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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

3,5-Me2pzH ï 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ  

3-MepzH ï 3-ʤʝʪʠʣʧʠʨʘʟʦʣ 

Acac ï ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ 

a ï ʘʧʠʢʘʣʴʥʳʡ 

Bu ï ʙʫʪʠʣ 

bs ï ʙʘʟʘʣʴʥʳʡ 

DFT ï density functional theory, ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

Dmpe ï 1,2-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ) ʪɻʘʥ 

Dppe ï 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ 

Dtp ï ʜʠʵʪʠʣʜʠʪʠʦʬʦʩʬʘʪ 

ESI-MS ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʠʟʘʮʠʠ ʨʘʩʧʳʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

Et ï ʵʪʠʣ 

H3NTA ï ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ITO ï indium tin oxide, ʦʢʩʠʜ ʠʥʜʠʷ-ʦʣʦʚʘ 

Me ï ʤʝʪʠʣ 

Ph ï ʬʝʥʠʣ 

Pip ï ʧʠʧʝʨʠʜʠʥ  

PPN+ ï ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʠʤʠʥʠʡ 

Pr ï ʧʨʦʧʠʣ  

Py ï ʧʠʨʠʜʠʥ  

Pyrr ï ʧʠʨʨʦʣʠʜʠʥ  

PzH ï ʧʠʨʘʟʦʣ  

4-Br-pzH ï 4-ʙʨʦʤʧʠʨʘʟʦʣ 

t ï ʪʝʨʤʠʥʘʣʴʥʳʡ 
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Tbp ï ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ 

ɸʕʉ-ʀʉʇ ï ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

ɺɿʄʆ ï ʚʳʩʰʘʷ ʟʘʥʷʪʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ɼʄʉʆ ʠʣʠ DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ ʠʣʠ DMF ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʳʡ 

ʂʉʕ ï ʢʣʘʩʪʝʨʥʳʝ ʩʢʝʣʝʪʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʅʉʄʆ ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ  

ʊɻ ʠʣʠ ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʕʇʈ ï ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʕɼʈʉ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘ ̫ʨʝʥʪʛʝʥʦʚʩʢʘ ̫ʩʧʝʢʪʨʦʩʢʦʧʠ ̫

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ  
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ  

ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠʟʚʝʩʪʥʳ ʩ 60-ʭ ʛʛ. 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʵʪʦʪ ʢʣʘʩʩ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ 

ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ, ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ. ʈʘʟʚʠʪʠʝ ʭʠʤʠʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʠʣʦ 

ʧʝʨʝʡʪʠ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʢ ʨʘʩʪʚʦʨʠʤʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. ʅʘʠʙʦʣʝʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠ ʠʟʫʯʝʥʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʷʚʣʷʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {M3Q7}, {M 3Q4}, ʠ {M6Q8} (Q = O, S, Se, Te), ʦʜʥʘʢʦ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ {Mo2Q4}, {Mo 4Q4}, {Mo 9Q11}, {Mo 12Q14}, ʠ {Mo15Q17}.  

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʧʨʠʜʘʝʪ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ 

ʚʳʩʦʢʫʶ ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ, ʘ ʪʘʢʞʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʨʘʙʦʪʢʫ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʣʠʷʝʪ ʢʘʢ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ (ʝʛʦ ʩʦʩʪʘʚ 

ʠ ʛʝʦʤʝʪʨʠʷ), ʪʘʢ ʠ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ: ʚʥʫʪʨʝʥʥʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʣʠʛʘʥʜʳ ʠ ʚʥʝʰʥʠʝ 

ʣʠʛʘʥʜʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʦʨʛʘʥʠʯʝʩʢʦʡ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʥʘʧʨʠʤʝʨ, ʥʘʜ 

ʤʦʥʦʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʝ ʧʫʪʝʡ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʘ 

ʠ ʩʪʨʦʝʥʠʷ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʥʘʭʦʞʜʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ çʩʪʨʦʝʥʠʝ ï 

ʩʚʦʡʩʪʚʘè ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʜʣʷ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʢʘʢ ʙʠʦʣʦʛʠʷ ʠ ʤʝʜʠʮʠʥʘ, ʢʘʪʘʣʠʟ ʠ ʜʨ.  

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʭʠʤʠʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʰʠʨʥʘ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʘ. ɿʘ ʙʦʣʝʝ ʯʝʤ 60 ʣʝʪ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʭ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʝʥʳ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʚ ʭʠʤʠʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚʩʸ ʝʱʸ ʝʩʪʴ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʝ 

ʦʙʣʘʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʳ 
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ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ: ʜʚʫʭ-, ʪʨʝʭ-, ʯʝʪʳʨʝʭ-, ʰʝʩʪʠʷʜʝʨʥʳʝ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʥʳʝ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʷʪʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʠʩʘʥʳ ʥʝ ʙʳʣʠ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʦ ʠʟʤʝʥʝʥʠʶ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʫʪʸʤ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʞʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʧʷʪʠʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʠʭ ʚʩʝʩʪʦʨʦʥʥʝʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ, ʠʟʫʯʝʥʠʠ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʠ 

ʩʪʨʦʝʥʠʝ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʭʘʣʴʢʦʛʝʥʘʤʠ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ {M5Q5} (M = Mo, W; Q = S, Se); 

¶ ʠʟʫʯʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ; 

¶ ʠʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʛʣʦʱʝʥʠʝ ʚ ʋʌ, ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʷʭ, 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ) ʠ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʦʚ (ʤʝʪʘʣʣ, ʭʘʣʴʢʦʛʝʥ, ʤʦʜʠʬʠʢʘʮʠʷ 

ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ) ʥʘ ʥʘʙʣʶʜʘʝʤʳʝ ʩʚʦʡʩʪʚʘ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʙʳʣ ʦʪʢʨʳʪ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʥʦʚʳʡ ʪʠʧ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʧʷʪʠʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [{M5Q5(ɛ-pz)4}( pzH)5]
n+ (M = Mo, Q = S, Se, n = 1, 2; M = W, 

Q = S, Se, n = 2). ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. ɼʣʷ ʩʝʣʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ, 

ʚʢʣʶʯʘʶʱʠʡ ʜʚʝ ʩʪʘʜʠʠ: 1) ʟʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ M6X12 (M = Mo, X 

= Br; M = W, X = Cl) ʥʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʦʨʬʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ; 2) ʚʦʚʣʝʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʘʢʮʠʶ ʩ ʨʘʩʧʣʘʚʦʤ ʧʠʨʘʟʦʣʘ. ɼʣʷ 

ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʨʘʟʨʘʙʦʪʘʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʣʘʚ ʧʠʨʘʟʦʣʘ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʚ ʨʦʣʠ ʠʩʪʦʯʥʠʢʘ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʚ ʨʦʣʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʘʢ ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʇʨʠ ʧʦʜʨʦʙʥʦʤ 
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ʠʟʫʯʝʥʠʠ ʩʠʩʪʝʤʳ Mo6Br12/Na2S/S/pzH, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʩʠʥʪʝʟʘ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6S2Br6}( pzH)6]
2+. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Mo6Br12/Na2S/Se/pzH 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʩʤʝʰʘʥʥʦʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo5S5-

xSex(ɛ-pz)4}( pzH)5]
2+, ʛʜʝ x = 0, 1, 2, 3, 4, 5. ʅʘ ʧʨʠʤʝʨʝ ʩʫʣʴʬʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ ʤʦʣʠʙʜʝʥʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʣʠʛʘʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ: i) ʩʝʣʝʢʪʠʚʥʦʝ ʙʨʦʤʠʨʦʚʘʥʠʝ ʧʦ 

ʯʝʪʚʝʨʪʦʤʫ ʧʦʣʦʞʝʥʠʶ ʢʘʢ ʤʦʩʪʠʢʦʚʳʭ ʧʠʨʘʟʦʣʘʪʥʳʭ, ʪʘʢ ʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʧʠʨʘʟʦʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ; ii) ʩʝʣʝʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʧʠʢʘʣʴʥʦʛʦ ʧʠʨʘʟʦʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʳ, 

ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʪʫʧʘʪʴ ʚ 

ʨʦʣʠ ʣʠʛʘʥʜʦʚ. ʀʟʫʯʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [{M5Q5(ɛ-pz)4}( pzH)5]
2+ ʩʧʦʩʦʙʥʳ ʧʨʝʪʝʨʧʝʚʘʪʴ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʨʤ [{M5Q5(ɛ-pz)4}( pzH)5]
+ ʠ [{M5Q5(ɛ-

pz)4}( pzH)5]
0, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʝʨʝʭʦʜʦʚ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʘʪʦʤʘ 

ʤʝʪʘʣʣʘ, ʯʝʤ ʦʪ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʷʪʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʭʘʨʘʢʪʝʨʥʦ ʧʦʛʣʦʱʝʥʠʝ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ, ʧʨʠ ʪɻʦʤ ʜʠʘʧʘʟʦʥ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ 

ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ ʦʪ ʝʛʦ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʢʘʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʞʝʣʘʝʤʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢ ʠ çʧʝʨʝʢʣʶʯʘʪʴè ʧʦʛʣʦʱʝʥʠʝ, ʠʟʤʝʥʷʷ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ.  

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʨʦʝʥʠʠ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʥʦʚʳʭ ʧʷʪʠʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ M5, ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʪʦʣʴʢʦ ʜʣʷ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚ ʙʠʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʧʠʨʘʟʦʣʘʪʥʦʤ ʣʠʛʘʥʜʝ. ʀʟʫʯʝʥʳ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʦʚ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʋʌ, ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ 

ʀʂ ʦʙʣʘʩʪʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʥʠʷ ʧʦʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʘʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʙʘʥʢʘʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʷʚʣʷʶʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠ. 



9 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʧʦʣʫʯʝʥʠʝ ʠ 

ʚʳʜʝʣʝʥʠʝ ʥʦʚʳʭ ʧʷʪʠʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, 

ʧʦʣʫʯʝʥʠʝ ʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ: ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ), ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ (ʈʌɸ), ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʥʘ ʷʜʨʘʭ 1H, 13C, 15N, 77Se, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ), ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ), 

ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ESI-MS). ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʘʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʠ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ʆʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ).  

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

¶ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʷʪʠʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [{ M5Q5(ɛ-pz)4}( pzH)5]
n+ (M = Mo, Q = S, Se, n = 1, 2; M = W, Q = 

S, Se, n = 2); 

¶ ʤʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʧʷʪʠʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ: ʟʘʤʝʱʝʥʠʝ ʘʧʠʢʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʙʨʦʤʠʨʦʚʘʥʠʝ 

ʤʦʩʪʠʢʦʚʳʭ ʧʠʨʘʟʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʙʨʦʤʠʨʦʚʘʥʠʝ ʤʦʩʪʠʢʦʚʳʭ 

ʧʠʨʘʟʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʧʠʨʘʟʦʣʴʥʳʭ ʣʠʛʘʥʜʦʚ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʋʌ, ʚʠʜʠʤʦʡ ʠ 

ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʷʭ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ  

ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʧʦʣʥʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣʠ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʳ ʩʠʥʪʝʟʳ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʗʄʈ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʣʠʯʥʦ 

ʜʠʩʩʝʨʪʘʥʪʦʤ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ɽʣʴʮʦʚʳʤ ʀ.ɺ. (ʅɻʋ) ʠ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ɼʘʥʥʳʝ 

ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʢ.ʬ.-ʤ.ʥ. ʗʥʴʰʦʣʝ ɺ.ɺ. (ʄʊʎ ʉʆ ʈɸʅ), ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʜʠʩʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ɻʘʡʬʫʣʠʥʳʤ ʗ.ʄ. (ʀʅʍ ʉʆ 

ʈɸʅ). ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʬʨʦʚʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʜʠʩʩʝʨʪʘʥʪʘ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʈʌʕʉ ʧʨʦʚʦʜʠʣʩʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ɸʩʘʥʦʚʳʤ ʀ.ʇ. (ʀʅʍ ʉʆ ʈɸʅ) ʠ ʢ.ʭ.ʥ. ʀʚʘʥʦʚʦʡ ʄ.ʅ. (ʀʅʍ ʉʆ ʈɸʅ). 

ɿʘʧʠʩʴ ʢʨʠʚʳʭ ʎɺɸ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢ.ʬ.-ʤ.ʥ. ʉʳʨʦʢʚʘʰʠʥʳʤ ʄ.ʄ. (ʀʅʍ ʉʆ ʈɸʅ). ʉʧʝʢʪʨʳ ʕʇʈ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʢ.ʬ.-ʤ.ʥ. ʂʦʤʘʨʦʚʩʢʠʭ ɸ.ʖ. (ʀʅʍ ʉʆ ʈɸʅ). ʇʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʠ 

ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʠ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʫʨʦʚʥʷ: 57-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʠ çʄʅʉʂ-

2019è (ʅʦʚʦʩʠʙʠʨʩʢ, 2019), V ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2019 (ʅʦʚʦʩʠʙʠʨʩʢ, 2019), XXVII 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ-

2020è (ʄʦʩʢʚʘ, 2020), VI ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2022 (ʅʦʚʦʩʠʙʠʨʩʢ, 2022), IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2022). 

 

ʇʫʙʣʠʢʘʮʠʠ  

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʞʫʨʥʘʣʘʭ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʫʯʥʦʛʦ 

ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Scopus. ɺ ʤʘʪʝʨʠʘʣʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 5 ʜʦʢʣʘʜʦʚ. 
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ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʧʨʠʟʥʘʥʠʠ ʤʠʨʦʚʳʤ 

ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè, ʧ. 5. çɺʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè, ʧ. 7. çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ  

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 148 ʩʪʨʘʥʠʮʘʭ, ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ 79 ʨʠʩʫʥʢʦʚ ʠ 

6 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʧʠʩʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

(146 ʠʩʪʦʯʥʠʢʦʚ) ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

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

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

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʅʍ ʉʆ ʈɸʅ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ V.44. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʦʩʥʦʚʳ ʭʠʤʠʠè, ʧʨʦʛʨʘʤʤʘ ʌʅʀ ʉʆ ʈɸʅ V.44.4. çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝè. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-87.2022.1.3 ʠ 

ʛʨʘʥʪʦʤ ʈʅʌ ˉ 19-73-20109.  
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1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʍʠʤʠʷ ʵʣʝʤʝʥʪʦʚ 6 ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (Cr, Mo, W) 

ʧʦ ʧʨʘʚʫ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ. ɼʣʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʚʦ ʤʥʦʛʦʤ 

ʧʨʦʷʚʣʷʶʱʠʭ ʘʥʘʣʦʛʠ,ʁ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʫʩʪʦʡʯʠʚʳʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʭʠʤʠʶ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ +6 ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʠʩʣʦʨʦʜʦʤ ð ʧʦʣʠʦʢʩʦʤʦʣʠʙʜʘʪʦʚ ʠ 

ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʦʚ, ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʞʝ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ (+2, +3, +4, +5) ð ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʙʘ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʠ ʚ ʩʠʣʫ ʩʚʦʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚʳʟʳʚʘʶʪ ʥʝ ʫʛʘʩʘʶʱʠʡ ʠʥʪʝʨʝʩ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. 

ʊʝʨʤʠʥ çʢʣʘʩʪʝʨè (ʘʥʛʣ. cluster ï ʛʨʦʟʜʴ, ʨʦʡ, ʩʢʦʧʣʝʥʠʝ) ʙʳʣ ʚʚʝʜʝʥ ʚ 1964 ʛʦʜʫ 

ʘʤʝʨʠʢʘʥʩʢʠʤ ʫʯʝʥʳʤ-ʭʠʤʠʢʦʤ ʌʨʘʥʢʦʤ ɸʣʴʙʝʨʪʦʤ ʂʦʪʪʦʥʦʤ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʱʝʩʪʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʩʪʦʚ ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʪʘʣʣ ï ʤʝʪʘʣʣ [1]. 

ʇʨʠ ʵʪʦʤ ʦʩʪʦʚ ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʤ, ʘ ʬʨʘʛʤʝʥʪ, ʦʙʨʘʟʫʝʤʳʡ 

ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʤ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ (ʚʥʫʪʨʝʥʥʠʤʠ) ʣʠʛʘʥʜʘʤʠ ï ʢʣʘʩʪʝʨʥʳʤ 

ʷʜʨʦʤ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʤʝʪʘʣʣʘ ʜʦʧʦʣʥʝʥʘ ʚʥʝʰʥʠʤʠ (ʪʝʨʤʠʥʘʣʴʥʳʤʠ) ʣʠʛʘʥʜʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʙʘʟʦʚʳʭ ʧʦʥʷʪʠʡ ʚ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ (ʂʉʕ) ï ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʝʡ ʤʝʪʘʣʣ ï ʤʝʪʘʣʣ, ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ ʠ ʩʪʨʦʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʷʜ ʚʦʟʤʦʞʥʳʭ 

ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʜʚʘ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ï ʙʠʷʜʝʨʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɿʘʪʝʤ ʩʣʝʜʫʶʪ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʠ, ʯʝʪʳʨʝ ʠ ʰʝʩʪʴ ʘʪʦʤʦʚ 

ʤʝʪʘʣʣʘ ï ʩʘʤʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʛʨʫʧʧʳ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʪʨʸʭʲʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʳ ʩʦʜʝʨʞʘʪ ʪʨʝʫʛʦʣʴʥʳʡ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ, ʚ ʯʝʪʳʨʸʭ- ʠ ʰʝʩʪʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ ʫʞʝ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʂʣʘʩʪʝʨʳ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʥʫʢʣʝʘʨʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʣʠʙʜʝʥʘ ʠ ʩʦʜʝʨʞʘʪ ʜʝʚʷʪʴ, ʜʚʝʥʘʜʮʘʪʴ 

ʠʣʠ ʧʷʪʥʘʜʮʘʪʴ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʪʠʧʳ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʅʝʢʦʪʦʨʳʝ ʪʠʧʳ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ.  

ɸʪʦʤ ʤʝʪʘʣʣʘ ï ʟʝʣʸʥʳʡ, ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ï ʞʸʣʪʳʡ, ʚʥʝʰʥʠʝ ʣʠʛʘʥʜʳ ï ʛʦʣʫʙʦʡ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʧʷʪʠʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ 

ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʦʧʠʩʘʥʳ ʥʝ ʙʳʣʠ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤ 

ʢʣʘʩʪʝʨʘʤ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ 

ʥʘ ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʞʝ ʛʣʘʚʘ 1.4. ʧʦʩʚʷʱʝʥʘ ʧʷʪʠʷʜʝʨʥʳʤ ʛʘʣʦʛʝʥʠʜʥʳʤ 

ʢʣʘʩʪʝʨʘʤ, ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ, ʠʤʝʶʱʠʤ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

1.1. ʊʨʝʫʛʦʣʴʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ {M3Q7} 

ʊʨʝʫʛʦʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʢʣʘʩʩʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ï ʵʪʦ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ 

{M 3Q7}  ʠ {M 3Q4} . 

ʂʣʘʩʪʝʨʳ ʪʠʧʘ {M 3Q7}  ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ, 

ʣʝʞʘʱʠʤʠ ʚ ʚʝʨʰʠʥʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʂ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʫ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʠʥ ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʣʠʛʘʥʜ ʧʦ ɛ3-ʪʠʧʫ, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʥʘʜ ʮʝʥʪʨʦʤ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʠ ʪʨʠ ʤʦʩʪʠʢʦʚʳʭ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʘ. ɼʠʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʣʠʛʘʥʜʳ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʧʦ ɛ2-ɖ
2:ɖ2-ʪʠʧʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ 

(ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ, Qeq) ʣʝʞʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʘ ʚʪʦʨʦʡ (ʘʢʩʠʘʣʴʥʳʡ,  Qax) 
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ï ʧʦʜ ʥʝʡ, ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ɛ3-ʣʠʛʘʥʜʫ (ʨʠʩʫʥʦʢ 2, ʘ). ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {M3Q4} ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʚ {M3Q7} (ʨʠʩʫʥʦʢ 2, ʙ). 

 

ʈʠʩʫʥʦʢ 2. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ {M 3Q7}  (ʘ) ʠ {M 3Q4} (ʙ).  

M ï ʟʝʣʸʥʳʡ, Q ï ʞʸʣʪʳʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʣʘʩʪʝʨʳ {M 3Q7} ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ "ʭʘʣʴʢʦʛʝʥ-ʥʘʩʳʱʝʥʥʳʤʠ", ʘ 

ʢʣʘʩʪʝʨʳ {M 3Q4} ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ï "ʭʘʣʴʢʦʛʝʥ-ʥʝʥʘʩʳʱʝʥʥʳʤʠ". 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʳ ʩ ʷʜʨʦʤ { M3Q7}  ʠʤʝʶʪ ʩʚʦʠ ʧʦʣʠʤʝʨʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ï 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩʦʩʪʘʚʘ M3Q7X4, ʧʦʣʫʯʘʝʤʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʘʤʧʫʣʴʥʳʤ ʩʠʥʪʝʟʦʤ. 

ʀʤʝʥʥʦ ʚ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʭ ʤʦʣʠʙʜʝʥʘ Mo3Q7X4 ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʛʨʫʧʧʘ { M3Q7} , ʠ 

ʧʦ ʩʝʡ ʜʝʥʴ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʪʨʝʫʛʦʣʴʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʣʘʩʪʝʨʳ ʩ ʷʜʨʦʤ { M3Q4} ʪʘʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʝ 

ʠʤʝʶʪ. ɺʧʝʨʚʳʝ ʛʨʫʧʧʘ M3Q4 ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʢʦʤʧʣʝʢʩʝ [{ Mo3S4}(ɖ5-C5H5)]
+, ʧʦʣʫʯʝʥʥʦʤ ʧʦ 

ʨʝʘʢʮʠʠ [Mo(ɖ5-C5H5)(CO)3Cl] ʩ [Sn(CH3)3]2S [2].  

1.1.1. ʇʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʇʝʨʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { M3Q7}, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1968 ʛʦʜʫ. ɺ 

ʩʪʘʪʴʝ [3] ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʭʘʣʴʢʦʭʣʦʨʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʘ Mo3S7Cl4 ʠ 

Mo3Se7Cl4 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɻʣʝʤʝʥʪʘʨʥʳʭ ʩʝʨʳ ʠʣʠ ʩʝʣʝʥʘ ʩ MoCl3. ʈʝʘʢʮʠʠ ʪʨʠʭʣʦʨʠʜʘ 

ʤʦʣʠʙʜʝʥʘ ʩ ʭʘʣʴʢʦʛʝʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʟʘʧʘʷʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ ʜʣʷ ʩʝʨʳ ʠ 400Áʉ ʜʣʷ ʩʝʣʝʥʘ ʚ ʪʝʯʝʥʠʝ 20 ï 24 ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ 

MoCl3:Q ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 1:10 ʜʦ 1:30. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʘʤʧʫʣʳ 

ʚʩʢʨʳʚʘʣʠ, ʘ ʠʟʙʳʪʦʢ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʭʘʣʴʢʦʛʝʥʘ ʠ ʣʝʪʫʯʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʫʜʘʣʷʣʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 300 ï 350Áʉ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʡ ʨʝʘʛʝʥʪʦʚ 

ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʣ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʦʩʪʘʚ ï Mo3Q7Cl4 (ʩʪʨʦʝʥʠʝ ʦʧʠʩʘʥʦ ʜʘʣʝʝ). 
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ʇʦʟʞʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʘʣʦʛʝʥʠʜʘ ʤʦʣʠʙʜʝʥʘ (Mo6Br12 ʠʣʠ MoBr3, ʠ Mo6I12 ʠʣʠ MoI3) ʩ 

ʩʝʨʦʡ ʠʣʠ ʩʝʣʝʥʦʤ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʭʘʣʴʢʦʙʨʦʤʠʜʳ Mo3S7Br4 ʠ Mo3Se7Br4 [3] ʠ 

ʭʘʣʴʢʦʠʦʜʠʜʳ Mo3S7I4 ʠ Mo3Se7I4 [4]. 

ʉʨʝʜʠ ʰʝʩʪʠ ʪʨʸʭʲʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩʦʩʪʘʚʘ Mo3Q7X4 (Q = S, Se; X = Cl, Br, I) 

ʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʪʦʣʴʢʦ ʜʣʷ Mo3S7Cl4 [5], ʦʜʥʘʢʦ ʦʜʠʥʘʢʦʚʳʡ ʩʦʩʪʘʚ, 

ʦʙʱʥʦʩʪʴ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʀʂ-ʩʧʝʢʪʨʦʚ 

ʚ ʨʷʜʫ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʦʜʦʙʠʝ ʠʭ ʩʪʨʦʝʥʠʷ. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ 

Mo3S7Cl4 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. ɼʚʘ ʘʪʦʤʘ ʭʣʦʨʘ ʫ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʷʚʣʷʶʪʩʷ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʚʰʠʝʩʷ ʯʝʪʳʨʝ ʩʣʫʞʘʪ ʤʦʩʪʠʢʘʤʠ ʠ ʩʚʷʟʳʚʘʶʪ ʢʣʘʩʪʝʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ. 

 

ʈʠʩʫʥʦʢ 3. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ Mo3S7Cl4.  

Mo ï ʪʸʤʥʦ-ʩʠʥʠʡ, S ï ʞʸʣʪʳʡ, Cl ï ʟʝʣʸʥʳʡ. 

ʇʦ ʧʨʦʰʝʩʪʚʠʠ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ ʦʪ ʦʪʢʨʳʪʠʷ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ {Mo3Q7} 

ʠʭ ʭʠʤʠʷ ʙʳʣʘ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʘ, ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʩʚʝʜʝʥʠʷ ʦʙ ʘʥʘʣʦʛʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʚʦʣʴʬʨʘʤʘ ʙʳʣʠ ʚʝʩʴʤʘ ʦʙʨʳʚʦʯʥʳ ʠ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʩʦʦʙʱʝʥʠʷʤʠ ʦ 

ʩʠʥʪʝʟʝ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ ʚ 1989 ʛʦʜʫ, ʜʚʝ ʛʨʫʧʧʳ ʫʯʸʥʳʭ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʣʫʯʠʣʠ 

ʧʝʨʚʳʝ ʢʣʘʩʪʝʨʳ ʚʦʣʴʬʨʘʤʘ ʩ ʷʜʨʦʤ {W3S7}. ɻʨʫʧʧʦʡ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʸʥʳʭ ʙʳʣ ʧʦʣʫʯʝʥ 

ʢʦʤʧʣʝʢʩ W3S7Br4 [6]. ʉʦʝʜʠʥʝʥʠʝ ʧʦʣʫʯʘʣʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʚʟʷʪʳʭ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʚ ʟʘʧʘʷʥʥʦʡ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 425ÁC ʚ 

ʪʝʯʝʥʠʠ 48 ʯʘʩʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʂʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ W3S7Br4, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʠʟʦʩʪʨʫʢʪʫʨʥʳ Mo3S7Cl4.  

ʉʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ W3S7Cl4 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʛʨʫʧʧʦʡ ʷʧʦʥʩʢʠʭ ʫʯʸʥʳʭ [7]. ʈʘʥʝʝ ʵʪʘ 

ʛʨʫʧʧʘ ʨʘʟʨʘʙʦʪʘʣʘ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ [{ Mo6S8} (PEt3)6] ʧʫʪʸʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʜʚʫʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ Mo3S7Cl4. ʏʪʦʙʳ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʠʪʴ 
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ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʚʦʣʴʬʨʘʤʘ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʪʘʢʞʝ ʠ ʤʝʪʦʜ ʩʠʥʪʝʟʘ W3S7Cl4. ʉʦʝʜʠʥʝʥʠʝ 

ʧʦʣʫʯʘʣʠ ʨʝʘʢʮʠʝʡ W6Cl12 ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʧʨʠ 300ÁC ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ ʚ ʟʘʧʘʷʥʥʦʡ 

ʘʤʧʫʣʝ. ʇʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʟʘʪʝʤ ʫʜʘʣʷʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʣʠʰʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʜʥʘʢʦ ʚʩʢʦʨʝ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʘʙʦʪ ʨʦʩʩʠʡʩʢʠʭ ʫʯʸʥʳʭ. ɺ ʨʘʙʦʪʝ [8] 

ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʨʘʩʰʠʨʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ. 

ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʦʣʫʯʘʣʠ W3S7Br4 ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [6], ʥʦ ʫʞʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ - 300ÁC. ʇʦʤʠʤʦ ʵʪʦʛʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ WS3 ʧʦ 

ʨʝʘʢʮʠʠ:  

3WS3 + 3Br2 = W3S7Br4 + S2Br2.                                              (1) 

ʆʙʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (97% ʜʣʷ ʩʠʥʪʝʟʘ 

ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ W3S7Cl4 ð ʩʦʝʜʠʥʝʥʠʝ 

ʧʦʣʫʯʘʣʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ WS3 ʠ PCl5. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 84%. ʇʦʤʠʤʦ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʚʪʦʨʳ ʦʧʨʦʙʦʚʘʣʠ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʘʭ ʚʦʣʴʬʨʘʤʘ ʤʝʪʦʜʠʢʠ 

ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ, ʠ ʧʦʣʫʯʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺʩʣʝʜ ʟʘ ʧʦʣʫʯʝʥʠʝʤ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ ʧʦʩʣʝʜʦʚʘʣʦ ʠ ʧʦʣʫʯʝʥʠʝ 

ʩʝʣʝʥʠʜʥʳʭ ʘʥʘʣʦʛʦʚ. ɺ ʨʘʙʦʪʝ [9] ʘʚʪʦʨʳ ʧʦʣʫʯʘʣʠ W3Se7Br4 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʚʟʷʪʳʭ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʪʘʪʴʝ, ʧʨʦʜʫʢʪ ʵʪʦʡ ʨʝʘʢʮʠʠ 

ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʦʣʴʬʨʘʤʘ ʠ ʩʝʣʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʠʙʜʝʥʦʤ ʠ ʩʝʨʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʧʦʣʫʯʠʪʴ W3Se7Br4 ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ, ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʤʝʭʦʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʧʦʣʫʯʘʝʤʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʝʜʠʥʝʥʠʝ 

ʫʜʦʙʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ { W3Se7}
4+. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʪʝʣʣʫʨʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʪʦ ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʩʣʝʜʥʠʤʠ ʚ ʨʷʜʫ {M 3Q7}, ʠ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { M3Te7}, ʷʚʣʷʶʪʩʷ 

ʩʘʤʳʤʠ ʤʘʣʦʯʠʩʣʝʥʥʳʤʠ ʩʨʝʜʠ ʢʣʘʩʪʝʨʦʚ {M 3Q7} . Mo3Te7I4 ʧʦʣʫʯʘʶʪ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 380ÁC [10]. ʇʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʦʣʴʬʨʘʤʦʚʳʡ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ W3Te7Br4 ʧʦʣʫʯʘʶʪ, ʠʩʧʦʣʴʟʫʷ WTe2, ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ [11] 

3WTe2 + Te + 2Br2 = ñW3Te7Br4ò.                                           (2) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʩʝʭ ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥ-ʥʘʩʳʱʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʝʨʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ï ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩʦʩʪʘʚʘ 

{M 3Q7} X4. ʇʦ ʧʨʠʯʠʥʝ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʠʭ ʭʠʤʠʷ ʥʝ ʨʘʟʚʠʚʘʣʘʩʴ ʜʦʣʛʠʝ ʛʦʜʳ. ʆʜʥʘʢʦ ʩ ʥʘʭʦʞʜʝʥʠʝʤ 

ʤʝʪʦʜʘ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ ʥʘʜʸʞʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʜʣʷ ʩʠʥʪʝʟʘ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ.  

1.1.2. ʈʝʘʢʮʠʠ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʦʩʬʠʥʘʤʠ ʠ ʩʦʣʷʤʠ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʷ 

ɺ 1984 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʳ ʩʦʦʙʱʘʶʪ ʦ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Mo3S7X4 (X = Cl, Br) ʠ ʧʦʣʫʯʝʥʠʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ [12]. ʉʦʝʜʠʥʝʥʠʷ Mo3S7X4 ʥʘʛʨʝʚʘʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʟʘʧʘʷʥʥʦʡ 

ʘʤʧʫʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PPh3 ʧʨʠ 80Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʞʸʣʪʦ-ʟʝʣʸʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ, ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʠ ʩʣʘʙʦ 

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʙʝʥʟʦʣʝ ʠ ʘʮʝʪʦʥʝ. ʉʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʦʜʥʘʢʦ ʈʉɸ ʥʝ ʙʳʣ ʧʨʦʚʝʜʸʥ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ 

ʩʚʷʟʠ ʤʦʣʠʙʜʝʥïʤʦʩʪʠʢʦʚʳʡ ʘʪʦʤ ʛʘʣʦʛʝʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ ʩʪʘʥʦʚʷʪʩʷ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ, ʘ ʦʩʚʦʙʦʜʠʚʰʠʝʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʝʩʪʘ ʟʘʥʠʤʘʶʪ ʤʦʣʝʢʫʣʳ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ çMo3S7X4(PPh3)2è. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʜʝʪʘʣʠ. ɺʦ-ʧʝʨʚʳʭ, ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʘ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʢʨʘʰʝʥʳ ʚ ʞʸʣʪʦ-

ʟʝʣʸʥʳʡ ʮʚʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ {Mo3Q7} ʠʤʝʶʪ ʢʨʘʩʥʳʡ ʮʚʝʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʠʟʚʝʩʪʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʦʚ 

{ Mo3Q7} (Q = S, Se), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ 

ʘʪʦʤʦʚ ʩʝʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ { Mo3Q4}. ʇʦʟʜʥʝʝ ʚ ʨʘʙʦʪʘʭ [6, 13, 14] ʪʘʢʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ, ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Mo3S7X4 (X = Cl, Br) ʠʣʠ W3S7Br4 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʦʩʬʠʥʘʤʠ (PPh3, PEt3, dmpe) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ 

[{ M3S4}L 3], ʛʜʝ L = PPh3, PEt3, dmpe.  

ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʧʦʩʦʙʳ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʨʘʛʤʝʥʪ { Mo3Q7} 

ʩʦʭʨʘʥʷʝʪʩʷ, ʙʳʣʠ ʥʘʡʜʝʥʳ. ɺ ʨʘʙʦʪʝ [15] ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ Mo3S7X4 (X = Cl, Br) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʩʦʣʷʤʠ PPh4X 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʵʪʠʭ ʩʦʣʝʡ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 3). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

(PPh4)2[{ Mo3S7} X6] ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʣʘʩʪʝʨ Mo3S7X4 ʠ ʩʦʣʴ PPh4X ʥʘʛʨʝʚʘʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 280-290Áʉ ʚ ʪʝʯʝʥʠʠ 5 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʧʣʘʚ ʠʟʤʝʣʴʯʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ 
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ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ɿʘʪʝʤ ʚʳʩʘʞʠʚʘʣʠ ʵʬʠʨʦʤ. ɺʳʭʦʜʳ ʢʦʤʧʣʝʢʩʦʚ 

(PPh4)2[{ Mo3S7} X6] ʩʦʩʪʘʚʠʣʠ 75% ʠ 38% ʜʣʷ X = Cl ʠ X = Br ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʦʣʝʝ ʥʠʟʢʠʡ ʚʳʭʦʜ 

ʢʦʤʧʣʝʢʩʘ (PPh4)2[{ Mo3S7} Br6] ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʥʠʟʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʩʦʝʜʠʥʝʥʠʷ Mo3S7Br4, ʠ ʯʘʩʪʠʯʥʳʤ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝʤ ʜʦ MoS2. 

Mo3S7X4 + 2PPh4X = (PPh4)2[{Mo 3S7}X 6]                                         (3) 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪ (PPh4)2[{ Mo3S7} Cl6]ʠ (PPh4)2[{ W3S7} Br6] [8, 16]. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, ʩʦʣʠ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʷ ʥʝ ʚʩʪʫʧʘʪʁ ʚ ʨʝʘʢʮʠʶ ʩ 

ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠ ʚ ʪʘʢʠʭ ʨʝʘʢʮʠʷʭ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ 

ʩʦʭʨʘʥʷʝʪʩʷ. ɸ ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʣʠ [{ M3S7}X6]
2- ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʪʘʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢʘʢ ʘʮʝʪʦʥʠʪʨʠʣ, ʘʮʝʪʦʥ, ɼʄʌɸ (N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ), ɼʄʉʆ (ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ). 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ, ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʘʪʠʦʥʦʚ (ʥʘʧʨʠʤʝʨ, ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ) ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠʣʠ 

ʨʘʟʣʦʞʝʥʠʷ. ʊʘʢ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ (Et4N)2[{ M3S7} X6] (X=Cl, Br), ʩʦʝʜʠʥʝʥʠʷ M3S7X4 ʢʠʧʷʪʷʪ 

ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪʘʭ (HCl ʠʣʠ HBr, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Et4NX. ʃʠʙʦ 

ʧʦʣʫʯʘʶʪ ʦʧʦʩʨʝʜʦʚʘʥʦ ʠʟ (NH4)2[{ Mo3S7} (S2)3]Ŀ2H2O [17]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʠʩʫʣʴʬʠʜʦʤ ʘʤʤʦʥʠʷ 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʠʩʫʣʴʬʠʜʦʤ 

ʘʤʤʦʥʠʷ. ɺ ʨʘʙʦʪʝ [18] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ Mo3S7Cl4 ʩ ʨʘʩʪʚʦʨʦʤ 

NH4Sx ʧʨʠ 90Áʉ ʚ ʪʝʯʝʥʠʠ 6 ʯʘʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʩʚʷʟʝʡ Mo-Cl ʠ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʭʣʦʨʘ 

ʥʘ ʜʠʩʫʣʴʬʠʜʥʫʶ ʛʨʫʧʧʫ S2
2- ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (NH4)2[{ Mo3S7} (S2)3]Ŀ2H2O. 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [{ Mo3S7} (S2)3]
2ï, ʚ ʢʦʪʦʨʦʤ ʚ ʨʦʣʠ ʢʘʢ 

ʤʦʩʪʠʢʦʚʳʭ, ʪʘʢ ʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚʳʩʪʫʧʘʝʪ S2
2ï (ʨʠʩʫʥʦʢ 4). ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 92%. 
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ʈʠʩʫʥʦʢ 4. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{ Mo3S7}( S2)3]2-.  

Mo ï ʪʸʤʥʦ-ʩʠʥʠʡ, S ï ʞʸʣʪʳʡ. 

ɺʧʝʨʚʳʝ ʵʪʦʪ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʨʘʥʝʝ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ. ɺ ʨʘʙʦʪʝ [19] ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʩʠʥʪʝʟ 

(NH4)2[{ Mo3S7}( S2)3]Ŀ0,5H2O. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʦʣʠʩʫʣʴʬʠʜʘ 

ʘʤʤʦʥʠʷ ʢ ʨʘʩʪʚʦʨʫ (NH4)6[Mo7O24] ʠ NH2OHĿHCl ʚ ʚʦʜʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ 40 ï 

50Áʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʬʠʣʴʪʨʦʚʘʣʠ 

ʠ ʩʥʦʚʘ ʥʘʛʨʝʚʘʣʠ ʜʦ 90Áʉ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʸʭ ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣʠ ʪʸʤʥʦ-

ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ (NH4)2[{ Mo3S7}( S2)3]Ŀ0,5H2O. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ [20]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ 

ʧʨʠʤʝʨʦʤ ʩʙʦʨʢʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʚ ʨʘʩʪʚʦʨʝ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʦʪʦʧʦʚ ʧʦʢʘʟʘʣʠ [21], ʯʪʦ ʨʝʘʢʮʠʠ Mo3S7Br4 

ʩ (NH4)2Sx ʧʨʦʪʝʢʘʶʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʘ ʩʝʨʳ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʦʟʠʮʠʠ, ʪʦ ʝʩʪʴ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo3S4} . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Mo3S7Br4 ʩ (NH4)2Sx ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʘ) 

ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ S2
2ï ʠ ʙ) ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ-ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʘʪʦʤʘ ʩʝʨʳ ʚ ʩʦʩʪʘʚʝ ʣʠʛʘʥʜʘ Õ-S2. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʬʦʨʤʘʣʴʥʦ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { Mo3S7}  

ʩʦʭʨʘʥʷʝʪʩʷ.  

ʂʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʘʢʮʠʷʭ ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʜʨʫʛʦʤʫ. ɺ ʨʘʙʦʪʝ [8] 

ʘʚʪʦʨʳ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ (NH4)2Sx ʢ W3S7Br4 ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʯʸʨʥʳʡ 

ʢʨʠʩʪʘʣʣʠʯʥʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʠ ʧʨʦʤʳʚʘʣʠ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ (ʢʨʠʩʪʘʣʣʳ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ) ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ 
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(NH4)(H)(H2O)3[{W 3S4}(S4)3(NH3)3]. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {W3S4}, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʚ ʨʝʘʢʮʠʷʭ c (NH4)2Sx ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ 

ʣʘʙʠʣʴʥʳʭ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʘʪʦʤʦʚ ʩʝʨʳ ʠ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {W3S7} ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʯʪʦ ʚ ʮʝʣʦʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢʣʘʩʪʝʨʦʚ {W3Q7} ʠ ʪʝʥʜʝʥʮʠʝʡ ʢ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ ʘʪʦʤʘ 

ʭʘʣʴʢʦʛʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ {W3Q4}. ɺ ʨʦʣʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚʳʩʪʫʧʘʶʪ ʛʨʫʧʧʳ S4
2ï, 

ʙʠʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢ ʘʪʦʤʘʤ ʤʦʣʠʙʜʝʥʘ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 90%. 

ʄʝʪʦʜ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ 

ʅʦʚʘʪʦʨʩʢʠʤʠ ʪʘʢʞʝ ʩʪʘʣʠ ʨʘʙʦʪʳ ʥʦʚʦʩʠʙʠʨʩʢʠʭ ʫʯʸʥʳʭ, ʦʙʲʝʜʠʥʠʚʰʠʝ ʭʠʤʠʶ 

ʢʣʘʩʪʝʨʦʚ ʠ ʤʝʭʘʥʦʭʠʤʠʶ ð ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ, ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʉʠʙʠʨʠ [22, 23]. 

ʇʝʨʚʦʡ ʚ ʵʪʦʤ ʨʷʜʫ ʨʘʙʦʪ ʩʪʘʣʘ ʩʪʘʪʴʷ [9], ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 

(Et4N)2[{M 3Q7} Br6] (M = Mo, Q = Se; M = W, Q = S, Se) ʧʫʪʸʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 3-4 ʯʘʩʦʚ, 

ʧʦʤʝʱʘʷ ʪʫʜʘ ʨʘʚʥʳʝ ʢʦʣʠʯʝʩʪʚʘ {M 3Q7} Br4 ʠ Et4NBr. ɿʘʪʝʤ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʛʦʨʷʯʠʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʚʳʩʘʞʠʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜʳ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʶʪ 50-60% ʜʣʷ (Et4N)2[{ W3S7} Br6], 20-25% ʜʣʷ (Et4N)2[{W3Se7} Br6] 

ʠ 30% ʜʣʷ (Et4N)2[{ Mo3Se7} Br6]. ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ, ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ 

M3Q7X4 ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ.  

ʇʦʟʞʝ ʨʷʜ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ ʙʳʣ ʨʘʩʰʠʨʝʥ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩ ʭʦʨʦʰʠʤ 

ʚʳʭʦʜʦʤ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʦʢʩʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [{M 3Q7} (C2O4)3]
2- (M = Mo, Q = S, Se; M = W, 

Q = S) (ʨʠʩʫʥʦʢ 5, ʘ) [11]. ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ ʚ 

ʪʝʯʝʥʠʝ 15 ʯʘʩʦʚ, ʧʦʤʝʱʘʷ ʪʫʜʘ M3Q7Br4 ʠ K2C2O4 ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:3,5. ɿʘʪʝʤ ʧʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚʦʜʦʡ. ʂʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ K2[{M 3Q7} (C2O4)3]Ŀ0,5KBrĿnH2O (M = Mo, Q 

= S, n = 3; M = Mo, Q = Se, n = 4; M = W, Q = S, n = 5) ʧʦʣʫʯʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʜʦ 5Áʉ. ʆʜʥʘʢʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʧʦʣʫʯʠʪʴ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[{ W3Se7} (C2O4)3]
2-, ʧʦʩʢʦʣʴʢʫ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʣʝʛʢʦ ʪʝʨʷʝʪ ʩʝʣʝʥ, ʧʝʨʝʭʦʜʷ ʚ 

[{ W3Se4} (C2O4)3(H2O)3]
2-, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʩ ʢʨʘʩʥʦʛʦ ʥʘ ʟʝʣʸʥʳʡ. 

ɸʥʘʣʦʛʠʯʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠ ʩʫʣʴʬʠʜʥʳʡ ʚʦʣʴʬʨʘʤʦʚʳʡ ʢʣʘʩʪʝʨ, ʦʜʥʘʢʦ 

ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʩʪʘʙʠʣʴʥʳ ʠ ʥʝ 

ʪʝʨʷʶʪ ʭʘʣʴʢʦʛʝʥ.  

ɸʮʝʪʠʣʘʮʝʪʦʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [{M o3Q7} (acac)3]
+ (Q = S, Se) (ʨʠʩʫʥʦʢ 5, ʙ)  ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [24] (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 4). ʄʝʭʘʥʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 
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15 ʯʘʩʦʚ, ʟʘʪʝʤ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʘʮʝʪʦʥʦʤ. ʇʦʩʣʝʜʫʶʱʘʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ 

ʩʤʝʩʠ ʙʝʥʟʦʣ-ʛʝʢʩʘʥ ʜʘʣʘ ʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ [{M o3Q7} (acac)3]BrĿ2C6H6. 

Mo3Q7Br4 + 3 Na(acac) Ÿ [{M o3Q7} (acac)3]Br + 3 NaBr                       (4) 

ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ [{M o3Q7} (acac)3]BrĿ2C6H6 ʩʦʩʪʘʚʣʷʶʪ 14% ʠ 3% ʜʣʷ Q = S ʠ Q = Se, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ, ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʢʘʢ ʧʨʦʩʪʦʪʦʡ ʧʦʣʫʯʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢ ʠ ʣʝʛʢʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ.  

 

ʈʠʩʫʥʦʢ 5. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M3Q7}(C2O4)3]2- ʠ [{Mo3Q7}(acac)3]+.  

M/Mo ï ʟʝʣʸʥʳʡ, Q ï ʞʸʣʪʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, H ï ʯʝʨʥʳʡ. 

 

1.1.3. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʍʘʨʘʢʪʝʨʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ M3Q7 ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʩʪʨʦʝʥʠʝʤ. ɼʚʘ 

ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʚ ʩʦʩʪʘʚʝ ʣʠʛʘʥʜʘ Õ-Q2
2ï ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝ ʵʢʚʠʚʘʣʝʥʪʥʳ ʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʪʦʤʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʝ ʙʦʣʝʝ 

ʣʘʙʠʣʴʥʳ ʚ ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ ʠ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ. 

ɺʧʝʨʚʳʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʚ ʢʦʤʧʣʝʢʩʘʭ M3Q7 ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʥʘ ʧʨʠʤʝʨʝ (NH4)2[{ Mo3S7}( S2)3] ʚ 1980 ʛʦʜʫ. ɺ ʨʘʙʦʪʝ [25] ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʨʝʘʢʮʠʷ (NH4)2[{ Mo3S7}( S2)3] ʩ KCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ: ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ K5[{ Mo3S4} (CN)9]Ŀ3KCNĿ4H2O ʠ KSCN. ʇʨʠ ʵʪʦʤ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʈʉɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʱʝʧʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʨʫʛʦʛʦ ʪʠʧʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ï { Mo3S4}. ɺ ʨʝʘʢʮʠʷʭ 

(NH4)2[{ Mo3S7}( S2)3] ʩ Na2(SCH2CH2S) ʠ ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (H3NTA) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Mo3S4(SCH2CH2S)3]
2ï [26] ʠ [Mo3S4(HNTA)3]

2ï [27] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʆʜʥʘʢʦ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʠʟ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʵʣʠʤʠʥʠʨʫʝʪʩʷ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ, ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ ʪʦʣʴʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʘʙʦʪ ʩʦʚʝʪʩʢʠʭ ʫʯʸʥʳʭ. ɺʧʝʨʚʳʝ ʵʪʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [21] ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʮʠʡ ʩ ʠʟʦʪʦʧʦʤ 34S. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʷʭ Mo3
34S7Br4 c (NH4)2Sx ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [{ Mo3(ɛ3-

34S)(ɛ-34SaxSeq)3}( S2)3]
2-, ʘʥʘʣʦʛʠʯʥʦ ʚ ʨʝʘʢʮʠʠ Mo3S7Br4 c Na2

34Sx ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʘ [{ Mo3(ɛ3-S)(ɛ-Sax
34Seq)3}(

34S2)3]
2- (ʨʠʩʫʥʦʢ 6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʪʦʤʘ ʩʝʨʳ ʧʦ ʤʝʭʘʥʠʟʤʫ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʙʦӢʣɹ ʘh̫ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠ ʚ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

 

ʈʠʩʫʥʦʢ 6. ʉʭʝʤʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʪʦʧʦʚ ʩʝʨʳ 

 

ʕʣʠʤʠʥʠʨʦʚʘʥʠʝ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ 

ʕʣʠʤʠʥʠʨʦʚʘʥʠʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ { M3Q7} 

ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʫʢʣʝʦʬʠʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʮʠʘʥʠʜ-ʠʦʥ ʠʣʠ ʬʦʩʬʠʥʳ (PPh3, 1,2-

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ (dppe), 1,2-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ (dmpe)), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ { M3Q4} .  

ʊʘʢ, ʚ ʨʘʙʦʪʝ [17] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʣʴʬʠʜ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ 

ʨʝʘʢʮʠʠ (Et4N)2[{Mo3(Õ3-
34S)(Õ-34Sax

32Seq)3} Br6], ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 80% ʠʟʦʪʦʧʘ 32S. ɺ ʨʘʙʦʪʝ [28] 

ʥʘ ʧʨʠʤʝʨʝ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{ Mo3(Õ3-S)(Õ-SaxSeeq)3} (H2O)9]
4+ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʩ PPh3 ʧʨʦʠʩʭʦʜʠʪ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʘʪʦʤʦʚ ʩʝʣʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

[{ Mo3(Õ3-S)(Õ-S)3} (H2O)9]
4+, ʚ ʨʝʘʢʮʠʠ ʩ CN- ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʟʘʤʝʱʝʥʠʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ [{ Mo3(Õ3-S)(Õ-S)3} (CN)9]
5-. ɸʥʘʣʦʛʠʯʥʦ ʚ ʨʝʘʢʮʠʷʭ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

M3S7X4 (M = Mo, W; X = Cl, Br) ʩ dmpe ʠʣʠ dppe ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʝʟʘʥʠʝ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ { M3S4}  ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [{ M3S4} X3(dmpe)3]
+ ʠʣʠ 

[{ M3S4} X3(dppe)3]
+, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [29].  
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ɿʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ 

ɿʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʊʘʢ, ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [30] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʨʝʫʛʦʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ A2[{ M3S7} X6] (ʜʣʷ M = Mo: X = Cl, Br; A = Et4N
+, 

PPh4
+, PPN+ (PPN+ï ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʠʤʠʥʠʡ), PPh3Et+; ʜʣʷ M = W: X = Cl, Br; A = PPh4

+, 

PPN+) ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ SePPh3 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ A2[{ M3S4Se3} X6] ʠ SPPh3 ʧʦ ʨʝʘʢʮʠʠ: 

A2[{ M3S7} X6] + 3 SePPh3 = 3 SPPh3 + A2[{M 3S4Se3}X 6]                          (5) 

ʉʪʨʫʢʪʫʨʘ ʦʜʥʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ (PPh3Et)2[{Mo3S4Se3}Cl6], ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. ɺ ʘʥʠʦʥʝ [{ Mo3S4Se3} Cl6]
2ī ʘʪʦʤʳ ʩʝʣʝʥʘ ʟʘʥʠʤʘʶʪ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʣʠʛʘʥʜʝ Õ-SSe (ʨʠʩʫʥʦʢ 7). ʇʨʠ ʵʪʦʤ, ʢʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ, ʧʨʦʪʝʢʘʶʱʘʷ ʨʝʘʢʮʠʷ 

ʥʝʦʙʨʘʪʠʤʘ, ʠ ʥʘʛʨʝʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ A2[{ M3S7} X6] ʩ ʠʟʙʳʪʢʦʤ SPPh3 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʥʦʤʫ 

ʟʘʤʝʱʝʥʠʶ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʣʝʤʝʥʪʘʨʥʳʤ ʩʝʣʝʥʦʤ: ʘ) ʨʘʩʪʚʦʨʦʚ 

ʢʦʤʧʣʝʢʩʦʚ [{ M3S7} X6]
2ī ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʙ) ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ { M3S4}

4+, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [{ M3S7} X6]
2ī ʩ PPh3. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜ 

Õ-SSe ʥʝ ʫʜʘʣʦʩʴ. 

 

ʈʠʩʫʥʦʢ 7. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{Mo3(ɛ3-S)(ɛ-SaxSeeq)3}Cl 3]2-.  

Mo ï ʪʸʤʥʦ-ʩʠʥʠʡ, S ï ʞʸʣʪʳʡ, Se ï ʦʨʘʥʞʝʚʳʡ, Cl ï ʟʝʣʸʥʳʡ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʩʝʣʝʥʦʮʠʘʥʘʪʦʤ ʢʘʣʠʷ, KSeCN. ɺ ʨʘʙʦʪʝ [31] ʘʚʪʦʨʳ 

ʧʦʣʫʯʘʣʠ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Et4N)2[{ Mo3S4Se3} (NCS)6] ʧʦ ʨʝʘʢʮʠʠ (Et4N)2[{Mo3S7} X6] (X = 

Cl, Br) ʩ KSeCN ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 6). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʩ ʚʳʭʦʜʦʤ ~ 70%. ɼʦʙʘʚʣʝʥʠʝ ʠʟʙʳʪʢʘ KSCN ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ 

ʟʘʤʝʱʝʥʠʶ ʚʥʝʰʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ SCN-: 
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[{Mo 3S7} X6]
2- + 3 SeCN- + 3 SCN- = [{ Mo3S4Se3}( NCS)6]

2- + 6 X-.                    (6) 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ (Et4N)2[{ Mo3
34S7} Cl6] ʩ KSCN ʧʨʠʚʦʜʠʪ ʢ ʠʟʦʪʦʧʥʦʤʫ ʦʙʤʝʥʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ (Et4N)2[{Mo3(Õ3-
34S)(Õ-34Sax

32Seq)3} (NCS)6] ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʠ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɼʨʫʛʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ: ʢʦʤʧʣʝʢʩ 

[{ W3S7} (NCS)6]
2- ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʭʘʣʴʢʦʛʝʥʘ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 7). 

(Et4N)2[{W 3S7} Br6] + 9 KSCN + 3 Et4NBr = (Et4N)5[{W 3S4} (SCN)9] + 3 S + 9 KBr.      (7) 

ʇʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ { Mo3Q7} . ɺ ʨʘʙʦʪʝ [11] ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʨʝʘʢʮʠʷʭ 

Mo3S7Br4, Mo3Te7I4 ʠ W3Te7Br4 ʩ ʨʘʩʧʣʘʚʦʤ KNCSe ʧʨʠ 200 ī 220ÁC ʷʚʣʷʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [{ M3Se7} (CN)6]
2- (M = Mo, W). ɸʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʨʝʘʢʮʠʷʤ ʚ ʨʘʩʪʚʦʨʝ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʩʧʣʘʚʦʤ KNCSe ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʥʝʰʥʠʤ ʣʠʛʘʥʜʦʤ NCSe- ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ï ʢʦʤʧʣʝʢʩʳ ʥʝʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. [{ Mo3Te4Se3} (CN)6]
2ī 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʩ Mo3Te7I4, [{ Mo3S4Se3} (CN)6]
2ī, [{ Mo3SSe6} (CN)6]

2ī ï ʚ 

ʨʝʘʢʮʠʠ ʩ Mo3S7Br4, ʠ [{W3Te4Se3} (CN)6]
2ī, [{W3Te3Se4} (CN)6]

2ī, [{W3Te2Se5} (CN)6]
2ī, 

[{ W3TeSe6} (CN)6]
2ī ï ʚ ʩʣʫʯʘʝ W3Te7Br4. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʘʚʪʦʨʳ ʟʘʢʣʶʯʘʶʪ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ { M3Q7} ʧʨʦʪʝʢʘʝʪ ʩʪʫʧʝʥʯʘʪʦ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ { Mo3Q4Qô3}  ʠ { Mo3QQô6}. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʣʘʙʠʣʴʥʦʩʪʴ ʘʪʦʤʦʚ 

ʭʘʣʴʢʦʛʝʥʘ ʚ ʪʨʸʭ ʨʘʟʥʳʭ ʧʦʟʠʮʠʷʭ ʚ ʷʜʨʘʭ {Mo3(Õ3-Q)(Õ-QʘʢʩQʵʢʚ)3}
4+ ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ Qʵʢʚ > Qʘʢʩ 

>Õ3-Q (ʨʠʩʫʥʦʢ 8). 

 

ʈʠʩʫʥʦʢ 8. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ {Mo3Q7} .  

ɿʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʪʝʣʣʫʨʘ ʥʘ ʩʝʨʫ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{ M3Te7} (dtp)3]
+ (M = Mo, W; dtp - ʜʠʵʪʠʣʜʠʪʠʦʬʦʩʬʘʪ) [32]. ɺ ʨʝʘʢʮʠʷʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{ M3Te7} (dtp)3]
+ ʩ S2Cl2 ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 
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ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{ M3Te7-xSx} (dtp)3]
+, ʛʜʝ x = 0 ï 5 ʚ ʩʣʫʯʘʝ ʤʦʣʠʙʜʝʥʘ, 

ʠ x = 0 ï 4 ʚ ʩʣʫʯʘʝ ʚʦʣʴʬʨʘʤʘ.  

ɿʘʤʝʱʝʥʠʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ 

ɺ ʭʦʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʚʥʝʰʥʠʤʠ N-, P- ʠ S-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʶʪ ʢʘʢ ʧʨʠ ʚʳʨʝʟʘʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʟ ʧʦʣʠʤʝʨʦʚ 

M3Q7X4 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʩʧʣʘʚʦʤ [16, 33], ʨʘʩʪʚʦʨʦʤ ʣʠʛʘʥʜʘ [34] ʠʣʠ ʧʨʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʪʘʢ ʠ ʧʫʪʸʤ ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ [{ M3Q7} X6]
2-. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ [{ Mo3Se7} (phen)3]Br4 ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʨʝʘʢʮʠʝʡ Mo3Se7Br4 ʠ o-phenĀH2O (o-phen ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 230 

ï 250ÁC ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʯʘʩʦʚ [16]. ɸ (Et4N)[{ Mo3S7} Br5(NH2Ph)3] ʧʦʣʫʯʘʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

(Et4N)2[{ Mo3S7} Br6] ʩ ʘʥʠʣʠʥʦʤ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ [35]. 

1.1.4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ { M3Q7}
4+ ʩʧʦʩʦʙʥʳ ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ (ʫʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 8), ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ { M3Q4} : 

{ M3Q7}
4+ + 6 e- = {M3Q4}

4+ +3 Q2-.                                              (8) 

ɼʦʙʠʪʴʩʷ ʦʙʨʘʪʠʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʞʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʥʘʧʨʠʤʝʨ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ [33]. ʇʨʠ ʚʚʝʜʝʥʠʠ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʢʘʢ ʜʠʪʠʦʣʘʪʳ ʠʣʠ 

ʜʠʩʝʣʝʥʦʣʘʪʳ, ʢʦʤʧʣʝʢʩʳ { Mo3S7}  ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ [36]. ʆʙʨʘʟʫʶʱʠʝʩʷ 

ʧʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [37, 38]. 

ʆʢʩʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ [{ W3S7} (C2O4)3]
2-, ʢʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ 

ʨʘʙʦʪʝ [39], ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʦʣʠʤʝʨʳ ʩ ʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ.  

ʂʨʦʤʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ { M3Q7}  ʠ { M3Q4}  ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʦʧʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʦʷʚʣʷʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ. ɺʩʸ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ 

ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʨʘʩʩʤʦʪʨʝʥʦ ʚ 

ʦʙʟʦʨʝ [36]. 

1.2. ʊʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ {M4Q4} 

ʊʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʩʘʤʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʣʘʩʪʝʨʳ { M4Q4}  ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ 

ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ, ʣʝʞʘʱʠʤʠ ʚ ʚʝʨʰʠʥʘʭ ʪʝʪʨʘʵʜʨʘ. ʂ ʢʘʞʜʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʛʨʘʥʠ 

ʪʝʪʨʘʵʜʨʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʠʥ ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʣʠʛʘʥʜ ʧʦ ɛ3-ʪʠʧʫ, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʥʘʜ 
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ʮʝʥʪʨʦʤ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʠʩʫʥʦʢ 9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { M4Q4}  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, 

ʢʘʢ ʜʚʘ ʧʨʘʚʠʣʴʥʳʭ ʪʝʪʨʘʵʜʨʘ M4 ʠ Q4 ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ, ʧʨʠ ʵʪʦʤ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʠ 

ʭʘʣʴʢʦʛʝʥʘ ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʸʥʥʫʶ ʢʫʙʘʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʩʤʝʱʝʥʳ ʠʟ 

ʚʝʨʰʠʥ ʢ ʮʝʥʪʨʫ. ʂʫʙʘʥʦʚʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʠ ʟʘʯʘʩʪʫʶ ʛʝʥʝʪʠʯʝʩʢʠ 

ʩʚʷʟʘʥʳ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ { M3Q4} .  

 

ʈʠʩʫʥʦʢ 9. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ M4Q4. 

M ï ʟʝʣʸʥʳʡ, Q ï ʞʸʣʪʳʡ. 

ɼʣʷ ʤʦʣʠʙʜʝʥʘ ʠʟʚʝʩʪʥʳ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Mo4S4X4 (X = CI, Br, I) ʠ MMo4Q8 (M = 

Al, Ga, Q = S; M = Ga, Q = Se), ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ Mo4Q4. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʝʫʛʦʣʴʥʳʝ (M3Q7X4) ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ (Mo6Q8) 

ʢʣʘʩʪʝʨʳ, ʜʣʷ Mo4S4X4 ʠ MMo4Q8 ʤʝʪʦʜʳ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ, ʠ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ.  

1.2.1. ʇʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ɺ 1975 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʤʠ ʫʯʸʥʳʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʪʨʦʡʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ 

ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʘ MMo4S8 (M = Al, Ga), GaMo4Se8 ʠ ʜʚʦʡʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩʦʩʪʘʚʘ 

Mo4S4X4 (X = CI, Br, I) [40], ʪʦʛʜʘ ʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʠʭ ʩʪʨʦʝʥʠʝ [40, 41]. ʍʘʣʴʢʦʛʝʥʠʜʳ 

Mo4S4X4 ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʠ MoX2, Mo ʠ S (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 9), ʘ ʪʨʦʡʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ 

MMo4S8 (M = Al, Ga) ʠ GaMo4Se8 ʧʦʣʫʯʘʣʠ ʧʨʷʤʳʤ ʩʠʥʪʝʟʦʤ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ. ʈʝʘʢʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʧʘʷʥʥʳʭ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʘʤʧʫʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. 

2 MoX2 + 2 Mo + 4 S Ÿ Mo4S4X4                                               (9) 

ʂʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʪʨʫʢʪʫʨʝ ʩʚʷʟʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ. ʂ ʢʘʞʜʦʤʫ 

ʘʪʦʤʫ ʤʦʣʠʙʜʝʥʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʦ ʧʦ ʪʨʠ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʘʪʦʤ 
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ʛʘʣʦʛʝʥʘ ʩʚʷʟʳʚʘʝʪ ʚʤʝʩʪʝ ʪʨʠ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘ (ʨʠʩʫʥʦʢ 10). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ Mo4S4X4 ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ [{Mo4S4}X 12/3]Ð.  

 

ʈʠʩʫʥʦʢ 10. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ Mo4S4X4.  

Mo ï ʪʸʤʥʦ-ʩʠʥʠʡ, S ï ʞʸʣʪʳʡ, X ï ʛʦʣʫʙʦʡ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʥʝʠʟʚʝʩʪʥʳ [42]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜʳ 

ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ {Mo 4Q4}, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ 

ʦʧʠʩʘʥʳ, ʧʦʵʪʦʤʫ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

1.2.2. ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ 

ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʚ ʨʘʩʪʚʦʨʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʤʦʥʦʷʜʝʨʥʳʝ 

ʢʘʨʙʦʥʠʣʳ, ʛʘʣʦʛʝʥʠʜʳ ʠʣʠ ʭʘʣʴʢʦʛʝʥʠʜʳ ʤʦʣʠʙʜʝʥʘ. ʊʘʢʞʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʧʦʣʫʯʘʶʪ ʢʦʥʜʝʥʩʘʮʠʝʡ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʤʦʥʦʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢ 

ʪʨʝʫʛʦʣʴʥʦʤʫ ʢʣʘʩʪʝʨʫ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʤʧʫʣʴʥʳʝ ʩʠʥʪʝʟʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{ M4Q4} (CN)12]
n+. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʥʳʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ [{M4Q4} (CN)12]
n+ (M = 

Mo, W; Q = S, Se, Te), ʧʨʠ ʵʪʦʤ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 14 ʜʦ 88%. ʇʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ 

ʦ ʩʠʥʪʝʟʝ ʮʠʘʥʠʜʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʤʧʫʣʴʥʦʛʦ 

ʩʠʥʪʝʟʘ ʧʦʷʚʠʣʦʩʴ ʚ 1998 ʛʦʜʫ. ɺ ʨʘʙʦʪʝ [43] ʘʚʪʦʨʳ ʧʦʣʫʯʘʣʠ ʢʦʤʧʣʝʢʩʳ 

K7[{ Mo4Te4} (CN)12]Ŀ11H2O ʠ K6[{W4Te4} (CN)12]Ŀ5H2O ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Mo3Te7I4 ʠʣʠ WTe2 ʩ 

KCN ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450ÁC ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ ʜʥʝʡ ʚ ʟʘʧʘʷʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ. ʇʨʦʜʫʢʪ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚʦʜʦʡ, ʟʘʪʝʤ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ 
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ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ. ɺʳʭʦʜʳ ʩʦʩʪʘʚʣʷʶʪ 83 ʠ 88% ʜʣʷ K7[{ Mo4Te4} (CN)12]Ŀ11H2O ʠ 

K6[{W4Te4} (CN)12]Ŀ5H2O ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʨʦʝʥʠʝ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ (ʨʠʩʫʥʦʢ 11). 

 

ʈʠʩʫʥʦʢ 11. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{M4S4} (CN)12]n-.  

M ï ʟʝʣʸʥʳʡ, Q ï ʞʸʣʪʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʷʜ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʥʪʝʟʦʚ ʙʳʣ ʨʘʩʰʠʨʝʥ. ɺ ʨʘʙʦʪʝ [44] ʘʚʪʦʨʳ 

ʧʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʪʘʢʞʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ W4S4} (CN)12]
6- ʠ 

[{ W4Se4} (CN)12]
6-, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ W3S7Br4 ʠ W3Se7Br4. ɺʳʭʦʜʳ 

ʩʦʝʜʠʥʝʥʠʡ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʪʝʣʣʫʨʠʜʥʳʭ ʘʥʘʣʦʛʦʚ ʠ ʩʦʩʪʘʚʣʷʶʪ 22 ʠ 14% ʜʣʷ ʩʝʨʳ ʠ 

ʩʝʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʶʪʩʷ ʜʠʭʘʣʴʢʦʛʝʥʠʜʳ WQ2 

(Q = S, Se). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ, ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ M3Q7X4 ʩ CN- ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ: 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ M3Q7Br4 (M = Mo, W; Q = S, Se) ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ CN- 

ʧʨʦʠʩʭʦʜʠʪ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [{ M3Q4} (CN)9]
5- ʠʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ [{ M3Te7} (CN)6]
2- (M = Mo, W) ʚ ʩʣʫʯʘʝ Mo3Te7I4 ʠ W3Te7Br4, ʪʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʩʙʦʨʢʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

[{ M4Q4} (CN)12]
n+ (ʨʠʩʫʥʦʢ 12).  
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ʈʠʩʫʥʦʢ 12. ʉʭʝʤʘ ʨʝʘʢʮʠʡ M3Q7X4 ʩ CN-. 

ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ, ʯʪʦ ʨʝʘʢʮʠʷ WTe2 ʩ KSCN ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 ÁC ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ [{ W4S4} (CN)12]
6-, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʩʤʝʰʘʥʥʦ-

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ.  

ʈʷʜ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ [{ M4Q4} (CN)12]
6- (M = Mo, W; Q = S, Se, Te), ʧʦʣʫʯʘʝʤʳʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʘʤʧʫʣʴʥʳʤ ʩʠʥʪʝʟʦʤ, ʙʳʣ ʟʘʚʝʨʰʸʥ ʧʦʣʫʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ 

[{ Mo4S4} (CN)12]
6- ʠ [{Mo4Se4} (CN)12]

6- [45]. ʉʦʝʜʠʥʝʥʠʷ (NH4)6[{ Mo4Q4} (CN)12]Ŀ6H2O ʪʘʢʞʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘ M3Q7Br4 ʩ KCN ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

430ÁC, ʚʳʭʦʜʳ ʩʦʩʪʘʚʣʷʶʪ 20 ʠ 18 % ʜʣʷ Q = S ʠ Se ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʨʘʙʦʪʘʭ [44, 45] ʪʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ [{ M4Q4} (CN)12]
6- (M = Mo, W; Q = S, Se, Te). ɺ ʢʦʤʧʣʝʢʩʘʭ [{ M4Q4} (CN)12]

6- ʥʘ ʩʚʷʟʠ 

MïM (8 ʩʚʷʟʝʡ ʚ ʪʝʪʨʘʵʜʨʝ M4) ʧʨʠʭʦʜʠʪʩʷ 10 ʂʉʕ, ʪʦ ʝʩʪʴ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ [{M4Q4} (CN)12]
6- ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʙʨʘʪʠʤʳʭ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʳʭ) ʚʦʩʩʪʘʥʦʚʣʝʥʠʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʨʤ [{M4Q4}(CN)12]
7- (11 ʂʉʕ) ʠ [{M4Q4}(CN)12]

8- (12 ʂʉʕ). ʇʨʠ ʵʪʦʤ 

ʧʦʪʝʥʮʠʘʣʳ ʧʝʨʝʭʦʜʦʚ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʠ 

ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʨʷʜʫ SïSeïTe ʜʣʷ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʬʦʨʤ [{ M4Q4} (CN)12]
6- ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ SïSeïTe (ʪʘʙʣʠʮʘ 1). ʊʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʪʘʢʦʚʳʭ ʜʣʷ ʤʦʣʠʙʜʝʥʘ, 

ʯʪʦ ʪʘʢʞʝ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʠʙʜʝʥʦʤ.  
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ʊʘʙʣʠʮʘ 1. 

ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M 4Q4}(CN)12]6-ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ E1/2 ([{ M4Q4} (CN)12]
6-/7-), ɺ E1/2 ([{ M4Q4} (CN)12]

7-/8-), ɺ 

[{ Mo4S4} (CN)12]
6- 1,18 0,23 

[{ Mo4Se4} (CN)12]
6- 1,03 0,18 

[{ Mo4Te4} (CN)12]
6- 0,81 ï 0,03 

[{ W4S4} (CN)12]
6- 0,77 ï 0,30 

[{ W4Se4} (CN)12]
6- 0,69 ï 0,34 

[{ W4Te4} (CN)12]
6- 0,56 ï 0,40 

 

ʉʠʥʪʝʟ ʠʟ ʤʦʥʦʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [46] ʧʦʣʫʯʘʣʠ ʘʢʚʘʢʘʪʠʦʥ [{ Mo4S4} (H2O)12]
4+ ʨʝʘʢʮʠʝʡ Mo(CO)6 ʠ Na2S. 

ɼʣʷ ʵʪʦʛʦ Mo(CO)6 ʠ Na2S ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 100 ʤʣ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʚ ʪʝʯʝʥʠʝ 

10 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʢ ʬʠʣʴʪʨʘʪʫ ʜʦʙʘʚʣʷʣʠ 500 

ʤʣ ʚʦʜʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʘʪʠʦʥʳ [{ Mo3S4} (H2O)9]
4+ 

ʠ [{ Mo4S4} (H2O)12]
5+, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ. 

ʂʦʥʜʝʥʩʘʮʠʷ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʠʤʝʨʘ [{Mo(ɖ5-C5H4Pri)(Õ-Cl)2}] 2 (C5H4Pr i = 

ʠʟʦʧʨʦʧʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ) ʩ ʛʠʜʨʦʩʫʣʴʬʠʜʦʤ ʣʠʪʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʢʫʙʘʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

[{Mo(ɖ-C5H4Pri)(Õ3-S)}4]
+ [47]. ʆʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ [{Mo(ɖ-C5H4Pri)(Õ3-S)}4]

+ ʠ 

[{Mo(ɖ-C5H4Pri)(Õ3-S)}4]
2+ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [{Mo(ɖ-C5H4Pri)(Õ-Cl)2} 2] ʩ 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʠʦʜʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʫʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Na2[{ Mo2S2O2} (cyst)2]Ā3H2O (cyst = 

(O2CCH(NH2)CH2S)2ï) ʚ 2 ʄ ʨʘʩʪʚʦʨʝ HCl ʙʳʣ ʧʦʣʫʯʝʥ ʘʢʚʘʢʘʪʠʦʥ [{Mo4S4} (H2O)12]
5+ [48]. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʢ ʨʘʩʪʚʦʨʫ ʘʢʚʘʢʘʪʠʦʥʘ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ 

Na3[{ Mo4S4} (edta)2]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʢ [{ Mo4S4} (H2O)12]
5+ ʚ 2ʄ 

ʨʘʩʪʚʦʨʝ HCl ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ [{ Mo4S4} (NH3)12]Cl4Ā7H2O 

[49], ʢʦʪʦʨʳʝ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ ʩʥʦʚʘ ʜʘʶʪ [{ Mo4S4} (H2O)12]
5+. 
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ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʥʦʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢ ʪʨʝʫʛʦʣʴʥʦʤʫ ʢʣʘʩʪʝʨʫ 

ɺʧʝʨʚʳʝ ʵʪʦʪ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʙʳʣ ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʝ [50]. 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ Mo4S4} (R2PS2)6] (R = Et, Pr) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʪʨʝʫʛʦʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ [{ Mo3S4} (R2PS2)4], ʛʝʢʩʘʢʘʨʙʦʥʠʣʘ ʤʦʣʠʙʜʝʥʘ Mo(CO)6 ʠ R2P(S)S2P(S)R2, 

ʚʟʷʪʳʭ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 10). 

[{Mo 3S4}(R2PS2)4] + Mo(CO)6 + R2P(S)S2P(S)R2 Ÿ [{Mo 4S4}(R2PS2)6] + 6CO             (10) 

ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʩʠʥʪʝʟʘ ʢʫʙʘʥʦʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ 

Mo6Br12 [51]. ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ, ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʩʪʘ: Mo6Br12 ʠ Cs2S3 

ʥʘʛʨʝʚʘʣʠ ʚ ʚʦʜʝ ʜʦ 60 ï 80ÁC ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʪʸʤʥʦ-ʢʨʘʩʥʳʡ ʦʩʘʜʦʢ, ʘ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʣ ʪʸʤʥʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ 5ÁC, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣʠ ʯʸʨʥʳʝ ʢʨʠʩʪʘʣʣʳ 

Cs6[Mo4S23,6]. ʂʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʤʝʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ. ʉʪʨʫʢʪʫʨʘ 

ʢʨʠʩʪʘʣʣʦʚ ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ [{ Mo4S4} (S3)(6ïx)(S4)x]
6ï (x = 0 ï 6). ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ 

ʩʦʩʪʦʠʪ ʠʟ ʬʨʘʛʤʝʥʪʘ {Mo4S4}  ʠ ʰʝʩʪʠ ʣʠʛʘʥʜʦʚ Sn
2ï (n = 3, 4), ʢʦʪʦʨʳʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ ʰʝʩʪʠ 

ʨʸʙʨʘʤ ʪʝʪʨʘʵʜʨʘ Mo4. ʉʦʦʪʥʦʰʝʥʠʝ ʣʠʛʘʥʜʦʚ S3
2ï ʢ S4

2ï ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʚʥʦ 0,73:0,27, ʯʪʦ ʜʘʸʪ 

ʫʩʨʝʜʥʸʥʥʳʡ ʩʦʩʪʘʚ ʘʥʠʦʥʘ [{ Mo4S4} (S3)4,38(S4)1,62]
6ï. 

1.3. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ {M6Q8} 

ɺ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ 

ʤʝʪʘʣʣʘ, ʣʝʞʘʱʠʤʠ ʚ ʚʝʨʰʠʥʘʭ ʦʢʪʘʵʜʨʘ. ɺʦʩʝʤʴ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʧʦ ɛ3-ʪʠʧʫ 

ʢ ʢʘʞʜʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʛʨʘʥʠ ʦʢʪʘʵʜʨʘ, ʦʙʨʘʟʫʷ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ Mo6Q8 (Q = S, Se, Te) (ʨʠʩʫʥʦʢ 

13). ʇʝʨʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʘʢʫʶ ʛʨʫʧʧʠʨʦʚʢʫ, Mo6Q8 ʠ MxMo6Q8, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ 

ʤʦʣʠʙʜʝʥʘ ʠ ʠʤʝʣʠ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ. ʆʥʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʬʘʟ ʐʝʚʨʝʣʷ ʠ 

ʩʪʘʣʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ ʩʚʦʡʩʪʚʘʤ.  

 

ʈʠʩʫʥʦʢ 13. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ M6Q8. 

M ï ʟʝʣʸʥʳʡ, Q ï ʞʸʣʪʳʡ. 
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ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʚ ʢʣʘʩʪʝʨʝ ʩʚʷʟʘʥʳ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʩʚʷʟʷʤʠ ʤʝʪʘʣʣ ï ʤʝʪʘʣʣ, ʩ ʯʠʩʣʦʤ ʂʉʕ = 24, ʪʦ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ d4, ʢʘʢ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ {M6X8}
4+ (X= Cl, Br, I) ʠʣʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ ʨʝʥʠʷ {Re6Q8}

2+ 

(Q = S, Se, Te). ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩʦʜʝʨʞʘʪ 20 ʂʉʕ ï ʠʤʝʥʥʦ ʪʘʢʘʷ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʠ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ. ʇʨʠ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʠʤʝʶʪ ʩʤʝʰʘʥʥʳʝ ʬʦʨʤʘʣʴʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ï 2 ʤʝʪʘʣʣʘ 2+ ʠ 4 ʤʝʪʘʣʣʘ 3+. ʀ ʭʦʪʷ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʝʯʴ ʠʜʸʪ ʪʦʣʴʢʦ ʦʙ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 19-ʵʣʝʢʪʨʦʥʥʳʭ ʠʣʠ 21-ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤ. 

ʉʨʝʜʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ N- ʠ P-ʜʦʥʦʨʥʳʝ ʥʝʡʪʨʘʣʴʥʳʝ 

ʣʠʛʘʥʜʳ, ʜʘʶʱʠʝ ʚ ʢʦʤʙʠʥʘʮʠʠ ʚʤʝʩʪʝ ʩ ʥʝʟʘʨʷʞʝʥʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ ʥʝʡʪʨʘʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [{ M6Q8} L6]. 

1.3.1. ʇʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʌʘʟʳ ʐʝʚʨʝʣʷ 

ʇʝʨʚʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ Mo6Se8 ʠ 

Mo6Te8 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ 1966 ʛʦʜʫ ʩʦʚʝʪʩʢʠʤʠ ʫʯʸʥʳʤʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʣʦʞʝʥʠʷ 

ʜʠʩʝʣʝʥʠʜʘ ʠ ʜʠʪʝʣʣʫʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚ ʚʘʢʫʫʤʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʠʟʰʠʭ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʦʩʪʘʚʘ Mo3Se4 ʠ Mo3Te4 (ʩʦʝʜʠʥʝʥʠʷʤ ʙʳʣʘ ʧʨʠʧʠʩʘʥʘ ʬʦʨʤʫʣʘ, ʠʩʭʦʜʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [52, 53]. ɿʘʪʝʤ ʵʪʠʤʠ ʞʝ ʫʯʸʥʳʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ Mo3Se4 ʠ Mo3Te4 ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʭʘʣʴʢʦʛʝʥʠʜʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ 

(ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 11), ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 12) [54].  

2MoQ2 + Mo Ÿ Mo3Q4                                                    (11) 

3Mo + 4Q Ÿ Mo3Q4                                                      (12) 

ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʟʷʪʳʝ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʦʤʝʱʘʣʠ ʚ ʢʚʘʨʮʝʚʫʶ 

ʘʤʧʫʣʫ. ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ, ʟʘʧʘʠʚʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1260Áʉ (Q = Se) ʠʣʠ 

860Áʉ (Q = Te) ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ɺʧʦʩʣʝʜʩʪʚʠʠ Mo3Se4 ʠ Mo3Te4 ʩʪʘʣʠ 

ʨʦʜʦʥʘʯʘʣʴʥʠʢʘʤʠ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ MxMo6Q8, ʛʜʝ M ï 

ʢʘʪʠʦʥʳ ʧʝʨʝʭʦʜʥʳʭ ʠ ʥʝʧʝʨʝʭʦʜʥʳʭ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʸʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, Q ï S, Se, Te [55]. 

ʊʨʦʡʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ MxMo6Q8 ʧʦʣʫʯʠʣʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ ʬʘʟʳ ʐʝʚʨʝʣʷ ʠ ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ 80-90 ʛʦʜʳ XX ʚʝʢʘ ʚ ʩʚʷʟʠ ʩ ʠʭ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʧʝʨʚʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ Mo6Se8 ʠ Mo6Te8 ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʝʱʸ ʚ 1966 ʛʦʜʫ, ʠʭ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʥʝʠʟʚʝʩʪʥʘ ʚʧʣʦʪʴ ʜʦ 1972 ʛʦʜʘ. ɺ 1973 ʛʦʜʫ 
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ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʤʝʪʦʜʦʤ ʈʉɸ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʪʨʦʝʥʠʝ Mo3Se4 [56]. 

ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ Mo6Se8, 

ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤ, ʯʪʦ ʫʞʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʜʣʷ ʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ Mo6X12 [57]. ʂʣʘʩʪʝʨʥʳʡ 

ʬʨʘʛʤʝʥʪ Mo6Se8 ʫʩʪʨʦʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʰʝʩʪʴ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʝʥʥʳʡ 

ʦʢʪʘʵʜʨ ʩʠʤʤʝʪʨʠʠ D3d, ʘ ʚʦʩʝʤʴ ʘʪʦʤʦʚ ʩʝʣʝʥʘ ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʝʥʥʳʡ ʢʫʙ ʩʠʤʤʝʪʨʠʠ D3d; ʧʨʠ 

ʵʪʦʤ ʦʢʪʘʵʜʨ Mo6 ʚʧʠʩʘʥ ʚ ʢʫʙ Se8 ʪʘʢ, ʯʪʦ ʘʪʦʤʳ ʩʝʣʝʥʘ ʥʘʭʦʜʷʪʩʷ ʥʘʜ ʪʨʝʫʛʦʣʴʥʳʤʠ ʛʨʘʥʷʤʠ 

ʦʢʪʘʵʜʨʘ ʠ ʷʚʣʷʶʪʩʷ ɛ3-ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʩʪʨʫʢʪʫʨʝ Mo6Se8 ʢʣʘʩʪʝʨʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʪʦʤʳ ʩʝʣʝʥʘ ʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ ʘʪʦʤʘʤ 

ʤʦʣʠʙʜʝʥʘ ʩʦʩʝʜʥʝʛʦ ʬʨʘʛʤʝʥʪʘ (ʨʠʩʫʥʦʢ 14). ʆʜʥʘʢʦ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ Mo6Se8, ʚ ʦʪʣʠʯʠʠ ʦʪ, ʥʘʧʨʠʤʝʨ, ʛʘʣʦʛʝʥʠʜʦʚ Mo6X12, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʚʷʟʝʡ 

ʤʝʪʘʣʣ ï ʤʝʪʘʣʣ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ [58]. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ Mo6Q8 ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʩʚʦʙʦʜʥʳʭ ʢʘʥʘʣʦʚ, ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʘʪʦʤʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʰʠʨʦʢʠʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ MxMo6Q8. 

 

ʈʠʩʫʥʦʢ 14. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ Mo6Se8. 

Mo ï ʪʸʤʥʦ-ʩʠʥʠʡ, Se ï ʦʨʘʥʞʝʚʳʡ. ʇʫʥʢʪʠʨʦʤ ʚʳʜʝʣʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Mo ï Mo. 

ɺ 1970 ʛʦʜʫ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ Mo6Se8 ʠ Mo6Te8 ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʦʜʥʘʢʦ ʧʦʣʫʯʠʪʴ 

ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ Mo6Te8 ʫʜʘʣʦʩʴ ʪʦʣʴʢʦ ʚ 1998 ʛʦʜʫ [59]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤ Mo ï Se ʠ Mo ï Te ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʥʠʟʰʠʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʩʦʩʪʘʚʘ 

Mo3Se4 ʠ Mo3Te4, ʘ ʪʘʢʞʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʦʜʦʙʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʩʠʩʪʝʤʝ Mo ï S, ʠʩʧʦʣʴʟʫʷ ʪʘʢʦʡ ʞʝ 
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ʧʦʜʭʦʜ. ʇʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ Mo3S4 ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʧʨʠʚʦʜʠʣʠ ʢ 

ʩʤʝʩʠ Mo2S3 ʠ Mo. 

ʇʦʟʞʝ ʩʫʣʴʬʠʜ Mo3S4 ʚʩʸ-ʪʘʢʠ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʸʤ ʫʜʘʣʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʢʘʪʠʦʥʦʚ M2+ (M 

= Cu, Ni, Co, Fe, Mn, Cr, Mg, Cd, Zn) ʠʟ ʩʪʨʫʢʪʫʨʳ MxMo3S4. ʌʘʟʳ MxMo3S4 ʧʦʜʚʝʨʛʘʣʠ 

ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʵʪʦʤ ʢʘʪʠʦʥ M2+ ʧʝʨʝʭʦʜʠʣ ʚ ʨʘʩʪʚʦʨ, ʘ ʚ ʥʝ 

ʨʘʩʪʚʦʨʠʚʰʝʤʩʷ ʦʩʘʜʢʝ ʦʩʪʘʚʘʣʘʩʴ ʬʘʟʘ Mo3S4 [60]. ʂʘʢ ʚʳʷʩʥʠʣʦʩʴ Mo3S4 ʷʚʣʷʝʪʩʷ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʦʡ ʚ ʩʠʩʪʝʤʝ Mo ï S ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 470ÁC ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ Mo2S3 ʠ Mo (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 13), ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

Mo3S4 ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ. 

3 Mo3S4 Ÿ 4 Mo2S3 + Mo                                                  (13) 

ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ, ʘʚʪʦʨʳ ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ Mo3S4 ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ NiMo3S4. ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ Mo3S4 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʍʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ʯʘʩʪʦ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʙʳ ʧʦ ʩʪʦʧʘʤ ʭʠʤʠʠ 

ʤʦʣʠʙʜʝʥʘ: ʟʘʯʘʩʪʫʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʘʜʘʧʪʠʨʫʶʪ ʫʞʝ 

ʠʟʚʝʩʪʥʳʝ ʜʣʷ ʤʦʣʠʙʜʝʥʘ ʤʝʪʦʜʠʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʷ ʚʦʣʴʬʨʘʤʦʚʳʝ ʘʥʘʣʦʛʠ ʢʣʘʩʪʝʨʦʚ 

ʤʦʣʠʙʜʝʥʘ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦʙ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ, ʤʳ 

ʩʪʘʣʢʠʚʘʝʤʩʷ c ʷʨʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ð ʚʦʣʴʬʨʘʤʦʚʳʭ ʘʥʘʣʦʛʦʚ ʬʘʟ ʐʝʚʨʝʣʷ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʝʥʦ. 

1.3.2. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ 

1.3.2.1. ʇʝʨʚʳʝ ʨʘʙʦʪʳ 

ʇʝʨʚʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ 1988-1990 ʛʛ. ʛʨʫʧʧʦʡ ʷʧʦʥʩʢʠʭ ʫʯʸʥʳʭ ʚʦ ʛʣʘʚʝ ʩ Taro Saito. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʪʨʸʭ ʩʪʘʪʴʷʭ. 

ʇʝʨʚʘʷ ʩʪʘʪʴʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ 1988 ʛʦʜʫ, ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{ Mo6S8} (PEt3)6] [61]. ʉʦʝʜʠʥʝʥʠʝ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʝʡ ʪʨʸʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʨʠʩʫʥʦʢ 15). ʀʩʭʦʜʥʳʡ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [{ Mo3S4} Cl4(PEt3)4(MeOH)] ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʘʛʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʸʤʥʦ-

ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ [{ Mo6S8} (PEt3)6] ʩ 30% ʚʳʭʦʜʦʤ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ Mo6 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʳʡ ʦʢʪʘʵʜʨ, ʚ ʦʪʣʠʯʠʝ ʦʪ Mo6S8, ʛʜʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ 

ʚʳʪʷʥʫʪʦ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʦʩʝʡ C3. ʉʚʷʟʠ Mo ï Mo ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʢʦʤʧʣʝʢʩʝ (2,664 ʠ 2,662 ᴠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠ ʚʜʦʣʴ ʦʩʠ C3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ, ʯʝʤ 

ʚ Mo6S8 (2,698 ʠ 2,862 ᴠ) [60]. ʄʝʪʦʜʦʤ ʎɺɸ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[{ Mo6S8} (PEt3)6] ʤʦʞʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʦʙʨʘʪʠʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʦʢʠʩʣʝʥʠʝ, 

ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʘʙʦʪʘʭ. 

 

ʈʠʩʫʥʦʢ 15. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo 6S8}  ʧʨʠ ʜʠʤʝʨʠʟʘʮʠʠ ʜʚʫʭ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ 

{Mo 3S4} . Mo ï ʪʸʤʥʦ-ʩʠʥʠʡ, S ï ʞʸʣʪʳʡ. ɺʥʝʰʥʠʝ ʣʠʛʘʥʜʳ ʥʝ ʧʦʢʘʟʘʥʳ. 

ɺʪʦʨʘʷ ʩʪʘʪʴʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʛʦʜʦʤ ʧʦʟʜʥʝʝ, ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʢʣʘʩʪʝʨʘ [{ W6S8} (PEt3)6] [7]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʫ ʞʝ ʤʝʪʦʜʠʢʫ, ʣʠʰʴ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʆʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʥʝ ʙʳʣ ʠʟʚʝʩʪʝʥ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ W3S7Cl4, ʠ ʘʚʪʦʨʘʤʠ 

ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʪʘʢ ʞʝ ʠ ʝʛʦ ʩʠʥʪʝʟ. W3S7Cl4 ʧʦʣʫʯʘʣʠ ʨʝʘʢʮʠʝʡ W6Cl12 ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 300ÁC ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ, ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ. ɿʘʪʝʤ 

W3S7Cl4 ʨʘʩʪʚʦʨʷʣʠ ʚ ʪʦʣʫʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʬʦʩʬʠʥʘ, ʧʦʣʫʯʘʷ ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ 

ʤʘʛʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ [{ W6S8} (PEt3)6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩ ʚʳʭʦʜʦʤ 10%. ʉʪʦʣʴ ʥʠʟʢʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʠʤʝʥʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʝʡ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʣʠʙʜʝʥʦʚʦʤʫ ʘʥʘʣʦʛʫ ʢʣʘʩʪʝʨ 

[{ W6S8} (PEt3)6] ʤʦʞʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʦʙʨʘʪʠʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʦʢʠʩʣʝʥʠʝ, 

ʧʝʨʝʭʦʜʷ ʚ [{ W6S8} (PEt3)6]
- ʠ [{W6S8} (PEt3)6]

+ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥ ʧʝʨʝʭʦʜʦʚ 

ʩʦʩʪʘʚʣʷʶʪ -1,83 ʠ -0,46 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ Fc/Fc+ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʥʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʢʣʘʩʪʝʨʘ 

[{ Mo6S8} (PEt3)6]: ʧʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥ ʩʦʩʪʘʚʠʣʠ -1,51 ʠ -0,24 ɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʚʦʣʴʬʨʘʤʘ ʩʜʚʠʥʫʪʳ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʥʘ 0,32 ʠ 0,22 ɺ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʠʙʜʝʥʦʤ. 
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ʊʨʝʪʴʷ ʩʪʘʪʴʷ ʩʦʜʝʨʞʠʪ ʩʠʥʪʝʟ ʪʨʸʭ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ - ʩʝʣʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ 

[{ Mo6Se8} (PEt3)6] ʠ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʫʣʴʬʠʜʥʦʛʦ ʠ ʩʝʣʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʦʚ 

[PPN][{ Mo6S8} (PEt3)6] ʠ [PPN][{Mo6Se8} (PEt3)6], ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ [62]. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʩʫʣʴʬʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (ʚʤʝʩʪʦ ʢʣʘʩʪʝʨʘ ʩ ʪʨʠʵʪʠʣʬʦʩʬʠʥʦʚʳʤʠ ʠ ʤʝʪʘʥʦʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

[{ Mo3S4}Cl4(PEt3)4(MeOH)]) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ Mo3S7Cl4 ʩ PEt3, ʦʙʦʟʥʘʯʝʥʥʳʡ ʢʘʢ 

ç[{ Mo3S4} Cl4(PEt3)5]è. ʉʝʣʝʥʠʜʥʳʡ ʢʣʘʩʪʝʨ ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ, ʚʳʭʦʜ ʩʠʥʠʭ ʢʨʠʩʪʘʣʣʦʚ 

[{ Mo6Se8} (PEt3)6] ʩʦʩʪʘʚʠʣ 21%. ʊʘʢʞʝ ʙʳʣʘ ʧʨʝʜʧʦʣʦʞʝʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʘ (ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 14 

ï 15).  

Mo3Q7Cl4 +8 PEt3 Ÿ ç[{Mo3Q4} Cl4(PEt3)5]è + 3 QPEt3                          (14) 

2 ç[{Mo3Q4} Cl4(PEt3)5]è + 4 Mg Ÿ [{Mo6Q8}( PEt3)6] + 4 MgCl2 + 4 PEt3         (15) 

ʈʝʟʫʣʴʪʘʪʳ ʎɺɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʣʘʩʪʝʨ [{ Mo6Se8} (PEt3)6], ʢʘʢ ʠ ʝʛʦ ʩʫʣʴʬʠʜʥʳʡ ʘʥʘʣʦʛ, 

ʤʦʞʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʦʙʨʘʪʠʤʳʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʦʢʠʩʣʝʥʠʝ. ʇʦʪʝʥʮʠʘʣʳ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʝʨʳ ʢ ʩʝʣʝʥʫ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʠ ʩʦʩʪʘʚʣʷʶʪ -1,50 ʠ -0,23 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ Fc/Fc+ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ʊʘʢʞʝ ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʘʤʘʣʴʛʘʤʦʡ ʥʘʪʨʠʷ ʠ ʚʳʜʝʣʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʬʦʨʤʳ ʚ ʚʠʜʝ ʩʦʣʝʡ [PPN][{ Mo6Q8} (PEt3)6] (Q 

= S, Se). ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʥʘ ʚʦʟʜʫʭʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʬʦʨʤʳ 

ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. 

1.3.2.2. ɿʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʉʫʱʝʩʪʚʫʝʪ ʧʣʘʩʪ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʟʘʤʝʱʝʥʠʶ ɛ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʥʘ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ. ʕʪʠ ʨʘʙʦʪʳ ʤʦʞʥʦ 

ʧʦʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ð ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʩʠʥʪʝʟʦʚ. ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ ʚ ʟʘʧʘʷʥʥʳʭ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ 

ʘʤʧʫʣʘʭ ʧʨʠ ʚʳʩʦʢʠʭ (ʚʳʰʝ 900Áʉ) ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ Mo6X12 (X = Cl, Br, I), ʢʦʪʦʨʳʡ ʚʚʦʜʷʪ ʚ ʨʝʘʢʮʠʶ ʩ ʭʘʣʴʢʦʛʝʥʘʤʠ (S, Se, 

Te) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Mo (ʠʣʠ Mo ʠ CsX) [63ï66]. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʠʥʪʝʟʳ ʧʨʦʚʦʜʷʪ ʚ 

ʨʘʩʪʚʦʨʘʭ. ɺ ʨʦʣʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʜʝʩʴ ʪʘʢʞʝ ʚʳʩʪʫʧʘʶʪ Mo6Cl12 (ʠʣʠ W6Cl12), ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʭʘʣʴʢʦʛʝʥʘ NaHS, NaHSe, NaHTe (ʠʣʠ Na2Se ʚ ʩʣʫʯʘʝ ʚʦʣʴʬʨʘʤʘ) [67ï71]. 

ʆʜʥʘʢʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʨʝʘʛʝʥʪʦʚ, ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʭʘʣʴʢʦʛʝʥʘ, ʚʩʝ ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʜʫʢʪʘʤ ʥʝʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ð 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʤ ʢʣʘʩʪʝʨʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʢʘʢ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ, ʪʘʢ ʠ 

ʘʪʦʤʳ ʛʘʣʦʛʝʥʘ. ʇʦʜʨʦʙʥʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʧʠʩʘʥʳ ʚ ʦʙʟʦʨʘʭ [72, 73]. 
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ʆʜʥʘʢʦ ʚ 1994 ʛʦʜʫ ʛʨʫʧʧʝ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʸʥʳʭ ʚʦ ʛʣʘʚʝ ʩ R. E. McCarley ʚʩʸ-ʪʘʢʠ 

ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ, ʯʪʦ ʦʪʢʨʳʣʦ ʥʦʚʫʶ ʛʣʘʚʫ ʚ ʭʠʤʠʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ. ɺ 

ʧʝʨʚʦʡ ʠʟ ʩʝʨʠʠ ʩʪʘʪʝʡ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʪʨʸʭ ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Mo6S8}L 6], ʛʜʝ L ï N-ʜʦʥʦʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ (ʧʠʨʠʜʠʥ 

(py), ʧʠʧʝʨʠʜʠʥ (pip) ʠ ʧʠʨʨʦʣʠʜʠʥ (pyrr )) [74]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʪʘʢ ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ Mo6Cl12, ʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʝʨʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʛʠʜʨʦʩʫʣʴʬʠʜ ʥʘʪʨʠʷ. ʆʜʥʘʢʦ, ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʜʦʙʘʚʣʝʥʠʶ ʘʢʮʝʧʪʦʨʘ ʧʨʦʪʦʥʦʚ OBu- ʫʜʘʣʦʩʴ 

ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʜʠʡ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʠʢʠ ʐʣʸʥʢʘ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ Mo6Cl12, NaSH ʠ NaOBu ʚ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 1:12:6 

ʟʘʛʨʫʞʘʣʠ ʚ ʢʦʣʙʫ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʥ-ʙʫʪʘʥʦʣ ʠ ʧʠʨʠʜʠʥ ʠ ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ 

ʚ ʪʝʯʝʥʠʝ 2-4 ʜʥʝʡ. ʇʦʣʫʯʝʥʥʳʡ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʚʘʣʠ 

ʤʝʪʘʥʦʣʦʤ, ʯʪʦʙʳ ʦʪʜʝʣʠʪʴ ʦʪ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ NaCl, ʠ ʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʘʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʦʤʫ ʙʳʣʘ ʧʨʠʧʠʩʘʥʘ ʬʦʨʤʫʣʘ Na2xMo6S8+x(py)y (1). 

ʉʦʝʜʠʥʝʥʠʝ (1) ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦ ʠ ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʥʝʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʧʦʵʪʦʤʫ 

ʜʣʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʈʌʕʉ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. 

ɸʚʪʦʨʳ ʥʘʟʳʚʘʶʪ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ pyridine-deficient compound, ʧʦʩʢʦʣʴʢʫ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʩʣʘʙʳʝ ʩʠʛʥʘʣʳ ʢʦʣʝʙʘʥʠʡ ʧʠʨʠʜʠʥʘ ʚ ʀʂ-ʩʧʝʢʪʨʝ, ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʘ ʦʜʥʫ ʢʣʘʩʪʝʨʥʫʶ ʝʜʠʥʠʮʫ ʧʨʠʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʤʝʥʴʰʝ ʰʝʩʪʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʧʠʨʠʜʠʥʘ, ʠ ʟʥʘʯʝʥʠʝ y ʚ ʬʦʨʤʫʣʝ ʩʦʝʜʠʥʝʥʠʷ å 2. ʉʦʝʜʠʥʝʥʠʝ (1) ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʝʨʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʘʞʥʳʤ ʟʘʤʝʯʘʥʠʝʤ ʙʫʜʝʪ ʪʦ, ʯʪʦ ʚʩʝ ʥʠʞʝʦʧʠʩʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʠ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʡ ʘʚʪʦʨʳ ʥʝ ʫʢʘʟʳʚʘʶʪ.  

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ [{Mo 6S8} (py)6], ʩʦʝʜʠʥʝʥʠʝ (1) ʢʠʧʷʪʠʣʠ ʚ ʧʠʨʠʜʠʥʝ ʚ ʪʝʯʝʥʠʝ 1-2 ʜʥʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ ʠ ʢʦʨʠʯʥʝʚʘʪʳʡ ʨʘʩʪʚʦʨ. ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ, ʘ 

ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢ. ʉʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ [{Mo 6S8} (py)6]. 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʧʝʨʠʜʠʥʦʤ ʠ ʧʠʨʨʦʣʠʜʠʥʦʤ ʩʦʩʪʘʚʘ [{Mo 6S8} (pip)6]Ŀ7(pip) ʠ 

[{Mo 6S8} (pyrr)6]Ŀ(pyrr), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʘʯʘʣʘ ʧʦʣʫʯʘʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ 

[{ Mo6S8} (PrNH2)6-x] (2) ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ (1) 1-ʧʨʦʧʠʣʘʤʠʥʦʤ. ɿʘʪʝʤ (2) ʢʠʧʷʪʠʣʠ ʩ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʜʥʷ ʚ ʧʠʧʝʨʠʜʠʥʝ ʠʣʠ ʧʠʨʨʦʣʠʜʠʥʝ. ʉʦʝʜʠʥʝʥʠʝ (2) 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʷʣʦʩʴ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨʳ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʢʨʘʩʥʳʝ ʦʩʘʜʢʠ ʧʨʦʜʫʢʪʦʚ. ʂʨʠʩʪʘʣʣʳ [{Mo 6S8} (pip)6]Ŀ7(pip) ʠ 

[{Mo 6S8} (pyrr)6]Ŀ(pyrr) ʧʦʣʫʯʘʣʠ ʫʧʘʨʠʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ. 

ɿʘʪʝʤ ʵʪʦʪ ʢʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʧʝʨʝʢʣʶʯʠʣ ʩʚʦʸ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʠ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʝʥʳ ʩʫʣʴʬʠʜʥʳʡ ʢʣʘʩʪʝʨ [{ W6S8} (py)6], ʠ 

ʧʝʨʚʳʝ ʩʝʣʝʥʠʜʥʳʝ ʠ ʪʝʣʣʫʨʠʜʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʚʦʣʴʬʨʘʤʘ ð [{ W6Se8} (py)6]Ŀ6py, 

[{ W6Se8} (pip)6]Ŀ8pip, [{W6Te8} (py)6], [{W6Te8} (pip)6]Ŀ6pip, [Na(py)6][ { W6Te8} (py)6]Ŀpy. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ [{ W6S8} (py)6] ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ, ʦʧʠʩʘʥʥʘʷ ʜʣʷ ʤʦʣʠʙʜʝʥʘ: 

W6Cl12, NaSH ʠ NaOBu, ʚʟʷʪʳʝ ʚ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 1:12:6, ʢʠʧʷʪʠʣʠ ʚ ʧʠʨʠʜʠʥʝ ʚ ʪʝʯʝʥʠʠ 

ʜʚʫʭ ʜʥʝʡ [75]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʚʪʦʨʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-

ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʠ ʧʠʨʠʜʠʥ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʠ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ, ʠ ʢʘʢ 

ʧʦʜʭʦʜʷʱʠʡ ʪʝʨʤʠʥʘʣʴʥʳʡ ʣʠʛʘʥʜ. ʊʘʢʞʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʠʙʜʝʥʘ, ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ 

ʧʦʣʫʯʘʝʪʩʷ ʫʞʝ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 16), ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʠ ʩ ʚʳʭʦʜʦʤ, ʙʣʠʟʢʠʤ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ. 

W6Cl12 + 8 NaSH + 4 NaOBu + 6 py = [{ W6S8} (py)6] + 12 NaCI + 4 BuOH + 2 H2        (16) 

ʆʜʥʘʢʦ [{W6S8} (py)6] ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʢʘʢʠʭ ʣʠʙʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʅʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ, ʧʦʣʫʯʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʝʱʝʩʪʚʘ ʚ ʧʠʨʠʜʠʥʝ ʚ 

ʪʝʯʝʥʠʝ ʧʷʪʠ ʜʥʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200ÁC ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

ʉʦʝʜʠʥʝʥʠʷ [{W6Se8} (py)6]Ŀ6py ʠ [{ W6Se8} (pip)6]Ŀ8pip ʧʦʣʫʯʘʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ W6Cl12 ʠ 

Na2Se, ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:8, ʚ ʧʠʨʠʜʠʥʝ ʠ ʧʠʧʝʨʠʜʠʥʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʝʯʝʥʠʠ 3-

4 ʜʥʝʡ [76]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʣʴʬʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ [{ W6S8} (py)6], ʩʝʣʝʥʠʜʥʳʝ ʘʥʘʣʦʛʠ ʦʙʣʘʜʘʶʪ 

ʣʫʯʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʚʝʱʝʩʪʚʘ ʚʳʜʝʣʷʣʠ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʝʥʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʝʣʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ 

ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʢʪʠʚʦʚ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ 

ʦʞʠʜʘʣʠ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʢʠʩʣʝʥʠʝ ʚʦʣɹʬʨʘʤʘ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʩ 

NaSH, ʠ ʨʝʘʢʮʠʷ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

W6Cl12 + 8 Na2Se + 6 L = Na4[{ W6Se8} L6] + 12 NaCl  (16) 

ʪ.ʝ. ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 24-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{ W6Se8} L6]
4-. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʚʩʸ-ʪʘʢʠ 20-ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʘʩʪʝʨ, ʯʪʦ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝʤ ʚʦʣʴʬʨʘʤʘ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 17). 

Na4[{ W6Se8} L6] = 3 [{W6Se8}( L)6] + 6 W + 8 Na2Se                             (17) 
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ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʠʧʝʨʠʜʠʥ ʤʦʞʥʦ ʩ ʣʸʛʢʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʥʘ ʧʠʨʠʜʠʥ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 18). ʆʙʨʘʪʥʘʷ ʞʝ 

ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ. ʊʘʢʘʷ ʞʝ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʧʦʵʪʦʤʫ 

ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʧʠʨʠʜʠʥʘ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʚʷʟʘʥʳ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ 

ʩʠʣʴʥʝʝ, ʯʝʤ ʤʦʣʝʢʫʣʳ ʧʠʧʝʨʠʜʠʥʘ. 

[{ W6Se8}( pip)6] + 6 py = [{ W6Se8}( py)6] + 6 pip                              (18) 

ʉʠʥʪʝʟ ʧʝʨʚʳʭ ʪʝʣʣʫʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʷʭ [77] ʠ [78]. 

ʉʦʝʜʠʥʝʥʠʷ [{W6Te8} (py)6] ʠ [{ W6Te8} (pip)6] ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʜʣʷ ʩʝʣʝʥʦʚʳʭ 

ʢʣʘʩʪʝʨʦʚ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ Na2Te ʠ 2 Na2Te2. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

W6Cl12 + 4 Na2Te + 2 Na2Te2 + 6 L = [{ W6Te8} L6] + 12 NaCl                   (19) 

ʇʦʩʣʝ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{ W6Te8} (pip)6] ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ [{ W6Te8} (pip)6]Ŀ6pip, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʈʉɸ. ɺ ʩʣʫʯʘʝ [W6Te8(py)6], ʚʝʱʝʩʪʚʦ ʦʢʘʟʘʣʦʩʴ ʥʝʨʘʩʪʚʦʨʠʤʦ ʥʠ ʚ ʧʠʨʠʜʠʥʝ, ʥʠ ʚ ʢʘʢʠʭ-ʣʠʙʦ 

ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʧʦʵʪʦʤʫ ʢʨʠʩʪʘʣʣʳ ʝʛʦ ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ʆʜʥʘʢʦ, ʝʩʣʠ ʚ ʩʠʥʪʝʟʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʩʤʝʩʴ Na2Te ʠ 2 Na2Te2, ʘ ʪʦʣʴʢʦ Na2Te, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 21-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{W6Te8} (py)6]
-, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʨʘʩʪʚʦʨʠʤ ʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʚʠʜʝ 

[Na(py)6][ { W6Te8} (py)6]Ŀpy6. ʅʘʣʠʯʠʝ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʕʇʈ. 

ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʨʘʚʥʦʛʦ 0,48 ÕB, 

ʯʪʦ ʩʠʣʴʥʦ ʤʝʥʴʰʝ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 21e- ʢʣʘʩʪʝʨʘ ð 1,73 ÕB. ʇʨʠʯʠʥ r ʪʘʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʘʪʠʦʥ [Na(py)6]
+ ʤʦʞʝʪ ʪʝʨʷʪʴ 

ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʧʠʨʠʜʠʥʘ, ʠ ʦʙʨʘʟʫʶʱʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʱʝʩʪʚʦ Na[{ W6Te8} L6] 

ʟʘʪʝʤ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 20-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

16 Na[{W6Te8}L 6] = 15 [{W6Te8}L 6] + 6 W + 8 Na2Te                           (20) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, [{ W6Te8} (PEt3)6] ʧʦʣʫʯʘʣʠ ʢʠʧʷʯʝʥʠʝʤ [{ W6Te8} (pip)6] ʚ ʪʦʣʫʦʣʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʬʦʩʬʠʥʘ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʛʨʫʧʧʦʡ R. E. McCarley ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʥʘʯʘʣʘ ʨʘʙʦʪʘʪʴ ʛʨʫʧʧʘ ʜʨʫʛʠʭ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʸʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

F. J. DiSalvo. ʆʜʥʘʢʦ, ʨʘʙʦʪʳ ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʧʦʩʚʷʱʝʥʳ ʪʦʣʴʢʦ ʩʠʥʪʝʟʫ 

ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʢ ʪʦʤʫ ʞʝ ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʰʴ 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʦʜʭʦʜʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ R. E. McCarley. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʝ 1995 ʛʦʜʘ [79] ʘʚʪʦʨʳ 
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ʧʦʣʫʯʘʶʪ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʦʤ (tbp) [{W6S8} (tbp)6] ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʨʝʘʢʮʠʠ: 

W6Cl12 + 8 KSH + 4 KOBu + 6 tbp = [{ W6S8} (tbp)6] + 12 KCl + 4 BuOH + 2 H2       (21) 

ʆʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ R. E. McCarley ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ (ɼʄʌɸ). 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 36,9%. ɺ ʧʦʠʩʢʘʭ ʧʨʠʯʠʥ ʩʪʦʣʴ ʥʝʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ 

ʘʚʪʦʨʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʙʦʣʴʰʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʝʪ ʯʠʩʪʦʪʘ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ W6Cl12 

ʠ KSH. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʥʘʣʠʯʠʶ ʚʦʜʳ. ʆʜʥʘʢʦ ʧʨʠ ʩʠʥʪʝʟʝ W6Cl12, ʧʦʩʣʝʜʥʷʷ 

ʩʪʘʜʠʷ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʞʠʛʝ (H3O)2[{ W6Cl8}Cl6], ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʚʦʜʳ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʘʛʨʫʟʢʘʭ. ʂ ʪʦʤʫ ʞʝ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ KSH ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʦʣʝʙʘʥʠʷ 

OH- ʛʨʫʧʧʳ. ɿʘʤʝʥʘ W6Cl12 ʥʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʩʦʣʴ (Bu4N)2[{W6Cl8}Cl6], ʘ ʪʘʢʞʝ ʪʱʘʪʝʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ ʯʠʩʪʦʪʳ KSH, ʫʜʘʣʝʥʠʝ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʣʶʙʳʭ ʩʣʝʜʦʚ ʚʦʜʳ ʠ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʠʣʠ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʜʦ 71% [80]. 

ʀʤʝʥʥʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʦʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

[{ W6S8} (tbp)6], ʘ ʟʘʪʝʤ ʠ [{ Mo6S8} (tbp)6], ʩʪʘʣʠ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʘʚʪʦʨʦʚ ʩʚʦʝʛʦ ʨʦʜʘ ʢʣʶʯʝʚʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʊʦ, ʯʪʦ ʦʙʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʣʘʙʠʣʴʥʳʤ ʣʠʛʘʥʜʦʤ, 

ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʚʧʝʯʘʪʣʷʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʯʠʩʣʝ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʝʩʪʴ C-ʜʦʥʦʨʥʳʝ (CN 

[81, 82], t-BuNC [83]), N-ʜʦʥʦʨʥʳʝ (ʥ-ʙʫʪʠʣʘʤʠʥ [84], ʤʦʨʬʦʣʠʥ, ʤʝʪʠʣʘʤʠʥ, ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥ 

[83, 85], 4,4'-ʙʠʧʠʨʠʜʠʥ [86]) ʠ P-ʜʦʥʦʨʥʳʝ (ʪʨʠʵʪʠʣʬʦʩʬʠʥ [80, 85], ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ 

[84], ʪʨʠ-ʥ-ʙʫʪʠʣʬʦʩʬʠʥ, ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ [83], 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ [86]). 

ʇʦʜʚʦʜʷ ʥʝʙʦʣʴʰʦʡ ʠʪʦʛ ʢ ʵʪʦʤʫ ʨʘʟʜʝʣʫ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʭʦʪʷ ʭʠʤʠʷ ʢʣʘʩʪʝʨʦʚ 

ʚʦʣʴʬʨʘʤʘ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʪʦʧʘʤ ʤʦʣʠʙʜʝʥʘ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʚʦʣʴʬʨʘʤʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʨʘʟʳ ʙʦʣʴʰʝ. ʊʘʢʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: 

1) ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʚʦʣʴʬʨʘʤʘ 

ʧʨʦʭʦʜʷʪ ʣʝʛʯʝ, ʯʝʤ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʤʦʣʠʙʜʝʥʘ (ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʵʪʦʤʫ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ 

ʚ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʝ, ʘ ʧʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ W2+ŸW3+ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʤʦʣʠʙʜʝʥʘ); 

2) ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʫʯʸʥʳʭ ʠʤʝʥʥʦ ʚ ʢʣʘʩʪʝʨʘʭ ʚʦʣʴʬʨʘʤʘ: ʜʦʣʛʦʝ ʚʨʝʤʷ ʢʣʘʩʪʝʨʳ 

[{ M6Q8} L6] ʚʦʩʧʨʠʥʠʤʘʣʠ ʢʘʢ ʧʨʝʢʫʨʩʦʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʟ ʐʝʚʨʝʣʷ. ʇʦʵʪʦʤʫ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 
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ʧʦʣʫʯʠʪʴ ʚʦʣʴʬʨʘʤʦʚʳʝ ʘʥʘʣʦʛʠ ʬʘʟ ʐʝʚʨʝʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʠʥʪʝʟʦʤ ʷʚʠʣʘʩʴ ʪʦʣʯʢʦʤ 

ʢ ʧʦʠʩʢʫ ʜʨʫʛʠʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʫʜʘʣʝʥʠʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʘʭ 

[{ W6Q8} L6] ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʘʣʣʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʩʨʝʜʠ ʚʩʝʭ ʢʣʘʩʪʝʨʦʚ ʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʩʫʣʴʬʠʜʥʳʝ ʢʣʘʩʪʝʨʳ, ʭʦʪʷ ʙʳ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ NaHS ʙʦʣʝʝ ʫʜʦʙʝʥ ʚ ʦʙʨʘʱʝʥʠʠ ʠ ʧʨʦʩʪ ʚ 

ʧʦʣʫʯʝʥʠʠ, ʯʝʤ Na2Se, Na2Te ʠʣʠ Na2Te2. ʇʦʵʪʦʤʫ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣ ʦʧʠʩʘʥ 

ʚʩʝʛʦ ʦʜʠʥ ʧʨʠʤʝʨ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʛʘʣʦʛʝʥʠʜʝ ʤʦʣʠʙʜʝʥʘ ʥʘ ʩʝʣʝʥ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ ʢʣʘʩʪʝʨʘ [{ Mo6Se8} (PPh3)6]Ā2H2O [87]. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ, ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʧʦʠʩʢʘ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

ʉʠʥʪʝʟ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʣʫʯʘʣʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ Kx[{ Mo6Se8} Br6] (x = 6, 7). ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʣʝʥʘ ʙʦʨʦʛʠʜʨʠʜʦʤ ʢʘʣʠʷ ʚ ʚʦʜʝ ʚ ʪʦʢʝ ʘʨʛʦʥʘ, ʟʘʪʝʤ ʚ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʠ 

Mo6Br12, ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ ʠ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 

ʜʚʫʭ ʯʘʩʦʚ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʪʫʞʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣ ʯʸʨʥʳʡ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ, ʥʝ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʠ ʜʦʩʪʫʧʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʆʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʩʠʥʪʝʟʦʚ ʟʜʝʩʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʳʯʥʦ ʝʸ ʧʳʪʘʶʪʩʷ ʫʜʘʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ 

ʚʦʟʤʦʞʥʦ. ɺʦ-ʚʪʦʨʳʭ, ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ HSe-, ʧʦʣʫʯʝʥʥʳʡ in situ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʚʳʜʝʣʝʥʠʷ ʩʝʣʝʥʠʜʘ ʠʣʠ ʜʠʩʝʣʝʥʠʜʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʩʠʥʪʝʟ. 

ʊʨʝʪʴʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ Kx[{ Mo6Se8} Br6] ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ 

ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʫʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ ʪʝʭʥʠʢʠ ʐʣʸʥʢʘ.  

ʅʘ ʵʪʘʧʝ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ, Kx[{Mo6Se8} Br6] ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ ʥʘʛʨʝʚʘʣʠ ʚ 

ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ʉʦʜʝʨʞʠʤʦʝ ʘʤʧʫʣʳ ʟʘʪʝʤ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ, ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʩʘʞʠʚʘʣʠ 

ʠʟ ʨʘʩʪʚʦʨʘ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[{ Mo6Se8} (PPh3)6]Ā2H2O, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

1.3.2.3. ʈʝʘʢʮʠʠ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ 

ʇʦʤʠʤʦ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʤʝʪʘʣʣʦʚ ʠ ʜʠʤʝʨʠʟʘʮʠʠ 

ʪʨʸʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʝʱʸ ʦʜʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʚʳʨʝʟʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʟ ʜʚʦʡʥʳʭ ʠʣʠ ʞʝ ʪʨʦʡʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ. 

ɺʧʝʨʚʳʝ ʨʝʘʢʮʠʷ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ Mo6Q8 ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [88]. ɸʚʪʦʨʳ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Mo6Se8 ʩ KCN ʧʨʠ 650Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K7[{ Mo6Se8} (CN)6]Ā8H2O. ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ 

[{ Mo6Se8} (CN)6]
7- ʦʢʠʩʣʷʝʪʩʷ ʜʦ [{ Mo6Se8} (CN)6]

6-, ʧʨʠ ʵʪʦʤ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʤʝʥʷʝʪʩʷ ʩ ʩʠʥʝʛʦ ʥʘ 

ʢʦʨʠʯʥʝʚʳʡ. ʆʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ ʚʠʜʝ ʩʦʣʠ (Me4N)4K2[{ Mo6Se8} (CN)6]Ā10H2O. 

ʇʦʟʞʝ ʨʝʘʢʮʠʝʡ ZnMo6S8 ʩ ʨʘʩʧʣʘʚʦʤ KCN ʧʨʠ 600Áʉ ʙʳʣ ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʳʡ ʩʫʣʴʬʠʜʥʳʡ 

ʢʦʤʧʣʝʢʩ K7[{Mo6S8} (CN)6]Ā8H2O [89]. 

1.3.3. ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʢʦʥʮʝ XX - ʥʘʯʘʣʝ XXI ʚʝʢʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʫʯʸʥʳʤʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʘʢ ʚʦʟʤʦʞʥʳʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʟ ʐʝʚʨʝʣʷ ʠ ʠʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʘʥʘʣʦʛʦʚ, ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʠ ʩʦʚʩʝʤ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ ʧʦʩʚʷʱʝʥʦ ʠʭ 

ʚʦʟʤʦʞʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ.  

ɺ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʛʨʫʧʧʘ R. E. McCarley ʧʦʣʫʯʘʣʘ ʘʤʦʨʬʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Na2x{ Mo6S8} SxĿy(MeOH) (x = 1,0ï1,05, y = 4ï5) ʠ Na2,1{W6S8}S1,05Ŀ5,4MeOH 

ʠ ʠʩʩʣʝʜʦʚʘʣʘ ʠʭ ʨʘʟʣʦʞʝʥʠʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʚʘʢʫʫʤʝ [90]. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 500Áʉ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʤʝʪʘʥʦʣʘ, ʧʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʝʚʘʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʧʣʦʪʴ ʜʦ 

900Áʉ ʧʨʦʚʦʜʠʪ ʢ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʶ ʤʦʣʠʙʜʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ MoS2 ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʡ 

ʬʘʟʳ ʐʝʚʨʝʣʷ ʩʦʩʪʘʚʘ NaMo6S8, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʈʌɸ. ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 

ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʤʝʪʘʥʦʣʘ ʩʪʘʨʪʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʩʦʩʪʘʚ Na2Mo6S9, ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

9 Na2Mo6S9 = 8 NaMo6S8 + 6 MoS2 + 5 Na2S.                                     (22) 

ɺ ʩʣʫʯʘʝ ʞʝ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʴʬʨʘʤʘ Na2,1{ W6S8} S1,05Ŀ5,4MeOH ʥʘʛʨʝʚʘʥʠʝ ʧʨʠ 130Áʉ ʚ 

ʚʘʢʫʫʤʝ ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʯʘʩʪʠʯʥʦʤʫ ʫʜʘʣʝʥʠʶ ʤʝʪʘʥʦʣʘ, ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʧʨʠ 

ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

300Áʉ ʫʞʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʶ ʚʦʣʴʬʨʘʤʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ W ʠ WS2. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʦʢʝ H2 ʧʨʠ 200Áʉ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ W 

ʠ WS2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʴʬʨʘʤʦʚʳʝ ʘʥʘʣʦʛʠ ʬʘʟ ʐʝʚʨʝʣʷ ʥʝ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʜʘʞʝ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʣʘ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʣʘʩʪʝʨʦʚ { Mo6S8} L6 (L = 

ʧʨʦʧʠʣʘʤʠʥ, ʧʠʨʨʦʣʠʜʠʥ ʠ ʧʠʧʝʨʠʜʠʥ) [91]. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 

500Áʉ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ (ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʟʣʦʞʝʥʠʷ), ʠ, 
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ʭʦʪʷ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʫʯʝʥʠʝ. 

ɻʨʫʧʧʘ F. J. DiSalvo ʧʦʣʫʯʠʣʘ ʥʝʩʢʦʣʴʢʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩʦʩʪʘʚʘ 

[M (II)(H2O)4]3[{W6S8} (CN)6]ĿxH2O (x å 23; M = Mn, Fe, Co) ʠ K2[Zn(H2O)2]2[{W6S8} (CN)6]Ŀ26H2O 

[82]. ʆʜʥʘʢʦ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʥʝʩʪʘʙʠʣʴʥʳ ʥʘ ʚʦʟʜʫʭʝ ʠ ʥʘʯʠʥʘʶʪ ʪʝʨʷʪʴ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂ ʪʦʤʫ ʞʝ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʠ ʥʝ ʧʨʦʷʚʣʷʶʪ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʠʥʪʝʨʝʩʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. 

ʊʘʢ ʠ ʥʝ ʥʘʡʜʷ ʚʦʟʤʦʞʥʳʭ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ, ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʟʘʙʳʪʳ ʥʘ ʜʦʣʛʦʝ ʚʨʝʤʷ ï ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʜʝʩʷʪʠ ʣʝʪ ʥʝ ʧʦʷʚʣʷʣʦʩʴ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʭʠʤʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʠʣʘ ʥʦʚʳʡ ʚʠʪʦʢ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ 

ʫʯʸʥʳʭ ʠʟ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ. 

ʊʘʢ, ʚ 2020 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚʦʣʴʬʨʘʤʘ [{ W6S8} (P(C2H4CN)3)6] [92]. ʉʦʝʜʠʥʝʥʠʝ ʧʦʣʫʯʘʣʠ ʧʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ 

DiSalvo ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ (Bu4N)2[W6Cl14]/KHS/KOtBu/P(C2H4CN)3 

ʨʘʚʥʦʛʦ 1:8:4:12 ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʘʢ ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ. 

ɺʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, ʘʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 

ʩʠʥʪʝʟʘ: ʨʝʘʛʝʥʪʳ, ʚʟʷʪʳʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (Bu4N)2[W6Cl14]/NaHS/KOtBu/P(C2H4CN)3, ʨʘʚʥʦʤ 

1:16:8:20, ʨʘʩʪʚʦʨʷʣʠ ʚ ɼʄʌɸ ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʚʠʘʣʝ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

100 Áʉ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʘʞʠʚʘʣʠ ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʵʪʘʥʦʣʦʤ. ʆʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʚʦʜʦʡ. ɺʳʭʦʜ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 54%. 

ʂʦʤʧʣʝʢʩ ʫʩʪʦʡʯʠʚ ʥʘ ʚʦʟʜʫʭʝ ʠ ʨʘʩʪʚʦʨʠʤ ʚ ɼʄʌɸ ʠ ɼʄʉʆ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʠʩ-

(2-ʮʠʘʥʦʵʪʠʣ)ʬʦʩʬʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʦʜʠʬʠʢʘʮʠʶ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʧʨʠʤʝʨ, ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʣʠʟʘ ʥʠʪʨʠʣʴʥʳʭ ʛʨʫʧʧ. 

ɻʦʜʦʤ ʧʦʟʞʝ ʚʳʰʣʘ ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʩʠʥʪʝʟ ʜʚʫʭ ʤʦʣʠʙʜʝʥʦʚʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʥʝʰʥʠʤʠ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ [{ Mo6Q8} (Ph2PC2H4COOH)6] (Q = 

S, Se) [93]. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ 

ʧʝʨʝʚʝʩʪʠ ʚ ʘʥʠʦʥʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ ʩ ʧʦʤʦʱʴʶ NaOH. ɺʤʝʩʪʝ ʩ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʤʠ 

ʮʠʘʥʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [{ Mo6Se8} (CN)6]
7-/6- ʠ [{ W6S8} (CN)6]

6- ʧʦʣʫʯʝʥʥʳʝ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ 

ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʵʪʦʤ ʢʣʘʩʩʝ, ʠʟʚʝʩʪʥʳʤʠ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 
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ɹʦʣʝʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʧʦʟʚʦʣʠʣʘ ʚʧʝʨʚʳʝ ʠʟʫʯʠʪʴ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢ ʚ 2022 ʛʦʜʫ ʵʪʘ ʞʝ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ 

ʧʦʣʫʯʠʣʘ ʘʥʘʣʦʛʠʯʥʳʝ ʚʦʣʴʬʨʘʤʦʚʳʝ ʢʣʘʩʪʝʨʳ [{ W6Q8} (Ph2PC2H4COOH)6] (Q = S, Se) ʠ ʠʭ 

ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʩʦʩʪʘʚʘ Na6[{W 6Q8}(PPh2CH2CH2COO)6] [94]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʠʙʜʝʥʦʚʳʭ 

ʘʥʘʣʦʛʦʚ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʜʣʷ 

ʦʙʦʠʭ ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʜʣʷ ʦʜʥʦʡ ʠʟ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ, ʘ ʠʤʝʥʥʦ 

Na6[{W 6S8}(PPh2CH2CH2COO)6]Ŀ7,5H2OĿMe2CO. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʢʣʘʩʪʝʨʦʚ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʦʥʠ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʳ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ï ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʦʱʝʥʠʷ ʧʦ ʧʨʦʰʝʩʪʚʠʠ 72 ʯʘʩʦʚ. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʢʣʝʪʢʘʭ 

ʣʠʥʠʠ Hep-2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ Na6[W6S8(PPh2CH2CH2COO)6] 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʤʝʥʝʝ ʮʠʪʦʪʦʢʩʠʯʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢ ʪʦʤʫ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʝʣʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʞʠʚʦʪʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʛʦ ʘʛʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʭʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ.  

1.4. ʇʷʪʠʷʜʝʨʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ {M5X8} 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʨʝʜʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʜʦ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʥʝ ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʧʷʪʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʷʪʠʷʜʝʨʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʠʟʚʝʩʪʥʳ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ.  

ʇʷʪʠʷʜʝʨʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʛʨʫʧʧʫ [{ M5X8} X5] (ʨʠʩʫʥʦʢ 16, ʘ). ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { M5X8}  ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟ ʷʜʨʘ { M6X8}  ʧʫʪʸʤ ʫʜʘʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ. ʇʨʠ ʵʪʦʤ ʦʢʪʘʵʜʨ M6 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ M5, ʘ ʯʝʪʳʨʝ ʠʟ ʚʦʩʴʤʠ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ 

ʩʪʘʥʦʚʷʪʩʷ Õ-ʤʦʩʪʠʢʦʚʳʤʠ (ʨʠʩʫʥʦʢ 16, ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ M5X8 ʯʝʪʳʨʝ ʘʪʦʤʘ 

ʛʘʣʦʛʝʥʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ ʪʨʝʫʛʦʣʴʥʳʤ ʛʨʘʥʷʤ ʧʠʨʘʤʠʜʳ M5, ʘ ʦʩʪʘʚʰʠʝʩʷ ʯʝʪʳʨʝ ï ʢ ʨʸʙʨʘʤ 

ʫ ʝʸ ʦʩʥʦʚʘʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʠʥ ʪʝʨʤʠʥʘʣʴʥʳʡ 

ʣʠʛʘʥʜ.  
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ʈʠʩʫʥʦʢ 16. ɸ) ʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʡ ʛʨʫʧʧʳ [{M 5X8} X5], ʙ) ʩʨʘʚʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ 

{M 6X8} ʠ {M5X8} . 

M ï ʟʝʣʸʥʳʡ, X ï ʩʚʝʪʣʦ-ʟʝʣʸʥʳʡ. 

1.4.1. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ 

ʇʝʨʚʳʡ ʦʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʷʪʠʷʜʝʨʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ ʙʳʣ 

ʧʦʣʫʯʝʥ ʚ 1975 ʛʦʜʫ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [95] ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʛʨʫʧʧ Mo6, ʥʘʧʨʠʤʝʨ [{ Mo6Cl8}Cl6]
2ï, ʠʟ ʤʦʥʦʤʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʙʳʣ ʪʘʢ ʞʝ ʧʦʣʫʯʝʥ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{ Mo5Cl8} Cl5]
2ï. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ K3MoCl6, ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 

ʜʚʫʭ ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 306Áʉ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ AlCl3, KCl ʠ BiCl3, ʚʟʷʪʳʭ 

ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 63:32:5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ ʢ ʧʦʣʫʯʝʥʥʦʤʫ 

ʪʸʤʥʦʤʫ ʛʦʤʦʛʝʥʥʦʤʫ ʧʣʘʚʫ ʜʦʙʘʚʣʷʣʠ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ ʠ ʦʪʜʝʣʷʣʠ [{ Mo6Cl8}Cl6]
2ï ʩʥʘʯʘʣʘ ʚ 

ʚʠʜʝ (H3O)2[{ Mo6Cl8}Cl6]Ŀ6H2O, ʘ ʟʘʪʝʤ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 8-ʦʢʩʠʭʠʥʦʣʠʥʘ (oxine) ʚ ʚʠʜʝ 

(oxineH)2[{ Mo6Cl8}Cl6]. ʆʩʪʘʚʰʠʡʩʷ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʘʥʠʦʥ [{ Mo5Cl8} Cl5]
2ï 

ʚʳʩʘʞʠʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ Bu4NCl. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʟʘʪʝʤ ʧʝʨʝʨʘʩʪʚʦʨʷʣʠ ʚ ʭʣʦʨʠʩʪʦʤ 

ʤʝʪʠʣʝʥʝ ʠ ʚʳʩʘʞʠʚʘʣʠ ʧʝʪʨʦʣʝʡʥʳʤ ʵʬʠʨʦʤ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ 

(Bu4N)2[{ Mo5Cl8}Cl5] ʫʩʪʦʡʯʠʚʦ ʥʘ ʚʦʟʜʫʭʝ, ʨʘʩʪʚʦʨʠʤʦ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ 

ʠ ʘʮʝʪʦʥʝ. ʀʩʭʦʜʷ ʠʟ ʟʘʨʷʜʘ ʘʥʠʦʥʘ [{ Mo5Cl8} Cl5]
2ï, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ 19 ʂʉʕ ʠ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤ.  

ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʩʧʫʩʪʷ, ʚ 1986 ʛʦʜʫ ʫʞʝ ʜʨʫʛʘʷ ʛʨʫʧʧʘ ʫʯʝʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʚʳʰʝʦʧʠʩʘʥʥʫʶ 

ʤʝʪʦʜʠʢʫ, ʧʦʣʫʯʠʣʘ ʘʥʘʣʦʛʠʯʥʳʡ ʙʨʦʤʠʜʥʳʡ ʢʣʘʩʪʝʨ ʩʦʩʪʘʚʘ (Bu4N)2[{Mo5Br8} Br5] [96]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʚʪʦʨʳ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ K3MoCl6, ʟʘʤʝʥʠʚ ʩʠʩʪʝʤʫ 

AlCl3/KCl/BiCl3 ʥʘ AlBr3/KBr/BiBr3. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʦʢʠʩʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo5X8} X5] (X = Cl, Br), ʚʳʜʝʣʠʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʦʨʤʳ 

(Bu4N)[{ Mo5X8} X5] (18 ʂʉʕ) ʠ (Bu4N)3[{ Mo5X8} X5] (20 ʂʉʕ). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʩʭʦʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo5X8} X5] ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʜʝʛʘʟʠʨʦʚʘʥʥʦʤ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ ʠʟʙʳʪʢʦʤ Bu4NX ʠ ʮʠʥʢʦʤ ʚ ʪʝʯʝʥʠʠ 24 
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ʯʘʩʦʚ. ʈʘʩʪʚʦʨ ʟʘʪʝʤ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʦʣʫʯʘʣʠ ʢʨʠʩʪʘʣʣʳ (Bu4N)3[{ Mo5X8} X5] ʥʘʩʣʘʠʚʘʥʠʝʤ 

ʧʝʪʨʦʣʝʡʥʦʛʦ ʵʬʠʨʘ. ʈʘʩʪʚʦʨʳ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʨʠʩʪʘʣʣʳ (Bu4N)3[{ Mo5Br8} Br5] 

ʥʝʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʨʠʩʪʘʣʣʳ (Bu4N)3[{ Mo5Cl8}Cl5] ʨʘʟʣʘʛʘʶʪʩʷ ʤʝʜʣʝʥʥʦ 

(ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ Cl2 (ʠʣʠ Br2 ʚ ʩʣʫʯʘʝ X = Br), ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ʂʨʠʩʪʘʣʣʳ 

(Bu4N)[{ Mo5X8} X5] ʧʦʣʫʯʘʣʠ ʥʘʩʣʘʠʚʘʥʠʝʤ ʧʝʪʨʦʣʝʡʥʦʛʦ ʵʬʠʨʘ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo5X8} X5] 

(X = Cl, Br) ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʎɺɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʢʣʘʩʪʝʨʘ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ 

ʦʢʠʩʣʝʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. ʇʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ 

[{ Mo5Cl8} Cl5]
2ï ʨʘʚʥʳ E1/2 = 0,49 ɺ ʠ E1/2 = ï0,36 ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʜʣʷ [{ Mo5Br8} Br5]

2ï ï E1/2 = 

0,41 ɺ ʠ E1/2 = ï0,33 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ.  

ɼʣʷ ʧʘʨʘʤʘʛʥʠʪʥʳʭ (19 ʂʉʕ) ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo5X8} X5] ʙʳʣʠ ʟʘʧʠʩʘʥʳ 

ʩʧʝʢʪʨʳ ʕʇʈ. ɺ ʩʣʫʯʘʝ ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʦʨʤʘ ʩʧʝʢʪʨʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʩʠʘʣʴʥʫʶ 

ʩʠʤʤʝʪʨʠʶ g-ʪʝʥʟʦʨʘ ʩ gṶ = 1,96 ʠ g|| = 2,00. ɺ ʩʣʫʯʘʝ ʙʨʦʤʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{ Mo5Br8} Br5] ʠʟʦʪʨʦʧʥʳʡ g-ʬʘʢʪʦʨ ʨʘʚʝʥ 2,01. ʄʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʩʦʩʪʘʚʣʷʶʪ 1,7 ʠ 1,6 

ɛB ʜʣʷ (Bu4N)2[{ Mo5Cl8} Cl5] ʠ (Bu4N)2[{ Mo5Br8} Br5] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʝ ʪʘʢ ʜʘʚʥʦ, ʚ 2021 ʛʦʜʫ, ʨʷʜ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʪʘʢʞʝ 

ʧʦʧʦʣʥʠʣʩʷ ʠʦʜʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (Bu4N)[{Mo5OI8} I5] [97]. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ Mo, I2 ʠ LiI  ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʘʤʧʫʣʫ 

ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Áʉ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ; ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʧʣʘʚʫ 

ʜʦʙʘʚʣʷʣʠ Bu4NI ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʪʨʘʢʮʠʡ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʘʣʠ (Bu4N)[{ Mo5OI8} I5] THF ʩ ʚʳʭʦʜʦʤ 

27%. ɺ ʭʦʜʝ ʩʠʥʪʝʟʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{ Mo6I8} I6], ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ ʧʨʠ ʧʨʦʤʳʚʘʥʠʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʦʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ [{Mo5OI8} I5]
- ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ 

[{ Mo5I8} I5]
2- ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚʦ ʚʨʝʤʷ ʵʢʩʪʨʘʢʮʠʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʧʷʪʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ɛ4-ʤʦʩʪʠʢʦʚʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢ ʦʩʥʦʚʘʥʠʶ ʢʚʘʜʨʘʪʥʦʡ 

ʧʠʨʘʤʠʜʳ Mo5 (ʨʠʩʫʥʦʢ 17). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ M5 ʚʤʝʩʪʝ ʩ ɛ3- ʠ ɛ4-ʣʠʛʘʥʜʘʤʠ 

ʦʙʨʘʟʫʝʪ ʬʨʘʛʤʝʥʪ {M5X5}, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ: 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [{ Mo3Ni2S4Cl2} (PEt3)5Cl2] [98] ʠ 

[{ Mo2Fe3S5} (PEt3)5(Cl4-cat)2] (Cl4-cat ï ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ) [99] ʠ ʢʦʤʧʣʝʢʩʝ ʚʦʣʴʬʨʘʤʘ 

[{ W5(C)I8} I5]
- [100].  
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ʈʠʩʫʥʦʢ 17. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʡ ʛʨʫʧʧʳ [{Mo 5OI8}I 5].  

Mo ï ʪʸʤʥʦ-ʩʠʥʠʡ, I ï ʬʠʦʣʝʪʦʚʳʡ, O - ʢʨʘʩʥʳʡ. 

1.4.2. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ 

ʇʷʪʠʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ. ɺ 1995 ʛʦʜʫ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [100], ʠʩʩʣʝʜʫʷ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʛʝʢʩʘʢʘʨʙʦʥʠʣʦʤ ʚʦʣʴʬʨʘʤʘ W(CO)6 ʠ ʠʦʜʦʤ, 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʭʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ 

ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ, ʧʨʠʯʝʤ ʥʫʢʣʝʘʨʥʦʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʷʤʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ʊʘʢ, ʧʨʠ 140Áʉ ʦʙʨʘʟʫʝʪʩʷ ʢʣʘʩʪʝʨʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ [W3I9]
ï, 

ʧʨʠ 165 Áʉ ï [W4I11]
-, ʜʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʜʦ 200 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʷʪʠʷʜʝʨʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [W5I13]
ï. ʇʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʘʪʦʤʦʚ ʚʦʣʴʬʨʘʤʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 

ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ [W6I14]
2ï ʧʨʠ 550Áʉ. ʀʩʭʦʜʷ ʠʟ 

ʦʙʥʘʨʫʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʦʜʦʙʠʷ ʩʪʨʦʝʥʠʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʥʘʯʘʣʘ ʪʨʸʭʲʷʜʝʨʥʳʭ, ʟʘʪʝʤ ʯʝʪʳʨʸʭ- ʠ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʫʪʠ: [W3I9]
ï Ÿ [W4I11]

ï Ÿ [W5I13]
ï Ÿ [W6I14]

2ï (ʨʠʩʫʥʦʢ 18).  
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ʈʠʩʫʥʦʢ 18. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʡ ʛʨʫʧʧ r[W6I14]2ï 

 

ʄʝʪʦʜʦʤ ʎɺɸ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [{W5I8} I5]
ï ʤʦʞʝʪ 

ʧʨʝʪʝʨʧʝʚʘʪʴ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʙʨʘʪʠʤʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʝʚʨʘʱʘʷʩʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ [{W5I8} I5]
2ï ʠ [{ W5I8} I5]

3ï. ʇʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ E1/2 = 0,05 ɺ ʠ E1/2 = ï0,54 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ɼʠʘʥʠʦʥ ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʚʠʜʝ ʩʦʣʠ (Pr4N)2[{ W5I8} I5] ʧʫʪʸʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (Pr4N)[{ W5I8} I5] ʮʠʥʢʦʤ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ Pr4NI. 

ɸʚʪʦʨʘʤ ʨʘʙʦʪʳ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʝ 

(Pr4N)2[{W5I8} I5] ʧʦ ʨʝʘʢʮʠʠ ʩ Ag(CF3SO3) ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʧʦʣʫʯʠʪʴ 

(Pr4N)2[{W5I8} (CF3SO3)5] ʩ ʚʳʭʦʜʦʤ 51%. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [101] ʦʧʠʩʳʚʘʶʪ ʰʠʨʦʢʠʡ ʨʷʜ ʠʦʜʠʜʦʚ ʚʦʣʴʬʨʘʤʘ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ (ʦʪ 3 ʜʦ 6). ʇʷʪʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʵʪʦʤ ʨʷʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʝʩʪʴʶ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ W5I11, W5I12, W5I13+x (0
 < x Ò 3), W5I15, 

W5I16 ʠ W15I47 ʦʙʨʘʟʫʶʱʠʤʠ ʩʣʦʠʩʪʳʝ, ʮʝʧʦʯʝʯʥʳʝ ʠʣʠ ʦʩʪʨʦʚʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʤʠʤʦ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʠʟʚʝʩʪʥʦ ʪʘʢʞʝ ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ, 

ʩʦʜʝʨʞʘʱʝʝ ʷʜʨʦ W5Br8. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [102] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ WBr6 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʫʨʴʤʦʡ ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ï 

ʧʷʪʠʷʜʝʨʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ W5Br12ĿSbBr3. ʈʝʘʢʮʠʶ WBr6 ʠ Sb ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʧʘʷʥʥʦʡ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250Áʉ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʅʘʨʷʜʫ ʩ 
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ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʩʦʩʪʘʚʘ W4Br10, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʳ WBr4, WBr5 

ʠ ʪʸʤʥʦ-ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ W5Br12ĿSbBr3, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. ɺ 

ʩʪʨʫʢʪʫʨʝ W5Br12ĿSbBr3 ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ [W5Br13] ʩʚʷʟʘʥʳ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʠ 

[(W5Bri
8)Bra

3Bra-a
2/2], ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʦʩʠ y. ʎʝʧʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ, 

ʦʙʨʘʟʫʷ ʩʣʦʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ xy, ʧʨʠ ʵʪʦʤ ʜʚʘ ʢʣʘʩʪʝʨʥʳʭ ʩʣʦʷ ʯʝʨʝʜʫʶʪʩʷ ʩ ʦʜʥʠʤ 

ʩʣʦʝʤ ʤʦʣʝʢʫʣ SbBr3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʭʠʤʠʷ ʧʷʪʠʷʜʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʘʟʚʠʪʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ, ʢʘʢ 

ʫʪʚʝʨʞʜʘʶʪ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [97], ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ {M 5MôX8}
4+ (Mô = 

ʛʝʪʝʨʦʘʪʦʤ). 

1.5. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʩʝʤʫ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʭʠʤʠʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʦʙʰʠʨʥʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘ. ʕʪʦʪ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʅʘʭʦʞʜʝʥʠʝ 

ʤʝʪʦʜʦʚ ʧʝʨʝʚʦʜʘ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʦ ʧʨʦʨʳʚʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʘʪʴ 

ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʪʢʨʳʣʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ.  

ɿʘ ʙʦʣʝʝ ʯʝʤ 60 ʣʝʪ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ. ʆʜʥʘʢʦ, ʧʷʪʠʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʩʨʝʜʠ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʙʳʣʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʨʦʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ï ʝʛʦ ʩʦʩʪʘʚʦʤ, ʛʝʦʤʝʪʨʠʝʡ ʠ ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʪʨʦʝʥʠʝʤ. ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʠʤʝʝʪ ʮʝʥʥʦʩʪʴ ʢʘʢ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʪʘʢ ʠ 

ʚ ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʨʝʰʝʥʠʶ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ.  
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ. Mo6Br12 ʧʦʣʫʯʘʣʠ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ 

ʟʘʧʘʷʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [103]. W6Cl12 ʧʦʣʫʯʘʣʠ ʪʝʨʤʦʣʠʟʦʤ 

ʢʠʩʣʦʪʳ (H3O)2[W6Cl14] [104], ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ WCl6 ʩ ʚʠʩʤʫʪʦʤ [105]. (Bu4N)2[Mo6I14] ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [106]. 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʨʝʘʢʪʠʚʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʙʳʣʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳ, ʦʪʥʦʩʠʣʠʩʴ ʢ ʢʣʘʩʩʫ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʯ.ʜ.ʘ. ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ.  

ʆʩʫʰʢʘ Na2S. ʂʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʩʫʣʴʬʠʜ ʥʘʪʨʠʷ ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 40% ʚʦʜʳ 

(Na2SĿ3H2O). ɼʣʷ ʦʩʫʰʢʠ ʩʦʝʜʠʥʝʥʠʝ ʥʘʛʨʝʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʜʦ 200ÁC ʟʘ 90 ʤʠʥʫʪ, ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥʫʪ. ʉʦʛʣʘʩʥʦ ʊɻɸ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʠʪ ʥʝ 

ʙʦʣʝʝ 5% ʚʦʜʳ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Bruker Nonius X8 

Apex CCD ʠʣʠ Bruker Apex DUO, ʦʩʥʘʱʝʥʥʳʭ ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ (MoKŬ, ɚ = 0,71073 

¡). ɼʣʷ ʨʝʰʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʢʝʪʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: SHELXT [107], SHELXL [108], OLEX2 GUI [109]. ʇʘʨʘʤʝʪʨʳ 

ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ʉʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳʝ ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʮʝʥʪʨʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (CCDC) ˉˉ: 

2219811 ([Mo5Se5]+), 2219812 ([Mo5Se5]2+), 2277467 ([Mo5S5]+), 2277468 ([Mo5S5][Mo 6I 14]), 2277

469 ([Mo5S5Bra]Ŀ2,5H2OĿ0,5DMF), 2277466 ([Mo 5S5(Br-pz)]ĿCH3CNĿEt2O), 2277470 ([Mo5S5(Br-

pz)Bra]Ŀ1,25H2OĿ2DMSO). ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ʚ ʊʘʙʣʠʮʝ ʇ1. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Philips PW 1830/1710 (CuKŬ-ʠʟʣʫʯʝʥʠʝ, ɚ = 1,5406 ¡, ʛʨʘʬʠʪʦʚʳʡ 

ʤʦʥʦʭʨʦʤʘʪʦʨ ʠ ʚʥʫʪʨʝʥʥʠʡ ʢʨʝʤʥʠʝʚʳʡ ʩʪʘʥʜʘʨʪ). ʈʘʩʯʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʣʘʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Mercury (CCDC).  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʈʉ) ʩ ʧʦʤʦʱʴʶ ʥʘʩʪʦʣʴʥʦʛʦ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ Hitachi TM3000 TableTop SEM ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ Bruker QUANTAX 

70 EDS. ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (C, H, N, S) ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʙʦʨʘʭ MICRO cube analyzer 

ʠ EuroVector EA3000. 



51 

 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ FLEXPS (Specs, ɻʝʨʤʘʥʠʷ) ʩ ʵʥʝʨʛʦʘʥʘʣʠʟʘʪʦʨʦʤ 

ʵʣʝʢʪʨʦʥʦʚ Phoibos 150 ʠ DLD ʜʝʪʝʢʪʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ. ɺʦʟʙʫʞʜʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ Al KŬ. ʕʥʝʨʛʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ 25 ʵɺ. ɺʘʢʫʫʤ ʚ 

ʩʠʩʪʝʤʝ ~10ï10 ʤʙʘʨ. ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʦʜʟʘʨʷʜʢʠ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʫʰʢʘ ʤʝʜʣʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 3 ʵɺ. ʂʘʣʠʙʨʦʚʢʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ 

C1s = 285,0 ʵɺ ʦʪ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ. ʈʘʟʣʦʞʝʥʠʝ ʣʠʥʠʡ ʥʘ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʝ CasaXPS. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʀʂ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ 

ʪʘʙʣʝʪʦʢ ʩ ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 4000ï400 ʩʤï1 ʥʘ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ VERTEX 80.  

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʗʄʈ 

ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʝʪʘʥʦʣʝ- d4 ʠʣʠ ɼʄʉʆ-d6 ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Bruker Avance III 500 ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 500,03 ʄɻʮ ʜʣʷ ʷʜʝʨ 1H, 125,73 ʄɻʮ ʜʣʷ ʷʜʝʨ 13ʉ, 95,36 

ʄɻʮ ʜʣʷ ʷʜʝʨ 77Se ʠ 50,67 Mɻʮ ʜʣʷ ʷʜʝʨ 15N. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʛʥʘʣʳ 

ʛʨʫʧʧʳ ʉHD2 ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ ʨʘʩʪʚʦʨʦʚ ʚ ʤʝʪʘʥʦʣʝ-d4 ŭ = 3,31 ʤ.ʜ. ʜʣʷ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʪʦʥʦʚ 

ʚ ʩʧʝʢʪʨʝ 1H-ʗʄʈ ʠ ŭ = 49,00 ʤ.ʜ. ʜʣʷ ʩʧʝʢʪʨʦʚ 13ʉ-ʗʄʈ; ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʚ ɼʄʉʆ-d6 ŭ = 2,50 ʤ.ʜ. 

ʜʣʷ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʪʦʥʦʚ ʚ ʩʧʝʢʪʨʝ 1H-ʗʄʈ ʠ ŭ = 39,50 ʤ.ʜ. ʜʣʷ ʩʧʝʢʪʨʦʚ 13ʉ-ʗʄʈ. ʉʧʝʢʪʨʳ ʥʘ 

ʷʜʨʘʭ 77Se ʠ 15N ʟʘʧʠʩʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʠʭ ʩʪʘʥʜʘʨʪʦʚ 1M ʨʘʩʪʚʦʨʘ SeO2 ʚ D2O (ŭ(77Se) = 

1282 ʤ.ʜ.) ʠ ʬʦʨʤʘʤʠʜʘ (ŭ(15N) = 112,5 ʤ.ʜ.) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʦʪʥʝʩʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʥʘ ʷʜʨʘʭ 1H ʠ 13ʉ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʝʪʝʨʦʷʜʝʨʥʳʭ 1H,13C-

HMBC ʠ 1H,13C-HSQC ʜʚʫʤʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ. ʕʣʝʢʪʨʦʩʧʨʝʡ-ʠʦʥʠʟʘʮʠʦʥʥʫʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Maxis 4G (Bruker Daltonics, Germany) ʚ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 500ï4000 m/z.  

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɸʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʧʨʠʙʦʨʝ TG 209 F1 Iris 

(NETZSCH) ʚ ʪʦʢʝ ʛʝʣʠʷ (30 ʤʣ/ʤʠʥ) ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10ÁC/ʤʠʥ ʜʦ 850ÁC.  

ʆʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent Cary 60 UV/Vis 

ʠʣʠ Shimadzu UV-vis-near-IR 3101 PC. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-vis-near-IR 3101 PC, ʦʩʥʘʱʝʥʥʦʤ 

ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ. ʉʧʝʢʪʨʳ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʰʢʘʣʫ ʂʫʙʝʣʢʠïʄʫʥʢʘ.  
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ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. ʂʨʠʚʳʝ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʙʣrʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Elins P-20X8 ʧʦ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʝ ʩʦ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʤ (ʉʋ) ʨʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ Pt ʵʣʝʢʪʨʦʜʦʤ ʠ ʵʣʝʢʪʨʦʜʦʤ 

ʩʨʘʚʥʝʥʠʷ Ag/AgCl/3,5 ʄ KCl. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 5Ŀ10ï4 ʄ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ 0,1 ʄ Bu4NClO4 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠʣʠ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ.  

ʉʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʕʉʇ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent 

Cary 60 UV/Vis. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 2Ŀ10ï4 ʄ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ, ʩʦʜʝʨʞʘʱʝʤ ʪʘʢʞʝ Bu4NClO4 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʄ. ʕʣʝʢʪʨʦʜʳ ʧʦʤʝʱʘʣʠ 

ʚ ʢʶʚʝʪʫ ʩ ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ. ɿʘʧʠʩʴ ʩʧʝʢʪʨʦʚ 

ʧʨʦʚʦʜʠʣʠ ʢʘʞʜʳʝ 30 ʩʝʢʫʥʜ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ.  

ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ E109 (Varian) ʥʘ ʯʘʩʪʦʪʝ 9,5 ɻɻʮ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʧʦʣʷ ʚ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ʕʇʈ ʠʩʧʦʣʴʟʦʚʘʣʠ 2,2-ʜʠʬʝʥʠʣ-1-ʧʠʢʨʠʣʛʠʜʨʘʟʠʣ (g = 2,0036). ʄʘʛʥʠʪʥʫʶ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʷʣʠʩʴ ʤʝʪʦʜʦʤ ʌʘʨʘʜʝʷ ʧʨʠ 7,3 ʢʕ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 80ï300ï80 ʂ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʩʷ ʚ ʛʝʣʠʝʚʫʶ 

ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʊʦʨʨ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʦʤ Delta DTB9696. ɼʘʥʥʳʝ ʟʘʧʠʩʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʚʘʨʮʝʚʳʭ ʤʠʢʨʦʚʝʩʦʚ ʠ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ Keysight 34465A.  

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʈʘʩʯʝʪʳ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

(density functional theory ï DFT) ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ADF2017 [110]. 

ʇʘʨʘʤʝʪʨʳ ʛʝʦʤʝʪʨʠʠ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ 

ʧʦʧʨʘʚʢʦʡ ʥʘ ʜʠʩʧʝʨʩʠʶ VWN + S12g [111ï113] ʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʟʠʩʘ TZP [114]. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʳ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʥʝ ʩʦʜʝʨʞʘʣʠ ʤʥʠʤʳʭ 

ʯʘʩʪʦʪ. ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʵʥʝʨʛʠʡ ʩʚʷʟʳʚʘʥʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ 

ʢʣʘʩʪʝʨʦʚ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʪʝʨʠʝʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ S12h ʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʟʠʩʘ TZP. ʉʢʘʣʷʨʥʳʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ 

ʫʯʠʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ZORA (zero-order regular approximation) [115ï117]. ʈʘʩʯʝʪ g-

ʪʝʥʟʦʨʘ ʜʣʷ ʢʣʘʩʪʝʨʘ [{Mo5(Õ3-Se)4(Õ4-Se)(Õ-pz)4}( pzH)5]
+ ʩ ʦʪʢʨʳʪʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ 

ʧʨʦʚʦʜʠʣʠ ʩ ʫʯʝʪʦʤ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ ʤʝʪʦʜʦʤ unrestricted ZORA 

[115ï117]. ʇʦʨʷʜʦʢ ʩʚʷʟʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʤʝʪʦʜʦʤ NalewajskiïMrozek [118ï120]. ʕʪʠ ʨʘʩʯʝʪʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ADF2021 [110] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ B3LYP [121] ʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʟʠʩʘ TZP [114] ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ. ɺ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʳʭ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʣʣʠʥʝʘʨʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ. 
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ʉʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ [{Mo5(ɛ3-Se)4(ɛ4-Se)(ɛ-pz)4}( pzH)5]
2+ ʠ [{Mo5(ɛ3-Se)4(ɛ4-Se)(ɛ-pz)4}( pzH)5]

+ 

ʜʣʷ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʥʝ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠʩʴ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʘʪʦʤʦʚ H ʘʧʠʢʘʣʴʥʳʭ ʧʠʨʘʟʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʦʟʠʮʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GGA ʬʫʥʢʮʠʦʥʘʣʘ BP86 [122, 123] ʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʟʠʩʘ TZP ʜʣʷ ʚʩʝʭ 

ʘʪʦʤʦʚ [114]. ʋʯʝʪ ʩʢʘʣʷʨʥʳʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ZORA [115]. 

2.2. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʉʠʥʪʝʟ çNaMo6Se8Br4è. 

ɼʣʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʠʢʫ, ʦʧʠʩʘʥʥʫʶ ʚ ʨʘʙʦʪʝ. ʉʝʣʝʥ (300 ʤʛ, 

3,80 ʤʤʦʣʴ) ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ NaBH4 (290 ʤʛ, 7,6 ʤʤʦʣʴ) ʚ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ (100 ʤʣ) ʚ ʪʦʢʝ 

ʘʨʛʦʥʘ. ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ Mo6Br12 (500 ʤʛ, 0,33 ʤʤʦʣʴ), ʢʠʧʷʪʠʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʠ ʦʩʪʘʚʣʷʣʠ ʩʪʦʷʪʴ ʥʘ ʥʦʯʴ. ɺʳʧʘʚʰʠʡ ʯʸʨʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, 

ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʟʘʪʝʤ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ʠ ʜʦʩʪʫʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺʳʭʦʜ 

ʩʦʩʪʘʚʣʷʝʪ ~500 ʤʛ. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:Se:Br:Na ʩʦʩʪʘʚʣʷʝʪ 6:8,2:4,4:0,8. ʇʦ 

ʜʘʥʥʳʤ ɸʕʉ-ʀʉʇ Mo/Na 6,7 Ñ 0,5, Se/Mo 1,35 Ñ 0,02. 

 

ʉʠʥʪʝʟ [{Mo5Se5(ɛ-pz)4}(pzH)5]BrĿ4pzH ([Mo5Se5]+). 

çNaMo6Se8Br4è (50 ʤʛ) ʠ ʧʠʨʘʟʦʣ (150 ʤʛ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ 

ʘʤʧʫʣʫ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC 

ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 24 

ʯʘʩʦʚ (7,5 ÁC/ʯ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʦʪʙʠʨʘʣʠ ʢʨʠʩʪʘʣʣʳ 

ʩʦʝʜʠʥʝʥʠʷ (ʯʸʨʥʳʝ ʙʣʦʢʠ) ʚʨʫʯʥʫʶ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʪʘʢʞʝ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚʨʫʯʥʫʶ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺʳʭʦʜ: 20 ʤʛ (37% ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ Mo6Br12). ɼʣʷ 

C39H48BrMo5N26Se5 ʨʘʩʩʯʠʪʘʥʦ: C 25,5; H 2,6; N 19,8. ʅʘʡʜʝʥʦ: C 25,5; H 2,8; N 19,8. ʇʦ ʜʘʥʥʳʤ 

ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:Se:Br ʩʦʩʪʘʚʠʣʦ 5:4,8:1,2. ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (KBr) 

ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʘʟʦʣʘ (ʨʠʩʫʥʦʢ 

ʇ1). ʇʦ ʜʘʥʥʳʤ ʊɻɸ ʩʦʝʜʠʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦ ʜʦ 100 ÁC, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ḑ180 ÁC ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʱʝʧʣʝʥʠʝ ʤʦʣʝʢʫʣ ʧʠʨʘʟʦʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʩʫʥʦʢ 

ʇ2).  

 

ʉʠʥʪʝʟ [{Mo5Se5(ɛ-pz)4}(pzH)5]Br2Ŀ2H2O ([Mo5Se5]2+). 

çNaMo6Se8Br4è (200 ʤʛ) ʠ ʧʠʨʘʟʦʣ (200 ʤʛ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ 

ʘʤʧʫʣʫ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC 
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ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 24 

ʯʘʩʦʚ (7,5 ÁC/ʯ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 75 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ, ʧʨʠ ʵʪʦʤ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ([{ Mo5Se5(ɛ-

pz)4}( pzH)5]
+ Ÿ [{Mo5Se5(ɛ-pz)4}( pzH)5]

2+). ʈʘʩʪʚʦʨ ʦʪʜʝʣʷʣʠ ʦʪ ʦʩʘʜʢʘ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ. 

ɿʘʪʝʤ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ, ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ. ʇʨʦʜʫʢʪ 

ʚʳʩʘʞʠʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ: 66 ʤʛ (30% ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ Mo6Br12). ɼʣʷ 

C27H36Br2Mo5N18Se5 ʨʘʩʩʯʠʪʘʥʦ: C 19,3; H 2,2; N 15,0. ʅʘʡʜʝʥʦ: C 19,6; H 2,3; N 14,9. ʇʦ ʜʘʥʥʳʤ 

ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:Se:Br ʩʦʩʪʘʚʣʷʝʪ 5:4,7:2,2. ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (KBr, ʩʤī1) 

ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʘʟʦʣʘ (ʨʠʩʫʥʦʢ 

ʇ1). ʇʦ ʜʘʥʥʳʤ ʊɻɸ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 120 ÁC ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʤʘʩʩʳ Ḑ1,9%, 

ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ (ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 2,1%). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚʧʣʦʪʴ ʜʦ 195ÁC, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ (ʨʠʩʫʥʦʢ ʇ3). 1H ʗʄʈ (500 ʄɻʮ, CD3OD) ŭ 5,79 (t, 1H, J = 2,41 ɻʮ, H4-

pzHap), 6,26 (t, 4H, J = 2,06 ɻʮ, H4-pz), 6,36 (d, 1H, J = 2,13 ɻʮ, H3-pzHap), 6,85 (t, 4H, J = 2,35 ɻʮ, 

H4-pzHbs), 7,10 (d, 1H, J = 2,35 ɻʮ, H5-pzHap), 7,53 (d, 8H, J = 2,01 ɻʮ, H3-, H5-pz), 8,26 (d, 4H, J = 

2,35 ɻʮ, H5-pzHbs), 8,67 (d, 4H, J = 1,84 ɻʮ, H3-pzHbs). 13C ʗʄʈ (126 ʄɻʮ, CD3OD) ŭ 107,12 (C4-

pzHap), 108,38 (C4-pzHbs), 110,06 (C4-pz), 133,11 (C5-pzHap), 133,96 (C5-pzHbs), 140,83 (C3-, C5-

pz), 148,62 (C3-pzHap), 149,11 (C3-pzHbs). 77Se ʗʄʈ (95 ʄɻʮ, CD3OD, ʦʪʥʦʩʠʪʝʣʴʥʦ SeO2) ŭ 1022 

(ɛ4-Se), 1880 (ɛ3-Se). 15N ʗʄʈ (51 ʄɻʮ, CD3OD, ʦʪʥʦʩʠʪʝʣʴʥʦ HCONH2) ŭ 214 (NH-pzHbs), 216 

(NH-pzHap), 236 (N-pzHbs), 256 (N-pz). ESI-MS (ʘʮʝʪʦʥʠʪʨʠʣ), m/z (+): 1563,3398 

({ Mo5Se5(pz)4(pzH)5Br} 1+), 1483,4160 ({Mo5Se5(pz)4(pzH)5}
1+), 1536,3234 

({ Mo5Se5(pz)4(pzH)4(CH3CN)Br} 1+), 1415,3801 ({Mo5Se5(pz)4(pzH)4}
1+), 1494,2979 

({ Mo5Se5(pz)4(pzH)4Br} 1+), 1456,4056 ({Mo5Se5(pz)4(pzH)4(CH3CN)} 1+), 707,6890 

({ Mo5Se5(pz)4(pzH)4}
2+), 741,7084 ({Mo5Se5(pz)4(pzH)5}

2+), 716,6967 

({ Mo5Se5(pz)4(pzH)4(H2O)} 2+), 673,6717 ({Mo5Se5(pz)4(pzH)3}
2+), 694,1852 

({ Mo5Se5(pz)4(pzH)3(CH3CN)} 2+). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʮʝʪʦʥʝ.  

 

ʉʠʥʪʝʟ [{Mo5S5(ɛ-pz)4}(pzH)5]BrĿpzHĿH2O ([Mo5S5]+). 

Mo6Br12 (100 ʤʛ, 0,065 ʤʤʦʣʴ), Na2S (30 ʤʛ, 0,384 ʤʤʦʣʴ), S8 (7 ʤʛ, 0,027 ʤʤʦʣʴ) ʠ ʧʠʨʘʟʦʣ 

(200 ʤʛ, 2,938 ʤʤʦʣʴ) ʧʝʨʝʤʝʰʠʚʘʣʠ, ʠʟʤʝʣʴʯʘʣʠ ʚ ʩʪʫʧʢʝ ʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. 

ʇʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC ʚ ʪʝʯʝʥʠʝ 

48 ʯʘʩʦʚ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (7,5 

ÁC/ʯ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʦʪʙʠʨʘʣʠ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 
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(ʯʸʨʥʳʝ ʙʣʦʢʠ) ʚʨʫʯʥʫʶ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʪʘʢʞʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʚʨʫʯʥʫʶ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺʳʭʦʜ: 30 ʤʛ (33% ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ Mo6Br12). ɼʣʷ 

C30H38BrMo5N20OS5 ʨʘʩʩʯʠʪʘʥʦ: C 25,5; H 2,7; N 19,8; S 11,3. ʅʘʡʜʝʥʦ: C 25,6; H 2,6; N 19,4; S 

11,6. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:S:Br ʩʦʩʪʘʚʠʣʦ 5:4,9:0,9. ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(KBr, ʩʤī1) ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʘʟʦʣʘ 

(ʨʠʩʫʥʦʢ ʇ4). ʇʦ ʜʘʥʥʳʤ ʊɻɸ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 160 ÁC ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʤʘʩʩʳ 

Ḑ1,6%, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʚʦʜʳ (ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 1,3%). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚʧʣʦʪʴ ʜʦ 200ÁC, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ.  

 

ʉʠʥʪʝʟ [{Mo5S5(ɛ-pz)4}(pzH)5]Br2Ŀ2H2O ([Mo5S5]2+).  

Mo6Br12 (200 ʤʛ, 0,130 ʤʤʦʣʴ), Na2S (61 ʤʛ, 0,782 ʤʤʦʣʴ), S8 (15 ʤʛ, 0,058 ʤʤʦʣʴ) ʠ ʧʠʨʘʟʦʣ 

(178 ʤʛ, 2,615 ʤʤʦʣʴ) ʧʝʨʝʤʝʰʠʚʘʣʠ, ʠʟʤʝʣʴʯʘʣʠ ʚ ʩʪʫʧʢʝ ʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. 

ʇʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC ʚ ʪʝʯʝʥʠʝ 

48 ʯʘʩʦʚ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (7,5 

ÁC/ʯ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 200 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, 

ʧʨʠ ʵʪʦʤ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ([{ Mo5S5(ɛ-pz)4}( pzH)5]
+ Ÿ 

[{ Mo5S5(ɛ-pz)4}( pzH)5]
2+). ʈʘʩʪʚʦʨ ʦʪʜʝʣʷʣʠ ʦʪ ʦʩʘʜʢʘ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ. ɿʘʪʝʤ ʦʩʘʜʦʢ 

ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ, ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ. ʇʨʦʜʫʢʪ 

ʚʳʩʘʞʠʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ: 125 ʤʛ (66% ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ Mo6Br12). ɼʣʷ 

C27H36Br2Mo5N18O2S5 ʨʘʩʩʯʠʪʘʥʦ: C 22,4; H 2,5; N 17,5; S 11,1. ʅʘʡʜʝʥʦ: C 22,4; H 2,4; N 17,5; S 

11,0. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:S:Br ʩʦʩʪʘʚʣʷʝʪ 5:5,2:2,3. ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(KBr, ʩʤī1) ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʘʟʦʣʘ 

(ʨʠʩʫʥʦʢ ʇ4). ʇʦ ʜʘʥʥʳʤ ʊɻɸ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 110 ÁC ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʤʘʩʩʳ 

Ḑ3,1%, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ (ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 2,5%). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚʧʣʦʪʴ ʜʦ 160ÁC, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ. 1H ʗʄʈ (500 ʄɻʮ, CD3OD) ŭ 5,84 (t, 1H, J = 2,35 ɻʮ, H4-pzHa), 6,26 (d, 

1H, J = 1,98 ɻʮ, H3-pzHa), 6,34 (t, 4H, J = 1,90 ɻʮ, H4-pz), 6,90 (t, 4H, J = 2,30 ɻʮ, H4-pzHbs), 7,16 

(d, 1H, J = 2,27 ɻʮ, H5-pzHa), 7,67 (d, 8H, J = 1,98 ɻʮ, H3-, H5-pz), 8,32 (d, 4H, J = 2,27 ɻʮ, H5-

pzHbs), 8,75 (d, 4H, J = 1,86 ɻʮ, H3-pzHbs). 13C ʗʄʈ (126 ʄɻʮ, CD3OD) ŭ 105,85 (C4-pzHa), 106,94 

(C4-pzHbs), 108,76 (C4-pz), 132,11 (C5-pzHa), 132,74 (C5-pzHbs), 138,95 (C3-, C5-pz), 145,40 (C3-

pzHa), 146,50 (C3-pzHbs). 15N ʗʄʈ (51 ʄɻʮ, CD3OD, ʦʪʥʦʩʠʪʝʣʴʥʦ HCONH2) ŭ 211,4 (NH-pzHbs 

and NH-pzHa), 220,4 (N-pzHa), 237,5 (N-pzHbs), 257,1 (N-pz). ESI-MS (ʘʮʝʪʦʥʠʪʨʠʣ), m/z (+): 

1328,6111 ({Mo5S5(pz)4(pzH)5Br} 1+), 1301,5928 ({Mo5S5(pz)4(pzH)4(CH3CN)Br} 1+), 1260,5739 

({ Mo5S5(pz)4(pzH)4Br} 1+), 1249,6910 ({Mo5S5(pz)4(pzH)5}
1+), 1222,6822 
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({ Mo5S5(pz)4(pzH)4(CH3CN)} 1+), 1181,6564 ({Mo5S5(pz)4(pzH)4}
1+), 624,8470 

({ Mo5S5(pz)4(pzH)5}
2+), 590,8262 ({Mo5S5(pz)4(pzH)4}

2+). ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ [{Mo5S5(ɛ-

pz)4}( pzH)5][Mo6I14]Ŀ4CH3CN ([Mo5S5][Mo6I14]), ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʩʪʨʝʯʥʦʡ 

ʜʠʬʬʫʟʠʝʡ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ [{ Mo5S5(ɛ-pz)4}( pzH)5]Br2Ŀ2H2O ʠ (Bu4N)2[Mo6I14] ʚ H-

ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ.  

 

ʉʠʥʪʝʟ [Mo6S2Br6(pzH)6]SO4/SO3. 

Mo6Br12 (100 ʤʛ, 0,065 ʤʤʦʣʴ), S8 (10 ʤʛ, 0,041 ʤʤʦʣʴ) ʠ ʧʠʨʘʟʦʣ (100 ʤʛ, 1,469 ʤʤʦʣʴ) 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. ɼʦʙʘʚʣʷʣʠ 10 ʤʢʣ (0,56 ʤʤʦʣʴ) ʚʦʜʳ, ʧʦʩʣʝ 

ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ÁC ʚ ʪʝʯʝʥʠʝ 48 

ʯʘʩʦʚ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (7,5 

ÁC/ʯ). ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʠʥʪʝʟʘ ʚ ʘʤʧʫʣʝ ʩʦʜʝʨʞʠʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

[Mo6S2Br6(pzH)6]SO4/SO3. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʉɸ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʚʨʫʯʥʫʶ. ɺʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʦʝʥʠʝ ʘʥʠʦʥʘ (SO4
2- ʠʣʠ SO3

2-

) ʥʝ ʫʜʘʣʦʩʴ.  ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:Br:S ʩʦʩʪʘʚʣʷʝʪ 6:6,5:3,5.  

 

Cʠʥʪʝʟ [Mo6S2Br6(pzH)6]Br2.  

Mo6Br12 (200 ʤʛ, 0,130 ʤʤʦʣʴ), Na2S (61 ʤʛ, 0,782 ʤʤʦʣʴ) ʠ ʧʠʨʘʟʦʣ (178 ʤʛ, 2,615 ʤʤʦʣʴ) 

ʧʝʨʝʤʝʰʠʚʘʣʠ, ʠʟʤʝʣʴʯʘʣʠ ʚ ʩʪʫʧʢʝ ʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. ʇʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ 

ʟʘʧʘʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ɿʘʪʝʤ 

ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (7,5 ÁC/ʯ). ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʩʠʥʪʝʟʘ ʚ ʘʤʧʫʣʝ ʩʦʜʝʨʞʠʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

[Mo6S2Br6(pzH)6]Br2. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʉɸ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʚʨʫʯʥʫʶ. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:Br:S ʩʦʩʪʘʚʣʷʝʪ 6:7,9:2,3.  

 

ʉʠʥʪʝʟ çNaW6Se10Cl2è. 

ʉʝʣʝʥ (83 ʤʛ, 1,051 ʤʤʦʣʴ) ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ NaBH4 (50 ʤʛ, 1,322 ʤʤʦʣʴ) ʚ 

ʤʝʪʠʣʮʝʣʣʦʟʦʣʴʚʝ (20 ʤʣ) ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ W6Cl12 (200 ʤʛ, 0,131 

ʤʤʦʣʴ), ʢʠʧʷʪʠʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ. ɺʳʧʘʚʰʠʡ ʯʸʨʥʳʡ 

ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʟʘʪʝʤ 

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ʠ ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ ~120 ʤʛ. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ W:Se:Cl:Na ʩʦʩʪʘʚʣʷʝʪ 

6:10,5:1,6:1,0.  
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ʉʠʥʪʝʟ [{W5S5(ɛ-pz)4}(pzH)5]Cl2 ([W5S5]2+). 

W6Cl12 (200 ʤʛ, 0,131 ʤʤʦʣʴ), NaHS (44 ʤʛ, 0,785 ʤʤʦʣʴ), S8 (17 ʤʛ, 0,066 ʤʤʦʣʴ) ʠ ʧʠʨʘʟʦʣ 

(178 ʤʛ, 2,615 ʤʤʦʣʴ) ʧʝʨʝʤʝʰʠʚʘʣʠ, ʠʟʤʝʣʴʯʘʣʠ ʚ ʩʪʫʧʢʝ ʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ. 

ʇʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC ʚ ʪʝʯʝʥʠʝ 

48 ʯʘʩʦʚ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (7,5 

ÁC/ʯ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 200 ʤʣ ʭʣʦʨʠʩʪʦʛʦ 

ʤʝʪʠʣʝʥʘ. ʈʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ. ɿʘʪʝʤ ʧʨʦʜʫʢʪ ʚʳʩʘʞʠʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ: 110 ʤʛ (46 % ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ W6Cl12). ɼʣʷ C27H32Cl2W5N18S5 

ʨʘʩʩʯʠʪʘʥʦ: C 18,4; H 1,8; N 14,3; S 9,1. ʅʘʡʜʝʥʦ: C 18,2; H 1,7; N 14,3; S 9,2. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ 

ʩʦʦʪʥʦʰʝʥʠʝ W:S:Cl ʩʦʩʪʘʚʣʷʝʪ 5:5,1:2,2. 1H ʗʄʈ (500 ʄɻʮ, CD3OD) ŭ 5,87 (t, 1H, J = 2,42 ɻʮ, 

H4-pzHa), 6,25 (t, 4H, J = 2,08 ɻʮ, H4-pz), 6,32 (d, 1H, J = 1,99 ɻʮ, H3-pzHa), 6,88 (t, 4H, J = 2,38 ɻʮ, 

H4-pzHbs), 7,11 (d, 1H, J = 2,16 ɻʮ, H5-pzHa), 7,71 (d, 8H, J = 2,12 ɻʮ, H3-, H5-pz), 8,29 (d, 4H, J = 

2,13 ɻʮ, H5-pzHbs), 8,78 (d, 4H, J = 1,80 ɻʮ, H3-pzHbs). ESI-MS (ʘʮʝʪʦʥʠʪʨʠʣ), m/z (+): 1722,8809 

({ W5S5(pz)4(pzH)5Cl} 1+), 1686,9063 ({W5S5(pz)4(pzH)4(pz)} 1+), 1654,8411 ({W5S5(pz)4(pzH)4Cl} 1+), 

1638,8646 ({W5S5(pz)4(pzH)4(H2O)} 1+), 843,9554 ({W5S5(pz)4(pzH)5}
2+), 809,9363 

({ W5S5(pz)4(pzH)4}
2+). ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ [{W5S5(ɛ-pz)4}( pzH)5][Mo6I14]Ŀ4CH3CN, ʧʨʠʛʦʜʥʳʝ 

ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʩʪʨʝʯʥʦʡ ʜʠʬʬʫʟʠʝʡ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ [{W5S5(ɛ-

pz)4}( pzH)5]Br2Ŀ2H2O ʠ (Bu4N)2[Mo6I14] ʚ H-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ.  

 

ʉʠʥʪʝʟ [{W5Se5(ɛ-pz)4}(pzH)5]Cl2 ([W5Se5]2+). 

çNaW6Se10Cl2è (100 ʤʛ) ʠ ʧʠʨʘʟʦʣ (100 ʤʛ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ 

ʘʤʧʫʣʫ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC 

ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʠ 24 

ʯʘʩʦʚ (7,5 ÁC/ʯ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ. ʈʘʩʪʚʦʨ 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ. ɿʘʪʝʤ ʧʨʦʜʫʢʪ ʚʳʩʘʞʠʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ: 

13 ʤʛ (10 % ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ W6Cl12). ɼʣʷ C27H32Cl2W5N18S5 ʨʘʩʩʯʠʪʘʥʦ: C 18,4; H 1,8; N 14,3; S 

9,1. ʅʘʡʜʝʥʦ: C 18,2; H 1,7; N 14,3; S 9,2. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ W:S:Cl ʩʦʩʪʘʚʣʷʝʪ 

5:5,1:2,2. 1H ʗʄʈ (500 ʄɻʮ, CD3OD) ŭ 5,89 (t, 1H, J = 2,43 ɻʮ, H4-pzHa), 6,17 (t, 4H, J = 2,14 ɻʮ, 

H4-pz), 6,46 (d, 1H, J = 2,25 ɻʮ, H3-pzHa), 6,84 (t, 4H, J = 2,41 ɻʮ, H4-pzHbs), 7,09 (d, 1H, J = 2,50 

ɻʮ, H5-pzHa), 7,60 (d, 8H, J = 2,18 ɻʮ, H3-, H5-pz), 8,25 (d, 4H, J = 2,45 ɻʮ, H5-pzHbs), 8,75 (d, 4H, 

J = 1,90 ɻʮ, H3-pzHbs). ESI-MS (ʘʮʝʪʦʥʠʪʨʠʣ), m/z (+): 1958,6115 ({W5Se5(pz)4(pzH)5Cl} 1+), 

1922,6351 ({W5Se5(pz)4(pzH)4(pz)} 1+), 1889,6435 ({W5Se5(pz)4(pzH)3(pz)Cl} 1+), 970,8152 

({ W5Se5(pz)4(pzH)5(H2O)} 2+), 961,8227 ({W5Se5(pz)4(pzH)5}
2+), 936,8021 

({ W5Se5(pz)4(pzH)4(H2O)} 2+), 927,8006 ({W5Se5(pz)4(pzH)4}
2+). 
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ʉʠʥʪʝʟ [{Mo5S5(ɛ-4-Br-pz)4}(pzH)5]Br2 ([Mo5S5(ɛ-Br-pz)]2+). 

ʂ ʨʘʩʪʚʦʨʫ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{ Mo5S5(ɛ-pz)4}( pzH)5]Br2Ŀ2H2O (200 ʤʛ, 0,138 ʤʤʦʣʴ) 

ʚ 100 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʜʦʙʘʚʣʷʣʠ 20 ʤʣ 0,1ʄ ʨʘʩʪʚʦʨʘ Br2 ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ʉʧʫʩʪʷ 

10 ʤʠʥʫʪ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʇʨʦʜʫʢʪ ʚʳʩʘʞʠʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, 

ʠ ʧʨʦʤʳʚʘʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʵʬʠʨ ʥʝ ʧʝʨʝʩʪʘʥʝʪ ʦʢʨʘʰʠʚʘʪʴʩʷ. ɺʳʭʦʜ: 171 ʤʛ (72% ʧʨʠ ʨʘʩʯʸʪʝ 

ʥʘ [{ Mo5S5(ɛ-pz)4}( pzH)5]Br2Ŀ2H2O). ɼʣʷ C27H28Br6Mo5N18S5 ʨʘʩʩʯʠʪʘʥʦ: C 18,8; H 1,6; N 14,6; S 

9,3. ʅʘʡʜʝʥʦ: C 18,6; H 1,7; N 14,4; S 9,2. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:S:Br ʩʦʩʪʘʚʣʷʝʪ 

5:5,1:6,1. ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (KBr, ʩʤī1) ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʢʦʣʝʙʘʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʘʟʦʣʘ (ʨʠʩʫʥʦʢ ʇ4). ʇʦ ʜʘʥʥʳʤ ʊɻɸ ʩʦʝʜʠʥʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦ ʜʦ 140 ÁC. 1H ʗʄʈ (500 ʄɻʮ, CD3OD) ŭ 5,86 (t, 1H, J = 2,1 ɻʮ, H4-pzHa), 6,21 (br,s, 1H, 

J = 2,06 ɻʮ, H3-pzHa), 6,93 (t, 4H, J = 2,2 ɻʮ, H4-pzHbs), 7,18 (d, 1H, J = 2,16 ɻʮ, H5-pzHa), 7,89 (s, 

8H, H3-, H5-pz), 8,35 (d, 4H, J = 2,30 ɻʮ, H5-pzHbs), 8,78 (d, 4H, J = 1,60 ɻʮ, H3-pzHbs). 13C ʗʄʈ 

(126 ʄɻʮ, CD3OD) ŭ 98,26 (C4-pz), 107,42 (C4-pzHa), 108,69 (C4-pzHbs), 133,74 (C5-pzHa), 134,63 

(C5-pzHbs), 141,34 (C3-, C5-pz), 148,20 (C3-pzHbs). ESI-MS (ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ), m/z (+): 

1644,2265 ({Mo5S5(4-Br-pz)4(pzH)5Br} 1+), 1565,3101 ({Mo5S5(4-Br-pz)4(pzH)5}
1+), 782,6539 

({ Mo5S5(4-Br-pz)4(pzH)5}
2+), 748,1327 ({Mo5S5(4-Br-pz)4(pzH)4}

2+). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ 

[{ Mo5S5(ɛ-4-Br-pz)4}( pzH)5]Br2ĿCH3CNĿEt2O ([Mo5S5(Br-pz)]ĿCH3CNĿEt2O), ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ.  

 

ʉʠʥʪʝʟ [{Mo5S5(ɛ-pz)4}(pzH)4Br]Br  ([Mo5S5Bra]+). 

ʂ 5 ʤʣ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo5S5(ɛ-pz)4}( pzH)5]Br2Ŀ2H2O (100 ʤʛ, 0,069 

ʤʤʦʣʴ) ʚ ʤʝʪʘʥʦʣʝ ʜʦʙʘʚʣʷʣʠ 42 ʤʢʣ (0,348 ʤʤʦʣʴ) ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʠʩʪʦʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪʳ (46%). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʠʪʝ 80 ÁC) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ 

ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʪʘʥʦʣʘ, ʟʘʪʝʤ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ. ɿʘʪʝʤ 

ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ɼʄʌɸ ʠ ʦʪʜʝʣʷʣʠ ʨʘʩʪʚʦʨ ʦʪ ʦʩʘʜʢʘ. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʩʘʞʠʚʘʣʠ ʠʟ 

ʨʘʩʪʚʦʨʘ ʠ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ: 55 ʤʛ (59% ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ [{ Mo5S5(ɛ-

pz)4}( pzH)5]Br2Ŀ2H2O). ɼʣʷ C24H28Br2Mo5N16S5 ʨʘʩʩʯʠʪʘʥʦ: C 21,5; H 2,1; N 16,7; S 12,0. ʅʘʡʜʝʥʦ: 

C 21,6; H 2,3; N 16,9; S 11,8. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:S:Br ʩʦʩʪʘʚʣʷʝʪ 5:5,0:2,1. ʇʦ 

ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (KBr, ʩʤī1) ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʘʟʦʣʘ (ʨʠʩʫʥʦʢ ʇ4). 1H ʗʄʈ (500 ʄɻʮ, ɼʄʉʆ) ŭ 6,24 (t, 1H, J = 2,02 ɻʮ, 

H4-pz), 6,96 (q, 1H, J = 2,20 ɻʮ, H4-pzHbs), 7,71 (d, 2H, J = 2,04 ɻʮ, H3-, H5-pz), 8,59 (t, 1H, J = 1,75 

ɻʮ, H5-pzHbs), 8,68 (td, 1H, J1 = 2,05 ɻʮ, J2 = 0,60 ɻʮ, H3-pzHbs), 13,82 (br s, 1H, NH-pzHbs). 13C ʗʄʈ 
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(126 ʄɻʮ, ɼʄʉʆ) ŭ 106,93 (C4-pzHbs), 108,21 (C4-pz), 133,25 (C5-pzHbs), 138,81 (C3-, C5-pz), 

146,20 (C3-pzHbs). 15N ʗʄʈ (51 ʄɻʮ, ɼʄʉʆ, ʦʪʥʦʩʠʪʝʣʴʥʦ HCONH2) ŭ 215,9 (NH-pzHbs), 240,5 

(N-pzHbs), 258,9 (N-pz). ESI-MS (ʤʝʪʘʥʦʣ), m/z (+): 1260,5692 ({Mo5S5(pz)4(pzH)4Br} 1+), 1260,5692 

({[ Mo5S5(pz)4(pzH)4Br]2}
2+), 1236,1217 ({[Mo5S5(pz)4(pzH)4]2Br(CH3O)} 2+), 1212,6760 

({ Mo5S5(pz)4(pzH)4(CH3O)} 1+), 1192,5229 ({Mo5S5(pz)4(pzH)3Br} 1+), 599,8332 

({ Mo5S5(pz)4(pzH)4(H2O)} 2+), 590,8263 ({Mo5S5(pz)4(pzH)4}
2+), 556,8154 ({Mo5S5(pz)4(pzH)3}

2+). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ [{ Mo5S5(ɛ-pz)4}( pzH)4Br]BrĿ2,5H2OĿ0,5DMF 

([Mo5S5Bra]Ŀ2,5H2OĿ0,5DMF ), ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ ɼʄʌɸ:ʤʝʪʘʥʦʣ (90:10 ʦʙ. %).  

 

ʉʠʥʪʝʟ [{Mo5S5(ɛ-4-Br-pz)4}(pzH)4Br]Br  ([Mo5S5(ɛ-Br-pz)Bra]+). 

ʂ 5 ʤʣ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo5S5(ɛ-4-Br-pz)4}( pzH)5]Br2 (100 ʤʛ, 0,058 

ʤʤʦʣʴ) ʚ ʤʝʪʘʥʦʣʝ ʜʦʙʘʚʣʷʣʠ 35 ʤʢʣ (0,290 ʤʤʦʣʴ) ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʠʩʪʦʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪʳ (46%). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʠʪʝ 80 ÁC) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʚʳʧʘʜʘʣ ʚ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, 

ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʪʘʥʦʣʘ, ʟʘʪʝʤ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʷʣʠ ʚ 

5 ʤʣ ɼʄʌɸ ʠ ʦʪʜʝʣʷʣʠ ʨʘʩʪʚʦʨ ʦʪ ʦʩʘʜʢʘ. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʩʘʞʠʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʠ 

ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ: 78 ʤʛ (81% ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ [{ Mo5S5(ɛ-4-Br-

pz)4}( pzH)5]Br2). ɼʣʷ C24H24Br6Mo5N16S5 ʨʘʩʩʯʠʪʘʥʦ: C 17,4; H 1,5; N 13,5; S 9,7. ʅʘʡʜʝʥʦ: C 17,6; 

H 1,6; N 13,3; S 9,7. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:S:Br ʩʦʩʪʘʚʣʷʝʪ 5:5,2:6,1. ʇʦ ʜʘʥʥʳʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (KBr, ʩʤī1) ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʘʟʦʣʘ (ʨʠʩʫʥʦʢ ʇ4). 1H ʗʄʈ (500 ʄɻʮ, ɼʄʉʆ) 7,01 (br.s, 1H, H4-pzHbs), 

8,08 (br.s, 2H, H3-, H5-pz), 8,66 (br.s, 1H, H5-pzHbs), 8,77 (br.s, 1H, H3-pzHbs), 13,91 (br.s, 1H, NH-

pzHbs). 13C ʗʄʈ (126 ʄɻʮ, ɼʄʉʆ) ŭ 94,93 (C4-pz), 107,19 (C4-pzHbs), 133,62 (C5-pzHbs), 138,81 

(C3-, C5-pz), 146,20 (C3-pzHbs). 15N ʗʄʈ (51 ʄɻʮ, ɼʄʉʆ, ʦʪʥʦʩʠʪʝʣʴʥʦ HCONH2) ŭ 215,9 (NH-

pzHbs), 240,5 (N-pzHbs), 258,9 (N-pz). ESI-MS (ʤʝʪʘʥʦʣ), m/z (+): 1576,1998 ({Mo5S5(4-Br-

pz)4(pzH)4Br} 1+), 1576,1876 ({[Mo5S5(4-Br-pz)4(pzH)4Br]2}
2+), 1551,7522 ({[Mo5S5(4-Br-

pz)4(pzH)4]2(CH3O)Br} 2+), 1528,3044 ({Mo5S5(4-Br-pz)4(pzH)4(CH3O)} 1+), 1497,2807 ({Mo5S5(4-Br-

pz)4(pzH)4}
1+), 764,6495 ({Mo5S5(4-Br-pz)4(pzH)4(CH3O)} 2+), 757,6440 ({Mo5S5(4-Br-

pz)4(pzH)4(H2O)} 2+), 748,6399 ({Mo5S5(4-Br-pz)4(pzH)4}
2+). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ [{ Mo5S5(ɛ-4-

Br-pz)4}( pzH)4Br]BrĿ1,25H2OĿ2DMSO ([Mo5S5(Br-pz)Bra]Ŀ1,25H2OĿ2DMSO), ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʵʪʠʣʘʮʝʪʘʪʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʘ ʚ ɼʄʉʆ.  
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ʉʠʥʪʝʟ [{Mo5S5(ɛ-4-Br-pz)4}(4-Br-pzH)4Br]Br  ([Mo5S5(ɛ-Br-pz)(Br-pzH)Bra]+). 

ʂ 5 ʤʣ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo5S5(ɛ-pz)4}(pzH)5]Br2Ŀ2H2O (100 ʤʛ, 0,069 

ʤʤʦʣʴ) ʚ ɼʄʌɸ ʜʦʙʘʚʣʷʣʠ 114 ʤʢʣ (2,215 ʤʤʦʣʴ) Br2. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʙʝʟ 

ʥʘʛʨʝʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʩʘʞʠʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʜʠʵʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ ʠ ʧʨʦʤʳʚʘʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʵʬʠʨ ʥʝ ʧʝʨʝʩʪʘʥʝʪ ʦʢʨʘʰʠʚʘʪʴʩʷ. ɺʳʭʦʜ: 125 ʤʛ (92% ʧʨʠ 

ʨʘʩʯʸʪʝ ʥʘ [{Mo 5S5(ɛ-pz)4}(pzH)5]Br2Ŀ2H2O). ɼʣʷ C24H20Br10Mo5N16S5 ʨʘʩʩʯʠʪʘʥʦ: C 14,6; H 1,0; 

N 11,4; S 8,1. ʅʘʡʜʝʥʦ: C 14,6; H 1,1; N 11,5; S 8,2. ʇʦ ʜʘʥʥʳʤ ʕɼʈʉ ʩʦʦʪʥʦʰʝʥʠʝ Mo:S:Br 

ʩʦʩʪʘʚʣʷʝʪ 5:5,1:10,4. 1H ʗʄʈ (500 ʄɻʮ, CD3OD) ŭ 7,91 (s, 8H, H3-, H5-pz), 8,49 (s, 4H, H5-pzHbs), 

8,90 (s, 4H, H3-pzHbs). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ [{ Mo5S5(ɛ-4-Br-pz)4}(4-Br-

pzH)4Br]BrĿEt2OĿ5DMF, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʘ ʚ ɼʄʌɸ.  
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

3.1. ʇʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ [{M5Q5(ɛ-pz)4}( pzH)5]
n+ (M = Mo, Q = S, Se, n = 1, 2; M = W, Q = S, Se, n = 2) ({M5Q5}). 

ʇʝʨʚʳʤʠ ʩʨʝʜʠ ʥʠʭ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʝʣʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ [{Mo5Se5(ɛ-

pz)4}( pzH)5]
n+ (n = 1, 2). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚ ʭʠʤʠʠ 

ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʤʝʪʦʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʩʧʣʘʚʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ñKMo6Se8Br4ò, ʢʦʪʦʨʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʢʘʢ ñKxMo6Se8Br4ò (x = 6, 7) 

(ʬʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʚ ʭʦʜʝ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ) ʠ ʨʝʘʛʠʨʫʝʪ ʩ 

ʨʘʩʧʣʘʚʦʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ [{Mo6Se8}(PPh3)6] [87]. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ, ʚʚʦʜʷ ñKMo6Se8Br4ò ʚ ʨʝʘʢʮʠʶ ʩ ʨʘʩʧʣʘʚʦʤ ʧʠʨʘʟʦʣʘ, ʤʳ ʦʞʠʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Se8}( pzH)6]. ʇʦʵʪʦʤʫ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʢʘʟʘʣʦʩʴ, ʩʢʦʨʝʝ ʠʩʢʣʶʯʝʥʠʝʤ, ʯʝʤ ʧʨʘʚʠʣʦʤ. ʆʜʥʘʢʦ 

ʧʦʟʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʘʢʞʝ ʧʷʪʠʷʜʝʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʤʦʣʠʙʜʝʥʘ [{Mo5S5(ɛ-pz)4}( pzH)5]
n+ (n = 1, 2) ʠ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ [{W5Q5(ɛ-

pz)4}( pzH)5]
2+ (Q = S, Se), ʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ M6X12 (Mo6Br12 ʠʣʠ W6Cl12). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ ʥʝʢʦʪʦʨʦʡ ʪʝʥʜʝʥʮʠʠ ð ʦʙʨʘʟʦʚʘʥʠʠ ʥʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ, 

ʘ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʜʣʷ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʧʠʨʘʟʦʣʦʤ, 

ʠ ʚʳʜʝʣʠʪʴ ʠʭ ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʢʘʢ ʦʙʱʠʤ ʩʪʨʦʝʥʠʝʤ, ʪʘʢ ʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʫʢʣʝʘʨʥʦʩʪʴ, ʨʘʚʥʘʷ ʧʷʪʠ, ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ ʜʣʷ ʢʣʘʩʪʝʨʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʠ ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʰʴ 

ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ {M5X8} (M = Mo, X = Cl, Br; M = W, X = Br, I) 

{ M5YX8} (M = Mo, X = I, Y = O; M = W, X = I, Y = C) (ʩʤ. ʨʘʟʜʝʣ 1.5.). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʨʫʛʦʡ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ʪʨʸʭ ʪʠʧʦʚ ï ʢʘʢ ʪʝʨʤʠʥʘʣʴʥʳʭ (ʙʘʟʘʣʴʥʳʝ ʠ ʘʧʠʢʘʣʴʥʳʡ), ʪʘʢ ʠ ʤʦʩʪʠʢʦʚʳʭ, ʚ ʨʦʣʠ ʢʦʪʦʨʳʭ 

ʚʳʩʪʫʧʘʶʪ ʤʦʣʝʢʫʣʳ ʧʠʨʘʟʦʣʘ ʠ ʧʠʨʘʟʦʣʘʪ-ʣʠʛʘʥʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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3.1.1. ʇʦʣʫʯʝʥʠʝ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʉʝʣʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[{Mo5Se5(ɛ-pz)4}(pzH)5]BrĿ4pzH 

ʆʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ 

ɺ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʜʣʷ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ 

ʧʠʨʘʟʦʣʦʤ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʪʦʜʠʢʘ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [87], ʘʚʪʦʨʳ ʢʦʪʦʨʦʡ ʧʦʣʫʯʠʣʠ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo6Se8}(PPh3)6].  

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʝ ʩʪʘʜʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ Mo6Br12. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʠ ʟʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ. ʇʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ Se2-, ʥʘʧʨʠʤʝʨ Na2Se, 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳ ʠ ʥʝʫʩʪʦʡʯʠʚʳ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʭʘʣʴʢʦʛʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ KHSe, 

ʧʦʣʫʯʘʝʤʳʡ in situ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Se ʠ KBH4, ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 3,4 ʚ ʚʦʜʝ. 

ʉʝʣʝʥ ʧʨʠ ʵʪʦʤ ʩʥʘʯʘʣʘ, ʨʘʩʪʚʦʨʷʝʪʩʷ, ʜʘʚʘʷ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʠʩʝʣʝʥʠʜʦʚ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ HSe-. ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ Mo6Br12 ʠ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ɺ ʭʦʜʝ 

ʩʠʥʪʝʟʘ Mo6Br12 ʩʥʘʯʘʣʘ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʘ ʟʘʪʝʤ, ʧʦ ʤʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ ʯʸʨʥʦʛʦ 

ʮʚʝʪʘ, ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʠ ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢʦʪʦʨʳʡ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ [87], ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʩ ʚʦʟʤʦʞʥʦʡ ʬʦʨʤʫʣʦʡ çKxMo6Se8Br6è, ʛʜʝ (x = 6 ʠʣʠ 

7), ʦʜʥʘʢʦ ʚʳʜʝʣʠʪʴ ʝʛʦ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠʣʠ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʥʝ ʫʜʘʣʦʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʜʪʚʝʨʜʠʪʴ ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ, ʤʦʞʥʦ ʣʠʰʴ 

ʢʦʩʚʝʥʥʦ. ʇʨʠ ʚʚʝʜʝʥʠʠ çKxMo6Se8Br6è ʚ ʨʝʘʢʮʠʶ ʩ ʨʘʩʧʣʘʚʦʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Se8}(PPh3)6]. ʏʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʘʢ ʩʦʭʨʘʥʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ Mo6, ʪʘʢ ʠ ʟʘʤʝʱʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ.  

ʄʳ ʧʦʚʪʦʨʠʣʠ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ çKxMo6Se8Br6è, ʠ ʧʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʚʚʝʣʠ ʚ 

ʨʝʘʢʮʠʶ ʩ ʧʠʨʘʟʦʣʦʤ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ [124]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200ÁC ʚ 

ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʘʤʧʫʣʘ 

ʩʦʜʝʨʞʠʪ ʠʟʙʳʪʦʢ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʧʠʨʘʟʦʣʘ, ʯʝʨʥʳʡ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ, ʘ ʪʘʢʞʝ 

ʜʚʘ ʚʠʜʘ ʢʨʠʩʪʘʣʣʦʚ: ʢʨʘʩʥʳʝ ʠ ʯʸʨʥʳʝ. ɺʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʦʜʝʨʞʠʤʦʛʦ 

ʘʤʧʫʣʳ. 
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ʇʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ. ʉʦʝʜʠʥʝʥʠʝ [Mo8O18(pzH)6(ɛ-pz)6]Ā2pzH 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʞʝ 

ʠʟʚʝʩʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [MoV
6MoVI

2O18(pzH)6(ɛ-pz)6]Ŀ2pzH, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʣʘʩʩʫ 

ʛʠʙʨʠʜʥʳʭ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 19. ɼʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʚ ʜʚʫʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ: +5 ʠ +6. ɸʪʦʤʳ ʤʦʣʠʙʜʝʥʘ (V) 

ʦʙʨʘʟʫʶʪ ʪʨʠ ʙʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘ MoV
2O4, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥʳ ʢʘʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʴʶ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʪʘʢ ʠ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ. ʂʘʞʜʳʡ ʠʟ 

ʜʚʫʭ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ (VI), ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʪʨʝʤʷ ʧʠʨʘʟʦʣʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʷʟʳʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʙʠʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ çʙʦʯʦʥʦʢè, ʩʪʝʥʢʠ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʥʳ 

ʬʨʘʛʤʝʥʪʘʤʠ MoV
2O4, ʘ ʦʩʥʦʚʘʥʠʷ ʘʪʦʤʘʤʠ ʤʦʣʠʙʜʝʥʘ (VI). 

 

ʈʠʩʫʥʦʢ 19. ɸ) ʩʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ Mo2O4, ʙ) ʩʚʷʟʳʚʘʥʠʝ ʘʪʦʤʦʚ Mo (VI) ʠ ʬʨʘʛʤʝʥʪʦʚ Mo2O4, 

ʚ) ʩʪʨʦʝʥʠʝ [MoV
6MoVI

2O18(pzH)6(ɛ-pz)6].  

Mo (V) ï ʪʸʤʥʦ-ʩʠʥʠʡ, Mo (VI) ï ʞʸʣʪʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʥʝ ʧʦʢʘʟʘʥʳ. 

ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo5(ɛ3-Se)4(ɛ4-Se)(ɛ-pz)4}(pzH)5]+ 

ʉʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ (ʯʸʨʥʳʝ ʙʣʦʢʠ) ʪʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʧʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [{ MoIII
5(ɛ3-Se)4(ɛ4-Se)(ɛ-pz)4}( pzH)5]BrĿ4pzH ([Mo5Se5]+). ʇʦʣʫʯʝʥʥʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩ ʧʠʨʘʟʦʣʦʤ ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʳʡ ʢʘʪʠʦʥ [{Mo5(ɛ3-Se)4(ɛ4-Se)(ɛ-

pz)4}( pzH)5]
+, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 20. 
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ʈʠʩʫʥʦʢ 20. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [{Mo5(ɛ3-Se)4(ɛ4-Se)(ɛ-pz)4}( pzH)5]
+. 

Mo- ʬʠʦʣʝʪʦʚʳʡ, Se ï ʦʨʘʥʞʝʚʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

ʄʝʪʘʣʣʦʢʣʘʩʪʝʨ ʦʙʨʘʟʦʚʘʥ ʧʷʪʴʶ ʘʪʦʤʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʣʝʞʘʱʠʤʠ ʚ ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʥʦʡ 

ʧʠʨʘʤʠʜʳ. ʏʝʪʳʨʝ ʘʪʦʤʘ ʩʝʣʝʥʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʧʦ ɛ3-ʪʠʧʫ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘʜ ʢʘʞʜʦʡ 

ʪʨʝʫʛʦʣʴʥʦʡ ʛʨʘʥʴʶ ʧʠʨʘʤʠʜʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʜʠʥ ʘʪʦʤ ʩʝʣʝʥʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʧʦ ɛ4-ʪʠʧʫ, 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʜ ʦʩʥʦʚʘʥʠʝʤ ʧʠʨʘʤʠʜʳ. ʊʘʢʞʝ ʯʝʪʳʨʝ ʧʠʨʘʟʦʣʘʪʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ ʘʪʦʤʘʤ ʤʦʣʠʙʜʝʥʘ ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ, ʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʘʩʪʝʨʥʦʝ 

ʷʜʨʦ { Mo5(ɛ3-Se)4(ɛ4-Se)(ɛ-pz)4}
+. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʦʣʠʙʜʝʥʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ 

ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʧʠʨʘʟʦʣʘ. ʏʝʪʳʨʝ ʠʟ ʵʪʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢ ʘʪʦʤʘʤ ʚ ʦʩʥʦʚʘʥʠʠ 

ʧʠʨʘʤʠʜʳ, ʦʙʦʟʥʘʯʠʤ ʢʘʢ ʙʘʟʘʣʴʥʳʝ (pzHbs, ʦʪ ʘʥʛʣ. basal, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʘʥʠʠ), ʘ ʦʜʠʥ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʢ ʚʝʨʰʠʥʝ ʧʠʨʘʤʠʜʳ, ʢʘʢ ʘʧʠʢʘʣʴʥʳʡ (pzHa, ʦʪ ʘʥʛʣ. apical). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜʷ ʦʪ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʢ ʦʙʱʝʤʫ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʝʤʝʡʩʪʚʦ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{ M5(ɛ3-Q)4(ɛ4-Q)(ɛ-pz)4}( pzH)5]
n+, ʛʜʝ M = Mo, W, ʘ Q = S, Se, 

Te. ʊʘʢʞʝ ʵʪʦʪ ʨʷʜ ʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ ʟʘ ʩʯʝʪ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʧʫʪʸʤ ʢʘʢ ʧʦʣʫʯʝʥʠʷ 

ʢʣʘʩʪʝʨʦʚ ʩ ʣʠʛʘʥʜʘʤʠ ʘʟʦʣʴʥʦʛʦ ʨʷʜʘ, ʪʘʢ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʪʦʛʜʘ ʦʙʱʘʷ 

ʬʦʨʤʫʣʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [{M5(ɛ3-Q)4(ɛ4-Q)(Lô)4}L 5]n+. 

ʇʦ ʩʪʨʦʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʧʷʪʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʭʦʞʠ ʩ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʤʠ ʷʜʨʦ {Mo6(ɛ3-Se)8}
0, ʭʦʪʷ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠ ʥʝ ʦʯʝʚʠʜʥʦ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ. ʊʘʢ ʚ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʘʭ ʪʘʢʞʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʜʥʦʡ ʠʟ ʚʝʨʰʠʥ ʠʩʢʘʞʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ 

ʚʳʩʪʫʧʘʝʪ ɛ4-ʘʪʦʤ ʩʝʣʝʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʦʣʴ ʥʝʜʦʩʪʘʶʱʠʭ ʯʝʪʳʨʸʭ ɛ3-ʣʠʛʘʥʜʦʚ ʠʛʨʘʶʪ 
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ʤʦʩʪʠʢʦʚʳʝ ʧʠʨʘʟʦʣʘʪʳ. ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʢʦʤʧʣʝʢʩʳ { M5Q5} ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ { M5X8}, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʜʨʫʛʦʝ ʩʭʦʜʩʪʚʦ ï ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʦʠʭ 

ʪʠʧʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʝʪʳʨʝ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʦʩʥʦʚʘʥʠʶ ʧʠʨʘʤʠʜʳ M5: 

Õ-X ʚ ʩʣʫʯʘʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ Õ-pz ʚ ʩʣʫʯʘʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩʫʥʦʢ 21).  

 

ʈʠʩʫʥʦʢ 21. ʉʨʘʚʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ { M5Q5} ʩ {M5X8} ʠ {M6Q8}.  

M - ʟʝʣʸʥʳʡ, Q ï ʦʨʘʥʞʝʚʳʡ, X ï ʩʚʝʪʣʦ-ʟʝʣʸʥʳʡ, N ï ʩʠʥʠʡ, C ï ʩʝʨʳʡ.  ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ. 

ʆʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʉʦʝʜʠʥʝʥʠʝ [{ Mo5Se5pz4}( pzH)5]BrĿ4pzH ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ P 4/n. ʄʦʩʪʠʢʦʚʳʝ ʧʠʨʘʟʦʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʚ ʢʣʘʩʪʝʨʥʦʤ 

ʢʘʪʠʦʥʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʜ ʫʛʣʦʤ 45,0Á ʢ ʦʩʥʦʚʘʥʠʶ ʧʠʨʘʤʠʜʳ Mo5, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʘʟʘʣʴʥʳʝ 

ʣʠʛʘʥʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʥʦʚʘʥʠʶ ʧʠʨʘʤʠʜʳ (ʦʪʢʣʦʥʝʥʠʝ ʦʢʦʣʦ 7,9Á) (ʈʠʩʫʥʦʢ 22, 

ʘ). ɸʧʠʢʘʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʧʠʨʘʟʦʣʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʯʝʪʳʨʸʤ ʧʦʟʠʮʠʷʤ (ʟʘ ʩʯʸʪ ʚʨʘʱʝʥʠʷ 

ʚʦʢʨʫʛ ʩʚʷʟʠ Mo-N) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʪʦʤ ʘʟʦʪʘ ʚ ʧʝʨʚʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ ʪʨʝʪʴʝʤ 

ʧʦʣʦʞʝʥʠʠ ʥʝʨʘʟʣʠʯʠʤʳ (ʈʠʩʫʥʦʢ 22, ʙ).  
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ʈʠʩʫʥʦʢ 22. ɸ) ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ, ʙ) ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʘʧʠʢʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ 

ʧʠʨʘʟʦʣʘ.  

Mo- ʬʠʦʣʝʪʦʚʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ, C/N ï ʟʝʣʸʥʳʡ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

ʋʧʘʢʦʚʢʘ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʸʪ N-HĿĿĿN ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (NĿĿĿN = 

2,829 ¡) ʠ C-HĿĿĿˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (C-HĿĿĿʧʠʨʘʟʦʣ = 2,612 ¡) ʤʝʞʜʫ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʧʠʨʘʟʦʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʧʠʨʘʟʦʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʙʝʩʢʦʥʝʯʥʳʝ ʩʣʦʠ (ʨʠʩʫʥʦʢ 23, ʘ). ʊʘʢʞʝ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʧʠʨʘʟʦʣʘ ʦʙʨʘʟʫʶʪ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ N-HĿĿĿBr ʩ ʙʨʦʤʠʜ-ʘʥʠʦʥʘʤʠ (NĿĿĿBr = 3,568 ¡), ʩʚʷʟʳʚʘʷ ʩʦʩʝʜʥʠʝ ʩʣʦʠ ʚ ʪʨʸʭʤʝʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ (ʨʠʩʫʥʦʢ 23, ʙ). 

 

ʈʠʩʫʥʦʢ 23. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Mo5Se5]+. 

ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʦʪʦʙʨʘʪʴ ʚʨʫʯʥʫʶ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʟʦʚ (ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʈʌɸ, ʊɻɸ, ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʜʨ.). ʇʦ ʜʘʥʥʳʤ ʈʌɸ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʧʣʘʚʘ, ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʜʣʷ 

[{Mo 5Se5(pz)4}(pzH)5]BrĿ4pzH (ʨʠʩʫʥʦʢ 24), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʘʟʦʚʫʶ ʯʠʩʪʦʪʫ ʧʨʦʜʫʢʪʘ, ʘ 

ʧʨʦʚʝʜʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 24. ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

(ʟʝʣʸʥʘʷ), ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ (ʞʸʣʪʘʷ) ʜʣʷ [Mo5Se5]+. 

ʇʨʠ ʵʪʦʤ ʦʪʙʦʨ ʢʨʠʩʪʘʣʣʦʚ ʚʨʫʯʥʫʶ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʨʦʩʪʳʤ ʠ ʜʝʡʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʚʳʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʦʧʳʪʢʘʭ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ (ʩʦʝʜʠʥʝʥʠʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ɼʄʉʆ, ɼʄʌɸ, 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ʤʝʪʘʥʦʣʝ, ʵʪʘʥʦʣʝ ʠ ʘʮʝʪʦʥʝ) ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ 

[{ MoIII
5Se5(ɛ-pz)4}( pzH)5]+ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [{ MoIII

4MoIVSe5(ɛ-pz)4}( pzH)5]2+. 

ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʦʪʦʙʨʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [Mo5Se5]+, ʪʦ ʝʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʦʢʠʩʣʝʥʠʝ 

ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ, ʦʜʥʘʢʦ ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚ 

ʕʉʇ ʚ ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 25). ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʧʝʢʪʨʘʭ ʚʠʜʥʦ, ʢʘʢ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʚ ʨʘʩʪʚʦʨʘʭ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{ MoIII
5Se5ɛ-pz4}( pzH)5]+ ʧʝʨʝʭʦʜʠʪ ʚ 

[{ MoIII
4MoIVSe5pz4}( pzH)5]2+. 

 

ʈʠʩʫʥʦʢ 25. ʕʉʇ ʢʦʤʧʣʝʢʩʘ [Mo5Se5]+ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ.  



68 

 

[Mo5Se5pz4pzH5]Br2Ŀ2H2O 

ʆʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çKxMo6Se8Br6è ʠ ʧʠʨʘʟʦʣʘ, 

ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʦʪ ʠʟʙʳʪʢʘ ʧʠʨʘʟʦʣʘ. ɿʘʪʝʤ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ [Mo5Se5]+ ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ʇʦʤʠʤʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʪʘʢʞʝ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ KBr, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʘʥʠʦʥʦʚ Br-. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʪʝʨ [{Mo 5Se5(pz)4}(pzH)5]
+ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ ʦʢʠʩʣʷʝʪʩʷ ʧʝʨʝʭʦʜʷ ʚ ʬʦʨʤʫ 

[{Mo 5Se5(pz)4}(pzH)5]
2+. ʈʘʩʪʚʦʨ ʟʘʪʝʤ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ. ʆʩʘʜʦʢ ʟʘʪʝʤ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ, ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ, ʧʦʣʫʯʘʷ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʩʦʩʪʘʚʘ [Mo5Se5pz4pzH5]Br2Ŀ2H2O ([Mo5Se5]2+). 

ʆʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ 

ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʮʝʪʦʥʝ. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ C 2221. ʇʦʤʠʤʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʠ ʜʚʫʭ 

ʙʨʦʤʠʜ-ʘʥʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɸʧʠʢʘʣʴʥʳʡ 

ʣʠʛʘʥʜ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥ, ʦʜʥʘʢʦ ʫʞʝ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʠ Mo-N (ʨʠʩʫʥʦʢ 26).  

 

ʈʠʩʫʥʦʢ 26. ʈʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʘʧʠʢʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʪʨʫʢʪʫʨʝ [Mo5Se5]2+. 

ʋʧʘʢʦʚʢʘ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʩʣʘʙʳʭ N-HĿĿĿBr ʠ C-HĿĿĿBr 

ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʨʘʩʩʪʦʷʥʠʷ NĿĿĿBr ʠ CĿĿĿBr ʩʦʩʪʘʚʣʷʶʪ 3,267-3,280 ʠ 3,775 ¡, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʤʝʞʜʫ ʧʠʨʘʟʦʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʙʨʦʤʠʜ-ʘʥʠʦʥʘʤʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ (ʨʠʩʫʥʦʢ 27, ʘ). ʄʝʞʜʫ ʩʦʙʦʡ ʮʝʧʦʯʢʠ ʩʚʷʟʘʥʳ 

N/C-HĿĿĿBr ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ (N/CĿĿĿBr = 3,353/3,706 ¡), ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʤʝʞʜʫ 

ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʣʘʩʪʝʨʦʚ ʦʜʥʦʡ ʮʝʧʦʯʢʠ ʠ ʙʨʦʤʠʜ-ʘʥʠʦʥʘʤʠ ʩʦʩʝʜʥʝʡ ʮʝʧʠ (ʨʠʩʫʥʦʢ 

27, ʙ). ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʚʦʙʦʜʥʳʭ ʧʦʣʦʩʪʷʭ. ʉʦʛʣʘʩʥʦ 
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ʜʘʥʥʳʤ ʈʌɸ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ 

ʠʟ ʈʉɸ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʘʟʦʚʫʶ ʯʠʩʪʦʪʫ.  

 

ʈʠʩʫʥʦʢ 27. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ [Mo5Se5]2+.  

Mo- ʬʠʦʣʝʪʦʚʳʡ, Br ï ʛʦʣʫʙʦʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ, H ï ʟʝʣʸʥʳʡ. ʃʠʛʘʥʜʳ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʩʚʷʟʳʚʘʥʠʠ, ʥʝ ʧʦʢʘʟʘʥʳ. 

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ 

ɹʣʘʛʦʜʘʨʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo5Se5]2+ ʚ ʚʦʜʝ ʠ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ɼʄʉʆ, ɼʄʌɸ, ʘʮʝʪʦʥʠʪʨʠʣ, ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʭʣʦʨʠʩʪʳʡ 

ʤʝʪʠʣʝʥ) ʥʘʤ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʢʘʢ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʗʄʈ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʷʜʨʘʭ ï 1H, 13C, 77Se. 1H ʗʄʈ-ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʚʦʩʝʤʴ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʨʸʤ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʣʠʛʘʥʜʦʚ (ʚʳʜʝʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ): ʤʦʩʪʠʢʦʚʳʤ ʧʠʨʘʟʦʣʘʪʥʳʤ 

ʣʠʛʘʥʜʘʤ ʠ ʜʚʫʤ ʚʠʜʘʤ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ï ʙʘʟʘʣʴʥʳʤ ʠ ʘʧʠʢʘʣʴʥʦʤʫ (ʨʠʩʫʥʦʢ 28). 

ʄʦʩʪʠʢʦʚʳʝ ʧʠʨʘʟʦʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʜʘʶʪ ʜʚʘ ʩʠʛʥʘʣʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 4 (H4br, br = bridging, ʤʦʩʪʠʢʦʚʳʡ) ʠ 8 (H3br ʠ H5br), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 6,26 ʠ 

7,53 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʠʭ ʧʦʣʦʞʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ 

ʩʚʦʙʦʜʥʦʛʦ ʧʠʨʘʟʦʣʘ (6,33 ʠ 7,61 ʤ.ʜ.). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʦʪ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ 

ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʘʪʦʤʫ ʤʦʣʠʙʜʝʥʘ. ʊʘʢ, ʪʨʠ ʩʠʛʥʘʣʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 4, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʙʘʟʘʣʴʥʳʤ ʤʦʣʝʢʫʣʘʤ ʧʠʨʘʟʦʣʘ ʩʜʚʠʥʫʪʳ ʚ ʩʪʦʨʦʥʫ ʩʣʘʙʦʛʦ 

ʧʦʣʷ (H4bs ʩ 6,33 ʥʘ 6,85 ʤ.ʜ. ʠ H3bs ʠ H5bs ʩ 7,61 ʥʘ 8,67 ʠ 8,26 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, bs = basal, 
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ʙʘʟʘʣʴʥʳʡ). ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʘʧʠʢʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʧʠʨʘʟʦʣʘ, 

ʩʠʛʥʘʣʳ ʦʪ ʢʦʪʦʨʦʡ ʩʜʚʠʥʫʪʳ ʚ ʩʪʦʨʦʥʫ ʩʠʣʴʥʦʛʦ ʧʦʣʷ. ʊʨʠ ʩʠʛʥʘʣʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 1, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 5,79 (H4a, a = apical, ʘʧʠʢʘʣʴʥʳʡ), 6,36 (H3a) 

ʠ 7,10 ʤ.ʜ. (H5a). ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʣʠʛʘʥʜʦʚ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʠʭ 

ʨʘʟʣʠʯʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʀ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʤ. ʨʘʟʜʝʣ 3.2.2.).  

 

ʈʠʩʫʥʦʢ 28. 1H ʗʄʈ-ʩʧʝʢʪʨ [Mo5Se5]2+ ʚ ʤʝʪʘʥʦʣʝ-d4. 

ʊʘʢʦʡ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʚ 1H ʗʄʈ-ʩʧʝʢʪʨʘʭ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʜʣʷ ʩʝʤʝʡʩʪʚʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ { M5Q5} ï ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʜʨʫʛʠʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʘʤ, ʚ 

ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʷʭ ʩʠʛʥʘʣʦʚ. ɹʦʣʝʝ ʪʦʛʦ 1H 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʩʣʫʯʘʝ ʥʘʰʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʢʘʢ ʦʮʝʥʠʪʴ ʯʠʩʪʦʪʫ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʦʪʩʣʝʜʠʪʴ ʧʨʦʪʝʢʘʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʘʢʮʠʡ, ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʫʢʪʳ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Mo5Se5]2+ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 77Se (ʨʠʩʫʥʦʢ 29). ɺ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʣʠʰʴ ʜʚʘ ʩʠʛʥʘʣʘ ʥʘ 1022 ʠ 1880 ʤ.ʜ., ʯʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩʦ ʩʪʨʦʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ ʘʪʦʤʦʚ ʩʝʣʝʥʘ. ʀʩʭʦʜʷ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʩʠʛʥʘʣ ʥʘ 1022 ʤ.ʜ. ʤʳ ʦʪʥʝʩʣʠ ʢ ɛ4-ʣʠʛʘʥʜʫ, ʘ ʩʠʛʥʘʣ ʥʘ 1880 ʤ.ʜ. ʢ ɛ3-
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ʣʠʛʘʥʜʘʤ. ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ʷʜʨʘʭ 77Se ʪʨʝʙʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ, ʯʪʦ ʧʦʨʦʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʦʵʪʦʤʫ ʵʪʦʪ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ ʚ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ. ʊʘʢ, ʚ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʘʭ ʤʦʣʠʙʜʝʥʘ, ʛʜʝ ʩʠʛʥʘʣʳ ɛ3-ʘʪʦʤʦʚ ʩʝʣʝʥʘ ʚ 
77Se ʗʄʈ-

ʩʧʝʢʪʨʘʭ ʥʘʭʦʜʷʪʩʷ ʥʘ 1356, 700, ʠʣʠ 666 ʤ.ʜ. ʚ ʢʦʤʧʣʝʢʩʘʭ [MoIV
3(ɛ3-Se)(ɛ-O)3(acac)3(py)3]PF6 

[125], (Bu4N)2[Mo IV
3(ɛ3-Se)(ɛ-Se2)3Br6] [38] ʠ K2[Mo IV

3(ɛ3-Se)(ɛ-Se2)3(C2O4)3] [126], 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʦʣʝʝ ʙʣʠʟʢʠʡ ʢ ʥʘʰʝʤʫ ʩʦʝʜʠʥʝʥʠʶ (ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʟʘʨʷʜʫ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ) 

ʩʣʫʯʘʡ ʵʪʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{WII
2W

III
4(ɛ3-Se)i8}(Ph2PC2H4COOH)t6] [94], ʚ 

ʢʦʪʦʨʦʤ ʩʠʛʥʘʣ ɛ3-Se ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʘ 1018 ʤ.ʜ.  

 

ʈʠʩʫʥʦʢ 29. ʌʨʘʛʤʝʥʪʳ 77Se ʗʄʈ-ʩʧʝʢʪʨʘ [Mo5Se5]2+ ʚ ʤʝʪʘʥʦʣʝ-d4. 

ɺ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʬʦʨʤʳ ʩ ʟʘʨʷʜʦʤ 2+, ʪʘʢ ʠ 1+ (ʨʠʩʫʥʦʢ 30), 

ʦʜʥʘʢʦ ʚʩʝ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [Mo5Se5]2+. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʝ {[{Mo5Se5(pz)4}(pzH)5]Br} +. ʆʩʪʘʣʴʥʳʝ ʩʠʛʥʘʣʳ, ʩ ʤʝʥʴʰʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʬʦʨʤʘʤ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʠʦʥʠʟʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 30. ʌʨʘʛʤʝʥʪʳ ESI-MS ʩʧʝʢʪʨʘ [Mo5Se5]2+ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʩʠʥʪʝʟ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Mo5Se5]n+ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʝ 

ʩʪʘʜʠʠ: ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʪʩʷ ʟʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʠʩʭʦʜʥʦʤ ʛʘʣʦʛʝʥʠʜʥʦʤ 

ʢʣʘʩʪʝʨʝ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺʪʦʨʦʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʩ ʧʠʨʘʟʦʣʦʤ. ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʤʳ ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, çKxMo6Se8Br6è, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʩʪʘʪʴʝ [87]. ʇʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ 

ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʧʠʨʘʟʦʣʦʤ ʧʨʠ 200ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ɿʘʪʝʤ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ [Mo5Se5]2+ ʠʟ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʩʥʘʯʘʣʘ ʘʮʝʪʦʥʠʪʨʠʣʦʤ, ʘ ʟʘʪʝʤ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʣ ʥʝ ʙʦʣʝʝ 25%, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ, ʚʘʨʴʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʥʘ ʢʘʞʜʦʡ ʠʟ ʥʠʭ.  

ʉʠʥʪʝʟ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʋʞʝ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ, ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʩʪʘʪʴʝ (çKxMo6Se8Br6è, ʛʜʝ x = 6, 7). ʊʘʢ 

ʢʘʢ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʥʘʤʠ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʝ ʢʘʢ ʢʘʣʠʷ, ʪʘʢ ʠ ʙʨʦʤʘ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ çKMo6Se8Br4è. ʇʦʟʞʝ 

KBH4 ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ NaBH4, ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ çNaMo6Se8Br4è. 

ʊʘʢʞʝ ʤʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ NaBH4 (ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʨʘʙʦʪʝ Se:KBH4 

= 1:3,4), ʧʦʩʢʦʣʴʢʫ ʠʟʙʳʪʦʢ ʵʪʦʛʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʧʘʛʫʙʥʦ ʚʣʠʷʪʴ ʥʘ 

ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ Se:NaBH4 = 1:2 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʣʝʥʘ ʜʦ ʩʝʣʝʥʠʜʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ [127]. 
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ʅʝʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʷʜ 

ʤʝʪʦʜʦʚ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʢʘʢʦʡ-ʣʠʙʦ 

ʨʘʩʪʚʦʨʠʤʳʡ ʧʨʦʜʫʢʪ, ʚ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ, ʤʳ ʚʘʨʴʠʨʦʚʘʣʠ ʥʝʢʦʪʦʨʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʫʝʤʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʣʠ ʠʩʭʦʜʥʦʝ ʢʣʘʩʪʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʘʥʦʣ ʠ ʤʝʪʠʣʮʝʣʣʦʟʦʣʴʚ, ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʭʦʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ Cs2[Mo6Br14] ʠ 

(TBA)2[Mo6Br14]. ʆʜʥʘʢʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʩʣʦʚʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʢʘʞʜʳʡ ʨʘʟ ʤʳ ʧʦʣʫʯʘʣʠ çNaMo6Se8Br4è. 

ʊʘʢʞʝ ʵʪʫ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʘʟʦʣʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʚʳʩʪʫʧʠʪʴ 

ʚʥʝʰʥʠʤ ʣʠʛʘʥʜʦʤ, ʩ ʮʝʣʴʶ ʟʘʤʝʩʪʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʥʫʪʨʝʥʥʠʝ, ʠ ʚʥʝʰʥʠʝ ʣʠʛʘʥʜʳ ʠ 

ʧʦʣʫʯʠʪʴ ʨʘʩʪʚʦʨʠʤʳʡ ʧʨʦʜʫʢʪ. ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʣʠ ʯʸʨʥʳʡ ʥʝʨʘʩʪʚʦʨʠʤʳʡ 

ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ çNaMo6Se8Br4è, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʩʦʝʜʠʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʝʣʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ [Mo5Se5]n+ ʤʳ ʧʨʦʜʦʣʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ çNaMo6Se8Br4è. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ (ʩʤ. ʨʘʟʜʝʣ 1.3.2.), ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʜʚʝ ʩʪʘʜʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʰʴ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʠʨʘʟʦʣʦʤ 

ɺ ʨʝʘʢʮʠʠ ʩ ʧʠʨʘʟʦʣʦʤ ʚʘʨʴʠʨʦʚʘʣʠ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʠʟʥʘʯʘʣʴʥʦ ʚʳʙʨʘʥʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ 

(200ÁC, 48 ʯʘʩʦʚ) ʷʚʣʷʶʪʩʷ ʥʘʠʣʫʯʰʠʤʠ. ʋʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ (150ÁC, 180ÁC) ʥʠʢʘʢ 

ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʳʭʦʜʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ (24 ʯʘʩʘ) ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ 

(120 ʯʘʩʦʚ) ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʠʤ ʚʳʭʦʜʘʤ. ʉʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ 

çNaMo6Se8Br4è:pzH ʨʘʚʥʦʝ 1:1 ʧʦ ʤʘʩʩʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʷʪʠʷʜʝʨʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ 1:3 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ 

[Mo5Se5]+, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʜʸʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ 

ʢʦʤʧʣʝʢʩʘ [Mo5Se5]2+ ʣʠʰʴ ʜʦ 33%. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʈʌʕʉ 

ʍʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʌʕʉ. ʆʙʟʦʨʥʳʝ ʩʧʝʢʪʨʳ ʈʌʕʉ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʜʝʨʞʘʥʠʝ Mo, Se, Br, C, O ʠ 
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Na ʚ ʠʩʭʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ çNaMo6Se8Br4è. ʆʙʣʘʩʪʴ Mo3d ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

ʩʫʧʝʨʧʦʟʠʮʠʷ ʜʚʫʭ ʛʨʫʧʧ ʣʠʥʠʡ Mo3d5/2ï3/2, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʚʫʤ ʪʠʧʘʤ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʘʪʦʤʦʚ 

ʤʦʣʠʙʜʝʥʘ ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ (ʵʥʝʨʛʠʠ ʩʚʷʟʠ 229,2ï232,4 ʠ 232,8ï236,0 ʵɺ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩʫʥʦʢ 31, ʘ). ʇʝʨʚʳʡ ʪʠʧ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʸʥ ʢʘʢ ʢ ʤʦʣʠʙʜʝʥʫ ʚ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ +2, ʪʘʢ ʠ +3 ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʯʪʦ ʪʘʢʞʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ð ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʠʣʠ ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ. ɺʪʦʨʦʡ ʪʠʧ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʘʪʦʤʘʤ Mo6+, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚ ʩʦʩʪʘʚʝ MoO3, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʯʘʩʪʠʯʥʳʡ ʛʠʜʨʦʣʠʟ Mo6Br12 ʚ ʭʦʜʝ 

ʩʠʥʪʝʟʘ ʚ ʚʦʜʝ, ʠʣʠ ʥʘ ʯʘʩʪʠʯʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ. ʈʘʟʨʫʰʝʥʠʝ Mo6Br12 ʥʘ ʩʪʘʜʠʠ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ 

ʥʠʟʢʠʡ ʚʳʭʦʜ, ʦʢʦʣʦ 30%, ʧʷʪʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ [{Mo6Se8}( PPh3)6] (ʚʳʭʦʜ 33%). 

ʆʙʣʘʩʪʴ Br3d ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʜʚʫʭ ʜʫʙʣʝʪʦʚ Br3d5/2ï3/2 (69,9ï70,9 ʵɺ) ʠ Br3d5/2ï

3/2 (68,2ï69,3 ʵɺ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʚʥʝʰʥʠʤ ʣʠʛʘʥʜʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʫʙʣʝʪ ʥʘ 

70,7ï71,8 ʵɺ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʚʥʫʪʨʝʥʥʠʤ ʙʨʦʤʠʜʥʳʤ ɛ3-ʣʠʛʘʥʜʘʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʩʧʝʢʪʨʝ 

ʠʩʭʦʜʥʦʛʦ Mo6Br12, ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʩʝʣʝʥ. ɸʥʘʣʠʟ ʦʙʣʘʩʪʠ Se3d ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʝ ʚʳʚʦʜʳ ʦ ʪʠʧʝ ʢʦʦʨʜʠʥʘʮʠʠ 

ʩʝʣʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ - ʜʫʙʣʝʪ Se3d5/2ï3/2 (54,1ï55,0 ʵɺ) ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʸʥ ʢ Õ3-ʣʠʛʘʥʜʘʤ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʫʙʣʝʪ Se3d5/2ï3/2 (55,3ï56,1 eV) ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʸʥ ʢʘʢ ʢ Se2
2ï, ʪʘʢ ʠ ʢ ʤʦʩʪʠʢʦʚʳʤ 

ʩʝʣʝʥʠʜʥʳʤ ʣʠʛʘʥʜʘʤ. 

 

ʈʠʩʫʥʦʢ 31. ʈʌʕʉ ʩʧʝʢʪʨʳ ʘ) çNaMo6Se8Br4è, ʙ) [Mo5Se5]2+, ʚ) [Mo5Se5]2+. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʥʦʚʳʭ ʧʷʪʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʘʸʪ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 31, ʙ 

ʠ ʚ). ʊʘʢ, ʚ ʦʙʣʘʩʪʠ Mo3d ʚ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ [Mo5Se5]+ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʦʩʥʦʚʥʦʡ ʜʫʙʣʝʪ 

Mo3d5/2ï3/2 (228,9ï232,1 ʵɺ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʧʝʢʪʨʝ ʢʣʘʩʪʝʨʘ [Mo5Se5]2+ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʘ 

ʜʫʙʣʝʪʘ (ʵʥʝʨʛʠʠ ʩʚʷʟʠ 229,3ï232,4 ʠ 230,7ï233,9 ʵɺ), ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢʘʢ 4:1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʫʙʣʝʪ ʚ ʩʧʝʢʪʨʝ ʢʣʘʩʪʝʨʘ [Mo5Se5]+ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ 

ʩʠʛʥʘʣ ʚ ʩʧʝʢʪʨʝ ʢʣʘʩʪʝʨʘ [Mo5Se5]2+ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʘʪʦʤʘʤ Mo3+, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʦʚʳʡ ʩʠʛʥʘʣ 

ʚ ʩʧʝʢʪʨʝ ʢʣʘʩʪʝʨʘ [Mo5Se5]2+ ʦʪʥʦʩʠʪʩʷ ʢ ʘʪʦʤʘʤ Mo4+, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʢʠʩʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ 
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ʷʜʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʩʚʷʟʠ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʪʘʙʣʠʮʘ 2). ʂʨʦʤʝ ʪʦʛʦ, ʦʙʣʘʩʪʴ Mo3d 

ʩʦʜʝʨʞʠʪ ʩʠʛʥʘʣʳ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (233,3ï236,4 and 232,1ï235,2 ʵɺ ʜʣʷ [Mo5Se5]+ ʠ 

[Mo5Se5]2+ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʦʪʥʦʩʷʱʠʝʩʷ ʢ Mo6+. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʥʝʠʟʙʝʞʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʈʌʕʉ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʊʘʙʣʠʮʘ 2 .   

ʕʥʝʨʛʠʠ ʩʚʷʟʠ (ʵɺ) Mo 3d5/2ī3/2 ʵʣʝʢʪʨʦʥʦʚ. 

ʉʦʝʜʠʥʝʥʠʝ 
Mo 3d5/2ï3/2 (%),  

ʆʪʥʝʩʝʥʠʝ 
ʩʩʳʣʢʘ 

çNaMo6Se8Br4è 
229,2ï232,4 (54%), Mo2+/3+ 

 
232,8ï236,0 (46%), Mo6+ 

[Mo5Se5]2+ 

228,9ï232,1 (95%), Mo3+ 

 231,7ï234,8 (4%), Mo4+ 

233,3ï236,4 (1%), Mo6+ 

[Mo5Se5]2+ 

229,3ï232,4 (78%), Mo3+ 

 230,7ï233,9 (20%), Mo4+ 

232,1ï235,2 (2%), Mo6+ 

Mo6Br12 229,5ï232,5 (100%), Mo2+ [128] 

Mo6S8 

228,5ï231,7 (71%), Mo2+ 

[129] 229,2ï234,4 (24%), Mo3+ 

233,3ï236,5 (5%), Mo6+ 

[{Mo 6Se8}(PEt3)6] 227,8ï230,8, Mo2+ and Mo3+ [62] 

K2[{Mo 3S4}(Hnta)3] 230,1ï233,3 (100%), Mo4+ [130] 

(NH4)2[Mo3S13] 229,0ï232,5 (100%), Mo4+ [131] 

Mo3Se13 
228,7ï231,4, Mo4+ 

[132] 
232,1ï235,0, Mo6+ 

 

ʆʙʣʘʩʪʴ Se3d ʚ ʩʧʝʢʪʨʘʭ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʜʝʨʞʠʪ ʧʦ ʜʚʝ ʛʨʫʧʧʳ ʜʫʙʣʝʪʦʚ Se3d5/2ï3/2 

(53,8ï54,7 / 54,7ï55,6 ʵɺ ʠ 54,1ï55,0 / 54,9ï55,8 ʜʣʷ [Mo5Se5]+ ʠ [Mo5Se5]2+ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 4:1, ʦʪʥʦʩʷʱʠʭʩʷ ʢ Õ3- ʠ Õ4-ʘʪʦʤʘʤ ʩʝʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʵʥʝʨʛʠʷʭ ʩʚʷʟʠ ʜʣʷ ʢʣʘʩʪʝʨʦʚ [Mo5Se5]+ ʠ [Mo5Se5]2+ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʣʠʷʥʠʝ ʟʘʨʷʜʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʥʘ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʦʚ ʩʝʣʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ.  
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ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Mo5Se5(ɛ-pz)4}
+ ʚ ʩʦʝʜʠʥʝʥʠʠ 

[Mo5Se5]+ ʠʤʝʝʪ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʫʶ ʪʦʯʝʯʥʫʶ ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ C4v. ʅʘʣʠʯʠʝ ʘʧʠʢʘʣʴʥʦʛʦ 

ʣʠʛʘʥʜʘ ʧʦʥʠʞʘʝʪ ʩʠʤʤʝʪʨʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʜʦ ʉ1. ʆʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ 

ʘʧʠʢʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʩʦʝʜʠʥʝʥʠʷ [Mo5Se5]+ ʠ [Mo5Se5]2+ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ 

ʨʦʤʙʠʯʝʩʢʦʡ ʇɻʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 4-ʛʦ ʠ 2-ʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʘʧʠʢʘʣʴʥʳʝ ʘʪʦʤʳ Mo ʠ Õ4-Se. ɻʝʦʤʝʪʨʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʚ ʛʨʫʧʧʝ 

ʩʠʤʤʝʪʨʠʠ C1. ʈʘʩʩʯʠʪʘʥʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ MoïMo ʩʦʩʪʘʚʠʣʠ 2,867(5) ¡ ʜʣʷ ʘʪʦʤʦʚ ʚ ʦʩʥʦʚʘʥʠʠ 

ʧʠʨʘʤʠʜʳ ʠ 2,668(1) ¡ ʜʣʷ ʙʦʢʦʚʳʭ ʨʸʙʝʨ ʧʠʨʘʤʠʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʪʦʷʥʠʷ MobsïMoa 

ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ, ʯʝʤ MobsïMobs. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʠʧʠʯʥʘʷ ʜʣʠʥʘ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ ʢʦʚʘʣʝʥʪʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʄʦ ʙʣʠʟʢʘ ʢ 2,67ï2,68 ¡, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʚʷʟʠ MobsïMoa ʠʤʝʶʪ 

ʧʦʨʷʜʦʢ ʩʚʷʟʠ, ʙʣʠʟʢʠʡ ʢ 1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʩʚʷʟʠ MobsïMobs ʠʤʝʶʪ ʧʦʨʷʜʦʢ ʦʢʦʣʦ 

0,75. 

ʆʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [{Mo5Se5(ɛ-

pz)4}( pzH)5]
2+ ʧʨʠʚʦʜʠʪ ʢ ʫʜʣʠʥʝʥʠʶ ʩʚʷʟʝʡ ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ (MobsïMobs) ʠ ʫʢʦʨʦʯʝʥʠʶ 

ʝʸ ʙʦʢʦʚʳʭ ʨʸʙʝʨ (MobsïMoa), ʦʜʥʘʢʦ ʦʙʘ ʵʬʬʝʢʪʘ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʆʪʢʣʦʥʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʠʥ ʩʚʷʟʝʡ ʦʪ ʠʭ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʝʩʴʤʘ ʥʝʚʝʣʠʢʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʨʝʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo5Se5(pz)4} ʙʣʠʟʢʘ ʢ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʤʤʝʪʨʠʠ C4v.  

ɺ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [{Mo5Se5(ɛ-pz)4}( pzH)5]
2+ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʙʦʨ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʩʦʩʪʦʷʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʠʟ d-ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ ʄʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʢʣʘʜʦʤ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʟʰʝʡ ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ 

(ʅʉʄʆ) ʠ ʅʉʄʆ+1, ʦʪʜʝʣʝʥʥʳʭ ʦʪ ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ (ɺɿʄʆ) ʠ 

ʅʉʄʆ+2 ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʱʝʣʷʤʠ (ʨʠʩʫʥʦʢ 32, ʘ). ʈʘʟʥʠʮʘ ʵʥʝʨʛʠʡ ʩʦʩʪʘʚʣʷʝʪ 

2,039 ʵɺ ʜʣʷ ɺɿʄʆïʅʉʄʆ, 0,544 ʵɺ ʜʣʷ ʅʉʄʆïʅʉʄʆ+1 ʠ 1,378 ʵɺ ʜʣʷ ʅʉʄʆ+1ïʅʉʄʆ+2. 

ɺɿʄʆ ʠ ɺɿʄʆï1 ʷʚʣʷʶʪʩʷ ʩʚʷʟʳʚʘʶʱʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ MoïMo ʠ MoïSe, 

ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ MoïNÕ-pz. Õ4-ʘʪʦʤ ʩʝʣʝʥʘ ʦʙʨʘʟʫʝʪ ʜʚʫʭʮʝʥʪʨʦʚʳʝ ʩʚʷʟʠ ʩ ʢʘʞʜʳʤ ʠʟ 

ʘʪʦʤʦʚ ʄʦ ʚ ʦʩʥʦʚʘʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Õ3-ʣʠʛʘʥʜʳ ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʸʭʮʝʥʪʨʦʚʳʭ ʩʚʷʟʝʡ 

SeïMoïSe. ʅʉʄʆ ʚ ʢʦʤʧʣʝʢʩʝ [Mo5Se5]2+ (ɺɿʄʆ ʜʣʷ ʢʣʘʩʪʝʨʘ [Mo5Se5]+) ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ 

ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ Mo5 ʠ ʠʤʝʝʪ ʩʚʷʟʳʚʘʶʱʠʡ ʭʘʨʘʢʪʝʨ ʚ ʦʪʥʦʰʝʥʠʠ ʩʚʷʟʝʡ MoïMo, ʯʪʦ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʢʦʨʦʯʝʥʠʝʤ ʩʚʷʟʝʡ MobsïMobs ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʨʠʩʫʥʦʢ 32, ʙ).  
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ʈʠʩʫʥʦʢ 32. ɸ) ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʜʣʷ [Mo5Se5]2+, ʙ) ʛʨʘʥʠʯʥʳʝ ʦʨʙʠʪʘʣʠ. 

ʉʫʣʴʬʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʇʦʣʫʯʝʥʠʝ ʥʦʚʦʛʦ ʥʝʦʙʳʯʥʦʛʦ ʪʠʧʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʙʫʜʠʣʦ ʥʘʩ ʢ ʨʘʩʰʠʨʝʥʠʶ 

ʨʷʜʘ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʧʫʪʸʤ ʧʦʣʫʯʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʷʪʠʷʜʝʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ [133]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʠʥʪʝʟʫ ʩʫʣʴʬʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʧʠʨʘʟʦʣʦʤ (ʧʷʪʠʷʜʝʨʥʳʝ ʠʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ) ʟʘ ʦʩʥʦʚʫ 

ʙʳʣʘ ʚʟʷʪʘ ʤʝʪʦʜʠʢʘ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [85]. ɸʚʪʦʨʳ ʵʪʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʘʣʠ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ Mo6S8(4-tbp)6 ʚ ɼʄʌɸ ʧʦ ʨʝʘʢʮʠʠ: 

(Bu4N)2[{ Mo6Cl8}Cl6] + 8 KSH + 4 KOt-Bu + 6 tbp = [{ Mo6S8}( tbp)6] + 12 KCl + 2 Bu4NCl 

+ 4 t-BuOH + 2 H2.                                                       (23) 

ɿʘʤʝʥʠʚ ʚ ʵʪʦʡ ʤʝʪʦʜʠʢʝ 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ ʥʘ ʧʠʨʘʟʦʣ ʠ ʚʳʜʝʣʠʚ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ, 

ʤʳ ʫʩʪʘʥʦʚʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʷʪʠʷʜʝʨʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo5S5(ɛ-pz)4}( pzH)5]
2+, ʘ ʥʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ [{Mo6S8}( pzH)6], ʢʘʢ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʳ ʩ 

ʧʠʨʘʟʦʣʦʤ ʪʷʛʦʪʝʶʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʤʝʥʥʦ ʧʷʪʠʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʘ ʥʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ, ʯʪʦ ʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

 

 


















































































































































