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 ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

Cbz ï ʢʘʨʙʘʟʦʣ 

3
CC ï ʢʣʘʩʪʝʨ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ/-ʘ ̫

CIE ïʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʦʩʚʝʱʝʥʠʶ 

ʉpent ï ʮʠʢʣʦʧʝʥʪʠʣ 

DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʘʥʛʣ. density functional theory)  

DOS ï ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ (ʘʥʛʣ. density of states) 

EDBE ï 2,2ǋ-(ʵʪʠʣʝʥʜʠʦʢʩʠ)ʙʠʩ(ʵʪʠʣʘʤʤʦʥʠʡ) 

EtCN ï ʧʨʦʧʠʦʥʠʪʨʠʣ 

Hnor ï 9Hïʧʠʨʠʜʦ[3,4-b]ʠʥʜʦʣ 

i-PrCN ï ʠʟʦʙʫʪʠʨʦʥʠʪʨʠʣ 

IQu ï ʠʟʦʭʠʥʦʣʠʥ 

ISC ï ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ (ʘʥʛʣ. intersystem crossing) 

m-An ï ʤʝʪʘ-ʘʥʠʟʠʣ 

mCP = 1,3-ʙʠʩ(ʢʘʨʙʘʟʦʣ-9-ʠʣ)ʙʝʥʟʦʣ  

2-MePyz ï 2-ʤʝʪʠʣʧʠʨʘʟʠʥ 

m-Tol ï ʤʝʪʘ-ʪʦʣʠʣ 

1,3
(M+ʍ)LCT ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʤʝʪʘʣʣ/ʛʘʣʦʛʝʥ-ʣʠʛʘʥʜ (ʘʥʛʣ. metal-to-ligand charge transfer 

or halide-to-ligand charge transfer) 

OLED ï ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʘʥʛʣ. organic light-emitting device) 

o-An ï ʦʨʪʦ-ʘʥʠʟʠʣ 

o-Tol ï ʦʨʪʦ-ʪʦʣʠʣ 

ʨ-An ï ʧʘʨʘ-ʘʥʠʟʠʣ 

Ph ï ʬʝʥʠʣ 

PEA ï ʬʝʥʠʣʵʪʠʣʘʤʠʥ 

PhCN ï ʙʝʥʟʦʥʠʪʨʠʣ  

Pn ï ʧʥʠʢʪʦʛʝʥ  

p-Tol ï ʧʘʨʘ-ʪʦʣʠʣ 

Py ï ʧʠʨʠʜʠʣ 

Pym ï ʧʠʨʠʤʠʜʠʥ 

Qu ï ʭʠʥʦʣʠʥ  

RISC ï ʦʙʨʘʪʥʘʷ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ (ʘʥʛʣ. reverse intersystem crossing) 

TD-DFT ï ʚʨʝʤʷʟʘʚʠʩʠʤʘʷ ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʘʥʛʣ. time-dependent density 

functional theory) 
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ɺɿʄʆ ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ (ʘʥʛʣ. HOMO) 

ɺʕ ï ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ (ʧʦʣʦʩʘ, ʦʙʣʘʩʪʴ) (ʘʥʛʣ. HE i.e. high energy)  

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʳʡ 

1D ʂʇ ï ʦʜʥʦʤʝʨʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

ʂʏ ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

2-Meʊɻʌ ï 2-ʤʝʪʠʣʊɻʌ 

ʅʉʄʆ ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ (ʘʥʛʣ. LUMO) 

ʅʕ ï ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ (ʧʦʣʦʩʘ, ʦʙʣʘʩʪʴ) (ʘʥʛʣ. LE i.e. low energy) 

ʦʯ. ʩʠʣʴʥ. ï ʦʯʝʥʴ ʩʠʣʴʥʘʷ (ʧʦʣʦʩʘ) 

ʦʯ. ʩʣ ï ʩʣʘʙʘʷ (ʧʦʣʦʩʘ) 

ʇɿʉ ï ʧʨʠʙʦʨ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ 

ʇʄʄɸ ï ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

ʈʃ ï ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʷ  

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʩʠʣʴʥ. ï ʩʠʣʴʥʘʷ (ʧʦʣʦʩʘ) 

ʩʣ ï ʩʣʘʙʘʷ (ʧʦʣʦʩʘ) 

ʉʆɺ ï ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʠʣʠ ʧʝʨʝʢʨʳʚʘʥʠʝ), (ʘʥʛʣ. spin-orbital crossing, 

SOC)  

ʩʨ ï ʩʨʝʜʥʷʷ (ʧʦʣʦʩʘ) 

ʊɸɿʌ ï ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʟʘʤʝʜʣʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ʘʥʛʣ. TADF) 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ  

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪ  

ʌʃ ï ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ  

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

Ű ï ʚʨʝʤʷ ʞʠʟʥʠ ʵʤʠʩʩʠʠ 

ʌPL ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʠʥʪʝʥʩʠʚʥʦ ʚʝʜʸʪʩʷ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʭʦʨʦʰʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʦʙʣʘʩʪʝʡ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ï ʦʪ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ OLED-ʫʩʪʨʦʡʩʪʚ [1ï3] ʠ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ [4] ʜʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [5ï7] ʠ ʘʛʝʥʪʦʚ ʜʣʷ 

ʙʠʦʠʤʠʜʞʠʥʛʘ [8ï10]. ʅʝʤʘʣʦ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʩʚʷʱʝʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʤʝʜʠ (ʜʘʣʝʝ ï 
11

M(I)), ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʦʩʪʦʡʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʣʶʤʠʥʦʬʦʨʘʤ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ Ir(III ), Pt(II ), Ru(II ) ʠ Re(I) [11ï13]. ʉʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ 
11

M(I), ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ 

ʠ ʧʦʣʥʦ ʠʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʫ ʩʦʝʜʠʥʝʥʠʡ Cu(I), ʯʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ 

ʥʘʙʣʶʜʘʝʤʦʡ ʷʨʢʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

ʤʝʪʘʣʣ-ʣʠʛʘʥʜ [14], ʪʘʢ ʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʷʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʊɸɿʌ, ʘʥʛʣ. TADF) ï ʯʨʝʟʚʳʯʘʡʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʜʣʷ 

OLED-ʪʝʭʥʦʣʦʛʠʡ [2, 15ï17]. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Cu(I) ʩʧʦʩʦʙʥʳ ʢ 

ʧʨʦʷʚʣʝʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çstimuli-responsiveè ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ 

ʚʥʝʰʥʠʤ ʬʠʟʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [18ï20], ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ çʫʤʥʳʭè ʤʘʪʝʨʠʘʣʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ, ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʣʠʛʘʥʜʦʚ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Cu(I) ʚʳʩʪʫʧʘʶʪ N- ʠ P-

ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʦʤʦ- ʠ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [21ï23]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʙʦʣʝʝ çʪʷʞʸʣʳʝè ʧʥʠʢʪʠʥʦʚʳʝ (As- 

ʠʣʠ Sb-) ʣʠʛʘʥʜʳ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʩʚʷʟʘʥʥʳʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʟʘ ʩʯʸʪ 

ʙʦӢʣʴʰʝʛʦ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʪʷʞʸʣʦʛʦ ʘʪʦʤʘ ʧʥʠʢʪʦʛʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ ʧʥʠʢʪʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ 

ʬʦʪʦʬʠʟʠʢʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʟʥʘʤʝʥʦʚʘʣʦʩ ɹ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʤ ʠʥʪʝʨʝʩʦʤ ʢ 

ʣʁ ʤʠʥʝʩʮʝʥʪʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʝʜʠ(I). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʳ ʩʦʪʥʠ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʸʥʥʳʭ ʢʘʢ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ 
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ʧʥʠʢʪʦʛʝʥʦʚrʤʠ ʣʠʛʘʥʜʘʤʠ (ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ N- ʠ P- ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ), ʪʘʢ ʠ 

ʧʦʧʳʪʢʘʤ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.   

ʂ ʥʘʯʘʣʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʜʝʣʷʣʦʩʴ 

ʛʘʣʦʛʝʥʠʜʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʝʜʠ(I) ʩ N-ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʨʘʙʦʪ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʤʝʜʠ(I), ʩʦʜʝʨʞʘʱʠʭ 

ʨʘʟʣʠʯʥʳʝ P- ʠ P,N-ʛʠʙʨʠʜʥʳʝ ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜ r(ʩʤ. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ).  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(I) ʥʘ ʦʩʥʦʚʝ 

çʪʷʞʸʣʳʭè ʧʥʠʢʪʠʥʦʚrʭ ʣʠʛʘʥʜʦʚ (ʥʘʧʨʠʤʝʨ, ʘʨʩʠʥʦʚ) ʦʯʝʥʴ ʤʘʣʦ, ʯʪʦ ʦʪʯʘʩʪʠ 

ʦʙʲ̫ʩʥʷʝʪʩʷ ʠʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (2020ï

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ) ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʠʥʪʝʟʫ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ ʘʨʩʠʥʦʚʳʤ ʣʠʛʘʥʜʘʤʠ. ɼʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʚʝʩʪʥʳ 

ʧʨʠʤʝʨʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʩ 10-

(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʘʤʠ ʠ 10-ʘʨʠʣ-5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠʤʝʨʳ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ As,N-ʣʠʛʘʥʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ (2-ʧʠʨʠʜʠʣ)ʘʨʩʠʥʘʤʠ 

ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʤʠ, ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʚʩʝ.  

ʎʝʣʴʁ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʥʘ ʦʩʥʦʚʝ (2-ʧʠʨʠʜʠʣ)ʘʨʩʠʥʦʚ ʠ ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠ ̫ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʩʠʥʪʝʟ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥʘ (Py2AsPh) ʠ ʪʨʠʩ(2-

ʧʠʨʠʜʠʣ)ʘʨʩʠʥʘ (Py3As), ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʭ ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʦʚ ʩ ʜʦʥʦʨʥʳʤʠ ʠ 

ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

2. ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʘʨʩʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

3. ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʘʪʪʝʩʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʪʦʜʘʤʠ ʈʉɸ, ʈʌɸ, ʀʂ, ʗʄʈ, ʊɻɸ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. 

4. ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʅʘ ʦʩʥʦʚʝ ʠʦʜʠʜʘ ʤʝʜʠ(I) ʠ ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʦʚ R3As (R = Ph, ʨ-An) ʩʠʥʪʝʟʠʨʦʚʘʥʦ 

ʥʦʚʦʝ ʩʝʤʝʡʩʪʚʦ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʠ ʚ ʥʠʪʨʠʣʘʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪ ɹʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Cu4I4(R3As)3L] 

(L = EtCN, i-PrCN, PhCN). ɺ ʩʣʫʯʘʝ ʩ ʪʨʠʬʝʥʠʣʘʨʩʠʥʦʤ, ʨʝʘʢʮʠʷ ʚ ʩʨʝʜʝ ʧʨʦʧʠʦʥʠʪʨʠʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʣʝʢʩʫ [Cu4I4(Ph3As)3]. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʨʢʦʡ 
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ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʩ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 98%, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʦʷʚʣʷʪʴ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʶ. 

 ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʝʯʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩʦʩʪʘʚʘ 

[Cu2I2(Ph3As)2(4,4ǋ-Bipy)]n ʠ [Cu2I2(Ph3As)2(Pyz)]n, ʦʙʣʘʜʘʶʱʠʝ ʊɸɿʌ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ 

ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 45% ʠ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ. 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥʘ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʩʦʣʷʤʠ ʤʝʜʠ(I) ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʙʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Cu2(Py2AsPh)2X2] (ʍ = Cl, Br, I), ʘ ʪʘʢʞʝ ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 

[Cu2(Py2AsPh)2(MeCN)2](BF4)2. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʷʚʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʊɸɿʌ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 50% ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʨʦʪʢʠʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʵʤʠʩʩʠʠ (2ï9 ʤʢʩ). 

ʅʘ ʦʩʥʦʚʝ ʪʨʠʩ(2-ʧʠʨʠʜʠʣ)ʘʨʩʠʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʘʢ ʩʢʦʨʧʠʦʥʦ-ʧʦʜʦʙʥʳʡ ʢʦʤʧʣʝʢʩ 

[Cu(Py3As)I], ʪʘʢ ʠ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Cu2(Py3As)2X2] (ʍ = Br, I). ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʢʦʨʧʠʦʥʦ-ʧʦʜʦʙʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʧʘʨʘʭ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʨʦʪʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʵʤʠʩʩʠʠ (ʜʦ 2 ʤʢʩ), ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤ ʉʆɺ ʘʪʦʤʦʚ ʤʳʰʴʷʢʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cu(I) ʥʘ ʦʩʥʦʚʝ ʢʘʢ 

ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʭ (2-ʧʠʨʠʜʠʣ)ʘʨʩʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʠʟʚʝʩʪʥʳʭ ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʦʚ, 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʭʠʤʠʶ As- ʠ As,N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʜʠʟʘʡʥʝ 

ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ [Cu4I4(Ph3As)3] 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʦʬʦʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ (LED 

ʫʩʪʨʦʡʩʪʚ). ɺʘʞʥrʤ ʘʩʧʝʢʪʦʤ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʷʜʫ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʠ ʘʨʩʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʣʠʥʝʡʢʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ ʙʠʩ(2-

ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥʦʤ [Cu2(Py2AsPh)2X2] (ʍ = Cl, Br, I) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʘʪʦʤʘ 

ʬʦʩʬʦʨʘ ʥʘ ʤʳʰʴʷʢ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ (kr), ʩʚʷʟʘʥʥʦʝ ʩ ʙʦӢʣʴʰʠʤ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʘʪʦʤʘ 
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ʤʳʰʴʷʢʘ. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʦʙʘʚʣʝʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (CCDC) ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ ʬʦʪʦʬʠʟʠʢʠ. ʆʩʥʦʚʥʘʷ ʝ y

ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʇʦʩʣʝʜʥʠʝ 

ʙʳʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʩʪʨʫʢʪʫʨʥʦ-ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʉɸ, ʀʂ ʠ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʬʘʟʦʚʦʡ ʯʠʩʪʦʪʳ ʠ ʩʦʩʪʘʚʘ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ (ʈʌɸ) ʠ ʵʣʝʤʝʥʪʥʦʛʦ (C, H, 

N) ʘʥʘʣʠʟʘ. ʊʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ). ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʚʨyʜʳʭ 

ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨ rʵʤʠʩʩʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ), ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʵʤʠʩʩʠʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʘʧʠʩʳʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʸʥ 

ʞʠʟʥʠ ʌʃ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ DFT ʠ TD-DFT 

ʨʘʩʯʸʪʳ ʥʘ ʫʨʦʚʥʷʭ ʪʝʦʨʠʠ B3LYP/ma-ZORA-TZ2P ʠ PBE0/def2TZVP. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʩʠʥʪʝʟ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(I) ʩ ʪʨʠʩ(ʘʨʠʣ)- ʠ (2-

ʧʠʨʠʜʠʣ)ʘʨʩʠʥʘʤʠ; 

¶ ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʤʝʪʦʜʘʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ ʠ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʟʥʘʥʠʠ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʘʚʪʦʨʦʤ 

ʚ ʚʠʜʝ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ 5 ʢʦʥʬʝʨʝʥʮʠʷʭ: XXII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 
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ʪʝʭʥʦʣʦʛʠʷ ʚ XXI  ʚʝʢʝè (ʊʇʋ, ʛ. ʊʦʤʩʢ, 2021); XI I ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ 

ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʀʆʅʍ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, 2022); VI  ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2022 

(ʀʅʍ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2022); XI II  ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʀʆʅʍ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, 2023); ʂʦʥʢʫʨʩ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ, ʧʦʩʚʷʱʸʥʥʳʡ ʧʘʤʷʪʠ ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ʉʪʘʥʠʩʣʘʚʘ ɺʘʩʠʣʴʝʚʠʯʘ ɹʦʨʠʩʦʚʘ 

(ʀʅʍ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2023). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ 

ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ 2 ʩʪʘʪʴʠ ï ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 2 ï ʚ ʨʦʩʩʠʡʩʢʦʤ 

ʞʫʨʥʘʣʝ. ʆʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 5 ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʣʠʛʘʥʜʦʚ (ʛʜʝ ʚʦʟʥʠʢʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ), ʩʘʤʠ ʣʠʛʘʥʜʳ, ʘ ʪʘʢ ʞʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʦʜʙʠʨʘʣ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʦʚʦʜʠʣ ʧʦʜʛʦʪʦʚʢʫ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʨʘʩʯʸʪʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ï ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʪʦʨʦʤ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ 

ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʨʦʚʦʜʠʣʠʩʴ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ 

ʩʪʘʪʝʡ ʠ ʜʦʢʣʘʜʦʚ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʜ.ʭ.ʥ. ʀ. ʖ. ɹʘʛʨʷʥʩʢʦʡ (ʅʀʆʍ ʉʆ ʈɸʅ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʳʧʦʣʥʷʣʦʩʴ ʢ.ʬ-ʤ.ʥ. ʄ. ʀ. ʈʘʭʤʘʥʦʚʦʡ (ʀʅʍ ʉʆ 

ʈɸʅ). ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ DFT ʠ TD-DFT ʨʘʩʯʸʪʳ ʜʣʷ ʨʘʟʥʳʭ ʩʝʨʠʡ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʢ.ʭ.ʥ. ɽ. ʍ. ʉʘʜʳʢʦʚʳʤ (ʀʅʍ ʉʆ ʈɸʅ) ʠ ʢ.ʭ.ʥ. ɽ. ʇ. ɼʦʨʦʥʠʥʦʡ (ʀʨʀʍ ʉʆ 

ʈɸʅ). ʈʌɸ, ʀʂ, ʗʄʈ, Tɻɸ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ï ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ ʎʂʇ ʀʅʍ 

ʉʆ ʈɸʅ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ (ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ): ʧ. 1. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
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ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 

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

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

ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳè ʠ ʧ. 7. çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 131 ʩʪʨʘʥʠʮʝ, ʩʦʜʝʨʞʠʪ 43 ʨʠʩʫʥʢʘ, 40 ʪʘʙʣʠʮ ʠ 39 ʩʭʝʤ. 

ʈʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʠ: ʚʚʝʜʝʥʠʝ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ (ʛʣ. 1), 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ʯʘʩʪ ɹ(ʛʣ. 2), ʨʝʟʫʣʴʪʘʪ rʠ ʦʙʩʫʞʜʝʥʠʝ (ʛʣ. 3), ʟʘʢʣʶʯʝʥʠʝ, ʚʳʚʦʜʳ ʠ 

ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (188 ʥʘʠʤʝʥʦʚʘʥʠʡ) . 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

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

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʦʛʨʘʤʤʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʅʍ ʉʆ ʈɸʅ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 

V.44. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʭʠʤʠʠè, ʧʨʦʛʨʘʤʤʘ ʌʅʀ ʉʆ ʈɸʅ V.44.4. çʈʘʟʚʠʪʠʝ 

ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè. ʊʘʢʞʝ ʯʘʩʪʴ ʨʘʙʦʪʳ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 21-73-10110. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʦʪʤʝʯʝʥʳ ʧʨʝʤʠʝʡ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʟʘ ʫʩʧʝʭʠ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ. 
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1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʥʘ 

ʦʩʥʦʚʝ ʧʥʠʢʪʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢ ʞʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) c N-ʩʦʜʝʨʞʘʱʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʦʧʠʩʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ [24ï30], ʧʦʵʪʦʤʫ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ N-

ʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʩʦ-ʣʠʛʘʥʜʦʚ ʚ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʙʦʣʝʝ çʪʷʞʸʣʳʤʠè ʬʦʩʬʠʥʘʤʠ ʠ ʘʨʩʠʥʘʤʠ. ʆʙʟʦʨ 

ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʯʘʩʪʝʡ ʠ ʧʦʩʚʷʱʸʥ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʢʦʤʧʣʝʢʩʘʤ Cu(I) ʩ 

ʬʦʩʬʠʥʦʚʳʤʠ (1.1), ʘʨʩʠʥʦʚʳʤʠ (1.2) ʠ ʩʪʠʙʠʥʦʚʳʤʠ (1.3) ʣʠʛʘʥʜʘʤʠ, ʚʢʣʶʯʘʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. 

 ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʥʘʙʦʨ ʣʠʛʘʥʜʦʚ (ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ Pn-, 

Pn,N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ), ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʜʣʷ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ï ʘ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʘʙʦʪʘʭ ʬʠʛʫʨʠʨʫʶʪ ʠʤʝʥʥʦ ʦʥʠ,  

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʭ ʧʦ ʜʘʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ 

(ʭʦʪʷ ʙʳ ʯʘʩʪʠʯʥʦ) ʧʫʪʘʥʠʮʳ, ʜʣʷ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚʥʫʪʨʠ ʧʝʨʚʳʭ ʜʚʫʭ ʯʘʩʪʝʡ 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʥʘ 

ʤʦʥʦʷʜʝʨʥʳʝ, ʙʠʷʜʝʨʥʳʝ ʠ.ʪ.ʜ. 

1.1. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʄʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ï ʦʧʠʩʘʥʳ ʢʘʢ ʛʦʤʦ-, ʪʘʢ ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ (ʠʣʠ 

ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʝ) ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʢʘʢ ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ CuL2X ʠ CuL3X ʛʜʝ L ï 

ʵʪʦ N- ʠʣʠ P-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ, ʘ ʍ - ʛʘʣʦʛʝʥ, ʪʘʢ ʠ ʢʘʪʠʦʥʥʳʝ [Cu(L)(L`)]
+
 ʛʜʝ L ʠ L` ï ʵʪʦ 

N^N ʠʣʠ P̂ P ʣʠʛʘʥʜ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ (ʂʏ) ʘʪʦʤʦʚ ʤʝʜʠ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʨʘʚʥʳ 

ʪʨʸʤ (ʪʨʠʛʦʥʘʣʴʥʦ-ʧʣʘʥʘʨʥʘʷ ʛʝʦʤʝʪʨʠʷ) ʠ ʯʝʪʳʨʸʤ (ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ). 

ʃʠʛʘʥʜʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ ʚʳʩʪʫʧʘʶʪ ʘʨʠʣʬʦʩʬʠʥʳ (P-) [31, 32], 

ʜʠ- (P,P-) [33] ʠ ʪʨʠʬʦʩʬʠʥʳ (P,P,P-) [34], ʘ ʪʘʢ ʞʝ P,N,N,P- ʠ P,N,P-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ 

[35, 36].  

ʊʘʢ, ʚ ʨʘʙʦʪʝ Hashimoto ʦʧʠʩʳʚʘʝʪʩʷ ʩʝʨʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʥʘ 

ʦʩʥʦʚʝ dtpb (1,2-ʙʠʩ(o-ʜʠʪʦʣʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʣʘ), [(dtpb)CuX] (ʍ = Cl, Br, I) [33] (ʉʭʝʤʘ 

1ʘ). ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʝʨʠʠ, ʘʪʦʤ ʤʝʜʠ ʙʠʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʬʦʩʬʦʨʘ ʦʪ dtpb ʠ ʘʪʦʤʦʤ ʛʘʣʦʛʝʥʘ, ʧʨʠʥʠʤʘʷ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʣʘʥʘʨʥʫʶ ʛʝʦʤʝʪʨʠʶ.  
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ʇʨʠ 293 ʂ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʟʝʣʸʥʫʶ (>500 ʥʤ) ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʚ 

ʜʝʛʘʟʠʨʦʚʘʥʥʦʤ CH2Cl2 ʠ ʧʣʸʥʢʘʭ mCP, ʜʦʧʠʨʦʚʘʥʥʳʭ 10% ʢʦʤʧʣʝʢʩʘ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ (ʌPL) ʜʦ 60% (ʚ ʨʘʩʪʚʦʨʝ) ʠ 71% (ʚ ʧʣʸʥʢʝ), ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ 4.9ï6.5 ʤʢʩ ʠ 3.2ï6.1 ʤʢʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʊʘʙʣʠʮʘ 1). ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ 

(ɚmax) ʩʤʝʱʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʦʩʪʦʤ ʩʠʣʳ ʧʦʣʷ 

ʣʠʛʘʥʜʘ ʚ ʨʷʜʫ I
ï
 < Br

ï
 < Cl

ï
. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʸʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʸʪʘʤ, 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ (ů + X) Ÿ ˊ* ʧʝʨʝʭʦʜʘʤʠ, ʛʜʝ ů ï ʩʚʷʟʴ CuïP, ʘ X ï ʛʘʣʦʛʝʥ. 

ʊʘʙʣʠʮʘ 1. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [(dtpb)CuX] (ʍ = Cl, Br, I). 

ʍ 
ɼʝʛʘʟʠʨʦʚʘʥʥʳʡ CH2Cl2 ʇʣʸʥʢʠ mCP (+10% ʢʦʤʧʣʝʢʩʘ) 

ɚmax, ʥʤ ʌPL, % Ű, ʤʢʩ ɚmax, ʥʤ ʌPL, % Ű, ʤʢʩ 

Cl 534 43 4.9 520 68 6.1 

Br 527 47 5.4 514 71 5.5 

I 517 60 6.5 504 57 3.2 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [31, 32] ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʠʥʪʝʟʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 

[(dpbp)2CuI] ʠ [(dpna)2CuX] (ʍ = Cl, Br), ʛʜʝ dpbp = 2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʠʬʝʥʠʣ, ʘ dpna = 

1-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʥʘʬʪʘʣʠʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 1ʙ). ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʨʘʙʦʪʝ (ʩʤ. ʚʳʰʝ), ʜʣʷ ʘʪʦʤʦʚ ʤʝʜʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʣʘʥʘʨʥʘʷ ʛʝʦʤʝʪʨʠʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ CuBr ʠ CuCl, ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʨʝʘʢʮʠʠ ʩ dpbp 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʞʝ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [31], ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ Cu2(Õ2-

ʍ)2 (ʩʤ. ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I)). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, CuI ʨʝʘʛʠʨʫʝʪ ʩ dpna ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʯʝʪrʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [32], ʩʦʜʝʨʞʘʱʝʛʦ ʢʫʙʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ [Cu4I4] (ʩʤ. 

ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I)), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ ʙʦӢʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʦʜʠʜʘ ʤʝʜʠ. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʪʚʝʨʜʦʪʝʣʴʥʫʶ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ (ʌʃ) ʚ ʟʝʣʸʥʦʡ (515 ʥʤ) ʠ ʩʠʥʝʡ (439, 463 ʥʤ) ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ 77 ʂ, ɚmax ʩʤʝʱʘʝʪʩʷ ʢʘʢ ʚ ʩʠʥʶʶ (ʠʦʜʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩ dpbp), ʪʘʢ ʠ ʚ 

ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ (ʙʨʦʤʠʜʥʳʡ ʠ ʭʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩʳ ʩ dpna), ʧʨʦʷʚʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʟʘʤʝʪʥʳʡ ʪʝʨʤʦʭʨʦʤʠʟʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɼʣʷ ʠʦʜʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ dpbp, ʘʚʪʦʨʳ [31] 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʨʷʜʢʘ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ ʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ȹE(S1ïT1) 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʊɸɿʌ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʵʤʠʩʩʠʠ (ʊʘʙʣʠʮʘ 2). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩ dpna [32] ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ (0.47 ʠ 0.51 ʥʩ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ, 

ʘ ʟʥʘʯʝʥʠʷ ȹE(S1ïT1) ï ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ, ʥʦ ʥʝ ʥʘ ʪʝʨʤʠʯʝʩʢʠ-ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ 

ʟʘʤʝʜʣʝʥʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ (ʊɸɿʌ), ʪʘʢ ʢʘʢ ȹE(S1ïT1) > 0.186 ʵɺ. 
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ʊʘʙʣʠʮʘ 2. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʷʜʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Cu(I) ʥʘ ʦʩʥʦʚʝ dpbp ʠ dpna. 

ʂʦʤʧʣʝʢʩ 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ȹE(S1ïT1), ʵɺ 
298 K 77 K 298 K 77 K 

[(dpbp)2CuI] 515 494 13.1 147 1 0.0877 

[(dpna)2CuBr] 439 554 0.00047 9574 <0.01 0.3404 

[(dpna)2CuCl] 463 557 0.00051 6122 <0.01 0.4407 

 

 

 

ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʪʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʬʦʩʬʠʥʦʚ. 

ʏʝʪʳʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʥʘ ʦʩʥʦʚʝ TTPP (2,2ǋ-

ʬʝʥʠʣʬʦʩʬʠʥʜʠʠʣ)ʙʠʩ(2,1-ʬʝʥʠʣʝʥ)ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥ), [(TTPP)CuX], X = Cl, Br, I 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [34] (ʉʭʝʤʘ 2ʘ). ɺʳʙʦʨ ʧʦʜʦʙʥʦʛʦ ʪʨʠʬʦʩʬʠʥʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʪʨʝʤʣʝʥʠʝʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʠʟʣʫʯʘʶʱʝʝ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʸʪ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʥʘʭʦʜʠʪʩʷ 

ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʪʨʸʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʦʪ TTPP ʠ ʘʪʦʤʘ 

ʛʘʣʦʛʝʥʘ. 
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ʀʟʫʯʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʣʸʥʢʘʭ mCP ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʜʚʦʡʥʫʶ ʵʤʠʩʩʠʶ ʚ ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ (521ï530 ʥʤ), ʦʙʫʩʣʦʚʣʝʥʥʫʶ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʤʝʭʘʥʠʟʤʦʚ ʊɸɿʌ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ [34]. ʇʨʠ ʵʪʦʤ 

ʩʦʦʪʥʦʰʝʥʠʝ (ʚʢʣʘʜ) ʦʙʦʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ï ʧʨʠ 77 ʂ ʨʝʘʣʠʟʫʝʪʩʷ 

ʨʝʞʠʤ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ 
3
(M+X)LCT ʩʦʩʪʦʷʥʠʷ, ʘ ʧʨʠ 300 ʂ ʠʤʝʝʪ ʤʝʩʪʦ 

ʊɸɿʌ ʠʟ 
1
(M+X)LCT ʩʦʩʪʦʷʥʠʷ (ʤʘʣʳʝ ʚʝʣʠʯʠʥʳ ȹE(S1ïT1) ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ 

ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ ʧʨʠ 300 ʠ 77 ʂ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʊɸɿʌ) (ʊʘʙʣʠʮʘ 

3). 

ʊʘʙʣʠʮʘ 3. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [(TTPP)CuX] (ʍ = Cl, Br, I). 

X 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ȹE(S1ïT1), ʵɺ 
300 K 77 K 300 K 77 K 

Cl 530 531 19 1778 76 0.099 

Br 523 531 16 1611 79 0.094 

I 521 531 11 294 83 0.045
ʘ
 

ʘ
ʆʮʝʥʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʨʘʙʦʪʝ [35] ʠʟʫʯʘʣʠʩʴ ʤʦʥʦʷʜʝʨʥʳʝ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) c ʠʥʪʝʨʝʩʥʳʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ P,N,N,P-ʣʠʛʘʥʜʦʚ ï 1,5-ʜʠ(ʘʨʠʣ)-3,7-ʙʠʩʪʠʦʬʝʥʠʣʵʪʠʣ)-1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ (ʘʨʠʣ = Ph ʠ p-Tol) (ʉʭʝʤʘ 2ʙ). ʂʘʪʠʦʥʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʪʦʤʦʤ ʤʝʜʠ, ʙʠʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʣʠʛʘʥʜʘ, 

ʥʘʭʦʜʷʩʴ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʨʸʭʤʦʜʦʚʫʶ ʵʤʠʩʩʠʶ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ. ʆʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ 

ʪʨʸʭʤʦʜʦʚʫʶ ʵʤʠʩʩʠʶ ʧʨʦʮʝʩʩʘʤʠ ʨʝʣʘʢʩʘʮʠʠ ʩʠʥʛʣʝʪʥʳʭ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʠ ʧʣʘʥʘʨʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʢʘʪʠʦʥʘ Cu(I) ʠ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʇʦʜʦʙʥʦʝ ʬʦʪʦʬʠʟʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ 

ʟʘʤʝʱʸʥʥʳʤʠ ʬʝʥʘʥʪʨʦʣʠʥʘʤʠ [26]. ʇʦʨʷʜʦʢ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ (ʦʢʦʣʦ 1.2 ʥʩ) ʛʦʚʦʨʠʪ ʦ 

ʩʠʥʛʣʝʪʥʦʡ ʧʨʠʨʦʜʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʊʘʙʣʠʮʘ 4). 

ʊʘʙʣʠʮʘ 4. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ P,N,N,P-

ʣʠʛʘʥʜʘʤʠ (ʉʭʝʤʘ 2ʙ). 

ɸʨʠʣ ɚmax, ʥʤ 
Ű, ʥʩ 

ʌPL, % 
298 K 77 K 

Ph 355, 420, 480 1.2 14.3 1.8 

p-Tol 355, 435, 489 1 7.3 1.3 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʢʦʤʧʣʝʢʩʳ, ʦ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʣʦʩʴ ʜʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʘʢ ʵʢʚʠʤʦʣʷʨʥʳʭ [33, 34] ʢʦʣʠʯʝʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʣʠʛʘʥʜʘ ʠ ʩʦʣʠ ʤʝʜʠ(I), ʪʘʢ ʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Cu:L = 1:2 [31, 32, 35] ʚ CH2Cl2 ʠʣʠ MeCN. 

ʅʘ ʬʦʥʝ ʵʪʦʛʦ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ [36] ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʣʝʢʩʦʚ 

Cu(I) ʥʘ ʦʩʥʦʚʝ ʧʠʥʮʝʨʥʦʛʦ-P,N,P ʣʠʛʘʥʜʘ ï 2,6-ʙʠʩ((ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʠʣ)ʧʠʨʠʜʠʥʘ, 

[(PNP
Ph

)CuI] (ʉʭʝʤʘ 2ʚ). ʉʧʦʩʦʙ ʟʘʢʣʶʯʘʣʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʪʘʜʠʠ ʚʳʜʝʣʝʥʠʷ ʣʠʛʘʥʜʘ: 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʦ ʢʘʧʣʷʤ ʧʝʨʝʥʦʩʠʣʘʩʴ ʢ ʨʘʩʪʚʦʨʫ CuI ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʠ ʚʳʜʝʣʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʝʪʦʜʦʤ ʬʣʵʰ-ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ ʦʪ P,N,P-ʣʠʛʘʥʜʘ, ʘ ʪʘʢ ʞʝ ʘʪʦʤʘ ʠʦʜʘ. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʘʪʦʤʳ ʬʦʩʬʦʨʘ, ʤʝʜʠ ʠ ʠʦʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʫʤʤʘ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ P ï 

Cu ï P ʠ  I ï Cu ï P ʚʦʢʨʫʛ ʘʪʦʤʘ ʤʝʜʠ ʩʦʩʪʘʚʣʷʝʪ 359.95Á), ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʦ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [(PNP
Ph

)CuI] ʧʨʦʷʚʣʷʝʪ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩ ɚmax = 534 ʥʤ 

(ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ) ʠ ɚmax = 363 ʠ 537 ʥʤ (ʚ ʨʘʩʪʚʦʨʝ 2-Meʊɻʌ), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʨʝʤʝʥʘʤʠ 

ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 8.4 ʤʢʩ (ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ) ʠ 0.4 ʤʢʩ (ʚ ʨʘʩʪʚʦʨʝ), ʘ ʪʘʢʞʝ 

ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ 16.2 ʠ 1.3%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ɚmax ʚ 

ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ~11ï24 ʥʤ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ ʜʦ 103.2 ʤʢʩ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʠ 

66.9 ʤʢʩ ʚ ʨʘʩʪʚʦʨʝ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʵʤʠʩʩʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟ (M+X)LCT ʩʦʩʪʦʷʥʠʡ [36].  
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ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʬʦʩʬʠʥʦʚ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʤʠʤʦ ʤʦʥʦ- ʠ ʜʠʬʦʩʬʠʥʦʚ [37, 38], ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢ ʞʝ P,O,P- [39ï42] ʠ P,N-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ [42]. ɺ 

ʢʘʯʝʩʪʚʝ N-ʩʦʜʝʨʞʘʱʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ ʚʳʩʪʫʧʘʶʪ ʟʘʤʝʱʸʥʥʳʝ ʧʠʨʠʜʠʥ  r [41, 43ï45], 

ʠʟʦʭʠʥʦʣʠʥ r [46, 47], ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʘʟʦʣʘ [40, 48, 49], ʬʝʥʘʥʪʨʦʣʠʥʘ [38, 50] ʠ 

ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ [39, 42, 51ï55]. 

ɺ ʨʘʙʦʪʝ Lotito ʠʟʫʯʘʣʘʩʴ ʩʝʨʠʷ ʪʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Cu(I) 1ï7 (ʦʨʠʛʠʥʘʣʴʥʘʷ ʥʫʤʝʨʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ [39]) ʥʘ ʦʩʥʦʚʝ 

ʘʨʠʣʬʦʩʬʠʥʦʚ, ʘ ʪʘʢʞʝ DPEphos (ʙʠʩ-[2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣ]ʵʬʠʨ) ʠ ʘʤʠʜʥʳʭ ʩʦ-

ʣʠʛʘʥʜʦʚ. ʂʦʤʧʣʝʢʩʳ 1ï7 (ʈʠʩʫʥʦʢ 1) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ CuBrĀSMe2 ʩ 

ʪʨʠʩ(ʘʨʠʣ)ʬʦʩʬʠʥʦʤ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Cu:L = 1:2 (ʚ ʩʣʫʯʘʝ ʩ DPEphos ï 1:1) ʚ ʙʝʥʟʦʣʝ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʤʠʜʦʤ ʣʠʪʠʷ (ʜʣʷ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʙʨʦʤʠʜ-

ʠʦʥʘ). ɺ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʝʨʠʠ, ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʬʦʩʬʦʨʘ ʠ ʦʜʥʠʤ ï ʘʟʦʪʘ, ʧʨʠʥʠʤʘʷ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʣʘʥʘʨʥʫʶ ʛʝʦʤʝʪʨʠʶ. 

 

ʈʠʩʫʥʦʢ 1. ʊʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʥʘ ʦʩʥʦʚʝ 

ʘʨʠʣʬʦʩʬʠʥʦʚ ʠ ʘʤʠʜʥʳʭ ʩʦ-ʣʠʛʘʥʜʦʚ. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʘʩʪʚʦʨʝ ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ (MeCy), ʢʦʤʧʣʝʢʩʳ 1ï7 

ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʜʠʘʧʘʟʦʥʝ 461ï563 ʥʤ, ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ 

11ï24% ʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʌʃ ʜʦ 11.7 ʤʢʩ (ʊʘʙʣʠʮʘ 5). ʊʘʢ ʞʝ ʫʧʦʤʠʥʘʝʪʩʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʪʚʨyʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʜʥʘʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʥʘ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

[39]. 
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 ʊʘʙʣʠʮʘ 5. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ MeCy. 

ʂʦʤʧʣʝʢʩ ʃʠʛʘʥʜʳ ɚmax, ʥʤ ʌPL, % Ű, ʤʢʩ 

1 R = H, R` = H 521 23 3.2 

2 R = Me, R` = H 546 22 3.1 

3 R = F, R` = H 525 13 2.5 

4 R = H, R` = Me 509 13 2.5 

5 R = H, R` = F 535 11 2.7 

6 DPEPhos 563 18 1.7 

7 Cbz 461 24 11.7 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ ʘʨʠʣʬʦʩʬʠʥʘʤʠ, ʥʘʣʠʯʠʝ ʜʦʥʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʠ (P(p-Tol)3, 4), ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʟʘʤʝʱʸʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (PPh3, 1), ʘ ʵʣʝʢʪʨʦʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ (P(p-FPh)3, 5) 

ï ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ (ʈʠʩʫʥʦʢ 2). ʕʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

ʣʠʛʘʥʜ-ʣʠʛʘʥʜ (LL`CT). 

 

ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1ï7 ʚ MeCy (ɚex = 390 ʥʤ) [39]. 

ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʥʦʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ Cu(I) ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʠ N-ʩʦʜʝʨʞʘʱʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ, [CuX(PPh3)2(L)] (ʍ = Cl, Br, I) (ʉʭʝʤʘ 3). 

ʏʘʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) ʠ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Cu:PPh3 = 1:2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦ-ʣʠʛʘʥʜʘ (L = 4-t-BuPy, 4-NH2Py, 4-NMe2Py, Hnor) ʚ CHCl3 ʠʣʠ 

MeCN [41, 45, 53]. ʂʦʤʧʣʝʢʩʳ ʩ 4-MePy ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʩʧʦʩʦʙʦʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ, 

ʪʘʢ ʠ ʤʝʭʘʥʦʩʠʥʪʝʟʦʤ ï ʧʝʨʝʪʠʨʘʥʠʝʤ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ, ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʠ ʩʦʙʩʪʚʝʥʥʦ 

ʩʦ-ʣʠʛʘʥʜʘ (ʘʥʘʣʦʛʠʯʥʦ ʠ ʜʣʷ L = Py, IQu, 4-AIQu, 5-AIQu, 5-NIQu, 1,6-Nap) [43, 44, 46, 47, 

51]. ʇʦ ʨʝʘʢʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ, ʠʟ ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Cu(I) c 4-MePy ʧʫʪʸʤ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʧʘʨʘʤʠ N-ʩʦʜʝʨʞʘʱʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ (L = Py, Pym, 2-MePyz) ʙr ʣʠ 

ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʦ-ʣʠʛʘʥʜʘʤʠ [54]. ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʢʘʞʜʳʡ 

ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʦʪ 

ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʦʜʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʦʪ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦ-ʣʠʛʘʥʜʘ ʠ ʘʪʦʤʘ 

ʛʘʣʦʛʝʥʘ. 

 

ʉʭʝʤʘ 3. ʇʦʣʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ 

ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʠ N-ʩʦʜʝʨʞʘʱʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ. 

ʂʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʌʃ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (~400ï600 ʥʤ), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʠ 

ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 100% (ʊʘʙʣʠʮʘ 6). ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77ï100 

ʂ, ʜʣʷ ʘʙʩʦʣʶʪʥʦʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ 

ʵʤʠʩʩʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʝʨʤʦʭʨʦʤʠʟʤʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʪʘʢ ʞʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʸʥ 

ʞʠʟʥʠ ʌʃ (ʠʥʦʛʜʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ). ʊʘʢ, ʢʦʤʧʣʝʢʩʳ ʩ 4-MePy, 4-NH2Py ʠ 4-

NMe2Py ʧʨʦʷʚʣʷʶʪ ʊɸɿʌ ʠʟ 
1
(M+X)LCT ʩʦʩʪʦʷʥʠʷ ï ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʤʘʣʳʝ ʚʝʣʠʯʠʥʳ 

ȹE(S1ïT1) < 1500 ʩʤ
-1
 (0.186 ʵɺ) ʠ ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʚʨʝʤʸʥ ʞʠʟʥʠ ʧʨʠ 298 ʠ 77 ʂ, ʪʦʛʜʘ 

ʢʘʢ ʧʨʠ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 
3
(M+X)LCT ʧʝʨʝʭʦʜʘʤʠ [41, 
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44]. ɺʦʦʙʱʝ, ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʠʟ (M+X)LCT 

ʩʦʩʪʦʷʥʠʡ [45, 51, 54]. ɺ ʮʝʣʦʤ, ʚʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦ-ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʝ ʧʠʨʠʜʠʥʘ ʩʤʝʱʘʝʪ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʦ-ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʙʘʪʦʭʨʦʤʥʦ ʩʜʚʠʛʘʪʴ 

ʧʦʣʦʩʫ ʵʤʠʩʩʠʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʨʘʠʚʘʷ ʜʣʠʥʫ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ.  

ʊʘʙʣʠʮʘ 6. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [CuX(PPh3)2(L)] (ʍ = Cl, Br, I). 

X L 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ʉʩʳʣʢʘ 
298 K 77 K 298 K 77 K 

Cl 

Py 498 516 12 27 98 [51] 

4-MePy 468 488 9.4 36 99 [43] 

4-NMe2Py 442 449 6.8 363 38 [41] 

IQu 
491, 515, 

553 

476, 488, 

511, 522, 

549 

506 1285 77 [51] 

Pym 526 ʥ/ʜ 4.3 ʥ/ʜ 40 [54] 

1,6-Nap 636 674 1.5 14 16 [51] 

2-MePyz 627 ʥ/ʜ 5.5 ʥ/ʜ 9 [54] 

Hnor 541 550
ʘ
 ʥ/ʜ [53] 

Br 

Py 483 496 22 49 95 [51] 

4-MePy 467 477 15 52 95 [43] 

IQu 554 

486, 497, 

507, 520, 

532, 561 

132 553 46 [51] 

1,6-Nap 608 634 3.5 38 44 [51] 

Hnor 489 544
ʘ 

ʥ/ʜ [53] 

I 

Py 485 506 19 91 99 [51] 

4-MePy 455 458 9.5 52 66 [43] 

4-t-BuPy 454 470 3.1 9 100 [45] 

4-NH2Py 436 438 12.8 102 37 [41] 

I-Ŭ IQu 535 
486, 521, 

561, 610 
65 310 63 

[47] 

I 

4-AIQu 543, 584 
539, 553, 

583 
810 2875 2.4 

5-AIQu 584, 611 
564, 580, 

613 
758 2651 2.4 

1,6-Nap 571 585 5 73 73 [51] 

Hnor 486 545
ʘ 

ʥ/ʜ [53] 

ʘ
ɿʘʧʠʩʘʥʦ ʧʨʠ 100 ʂ. 
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ɺ ʨʘʙʦʪʘʭ ɺʠʥʦʛʨʘʜʦʚʦʡ ʠ ʢʦʣʣʝʛ [48], Yang [49] ʠ Sun [50] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʩʦʩʪʘʚʘ [Cu(N^N)(PPh3)X] (ʍ = Cl, Br, 

I), ʛʜʝ N^N ʣʠʛʘʥʜ ï ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʠʜʘʟʦʣʘ [48, 49] ʠʣʠ ʬʝʥʘʥʪʨʦʣʠʥʘ [50] (ʉʭʝʤʘ 4). 

ʉʠʥʪʝʟ ʧʦʜʨʘʟʫʤʝʚʘʣ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) ʠ 

N^N ʣʠʛʘʥʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ PPh3 [48] (ʉʭʝʤʘ 4ʘ), ʪʘʢ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʩʤʝʰʠʚʘʥʠʝ ʪʨʸʭ ʨʝʘʛʝʥʪʦʚ [49, 50] (ʉʭʝʤʘ 4ʙ). ɼʣʷ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ [Cu@N2PX] ʛʝʦʤʝʪʨʠʷ. 

 

ʉʭʝʤʘ 4. ʉʠʥʪʝʟ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʠ N^N ʩʦ-ʣʠʛʘʥʜʦʚ. 

ʂʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ, ʚ ʜʠʘʧʘʟʦʥʝ 515ï620 ʥʤ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʤʠʩʩʠʶ 
3
MLCT-

ʪʠʧʘ (ʊʘʙʣʠʮʘ 7). ʌʃ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʘʟʦʣʘ (ʉʭʝʤʘ 4, N^N-

ʣʠʛʘʥʜ, L1) ʙʳʣʘ ʪʘʢ ʞʝ ʠʟʫʯʝʥʘ ʠ ʚ ʨʘʩʪʚʦʨʝ CH2Cl2, ʛʜʝ ʵʤʠʩʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ 

ʠʥʪʨʘʣʠʛʘʥʜʥʳʤʠ (IL), ʪʘʢ ʠ 
3
MLCT ʧʝʨʝʭʦʜʘʤʠ [48]. ɿʜʝʩʴ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʠʣʦʡ ʧʦʣʷ ʣʠʛʘʥʜʘ (I
ï
 < Br

ï
 < Cl

ï
). ʊʘʢ ʞʝ (ʉʭʝʤʘ 4, N^N-ʣʠʛʘʥʜ, L2), ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʨʘʩʪʸʨʪʳʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʛʜʝ ʥʘʣʠʯʠʝ ʚ 

ʢʨʠʩʪʘʣʣʝ ḯ́ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦӢʣʴʰʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʞʸʩʪʢʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʠ ʩʤʝʱʝʥʠʶ ɚmax ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ 

(ʊʘʙʣʠʮʘ 7) [49]. 
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ʊʘʙʣʠʮʘ 7. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [Cu(N^N)(PPh3)X]  (ʍ = Cl, Br, I) ʧʨʠ 

298 ʂ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʨʘʩʪʚʦʨʝ CH2Cl2. 

X N^N 

ɚmax, ʥʤ Ű, ʤʢʩ ʌPL, % 

ɺ 

ʪʚʸʨʜʦʤ 

ʪʝʣʝ 

ɺ 

ʨʘʩʪʚʦʨʝ 

CH2Cl2 

ɺ 

ʪʚʸʨʜʦʤ 

ʪʝʣʝ 

ɺ 

ʨʘʩʪʚʦʨʝ 

CH2Cl2 

ɺ 

ʪʚʸʨʜʦʤ 

ʪʝʣʝ 

ɺ 

ʨʘʩʪʚʦʨʝ 

CH2Cl2 

Cl L1 620 377 3.6 0.00192 1.69 31 

Br L1 605 377, 691 8.8 0.00186 6.27 30 

I 

L1 559 377, 681 11.2 0.00194 29.4 29.5 

L2 
515

ʘ 

ʥ/ʜ 

19.8 

ʥ/ʜ 

52.8 

ʥ/ʜ 524
ʙ 

24.4 39.4 

L3 600 46 81 

ʘ
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, 

ʙ
ʨʘʩʪʸʨʪʳʡ ʧʨʦʜʫʢʪ.  

ʉʝʨʠʷ ʯʝʪʳʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 

P̂ P ʣʠʛʘʥʜʦʚ: dpts (2-ʪʨʠʤʝʪʠʣʩʠʣʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥ)ʪʠʦʬʝʥ), dppt (3,4-

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥ)ʪʠʦʬʝʥ) ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, [Cu(P̂ P)(PPh3)X] (ʍ = Cl, Br, I) ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʩʪʘʪʴʝ Guo [37].  

 

ʉʭʝʤʘ 5. ʇʦʣʫʯʝʥʠʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʠ dpts/dppt. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʪʚʝʨʜʦʪʝʣʴʥʫʶ, ʦʪ ʩʠʥʝ-ʟʝʣʸʥʦʛʦ ʜʦ ʞʸʣʪʦ-

ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ (485ï535 ʥʤ) ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 52%. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɚmax ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ dpts ʩʤʝʱʸʥ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ~30 ʥʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʟʘʤʝʱʸʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʘʩʠʤʤʝʪʨʠʝʡ ʣʠʛʘʥʜʘ. ʇʨʠ 77 ʂ, 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ~8ï30 

ʥʤ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, 

ʚʳʟʚʘʥʥʦʡ ʩʪʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʩʦʩʪʘʚʣʷʶʪ Ű297ʂ = 4.2ï48.9 ʤʢʩ 

ʠ Ű77ʂ = 73.9ï772 ʤʢʩ ï ʪʘʢʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ ʠ ʟʥʘʯʝʥʠʷ 

ȹE(S1ïT1) < 0.186 ʵɺ (ʊʘʙʣʠʮʘ 8) ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʧʨʝʜʧʦʣʦʞʠʪʴ ʊɸɿʌ ʧʨʠ 297 ʂ ʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʧʨʠ 77 ʂ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʦʷʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʵʤʠʩʩʠʠ [37]. 
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ʊʘʙʣʠʮʘ 8. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Cu(I) c P̂ P ʣʠʛʘʥʜʘʤʠ ʠ 

PPh3. 

X P^P 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL,% ȹE(S1ïT1), ɻ ɺ
ʘ
 

297 K 77 K 297 K 77 K 

Cl 
dppt 516 508 4.2 462 3 0.1052 

dpts 535 536 20.8 772 29 0.1283 

Br 
dppt 535 502 10 469 7 0.1043 

dpts 506 498 48.9 595 52 0.1278 

I 
dppt 515 499 9 108 18 0.0575 

dpts 485 473 36.4 73.9 41 0.059 

ʘ
ʆʮʝʥʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʈʷʜ ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I), ʦʙʣʘʜʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʡ 

ʊɸɿʌ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ, ʙʳʣ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, P̂ P ʠ P̂ N 

ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢ ʞʝ N^N ʩʦ-ʣʠʛʘʥʜʦʚ [38, 40, 42] (ʉʭʝʤʘ 6). ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ, ʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʜʣʷ ʘʪʦʤʦʚ ʤʝʜʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʢʘʞʸʥʥʘʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ 

ʛʝʦʤʝʪʨʠʷ.  

ʊʘʢ, ʚ ʨʘʙʦʪʝ Chen ʩʦʝʜʠʥʝʥʠʷ [Cu(czpzpy)(PPh3)2]BF4 ʠ [Cu(czpzpy)(DPEPhos)]BF4 

(czpzpy = 2-(9H-ʢʘʨʙʘʟʦʣʠʣ)-6-(1H-ʧʠʨʘʟʦʣʠʣ)ʧʠʨʠʜʠʥ) ʧʨʦʷʚʣʷʶʪ ʌʃ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ ʠ ʚ 

ʜʝʛʘʟʠʨʦʚʘʥʥʦʤ CH2Cl2, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ 45 ʠ 98% (ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ), ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 134 ʠ 23 ʤʢʩ (298 K), 671 ʠ 521 ʤʢʩ (77 ʂ) [40], 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɻʨʘʯʸʚʦʡ ʠ ʢʦʣʣʝʛ [42], ʢʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʞʸʣʪʦ-

ʦʨʘʥʞʝʚʫʶ (>580 ʥʤ) ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢ ʞʝ ʚ ʧʣʸʥʢʘʭ ʇʄʄɸ ʠ 

ʟʘʤʦʨʦʞʝʥʥʦʤ 1,2-ʜʠʭʣʦʨʵʪʘʥʝ (1,2-DCE) (ʊʘʙʣʠʮʘ 9). ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 

77 ʂ) ʜʣʷ ʪʚʸʨʜʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ, ʩʤʝʱʝʥʠʝ 

ɚmax ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ~25 ʥʤ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ (ʚ 10ï60 ʨʘʟ) ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ. 

ʕʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʚʷʟʘʥʘ ʩ MLCT ʧʝʨʝʭʦʜʘʤʠ. 

ʊʘʙʣʠʮʘ 9. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

298 ʂ ʠ 77 ʂ. 

ʂʦʤʧʣʝʢʩ 
298 ʂ 77 ʂ 

ʌPL, % 
ɚmax, ʥʤ Ű, ʤʢʩ ɚmax, ʥʤ Ű, ʤʢʩ 

[Cu(
L
P)(Xantphos)]PF6 660 173.7 645 1559.9 1.1 

[Cu(
L
P)(PPh3)2]PF6 624 29.2 635 1737.4 <1 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 9. 

ʂʦʤʧʣʝʢʩ 
298 ʂ 77 ʂ 

ʌPL, % 
ɚmax, ʥʤ Ű, ʤʢʩ ɚmax, ʥʤ Ű, ʤʢʩ 

[Cu(
L
N)(Xantphos)]PF6 607 6.5 622 70.5 2.4 

[Cu(
L
N)(PPh3)2]PF6 582 12.7 620 87.1 11.5 

 

ʉʭʝʤʘ 6. ʇʦʣʫʯʝʥʠʝ ʢʘʪʠʦʥʥʳʭ ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 

P̂ P, P̂ N ʣʠʛʘʥʜʦʚ ʠ N^N ʩʦ-ʣʠʛʘʥʜʦʚ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [52, 55] ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʠʥʪʝʟʝ ʢʘʪʠʦʥʥʳʭ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Cu(I) ʥʘ ʦʩʥʦʚʝ ʘʨʠʣʬʦʩʬʠʥʦʚ ʠ ʪʨʠʧʦʜʘʣʴʥʦʛʦ ʩʦ-ʣʠʛʘʥʜʘ ï tpym (ʪʨʠʩ(2-

ʧʠʨʠʜʠʣ)ʤʝʪʘʥ). ʍʦʪʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ [Cu(MeCN)4]BF4
ï
/PF6

ï
, tpym ʠ P(

R
Ph)3 ʚ MeCN ʠʣʠ CH2Cl2, 

ʢʦʤʧʣʝʢʩ [Cu(PPh3)(tpym)]BPh4 ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ tpym, CuCl ʠ NaBPh4 ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ PPh3 (ʉʭʝʤʘ 7). ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʩʠʥʶʶ 

(449ï446 ʥʤ) ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʨʠ 300 ʂ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʧʣʸʥʢʘʭ ʇʄʄɸ ʠ ʚ 

ʜʝʛʘʟʠʨʦʚʘʥʥʦʤ CH2Cl2, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 86% (ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ), 

75% (ʚ ʧʣʸʥʢʘʭ) ʠ 76% (ʚ ʨʘʩʪʚʦʨʝ CH2Cl2), ʘ ʪʘʢʞʝ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ (5ï14 ʤʢʩ) 

ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʌʃ. ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ, ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʝʥʘ ʊɸɿʌ ʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ ʠʟ 
1,3
(M+X)LCT ʩʦʩʪʦʷʥʠʡ [52, 55]. 
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ʉʭʝʤʘ 7. ʇʦʣʫʯʝʥʠʝ ʢʘʪʠʦʥʥʳʭ ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 

ʘʨʠʣʬʦʩʬʠʥʦʚ ʠ tpym. 

ɹʠ̫ ʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʪʘʢ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʂʇ). ʏʘʱʝ ʚʩʝʛʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ 

ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ Cu2(Õ2-ʍ)2Ln, ʛʜʝ n = 2ï4, ʍ ï ʛʘʣʦʛʝʥ, ʘ L ï ʵʪʦ N-, P- ʠʣʠ P,N-

ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ Cu2(Õ2-ʍ)2 ʠʤʝʝʪ ʣʠʙʦ ʧʣʦʩʢʫʶ 

ʢʦʥʬʦʨʤʘʮʠʶ, ʣʠʙʦ ʢʦʥʬʦʨʤʘʮʠʶ çʙʘʙʦʯʢʘè ʠʣʠ ʠʟʦʛʥʫʪʳʡ ʨʦʤʙ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʜʠ ʤʦʞʝʪ ʙʳʪʴ ʪʨʠʛʦʥʘʣʴʥʳʤ (ʂʏ = 3) ʠʣʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ (ʂʏ = 

4). ɺ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʜʣ̫ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʪʫʧʘʶʪ ʤʦʥʦ- [31, 56ï60, 

69ï71] ʠ ʜʠʬʦʩʬʠʥʳ [61ï64], ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ P,N-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ [22, 36, 63ï71].  

ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [31, 56ï60] ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʠʥʪʝʟʝ ʙʠʷʜʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʥr ʭ 

ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ PR3 = PCy3, P(o-An)3 [56, 57] ʠ Ph2PR = dpbp [31], dpnp (N-[2-

(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-4,5-ʜʠʤʝʪʠʣʬʝʥʠʣ]-N-ʬʝʥʠʣʘʥʠʣʠʥ) [58] ʠ dppc (3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-9-

[2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣ]ʢʘʨʙʘʟʦʣ) [59] (ʉʭʝʤʘ 8). ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʣʦʩʢʠʡ ʬʨʘʛʤʝʥʪ Cu2(Õ2-ʍ)2, ʛʜʝ ʨʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ʩʦʩʪʘʚʣʷʶʪ 2.6ï3.0 ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʤʝʪʘʣʣʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʫʤʤʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ Cu - 2.80 ¡) 

[72], ʘ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʪʨʠʛʦʥʘʣʴʥʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ 

ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʠ ʦʜʥʦʛʦ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʦʪ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ.  

ʂʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʵʤʠʩʩʠʶ ʚ ʩʠʥʝ-ʟʝʣʸʥʦʤ (483ï538 ʥʤ) 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ (6.4ï124 

ʤʢʩ) ʠ ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ (<1%) (ʊʘʙʣʠʮʘ 10). ʇʨʠ 77 ʂ, ɚmax 

ʩʤʝʱʘʝʪʩʷ ʢʘʢ ʚ ʩʠʥʶʶ (ʙʨʦʤʠʜʥʳʡ ʠ ʭʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ dpbp), ʪʘʢ ʠ ʚ 

ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ (ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ dpnp ʠ dppc), ʧʨʠ ʵʪʦʤ ʤʝʥʷʝʪʩʷ ʮʚʝʪʥʦʩʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ (M+X)LCT, ʪʘʢ ʠ IL ʧʝʨʝʭʦʜʘʤʠ. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʧʨʠ 298 ʠ 77 ʂ 
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ʨʘʟʣʠʯʘʶʪʩʷ ʚ 4ï285 ʨʘʟ, ʘ ʚʝʣʠʯʠʥʳ ȹE(S1ïT1) ʤʝʥʴʰʝ 0.186 ʵɺ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʊɸɿʌ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʵʤʠʩʩʠʠ [31, 58ï60].  

 

ʉʭʝʤʘ 8. ʉʠʥʪʝʟ ʙʠʷʜʝʨʥʳʭ ʪʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 

ʘʨʠʣʬʦʩʬʠʥʦʚ. 

ʊʘʙʣʠʮʘ 10. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [Cu2(Õ2-ʍ)2(Ph2PR)2]. 

X Ph2PR 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ȹE(S1ïT1), ʵɺ 
298 K 77 K 298 K 77 K 

Cl 

dpbp 538 520 11.8 58.5 0.36 0.1451 

dpnp 487 507 38.1 6733 <0.01 0.076 

dppc 435, 492
ʘ
 507 7.4

ʘ
 338 <0.01 0.0745 

Br 

dpbp 532 524 19.1 159 0.06 0.1073 

dpnp 487 507 29 7457 <0.01 0.105 

dppc 495
ʘ
 514 124

ʘ
 419 <0.01 0.0926 

I 
dpnp 483 502 13.9 3954 <0.01 0.097 

dppc 428, 492
ʘ
 434, 501 6.4

ʘ
 459 <0.01 0.0453 

ʘ
ɿʘʧʠʩʘʥʦ ʧʨʠ 293 ʂ. 

ʃʠʥʝʡʢʘ ʙʠʷʜʝʨʥʳʭ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ CuI ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ P̂ P ʙʠʜʝʥʪʘʪʥʳʭ ʬʦʩʬʠʥʦʚ: dppb (1,2-

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʣ), dpppy (2,3-ʙʠʩ-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʠʨʠʜʠʥ), dpppyz (2,3-

ʙʠʩ-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʠʨʘʟʠʥ), dppt ʠ dppt* (2,3-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥ)ʪʠʦʬʝʥ) ʚ ʪʦʣʫʦʣʝ 

[61, 62] (ʉʭʝʤʘ 9ʘ). ʀʥʪʝʨʝʩʝʥ ʪʘʢ ʞʝ ʢʦʤʧʣʝʢʩ ʥʘ ʦʩʥʦʚʝ 8-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʭʠʥʦʣʠʥʘ 

(NP
Ph

), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [36] ʧʦ ʨʝʘʢʮʠʠ c ʠʦʜʠʜʦʤ ʤʝʜʠ(I) ʚ ʩʤʝʩʠ 

MeCN/CH2Cl2 (ʉʭʝʤʘ 9ʙ). ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʬʨʘʛʤʝʥʪ Cu2(Õ2-I)2 ʠʤʝʝʪ 
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ʢʦʥʬʦʨʤʘʮʠʶ çʙʘʙʦʯʢʘè, ʛʜʝ ʜʚʫʛʨʘʥʥʳʝ ʫʛʣʳ Cu ï I ï Cu ʩʦʩʪʘʚʣʷʶʪ ~137.7Á, ʘ ʢʘʞʜʳʡ 

ʘʪʦʤ ʤʝʜʠ ʧʨʠʥʠʤʘʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ. 

 

ʉʭʝʤʘ 9. ʉʠʥʪʝʟ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ P̂ P ʠ P̂ N ʣʠʛʘʥʜʦʚ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʢʦʤʧʣʝʢʩʳ [Cu2(Õ2-I)2(P̂ P)2] ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʌʃ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ: 483 ʠ 487 ʥʤ (P̂ P = dppt ʠ dppt*) [61] ʠ 497ï638 ʥʤ 

(P̂ P = dppb, dpppy ʠ dpppyz) ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʧʣʸʥʢʘʭ ʇʄʄɸ [62]. ʂʚʘʥʪʦʚʳʝ 

ʚʳʭʦʜ rʌʃ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʣʷʶʪ 2ï99% (ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ) ʠ ʜʦ 58% (ʚ ʧʣʸʥʢʘʭ 

ʇʄʄɸ). ɼʣʷ ʚʩʝʡ ʣʠʥʝʡʢʠ ʭʘʨʘʢʪʝʨʥʳ ʢʦʨʦʪʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʦʪ 0.41 ʜʦ 9.46 ʤʢʩ (ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ) (ʊʘʙʣʠʮʘ 11). ʇʨʠ 77 ʂ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ dppb 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ~20 ʥʤ [62], ʪʦʛʜʘ ʢʘʢ 

ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ dppt ʠ dppt* ɚmax ʩʤʝʱʸʥ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ~14 ʥʤ [61]. 

ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 50 ʜʦ 210 ʤʢʩ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʨʘʟ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ 77 ʂ 

ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʟʤ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠʟ 
3
(M+X)LCT ʩʦʩʪʦʷʥʠʷ, ʘ ʧʨʠ 300 ʂ ʠʤʝʝʪ 

ʤʝʩʪʦ ʊɸɿʌ ʠʟ 
1
(M+X)LCT ʩʦʩʪʦʷʥʠʷ (ʚʝʣʠʯʠʥʳ ȹE(S1ïT1) ~ 0.074 ʵɺ ʵʪʦ ʚʧʦʣʥʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ) [61, 62].  
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ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩ [Cu2(Õ2-I)2(NP
Ph

)2] ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʵʤʠʩʩʠʶ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ (ɚmax = 664 ʥʤ), ʦʙʣʘʜʘʝʪ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 

1.6% ʠ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʌʃ 0.5 ʤʢʩ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ 

ʩʜʚʠʛʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ~14 ʥʤ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 51.6 

ʤʢʩ. ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ, ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʘ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

(M+X)LCT-ʪʠʧʘ [36].  

ʊʘʙʣʠʮʘ 11. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [Cu2(Õ2-I)2(P̂ P)2]  ʧʨʠ 298 

ʠ 77 ʂ. 

P^P 

ɚmax, ʥʤ Ű, ʤʢʩ ʌPL, % 

ɺ ʪʚʸʨʜʦʤ 

ʪʝʣʝ 

ɺ ʧʣʸʥʢʘʭ 

ʇʄʄɸ 

ɺ ʪʚʸʨʜʦʤ 

ʪʝʣʝ 

ɺ ʧʣʸʥʢʘʭ 

ʇʄʄɸ 
ɺ 

ʪʚʸʨʜʦʤ 

ʪʝʣʝ 

ɺ 

ʧʣʸʥʢʘʭ 

ʇʄʄɸ 298   77    298   77 ʂ 298  77   298  77 ʂ 

dppb 497 495 514 520 4.04 210 4.61 240 99 58 

dpppy 548 534 565 561 3.96 112 3.9 127 48 24 

dpppyz 638 618 656 652 0.41 50 0.19 39 2 <1 

dppt 487 500 
ʥ/ʜ 

9.46 59.3 
ʥ/ʜ 

69 
ʥ/ʜ 

dppt* 483 494 7.62 116 86 

 

ʐʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʠʷʜʝʨʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʥʘ 

ʦʩʥʦʚʝ P̂ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, [Cu2(ɛ2-X)2(P̂ Ɂ)3] (ʍ = Cl, Br, I) (ʉʭʝʤʘ 10). ʉʦʝʜʠʥʝʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) ʠ P̂ N-ʣʠʛʘʥʜʘ, ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Cu:P̂ N = 

2:3 ʚ CH2Cl2 [63, 65ï67]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʘʪʦʤʳ ʤʝʜʠ 

ʧʨʠʥʠʤʘʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ, 

ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʦʪ ʦʜʥʦʛʦ P̂ N ʣʠʛʘʥʜʘ ʠ ʘʪʦʤʘ ʘʟʦʪʘ ʦʪ ʜʨʫʛʦʛʦ.  

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 1ï23 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʌʃ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʸʤ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʦʪ ʩʠʥʝʛʦ ʜʦ ʢʨʘʩʥʦʛʦ (~481ï713 ʥʤ), 

ʘ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʌʃ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 3 ʜʦ 96% [63, 65ï67]. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʝʜʠʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

18, 20ï23 ʠ ʭʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ 11 ï ʧʨʠ 298 ʂ ʦʙʣʘʜʘʶʪ ʢʦʨʦʪʢʠʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (< 2 ʤʢʩ!) (ʊʘʙʣʠʮʘ 12). ɼʣʷ ʩʝʨʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 1 ʠ 11, 

ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʩʤʝʱʘʝʪʩʷ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʦʪ ʭʣʦʨʠʜʥʦʛʦ ʢ ʠʦʜʠʜʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ (Cl > Br > I) [67]. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 77 ʂ, ʜʣʷ ʩʝʨʠʡ ʢʦʤʧʣʝʢʩʦʚ 1, 11 ʠ 12 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax, ʘ ʪʘʢ ʞʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʸʥ ʞʠʟʥʠ ʵʤʠʩʩʠʠ (c 1.2ï

8.8 ʜʦ 17.4ï110 ʤʢʩ). ʊʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 18, 20ï23 ɚmax ʩʤʝʱʸʥ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ~ 

10 ʥʤ, ʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 19 ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʙʝʟ ʚʳʨʘʞʝʥʥʦʛʦ 
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ʪʝʨʤʦʭʨʦʤʥʦʛʦ ʵʬʬʝʢʪʘ [63]. ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 
3
(M+X)LCT ʧʝʨʝʭʦʜʘʤʠ [63, 66, 68]. ʆʜʥʘʢʦ 

ʢʦʤʧʣʝʢʩʳ 1, 11 ʠ 12 ʧʨʦʷʚʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʊɸɿʌ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʧʨʠ 77 ʂ [67]. ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ 1ï4, 16 ʠ 17 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦ-ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʧʠʨʠʜʠʥʘ ʠʣʠ ʚ 6-

ʧʦʣʦʞʝʥʠʝ ʙʝʥʟʦ[d]ʪʠʘʟʦʣʘ, ʩʤʝʱʘʝʪ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ, ʘ ʫʚʝʣʠʯʝʥʠʝ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 11, 12 ʠ 15 ï ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ. 

 

ʉʭʝʤʘ 10. ʉʠʥʪʝʟ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 

ʛʠʙʨʠʜʥʳʭ P,N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ. 

 



29 

 

ʊʘʙʣʠʮʘ 12. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [Cu2(ɛ2-X)2(P̂ Ɂ)3] (ʍ = Cl, Br, I). 

X P^N 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ʉʩʳʣʢʘ 
298 K 77 K 298 K 77 K 

Cl 
1 577 592 7.9 65 37 

[67] 

11 616 626 1.2 30 9 

Br 

1 545 567 8.8 110 53 

11 583 584 2.5 29 33 

12 660 668 2 42 11 

I 

1 539 552 6.5 32 81 

2 523 ʥ/ʜ 70 [65] 

11 565 575
 

2.7 17.4 13 
[67] 

12 636 645
 

3.3 22 38 

17 546 ʥ/ʜ 94 [65] 

18 485 475 1.09 38.7 19 

[63] 

19 485 485 3.69 49.8 95 

20 458 441 1.61 18.4 10 

21 496 487 1.77 33.8 26 

22 544 539 1.81 24.8 70 

23 548 ʥ/ʜ 1.19 ʥ/ʜ 68 

 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Cu2(ɛ2-X)2(P̂ Ɂ)(P(
R
Ph)3)2] (ʍ = Cl, Br, I), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

P̂ N-ʣʠʛʘʥʜʦʚ ʚʳʩʪʫʧʘʶʪ ʚ ʮʝʣʦʤ, ʪʝ ʞʝ ʜʠʬʝʥʠʣ(ʛʝʪʝʨʦʘʨʠʣ)ʬʦʩʬʠʥʳ, ʘ P(
R
Ph)3 ï ʧʘʨʘ-

ʟʘʤʝʱʸʥʥʳʝ ʘʨʠʣʬʦʩʬʠʥʳ (ʉʭʝʤʘ 11) [64, 69ï71]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʠʣʬʦʩʬʠʥʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦ-ʣʠʛʘʥʜʦʚ ʦʙʲʷʩʥʷʣʦʩʴ ʘʚʪʦʨʘʤʠ ʞʝʣʘʥʠʝʤ ʧʦʚʳʩʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ [69, 70], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʘʨʴʠʨʦʚʘʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ P̂ N-

ʣʠʛʘʥʜʝ ʧʦʟʚʦʣʷʣʦ ʠʟʤʝʥʷʪʴ ʵʥʝʨʛʠʠ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ (ɺɿʄʆ ʠ ʅʉʄʆ) ʪʝʤ ʩʘʤʳʤ, 

ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʢʘʢ ʠ ʚ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʘʭ). 

ʇʨʠ 298 ʂ ʢʦʤʧʣʝʢʩʳ 1ʘ-dï18a ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ, ʦʪ ʪʸʤʥʦ-ʛʦʣʫʙʦʛʦ ʜʦ ʞʸʣʪʦʛʦ 

ʮʚʝʪʘ, ʵʤʠʩʩʠʶ (451ï579 ʥʤ) ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʜʝʛʘʟʠʨʦʚʘʥʥʦʤ CH2Cl2 ʠ ʧʣʸʥʢʘʭ 

ʇʄʄɸ. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʣʝʞʘʪ ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 1 ʜʦ 4 ʤʢʩ, ʘ 

ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʜʦʩʪʠʛʘʶʪ 99 % (ʊʘʙʣʠʮʘ 13) [64, 69, 70]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦ-ʣʠʛʘʥʜʦʚ ʚ ʩʝʨʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 1ʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ 
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ʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʘʤ ʞʠʟʥʠ Ű = 1.93ï2.75 ʤʢʩ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʩʝʨʠʠ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ [Cu2(ɛ2-X)2(Ph2PPy)3], Ű = 6.5ï8.8 ʤʢʩ [67, 69]. ʅʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʘʨʠʣʬʦʩʬʠʥʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 5ʘ,b ʠ 6ʘ,b ï 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ɚmax ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ, ʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 1ʘ-d ʠ 2ʘ-c ʥʘʦʙʦʨʦʪ ï ɚmax 

ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦӢʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ (ʊʘʙʣʠʮʘ 13) [70]. 

 

ʉʭʝʤʘ 11. ʉʠʥʪʝʟ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ P,N-

ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʘʨʠʣʬʦʩʬʠʥʦʚ. 

ʊʘʙʣʠʮʘ 13. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [Cu2(ɛ2-X)2(P̂ Ɂ)(P(
R
Ph)3)2] 

(ʍ = Cl, Br, I) ʧʨʠ 298 ʂ. 

ʂʦʤʧʣʝʢʩ X P(
R
Ph)3 P^N ɚmax, ʥʤ Ű, ʤʢʩ ʌPL, % ʉʩʳʣʢʘ 

1ʘ Cl 
R = H 

1 579 2.32 42 

[69] 1a Br 1 545 1.93 70 

1a 

I 

R = H 1 514 2.75 86 

1b R = F 1 524 5.8 93 
[70] 

1c R = Cl 1 528 10.2 80 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 13. 

ʂʦʤʧʣʝʢʩ X P(
R
Ph)3 P^N ɚmax, ʥʤ Ű, ʤʢʩ ʌPL, % ʉʩʳʣʢʘ 

1d 

I 

R = CF3 1 541 5.5 70 [70] 

2a R = H 2 515 3.78 88 [69] 

2b R = F 2 519 5.5 89 

[70] 2c R = Cl 2 524 6.8 76 

2d R = CF3 2 524 5.5 90 

3a 

R = H 

3 522 3.05 99 
[69] 

4a 4 540 2.67 91 

5a 5 549 5.1 73 

[70] 
5b R = F 5 539 7.3 73 

6a R = H 6 547 5.5 79 

6b R = F 6 519 6.3 88 

7a 

R = H 

7 552 2.19 75 

[69] 

8a 8 498 2.96 99 

9a 9 499 2.11 72 

10a 10 506 2.17 50 

11a 11 506 2.85 99 

12a 12 556 1.62 85 

13a 13 558 3.67 86 

14a 14 545 2.52 93 

15a 15 468 2.82 72 

16a 16 451 1.09 36 

17a 17 478 4.22 87 

18a 18 481 2.49 91 

ɹʦʣʴʰʦʡ ʛʨʫʧʧʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʝ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʥʘ 

ʦʩʥʦʚʝ ʘʨʠʣʬʦʩʬʠʥʦʚ (ʯʘʱʝ ʚʩʝʛʦ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ) ʠ N-ʩʦʜʝʨʞʘʱʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ (L) ï 

ʚ ʦʩʥʦʚʥʦʤ ʟʘʤʝʱʸʥʥʳʭ ʧʠʨʠʜʠʥʦʚ (ʉʭʝʤʘ 12) [45, 56, 73, 74]. ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʠ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) ʠ ʘʨʠʣʬʦʩʬʠʥʘ, ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ CuX:PR3 = 1:1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʩʦ-ʣʠʛʘʥʜʘ (L = Py, 3-MePy, 4-MePy, 4-t-BuPy, 4-PhPy, PyrPy, 3-BzPy, 4-BzPy) ʚ CHCl3 [45, 

56, 74]. ʂʦʤʧʣʝʢʩʳ ʩ 3-BrPy, 4-MePym ʠ 4,6-dm-Pym ʧʦʣʫʯʝʥʳ ʤʝʭʘʥʦʩʠʥʪʝʟʦʤ ï 

ʧʝʨʝʪʠʨʘʥʠʝʤ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʩ ʠʟʙʳʪʢʦʤ ʩʦ-ʣʠʛʘʥʜʘ 

(ʩʧʨʘʚʝʜʣʠʚʦ ʪʘʢʞʝ ʜʣʷ L = Py, 3-MePy, 4-MePy, PyrPy) [73, 74]. ʂʦʤʧʣʝʢʩ ʩ 1-MeBimz 

ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ï ʵʢʚʠʤʦʣʷʨʥʳʝ ʢʦʣʠʯʝʩʪʚʘ CuI, PPh3 ʠ 1-
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MeBimz ʥʘʛʨʝʚʘʣʠʩʴ ʜʦ 80
o
ʉ ʚ ʩʤʝʩʠ CH2Cl2/ʪʦʣʫʦʣ [73]. ɼʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʦʩʢʠʡ ʬʨʘʛʤʝʥʪ Cu2(Õ2-ʍ)2, ʛʜʝ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ 

ʛʝʦʤʝʪʨʠʶ, ʘ ʨʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ~ 3.0ï3.4 ¡, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʘʣʣʦʬʠʣʴʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʣʦʚʝʨʦʷʪʥʳ. 

 

ʉʭʝʤʘ 12. ʇʦʣʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ 

ʦʩʥʦʚʝ ʘʨʠʣʬʦʩʬʠʥʦʚ ʠ N-ʩʦʜʝʨʞʘʱʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ (ɚmax = 435ï670 ʥʤ), 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ (M+X)LCT-ʪʠʧʘ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ 77ï80 ʂ, 

ɚmax ʩʤʝʱʘʝʪʩʷ ʢʘʢ ʚ ʩʠʥʶʶ, ʪʘʢ ʠ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʠ ~3ï50 ʥʤ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 2ï5 ʨʘʟ (ʊʘʙʣʠʮʘ 14). ɺ ʮʝʣʦʤ, ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦ-ʜʦʥʦʨʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʧʠʨʠʜʠʥʘ ʠʣʠ ʧʠʨʠʤʠʜʠʥʘ ï ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ɚmax [45, 

56, 73]. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ L = PyrPy, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʩʬʠʥʦʚ ʩ ʵʣʝʢʪʨʦʥʦ-ʜʦʥʦʨʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ï P(m-Tol)3 ʠ P(p-Tol)3, ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ɚmax ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ [74]. 
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ʊʘʙʣʠʮʘ 14. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [Cu2(ɛ2-X)2(PR3)2(L)2] (ʍ = Cl, Br, I). 

X PR3 L 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ʉʩʳʣʢʘ 
290 K 80 K 290 K 80 K 

Cl PPh3 

Py 515 515 16 23 66 

[56] 

3-MePy 505 510 14 24 66 

4-MePy 490 490 16 18 85 

4-PhPy 580 595 7.8 18 31 

3-BzPy 620 625 0.21 2.7 <1 

4-BzPy 670 690 0.11 0.68 <1 

Br PPh3 

Py 485 490 17 37 87 

3-MePy 490 495 13 37 67 

4-MePy 500 505 10 25 34 

4-PhPy 530 530 10 50 64 

3-BzPy 580 595 0.52 7.4 11 

4-BzPy 650 660 0.21 4.1 1 

 

I 

PPh3 

Py 500 450 9.6 39 23 

3-MePy 475 460 16 56 37 

4-MePy 470 480 5.2 47 33 

4-PhPy 490 490 22 110 62 

3-BzPy 535 525 1.5 8.6 41 

4-BzPy 655 660 0.12 2.8 4 

3-BrPy 505
ʘ
 ʥ/ʜ 75

ʘ
 [73] 

4-t-BuPy 437
ʘ
 445

ʙ
 18.7

ʘ
 39.1

ʙ
 92

ʘ
 [45] 

PPh3 PyrPy 435
ʘ
 438

ʙ
 2.25

ʘ
 101.29

ʙ
 24

ʘ
 

[74] P(m-Tol)3 PyrPy 452
ʘ
 463

ʙ
 2.55

ʘ
 99.76

ʙ
 31

ʘ
 

P(p-Tol)3 PyrPy 449
ʘ
 432

ʙ
 4.26

ʘ
 80.66

ʙ
 51

ʘ
 

PPh3 

4-MePym 485
ʘ
 ʥ/ʜ 91

ʘ
 

[73] 4,6-dm-Pym 465
ʘ
 ʥ/ʜ 72

ʘ
 

1-MeBimz 465
ʘ
 ʥ/ʜ 73

ʘ
 

ɿʘʧʠʩʘʥʦ ʧʨʠ 
ʘ
298 ʂ ʠ 

ʙ
77 ʂ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʂʇ) Cu(I) ï ʝʩʣʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [45, 56, 73, 74] 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʜʝʥʪʘʪʥʳʝ (ʠʣʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ çʜʠʪʦʧʥʳʝè) N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦ-

ʣʠʛʘʥʜʳ (L), ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʜʥʦʤʝʨʥʳʝ (1D) ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʩʦʩʪʘʚʘ [Cu2(ɛ2-

X)2(PR3)2(ɛ-L)]n (ʍ = Cl, Br, I), ʛʜʝ PR3 = PPh3 [73, 75ï77, 79ï81], P(p-Tol)3 [81], PCy3 [78] 

(ʈʠʩʫʥʦʢ 3). ɽʩʪʴ ʪʘʢ ʞʝ ʧʨʠʤʝʨʳ 1D ʂʇ ʩ P̂ P ʣʠʛʘʥʜʘʤʠ: dpcm ï 
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ʙʠʩ(ʜʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥ ʠ dppm ï ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥ, [Cu2(ɛ-

I)2(P̂ P)(ɛ2-L)]n [78]. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 1D ʮʝʧʦʯʢʠ ʩ 

ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʬʨʘʛʤʝʥʪʘʤʠ [Cu2(ɛ-X)2(P)2(ɛ-L)], ʩʦʝʜʠʥʸʥʥʳʤʠ ɛ2-ʜʠʪʦʧʥʳʤʠ N^N 

ʩʦ-ʣʠʛʘʥʜʘʤʠ.  

 

ʈʠʩʫʥʦʢ 3. ʇʦʚʪʦʨʷʶʱʠʡʩʷ ʬʨʘʛʤʝʥʪ 1D ʂʇ ʠ N^N-ʜʠʪʦʧʥʳʝ ʩʦ-ʣʠʛʘʥʜʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʥʪʝʟʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʂʇ Cu(I). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʫʢʘʟʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʵʤʠʩʩʠʶ ʚʦ ʚʩʝʡ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (458ï707 ʥʤ), ʦʙʣʘʜʘʶʪ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʌʃ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 92% (ʊʘʙʣʠʮʘ 15). ʇʨʠ 20ï77 ʂ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ~25ï30 ʥʤ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʸʤʝʥ ʞʠʟʥʠ ʌʃ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʦʣʠʤʝʨʦʚ, ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʵʤʠʩʩʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ 
3
(M+X)LCT ʠ 

3
ʉʉ ʧʝʨʝʭʦʜʘʤʠ [73, 75ï79]. ʆʜʥʘʢʦ ʜʣʷ ʂʇ ʩ PR3 = PPh3 ʠ 

ɛ-L = 3-Tpyb, 4-Tpyb, 3,3ǋ-Bipy, ʘ ʪʘʢ ʞʝ PR3 = P(p-Tol)3 ʠ ɛ-L = 3,3ǋ-Bipy, 4,4ǋ-Bipy ï 
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ʵʤʠʩʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʤʝʰʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʊɸɿʌ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠʟ 
1,3

(M+X)LCT 

ʩʦʩʪʦʷʥʠʡ [80, 81].  

ʊʘʙʣʠʮʘ 15. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 1D ʂʇ Cu(I) ʥʘ ʦʩʥʦʚʝ ʘʨʠʣ- ʠ P̂ P-

ʬʦʩʬʠʥʦʚ ʩ N^N-ʜʠʪʦʧʥʳʤʠ ʩʦ-ʣʠʛʘʥʜʘʤʠ. 

X PR3 ɛ-L 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ʉʩʳʣʢʘ 
298 K 77 K 298 K 77 K 

Cl PPh3 Pyz 690 615
a
 ʥ/ʜ [75] 

Br PPh3 

Pyz 707 780
ʙ 

0.42 3.2
ʙ 

ʥ/ʜ 

[77] 

Quina 644 668
ʙ 

0.6 10
ʙ 

Pym 579 599
ʙ 

2.9 29
ʙ 

4,4ǋ-Bipy 595 614
ʙ 

3.1 16
ʙ 

18 

1,5-Nap 616 642
ʙ 

5.6 52
ʙ 

ʥ/ʜ 
1,6-Nap 633 655

ʙ 
7.6 23

ʙ 

 

I 

PPh3 

Pyz 648 671 1.7 31
ʙ
 26 

[77] 
Pym 562 576 2.7 37 ʥ/ʜ 

3,3ǋ-Bipy 493 505 7.87 114.2 76 [81] 

4,4ǋ-Bipy 542 542 4 67 23 [77] 

P(p-Tol)3 
3,3ǋ-Bipy 503 513 3.49 110.6 52 

[81] 
4,4ǋ-Bipy 632 633 0.97 36.1 15 

PCy3 4,4ǋ-Bipy 565 580 2.2 81.1 20 [78] 

PPh3 
3-Tpyb 498 510 12.46 1879 27 

[80] 
4-Tpyb 545 570 6.04 115 29 

X P^P ɛ-L ɚmax, ʥʤ Ű, ʤʢʩ ʌPL, % ʉʩʳʣʢʘ 

I 
dpcm 

4,4ǋ-Bipy 
640 

ʥ/ʜ 
1.3 

ʥ/ʜ 
29 

[78] 
dppm 570 2.6 35 

ʘ
ɿʘʧʠʩʘʥʦ ʧʨʠ 20 ʂ, 

ʙ
ʧʨʠ 80 ʂ. 

ʄʝʥʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʩʦʩʪʘʚʘ Cu2ʍ2(Õ-L)nLm ʛʜʝ n = 

2, 3, m = 0ï2, Õ-L ï P,N-ʣʠʛʘʥʜ, ʘ L ï N- ʠʣʠ P-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʘʪʦʤʳ 

ʤʝʜʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʠʢʦʚʳʤʠ P,N-ʣʠʛʘʥʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʪʠʧʫ 

çʛʦʣʦʚʘ ʢ ʛʦʣʦʚʝè ʠʣʠ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè, ʥʦ ʥʝ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʘ ʢʘʢ ʚʦ 

ʬʨʘʛʤʝʥʪʝ Cu2(Õ2-ʍ)2. 

ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [68, 82, 83] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) ʩ P̂ N-ʣʠʛʘʥʜʦʤ, ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ CuX:P̂ N = 1:1 ʚ ʪʝʯʝʥʠʠ 12 ʯʘʩʦʚ ʚ CH2Cl2 ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ 

ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), [Cu2(Õ-P̂ N)2X2] (ʍ = Cl, Br, I), ʛʜʝ P̂ N ï ʜʠʬʝʥʠʣ(6-
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ʤʝʪʠʣ-2-ʧʠʨʠʜʠʣ)ʬʦʩʬʠʥ (dpPyMe) ʠ 1-(6-ʤʝʪʠʣ-2-ʧʠʨʠʜʠʣ)ʬʦʩʬʦʣʘʥ (L) (ʉʭʝʤʘ 13). ɺʦ 

ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʘʪʦʤʳ ʤʝʜʠ ʠʤʝʶʪ ʪʨʠʛʦʥʘʣʴʥʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʦʪ ʦʜʥʦʛʦ P̂ N-ʣʠʛʘʥʜʘ, ʘʪʦʤʘ ʘʟʦʪʘ ʦʪ ʜʨʫʛʦʛʦ, ʘ ʪʘʢ ʞʝ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ. 

ʈʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ~ 2.67 ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʪʘʣʣʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʫʤʤʘ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ Cu ï 2.80 ¡) [72]. 

 

ʉʭʝʤʘ 13. ʇʦʣʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ P̂ N-

ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʇʨʠ 300 ʂ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʩʠʥʝ-ʟʝʣʸʥʫʶ (484ï501 ʥʤ) ʌʃ ʚ ʪʚʨyʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ 52ï92%, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 7.3ï12.4 ʤʢʩ (ʊʘʙʣʠʮʘ 16). ʇʨʠ 77 ʂ, ʤʘʢʩʠʤʫʤ 

ʵʤʠʩʩʠʠ ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ~25 ʥʤ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ 7.3ï12.4 ʜʦ 44ï84 ʤʢʩ. ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ Ű(T), ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʩʤʝʰʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʊɸɿʌ ʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ [82, 83]. ʇʨʠ ʵʪʦʤ ʚʢʣʘʜ ʦʙʦʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ï ʧʨʠ 

77 ʂ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠʟ 
3
(M+X)LCT ʩʦʩʪʦʷʥʠʡ, ʘ ʧʨʠ 300 ʂ ʠʤʝʝʪ 

ʤʝʩʪʦ ʊɸɿʌ ʠʟ 
1
(M+X)LCT ʩʦʩʪʦʷʥʠʡ (ʟʥʘʯʝʥʠʷ ȹE(S1ïT1) < 1500 ʩʤ

-1
 ʥʝ ʠʩʢʣʶʯʘʶʪ 

ʧʨʦʷʚʣʝʥʠʝ ʊɸɿʌ). 

ʊʘʙʣʠʮʘ 16. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [Cu2(dpPyMe)2X2]. 

X 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ȹE(S1-T1)
a
, ʩʤ

-1 
 

300 K 77 K 300 K 77 K 

Cl 485 510 8.3 44 92 1000 

Br 501 526 12.4 84 52 950 

I 484 511 7.3 51 76 1100 

ʘ
ʆʮʝʥʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʨʘʙʦʪʝ A. Kobayashi [84], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʘʣʦʛʝʥʠʜʦʚ Cu(I) ʩ ʙʠʩ(2-

ʧʠʨʠʜʠʣ)ʬʝʥʠʣʬʦʩʬʠʥʦʤ (dpypp) ʚ MeCN ʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ CuX:dpypp = 1:1, ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʥʝʡʪʨʘʣʴʥʳʝ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 1ï3, [Cu2(ɛ-dpypp)2X2] (ʍ = Cl, Br, I), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʨʝʘʢʮʠʷ dpypp ʩ [Cu(MeCN)4]BF4 ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʢʘʪʠʦʥʥʦʤʫ 
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ʢʦʤʧʣʝʢʩʫ 4. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 1ï3 ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ, ʘ ʢʦʤʧʣʝʢʩ 4 ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʜʸʥ ʚ ʣʶʙʦʡ ʠʟ ʧʨʝʜʳʜʫʱʠʭ 

ʧʝʨʝʪʠʨʘʥʠʝʤ ʩ ʂX (ʍ = Cl, Br, I) ʚ ʩʪʫʧʢʝ. ʂʦʤʧʣʝʢʩ 5, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [85], 

ʠʟʦʩʪʨʫʢʪʫʨʝʥ 4, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʧʨʦʪʠʚʦʠʦʥʘʤʠ PF6
ï
. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ Cu:dpypp = 1:2, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 6, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʝʪʳʨʝ dpypp ʣʠʛʘʥʜʘ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ ʘʪʦʤʘʤ ʤʝʜʠ 

ʪʦʣʴʢʦ ʯʝʨʝʟ ʘʪʦʤ ʬʦʩʬʦʨʘ (ʉʭʝʤʘ 14).  

 

ʉʭʝʤʘ 14. ʇʦʣʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 

dpypp. 

ɺʦ ʚʩʝʡ ʩʝʨʠʠ ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ [Cu2(ɛ-dpypp)2] ʠʤʝʝʪ ʦʯʝʥʴ ʧʦʭʦʞʫʶ ʛʝʦʤʝʪʨʠʶ 

ʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ Cu, ʩʦʝʜʠʥʝʥʥʳʭ ʜʚʫʤʷ dpypp ʣʠʛʘʥʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ 

ʪʠʧʫ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè. ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʚ ʢʦʤʧʣʝʢʩʘʭ 1ï6 ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʘʪʦʤʦʚ ʤʝʜʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʦʪ ʦʜʥʦʛʦ dpypp ʣʠʛʘʥʜʘ, ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʦʪ 

ʜʨʫʛʦʛʦ, ʘ ʪʘʢ ʞʝ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ (ʚ 1ï3), ʘʟʦʪʘ (ʚ 4, 5) ʠʣʠ ʬʦʩʬʦʨʘ (ʚ 6).  

ɺ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʤʧʣʝʢʩʳ 1ï6 ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʟʝʣʸʥʫʶ (>500 ʥʤ) ʠ 

ʩʠʥʝ-ʟʝʣʸʥʫʶ (470 ʥʤ) ʌʃ ʩ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ. ʇʨʠ 77 ʂ, ɚmax ʢʦʤʧʣʝʢʩʦʚ 

1ï4 ʩʤʝʱʘʝʪʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 4 ʨʘʟ (ʊʘʙʣʠʮʘ 17) 

[84].  
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ʊʘʙʣʠʮʘ 17. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ 1ï4 ʧʨʠ 298 ʠ 77 ʂ. 

ʂʦʤʧʣʝʢʩ 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % 
298 K 77 K 298 K 77 K 

1 528 537 5.01 31.1 23 

2 518 540 11.6 46.1 50 

3 530 542 32.9 87 74 

4 470 484 ʥ/ʜ 2 

 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʵʤʠʩʩʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʭʘʥʦʩʠʥʪʝʟʦʤ ʠ ʚ ʨʘʩʪʚʦʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʘ ʧʨʠ ʧʝʨʝʪʠʨʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 4 ʩ KI  

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʝʛʦ ʚ 1, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʵʤʠʩʩʠʠ (ʈʠʩʫʥʦʢ 4). 

ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ ɻʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 
1,3

(M+X)LCT ʩʦʩʪʦʷʥʠʷʤʠ, ʧʨʠ 

77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʯʠʩʪʘʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʘ ʧʨʠ 298 ʂ ï ʊɸɿʌ [84]. 

 

ʈʠʩʫʥʦʢ 4. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1ï4 ʧʨʠ 298 ʠ 77 ʂ (ɚex = 350 ʥʤ). 

ʇʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʳ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʭʘʥʦʩʠʥʪʝʟʦʤ [84]. 

ʉʝʨʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ P,N,N`,N``- ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ï 

ʪʨʠʩ(2-ʧʠʨʠʜʠʣ)ʬʦʩʬʠʥʘ (Py3P), [Cu2(Py3P)2X2] (ʍ = Cl, Br, I) ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʠ 

ʠʟʫʯʝʥʘ ʚ ʛʨʫʧʧʝ ɸ. ɺ. ɸʨʪʝʤʴʝʚʘ ʠ ʢʦʣʣʝʛ (ʉʭʝʤʘ 15) [86]. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ 

[84], ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ, ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ [Cu2(ɛ-Py3P)2], ʘ ʪʘʢ ʞʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʘʪʦʤʦʚ ʤʝʜʠ ï ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʣʠʥʝʡʢʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 

dpypp.  
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ʉʭʝʤʘ 15. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʥʘ ʦʩʥʦʚʝ Py3P. 

ʇʨʠ 300 ʂ ʢʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʤʠʩʩʠʶ ʚ ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ (520ï550 ʥʤ), 

ʠʤʝʶʪ ʚʨʝʤʝʥʘ ʞʠʟʥʠ Ű300ʂ = 14.5ï20 ʤʢʩ ʠ ʌPL  = 51ï55 % (ʊʘʙʣʠʮʘ 18). ʊʘʢ ʞʝ ʤʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ, ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʩʤʝʱʘʝʪʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ 

ʦʪ ʠʦʜʠʜʥʦʛʦ, ʯʝʨʝʟ ʙʨʦʤʠʜʥʳʡ, ʢ ʭʣʦʨʠʜʥʦʤʫ ʢʦʤʧʣʝʢʩʘʤ ï ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʠʣʦʡ 

ʧʦʣʷ ʣʠʛʘʥʜʘ (I
ï
 < Br

ï
 < Cl

ï
). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ 77 ʂ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax ~ 10 ʥʤ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ Ű77ʂ = 36ï91 ʤʢʩ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʚʨʝʤʸʥ ʞʠʟʥʠ (Űobs/T) (ʈʠʩʫʥʦʢ 5), ʧʦʜʦʙʥʦʝ ʬʦʪʦʬʠʟʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʩʤʝʰʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʊɸɿʌ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ 

ʊɸɿʌ/ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ï ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ 77ï150 ʂ ʧʣʘʪʦ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʪʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠʟ 
3
(M+X)LCT ʩʦʩʪʦʷʥʠʷ, ʦʜʥʘʢʦ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 300 ʂ ʥʘʨʷʜʫ ʩ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ, ʥʘʯʠʥʘʝʪ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʊɸɿʌ ʠʟ 

1
(M+X)LCT ʩʦʩʪʦʷʥʠ ̫ (ʥʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝ ʚʳʭʦʜʷʪ ʥʘ ʧʣʘʪʦ (ʢʘʢ ʧʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʊɸɿʌ) ʧʨʠ 300 ʂ) 

[86]. 

ʊʘʙʣʠʮʘ 18. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [Cu2(Py3P)2X2] (ʍ = Cl, Br, I). 

X 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ȹE(S1ïT1)
a
, ʩʤ

-1 
 

300 K 77 K 300 K 77 K 

Cl 550 560 14.5 36 55 1500 

Br 530 540 18.3 48 53 1250 

I 520 530 20 91 51 1000 

ʘ
ʆʮʝʥʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ.  

ʇʦʟʜʥʝʝ, ʟʘʠʥʪʝʨʝʩʦʚʘʚʰʠʩʴ ʜʘʥʥʳʤʠ ʨʘʙʦʪʘʤʠ [84, 86], ʥʘ ʦʩʥʦʚʝ (2-

ʧʠʨʠʜʠʣ)ʘʨʩʠʥʦʚ, ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) 

ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [180, 187] (ʧʦʜʨʦʙʥʝʝ ʩʤ. ʨʘʟʜʝʣʳ 3.2 ʠ 

3.3). 
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ʈʠʩʫʥʦʢ 5. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʸʥ ʞʠʟʥʠ ʢʦʤʧʣʝʢʩʦʚ (ʥʘ ʛʨʘʬʠʢʝ: 1-Cl, 

2-Br, 3-I) (ɚex = 360 ʥʤ) [86]. 

ɺ ʨʘʙʦʪʝ Li [87], ʧʦ ʨʝʘʢʮʠʠ [Cu(MeCN)4]BF4 ʩ ʜʠʬʝʥʠʣ(2-ʧʠʨʠʜʠʣ)ʬʦʩʬʠʥʦʤ (dppy) 

ʚ MeCN ʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Cu:dppy = 2:3, ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ɸ, ʚ ʢʦʪʦʨʦʤ 

ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ [Cu2(ɛ-dppy)3] ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʤʝʜʠ, ʩʦʝʜʠʥʸʥʥʳʭ ʪʨʝʤʷ 

P,N-ʣʠʛʘʥʜʘʤʠ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè. ʇʦʟʞʝ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʠʥʪʝʨʝʩʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ: ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ɸ ʠʟ ʩʤʝʩʠ CH2Cl2/MeOH 

(ʣʠʙʦ ʚ ʧʘʨʘʭ ʤʝʪʘʥʦʣʘ) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʤʝʨʘ ɹ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ P,N-ʣʠʛʘʥʜʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ ʢ ʛʦʣʦʚʝè (ʉʭʝʤʘ 16). ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʜʠʩʩʦʮʠʘʮʠʝʡ ʦʜʥʦʛʦ ʠʟ ʣʠʛʘʥʜʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʵʪʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʘʣʠʯʠʝ ʤʝʪʘʥʦʣʘ 

ʚ ʩʤʝʩʠ [87].  

ʂʦʤʧʣʝʢʩʳ ɸ ʠ ɹ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 

ʵʤʠʩʩʠʠ ʥʘ 489 ʠ 520 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʩʦʩʪʘʚʣʷʶʪ 63.7 ʠ 39.9 ʤʢʩ. 

ʈʘʟʣʠʯʠʷ ʚ ʬʦʪʦʬʠʟʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʠʟʦʤʝʨʦʚ ɸ ʠ ɹ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʳ 

ʢʘʢ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ CuĀĀĀCu ~ 2.72 ¡ (ʜʣʷ ɸ) ʠ 2.79 ¡ (ʜʣʷ ɹ), ʪʘʢ ʠ ḯ́ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʧʠʨʠʜʠʣʴʥʳʭ ʠ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʚ ɸ ʠ ɹ [87]. 

  

ʉʭʝʤʘ 16. ɺʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʷ ʠʟʦʤʝʨʦʚ ɸ ʠ ɹ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  
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ʇʦʟʜʥʝʝ, Cid ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I), 

ʥʦ ʥʘ ʦʩʥʦʚʝ dpPyMe [88, 89]. ɿʜʝʩʴ ʞʝ, ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ 1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʤʦʣʝʢʫʣʳ MeCN ʥʘ ʜʨʫʛʦʡ ʩʦ-ʣʠʛʘʥʜ. ʊʘʢ, ʧʦ ʨʝʘʢʮʠʠ ʣʠʛʘʥʜʥʦʛʦ 

ʦʙʤʝʥʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ 2ï5 (ʉʭʝʤʘ 17) [89]. ɺʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʦʜʠʥ ʠʟ 

ʘʪʦʤʦʚ ʤʝʜʠ ʧʨʠʥʠʤʘʝʪ ʠʩʢʘʞʸʥʥʦʝ ʪʨʠʛʦʥʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ (ʩʫʤʤʘ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ N ï 

Cu ï N ʩʦʩʪʘʚʣʷʝʪ 358.1Á), ʩʦʩʪʦʷʱʝʝ ʠʟ ʪʨʸʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʦʪ dpPyMe ʣʠʛʘʥʜʦʚ, ʜʨʫʛʦʡ ï 

ʪʨʠʛʦʥʘʣʴʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʦʪ P,N-ʣʠʛʘʥʜʘ ʠ 

ʘʪʦʤʦʤ ʘʟʦʪʘ ʠʣʠ ʬʦʩʬʦʨʘ ʦʪ ʩʦ-ʣʠʛʘʥʜʦʚ (L) [88, 89]. 

 

ʉʭʝʤʘ 17. ʉʠʥʪʝʟ ʢʘʪʠʦʥʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ dpPyMe. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ 

ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (465ï492 ʥʤ) ʚ ʪʚʨyʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʣʸʥʢʘʭ 

ʇʄʄɸ, ʜʦʧʠʨʦʚʘʥʥʳʭ 1% ʢʦʤʧʣʝʢʩʘ. ʂʦʤʧʣʝʢʩʳ 1ï5 ʦʙʣʘʜʘʶʪ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 

81% (ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ) ʠ 35% (ʚ ʧʣʸʥʢʝ ʇʄʄɸ), ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʩʦʩʪʘʚʣʷʶʪ 7.3ï19.1 

ʤʢʩ ʠ 3ï6.7 ʤʢʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 19). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʌʃ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ CH2Cl2, ʛʜʝ ʦʥʠ ʪʘʢ ʞʝ ʦʙʣʘʜʘʶʪ ʵʤʠʩʩʠʝʡ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ (486ï

490 ʥʤ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʌPL ʜʦ 3.5%, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʜʦʩʪʠʛʘʶʪ 11.7 ʤʢʩ (1). 

ʕʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʧʦ ʜʘʥʥʳʤ DFT ʨʘʩʯʸʪʦʚ, ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʭʦʜʘʤʠ MLCT-ʪʠʧʘ [88, 89]. 

ʊʘʙʣʠʮʘ 19. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 1ï5 ʧʨʠ 298 ʂ. 

ʂʦʤʧʣʝʢʩ 
ɺ ʪʚʸʨʜʦʤ ʪʝʣʝ ʇʣʸʥʢʠ ʇʄʄɸ(+1% ʢʦʤʧʣʝʢʩʘ) 

ɚmax, ʥʤ ʌPL, % Ű, ʤʢʩ ɚmax, ʥʤ ʌPL, % Ű, ʤʢʩ 

1 492 81 19.1 483 35 5.8 

2 465 20 7.3 482 27 4.4 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 19. 

ʂʦʤʧʣʝʢʩ 
ɺ ʪʚʸʨʜʦʤ ʪʝʣʝ ʇʣʸʥʢʠ ʇʄʄɸ(+1% ʢʦʤʧʣʝʢʩʘ) 

ɚmax, ʥʤ ʌPL, % Ű, ʤʢʩ ɚmax, ʥʤ ʌPL, % Ű, ʤʢʩ 

3 
ʥ/ʜ <1 ʥ/ʜ 

483 20 6.7 

4 488 14 4.3 

5 473 29 15 481 31 3 

 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʠ ʨʘʙʦʪʳ ʧʦʣʫʯʠʣʠ ʚ ʛʨʫʧʧʝ ɸ. ɺ. ɸʨʪʝʤʴʝʚʘ, ʛʜʝ ʥʘ ʦʩʥʦʚʝ 

ʜʠʬʝʥʠʣ(2-ʧʠʨʠʤʠʜʠʣ)ʬʦʩʬʠʥʘ (PymPPh2) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʠʷʜʝʨʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Cu(I) 1ï6, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʥʘʧʦʤʠʥʘʝʪ çʛʨʝʙʥʦʝ ʢʦʣʝʩʦè, ʘ ʚ ʦʩʥʦʚʥʦʤ 

ʬʨʘʛʤʝʥʪʝ [Cu2(ɛ-PymPPh2)3] ʣʠʛʘʥʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè (ʉʭʝʤʘ 

18). ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʠʪʴ ʠʟʦʤʝʨʳ çʛʦʣʦʚʘ ʢ ʛʦʣʦʚʝè ʥʝ ʫʜʘʸʪʩʷ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ 

ʩ ʚʳʩʦʢʠʤ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ [90].  

 

ʉʭʝʤʘ 18. ʇʦʣʫʯʝʥʠʝ ʢʘʪʠʦʥʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ PymPPh2. 

ʂʦʤʧʣʝʢʩʳ 1ï6 ʧʦʢʘʟʳʚʘʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʌʃ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʘʢʩʠʤʫʤʳ 

ʧʦʣʦʩ ʵʤʠʩʩʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 500ï563 ʥʤ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʩʦʩʪʘʚʣʷʶʪ 9.6ï27 

ʤʢʩ. ʇʨʠ 77 ʂ, ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax ~ 5ï25 ʥʤ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʸʥ ʞʠʟʥʠ ʵʤʠʩʩʠʠ Ű = 60ï136 ʤʢʩ. ʂʨʦʤʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʦʪ 15 ʜʦ 85% (ʊʘʙʣʠʮʘ 20). ʇʨʦʚʝʜʸʥʥʳʝ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ, ʧʦʨʷʜʦʢ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ, ʘ ʪʘʢ ʞʝ ʟʥʘʯʝʥʠʷ 

ȹE(S1ïT1) = 515ï1100 ʩʤ
-1
 ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ 1ï

6 ʦʙʫʩʣʦʚʣʝʥʘ ʊɸɿʌ ʠʟ 
1
(M + L`)LCT ʩʦʩʪʦʷʥʠʷ [90]. 
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ʊʘʙʣʠʮʘ 20. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ 1ï6 ʧʨʠ 300 ʠ 77 ʂ. 

ʂʦʤʧʣʝʢʩ 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ȹE(S1ïT1)
a
, ʩʤ

-1 
 

300 K 77 K 300 K 77 K 

1 510 530 21 136 85 810 

2 500 525 20 110 85 1100 

3 515 540 27 120 47 760 

4 563 570 20 95 65 ʥ/ʜ 

5 525 530 22 103 15 ʥ/ʜ 

6 550 570 9.6 60 65 515 

ʘ
ʆʮʝʥʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Ű(T) ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ. 

ɺ ʪʦʤ ʞʝ ʚʨʝʤʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ [91], ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʜʠʣʬʦʩʬʦʣʘʥʦʚ ʪʘʢ ʞʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I), ʦʜʥʘʢʦ ʟʜʝʩʴ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ, ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ, ʚʳʜʝʣʠʪʴ ʢʘʢ ʠʟʦʤʝʨʳ çʛʦʣʦʚʘ ʢ ʛʦʣʦʚʝè 1ï4ɹ, ʪʘʢ ʠ 

çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè 1ï4ɸ (ʉʭʝʤʘ 19).  

 

ʉʭʝʤʘ 19. ʉʠʥʪʝʟ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʜʠʣʬʦʩʬʦʣʘʥʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ 1ï4ɹ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʝʣʸʥʫʶ (521ï552 ʥʤ) ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩʦ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʌʃ ʦʪ 1.8 ʜʦ 

8.8 ʤʢʩ ʠ ʌPL ʜʦ 11%. ʇʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ 

ʢʦʤʧʣʝʢʩʦʚ 1ï4ɹ ʦʙʫʩʣʦʚʣʝʥʘ 
3
(M + X)LCT ʧʝʨʝʭʦʜʘʤʠ [91]. 

ʏʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ï ʥʘʨʷʜʫ ʩ ʙʠʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʪʘʢ ʞʝ 

ʦʪʣʠʯʥʦ ʦʩʚʝʱʸʥ r ʚ ʣʠʪʝʨʘʪʫʨʝ, ʘ ʩʪʨʫʢʪʫʨʘ ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, 

[Cu4I4(PEt3)4] ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʚ ʨʘʙʦʪʝ 1974 ʛʦʜʘ ʟʘ ʘʚʪʦʨʩʪʚʦʤ Churchill ʠ ʢʦʣʣʝʛ [92]. ʀʟ 

ʚʩʝʭ Cu4ʍ4 (ʍ = Cl, Br, I) ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʯʘʱʝ ʚʩʝʛʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ çʢʣʘʩʩʠʯʝʩʢʠʝè 

ʠʣʠ ʟʘʢʨʳʪʳʝ ʢʫʙʘʥʳ, ʪʝʪʨʘʤʝʨʳ ʚ ʚʠʜʝ çʩʪʫʧʝʥʴʢʠè, ʘ ʪʘʢ ʞʝ ʦʢʪʘʵʜʨʦʧʦʜʦʙʥʳʝ 
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ʪʝʪʨʘʤʝʨʳ. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ çʢʣʘʩʩʠʯʝʩʢʠʝè ʢʫʙʘʥʳ ʥʘ ʦʩʥʦʚʝ ʠʦʜʠʜʘ 

ʤʝʜʠ ʧʦ ʧʨʠʯʠʥʝ ʠʭ ʙʦӢʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʣʦʨʠʜʥʳʤʠ ʠ ʙʨʦʤʠʜʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ [20, 93, 94]. ɺ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʜʦʙʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ PR3 ʠʣʠ Ph2PR ʬʦʩʬʠʥʳ (R = ʘʨʠʣ-, ʘʣʢʠʣ-) [18, 19, 27, 

32, 57, 94ï109, 111ï113]. 

ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ Kitagawa, Perruchas ʠ Kirakci ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʠʥʪʝʟʝ ʢʫʙʘʥʦʚʳʭ 

Cu4I4 ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ PR3 = PPh3 [27, 94ï96, 98], P(p-Tol)3 [97], P(p-An)3 [97], P(m-

An)3 [57], P(p-CF3Ph)3 [97], P(cpent)3 [94]. ʉʠʥʪʝʟ ʧʦʜʨʘʟʫʤʝʚʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ CuI ʠ PR3 (ʣʠʙʦ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ CuI [94]) ʚ ʪʦʣʫʦʣʝ ʠʣʠ 

CH2Cl2 (ʉʭʝʤʘ 20). ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ [Cu4(ɛ3-I)4] ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʩʢʘʞʸʥʥʳʡ ʢʫʙ, ʛʜʝ ʚʝʨʭʥʷʷ ʛʨʘʥʴ Cu2(Õ2-I)2 ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ çʙʘʙʦʯʢʘè ʠ 

çʩʤʝʱʝʥʘè ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʠʞʥʝʡ ~45
ɞ
, ʘ ʘʪʦʤʳ ʤʝʜʠ ʧʨʠʥʠʤʘʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ 

ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʪʨʸʭ ʘʪʦʤʦʚ ʠʦʜʘ ʠ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʦʪ PR3 ʣʠʛʘʥʜʘ. 

ʅʘʡʜʝʥʦ, ʯʪʦ ʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ [Cu4I4(PPh3)4] ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ çʞʸʣʪʦʛʦè ʠʣʠ çʟʝʣʸʥʦʛʦè ʧʦʣʠʤʦʨʬʦʚ [95, 97], ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ [27]. 

 

ʉʭʝʤʘ 20. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ PR3 ʬʦʩʬʠʥʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 1ʘ,bï6 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʚʫʭʤʦʜʦʚʫʶ ʵʤʠʩʩʠʶ: ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʅʕ ʧʦʣʦʩʘ (515ï590 ʥʤ), ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʥʠʟʢʦʡ ï ɺʕ 

ʧʦʣʦʩʘ (415ï445 ʥʤ). ʂʨʦʤʝ ʵʪʦʛʦ, ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʚ 

ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 88% (ʊʘʙʣʠʮʘ 21). ʇʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ 77ï150 ʂ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʨʷʜʫ ʩ ʅʕ ʧʦʣʦʩʦʡ ʵʤʠʩʩʠʠ ʚʦʟʥʠʢʘʝʪ ʧʦʣʦʩʘ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ (ʧʨʠ 77 ʂ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ 3 ʠ 5 ʅʕ ʧʦʣʦʩʘ ʚʦʚʩʝ ʠʩʯʝʟʘʝʪ [97]), ʤʦʞʥʦ ʪʘʢʞʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʘʭ 

1ʘ,bï3 ɚmax ʅʕ ʧʦʣʦʩʳ ʩʤʝʱʘʝʪʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 5ï25 ʥʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ ʵʤʠʩʩʠʠ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʷʚʣʝʥʠʠ ʪʝʨʤʦʭʨʦʤʠʟʤʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ, ʚ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ɺʕ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ 
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ʩʚʷʟʘʥʘ ʩ 
3
(M + X)LCT ʧʝʨʝʭʦʜʘʤʠ, ʘ ʅʕ ʧʦʣʦʩʘ ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

3
ʉC ʧʝʨʝʭʦʜʘʤ, ʠ ʟʘʚʠʩʠʪ 

ʦʪ ʨʘʩʩʪʦʷʥʠʡ CuĀĀĀCu ʚ [Cu4I4] ʷʜʨʝ [93, 110]. ʊʘʢ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʨʦʠʩʭʦʜʠʪ çʩʞʘʪʠʝè [Cu4I4] ʷʜʨʘ, ʠ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ CuĀĀĀCu, ʯʪʦ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ɚmax ʅʕ ʧʦʣʦʩʳ ʫ 1ʘ,bï3 (ʇʦʜʭʦʜʷʱʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ï 

ʈʠʩʫʥʦʢ 6 [18]).  

ʊʘʙʣʠʮʘ 21. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu4I4(PR3)4] ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ. 

ʂʦʤʧʣʝʢʩ PR3 T, K ɚmax, ʥʤ Ű, ʤʢʩ
a 
ʌPL, %

a
 ʉʩʳʣʢʘ 

1a 

çʞʸʣʪʳʡè 

ʧʦʣʠʤʦʨʬ 

PPh3 

295 545 

4.3 64 

[97] 

100 425, 580 

77 415, 590 

1b 

çʟʝʣʸʥʳʡè 

ʧʦʣʠʤʦʨʬ 

PPh3 

295 525 

3.2 88 100 425, 525 

77 420, 530 

2 P(p-Tol)3 

295 515 

3.5 50 200 523 

77 420, 520 

3 P(p-An)3 

295 558 

4.5 72 150 435, 565 

77 415 

4 P(m-An)3 298 545 ʥ/ʜ [57] 

5 P(p-CF3Ph)3 

295 440, 525 
1.8 (ɺʕ) 

2.1 (ʅʕ) 
18 [97] 200 445, 525 

77 450 

6 P(cpent)3 
290 523 

ʥ/ʜ [94] 
80 515 

ʘ
ɿʘʧʠʩʘʥʦ ʧʨʠ 298 ʂ. 

 

ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʫʤʘ ʅʕ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʦʪ ʨʘʩʩʪʦʷʥʠʡ CuĀĀĀCu [18]. 
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ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ Cu4I4 çʢʣʘʩʩʠʯʝʩʢʠʭè ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ Ph2PR 

ʬʦʩʬʠʥʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ [18, 19, 32, 99ï108, 111ï113] (ʉʭʝʤʘ 

21).  

 

ʉʭʝʤʘ 21. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) c Ph2PR ʬʦʩʬʠʥʘʤʠ. 

ʉʨʝʜʠ ʥʠʭ, ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʧʧʳ S. Perruchas [99, 102, 105ï

108, 111ï113], ʛʜʝ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʵʤʠʩʩʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʫʙʘʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʨʝʰʘʝʪʩʷ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʚ ʬʦʩʬʠʥʦʚʳʡ ʣʠʛʘʥʜ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ: 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ- ʠʣʠ ʘʣʢʦʢʩʠ-ʩʠʣʠʣʴʥʦʡ-, ʢʘʢ ʚ 2 ʠ 7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʧʣʸʥʢʠ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʶʤʠʥʦʬʦʨʘ. ʊʘʤ ʞʝ, ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʬʦʩʬʠʥʦʚ ʛʨʫʧʧʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʮʠʘʥʦʙʠʬʝʥʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʚ 8ï12) ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʣʠʷʝʪ ʥʘ 
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ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ 1ï12 ʧʦʢʘʟʘʣʦ 

ʯʪʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʦʥʠ ʪʘʢ ʞʝ ʧʨʦʷʚʣʷʶʪ ʜʚʦʡʥʫʶ ʵʤʠʩʩʠʶ c ʅʕ ʧʦʣʦʩʦʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ɚmax = 500ï585 ʥʤ) ʠ ɺʕ ʧʦʣʦʩʦʡ (ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 2ï5 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢ ʞʝ ʅʕ ʧʦʣʦʩʘ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ɚmax = 421ï474 ʥʤ) 

(ʊʘʙʣʠʮʘ 22).  

ʊʘʙʣʠʮʘ 22. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu4I4(Ph2PR)4] 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʂʦʤʧʣʝʢʩ T, K ɚmax, ʥʤ Ű, ʤʢʩ
a 

ʌPL, %
a 
ʉʩʳʣʢʘ 

1ĿMeCN 
300 540 

5.27 4.6 

[101] 
10 434 

1 
300 590 

4.43 1.01 
10 434 

2Ŀʊɻʌ 

293 540 

3.67 55 

[106] 

100 547 

77 474, 535 

2ĿMeCN 

293 542 

3.91 73 100 448, 547 

77 442, 542 

3 
293 

423, 500, 

528 
0,00051 

<0.01 [32] 

77 520, 610 1804 

4 
298 544 

1.9 25.5 [104] 
77 421, 558 

5 
295 570 

ʥ/ʜ 64 [99] 
87 425, 572 

6 
275 530 

ʥ/ʜ [100] 
8 440 

7 295 585 ʥ/ʜ [99] 

8 

293 

555 
0.3 (ɺʕ) 

1.4 (ʅʕ) 
3.5 

[107] 

9 360, 540 
0.4 (ɺʕ) 

7.3 (ʅʕ) 
9 

10 358, 531 7.2 3 

11 360, 550 
0.5 (ɺʕ) 

2.9 (ʅʕ) 
14.5 

12 404, 519 300 9 

ʘ
ɿʘʧʠʩʘʥʦ ʧʨʠ 275, 290, 293, 295, 298 ʠ 300 ʂ. 
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ʂʫʜʘ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ çʢʣʘʩʩʠʯʝʩʢʠʭè 

ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʧʦʤʠʤʦ ʪʝʨʤʦʭʨʦʤʠʟʤʘ ʧʨʦʷʚʣʷʶʪ ʠ ʜʨʫʛʠʝ ʥʝʪʨʠʚʠʘʣʴʥʳʝ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʤʝʭʘʥʦʭʨʦʤʠʟʤ (ʧʝʨʝʪʠʨʘʥʠʝ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʦʚ 1, 2, 6 ʠ 12 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʙʘʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ 

ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ [100ï103, 106, 107]) ʠʣʠ ʚʘʧʦʭʨʦʤʠʟʤ (ʧʨʠ ʫʜʘʣʝʥʠʠ ʤʦʣʝʢʫʣʳ MeCN 

ʫ 1ĿMeCN ʧʫʪʸʤ ʧʝʨʝʪʠʨʘʥʠʷ ʚ ʩʪʫʧʢʝ ʠʣʠ ʥʘʛʨʝʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ 

ʵʤʠʩʩʠʠ (1), ʥʦ ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʚ ʧʘʨʳ MeCN ʠʩʭʦʜʥʳʡ ʮʚʝʪ ʵʤʠʩʩʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

[101]). ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʵʤʠʩʩʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ 6 [19]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ (ʨʘʚʥʦ ʢʘʢ ʠ ʧʝʨʝʪʠʨʘʥʠʝ) 

ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ɚmax (ʈʠʩʫʥʦʢ 7), ʚʳʟʚʘʥʥʦʤʫ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

çʩʞʘʪʠʝʤè ʷʜʨʘ [Cu4I4], ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ CuĀĀĀCu (ʩʤ. ʈʠʩʫʥʦʢ 6). 

 

ʈʠʩʫʥʦʢ 7. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ 6 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ (ɚex = 377 ʥʤ) [19]. 

ʊʝʪʨʘʤʝʨʳ [Cu4X4] ʚ ʚʠʜʝ çʩʪʫʧʝʥʴʢʠè ʠʣʠ çʢʨʝʩʣʘè ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ. ɺ ʨʘʙʦʪʘʭ Benito ʠ Huitorel 

[114, 115], Yang [49] ʠ Maini [96] ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʠʥʪʝʟʝ ʧʦʜʦʙʥʳʭ ʪʝʪʨʘʤʝʨʦʚ ʠʟ ʠʦʜʠʜʘ 

ʤʝʜʠ(I) ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʠʣʠ 4-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʉʭʝʤʘ 22). ɺ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʜʚʘ ʘʪʦʤʘ ʤʝʜʠ ʠʤʝʶʪ ʪʨʠʛʦʥʘʣʴʥʫ  ʁ ʛʝʦʤʝʪʨʠʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʘʪʦʤʦʤ ʬʦʩʬʦʨʘ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʠʦʜʘ, ʘ ʜʨʫʛʠʝ ʜʚʘ ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ, 

ʠʟ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʠ ʪʨʸʭ ʘʪʦʤʦʚ ʠʦʜʘ. ʈʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ʜʣʷ ʪʝʪʨʘʤʝʪʨʦʚ ʩ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ ʩʦʩʪʘʚʣʷʶʪ ~ 3.4 ʠ 2.81Ĭ2 ¡, ʘ ʩ 4-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʦʡ ~ 3.2 ʠ 2.72Ĭ2 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʪʘʣʣʦʬʠʣʴʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [114, 115]. ʉʪʦʠʪ ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʪʨʘʤʝʨ [Cu4(Õ2-I)2(Õ3-I)2(PPh3)4] 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚʳʜʝʨʞʠʚʘʥʠʝʤ çʟʝʣʸʥʦʛʦè ʧʦʣʠʤʦʨʬʘ 1b [Cu4I4(PPh3)4] (ʩʤ. ʩ. 45 ʠ 

ʪʘʙʣʠʮʫ 21) ʚ MeCN, CH2Cl2 ʠʣʠ EtOH. ʇʨʠ ʵʪʦʤ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʪʝʪʨʘʤʝʨʘ 

ʧʘʨʘʤʠ ʪʦʣʫʦʣʘ ï ʧʨʝʚʨʘʱʘʝʪ ʝʛʦ ʚ çʢʣʘʩʩʠʯʝʩʢʠʡè ʢʫʙʘʥ 1b [96].  
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ʉʭʝʤʘ 22. ʉʠʥʪʝʟ çʩʪʫʧʝʥʯʘʪʳʭè ʪʝʪʨʘʤʝʨʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʌʃ ʚ ʞʸʣʪʦ-

ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ (568 ʠ 550 ʥʤ), ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ < 1%. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʪʝʪʨʘʤʝʨʘ [Cu4(Õ2-I)2(Õ3-I)2(PPh3)4] ʥʘʙʣʶʜʘʝʪʩʷ 

ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax ~ 70 ʥʤ. ʕʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʩʪʦʷʥʠʷʤʠ 

3
(M+X)LCT-ʪʠʧʘ [114, 115].  

ʉʝʨʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 1D ʂʇ Cu(I) ʥʘ ʦʩʥʦʚʝ ʪʨʠʩ[2-(2-ʧʠʨʠʜʠʣ)ʵʪʠʣ]ʬʦʩʬʠʥʘ (L), 

[Cu4X4(L)2]n (ʍ = Cl, Br, I) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʨʘʙʦʪʝ [116] (ʉʭʝʤʘ 23). ɺʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ, 

ʦʩʥʦʚʥʳʝ ʬʨʘʛʤʝʥʪ r Cu4X4 ʠʤʝʪʁ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ çʩʪʫʧʝʥʴʢʠè, ʢ ʢʦʪʦʨʳʤ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʘ P̂ N ʣʠʛʘʥʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè, ʧʨʠ ʵʪʦʤ 

ʵʪʠ ʞʝ ʣʠʛʘʥʜʳ ʩʦʝʜʠʥʷʶʪ [Cu4X4L2] ʬʨʘʛʤʝʥʪʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʬʦʨʤʠʨʫʷ ʦʜʥʦʤʝʨʥʫʶ 

ʮʝʧʦʯʢʫ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʜʚʘ ʘʪʦʤʘ ʤʝʜʠ ʧʨʠʥʠʤʘʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ [Cu@I3N] 

ʦʢʨʫʞʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʜʚʘ ï [Cu@I2NP] ʦʢʨʫʞʝʥʠʝ. ʈʘʩʩʪʦʷʥʠʝ CuĀĀĀCu 

ʩʦʩʪʘʚʣʷʝʪ ~ 2.77 ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʪʘʣʣʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʫʤʤʘ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ Cu - 2.80 ¡) [72]. 

 

ʉʭʝʤʘ 23. ʇʦʣʫʯʝʥʠʝ 1D ʂʇ Cu(I) ʩʦʜʝʨʞʘʱʠʭ çʩʪʫʧʝʥʯʘʪʳʡè ʬʨʘʛʤʝʥʪ Cu4X4 ʥʘ 

ʦʩʥʦʚʝ ʪʨʠʩ[2-(2-ʧʠʨʠʜʠʣ)ʵʪʠʣ]ʬʦʩʬʠʥʘ. 

ʇʨʠ 300 ʂ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ ʷʨʢʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ɚmax = 448ï520 ʥʤ), ʠʤʝʶʪ ʚʨʝʤʝʥʘ ʞʠʟʥʠ Ű300ʂ = 13ï24 ʤʢʩ ʠ ʌPL  = 



50 

 

45ï62 % (ʊʘʙʣʠʮʘ 23). ɺ ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ, ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʩʤʝʱʘʝʪʩʷ ʚ 

ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʦʪ ʠʦʜʠʜʥʦʛʦ ʢ ʭʣʦʨʠʜʥʦʤʫ ʧʦʣʠʤʝʨʫ ï ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ 

ʩʠʣʦʡ ʧʦʣʷ ʣʠʛʘʥʜʘ (I
ï
 < Br

ï
 < Cl

ï
). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ 77 ʂ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax, ʘ ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ Ű77ʂ = 33ï47 ʤʢʩ. ʉʦʛʣʘʩʥʦ TD-DFT ʨʘʩʯʸʪʘʤ, ʵʤʠʩʩʠʷ 

ʧʦʣʠʤʝʨʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ ʠʟ 
3
(M+X)LCT ʩʦʩʪʦʷʥʠʡ [116]. 

ʊʘʙʣʠʮʘ 23. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 1D ʂʇ [Cu4X4(L)2]n (ʍ = Cl, Br, I). 

X 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % 
300 K 77 K 300 K 77 K 

Cl 520 520 24 33 62 

Br 490 493 21 47 54 

I 448 452 13 42 45 

ʆʢʪʘʵʜʨʦʧʦʜʦʙʥʳʝ ʪʝʪʨʘʤʝʨʳ ʤʝʜʠ(I), ʧʨʦʷʚʣʷʶʱʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, 

[Cu4(Õn-X)2(Õ2-X)2(P^N)2], ʛʜʝ n = 2ï4 (ʍ = Cl, Br, I) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [68, 

104, 117ï124] ʥʘ ʦʩʥʦʚʝ P̂ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ (ʉʭʝʤʘ 24). ʂʦʤʧʣʝʢʩʳ ʧʦʣʫʯʘʣʠ ʧʦ 

ʨʝʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) ʠ P̂ N-ʣʠʛʘʥʜʘ, ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ Cu:P̂ N 

= 2:4 ʠʣʠ 2:1 ʚ CH2Cl2 [68, 119, 123] ʠʣʠ MeCN [117, 121, 122, 124]. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ 

ʠʥʪʝʨʝʩʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ [Cu4(Õn-

X)2(Õ2-X)2] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ, ʛʜʝ ʯʝʪʳʨʝ ʘʪʦʤʘ ʤʝʜʠ ʦʙʨʘʟʫʶʪ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ (ʠʥʦʛʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ). ɺ ʚʝʨʰʠʥʘʭ ʥʘʭʦʜʷʪʩʷ 

ʜʚʘ Õn-X ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ, ʛʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ P̂ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʠʣʠ 

ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, n = 2ï4 (ʈʠʩʫʥʦʢ 8), ʝʱʸ ʜʚʘ Õ2-X ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ ʥʘʭʦʜʷʪʩʷ ʧʦ 

çʢʦʨʦʪʢʠʤè ʩʪʦʨʦʥʘʤ Cu4 ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʩʚʷʟʘʥ ʩ 

ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʘ, ʘʪʦʤ ʬʦʩʬʦʨʘ ʠʣʠ ʘʟʦʪʘ ʦʪ P̂ N ʣʠʛʘʥʜʦʚ. ʀʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ ʠ 

ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ CuĀĀĀCu  ~ 2.51ï3.14 ¡. 

 

ʈʠʩʫʥʦʢ 8. ʉʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Cu4(Õn-X)2(Õ2-X)2(P^N)2]. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 1aï6e (ʥʫʤʝʨʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʥʫʤʝʨʘʮʠʝʡ 

ʣʠʛʘʥʜʦʚ) ʧʨʦʷʚʣʷʶʪ ʌʃ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʨʘʩʪʚʦʨʘʭ CH2Cl2 [104], EtOH 
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[122] ʠ 2-Meʊɻʌ (ʧʨʠ 77 ʂ) [117] ʚʦ ʚʩʝʡ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ɚmax = 450ï725 ʥʤ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ, ʘ ʌPL = 8ï90% (ʊʘʙʣʠʮʘ 24). ɼʣʷ 

ʢʦʤʧʣʝʢʩʦʚ 1g, 2a, 2d,e, 3g ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ɺʕ (450ï500 ʥʤ) ʠ ʅʕ (560ï615 ʥʤ) ʧʦʣʦʩ ʵʤʠʩʩʠʠ [68, 117], ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

2b,c, 4f ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ɺʕ (< 490 ʥʤ) ʧʦʣʦʩʘ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ï ʧʦʣʦʩʳ ʩ ʥʠʟʢʦʡ 

ʵʥʝʨʛʠʝʡ (507ï725 ʥʤ) [117, 119]. 

  

ʉʭʝʤʘ 24. ʉʠʥʪʝʟ ʦʢʪʘʵʜʨʦʧʦʜʦʙʥʳʭ ʪʝʪʨʘʤʝʪʨʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ P,N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 2a, 2d,e 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ ʅʕ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ, ʠ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax ʜʣʷ ɺʕ ʧʦʣʦʩʳ 

~10 ʥʤ [117], ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1h ʥʘʦʙʦʨʦʪ ʭʘʨʘʢʪʝʨʥʦ ʧʦʷʚʣʝʥʠʝ ʅʕ ʧʦʣʦʩʳ 

[124]. ɺ ʮʝʣʦʤ, ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ɚmax, ʘ ʪʘʢ ʞʝ 

ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ c 1.6ï18.5 ʜʦ 15.9ï23.4 ʤʢʩ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʤʧʣʝʢʩ 1h ʦʙʣʘʜʘʝʪ ʚʘʧʦʭʨʦʤʠʟʤʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ï ʚʳʜʝʨʞʠʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʚ 

ʧʘʨʘʭ MeCN, Et2O, EtOH, EtOAc ʠʣʠ CH2Cl2, ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ɚmax ~ 30ï

186 ʥʤ, ʘ ʚ ʙʝʥʟʦʣʝ ʥʘʦʙʦʨʦʪ ï ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ 

~57 ʥʤ [124]. ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 
3
(M+X)LCT ʠ 

3
ʉC ʧʝʨʝʭʦʜʘʤʠ [68, 104, 117, 118, 120ï

124]. ʆʜʥʘʢʦ ʢʦʤʧʣʝʢʩ 4f ʧʨʦʷʚʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʊɸɿʌ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʧʨʠ 77 ʂ [119].  
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ʊʘʙʣʠʮʘ 24. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [Cu4(Õn-X)2(Õ2-X)2(P^N)2] (ʍ = Cl, 

Br, I). 

X P̂ N 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ʉʩʳʣʢʘ 
298 K 77 K 298 K 77 K 

Cl 

1e 548 ~575 ʥ/ʜ [118] 

4e 507 505
ʙ 

7.7 ʥ/ʜ 33 [122] 

4f 488
ʘ
 504 9.9 22 90 [119] 

Br 
1e 521 ~535 ʥ/ʜ [118] 

4e 600 497
ʙ 

35.3 ʥ/ʜ 65 [122] 

I 

1a 725 ʥ/ʜ [123] 

1e 527 ~532 ʥ/ʜ [118] 

1g 500, 615 ʥ/ʜ 28 [68] 

1h 680 494, 715 7.1 ʥ/ʜ [124] 

2a 450, 570 460 
0.5 (ɺʕ) 

2.4 (ʅʕ) 
19.1 8 

[117] 

2b 460 470 5.5 15.9 13 

2c 460 470 1.6 20.3 56 

2d 470, 560 480 
1.4 (ɺʕ) 

5.9 (ʅʕ) 
18.8 12 

2e 460, 580 470 
3.4 (ɺʕ) 

3.5 (ʅʕ) 
16.4 43 

3e 529 524
ʙ 

8.6 23.4
ʙ 

58 [122] 

3g 490, 600 ʥ/ʜ [68] 

4e 593 471
ʙ 

18.5 20.8
ʙ 

93 [122] 

5e 580 ʥ/ʜ 
[121] 

6e 518 ʥ/ʜ 

ɿʘʧʠʩʘʥʦ ʧʨʠ 
ʘ
293 ʂ ʠ 

ʙ
10 ʂ. 

ʊʨʸʭ-, ʰʝʩʪʠ- ʠ ʩʝʤʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ï ʢʨʘʡʥʝ ʩʢʫʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʙʲʝʜʠʥʝʥʳ ʦʜʥʠʤ ʧʦʜʨʘʟʜʝʣʦʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʨʦʝʥʠʷ ʣʠʛʘʥʜʘ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʠʣʠ ʜʣʠʥʘ -(ʉH2)n- ʣʠʥʢʝʨʘ, 

ʣʠʙʦ ʚʦʚʩʝ ʙʣʘʛʦʜʘʨʷ ʙʦʛʘʪʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(I) ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [Cun(ɛ-X)mLz], ʛʜʝ n = m = 3, 6ï7, 

z = 1ï4, ʘ L ï ʵʪʦ ʧʥʠʢʪʠʥʦʚʳʡ ʣʠʛʘʥʜ, ʍ ï ʛʘʣʦʛʝʥ. ɺ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʧʦʜʦʙʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʪʫʧʘʶʪ ʪʝʪʨʘʜʝʥʪʘʪʥʳʝ ʧʥʠʢʪʠʥʦʚʳʝ ʣʠʛʘʥʜʳ 

[125, 126], ʣʠʙʦ P,P- [114], P,N- [36, 60, 127, 128] ʠʣʠ P,N,N,P-ʛʠʙʨʠʜʥʳʝ ʜʦʥʦʨʥʳʝ 

ʣʠʛʘʥʜʳ [129, 130].  
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ʀʥʪʝʨʝʩʥʳ ʧʨʠʤʝʨʳ ʪʨʸʭʲʷʜʝʨʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 2-

[2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʠʣ]ʧʠʨʠʜʠʥʘ (L) ï [Cu3(ɛ2-Ƚ)(ɛ3-Ƚ)2L2]; dppy ʠ ʛʠʜʨʠʜʥʦʛʦ ʩʦ-

ʣʠʛʘʥʜʘ ï [Cu3(ɛ2-dppy)4(ɛ3-H)](ClO4)2, ʘ ʪʘʢʞʝ (2-PPh2C6H4)3P (P
4
) ʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʠʜʥʳʭ 

ʩʦ-ʣʠʛʘʥʜʦʚ ï [Cu3(P
4
)(C2Ph)3] (ʈʠʩʫʥʦʢ 9). ʉʦʝʜʠʥʝʥʠʝ [Cu3(ɛ2-Ƚ)(ɛ3-Ƚ)2L2] ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ CuI ʠ L ʚ ʩʤʝʩʠ MeCN/CH2Cl2 [36], ʢʦʤʧʣʝʢʩ 

[Cu3(P
4
)(C2Ph)3] ʩʠʥʪʝʟʠʨʦʚʘʥ ʠʟ P

4
 ʠ (CuC2Ph)n ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Cu:P

4
 = 

3:1 ʚ CH2Cl2 [126], ʘ ʩʦʝʜʠʥʝʥʠʝ [Cu3(ɛ2-dppy)4(ɛ3-H)](ClO4)2 ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʧʫʪʸʤ 

ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ [Cu2(dppy)3(MeCN)](ClO4)2 ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʩʤʝʩʠ MeOH/Et2O [128]. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʘʪʦʤ r

ʤʝʜʠ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ 

ʦʪ P,N-ʣʠʛʘʥʜʦʚ, ʘʪʦʤʦʚ ʠʦʜʘ ʠʣʠ ʫʛʣʝʨʦʜʘ (C2Ph ʬʨʘʛʤʝʥʪʳ), ʠʣʠ ʚʦʜʦʨʦʜʘ (ɛ3-H). 

 

ʈʠʩʫʥʦʢ 9. ʊʨʸʭʲʷʜʝʨʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. 

ɺʩʝ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʊʘʙʣʠʮʘ 

25), ʘ ʢʦʤʧʣʝʢʩʳ [Cu3(ɛ2-dppy)4(ɛ3-H)](ClO4)2 ʠ [Cu3(ɛ2-Ƚ)(ɛ3-Ƚ)2L2] ʪʘʢʞʝ ʠ ʚ ʨʘʩʪʚʦʨʘʭ 

CH2Cl2, 1,2-DCE, MeOH, MeCN ʠ 2-Meʊɻʌ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ 

ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʌʃ ʠ ʌPL = 5ï72% (ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ) ʠ 11ï39% (ʚ ʨʘʩʪʚʦʨʝ). ʇʨʠ 77 ʂ, 

ʜʣʷ ʪʚʸʨʜʳʭ ʦʙʨʘʟʮʦʚ [Cu3(ɛ2-Ƚ)(ɛ3-Ƚ)2L2] ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʤʝʱʝʥʠʝ ɚmax ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʜʦ 462 ʥʤ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ (ʩ 16.1 ʜʦ 53.2 ʤʢʩ) 

ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ. ʕʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʘ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʘʤʠ 
3
XLCT/

3
MLCT-ʪʠʧʘ [36]. 

ɺ ʩʣʫʯʘʝ [Cu3(P
4
)(C2Ph)3] ʵʤʠʩʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ Cu3-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʠ 

d(Cu)Ÿ́ *(CſCPh) ʧʝʨʝʭʦʜʘʤʠ [126]. ʌʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩʦʝʜʠʥʝʥʠʷ [Cu3(ɛ2-dppy)4(ɛ3-

H)](ClO4)2 ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʢʣʘʩʪʝʨ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ (
3
ʉC) ʧʝʨʝʭʦʜʘʤʠ [128]. 
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ʊʘʙʣʠʮʘ 25. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

298 ʠ 77 ʂ. 

ʂʦʤʧʣʝʢʩ 
298 ʂ 77 ʂ 

ʌPL, % 
ɚmax, ʥʤ Ű, ʤʢʩ ɚmax, ʥʤ Ű, ʤʢʩ 

[Cu3(ɛ2-Ƚ)(ɛ3-Ƚ)2L2] 468 16.1 462 53.2 22.2 

[Cu3(ɛ2-dppy)4(ɛ3-H)](ClO4)2 553 9 ʥ/ʜ 71.8 

[Cu3(P
4
)(C2Ph)3] 583 1.3 490, 535, 588 ʥ/ʜ 5 

 

ɺ ʨʘʙʦʪʝ [127], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʣʦʛʝʥʠʜʦʚ Cu(I) ʩ ʪʨʠʩ[2-(2-

ʧʠʨʠʜʠʣ)ʵʪʠʣ]ʬʦʩʬʠʥʦʤ (L) ʚ MeCN ʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ CuX:L = 3:1, ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʡʪʨʘʣʴʥʳʤ ʪʨʸʭʲʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ [Cu3(ɛ2-ɉ)3L] (ʍ = Cl, Br, I) (ʉʭʝʤʘ 25). ɺʦ ʚʩʝʡ 

ʩʝʨʠʠ, ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ Cu3(ɛ2-ɉ)3 ʥʘʧʦʤʠʥʘʝʪ çʢʦʨʦʥʫè, ʩʦʩʪʦʷʱʫʶ ʠʟ Cu3-

ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ~ 2.528ï2.542 ¡), ʧʦ ʩʪʦʨʦʥʘʤ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʧʦ 

ʦʜʥʦʤʫ ʘʪʦʤʫ ʛʘʣʦʛʝʥʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ Õ2-ʤʦʩʪʠʢʦʚʳʤ ʩʧʦʩʦʙʦʤ. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʪʦʤ ʬʦʩʬʦʨʘ ʚ ʢʦʤʧʣʝʢʩʘʭ [Cu3(ɛ2-ɉ)3L]  ʧʨʦʷʚʣʷʝʪ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʡ Õ3-

ʤʦʩʪʠʢʦʚʳʡ(!) ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ [Cu@X2PN] 

ʦʢʨʫʞʝʥʠʝ ʟʘʚʝʨʰʘʶʪ ʜʚʘ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ ʠ ʦʜʠʥ ï ʘʟʦʪʘ. 

 

ʉʭʝʤʘ 25. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʪʨʸʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʥʘ ʦʩʥʦʚʝ ʪʨʠʩ[2-(2-

ʧʠʨʠʜʠʣ)ʵʪʠʣ]ʬʦʩʬʠʥʘ. 

ʇʨʠ 300 ʂ ʢʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʨʢʫʶ ʩʠʥʶʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʢʚʘʥʪʦʚʳʤʠ 

ʚʳʭʦʜʘʤʠ 50ï100% (ʊʘʙʣʠʮʘ 26). ɼʣʷ ʭʣʦʨʠʜʥʦʛʦ ʠ ʙʨʦʤʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ɺʕ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ɚmax = 475 ʠ 453 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ 

ʠʦʜʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ ʜʚʫʭʧʦʣʦʩʥʫʶ ʵʤʠʩʩʠʶ: ɺʕ (ɚmax = 442 ʥʤ) ʠ ʅʕ (ɚmax = 

613 ʥʤ). ɺʨʝʤʝʥʘ ʞʠʟʥʠ ɺʕ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ (Űɺʕ) ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʭʣʦʨʠʜʥʦʛʦ ʢ ʠʦʜʠʜʥʦʤʫ ʢʦʤʧʣʝʢʩʘʤ ï ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʘʚʪʦʨʘʤʠ ʵʬʬʝʢʪʦʤ ʪʷʞʸʣʦʛʦ 

ʘʪʦʤʘ (I
ï
 < Br

ï
 < Cl

ï
): 11 ʤʢʩ < 13.4 ʤʢʩ < 15 ʤʢʩ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ 77ï160 ʂ, 

ɚmax ɺʕ ʧʦʣʦʩ ʩʤʝʱʘʶʪʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 8ï20 ʥʤ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 
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ʮʚʝʪʘ ʵʤʠʩʩʠʠ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʷʚʣʝʥʠʠ ʪʝʨʤʦʭʨʦʤʠʟʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʠ 77 ʂ, 

ʚʨʝʤʝʥʘ ʞʠʟʥʠ ɺʕ ʠ ʅʕ ʧʦʣʦʩ ʵʤʠʩʩʠʠ ʚʦʟʨʘʩʪʘʶʪ (Űɺʕ = 43.3ï65.8 ʤʢʩ ʠ Űʅʕ = 10ï20 ʤʢʩ), 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʪʥʫʶ ʧʨʠʨʦʜʫ ʵʤʠʩʩʠʠ [127]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʦʜʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ ʚʳʨʘʞʝʥʥʳʡ ʤʝʭʘʥʦʭʨʦʤʠʟʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ï 

ʧʝʨʝʪʠʨʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ (ɚmax = 505 ʥʤ) ʠʟʤʝʥʝʥʠʶ 

ʮʚʝʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʧʦʭʦʞʝʝ ʤʝʭʘʥʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʫʧʦʤʠʥʘʝʪʩʷ ʚ [101], ʩʤ. ʪʘʢʞʝ 

ʩ. 47 ʠ ʪʘʙʣʠʮʫ 22). ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ, ɺʕ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ ʠʟ 
3
(M + X)LCT ʩʦʩʪʦʷʥʠʷ, ʘ ʅʕ ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʘʤ 

3
ʉC-

ʪʠʧʘ [127]. 

ʊʘʙʣʠʮʘ 26. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [Cu3(ɛ2-ɉ)3L] (ʍ = Cl, Br, I). 

X 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % 
300 K 77 K 300 K 77 K 

Cl 475 495, 580
ʘ
 15 

43.3 (ɺʕ) 

20 (ʅʕ)
ʘ
 

56 

Br 453 461, 580
ʘ
 13.4 

65.8 (ɺʕ) 

13 (ʅʕ)
ʘ
 

100 

I 442, 613 462, 622 
11 (ɺʕ) 

5 (ʅʕ) 

48 (ɺʕ) 

10 (ʅʕ) 
50 

ʘ
ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ɚex > 420 ʥʤ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [129, 130] ʩʦʦʙʱʘʣʦʩʴ ʦ ʠʥʪʝʨʝʩʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ ʛʝʢʩʘʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʥʘ ʦʩʥʦʚʝ P,N,N,P-ʣʠʛʘʥʜʦʚ ï 1,5-ʜʠ(ʘʨʠʣ)-3,7-ʙʠʩ(2-ʧʠʨʠʜʠʣʵʪʠʣ)-

1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ (ʘʨʠʣ = Ph ʠ p-Tol) (ʈʠʩʫʥʦʢ 10ʘ). ʆʩʥʦʚʥʳʝ 

ʬʨʘʛʤʝʥʪʳ Cu3(ɛ3-I)(ɛ2-I)2 ʩʚʷʟʘʥʳ ʜʚʫʤʷ N,P,P,N-ʣʠʛʘʥʜʘʤʠ, ʧʨʠ ʵʪʦʤ ʯʝʪʳʨʝ ʘʪʦʤʘ ʤʝʜʠ 

ʧʨʠʥʠʤʘʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ [Cu@I3N] ʛʝʦʤʝʪʨʠʶ, ʘ ʜʨʫʛʠʝ ʜʚʘ ï [Cu@P2I] ʪʨʠʛʦʥʘʣʴʥʦ-

ʧʣʘʥʘʨʥʫʶ (ʩʫʤʤʘ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ P ï Cu ï P ʠ  I ï Cu ï P ʚʦʢʨʫʛ ʘʪʦʤʦʚ ʤʝʜʠ ʩʦʩʪʘʚʣʷʝʪ 

358Á). ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʜʢʫʶ ʙʝʣʫʶ ʵʤʠʩʩʠʶ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʢʘʢ ɺʕ (465 ʠ 466 ʥʤ), ʪʘʢ ʠ ʅʕ (610 ʠ 615 ʥʤ) ʧʦʣʦʩ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʌʃ ʠ ʢʚʘʥʪʦʚʳʤʠ 

ʚʳʭʦʜʘʤʠ 15 ʠ 20%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [129]. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʸʪʘʤ, ɺʕ 

ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʦʙʫʩʣʦʚʣʝʥʘ 
3
(M+X)LCT ʩʦʩʪʦʷʥʠʷʤʠ, ʘ ʅʕ ʧʦʣʦʩʘ ï ʢʣʘʩʪʝʨ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ (
3
ʉʉ) ʧʝʨʝʭʦʜʘʤʠ [129, 130]. 

ʆʨʠʛʠʥʘʣʴʥʳʡ ʰʝʩʪʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Cu(I) ï [Cu6I6(dppp)3], ʥʘʧʦʤʠʥʘʶʱʠʡ 

çʫʰʘʩʪʳʡè ʢʫʙʘʥ (ʘʥʛʣ. eared cubane), ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ 1,3-

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʘʥʘ (dppp) ʠ ʠʩʩʣʝʜʦʚʘʥ ʚ ʨʘʙʦʪʝ Benito [114] (ʈʠʩʫʥʦʢ 10ʙ). ɺ 

ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʚʤʝʱʸʥ ʢʘʢ çʢʣʘʩʩʠʯʝʩʢʠʡè ʢʫʙʘʥ, ʪʘʢ ʠ ʩʪʫʧʝʥʯʘʪʳʡ ʪʝʪʨʘʤʝʨ, ʚʩʝ 

ʘʪʦʤʳ ʤʝʜʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ [Cu@I3P], [Cu@I2P2] ʠʣʠ [Cu@I4] ʦʢʨʫʞʝʥʠʷʭ. 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʘʚʪʦʨʦʚ [131], ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʦʛʦ P̂ P-

ʣʠʛʘʥʜʘ ï 4,4̀ -ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʠʬʝʥʠʣʬʦʩʬʠʥʘ ʧʨʠʚʦʜʠʪ ʫʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʂʇ, 

[Cu4I4(Ph2P(C6H4)2PPh2)2]n, ʪʘʢ ʞʝ ʦʙʣʘʜʘʶʱʝʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ [Cu6I6(dppp)3] ʚʳʷʚʠʣʦ ʧʦʚʝʜʝʥʠʝ, ʩʭʦʞʝʝ ʩ 

ʢʫʙʘʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Cu(I): ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʅʕ 

ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ (ɚmax = 655 ʥʤ), ʪʦʛʜʘ ʢʘʢ ʧʨʠ 75 ʂ, ʥʘʨʷʜʫ ʩ ʅʕ ʧʦʣʦʩʦʡ ʚʦʟʥʠʢʘʝʪ ʧʦʣʦʩʘ 

ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ (ɚmax = 443 ʥʤ), ʘ ɚmax ʅʕ ʧʦʣʦʩʳ ʩʤʝʱʘʝʪʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ~10 

ʥʤ, ʚʩʸ ʵʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʦʛʣʘʩʥʦ TD-

DFT ʨʘʩʯʸʪʘʤ, ʚʦʟʙʫʞʜʸʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠʤʝʶʪ 
3
(M+X)LCT ʠ 

3
ʉC ʭʘʨʘʢʪʝʨ [114]. 

ʇʦʟʜʥʝʝ, ʚ ʨʘʙʦʪʝ El Moll  [132] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʦʜʠʜʘ ʤʝʜʠ(I) ʠ P(p-CF3Ph)3 ʧʨʠ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:4 ʚ MeCN ʙʳʣ ʧʦʣʫʯʝʥ ʩʝʤʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu7I7(P(p-

CF3Ph)3)6(MeCN)] (ʈʠʩʫʥʦʢ 10ʚ). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʠʥʳʭ ʫʩʣʦʚʠʷʭ (CuȽ : P(p-CF3Ph)3 = 1 : 1, 

CH2Cl2 [97]) ʠʤʝʣʦ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʙʘʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ [Cu4I4(P(p-CF3Ph)3)4]. ʗʜʨʦ 

[Cu7I7] ʩʦʩʪʦʠʪ ʠʟ [Cu3I4] ʠ [Cu4I3] ʬʨʘʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʸʥʥʳʭ Õ3-ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ 

ʠʦʜʘ, ʘ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʧʨʠʥʠʤʘʝʪ [Cu@I3L] ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ. ʇʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʩʪʝʨʠʯʝʩʢʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʚʦʩʴʤʦʤʫ 

ʬʦʩʬʠʥʦʚʦʤʫ ʣʠʛʘʥʜʫ ʠ ʝʛʦ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʤʦʣʝʢʫʣʘ MeCN [132]. ʉʝʤʠʷʜʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ [Cu7I7(P(p-CF3Ph)3)6(MeCN)] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʥʶʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ (ɚmax = 470 

ʥʤ), ʩʚʷʟʘʥʥʫʶ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 
3
(M+X)LCT-ʪʠʧʘ, ʩ Ű = 3.5 ʤʢʩ ʠ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 

37% [132].  

 

ʈʠʩʫʥʦʢ 10. ɻʝʢʩʘ- (ʘ, ʙ) ʠ ʛʝʧʪʘʷʜʝʨʥʳʝ (ʚ) ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʩ 

ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 
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1.2.   ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʩ ʘʨʩʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʯʘʩʪʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) c 

ʘʨʩʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʧʠʩʘʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʛʘʥʜʦʚ. ʉʪʦʠʪ ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʘʨʩʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʫʯʘʶʪʩʷ ʣʠʰʴ 

ʧʦʩʣʝʜʥʠʝ 5ï7 ʣʝʪ, ʦʩʪʘʚʘʷʩʴ ʚ ʮʝʣʦʤ ʧʦʯʪʠ ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ ʛʣʘʚʦʡ ʚ ʜʠʟʘʡʥʝ 

ʵʤʠʩʩʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʭʦʨʦʰʦ ʟʘʤʝʪʝʥ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ 

ʢʦʤʧʣʝʢʩʘʤ Cu(I) ʥʘ ʦʩʥʦʚʝ çʪʷʞʸʣʳʭè ʧʥʠʢʪʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʚʝʨʦʷʪʥʦ, ʟʘʩʪʘʚʣʷʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʟʘʜʘʚʘʪʴʩʷ ʚʦʧʨʦʩʦʤ: çɸ ʯʪʦ ʝʩʣʠ... ʟʘʤʝʥʠʪʴ ʘʪʦʤ ʬʦʩʬʦʨʘ ʥʘ ʙʦʣʝʝ 

çʪʷʞʸʣʳʡè ʤʳʰʴʷʢ ʠʣʠ ʩʫʨʴʤʫ, ʢʘʢ ʵʪʦ ʧʦʚʣʠʝ̫ʪ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ?è ɸʚʪʦʨ, ʚ ʩʚʦʸ ʚʨʝʤʷ, ʟʘʜʘʚʘʣ ʩʝʙʝ ʪʦʯʥʦ ʪʘʢʠʝ ʞʝ ʚʦʧʨʦʩʳ... 

ɹʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ï ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʬʦʩʬʠʥʦʚʳʭ ʘʥʘʣʦʛʦʚ, ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ 

ʢʘʢ ʛʦʤʦ-, ʪʘʢ ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ Cu2(Õ2-ʍ)2Ln, ʛʜʝ n = 2ï4, ʍ ï Cl, 

Br, I, ʘ L ï ʵʪʦ N-, As-ʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ. ʊʘʢ, ʚ ʨʘʙʦʪʝ Jardine [133] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʤʧʣʝʢʩʳ [Cu2(Õ2-ʍ)2(AsPh3)3], ʚ 1976 ʛʦʜʫ, Gill  ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ [134] ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu2(Õ2-Cl)2(Me2AsPh)4]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [135] 

ʫʧʦʤʠʥʘʣʩʷ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Cu2(Õ2-I)2(AsPh3)2(MeCN)2], ʧʦʟʜʥʝʝ [136] ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʜʦʙʥʳʝ ʙʨʦʤʠʜʥʳʝ ʠ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ï [Cu2(Õ2-

Br)2(AsPh3)2(MeCN)2] ʠ [Cu2(Õ2-Cl)2(AsPh3)3(MeCN)]. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʩʝʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ, ʭʦʪʷ ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʠʩʢʣʶʯʘʪʴ ʠʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʩʣʝʜʫʝʪ. ʀʟʚʝʩʪʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʥʘ 

ʦʩʥʦʚʝ ʘʨʠʣʘʨʩʠʥʦʚ (ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʨʠʬʝʥʠʣʘʨʩʠʥʘ [137]), As,As- ʠ As,N-ʜʦʥʦʨʥʳʭ 

ʣʠʛʘʥʜʦʚ [138, 139], ʘ ʪʘʢʞʝ ʮʠʢʣʠʯʝʩʢʠʭ As,O- ʠ As,N- ʣʠʛʘʥʜʦʚ [140ï143].  

ɺ 2020 ʛʦʜʫ, R. Kobayashi ʠ ʢʦʣʣʝʛʠ [137] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʙʠʷʜʝʨʥʳʝ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʥʘ ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʘʨʩʠʥʘ ʠ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦ-

ʣʠʛʘʥʜʦʚ (n = 2; L = Py, 2-MePy, Qu, n = 1; 2,6-dm-Py), [Cu2(Õ2-I)2(AsPh3)2(L)n] (ʉʭʝʤʘ 26). 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʠʥʪʝʟ ʧʦʜʨʘʟʫʤʝʚʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ CuI ʠ 

AsPh3 ʚ CH2Cl2 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ N-ʩʦʜʝʨʞʘʱʝʛʦ ʩʦ-ʣʠʛʘʥʜʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʪʝʨʠʯʝʩʢʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩʳ, ʚ 

ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʤʝʜʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʛʝʦʤʝʪʨʠʶ. ʊʘʢ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʩ 2,6-dm-Py (2,6-ʣʫʪʠʜʠʥʦʤ) ʚ ʢʘʯʝʩʪʚʝ ʩʦ-ʣʠʛʘʥʜʘ, ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu2(Õ2-

I)2(AsPh3)2(2,6-dm-Py)] ʚ ʢʦʪʦʨʦʤ ʦʜʠʥ ʘʪʦʤ ʤʝʜʠ ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʤʳʰʴʷʢʘ ʦʪ AsPh3, ʧʨʠʥʠʤʘʷ ʠʩʢʘʞʸʥʥʦʝ [Cu@As2I2] ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ 

ʦʢʨʫʞʝʥʠʝ, ʘ ʜʨʫʛʦʡ ï ʪʨʠʛʦʥʘʣʴʥʦʝ [Cu@I2N] ʦʢʨʫʞʝʥʠʝ. ʂʦʤʧʣʝʢʩʳ ʧʦʜʦʙʥʦʛʦ 
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ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ PPh3, P(m-Tol)3 ʠ P(p-Tol)3 ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [96, 144]. ɺ 

ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ [Cu@AsNI2] ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ 

ʤʝʜʠ. ɼʣʷ ʚʩʝʡ ʩʝʨʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ Cu2(Õ2-I)2 ʠʤʝʝʪ 

ʧʣʦʩʢʫʶ ʢʦʥʬʦʨʤʘʮʠʶ (ʩʫʤʤʘ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ I ï Cu ï I ʠ  Cu ï I ï Cu ʩʦʩʪʘʚʣʷʝʪ 359.4ï

362.26Á), ʘ ʨʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ~ 2.691ï3.237 ¡. 

 

ʉʭʝʤʘ 26. ʇʦʣʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ 

ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʘʨʩʠʥʘ ʠ N-ʩʦʜʝʨʞʘʱʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ. 

ʇʨʠ 298 ʂ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʌʃ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʢʘʢ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʜʣʷ ʨʘʩʪʸʨʪʳʭ ʦʙʨʘʟʮʦʚ) ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ (ɚmax ~ 438ï608 ʥʤ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʚʘʥʪʦʚʳʤʠ 

ʚʳʭʦʜʘʤʠ 7ï81% (ʊʘʙʣʠʮʘ 27). ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 ʂ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ ʅʕ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ (>500 ʥʤ, ʦʙʫʩʣʦʚʣʝʥʘ 
3
ʉC ʚʦʟʙʫʞʜʸʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ) 

ʩʤʝʥʷʝʪʩʷ ɺʕ ʧʦʣʦʩʦʡ (<500 ʥʤ, ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʭʦʜʘʤʠ 
3
(M+X)LCT-ʪʠʧʘ), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʨʠʜʠʥʦʚʳʤ ʩʦ-ʣʠʛʘʥʜʦʤ (ʥʘʨʷʜʫ ʩ ʅʕ ʧʦʣʦʩʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʩ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ) ʠ ʩ 2,6-ʣʫʪʠʜʠʥʦʤ ï ʧʨʠ 298 ʠ 77 ʂ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ɺʕ ʧʦʣʦʩʘ 

ʵʤʠʩʩʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʵʤʠʩʩʠʠ ʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʘ ʩ 2-MePy 

ʦʙʲʷʩʥʷʝʪʩʷ ʘʚʪʦʨʘʤʠ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʪʘʣʣʦʬʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (CuĀĀĀCu ~ 3.237 ¡), 

ʦʜʥʘʢʦ, ʫ ʨʘʩʪʸʨʪʳʭ ʦʙʨʘʟʮʦʚ ʵʤʠʩʩʠʷ ʝʩʪʴ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʡ CuĀĀĀCu ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [137].  

ʀʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ [Cu2(Õ2-

I)2(AsPh3)2(Py)2] ʩ ʝʛʦ ʬʦʩʬʠʥʦʚʳʤ ʘʥʘʣʦʛʦʤ [Cu2(Õ2-I)2(PPh3)2(Py)2]. ɼʣʷ ʨʘʩʪʸʨʪʳʭ 

ʦʙʨʘʟʮʦʚ, ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʘʨʩʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʤʝʱʸʥ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ~12 ʥʤ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʩʬʠʥʦʚʦʛʦ ʘʥʘʣʦʛʘ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ 

CuĀĀĀCu ~ 2.776 ¡ (ʜʣʷ ʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 2.970 ¡). ɺ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ, ʧʨʠ 298 ʂ ʥʘ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʘʨʩʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʅʕ 

ʧʦʣʦʩʘ ʠʟ 
3
ʉC ʩʦʩʪʦʷʥʠʷ (ʦʭʣʘʞʜʝʥʠʝ ʜʦ 77 ʂ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ɺʕ ʧʦʣʦʩʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʝʨʝʭʦʜʘʤʠ 
3
(M+X)LCT-ʪʠʧʘ), ʪʦʛʜʘ ʢʘʢ ʫ ʬʦʩʬʠʥʦʚʦʛʦ ʘʥʘʣʦʛʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ɺʕ ʧʦʣʦʩʘ, ʧʨʠʧʠʩʳʚʘʝʤʘ ̫
3
(M+X)LCT ʚʦʟʙʫʞʜʸʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, 
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ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʧʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ CuĀĀĀCu ʚ ʘʨʩʠʥʦʚʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ 
3
ʉC ʠ 

3
(M+X)LCT 

ʚʦʟʙʫʞʜʸʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ [137]. 

ʊʘʙʣʠʮʘ 27. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [Cu2(Õ2-I)2(AsPh3)2(L)n] (n = 1, 2). 

L ʆʙʨʘʟʝʮ 
ɚmax, ʥʤ 

ʌPL, % 
298 K 77 K 

Py 
ʂʨʠʩʪʘʣʣ 525 452, 533 8 

ʇʦʨʦʰʦʢ 519 454 7 

2-MePy 
ʂʨʠʩʪʘʣʣ ʥ/ʜ 455 ʥ/ʜ 

ʇʦʨʦʰʦʢ 496 455 7 

Qu 
ʂʨʠʩʪʘʣʣ 601 557 12 

ʇʦʨʦʰʦʢ 608 601 24 

2,6-dm-Py 
ʂʨʠʩʪʘʣʣ 448 443 81 

ʇʦʨʦʰʦʢ 438 444 8 

 

ʇʦʟʜʥʝʝ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ K. Naka ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ 

ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Cu2(ɛ2-I)2(As^X)2] (ʍ = As, N), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ As^As-ʣʠʛʘʥʜʦʚ 

ʚʳʩʪʫʧʘʶʪ ʙʠʜʝʥʪʘʪʥʳʝ ʘʨʩʠʥʳ: dpapyz = 2,3-ʙʠʩ-(ʜʠʬʝʥʠʣʘʨʩʠʥʦ)ʧʠʨʘʟʠʥ ʠ dpaq = 2,3-

ʙʠʩ-(ʜʠʬʝʥʠʣʘʨʩʠʥʦ)ʭʠʥʦʢʩʘʣʠʥ, ʘ ʚ ʢʘʯʝʩʪʚʝ As^N-ʣʠʛʘʥʜʘ ï 8-(ʜʠʬʝʥʠʣʘʨʩʠʥʦ)ʭʠʥʦʣʠʥ 

(dpqa) (ʉʭʝʤʘ 27) [138, 139]. ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ 

Cu2(Õ2-I)2 ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ çʙʘʙʦʯʢʘè, ʛʜʝ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʫʛʣʳ Ƚ ï Cu ï I ʩʦʩʪʘʚʣʷʶʪ 

~ 16.0ï53.4Á, ʘ ʨʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ~ 2.65ï2.79 ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʪʘʣʣʦʬʠʣʴʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʫʤʤʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ Cu - 2.80 ¡) [72]. ʂʘʞʜʳʡ ʘʪʦʤ 

ʤʝʜʠ ʧʨʠʥʠʤʘʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ [Cu@I2AsX] ʛʝʦʤʝʪʨʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʦʜʥʠʤ (ʣʠʙʦ ʜʚʫʤʷ) ʘʪʦʤʘʤʠ ʤʳʰʴʷʢʘ ʦʪ As^X ʣʠʛʘʥʜʦʚ. 

 

ʉʭʝʤʘ 27. ʉʠʥʪʝʟ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ As^As ʠ As^N ʣʠʛʘʥʜʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʘʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʘʤʦʨʬʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ (ɚmax 

= 571ï672 ʥʤ), ʦʙʣʘʜʘʶʪ ʤʠʢʨʦʩʝʢʫʥʜʥr ʤʠ (ʜʦ 8.2 ʤʢʩ) ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʌʃ ʠ 

ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 15% (ʊʘʙʣʠʮʘ 28). ʇʦ ʜʘʥʥʳʤ DFT ʨʘʩʯʸʪʦʚ, 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠʤʝʶʪ 
3
(M+X)LCT ʭʘʨʘʢʪʝʨ [139]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ [Cu2(ɛ2-I)2(dpapyz)2] ʠ [Cu2(ɛ2-I)2(dpqa)2] ʠʟʚʝʩʪʥʳ ʬʦʩʬʠʥʦʚʳʝ ʘʥʘʣʦʛʠ (ʩʤ. ʩ. 

27 ʠ ʪʘʙʣʠʮʫ 11) [36, 62]. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʢʩʠʤʫʤ rʵʤʠʩʩʠʠ ʘʨʩʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʤʝʱʝʥʳ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʩʬʠʥʦʚʳʭ ʥʘ 21ï60 ʥʤ (ʩʤ. 

ʪʘʙʣʠʮʳ 11 ʠ 28 ʜʣʷ ʩʨʘʚʥʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʬʦʩʬʠʥʦʚʦʛʦ ʘʥʘʣʦʛʘ [Cu2(ɛ2-I)2(dpppyz)2] 

ʥʘʨʷʜʫ ʩ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ ʠʟ 
3
(M+X)LCT ʩʦʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʊɸɿʌ ʠʟ 

1
(M+X)LCT ʩʦʩʪʦʷʥʠʷ [62]. 

ʊʘʙʣʠʮʘ 28. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [Cu2(Õ2-I)2(As^X)2] (X = 

As, N) ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ.  

As^X ʆʙʨʘʟʝʮ 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % 
298 K 77 K 298 K 77 K 

dpapyz 
ʂʨʠʩʪʘʣʣ 571 551 8.2 ʥ/ʜ 13 

ʇʦʨʦʰʦʢ 575 561 ʥ/ʜ 4 

dpaq 
ʂʨʠʩʪʘʣʣ 672 666 8.2 ʥ/ʜ 15 

ʇʦʨʦʰʦʢ 664 675 ʥ/ʜ 5 

dpqa 
ʂʨʠʩʪʘʣʣ 643 672 7.6 ʥ/ʜ 8 

ʇʦʨʦʰʦʢ 643 665 ʥ/ʜ 5 

 

ɺ ʨʘʙʦʪʘʭ ʛʨʫʧʧ rɸ. ɸ. ʂʘʨʘʩʠʢʘ [140ï143] ʦʧʠʩʘʥʳ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩ r Cu(I) ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʠʭ As,O- ʠ As,N- ʣʠʛʘʥʜʦʚ ï 10-

(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʦʚ ʠ 10-(ʘʨʠʣ)-5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʦʚ (L) (ʉʭʝʤʘ 28). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʜʠʜʘ ʤʝʜʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ MeCN ʠ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ CuI:L = 1:2 ʧʨʠʚʦʜʠʪ ʢ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ [Cu2(ɛ2-I)2(L)4]. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʥʦ ʩ 10-(4-ʵʪʦʢʩʠʬʝʥʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʦʤ ʦʙʨʘʟʫʝʪʩʷ 1D 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ [Cu2(ɛ2-I)(L)2]n. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʧʠʨʠʜʠʥʝ, ʠ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ CuI:L = 1:1 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [Cu2(ɛ2-

I)2(L)2(Py)2]. ɺ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʬʨʘʛʤʝʥʪ Cu2(Õ2-I)2 ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʢʘʢ ʧʣʦʩʢʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʪʘʢ ʠ ʢʦʥʬʦʨʤʘʮʠʶ çʙʘʙʦʯʢʘè, ʯʪʦ ʚʝʨʦʷʪʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʘʨʩʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʘʞʜʳʡ ʘʪʦʤ 

ʤʝʜʠ ʧʨʠʥʠʤʘʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ [Cu@As2I2] ʠʣʠ [Cu@AsNI2] ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ. 
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ʉʭʝʤʘ 28. ʉʠʥʪʝʟ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 10-(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʦʚ ʠ 

10-(ʘʨʠʣ)-5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʦʚ. 

ʀʟʫʯʝʥʠʝ ʵʤʠʩʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ 10-(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʦʚ ʥʝ ʧʨʦʷʚʣʷʶʪ ʌʃ, ʯʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ 

ʢʦʤʧʣʝʢʩʘʭ ʩ 10-(ʘʨʠʣ)-5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʦʤ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʝʣʸʥʫʶ 

ʵʤʠʩʩʠʶ (>500 ʥʤ), ʦʙʫʩʣʦʚʣʝʥʥʫʶ IL ʧʝʨʝʭʦʜʘʤʠ [145]. ɺʚʝʜʝʥʠʝ ʧʠʨʠʜʠʥʦʚʳʭ ʩʦ-

ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʤʝʰʘʥʦ-ʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʤʝʪʥʫʶ ʌʃ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 520 ʜʦ 578 ʥʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 13%, ʧʨʠ ʵʪʦʤ ʚ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 10-

(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʦʚ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʅʕ ʧʦʣʦʩʘ (ɚmax = 570ï579 ʥʤ), ʪʦʛʜʘ ʢʘʢ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʩ 10-(ʘʨʠʣ)-5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʘʤʠ ï ʜʚʝ ʧʦʣʦʩʳ: ɚmax (ɺʕ) = 415ï425 ʥʤ 

ʠ ɚmax (ʅʕ) = 520ï578 ʥʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʅʕ ʧʦʣʦʩʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ (M+X)LCT ʩʦʩʪʦʷʥʠʝʤ, ʘ ɺʕ ʧʦʣʦʩʘ ï IL (-́ˊ*) ʧʝʨʝʭʦʜʘʤʠ [145]. 

ʏʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ï ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʫʙʘʥʦʚʳʤʠ [Cu4I4] ʢʣʘʩʪʝʨʘʤʠ 

ʥʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʙʠʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʦʩʚʝʱʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ. 

ɺʧʝʨʚʳʝ ʩʪʨʫʢʪʫʨʘ ʢʫʙʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu4I4(AsEt3)4] ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ 1936 ʛʦʜʫ, ʚ 

ʨʘʙʦʪʝ Wells [146], ʘ ʧʦʟʞʝ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʚ ʨʘʙʦʪʝ Churchill [92]. ʊʦʛʜʘ ʞʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ [Cu4X4(AsPh3)4] (ʍ = Br, I) [133] ʠ [Cu4I4(AsPh3)4]ĿC6H6 [147]. ɸ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ Bowmaker ʠ ʩʦʪʨʫʜʥʠʢʦʚ [148] ʧʨʠʚʦʜʠʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʩʝʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ. ʃʠʛʘʥʜʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʚʳʩʪʫʧʘʶʪ ʘʨʠʣʘʨʩʠʥʳ [149], ʘ ʪʘʢʞʝ ʮʠʢʣʠʯʝʩʢʠʝ As-, As,O- ʠ As,N- ʧʨʦʠʟʚʦʜʥʳʝ [149ï

151]. 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʘʙʦʪ r[137] ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ 2021 ʛʦʜʫ 

[149] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩ rCu(I) ʥʘ ʦʩʥʦʚʝ ʪʨʝʪʠʯʥʳʭ 

ʘʨʩʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ (L): AsPh3, As(p-Tol)3, 9-ʬʝʥʠʣ-9-ʘʨʩʘʬʣʫʦʨʝʥ, 1-ʬʝʥʠʣʘʨʩʦʣʘʥ, 

[Cu4I4(L)4] (ʉʭʝʤʘ 29). ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ, ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪ [Cu4(ɛ3-I)4], ʘ ʪʘʢ ʞʝ 

ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʜʠ ï ʚ ʮʝʣʦʤ, ʩʭʦʞʠ ʩ ʢʫʙʘʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʝʜʠ(I) 

ʥʘ ʦʩʥʦʚʝ PR3 ʬʦʩʬʠʥʦʚ (ʩʤ. ʯʘʩʪʴ 1.1, ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I)). ʆʜʥʘʢʦ 

ʨʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ~ 2.69ï2.97 ¡ ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʨʦʯʝ, ʯʝʤ ʚ ʠʟʚʝʩʪʥʳʭ ʬʦʩʬʠʥʦʚʳʭ 

ʘʥʘʣʦʛʘʭ, [Cu4I4(PPh3)4] (3.05 ¡) ʠ [Cu4I4(P(p-Tol)3)4] (3.13 ¡) [97]. 

 

ʉʭʝʤʘ 29. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ ʘʨʩʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. 

  

ʈʠʩʫʥʦʢ 11. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 3 ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʠ ʘʤʦʨʬʥʦʤ 

ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ ɚex = 240ï420 ʥʤ [149]. 
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ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 1ï4 (ʥʫʤʝʨʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʥʫʤʝʨʘʮʠʝʡ 

ʣʠʛʘʥʜʦʚ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʨʢʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ (ɚmax = 535ï593 ʥʤ) 

ʠ ʘʤʦʨʬʥʦʤ (ɚmax = 564ï610 ʥʤ) ʩʦʩʪʦʷʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʨʝʤʝʥʘʤʠ 

ʞʠʟʥʠ ʌʃ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ (Ű298ʂ = 7.5ï9.7 ʤʢʩ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʠ Ű298ʂ = 

7.8ï8.9 ʤʢʩ ʜʣʷ ʘʤʦʨʬʥʳʭ ʦʙʨʘʟʮʦʚ) ʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʦʪ 6 ʜʦ 91% (ʊʘʙʣʠʮʘ 29). ʉ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 ʂ, ʚ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 1, 2 ʠ 4 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax ~ 8ï68 ʥʤ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʘʤʦʨʬʥʳʭ ʧʦʨʦʰʢʦʚ 1ï4 

ɚmax ʩʤʝʱʘʝʪʩʷ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʘʢ ʞʝ 

ʚʦʟʨʘʩʪʘʶʪ: Ű77ʂ = 8.4ï205 ʤʢʩ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʠ Ű77ʂ = 8.4ï1700 ʤʢʩ ʜʣʷ ʘʤʦʨʬʥʳʭ 

ʦʙʨʘʟʮʦʚ. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʵʤʠʩʩʠʷ ʘʤʦʨʬʥʳʭ ʦʙʨʘʟʮʦʚ 1ï4 ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ (ɚex) (ʈʠʩʫʥʦʢ 11, ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ 3) [149]. ʉʨʘʚʥʠʚʘʷ ʵʤʠʩʩʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ 1 ʠ 2 ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ, [Cu4I4(PPh3)4] ʠ [Cu4I4(P(p-Tol)3)4] 

(ʩʤ. ʪʘʙʣʠʮʫ 21 [97]), ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʜʣʷ 

ʘʨʩʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʬʦʩʬʠʥʦʚʳʭ ʘʥʘʣʦʛʦʚ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʥʘ 

ʜʚʫʭʧʦʣʦʩʥʘʷ ʵʤʠʩʩʠʷ ʩ ɺʕ ʠ ʅʕ ʢʦʤʧʦʥʝʥʪʘʤʠ.  

ʊʘʙʣʠʮʘ 29. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 1ï4 ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ. 

ʂʦʤʧʣʝʢʩ ʆʙʨʘʟʝʮ T, K ɚex, ʥʤ ɚmax, ʥʤ Ű, ʤʢʩ ʌPL, %
a
 

1 

ʂʨʠʩʪʘʣʣ 
298  356 571 9.7 

50 
77  339 639 12.7 

ʇʦʨʦʰʦʢ 

298 345 564 ʥ/ʜ 

16 
77 

324 543 8.4 

364 477 205 

2 

ʂʨʠʩʪʘʣʣ 

298 341 535 7.5 

64 
77 

324 543 8.4 

364 477 205 

ʇʦʨʦʰʦʢ 

298 315 564 8.1 

18 
77 

327 594 10.3 

376 480 133 

3 

ʂʨʠʩʪʘʣʣ 
298 369 593 8.9 

36 
77 352 588 ʥ/ʜ 

ʇʦʨʦʰʦʢ 

298 375 610 7.8 

6 
77 

320 587 124 

357 515 1700 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 29. 

ʂʦʤʧʣʝʢʩ ʆʙʨʘʟʝʮ T, K ɚex, ʥʤ ɚmax, ʥʤ Ű, ʤʢʩ ʌPL, %
a
 

4 

ʂʨʠʩʪʘʣʣ 
298 352 565 9.3 

91 
77 327 575 ʥ/ʜ 

ʇʦʨʦʰʦʢ 

298 327 581 8.9 

56 
77 

312 579 8.8 

350 630 11.4 

a
ɿʘʧʠʩʘʥʦ ʧʨʠ 298 ʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʧʧʳ ɸ. ɸ. ʂʘʨʘʩʠʢʘ ʠ ʕ. ʀ. ʄʫʩʠʥʦʡ, ʧʦʩʚʷʱʸʥʥʳʝ ʙʳʣʦ 

ʙʠʷʜʝʨʥʳʤ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ Cu(I) ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ As,O-ʣʠʛʘʥʜʘʤʠ 

[140ï142], ʥʘʰʣʠ ʩʚʦʸ ʧʨʦʜʦʣʞʝʥʠʝ ʚ ʨʘʙʦʪʝ [150] ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʢʚʠʤʦʣʷʨʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʠʦʜʠʜʘ ʤʝʜʠ ʩ 10-(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʘʤʠ (L) ʚ MeCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

çʢʣʘʩʩʠʯʝʩʢʠʭè ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) 1ï5 (ʉʭʝʤʘ 30). ɺʦ ʚʩʝʡ ʩʝʨʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʟʘʢʨʳʪʳʡ ʢʫʙʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ [Cu4(ɛ3-I)4], ʛʜʝ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʜʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʦ ʧʦ 

ʦʜʥʦʤʫ ʘʨʩʠʥʦʚʦʤʫ ʣʠʛʘʥʜʫ, ʟʘʚʝʨʰʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ [Cu@I3As] 

ʦʢʨʫʞʝʥʠʝ, ʘ ʟʥʘʯʝʥʠʷ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ CuĀĀĀCu ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 2.62 ʜʦ 2.83 ¡. 

 

ʉʭʝʤʘ 30. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ 10-

(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʦʚ. 

ʉʦʝʜʠʥʝʥʠʷ 1ï5 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʨʢʦʡ ʟʝʣʸʥʦʡ (514ï534 ʥʤ) ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ, 

ʦʙʣʘʜʘʶʪ ʢʦʨʦʪʢʠʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ Ű = 1.72ï3.27 ʤʢʩ ʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʌPL = 2ï

25% (ʊʘʙʣʠʮʘ 30). ʇʨʠ 140 ʂ, ʚ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax 

~9ï19 ʥʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʘʚʪʦʨʘʤʠ çʩʞʘʪʠʝʤè ʬʨʘʛʤʝʥʪʘ [Cu4(ɛ3-I)4] ʧʨʠ ʧʦʥʠʞʝʥʠʠ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘʢʦʥʦʤʝʨʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ CuĀĀĀCu (ʩʤ. ʈʠʩʫʥʦʢ 6). 

ʇʨʦʚʝʜʸʥʥʳʝ DFT ʨʘʩʯʸʪʳ, ʘ ʪʘʢ ʞʝ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʅʕ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ, ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ 1ï5 ʧʨʦʠʩʭʦʜʠʪ ʠʟ
 3

CC ʩʦʩʪʦʷʥʠʷ 

[150]. 

ʊʘʙʣʠʮʘ 30. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ 1ï5 ʧʨʠ 294 ʠ 140 ʂ. 

ʂʦʤʧʣʝʢʩ 
ɚmax, ʥʤ 

Ű, ʤʢʩ
ʘ 
ʌPL, %

ʘ
 

294 K 140 K 

1 527 545 2.975 25 

2 519 529 1.423 3 

3 514 523 1.72 2 

4 528 547 3.266 15 

5 534 ʥ/ʜ 2.672 11 

ʘ
ɿʘʧʠʩʘʥʦ ʧʨʠ 294 ʂ.  

ʇʦʟʜʥʝʝ, ʪʝʤ ʞʝ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩ r

Cu(I) ʥʘ ʦʩʥʦʚʝ N-ʤʝʪʠʣ-10-(ʘʨʠʣ)-5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʦʚ (ʘʨʠʣ = p-ClPh ʠ p-BrPh) 

[151] (ʉʭʝʤʘ 31). ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ [150], ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ, ʷʜʨʦ [Cu4(ɛ3-I)4], ʘ 

ʪʘʢ ʞʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʜʠ ï ʚ ʮʝʣʦʤ, ʠʜʝʥʪʠʯʥʳ ʩʝʨʠʠ ʢʫʙʘʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ 10-(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʘʤʠ. 

 

ʉʭʝʤʘ 31. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ N-ʤʝʪʠʣ-10-

(ʘʨʠʣ)-5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʘʤʠ. 

ʌʦʪʦʬʠʟʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʳʭ ʩ 10-

(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʘʤʠ. ʊʘʢ, ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ N-ʤʝʪʠʣ-10-(ʘʨʠʣ)-5,10-

ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʚʦʡʥʫʶ ʵʤʠʩʩʠʶ: ʧʨʠ 293 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʅʕ 

(550 ʥʤ), ʪʘʢ ʠ ɺʕ (405 ʥʤ) ʧʦʣʦʩʘ, ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 46% ʦʪ ʅʕ ʧʦʣʦʩʳ (ʊʘʙʣʠʮʘ 31). 

ʆʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʦ 77 ʂ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ɺʕ ʠ ʅʕ ʧʦʣʦʩ, ʘ 

ʪʘʢ ʞʝ ʢ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʥʘ 5ï13 ʥʤ (ʈʠʩʫʥʦʢ 
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12), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʦ ʜʘʥʥʳʤ 

ʨʘʩʯʸʪʦʚ DFT, ʅʕ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʭʦʜʘʤʠ 
3
ʉC-ʪʠʧʘ, ʘ ɺʕ ʧʦʣʦʩʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʤ 
3
IL ʧʝʨʝʭʦʜʘʤ. ʇʨʠʩʫʪʩʪʚʠʝ ɺʕ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ 

ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ N-ʤʝʪʠʣ-10-(ʘʨʠʣ)-5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʘʤʠ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ 

ʤʝʥʴʰʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʞʸʩʪʢʦʩʪʴʶ ʣʠʛʘʥʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 10-(ʘʨʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʘʤʠ, ʯʪʦ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʛʝʦʤʝʪʨʠʶ 
3
IL ʩʦʩʪʦʷʥʠʷ [151]. 

 ʊʘʙʣʠʮʘ 31. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Cu(I) c N-ʤʝʪʠʣ-10-(ʘʨʠʣ)-

5,10-ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʦʤ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ.  

ɸʨʠʣ- T, K 
ɚmax, ʥʤ Ű 

ʌPL, % 
ɺʕ
ʘ
 ʅʕ

ʘ
 ɺʕ (ʥʩ) ʅʕ (ʤʢʩ) 

p-ClPh 
293 405 (0.07) 550 (1.00) 45 3.158 

4 
77 410 (0.44) 535 (0.95) ʥ/ʜ 

p-BrPh 
293 405 (0.09) 550 (0.99) 49 2.067 

2 
77 418 (0.46) 560 (1.00) ʥ/ʜ 

ʘ
ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ. 

 

ʈʠʩʫʥʦʢ 12. ʊʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ (ʘʨʠʣ = p-ClPh 

(ʩʣʝʚʘ) ʠ p-BrPh (ʩʧʨʘʚʘ)) [151]. 
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1.3.   ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʩʦ ʩʪʠʙʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʩʦ ʩʪʠʙʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ [152, 153] ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʧʘʨʘʣʣʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʣʶʤʠʥʦʬʦʨʳ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʠʭ As-, Sb- ʠ Bi- 

ʧʨʦʠʟʚʦʜʥʳʭ: ʜʠ(ʘʨʠʣ-/ʛʝʪʝʨʦʘʨʠʣ)ʘʨʩʦʣʳ, -ʩʪʠʙʦʣʳ ʠʣʠ ʚʠʩʤʦʣʳ, ʪʘʢ ʞʝ ʘʨʩʘ-, ʩʪʠʙʦ- ʠ 

ʚʠʩʤʦʬʣʫʦʨʝʥʳ, ʢʦʪʦʨʳʝ ʩʘʤʠ ʧʦ ʩʝʙʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʷʨʢʫʶ ʌʃ [154]. ɸ ʩ 9-ʬʝʥʠʣ-9-

ʘʨʩʘʬʣʫʦʨʝʥʦʤ [149] ʙʳʣ ʧʦʣʫʯʝʥ ʯʝʪrʨʸʭʲʷʜʝʨʥʳʡ ʢʫʙʘʥʦʚʳʡ ʢʦʤʧʣʝʢʩ Cu(I), 

ʦʙʣʘʜʘʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʡ ʞʸʣʪʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ (ʩʤ. ʩ. 63 ʠ ʪʘʙʣʠʮʫ 29). ʇʨʠ ʵʪʦʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʨʦʚ ʤʦʥʦ-, ʙʠ- [133, 155, 156] ʠ ʪʨʸʭʲʷʜʝʨʥʳʭ 

[125] ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩʦ ʩʪʠʙʠʥʦʚʳʤʠ ʠ ʚʠʩʤʫʪʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʚʢʣʶʯʘʷ 3D ʂʇ ʥʘ 

ʦʩʥʦʚʝ (3-Py)3Pn, (Pn = Sb, Bi) ʠ [Cu(MeCN)4]BF4
ï
/ PF6

ï 
[157]), ʯʴʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ ʜʦ ʩʠʭ ʧʦʨ, ʭʦʪʷ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʪʴ ʠʭ ʥʝ ʩʪʦʠʪ. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (2021ï2023 ʛ.) ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʘʣʠʟʝ [158]. 

ɺ 2016 ʠ 2019 ʛʦʜʘʭ, Taylor ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʙʠʷʜʝʨʥʳʝ, ʪʘʢ ʠ 

ʯʝʪrʨʸʭʲʷʜʝʨʥʳʝ ʢʫʙʘʥʦʚʳʝ Cu4I4 ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ SbR3 ʣʠʛʘʥʜʦʚ [152, 153]. ʉʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ CuI ʢ ʨʘʩʪʚʦʨʫ ʩʪʠʙʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚʦ ʬʪʦʨʙʝʥʟʦʣʝ 

ʧʨʠ -20
ʦ
ʉ (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ CuI:SbR3 = 1:4) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʪʝʯʝʥʠʠ ʩʫʪʦʢ (ʉʭʝʤʘ 32).  

 

ʉʭʝʤʘ 32. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʫʙʘʥʦʚʳʭ (a) ʠ ʙʠʷʜʝʨʥʳʭ (ʙ) ʢʦʤʧʣʝʢʩʦʚ Cu(I) 

ʥʘ ʦʩʥʦʚʝ SbR3 ʣʠʛʘʥʜʦʚ. 
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ʉʪʠʙʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩ ʦʙʲʸʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, SbR3 = Sb(i-Pr)3, Sb(t-Bu)3, SbCy3, 

(t-Bu)2SbPh, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 1ï3, 5 (ʉʭʝʤʘ 32ʘ). 

ʊʦʛʜʘ ʢʘʢ ʩʪʠʙʠʥʳ ʩ ʤʝʥʝʝ ʦʙʲʸʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, SbR3 = SbPh3, Me2SbPh, ʧʨʠʚʦʜʠʣʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 6 ʠ 7 (ʉʭʝʤʘ 32ʙ). ʀ ʥʘʢʦʥʝʮ, ʝʩʣʠ SbR3 = (i-

Pr)2SbPh, ʪʦ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴʩʷ ʢʘʢ ʢʫʙʘʥʦʚʳʡ ʢʣʘʩʪʝʨ 4, ʪʘʢ ʠ ʜʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 8 [153].  

ʀʟʫʯʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʳʷʚʠʣʦ, ʯʪʦ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 6ï8 ʥʝ ʦʙʣʘʜʘʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʘ 

ʢʫʙʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ 1ï5 ʧʨʦʷʚʣʷʶʪ ʪʘʢʦʚʫʶ ʪʦʣʴʢʦ ʧʨʠ 77 ʂ (ʊʘʙʣʠʮʘ 32). ʅʘ ʩʧʝʢʪʨʘʭ 

ʵʤʠʩʩʠʠ 1ï5 ʚʠʜʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʅʕ ʧʦʣʦʩʘ (ɚmax = 558ï711 ʥʤ), ʩʚʷʟʘʥʥʘʷ ʩ ʢʣʘʩʪʝʨ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ (
3
ʉʉ) ʧʝʨʝʭʦʜʘʤʠ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1ï5 

ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ (Ű298ʂ = 0.36ï1.2 ʤʢʩ) ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʵʤʠʩʩʠʠ [153] ʦʜʥʘʢʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʢʘʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʯʝʥʠʷ) ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ (Ű77ʂ = 5.4ï9.8 ʤʢʩ).  

ʊʘʙʣʠʮʘ 32. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu4I4(R2SbR`)4] ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʂʦʤʧʣʝʢʩ ʃʠʛʘʥʜʳ ɚmax, ʥʤ
ʘ 
Ű77ʂ, ʤʢʩ Ű298ʂ, ʤʢʩ 

1 R = R` = i-Pr 711 7.7 1.2 

2 R = R` = t-Bu 558 5.9 0.39 

3 R = R` = Cy 666 9.8 0.43 

4 R = i-Pr, R` = Ph 670 7.7 0.36 

5 R = t-Bu, R` = Ph 575 5.4 0.42 

ʘ
ɿʘʧʠʩʘʥʦ ʧʨʠ 77 ʂ.  

ɿʘʢʣʶʯʝʥʠʝ ʢ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ 

ɺʝʨʦʷʪʥʦ, ʫ ʯʠʪʘʪʝʣʝʡ ʚʦʟʥʠʢʥʫʪ ʚʦʧʨʦʩʳ, ʧʦʯʝʤʫ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʚʳʩʪʨʦʝʥ 

ʠʤʝʥʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. ʆʪʚʝʪʦʤ ʙʫʜʝʪ ï ʧʦʜʦʙʥʦʝ, çʥʝʨʘʚʥʦʤʝʨʥʦʝè ʧʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʩʪʨʦʝʥʠʝ ʩʜʝʣʘʥʦ ʫʤʳʰʣʝʥʥʦ, ʩ ʮʝʣʴʶ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʠ ʧʦʣʥʦ 

ʠʩʩʣʝʜʦʚʘʥʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ (ʩʚʳʰʝ 100 ʨʘʙʦʪ) ʠ ʢʘʢ çʥʠʯʪʦʞʥʦè ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʵʤʠʩʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ ʙʦʣʝʝ çʪʷʞʸʣʤrʠè ʘʥʘʣʦʛʘʤʠ ï ʘʨʩʠʥʘʤʠ (~ 9 

ʩʪʘʪʝʡ) ʠ ʩʪʠʙʠʥʘʤʠ (2 ʩʪʘʪʴʠ!). ɺ ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʤʘʩʩʝ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Cu(I) ʥʘ ʦʩʥʦʚʝ ʧʥʠʢʪʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʥʦ-, ʙʠ- ʠ ʪʝʪʨʘʷʜʝʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʥʘʤʥʦʛʦ 



69 

 

ʤʝʥʴʰʝ ʧʨʠʤʝʨʦʚ ʪʨʸʭ-, ʛʝʢʩʘ- ʠ ʛʝʧʪʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʯʸʤ ʙʦӢʣʴʰʘʷ ʯʘʩʪʴ 

ʠʟʚʝʩʪʥʘ ʦʧʷʪʴ ʞʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Cu(I) c ʘʟʦʪ- ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ. 

ɼʣʷ ʥʠʭ ʞʝ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʪʦ: ʪʝʨʤʦ-, 

ʤʝʭʘʥʦ- ʠʣʠ ʩʦʣʴʚʘʪʦʭʨʦʤʠʟʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʮʝʣʦʤ, ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ 

ʧʥʠʢʪʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʙʫʩʣʦʚʣʝʥʘ 
1,3

(M+X)LCT, ʨʝʞʝ 
3
CC, LL`CT ʠ 

3
IL ʧʝʨʝʭʦʜʘʤʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʚʪʦʨʶʩʴ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ ʘʨʩʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ ʠʟʚʝʩʪʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ ï ʩʢʘʟʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʜʦʩʪʫʧʥʳʭ 

ʘʨʩʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. ɸ ʤʝʞʜʫ ʪʝʤ ʙʦʣʴʰʦʝ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʠʣʠ 

ʵʬʬʝʢʪ çʪʷʞʸʣʦʛʦ ʘʪʦʤʘ ʧʥʠʢʪʦʛʝʥʘè) ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʘʢ ʧʨʦʷʚʣʝʥʠʶ ʊɸɿʌ, ʪʘʢ ʠ 

ʙʳʩʪʨʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ [180]. ʅʘ ʥʘʰ çʩʢʨʦʤʥʳʡè ʚʟʛʣʷʜ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ As- ʠ As,N-

ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ï ʚ ʯʘʩʪʥʦʩʪʠ ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʦʚ ʠ ʦʩʦʙʝʥʥʦ ʧʠʨʠʜʠʣʘʨʩʠʥʦʚ, ʜʣʷ 

ʜʠʟʘʡʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʧʦʟʚʦʣʠʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʦʙʠʪʴʩʷ ʣʫʯʰʠʭ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʥʘʧʨʠʤʝʨ ʙʦʣʝʝ 

ʢʦʨʦʪʢʠʭ ʚʨʝʤʸʥ (< 2ï3 ʤʢʩ) ʧʦʩʣʝʩʚʝʯʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ï ʚʦʩʧʦʣʥʠʪʴ çʧʨʦʙʝʣʳè ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ As- ʠ As,N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʙʳʪʴ ʤʦʞʝʪ, ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʙʦʣʝʝ çʪʷʞʸʣʳʝè ʩʪʠʙʠʥʳ ʠ ʚʠʩʤʫʪʠʥʳ. 
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʈʝʘʢʪʠʚʳ 

ɺʦʟʜʫʭʦ- ʠ ʚʣʘʛʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʠʢʠ ʐʣʝʥʢʘ. ʂʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʨʝʘʢʪʠʚʳ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʠ: CuI (99%, Sigma), CuCl (99%, Sigma), [Cu(MeCN)4]BF4 (99%, Acros), Ph3As 

(97%, Alfa Aesar), 4,4ǋ-ʙʠʧʠʨʠʜʠʥ (99 %, Merck), ʧʠʨʘʟʠʥ (99%, Merck), n-BuLi (2.5 M ʚ 

ʛʝʢʩʘʥʝ, Aldrich), ʩʠʣʠʢʘʛʝʣʴ 60 (Macherey-Nagel, 230-400 mesh), MeCN (ʜʣʷ ɺʕɾʍ, 

ʂʨʠʦʭʨʦʤ), EtCN (99%, Sigma-Aldrich), i-PrCN (99%, Sigma-Aldrich), PhCN (99%, Merck),  

CH2Cl2 (ʯ., ʕʢʦʭʠʤ), EtOAc (ʯ.ʜ.ʘ., ʕʢʦʩ-1), ʛʝʢʩʘʥ (ʯ., ʈʝʘʭʠʤ), ɼʄʌɸ (ʜʣʷ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʕʢʦʩ-1) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. CuBr ʧʦʣʫʯʘʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʠʥʪʝʟʦʤ ʠʟ ʙʝʟʚʦʜʥʦʛʦ CuBr2 ʠ ʧʦʨʦʰʢʘ ʤʝʜʠ ʚ MeCN. 

ʌʝʥʠʣʜʠʭʣʦʨʘʨʩʠʥ (PhAsCl2) ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʡ ʤʝʪʦʜʠʢʝ [159]. AsBr3, (ʨ-

An)3As, (ʨ-Tol)3As ʠ (ʨ-CF3Ph)3As ʧʦʣʫʯʘʣʠ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ [160]. ʊʨʠʩ(2-

ʧʠʨʠʜʠʣ)ʘʨʩʠʥ (Py3As) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠʟ 2-ʙʨʦʤʧʠʨʠʜʠʥʘ (99%, Acros) ʠ AsBr3, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʠʟʚʝʩʪʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʝ [160]. Et2O (ʯ.ʜ.ʘ., ʂʫʟʙʘʩʩʦʨʛʭʠʤ) ʠ 

ʊɻʌ (ʭ.ʯ., ʕʢʦʩ-1) ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʛʦʥʷʣʠ ʥʘʜ Na ʩ ʜʦʙʘʚʢʦʡ ʙʝʥʟʦʬʝʥʦʥʘ. 

2.2. ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 1, 2, 4, 8ï12 ʠ 3, 5ï7, 

13 ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 296 ʠ 200 ʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker Kappa Apex II  CCD (ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, ɚ(MoKŬ) = 0.71073 

¡, ű- ʠ ɤ-ʩʢʘʥʳ ʩ ʰʘʛʦʤ 0.5Á). ʈʘʩʰʠʬʨʦʚʢʘ ʠ ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ SHELXT [161] ʠ SHELXL [162], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʠʣʴʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʦʮʝʜʫʨʘ PLATON/SQUEEZE [163]. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʢʮʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ APEX3, SADABS ʠ SAINT [164] 

ʣʠʙʦ CrysAlisPro [165]. ʈʌɸ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ShimadzuXRD-7000 (CuKa ʠʟʣʫʯʝʥʠʝ, Ni-ʬʠʣʴʪʨ, ʜʠʘʧʘʟʦʥ 3ï35Á 2q, ʰʘʛ 0.03Á 2q, 

ʥʘʢʦʧʣʝʥʠʝ 5 ʩ). ʀʥʜʠʮʠʨʦʚʘʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʠʤʫʣʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʂ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʧʨʠʙʦʨʝ Bruker Vertex 80 ʚ ʪʘʙʣʝʪʢʘʭ ʩ KBr ʚ 

ʜʠʘʧʘʟʦʥʝ 4000ï400 ʩʤ
-1
. ʕʣʝʤʝʥʪʥʳʡ CHN ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʀʅʍ ʉʆ ʈɸʅ ʥʘ ʧʨʠʙʦʨʝ Micro Cube Analyzer. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ (ʊɻɸ) ʧʨʦʚʦʜʠʣʩʷ ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ ʠʟ Al2O3 ʚ ʧʦʪʦʢʝ He ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 
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10ÁC/ʤʠʥ
ï1

 ʥʘ ʧʨʠʙʦʨʝ Netzsch STA 449 F1 Jupiter STA ʚ ʜʠʘʧʘʟʦʥʝ 25ï600
ʦ
ʉ. ʗʄʈ-

ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker AV-500 ʥʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪʘʭ 500.13 ʠ 

125.77 ʄɻʮ. 

ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Fluorolog 3 (Horiba 

Jobin Yvon) ʩ ʦʭʣʘʞʜʘʶʱʠʤ ʤʦʜʫʣʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʬʦʪʦʥʦʚ PC177CE-010, ʦʩʥʘʱʝʥʥʳʤ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ R2658. ʉʧʘʜ ʵʤʠʩʩʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʥʘ ʪʦʤ ʞʝ ʧʨʠʙʦʨʝ. ɸʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ (ūPL) ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʳ 

Fluorolog 3 Quanta-phi. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (QY) ʧʨʠ 77 ʂ ʠʟʤʝʨʷʣʠʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʧʨʠ 300 ʂ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʚʘʥʪʦʚʳʝ 

ʚʳʭʦʜʳ ʢʘʣʠʙʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ QY, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ 77 ʂ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʠʭ 

ʢʨʠʦʩʪʘʪʦʚ Optistat DN (Oxford Instruments). ʉʧʝʢʪʨʳ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ MAYA -2000 (Ocean optics). ʉʧʝʢʪʨʳ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Shimadzu UV-3101ʈʉ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BaSO4 ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠïʄʫʥʢʘ.  

2.3. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

2.3.1. ʂʦʤʧʣʝʢʩʳ Cu(I) ʩ ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʘʤʠ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ 1ï3.  

ʂ ʩʤʝʩʠ CuI (56 ʤʛ, 0.294 ʤʤʦʣʴ) ʠ Ph3As (67.5 ʤʛ, 0.221 ʤʤʦʣʴ) ʠʣʠ (ʨ-An)3As (87.5 

ʤʛ, 0.221 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ EtCN ʠʣʠ i-PrCN (1 ʤʣ), ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ 

ʚʘʢʫʫʤʝ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 1ï3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ Et2O ʚ ʥʘʩʳʱʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʦʚ ʚ EtCN (ʜʣʷ 1 ʠ 2) ʠʣʠ i-PrCN (ʜʣʷ 3). 

[Cu4I4(Ph3As)3] (1).  

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 113 ʤʛ (92%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 419 (ʦʯ. ʩʣ), 471 

(ʩʠʣʴʥ.), 525 (ʦʯ. ʩʣ), 548 (ʦʯ. ʩʣ), 617 (ʦʯ. ʩʣ), 671 (ʩʣ), 692 (ʦʯ. ʩʠʣʴʥ.), 737 (ʦʯ. ʩʠʣʴʥ.), 

849 (ʦʯ. ʩʣ), 914 (ʦʯ. ʩʣ), 999 (ʩʣ), 1024 (ʩʣ), 1078 (ʩʨ), 1157 (ʩʣ), 1184 (ʩʣ), 1273 (ʦʯ. ʩʣ), 

1308 (ʩʣ), 1385 (ʦʯ. ʩʣ), 1393 (ʦʯ. ʩʣ), 1435 (ʩʠʣʴʥ.), 1456 (ʦʯ. ʩʣ), 1481 (ʩʨ), 1580 (ʩʣ), 1651 

(ʦʯ. ʩʣ), 1883 (ʦʯ. ʩʣ), 2997 (ʩʣ), 3049 (ʩʣ), 3069 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C54H45As3Cu4I4 (1680.50): C, 38.6; H, 2.7. ʅʘʡʜʝʥʦ: C, 38.5; H, 2.8.  

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 1: P63, a = 14.5252(4) ¡, c = 34.2636(13) ¡, V = 

6260.5(4) ¡
3
. 
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 [Cu4I4((ʨ-An)3As)3(EtCN)] (2).  

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 133 ʤʛ (90%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 417 (ʦʯ. ʩʣ), 482 (ʩʣ), 

521 (ʩʨ), 600 (ʩʣ), 633 (ʩʣ), 712 (ʩʣ), 793 (ʩʨ), 824 (ʩʨ), 1007 (ʩʣ), 1028 (ʩʠʣʴʥ.), 1080 (ʩʨ), 

1105 (ʩʣ), 1177 (ʩʠʣʴʥ.), 1250 (ʦʯ. ʩʠʣʴʥ.), 1288 (ʩʠʣʴʥ.), 1306 (ʩʨ), 1402 (ʩʣ), 1441 (ʩʨ), 

1462 (ʩʨ), 1497 (ʦʯ. ʩʠʣʴʥ.), 1570 (ʩʨ), 1591 (ʩʠʣʴʥ.), 1892 (ʩʣ), 2041 (ʩʣ), 2261 (ʩʣ), 2425 

(ʦʯ. ʩʣ), 2536 (ʦʯ. ʩʣ), 2835 (ʩʣ), 2940 (ʩʣ), 2999 (ʩʣ), 3061 (ʦʯ. ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C66H68As3Cu4I4NO9 (2005.81): C, 39.5; H, 3.4; N, 0.7. ʅʘʡʜʝʥʦ: C, 39.3; H, 

3.5; N, 0.8. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 2: P21/c, a = 18.4413(19) ¡, b = 14.5164(14) ¡, c 

= 29.553(3) ¡, ɓ = 90.975(5)Á, V = 7910.3(14) ¡
3
. 

[Cu4I4((ʨ-An)3As)3(i-PrCN)] (3).  

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 131 ʤʛ (88%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 417 (ʩʣ), 480 (ʩʨ), 521 

(ʩʠʣʴʥ.), 600 (ʩʨ), 633 (ʩʣ), 712 (ʩʣ), 793 (ʩʠʣʴʥ.), 824 (ʦʯ. ʩʠʣʴʥ.), 937 (ʩʣ), 961 (ʩʨ), 1007 

(ʩʨ), 1028 (ʦʯ. ʩʠʣʴʥ.), 1078 (ʩʠʣʴʥ.), 1105 (ʩʨ), 1123 (ʩʨ), 1177 (ʦʯ. ʩʠʣʴʥ.), 1254 (ʦʯ. 

ʩʠʣʴʥ.), 1288 (ʦʯ. ʩʠʣʴʥ.), 1306 (ʩʨ), 1341 (ʩʣ), 1400 (ʩʨ), 1439 (ʩʠʣʴʥ.), 1462 (ʩʠʣʴʥ.), 1497 

(ʦʯ. ʩʠʣʴʥ.), 1570 (ʩʠʣʴʥ.), 1593 (ʦʯ. ʩʠʣʴʥ.), 1890 (ʩʣ), 2041 (ʩʣ), 2279 (ʩʣ), 2349 (ʩʣ), 2382 

(ʩʣ), 2534 (ʩʣ), 2835 (ʩʨ), 2903 (ʩʨ), 2940 (ʩʨ), 2957 (ʩʨ), 3001 (ʩʣ), 3061 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C67H70As3Cu4I4NO9 (2019.84): C, 39.8; H, 3.5; N, 0.7. ʅʘʡʜʝʥʦ: C, 

39.7; H, 3.3; N, 0.6. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 3: P212121, a = 14.5571(7) ¡, b = 18.0505(10) ¡, c 

= 29.9698(15) ¡, V = 7875.0(7) ¡
3
. 

[Cu4I4(Ph3As)3(PhCN)] (4).  

ʂ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ Ph3As (67.5 ʤʛ, 0.221 ʤʤʦʣʴ) ʚ PhCN (1 ʤʣ) ʜʦʙʘʚʠʣʠ CuI (56 

ʤʛ, 0.294 ʤʤʦʣʴ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 100 ÁC ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ, ʟʘʪʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ 30 ʤʠʥʫʪ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 88 ʤʛ (67%). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ 4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ Et2O ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʘ ʚ PhCN. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 419 (ʩʣ), 469 (ʩʠʣʴʥ.), 484 (ʩʨ), 521 (ʩʣ), 548 

(ʩʨ), 617 (ʩʣ), 671 (ʩʣ), 692 (ʦʯ. ʩʠʣʴʥ.), 737 (ʦʯ. ʩʠʣʴʥ.), 758 (ʩʨ), 824 (ʦʯ. ʩʠʣʴʥ.), 928 (ʦʯ. 

ʩʣ), 999 (ʩʣ), 1024 (ʩʨ), 1076 (ʩʨ), 1157 (ʩʣ), 1184 (ʩʣ), 1273 (ʩʣ), 1306 (ʩʨ), 1335 (ʩʣ), 1389 

(ʩʣ), 1435 (ʩʠʣʴʥ.), 1447 (ʩʣ), 1481 (ʩʨ), 1582 (ʩʣ), 1597 (ʩʣ), 1884 (ʩʣ), 2247 (ʩʣ), 2855 (ʩʣ), 

2926 (ʩʣ), 2997 (ʩʣ), 3051 (ʩʣ), 3061 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣ ̫

C61H50As3Cu4I4N (1783.62): C, 41.1; H, 2.8; N, 0.8. ʅʘʡʜʝʥʦ: C, 41.0; H, 2.9; N, 0.7. 
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ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 4: Cc, a = 14.0195(9) ¡, b = 20.4167(13) ¡, c = 

21.5225(13) ¡, ɓ = 94.194(3)Á, V = 6143.9(7) ¡
3
. 

[Cu4I4((ʨ-An)3As)4]ĿCH2Cl2 (5ĿCH2Cl2).  

ʂ ʩʫʩʧʝʥʟʠʠ CuI (25 ʤʛ, 0.131 ʤʤʦʣʴ) ʚ EtCN (1 ʤʣ), ʜʦʙʘʚʠʣʠ (ʨ-An)3As (52 ʤʛ, 0.131 

ʤʤʦʣʴ) ʚ CH2Cl2 (4 ʤʣ), ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɹʝʣʳʡ 

ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 65 ʤʛ (82%). ʄʦʥʦʢʨʠʩʪʘʣʣʳ 5ĿCH2Cl2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ 

ʛʝʢʩʘʥʘ ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ EtCN/CH2Cl2. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 

413 (ʩʣ), 480 (ʩʨ), 521 (ʩʠʣʴʥ.), 598 (ʩʣ), 633 (ʩʣ), 712 (ʩʣ), 750 (ʩʨ), 793 (ʩʠʣʴʥ.), 822 

(ʩʠʣʴʥ.), 937 (ʩʣ), 961 (ʩʣ), 1007 (ʩʨ), 1028 (ʩʠʣʴʥ.), 1078 (ʩʠʣʴʥ.), 1105 (ʩʨ), 1177 (ʦʯ. 

ʩʠʣʴʥ.), 1250 (ʦʯ. ʩʠʣʴʥ.), 1288 (ʩʠʣʴʥ.), 1306 (ʩʨ), 1400 (ʩʨ), 1439 (ʩʨ), 1460 (ʩʠʣʴʥ.), 1497 

(ʦʯ. ʩʠʣʴʥ.), 1570 (ʩʠʣʴʥ.), 1591 (ʩʠʣʴʥ.), 1888 (ʩʣ), 2039 (ʩʣ), 2835 (ʩʨ), 2940 (ʩʨ), 2955 

(ʩʨ), 2999 (ʩʣ), 3059 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C85H86As4Cu4I4Cl2O12 

(2431.98): ʉ, 42.0; ʅ, 3.6. ʅʘʡʜʝʥʦ: ʉ, 41.9; ʅ, 3.4. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 5ĿCH2Cl2: Pρ, a = 12.9602(8) ¡, b = 15.4260(9) 

¡, c = 24.2353(15) ¡, Ŭ = 86.713(2)Á, ɓ = 81.975(3)Á, ɔ = 89.061(2)Á, V = 4789.7(5) ¡
3
. 

2.3.2. ʆʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʝʯʥʳʝ ʂʇ Cu(I) ʩ ʪʨʠʬʝʥʠʣʘʨʩʠʥʦʤ ʠ N^N-

ʜʠʪʦʧʥʳʤʠ ʩʦ-ʣʠʛʘʥʜʘʤʠ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʂʇ 6 ʠ 7ĿMeCN.  

ʂ ʧʝʨʝʤʝʰʠʚʘʝʤʦʡ ʩʫʩʧʝʥʟʠʠ CuI (22.5 ʤʛ, 0.118 ʤʤʦʣʴ) ʠ Ph3As (72.5 ʤʛ, 0.237 

ʤʤʦʣʴ) ʚ ɼʄʌɸ (2 ʤʣ), ʜʦʙʘʚʣʷʣʠ 4,4ǋ-ʙʠʧʠʨʠʜʠʥ (27.7 ʤʛ, 0.177 ʤʤʦʣʴ) ʠʣʠ ʧʠʨʘʟʠʥ 

(14.2 ʤʛ, 0.177 ʤʤʦʣʴ) ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʘʧʣʷʭ MeCN, ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ 30 ʤʠʥʫʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ Et2O (3Ĭ2 

ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 6 ʠ 7ĿMeCN ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʩʣʘʠʚʘʥʠʝʤ 

ʩʠʣʴʥʦ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ CuI, AsPh3 ʠ N^N ʩʦ-ʣʠʛʘʥʜʘ ʚ U-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ. 

[{Cu2I2(Ph3As)2}(4,4ǋ-Bipy)]n (6).  

ɿʝʣʝʥʦʚʘʪʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 61 ʤʛ (90%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 419 (ʩʣ), 465 

(ʩʠʣʴʥ.), 471 (ʩʠʣʴʥ.), 569 (ʩʣ), 617 (ʩʣ), 629 (ʩʠʣʴʥ.), 669 (ʩʨ), 694 (ʦʯ. ʩʠʣʴʥ.), 733 (ʦʯ. 

ʩʠʣʴʥ.), 743 (ʦʯ. ʩʠʣʴʥ.), 810 (ʩʠʣʴʥ.), 854 (ʩʣ), 920 (ʩʣ), 964 (ʩʣ), 1001 (ʩʨ), 1024 (ʩʨ), 1042 

(ʩʣ), 1065 (ʩʨ), 1076 (ʩʨ), 1086 (ʩʣ), 1155 (ʩʣ), 1186 (ʩʨ), 1215 (ʩʨ), 1273 (ʩʣ), 1308 (ʩʣ), 

1406 (ʩʠʣʴʥ.), 1433 (ʩʠʣʴʥ.), 1481 (ʩʠʣʴʥ.), 1530 (ʩʨ), 1580 (ʩʨ), 1599 (ʩʠʣʴʥ.), 1651 (ʩʣ), 

1771 (ʩʣ), 1827 (ʩʣ), 1890 (ʩʣ), 1964 (ʩʣ), 2995 (ʩʣ), 3049 (ʩʨ), 3069 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ 
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ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C46H38As2Cu2I2N2 (1149.55): C, 48.1; H, 3.3; N, 2.4. ʅʘʡʜʝʥʦ: C, 

48.0; H, 3.3; N, 2.4. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 6: Pρ, a = 9.2363(4) ¡, b = 9.4311(5) ¡, c = 

13.3140(7) ¡, Ŭ = 106.939(2)Á, ɓ = 107.238(2)Á, ɔ = 92.735(2)Á, V = 1048.1(1) ¡
3
. 

[{Cu 2I2(Ph3As)2}(Pyz)]nĿMeCN (7ĿMeCN).  

ʆʨʘʥʞʝʚʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 57 ʤʛ (88%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 419 (ʩʨ), 436 (ʩʨ), 

451 (ʩʠʣʴʥ.), 476 (ʩʨ), 617 (ʩʣ), 669 (ʩʣ), 692 (ʩʨ), 739 (ʩʨ), 748 (ʩʣ), 804 (ʩʨ), 847 (ʦʯ. ʩʣ), 

912 (ʦʯ. ʩʣ), 999 (ʩʣ), 1024 (ʩʣ), 1049 (ʩʨ), 1078 (ʩʣ), 1121 (ʩʨ), 1157 (ʩʨ), 1184 (ʦʯ. ʩʣ), 1221 

(ʦʯ. ʩʣ), 1273 (ʦʯ. ʩʣ), 1306 (ʦʯ. ʩʣ), 1416 (ʦʯ. ʩʠʣʴʥ.), 1435 (ʩʨ), 1477 (ʩʨ), 1580 (ʦʯ. ʩʣ), 

1670 (ʩʣ), 1769 (ʦʯ. ʩʣ), 1846 (ʦʯ. ʩʣ), 1892 (ʦʯ. ʩʣ), 1965 (ʦʯ. ʩʣ), 2251 (ʩʣ), 2855 (ʦʯ. ʩʣ), 

2924 (ʩʣ), 3051 (ʩʣ), 3069 (ʦʯ. ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C42H37As2Cu2I2N3 

(1114.51): C, 45.3; H, 3.3; N, 3.8. ʅʘʡʜʝʥʦ: C, 45.4; H, 3.3; N, 3.9. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 7ĿMeCN: P21/n, a = 8.9744(7) ¡, b = 18.4717(13) 

¡, c = 13.4552(9) ¡, ɓ = 94.276(3)Á, V = 2224.3(3) ¡
3
. 

2.3.3. ʂʦʤʧʣʝʢʩʳ Cu(I) ʩ ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥʦʤ 

ɹʠʩ(2-ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥ (Py2AsPh)   

ʂ ʨʘʩʪʚʦʨʫ 2-ʙʨʦʤʧʠʨʠʜʠʥʘ (2.05 ʛ, 13 ʤʤʦʣʴ) ʚ 30 ʤʣ ʊɻʌ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ 2.5 

ʄ ʨʘʩʪʚʦʨ n-BuLi ʚ ʛʝʢʩʘʥʝ (5.2 ʤʣ, 13 ʤʤʦʣʴ) ʧʨʠ -78ÁC, ʧʦʩʣʝ ʧʨʠʢʘʧʳʚʘʥʠʷ, 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ -78ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʎʚʝʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʤʝʥʷʣʩʷ ʦʪ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʜʦ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ. ɼʘʣʝʝ, ʧʦʜʜʝʨʞʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ -

78ÁC, ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ PhAsCl2 (1.45 ʛ, 6.5 ʤʤʦʣʴ) ʚ 10 ʤʣ ʊɻʌ, 

ʟʘʪʝʤ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 1 ʯʘʩ. ʎʚʝʪ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʩʤʝʥʠʣʩʷ ʩ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʥʘ ʢʨʝʤʦʚʦʛʦ-ʞʸʣʪʳʡ, ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʩʘʜʢʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 14 ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʦʛʥʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ, ʘ ʢ 

ʦʩʪʘʪʢʫ ʜʦʙʘʚʠʣʠ 20 ʤʣ ʚʦʜʳ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ CH2Cl2 (3Ĭ30 ʤʣ). ʆʙʲʝʜʠʥʸʥʥʫʶ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʩʫʰʠʣʠ ʥʘʜ Na2SO4, ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʇʦʣʫʯʠʚʰʠʡʩʷ 

ʦʩʪʘʪʦʢ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ (ʵʣʶʝʥʪ: ʛʝʢʩʘʥï

EtOAc, v/v = 1:1) ʚʳʜʝʣʷʷ ʯʠʩʪʳʡ ʧʨʦʜʫʢʪ (ɺʳʭʦʜ: 0.378 ʛ, 19%), ʧʦʨʦʰʦʢ ʧʦʯʪʠ ʙʝʣʦʛʦ 

ʮʚʝʪʘ. 
1
H ʗʄʈ (500.13ʄɻʮ, CDCl3, ʤ.ʜ.), ŭ: 8.73 (ʜʜʜ, J = 4.8, 1.9, 0.9ɻʮ, 2H, H

6
 ʚ Py),

 
7.58 

(ʜʪ, J = 7.7, 1.9 ɻʮ, 2H, H
4
 ʚ Py), 7.52ï7.49 (ʤ, 2H, H

5
 ʚ Py), 7.40ï7.35 (ʤ, 3H, m-H ʠ p-H ʚ 

Ph), 7.32 (ʜʪ, J = 7.7, 1.1 ɻʮ, 2H, o-H ʚ Ph), 7.22 (ʜʜʜ, J = 7.6, 4.9, 1.2ɻʮ, 2H, H
3
 ʚ Py).

 13
C 
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ʗʄʈ (125.77ʄɻʮ, CDCl3, ʤ.ʜ.) ŭ: 166.6, 150.4, 139.1, 135.8, 134.4, 133.9, 128.8, 122.5. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C16H13AsN2 (308.21): C, 62.3; H, 4.3; N, 9.1. ʅʘʡʜʝʥʦ: 

C, 62.2; H, 4.2; N, 9.0.  

 [Cu2(Py2AsPh)2Cl2] (8) 

ʂ ʩʤʝʩʠ CuCl (24 ʤʛ, 0.241 ʤʤʦʣʴ) ʠ Py2AsPh (74 ʤʛ, 0.241 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ CH2Cl2 

(1 ʤʣ), ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 88 ʤʛ (90%). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ 8 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ Et2O ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʘ ʚ CH2Cl2. 
1
H ʗʄʈ (500.13ʄɻʮ, CDCl3, ʤ.ʜ.), ŭ: 9.10 (ʜ, J = 5.0ɻʮ, 4H, H

6
 ʚ Py),

 

8.38 (ʩ, 4H, H
4
 ʚ Py), 7.69ï7.63 (ʤ, 6H, m-H ʠ p-H ʚ Ph), 7.47 (ʪ, J= 7.7ɻʮ, 4H, H

5
 ʚ Py), 7.17 

(ʪ, J= 6.4ɻʮ, 4H, o-H ʚ Ph), 7.12 (ʜ, J = 7.9ɻʮ, 4H, H
3
 ʚ Py).

 
ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ

ï1
): 415 (ʩʨ), 

457 (ʩʣ), 478 (ʩʨ), 492 (ʩʨ), 615 (ʩʣ), 635 (ʩʣ), 671 (ʩʣ), 702 (ʩʨ), 758 (ʩʠʣʴʥ.), 770 (ʩʠʣʴʥ.), 

988 (ʩʣ), 1007 (ʩʨ), 1024 (ʩʣ), 1047 (ʩʣ), 1082 (ʩʨ), 1123 (ʩʣ), 1157 (ʩʣ), 1188 (ʩʣ), 1233 (ʦʯ. 

ʩʣ), 1275 (ʩʣ), 1281 (ʩʣ), 1420 (ʩʠʣʴʥ.), 1449 (ʦʯ. ʩʠʣʴʥ.), 1481 (ʩʣ), 1537 (ʦʯ. ʩʣ), 1558 (ʩʨ), 

1578 (ʩʠʣʴʥ.), 1639 (ʩʣ), 1919 (ʦʯ. ʩʣ), 2021 (ʦʯ. ʩʣ), 2959 (ʩʣ), 3032 (ʩʨ), 3053 (ʩʨ), 3073 

(ʩʣ), 3117 (ʦʯ. ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C32H26As2Cu2Cl2N4 (814.42): C, 

47.2; H, 3.2; N, 6.9. ʅʘʡʜʝʥʦ: C, 47.1; H, 3.1; N, 6.8. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 8: P21/n, a = 9.2247(19) ¡, b = 9.2436(18) ¡, c = 

18.964(4) ¡, ɓ = 99.668(9)Á, V = 1594.0(6) ¡
3
. 

[Cu2(Py2AsPh)2Br2] (9) 

ʂ ʩʤʝʩʠ CuBr (24 ʤʛ, 0.166 ʤʤʦʣʴ) ʠ Py2AsPh (51 ʤʛ, 0.166 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ MeCN 

(1 ʤʣ), ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 69 ʤʛ (92%). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ 9 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ Et2O ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʘ ʚ MeCN. 
1
H ʗʄʈ (500.13ʄɻʮ, CDCl3, ʤ.ʜ.), ŭ: 9.17 (ʜ, J = 5.2ɻʮ, 4H, H

6
 ʚ Py),

 

8.40 (ʩ, 4H, H
4
 ʚ Py), 7.69ï7.63 (ʤ, 6H, m-H ʠ p-H ʚ Ph), 7.46 (ʪ, J = 7.7ɻʮ, 4H, H

5
 ʚ Py), 7.16 

(ʪ, J= 6.4ɻʮ, 4H, o-H ʚ Ph), 7.10 (ʜ, J= 7.9ɻʮ, 4H, H
3
 ʚ Py).

 
 ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ

ï1
): 415 

(ʩʨ), 457 (ʩʣ), 476 (ʩʨ), 490 (ʩʠʣʴʥ.), 617 (ʩʣ), 635 (ʩʣ), 669 (ʩʣ), 700 (ʩʨ), 733 (ʩʨ), 754 

(ʩʠʣʴʥ.), 768 (ʩʠʣʴʥ.), 968 (ʦʯ. ʩʣ), 988 (ʩʣ), 1005 (ʩʨ), 1024 (ʩʣ), 1047 (ʩʣ), 1080 (ʩʨ), 1121 

(ʩʣ), 1155 (ʩʣ), 1188 (ʩʣ), 1231 (ʦʯ. ʩʣ), 1275 (ʩʣ), 1281 (ʩʣ), 1420 (ʩʠʣʴʥ.), 1449 (ʦʯ. ʩʠʣʴʥ.), 

1479 (ʩʣ), 1558 (ʩʨ), 1578 (ʩʠʣʴʥ.), 1639 (ʩʣ), 1917 (ʦʯ. ʩʣ), 2016 (ʦʯ. ʩʣ), 2957 (ʩʣ), 3032 

(ʩʨ), 3051 (ʩʣ), 3073 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C32H26As2Cu2Br2N4 (903.32): 

C, 42.5; H, 2.9; N, 6.2. ʅʘʡʜʝʥʦ: C, 42.5; H, 3.0; N, 6.3. 
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ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 9: P21/n, a = 9.220(3) ¡, b = 11.284(4) ¡, c = 

16.043(5) ¡, ɓ = 96.547(13)Á, V = 1658.1(9) ¡
3
. 

[Cu2(Py2AsPh)2I2] (10) 

ʂ ʩʤʝʩʠ CuI (50 ʤʛ, 0.262 ʤʤʦʣʴ) ʠ Py2AsPh (81 ʤʛ, 0.262 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ MeCN (1 

ʤʣ), ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 105 ʤʛ (81%). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ 10 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ Et2O ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʘ ʚ MeCN. 
1
H ʗʄʈ (500.13ʄɻʮ, CDCl3, ʤ.ʜ.), ŭ: 9.24 (ʜ, J = 5.1ɻʮ, 4H, H

6
 ʚ Py),

 

8.37 (ʩ, 4H, H
4
 ʚ Py), 7.69ï7.60 (ʤ, 6H, m-H ʠ p-H ʚ Ph), 7.45 (ʜʪ, J = 7.8, 1.8 ɻʮ, 4H, H

5
 ʚ 

Py), 7.15 (ʜʜʜ, J = 7.5, 5.3, 1.3ɻʮ, 4H, o-H ʚ Ph), 7.08 (ʜʪ, J = 7.9, 1.1 ɻʮ, 4H, H
3
 ʚ Py). ʀʂ-

ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 417 (ʩʣ), 461 (ʩʣ), 476 (ʩʨ), 486 (ʩʠʣʴʥ.), 617 (ʦʯ. ʩʣ), 637 (ʩʣ), 669 (ʦʯ. 

ʩʣ), 700 (ʩʨ), 745 (ʦʯ. ʩʠʣʴʥ.), 758 (ʦʯ. ʩʠʣʴʥ.), 781 (ʩʨ), 964 (ʦʯ. ʩʣ), 988 (ʩʣ), 1007 (ʩʨ), 

1024 (ʩʣ), 1049 (ʩʨ), 1078 (ʩʨ), 1117 (ʩʣ), 1159 (ʩʨ), 1186 (ʩʣ), 1231 (ʩʣ), 1269 (ʩʣ), 1315 

(ʩʣ), 1410 (ʩʠʣʴʥ.), 1420 (ʩʠʣʴʥ.), 1437 (ʩʠʣʴʥ.), 1449 (ʦʯ. ʩʠʣʴʥ.), 1483 (ʩʣ), 1558 (ʩʠʣʴʥ.), 

1578 (ʩʠʣʴʥ.), 1975 (ʦʯ. ʩʣ), 3015 (ʩʣ), 3048 (ʩʨ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C32H26As2Cu2I2N4 (997.32): C, 38.5; H, 2.6; N, 5.6. ʅʘʡʜʝʥʦ: C, 38.3; H, 2.6; N, 5.5.   

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 10: Pρ, a = 9.0573(11) ¡, b = 9.1282(10) ¡, c = 

20.279(3) ¡, Ŭ = 86.324(4)Á, ɓ = 87.224(5)Á, ɔ = 87.348(4)Á, V = 1669.6(4) ¡
3
. 

[Cu2(Py2AsPh)2(MeCN)2](BF4)2 (11) 

ʂ ʩʤʝʩʠ [Cu(MeCN)4]BF4 (50 ʤʛ, 0.159 ʤʤʦʣʴ) ʠ Py2AsPh (49 ʤʛ, 0.159 ʤʤʦʣʴ) 

ʜʦʙʘʚʣʷʣʠ MeCN (1 ʤʣ), ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 

ʤʠʥʫʪ. ʇʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ (1 ʤʣ) ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʨʦʜʫʢʪʘ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 70 ʤʛ (89%). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ 4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ MeCN. 

ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 415 (ʩʣ), 455 (ʩʣ), 476 (ʩʣ), 486 (ʩʨ), 523 (ʩʣ), 637 (ʦʯ. ʩʣ), 696 (ʩʨ), 

746 (ʩʠʣʴʥ.), 762 (ʩʠʣʴʥ.), 770 (ʩʠʣʴʥ.), 897 (ʩʣ), 972 (ʩʣ), 999 (ʩʨ), 1011 (ʩʠʣʴʥ.), 1040 (ʦʯ. 

ʩʠʣʴʥ.), 1059 (ʦʯ. ʩʠʣʴʥ.), 1157 (ʩʨ), 1186 (ʩʣ), 1233 (ʦʯ. ʩʣ), 1288 (ʩʣ), 1308 (ʩʣ), 1371 (ʩʣ), 

1423 (ʩʠʣʴʥ.), 1439 (ʩʨ), 1454 (ʩʠʣʴʥ.), 1483 (ʩʣ), 1560 (ʩʨ), 1580 (ʩʨ), 1979 (ʦʯ. ʩʣ), 2272 

(ʩʣ), 2307 (ʩʣ), 2947 (ʩʣ), 3055 (ʩʣ), 3096 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C36H32As2Cu2N6B2F8 (999.22): C, 43.3; H, 3.2; N, 8.4. ʅʘʡʜʝʥʦ: C, 43.2; H, 3.2; N, 8.4. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 11: P21/n, a = 8.9008(12) ¡, b = 9.7467(16) ¡, c = 

22.795(4) ¡, ɓ = 91.882(5)Á, V = 1976.5(5) ¡
3
. 
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2.3.4. ʂʦʤʧʣʝʢʩʳ Cu(I) ʩ ʪʨʠʩ(2-ʧʠʨʠʜʠʣ)ʘʨʩʠʥʦʤ 

[Cu2(Py3As)2Br2] (12)  

ʂ ʩʤʝʩʠ CuBr (24 ʤʛ, 0.167 ʤʤʦʣʴ) ʠ Py3As (51 ʤʛ, 0.165 ʤʤʦʣʴ) ʜʦʙʘʚʠʣʠ MeCN (1 

ʤʣ), ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 69 ʤʛ (92%). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ 12 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ Et2O ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʘ ʚ MeCN. 
1
H ʗʄʈ (500.13 ʄɻʮ, CDCl3, ʤ.ʜ.), ŭ: 9.07 (ʜ, J = 4.8 ɻʮ, 6H, H

6
 ʚ Py), 

7.92ï7.86 (ʤ, 6H, H
4
 ʚ Py), 7.71 (ʪ, J = 7.9 ɻʮ, 6H, H

5
 ʚ Py), 7.38ï7.32 (ʤ, 6H, H

3
 ʚ Py). ʀʂ-

ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 405 (ʩʨ), 417 (ʩʨ), 459 (ʩʣ), 474 (ʩʨ), 490 (ʩʠʣʴʥ.), 619 (ʩʣ), 637 (ʩʨ), 671 

(ʩʣ), 696 (ʩʣ), 733 (ʩʣ), 743 (ʩʣ), 766 (ʦʯ. ʩʠʣʴʥ.), 775 (ʦʯ. ʩʠʣʴʥ.), 889 (ʦʯ. ʩʣ), 966 (ʩʣ), 989 

(ʩʨ), 1007 (ʩʨ), 1045 (ʩʨ), 1082 (ʩʣ), 1105 (ʩʣ), 1121 (ʩʣ), 1153 (ʩʨ), 1233 (ʦʯ. ʩʣ), 1277 (ʩʣ), 

1414 (ʩʠʣʴʥ.), 1427 (ʩʠʣʴʥ.), 1449 (ʦʯ. ʩʠʣʴʥ.), 1558 (ʩʨ), 1578 (ʩʠʣʴʥ.), 1638 (ʦʯ. ʩʣ), 2953 

(ʩʣ), 2978 (ʩʣ), 3032 (ʩʨ), 3057 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C30H24As2Cu2Br2N6 (905.29): C, 39.8; H, 2.7; N, 9.3. ʅʘʡʜʝʥʦ: C, 39.7; H, 2.8; N, 9.3. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 12: P21/n, a = 8.8551(8) ¡, b = 11.7729(13) ¡, c = 

15.7798(15) ¡, ɓ = 104.157(5)Á, V = 1595.1(3) ¡
3
. 

[Cu(Py3As)I]ĿCH2Cl2 (13ĿCH2Cl2)  

ʂ ʩʤʝʩʠ CuI (16.5 ʤʛ, 0.087 ʤʤʦʣʴ) ʠ Py3As (30 ʤʛ, 0.097 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ CH2Cl2 (2 

ʤʣ), ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ʇʦʩʣʝ ʯʝʛʦ 

ʜʦʙʘʚʣʷʣʠ ʛʝʢʩʘʥ (1 ʤʣ) ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʨʦʜʫʢʪʘ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ 

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʆʨʘʥʞʝʚʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 39 ʤʛ (89%). ʄʦʥʦʢʨʠʩʪʘʣʣʳ 13ĿCH2Cl2 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ CH2Cl2. 
1
H ʗʄʈ (500.13 

ʄɻʮ, CDCl3, ʤ.ʜ.), ŭ: 9.09 (ʜʜʜ, J = 5.0, 1.9, 0.9 ɻʮ, 3H, H
6
 ʚ Py), 7.90 (ʜʪ, J = 7.5, 1.2 ɻʮ, 3H, 

H
4
 ʚ Py), 7.71 (ʜʪ, J = 7.6, 1.8 ɻʮ, 3H, H

5
 ʚ Py), 7.35 (ʜʜʜ, J = 7.7, 5.0, 1.3 ɻʮ, 3H, H

3
 ʚ Py), 

5.31 (ʩ, 2H ʚ CH2Cl2). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 409 (ʩʨ), 457 (ʩʣ), 482 (ʩʠʣʴʥ.), 617 (ʩʣ), 638 

(ʩʣ), 669 (ʩʣ), 702 (ʩʨ), 733 (ʩʠʣʴʥ.), 758 (ʦʯ. ʩʠʣʴʥ.), 773 (ʩʨ), 787 (ʩʨ), 897 (ʦʯ. ʩʣ), 1003 

(ʩʨ), 1045 (ʩʨ), 1088 (ʩʣ), 1103 (ʩʣ), 1152 (ʩʨ), 1227 (ʩʣ), 1271 (ʩʨ), 1422 (ʩʠʣʴʥ.), 1447 (ʦʯ. 

ʩʠʣʴʥ.), 1553 (ʩʨ), 1572 (ʩʠʣʴʥ.), 1636 (ʦʯ. ʩʣ), 2955 (ʩʣ), 3028 (ʩʣ), 3042 (ʩʣ). ʕʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C16H14AsCuICl2N3 (584.58): C, 32.9; H, 2.4; N, 7.2. ʅʘʡʜʝʥʦ: C, 33.0; 

H, 2.5; N, 7.2. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 13ĿCH2Cl2: Pbcm, a = 8.0576(10) ¡, b = 

16.629(2) ¡, c = 14.450(2) ¡, V = 1936.1(4) ¡
3
. 
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[Cu2(Py3As)2I2] (14)  

ʉʧʦʩʦʙ 1: ʅʘʚʝʩʢʫ ʢʦʤʧʣʝʢʩʘ 13ĿCH2Cl2 (15 ʤʛ, 0.026 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ ʚʠʘʣʫ ʥʘ 

10 ʤʣ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʩʪʘʚʠʣʠ ʚ ʙʶʢʩ ʥʘ 20 ʤʣ, ʩʦʜʝʨʞʘʱʠʡ ~0.5 ʤʣ MeCN. 

ɺʳʜʝʨʞʠʚʘʥʠʝ 13ĿCH2Cl2 ʚ ʧʘʨʘʭ MeCN ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 14 (ɺʳʭʦʜ: 12.5 ʤʛ, 98%), ʧʦʨʦʰʦʢ ʧʦʯʪʠ ʙʝʣʦʛʦ ʮʚʝʪʘ.  

ʉʧʦʩʦʙ 2: ʂ ʩʤʝʩʠ CuI (17 ʤʛ, 0.089 ʤʤʦʣʴ) ʠ Py3As (28 ʤʛ, 0.091 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ 

MeCN (1 ʤʣ), ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. 

ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ: 

40 ʤʛ (89%). 
1
H ʗʄʈ (500.13 ʄɻʮ, CD3CN, ʤ.ʜ.), ŭ: 8.88 (ʜ, J = 5.0 ɻʮ, 6H, H

6
 ʚ Py), 8.03 (ʜ, 

J = 7.6 ɻʮ, 6H, H
4
 ʚ Py), 7.85 (ʪ, J = 7.7 ɻʮ, 6H, H

5
 ʚ Py), 7.49ï7.43 (ʤ, 6H, H

3
 ʚ Py). ʀʂ-

ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 405 (ʩʣ), 419 (ʩʨ), 459 (ʩʣ), 474 (ʩʨ), 484 (ʩʠʣʴʥ.), 617 (ʩʣ), 637 (ʩʨ), 741 

(ʩʣ), 756 (ʦʯ. ʩʠʣʴʥ.), 779 (ʩʨ), 988 (ʩʨ), 1007 (ʩʨ), 1049 (ʩʨ), 1088 (ʩʣ), 1103 (ʩʣ), 1119 (ʩʣ), 

1155 (ʩʨ), 1227 (ʩʣ), 1275 (ʩʨ), 1410 (ʩʠʣʴʥ.), 1423 (ʦʯ. ʩʠʣʴʥ.), 1447 (ʦʯ. ʩʠʣʴʥ.), 1558 

(ʩʠʣʴʥ.), 1570 (ʩʠʣʴʥ.), 1578 (ʩʠʣʴʥ.), 1634 (ʩʣ), 2974 (ʩʨ), 3038 (ʩʨ), 3059 (ʩʨ). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C30H24As2Cu2I2N6 (999.29): C, 36.1; H, 2.4; N, 8.4. 

ʅʘʡʜʝʥʦ: C, 36.0; H, 2.4; N, 8.3. 
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3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ Cu(I) ʩ 

ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʘʤʠ 

ʂ ʥʘʯʘʣʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʤʦʥʦ-, ʙʠ- ʠ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Cu(I) ʩ ʪʨʠʬʝʥʠʣʘʨʩʠʥʦʤ [133, 135, 136, 147, 148, 155], ʧʨʠ ʵʪʦʤ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʠʟʫʯʘʣʠʩʴ. ʊʘʢ, ʣʠʰʴ ʚ 2020 ʛʦʜʫ ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ 

ʨʷʜ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʥʘ ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʘʨʩʠʥʘ ʠ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ [137], ʘ ʧʦʟʜʥʝʝ, ʚ 2021 ʛʦʜʫ ï ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʝ 

ʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʥʘ ʦʩʥʦʚʝ ʪʨʝʪʠʯʥʳʭ ʘʨʩʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

AsPh3 ʠ As(p-Tol)3 [149] (ʩʤ. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ).  

3.1.1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) ʩ ʪʨʠʩ(ʘʨʠʣ)ʘʨʩʠʥʘʤʠ 

ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ: [Cu4I4(Ph3As)3] (1), 

[Cu4I4((ʨ-An)3As)3(R`CN)] (R` = Et, 2; i-Pr, 3), [Cu4I4(Ph3As)3(PhCN)] (4) ʠ [Cu4I4((ʨ-

An)3As)4]ĿCH2Cl2 (5ĿCH2Cl2). ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I) 

ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʚ ʞʸʣʪʦ-ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ (ɚmax = 546ï565 ʥʤ) c 

ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 98% ʠ ʢʦʨʦʪʢʠʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʌʃ (Ű = 4.1ï4.9 ʤʢʩ) [166]. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʙʳʣʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ 

ʢʦʤʧʣʝʢʩ [Cu4I4(Ph3As)3] (1) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʦʬʦʨʘ ʜʣʷ ʙʝʣʳʭ ʠ ʞʸʣʪʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ ʩ ʋʌ-ʥʘʢʘʯʢʦʡ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʦʯʪʠ ʠʜʝʘʣʴʥʳʡ ʙʝʣʳʡ ʮʚʝʪ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

0.32; 0.33 ʥʘ ʜʠʘʛʨʘʤʤʝ ʮʚʝʪʥʦʩʪʠ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʜʠʜʘ ʤʝʜʠ(I) c ʪʨʠʬʝʥʠʣ- (Ph3As) ʠʣʠ ʪʨʠʩ(ʨ-ʘʥʠʟʠʣ)ʘʨʩʠʥʦʤ 

ï (ʨ-An)3As, ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 4:3, ʦʙʨʘʟʫʶʪʩʷ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʢʫʙʘʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʘʨʩʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʠ ʚʳʙʨʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʉʭʝʤʘ 33). ʊʘʢ, ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ EtCN ʩ ʪʨʠʬʝʥʠʣʘʨʩʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ [Cu4I4(Ph3As)3] (1) ʩ ʚʳʭʦʜʦʤ 92%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʨʝʘʢʮʠʷ ʚ ʩʨʝʜʝ 

PhCN, ʧʨʠ 100
ʦ
ʉ, ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 

[Cu4I4(Ph3As)3(PhCN)] (4). ʉ ʪʨʠʩ(ʨ-ʘʥʠʟʠʣ)ʘʨʩʠʥʦʤ ʧʦʣʫʯʘʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʧʦʜʦʙʥʦʛʦ 

ʩʦʩʪʘʚʘ [Cu4I4((ʨ-An)3As)3(R`CN)] (R` = Et, 2; i-Pr, 3) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ EtCN ʠʣʠ 

i-PrCN, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

CuI/R3As = 2:1 ʠʣʠ 1:1 ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ, ʪʦʛʜʘ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ CuI/R3As = 1:2, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Cu2I2(R3As)2(R`CN)2]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʪʨʠʩ(p-

ʪʨʠʬʪʦʨʤʝʪʠʣʬʝʥʠʣ)ʘʨʩʠʥʦʤ ï (ʨ-CF3Ph)3As, ʢʘʢʠʭ-ʣʠʙʦ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʫʯʠʪʴ ʥʝ 
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ʫʜʘʣʦʩʴ, ʧʨʠ ʵʪʦʤ ʧʨʠʟʥʘʢʦʚ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʣɻʝʢʪʨʦʥʦ-ʘʢʮʝʧʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ CF3-ʛʨʫʧʧ ʩʥʠʞʘʝʪ ů-ʜʦʥʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʛʘʥʜʘ. 

 

ʉʭʝʤʘ 33. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ ʪʨʠc(ʘʨʠʣ)ʘʨʩʠʥʦʚ (L). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 1ï4 ʬʘʢʪʠʯʝʩʢʠ ʩʦʟʜʘʶʪ ʥʦʚʳʡ ʧʦʜʢʣʘʩʩ ʚ ʙʦʣʴʰʦʤ 

ʩʝʤʝʡʩʪʚʝ ʢʫʙʘʥʦʚʳʭ [Cu4I4] ʢʦʤʧʣʝʢʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʦʙʥʳʝ ʧʨʠʤʝʨʳ ʩ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʘʪʦʤʦʤ Cu (ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ 1), ʣʠʙʦ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʣʠʛʘʥʜʦʚ 

(ʢʘʢ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 2ï4) ʢʨʘʡʥʝ ʨʝʜʢʠ [167] ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʚʩʝ. ʅʘʰʠ ʧʦʧʳʪʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ [Cu4I4(R3P)3] ʠ [Cu4I4(R3P)3(R`CN)] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ph3P ʠ (ʨ-An)3P ʣʠʛʘʥʜʦʚ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ: ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʠʧʠʯʥʳʝ ʘʜʜʫʢʪʳ [Cu4I4(R3P)4] [97]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ P- ʠ As-ʣʠʛʘʥʜʦʚ. 

ʆʜʥʘʢʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ (ʨ-An)3As ʠ CuI ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʚ ʩʤʝʩʠ 

EtCN/CH2Cl2 = 1:1 ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu4I4((ʨ-An)3As)4] (5), ʚʳʜʝʣʝʥʥʳʡ ʚ ʚʠʜʝ 

ʩʦʣʴʚʘʪʘ 5ĿCH2Cl2 ʩ ʚʳʭʦʜʦʤ 82% (ʉʭʝʤʘ 34). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʪʨʠʩ(p-

ʪʦʣʠʣ)ʘʨʩʠʥʦʤ ï (ʨ-Tol)3As ʧʦʣʫʯʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ (ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʤʠ 

ʧʦ ʨʝʘʢʮʠʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ CuI ʠ (ʨ-Tol)3As ʚ EtCN ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʨʫʧʧʳ K. Naka [149]). 

 

ʉʭʝʤʘ 34. ʉʠʥʪʝʟ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʥʘ ʦʩʥʦʚʝ (ʨ-An)3As ʠ (ʨ-Tol)3As 

[149]. 
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ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 1ï5 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʣʳʝ ʧʦʨʦʰʢʠ ʠʣʠ 

ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ EtCN (1, 2 ʠ 5ĿCH2Cl2), i-PrCN (3) ʠʣʠ PhCN 

(4). ʀʂ ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ 1ï5 ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʘʨʠʣʘʨʩʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 2ï4  

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʦʩʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʠʣʴʥʳʭ ʩʦ-ʣʠʛʘʥʜʦʚ (ɜCſN 

= 2247ï2279 ʩʤ
ï1

). ɸ ʚ ʩʧʝʢʪʨʝ 5ĿCH2Cl2 ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʉïCl ʦʪ ʩʦʣʴʚʘʪʥʦʡ ʤʦʣʝʢʫʣʳ ʜʠʭʣʦʨʤʝʪʘʥʘ (ɜCïCl = 750 ʩʤ
ï1

). ʇʦ 

ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, ʢʦʤʧʣʝʢʩ 1 ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʝʥ ʜʦ 220ÁC, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʦʤʧʣʝʢʩʳ 2ï4 ʥʘʯʠʥʘʶʪ ʪʝʨʷʪʴ ʥʠʪʨʠʣʴʥʳʝ ʩʦ-ʣʠʛʘʥʜʳ ʧʨʠ 76, 92 ʠ 155ÁC, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʝʜʠʥʝʥʠʝ 5ĿCH2Cl2 ʪʝʨʷʝʪ ʩʦʣʴʚʘʪʥʫʶ ʤʦʣʝʢʫʣʫ ʜʠʭʣʦʨʤʝʪʘʥʘ ʚ 

ʜʠʘʧʘʟʦʥʝ 99ï120ÁC, ʘ ʥʘʯʠʥʘʝʪ ʨʘʟʣʘʛʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 210ÁC. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 1ï5 ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 13. ɺ ʦʩʥʦʚʝ 

ʩʪʨʦʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʝʞʠʪ ʢʫʙʘʥʦʚʳʡ [Cu4(ɛ3-I)4] ʬʨʘʛʤʝʥʪ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ 

ʤʝʜʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ Õ3-ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʠʦʜʘ. ʊʘʢʞʝ, ʢʘʞʜʳʡ ʘʪʦʤ Cu ʚ 

ʢʦʤʧʣʝʢʩʝ 5 ʢʦʦʨʜʠʥʠʨʦʚʘʥ (ʨ-An)3As ʣʠʛʘʥʜʘʤʠ, ʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 1ï4 ʪʦʣʴʢʦ ʪʨʠ ʠʟ 

ʯʝʪʳʨʸʭ ʘʪʦʤʦʚ Cu ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ Ph3As (1 ʠ 4) ʠʣʠ (ʨ-An)3As (2, 3) ʣʠʛʘʥʜʘʤʠ, ʪʦʛʜʘ 

ʢʘʢ ʯʝʪʚʸʨʪʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʥʠʪʨʠʣʴʥʳʤ ʩʦ-ʣʠʛʘʥʜʦʤ (EtCN ʚ 2, i-PrCN ʚ 

3 ʠ PhCN ʚ 4), ʣʠʙʦ ʦʩʪʘʸʪʩʷ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ (ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ 1). ʈʘʩʩʪʦʷʥʠʷ CuïI, 

CuïAs ʠ CuïN ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ (ʊʘʙʣʠʮʘ 33) ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) c ʘʨʩʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ [149ï

151]. ʈʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ʚ ʢʫʙʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2.70ï2.99 ¡, ʯʪʦ 

ʤʝʥʴʰʝ, ʣʠʙʦ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ ʤʝʜʠ (2.80 ¡) [72], 

ʫʢʘʟʳʚʘʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʤʝʪʘʣʣʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʜʝʩʴ ʨʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ʙʣʠʟʢʠ ʢ 

ʟʥʘʯʝʥʠʷʤ ʚ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʪʨʝʪʠʯʥʳʤʠ ʘʨʩʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(ʥʘʧʨʠʤʝʨ, 2.70ï2.90 ¡ ʚ [Cu4I4(Ph3As)4] [149]). ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʫ 

ʢʦʤʧʣʝʢʩʘ 5 ʢʦʨʦʯʝ, ʯʝʤ ʫ ʬʦʩʬʠʥʦʚʦʛʦ ʘʥʘʣʦʛʘ (3.05ï3.32 ¡ ʚ [Cu4I4((p-An)3P)4] [97]). 

ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʢʘʭ ʢʦʤʧʣʝʢʩʦʚ 1 ʠ 4 

ʧʨʝʜʩʪʘʚʣʝʥʳ CPhïHĀĀĀX (X = I, CPh), ʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 2 ʠ 3, CMeïHĀĀĀX (X = N, O ʠ CAr) 

ʢʦʥʪʘʢʪʘʤʠ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 5ĀCH2Cl2 ʨʝʘʣʠʟʫʶʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ CMeï

HĿĿĿȽ (3.139 ¡), CMeïHĿĿĿCAr (2.877 ¡) ʠ CïHĿĿĿ ́(2.905 ¡) ʢʦʥʪʘʢʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʫʧʘʢʦʚʢʘ 

ʚʢʣʶʯʘʝʪ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ CH2Cl2, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʢʦʤʧʣʝʢʩʘ ʠ 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʩʣʘʙʳʤʠ ʢʦʥʪʘʢʪʘʤʠ CïHĿĿĿCAr (2.872 ¡) ʠ CïHĿĿĿ ́(2.737 ¡).  
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ʈʠʩʫʥʦʢ 13. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ 1ï5. ɸʪʦʤʳ ʅ, ʦʜʠʥ ʘʨʩʠʥʦʚʳʡ ʣʠʛʘʥʜ ʚ 

2ï4 ʠ ʤʦʣʝʢʫʣʳ ʜʠʭʣʦʨʤʝʪʘʥʘ ʚ 5 ʥʝ ʧʦʢʘʟʘʥʳ. 
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ʊʘʙʣʠʮʘ 33. ɺʳʙʨʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 1ï5. 

ʉʦʝʜʠʥʝʥʠʝ CuĀĀĀCu, ¡ CuïI, ¡ CuïAs, ¡ CuïN, ¡ 

1 2.745(3)ï2.860(2) 2.6311(17)ï2.748(2) 

2.3669(18) 

2.3669(17) 

2.3807(17) 

ï 

2 2.723(2)ï2.876(2) 2.6492(18)ï2.7349(18) 

2.3651(19) 

2.3675(18) 

2.3762(18) 

1.988(14) 

3 2.7010(16)ï2.8277(17) 2.6415(13)ï2.7516(14) 

2.3720(15) 

2.3743(14) 

2.3788(15) 

1.991(9) 

4 2.786(2)ï2.949(2) 2.6705(18)ï2.7308(17) 

2.3781(17) 

2.3807(19) 

2.3885(17) 

1.996(10) 

5ĿCH2Cl2 2.7194(18)ï2.9899(18) 2.6621(14)ï2.7028(14) 

2.3670(15) 

2.3683(15) 

2.3730(16) 

2.3877(15) 

ï 

ɼʣʷ ʦʮʝʥʢʠ ʰʠʨʠʥʳ ʦʧʪʠʯʝʩʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ (ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ), ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʩʪʨʦʝʥʠʷ ʊʘʫʮʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʪʚʨyʜʳʭ ʦʙʨʘʟʮʦʚ 1ï4, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʊʘʫʮʘ, ʧʦʢʘʟʳʚʘʶʪ ʧʨʷʤʳʝ 

ʤʝʞʟʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʦʪ 3.05 ʜʦ 3.11 ʵɺ (ʈʠʩʫʥʦʢ 14ʘ). 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ɻʣʝʢʪʨʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʟʘʧʨʝʱʸʥʥʳʭ ʟʦʥ, ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 1, 2 ʠ 4 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ DFT ʨʘʩʯʸʪʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ (DOS) (ʈʠʩʫʥʦʢ 14ʙ-ʛ). ɸʪʦʤʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʤʘʢʩʠʤʫʤ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ, ʧʨʠʥʘʜʣʝʞʘʪ ʷʜʨʫ [Cu4I4], ʚ ʯʘʩʪʥʦʩʪʠ 3d-

ʦʨʙʠʪʘʣʷʤ ʘʪʦʤʦʚ Cu ʠ 5p-ʦʨʙʠʪʘʣʷʤ ʘʪʦʤʦʚ I, ʪʦʛʜʘ ʢʘʢ ʘʪʦʤʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʤʠʥʠʤʫʤʝ 

ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʢʘʢ ʦʪ ʣʠʛʘʥʜʦʚ (ʚ ʙʦӢʣʴʰʝʡ ʩʪʝʧʝʥʠ Ph3As 

ʠʣʠ An3As, ʚ ʤʝʥʴʰʝʡ ï PhCN ʠʣʠ EtCN), ʪʘʢ ʠ ʦʪ ʷʜʨʘ [Cu4I4] (ʈʠʩʫʥʦʢ 14ʙ-ʛ). ɺ 

ʯʘʩʪʥʦʩʪʠ, ʘʪʦʤʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʘ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 4s- ʠ 4p-

ʦʨʙʠʪʘʣʷʤʠ ʘʪʦʤʦʚ Cu, ʘ ʪʘʢʞʝ 2p-ʦʨʙʠʪʘʣʷʤʠ ʘʪʦʤʦʚ ʉ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ 1 ʩʦʩʪʘʚʣʷʝʪ 2.188 ʵɺ. ʅʝʜʦʦʮʝʥʢʫ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 3.07 ʵɺ) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʰʠʙʢʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʘ GGA-PBE. ʈʝʟʫʣʴʪʘʪ rʨʘʩʯʸʪʦʚ DFT 
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ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ 1, 2 ʠ 4 ʦʙʫʩʣʦʚʣʝʥʘ 
3
(M+X)LCT ʠʣʠ 

3
Cʉ 

ʧʝʨʝʭʦʜʘʤʠ. ʋʯʠʪʳʚʘʷ ʩʭʦʞʫʶ ʩʪʨʫʢʪʫʨʫ 1ï5, ʘ ʪʘʢʞʝ ʩʭʦʞʠʝ ʧʨʦʬʠʣʠ ʧʦʛʣʦʱʝʥʠʷ 1ï4 

(ʈʠʩʫʥʦʢ 14ʘ), ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 3 ʠ 5 ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʥʘ ʵʤʠʩʩʠʷ 

3
(M+X)LCT ʠʣʠ 

3
Cʉ-ʪʠʧʘ. 

 

ʈʠʩʫʥʦʢ 14. (a) ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 1ï4 ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʊʘʫʮʘ ʠ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ. ʇʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ (DOS) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1 (ʙ), 2 (ʚ) ʠ 4 (ʛ).  

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ ʩʚʝʪʦʤ ʧʨʠ 298 ʂ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʢʦʤʧʣʝʢʩʦʚ 1ï5 

ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʞʸʣʪʦ-ʟʝʣʸʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ. ʀʭ ʦʩʥʦʚʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 34, ʘ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 15. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ 1ï5 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʠʝ ʧʦʣʦʩ rʩ ɚmax = 546ï565 ʥʤ ʠ 

ʧʦʣʫʰʠʨʠʥʦʡ ʦʢʦʣʦ 125 ʥʤ. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʪʘʢ ʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʠʨʦʢʠʝ 

ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 300ï425 ʥʤ, ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 340ï375 ʥʤ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 1ï5 ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 35 ʜʦ 98%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʠ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʩ ʘʨʩʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ [149ï151]. ʇʨʠ 298 ʂ ʩʦʝʜʠʥʝʥʠʷ 1ï5 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʩʧʘʜ ʵʤʠʩʩʠʠ ʩ ʢʦʨʦʪʢʠʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 4,1ï4,86 ʤʢʩ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʛʘʶʪ ʚʩrʦʢʠʭ ʟʥʘʯʝʥʠʡ: kr(298 K) = ūPL(298ʂ)/Ű298ʂ 

= (0,9ï2,1)Ŀ10
5
 ʩ
ï1

 (ʊʘʙʣʠʮʘ 34), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʯʝʥʴ ʙʳʩʪʨʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʘʢʦʚʳʤʠ 



85 

 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʵʤʠʪʪʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ PhOLED (ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʝ 

ʆLED) ʫʩʪʨʦʡʩʪʚʘʭ. 

 

ʈʠʩʫʥʦʢ 15. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ (a) ʠ ʚʦʟʙʫʞʜʝʥʠʷ (ʙ) ʢʦʤʧʣʝʢʩʦʚ 1ï5 ʧʨʠ 298 K. ʉʧʝʢʪʨʳ 

ʵʤʠʩʩʠʠ ʟʘʧʠʩʘʥʳ ʧʨʠ ɚex = 350 ʥʤ (ʜʣʷ 1ï4) ʠ 320 ʥʤ (ʜʣʷ 5). 

         ʊʘʙʣʠʮʘ 34. ʕʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 1ï5 ʧʨʠ 298 ʠ 77 K. 

ʂʦʤʧʣʝʢʩ ɚ298 ʂ, ʥʤ ɚ77 ʂ, ʥʤ Ű298 ʂ / Ű77 ʂ, ʤʢʩ ʌPL, %
 a
 kr

d
 (298 ʂ), ʩ

ï1
 

1 565 595 4.72 / 5.46 98 2.1Ŀ10
5
 

2 555 578 4.35 / 5.89 60 1.4Ŀ10
5
 

3 562 575 4.71 / 7.46 63 1.3Ŀ10
5
 

4 560 
580 (ʅʕ) 

425 (ɺʕ)  

ʅʕ: 4.86 / 9.2 

ɺʕ: ï / 18.5 
96

b
 2.0Ŀ10

5
 

5ĿCH2Cl2 546 572 4.1 / 16.7 35
c 

0.9Ŀ10
5
 

a
ɚex = 350 ʥʤ (1ï3); 

b
ɚex = 380 ʥʤ (4); 

c
ɚex = 330 ʥʤ (5); 

d
ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ: kr = ūPL/Ű. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʠ 

5ĿCH2Cl2 ʦʢʘʟʘʣʦʩʴ ʦʪʣʠʯʥʳʤ ʦʪ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 4. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 77ï

298 ʂ ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʠ 5ĿCH2Cl2 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʜʥʦʧʦʣʦʩʥʫʶ ʵʤʠʩʩʠʶ 

(ʈʠʩʫʥʦʢ 16) ʠ ʪʝʤ ʩʘʤʳʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʫʙʘʥʦʚʳʭ Cu4I4 ʢʦʤʧʣʝʢʩʦʚ ʩ N- ʠ P- 

ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʜʚʫʭʧʦʣʦʩʥʦʡ ʵʤʠʩʩʠʝʡ [97, 168]. ʇʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʦʪ 298 ʜʦ 77 ʂ ʤʘʢʩʠʤʫʤʳ ʵʤʠʩʩʠʠ 1ï3 ʠ 5ĿCH2Cl2 ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʙʦӢʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʥʘ 13ï30 ʥʤ (ʈʠʩʫʥʦʢ 16), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ 

ʵʤʠʩʩʠʠ (ʦʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1, ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʪʦʨʦʛʦ ʤʝʥʷʝʪʩʷ ʩ 

ʞʣyʪʦʡ ʥʘ ʦʨʘʥʞʝʚʫʶ, ʩʤ. ʈʠʩʫʥʦʢ 16ʝ).  
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ʅʘʧʨʦʪʠʚ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩ 298 ʜʦ 150 ʂ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 4 ʙʘʪʦʭʨʦʤʥʦ 

ʩʤʝʱʘʝʪʩʷ ʥʘ 26 ʥʤ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 77 ʂ ï ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʚʳʩʦʢʦ- ʠ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʜʘʣʝʝ ɺʕ- ʠ ʅʕ-ʧʦʣʦʩʳ) ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 425 ʠ 580 

ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 16ʜ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʚʝʪ ʵʤʠʩʩʠʠ 4 ʩʥʘʯʘʣʘ ʤʝʥʷʝʪʩʷ ʩ 

ʞʣyʪʦʛʦ ʥʘ ʦʨʘʥʞʝʚʳʡ, ʘ ʟʘʪʝʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʯʪʠ ʙʝʣʳʤ (ʈʠʩʫʥʦʢ 16ʝ). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ɺʕ-ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʠʙʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʈʠʩʫʥʦʢ 16ʜ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʢʦʣʝʙʘʥʠʷʤ C=C ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ Ph3As ʠ PhCN ʣʠʛʘʥʜʦʚ.  

 

ʈʠʩʫʥʦʢ 16. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ, ʟʘʧʠʩʘʥʥʳʝ ʧʨʠ 77ï298 ʂ: 1 (ʘ), 2 (ʙ), 3 (ʚ), 5 (ʛ) (ɚex = 350 

ʥʤ) ʠ 4 (ʜ) (ɚex = 355 ʥʤ); (ʝ) ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʵʤʠʩʩʠʠ 1 ʠ 4 ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩ 

298 ʜʦ 77 ʂ ʥʘ ʜʠʘʛʨʘʤʤʝ ʮʚʝʪʥʦʩʪʠ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 298 ʜʦ 77 ʂ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ 1ï5 ʚʦʟʨʘʩʪʘʶʪ ʧʨʠʤʝʨʥʦ ʚ 1.2ï4.1 

ʨʘʟʘ (ʊʘʙʣʠʮʘ 34). ɿʘʧʠʩʘʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1ï4 ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʸʥ 

ʞʠʟʥʠ ʵʤʠʩʩʠʠ Ű(T) (ʈʠʩʫʥʦʢ 17) ʷʚʥʦ ʠʩʢʣʶʯʘʶʪ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ 

ʟʘʤʝʜʣʝʥʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ (ʊɸɿʌ) [169] ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʵʤʠʩʩʠʠ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʝʸ ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (77ï298 ʂ). ʂʨʠʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Ű(T) ʜʣʷ ʅʕ-ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 4 ʥʘʧʦʤʠʥʘʝʪ 

ʪʘʢʦʚʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 1ï3 (ʈʠʩʫʥʦʢ 17), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɺʕ-ʧʦʣʦʩʘ ʠʤʝʝʪ ʜʨʫʛʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ Ű(T) (ʈʠʩʫʥʦʢ 17ʙ) ʩ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ 18.5 ʤʢʩ (ʜʣʷ ʅʕ-

ʧʦʣʦʩʳ Ű77ʂ = 9.2 ʤʢʩ). ʉʨʘʚʥʠʚʘʷ ʵʪʠ ʬʘʢʪʳ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [98, 168, 170] ʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ DFT ʨʘʩʯʸʪʦʚ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʠ 5 ʦʪʥʦʩʠʪʩʷ 
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ʢ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ (
3
ʉʉ) ʪʠʧʘ, ʪʦʛʜʘ ʢʘʢ ʅʕ-ʧʦʣʦʩʘ ʢʦʤʧʣʝʢʩʘ 4 

ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ ʠʟ 
3
ʉʉ ʩʦʩʪʦʷʥʠʷ, ʘ ɺʕ-ʧʦʣʦʩʘ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʸʪ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠʟ ʩʦʩʪʦʷʥʠʷ 
3
(M+X)LCT.  

 

ʈʠʩʫʥʦʢ 17. ʂʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ ʜʣʷ 1ï3 (ʘ) ʠ 4 (ʙ) (ɚex 

= 300 ʥʤ). 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 1 ʠ ʝʛʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʥʘʣʦʛ 

[Cu4I4(Ph3As)4] [133, 149] ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʭʦʞʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩʫʥʦʢ 18). ʌʦʨʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʦʜʥʦʛʦ Ph3As ʣʠʛʘʥʜʘ 

ʠʟ ʢʦʤʧʣʝʢʩʘ [Cu4I4(Ph3As)4] ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʌʃ ʜʦ 4.7 ʤʢʩ, ʘ 

ʪʘʢʞʝ ʢ ʧʦʯʪʠ ʜʚʫʭʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ (ʩ 50 ʜʦ 98%). ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ 1 (kr(T1 Ÿ S0) = 

2,1Ŀ10
5
 ʩ
ï1
) ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ [Cu4I4(Ph3As)4] (kr(T1 Ÿ S0) = 0,5Ŀ10

5
 ʩ
ï1

). 

 

ʈʠʩʫʥʦʢ 18. ʉʨʘʚʥʝʥʠʝ ʵʤʠʩʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ [Cu4I4(Ph3As)3] (1) ʠ ʥʝʜʘʚʥʦ 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ [149] ʢʦʤʧʣʝʢʩʘ [Cu4I4(Ph3As)4].  
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ, ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʢʦʤʧʣʝʢʩ 1 ʚ ʢʘʯʝʩʪʚʝ 

çʞʣyʪʦʛʦè ʣʶʤʠʥʦʬʦʨʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʞʣyʪʭr ʠ ʙʝʣʳʭ ʩʚʝʪʦʜʠʦʜʦʚ. 

ɾʸʣʪʳʡ ʩʚʝʪʦʜʠʦʜ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʋʌ-

ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʘʢʘʯʢʠ ʠ ʩʦʙʩʪʚʝʥʥʦ ʢʦʤʧʣʝʢʩʘ 1. ʗʨʢʦʩʪʴ ʋʌ-

ʩʚʝʪʦʜʠʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 145.2 ʢʜ/ʤ
2
 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 6 ɺ, ʪʦʛʜʘ ʢʘʢ ʷʨʢʦʩʪʴ ʞʸʣʪʦʛʦ 

ʩʚʝʪʦʜʠʦʜʘ ʧʨʠ ʪʦʤ ʞʝ ʥʘʧʨʷʞʝʥʠʠ ʜʦʩʪʠʛʣʘ 1955 ʢʜ/ʤ
2
, ʧʦʜʪʚʝʨʞʜʘʷ ʦʪʣʠʯʥʳʝ 

ʵʤʠʩʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ 1 (ʈʠʩʫʥʦʢ 19).  

 

ʈʠʩʫʥʦʢ 19. ʉʧʝʢʪʨ ʵʤʠʩʩʠʠ ʞʸʣʪʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ 1. ʅʘ ʚʩʪʘʚʢʝ 

ʧʦʢʘʟʘʥʦ ʬʦʪʦ ʨʘʙʦʪʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʧʝʢʪʨ ʵʤʠʩʩʠʠ, ʟʘʧʠʩʘʥʥʳʡ ʜʣʷ ʙʝʣʦʛʦ ʩʚʝʪʦʜʠʦʜʘ, ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʚʠʜʠʤʳʡ 

ʜʠʘʧʘʟʦʥ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 390 ʠ 565 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʋʌ-ʠʩʪʦʯʥʠʢʫ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ 1 (ʈʠʩʫʥʦʢ 20ʘ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ 

CIE 1931 ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʚʝʪʘ (0.32; 0.33) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʣʦʤʫ ʮʚʝʪʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

6100 ʂ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 20ʚ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ, ʷʨʢʦʩʪʴ ʙʝʣʦʛʦ 

ʩʚʝʪʦʜʠʦʜʘ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 69 ʜʦ 275 ʢʜ/ʤ
2
. ʉʧʝʢʪʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʩʦʭʨʘʥʷʶʪ ʪʫ ʞʝ 

ʢʘʨʪʠʥʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʮʚʝʪʥʦʩʪʠ CIE ʦʩʪʘʶʪʩʷ ʚ ʙʝʣʦʡ ʦʙʣʘʩʪʠ.  

 

ʈʠʩʫʥʦʢ 20. (a) ʉʧʝʢʪʨ ʵʤʠʩʩʠʠ ʙʝʣʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ 1. ʅʘ ʚʩʪʘʚʢʝ 

ʧʦʢʘʟʘʥʦ ʬʦʪʦ ʨʘʙʦʪʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ; (ʙ) ɼʠʘʛʨʘʤʤʘ ʮʚʝʪʥʦʩʪʠ ʙʝʣʦʛʦ ʩʚʝʪʦʜʠʦʜʘ 

(ʙʝʣʳʡ ʮʚʝʪ, 0.32; 0.33); (ʚ) ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʷʨʢʦʩʪʠ ʩʚʝʪʦʜʠʦʜʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ.  
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ʇʦʤʠʤʦ ʦʪʣʠʯʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʤʧʣʝʢʩ r 1ï3 ʦʢʘʟʘʣʠʩʴ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ 

ʧʦʛʣʦʱʸʥʥʳʭ ʜʦʟ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʦʪ 0 ʜʦ 641.1 ʤʢɻʨĿʩ
-1
). ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʤʝʨʷʣʠʩʴ: 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʈʃ), ʣʠʥʝʡʥʳʡ ʦʪʢʣʠʢ, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʚʝʪʦʚʳʭʦʜ. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ ʜʦʟ ʦʪ 75.1 ʜʦ 641.1 

ʤʢɻʨĿʩ
-1
, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʦʝ 

ʞʸʣʪʦ-ʟʝʣʸʥʦʝ ʩʚʝʯʝʥʠʝ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʦʪ 568 ʜʦ 577 ʥʤ (ʈʠʩʫʥʦʢ 21). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 1ï3 ʩʤʝʱʝʥʳ ʚ ʩʪʦʨʦʥʫ ʙʦӢʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʥʘ 6ï15 

ʥʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʢʪʨʦʚ ʌʃ (ʈʠʩʫʥʦʢ 21ʛ). 

 

ʈʠʩʫʥʦʢ 21. ʉʧʝʢʪʨ rʈʃ ʢʦʤʧʣʝʢʩʦʚ 1 (ʘ), 2 (ʙ) ʠ 3 (ʚ) ʚ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ ʜʦʟ 75.1ï

641.1 ʤʢɻʨĿʩ
-1
; (ʛ) ʉʧʝʢʪʨʳ ʌʃ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʠ ʈʃ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʜʣʷ 1ï3. 

ʉʚʝʪʦʚʳʭʦʜ r ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʙʳʣʠ ʠʟʤʝʨʝʥ r ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ Ce:LUAG ʠ Ce:GAGG (ʈʠʩʫʥʦʢ 22). 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1 ʩʚʝʪʦʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 15000 ʬʦʪʦʥʦʚ/ʄʵɺ, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʥʝʢʦʪʦʨʳʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ, 

ʥʘʧʨʠʤʝʨ (EDBE)PbCl4 (9000 ʬʦʪʦʥʦʚ/ʄʵɺ) [171], [Rb(18-ʢʨʘʫʥ-6)]2Cu4I6 (10600 

ʬʦʪʦʥʦʚ/ʄʵɺ) [172], (PEA)2PbBr4 (7600 ʬʦʪʦʥʦʚ/ʄʵɺ) [173]. ʉʚʝʪʦʚʳʭʦʜʳ ʢʦʤʧʣʝʢʩʦʚ 2 ʠ 

3 ʧʨʠ ʪʦʡ ʞʝ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (318.5 ʤʢɻʨĿʩ
-1
) ʦʢʘʟʘʣʠʩʴ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ (8600 ʠ 11600 ʬʦʪʦʥʦʚ/ʄʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʝʤ ʫ ʢʦʤʧʣʝʢʩʘ 1 (ʈʠʩʫʥʦʢ 

22). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʝ 
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ʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʈʃ ʦʪ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʈʠʩʫʥʦʢ 22ʚ).  

 

ʈʠʩʫʥʦʢ 22. (a) ʉʧʝʢʪʨ r ʈʃ 1ï3 ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʩʚʝʪʦʚʳʭʦʜʘ; (ʙ) ʉʧʝʢʪʨ rʈʃ 1ï3 ʧʨʠ ʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦʟʳ (318.5 ʤʢɻʨĿʩ
-1
); (ʚ) ɻʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʈʃ ʦʪ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʦʪ 26.4 ʜʦ 

641.1 ʤʢɻʨĿʩ
-1
). 

ʏʪʦʙʳ ʣʫʯʰʝ ʧʦʥʷʪʴ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ 1 (ʧʦʭʦʞʘʷ 

ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 2 ʠ 3) ʢ ʨʘʟʣʠʯʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʜʦʟ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʙʳʣ ʠʟʤʝʨʝʥ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʦʪʢʣʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 23, ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ 1). ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣʠ ʠʟʤʝʨʝʥʳ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʦʪʢʣʠʢʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦʟʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 26.4 ʜʦ 641.1 

ʤʢɻʨĿʩ
-1
. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʝʤ ʠ ʚʳʢʣʶʯʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (~ 10 ʩʝʢʫʥʜ) ʧʨʠʚʦʜʠʣ ʢ ʩʪʫʧʝʥʯʘʪʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʬʦʪʦʪʦʢʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʦʟʘʭ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʢʘʟʳʚʘʷ çʵʬʬʝʢʪ ʧʝʨʝʢʣʶʯʝʥʠʷè, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʘʧʦʤʠʥʘʶʱʝʡ ʪʘʢʦʚʫʶ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʈʃ 

ʦʪ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʈʠʩʫʥʦʢ 23).  

 

ʈʠʩʫʥʦʢ 23. ɺʨʝʤʝʥʥʦʡ ʦʪʢʣʠʢ, ʠʟʤʝʨʝʥʥʳʡ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1 ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ (a), 

ʩʪʫʧʝʥʯʘʪʦʡ (ʙ) ʠ ʧʦʩʪʦʷʥʥʦʡ (ʚ) ʤʦʱʥʦʩʪʠ ʜʦʟʳ. 
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ʇʨʠʤʝʯʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚʦʟʨʘʩʪʘʣʦ ʣʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦ ʠʣʠ ʠʤʧʫʣʴʩʘʤʠ, ʬʦʪʦʪʦʢʠ ʠʤʝʣʠ ʩʪʘʙʠʣʴʥʳʡ 

ʦʪʢʣʠʢ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʢ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ 

ʠʟʣʫʯʝʥʠʶ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʵʪʦʤ, ʤʳ 

ʧʨʦʚʝʨʠʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʦʪʢʣʠʢʘ ʧʫʪʸʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʥʠʟʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʩʦʢʦʝ (ʈʠʩʫʥʢʠ 23ʚ ʠ 

24ʘ), ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʘʤʝʪʥʦʛʦ ʜʨʝʡʬʘ ʬʦʪʦʪʦʢʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣ/ʰʫʤ, ʨʘʚʥʦʤʫ 3, ʤʦʞʝʪ ʙʳʪʴ ʚʩʝʛʦ 18.1 ʥɻʨĿʩ
-1
, ʯʪʦ 

ʧʦʯʪʠ ʚ 300 ʨʘʟ ʥʠʞʝ ʤʦʱʥʦʩʪʠ ʜʦʟʳ, ʪʨʝʙʫʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ 

ʨʝʥʪʛʝʥʦʜʠʘʛʥʦʩʪʠʢʠ (5.5 ʤʢɻʨĿʩ
-1
). ʂʦʤʧʣʝʢʩʳ 2 ʠ 3 ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʦʪʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʩ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʧʨʝʜʝʣʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ 37.1 ʠ 34.7 ʥɻʨĿʩ
-1
, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 24). 

 

ʈʠʩʫʥʦʢ 24. ʇʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 1 (a), 2 (ʙ) ʠ 3 

(ʚ). 

ʀ ʥʘʢʦʥʝʮ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩ 1 ʚ ʢʘʯʝʩʪʚʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʦʙʨʘʟʮʳ ʢʦʤʧʣʝʢʩʘ 1 ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʜʥʳʝ ʧʣʘʩʪʠʥʳ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ʠʣʠ ʇɿʉ-ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʪʨʝʙʫʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʅʘ ʈʠʩʫʥʢʝ 25 ʧʦʢʘʟʘʥʳ: ʤʝʜʥʳʝ ʣʠʩʪʳ ʚ ʬʦʨʤʝ ʣʘʪʠʥʩʢʠʭ ʙʫʢʚ, 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʩʣʦʚʘ çPEACEè (ʪ.ʝ. çʄʀʈè) ʠ ʯʸʪʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ çʄʀʈè ʥʘ ʇɿʉ-

ʤʘʪʨʠʮʝ. 
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ʈʠʩʫʥʦʢ 25. ʌʦʪʦ ʤʝʜʥʳʭ ʣʠʩʪʦʚ ʚ ʚʠʜʝ ʣʘʪʠʥʩʢʠʭ ʙʫʢʚ (ʚʳʰʝ) ʠ ʠʭ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʇɿʉ-

ʤʘʪʨʠʮʝ (ʥʠʞʝ), ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ 1. 

3.1.2. ʆʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʝʯʥʳʝ ʂʇ Cu(I) ʩ ʪʨʠʬʝʥʠʣʘʨʩʠʥʦʤ ʠ N^N-

ʜʠʪʦʧʥʳʤʠ ʩʦ-ʣʠʛʘʥʜʘʤʠ 

ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 1D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [Cu2I2(Ph3As)2(4,4ǋ-Bipy)]n ʠ 

[Cu2I2(Ph3As)2(Pyz)]nĿɀeCN (4,4ǋ-Bipy ï 4,4ǋ-ʙʠʧʠʨʠʜʠʥ, 6; Pyz ï ʧʠʨʘʟʠʥ, 7ĿɀeCN). ʇʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʨʦʷʚʣʷʶʪ ʢʦʨʦʪʢʦʞʠʚʫʱʫʶ ʊɸɿʌ (Ű = 2.3 ʤʢʩ 

ʠ 3.2 ʤʢʩ) ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 45% [174]. ɺʳʙʦʨ 4,4ǋ-ʙʠʧʠʨʠʜʠʥʘ ʠ ʧʠʨʘʟʠʥʘ ʚ 

ʢʘʯʝʩʪʚʝ N^N-ʜʠʪʦʧʥʳʭ ʩʦ-ʣʠʛʘʥʜʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʜʘʚʥʦ ʠ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʤʝʜʠ(I) [29, 76, 

77, 81]. 

ʅʘʠh ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ CuI, Ph3As ʠ L (4,4ǋ-Bipy ʠʣʠ 

Pyz), ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2:1.5, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʂʇ 6 ʠ 7ĿɀeCN ʩ ʚʳʭʦʜʘʤʠ 90 ʠ 88%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 35). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ CuI/Ph3As/L ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʨʘʟʥʳʤ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ. ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ CuI/Ph3As/L = 1 : 1 : 1 

ʥʝʠʟʤʝʥʥʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʤʫ ʚ ʣʠʪʝʨʘʪʫʨʝ [133, 147ï149] ʯʝʪʳʨʸʭʲʷʜʝʨʥʦʤʫ 

ʢʫʙʘʥʦʚʦʤʫ ʢʦʤʧʣʝʢʩʫ [Cu4I4(Ph3As)4], ʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ 1 : 1 : 2 ʠʣʠ 1 : 2 : 2 ʧʦʣʫʯʘʣʩʷ 

2D ʂʇ [Cu2I2(4,4ǋ-Bipy)2]n, ʧʦʣʫʯʝʥʥʳʡ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [29].  

 

ʉʭʝʤʘ 35. ʉʠʥʪʝʟ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʂʇ Cu(I) ʥʘ ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʘʨʩʠʥʘ ʠ N^N-ʜʠʪʦʧʥʳʭ 

ʩʦ-ʣʠʛʘʥʜʦʚ (L). 
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ʉʦʝʜʠʥʝʥʠʷ 6 ʠ 7ĿMeCN ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ, 

ʫʩʪʦʡʯʠʚʳʝ ʥʘ ʚʦʟʜʫʭʝ, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ɼʄʌɸ ʠ ɼʄʉʆ. ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʦʙʨʘʟʮʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʈʌɸ, ʘ ʩʦʩʪʘʚ ï ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺ ʀʂ ʩʧʝʢʪʨʘʭ 6 ʠ 

7ĿMeCN ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ Ph3As ʣʠʛʘʥʜʦʚ ʠ N^N ʩʦ-ʣʠʛʘʥʜʦʚ, ʘ ʚ 

ʩʧʝʢʪʨʝ 7ĿMeCN ʠʤʝʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʣʝʙʘʥʠʷʤ CſN 

ʛʨʫʧʧ ʦʪ ʩʦʣɹʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ (ɜCſN = 2251 ʩʤ
-1
). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʊɻɸ, 

ʩʦʝʜʠʥʝʥʠʝ 6 ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦ ʜʦ 240ęʉ, ʘ ʩʦʝʜʠʥʝʥʠʝ 7ĿMeCN ʪʝʨʷʝʪ ʩʦʣʴʚʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ MeCN ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 80ęʉ, ʧʦʩʣʝ ʯʝʛʦ ʩʦʭʨʘʥʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʧʣʦʪʴ 

ʜʦ 200ęʉ. 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʂʇ 6 ʠ 7ĿMeCN ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ Pρ 

ʠ P21/n, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʨʦʝʥʠʝ ʵʪʠʭ ʂʇ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʢʠ, ʩʦʜʝʨʞʘɦ ʠʝ ʧʣʦʩʢʠʝ ʨʦʤʙʦʠʜʥʳʝ [Cu2I2] ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 4,4ǋ-Bipy ʠʣʠ Pyz ʩʦ-ʣʠʛʘʥʜʘʤʠ ʯʝʨʝʟ CuïN ʩʚʷʟʠ (ʈʠʩʫʥʦʢ 26).  

 

ʈʠʩʫʥʦʢ 26. ʉʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ 1D ʂʇ 6 (ʘ) ʠ 7ĿMeCN (ʙ) (ʘʪʦʤʳ ʅ ʠ ʤʦʣʝʢʫʣʳ MeCN 

ʥʝ ʦʪʦʙʨʘʞʝʥʳ, ʬʝʥʠʣʴʥʳʝ ʢʦʣʴʮʘ ʧʦʢʘʟʘʥʳ ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ). 

ʂʘʞʜʳʡ ʘʪʦʤ Cu ʢʦʦʨʜʠʥʠʨʦʚʘʥ Ph3As ʣʠʛʘʥʜʦʤ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʠʦʜʘ, ʧʨʠʥʠʤʘʷ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʘʞʸʥʥʦʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ [Cu@NI2As] (Ű4 = 0.91 ʠ 0.92 [175] 

ʜʣʷ ʂʇ 6 ʠ 7ĿMeCN, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʈʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ʚ ʨʦʤʙʦʠʜʥʳʭ [Cu2I2] 
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ʬʨʘʛʤʝʥʪʘʭ ʩʦʩʪʘʚʣʷʶʪ 2.8912(6) ¡ ʚ 6 ʠ 3.0397(11) ¡ ʚ 7ĿMeCN, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ ʤʝʜʠ (2.80 ¡) [72]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʤʝʪʘʣʣʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʣʦʚʝʨʦʷʪʥʳ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ 

ʨʘʩʩʪʦʷʥʠʷ CuĀĀĀCu ʢʦʨʦʯʝ, ʯʝʤ ʫ ʠʟʚʝʩʪʥʳʭ ʂʇ ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ (3.148 ¡ ʚ 

[Cu2I2(Ph3P)2(4,4ǋ-Bipy)]n [76] ʠ 3.233 ¡ ʚ [Cu2I2(Ph3P)2(Pyz)]n [77]), ʥʦ ʚ ʮʝʣʦʤ, ʩʦʝʜʠʥʝʥʠʷ 

6 ʠ 7ĿMeCN ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʩʚʦʠʤ ʬʦʩʬʠʥʦʚʳʤ ʘʥʘʣʦʛʘʤ. ɼʣʠʥʳ ʩʚʷʟʝʡ CuïAs, CuïI ʠ 

CuïN, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ (ʊʘʙʣʠʮʘ 35) ʙʣʠʟʢʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ 

ʠʟʚʝʩʪʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ Cu(I) [7, 76ï78, 176]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ 

ʂʇ 6 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʳʤʠ ḯ́-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʉgïCg ~ 3.966 ¡) ʤʝʞʜʫ 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʨʘʟʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʢʘʭ ʬʝʥʠʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʦʪ Ph3As ʣʠʛʘʥʜʦʚ. 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 7ĿMeCN ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʤʝʞʜʫ ʮʝʧʦʯʢʘʤʠ ʠ ʩʚʷʟʘʥʳ ʩ ʥʠʤʠ ʩʣʘʙʳʤʠ ʢʦʥʪʘʢʪʘʤʠ CMeïHĿĿĿCPh (2.853 ʠ 2.881 ¡). 

ʊʘʙʣʠʮʘ 35. ʅʝʢʦʪʦʨʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʠ ʫʛʣʳ (ę) ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 6 ʠ 7ĿMeCN. 

6    

CuïAs 2.3697(4) NïCuïAs 116.86(6) 

CuïI 2.6353(4) NïCuïI 106.94(6) 

CuïIǋ 2.6986(4) NïCuïIǋ 104.48(6) 

CuïN 2.060(2) AsïCuïI 111.20(1) 

IïCuïIǋ 114.37(1) AsïCuïIǋ 103.04(1) 

ʂʦʜ ʩʠʤʤʝʪʨʠʠ: (ǋ) 1ïx, 1ïy, 2ïz. 

7ĿMeCN    

CuïAs 2.3700(7) NïCuïAs 119.87(10) 

CuïI 2.6578(7) NïCuïI 107.07(12) 

CuïIǋ 2.6684(7) NïCuïIǋ 109.00(12) 

CuïN 2.056(3) AsïCuïI 106.51(3) 

IïCuïIǋ 110.40(2) AsïCuïIǋ 103.83(3) 

ʂʦʜ ʩʠʤʤʝʪʨʠʠ: (ǋ) 1ïx, 1ïy, 1ïz. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ, ʪʚʸʨʜʳʝ ʦʙʨʘʟʮʳ ʂʇ 6 ʠ 7ĿMeCN 

ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ. ʉʧʝʢʪʨʳ ʠʭ ʵʤʠʩʩʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 27, ʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 300 ʠ 77 K ʧʨʠʚʝʜʝʥʳ 
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ʚ ʊʘʙʣʠʮʝ 36. ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʩʧʝʢʪʨʳ ʌʃ ʜʣʷ 6 ʠ 7ĿMeCN ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʰʠʨʦʢʠʤʠ ʧʦʣʦʩʘʤʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ ʥʘ 530 ʠ 605 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʐʠʨʦʢʠʝ 

ʧʨʦʬʠʣʠ ʧʦʣʦʩ ʵʤʠʩʩʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʌʃ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. 

ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 45% ʠ 21%. ɹʦʣʝʝ ʥʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʫ ʂʇ 7ĿMeCN, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʘʤʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʚʚʠʜʫ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ MeCN. 

 

ʈʠʩʫʥʦʢ 27. Cʧʝʢʪʨʳ ʵʤʠʩʩʠʠ (ʘ) (ɚex = 400 ʥʤ) ʠ ʚʦʟʙʫʞʜʝʥʠʷ (ʙ) 6 (ɚem = 560 ʥʤ) ʠ 

7ĿMeCN (ɚem = 625 ʥʤ) ʧʨʠ 300 ʂ. 

ʊʘʙʣʠʮʘ 36. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʇ 6 ʠ 7ĿMeCN ʧʨʠ 300 ʠ 77 K. 

ʉʦʝʜʠʥʝʥʠʝ 
ɚmax, ʥʤ Ű, ʤʢʩ 

ʌPL, % ȹE(S1ïT1)
ʩ
, ʩʤ

ī1
 

300 K 77 K 300 K 77 K 

6 530 535 2.3 55 45
a
 1016 

7ĿMeCN 605 625 3.2 38 21
b 

807 

a
ɚex = 400 ʥʤ; 

b
ɚex = 500 ʥʤ; 

ʩ
ʆʮʝʥʝʥʦ ʧʫʪʸʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ Ű(ɇ) 

ʢʨʠʚʳʭ (ʈʠʩʫʥʦʢ 29) ʧʦ ʫʨʘʚʥʝʥʠʶ 1. 

ʊʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʝ ʩʧʝʢʪʨʳ ʌʃ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 28. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʜʦ 77 K, ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 7ĿMeCN ʩʤʝʱʘʝʪʩʷ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʥʘ 20 ʥʤ (ʈʠʩʫʥʦʢ 28ʙ), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʦʨʘʥʞʝʚʦʛʦ ʥʘ ʢʨʘʩʥʳʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʤʘʢʩʠʤʫʤ 

ʵʤʠʩʩʠʠ ʂʇ 6 ʙʘʪʦʭʨʦʤʥʦ ʩʤʝʱʘʝʪʩʷ ʚʩʝʛʦ ʥʘ 5 ʥʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝ 

ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʳʤ ʪʝʨʤʦʭʨʦʤʠʟʤʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 28ʘ).  
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ʈʠʩʫʥʦʢ 28. ʊʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ 6 (ʘ) ʠ 7ĿMeCN (ʙ) (ɚex = 400 ʥʤ). 

ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 77ï300 K ʢʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʤʝʝʪ 

ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ 300 K, ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 6 ʠ 

7ĿMeCN ʩʦʩʪʘʚʣʷʶʪ 2.3 ʠ 3.2 ʤʢʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ (kr(300 K) = ūPL(300ʂ)/Ű300ʂ) ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 1,96Ŀ10
5
 ʠ 0,66Ŀ10

5
 ʩ
ï1

 ʜʣʷ ʂʇ 6 ʠ 

7ĿMeCN. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ ʂʇ ʥʘ ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, 

[Cu2I2(Ph3P)2(4,4ǋ-Bipy)]n ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ kr(300 K) = 0,58Ŀ10
5
 [77]. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤ ʉʆɺ ʘʪʦʤʘ ʤʳʰʴʷʢʘ (ɕl = 1202 ʩʤ
ī1

) [177] ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʩʢʦʨʷʝʪʩʷ ʧʨʦʮʝʩʩ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ, ʢʦʪʦʨʘʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʝʝ ʚʨʝʤʷ ʵʤʠʩʩʠʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 300 ʜʦ 77 K, 

ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʩʦʝʜʠʥʝʥʠʡ 6 ʠ 7ĿMeCN ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʜʦ 55 ʠ 38 ʤʢʩ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

Cʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʚʦʣʥʳ ʵʤʠʩʩʠʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʧʦʨʷʜʦʢ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʵʤʠʩʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ, ʣʠʙʦ ʊɸɿʌ. ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʵʤʠʩʩʠʠ, ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʸʥ ʞʠʟʥʠ ʵʤʠʩʩʠʠ Ű(T) 

(ʈʠʩʫʥʦʢ 29). ɼʘʥʥʳʝ Ű(T) ʢʨʠʚʳʝ ʙʳʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, 

ʦʧʠʩʳʚʘʶʱʝʤʫ ʊɸɿʌ (ʋʨʘʚʥʝʥʠʝ 1) [178]. 

†Ὕ σ ÅØÐ
ɝὉ3ρɀ4ρ

ὯὝ

σ

†

ρ

†
ÅØÐ 

ɝὉ3ρɀ4ρ

ὯὝ
 

ʋʨʘʚʥʝʥʠʝ 1. 

ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ † ʠ † ʦʙʦʟʥʘʯʘʶʪ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʩʠʥʛʣʝʪʥʦʛʦ (S1) ʠ 

ʪʨʠʧʣʝʪʥʦʛʦ (T1) ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ȹE(S1ïT1) ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 
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ʟʘʟʦʨ ʤʝʞʜʫ S1 ʠ T1 ʩʦʩʪʦʷʥʠʷʤʠ, ʘ Ὧ ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ. ʇʦ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ȹE(S1ïT1) ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 6 ʠ 7ĿMeCN ʩʦʩʪʘʚʣʷʝʪ 1016 ʠ 807 ʩʤ
ī1

, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ȹE(S1ïT1) ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (< 1500 ʩʤ
ï

1
), ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʦʙʨʘʪʥʦʡ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ (T1 Ÿ S1) ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʨʦʷʚʣʝʥʠ ̫ʊɸɿʌ [169, 179].  

 

ʈʠʩʫʥʦʢ 29. ʂʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ 6 ʠ 7ĿMeCN (ɚex = 

390 ʥʤ). 

ʂʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʨʝʤʸʥ ʞʠʟʥʠ ʵʤʠʩʩʠʠ Ű(T) ʜʣʷ 6 ʠ 7ĿMeCN 

ʧʦʢʘʟʳʚʘʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʊɸɿʌ ʧʨʦʬʠʣʴ, ʘ ʠʤʝʥʥʦ: 

1) ʅʘ ʫʯʘʩʪʢʝ ʦʪ 77 ʜʦ 110 ʂ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʌʃ ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʵʤʠʩʩʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʦʣʴʢʦ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ. 

2) ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘ ʩʯʸʪ ʦʙʨʘʪʥʦʡ 

ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ (T1 Ÿ S1), ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʵʤʠʩʩʠʶ ʥʘʯʠʥʘʝʪ 

ʚʥʦʩʠʪʴ ʊɸɿʌ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʸʥ ʞʠʟʥʠ ʌʃ.  

3) ʂʨʠʚʳʝ Ű(T) ʚʳʭʦʜʷʪ ʥʘ ʧʣʘʪʦ ʫʞʝ ʧʨʠ 300 K ï ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʵʤʠʩʩʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʦʣʴʢʦ ʊɸɿʌ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(I), ʩʦʜʝʨʞʘʱʠʝ [Cu2X2] 

ʬʨʘʛʤʝʥʪʳ, ʦʙʳʯʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʊɸɿʌ ʠʟ 
1
(M+X)LCT ʩʦʩʪʦʷʥʠʡ, ʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ 

ʠʟ ʩʦʩʪʦʷʥʠʡ 
3
(M+X)LCT-ʪʠʧʘ [22, 169, 179], ʧʦʜʦʙʥʦʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʂʇ 6 ʠ 7ĿMeCN.  

3.2. ʂʦʤʧʣʝʢʩʳ Cu(I) ʩ ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥʦʤ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Cu2(Py2AsPh)2X2], X = Cl (8), Br (9), I (10) ʠ ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 
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[Cu2(Py2AsPh)2(MeCN)2](BF4)2 (11), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ As,N-ʣʠʛʘʥʜʘ ʚʳʩʪʫʧʘʝʪ ʙʠʩ(2-

ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥ (Py2AsPh). ʂʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʊɸɿʌ ʠ ʙʳʩʪʨʫʶ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ɚmax = 465ï530 ʥʤ) ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ 

ʜʦ 50% [180]. ʇʦʜʨʦʙʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʉʆɺ ʘʪʦʤʘ ʤʳʰʴʷʢʘ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʟʘʟʦʨʫ æE(S1ïT1), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

(Ű = 2ï9 ʤʢʩ ʧʨʠ 300 ʂ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʬʦʩʬʠʥʦʚʳʤʠ (Py2PPh) 

ʘʥʘʣʦʛʘʤʠ (Ű = 5ï33 ʤʢʩ) [84].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥʘ (Py2AsPh). ʉʠʥʪʝʟ 

ʧʦʩʣʝʜʥʝʛʦ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʤʝʪʦʜʠʢʝ (ʩʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ), 

ʥʝ ʪʨʝʙʫʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 2-ʧʠʨʠʜʠʣʤʘʛʥʠʡʙʨʦʤʠʜʘ [181], ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʣʠʪʠʠʨʦʚʘʥʠʠ 2-ʙʨʦʤʧʠʨʠʜʠʥʘ ʧʨʠ -78ęʉ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʦʙʨʘʟʫʶʱʝʛʦʩʷ in 

situ 2-ʣʠʪʠʡʧʠʨʠʜʠʥʘ, ʬʝʥʠʣʜʠʭʣʦʨʘʨʩʠʥʦʤ (ʉʭʝʤʘ 36). ʂ ʩʦʞʘʣʝʥʠʶ, ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ 

Py2AsPh ʥʝ ʧʨʝʚʳʰʘʣ 19%, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʧʳʪʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ 

(ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ -78ęʉ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 2-

ʭʣʦʨʧʠʨʠʜʠʥʘ) ʠ ʤʝʪʦʜʠʢʫ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ. ʉʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʗʄʈ 
1
ʅ ʠ 

13
ʉ, ʘ ʩʦʩʪʘʚ ʧʦʜʪʚʝʨʞʜʸʥ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. 

1
H ʗʄʈ 

ʩʧʝʢʪʨ
 
Py2AsPh ʚ CDCl3 ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʦʪ ʧʨʦʪʦʥʦʚ ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʣʝʮ ʚ 

ʦʙʣʘʩʪʠ 8.75ï7.50 ʠ ʥʘ 7.22 ʤ.ʜ., ʠ ʩʠʛʥʘʣʳ ʥʘ 7.40ï7.35 ʠ 7.32 ʤ.ʜ. ʦʪ ʧʨʦʪʦʥʦʚ 

ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ. 

 

ʉʭʝʤʘ 36. ʉʠʥʪʝʟ ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥʘ ï Py2AsPh. 

ɼʘʣʝʝ ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʬʝʥʠʣʘʨʩʠʥ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ʨʝʘʢʮʠʷʭ ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʠ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʤ ʤʝʜʠ(I) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Cu/Py2AsPh. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʘʣʦʛʝʥʠʜʦʚ Cu(I) ʩ Py2AsPh ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ CuX/Py2AsPh = 1:1 

ʚ MeCN ʦʙʨʘʟʫʶʪʩʷ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Cu2(Py2AsPh)2X2] (8ï10), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʨʝʘʢʮʠʷ Py2AsPh ʩ [Cu(MeCN)4]BF4 ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cu2(Py2AsPh)2(MeCN)2](BF4)2 (11) (ʉʭʝʤʘ 37). ʀʟʤʝʥʝʥʠʝ  










































