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ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʋɽʄʓʍ ʉʆʂʈɸʑɽʅʀʁ 

 

ʂʉʕ ï ʢʣʘʩʪʝʨʥʳʝ ʩʢʝʣʝʪʥʳʝ ʵʣʝʢʪʨʦʥʳ  

MO  ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ  

bpy ï 4,4ǋ-ʙʠʧʠʨʠʜʠʥ 

ppy ï 4-ʬʝʥʠʣʧʠʨʠʜʠʥ 

bpe ï 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʥ)ʵʪʠʣʝʥ 

bpp ï  1,3-ʙʠʩ(4-ʧʠʨʠʜʠʥ)ʧʨʦʧʘʥ 

TBP ï 4-(ʪʨʝʪ-ʙʫʪʠʣ)ʧʠʨʠʜʠʥ  

Fc ï ʬʝʨʨʦʮʝʥ 

SCE ï ʢʘʣʦʤʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ 

ACN ï ʘʮʝʪʦʥʠʪʨʠʣ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ʅʄʇ ï N-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʦʥ 

DFT (density functional theory) ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

dppm ï ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥ Ph2PCH2PPh2 

dmpe ï 1,2-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ Ph2P(CH2)2PPh2 

dppp ï 1,3-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʘʥ Ph2P(CH2)3PPh2 

dppb ï 1,4-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʙʫʪʘʥ Ph2P(CH2)4PPh2 

dpppen ï 1,5-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʧʝʥʪʘʥ Ph2P(CH2)5PPh2  

dpph ï 1,6-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʛʝʢʩʘʥ Ph2P(CH2)6PPh2 

PPh3 ï ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ 

ɺɿʄʆ ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ  

ʅʉʄʆ ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ  

l ï ʜʣʠʥʘ ʚʦʣʥʳ  

lʚʦʟʙ ï ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ  

lɻ ʤ ï ʜʣʠʥʘ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  

tɻʤ ï ʚʨʝʤʷ ʞʠʟʥʠ ʵʤʠʩʩʠʠ  

ūɻ ʤ ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʵʤʠʩʩʠʠ 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ ʠʣʠ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ 

ɼʀɺ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʂɺɺ ï ʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 
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ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ  

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

CHN ï ʵʣʝʤʝʥʪʥʳʡ C, H, N-ʘʥʘʣʠʟ 

ʕɼʉ ï ʥɻʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʤ.ʜ. ï ʤʠʣʣʠʦʥʥʘʷ ʜʦʣʷ; ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ, ʨʘʚʥʘʷ 10ī6 ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ [{ Re6Q8} L6]
n (Q = S, Se, Te) ʷʚʣʷʶʪʩʷ 

ʦʙʲʝʢʪʦʤ ʥʝʫʛʘʩʘʝʤʦʛʦ ʠʥʪʝʨʝʩʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʦʪ ʫʞʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

[1,2], ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʷʨʢʘʷ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ [3ï7], ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʠʥʛʣʝʪʥʳʡ 

ʢʠʩʣʦʨʦʜ [8ï10] ʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ [11ï13]. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʚʦʡʩʪʚ ʚ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʧʨʝʧʘʨʘʪʳ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ 

[9,10] ʠ ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ [14,15]. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʢʠʩʣʝʥʠ ʁʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ [16,17]. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʘʨʷʜʘ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʘʢʦ ʛʝʦʤʝʪʨʠʷ 

ʷʜʨʘ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʪʠʤʦ çʧʝʨʝʢʣʶʯʘʪʴè ʵʪʠ 

ʩʚʦʡʩʪʚʘ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʪʝʨʳ ʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [18ï21].  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ Q ʠ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ L, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʷʜʝʨ {Re6Q8}
2+ ʚ ʩʣʫʯʘʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ L 

ʥʝʦʙʨʘʪʠʤʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ. ʂʦʦʨʜʠʥʘʮʠʷ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï 

ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʨʘʪʠʤʳʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ) ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʠʡ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ, ʜʝʣʘʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʩʧʦʩʦʙʥʳʤʠ ʥʝ 

ʪʦʣʴʢʦ ʢ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠ ʁ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʥʦ ʠ ʢ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ 

ʧʨʦʮʝʩʩʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʦ ʩʣʘʙʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʢʣʘʩʪʝʨʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʘʤ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʤʘʛʥʠʪʥʳʭ ʤʝʪʦʢ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ. ʇʦʩʣʝ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʩʤʝʱʘʶʪʩʷ ʚ ʘʥʦʜʥʫʶ ʦʙʣʘʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʪʝʥʮʠʘʣʘʤʠ ʩʚʦʙʦʜʥʳʭ 

ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʃʴʶʠʩʦʚʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʷʜʝʨ {Re6Q8}
2+, ʯʪʦ ʜʝʣʘʝʪ ʣʠʛʘʥʜʳ 

ʩʧʦʩʦʙʥʳʤʠ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ. ɿʘ ʧʨʦʰʝʜʰʠʝ ʜʚʘ 

ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʦ ʥʘʢʦʧʣʝʥʦ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙ 
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ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʤʠ ʢʘʢ 

ʟʥʘʯʝʥʠʝ pKa ʠʣʠ ʧʘʨʘʤʝʪʨʦʤ ʃʝʚʝʨʘ ʣʠʛʘʥʜʦʚ, ʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʠʢʘʢʠʭ 

ʢʦʨʨʝʣʷʮʠʡ, ʩʪʨʦʛʦ ʦʧʠʩʳʚʘʶʱʠʭ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʳ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ 

ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠʟʫʯʝʥʠʝ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʚʩʝʩʪʦʨʦʥʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʦʩʪʘʸʪʩʷ ʚʘʞʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʸʪ 

ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʚ ʩʬʝʨʝ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ. 

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ. ʃʠʪʝʨʘʪʫʨʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ ʨʘʩʪʚʦʨʠʤʳʭ ʜʠʩʢʨʝʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʬʦʨʤʫʣʦʡ 

[Re6Q8L6]
nï (Q = S, Se, Te; L = ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ) [2,22ï24]. ɹr ʣʠ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʝʥʳ ʠʭ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ [3ï7], ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [25ï33] ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʙʠʦʣʦʛʠʠ [34ï37]. ʉ ʥʘʯʘʣʘ 

2000-ʭ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [19ï21] ʠ ʧʦʣʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ [4,38ï41].  

ʀʟʫʯʝʥʠʝ ʞʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʜʦ ʥʝʜʘʚʥʝʛʦ 

ʚʨʝʤʝʥʠ ʠʤʝʣʦ ʥʝʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʣʠʰʴ ʟʘʧʠʩʴʶ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ (ʎɺɸ) ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʢ ʦʙʨʘʪʠʤʳʤ 

ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʘʤ. ʂʦʦʨʜʠʥʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʚ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʕʪʘ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ, ʦʜʥʘʢʦ 

ʩʪʝʧʝʥʴ ʝʸ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʜʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʥʠʟʢʦʡ ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʠʝ ʩʧʦʩʦʙʳ ʠʭ ʧʦʣʫʯʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʚʳʩʦʢʠʝ 

ʚʳʭʦʜʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʝʡ ʧʨʦʜʫʢʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴ  ʁ ʟʘʤʝʱʝʥʥʦʩʪʠ ʠʣʠ ʥʠʟʢʫ  ʁ
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ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʦʣʝʝ 250 ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). ʉʨʝʜʠ ʥʠʭ ʚʩʝʛʦ 14 ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʘʣʠ ʨʝʜʦʢʩ 

ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ ʠ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʀʟ ʵʪʠʭ 14 ʩʦʝʜʠʥʝʥʠʡ ʯʝʪʳʨʝ ʩʦʜʝʨʞʘʪ ʦʜʠʥ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʡ ʣʠʛʘʥʜ, ʚʦʩʝʤʴ ʩʦʜʝʨʞʘʪ ʜʚʘ 

ʪʘʢʠʭ ʣʠʛʘʥʜʘ, ʠ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʧʦ ʪʨʠ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ 

ʢʣʘʩʪʝʨʦʚ ʩ ʯʝʪʳʨʴʤʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ.  

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ, ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ, 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ʪʨʘʥʩ-[Re6Q8L4X2], ʛʜʝ Q = S 

ʠʣʠ Se, X = Clï, Brï ʠʣʠ CNï, L = ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʡ ʘʧʠʢʘʣʴʥʳʡ ʣʠʛʘʥʜ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ; 

¶ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ; 

¶ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩ ʧʦʤʦʱʴʶ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠ ʜʨʫʛʠʭ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ; 

¶ ʠʟʫʯʝʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʣʶʯʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʚʠʪʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʧʦʣʫʯʝʥʠʝ 

ʩʝʤʝʡʩʪʚʘ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʠ 
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ʠʩʩʣʝʜʦʚʘʥʦ 22 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠ,̫ ʩʪʨʦʝʥʠʝ 12 ʠʟ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʫʧʝʥʯʘʪʦʛʦ ʪʝʨʤʠʯʝʩʢʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʟʘʤʝʱʝʥʠʷ ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ ʥʘ ʦʨʛʘʥʠʯʝʩʢʫʶ ʤʦʣʝʢʫʣʫ. 

ʀʟʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʩʪʚʦʨʘʭ ʜʣʷ 16 ʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ, ʨʘʩʪʚʦʨʠʤʳʭ 

ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɼʣʷ ʦʜʥʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʧʠʩʘʥʘ 

ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʎɺɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʩʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʪʝʪʨʘʟʘʤʝʱʸʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʝʨʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ ʚʩʝʛʜʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʘʥʦʜʥʳʡ ʩʜʚʠʛ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʢʣʘʩʪʝʨʥʦʤʫ 

ʷʜʨʫ {Re6Q8}
2+. ɺʝʣʠʯʠʥʘ ʘʥʦʜʥʦʛʦ ʩʜʚʠʛʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʣʠʛʘʥʜʘ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʠʣʠ ʚʥʝʰʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʣʠʛʘʥʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʛʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʤʝʪʘʣʣʦʮʝʥʪʨʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʠ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʥʘʩʪʨʦʡʢʠ ʧʦʣʦʞʝʥʠʷ ɺɿʄʆ ʠ ʅʉʄʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʠ 

ʪʠʧʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʥʝʝ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ 22 ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ (ʜʘʥʥʳʝ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʩʝʭ 22 ʢʦʤʧʣʝʢʩʦʚ, ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ 4 ʠʟ 

ʥʠʭ). 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʯʝʪʳʨʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ ʠ 

ʜʚʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʘ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ ʠ ʯʠʩʪʦʪʦʡ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʘʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ. 
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ʅʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʠʭ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʦʧʦʩʪʘʚʠʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʚ, ʥʘʙʣʶʜʘʝʤʳʝ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʠ ʪʠʧʦʤ ʘʧʠʢʘʣʴʥʳʭ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ, ʜʦʧʦʣʥʠʚ 

ʠʤʝʶʱʠʝʩʷ ʥʘʙʣʶʜʝʥʠʷ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʞʝʣʘʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʤʠ, ʢʘʢ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʪʠʤʦʤʫ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʜʦʙʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʢʘʪʘʣʠʟ, ʤʘʛʥʝʪʦʭʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ. 

ʉʪʨʦʝʥʠʝ 12 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (CCDC) ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʤʠʨʦʚʦʡ 

ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʥʦʚʳʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʯʝʪʳʨʴʤʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ, ʚʳʨʘʱʠʚʘʥʠʝ ʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʙʦʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ), ʵʣʝʤʝʥʪʥʳʡ (CHNS) ʘʥʘʣʠʟ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʕɼɸ), ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ), ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʠ ʋʌ-ʦʙʣʘʩʪʠ (ʕʉʇ), ʜʠʬʬʫʟʥʦʝ ʦʪʨʘʞʝʥʠʝ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ (ʊɻ), ʮʠʢʣʠʯʝʩʢʘʷ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ (ʎɺɸ), ʢʫʣʦʥʦʤʝʪʨʠʷ, ʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ (ʂɺɺ) ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ (ɼʀɺ). ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ ʪʨʘʥʩ-[Re6Q8L4X2], ʛʜʝ Q = S ʠʣʠ Se, X = Clï, Brï ʠʣʠ CNï, L = ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʡ 

ʘʧʠʢʘʣʴʥʳʡ ʣʠʛʘʥʜ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ; 

¶ ʩʪʨʦʝʥʠʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʜʘʥʥʳʝ ʦʙ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚʩʝ ʩʠʥʪʝʟʳ, ʫʢʘʟʘʥʥʳʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʘ ʪʘʢʞʝ ʚʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʩʰʠʬʨʦʚʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʦʧʠʩʘʥʠʠ, ʘʥʘʣʠʟʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʚ ʨʘʙʦʪʝ, 

ʘ ʪʘʢʞʝ ʚ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ 

ʩ ʩʦʘʚʪʦʨʘʤʠ ʠ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 7 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

¶ ʋʣʘʥʪʠʢʦʚ ɸ.ɸ. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [Re6Q8Hal2(4,4ǋ-bpy)4]. // ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ. 14-19 ʘʧʨʝʣʷ 2019 ʛ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2019. ʉ. 132. 

¶ ɸ. ɸ. ʋʣʘʥʪʠʢʦʚ, ʗ. ʄ. ɻʘʡʬʫʣʠʥ, ɸ. ʀ. ʉʤʦʣʝʥʮʝʚ, ʖ. ɺ. ʄʠʨʦʥʦʚ. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ 

ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʙʠʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. // V ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2019. 30 ʩʝʥʪʷʙʨʷ 

ï 4 ʦʢʪʷʙʨʷ 2019 ʛ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2019. ʉ. 73 



14 

 

 

¶ ʋʣʘʥʪʠʢʦʚ ɸ.ɸ., ɻʘʡʬʫʣʠʥ ʗ.ʄ., ʉʫʭʠʭ ʊ.ʉ., ʄʠʨʦʥʦʚ ʖ.ɺ. ɼʠʟʘʡʥ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. // 13-ʡ ʩʠʤʧʦʟʠʫʤ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʊɽʈʄʆɼʀʅɸʄʀʂɸ ʀ ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽ. 26-30 

ʦʢʪʷʙʨʷ 2020 ʛ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2020, ʉ. 55 

¶ ʋʣʘʥʪʠʢʦʚ ɸ.ɸ. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. // ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ. 12-23 ʘʧʨʝʣʷ 2021 ʛ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2021. ʉ. 80. 

¶ ʋʣʘʥʪʠʢʦʚ ɸ.ɸ., ʉʫʭʠʭ ʊ.ʉ., ʄʠʨʦʥʦʚ ʖ.ɺ., ɻʘʡʬʫʣʠʥ ʗ.ʄ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ n-ʜʦʥʦʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ ʨʝʥʠʷ. // ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʭʠʤʠʠ. 13-17 ʩʝʥʪʷʙʨʷ 2021 ʛ. ï ʇʣʸʩ, 2021. ʉ. 70. 

¶ A.ɸ. ʋʣʘʥʪʠʢʦʚ, ʗ.ʄ. ɻʘʡʬʫʣʠʥ, ʊ.ʉ. ʉʫʭʠʭ, ʖ.ɺ. ʄʠʨʦʥʦʚ. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ N-ʜʦʥʦʨʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ: ʩʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ. // XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. 3-8 ʦʢʪʷʙʨʷ 2021 ʛ. ï ʆʣʴʛʠʥʢʘ, 2021. ʉ. 211. 

¶ ʋʣʘʥʪʠʢʦʚ ɸ.ɸ., ʉʫʭʠʭ ʊ.ʉ., ʄʠʨʦʥʦʚ ʖ.ɺ., ɹʨʳʣʸʚ ʂ.ɸ., ɻʘʡʬʫʣʠʥ ʗ.ʄ. 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ.  // ʂʣʘʩʪʝʨ-2022. 4ï6 ʦʢʪʷʙʨʷ 2022 ʛ. ï ʛ. ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ, 2022. ʉ. 119. 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ 5 ʩʪʘʪʝʡ, ʠʟ ʥʠʭ 1 ʩʪʘʪʴʷ ʚ ʨʦʩʩʠʡʩʢʦʤ ʞʫʨʥʘʣʝ 

ʠ 4 ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ. ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʚ ʤʘʪʝʨʠʘʣʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 7 ʜʦʢʣʘʜʦʚ. ɺʩʝ ʠʟʜʘʥʠʷ ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of Science, Scopus ʠ ʚʭʦʜʷʪ ʚ ʇʝʨʝʯʝʥʴ ʠʟʜʘʥʠʡ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆ ʧʨʠʟʥʘʥʠʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʛʦʚʦʨʠʪ ʠʭ ʧʫʙʣʠʢʘʮʠʷ ʚ ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ. 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ: 1. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 2. ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ 

ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 5. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 7. ʇʨʦʮʝʩʩʳ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 171 ʩʪʨʘʥʠʮʝ, ʩʦʜʝʨʞʠʪ 86 ʨʠʩʫʥʢʦʚ ʠ 16 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ 

ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʠʭ ʦʙʩʫʞʜʝʥʠʡ (ʛʣ. 3), ʚʳʚʦʜʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (227 ʩʩʳʣʦʢ) ʠ 

ʧʨʠʣʦʞʝʥʠʡ ʥʘ 11 ʩʪʨʘʥʠʮʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ rˉ 20-33-70112 ʠ ˉ 18-29-04007) 

ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ rˉ 19-73-21196 ʠ ˉ 22-73-10181). 
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1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

1.1.1. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʤʦʣʠʙʜʝʥʘ 

ʠ ʚʦʣʴʬʨʘʤʘ 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ï ʵʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ, 

ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʣʠʛʘʥʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʷʜʨʦʤ [42]. ʆʥʠ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʨʘʟʥʳʝ ʤʝʪʘʣʣʳ ʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʥʫʢʣʝʘʨʥʦʩʪʴ ï ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, 

ʩʚʷʟʘʥʥʳʭ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʰʝʩʪʠʷʜʝʨʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ: ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M6X8}L 6]
n (M = Mo, W; X = Cl, Br, I), ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [{M6Q8}L 6] (M = Mo, W; Q = S, Se) ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ [{Re6Q8}L 6]
n (Q = S, Se, Te), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ L6 ï ʵʪʦ ʥʘʙʦʨ ʠʟ ʰʝʩʪʠ ʘʧʠʢʘʣʴʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ï ɻ ʪʦ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ h ʝʩʪ ɹ

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʩʚʷʟʘʥʥʳʭ ʜʚʝʥʘʜʮʘʪʴʶ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤʠ ʜʚʫʭʮʝʥʪʨʦʚʳʤʠ ʩʚʷʟʷʤʠ, ʠ ʚʦʩʝʤʴ 

ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʠʣʠ ʛʘʣʦʛʝʥʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʪʨʝʫʛʦʣʴʥʦʡ ʛʨʘʥʴʶ ʦʢʪʘʵʜʨʘ 

M6, ʦʙʨʘʟʫʷ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {M6X8} . ʄʦʩʪʠʢʦʚʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʠʣʠ ʛʘʣʦʛʝʥʠʜʥʳʝ ʣʠʛʘʥʜʳ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʥʘʟʳʚʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʳʡ 

ʘʪʦʤ ʤʝʪʘʣʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʥʠʤ ʚʥʝʰʥʠʤ ʣʠʛʘʥʜʦʤ L (ʨʠʩ. 1). ɺ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʢʣʘʩʪʝʨ ʩʦʜʝʨʞʠʪ ʚʦ ʚʥʝʰʥʝʤ ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ ʦʜʠʥʘʢʦʚʳʝ ʣʠʛʘʥʜʳ, ʦʥ ʥʘʟʳʚʘʝʪʩʷ 

ʘʧʠʢʘʣʴʥʦ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʤ, ʝʩʣʠ ʞʝ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʚʥʝʰʥʠʝ ʣʠʛʘʥʜʳ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʪʘʢʦʡ ʢʣʘʩʪʝʨ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʘʧʠʢʘʣʴʥʦ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʡ. ʉʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʂʉʕ), 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʦʚʘʣʝʥʪʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. ʊʘʢ, ʚ ʢʣʘʩʪʝʨʘʭ ʨʝʥʠʷ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʨʘʚʥʷʝʪʩʷ +3, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʤʝʪʘʣʣʦʦʩʪʦʚ ʧʨʠʭʦʜʠʪʩʷ 24 ʂʉʕ. ɺ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʤʝʪʘʣʣʘ +2, 

ʯʪʦ ʪʘʢʞʝ ʜʘʝʪ 24 ʂʉʕ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ 24 ʂʉʕ ʦʪʨʘʞʘʝʪ ʵʣʝʢʪʨʦʥʦʥʘʩʳʱʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ 

ʥʝʡʪʨʘʣʴʥʳʤ ʷʜʨʦʤ {M 6Q8} (M = Mo, W; Q = S, Se), ʠʤʝʶʱʠʝ ʣʠʰʴ 20 ʂʉʕ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 
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ʜʦʩʪʫʧ ʢ ʫʥʠʢʘʣʴʥʳʤ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʦ ʢʦʪʦʨʳʭ 

ʙʫʜʝʪ ʠʜʪʠ ʨʝʯʴ ʚ ʨʘʟʜʝʣʘʭ 1.4 ʠ 1.5. 

ʘ) ʙ)  ʚ)  

ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ M6 (ʘ), ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {M6X8} ʠ ʜʠʩʢʨʝʪʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [{M6X8}L 6] . 

 

1.1.2. ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ  

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʩʦʝʜʠʥʝʥʠʷʭ, 

ʩʧʦʩʦʙʥʳʭ ʢ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ, ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʧʨʦʷʩʥʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʥʷʪʠʡ, ʧʨʠʩʫʱʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠ ʤʝʪʦʜʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʠʭ ʠʟʫʯʘʪʴ [43ï48]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʧʨʠʩʫʱʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʘʤ, ʷʚʣʷʝʪʩʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ ð ʵʪʦ ʛʨʫʧʧʘ 

ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʪʦʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʵʣʝʢʪʨʦʜʘʤʠ. ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʮʠʢʣʠʯʝʩʢʫʶ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ, ʘ 

ʪʘʢʞʝ ʪʘʢʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʤʝʪʦʜʘʭ ʪʦʢ ʛʝʥʝʨʠʨʫʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ. ɼʠʬʬʫʟʠʷ 

ʠ ʤʠʛʨʘʮʠʷ ʠʦʥʦʚ ʧʝʨʝʥʦʩʷʪ ʵʪʦʪ ʪʦʢ ʯʝʨʝʟ ʨʘʩʪʚʦʨ. 

ɺ ʧʨʠʥʮʠʧʝ, ʜʣʷ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ) 

ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʵʣʝʢʪʨʦʜʘ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʪʨʫʜʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʨʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ ʠ ʨʘʩʪʚʦʨʦʤ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʭʵʣʝʢʪʨʦʜʥʘʷ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ, 
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ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ, ʠʣʠ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜ, ʠ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʷʝʪ ʨʦʣʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʨʦʣʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʪʦʢʘ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʠʣʦʞʝʥʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦʪʝʥʮʠʦʩʪʘʪ ʠʟʤʝʥʷʝʪ 

ʧʦʪʝʥʮʠʘʣ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʦʩʪʘʝʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ. ʏʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ʜʦʣʞʝʥ 

ʩʦʜʝʨʞʘʪʴ ʧʦʩʪʦʷʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʠʠ, ʪʘʢʦʛʦ ʢʘʢ ʥʘʩʳʱʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʠʦʥʦʚ ʩʝʨʝʙʨʘ ʚ ʩʣʫʯʘʝ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʠ ʨʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ ʧʨʦʭʦʜʠʪ ʤʠʥʠʤʘʣʴʥʳʡ ʪʦʢ. ʊʦʢ, 

ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʨʘʙʦʯʝʤ ʵʣʝʢʪʨʦʜʝ, ʧʦʣʥʦʩʪʴʶ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʪʦʢʦʤ, ʧʨʦʭʦʜʷʱʠʤ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʵʣʝʢʪʨʦʜʝ, ʠʤʝʶʱʝʤ ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʕʣʝʢʪʨʦʜʥʘʷ ʨʝʘʢʮʠʷ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʚʢʣʶʯʘʝʪ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʘ ʦʪ ʵʣʝʢʪʨʦʜʘ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ ʚ ʨʘʩʪʚʦʨʝ ʠʣʠ 

ʥʘʦʙʦʨʦʪ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʜ/ʨʘʩʪʚʦʨ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ 

ʦʙʣʘʩʪʠ ï ʵʣʝʢʪʨʦʜ, ʜʚʦʡʥʦʡ ʩʣʦʡ, ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ ʠ ʦʩʪʘʣʴʥʦʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ. 

 

 

ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʜ/ʨʘʩʪʚʦʨ [49]. 

ʇʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘ ʨʘʙʦʯʝʤ 

ʵʣʝʢʪʨʦʜʝ ʠ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʝ ʛʝʥʝʨʠʨʫʝʪ ʪʦʢ, ʢʦʪʦʨʳʡ ʧʝʨʝʥʦʩʠʪʩʷ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʟʘ ʩʯʝʪ 

ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ. ʕʪʦ ʬʦʨʤʠʨʫʝʪ ʝʤʢʦʩʪʥʦʡ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʠʦʥʦʚ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʠʧʦʣʝʡ, ʢʦʪʦʨʳʝ 
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ʩʣʫʞʘʪ ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʫ ʥʘ ʵʣʝʢʪʨʦʜʝ. ʊʘʢ ʥʘʟʳʚʘʝʤʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ ʧʦ-

ʧʨʝʞʥʝʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʨʷʜʘ (ʪ.ʝ. ʚ ʪʘʢʦʡ ʟʦʥʝ ʧʨʠʥʮʠʧ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʥʝ ʜʝʡʩʪʚʫʝʪ) ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ʌʘʢʪʠʯʝʩʢʠ, ʵʣʝʢʪʨʦʜ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʥʘʩʦʩ ʜʣʷ ʯʘʩʪʠʮ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʨʷʜʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʪʠ ʟʘʨʷʞʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʧʝʨʝʪʝʢʘʶʪ ʠʟ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʢ ʵʣʝʢʪʨʦʜʫ ʠʣʠ ʥʘʦʙʦʨʦʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʧʦʩʦʙʥʦʝ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ï 

ʦʢʠʩʣʝʥʥʦʡ (Ox) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ (Red), ʦʙʝ ʠʟ ʢʦʪʦʨʳʭ ʫʩʪʦʡʯʠʚʳ ʠ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʩʨʝʜʝ (ʨʘʩʪʚʦʨʠʪʝʣʴ + ʠʥʝʨʪʥʳʡ ʵʣʝʢʪʨʦʣʠʪ). ʇʨʦʩʪʝʡʰʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ 

ʵʣʝʢʪʨʦʜʥʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʱʘʝʪ Ox ʚ Red: 

Ox + nʝï Ÿ Red         (1) 

ʩʢʨʳʚʘʝʪ ʚ ʩʝʙʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʚʝʨʭʥʦʩʪʴ 

ʵʣʝʢʪʨʦʜʘ ʜʦʣʞʥʘ ʧʦʩʪʦʷʥʥʦ ʩʥʘʙʞʘʪʴʩʷ ʨʝʘʛʝʥʪʦʤ, ʪ.ʝ. ʬʦʨʤʦʡ Ox. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʛʝʪʝʨʦʛʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʜʘ ʢ ʚʝʱʝʩʪʚʫ Ox. ʅʘʢʦʥʝʮ, 

ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ (Red) ʜʦʣʞʝʥ ʙʳʪʴ ʫʜʘʣʝʥ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ Ox ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʫʨʘʚʥʝʥʠʝʤ (1), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʰʘʛʘ: 

Ox(ʨ-ʨ) ïʤʘʩʩʦʧʝʨʝʥʦʩŸ Ox(ʧʦʚʝʨʭʥʦʩʪʴ ʵʣ-ʜʘ)     (2) 

Ox(ʧʦʚʝʨʭʥʦʩʪʴ ʵʣ-ʜʘ) ïʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘŸ  Red(ʧʦʚʝʨʭʥʦʩʪʴ ʵʣ-ʜʘ)   (3) 

Red(ʧʦʚʝʨʭʥʦʩʪʴ ʵʣ-ʜʘ) ïʤʘʩʩʦʧʝʨʝʥʦʩŸ Red(ʨ-ʨ)     (4) 

ʉʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʦʙʱʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ 

ʢʦʥʩʪʘʥʪʦʡ k0, ʙʫʜʝʪ ʦʙʫʩʣʦʚʣʝʥʘ ʩʘʤʦʡ ʤʝʜʣʝʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʪʘʜʠʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʘ ʣʠʙʦ ʩ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ (ʠʟ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠ ʦʙʨʘʪʥʦ), ʣʠʙʦ ʩ 

ʛʝʪʝʨʦʛʝʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ (ʦʪ ʵʣʝʢʪʨʦʜʘ ʢ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤ ʯʘʩʪʠʮʘʤ ʠʣʠ ʥʘʦʙʦʨʦʪ). 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʨʷʝʤʳʡ ʪʦʢ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʘʥʘʣʠʪʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʥʠʞʝ ʧʨʠʤʝʨʝ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ (ʨʠʩ. 3) ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʥʘʯʠʥʘʝʪʩʷ ʠʟ ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʧʝʨʝʜ ʢ ʙʦʣʝʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʘʤ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʦʢʠʩʣʝʥʠʷ ʘʥʘʣʠʪʘ (a). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʪʝʥʮʠʘʣʦʤ ʟʥʘʯʝʥʠʷ Eonset ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ 
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ʦʢʠʩʣʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʦʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ (b), ʪʘʢ ʢʘʢ ʘʥʘʣʠʪ ʥʘʯʠʥʘʝʪ ʦʢʠʩʣʷʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ. ɼʣʷ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʟʜʝʩʴ ʩʠʣʘ ʪʦʢʘ ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ, 

ʢʘʢ ʙʫʜʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʤʝʥʷʝʪʩʷ. ʉʠʣʘ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʜʠʬʬʫʟʠʠ ʦʢʠʩʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʵʣʝʢʪʨʦʜʫ, ʘ ʪʘʢʞʝ ʜʦʣʝʡ, ʧʝʨʝʰʝʜʰʝʡ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʫʶ 

ʬʦʨʤʫ. ʇʦʩʪʝʧʝʥʥʦ, ʧʦ ʤʝʨʝ ʧʨʦʜʦʣʞʝʥʠʷ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ 

ʠʩʪʦʱʘʝʪʩʷ. ʀʤʝʥʥʦ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʧʠʢʘ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ.  

ʊʦʢ ʜʦʩʪʠʛʘʝʪ ʧʠʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʪʦʯʢʝ çcè. ʊʦʢ ʚ ʵʪʦʡ ʪʦʯʢʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʘʥʦʜʥʳʡ 

ʧʠʢʦʚʳʡ ʪʦʢ ipa, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʘʥʦʜʥʦʤ ʧʠʢʦʚʦʤ ʧʦʪʝʥʮʠʘʣʝ Epa. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ 

ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʘʥʘʣʠʪʘ ʠʟ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʚʦʡʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʝʜʣʝʥʥʳʤ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʢʘ (d), ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʥʝ ʧʨʠʚʥʝʩʝʪ ʥʠʢʘʢʦʛʦ 

ʵʬʬʝʢʪʘ. 

 

ʈʠʩ. 3. ʇʨʠʤʝʨ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʦʙʨʘʪʠʤʦʛʦ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [50]. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʘʥʘʣʠʪ ʧʨʦʜʦʣʞʘʝʪ ʦʢʠʩʣʷʪʴʩʷ. ʕʪʦ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʨʠʣʦʞʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʝ ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʢʠʩʣʝʥʥʳʡ ʘʥʘʣʠʪ (ʢʦʪʦʨʳʡ ʥʘʢʦʧʠʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ) ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ (e). 
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ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʝʨʢʘʣʴʥʳʤ ʧʨʦʮʝʩʩʫ ʦʢʠʩʣʝʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʢʘʪʦʜʥʦʛʦ ʧʠʢʘ (ipc) (ʢʘʪʦʜʥʳʡ ʧʠʢ ʠʟʤʝʨʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʣʠʥʠʠ 

ʧʦʩʣʝ ʘʥʦʜʥʦʛʦ ʧʠʢʘ) ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʢʘʪʦʜʥʦʛʦ ʧʠʢʘ (Epc) (f). ɸʥʦʜʥʳʡ ʠ ʢʘʪʦʜʥʳʡ ʧʠʢʦʚʳʝ 

ʪʦʢʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʜʠʥʘʢʦʚʦʡ ʚʝʣʠʯʠʥʳ, ʥʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ ï ʵʪʦ ʦʜʠʥ ʠʟ 

ʧʨʠʟʥʘʢʦʚ, ʩʦʦʙʱʘʶʱʠʡ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʙʨʘʪʠʤ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʘ ʢ ʨʝʜʦʢʩ ʘʢʪʠʚʥʦʤʫ ʚʝʱʝʩʪʚʫ ʚ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ ʚʳʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ 

ʚʝʱʝʩʪʚʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. 

ɼʨʫʛʦʡ ʢʨʘʡʥʠʡ ʩʣʫʯʘʡ ï ʥʝʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʫ ʢʨʠʚʦʡ 

ʎɺɸ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʘ ʦʜʥʦʡ ʠʟ ʧʦʣʫʚʦʣʥ, ʦʢʠʩʣʝʥʠʷ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩ. 4). ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʛʝʦʤʝʪʨʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʤʝʞʜʫ ʦʙʨʘʪʠʤʳʤ ʠ ʥʝʦʙʨʘʪʠʤʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ 

ʢʚʘʟʠʦʙʨʘʪʠʤʳʤʠ. ʂʚʘʟʠʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʤʝʩʪʦ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʢ ʨʝʜʦʢʩ ʘʢʪʠʚʥʦʤʫ ʚʝʱʝʩʪʚʫ ʚ ʨʝʘʢʮʠʠ (1) ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʨʘʟʚʝʨʪʢʠ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʦʙʨʘʪʠʤʦ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʨʘʟʚʝʨʪʢʠ 

ʧʨʦʮʝʩʩ ʚʝʜʝʪ ʩʝʙʷ ʥʝʦʙʨʘʪʠʤʦ.  

 

ʈʠʩ. 4. ʇʨʠʤʝʨ ʎɺɸ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [49]. 

ʅʘ ʧʨʘʢʪʠʢʝ ʥʘ ʛʨʘʬʠʢʘʭ ʎɺɸ ʯʘʩʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʝ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʝ ʧʦʣʫʚʦʣʥʳ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ, ʘ ʛʨʫʧʧʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʪʘʢʠʭ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʘʜʝʢʚʘʪʥʦ ʨʘʟʨʝʰʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʢʘʞʜʦʡ 
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ʩʪʫʧʝʥʠ, ʠ ʯʘʩʪʦ ʚʳʛʣʷʜʷʪ ʥʝ ʢʘʢ ʨʘʟʣʠʯʠʤʳʝ ʧʠʢʠ, ʘ ʢʘʢ ʧʣʘʪʦ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʘʣʠʯʠʝʤ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ, ʯʴʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʨʘʚʥʠʤʘ ʠʣʠ ʧʨʝʚʦʩʭʦʜʠʪ ʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 

ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʠ ʚʳʟʳʚʘʶʱʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʬʘʨʘʜʝʝʚʩʢʠʤ. ɽʤʢʦʩʪʥʦʡ ʞʝ ʪʦʢ ï ʵʪʦ ʪʦʢ, ʪʨʝʙʫʝʤʳʡ ʥʘ ʟʘʨʷʜʢʫ ʠʣʠ ʨʘʟʨʷʜ ʜʚʦʡʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʵʣʝʢʪʨʦʜ ï ʵʣʝʢʪʨʦʣʠʪè, ʢʦʪʦʨʳʡ ʚ 

ʜʘʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʥʜʝʥʩʘʪʦʨ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʤʝʪʦʜʳ. ʎʝʣʴʶ ʚʩʝʭ ʠʤʧʫʣʴʩʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ 

ʬʘʨʘʜʝʝʚʩʢʠʭ ʪʦʢʦʚ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʤʝʰʘʶʱʠʭ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ. ɺ ʵʪʠʭ ʤʝʪʦʜʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʬʘʨʘʜʝʝʚʩʢʠʭ ʪʦʢʦʚ (ʢʦʪʦʨʳʝ ʟʘʪʫʭʘʶʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʥʶ ʠʟ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʜʦʚʦʣʴʥʦ ʤʝʜʣʝʥʥʦ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʟʘʪʫʭʘʥʠʷ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ (ʢʦʪʦʨʳʝ ʟʘʪʫʭʘʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʦ ʚʨʝʤʝʥʝʤ, ʪ.ʝ. 

ʙʳʩʪʨʦ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʝʨʝʟ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ (ʦʪ ʧʩ ʜʦ ʤʩ) ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʢ ʨʘʙʦʯʝʤʫ 

ʵʣʝʢʪʨʦʜʫ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʟʘʧʫʩʢʘ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ, ʪʦʢ ʷʚʣʷʝʪʩʷ 

ʯʠʩʪʦ ʬʘʨʘʜʝʝʚʩʢʠʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʘʥʘʣʠʟʝ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʦʩʦʙʝʥʥʦ 

ʧʦʣʝʟʥʳ ʜʚʘ ʤʝʪʦʜʘ: 

¶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ (ɼʀɺ) 

¶ ʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ (ʂɺɺ) 

ʕʪʠ ʤʝʪʦʜʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʪʦ ʞʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʠ ʜʣʷ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ (ʨʠʩ. 

5ʘ ʠ ʙ), ʘ ʪʘʢʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʨʝʥʠʝ ʪʦʢʘ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ɼʀɺ ʠʟʤʝʨʝʥʠʝ 

ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ ʠʤʧʫʣʴʩʘ (ʨʠʩ. 5ʘ), ʠʟ-ʟʘ ʯʝʛʦ 

ʧʦʣʫʯʘʶʪʩʷ ʜʚʘ ʟʥʘʯʝʥʠʷ ʪʦʢʘ, ʠ ʚʳʯʠʪʘʷ ʦʜʠʥ ʠʟ ʜʨʫʛʦʛʦ, ʫʩʪʨʘʥʷʝʤ ʝʤʢʦʩʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. 

ɺ ʩʣʫʯʘʝ ʞʝ ʂɺɺ ʪʦʢ ʠʟʤʝʨʷʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʪʦʯʢʝ ʢʘʞʜʦʛʦ ʠʟ ʮʠʢʣʦʚ ʨʘʟʚʝʨʪʢʠ ʩʧʫʩʪʷ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʨʠʩ. 5ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʝʨʝʜ ʢʘʞʜʳʤ 

ʠʟʤʝʨʝʥʠʝʤ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ. 
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ʈʠʩ. 5. ʆʙʱʠʡ ʚʠʜ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʤʝʪʦʜʦʚ ɼʀɺ (ʘ) ʠ ʂɺɺ (ʙ) [49]. 

 

1.1.3. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʃʝʚʝʨʘ 

ɼʣʷ ʦʮʝʥʢʠ ʵʣʝʢʪʨʦʥʜʦʥʦʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʛʘʥʜʦʚ ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʠʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʃʝʚʝʨʘ (EL), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʜʦʢʩ ʧʦʪʝʥʮʠʘʣʘʭ 

ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ [51,52]. ʕʪʦ ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʟʘ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʚʟʷʪʦ 

ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʮʝʩʩʘ Ru(III)/Ru(II) ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʆʜʥʦ ʠʟ ʧʝʨʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʃʝʚʝʨʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʜʣʷ 2,2ǋ-

ʙʠʧʠʨʠʜʠʥʘ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ ʩ ʢʘʪʠʦʥʦʤ [Ru(bpy)3]
2+ (ʨʠʩ. 6ʘ) ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ 

ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʝ 1.53 ɺ, ʠ ʟʘʪʝʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʦʜʝʣʠʣʠ ʥʘ ʰʝʩʪʴ, 

ʧʦ ʯʠʩʣʫ ʩʚʷʟʝʡ ʘʪʦʤʘ ʨʫʪʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʘʤʠ, ʦʪʢʫʜʘ ʠ ʙʳʣ ʧʦʣʫʯʝʥ ʧʘʨʘʤʝʪʨ ʃʝʚʝʨʘ 

ʜʣʷ 2,2ǋ-ʙʠʧʠʨʠʜʠʥʘ, ʩʦʩʪʘʚʣʷʶʱʠʡ EL = 1.53/6 = 0.255 ɺ. ɿʘʪʝʤ, ʠʩʧʦʣʴʟʫʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ [Ru(bpy)nL6ï2n]
m+ (L ï ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʣʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ) ʠ ʬʦʨʤʫʣʫ (5), ʛʜʝ n ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 2,2ǋ-

ʙʠʧʠʨʠʜʠʥʘ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʃʝʚʝʨʘ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʢ 

ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. 

E1/2(RuIII /RuII) = 2n Ĭ 0,255 + (6 ï 2n) EL (L),    (5) 

ʂ ʧʨʠʤʝʨʫ, ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Ru(bpy)2Cl2] (ʨʠʩ. 6ʙ) 

ʩʦʩʪʘʚʣʷʝʪ 0,32 ɺ. ʇʦʜʩʪʘʚʣʷʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʬʦʨʤʫʣʫ (5), ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʝ 

EL = ï0,24 ɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʚʣʠʷʥʠʝʤ ʢʦʦʨʜʠʥʠʨʫʝʤʳʭ 

ʣʠʛʘʥʜʦʚ ʥʘ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʘ Ru(III)/Ru(II), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʤʝʥʠʤʳʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʚʥʝʰʥʠʤ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. 
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ʈʠʩ. 6. ʂʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ [Ru(bpy)3]
2+ ʠ ʢʦʤʧʣʝʢʩ [Ru(bpy)2Cl2]. 

 

1.2. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʟʘʯʘʩʪʫʶ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʘʶʪ 

ʜʠʩʢʨʝʪʥʳʝ ʢʣʘʩʪʝʨʳ.  

1.2.1. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʘʤʠ {M6X8}
4+ ʠ {Re6Q8}

2+ 

ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʣʘʩʪʝʨʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʜʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ ï 

ʙʳʣ ʦʧʠʩʘʥ ʚ 1848 ʛʦʜʫ, ʥʦ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʦʣʴʢʦ ʚ 1967 ʛʦʜʫ ʙʣʘʛʦʜʘʨʷ 

ʨʘʟʚʠʪʠʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ [53]. ʊʦʛʜʘ ʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʠʛʘʣʦʛʝʥʠʜʳ ʚʦʣʴʬʨʘʤʘ WX2 ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʢʣʘʩʪʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʩʪʨʦʝʥʠʝʤ. ʇʝʨʚʳʝ ʞʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʣʷ Na4Re6S12, K4Re6S12 ʠ Cs4Re6S13 ʚ 1978 ʛʦʜʫ [54].  

ɼʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ [{Mo6Cl8}Cl 4/2Cl2] ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ MoCl3 ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ (950 ï 850 ÜC) [55,56]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, MoX2 (X = Br, I) ʧʦʣʫʯʘʶʪ 

ʘʤʧʫʣʴʥʳʤ ʩʠʥʪʝʟʦʤ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʙʨʦʤʘ ʠʣʠ ʡʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500-700 ÜC ʚ ʪʝʯʝʥʠʝ 24-72 ʯʘʩʦʚ [53]. ʉʠʥʪʝʟ 

ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ ʦʪʣʠʯʘʝʪʩʷ. WCl2 ʤʦʞʝʪ ʙʪr ɹʧʦʣʫʯʝʥ ʨʘʟʣʦʞʝʥʠʝʤ WCl4 ʧʨʠ 500 ÁC ʠʣʠ 

ʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ WCl6 ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʨʪʫʪʴʶ, ʚʠʩʤʫʪʦʤ ʠʣʠ ʩʫʨʴʤʦʡ) [57,58]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʠʩʤʫʪʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ 
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ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. ʂʣʘʩʪʝʨ WBr2 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ ʠ ʙʨʦʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ (760 ï 560 ÁC) ʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ WBr6 ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʫʨʴʤʦʡ [59], ʘ WI2 ï ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ WCl2 ʩ 

ʠʟʙʳʪʢʦʤ ʩʤʝʩʠ KI/LiI ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʘʢʫʫʤʝ [57]. ɺ 2017-2018 ʛʦʜʘʭ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ WI2 ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ WCl6 

ʠ SiI4, ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ W3I2 ʜʦ W6I12Ŀ2I2, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʣʝʥʠʷ I2 ʜʦ ʧʦʣʫʯʝʥʠʷ 

WI2 [60,61].  

ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʥʠʷ Na4Re6S12, K4Re6S12 ʠ Cs4Re6S13 ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ, ʢʘʨʙʦʥʘʪʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [62]. ɹʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʘ ʩʪʨʦʥʮʠʷ ʠʣʠ ʙʘʨʠʷ, ʦʢʩʠʜʘ ʝʚʨʦʧʠʷ (III) ʠ ʜʨ. [63ï67]. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ, ʙʨʦʤʘ ʠ ʩʝʨʳ ʠʣʠ ʩʝʣʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 800 ʜʦ 

1100 ÁC ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ [{Re6Q7Br}Br 2] (Q = S, Se) [65] ʠ  Re6Q8Br2 (Q = S, 

Se) [68,69]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʩ ʷʜʨʘʤʠ {Re6Q8}
2+ ʪʘʢʠʝ ʧʦʣʠʤʝʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ Re6Q8Br2 (Q = S, Se), ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʨʝʥʠʷ, ʭʘʣʴʢʦʛʝʥʘ ʠ ʙʨʦʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

850 Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʘʩʪʝʨʳ ʨʝʥʠʷ ʩ ʪʝʣʣʫʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʛʘʥʜʘ Re6Te15 

ʧʦʣʫʯʘʶʪ ʠʟ ʨʝʥʠʷ ʠ ʪʝʣʣʫʨʘ ʧʨʠ 800 Áʉ [70,71]. 

1.2.2. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʘʤʠ {M6X8}
4+ ʠ {Re6Q8}

2+ 

ʅʘʨʷʜʫ ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʚ ʘʤʧʫʣʴʥʦʤ ʩʠʥʪʝʟʝ ʤʦʞʥʦ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʊʘʢ, ʠʟ ʨʝʥʠʷ, ʭʘʣʴʢʦʛʝʥʘ, ʙʨʦʤʘ ʠʣʠ ʡʦʜʘ ʠ ʛʘʣʦʛʝʥʠʜʘ 

ʮʝʟʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ Cs4[{Re6Se8}I 6], Cs4[{Re6S8}X 6]ĿCsX (X = Cl, Br), 

Cs4[{Re6S8}I 6]Ŀ2CsI [72,73]. ʄʦʣʠʙʜʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ Cs2[{Mo 6X8}X 6] (X = Br, I) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ MoX2 ʠ CsX [74]. ʉʦʝʜʠʥʝʥʠʷ ʩ ʘʥʠʦʥʘʤʠ [{W 6I8}I 6]
ï ʠ [{W6I8}I 6]

2ï ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟ ʢʣʘʩʪʝʨʘ ʤʝʥʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʠ W3I12 ʠ ʠʦʜʠʜʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ 550 Áʉ [75]. 

ɹʨʦʤʠʜʥʳʡ ʞʝ ʢʣʘʩʪʝʨ Cs2[{W 6Br8}Br 6] ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ WBr6, ʩʫʨʴʤʳ ʠ CsBr ʧʨʠ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ [76].  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʧʦ ʧʝʨʝʭʦʜʫ ʦʪ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ WX2 (X = Cl, Br, I) ʧʝʨʚʳʤʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ (ʢʠʩʣʳʭ ʠʣʠ 

ʱʝʣʦʯʥʳʭ ʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʭ). ʊʘʢ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʭʣʦʨʦʤʦʣʠʙʜʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(H3O)2[{Mo 6Cl8}Cl 6] ʧʫʪʝʤ ʢʠʧʷʯʝʥʠʷ MoCl2 ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl [77]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (H3O)2[{Mo 6Cl8}X 6]Ŀ6H2O (X = Br, I) ʟʘʤʝʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʜʨʫʛʠʝ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʝ ʢʠʩʣʦʪʳ [78]. ʄʝʪʦʜʦʤ ʨʘʩʪʚʦʨʝʥʠʷ MoCl2 ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ [{Mo6Cl8}Cl 4L2] (L = DMSO ʠʣʠ DMF) ʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Mo6Cl8}L 6](ClO4)2 (L = DMSO ʠʣʠ DMF), ʝʩʣʠ ʨʘʩʪʚʦʨʝʥʠʝ 

ʠʜʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ [79]. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ (H3O)2[{W 6X8}Y 6]Ŀ6H2O (X, Y = Cl, Br, I; X Í Y) ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

WX2 ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ HY [57]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ 

ʛʨʫʧʧʘ ʌʝʜʦʨʦʚʘ ʨʘʟʨʘʙʦʪʘʣʘ ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʣʘʚʣʝʥʠʝʤ ʪʚʝʨʜʳʭ ʧʦʣʠʤʝʨʥʳʭ ʚʝʱʝʩʪʚ ʩ ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ. ʊʘʢʘʷ ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʬʦʨʤʫʣʦʡ K4[Re6Q8(CN)6], ʛʜʝ Q = S 

ʠʣʠ Se. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩ Q = Te, ʚʤʝʩʪʦ ʧʦʣʠʤʝʨʘ Re6Q8Br2 ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Re6Te15 [80ï83]. ʇʨʦʜʦʣʞʘʷ ʥʘʯʘʪʫʶ ʠʤʠ ʩʪʨʘʪʝʛʠʶ ʧʦʣʫʯʝʥʠʷ ʮʠʘʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʪʝ ʞʝ ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʟ ʜʚʫʤʝʨʥʦʛʦ 

ʢʘʨʢʘʩʘ Re6Q8Br2 (Q = S, Se) ʧʣʘʚʣʝʥʠʝʤ ʚ ʱʸʣʦʯʠ, ʧʦʣʫʯʠʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʚʳʭʦʜʦʤ ʫʜʦʙʥʳʡ ʧʨʝʢʫʨʩʦʨ ʩ ʘʥʠʦʥʦʤ K4[Re6Q8(OH)6], ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ [84].  

1.2.3. ʉʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʘʤʠ 

{M6X8}
4+ ʠ {Re6Q8}

2+ 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠ ̫ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʦʨʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʤʦʣʠʙʜʝʥʘ 

ʠ ʚʦʣʴʬʨʘʤʘ, ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʜʘʣʦ ʥʘʯʘʣʦ ʙʦʛʘʪʦʡ ʭʠʤʠʠ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʊʘʢ, ʧʝʨʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ (PEt3 ʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʦʬʝʩʩʦʨʘ R.H. Holm [85]. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʣʠʛʘʥʜʘ ʧʨʠʚʦʜʠʣʦ ʢ 

ʟʘʤʝʱʝʥʠʶ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ (TBA)3[{Re6Se8}I 6] ʥʘ PEt3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Re6Se8}(PEt3)nI6ïn]
4ïn. ʈʝʘʢʮʠʷ ʢʘʢ ʵʪʠʭ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ 

ʠ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʤ ʩʝʨʝʙʨʘ ʧʨʠʚʦʜʠʣʘ ʢ ʟʘʤʝʱʝʥʠʶ 

ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʠ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ɼʄʉʆ, 

ɼʄʌɸ, ʪʨʠʤʝʪʠʣʘʮʝʪʦʥʠʪʨʠʣ ʠ ʧʠʨʠʜʠʥ [86]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʱʸʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ɼʄʌɸ, ʧʠʨʠʜʠʥʦʤ, 4,4ǋ-ʙʠʧʠʨʠʜʠʥʦʤ ʠ ʜʨ., ʪʘʢ ʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ 

ʩ ʪʨʠʵʪʠʣʬʦʩʬʠʥʦʤ [87]. ʂʨʦʤʝ ʢʣʘʩʪʝʨʘ (TBA)3[{R e6Se8}I 6], ʚ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʷʭ ʙʳʣʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʨʫʛʠʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʪʘʢʠʝ ʢʘʢ 
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(TBA)4[{Re6S8}Br 6] ʠ (TBA)4[{Re6S8}Cl 6], ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʙʦʣʴʰʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ PEt3 

ʠ ACN ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ [88,89]. 

ʉʦʝʜʠʥʝʥʠʷ ʩ ʬʦʨʤʫʣʦʡ [{Re6Se8}(PEt3)6ïx(ACN)x]
2+ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʠʩʭʦʜʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʧʨʦʯʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʨʝʥʠʷ ʠ ʬʦʩʬʦʨʘ, ʘ ʪʘʢʞʝ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʣʘʙʠʣʴʥʳʝ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʝ ʣʠʛʘʥʜʳ. ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʥʜʨʠʤʝʨʦʧʦʜʦʙʥʳʭ [90,91], ʤʥʦʛʦʤʝʨʥʳʭ [92ï

94], ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʨʬʠʨʠʥʦʤ [95] ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ [96]. ɺ ʜʘʣʴʥʝʡʰʝʤ, 

ʟʘʤʝʱʝʥʠʝʤ ʣʘʙʠʣʴʥʳʭ ACN-ʣʠʛʘʥʜʦʚ ʥʘ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ ʠʟʦʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

[97], ʥʠʢʦʪʠʥʘʤʠʜ [98] ʠ ʜʨʫʛʠʝ [99,100]. ʉʚʦʙʦʜʥʳʝ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʝ ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʚʦʚʣʝʯʝʥʳ ʚ ʢʣʠʢ-ʨʝʘʢʮʠʠ ʩ ʘʟʠʜʘʤʠ ʠ ʘʤʤʠʘʢʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʪʝʪʨʘʟʦʣʘʪ [101,102], ʠʤʠʥʳ [103,104], ʦʢʩʘʟʠʥ, ʦʢʩʘʟʦʣʠʥ, 

ʢʘʨʙʦʢʩʘʤʠʜ [18] ʠ ʘʮʝʪʘʤʠʜ [105]. 

ʇʨʦʬʝʩʩʦʨ Y. Sasaki ʠ ʝʛʦ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʠʟʙʳʪʢʦʤ N-ʜʦʥʦʨʥʳʭ ʧʨʦʣʠʛʘʥʜʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

[3,106,107]. ʆʥʠ ʧʦʣʫʯʠʣʠ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ ʪʘʢʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʢʘʢ ʧʠʨʠʜʠʥ, 

4-ʮʠʘʥʦʧʠʨʠʜʠʥ, ʧʠʨʘʟʠʥ, 4,4ǋ-ʙʠʧʠʨʠʜʠʥ, 4-ʤʝʪʠʣʧʠʨʠʜʠʥ, 4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʧʠʨʠʜʠʥ, 4-

ʬʝʥʠʣʧʠʨʠʜʠʥ ʠ 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʘʥʦʤ. ʆʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʚʠʜʝ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʥʦʩʪʠ. ɼʘʞʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 20-40 ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʣʠʛʘʥʜʘ, ʦʙʳʯʥʦ ʟʘʤʝʱʝʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʪʦʣʴʢʦ 2 ʠʣʠ 3 ʚʥʝʰʥʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʘ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ 

ʩʤʝʩʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ. 

ɺʩʝ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ, ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʦ ʧʦʷʚʣʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʦʚ ʧʨʠʚʝʣʦ ʢ ʠʟʫʯʝʥʠʶ ʟʘʤʝʱʝʥʠʷ 

ʣʠʛʘʥʜʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʛʠʜʨʦʢʩʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʦʢʘʟʘʣʠʩʴ ʭʦʨʦʰʠʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʥʝʰʥʠʤʠ 

ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʊʘʢ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʢʦʤʧʣʝʢʩʘ [Re6Q8(OH)6]
4ï ʩʦʣʝʡ CsCl 

ʠʣʠ CsBr ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʭ ʢʠʩʣʦʪ, ʧʦʩʣʝ ʢʠʧʷʯʝʥʠʷ ʠ ʫʧʘʨʠʚʘʥʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ (Cs,K)4[Re6Q8Hal6]ĿnH2O, ʛʜʝ Q = S, Se; Hal = 

Cl, Br [84,108]. ʕʪʦʪ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʩʝʡ ʜʝʥʴ, ʚʚʠʜʫ ʪʦʛʦ ʯʪʦ ʪʘʢʠʝ 

ʢʣʘʩʪʝʨʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʝʪ ʣʘʙʠʣʴʥʦʩʪʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. 
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ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ 

ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʚ ʨʘʩʧʣʘʚʝ ʧʨʦʣʠʛʘʥʜʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʘ ʛʝʢʩʘʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʩ ʘʥʠʦʥʦʤ [Re6Q8Hal6]
4ï, ʛʜʝ Q = S, Se; Hal = Cl, Br, 

ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʟʣʠʯʥʳʤ ʟʘʨʷʜʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʫ 

ʧʨʦʣʠʛʘʥʜʘ ʣʘʙʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ [109]. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʦʥʥʳʭ (ʪ.ʝ. ʩʦʜʝʨʞʘʱʠʭ 

ʣʘʙʠʣʴʥʳʡ ʧʨʦʪʦʥ) ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ [110], 3-

(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ [12], ʠʤʠʜʘʟʦʣ [111] ʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥ [112], ʧʨʠʚʦʜʠʪ 

ʢ ʟʘʤʝʱʝʥʠʶ ʚʩʝʭ ʰʝʩʪʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [Re6Q8L6]
4ï, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʨʦʪʦʥʥʳʭ ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ 

[113], ʪʨʠʬʝʥʠʣʘʨʩʠʥ, ʪʨʠʬʝʥʠʣʩʪʠʙʠʥ [114] ʠ ʧʠʨʘʟʠʥ [115], ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [Re6Q8L4Hal2]. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʜʘʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʳ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʭʦʜʳ, ʦʪʣʠʯʥʳʝ ʦʪ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʘʙʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʤʝʪʠʣʘʪʘʤʠ (OMe), ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʤ ʟʘʤʝʱʝʥʠʠ. ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʚ ʨʝʘʢʮʠʠ ʩ ʘʧʠʢʘʣʴʥʦ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʙʝʟ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ. ʂʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠʣʠ 

ʜʨʫʛʠʤʠ O-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ ʠʟʚʝʩʪʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʤʧʣʝʢʩʳ ʩ N- ʠʣʠ P-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʘʤʠ {Mo6X8}
4+ (X = Cl, Br) ʙʳʣʠ ʧʝʨʚʳʤʠ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʚ 

ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ. ʄʝʪʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Na2[{Mo 6X8}(OMe)6] ʧʦʣʫʯʝʥʳ ʠʟ MoX2 ʠ 

ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ [116,117], ʠʭ ʣʘʙʠʣʴʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʢʦʢʩʠ-, ʢʘʨʙʦʢʩʠ- ʠ ʪʠʦ-ʣʠʛʘʥʜʘʤʠ [118ï122]. 

ʂʦʤʧʣʝʢʩʳ ʩ ʪʨʠʬʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (TBA)2[{Mo 6X8}(CF3SO3)6], ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

(TBA)2[{Mo 6X8}X 6] ʠ CF3SO3Ag [123,124], ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʰʝʩʪʠʟʘʤʝʱʝʥʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ, ʘʮʝʪʘʪʥʳʭ, ʠʟʦʮʠʦʥʘʪʥʳʭ, ʨʦʜʘʥʠʜʥʳʭ, ʧʠʨʠʜʠʥ-

ʧʨʦʠʟʚʦʜʥʳʭ, ʬʦʩʬʠʥʦʢʩʠʜʥʳʭ ʠ ʜʨ. ʢʦʤʧʣʝʢʩʦʚ [123ï127]. ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʠ 

ʩʝʨʝʙʨʘ (AgNO3, AgBF4) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 

ʧʨʦʣʠʛʘʥʜʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʘʥʠʦʥʦʤ [{Mo 6X8}L 6]
n ʩ 

ʛʘʣʦʛʝʥʠʜʥʳʤʠ, ʮʠʘʥʠʜʥʳʤʠ, ʨʦʜʘʥʠʜʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ [128ï131]. ʅʠʪʨʘʪ ʠ ʥʠʪʨʠʪ 

ʘʥʠʦʥʳ ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʣʠʛʘʥʜʦʚ [132]. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ 
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ʩʦʣʠ ʩʝʨʝʙʨʘ, ʪʘʢʠʝ ʢʘʢ ʘʮʝʪʘʪ [133], ʪʦʟʠʣʘʪ [134],  ʪʨʠʬʪʦʨʘʮʝʪʘʪ [135], ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʘʪʘ 

ʩʝʨʝʙʨʘ [136], ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʰʝʩʪʠʟʘʤʝʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Mo6X8}L 6]
2ï [137]. 

ʁʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Mo6I8}
4+ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, ʠʟʫʯʝʥʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ. ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʩʦʝʜʠʥʝʥʠʷ (TBA)2[{Mo 6X8}(n-C3F7COO)6] (X = Br, I), ʠʩʧʦʣʴʟʫʷ ʩʦʣʠ ʩʝʨʝʙʨʘ [138]. ɿʘʪʝʤ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʜʨʫʛʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʨʙʦʥʦʚʳʝ ʠ ʙʝʥʟʦʩʫʣʴʬʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʬʝʥʦʣʳ ʠ ʪʠʦ-

ʩʦʝʜʠʥʝʥʠʷ [139ï147]. ʊʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩ ʥʠʪʨʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [38], ʢʦʪʦʨʳʡ 

ʦʢʘʟʘʣʩʷ ʣʘʙʠʣʴʥʳʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʱʝʥ ʥʘ ʜʨʫʛʠʝ ʣʠʛʘʥʜʳ, ʪʘʢʠʝ ʢʘʢ ʘʟʠʜ (N3
ï) [148], ʭʣʦʨʠʜ 

(Clï) [149], ʨʦʜʘʥʠʜ (SCNï) [150] ʠ ɼʄʉʆ [151]. ʄʝʪʠʣʘʪʥʳʡ ʠʦʜʠʜʥʳʡ ʢʦʤʧʣʝʢʩ 

Na2[{Mo 6I8}(OMe)6] [152] ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʦʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ [152ï

155]. 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʠʤʝʶʪ ʩʭʦʞʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʤʦʣʠʙʜʝʥʦʚʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʟ-ʟʘ ʯʝʛʦ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʠʭ ʧʦʣʫʯʝʥʠʶ ʧʦʚʪʦʨʷʶʪ ʧʫʪʴ ʤʦʣʠʙʜʝʥʦʚʳʭ 

ʢʣʘʩʪʝʨʦʚ, ʦʜʥʘʢʦ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʧʫʪʴ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʚʠʜʘ [{W6X8} X6]
2ï, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʟʘʪʨʫʜʥʷʝʪ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʠʩʧʦʣʴʟʫʷ ʩʦʣʠ ʩʝʨʝʙʨʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʩ 

ʪʘʢʠʤʠ ʣʠʛʘʥʘʤʠ, ʢʘʢ CH3COOï, C6H5COOï, C2F5COOï, OTsï, NO3
ï ʠ ʜʨ [76,156ï161].  

1.2.4. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʷʜʨʦʤ 

{M6Q8} (M = Mo, W) 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝ ʪʘʢ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ɺ 1988 ʛʦʜʫ T. Saito ʧʦʣʫʯʠʣ ʧʝʨʚʳʡ 

ʨʘʩʪʚʦʨʠʤʳʡ ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ [{Mo6S8}(PEt3)6] ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʫʛʦʣʴʥʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ [Mo3S4Cl4(PEt3)4(MeOH)] 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʛʥʠʝʤ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [162]. ɺʳʭʦʜ ʨʝʘʢʮʠʠ 

ʙʳʣ ʚʩʝʛʦ 30%. ɿʘʪʝʤ ʙʳʣ ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo6Se8}(PEt3)6] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʠ [163]. ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ð ʵʪʦ ʟʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʜʠʛʘʣʦʛʝʥʠʜʘʭ 

ʤʦʣʠʙʜʝʥʘ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʨʠʜʠʥʦʤ [{Mo 6S8}Py6] 

[164], 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʦʥ [{ Mo6S8}(4-tBuPy)6] [165] ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ [{ Mo6Se8}( PPh3)6] 

[166], ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
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ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʝʪʠʣʘʤʠʥ, ʥ-ʧʨʦʧʠʣʘʤʠʥ, ʧʠʨʨʦʣʠʜʠʥ, 

ʧʠʧʝʨʠʜʠʥ ʠ 4,4ǋ-ʙʠʧʠʨʠʜʠʥ [165,167]. ɼʣʷ ʵʪʦʛʦ ʧʠʨʠʜʠʥ ʠʣʠ 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ ʟʘʤʝʥʷʣʠ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʤʠʥ ʧʫʪʝʤ ʢʠʧʷʯʝʥʠʷ ʠʣʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʫʪʝʤ ʩʧʣʘʚʣʝʥʠʷ ʩʝʣʝʥʠʜʘ ʤʦʣʠʙʜʝʥʘ Mo6Se8 ʩ ʮʠʘʥʠʩʪʳʤ ʢʘʣʠʝʤ ʧʨʠ 650Áʉ, ʘ ʟʘʪʝʤ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʚʦʜʳ [168]. ʊʘʢ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ K7[{Mo 6Se8}(CN)6]Ö8H2O. 

ʀʟʫʯʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ 

ʧʨʦʭʦʜʠʣʦ ʤʝʥʝʝ ʘʢʪʠʚʥʦ, ʯʝʤ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. W6Cl12 ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʚʩʝʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. ʇʦʣʫʯʝʥʠʝ ʧʝʨʚʳʡʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʙʳʣʦ ʦʧʠʩʘʥ ʚ 1989 ʛʦʜʫ 

[169]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʫʛʦʣʴʥʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʘʛʥʠʝʤ. ʆʜʥʘʢʦ ʜʣʷ 

ʚʦʣʴʬʨʘʤʘ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʥʝ ʙʳʣʦ ʧʦʜʭʦʜʷʱʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʵʪʦʤʫ 

ʘʚʪʦʨʳ ʩʥʘʯʘʣʘ ʚʦʩʩʪʘʥʦʚʠʣʠ W6Cl12 ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ ʧʨʠ 300ÁC, ʧʦʣʫʯʠʚ W3S7Cl4, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʙʳʣ ʚʦʚʣʝʯʝʥ ʚ ʨʝʘʢʮʠʶ ʩ ʪʨʠʵʪʠʣʬʦʩʬʠʥʦʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥ ʤʘʛʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ 

ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ [{W6S8}(PEt3)6] ʩ ʚʳʭʦʜʦʤ ʦʢʦʣʦ 10% 

ɻʨʫʧʧʘ F.J. DiSalvo ʜʘʣʴʰʝ ʜʨʫʛʠʭ ʧʨʦʜʚʠʥʫʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʦʣʫʯʝʥʠʶ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʠʭʣʦʨʠʜʘ 

ʚʦʣʴʬʨʘʤʘ W6Cl12 ʩ ʠʟʙʳʪʢʦʤ NaHS ʚ ɼʄʌɸ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʠ 2 ʜʥʝʡ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ [{W6S8}(
tBuPy)6] [170] ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʚʩʝʭ 

ʩʠʥʪʝʟʦʚ. ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʪʨʝʪʙʫʪʠʣʧʠʨʠʜʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʟʙʳʪʢʦʤ ʧʨʦʣʠʛʘʥʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

70-100ÁC ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʙʰʠʨʥʘʷ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{W6S8}L 6], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ L ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʪʨʠʮʠʢʣʦʛʝʢʩʠʣ- [171], ʪʨʠʵʪʠʣ- [172], ʪʨʠʙʫʪʠʣ- ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʳ, ʤʝʪʠʣ- ʠ ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥ, 

ʤʦʨʬʦʣʠʥ, ʪʨʝʪ-ʙʫʪʠʣʠʟʦʮʠʦʥʘʪ [173], ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ, 4,4ǋ-ʙʠʧʠʨʠʜʠʥ [174], 

ʠʟʦʥʠʢʦʪʠʥʘʤʠʜ, 4-ʛʠʜʨʦʢʩʠʧʠʨʠʜʠʥ, 4-ʧʠʨʠʜʠʥʘʮʝʪʘʤʠʜ, ʠʟʦʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, 4-

ʘʤʠʥʦʧʠʨʠʜʠʥ [175], ʘ ʪʘʢʞʝ ʬʦʩʬʠʥʦ-ʪʠʦʬʝʥʦʚʳʝ [176] ʠ ʬʦʩʬʠʥʦ-ʪʝʪʨʘʪʠʦʬʫʣʴʚʘʣʝʥʦʚʳʝ 

[177] ʣʠʛʘʥʜʳ [178]. 
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1.3. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ. 

ɿʘ ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʤʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʘʢ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ.  

 

1.3.1. ɺʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʠʭ ʟʘʤʝʱʝʥʠʷ ʥʘ 

ʛʘʣʦʛʝʥʠʜʥʳʝ ʚ ʷʜʨʝ {Re6Q8}
2+ ʥʘ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ 

ʗʜʨʘ {Re6Q8}
2+ ʩʧʦʩʦʙʥʳ ʢ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʙʨʘʪʠʤʦʤʫ ʦʢʠʩʣʝʥʠʶ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩ ɺɿʄʆ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʂʉʕ ʜʦ 23. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʣʠʛʘʥʜʦʚ, ʢʘʢ ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ ʚʥʝʰʥʠʭ. ʊʘʢ, ʩʨʝʜʠ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re6Q8(CN)6]
4ï, ʚ ʨʷʜʫ 

Q = S, Se, Te, ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʘʩʪʚʦʨʝ CH3CN ʩʦʩʪʘʚʣʷʝʪ 0,60, 0,37 ʠ 0,11 

ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl (3,5ʄ KCl)), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [179]. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ, ʥʘʠʙʦʣʴʰʠʤ ʜʣʷ ʩʝʨʳ ʠ ʥʘʠʤʝʥʴʰʠʤ 

ʜʣʷ ʪʝʣʣʫʨʘ, ʚʚʠʜʫ ʯʝʛʦ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Re6S8}
2+ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ ʘʢʮʝʧʪʦʨʦʤ 

ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʡ, ʝʩʪʝʩʪʚʝʥʥʦ, ʪʨʫʜʥʝʝ ʦʢʠʩʣʠʪʴ, ʯʝʤ ʪʝʣʣʫʨʠʜʥʦʝ ʷʜʨʦ {Re6Te8}
2+. 

ɼʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʜʦ 22 ʂʉʕ, ʨʘʚʥʦ ʢʘʢ ʠ ʧʦʧʳʪʢʘ ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʣʘʩʪʝʨ ʜʦ 25 ʂʉʕ, 

ʷʚʣʷʶʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ.  

ʉʦʚʝʨʰʝʥʥʦ ʠʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʫ ʢʣʘʩʪʝʨʦʚ ʩʦ ʩʤʝʰʘʥʥʳʤ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʤ ʩʦʩʪʘʚʦʤ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʷʜʨʝ {Re6Q8ïnXn}
(2+n)+, ʩʦʜʝʨʞʘʱʠʭ, 

ʚʧʨʦʯʝʤ, ʪʘʢʞʝ ʧʦ 24 ʂʉʕ. ʅʘ ʛʨʘʬʠʢʘʭ ʎɺɸ ʜʣʷ [Re6S5Cl8(DMF)], (Bu4N)[Re6S5Cl9], 

(Bu4N)2[Re6S6Cl8] ʠ (Bu4N)3[Re6S7Cl7] ʤʦʞʥʦ ʚʠʜʝʪʴ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ ʜʣʷ ʢʣʘʩʪʝʨʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩ. 7 ʠ ʨʠʩ. 8) [180]. ʊʘʢ, ʢʣʘʩʪʝʨʳ ʩ ʷʜʨʦʤ {Re6S5Cl3}
5+ ʧʨʦʷʚʣʷʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʝʩʢʦʣʴʢʠʤ ʧʨʦʮʝʩʩʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ, ʙʣʠʟʢʦʤ ʢ ʥʫʣʶ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ ʢʨʠʚʳʭ ʎɺɸ ʜʣʷ 

ʢʣʘʩʪʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ï [Re6S5Cl8(DMF)] ʠ (Bu4N)[Re6S5Cl9] (ʨʠʩ. 

7). ʂʣʘʩʪʝʨ ʩ DMF ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʘ ʥʝʦʙʨʘʪʠʤʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ, ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʜʚʘ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʘʩʪʝʨ ʩ ʰʝʩʪʴʶ ʚʥʝʰʥʠʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ (Bu4N)[Re6S5Cl9] 

ʠʟʥʘʯʘʣʴʥʦ ʩʧʦʩʦʙʝʥ ʢ ʦʙʨʘʪʠʤʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʠ ʣʠʰʴ ʜʘʣʴʥʝʡʰʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 
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ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʜʠʩʩʦʮʠʘʮʠʝʡ ʢʣʘʩʪʝʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʤʦʣʝʢʫʣʫ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠ ʪʝʨʷʶʱʝʛʦ ʝʝ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ.  

 

ʈʠʩ. 7. ʎɺɸ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6S5Cl8(DMF)] (ʩʚʝʨʭʫ), (Bu4N)[Re6S5Cl9) (ʩʥʠʟʫ) 

ʚ 0,1 ʄ (Bu4N)PF6 ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ [180]. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʛʨʘʬʠʢʘʭ ʎɺɸ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ 

[{ Re6S6Cl2} Cl6]
2ï ʠ [{ Re6S7Cl} Cl6]

3ï (ʨʠʩ. 8). ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ E1/2 

ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Re6S6Cl2} Cl6] 

ʠ (Bu4N)3[{ Re6S7Cl} Cl6]. ʆʜʥʘʢʦ ʟʘʤʝʥʘ ʧʦʩʣʝʜʥʝʛʦ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʥʘ 

ʭʘʣʴʢʦʛʝʥ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʢʘʪʦʜʥʦʤʫ ʩʤʝʱʝʥʠʶ ʜʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʥʘ 0,75 ɺ ʢ 

ʟʥʘʯʝʥʠʶ 0,31 ɺ ʜʣʷ ʢʣʘʩʪʝʨʘ (Bu4N)4[Re6S8Cl6] [106]. 
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ʈʠʩ. 8. ʎɺɸ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[Re6S6Cl8] (ʩʚʝʨʭʫ), (Bu4N)3[Re6S7Cl7] 

(ʩʥʠʟʫ) ʚ 0,1 ʄ (Bu4N)PF6 ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ [180]. 

ɿʘʤʝʥʘ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʷʜʨʝ ʥʘ ʩʝʨʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘ ʎɺɸ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʢʠʩʣʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʶ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʜʦʩʪʫʧʥʦʤ ʦʢʥʝ ʧʦʪʝʥʮʠʘʣʘ, ʦʜʥʘʢʦ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʠʟʥʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʂʉʕ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʘʨʷʜʘ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʤʝʥʳ ʛʘʣʦʛʝʥʘ ʥʘ ʭʘʣʴʢʦʛʝʥ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ɺɿʄʆ ʠ ʅʉʄʆ ʢʣʘʩʪʝʨʘ ʥʘ 

ʰʢʘʣʝ ʵʥʝʨʛʠʠ, ʠʟ-ʟʘ ʯʝʛʦ ʚ ʜʦʩʪʫʧʥʦʝ ʜʣʷ ʎɺɸ ʦʢʥʦ ʧʦʪʝʥʮʠʘʣʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʦʧʘʜʘʶʪ 

ʧʨʦʮʝʩʩʳ ʠʣʠ ʦʢʠʩʣʝʥʠʷ, ʠʣʠ ʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩ. 9). 

 

ʈʠʩ. 9. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʅʉʄʆ ʠ ɺɿʄʆ ʢʣʘʩʪʝʨʦʚ [Re6S5Cl8(DMF)] ʠ 

(Bu4N)[Re6S5Cl9) (ʩʠʥʷʷ) ʠ (Bu4N)2[Re6S6Cl8] ʠ (Bu4N)3[Re6S7Cl7] (ʢʨʘʩʥʘʷ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʥʘ 

ʧʦʪʝʥʮʠʘʣʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

1.3.2. ɺʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ (L = Cl, Br , I , CN, 

NSC) ʚ ʢʣʘʩʪʝʨʘʭ [Re6Q8L6]
4ï ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  

ɺʣʠʷʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ ʥʠʯʝʤ ʥʝ ʫʩʪʫʧʘʝʪ ʪʘʢʦʚʦʤʫ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ 

ʢ ʥʘʩʪʨʦʡʢʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ. ʊʘʢ, ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ {Re6Q8}
2+ 
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ʨʘʟʣʠʯʥʳʭ ʛʘʣʦʛʝʥʦʚ ʚ ʨʷʜʫ ClïBrïI ʧʨʠʚʦʜʠʪ ʢ ʩʣʘʙʦʤʫ ʩʤʝʱʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ [73]. ʆʜʥʘʢʦ ʞʝ ʢʣʘʩʪʝʨʳ ʩ ʰʝʩʪʴʶ 

ʮʠʘʥʠʜʥʳʤʠ ʠʣʠ ʞʝ ʠʟʦʪʠʦʮʠʘʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʟʢʠʡ ʘʥʦʜʥʳʡ ʩʜʚʠʛ 

ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʧʨʠʤʝʨʥʦ ʥʘ 0,30 ʠ 0,45 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [106,181]. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʚʩʝʭ ʫʧʦʤʠʥʘʝʤʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʨʝʥʠʷ ʩ ʰʝʩʪʴʶ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʪʦʥʢʦ 

ʠʟʤʝʥʷʪʴ ʧʦʪʝʥʮʠʘʣ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ 0,1 ʜʦ ʙʦʣʝʝ ʯʝʤ 1,0 ɺ. 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ [{Re6Q8} L6] 

ʠ [Re6QnX8ïn} X6] ʦʪʥ. Ag/AgCl ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʂʣʘʩʪʝʨ E1/2, ɺ 

[Re6Te8(CN)6]
4ï 0,11 

[Re6Se8I6]
4ï 0,12 

[Re6S8Cl6]
4ï 0,31 

[Re6S8Br6]
4ï 0,35 

[Re6S8I6]
4ï 0,36 

[Re6Se8(CN)6]
4ï 0,37 

[Re6S8(CN)6]
4ï 0,60 

[Re6Se8(NCS)6]
4ï 0,70 

[Re6S8(NCS)6]
4ï 0,84 

[Re6S6Cl8]
2ï 1,03 

[Re6S7Cl7]
3ï 1,06 

 

1.3.3. ɺʣʠʷʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ L ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6Se8(PEt3)5L] 

ʍʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʩ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʜʦʣʛʦ ʚʨʝʤʷ ʷʚʣʷʣʘʩʴ ʧʨʝʚʘʣʠʨʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʜʠʩʢʨʝʪʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ [Re6Se8(PEt3)nI6ïn]
(nï4)+ (n = 3 ï 6) ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʧʫʪʸʤ 

ʟʘʤʝʥʳ ʘʪʦʤʦʚ ʠʦʜʘ ʥʘ ʣʝʛʢʦʫʭʦʜʷʱʠʝ ʛʨʫʧʧʳ ʦʪʢʨʳʣʦ ʙʦʛʘʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
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ʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʠ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʠ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʘʤʝʩʪʠʚ ʠʦʜʠʜʥʳʡ 

ʣʠʛʘʥʜ ʚ ʢʣʘʩʪʝʨʝ ʩ ʢʘʪʠʦʥʦʤ [Re6Se8(PEt3)5I]
+ ʥʘ ʤʦʣʝʢʫʣʫ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʧʦʣʫʯʠʚ ʢʣʘʩʪʝʨ ʩ 

ʢʘʪʠʦʥʦʤ [Re6Se8(PEt3)5(NCCH3)]
2+, ʛʨʫʧʧʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. L. Szczepura (ʉʐɸ) ʫʜʘʣʦʩʴ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ [Re6Se8(PEt3)5(1,5-CH3CN4)](BF4), ʩʦʜʝʨʞʘʱʝʝ N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ, 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʠʢ-ʨʝʘʢʮʠʠ ʘʟʠʜ-ʠʦʥʘ ʩ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤ ʣʠʛʘʥʜʦʤ [101]. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʦʯʝʚʠʜʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʨʠʩ. 10ʘ), ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʎɺɸ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʛʦ ʥʝʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ɽʨʘ = 1,292 ɺ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʢʨʠʚʦʡ ʧʨʦʮʝʩʩʘ ʧʨʠ ɽ1/2 = 0,622 ɺ (ʨʠʩ. 10ʙ). ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ 

ʩ ʧʨʦʮʝʩʩʦʤ ʨʘʟʣʦʞʝʥʠʷ ʜʦ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤ ʣʠʛʘʥʜʦʤ, ʦʜʥʘʢʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʟʣʦʞʝʥʠʷ ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ɽʨʘ = 1,292 ɺ ʧʨʦʪʝʢʘʝʪ ʪʨʝʪʠʡ ʧʨʦʮʝʩʩ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʘ) ʙ)  

ʈʠʩ. 10. ʎɺɸ ʜʣʷ (ʩʚʝʨʭʫ ʚʥʠʟ) [Re6Se8(PEt3)5I](SbF6), [Re6Se8(PEt3)5(1,5-CH3CN4)](BF4) 

ʠ [Re6Se8(PEt3)5(ACN)](BF4)2 ʚ CH2Cl2 ʧʨʠ 100 ʤɺ/ʩ (ʘ). ʎɺɸ [Re6Se8(PEt3)5(1,5-CH3CN4)](BF4) ʚ 

CH2Cl2 ʧʨʠ 400 ʤɺ/ʩ [101]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʙʳʣ ʪʘʢʞʝ ʧʦʣʫʯʝʥ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ [Re6Se8(PEt3)5(L)] ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʥʟʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ L (ʨʠʩ. 11ʘ) [102]. ɿʘʤʝʩʪʠʪʝʣʠ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʠ ʣʠʛʘʥʜʦʚ ʥʝ ʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʮʝʩʩʦʚ 
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ʦʢʠʩʣʝʥʠʷ, ʚʚʠʜʫ ʫʜʘʣʸʥʥʦʩʪʠ ʦʪ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʕʪʦ ʚʣʠʷʥʠʝ ʩʪʦʣʴ ʤʘʣʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ E1/2 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʩ ʧʷʪʴʶ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʥʟʦʥʠʪʨʠʣʘ ʩʦʩʪʘʚʣʷʶʪ 

0,767 ɺ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʣʠʯʠʷʤʠ [5]. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʝʥʟʦʥʠʪʨʠʣʦʤ, p-

ʘʤʠʥʦʙʝʥʟʦʥʠʪʨʠʣʦʤ, p-ʘʮʝʪʠʣʙʝʥʟʦʥʠʪʨʠʣʦʤ ʠ p-ʤʝʪʦʢʩʠʙʝʥʟʦʥʠʪʨʠʣʦʤ ʭʘʨʘʢʪʝʨʥʘ ʢʨʠʚʘʷ 

ʎɺɸ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 11ʙ ï ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ, ʥʝʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ɽʨʩ = ï1,87 ɺ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʢʚʘʟʠʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʢʠʩʣʝʥʠʷ ʧʨʠ ɽ1/2 ~ 0,57 ɺ.  

ʘ) ʙ)  

ʈʠʩ. 11. ʇʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʥʠʪʨʠʣʘ (ʘ) ʠ ʎɺɸ ʜʣʷ [Re6Se8(PEt3)5(p-C8H7NO)][SbF6]2  ʚ 

CH2Cl2 ʧʨʠ 100 ʤɺ/ʩ (ʙ) [102]. 

ʆʜʥʘʢʦ ʠʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʠʜ ʢʨʠʚʦʡ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʢʣʘʩʪʝʨʘ ʩ p-ʥʠʪʨʦʙʝʥʟʦʥʠʪʨʠʣʦʤ [Re6Se8(PEt3)5(p-

C7H4N2O2)][SbF6]2 (ʨʠʩ. 12). ɺʤʝʩʪʦ ʥʝʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʘʢ ʫ ʜʨʫʛʠʭ 

ʢʣʘʩʪʝʨʦʚ ʵʪʦʡ ʩʝʨʠʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʢʚʘʟʠʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ï1,09 ɺ (ʨʠʩ. 12 (ʩʚʝʨʭʫ)). ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʢʥʘ ʧʦʪʝʥʮʠʘʣʘ ʜʦ ʟʥʘʯʝʥʠʷ ï2,0 

ɺ ʵʪʦʪ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʪʝʨʷʝʪ ʧʨʠʟʥʘʢʠ ʦʙʨʘʪʠʤʦʩʪʠ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʝ ʦʜʠʥ ʧʠʢ ʥʝʦʙʨʘʪʠʤʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ï1,67 ɺ (ʨʠʩ. 12 (ʩʥʠʟʫ)), ʘʥʘʣʦʛʠʯʥʳʡ ʪʝʤ, ʯʪʦ ʧʦʢʘʟʳʚʘʣʘ ʎɺɸ 

ʜʣʷ ʧʨʝʜʳʜʫʱʠʭ ʯʝʪʳʨʝʭ ʩʦʝʜʠʥʝʥʠʡ.  
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ʈʠʩ. 12. ʎɺɸ ʜʣʷ [Re6Se8(PEt3)5(p-C7H4N2O2)][SbF6]2 ʚ CH2Cl2 ʧʨʠ 100 ʤɺ/ʩ ʜʦ ï1,3 ʠ ï 

2,0 ɺ [102]. 

ɼʣʷ ʵʪʠʭ ʧʷʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʥʟʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʪʘʢʞʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʣʠʢ-ʨʝʘʢʮʠʠ ʩ ʘʟʠʜ-ʠʦʥʦʤ, ʦʜʥʘʢʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠʩʴ 

ʣʠʰʴ ʜʣʷ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʢʣʠʢ-ʨʝʘʢʮʠʠ [Re6Se8(PEt3)5(2,5-ʬʝʥʠʣʪʝʪʨʘʟʦʣʘʪ)](BF4) [102]. ʅʘ 

ʛʨʘʬʠʢʘʭ ʎɺɸ ʜʣ̫ ʥʝʛʦ ʥʘʙʣʶʜʘʣʘʩʴ ʩʭʦʞʘʷ ʩ ʩʦʝʜʠʥʝʥʠʝʤ [Re6Se8(PEt3)5(1,5-CH3CN4)](BF4) 

ʢʘʨʪʠʥʘ ï ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʩʤʝʱʘʣʩʷ ʚ ʩʪʦʨʦʥʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʪʝʥʮʠʘʣʘ, ʘ ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʚʘʣ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʘ (ʨʠʩ. 13ʘ ʠ 

13ʙ).  

ʘ) ʙ)  

ʈʠʩ. 13. ʎɺɸ ʜʣʷ [Re6Se8(PEt3)5(2,5-ʬʝʥʠʣʪʝʪʨʘʟʦʣʘʪ)][SbF6]2  ʚ CH2Cl2 ʧʨʠ 100 ʤɺ/ʩ (ʘ) 

ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʧʨʠ 400 ʤɺ/ʩ (ʙ) [102]. 
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1.3.4. ɺʣʠʷʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚʠʜʘ PPh2(CH2)nPPh2 

(n = 1 ï 6) ʥʘ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Re6Se8}
2+ 

ʃʶʙʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʫʧʧʦʡ ʧʨʦʬ. Kitamura ʚ ʥʘʯʘʣʝ ʚʝʢʘ. ʀʤ ʫʜʘʣʦʩʴ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʫʶ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʙʠʜʝʥʪʘʪʥʳʝ ʜʠʬʦʩʬʠʥʦʚʳʝ 

ʣʠʛʘʥʜʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʩʨʘʟʫ ʢ ʜʚʫʤ ʘʪʦʤʘʤ ʨʝʥʠʷ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ [182,183]. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ 

ʚ ʨʘʩʪʚʦʨʝ ɼʄʌɸ, ʥʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ n ʜʣʷ ʤʦʣʝʢʫʣʳ PPh2(CH2)nPPh2 ʩʦʩʪʘʚʣʷʝʪ 6. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʩʠʥʪʝʟ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ 1. ɽʩʣʠ ʞʝ ʫʛʣʝʨʦʜʥʘʷ ʮʝʧʦʯʢʘ ʢʦʨʦʯʝ, ʭʝʣʘʪʥʦʛʦ ʵʬʬʝʢʪʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʠ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ, ʧʨʠʯʸʤ ʢʦʥʮʝʚʦʡ ʘʪʦʤ ʬʦʩʬʦʨʘ 

ʦʢʠʩʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʣʠʛʘʥʜʦʚ ʩ n = 2 ï 5.  

ʉʭʝʤʘ 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ dpph-ʟʘʤʝʱʝʥʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʧʦʩʦʙ ʟʘʤʝʱʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʶ dpph-ʣʠʛʘʥʜʦʚ ʚʦʢʨʫʛ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ [183]. 

 

ɼʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʎɺɸ, ʚʩʝ 

ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɺ ʮʝʣʦʤ, 

ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʬʦʩʬʠʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʚ ʩʪʦʨʦʥʫ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʜʝʣʘʷ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʤʝʥʝʝ ʩʧʦʩʦʙʥʳʤ ʢ ʦʢʠʩʣʝʥʠʶ. ʄʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʦʯʢʠ ʚ ʩʣʫʯʘʷʭ ʢʣʘʩʪʝʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʴʶ 

ʟʘʤʝʱʝʥʠʷ ʤʦʥʦʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩ-[Re6Se8I2(ɖ-dppeO)4] 

(n = 2) (ɽ1/2 = 1,02 ɺ), ʪʨʘʥʩ-[Re6Se8I2(ɖ
1-dpppO)4] (n = 3) (ɽ1/2 = 1,0 ɺ), ʪʨʘʥʩ-[Re6Se8I2(ɖ

1-

dppbO)4] (n = 4) (ɽ1/2 = 0,94 ɺ), ʪʨʘʥʩ-[Re6Se8I2(ɖ
1-dpppenO)4] (n = 5) (ɽ1/2 = 0,91 ɺ), ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʘʥʦʜʥʦʛʦ ʩʜʚʠʛʘ, ʚʚʠʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ 
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ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʦʪ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʣʘʙʝʚʘʥʠʶ 

ʵʬʬʝʢʪʘ ʩʪʷʛʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɽʩʣʠ ʞʝ ʩʨʘʚʥʠʚʘʪʴ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ [Re6Se8(ɛ-dpph)3] (SbF6)2 (n = 6) ʠ (Bu4N)[Re6Se8I3(ɖ
1-

dpppenO)3] (n = 5), ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʩʣʫʯʘʝ ʙʠʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʟʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʦʝ ʚ ʩʣʫʯʘʝ ʤʦʥʦʜʝʥʪʘʪʥʦʡ E1/2 = 1,20 ɺ ʠ 

0,84 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʠʦʜʘ ʚʦ ʚʥʝʰʥʝʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʢʣʘʩʪʝʨʘ, ʙʦʣʝʝ ʩʣʘʙʦʛʦ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ, ʯʝʤ ʬʦʩʬʠʥʳ, ʘ ʪʘʢʞʝ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʨʷʜʘʤʠ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʜʣʷ dpph-ʟʘʤʝʱʝʥʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʦʪʥ. Ag/AgCl ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʩʭʝʤʘʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ.  

 ʆʨʛ. ʣʠʛʘʥʜ E1/2, ɺ 

(Bu4N)3[Re6ɛ3-Se8I6] - 0,12 

(Bu4N)2[Re6Se8I4(ɛ-dpph)] (n = 6) 
 

0,49 

ʪʨʘʥʩ-[Re6Se8I2(ɛ-dpph)2] (n = 6) 
 

0,90 

ʮʠʩ-[Re6Se8I2(ɛ-dpph)2] (n = 6) 
 

0,93 

[Re6Se8(ɛ-dpph)3] (SbF6)2 (n = 6) 
 

1,20 

ʪʨʘʥʩ-[Re6Se8I2(ɖ
1-dppm)4] (n = 1) 

 

0,86 

ʮʠʩ-[Re6Se8I2(ɖ
1-dppm)4] (n = 1) 

 

0,88 

ʪʨʘʥʩ-[Re6Se8I2(ɖ -dppeO)4] (n = 2) 
 

1,02 

ʮʠʩ-[Re6Se8I2(ɖ
1-dppeO)4] (n = 2) 

 
1,01 

[Re6Se8(ɖ
1-dppeO)6] (SbF6)2 (n = 2) 

 
1,24 
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ʪʨʘʥʩ-[Re6Se8I2(ɖ
1-dpppO)4] (n = 3) 

 

1,0 

ʮʠʩ-[Re6Se8I2(ɖ
1-dpppO)4] (n = 3) 

 

1,0 

[Re6Se8(ɖ
1-dpppO)6] (SbF6)2 (n = 3) 

 

1,22 

ʪʨʘʥʩ-[Re6Se8I2(ɖ
1-dppbO)4] (n = 4) 

 
0,94 

ʮʠʩ-[Re6Se8I2(ɖ
1-dppbO)4] (n = 4) 

 
0,95 

[Re6Se8(ɖ
1-dppbO)6] (SbF6)2 (n = 4) 

 
1,26 

(Bu4N)[Re6Se8I3(ɖ
1-dpppenO)3] (n = 5) 

 
0,84 

ʪʨʘʥʩ-[Re6Se8I2(ɖ
1-dpppenO)4] (n = 5) 

 
0,91 

ʮʠʩ-[Re6Se8I2(ɖ
1-dpppenO)4] (n = 5) 

 
0,89 

[Re6Se8I(ɖ
1-dpppenO)5] (n = 5) 

 
0,99 

[Re6Se8(ɖ
1-dpppenO)6](SbF6)2 (n = 5) 

 
1,31 

 

1.3.5. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʤʝʨʦʚ ʠ ʜʝʥʜʨʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ {Re6Se8}
2+  

ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʠ ʨʘʙʦʪʫ ʧʨʦʬ. Zheng ʠ Holm (ʉʐɸ), ʢʦʪʦʨʳʤ ʫʜʘʣʦʩʴ, 

ʠʩʧʦʣʴʟʫʷ ʩʚʦʠ ʧʨʝʜʳʜʫʱʠʝ ʥʘʨʘʙʦʪʢʠ, ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʳʡ ʧʨʠʤʝʨ ʜʠʤʝʨʥʦʛʦ ʢʣʘʩʪʝʨʘ 

[Re12Se16(PEt3)10](SbF6)4 (ʨʠʩ. 14ʘ) ʧʦʩʨʝʜʩʪʚʦʤ ʫʜʘʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘ 

ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʢʣʘʩʪʝʨʘʭ ʮʠʩ-[Re6Se8(PEt3)4(ACN)2](SbF6)2 [86]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʜʠʢʣʘʩʪʝʨʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ (E1/2 = 1,12 ɺ), ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ 1,37 ʠ 1,59 ɺ (ʨʠʩ. 14ʙ). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʠʟ ʢʣʘʩʪʝʨʦʚ Re6 ʠʛʨʘʝʪ ʨʦʣʴ ʣʠʛʘʥʜʘ ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʦʛʦ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʤʝʱʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʝ ʚʪʦʨʦʡ 
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ʚʦʣʥʳ ʦʢʠʩʣʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʢʠʩʣʝʥʠʠ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʚʚʠʜʫ 

ʟʘʨʷʜʦʚʦʛʦ ʵʬʬʝʢʪʘ, ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ 

ʚʪʦʨʦʛʦ ʤʝʪʘʣʣʦʦʩʪʦʚʘ. 

ʘ) ʙ)  

ʈʠʩ. 14. ʉʪʨʦʝʥʠʝ ʜʠʤʝʨʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [Re12Se16(PEt3)10]
4+ (ʘ) ʠ ʎɺɸ 

ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ ʮʠʩ-[Re6Se8(PEt3)4(ACN)2](SbF6)2 (ʯʝʪʥʘʷ ʩʧʣʦʰʥʘʷ) ʠ ʜʠʤʝʨʘ 

[Re12Se16(PEt3)10](SbF6)4 (ʧʫʥʢʪʠʨ) ʦʪʥ. Ag/AgCl ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ 50 ʤɺ/ʩ (ʙ) [86]. 

ʇʦʜʦʙʥʦʝ ʤʝʞʢʣʘʩʪʝʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ Zheng, ʥʘ ʵʪʦʪ 

ʨʘʟ, ʦʜʥʘʢʦ, ʥʝ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ, ʘ ʯʝʨʝʟ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜ-rʣʠʥʢʝʨʳ ï 1,2-ʙʠʩ-(4-

ʧʠʨʠʜʠʥ)ʵʪʠʣʝʥ, 1,2-ʙʠʩ-(4-ʧʠʨʠʜʠʥ)ʵʪʘʥ, 1,3-ʙʠʩ-(4-ʧʠʨʠʜʠʥ)ʧʨʦʧʘʥ. ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʜʝʥʜʨʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʰʝʩʪʴ ʬʨʘʛʤʝʥʪʦʚ [Re6Se8(PEt3)5(L)]2+, ʯʝʨʝʟ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ L, ʦʙʲʝʜʠʥʝʥʳ ʚʦʢʨʫʛ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʠʦʥʘ [{Re6Se8}]
2+ ʚ ʦʜʥʫ ʤʦʣʝʢʫʣʫ (ʨʠʩ 15ʘ) [184]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʰʝʩʪʴ ʚʥʝʰʥʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʦʜʠʥ ʮʝʥʪʨʘʣʴʥʳʡ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʣʠʥʢʝʨʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʦʪʣʠʯʠʝ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 15ʙ). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʧʠʨʠʜʠʥʦʚʳʝ ʢʦʣʴʮʘ ʣʠʥʢʝʨʦʚ ʩʦʝʜʠʥʝʥʳ ʯʝʨʝʟ ʘʣʢʘʥʦʚʳʡ ʤʦʩʪʠʢ, ʩʦʜʝʨʞʘʱʠʡ ʪʨʠ ʘʪʦʤʘ 

ʫʛʣʝʨʦʜʘ, ʎɺɸ ʧʦʢʘʟʳʚʘʝʪ ʣʠʰʴ ʦʜʠʥ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ, ʧʦ ʜʘʥʥʳʤ 

ʢʫʣʦʥʦʤʝʪʨʠʠ, ʫʯʘʩʪʚʫʶʪ ʩʝʤʴ ʵʣʝʢʪʨʦʥʦʚ ï ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʘʞʜʦʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ. ʆʙʨʘʟʦʚʘʥʠʷ 

ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʝʯʝʡ ʫ ʧʦʣʫʚʦʣʥ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʠ 

ʫʢʦʨʘʯʠʚʘʥʠʠ ʘʣʢʘʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʚ ʣʠʥʢʝʨʘʭ ʜʦ ʜʚʫʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʥʘ ʎɺɸ ʧʦʷʚʣʷʝʪʩʷ 

ʧʣʝʯʦ, ʘ ʧʨʠ ʟʘʤʝʥʝ ʘʣʢʘʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʥʘ ʵʪʠʣʝʥʦʚʳʡ, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʢʝʨʘ ʩ 

ʩʦʧʨʷʞʝʥʥʦʡ ˊ-ʩʠʩʪʝʤʦʡ, ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʷʚʩʪʚʝʥʥʦ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ. ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ 

ʫʯʘʩʪʚʫʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʰʝʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʚʦ ʚʪʦʨʦʤ, ʧʨʦʪʝʢʘʶʱʝʤ ʧʨʠ ʙʦʣʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ, ʣʠʰʴ ʦʜʠʥ ʵʣʝʢʪʨʦʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʢʝʨʘ ʩ ʩʦʧʨʷʞʝʥʥʦʡ ˊ-ʩʠʩʪʝʤʦʡ ʧʨʠʚʦʜʠʪ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ 

ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʥʘʯʘʣʘ ʦʢʠʩʣʷʶʪʩʷ ʰʝʩʪʴ ʚʥʝʰʥʠʭ ʷʜʝʨ, ʘ ʟʘʪʝʤ ʦʜʥʦ 

ʚʥʫʪʨʝʥʥʝʝ ʷʜʨʘ. ʆʜʥʘʢʦ ʵʪʘ ʛʠʧʦʪʝʟʘ ʥʝ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʜʨʫʛʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʪʝʤʠ ʞʝ 

ʘʚʪʦʨʘʤʠ. ɺ ʨʘʙʦʪʝ [185] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʟ ʯʝʪʳʨʸʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

[Re6(Õ3-Se)8(PEt3)5]
3+, ʦʙʲʝʜʠʥʸʥʥʳʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʧʦʨʬʠʨʠʥʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʠʰʴ ʦʜʠʥ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʡ ʨʝʜʦʢʩ ʧʝʨʝʭʦʜ ʥʘ ʛʨʘʬʠʢʝ ʎɺɸ, ʪʦ ʝʩʪʴ ʥʠʢʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ˊ-

ʩʠʩʪʝʤʫ ʧʦʨʬʠʨʠʥʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʦʟʤʦʞʥʦ, ʪʘʢʦʝ ʦʪʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʨʘʟʜʝʣʷʶʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ ï ʚ ʩʣʫʯʘʝ ʧʦʨʬʠʨʠʥʘ ʠʭ 13, ʘ ʚ ʩʣʫʯʘʝ 

1,2-ʙʠʩ-(4-ʧʠʨʠʜʠʥ)ʵʪʠʣʝʥʘ ʠʭ 10. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦ, ʢ ʪʘʢʠʤ ʨʘʟʣʠʯʠʷʤ ʧʨʠʚʦʜʠʪ 

ʦʪʩʫʪʩʪʚʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʢʘʢ ʚ ʧʨʠʤʝʨʝ ʥʘ ʨʠʩ. 15ʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʯʝʪʳʨʝ 

ʢʣʘʩʪʝʨʘ ʚ ʧʦʨʬʠʨʠʥʦʚʦʤ ʦʣʠʛʦʤʝʨʝ ʷʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ, ʠ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ ʎɺɸ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʣʥ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ. 

 

ʈʠʩ. 15. ʉʪʨʦʝʥʠʝ ʜʝʥʜʨʠʤʝʨʦʚ {Re6Se8}[Re6Se8(PEt3)5(L)] 6}(SbF6)14 (ʘ) ʠ ʠʭ ʎɺɸ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ 100 ʤɺ/ʩ (ʘ) [184]. 
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1.3.6. ʂʦʨʨʝʣʷʮʠʷ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Re6S8}
2+ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ pK a ʠ ʩʫʤʤʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʃʝʚʝʨʘ ʣʠʛʘʥʜʦʚ 

ʅʘʠʙʦʣʝʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠ ʁʚʣʠʷʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʥʘ ʧʨʦʷʚʣʷʝʤʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʠʩʳʚʘʝʪ ʛʨʫʧʧʘ 

ʧʨʦʬ. Yoshimura. ʇʦʣʫʯʠʚ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤʠ 

ʘʥʠʦʥʘʤʠ [Re6S8(L)2Cl4]
2ï, ʛʜʝ L ï bpy, bpe, cpy, ppy, pz, dmap, mpy, lut ʠ py [3,106,107,186]. ʉʨʘʟʫ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ɼʘʥʥʦʝ ʩʤʝʱʝʥʠʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʢʦʥʩʪʘʥʪʘʤʠ ʦʩʥʦʚʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ: 

ɽ1/2 = 0,8724 ï 0,0195(pKa)        (6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʙʦʣʝʝ ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʣʠʛʘʥʜ, ʪʝʤ ʤʝʥʴʰʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʘʥʦʜʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʷ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤʠ 

ʘʥʠʦʥʘʤʠ [Re6(ɛ3-S)8Cl5(L)] 3ï, ʛʜʝ L ï bpy, cpy, ppy, pz, dmap, mpy, lut ʠ py, ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ 

ʢʦʨʨʝʣʷʮʠʷ, ʥʦ ʩʦ ʟʥʘʯʝʥʠʝʤ ʥʘʢʣʦʥʘ ï0,010 ɺ (ʨʠʩ. 16), ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ pKa ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʥʦʩʪʠ. 

 

 

ʈʠʩ. 16. ɻʨʘʬʠʢ ʧʦʪʝʥʮʠʘʣʘ Re6(23e)/Re6(24e) ʜʣʷ [Re6S8Cl5(L)]3ī ʠ [Re6S8Cl4(L)2]
2ï ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pKa(L) ʣʠʛʘʥʜʘ [186]. 
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ʆʜʥʘʢʦ ʚ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ʪʝ ʞʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ 

ʃʝʚʝʨʘ, ʯʪʦʙʳ ʦʙʦʡʪʠ ʵʪʫ ʧʨʦʙʣʝʤʫ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʜʦʩʪʫʧʝʥ ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʤʤʳ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʩʝʭ ʰʝʩʪʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ ʣʠʥʝʡʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʨʠʩ. 17).  

ɽ1/2 = 0,99 + 0,47(ɆEL)        (7) 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʠ 

ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʛʘʥʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ. ʊʘʢ, ʚ 

ʨʷʜʫ [Re6(ɛ3-S)8Cl6]
4ï, [Re6(ɛ3-S)8Cl5(py)]3ï, [Re6(ɛ3-S)8Cl4(py)2]

2ï, [Re6(ɛ3-S)8Cl3(py)3]
ī ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʦʜʥʦ ʩʜʚʠʛʘʶʪʩʷ ʠ ʩʦʩʪʘʚʣʷʶʪ 0,31, 0,54, 0,77 ʠ 0,97 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ, ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʦʢʠʩʣʝʥʠʷ ʫ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʵʪʘʧʝ ʧʦʜʙʦʨʘ ʣʠʛʘʥʜʦʚ. ɺʩʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʦʢʠʩʣʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʫʤʤʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʃʝʚʝʨʘ ʜʣʷ ʥʠʭ ʩʦʙʨʘʥʳ ʚ ʪʘʙʣʠʮʝ 3.  

 

ʈʠʩ. 17. ʃʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʦʤ Re6(23e)/Re6(24e) ʢʣʘʩʪʝʨʦʚ 

[Re6S8X6īn(L)n]
nī4 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ɆEL ʢʦʥʮʝʚʳʭ ʣʠʛʘʥʜʦʚ [186].  
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ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ [Re6S8X6īn(L)n]
nī4 ʦʪʥ. Ag/AgCl ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ʠ ʩʫʤʤʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʃʝʚʝʨʘ (ɆEL). 

 E1/2, ɺ ɆEL 

[Re6(ɛ3-S)8Cl6]
4ï 0,31 ï1,44 

[Re6(ɛ3-S)8Br6]
4ï 0,34 ï1,32 

[Re6(ɛ3-S)8I6]
4ï 0,36 ï1,44 

[Re6(ɛ3-S)8Cl5(dmap)]3ï  0,49 ï1,05 

[Re6(ɛ3-S)8Cl5(PEt3)]
3ï 0,50 ï0,86 

[Re6(ɛ3-S)8Cl5(lut)]3ï  0,52 ï0,99 

[Re6(ɛ3-S)8Cl5(mpy)]3ï  0,53 ï0,97 

[Re6(ɛ3-S)8Cl5(py)]3ï  0,54 ï0,95 

ʪʨʘʥʩ-[Re6(ɛ3-S)8Cl4(PEt3)2]
2ï 0,665  ï0,28 

ʮʠʩ-[Re6(ɛ3-S)8Cl4(PEt3)2]
2ï 0,664  ï0,28 

ʪʨʘʥʩ-[Re6(ɛ3-S)8Cl4(dmap)2]
2ï  0,68 0,66 

ʮʠʩ-[Re6(ɛ3-S)8Cl4(dmap)2]
2ï  0,68 0,66 

ʪʨʘʥʩ-[Re6(ɛ3-S)8Cl4(lut)2]
2ï  0,74 ï0,54 

ʮʠʩ-[Re6(ɛ3-S)8Cl4(lut)2]
2ï  0,74 0,54 

ʪʨʘʥʩ-[Re6(ɛ3-S)8Cl4(mpy)2]
2ï  0,75 ï0,50 

ʮʠʩ-[Re6(ɛ3-S)8Cl4(mpy)2]
2ï  0,75 ï0,50 

ʪʨʘʥʩ-[Re6(ɛ3-S)8Cl4(bpe)2]
2ï  0,76 ï0,44 

ʮʠʩ-[Re6(ɛ3-S)8Cl4(bpe)2]
2ï  0,76 ï0,44 

ʪʨʘʥʩ-[Re6(ɛ3-S)8Cl4(py)2]
2ï  0,77 ï0,46 

ʮʠʩ-[Re6(ɛ3-S)8Cl4(py)2]
2ï  0,77 ï0,46 

ʦʩ-[Re6(ɛ3-S)8Cl3(PEt3)3]
ī 0,819  ï0,30 

ʛʨʘʥ-[Re6(ɛ3-S)8Cl3(PEt3)3]
ī 0,83  ï0,30 

[Re6(ɛ3-S)8(NCS)6]
4ï 0,84 ï0,36 

ʦʩ-[Re6(ɛ3-S)8Cl3(lut)3]
ī  0,94 ï0,09 

ʦʩ-[Re6(ɛ3-S)8Cl3(py)3]
ī  0,97 0,03 

ʪʨʘʥʩ-[Re6(ɛ3-S)8Cl2(PEt3)4] 0,980  0,88 

ʮʠʩ-[Re6(ɛ3-S)8Cl2(PEt3)4] 1,00  0,88 
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1.3.7. ɺʣʠʷʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʧʠʨʠʜʠʥʦʚʦʛʦ 

ʨʷʜʘ L ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ {Re6S8}
2+ ʥʘ ʧʨʦʷʚʣʷʝʤʳʝ ʢʣʘʩʪʝʨʘʤʠ [{Re6S8}(L)nCl6ïn]

4ïnï 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʂʦʦʨʜʠʥʘʮʠʷ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʘ ʎɺɸ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʨʦʮʝʩʩʫ ʦʢʠʩʣʝʥʠʷ, ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʕʪʠ ʨʝʜʦʢʩ 

ʧʝʨʝʭʦʜʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʣʠʛʘʥʜʦʚ, ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʟʫʯʝʥʳ. ʇʨʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʜʥʳʡ 

ʩʜʚʠʛ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʳ. ɸʚʪʦʨʳ ʩʭʦʜʠʣʠʩʴ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʧʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʛʦʚʦʨʠʪ ʦ 

ʚʩʪʨʘʠʚʘʥʠʠ ʨʘʟʨʳʭʣʷʶʱʠʭ ʄʆ ʣʠʛʘʥʜʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ɺɿʄʆ ʠ ʅʉʄʆ 

ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [106]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʘʥʦʜʥʳʡ ʩʜʚʠʛ ʧʝʨʚʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʤʦʣʝʢʫʣʳ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʣʠʛʘʥʜʘ. ʊʘʢ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ Re6S8(bpy)Cl5, 

Re6S8(ppy)Cl5, Re6S8(cpy)Cl5, Re6S8(pz)Cl5 ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,55 ʜʦ 0,58 ɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʤʝʱʝʥʠʝ ʟʥʘʯʝʥʠ ̫ʧʦʪʝʥʮʠʘʣʘ ʣʠʛʘʥʜ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,41 ʜʦ 

0.66 ɺ. ʂʨʦʤʝ ʪʦʛʦ, ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʘʥʦʜʥʳʭ ʩʜʚʠʛʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʯʪʦ, ʭʦʪʷ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʣʠʥʝʡʥʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʩʫʤʤʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʃʝʚʝʨʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʢʘʢ ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ 1.3.6., ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ 

ʢʦʨʨʝʣʷʮʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʠʰʴ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʥʘʙʦʨʘ ʣʠʛʘʥʜʦʚ. ʊʦ ʝʩʪʴ, ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ ʢʣʘʩʪʝʨʦʚ 

[Re6S8(ppy)Cl5], ʮʠʩ-[Re6S8(ppy)2Cl4], ʦʩ-[Re6S8(ppy)3Cl3]: 

ɽ1/2 = ï1,53 + 0,18(ɆEL),       (8) 

ʥʦ ʩʝʨʠʠ ʢʣʘʩʪʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʳʝ 

ʢʦʨʨʝʣʷʮʠʠ. ʊʘʢ, ʩʝʨʠʷ [Re6S8(bpy)Cl5], ʮʠʩ-[Re6S8(bpy)2Cl4], ʦʩ-[Re6S8(bpy)3Cl3]  ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 

ɽ1/2 = ï1,14 + 0,35(ɆEL).        (9) 

ʊʘʙʣʠʮʘ 4. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ɽ1/2 (ʦʭ) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ E1/2 (ʚʦʩ) 

ʢʣʘʩʪʝʨʦʚ [Re6S8Cl6īn(L)n]
nī4 ʩ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ ʦʪʥ. Ag/AgCl ʚ 
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ʘʮʝʪʦʥʠʪʨʠʣʝ, ʘ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ [Re6S8Cl6]
4ï ʠ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʜʦʢʩ ʘʢʪʠʚʥʦʡ ʤʦʣʝʢʫʣʳ. 

ˉ ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ɽ1/2 (ʦʢ) E1/2 (ʚʦʩ) ȹEʦʢ ȹEʚʦʩ 

1 Re6S8(bpy)Cl5 0,55 ï1,48 0,24 0,41 

2 ʮʠʩ-Re6S8(bpy)2Cl4 0,79 ï1,44 0,48 0,45 

3 ʪʨʘʥʩ-Re6S8(bpy)2Cl4 0,79 ï1,45 0,48 0,44 

4 ʦʩ-Re6S8(bpy)3Cl3 1,06 ï1,20 0,75 0,69 

5 Re6S8(ppy)Cl5 0,53 ï1,74 0,22 0,50 

6 ʮʠʩ-Re6S8(ppy)2Cl4 0,77 ï1,65 0,46 0,59 

7 ʪʨʘʥʩ-Re6S8(ppy)2Cl4 0,77 ï1,70 0,46 0,54 

8 ʦʩ-Re6S8(ppy)3Cl3 1,01 ï1,57 0,70 0,67 

9 Re6S8(cpy)Cl5 0,57 ï1,28 0,26 0,51 

10 ʮʠʩ-Re6S8(cpy)2Cl4 0,83 ï1,18 0,52 0,61 

11 ʪʨʘʥʩ-Re6S8(cpy)2Cl4 0,83 ï1,19 0,52 0,60 

12 Re6S8(pz)Cl5 0,58 ï1,44 0,27 0,66 

13 ʮʠʩ-Re6S8(pz)2Cl4 0,86 ï1,33 0,55 0,77 

14 ʪʨʘʥʩ-Re6S8(pz)2Cl4 0,86 ï1,34 0,55 0,76 

 

ʊʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʮʠʩ- ʠ ʪʨʘʥʩ- ʢʦʦʨʜʠʥʘʮʠʠ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʢ 

ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʥʘ ʬʦʨʤʫ ʢʨʠʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [107]. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʪʨʘʥʩ-

ʢʦʦʨʜʠʥʘʮʠʠ ʥʘ ʛʨʘʬʠʢʘʭ ʎɺɸ ʨʘʩʱʝʧʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʮʠʩ-ʠʟʦʤʝʨʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʘʤʝʪʥʦʝ ʧʣʝʯʦ. ʅʘ ʨʠʩ. 18 ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ɼʀɺ) ʧʦʢʘʟʘʥʦ ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʫʚʦʣʥ 

ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ, ʟʘ ʢʦʪʦʨʦʝ ʦʪʚʝʪʩʪʚʝʥʥʦ ʵʣʝʢʪʨʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʜʦʢʩ ʣʠʛʘʥʜʦʚ ʯʝʨʝʟ ʦʩʪʦʚ {Re6S8}
2+. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ 

ʧʦʣʫʚʦʣʥʳ ʢʣʘʩʪʝʨʘ ʩ pz ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʦʝ ʫ ʩʦʝʜʠʥʝʥʠʷ ʩ cpy, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʣʠʯʠʝʤ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ˊ*-ʦʨʙʠʪʘʣʝʡ ʣʠʛʘʥʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʨʝʥʠʷ, ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʤʝʥʴʰʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʨʝʥʠʷ, ʨʘʟʜʝʣʷʶʱʠʭ ʣʠʛʘʥʜʳ. ɺ ʩʣʫʯʘʝ ʮʠʩ-ʠʟʦʤʝʨʘ ʵʪʦ ʜʚʘ ʘʪʦʤʘ, ʚ ʩʣʫʯʘʝ 

ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ï ʪʨʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ bpy ʣʠʛʘʥʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʯʝʤ pz, ʭʦʪʷ, ʩʫʜʷ ʧʦ 
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ʧʦʪʝʥʮʠʘʣʘʤ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʠʭ ʙʣʦʢʠ ʄʆ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ 

ʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ  ʁ ʧʦ ʵʥʝʨʛʠʠ ʤʝʪʘʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʄʆ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʛʘʥʜ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʠʤʠ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩ pz ʠ bpy.  

 

ʈʠʩ. 18. ɼʀɺ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʢʣʘʩʪʝʨʦʚ [Re6S8Cl4(L)2]
2ï ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʧʨʠ 20 ʤɺ/ʩ [107]. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ bpy ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʩʦʭʨʘʥʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʧʦ 

ʢʦʥʮʝʚʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ [107]. ʊʘʢ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʪʦʨʳʝ ʚʦʣʥʳ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʣʘʛʝ. ɺ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʦʥʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ E1/2, ʩʦʩʪʘʚʣʷʶʱʠʭ ï1,94 ɺ ʜʣʷ ʮʠʩ-ʠʟʦʤʝʨʘ ʠ ï1,96 ɺ 

ʜʣʷ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ. ʆʜʥʘʢʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʘʥʦʜʥʳʡ ʩʜʚʠʛ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʳ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʨʘʩʪʚʦʨʫ 

ʥʝʩʢʦʣʴʢʠʭ ʢʘʧʝʣʴ ʚʦʜʳ ʠʣʠ ʪʘʢʦʛʦ ʩʣʘʙʦʛʦ ʜʦʥʦʨʘ ʧʨʦʪʦʥʦʚ, ʢʘʢ ʠʤʠʜʘʟʦʣ, ʚʳʟʳʚʘʝʪ ʨʝʟʢʦʝ 
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ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʝʛʦ ʩʣʠʷʥʠʝ ʩ ʧʝʨʚʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʧʨʦʪʝʢʘʶʱʠʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ E1/2 = ï1,45 ɺ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʨʘʪʠʤʦʡ ʩʪʫʧʝʥʯʘʪʦʡ ʚʦʣʥʳ 

ʯʝʪʳʨʸʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ E1/2 = ï1,44 ɺ (ʨʠʩ. 19ʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʦʥʦʨʘ ʧʨʦʪʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ bpy ʣʠʛʘʥʜʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ ʥʝ bpy2ï/bpyÅï, ʘ Hbpyï/HbpyÅ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ E1/2. ʉʭʝʤʘ ʧʨʦʪʝʢʘʶʱʠʭ ʨʝʘʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 19ʙ. 

 

ʈʠʩ. 19. ʎɺɸ ʜʣʷ [Bu4N]2[Re6S8Cl4(bpy)2] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʜʦ (ʩʚʝʨʭʫ) ʠ ʧʦʩʣʝ (ʩʥʠʟʫ) 

ʜʦʙʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʘʧʝʣʴ ʚʦʜʳ (ʘ) ʠ ʩʭʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [Bu4N]2[Re6S8Cl4(bpy)2] [107]. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʳ ʩ bpe ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʥʝ ʧʨʦʷʚʣʷʶʪ ʦʙʨʘʪʠʤʳʭ ʨʝʜʦʢʩ 

ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʵʪʘ ʤʦʣʝʢʫʣʘ, ʪʘʢ ʞʝ, ʢʘʢ ʠ bpy, 

ʩʧʦʩʦʙʥʘ ʢ ʜʚʫʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʙʨʘʪʠʤʳʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [3]. 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ, ˊ*-ʦʨʙʠʪʘʣʠ ʜʚʫʭ ʤʦʣʝʢʫʣ 

bpe ʥʝ ʦʙʨʘʟʫʶʪ ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʙʣʦʢʘ ʠʟ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʘ 

ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʄʆ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʦʙʨʘʪʠʤʳʭ ʨʝʜʦʢʩ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʘ. 

1.4. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ  

1.4.1. ɺʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

[Mo 6X8Y6]
2ï 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ [Mo6X8Y6]
2ï, ʛʜʝ X = Cl, Br, I; Y = Cl, 

Br, I, ʘʥʘʣʦʛʠʯʥʦ ʢʣʘʩʪʝʨʘʤ ʨʝʥʠʷ, ʩʧʦʩʦʙʥʳ ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʨʦʮʝʩʩʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʢ ʧʨʦʮʝʩʩʫ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ [187]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʢʘʢ ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ 
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ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʩʜʚʠʛʫ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ, ʥʦ ʠ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʟʥʘʢʠ ʦʙʨʘʪʠʤʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ï ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʪʦʢʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 (ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ) ʜʦ 0 (ʧʦʣʥʦʩʪʴʶ ʥʝʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ) (ʨʠʩ. 

20). ʊʘʢ, ʚ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʦʚ [Mo6X8Cl6]
2ï ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʩʪʘʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ 

ʣʠʛʘʥʜʘʭ X = Cl, Br, I, ʥʦ ʧʨʝʪʝʨʧʝʚʘʝʪ ʘʥʦʜʥʦʝ ʩʤʝʱʝʥʠʝ ʚ ʵʪʦʤ ʨʷʜʫ. ɺ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʦʚ ʩ 

ʚʥʝʰʥʠʤʠ ʙʨʦʤʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [Mo6X8Br6]
2ï ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʜʣʷ 

[Mo6Br8Br6]
2ï ʠ [Mo6I8Br6]

2ï, ʦʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ ʥʝʦʙʨʘʪʠʤ ʜʣʷ ʢʣʘʩʪʝʨʘ [Mo6Cl8Br6]
2ï. ɺʧʨʦʯʝʤ, 

ʘʥʦʜʥʦʝ ʩʤʝʱʝʥʠʝ ʚ ʨʷʜʫ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ X = Cl, Br, I ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʪɻʦʤʫ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʢʣʘʩʪʝʨʘ [Mo6Cl8Br6]
2ï ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʦʤ 

ʜʦʩʪʫʧʥʦʛʦ ʦʢʥʘ ʧʦʪʝʥʮʠʘʣʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠ ʟʘʤʝʥʝ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʘ ʥʘ ʡʦʜ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. ɺʩʝ 

ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

 

ʈʠʩ. 20. ʎɺɸ (a) [{Mo6Cl8}Y 6]
2ī, (b) [{Mo6Br8}Y 6]

2ī ʠ (c) [{Mo 6I8}Y 6]
2ī ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

[187].  
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ʊʘʙʣʠʮʘ 5. ʈʝʜʦʢʩ ʧʦʪʝʥʮʠʘʣʳ [{Mo6X8}Y 6]
2ī ʦʪʥ. Fc/Fc+ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʂʣʘʩʪʝʨ Eʦʢ, ɺ Eʚʦʩ, ɺ 

[Mo6Cl8Cl6]
2 1,17 ï1,95 

[Mo6Cl8Br6]
2 1,03 ï1,88 

[Mo6Cl8I6]
2 0,82 ï1,78 

[Mo6Br8Cl6]
2ï 0,92 ï1,94 

[Mo6Br8Br6]
2ï 0,95 ï1,90 

[Mo6Br8I6]
2ï 0,79 ï1,83 

[Mo6I8Cl6]
2ï 0,60 ï1,92 

[Mo6I8Br6]
2ï 0,61 ï1,88 

[Mo6I8I6]
2ï 0,44 ï1,79 

 

1.4.2. ɺʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ 

ʚ ʷʜʨʝ {Mo6X8}
4+ (X = Cl, Br) ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʘʥʠʦʥʘʤʠ 

[{ Mo6Cl8} Cl6]
2ï (ɽ1/2 = 1,56 ɺ) ʠ [{ Mo6Br8} Br6]

2ï (ɽ1/2 = 1,38 ɺ) ʥʘ ʘʪʦʤʳ S ʠ Se ʧʨʠʚʦʜʠʪ ʢ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ. ʊʘʢ, ʜʣʷ ʢʣʘʩʪʝʨʦʚ 

[{Mo 6Cl7S} Cl6]
2ï ʠ [{Mo6Br7S} Cl6]

3ï ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 0,69 ɺ ʠ 0,55 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[188]. ɺʣʠʷʥʠʝ ʞʝ ʧʨʠʨʦʜʳ ʭʘʣʴʢʦʛʝʥʘ ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʠ ʜʣʷ 

[{Mo 6Cl7Se} Cl6]
2ï ʟʥʘʯʝʥʠʝ ɽ1/2 ʩʦʩʪʘʚʣʷʝʪ 0,64 ɺ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʤʝʥʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʭʦʜʠʪ ʟʘʧʠʩʴ ʎɺɸ, ʩ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʜʠʭʣʦʨʤʝʪʘʥ, ʟʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʢʘʪʦʜʥʳʡ ʩʜʚʠʛ, ʘ ʥʘ ʛʨʘʬʠʢʘʭ ʎɺɸ ʧʦʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ 

ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ (ʨʠʩ. 21). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʢʠʩʣʝʥʠʝ ʢʣʘʩʪʝʨʘ ʥʘ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ ʤʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʫʶʱʝʤ ʜʠʭʣʦʨʤʝʪʘʥʝ ʪʘʢʦʛʦ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ɺ ʧʦʣʴʟʫ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʛʦʚʦʨʠʪ ʠ ʠʟʤʝʥʝʥʠʝ ʧʨʦʷʚʣʷʝʤʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʤ 

[{Mo 6Cl7S} Cl6]
2ï ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ ʠʣʠ ʚʦʜʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ï ʥʘ 

ʎɺɸ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʢʚʘʟʠʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ 

ɽ1/2 = 0,94 ɺ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠ ɽ1/2 = 0,73 ɺ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʪʘʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʘ ʩ ʬʦʨʤʫʣʦʡ ʘʥʠʦʥʘ [{Mo6Cl7S} Cl5(CH3CN)]ï. ʊʘʢʦʝ 

ʞʝ ʧʦʚʝʜʝʥʠʝ ʧʨʦʷʚʣʷʶʪ ʠ ʜʨʫʛʠʝ ʢʣʘʩʪʝʨʳ ʩ ʦʜʥʠʤ ʭʘʣʴʢʦʛʝʥʦʤ ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. 
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ʈʠʩ. 21. ʎɺɸ ʢʣʘʩʪʝʨʘ [{Mo6Br7S} Cl6]
3ï ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ 100 ʤɺ/ʩ [188]. 

ʉʦʝʜʠʥʝʥʠʷ ʩ ʷʜʨʦʤ {Mo6X6Q2}
2+ (X = ʛʘʣʦʛʝʥ, Q = ʭʘʣʴʢʦʛʝʥ), ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʰʴ ʚ ʚʠʜʝ ʢʣʘʩʪʝʨʦʚ ʩ ʮʠʘʥʠʜʥʳʤʠ 

ʚʥʝʰʥʠʤʠ ʣʠʛʘʥʜʘʤʠ [{Mo 6Br6S2} CN6]
4ï ʠ [{Mo6Br6Se2} CN6]

4ï [189]. ʀʟ ʛʨʘʬʠʢʦʚ ʎɺɸ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 22) ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩʤʝʩʪʠʣʦʩʴ ʚ ʩʪʦʨʦʥʫ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʪʝʨʘʤʠ ʩ ʷʜʨʘʤʠ {Mo6X7Q} 3+ ʠ {Mo6X8}
4+. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʘ ʩ ʩʝʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ [Mo6S2Br6(CN)6]
4ï, ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ (ɽ1/2 = ï0,017), ʷʚʣʷʶʱʠʡʩʷ ʦʙʨʘʪʠʤʳʤ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ï0,65 ʜʦ ï0,40 ɺ, 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʥʝʦʙʨʘʪʠʤʳʤ ʧʨʠ ʟʘʧʠʩʠ ʎɺɸ ʜʦ ʧʦʪʝʥʮʠʘʣʘ 1,30 ɺ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʦʢʦʣʦ 1,0 ɺ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʝ 

ʧʨʦʷʚʣʷʶʱʝʛʦ ʥʠʢʘʢʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʢʣʘʩʪʝʨ [{Mo 6Br6Se2} CN6]
4ï ʩʦʭʨʘʥʷʝʪ ʧʨʠʟʥʘʢʠ ʦʙʨʘʪʠʤʦʩʪʠ ʧʝʨʚʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ (ɽ1/2 = 

ï0,029) ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʠʩʴ ʎɺɸ. 
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ʈʠʩ. 22. ʎɺɸ ʜʣʷ ʢʣʘʩʪʝʨʦʚ [{Mo6Br6S2} CN6]
4ï (ʩʣʝʚʘ) ʠ [{Mo6Br6Se2} CN6]

4ï (ʩʧʨʘʚʘ) 

[188]. 

   

1.4.3. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʣʠʙʜʝʥʘ [{Mo6Se8}(CN)6]
7ï 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʣʠʰʴ ʦʜʠʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ ʩ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʩ ʘʥʠʦʥʦʤ [{Mo6Se8}( CN)6]
7ï, ʩʦʜʝʨʞʘʱʠʡ 21 ʂʉʕ [168]. ɼʘʥʥʳʡ 

ʢʣʘʩʪʝʨ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩʧʦʩʦʙʝʥ ʢ ʦʜʥʦʤʫ ʢʚʘʟʠʦʙʨʘʪʠʤʦʤʫ ʧʨʦʮʝʩʩʫ ʦʢʠʩʣʝʥʠʷ ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ɽ1/2 = 0,63 ɺ (ʦʪʥ. NHE) (ʨʠʩ. 23). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʵʪʦ 

ʩʦʝʜʠʥʝʥʠʝ ʥʝʩʪʘʙʠʣʴʥʦ, ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʝʪʝʨʧʝʚʘʝʪ ʦʢʠʩʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʘ 

[{ Mo6Se8}( CN)6]
6ï, ʠʤʝʶʱʝʛʦ ʥʝʡʪʨʘʣʴʥʦʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 
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ʈʠʩ. 23. ʎɺɸ ʢʣʘʩʪʝʨʘ [{Mo6Se8}( CN)6]
7ï ʚ ʚʦʜʝ ʧʨʠ 20 ʤɺ/ʩ [168]. 

 

1.4.4. ɺʣʠʷʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ L ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ 

{Mo6X8}
4+ (ʍ = Cl, Br , I) ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʠ 

ʢʦʨʨʝʣʷʮʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ pK a ʣʠʛʘʥʜʦʚ  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. ɹʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʧʦʣʫʯʝʥʠʷ ʫʜʘʣʦʩʴ 

ʥʘʨʘʙʦʪʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʨʝʜʦʢʩ 

ʩʚʦʡʩʪʚʘʤʠ, ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ ʣʠʛʘʥʜʦʚ (pKa (L)) ʠ ʧʨʦʷʚʣʷʝʤʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ pKa(L) ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʪʝʥʮʠʘʣʦʚ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʘʤʠ {Mo6X8}
4+ (X 

= Br, I). ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʧʨʠʯʠʥʳ ʜʘʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʝʜʦʢʩ ʩʚʦʡʩʪʚ ʦʪ ʧʨʠʨʦʜʳ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʩ ʘʥʠʦʥʦʤ ʚʠʜʘ [{Mo6X8} L6]
2ï ʧʨʦʷʚʣʷʶʪ 

ʥʘ ʎɺɸ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʜʥʦʤʫ ʦʙʨʘʪʠʤʦʤʫ ʠʣʠ ʢʚʘʟʠʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʜʚʠʛʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʛʘʥʜʘ), ʘ ʪʘʢʞʝ 

ʥʝʦʙʨʘʪʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʘ. ʆʜʥʘʢʦ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʚʠʜʝ ʢʨʠʚʳʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʝʡ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʣʠʛʘʥʜʘ [136,190]. ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3,5-ʜʠʥʠʪʨʦʙʝʥʟʦʘʪʘ ʠ 4-ʥʠʪʨʦʙʝʥʟʦʘʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘ ʎɺɸ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʦʢʘ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʦʢʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ 

(ʨʠʩ. 24ʘ). ʊʘʢʦʝ ʦʪʣʠʯʠʝ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʟʚʘʥʦ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚʩʝʭ ʰʝʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ɸʚʪʦʨʳ ʥʘʟʚʘʣʠ ʵʪʦ ʷʚʣʝʥʠʝ ʢʚʘʟʠʦʜʥʦʤʦʤʝʥʪʥʳʤ (quasi-one-step) 
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ʰʝʩʪʠʵʣʝʢʪʨʦʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ, ʧʦʜʨʘʟʫʤʝʚʘʷ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʪʘʢ ʙʣʠʟʢʠ, ʯʪʦ ʰʝʩʪʴ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʠʥ, ʠʟ-ʟʘ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ȹɽ (ʨʘʟʣʠʯʠʝʤ ʟʥʘʯʝʥʠʡ Epc ʠ 

Epa) (ʨʠʩ. 24ʙ). ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʳʟʚʘʥʦ ʣʦʢʘʣʠʟʘʮʠʝʡ ʅʉʄʆ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʘʭ ʠ ʥʘʣʠʯʠʝʤ ʫ ʥʠʭ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʥʠʪʨʠʣʴʥʳʭ ʛʨʫʧʧ, ʥʘ ʢʦʪʦʨʳʭ ʠ ʣʦʢʘʣʠʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʰʝʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʣʠʛʘʥʜʘʭ ʥʝʟʘʚʠʩʠʤʦ ʠ 

ʦʜʥʦʤʦʤʝʥʪʥʦ. 

ʘ) ʚ)  

ʈʠʩ. 24. ʎɺɸ ʢʣʘʩʪʝʨʦʚ [{Mo6Br8} L6]
2ï ʚ ʘʮʝʪʦʥʝ ʧʨʠ 100 ʤɺ/ʩ (ʘ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

(ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ (ʯʝʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʚʦʣʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚ ʘʮʝʪʦʥʝ ʧʨʠ 100 ʤɺ/ʩ ʜʣʷ [{Mo6Br8}(3,5-ʜʠʥʠʪʨʦʙʝʥʟʦʘʪ)6]
2ï (ʙ) [136,190]. 

ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ ʩ ʘʥʠʦʥʦʤ ʚʠʜʘ 

[{Mo 6X8} L6]
2ï ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʦʩʠʪ ʦʙʨʘʪʠʤʳʡ ʠʣʠ ʢʚʘʟʠʦʙʨʘʪʠʤʳʡ 

ʭʘʨʘʢʪʝʨ. ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʤʝʱʘʝʪʩʷ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʷ pKa ʯʝʡ ʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʪʩʚʝ ʣʠʛʘʥʜʘ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʠʨʦʜʳ 

ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʛʘʥʜʘ ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʆʙʦʙʱʘʷ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʢʘʩʘʪʝʣʴʥʦ 

ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ 

ʩʣʝʜʫʶʱʝʝ. ʇʦʩʢʦʣʴʢʫ ʫʤʝʥʴʰʝʥʠʝ pKa ʢʠʩʣʦʪʳ, ʦʪʨʘʞʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ů-ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʣʠʛʘʥʜʘ L, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ɺɿʄʆ ʢʦʤʧʣʝʢʩʘ ʩʤʝʱʘʝʪʩʷ ʚʥʠʟ ʧʦ ʰʢʘʣʝ ʵʥʝʨʛʠʠ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ pKa (L). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ɽʦʭ, ʢʘʢ 

ʤʝʨʘ ʵʥʝʨʛʠʠ ɺɿʄʆ ʢʦʤʧʣʝʢʩʘ, ʩʤʝʱʘʝʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʂʘ (L). 

ɻʦʚʦʨʷ ʠʥʘʯʝ, ʯʝʤ ʩʠʣʴʥʝʝ ů-ʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʠʨʫʝʤʳʭ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 
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(ʫʤʝʥʴʰʝʥʠʝ ʨʂʘ ʢʠʩʣʦʪʳ), ʪʝʤ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʪʘʙʣʠʮʘ 6) [143,144,190,191]. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝ ʠʤʝʶʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ pKa ʢʠʩʣʦʪʳ ʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

 

ʊʘʙʣʠʮʘ 6. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʪʝʢʘʥʠʷ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ ʢʣʘʩʪʝʨʦʚ 

[{Mo 6X8} L6]
2ï ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʟʥʘʯʝʥʠʷ pKa ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ ʈʘʩʪ-ʣ ɹ Eʦʢ Eʚʦʩ pKa (L) 

[{ Mo6Cl8}(CF3COO)6]
2ï ʘʮʝʪʦʥ 1,56 ï 0,10 

[{ Mo6Br8}(CF3COO)6]
2ï ʘʮʝʪʦʥ 1,23 ï 0,10 

[{ Mo6I8}(CF3COO)6]
2ï CH2Cl2 0,80 ï 0,10 

[{ Mo6I8}(CF3SO3)6]
2ï CH2Cl2 1,29 ï ï14,7 

[{ Mo6I8}(CH3C6H4SO3)6]
2ï CH2Cl2 0,86 ï ï2,80 

[{ Mo6Br8}( 3,5-Dinitrobenzoate)6]
2ï ʘʮʝʪʦʥ 1,04 ï1,33 2,82 

[{ Mo6Br8}( 4-Nitrobenzoate)6]
2ï ʘʮʝʪʦʥ 0,94 ï1,53 3,44 

[{ Mo6Br8}( 4-Cyanobenzoate)6]
2ï ʘʮʝʪʦʥ 0,90 ï1,98 3,54 

[{ Mo6Br8}( 3,5-Dimethoxybenzoate)6]
2ï ʘʮʝʪʦʥ 0,82 ï2,03 3,97 

[{ Mo6Br8}( 4-Methoxybenzoate)6]
2ï ʘʮʝʪʦʥ 0,70 ï2,08 4,47 

[{ Mo6Br8}( Benzoate)6]
2ï ʘʮʝʪʦʥ 0,74 ï2,03 4,20 

[{ Mo6I8}( CH3COO)6]
2ï ACN 0,57 ï1,86 4,76 

[{ Mo6I8}( CH3)3CCOO)6]
2ï ACN 0,53 ï1,94 5,03 

[{ Mo6I8}( C4H3OCOO)6]
2ï ACN 0,72 ï1,80 3,16 

[{ Mo6I8}( C6H5COO)6]
2ï ACN 0,74 ï1,76 4,20 

[{ Mo6I8}( C10H7COO)6]
2ï ACN 0,86 ï1,66 3,68 

[{ Mo6I8}( C2F5COO)6]
2ï ACN 1,08 ï1,51 0,18 

[{ Mo6I8}( CF3COO)6]
2ï ACN 1,05 ï1,52 0,67 

[{ Mo6I8}( C3F7COO)6]
2ï ACN 1,06 ï1,54 0,18 

[{ Mo6I8}( C6F5COO)6]
2ï ACN 1,15 ï 1,50 

[{ Mo6Br8}( pivalate)6]
2ï ʘʮʝʪʦʥ 0,59 ï2,28 5,03 

[{ Mo6Br8}( acetate)6]
2ï ʘʮʝʪʦʥ 0,65 ï2,13 4,76 

[{ Mo6Br8}( 3,5-dimethylbenzoate)6]
2ï ʘʮʝʪʦʥ 0,71 ï2,12 4,32 
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[{ Mo6Br8}( Benzoate)6]
2ï ʘʮʝʪʦʥ 0,74 ï2,03 4,20 

[{ Mo6Br8}( 1-naphtate)6]
2ï ʘʮʝʪʦʥ 0,78 ï2,05 3,69 

[{ Mo6Br8}( 2-furancarboxylate)6]
2ï ʘʮʝʪʦʥ 0,81 ï2,09 3,16 

[{ Mo6Br8}( perfluorobenzoate)6]
2ï ʘʮʝʪʦʥ 1,07 ï1,87 1,75 

[{ Mo6Br8}( perfluoroacetate)6]
2ï ʘʮʝʪʦʥ 1,23 ï1,74 0,23 

[{ Mo6I8}( n-perfluorobutyrate)6]
2ï ʘʮʝʪʦʥ 1,33 ï1,75 0,17 

[{ Mo6I8}( pivalate)6]
2ï ʘʮʝʪʦʥ 0,34 ï2,25 5,03 

[{ Mo6I8}( acetate)6]
2ï ʘʮʝʪʦʥ 0,35 ï2,12 4,76 

[{ Mo6I8}( 3,5-dimethylbenzoate)6]
2ï ʘʮʝʪʦʥ 0,49 ï2,07 4,32 

[{ Mo6I8}( Benzoate)6]
2ï ʘʮʝʪʦʥ 0,47 ï2,06 4,20 

[{ Mo6I8}( 1-naphtate)6]
2ï ʘʮʝʪʦʥ 0,48 ï2,07 3,69 

[{ Mo6I8}( 2-furancarboxylate)6]
2ï ʘʮʝʪʦʥ 0,56 ï2,07 3,16 

[{ Mo6I8}( perfluorobenzoate)6]
2ï ʘʮʝʪʦʥ 0,75 ï1,91 1,75 

[{ Mo6I8}( perfluoroacetate)6]
2ï ʘʮʝʪʦʥ 0,89 ï1,77 0,23 

[{ Mo6I8}( n-perfluorobutyrate)6]
2ï ʘʮʝʪʦʥ 0,91 ï1,80 0,17 

 

1.4.5. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ 

[{Mo6Q8}(PEt3)6] (Q = S, Se) ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʷʜʨʦʤ {Mo6Q8}
0+ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠʟʫʯʝʥʳ ʜʣʷ ʢʨʘʡʥʝ ʤʘʣʦʛʦ ʯʠʩʣʘ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʩʠʥʪʝʟʘ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʜʥʠʤʠ ʠʟ ʥʝʤʥʦʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʢʣʘʩʪʝʨʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Mo6Q8}( PEt3)6], ʛʜʝ Q = S, Se [163]. 

ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʜʠʭʣʦʨʤʝʪʘʥʘ ʩʧʦʩʦʙʥʳ ʢʘʢ ʢ ʧʨʦʮʝʩʩʫ ʦʢʠʩʣʝʥʠʷ, ʪʘʢ ʠ ʢ 

ʧʨʦʮʝʩʩʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ 7). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ 

ʢʣʘʩʪʝʨʦʚ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ. ʊʘʢ, ʜʣʷ ʦʙʦʠʭ ʢʣʘʩʪʝʨʦʚ 

[{ Mo6Q8}( PEt3)6] (Q = S, Se) ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ï0,23 ʠ ï1,50 ɺ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʪʚʦʨʝ ʊɻʌ, ʵʪʠ ʢʣʘʩʪʝʨʳ ʧʨʦʷʚʣʷʶʪ ʝʱʸ ʦʜʠʥ 

ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʦʚ [{Mo6Q8}(PEt3)6]
2ï (ʨʠʩ. 25). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʚ ʨʘʩʪʚʦʨʝ ʊɻʌ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ [{Mo6S8}( PEt3)6] 

ʠ [{Mo6Se8}( PEt3)6] ʧʨʝʪʝʨʧʝʚʘʶʪ ʢʘʪʦʜʥʳʡ ʩʜʚʠʛ ʥʘ 0,16 ʠ 0,19 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ʇʨʠʨʦʜʘ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ 

ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʦʡ. 
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ʈʠʩ. 25. ʎɺɸ ʢʣʘʩʪʝʨʘ [{Mo6S8}( PEt3)6] ʚ ʊɻʌ ʧʨʠ 100 ʤɺ/ʩ [163]. 

ʊʘʙʣʠʮʘ 7. ɿʥʘʯʝʥʠʷ ʨʝʜʦʢʩ ʧʦʪʝʥʮʠʘʣʦʚ ʢʣʘʩʪʝʨʦʚ [{Mo6S8}( PEt3)6] ʠ [{Mo6Se8}(PEt3)6] ʚ 

ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʊɻʌ. 

 ʈʘʩʪʚʦʨʠʪʝʣʴ 
ɽ1/2, ɺ 

+1/0 0/ï1 ï1/ï2 

[{ Mo6S8}( PEt3)6] 
CH2Cl2 ï0,23 ï1,50  

ʊɻʌ ï0,07 ï1,50 ï2,51 

[{ Mo6Se8}( PEt3)6] 
CH2Cl2 ï0,23 ï1,50  

ʊɻʌ ï0,05 ï1,47 ï2,45 

 

ɼʨʫʛʦʡ ʨʘʙʦʪʦʡ, ʢʦʪʦʨʫ ,ʁ ʚ ʥʝʢʦʪʦʨʦʤ ʨʦʜʝ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʝʜʳʜʫʱʝʡ, 

ʷʚʣʷʝʪʩʷ [192], ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʢʣʘʩʪʝʨʘ 

[{ Mo6S8}( PEt3)6] ʧʦ ʩʭʝʤʝ 2, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʘʪʠʦʥʘʤʠ 

[Mo6S7(SCH3)(PEt3)6]
+ ʠ [Mo6S6(SCH3)2(PEt3)6]

+.  
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ʉʭʝʤʘ 2. ʇʦʣʫʯʝʥʠʝ ʢʣʘʩʪʝʨʦʚ [Mo6S7(SCH3)(PEt3)6]
+ ʠ [Mo6S6(SCH3)2(PEt3)6]

+ ʠʟ 

[{ Mo6S8}( PEt3)6] [192]. 

 

ʅʘ ʨʠʩʫʥʢʝ 26 ʧʦʢʘʟʘʥʳ ʎɺɸ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʩ 

ʢʣʘʩʪʝʨʥʳʤʠ ʢʘʪʠʦʥʘʤʠ [Mo6S7(SCH3)(PEt3)6]
+ ʠ [Mo6S6(SCH3)2(PEt3)6]

+. ʉʦʝʜʠʥʝʥʠʝ ʩ 

ʦʜʥʦʢʨʘʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʷʜʨʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʘ ʥʘʙʦʨʘ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʚʦʣʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ï0,56 ʠ ï1,61 ɺ, ʪ. ʝ. ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ ʥʘ 

0,78 ʠ 0,76 ɺ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʯʝʤ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (ʪʘʙʣʠʮʘ 8). ɺʦʣʥʘ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ [Mo6S7(SCH3)(PEt3)6]
+ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ, 

ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʩʤʝʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ, ʚʳʭʦʜʷʱʠʭ ʟʘ ʧʨʝʜʝʣʳ 

ʜʦʩʪʫʧʥʦʛʦ ʦʢʥʘ ʧʦʪʝʥʮʠʘʣʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʣʘʩʪʝʨ ʞʝ ʩ ʢʘʪʠʦʥʦʤ [Mo6S6(SCH3)2(PEt3)6]
+ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʝ ʚʦʣʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ï0,84 ʠ ï2,07 ɺ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ 0,011 ɺ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʭʦʜʥʦʝ ʠ 

ʤʦʥʦʤʝʪʠʣʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʪʝʨʳ ʩ 20 ʂʉʕ, ʜʚʘʞʜʳ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʘʪʠʦʥʦʤ [Mo6S6(SCH3)2(PEt3)6]
+ ʩʦʜʝʨʞʠʪ 21 ʂʉʕ. ɸʚʪʦʨʳ ʪʘʢʞʝ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʚʘʞʜʳ ʤʝʪʠʣʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʢʘʟʘʣʩʷ ʫʩʪʦʡʯʠʚ ʥʘ ʚʦʟʜʫʭʝ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʨʘʙʦʪʝ Saito [193] ʩʦʦʙʱʘʣʦʩʴ ʦ ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 21 ʂʉʕ. ʂʨʦʤʝ ʪʦʛʦ, ʜʚʫʢʨʘʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʣʘʩʪʝʨʘ ʩ ʢʘʪʠʦʥʦʤ 

[Mo6S6(SCH3)2(PEt3)6]
+ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 23 ʂʉʕ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʦʣʫʯʝʥʠʝ ʪʘʢʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ [{Mo6S8}( PEt3)6] ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʣʢʠʣʠʨʦʚʘʥʠʝ 
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ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʷʜʝʨ ʢʣʘʩʪʝʨʘ {Mo6S8}, 

ʩʦʜʝʨʞʘʱʠʭ ʥʠʟʢʦʚʘʣʝʥʪʥʳʡ ʄʦ. 

  

 

ʈʠʩ. 26. ʎɺɸ ʢʣʘʩʪʝʨʦʚ [{Mo6S8}( PEt3)6] (ʘ), [Mo6S7(SCH3)(PEt3)6]
+ (ʙ) ʠ 

[Mo6S6(SCH3)2(PEt3)6]
+ (ʚ) ʚ ʊɻʌ ʧʨʠ 100 ʤɺ/ʩ [192]. 

ʊʘʙʣʠʮʘ 8. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʢʣʘʩʪʝʨʦʚ [{Mo6S8}( PEt3)6], 

[Mo6S7(SCH3)(PEt3)6]
+ ʠ [Mo6S6(SCH3)2(PEt3)6]

+ ʚ ʊɻʌ. 

ʉʦʝʜʠʥʝʥʠʝ ɽ (ɺ ʦʪʥ. Ag/AgCl) 

ï2/ï1 ï1/0 0/+1 +1/+2 

[{ Mo6S8}( PEt3)6] ï2,371 ï1,344 0,083  

[Mo6S7(SCH3)(PEt3)6]
+  ï1,605 ï0,561  

[Mo6S6(SCH3)2(PEt3)6]
+  ï2,067 ï0,838 0,011 
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1.5. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ  

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʩ ʢʣʘʩʪʝʨʘʤʠ 

ʤʦʣʠʙʜʝʥʘ ʩʚʦʡʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʷʚʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ. 

1.5.1. ɺʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʍ ʠ ʚʥʝʰʥʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ Y ʣʠʛʘʥʜʦʚ 

ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ 

[W6X8Y6]
2ï 

ʂʣʘʩʪʝʨʳ ʚʦʣʴʬʨʘʤʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{W6X8}Y 6]
2ï (X = Cl, Y = Cl, Br; X = Br, Y = Cl, 

Br; X = I; Y = Br, I, NO3), ʩʧʦʩʦʙʥʳʝ ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 9 [156,194,195]. ʂʘʢ ʠ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʚʥʝʰʥʠʤʠ ʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʚʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʛʘʥʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʦʝ ʦʪ 

ʚʥʝʰʥʝʛʦ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʦʚ (Bu4N)2[{W 6Cl8}Cl 6] (ɽ1/2 = 1,12 ɺ) ʠ (Bu4N)2[{W 6Cl8}Br 6] (ɽ1/2 

= 1,16 ɺ) ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 0.04 ɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ 

ʟʘʤʝʥʝ ʚʥʫʪʨʝʥʥʠʭ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʝ (Bu4N)2[{W 6Cl8}Cl 6] ʥʘ ʘʪʦʤʳ ʙʨʦʤʘ 

(Bu4N)2[{W 6Br8}Cl 6] (ɽ1/2 = 0,93 ɺ), ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 0,19 ɺ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʟ ʪʘʙʣʠʮʳ 9 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʝʨʝʥʦʩ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʜʨʫʛʦʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʠʟ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʜʠʭʣʦʨʤʝʪʘʥ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʢʘʪʦʜʥʦʤʫ ʩʤʝʱʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ. ɸʚʪʦʨʳ ʟʘʪʨʫʜʥʷʶʪʩʷ ʦʙʲʷʩʥʠʪʴ ʜʘʥʥʳʡ ʬʝʥʦʤʝʥ. 

ʊʘʙʣʠʮʘ 9. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʢʣʘʩʪʝʨʦʚ [{W6X8}Y 6]
2ï ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʜʠʭʣʦʨʤʝʪʘʥʝ. 

ʉʦʝʜʠʥʝʥʠʝ E1/2, ɺ (ʦʪʥ. SCE) 

 ɸʮʝʪʦʥʠʪʨʠʣ ɼʠʭʣʦʨʤʝʪʘʥ 

(Bu4N)2[{W 6Cl8}Cl 6] 1,12 0,93 

(Bu4N)2[{W 6Cl8}Br 6] 1,16 0,99 

(Bu4N)2[{W 6Br8}Cl 6] 0,93 ï 

(Bu4N)2[{W 6Br8}Br 6] 0,97 0,80 

(Bu4N)2[{W 6I8}I 6] 0,71 0,57 

(Bu4N)2[{W 6I8} Br6] ï 0,56 

(Bu4N)2[{W 6I8} (NO3)6] 
1,36 

ï1,65 
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1.5.2. ɺʣʠʷʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ L ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ {W6I8}
4+ 

ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠ ʝʛʦ ʢʦʨʨʝʣʷʮʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ pK a 

ʣʠʛʘʥʜʦʚ  

ʉʨʝʜʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʷʜʨʦʤ {W6I8}
4+. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʛʨʫʧʧʦʡ 

ʧʨʦʬ. ʉʦʢʦʣʦʚʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ 

[{W 6I8} L6]
2ï, ʛʜʝ L = ʨʘʟʣʠʯʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 27 [161]. ʂʘʞʜʦʝ ʠʟ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʨʦʤʝ ʢʣʘʩʪʝʨʘ [{W6I8}( C6H5COO)6]
2ï, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘ ʎɺɸ ʜʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʫʜʘʣʝʥʠʶ ʜʚʫʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {W6I8}
4+ (24 ʂʉʕ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ {W6I8}

5+ (23 ʂʉʕ) ʠ {W6I8}
6+ 

(22 ʂʉʕ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ [{W6I8}( CH3COO)6]
2ï ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝʝ ʨʘʟʣʠʯʠʝ ʚ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʪʝʢʘʥʠʷ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ 

ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ (0,66 ʠ 0,79 ɺ), ʯʝʤ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʡ ʩʝʨʠʠ (1,13 ʠ 1,62 ɺ; 1,15 ʠ 1,75 

ɺ). ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚʳʩʦʢʦʦʢʠʩʣʝʥʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʩ ʘʥʠʦʥʘʤʠ C2F5COOï, C2F5COOï, C3F7COOï ʠ C6F5COOï ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ pKa ʩʚʦʙʦʜʥʦʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʚʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʪʝʨʘ [{W6I8}L 6]
2ï: 

ɽ1/2 = 0,724 + 0,35(pKa).        (10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʦʩʦʙʝʥʥʦ ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʩʜʚʠʛʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʷʜʨʦʤ 

{Mo 6I8}
4+. 

 

ʈʠʩ. 27. ʊʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ [{W6I8} L6]
2ï. 
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1.5.3. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚʦʣʴʬʨʘʤʘ [{W 6S8}L6] ʩ ʬʦʩʬʦʨ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ L 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʩ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʚʳʜʝʣʝʥʥʳʤʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʡʪʨʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʩ ʬʦʨʤʫʣʦʡ 

[{W 6S8} L6] ʠ ʠʤʝʶʪ 20 ʂʉʕ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʩʧʦʩʦʙʥʳʤʠ ʢʘʢ ʢ ʦʢʠʩʣʝʥʠʶ, ʪʘʢ ʠ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, 

ʪʘʢ ʞʝ ʢʘʢ ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ. ʉʦʝʜʠʥʝʥʠʝ [{W6S8}( PEt3)6], 

ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ [{Mo6S8}( PEt3)6], ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʎɺɸ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʜʚʘ ʧʨʦʮʝʩʩʘ 

ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ ɽ1/2 = ï0,46 ʠ ï1,83 ɺ (ʦʪʥ. Fc/Fc+), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʘʤ 

[{W 6S8}(PEt3)6]
1+/0 ʠ [{W6S8}( PEt3)6]

0/1ï (ʨʠʩ. 28) [169]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʠʞʝ ʥʘ 0,22 ɺ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʠ ʥʘ 0,32 ɺ ʜʣʷ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʯʝʤ 

ʫ ʢʣʘʩʪʝʨʘ [{Mo6S8}( PEt3)6]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʘʥʘʣʦʛʘ, 

ʜʣʷ ʢʣʘʩʪʝʨʘ ʚʦʣʴʬʨʘʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʜʥʦʝ ʩʤʝʱʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʮʝʩʩʘ 

ʦʢʠʩʣʝʥʠʷ ʥʘ 0,12 ɺ ʧʨʠ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʘʩʪʚʦʨ ʊɻʌ. ʆ ʥʘʣʠʯʠʠ 

ʚʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʊɻʌ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʫ ʢʣʘʩʪʝʨʘ ʤʦʣʠʙʜʝʥʘ 

[{ Mo6S8}( PEt3)6], ʘʚʪʦʨʳ ʥʝ ʩʦʦʙʱʘʶʪ. 

 

ʈʠʩ. 28. ʎɺɸ ʢʣʘʩʪʝʨʘ [{W6S8}( PEt3)6] ʚ ʨʘʩʪʚʦʨʝ ʜʠʭʣʦʨʤʝʪʘʥʘ ʧʨʠ 200 ʤɺ/ʩ [169]. 

ɼʨʫʛʠʤ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʙʳʣ ʢʣʘʩʪʝʨ [W6S8(PEt2TTF)6] ʩ ʧʨʦʠʟʚʦʜʥʳʤ ʪʝʪʨʘʪʠʦʬʫʣʴʚʘʣʝʥʘ 

(ʨʠʩ. 29ʘ) ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ [177]. ʅʘ ʨʠʩʫʥʢʝ 29ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʎɺɸ ʚ ʙʝʥʟʦʥʠʪʨʠʣʝ 

ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. ʇʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ɽ1/2 = 0,45 ʠ 

0,87 ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ (TTF+) ʠ ʜʠʢʘʪʠʦʥʘ (TTF2+), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ PEt2TTF ʩʦʭʨʘʥʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ï0,45 ɺ. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 
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ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫ ʢʣʘʩʪʝʨʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʘʪʦʜʥʦʝ ʩʤʝʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʎɺɸ ʤʦʞʥʦ ʚʠʜʝʪʴ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ɽ1/2 = ï0,9 ɺ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, 

ʦʜʥʘʢʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩʘ ʝʛʦ ʦʢʠʩʣʝʥʠʷ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ɺɿʄʆ 

ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ ʣʠʛʘʥʜʦʚ, ʘ ʥʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʠʟ-ʟʘ ʯʝʛʦ ʥʘ 

ʎɺɸ ʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʦʢʠʩʣʝʥʠʷ.  

ʘ) ʙ)  

ʈʠʩ. 29. ʉʭʝʤʘʪʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʣʠʛʘʥʜʘ PEt2TTF (ʘ) ʠ ʎɺɸ ʢʣʘʩʪʝʨʘ [W6S8(PEt2TTF)6] 

(ʩʣʝʚʘ) ʠ ʩʚʦʙʦʜʥʦʛʦ PEt2TTF (ʩʧʨʘʚʘ) ʚ ʨʘʩʪʚʦʨʝ ʙʝʥʟʦʥʠʪʨʠʣʘ ʧʨʠ 100 ʤɺ/ʩ (ʙ) [177]. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʦʙʰʠʨʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ ʩ ʷʜʨʦʤ {W6S8}
0+, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [176]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʠʩʩʣʝʜʫʶʪ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ ʚʠʜʘ [{W6S8} L6], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʪʠʦʬʝʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 30ʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʨʘʙʦʪʝ 

ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʝʥʳ ʠ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʘ [{Mo6S8}(PEt3)6] ʚ ʙʦʣʴʰʝʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ (ʨʠʩ. 30ʙ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʤ ʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʘʤ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʷʚʣʷʝʪ 

ʝʱʸ ʜʚʘ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ ʩ ʦʢʠʩʣʝʥʠʝʤ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. 

ʉʦʝʜʠʥʝʥʠʝ [W6S8(TīPEt2)6] ʧʨʦʷʚʣʷʝʪ ʎɺɸ (ʨʠʩ. 31ʘ) ʩʭʦʞʫʶ ʩ ʢʣʘʩʪʝʨʦʤ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʤ ʪʠʦʬʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ [{Mo6S8}(PEt3)6]. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʙʨʘʪʠʤʳʭ ʨʝʜʦʢʩ 

ʧʨʦʮʝʩʩʦʚ ʧʨʝʪʝʨʧʝʚʘʶʪ ʘʥʦʜʥʳʡ ʩʜʚʠʛ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʩʜʚʠʛʘʶʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʠ ʢʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʠʢʘ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ 1,27 ɺ, ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʦʢʠʩʣʝʥʠʝʤ ʪʠʦʬʝʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʉʦʝʜʠʥʝʥʠʝ 

[W6S8(T-PPh2)6] ʧʨʦʷʚʣʷʝʪ ʩʭʦʞʫ ʩ ʢʣʘʩʪʝʨʦʤ [W6S8(TīPEt2)6] ʛʨʘʬʠʢ ʎɺɸ (ʨʠʩ 31ʙ), ʦʜʥʘʢʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʦʚ ʫ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʘ ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʳ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʪʝʨʦʤ 
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[{ Mo6S8}( PEt3)6], ʥʝ ʩʦʜʝʨʞʘʱʠʤ ʪʠʦʬʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʩʚʷʟʘʥ ʩ ʟʘʤʝʱʝʥʠʝʤ ʵʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʣʠʛʘʥʜʘ ʥʘ ʬʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ. ɼʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʡ 

ʩʝʨʠʠ ʦʢʘʟʘʣʠʩʴ ʥʝʫʩʪʦʡʯʠʚʳ ʠ ʨʘʟʣʘʛʘʣʠʩʴ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʘ) ʙ)  

ʈʠʩ. 30. ʉʭʝʤʘʪʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʣʠʛʘʥʜʦʚ ʪʠʦʬʝʥʦʚʦʛʦ ʨʷʜʘ (ʘ) ʠ ʎɺɸ ʢʣʘʩʪʝʨʘ 

[{W 6S8}(PEt3)6] ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ 200 ʤɺ/ʩ (ʙ) [176]. 

 

ʘ) ʙ)  

ʈʠʩ. 31. ʎɺɸ ʢʣʘʩʪʝʨʦʚ [W6S8(TīPEt2)6] (ʩʣʝʚʘ) ʠ [W6S8(T-PPh2)6] (ʩʧʨʘʚʘ) ʚ 

ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ 200 ʤɺ/ʩ [176]. 
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1.6. ɿʘʢʣʶʯʝʥʠʝ 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʨʝʜʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ. ɼʣʷ ʥʠʭ ʚʳʷʚʣʝʥʳ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ 

ʠ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʘʢ ʟʥʘʯʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ pKa ʠ ʩʫʤʤʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʃʝʚʝʨʘ EL. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʦʨʨʝʣʷʮʠʠ, ʥʘʡʜʝʥʥʳʝ ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʚ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʦʚ ʩ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ) 

ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʩ ʢʦʤʙʠʥʘʮʠʝʡ ʦʜʠʥʘʢʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ɼʣʷ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʩ ʷʜʨʘʤʠ { M6X8}
4+ (M = Mo, X = Cl, Br, I; M = W; X = I) ʥʘʡʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ï ʦʩʪʘʪʢʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ï

ʩʦ ʟʥʘʯʝʥʠʝʤ pKa ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʚʳʷʚʣʝʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʭʘʣʴʢʦʛʝʥʠʜʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ 

ʥʦʩʠʪ ʥʝʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʚʦʟʜʫʭʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʠʟʫʯʝʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʦʛʜʘ ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʣʘʩʪʝʨʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠ ʧʦʠʩʢʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʧʨʠʩʫʱʠʭ ʵʪʠʤ ʧʨʦʮʝʩʩʘʤ, ʫʜʝʣʝʥʦ ʢʨʘʡʥʝ ʤʘʣʦ ʚʥʠʤʘʥʠʷ. 

  



67 

 

 

2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ɺʩʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ Cs4[{Re6S8}Cl 6]Ŀ2H2O, Cs4[{Re6S8}Br 6]Ŀ2H2O, Cs3[{Re6Se8}Cl 6]Ŀ2H2O, 

Cs3[{Re6Se8}Br 6]Ŀ2H2O ʠ Cs1.84K1.16(H)[Re6S8(CN)4Cl2], ʧʦʣʫʯʘʣʠ ʧʦ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʤʝʪʦʜʠʢʘʤ ʠʟ ʧʨʦʩʪʳʭ ʠʣʠ ʙʠʥʘʨʥʳʭ ʚʝʱʝʩʪʚ [69,84,196,197]. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (C, H, N, S) ʦʧʨʝʜʝʣʷʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ ʧʨʠʙʦʨʝ EuroVector EA3000.  

ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

Hitachi TM-3000 ʩ EDS ʘʥʘʣʠʟʘʪʦʨʦʤ Bruker Nano.  

ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ. ʀʟʤʝʨʝʥʠʷ ʗʄʈ 1H ʚ (CD3)2SO ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʝ BRUKER Avance III 500 ʄɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʄʉ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ. 

ʗʄʈ-ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ. 

ʆʙʦʟʥʘʯʝʥʠʷ çʩè, çʜè ʠ çʤè ʚ ʦʧʠʩʘʥʠʷʭ ʗʄʈ-ʩʧʝʢʪʨʦʚ ʦʟʥʘʯʘʶʪ çʩʠʥʛʣʝʪè, çʜʫʙʣʝʪè ʠ 

çʤʫʣʴʪʠʧʣʝʪè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʀʂ-ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ 

ʪʘʙʣʝʪʦʢ ʩ ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Scimitar FTS 2000 ʚ ʜʠʘʧʘʟʦʥʝ 4000ï400 ʩʤï

1. 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠ ʚ 

ʨʘʩʪʚʦʨʘʭ ɼʄʉʆ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 300ï1000 ʥʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Agilent Cary 60. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʟʘʧʠʩʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Shimadzu UVïVis-NIR 3101 PC. 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ 

ʟʘʧʠʩʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba Jobin Yvon Fluorolog 3 ʩ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ ʤʦʱʥʦʩʪʴʶ 450 

ɺʪ, ʦʭʣʘʞʜʘʝʤʳʤ ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ PC177CE-010 ʠ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʩ ʜʚʦʡʥʦʡ ʨʝʰʝʪʢʦʡ PMT 

R2658. ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʶʚʝʪʫ ʠʟ ʪʝʬʣʦʥʘ ʠ ʧʦʢʨʳʚʘʣʠʩʴ ʢʚʘʨʮʝʚʳʤ ʩʪʝʢʣʦʤ. ʉʧʝʢʪʨʳ 

ʢʦʨʨʝʢʪʠʨʦʚʘʣʠʩʴ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʵʤʠʩʩʠʠ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʢʨʠʚʳʭ ʢʦʨʨʝʢʮʠʠ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʵʤʠʩʩʠʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʳ Quanta-ű (Horiba Jobin Yvon). ʀʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʥʥʦʛʦ ʩʯʝʪʯʠʢʘ ʩ ʠʤʧʫʣʴʩʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ NanoLED. 



68 

 

 

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ. ʎɺɸ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʘʪʦʨʝ Elins P-20X8 ʧʦ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʝ ʩ ʨʘʙʦʯʠʤ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʧʣʘʪʠʥʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ ʠ ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ Ag/AgCl/3,5M KCl. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 1,5Ŀ10ï3 ʄ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʩʦʣʝʡ 1ï4, 10ï22 ʚ 0,1 ʄ Bu4NBF4 

ʚ ɼʄʉʆ ʚ ʘʪʤʦʩʬʝʨʝ Ar. ɼʣʷ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 5 ʎɺɸ ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʧʘʩʪʦʚʦʛʦ 

ʵʣʝʢʪʨʦʜʘ. ɺ ʩʦʩʪʘʚ ʧʘʩʪʳ ʚʭʦʜʠʣʠ ʫʛʦʣʴʥʳʡ ʧʦʨʦʰʦʢ : 5 : ʅʘʬʠʦʥ = 100 : 10 : 4 ʤʛ (ʅʘʬʠʦʥ, 

10% ʚʦʜʥʘʷ ʜʠʩʧʝʨʩʠʷ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ). 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʢʣʘʩʪʝʨʦʚ 1ï4, 5, 10, 11, 

15, 19 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ADF2021 [198,199]. ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʝʦʤʝʪʨʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʫʥʢʮʠʦʥʘʣ S12g [200], ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʡ ʙʘʟʠʩ TZP [201] ʠ ʤʝʪʦʜ 

ZORA ʜʣʷ ʫʯʝʪʘ ʩʢʘʣʷʨʥʳʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ [202]. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ 

ʠʤʝʶʪ ʤʥʠʤʳʭ ʯʘʩʪʦʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʣʦʢʘʣʴʥʦʤ ʤʠʥʠʤʫʤʝ ʵʥʝʨʛʠʠ. 

ɻʝʦʤʝʪʨʠʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚ ʪʦʯʢʝ ʩ ʛʠʙʨʠʜʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ S12h [203], ʙʘʟʠʩʦʤ TZP ʠ ʤʝʪʦʜʦʤ ZORA ʜʣʷ ʫʯʝʪʘ ʩʢʘʣʷʨʥʳʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 

ʵʬʬʝʢʪʦʚ [202]. ʈʘʩʪʚʦʨʠʪʝʣʴ ɼʄʉʆ ʜʣʷ ʚʩʝʭ ʢʣʘʩʪʝʨʦʚ ʤʦʜʝʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ COSMO 

[204,205]. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ 1ï12 ʧʨʦʚʝʜʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker 

Venture ʩ ʜʝʪʝʢʪʦʨʦʤ CMOS PHOTON III ʠ ʠʩʪʦʯʥʠʢʦʤ IÕS 3.0 (ʬʦʢʫʩʠʨʫʶʱʠʝ ʟʝʨʢʘʣʘ ʄʦʥʪʝʣʷ, 

ʠʟʣʫʯʝʥʠʝ Mo KŬ). ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ ʠʟʤʝʨʝʥʳ ʤʝʪʦʜʦʤ j- ʠ w-ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʟʢʠʭ 

(0.5̄) ʬʨʝʡʤʦʚ. ʇʦʛʣʦʱʝʥʠʝ ʫʯʪʝʥʦ ʧʦ ʧʨʦʛʨʘʤʤʝ SADABS [206,207]. ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ SHELXT [208] ʠ ʫʪʦʯʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ SHELXL 

[208] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ Olex2 [209]. ɸʪʦʤʳ H ʣʦʢʘʣʠʟʦʚʘʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʫʪʦʯʥʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʞʝʩʪʢʦʛʦ ʪʝʣʘ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʜʝʪʘʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʫʪʦʯʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ1ïʇ4. ɼʘʥʥʳʝ ʈʉɸ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ 

ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʂɹʉɼ) ʧʦʜ ʥʦʤʝʨʘʤʠ 1983568ï1983572, 2041567-

2041570, 2212901, 2212902, 2212901 ʠ 2212902. ɺʩʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʂʇ 

ʀʅʍ ʉʆ ʈɸʅ. 

2.2. ʉʠʥʪʝʟ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩ-[Re6S8(bpy)4Cl2] (1) 

Cs4[Re6S8Cl6]Ŀ2H2O (0,2 ʛ, 0,09 ʤʤʦʣʴ) ʠ 4,4ǋ-ʙʠʧʠʨʠʜʠʥ (bpy, 0,2 ʛ, 1,0 ʤʤʦʣʴ) ʟʘʛʨʫʞʘʣʠ 

ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. ɸʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʥʘʛʨʝʚʘʣʠ ʚ ʧʝʯʠ ʜʦ 220 Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 

ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ [Re6S8(bpy)4Cl2]Ŀ2bpy (1Ŀsolv). ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ 4,4ǋ-ʙʠʧʠʨʠʜʠʥʘ ʠ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʣʘʩʪʝʨʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 1Ŀsolv, ʧʨʦʤʳʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʠʧʷʱʠʤ EtOH (3 ʧʦʨʮʠʠ ʧʦ 

15 ʤʣ) ʠ ʢʠʧʷʱʝʡ ʚʦʜʦʡ (3 ʧʦʨʮʠʠ 15 ʤʣ) ʚ ʩʪʝʢʣʷʥʥʳʡ ʩʪʘʢʘʥ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʅʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʩʦʝʜʠʥʝʥʠʷ 1 ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ Cs4[Re6S8Cl6]Ŀ2H2O): 0,188 ʛ (98%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ ï1): 4,4ǋ-ʙʠʧʠʨʠʜʠʥ: 

1610, 1591, 1527, 1508, 1482, 1402, 1364, 1330, 1313, 1301, 1215, 1107, 1061, 1020, 993, 962, 909, 

855, 801, 773, 726, 625, 571, 489; ɜ(ReS) 416. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Cl:Re:S = 

3,2:6,0:8,4. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C40H32N8Re6S8Cl2: C 23,16, H 1,56, N 5,40, S 12,35. 

ʅʘʡʜʝʥʦ: C 23,21, H 1,47, N 5,16, S 12,24%. 1H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 7,88 (ʜ, 8H; Hm), 8,02 

(ʜ, 8H, Hm) , 8,83 (ʜ, 8H, Ho), 9,56 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩ-[Re6S8(bpy)4Br2] (2) 

ʉʦʝʜʠʥʝʥʠʝ 2 ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ 1, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 

Cs4[Re6S8Br6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ 

ʈʉɸ ʠʟ ʧʣʘʚʘ, ʠʤʝʶʪ ʬʦʨʤʫʣʫ [Re6S8(bpy)4Br2]Ŀ2(bpy) (2Ŀsolv). ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ Cs4[Re6S8Br6]Ŀ2H2O): 0,174 ʛ (98%). ʀʂ-ʩʧʝʢʪʨ (KBr, cm ï1 ): 4,4ǋ-ʙʠʧʠʨʠʜʠʥ: 

1611, 1591, 1527, 1508, 1481, 1402, 1332, 1311, 1294, 1215, 1105, 1062, 1020, 992, 962, 910, 850, 

801, 726, 625, 570, 490; ɜ (ReS) 415. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Br:Re:S = 2,5:6,0:8,3. 

ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C40H32N8Re6S8Br2: C 22,23, H 1,49, N 5,18, S 11,84. ʅʘʡʜʝʥʦ C 

22,50, H 1,65, N 5,52, S 11,47%. 1H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 7,89 (ʜ, 8H; Hm), 8,02 (ʜ, 8H, Hm), 

8,84 (ʜ, 8H, Ho), 9,72 ʤ.ʜ. (ʛ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩ-[Re6Se8(bpy)4Cl2] (3) 

ʉʦʝʜʠʥʝʥʠʝ 3 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ 1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cs3[Re6Se8Cl6]Ŀ2H2O (0,2 ʛ, 0,08 

ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʚʘʞʥʳʝ ʜʣʷ ʈʉɸ ʠʟ ʧʣʘʚʘ, ʠʤʝʶʪ ʬʦʨʤʫʣʫ 

[Re6Se8(bpy)4Cl2]Ŀ2(bpy) (3Ŀsolv). ʇʦʩʣʝ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ 4,4ǋ-ʙʠʧʠʨʠʜʠʥ ʦʪʛʦʥʷʣʠ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ ʧʨʠ 110Áʉ. ɺʳʭʦʜ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ Cs3[Re6Se8Cl6]Ŀ2H2O): 0,187 

ʛ (97%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ ï1): 4,4ǋ-ʙʠʧʠʨʠʜʠʥ: 1608, 1590, 1527, 1508, 1482, 1404, 1335, 1315, 

1292, 1216, 1105, 1063, 1018, 991, 964, 853, 802, 728, 623, 570, 494. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ 

ʧʦʨʦʰʦʢ): Cl:Re:Se = 2,3:6,0:8,6. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C40H32N8Re6Se8Cl2: C 19,55, H 

1,31, N 4,56. ʅʘʡʜʝʥʦ ʉ 19,98, ʅ 1,56, N 4,72%. 1H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 7,86 (ʜ, 8H; Hm), 

8,03 (ʜ, 8H, Hm), 8,79 (ʜ, 8H, Ho), 9,82 ʤ.ʜ. (ʛ, 8ʅ, ʅʦ). 



70 

 

 

ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩ-[Re6Se8(bpy)4Cl2]ĿC5H9NOĿ(CH3)2O (3ĿʅʄʇĿ(CH3)2O) 

ʉʦʝʜʠʥʝʥʠʝ 3 (0,05 ʛ, 0,02 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ N -ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʦʥʘ (NMP). 

ʅʝʫʩʪʦʡʯʠʚʳʝ ʥʘ ʚʦʟʜʫʭʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 3ĿʅʄʇĿ(CH3)2O ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʘʮʝʪʦʥʘ ʚ ʨʘʩʪʚʦʨ ʅʄʇ ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪ. 

ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩ-[Re6Se8(bpy)4Cl2]Ŀ5ɼʄʉʆ (3Ŀ5ɼʄʉʆ) 

ʉʦʝʜʠʥʝʥʠʝ 3 (0,05 ʛ, 0,02 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ɼʄʉʆ (10 ʤʣ). ʅʝʩʢʦʣʴʢʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 3Ŀ5ɼʄʉʆ ʚʳʧʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʘ (ʦʢʦʣʦ 3 ʤʝʩʷʮʝʚ) ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʪʦʡ ʧʨʦʙʠʨʢʝ. 

ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩ-[Re6Se8(bpy)4Br2] (4) 

ʉʦʝʜʠʥʝʥʠʝ 4 ʧʦʣʫʯʘʣʠ ʧʦ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ, ʯʪʦ ʠ ʩʦʝʜʠʥʝʥʠʝ 3, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs3[Re6Se8Br6]Ŀ2H2 O (0,2 ʛ, 0,07 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʚʘʞʥʳʝ ʜʣʷ ʈʉɸ 

ʠʟ ʧʣʘʚʘ, ʠʤʝʶʪ ʬʦʨʤʫʣʫ [Re6Se8(bpy)4Br2]Ŀ2(bpy) (4Ŀsolv) ɺʳʭʦʜ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ 

Cs3[Re6Se8Br6]Ŀ2H2O): 0,180 ʛ (95%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ ï1): 4,4ǋ-ʙʠʧʠʨʠʜʠʥ: 1610, 1590, 1528, 

1508, 1482, 1404, 1332, 1315, 1290, 1216, 1105, 1063, 1019, 991, 960, 849, 801, 728, 624, 607, 571, 

490. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Br:Re:Se = 2,9:6,0:8,4. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ 

C40H32N8Re6Se8Br2: C 18,87, H 1,27, N 4,40. ʅʘʡʜʝʥʦ ʉ 19,21, ʅ 1,45, N 4,68%. 1H ʗʄʈ ((CD3)2SO, 

25 ÁC): ŭ = 7,88 (ʜ, 8H; Hm), 8,02 (ʜ, 8H, Hm), 8,82 (ʜ, 8H, Ho), 9,70 ʤ.ʜ. (ʛ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(ppy)4Cl2] (5).  

ʉʦʣʴ Cs4[Re6S8Cl6]Ŀ2H2O (0,2 ʛ, 0,09 ʤʤʦʣʴ) ʠ 4-ʬʝʥʠʣʧʠʨʠʜʠʥ (0,2 ʛ, 1,29 ʤʤʦʣʴ) 

ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʛʝʨʤʝʪʠʯʥʦ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ, 

ʥʘʛʨʝʪʫʶ ʜʦ 200Áʉ, ʥʘ 24 ʯʘʩʘ. ʇʣʘʚ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʘʤʧʫʣʳ, ʩʦʜʝʨʞʘʣ ʩʤʝʩʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʣʴʚʘʪʘ [Re6S8(ppy)4Cl2]Ŀ2ppy (5Ŀsolv) ʠ ʠʟʙʳʪʢʘ 4-ʬʝʥʠʣʧʠʨʠʜʠʥʘ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ 5Ŀsolv ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʣʘʚʘ. ɼʘʣʝʝ ʧʣʘʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʪʨʝʤʷ ʧʦʨʮʠʷʤʠ ʧʦ 15 ʤʣ 

ʵʪʘʥʦʣʘ ʠ H2O ʧʨʠ ʢʠʧʷʯʝʥʠʠ. ʇʦʤʠʤʦ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ 4-ʬʝʥʠʣʧʠʨʠʜʠʥʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ, ʧʨʦʤʳʚʘʥʠʝ ʧʨʠʚʦʜʠʣʦ ʢ ʫʜʘʣʝʥʠʶ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ 4-ʬʝʥʠʣʧʠʨʠʜʠʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʛʦ ʧʦʨʦʰʢʘ ʩʦʝʜʠʥʝʥʠʷ [Re6S8(ppy)4Cl2] (5), ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ 

ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,188 ʛ (98%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 4-

ʬʝʥʠʣʧʠʨʠʜʠʥ: 474, 561, 626, 692, 729, 765, 837, 921, 962, 1010, 1029, 1045, 1068, 1107, 1159, 1190, 

1224, 1288, 1377, 1336, 1419, 1450, 1481, 1543, 1610, 1923, 2133, 2466, 2854, 2926, 2966, 3055; 
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ɜ(ReS) 412. EDS (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Cl:Re:S = 1,9:6,0:8,2. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) 

ʜʣʷ C44H36N4Re6S8Cl2: C 25,53, H 1,75, N 2,71, S 12,36. ʅʘʡʜʝʥʦ: C 25,49, H 1,75, N 2,70, S 12,33%. 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(ppy)4Br2] (6).  

ʉʦʝʜʠʥʝʥʠʝ 6 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

5, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʠ Cs4[Re6S8Br6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ ʈʉɸ ʠʟ ʧʣʘʚʘ, ʠʤʝʣʠ ʬʦʨʤʫʣʫ 

[Re6S8(ppy)4Br2]Ŀ1.5ppy (6Ŀsolv). 

ɺʳʭʦʜ: 0.172 ʛ (97 %). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 4-ʬʝʥʠʣʧʠʨʠʜʠʥ: 470, 559, 624, 690, 725, 

765, 837, 920, 958, 1010, 1029, 1045, 1068, 1107, 1124, 1161, 1190, 1226, 1286, 1317, 1338, 1419, 

1481, 1523, 1541, 1610, 1720, 1924, 2132, 2470, 2852, 2922, 3050; ɜ(ReS) 414. EDS 

(ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Cl:Re:S = 2,2:6,0:8,1. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%): ʜʣʷ 

C44H36N4Re6S8Br2: C 24,49, H 1,68, N 2,59, S 11,86. ʅʘʡʜʝʥʦ: C 24,44, H 1,68, N 1,70, S 11,85%. 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6Se8(ppy)4Cl2] (7).  

ʉʦʝʜʠʥʝʥʠʝ 7 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

5, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʠ Cs3[Re6Se8Cl6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ ʈʉɸ ʠʟ ʧʣʘʚʘ, ʠʤʝʣʠ ʬʦʨʤʫʣʫ 

[Re6Se8(ppy)4Cl2]Ŀ2ppy (7Ŀsolv). 

ɺʳʭʦʜ: 0.199 ʛ (98 %). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 4-ʬʝʥʠʣʧʠʨʠʜʠʥ: 471, 560, 626, 691, 727, 

764, 836, 880, 919, 959, 1010, 1045, 1068, 1108, 1159, 1191, 1223, 1288, 1320, 1340, 1418, 1480, 

1522, 1542, 1610, 1720, 1741, 1922, 2464, 2854, 2923, 2960, 3052. EDS (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): 

Cl:Re:Se = 2,3:6,0:8,4. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (% ʤʘʩ.) ʜʣʷ C44H36N4Re6Se8Cl2: C 21,54, H 1,48, N 

2,28. ʅʘʡʜʝʥʦ: C 21,55, H 1,47, N 2,29%. 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6Se8(ppy)4Br2] (8).  

ʉʦʝʜʠʥʝʥʠʝ 8 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

5, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʠ Cs3[Re6Se8Br6]Ŀ2H2O (0,2 ʛ, 0,07 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ ʈʉɸ ʠʟ ʧʣʘʚʘ, ʠʤʝʣʠ ʬʦʨʤʫʣʫ 

[Re6Se8(ppy)4Br2]Ŀ2ppy (8Ŀsolv). 

ɺʳʭʦʜ: 0.186 ʛ (98 %). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 4-ʬʝʥʠʣʧʠʨʠʜʠʥ: 472, 559, 624, 690, 727, 

763, 835, 877, 920, 958, 1010, 1045, 1068, 1107, 1159, 1188, 1222, 1290, 1319, 1338, 1417, 1479, 

1521, 1541, 1610, 1718, 1737, 1923, 2457, 2854, 2926, 2964, 3055. EDS (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): 

Br:Re:Se = 1,9:6,0:8,4. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C44H36N4Re6Se8Br2: C 20,79, H 1,42, N 2,20. 

ʅʘʡʜʝʥʦ: C 20,80, H 1,42, N 2,18%. 
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ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(bpy)4(CN)2] (9)  

Cs1,84K1,16(H)[Re6S8(CN)4Cl2] (0,2 ʛ, 0,1 ʤʤʦʣʴ) ʠ bpy (0,2 ʛ, 1,0 ʤʤʦʣʴ) ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. ɸʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʥʘʛʨʝʚʘʣʠ ʚ ʧʝʯʠ ʜʦ 220 Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 

ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʪʨʘʥʩ-[Re6S8(bpy)4(CN)2]Ŀbpy (9Ŀsolv). ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ 4,4ǋ-

ʙʠʧʠʨʠʜʠʥʘ ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʣʘʩʪʝʨʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, 

ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 9Ŀsolv, ʧʨʦʤʳʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʠʧʷʱʠʤ 

EtOH (3 ʧʦʨʮʠʠ ʧʦ 15 ʤʣ) ʠ ʢʠʧʷʱʝʡ ʚʦʜʦʡ (3 ʧʦʨʮʠʠ 15 ʤʣ) ʚ ʩʪʝʢʣʷʥʥʳʡ ʩʪʘʢʘʥ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʅʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʩʦʝʜʠʥʝʥʠʷ 9 ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʩʫʰʠʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ Cs1,84K1,16(H)[Re6S8(CN)4Cl2]): 0,21 ʛ (95%). ʀʂ-ʩʧʝʢʪʨ 

(KBr, ʩʤ ï1 ): ɜ (CN) 2127; 4,4ǋ-ʙʠʧʠʨʠʜʠʥ: 1612, 1595, 1529, 1485, 1408, 1338, 1317, 1296, 1219, 

1105, 1066, 1022, 999, 910, 854, 808, 729, 629, 570, 495; ɜ(ReS) 415. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ 

ʧʦʨʦʰʦʢ): Re:S = 6,0:8,2. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C42H32N10Re6S8: C 24,54, H 1,57, N 6,82, 

S 12,45. ʅʘʡʜʝʥʦ: ʉ 24,62, ʅ 1,59, N 6,96, S 12,54%. 

 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-Cs1,7K0,3[Re6S8(bpy)2(CN)4] (10)  

Cs1,84K1,16(H)[Re6S8(CN)4Cl2] (0,2 ʛ, 0,1 ʤʤʦʣʴ) ʠ 4,4ǋ-ʙʠʧʠʨʠʜʠʥ (bpy, 0,2 ʛ, 1,0 ʤʤʦʣʴ) 

ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. ɸʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʥʘʛʨʝʚʘʣʠ ʚ ʧʝʯʠ ʜʦ 130 Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ 

ʩʦʜʝʨʞʘʣʘ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʪʨʘʥʩ-Cs1,7K0,3[Re6S8(CN)4(bpy)2]Ŀ3,5bpy (10Ŀbpy). ɸʥʘʣʦʛʠʯʥʦ 

ʦʯʠʩʪʢʝ ʩʦʝʜʠʥʝʥʠʷ 1 ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ EtOH ʠ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ 4,4ǋ-

ʙʠʧʠʨʠʜʠʥʘ ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʦʩʪʘʪʢʫ, 

ʥʝʨʘʩʪʚʦʨʠʤʦʤʫ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʧʨʠʣʠʚʘʣʠ 10 ʤʣ ɼʄʉʆ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ 10. ʈʘʩʪʚʦʨ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʯʝʨʥʦʛʦ ʧʦʙʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʫʧʘʨʠʚʘʣʠ ʜʦ 2 ʤʣ ʠ ʦʩʘʞʜʘʣʠ ʩʧʠʨʪʦʤ ʜʦ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʝ 10. ɺʳʭʦʜ 

(ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ Cs1,84K1,16(H)[Re6S8(CN)4Cl2]): 0,14 ʛ (65%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ ï1 

): ɜ (CN) 2125; 4,4ǋ-ʙʠʧʠʨʠʜʠʥʘ: 1612, 1595, 1529, 1485, 1408, 1336, 1317, 1294, 1217, 1107, 1066, 

1045, 1020, 950, 852, 808, 729, 626, 570, 497, ɜ(ReS) 415. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): 

Cs:K:Re:S = 1,9:0,5:6,0:8,3. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C24H16N8Re6S8Cs1,7K0,3 : C 14,17, H 0,79 

, N 5,51 , S 12,59. ʅʘʡʜʝʥʦ: ʉ 14,52, ʅ 0,81, N 5,57, S 12,72%. 
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ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(bpe)4Cl2] (11) 

Cs4[Re6S8Cl6]Ŀ2H2O (0,2 ʛ, 0,09 ʤʤʦʣʴ) ʠ 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥ (bpe, 0,200 ʛ, 1,09 

ʤʤʦʣʴ) ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. ɸʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʥʘʛʨʝʚʘʣʠ ʚ ʧʝʯʠ ʜʦ 200 Áʉ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ [Re6S8(bpe)4Cl2]Ŀ2,75bpe (11Ŀsolv). ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ 

ɹʌʕ ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʣʘʩʪʝʨʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʠʧʷʱʠʤ EtOH (3 ʧʦʨʮʠʠ ʧʦ 15 ʤʣ) ʠ ʢʠʧʷʱʝʡ ʚʦʜʦʡ (3 ʧʦʨʮʠʠ ʧʦ 15 ʤʣ) ʚ 

ʩʪʝʢʣʷʥʥʦʤ ʩʪʘʢʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʅʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʩʦʝʜʠʥʝʥʠʷ 1 ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ Cs4[Re6S8Cl6]Ŀ2H2O): 

0,188 ʛ (93%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ -1 ): 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥ (bpe): 551, 667, 829, 908, 972, 

1028, 1062, 1105, 1203, 1220, 1251, 1296, 1340, 1373, 1427, 1506, 1541, 1558, 1610, 1716, 2461, 

2835, 2910, 3034; ɜ (ReS) 416. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Cl:Re:S = 2,2:6, 0:8,4. ɺʳʯʠʩʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C48H40N8Re6S8Cl2 : C 26,47, H 1,85, N 5,14, S 11,76. ʅʘʡʜʝʥʦ: ʉ 26,48, ʅ 1,82, 

N 5,13, S 11,78%. 1H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 7,67 (ʩ, 8H; -CH-), ŭ = 7,72 (ʜ, 8H; Hm), 7,95 (ʜ, 

8H, Hm) , 8,74 (ʜ, 8ʅ, ʅʦ), 9,34 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(bpe)4Br2] (12) 

ʉʦʝʜʠʥʝʥʠʝ 12 ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ 11, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs4[Re6S8Br6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ʆʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ 

[Re6S8(bpe)4Cl2]Ŀ3bpe (12Ŀsolv) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʧʣʘʚʘ ʧʝʨʝʜ ʧʨʦʤʳʚʢʦʡ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ 

ʥʘ ʧʨʝʢʫʨʩʦʨ Cs4[Re6S8Br6]Ŀ2H2O): 0,172 ʛ (92%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ ï1): bpe: 551, 669, 829, 910, 

977, 1026, 1062, 1103, 1203, 1222, 1251, 1296, 1338, 1375, 1425, 1496, 1541, 1558, 1610 , 1716, 2457, 

2825, 2902, 3034; ɜ (ReS) 418. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Br:Re:S = 2,4:6,0:8,0. ɺʳʯʠʩʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C48H40N8Re6S8Br2: C 25,44, H 1,78, N 4,95, S 11,29. ʅʘʡʜʝʥʦ: ʉ 25,47, ʅ 1,82, 

N 4,98, S 11,26%. 1H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 7,67 (ʩ, 8H; CH), ŭ = 7,71 (ʜ, 8H; Hm), 7,94 (ʜ, 8H, 

Hm) , 8,72 (d, 8H, Ho), 9,31 ʤ.ʜ. (d, 8H, Ho). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6Se8(bpe)4Cl2] (13) 

ʉʦʝʜʠʥʝʥʠʝ 13 ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ 11, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs3[Re6Se8Cl6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ 

Cs3[Re6Se8Cl6]Ŀ2H2O): 0,190 ʛ (94%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ ï1): bpe: 549, 665, 738, 829, 908, 966, 1024, 

1060, 1103, 1203, 1219, 1251, 1296, 1338, 1375, 1419, 1506, 1541, 1558 , 1608, 1716, 2472, 2835, 

2922, 3055. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Cl:Re:Se = 2,3:6,0:8,1. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) 
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ʜʣʷ C48H40N8Re6Se8Cl2 : C 22,51, H 1,57, N 4,38. ʅʘʡʜʝʥʦ: ʉ 22,54, ʅ 1,60, N 4,36%. 1H ʗʄʈ 

((CD3)2SO, 25 ÁC): ŭ = 7,67 (ʩ, 8H; -CH-), ŭ = 7,72 (ʜ, 8H; Hm), 7,90 (ʜ, 8H, Hm), 8,71 (ʜ, 8ʅ, ʅʦ), 9,29 

ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6Se8(bpe)4Br2] (14) 

ʉʦʝʜʠʥʝʥʠʝ 14 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʶ 11 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs3[Re6Se8Br6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺʳʭʦʜ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ 

Cs3[Re6Se8Br6]Ŀ2H2O): 0,173 ʛ (92%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ ï1): bpe: 547, 667, 740, 827, 910, 966, 

1024, 1062, 1107, 1203, 1219, 1251, 1340, 1375, 1419, 1506, 1541, 1558, 1602 , 1716, 2380, 2835, 

2929, 3064. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Br:Re:Se = 2,2:6,0:8,3. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) 

ʜʣʷ C48H40N8Re6Se8Br2: C 21,76, H 1,52, N 4,23. ʅʘʡʜʝʥʦ: ʉ 21,80, ʅ 1,51, N 4,26%. 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(bpp)4Cl2] (15) 

ʈʘʩʪʚʦʨ Cs4[Re6S8Cl6]Ŀ2H2O (0,2 ʛ, 0,09 ʤʤʦʣʴ) ʠ 1,3-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʧʨʦʧʘʥʘ (bpp, 0,2 ʛ, 

1,01 ʤʤʦʣʴ) ʚ 3 ʤʣ ʚʦʜʳ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. ɸʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʥʘʛʨʝʚʘʣʠ ʚ ʧʝʯʠ 

ʜʦ 160 Áʉ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 24 ʯ ʠ ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʦʩʝʜʘʣ ʥʘ ʜʥʦ ʚ ʚʠʜʝ ʤʘʩʣʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. ɺʦʜʫ ʫʜʘʣʷʣʠ, ʘ ʤʘʩʣʦ ʨʘʩʪʚʦʨʷʣʠ ʚ 

10 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʣʷʣʠ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʦʨʦʰʢʘ. ʇʦʨʦʰʦʢ 

ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (3 ʧʦʨʮʠʠ ʧʦ 15 ʤʣ) ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʧʨʝʢʫʨʩʦʨ Cs4[Re6S8Cl6]Ŀ2H2O): 0,208 ʛ (98%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 1,3-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʧʨʦʧʘʥ 

(bpp): 503, 580, 617, 650, 667, 740, 813, 912, 1001, 1026, 1062, 1109, 1207, 1226, 1340, 1373, 1425, 

1456, 1504, 1541, 1558, 1614, 1637, 1716, 2127, 2617, 2854, 2926, 3066; ɜ (ReS) 418. ʕɼʉ 

(ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Cl:Re:S = 2,3:6,0:8,4. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ 

C52H56N8Re6S8Cl2: C 27,86, H 2,52, N 5,00, S 11,41. ʅʘʡʜʝʥʦ: ʉ 27,88, ʅ 2,49, N 5,04, S 11,44%. 1H 

ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 3,44 (ʩ, 24H; -CH2-), ŭ = 7,36 (ʜ, 8H; Hm), 7,64 (ʜ, 8H, Hm), 8,59 (ʜ, 8ʅ, 

ʅʦ), 9,48 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(bpp)4Br2] (16) 

ʉʦʝʜʠʥʝʥʠʝ 16 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʶ 15 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs4[Re6S8Br6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ 

Cs4[Re6S8Br6]Ŀ2H2O): 0,182 ʛ (95%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): bpp: 501, 584, 657, 651, 667, 742, 814, 

912, 1000, 1024, 1062, 1110, 1207, 1226, 1337, 1376, 1425, 1445, 1510, 1541, 1559, 1611, 1644, 1716, 

2135, 2622, 2854, 2926, 3062; ɜ (ReS) 418. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Br:Re:S = 2,0:6,0:8,1. 

ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C52H56N8Re6S8Br2: C 26,81, H 2,42, N 4,81, S 10,99. ʅʘʡʜʝʥʦ: ʉ 
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26,77, ʅ 2,40, N 4,85, S 11,02 %. 1 H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 3,43 (ʩ, 24H; -CH2-), ŭ = 7,36 (ʜ, 

8H; Hm) , 7,63 (ʜ, 8H, Hm), 8,58 (ʜ, 8ʅ, ʅʦ), 9,43 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6Se8(bpp)4Cl2] (17) 

ʉʦʝʜʠʥʝʥʠʝ 17 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʶ 15 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs3[Re6Se8Cl6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ 

Cs3[Re6Se8Cl6]Ŀ2H2O): 0,198 ʛ (96%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): bpp: 504, 585, 619, 655, 666, 747, 812, 

912, 1001, 1025, 1072, 1112, 1208, 1233, 1342, 1370, 1425, 1454, 1508, 1543, 1547, 1609, 1635, 1720, 

2129, 2617, 2850, 2933, 3056. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Cl:Re:Se = 2,3:6,0:8,2. ɺʳʯʠʩʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C52H56N8Re6Se8Cl2: C 23,79, H 2,15, N 4,27. ʅʘʡʜʝʥʦ: ʉ 23,84, ʅ 2,11, N 4,28%. 

1H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 3,43 (ʩ, 24H; -CH2-), ŭ = 7,36 (ʜ, 8H; Hm), 7,58 (ʜ, 8H, Hm), 8,59 (ʜ, 

8ʅ, ʅʦ), 9,38 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6Se8(bpp)4Br2] (18) 

ʉʦʝʜʠʥʝʥʠʝ 18 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʶ 15 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs3[Re6Se8Br6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ 

Cs3[Re6Se8Br6]Ŀ2H2O): 0,183 ʛ (95%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): bpp: 511, 577, 619, 649, 658, 744, 808, 

919, 1010, 1021, 1066, 1107, 1206, 1225, 1336, 1375, 1428, 1452, 1501, 1540, 1539, 1617, 1632, 1718, 

2117, 2599, 2844, 2914, 3066. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Br:Re:Se = 2,1:6,0:8,1. ɺʳʯʠʩʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C52H56N8Re6Se8Br2: C 23,01, H 2,08, N 4,13. ʅʘʡʜʝʥʦ: ʉ 22,98, ʅ 2,10, N 4,11%. 

1H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 3,42 (ʩ, 24H; CH2), ŭ = 7,34 (ʜ, 8H; Hm), 7,58 (ʜ, 8H, Hm), 8,57 (ʜ, 

8ʅ, ʅʦ), 9,36 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(TBP)4Cl2] (19) 

ʈʘʩʪʚʦʨ Cs4[Re6S8Cl6]Ŀ2H2O (0,2 ʛ, 0,09 ʤʤʦʣʴ) ʠ 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ (TBP, 0,2 ʛ, 1,01 

ʤʤʦʣʴ) ʚ 15 ʤʣ ʚʦʜʳ ʢʠʧʷʪʠʣʠ ʚ ʢʦʣʙʝ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʦʬʦʙʥʦʛʦ ʤʘʩʣʘ, ʢʦʪʦʨʦʝ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥ (15 ʤʣ). ʈʘʩʪʚʦʨ ʧʨʦʜʫʢʪʘ ʚ 

ʜʠʭʣʦʨʤʝʪʘʥʝ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (15 ʤʣ), ʘ ʟʘʪʝʤ ʠʟʙʘʚʣʷʣʠʩʴ ʦʪ ʩʣʝʜʦʚ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ 

ʠʟʙʳʪʢʘ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ, ʨʘʩʪʚʦʨ ʜʠʭʣʦʨʤʝʪʘʥʘ ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲʝʤʘ ʦʢʦʣʦ 1 ʤʣ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʜʫʢʪ ʚʳʩʘʞʠʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ Cs4[Re6S8Cl6]Ŀ2H2O): 0,177 ʛ (96%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 4-ʪʨʝʪ-

ʙʫʪʠʣʧʠʨʠʜʠʥ (TBP): 632, 569, 761, 818, 845, 669, 928, 940, 1074, 1100, 1122, 1201, 1230, 1241, 

1325, 1398, 1410, 1461, 1470, 1495, 1554, 1699; ɜ (ReS) 416. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): 

Cl:Re:S = 2,1:6,0:8,3. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C36H52N4Re6S8Cl2: C 21,73, H 2,64, N 2,82, S 
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12,87. ʅʘʡʜʝʥʦ: C 21,78, H 2,56, N 2,87, S 12,76%. 1H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 1,26 (ʩ, 36H; -

CH3-), ŭ = 7,55 (ʜ, 8H; Hm), 9,37 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6S8(TBP)4Br2] (20) 

ʉʦʝʜʠʥʝʥʠʝ 20 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʶ 19 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs4[Re6S8Br6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ 

Cs4[Re6S8Br6]Ŀ2H2O): 0,163 ʛ (95%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ (TBP): 632, 569, 

761, 818, 845, 669, 928, 940, 1074, 1100, 1122, 1201, 1230, 1241, 1325, 1398, 1410, 1461, 1470, 1495, 

1554, 1699; ɜ (ReS) 417. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Br:Re:S = 2,1:6,0:8,1. ɺʳʯʠʩʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ (%) ʜʣʷ C36H52N4Re6S8Br2: C 20,81, H 2,52, N 2,70, S 12,32. ʅʘʡʜʝʥʦ: C 20,77, H 2,54, 

N 2,71, S 12,43%. 1 H ʗʄʈ ((CD3)2SO, 25 ÁC): ŭ = 1,26 (ʩ, 36H; -CH3-), ŭ = 7,57 (ʜ, 8H; Hm), 9,39 

ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6Se8(TBP)4Cl2] (21) 

ʉʦʝʜʠʥʝʥʠʝ 21 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʶ 19 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs3[Re6Se8Cl6]Ŀ2H2O  (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ 

Cs3[Re6Se8Cl6]Ŀ2H2O): 0,175 ʛ (94%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ (TBP): 632, 569, 

761, 818, 845, 669, 928, 940, 1074, 1100, 1122, 1201, 1230, 1241, 1325, 1398, 1410, 1461, 1470, 1495, 

1554, 1699. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Cl:Re:Se = 2,3:6,0:8,1. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) 

ʜʣʷ C36H52N4Re6Se8Cl2: C 18,22, H 2,20, N 2,36. ʅʘʡʜʝʥʦ: C 18,31, H 2,19, N 2,46%. 1H ʗʄʈ 

((CD3)2SO, 25 ÁC): ŭ = 1,26 (ʩ, 36H; -CH3-), ŭ = 7,56 (ʜ, 8H; Hm), 9,37 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Re6Se8(TBP)4Br2] (22) 

ʉʦʝʜʠʥʝʥʠʝ 22 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʶ 19 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cs3[Re6Se8Br6]Ŀ2H2O (0,2 ʛ, 0,08 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʝʢʫʨʩʦʨ 

Cs3[Re6Se8Br6]Ŀ2H2O): 0,166 ʛ (94%). ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤï1): 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ (TBP): 632, 569, 

761, 818, 845, 669, 928, 940, 1074, 1100, 1122, 1201, 1230, 1241, 1325, 1398, 1410, 1461, 1470, 1495, 

1554, 1699. ʕɼʉ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ): Br:Re:Se = 2,2:6,0:8,2. ɺʳʯʠʩʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ (%) 

ʜʣʷ C36H52N4Re6Se8Br2: C 17,57, H 2,13, N 2,27. ʅʘʡʜʝʥʦ: C 17,65, H 2,05, N 2,30%. 1H ʗʄʈ 

((CD3)2SO, 25 ÁC): ŭ = 1,26 (ʩ, 36H; -CH3-), ŭ = 7,58 (ʜ, 8H; Hm), 9,40 ʤ.ʜ. (ʜ, 8ʅ, ʅʦ). 
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3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʉʠʥʪʝʟ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ 

ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʨʘʩʧʣʘʚʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [2]. 

ʈʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʯʘʩʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʨʘʩʧʣʘʚʘʭ 

ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʠʧ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ (ʨʠʩ. 32). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʳʡ ʧʨʦʪʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʱʝʥʥʳʝ ʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʨʦʪʦʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʭ ʘʧʠʢʘʣʴʥʦ-ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[109,210].  

 

ʈʠʩ. 32. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʚ ʨʘʩʧʣʘʚʝ ʧʨʦʪʦʥʥʦʛʦ ʠʣʠ ʘʧʨʦʪʦʥʥʦʛʦ ʣʠʛʘʥʜʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 4,4ǋ-ʙʠʧʠʨʠʜʠʥ ʚ ʨʘʩʧʣʘʚʝ 

ʣʝʛʢʦ ʟʘʤʝʱʘʝʪ ʛʘʣʦʛʝʥʠʜʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʢʣʘʩʪʝʨʦʚ, ʧʨʠʚʦʜʷ ʢ ʧʦʣʫʯʝʥʠʶ 

ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ [211]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʘʩʩʦʚʦʡ ʟʘʛʨʫʟʢʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠ 4,4ǋ-ʙʠʧʠʨʠʜʠʥʘ, ʪʝʤʧʝʨʘʪʫʨʝ 220Áʉ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʦʢʦʣʦ 24 ʯʘʩʦʚ. 

ʄʝʥʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʠʩʭʦʜʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Cs,K)4[Re6Q8X6], ʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʸʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʩʚʝʨʭ 24 ʯʘʩʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ. 

ʇʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ, ʧʦ ʜʘʥʥʳʤ ʈʉɸ, ʠʤʝʶʪ ʬʦʨʤʫʣʳ 
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[Re6Q8(bpy)4X2]Ŀ2bpy. ʇʦʣʫʯʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʤʘʩʩʫ ʧʨʦʤʳʚʘʣʠ ʦʪ ʠʟʙʳʪʢʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʵʪʘʥʦʣʦʤ ʠ 

ʚʦʜʦʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʘʤʦʨʬʠʟʘʮʠʷ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ, ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[Re6Q8(bpy)4X2]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʩʣʝʜʦʚ ʩʦʣʴʚʘʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, 

ʚʝʱʝʩʪʚʘ ʦʪʢʘʯʠʚʘʣʠ ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʘʢʫʫʤʦʤ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (~120Áʉ). 

ɺʚʠʜʫ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʯʘʩʪʦ ʥʝʨʘʩʪʚʦʨʠʤʳ [115,212]. 

ʆʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʷ 1ï4 ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ɼʄʉʆ ʠ N-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʦʥʝ (ʅʄʇ). 1H ʗʄʈ ʚ 

(CD3)2SO ʧʦʢʘʟʘʣ, ʯʪʦ ʜʚʘ ʧʦʣʦʞʝʥʠʷ ʘʟʦʪʘ ʣʠʛʘʥʜʦʚ bpy ʥʝʵʢʚʠʚʘʣʝʥʪʥʳ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ 1ï4 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʝʪʳʨʝ ʜʫʙʣʝʪʥʳʭ ʩʠʛʥʘʣʘ ʩ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ (ʨʠʩ. 33). 

ʂʦʦʨʜʠʥʘʮʠʷ ʤʦʣʝʢʫʣ bpy ʢ ʷʜʨʫ ʢʣʘʩʪʝʨʘ ʚʳʟʳʚʘʝʪ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʧʠʨʠʜʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʚ 

ʩʪʦʨʦʥʫ ʩʣʘʙʦʛʦ ʧʦʣʷ. ʈʘʥʝʝ ʜʣʷ ʜʠʟʘʤʝʱʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ [Re6S8Cl4L2]
2ï ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʠʛʥʘʣʳ ʦʨʪʦ-ʧʨʦʪʦʥʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ ʚ ʪʨʘʥʩ-ʠʟʦʤʝʨʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʮʠʩ-ʠʟʦʤʝʨʘ [107]. ʇʦʩʢʦʣʴʢʫ ʤʳ ʥʘʙʣʶʜʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʥʘʙʦʨ 

ʩʠʛʥʘʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ 1ï4, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʣʠʛʘʥʜʘ 

ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ 4,4ǋ-ʙʠʧʠʨʠʜʠʥʦʤ ʦʙʨʘʟʦʚʘʣʩʷ ʣʠʰʴ ʪʨʘʥʩ-ʠʟʦʤʝʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ.  

 

ʈʠʩ. 33. ɼʘʥʥʳʝ 1H ʗʄʈ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[Re6Q8(bpy)4X2]. 

10.0 9.5 9.0 8.5 8.0 7.5

[Re6S8(bpy)4Br2]

bpy

ʤ.ʜ.

[Re6S8(bpy)4Cl2]

[Re6Se8(bpy)4Cl2]

[Re6Se8(bpy)4Br2]



79 

 

 

ʍʨʘʥʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʚ ɼʄʉʆ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʗʄʈ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʬʠʣʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ. 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 3 ʠʟ ʨʘʩʪʚʦʨʘ ʅʄʇ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʘʮʝʪʦʥʘ ʧʨʠʚʝʣʘ ʢ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 3ĿʅʄʇĿ(ʉʅ3)2ʆ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʬʨʘʛʤʝʥʪʦʚ 

[Re6Se8(bpy)4Cl2] ʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ. ɼʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝʥʠʷ 3 ʚ ɼʄʉʆ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʝʣʦ ʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 

3Ŀ5ɼʄʉʆ, ʪʘʢʞʝ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʦʣʝʢʫʣ [Re6Se8(bpy)4Cl2]. ɺʩʝ ʵʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6Q8(bpy)4X2] ʚ ʨʘʩʪʚʦʨʘʭ 

ʩʠʣʴʥʦʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʇʨʠ ʟʘʤʝʥʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ L ʥʘ 4-ʬʝʥʠʣʧʠʨʠʜʠʥ (ppy) ʦʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ 

ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (200Áʉ). 

ʉʦʝʜʠʥʝʥʠʷ 5ï8 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʚ ʨʘʩʧʣʘʚʝ 4-ʬʝʥʠʣʧʠʨʠʜʠʥʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʟʦʰʣʦ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʘʭ 

[Re6Q8X6]
4ï (Q = S ʠʣʠ Se; X = Cl ʠʣʠ Br) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Re6Q8(ppy)4X2] [213]. ʆʪʩʫʪʩʪʚʠʝ ʢʦʥʮʝʚʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʦ ʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ ʘʥʘʣʦʛʘʤʠ ʩ ʣʠʛʘʥʜʘʤʠ bpy. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʦʩʣʝʜʥʠʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʤʝʨʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ɼʄʉʆ, ʩʦʝʜʠʥʝʥʠʷ 5ï8 ʥʝ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʜʦʩʪʫʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʇʦʣʫʯʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʘʢ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʫʯʝʥʠʶ ʠʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʨʘʩʪʚʦʨʝ, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʥʘʰʠ ʫʩʠʣʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ʇʦʚʳʰʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ, ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʧʠʢʘʣʴʥʦ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ 

ʪʨʘʥʩ-[Re6S8(CN)4Cl2]
4ï. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʘʙʠʣʴʥʳʭ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʪʨʘʥʩ-ʧʦʟʠʮʠʷʭ, ʪʦʛʜʘ ʢʘʢ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ 

ʧʦʟʠʮʠʠ ʟʘʥʷʪʳ ʩʠʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ ʮʠʘʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʩʝʣʝʢʪʠʚʥʦ ʟʘʤʝʥʠʪʴ ʜʚʘ ʘʥʠʦʥʘ ʭʣʦʨʠʜʘ ʥʘ 4,4ǋ-ʙʠʧʠʨʠʜʠʥ (bpy). ʄʳ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ʤʝʞʜʫ 

Cs1.8K1.2(H)[Re6S8(CN)4Cl2] ʠ bpy ʧʨʠ 220 Áʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ 

9Ŀsolv, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʥʝʡʪʨʘʣʴʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʬʨʘʛʤʝʥʪ ʪʨʘʥʩ-

[Re6S8(bpy)4(CN)2] [214]. ʊʱʘʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 9. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʝʪʨʘʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʭʦʜʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʤʦʣʝʢʫʣʳ bpy ʟʘʤʝʱʘʶʪ ʜʚʘ ʭʣʦʨʠʜʥʳʭ ʠ ʜʚʘ ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʘ ʚ ʧʨʝʢʫʨʩʦʨʝ 

[Re6S8(CN)4Cl2]
4ï. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʝʣʝʢʪʠʚʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʪʦʣʴʢʦ ʜʚʫʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʘʙʠʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʦʚʝʜʷ ʩʠʥʪʝʟ ʧʨʠ 130Áʉ, ʤʳ ʧʦʣʫʯʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʪʨʘʥʩ-

Cs1,7K0,3[Re6S8(bpy)2(CN)4]Ŀ3,5bpy (10Ŀsolv). ʈʘʩʪʚʦʨʝʥʠʝ 10Ŀsolv ʚ ɼʄʉʆ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʩʘʞʜʝʥʠʝʤ EtOH ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʠʩʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 10, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 9 ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʧʦʣʷʨʥʳʭ ʠ ʥʝʧʦʣʷʨʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʨʷʜʘ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʝʡʪʨʘʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʢʣʘʩʪʝʨʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 10 ʨʘʩʪʚʦʨʠʤʦ ʚ ɼʄʉʆ, 

ɼʄʌɸ ʠ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʝ. 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 9 ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʟʘʤʝʱʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ ʮʠʘʥʠʜ-

ʘʥʠʦʥʦʚ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʘʭ ʨʝʥʠʷ ʠ, ʥʘʨʷʜʫ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 10, ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʧʨʠʤʝʨʦʤ ʪʝʨʤʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʜʚʫʭ ʠʣʠ ʯʝʪʳʨʝʭ ʘʧʠʢʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ. ʈʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʩʣʫʯʘʝ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʝʥʠʡ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ [215]. ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ 

ʧʨʠʤʝʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʘʥʩ-[Re6S8(CN)2L4] (L = ʧʠʨʠʜʠʥ, 4-ʤʝʪʠʣʧʠʨʠʜʠʥ), 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʘʢʮʠʝʡ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Re6S8(CN)4S2/2]n ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ [216]. ʆʜʥʘʢʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʦʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 

ʜʠʟʘʤʝʱʝʥʥʳʝ ʢʣʘʩʪʝʨʳ ʪʨʘʥʩ-[Re6S8(CN)4L2]. 

ɺʪʦʨʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʩʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʘʧʧʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʘʣʢʘʥʦʚʳʝ ʠʣʠ ʘʣʢʝʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ. ɼʘʣʴʥʝʡʰʠʡ ʧʦʜʙʦʨ ʣʠʛʘʥʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʫʩʣʦʚʠʷ. 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 11ï14 ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʡʪʨʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʪʨʘʥʩ-[Re6Q8(bpe)4X2], ʘ 

ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʥ)ʵʪʠʣʝʥʘ (bpe) [217]. 

ʉʦʝʜʠʥʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʧʨʝʢʫʨʩʦʨʘ 

ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ bpe; ʦʜʥʘʢʦ ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʥʠ ʠʤʝʶʪ ʩʦʩʪʘʚ 

[Re6Q8(bpe)4X2]. ɸʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʷʤ ʪʨʘʥʩ-[Re6Q8(bpy)4X2], ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ bpe 

ʨʘʩʪʚʦʨʠʤʳ ʚ ɼʄʉʆ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʣʘʩʪʝʨʘ ʪʨʘʥʩ-[Re6Se8(bpe)4Br2]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʜʘʥʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʚ (CD3)2SO ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ 
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ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʢʦʣʴʮʫ, ʚ ʩʪʦʨʦʥʫ ʩʣʘʙʦʛʦ ʧʦʣʷ. 

ʉʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʵʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʪʘʢʞʝ ʩʜʚʠʥʫʪʳ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 34). 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʫʞʜʝʥʠʷʤ ʚ ʨʘʟʜʝʣʝ 3.3.1., ʦ ʪʦʤ, ʯʪʦ ʩʠʛʥʘʣʳ ʦʨʪʦ-ʧʨʦʪʦʥʦʚ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʠʨʠʜʠʥʘ ʚ ʪʨʘʥʩ-ʠʟʦʤʝʨʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʮʠʩ-

ʠʟʦʤʝʨʦʚ [107], ʤʳ ʜʝʣʘʝʤ ʚʳʚʦʜ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʮʠʩ-ʠʟʦʤʝʨʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 11ï14.  

 

ʈʠʩ. 34. ɼʘʥʥʳʝ 1H ʗʄʈ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[Re6Q8(bpe)4X2]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ [Re6Q8(bpe)4X2] ʚ ɼʄʉʆ, ʙʦʣʴʰʫʶ, ʯʝʤ ʫ 

ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ bpy ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ, ʙʳʣʦ ʨʝʰʝʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʝʜʫʶʱʝʡ 

ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʤʦʣʝʢʫʣʫ 1,3-ʙʠʩ(4-ʧʠʨʠʜʠʥ)ʧʨʦʧʘʥʘ (bpp), 

ʩʦʜʝʨʞʘʱʫʶ ʧʨʦʧʘʥʦʚʳʡ ʤʦʩʪʠʢ ʤʝʞʜʫ ʜʚʫʤʷ ʧʠʨʠʜʠʥʦʚʳʤʠ ʢʦʣʴʮʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ 

ʣʠʛʘʥʜ ʥʝ ʠʤʝʝʪ ʦʙʱʝʡ ˊ-ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʧʠʨʠʜʠʥʦʚʳʤʠ ʢʦʣʴʮʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ ʜʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʦʝʜʠʥʝʥʠʷ [Re6Q8(bpp)4X2] (15ï18) ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ ʩ ʙʦʣʴʰʠʤ 

ʠʟʙʳʪʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160Áʉ, ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʷ ʚ ʨʘʩʧʣʘʚʝ bpp 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ [217]. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʦʩʪʘʚ [Re6Q8(bpp)4X2] 

(Q = S, Se; X = Cl, Br). ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʰʠ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʥʝ 
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ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʆʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʷ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ɼʄʉʆ, ʠ ʠʭ ʩʪʨʫʢʪʫʨʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʗʄʈ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 35, ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ, ʩʤʝʱʝʥʦ ʚ ʩʪʦʨʦʥʫ ʩʣʘʙʦʛʦ ʧʦʣʷ. 

ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʩʜʚʠʛʘ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 6, ʥʘʭʦʜʷʱʠʭʩʷ ʙʣʠʞʝ ʢ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ, ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 5. ʆʩʪʘʣʴʥʳʝ 

ʩʠʛʥʘʣʳ ʩʦʚʧʘʜʘʶʪ ʩ ʩʠʛʥʘʣʘʤʠ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. ʈʘʥʝʝ ʜʣʷ ʜʠʟʘʤʝʱʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ 

[Re6S8Cl4L2]
2ï ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʛʥʘʣʳ ʦʨʪʦ-ʧʨʦʪʦʥʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ ʚ ʪʨʘʥʩ-

ʠʟʦʤʝʨʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʮʠʩ-ʠʟʦʤʝʨʘ [107]. 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʥʘʙʣʶʜʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ [Re6Q8X2L4], ʘ 

ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ ʦʨʪʦ-ʧʨʦʪʦʥʦʚ ʢʣʘʩʪʝʨʦʚ [Re6Q8(bpp)4X2] ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʜʣʷ 

ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ [Re6Q8(bpe)4X2], ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʦ 

ʩʝʣʝʢʪʠʚʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʢʣʘʩʪʝʨʦʚ [Re6Q8(bpp)4X2]. 

 

ʈʠʩ. 35. ɼʘʥʥʳʝ 1H ʗʄʈ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[Re6Q8(bpp)4X2]. 

ʉʦʝʜʠʥʝʥʠʷ [Re6Q8(TBP)4X2] (19-22) ʧʦʣʫʯʘʣʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʪʨʘʥʩ-[Re6Q8(TBP)4(OH)2]. ɺ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʨʝʢʫʨʩʦʨʘ, ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʛʝʢʩʘʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ [Re6Q8X6]
4ï, ʜʦʙʘʚʣʷʣʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʫʶ ʥʘʚʝʩʢʫ 

TBP ʠ ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʬʦʙʥʦʡ 
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ʬʨʘʢʮʠʠ, ʢʦʪʦʨʫʶ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʜʠʭʣʦʨʤʝʪʘʥʦʤ ʠ ʚʳʜʝʣʷʣʠ ʚʳʩʘʞʠʚʘʥʠʝʤ ʜʠʵʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʦʩʪʘʚ [Re6Q8(TBP)4X2] 

(Q = S, Se; X = Cl, Br). ʂ ʩʦʞʘʣʝʥʠʶ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ 15ï18, ʥʘʰʠ ʧʦʧʳʪʢʠ 

ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʉʪʨʦʝʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ 1H ʗʄʈ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʧʦʣʦʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʪʦʥʘʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ (ʨʠʩ. 36). ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩʣʘʙʦʛʦ ʧʦʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʩʪʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʩʦʚʧʘʜʘʶʪ ʩ ʩʠʛʥʘʣʘʤʠ ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʳ. ʇʨʠʯʸʤ ʚʝʣʠʯʠʥʘ ʩʜʚʠʛʘ 

ʩʠʛʥʘʣʘ ʧʘʨʳ ʧʨʦʪʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʙʣʠʞʝ ʢ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ (ʧʦʣʦʞʝʥʠʷ 2 ʠ 

6), ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 5. ʇʦʩʢʦʣʴʢʫ ʤʳ ʥʘʙʣʶʜʘʝʤ ʣʠʰʴ ʦʜʠʥ ʥʘʙʦʨ 

ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ, ʤʳ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ 15ï18, ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʪʨʘʥʩ-ʠʟʦʤʝʨʳ 

ʢʣʘʩʪʝʨʦʚ [Re6Q8(TBP)4X2] ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʝʣʝʢʪʠʚʥʦ. 

 

ʈʠʩ. 36. ɼʘʥʥʳʝ 1H ʗʄʈ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[Re6Q8(TBP)4X2]. 

 

3.2. ʆʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

3.2.1. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Re6Q8(bpy)4X2] 

ʉʦʝʜʠʥʝʥʠʷ 1Ŀsolv, 2Ŀsolv ʠ 4Ŀsolv ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P1←. ʅʝʟʘʚʠʩʠʤʳʝ ʬʨʘʛʤʝʥʪʳ ʩʦʜʝʨʞʘʪ ʚʩʝ ʘʪʦʤʳ ʢʣʘʩʪʝʨʦʚ 

[Re6Q8(bpy)4X2] ʠ ʜʚʝ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ bpy. ʂʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʪʨʘʥʩ-[Re6Q8(bpy)4X2] 
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ʩʦʩʪʦʷʪ ʠʟ ʷʜʨʘ {Re6S8}
2+ ʠʣʠ {Re6Se8}

2+, ʢ ʘʪʦʤʘʤ ʨʝʥʠʷ ʢʦʪʦʨʦʛʦ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʯʝʪʳʨʝ ʘʪʦʤʘ 

ʘʟʦʪʘ ʤʦʣʝʢʫʣ bpy, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʚʘ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʣʠʛʘʥʜʘ ʚ ʪʨʘʥʩ-ʧʦʟʠʮʠʷʭ (ʨʠʩ. 37). ʗʜʨʘ ʢʣʘʩʪʝʨʦʚ ʠʤʝʶʪ 24 ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʠʧʠʯʥʫʶ ʛʝʦʤʝʪʨʠʶ ʵʣʝʢʪʨʦʥʥʦ-ʥʘʩʳʱʝʥʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʨʝʥʠʷ 

(ʪʘʙʣʠʮʘ 10) [1]. ʈʘʩʩʪʦʷʥʠʷ ReïN ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ʚʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 2,18ï2,22 ¡. ʕʪʠ ʟʥʘʯʝʥʠʷ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʨʘʥʝʝ 

ʚ ʢʦʤʧʣʝʢʩʘʭ ʨʝʥʠʷ ʩ ʣʠʛʘʥʜʘʤʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʪʠʧʘ [96,107,218]. 

 

ʈʠʩ. 37. ʂʣʘʩʪʝʨʥʳʡ ʬʨʘʛʤʝʥʪ [Re6S8(bpy)4Br2] ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 2Ŀsolv. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ.  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʦʩʢʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʪʨʝʭ ʣʠʛʘʥʜʦʚ bpy ʣʝʞʘʪ ʧʦʯʪʠ 

ʚ ʧʣʦʩʢʦʩʪʠ ʯʝʪʳʨʝʭ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʘʪʦʤʦʚ ʨʝʥʠʷ Re1ïRe4, ʘ ʯʝʪʚʝʨʪʳʡ ʣʠʛʘʥʜ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʫʧʘʢʦʚʢʠ. ʋʧʘʢʦʚʢʘ 

ʩʦʝʜʠʥʝʥʠʡ 1Ŀsolvï4Ŀsolv ʦʙʨʘʟʦʚʘʥʘ ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʠ ʩʚʷʟʘʥʥʳʤʠ ˊ-ʩʪʵʢʠʥʛʦʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʙʠʧʠʨʠʜʠʥʘ, 

ʦʙʨʘʟʫʶʱʠʤʠ ʩʣʦʠ ʚ ʧʣʦʩʢʦʩʪʠ bc. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ ʩʦʩʪʘʚʣʷʝʪ 3,7ï3,9 ¡. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ, ʩʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ Mercury [219], ʧʨʠʤʝʨʥʦ 

25% ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʩʣʦʷʤʠ. ʕʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʦʣʥʝʥʦ ʩʦʣʴʚʘʪʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ bpy, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ˊ-ʩʪʵʢʠʥʛʦʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʣʠʛʘʥʜʘʤʠ bpy. ʆʪʩʫʪʩʪʚʠʝ 

ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʫʧʘʢʦʚʢʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ bpy ʣʝʛʢʦ 

ʫʜʘʣʷʶʪʩʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʤʦʨʬʠʟʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʘʣʳʡ ʨʘʟʤʝʨ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 3Ŀsolv ʠ ʠʭ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʥʝ ʧʦʟʚʦʣʠʣʠ 

ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ. ʆʜʥʘʢʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 3 ʠʟ ʨʘʩʪʚʦʨʘ ʅʄʇ 
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ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʘʮʝʪʦʥʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 3ĿʅʄʇĿ(ʉʅ3)2ʆ. 

ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/c. ɺ ʩʦʩʪʘʚ 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚʭʦʜʷʪ ʪʨʠ ʘʪʦʤʘ ʨʝʥʠʷ, ʯʝʪʳʨʝ ʘʪʦʤʘ ʩʝʣʝʥʘ, ʦʜʠʥ ʘʪʦʤ ʭʣʦʨʘ ʠ ʜʚʝ 

ʤʦʣʝʢʫʣʳ bpy ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [Re6Se8(bpy)4Cl2] (ʨʠʩ. 38ʘ), ʘ ʪʘʢʞʝ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʘʮʝʪʦʥʘ 

ʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʅʄʇ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʟʘʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ bpy-ʣʠʛʘʥʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ 3ĿʅʄʇĿ(CH3)2O ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʡ ʚ ʩʪʨʫʢʪʫʨʘʭ 1Ŀsolv, 2Ŀsolv ʠ 

4Ŀsolv. ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 3ĿʅʄʇĿ(CH3)2O ʧʘʨʳ ʪʨʘʥʩ-bpy ʣʠʛʘʥʜʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦʯʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪʘʤʠ ʫʧʘʢʦʚʢʠ (ʨʠʩ. 38ʙ). ɹʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʤʦʣʝʢʫʣ ʆ-ʜʦʥʦʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʩʣʘʙʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ʉʣʘʙʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʢʣʶʯʘʶʪ ˊ-ʩʪʵʢʠʥʛ, CHĿĿĿˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ CHĿĿĿN ʤʝʞʜʫ 

ʣʠʛʘʥʜʘʤʠ bpy, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ CHĿĿĿO ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ bpy ʠ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ 

ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ CHĿĿĿCl ʤʝʞʜʫ ʭʣʦʨʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ ʘʮʝʪʦʥʘ (3,73 ¡) ʠʣʠ 

ʤʝʞʜʫ ʭʣʦʨʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʣʠʛʘʥʜʘʤʠ bpy (3,86 ¡). 

ʉʦʝʜʠʥʝʥʠʝ 3Ŀ5ɼʄʉʆ ï ʝʱʝ ʦʜʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [Re6Se8(bpy)4Cl2]. ɽʛʦ ʧʦʣʫʯʠʣʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝʥʠʷ 3 ʚ 

ɼʄʉʆ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. ʉʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʘ ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ [Re6Se8(bpy)4Cl2], ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʫ ʠ ʩʚʷʟʘʥʥʳʤʠ ˊ-ʩʪʵʢʠʥʛʦʤ ʠ CHĿĿĿˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʨʠʩ. 39). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 

3ĿNMPĿ(CH3)2O, ʣʠʛʘʥʜʳ bpy ʢʣʘʩʪʝʨʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦʧʘʨʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ. ɺʳʜʝʣʝʥʠʝ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʪʦʛʦ ʩʦʣʴʚʘʪʘ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ 1ï4 ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʍʦʪʷ ʢʘʯʝʩʪʚʦ ʵʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʠʟʢʦʝ, ʦʥʘ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 
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ʘ)  

 

ʙ)  

ʈʠʩ. 38. ʂʣʘʩʪʝʨʥʳʡ ʬʨʘʛʤʝʥʪ [Re6Se8(bpy)4Cl2] ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 3ĿʅʄʇĿ(ʉʅ3)2ʆ. 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ (ʘ). ʋʧʘʢʦʚʢʘ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 3ĿʅʄʇĿ(ʉʅ3)2ʆ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ (ʙ). 
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ʈʠʩ. 39. ʋʧʘʢʦʚʢʘ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 

3Ŀ5ɼʄʉʆ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

ʊʘʙʣʠʮʘ 10. ʅʝʢʦʪʦʨʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʩʦʝʜʠʥʝʥʠʡ 1Ŀsolv, 2Ŀsolv, 4Ŀsolv, 3ĿNMPĿ(CH3)2O ʠ 3Ŀ5ɼʄʉʆ. 

 1Ŀsolv 2Ŀsolv 4Ŀsolv 3ĿNMPĿ(CH3)2O 3Ŀ5ɼʄʉʆ 

ReïRe 2.5770(7)ï2.5966(8)  

2.589(6) 

2.567(2)ï2.614(2)  

2.60(1) 

2.6012(7)ï2.6151(7)  

2.608(5) 

2.6026(11)ï2.6225(13)  

2.615(8) 

2.5784(12)ï2.6171(12)  

2.60(1) 

ReïQ 2.388(3)ï2.419(3)  

2.400(7) 

2.366(7)ï2.442(6)  

2.42(2) 

2.515(1)ï2.533(2)  

2.522(6) 

2.491(3)ï2.520(3) 

2.50(1) 

2.462(3)ï2.528(2)  

2.51(1) 

ReïX 2.393(3), 2.409(4)  

2.401(11) 

2.566(3), 2.582(3)  

2.57(1) 
2.466(3) 2.407(9) 

2.557(3), 2.569(3)  

2.563(8) 

ReïNbpy 2.15(3)ï2.24(4)  

2.19(3) 

2.183(13)ï2.220(14)  

2.20(2) 

2.190(9), 2.204(10)  

2.20(1) 

2.17(2), 2.20(2)  

2.19(2) 

2.178(14)ï2.227(10)  

2.20(2) 

3.2.2. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Re6Q8(ppy)4X2] 

ʉʦʝʜʠʥʝʥʠʷ 5Ŀsolv ʠ 8Ŀsolv ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P1←. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ ʚʢʣʶʯʘʝʪ ʮʝʣʳʡ 

ʢʣʘʩʪʝʨ [Re6Q8(ppy)4X2], ʘ ʪʘʢʞʝ ʧʦʣʦʚʠʥʫ ʚʪʦʨʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ: ʪʨʠ ʘʪʦʤʘ ʨʝʥʠʷ, 

ʯʝʪʳʨʝ ʘʪʦʤʘ ʩʝʨʳ ʠʣʠ ʩʝʣʝʥʘ, ʜʚʝ ʤʦʣʝʢʫʣʳ 4-ʬʝʥʠʣʧʠʨʠʜʠʥʘ ʠ ʦʜʠʥ ʘʪʦʤ ʭʣʦʨʘ ʠʣʠ ʙʨʦʤʘ ʜʣʷ 

5 ʠʣʠ 8, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʪʨʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ 4-

ʬʝʥʠʣʧʠʨʠʜʠʥʘ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʦʨʦʪʘ 

ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʣʝʮ. ʊʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 5Ŀsolv ʨʘʚʥʳ 

143,7Á ʠ 150,0Á, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ ʘʪʦʤʘʤ ʤʝʪʘʣʣʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʦ ʯʝʪʳʨʝ ʤʦʣʝʢʫʣʳ 4-ʬʝʥʠʣʧʠʨʠʜʠʥʘ, ʦʙʨʘʟʫʷ ʩʚʷʟʠ ReïN ʩ ʜʣʠʥʘʤʠ 2,15-2,19 ¡ 
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ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 5Ŀsolv ʠ 2,16ï2,22¡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 8Ŀsolv (ʈʠʩ. 40). ɼʚʘ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ, ʦʙʨʘʟʫʷ ʩʚʷʟʠ ReïCl ʠ ReïBr. ɼʣʠʥʳ ʵʪʠʭ ʩʚʷʟʝʡ ʨʘʚʥʳ 

2,40 ¡ ʠ 2,57 ¡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 5Ŀsolv ʠ 8Ŀsolv, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 40. ʂʣʘʩʪʝʨʥʳʡ ʬʨʘʛʤʝʥʪ [Re6S8(ppy)4Cl2] ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 5Ŀsolv. 

ʋʧʘʢʦʚʢʘ ʩʦʝʜʠʥʝʥʠʷ 5Ŀsolv ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʣʠʛʘʥʜʳ ppy ʢʦʪʦʨʳʭ 

ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ˊ-ʩʪʝʢʠʥʛʘ, ʦʙʨʘʟʫʷ ʩʣʦʠ. ʎʝʥʪʨʦʠʜʳ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ 

Re6 ʦʜʥʦʛʦ ʩʣʦʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ab, ʧʨʠ ʵʪʦʤ ʘʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʳʰʝ 

ʠ ʥʠʞʝ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ (ʈʠʩ. 41). ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʣʠʛʘʥʜʦʚ ppy ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʧʘʢʦʚʢʦʡ. ʊʘʢ, ʚ ʩʦʝʜʠʥʝʥʠʠ 5Ŀsolv ʣʠʰʴ ʫ ʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 

ppy ʦʙʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʴʮʘ, ʧʠʨʠʜʠʥʦʚʦʝ ʠ ʙʝʥʟʦʣʴʥʦʝ, ʣʝʞʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʤʝʞʧʣʦʩʢʦʩʪʥʦʡ ʫʛʦʣ 176,8Á), ʚ ʦʩʪʘʣʴʥʳʭ ʞʝ ʣʠʛʘʥʜʘʭ ʢʦʣʴʮʘ ʨʘʟʚʝʨʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ, ʦʙʨʘʟʫʷ ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ 156,4ï170,3Á. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʣʘʩʪʝʨʦʚ 

[Re6Se8(ppy)4Br2] ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 8Ŀsolv. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʣʠʛʘʥʜʦʚ ppy ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ɼʣʷ 

ʣʠʛʘʥʜʦʚ ppy, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʚʜʦʣʴ ʦʩʠ b, ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 3,7ï3,8 ¡, ʪʦʛʜʘ 

ʢʘʢ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʣʝʮ, ʣʝʞʘʱʠʭ ʚʜʦʣʴ ʦʩʠ a, ʩʦʩʪʘʚʣʷʶʪ 4,1ï

4,2 ¡. ʊʘʢʞʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. ʆʪʩʫʪʩʪʚʠʝ 

ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʧʨʦʤʳʚʘʥʠʝʤ ʚʝʱʝʩʪʚ 

ʵʪʘʥʦʣʦʤ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʤʦʨʬʠʟʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʡ.  
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ʈʠʩ. 41. ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 5Ŀsolv. 

ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ppy ʠ ʣʠʛʘʥʜʳ Õ3-S ʥʝ ʧʦʢʘʟʘʥʳ. 

ʉʦʝʜʠʥʝʥʠʝ 6Ŀsolv ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʉʩ ʤʦʥʦʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘ [Re6S8(ppy)4Br2] ʠ ʪʨʠ 

ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ 4-ʬʝʥʠʣʧʠʨʠʜʠʥʘ. ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ppy ʥʘʭʦʜʷʪʩʷ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʫʷ ʩʚʷʟʠ ReïN ʩ ʜʣʠʥʘʤʠ 2.15ï2.21 ¡. ʇʣʦʩʢʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʦʣʝʮ ʣʠʛʘʥʜʦʚ ʦʙʨʘʟʫʶʪ ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ 151,1ï171,4Á. ɻʘʣʦʛʝʥʠʜ-ʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʠ, ʦʙʨʘʟʫʷ ʩʚʷʟʠ ReïBr ʩ ʜʣʠʥʘʤʠ 2,48ï2,57 ¡. ɺ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʳ ppy ʩʦʩʝʜʥʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʧʘʨʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʦʙʨʘʟʫʷ ʧʨʦʯʥʫʶ 

ʩʝʪʴ ˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ 3,72ï3,86 ¡ 

(ʈʠʩ. 42ʘ). ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ ʜʣʠʥʦʡ 3,418 ¡ ʤʝʞʜʫ Õ3-S ʣʠʛʘʥʜʘʤʠ. 

ʋʧʘʢʦʚʢʘ ʩʦʝʜʠʥʝʥʠʷ 2Ŀsolv ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʣʦʠ (ʈʠʩ. 

42ʙ). ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ppy ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʥʠʤʘʷ ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ 

ʦʙʲʝʤ ʧʫʩʪʦʪ.  
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ʘ)  ʙ)  

ʈʠʩ. 42. ʇʝʨʝʢʨʳʚʘʥʠʝ ʣʠʛʘʥʜʦʚ ppy ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 6Ŀsolv. ʂʦʨʦʪʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ Õ3-S ʧʦʢʘʟʘʥ ʟʝʣʝʥʳʤ 

ʧʫʥʢʪʠʨʦʤ (ʘ); ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 6Ŀsolv, ʚʠʜ ʚ ʧʣʦʩʢʦʩʪʠ bc (ʙ). 

ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ppy ʥʝ ʧʦʢʘʟʘʥʳ. 

ʉʦʝʜʠʥʝʥʠʝ 7Ŀsolv ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʉ2/m ʤʦʥʦʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʠʪ ʜʚʝ ʯʘʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʦʜʥʘ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʘʪʦʤʘ ʨʝʥʠʷ, ʰʝʩʪʴ ʘʪʦʤʦʚ ʩʝʣʝʥʘ, ʜʚʘ ʘʪʦʤʘ ʭʣʦʨʘ ʠ ʜʚʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ppy, ʘ ʜʨʫʛʘʷ ï ʜʚʘ ʘʪʦʤʘ ʨʝʥʠʷ, ʪʨʠ ʘʪʦʤʘ ʩʝʣʝʥʘ, ʦʜʠʥ ʘʪʦʤ ʭʣʦʨʘ 

ʠ ʦʜʥʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ ppy. ʆʜʥʘ ʠʟ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʦʨʦʪʘ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʦʙʨʘʟʫʷ ʜʚʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ 

ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ 157,7Á ʠ 178,2Á. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʜʚʝ 

ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ppy, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ. 

ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ppy ʥʘʭʦʜʷʪʩʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʝʪʘʣʣʦʮʝʥʪʨʘ Re6, 

ʦʙʨʘʟʫʷ ʩʚʷʟʠ ReïN ʩ ʜʣʠʥʘʤʠ 2,18-2,20 ¡. ʇʣʦʩʢʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʥʝʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʣʠʛʘʥʜʦʚ ʦʙʨʘʟʫʶʪ ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ 166,4-167,5Á. ɻʘʣʦʛʝʥʠʜʥʳʝ ʣʠʛʘʥʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʠ, ʦʙʨʘʟʫʷ ʩʚʷʟʠ ReïCl, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 2,39-2,45 ¡.  

ʇʦʜʦʙʥʦ ʩʪʨʫʢʪʫʨʘʤ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʧʘʢʦʚʢʘ ʩʦʝʜʠʥʝʥʠʷ 7Ŀsolv ʦʙʨʘʟʫʝʪʩʷ 

ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʯʴʠ ʣʠʛʘʥʜʳ ppy ʩʚʷʟʳʚʘʶʪʩʷ ˊ-ʩʪʝʢʠʥʛʦʤ, ʦʙʨʘʟʫʷ ʩʣʦʠ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʩʦʩʪʘʚʣʷʝʪ 3,76 ¡. ʎʝʥʪʨʦʠʜʳ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ Re6 

ʦʜʥʦʛʦ ʩʣʦʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ab, ʦʜʥʘʢʦ ʩʦʩʝʜʥʠʝ ʩʣʦʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʦʨʠʝʥʪʘʮʠʶ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʈʠʩ. 43). ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ppy ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʣʠʛʘʥʜʘʤʠ ppy ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ˊ-ʩʪʝʢʠʥʛʦʤ ʠ 

ʩʣʘʙʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ.  
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ʈʠʩ. 43. ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 7Ŀsolv, 

ʚʠʜ ʚʜʦʣʴ ʦʩʠ b. ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ppy ʥʝ ʧʦʢʘʟʘʥʳ.  

ʊʘʙʣʠʮʘ 11. ʅʝʢʦʪʦʨʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʩʦʝʜʠʥʝʥʠʡ 5Ŀsolvï8Ŀsolv. 

 5Ŀsolv 6Ŀsolv 7Ŀsolv 8Ŀsolv 

ReïRe 2.5797(7)-2.6001(7) 

2.589(5) 

2.5846(19)-2.6040(2) 

2.592(6) 

2.5969(15)-2.6243(13) 

2.617(7) 

2.6101(14)-2.6303(16) 

2.619(6) 

ReïQ 2.396(3)-2.419(3) 

2.408(6) 

2.355(8)-2.455(8) 

2.403(2) 

2.515(3)-2.532(3) 

2.524(5) 

2.508(3)-2.535(3) 

2.524(6) 

ReïX 2.401(3)-2.410(3) 

2.406(4) 

2.549(5)-2.574(5) 

2.561(10) 

2.395(8)-2.444(8) 

2.424(3) 

2.564(3)-2.571(3) 

2.567(4) 

ReïNbpy 2.151(12)-2.194(11) 

2.180(15) 

2.15(2)-2.20(2) 

2.183(18) 

2.178(18)-2.199(19) 

2.191(11) 

2.17(2)-2.230(2) 

2.197(24) 

 

3.2.3. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Re6S8(bpy)4(CN)2] ʠ Cs1,7K 0,3[Re6S8(bpy)2(CN)4] 

ʉʦʝʜʠʥʝʥʠʝ 9Ŀsolv ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P1←. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʠʪ ʧʦʣʦʚʠʥʫ ʢʣʘʩʪʝʨʘ ï ʪʨʠ ʘʪʦʤʘ ʨʝʥʠʷ, ʯʝʪʳʨʝ ʘʪʦʤʘ ʩʝʨʳ, 

ʜʚʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ bpy ʠ ʦʜʥʫ ʛʨʫʧʧʫ CNï. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʪʘʢʞʝ 

ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʩʦʣʴʚʘʪʥʫʶ ʤʦʣʝʢʫʣʫ bpy, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ. ɺʩʝ ʘʪʦʤʳ 
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ʥʝʟʘʚʠʩʠʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʣʝʞʘʪ ʚ ʦʙʱʠʭ ʧʦʣʦʞʝʥʠʷʭ. ʏʝʪʳʨʝ ʤʦʣʝʢʫʣʳ bpy ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ 

ʘʪʦʤʘʤ ʤʝʪʘʣʣʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʫʷ ʩʚʷʟʠ ReïN ʩ ʪʠʧʠʯʥʳʤʠ ʜʣʠʥʘʤʠ 2,18ï

2,19 ¡. ʆʜʥʘ ʠʟ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ bpy ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʠʟ-ʟʘ ʚʨʘʱʝʥʠʷ ʚʥʝʰʥʝʛʦ ʢʦʣʴʮʘ 

(ʨʠʩ. 44). ɼʚʝ ʮʠʘʥʠʜʥʳʝ ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʩ ʜʣʠʥʦʡ ʩʚʷʟʠ ReïC 2,13 

¡. 

 

ʈʠʩ. 44. ʂʣʘʩʪʝʨʥʳʡ ʬʨʘʛʤʝʥʪ ʪʨʘʥʩ-[Re6S8(bpy)4(CN)2] ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 9Ŀsolv.  

ʋʧʘʢʦʚʢʘ 9Ŀsolv ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ CHĿĿĿˊ ʤʝʞʜʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ bpy ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ (ʨʠʩ. 45ʘ) ʠ ʟʘ ʩʯʝʪ ˊ-ʩʪʝʢʠʥʛʘ 

ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 45ʙ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ CHĿĿĿˊ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ 3,88 ¡ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʮʝʥʪʨʦʠʜʦʤ ʢʦʣʴʮʘ ʠ ʙʣʠʞʘʡʰʠʤ 

ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʩʦʩʝʜʥʝʡ ʩ ʥʠʤ ʤʦʣʝʢʫʣʳ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʣʝʮ 

ʩʦʩʪʘʚʣʷʶʪ 3,33ï3,67 ¡. ʎʠʘʥʠʜʥʳʝ ʛʨʫʧʧʳ ʦʙʨʘʟʫʶʪ ʩʣʘʙʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ CHĿĿĿN ʜʣʠʥʦʡ 

3,21 ¡ ʩ ʣʠʛʘʥʜʘʤʠ bpy ʩʦʩʝʜʥʠʭ ʬʨʘʛʤʝʥʪʦʚ ʢʣʘʩʪʝʨʘ. ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ bpy ʟʘʥʠʤʘʶʪ 

ʧʫʩʪʦʪʳ ʚ ʩʪʨʫʢʪʫʨʝ, ʦʙʨʘʟʫʷ ˊ-ʩʪʵʢʠʥʛ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ bpy. 
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ʘ)  

ʙ)  

ʈʠʩ. 45. ʋʧʘʢʦʚʢʘ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 9Ŀsolv. ʉʦʣʴʚʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ bpy, ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʠʨʠʜʠʥʦʚʳʝ ʢʦʣʴʮʘ ʥʝ ʧʦʢʘʟʘʥʳ. 
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ʉʦʝʜʠʥʝʥʠʝ 10Ŀsolv ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

P1←. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʠʪ ʧʦʣʦʚʠʥʫ ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ï ʪʨʠ ʘʪʦʤʘ ʨʝʥʠʷ, ʯʝʪʳʨʝ 

ʘʪʦʤʘ ʩʝʨʳ, ʦʜʥʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ bpy ʠ ʜʚʝ ʛʨʫʧʧʳ CNī. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʟʘʚʠʩʠʤʳʡ 

ʬʨʘʛʤʝʥʪ ʚʢʣʶʯʘʝʪ ʚʦʩʝʤʴ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ bpy ʠ ʦʜʥʫ ʧʦʟʠʮʠʶ ʢʘʪʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ, 

ʢʦʪʦʨʘʷ ʟʘʥʷʪʘ ʘʪʦʤʘʤʠ K ʠ Cs ʚ ʩʦʦʪʥʦʰʝʥʠʠ 0,17/0,83. ɼʚʘ ʣʠʛʘʥʜʘ bpy ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʚ 

ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʩ ʜʣʠʥʦʡ ʩʚʷʟʠ ReïN 2,21 ¡. ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ bpy ʩʦʩʪʘʚʣʷʝʪ 

144,0Á. ʏʝʪʳʨʝ ʮʠʘʥʠʜʥʳʝ ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʦʙʨʘʟʫʶʪ 

ʩʚʷʟʠ ReïC ʜʣʠʥʦʡ 2,13ï2,15 ¡ (ʨʠʩ. 46). 

 

ʈʠʩ. 46. ʂʣʘʩʪʝʨʥʳʡ ʬʨʘʛʤʝʥʪ ʪʨʘʥʩ-[Re6S8(bpy)2(CN)4]
2ï ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 

10Ŀsolv. 

ʉʦʝʜʠʥʝʥʠʝ 10Ŀsolv ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʜʢʠʡ ʧʨʠʤʝʨ ʢʘʪʠʦʥʘ Cs+, ʦʢʨʫʞʝʥʥʦʛʦ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʪʦʣʴʢʦ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [220ï223]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ Cs/K ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ N ʣʠʛʘʥʜʦʚ CNï
, ʦʜʥʦʛʦ ʘʪʦʤʘ N 

ʘʧʠʢʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ bpy ʠ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ N ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ bpy, ʦʙʨʘʟʫʶʱʠʭ 

ʪʨʠʛʦʥʘʣʴʥʫʶ ʧʨʠʟʤʫ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷ Cs/KĿĿĿN ʩʦʩʪʘʚʣʷʶʪ 3,23, 3,40 ʠ 3,22ï3,24 

¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʪʦʤʳ ʘʟʦʪʘ ʜʚʫʭ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ bpy ʠ ʜʚʫʭ ʣʠʛʘʥʜʦʚ CNï ʦʙʨʘʟʫʶʪ 

ʤʦʩʪʠʢʠ ʤʝʞʜʫ ʜʚʫʤʷ ʠʦʥʘʤʠ Cs/K, ʩʚʷʟʘʥʥʳʤʠ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ (0, 0, İ). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʫʧʘʢʦʚʢʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ Cs/KĿĿĿN, ˊ-ʩʪʝʢʠʥʛʦʤ ʤʝʞʜʫ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʠ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ bpy ʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ N 

ʣʠʛʘʥʜʦʚ CNï ʠ ʘʪʦʤʘʤʠ H ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ (ʨʠʩ. 47). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷ -́

ʩʪʝʢʠʥʛʘ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 3,66ï3,71 ¡, ʘ ʨʘʩʩʪʦʷʥʠʷ CïHĿĿĿN ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ C ʠ N ʩʦʩʪʘʚʣʷʶʪ 3,50ï3,57 ¡. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ˊ-ʩʪʝʢʠʥʛʘ ʤʝʞʜʫ 

ʣʠʛʘʥʜʘʤʠ bpy ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 
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ʈʠʩ. 47. ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 10Ŀsolv. ʂʨʘʩʥʳʡ: 

ʢʦʥʪʘʢʪʳ Cs/KĿĿĿN, ʩʠʥʠʡ: ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʧʠʨʠʜʠʥʦʚʳʤʠ ʢʦʣʴʮʘʤʠ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ. 

3.2.4. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Re6Q8(bpe)4X2] 

ʉʦʝʜʠʥʝʥʠʝ 11Ŀsolv ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

P1←. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘ [Re6S8(bpe)4Cl2], ʰʝʩʪʴ 

ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ bpe ʠ ʧʦʣʦʚʠʥʫ ʩʦʣʴʚʘʪʥʦʡ ʤʦʣʝʢʫʣʳ ʧʨʦʣʠʛʘʥʜʘ: ʦʜʥʦ ʧʠʨʠʜʠʥʦʚʦʝ ʢʦʣʴʮʦ 

ʠ ʦʜʥʫ ʛʨʫʧʧʫ CH, ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʘʣʢʝʥʦʚʦʤʫ ʤʦʩʪʠʢʫ. ʏʝʪʳʨʝ ʤʦʣʝʢʫʣʳ bpe ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 

ʢ ʘʪʦʤʘʤ ʨʝʥʠʷ ʦʙʦʠʭ ʬʨʘʛʤʝʥʪʦʚ ʢʣʘʩʪʝʨʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʚʷʟʠ ReïN ʠʤʝʶʪ 

ʜʣʠʥʳ 2,18ï2,19 ¡ (ʨʠʩ. 48). ɼʚʘ ʠʦʥʘ ʭʣʦʨʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʠ ʦʙʨʘʟʫʶʪ 

ʩʚʷʟʠ ReïCl ʜʣʠʥʦʡ 2,40ï2,41 ¡. 

 

ʈʠʩ. 48. ʂʣʘʩʪʝʨʥʳʡ ʬʨʘʛʤʝʥʪ [Re6S8(bpe)4Cl2] ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 11Ŀsolv. 
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ʃʠʛʘʥʜʳ ʩʦʩʝʜʥʠʭ ʬʨʘʛʤʝʥʪʦʚ ʢʣʘʩʪʝʨʘ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ ˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ 3,78 ¡. ʄʝʞʜʫ ʣʠʛʘʥʜʘʤʠ Õ3-S ʪʘʢʞʝ 

ʦʙʨʘʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ ʜʣʠʥʦʡ 3,30 ¡ (ʨʠʩ. 49).  

 

ʈʠʩ. 49. ʇʝʨʝʢʨʳʚʘʥʠʝ ʣʠʛʘʥʜʦʚ bpe ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 11Ŀsolv. ʂʦʨʦʪʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ Õ3-S ʧʦʢʘʟʘʥ ʧʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ. 

ʋʧʘʢʦʚʢʘ ʩʦʝʜʠʥʝʥʠʷ 11Ŀsolv ʦʙʨʘʟʦʚʘʥʘ ʵʪʠʤʠ ʜʠʤʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ bpe ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ CïHĿĿĿˊ ʩ ʜʣʠʥʘʤʠ 3,67ï3,40 ¡. ʎʝʥʪʨʦʠʜʳ 

ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ (111). ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʯʝʨʝʟ ʦʜʥʫ ʩʦʣʴʚʘʪʥʫʶ ʤʦʣʝʢʫʣʫ ʩ ʧʦʤʦʱʴʶ ˊ-ʩʪʝʢʠʥʛʘ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ N-ʮʝʥʪʨʦʠʜ 3,53ï3,65 ¡. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʩʣʦʠ ʚ ʧʣʦʩʢʦʩʪʠ (011) (ʨʠʩ. 50). ɺʟʘʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʣʠʛʘʥʜʦʚ 

ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʧʘʢʦʚʢʦʡ. ʆʜʠʥ ʠʟ ʢʣʘʩʪʝʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʠʤʝʝʪ ʪʨʠ ʣʠʛʘʥʜʘ bpe, ʚ ʢʦʪʦʨʳʭ ʦʙʘ ʧʠʨʠʜʠʣʴʥʳʭ ʢʦʣʴʮʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʯʪʠ 

ʧʘʨʘʣʣʝʣʴʥʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʆʩʪʘʚʰʠʡʩʷ ʣʠʛʘʥʜ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ 

ʫʛʣʦʤ 82Á ʢ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʜʨʫʛʦʤ ʢʣʘʩʪʝʨʥʦʤ ʬʨʘʛʤʝʥʪʝ ʪʦʣʴʢʦ ʜʚʘ ʣʠʛʘʥʜʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʘʨʘʣʣʝʣʴʥʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʚʘ ʜʨʫʛʠʭ ʦʙʨʘʟʫʶʪ ʩ ʵʪʦʡ ʧʣʦʩʢʦʩʪʴʶ ʫʛʣʳ 87Á ʠ 23Á. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ bpe ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʥʠʤʘʷ 

ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ ʦʙʲʝʤ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 
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ʈʠʩ. 50. ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 11Ŀsolv. ʉʦʣʴʚʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ bpe ʠ ʯʘʩʪʠ ʣʠʛʘʥʜʦʚ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʚʷʟʳʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʘ ʪʘʢʞʝ 

ʣʠʛʘʥʜʳ Õ3-S ʥʝ ʧʦʢʘʟʘʥʳ. 

ʉʦʝʜʠʥʝʥʠʝ 12Ŀsolv ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

P1←. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʢʣʘʩʪʝʨ [Re6S8(bpe)4Br2], ʜʚʝ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ 

bpe ʠ ʪʨʠ ʬʨʘʛʤʝʥʪʘ (NC5H5CH), ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ bpe ʯʝʨʝʟ ʮʝʥʪʨ 

ʠʥʚʝʨʩʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʮʝʥʪʨʝ ʘʣʢʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ. ɺ ʜʚʫʭ ʠʟ ʵʪʠʭ ʤʦʣʝʢʫʣ ʘʣʢʠʣʴʥʳʝ 

ʤʦʩʪʠʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ. ʏʝʪʳʨʝ ʤʦʣʝʢʫʣʳ bpe ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʪʦʤʘʤ 

ʨʝʥʠʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʚʷʟʠ ReïN ʠʤʝʶʪ ʜʣʠʥʫ 2,17ï2,19 ¡. ʂʨʦʤʝ ʪʦʛʦ, ʜʚʘ ʠʦʥʘ 

ʙʨʦʤʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ, ʦʙʨʘʟʫʷ ʩʚʷʟʠ ReïBr ʜʣʠʥʦʡ 2,56 ʠ 2,56 ¡ (ʨʠʩ. 51ʘ). 

ɺ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʣʠʛʘʥʜʳ ʩʦʩʝʜʥʠʭ ʬʨʘʛʤʝʥʪʦʚ ʢʣʘʩʪʝʨʘ ʪʘʢʞʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ 

ʩʝʪʴ ˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ 3,78 ¡. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ Õ3-S ʦʙʨʘʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ ʜʣʠʥʦʡ 3,30 ¡ (ʨʠʩ. 51ʙ). 
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ʘ)  

ʙ)  

ʈʠʩ. 51. ʂʣʘʩʪʝʨʥʳʡ ʬʨʘʛʤʝʥʪ [Re6S8(bpe)4Br2] ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 12Ŀsolv (ʘ). 

ʇʝʨʝʢʨʳʚʘʥʠʝ ʣʠʛʘʥʜʦʚ bpe ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʦʝʜʠʥʝʥʠʷ 12Ŀsolv. ʂʦʨʦʪʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ Õ3-S ʧʦʢʘʟʘʥ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. 

ʋʧʘʢʦʚʢʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʘʨʘ ʣʠʛʘʥʜʦʚ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ, ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʠʤʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʛʜʝ 

ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʘʥʳ ˊ-ʩʪʵʢʠʥʛʦʤ ʤʝʞʜʫ ʧʘʨʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʙʣʠʞʘʡʰʠʭ ʢ 

ʷʜʨʫ ʢʣʘʩʪʝʨʘ. ɼʨʫʛʘʷ ʧʘʨʘ ʣʠʛʘʥʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʦʙʨʘʟʫʝʪ ʩʣʦʠ ʟʘ ʩʯʝʪ ˊ-ʩʪʝʢʠʥʛʘ ʩ ʤʦʣʝʢʫʣʦʡ ʩʦʣʴʚʘʪʥʦʛʦ bpe. ʎʝʥʪʨʦʠʜʳ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ (101) ʚ ʵʪʠʭ ʩʣʦʷʭ (ʨʠʩ. 52). 
































































































































