʟʦʣʴʥʳʭ ʠ ʘʟʠ-

ʥʦʚʳʭ ʮʠʢʣʦʚ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ. ɼʦ ʥʘʰʠʭ ʨʘʙʦʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ:  

ï ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʶ; 

ï ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʤʠʩʩʠʶ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ, ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʟʘʤʝʜʣʝʥʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ 

ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ;  

ï ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ï 2-(ʘʟʠʥʠʣ)-4(6)-

ʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʘʤʠ ʠ 2,4(6)-ʜʠʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ;  

ï ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ ʠʟʦʤʝʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦ-

ʚʳʡ ʧʝʨʝʭʦʜ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ. 

ʎʝʣɹ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʵʤʠʩ-

ʩʠʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʝʟʢʠʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʪʝʨʤʠ-

ʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʥʘ ʦʩʥʦʚʝ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʣʦʚ ʠ ʘʟʠʥʦʚ.   

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʚʨʘʱʝʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), ʤʝʜʠ(I,II) ʠ ʤʝʜʠ(II) ʩ ʘʟʦ-

ʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ; 

ï cʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʩ ʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʫʩʣʦʚʠʡ (ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ);  

ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʦʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʥʘʙʣʶʜʘʝʤʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʠ 

ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ;  

ï ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ ʙʠ-, ʪʨʠ- ʠ ʧʦʣʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫ-

ʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʠ ʚ ʨʘʩʪʚʦʨʘʭ;  

ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʪʚʸʨʜʳʭ 

ʬʘʟ ʢʦʤʧʣʝʢʩʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʭʘʨʘʢʪʝʨ 

ʩʧʠʥʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʟʢʠʭ ʧʝʨʝʭʦʜʦʚ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʩʧʠʥʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʧʝʪʣʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠ-

ʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʦʮʝʥʢʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʝʨʝʭʦʜʦʚ;  

ï ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, ʤʝʜʠ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʚ ʚʠʜʝ ʧʦʣʠ-

ʤʦʨʬʥʳʭ/ʩʦʣʴʚʘʪʦʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʧʨʝʚʨʘʱʝʥʠʡ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

ï ʇʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

ʞʝʣʝʟʘ(II), ʤʝʜʠ(I), ʤʝʜʠ(I,II) ʠ ʤʝʜʠ(II), ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʪʘʢʦʡ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʦʡ ʛʨʫʧʧʦʡ ʣʠʛʘʥʜʦʚ, ʢʘʢ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʳ, ʠ ʥʦʚʳʤʠ ʢʣʘʩʩʘʤʠ ʙʠ- ʠ ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ï 4-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-6-(2-
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ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ, 2,4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ, 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-

4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ ʠ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-4(6)-(ʧʠʨʠʜʠʥ-2-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨ-

ʤʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʨʤʠʯʝʩʢʠ- ʠ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘ-

ʤʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʦʨʷʜʢʘ 150 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ï ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʬʣʫʦʨʦʬʦʨʦʚ, ʦʙʣʘ-

ʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʵʤʠʩ-

ʩʠʶ, ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʋʥʠʢʘʣʴʥʘʷ ʢʦʤʙʠ-

ʥʘʮʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʥʘʙʣʶʜʝʥʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʝʨʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ, ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʥʘʨʫʰʝʥʠʝʤ ʧʨʘʚʠʣʘ ʂʘ-

ʰʠ-ɺʘʚʠʣʦʚʘ, ʦʙʥʘʨʫʞʝʥʘ ʚʧʝʨʚʳʝ. 

ï ʇʦʣʫʯʝʥ rʥʦʚʝr ʢʣʘʩʩ rʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) c N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ï 

2,4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ, 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ ʠ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-4(6)-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ ï ʜʝʤʦʥʩʪʨʠʨʫ-

ʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʠ ʚ ʨʘʩʪʚʦʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʩʧʠʥʦʚʳʡ 

ʧʝʨʝʭʦʜ ʩ ʛʠʛʘʥʪʩʢʦʡ ʧʝʪʣʸʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʰʠʨʠʥʦʡ ʜʦ 150K. ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʠʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʠ ʩʦʣʴʚʘʪʦʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʠ ʫʩʣʦʚʠʷ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʵʪʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ï ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʧʝʨʝʭʦʜʘ ʠʟ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʳʩʦʢʦʩʧʠ-

ʥʦʚʦʝ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ ʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʇʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʘ ʠʟ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʚ ʦʙʣʘʩʪʠ ʧʝʪʣʠ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʆʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʪʠʧʳ ʢʠʥʝʪʠʢʠ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʙʣʘʩʪʠ 

ʧʝʪʣʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʩʠʛʤʦʠʜʘʣʴʥʘʷ, ʟʘʤʝʜʣʷʶʱʘʷʩʷ).  

ï ʋʩʪʘʥʦʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʙʠ-, ʪʨʠ- ʠ ʧʦʣʠʜʝʥʪʘʪʥʳʭ N-

ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʣʦʚ ʠ ʘʟʠʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʥʠʟʢʦʩ-

ʧʠʥʦʚʦʛʦ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʠʣʠ ʨʝʘʣʠʟʘʮʠʶ ʩʧʠʥʦʚʦʛʦ ʧʝ-

ʨʝʭʦʜʘ. ʉʨʝʜʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʭʝʣʘʪʥʦʛʦ ʮʠʢ-

ʣʘ; ʟʘʤʝʥʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʣʠʛʘʥʜʥʦʤ ʦʩʪʦʚʝ ʥʘ ʧʠʨʠʤʠʜʠʥʦʚʳʡ; ʟʘʤʝʥʘ ʧʠʨʘʟʦʣʴ-

ʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʣʠʛʘʥʜʥʦʤ ʦʩʪʦʚʝ ʥʘ ʧʠʨʠʜʠʥʦʚʳʡ;  ʟʘʤʝʱʝʥʠʝ ʚ ʣʠʛʘʥʜʥʦʤ ʦʩʪʦʚʝ; ʠʟʤʝʥʝ-

ʥʠʝ ʧʦʣʦʞʝʥʠʷ (çʨʦʢʠʨʦʚʢʘè) ʥʝʦʜʠʥʘʢʦʚʳʭ ʘʟʦʣʠʣʴʥʳʭ/ʘʟʠʥʠʣʴʥʳʭ ʛʨʫʧʧ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠ-

ʷʤʠ 2 ʠ 4(6) ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʭ çʪʨʸʭʲʷʜʝʨʥʳʭè ʣʠʛʘʥʜʦʚ ʩ ʮʝʥ-

ʪʨʘʣʴʥʳʤ ʧʠʨʠʤʠʜʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ 

ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II), ʤʝʜʠ(I), ʤʝʜʠ(I,II), ʤʝʜʠ(II), ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) 

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʟʦʣʦʚ ʠ ʘʟʠʥʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʦʤʝʨʥʳʤʠ), ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

(ʚʢʣʶʯʘʷ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʧʦʣʠʤʦʨʬʥʳʤʠ/ʩʦʣʴʚʘʪʦʤʦʨʬʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ), ʠʟʫʯʝʥʠʶ ʠʭ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤʠ. ʍʘʨʘʢ-

ʪʝʨʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʘʜʝʢʚʘʪʥʳʤ ʥʘʙʦʨʦʤ ʤʝʪʦʜʦʚ (ʵʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (
1
H, ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ(II) ʠ ʤʝʜʠ(I)), ʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʷ (ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II)), ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 
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ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʤʘʛʥʝʪʦʭʠʤʠʷ (ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II), ʤʝʜʠ(II) ʠ ʤʝʜʠ(I,II)), ʢʘʣʦ-

ʨʠʤʝʪʨʠʷ, ʀʂ- ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʧʠʥʦʚʦʛʦ ʧʝ-

ʨʝʭʦʜʘ ʧʨʦʚʦʜʠʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʪʚʸʨʜʳʭ ʬʘʟ ʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʚ ʨʘʩʪʚʦʨʘʭ.   

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʣʘʩʩʳ ʣʶʤʠʥʝʩʮʠʨʫ-

ʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʠʤʝʶʱʠʭ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ d
10

 ï ʤʝʜʠ(I), 

ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ï ʩ ʙʠ- ʠ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʘʟʦʣʠʣʘʟʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʦʣʫʯʝʥʳ ʧʝʨ-

ʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʦʤʧʣʝʢ-

ʩʦʚ ʮʠʥʢʘ(II) ʩ N,N-ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-6-(2-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʠʨʠʤʠʜʠʥʘ, ʠʤʝʶʱʠʤʠ ʢʦʨʦʪʢʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ 

OïHĿĿĿN (OĿĿĿN å 2.6 ¡) ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʦʪʢʣʠʢ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ 

ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʘʢ 

ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʟʘʤʝʜʣʝʥʥʘ ̫ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦ-

ʪʦʥʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣʘ ʂʘʰʠ-ɺʘʚʠʣʦʚʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʤ ʦʪʢʣʠ-

ʢʦʤ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʠʟ-

ʣʫʯʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʘ ʦʩʥʦʚʝ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʘ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʢʣʘʩʩʳ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʠ ʚ ʨʘʩ-

ʪʚʦʨʘʭ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʚʥʫʪʨʠʣʠ-

ʛʘʥʜʥʦʤ ʟʘʤʝʱʝʥʠʠ. ʆʙʥʘʨʫʞʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ 

ʷʜʨʘ ʜʣʷ ʩʠʥʪʝʟʘ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʩʚʷʟʘʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʠʥʪʝʟʘ ʠʟʦʤʝʨʥʳʭ ʩʝʨʠʡ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʦʤʝʨʠʠ N,N,N-

ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʘ, ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʇʦʣʫʯʝʥ rʬʘʟʳ 

ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩ ʛʠʛʘʥʪʩʢʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ (ʜʦ 150K).   

ʀʩʩʣʝʜʦʚʘʥ ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʩʦʣʴʚʘʪʦʤʦʨʬʠʟʤ ʢʦʤʧʣʝʢʩʘ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ(II) ʩ 4-ʘʤʠʥʦ-

4ʅ-1,2,4-ʪʨʠʘʟʦʣʦʤ ʠ ʦʙʥʘʨʫʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʤʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ ʩʧʠʥʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ. ʇʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʢʣʶʯʝʥʠʠ ʨʝʞʠʤʦʚ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʵʪʦʤ 

ʢʦʤʧʣʝʢʩʝ ʟʥʘʯʠʤʘ ʚ ʩʠʣʫ ʫʥʠʢʘʣʴʥʦʛʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʯʝʪʘʥʠʷ ʩʚʦʡʩʪʚ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʦʢʦʣʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʨʘʞʝʥʥʳʡ 

ʪʝʨʤʦʭʨʦʤʠʟʤ, ʥʠʟʢʘʷ ʮʝʥʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʚʦʟ-

ʤʦʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʭʨʦʤʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ. ʇʨʝʜ-

ʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʚʥʝʜʨʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ 4ʅ-1,2,4-ʪʨʠʘʟʦʣʘʤʠ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪ-

ʨʠʮʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʪʝʨʤʦʭʨʦʤʥʳʝ ʧʣʸʥʢʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ 

ʦʢʨʘʩʢʠ ʨʦʟʦʚʳʡïʙʝʣʳʡ ʠ ʚʘʧʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

ɿʥʘʯʠʤʦʩʪʴ ʠ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜ-

ʪʚʝʨʞʜʘʶʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʥʘʰʘ ʩʪʘʪʴʷ Bushuev M.B., Nikolaenkova E.B., Krivopalov V.P. 

Non-isothermal kinetics of spin crossover // Phys. Chem. Chem. Phys. 2017. V. 19. N 26.  

P. 16955-16959 ʧʦʣʫʯʠʣʘ ʩʪʘʪʫʩ çHot Paperè, ʘ ʩʪʘʪʴʷ Berezin A.S., Vinogradova K.A., 

Krivopalov V.P., Nikolaenkova E.B., Plyusnin V.F., Kupryakov A.S., Pervukhina N.V., Naumov 

D.Y., Bushuev M.B. Excitation-wavelength-dependent emission and delayed fluorescence in a pro-

ton transfer system // Chem. Eur. J. 2018. V. 24. P. 12790-12795 ï ʩʪʘʪʫʩ çVery Important Paperè. 
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ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

ï ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʵʤʠʩʩʠʝʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ;  

ï ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ 

ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʠ ʚ ʨʘʩʪʚʦʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʧʦʣʠ-

ʤʦʨʬʥʳʭ ʠ ʩʦʣʴʚʘʪʦʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ;  

ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠ ̫ʩʪʨʦʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʤʝʨʘ ʭʝʣʘʪʥʦʛʦ ʮʠʢʣʘ, ʟʘʤʝʱʝʥʠʷ ʚ 

ʣʠʛʘʥʜʥʦʤ ʦʩʪʦʚʝ, ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʩʪʦʚʘ, ʠʟʦʤʝʨʠʠ) ʤʦʣʝʢʫʣ ʙʠ-, ʪʨʠ- ʠ ʧʦʣʠʜʝʥ-

ʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʣʦʚ ʠ ʘʟʠʥʦʚ, ʥʘ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ;  

ï ʪʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʨʷʜʘʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, ʮʠʥʢʘ 

ʠ ʢʘʜʤʠʷ ʩ ʙʠ- ʠ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʘʟʦʣʠʣʘʟʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ;  

ï ʪʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʠ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʝʨʝʭʦʜʘ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʚ ʨʷʜʘʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʎʝʣʠ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʘʜʘʯʠ ʠ ʩʪʨʘʪʝʛʠʷ ʠʭ ʨʝʰʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʳ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦ-

ʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ ʣʠʙʦ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ. ɹƽʣʴʰʘʷ ʯʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛ-

ʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ, ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʘʥʘʣʠʟ, ʦʙ-

ʨʘʙʦʪʢʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚʳʧʦʣʥʝʥʘ ʘʚʪʦʨʦʤ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦ-

ʛʦ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ, ʀʂ- ʠ ʤʸʩʩʙʘʫʵ-

ʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚʳʧʦʣʥʷʣʘʩʴ ʘʚ-

ʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ï ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ. ʏʘʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʘ ʩʦʠʩʢʘʪʝʣʝʤ ʚʦ ʚʨʝʤʷ ʧʦʩʪ-ʜʦʢʪʦʨʩʢʦʡ ʩʪʘʞʠʨʦʚʢʠ ʚ 

ʛʨʫʧʧʝ ʵʣʝʢʪʨʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ Ph.D. ʉ.ɸ. ɹʦʨʱʘ ʠ Ph.D. 

ɻ.ʉ. ʄʘʪʫʟʝʥʢʦ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ɺʳʩʰʝʡ ʥʦʨʤʘʣʴʥʦʡ ʰʢʦʣʳ ʃʠʦʥʘ (ʌʨʘʥʮʠʷ). ʇʦʜʛʦʪʦʚ-

ʢʘ, ʥʘʧʠʩʘʥʠʝ ʠ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʧʦʣʥʷʣʦʩʴ ʘʚʪʦ-

ʨʦʤ ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʘʚʪʦʨʦʚ. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʠ ʟʘʱʠʱʝʥʘ ʜʠʩʩʝʨʪʘʮʠʷ  

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʂ.ɸ. ɺʠʥʦʛʨʘʜʦʚʦʡ ʚ 2015 ʛ [1].  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ-

ʩʪʴʶ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ 

ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ.2 çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ 

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

ʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè ʧʘʩʧʦʨ-

ʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɺʳʩʦʢʦʩʧʠʥʦʚʳʝ ʤʦʣʝʢʫʣʳ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʛʥʝʪʠʢʠè (ʅʦʚʦʩʠʙʠʨʩʢ, 2004); VII  ʢʦʥʬʝʨʝʥ-

ʮʠʠ çɸʥʘʣʠʪʠʢʘ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘè (ʅʦʚʦʩʠʙʠʨʩʢ, 2004); 5-ʦʤ ʩʝʤʠʥʘʨʝ ʉʆ ʈɸʅ ï 

ʋʈʆ ʈɸʅ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè (ʅʦʚʦʩʠʙʠʨʩʢ, 2005); XV ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʚ ʈʦʩʩʠʠ (ʄʦʩʢʚʘ, 2005); XXII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʂʠʰʠʥʝʚ, 2005); XV International 

Conference çPhysical Methods in Coordination and Supramolecular Chemistryè (ʂʠʰʠʥʸʚ, 2006); 

XVIII ʄʝʥʜʝʣʝʝʚʩʢʦʤ ʩʲʝʟʜʝ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʄʦʩʢʚʘ, 2007); XXIII  ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʆʜʝʩʩʘ, 2007); International Con-
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ference on Molecule-based Magnets ICMM-2008 (ʌʣʦʨʝʥʮʠʷ, 2008); ʇʝʨʚʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚè (ʅʦʚʦʩʠʙʠʨʩʢ, 2009); XXIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʦʡ ʭʠʤʠʠ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. 2009); 7-ʦʤ ʩʝʤʠʥʘʨʝ ʉʆ ʈɸʅ ï ʋʈʆ ʈɸʅ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè (ʅʦʚʦʩʠʙʠʨʩʢ, 2010); VII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʭʠʤʠʠ ʧʦʣʠ-

ʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʃɸʉʊɽʈ-2012è (ʅʦʚʦʩʠʙʠʨʩʢ, 2012); 7
th
 Russian-French 

Workshop on Nanosciences and Nanotechnologies (ʅʦʚʦʩʠʙʠʨʩʢ 2013); International conference 

çOrganometallic and Coordination Chemistry: Fundamental and Applied Aspectsè (ʅʠʞʥʠʡ ʅʦʚʛʦ-

ʨʦʜ, 2013); 2-ʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢ-

ʪʫʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʅʦʚʦʩʠʙʠʨʩʢ, 2013); 9-ʦʤ ʩʝʤʠʥʘʨʝ ʉʆ ʈɸʅ ï ʋʨʆ ʈɸʅ 

çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè, ʧʦʩʚʷʱʝʥʥʦʤ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ʌ.ɸ. ʂʫʟʥʝʮʦʚʘ (ʅʦ-

ʚʦʩʠʙʠʨʩʢ, 2014); VI Razuvaev lectures, çOrganometallic and Coordination Chemistry: Achieve-

ments and Challengesè (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2015); International Conference on Coordination Chem-

istry (ICCC 2016) (ɹʨʝʩʪ, 2016); VII  International conference çHigh-spin molecules and molecular 

magnetsè (ʅʦʚʦʩʠʙʠʨʩʢ, 2016); Core-to-Core / Leverhulme Trust 5th Joint Workshop on Organic 

Electronics of Highly-Correlated Molecular Systems (ʅʦʚʦʩʠʙʠʨʩʢ, 2016); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯ-

ʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2017); IX International Voevodsky Conference Physics and Chemistry of Elementary 

Chemical Processes (VVV -100) (ʅʦʚʦʩʠʙʠʨʩʢ, 2017); 27th International Chugaev Conference 

on Coordination Chemistry (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2017); XIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʊʫʘʧʩʝ, 2017); 4th EuCheMS Inorganic Chem-

istry Conference EICC-4 (ʂʦʧʝʥʛʘʛʝʥ, 2017); The 6th Asian Conference on Coordination Chemistry 

(ACCC6) (ʄʝʣʴʙʫʨʥ, 2017); XXIII ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʆʧʪʠʢʘ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜè (ʂʨʘʩʥʦʜʘʨ 2017); III  International Conference çSpin Physics, Spin 

Chemistry, Spin Technology (SPCT-2018)è (ʅʦʚʦʩʠʙʠʨʩʢ, 2018) ʠ ʜʨʫʛʠʭ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 39 ʩʪʘʪʝʡ ʚ ʧʨʦʬʠʣʴʥʳʭ ʨʝʮʝʥʟʠʨʫʝ-

ʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Sco-

pus, ʠʟ ʥʠʭ 27 ʩʪʘʪʝʡ ï ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 12 ï ʚ ʨʦʩʩʠʡʩʢʠʭ, ʘ ʪʘʢʞʝ ʪʝʟʠʩʳ 39 ʜʦ-

ʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 321 ʩʪʨʘʥʠʮʝ, ʩʦʜʝʨʞʠʪ 287 ʨʠ-

ʩʫʥʢʦʚ ʠ 27 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (509 ʥʘʠʤʝʥʦʚʘʥʠʡ).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʧʣʘʥʘʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʀʅʍ ʉʆ ʈɸʅ, 

ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʌʌʀ) ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ: çʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) 

c ʛʠʙʨʠʜʥʳʤʠ ʘʟʘʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʙʠ- ʠ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʙʣʘʜʘʶʱʠʭ ʢʦʦʧʝ-

ʨʘʪʠʚʥʳʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤè (ˉ 12-03-31032); çʂʦʤʧʣʝʢʩʳ ʞʝʣʝ-

ʟʘ(II) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʠʤʠʜʠʥʘ: ʠʟʦʤʝʨʠʷ, ʧʦʣʠʤʦʨʬʠʟʤ, ʥʘʥʦʯʘʩʪʠʮʳ, ʩʧʠʥʦʚʳʡ ʧʝʨʝ-

ʭʦʜè (ˉ15-03-05374); çʂʦʤʧʣʝʢʩʳ ʮʠʥʢʘ(II) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʠʤʠʜʠʥʘ ʠ ʠʤʠʜʘʟʦʣʘ: ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʷ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘè (ˉ18-43-540016). 

 

  



12 

 

1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ɺʚʝʜʝʥʠʝ 

 

ʎʝʥʪʨʘʣʴʥʳʤʠ ʪʝʤʘʤʠ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦ-

ʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʞʝʣʝʟʘ(II) ʩ ʙʠ- ʠ ʧʦʣʠʜʝʥʪʘʪʥʳʤʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ï ʧʨʦʠʟʚʦʜ-

ʥʳʤʠ ʘʟʦʣʦʚ ʠ ʘʟʠʥʦʚ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʳʭ, ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ ʠ ʮʠʥʢʘ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʤ 

ʥʘʰʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʭ ʪʝʤʘʭ.  

ɺʦ-ʧʝʨʚʳʭ, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʘʥʥʳʝ ʦ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʚ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠ-

ʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʧʦʩʦʙʘʭ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ, ʩʪʨʫʢʪʫʨʘʭ ʠ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʘʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʅʘʰʝ ʚʥʠʤʘʥʠʝ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ ʟʘʥʠʤʘʶʪ, ʧʦʞʘʣʫʡ, ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ 

ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ.  

ɺʦ-ʚʪʦʨʳʭ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤ-

ʧʣʝʢʩʦʚ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʮʠʥʢ(II) ʠ ʤʝʜʴ(I). ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʚʦʟʙʫʞʜʝʥʠʠ ʵʤʠʩʩʠʠ ʵʪʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʭʦʜʳ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʩʚʝʪʦʤ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ, ʥʦ ʠ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʝʨʝʭʦʜʳ, ʚʝʜʫʱʠʝ ʢ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦ-

ʚʘʥʥʦʡ ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (thermally activated delayed fluorescence, TADF). ɺʦʟʤʦʞ-

ʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ TADF ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ, ʘʢʪʫʘʣʴʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʝʜʠʥʝʥʠʷʤ, ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʱʠʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (excited state 

intramolecular proton transfer, ESIPT). ɹʫʜʝʪ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʫʥʠʢʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʠ-

ʩʪʝʤ, ʧʨʦʷʚʣʷʶʱʠʤ ESIPT, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ñʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʤʠò/ñʦʙʳʯʥʳʤʠò ʬʣʫʦʨʦʬʦʨʘ-

ʤʠ (conventional fluorophores).  

ï ɺ ʪʨʝʪʴʠʭ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʰʠʨʦʢʘ, ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʤ ʥʘʰʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʤʧʣʝʢʩʘʭ ʞʝʣʝʟʘ(II). ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ, ʜʝ-

ʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʇʦʩʢʦʣʴʢʫ ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʩʠʥʪʝʟ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʤʳ ʜʘʜʠʤ ʦʙʟʦʨ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝ-

ʭʦʜ ʩ ʰʠʨʦʢʦʡ ʧʝʪʣʸʡ ʛʠʩʪʝʨʝʟʠʩʘ, ʠ ʦʪʤʝʪʠʤ ʦʩʥʦʚʥʳʝ ʣʘʢʫʥʳ ʠ ʧʨʦʙʣʝʤʳ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʦ ʥʘʯʘʣʘ ʥʘʰʠʭ ʨʘʙʦʪ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ. 

 

1.2. ʂʦʤʧʣʝʢʩʳ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʘʤʠ 

 

1.2.1. ʂʦʤʧʣʝʢʩʳ ʩ 2-(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ, 4-(1H-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ ʠ 5-(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ 

Cʝʨʠʷ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʠ-

ʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʘʤʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʀʚʘʱʝʥʢʦ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ [2-7]. ʇʦ ʨʝʘʢʮʠʷʤ ʩʦʣʝʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʩ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ L
(a)

 ʚ ʩʤʝʩʷʭ ʵʪʘ-

ʥʦʣ/ʙʝʥʟʦʣ ʠʣʠ ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 1 : 1 ʠ 1 : 2 ʦʥʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢ-

ʩʳ CoL
(a)

X2 (X = Cl, Br) ʠ CoL
(a)

2Cl2 (ʈʠʩ. 1). ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 
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ʩʦʝʜʠʥʝʥʠʷ CoL
(a)

X2 (X = Cl, Br) ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ, 

ʢʦʤʧʣʝʢʩ CoL
(a)

2Cl2 ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ [2,3]. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ NïHĿĿĿX ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ.   

  
ʈʠʩ. 1. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ(II) ʩ L

a
. 

 

 ʉ ʘʥʘʣʦʛʠʯʥʳʤʠ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ Me-L
(t)

, Pr-L
(t)

 ʀʚʘ-

ʱʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ Co(Me-L
(t)

)X2 ʠ Co(Pr-L
(t)

)X2 (L
n
 = Me-L

(t)
, Pr-

L
(t)

; X = Cl, Br) (ʈʠʩ. 2). ʂʦʤʧʣʝʢʩʳ ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʛʘʥʜʦʚ ʠ 

CoX2Ŀ6H2O ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 ʚ EtOH. ɼʘʥʥʳʝ ʣʠʛʘʥʜʳ ʠʥʪʝʨʝʩʥʳ ʪʝʤ, ʯʪʦ ʜʦʧʫʩʢʘʶʪ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʦʨʠʝʥʪʘʮʠʠ ʧʠʨʘʟʦʣʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʠ CïN. ɸʚʪʦʨʳ ʧʦʧʳʪʘʣʠʩʴ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʦʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʘʥʥʳʝ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚʝʩʴʤʘ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʝʪʨʘʵʜʨʠʯʝ-

ʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ. ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʩʚʷʟʠ NïH, ʘʚʪʦʨʳ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ, ʢʘʢ ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʥʘʣʠʯʠʝ ʠʟʦʤʝʨʥʳʭ ʤʦʣʝʢʫʣ ʚ ʪʚʸʨ-

ʜʦʡ ʬʘʟʝ ʢʦʤʧʣʝʢʩʦʚ Co(Me-L
(t)

)X2. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʩʪʨʦʝʥʠʝ ʠʟʦʤʝʨʘ ʪʘʢʦʚʦ, ʯʪʦ ʚ ʝʛʦ ʤʦʣʝ-

ʢʫʣʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʨʦʪʢʘʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ NïHĿĿĿX (X = Cl, Br), ʚ ʜʨʫ-

ʛʦʤ ʩʣʫʯʘʝ ʟʘ ʩʯʸʪ ʧʦʚʦʨʦʪʘ ʧʠʨʘʟʦʣʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʠ CïN ʚʦʟʤʦʞʥʦʩʪʴ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʠʩʯʝʟʘʝʪ [3]. 

 
  

ʈʠʩ. 2. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ Co(Me-L
(t)

)X2 (ʩʣʝʚʘ ʠ ʧʦ ʮʝʥʪʨʫ) ʠ Co(Pr-L
(t)

)X2 (ʩʧʨʘʚʘ). 

 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘʤ ʩ ʣʠʛʘʥʜʦʤ Me-L
(t)
, ʢʦʤʧʣʝʢʩʳ ʩ ʝʛʦ ʘʥʘʣʦʛʦʤ Pr-L

(t)
 

ï Co(Pr-L
(t)

)X2 ï ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʝ ʦʙʨʘʟʫʶʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ Co
2+

 ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. ʋʯʠ-

ʪʳʚʘʷ ʵʪʦ, ʦʥʠ ʨʝʰʠʣʠ ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘ-

ʤʠ Me-L
(t)

 ʠ Pr-L
(t)

 (ʈʠʩ. 3). ɼʣʷ ʵʪʦʛʦ ʦʥʠ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʠ ʩʦʣʝʡ CoX2 (X = Cl, Br, I) ʩ ʩʦʝʜʠ-

ʥʝʥʠʷʤʠ Me-L
(t)

 ʠ Pr-L
(t)

 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 2.  

 
  

ʈʠʩ. 3. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ Co(Me-L
(t)

)2X2 (ʩʣʝʚʘ ʠ ʧʦ ʮʝʥʪʨʫ) ʠ Co(Pr-L
(t)

)2X2 (ʩʧʨʘʚʘ). 
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ʂʦʤʧʣʝʢʩʳ Co(Pr-L
(t)

)2X2, ʧʦʜʦʙʥʦ ʩʚʦʠʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʘʥʘʣʦʛʘʤ Co(Pr-L
(t)

)X2, ʥʝ ʠʤʝʶʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ NïHĿĿĿX, ʪʦʛʜʘ ʢʘʢ ʪʚʸʨʜʳʝ ʬʘʟʳ Co(Me-L
(t)

)2X2, ʢʘʢ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Co(Me-L
(t)

)X2, ʩʦʜʝʨʞʘʪ ʦʙʘ ʪʠʧʘ ʠʟʦʤʝʨʥʳʭ 

ʤʦʣʝʢʫʣ ï ʢʘʢ ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ NïHĿĿĿX, ʪʘʢ ʠ ʙʝʟ ʥʝʸ (ʈʠʩ. 3) [2]. 

ʀʚʘʱʝʥʢʦ ʩ ʢʦʣʣʝʛʘʤʠ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʣʠʛʘʥʜʥʳʡ ʦʩʪʦʚ, ʟʘʤʝʥʠʚ ʧ-ʙʫʪʠʣʬʝʥʠʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʢʘʢ ʚ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚʦʤ, ʪʘʢ ʠ ʚ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚʦʤ ʦʩʪʦʚʝ ʥʘ ʟʘʤʝʱʸʥʥʫʶ ʪʨʠʘʟʦʣʠʣʴʥʫʶ ʛʨʫʧʧʫ. ʕʪʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʠ-

ʣʘ ʚʚʝʩʪʠ ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʜʦʥʦʨʥʫʶ ʛʨʫʧʧʫ ʠ ʠʟʤʝʥʠʪʴ ʩʧʦʩʦʙ 

ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ. ɸʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʝʨʠʶ ʢʦʤʧʣʝʢʩʦʚ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(II) ʠ ʢʦ-

ʙʘʣʴʪʘ(II): Co(L
b
)Cl2, Co(L

c
)Cl2, Co(L

(u)
)X2, Co(Et-L

(u)
)X2 (X = Cl, Br), Cu(Et-L

(u)
)Cl2 (ʈʠʩ. 4). ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʢʦʙʘʣʴʪʘ(II) ʠ ʤʝʜʠ(II) ʩ ʥʦ-

ʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1 : 1 ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʂʘʢ ʠ ʚ 

ʜʨʫʛʠʭ ʩʚʦʠʭ ʨʘʙʦʪʘʭ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚʦʟʤʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʦ ʜʘʥʥʳʤ ʦ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ (ʨʝʥʪʛʝʥʦʵʣʝʢʪʨʦʥʥʘʷ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ). ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪ-

ʥʦʝ ʩʪʨʦʝʥʠʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. ʄʦʣʝʢʫʣʳ ʣʠʛʘʥʜʦʚ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 

ʢ ʠʦʥʘʤ Co
2+

 ʠ Cu
2+

 ʪʨʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʩ ʟʘʤʳʢʘʥʠʝʤ ʜʚʫʭ ʤʝʪʘʣʣʦʮʠʢʣʦʚ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʠʦʥʦʚ Co
2+

 ʠ Cu
2+

 ʜʦʧʦʣʥʷʝʪʩʷ ʜʚʫʤʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʛʘʣʦʛʝʥʠʜ-

ʠʦʥʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʚʥʫʪʨʠʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ NïHĿĿĿX [4]. 

 
ʈʠʩ. 4. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ Co(L

b
)Cl2, Co(L

c
)Cl2, Co(L

(u)
)X2, Co(Et-L

(u)
)X2, Cu(Et-L

(u)
)Cl2. 

 

 ʇʦ ʨʝʘʢʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʩ ʩʦʝʜʠʥʝʥʠʝʤ HL
(s)

 ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

M:HL
(s)

 = 1 : 2 ʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ M(HL
(s)

)2X2 (M = Co, X = Cl, Br, I; M = Ni, Cu, 

X = Cl) (ʈʠʩ. 5) [5]. ɺ ʨʘʩʪʚʦʨʝ ʣʠʛʘʥʜ HL
(s)

 ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤ (ʈʠʩ. 5). 

 

 
ʈʠʩ. 5. ʊʘʫʪʦʤʝʨʠʷ ʩʦʝʜʠʥʝʥʠʷ HL

(s)
 (ʩʣʝʚʘ) ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ M(HL

(s)
)2X2 (M = Co, X = Cl, 

Br, I; M = Ni, Cu, X = Cl) (ʩʧʨʘʚʘ). 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʚ ʚʠʜʝ ʢʝʪʦ-ʬʦʨʤʳ. 

 ɺ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʣʠʛʘʥʜʘ 

HL
(s)

 ʀʚʘʱʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʦʡ ʣʠ-
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ʛʘʥʜʘ [5]. ʂʦʤʧʣʝʢʩʳ M(L
(s)

)2 (M = Ni, Co) ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ HL
(s)

 ʠ Co(Ac)2 ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ KOH ʚ ʵʪʘʥʦʣʝ (KOH : HL
(s) 

: Co = 2 : 2 : 1). ʂʨʦʤʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ 

ʢʦʤʧʣʝʢʩʳ Ni(HL
(s)

)2X2 (X = NO3
ľ
, SCN

ľ
) (ʈʠʩ. 6) ʧʦ ʨʝʘʢʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ NiX2 

ʩ ʣʠʛʘʥʜʦʤ HL
(s)

 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 2, ʠ, ʥʘʨʷʜʫ ʩ ʥʠʤʠ, ʢʦʤʧʣʝʢʩʳ 

Co(HL
(s)

)X2 (X = Cl, Br, I) ʧʦ ʨʝʘʢʮʠʷʤ CoX2 ʩ HL
(s)

 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1. ʀʩ-

ʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ, ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦʙ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʫʟʣʘ ʚ ʢʦʤʧʣʝʢʩʘʭ Co(HL
(s)

)2Cl2, Co(HL
(s)

)2Br2 ʠ Ni(HL
(s)

)2X2 [5]. ʉʦʝʜʠʥʝʥʠʷ Co(L
(s)

)2 ʠ Ni(L
(s)

)2 

ʠʤʝʶʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʢʦʦʨʜʠʥʘʮʠʠ ʢ 

ʤʦʣʝʢʫʣʘʤ M(L
(s)

)2 ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ M(L
(s)

)2. ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʜʝʣʘʶʪ ʚʳʚʦʜ 

ʦ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ Co(HL
(s)

)X2 [5,6]. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʦʥʦʚ Co
2+

, Ni
2+

 ʠ Cu
2+

 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ HL
(s)
. ɼʣʷ ʧʘ-

ʨʳ ʤʝʜʴ-ʞʝʣʝʟʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʚ ʩʦʣʷʥʦʢʠʩʣʳʭ, ʩʝʨʥʦʢʠʩʣʳʭ ʠ 

ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʜʣʷ ʧʘʨʳ ʤʝʜʴ-ʢʦʙʘʣʴʪ ï ʚ ʩʝʨʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ [7]. 

 
 

 

ʈʠʩ. 6. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Co(HL
(s)

)2Cl2, Co(HL
(s)

)2Br2, Ni(HL
(s)

)2X2 ʠ Co(HL
(s)

)X2. 

 

 ɺ 1989 ʛ ʉʪʠʣ ʠ ʂʦʥʩʪʝʙʣ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 4-(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥ (L
(d)
) ʠ 2-(1H-

ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥ (L
(v)
) [8,9]. ʂʦʤʧʣʝʢʩʳ [Ru(bipy)2L

(n)
](PF6)2 (L

(n)
 = L

(d)
, L

(v)
) ʩʠʥʪʝʟʠ-

ʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ [Ru(bipy)2Cl2] ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ L
(d)

 ʠ L
(v)

 ʚ ʧʨʠʩʫʪʩʪʚʠʠ NH4PF6 ʚ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 7). ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Ru(L
(n)

)3](PF6)2 (L
(n)

 = L
(d)

, L
(v)
) ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ [Ru(dmso)2Cl2] ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ L
(d)

 ʠ L
(v)

 ʚ ʧʨʠʩʫʪʩʪʚʠʠ NH4PF6. ʂʦʤʧʣʝʢ-

ʩʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʘ ʠ ʗʄʈ (
1
H ʠ 

13
C). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʙʠʜʝʥʪʘʪʥʦ-

ʮʠʢʣʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʤʦʣʝʢʫʣ L
(d)

 ʠ L
(v)

 ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ [10]. 

 
ʈʠʩ. 7. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Ru(bipy)2L

(n)
](PF6)2 ʠ [Ru(L

(n)
)3](PF6)2. 

 

ʆʜʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [MoL
(g)

O2Cl] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʂʘʨ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʨʠ ʢʠʧʷ-

ʯʝʥʠʠ ʩʤʝʩʠ MoO2(acac)2 ʠ ʩʦʝʜʠʥʝʥʠʷ L
(g)
' ʚ ʧʨʠʩʫʪʩʪʚʠʠ HCl ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Mo : 

L
(g)

' = 2 : 1 (ʈʠʩ. 8) [11]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ L
(g)
' ʠ ʘʮʝʪʠʣʘ-

ʮʝʪʦʥʘʪ-ʠʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ(VI) ʩ ʣʠʛʘʥʜʦʤ L
(g)

.  
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ʈʠʩ. 8. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [MoL

(g)
O2Cl]. 

 

ʄʘʥʟʘʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ ʩ 2-(1H-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ L
(v)

 ʠ 3,5-Me-L
(v)

 (ʈʠʩ. 9) [12]. ʂʦʤʧʣʝʢʩʳ [Pd(L
n
)Cl2] (L

n
 = L

(v)
, Me-Me-L

(v)
) 

ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʠ ʣʠʛʘʥʜʦʚ L
n
 ʠ ʢʦʤʧʣʝʢʩʦʚ PdCl2(PhCN)2 ʚ ʊɻʌ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ. ʇʦ ʩʭʦʞʝʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ [Pd(L
n
)ClMe] (L

n
 = L

(v)
, 3,5-Me-

L
(v)
), ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʦʚ Pd

2+
 ʚʳʩʪʫʧʘʣ PdClMe(COD). ʇʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ ʉʆ ʯʝʨʝʟ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʦʚ [Pd(L
n
)ClMe] (L

n
 = L

(v)
, 3,5-Me-L

(v)
) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ [Pd(L

n
)Cl(COMe)], 

ʧʨʠʯʸʤ ʚ ʩʣʫʯʘʝ L
n
 = 3,5-Me-L

(v)
 ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʟʦʤʝʨʦʚ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʦʞʝʥʠʷʤʠ ʭʣʦʨʠʜ-ʠʦʥʘ ʠ COMe-ʛʨʫʧʧʳ. ʅʘʣʠʯʠʝ ʜʚʫʭ 

ʠʟʦʤʝʨʥʳʭ ʬʦʨʤ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʥʝʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʨʘʟʨʳʚʘ ʩʚʷʟʠ PdïN ʚ ʨʘʩ-

ʪʚʦʨʝ.  

 
ʈʠʩ. 9. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Pd(L

n
)Cl2], [Pd(L

n
)ClMe] ʠ [Pd(L

n
)Cl(COMe)] (L

n
 = L

(v)
, 3,5-Me-L

(v)
). 

 

ʂʦʤʧʣʝʢʩ [PdL
(v)

Cl(COMe)] ʷʚʣʷʝʪʩʷ ʦʜʥʦʷʜʝʨʥʳʤ, ʘʪʦʤ ʧʘʣʣʘʜʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʢʚʘʜ-

ʨʘʪʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʤʦʣʝʢʫʣʘ L
(v)

 ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʅʘ ʦʩ-

ʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʗʄʈ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʩʪʨʦʝʥʠʝ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ Pd(II) ʘʥʘʣʦʛʠʯʥʦ [PdL
(v)

Cl(COMe)] [12]. ʂʦʤʧʣʝʢʩ 

[PdL
(v)

(NCCH3)2](BF4)2 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ [Pd(NCCH3)2](BF4)2 ʠ L
(v)

 ʚ ʊɻʌ, ʝʛʦ ʩʪʨʦʝ-

ʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ Pd(II) [12]. 

ʂʦʤʧʣʝʢʩʳ [Ag(L
(v)

)2](CF3SO3) ʠ [Cu(L
(v)

)2](PF6) (ʈʠʩ. 10) ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ M : L
(v)

 = 1 : 2. ʂʦʤʧʣʝʢʩ [Ag(L
(v)

)2](CF3SO3) ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ AgCF3SO3 ʠ L
(v)

 

ʚ ʊɻʌ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʦʩʚʝʱʝʥʠʷ. ʂʦʤʧʣʝʢʩ 

[Cu(L
(v)

)2](PF6) ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ ʨʝʘʢʮʠʠ [Cu(CH3CN)4](PF6) ʠ L
(v)

 ʚ Me2CO. ʂʦʤʧʣʝʢʩʳ ʠʤʝʶʪ 

ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ. ɸʪʦʤ ʤʝʪʘʣʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦ-ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʳʡ ʫʟʝʣ MN4. ʂʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuL
(v)

Cl2(COD)] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ [RuCl2(COD)]n ʠ L
(v)

 ʚ ʊɻʌ (ʈʠʩ. 10) [12]. 

 
ʈʠʩ. 10. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Ag(L

(v)
)2](CF3SO3), [Cu(L

(v)
)2](PF6) ʠ ʪʨʘʥʩ-[RuL

(v)
Cl2(COD)]. 

 

ʂʦʤʧʣʝʢʩʳ [Pd(Ar)2L
(v)

] (Ar = ʉ6F5, C6HF4) (ʈʠʩ. 11) ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʠ L
(v)

 

ʠ [Pd(Ar)2(COD)] ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 ʚ ʊɻʌ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 
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ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʠʥʪʝʟ [Pt(C6F5)2L
(v)
] ʠʟ ʩʤʝʩʠ L

(v)
 ʠ Pt(C6F5)2(THF)2 

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1 : 1) ʚ CH2Cl2 ʥʝ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʉʪʨʦʝʥʠʝ ʢʦʤ-

ʧʣʝʢʩʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʜʘʥʥʳʤ 
1
H, 

13
C ʠ 

19
F ʗʄʈ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ [13].  

 
ʈʠʩ. 11. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Pd(Ar)2L

(v)
] ʠ [Pt(C6F5)2L

(v)
] (Ar = ʉ6F5, C6HF4). 

 

ɺ 2012 ʛʦʜʫ ʂʘʥʝʣʘʩ ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʸʥʥʳʝ ʩʠʥʪʝʟʫ ʢʦʤ-

ʧʣʝʢʩʦʚ [CuL
(v)

Cl2], [CuL
(v)

2(H2O)2](NO3)2, [CuL
(v)

2(H2O)](NO3)2 ʠ [CuL
(v)

(NO3)2]n (ʈʠʩ. 12) 

[14,15]. ʀʭ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ ʩʦʣʝʡ CuCl2Ŀ2H2O ʠʣʠ Cu(NO3)2Ŀ2H2O ʠ ʣʠʛʘʥʜʘ L
(v)

 

ʚ ʘʮʝʪʦʥʝ. ʂʦʤʧʣʝʢʩ [CuL
(v)

Cl2] ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʦʜʥʦʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʫʟʝʣ ï ʢʚʘʜʨʘʪ CuN2Cl2. ʂʦʤʧʣʝʢʩ [CuL
(v)

2(H2O)2](NO3)2 ʠʤʝʝʪ ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʘʪʦʤ ʤʝʜʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʘʢʩʠʘʣʴʥʳʭ 

ʧʦʟʠʮʠʷʭ ʦʢʪʘʵʜʨʘ, ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʷʪʳ ʘʪʦʤʘʤʠ N ʜʚʫʭ ʤʦʣʝʢʫʣ L
(v)
. ʂʦʤʧʣʝʢʩ 

[CuL
(v)

2(H2O)](NO3)2 ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʦʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʚʭʦʜʠʪ ʪʦʣʴʢʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ 

ʘʪʦʤʘ ʤʝʜʠ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 5 ï ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ. ʂʦʤʧʣʝʢʩ 

[CuL
(v)

(NO3)2]n ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʝʨʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʦʚ ʤʝʜʠ ï ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘ-

ʤʠʜʘ. ɺ ʩʪʨʫʢʪʫʨʘʭ ʢʦʤʧʣʝʢʩʦʚ [CuL
(v)

2(H2O)2](NO3)2 ʠ [CuL
(v)

2(H2O)](NO3)2 ʥʘʡʜʝʥʳ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʘʥʠʦʥĿĿĿ-́ʩʠʩʪʝʤʘ, ʚ ʢʦʤʧʣʝʢʩʝ [CuL
(v)

Cl2] ʪʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [CuL
(v)

(NO3)2]n ʦʙʥʘʨʫʞʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʠʦʥĿĿĿ-́

ʩʠʩʪʝʤʘ ʤʝʞʜʫ ʢʦʥʮʝʚʳʤʠ ʠʦʥʘʤʠ NO3
ï
 ʠ ʧʠʨʘʟʦʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ, ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʩʚʷ-

ʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʘ ʪʘʢʞʝ ˊ- -́ʩʪʝʢʠʥʛʦʤ [14].  

 
ʈʠʩ. 12. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [CuL

(v)
Cl2], [CuL

(v)
2(H2O)2](NO3)2, [CuL

(v)
2(H2O)](NO3)2 ʠ [CuL

(v)
(NO3)2]n. 

 

ʂʦʤʧʣʝʢʩʳ [ZnL
(v)

2Cl2] ʠ [Zn2L
(v)

2Cl4] ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʷʤ ZnCl2 ʠ L
(v)

 ʚ ʘʮʝʪʦʥʝ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1 ʠ 1 : 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 13). ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩ [ZnL
(v)

2Cl2] ʠʤʝʝʪ ʦʜʥʦʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʘʪʦʤ ʮʠʥʢʘ ʥʘʭʦʜʠʪ-

ʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ; ʢʦʤʧʣʝʢʩ [Zn2L
(v)

2Cl4] ʠʤʝʝʪ ʜʚʫʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʠ 

ʵʪʦʤ ʦʙʘ ʘʪʦʤʘ ʮʠʥʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʠ ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ Cl. ɺ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘʡʜʝʥʳ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʘʩʩʦʮʠʘʪʳ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʸʪ ˊ- -́ʩʪʝʢʠʥʛʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʥʠʦʥĿĿĿ-́ʩʠʩʪʝʤʘ [15].  

 
ʈʠʩ. 13. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [ZnL

(v)
2Cl2] ʠ [Zn2L

(v)
2Cl4]. 
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ʉʘʭʘ ʠ ʄʫʢʝʨʜʞʠ ʧʦʣʫʯʠʣʠ ʢʦʤʧʣʝʢʩʳ M(Me-Me-L
(v)

)3X2ȚnH2O (X = ClO4
ľ
, BF4

ľ
, I
ľ
; n = 

0, 2; M = Co, Ni, Cu). ʀʭ ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ Me-Me-L
(v)

 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ ʚ EtOH 

[16]. ʂʦʤʧʣʝʢʩ Cu(Me-Me-L
(v)

)3I2 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ Cu(Me-Me-L
(v)

)3(ClO4)2ȚnH2O ʠ KI. 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ M : Me-Me-L
(v)

 ʩʦʩʪʘʚʣʷʣʦ 1 : 3. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ 

ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʠ ʚ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 14). ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʦʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʥʘʭʦʜʷʪʩʷ ʤʦʣʝʢʫʣʳ 

Me-Me-L
(v)
, ʧʨʦʪʠʚʦʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʢʦʤʧʣʝʢʩʦʚ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʤʝʥʷʶʪ ʦʢʨʘʩʢʫ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ 

ʜʠʩʩʦʮʠʘʮʠʠ [16]. 

 
ʈʠʩ. 14. ʉʠʥʪʝʟ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ M(Me-Me-L

(v)
)3X2ȚnH2O. 

 

ʇʦʟʞʝ ʵʪʠ ʘʚʪʦʨʳ ʩʦʦʙʱʠʣʠ ʦ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʦʤ Me-Me-L
(v)

 [17]. 

ʇʦ ʨʝʘʢʮʠʷʤ ʣʠʛʘʥʜʘ ʠ ʩʦʣʝʡ MX2 (M = Co, Ni; X = C1
ľ
, Br

ľ
, I
ľ
, NO3

ľ
, ClO4

ľ
, BF4

ľ
, SCN

ľ
) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ [M(Me-Me-L
(v)

))2X2]ĿnH2O (n = 0, 2). ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ [Cu(Me-Me-L
(v)

)X2(H2O)2] (X = Cl
ľ
, Br

ľ
). ʂʦʤʧʣʝʢʩ [Cu(Me-Me-

L
(v)

)(NCS)2(H2O)2] ʧʦʣʫʯʘʣʠ ʚ ʜʚʝ ʩʪʘʜʠʠ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʘʣʠ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ 

CuCl2 ʩ ʣʠʛʘʥʜʦʤ Me-Me-L
(v)
, ʥʘ ʚʪʦʨʦʡ ʢ ʵʪʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ NH4NCS ʚ EtOH. 

ɺʳʚʦʜʳ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩʜʝʣʘʥʳ ʧʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢ ʘʪʦʤʘʤ ʤʝʪʘʣʣʘ ʢʦʦʨ-

ʜʠʥʠʨʫʶʪʩʷ ʤʦʣʝʢʫʣʳ Me-Me-L
(v)

 ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʜʚʘ ʘʥʠʦʥʘ [17]. 

ʇʦʩʣʝ ʵʪʦʛʦ ʉʘʭʘ ʠ ʄʫʢʝʨʜʞʠ ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʪʘʪʴʶ [18], ʧʦʩʚʷʱʸʥʥʫʶ ʩʠʥʪʝʟʫ ʢʦʤ-

ʧʣʝʢʩʦʚ ʨʷʜʘ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʩ ʣʠʛʘʥʜʦʤ Me-Me-L
(v)

 (ʈʠʩ. 15). ʂʦʤʧʣʝʢʩʳ Pd(II) ʠ Pt(II ) 

ʧʦʣʫʯʘʣʠ ʚ ʜʚʝ ʩʪʘʜʠʠ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʟ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ MCl2 (M = Pt, Pd) 

ʠ Me-Me-L
(v)
, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1, ʚʳʜʝʣʷʣʠ ʢʦʤʧʣʝʢʩʳ [M(Me-Me-L

(v)
)Cl2]. ɿʘʪʝʤ 

ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʣʷʤʠ NH4X ʠʣʠ NaX (X = Br
ï
, I
ï
, SCN

ï
, ClO4

ï
, NO2

ï
, 

NO3
ï
; M : X = 1 : 2) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʚʳʜʝʣʷʣʠ ʦʜʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Pd(Me-Me-L
(v)

)X2] (X = Br
ï
, I
ï
, SCN

ï
, ClO4

ï
, NO2

ï
, NO3

ï
) ʠ [Pt(Me-Me-L

(v)
)X2] (X = Br

ï
, SCN

ï
, 

NO2
ï
). ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ [Rh(Me-Me-L

(v)
)2X2]X (X = Cl

ľ
, Br

ľ
, I
ľ
) ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢʫʶ ʞʝ 

ʩʭʝʤʫ, ʥʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚʳʙʠʨʘʣʠ ʩʦʦʪʥʦʰʝʥʠʝ Rh : Me-Me-L
(v)

 = 1 : 2. ʄʦʣʝʢʫʣʳ Me-Me-

L
(v)

 ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʘʤ ʤʝʪʘʣʣʘ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ [18]. 

 
ʈʠʩ. 15. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Pd(Me-Me-L

(v)
)X2] (X = Br

ï
, I
ï
, SCN

ï
, ClO4

ï
, NO2

ï
, NO3

ï
), [Pt(Me-Me-L

(v)
)X2] (X = Br

ï
, 

SCN
ï
, NO2

ï
) ʠ [Rh(Me-Me-L

(v)
)2X2]X (X = Cl

ï
, Br

ï
, I
ï
). 
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ʂʦʤʧʣʝʢʩʳ [Fe(Me-Me-L
(v)

)2X2]ĿnH2O (X = Cl
ľ
, Br

ľ
, SCN

ľ
; n = 0, 2) ʠ [Fe(Me-Me-

L
(v)

)3]X2ĿnH2O (X = ClO4
ľ
, BF4

ľ
, I
ľ
; n = 0, 2) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʘʥʥʳʤʠ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʛʥʝʪʦʭʠʤʠʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ [19]. 

ʂʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʠʩʢʘʞʸʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ. ɺ ʢʦʤʧʣʝʢ-

ʩʘʭ [Fe(Me-Me-L
(v)

)2X2]ĿnH2O ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʜʚʝ ʤʦʣʝʢʫʣʳ Me-Me-

L
(v)

 ʠ ʜʚʘ ʭʣʦʨʠʜ-ʠʦʥʘ. ɺ ʢʦʤʧʣʝʢʩʘʭ Fe(Me-Me-L
(v)

)3]X2ĿnH2O ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʢʦʦʨʜʠ-

ʥʠʨʫʶʪʩʷ ʪʨʠ ʤʦʣʝʢʫʣʳ Me-Me-L
(v)
, ʘʥʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ. ʂʦʤʧʣʝʢʩ [Fe(Me-

Me-L
(v)

)2Cl2] ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ [19]. 

ʂʦʤʧʣʝʢʩ [Mo(Me-Me-L
(v)

)O2Cl2] ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ MoO2(acac)2 ʠ L 

(L = 2-(1-ʛʠʜʨʦʢʩʦ-2-ʤʝʪʠʣʛʠʜʨʘʟʠʥʦ)-4,6-ʜʠʤʝʪʠʣʧʠʨʠʤʠʜʠʥ) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (Mo : L = 1 : 1) 

(ʈʠʩ. 16) [20]. ɺʦ ʚʨʝʤʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ, ʥʦ ʠ ʢʦʥ-

ʜʝʥʩʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ L ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʣʠʛʘʥʜ Me-Me-L
(v)

. 

 
ʈʠʩ. 16. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Mo(Me-Me-L

(v)
)O2Cl2] ʠ [Mo2(Me-Me-L

(v)
)2O4(ɛ-O)Cl2]. 

 

ʂʠʧʷʯʝʥʠʝ ʪʦʡ ʞʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝ-

ʥʠʶ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo2(Me-Me-L
(v)

)2O4(ɛ-O)Cl2] (ʈʠʩ. 16). ɺ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʘʭ 

ʘʪʦʤ ʤʦʣʠʙʜʝʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʤʦʣʝʢʫʣʘ Me-Me-L
(v)

 ʢʦ-

ʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʘʤ ʤʦʣʠʙʜʝʥʘ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ɼʦʧʦʣʥʷʶʪ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʫʶ ʩʬʝʨʫ ʜʦ ʦʢʪʘʵʜʨʘ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ ʭʣʦʨʠʜ-ʠʦʥʳ. ɺ ʩʪʨʫʢʪʫʨʝ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ [Mo2(Me-Me-L
(v)

)2O4(ɛ-O)Cl2] ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʩʚʷʟʘʥʳ ʚ ʜʠʤʝʨ ʤʦʩʪʠʢʦʚʳʤ ʘʪʦ-

ʤʦʤ ʢʠʩʣʦʨʦʜʘ [20].   

ʈʷʜ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʩ ʣʠʛʘʥʜʘʤʠ ï ʧʨʦʠʟʚʦʜʥʳʤʠ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʄʘʥʟʘʥʦ ʠ ʝʸ ʢʦʣʣʝʛʘʤʠ [21]. ʂʦʤʧʣʝʢʩʳ [PdMe(MeCN)L
n
][BAr'4] 

(L
n
 = L

(v)
, 4-Me-L

(v)
, 4-Br-L

(v)
; Ar' = 3,5-(CF3)2C6H3) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʜʚʝ ʩʪʘʜʠʠ (ʈʠʩ. 17). 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʘʣʠ ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ [PdMeCl(4-Me-L
(v)
)] ʠ [PdMeCl(4-Br-L

(v)
)] 

ʧʦ ʤʝʪʦʜʠʢʝ ʩʠʥʪʝʟʘ [PdMeClL
(v)
] [22] ʧʦ ʨʝʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʛʘʥʜʘ ʩ ʢʦʤʧʣʝʢʩʦʤ 

[PdMeCl(COD)] ʚ ʪʦʣʫʦʣʝ (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1). ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʢ ʨʘʩʪʚʦʨʫ ʢʦʤʧʣʝʢʩʦʚ [PdMeCl(4-Me-L
(v)
)] ʠ [PdMeCl(4-Br-L

(v)
)] ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʜʦʙʘʚ-

ʣʷʣʠ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʠ Na[BAr'4] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʇʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 
1
H ʠ 
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ʉ. ʇʦʣʫʯʝʥʥʳʝ ʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʉʆ/4-ʪʨʝʪ-ʙʫʪʠʣʩʪʠʨʦʣ 

ʠ ʉʆ/ʵʪʠʣʝʥ/4-ʪʨʝʪ-ʙʫʪʠʣʩʪʠʨʦʣ. 

 
ʈʠʩ. 17. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [PdMe(MeCN)L

n
][BAr'4] (L

n
 = L

(v)
, 4-Me-L

(v)
, 4-Br-L

(v)
; Ar' = 3,5-(CF3)2C6H3). 
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ʄʘʥʟʘʥʦ ʠ ʩʦʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ [Pd(ɖ
3
-C4H7)L

n
]BAr'4 (L

n
 = 4-Me-L

(v)
, 4-

Br-L
(v)

; Ar' = 3,5-(CF3)2C6H3). ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʷʣʠ ʠʟ ʩʤʝʩʝʡ L
n
, TlBAr '4 ʠ [Pd(ɖ

3
-C4H7)(ɛ-

Cl)]2 ʚ ʪʦʣʫʦʣʝ (ʩʦʦʪʥʦʰʝʥʠʝ Pd : L
n 
: TlBAr '4 = 1 : 1 : 1) (ʈʠʩ. 18) [23]. 

 
ʈʠʩ. 18. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Pd(ɖ

3
-C4H7)L

n
]BAr'4 (L

n
 = 4-Me-L

(v)
, 4-Br-L

(v)
). 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ [Pd(ɖ
3
-C4H7)L

n
]CF3SO3 (L

n
 = 4-Me-L

(v)
, 4-Br-L

(v)
) ʧʦʣʫʯʘʣʠ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦ ʨʝʘʢʮʠʠ [Pd(ɖ
3
-C4H7)(ɛ-Cl)]2 ʩ AgCF3SO3 ʧʦʣʫʯʘʣʠ 

[Pd(ɖ
3
-C4H7)(ʊɻʌ)2]CF3SO3 ʚ ʊɻʌ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ ʣʠ-

ʛʘʥʜʳ L
n
 (Pd : L

n 
 = 1 : 1). ɺʩʝ ʦʧʝʨʘʮʠʠ ʩ AgCF3SO3 ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʤʥʦʪʝ. ʂʦʤʧʣʝʢʩʳ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 
1
H ʠ 
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C. 

ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʢ ʘʪʦʤʫ ʧʘʣʣʘʜʠʷ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʦʜʥʘ ʤʦʣʝʢʫʣʘ L
n
 ʠ ʧʦ ɖ

3
-ʪʠʧʫ ʘʥʠʦʥ C4H7

ï
 [23]. 

ʉ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ HL
(x)

 ʂʘʨ ʠ ʩʦʪʨʫʜʥʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ ʚʘʥʘʜʠʷ(V) 

ʠ ʤʝʜʠ(II) (ʈʠʩ. 19) [24]. ʃʠʛʘʥʜ HL
(x)

 ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ. 

ʂʦʤʧʣʝʢʩ [VOL
(x)

(OCH3)CH3OH] ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʨʘʩʪʚʦʨʘ HL
(x)

 ʠ VO(acac)2 ʚ ʤʝʪʘʥʦʣʝ ʧʨʠ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ V : HL
(x)

 = 1 : 1. ʂʦʤʧʣʝʢʩ [CuL
(x)

ClO4] ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ 

Cu(ClO4)2Ŀ6H2O ʠ HL
(x)

 ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʘ ʚʘʥʘʜʠʷ 

ʚ ʩʪʨʫʢʪʫʨʝ [VOL
(x)

(OCH3)CH3OH] ï ʦʢʪʘʵʜʨ (ʈʠʩ. 19). ʀʦʥ L
(x)ï

 ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʠʤʠʥʥʳʤ 

ʘʪʦʤʦʤ N ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ O. ɸʪʦʤʳ ʘʟʦʪʘ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʝ ʢʦʦʨʜʠ-

ʥʠʨʦʚʘʥʳ ʢ ʤʝʪʘʣʣʫ [24].  

 
ʈʠʩ. 19. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [VOL

(x)
(OCH3)CH3OH]. 

 

ɻʨʫʧʧʘ ʂʘʨ ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʢʦʤʧʣʝʢʩ [CuL
(y)

Cl]. ɽʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʚʫʤʷ ʧʫʪʷʤʠ 

(ʈʠʩ. 20) [25]. ʇʝʨʚʳʡ ï ʧʦ ʨʝʘʢʮʠʠ ʣʠʛʘʥʜʘ L
(y)

 ʩ CuCl ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 ʚ ʤʝʪʘ-

ʥʦʣʝ, ʚʪʦʨʦʡ ï ʧʦ ʨʝʘʢʮʠʠ L
(y)

 c CuCl2 (ʩʦʦʪʥʦʰʝʥʠʝ 1 : 1) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï 2-

ʤʝʨʢʘʧʪʦ-4,6-ʜʠʤʝʪʠʣʧʠʨʠʤʠʜʠʥʘ. ʂʦʤʧʣʝʢʩ [CuL
(y)

(SCN)] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ L
(y)

 

ʩ CuSCN. ʂʦʤʧʣʝʢʩ [CuL
(y)

Cl] ʠʤʝʝʪ ʦʜʥʦʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʘ ʤʝ-

ʜʠ ï ʠʩʢʘʞʸʥʥʳʡ ʧʣʦʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ.  

 
ʈʠʩ. 20. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [CuL

(y)
Cl] ʠ [Cu(L

(y)
)2](ClO4). 
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ʂʦʤʧʣʝʢʩ [Cu(L
(y)

)2](ClO4) ʪʘʢʞʝ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ (ʈʠʩ. 20) ï ʧʦ 

ʨʝʘʢʮʠʠ L
(y)

 ʠ Cu(MeCN)4ClO4 ʠ ʧʦ ʨʝʘʢʮʠʠ L
(y)

 ʩ Cu(ClO4)2Ț6H2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2-ʤʝʨʢʘʧʪʦ-

4,6-ʜʠʤʝʪʠʣʧʠʨʠʤʠʜʠʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ Cu : L
(y)

 = 1 : 1, ʧʨʠ ʩʠʥʪʝʟʝ 

ʙʳʣ ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ [ʉu(L
(y)

)2](ClO4). ɸʪʦʤ ʤʝʜʠ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦ-ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ, ʢ ʥʝʤʫ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʝ ʤʦʣʝʢʫʣʳ L
(y)

. 

ɺ ʭʝʣʘʪʥʦʤ ʮʠʢʣʝ ʩʚʷʟʴ N(ʧʠʨʘʟʦʣ)ïCu ʜʣʠʥʥʝʝ, ʯʝʤ ʩʚʷʟʴ N(ʧʠʨʠʤʠʜʠʥ)ïCu, ʯʪʦ ʦʙʫʩʣʦʚʣʝ-

ʥʦ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʧʦʣʦʞʝʥʠʠ 3 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ. [25].  

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʩʚʦʠʭ ʨʘʙʦʪ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʪʦʡ ʞʝ ʛʨʫʧʧʳ ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʪʘʪʴʶ [26], 

ʚ ʢʦʪʦʨʦʡ ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ ʠ ʩʪʨʫʢʪʫʨʝ ʦʜʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu(COO-

L
(v)

)2(H2O)]ĿH2OĿNEt3 (ʈʠʩ. 21). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ Cu(NO3)2Ŀ6H2O ʠ ʢʠʩʣʦʪʫ COOH-

L
(v)
, ʚʟʷʪʳʝ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Cu : COOH-L

(v)
 = 1 : 2, ʠ NEt3. ʂ ʘʪʦʤʫ ʤʝʜʠ ʢʦʦʨʜʠʥʠʨʦ-

ʚʘʥʳ ʜʚʘ ʠʦʥʘ COO-L
(v)

 ʠ ʤʦʣʝʢʫʣʘ H2O [26]. 

 
ʈʠʩ. 21. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Cu(COO-L

(v)
)2(H2O)]ĿH2OĿNEt3 (ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ H2O ʠ NEt3 ʥʝ ʧʦʢʘʟʘʥʳ). 

 

ʂʨʦʤʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ [M(COO-L
(v)

)2] (M = Co, Ni, 

Cu) [27]. ɺ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʪʨʠʜʝʥʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤʘʤʠ N ʧʠ-

ʨʘʟʦʣʴʥʦʛʦ ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʦʚ ʠ ʘʪʦʤʦʤ O ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʜʚʘ 

ʠʦʥʘ (COO-L
(v)

)
ï
, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ï ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ MN4O2 [27].  

ɺ ʨʘʙʦʪʝ [28] ʂʘʨ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʨʦʚʦʜʠʪ ʥʦʚʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʷ 

ʚ ʧʦʣʦʞʝʥʠʠ 3 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʠʩʧʦʣʴʟʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ ʣʠʛʘʥʜʳ Me-L
(z)

 ʠ NH2-

L
(z)

 ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʚʘʥʘʜʠʷ. ʀʟ ʨʘʩʪʚʦʨʦʚ L
n
 (L

n
 = Me-L

(z)
 ʠ NH2-L

(z)
) ʠ VO(acac)2 (V : 

L
n
 = 1 : 1) ʚ MeOH ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ [(VO2)NH2-L

(z)
] ʠ [V2O4(Me-L

(z)
)2] 

(ʈʠʩ. 22) [28]. ɺ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʣʠʛʘʥʜʳ Me-L
(z)

 ʠ NH2-L
(z)

 ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʪʦʤʫ ʚʘʥʘ-

ʜʠʷ ʪʨʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʩ ʟʘʤʳʢʘʥʠʝʤ ʜʚʫʭ ʤʝʪʘʣʣʦʮʠʢʣʦʚ. ʂʦʦʨʜʠʥʘʮʠʦʥ-

ʥʳʡ ʫʟʝʣ ʘʪʦʤʘ ʚʘʥʘʜʠʷ ʚ ʦʜʥʦʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ [(VO2)NH2-L
(z)

] ï ʠʩʢʘʞʸʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ 

ʧʠʨʘʤʠʜʘ VO3N2, ʚ ʜʚʫʭʲʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ [V2O4(Me-L
(z)

)2] ï ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ VO4N2, 

ʘʪʦʤʳ ʚʘʥʘʜʠʷ ʩʚʷʟʘʥʳ ʚ ʜʠʤʝʨ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ O. ʅʠ ʚ ʦʜʥʦʤ ʠʟ ʢʦʤʧʣʝʢʩʦʚ 

ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʦʨʜʠʥʘʮʠʠ [28]. 

 
ʈʠʩ. 22. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [(VO2)NH2-L

(z)
] ʠ [V2O4(Me-L

(z)
)2]. 
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ɺ ʩʪʘʪʴʝ [29] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʫʪʦʤʝʨʠʠ ʠ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢ-

ʩʦʚ Co(HL
(a1)

)nX2 (X = Cl, Br, I; n = 1 ʠʣʠ 2; HL
(a1)

 = 2-(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)-4(3H)-ʧʠʨʠʤʠʜʠʥʦʥ). 

ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʦʚ Co
2+

. 

ʀʟ ʘʥʘʣʠʟʘ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʤʦʣʝʢʫʣʳ 

Co(HL
(a1)

)nX2 ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʜʚʫʭ ʪʘʫʪʘʤʝʨʥʳʭ ʬʦʨʤ. ɺ ʦʜʥʦʡ ʠʟ ʥʠʭ ʢ ʘʪʦʤʫ ʢʦʙʘʣʴʪʘ ʢʦ-

ʦʨʜʠʥʠʨʫʶʪʩʷ ʘʪʦʤʳ O ʠ N ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʦʙʨʘʟʫʷ ʯʝʪʳʨʸʭʯʣʝʥʥʳʡ ʭʝʣʘʪʥʳʡ ʮʠʢʣ, 

ʚ ʜʨʫʛʦʡ ʢ ʘʪʦʤʫ ʢʦʙʘʣʴʪʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʦʜʠʥ ʘʪʦʤ N ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʦʜʠʥ ʘʪʦʤ N 

ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ, ʦʙʨʘʟʫʷ ʧʷʪʠʯʣʝʥʥʳʡ ʭʝʣʘʪʥʳʡ ʮʠʢʣ [29]. 

ɺ 1969 ʛʦʜʫ ʆʰʠʤʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʠʤʠ 2- ʠ 4-(1H-

ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ 2-(3-ʤʝʪʠʣ-5-ʤʝʪʦʢʩʠ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-4(6)-ʤʝʪʠʣ-6(4)-

ʤʝʪʦʢʩʠʧʠʨʠʤʠʜʠʥ (ʤʝʧʠʨʠʟʦʣ, L
(mep)
) ʧʦʢʘʟʳʚʘʝʪ ʩʘʤʦʝ ʩʠʣʴʥʦʝ ʙʦʣʝʫʪʦʣʷʶʱʝʝ ʠ ʧʨʦʪʠʚʦ-

ʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ [30,31]. ɺ ʩʚʝʪʝ ʵʪʦʛʦ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʩʠʥʪʝʟʫ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ) ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ M(L
(mep)

)3(ClO4)2 (M = Ni, Co), 

Zn(L
(mep)

)2(ClO4)2ĿH2O, M(L
(mep)

)Cl2 (M = Co, Cu, Zn) ʠ M(L
(mep)

)SO4ĿxH2O (M = Co, Cu, Zn). 

ʂʦʤʧʣʝʢʩʳ M(L
(mep)

)3(ClO4)2 (M = Ni, Co), Zn(L
(mep)

)2(ClO4)2ĿH2O ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʝʨʭʣʦʨʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ L
(mep)

 ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ M : 

L
(mep)

 = 1 : 4. ʉʫʣʴʬʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʳʜʝʣʷʣʠ ʠʟ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʘʪʦʚ 

ʤʝʪʘʣʣʦʚ ʠ L
(mep)

 (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ M : L
(mep)

 = 1 : 2). ʉʦʝʜʠʥʝʥʠʝ CoL
(mep)

Cl2 ʧʦʣʫʯʝʥʦ ʠʟ 

ʨʘʩʪʚʦʨʘ L
(mep)

 ʠ CoCl2 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Co : L
(mep)

 = 1 : 1. ʉʦʝʜʠʥʝ-

ʥʠʷ ML
(mep)

Cl2 (M = Cu, Zn) ʚʳʜʝʣʷʣʠ ʠʟ ʨʘʩʪʚʦʨʦʚ L
(mep)

 ʠ ʩʦʣʠ MCl2 ʚ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ MCl2 ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ L
(mep) 

: M = 3 : 5 [32]. ʀʟʫʯʘʣʦʩʴ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʤʝʧʠʨʠʟʦʣʘ ʩ ʠʦʥʘʤʠ Co
2+

, Ni
2+

 ʠ Cu
2+

 ʚ ʨʘʩʪʚʦʨʝ [33]. ʇʦ ʜʘʥʥʳʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʀʂ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʩʪʨʦʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ. ɺ ʧʝʨʭʣʦʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʠ ʚ ʢʦʤʧʣʝʢʩʝ CoL
(mep)

SO4ĿxH2O ʚʝʨʦʷʪʥʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʢʦʤʧʣʝʢʩʘʭ Cu(II) ʠ ʚ CoL
(mep)

Cl2 ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ. ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʦʥ ClO4
ï
 

ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʶ Td ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʣʝʢʩʳ M(L
(mep)

)3(ClO4)2 (M = Ni, Co) ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʩ ʠʦʥʘʤʠ ClO4
ï
 ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ. ɺ ʢʦʤʧʣʝʢʩʝ Zn(L

(mep)
)2(ClO4)2ĿH2O ʠʦʥ 

ClO4
ï
, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʶ ʉ3v, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʤʦʥʦʜʝʥʪʘʪʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ 

ʢ ʘʪʦʤʫ ʮʠʥʢʘ. ɺ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʚʘ-

ʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ MïN.   

ʂʦʤʧʣʝʢʩʳ [Cu(L
(mep)

)2(H2O)](ClO4)2 ʠ [CuL
(mep)
(ɛ-OH)](ClO4) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠ-

ʷʤ ʩʦʝʜʠʥʝʥʠʷ L
(mep)

 ʠ ʧʝʨʭʣʦʨʘʪʘ ʤʝʜʠ(II) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʷʭ ʧʨʠ pH = 3 ʠ pH = 5 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɺ ʦʙʝʠʭ ʨʝʘʢʮʠʷʭ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ M : L
(mep)

 ʩʦʩʪʘʚʣʷʣʦ 4 : 1. ʂʦʤʧʣʝʢʩ 

[Cu(L
(mep)

)2](ClO4)2 ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʨʘʩʪʚʦʨʘ L
(mep)

 ʠ ʧʝʨʭʣʦʨʘʪʘ ʤʝʜʠ(II) ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʤʦʣʴ-

ʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ M : L
(mep)

 = 1 : 3 ʧʨʠ pH = 3. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘ-

ʥʳ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʘʛʥʝʪʦʭʠʤʠʠ, ʕʇʈ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫ-

ʯʝʥʥʳʭ ʢʦʩʚʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʤʧʣʝʢʩ [Cu(L
(mep)

)2](ClO4)2 ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠ-

ʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ, ʪʦʛʜʘ ʢʘʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʢʦʤʧʣʝʢʩʘ 

[Cu(L
(mep)

)2(H2O)](ClO4)2 ï ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ [34].  

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʜʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(L
(mep)

)2(PF6)2 ʠ M(L
(mep)

)3(PF6)2 

(M = Cu, Ni, Co), ʜʚʫʭʲʷʜʝʨʥʳʝ [Cu2(L
(mep)

)2(C2O4)](NO3)2ĿH2O ʠ [Cu2(L
(mep)

)2(ʉ2O4)](ClO4)2, ʠ, 

ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Ni(L
(mep)

)(C2O4)ĿH2O ʠ CoL
(mep)

(C2O4). ɼʣʷ ʵʪʠʭ 
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ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʠʟʤʝʨʷʣʘʩʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʀʂ-ʩʧʝʢʪʨʳ. ɺ ʢʦʤʧʣʝʢʩʘʭ M(L
(mep)

)3(PF6)2 ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ 

ʤʝʪʘʣʣʘ ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ, ʠʦʥ PF6
ï
 ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ. ʂʦʤʧʣʝʢʩ Cu(L

(mep)
)2(PF6)2 

ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʢʦʤʧʣʝʢʩʫ Cu(L
(mep)

)2(ClO4)2. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ 

ʘʪʦʤʦʚ ʤʝʜʠ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʚ ʢʦʤʧʣʝʢʩʝ Cu(L
(mep)

)3(PF6)2 ï ʧʦ-

ʚʠʜʠʤʦʤʫ, ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ. ɺ ʢʦʤʧʣʝʢʩʘʭ [Cu2(L
(mep)

)2(C2O4)](NO3)2ĿH2O, 

Ni(L
(mep)

)(C2O4)ĿH2O ʠ Co(L
(mep)

)(C2O4), ʩʫʜʷ ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʢʩʘʣʘʪ-ʠʦʥ ʷʚʣʷ-

ʝʪʩʷ ʤʦʩʪʠʢʦʚʳʤ ʣʠʛʘʥʜʦʤ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ [Cu2(L
(mep)

)2(C2O4)](NO3)2ĿH2O ʠ [Cu2(L
(mep)

)2(ʉ2O-

2)](ClO4)2 ʘʥʠʦʥʳ C2O4
2ï

 ʠ NO3
ï
 ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ. ɺ ʦʢʩʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʥʘʡʜʝʥʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʦʥʘʤʠ Cu
2+
. ʂʦʤʧʣʝʢʩʳ 

Cu(L
(mep)

)2(PF6)2, M(L
(mep)

)3(PF6)2 (M = Ni, Co) ʠ Cu(L
(mep)

)3(PF6)2 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʘ L
(mep)
, ʩʦʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʠ KPF6 ʢʘʢ ʠʩʪʦʯʥʠʢʘ 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ-ʠʦʥʦʚ. ʂʦʤʧʣʝʢʩʳ Co(L
(mep)

)(C2O4) ʠ Ni(L
(mep)

)(C2O4) ʚʳʜʝʣʷʣʠ ʠʟ ʵʪʘʥʦʣʴʥʦ-

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ L
(mep)
, ʦʢʩʘʣʘʪ ʥʘʪʨʠʷ ʠ ʧʝʨʭʣʦʨʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ. 

ʀʟ ʨʘʩʪʚʦʨʦʚ ʩ ʜʨʫʛʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʙʳʣ ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ 

[Cu2(L
(mep)

)2(ʉ2O4)](ClO4)2 [35].   

ʂʦʤʧʣʝʢʩ [Cu(L
(mep)

)(C2O4)(H2O)] ʚʳʜʝʣʷʣʠ ʠʟ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ Cu(NO3)2, 

ʦʢʩʘʣʘʪʘ ʢʘʣʠʷ ʠ L
(mep)

 ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 : 1 (ʈʠʩ.23). ʕʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʜʣʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʚʝʥ 1.84 ʄ.ɹ., ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʦʥʘ Cu
2+
. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪ-

ʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʪʦʤʘ ʤʝʜʠ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ, ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʝ ʤʝʞʜʫ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʦʡ ʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʦʡ. ʂ ʘʪʦʤʫ ʤʝʜʠ ʙʠʜʝʥʪʘʪʥʦ-

ʮʠʢʣʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʩʧʦʩʦʙʦʤ ʢʘʢ ʤʦʣʝʢʫʣʘ L
(mep)
, ʪʘʢ ʠ ʘʥʠʦʥ C2O4

2ï
, ʤʦʣʝʢʫʣʘ ʚʦ-

ʜʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʤʦʥʦʜʝʥʪʘʪʥʦ [36]. 

 
ʈʠʩ. 23. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Cu(L

(mep)
)(C2O4)(H2O)] ʠ [Cu(L

(mep)
)Cl2]. 

 

ʂʨʠʩʪʘʣʣʳ [Cu(L
(mep)

)Cl2] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʪʚʦʨʘ L
(mep)

 ʠ CuCl2 (L
(mep) 

: Cu = 1 : 1) 

ʚ ʵʪʘʥʦʣʝ (ʈʠʩ. 23). ʂ ʘʪʦʤʫ ʤʝʜʠ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʤʦʣʝʢʫ-

ʣʘ L
(mep)
, ʧʨʠ ʵʪʦʤ ʦʙʝ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʪ ʘʪʦʤʘ ʤʝʜʠ ʩʪʦʨʦʥʳ 

ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ ʠʩʢʘʞʸʥʥʦʛʦ ʪʝʪ-

ʨʘʵʜʨʘ ʜʚʫʤʷ ʭʣʦʨʠʜ-ʠʦʥʘʤʠ [37].  

ʂʦʤʧʣʝʢʩ [Cu2(L
(mep)

)2(C2O4)(H2O)2](PF6)2Ŀ(L
(mep)

)Ŀ3H2O ʚʳʜʝʣʝʥ ʠʟ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ Cu(NO3)2, KPF6, Na2C2O4 ʠ L
(mep)

 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2 : 3 : 1 : 3 (ʈʠʩ. 24) 

[38]. ʂʦʤʧʣʝʢʩ ʠʤʝʝʪ ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʠʦʥʳ PF6
ľ
, ʤʦʣʝʢʫʣʘ L

(mep)
 ʠ ʤʦʣʝʢʫʣʘ H2O ʥʘʭʦʜʷʪʩʷ 

ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ. ɺ ʜʚʫʭʲʷʜʝʨʥʦʤ ʢʘʪʠʦʥʝ ʘʪʦʤʳ Cu ʩʦʝʜʠʥʝʥʳ ʤʦʩʪʠʢʦʚʳʤ ʦʢʩʘʣʘʪ-ʠʦʥʦʤ, 

ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ï ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ CuN2O3. ʇʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʦʣʫʯʝ-

ʥʠʶ [Cu2(L
(mep)

)2(C2O4)(H2O)2](PF6)2Ŀ(L
(mep)

)Ŀ3H2O, ʥʦ ʙʝʟ ʧʨʠʙʘʚʣʝʥʠʷ KPF6, ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ 

[Cu2(L
(mep)

)2(C2O4)(NO3)2(H2O)]2[Cu2(L
(mep)

)2(C2O4)(NO3)2] (ʈʠʩ. 24) [38]. ʉʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʧʦʩʪʨʦʝʥʘ ʠʟ ʤʦʣʝʢʫʣ [Cu2(L
(mep)

)2(C2O4)(NO3)2(H2O)] ʠ [Cu2(L
(mep)

)2(C2O4)(NO3)2]. 

ɺ ʤʦʣʝʢʫʣʝ [Cu2(L
(mep)

)2(C2O4)(NO3)2(H2O)] ʦʜʠʥ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 5 

(ʠʩʢʘʞʝʥʥʘʷ ʯʝʪʳʨʸʭʫʛʦʣʴʥʘʷ ʧʠʨʘʤʠʜʘ 4+1), ʢ ʥʝʤʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʘ L
(mep)
, ʥʠʪʨʘʪ-



24 

 

ʠʦʥ ʠ ʤʦʩʪʠʢʦʚʳʡ ʦʢʩʘʣʘʪ-ʠʦʥ; ʚʪʦʨʦʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 6 (ʠʩʢʘʞʸʥ-

ʥʳʡ ʦʢʪʘʵʜʨ 4+2): ʢ ʥʝʤʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ L
(mep)

 ʠ H2O, ʥʠʪʨʘʪ- ʠ ʦʢʩʘʣʘʪ-ʠʦʥʳ. 

ɺ ʤʦʣʝʢʫʣʝ [Cu2(L
(mep)

)2(C2O4)(NO3)2] ʦʙʘ ʘʪʦʤʘ ʤʝʜʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ CuN2O4, ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʜʠ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘ-

ʥʘ ʤʦʣʝʢʫʣʘ L
(mep)
, ʤʦʩʪʠʢʦʚʳʡ ʦʢʩʘʣʘʪ-ʠʦʥ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʘʪ-ʠʦʥ [38]. 

 
ʈʠʩ. 24. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Cu2(L

(mep)
)2(C2O4)(H2O)2](PF6)2Ŀ(L

(mep)
)Ŀ3H2O ʠ 

[Cu2(L
(mep)

)2(C2O4)(NO3)2(H2O)]2[Cu2(L
(mep)

)2(C2O4)(NO3)2]. 

 

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ Cu2(L
(mep)

)2(C2O4)(ClO4)2 ʠ Cu2(L
(mep)

)2(C2O2N2H2)(NO3)2ĿH2O 

(C2O2N2H2
2ï

 ï ʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ ʘʤʠʜʘ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ). ʇʦʩʣʝʜʥʠʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫ-

ʯʝʥ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ LiOH, Cu(NO3)2, C2N2O2H4 ʠ L
(mep)

 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2 : 2 : 

1 : 2. ʇʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʋʌ, ʀʂ, ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʢʦʤʧʣʝʢʩ, ʚʝʨʦ-

ʷʪʥʦ, ʠʤʝʝʪ ʜʚʫʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʠʦʥ C2O2N2H2
2ï

 ʷʚʣʷʝʪʩʷ ʤʦʩʪʠʢʦʚʳʤ ʣʠʛʘʥʜʦʤ ʠ ʩʦʝʜʠ-

ʥʷʝʪ ʜʚʘ ʘʪʦʤʘ ʤʝʜʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤ-

ʧʝʨʘʪʫʨ 5ï360K ʚ ʯʝʪʳʨʸʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʡʜʝʥʦ ʩʠʣʴʥʦʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [38]. 

ʂʦʤʧʣʝʢʩ [CuL
(mep)

(H2O)(C4O4)]nĿ2nH2O ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ Cu(NO3)2Ŀ3H2O, L
(mep)

 ʠ Na2C4O4 ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 2 : 2 : 1 (ʈʠʩ. 25). ʂʦʤ-

ʧʣʝʢʩ ʷʚʣʷʝʪʩʷ 1D-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʧʦʣʠʤʝʨʦʤ, ʬʨʘʛʤʝʥʪʳ CuL
(mep)

(H2O) ʚ ʢʦʪʦʨʦʤ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʠʢʦʚʳʤʠ ʠʦʥʘʤʠ C4O4
2ï

 ʚ ʮʝʧʦʯʢʠ. ʂ ʘʪʦʤʫ ʤʝʜʠ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʦʜʥʘ ʤʦʣʝʢʫʣʘ L
(mep)
, ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʠ ʜʚʘ ʘʪʦʤʘ O ʦʪ ʜʚʫʭ ʠʦʥʦʚ 

C4O4
2ï
, ʛʝʦʤʝʪʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ï ʠʩʢʘʞʸʥʥʘʷ ʪʨʝʫʛʦʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ. ʕʪʦ ʩʦʝʜʠ-

ʥʝʥʠʝ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 1.89 ʄ.ɹ. 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 4.2 ï 290K [39].   

 
ʈʠʩ. 25. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [CuL

(mep)
(H2O)(C4O4)]nĿ2nH2O ʠ ʢʦʤʧʣʝʢʩʘ 

[(L
(mep)

)(H2O)(NO3)Cu(C2O4)Cu(NO3)(H2O)(L
(mep)

)]Ā2H2O (ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʤʦʣʝʢʫʣʳ H2O ʥʝ ʧʦʢʘʟʘʥʳ). 

 

ʂʦʤʧʣʝʢʩ [(L
(mep)

)(H2O)(NO3)Cu(C2O4)Cu(NO3)(H2O)(L
(mep)

)]Ā2H2O ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ Cu(Nʆ3)Ț3H2ʆ, ʦʢʩʘʣʘʪ ʥʘʪʨʠʷ ʠ ʩʦʝʜʠʥʝ-
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ʥʠʝ L
(mep)
, ʠ ʧʦʜʢʠʩʣʝʥʥʦʛʦ HNO3 (ʈʠʩ. 25). ʄʦʣʝʢʫʣʳ 

[(L
(mep)

)(H2O)(NO3)Cu(C2O4)Cu(NO3)(H2O)(L
(mep)

)]Ā2H2O ʠʤʝʶʪ ʜʚʫʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʘʪʦʤʳ 

ʤʝʜʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʢʪʘʵʜ-

ʨʘ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʤʦʣʝʢʫʣʳ ʤʝʧʠʨʠʟʦʣʘ ʠ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦ-

ʨʦʜʘ ʤʦʩʪʠʢʦʚʦʛʦ ʦʢʩʘʣʘʪ-ʠʦʥʘ. ɺ ʘʢʩʠʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʦʢʪʘʵʜʨʘ ʥʘʭʦʜʷʪʩʷ ʥʠʪʨʘʪ-ʠʦʥ ʠ ʤʦ-

ʣʝʢʫʣʘ ʚʦʜʳ. ʂʦʤʧʣʝʢʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʝʞʜʫ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ï ʠʦʥʘʤʠ Cu
2+

 [40]. 

ʂʦʤʧʣʝʢʩ [Cu(L
(mep)

)3](PF6)2 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ Cu(NO3)2, L
(mep)

 ʠ KPF6 ʚ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ M : L
(mep)

 : PF4 = 2 : 6 : 1 (ʈʠʩ. 26). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʫʟʝʣ ʚ ʢʘʪʠʦʥʝ [Cu(L
(mep)

)3]
2+

 ʩʬʦʨʤʠʨʦʚʘʥ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʪʨʸʭ ʤʦʣʝʢʫʣ L
(mep)
, ʦʜʥʘ ʤʦ-

ʣʝʢʫʣʘ L
(mep)

 ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ [41]. 

 
ʈʠʩ. 26. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ Cu(L

(mep)
)3(PF6)2 ʠ ʢʦʤʧʣʝʢʩʘ [Mn(L

(mep)
)2(NCS)2]. 

 

ʂʦʤʧʣʝʢʩ [Mn(L
(mep)

)2(NCS)2] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ [42]. ʉʥʘʯʘʣʘ ʛʦʪʦʚʠ-

ʣʠ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ L
(mep)

 ʠ Mn(NO3)2Ā4H2O ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Mn : L
(mep)

 = 1 : 

2 (ʈʠʩ. 26). ɿʘʪʝʤ ʚ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʙʘʚʣʷʣʠ KNCS, ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ, ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʚʳʧʘʜʘʣ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ʂʦʤʧʣʝʢʩ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ, 

[Mn(L
(mep)

)2(NCS)2]. ʊʠʦʮʠʘʥʘʪ-ʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ [42]. 

ʂʦʤʧʣʝʢʩ [Cu(L
(mep)

)2Cl]BF4 ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʠ L
(mep)

, CuCl2 ʠ NaBF4 ʚ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Cu : L
(mep)

 = 1 : 1 (ʈʠʩ. 27). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʫʟʝʣ ʘʪʦʤʘ ʤʝʜʠ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʝʞʜʫ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʦʡ ʠ ʢʚʘʜʨʘʪʥʦʡ 

ʧʠʨʘʤʠʜʦʡ [43]. ʉʦʝʜʠʥʝʥʠʝ [Pd(L
(mep)

)Cl2] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ 

[Pd(PhCN)2Cl2] ʠ ʩʦʝʜʠʥʝʥʠʷ L
(mep)

 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʭʣʦʨʦʬʦʨʤʝ (ʈʠʩ. 27). ʂʦʤʧʣʝʢʩ 

[Pt(L
(mep)

)Cl2] ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʚʦʜʥʦ-ʘʮʝʪʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ K2[PtCl4] ʠ L
(mep)
. ʕʪʘ 

ʨʝʘʢʮʠʷ ʪʨʝʙʫʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ [44]. ʂʦʤʧʣʝʢʩ [Pd(L
(mep)

)Cl2] ʷʚʣʷʝʪʩʷ ʦʜʥʦ-

ʷʜʝʨʥʳʤ, ʢ ʘʪʦʤʫ ʧʘʣʣʘʜʠʷ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʤʦʣʝʢʫʣʘ 

L
(mep)
. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʘ Pd ï ʠʩʢʘʞʸʥʥʳʡ ʢʚʘʜʨʘʪ. ʂʦʤʧʣʝʢʩʳ [Pd(L

(mep)
)Cl2] 

ʠ [Pt(L
(mep)

)Cl2] ʠʟʦʩʪʨʫʢʪʫʨʥʳ. ɼʣʷ ʚʩʝʭ ʪʝʩʪʠʨʫʝʤʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ ʧʨʦʷʚʣʷʶʪ ʤʝʥʴʰʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʯʝʤ ʮʠʩʧʣʘʪʠʥ. ʂʦʤʧʣʝʢʩ [Pt(L
(mep)

)Cl2] 

ʥʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ɼʅʂ ʠ ʥʝ ʤʦʜʠʬʠʮʠʨʫʝʪ ʝʸ ʩʪʨʫʢʪʫʨʫ [44]. 

 
ʈʠʩ. 27. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Cu(L

(mep)
)2Cl]BF4, [Pd(L

(mep)
)Cl2] ʠ [Pt(L

(mep)
)Cl2]. 
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ʂʦʤʧʣʝʢʩʳ [SnR2X2(L
(mep)

)] (R ʠ X = Et ʠ Cl, Et ʠ Br, Bu ʠ Cl, Bu ʠ Br, Ph ʠ Cl ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ) ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ SnR2X2 ʠ L
(mep)

 ʚ CH2Cl2 (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Sn : 

L
(mep)

 = 1 : 1) ʧʦʩʣʝ ʢʠʧʷʯʝʥʠʷ (ʈʠʩ. 28).  

 
ʈʠʩ. 28. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [SnPh2Cl2(L

(mep)
)]. 

 

ʂʦʤʧʣʝʢʩ [SnPh2Cl2(L
(mep)
)] ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ ʠʟ CH2Cl2. ʆʥ ʠʤʝʝʪ ʠʩʢʘʞʸʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ 

SnN2C2Cl2. ʂ ʘʪʦʤʫ ʦʣʦʚʘ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʦʜʥʘ ʤʦʣʝʢʫʣʘ 

L
(mep)
, ʜʚʘ ʭʣʦʨʠʜ-ʠʦʥʘ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʜʚʘ ʬʝʥʠʣʴʥʳʭ ʢʦʣʴʮʘ ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʠ. ʇʦ ʜʘʥʥʳʤ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ 

ʘʥʘʣʦʛʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʂʦʤʧʣʝʢʩʳ [SnEt2Cl2(L
(mep)

)] ʠ [SnEt2Br2(L
(mep)

)] ʧʨʦʷʚʣʷʶʪ ʮʠʪʦʩʪʘʪʠ-

ʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ 

ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʠʪ ʘʢʪʠʚʥʦʩʪʴ ʮʠʩʧʣʘʪʠʥʘ [45].  

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ [SnX4(L
(mep)

)] 

ʠ [SnMe2X2(L
(mep)

)] (X = Cl, Br) [46]. ʂʦʤʧʣʝʢʩʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʘʥʥʳʤʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ, 

ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂ ʘʪʦʤʫ ʦʣʦʚʘ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ 

ʤʦʣʝʢʫʣʘ ʤʝʧʠʨʠʟʦʣʘ. ɼʚʘ ʭʣʦʨʠʜ-ʠʦʥʘ ʠ ʜʚʝ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʜʦʧʦʣʥʷʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʫʟʝʣ ʜʦ ʦʢʪʘʵʜʨʘ SnN2C2Cl2 [46].  

ʂʦʤʧʣʝʢʩ [{Cu(L
(mep)

)Br} 2(ɛ-OH)(ɛ-pz)] (pz = ʧʠʨʘʟʦʣʘʪ-ʠʦʥ) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ ʨʝ-

ʘʢʮʠʠ ʧʠʨʘʟʦʣʘʪʘ ʢʘʣʠʷ, ʙʨʦʤʠʜʘ ʤʝʜʠ(II) ʠ L
(mep)

 (Kpz : Cu : L
(mep)

 = 1 : 2 : 1) ʚ ʵʪʘʥʦʣʝ [47]. 

ʇʨʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ʂʦʤ-

ʧʣʝʢʩ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʜʚʫʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʩ ʚʝʩʴʤʘ ʢʦʨʦʪʢʠʤ ʨʘʩʩʪʦʷʥʠʝʤ CuĿĿĿCu 

3.378(3) ¡. ʂ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʜʠ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʦ ʧʦ ʦʜ-

ʥʦʡ ʤʦʣʝʢʫʣʝ L
(mep)
, ʢʦʥʮʝʚʦʡ ʙʨʦʤʠʜ-ʠʦʥ, ʠ ʤʦʩʪʠʢʦʚʳʝ ʛʠʜʨʦʢʩʠʜ-ʠʦʥ ʠ pz-ʠʦʥ. ʂʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʝ ʫʟʣʳ ʘʪʦʤʦʚ ʤʝʜʠ CuN3BrO ʠʤʝʶʪ ʛʝʦʤʝʪʨʠʶ, ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʤʝʞʜʫ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʙʠʧʠʨʘʤʠʜʦʡ ʠ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʦʡ (ʈʠʩ. 29). ɺ ʢʦʤʧʣʝʢʩʝ [{Cu(L
(mep)

)Br} 2(ɛ-OH)(ɛ-pz)] 

ʥʘʡʜʝʥʦ ʩʠʣʴʥʦʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʦʥʘʤʠ Cu
2+
, ʢʦʪʦʨʦʤʫ ʙʣʘʛʦ-

ʧʨʠʷʪʩʪʚʫʶʪ ʤʦʩʪʠʢʦʚʳʝ OH
ï
 ʠ ʧʠʨʘʟʦʣʘʪ-ʠʦʥʳ [47]. 

 
ʈʠʩ. 29. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [{Cu(L

(meps)
)Br} 2(ɛ-OH)(ɛ-pz)]. 

 

ʂʦʤʧʣʝʢʩʳ [PdL
n
(bipy)](NO3)2 (ʈʠʩ. 30) ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ 

[Pd(bipy)](NO3)2 ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ L
n
 (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Pd : L

n
 = 3 : 1; L

n
 = L

(a2)
 ʠ Et-L

(a2)
) 

ʚ ɼʄʉʆ. ʃʠʛʘʥʜʳ L
n
 ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʧʠʨʠʤʠʜʠʥʦʚʳʭ 

ʮʠʢʣʦʚ. ʇʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ L
n
 ʢ ʘʪʦʤʫ ʧʘʣʣʘʜʠʷ ʦʙʨʘʟʫʝʪʩʷ ʤʘʢʨʦʮʠʢʣ. ɹʠʧʠʨʠʜʠʣ, 
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ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʜʦʧʦʣʥʷʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ 

ʘʪʦʤʘ ʧʘʣʣʘʜʠʷ ʜʦ ʪʝʪʨʘʵʜʨʘ. ʇʦʢʘʟʘʥʘ ʣʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʠ PdïN ʚ ʨʘʩʪʚʦʨʝ. ɸʪʦʤ ʧʘʣʣʘʜʠʷ 

ʧʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʪʦ ʢ ʘʪʦʤʫ N
1
 , ʪʦ ʢ ʘʪʦʤʫ N

3
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ [48]. 

 
ʈʠʩ. 30. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [PdL

n
(bipy)](NO3)2 (L

n
 = L

(a2)
 ʠ Et-L

(a2)
). 

 

ʈʘʙʦʪʳ ʍʠʤʝʜʳ [49,50] ʧʦʩʚʷʱʝʥʳ ʚʦʧʨʦʩʘʤ ʧʦʣʫʯʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʠʟ CO2 

ʠ H2. ʀʥʪʝʨʝʩ ʢ ʵʪʦʡ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʚ ʦʙʨʘʪʥʦʤ ʧʨʦʮʝʩʩʝ ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʨʦʜʘ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ [Ir(N,N)Cp*(H2O)]
2+

 (N,N = 

N,N-ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʡ ʣʠʛʘʥʜ, Cp* = ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ), ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʥ-

ʪʝʟʘ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʠʟ CO2 ʠ H2 (ʈʠʩ. 31). ɺʚʝʜʝʥʠʝ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ ʣʠʛʘʥʜʘ 

ʧʦʚʳʰʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚ ʵʪʦʡ  ʨʝʘʢʮʠʠ. ʊʘʢ, ʢʦʤʧʣʝʢʩʳ 

[Ir(N,N)Cp*(H2O)]SO4 (N,N = 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-4,6-ʜʠʛʠʜʨʦʢʩʠʧʠʨʠʤʠʜʠʥ, 4-(1ʅ-ʧʠʨʘʟʦʣ-

1-ʠʣ)-2,4-ʜʠʛʠʜʨʦʢʩʠʧʠʨʠʤʠʜʠʥ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʜʨʫʛʠʤʠ N,N-ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʊʝ ʞʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʣʠ ʜʦʙʘʚʦʢ ʢʘ-

ʪʘʣʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ.  

 
ʈʠʩ. 31. ʂʦʤʧʣʝʢʩʳ [Ir(N,N)Cp*(H2O)]SO4 (N,N = 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-4,6-ʜʠʛʠʜʨʦʢʩʠʧʠʨʠʤʠʜʠʥ, 4-(1ʅ-ʧʠʨʘʟʦʣ-

1-ʠʣ)-2,4-ʜʠʛʠʜʨʦʢʩʠʧʠʨʠʤʠʜʠʥ). 

 
ʈʠʩ. 32. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Ni(L

(n)
)Br2] (L

(n)
 = L

(v)
, 4-Me-L

(v)
, 4-Br-L

(v)
, 3,5-Me-L

(v)
). 

 

ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʧʦʩʪʤʝʪʘʣʣʦʮʝʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʳ ʢʦʤʧʣʝʢʩʳ [Ni(L
(n)

)Br2] (L
(n)

 = L
(v)

, 4-Me-L
(v)

, 4-Br-L
(v)

, 3,5-Me-L
(v)
) (ʈʠʩ. 32) [51]. ʀʭ ʧʦ-

ʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ L
(n)

 ʩ {Ni[(MeOCH2)2]Br2}. ʉʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ. ɸʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʧʨʦʚʝʨʷʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʢʘ-

ʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʠʣʘʣʶʤʦʢʩʘʥʘ (ʄɸʆ) ʠ ʭʣʦʨʠʜʘ ʜʠʵʪʠʣʘʣʶʤʠʥʠʷ (AlEt2Cl). ʇʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ ʜʦ 20 ÁC ʩʠʩʪʝʤʳ [Ni(L
(n)

)Br2]/ʄɸʆ ʧʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʈʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [PdClMe(L
(v)
)] ʠ [PdClMe(3,5-Me-L

(v)
)] ʦʢʘʟʘʣʠʩʴ ʥʝʘʢʪʠʚʥʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄɸʆ 

ʠ AlEt2Cl. ʅʝʢʦʪʦʨʳʝ ʦʙʨʘʟʮʳ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Ni(L
(n)

)Br2]/ʄɸʆ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʘʥʥʳʤʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ʆʥʠ ʦʢʘʟʘʣʠʩʴ ʧʦʣʠʤʝʨʘʤʠ ʩ ʤʦʣʷʨʥʦʡ ʤʘʩ-
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ʩʦʡ 550 ï 1500 ʛ/ʤʦʣʴ ʠ ʜʠʩʧʝʨʩʥʦʩʪʴʶ 1.2 ï 1.7. ʉʪʝʧʝʥʴ ʨʘʟʚʝʪʚʣʸʥʥʦʩʪʠ 2 ï 12 %, ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 40 ï 120 ÁC ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ 40 ï 70 %. 

 
ʈʠʩ. 33. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ ʛʨʘʥ-[Re(Py-L

(v)
)(CO)3Br]. 

 

ʈʝʘʢʮʠʷ [Re(CO)5Br] ʩ N,N-ʙʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ Py-L
(v)
, ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʛʨʘʥ-[Re(N,N)(CO)3Br] (ʈʠʩ. 33) [52]. ʃʠʛʘʥʜ Py-L
(v)

 ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ 

ʚ ʧʦʣʦʞʝʥʠʠ 3 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʥʘʭʦʜʠʪʩʷ ʧʠʨʠʜʠʥ-2-ʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʩʦʟʜʘʶʱʘʷ ʧʨʝʜʧʦ-

ʩʳʣʢʠ ʜʣʷ ʪʨʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʪʦʤʘ ʨʝʥʠʷ ï 

ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ ReN2C3Br ʩ ʛʨʘʥʝʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʸʭ CO-ʛʨʫʧʧ. ʄʦʣʝʢʫʣʘ ʣʠʛʘʥʜʘ 

Py-L
(v)

 ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʢ ʤʝʪʘʣʣʫ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤʘʤʠ N ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʧʠʨʠʜʠʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥ. 

ʂʦʤʧʣʝʢʩ Co(III) ʩ ʣʠʛʘʥʜʦʤ L
(v)

 (ʈʠʩ. 34) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʚ ʨʦʣʠ ʜʦ-

ʧʘʥʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ [53]. ʆʥ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʨʝʜʦʢʩ ʧʦʪʝʥʮʠʘʣʦʤ 

(1.27 V vs. NHE) ʩʨʝʜʠ ʚʩʝʭ ʢʦʙʘʣʴʪʦʚʳʭ ʜʦʧʘʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʧʠʨʦʚʘʪʴ ʠʤ ʙʦʣʴʰʦʡ ʨʷʜ 

ʚʝʱʝʩʪʚ ʩ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʀʟʛʦʪʦʚʣʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʚʩʢʠʪʘ (perovskite-based solar cells), ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʢʘʢ ʜʦʧʘʥʪ ʜʣʷ spiro-

OMeTAD. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʘʢ ʜʦʧʘʥʪʘ p-ʪʠʧʘ ʜʣʷ spiro-OMeTAD ʜʦʩʪʠʛ-

ʥʫʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (overall power conversion efficiency) 12 %. 

 
ʈʠʩ 34. ʂʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ(III) ʩ ʣʠʛʘʥʜʦʤ L

(v)
. 

 

ɻʨʫʧʧʘ ʌʨʦʥʪʝʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʠ ʠʩʩʣʝʜʦʚʘʣʘ ʧʨʝʚʨʘʱʝʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ Ir(III ), Ru(III) ʠ Rh(III) ʩ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʤ (L
(v)
) [54] (ʈʠʩ. 35). ɺ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʮʠʩ-[M
III

Cl3(DMSO-əS)L
(v)
] ʠʣʠ ʪʨʘʥʩ-

[M
III

Cl3(DMSO-əS)L
(v)
], ʩʤʝʩʝʡ ʠʟʦʤʝʨʦʚ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʮʠʩ- Ÿ ʪʨʘʥʩ-. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʫʟʣʳ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʘʞʸʥʥʳʝ ʦʢʪʘʵʜʨʳ MN2Cl3S. ʅʘʨʷʜʫ ʩ ʵʪʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʜʚʘ ʠʟʦʤʝʨʘ ʢʦʤʧʣʝʢʩʘ [Ru
II
Cl2(DMSO-əS)2L

(v)
]. 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘ 3Ph-5HO-L
(v)

 ʠ 3,5-Me-L
(v)

 (ʈʠʩ. 36) ʠ ʠʭ ʧʠʨʠʜʠʣʴʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [55]. ʂʦʤ-

ʧʣʝʢʩʳ ʠʤʝʶʪ ʩʪʝʭʠʦʤʝʪʨʠʶ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1 ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ ʤʝʜʠ 

(CuN2Cl2). ʉʚʷʟʴ CuïN(ʧʠʨʘʟʦʣ) ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ 3Ph-5HO-L
(v)

 ʠ ʝʛʦ ʧʠʨʠʜʠʣʴʥʳʤ ʘʥʘʣʦʛʦʤ 

ʜʣʠʥʥʝʝ, ʯʝʤ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ 3,5-Me-L
(v)

 ʠ ʝʛʦ ʧʠʨʠʜʠʣʴʥʳʤ ʘʥʘʣʦʛʦʤ. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʨʦʚʝʨʷʣʠ ʥʘ ʣʠʥʠʷʭ HL-60, NALM -6 ʠ WM-115. ʂʦʤʧʣʝʢʩʳ [Cu(3Ph-5HO-L
(v)

)Cl2] 

ʠ [Cu(3,5-Me-L
(v)

)Cl2] (ʠ ʧʠʨʠʜʠʣʴʥʳʡ ʘʥʘʣʦʛ ʧʦʩʣʝʜʥʝʛʦ) ʙʦʣʝʝ ʘʢʪʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʤ ʣʠʥʠʷʤ, ʯʝʤ ʣʠʛʘʥʜʳ. 
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ʈʠʩ. 35. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʮʠʩ-[M

III
Cl3(DMSO-əS)L

(v)
], ʪʨʘʥʩ-[M

III
Cl3(DMSO-əS)L

(v)
] ʠ [Ru

II
Cl2(DMSO-əS)2L

(v)
]. 

 

 

 
ʈʠʩ. 36. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Cu(3Ph-5HO-L

(v)
)Cl2] ʠ [Cu(3,5-Me-L

(v)
)Cl2]. 

 

ʇʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʝ NH2-HL
(z)

 (ʈʠʩ. 37) ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʤʝʩʪ, ʂʘʨ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʦʩʪʘʨʘʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʦʣʠʛʦʷʜʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [56]. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʢʝʪʦ- ʠ ʝʥʦʣʴʥʦʡ ʬʝʨʤ. 

ʇʦ ʨʝʘʢʮʠʠ NH2-HL
(z)

 ʩ Cu(NO3)2 ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ [Cu4(NH2-L
(z)

)4](NO3)4 (ʈʠʩ. 37). ʂʘʞ-

ʜʳʡ ʠʦʥ (NH2-L
(z)

)
ï
 ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʜʚʫʤ ʠʦʥʘʤ Cu

2+
. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʩʪʨʫʢʪʫ-

ʨʫ ʨʝʰʸʪʢʠ [2 Ĭ 2]. ʀʦʥʳ Cu
2+

 ʠʤʝʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ CuN4O2. ɺ ʜʘʥ-

ʥʦʤ ʢʦʤʧʣʝʢʩʝ ʥʘʡʜʝʥʳ ʩʣʘʙʳʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

 
ʈʠʩ. 37. ʊʘʫʪʦʤʝʨʠʷ ʣʠʛʘʥʜʘ NH2-HL

(z)
 ʠ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Cu4(NH2-HL

(z)
)4](NO3)4. 
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ʇʨʦʜʦʣʞʘʷ ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʂʘʨ ʠ ʩʦʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʨʷʜ ʜʚʫʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʠ ʢʦʙʘʣʴʪʘ(II) ʩ ʣʠʛʘʥʜʦʤ Me-Me-L
(v)

: [Cu2(Me-Me-

L
(v)

)2(N3)2Cl2], [Cu2(Me-Me-L
(v)

)2(N3)4], [Co2(Me-Me-L
(v)

)2Cl4] ʠ [Co2(Me-Me-L
(v)

)2(N3)4] (ʈʠʩ. 38) 

[57]. ɺ ʢʦʤʧʣʝʢʩʘʭ [Cu2(Me-Me-L
(v)

)2(N3)2Cl2], [Cu2(Me-Me-L
(v)

)2(N3)4] ʠ [Co2(Me-Me-L
(v)

)2(N3)4] 

ʠʦʥʳ Cu
2+

 ʩʦʝʜʠʥʝʥʳ ʚ ʜʚʫʭʲʷʜʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʣʘʛʦʜʘʨʷ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʘʟʠʜ-ʠʦʥʦʚ. 

ɺ ʢʦʤʧʣʝʢʩʝ [Co2(Me-Me-L
(v)

)2Cl4] ʜʚʫʭʲʷʜʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʤʦʩʪʠʢʦʚʦʡ ʢʦ-

ʦʨʜʠʥʘʮʠʠ ʭʣʦʨʠʜ-ʠʦʥʦʚ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ [Cu2(Me-Me-L
(v)

)2(N3)2Cl2], [Cu2(Me-Me-L
(v)

)2(N3)4] ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʪʦʤʦʚ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʸʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ. ʂʦ-

ʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʚ [Co2(Me-Me-L
(v)

)2Cl4] ʠ [Co2(Me-Me-L
(v)

)2(N3)4] ï ʠʩ-

ʢʘʞʸʥʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ. ɺ ʢʦʤʧʣʝʢʩʘʭ [Cu2(Me-Me-L
(v)

)2(N3)2Cl2] ʠ [Cu2(Me-Me-

L
(v)

)2(N3)4] ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (J = ï7.09 ʩʤ
ï1

 ʜʣʷ 

[Cu2(Me-Me-L
(v)

)2(N3)2Cl2] ʠ J = ï17.00 ʩʤ
ï1

 ʜʣʷ [Cu2(Me-Me-L
(v)

)2(N3)4]), ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʘʭ 

[Co2(Me-Me-L
(v)

)2Cl4] ʠ [Co2(Me-Me-L
(v)

)2(N3)4] ï ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ (J = 7.44 ʩʤ
ï1

 ʜʣʷ [Co2(Me-Me-

L
(v)

)2Cl4] ʠ J = 10.45 ʩʤ
ï1

 ʜʣʷ [Co2(Me-Me-L
(v)

)2(N3)4]).  

 
ʈʠʩ. 38. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Cu2(Me-Me-L

(v)
)2(N3)2Cl2], [Cu2(Me-Me-L

(v)
)2(N3)4], [Co2(Me-Me-L

(v)
)2Cl4] ʠ [Co2(Me-

Me-L
(v)

)2(N3)4]. 

 

1.2.2. ʂʦʤʧʣʝʢʩʳ ʩ 4,6-ʙʠʩ(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ 

ʇʝʨʚʘʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ 4,6-ʙʠʩ(1H-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 1984 ʛ [58]. ʋʩʦʥ ʠ ʩʦʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢʩ 

[{ Rh(COD)} 2(3,5-Me-L
(j)

)](ClO4)2 (ʈʠʩ. 39). ʆʥ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ 

[Rh(COD)]ClO4 ʩ ʣʠʛʘʥʜʦʤ 3,5-Me-L
(j)

 ʚ ʘʮʝʪʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Rh : 

(3,5-Me-L
(j)
) = 2 : 1. ɺʝʨʦʷʪʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʀʂ- ʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʜʚʫʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʙʠʩ-

ʙʠʜʝʥʪʘʪʥʦʡ ʤʦʩʪʠʢʦʚʦ-ʮʠʢʣʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ [58].  

 
ʈʠʩ. 39. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [{Rh(COD)} 2(3,5-Me-L

(j)
)](ClO4)2. 

 

ʈʘʙʦʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʛʨʫʧʧʦʡ ʄʘʥʟʘʥʦ. 

ʇʨʦʚʦʜʷ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʡ L
(j)

 ʠʣʠ 4-Me-L
(j)

 c ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʣʘʜʠʷ(II) [Pd(C6XF4)2(COD)] 

(X = F, H) ʠ [Pd(ɖ
3
-2-Me-C3H4)(Me2CO)2]CF3SO3 ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 

: 1 ʠ 2 : 1 ʘʚʪʦʨʳ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʢʘʢ ʦʜʥʦʷʜʝʨʥʳʝ, ʪʘʢ ʠ ʜʚʫʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠ-
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ʥʝʥʠʷ (ʈʠʩ. 40) [59]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʠʤʤʝʪʨʠʯʥʳʝ ʜʚʫʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢ-

ʩʳ [{ Pd(C6HF4)2} L
(j)

], [{ Pd(C6HF4)2} 2L
(j)

], [{ Pd(ɖ
3
-C4H7)} 2L

(j)
](CF3SO3)2, [{Pd(ɖ

3
-C4H7)} 2(4-Me-

L
(j)

)](CF3SO3)2, ʘ ʪʘʢʞʝ ʦʜʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ Pd(ɖ
3
-C4H7)} L

(j)
](CF3SO3) ʠ [{ Pd(ɖ

3
-

C4H7)} (4-Me-L
(j)

)](CF3SO3)2. ʇʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʜʚʫʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ 

ʨʝʘʢʮʠʠ ʣʠʛʘʥʜʘ L
(j)

 ʩ [Pd(C6XF4)2(COD)] ʠ [Pd(ɖ
3
-2-Me-C3H4)(Me2CO)2]CF3SO3 ʧʨʠ ʩʦʦʪʥʦʰʝ-

ʥʠʠ ʨʝʘʛʝʥʪʦʚ 1 : 1 : 1 ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʫʩʧʝʭʦʤ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʢʦʛʜʘ L
(j)

 ʠ 4-Me-L
(j)

 ʚr -

ʩʪʫʧʘʶʪ ʢʘʢ ʜʠʪʦʧʥʳʝ ʣʠʛʘʥʜʳ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʪʦʣʴʢʦ ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ.  

 
ʈʠʩ. 40. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [{ Pd(ɖ

3
-C4H7)} 2L

(j)
](CF3SO3)2 ʠ [{ Pd(C6HF4)2} L

(j)
]. 

 

ʄʘʥʟʘʥʦ ʨʘʟʨʘʙʦʪʘʣʘ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʩ 4,6-ʙʠʩ(1ʅ-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʦʤ L
(j)

 [12]. ʂʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuL
(j)

Cl2(COD)] (ʈʠʩ. 41) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢ-

ʮʠʠ [RuCl2(COD)]n ʠ L
(j)
, ʚʟʷʪʳʭ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʊɻʌ. 

 
ʈʠʩ. 41. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuL

(j)
Cl2(COD)]. 

 

ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ L
(j)

 ʠ RuCl2(PPh3)2 ʚ 1,2-ʜʠʭʣʦʨʵʪʘʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʪʨʸʭ 

ʠʟʦʤʝʨʦʚ ʢʦʤʧʣʝʢʩʘ [RuCl2(PPh3)2L
(j)

] [12]. 

ɹʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 4,6-ʙʠʩ(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʤ ʠ ʝʛʦ 

ʘʥʘʣʦʛʘʤʠ. ʈʝʘʢʮʠʷ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [(ɖ
6
-Ar)Ru(Õ-Cl)Cl]2 (Ar = C6H6, ʧ-iPrC6H4Me) 

ʩ ʜʚʫʤʷ ʵʢʚ. L
n
 (L

n
 = L

(j)
, 3-Me-L

(j)
 ʠ 3,5-Me-L

(j)
) (M : L

n
 = 1 : 1) ʠ ʠʟʙʳʪʢʦʤ NH4PF6 ʚ ʤʝʪʘʥʦʣʝ ʧʨʠ-

ʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʦʜʥʦʷʜʝʨʥʳʭ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩ. 42) ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ [(ɖ
6
-

C6H6)Ru(L
n
)Cl]

+
 ʠ [(ɖ

6
-ʧ-iPrC6H4Me)Ru(L

n
)Cl]

+
 (L

n
  = L

(j)
, 3-Me-L

(j)
 ʠ 3,5-Me-L

(j)
) [60]. ʂʦʤʧʣʝʢʩʳ 

Ir(III) ʠ Rh(III) ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ ʢʦʤʧʣʝʢʩʦʚ [(Cp*)M(Õ-Cl)Cl]2 (Cp* ï ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥ-

ʪʘʜʠʝʥʠʣ) ʩ ʜʚʫʤʷ ʵʢʚ. ʩʦʝʜʠʥʝʥʠʡ L
n
 (M : L

n
 = 1 : 1) ʚ ʤʝʪʘʥʦʣʝ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʷʜʝʨʥʳʡ ʢʘʪʠʦʥ [(Cp*)M(L
n
)Cl]

+
 (M = Ir, Ru). ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ (M : L
n
 = 2 : 1) ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʜʚʫʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ [{(ɖ
6
-Ar)RuCl}2L

n
]
2+

 (Ar = C6H6, ʧ-iPrC6H4Me; L
n
 = 

L
(j)

, 3-Me-L
(j)

 ʠ 3,5-Me-L
(j)

) ʠ [{Cp*MCl} 2L
(j)

]
2+

 (M = Ir, Rh). 

 
ʈʠʩ. 42. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʠ Rh(III) ʩ L

(j)
, 3-Me-L

(j)
 ʠ 3,5-Me-L

(j)
. 
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ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ [(ɖ
6
-Ar)Ru(3,5-Me-L

(j)
)Cl]PF6 (Ar = C6H6, ʧ-iPrC6H4Me), 

[(Cp*)RhL
(j)

Cl]PF6 ʠ [{(ɖ
6
-ʧ-iPrC6H4Me)RuCl} 2(3,5-Me-L

(j)
)]PF6 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʪʨʦʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ. ʕʪʠ ʩʦ-

ʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʧʦʣʫʩʵʥʜʚʠʯʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʧʦ ɖ
6
-ʪʠʧʫ ʢʦʦʨʜʠʥʠ-

ʨʦʚʘʥʘ ʙʝʥʟʦʣʴʥʘʷ ˊ-ʩʠʩʪʝʤʘ ʠʣʠ ʧʦ ɖ
5
-ʪʠʧʫ ʠʦʥ Cp*, ʤʦʣʝʢʫʣʘ ʣʠʛʘʥʜʘ L

n
 ʠ ʭʣʦʨʠʜ-ʠʦʥ 

(ʈʠʩ. 42) [60]. 

ʄʘʥʟʘʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʦʧʠʩʘʣʠ ʩʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) c 4,6-

ʙʠʩ(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ (L
n
 = L

(j)
, 4-Me-L

(j)
 ʠ 3,5-Me-L

(j)
). 

ʂʦʤʧʣʝʢʩʳ [CuL
(n)

]4X4 (X = PF6, BF4, ClO4; ʈʠʩ. 43) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ ʩʦʝʜʠʥʝʥʠʡ L
n
 

ʩ [Cu(CH3CN)4]X ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʚ ʨʘʩʪʚʦʨʘʭ ʚ CH2Cl2 [61].  

ʇʦʣʠʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [CuL
n
]nCln (L

n
 = L

(j)
, 3,5-Me-L

(j)
) ʧʦʣʫʯʘʣʠ ʧʨʠʙʘʚʣʝʥʠʝʤ ʩʫʩ-

ʧʝʥʟʠʠ ʩʦʣʠ CuCl ʚ ʘʮʝʪʦʥʝ ʢ ʨʘʩʪʚʦʨʫ ʣʠʛʘʥʜʦʚ L
n
 ʚ ʘʮʝʪʦʥʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʣʷʤʠ AgX (X = CF3SO3
ľ
, p-CH3(C6H4)SO3

ľ
, ClO4

ľ
). ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ [CuL
n
]4X4 (L

n
 = L

(j)
, X = CF3SO3, p-CH3(C6H4)SO3; L

n
 = 3,5-Me-L

(j)
, X = 

CF3SO3
ľ
, p-CH3(C6H4)SO3

ľ
, ClO4

ľ
). 

 
ʈʠʩ. 43. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [CuL

(n)
]4X4. 

    

ʂʦʤʧʣʝʢʩʳ [CuL
(j)

]4X4 (X = PF6
ľ
, ClO4

ľ
) ʠ [Cu(3,5-Me-L

(j)
)]4BF4 ʠʤʝʶʪ ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ ʷʚʣʷʝʪʩʷ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʤ ʠ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʨʝʰʸʪʢʠ [2 Ĭ 2] 

(ʈʠʩ. 43). ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʢʦʦʨʜʠʥʠʨʫʝʪ ʜʚʝ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ 

ʘʪʦʤʦʚ ʤʝʜʠ ï ʠʩʢʘʞʸʥʥʳʡ ʪʝʪʨʘʵʜʨ. ɼʚʘ ʘʥʠʦʥʘ BF4
ľ
 ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʦʩʪʠ ʯʝʪʳʨʸʭʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʘʥʠʦʥĿĿĿ-́ʩʠʩʪʝʤʘ ʤʝʞʜʫ ʘʪʦʤʦʤ 

ʬʪʦʨʘ, ʧʨʠʥʘʜʣʝʞʘʱʝʤ ʘʥʠʦʥʫ BF4
ľ
, ʠ ˊ-ʩʠʩʪʝʤʦʡ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ CïHĿĿĿF [61]. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʵʪʠ ʢʦʤʧʣʝʢʩʳ 

ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʨʝʰʸʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ [2 Ĭ 2] ʚ ʨʘʩʪʚʦʨʘʭ. 

ʈʘʟʚʠʪʠʝʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣ ʩʠʥʪʝʟ ʘʥʘʣʦʛʠʯʥʳʭ ʯʝʪʳʨʸʭʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(I) ʠ ʩʝʨʝʙʨʘ(I) ʩ ʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ NH2-L
(j)

, NH2-Me-L
(j)

, Me-L
(j)

, Me-Me-L
(j)

 (ʈʠʩ. 44), 

ʚʳʧʦʣʥʝʥʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʪʦʡ ʞʝ ʛʨʫʧʧʳ [62]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʚʘʨʴʠʨʫʶʪ ʟʘʤʝ-

ʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʧʨʦʠʟʚʦʜʥʳʭ 4,6-ʙʠʩ(1H-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘ NH2-L
(j)

, NH2-Me-L
(j)

, Me-L
(j)

, Me-Me-L
(j)

 (ʈʠʩ. 44). ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) 

[Cu(NH2-L
(j)

)]4(X)4 (X = PF6
ľ
, BF4, ClO4

ľ
, CF3SO3

ľ
) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ ʩʦʣʝʡ 

[Cu(CH3CN)4]X ʠ ʣʠʛʘʥʜʦʚ NH2-L
(j)

 ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʝʘʛʝʥʪʦʚ Cu : NH2-L
(j)

 = 1 : 1 

ʚ CH2Cl2, ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʤʝʜʠ(I) ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʂʦʤ-

ʧʣʝʢʩʳ [CuL
n
]4(X)4 (L

n
 = NH2-Me-L

(j)
 ʠ Me-L

(j)
, X = PF6

ľ
, BF4

ľ
, ClO4

ľ
, CF3SO3

ľ
; L

n
 = Me-Me-L

(j)
, 

X = PF6
ľ
, BF4

ľ
) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʠʢʘʤ [62].  
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ʈʠʩ. 44. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʘʤʠ NH2-L

(j)
, NH2-Me-L

(j)
, Me-L

(j)
, Me-Me-L

(j)
. 

 

ʂʦʤʧʣʝʢʩʳ [CuL
n
]4(CF3SO3)4 (L

n
 = NH2-L

(j)
, Me-Me-L

(j)
) ʧʦʣʫʯʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦ-

ʜʠʢʝ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʫʩʧʝʥʟʠʶ CuCl ʚ ʘʮʝʪʦʥʝ ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ ʣʠʛʘʥʜʘ L
n
 ʚ ʘʮʝʪʦʥʝ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʦʙʘʚʣʷʣʠ 

AgCF3SO3 ʢʘʢ ʠʩʪʦʯʥʠʢ ʘʥʠʦʥʘ CF3SO3
ï
 [62]. ʄʥʦʛʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Cu(NH2-Me-L

(j)
)n]Cln 

ʧʦʣʫʯʘʣʠ ʧʨʠʙʘʚʣʷʷ ʩʫʩʧʝʥʟʠʶ CuCl ʚ ʘʮʝʪʦʥʝ ʢ ʨʘʩʪʚʦʨʫ NH2-Me-L
(j)

 ʚ ʘʮʝʪʦʥʝ. ɺʚʦʜʷ ʧʦʣʫ-

ʯʝʥʥʳʡ ʧʦʣʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʠ ʚ ʘʮʝʪʦʥʝ ʚ ʦʙʤʝʥʥʫʶ ʨʝʘʢʮʠʶ ʩ AgCF3SO3, 

ʚʳʜʝʣʷʣʠ ʢʦʤʧʣʝʢʩ [Cu(NH2-Me-L
(j)

)]4(CF3SO3)4 [62]. 

ʂʘʪʠʦʥʳ ʢʦʤʧʣʝʢʩʦʚ [Cu(NH2-L
(j)

)]4(ClO4)4, [Cu(NH2-Me-L
(j)

)]4X4 (X = BF4
ľ
, ClO4

ľ
, 

CF3SO3
ľ
), [Cu(Me-Me-L

(j)
)]4(CF3SO3)2 ʠʤʝʶʪ ʨʝʰʸʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ [2 Ĭ 2]. ɺ ʩʪʨʫʢʪʫʨʘʭ ʦʙ-

ʥʘʨʫʞʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʠʦʥĿĿĿ-́ʩʠʩʪʝʤʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʘʥʠʦʥʳ BF4
ľ
, ClO4

ľ
 ʠ CF3SO3

ľ
 ʦʙ-

ʨʘʟʫʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ NH2-ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜʦʚ NH2-L
(j)

 ʠ NH2-Me-L
(j)

 (ʦʜʠʥ ʘʥʠʦʥ ʥʘʭʦ-

ʜʠʪʩʷ ʚʥʫʪʨʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ, ʦʩʪʘʣʴʥʳʝ ï ʩʥʘʨʫʞʠ). ʂʦʤʧʣʝʢʩʳ (ʢʨʦʤʝ ʭʣʦʨʠʜʥʳʭ) 

ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʨʝʰʸʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ [2 Ĭ 2] ʚ ʨʘʩʪʚʦʨʘʭ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʘʣʠʯʠʷ ʠ ʚʣʠʷʥʠʷ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʥʠʦʥĿĿĿ-́ʩʠʩʪʝʤʘ ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʠʦʥʦʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ ʚ 

ʨʘʩʪʚʦʨʘʭ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʤʝʥʘ ʠʦʥʦʚ ʧʨʦʷʚʣʷʶʪ 

ʢʦʤʧʣʝʢʩʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʠʦʥʳ CF3SO3
ľ
 ʠ NO3

ľ
 [62].  

ɺ 2011 ʛ, ʄʘʥʟʘʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʩʠʥʪʝʟʝ ʨʝʰʝʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) 

ʠ ʩʝʨʝʙʨʘ(I) ʪʠʧʘ [2Ĭ2] ʩ ʭʠʨʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ L
(k)

 (ʈʠʩ. 45) [63]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ 

L
(k)

 ʩ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪʥʳʤʠ ʠʣʠ ʛʝʢʩʘʬʪʦʨʦʬʦʩʬʘʪʥʳʤʠ ʩʦʣʷʤʠ ʤʝʜʠ(I) ʠ ʩʝʨʝʙʨʘ(I) ʧʨʠ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ M : L
(k)

 = 1 : 1 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʭʠʨʘʣʴʥʳʝ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ [M4(L
(k)

)4]X4 (X = BF4
ľ
, PF6

ľ
; ʈʠʩ. 45). 

 
ʈʠʩ. 45. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [M4(L

(k)
)4]X4 (M = Cu, Ag; X = BF4

ľ
, PF6; ʭʠʨʘʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʢʦʦʨʜʠʥʠ-

ʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ ʥʝ ʧʦʢʘʟʘʥʳ). 
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ʊʝʪʨʘʬʪʦʨʦʙʦʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʦʙʳʯʥʫʶ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʨʝ-

ʰʸʪʢʠ [2Ĭ2]: ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʝ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ L
(k)
. ɸʥʠʦʥʳ 

BF4
ľ
 ʥʘʭʦʜʷʪʩʷ ʥʝ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʢʘʪʠʦʥʘ, ʢʘʢ ʚ ʨʘʙʦʪʝ [61], ï ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ 

ʟʘʥʠʤʘʝʪ ʤʦʣʝʢʫʣʘ ʪʦʣʫʦʣʘ. ʄʦʣʝʢʫʣʳ ʪʦʣʫʦʣʘ ʫʯʘʩʪʚʫʶʪ ʚ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʧʠʨʠ-

ʤʠʜʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʣʠʛʘʥʜʘ. ɺ ʨʘʩʪʚʦʨʘʭ ʨʝʰʸʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ [2Ĭ2] ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), ʥʦ ʥʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ(I). ʂʦʤʧʣʝʢʩʳ Cu(I) ʧʨʦʷʚʣʷʶʪ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʶ [63], ʥʘ ʢʦʪʦʨʫʶ ʚʣʠʷʶʪ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʘʥʠʦʥ. 

ɼʚʫʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu2(CH3O)2(L
(m)

)2](BF4)2ĀCH3OH ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ ʵʢ-

ʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ L
(m)

 ʠ Cu(BF4)2 ʚ MeOH (ʈʠʩ. 46) [64]. ɸʪʦʤʳ ʤʝʜʠ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦ-

ʚʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʘʥʠʦʥʦʚ Õ-CH3O
ľ
 ʠ ʦʙʨʘʟʫʶʪ ʧʣʦʩʢʠʡ ʬʨʘʛʤʝʥʪ Cu2O2. ɺ ʢʦʦʨʜʠʥʘ-

ʮʠʠ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʦʚ L
(m)

 ʥʝ ʫʯʘʩʪʚʫʶʪ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʠ ʧʠʨʘʟʦʣʴʥʳʭ ʢʦ-

ʣʝʮ. ʄʦʣʝʢʫʣʳ L
(m)

 ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʪʦʤʘʤ ʤʝʪʘʣʣʘ ʘʪʦʤʘʤʠ N ʧʠʨʠʜʠʥʠʣʴʥʳʭ ʛʨʫʧʧ, ʧʨʠ 

ʵʪʦʤ ʟʘʤʳʢʘʶʪʩʷ ʜʚʘ ʤʘʢʨʦʮʠʢʣʘ. ʂʦʤʧʣʝʢʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ Cu
2+

 [64]. 

 
ʈʠʩ. 46. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu2(CH3O)2(L

(m)
)2](BF4)2ĀCH3OH. 

 

1.2.3. ʂʦʤʧʣʝʢʩʳ ʩ 2,4(6)-ʙʠʩ(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ  

ʂʦʤʧʣʝʢʩʳ c 2,4(6)-ʙʠʩ(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ ʨʝʜʢʠ. ɺ ʩʪʘʪʴʝ [65] ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ LnHL
(o)

 (Ln = Eu, Tb, Sm, Dy). ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʝʦʤʝʪʨʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢ-

ʩʘʭ ʘʥʠʦʥʳ (HL
(o)

)
3ï

 ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʪʦʤʘʤ ʣʘʥʪʘʥʦʠʜʦʚ ʘʪʦʤʘʤʠ N ʜʚʫʭ ʧʠʨʘʟʦʣʴʥʳʭ 

ʮʠʢʣʦʚ, ʦʜʥʠʤ ʘʪʦʤʦʤ N ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʨʘʟʚʸʨʥʫʪʳ ʢ ʘʪʦʤʫ 

ʤʝʪʘʣʣʘ, ʠʦʥʳ ʣʠʛʘʥʜʘ (H4L
(o)

)
3ï

 ʷʚʣʷʶʪʩʷ ʛʝʧʪʘʜʝʥʪʘʪʥʳʤʠ (ʈʠʩ. 47). ʂʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʣʠʛʘʥʜ ʠʛʨʘʝʪ ʨʦʣʴ ʘʥʪʝʥʥʳ. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩʦʜʝʨʞʘʪ ʥʝ-

ʩʢʦʣʴʢʦ ʣʠʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʤʠʩʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʦʙʣʘ-

ʩʪʠ 470ï700 ʥʤ [65].  

 
ʈʠʩ. 47. ʉʦʝʜʠʥʝʥʠʝ H4L

(o)
ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ LnHL

(o)
. 

 

ɻʦʣʫʙʝʚ ʠ ʩʦʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pd
2+

 ʩ ʨʷʜʦʤ 

ʥʫʢʣʝʦʟʠʜ 5ô-ʤʦʥʦʬʦʩʬʘʪʦʚ ʠ ʥʝʩʢʦʣʴʢʠʭ ʘʥʘʣʦʛʦʚ ʥʫʢʣʝʦʟʠʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ 
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ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ [66]. ʉʨʝʜʠ ʵʪʠʭ ʘʥʘʣʦʛʦʚ ʙʳʣʠ ʩʦʝʜʠʥʝʥʠʷ R-pur-L
(o)

 ʠ R-L
(o)

 

(R = ʨʠʙʦʟʠʣ) (ʈʠʩ. 48). ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʦʥʦʚ Pd
2+

 ʧʨʠʤʝʥʷʣʠ K2PdCl4. ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʭʦʜʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ R-pur-L
(o)

 ʠ R-L
(o)
, ʠʤʝʶʱʠʭ ñʢʘʨʤʘʥʳò ʜʣʷ N,N,N-ʪʨʠʜʝʥʪʘʪʥʦʡ ʢʦʦʨ-

ʜʠʥʘʮʠʠ, ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʝ R-pur-L
(o)

 ʦʢʘʟʘʣʦʩʴ ʩʧʦʩʦʙʥʳʤ ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩ ʠʦʥʦʤ Pd
2+
. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʪʘʢʫʶ ʨʘʟʥʠʮʫ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʙʲʸʤʥʦʡ ʨʠʙʦʟʠʣʴ-

ʥʦʡ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʩʦʝʜʠʥʝʥʠʷ R-L
(o)
, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʧʠʨʘʟʦʣʠʣʴʥʦʡ ʛʨʫʧʧʝ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʪʨʠʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ. 

 
ʈʠʩ. 48. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ R-pur-L

(o)
 ʠ R-L

(o)
 (R = ʨʠʙʦʟʠʣ). 

 

1.2.4. ʂʦʤʧʣʝʢʩʳ ʩ 2,4,6-ʪʨʠʩ(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ 

ʉʦʝʜʠʥʝʥʠʷ [ReX(CO)3(3,5-Me-L
(q)

)] (X = Cl, Br, I) ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʙʝʥʟʦʣʴʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ [ReX(CO)5] ʠ ʣʠʛʘʥʜʘ 3,5-Me-L
(q)

 ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ ʥʘʛʨʝʚʘ-

ʥʠʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʈʠʩ. 49) [67]. ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʘʣʠ ʢʦʤʧʣʝʢʩʳ [ReBr(CO)3L
n
] 

(L
n
 = L

(q)
, 4-Me-L

(q)
). ɼʚʫʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ReBr(CO)3} 2L

n
] (L

n
 = 4-Me-L

(q)
, 3,5-Me-L

(q)
) 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ï ʪʦʣʴʢʦ ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʩʧʦʩʦʙ, ʥʦ ʩ ʧʨʠ ʩʦʦʪ-

ʥʦʰʝʥʠʠ Re : L
n
 = 2 : 1. ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ ʢʦʤʧʣʝʢʩʳ [ReX(CO)5L

n
] (L

n
 = 4-Me-L

(q)
, 

3,5-Me-L
(q)
) ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ [ReX(CO)5] ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1. ɺ ʢʦʤʧʣʝʢʩʘʭ ʩʪʝʭʠʦʤʝʪ-

ʨʠʠ 1 : 1 ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʦʜʥʘ ʤʦʣʝʢʫʣʘ 

ʣʠʛʘʥʜʘ (ʘʪʦʤʘʤʠ N
1
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʠ N

2
 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʦʚ), ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʪʝ-

ʭʠʦʤʝʪʨʠʠ 2 : 1 ʥʘʙʣʶʜʘʝʪʩʷ ʙʠʩ-ʙʠʜʝʥʪʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ.  

 
ʈʠʩ. 49. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [ReX(CO)3L

n
] ʠ ʪʘʫʪʦʤʝʨʠʷ ʚ ʠʭ ʨʘʩʪʚʦʨʘʭ. 

 

ɺ ʨʘʩʪʚʦʨʘʭ [ReX(CO)5(4-Me-L
(q)
)] ʠ [ReX(CO)5(3,5-ʄʝ-L

(q)
)] ʤʦʣʝʢʫʣʘ ʣʠʛʘʥʜʘ ʧʨʝʜʧʦ-

ʯʪʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʘʪʦʤʦʤ N
2
 ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 2 

(ʵʪʠʭ ʬʦʨʤ ʙʦʣʝʝ 90 %), ʯʝʤ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʠ 6. ʆʙʤʝʥ ʤʝʞʜʫ ʵʪʠʤʠ ʬʦʨʤʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦ 

ʜʘʥʥʳʤ ʗʄʈ ʥʘ ʧʨʦʪʦʥʘʭ ʚ ʉD2Cl2. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ [{ReBr(CO)3} 2(L
n
)] (L

n
 = 4-Me-L

(q)
, 3,5-

Me-L
(q)
) ʧʦʜʦʙʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʬʦʨʤʘʤʠ ʘʚʪʦʨʳ ʥʝ ʥʘʙʣʶʜʘʣʠ [67].  

ʅʝʜʘʚʥʦ ʍʘʣʢʨʦʫ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ ʩʝʨʝʙʨʘ(I) ʩ 2,4,6-(1ʅ-

ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʤ (L
(q)
) (ʈʠʩ. 50) [68]. ʂʦʤʧʣʝʢʩ [Ag2(ɛ-L

(q)
)2(MeCN)2](BF4)2 ʩʠʥʪʝ-

ʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ AgBF4 ʠ L
(q)

 (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1 : 1) ʚ MeCN, ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʦʣʫ-
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ʯʘʣʠ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ Et2O ʚ ʵʪʦʪ ʨʘʩʪʚʦʨ. ʂʘʪʠʦʥ [Ag2(ɛ-L
(q)

)2(MeCN)2]
2+

 ʩʬʦʨʤʠʨʦʚʘʥ 

ʠʟ ʧʣʦʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ [AgL
(q)

(NCMe)]
+
. ʂ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʩʝʨʝʙʨʘ ʪʨʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʤʦʣʝʢʫʣʘ L
(q)
. ʌʨʘʛʤʝʥʪʳ [AgL

(q)
(NCMe)]

+
 ʜʠʤʝʨʠʟʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʘʧʠʢʘʣʴʥʦʡ ʧʠʨʘʟʦʣʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ 

L
(q)
. ʂʦʤʧʣʝʢʩ [Ag5(ɛ3-L

(q)
)4](BF4)5Ŀ2MeNO2 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ AgBF4 ʠ L

(q)
 ʧʨʠ ʥʝ-

ʩʢʦʣʴʢʦ ʫʚʝʣʠʯʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʝʙʨʘ ʚ ʨʘʩʪʚʦʨʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʛʘʥʜʫ (ʤʦʣʴʥʦʝ ʩʦʦʪ-

ʥʦʰʝʥʠʝ 1.3 : 1), ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ MeNO2. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʩʦʝʜʠ-

ʥʝʥʠʷ ʧʦʣʫʯʘʣʠ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ Et2O ʚ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ. ɺ ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʜʝʨʞʘʪʩʷ ʜʠʩʢʨʝʪʥʳʝ ʧʝʥʪʘʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʧʣʶʱʝʥʥʳʭ ʬʨʘʛʤʝʥ-

ʪʦʚ [Ag4(ɛ-L
(q)

)4]
4+
, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʢʨʫʛ ʧʷʪʦʛʦ ʠʦʥʘ Ag

+
. ɺ ʨʘʩʪʚʦʨʘʭ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚ MeNO2 ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʥʘʙʦʨ ʬʦʨʤ ʦʪ ʤʦʥʦ- ʜʦ 

ʛʝʢʩʘʤʝʨʥʳʭ.  

 

ʈʠʩ. 50. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Ag2(ɛ-L
(q)

)2(MeCN)2](BF4)2 ʠ [Ag5(ɛ3-L
(q)

)4](BF4)5Ŀ2MeNO2. 

 

ʂʦʤʧʣʝʢʩʳ [Cu(phen)L
(q)

](NO3)2 ʠ [Zn(phen)L
(q)

](NO3)2 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʮʝʣʴʶ 

ʧʨʦʚʝʨʢʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʈʠʩ. 51) [69]. ʀʭ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʫʩʪʘʥʦʚʣʝ-

ʥʦ ʧʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʬʦʩʬʘʪʥʳ-

ʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ɼʅʂ, ʢʦʤʧʣʝʢʩ [Cu(phen)L
(q)

](NO3)2 ʨʘʩʱʝʧʣʷʝʪ pBR322 ɼʅʂ. ʕʪʦʪ ʞʝ ʢʦʤ-

ʧʣʝʢʩ ʧʦʢʘʟʘʣ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʨʘʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ (GI50 < 10 ʤʛ/ʤʣ). 

 
ʈʠʩ. 51. ʉʠʥʪʝʟ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Cu(phen)L

(q)
](NO3)2 ʠ [Zn(phen)L

(q)
](NO3)2. 

 

1.2.5. ʂʦʤʧʣʝʢʩʳ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʘʤʠ: ʟʘʢʣʶʯʝʥʠʝ 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʨʘʩʩʤʦʪʨʝʥʠʶ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʩʦʝʜʠ-

ʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢ-

ʥʫʪʴ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ. 

1) ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʪʘʣʣʦʚ ʩ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ. ʕʪʦ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢ ʩʘʤʠʭ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚʦʦʙʱʝ (ʘ ʥʝ ʪʦʣʴʢʦ 

2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ), ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʨʝʜʠ ʢʦʤ-
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ʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʸʤ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʯʝʥ 

ʧʦ ʢʦʤʧʣʝʢʩʘʤ ʩ 2-(3-ʤʝʪʠʣ-5-ʤʝʪʦʢʩʠ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-4(6)-ʤʝʪʠʣ-6(4)-

ʤʝʪʦʢʩʠʧʠʨʠʤʠʜʠʥʦʤ (ʤʝʧʠʨʠʟʦʣʦʤ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʙʦʣʝʫʪʦʣʷʶʱʠʤ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠ-

ʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ. ʇʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʭʠʤʠʷ 

[2³2]-ʨʝʰʸʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ 4,6-ʙʠʩ(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ. ʅʝʢʦʪʦʨʳʝ 

ʢʦʤʧʣʝʢʩʳ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʘʤʠ ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ (ʠ ʥʝ-

ʙʦʣʴʰʠʭ ʩʝʨʠʡ ʢʦʤʧʣʝʢʩʦʚ) ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʥʦ, ʚ ʮʝʣʦʤ, ʥʝʩʠʩʪʝʤʘʪʠʯʝʩʢʠ. ʇʨʠ ʵʪʦʤ ʜʦ ʥʘʯʘʣʘ ʥʘʰʠʭ ʨʘʙʦʪ ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʦʩʪʘʚʘʣʘʩʴ ʦʙʣʘʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠ-

ʛʘʥʜʘʤʠ ï 2,4(6)-ʙʠʩ(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʠ ʢʦʤʧʣʝʢʩʳ ʩ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ. ʍʦʪʷ ʦʩʥʦʚʥʦʡ ʦʞʠʜʘʝʤʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠ-

ʥʘʮʠʠ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ ï ʵʪʦ N,N-ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ, 

ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʠ ʚʦʚʣʝʯʝʥʠʷ ʘʪʦʤʘ N
1
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʢʦʦʨʜʠʥʘʮʠʶ, ʧʨʠʤʝʨʦʚ 

ʢʦʪʦʨʦʡ ʜʦ ʥʘʰʠʭ ʨʘʙʦʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʙʳʣʦ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʦʩʪʘʚʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʦʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʚ ʧʦ-

ʣʦʞʝʥʠʝ 6 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʜʸʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʨʦʪʢʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʘʪʦʤʦʤ N
1
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ 

ʮʠʢʣʘ ʢʘʢ ʧʨʝʜʧʦʩʳʣʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ESIPT, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʧʝʨʝʥʦʩʦʤ ʧʨʦʪʦʥʘ. 

2) ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚ ʜʦ ʥʘʰʠʭ ʨʘ-

ʙʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʘʣʠʩʴ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ [65]). ʇʨʠ ʵʪʦʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʠʨʠʤʠʜʠʥʦʚʦʝ ʷʜʨʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ, ʬʘʢʪʠʯʝʩʢʠ, ʧʨʠʨʦʜʥʳʡ ʬʣʫʦʨʦʬʦʨʥʳʡ 

ʬʨʘʛʤʝʥʪ, ʪʝʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʨʘʩʧʦʣʘʛʘʝʪ 

ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʧʠʨʠʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʳʤʠ ˊ-

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʦʥʘ Cu
+
, ʘ ʵʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʠʩʩʣʝʜʦʚʘʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

3) ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠ-

ʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʥʠ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʣʠʰʴ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʊʘʢʘʷ ʚʘʞʥʘʷ ʦʙʣʘʩʪʴ ʤʘʛʥʝʪʦʭʠʤʠʠ, ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ 

ʟʘʪʨʘʛʠʚʘʣʘʩʴ ʜʦ ʥʘʯʘʣʘ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʠʨʠʤʠʜʠʥʦʚʦʝ ʷʜʨʦ, ʤʝʞʜʫ ʪʝʤ, ʜʝʤʦʥʩʪʨʠʨʫ-

ʝʪ ʠʥʪʝʨʝʩʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʠʟʘʡʥʘ ʠ ʩʠʥʪʝʟʘ ʢʦʤ-

ʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II), ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʭ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʊʘʢ, ʦʥʦ ʷʚ-

ʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʘʙʳʤ ů-ʜʦʥʦʨʦʤ, ʯʝʤ ʧʠʨʠʜʠʥ. ʇʨʠ ʵʪʦʤ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚʪʦʨʦʛʦ ʘʪʦʤʘ 

ʘʟʦʪʘ ʚ ʮʠʢʣʝ ʦʥʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ˊ-ʘʢʮʝʧʪʦʨʦʤ, ʯʝʤ ʧʠʨʠʜʠʥ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʚʳʡ 

ʬʘʢʪʦʨ ʚʝʜʸʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʪʦʨʦʡ 

ʬʘʢʪʦʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɼʦ ʥʘʯʘʣʘ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʚʦʟʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʢʘʢʦʡ ʬʘʢʪʦʨ ʙʫʜʝʪ ʧʨʝʚʘʣʠʨʦʚʘʪʴ.   

ɺ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʤʳ ʜʝʣʘʝʤ ʧʦʧʳʪʢʫ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʳ ʟʘʜʝʡʩʪʚʫʝʤ ʠʦʥʳ c ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʝʡ d
10

 ï Cu
+
 , Zn

2+
 ʠ Cd

2+
. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʠʩʩʣʝʜʫʶʪʩʷ ʩʤʝʞʥʳʝ ʚʦʧʨʦʩʳ ʩʠʥʪʝʟʘ, ʭʠ-

ʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʠ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I,II). ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʣʶʤʠʥʝʩʮʠʨʫʶ-
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ʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʠʥʪʝʟʝ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 4-

(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʨʦʪʢʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʚʦʜʦʨʦʜʥʫʶ 

ʩʚʷʟʴ OïHĿĿĿN, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʝʨʝʥʦʩʫ ʧʨʦʪʦʥʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (excited state intramolecular proton transfer, ESIPT). 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʤʳ ʠʩʧʦʣʴ-

ʟʫʝʤ ʩʪʨʘʪʝʛʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ï 2,4(6)-ʙʠʩ(1ʅ-

ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ, 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ ʠ ʠʭ ʠʟʦ-

ʤʝʨʦʚ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-4(6)-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ ʩʠʥʪʝʟ 

ʢʦʤʧʣʝʢʩʦʚ ʩʪʝʭʠʦʤʝʪʨʠʠ Fe : L = 1 : 2 ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ FeN6 ʢʘʢ 

ʧʨʝʜʧʦʩʳʣʢʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʦʣʷ ʣʠʛʘʥʜʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʘʨʠʘʮʠʝʡ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʥʦʤ ʦʩʪʦʚʝ. 

ɹʣʘʛʦʜʘʨʷ ʨʘʩʧʦʣʦʞʝʥʠʶ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʰʝʩʪʠʯʣʝʥʥʦʤ ʮʠʢʣʝ ʧʠʨʠʤʠʜʠʥ ʧʨʝʜʦʩʪʘʚʣʷ-

ʝʪ ʠʥʪʝʨʝʩʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʟʦʤʝʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠ-

ʩʷ ʣʠʰʴ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʠʨʘʟʦʣʠʣʴʥʳʭ ʠ/ʠʣʠ ʜʨʫʛʠʭ ʛʨʫʧʧ ʚ ʧʠʨʠʤʠʜʠʥʦʚʦʤ ʮʠʢʣʝ. ɺ ʥʘʰʝʡ 

ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʵʪʫ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʦʤʝʨʠʠ ʣʠʛʘʥʜʘ ʥʘ ʩʧʠ-

ʥʦʚʳʡ ʧʝʨʝʭʦʜ.  

 

1.3. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʠ ʤʝʜʠ(I), ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ 

ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʟʘʤʝʜʣʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʦʯʝʥʴ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʤʝʭʘʥʠʟʤʘʤʠ 

ʵʤʠʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʮʠʥʢʘ(II) (ʭʦʪʷ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I,II) 

ʠ ʤʝʜʠ(II), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʟʜʝʩʴ ʤʳ ʥʝ ʙʫʜʝʤ ʟʘʪʨʘʛʠʚʘʪʴ ʵʪʫ ʪʝʤʘʪʠʢʫ). 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʭʦʜʝ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ESIPT) ʠ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠ-

ʚʠʨʦʚʘʥʥʫʶ ʟʘʤʝʜʣʝʥʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ (T1 ­ S1 ­ S0, TADF), ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʥʝʢʦ-

ʪʦʨʳʝ ʤʦʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʩʪʦʷʥʠʝʤ ʜʝʣ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ.  

 

1.3.1. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʮʠʥʢʘ(II )  

 ʀʦʥʳ Cu
+
 ʠ Zn

2+
 ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ d

10
. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʘʶʪʩʷ. ʈʦʣʴ ʠʦʥʦʚ Zn
2+

 ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʚʦʜʠʪʩʷ ʯʘʱʝ ʚʩʝʛʦ 

ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʘʥʘʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʵʤʠʩʩʠʠ 

[70-72]. ʕʤʠʩʩʠʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʘʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʥʘʙʣʶʜʘʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, 

ʛʜʝ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ (ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʠʥʝʡ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʜʘʯ [70-72]. ɺ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(I) ʩʠʪʫʘʮʠʷ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʵʤʠʩʩʠʠ ʙʦʣʝʝ ʩʣʦʞʥʘʷ, ʧʦʩʢʦʣʴ-

ʢʫ ʥʠʟʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ ʤʝʜʠ(I) ʠ ʩʚʦʙʦʜʥʳʝ ˊ*-ʦʨʙʠʪʘʣʠ ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠ-

ʛʘʥʜʦʚ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʧʝʨʝʭʦʜʘʤ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʠ ʵʤʠʩʩʠʠ ʠʟ ʵʪʠʭ ʚʦʟ-

ʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺʦʟʤʦʞʥʳ ʠ ʤʝʭʘʥʠʟʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʘʤʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

ʩ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ, ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʳʝ ʧʝʨʝʭʦʜʳ (ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʢʦʨʦʪ-

ʢʠʤ ʨʘʩʩʪʦʷʥʠʝʤ CuĿĿĿCu) ʠ ʜʨ. [73-76] ʆʪʤʝʪʠʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴ 

TADF, ʯʪʦ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʮʝʥʦʡ ʜʝʣʘʝʪ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ OLED [77-80]. 
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1.3.2. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʪʝʨʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʟʘʤʝʜʣʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ  

ʀʥʪʝʨʝʩʥʝʡʰʝʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʣʶʤʠʥʝʩʮʠʨʫʶ-

ʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʳʯʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʙʦʣʴ-

ʰʠʤ ʩʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ, ʜʚʦʡʥʦʡ ʵʤʠʩʩʠʝʡ (dual emission), ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʵʤʠʩʩʠʠ ʢ ʨʘʩ-

ʪʚʦʨʠʪʝʣʶ ʠʣʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʫʧʘʢʦʚʢʠ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ, ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʠ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʵʤʠʩʩʠʠ ʢ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʦʪʦʬʠ-

ʟʠʯʝʩʢʠʭ/ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ.  

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʜʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘʢʪʫʘʣʝʥ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ 

ʧʨʠʯʠʥ. ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

1) ñʆʙʳʯʥʳʝò ʬʣʫʦʨʦʬʦʨʳ (conventional fluorophores) ʧʨʦʷʚʣʷʶʪ ʥʝʙʦʣʴʰʠʝ ʩʪʦʢʩʦʚʳ 

ʩʜʚʠʛʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʢʨʳʚʘʥʠʶ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ, ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʨʝʘʙʩʦʨʙʮʠʠ ʠ ʪʫʰʝʥʠʶ ʵʤʠʩʩʠʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʝʘʙʩʦʨʙʮʠʠ ʥʝʦʙʭʦʜʠʤ ʩʠʥʪʝʟ ʬʣʫʦ-

ʨʦʬʦʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʪʦʢʩʦʚʳ ʩʜʚʠʛʠ ʜʦ 200 ʥʤ.  

2) ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʬʣʫʦʨʦʬʦʨʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʙʝʣʫʶ ʵʤʠʩʩʠʶ. 

ʆʜʥʘʢʦ ʩʠʥʪʝʟ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʙʣʝʤʫ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʬʣʫʦʨʦʬʦʨʦʚ ʧʨʦʷʚʣʷʝʪ ʦʜʥʫ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʵʤʠʩʩʠʠ, ʢʦʪʦʨʘʷ ʚʦʩʧʨʠ-

ʥʠʤʘʝʪʩʷ ʛʣʘʟʦʤ, ʢʘʢ ʠʤʝʶʱʘʷ ʢʘʢʫʶ-ʣʠʙʦ ʦʢʨʘʩʢʫ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʩʠʥʪʝʟʘ ʬʣʫʦʨʦʬʦʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʙʝʣʫʶ ʵʤʠʩʩʠʶ, ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦ-

ʩʦʙʥʳʭ ʜʘʚʘʪʴ ʜʚʦʡʥʫʶ ʵʤʠʩʩʠʶ (dual emission).  

3) ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʣʫʦʨʦʬʦʨʦʚ ʢ ʧʨʠʨʦʜʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʦʩʦʙʝʥ-

ʥʦʩʪʷʤ ʫʧʘʢʦʚʢʠ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ ʘʢʪʫʘʣʴʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦ-

ʨʦʚ, ʦʙʣʘʜʘʶʱʠʤ ʧʦʚʳʰʝʥʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

4) ɿʘʤʝʜʣʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚʘʞʥʘ ʜʣʷ ʬʣʫʦʨʦʬʦʨʦʚ ï ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

OLED. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʥʥʠʛʠʣʷʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ OLED ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 25 

% ʩʠʥʛʣʝʪʥʳʭ ʠ 75 % ʪʨʠʧʣʝʪʥʳʭ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

OLED ʥʝ ʪʦʣʴʢʦ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʠʥʛʣʝʪʦʚ, ʥʦ ʠ ʚʦʟʙʫʞʜʸʥʥʳʭ ʪʨʠʧʣʝʪʦʚ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ 

ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ T1 ­ S1 ­ S0. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ TADF ʘʢʪʫʘʣʴʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʭʠʤʠʠ, ʥʦ ʠ ʧʨʠ-

ʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ OLED.  

5) ʂʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʠʥʪʝʟʘ ʬʣʫʦʨʦʬʦʨʦʚ, ʧʨʦʷʚʣʷʶ-

ʱʠʭ ʵʤʠʩʩʠʶ, ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʢ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʘʢʠʝ ʬʣʫʦʨʦʬʦʨʳ ʤʦʛʫʪ ʥʘʨʫ-

ʰʘʪʴ ʠʟʚʝʩʪʥʦʝ ʧʨʘʚʠʣʦ ʂʘʰʠ-ɺʘʚʠʣʦʚʘ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ/ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʬʣʫʦʨʦʬʦʨʦʚ ʢʨʘʡʥʝ 

ʨʝʜʢʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩ-

ʩʠʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʠ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ 

ʧʨʘʚʠʣʘ ʂʘʰʠ-ɺʘʚʠʣʦʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʠʤʝʶʪ ʧʦ-

ʪʝʥʮʠʘʣ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʨʦʪʢʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ [81]. ʅʘʩʢʦʣʴʢʦ ʥʘʤ ʠʟ-

ʚʝʩʪʥʦ, ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨ-

ʞʘʱʠʤʠ ʢʦʨʦʪʢʠʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ OïHĿĿĿN (ʠ ʨʝʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ, ʥʘʧʨʠʤʝʨ, OïHĿĿĿO ʠ 

NïHĿĿĿN). ɺ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ (E), ʩ ʠʦʥʦʤ ʚʦ-

ʜʦʨʦʜʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʦʢʦʣʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ (ʜʣʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ OïHĿĿĿN). ʇʨʠ ʚʦʟ-
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ʙʫʞʜʝʥʠʠ ʝʥʦʣʴʥʘʷ ʬʦʨʤʘ ʤʦʣʝʢʫʣʳ ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ E* ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʙʳʩʪʨʳʤ ʧʝʨʝʥʦʩʦʤ ʧʨʦʪʦʥʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʘʪʦʤ N (excited state intramolecular 

proton transfer, ESIPT). ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʢʝʪʦ-ʬʦʨʤʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, K*, ʩ 

ʠʦʥʦʤ ʚʦʜʦʨʦʜʘ, ʧʝʨʝʧʨʳʛʥʫʚʰʠʤ ʥʘ ʘʪʦʤ N. ʌʦʨʤʘ K* ʠʟʣʫʯʘʪʝʣʴʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʝ 

ʢʝʪʦ-ʩʦʩʪʦʷʥʠʝ K. ʇʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʥʘ ʘʪʦʤ O ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (ground state intramolecu-

lar proton transfer, GSIPT) ʟʘʚʝʨʰʘʝʪ ʬʦʪʦʮʠʢʣ (ʈʠʩ. 52). ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ K*ïK ʢʘʢ ʧʨʘ-

ʚʠʣʦ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʟʘʟʦʨʘ E*ïE, ʯʪʦ ʚʝʜʸʪ ʢ ʙʦʣʴʰʠʤ ʩʪʦʢʩʦʚʳʤ ʩʜʚʠʛʘʤ (ʜʦ 200 ʥʤ), ʥʝʜʦ-

ʩʪʠʞʠʤʳʤ ʜʣʷ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ ʬʣʫʦʨʦʬʦʨʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʝʘʙʩʦʨʙʮʠʠ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

 

 
ʈʠʩ. 52. ʉʭʝʤʘ ʧʝʨʝʭʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ESIPT ʠ GSIPT, ʚ ʩʠʩʪʝʤʘʭ ʩ ʢʝʪʦ-ʝʥʦʣʴʥʦʡ ʪʘʫʪʦʤʝʨʠʝʡ. 

 

ʉʦʝʜʠʥʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝ ESIPT, ʯʘʩʪʦ ʧʦʢʘʟʳʚʘʶʪ ʜʚʦʡʥʫʶ ʵʤʠʩʩʠʶ (dual emission), 

ʯʪʦ ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʙʝʣʦʛʦ ʩʚʝʯʝʥʠʷ [82]. ʊʘʢʘʷ ʵʤʠʩʩʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʠʟʣʫʯʘʪʴ 

ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʚʦʟʙʫʞʜʸʥʥʘʷ ʢʝʪʦ-ʬʦʨʤʘ, K*, ʥʦ ʠ ʚʦʟʙʫʞʜʸʥʥʘʷ ʝʥʦʣʴʥʘʷ ʬʦʨʤʘ, E*. ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʠʞʠʤʦ ʜʣʷ ʬʣʫʦʨʦʬʦʨʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʢʦʨʦʪʢʠʭ ʚʥʫʪʨʠʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

 ESIPT ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʤʦʣʝʢʫʣʘ ʬʣʫ-

ʦʨʦʬʦʨʘ [83]. ʂ ʪʘʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪʩʷ ʧʦʣʷʨʥʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʤʦʣʝʢʫʣʦʡ ʬʣʫʦʨʦʬʦʨʘ, ʨʅ ʩʨʝʜʳ (ʧʨʠ 

ʚʳʩʦʢʠʭ ʨʅ ʚʦʟʤʦʞʥʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ʬʣʫʦʨʦʬʦʨʘ), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʦʥʘʤʠ 

ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʠ ʨʘʟʣʠʯʥʳʝ ʫʧʘʢʦʚʦʯʥʳʝ ʵʬʬʝʢʪʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʣʝʢʫʣ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʷʚʣʷʪʴ ESIPT, ʢ ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʩʨʝʜʝ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠ-

ʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ.  

 ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʠʩʩʣʝʜʦʚʘʥʠʷ ESIPT-ʬʣʫʦʨʦʬʦʨʦʚ ʚʝʜʫʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ [81]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ESIPT ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʠʟʫʯʝʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʝʥʩʦʨʦʚ, ʜʝʪʝʢʪʠʨʫʶʱʠʭ ʠʦʥʳ ʤʝʪʘʣʣʦʚ [83]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ESIPT ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [84]. ʂʦʦʨʜʠʥʘʮʠʷ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʠʭ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʠ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʷʨʢʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪ.ʝ. ʧʨʠʚʦʜʠʪ ʢ ʦʪ-

ʩʫʪʩʪʚʠʶ ESIPT ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʚ. ʈʝʜʢʠʤʠ ʠʩʢʣʶʯʝʥʠʷʤʠ ʠʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʷʚʣʷʶʪʩʷ 

ʥʝʜʘʚʥʷʷ ʩʪʘʪʴʷ ʄʘʥʦʩʘ, ʛʜʝ ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ 

ʤʝʪʘʣʣʦʚ II ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʪʘʢ 

ʠ ESIPT, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʨʘʥʥʷʷ ʩʪʘʪʴʷ ʉʘʢʘʠ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʶʪʩʷ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʝ ʢʦʤ-

ʧʣʝʢʩʳ ʮʠʥʢʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ESIPT ʙʣʘʛʦʜʘʨʷ ʢʦʨʦʪʢʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ OïHĿĿĿO 
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[85,86]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘʪʠʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʥʘʣʠʯʠʝʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠ ESIPT ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ.  

 ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʩʦʟʜʘʪʝʣʷʤʠ OLED, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʠʭ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ (external quantum efficiency, EQE). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳ-

ʨʦʢ ʚ OLED ʛʝʥʝʨʠʨʫʝʪʩʷ 25 % ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʠʥʛʣʝʪʦʚ ʠ 75 % ʚʦʟʙʫʞʜʸʥʥʳʭ ʪʨʠʧʣʝʪʦʚ [87]. 

ʆʙʳʯʥʳʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ OLED ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʵʤʠʩʩʠʠ ʪʦʣʴʢʦ ʩʠʥʛʣʝʪʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ OLED ï ʩʦʟʜʘʥʠʝ ʬʦʩʬʦʨʝʩ-

ʮʝʥʪʥʳʭ OLED [87]. ʆʜʥʘʢʦ ʵʪʦʪ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠʤʝʝʪ ʪʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʠʭ ʤʝʪʘʣʣʦʚ (ʠʨʠʜʠʡ, ʧʣʘʪʠʥʘ), ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳ-

ʛʦʜʥʦ, ʠ ʥʝʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʠ OLED ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʨʝʰʝ-

ʥʠʷ ʧʨʦʙʣʝʤʳ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʦʡ ʩʠʥʛʣʝʪ-ʩʠʥʛʣʝʪʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʥʦ ʟʘ-

ʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʟʘʜʝʡʩʪʚʫʶʱʝʤʫ ʚʦʟʙʫʞʜʸʥʥʳʝ ʪʨʠʧʣʝʪʳ, T1 ­ S1 

­ S0. ʕʪʦʪ ʧʫʪʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ S1ïT1 ʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦ-

ʩʪʠ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʧʝʨʝʭʦʜʘ T1 ­ S1. ʀʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ 

ʫʩʢʦʨʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʬʣʫʦʨʦʬʦʨʘ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪ 

ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  

ʇʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʘʷ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩʚʷʟʘʥʘ ʩ ʘʪʦʤʘʤʠ ʙʦʣʝʝ ʪʷ-

ʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʵʣʝʤʝʥʪʳ 2-ʛʦ ʧʝʨʠʦʜʘ (C, N, O), ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʠʩʯʝʟʘʶʱʝ ʤʘ-

ʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʠʛʫʨʠʨʦʚʘʣʠ ʙʳ ESIPT ʠ TADF. ʕʪʦ ʩʪʘʪʴʷ 

ʇʘʨʢʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ 2007 ʛ, ʠ ʩʚʝʞʘʷ ʩʪʘʪʴʷ ʦʜʥʦʛʦ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʘʩʩʠʢʦʚ ʚ ʦʙʣʘʩʪʠ 

ʬʦʪʦʬʠʟʠʢʠ ʠ ʬʦʪʦʭʠʤʠʠ ï ʧʨʦʬʝʩʩʦʨʘ ɸʜʘʯʠ [88,89]. ɻʨʫʧʧʘ ʘʚʪʦʨʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦ-

ʬʝʩʩʦʨʘ ɸʜʘʯʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ESIPT ʚ ʧʨʦʠʟʚʦʜʥʦʤ ʘʢʨʠʜʦʥʘ ʧʨʠʚʦʜʠʪ ʢ TADF [89]. ʇʨʠ ʵʪʦʤ 

ʩʦʝʜʠʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʦʢʦʣʦ 60 %, ʘ OLED ʥʘ ʝʛʦ ʦʩʥʦʚʝ - ʚʳʩʦ-

ʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (EQE) ʦʢʦʣʦ 14 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʤʘ ʦʙʲʝʜʠʥʝ-

ʥʠʷ ESIPT ʠ TADF ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʵʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʩʣʝ-

ʜʦʚʘʥʥʘʷ ʪʝʤʘ, ʢʦʪʦʨʘʷ, ʥʝʩʦʤʥʝʥʥʦ, ʧʨʠʚʣʝʯʸʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʘʤʦʤ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

ɿʘʚʝʨʰʘʷ ʵʪʦʪ ʨʘʟʜʝʣ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʵʤʠʩʩʠʠ ʧʦʜʘʚʣʷʶʱʝʛʦ ʯʠʩʣʘ 

ʬʣʫʦʨʦʬʦʨʦʚ ʣʝʞʠʪ ʧʨʘʚʠʣʦ ʂʘʰʠ-ɺʘʚʠʣʦʚʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ 

ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʥʦ ʛʣʘʩʠʪ, ʯʪʦ ʵʤʠʩʩʠʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ, 

ʘ ʪʘʢʞʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʪ ʩ ʟʘʤʝʪʥʳʤ ʚʳʭʦʜʦʤ ʪʦʣʴʢʦ ʩ ʥʠʞʥʝʛʦ ʚʦʟʙʫʞ-

ʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [90]. ʇʨʠʤʝʨʳ ʥʘʨʫʰʝʥʠʷ ʵʪʦʛʦ ʧʨʘʚʠʣʘ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ 

ʚ ʦʩʥʦʚʝ ʝʛʦ ʥʘʨʫʰʝʥʠʷ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʜʢʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʝʟʫʩʣʦʚʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ [90-92]. ʅʝʜʘʚʥʦ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʠʥʪʝʟ ESIPT-ʬʣʫʦʨʦʬʦʨʦʚ, ʥʘʨʫʰʘʶʱʠʭ ʧʨʘʚʠʣʦ ʂʘʰʠ-ɺʘʚʠʣʦʚʘ (anti-Kasha behavior) [90]. 

ʅʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣʘ ʂʘʰʠ-ɺʘʚʠʣʦʚʘ ʜʘʸʪ ʨʝʜʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʬʣʫʦʨʦʬʦʨʳ, ʧʨʦʷʚ-

ʣʷʶʱʠʝ ʵʤʠʩʩʠʶ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʧʨʘʢ-

ʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʌʣʫʦʨʦʬʦʨʳ, ʥʘʨʫʰʘʶʱʠʝ ʜʘʥʥʦʝ ʧʨʘʚʠʣʦ, ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʠ ʜʚʦʡ-

ʥʫʶ ʵʤʠʩʩʠʶ [91]. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʨʝʜʢʦʩʪʴʶ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʠʩʘ-

ʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʪʘʢʦʡ ʵʬʬʝʢʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʯʠʥʘʶʪ ʧʦʥʠʤʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʧʨʘʚʠʣʘ ʂʘʰʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝʜʘʚʥʠʤ ʦʙʟʦʨʦʤ ɼʝʤʯʝʥʢʦ, ʊʦʤʠʥʘ ʠ ʏʫ [93]. ɿʘʤʝʪʠʤ, ʯʪʦ ʵʬʬʝʢʪʳ, ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʥʘʨʫʰʝʥʠʶ ʧʨʘʚʠʣʘ ʂʘʰʠ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʨʠʤʝʩʷʤʠ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʜʦʟʨʝ-

ʥʠʠ, ʯʪʦ ʧʨʘʚʠʣʦ ʂʘʰʠ ʥʘʨʫʰʘʝʪʩʷ, ʚʘʞʥʦ ʧʦʜʪʚʝʨʞʜʘʪʴ ʯʠʩʪʦʪʫ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʢʘʟʳʚʘʪʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʬʬʝʢʪʘ [93]. 
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1.3.3. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʮʠʥʢʘ(II ): ʟʘʢʣʶʯʝʥʠʝ 

ʊʝʤʘ ʩʠʥʪʝʟʘ ʠ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʣʫʦʨʦʬʦʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ESIPT, ʷʚʣʷ-

ʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʛʦʨʷʯʝʡ ʪʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ, ʚʝʜʫʱʝʡ ʢ ʠʥʪʝʨʝʩʥʳʤ ʵʬʬʝʢʪʘʤ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʩʪʘʸʪʩʷ ʦʙʣʘʩʪʴʶ, ʠʤʝʶ-

ʱʝʡ ʦʛʨʦʤʥʫʶ ʩʪʝʧʝʥʴ ʥʦʚʠʟʥʳ, ʛʜʝ ʧʦʢʘ ʥʝʪ ʛʦʪʦʚʳʭ ʨʝʮʝʧʪʦʚ ʨʝʰʝʥʠʷ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʪʘʢʠʭ 

ʪʝʤ, ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ ESIPT ʠ TADF ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʠʣʠ ESIPT ʠ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣʘ ʂʘʰʠ-

ɺʘʚʠʣʦʚʘ. ʅʝ ʧʨʝʪʝʥʜʫʷ, ʨʘʟʫʤʝʝʪʩʷ, ʥʘ ʧʦʣʥʦʝ ʨʝʰʝʥʠʝ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝ-

ʣʝ ʧʨʦʙʣʝʤ, ʤʳ ʧʳʪʘʝʤʩʷ ʩʜʝʣʘʪʴ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ. ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ. (1) ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʨʷʜʦʤ N,N-

ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʭ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʠʤʝʶʱʠʭ ʦʙʲʝʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, 

ʚʢʣʶʯʘʷ ʩʠʥʪʝʟ ʦʜʥʦʷʜʝʨʥʳʭ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦ-

ʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ˊ-ʘʢʮʝʧʪʦʨʥʳʤ ʣʠʛʘʥʜʦʤ ï ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ. ɼʣʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʤʝʜʠ(I) cʪʝʨʠʯʝʩʢʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʠʩ-

ʢʘʞʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) [74]. (2) ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʩ ʣʠʛʘʥʜʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʢʦʨʦʪʢʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʢʘʢ ʧʨʝʜʧʦʩʳʣʢʫ ʨʝʘʣʠʟʘʮʠʠ 

ESIPT, ʠ ʩ ʠʭ ʘʥʘʣʦʛʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʵʪʦʡ ʩʚʷʟʠ. (3) ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʩʣʫʯʘʷʭ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʤʠʩʩʠʠ. 

 

1.4. ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʢʦʤʧʣʝʢʩʘʭ ʞʝʣʝʟʘ(II ) 

 

1.4.1. ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ: ʦʙʱʠʝ ʘʩʧʝʢʪʳ 

ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ (ʧʦʜ ʢʦʪʦʨʳʤ ʤʳ ʙʫʜʝʤ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʧʝʨʝʭʦʜ ʠʟ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʠ ʦʙʨʘʪʥʦ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʷʚʣʝʥʠʡ ʚ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. ɸʥʘʣʠʟʫ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ, 

ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ, ʪʝʥʜʝʥʮʠʷʤ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʘʢʠʭ-ʣʠʙʦ 

ʢʣʘʩʩʘʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʨʨʝʣʷʮʠʷʤ ʩʦʩʪʘʚ-ʩʪʨʦʝʥʠʝ-ʩʚʦʡʩʪʚʦ, ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʤ ʠ ʥʘʥʦʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ, ʧʝʨʩʧʝʢʪʠʚʘʤ ʚʦʟʤʦʞʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʠ ʤʥʦʛʠʤ ʜʨʫ-

ʛʠʤ, ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʙʟʦʨʳ [94-114]. 

ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʚʷʟʘʥʘ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ d-ʦʨʙʠʪʘʣʝʡ 

ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʥʘ ʜʚʘ ʫʨʦʚʥʷ ï eg ʠ t2g. ɼʣʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ d
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7
 ʵʪʦ ʩʦʟʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪʴʩʷ ʣʠʙʦ ʚ ʥʠʟʢʦʩ-

ʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʣʠʙʦ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ. ʈʝʘʣʠʟʘʮʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ ʨʘʩʱʝʧʣʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ, 10Dq, 

ʠ ʵʥʝʨʛʠʝʡ ʩʧʘʨʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʇ. ɽʩʣʠ ʇ > 10Dq, ʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʩʧʠʥʦʚʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴʶ ï ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ (high spin state, HS). ɽʩʣʠ ʞʝ ʇ 

< 10Dq, ʪʦ ʵʥʝʨʛʠʠ ʩʧʘʨʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦ-

ʩʪʦʷʥʠʝ, ʠ ʩʠʩʪʝʤʘ ʦʩʪʘʸʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩ ʥʘʠʤʝʥʴʰʝʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴʶ ï ʥʠʟʢʦʩʧʠʥʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ (low spin state, LS). ɺ ʩʠʩʪʝʤʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, 10Dq
HS

 < ʇ < 

10Dq
LS

 [115]. 

ʇʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ d-ʤʝʪʘʣʣʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʦʜʥʦʛʦ ʩʧʠ-

ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʛʨʘʥʠʯʝʥʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘ-
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ʤʠ 3d-ʤʝʪʘʣʣʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʱʝʧʣʝʥʠʝ ʜʚʫʭ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ 

ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʨʫʛʦʡ ʬʘʢ-

ʪʦʨ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢʦʤʧʣʝʢʩʘʤʠ 3d-ʤʝʪʘʣʣʦʚ, 

ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ 3d-ʤʝʪʘʣʣʦʚ ʢ ʢʦʤʧʣʝʢʩʘʤ 4d-ʤʝʪʘʣʣʦʚ ʧʘʨʘʤʝʪʨ 

10Dq ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 50 %, ʠ ʧʝʨʝʭʦʜ ʦʪ ʢʦʤʧʣʝʢʩʦʚ 4d-ʤʝʪʘʣʣʦʚ ʢ ʢʦʤʧʣʝʢʩʘʤ 

5d-ʤʝʪʘʣʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʪʘʢʠʤ ʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʨʘʩʱʝʧʣʝʥʠʷ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ. ʕʥʝʨʛʠʷ ʩʧʘʨʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʵʪʦʤ ʪʘʢ ʞʝ ʩʠʣʴʥʦ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 4d- ʠ 5d-ʤʝʪʘʣʣʦʚ ʥʝ ʩʢʣʦʥʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʳʩʦʢʦʩʧʠ-

ʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ [116].  

ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ (ʦʜʠʥʘʢʦʚʘʷ ʛʝʦʤʝʪʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ, ʦʜʠʥʘʢʦ-

ʚʳʡ ʥʘʙʦʨ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ) ʢʦʤʧʣʝʢʩʳ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ 

ʩʢʣʦʥʥʳ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʟʥʘ-

ʯʠʪʝʣʴʥʳʤ, ʥʘ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ, ʨʦʩʪʦʤ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ 10Dq ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʠʦʥʘ ʤʝʪʘʣʣʘ ʚ ʢʦʤʧʣʝʢʩʝ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II), ʩʧʦ-

ʩʦʙʥʳʭ ʢ ʧʝʨʝʢʣʶʯʝʥʠʶ ʠʟ ʦʜʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ,  ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʢʦʤʧʣʝʢʩʘʤ 

ʞʝʣʝʟʘ(III), ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʙʫʜʫʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʟʢʦʩʧʠʥʦʚʳʤʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 40 % [116]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 3d-ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ d
4
 ï d

7
, ʚ ʨʝʘʣʴʥʦʩʪʠ ʧʝʨʝʢʣʶ-

ʯʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʡ d
5
 ï d

7
, ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʞʝʣʝʟʘ(III), ʞʝʣʝʟʘ(II) ʠ ʢʦʙʘʣʴʪʘ(II). ʇʨʠʯʠʥʳ ʵʪʦʛʦ ʣʝʞʘʪ ʚ ʪʦʤ ʬʘʢʪʝ, ʯʪʦ ʜʣʷ 

ʠʦʥʦʚ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʜʘʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ ʨʘʩʱʝʧʣʝ-

ʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʵʥʝʨʛʠʠ ʩʧʘʨʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʜʨʫʛʠʭ ʠʦʥʦʚ ʤʝ-

ʪʘʣʣʦʚ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʞʝ. ʊʘʢ, ʠʟʚʝʩʪʝʥ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʨʷʜ ʧʨʠʤʝʨʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʤʘʨʛʘʥʮʘ(II), ʤʘʨʛʘʥʮʘ(III), ʭʨʦʤʘ(II) ʠ ʢʦʙʘʣʴʪʘ(III ) [116]  

 ɽʩʣʠ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʤʝʞʜʫ ʩʠʪʫʘʮʠʷʤʠ, ʢʦʛʜʘ 

ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʠʣʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʘʷ ʱʝʣʴ ʤʝʞʜʫ ʥʠʟʰʠʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ (ȹE
0
(HL)) (ʈʠʩ. 53) ʩʪʘʥʦʚʠʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʠʥʜʫ-

ʮʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ [117]. ʕʪʦ ʷʚʣʝʥʠʝ ʠ ʥʘʟʳʚʘʝʪʩʷ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤ. ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʥʦ ʥʘʟʳʚʘʝʪʩʷ spin crossover, 

spin transition ʠʣʠ spin equilibrium (ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ 

ʢʘʣʴʢʠʨʦʚʘʥʠʝ ʧʝʨʚʦʛʦ ʠʟ ʵʪʠʭ ʪʝʨʤʠʥʦʚ ʚ ʚʘʨʠʘʥʪʝ ñʩʧʠʥ ʢʨʦʩʩʦʚʝʨò ʠʣʠ ñʩʧʠʥ-ʢʨʦʩʩʦʚʝʨò; 

ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʩʣʦʚʦ ñʩʧʠʥʦʚʳʡò ʧʨʦʯʥʦ ʚʦʰʣʦ ʚ ʨʫʩʩʢʠʡ ʷʟʳʢ, ʚʘʨʠʘʥʪ ñʩʧʠ-

ʥʦʚʳʡ ʢʨʦʩʩʦʚʝʨò ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣ ʙʳ ʙʦʣʝʝ ʫʤʝʩʪʝʥ, ʯʝʤ ʜʚʘ ʧʨʝʜʳʜʫʱʠʭ 

ʚʘʨʠʘʥʪʘ, ʦʜʥʘʢʦ ʦʪ ʥʝʛʦ ʥʝʜʘʣʝʢʦ ʠ ʜʦ ʪʝʨʤʠʥʘ ñʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜò, ʯʝʛʦ, ʚʠʜʠʤʦ, ʥʝʢʦʪʦʨʳʝ 

ʘʚʪʦʨʳ ʭʦʪʝʣʠ ʙʳ ʠʟʙʝʞʘʪʴ). ɺʦ ʬʨʘʥʮʫʟʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ ñtransition de 

spinò. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥʳ ñspin crossoverò ʠ ñspin transitionò ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʢ ʩʠʥʦʥʠʤʳ [118]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʢʦʥʥʦʪʘʮʠʠ 

ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʪʝʨʤʠʥʘ ñspin crossoverò ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʩʝʯʝʥʠʝʤ ʵʥʝʨʛʠʡ 

ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʡ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʊʘʥʘʙʝ-ʉʫʛʘʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ ʨʘʩʱʝʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ. ʊʝʨʤʠʥ ñspin transitionò, ʩʚʷʟʘʥ, ʩʢʦʨʝʝ, ʩ ʬʘ-

ʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʠ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘʜʦ ʧʦʜʯʝʨʢʥʫʪʴ ʠʤʝʥʥʦ ʵʪʫ ʩʪʦʨʦ-

ʥʫ ʦʙʩʫʞʜʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. ʊʝʨʤʠʥ ñspin equilibriumò ʚʝʩʴʤʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʩʷ ʚ ʨʘʥʥʝʡ ʣʠʪʝʨʘ-
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ʪʫʨʝ ʧʦ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʭʦʜʫ. ʆʥ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʠʩʪʝʤ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʧʦʩʪʝ-

ʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʧʠʥʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ɹʦʣʴʮʤʘʥʘ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʝʛʦ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʧʦʜʦʙʥʦʤ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ 

ʚ ʩʣʫʯʘʝʪ ʪʝʨʤʠʥʦʚ ñspin crossoverò ʠ ñspin transitionò ʥʝʞʝʣʘʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʚʦʟʤʦʞʥʳ ʠ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ɹʦʣʴʮʤʘʥʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʨʝʟʢʠʝ ʧʝʨʝʭʦʜʳ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʧʝʨʝʭʦʜʳ ʠ ʪ.ʜ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʥʘ ñspin equilib-

riumò ʜʦʣʞʥʘ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʘ ʣʠʰʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʠʪʫʘʮʠʷʤʠ, ʢʦʛʜʘ ʧʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʳʤ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʬʦʨʤʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʠʣʠ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʷʭ. ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʩʪʚʦʨʘʭ ʠ, ʨʝʞʝ, ʚ ʪʚʸʨʜʦʤ ʪʝ-

ʣʝ, ʢʦʛʜʘ ʤʦʞʥʦ ʠʛʥʦʨʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ. 

   
ʈʠʩ. 53. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʡ. 

 

 ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʫʮʠʨʦʚʘʥ ʪʝʨʤʠʯʝʩʢʠ, ʝʩʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ 

ʤʝʞʜʫ ʥʠʟʰʠʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ ʩʪʘʥʦʚʠʪʩʷ ʧʦʨʷʜʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ȹE
0
(HL)ḗkBT (ʈʠʩ. 53) [119]. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʝ ʮʝʥʪʨʳ ʚʝʜʫʪ ʩʝʙʷ 

ʥʝʟʘʚʠʩʠʤʦ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩ. 54) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʦʛʠʝ ʢʨʠʚʳʝ. ʊʘ-

ʢʠʝ ʩʠʪʫʘʮʠʠ, ʢʘʢ ʤʳ ʫʧʦʤʷʥʫʣʠ ʚʳʰʝ, ʭʘʨʘʢʪʝʨʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʨʘʩʪʚʦʨʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ 

ʣʠʰʴ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ɺ ʪʚʸʨʜʦʤ ʪʝʣʝ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʝ ʮʝʥʪʨʳ ʤʦʛʫʪ ʧʝʨʝʢʣʶʯʘʪʴ 

ʩʚʦʸ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨʘʭ. ʕʪʦ ʚʝ-

ʜʸʪ ʢ ʢʦʦʧʝʨʘʪʠʚʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʪ.ʝ. ʢ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʩʧʠʥʦ-

ʚʳʡ ʧʝʨʝʭʦʜ ʚ ʦʜʥʦʤ ʮʝʥʪʨʝ ʬʘʚʦʨʠʟʠʨʫʝʪ ʙʣʘʛʦʜʘʨʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʚ 

ʪʚʸʨʜʦʡ ʬʘʟʝ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ ʥʘ ʜʨʫʛʠʭ ʮʝʥʪʨʘʭ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʚʳʩʦ-

ʢʦʩʧʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʨʝʟʢʠʝ ʢʨʠʚʳʝ. ɺ ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʨʝʟʢʠʝ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ. ʉʧʠʥʦ-

ʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʦʜʥʫ ʩʪʫʧʝʥʴ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʜʚʝ ʠ ʙʦ-

ʣʝʝ. ɿʘʤʝʪʠʤ, ʥʘʢʦʥʝʮ, ʯʪʦ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʣʥʳʤʠ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʥʝ 

ʚʩʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʢʪʠʚʥʳʝ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʝ ʮʝʥʪʨʳ ʦʙʨʘʟʮʘ ʧʝʨʝʭʦʜʷʪ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʚ ʜʨʫʛʦʝ ʚ ʩʠʣʫ ʨʘʟʥʳʭ ʧʨʠʯʠʥ.  



45 

 

 ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ (ʠ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʣʠ-

ʪʝʨʘʪʫʨʝ) ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʣʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʠ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʬʨʘʢʮʠʡ ʨʘʚ-

ʥʳ ʜʨʫʛ ʜʨʫʛʫ (50 % HS ʠ 50 % LS). ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʘ ʦʙʦʟʥʘʯʘʝʪʩʷ T1/2. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦ-

ʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦ ʜʘʥʥʳʤ ʢʘʣʦ-

ʨʠʤʝʪʨʠʠ, ʠʟ ʪʝʨʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʦʚ (ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ, 

ʀʂ-, ʗʄʈ ʠ ʜʨ.), ʠʟ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʘʜʦ, ʦʜʥʘʢʦ, ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ-

ʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ T1/2 (ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚʳʰʝ, T1/2 = T(50 % HS = 50 % LS)) 

ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʢʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʪʝʤ ʙʦʣʝʝ ʨʝʟʢʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʪʝʨʤʠʯʝʩʢʠʤ 

ʛʠʩʪʝʨʝʟʠʩʦʤ ʚʩʪʨʝʯʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʚʦʟʨʘʞʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʵʪʦ ʯʘʩʪʦ ʙʳʚʘʝʪ, ʨʝʟʢʠʡ 

ʧʝʨʝʭʦʜ ʤʦʞʝʪ ʩʠʣʴʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ/ʦʭʣʘʞʜʝʥʠʷ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʟʥʘʯʝ-

ʥʠʷ T1/2, ʠ ʪʦʡ ʩʤʳʩʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʩ ʥʠʤ ʩʚʷʟʘʥʘ, ʪʝʨʷʝʪ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ ʙʝʟ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ/ʦʭʣʘʞʜʝʥʠʷ. ʉʦʜʝʨʞʘʪʝʣʴʥʳʤ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʳ ʤʦʞʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʨʠ 

ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʩʪʝʤʘ ʧʨʠʰʣʘ ʚ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠ ʜʝʪʝʢʪʠʨʫʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʠ ʥʠʟʢʦʩʧʠʥʦʚʳʭ ʮʝʥʪʨʦʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ. 

ʕʪʦ, ʦʜʥʘʢʦ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢʘʢ ʚ ʠʟʦʪʝʨʤʠ-

ʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ.  

ɼʨʫʛʦʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʤʦʤʝʥʪ ʩʚʷʟʘʥ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʠ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ ʥʝʠʟʦʪʝʨʤʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ ï ʝʩʣʠ ʪʘʢʦʝ ʧʦʣʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʚʥʫʪʨʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʚʦʟʤʦʞʥʦ (ʪʘʢʠʝ 

ʧʨʠʤʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ), ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ T1/2 ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ, ʠʣʠ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚʤʝʩʪʦ T1/2 ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝ-

ʢʣʶʯʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʘʧʨʠʤʝʨ, ɢMT, ʪ.ʝ. ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʫ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʨʦʠʟʚʦʜʥʦʡ d(ɢMT)/dT. ʕʪʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ Tc. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʣʩʷ ʨʦʩʩʠʡʩʢʠʤ ʤʘʛʥʝʪʦʭʠʤʠʢʦʤ ʜ.ʭ.ʥ. ɺ.ʅ. 

ʀʢʦʨʩʢʠʤ. ɿʘʤʝʪʠʤ ʚ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʦʙʦʟʥʘʯʝʥʠʷ T1/2ŷ ʠ T1/2Ź ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʧʠʥʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠʤʝʥʥʦ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ 

ʩʤʳʩʣʝ (T1/2 = T(50 % HS = 50 % LS), ʯʪʦ ʚ ʩʚʝʪʝ ʠʟʣʦʞʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. 
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ʈʠʩ. 54. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

 

ʉʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʢʣʶʯʝʥʦ ʥʝ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʥʦ 

ʠ ʩʚʝʪʦʤ ʦʧʨʝʜʝʣʸʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ (ʈʠʩ. 53) [119]. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʩʧʦʩʦʙ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤ-

ʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II). ʆʙʣʫʯʘʷ ʥʠʟʢʦʩʧʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ(II) ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʨʝʰʸʥʥʳʤ ʧʦ ʩʧʠʥʫ ʧʝʨʝʭʦʜʘʤ 
1
A1Ÿ

1
T1 ʠ 

1
A1Ÿ

1
T2, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʤʦʞʥʦ ʧʝʨʝʢʣʶʯʠʪʴ ʢʦʤʧʣʝʢʩ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. ɹʣʘʛʦʜʘʨʷ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʤʫ ʯʘʩʪʠʯʥʦʤʫ ʩʥʷʪʠʶ ʟʘʧʨʝʪʘ ʥʘ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠ-

ʷʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦ ʟʘʩʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ 
5
T2 ʧʦ ʮʝʧʦʯʢʝ ʧʝʨʝʭʦʜʦʚ 

1
T1Ÿ

3
T2Ÿ

3
T1Ÿ

5
T2. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʩʪʝʤʘ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ 
5
T2 ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʜʦʣʛʦʝ ʚʨʝʤʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʚʦʡ ʵʥʝʨ-
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ʛʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʚ ʩʦʩʪʦʷʥʠʝ 
1
A1. ʕʪʦʪ ʩʧʦʩʦʙ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʟʘʭʚʘʪʦʤ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ (light 

induced excited spin state trapping, LIESST). ɺʨʝʤʷ ʞʠʟʥʠ ʩʠʩʪʝʤʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 
5
T2 (ʧʨʠ ʜʘʥʥʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʷ ʣʠʛʘʥʜʦʚ. ʏʝʤ ʩʠʣʴʥʝʝ ʧʦʣʝ ʣʠ-

ʛʘʥʜʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ ʤʝʞʜʫ ʥʠʟʰʠʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ, ȹE
0
(HL) 

(ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʦʪ ʟʘʢʦʥ ʥʘʟʳʚʘʝʪʩʷ inverse energy gap law). ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ 
5
T2 ʠ 

1
A1 ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ 
5
T2 Ÿ 

1
A1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʛʘʥʜʦʚ ʩʣʘʙʦʛʦ ʧʦʣʷ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 
5
T2 ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʘʛʦʜʘʨʷ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ.  ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʩʠʩʪʝʤʳ ʚ ʤʝ-

ʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʩʣʫʯʘʝ ʣʠʛʘʥʜʦʚ ʩʣʘʙʦʛʦ ʧʦʣʷ ʤʦʛʫʪ ʠʟʤʝʨʷʪʴʩʷ ʯʘʩʘʤʠ ʠʣʠ ʜʘʞʝ 

ʜʥʷʤʠ. ɺ ʩʣʫʯʘʝ ʣʠʛʘʥʜʦʚ ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʨʝʣʘʢʩʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ï ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʠʟʤʝʨʷʶʪʩʷ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʝʢʫʥʜʘʤʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʫʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ 
5
T2 Ÿ 

1
A1. ɺʦʟʤʦʞʝʥ ʠ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ (reverse light induced 

excited spin state trapping, reverse LIESST). ʆʙʣʫʯʝʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʨʝʰʸʥʥʦʤʫ ʧʝʨʝʭʦʜʫ 
5
T2Ÿ

5
E ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʳ ʚ ʩʪʘʙʠʣʴʥʦʝ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʮʝʧʦʯʢʝ ʧʝʨʝʭʦʜʦʚ 
5
EŸ

3
T2Ÿ

3
T1Ÿ

1
A1. 

ʇʝʨʝʭʦʜ ʤʝʞʜʫ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʫʮʠ-

ʨʦʚʘʥ ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ (ʈʠʩ. 53) [119]. ʈʦʩʪ ʜʘʚʣʝʥʠʷ (p2 > p1) ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʞʘʪʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʫʟʣʘ ʠʦʥʘ ʤʝʪʘʣʣʘ ʠ ʫʢʦʨʦʯʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ 

ʨʘʩʱʝʧʣʝʥʠʷ 10Dq. ʋʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ ʤʝʞʜʫ ʥʠʟʰʠʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʫʨʦʚ-

ʥʷʤʠ, ȹE
0
(HL, p2) > ȹE

0
(HL, p1) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ 

ʪʝʨʤʠʯʝʩʢʦʝ ʟʘʩʝʣʝʥʠʝ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʪʘ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ 

ʤʝʞʜʫ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʠ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

1.4.2. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʭʘʨʘʢʪʝʨ 

ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʪʝʨʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʫʧʘʢʦʚʦʯʥʳʝ. ɺʳʷʚʣʝ-

ʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʩʳʛʨʘʶʪ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʣʫʯʘʝ, ʚʘʞʥʦ ʜʣʷ ʨʘʟ-

ʚʠʪʠʷ ʧʦʜʭʦʜʦʚ ʢ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ 

ʚ ʞʝʣʘʝʤʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ [120]. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʷʚʣʝʥʠʝ 

ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II).  

ʉʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʘʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ, ʪʘʢ ʠ 

ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʡ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʙʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʥʳʡ ʦʩʪʦʚ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʨʫʜʥʝʥʠʶ ʩʞʘʪʠʷ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠʦʥʘ Fe
2+
, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʧʝʨʝʭʦʜ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʠ ʢʦʤʧʣʝʢʩʳ ʦʩʪʘʶʪʩʷ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (ʈʠʩ. 55). ʇʨʠʤʝʨʦʤ ʵʪʦ-

ʛʦ ʚʣʠʷʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ [Fe(MexPy3tren)](PF6)2, ʜʣʷ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʝʥʠʝ x 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʘʢ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ, 

ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʘʭ. ɺ ʪʚʸʨʜʦʤ ʪʝʣʝ: x = 1 (T1/2 = 433K)  > x = 2 (T1/2 = 290K) > x = 3 (T1/2 = 219K), 
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ʚ ʨʘʩʪʚʦʨʝ: x = 1 (T1/2 = 430K) > x = 2 (T1/2 = 319K) >> x = 3 (HS) [121]. ɽʱʸ ʦʜʥʘ ʩʝʨʠʷ, ʠʣʣʶ-

ʩʪʨʠʨʫʶʱʘʷ ʵʪʦʪ ʪʝʟʠʩ, ï ʵʪʦ ʩʝʨʠʷ ʦʜʥʦʷʜʝʨʥʳʭ ʪʨʠʩ-ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ N,N-

ʙʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ï ʧʨʦʠʟʚʦʜʥʳʤʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʘ. ʈʦʜʦʥʘʯʘʣʴʥʠʢ ʩʝʨʠʠ, 

[Fe(bipy)3]
2+
, ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʩʧʠʥʦʚʳʤ, ʝʛʦ ʤʦʥʦ- ʠ ʜʠʤʝʪʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ [Fe(mbipy)3]

2+
 

ʠ [Fe(dmbipy)3]
2+

 ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤʠ [122,123]. ʂʦʤʧʣʝʢʩ [Fe(1-bpp)2]
2+

 ʜʝʤʦʥʩʪʨʠʨʫ-

ʝʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ 248K ʚ (CD3)2CO, ʝʛʦ ʘʥʘʣʦʛʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʲʸʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, 

ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ [124,125].  

 
ʈʠʩ. 55. ʂʦʤʧʣʝʢʩʳ [Fe(MexPy3tren)]

2+
, [FeL3]

2+
 (L = bipy, mbipy, dmbipy), [Fe(1-bpp)2]

2+
 ʠ [Fe(R-1-bpp)2]

2+
. 

 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʝʨʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʜ-

ʢʦʡ. ʅʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʝʩʣʠ ʩʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚʳʟʳʚʘʶʪ ʫʤʝʥʴ-

ʰʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ FeïL. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ 

[Fe(RB(mpz)3)2] (ʈʠʩ. 56) [126]. ʀʦʥ Fe
2+

 ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʭʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʳʩʦʢʦ-

ʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. ɽʩʣʠ ʞʝ ʟʘʤʝʩʪʠʪʝʣʝʤ R ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʪʚʣʸʥʥʘʷ ʪʨʝʪ-ʙʫʪʠʣʴʥʘʷ ʛʨʫʧʧʘ, 

ʪʦ ʝʸ ʘʪʦʤʳ ʦʪʪʘʣʢʠʚʘʶʪ ʦʪ ʩʝʙʷ ʧʠʨʘʟʦʣʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʧʨʠʙʣʠʞʘʷ ʠʭ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʢ 

ʠʦʥʫ Fe
2+
, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʵʪʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩ [Fe(tBuB(mpz)3)2] ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʠ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ.  

 
ʈʠʩ. 56. ʂʦʤʧʣʝʢʩʳ [Fe(RB(mpz)3)2, [Fe(Me4-1-bpp)2]

2+
 ʠ [Fe(1-bpp)2]

2+
. 

 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘ ʩʯʸʪ ʜʝʡʩʪʚʠʷ ʩʪʝʨʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʘʨʘ ʢʦʤʧʣʝʢʩʦʚ [Fe(Me4-1-bpp)2]
2+

 ʠ [Fe(1-bpp)2]
2+ 
(ʈʠʩ. 57). ʕʪʠ ʢʦʤ-

ʧʣʝʢʩʳ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʥʘʣʠʯʠʝʤ/ʦʪʩʫʪʩʚʠʝʤ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 5 ʧʠʨʘ-

ʟʦʣʴʥʳʭ ʮʠʢʣʦʚ. ʂʘʟʘʣʦʩʴ ʙʳ, ʯʪʦ ʥʘʣʠʯʠʝ ʯʝʪʳʨʸʭ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ 

[Fe(Me4-1-bpp)2]
2+

 ʜʦʣʞʥʦ ʫʩʣʦʞʥʷʪʴ ʩʞʘʪʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʤ-

ʧʣʝʢʩ ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʠʣʠ ʦʩʪʘʚʘʪʴ-

ʩʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ. ʆʜʥʘʢʦ, ʜʨʫʛʦʡ ʬʘʢʪʦʨ, ʘ ʠʤʝʥʥʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ 

ʤʝʞʜʫ ʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 5 ʧʠʨʘʟʦʣʴʥʳʭ ʮʠʢʣʦʚ ʠ ʘʪʦʤʘʤʠ H, ʥʘʭʦʜʷʱʠʤʠ-
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ʩʷ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 5 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʞʘʪʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩ [Fe(Me4-1-bpp)2]
2+

 ʷʚʣ̫-

ʝʪʩʷ ʥʠʟʢʦʩʧʠʥʦʚʳʤ, ʪʦʛʜʘ ʢʘʢ ʨʦʜʦʥʘʯʘʣʴʥʠʢ ʩʝʨʠʠ, [Fe(1-bpp)2]
2+
, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʠʥʦʚʳʡ 

ʧʝʨʝʭʦʜ ʥʠʞʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [127,128].      

ɽʱʸ ʦʜʠʥ ʩʪʝʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ï ʵʪʦ ʨʘʟʤʝʨ ʭʝʣʘʪʥʦ-

ʛʦ ʮʠʢʣʘ. ɿʜʝʩʴ ʪʨʫʜʥʦ ʚʳʜʝʣʠʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʠʥʦʚʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʦʪ ʨʘʟʤʝʨʘ ʭʝʣʘʪʥʦʛʦ ʮʠʢʣʘ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ [Fe(tpen)]X2 ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʥʠʟʢʦ-

ʩʧʠʥʦʚʳʤʠ (X = PF6
ï
, BPh4

ï
), ʣʠʙʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ (X = ClO4

ï
) (ʈʠʩ. 57) 

[129]. ʀʭ ʘʥʘʣʦʛʠ [Fe(tptn)]X2 ʚʩʝʛʜʘ ʥʠʟʢʦʩʧʠʥʦʚʳʝ (ʪ.ʝ. ʧʝʨʝʭʦʜ ʦʪ ʧʷʪʠ- ʢ ʰʝʩʪʠʯʣʝʥʥʦʤʫ 

ʭʝʣʘʪʥʦʤʫ ʮʠʢʣʫ ʥʝ ʧʨʠʚʸʣ ʢ ʟʘʤʝʪʥʦʤʫ ʵʬʬʝʢʪʫ, ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʩʠʣʳ ʧʦʣʷ ʣʠʛʘʥʜʦʚ) [129]. ʇʝʨʝʭʦʜ ʦʪ ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʤʝʪʘʣʣʦʮʠʢʣʘ ʢ ʩʝʤʠʯʣʝʥʥʦʤʫ, ʪ.ʝ. 

ʦʪ ʢʦʤʧʣʝʢʩʦʚ [Fe(tptn)]X2  ʢ [Fe(tpbn)]X2, ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʩʦ-

ʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʂʦʤʧʣʝʢʩʳ ʩ ʪʝʪʨʘʜʝʥʪʘʪʥʳʤʠ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

[Fe(bpen)2(NCS)2] ʠ [Fe(bptn)2(NCS)2], ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʦʜʥʘʢʦ ʝʛʦ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Fe(bpen)2(NCS)2] ʩʦʩʪʘʚʣʷʝʪ 70K, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[Fe(bptn)2(NCS)2] ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 170K. ʍʦʪʷ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ ʨʝʟʢʠʤ, ʘ ʚʦ 

ʚʪʦʨʦʤ ʧʣʘʚʥʳʤ, ʩʠʣʴʥʦʝ ʦʪʣʠʯʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʭʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ 

ʩʠʣʴʥʦʤ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʝ [Fe(bptn)2(NCS)2]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʰʠʨʝʥʠʝ ʭʝʣʘʪʥʦʛʦ 

ʮʠʢʣʘ ʩ ʧʷʪʠ ʥʘ ʰʝʩʪʠʯʣʝʥʥʳʡ ʧʨʠʚʝʣʦ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʤʝʱʝ-

ʥʠʶ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ ʚ ʢʦʤʧʣʝʢʩʝ [Fe(bptn)2(NCS)2] 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʦʤ [Fe(bpen)2(NCS)2] [130].  

 
ʈʠʩ. 57. ʇʦʣʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ tpen, tptn, tpbn, bpen ʠ bptn. 

 

ʂʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʦʚ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʪʢʣʦʥʝʥʠʝ ʥʝ-

ʧʦʜʝʣʸʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʦʪ ʚʝʢʪʦʨʘ FeïN ʚʳʟʳʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ. ʂʦʤʧʣʝʢʩʳ [Fe(bipy)3]
2+
, ʩʦʜʝʨʞʘʱʠʝ ʧʣʦʩʢʠʝ ʤʦʣʝʢʫʣʳ bipy, ʷʚʣʷʶʪʩʷ ʥʠʟʢʦʩʧʠʥʦ-

ʚʳʤʠ, ʘ ʢʦʤʧʣʝʢʩʳ ʩ ʘʥʘʣʦʛʘʤʠ bipy, ʩʦʜʝʨʞʘʱʠʤʠ ʟʘʤʝʩʪʠʪʝʣʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʚʦʨʦʪʫ 

ʜʚʫʭ ʧʠʨʠʜʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʠ CïC, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ 

(ʈʠʩ. 58) [123,131].  

 
ʈʠʩ. 58. ʂʦʤʧʣʝʢʩʳ [Fe(Me4-1-bpp)2]

2+
 ʠ [Fe(1-bpp)2]

2+
. 
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ʏʠʩʣʦ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʘʟʦʣʴʥʦʤ ʠʣʠ ʘʟʠʥʦʚʦʤ ʮʠʢʣʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʵʣʝʢʪʨʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʩʠʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʂ ʩʦʞʘʣʝʥʠʶ, ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢ 

ʩʢʘʞʝʪʩʷ ʥʘ ʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ. 

ʇʨʠ ʵʪʦʤ ʥʝ ʚʩʝʛʜʘ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʛʝʪʝ-

ʨʦʘʪʦʤʦʚ ʚ ʠʜʝʥʪʠʯʥʳʭ ʠʣʠ ʙʣʠʟʢʠʭ ʫʩʣʦʚʠʷʭ. ʊʘʢ, ʢʦʤʧʣʝʢʩʳ [Fe(HB(pz)3)2] ʠ [Fe(HB(trz)3)2] 

(ʈʠʩ. 59) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʭʦʜ ʦʢʦʣʦ 330K, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʝʨʚʳʤ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʚ ʊɻʌ ʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [132,133], ʩʦ ʚʪʦʨʳʤ ï ʚ D2O [134] (ʟʘʤʝ-

ʪʠʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʢ ʚʦʜʥʳʤ ʩʨʝʜʘʤ ʢʘʢ ʧʨʘʚʠʣʦ ʚʝʜʸʪ ʢ ʧʦʚʳ-

ʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ). ɸʥʘʣʦʛʠʯʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʧʠʨʘʟʦʣʴʥʦʡ ʢ ʪʨʠʘʟʦʣʴʥʦʡ ʛʨʫʧʧʝ 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Fe(3-bpp)2]
2+

 [135,136] ʠ [Fe(3-btrzp)2]
2+

 [137] ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʨʘʩʪʚʦʨʠʪʝʣʝ, 

(CD3)2CO, ʧʨʠʚʸʣ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʩʣʘʙʣʝʥʠʶ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʠ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʩʸʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(CD3)2CO. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ D2O ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʧʦʚʳʰʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʢʦʤ-

ʧʣʝʢʩʦʚ, ʪʦ, ʚʦʟʤʦʞʥʦ, ʪʨʠʘʟʦʣʴʥʳʡ ʩʢʦʨʧʠʦʥʘʪ ʚ [Fe(HB(trz)3)2] ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʣʠʛʘʥʜʦʤ ʙʦ-

ʣʝʝ ʩʣʘʙʦʛʦ ʧʦʣʷ, ʯʝʤ ʝʛʦ ʧʠʨʘʟʦʣʴʥʳʡ ʘʥʘʣʦʛ ʚ [Fe(HB(pz)3)2]. 

 
ʈʠʩ. 59. ʂʦʤʧʣʝʢʩʳ [Fe(HB(pz)3)2], [Fe(HB(trz)3)2], [Fe(3-bpp)2]

2+
 ʠ [Fe(3-btrzp)2]

2+
. 

 

ɿʘʤʝʥʘ CH-ʛʨʫʧʧʳ ʥʘ ʘʪʦʤ N ʚ ʘʟʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʘʭ  ʧʨʠʚʦʜʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢ 

ʦʩʣʘʙʣʝʥʠʶ ů-ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʛʘʥʜʘ, ʯʪʦ ʦʩʣʘʙʣʷʝʪ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʠ ʩʤʝʱʘʝʪ ʩʧʠʥʦ-

ʚʳʡ ʧʝʨʝʭʦʜ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʥʦ, ʩ ʜʨʫʛʦʡ, ʚʝʜʸʪ ʢ ʫʩʠʣʝʥʠʶ ʜʘʪʠʚʥʦʡ ʩʚʷʟʠ Fe­N 

ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʤʫ ˊ-ʜʝʬʠʮʠʪʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʜʠʘʟʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʠʨʠʜʠʥʦʤ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɿʜʝʩʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʪʫʧʘʶʪ ʚ ʠʛʨʫ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʴʰʝʡ ʨʦʣʠ ˊ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʠʨʘʟʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ů-ʜʦʥʦʨʥʳʤ. ʊʘʢ, ʢʦʤʧʣʝʢʩ [Fe(1-bppyz)2]
2+

 (ʈʠʩ. 60) ʚ (CD3)2CO ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʧʨʠ 

268K [138], ʝʛʦ ʘʥʘʣʦʛ [Fe(1-bpp)2]
2+

 ï ʧʨʠ 248K; ʢʦʤʧʣʝʢʩ [Fe(paptz)2] ʚ CD3OD ʧʦʢʘʟʳʚʘʝʪ 

ʧʝʨʝʭʦʜ ʚʳʰʝ 300K, ʝʛʦ ʘʥʘʣʦʛ [Fe(papt)2] ï ʧʨʠ 220K [139]. 

 
ʈʠʩ. 60. ʂʦʤʧʣʝʢʩʳ [Fe(1-bppyz)2]

2+
, [Fe(1-bpp)2]

2+
, [Fe(paptz)2] ʠ [Fe(papt)2]. 
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ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʠ ʵʣʝʢʪʦʨʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʚ ʣʠʛʘʥʜʥʳʡ 

ʦʩʪʦʚ, ʠ ʧʦʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʵʪʠ ʟʘʤʝʩʪʠʪʝʣʠ, ʷʚʣʷʝʪʩʷ ʝʱʸ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠ-

ʷʶʱʠʤ ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʅʝʜʘʚʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʨʠʡ ʢʦʤʧʣʝʢʩʦʚ [Fe(1-bpp
R1,H

)2]
2+

 

ʠ [Fe(1-bpp
H,R2

)2]
2+

 ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

(ʈʠʩ. 61), ʚʚʦʜʠʤʳʭ ʚ ʧʦʣʦʞʝʥʠʝ 4 ʧʠʨʠʜʠʣʴʥʦʛʦ ʮʠʢʣʘ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʢ ʘʪʦʤʫ N, ʫʯʘʩʪ-

ʚʫʶʱʝʤʫ ʚ ʢʦʦʨʜʠʥʘʮʠʠ, ʠ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚʚʦʜʠʤʳʭ ʚ ʧʦʣʦʞʝʥʠʝ 4 ʧʠʨʘʟʦʣʴʥʳʭ ʮʠʢʣʦʚ ʚ ʤʝ-

ʪʘ-ʧʦʣʦʞʝʥʠʝ ʢ ʘʪʦʤʫ N, ʫʯʘʩʪʚʫʶʱʝʤʫ ʚ ʢʦʦʨʜʠʥʘʮʠʠ [140]. ɹʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʨʝʣʷʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ɻʘʤʤʝʪʘ ůP ʠ ůM. 

ɺ ʩʝʨʠʠ [Fe(1-bpp
R1,H

)2]
2+

 ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʩʠʣʝʥʠʠ ˊ-

ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʟʘʤʝʩʪʠʪʝʣʷ R1 ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʩʠʣʝʥʠʠ ˊ-ʜʦʥʦʨʥʳʭ ʩʚʦʡʩʪʚ ʵʪʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ R1 = NH2 ʢ NO2 ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ 

ʩʦ 140K ʜʦ ʧʨʠʤʝʨʥʦ 320K. ɺʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ R2, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʠ ʢ ʧʠʨʘ-

ʟʦʣʴʥʦʤʫ ʘʪʦʤʫ N2, ʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʩʧʦʩʦʙʥʦʛʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ˊ-ʩʦʧʨʷʞʝʥʠʠ, ʦʛʨʘʥʠʯʝʥʦ, 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʳʪʴ ʜʦʥʦʨʦʤ ʠʣʠ ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʧʦ ů-ʩʚʷʟʷʤ. ʕʪʦ ʚʣʠʷʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʝʨʝʭʦʜʘ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʟʘʤʝʩʪʠʪʝʣʷ R1, ʠ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʢ ʟʘʤʝʩʪʠʪʝʣʷʤ, 

ʧʨʦʷʚʣʷʶʱʠʤ ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ. 

 

 
ʈʠʩ. 61. ʂʦʤʧʣʝʢʩʳ [Fe(1-bpp

R1,H
)2]

2+
 ʠ [Fe(1-bpp

H,R2
)2]

2+
. 

 

ʉʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ, ʦʢʘʟʳʚʘʝʪ 

ʧʨʠʨʦʜʘ ʘʥʠʦʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʤʝʨ ʘʥʠʦʥʘ. ɹʦʣʴʰʠʝ ʘʥʠʦʥʳ ʯʘʩʪʦ (ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ) 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʤʝʱʝʥʠʶ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʋʜʘʯʥʳʤ ʧʨʠʤʝʨʦʤ, ʧʦʢʘʟʳʚʘʶʱʠʤ ʵʪʫ ʪʝʥʜʝʥʮʠʶ, ʷʚʣʷʝʪʩʷ 

ʩʝʨʠʷ Fe(ATrz)3A2 (ATrz = 4-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣ, ɸ = Cl, Br, I), ʚ ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʫʩʘ ʘʥʠʦʥʘ. ɺʦʟʤʦʞʥʦ, ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʚʢʣʘʜ ʚ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʜʘʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʜʠʫʩʘ ʘʥʠʦʥʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ ʠ ʘʥʠʦ-

ʥʦʤ, ʢ ʦʩʣʘʙʣʝʥʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʶ 

ʩʞʘʪʠʷ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʦʛʦ ʮʝʥʪʨʘ (ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ FeïL), ʯʪʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʚʳ-

ʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʤʝʱʘʝʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ [141]. ʇʦ-

ʜʦʙʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʨʘʩʪʚʦʨʘʭ. ʊʘʢ, ʧʨʠʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʘʣʦ-

ʛʝʥʠʜ-ʠʦʥʳ, ʢ ʨʘʩʪʚʦʨʘʤ ʨʷʜʘ ʦʜʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ ʙʦʣʴʰʠʤʠ ʘʥʠʦʥʘʤʠ 

BPh4
ï
, ʠʤʝʶʱʠʭ ʛʨʫʧʧʳ NïH ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʦʚ, ʚ ʦʙʣʘʩʪʠ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 
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ʚʳʟʳʚʘʣʦ ʧʝʨʝʭʦʜʳ HS ­ LS [142-145]. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ, 

ʧʦʢʘʟʳʚʘʶʱʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʤʝ-

ʨʘ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʘʥʠʦʥʘ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ [146]. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʩʬʝʨ-

ʥʳʭ ʘʥʠʦʥʦʚ ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʧʦʢʘ ʦʩʪʘʸʪʩʷ ʥʝʨʝʰʸʥʥʦʡ.  

ɺ ʨʘʩʪʚʦʨʘʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ ʙʠ- ʠ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘ-

ʱʠʤʠ ʛʨʫʧʧʳ NïH, ʧʝʨʝʭʦʜ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʝ ʩʢʣʦʥʥʳʭ ʢ ʘʩʩʦʮʠʘʮʠʠ, ʢ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʙʦ-

ʣʝʝ ʩʢʣʦʥʥʳʤ ʢ ʘʩʩʦʮʠʘʮʠʠ, ʚʳʟʳʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʤʝʱʘʝʪ 

ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ [135,147-150]. ʊʘʢ, ʧʝʨʝʭʦʜ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʢ D2O ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙ-

ʣʘʩʪʴ ʥʘ ʜʝʩʷʪʢʠ ʛʨʘʜʫʩʦʚ. 

 

1.4.3. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ 

ɼʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʣʝ ʣʠʛʘʥʜʦʚ, ʩʪʝʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʬʘʢʪʦʨʳ ʜʦʧʫʩ-

ʢʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʩʪʨʫʢʪʫʨʘ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʭ ʤʦʣʝʢʫʣ/ʠʦʥʦʚ ʚ ʪʚʝʨ-

ʜʦʡ ʬʘʟʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʧʨʦʷʚʣʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʧʝ-

ʨʝʭʦʜʘ ʠʣʠ ʞʝ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ.  

ɺ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II) ʠʤʝʶʪ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨ-

ʤʫ, ʯʝʤ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ. ɽʩʣʠ ʚʳʩʦʢʦʩʧʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʩʠʣʴʥʦ ʠʩʢʘʞʸʥʥʫʶ 

ʬʦʨʤʫ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʧʦʤʝʰʘʪʴ ʝʤʫ ʧʝʨʝʡʪʠ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʣʠʰʢʦʤ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʯʪʦʙʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʛʣʘ ʠʭ ʧʨʠʥʷʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʬʦʨʤʘ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʤʦʣʝʢʫʣʳ/ʠʦʥʘ ʢʦʤʧʣʝʢʩʘ 

ʞʝʣʝʟʘ(II) ʥʝ ʜʦʣʞʥʘ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʝʸ ʦʞʠʜʘʝʤʦʡ ʬʦʨʤʳ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ [151]. 

ʇʦʣʠʤʦʨʬʠʟʤ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʯʘʩʪʦ. ʊʘʢ, 

ʚ ʦʙʟʦʨʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ [152] ʫʧʦʤʠʥʘʝʪʩʷ ʣʠʰʴ ʦʢʦʣʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʜʝ-

ʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʠ ʧʦʣʠʤʦʨʬʠʟʤ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ 

ʥʠʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʣʠʰʴ ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʦʣʠʤʦʨʬʥʳʤʠ ʧʝʨʝʭʦ-

ʜʘʤʠ (ʥʘʧʨʠʤʝʨ, ʥʠʟʢʦʩʧʠʥʦʚʳʡ ʧʦʣʠʤʦʨʬ 1LS ʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʧʨʷʞʸʥʥʫʶ ʚʳʩʦʢʦʩ-

ʧʠʥʦʚʫʶ ʬʘʟʫ 1HS). ʃʠʰʴ ʥʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʩʚʷʟʴ ʧʦʣʠ-

ʤʦʨʬʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ (interplay between spin crossover and 

polymorphysm) [153]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʘʷ ʥʠʟʢʦʩʧʠʥʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 1LS ʥʝʦʙʨʘʪʠʤʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʫʶ ʬʘʟʫ 2HS, ʘ 2HS ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʚʫʶ 

ʥʠʟʢʦʩʧʠʥʦʚʫʶ ʧʦʣʠʤʦʨʬʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 2LS. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʦʙʣʝʤʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴ-

ʥʦ ʠʥʪʝʨʝʩʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʠ ʝʛʦ ʩʧʠ-

ʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠʣʠ ʭʘʨʘʢʪʝʨʦʤ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʧʦʣʠʤʦʨʬʦʚ ʥʘ ʥʘʣʠʯʠʝ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʳʷʚʠʣ ʠʥʪʝʨʝʩʥʫʶ ʪʝʥʜʝʥʮʠʶ ï ʧʣʦʪʥʦʩʪʴ ʚʳ-

ʩʦʢʦʩʧʠʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ ʚʳʰʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʭ ʧʦʣʠʤʦʨʬʦʚ. ɺʠʜʠʤʦ, 

ʧʣʦʪʥʘʷ ʫʧʘʢʦʚʢʘ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʤʦʣʝʢʫʣ/ʠʦʥʦʚ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʪʨʫʢ-

ʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʤʦʣʝʢʫʣ/ʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʧʨʦʚʦʞʜʘʪʴ ʧʝʨʝʭʦʜ 

ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ [151]. 
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1.4.4. ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ 

ʊʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʠʟʤʝʥʝ-

ʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʘʩʧʝʢʪʦʚ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʜʦʣʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ 

ʠ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʬʨʘʢʮʠʡ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʥʠʤʠ ʩʚʦʡʩʪʚʘ (ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʧʝʢ-

ʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʟʘʚʠʩʷʪ ʦʪ ʧʫʪʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ, ʯʪʦʙʳ ʧʨʠʡʪʠ ʚ ʵʪʦʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪ-

ʩʷ ʙʠʩʪʘʙʠʣʴʥʦʡ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘ-

ʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ, ʪʦ ʚ ʦʙʣʘʩʪʠ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʦʥʘ ʦʩʪʘʥʝʪʩʷ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ. ɽʩʣʠ ʞʝ ʩʠʩʪʝʤʘ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʠ ʙʳʣʘ ʧʨʠʚʝʜʝʥʘ ʚ ʠʥ-

ʪʝʨʚʘʣ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʦʥʘ ʩʦʭʨʘʥʠʪ ʵʪʦ ʩʧʠʥʦʚʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʣʘʩʪʠ ʧʝʪʣʠ ʛʠ-

ʩʪʝʨʝʟʠʩʘ ʜʚʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʜʚʦʠʯʥʳʡ ʢʦʜ, ʰʠʬʨʫʶʱʠʡ 

ʣʦʛʠʯʝʩʢʠʝ 0 ʠ 1, ʠ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʥʘʣʦʛ ʵʣʝʤʝʥʪʘ ʧʘ-

ʤʷʪʠ. ʆʜʥʘʢʦ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʰʠʨʦʢʠʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʨʦʩʪʠʨʘ-

ʶʱʠʝʩʷ ʥʘ ʜʝʩʷʪʢʠ (ʠ ʪʝʤ ʙʦʣʝʝ ʩʦʪʥʠ) ʛʨʘʜʫʩʦʚ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ [154-156]. ʇʦʥʷʪʥʦ, ʯʪʦ 

ʝʩʣʠ ʦʙʣʘʩʪʴ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʣʠʢʘ ʠ ʧʨʦʩʪʠʨʘʝʪʩʷ ʭʦʪʷ ʙʳ ʥʘ 30 ï 40K, ʪʦ ʠʥʬʦʨʤʘʮʠʷ, 

ʭʨʘʥʷʱʘʷʩʷ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʧʘʤʷʪʠ, ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʟʘʩʪʨʘʭʦʚʘʥʘ ʦʪ ʩʪʠʨʘʥʠʷ ʧʨʠ ʟʘ-

ʤʝʪʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ɺ ʩʚʝʪʝ ʵʪʦʛʦ ʥʝʰʠʨʦʢʠʝ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʦʛʦ ʠʥʪʝʨʝʩʘ ʜʣʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʪʠʨʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ. ʋʯʠʪʳʚʘʷ 

ʵʪʠ ʤʦʤʝʥʪʳ, ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʥʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʰʠʨʦʢʦʡ ʧʝʪʣʸʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ.  

ʊʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʩʚʷʟʘʥ ʩ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʧʠʥʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʵʪʦ ʥʝʩʦʚʧʘʜʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʨʘʪʠʤʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʚ ʧʝʨʚʦʤ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʝ. 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʠʩʭʦʜʥʘʷ ʬʘʟʘ ʩʦʜʝʨʞʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝ-

ʣʷ, ʵʪʦʪ ʧʝʨʝʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʦʙʨʘʟʮʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ, 

ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷ-

ʥʠʷʤʠ ʜʦʯʝʨʥʝʡ ʬʘʟʳ. ʕʪʦʪ ʧʝʨʝʭʦʜ ʚʧʦʣʥʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʛʠʩʪʝʨʝʟʠʩʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ, ʥʘʙʣʶʜʘʚʰʘʷʩʷ ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ, ʥʝ ʙʫʜʝʪ  ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʜʘʣʴ-

ʥʝʡʰʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʘʭ. ʊʘʢʦʡ ʛʠʩʪʝʨʝʟʠʩ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ñʢʘʞʫʱʠʤʩʷò (ñapparent hystere-

sisò). ɺ ʩʚʝʪʝ ʵʪʦʛʦ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʷʪʴ ʝʛʦ ʚʦʩʧʨʦʠʟ-

ʚʦʜʠʤʦʩʪʴ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ 

ʘʜʝʢʚʘʪʥʫʶ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʜʦʯʝʨʥʠʭ ʬʘʟ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ 

(ʯʪʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʜʝʣʘʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ).  

ɺʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ñgenuine hyste-

resisò) ʷʚʣʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤ ʷʚʣʝʥʠʝʤ [154]. ɹʫʜʫʯʠ ʪʘʢʦʚʳʤ, ʝʛʦ ʰʠʨʠʥʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ (ʠ 

ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ) ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ 

ʵʪʦʪ ʤʦʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʝʪʣʠ ʪʝʨʤʠʯʝʩʢʦ-

ʛʦ ʛʠʩʪʝʨʝʟʠʩʘ [154]. ʆʥʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʢʘʢ ʚ ʥʝʠʟʦʪʝʨʤʠʯʝ-

ʩʢʠʭ, ʪʘʢ ʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʧʝʨʝʭʦʜʘ ʚ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʦʙʣʘʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ 
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ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘʥʠʷ/ʦʭʣʘʞʜʝʥʠʷ. ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʚʠʜʝ ʵʪʠ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʧʦ-

ʥʠʤʘʥʠʷ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʛʠʩʪʝʨʝʟʠʩ ʩʫʞʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʮʠʢʣʠʨʦʚʘʥʠʷ [154]. ɺ ʙʦʣʝʝ ʩʣʦʞʥʦʤ ʚʘʨʠʘʥʪʝ, ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʦʪʨʘʞʝʥʳ ʚ ʨʷʜʝ 

ʥʘʰʠʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʮʝʥʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʳʡ ʪʠʧ ʝʛʦ ʢʠʥʝʪʠʢʠ. ɿʘʤʝʪʠʤ, ʦʜʥʘʢʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʠʟʦ-

ʪʝʨʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʧʝʨʝʭʦʜʘ ʜʘʞʝ ʚ ʩʚʦʸʤ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʚʠʜʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ 

ʨʝʜʢʦʩʪʴʶ [157-159], ʘ ʧʦʧʳʪʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʣʦʩʴ ʩʦʚʩʝʤ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʠʥʝʪʠʢʠ ʧʝʨʝʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʪʠʧ ʢʠʥʝʪʠʢʠ ʧʝʨʝʭʦʜʘ 

(ʟʘʤʝʜʣʷʶʱʘʷʩʷ, ʩʠʛʤʦʠʜʘʣʴʥʘʷ, ʫʩʢʦʨʷʶʱʘʷʩʷ), ʥʦ ʠ ʦʮʝʥʠʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ʆʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʩʚʝʪʦʚʦʟʙʫʞʜʸʥʥʦʛʦ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʜʥʘʢʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʦʥ ʧʨʠʤʝʥʷʣʩʷ ʣʠʰʴ ʩʧʦʨʘʜʠʯʝʩʢʠ, ʧʨʠʯʸʤ, ʜʦ ʥʘʰʠʭ ʨʘʙʦʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, 

ʣʠʰʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʘ ʠʟ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ. ʇʦ ʥʝʧʦ-

ʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ ʜʦ ʥʘʩ ʵʪʦʪ ʩʧʦʩʦʙ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ 

ʧʝʨʝʭʦʜʘ ʠʟ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʟʚʦʣʠʣʠ ʟʘʧʦʣʥʠʪʴ ʧʨʦʙʝʣ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

 

1.4.5. ʂʦʤʧʣʝʢʩʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʰʠʨʦʢʦʡ ʧʝʪʣʸʡ ʛʠʩʪʝʨʝʟʠʩʘ 

ʂʦʤʧʣʝʢʩ [FeL2](BF4)2 (ʈʠʩ. 62) ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʠʤʦʨʬ-

ʥʳʭ/ʩʦʣʴʚʘʪʦʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠ ʧʦʢʘʟʳʚʘʝʪ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʫʶ ʢʘʨʪʠʥʫ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʧʠʥʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʙʝʟ-

ʚʦʜʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ A-[FeL2](BF4)2, ʢʦʪʦʨʳʝ ʥʘ ʚʦʟʜʫʭʝ ʩʦʨʙʠʨʫʶʪ ʧʘʨʳ ʚʦʜʳ ʠ ʧʨʝ-

ʚʨʘʱʘʶʪʩʷ ʚ ʬʘʟʫ [FeL2](BF4)2Ŀ2H2O [160]. ɼʝʛʠʜʨʘʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʜʠʛʠʜʨʘʪʘ ʚ ʚʘʢʫʫʤʝ 

ʧʨʠ 350K ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʦʡ ʙʝʟʚʦʜʥʦʡ ʬʘʟʳ, B-[FeL2](BF4)2. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʬʘʟʘ B-[FeL2](BF4)2 ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʣʠʤʦʨʬʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ B-[FeL2](BF4)2 Ÿ C-

[FeL2](BF4)2 Ÿ D-[FeL2](BF4)2 ʧʨʠ 303 ʠ 270K ʠ ʟʘʪʝʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ D-[FeL2](BF4)2 Ÿ E-

[FeL2](BF4)2, ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʦʢʦʣʦ 200K. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ 

E-[FeL2](BF4)2 Ÿ D-[FeL2](BF4)2, ʰʠʨʠʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʧʝʨʚʦʤ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʝ 

ʩʦʩʪʘʚʣʷʝʪ 65K. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ, ʦʜʥʘʢʦ, ʰʠʨʠʥʘ ʧʝʪʣʠ ʛʠ-

ʩʪʝʨʝʟʠʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 37K (TʩŹ = 190K, Tʩŷ = 227K). ʌʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʨ-

ʭʣʦʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ [FeL2](ClO4)2, ʙʫʜʫʯʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤ ʠʩʭʦʜʥʦʡ ʬʘʟʝ [FeL2](BF4)2, 

ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʮʝʧʦʯʢʠ ʬʘʟʦʚʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʇʦʜʦʙʥʦ 

ʠʩʭʦʜʥʦʤʫ [FeL2](BF4)2 ʦʥ ʤʦʞʝʪ ʩʦʨʙʠʨʦʚʘʪʴ ʧʘʨʳ ʚʦʜʳ ʠ ʧʦʩʣʝ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʠʜʨʘʪʘ-

ʮʠʠ ʦʥ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 350K ʜʦ 3K. ʇʨʠ ʵʪʦʤ ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ 

ʬʘʟʫ, ʠʟʦʩʪʨʫʢʪʫʨʥʫʶ C-[FeL2](BF4)2, ʥʦ ʧʝʨʝʭʦʜʘ ʚ ʬʘʟʫ, ʠʟʦʩʪʨʫʢʪʫʨʥʫʶ D-[FeL2](BF4)2, 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɸʚʪʦʨʳ ʟʘʢʣʶʯʘʶʪ, ʯʪʦ ʧʦʣʠʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ C-[FeL2](BF4)2 Ÿ D-

[FeL2](BF4)2 ʷʚʣʷʝʪʩʷ ʚ ʩʚʝʪʝ ʠʟʣʦʞʝʥʥʦʛʦ ʢʨʠʪʠʯʥʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʙʣʶʜʘʪʴ ʦʙʨʘʪʠ-

ʤʳʡ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ D-[FeL2](BF4)2 ź E-[FeL2](BF4)2 [161].    
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ʈʠʩ. 62. ʂʦʤʧʣʝʢʩ [FeL2](BF4)2 (ʩʣʝʚʘ), [Fe(PM-PEA)2(NCX)2] (ʧʦ ʮʝʥʪʨʫ), [Fe(L)Im2] (Im = ʠʤʠʜʘʟʦʣ) (ʩʧʨʘʚʘ). 

 

ʂʦʤʧʣʝʢʩ [Fe(PM-PEA)2(NCS)2] (ʈʠʩ. 62) ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ ʦʢʦʣʦ 200K. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʚ ʥʠʟ-

ʢʦʩʧʠʥʦʚʦʤ, ʪʘʢ ʠ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʷʭ. ʅʘʡʜʝʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ 

ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʬʘʟ ʦʪʣʠʯʘʶʪʩʷ [162]. ʐʠʨʠʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʜʝʪʝʢʪʠ-

ʨʫʝʤʦʛʦ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ. ɽʩʣʠ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʕʇʈ, ʧʦʣʫ-

ʯʝʥʥʳʤ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʘ, ʰʠʨʠʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩʦʩʪʘʚʣʷʝʪ 

60 ï 65K, ʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʰʠʨʠʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 19K [163,164]. ʕʪʦ, ʢʦʥʝʯʥʦ, ʚʳʛʣʷʜʠʪ 

ʩʪʨʘʥʥʳʤ. ɺʦʟʤʦʞʥʳʤʠ ʦʙʲʷʩʥʝʥʠʷʤʠ ʥʘʙʣʶʜʘʝʤʦʡ ʨʘʟʥʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ 

ʜʦʤʝʥʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʠʣʠ ʞʝ ʠʭ ʨʘʟʣʠʯʘʶʱʘʷʩʷ ʜʝʬʝʢʪʥʦʩʪʴ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʟʘ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʛʠʩʪʝʨʝʟʠʩʦʤ, ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ 

ʦʪʚʝʪʩʪʚʝʥʥʳ ʢʦʨʦʪʢʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ CïHĿĿĿS ʤʝʞʜʫ CH-ʛʨʫʧʧʦʡ ʬʝʥʠʣʝʥʦʚʦ-

ʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʠ ʘʪʦʤʦʤ ʩʝʨʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʥʠʦʥʘ NCS
ï
. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʝʨʠʠ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II), ʦʪʣʠʯʘʶʱʠʭʩʷ ʣʠʰʴ ʟʘʤʝ-

ʩʪʠʪʝʣʷʤʠ ʚ ʣʠʛʘʥʜʥʦʤ ʦʩʪʦʚʝ, ʧʦʢʘʟʘʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʯʪʦ ʢʦʥʪʘʢʪʳ CïHĿĿĿS ʥʘʙʣʶʜʘʶʪʩʷ ʚʦ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʯʪʦ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʩʠʣʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CïHĿĿĿS [165,166]. ʋʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦ 2.6 ʢʙʘʨ ʧʨʠʚʦʜʠʪ ʢ ʫʰʠ-

ʨʝʥʠʶ ʛʠʩʪʝʨʝʟʠʩʘ ʜʦ 100K [163,167,168]. 

ɿʘʤʝʥʘ ʘʥʠʦʥʘ NCS
ï
 ʥʘ NCSe

ï
 ʧʦʟʚʦʣʠʣʘ ʧʦʜʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

[169]. ʂʦʤʧʣʝʢʩ [Fe(PM-PEA)2(NCSe)2] (ʈʠʩ. 62) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠ-

ʨʠʥʦʡ 41K ʤʝʞʜʫ 266K ʠ 307K. ʅʘʙʣʶʜʘʝʤʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʭʦʜʠʪʩʷ ʚ ʨʫʩʣʝ 

ʪʝʥʜʝʥʮʠʠ, ʦʙʥʘʨʫʞʝʥʥʦʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥʘʤʠ NCS
ï
 ʠ NCSe

ï
 - ʧʝʨʝʭʦʜ ʢ ʩʝʣʝʥʠʜʥʦʤʫ 

ʘʥʘʣʦʛʫ ʧʦʟʚʦʣʷʝʪ ʧʦʜʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ ʥʘ 40 ï 60K. ʇʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝ-

ʥʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ. ʂʘʨʪʠʥʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʵʪʦʤ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʝʤ ʩ ʪʠʦʮʠʘʥʘʪʥʳʤ ʘʥʘʣʦʛʦʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʝʞʤʦʣʝ-

ʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ CïHĿĿĿSe ʤʝʞʜʫ CH-ʛʨʫʧʧʦʡ ʬʝʥʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ 

ʠ ʘʪʦʤʦʤ ʩʝʣʝʥʘ ʘʥʠʦʥʘ NCSe
ï 
(ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʥʪʘʢʪʘʤ CïHĿĿĿS ʚ ʪʠʦʮʠʘʥʘʪʥʦʤ ʢʦʤʧʣʝʢʩʝ), 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʦʧʝʨʘʪʠʚʥʦʤ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ. 

 ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩ [Fe(L)Im2] (Im = ʠʤʠʜʘʟʦʣ) (ʈʠʩ. 62) ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. ʆʜʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʳʩʪʨʳʤ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʤʝʪʘʥʦʣʘ. ʕʪʘ ʤʦʜʠʬʠʢʘʮʠʷ [Fe(L)Im2] ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ 70K ʤʝʞʜʫ Tcŷ = 314K ʠ TcŹ = 244K 

[170]. ɺʪʦʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʢʦʤʧʣʝʢʩʘ ʠʟ ʤʝʪʘʥʦʣʘ, 
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ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʦʢʦʣʦ 320K ʩ ʫʟʢʦʡ ʧʝʪʣʸʡ ʛʠʩʪʝʨʝʟʠʩʘ ʰʠʨʠʥʦʡ 4K [171]. 

ʂʘʞʜʘʷ ʠʟ ʤʦʜʠʬʠʢʘʮʠʡ ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ NïHĿĿĿO ʤʝʞʜʫ NH-ʛʨʫʧʧʦʡ ʤʦʣʝʢʫʣʳ ʠʤʠʜʘʟʦʣʘ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳʤ 

ʘʪʦʤʦʤ O ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʦʥʘ Fe
2+

 

ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʦʦʧʝʨʘʪʠʚʥʦʤʫ ʧʝʨʝʢʣʶʯʝʥʠʶ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʩʝʜʥʠʭ ʤʦʣʝ-

ʢʫʣ ʧʦ ʮʝʧʦʯʢʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʙʝ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

[Fe(L)Im2] ʠʤʝʶʪ ʵʪʫ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ, ʥʦ ʚ ʩʪʨʫʢʪʫʨʝ ʬʘʟʳ, ʧʦʢʘʟʳʚʘʶʱʝʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝ-

ʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ 70K ʨʘʩʩʪʦʷʥʠʝ NĿĿĿO ʧʨʠʤʝʨʥʦ ʥʘ 0.1 ¡ ʢʦʨʦʯʝ, ʯʝʤ ʚ ʩʪʨʫʢʪʫʨʝ 

ʚʪʦʨʦʡ ʬʘʟʳ. ʈʦʣʴ ʵʪʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ NïHĿĿĿO ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʥʘʣʘ ʢʦʦʧʝʨʘʪʠʚʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ [Fe(L)Im2] ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʙʳʣʘ ʧʦʜʢʨʝʧʣʝʥʘ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʜʦ 66K ʧʨʠ ʜʝʡʪʝʨʠʨʦʚʘʥʠʠ ʠʤʠʜʘʟʦʣʴʥʦʡ NH-ʛʨʫʧʧʳ [171]. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʵʪʘ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʞʝʣʝʟʘ(III ), [Fe(L)Im2]A (A = ʘʥʠʦʥ), ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ ʧʨʠʤʝʨʥʦ 5K [172,173] ï ʬʘʢʪ ʧʨʠʤʝ-

ʯʘʪʝʣʴʥʳʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʤʳ ʫʯʪʸʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(III) ʧʦʢʘʟʳʚʘʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʧʝʨʝ-

ʭʦʜʳ ʙʝʟ ʛʠʩʪʝʨʝʟʠʩʘ [174]. 

ʂʦʤʧʣʝʢʩ [Fe(2-pic)3]Cl2ĿH2O (ʈʠʩ. 63) ʧʦ ʜʘʥʥʳʤ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʨʦʷʚʣʷʣ ʰʠʨʦʢʫʶ ʧʝʪʣʶ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʨʦʩʪʠʨʘʶʱʫʶʩʷ ʥʘ 91K ʤʝʞʜʫ 295 ʠ 204K 

[175,176]. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʩʫʪʩʪʚʫʶʪ. ʋʯʠʪʳʚʘʷ, 

ʦʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʘʤʠʥʦʛʨʫʧʧ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʠʦʥʫ Fe
2+
, ʭʣʦʨʠʜ-ʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ ʚʦ-

ʜʳ ʚ ʩʦʩʪʘʚʝ ʬʘʟʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʸʥʥʫʶ ʠʣʠ, ʚʦʟʤʦʞʥʦ, ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʰʠʨʦʢʦʡ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʠʛʨʘʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦʪ 

ʢʦʤʧʣʝʢʩ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ ʠ, ʚʦʟʤʦʞʥʦ, ʥʝ ʜʦ ʢʦʥʮʘ ʧʨʦʷʩʥʸʥʥʫʶ ʢʘʨʪʠʥʫ ʬʘʟʦʚʳʭ ʧʨʝ-

ʚʨʘʱʝʥʠʡ, ʢʦʪʦʨʫʶ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢ-

ʣʠʨʦʚʘʥʠʷ. ʇʦ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʠ ʩʪʘ-

ʙʠʣʴʥʦʡ ʥʠʟʢʦʩʧʠʥʦʚʳʭ ʬʘʟ. ʄʝʪʘʩʪʘʙʠʣʴʥʘʷ ʥʠʟʢʦʩʧʠʥʦʚʘʷ ʬʘʟʘ (1) ʤʝʜʣʝʥʥʦ ʧʨʝʚʨʘʱʘ-

ʝʪʩʷ ʚ ʩʪʘʙʠʣʴʥʫʶ ʥʠʟʢʦʩʧʠʥʦʚʫʶ ʬʘʟʫ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʧʨʠ 200K. ʕʪʦʪ ʧʨʦ-

ʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʦʪʳ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʙʳʩʪʨʦʤ ʦʭʣʘ-

ʞʜʝʥʠʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʬʘʟʳ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʥʠʟʢʦʩʧʠʥʦʚʫʶ ʬʘʟʫ (1) 

ʦʢʦʣʦ 200K ʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʪʦʣʴ ʞʝ ʙʳʩʪʨʦʤ ʥʘʛʨʝʚʘʥʠʠ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʩʦʢʦʩʧʠ-

ʥʦʚʫʶ ʬʘʟʫ ʦʢʦʣʦ 211K. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʨʝʞʠʤʝ ʩʲʸʤʢʠ (ʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʚʘʢʫʫʤʥʘʷ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ) ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʥʠʟʢʦʩʧʠʥʦʚʘʷ ʬʘʟʘ (1) ʫʩʧʝʚʘʝʪ 

ʧʝʨʝʡʪʠ ʚ ʩʪʘʙʠʣʴʥʫʶ ʥʠʟʢʦʩʧʠʥʦʚʫʶ ʬʘʟʫ, ʢʦʪʦʨʘʷ ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʫʶ ʬʘʟʫ 

ʦʢʦʣʦ 280K. ʂʨʦʤʝ ʵʪʠʭ ʬʘʟ ʘʚʪʦʨʳ ʧʦʜʦʟʨʝʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʱʸ ʦʜʥʦʡ (ʚʝʨʦʷʪʥʦ, ʥʠʟ-

ʢʦʩʧʠʥʦʚʦʡ) ʬʘʟʳ, ʧʝʨʝʭʦʜʷʱʝʡ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʫʶ ʦʢʦʣʦ 265K. 

 

 
ʈʠʩ. 63. ʂʦʤʧʣʝʢʩ [Fe(2-pic)3]Cl2ĿH2O ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʡ ɻʠʙʙʩʘ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʬʘʟʳ (1), ʩʪʘʙʠʣʴʥʦʡ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʬʘʟʳ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʬʘʟʳ. 
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ʂʦʤʧʣʝʢʩ [Fe(paptH)2](NO3)2 (ʈʠʩ. 64.), ʧʦʜʦʙʥʦ ʢʦʤʧʣʝʢʩʫ [Fe(2-pic)3]Cl2ĿH2O, ʧʨʦʷʚ-

ʣʷʝʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ 

ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ 263K 

ʠ 229K (ʰʠʨʠʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ 34K). ʇʝʨʝʭʦʜ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ. ʇʨʠ ʙʳʩʪʨʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʫʜʘʸʪʩʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʝʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʚʳʩʦʢʦʩʧʠʥʦ-

ʚʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʘʤ ʚ ʥʠʟʢʦʩʧʠʥʦʚʫʶ ʬʘʟʫ. ʂʠʥʝʪʠʢʘ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ 160, 170 ʠ 180K. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʡʪʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʭʦʜʘ ʠʟ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʪʘʙʠʣʴʥʦʝ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʠ ʦʮʝʥʠʪʴ ʵʥʝʨʛʠʶ 

ʘʢʪʠʚʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʢ 7.5 ʢʢʘʣ/ʤʦʣʴ [177]. 

 

 
ʈʠʩ. 64. ʂʦʤʧʣʝʢʩ [Fe(paptH)2](NO3)2 (ʩʣʝʚʘ). ʂʦʤʧʣʝʢʩ [Fe(4,7-(Me)2Phen)2]ĿŬ-pic (ʩʧʨʘʚʘ). 

 

ʂʦʤʧʣʝʢʩ [Fe(4,7-(Me)2Phen)2]ĿŬ-pic (Ŭ-pic = Ŭ-ʧʠʢʦʣʠʥ) (ʈʠʩ. 64) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʠʥʦ-

ʚʳʡ ʧʝʨʝʭʦʜ ʩ ʰʠʨʦʢʦʡ ʧʝʪʣʸʡ ʛʠʩʪʝʨʝʟʠʩʘ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ, ʦʜʥʘʢʦ, ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦ-

ʩʦʙʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ [178]. ɼʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʛʠʩʪʝʨʝʟʠʩ ʰʠʨʠʥʦʡ 56K 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ 202 ʠ 146K. ʄʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʧʦʢʘʟʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʫʞʝʥʳʡ 

ʛʠʩʪʝʨʝʟʠʩ ʰʠʨʠʥʦʡ 43K ʤʝʞʜʫ 195 ʠ 153K. ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ 

ʧʝʨʚʦʛʦ ʨʦʜʘ. ʇʨʠ ʨʘʩʪʠʨʘʥʠʠ ʦʙʨʘʟʮʘ ʧʝʨʝʭʦʜ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʣʥʳʤ, ʩ ʟʘʤʝʪʥʦʡ ʦʩʪʘʪʦʯʥʦʡ 

ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʬʨʘʢʮʠʝʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʩʪʘʪʦʯʥʦʡ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʬʨʘʢʮʠʝʡ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʦʯʝʥʴ ʧʦʩʪʝʧʝʥʥʳʤ.  

ʆʜʠʥ ʠʟ ʧʦʣʠʤʦʨʬʦʚ ʢʦʤʧʣʝʢʩʘ [Fe(sal2-trien][Ni(dmit)2] (ʈʠʩ. 65) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʠ-

ʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʤʝʞʜʫ 258 ʠ 228K [179,180]. ʕʪʦʪ ʧʦʣʠʤʦʨʬ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʦʙʦʠʭ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʂʦʥʬʦʨʤʘʮʠʷ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ [179]. ɺ ʩʪʨʫʢʪʫʨʝ ʚʳʩʦʢʦʩ-

ʧʠʥʦʚʦʡ ʬʘʟʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʜʚʘ ʪʠʧʘ ˊ-ˊ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʢʘʪʠʦʥʳ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʮʝʧʦʯʢʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʬʘʟʳ ʦʙʘ ʪʠʧʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʡ ʩʦʭʨʘʥʷʶʪʩʷ, ʦʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ. ʕʪʦʪ ʧʨʠʤʝʨ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʢʦʦʧʝʨʘʪʠʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʩ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʘ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʦ ʢʨʠʩʪʘʣʣʫ ʦʪ ʦʜʥʦʛʦ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʦʛʦ ʮʝʥʪʨʘ ʢ ʜʨʫʛʦʤʫ ʧʦ ʮʝʧʦʯʢʝ ˊ-ˊ 

ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʂʦʤʧʣʝʢʩ [Fe(H4L)2](ClO4)2ĿH2OĿ2Me2CO (ʈʠʩ. 65) ʧʦʢʘʟʳʚʘʝʪ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ 

ʧʝʨʝʭʦʜ ʤʝʞʜʫ 173 ʠ 133K (ʰʠʨʠʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ 40K) [181-183]. ʂʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣ 

ʣʠʛʘʥʜʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʙʦʢʦ-

ʚʳʭ ʛʠʜʨʦʢʩʠʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ. ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʘʢʞʝ ʧʝʨʝʭʦʜʦʤ ʧʦʨʷʜʦʢ-

ʙʝʩʧʦʨʷʜʦʢ (ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʦʜʠʥ ʘʥʠʦʥ ClO4
ï
 ʠ ʦʙʝ ʤʦʣʝʢʫʣʳ 

Me2CO, ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʫʢʪʫʨʘ ʫʧʦʨʷʜʦʯʝʥʘ). ʕʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʩʪʨʫʢʪʫʨʥʦʡ 
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ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʪʠʧʘ ñʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢò, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤ. ʆʩʦʙʦ ʦʪʤʝ-

ʪʠʤ, ʯʪʦ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ. ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʦʚʘʥʘ ʙʣʘʛʦʜʘʨʷ ˊ-ˊ 

ʩʪʝʢʠʥʛʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʢʦʥʪʘʢʪʘʤ CïHĿĿĿˊ ʠ ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ ʤʝʞʜʫ ʧʝʨʭʣʦʨʘʪ-

ʠʦʥʦʤ ʠ ʤʦʣʝʢʫʣʘʤʠ H4L (OïHĿĿĿO ʠ NïHĿĿĿO). 

 

 
ʈʠʩ. 65. ʂʦʤʧʣʝʢʩ [Fe(sal2-trien][Ni(dmit)2] (ʩʣʝʚʘ). ʂʦʤʧʣʝʢʩ [Fe(H4L)2](ClO4)2ĿH2OĿ2Me2CO (ʩʧʨʘʚʘ). 

 

ʂʦʤʧʣʝʢʩ [Fe(dpp)2(NCS)2]Ŀpy ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʟʢʦʤʫ ʧʝʨʝʭʦʜʫ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʦʢʦʣʦ 123K. ʇʝʨʝʭʦʜ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 163K. ʇʝʨʝʭʦʜ, ʩʦ-

ʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ 40K [184,185]. ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠʤʝʝʪ ʧʝʪʣʶ ʛʠʩʪʝʨʝʟʠʩʘ ʰʠʨʠʥʦʡ 55K ʤʝʞʜʫ 

100 ʠ 155K [186]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 

[Fe(H4L)2](ClO4)2ĿH2OĿ2Me2CO, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦ-

ʜʝ. ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʤʦʣʝʢʫʣʳ 

[Fe(dpp)2(NCS)2], ʘ ʠʤʝʥʥʦ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʢʦʦʨʜʠʥʠʨʦ-

ʚʘʥʥʳʭ ʤʦʣʝʢʫʣ dpp (HS 107Á, LS 92Á, ʪ.ʝ. ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʦʡ). Cʪʝʢʠʥʛʦʚʳʝ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʧʦʨʷʜʦʯʠʚʘʶʪ ʤʦʣʝʢʫʣʳ 

ʢʦʤʧʣʝʢʩʘ ʚ ʢʦʣʦʥʢʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʝʘʣʠʟʘʮʠʠ ʩʠʣʴʥʳʭ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʋʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʫʛʣʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʟʘʩʪʘʚʣʷʝʪ ʦʩʪʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʩʦʚʝʨʰʘʪʴ ʘʥʘʣʦʛʠʯʥʦʝ ʫʤʝʥʴ-

ʰʝʥʠʝ ʫʛʣʘ, ʯʪʦʙʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʮʝʣʦʤ ʦʢʘʟʘʣʘʩʴ ʩʧʦʩʦʙʥʦʡ ʧʨʝʪʝʨʧʝʪʴ ʪʘʢʦʝ 

ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʥʝ-

ʦʙʳʯʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʬʬʝʢʪ ï ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʤʦʣʝʢʫʣ dpp [187]. ʂʦʤ-

ʧʣʝʢʩ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʜʦ 18.2 ʢʙʘʨ (ʦʙʲʸʤ ʷʯʝʡʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʵʪʦʤ ʥʘ 15 %), 

ʧʦʩʣʝ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣ ʥʝ ʩʧʦʩʦʙʝʥ ʙʦʣʴʰʝ ʧʨʠʥʠʤʘʪʴ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʠ ʧʨʠ 

24.8 ʢʙʘʨ ʫʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ HS ʠ LS ʬʦʨʤ. 

 

 
ʈʠʩ. 66. ʂʦʤʧʣʝʢʩ [Fe(dpp)2(NCS)2]Ŀpy (ʩʣʝʚʘ). ʂʦʤʧʣʝʢʩ [Fe(tzimpy)2](ClO4)2Ŀ2H2O (ʩʧʨʘʚʘ). 
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ʂʦʤʧʣʝʢʩ [Fe(tzimpy)2](ClO4)2Ŀ2H2O (ʈʠʩ. 66) ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʢʠʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ 

ʩ ʧʝʪʣʸʡ ʛʠʩʪʝʨʟʠʩʘ ʰʠʨʠʥʦʡ 35K, ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʧʨʠ 323K [188]. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʝʥʳ ʥʝ ʙʳʣʠ. 

ʂʦʤʧʣʝʢʩ [Fe(HC(3,4,5-Me3pz)3)2](BF4)2 (ʈʠʩ. 67) ʩʦ ʩʢʦʨʧʠʦʥʘʪʥʳʤ ʣʠʛʘʥʜʦʤ 3,4,5-

Me3pz ʠʟʤʝʥʷʝʪ ʩʚʦʸ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (TcŹ = 110K, Tcŷ = 148K, 

ȹT = 38K) [189]. ʇʨʷʤʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʥʝʛʦ ʦʪʩʫʪʩʪʚʫʶʪ, ʦʜʥʘʢʦ ʧʦ ʢʦʩʚʝʥʥʳʤ 

ʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʥʝʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

 

 
ʈʠʩ. 67. ʂʦʤʧʣʝʢʩ [Fe(HC(3,4,5-Me3pz)3)2](BF4)2 (ʩʣʝʚʘ). ʂʦʤʧʣʝʢʩ Fe(bpp)2](CF3SO3)2ĿH2O (ʩʧʨʘʚʘ). 

 

ɼʦ ʧʦʷʚʣʝʥʠʷ ʥʘʰʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʤʳ ʩʦʦʙʱʘʣʠ ʦ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʘ, ʧʦʢʘʟʳʚʘʶ-

ʱʝʛʦ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ ʜʦ 155K, ʢʦʤʧʣʝʢʩ 

[Fe(bpp)2](CF3SO3)2ĿH2O (ʈʠʩ. 67) ʜʝʨʞʘʣ ʧʘʣʴʤʫ ʧʝʨʚʝʥʩʪʚʘ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʇʝʪʣʷ ʪʝʨ-

ʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʜʥʘʢʦ, ʥʝ ʙʳʣʘ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘ-

ʣʘ ʩʪʫʧʝʥʴʢʫ ʜʣʷ ʧʝʨʝʭʦʜʘ LS Ÿ HS. ʄʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩʦʩʪʘʚʣʷʣʘ 

ʧʨʠʤʝʨʥʦ 140K ʤʝʞʜʫ 147 ʠ 285K [190]. ɼʣʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʠʥʝʪʠʢʠ ʧʝʨʝʭʦʜʘ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟ (ʘ) ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠ (ʙ) ʪʝʨʤʠʯʝʩʢʠ 

ʟʘʭʚʘʯʝʥʥʦʛʦ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʢʨʠʚʳʤʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʘʤʝʪʥʳʡ ʚʢʣʘʜ, ʩʚʷʟʘʥʥʳʡ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ, ʚ ʧʨʦʮʝʩʩʝ (ʙ), ʪʦʛʜʘ ʢʘʢ ʧʨʦʮʝʩʩ (ʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʣʠʰʴ ʧʨʦʮʝʩʩʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ HS Ÿ LS. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʢʘʟʘʣʠ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʝʢʫʣ H2O ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʘ [191]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʢʦʤʧʣʝʢʩʝ [Fe(bpp)2](CF3SO3)2ĿH2O, ʜʦ-

ʧʠʨʦʚʘʥʥʦʤ ʠʦʥʘʤʠ Mn
2+
, ʤʝʪʦʜʦʤ ʕʇʈ ʟʘʩʪʘʚʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʧʨʦʪʝʢʘ-

ʶʱʠʡ ʧʦ ʜʦʤʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [192]. 

ʂʦʤʧʣʝʢʩʳ [Fe(HTrz)2(Trz)]BF4 ʠ [Fe(ATrz)3](NO3)2ĿnH2O (n Ó 0) (ʈʠʩ. 68) ʧʨʠʥʘʜʣʝʞʘʪ, 

ʚʦʟʤʦʞʥʦ, ʢ ʯʠʩʣʫ ʩʘʤʳʭ ʟʥʘʯʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʠʩʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

[193-198]. ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʤʦʩʪʠʢʦʚʦʡ ʢʦ-

ʦʨʜʠʥʘʮʠʠ ʪʨʠʘʟʦʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʭ ʧʦʣʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʚʝʪʩʪʚʝʥʥʘ 

ʟʘ ʩʠʣʴʥʳʝ ʢʦʦʧʝʨʘʪʠʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ Fe
2+

 ʚ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʢʘʭ. ɹʣʘ-

ʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʨʝʟʢʦʛʦ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʝʩʴʤʘ ʰʠʨʦʢʦʡ ʧʝʪʣʸʡ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ([Fe(HTrz)2(Trz)]BF4: Tcŷ å 378ï380K, TcŹ å 346ï349K; 

[Fe(ATrz)3](NO3)2ĿnH2O: Tcŷ å 378ï380K, TcŹ å 346ï349K), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʚʳʨʘʞʝʥʥʦʛʦ 

ʪʝʨʤʦʭʨʦʤʥʦʛʦ ʵʬʬʝʢʪʘ, ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʩʪʘʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʧʫʣʷʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʩʣʫʞʠʣʠ ʧʨʦʪʦʪʠʧʘʤʠ ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʞʝʣʝʟʘ(II) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 4ʅ-1,2,4-ʪʨʠʘʟʦʣʘ, ʤʥʦʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʪʦʨʦʛʦ ʜʝʤʦʥʩʪʨʠ-

ʨʫʶʪ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʍʦʪʷ ʦʙʘ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʪʨʫʢʪʫʨʘ [Fe(ATrz)3](NO3)2Ŀ2H2O [198] ʦʧʨʝʜʝʣʝʥʘ, ʩʫʜʷ ʧʦ 

ʚʩʝʤʫ, ʥʘ ʩʣʫʯʘʡʥʦʤ ʢʨʠʩʪʘʣʣʝ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ 
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ʥʝʩʦʦʪʚʝʪʩʪʚʝ ʩʠʤʫʣʠʨʦʚʘʥʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʬʘʟʳ 

[Fe(ATrz)3](NO3)2ĿnH2O (n Ó 0), ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʘʤʢʘʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ. ʌʘʟʦʚʳʝ ʧʨʝ-

ʚʨʘʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ [Fe(ATrz)3](NO3)2 ï H2O ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

 
 

ʈʠʩ. 68. ʇʦʣʠʤʝʨʥʘʷ ʮʝʧʦʯʢʘ ʢʦʤʧʣʝʢʩʦʚ [Fe(HTrz)2(Trz)]BF4 (ʩʣʝʚʘ) ʠ [Fe(ATrz)3](NO3)2ĿnH2O (ʩʧʨʘʚʘ). 

 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʦʢʘʟʳʚʘʶʪ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʦʤʧʣʝʢʩ [Fe(Htrz)2(trz)](BF4)ĿH2O (HTrz = 4ʅ-1,2,4-ʪʨʠʘʟʦʣ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ LS ­ HS ʦʪ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ: ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʨʘʟʤʝʨʘʤʠ 16 ʥʤ 

ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ HS ʦʢʦʣʦ 380K, ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʨʘʟʤʝʨʘʤʠ 10 ʥʤ ï ʦʢʦʣʦ 375K ʠ ʥʘʥʦ-

ʯʘʩʪʠʮʳ ʩ ʨʘʟʤʝʨʘʤʠ 4 ʥʤ ï ʦʢʦʣʦ 370K. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʭʦʜʘ HS ­ LS ʧʨʠ ʵʪʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 341 ï 343K. ʐʠʨʠʥʘ ʧʝʪʣʠ ʛʠ-

ʩʪʝʨʝʟʠʩʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 

[199].  ʂʘʯʝʩʪʚʝʥʥʦ ʘʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʵʪʦʤ ʢʦʤ-

ʧʣʝʢʩʝ ʥʘʙʣʶʜʘʣʩʷ ʠ ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʜʦ 20 ʥʤ ʥʘʙʣʶʜʘʣʩʷ 

ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 40K, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʰʠʨʠʥʦʡ ʧʝʪʣʠ ʛʠ-

ʩʪʝʨʝʟʠʩʘ ʜʣʷ ñʦʙʳʯʥʳʭò ʦʙʨʘʟʮʦʚ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ [200]. ɺʢʣʶʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʵʪʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʚ ʧʦʨʠʩʪʫʶ ʤʘʪʨʠʮʫ SiO2 ʧʨʠʚʦʜʠʪ ʢ ʥʘʙʣʶʜʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʰʠʨʠʥʦʡ 

ʦʢʦʣʦ 40K ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʤʘʪʨʠʮʳ ʧʨʦʤʦʪʠʨʦʚʘʪʴ ʤʝʞʯʘʩʪʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [201].  ʂʦʤʧʣʝʢʩ 

[Fe(Htrz)3](ʉF3SO3)2, ʧʦʣʫʯʘʝʤʳʡ ʚ ʚʠʜʝ ʠʛʦʣʴʯʘʪʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʜʣʠʥʦʡ 10 ï 40 ʤʢʤ ʠ ʜʠʘ-

ʤʝʪʨʦʤ 0.1 ï 0.3 ʤʢʤ ʧʨʦʷʚʣʷʝʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 50K ʤʝʞʜʫ 

325 ʠ 275K, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʪʝʨʤʦʭʨʠʤʠʟʤʦʤ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʧʝʪʣʷ ʛʠ-

ʩʪʝʨʝʟʠʩʘ ʮʝʥʪʨʠʨʦʚʘʥʘ ʚ ʦʙʣʘʩʪʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ [202].  

ʂʦʤʧʣʝʢʩ [Fe(qsal-I)2]NTf2 (ʈʠʩ. 69) ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʩʦʝʜʠʥʝʥʠʷ, ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʧʝ-

ʨʝʭʦʜ ʚ ʢʦʪʦʨʦʤ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʦʨʤʘʮʠʠ ʘʥʠʦʥʘ [203]. ɻʠʩʪʝʨʝʟʠʩ, ʩʦʧʨʦʚʦʞʜʘʶ-

ʱʠʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ 244 ʠ 278K (ȹT = 34K) ʧʦ ʢʘʣʦ-

ʨʠʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʝʪʦʭʠʤʠʠ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ (5 ʠ 10 K/ʤʠʥ) ʠ ʩʦʩʪʘʚʣʷʝʪ 30K (Tcŷ = 278K, TcŹ = 248K). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ. ʂʘʪʠʦʥʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʮʝʧʦʯʢʠ ˊ-ˊ ʩʪʝʢʠʥʛʦʤ, 

ʮʝʧʦʯʢʠ ʩʚʷʟʘʥʳ ʚ ʩʣʦʠ ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ CïHĿĿĿˊ, ʩʣʦʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʩʫʧʨʘʤʦʣʝ-

ʢʫʣʷʨʥʫʶ 3D-ʩʪʨʫʢʪʫʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ CïHĿĿĿO ʠ CïHĿĿĿF. ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʯʘʪʝʣʴʥʦʝ ʠʟ-

ʤʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʦʨʤʘʮʠʠ ʘʥʠʦʥʘ. ɺ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʘʥʠʦʥ 

ʠʤʝʝʪ ʩʠʥ-ʢʦʥʬʦʨʤʘʮʠʶ, ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ï ʢʦʥʬʦʨʤʘʮʠʶ, ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʤʝʞʜʫ ʩʠʥ- ʠ ʘʥ-

ʪʠ-. ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʛʠʩʪʝʨʝʟʠʩ ʚ ʘʥʘʣʦʛʘʭ ʢʦʤʧʣʝʢʩʘ [Fe(qsal-I)2]NTf2 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 
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ʫʟʢʠʤ, ʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʡ ʘʥʠʦʥʦʚ ʚ ʥʠʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʘʥʠʦʥʘ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚ ʢʦʤʧʣʝʢʩʝ [Fe(qsal-I)2]NTf2 ʷʚʣʷʝʪʩʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʝʛʦ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ. 

 

 

ʈʠʩ. 69. ʂʦʤʧʣʝʢʩ [Fe(qsal-I)2]NTf2 (ʩʣʝʚʘ). ʂʦʤʧʣʝʢʩʳ [Fe(qsal-I)2]OTfĿSolv (ʩʧʨʘʚʘ). 

 

 ʂʦʦʧʝʨʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʚʝʜʫʱʠʝ ʢ ʨʝʟʢʦʤʫ ʛʠʩʪʝʨʝʟʠʩʥʦʤʫ ʧʝʨʝʭʦʜʫ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷ-

ʟʘʥʳ ʩ ʪʦʥʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʧʠʥʦʚʦʧʝʨʝ-

ʭʦʜʥʳʭ ʮʝʥʪʨʦʚ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʦʤʧʣʝʢʩʳ [Fe(qsal-

I)2]OTfĿSolv (ʈʠʩ. 69) ʷʚʣʷʝʪʩʷ ʠʣʣʶʩʪʨʘʮʠʝʡ ʵʪʦʛʦ ʪʝʟʠʩʘ [204]. ʋʧʘʢʦʚʢʘ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ˊ-ˊ ʩʪʝʢʠʥʛʦʤ, ʩʚʷʟʳʚʘʶʱʠʤ ʢʘʪʠʦʥʳ ʚ ʮʝʧʦʯʢʠ, 

ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʪʠʧʘ ñʘʨʠʣʴʥʳʭ ʦʙʲʷʪʠʡò (aryl embace, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CïHĿĿĿˊ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ˊ-ˊ ʩʪʝʢʠʥʛʦʤ) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ IĿĿĿX (X = I, O, ˊ), ʩʦʙʠʨʘʶʱʠʤʠ ʮʝʧʦʯʢʠ ʠ 

ʘʥʠʦʥʳ ʚ 3D ʩʪʨʫʢʪʫʨʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʫʢʦʨʦʯʝʥʠʝ ʚʥʫʪʨʠʮʝʧʦʯʝʯʥʳʭ ʨʘʩ-

ʩʪʦʷʥʠʡ ʠ ʙʦʣʝʝ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʝʜʫʪ ʢ ʙʦʣʝʝ ʨʝʟʢʦʤʫ 

ʧʝʨʝʭʦʜʫ. ʈʝʟʢʠʡ ʧʝʨʝʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ [Fe(qsal-I)2]OTfĿMeOH (ʩ ʧʦʪʝʨʝʡ MeOH), ʧʦʩʪʝ-

ʧʝʥʥʳʡ ï ʜʣʷ [Fe(qsal-I)2]OTfĿn-PrOH (T1/2 = 199K) ʠ [Fe(qsal-I)2]OTfĿi-PrOH (T1/2 = 251K). ɼʣʷ 

ʢʦʤʧʣʝʢʩʦʚ [Fe(qsal-I)2]OTfĿMe2CO ʠ [Fe(qsal-I)2]OTfĿMeCN ʧʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ ʥʝʧʦʣʥʳʤ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʘʞʝ ʜʦ 350K. ɼʣʷ [Fe(qsal-I)2]OTf ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʩ ʥʝʙʦʣʴʰʠʤ ʛʠʩʪʝʨʝʟʠ-

ʩʦʤ ʤʝʞʜʫ 225 ʠ 234K. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [Fe(qsal-I)2]OTfĿEtOH ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʠ ʩʪʘʨʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʩʪʘʨʝʥʥʳʡ ʢʦʤʧʣʝʢʩ 

[Fe(qsal-I)2]OTfĿEtOH ʧʦʢʘʟʳʚʘʝʪ ʚʧʝʯʘʪʣʷʶʱʠʡ ʛʠʩʪʝʨʝʟʠʩ ʰʠʨʠʥʦʡ 80K (Tcŷ = 219K, TcŹ = 

119K). ɼʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʳʡ ʩʧʠʥʦ-

ʚʳʡ ʧʝʨʝʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʬʘʟ ʠ ʠʭ ʩʤʝʩʝʡ. ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʤʘʛ-

ʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʞʝʣʘʪʠʥʦʚʳʭ ʢʘʧʩʫʣʘʭ ʚ ʚʘʢʫʫʤʝ, ʯʪʦ ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪ ʦʙʨʘʟʮʳ ʦʪ ʧʦʪʝʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɸʚʪʦʨʳ ʜʦʙʘʚʣʷ-

ʣʠ ʚʘʟʝʣʠʥ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʵʪʠʭ ʤʦʣʝʢʫʣ, ʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʝʩʣʠ ʧʦʪʝʨʠ ʠ ʝʩʪʴ, ʪʦ ʦʥʠ 

ʤʠʥʠʤʘʣʴʥʳ.  

ʊʨʸʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Me2NH2)6[Fe3L6(H2O)6] (ʈʠʩ. 70) ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʚʳʡ ʧʨʠʤʝʨ 

ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ(II), ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʛʦ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ [205]. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʨʫʨʝ ʠ ʥʠʞʝ ʥʝʸ ʮʝʥʪʨʘʣʴʥʳʡ ʠʦʥ Fe
2+

 ʘʥʠʦʥʘ [Fe3L6(H2O)6]
6ï

 ʥʘʭʦʜʠʪʩʷ ʚ ʥʠʟʢʦʩʧʠ-

ʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʥʮʝʚʳʝ ʠʦʥʳ Fe
2+

 - ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʧʠʥʦ-

ʚʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ HS-LS-HS. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʦʤʧʣʝʢʩ ʧʝʨʝʭʦʜʠʪ 

ʚ ʩʦʩʪʦʷʥʠʝ HS-HS-HS. ʇʝʨʝʭʦʜ HS-LS-HS ź HS-HS-HS ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠ-

ʥʦʡ ʦʢʦʣʦ 60 ï 80K (Tcŷ = 380 ʠ 400K (ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ), TcŹ = 330 ï 320K). ʅʝʩʤʦʪʨʷ ʥʘ 

ʛʠʩʪʝʨʝʟʠʩ, ʚʝʪʚʠ ʤʘʛʥʠʪʥʳʭ ʢʨʠʚʳʭ ʚʝʩʴʤʘ ʧʦʣʦʛʠʝ. ɻʠʩʪʝʨʝʟʠʩ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʮʠʢʣʠ-

ʨʦʚʘʥʠʠ, ʦʜʥʘʢʦ ʚʳʰʝ 410K ʢʦʤʧʣʝʢʩ ʧʦʣʥʦʩʪʴʶ ʘʤʦʨʬʠʟʫʝʪʩʷ ʠ ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʧʝʨʝʭʦʜ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʥʝ 

ʩʚʷʟʘʥ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ. ʂʠʥʝʪʠʢʘ ʧʝʨʝʭʦʜʦʚ HS-LS-HS Ÿ HS-
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HS-HS ʠ HS-HS-HS Ÿ HS-LS-HS ʚ ʦʙʣʘʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ ʠʤʝʝʪ ʟʘʤʝʜʣʷʶʱʠʡʩʷ ʭʘʨʘʢʪʝʨ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʪʥʳʭ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘ-

ʛʘʶʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʛʠʩʪʝʨʝʟʠʩ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʢʣʶ-

ʯʝʥʠʷ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʂʦʤʧʣʝʢʩ [Fe(5-Br-salEen)2]ClO4 (ʈʠʩ. 70) ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦ-

ʪʦʨʦʤ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ (ʥʘ ʚʦʟʜʫʭʝ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʛʦʨʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ [206]. ʉʫʧʨʘ-

ʤʦʣʝʢʫʣʷʨʥʘʷ 3D ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ NïHĿĿĿO 

ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʠ ʘʥʠʦʥʘʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ CïHĿĿĿO ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ 

(ʧʨʠ ʵʪʦʤ ʩʪʝʢʠʥʛ, ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CïHĿĿĿ ́ʤʝʞʜʫ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʦʪʩʫʪʩʪʚʫʶʪ). ʂʦʤʧʣʝʢʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʨʝʫʛʦʣʴʥʳʡ ȹ-ʦʙʨʘʟʥʳʡ 

ʛʠʩʪʝʨʝʟʠʩ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 80K. ʇʦ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʧʨʦʮʝʩ-

ʩʦʚ LS Ÿ HS ʠ HS Ÿ LS ʩʦʩʪʘʚʣʷʶʪ 331K ʠ 255K. ʉʦʛʣʘʩʥʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʭʦʪʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ (Pbcn) ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʚʳ-

ʩʦʢʦʩʧʠʥʦʚʳʡ ʧʦʣʠʤʦʨʬ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʜʣʠʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥ-

ʪʘʨʥʦʡ ʷʯʝʡʢʠ a ʠ c ʠ ʫʢʦʨʦʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ b. ɾʸʩʪʢʦʩʪʴ ʪʨʠʜʝʥʪʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʣʠʛʘʥʜʘ 

ʠʩʢʣʶʯʘʝʪ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʦʚ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʢʦʥʮʝʚʳʝ ʞʝ 

ʵʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩʦʭʨʘʥʷʶʪ ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʸʥʥʫʶ ʥʝʞʸʩʪʢʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ ʩʚʷʟʘʥʦ ʩ ʚʝʩʴʤʘ ʪʦʥʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʛʝʦʤʝʪʨʠʠ ʢʘʪʠʦʥʦʚ [Fe(5-Br-salEen)2]
+
 ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʪ-

ʩʫʪʩʪʚʠʝ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʦʚʦʮʠʨʫʝʪ ʚʦʟʛʦʨʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʧʝʨʝʭʦʜʘ LS Ÿ HS ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʚʦʟʜʫʭʝ (thermosalient effect). 

 

 

ʈʠʩ. 70. ʂʦʤʧʣʝʢʩ (Me2NH2)6[Fe3L6(H2O)6] (ʩʣʝʚʘ). ʂʦʤʧʣʝʢʩ [Fe(5-Br-salEen)2]ClO4 (ʩʧʨʘʚʘ). 

 

ʂʦʤʧʣʝʢʩʳ ([Fe(L3)Lax]ĿMeOH)n (Lax = bpea, bpee) (ʈʠʩ. 71) ʧʦʟʚʦʣʷʶʪ ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʚʣʠʷʥʠʝ ʟʘʤʝʥʳ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ ʥʘ ʜʚʦʡʥʫʶ ʚ ʣʠʛʘʥʜʝ Lax [207]. ʂʦʤʧʣʝʢʩ 

([Fe(L3)bpea]ĿMeOH)n ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʤʝʞʜʫ 223 ʠ 195K, ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʨʠ 

400K, ʚʝʜʫʱʝʛʦ ʢ ʫʜʘʣʝʥʠʶ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ï ʤʝʞʜʫ 228 ʠ 205K. ʂʦʤʧʣʝʢʩ 

([Fe(L3)bpee]ĿMeOH)n ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʤʝʞʜʫ 250 ʠ 210K, ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʨʠ 

400K, ʚʝʜʫʱʝʛʦ ʢ ʫʜʘʣʝʥʠʶ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ï ʤʝʞʜʫ 247 ʠ 210K. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʥʘ 

ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ ʥʘ ʜʚʦʡʥʫʶ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ([Fe(L3)Lax]ĿMeOH)n (Lax = bpea, 

bpee) ʧʨʠʚʝʣʘ ʢ ʩʜʚʠʛʫ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢ ʫʰʠʨʝʥʠʶ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ʇʝʨʝʭʦʜ ʚ ʢʦʤʧʣʝʢʩʝ ([Fe(L3)bpee]ĿMeOH)n ʤʝʥʝʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ MeOH. ʉʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʪ. 
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ʈʠʩ. 71. ʂʦʤʧʣʝʢʩʳ ([Fe(L3)Lax]ĿMeOH)n. 

 

ʉʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ [FeL1(pina)]Ŀxsolv (ʈʠʩ. 72) ʧʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ 

ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ [208]. ʆʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

[FeL1(pina)]Ŀ2MeOH ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʦʣʝʢʫʣʳ MeOH ʚʢʣʶʯʝʥʳ ʚ ʩʝʪʢʫ ʚʦʜʦ-

ʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʐʠʨʦʯʘʡʰʘʷ ʚ ʵʪʦʡ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʘʷ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ [FeL1(pina)]ĿxH2O/MeOH (Tcŷ = 328K, TcŹ = 240K, ȹT 

= 88K). ʄʦʥʦʢʨʠʩʪʘʣʣʳ [FeL1(pina)]Ŀ2MeOH ʧʦʢʘʟʳʚʘʶʪ ʧʝʪʣʶ ʛʠʩʪʝʨʝʟʠʩʘ ʰʠʨʠʥʦʡ 51K 

(Tʩŷ = 296K, TʩŹ = 245K), ʢʦʪʦʨʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʮʠʢʣʘʭ. ʇʦʨʦʰʦʢ 

[FeL1(pina)]Ŀ0.5H2OĿ0.5MeOH ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ 46K (Tcŷ = 

321K, TcŹ = 275K). ʇʨʠ ʧʝʨʚʦʤ ʦʭʣʘʞʜʝʥʠʠ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʘʟʦʚʳʤ ʧʝʨʝ-

ʭʦʜʦʤ. ʅʘʛʨʝʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʤʦʣʝʢʫʣ ʤʝʪʘʥʦʣʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʩʦʢʦʩ-

ʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ [FeL1(pina)]Ŀxsolv, ʰʠʨʝ, ʯʝʤ ʚ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʘʢʩʠʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (4,4-ʙʠʧʠʨʠʜʠʣ) ʠʣʠ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʳʤʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʠʩʪʝʨʝ-

ʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢ-

ʪʫʨʦʡ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʠ ʩ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʤʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʕʪʘ ʨʘʙʦʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʠ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʩʧʠʥʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʞʝʩʪʢʦʩʪʴʶ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ.  

              
ʈʠʩ. 72. ʂʦʤʧʣʝʢʩ [FeL1(pina)]Ŀxsolvent (ʩʣʝʚʘ) ʠ ʬʨʘʛʤʝʥʪ ʮʝʧʦʯʢʠ [Fe(ŬEtGlytrz)3]A2ĿnSolv (ʩʧʨʘʚʘ). 

 

ɺ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ [Fe(ŬEtGlytrz)3]A2ĿnSolv (ʈʠʩ. 72) ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝ-

ʩʬʝʨʥʦʛʦ ʘʥʠʦʥʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ [209]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʥʠʦʥʘ ʠ ʥʘʣʠʯʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʧʠʥʦʚʳʡ ʧʝʨʝ-

ʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ: [Fe(ŬEtGlytrz)3](ClO4)2 (Tcŷ = 296K, 

TcŹ = 291K), [Fe(ŬEtGlytrz)3](ClO4)2ĿCH3OH (Tcŷ = 273K, TcŹ = 263K), 

[Fe(ŬEtGlytrz)3](NO3)2ĿH2O (Tcŷ = 353K, TcŹ = 333K), [Fe(ŬEtGlytrz)3](NO3)2 (Tcŷ = 338K, TcŹ = 

278K), [Fe(ŬEtGlytrz)3](BF4)2Ŀ0.5H2O (Tʩŷ = 320K, TʩŹ = 305K), [Fe(ŬEtGlytrz)3](BF4)2 (Tcŷ = 

106K, TcŹ = 92K) ʠ [Fe(ŬEtGlytrz)3](CF3SO3)2Ŀ2H2O (Tʩŷ = 325K, TʩŹ = 322K). ɹʝʟʚʦʜʥʳʡ ʢʦʤ-
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ʧʣʝʢʩ [Fe(ŬEtGlytrz)3](NO3)2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʪʣʶ ʛʠʩʪʝʨʝʟʠʩʘ ʰʠʨʠʥʦʡ 60K. ʂʦʤʧʣʝʢʩ 

[Fe(ŬEtGlytrz)3](BF4)2ĿnH2O ʧʦʢʘʟʳʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣ H2O ʥʘ ʩʧʠ-

ʥʦʚʳʡ ʧʝʨʝʭʦʜ. ɼʣʷ ʵʪʦʡ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʘʥʠʦʥʘ. 

ʂʦʤʧʣʝʢʩ K[Fe(5-Brthsa)2] [210] (ʈʠʩ. 73) ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʪʣʶ ʛʠʩʪʝʨʝ-

ʟʠʩʘ ʰʠʨʠʥʦʡ 69K ʤʝʞʜʫ 358 ʠ 289K. ɺʦ ʚʪʦʨʦʤ ʮʠʢʣʝ ʛʠʩʪʝʨʝʟʠʩ ʩʫʞʘʝʪʩʷ, Tcŷ = 341K, TcŹ = 

289K. ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ 2D ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷʤ ʢʘʪʠʦʥĿĿĿˊ ʠ ʩʚʷʟʷʤ ʤʝʞʜʫ ʠʦʥʦʤ K
+
 ʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʧʨʠ ʩʧʠʥʦʚʦʤ ʧʝʨʝʭʦʜʝ ʥʝ ʤʝʥʷʝʪʩʷ, ʦʜʥʘʢʦ ʬʦʨʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʠʦʥʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ñʥʦʞʥʠʯʥʦʛʦò ʪʠʧʘ, ʢʦʪʦʨʦʝ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʩʪʝʤʦʡ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʛʠʩʪʝʨʝʟʠʩʘ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ ʧʦʪʝʥ-

ʮʠʘʣ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʥʘʨʫʞʠʚʘʶʱʠʭ 

ʩʠʣʴʥʳʝ ʢʦʦʧʝʨʘʪʠʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ. 

 
 

ʈʠʩ. 73. ʂʦʤʧʣʝʢʩ K[Fe(5-Brthsa)2] (ʩʣʝʚʘ). ʌʨʘʛʤʝʥʪ ʢʘʨʢʘʩʘ [Fe(dpb){ Au(CN)2} 2] (ʩʧʨʘʚʘ). 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ɻʦʬʬʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ [Fe(dpb){ Au(CN)2} 2]ĿnSolv (nSolv = 

1.5DMFĿ0.3EtOHĿ0.2C6H12) ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʱʸ ʦʜʠʥ ʧʨʠʤʝʨ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʘ 

ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ [211]. ɺʢʣʶʯʝʥʠʝ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʙʝʥʟʦʣʘ, 

ʥʘʬʪʘʣʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ ʬʝʨʨʦʮʝʥʘ ʚ ʧʦʣʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʦʢʘʟʳʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʡ ʧʦʣʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʛʠʩʪʝʨʝʟʠʩʘ. ɺʢʣʶʯʝʥʠʝ ʥʘʬʪʘʣʠʥʘ ʧʨʠ-

ʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʰʠʨʠʥʦʡ 73K (Tcŷ = 214K, TcŹ = 141K). ɺʢʣʶʯʝʥʠʝ CS2 

ʧʨʠʚʦʜʠʪ ʢ ʛʠʩʪʝʨʝʟʠʩʫ ʤʝʞʜʫ 167 ʠ 190K. ʇʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʙʳʣʠ 

ʦʮʝʥʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʤʦʣʝʢʫʣ ʛʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʝ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ˊ-ˊ ʩʪʝʢʠʥʛ 

(ʚ ʩʣʫʯʘʝ ʚʢʣʶʯʝʥʠʷ ʤʦʣʝʢʫʣ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʦʩʪʝʡ) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SĿĿĿAu (ʚ ʩʣʫʯʘʝ ʚʢʣʶ-

ʯʝʥʠʷ CS2) ʤʝʞʜʫ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʤ ʢʘʨʢʘʩʦʤ ʠ ʤʦʣʝʢʫʣʘʤʠ ʛʦʩʪʝʡ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʩʠʣʴ-

ʥʳʝ ʢʦʦʧʝʨʘʪʠʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʜʦʙʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [Fe(pyz)M(CN)4] 

(pyz = ʧʠʨʘʟʠʥ, M = Ni, Pd, Pt) ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʪ 

ʤʦʣʝʢʫʣ ñʛʦʩʪʝʡò, ʚʢʣʶʯʘʝʤʳʭ ʚ ʩʪʨʫʢʪʫʨʫ [212]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʝʥʠʝ ʤʦʣʝʢʫʣ ñʛʦʩʪʝʡò ʚ 

ʩʪʨʫʢʪʫʨʫ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦ- ʠʣʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ ʚʢʣʶʯʝ-

ʥʠʝ ʤʦʣʝʢʫʣ ʪʠʦʤʦʯʝʚʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ ~60K ʚ 

ʢʦʤʧʣʝʢʩʘʭ [Fe(pyz)Pt(CN)4]Ŀ0.5SC(NH2)2 (M = Pd, Pt) [213]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʯʠʥʦʡ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ, ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ SC(NH2)2 ʢʘʢ 

ʩ ʘʪʦʤʘʤʠ M, ʪʘʢ ʠ ʩ ʤʦʣʝʢʫʣʘʤʠ pyz.  

ʂʦʤʧʣʝʢʩ Me4N[Fe(py3COH)(NCS)3]ĿH2O (ʈʠʩ. 74) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʦʙʳʯʥʫʶ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʧʝʪʣʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ [214]. ʇʨʠ ʩʢʦʨʦʩʪʷʭ 10 ʠ 2 
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K/ʤʠʥ ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʧʨʠʤʝʨʥʦ 220 ʠ 240K, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʛʠʩʪʝʨʝʟʠʩ ʨʘʩʰʠʨʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ LS ­ HS ʦʢʦʣʦ 280K. 

ʉʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɸʚʪʦʨʳ ʧʨʝʜ-

ʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʥʠʟʢʦʩʧʠʥʦʚʳʭ 

ʬʘʟ ï LSŬ ʠ LSɓ (ʈʠʩ. 74). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʳʩʦʢʦʩʧʠʥʦʚʘʷ ʬʘʟʘ HSŬ ʧʝʨʝʭʦʜʠʪ ʚ ʬʘʟʫ LSŬ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʝʨʝʭʦʜ 

HSŬ ª LSŬ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ LSŬ ­ LSɓ, ʟʘ ʢʦʪʦ-

ʨʳʤ ʧʨʠ 280K ʩʣʝʜʫʝʪ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ LSɓ ­ HSŬ.  

 
ʈʠʩ. 74. ʂʦʤʧʣʝʢʩ Me4N[Fe(py3COH)(NCS)3]ĿH2O. 

 

ʊʨʸʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Fe3(HL)2L2](BF4)4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʝʬʝʢʪʥʫʶ ʨʝʰʸʪʢʫ [2Ĭ2] 

(ʈʠʩ. 75) [215]. ʇʨʠ 130K ʜʚʘ ʠʦʥʘ Fe
2+

 ʥʘʭʦʜʷʪʩʷ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʜʠʥ ï ʚ ʚʳʩʦ-

ʢʦʩʧʠʥʦʚʦʤ. ʄʝʞʜʫ 355 ʠ 329K ʵʪʦʪ ʧʦʢʘʟʳʚʘʝʪ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ HS,LS,LS 

ź HS,HS,LS. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ï ʝʸ ʰʠʨʠʥʘ ʠʟʤʝʥʷʝʪʩʷ ʩ 26K ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ ʜʦ 49K ʚ ʧʷʪʥʘʜʮʘ-

ʪʦʤ ʟʘ ʩʯʸʪ ʩʤʝʱʝʥʠʷ ʧʝʨʝʭʦʜʘ HS,HS,LS Ÿ HS,LS,LS ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɺʦ ʚʪʦʨʦʤ ʮʠʢʣʝ ʛʠʩʪʝʨʝʟʠʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 9K, ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ï ʧʨʠʤʝʨʥʦ ʥʘ 2K. 

ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʫʰʠʨʝʥʠʷ ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʠʢʘʮʠʠ ʦʩʪʘʚʘʣʘʩʴ ʥʝʷʩʥʦʡ. ʂʦʤʧʣʝʢʩ ʩʦʨʙʠʨʫʝʪ ʧʘ-

ʨʳ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ, ʧʨʦʚʝʜʸʥ-

ʥʳʝ ʚ ʧʘʨʘʭ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʦʜ ʩʣʦʝʤ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʝ-

ʭʦʜ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʩʯʝʟʘʝʪ ʠ ʢʦʤʧʣʝʢʩ ʦʩʪʘʸʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ HS,LS,LS. 

 
 

ʈʠʩ. 75. ʂʦʤʧʣʝʢʩʳ [Fe(qsal)2]NCX (ʩʣʝʚʘ) ʠ [Fe3(HL)2L2](BF4)4 (ʩʧʨʘʚʘ). 

 

ʂʦʤʧʣʝʢʩʳ [Fe(qsal)2]NCSĿSolv (Solv=MeOH,ĿCH2Cl2) (ʈʠʩ.75) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʘʞ-

ʥʦʩʪʴ ʧʨʦʚʝʨʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ [216]. ɺ ʧʝʨʚʦʤ ʮʠʢʣʝ ʜʣʷ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʛʠʩʪʝʨʝʟʠʩ ʰʠʨʠʥʦʡ ʙʦʣʝʝ 100K, ʦʜʥʘʢʦ ʚʦ ʚʪʦʨʦʤ ʮʠʢʣʝ ʦʥ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 70K. ñʂʘʞʫʱʠʡ-

ʩʷò ʛʠʩʪʝʨʝʟʠʩ ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ ʩʚʷʟʘʥ ʩ ʜʝʩʦʣʴʚʘʪʘʮʠʝʡ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦ-

ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʘʥʦ ʩ -́ʩʪʝʢʠʥʛʦʤ. ʇʦʜʦʙʥʳʡ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ 

ʰʠʨʠʥʦʡ ~90K ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʢʦʤʧʣʝʢʩʝ [Fe(qsal)2]NCSe [217]. 
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1.4.6. ʉʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ: ʟʘʢʣʶʯʝʥʠʝ 

ʇʨʦʙʣʝʤʘʤʠ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʩʪʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ.  

1) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʣʘ-

ʜʘʶʱʠʭ ʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʦʢʦʣʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʍʘʨʘʢʪʝʨ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʨʝʟʢʦʩʪʴ, ʥʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʘ) ʟʘʚʠʩʠʪ ʦʪ ʜʝʡʩʪʚʠʷ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʵʣʝʢʪʨʦʥ-

ʥʳʭ ʵʬʬʝʢʪʦʚ (ů-ʜʦʥʦʨʥʳʝ ʠ ˊ-ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ), ʩʪʝʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʩʫ-

ʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ ʦʪ ʚʠʜʘ ʦʙʨʘʟʮʘ ʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 

(ʤʦʥʦʢʨʠʩʪʘʣ, ʧʦʨʦʰʦʢ, ʥʘʥʦʯʘʩʪʠʮʳ). ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʣʠʷ-

ʥʠʷ ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ: ʟʘʤʝʥʘ ʣʠʛʘʥʜʘ (ʟʘʤʝʥʘ ʦʜʥʦʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʩʪʦʚʘ ʥʘ ʜʨʫʛʦʡ) 

ʠ ʚʥʫʪʨʠʣʠʛʘʥʜʥʦʝ ʟʘʤʝʱʝʥʠʝ (ʚʘʨʠʘʮʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʥʝʠʟʤʝʥʥʦʤ ʣʠʛʘʥʜʥʦʤ ʦʩʥʦʚʝ ï 

ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʭʝʣʘʪʥʦʛʦ ʮʠʢʣʘ) ʠ ʟʘʤʝʥʘ 

ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʘʥʠʦʥʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʘ, ʩʪʝʨʠʯʝʩʢʫʶ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ 

Fe
2+

 ʠ ʭʘʨʘʢʪʝʨ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ɺ ʪʚʸʨʜʦʡ ʬʘʟʝ, ʦʜʥʘʢʦ, ʵʪʠ 

ʬʘʢʪʦʨʳ ʜʝʡʩʪʚʫʶʪ ʩʦʚʦʢʫʧʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʪʨʫʜʥʦ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʭʘʨʘʢʪʝʨ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʟʘʤʝʥʝ ʣʠʛʘʥʜʘ, 

ʚʥʫʪʨʠʣʠʛʘʥʜʥʦʤ ʟʘʤʝʱʝʥʠʠ ʠʣʠ ʟʘʤʝʥʝ ʘʥʠʦʥʘ. ʇʦʵʪʦʤʫ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʭʘʨʘʢʪʝʨ.  

2) ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠ-

ʩʦʤ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʨʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʝʟ-

ʢʠʡ ʧʝʨʝʭʦʜ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʛʨʘʜʫʩʦʚ ʥʝʤʥʦʛʦ, ʜʦʣʷ ʩʪʘʪʝʡ, ʧʦ-

ʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ 

ʤʘʣʘ, ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʧʝʨʝʭʦʜ ʩ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤ ʛʠʛʘʥʪʩʢʠʤ ʛʠʩʪʝ-

ʨʝʟʠʩʦʤ ʰʠʨʠʥʦʡ ʧʨʝʚʳʰʘʶʱʝʡ 100K, ʝʜʠʥʠʯʥʳ. ʉʪʨʘʪʝʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʭʠʤʠʢʘʤʠ ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʩʚʦʜʷʪʩʷ ʢ ʜʚʫʤ ʦʩʥʦʚ-

ʥʳʤ. ʇʝʨʚʘʷ ï ʩʠʥʪʝʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʦʧʝʨʘʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʙʣʘʛʦʜʘʨʷ ʩʦʝʜʠʥʝʥʠʶ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺʪʦʨʘʷ ï ʩʠʥʪʝʟ ʦʜʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦ-

ʜʘ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʩʝʪʴʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʝʨʝʜʘʯʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ 

ʥʘ ʦʜʥʦʤ ʮʝʥʪʨʝ, ʧʦ ʚʩʝʡ ʩʪʨʫʢʪʫʨʝ. ʅʠ ʦʜʥʘ ʠʟ ʵʪʠʭ ʩʪʨʘʪʝʛʠʡ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʦʛʦ 

ʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʨʝʟʢʠʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʛʠʩʪʝʨʝʟʠʩʥʳʡ 

ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʰʠʨʠʥʫ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʪʦʤ ʠʣʠ 

ʠʥʦʤ ʩʣʫʯʘʝ. ʆʧʪʠʤʘʣʴʥʦʡ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚʦʟʤʦʞʥʦ, ʤʦʛʣʘ ʙʳ ʙʳʪʴ 

ʩʪʨʘʪʝʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʦʥʢʦʡ ʚʘʨʠʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʥʦʤ ʦʩʪʦʚʝ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʢʦʤʧʣʝʢʩʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʛʦ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʧʝʨʝʭʦʜ. ɽʱʸ ʦʜʠʥ ʚʘʨʠʘʥʪ ʜʝʡʩʪʚʠʡ ï ʚʘʨʠʘ-

ʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʨʘʟʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʦʤʧʣʝʢʩʘ, ʧʦʢʘʟʳ-

ʚʘʶʱʝʛʦ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʕʪʦʪ ʩʧʦʩʦʙ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʧʦʥʠʤʘʥʠʶ ʩʚʷʟʠ 

ʩʪʨʫʢʪʫʨʳ ʬʘʟʳ ʢʦʤʧʣʝʢʩʘ ʩ ʭʘʨʘʢʪʝʨʦʤ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ.   

3) ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʍʦʪʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ ʚʘʞʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʧʨʠʮʝʣʦʤ ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʧʨʠʣʦʞʝʥʠʷ, ʦʥʠ ʧʨʦʚʦʜʷʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ [154]. ɺʩʪʨʝʯʘʶʪʩʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʩʣʝ ʧʝʨ-

ʚʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʣʩʷ ʛʠʩʪʝʨʝʟʠʩ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʠʤʦʨʬʥʳʡ ʧʝʨʝ-

ʭʦʜ ʠ ʥʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʞʝ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʠʩʪʝʨʝʟʠʩʘ (ʛʠʩʪʝʨʝʟʠʩ, ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʧʝʨ-
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ʚʦʤ ʮʠʢʣʝ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ñʢʘʞʫʱʠʤʩʷò (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ 

ñapparent hysteresisò)). ʇʦʵʪʦʤʫ ʝʜʠʥʩʪʚʝʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʮʠʢʣ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʣʩʷ ʛʠ-

ʩʪʝʨʝʟʠʩ, ʥʝ ʠʥʬʦʨʤʘʪʠʚʝʥ, ʚ ʩʚʝʪʝ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʘ ʧʨʦʚʝʨʢʘ ʝʛʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ.  

4) ʉʚʷʟʴ ʪʝʤʧʝʨʘʪʫʨ ʠ ʭʘʨʘʢʪʝʨʘ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʢʦʤ-

ʧʣʝʢʩʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʠʟʤʝʥʷʪʩʷ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʵʪʦ ʩʢʘʞʝʪ-

ʩʷ ʥʘ ʧʦʣʥʦʪʝ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʩʦʭʨʘʥʠʪʩʷ ʣʠ ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ. ʂ ʩʦʞʘʣʝ-

ʥʠʶ, ʜʣʷ ʤʥʦʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ 

ʧʦʣʥʦʪʳ ʧʝʨʝʭʦʜʘ, ʫʤʝʥʴʰʝʥʠʶ ʠ ʜʘʞʝ ʠʩʯʝʟʥʦʚʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ.  

5) ʇʨʦʙʣʝʤʦʡ ʦʩʪʘʸʪʩʷ ʧʦʥʠʤʘʥʠʝ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʠ ʝʛʦ ʩʚʷʟʠ ʩʦ ʩʪʨʦʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [154-156]. ʉ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʣʠʯʠʝ 

ʛʠʩʪʝʨʝʟʠʩʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʘʣʠʯʠʝʤ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦ-

ʷʥʠʷʤʠ. ʉʦ ʩʪʨʫʢʪʫʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʣʠʙʦ ʩ ʧʦʣʠ-

ʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʬʘʟʳ, ʣʠʙʦ ʩ ʩʝʪʴʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ. 

ʉʠʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʜʥʦʤ 

ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʦʤ ʮʝʥʪʨʝ, ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʦ ʚʩʝʡ ʩʪʨʫʢʪʫʨʝ ʙʣʘʛʦʜʘʨʷ ʝʸ ʧʦʣʠʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʠʣʠ ʩʠʩʪʝʤʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʦʧʝʨʘʪʠʚʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ ʠ ʧʦʷʚʣʝʥʠʶ ʨʝʟʢʠʭ ʩʧʠʥʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʘʷ 

ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʵʣʘʩʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʩʧʠʥʦʚʦʧʝʨʝʭʦʜʥʳʤʠ 

ʮʝʥʪʨʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷ-

ʥʠʷʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʍʦʪʷ ʤʦʜʝʣʴ ʉʣʠʭʪʝʨʘ-

ɼʨʠʢʘʤʝʨʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʧʘ-

ʨʘʤʝʪʨʝ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʠ [218], ʦʥʘ ʥʝ ʜʘʸʪ ʘʜʝʢʚʘʪʥʦʡ ʚʳʩʦʪʳ ʵʪʦʛʦ ʙʘʨʴʝʨʘ [154]. ɺ ʩʚʝʪʝ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʚʳʩʦ-

ʪʳ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʩʧʠʥʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʤʳ ʜʝʣʘʝʤ ʧʦʧʳʪʢʫ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʥʘ ʧʨʠʤʝʨʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʢʣʘʩʩʦʚ ʦʜʥʦʷʜʝʨʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘ-

ʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʪʨʘʪʝʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ (1) 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʟʘʤʝʥʦʡ ʦʜʥʦʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʩʪʦʚʘ ʥʘ ʜʨʫʛʦʡ, (2) ʤʦʜʠʬʠʢʘʮʠʝʡ ʣʠʛʘʥʜʥʦʛʦ 

ʦʩʪʦʚʘ, (3) ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʘ ʭʝʣʘʪʥʦʛʦ ʮʠʢʣʘ, (4) ʩʠʥʪʝʟʦʤ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʟʦʤʝʨʥʳʤʠ 

N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, (5) ʧʦʠʩʢʦʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʢʦʤʧʣʝʢʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʠ (6) ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʣʠʷ-

ʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ɼʣʷ ʨʝ-

ʰʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ (1) 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʠʥʝʪʠʢʠ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, (2) 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʠʥʝʪʠʢʠ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

(3) ʦʮʝʥʢʦʡ ʚʨʝʤʸʥ ʞʠʟʥʠ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʠʣʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʣʶʯʝ-

ʥʠʷ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʝʪʣʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, (4) ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʪʨʫʢ-

ʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʚʷʟʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʣʝʢʩʦʚ ʠ (5) ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ.  
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 

2.1. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ  

 

2.1.1. ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ  

ʀʩʭʦʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʪʫʧʘʣʠ ʩʦʣʠ ʤʝʪʘʣʣʦʚ (ʢʚʘʣʠ-

ʬʠʢʘʮʠʷ ʥʝ ʥʠʞʝ ñʭʯò). ʆʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʥʪʝ-

ʟʠʨʦʚʘʣʠ ʩʦʪʨʫʜʥʠʢʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ 

ʉʆ ʈɸʅ (ʘʟʦʣʠʣʘʟʠʥʳ ï ɺ.ʇ. ʂʨʠʚʦʧʘʣʦʚ, ɽ.ɹ. ʅʠʢʦʣʘʝʥʢʦʚʘ, ʆ.ʇ. ʐʢʫʨʢʦ, ɹ.ɸ. ʉʝʣʠʚʘ-

ʥʦʚ, ɸ.ʗ. ʊʠʭʦʥʦʚ), ʀʨʢʫʪʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ (ʧʨʦʠʟʚʦʜʥʳʝ 1,2,4-

ʪʨʠʘʟʦʣʘ ï ʃ.ʀ. ɺʝʨʝʱʘʛʠʥ, ɺ.ʅ. ɽʣʦʭʠʥʘ), ʠ ʘʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʠ (ʛʝʢʩʘ- ʠ ʪʝʪʨʘʜʝʥʪʘʪʥʳʝ 

ʣʠʛʘʥʜʳ). ʍʘʨʘʢʪʝʨʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ CHN-ʘʥʘʣʠʟ, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ (
1
H, 

13
C), ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʀʂ- ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʶ ʠ ʜʨʫʛʠʝ.    

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, ʤʝʜʠ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦ-

ʜʳ: (ʘ) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʣʠ ʤʝʪʘʣʣʘ ʠ ʣʠʛʘʥʜʘ ʚ ʨʘʩʪʚʦʨʝ; (ʙ) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝ-

ʪʘʣʣʘ ʠ ʩʦʣʠ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ; (ʚ) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʣʘ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʣʠʛʘʥʜʘ ʚ ʨʘʩʪʚʦʨʝ; (ʛ) ʈʝʘʢʮʠʠ ʩʘʤʦʦʢʠʩʣʝʥʠʷ/ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ; (ʜ) ɺʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʚ ʘʤʧʫʣʘʭ. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ ʧʨʠʚʦ-

ʜʷʪʩʷ ʥʠʞʝ. ʇʨʦʚʝʨʷʣʘʩʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʭ ʧʦʣʠʤʦʨʬʥʳʭ/ʩʦʣʴʚʘʪʦʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ.   

ʍʘʨʘʢʪʝʨʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʢ CHN-

ʘʥʘʣʠʟ, ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (
1
H, ʢʦʤʧʣʝʢʩʳ 

ʮʠʥʢʘ(II) ʠ ʤʝʜʠ(I)), ʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II), ʠʩʪʦʯʥʠʢ 
57

Co(Rh), ʟʥʘʯʝʥʠʷ ʭʠʤʩʜʚʠʛʦʚ ʦʧʨʝʜʝʣʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ Ŭ-Fe), ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʤʘʛʥʝʪʦʭʠʤʠʷ (ʢʦʤʧʣʝʢʩʳ 

ʤʝʜʠ(II) ʠ ʤʝʜʠ(I,II)), ʀʂ- ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ɸʥʘʣʠʟ ʀʂ-ʩʧʝʢʪʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʩʨʝʜʥʝʡ ʠ ʜʘʣʴʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʣ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʣʝʢʫʣ ʘʟʘʘʨʦʤʘʪʠʯʝ-

ʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʘʥʠʦʥʦʚ. ɺʳʚʦʜʳ ʦ ʥʘʣʠʯʠʠ ʠ ʩʦʜʝʨʞʘʥʠʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ 

ʪʚʸʨʜʳʭ ʬʘʟ ʢʦʤʧʣʝʢʩʦʚ ʜʝʣʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʠ ʤʘʩ-

ʩʳ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ ʚʘʢʫʫʤʝ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙ-

ʨʘʟʮʦʚ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʩʠʤʫʣʠʨʦʚʘʥʥʳʭ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʠʬʨʘʢʪʦʛʨʘʤʤ. ɼʘʥʥʳʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʦʩʪʘʣʴʥʳʝ ʜʘʥ-

ʥʳʝ, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʦʙʩʫʞʜʝ-

ʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ.  

 

2.1.2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʄʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʪʚʸʨʜʳʭ ʬʘʟ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ ʙʠ- ʠ ʪʨʠʜʝʥʪʘʪʥʳ-

ʤʠ ʣʠʛʘʥʜʘʤʠ ʠʟʤʝʨʷʣʠ ʥʘ ʚʝʩʘʭ ʌʘʨʘʜʝʷ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʪ 5.8 ʜʦ 10.9 ʢʕ. ʄʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʦʙʨʘʟʮʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʦʪ-

ʩʫʪʩʪʚʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ. ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ ʤʘʣʝʥʴʢʠʝ 
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(150 ʤʢʣ) ʪʦʥʢʦʩʪʝʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʘʤʧʫʣʳ, ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʠʟʤʝʨʷʣʠ. ʀʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦ-

ʩʪʠ ʥʘ ʵʪʦʤ ʤʘʛʥʝʪʦʤʝʪʨʝ, ʩʦʩʪʘʚʣʷʣ 80 ï 500 K. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʚʦʜʠʣʠ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʣʠʷ (5 ʤʤ ʨʪ. ʩʪ.). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʤʧʫʣʳ ʩ ʦʙʨʘʟʮʘʤʠ ʟʘʧʘʠʚʘʣʠ. ɹ·ʣʴ-

ʰʘʷ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʚʝʩʘʭ ʌʘʨʘʜʝʷ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʧʦʣʥʝʥʘ ʝʸ ʘʚʪʦʨʦʤ ʄ.ɹ. ɹʫʰʫʝʚʳʤ, ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʧʦʣʥʠʣʠ 

ɺ.ɸ. ɼʘʣʝʮʢʠʡ, ʖ.ɻ. ʐʚʝʜʝʥʢʦʚ, ɺ.ʅ. ʀʢʦʨʩʢʠʡ ʠ ɸ.ʖ. ɸʥʜʨʝʝʚʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʫʩʪʘʥʦʚʢʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ɺ.ʅ. ʀʢʦʨʩʢʠʡ, ɺ.ɸ. ɼʘʣʝʮʢʠʡ ʠ ɽ.ɺ. ʂʦʨʦʪʘʝʚ. ʕʢʩ-

ʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ 4ʅ-

1,2,4-ʪʨʠʘʟʦʣʘʤʠ ʚʳʧʦʣʥʷʣʠ ʥʘ SQUID-ʤʘʛʥʝʪʦʤʝʪʨʝ MPMSXL Quantum Design ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 5 ï 300 K (ʖ.ɻ. ʐʚʝʜʝʥʢʦʚ, ɺ.ʅ. ʀʢʦʨʩʢʠʡ). ʄʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢʦʤ-

ʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ ʪʝʪʨʘ- ʠ ʛʝʢʩʘʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠʟʤʝʨʷʣʠ ʥʘ ʤʘʛʥʝʪʦʤʝʪʨʝ Manics 

DSM-10 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 15 ï 500 K  (ʄ.ɹ. ɹʫʰʫʝʚ). ʄʦʣʷʨʥʫʶ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤ-

ʯʠʚʦʩʪʴ ʦʙʨʘʟʮʦʚ (ɢM) ʚʳʯʠʩʣʷʣʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚʦ ʚʥʠʤʘʥʠʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ʘʤʧʫʣʳ; ʜʠʘʤʘʛʥʠʪʥʳʝ ʧʦʧʨʘʚʢʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʥʦʩʠʣʠ ʧʦ ʩʭʝʤʝ ʇʘʩʢʘʣʷ. ʕʬʬʝʢʪʠʚʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ ɛɻʬ å (8ɢMT)
1/2
. ʂʘʣʠʙʨʦʚʢʫ ʤʘʛʥʝʪʦʤʝʪʨʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʧʦ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ Hg[Co(NCS)4]. ɼʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ/ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʥʘ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠʚʦ-

ʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʠʥʝʪʠʢʫ ʧʝʨʝʭʦʜʘ ʠʟ ʥʠʟʢʦʩʧʠ-

ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝ-

ʞʠʤʘʭ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʘʥʘʣʠʟ ʧʨʠʚʦ-

ʜʷʪʩʷ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.   

ʄʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʕʚʘʥʩʘ (
1
H ʗʄʈ, ʩʧʝʢʪʨʦʤʝʪʨ Bruker Avance 600, 600.30 MHz) 

(ʅ.ɸ. ʇʣʝʰʢʦʚʘ, ɺ.ʀ. ʄʘʤʘʪʶʢ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʘʤʧʫʣʘʭ ʜʣʷ ʗʄʈ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ (~1 ʤʢʤʦʣʴ/ʤʣ, V = 1 ʤʣ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʩ ʚʥʫʪʨʝʥʥʝʡ ʚʩʪʘʚʥʦʡ ʪʨʫʙʢʦʡ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʩʷ ʪʦʪ ʞʝ ʩʘʤʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩ 

ʪʝʤ ʞʝ ʩʘʤʳʤ ʩʪʘʥʜʘʨʪʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ D2O, CD3CN ʠ (CD3)2CO ʩ 

ʠʥʝʨʪʥʳʤ ʩʪʘʥʜʘʨʪʦʤ (0.03 % TMS ʜʣʷ CD3CN ʠ (CD3)2CO, 0.03 % t-BuOH ʜʣʷ D2O). ʀʟʤʝʨʷ-

ʣʠ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʩʜʚʠʛʘʤʠ (Hz) TMS ʠʣʠ t-BuOH ʩʥʘʨʫʞʠ ʠ ʠʟʥʫʪʨʠ ʚʩʪʘʚʥʦʡ ʪʨʫʙʢʠ ʠ ʨʘʩ-

ʩʯʠʪʳʚʘʣʠ ʤʘʩʩʦʚʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ (ɢmass, ʩʤ
3
/ʛ), 

… …
σɝὪ

τ“Ὢά
ȟ 

ʛʜʝ ɢ0 ï ʤʘʩʩʦʚʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʩʤ
3
/ʛ), ȹf ï ʥʘʙʣʶʜʘʝʤʳʡ ʩʜʚʠʛ ʯʘʩʪʦʪʳ 

ʩʪʘʥʜʘʨʪʘ (Hz), f ï ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʦʤʝʪʨʘ (Hz), m ï ʤʘʩʩʘ ʢʦʤʧʣʝʢʩʘ ʥʘ 1 ʩʤ
3
 ʨʘʩʪʚʦʨʘ. ʄʦʣʷʨ-

ʥʳʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ ɢM = Mɢmass, ʛʜʝ M ï ʤʦʣʷʨʥʘʷ 

ʤʘʩʩʘ ʢʦʤʧʣʝʢʩʘ, ʜʠʘʤʘʛʥʠʪʥʳʝ ʧʦʧʨʘʚʢʠ ʚʥʦʩʠʣʠ ʧʦ ʩʭʝʤʝ ʇʘʩʢʘʣʷ.  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʩʢʘʥʠʨʫ-

ʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ NETZSCH DSC 204 F1 Phoenix ʚ ʟʘʢʨʳʪʳʭ ʠ ʦʪʢʨʳʪʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʪʠʛʣʷʭ (ɼ.ʇ. ʇʠʱʫʨ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ-

ʥʠʷ/ʦʭʣʘʞʜʝʥʠʷ 6, 9, 12 K ʤʠʥ
ï1

 ʚ ʪʦʢʝ ʘʨʛʦʥʘ (25 ʤʣ ʤʠʥ
ï1
). ʂʘʣʠʙʨʦʚʢʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʝʥʩʦʨʦʚ ʜʝʨʞʘʪʝʣʝʡ ʦʙʨʘʟʮʘ ʠ ʛʨʘʜʫʠʨʦʚʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʰʢʘʣʳ ʚʳʧʦʣʥʷʣʠ ʧʦ ʧʣʘʚʣʝʥʠʶ 

(Hg, Ga, ʉ10ʅ8, C6H5ʉʆʆʅ, KNO3, In, Sn) ʠ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ ʪʚʸʨʜʦʝ/ʪʚʸʨʜʦʝ (C6H12 ʠ 
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C10H16). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʠʢʘ ɼʉʂ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Netzsch Proteus Analysis.  

ʀʟʦʙʘʨʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) (ʉʨ) ʠʟʤʝʨʷʣʠ ʠʤʧʫʣʴʩʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2 ʜʦ 350K ʚ ʚʘʢʫʫʤʥʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʩ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠʤ ʚʚʦʜʦʤ ʪʝʧʣʘ (ɼ.ʇ. ʇʠʱʫʨ, ɻ.ɸ. ɹʝʨʝʟʦʚʩʢʠʡ). ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʘʤʧʫʣʘ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʥʠʢʝʣʷ; ʧʦʣʝʟʥʳʡ ʦʙʲʝʤ ʘʤʧʫʣʳ ï 6 ʩʤ
3
, ʤʘʩʩʘ ʘʤʧʫʣʳ ï 22.4 ʛ. ʊʝʤ-

ʧʝʨʘʪʫʨʫ ʠʟʤʝʨʷʣʠ ʧʣʘʪʠʥʦʚʳʤ ʪʝʨʤʦʤʝʪʨʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʊʉʇʅ-4 (Ro = 50 ʘʙʩ. ʆʤ), ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʣʷʨʥʦʡ 

ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ ʉʨ = [(Q/Dʊ) ï

 Cʧʫʩʪ] Ŀ ʄ/m ʠ ʦʪʥʦʩʠʣʠ ʝʛʦ ʢ ʩʝʨʝʜʠʥʝ ʠʥʪʝʨʚʘʣʘ ʊʩʨʝʜ = (ʊ1 + ʊ2)/2  (Q ï ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʧʦ-

ʜʘʥʥʘʷ ʚ ʘʤʧʫʣʫ, Dʊ = ʊ2 ï ʊ1, ʉʧʫʩʪ - ʪʝʧʣʦʝʤʢʦʩʪʴ ʘʤʧʫʣʳ ʙʝʟ ʚʝʱʝʩʪʚʘ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ, ʄ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, m ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ). ʉʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʩʛʣʘʞʝʥʥʦʡ ʢʨʠʚʦʡ ʜʣʷ ʧʫʩʪʦʡ ʘʤʧʫʣʳ ʩʦʩʪʘʚʣʷʝʪ 0.1 % ʚ ʠʥʪʝʨʚʘ-

ʣʝ 80 ï 350K. ʂʦʥʪʨʦʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ï ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʧʦʢʘʟʘʣʠ ʭʦ-

ʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʜʘʥʥʳʤʠ.  

 

2.1.3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ, ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ ʠ ʟʘʧʠʩʠ ʢʠʥʝʪʠʢʠ ʬʦʪʦʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II), ʤʝʜʠ(I) ʠ ʩʚʦʙʦʜʥʳʭ ʣʠ-

ʛʘʥʜʦʚ ʧʦʤʝʱʘʣʠ ʤʝʞʜʫ ʢʚʘʨʮʝʚʳʤʠ ʩʪʸʢʣʘʤʠ.  

ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Fluorolog 3 ʬʠʨʤʳ 

Horiba Jobin Yvon (ʀʅʍ ʉʆ ʈɸʅ), ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʙʝʟʦʟʦʥʦʚʦʡ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ 450 W ʥʝ-

ʧʨʝʨʳʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʤʧʫʣʴʩʥʦʡ ʙʝʟʦʟʦʥʦʚʦʡ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ 50 W, ʦʭʣʘʞʜʘʝʤʳʤ ʤʦ-

ʜʫʣʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʦʚ PC177CE-010 ʩ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʤ ʫʤʥʦʞʠʪʝʣʝʤ R2658, ʜʚʦʡʥʳʤʠ 

ʤʦʥʦʭʨʦʤʘʪʦʨʘʤʠ ʠʩʪʦʯʥʠʢʘ ʠ ʜʝʪʝʢʪʦʨʘ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦ ʩʭʝʤʝ ʏʝʨʥʠ-ʊʝʨʥʝʨʘ. ɸʙʩʦʣʶʪ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠ-

ʨʫʶʱʝʡ ʩʬʝʨʳ Quanta-ű ʬʠʨʤʳ Horiba Jobin Yvon (ɸ.ʉ. ɹʝʨʸʟʠʥ, ʄ.ʀ. ʈʘʭʤʘʥʦʚʘ). ʀʩʩʣʝʜʦ-

ʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʨʫʨʘʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʩʪʘʚʢʠ 

OptistatDN ʬʠʨʤʳ Oxford Instruments (ʀʅʍ ʉʆ ʈɸʅ). ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷ-

ʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʥʦʩʝʢʫʥʜʳ-ʜʝʩʷʪʢʠ ʤʠʢʨʦʩʝʢʫʥʜ ʟʘʧʠʩʳʚʘʣʠ ʧʦ ʧʨʠʥʮʠʧʫ çʩʪʘʨʪ-ʩʪʦʧè ʤʝ-

ʪʦʜʠʢʠ (Time-correlated single photon counting, TCSPC) ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Fluorolog 3, ʦʙʦʨʫʜʦ-

ʚʘʥʥʦʤ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ NanoLED ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ NanoLED-C2. ɸʥʘʣʠʟ ʢʠʥʝʪʠʯʝ-

ʩʢʠʭ ʢʨʠʚʳʭ TCSPC ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ DAS6 

Analysis. 

ʆʮʝʥʢʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [CuL
14

(PPh3)Hal] (L
14 

= 4-(3,5-

ʜʠʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-6-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥ, Hal = Cl, Br, I) ʧʦʣʫʯʘʣʠ ʩʨʘʚʥʝʥʠ-

ʝʤ ʠʭ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦ ʩʧʝʢʪʨʦʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʥʪʨʘʮʝʥʘ ʚ ʨʘʩʪʚʦʨʘʭ 

ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʘʥʪʨʘʮʝʥʘ 0.93 ʚ ʪʚʸʨʜʦʤ ʩʦ-

ʩʪʦʷʥʠʠ). ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ʚ ʭʣʦʨʠʩʪʦʤ 

ʤʝʪʠʣʝʥʝ ʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ 

FLS920 (Edinburg Instruments) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ɺ.ʌ. ʇʣʶʩʥʠʥ, ɸ.ʉ. ʂʫʧʨʷʢʦʚ). 

ʉʧʝʢʪʨʳ ʠ ʢʠʥʝʪʠʢʫ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʛʦʪʦʚ-

ʣʝʥʳ ʨʘʩʪʠʨʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʨʦʰʦʢ ʤʝʞʜʫ ʜʚʫʤʷ ʢʚʘʨʮʝʚʳʤʠ ʩʪʸʢʣʘʤʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʪʦʥʢʠʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʤʝʞʜʫ ʩʪʸʢʣʘʤʠ ʧʦʤʝʱʘʣʠ ʧʦʜ ʫʛʣʦʤ 45 ̄ʢ ʚʦʟʙʫʞʜʘʶʱʝʤʫ ʣʫʯʫ ʩʚʝʪʘ. 
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ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʘʷ ʢʶʚʝ-

ʪʘ (1 ʩʤ) ʠ ʩʧʝʢʪʨʘʣʴʥʦ ʯʠʩʪʳʡ ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʜʣʷ ʚʦʟʙʫʞ-

ʜʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʤʝʥʷʣʘʩʴ ʢʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ Xe900. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʢʠʥʝʪʠʢʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʣʘʟʝʨʥʳʡ ʜʠʦʜ EPLED-320 

(ɚexc = 320 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 600 ʧʩ) ʠ ʜʠʦʜʥʳʡ ʣʘʟʝʨ EPL-375 (ɚexc = 375 ʥʤ, ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 60 ʧʩ). ʂʠʥʝʪʠʢʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʘ ʦʧʠʩʘʥʘ ʜʚʫʭʵʢʩʧʦʥʝʥʮʠʘʣʴ-

ʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ FLS920 ʠʣʠ FAST (Edinburg Instruments). ʆʧ-

ʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ HP 8453 

(Agilent Technologies).  

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢ-

ʪʨʦʤʝʪʨʝ Cary Eclipse (Varian) ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʄ. ʀ. ʈʘʭʤʘʥʦʚʘ). ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ 300 ʠ 80 K ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʦʬʦ-

ʪʦʤʝʪʨʝ ɼʌʉ-24, ɚexc = 313 ʥʤ. 

 

2.2. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ ʛʝʢʩʘ-, ʪʝʪʨʘ- ʠ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʬʘʟ ʢʦʤ-

ʧʣʝʢʩʘ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ(II) ʩ 4-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʦʤ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ (ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʭʣʦʨʠʜʘ ʠ ʙʨʦʤʠʜʘ ʤʝʜʠ(I) ʠ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʣʦʨʠʜʘ ʤʝʜʠ(I,II)) ʧʨʦʚʦ-

ʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ ʣʠʙʦ ʧʨʦʜʫʚʘʷ ʘʨʛʦʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʨʝ-

ʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʜʝʘʵʨʠʨʦʚʘʣʠ. ʆʙʦʟʥʘʯʝʥʠʷ ʣʠʛʘʥʜʦʚ ʚ ʤʝʪʦʜʠʢʘʭ ʩʠʥʪʝʟʘ ʠ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʧʨʠʥʷʪʦʡ ʘʚʪʦʨʦʤ ʩʠʩʪʝʤʝ ʦʙʦʟʥʘʯʝʥʠʡ (ʈʠʩ. 76-84).  

 

2.2.1. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ ʤʝʜʠ(I) ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʠ ʙʠʩ-ʙʠʜʝʥʪʘʪʥʳʤʠ ʧʠʨʘʟʦʣʠʣʧʠ-

ʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

 

 
ʈʠʩ. 76. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ L
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[CuL
2
Cl2] (ʤʦʜʠʬʠʢʘʮʠʷ G). ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L

2
 (1 ʤʤʦʣʴ) ʚ 15 ʤʣ 2-ʧʨʦʧʘʥʦʣʘ ʧʨʠ-

ʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (1 ʤʤʦʣʴ) ʚ 5 ʤʣ 2-ʧʨʦʧʘʥʦʣʘ. 

ɿʝʣʝʥʦʚʘʪʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʯʝʨʝʟ 1 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 
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ʥʘʛʨʝʚʘʥʠʠ 2 ʯ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʠʙʘʚʣʷʣʠ ʢ ʥʝʤʫ 2-ʧʨʦʧʘʥʦʣ (5 ʤʣ) ʠ ʧʝʨʝʤʝʰʠʚʘ-

ʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʘ ʬʠʣʴʪʨʝ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ 2-ʧʨʦʧʘʥʦʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 65 %. ɼʣʷ C16H16N4Cl2Cu ʥʘʡʜʝʥʦ 

(ʚʳʯʠʩʣʝʥʦ): C 48.4 (48.2), H 4.1 (4.0), N 14.1 (14.0), Cu 15.6 (15.9)%. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2]. ʅʝʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʦʨʦʰʢʘ ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2] (ʤʦʜʠʬʠʢʘʮʠʷ G) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ 2-ʧʨʦʧʘʥʦʣʘ 

ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (2 : 1) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʤʳ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʟʝʣʸʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣ-

ʣʦʚ (G). ɺ ʪʝʯʝʥʠʝ 24 ʯ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʚʦʨʷʣʠʩʴ, ʠ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʬʘʟʳ ï 

ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (EG), ʟʘ ʧʦʷʚʣʝʥʠʝʤ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʧʦʷʚʣʝ-

ʥʠʝ ʪʨʝʪʴʝʡ ʬʘʟʳ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ï ʦʨʘʥʞʝʚʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (O). ʂʨʠ-

ʩʪʘʣʣʠʟʘʮʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ G ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙ-

ʥʘʨʫʞʠʣʘ ʟʘʤʝʪʥʦ ʠʥʫʶ ʢʠʥʝʪʠʢʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʤʦʜʠʬʠʢʘʮʠʷ 

2G ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʝʨʚʦʡ, ʟʘʪʝʤ, ʯʝʨʝʟ 12 ʯ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʯʘʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʨʘʥʞʝʚʦʛʦ 

ʧʦʣʠʤʦʨʬʘ O, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʯʝʨʝʟ 2ï3 ʩʫʪʦʢ. ʆʥʠ ʫʩʪʦʡʯʠʚʳ 

ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʭʦʞʜʝʥʠʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʬʠʢʩʠʨʫʝʪ-

ʩʷ ʤʝʜʣʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʤʦʨʬʘ EG. 

[CuL
2
Br2], [CuL

2
(1-x)L

2
'xBr2] ʠ [CuL

2
(1-x)L

2
'xBr] 2. ʂ ʨʘʩʪʚʦʨʫ 0.11 ʛ (0.5 ʤʤʦʣʷ) CuBr2 ʚ 3 

ʤʣ EtOH ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʩʫʩʧʝʥʟʠʶ 0.12 ʛ (0.5 ʤʤʦʣʷ) L
2
 ʚ 7 ʤʣ 

EtOH. ʂʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ ʚʳʧʘʜʘʣ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦ-

ʨʦʚ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH, ʚʳʩʫ-

ʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.16 ʛ (66 %). ʅʘʡʜʝʥʦ: C 38.6, H 3.3, N 11.2, Cu 12.6 %. ɼʣʷ 

C16H16N4Br2Cu ʚʳʯʠʩʣʝʥʦ: C 39.4, H 3.3, N 11.5, Cu 13.0 %. ʇʨʠ ʩʪʦʷʥʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ 

CuL
2
Br2 ʚ ʩʤʝʩʠ i-PrOHïMeCN (2 : 1) ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʬʘʟ CuL
2
(1-x)L

2
'xBr2, ʛʜʝ L

2
' = 4-(4-ʙʨʦʤ-3,5-ʜʠʤʝʪʠʣ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-6-ʤʝʪʠʣ-2-

ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ. ʉʪʨʫʢʪʫʨʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʯʝʨʝʟ 

ʩʫʪʢʠ (x = 0.015) ʠ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ (x = 0.076) ʧʦʩʣʝ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʠ ʜʘʣʴ-

ʥʝʡʰʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʳʧʘʜʘʶʪ ʦʨʘʥʞʝʚʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(I) ï ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ [CuL
2
(1-x)L

2
'xBr]2.  

[CuL
10

Cl2] ʠ [CuL
10

Br2]. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 0.5 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ 

ʤʝʜʠ(II) (0.09 ʛ CuCl2Ŀ2H2O ʠʣʠ 0.11 ʛ CuBr2) ʚ EtOH (5 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ L
10

 (0.5 

ʤʤʦʣʴ, 0.13 ʛ) ʚ EtOH (10 ʤʣ). ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʤʝʜʣʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʘ (ʞʸʣʪʳʡ 

[CuL
10

Cl2], ʢʦʨʠʯʥʝʚʳʡ [CuL
10

Br2]). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦ-

ʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ [CuL
10

Cl2]: 0.19 ʛ (90 %). ɺʳʯʠʩ-

ʣʝʥʦ ʜʣʷ C16H16Cl2CuN4: C, 48.2; H, 4.0; N, 14.0; Cu, 15.9. ʅʘʡʜʝʥʦ: C, 48.4; H, 4.1; N, 14.0; Cu, 

15.7 %. ɺʳʭʦʜ [CuL
10

Br2]: 0.21 ʛ (86 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C16H16Br2CuN4: C, 39.4; H, 3.3; N, 11.5; 

Cu, 13.0. ʅʘʡʜʝʥʦ: C, 39.5; H, 3.5; N, 11.7; Cu, 12.8 %.   

ʉʠʥʪʝʟ [CuL
5
Cl2] ʠ [CuL

5
Br2]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ 0.5 ʤʤʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ 

Cu(II) (0.09 ʛ CuCl2Ŀ2H2O ʠʣʠ 0.11 ʛ CuBr2) ʚ 5ï8 ʤʣ ʵʪʘʥʦʣʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ 

ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
5
 (0.23 ʛ, 0.5 ʤʤʦʣʷ,) ʚ 25 ʤʣ ʵʪʘʥʦʣʘ. ʂʨʘʩʥʦʚʘʪʦ-ʦʨʘʥʞʝʚʳʡ 

ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ [CuL
5
Cl2] ʚʳʧʘʜʘʣ ʯʝʨʝʟ 2ï3 ʤʠʥ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʘ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ [CuL
5
Br2] ï ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ L

5
 ʢ ʨʘʩʪʚʦʨʫ 

CuBr2. ʄʘʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʩ ʦʩʘʜʢʘʤʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 1.5 ʯ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ 

ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣ 5ï7 ʤʣ). ʆʩʘʜʢʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ʂ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʤʫ ʦʩʘʜʢʫ ʧʨʠ-
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ʙʘʚʣʷʣʠ 2ï3 ʤʣ ʵʪʘʥʦʣʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩʤʝʩʴ 0.5 ʯ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ, ʦʩʘʜʦʢ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ, ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ [CuL
5
Cl2]: 0.27 ʛ (92 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C31H22Cl2CuN4: C, 63.6; H, 3.8; N, 

9.6; Cu, 10.9. ʅʘʡʜʝʥʦ: C, 63.2; H, 3.8; N, 9.6; Cu, 10.9 %. ɺʳʭʦʜ [CuL
5
Br2] ï 0.28 ʛ (83 %). ɺr -

ʯʠʩʣʝʥʦ ʜʣʷ C31H22Br2CuN4: C, 55.3; H, 3.3; N, 8.3; Cu, 9.4. ʅʘʡʜʝʥʦ: C, 54.9; H, 3.3; N, 8.3; Cu, 

9.4 %. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ [CuL
5
Cl2] ʠ [CuL

5
Br2] ʧʦʣʫʯʘʣʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ 

ʩʤʝʩʠ CHCl3-MeCN (2 : 1) ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ.  

[CuL
5
(MeCN)Br]. ʂʦʤʧʣʝʢʩ [CuL

5
Br2] ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ CHCl3-MeCN (2 : 1) ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʟʘʢʨʳʪʳʡ ʙʶʢʩ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʦʙʨʘʟʦ-

ʚʳʚʘʣʠʩʴ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʚ ʪʝʯʝʥʠʝ 2ï3 ʩʫʪʦʢ ʨʘʩʪʚʦʨʷʣʠʩʴ, ʦʢʨʘʩʢʘ 

ʨʘʩʪʚʦʨʘ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʣʘʩʴ ʩ ʢʦʨʠʯʥʝʚʦʡ ʥʘ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʫʶ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 

3 ʩʫʪʦʢ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣʠ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ [CuL
5
(MeCN)Br], ʢʦʪʦʨʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦ-

ʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.  

[CuL
5
(MeCN)I ]. ʂʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʘʣʠ ʧʨʠ ʤʝʜʣʝʥ-

ʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ CuI (0.025 ʤʤʦʣʴ, 11.3 ʤʛ) ʠ L
5
 (0.025 ʤʤʦʣʴ, 

4.8 ʤʛ) ʚ ʩʤʝʩʠ CHCl3/MeCN (1 : 1, 3 ʤʣ). ʇʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ [CuL
5
(MeCN)I] ʧʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

[CuL
1
2]I . ʂ ʨʘʩʪʚʦʨʫ L

1
 (0.10 ʤʤʦʣʴ, 0.033 ʛ) ʚ ʩʤʝʩʠ MeCNïCH2Cl2 (1 : 1 ʧʦ ʦʙʲʝʤʫ, 4 

ʤʣ) ʧʨʠʙʘʚʠʣʠ ʨʘʩʪʚʦʨ CuI (0.050 ʤʤʦʣʴ, 0.010 ʛ) ʚ MeCN (2 ʤʣ). ʏʝʨʝʟ ʜʝʥʴ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʢʨʘʩʥʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʏʝʨʝʟ 5 ʜʥʝʡ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘ-

ʣʠ ʦʭʣʘʞʜʝʥʥʳʤ iPrOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.035 ʛ (83 %). ʅʘʡʜʝʥʦ, %: ʉ 60.3, 

H 4.3, N 13.6. ɼʣʷ C42H36N8ICu (843.2) ʚʳʯʠʩʣʝʥʦ, %: C 59.8, H 4.3, N 13.3. 

[CuL
1
2]2[Cu2I4]Ŀ2MeCN. ʂ ʨʘʩʪʚʦʨʫ L

1
 (0.050 ʤʤʦʣʴ, 0.016 ʛ) ʚ MeCN (3 ʤʣ) ʧʨʠʙʘʚʠʣʠ 

ʨʘʩʪʚʦʨ (0.050 ʤʤʦʣʴ, 0.010 ʛ) CuI ʚ MeCN (2 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʚʳʜʝʨ-

ʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʏʝʨʝʟ 2 ʜʥʷ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʘʩʥʳʭ ʨʦʤʙʠʯʝ-

ʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʳ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʝʱʸ 10 ʜʥʝʡ, ʟʘ-

ʪʝʤ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʦʭʣʘʞʜʝʥʥʳʤ iPrOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ 0.019 ʛ (71 %). ʅʘʡʜʝʥʦ, %: ʉ 49.6, H 3.7, N 11.5. ɼʣʷ C88H78N18I4Cu4 (2149.5) ʚʳʯʠʩʣʝ-

ʥʦ, %:C 49.2, H 3.7, N 11.7. 

Cu2L
4
Br4. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuBr2 (2 ʤʤʦʣʴ, 0.45 ʛ) ʚ 15 ʤʣ ʵʪʘʥʦʣʘ ʧʨʠ ʧʝʨʝʤʝʰʠ-

ʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʘ L
4
 (1 ʤʤʦʣʴ, 0.28 ʛ) ʚ 20 ʤʣ ʵʪʘʥʦʣʘ. 

ɺʳʧʘʜʘʣ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʦʙʲʝʤʥʳʡ ʦʩʘʜʦʢ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 

1.5 ʯ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫ-

ʭʝ. ɺʳʭʦʜ: 0.69 ʛ (96 %). ʅʘʡʜʝʥʦ, %: C 22.5, H 2.6, N 11.4, Cu 17.8. ɼʣʷ C14H14N6Br4Cu2 ʚr -

ʯʠʩʣʝʥʦ, %: ʉ 23.5, H 2.3, N 11.8, Cu 17.8. 

Cu2L
6
Cl4 ʠ Cu2L

6
Br4. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ 1.5 ʤʤʦʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ Cu(II) 

(0.26 ʛ CuCl2Ŀ2H2O, 0.34 ʛ CuBr2) ʚ 5ï8 ʤʣ ʵʪʘʥʦʣʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠʙʘʚʣʷʣʠ 

ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʘ L
6
 (0.5 ʤʤʦʣʴ, 0.20 ʛ) ʚ 25 ʤʣ ʵʪʘʥʦʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʧʘʜʝʥʠʶ 

ʦʩʘʜʢʘ (Cu2L
6
Cl4 ï ʙʝʞʝʚʳʡ, Cu2L

6
Br4 ï ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ). ʄʘʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʩ ʦʩʘʜʢʘʤʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ 2 ʯ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣ 8ï10 ʤʣ), ʦʩʘʜʢʠ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ Cu2L
6
Cl4: 0.29 ʛ (88 

%). ʅʘʡʜʝʥʦ, %: C 43.6, H 3.1, N 12.5, Cu 18.7. ɼʣʷ C24H20N6Cl4Cu2 ʚʳʯʠʩʣʝʥʦ, %: C 43.6, H 3.0, 

N 12.7, Cu 19.2. ɺʳʭʦʜ Cu2L
6
Br4: 0.40 ʛ (95 %). ʅʘʡʜʝʥʦ, %: C 34.5, H 1.9, N 10.1, Cu 15.0. ɼʣʷ 

C24H20N6Br4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 34.4, H 2.4, N 10.0, Cu 15.1. 
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2.2.2. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ ʤʝʜʠ(I,II ) ʩ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 
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[CuL
27

Cl2]Ŀ0.5H2O. ʄʝʪʦʜ 1. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
27

 (0.028 ʤʤʦʣʴ, 6.7 ʤʛ) ʚ EtOH (2 ʤʣ) 

ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.028 ʤʤʦʣʴ, 4.8 ʤʛ) ʚ EtOH (2 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ 

ʛʦʣʫʙʦʡ ʨʘʩʪʚʦʨ ʧʦʩʪʝʧʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʛʦʣʫʙʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (ʧʣʘʩʪʠʥʢʠ). ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ ʦʩʪʘʚʣʷʣʠ 

ʥʘ ʥʝʜʝʣʶ, ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʥʦʚʳʭ ʬʘʟ ʧʦ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʄʦʥʦ-

ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 7.6 ʤʛ 

(71 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C13H12Cl2CuN5O0.5: C, 41.0; H, 3.2; N, 18.4. ʅʘʡʜʝʥʦ: C, 41.0; H, 3.3; N, 

18.4 %. ʄʝʪʦʜ 2. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
27

 (0.020 ʤʤʦʣʴ, 4.7 ʤʛ) ʚ EtOH (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷ-

ʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.040 ʤʤʦʣʴ, 6.8 ʤʛ) ʚ EtOH (1 ʤʣ). ɿʝʣʸʥʳʡ ʨʘʩʪʚʦʨ, ʧʦʣʫʯʘʝʤʳʡ 

ʧʨʠ ʵʪʦʤ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʨʠ ʦʩʪʦʨʦʞʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 1 ʤʣ ʠ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʧʣʘʩʪʠʥʢʠ). ʄʘ-

ʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʜʚʝ ʥʝʜʝʣʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʥʦʚʳʭ 

ʬʘʟ ʧʦ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 4.3 ʤʛ (56 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C13H12Cl2CuN5O0.5:  C, 

41.0; H, 3.2; N, 18.4. ʅʘʡʜʝʥʦ: C, 40.9; H, 3.4; N, 18.3 %. 

[CuL
27

Cl2]. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
27

 (0.020 ʤʤʦʣʴ, 4.7 ʤʛ) ʚ EtOH (0.5 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦ-

ʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.080 ʤʤʦʣʴ, 13.6 ʤʛ) ʚ EtOH (0.5 ʤʣ). ʂ ʷʨʢʦ-ʟʝʣʸʥʦʤʫ ʨʘʩʪʚʦ-

ʨʫ, ʧʦʣʫʯʘʝʤʦʤʫ ʧʨʠ ʵʪʦʤ, ʧʨʠʙʘʚʣʷʣʠ CHCl3 (2 ʤʣ). ʈʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʨʠ ʦʩʪʦʨʦʞ-

ʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 1 ʤʣ ʠ ʧʦʚʪʦʨʥʦ ʧʨʠʙʘʚʣʷʣʠ CHCl3 (2 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʛʦʣʫʙʦʚʘʪʦ-

ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʜʚʝ ʥʝʜʝʣʠ, ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʥʦʚʳʭ ʬʘʟ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳ-

ʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 5.2 ʤʛ (70 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C13H11Cl2CuN5: C, 

42.0; H, 3.0; N, 18.8. ʅʘʡʜʝʥʦ: C, 42.0; H, 3.2; N, 18.8 %. 

[Cu7L
27

4Cl12][Cu 2Cl6]. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
27

 (0.020 ʤʤʦʣʴ, 4.7 ʤʛ) ʚ EtOH (1 ʤʣ) ʧʨʠʙʘʚ-

ʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.160 ʤʤʦʣʴ, 27.3 ʤʛ) ʚ EtOH (1 ʤʣ). ʅʝʤʝʜʣʝʥʥʦ ʦʙʨʘ-

ʟʦʚʳʚʘʣʩʷ ʪʸʤʥʦ-ʟʝʣʸʥʳʡ ʦʩʘʜʦʢ. ʂ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʣʷʣʠ CHCl3 (2 ʤʣ), ʯʪʦ ʧʨʠʚʦ-

ʜʠʣʦ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʦʩʘʜʢʘ. ʈʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʨʠ ʦʩʪʦʨʦʞʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 2 ʤʣ 

ʠ ʧʨʠʙʘʚʣʷʣʠ CHCl3 (2 ʤʣ). ʕʪʫ ʧʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʷʣʠ ʝʱʸ ʜʚʘʞʜʳ. ʇʦʣʫʯʝʥʥʳʡ ʠʟʫʤʨʫʜʥʦ-

ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʪʝʤʥʦ-ʟʝʣʸʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 7.6 ʤʛ (70 % ʧʦ L
27

). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C52H44Cl18Cu9N20: C, 28.9; H, 2.1; N, 13.0. ʅʘʡʜʝʥʦ: C, 29.1; H, 2.3; N, 13.0 %.  

[CuL
23

Cl2]. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
23

 (0.020 ʤʤʦʣʴ, 5.3 ʤʛ) ʚ EtOH (0.5 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦ-

ʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.020 ʤʤʦʣʴ, 3.4 ʤʛ) ʚ EtOH (0.5 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʛʦʣʫʙʦʚʘʪʦ-
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ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʸʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʈʘʩʪʚʦʨ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʯʝʪʳʨʝ ʜʥʷ, ʧʦʩʣʝ ʯʝʛʦ 

ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 4.6 ʤʛ (56 

%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C15H15Cl2CuN5: C, 45.1; H, 3.8; N, 17.5. ʅʘʡʜʝʥʦ: C, 45.1; H, 3.8; N, 17.6 %.  

[Cu2L
23

Cl4]. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
23

 (0.030 ʤʤʦʣʴ, 8.0 ʤʛ) ʚ EtOH (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦ-

ʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.060 ʤʤʦʣʴ, 10.2 ʤʛ) ʚ EtOH (1 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʠʟʫʤʨʫʜʥʦ-

ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

ʟʝʣʸʥʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘ-

ʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 8.0 ʤʛ (50 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C30H30Cl4Cu2N10: C, 33.7; H, 2.8; N, 13.1. 

ʅʘʡʜʝʥʦ: C, 33.5; H, 3.0; N, 13.0 %. 

[Cu4L
23

2Cl8]. ʄʝʪʦʜ 1. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
23

 (0.020 ʤʤʦʣʴ, 5.3 ʤʛ) ʚ EtOH (1 ʤʣ) ʧʨʠʙʘʚ-

ʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.040 ʤʤʦʣʴ, 6.8 ʤʛ) ʚ EtOH (1 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʠʟʫ-

ʤʨʫʜʥʦ-ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʧʦʷʚʣʝʥʠʶ ʟʝʣʸʥʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʤʘʪʦʯʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʚ ʪʝʯʝʥʠʝ 3ï4 ʜʥʝʡ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʚʦʨʷʣʠʩʴ ʠ ʧʦʷʚʣʷʣʘʩʴ ʥʦʚʘʷ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʘʷ ʬʘʟʘ ï ʪʸʤʥʦ-ʟʝʣʸʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳ-

ʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 8.2 ʤʛ (77 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C60H60Cl8Cu4N20: C, 33.7; H, 2.8; N, 13.1. ʅʘʡʜʝʥʦ: C, 33.3; H, 3.1; N, 13.0 %. ʄʝʪʦʜ 2. ɻʦʨʷʯʠʡ 

ʨʘʩʪʚʦʨ L
23

 (0.030 ʤʤʦʣʴ, 8.0 ʤʛ) ʚ EtOH (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O 

(0.060 ʤʤʦʣʴ, 10.2 ʤʛ) ʚ EtOH (1 ʤʣ). ʇʦʣʫʯʘʝʤʳʡ ʧʨʠ ʵʪʦʤ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜ-

ʣʝʥʥʦ ʫʧʘʨʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (T ~ 60 ÁC). ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʦʙʲʸʤʘ 2 ʤʣ ʧʦʷʚʣʷʣʠʩʴ ʪʸʤʥʦ-

ʟʝʣʸʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 12.5 ʤʛ (78 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C60H60Cl8Cu4N20: C, 

33.7; H, 2.8; N, 13.1. ʅʘʡʜʝʥʦ: C, 33.5; H, 3.0; N, 13.1 %. 

[CuL
36

Cl2]. ʄʝʪʦʜ A. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ L
36

 (0.020 ʤʤʦʣʴ, 5.3 ʤʛ) ʠ CuCl2Ŀ2H2O 

(0.020 ʤʤʦʣʴ, 3.4 ʤʛ) ʚ ʩʤʝʩʠ MeOH/H2O/DMF (3 ʤʣ/1 ʤʣ/0.3 ʤʣ) ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʘʪʤʦ-

ʩʬʝʨʦʡ. ʏʝʨʝʟ 2ï3 ʜʥʷ, ʢʦʛʜʘ ʦʙʲʸʤ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 3 ʤʣ, ʧʦʷʚʣʷʣʠʩʴ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʸʥʳʝ ʛʝʢ-

ʩʘʛʦʥʘʣʴʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ ʥʘ 

4ï5 ʜʥʝʡ (ʦʙʲʸʤ ʩʤʝʩʠ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 1 ʤʣ). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 5.0 ʤʛ (62 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C14H14CuCl2N6(%): C, 

42.0; H, 3.5; N, 21.0. ʅʘʡʜʝʥʦ: C, 42.2; H, 3.9; N, 20.8. ʄʝʪʦʜ B. ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʦʛʠʯʥʘ ʄʝʪʦʜʫ 

A ʩ ʢʦʣʠʯʝʩʪʚʘʤʠ ʨʝʘʛʝʥʪʦʚ 0.020 ʤʤʦʣʴ (5.3 ʤʛ) L
36

 ʠ 0.040 ʤʤʦʣʴ (6.8 ʤʛ) CuCl2Ŀ2H2O. ɺr-

ʭʦʜ: 5.5 ʤʛ (74 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C14H14CuCl2N6(%): C, 42.0; H, 3.5; N, 21.0. ʅʘʡʜʝʥʦ: C, 41.7; 

H, 3.7; N, 21.0. ʄʝʪʦʜ C. ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʦʛʠʯʥʘ ʄʝʪʦʜʫ A ʩ ʢʦʣʠʯʝʩʪʚʘʤʠ ʨʝʘʛʝʥʪʦʚ 0.020 

ʤʤʦʣʴ (5.3 ʤʛ) L
36

 ʠ 0.40 ʤʤʦʣʴ (68.2 ʤʛ) CuCl2Ŀ2H2O. ɺʳʭʦʜ: 6.1 ʤʛ (76 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C14H14CuCl2N6(%): C, 42.0; H, 3.5; N, 21.0. ʅʘʡʜʝʥʦ: C, 42.1; H, 3.5; N, 20.5. 

CuL
3
Cl2. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ ʣʠʛʘʥʜʘ L

3
 (1 ʤʤʦʣʴ, 0.28 ʛ) ʚ iPrOH (15 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʛʦ-

ʨʷʯʠʡ ʨʘʩʪʚʦʨ CuCl2Ŀ2H2O (1 ʤʤʦʣʴ, 0.17 ʛ) ʚ iPrOH (10 ʤʣ). ɿʝʣʸʥʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ ʚʳʧʘʜʘʣ 

ʯʝʨʝʟ 1 ʤʠʥ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 2 ʯ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ (ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣ 15 ʤʣ), ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0.37 ʛ (89 %). ʅʘʡʜʝʥʦ: Cu, 14.6; C, 

43.5; H, 4.5; N, 20.1 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ CuC15H18N6Cl2: Cu, 15.2; C, 43.2; H, 4.4; N, 20.2 %. 

[Cu2L
3
(OH2)Cl4]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (2.5 ʤʤʦʣʴ, 0.43 ʛ) ʚ EtOH (5 ʤʣ) ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʘ L
3
 (1 ʤʤʦʣʴ, 0.28 ʛ) ʚ EtOH 
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(15 ʤʣ). ɿʝʣʸʥʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ ʚʳʧʘʜʘʣ ʯʝʨʝʟ 5 ʤʠʥ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ. ʄʘʪʦʯ-

ʥʳʡ ʨʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 1.5 ʯ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚ-

ʣʷʣ 5ï7 ʤʣ), ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 

0.36 ʛ (63 %). ʅʘʡʜʝʥʦ: Cu, 21.6; C, 31.6; H, 3.5; N, 14.5 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ Cu2C15H20N6Cl4O: 

Cu, 22.3; C, 31.6; H, 3.5; N, 14.8 %. ʄʦʥʦʢʨʠʩʪʘʣʣʳ [Cu2L
3
(OH2)Cl4] ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

Cu2L
3
Cl4.  ʂʦʤʧʣʝʢʩ Cu2L

3
Cl4ĿH2O ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʊ = 140 ï 

150̄ ʉ 30 ʤʠʥ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʣʫʯʝʥʠʶ ʙʫʨʦʚʘʪʦ-

ʟʝʣʝʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Cu2L
3
Cl4. ʅʘʡʜʝʥʦ: Cu, 22.8; C, 32.6; H, 3.2; N, 15.2 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

Cu2C15H18N6Cl4: Cu, 23.1; C, 32.7; H, 3.3; N, 15.2 %.  

[Cu3L
3
Cl6]n. ʂʦʤʧʣʝʢʩ Cu2L

3
Cl4 ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʭʣʦʨʦʬʦʨʤ-ʘʮʝʪʦʥʠʪʨʠʣ (1 : 1) ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. ʏʝʨʝʟ ʩʫʪʢʠ ʧʦʣʫʯʘʣʠ ʢʨʠʩʪʘʣʣʳ [Cu3L
3
Cl6]n.   

[CuL
7
Cl2] ʠ [CuL

7
Cl2]ĿMeCN. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (1 ʤʤʦʣʴ, 0.17 ʛ) ʚ 3 ʤʣ 

ʵʪʘʥʦʣʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʘ L
7
 (1 ʤʤʦʣʴ, 0.34 

ʛ) ʚ 10 ʤʣ ʵʪʘʥʦʣʘ. ɿʝʣʸʥʳʡ ʦʩʘʜʦʢ ʚʳʧʘʜʘʣ ʯʝʨʝʟ 1 ʤʠʥ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ. ʄʘʪʦʯ-

ʥʳʡ ʨʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣ 

5 ʤʣ), ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0.43 ʛ (90 

%), ʥʘʡʜʝʥʦ, %: C 49.7, H 4.2, N 17.5 % ɼʣʷ C20H20N6Cl2Cu ʚʳʯʠʩʣʝʥʦ, %: C 50.2, H 4.2, N 17.6 

%. ʅʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʦʰʢʘ [CuL
7
Cl2] ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʘʮʝʪʦʥʠʪʨʠʣ-ʵʪʘʥʦʣ (1 : 1) 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɿʝʣʸʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ [CuL
7
Cl2]ĿMeCN ʧʦʣʫʯʘʣʠ ʯʝʨʝʟ 1-2 ʜʥʷ. 

[Cu2L
7
Cl3]ĿMeCN. ʂ ʨʘʩʪʚʦʨʫ [CuL

7
Cl2] (0.040 ʤʤʦʣʴ, 19.2 ʤʛ) ʚ ʩʤʝʩʠ MeCN/CH2Cl2 

(3 ʤʣ / 1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ CuCl (0.050 ʤʤʦʣʴ, 5.4 ʤʛ) ʚ 1 ʤʣ MeCN. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʩʪʘʥʦʚʠʣʩʷ ʷʨʢʦ-ʟʝʣʸʥʳʤ. ɿʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʯʝʨʝʟ ʥʝʜʝʣʶ. ʂʨʠʩʪʘʣʣʳ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 8.5 ʤʛ (34 %), ʥʘʡʜʝʥʦ, 

%: C 42.3, H 3.7, N 15.5 % ɼʣʷ C22H23N7Cl3Cu2 ʚʳʯʠʩʣʝʥʦ, %: C 42.7, H 3.8, N 15.8 %. 

[Cu4L
7
2Cl8] ʠ [Cu2L

7
Br4]n. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ Cu(II) (3 ʤʤʦʣʴ, 

0.51 ʛ CuCl2Ŀ2H2O, 0.67 ʛ CuBr2) ʚ 5 ʤʣ ʵʪʘʥʦʣʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠʙʘʚʣʷʣʠ ʛʦ-

ʨʷʯʠʡ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʘ L
7
 (0.5 ʤʤʦʣʴ, 0.17 ʛ) ʚ 10 ʤʣ ʵʪʘʥʦʣʘ. ʆʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ [Cu4L

7
2Cl8] 

(ʪʝʤʥʦ-ʟʝʣʝʥʳʡ) ʚʳʧʘʜʘʣ ʯʝʨʝʟ 2ï3 ʤʠʥʫʪʳ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ 

[Cu2L
7
Br4]n (ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ) ï ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʣʠʛʘʥʜʘ L

7
 ʢ ʨʘʩʪʚʦʨʫ 

CuBr2. ʄʘʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʩ ʦʩʘʜʢʘʤʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ 

ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣ 5ï7 ʤʣ), ʦʩʘʜʢʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʂ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʤʫ ʦʩʘʜʢʫ ʧʨʠʙʘʚʣʷʣʠ 2ï3 ʤʣ ʵʪʘʥʦʣʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 0.5 ʯ ʧʨʠ ʥʝʙʦʣʴ-

ʰʦʤ ʥʘʛʨʝʚʘʥʠʠ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʵʪʘʥʦʣʘ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ [Cu4L
7
2Cl8]: 0.25 ʛ (82 %), ʥʘʡʜʝʥʦ, %: C 39.2, H 

3.3, N 13.7, Cu 20.5 % ɼʣʷ C20H20N6Cl4Cu2 ʚʳʯʠʩʣʝʥʦ, %: C 39.2, H 3.3, N 13.7, Cu 20.7 %. ɺʳ-

ʭʦʜ [Cu2L
7
Br4]n: 0.30 ʛ (76 %). ʥʘʡʜʝʥʦ, %: C 30.9, H 2.1, N 11.1, Cu 15.7 %. ɼʣʷ C20H20N6Br4Cu2 

ʚʳʯʠʩʣʝʥʦ, %: C 30.4, H 2.5, N 10.6, Cu 16.1 %. ʄʦʥʦʢʨʠʩʪʘʣʣʳ [Cu4L
7
2Cl8] ʠ [Cu2L

7
Br4]n ʧʦʣʫ-

ʯʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʂʦʤʧʣʝʢʩ [Cu4L
7
2Cl8] ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʘʮʝʪʦʥʠʪʨʠʣ-ʵʪʘʥʦʣ (1 

: 1) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ (ʟʝʣʝʥʳʝ) ʧʦʣʫʯʘʣʠ ʯʝʨʝʟ 1ï2 ʜʥʷ. ʂʦʤʧʣʝʢʩ [Cu2L
7
Br4]n 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʭʣʦʨʦʬʦʨʤ-ʵʪʘʥʦʣ (1 : 1). ʂʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ [Cu2L
7
Br4]n ʧʦʣʫʯʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 1ï2 ʜʥʝʡ (ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ ʢʨʠʩʪʘʣʣʦʚ [CuL
7
Br2]ĿEtOH).  
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2.2.3. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(I), ʤʝʜʠ(I,II ) ʠ ʤʝʜʠ(II ) ʩ 4-(3,5-ʜʠʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-6-R-

ʧʠʨʠʤʠʜʠʥʘʤʠ 

 
ʈʠʩ. 78. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ L

14
, L

34
, L

33
. 

 

[CuL
14

2Cl]2[Cu2Cl6]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ā2H2O (0.50 ʤʤʦʣʴ, 85.0 ʤʛ) ʚ EtOH 

(1.5 ʤʣ) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
14

 (0.50 ʤʤʦʣʴ, 191 ʤʛ) ʚ EtOH 

(5 ʤʣ). ʈʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʪʸʤʥʦ-ʟʝʣʸʥʳʤ, ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʚʳʧʘʜʘʣ ʙʫʨʦ-ʟʝʣʸʥʳʡ ʦʩʘ-

ʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH, ʚʳ-

ʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 170 ʤʛ (66 %). ʅʘʡʜʝʥʦ, %: C 55.2, H 4.6, N 13.2, Cu 12.4; ʚʳʯʠʩ-

ʣʝʥʦ ʜʣʷ C24H23N5Cl2Cu, %: C 55.9, H 4.5, N 13.6, Cu 12.3. ɿʝʣʸʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 

[CuL
14

2Cl]2[Cu2Cl6] ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

[CuL
14

2Br]2[Cu2Br6]. ʈʘʩʪʚʦʨ L
14

 (0.15 ʤʤʦʣʴ, 57 ʤʛ) ʚ EtOH (6 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ CuBr2 (0.15 ʤʤʦʣʴ, 34 ʤʛ) ʚ EtOH (2 ʤʣ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ 

ʢʦʨʠʯʥʝʚʳʤ, ʚʳʧʘʜʘʣ ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ. ʀʟʙʳʪʦʢ EtOH ʦʪʜʫʚʘʣʠ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ (30 ʤʠʥ) 

ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʸʤʘ 1 ʤʣ. ʂʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH, ʚʳʩʫ-

ʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 80 ʤʛ (88 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H23Br2CuN5: C, 47.7; H, 3.8; N, 

11.6; Cu, 10.5. ʥʘʡʜʝʥʦ: C, 47.2; H, 4.1; N, 11.5; Cu, 10.3 %.  

[CuL
14

2Cl2]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ā2H2O (0.30 ʤʤʦʣʴ, 51.0 ʤʛ) ʚ  EtOH (2 ʤʣ) ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
14

 (0.60 ʤʤʦʣʴ, 229 ʤʛ) ʚ  EtOH (5 ʤʣ). ʅʘʙʣʶ-

ʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʩʚʝʪʣʦ-ʟʝʣʸʥʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ L
14

 ʨʘʩ-

ʪʚʦʨʷʣʩʷ ʠ ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ ʩʘʣʘʪʦʚʦʛʦ ʮʚʝʪʘ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ. ʆʩʘʜʦʢ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 210 ʤʛ (78 %). ʅʘʡʜʝʥʦ, %: 

C 63.8, H 5.2, N 15.4, Cu 7.1; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C48H46N10Cl2Cu, %: C 64.2, H 5.2, N 15.6, Cu 7.1. 

ɿʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ [CuL
14

2Cl2] ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ 

ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ MeCN/CH2Cl2 (1 : 1). 

[CuL
14

2Br2]. ʈʘʩʪʚʦʨ CuBr2 (0.075 ʤʤʦʣʴ, 16.6 ʤʛ) ʚ EtOH (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
14

 (0.15 ʤʤʦʣʴ, 57 ʤʛ) ʚ EtOH (4 ʤʣ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʪʸʤʥʦ-

ʟʝʣʸʥʳʤ, ʚʳʧʘʜʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʀʟʙʳʪʦʢ EtOH ʦʪʜʫʚʘʣʠ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ 

ʦʙʲʸʤʘ 1 ʤʣ. ɾʸʣʪʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 61 ʤʛ (82 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C48H46Br2CuN10: C, 58.5; H, 4.7; N, 14.2; Cu, 6.5. ʅʘʡʜʝʥʦ: 

C, 58.1; H, 4.6; N, 13.8; Cu, 6.5 %. ʄʦʥʦʢʨʠʩʪʘʣʣʳ [CuL
14

2Br2] ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ EtOH/CHCl3 (1 : 1). 

[Cu2L
14

2Cl3]ĿMeCN. ʈʘʩʪʚʦʨ CuCl (0.054 ʤʤʦʣʴ, 5.4 ʤʛ) ʚ MeCN (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ 

ʪʸʤʥʦ-ʟʝʣʸʥʦʤʫ ʨʘʩʪʚʦʨʫ [CuL
14

2Cl2] (0.036 ʤʤʦʣʴ, 32.6 ʤʛ) ʚ ʩʤʝʩʠ MeCN (2 ʤʣ) ʠ CHCl3 (2 

ʤʣ). ʎʚʝʪ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʷʨʢʠʤ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʤ. ʈʘʩʪʚʦʨ ʟʘʢʨʳʚʘʣʠ 

ʧʣʸʥʢʦʡ Parafilm. ʍʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʯʝʨʝʟ ʥʝʜʝʣʶ, ʠʭ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 21.3 ʤʛ (56 %). ʉʦʩʪʘʚ 

ʧʨʦʜʫʢʪʘ ï [Cu2L
14

2Cl3]ĿMeCN ï ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 
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[Cu2L
14

2Cl3]ĿCHCl 3. ʇʦʨʦʰʦʢ CuCl (0.038 ʤʤʦʣʴ, 3.7 ʤʛ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ ʢʦʤ-

ʧʣʝʢʩʘ [CuL
14

2Cl2] (0.038 ʤʤʦʣʴ, 33.8 ʤʛ) ʚ ʩʤʝʩʠ MeCN (2 ʤʣ) ʠ CHCl3 (3 ʤʣ). ʇʦ ʨʘʩʪʚʦʨʝʥʠʠ 

CuCl ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʷʨʢʠʤ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʤ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʚ ʨʘʩʪʚʦʨʝ ʦʙʥʘʨʫ-

ʞʠʚʘʣʘʩʴ ʤʫʪʴ, ʨʘʩʪʚʦʨ ʧʨʦʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʠʙʘʚʣʷʣʠ ʢ ʥʝʤʫ CuCl (2.0 ʤʛ) ʠ ʟʘʢʨʳʚʘʣʠ 

ʧʣʸʥʢʦʡ Parafilm. ʍʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʯʝʨʝʟ ʥʝʜʝʣʶ, ʠʭ ʦʪʬʠʣʴʪʨʦʚʳ-

ʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 11.2 ʤʛ (30 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C49H47Cl6Cu2N10: C, 52.7; H, 4.2; N, 12.6. ʅʘʡʜʝʥʦ: C, 53.0; H, 4.4; N, 12.8.  

[Cu2L
14

2Br3]ĿEtOH. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
14

 (0.15 ʤʤʦʣʴ, 57 ʤʛ) ʚ EtOH (4 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuBr2 (0.15 ʤʤʦʣʴ, 34 ʤʛ) ʚ EtOH (2 ʤʣ). ʏʝʨʝʟ 10 ʤʠʥ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ ʟʝʣʝʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ, ʠʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʫʧʘʨʠʚʘʥʠʝʤ, ʪʸʤʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴ-

ʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ. ɺʳʭʦʜ: 63 ʤʛ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C50H52Br3Cu2N10O: Cu, 10.8. ʅʘʡʜʝʥʦ: Cu, 10.7 %. ʊʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

[Cu2L
14

2Br3]ĿEtOH ʚʳʨʘʩʪʘʣʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ EtOH 

(ʩʦʩʪʘʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ). ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʦ-

ʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ CHCl3 ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

[Cu2L
14

2Br3]ĿCHCl3 (ʩʦʩʪʘʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ). 

[Cu2L
14

2Br3]ĿCHCl 3. ʄʝʪʦʜ 1. ʂʦʤʧʣʝʢʩ [CuL
14

2Br]2[Cu2Br6] ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ 

MeCN/CHCl3 (1 : 1). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʤ. ʊʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʯʝʨʝʟ 4 ʜʥʷ. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ï [Cu2L2Br3]ĿCHCl3 ï ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʄʝʪʦʜ 2. ʈʘʩʪʚʦʨ CuBr2 (0.15 ʤʤʦʣʴ, 34 ʤʛ) ʚ MeCN (5 

ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ L
14

 (0.15 ʤʤʦʣʴ, 57 ʤʛ) ʚ 3 ʤʣ ʩʤʝʩʠ MeCN/CHCl3 (2 : 1). ʎʚʝʪ ʠʪʦ-

ʛʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʣʩʷ ʧʨʠ ʵʪʦʤ ʜʦ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ. ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʫʤʝ-

ʨʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ 1 ʯ. ʇʨʠ ʥʘʯʘʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʧʨʠʙʘʚʣʷʣʠ CHCl3 (3 ʤʣ) ʠ ʨʘʩʪʚʦʨʷʣʠ 

ʝʛʦ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʣʠʩʴ ʪʸʤ-

ʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. ʀʭ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 55 ʤʛ (61 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C49H47Br3Cl3Cu2N10: C, 47.1; H, 3.8; N, 11.2. ʅʘʡʜʝʥʦ: 

C, 47.0; H, 3.9; N, 11.2. 

[CuL
14

Cl]. ʅʘʚʝʩʢʫ L
14

 (0.20 ʤʤʦʣʴ, 76 ʤʛ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ 

CuCl (0.20 ʤʤʦʣʴ, 20 ʤʛ) ʚ MeCN (2 ʤʣ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʞʸʣʪʳʤ, ʚʳʧʘʜʘʣ ʞʸʣʪʳʡ 

ʦʩʘʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 30 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 84 ʤʛ (87 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H23ClCuN5: C, 60.0; 

H, 4.8; N, 14.6; Cu, 13.2. ʅʘʡʜʝʥʦ: C, 59.5; H, 4.8; N, 14.3; Cu, 13.0 %.  ɾʸʣʪʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ [CuL
14

Cl] ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ CuCl ʠ 

L
14

 (1 : 1) ʚ ʩʤʝʩʠ MeCN/CHCl3/EtOH ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 

[CuL
14

Br]. ʇʦʨʦʰʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ CuBr2 (0.10 ʤʤʦʣʴ, 

22.3 ʤʛ) ʚ MeCN (3 ʤʛ). ʇʦʩʣʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʠʟʙʳʪʦʢ ʧʦʨʦʰʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ CuBr (0.2 ʤʤʦʣʴ, 29 ʤʛ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩ-

ʪʚʦʨʫ L
14

 (0.20 ʤʤʦʣʴ, 76 ʤʛ) ʚ MeCN (4 ʤʣ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʦʨʘʥʞʝʚʳʤ, ʚʳʧʘʜʘʣ 

ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 15 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦ-

ʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 83 ʤʛ (77 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H23BrCuN5: 

C, 54.9; H, 4.4; N, 13.3; Cu, 12.1. ʥʘʡʜʝʥʦ: C, 54.9; H, 4.5; N, 13.4; Cu, 11.8 %. ɾʸʣʪʳʝ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [CuL
14

Br] ʧʦʣʫʯʘʣʠ ʜʠʬʬʫʟʠʝʡ ʨʘʩʪʚʦʨʦʚ CuBr ʠ L
14

 ʚ MeCN ʥʘʚʩʪʨʝʯʫ 

ʜʨʫʛ ʜʨʫʛʫ ʯʝʨʝʟ ʩʣʦʡ CHCl3 ʚ U-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 
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[Cu2L
14

2I2]. ʈʘʩʪʚʦʨ CuI (0.17 ʤʤʦʣʴ, 33 ʤʛ) ʚ MeCN (15 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ 

ʨʘʩʪʚʦʨʫ L
14

 (0.17 ʤʤʦʣʴ, 66 ʤʛ) ʚ MeCN (7 ʤʣ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʷʨʢʦ-ʞʸʣʪʳʤ, ʚʳ-

ʧʘʜʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸ-

ʤʘ ʨʘʩʪʚʦʨʘ ʜʦ 1 ʤʣ. ɾʸʣʪʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN, ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 86 ʤʛ (87 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H23CuIN5: C, 50.4; H, 4.1; N, 12.2. ʅʘʡʜʝʥʦ: C, 

50.2; H, 4.1; N, 12.3. ɾʸʣʪʳʝ ʢʨʠʩʪʘʣʣʳ [Cu2L
14

2I2] ʧʦʣʫʯʘʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ MeCN. 

[CuL
14

(PPh3)Cl]. ɹʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ CuCl (0.10 ʤʤʦʣʴ, 9.9 ʤʛ) ʚ MeCN (2 ʤʣ) ʧʨʠʙʘʚ-

ʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
14

 (0.10 ʤʤʦʣʴ, 38.1 ʤʛ) ʚ MeCN (2 ʤʣ). ʎʚʝʪ 

ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʳʤ, ʞʸʣʪʳʡ ʦʩʘʜʦʢ ʚʳʧʘʜʘʣ ʯʝʨʝʟ 1 ï 2 ʤʠʥ. ʅʘʚʝʩʢʫ PPh3 

(0.10 ʤʤʦʣʴ, 26.2 ʤʛ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ. ʆʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʩʷ. ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʤʝ-

ʥʷʣʩʷ ʥʘ ʩʚʝʪʣʳʡ ʞʸʣʪʦ-ʟʝʣʸʥʳʡ. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ ʚʳʧʘʜʘʣ ʯʝʨʝʟ 10 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʂʦʛʜʘ ʦʙʲʸʤ ʩʤʝʩʠ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 1 ʤʣ, ʦʩʘʜʦʢ ʦʪʬʠʣɹ-

ʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 60.9 ʤʛ (75.0 %). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C42H38N5ClCuP: C, 67.9; H, 5.1; N, 9.4. ʅʘʡʜʝʥʦ: C, 67.6; H, 5.1; N, 9.5 %. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 

[CuL
14

(PPh3)Cl] ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. 

[CuL
14

(PPh3)Br ]. ʇʦʨʦʰʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩ-

ʪʚʦʨʫ CuBr2 (0.050 ʤʤʦʣʴ, 11.2 ʤʛ) ʚ MeCN (2 ʤʣ). ʇʦʩʣʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʧʦʨʦʰʦʢ 

ʤʝʜʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ CuBr (0.10 ʤʤʦʣʴ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩ-

ʪʚʦʨʫ L
14

 (0.10 ʤʤʦʣʴ, 38.1 ʤʛ) ʚ MeCN (3 ʤʣ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʦʨʘʥʞʝʚʳʤ, ʚʳʧʘʜʘʣ 

ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʅʘʚʝʩʢʫ PPh3 (0.10 ʤʤʦʣʴ, 26.2 ʤʛ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ. 

ʆʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʩʷ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʳʡ ʟʝʣʝʥʦʚʘʪʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʦʩʘ-

ʜʦʢ ʚʳʧʘʜʘʣ ʯʝʨʝʟ 10 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʂʦʛʜʘ ʦʙʲʸʤ 

ʩʤʝʩʠ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 1 ʤʣ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟ-

ʜʫʭʝ. ɺʳʭʦʜ: 67 ʤʛ (85.2 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C42H38N5BrCuP: C, 64.0; H, 4.9; N, 8.9. ʅʘʡʜʝʥʦ: C, 

63.7; H, 5.3; N, 8.9 %. ʄʦʥʦʢʨʠʩʪʘʣʣʳ [CuL
14

(PPh3)Br] ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʯʝʨʝʟ ʜʚʘ ʜʥʷ.   

[CuL
14

(PPh3)I ]. ʈʘʩʪʚʦʨ CuI (0.10 ʤʤʦʣʴ, 19 ʤʛ) ʚ MeCN (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ of L
14

 (0.10 ʤʤʦʣʴ, 38 ʤʛ) ʚ MeCN (2 ʤʣ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʷʨ-

ʢʦ-ʞʸʣʪʳʤ, ʚʳʧʘʜʘʣ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʅʘʚʝʩʢʫ PPh3 (0.10 ʤʤʦʣʴ, 26.2 ʤʛ) ʧʨʠʙʘʚʣʷʣʠ ʢ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ. ʆʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʩʷ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʳʡ ʟʝʣʝʥʦʚʘʪʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ. 

ʉʚʝʪʣʳʡ ʟʝʣʝʥʦʚʘʪʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ ʚʳʧʘʜʘʣ ʯʝʨʝʟ 2ï3 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘ-

ʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʂʦʛʜʘ ʦʙʲʸʤ ʩʤʝʩʠ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 1 ʤʣ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳ-

ʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ.  ɺʳʭʦʜ: 76 ʤʛ (91 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ CuC42H38N5PI: C, 

60.5; H, 4.6; N, 8.4. ʅʘʡʜʝʥʦ: C, 60.3; H, 5.2; N, 8.3. ʄʦʥʦʢʨʠʩʪʘʣʣʳ [CuL
14

(PPh3)I] ʧʦʣʫʯʘʣʠ 

ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʚ MeCN, ʩʦʜʝʨʞʘʱʝʛʦ [CuL
14

(PPh3)I] ʠ PPh3 ʚ ʤʦʣʴ-

ʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1.  

[CuL
14

2(BF4)2]Ŀ0.5H2O. ʄʝʪʦʜ 1. ʈʘʩʪʚʦʨ L
14

 (0.021 ʤʤʦʣʴ, 8.1 ʤʛ) ʚ EtOH (0.5 ʤʣ) ʧʨʠ-

ʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ Cu(BF4)2Ŀ6H2O (0.021 ʤʤʦʣʴ, 7.3 ʤʛ) ʚ EtOH (1.5 ʤʣ) ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʶ. ʏʝʨʝʟ ʤʝʩʷʮ ʚ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʣʠʩʴ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʫʩʪʘ-

ʥʘʚʣʠʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʄʝʪʦʜ 2. Cu(BF4)2Ŀ6H2O (0.010 ʤʤʦʣʴ, 

3.5 ʤʛ) ʠ L
14

 (0.020 ʤʤʦʣʴ, 7.6 ʤʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ EtOH (3 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʛʦ ʦʙʲʸʤ ʥʝ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 1 ʤʣ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ, ʠʭ ʦʪʬʠʣʴʪʨʦʚʳʚʘ-
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ʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 6.0 ʤʛ (54 %). ʅʘʡʜʝʥʦ, %: C 56.7, 

H 4.8, N 13.7; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C48H47N10CuB2F8O0.5, %: C 57.1, H 4.7, N 13.9.  

[CuL
14

2](BF4)Ŀ2MeCN.  ʈʘʩʪʚʦʨ Cu(BF4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 6.9 ʤʛ) ʚ MeCN (1 ʤʣ) 

ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ L
14

 (0.040 ʤʤʦʣʴ, 15.3 ʤʛ) ʚ MeCN (2 ʤʣ), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʘʣ ʠʟʙʳʪʦʢ 

ʧʦʨʦʰʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ. ʏʝʨʝʟ 10 ʤʠʥ ʨʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʞʸʣʪʦ-ʟʝʣʸʥʳʤ, ʟʘʪʝʤ ʦʨʘʥ-

ʞʝʚʳʤ. ʏʝʨʝʟ 3 ʜʥʷ ʠʟ ʨʘʩʪʚʦʨʘ ʧʦʷʚʣʷʣʠʩʴ ʦʨʘʥʞʝʚʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʂʨʠʩʪʘʣʣʳ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ 

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʢ [CuL
14

2(BF4)]Ŀ2MeCN. ʅʘ ʚʦʟʜʫʭʝ ʦʨʘʥʞʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ [CuL
14

2(BF4)]Ŀ2MeCN ʤʫʪʥʝʶʪ ʠ ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ, ʠ ʯʝʨʝʟ ʥʝʜʝʣʶ ʧʨʝʚʨʘʱʘʶʪʩʷ 

ʚ ʞʸʣʪʳʡ ʧʦʨʦʰʦʢ. ʇʦ ʜʘʥʥʳʤ CHN-ʘʥʘʣʠʟʘ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ 

[CuL
14

2(BF4)]ĿH2O: ʅʘʡʜʝʥʦ, %: C 62.5, H 5.2, N 15.2; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C48H48N10BF4OCu, %: 

C 61.9, H 5.2, N 15.0. 

[CuL
14

2]BF4ĿH2O. Cu(BF4)2Ŀ6H2O (0.025 ʤʤʦʣʴ, 8.6 ʤʛ) ʠ ʧʦʨʦʰʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ 

ʚ MeCN (2 ʤʣ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʩʣʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʝʛʦ ʧʨʠʙʘʚʣʷʣʠ 

ʚ ʨʘʩʪʚʦʨ L
14

 (0.10 ʤʤʦʣʴ, 38.1 ʤʛ) ʚ MeCN (4 ʤʣ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʦʨʘʥʞʝʚʳʤ. ʀʟ-

ʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʪʜʫʚʘʣʠ ʪʦʢʦʤ ʘʨʛʦʥʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ ʜʦ 2 ʤʣ ʚʳʧʘ-

ʜʘʣ ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ 34 ʤʛ (72 %). ʅʘʡʜʝʥʦ, %: C 61.8, H 5.8, N 15.0; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C48H48N10BF8OCu, %: 

C 61.9, H 5.2, N 15.0. 

[CuL
34

Cl]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
34

 (0.10 ʤʤʦʣʴ, 38.3 ʤʛ) ʚ MeCN (3 ʤʣ) ʧʨʠ ʧʝʨʝʤʝʰʠ-

ʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʧʦʨʦʰʦʢ CuCl (0.10 ʤʤʦʣʴ, 9.9 ʤʛ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʪʘʥʦʚʠʣʘʩʴ ʞʸʣʪʦ-

ʦʨʘʥʞʝʚʦʡ, ʚʳʧʘʜʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʧʝʨʝʤʝʰʠʚʘʣʠ 20 ʤʠʥ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤr-

ʚʘʣʠ MeCN (1.5 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 45 ʤʛ (93 %). ʅʘʡʜʝʥʦ, %: C 57.0, H 4.6, 

N 14.5; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C23H21N5OCuʉl, %: C 57.3, H 4.4, N 14.5. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 

[CuL
34
Cl] ʧʦʣʫʯʘʣʠ ʧʨʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ CuCl (0.026 ʤʤʦʣʴ, 2.6 ʤʛ) 

ʠ L
34

 (0.026 ʤʤʦʣʴ, 10.0 ʤʛ) ʚ MeCN (2 ʤʣ) ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɾʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. 

[CuL
34

Br]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
34

 (0.10 ʤʤʦʣʴ, 38.3 ʤʛ) ʚ MeCN (2 ʤʣ) ʧʨʠ ʧʝʨʝʤʝʰʠ-

ʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ CuBr (0.10 ʤʤʦʣʴ, 14.3 ʤʛ) ʚ MeCN (2 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʪʘ-

ʥʦʚʠʣʘʩʴ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʦʡ, ʚʳʧʘʜʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ, 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN (1.5 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳ-

ʭʦʜ 46 ʤʛ (87 %). ʅʘʡʜʝʥʦ, %: C 52.4, H 4.3, N 13.3; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C23H21N5OCuBr, %: C 52.4, 

H 4.0, N 13.3. ʂʨʠʩʪʘʣʣʳ [CuL
34

Br] ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ 

CuBr (0.013 ʤʤʦʣʴ, 1.9 ʤʛ) ʠ L
34

 (0.026 ʤʤʦʣʴ, 10.0 ʤʛ) ʚ ʩʤʝʩʠ MeCN/CHCl3 (2 ʤʣ) ʚ ʘʪʤʦʩʬʝ-

ʨʝ ʘʨʛʦʥʘ. ɾʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. 

[Cu2L
34

2I2]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuI (0.10 ʤʤʦʣʴ, 19.0 ʤʛ) ʚ MeCN (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
34

 (0.10 ʤʤʦʣʴ, 38.3 ʤʛ) ʚ ʩʤʝʩʠ MeCN/CHCl3 (1 : 1, 2 

ʤʣ). ʈʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʳʤ, ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʚʳʧʘʜʘʣ ʩʚʝʪʣʦ-ʞʝʣʪʳʡ 

ʦʩʘʜʦʢ. ʇʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦ ʧʨʠʤʝʨʥʦ 1 ï 2 ʤʣ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦ-

ʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN (3 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 44.3 ʤʛ (77 %). ʅʘʡʜʝʥʦ, %: 

C 48.1, H 4.1, N 12.3; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C23H21N5OCuI, %: C 48.1, H 3.7, N 12.2. ʆʨʘʥʞʝʚʳʝ ʢʨʠ-

ʩʪʘʣʣʳ [Cu2L
34

2I2] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

CuI (0.030 ʤʤʦʣʴ, 5.7 ʤʛ) ʠ L
34

 (0.030 ʤʤʦʣʴ, 11.5 ʤʛ) ʚ ʩʤʝʩʠ MeCN/CHCl3 (1 : 2, 3 ʤʣ). 
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[CuL
34

I]. ʄʝʪʦʜ 1. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ [CuL
34

(PPh3)I] ʠʟ MeCN ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ 

ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʜʚʫʭ ʪʠʧʦʚ ʢʨʠʩʪʘʣʣʦʚ ï ʞʸʣʪʳʭ ʠ ʦʨʘʥʞʝʚʳʭ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʜʚʫʭʲʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [Cu2L
34

2I2], 

ʞʸʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [CuL
34

I]. ʄʝʪʦʜ 2. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ 

ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ CuI (8.7 ʤʛ, 0.046 ʤʤʦʣʴ), L
34

 (25.0 ʤʛ, 0.065 ʤʤʦʣʴ), PPh3 (11.4 ʤʛ, 

0.046 ʤʤʦʣʴ) ʠ CuCl (2.1 ʤʛ, 0.022 ʤʤʦʣʴ) ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʙʦʣʴʰʠʭ ʞʸʣʪʳʭ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʜʘʥʥʳʤ CHN-ʘʥʘʣʠʟʘ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. ɺʳʭʦʜ 20.9 ʤʛ (80 %). ʅʘʡʜʝʥʦ, %: C 48.5, H 3.8, N 12.3; ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

C23H21N5OCuI, %: C 48.1, H 3.7, N 12.2. ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

[CuL
34

(PPh3)Cl]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
34

 (0.090 ʤʤʦʣʴ, 34.5 ʤʛ) ʚ MeCN (3 ʤʣ) ʧʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ CuCl (0.090 ʤʤʦʣʴ, 8.9 ʤʛ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʪʘʥʦʚʠʣʘʩʴ 

ʦʨʘʥʞʝʚʦʡ, ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦʷʚʣʷʣʩʷ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʨʘʩʪʚʦʨʫ ʩ ʦʩʘʜ-

ʢʦʤ ʧʨʠʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ PPh3 (0.090 ʤʤʦʣʴ, 23.6 ʤʛ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʞʸʣʪʦʛʦ 

ʦʩʘʜʢʘ ʠ ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʥʘ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʫʶ. ʏʝʨʝʟ 15 ʤʠʥ ʚʳʧʘʜʘʣ ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ ʦʩʘʜʦʢ. ʏʝʨʝʟ 10 ʤʠʥ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN (2 ʤʣ) ʠ ʚʳʩʫʰʠʚʘ-

ʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 37.8 ʤʛ (56 %). ʅʘʡʜʝʥʦ, %: C 65.2, H 5.3, N 9.2; ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

C41H36N5OCuPCl, %: C 66.1, H 4.9, N 9.4. 

[CuL
34

(PPh3)Br ]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
34

 (0.090 ʤʤʦʣʴ, 34.5 ʤʛ) ʚ MeCN (3 ʤʣ) ʧʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ CuBr (0.090 ʤʤʦʣʴ, 12.9 ʤʛ) ʚ MeCN (2 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʧʨʠʦʙʨʝʪʘʣʘ ʦʨʘʥʞʝʚʦ-ʞʸʣʪʫʶ ʦʢʨʘʩʢʫ, ʧʦʷʚʣʷʣʩʷ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʂ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʠʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ PPh3 (0.090 ʤʤʦʣʴ, 23.6 ʤʛ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʞʸʣʪʦʛʦ ʦʩʘʜʢʘ 

ʠ ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʥʘ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʫʶ. ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ 25 ʤʠʥ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʸ 30 ʤʠʥ. 

ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN (3 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳ-

ʭʦʜ 55.2 ʤʛ (78 %). ʅʘʡʜʝʥʦ, %: C 62.0, H 5.0, N 8.9; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C41H36N5OCuPBr, %: 

C 62.4, H 4.6, N 8.9. 

[CuL
34

(PPh3)I ]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
34

 (0.090 ʤʤʦʣɹ, 34.5 ʤʛ) ʚ MeCN (3 ʤʣ) ʧʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ CuI (0.090 ʤʤʦʣʴ, 17.1 ʤʛ) ʚ MeCN (2 ʤʣ). ʈʘʩʪʚʦʨ 

ʧʨʠʦʙʨʝʪʘʣ ʥʘʩʳʱʝʥʥʳʡ ʞʸʣʪʳʡ ʮʚʝʪ, ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʚʳʧʘʜʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʂ ʧʦ-

ʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ PPh3 (0.090 ʤʤʦʣʴ, 23.6 ʤʛ), ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʩʷ, ʨʘʩʪʚʦʨ 

ʩʪʘʥʦʚʠʣʩʷ ʙʣʝʜʥʳʤ ʞʸʣʪʦ-ʟʝʣʸʥʳʤ ʠ ʚʳʧʘʜʘʣ ʩʚʝʪʣʳʡ ʷʨʢʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜ-

ʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 1.5 ʯ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫ-

ʭʝ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʚ MeCN/CHCl3 (5 : 2). ɺʳʭʦʜ ʜʦ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 55.6 ʤʛ (74 %), ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï 28.8 ʤʛ (38 %). ʅʘʡʜʝʥʦ, %: 

C 58.3, H 4.3, N 8.3; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C41H36N5OCuPI, %: C 58.9, H 4.3, N 8.4. ʉʚʝʪʣʦ-ʞʸʣʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [CuL
34

(PPh3)I] ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʢʦʤ-

ʧʣʝʢʩʘ [Cu2L
34

2I2] (0.0044 ʤʤʦʣʴ, 5.1 ʤʛ) ʠ PPh3 (0.015 ʤʤʦʣʴ, 4.0 ʤʛ) ʚ MeCN (3 ʤʣ). 

Cu2L
33

Cl2. ʇʦʨʦʰʦʢ CuCl (0.10 ʤʤʦʣʴ, 9.9 ʤʛ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʛʦʨʷ-

ʯʝʤʫ ʨʘʩʪʚʦʨʫ L
33

 (0.10 ʤʤʦʣʴ, 39.0 ʤʛ) ʚ MeCN (5 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʞʝʣʪʝʣʘ, ʦʜʥʘʢʦ 

ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ ʚ ʦʩʘʜʦʢ ʚʳʧʘʜʘʣ ʙʝʣʳʡ ʦʩʘʜʦʢ L
33
. ʂ ʵʪʦʡ ʩʤʝʩʠ ʧʨʠ-

ʙʘʚʣʷʣʠ ʩʤʝʩʴ EtOH/CHCl3 (3 ʤʣ, 1 : 1). ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʸʣʪʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦ-

ʨʳʡ ʧʨʝʚʨʘʱʘʣʩʷ ʟʘʪʝʤ ʚ ʪʸʤʥʦ-ʢʨʘʩʥʳʡ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH, ʚʳʩʫ-
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ʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 24 ʤʛ (82 % ʧʦ ʤʝʜʠ). ʅʘʡʜʝʥʦ, %: C 50.9, H 3.4, N 9.5; ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ C25H18N4Cl2Cu2O, %: C 51.0, H 3.1, N 9.5. 

Cu2L
33

Br2. ʂ ʙʝʩʮʚʝʪʥʦʤʫ ʨʘʩʪʚʦʨʫ CuBr (0.21 ʤʤʦʣʴ, 30.1 ʤʛ) ʚ MeCN (1 ʤʣ) ʧʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ L
33

 (0.10 ʤʤʦʣʴ, 39.0 ʤʛ) ʚ CHCl3 (2 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ 

ʩʪʘʥʦʚʠʣʘʩʴ ʦʨʘʥʞʝʚʦʡ. ʏʝʨʝʟ 5 ʤʠʥ ʢ ʥʝʡ ʧʨʠʙʘʚʠʣʠ EtOH (2 ʤʣ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝ-

ʚʘʥʠʠ 1.5 ʯ. ʆʙʲʸʤ ʩʤʝʩʠ ʫʤʝʥʴʰʘʣʩʷ ʜʦ ʧʨʠʤʝʨʥʦ 1ï2 ʤʣ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʦʚʪʦʨʥʦ 

ʧʨʠʙʘʚʣʷʣʠ EtOH (2 ʤʣ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʸʣʪʦʛʦ ʦʩʘʜʢʘ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ 

ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 40 ʤʠʥ, ʦʙʲʸʤ ʨʘʩʪʚʦʨʘ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 

1 ʤʣ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH, ʟʘʪʝʤ ʩʤʝʩʴʶ EtOH/MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 56.8 ʤʛ (84 %). ʅʘʡʜʝʥʦ, %: C 44.1, H 2.9, N 8.2; ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

C25H18N4Br2Cu2O, %: C 44.3 , H 2.7, N 8.3. 

[Cu2L
33

2I2]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
33

 (0.10 ʤʤʦʣʴ, 39.0 ʤʛ) ʚ MeCN (3 ʤʣ) ʧʨʠ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ CuI (0.10 ʤʤʦʣʴ, 19.0 ʤʛ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʪʘʥʦʚʠ-

ʣʘʩʴ ʩʚʝʪʣʦ-ʞʸʣʪʦʡ, ʯʝʨʝʟ 5 ʤʠʥ ʥʘʯʠʥʘʣ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ 

ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 3 ʯ. ʇʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦ 1 ʤʣ ʦʩʘʜʦʢ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ. ɺʳʭʦʜ 33 ʤʛ (57 %). ʅʘʡʜʝ-

ʥʦ, %: C 51.3, H 3.2, N 9.6; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C25H18N4CuIO, %: C 51.7, H 3.2, N 9.6. ɾʸʣʪʳʝ ʢʨʠ-

ʩʪʘʣʣʳ [Cu2L
33

2I2] ʧʦʣʫʯʘʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ CuI ʠ L
33

 (1 : 1) ʚ MeCN. 

[CuL
34

2Br]2[Cu2Br4]. ʈʘʩʪʚʦʨ L
34

 (0.030 ʤʤʦʣʴ, 11.5 ʤʛ) ʚ CHCl3 (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʢ ʨʘʩʪʚʦʨʫ CuBr2 (0.030 ʤʤʦʣʴ, 3.7 ʤʛ) ʚ MeCN (2 ʤʣ). ʊʸʤʥʦ-ʟʝʣʸʥʳʡ ʮʚʝʪ ʤʝʜʴʩʦʜʝʨʞʘʱʝʛʦ 

ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʣʩʷ ʩ ʪʸʤʥʦ-ʟʝʣʸʥʦʛʦ ʥʘ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʟʘʢʨʳʚʘʣʠ ʠ 

ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʦʙʥʘʨʫʞʠʚʘʣʠ ʪʸʤʥʦ-ʟʝʣʸʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, 

ʢʦʪʦʨʳʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 6.7 ʤʛ (39 %). 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C46H42N10O2Cu2Br3: C, 48.7; H, 4.2; N, 12.4. ʅʘʡʜʝʥʦ: C, 48.6; H, 3.7; N, 12.4.  

[CuL
34

2Cl][CuCl2]. ʅʘʚʝʩʢʫ CuCl2Ŀ2H2O (0.0093 ʤʤʦʣʴ, 1.6 ʤʛ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ 

ʨʘʩʪʚʦʨʫ L
34

 (0.019 ʤʤʦʣʴ, 7.1 ʤʛ) ʚ MeCN (3 ʤʣ). ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʞʸʣʪʦ-ʟʝʣʸʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ CuCl (0.0093 ʤʤʦʣʴ, 1.0 ʤʛ) ʚ MeCN (2 ʤʣ) ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʎʚʝʪ ʨʘʩ-

ʪʚʦʨʘ ʠʟʤʝʥʷʣʩʷ ʥʘ ʟʝʣʸʥʳʡ. ʈʘʩʪʚʦʨ ʟʘʢʨʳʚʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ɹʦʣʴʰʠʝ ʭʦ-

ʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ ʪʸʤʥʦ-ʟʝʣʸʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʯʝʨʝʟ ʤʝʩʷʮ. ʀʭ ʦʪʬʠʣʴʪʨʦʚʳʚʘ-

ʣʠ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 7.1 ʤʛ (76 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C46H42N10O2Cu2Cl3: C, 55.2; H, 4.2; N, 14.0. ʅʘʡʜʝʥʦ: C, 55.4; H, 4.5; N, 14.2.  

[Cu2L
33

Br3]n. ʄʝʪʦʜ A (Cu : L
33

 = 1 : 1). ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
3
 (0.060 ʤʤʦʣʴ, 23.4 ʤʛ) ʚ 

ʩʤʝʩʠ CHCl3/MeCN (1 : 1) (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuBr2 

(0.060 ʤʤʦʣʴ, 13.4 ʤʛ) ʚ MeCN (1 ʤʣ). ʏʝʨʝʟ 10 ʤʠʥ ʧʦʷʚʣʷʣʩʷ ʩʚʝʪʣʦ-ʟʝʣʸʥʳʡ ʦʩʘʜʦʢ. ɽʛʦ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʜʦ 60 ï 70 ÁC 3 ʯ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʤʦʨʬʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ ʧʨʦʜʫʢʪ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ CHCl3 (3 ʤʣ), ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʪʸʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʟʘʢʨʳʚʘʣʠ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʦʙʥʘʨʫʞʠʚʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʯʸʨʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ʇʦ ʜʘʥ-

ʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠ-

ʤʝʨ [Cu2L
33

Br3]n. ʄʝʪʦʜ B (Cu : L
33

 = 2 : 1). ʊʠʧʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʩʦʩʪʦʷʣʘ ʚ ʩʣʝʜʫʶʱʝʤ. ɻʦʨʷ-

ʯʠʡ ʨʘʩʪʚʦʨ L
33

 (0.038 ʤʤʦʣʴ, 15.0 ʤʛ) ʚ CHCl3 (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuBr2 

(0.077 ʤʤʦʣʴ, 14.3 ʤʛ) ʚ MeCN (2 ʤʣ). ʊʸʤʥʦ-ʟʝʣʸʥʳʡ ʮʚʝʪ ʤʝʜʴʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝ-

ʥʷʣʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʯʸʨʥʳʡ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝ-

ʚʘʥʠʠ 1 ʯ. ʇʨʠʙʘʚʣʝʥʠʝ CHCl3 (2 ʤʣ) ʢ ʵʪʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʸʨʥʦʛʦ ʤʝʣ-
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ʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ CHCl3 ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 24.8 ʤʛ (74 %). ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ, 

ʩʦʚʧʘʜʘʶʪ ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [Cu2L
33

Br3]n, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʄʝʪʦʜʘ ɸ. ʇʨʠ ʵʪʦʤ ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʣʫʯʰʝ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ Cu2L
33

Br3ĿnCHCl3, ʘ ʥʝ Cu2L
33

Br3 

(ɺʳʯʠʩʣʝʥʦ ʜʣʷ C25H18N4OCu2Br3 (Cu2L
33

Br3): C, 39.7; H, 2.4; N, 7.4; Br, 31.7). ʆʙʨʘʟʝʮ a. ɺr-

ʯʠʩʣʝʥʦ ʜʣʷ C25.2H18.2N4OCu2Br3Cl0.6 (Cu2L
33

Br3Ŀ0.2CHCl3): C, 38.7; H, 2.3; N, 7.2. ʅʘʡʜʝʥʦ: C, 

38.4; H, 2.4; N, 7.2. ʆʙʨʘʟʝʮ b. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C25.9H18.9N4OCu2Br3Cl2.7 (Cu2L
33

Br3Ŀ0.9CHCl3): C, 

36.0; H, 2.2; N, 6.5. ʅʘʡʜʝʥʦ: C, 36.3; H, 2.4; N, 6.5. ʆʙʨʘʟʝʮ c. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C26H19N4OCu2Br3Cl3 (Cu2L
33

Br3ĿCHCl3): C, 35.6; H, 2.2; N, 6.4. ʅʘʡʜʝʥʦ: C, 34.9; H, 2.2; N, 6.5. 

ʆʙʨʘʟʝʮ d. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C25.2H18.2N4OCu2Br3Cl0.6 (Cu2L
33

Br3Ŀ0.2CHCl3): C, 38.7; H, 2.3; N, 7.2; 

Br + Cl, 33.4 (1.66³10
ï5

 ʤʦʣʴ ʥʘ ʥʘʚʝʩʢʫ ʧʨʦʜʫʢʪʘ 3.590 ʤʛ). ʅʘʡʜʝʥʦ: C, 39.2; H, 2.3; N, 7.3; Br 

+ Cl, 33.6 (1.67³10
ï5 
ʤʦʣʴ ʥʘ ʥʘʚʝʩʢʫ ʧʨʦʜʫʢʪʘ 3.590 ʤʛ).  

 

2.2.4. ʂʦʤʧʣʝʢʩʳ ʮʠʥʢʘ(II ) ʠ ʢʘʜʤʠʷ(II ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 2- ʠ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʘ 
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[ZnL
14

Cl2]. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
14

 (0.2 ʤʤʦʣʴ, 76 ʤʛ) ʚ EtOH (3 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝ-

ʤʫ ʨʘʩʪʚʦʨʫ ZnCl2 (0.2 ʤʤʦʣʴ, 27 ʤʛ) ʚ EtOH (2 ʤʣ). ʆʭʣʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʧʘ-

ʜʝʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 72 ʤʛ (69 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H23N5Cl2Zn: C, 55.6; H, 4.5; N, 13.5; Zn, 12.6. ʅʘʡʜʝʥʦ: 

C, 55.6; H, 4.6; N, 13.5; Zn, 12.9 %. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʝʡ ZnL
14

Cl2 ʠʟ ʩʤʝʩʠ EtOH/CH2Cl2 (1 : 1). 

[ZnL
14

Br2]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
14

 (0.079 ʤʤʦʣʴ, 30.0 ʤʛ) ʚ EtOH (3 ʤʣ) ʧʨʠ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ZnBr2Ā2H2O (0.079 ʤʤʦʣʴ, 20.5 ʤʛ) ʚ EtOH (2 ʤʣ). ʀʟʙʳ-

ʪʦʢ EtOH ʫʜʘʣʷʣʠ ʪʦʢʦʤ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. ʇʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ ʜʦ 3-4 ʤʣ ʚʳʧʘʜʘʣ 

ʙʝʣʳʡ ʦʩʘʜʦʢ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ 2 ʤʣ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʪʸʧ-

ʣʳʤ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 17.7 ʤʛ (37 %). ʅʘʡʜʝʥʦ, %: C 47.6, H 4.3, N 11.8; 

ʚʳʯʠʩʣʝʥʦ ʜʣʷ C24H23N5Br2Zn, %: C 47.5, H 3.8, N 11.5. ɹʝʩʮʚʝʪʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 

[ZnL
14

Br2] ʧʦʣʫʯʘʣʠ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 2 ʤʝʩʷʮʘ. 

[ZnL
14

I2]. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ ZnI2ĀH2O (13.3 ʤʛ, 0.039 ʤʤʦʣʴ) ʚ EtOH (4 ʤʣ) ʧʨʠ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
14

 (15.0 ʤʛ, 0.039 ʤʤʦʣʴ) ʚ EtOH (3 ʤʣ). ʕʪʦ ʧʨʠʚʦ-

ʜʠʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʤʝʣʢʦʛʦ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʀʟʙʳʪʦʢ EtOH ʫʜʘʣʷʣʠ ʪʦʢʦʤ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʦʤ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʦʙʲʸʤʘ 2 ʤʣ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳ-
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ʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 26.6 ʤʛ (94 %). ʅʘʡʜʝʥʦ, %: C 41.1, H 3.3, N 10.0; 

ʚʳʯʠʩʣʝʥʦ ʜʣʷ C24H23N5I2Zn, %: C 41.1, H 3.3, N 10.0. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [ZnL
14

I2] ʧʦ-

ʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ZnI2ĀH2O (0.026 ʤʤʦʣʴ, 8.8 ʤʛ) 

ʠ L
14

 (0.026 ʤʤʦʣʴ, 10.0 ʤʛ) ʚ EtOH (3 ï 5 ʤʣ). ʄʝʣʢʠʝ ʭʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʳ ʚʳʧʘʜʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ. ʀʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʟʙʳʪʦʢ L
14

 

(ZnI2ĀH2O (0.011 ʤʤʦʣʴ, 3.8 ʤʛ), L
14

 (0.034 ʤʤʦʣʴ, 13.0 ʤʛ)), ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʳʝ 

ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ [ZnL
14

I2] ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. 

CdL
14

Cl2. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
14

 (0.3 ʤʤʦʣʴ, 114 ʤʛ) ʚ EtOH (9 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CdCl2Ā2.5H2O (0.3 ʤʤʦʣʴ, 69 ʤʛ) ʚ EtOH (3 ʤʣ). ʕʪʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʏʝʨʝʟ 1 ʯ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘ-

ʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 188 ʤʛ (87 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H23N5CdCl2: C, 

51.0; H, 4.1; N, 12.4; Cd, 19.9. ʅʘʡʜʝʥʦ: C, 50.0; H, 3.9; N, 12.2; Cd, 20.2 %. 

[ZnL
14

2Cl2]. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ZnCl2 (0.1 ʤʤʦʣʴ, 14 ʤʛ) ʚ EtOH (10 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
14

 (0.3 ʤʤʦʣʴ, 114 ʤʛ) ʚ ʩʤʝʩʠ EtOH (5 ʤʣ) ʠ Me2CO (1 

ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ ʜʦ 

10 ʤʣ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ. ʆʙʲʸʤ ʩʤʝʩʠ ʫʤʝʥʴʰʘʣʠ ʜʦ 1 ï 2 ʤʣ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳ-

ʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʠʤ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 50 ʤʛ (57 %). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C48H46N10Cl2Zn: C, 64.1; H, 5.2; N, 15.6; Zn, 7.3. ʅʘʡʜʝʥʦ: C, 63.8; H, 5.3; N, 15.5; Zn, 7.6 %. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʘʣʠ ʧʨʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝ-

ʛʦ ZnCl2 (0.01 ʤʤʦʣʴ, 1.3 ʤʛ) ʠ L
14

 (0.03 ʤʤʦʣʴ, 11.4 ʤʛ) ʚ 2 ʤʣ ʩʤʝʩʠ EtOH/Me2CO (1 : 1). 

CdL
14

2Cl2. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ CdCl2Ā2.5H2O (0.1 ʤʤʦʣʴ, 20 ʤʛ) ʚ EtOH (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ L
14

 (0.3 ʤʤʦʣʴ, 114 ʤʛ) ʚ ʩʤʝʩʠ EtOH (5 ʤʣ) ʠ Me2CO 

(1 ʤʣ). ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ 1.5 ʯ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʠʤ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫ-

ʭʝ. ɺʳʭʦʜ: 94 ʤʛ (98 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C48H46N10CdCl2: C, 60.9; H, 4.9; N, 14.8. ʅʘʡʜʝʥʦ: C, 

60.6; H, 5.2; N, 14.8 %. 

CdL
14

2Cl2Ö0.5Me2COÖ1.5H2O. ʂʦʤʧʣʝʢʩ CdL
14

Cl2 ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ EtOH/Me2CO (1 : 

2). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʟʘʢʨʳʚʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʜʣʷ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɹʝʩʮʚʝʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʯʝʨʝʟ ʤʝʩʷʮ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ CdL
14

2Cl2Ö0.5Me2COÖ1.5H2O. 

CdL
14

2Cl2Ö0.5CHCl3Ö0.5H2O. ʂʦʤʧʣʝʢʩ CdL
14

2Cl2 ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ Me2CO/CHCl3 (2 : 

1). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʟʘʢʨʳʚʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʜʣʷ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɹʝʩʮʚʝʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʯʝʨʝʟ ʤʝʩʷʮ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ CdL
14

2Cl2Ö0.5CHCl3Ö0.5H2O. 

[ZnL
34

Cl2] (P21/c). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʘʣʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ 

ʛʦʨʷʯʝʛʦ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ZnCl2 (0.039 ʤʤʦʣʴ, 5.3 ʤʛ) ʠ L
34

 (0.039 ʤʤʦʣʴ, 

15.0 ʤʛ). ʅʝʙʦʣʴʰʠʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 15.0 ʤʛ (74 %). ʅʘʡʜʝʥʦ, %: C 53.0, H 4.1, N 13.6; ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

C23H21N5OZnCl2, % C 53.2, H 4.1, N 13.5. 

[ZnL
34

Cl2] (╟ ). ʀʟ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ZnCl2 (0.023 ʤʤʦʣʴ, 3.0 ʤʛ) 

ʠ L
34

 (0.070 ʤʤʦʣʴ, 27.0 ʤʛ), ʚ ʭʦʜʝ ʜʣʠʪʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʦʢʦʣʦ ʜʚʫʭ ʥʝʜʝʣʴ) ʦʙʨʘʟʫʶʪ-

ʩʷ ʢʨʠʩʪʘʣʣʳ ʜʚʫʭ ʪʠʧʦʚ ï ʥʝʙʦʣʴʰʠʝ ʙʝʩʮʚʝʪʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ [ZnL
2
Cl2], ʠʤʝʶʱʠʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ὖρ ʠ ʪʦʥʢʠʝ ʙʝʩʮʚʝʪʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ L34
. ʇʦʣʠʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʢʦʤʧʣʝʢʩʘ [ZnL
34

Cl2] (ὖρ) ʧʦʣʫʯʘʣʠ ʧʦ  ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʂ ʛʦʨʷʯʝʤʫ 



84 

 

ʨʘʩʪʚʦʨʫ L
34

 (0.026 ʤʤʦʣʴ, 10.0 ʤʛ) ʚ EtOH (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨ 

ZnCl2 (0.026 ʤʤʦʣʴ, 3.6 ʤʛ) ʚ EtOH (2 ʤʣ). ʇʨʦʟʨʘʯʥʳʡ ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ ʜʦ ʧʨʠʤʝʨʥʦ 3 ʤʣ 

ʥʘʯʠʥʘʣ ʚʳʧʘʜʘʪʴ ʙʝʣʳʡ ʦʩʘʜʦʢ. ʂʦʛʜʘ ʦʙʲʸʤ ʩʤʝʩʠ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 1ï2 ʤʣ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦ-

ʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH (2 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 8.6 ʤʛ (63 %). ʅʘʡʜʝʥʦ, %: 

C 52.8, H 4.2, N 13.3; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C23H21N5OZnCl2, % C 53.2, H 4.1, N 13.5. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʬʘʟʫ [ZnL
2
Cl2] (ὖρ). 

[ZnL
33

Cl2]. ʄʝʣʢʠʝ ʙʝʩʮʚʝʪʥʳʭ ʭʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʘʣʠ 

ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʦʨʷʯʝʛʦ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ZnCl2 (0.42 ʤʤʦʣʴ, 

57.2 ʤʛ) ʠ L
33

 (0.030 ʤʤʦʣʴ, 11.7 ʤʛ). ɺʳʭʦʜ 9.3 ʤʛ (59 % ʚ ʨʘʩʯʸʪʝ ʥʘ ʩʦʝʜʠʥʝʥʠʝ L
33
). ʅʘʡʜʝ-

ʥʦ, %: C 56.0, H 3.4, N 10.6, ʚʳʯʠʩʣʝʥʦ ʜʣʷ ʉ25H18N4OCl2Zn, %: C 57.0, H 3.4, N 10.6. 

[ZnL
28

2]Ŀ0.5H2O. ʉʫʩʧʝʥʟʠʶ HL
28

 (0.150 ʤʤʦʣʴ, 48.7 ʤʛ) ʚ 2 ʤʣ ʪʸʧʣʦʛʦ MeOH ʧʨʠʙʘʚ-

ʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ Zn(OAc)2Ö2H2O (0.075 ʤʤʦʣʴ, 16.5 ʤʛ) ʚ 1 ʤʣ ʪʸʧʣʦʛʦ MeOH. ʕʪʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʝʪʣʦ-ʙʝʞʝʚʦʛʦ ʦʩʘʜʢʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ 1 ʯ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʠʙʘʚʣʷʣʠ MeOH (2 ʤʣ) ʥʘʛʨʝʚʘʣʠ 3 ʯ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 3 ʜʥʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚr-

ʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 40.0 ʤʛ (74 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C34H31N8O6.5Zn: C, 56.6; 

H, 4.3; N, 15.6. ʅʘʡʜʝʥʦ: C, 56.5; H, 4.3; N, 15.5 %. 

[ZnL
28

2]Ŀ2MeOH. ʅʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ [ZnL
28

2]Ŀ0.5H2O ʨʘʩʪʚʦʨʷʣʠ ʚ MeOH ʠ ʦʩʪʘʚ-

ʣʷʣʠ ʥʘ ʤʝʜʣʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ɹʝʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʣʠ ʯʝʨʝʟ ʤʝʩʷʮ. ʀʭ ʩʦʩʪʘʚ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

[CdL
28

2]Ŀ1.5H2O. ʉʫʩʧʝʥʟʠʶ HL
28

 (0.150 ʤʤʦʣʴ, 48.7 ʤʛ) ʚ 2 ʤʣ ʪʸʧʣʦʛʦ MeOH ʧʨʠʙʘʚ-

ʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ Cd(OAc)2Ö2H2O (0.075 ʤʤʦʣʴ, 20.0 ʤʛ) ʚ 1 ʤʣ ʪʸʧʣʦʛʦ MeOH. ʕʪʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʞʝʚʦʛʦ ʦʩʘʜʢʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ 2 ʯ ʠ ʦʩʪʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 3 ʜʥʷ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 48.0 ʤʛ (81 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C34H33CdN8O7.5: C, 52.0; H, 4.2; N, 14.3. ʅʘʡʜʝʥʦ: C, 

51.9; H, 4.1; N, 14.1 %.  

 

2.2.5. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ ʢʘʜʤʠʷ(II ) c 3,5-ʜʠʟʘʤʝʱʸʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 4ʅ-1,2,4-

ʪʨʠʘʟʦʣ-4-ʘʤʠʥʘ 

 
ʈʠʩ. 80. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ PhATrz, L

20
, L

8
. 

 

[Cu2(PhATrz)2Cl4(OH2)2], [Cu2(PhATrz)2Br4(OH2)2]. ʂ 10 ʤʣ ʛʦʨʷʯʝʛʦ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 1 ʤʤʦʣʴ CuCl2Ŀ2H2O (0.17 ʛ) ʠʣʠ CuBr2 (0.22 ʛ) ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩ-

ʪʚʦʨ PhATrz (1 ʤʤʦʣʴ, 0.24 ʛ) ʚ 15 ʤʣ ʵʪʘʥʦʣʘ. ɺ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ 5 ʤʣ ʛʝʢʩʘʥʘ 

ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 2ï3 ʯ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʦʚ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʘʩʪʚʦʨʳ ʩ ʦʩʘʜʢʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʪʝʧʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʘʜʢʠ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ 

[Cu2(PhATrz)2Cl4(OH2)2] ï 0.32 ʛ (80 %), ʢʦʤʧʣʝʢʩʘ [Cu2(PhATrz)2Br4(OH2)2] ï 0.34 ʛ (70 %). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ [Cu2(PhATrz)2Cl4(OH2)2] ʧʦʣʫʯʘʣʠ ʧʨʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ 
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ʢʦʤʧʣʝʢʩʘ ʚ MeCN. ɺʳʯʠʩʣʝʥʦ ʜʣʷ [C14H14N4Cl2CuO]2: Cu 16.3, C 43.3, H 3.6, N 14.4 %. 

ʅʘʡʜʝʥʦ: Cu 16.0, C 43.5, H 3.8, N 14.4 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ [C14H14N4Br2CuO]2: Cu 13.3, C 35.2, 

H 3.0, N 11.7 %. ʅʘʡʜʝʥʦ: Cu 13.0, C 34.7, H 2.9, N 11.5 %.  

[Cu(PhiPrATrz )2Cl2] (PhiPrATrz = 3,5-ʜʠʬʝʥʠʣ-4-ʠʟʦʧʨʦʧʠʣʠʜʝʥʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣ). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ [Cu(PhiPrATrz)2Cl2] ʧʦʣʫʯʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ [Cu2(PhATrz)2Cl4(OH2)2] ʚ ʘʮʝʪʦʥʝ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɼʄʌɸ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʜʘʣʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʦ-

ʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

Cu(PhATrz)2Cl2, Cu(PhATrz)2Br2. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʘʤ, 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʤ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ [Cu2(PhATrz)2Cl4(OH2)2] ʠ [Cu2(PhATrz)2Br4(OH2)2] 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʘʛʨʫʟʢʘʭ: 0.5 ʤʤʦʣʷ CuBr2 (0.11 ʛ) ʠʣʠ CuCl2Ŀ2H2O (0.09 ʛ) ʠ 1 ʤʤʦʣʴ (0.24 ʛ) 

PhATrz. ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ Cu(PhATrz)2Cl2 - 0.19 ʛ (60 %), ʢʦʤʧʣʝʢʩʘ Cu(PhATrz)2Br2 - 0.26 ʛ 

(75 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C28H24N8Cl2Cu: Cu 10.5, C 55.4, H 4.0, N 18.5 %. ʅʘʡʜʝʥʦ: Cu 10.3, C 

55.4, H 4.0, N 18.4 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C28H24N8Br2Cu: Cu 9.1, C 48.3, H 3.5, N 16.5 %. ʅʘʡʜʝʥʦ: 

Cu 9.8, C 48.6, H 3.1, N 16.1 %.   

Cu(PhATrz)2(NO3)2. 1 ʤʤʦʣʴ Cu(NO3)2Ŀ3H2O (0.24 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʵʪʘʥʦʣʘ. ʂ ʧʦ-

ʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ 15 ʤʣ ʛʦʨʷʯʝʛʦ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ PhATrz (1 ʤʤʦʣʴ, 0.24 

ʛ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʧʦʯʪʠ ʜʦ ʢʠʧʝʥʠʷ, ʜʦʙʘʚʣʷʣʠ 8 ʤʣ ʛʝʢʩʘʥʘ. ɺʳʧʘʜʘʣ ʦʩʘʜʦʢ 

ʩʚʝʪʣʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 0.5 ʯ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦ-

ʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ. ɺʳʭʦʜ 0.14 ʛ (45 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C28H24N10CuO6: Cu 9.6, C 50.9, H 3.7, N 

21.2 %. ʅʘʡʜʝʥʦ: Cu 9.4, C 50.6, H 3.4, N 21.3 %. 

[CdL
20

Cl2]n ʠ Ŭ-{[CdL
20

Cl2]ĿH2O}n. ɺʦʜʫ (20 ʢʘʧʝʣʴ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ L
20

 

(4.8 ʤʛ, 0.020 ʤʤʦʣʴ) ʠ CdCl2Ŀ2.5H2O (4.6 ʤʛ, 0.020 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH. ʉʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ 

70 ÁC, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʉʪʘʢʘʥ ʩ ʨʘʩʪʚʦʨʦʤ ʟʘʢʨʳʚʘʣʠ 

ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʛʦʨʷʯʠʤ, ʧʦʟʚʦʣʷʷ ʨʘʩʪʚʦʨʠʪʝʣʶ ʤʝʜʣʝʥʥʦ ʠʩʧʘʨʷʪʴʩʷ. 

ʇʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ ʜʦ 1 ʤʣ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠ-

ʩʪʘʣʣʳ. ʉʤʝʩʴ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ 

ʥʘʨʷʜʫ ʩ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʠʢʣʠʥʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ 

[CdL
20

Cl2]n (ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ) ʠ Ŭ-{[ CdL
20

Cl2]ĿH2O} n (ʪʨʠʢʣʠʥʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʢʨʠʩʪʘʣʣʳ).  

ɓ-{[CdL
20

Cl2]ĿH2O}n. ʄʝʪʦʜ A. ɺʦʜʫ (40 ʢʘʧʝʣʴ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ L
20

 (7.2 ʤʛ, 

0.030 ʤʤʦʣʴ) ʠ CdCl2Ŀ2.5H2O (3.4 ʤʛ, 0.015 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH. ʉʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ 70ÁC, 

ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ ʜʦ 

1 ʤʣ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ. ʉʤʝʩʴ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠ-

ʟʘ ʧʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ ɓ-{[ CdL
20

Cl2]ĿH2O} n. ʄʝʪʦʜ B. ʉʫʩʧʝʥʟʠʶ L
20

 (36.0 ʤʛ, 

0.15 ʤʤʦʣʴ) ʠ CdCl2Ŀ2.5H2O (34.3 ʤʛ, 0.15 ʤʤʦʣʴ) ʚ ʩʤʝʩʠ EtOH/H2O (2 ʤʣ/1 ʤʣ) ʥʘʛʨʝʚʘʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ 70 ÁC, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʏʝʨʝʟ 4 ʯ ʩʤʝʩʴ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦ-

ʤʳʚʘʣʠ ʩʤʝʩʴʶ EtOH/H2O ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 26.1 ʤʛ (39 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C10H10CdCl2N8O: C 27.2, H 2.3, N 25.4. ʅʘʡʜʝʥʦ: C 26.8, H 2.5, N 25.5 %. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ ɓ-{[ CdL
20

Cl2]ĿH2O} n. ʄʝʪʦʜ C. ʉʫʩʧʝʥʟʠʶ L
20

 (48.0 ʤʛ, 0.20 ʤʤʦʣʴ) 

ʠ CdCl2Ŀ2.5H2O (22.8 ʤʛ, 0.10 ʤʤʦʣʴ) ʚ H2O (2 ʤʣ) ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ 70 ï 

80ÁC, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʏʝʨʝʟ 3 ʯ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪ-
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ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ 22.4 ʤʛ (48 %). ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ ɓ-{[ CdL
20

Cl2]ĿH2O} n. ʄʝʪʦʜ D. 

ʇʨʦʮʝʜʫʨʘ ʠʜʝʥʪʠʯʥʘ ʤʝʪʦʜʫ C, ʦʪʥʦʰʝʥʠʝ Cd:L
20

 = 2 : 1 (CdCl2Ŀ2.5H2O (68.5 ʤʛ, 

0.30 ʤʤʦʣʴ), L
20

 (36.0 ʤʛ, 0.15 ʤʤʦʣʴ)). ɺʳʭʦʜ 22.5 ʤʛ (33 %). ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʬʘʟʝ ɓ-{[ CdL
20

Cl2]ĿH2O} n. 

[Cd4L
20

2Cl8(H2O)2]Ŀ2H2O. ʄʝʪʦʜ A. ɺʦʜʫ (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ L
20

 (4.8 ʤʛ, 

0.020 ʤʤʦʣʴ) ʠ CdCl2Ŀ2.5H2O (9.1 ʤʛ, 0.040 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʉʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ 70 ï 80ÁC, 

ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʩʮʚʝʪʥʦʛʦ ʦʩʘʜʢʘ. ʉʪʘʢʘʥ ʩ ʨʘʩʪʚʦʨʦʤ ʟʘʢʨʳʚʘʣʠ ʯʘʩʦʚʳʤ 

ʩʪʝʢʣʦʤ ʠ ʥʘʛʨʝʚʘʣʠ, ʧʦʟʚʦʣʷʷ ʨʘʩʪʚʦʨʠʪʝʣʶ ʤʝʜʣʝʥʥʦ ʠʩʧʘʨʷʪʴʩʷ. ʇʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ 

ʨʘʩʪʚʦʨʘ ʜʦ 0.5 ʤʣ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʣʠʥʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʉʤʝʩʴ ʤʝʜ-

ʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ [Cd4L
20

2Cl8(H2O)2]Ŀ2H2O. ʄʝʪʦʜ B. ʉʫʩʧʝʥ-

ʟʠʶ L
20

 (12.0 ʤʛ, 0.050 ʤʤʦʣʴ) ʠ CdCl2Ŀ2.5H2O (22.8 ʤʛ, 0.100 ʤʤʦʣʴ) ʚ ʩʤʝʩʠ EtOH/H2O (2 ʤʣ/1 

ʤʣ) ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ 70 ï 80ÁC, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. 

ʏʝʨʝʟ 3 ʯ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʩʤʝʩʴʶ EtOH/H2O ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ.  ɺʳʭʦʜ 17.4 ʤʛ (55 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C20H24Cd4Cl8N16O4: C 18.7, H 2.0, N 17.4. ʅʘʡʜʝʥʦ: C 19.1, H 2.0, N 17.6 %. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ [Cd4L
20

2Cl8(H2O)2]Ŀ2H2O.  

CuL
8
Cl2ÖH2O. ʄʝʪʦʜ 1. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L

8
 (0.15 ʛ, 0.5 ʤʤʦʣʴ) ʚ 5 ʤʣ ʩʤʝʩʠ EtOH:H2O 

(1 : 1) ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.34 ʛ, 2 ʤʤʦʣʴ) ʚ 5 

ʤʣ EtOH:H2O (1 : 1). ʕʪʦ ʧʨʦʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʥʝ-ʟʝʣʸʥʦʛʦ ʦʩʘʜʢʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1 ʯ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ 

EtOH:H2O (1 : 1), ʟʘʪʝʤ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0.19 ʛ (85 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C14H18Cl2CuN8O: C 37.4, H 4.0, N 25.0, Cu 14.2. ʅʘʡʜʝʥʦ: C 37.3, H 4.0, N 24.8, Cu 13.9 %. ʄʝ-

ʪʦʜ 2. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L
8
 (0.15 ʛ, 0.5 ʤʤʦʣʴ) ʚ 5 ʤʣ EtOH ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ 

ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.09 ʛ, 0.5 ʤʤʦʣʴ) ʚ 5 ʤʣ EtOH. ʕʪʦ ʧʨʦʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʠʥʝ-ʟʝʣʸʥʦʛʦ ʦʩʘʜʢʘ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1 ʯ. ʆʩʘʜʦʢ ʦʪʬʠʣʴ-

ʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.19 ʛ (85 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C14H18Cl2CuN8O: C 37.4, H 4.0, N 25.0, Cu 14.2. ʅʘʡʜʝʥʦ: C 37.0, H 4.0, N 25.0, Cu 14.3 %. 

Cu2L
8
Cl4. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ L

8
 (0.15 ʛ, 0.5 ʤʤʦʣʴ) ʚ 5 ʤʣ EtOH ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ CuCl2Ŀ2H2O (0.34 ʛ, 2 ʤʤʦʣʴ) ʚ 5 ʤʣ EtOH. ʕʪʦ ʧʨʦʚʦʜʠʣʦ ʢ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʙʝʞʝʚʦʛʦ ʦʩʘʜʢʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1 

ʯ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.27 ʛ (96 %). 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C14H16Cl4Cu2N8: C 29.8, H 2.9, N 19.8, Cu 22.5. ʅʘʡʜʝʥʦ: C 29.8, H 2.9, N 19.6, 

Cu 22.6 %. 

[Cu2L
8
2Cl4]Ö2MeCN. ʄʝʪʦʜ 1. ʉʫʩʧʝʥʟʠʶ ʢʦʤʧʣʝʢʩʘ Cu2L

8
Cl4 ʚ ʩʤʝʩʠ CH3CN : iPrOH : 

EtOH (10 : 1 : 1) ʥʘʛʨʝʚʘʣʠ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʦʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʜʣʷ ʤʝʜʣʝʥ-

ʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɹʝʞʝʚʳʡ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʣʩʷ ʥʘ ʩʠʥʝ-ʟʝʣʸʥʳʡ, ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʦʷʚʣʷʣʠʩʴ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪ ʠʜʝʥʪʠ-

ʬʠʮʠʨʦʚʘʣʠ ʢʘʢ Cu2L
8
2Cl4Ö2MeCN. ʄʝʪʦʜ 2. ʂʦʤʧʣʝʢʩ CuL

8
Cl2ÖH2O ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ 

CH3CN : iPrOH : EtOH (10 : 1 : 1) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʙʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʳʡ ʞʸʣʪʦ-ʟʝʣʸʥʳʡ ʨʘʩ-

ʪʚʦʨ, ʚ ʢʦʪʦʨʦʤ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝ-

ʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ [Cu2L
8
2Cl4]Ö2MeCN.  
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2.2.6. ʂʦʤʧʣʝʢʩʳ ʮʠʥʢʘ(II ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 2-(2ʅ-ʠʤʠʜʘʟʦʣ-2-ʠʣ)ʧʠʨʠʜʠʥʘ ʠ 4-(1ʅ-

ʧʠʨʘʟʦʣ-1-ʠʣ)-6-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʠʨʠʤʠʜʠʥʘ 
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ZnL
29

Cl2. ʊʝʧʣʳʡ ʨʘʩʪʚʦʨ 104 ʤʛ L
29

 ʚ 3 ʤʣ EtOH ʧʨʠʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʢ ʪʝʧʣʦʤʫ ʨʘʩ-

ʪʚʦʨʫ 82 ʤʛ ZnCl2 ʚ 3 ʤʣ EtOH. ʆʙʨʘʟʦʚʳʚʘʣʩʷ ʦʩʘʜʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝ-

ʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 30 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ EtOH, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 155 ʤʛ (83 %). ʅʘʡʜʝʥʦ, %: C 39.0; H 3.7; N 13.5. 

C10H11Cl2N3Zn. ɺʳʯʠʩʣʝʥʦ, %: C 38.9; H 3.6; N 13.6. 

CdL
29

Cl2. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ 29.0 ʤʛ L
29

 ʚ 3 ʤʣ MeOH ʧʨʠʙʘʚʣʷʣʠ ʢ ʪʝʧʣʦʤʫ ʨʘʩʪʚʦʨʫ 

34.3 ʤʛ CdCl2Ŀ2.5H2O ʚ 1 ʤʣ MeOH. ʆʙʨʘʟʦʚʳʚʘʣʩʷ ʦʩʘʜʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 30 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠ-

ʯʝʩʪʚʦʤ EtOH, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 51.7 ʤʛ (97 %). ʅʘʡʜʝʥʦ, %: C 33.5; H 3.1; N 

11.7. C10H11CdCl2N3. ɺʳʯʠʩʣʝʥʦ, %: C 33.7; H 3.1; N 11.8. 

ZnL
29

2Cl2Ŀ1.5H2O. ʈʘʩʪʚʦʨ 121 ʤʛ L
29

 ʠ 23.8 ʤʛ ZnCl2 ʚ 3 ʤʣ ʩʤʝʩʠ MeOH:H2O (1 : 3) 

ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 1 ʤʣ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʘʜʘʣ ʙʝ-

ʣʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ, ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 78.4 ʤʛ (85 %). ʅʘʡʜʝʥʦ, %: C 46.8; H 5.1; N 16.4. C20H25Cl2N6O1.5Zn. ɺʳ-

ʯʠʩʣʝʥʦ, %: C 47.1; H 4.9; N 16.5. 

CdL
29

2Cl2Ŀ2H2O. ʈʘʩʪʚʦʨ 104 ʤʛ L
29

 ʠ 34.2 ʤʛ CdCl2Ŀ2.5H2O ʚ 3 ʤʣ ʩʤʝʩʠ MeOH:H2O (1 : 

1) ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 1 ʤʣ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʧʘʜʝʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦ-

ʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʤʝʩʠ MeOH:H2O (1 : 1), ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 49.7 ʤʛ (59 %). ʅʘʡʜʝʥʦ, %: C 42.3; H 4.6; N 14.9. C20H26CdCl2N6O2. ɺʳʯʠʩʣʝʥʦ, %: C 

42.5; H 4.6; N 14.9. 

CdL
29

2Cl2ĿMeOHĿH2O. ʈʘʩʪʚʦʨ 34.6 ʤʛ L
29

 ʠ 11.4 ʤʛ CdCl2Ŀ2.5H2O ʚ 1 ʤʣ ʩʤʝʩʠ 

MeOH:H2O (1 : 1). ɹʝʩʮʚʝʪʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʣʠ ʚ ʭʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʤʝ-

ʩʷʮʘ. ʉʦʝʜʠʥʝʥʠʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ZnL
30

2Ŀ2H2O. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ 37.8 ʤʛ HL
30

 ʠ 11.2 ʤʛ KOH ʚ 0.5 ʤʣ MeOH ʧʨʠʙʘʚʣʷʣʠ 

ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ 21.9 ʤʛ Zn(OAc)2Ŀ2H2O ʚ 0.5 ʤʣ MeOH. ʆʙʨʘʟʦʚʳʚʘʣʩʷ ʞʝʣʪʦʚʘʪʳʡ ʨʘʩ-

ʪʚʦʨ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʙʘʚʣʷʣʠ 

5 ʤʣ ʅ2O. ʆʙʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʳʡ ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲ-

ʝʤʘ 1 ʤʣ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 36.0 ʤʛ 

(75 %). ʅʘʡʜʝʥʦ, %: C 49.6; H 5.2; N 17.6. C20H24N6O4Zn. ɺʳʯʠʩʣʝʥʦ, %: C 50.3; H 5.1; N 17.6.  

CdL
30

2. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ 56.8 ʤʛ HL
30

 ʠ 16.8 ʤʛ KOH ʚ 2 ʤʣ MeOH ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷ-

ʯʝʤʫ ʨʘʩʪʚʦʨʫ 40.0 ʤʛ Cd(OAc)2Ŀ2H2O ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:H2O (1 : 1). ʆʙʨʘʟʦʚʳʚʘʣʘʩʴ ʞʝʣʪʦ-

ʚʘʪʘʷ ʚʟʚʝʩʴ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʦʙ-

ʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʳʡ ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ. ʂ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʣʷʣʠ 3 ʤʣ H2O ʠ ʥʘʛʨʝ-

ʚʘʣʠ 2 ʯ. ɿʘʪʝʤ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ, ʦʩʘʜʦʢ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ 15 ʯ. 
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ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 56.6 ʤʛ (88 %). 

ʅʘʡʜʝʥʦ, %: C 48.4; H 4.3; N 16.7. C20H20CdN6O2. ɺʳʯʠʩʣʝʥʦ, %: C 49.1; H 4.1; N 17.2. 

[H2L
30

]2[ZnCl 4]. ɻʦʪʦʚʠʣʠ ʩʫʩʧʝʥʟʠʶ ʢʦʤʧʣʝʢʩʘ ZnL
30

2Ŀ2H2O (81.7 ʤʛ) ʚ EtOH (4 ʤʣ). 

ʂ ʩʫʩʧʝʥʟʠʠ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ HCl ʚ EtOH ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ (pH = 4ï5). ʈʘʩʪʚʦʨ ʥʘʛʨʝ-

ʚʘʣʠ, ʧʦʟʚʦʣʷʷ ʠʟʙʳʪʢʫ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʪʴʩʷ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʦʙʲʸʤʘ 1ï2 ʤʣ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 47.6 ʤʛ (40 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H24Cl2N6O2Zn (%): C, 40.9; H, 4.1; N, 14.3. ʅʘʡʜʝʥʦ: 

C, 40.8; H, 4.4; N, 14.3.  

ZnL
30

Cl. ʄʝʪʦʜ A. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ HL
30

 (0.40 ʤʤʦʣʴ, 75.7 ʤʛ) ʠ ZnCl2 (0.20 

ʤʤʦʣʴ, 27.3 ʤʛ) ʚ ʩʤʝʩʠ EtOH/H2O (2 ʤʣ/2 ʤʣ) ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʠʧʝʥʠʷ. ʏʝʨʝʟ 2ï3 ʯ ʧʦʷʚʣʷʣʩʷ 

ʙʝʣʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ɺʳʭʦʜ: 

31.4 ʤʛ (54 % ʧʦ Zn). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H10ClN3OZn (%): C, 41.6; H, 3.5; N, 14.5; Zn 22.6. 

ʅʘʡʜʝʥʦ: C, 41.6; H, 3.7; N, 14.5; Zn 22.4. ʄʝʪʦʜ B. ɼʝʡʩʪʚʦʚʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʫ A ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʟʘʛʨʫʟʢʘʭ ʨʝʘʛʝʥʪʦʚ: 0.30 ʤʤʦʣʴ (56.8 ʤʛ) HL
30

 ʠ 0.30 ʤʤʦʣʴ (40.9 ʤʛ) ZnCl2. ɺr-

ʭʦʜ: 29.0 ʤʛ (33 % ʧʦ Zn). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H10ClN3OZn (%): C, 41.6; H, 3.5; N, 14.5. ʅʘʡʜʝʥʦ: 

C, 41.6; H, 3.6; N, 14.6. 

[Zn2(HL
55

)2Cl4]. ʈʘʩʪʚʦʨ HL
55

 (35.0 ʤʛ, 0.147 ʤʤʦʣʴ) ʚ CHCl3 (3 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷ-

ʯʝʤʫ ʨʘʩʪʚʦʨʫ ZnCl2 (20.0 ʤʛ, 0.147 ʤʤʦʣʴ) ʚ EtOH (1 ʤʣ). ʈʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʤ, 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 30ï40 ʤʠʥ. 

ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʪʝʧʣʳʤ CHCl3 (2 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 

41.9 ʤʛ (76 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C13H10N4OZnCl2 (%): C, 41.7; H, 2.7; N, 15.0. ʅʘʡʜʝʥʦ: C, 40.8; 

H, 2.7; N, 14.6. 

[Zn(HL
42

)Cl2]. ʈʘʩʪʚʦʨ HL
42

 (20 ʤʛ, 0.075 ʤʤʦʣʴ) ʚ CHCl3 (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ 

ʨʘʩʪʚʦʨʫ ZnCl2 (10 ʤʛ, 0.075 ʤʤʦʣʴ) ʚ Me2CO (1 ʤʣ). ʈʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʤ, ʦʙʨʘ-

ʟʦʚʳʚʘʣʩʷ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 30 ʤʠʥ. ʆʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʪʝʧʣʳʤ CHCl3 (2 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 28.1 ʤʛ 

(93 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ ZnC15H14N4OCl2: C, 44.8; H, 3.5; N, 13.9. ʅʘʡʜʝʥʦ: C, 44.3; H, 3.5; N, 

13.7 %. 

[Zn(HL
43

)Cl2]. ʈʘʩʪʚʦʨ HL
43

 (20 ʤʛ, 0.051 ʤʤʦʣʴ) ʚ CHCl3 (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʛʦʨʷʯʝʤʫ 

ʨʘʩʪʚʦʨʫ ZnCl2 (7.0 ʤʛ, 0.051 ʤʤʦʣʴ) ʚ Me2CO (1 ʤʣ). ʈʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʤ, ʦʙ-

ʨʘʟʦʚʳʚʘʣʩʷ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 30ï40 ʤʠʥ. 

ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʝʡ ʩʤʝʩʴʶ Me2CO/CHCl3 (1 : 1) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 18.8 ʤʛ (91 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C25H18N4OZnCl2 (%): C, 57.0; H, 3.4; N, 10.6. 

ʅʘʡʜʝʥʦ: C, 55.7; H, 3.6; N, 10.7. 

 

2.2.7. ʂʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II ) ʩ ʛʝʢʩʘ- ʠ ʪʝʪʨʘʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

[Fe(Hpy-DEPA)](ClO4)2. ʂ ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.128 ʤʤʦʣʴ, 46.4 ʤʛ) ʚ MeOH (1 

ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hpy-DEPA (0.128 ʤʤʦʣʴ, 48.2 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:EtOH 1 : 1. ʇʦ-

ʣʫʯʝʥʥʳʡ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʟʘʢʨʳʚʘʣʠ ʧʣʸʥʢʦʡ Parafilm. ʂʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. ʂʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 22.6 ʤʛ (28 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H28N6Cl2O8Fe: C 41.86, 

H 4.47, N 13.31; ʥʘʡʜʝʥʦ: C 41.57, H 4.62, N 13.09 %. 
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ʈʠʩ. 82. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ DEPA, Hp-DEPA, Hpy-DEPA, EPPA, HP-EPPA, Hpy-EPPA. 

 

[Fe(Hpy-DEPA)](BF4)2. ʂ ʨʘʩʪʚʦʨʫ FeCl2Ŀ2H2O (0.128 ʤʤʦʣʴ, 20.8 ʤʛ) ʠ NBu4BF4 (0.256 

ʤʤʦʣʴ, 84.3 ʤʛ) ʚ EtOH (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hpy-DEPA (0.128 ʤʤʦʣʴ, 48.2 ʤʛ) ʚ 1 ʤʣ 

ʩʤʝʩʠ MeOH:EtOH 1 : 1. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʟʘʢʨʳʚʘʣʠ 

ʧʣʸʥʢʦʡ Parafilm. ʊʸʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. ʂʨʠʩʪʘʣʣʳ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 36.2 ʤʛ (47 %). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C22H28N6B2F8Fe: C 43.61, H 4.66, N 13.87; ʥʘʡʜʝʥʦ: C 43.24, H 4.79, N 13.68 %. 

[Fe(Hpy-DEPA)](PF6)2. ʂ ʩʫʩʧʝʥʟʠʠ FeCl2Ŀ2H2O (0.128 ʤʤʦʣʴ, 20.8 ʤʛ) ʠ NBu4PF6 

(0.256 ʤʤʦʣʴ, 99.2 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:EtOH 1 : 1 (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hpy-DEPA 

(0.128 ʤʤʦʣʴ, 48.2 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:EtOH 1 : 1. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʟʘʢʨʳʚʘʣʠ ʧʣʸʥʢʦʡ Parafilm. ʊʸʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶ-

ʱʠʡ ʜʝʥʴ. ʂʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 

35.9 ʤʛ (39 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H28N6P2F12Fe: C 36.58, H 3.91, N 11.64; ʥʘʡʜʝʥʦ: C 36.73, H 

3.67, N 11.35. %. 

[Fe(Hp-DEPA)](ClO4)2. ʂ ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.087 ʤʤʦʣʴ, 31.6 ʤʛ) ʚ ʩʤʝʩʠ 

MeOH:EtOH 1 : 1 (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hp-DEPA (0.087 ʤʤʦʣʴ, 32.5 ʤʛ) ʚ 1 ʤʣ ʪʦʡ ʞʝ 

ʩʤʝʩʠ. ʈʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʣ ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʪʝʤʥʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ 

ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʦʩʘʜʢʦʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʸʤʥʳʝ ʢʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 36.5 ʤʛ (67 % 

ʚ ʨʘʩʯʸʪʝ ʥʘ [Fe(Hp-DEPA)](ClO4)2). ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʩʧʠʥʦʚʳʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʝʢ-

ʩʘʜʝʥʪʘʪʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ Hp-DEPA ʠ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʞʠʜʘʝʤʦʡ ʬʦʨ-

ʤʫʣʳ [Fe(Hp-DEPA)](ClO4)2. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʧʠʥʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʜʘʣʴʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʥʝ ʧʨʦʚʦʜʠʣʠ. 

[Fe(Hp-DEPA)](BF4)2. ʂ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.087 ʤʤʦʣʴ, 29.4 ʤʛ) ʚ MeOH (1 ʤʣ) 

ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hp-DEPA (0.087 ʤʤʦʣʴ, 32.5 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:EtOH 1 : 1. ʈʘʩʪʚʦʨ 

ʧʨʠʦʙʨʝʪʘʣ ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʪʝʤʥʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥ-

ʪʘʢʪʝ ʩ ʦʩʘʜʢʦʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʸʤʥʳʝ ʢʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 29.1 ʤʛ (56 % ʚ ʨʘʩʯʸʪʝ ʥʘ 

[Fe(Hp-DEPA)](BF4)2). ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʩʧʠʥʦʚʳʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʝʢʩʘʜʝʥʪʘʪʥʫʶ 

ʢʦʦʨʜʠʥʘʮʠʶ Hp-DEPA ʠ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʞʠʜʘʝʤʦʡ ʬʦʨʤʫʣʳ [Fe(Hp-
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DEPA)](BF4)2. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʘʣʴ-

ʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʥʝ ʧʨʦʚʦʜʠʣʠ. 

[Fe(Hpy-EPPA)](ClO4)2. ʂ ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.151 ʤʤʦʣʴ, 54.8 ʤʛ) ʚ MeOH 

(1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hpy-EPPA (0.151 ʤʤʦʣʴ, 59.0 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:EtOH 1 : 1. 

ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʟʘʢʨʳʚʘʣʠ ʧʣʸʥʢʦʡ Parafilm. ʂʦʨʠʯʥʝ-

ʚʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. ʂʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 52.1 ʤʛ (53 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C23H30N6Cl2O8Fe: C 

42.81, H 4.69, N 13.02; ʥʘʡʜʝʥʦ: C 42.67, H 4.35, N 13.29 %. 

[Fe(Hpy-EPPA)](BF4)2. ʂ ʨʘʩʪʚʦʨʫ FeCl2Ŀ2H2O (0.151 ʤʤʦʣʴ, 24.6 ʤʛ) ʠ NBu4BF4 (0.302 

ʤʤʦʣʴ, 99.4 ʤʛ) ʚ EtOH (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hpy-EPPA (0.151 ʤʤʦʣʴ, 59.0 ʤʛ) ʚ 1 ʤʣ 

ʩʤʝʩʠ MeOH:EtOH 1 : 1. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʟʘʢʨʳʚʘʣʠ 

ʧʣʸʥʢʦʡ Parafilm. ʂʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. ʂʨʠʩʪʘʣʣʳ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 16.5 ʤʛ (18 %). ɺʳʯʠʩʣʝ-

ʥʦ ʜʣʷ C23H30N6B2F8Fe: C 44.56, H 4.88, N 13.56; ʥʘʡʜʝʥʦ: C 44.81, H 4.47, N 13.67 %. 

[Fe(Hpy-EPPA)](PF6)2. ʂ ʩʫʩʧʝʥʟʠʠ FeCl2Ŀ2H2O (0.113 ʤʤʦʣʴ, 18.4 ʤʛ) ʠ NBu4PF6 (0.226 

ʤʤʦʣʴ, 87.6 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:EtOH 1 : 1 (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hpy-EPPA 

(0.113 ʤʤʦʣʴ, 44.1 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:EtOH 1 : 1. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʟʘʢʨʳʚʘʣʠ ʧʣʸʥʢʦʡ Parafilm. ʂʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʩʣʝ-

ʜʫʶʱʠʡ ʜʝʥʴ. ʂʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳ-

ʭʦʜ 23.6 ʤʛ (28 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C23H30N6P2F12Fe: C 37.52, H 4.11, N 11.41; ʥʘʡʜʝʥʦ: C 37.55, 

H 4.20, N 11.06. %. 

[Fe(Hp-EPPA)]Cl2. ʂ ʨʘʩʪʚʦʨʫ FeCl2Ŀ6H2O (0.097 ʤʤʦʣʴ, 15.9 ʤʛ) ʚ EtOH (1 ʤʣ) ʧʨʠʙʘʚ-

ʣʷʣʠ ʨʘʩʪʚʦʨ Hp-EPPA (0.087 ʤʤʦʣʴ, 32.5 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ MeOH:EtOH 1 : 1. ʈʘʩʪʚʦʨ ʧʨʠʦʙʨʝ-

ʪʘʣ ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʪʝʤʥʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʦʩʘʜʢʦʤ ʥʘ ʜʚʝ ʥʝʜʝʣʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳ-

ʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 3.7 ʤʛ (7 % ʚ ʨʘʩʯʸʪʝ ʥʘ [Fe(Hp-EPPA)]Cl2). ʂʦʤ-

ʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʩʧʠʥʦʚʳʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʝʢʩʘʜʝʥʪʘʪʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ Hp-EPPA ʠ 

ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʞʠʜʘʝʤʦʡ ʬʦʨʤʫʣʳ [Fe(Hp-EPPA)]Cl2. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʦ-

ʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʘʣʴʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʦʜʫʢ-

ʪʘ ʥʝ ʧʨʦʚʦʜʠʣʠ.  

[Fe(Hp-EPPA)](ClO4)2. ʂ ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.097 ʤʤʦʣʴ, 35.2 ʤʛ) ʚ ʩʤʝʩʠ 

MeOH:EtOH 1 : 1 (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hp-EPPA (0.097 ʤʤʦʣʴ, 37.7 ʤʛ) ʚ 1 ʤʣ ʪʦʡ ʞʝ 

ʩʤʝʩʠ. ʈʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʣ ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʪʝʤʥʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ 

ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʦʩʘʜʢʦʤ ʥʘ ʜʚʝ ʥʝʜʝʣʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʸʤʥʳʝ ʢʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʳʝ ʢʨʠ-

ʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚrʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 28.7 ʤʛ (46 % ʚ 

ʨʘʩʯʸʪʝ ʥʘ [Fe(Hp-EPPA)](ClO4)2). ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʩʧʠʥʦʚʳʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʝʢʩʘ-

ʜʝʥʪʘʪʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ Hp-EPPA ʠ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʞʠʜʘʝʤʦʡ ʬʦʨʤʫ-

ʣʳ [Fe(Hp-EPPA)](ClO4)2. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʧʠʥʦʚʦʛʦ ʧʝ-

ʨʝʭʦʜʘ ʜʘʣʴʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʥʝ ʧʨʦʚʦʜʠʣʠ. 

[Fe(Hp-EPPA)](BF4)2. ʂ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.097 ʤʤʦʣʴ, 32.7 ʤʛ) ʚ ʩʤʝʩʠ 

MeOH:EtOH 1 : 1 (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Hp-EPPA (0.097 ʤʤʦʣʴ, 32.7 ʤʛ) ʚ 1 ʤʣ ʩʤʝʩʠ 

MeOH:EtOH 1 : 1. ʈʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʣ ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʪʝʤʥʳʡ ʦʩʘʜʦʢ. 

ʈʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʦʩʘʜʢʦʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʸʤʥʳʝ ʢʨʘʩʥʦ-

ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 
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16.2 ʤʛ (27 % ʚ ʨʘʩʯʸʪʝ ʥʘ [Fe(Hp-EPPA)](BF4)2). ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʩʧʠʥʦʚʳʤ, ʯʪʦ ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʛʝʢʩʘʜʝʥʪʘʪʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ Hp-EPPA ʠ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʦʞʠʜʘʝʤʦʡ ʬʦʨʤʫʣʳ [Fe(Hp-EPPA)](BF4)2. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʦʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠ-

ʝʤ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʘʣʴʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʥʝ ʧʨʦʚʦʜʠʣʠ. 

[Fe(EPPA)(bpym)](ClO4)2 (bpym = 2,2ô-ʙʠʧʠʨʠʤʠʜʠʥ). ʂ ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.10 

ʤʤʦʣʴ, 36.3 ʤʛ) ʚ EtOH (2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ EPPA (0.10 ʤʤʦʣʴ, 20.8 ʤʛ) ʚ EtOH (1 ʤʣ). 

ʆʙʨʘʟʦʚʳʚʘʣʩʷ ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ. ʇʨʠʙʘʚʣʝʥʠʝ bpym (0.05 ʤʤʦʣʴ, 7.9 ʤʛ) ʧʨʠʚʦʜʠʣʦ ʢ ʠʟʤʝʥʝ-

ʥʠʶ ʦʢʨʘʩʢʠ ʥʘ ʩʚʝʪʣʫʶ ʟʝʣʝʥʦʚʘʪʦ-ʞʸʣʪʫʶ ʠ ʚʳʧʘʜʝʥʠʶ ʢʦʨʠʯʥʝʚʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʨʘʩ-

ʪʚʦʨʷʣʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʠ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʂʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴ-

ʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʢʫʤ-ʵʢʩʠʢʘʪʦʨʝ. ɺʳʭʦʜ: 14.7 ʤʛ (54 %). ɺʳ-

ʯʠʩʣʝʥʦ ʜʣʷ C19H26N8Cl2O8Fe: C, 36.7; H, 4.2; N, 18.0. ʅʘʡʜʝʥʦ: C, 36.4; H, 4.3; N, 17.9 %.  

[[Fe(DEPA)(abpt)](PF6)2 (abpt = 3,5ô-ʙʠʩ(ʧʠʨʠʜʠʥ-2-ʠʣ)-4ʅ-1,2,4-ʪʨʠʘʟʦʣ 4-ʘʤʠʥ). 

ʂ ʩʫʩʧʝʥʟʠʠ FeCl2Ŀ2H2O (0.10 ʤʤʦʣʴ, 16.3 ʤʛ) ʠ NBu4PF6 (0.20 ʤʤʦʣʴ, 77.5 ʤʛ) ʚ EtOH (0.5 ʤʣ) 

ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ DEPA (0.10 ʤʤʦʣʴ, 19.4 ʤʛ) ʚ ʩʤʝʩʠ EtOH/MeOH (1 ʤʣ : 2 ʤʣ). ʕʪʦ ʧʨʠʚʦ-

ʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʨʘʥʞʝʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠʙʘʚʣʝʥʠʝ abpt (0.08 ʤʤʦʣʴ, 19.1 ʤʛ) ʧʨʠʚʦʜʠʣʦ ʢ 

ʧʦʣʫʯʝʥʠʶ ʢʨʘʩʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʂʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ, ʠʭ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʢʫʤ-ʵʢʩʠʢʘʪʦʨʝ. ɺʳʭʦʜ: 15.1 ʤʛ 

(24 %). ʇʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

2.2.8. ʂʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 4ʅ-1,2,4-ʪʨʠʘʟʦʣʘ 

 
ʈʠʩ. 83. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ HTrz, ATrz, EtTrz, PrTrz, iPrTrz, L
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Fe(PrTrz )3Br2Ŀ4H2O. 0.56 ʛ (2 ʤʤʦʣʴ) FeSO4Ŀ7H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʪʝʧʣʦʡ ʚʦʜʳ, ʜʦ-

ʙʘʚʣʷʷ 0.1 ʛ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʉʫʣʴʬʘʪ ʙʘʨʠʷ ʦʩʘʞʜʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʩʪʝ-

ʧʝʥʥʳʤ ʧʨʠʙʘʚʣʝʥʠʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʨʘʩʪʚʦʨʘ ʵʢʚʠʤʦʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (0.52 ʛ) 

Ba(NO3)2 ʚ 10 ʤʣ ʛʦʨʷʯʝʡ ʚʦʜʳ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʚ ʢʦʥʪʘʢʪʝ ʩ ʦʩʘʜʢʦʤ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʘʜʦʢ 

BaSO4 ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ʂ ʬʠʣʴʪʨʘʪʫ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 1.43 ʛ (12 ʤʤʦʣʴ) KBr ʚ 10 ʤʣ ʚʦʜʳ ʠ 

ʨʘʩʪʚʦʨ 0.67 ʛ (6 ʤʤʦʣʴ) PrTrz ʚ 10 ʤʣ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɹʝʣʳʡ ʦʩʘʜʦʢ ʢʦʤʧʣʝʢʩʘ ʚʳʧʘ-

ʜʘʣ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘʛʨʝʚʘʥʠʝʤ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʘ-

ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ (2 : 1) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.89 ʛ (70 %). ʅʘʡʜʝʥʦ: Fe 8.8, C 

28.6, H 5.7, N 19.9 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C15H35N9Br2FeO4: Fe 9.0, C 29.0, H 5.7, N 20.3 %. 

Fe(PrTrz )3(CF3SO3)2Ŀ5H2O. ʅʘʚʝʩʢʫ 0.56 ʛ (2 ʤʤʦʣʷ) FeSO4Ŀ7H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ 

ʚʦʜʳ, ʜʦʙʘʚʣʷʣʠ 0.1 ʛ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 2.26 ʛ (12 ʤʤʦʣʝʡ) 

KCF3SO3 ʚ 10 ʤʣ ʚʦʜʳ ʠ ʨʘʩʪʚʦʨ 0.67 ʛ (6 ʤʤʦʣʴ) PrTrz ʚ 10 ʤʣ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʆʩʘʜʦʢ 

ʙʝʣʦʛʦ ʮʚʝʪʘ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠ-

ʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʚʳʜʝʨʞʠʚʘʣʠ ʦʩʘʜʦʢ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʝʱʝ 1 ʯ. ɹʝʣʳʡ ʦʩʘ-

ʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ H2O-iPrOH (1 : 1) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩ-
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ʣʦʪʳ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 1.37 ʛ (85 %). ʅʘʡʜʝʥʦ: Fe 6.8, C 25.9, H 3.8, N 15.6 %. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C17H35N9F6FeO11S2: Fe 7.2, C 26.3, H 4.7, N 16.2 %. 

Fe(PrTrz )2(NCS)2, Fe(EtTrz )2(NCS)2Ŀ2H2O, Fe(iPrTrz )2(NCS)2Ŀ1.5H2O. ʂ 10 ʤʣ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0.56 ʛ (2 ʤʤʦʣʷ) FeSO4Ŀ7H2O ʠ 0.1 ʛ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʠʙʘʚʣʷ-

ʣʠ ʨʘʩʪʚʦʨ KNCS (1.17 ʛ (12 ʤʤʦʣʝʡ) ʧʨʠ ʩʠʥʪʝʟʝ Fe(PrTrz)2(NCS)2 ʠ Fe(EtTrz)2(NCS)2Ŀ2H2O, 

1.55 ʛ (16 ʤʤʦʣʝʡ) ʧʨʠ ʩʠʥʪʝʟʝ Fe(iPrTrz)2(NCS)2Ŀ1.5H2O) ʚ 10ï15 ʤʣ ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ 

ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ 6 ʤʤʦʣʝʡ ʣʠʛʘʥʜʘ (0.67 ʛ PrTrz, 0.58 ʛ EtTrz, 0.67 ʛ iPrTrz) 

ʚ 10 ʤʣ ʚʦʜʳ. ʆʩʘʜʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ. ʈʘʩʪʚʦʨ 

ʩ ʦʩʘʜʢʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ʇʨʠ ʚʳʩʫʰʠʚʘʥʠʠ ʦʩʘʜʦʢ ʠʟʤʝʥʷʣ ʮʚʝʪ ʩ ʙʝʣʦʛʦ ʥʘ ʩʚʝʪʣʦ-ʙʝʞʝʚʳʡ (ʂʉ 

Fe(PrTrz)2(NCS)2 ʠ Fe(iPrTrz)2(NCS)2Ŀ1.5H2O) ʠʣʠ ʥʘ ʙʝʞʝʚʦ-ʨʦʟʦʚʳʡ (ʂʉ 

Fe(EtTrz)2(NCS)2Ŀ2H2O). ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ Fe(PrTrz)2(NCS)2: 0.76 ʛ (95 %). ʅʘʡʜʝʥʦ: Fe 13.5, C 

36.4, H 4.4, N 28.8 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C12H18N8FeS2: Fe 14.2, C 36.6, H 4.6, N 28.4. ɺʳʭʦʜ ʢʦʤ-

ʧʣʝʢʩʘ Fe(EtTrz)2(NCS)2Ŀ2H2O: 0.72 ʛ (90 %). ʅʘʡʜʝʥʦ: Fe 13.8, C 30.6, H 4.2, N 27.7 %. ɺʳʯʠʩ-

ʣʝʥʦ ʜʣʷ C12H18N8FeS2O2: Fe 13.9, C 29.9, H 4.5, N 27.9 %. ɺʳʭʦʜ Fe(iPrTrz)2(NCS)2Ŀ1.5H2O: 

0.80 ʛ (95 %). ʅʘʡʜʝʥʦ: Fe 13.0, C 33.9, H 4.7, N 26.9 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C12H21N8FeS2O1.5: 13.2, 

C 34.2, H 5.0, N 26.6 %.  

Fe(iPrTrz )2(NO3)2Ŀ3H2O. ʂ ʨʘʩʪʚʦʨʫ 2 ʤʦʣʝʡ Fe(NO3)2, ʧʦʣʫʯʝʥʥʦʤʫ ʧʦ ʦʙʤʝʥʥʦʡ ʨʝʘʢ-

ʮʠʠ FeSO4Ŀ7H2O ʠ Ba(NO3)2 ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʨʘʩʪʚʦʨʠʪʝʣʴ ï 0.1ʄ HNO3), ʜʦʙʘʚʣʷʣʠ 0.67 ʛ 

iPrTrz (6 ʤʤʦʣʴ) ʚ 10 ʤʣ ʵʪʘʥʦʣʘ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ. ʇʦʣʫ-

ʯʝʥʥʳʡ ʦʩʘʜʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ 0.47 ʛ (52 %). ʅʘʡʜʝʥʦ: Fe 12.5, C 26.3, H 4.9, N 24.6 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C12H24N8FeO9: 

Fe 12.2, C 26.3, H 5.3, N 24.6 

Fe(EtTrz )3SiF6ĿH2O. 0.56 ʛ FeSO4Ŀ7H2O (2 ʤʤʦʣʷ) ʠ 0.36 ʛ (NH4)2SiF6 (2 ʤʤʦʣʷ) ʨʘʩʪʚʦ-

ʨʷʣʠ ʚ 10 ʤʣ ʚʦʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʂ ʜʘʥʥʦʤʫ 

ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ EtTrz (1.16 ʛ, 12 ʤʤʦʣʝʡ) ʚ 8 ʤʣ ʵʪʘʥʦʣʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦ-

ʤʝʱʘʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢ. ʏʝʨʝʟ 2 ʥʝʜʝʣʠ ʧʦʣʫʯʘʣʠ ʨʦʟʦʚʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ. ɺʳʭʦʜ 0.10 ʛ (10 %). ʅʘʡʜʝʥʦ: C 28.2, H 4.2, N 24.9 %. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C12H23N9FeF6SiO: Fe 28.4, H 4.6, N 24.8. 

[Fe3(PrTrz) 6(ReO4)4(H2O)2](ReO4)2. ʈʘʩʪʚʦʨ 0.67 ʛ (6 ʤʤʦʣʝʡ) PrTrz ʚ ʩʤʝʩʠ 5 ʤʣ ʚʦʜʳ ʠ 

5 ʤʣ ʵʪʘʥʦʣʘ ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ 0.56 ʛ (2 ʤʤʦʣʷ) FeSO4Ŀ7H2O ʚ 5 ʤʣ ʚʦʜʳ, ʧʦʜʢʠʩʣʝʥʥʦʤʫ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʧʨʠʙʘʚʣʝʥʠʠ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʦ 

ʢʘʧʣʷʤ ʨʘʩʪʚʦʨʘ 1.23 ʛ (4.5 ʤʤʦʣʷ) NaReO4 ʚ ʩʤʝʩʠ 10 ʤʣ ʚʦʜʳ ʠ 2 ʤʣ ʵʪʘʥʦʣʘ ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʙʝʣʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʘ-ʵʪʘʥʦʣ (1 : 1) ʠ ʵʪʘʥʦʣʦʤ. 

ʇʨʠ ʚʳʩʫʰʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʦʩʘʜʦʢ ʧʨʠʦʙʨʝʪʘʣ ʩʚʝʪʣʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ. ɺʳʭʦʜ 1.06 ʛ (65 %). 

ʅʘʡʜʝʥʦ, %: C 15.2, H 2.0, N 10.7, Fe 7.0. ɼʣʷ C30H58N18Fe3O26Re6 ʚʳʯʠʩʣʝʥʦ, %: C 15.2, H 2.5, 

N 10.6, Fe 7.1. 

[Fe3(PrTrz) 6(H2O)6](ReO4)6ĿH2O. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʝʜʣʝʥ-

ʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ [Fe3(PrTrz)6(ReO4)4(H2O)2](ReO4)2, ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʥʝ-

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

Fe(PrTrz )3(ReO4)2. ʈʘʩʪʚʦʨ 0.28 ʛ (2.5 ʤʤʦʣʷ) PrTrz ʚ ʩʤʝʩʠ 3 ʤʣ ʚʦʜʳ ʠ 1.5 ʤʣ MeCN 

ʧʨʠʙʘʚʣʷʣʠ ʢ 2 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 0.12 ʛ (0.4 ʤʤʦʣʷ) FeSO4Ŀ7H2O, ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɹʝʣʳʡ ʦʩʘʜʦʢ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʠ ʧʨʠʙʘʚʣʝʥʠʠ 

ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʦ ʢʘʧʣʷʤ ʨʘʩʪʚʦʨʘ 0.22 ʛ (0.8 ʤʤʦʣʷ) NaReO4 ʚ ʩʤʝʩʠ 3 ʤʣ ʚʦʜʳ 
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ʠ 1 ʤʣ MeCN. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʘ - MeCN (1 : 1) ʠ MeCN,  ʚʳ-

ʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.08 ʛ (20 %). ʅʘʡʜʝʥʦ, %: C 19.9, H 3.1, N 13.9, Fe 6.6. ɼʣʷ 

C15H27N9FeO8Re2 ʚʳʯʠʩʣʝʥʦ, %: C 20.2, H 3.1, N 14.2, Fe 6.3. 

Fe(Htrz )3B10H10ĿH2O. ʂ ʨʘʩʪʚʦʨʫ 0.43 ʛ (1.5 ʤʤʦʣʷ) FeSO4Ŀ7H2O, 0.93 ʛ (13.5 ʤʤʦʣʷ) 

HTrz ʠ 0.2 ʛ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 40 ʤʣ ʚʦʜʳ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 0.60 ʛ (3 ʤʤʦʣʷ) K2B10H10 

ʚ 10 ʤʣ ʚʦʜʳ. ʉʪʘʢʘʥ ʩ ʨʘʩʪʚʦʨʦʤ ʦʭʣʘʞʜʘʣʠ ʚ ʙʘʥʝ ʩʦ ʣʴʜʦʤ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʚʳʧʘʜʘʣ 

ʙʝʣʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 

0.45 ʛ (20 %). ʅʘʡʜʝʥʦ, %: C 18.3, H 5.2, N 31.7, Fe 14.2. ɼʣʷ C6H21N9B10FeO ʚʳʯʠʩʣʝʥʦ, %: 

C 18.1, H 5.3, N 31.6, Fe 14.0. 

Fe(ATrz )3B10H10ĿH2O. ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ 0.56 ʛ (2 ʤʤʦʣʷ) FeSO4Ŀ7H2O, 1.51 ʛ 

(18 ʤʤʦʣʝʡ) NH2Trz ʠ 0,2 ʛ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 20 ʤʣ ʚʦʜʳ ʧʨʠʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʨʘʩʪʚʦʨ 

0.79 ʛ (4 ʤʤʦʣʷ) K2B10H10 ʚ 20 ʤʣ ʚʦʜʳ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʧʘʜʝʥʠʶ ʦʩʘʜʢʘ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʈʘʩ-

ʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.71 ʛ 

(20 %). ʅʘʡʜʝʥʦ, %: C 16.6, H 5.6, N 36.5, Fe 12.7. ɼʣʷ C6H24N12B10FeO ʚʳʯʠʩʣʝʥʦ, %: C 16.2, 

H 5.4, N 37.8, Fe 12.6. 

Ŭ-Fe(ATrz )3(NO3)2ĿnH2O (ʄʝʪʦʜ 1 : 3 ï H2O/EtOH/HNO3 ï ʊʢʦʤʥ 1 ʯ). ɺʦ ʚʨʝʤʷ ʩʠʥʪʝ-

ʟʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʞʝʣʝʟʦ(II), ʧʦʩʪʦʷʥʥʦ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥ. ʈʘʩʪʚʦʨ Ba(NO3)2 

(1.31 ʛ, 0.0050 ʤʦʣʴ) ʚ 0.10 M HNO3 (10 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ Fe(SO4)2Ŀ7H2O (1.39 ʛ, 

0.0050 ʤʦʣʴ) ʚ 0.10 M HNO3 (5 ʤʣ). ɹʝʣʳʡ ʦʩʘʜʦʢ BaSO4 ʥʝʤʝʜʣʝʥʥʦ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʘ 

ʧʣʦʪʥʦʤ ʧʦʨʠʩʪʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ. ʈʘʩʪʚʦʨ ATrz (1.26 ʛ, 0.015 ʤʦʣʴ) ʚ EtOH (5 ʤʣ) ʧʨʠ-

ʙʘʚʣʷʣʠ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ Fe(NO3)2. ɹʝʣʳʡ ʦʩʘʜʦʢ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʎʚʝʪ 

ʦʩʘʜʢʘ ʤʝʥʷʣʩʷ ʥʘ ʨʦʟʦʚʳʡ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 15 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩ ʦʩʘʜʢʦʤ ʧʝʨʝ-

ʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH (5 ʤʣ) ʠ ʚʳ-

ʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 1.40 ʛ (62 %). ʉʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʦʙʨʘʟʝʮ: ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C6H14FeN14O7: C 16.0, H 3.1, N 43.6, H2O 4.0. ʅʘʡʜʝʥʦ: C 16.1, H 3.1, N 43.4, H2O 4.0 %. ʏʝʨʝʟ 

1 ʛʦʜ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ ʤʳ ʟʘʤʝʪʠʣʠ ʥʝʢʦʪʦʨʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟ-

ʮʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʧʠʩʘʥʦ ʯʘʩʪʠʯʥʦʤʫ ʫʜʘʣʝʥʠʶ 

ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʤʦʣʝʢʫʣ H2O ʠ ʥʝʢʦʪʦʨʦʤʫ ʩʞʘʪʠʶ ʷʯʝʡʢʠ. ʉʦʩʪʘʨʝʥʥʳʡ ʦʙʨʘʟʝʮ: ɺ ʯrʠʩʣʝʥʦ 

ʜʣʷ C6H13FeN14O6.5: C 16.3, H 3.0, N 44.5, H2O 2.0. ʅʘʡʜʝʥʦ: C 16.2, H 3.0, N 44.5, H2O 2.0 %. 

ɓ-Fe(ATrz )3(NO3)2ĿnH2O (ʄʝʪʦʜ 1 : 3 ï H2O/EtOH/NaNO3 ï ʊŷ 2.5 ʯ). ɺʦ ʚʨʝʤʷ ʩʠʥʪʝ-

ʟʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʞʝʣʝʟʦ(II), ʧʦʩʪʦʷʥʥʦ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥ. ʂ ʪʝʧʣʦʤʫ ʨʘʩʪʚʦʨʫ 

FeSO4Ŀ7H2O (5 ʤʤʦʣʴ, 1.39 ʛ) ʚ 6 ʤʣ 0.1 ʄ ʨʘʩʪʚʦʨʘ NaNO3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ Ba(NO3)2 (5 ʤʤʦʣʴ, 1.31 ʛ) ʚ 7 ʤʣ 

0.1 ʄ ʨʘʩʪʚʦʨʘ NaNO3. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ BaSO4 ʩʦʩʪʘʨʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ. ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ (ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʙʫʤʘʛʘ ñʟʝʣʸʥʘʷ ʣʝʥʪʘò). ʂ ʪʝʧʣʦʤʫ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩ-

ʪʚʦʨʫ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ(II) ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ 4-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ (15 ʤʤʦʣʴ, 

1.26 ʛ) ʚ 10 ʤʣ. ʵʪʘʥʦʣʘ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ ʯʝʨʝʟ 1 ï 2 ʤʠʥ. ɹʝʣʳʡ 

ʦʩʘʜʦʢ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 

2.5 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ, ʦʩʘʜʦʢ ʨʦʟʦʚʝʣ, ʝʛʦ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦ-

ʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʳ ʩ ʵʪʘʥʦʣʦʤ (1 : 1) ʠ ʵʪʘʥʦʣʦʤ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C6H13FeN14O6.5: C 16.3, H 3.0, N 44.5, H2O 2.0. ʅʘʡʜʝʥʦ: C 16.3, H 3.0, N 44.3, H2O 2.1 %. ɺʳ-

ʭʦʜ: 1.59 ʛ (72 %) ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ ɓ-Fe(ATrz)3(NO3)2Ŀ0.5H2O ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʨʝʥʪ-

ʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ.  
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Ŭ-Fe(ATrz )3(NO3)2ĿnH2O (ʄʝʪʦʜ 1 : 3 ï H2O/EtOH/NaNO3 ï ʊŹ 0.5 ʯ). ɺʦ ʚʨʝʤʷ ʩʠʥʪʝ-

ʟʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʞʝʣʝʟʦ(II), ʧʦʩʪʦʷʥʥʦ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥ. ʂ ʪʝʧʣʦʤʫ ʨʘʩʪʚʦʨʫ 

FeSO4Ŀ7H2O (5 ʤʤʦʣʴ, 1.39 ʛ) ʚ 6 ʤʣ 0.1 ʄ ʨʘʩʪʚʦʨʘ NaNO3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ Ba(NO3)2 (5 ʤʤʦʣʴ, 1.31 ʛ) ʚ 7 ʤʣ 

0.1 ʄ ʨʘʩʪʚʦʨʘ NaNO3. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ BaSO4 ʩʦʩʪʘʨʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 

30 ʤʠʥ. ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ (ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʙʫʤʘʛʘ ñʟʝʣʸʥʘʷ ʣʝʥʪʘò). ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ(II), ʦʭʣʘʞʜʸʥʥʦʤʫ ʚʦ ʣʴʜʫ, ʧʨʠʙʘʚʣʷʣʠ ʭʦʣʦʜʥʳʡ ʨʘʩʪʚʦʨ 4-ʘʤʠʥʦ-1,2,4-

ʪʨʠʘʟʦʣʘ (15 ʤʤʦʣʴ, 1,26 ʛ) ʚ 10 ʤʣ. ʵʪʘʥʦʣʘ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ɹʝ-

ʣʳʡ ʦʩʘʜʦʢ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 0.5 ʯ, ʦʩʘʜʦʢ ʙʳʩʪʨʦ ʨʦʟʦʚʝʣ. ʇʦ-

ʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʳ ʩ ʵʪʘʥʦʣʦʤ (1 : 1) ʠ ʵʪʘʥʦʣʦʤ, ʚʳ-

ʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6H13FeN14O6.5: C 16.3, H 3.0, N 44.5. ʅʘʡʜʝʥʦ: C 16.2, H 

3.0, N 44.3 %. ɺʳʭʦʜ: 1.45 ʛ (66 %) ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ Ŭ-Fe(ATrz)3(NO3)2Ŀ0.5H2O ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ɓ-Fe(ATrz )3(NO3)2ĿnH2O (ʄʝʪʦʜ 1 : 3 ï H2O/EtOH/HNO3 ï ʊŷ 3 ʯ). ɺʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ 

ʯʝʨʝʟ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʞʝʣʝʟʦ(II), ʧʦʩʪʦʷʥʥʦ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥ. ʂ ʪʝʧʣʦʤʫ ʨʘʩʪʚʦʨʫ 

FeSO4Ŀ7H2O (5 ʤʤʦʣʴ, 1,39 ʛ) ʚ 8 ʤʣ 0.1 ʄ ʨʘʩʪʚʦʨʘ HNO3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ Ba(NO3)2 (5 ʤʤʦʣʴ, 1.31 ʛ) ʚ 7 ʤʣ 

0.1 ʄ ʨʘʩʪʚʦʨʘ HNO3. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ BaSO4 ʩʦʩʪʘʨʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ. ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ (ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʙʫʤʘʛʘ ñʟʝʣʸʥʘʷ ʣʝʥʪʘò). ʂ ʪʝʧʣʦʤʫ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩ-

ʪʚʦʨʫ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ(II) ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ 4-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ (15 ʤʤʦʣʴ, 1.26 

ʛ) ʚ 8 ʤʣ ʵʪʘʥʦʣʘ. ɹʝʣʳʡ ʦʩʘʜʦʢ ʥʘʯʠʥʘʣ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ 5 ʤʠʥ ʧʦʩʣʝ ʧʨʠʙʘʚʣʝʥʠʷ ʨʘʩ-

ʪʚʦʨʘ ʣʠʛʘʥʜʘ. ɹʝʣʳʡ ʦʩʘʜʦʢ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ, ʦʩʘʜʦʢ ʨʦʟʦʚʝʣ, ʝʛʦ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʳ ʩ ʵʪʘʥʦʣʦʤ (1 : 1) ʠ ʵʪʘʥʦʣʦʤ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟ-

ʜʫʭʝ. ɺʳʭʦʜ: 0.81 ʛ (37 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6H13FeN14O6.5: C 16.3, H 3.0, N 44.5. ʅʘʡʜʝʥʦ: 

C 16.3, H 3.2, N 44.4 %. ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ ɓ-Fe(ATrz)3(NO3)2Ŀ0.5H2O ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ.  

Ŭ-Fe(ATrz )3(NO3)2ĿnH2O (ʄʝʪʦʜ 1 : 3 ï H2O/EtOH ï ʊʢʦʤʥ 5 ʯ). ɺʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʯʝʨʝʟ 

ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʞʝʣʝʟʦ(II), ʧʦʩʪʦʷʥʥʦ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥ. ʂ ʪʝʧʣʦʤʫ ʨʘʩʪʚʦʨʫ FeSO4Ŀ7H2O 

(5 ʤʤʦʣʴ, 1.39 ʛ) ʚ 6 ʤʣ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ Ba(NO3)2 (5 ʤʤʦʣʴ, 1.31 ʛ) ʚ 6 ʤʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ 

BaSO4 ʩʦʩʪʘʨʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ (ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʙʫʤʘʛʘ 

ñʟʝʣʸʥʘʷ ʣʝʥʪʘò). ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ(II) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 4-ʘʤʠʥʦ-

1,2,4-ʪʨʠʘʟʦʣʘ (15 ʤʤʦʣʴ, 1.26 ʛ) ʚ 8 ʤʣ ʵʪʘʥʦʣʘ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ). ʕʪʦ ʧʨʠʚʝʣʦ ʢ 

ʤʛʥʦʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʣ ʙʳʩʪʨʦ ʨʦʟʦʚʝʪʴ. ʈʦʟʦʚʳʡ ʦʩʘʜʦʢ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦ-

ʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʳ ʩ ʵʪʘʥʦʣʦʤ (1 : 1) ʠ ʵʪʘʥʦʣʦʤ, ʚʳ-

ʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 1.44 ʛ (65 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6H13FeN14O6.5: C 16.3, H 3.0, 

N 44.5. ʅʘʡʜʝʥʦ: C 16.3, H 3.0, N 44.1 %. ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ Ŭ-Fe(ATrz)3(NO3)2Ŀ0.5H2O ʧʦʜ-

ʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ.  

Ŭ-Fe(ATrz )3(NO3)2ĿnH2O (ʄʝʪʦʜ 1 : 3 ï H2O/EtOH ï ʊʢʦʤʥ 4 ʩʫʪ). ɺʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʯʝ-

ʨʝʟ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʞʝʣʝʟʦ(II), ʧʦʩʪʦʷʥʥʦ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥ. ʂ ʪʝʧʣʦʤʫ ʨʘʩʪʚʦʨʫ 

FeSO4Ŀ7H2O (5 ʤʤʦʣʴ, 1.39 ʛ) ʚ 6 ʤʣ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ Ba(NO3)2 (5 ʤʤʦʣʴ, 1.31 ʛ) ʚ 6 ʤʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 
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ʦʩʘʜʦʢ BaSO4 ʩʦʩʪʘʨʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ (ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ 

ʙʫʤʘʛʘ ñʟʝʣʸʥʘʷ ʣʝʥʪʘò). ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ(II) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 4-

ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ (15 ʤʤʦʣʴ, 1.26 ʛ) ʚ 8 ʤʣ ʵʪʘʥʦʣʘ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ). ʕʪʦ ʧʨʠ-

ʚʝʣʦ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʣ ʙʳʩʪʨʦ ʨʦʟʦʚʝʪʴ. ʈʦʟʦʚʳʡ 

ʦʩʘʜʦʢ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘ 4 ʩʫʪʦʢ, ʧʦ ʠʩʪʝʯʝʥʠʠ 

ʢʦʪʦʨʳʭ ʨʦʟʦʚʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʳ ʩ ʵʪʘʥʦʣʦʤ (1 : 1) ʠ ʵʪʘ-

ʥʦʣʦʤ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 1.57 ʛ (71 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6H13FeN14O6.5: C 16.3, 

H 3.0, N 44.5. ʅʘʡʜʝʥʦ: C 16.5, H 3.0, N 44.2 %. ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ Ŭ-Fe(ATrz)3(NO3)2Ŀ0.5H2O 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

Ŭ-Fe(ATrz )3(NO3)2ĿnH2O (ʄʝʪʦʜ 1 : 6 ï H2O/EtOH ï ʊʢʦʤʥ 4 ʩʫʪ). ɺʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʯʝ-

ʨʝʟ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʞʝʣʝʟʦ(II), ʧʦʩʪʦʷʥʥʦ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥ. ʂ ʪʝʧʣʦʤʫ ʨʘʩʪʚʦʨʫ 

FeSO4Ŀ7H2O (4 ʤʤʦʣʴ, 1.10 ʛ) ʚ 5 ʤʣ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʙʘʚʣʷʣʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ Ba(NO3)2 (4 ʤʤʦʣʴ, 1.05 ʛ) ʚ 6 ʤʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʦʩʘʜʦʢ BaSO4 ʩʦʩʪʘʨʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ (ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ 

ʙʫʤʘʛʘ ñʟʝʣʸʥʘʷ ʣʝʥʪʘò). ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ(II) ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 4-

ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ (24 ʤʤʦʣʴ, 2.02 ʛ) ʚ 8 ʤʣ ʵʪʘʥʦʣʘ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ). ʕʪʦ ʧʨʠ-

ʚʝʣʦ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʣ ʙʳʩʪʨʦ ʨʦʟʦʚʝʪʴ. ʈʦʟʦʚʳʡ 

ʦʩʘʜʦʢ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3.5 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘ 4 ʩʫʪʦʢ, ʧʦ ʠʩʪʝʯʝ-

ʥʠʠ ʢʦʪʦʨʳʭ ʨʦʟʦʚʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʳ ʩ ʵʪʘʥʦʣʦʤ (1 : 1) ʠ 

ʵʪʘʥʦʣʦʤ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 1.30 ʛ (74 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6H13FeN14O6.5: 

C 16.3, H 3.0, N 44.5. ʅʘʡʜʝʥʦ: C 16.5, H 3.1, N 44.2 %. ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ Ŭ-

Fe(ATrz)3(NO3)2Ŀ0.5H2O ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʂʦʤʧʦʟʠʪ ʧʦʣʠʩʪʠʨʦʣ ï [Fe(ATrz )3](NO3)2Ŀ0.5H2O (ʇʉ ï Fe). ʊʠʧʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʦʚ ʇʉ ï Fe ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʦʣʠʩʪʠʨʦʣ (383 ʤʛ) ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ CH2Cl2 (8 ʤʣ). ʇʦʨʦʰʦʢ ʢʦʤʧʣʝʢʩʘ Ŭ-[Fe(ATrz)3](NO3)2Ŀ0.5H2O 

(80.2 ʤʛ) ʜʦʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ ʧʦʣʠʩʪʠʨʦʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ ʯʘʩʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʨʦʟʦʚʦʡ ʩʫʩʧʝʥʟʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʥʘʥʦʩʠʣʠ ʥʘ 

ʧʣʦʩʢʫʶ ʩʪʝʢʣʷʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʩʤʝʩʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 2 ï 3 ʯ, ʦʙʨʘ-

ʟʦʚʳʚʘʣʠʩʴ ʪʦʥʢʠʝ ʧʣʸʥʢʠ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʣʸʥʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʘʤ-

ʢʘʭ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʠ ʠʟʤʝʨʷʝʤʘʷ ʥʘ ʤʠʢʨʦʤʝʪʨʝ ʄʂ 0-25ʤʤ, ʩʦʩʪʘʚʣʷʣʘ 10 ï 20 ʤʢʤ. ɺr -

ʯʠʩʣʝʥʦ ʜʣʷ ʇʉ ï [Fe(ATrz)3](NO3)2Ŀ0.5H2O (80.5 % ʇʉ : 19.5 % [Fe(ATrz)3](NO3)2Ŀ0.5H2O): C 

77.5, H 6.8, N 8.7 %. ʅʘʡʜʝʥʦ: C 77.0, H 7.2, N 8.3 %. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʣʸʥʢʠ ʠʜʝʥʪʠʯʥʘ ʜʠ-

ʬʨʘʢʪʦʛʨʘʤʤʝ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ŭ-[Fe(ATrz)3](NO3)2Ŀ0.5H2O.  
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2(NCS)2]ĿH2O. ʄʝʪʦʜ 1. ʉʠʥʪʝʟ ʚʳʧʦʣʥʷʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʝʩʢʠʩʣʦʨʦʞʝʥʥʦʛʦ MeOH, ʨʘʩʪʚʦʨʳ ʧʦʜʢʠʩʣʷʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʈʘʩʪʚʦʨ KNCS (24.3 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH ʧʨʠʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʢ ʨʘʩʪʚʦʨʫ 

Fe(ClO4)2Ŀ6H2O (36.3 ʤʛ, 0.10 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH. ʆʙʨʘʟʫʶʱʠʡʩʷ ʦʩʘʜʦʢ KClO4 ʦʪʬʠʣʴʪʨʦ-

ʚʳʚʘʣʠ. ɹʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʠʦʥʳ Fe
2+

 ʠ NCS
ï
 ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 2.5, 

ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ L
20

 (96.1 ʤʛ, 0.40 ʤʤʦʣʴ) ʚ 15 ʤʣ MeOH. ʈʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʢʨʘʩʥʳʤ, 

ʚʳʧʘʜʘʣ ʷʨʢʠʡ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʳʡ ʦʩʘʜʦʢ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeOH, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 59.9 ʤʛ (89 

%). ʅʘʡʜʝʥʦ, %: C 39.7; H 2.5; Fe 8.3; N 37.5; S 9.9; H2O 2.1. C22H18FeN18OS2. ɺʳʯʠʩʣʝʥʦ, %: 



96 

 

C 39.4; H 2.7; Fe 8.3; N 37.6; S 9.6; H2O 2.7. ʄʝʪʦʜ 2. ʉʠʥʪʝʟ ʚʳʧʦʣʥʷʣʠ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʫ 1 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʘʛʨʫʟʢʘʭ ʨʝʘʛʝʥʪʦʚ: Fe(ClO4)2Ŀ6H2O ï 32.3 ʤʛ (0.09 ʤʤʦʣʴ), KNCS ï 21.0 ʤʛ 

(0.22 ʤʤʦʣʴ), L ï 43.2 ʤʛ, (0.18 ʤʤʦʣʴ), ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ MeOH ï 13 ʤʣ. ɺʳʭʦʜ: 46.3 ʤʛ 

(77 %). ʅʘʡʜʝʥʦ, %: C 39.5; H 2.6; Fe 8.1; N 36.5; S 10.0; H2O 3.0. C22H18FeN18OS2. ɺʳʯʠʩʣʝʥʦ, 

%: C 39.4; H 2.7; Fe 8.3; N 37.6; S 9.6; H2O 2.7.  

 

2.2.9. ʂʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II ) ʩ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 
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Ŭ-[FeL
21

2](ClO4)2ĿH2O. ʈʘʩʪʚʦʨ Fe(ClO4)2Ŀ6H2O (90.7 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH ʧʨʠ-

ʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
21

 (113.1 ʤʛ, 0.50 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH. ʆʙʨʘʟʦʚʳʚʘʣ-

ʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ 2 ʤʣ EtOH. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ 

ʦʩʘʜʦʢ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʯʝʨʝʟ 30 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʸ 30 ʤʠʥ, ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ MeOH/EtOH = 1 : 1 ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 

126.5 ʤʛ (70 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H22Cl2FeN12O9: C, 36.4; H, 3.1; N, 23.2. ʅʘʡʜʝʥʦ: C, 36.5; 

H, 3.0; N, 23.3 %.  

ɓ-[FeL
21

2](ClO4)2ĿH2O. ʄʝʪʦʜ 1. ʈʘʩʪʚʦʨ Fe(ClO4)2Ŀ6H2O (18.1 ʤʛ, 0.050 ʤʤʦʣʴ) ʚ 0.5 ʤʣ 

EtOH ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
21

 (22.6 ʤʛ, 0.10 ʤʤʦʣʴ) ʚ 1 ʤʣ EtOH. ʆʙʨʘ-

ʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ. ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʪʦʢʦʤ ʘʨʛʦʥʘ (Vfin<1 ʤʣ). 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʸ 15 ʤʠʥ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘ-

ʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 8.0 ʤʛ (36 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H22Cl2FeN12O9: 
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C, 36.4; H, 3.1; N, 23.2. ʥʘʡʜʝʥʦ: C, 36.5; H, 3.3; N, 23.2 %. ʄʝʪʦʜ 2. ʈʘʩʪʚʦʨ Fe(ClO4)2Ŀ6H2O 

(5.4 ʤʛ, 0.015 ʤʤʦʣʴ) ʚ 0.5 ʤʣ iPrOH ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
21

 (6.8 ʤʛ, 

0.030 ʤʤʦʣʴ) ʚ 0.5 ʤʣ iPrOH. ʏʝʨʝʟ 1 ʤʠʥ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 

20 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ iPrOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 9.4 ʤʛ 

(86 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H22Cl2FeN12O9: C, 36.4; H, 3.1; N, 23.2. ʅʘʡʜʝʥʦ: C, 36.4; H, 3.1; 

N, 22.9 %. 

[FeL
3
2](ClO4)2ĿEtOH . ʄʝʪʦʜ 1. ʈʘʩʪʚʦʨ Fe(ClO4)2Ŀ6H2O (36.3 ʤʛ, 0.10 ʤʤʦʣʴ) ʚ 1 ʤʣ 

EtOH ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
3
 (56.5 ʤʛ, 0.20 ʤʤʦʣʴ) ʚ 1 ʤʣ EtOH. ʄʛʥʦ-

ʚʝʥʥʦ ʚʳʧʘʜʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 20 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦ-

ʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 74.2 ʤʛ (86 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C32H42Cl2FeN12O9: C, 44.4; H, 4.9; N, 19.4. ʅʘʡʜʝʥʦ: C, 44.6; H, 4.8; N, 19.4 %. ʄʝʪʦʜ 2. ʈʘʩʪʚʦʨ 

FeCl2Ŀ4H2O (49.7 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 1 ʤʣ EtOH ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
3
 

(141 ʤʛ, 0.50 ʤʤʦʣʴ) ʚ 4 ʤʣ EtOH. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʩʚʝʪʣʦ-ʞʸʣʪʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ ʥʘʚʝʩ-

ʢʫ N(C4H9)ClO4 (214 ʤʛ, 0.625 ʤʤʦʣʴ). ʄʛʥʦʚʝʥʥʦ ʚʳʧʘʜʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠ-

ʚʘʣʠ 20 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 

157 ʤʛ (73 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H42Cl2FeN12O9: C, 44.4; H, 4.9; Fe, 6.5; N, 19.4. ʅʘʡʜʝʥʦ: C, 

44.5; H, 4.7; Fe 6.4; N, 19.4 %. 

[FeL
3
2](CF3SO3)2. ʈʘʩʪʚʦʨ KCF3SO3 (56.5 ʤʛ, 0.30 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH ʧʨʠʙʘʚʣʷʣʠ ʢ 

ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (54.4 ʤʛ, 0.15 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH. ɹʝʣʳʡ ʦʩʘʜʦʢ KClO4 ʦʪʬʠʣʴʪʨʦ-

ʚʳʚʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
3
 (84.7 

ʤʛ, 0.30 ʤʤʦʣʴ) ʚ 6 ʤʣ EtOH. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʸʣʪʦʛʦ ʨʘʩʪʚʦʨʘ. ʀʟʙʳʪʦʢ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʪʦʢʦʤ ʘʨʛʦʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʧʘʜʝʥʠʶ ʞʸʣʪʦʛʦ ʦʩʘʜʢʘ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 2 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘ-

ʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 34.7 ʤʛ (25 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H36F6FeN12O6S2: C, 41.8; H, 3.9; 

N, 18.3. ʅʘʡʜʝʥʦ: C, 41.9; H, 4.1; N, 17.9 %. 

[FeL
3
Cl2]Ŀ0.5H2O. ʈʘʩʪʚʦʨ FeCl2Ŀ4H2O (49.7 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH ʧʨʠʙʘʚʣʷʣʠ ʢ 

ʨʘʩʪʚʦʨʫ L
3
 (141.2 ʤʛ, 0.50 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʆʙʨʘʟʦʚʳʚʘʣʩʷ ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʠ ʦʩʘʜʦʢ. 

ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʪʜʫʚʘʣʠ ʪʦʢʦʤ ʘʨʛʦʥʘ ʜʦ ʦʙʲʸʤʘ 2 ʤʣ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦ-

ʤʳʚʘʣʠ EtOH, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 86.1 ʤʛ (82 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C15H19Cl2FeN6O0.5: C, 43.1; H, 4.6; Fe, 13.3; N, 20.1. ʅʘʡʜʝʥʦ: C, 43.4; H, 4.5; Fe, 13.0; N, 20.3 %. 

[FeL
3
(NCS)2]. ʈʘʩʪʚʦʨ KNCS (48.6 ʤʛ, 0.50 ʤʤʦʣʴ) ʚ 4 ʤʣ EtOH ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ 

Fe(ClO4)2Ŀ6H2O (90.7 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH. ʇʦʣʫʯʘʝʤʳʡ ʧʨʠ ʵʪʦʤ ʙʝʣʳʡ ʦʩʘʜʦʢ KClO4 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʘ ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
3
 (141.2 

ʤʛ, 0.50 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʘ ʧʝʨʩʠʢʦʚʦʛʦ ʮʚʝʪʘ. ʈʝʘʢʮʠ-

ʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 30 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 103.1 ʤʛ (91 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C17H18FeN8S2: C, 44.9; H, 4.0; N, 24.7; S, 

14.1. ʅʘʡʜʝʥʦ: C, 45.2; H, 4.1; N, 24.3; S 14.3 %. 

[FeL
21

2](BF4)2ĿH2O. ʄʝʪʦʜ 1. ʈʘʩʪʚʦʨ Fe(BF4)2Ŀ6H2O (50.6 ʤʛ, 0.15 ʤʤʦʣʴ) ʚ 0.5 ʤʣ 

EtOH ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
21

 (67.9 ʤʛ, 0.30 ʤʤʦʣʴ) ʚ 1.5 ʤʣ EtOH. ʆʙ-

ʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ. ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʩʪʨʫʸʡ ʘʨʛʦʥʘ. ʉʚʝʪʣʦ-

ʞʸʣʪʳʡ ʦʩʘʜʦʢ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʜʦ 1 ʤʣ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝ-

ʰʠʚʘʣʠ ʝʱʸ 20 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 35.8 ʤʛ (34 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H22B2F8FeN12O: C, 37.8; H, 3.2; N, 24.0. ʅʘʡʜʝʥʦ: 

C, 37.8; H, 3.1; N, 23.6 %. ʄʝʪʦʜ 2. ʈʘʩʪʚʦʨ Fe(BF4)2Ŀ6H2O (5.1 ʤʛ, 0.15 ʤʤʦʣʴ) ʚ 0.5 ʤʣ iPrOH 
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ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
21

 (6.8 ʤʛ, 0.030 ʤʤʦʣʴ) ʚ 0.5 ʤʣ iPrOH. ʆʙʨʘʟʦ-

ʚʳʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ ʠ ʚʳʧʘʜʘʣ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ, 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ iPrOH, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 7.7 ʤʛ (73 %). 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H22B2F8FeN12O: C, 37.8; H, 3.2; N, 24.0. ʅʘʡʜʝʥʦ: C, 37.6; H, 3.4; N, 23.5 %.  

[FeL
22

2](ClO4)2ĿH2O. ʈʘʩʪʚʦʨ Fe(ClO4)2Ŀ6H2O (10.9 ʤʛ, 0.030 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH ʧʨʠ-

ʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
22

 (17.3 ʤʛ, 0.060 ʤʤʦʣʴ) ʚ 0.5 ʤʣ MeOH. ʆʙʨʘʟʦʚʳ-

ʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ ʠ ʚʳʧʘʜʘʣ ʦʨʘʥʞʝʚʘʪʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʫʜʘʣʷʣʠ ʩʪʨʫʸʡ ʘʨʛʦʥʘ ʜʦ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸʤʘ ʜʦ 0.5 ʤʣ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

MeOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 20.5 ʤʛ (80 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H26Cl2FeN12O9: 

C, 45.3; H, 3.1; N, 19.8. ʅʘʡʜʝʥʦ: C, 45.5; H, 2.9; N, 19.6 %.  

[FeL
22

2](BF4)2ĿH2O. ʈʘʩʪʚʦʨ Fe(BF4)2Ŀ6H2O (11.8 ʤʛ, 0.035 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH ʧʨʠʙʘʚ-

ʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
22

 (20.2 ʤʛ, 0.070 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH. ʆʙʨʘʟʦʚʳʚʘʣʩʷ 

ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ ʠ ʚʳʧʘʜʘʣ ʦʨʘʥʞʝʚʘʪʦ-ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ 

ʩʪʨʫʸʡ ʘʨʛʦʥʘ ʜʦ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʜʦ 0.5 ʤʣ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʄʝOH ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 13.7 ʤʛ (47 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H26B2F8FeN12O: C, 46.6; 

H, 3.2; N, 20.4. ʅʘʡʜʝʥʦ: C, 46.6; H, 3.2; N, 20.4 %.  

[FeL
45

2](ClO4)2ĿH2O. ʈʘʩʪʚʦʨ Fe(ClO4)2Ŀ6H2O (10.9 ʤʛ, 0.030 ʤʤʦʣʴ) ʚ 1 ʤʣ MeOH ʧʨʠ-

ʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
45

 (17.0 ʤʛ, 0.060 ʤʤʦʣʴ) ʚ 0.5 ʤʣ MeOH. ʆʙʨʘʟʦʚʳ-

ʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ ʠ ʚʳʧʘʜʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʩʪʨʫʸʡ 

ʘʨʛʦʥʘ ʜʦ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸʤʘ ʜʦ 0.5 ʤʣ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeOH ʠ ʚʳʩʫ-

ʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 18.4 ʤʛ (73 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C28H34Cl2FeN14O9: C, 40.2; H, 4.1; N, 

23.4. ʅʘʡʜʝʥʦ: C, 40.0; H, 4.0; N, 23.4 %.  

[FeL
7
Cl2]. ʈʘʩʪʚʦʨ FeCl2Ŀ4H2O (79.5 ʤʛ, 0.40 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH ʧʨʠʙʘʚʣʷʣʠ ʧʨʠ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
7
 (276 ʤʛ, 0.80 ʤʤʦʣʴ) ʚ 20 ʤʣ EtOH. ʆʙʨʘʟʦʚʳʚʘʣʩʷ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʠ ʚʳʧʘʜʘʣ ʦʯʝʥʴ ʩʚʝʪʣʳʡ ʬʠʦʣʝʪʦʚʳʡ ʦʩʘʜʦʢ. ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ ʩʪʨʫʸʡ ʘʨʛʦʥʘ ʜʦ 

ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸʤʘ ʜʦ 15 ʤʣ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 100 ʤʛ (53 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H20Cl2FeN6: C, 51.0; H, 4.3; N, 17.8, 11.9. 

ʅʘʡʜʝʥʦ: C, 50.5; H, 4.5; N, 17.9; Fe 11.2 %. 

[FeL
7
2](BF4)2ĿH2O. ʈʘʩʪʚʦʨ Fe(BF4)2Ŀ6H2O (10.1 ʤʛ, 0.030 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH ʧʨʠʙʘʚ-

ʣʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ L
7
 (20.7 ʤʛ, 0.060 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʆʙʨʘʟʦʚʳʚʘʣʩʷ 

ʞʸʣʪʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʠ ʚʳʧʘʜʘʣ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ. ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ 

ʩʪʨʫʸʡ ʘʨʛʦʥʘ ʜʦ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸʤʘ ʜʦ 2ï3 ʤʣ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 20.1 ʤʛ (72 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C40H42B2F8FeN12O: C, 51.3; H, 

4.5; N, 18.0. ʅʘʡʜʝʥʦ: C, 51.6; H, 4.4; N, 18.2 %.  

[FeL
23

2](BF4)2ĿxH2O (Ŭ-1
LS
ĿxH2O). ʈʘʩʪʚʦʨ L

23
 (0.040 ʤʤʦʣʴ, 10.6 ʤʛ) ʚ EtOH (1 ʤʣ) 

ʧʨʠʙʘʚʣʷʣʠ ʢ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 6.8 ʤʛ) ʚ EtOH (1 

ʤʣ). ʈʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʪʸʤʥʦ-ʢʨʘʩʥʳʤ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʪʸʤʥʦ-

ʢʨʘʩʥʦʛʦ ʦʩʘʜʢʘ. ʏʝʨʝʟ 45 ʤʠʥʫʪ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 11.5 ʤʛ (74 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%), ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H31N10B2F8FeO0.5 

(769.10): C 46.9, H 4.1, N 18.2, H2O 1.2; ʥʘʡʜʝʥʦ C 47.2, H 4.2, N 18.1, H2O 1.1. ʀʛʦʣʴʯʘʪʳʝ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʳ ʬʘʟʳ Ŭ-1
LS
ĿxH2O ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʣʠʙʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ). 

[FeL
23

2](BF4)2ĿEtOHĿH2O (1
LS
ĿEtOHĿH2O) ʠ [FeL

23
2](BF4)2ĿxH2O (ɓ-1

LS
ĿxH2O). ʈʘʩʪʚʦʨ 

L
23

 (0.040 ʤʤʦʣʴ, 10.6 ʤʛ) ʚ EtOH (0.7 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 
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6.8 ʤʛ) ʚ EtOH (0.7 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʣ ʪʸʤʥʦ-ʢʨʘʩʥʫʶ ʦʢʨʘʩʢʫ, ʠʛʦʣʴʯʘʪʳʝ 

ʪʸʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘʯʠʥʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ 1 ʤʠʥ. ʏʝʨʝʟ 2 ï 3 ʜʥʷ ʥʘʯʠʥʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ï ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʭʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʭ ʪʸʤʥʦ-

ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʏʝʨʝʟ 2 ï 3 ʥʝʜʝʣʠ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʣʠ. ʇʨʠʟʤʘ-

ʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 

14.0 ʤʛ (86 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

C32H38N10B2F8FeO2 ([FeL
23

2](BF4)2ĿEtOHĿH2O, 824.18): C 46.6, H 4.4, N 17.0; ʥʘʡʜʝʥʦ C 46.9, 

H 4.4, N 16.8 %. ʇʨʠ ʭʨʘʥʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʢʨʠʩʪʘʣʣʳ 1
LS
ĿEtOHĿH2O ʪʝʨʷʶʪ ʤʦʣʝʢʫʣʳ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʥʦʚʫʶ ʬʘʟʫ ɓ-1
LS
ĿxH2O. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʜʣʷ ʦʙʨʘʟʮʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʚʦʟʜʫʭʝ 4 ʜʥʷ, ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H37N10B2F8FeO 

([FeL
23

2](BF4)2ĿH2O, 778.11): C 46.3, H 4.1, N 18.0; ʥʘʡʜʝʥʦ C 46.7, H 4.3, N 17.8. ʕʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ ʜʣʷ ʦʙʨʘʟʮʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʚʦʟʜʫʭʝ 1 ʤʝʩʷʮ, ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H37N10B2F8FeO 

([FeL
23

2](BF4)2ĿH2O, 778.11): C 46.3, H 4.1, N 18.0; ʥʘʡʜʝʥʦ C 46.4, H 4.0, N 18.1.  

[FeL
23

2](BF4)2 (1
A/LS
), ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʌʘʟʘ 

1
A/LS

 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʬʘʟ Ŭ-1
LS
ĿxH2O, 1

LS
ĿEtOHĿH2O ʠ 

ɓ-1
LS
ĿxH2O ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘ-

ʥʠʷ, ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H30N10B2F8Fe (760.10): C 47.4, H 4.0, N 18.4; ʥʘʡʜʝʥʦ C 47.2, H 4.1, N 

18.4. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʩʯʠʪʘʥ-

ʥʦʡ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ 1
ɸ/LS

. ʄʦʥʦʢʨʠʩʪʘʣʣ ʬʘʟʳ 1
ɸ/LS
, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʪʙʠʨʘʣʠ ʠʟ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦ-

ʚʘʥʠʠ ʠʩʭʦʜʥʦʡ ʬʘʟʳ 1
LS
ĿEtOHĿH2O. 

[FeL
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2](BF4)2ĿyEtOHĿzH2O (1
E/LS
ĿyEtOHĿzH2O). ʈʘʩʪʚʦʨ L

23
 (0.060 ʤʤʦʣʴ, 15.9 ʤʛ) 

ʚ EtOH (0.5 ʤʣ) ʚ ʧʨʠʩʪʫʪʩʚʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ Triton-100 (20 ʤʢʣ) ʧʨʠʙʘʚ-

ʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.030 ʤʤʦʣʴ, 10.2 ʤʛ) ʚ EtOH (0.5 ʤʣ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Triton-100 

(20 ʤʢʣ). ʈʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ ʪʸʤʥʦ-ʢʨʘʩʥʳʤ. ɽʛʦ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ 10 ʤʠʥ. ʕʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʸʤʥʦ-ʢʨʘʩʥʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 14.3 ʤʛ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙ-

ʨʘʟʮʘ, ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30.8H33.2N10B2F8FeO0.8 ([FeL
23

2](BF4)2Ŀ0.4EtOHĿ0.4H2O, 785.75): C 47.1, H 

4.3, N 17.8; ʥʘʡʜʝʥʦ C 47.2, H 3.9, N 17.8 %.   

[FeL
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2](BF4)2ĿyEtOHĿzH2O (1
E/LS
ĿyEtOHĿzH2O), ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʚ ʟʘ-

ʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʠ ʧʨʝʚʨʘʱʝʥʠʝ 1
E/LS
ĿyEtOHĿzH2O ­ 1

A
. ʌʘʟʘ 1

E/LS
ĿyEtOHĿzH2O ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʘ (ʠ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʤʝʥʥʦ ʪʘʢ) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʟʘʧʘ-

ʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʉʧʦʩʦʙ 1. ʂʨʠʩʪʘʣʣʳ ʬʘʟʳ 1
LS
ĿEtOHĿH2O ʟʘʛʨʫʞʘʣʠ ʚ ʘʤʧʫʣʫ, ʚʳʜʝʨʞʠʚʘʣʠ 

ʚ ʧʘʨʘʭ EtOH ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʤ ʮʠʢʣʠʨʦʚʘʥʠʠ 

ʥʘʙʣʶʜʘʣʠ ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʟʠʩ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʬʘʟʳ 1
E/LS
ĿyEtOHĿzH2O. ɼʠʬʨʘʢʪʦʛʨʘʤ-

ʤʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ 

ʜʘʥʥʳʤ. ɼʣʷ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʝʚʨʘʱʝʥʠʝ 1
E/LS
ĿyEtOHĿzH2O  ­ 1

A
. ʆʙʨʘʟʝʮ 

1
E/LS
ĿyEtOHĿzH2O ʧʦʤʝʱʘʣʠ ʚ ʘʤʧʫʣʫ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʧʘʨʘʭ ʚʦʜʳ 2 ʜʥʷ. ʄʘʩʩʘ ʦʙʨʘʟʮʘ ʥʝ-

ʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʣʘʩʴ (2.1 %), ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ 

ʥʘʙʣʶʜʘʣʠ ʧʝʪʣʶ ʛʠʩʪʝʨʝʟʠʩʘ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʧʝʨʝʭʦʜʘ 1
A/LS

 ª 1
A/HS

. ʉʧʦʩʦʙ 2. ʇʦʨʦʰʦʢ 

ʬʘʟʳ ɓ-1
LS
ĿxH2O ʧʦʤʝʱʘʣʠ ʚ ʘʤʧʫʣʫ, ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʧʘʨʘʭ EtOH 48 ʯ (ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ: 4.5 

%) ʠ ʟʘʧʘʠʚʘʣʠ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʥʘʙʣʶʜʘʣʠ ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʟʠʩ, ʭʘʨʘʢʪʝʨ-

ʥʳʡ ʜʣʷ ʬʘʟʳ 1
E/LS
ĿyEtOHĿzH2O. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘ-

ʥʠʷ, ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30.8H33.2N10B2F8FeO0.8 ([FeL
23

2](BF4)2Ŀ0.4EtOHĿ0.4H2O, 785.75): C 47.1, H 



100 

 

4.3, N 17.8; ʥʘʡʜʝʥʦ C 46.5, H 4.0, N 17.3 %. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ 1
E/LS
ĿyEtOHĿzH2O (y = 

0.41, z = 0.40). ʂʨʠʩʪʘʣʣ 1
E/LS
ĿyEtOHĿzH2O (y = 0.41, z = 0.40) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʠʟ ʵʪʦʛʦ ʦʙʨʘʟʮʘ. 
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2](BF4)2 (1
B
), ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʌʘʟʘ 1

B
 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ. ʌʘʟʫ Ŭ-1
LS
ĿxH2O 

ʟʘʛʨʫʞʘʣʠ ʚ ʘʤʧʫʣʫ ʠ ʟʘʧʘʠʚʘʣʠ. ʊʝʨʤʠʯʝʩʢʘʷ ʚʳʜʝʨʞʢʘ ʧʨʠ 370 K ʚ ʪʝʯʝʥʠʝ 15 ʯ ʠ ʧʦʩʣʝʜʫ-

ʶʱʝʝ ʪʝʨʤʠʯʝʩʢʦʝ ʮʠʢʣʠʨʦʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʥʦʤʫ ʧʦʩʪʝʧʝʥʥʦʤʫ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʤʫ ʩʧʠʥʦ-

ʚʦʤʫ ʧʝʨʝʭʦʜʫ, ʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʦʢʦʣʦ 320 K. ʇʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪ-

ʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʌʘʟʘ 1
B
 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʩʤʝʩʠ ʩ ʬʘʟʦʡ 1

A
. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʟʫ 1

A
 

ʧʦʤʝʱʘʶʪ ʚ ʘʤʧʫʣʫ, ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʩʫʭʠʭ ʫʩʣʦʚʠʷʭ, ʠ ʟʘʧʘʠʚʘʶʪ. ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢ-

ʣʠʨʦʚʘʥʠʷ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 1
B
 ʠ 1

A
. 
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2](BF4)2 (1
C
), ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʌʘʟʘ 1

C
 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʌʘʟʫ Ŭ-1
LS
ĿxH2O 

ʟʘʛʨʫʞʘʣʠ ʚ ʘʤʧʫʣʫ ʠ ʟʘʧʘʠʚʘʣʠ. ʊʝʨʤʠʯʝʩʢʘʷ ʚʳʜʝʨʞʢʘ ʧʨʠ 500 K ʚ ʪʝʯʝʥʠʝ 16 ʯ ʠ ʧʦʩʣʝʜʫ-

ʶʱʝʝ ʪʝʨʤʠʯʝʩʢʦʝ ʮʠʢʣʠʨʦʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʥʦʤʫ ʧʦʩʪʝʧʝʥʥʦʤʫ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʤʫ ʩʧʠʥʦ-

ʚʦʤʫ ʧʝʨʝʭʦʜʫ, ʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʦʢʦʣʦ 320 K. ʇʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪ-

ʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

[FeL
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2](BF4)2 (1
D
), ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʌʘʟʘ 1

D
 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʌʘʟʫ ɓ-1
LS
ĿxH2O 

ʟʘʛʨʫʞʘʣʠ ʚ ʘʤʧʫʣʫ ʠ ʟʘʧʘʠʚʘʣʠ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʢʦʣʦ 450 K ʦʙʨʘʟʮʳ ʧʝʨʝʭʦʜʷʪ ʚ ʚʳʩʦʢʦʩ-

ʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʧʦʢʘʟʳʚʘʶʪ ʚʝʩʴʤʘ ʧʣʘʚʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʚ ʥʠʟʢʦʩ-

ʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩ T1/2 º 310 K. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʘʝʤʦʝ ʧʦʚʝʜʝ-

ʥʠʝ ʩʚʷʟʘʥʦ ʩ ʬʘʟʦʡ 1
D
. ʌʘʟʘ 1

D
 ʤʦʞʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʬʘʟʫ 1

A/LS
 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï 

ʚ ʦʪʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʤʳ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʩʤʝʩʴ ʬʘʟ 

1
A/LS

 ʠ 1
D
. ʇʨʝʚʨʘʱʝʥʠʝ 1

D
 ­ 1

A/LS
 ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʚʣʘʞʥʦʩʪʠ: ʚʳʜʝʨʞʠʚʘʥʠʝ ʬʘʟʳ 1

D
 ʚ ʧʘʨʘʭ 

ʚʦʜʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʪʝʨʤʠʯʝʩʢʦʝ ʮʠʢʣʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʦʙʨʘʟʮʘ 

ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʬʘʟʳ 1
A/LS

. 
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2](BF4)2 (1
F
), ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʚ ʚʘʢʫʫʤʝ. ʌʘʟʘ 1

F
 ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʣʫʯʝʥʘ  ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʦʪʢʨʳʪʳʭ ʘʤʧʫʣʘʭ ʚ ʚʘʢʫʫʤʝ. ʉʧʦʩʦʙ 1. ʀʩʭʦʜʥʫʶ 

ʬʘʟʫ 1
LS
ĿEtOHĿH2O ʧʦʤʝʱʘʣʠ ʚ ʘʤʧʫʣʫ ʠ ʥʘʛʨʝʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʣʠʷ ʢʘʢ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʛʘʟʘ (5 ʤʤ ʨʪ. ʩʪ.) ʜʦ 480 K. ʇʦʪʝʨʷ ʤʘʩʩʳ 8.0 % ʩʦʦʪʚʪʝʪʩʚʫʝʪ ʫʜʘʣʝʥʠʶ ʤʦ-

ʣʝʢʫʣ EtOH ʠ H2O (ʚʳʯʠʩʣʝʥʦ ʜʣʷ 1
LS
ĿEtOHĿH2O: 7.8 %). ʉʧʦʩʦʙ 2. ʀʩʭʦʜʥʫʶ ʬʘʟʫ ɓ-

1
LS
ĿxH2O ʧʦʤʝʱʘʣʠ ʚ ʘʤʧʫʣʫ ʠ  ʥʘʛʨʝʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʣʠʷ ʢʘʢ ʪʝʧʣʦʦʙ-

ʤʝʥʥʦʛʦ ʛʘʟʘ (5 ʤʤ ʨʪ. ʩʪ.) ʜʦ 480 K. ʇʦʪʝʨʷ ʤʘʩʩʳ 2.4 % ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʤʦʣʝʢʫʣ H2O 

(ʚʳʯʠʩʣʝʥʦ ʜʣʷ ɓ-1
LS
ĿxH2O (x = 1): 2.3 %). ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ, ʧʦʫʯʝʥʥʳʭ ʧʦ ʵʪʠʤ 

ʧʨʦʮʝʜʫʨʘʤ, ʩʦʚʧʘʜʘʶʪ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʬʘʟʘ 1
F
 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʩʪʝʧʝʥʥʳʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʦʢʦʣʦ 320 K. 

[Fe(i-L
23

)2](BF4)2ĿEtOH (2
LS
ĿEtOH). ʉʫʩʧʝʥʟʠʶ i-L

23
 (0.060 ʤʤʦʣʴ, 15.9 ʤʛ) ʚ EtOH (1 

ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.030 ʤʤʦʣʴ, 10.2 ʤʛ) ʚ EtOH (0.5 ʤʣ). ʈʘʩʪʚʦʨ ʩʪʘ-

ʥʦʚʠʣʩʷ ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʤ. ʊʸʤʥʳʝ ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘʯʠʥʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʤʝʜ-

ʣʝʥʥʦ. ʏʝʨʝʟ ʜʝʥʴ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 18.2 ʤʛ (75 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

C32H36N10B2F8FeO ([Fe(i-L
23

)2](BF4)2ĿEtOH, 806.15): C 47.7, H 4.5, N 17.3; ʥʘʡʜʝʥʦ C 47.6, H 4.3, 
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N 17.4 %. ʅʘ ʚʦʟʜʫʭʝ ʢʨʠʩʪʘʣʣʳ 2
LS
ĿEtOH  ʪʝʨʷʶʪ EtOH (ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʨʙʠʨʫʶʪ ʧʘʨʳ 

H2O) ʧʨʝʚʨʷʱʘʷʩʴ ʚ [Fe(i-L
23

)2](BF4)2ĿyEtOHĿzH2O (2
LS
ĿyEtOHĿzH2O, y < 1, z > 0). ʇʨʠ ʵʪʦʤ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ 2
LS
ĿyEtOHĿzH2O ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ 2

LS
ĿEtOH . 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʦʙʨʘʟʮʘ 2
LS
ĿyEtOHĿzH2O ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʥʝʩʢʦʣʴʢʦ 

ʤʝʩʷʮʝʚ, ʚʳʯʠʩʣʝʥʦ ʜʣʷ C32H37N10B2F8FeO ([Fe(i-L
23

)2](BF4)2ĿH2O, 778.11): C 46.3, H 4.1, 

N 18.0; ʥʘʡʜʝʥʦ C 46.1, H 4.1, N 17.3 %; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C31H35N10B2F8FeO1.5 ([Fe(i-

L
23

)2](BF4)2ĿH2OĿ0.5EtOH, 801.13): C 46.5, H 4.5, N 17.5; ʥʘʡʜʝʥʦ C 46.1, H 4.1, N 17.3 %.  

Ŭ-[FeL
27

2](BF4)2ĿH2O. ʈʘʩʪʚʦʨ L
27

 (0.060 ʤʤʦʣʴ, 14.2 ʤʛ) ʚ MeOH (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʢ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.030 ʤʤʦʣʴ, 10.1 ʤʛ) ʚ EtOH (0.7 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʢʨʘʰʠ-

ʚʘʣʘʩʴ ʚ ʪʸʤʥʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ, ʪʸʤʥʦ-ʢʨʘʩʥʳʡ ʦʩʘʜʦʢ ʥʘʯʠʥʘʣ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ 1 ʤʠʥ. ʈʝ-

ʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 10 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeOH ʠ ʚʳʩʫ-

ʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺ ʭrʦʜ: 14.6 ʤʛ (67 %). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%), ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

C26H24N10B2F8FeO ([FeL
27

2](BF4)2ĿH2O, 722.00): C 43.3, H 3.4, N 19.4; ʥʘʡʜʝʥʦ C 43.4, H 3.5, 

N 19.4. ʄʦʥʦʢʨʠʩʪʘʣʣʳ  Ŭ-[FeL
27

2](BF4)2ĿH2O ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʚʩʪʨʝʯʥʦʡ ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦ-

ʨʦʚ L
27

 ʠ Fe(BF4)2Ŀ6H2O ʚ MeOH ʚ U-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʙʨʘʟʝʮ ʧʦʩʣʝ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʚ ʚʘʢʫʫʤʝ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (%), ʚʳʯʠʩʣʝʥʦ ʜʣʷ C26H24N10B2F8FeO 

([FeL
27

2](BF4)2Ŀ0.5H2O, 712.99): C 43.8, H 3.3, N 19.6; ʥʘʡʜʝʥʦ C 43.7, H 3.4, N 19.6.  

ɓ-[FeL
27

2](BF4)2ĿH2O. ʈʘʩʪʚʦʨ L
27

 (0.040 ʤʤʦʣʴ, 9.5 ʤʛ) ʚ EtOH (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ ʨʘʩ-

ʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 6.8 ʤʛ) ʚ EtOH (1 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʨʠʦʙʨʝʪʘʣʘ ʪʸʤ-

ʥʦ-ʢʨʘʩʥʫʶ ʦʢʨʘʩʢʫ, ʪʸʤʥʦ-ʢʨʘʩʥʳʡ ʦʩʘʜʦʢ ʥʘʯʠʥʘʣ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʤʝʜʣʝʥʥʦ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʨʝʤʝʰʠʚʘʣʠ 10 ʤʠʥ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟ-

ʜʫʭʝ. ɺʳʭʦʜ: 10.1 ʤʛ (70 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C26H24N10B2F8FeO ([FeL
27

2](BF4)2ĿH2O, 722.00): 

C 43.3, H 3.4, N 19.4; ʥʘʡʜʝʥʦ C 43.5, H 3.5, N 19.3. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ Ŭ-[FeL
27

2](BF4)2ĿH2O.  

[FeL
51

2](BF4)2Ŀ1.5H2O. ʉʫʩʧʝʥʟʠʶ L
51

 (0.060 ʤʤʦʣʴ, 14.3 ʤʛ) ʚ EtOH (0.3 ʤʣ) ʧʨʠʙʘʚʣʷ-

ʣʠ ʢ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.030 ʤʤʦʣʴ, 10.1 ʤʛ) ʚ EtOH (0.1 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʢʨʘ-

ʰʠʚʘʣʘʩʴ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ, ʢʨʘʩʥʳʡ ʦʩʘʜʦʢ ʥʘʯʠʥʘʣ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ 1 ʤʠʥ. ʄʘʪʦʯʥʳʡ 

ʨʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʦʩʪʘʚʣʷʣʠ ʥʘ 12 ʯ, ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤr-

ʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 14.4 ʤʛ (66 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C24H23N12B2F8FeO1.5 ([FeL
51

2](BF4)2Ŀ1.5H2O, 732.98): C 39.3, H 3.2, N 22.9; ʥʘʡʜʝʥʦ C 39.4, 

H 2.8, N 22.8 %.  

[FeL
51

2](ClO4)2Ŀ1.5H2O. ʉʫʩʧʝʥʟʠʶ L
51

 (0.040 ʤʤʦʣʴ, 9.5 ʤʛ) ʚ EtOH (0.4 ʤʣ) ʧʨʠʙʘʚʣʷ-

ʣʠ ʢ ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 7.3 ʤʛ) ʚ EtOH (0.1 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʨʠʦʙ-

ʨʝʪʘʣʘ ʢʨʘʩʥʫʶ ʦʢʨʘʩʢʫ, ʢʨʘʩʥʳʡ ʦʩʘʜʦʢ ʥʘʯʠʥʘʣ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʤʝʜʣʝʥʥʦ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʦʩʪʘʚʣʷʣʠ ʥʘ 9 ʜʥʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦ-

ʤʳʚʘʣʠ EtOH, ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 10.2 ʤʛ (65 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C24H23N12Cl2FeO9.5 ([FeL
51

2](ClO4)2Ŀ1.5H2O, 758.27): C 38.0, H 3.1, N 22.2; ʥʘʡʜʝʥʦ C 37.8, H 2.8, 

N 21.8 %.  

[FeL
51

2](ClO4)2Ŀ1.5H2O. ʈʘʩʪʚʦʨ L
51

 (0.040 ʤʤʦʣʴ, 9.5 ʤʛ) ʚ MeOH (0.3 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ 

ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 7.3 ʤʛ) ʚ MeOH (0.1 ʤʣ). ʈʘʩʪʚʦʨ ʦʢʨʘʰʠʚʘʣʩʷ ʚ ʩʚʝʪ-

ʣʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ, ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘʯʠʥʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ 5 ï 10 ʤʠʥ. ʏʝʨʝʟ 3 ʜʥʷ 

ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 8.8 ʤʛ (58 %). 



102 

 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H23N12Cl2FeO9.5 ([FeL
51

2](ClO4)2Ŀ1.5H2O, 758.27): C 38.0, H 3.1, N 22.2; 

ʥʘʡʜʝʥʦ C 37.7, H 3.0, N 22.1 %. 

[FeL
36

2](BF4)2ĿH2O. ʈʘʩʪʚʦʨ L
36

 (0.040 ʤʤʦʣʴ, 10.7 ʤʛ) ʚ EtOH (0.5 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʢ ʨʘʩʪʚʦʨʫ Fe(BF4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 6.8 ʤʛ) ʚ EtOH (0.2 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʢʨʘʰʠʚʘ-

ʣʘʩʴ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. ʆʩʘʜʦʢ ʦʪʬʠʣʴ-

ʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 10.6 ʤʛ (68 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C28H30N12B2F8FeO ([FeL
36

2](BF4)2ĿH2O, 780.09): C 43.1, H 3.9, N 21.5; ʥʘʡʜʝʥʦ C 43.4, H 3.6, N 

21.3. 

[FeL
36

2](ClO4)2ĿH2O. ʈʘʩʪʚʦʨ L
36

 (0.040 ʤʤʦʣʴ, 10.7 ʤʛ) ʚ EtOH (1 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʢ ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 7.3 ʤʛ) ʚ EtOH (1 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʢʨʘʰʠʚʘ-

ʣʘʩʴ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ, ʦʩʘʜʦʢ ʥʘʯʠʥʘʣ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ 5 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚ-

ʣʷʣʠ ʥʘ 10 ʜʥʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 12.8 ʤʛ (79 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C28H30N12Cl2FeO9 ([FeL
36

2](ClO4)2ĿH2O, 805.38): 

C 41.8, H 3.8, N 20.9; ʥʘʡʜʝʥʦ C 41.7, H 3.5, N 21.2.  

[FeL
36

2](ClO4)2ĿH2O. ʈʘʩʪʚʦʨ L
36

 (0.040 ʤʤʦʣʴ, 10.7 ʤʛ) ʚ MeOH (0.5 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʢ ʨʘʩʪʚʦʨʫ Fe(ClO4)2Ŀ6H2O (0.020 ʤʤʦʣʴ, 7.3 ʤʛ) ʚ EtOH (0.1 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʢʨʘʰʠ-

ʚʘʣʘʩʴ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ, ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘʯʠʥʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʤʝʜʣʝʥʥʦ. ʈʝʘʢʮʠʦʥ-

ʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚʣʷʣʠ ʥʘ 5 ʜʥʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOHʠ 

ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 10.5 ʤʛ (65 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C28H30N12Cl2FeO9 

([FeL
36

2](ClO4)2ĿH2O, 805.38): C 41.8, H 3.8, N 20.9; ʥʘʡʜʝʥʦ C 41.6, H 3.7, N 21.1 %. 

[FeL
27

2](PF6)2ĿnH2O. ʄʝʪʦʜ A. ʈʘʩʪʚʦʨ L
27

 (0.040 ʤʤʦʣʴ, 9.5 ʤʛ) ʚ MeOH (0.5 ʤʣ) ʧʨʠ-

ʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ FeCl2Ŀ4H2O (0.020 ʤʤʦʣʴ, 4.0 ʤʛ) ʠ (NBu4)PF6 (0.040 ʤʤʦʣʴ, 15.5 ʤʛ) 

ʚ MeOH (1 ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʢʨʘʰʠʚʘʣʘʩʴ ʚ ʪʸʤʥʳʡ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ. ʆʙʨʘʟʦʚʘ-

ʥʠʝ ʦʯʝʥʴ ʪʸʤʥʳʭ ʢʨʘʩʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʯʝʨʝʟ 15 ʤʠʥ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ MeOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 6.8 ʤʛ (41 

%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C26H24N10P2F12FeO ([FeL
27

2](PF6)2ĿH2O, 838.32): C 37.3, H 2.9, N 16.7; 

ʥʘʡʜʝʥʦ C 36.9, H 2.8, N 16.5 %. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ 

[FeL
27

2](PF6)2Ā0.55H2O. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ 

[FeL
27

2](PF6)2Ā0.55H2O. ʄʝʪʦʜ B. ʈʘʩʪʚʦʨ L
27

 (0.040 ʤʤʦʣʴ, 9.5 ʤʛ) ʚ EtOH (1.2 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ 

ʢ ʩʫʩʧʝʥʟʠʠ FeCl2Ŀ4H2O (0.020 ʤʤʦʣʴ, 4.0 ʤʛ) ʠ (NBu4)PF6 (0.040 ʤʤʦʣʴ, 15.5 ʤʛ) ʚ EtOH (1.2 

ʤʣ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʨʠʦʙʨʝʪʘʣʘ ʪʸʤʥʫʶ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʫʶ ʦʢʨʘʩʢʫ. ʆʯʝʥʴ ʪʸʤʥʳʝ ʢʨʘʩ-

ʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʥʘʯʠʥʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ 20 ï 25 ʤʠʥ. ʏʝʨʝʟ ʥʝʜʝʣʶ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 9.4 ʤʛ. ɼʠʬʨʘʢʪʦʛʨʘʤ-

ʤʘ ʧʨʦʜʫʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ [FeL
27

2](PF6)2Ā0.55H2O.  

[FeL
23

2](PF6)2ĿnH2O. ʈʘʩʪʚʦʨ L
23

 (0.040 ʤʤʦʣʴ, 10.6 ʤʛ) ʚ MeOH (0.3 ʤʣ) ʧʨʠʙʘʚʣʷʣʠ ʢ 

ʨʘʩʪʚʦʨʫ FeCl2Ŀ4H2O (0.020 ʤʤʦʣʴ, 4.0 ʤʛ) ʠ (NBu4)PF6 (0.040 ʤʤʦʣʴ, 15.5 ʤʛ) ʚ MeOH (1 ʤʣ). 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʪʘʥʦʚʠʣʘʩʴ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʦʡ. ʆʯʝʥʴ ʪʸʤʥʳʝ ʢʨʘʩʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʥʘʯʠʥʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ 15 ʤʠʥ. ʏʝʨʝʟ ʜʝʥʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳ-

ʚʘʣʠ MeOH ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 11.6 ʤʛ (63 %).  ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C30H32N10P2F12FeO ([FeL2](PF6)2ĀH2O, 894.43): C 40.3, H 3.6, N 15.7; ʥʘʡʜʝʥʦ C 40.6, H 3.5, 

N 15.2 %. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ [[FeL
23

2](PF6)2]2Ā0.19H2O. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ [[FeL
27

2](PF6)2]2Ā0.19H2O.  
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3. ʂʆʄʇʃɽʂʉʓ ʄɽɼʀ(II ), ʄɽɼʀ(I,II ), ʄɽɼʀ(I), ʎʀʅʂɸ(II ) ʀ ʂɸɼʄʀʗ(II ) ʉ ɹʀ-

ɼɽʅʊɸʊʅʓʄʀ, ɹʀʉ-ɹʀɼɽʅʊɸʊʅʓʄʀ ʀ ʊʈʀɼɽʅʊɸʊʅʓʄʀ ʃʀɻɸʅɼɸʄʀ 

 

3.1. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ ʤʝʜʠ(I) ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʠ ʙʠʩ-ʙʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ  

 

3.1.1. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʩ ʠʟʦʤʝʨʥʳʤʠ 4-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ 

ʇʦʣʠʤʦʨʬʠʟʤ ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2] [219]. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʢʦʤʧʣʝʢʩʘ 

[CuL
2
Cl2] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ CuCl2 ʠ L

2
 ʚ iPrOH ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 2ï3 ʯ 

(ʈʠʩ. 76). ɼʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʦʰʢʘ ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2] 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ 2-ʧʨʦʧʘʥʦʣʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (2 : 1) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʤʳ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʝʣʸʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ (G). ɺ ʪʝʯʝʥʠʝ 4ï5 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʳ 

ʥʘʙʣʶʜʘʣʠ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ G ʠ ʥʦʚʳʭ ʬʘʟ ï ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

(EG) ʠ ʦʨʘʥʞʝʚʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (O). ɺ ʪʝʯʝʥʠʝ 24 ʯ ʢʨʠʩʪʘʣʣʳ ʬʘʟʳ EG ʨʘʩʪʚʦ-

ʨʷʣʠʩʴ ʠ ʤʳ ʥʘʙʣʶʜʘʣʠ ʩʤʝʩʴ ʪʦʣʴʢʦ EG ʠ O. ʆʙʝ ʤʦʜʠʬʠʢʘʮʠʠ, EG ʠ O, ʧʦʣʫʯʘʶʪʩʷ ʚ ʩʨʘʚ-

ʥʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝ ʚʳʜʝʣʝʥʥʳʝ ʥʘʤʠ ʢʨʠʩʪʘʣ-

ʣʳ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʦʨʬʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2]. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦ-

ʚʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ G. 

 
ʈʠʩ. 76. ʉʠʥʪʝʟ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʦʤʧʣʝʢʩʘ [CuL

2
Cl2]. 

 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ [CuL
2
Cl2] ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʥʘʨʫʞʠʣʘ ʟʘʤʝʪ-

ʥʦ ʠʥʫʶ ʢʠʥʝʪʠʢʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʈʠʩ. 76). ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʤʦʜʠʬʠʢʘʮʠʷ G ʢʨʠ-

ʩʪʘʣʣʠʟʫʝʪʩʷ ʧʝʨʚʦʡ, ʟʘʪʝʤ, ʯʝʨʝʟ 12 ʯ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʯʘʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʠʤʦʨʬʘ O, ʢʦ-

ʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʯʝʨʝʟ 2ï3 ʩʫʪʦʢ. ʆʥ ʫʩʪʦʡʯʠʚ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʭʦʞʜʝʥʠʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʦʤ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʬʠʢʩʠʨʫʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʦʛʦ ʧʦʣʠʤʦʨʬʘ EG.  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʦʨʬʦʚ, ʤʳ ʧʨʝʜʧʦʣʘʛʘ-

ʝʤ, ʯʪʦ ʬʘʟʘ G ʷʚʣ̫ʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʨʘʥʞʝʚʘʷ ʬʘʟʘ O ʷʚʣ̫-
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ʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʝʥʝʝ ʢʠʥʝʪʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʟʦʡ EG ʧʨʠ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʤʝʩʠ i-PrOH:MeCN (2 : 1). ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʚʦʟʤʦʞʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʠʥʪʝʨʚʘʣʝ 300ï90K ʤʝʞʜʫ ʵʪʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʚʳʧʦʣʥʝʥʥʘʷ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʘʣʦʨʠʤʝʪʨʠʠ, ʥʝ ʚʳʷʚʠʣʘ ʠʭ. 

 
 

ʈʠʩ. 77. ʂʨʠʩʪʘʣʣʳ ʬʘʟ [CuL
2
Cl2] (ʩʣʝʚʘ) ʠ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ [CuL

2
Cl2] (ʩʧʨʘʚʘ, ʚ ʩʪʨʫʢʪʫʨʝ ʬʘʟʳ EG). 

 

ɺʦʟʤʦʞʥʳ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ ñʮʚʝʪʥʦʛʦò ʧʦʣʠʤʦʨʬʠʟʤʘ (ʈʠʩ. 77) ï 

ʨʘʟʣʠʯʥʘʷ ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣ, ʨʘʟʣʠʯʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʜʠ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʨʘʟʣʠʯʥʘʷ 

ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʦʣʠʤʦʨʬʦʚ ʤʦʞʝʪ ʧʨʦʠʩ-

ʭʦʜʠʪʴ, ʝʩʣʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ 

ʩʪʨʦʝʥʠʝ. ɽʩʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, ʪʦ ʥʘʜʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣ 

[CuL
2
Cl2] ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʘ ʚʦ ʚʩʝʭ ʪʨʸʭ ʧʦʣʠʤʦʨʬʘʭ. ʆʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʜʠ ʪʘʢʞʝ ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢ ʩʪʨʫʢʪʫʨʝ 

(ʈʠʩ. 77). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʘ ʤʝʜʠ ʷʚʣʷʝʪʩʷ ʠʩʢʘʞʸʥʥʦïʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ N ʠ ʜʚʫʭ ʘʪʦʤʦʚ Cl. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʚʥʫʪʨʠ-

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʥʪʘʢʪ CïHĿĿĿCu. ɼʣʠʥʳ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ 

ʦʯʝʥʴ ʙʣʠʟʢʠ ʜʣʷ ʚʩʝʭ ʪʨʸʭ ʬʘʟ (ʊʘʙʣ. 1). ʊʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʧʠʨʘʟʦʣʴʥʳʤ ʠ ʧʠʨʠʤʠʜʠ-

ʥʦʚʤr ʮʠʢʣʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʧʠʨʠʤʠʜʠʥʦʚʳʤ ʮʠʢʣʦʤ, ʦʪʣʠʯʘʶʪʩʷ 

ʣʠʰʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ. ʀʟʤʝʥʝʥʠʷ ʚ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʘʭ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʦʣʠʤʦʨʬʘ ʢ ʧʦ-

ʣʠʤʦʨʬʫ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʬʘʟʳ, ʦʜʥʘʢʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳ ʠ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʛʨʘʜʫʩʦʚ. 

 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʣʝʢʫʣʳ [CuL
2
Cl2] ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2]. 

ɼʣʠʥʘ ʩʚʷʟʠ, ¡ O EG G 

Cu-Cl(1) 2.2219(5) 2.2307(6) 2.2147(6) 

Cu-Cl(2) 2.2008(5) 2.1836(6) 2.1898(6) 

Cu-N(1) 1.9679(15) 1.9938(16) 2.0011(16) 

Cu-N(4) 2.0348(14) 2.0098(15) 2.0259(15) 

ʋʛʦʣ, ʛʨʘʜ.    

Cl(2)-Cu(1)-Cl(1) 104.42(2) 103.09(2) 102.57(3) 

N(1)-Cu(1)-Cl(1) 132.22(5) 136.93(5) 137.72(5) 

N(1)-Cu(1)-Cl(2) 100.81(5) 101.56(5) 101.34(5) 

N(1)-Cu(1)-N(4) 79.95(6) 79.01(6) 79.74(6) 

N(4)-Cu(1)-Cl(1) 104.31(4) 96.23(5) 96.45(5) 

N(4)-Cu(1)-Cl(2) 139.41(5) 149.38(5) 148.86(5) 

N(1)-N(2)-C(6)-N(4)  2.8(2) -1.5(2) -1.5(2) 

N(4)-C(9)-C(10)-C(15)  38.6(3) 35.2(3) 32.0(3) 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʟʘ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʬʘʟ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʦʣʠʤʦʨʬʘ ʢ ʧʦʣʠʤʦʨʬʫ ʷʚʣʷʝʪʩʷ ʪʨʝʪʠʡ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ (ʈʠʩ. 78). ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʡ ʬʘʢʪʦʨ, ʩʚʷʟʘʥʥʳʡ 

ʩ ʫʧʘʢʦʚʢʦʡ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ, ʵʪʦ ˊ-ˊ ʩʪʝʢʠʥʛ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʦʨʬʘ G ʵʪʦʪ ʪʠʧ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʡ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʦʨʬʘ EG -́ˊ ʩʪʝʢʠʥʛʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʠ-

ʨʠʤʠʜʠʥʦʚʳʤʠ ʮʠʢʣʘʤʠ ʩʦʙʠʨʘʶʪ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʚ ʜʠʤʝʨʥʳʝ ʘʩʩʦʮʠʘʪʳ. ʉʨʝʜʥʝʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ N1N2N4C6 ʩʦʩʪʘʚʣʷʝʪ 3.58 ¡. ʋʧʘʢʦʚʢʘ ʵʪʠʭ ʜʠʤʝʨʥʳʭ ʘʩʩʦʮʠʘ-

ʪʦʚ ʚ 3D ʩʪʨʫʢʪʫʨʫ ʩʚʷʟʘʥʘ ʣʠʰʴ ʩ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʜʠʤʝʨʘʤʠ. 

ʊʨʝʪʠʡ ʧʦʣʠʤʦʨʬ ï ʦʨʘʥʞʝʚʘʷ ʬʘʟʘ O ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʜʠʤʝʨʥʳʝ ʘʩʩʦʮʠʘʪʳ, ʥʦ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʬʘʟʳ EG, ʟʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʢʨʳʚʘʥʠʝ ˊ-ʩʠʩʪʝʤ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʩʪʝʢʠʥʛʝ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚʝʩʴ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. 

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ N1N2N4C6 ʩʦʩʪʘʚʣʷʝʪ 3.63 ¡. ʕʪʠ ʜʠʤʝʨʳ ʦʙʲʝʜʠʥʷ-

ʶʪʩʷ ʜʘʣʴʰʝ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʮʝʧʦʯʢʠ. 

G EG O 

   

 
 

 
ʈʠʩ. 78. ʋʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ [CuL

2
Cl2] ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʦʤʧʣʝʢʩʘ [CuL

2
Cl2]. 

 

ʆʪʣʠʯʠʷ ʫʧʘʢʦʚʦʢ ʤʦʣʝʢʫʣ [CuL
2
Cl2] ʚ ʬʘʟʘʭ ʪʨʸʭ ʧʦʣʠʤʦʨʬʦʚ ʤʦʛʫʪ, ʢʘʢ ʤʳ ʧʦʣʘʛʘʝʤ, ʦʙʲ-

ʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʡ ʧʦʨʷʜʦʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʪʠʭ ʬʘʟ. ʇʦʣʠʤʦʨʬ G ʧʦʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ ʵʪʦʡ ʬʘʟʳ ʥʝ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ, ʥʝ-

ʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝʢʠʥʛʦʚʳʭ ʜʠʤʝʨʦʚ. ɿʘʨʦʜʳʰʠ ʬʘʟ EG ʠ O ʪʨʝʙʫʶʪ ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʚʘʞʥʘ ʦʧʨʝʜʝʣʸʥʥʘʷ ʩʪʝʧʝʥʴ ʧʝʨʝʢʨʳʚʘʥʠʷ ʤʝʞʜʫ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ˊ-ʩʠʩʪʝʤʘʤʠ, ʧʨʠʯʝʤ ʚ O ʦʥʘ ʙʦʣʴʰʦʝ, ʯʝʤ ʚ EG. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʨʘʥʞʝʚʳʡ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ï 

ʚʠʜʠʤʦ, ˊ-ʩʠʩʪʝʤʘ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʩʦʜʝʡʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ 

ʦʙʰʠʨʥʦʛʦ ʧʝʨʝʢʨʳʚʘʥʠʷ ʤʝʞʜʫ ˊ-ʩʠʩʪʝʤʘʤʠ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ.  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʨʷʜʦʢ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʦʨʬʦʚ ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ ñʧʨʘʚʠʣʫ ʧʣʦʪʥʦʩʪʠò 

[220,221], ʫʪʚʝʨʞʜʘʶʱʝʤʫ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʤʦʨʬʘ, ʪʝʤ ʦʥ ʩʪʘʙʠʣʴʥʝʝ. ʍʦʪʷ ʤʦ-

ʜʠʬʠʢʘʮʠʷ EG (1.574 ʛ/ʩʤ
3
) ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ G (1.568 

ʛ/ʩʤ
3
), ʤʦʜʠʬʠʢʘʮʠʷ O ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ (1.554 ʛ/ʩʤ

3
). ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʘʷ ʘʥʦ-
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ʤʘʣʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʵʪʘ ʩʪʨʫʢʪʫʨʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ G ʠ EG ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʥʠʟʦʪʨʦʧʥʘ 

ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʦʯʝʢ.  

ʂʦʤʧʣʝʢʩʳ [CuL
2
Br2], [CuL

2
(1-x)L

2
'xBr2] ʠ [CuL

2
(1-x)L

2
'xBr]2 [222]. ʇʦʨʦʰʦʢ ʢʦʤʧʣʝʢʩʘ 

CuL
2
Br2 ʚʳʜʝʣʷʣʠ ʠʟ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

CuBr2 ʠ L
2
 ʩʦʩʪʘʚʣʷʣʦ 1 : 1 (ʈʠʩ. 79). ʇʨʠ ʩʠʥʪʝʟʝ ʥʘʛʨʝʚʘʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʦʤʧʣʝʢʩʘ (ʥʘʙʣʶʜʘʶʪʩʷ ʩʚʝʪʣʳʝ ʚʢʨʘʧʣʝʥʠʷ ʚ ʪʝʤ-

ʥʦʡ ʤʘʩʩʝ ʦʩʘʜʢʘ). ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʫʤʝʨʝʥʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ EtOH, MeCN, i-PrOH, 

CH2Cl2, CHCl3, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ʪʦʣʫʦʣʝ, ʚʦʜʦʡ ʨʘʟʣʘʛʘʝʪʩʷ. ʄʦʥʦʢʨʠʩʪʘʣʣʦʚ CuL
2
Br2 ʥʘʤ ʧʦ-

ʣʫʯʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʩʪʦʷʥʠʠ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʙʨʦʤʠʨʦʚʘʥʠʝ ʧʦ-

ʣʦʞʝʥʠʷ 4 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʤʦʣʝʢʫʣ L
2
, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ CuL
2
(1-

x)L
2
'xBr2. ɼʦʣʷ ʘʪʦʤʦʚ Br ʚ ʧʦʣʦʞʝʥʠʠ 4 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1.5 ʠ 7.6 % ʚ 

ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʯʝʨʝʟ ʩʫʪʢʠ ʠ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʨʠʥʮʠʧʝ, ʬʘʟʘ ʩ x = 0.015 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʫ CuL
2
Br2, ʠʤʝʶ-

ʱʝʤʫ ʢʚʘʣʠʬʠʢʘʮʠʶ çʯè. ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠʯʠʥʦʡ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʪʚʝʨʜʳʭ ʬʘʟ ʷʚʣʷʝʪʩʷ ʨʝ-

ʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Cu(II) ʚ ʢʦʤʧʣʝʢʩʝ CuL
2
Br2 ʠʦʥʘʤʠ Br

ï
, ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʨʘʩʪʚʦʨʝ ʩ ʚʳʜʝ-

ʣʝʥʠʝʤ Br2, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʙʨʦʤʠʨʦʚʘʥʠʶ ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʤʦʣʝʢʫʣ L
2
. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʝ-

ʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʧʦʷʚʣʷʣʠʩʴ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(I), ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʝʛʦ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ [CuL
2
(1-x)L

2
'xBr]2 (x = 0.90). ʅʘʙʣʶʜʘʝʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Cu(II) 

ʜʦ Cu(I) ʠʦʥʘʤʠ Br
ï
 ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪ [223,224]. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤ-

ʧʣʝʢʩʘ CuBr2 ʩ 2-(3,5-ʜʠʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-4,6-ʜʠʬʝʥʠʣʧʠʨʠʤʠʜʠʥʦʤ (L
5
, ʩʤ. ʨʘʟʜʝʣ 

3.1.2, [225]), ʚ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʜʠ(II) ʜʦ ʤʝʜʠ(I), ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʸ ʠ ʙʨʦʤʠʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʚ ʤʦʣʝʢʫʣʝ ʧʠʨʘʟʦʣʠʣʧʠʨʠ-

ʤʠʜʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʤʝʥʝʝ ʦʙʲʝʤʥʳʭ ʠ ʙʦʣʝʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨ-

ʥʳʭ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 2-(3,5-ʜʠʬʝʥʠʣ-1ʅ-

ʧʠʨʘʟʦʣ-1-ʠʣ)-4,6-ʜʠʬʝʥʠʣʧʠʨʠʤʠʜʠʥʝ L
5
. ʈʷʜ ʧʨʠʤʝʨʦʚ ʙʨʦʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʦʧʫʙʣʠʢʦʚʘʥ ɺʠʣʣʝʪʪʦʤ ʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ [226-229]. 

ʇʦʩʢʦʣʴʢʫ ʙʨʦʤʠʨʦʚʘʥʠʝ ʧʨʦʰʣʦ ʚ ʧʦʣʦʞʝʥʠʝ 4 ʧʠʨʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

p-ʠʟʙʳʪʦʯʥʳʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʬʨʘʛʤʝʥʪʦʤ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣʳ L
2
, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʜʠ(II) 

ʜʦ ʤʝʜʠ(I) ʧʨʦʪʝʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʨʦʤʠʨʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣ L
2
. ʉʣʝ-

ʜʫʶʱʘʷ ʩʭʝʤʘ ʩʫʤʤʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ CuL
2
Br2 :   

 

ʈʠʩ. 79. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [CuL
2
Br2], [CuL

2
(1-x)L

2
'xBr2] ʠ [CuL

2
(1-x)L

2
'xBr]2. 
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ʊʚʝʨʜʳʝ ʬʘʟʳ [CuL
2
(1-x)L

2
'xBr2] (x = 0.015, 0.076) ʧʦʩʪʨʦʝʥʳ ʠʟ ʤʦʣʝʢʫʣ ʦʜʥʦʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II), ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ L
2
 ʠ L

2
', ʘ ʪʘʢʞʝ ʠʦʥʳ Br

ï
 (ʈʠʩ. 80). ʂʦʦʨʜʠ-

ʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʪʦʤʘ ʤʝʜʠ ï ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘʵʜʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʘʪʦʤʘʤʠ N
2
 ʧʠʨʘʟʦʣʴ-

ʥʦʛʦ ʠ N
3
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʦʚ, ʘ ʪʘʢʞʝ ʙʨʦʤʠʜ-ʠʦʥʘʤʠ (ʈʠʩ. 79). ʂʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʦʚ 

L
2
 ʠ L

2
' ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʳʢʘʥʠʶ ʧʷʪʠʯʣʝʥʥʦʛʦ ʤʝʪʘʣʣʦʮʠʢʣʘ CuN3C. ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʦʚ 

[CuL
2
(1-x)L

2
'xBr2] (x = 0.015, 0.076) ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ H ʥʘ Br ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʣʠʥʘʭ ʩʚʷʟʝʡ ʚ ʧʠʨʘʟʦʣʴʥʦʤ ʮʠʢʣʝ, ʨʘʟʣʠʯʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ ʚʝʣʠʯʠʥʳ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʌʘʟʳ [CuL
2
(1-x)L

2
'xBr2] (x = 0.015, 0.076) ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʧʦ-

ʣʠʤʦʨʬʫ G ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2].   

ʊʚʝʨʜʘʷ ʬʘʟʘ [CuL
2
(1-x)L

2
'xBr]2 ʧʦʩʪʨʦʝʥʘ ʠʟ ʤʦʣʝʢʫʣ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(I), 

ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ Cu ʩʦʝʜʠʥʝʥʳ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ Br (ʈʠʩ. 80). ʂʦʦʨʜʠʥʘʮʠʷ ʣʠ-

ʛʘʥʜʦʚ L
2
 ʠ L

2
' ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʳʢʘʥʠʶ ʧʷʪʠʯʣʝʥʥʦʛʦ ʤʝʪʘʣʣʦʮʠʢʣʘ CuN3C. ʉʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ 

ʘʪʦʤʦʚ H ʘʪʦʤʘʤʠ Br ʚ ʧʦʣʦʞʝʥʠʠ 4 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʩʦʩʪʘʚʣʷʝʪ 90 %.   

 

 
ʈʠʩ. 80. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ CuL

2
(1-x)L

2
'xBr2 (x = 0.015, ʘʪʦʤ ʙʨʦʤʘ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʥʝ ʧʦʢʘʟʘʥ) 

(ʩʣʝʚʘ) ʠ [CuL
2
(1-x)L

2
'xBr]2 (ʩʧʨʘʚʘ). 

 

ʄʳ ʩʨʘʚʥʠʣʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ [CuL
2
Cl2] ʠ [CuL

2
(1-x)L

2
'xBr2] ʩʦ ʩʪʨʦʝʥʠʝʤ ʘʥʘ-

ʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ(II) [CoL
2
Hal2] [222]. ʅʝ ʨʘʩʩʤʘʪʨʠʚʘʷ ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ ʜʝ-

ʪʘʣʴʥʦ, ʦʪʤʝʪʠʤ, ʯʪʦ ʩʪʨʦʝʥʠʝ ʦʜʥʦʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ [CoL
2
Hal2] ʢʦʤʧʣʝʢʩʦʚ ʩʭʦʜʥʦ ʤʝʞʜʫ ʩʦ-

ʙʦʡ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ï ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘʵʜʨ CoN2Hal2. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʘ 

[CuL
2
Cl2], ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ [CoL

2
Hal2] ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʷʚʣʝʥʠʝ ʧʦʣʠʤʦʨʬʠʟʤʘ. 

ʇʨʠ ʵʪʦʤ ʬʘʟʘ [CoL
2
Cl2] ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʤʦʜʠʬʠʢʘʮʠʠ O ʢʦʤʧʣʝʢʩʘ [CuL

2
Cl2]. ɺ ʫʧʘʢʦʚʢʝ 

[CoL
2
Cl]2 ʪʘʢʞʝ ʨʝʘʣʠʟʫʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʩʪʦʧʢʠ ʤʦʣʝʢʫʣ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʧʣʦʩʢʦ-

ʩʪʷʤʠ ˊ-ʩʠʩʪʝʤ 3.55 ʠ 4.81 ¡ (ʚ ʤʦʜʠʬʠʢʘʮʠʠ O ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʶʪ 3.63 

ʠ 4.67 Ȕ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʪʦʧʢʘʭ ʚ ʩʣʫʯʘʝ 

CoL
2
Cl2. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʟʣʠʯʠʝ ʚ ʢʦʥʬʦʨʤʘʮʠʷʭ ʤʦʣʝʢʫʣ 

ʚ ʤʦʜʠʬʠʢʘʮʠʠ O ʢʦʤʧʣʝʢʩʦʚ [CuL
2
Cl2] ʠ [CoL

2
Cl2], ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʛʦ ʨʘʟʚʦʨʦʪʘ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʠ ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʝʮ ʧʦʯʪʠ ʥʘ 10Á ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ O ʠ ʚ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʚʦʨʦʪʘ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʧʠʨʠʤʠʜʠʥʦʚʦʤʫ ʮʠʢʣʫ. ɼʣʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [CoL
2
Br2] ʠ [CoL

2
I2] ʨʝʘʣʠʟʫʝʪʩʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ, ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʦʡ ʩʨʝʜʠ ʬʘʟ [CuL
2
Cl2] ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɺ ʢʨʠʩʪʘʣʣʝ 

ʦʙʨʘʟʫʶʪʩʷ ˊ-ʩʪʝʢʠʥʛʦʚʳʝ ʜʠʤʝʨʥʳʝ ʘʥʩʘʤʙʣʠ, ʚ ʢʦʪʦʨʳʭ ʧʠʨʠʤʠʜʠʥʦʚʳʝ ʮʠʢʣʳ ʥʘʭʦʜʷʪʩʷ 

ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3.65 ʠ 3.56 Ȕ ʜʣʷ [CoL
2
Br2] ʠ [CoL

2
I2] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦ-

ʛʠʯʥʳʝ ʜʠʤʝʨʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʤʦʜʠʬʠʢʘʮʠʠ EG ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2], ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

[CoL
2
Br2] ʠ [CoL

2
I2] ʜʠʤʝʨʳ ʚ ʫʧʘʢʦʚʢʝ ʥʘʢʣʦʥʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʦʙʨʘʟʫʷ ʩʚʦʝ-

ʦʙʨʘʟʥʫʶ çʧʘʨʢʝʪʥʫʶè ʫʢʣʘʜʢʫ, ʘ ʠʭ ʮʝʥʪʨʳ ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʝʥʥʫʶ ʆʎʂ-ʫʧʘʢʦʚʢʫ. 
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ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ [CuL
2
Cl2] ʠ CuL

2
Br2 ʟʥʘʯʝʥʠʝ mɻ ʬ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚʧʣʦʪʴ ʜʦ 20K. ɺʝʣʠʯʠʥʳ mɻ ʬ, ʨʘʚʥʳʝ 1.78 ʠ 1.77 ʄ.ɹ. ʜʣʷ CuL
2
Cl2 ʠ CuL

2
Br2, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʙʣʠʟʢʠ ʢ ʟʥʘʯʝʥʠʶ ʯʠʩʪʦ ʩʧʠʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 1.73 ʄ.ɹ. ʜʣʷ ʥʝʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʠʦʥʦʚ Cu
2+

 ʩʦ ʩʧʠʥʦʤ S = 1/2 ʠ g = 2. ɺ ʦʙʣʘʩʪʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʯʝʥʠʷ 

mɻ ʬ(T) ʫʙʳʚʘʶʪ ʜʦ 1.76ï1.75 ʄ.ɹ., ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʘʙʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ Cu
2+

.  

ʂʦʤʧʣʝʢʩʳ [CuL
10

Cl2] ʠ [CuL
10

Br2] [230] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ ʭʣʦʨʠʜʘ 

ʠ ʙʨʦʤʠʜʘ ʤʝʜʠ(II) ʩ L
10

 ʚ EtOH ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Cu : 

L
10

 = 1 : 1 (ʈʠʩ. 81). ʆʙʘ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʦʜʥʦʷʜʝʨʥʳʤʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʦʤ 

[CuL
2
Cl2] ʢʦʤʧʣʝʢʩʳ ʩ ʠʟʦʤʝʨʥʳʤ ʣʠʛʘʥʜʦʤ L

10
 ï [CuL

10
Cl2] ʠ [CuL

10
Br2] ï ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ 

ʠʥʪʝʨʝʩʥʳʤʠ ʚ ʧʣʘʥʝ ʧʦʣʠʤʦʨʬʠʟʤʘ, ʧʦʩʢʦʣʴʢʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʢʨʘʪʥʳʝ ʧʦʧʳʪʢʠ, ʥʘʤ 

ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ EtOH, ʚ ʩʤʝʩʷʭ CHCl3/EtOH (4/1) ʠ iPrOH/MeCN (2/1) (ʟʘʤʝʪʠʤ, ʯʪʦ 

ʧʦʩʣʝʜʥʷʷ ʩʤʝʩʴ ʧʨʠʤʝʥʷʣʘʩʴ ʥʘʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2]). 

ɺ ʩʣʫʯʘʝ ʜʦʣʛʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ [CuL
10

Br2] (ʦʙʨʘʟʫʶʱʝʛʦ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʳ) ʤʳ ʜʝʪʝʢʪʠʨʫʝʤ ʧʦʷʚʣʝʥʠʝ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʭʦʞʠʭ ʧʦ ʮʚʝʪʫ 

ʥʘ ʢʨʠʩʪʘʣʣʳ [CuL
2
(1-x)L

2
'xBr2] (ʢ ʩʦʞʘʣʝʥʠʶ, ʠʭ ʢʘʯʝʩʪʚʦ ʥʝ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʧʨʦʚʝʩʪʠ ʨʝʥʪʛʝ-

ʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʥʦ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʟʦʤʝʨʥʦ-

ʛʦ ʘʥʘʣʦʛʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï ʢʦʤʧʣʝʢʩʘ [CuL
2
Br2]).   

 
ʈʠʩ. 81. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ʣʠʛʘʥʜʦʤ L

10
. 

 

ʂʦʤʧʣʝʢʩʳ [CuL
10

Cl2] ʠ [CuL
10

Br2] ʠʟʦʩʪʨʫʢʪʫʨʥʳ. ʄʦʣʝʢʫʣʳ L
10

 ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 

ʢ ʘʪʦʤʘʤ ʤʝʜʠ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤʘʤʠ N
2
(ʧʠʨʘʟʦʣ) ʠ N

3
(ʧʠʨʠʤʠʜʠʥ) 

(ʈʠʩ. 81, ʊʘʙʣ. 2). ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʵʪʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʟʘʤʳʢʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʝ ʭʝʣʘʪʥʳʝ 

ʮʠʢʣʳ CuCN3. ʇʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʤʦʣʝʢʫʣ L
10

 ʥʝ ʧʣʦʩʢʠʡ, ʫʛʣʳ ʤʝʞʜʫ 

ʧʣʦʩʢʦʩʪʷʤʠ ʢʦʣʝʮ ʩʦʩʪʘʚʣʷʶʪ 6.9(3)Á ([CuL
10

Cl2]) ʠ 7.1(7)Á ([CuL
10

Br2]), ʫʛʣʳ ʤʝʞʜʫ ʧʣʦʩʢʦ-

ʩʪʷʤʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʠ ʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʦʚ ʨʘʚʥʳ 31.0(3)Á ([CuL
10

Cl2]) ʠ 31.3(7)Á 

([CuL
10

Br2]). ɺ ʩʪʨʫʢʪʫʨʘʭ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʘʨʥʳʝ -́  ́ʩʪʝʢʠʥʛʦʚʳʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤ ʠ ʧʠʨʠʤʠʜʠʥʦʚʳʤ ʢʦʣʴʮʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʧʦʯʝʢ ʤʦʣʝʢʫʣ ʚʜʦʣʴ ʦʩʠ a, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʚ ʢʘʞʜʦʡ ʩʪʦʧʢʝ 

(ʬʝʥʠʣĿĿĿʧʠʨʠʤʠʜʠʥ)n ʩʦʩʪʘʚʣʷʶʪ 3.722(4) ʠ 3.813(4) ¡ ʜʣʷ [CuL
10

Cl2] ʠ 3.684(7) ʠ 3.777(8) ¡ 

ʜʣʷ [CuL
10

Br2] (ʈʠʩ. 82). ʇʠʨʘʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʚ ʩʪʝʢʠʥʛʝ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʘʢʦʚʢʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [CuL
10

Cl2] ʠ [CuL
10

Br2] ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ 

ʩʨʝʜʠ ʫʧʘʢʦʚʦʢ ʪʨʸʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠʟʦʤʝʨʥʦʛʦ ʠʤ ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2], ʛʜʝ ʚ ʬʘʟʝ ʧʦʣʠʤʦʨʬʘ 

O ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʝʢʠʥʛ ʤʝʞʜʫ ʧʠʨʘʟʦʣʴʥʳʤ ʠ ʧʠʨʠʤʠʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʣʝʢʫʣ, ʘ ʚ ʬʘʟʝ 

ʧʦʣʠʤʦʨʬʘ EG ï ʤʝʞʜʫ ʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʦʪʣʠʯʠʷ ʤʦʞʝʪ ʙʳʪʴ 
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ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ [CuL
2
Cl2] ʬʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ ʥʘʭʦʜʠʪʩʷ ʚ a-ʧʦʣʦʞʝʥʠʠ ʢ ʢʦʦʨʜʠʥʠ-

ʨʦʚʘʥʥʦʤʫ ʘʟʘ-ʘʪʦʤʫ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʨʦʪʢʦʤʫ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ-

ʤʫ ʢʦʥʪʘʢʪʫ CuĿĿĿH(Ph). ʕʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʦʨʦʪ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 

ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʥʘ 38.7(3) ʠ 35.2(3)Á ʜʣʷ ʬʘʟ O ʠ EG ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨ-

ʥʳʭ -́  ́ʩʪʝʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤ ʠ ʧʠʨʠʤʠʜʠʥʦʚʳʤ ʢʦʣʴʮʘʤʠ ʩʦʩʝʜ-

ʥʠʭ ʤʦʣʝʢʫʣ. ɺ ʩʪʨʫʢʪʫʨʘʭ [CuL
10

Cl2] ʠ [CuL
10

Br2] ʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʝ ʤʦʣʝʢʫʣʳ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʠ ʩʪʝʨʠʯʝʩʢʠ ʦʪʢʨʳʪʘ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʩʪʝ-

ʢʠʥʛʝ. ʄʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤ ʠ ʧʠʨʠʤʠʜʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʬʘʟʘʭ 

[CuL
10

Cl2] ʠ [CuL
10

Br2] ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʟʘʤʠ O ʠ EG ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2] ʪʘʢʞʝ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʧʘʨʥʳʤ ʩʪʝʢʠʥʛʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʩʢʦʥʝʯʥʳʭ ʮʝʧʦʯʝʢ. 

  
ʈʠʩ. 82. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ [CuL

10
Cl2] (ʩʣʝʚʘ) ʠ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ [CuL

10
Cl2] (ʩʧʨʘʚʘ). 

 

ʊʘʙʣʠʮʘ 2. ʀʟʙʨʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʠ ʫʛʣʳ [Á] ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [CuL
10

Cl2] ʠ [CuL
10

Br2].  

ɼʣʠʥʘ ʩʚʷʟʠ [CuL
10

Cl2] [CuL
10

Br2] ʋʛʦʣ [CuL
10

Cl2] [CuL
10

Br2] 

Cu(1)-Hal(1)  2.212(1) 2.345(1)  Hal(2)Cu(1)Hal(1)  98.88(5) 98.64(4) 

Cu(1)-Hal(2)  2.198(1) 2.326(1) N(3)Cu(1)Hal(1)  136.73(9) 134.8(2) 

Cu(1)-N(3) 2.087(3) 2.073(5)  N(3)Cu(1)Hal(2)  109.61(8) 111.2(2) 

Cu(1)-N(12) 1.961(3) 1.933(6) N(12)Cu(1)Hal(1)  97.80(9) 98.6(2) 

   N(12)Cu(1)Hal(2)  142.49(10) 141.1(2) 

   N(12)Cu(1)N(3)  79.05(11) 79.1(2) 

 

ɺʠʜʠʤʦ, ʪʘʢʘʷ ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣ [CuL
10

Cl2] ʠ [CuL
10

Br2] ʩ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʩʪʝʢʠʥʛʘ ʬʝʥʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʬʝʥʠʣʧʠʨʠʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʪʝʢʠʥʛ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʩʪʝʨʠʯʝʩʢʦʡ ʦʪʢʨʳʪʦʩʪʠ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧ-

ʧʳ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʣʝʢʫʣ [CuL
10

Cl2] ʠ [CuL
10

Br2] ʯʪʦʙʳ ʥʘʡʪʠ 

ʧʦʜʭʦʜʷʱʫʶ ʚʟʘʠʤʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʘ ʬʘʟʳ, ʚ ʢʦʪʦʨʦʡ ʤʦʣʝʢʫʣʳ 

ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʘʥʳ ʩʪʝʢʠʥʛʦʤ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ, ʯʝʤ ʜʣʷ ʤʦʣʝʢʫʣ [CuL
2
Cl2] ʧʨʠ ʦʙʨʘ-

ʟʦʚʘʥʠʠ ʬʘʟ EG ʠ O, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʝʢʠʥʛ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʪʣʠʯʘʝʪ ʢʦʤʧʣʝʢʩʳ 

[CuL
10

Cl2] ʠ [CuL
10

Br2] ʦʪ ʢʦʤʧʣʝʢʩʘ [CuL
2
Cl2]. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ [CuL

2
Cl2] ʧʝʨʚʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ G, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʝʢʠʥʛ. 

 

3.1.2. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ ʤʝʜʠ(I) ʩ 2-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ  

ʃʠʛʘʥʜʳ L
5
 ʠ L

1
, ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 5 ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʮʠʢʣʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʚʣʠʷʥʠʝ ʟʘʤʝʥʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʵʪʠʭ ʧʦʣʦʞʝʥʠʷʭ ʥʘ ʩʦʩʪʘʚ 

ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʤʧʣʝʢʳ [CuL
5
Cl2] ʠ [CuL

5
Br2] [225, 231] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʫʪʝʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩʦʣʝʡ ʤʝʜʠ(II) ʠ ʩʦʝʜʠʥʝʥʠʷ L
5
 ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʈʠʩ. 83). 
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ʇʨʠ ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Cu : L
5
 = 1 : 1. ʉʦʝʜʠʥʝʥʠʷ [CuL

5
Cl2] 

ʠ [CuL
5
Br2] ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ï ʵʪʘʥʦʣʝ, MeCN, ʠʟʦʧʨʦʧʠʣʦʚʦʤ 

ʩʧʠʨʪʝ, CHCl3 ʠ ʠʭ ʩʤʝʩʷʭ, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ʂʨʠʩʪʘʣʣʳ [CuL
5
(MeCN)Br] ʧʦʣʫʯʘʣʠ 

ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ [CuL
5
Br2] ʚ ʩʤʝʩʠ CHCl3-MeʉN (2 : 1), ʚ ʪʝʯʝʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ï ʧʨʦʜʫʢʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ [CuL
5
Br2] ʠ ʧʨʠʩʦʝʜʠ-

ʥʝʥʠʷ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʙʨʦʤʠʜ-

ʠʦʥ. ɸʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ [CuL
5
(MeCN)I] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ CuI ʠ L

5
 ʚ MeCN.  

 
ʈʠʩ. 83. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʠ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʦʤ L

5
. 

  

ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʠ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʦʤ L
5
 ʷʚʣʷʶʪʩʷ ʦʜʥʦʷʜʝʨʥʳʤʠ (ʈʠʩ. 84). ʂʦʦʨ-

ʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Cu  ï ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘʵʜʨ. ɼʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʩʪʘ ʟʘʥʷ-

ʪʳ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʧʠʨʘʟʦʣʴʥʦʛʦ ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʦʚ ʤʦʣʝʢʫʣʳ L
5
. ɺ ʤʦʣʝʢʫʣʘʭ 

[CuL
5
Cl2] ʠ [CuL

5
Br2] ʜʚʝ ʦʩʪʘʶʱʠʝʩʷ ʚʝʨʰʠʥʳ ʪʝʪʨʘʵʜʨʘ ʟʘʥʷʪʳ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʦʚ, 

ʘ ʚ [CuL
5
(MeCN)Br] ʠ [CuL

5
(MeCN)I] ï ʘʪʦʤʦʤ ʛʘʣʦʛʝʥʘ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ ʤʦʣʝʢʫʣʳ MeCN. 

ɺ ʩʪʨʫʢʪʫʨʘʭ [CuL
5
Cl2] ʠ [CuL

5
Br2] ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʤʝʪʥʳʝ ʦʪʣʠʯʠʷ ʚ ʜʣʠʥʘʭ ʩʚʷʟʝʡ CuïN ʜʣʷ 

ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʨʘʟʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ (ʪʘʙʣ. 3). ɼʣʠʥʳ ʩʚʷʟʝʡ CuïN ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝ-

ʣʠʯʠʚʘʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʢ ʢʦʤʧʣʝʢʩʘʤ [CuL
5
(MeCN)Hal]. ʀʟʤʝʥʝʥʠʝ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʜʠ ʩ +2 ʥʘ +1 ʚʝʜʝʪ ʢ ʫʜʣʠʥʝʥʠʶ ʩʚʷʟʠ C
2
ïN

3
 ʠ ʙʦʣʴʰʝʤʫ ʚʳʨʘʚʥʠʚʘʥʠʶ 

ʜʣʠʥ ʩʚʷʟʝʡ ʚ ʧʠʨʠʤʠʜʠʥʦʚʦʤ ʮʠʢʣʝ.  

  

ʈʠʩ. 84. ʄʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʦʚ [CuL
5
Br2] ʠ [CuL

5
(MeCN)Br]. 

 

ʋʧʘʢʦʚʢʠ [CuL
5
Cl2] ʠ [CuL

5
Br2] ʧʦʜʦʙʥʳ (ʈʠʩ. 85). ʄʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪ ʮʝʥʪʨʦʩʠʤʤʝʪ-

ʨʠʯʥʳʝ ʧʘʨʳ. ɸʪʦʤ ʛʘʣʦʛʝʥʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʥʘʧʨʘʚʣʝʥ ʢ ʧʠʨʠʤʠʜʠʥʦʚʦʤʫ ʮʠʢʣʫ ʜʨʫʛʦʡ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʩʪʝʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʫʧʘʢʦʚʢʫ ʢʘʢ ʫʧʘʢʦʚʢʫ ʧʘʨ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴ-

ʥʫʶ ʧʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʫʧʘʢʦʚʢʫ ʧʦ ʟʘʢʦʥʫ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʯʝʩʢʦʡ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɺ ʮʝ-

ʣʦʤ ʫʧʘʢʦʚʢʫ [CuL
5
Cl2] ʠ [CuL

5
Br2] ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʩʪʨʦʝʥʥʫʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ [CuL
5
Cl2] 

ʠ [CuL
5
Br2], ʫʧʘʢʦʚʢʫ ʚ ʩʪʨʫʢʪʫʨʘʭ [CuL

5
(MeCN)Hal] ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʧʘʢʦʚʢʫ ʜʠ-

ʤʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʣʴʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʦʩʝʜʷʤʠ. ʇʘʨʘ ʙʣʠʞʘʡʰʠʭ 
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ʤʦʣʝʢʫʣ ʩʚʷʟʘʥʘ ʮʝʥʪʨʦʤ ʩʠʤʤʝʪʨʠʠ ʠ ˊ-ʩʠʩʪʝʤʳ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʠ ʦʜʥʦʛʦ ʠʟ ʬʝʥʠʣʴʥʳʭ 

ʮʠʢʣʦʚ ʫʯʘʩʪʚʫʶʪ ʚ ʩʪʝʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʜʘʥʥʳʭ 

ʮʠʢʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ~3.4 ¡). 

  

ʈʠʩ. 85. ʋʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ [CuL
5
Br2] ʠ [CuL

5
(MeCN)Br]. 

 

ʂʦʤʧʣʝʢʩʳ ʠʦʜʠʜʘ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʦʤ L
1
 ï [CuL

1
2]I ʠ [CuL

1
2]2[Cu2I4]Ŀ2MeCN ï ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʷʤ CuI ʩ L
1
 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ Cu : L

1
 = 1 : 1 ʠ 1 : 2 (ʈʠʩ. 86). ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʠʦʜʠʜ-ʠʦʥ ʥʝ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʠʦʥʘʤ Cu
+
, ʢ ʢʦʪʦʨʳʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ L

1
. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʘʤʠ L
14

, L
34

 ʠ L
33

 (ʩʤ. ʥʠʞʝ) ʨʘʩʩʪʦʷʥʠʝ CuïN(pym) 

ʙʦʣʴʰʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ CuïN(pz) ï ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥ-

ʥʦʩʪʴʶ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʬʦʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʬʝʥʠʣʴ-

ʥʦʡ ʛʨʫʧʧʳ ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ ʢ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʘʪʦʤʫ N(pym) (ʊʘʙʣ. 3). ʂʘʪʠʦʥ [CuL
1
2]

+ 

ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʠʣʴʥʦ ʠʩʢʘʞʸʥ ʠ ʟʘʤʝʪʥʦ ʩʧʣʶʱʝʥ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʘʨʥʳʝ ʚʥʫʪʨʠʢʘʪʠʦʥʥʳʝ ʩʪʝʢʠʥʛʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʠʨʠʤʠʜʠʥʦ-

ʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʠ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʨʘʩʩʪʦʷʥʠʷ Cg(Pym)ĿĿĿCg(Ph) 3.3 ï 3.4 ¡ ʚ [CuL
1
2]I 

ʠ 3.7 ï 3.8 ¡ ʚ [CuL
1
2]2[Cu2I4], Cg ï ʮʝʥʪʨʦʠʜ). ʆʙʘ ʢʦʤʧʣʝʢʩʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ ʩʣʘʙʫʶ 

ʢʨʘʩʥʫʶ ʵʤʠʩʩʠʶ (ʨʘʟʜʝʣ 3.3.6), ʢʦʪʦʨʘʷ, ʚʠʜʠʤʦ, ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʤʝʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʛʝʦʤʝʪ-

ʨʠʠ ʢʘʪʠʦʥʘ [CuL
1
2]

+
 ʦʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ. ʕʪʦ ʦʪʢʣʦʥʝʥʠʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦ (ʈʠʩ. 87), ʯʝʤ 

ʚ ʢʦʤʧʣʝʢʩʝ [CuL
14

2](BF4)ĿH2O (ʨʘʟʜʝʣ 3.3.2) ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʜʚʠʛʫ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝ-

ʜʠ(I) ʩ L
1
 ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʤʠʩʩʠʝʡ [CuL

14
2](BF4)ĿH2O.   

 
ʈʠʩ. 86. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʦʤ L

1
. 

 

ʊʘʙʣʠʮʘ 3. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʦʤʧʣʝʢʩʦʚ [CuL
5
Cl2], [CuL

5
Br2], 

[CuL
5
(MeCN)Br], [CuL

5
(MeCN)I], [CuL

1
2]I ʠ [CuL

1
2]2[Cu2I4] (ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣʳ). 

 CuïN
2
(pz) CuïN

3
(pym) N

2
(pz)ïN

1
(pz)ïC

2
(pym)ïN

1
(pym) 

[CuL
5
Cl2] 1.986 2.027 9.4 

[CuL
5
Br2] 1.984 2.015 10.0 

[CuL
5
(MeCN)Br] 2.111 2.116 14.1 

[CuL
5
(MeCN)I] 2.096 2.101 16.0 

[CuL
1
2]I 1.948 2.223 10.6 

[Cu(1)L
1
2]2[Cu2I4]Ŀ2MeCN 1.940 2.195 6.3 

 1.932 2.252 11.8 

[Cu(2)L
1
2]2[Cu2I4]Ŀ2MeCN 1.944 2.213 3.2 

 1.936 2.258 9.5 
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ʈʠʩ. 87. ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʘ [CuL

1
2]

+
 ʚ ʩʪʨʫʢʪʫʨʝ [CuL

1
2]I (ʩʣʝʚʘ). ʉʨʘʚʥʝʥʠʝ ʠʩʢʘʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʦʚ ʚ 

ʩʪʨʫʢʪʫʨʘʭ [CuL
14

2](BF4)ĿH2O (ʧʦ ʮʝʥʪʨʫ) ʠ [CuL
1
2]I (ʩʧʨʘʚʘ) (ʚʠʜ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ʜʘʣʴʥʝʡ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ). 

 

ʇʝʨʝʭʦʜ ʦʪ ʣʠʛʘʥʜʘ L
5
 ʢ ʣʠʛʘʥʜʫ L

1
 (ʪ.ʝ. ʟʘʤʝʥʘ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʤʝʪʠʣʴʥʳʝ ʚ ʧʠʨʘ-

ʟʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʤʦʣʝʢʫʣʳ) ʚ ʢʦʤʧʣʝʢʩʘʭ ʠʦʜʠʜʘ ʤʝʜʠ(I) ʧʨʠʚʸʣ ʢ ʩʠʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. ɽʩʣʠ ʢʦʤʧʣʝʢʩʳ ʠʦʜʠʜʘ ʠ ʙʨʦʤʠʜʘ ʤʝʜʠ(I) ʩ L
5
 ʩʦʜʝʨʞʘʪ ʦʜʥʫ ʤʦʣʝʢʫʣʫ 

L
5
, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ MeCN, ʪʦ ʢʦʤʧʣʝʢʩʳ 

ʩ L
1
 ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʘʪʦʤʘ ʤʝʜʠ ʩʦʜʝʨʞʘʪ ʜʚʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʧʠʨʘʟʦ-

ʣʠʣʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʠʦʜʠʜ-ʠʦʥ ʧʨʠ ʵʪʦʤ ʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥ.  

 

3.1.3. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʩ 4,6-ʙʠʩ(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ 

ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʩ 4,6-ʙʠʩ(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ Cu(II) ʠ ʣʠʛʘʥʜʦʚ L
4
 ʠ L

6
 ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ (ʈʠʩ. 88) [231,232]. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʦʟʤʦʞʥʫʶ ʤʦʩʪʠʢʦʚʫʶ ʣʠʛʘʥʜʥʫʶ 

ʬʫʥʢʮʠʶ ʩʦʝʜʠʥʝʥʠʡ L
4
 ʠ L

6
, ʧʨʠ ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 

2 : 1 ʠ 3 : 1. ʇʦ ʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʬʦʨʤʫʣʘʤʠ Cu2L
4
Br4, Cu2L

6
Cl4 ʠ Cu2L

6
Br4, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʦ ʜʚʫʭʲʷʜʝʨʥʦʤ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ. ʉʦʝʜʠʥʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʧʦ-

ʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɺʠʜʠʤʦ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʙʨʦʤʠʜʘ ʤʝʜʠ(II) ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  

 
ʈʠʩ. 88. ʉʠʥʪʝʟ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Cu2L

4
Br4, Cu2L

6
Cl4 ʠ Cu2L

6
Br4. 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
4
 ʠ L

6
 ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ 

ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʛʥʝʪʦʭʠʤʠʠ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʜʦʤʠʥʠʨʫʶʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ 

ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ Cu
2+
. ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʝʱʝʩʪʚ, 
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ʦʙʤʝʥʥʳʝ ʢʣʘʩʪʝʨʳ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ 

ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʧʠʥʦʤ (ʈʠʩ. 89). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʦʤ-

ʧʣʝʢʩʳ Cu2L
4
Br4, Cu2L

6
Cl4 ʠ Cu2L

6
Br4 ʠʤʝʶʪ ʜʚʫʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ (ʈʠʩ. 88)  
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ʈʠʩ. 89. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ mɻ ʬ ʠ c (ʚʩʪʘʚʢʘ) ʢʦʤʧʣʝʢʩʘ Cu2L
6
Br4. 

 

3.2. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ ʤʝʜʠ(I,II ) ʩ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

 

ʇʨʦʛʨʘʤʤʘ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚʢʣʶʯʘʣʘ ʤʦʜʠʬʠʢʘʮʠʶ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʦʛʦ 

ʦʩʪʦʚʘ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ, ʩʧʦʩʦʙʥʦʛʦ ʢ ʢʦʦʨʜʠʥʘʮʠʠ, ʚ ʧʦʣʦʞʝʥʠʝ 2 ʧʠʨʠʤʠʜʠʥʦʚʦ-

ʛʦ ʮʠʢʣʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʧʝʨʝʡʪʠ ʢ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʤ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʦʚʳʤ ʣʠ-

ʛʘʥʜʘʤ ʠ ʢ ʢʦʤʧʣʝʢʩʘʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ï ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ (ʜʦ ʧʦʷʚʣʝʥʠʷ ʥʘʰʠʭ ʨʘʙʦʪ) ʦʙʣʘʩʪʠ 

ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʨʘʟʦʣʠʣʧʠʨʠʤʠʜʠʥʘʤʠ. ʅʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʝ ʩʝʨʠʠ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ. 

ʆʜʥʘ ʠʟ ʥʠʭ ï 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ L
36

, L
23

, L
27

 (ʟʘʤʝʪʠʤ, ʯʪʦ 

ʣʠʛʘʥʜ L
23

 ʷʚʣʷʝʪʩʷ ʧʠʨʠʜʠʥʠʣʴʥʳʤ ʘʥʘʣʦʛʦʤ ʣʠʛʘʥʜʘ L
2
). ɺʪʦʨʘʷ ʩʝʨʠʷ ï 2,4(6)-(1ʅ-ʧʠʨʘʟʦʣ-

1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ L
3
, L

7
, L

21
, L

45
. 2-(ʇʠʨʠʜʠʥ-2-ʠʣ)-4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ 

ʠ 2,4(6)-ʙʠʩ(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʢʣʘʩʩʘʤʠ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʤ 

ʣʠʛʘʥʜʦʚ, ʧʨʠ ʵʪʦʤ 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ ʠʥʪʝʨʝʩʥʳ ʪʝʤ, ʯʪʦ 

ʦʥʠ ʦʙʲʝʜʠʥʷʶʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʘ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ. 2-(ʇʠʨʠʜʠʥ-2-ʠʣ)-4(6)-(1ʅ-

ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʩʝʤʝʡʩʪʚʘ, ʚʢʣʶʯʘʶ-

ʱʝʛʦ 2,4(6)-ʙʠʩ(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ, 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʤʠʜʠʥʳ ʠ 2,4(6)-ʙʠʩ(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ. ʍʦʪʷ 2,4(6)-ʙʠʩ(ʧʠʨʠʜʠʥ-2-

ʠʣ)ʧʠʨʠʤʠʜʠʥʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʢ ʣʠʛʘʥʜʳ [233-237], ʦʜʥʘʢʦ, ʝʩʣʠ ʤʳ ʩʨʘʚʥʠʤ ʪʨʠ ʢʣʘʩʩʘ 

ʣʠʛʘʥʜʦʚ (ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʘʣʴʥʳʡ ʧʠʨʠʤʠʜʥʦʚʳʡ ʬʨʘʛʤʝʥʪ) ʦʙʩʫʞʜʘʝʤʦʛʦ ʩʝʤʝʡʩʪʚʘ ʩ ʘʥʘ-

ʣʦʛʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʮʝʥʪʨʘʣʴʥʳʡ ʧʠʨʠʜʠʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʪ.ʝ. ʧʨʦʠʟʚʦʜ-

ʥʳʤʠ ʪʝʨʧʠʨʠʜʠʥʘ, 6-(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)-2-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʜʠʥʘ ʠ 2,6-ʙʠʩ(1H-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʜʠʥʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʧʫʣʷʨʥʳʤʠ ʢʣʘʩʩʘʤ ʣʠʛʘʥʜʦʚ, ʪʦ ʤʳ ʤʦʞʝʤ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ 

ʣʠʰʴ ʥʘʣʠʯʠʝ ʣʘʢʫʥʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʠʨʠʤʠʜʠʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʤʠʜʠʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʷʜ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʧʠʨʠʤʠʜʠʥʦʚʦʝ ʷʜʨʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʢʣʘʩʩʦʚ ʣʠʛʘʥʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʭʦʪʷ ʤʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʠʨʠʤʠʜʠʥʘ ʠ ʧʠʨʠʜʠʥʘ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ, ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʨʦʪʝʢʘʶʪ ʥʘ ʧʠ-

ʨʠʤʠʜʠʥʦʚʦʤ ʷʜʨʝ ʣʝʛʯʝ, ʯʝʤ ʥʘ ʧʠʨʠʜʠʥʦʚʦʤ. ʂʨʦʤʝ ʵʪʦʛʦ, N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ 

ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʧʠʨʠʤʠʜʠʥʦʚʳʤ ʮʠʢʣʦʤ ʜʦʧʫʩʢʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʠʟʦʤʝʨʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʣʠʰʴ ʧʦʣʦʞʝʥʠʝʤ ʥʝʦʜʠʥʘʢʦʚʳʭ ʙʦʢʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʥʘʧʨʠʤʝʨ, 6(4)-(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)-2-(ʧʠʨʠʜʠʥ-2-
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ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ ʠ 2-(1H-ʧʠʨʘʟʦʣ-1-ʠʣ)-4(6)-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ, ʠ ʠʭ ʘʥʘʣʦʛʦʚ. ʊʘ-

ʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ òʨʦʢʠʨʦʚʢʠò ʥʝʦʜʠʥʘʢʦʚʳʭ ʙʦʢʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣ N,N,N-

ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʧʠʨʠʜʠʥʦʚʳʤ ʮʠʢʣʦʤ. ʊʘ-

ʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʧʝʨʚʳʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘʤʠ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II), ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʱʠʭ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ (ʩʤ. ʥʠʞʝ).  

 

3.2.1. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʩ 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-4(6)-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ 

4(6)-(1ʅ-ʇʠʨʘʟʦʣ-1-ʠʣ)-2-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ, ʢʘʢ ʠ ʠʭ çʬʨʘʛʤʝʥʪʳè ï 4-(1ʅ-

ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ ʠ 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠ-

ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [30,238-240]. ʂʨʦʤʝ ʵʪʦʛʦ, 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ʬʝʨʨʦʠʥʦʚʦʛʦ ʪʠʧʘ [241]. 4-(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ ʠ 2-

(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʳ [242-245] ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʠ ʢʘʢ ʣʠʛʘʥʜʳ. ɿʘʤʝʪʠʤ, ʯʪʦ ʬʫʥʛʠʮʠʜ-

ʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ 

ʤʝʜʴ(II) ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʧʝʨʝʥʦʩ ʠʦʥʦʚ Cu
2+

 ʚ ʢʣʝʪʢʫ [240].  

ʉʠʥʪʝʟ. ʈʘʩʩʤʦʪʨʠʤ ʩʠʥʪʝʟ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʦʤ L
23

 ï [CuL
23

Cl2], 

[Cu2L
23

Cl4] ʠ [Cu4L
23

2Cl8] [246]. ʕʪʦ ʢʦʤʧʣʝʢʩʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʷʤ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) 

ʩ ʣʠʛʘʥʜʦʤ L
23

 ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʈʠʩ. 90) ʋʯʠʪʳʚʘʷ ʩʢʣʦʥʥʦʩʪʴ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(II) ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʣʠʛʦ- ʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʤʳ ʧʨʠʤʝʥʷ-

ʣʠ ʤʦʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1 ʠ 2 : 1. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 ʤʳ ʚʳʜʝʣʷʣʠ 

ʚ ʪʚʸʨʜʫʶ ʬʘʟʫ ʢʦʤʧʣʝʢʩ, ʠʤʝʶʱʠʝ ʪʫ ʞʝ ʩʪʝʭʠʦʤʝʪʨʠʶ, [CuL
23

Cl2]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦ-

ʦʪʥʦʰʝʥʠʷ 2 : 1 ʚ ʪʚʸʨʜʫʶ ʬʘʟʫ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʜʚʘ ʢʦʤʧʣʝʢʩʘ, ʠʤʝʶʱʠʝ ʩʪʝʭʠʦʤʝʪʨʠʶ 

2 : 1 ï ʜʚʫʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu2L
23

Cl4] ʠ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu4L
23

2Cl8]. ʌʘʟʘ 

ʢʦʤʧʣʝʢʩʘ [Cu2L
23

Cl4] ʦʙʨʘʟʫʝʪʩʷ ʥʝʤʝʜʣʝʥʥʦ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨ-

ʞʘʱʝʛʦ CuCl2 ʠ L
23

 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2 : 1. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

[Cu2L
23

Cl4] ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʧʨʠ 

ʵʪʦʤ ʥʘʯʠʥʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ï ʯʝʪʳʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Cu4L
23

2Cl8]. ʇʦʣʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʬʘʟʳ [Cu2L
23

Cl4] ʚ ʬʘʟʫ [Cu4L
23

2Cl8] ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ, ʝʩʣʠ ʨʘʩʪʚʦʨ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ [Cu2L
23

Cl4] ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʌʘʟʘ ʯʝʪʳʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu4L
23

2Cl8] ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʧʨʦʮʝʜʫʨʳ ʙʝʟ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ [Cu2L
23

Cl4] ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʵʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ CuCl2 ʠ L
23

 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2 : 1, ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʪʴ ʧʨʠ ʘʢʢʫʨʘʪʥʦʤ ʥʘʛʨʝʚʘʥʠʠ. ʂʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [Cu4L
23

2Cl8] ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦ-

ʜʫʢʪ ʧʦʷʚʣʷʶʪʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʨʷʜ-

ʢʦʤ ʧʦʷʚʣʝʥʠʷ ʬʘʟ [Cu2L
23

Cl4] ʠ [Cu4L
23

2Cl8] ʚ ʩʠʩʪʝʤʝ CuCl2 ï L
23

 ï EtOH ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 2 : 1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʬʘʟʘ [Cu4L
23

2Cl8] ʦʙʨʘ-

ʟʫʝʪʩʷ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ ʚ ʭʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʫʢʘ-

ʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʬʘʟʘ [Cu4L
23

2Cl8] ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʪʦʛʜʘ 

ʢʘʢ ʬʘʟʘ [Cu2L
23

Cl4] ï ʧʨʦʜʫʢʪʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʏʝʪʳʨʸʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[Cu4L
23

2Cl8] ʬʦʨʤʘʣʴʥʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʦʜʫʢʪ ʜʠʤʝʨʠʟʘʮʠʠ [Cu2L
23

Cl4]. ɽʩʣʠ ʤʳ 

ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʘʟʳ [Cu4L
23

2Cl8] ʠ [Cu2L
23

Cl4] ʢʘʢ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʤʧʣʝʢ-

ʩʘ, ʠʤʝʶʱʝʛʦ ʩʪʝʭʠʦʤʝʪʨʠʶ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 2 : 1, Cu2L
23

Cl4, ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʪʤʝ-

ʪʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ñʧʨʘʚʠʣʘ ʧʣʦʪʥʦʩʪʝʡò (ʧʦʣʠʤʦʨʬʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩ ʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ), ʧʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʩʪʴ ʬʘʟʳ [Cu4L
23

2Cl8] ʚʳʰʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʬʘʟʳ 

[Cu2L
23

Cl4].  
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ʉʠʪʫʘʮʠʷ ʩ ʩʠʥʪʝʟʦʤ ʢʦʤʧʣʝʢʩʦʚ [CuL
27

Cl2]Ŀ0.5H2O, [CuL
27

Cl2] ʠ [Cu7L
27

4Cl12][Cu2Cl6] 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʣʴʢʦ ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʦʡ (ʈʠʩ. 90) [246]. ɼʝʡʩʪʚʠ-

ʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ CuCl2 ʩ L
27

 ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1 ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʚ ʪʚʸʨʜʫʶ ʬʘʟʫ ʧʦʣʫʛʠʜʨʘʪʘ ʦʜʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʦʡ ʞʝ 

ʩʪʝʭʠʦʤʝʪʨʠʠ, [CuL
27

Cl2]Ŀ0.5H2O. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ(II) ʚ ʨʘʩʪʚʦ-

ʨʝ ʜʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 2 : 1 ʥʝ ʧʨʠʚʦʜʠʪ ʥʠ ʢ ʧʦʣʫʯʝʥʠʶ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ [Cu2L
27

Cl4], ʥʠ ʢ ʧʦʣʫʯʝʥʠʶ ʯʝʪʳʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu4L
27

2Cl8] (ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʘʥʘ-

ʣʦʛʠ ʢʦʤʧʣʝʢʩʦʚ [Cu2L
23

Cl4] ʠ [Cu4L
23

2Cl8]), ʥʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʝʜʸʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʷʜʝʨʥʦ-

ʛʦ ʧʦʣʫʛʠʜʨʘʪʘ [CuL
27

Cl2]Ŀ0.5H2O. ɺʥʝʜʨʝʥʠʝ ʤʦʣʝʢʫʣ H2O ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʵʪʦ-

ʛʦ ʢʦʤʧʣʝʢʩʘ (ʯʝʛʦ ʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [CuL
23

Cl2]), ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʤʝʥʝʝ 

ʛʠʜʨʦʬʦʙʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʣʠʛʘʥʜʘ L
27

 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ L
23

 (ʧʦʩʣʝʜʥʠʡ ʩʦʜʝʨʞʠʪ ʜʚʝ ʤʝʪʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 5 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ). ɺ ʧʦʧʳʪʢʝ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ- ʠʣʠ ʦʣʠʛʦʷʜʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʦʤ L
27

 ʤʳ ʫʚʝʣʠʯʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ ʜʦ 4 : 1. 

ʇʦʩʢʦʣʴʢʫ ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʝʝ ʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ ʵʪʘʥʦʣʘ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʴ ʚ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʤʝʩʴ EtOH : CHCl3. ʆʜʥʘʢʦ, ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʟʚʦʜʥʦʛʦ ʦʜʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[CuL
27

Cl2]. ʊʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ ʜʦ 8 : 1 ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʠ 

EtOH : CHCl3 ʧʨʠʚʝʣʦ ʢ ʚʳʜʝʣʝʥʠʶ ʚ ʪʚʸʨʜʫʶ ʬʘʟʫ ʦʣʠʛʦʷʜʝʨʥʦʛʦ ʛʘʣʦʢʫʧʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʠʤʝʶʱʝʛʦ ʩʪʝʭʠʦʤʝʪʨʠʶ 2.25 : 1. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʦʪ ʢʦʤʧʣʝʢʩ 

ʩʦʜʝʨʞʠʪ ʩʝʤʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ [Cu7L
27

4Cl12]
2+

 ʠ ʜʚʫʭʲʷʜʝʨʥʳʡ ʛʘʣʦʢʫʧʨʘʪʥʳʡ 

ʘʥʠʦʥ [Cu2Cl6]
2ï
. ʌʦʨʤʫʣʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

[Cu7L
27

4Cl12][Cu2Cl6]. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʨʘʚʥʝʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʦʚ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ 

ʣʠʛʘʥʜʘʤʠ L
27

 ʠ L
23

 ʩ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʠ ʩʦʩʪʘʚʦʤ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ 

ʨʦʜʩʪʚʝʥʥʳʤ ʣʠʛʘʥʜʦʤ L
36

 (ʈʠʩ. 90)  [247]. ɽʩʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ L
27

 ʠ L
23

 

ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʵʪʘʥʦʣʘ ʠʣʠ ʩʤʝʩʝʡ EtOH : CHCl3 ʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ, ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʠ ʚʨʝʤʝʥʠ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ, ʪʦ ʩ ʢʦʤʧʣʝʢʩʦʤ ʩ L
36

 ʩʠʪʫʘʮʠʷ ʩʦʚʝʨʰʝʥʥʦ ʠʥʘʷ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʚ ʪʚʸʨʜʫʶ ʬʘʟʫ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ï ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ (Cu : L
36

 = 1 : 1, 2 : 1 ʠ 20 : 1) ʠ ʧʨʠʨʦʜʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʚʳʜʝʣʷʝʪʩʷ ʦʜʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [CuL
36

Cl2]. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫ-

ʯʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʤʝʩʠ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ H2O/MeOH/DMF. ʂʨʠ-

ʩʪʘʣʣʠʟʘʮʠʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʪʘʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʢʘʢ MeOH, EtOH ʠʣʠ ʩʤʝʩʴ EtOH/CHCl3 

ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʚʳʜʝʣʝʥʠʶ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʘʟʫʤʥʦ ʩʚʷʟʘʪʴ ʥʘʙʣʶʜʘʝʤʦʝ 

ʨʘʟʣʠʯʠʝ ʚ ʭʘʨʘʢʪʝʨʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʨʠʨʦʜʦʡ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ 6 ʧʠʨʠʤʠ-

ʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ï ʝʩʣʠ ʚ ʣʠʛʘʥʜʘʭ L
27

 ʠ L
23

 ʵʪʦ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʪʦ ʚ ʣʠʛʘʥʜʝ L
36

 ʵʪʦ ʘʤʠʥʦʛʨʫʧ-

ʧʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʦʡ ʛʨʫʧʧʳ ʜʦʣʞʥʦ ʧʦʥʠʞʘʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʚ 

MeOH, EtOH ʠ ʜʘʞʝ ʩʤʝʩʠ EtOH/CHCl3 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʦʣʝʝ ʧʦʣʷʨʥʦʡ ʩʤʝʩʠ H2O/MeOH/DMF, 

ʯʪʦ ʚʝʜʸʪ ʢ ʚʳʜʝʣʝʥʠʶ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ (ʚ ʪʨʸʭ ʧʝʨʚʳʭ ʩʣʫʯʘʷʭ) ʚʤʝʩʪʦ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʦʚ (ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ). ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ ʧʨʠ 

ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ CuCl2 ï L
27

, CuCl2 ï L
23

 ʠ CuCl2 ï L
36

 ʩʚʷʟʘʥ ʩ ʚʣʠʷʥʠʝʤ ʤʦʣʴ-

ʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ ʥʘ ʩʦʩʪʘʚ ʚʳʜʝʣʷʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʩʣʫʯʘʝ CuCl2 ï L
36

 ʠʟʤʝʥʝ-

ʥʠʝ ʵʪʦʛʦ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʚ ʪʚʸʨʜʫʶ ʬʘʟʫ ʠʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʢʨʦʤʝ ʦʜʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [CuL
36

Cl2], ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʤʳ 
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ʩʤʦʛʣʠ ʚʳʜʝʣʠʪʴ ʢʘʢ ʦʜʥʦʷʜʝʨʥʳʝ, ʪʘʢ ʠ ʦʣʠʛʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʵʪʦʛʦ 

ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ [CuL
36

Cl2] ʘʤʠʥʦʛʨʫʧʧʘ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʦʙʨʘʟʫʝʪ ʚʦ-

ʜʦʨʦʜʥʳʝ ʩʚʷʟʠ NïHĿĿĿCl ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʥʦʛʦʷʜʝʨʥʳʭ ʘʩʩʦʮʠʘʪʦʚ. ʕʪʦʪ ʬʘʢʪʦʨ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
27

, L
23

 ʠ L
36

. 

 
ʈʠʩ. 90. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ L

36
, L

23
 ʠ L

27
. 

 

ʉʪʨʦʝʥʠʝ. ɺʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
27

, L
23

 ʠ L
36

 ʛʝʪʝʨʦʘʨʦ-

ʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʠ ʩʘʤʠ ʤʦʣʝʢʫʣʳ L
27

, L
23

 ʠ L
36

 ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʤʠ. ʄʦʣʝ-

ʢʫʣʳ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ ʠʦʥʘʤ Cu
2+

 ʪʨʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʘʪʦ-

ʤʘʤʠ N
3
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ, N ʧʠʨʠʜʠʣʴʥʦʛʦ ʠ N

2
 ʧʠʨʘʟʦʣʠʣʴʥʦʛʦ ʮʠʢʣʦʚ.  

ʌʘʟʳ ʢʦʤʧʣʝʢʩʦʚ [CuL
27

Cl2]Ŀ0.5H2O, [CuL
27

Cl2], [CuL
23

Cl2] ʠ [CuL
36

Cl2] ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦ-

ʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ (ʈʠʩ. 91). ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʦʤʧʣʝʢʩʘ [CuL
23

Cl2] ʩʦʜʝʨʞʠʪ ʜʚʝ ʢʨʠʩʪʘʣʣʦ-

ʛʨʘʬʠʯʝʩʢʠ-ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣʳ [CuL
23

Cl2]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʦʚ ʤʝʜʠ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ ʠʩʢʘʞʸʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ 

ʪʨʝʤʷ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ, CuN3Cl2. ʊʘ-

ʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʠʩʢʘʞʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʫʟʣʘ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʩ ʂʏ 5, Ű = (ɓ ï Ŭ)/60, ʛʜʝ Ŭ ʠ ɓ ï ʜʚʘ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʫʛʣʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ, Ű = 1 ʜʣʷ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ ʠ Ű = 0 ʜʣʷ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ (Ű  = 0.13 ʜʣʷ 

[CuL
27

Cl2]Ŀ0.5H2O, 0.08 ʜʣʷ [CuL
27

Cl2], 0.15 ʠ 0.068 ʜʣʷ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʤʦʣʝʢʫʣ [CuL
23

Cl2], 0.13 ʜʣʷ [CuL
36

Cl2]) [248]. ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ [CuL
36

Cl2] ʭʣʦʨʠʜ-ʠʦʥʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʚʝʨʰʠʥʝ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ (Cl1), ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 
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NïHĿĿĿCl ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ [CuL
36

Cl2]. ʕʪʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʘʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʩʩʦʮʠʘʪʦʚ {[CuL
36

Cl2]} 2 (ʈʠʩ. 91), ʪʘʢ ʠ ʩʰʠʚʢʝ ʵʪʠʭ ʘʩʩʦʮʠʘ-

ʪʦʚ ʚ ʪʨʸʭʤʝʨʥʫʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʝʨʦʷʪʥʦ, ʚʦʚʣʝʯʝʥʠʝ ʚʝʨʰʠʥʥʳʭ ʭʣʦʨʠʜ-

ʠʦʥʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʘʩʩʦʮʠʘʪʦʚ ʧʨʝʧʷʪ-

ʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʦʣʠʛʦ- ʠʣʠ ʤʥʦʛʦʷʜʝʨʥʳʭ ʛʘʣʦʢʫʧʨʘʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘʤʠ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
23

 ʠ L
27

. 

  

 
ʈʠʩ. 91. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ [CuL

27
Cl2] (ʩʣʝʚʘ, ʩʪʨʫʢʪʫʨʘ [CuL

27
Cl2]Ŀ0.5H2O) ʠ [CuL

23
Cl2] (ʧʦ ʮʝʥʪʨʫ). ɺʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ NïHĿĿĿCl (ʦʪʤʝʯʝʥʳ ʧʫʥʢʪʠʨʦʤ) ʚ ʩʪʨʫʢʪʫʨʝ [CuL
36

Cl2] (ʩʧʨʘʚʘ). 

 

ʄʦʣʝʢʫʣʘ ʢʦʤʧʣʝʢʩʘ [Cu2L
23

Cl4] ʠʤʝʝʪ ʜʚʫʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ (ʈʠʩ. 92). ʂʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʪʦʤʘ ʤʝʜʠ, ʢʦʪʦʨʳʡ ʢʦʦʨʜʠʥʠʨʫʝʪ ʤʦʣʝʢʫʣʫ L
23
, Cu1, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩ-

ʢʘʞʸʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ (t = 0.29) CuN3Cl2. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʥʪʘʢʪ ʩ ʘʪʦʤʦʤ 

Cl3(0.5-x,0.5+y,0.5-z) (Cu1ĿĿĿCl3 2.966 ¡) ʜʦʧʦʣʥʷʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʵʪʦʛʦ ʘʪʦʤʘ ʤʝʜʠ 

ʜʦ ʩʠʣʴʥʦ ʠʩʢʘʞʸʥʥʦʛʦ ʦʢʪʘʵʜʨʘ. ɺʪʦʨʦʡ ʘʪʦʤ ʤʝʜʠ, Cu2, ʩʦʝʜʠʥʝʥ ʩ ʧʝʨʚʳʤ ʜʚʫʤʷ ʭʣʦʨʠʜ-

ʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. ʕʪʦʪ ʘʪʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦ-ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (ʩʧʣʶʩʥʫʪʳʡ 

ʪʝʪʨʘʵʜʨ), ʦʙʨʘʟʦʚʘʥʥʦʤ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ (ʜʚʘ ʤʦʩʪʠʢʦʚʳʭ, ʜʚʘ ʢʦʥʮʝʚʳʭ). 

ʉʪʨʫʢʪʫʨʘ ʬʘʟʳ ʢʦʤʧʣʝʢʩʘ [Cu4L
23

2Cl8] ʦʙʨʘʟʦʚʘʥʘ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

[Cu4L
23

2Cl8] (ʈʠʩ. 92). ʏʝʪʳʨʝ ʘʪʦʤʘ ʤʝʜʠ ʩʦʝʜʠʥʝʥʳ ʚ ʮʝʧʦʯʢʫ ʜʚʦʡʥʳʤʠ (ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠ-

ʤʠ ʘʪʦʤʘʤʠ ʤʝʜʠ) ʠ ʦʜʠʥʘʨʥʳʤʠ (ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʘʪʦʤʘʤʠ ʤʝʜʠ) ʭʣʦʨʠʜʥʳ-

ʤʠ ʤʦʩʪʠʢʘʤʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʚʥʝʰʥʠʭ ʘʪʦʤʦʚ ʮʝʧʦʯʢʠ, Cu1, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩ-

ʢʘʞʸʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ (t = 0.19), ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ (ʤʦʩʪʠʢʦ-

ʚʳʡ ʠ ʢʦʥʮʝʚʦʡ) ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ N ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ L
23
. ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʪʦʷʥʠʝ 

Cu2ïCl1 (2.246 ¡) ʪʠʧʠʯʥʦ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ CuïClʢʦʥʮʝʚʦʡ ʚ ʘʥʠʦʥʝ [Cu2Cl6]
2ï

 ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ Cu1ïCl1 (2.708 ¡), ʪʦ ʬʦʨʤʘʣʴʥʦ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫ-

ʨʫ ʢʦʤʧʣʝʢʩʘ Cu4L
23

2Cl8 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʨʘʟʦʚʘʥʥʫʶ ʜʚʫʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʤʠ 

ʢʘʪʠʦʥʘʤʠ [CuL
23

Cl]
+
, ʩʰʠʪʳʤʠ ʚ ʯʝʪʳʨʸʭʲʷʜʝʨʥʫʶ ʤʦʣʝʢʫʣʫ ʤʦʩʪʠʢʦʚʳʤʠ ʘʥʠʦʥʘʤʠ 

[Cu2Cl6]
2ï

.   

 
 

ʈʠʩ. 92. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ [Cu2L
23

Cl4] (ʩʣʝʚʘ) ʠ [Cu4L
23

2Cl8] (ʩʧʨʘʚʘ). 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cu7L
27

4Cl12][Cu2Cl6] ʷʚʣʷʝʪʩʷ ʠʦʥʥʦʡ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ-

ʷʜʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [Cu7L
27

4Cl12]
2+

 (ʈʠʩ. 93) ʠ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʘʥʠʦʥʘ [Cu2Cl6]
2ï
. ʉʪʨʫʢʪʫʨʫ ʮʝʥ-

ʪʨʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʝʤʠʷʜʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [Cu7L
23

4Cl12]
2+

 ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʣʠʥʝʡʥʳʤ ʪʨʸʭʲʷʜʝʨʥʳʤ ʛʘʣʦʢʫʧʨʘʪʥʳʤ ʘʥʠʦʥʦʤ [Cu3Cl8]
2ï
, ʩʰʠʚʘʶʱʠʤ ʯʝ-

ʪʳʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʭ ʢʘʪʠʦʥʘ [CuL
27

Cl]
+
. ʕʪʦ ʥʝʩʢʦʣʴʢʦ ʥʘʧʦʤʠʥʘʝʪ ʩʠʪʫʘʮʠʶ, ʥʘʙʣʶʜʘ-

ʝʤʫʶ ʜʣʷ ʯʝʪʳʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu4L
23

2Cl8]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʩʝ ʜʣʠʥʳ ʩʚʷʟʝʡ CuïCl 

ʚʥʫʪʨʠ ʬʨʘʛʤʝʥʪʘ [Cu3Cl8]
2ï

 ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2.24 ï 2.36 ¡, ʘ ʩʚʷʟʠ CuïCl 

ʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʬʨʘʛʤʝʥʪʘʭ [CuL
27

Cl]
+
 ʠʤʝʶʪ ʜʣʠʥʳ 2.21 ʠ 2.24 ¡. ʅʘʢʦʥʝʮ, ʢʨʘʪʯʘʡʰʠʝ ʨʘʩ-

ʩʪʦʷʥʠʷ CuïCl ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ [Cu3Cl8]
2ï

 ʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʢʘʪʠʦʥʘʤʠ 

[CuL
27

Cl]
+
 ʥʘʤʥʦʛʦ ʜʣʠʥʥʝʝ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʭ, 2.73 ï 2.83 ¡. ɼʚʘ ʢʦʥʮʝʚʳʭ ʬʨʘʛʤʝʥʪʘ 

[CuL
27

Cl]
+
 ʩʚʷʟʘʥʳ ʩ ʙʦʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʤʝʜʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʨʸʭʲʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʚʦʡ-

ʥʳʤʠ ʭʣʦʨʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ, ʜʚʘ ʜʨʫʛʠʭ ʢʦʥʮʝʚʳʭ ʬʨʘʛʤʝʥʪʘ [CuL
27

Cl]
+
 ï ʦʜʠʥʘʨʥʳʤʠ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʦʚ ʤʝʜʠ ʚ ʯʝʪʳʨʝʭ ʧʝʨʬʝʨʠʡʥʳʭ ʬʨʘʛʤʝʥʪʘʭ [CuL
27

Cl]
+
 - 

ʠʩʢʘʞʸʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ CuN3Cl2, t = 0.36 ʠ 0.18 ʜʣʷ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘ-

ʚʠʩʠʤʳʭ ʘʪʦʤʦʚ Cu1 ʠ Cu2. ɼʚʘ ʙʦʢʦʚʳʭ ʘʪʦʤʘ ʤʝʜʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʪʨʸʭʲʷʜʝʨʥʦʤ ʬʨʘʛʤʝʥʪʝ 

ʩʝʤʠʷʜʝʨʥʦʛʦ ʢʘʪʠʦʥʘ, Cu3 ʠ Cu3(1-x,2-y,1-z), ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦʤ ʢʚʘʜʨʘʪʥʦ-

ʧʠʨʘʤʠʜʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʣʠʰʴ ʘʪʦʤʘʤʠ ʭʣʦʨʘ, t = 0.24. ʅʘʢʦʥʝʮ, ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʡ ʫʟʝʣ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʜʠ ʚ ʪʨʸʭʲʷʜʝʨʥʦʤ ʬʨʘʛʤʝʥʪʝ [Cu3Cl8]
2ï
, Cu4, ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʢʚʘʜʨʘʪ CuCl4. ʅʘʩʢʦʣʴʢʦ ʤʳ ʟʥʘʝʤ, ʢʘʪʠʦʥ [Cu7L
27

4Cl12]
2+

 ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝ-

ʨʦʤ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʩʝʤʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʝʡ (ʈʠʩ. 93). 

 
ʈʠʩ. 93. ʉʪʨʦʝʥʠʝ ʩʝʤʠʷʜʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [Cu7L

27
4Cl12]

2+
 ʚ ʩʪʨʫʢʪʫʨʝ [Cu7L

27
4Cl12][Cu2Cl6]. 

 

ʕʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ. ʕʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ESI-MS) ʷʚ-

ʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [249,250]. ʋʯʠʪʳʚʘʷ 

ʵʪʦʪ ʤʦʤʝʥʪ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
36

, L
23

 ʠ L
27

 ʠʤʝ-

ʶʪ, ʧʦʜʯʘʩ, ʚʝʩʴʤʘ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ, ʤʳ ʧʨʠʤʝʥʠʣʠ ʵʪʦ ʤʝʪʦʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʩʠʩʪʝʤ CuCl2 ï L
36

, CuCl2 ï L
23

 ʠ CuCl2 ï L
27

.  

ʉʧʝʢʪʨʳ ʩʤʝʩʝʡ ʚ ʢʘʪʠʦʥʥʦʡ ʦʙʣʘʩʪʠ  ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʬʦʨʤ, ʠʤʝʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʶ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1 ʠ 1 : 2 [246]. ʇʠʢ ʬʦʨʤʳ 

[CuL
n
Cl]

+
 (L

n
 = L

27
, L

23
) ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʢʘʢ ʩʘʤʳʡ ʠʥʪʝʥʩʠʚʥʳʡ ʚ ʩʧʝʢʪʨʝ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ. ʉʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʣʠʛʘʥʜʦʚ L
n
 (L

n
 = L

27
, 

L
23
) ʩʦʜʝʨʞʘʪ ʧʠʢʠ ʬʦʨʤ [HL

n
]
+
 ʠ [NaL

n
]
+
. ʆʙʥʘʨʫʞʝʥʠʝ ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤ ʩʚʷʟʘʥʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩ ʵʢʩʪʨʘʢʮʠʝʡ ʠʦʥʦʚ Na
+
 ʠʟ ʩʪʝʢʣʷʥʥʦʡ ʧʦʩʫʜʳ ʣʠʙʦ ʠʭ ʥʘʣʠʯʠʝʤ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨ-

ʪʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʵʪʠ ʠʦʥʳ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ [251,252]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ CuCl2 : L
27

 = 1 : 1  (EtOH) ʠ CuCl2 : L
23

 = 1 : 1 (EtOH) ʩʦʜʝʨʞʘʪ ʤʘʣʦʠʥʪʝʥ-



119 

 

ʩʠʚʥʳʝ ʧʠʢʠ ʤʝʜʴ(II)-ʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤ ʩ ʣʠʛʘʥʜʘʤʠ L
OEt

, L
OH

 (L
OEt

 = 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-4-

ʵʪʦʢʩʠ-6-ʤʝʪʠʣʧʠʨʠʤʠʜʠʥ, L
OH

 = 2-(ʧʠʨʠʜʠʥ-2-ʠʣ)-4-ʛʠʜʨʦʢʩʠ-6-ʤʝʪʠʣʧʠʨʠʤʠʜʠʥ) ʠ ʧʠʢʠ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨʳ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ 

L
23

 ʠ L
27

 ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʛʥʘʣʦʚ ʬʦʨʤ [HL
OEt

]
+ 
ʠ [HL

OH
]
+
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʝ 

ʬʦʨʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ L
OEt 
ʠ L

OH
, ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʘʢʮʠʷʭ L

27
 ʠ L

23
 ʩ EtOH ʠ H2O 

ʚ ʫʩʣʦʚʠʷʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʠ(II), ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʨʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʘʪʨʠʙʫʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʚ ʤʘʩʩ-

ʩʧʝʢʪʨʘʭ, ʤʳ ʩʧʝʮʠʘʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣʠ L
OEt

 ʠ ʟʘʧʠʩʘʣʠ ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʵʪʘʥʦʣʴ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ L
OEt

 ʠ ʨʘʩʪʚʦʨʦʚ Cu : L
OEt

 = 1 : 1 (EtOH). ʇʦʣʫʯʝʥʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥ-

ʥʳʝ ʦʢʘʟʘʣʠʩʴ ʚ ʧʨʝʢʨʘʩʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʥʘʰʝʡ ʘʪʪʨʠʙʫʮʠʝʡ ʧʠʢʦʚ. ʉʧʝʢʪʨ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 

L
OEt
, ʥʘʨʷʜʫ ʩ ʧʠʢʦʤ ʬʦʨʤʳ [HL

OEt
]
+
, ʩʦʜʝʨʞʠʪ ʧʠʢ ʛʠʜʨʦʢʩʠʣ-ʩʦʜʝʨʞʘʱʝʡ ʬʦʨʤʳ [HL

OH
]
+
. 

ʆʥʘ ʦʙʨʘʟʫʝʪʩʷ, ʦʯʝʚʠʜʥʦ, ʣʠʰʴ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʥʠ ʀʂ-ʩʧʝʢʪʨ, ʥʠ ʗʄʈ ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʛʦ L
OEt

 ʥʝ ʜʝʪʝʢʪʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʛʠʜʨʦʢʠʩʧʠʨʠʤʠʜʠʥʦʚʳʭ/ʧʠʨʠʤʠʜʠʥʦʥʦʚʳʭ ʧʨʠʤʝʩʝʡ.  

ʕʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʘʥʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʥʘʨʫʞʠʣʠ 

ʧʨʠʩʫʪʩʪʚʠʝ ʭʣʦʨʦʢʫʧʨʘʪʥʳʭ ʬʦʨʤ, [CuCl3]
ï
 ʠ [CuCl2]

ï
 [246]. ʇʦʩʢʦʣʴʢʫ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢ-

ʩʳ ʤʝʜʠ(I) ʥʝʩʪʘʙʠʣʴʥʳ ʚ ʨʘʩʪʚʦʨʘʭ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʦʙʥʘʨʫʞʝʥʠʝ ʬʦʨʤ ʢʦʤʧʣʝʢʩʦʚ ʤʝ-

ʜʠ(I) ʚ ʩʧʝʢʪʨʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ Cu(II) ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [253]. ɼʚʫʭ- ʠ ʦʣʠʛʦʷʜʝʨʥʳʝ ʬʦʨʤʳ, [Cu2Cl5]
ï
, 

[Cu3Cl7]
ï
 ʠ [Cu4Cl9]

ï
, ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʩʧʝʢʪʨʘʭ ʜʚʫʭ ʩʠʩʪʝʤ, Cu : L

27
 = 8 : 1 

(EtOH/CHCl3) ʠ Cu : L
23

 = 4 : 1 (EtOH/CHCl3). ʍʦʪʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʥʝ-

ʚʝʣʠʢʘ, ʦʙʥʘʨʫʞʝʥʠʝ ʵʪʠʭ ʬʦʨʤ ʚ ʩʧʝʢʪʨʘʭ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʟʘʤʝʪʥʦʛʦ ʠʟʙʳʪʢʘ 

ʤʝʜʠ(II) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʝʭʠʦʤʝʪʨʠʠ ʚʳʜʝʣʷʝʤʳʭ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʄʳ ʩʨʘʚʥʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ CuCl2 ï L
36

 

(MeOH/H2O/DMF (10/10/1)) ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1 ʠ 20 : 1 [247]. 

ʉʧʝʢʪʨ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1, ʚ ʢʘʪʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʜʝʤʦʥʩʪʨʠ-

ʨʫʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʦʜʥʦʷʜʝʨʥʦʡ ʬʦʨʤʳ [CuL
36

Cl]
+
. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʨʫʛʠʭ ʧʠʢʦʚ ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʝ. ʇʠʢʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ m/z ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʘʤ [CuL
36

]
2+

, 

[CuL
36

(H2O)]
2+

, [CuL
36

(DMF)]
2+

 ʠ [CuL
36

2]
2+
. ʉʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʝʘʛʝʥʪʦʚ 1 : 1 

ʚ ʘʥʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʜʝʨʞʠʪ ʧʠʢ ʘʥʠʦʥʘ [CuCl3]
ï
 ʠ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʤʝʜʴ(I)-ʩʦʜʝʨʞʘʱʝʤʫ ʘʥʠʦʥʫ [CuCl2]
ï
. ʉʧʝʢʪʨ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

20 : 1 ʚ ʢʘʪʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʧʠʢʠ ʢʘʪʠʦʥʦʚ [Cu(DMF)2]
+
 ʠ [CuCl(DMF)2]

+
. ʄʝʥʝʝ ʠʥʪʝʥ-

ʩʠʚʥʳʝ ʧʠʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥʦʚ [Cu(DMF)]
+
 ʠ [CuCl(DMF)]

+
. ɺ ʩʧʝʢʪʨʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʧʠʢ [CuL
36

Cl]
+
. ʉʧʝʢʪʨ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ (20 : 1) ʚ ʘʥʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʜʝʨ-

ʞʠʪ ʧʠʢʠ ʦʜʥʦʷʜʝʨʥʳʭ ʭʣʦʨʦʢʫʧʨʘʪʥʳʭ ʘʥʠʦʥʦʚ [CuCl2]
ï
 ʠ [CuCl3]

ï
. ʅʘʨʷʜʫ ʩ ʥʠʤʠ ʜʝʪʝʢʪʠ-

ʨʫʶʪʩʷ ʧʠʢʠ ʜʚʫʭ- ʠ ʪʨʸʭʲʷʜʝʨʥʳʭ ʭʣʦʨʦʢʫʧʨʘʪʦʚ [Cu2Cl5]
ï
 ʠ [Cu3Cl7]

ï
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʣʠʛʦʷʜʝʨʥʳʝ ʛʘʣʦʢʫʧʨʘʪʥʳʝ ʬʦʨʤʳ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʩ ʠʟ-

ʙʳʪʢʦʤ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʘʤ. ʕʪʠ ʬʦʨʤʳ ʷʚʣʷʶʪʩʷ, 

ʬʘʢʪʠʯʝʩʢʠ, ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʦʣʠʛʦʷʜʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʙʣʶʜʘʝʤʳʭ ʥʘʤʠ ʚ ʢʨʠʩʪʘʣ-

ʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
23

 ʠ L
27
. ɺ ʩʠʩʪʝʤʝ ʞʝ CuCl2 ï L

36
 

ʚ ʪʚʸʨʜʫʶ ʬʘʟʫ ʧʨʠ ʣʶʙʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦʷʜʝʨʥʳʡ ʢʦʤ-

ʧʣʝʢʩ [CuL
36

Cl2], ʘ ʥʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʦʣʠʛʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ï ʘʥʘʣʦʛʠ ʦʣʠʛʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
23

 ʠ L
27
. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʬʘʢʪʦʨʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʪʘʢʦʝ 

ʦʪʣʠʯʠʝ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ L
36

 ʚʤʝʩʪʦ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ 
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ʩʪʨʫʢʪʫʨʘʭ ʝʛʦ ʘʥʘʣʦʛʦʚ L
23

 ʠ L
27
. ʆʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ NïHĿĿĿCl, ʥʘʙʣʶʜʘʝʤʦʝ ʥʘʤʠ 

ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ [CuL
36

Cl2], ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʦʣʠʛʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʣʠʛʘʥʜʦʤ L
36

 ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ- ʠ ʪʨʸʭʲʷʜʝʨʥʳʭ ʛʘʣʦʢʫʧʨʘʪʥʳʭ ʘʥʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ.  

 

3.2.2. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ ʤʝʜʠ(I,II ) ʩ 2,4(6)-ʙʠʩ(1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘʤʠ 

ʉʦʝʜʠʥʝʥʠʷ L
3
 ʠ L

7
 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛʠ ʩʦʝʜʠʥʝʥʠʡ L

23
, L

27
 ʠ L

36
. ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʠʭ, ʚ ʧʦʣʦʞʝʥʠʠ 2 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʦʥʠ ʩʦʜʝʨʞʘʪ ʧʠʨʘʟʦʣʠʣʴʥʫʶ 

ʛʨʫʧʧʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʠ ʠʭ ʢʦʦʨʜʠ-

ʥʘʮʠʠ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ [231]. ʇʦʩʢʦʣʴʢʫ ʣʠʛʘʥʜʳ L
3
 ʠ L

7
 ʥʝ ʩʦʜʝʨʞʘʪ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʣʠʛʘʥʜʥʦʛʦ ʦʩʪʦʚʘ, ʤʳ ʧʦʣʘʛʘʣʠ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʦʜʥʦ- ʪʘʢ ʠ ʦʣʠʛʦʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʥʘʡʜʝʥʦ ʥʘʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝ-

ʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
23

 ʠ L
27

. 

ʉʠʥʪʝʟ. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
3
 ʠ L

7
 ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 94. ʈʝʘʢʮʠʠ, 

ʧʨʦʚʦʜʠʤʳʝ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 1 : 1, ʧʨʠʚʦʜʷʪ ʢ ʚʳʜʝʣʝʥʠʶ 

ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʦʡ ʞʝ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ (2 : 1 ʚ ʩʠʩʪʝʤʝ 

CuCl2 ï L
3
, 6 : 1 ʚ ʩʠʩʪʝʤʘʭ CuCl2 ï L

7
 ʠ CuBr2 ï L

7
) ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ, ʠʤʝ-

ʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʶ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ 2 : 1 ï ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu2L
3
(OH2)Cl4], ʯʝʪʳ-

ʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu4L
7
2Cl8] ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [Cu2L

7
Br4]n. ɺʳʜʝʨʞʠʚʘ-

ʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu2L
3
(OH2)Cl4] ʧʨʠ 140 ï 150Áʉ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ 

ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʟʚʦʜʥʦʤʫ ʧʨʦʜʫʢʪʫ Cu2L
3
Cl4. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ 

Cu2L
3
Cl4 ʠʟ ʩʤʝʩʠ MeCN/CHCl3 ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠ-

ʤʝʨʘ [Cu3L
3
Cl6]n. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ CuL

3
Cl2 ʩ CuCl ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu2L
3
Cl3]. 

 
ʈʠʩ. 94. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʠ ʤʝʜʠ(I,II) ʩ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ L

3
 ʠ L

7
. 

 

ʉʪʨʦʝʥʠʝ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʳ L
3
 ʠ L

7
 ʚʳʩʪʫʧʘʶʪ 

ʚ ʢʘʯʝʩʪʚʝ N,N,N-ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (ʈʠʩ. 95-98). ʃʠʛʘʥʜʥʳʡ ʦʩʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʣʦʩʢʠʤ. ʂʦʤʧʣʝʢʩ [Cu2L
3
(OH2)Cl4] ʠʤʝʝʪ ʜʚʫʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʠʦʥʳ Cu

2+
 ʩʚʷʟʘʥʳ ʜʨʫʛ 
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ʩ ʜʨʫʛʦʤ ʙʣʘʛʦʜʘʨʷ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʭʣʦʨʠʜ-ʠʦʥʘ (ʈʠʩ. 95). ʂ ʦʜʥʦʤʫ ʠʦʥʫ Cu
2+

 ʢʦʦʨ-

ʜʠʥʠʨʦʚʘʥʘ ʤʦʣʝʢʫʣʘ L
3
 ʠ ʜʚʘ ʭʣʦʨʠʜ-ʠʦʥʘ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʠʩʢʘʞʸʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ 

ʧʠʨʘʤʠʜʘ, t = 0.13), ʢ ʜʨʫʛʦʤʫ ʭʣʦʨʠʜ-ʠʦʥʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʪʨʠ ʭʣʦʨʠʜ-ʠʦʥʘ ʠ ʤʦʣʝʢʫʣʘ H2O. 

ʉʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu3L
3
Cl6]n ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʦʙʨʘʟʦʚʘʥʥʫʶ ʯʝʪʳ-

ʨʸʭʲʷʜʝʨʥʳʤʠ ʭʣʦʨʦʢʫʧʨʘʪʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʬʨʘʛʤʝʥʪʘʤʠ {CuL
3
Cl}, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ 

ʩʰʠʚʢʫ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩ. 95,96). ʂʦʦʨʜʠʥʘʮʠʦʥ-

ʥʳʡ ʫʟʝʣ ʘʪʦʤʦʚ Cu1 ʠ Cu2 ʚ ʩʪʨʫʢʪʫʨʝ ï ʠʩʢʘʞʸʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ (Cu1N3Cl2, 

t = 0.09; Cu2Cl5, t = 0.04), ʘʪʦʤʦʚ Cu3 ï ʠʩʢʘʞʸʥʥʳʡ ʢʚʘʜʨʘʪ CuCl4. 

  

ʈʠʩ. 95. ʄʦʣʝʢʫʣʘ [Cu2L
3
(OH2)Cl4] (ʩʣʝʚʘ) ʠ ʬʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʝ [Cu3L

3
Cl6]n (ʩʧʨʘʚʘ). 

 
ʈʠʩ. 96. ʇʦʣʠʤʝʨʥʘʷ ʮʝʧʦʯʢʘ ʚ ʩʪʨʫʢʪʫʨʝ [Cu3L

3
Cl6]n. 

 

ʂʦʤʧʣʝʢʩ [CuL
7
Cl2]ĿMeCN ʷʚʣʷʝʪʩʷ ʦʜʥʦʷʜʝʨʥʳʤ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ï

ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʠʨʘʤʠʜʘ CuN3Cl2, t = 0.71), ʝʛʦ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʡ ʘʥʘʣʦʛ [Cu2L
7
Cl3]ĿMeCN ï 

ʜʚʫʭʲʷʜʝʨʥʳʤ (ʈʠʩ. 97). ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ [Cu2L
7
Cl3]ĿMeCN ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʭʦʞʜʝʥʠʝ 

ʠʦʥʘ Cu
+
 ʚ ʣʠʥʝʡʥʦʤ ʬʨʘʛʤʝʥʪʝ Cl1ïCu2ïCl3. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʘ Cu1 ï ʠʩʢʘʞʸʥʥʘʷ 

ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ Cu1N3Cl2 (t = 0.13). ʈʘʩʩʪʦʷʥʠʝ Cu1ïCl1 (2.665 ¡) ʟʘʤʝʪʥʦ ʧʨʝʚʳʰʘʝʪ 

ʨʘʩʩʪʦʷʥʠʝ Cu2ïCl1 (2.096 ¡) ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʫ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ, ʢʘʢ ʦʙʨʘʟʦʚʘʥʥʫʶ ʟʘ ʩʯʸʪ ʢʦʦʨʜʠʥʘʮʠʠ ʘʥʠʦʥʘ CuCl2
ï
 ʢ ʢʘʪʠʦʥʫ [CuL

7
Cl]

+
. 

  

ʈʠʩ. 97. ʄʦʣʝʢʫʣʳ [CuL
7
Cl2] (ʩʣʝʚʘ) ʠ [Cu2L

7
Cl3] (ʩʧʨʘʚʘ). ɸʪʦʤʳ H ʠ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cu4L
7
2Cl8] ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʣʝʢ-

ʩʘ [Cu4L
23

2Cl8]. ʆʥʘ ʦʙʨʘʟʦʚʘʥʘ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ [Cu4L
7
2Cl8] (ʈʠʩ. 98). ʏʝʪʳʨʝ 



122 

 

ʘʪʦʤʘ ʤʝʜʠ ʩʦʝʜʠʥʝʥʳ ʚ ʮʝʧʦʯʢʫ ʜʚʦʡʥʳʤʠ (ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʘʪʦʤʘʤʠ ʤʝʜʠ) 

ʠ ʦʜʠʥʘʨʥʳʤʠ (ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʘʪʦʤʘʤʠ ʤʝʜʠ) ʭʣʦʨʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. ʂʦ-

ʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʚʥʝʰʥʠʭ ʘʪʦʤʦʚ ʮʝʧʦʯʢʠ, Cu1, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʸʥʥʫʶ ʢʚʘʜʨʘʪ-

ʥʫʶ ʧʠʨʘʤʠʜʫ (t = 0.03), ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ (ʤʦʩʪʠʢʦʚʳʡ ʠ ʢʦʥʮʝʚʦʡ) 

ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ N ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ L
23
. ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʪʦʷʥʠʝ Cu2ïCl3 (2.233 ¡) 

ʪʠʧʠʯʥʦ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ CuïClʢʦʥʮʝʚʦʡ ʚ ʘʥʠʦʥʝ [Cu2Cl6]
2ï

 ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ, 

ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ Cu1ïCl3 (2.639 ¡), ʪʦ ʬʦʨʤʘʣʴʥʦ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ 

[Cu4L
23

2Cl8] ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʨʘʟʦʚʘʥʥʫʶ ʜʚʫʤʷ ʢʘʪʠʦʥʘʤʠ [CuL
7
Cl]

+
, ʩʰʠʪʳʤʠ ʚ 

ʯʝʪʳʨʸʭʲʷʜʝʨʥʫʶ ʤʦʣʝʢʫʣʫ ʤʦʩʪʠʢʦʚʳʤʠ ʘʥʠʦʥʘʤʠ [Cu2Cl6]
2ï

.  

ʂʦʤʧʣʝʢʩ [Cu2L
7
Br4]n ʠʤʝʝʪ ʮʝʧʦʯʝʯʥʦ-ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʤʦʩʪʠʢʦʚʦʡ 

ʬʫʥʢʮʠʠ ʙʨʦʤʠʜ-ʠʦʥʦʚ (ʈʠʩ. 98). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʘ Cu1 ï ʠʩʢʘʞʸʥʥʘʷ ʪʨʠʛʦʥʘʣʴ-

ʥʘʷ ʙʠʧʠʨʘʤʠʜʘ CuN3Br2 (t = 0.91), ʘʪʦʤʘ Cu2 ï ʠʩʢʘʞʸʥʥʳʡ ʪʝʪʨʘʵʜʨ CuBr2. ʂʦʤʧʣʝʢʩ 

[CuL
7
Br2]ĿEtOH, ʧʦʣʫʯʝʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 

[Cu2L
7
Br4]n, ʠʤʝʝʪ ʦʜʥʦʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ʘʪʦʤʘ ʤʝʜʠ ï ʠʩʢʘʞʸʥʥʘʷ 

ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ CuN3Br2 (t = 0.78). 

   

ʈʠʩ. 98. ʄʦʣʝʢʫʣʘ [Cu4L
7
2Cl8] (ʩʣʝʚʘ), ʤʦʣʝʢʫʣʘ [CuL

7
Br2] (ʧʦ ʮʝʥʪʨ) ʠ ʬʨʘʛʤʝʥʪ ʮʝʧʦʯʢʠ [Cu2L

7
Br4]n (ʩʧʨʘʚʘ). 

 

ʃʠʛʘʥʜʳ L
3
 ʠ L

7
 ʩʦʜʝʨʞʘʪ ʜʚʝ 3,5-ʜʠʤʝʪʠʣ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʷʭ 

2 ʠ 4(6) ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʇʨʠ N,N,N-ʪʨʠʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʣʝʢʫʣ L
3
 ʠ L

7
 

ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ ʵʪʠ ʛʨʫʧʧʳ ʤʦʛʫʪ ʥʝʩʢʦʣʴʢʦ ʧʦ-ʨʘʟʥʦʤʫ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ 

ʮʠʢʣʘ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʘʤʝʪʥʦʤ ʦʪʣʠʯʠʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʪʦʤʦʤ ʉ5 ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʠ ʘʪʦʤʦʤ N ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, 

ʥʝ ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʢʦʦʨʜʠʥʘʮʠʠ (C5(pz)ĿĿĿN(pym)), ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʪʦʤʦʤ ʉ5 ʧʠʨʘʟʦʣʴ-

ʥʦʛʦ ʮʠʢʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 4(6) ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʠ ʩʦʩʝʜʥʝʡ ʉïH ʛʨʫʧʧʦʡ 

ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (C5(pz)ĿĿĿC(pym)) (ʈʠʩ. 99, ʊʘʙʣ. 4). 

  
ʈʠʩ. 99. ʈʘʩʩʪʦʷʥʠʷ C5(pz)éN(pym) ʠ C5(pz)éC(pym) ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ʣʠʛʘʥʜʘʤʠ L

3
 ʠ L

7
. 

 

ɺʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʥʘʤʠ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
3
 ʠ L

7
 

ʨʘʩʩʪʦʷʥʠʝ C5(pz)ĿĿĿN(pym) ʥʘ 0.07 ï 0.18 ¡ ʤʝʥʴʰʝ ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ C5(pz)ĿĿĿC(pym). ʕʪʦ ʦʪ-

ʨʘʞʘʝʪ ʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʧʠʨʘʟʦʣʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 4(6) ʧʠʨʠʤʠ-

ʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʦʪ ʩʦʩʝʜʥʝʡ ʉïH ʛʨʫʧʧʳ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʢʣʦʥʝʥʠʝʤ 
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ʧʠʨʘʟʦʣʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʦʪ ʥʝʢʦʦʨʜʠʥʠ-

ʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ N ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʤʝʪʠʣʴ-

ʥʦʡ ʛʨʫʧʧʳ ʚ ʧʠʨʘʟʦʣʴʥʦʤ ʮʠʢʣʝ ʦʪ CïH ʛʨʫʧʧʳ.  

 

ʊʘʙʣʠʮʘ 4. ʈʘʩʩʪʦʷʥʠʷ C5(pz)ĿĿĿN(pym) ʠ C5(pz)ĿĿĿC(pym) ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(II) ʠ ʤʝʜʠ(I,II) ʩ ʣʠʛʘʥʜʘʤʠ L
3
 ʠ L

7
. 

 C5(pz)ĿĿĿN(pym) C5(pz)ĿĿĿC(pym) [C5(pz)ĿĿĿC(pym)] ï [C5(pz)ĿĿĿN(pym)] 

[Cu2L
3
(OH2)Cl4] 3.02 3.14 0.12 

[Cu3L
3
Cl6]n 3.04 3.13 0.09 

[Cu4L
7
2Cl8] 3.08 3.15 0.07 

[Cu2L
7
Cl3]ĿMeCN 3.03 3.18 0.15 

[CuL
7
Cl2]ĿMeCN 3.01 3.19 0.18 

[CuL
7
Br2]ĿEtOH 3.02 3.18 0.16 

[Cu2L
7
Br4]n 3.08 3.19 0.11 

 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʪʦʷʥʠʡ C5(pz)ĿĿĿN(pym) ʠ C5(pz)ĿĿĿC(pym) ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʤʝʜʠ(II) ʠ ʤʝʜʠ(I,II) ʩ ʣʠʛʘʥʜʘʤʠ L
3
 ʠ L

7
 ʚʘʞʝʥ ʜʣʷ ʥʘʩ, ʧʦʩʢʦʣʴʢʫ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʦʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʪʴ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II) ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʉʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʠʞʝ, ʩʝʡʯʘʩ ʤʳ ʪʦʣʴʢʦ ʦʪʤʝʪʠʤ, 

ʯʪʦ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʘʙʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʞʝ ʨʝʘʣʠʟʘʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʠʥʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ C5(pz)ĿĿĿN(pym) ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ C5(pz)ĿĿĿC(pym).  

 

3.3. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(I), ʤʝʜʠ(I,II ) ʠ ʤʝʜʠ(II ) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 4-(3,5-ʜʠʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-

1-ʠʣ)ʧʠʨʠʤʠʜʠʥʘ 

 

3.3.1. ʂʦʤʧʣʝʢʩʳ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(I) ʠ ʤʝʜʠ(II ) ʩ 4-(3,5-ʜʠʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-6-

ʧʠʧʝʨʠʜʠʥʦʧʠʨʠʤʠʜʠʥʦʤ  

ʉʠʥʪʝʟ [254,255]. ʂʦʤʧʣʝʢʩʳ [CuL
14

2X2] ʠ [CuL
14

2X][Cu2X6] (X=Cl, Br) ʤʦʛʫʪ ʙʳʪʴ ʩʠʥ-

ʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʷʤ CuX2 (X=Cl, Br) ʠ L
14

 ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ CuX2 : L
14

 = 1 : 2 ʠ 

1 : 1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 100). ʂʦʤʧʣʝʢʩ [CuL
14

2Cl2] ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʢʦʤʧʣʝʢʩʫ [CuL
14

2Br2], 

ʢʦʤʧʣʝʢʩ [CuL
14

2Cl][Cu2Cl6] ï ʢʦʤʧʣʝʢʩʫ [CuL
14

2Br][Cu2Br6] ʠ ʢʦʤʧʣʝʢʩ [CuL
14

Cl] ï ʢʦʤʧʣʝʢʩʫ 

[CuL
14

Br]. ʅʘʛʨʝʚʘʥʠʝ ʧʨʠ ʩʠʥʪʝʟʝ [CuL
14

2Br][Cu2Br6] ʠʣʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʯʘ-

ʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʝʜʠ(II) ʜʦ ʤʝʜʠ(I) ʠ ʢ ʧʦʣʫʯʝʥʠʶ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Cu2L
14

2Br3]ĿSolv (ʟʘʤʝʪʠʤ, ʯʪʦ ʥʘʛʨʝʚʘʥʠʝ ʠʣʠ ʜʣʠʪʝʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 

[CuL
14

2Br2] ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʦʙʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʝʜʠ(II)). ʇʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝ-

ʜʠ(II) ʜʦ ʤʝʜʠ(I), ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʢʦʤʧʣʝʢʩʘʭ ʙʨʦʤʠʜʘ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʘʤʠ L
5
, L

2
 ʠ, 

ʚʦʟʤʦʞʥʦ, L
10
, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɸʥʘʣʦʛʠʯʥʳʝ ʭʣʦʨʠʜʥʳʝ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, [Cu2L
14

2Cl3]ĿSolv, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ [CuL
14

2Cl2] ʠ CuCl. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Cu2L
14

2Cl3]ĿSolv ʠ [Cu2L
14

2Br3]ĿSolv ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʴʶ ʚ 

MeCN ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [CuL
14

X] (X=Cl, Br). ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʩʤʝʰʘʥʥʦʚʝʣʝʥʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(I,II) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʟʜʝʣʝ 3.3.5. ʂʦʤ-

ʧʣʝʢʩʳ [CuL
14

X] (X=Cl, Br), ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ [Cu2L
14

2I2] ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʧʦ 

ʨʝʘʢʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʤʝʜʠ(I), CuX (X=Cl, Br, I) ʩ ʩʦʝʜʠʥʝʥʠʝʤ L
14
. ɿʘʤʝʪʠʤ, ʯʪʦ 

CuBr ʫʜʦʙʥʦ ʧʦʣʫʯʘʪʴ in situ ʧʦ ʨʝʘʢʮʠʠ CuBr2 ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʴʶ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, CuCl 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʤʳʚʘʪʴ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʤ HCl ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ ʤʝʜʠ(II). 
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ʍʦʪʷ ʢʦʤʧʣʝʢʩʳ [CuL
14

X] (X=Cl, Br) ʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ, ʨʘʩʪʚʦʨʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ-

ʫʩʪʦʡʯʠʚʳ ʠ ʜʣʷ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʠʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ. ʇʦʧʳʪʢʠ ʩʠʥʪʝʟʘ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ CuL
14

2Cl ʠ CunL
14

In (n > 1) ʧʦ ʨʝʘʢʮʠʷʤ CuCl ʩ L
14

 ʧʨʠ ʩʦʦʪʥʦʰʝ-

ʥʠʠ CuCl : L
14

 = 1 : 2 ʠ CuI c L
14

 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ CuI : L
14

 = 10 : 1 ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʞʝʣʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʦʩʘʜʦʢ ʚʳʜʝʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [CuL
14

Cl] ʠ [Cu2L
14

2I2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩ. 100. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(II), ʤʝʜʠ(I,II) ʠ ʤʝʜʠ(I). 

 

ʉʠʥʪʝʟ ʦʜʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu(NN)(P)Hal] ʠ [Cu(NN)(PP)]
+
, ʛʜʝ NN ʦʙʦʟʥʘʯʘʝʪ 

N,N-ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʡ ʣʠʛʘʥʜ, P ʠ PP ï ʤʦʥʦ- ʠ ʜʠʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ N,N-ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʤʠ 

ʣʠʛʘʥʜʘʤʠ. [256-268]. ɺʝʜʝʥʠʝ ʣʠʛʘʥʜʘ, ʧʨʦʷʚʣʷʶʱʝʛʦ ʩʠʣʴʥʳʝ ˊ-ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʨʦʥʳʝ 

ʩʚʦʡʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ), ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʟʘ-

ʟʦʨʘ ʤʝʞʜʫ HOMO ʠ LUMO ʠ ʫʤʝʥʴʰʝʥʠʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʦʪʝʨʴ [263]. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʜʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʝʜʝʣʘʭ ʧʨʦʚʦʜʠʪʴ ñʥʘʩʪʨʦʡʢʫò ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ 

[269,270]. ʋʯʠʪʳʚʘʷ ʵʪʦʪ ʤʦʤʝʥʪ, ʤʳ ʧʦʩʪʘʨʘʣʠʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʦʣʥʫʶ ʩʝʨʠʶ ʦʜʥʦʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [CuL
14

(PPh3)X] (X=Cl, Br, I) ʠ ʧʨʦʚʝʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʝ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ. ʈʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ [CuL
14

X] (X=Cl, Br) ʠ [Cu2L
14

2I2] ʩ ʪʨʠʬʝ-

ʥʠʣʬʦʩʬʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[CuL
14

(PPh3)X] (X=Cl, Br, I) (ʈʠʩ. 100) [271]. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ [CuL
14

(PPh3)X] ʫʩʪʦʡʯʠʚʳ ʧʨʠ ʭʨʘʥʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʳ ʧʦʣʫʯʘʣʠ 

ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʠʭ ʨʘʩʪʚʦʨʳ ʚ MeCN, MeCN/CH2Cl2 ʠ CH2Cl2 ʫʩʪʦʡʯʠʚʳ 

ʥʘ ʚʦʟʜʫʭʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ï ʥʠʢʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴ-
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ʢʠʭ ʜʥʝʡ. ʕʪʦ ʦʪʣʠʯʘʝʪ ʢʦʤʧʣʝʢʩʳ [CuL
14

(PPh3)Hal] (Hal = Cl, Br) ʦʪ ʠʭ ʘʥʘʣʦʛʦʚ [CuL
14

Hal] 

(Hal = Cl, Br), ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʙʳʩʪʨʦ ʦʢʠʩʣʷʶʪʩʷ ʚ ʨʘʩʪʚʦʨʘʭ ʥʘ ʚʦʟʜʫʭʝ. ʊʘʢʦʝ ʦʪʣʠʯʠʝ ʩʚʷʟʘ-

ʥʦ ʩ -́ʘʢʮʝʧʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʝ-

ʜʠ(I). ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʭʣʦʨʠʜʥʦʛʦ ʠ ʙʨʦʤʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ [CuL
14

(PPh3)X] (X=Cl, Br) ʧʨʠʚʦ-

ʜʠʪ ʢ ʠʭ ʧʦʣʫʯʝʥʠʶ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʭ ʠʦʜʠʜʥʦʛʦ ʘʥʘʣʦʛʘ, 

[CuL
14

(PPh3)I] ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu2L
14

2I2]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [CuL
14

(PPh3)I] ʚ ʨʘʩʪʚʦʨʝ ʥʝʦʙʭʦʜʠʤ ʠʟʙʳʪʦʢ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ.  

ʉʪʨʦʝʥʠʝ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(II) ʠ ʤʝʜʠ(I) ʤʦʣʝʢʫʣʳ L
14

 ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 

ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤʘʤʠ N
3
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʠ N

2
 ʧʠʨʘ-

ʟʦʣʴʥʦʛʦ ʮʠʢʣʦʚ. ʇʠʧʝʨʠʜʠʥʦ-ʛʨʫʧʧʘ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ ʢʨʝʩʣʘ. ɺ ʢʦʤ-

ʧʣʝʢʩʘʭ ʤʝʜʠ(II) ʧʷʪʠʯʣʝʥʥʳʝ ʤʝʪʘʣʣʦʮʠʢʣʳ CuN3C ʷʚʣʷʶʪʩʷ ʟʘʤʝʪʥʦ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʝʡ CuïN (CuïN
3
(pym) º 1.9 ¡, CuïN

2
(pz) º 2.3ï2.6 ¡). ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʵʪʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ CuïN ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ 

ʢ ʘʟʘ-ʘʪʦʤʫ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʤʫ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʙʲ-

ʸʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ) ʚ ʧʠʨʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. ɺʢʣʘʜ ʚ ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʟʣʠʯʠʝ 

ʜʣʠʥʘ ʩʚʷʟʠ ʜʦʣʞʝʥ ʜʘʚʘʪʴ ʠ ʵʬʬʝʢʪ ʗʥʘ-ʊʝʣʣʝʨʘ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(I) ʨʘʟʣʠʯʠʷ ʜʣʠʥ ʩʚʷʟʠ 

CuïN ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ (º 2.1 ¡) ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʮʠʢʣʳ ʥʝ ʷʚʣʷʶʪʩʷ 

ʧʣʦʩʢʠʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʠʨʘʟʦʣʴʥʦʝ ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʝ ʢʦʣʴʮʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʨʘʟʚʸʨʥʫʪʳ ʜʨʫʛ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠ ʜʚʫʛʨʘʥʥʳʝ ʫʛʣʳ N
3
ïC

4
ïN

1
ïN

2
 (ʈʠʩ. 100) ʩʦʩʪʘʚʣʷʶʪ 6.8ï29.5Ü. 

ʂʦʤʧʣʝʢʩ [CuL
14

2Cl][Cu2Cl6] ʠʤʝʝʪ ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ (ʈʠʩ. 101). ʂ ʠʦʥʫ Cu
2+

 

ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʠʦʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʝ ʤʦʣʝʢʫʣʳ L
14

 ʠ ʭʣʦʨʠʜ-ʠʦʥ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʫʟʝʣ ʘʪʦʤʘ ʤʝʜʠ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʠʦʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʝʞʜʫ ʠʩʢʘʞʸʥʥʦʡ ʪʨʠʛʦ-

ʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʦʡ ʠ ʠʩʢʘʞʸʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʦʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 

ʫʛʣʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ Ű ʜʣʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ (Ű = 0.40). ɹʨʦʤʠʜʥʳʡ ʘʥʘʣʦʛ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, [CuL
14

2Br][Cu2Br6], ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟ-ʟʘ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʤʝʰʘʥʥʦʚʘʣʝʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʜʥʘʢʦ 

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ  [CuL
14

2Br][Cu2Br6] ʠʟʦʩʪʨʫʢʪʫʨʝʥ 

ʭʣʦʨʠʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʂʦʤʧʣʝʢʩʳ [CuL
14

2X2] (X=Cl, Br) ʠʤʝʶʪ ʠʩʢʘʞʸʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ CuN4X2 ʩ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘʤʠ, ʟʘʥʠʤʘʶʱʠʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʝ ʚʝʨʰʠʥʳ ʦʢʪʘʵʜʨʘ (ʈʠʩ. 102). 

 

 
ʈʠʩ. 101. ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʘ [CuL

14
2Cl]

2+
 ʚ ʩʪʨʫʢʪʫʨʝ [CuL

14
2Cl][Cu2Cl6] (ʩʣʝʚʘ) ʠ ʤʦʣʝʢʫʣʳ [CuL

14
2Cl2] (ʩʧʨʘʚʘ). 

 

ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʧʘʨʥʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʘʪʦʤʦʤ-

ʜʦʥʦʨʦʤ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʡ ˊ-ʩʠʩʪʝʤʦʡ (ʈʠʩ. 102). ɺ ʩʪʨʫʢʪʫʨʝ 

[CuL
14

2Cl][Cu2Cl6] ʚ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘ-
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ʪʠʦʥʘ ʭʣʦʨʠʜ-ʠʦʥ (ClĿĿĿCg(pym) 3.36 ¡), ʚ ʩʪʨʫʢʪʫʨʘʭ [CuL
14

2X2] (X=Cl, Br) ï ʘʪʦʤ N ʧʠʧʝʨʠ-

ʜʠʥʦ-ʛʨʫʧʧʳ (ClĿĿĿCg(pym) 3.21 ¡, BrĿĿĿCg(pym) 3.38 ¡). ʕʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʣʠʥʝʡʥʳʭ ʮʝʧʦʯʝʢ ʚ ʩʪʨʫʢʪʫʨʘʭ [CuL
14

2X2] (X=Cl, Br). 

  

ʈʠʩ. 102. ʇʘʨʥʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʘʪʦʤʦʤ-ʜʦʥʦʨʦʤ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʡ ˊ-ʩʠʩʪʝʤʦʡ 

ʚ ʩʪʨʫʢʪʫʨʝ [CuL
14

2Cl][Cu2Cl6] (ʩʣʝʚʘ) ʠ [CuL
14

2Cl2] (ʩʧʨʘʚʘ). 

 

ɼʚʫʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu2L
14

2I2] ʩʦʜʝʨʞʠʪ ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʩʪʠʢʦʚʳʡ ʬʨʘʛʤʝʥʪ 

{ Cu(m-I)2Cu} (ʈʠʩ. 103). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʜʠ ʚ ʵʪʦʤ ʬʨʘʛʤʝʥʪʝ (Cu(1)ĿĿĿCu(1)ô 

2.586 ¡) ʢʦʨʦʯʝ, ʯʝʤ ʩʫʤʤʘ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʵʪʠʭ ʘʪʦʤʦʤ (2.80 ¡) ʠ ʩʦʧʦʩʪʘʚʠʤʦ 

ʩ ʨʘʩʩʪʦʷʥʠʝʤ CuĿĿĿCu ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ (2.546 ¡). ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʟʘʤʝʪʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʜʠ ʚ ʵʪʦʤ ʬʨʘʛʤʝʥʪʝ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ 

ï ʠʩʢʘʞʸʥʥʳʡ ʪʝʪʨʘʵʜʨ CuN2I2. ʂʦʤʧʣʝʢʩʳ [CuL
14

X] (X=Cl, Br) ʠʤʝʶʪ ʦʜʥʦʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ ï ʪʨʝʫʛʦʣʴʥʠʢ CuN2X2. 

  
ʈʠʩ. 103. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ [CuL

14
Cl] (ʩʣʝʚʘ) ʠ [Cu2L

14
2I2] (ʩʧʨʘʚʘ). 

 

ʂʦʤʧʣʝʢʩʳ [CuL
14

(PPh3)Hal] (Hal = Cl, Br) ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ. ʆʥʠ ʢʨʠʩʪʘʣʣʠ-

ʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pρ. ʀʭ ʠʦʜʠʜʥʳʡ ʘʥʘʣʦʛ, ʢʦʤʧʣʝʢʩ 

[CuL
14

(PPh3)I] (ʈʠʩ. 104), ʦʙʨʘʟʫʝʪ ʤʦʥʦʢʣʠʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P21/c. 

ɻʝʦʤʝʪʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ ʤʦʣʝʢʫʣ [CuL
14

(PPh3)Hal] ʷʚʣʷʝʪʩʷ ʠʩʢʘʞʸʥʥʦ-

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ, ʩʦʩʪʘʚ ʫʟʣʘ CuN2PHal. ʄʦʣʝʢʫʣʳ L
14

 ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʙʠʜʝʥʪʘʪʥʦ-

ʮʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢ ʠʦʥʘʤ Cu
+
 ʘʪʦʤʘʤʠ N

2
(ʧʠʨʘʟʦʣ) ʠ N

3
(ʧʠʨʠʤʠʜʠʥ) ʩ ʟʘʤʳʢʘʥʠʝʤ ʭʝ-

ʣʘʪʥʳʭ ʮʠʢʣʦʚ CuCN3. ʋʛʣʳ N(13)ïCu(1)ïN(11) ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ ʠ ʤʘʣʦ ʤʝʥʷʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʤʧʣʝʢʩʘ ʢ ʢʦʤʧʣʝʢʩʫ (ʊʘʙʣ. 5). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʵʪʠ ʫʛʣʳ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʬʘʢʪʠʯʝʩʢʠ, ʢʦʦʨʜʠʥʘʮʠʝʡ ʤʦʣʝʢʫʣʳ L
14

 ʢ ʤʝʪʘʣʣʫ. ʂʦʦʨʜʠʥʠʨʦ-

ʚʘʥʥʳʝ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʳ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʝʦʤʝʪʨʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟ-

ʣʘ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ CuïN ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ: [CuL
14

(PPh3)Cl] (2.125 ¡), 

[CuL
14

(PPh3)Br] (2.1085 ¡), [CuL
14

(PPh3)I] (2.1005 ¡). ʕʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ 

ʩʚʷʟʠ CuïHal ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʝʥʠʝ 
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ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʩʚʷʟʠ CuïN ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʦʚ N(13)ïCu(1)ïN(11) ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦ-

ʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ɼʣʠʥʳ ʩʚʷʟʝʡ CuïP ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

[CuL
14

(PPh3)Cl] ʠ [CuL
14

(PPh3)Br], ʦʜʥʘʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [CuL
14

(PPh3)I] ʵʪʘ ʩʚʷʟʴ ʥʝʩʢʦʣʴʢʦ 

ʜʣʠʥʥʝʝ.  

 
ʈʠʩ. 104. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [CuL

14
(PPh3)I]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʢʘʞʸʥʥʦ-ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʦʚʦʛʦ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʠʦʜʠʜʥʦ-

ʤʫ. ʕʪʦ ʦʪʨʘʞʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʦʩʪʝ ʩʫʤʤʳ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʘʪʦ-

ʤʘ ʤʝʜʠ: 643.22Á ʜʣʷ [CuL
14

(PPh3)Cl], 643.55Á ʜʣʷ [CuL
14

(PPh3)Br] ʠ 646.96Á ʜʣʷ [CuL
14

(PPh3)I] , 

ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʜʣʷ ʩʦʚʝʨʰʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ ʩʫʤʤʘ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 657Á. ɼʨʫʛʦʡ 

ʩʧʦʩʦʙ ʦʮʝʥʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɼʣʷ 

ʠʜʝʘʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʘ CuABCD ʩʫʤʤʘ ʜʚʫʛʨʘʥʥʳʭ ʫʛʣʦʚ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ AïCuïB ʠ CïCuï

D, AïCuïC ʠ BïCuïD, BïCuïC ʠ AïCuïD ʩʦʩʪʘʚʣʷʝʪ 270Á. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘ-

ʨʘʤʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 230.08Á ʜʣʷ [CuL
14

(PPh3)Cl], 232.35Á ʜʣʷ [CuL
14

(PPh3)Br] ʠ 237.09Á ʜʣʷ 

[CuL
14

(PPh3)I]. ʕʪʦ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʠʩʢʘʞʝʥʠʷ ʦʢʪʘʵʜʨʘ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʠʦʜʠʜʥʦʤʫ.  

 

ʊʘʙʣʠʮʘ 5. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʣʝʢʫʣ [CuL
14

(PPh3)Hal] (ʈʠʩ. 104). 

 [CuL
14

(PPh3)Cl] [CuL
14

(PPh3)Br] [CuL
14

(PPh3)I] 

Cu(1)-N(11)  2.123(2) 2.113(2) 2.090(2) 

Cu(1)-N(13)  2.127(2) 2.104(2) 2.111(2) 

Cu(1)-P(1)  2.1897(6) 2.1890(7) 2.1992(6) 

Cu(1)-Cl(1)  2.2752(5) 2.4003(4) 2.6024(3) 

    

N(11)-Cu(1)-N(13) 76.75(7) 77.08(7) 78.16(7) 

N(11)-Cu(1)-P(1) 113.79(5) 115.02(6) 124.13(5) 

N(13)-Cu(1)-P(1) 110.28(5) 110.68(7) 113.90(6) 

N(11)-Cu(1)-Cl(1) 114.85(5) 115.18(6) 109.62(5) 

N(13)-Cu(1)-Cl(1) 100.88(5) 100.28(7) 101.72(5) 

P(1)-Cu(1)-Cl(1) 126.67(2) 125.31(2) 119.43(2) 

 

3.3.2. ʂʦʤʧʣʝʢʩʳ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪʘ ʤʝʜʠ(I) ʠ ʤʝʜʠ(II ) ʩ 4-(3,5-ʜʠʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-

6-ʧʠʧʝʨʠʜʠʥʦʧʠʨʠʤʠʜʠʥʦʤ 

ʉʠʥʪʝʟ. ʂʦʤʧʣʝʢʩ [CuL
14

2(BF4)2]Ŀ0.5H2O ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ Cu
II
(BF4)2Ŀ6H2O 

ʠ L
14

 ʚ EtOH (ʈʠʩ. 105) [272]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ 

ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʶ ʧʨʦʜʫʢʪʦʚ ʚ ʩʠʥʪʝʟʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ Cu : L
14

 = 1 : 1 

ʠ 1 : 2. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʳ ʚʳʜʝʣʷʣʠ ʢʦʤʧʣʝʢʩ 
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[CuL
14

2(BF4)2]Ŀ0.5H2O. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʠʦʥ BF4
ï
, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʢʣʦʥʥʳʡ ʢ ʢʦʦʨʜʠʥʘʮʠʠ, 

ʚ ʧʦʣʫʯʝʥʥʦʤ ʥʘʤʠ ʢʦʤʧʣʝʢʩʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ ʠʦʥʫ Cu
2+

.  

ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(I), [CuL
14

2](BF4)Ŀ2MeCN  ʠ [CuL
14

2]BF4ĿH2O, ʧʦʣʫʯʘʣʠ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʚ MeCN ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʤʝʜʠ(I). ʄʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʴʶ ʚ MeCN ʤʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ Cu
II
(BF4)2(solv) 

ʜʦ Cu
I
BF4(solv). ɿʘʪʝʤ ʤʳ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ Cu

I
BF4(solv) ʠ L

14
 ʚ MeCN. ʕʪʠ ʞʝ ʢʦʤʧʣʝʢʩʳ ʤʦ-

ʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʴʶ ʢʦʤʧʣʝʢʩʘ [CuL
14

2(BF4)2] ʚ MeCN. 

ʈʝʘʢʮʠʷ, ʧʨʦʚʝʜʸʥʥʘʷ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Cu
I 
: L

14
 = 1 : 1 ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʦʚ [CuL
14

2](BF4)Ŀ2MeCN. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʤʳ ʧʨʦʚʝʣʠ 

ʨʝʘʢʮʠʶ ʤʝʞʜʫ Cu
I
BF4(solv) ʠ L

14
 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Cu

I 
: L

14
 = 1 : 2 ʠ ʚʳʜʝʣʠʣʠ ʤʦʥʦʛʠʜʨʘʪ 

[CuL
14

2]BF4ĿH2O. ʅʘ ʚʦʟʜʫʭʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ [CuL
14

2](BF4)Ŀ2MeCN ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʪʝʨʷʶʪ 

ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ MeCN ʠ ʩʦʨʙʠʨʫʶʪ ʧʘʨʳ ʚʦʜʳ ʠ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʬʘʟʫ [CuL
14

2]BF4ĿH2O.   

ʍʦʪʷ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʢʦʤʧʣʝʢʩʳ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪʘ ʤʝʜʠ(II) ʠ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʦʤ L
14

 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʪʝʭʠʦʤʝʪʨʠʶ Cu : L
14

 = 1 : 2, ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪ-ʠʦʥ ʚʭʦʜʠʪ ʚʦ ʚʥʫʪʨʝʥʥʶʶ 

ʩʬʝʨʫ ʢʦʤʧʣʝʢʦʚ ʤʝʜʠ(II), ʥʦ ʥʝ ʚʭʦʜʠʪ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I). ʕʪʦ ʨʘʟʣʠ-

ʯʠʝ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʤʝʜʠ(I) ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʠʦʥ BF4
ï
 ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ 

ñʤʷʛʢʦʤʫò ʭʘʨʘʢʪʝʨʫ Cu
I
 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Cu

II
 ʚ ʪʝʨʤʠʥʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇʠʨʩʦʥʘ.  

 
ʈʠʩ. 105. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪʘ ʤʝʜʠ(I) ʠ ʤʝʜʠ(II) ʩ ʣʠʛʘʥʜʦʤ L

14
. 

 

ʉʪʨʦʝʥʠʝ. ʂʦʦʨʜʠʥʘʮʠʷ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʷ L
14

 ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ N,N-

ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʘʷ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʦ ʧʦ ʜʚʝ ʤʦʣʝʢʫʣʳ 

L
14

 (ʈʠʩ. 106). ʌʘʟʘ ʩʦʝʜʠʥʝʥʠʷ [CuL
14

2(BF4)2]Ŀ0.5H2O ʩʦʜʝʨʞʠʪ ʜʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝ-

ʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ. ʄʝʪʘʣʣʦʮʠʢʣʳ CuN3C ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʚʷʟʝʡ CuïN(pz) ʠ CuïN(pym) ʚ ʢʦʤʧʣʝʢʩʝ [CuL
14

2](BF4)Ŀ2MeCN ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳ ʚ 

ʩʪʨʫʢʪʫʨʝ [CuL
14

2(BF4)2]Ŀ0.5H2O (ʊʘʙʣ. 6). ʅʘʙʣʶʜʘʝʤʦʝ ʦʪʣʠʯʠʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʵʬʬʝʢʪʦʤ 

ʗʥʘ-ʊʝʣʣʝʨʘ ʚ ʢʦʤʧʣʝʢʩʝ ʤʝʜʠ(II). ʊʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʧʠʨʘʟʦʣʴʥʳʤ ʠ ʧʠʨʠʤʠʜʠʥʦʚʳʤ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 19Á. ʅʝʦʙʳʯʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʘ [CuL
14

2(BF4)2]Ŀ0.5H2O ï ʢʦʦʨʜʠʥʘʮʠʷ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪ-ʠʦʥʦʚ ʢ ʠʦʥʘʤ Cu
2+
. ʕʪʦʪ 

ʠʦʥ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʘʥʠʦʥʦʚ, ʥʝ ʩʢʣʦʥʥʳʭ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ. ʇʦ ʜʘʥ-

ʥʳʤ ʂʝʤʙʨʠʞʜʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʳ (CCDC) ʠʟʚʝʩʪʥʘ ʧʨʠʤʝʨʥʦ ʩʦʪʥʷ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪ-ʠʦʥ. ʈʘʩʩʪʦʷʥʠʷ CuïF(BF3) ʚʘʨʴʠʨʫ-

ʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2.012 ʜʦ 2.847 ¡, ʧʨʠ ʵʪʦʤ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʤʧʣʝʢʩʦʚ ʵʪʠ 

ʨʘʩʩʪʦʷʥʠʷ ʧʨʝʚʳʰʘʶʪ 2.3 ¡. ʊʦʣʴʢʦ ʚ ʯʝʪʳʨʸʭ ʢʦʤʧʣʝʢʩʘʭ ʜʣʠʥʘ ʩʚʷʟʠ CuïF ʤʝʥʴʰʝ 2.3 ¡. ɺ 
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ʧʦʣʫʯʝʥʥʦʤ ʥʘʤʠ ʢʦʤʧʣʝʢʩʝ ʜʣʠʥʳ ʩʚʷʟʝʡ CuïF ʩʦʩʪʘʚʣʷʶʪ 1.964(2) ¡ ʜʣʷ [Cu(1)L
14

2(BF4)2] ʠ 

2.000(2) ¡ ʜʣʷ [Cu(2)L
14

2(BF4)2], ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʩʘʤʳʤʠ ʢʦʨʦʪʢʠʤʠ ʩʨʝʜʠ ʩʚʷʟʝʡ CuïF(BF3). 

ɺʪʦʨʦʡ ʜʣʷ ʢʘʞʜʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʤʦʣʝʢʫʣʳ [CuL
14

2(BF4)2] ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪ-ʘʥʠʦʥ ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʪʦʷʥʠʷ CuïF(BF3) ʩʦʩʪʘʚʣʷʶʪ 

2.905(2) ¡ ʜʣʷ [Cu(1)L
14

2(BF4)2] ʠ 2.737(2) ¡ ʜʣʷ [Cu(2)L
14

2(BF4)2]. ɿʘʢʣʶʯʘʷ ʵʪʦʪ ʨʘʟʜʝʣ, ʦʪʤʝ-

ʪʠʤ, ʯʪʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʥʘʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩʘʤʦʝ ʢʦʨʦʪʢʦʝ ʨʘʩʩʪʦʷʥʠʝ CuïF(BF3) (2.068 ¡) ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʦʤʧʣʝʢʩʝ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪʘ ʤʝʜʠ(II) ʩ 2-(3,5-ʙʠʩ(ʙʫʪʦʢʩʠʬʝʥʠʣ)-1H-ʧʠʨʘʟʦʣ-1-

ʠʣ)ʧʠʨʠʜʠʥʦʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʩʦʝʜʠʥʝʥʠʝʤ L
14

 [273]. ʂʘʢ ʚ ʩʣʫʯʘʝ 

ʵʪʦʛʦ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʣʠʛʘʥʜʘ L
14

 ʧʠʨʘʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʩʦʜʝʨʞʠʪ ʜʚʘ ʦʙʲʸʤʥʳʭ ʟʘʤʝ-

ʩʪʠʪʝʣʷ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʣʦʞʝʥʠʷʭ ʉ
6
 ʧʠʨʠʜʠʥʦʚʦʛʦ ʠ ʉ

2
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʝʮ (ʪ.ʝ. ʚ Ŭ-

ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʘʟʘ-ʘʪʦʤʫ N
1
) ʦʪʩʫʪʩʪʚʫʶʪ ʟʘʤʝʩʪʠʪʝʣʠ. ɺʝ-

ʨʦʷʪʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪʘ 

Cu(II) ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʠ ʘʥʠʦʥʘ BF4
ï
 ʢ ʠʦʥʘʤ Cu

2+
 ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʨʦʪʢʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ CuïF(BF3). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʦʥ BF4
ľ
 ʩʧʦʩʦʙʝʥ ʚʳʩʪʫ-

ʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ çʥʦʨʤʘʣʴʥʦè ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦʩʷ ʣʠʛʘʥʜʘ. 

ɺ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ [CuL
14

2(BF4)2]Ŀ0.5H2O ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ɜ3 (984, 1043, 1092 ʩʤ
ï1
) ʠ 

ɜ4 (534, 521 ʩʤ
ï1
) ʠʦʥʘ BF4

ï
 ʨʘʩʮʝʧʣʝʥʳ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʘʥʠʦʥʘ BF4

ï
 

ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʶ. ʇʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʘʥʠʦʥʘ BF4
ï
 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [CuL
14

2(BF4)2]Ŀ0.5H2O ï ʜʣʠʥʳ ʪʨʸʭ 

ʩʚʷʟʝʡ BïF ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʪʦʛʜʘ ʢʘʢ ʜʣʠʥʘ ʯʝʪʚʸʨʪʦʡ ʩʚʷʟʠ BïF ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʝʥʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ (1.393, 1.380, 1.404 ʠ 1.471 ¡). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 

[CuL
14

2]BF4Ŀ2MeCN ʠ [CuL
14

2]BF4ĿH2O ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʥʠʦʥ BF4
ï
, 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʨʘʩʱʝʧʣʸʥʥʳʝ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ɜ3 (1054 ï 1063 ʩʤ
ï1
) ʠ ɜ4 (526 ï 531 ʩʤ

ï1
). 

 

ʊʘʙʣʠʮʘ 6. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʟʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ [CuL
14

2](BF4)Ŀ2MeCN ʠ 

[CuL
14

2(BF4)2]Ŀ0.5H2O (ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣʳ). 

 CuïN
2
(pz) CuïN

3
(pym) N

2
(pz)ïN

1
(pz)ïC

4
(pym)ïN

3
(pym) 

[CuL
14

2](BF4)Ŀ2MeCN 2.053 2.020 18.9 

[Cu(2)L
14

2(BF4)2]Ŀ0.5H2O 2.238 1.967 6.0 

 2.107 1.966 1.0 

[Cu(1)L
14

2(BF4)2]Ŀ0.5H2O 2.095 1.971 1.0 

 2.317 1.975 12.4 
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3
)  

ʈʠʩ. 106. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ [CuL
14

2(BF4)2] (ʩʣʝʚʘ) ʠ ʢʘʪʠʦʥʘ [CuL
14

2]
2+

 (ʧʦ ʮʝʥʪʨ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥ ʩʚʷʟʠ 

CuïF(BF3) ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ (ʩʧʨʘʚʘ). 



130 

 

3.3.3. ʂʦʤʧʣʝʢʩʳ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(I) ʩ 4-(3,5-ʜʠʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-1-ʠʣ)-6-

ʤʦʨʬʦʣʠʥʦʧʠʨʠʤʠʜʠʥʦʤ 

ʉʠʥʪʝʟ. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠ ʧʨʝʚʨʘʱʝʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʦʤ L
34

 ʧʦʢʘʟʘʥʘ ʥʘ 

ʈʠʩ. 107 [274-276]. ʂʦʤʧʣʝʢʩʳ [CuL
34

Cl] ʠ [CuL
34

Br] ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʷʤ ʩʦʣʝʡ 

CuX (X = Cl, Br) ʩ ʩʦʝʜʠʥʝʥʠʝʤ L
34

 ʚ MeCN (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ CuX : L
34

 = 1 : 1) ʢʘʢ ʚ ʚʠʜʝ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʦʢʠʩʣʝʥʠʝʤ 

ʢʘʢ ʩʦʣʝʡ CuX (X = Cl, Br), ʪʘʢ ʠ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʚʦʟʜʫʭʝ, ʩʠʥʪʝʟ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʉʠʥʪʝʟ ʠʦʜʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu2L
34

2I2], ʚʳ-

ʧʦʣʥʷʝʤʳʡ ʧʦ ʨʝʘʢʮʠʠ CuI ʠ L
34

 ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (CuI : L
34

 = 1 : 1), ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʥʘ ʚʦʟʜʫʭʝ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʢʘʢ ʚ ʚʠʜʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʪʘʢ ʠ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

 
ʈʠʩ. 107. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʦʤ L

34
. 

 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [CuL
34

(PPh3)X] (X = Cl, Br, 

I) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʷʤ ʢʦʤʧʣʝʢʩʦʚ [CuL
34

Cl], [CuL
34

Br] ʠ [Cu2L
34

2I2] 

ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ (Cu : PPh3 = 1 : 1) ʚ MeCN, ʣʠʙʦ ʧʦ ʨʝʘʢʮʠʷʤ CuX (X = Cl, Br, I) ʩ L
34

 ʠ 

PPh3 (CuX : L
34 

: PPh3 = 1 : 1 : 1). ʇʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [CuL
34

(PPh3)I] ʚ ʚʠʜʝ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʦʚ ʧʫʪʸʤ ʝʛʦ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ MeCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʩʦʨ-

ʪʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚʠʟʫʘʣʴʥʦ, ï ʞʸʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʜʥʦʷʜʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [CuL
34

I] ʠ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu2L
34

2I2]. ʂʦʤ-

ʧʣʝʢʩ [Cu2L
34

2I2] ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʜʫʢʪ ʜʠʤʝʨʠʟʘʮʠʠ [CuL
34

I]. ɿʘʤʝʪʠʤ, ʯʪʦ ʬʘʟʳ 

ʢʘʢ ʧʦʨʦʰʢʘ, ʪʘʢ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [Cu2L
34

2I2], ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʨʝʘʢʮʠʠ CuI ʠ L
34
, ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʯʠʩʪʳʤʠ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʠ ʦʜʥʦʷʜʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ 

[CuL
34

I] (ʈʠʩ. 108). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʩʝ ʦʜʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [CuL
34

Cl], [CuL
34

Br] ʠ [CuL
34

I] 

ʠʟʦʩʪʨʫʢʪʫʨʥʳ. ʂʦʤʧʣʝʢʩ [CuL
34

(PPh3)I] ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ ʨʘʩʪʚʦʨʝ ï ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʚ MeCN ʧʨʠ 


