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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

Bu ï ʙʫʪʠʣ 

DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

DMF ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

Et ï ɻʪʠʣ 

Me ï ʤʝʪʠʣ 

OTs ï ʪʦʟʠʣʘʪ 

Ph ï ʬʝʥʠʣ 

pH ï ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʪʚʦʨʘ (ʧʦʢʘʟʘʪʝʣʴ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ) 

Pr ï ʧʨʦʧʠʣ 

Py ï ʧʠʨʠʜʠʥ 

RhB ï ʨʦʜʘʤʠʥ ɹ 

THF ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ɺɿʄʆ ï ʚʝʨʭʥʷʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʄʆʂʇ ï ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ 

ʅʉʄʆ ï ʥʠʞʥʷʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʇʆʄ ï ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʌɼʊ ï ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ 

ʕɻ ï ɻʪʠʣʝʥʛʣʠʢʦʣʴ 

ʕɼʉ ï ɻʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʉɼʆ ï ɻʣʝʢʪʨʦʥʥʘ ̫ʩʧʝʢʪʨʦʩʢʦʧʠ ̫ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʕʉʇ ï ɻʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʗʄʈ ï ̫ʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ  
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M6I8}L6] (L ï ʪʝʨʤʠʥʘʣʴʥʳʡ ʣʠʛʘʥʜ) ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ. ʅʘʙʦʨ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, 

ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʷʨʢʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʦʙʣʘʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʙʝʟʛʨʘʥʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʅʘʧʨʠʤʝʨ, ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʳ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʣʘʢʦʚ ʠ ʢʨʘʩʦʢ,  ʠ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ (ʌɼʊ). ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʷʚʣʷʝʪʩʷ ʬʦʪʦʢʘʪʘʣʠʟ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʳʜʘʶʱʠʝʩʷ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʦʪʦʚʦʣʴʪʘʠʢʝ, 

ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʇʦʤʠʤʦ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʟʘʜʘʯʘʤ, ʘ ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, 

ʩʦʩʪʘʚʘ ʷʜʨʘ ʠ ʥʘʙʦʨʘ ʧʨʦʪʠʚʦʠʦʥʦʚ ʥʘ ʧʨʦʷʚʣʷʝʤʳʝ ʦʧʪʠʯʝʩʢʠʝ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ) ʩʚʦʡʩʪʚʘ. ʇʦʥʠʤʘʥʠʝ ʪʘʢʠʭ ʘʩʧʝʢʪʦʚ ʧʦʤʦʞʝʪ ʚ ʙʫʜʫʱʝʤ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʨʝʙʫʝʤʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʝʥ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʝʱʸ ʙʦʣʴʰʝ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʭʠʤʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʯʘʣʦ ʘʢʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠ ̫ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʙʦʪʝ F. Cotton 1964 ʛ., ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʧʦʥʷʪʠʝ çʤʝʪʘʣʣʦʢʣʘʩʪʝʨè ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ 
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ʩʦʜʝʨʞʘʪ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ [1]. ʈʘʥʥʠʝ ʨʘʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʠ 

ʧʦʩʚʷʱʝʥʳ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʦʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʩʪʘʣʠ 

ʦʯʝʚʠʜʥʳ ʚʳʜʘʶʱʠʝʩʷ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʥʘʭʦʜʠʪʩʷ ʚʩʸ ʙʦʣʴʰʝ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʜʝʣʘʣʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʘʥʠʦʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʥʘʙʦʨʦʤ ʦʜʠʥʘʢʦʚʳʭ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ), ʪʦʛʜʘ ʢʘʢ ʥʝʡʪʨʘʣʴʥʳʝ, ʢʘʪʠʦʥʥʳʝ ʠ ʫʞ 

ʪʝʤ ʙʦʣʝʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘʯʘʩʪʫʶ ʦʩʪʘʚʘʣʠʩʴ ʙʝʟ 

ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʧʘʨʘʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʠʪʴ 

ʩʝʤʝʡʩʪʚʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʪʘʢʞʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʧʦʜʨʦʙʥʝʝ 

ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʠʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ) ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʴ 

ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʨʠʤʝʥʝʥʠʡ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʚʩʸ ʯʘʱʝ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ [2ï5], ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʧʦʢʘʟʳʚʘʶʪ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘʜ 

ʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʘʥʠʦʥʥʳʤʠ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʩʣʘʙʘʷ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʠʟʫʯʝʥʠʝ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ, ʠ ʪʝʤ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʚʘ ʧʦʜʭʦʜʘ: ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʝ ʤʘʪʨʠʮʳ ʠ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʦʙʲʸʤʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʠ ʣʠʛʘʥʜʘʤʠ [6,7]. ʇʦʤʠʤʦ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʜʦʙʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʠ ʢ 

ʧʦʷʚʣʝʥʠʶ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ɻ ʬʬʝʢʪʘ ʟʘ ʩʯʸʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʘʨʝ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʠ 
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ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪ (ʇʆʄ) ʙʳʣʦ ʥʝʜʘʚʥʦ ʧʦʢʘʟʘʥʦ ʜʣʷ [{Mo6I8}Cl6]2ï ʠ ʨʘʟʣʠʯʥʳʭ 

ʇʆʄ [8]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (DMSO) ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʧʦʣʫʯʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

Å ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Bu4N)2[M6I14] (M = Mo, W) ʩ DMSO ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʥʘ ʷʜʨʘʭ 1H; 

Å ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

Å ʇʦʠʩʢ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ DMSO; 

Å ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʩ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʦʤ ʪʠʧʘ ʃʠʥʜʢʚʠʩʪ; 

Å ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ (ʈʉɸ), ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ), ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ ʠ ʜʨ.); 

Å ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʦʛʣʦʱʝʥʠʝ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠ ʨʘʩʪʚʦʨʘʭ) ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʠ 

ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ) ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ; 

Å ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʥʘ ʧʨʠʤʝʨʝ 

ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʈʦʜʘʤʠʥʘ ɹ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ (ʋʌ) ʠ ʙʝʣʳʤ 

ʩʚʝʪʦʤ. ʀʟʫʯʝʥʠʝ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʫʪʸʤ ʮʠʢʣʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʟʘ ʩʯʸʪ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʤʦʣʝʢʫʣʘʤʠ-ʣʦʚʫʰʢʘʤʠ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ DMSO. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

(Bu4N)2[M6I14] (M = Mo, W) ʩ DMSO ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʢʫʨʩʦʨʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʣʶʯʝʚʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ 

ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (Bu4N)[{M6I8}(DMSO)I5] ʠ ʮʠʩ-

[{M6I8}(DMSO)2I4] (M = Mo, W), ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʢʘʟʘʥʦ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ 

ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʝ ʟʘʤʝʱʸʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʩʚʷʟʳʚʘʥʠʠ ʚʳʜʝʣʷʶʱʠʭʩʷ ʘʥʠʦʥʦʚ Iī. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{M6I8}(DMSO)6](I3)4 (M = Mo, W), ʦʙʣʘʜʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ 

ʦʙʣʘʩʪʠ ʜʦ 800 ʥʤ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʪʨʠʠʦʜʠʜʥʳʭ ʧʨʦʪʠʚʦʠʦʥʦʚ. ʅʦʚʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʣ ʠʟʙʝʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʦʣʝʡ ʩʝʨʝʙʨʘ, ʨʘʥʝʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʩʦʣʠ 

[{M6I8}(DMSO)6][W6O19]2 (M = Mo, W), ʚ ʢʦʪʦʨʳʭ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪ ʪʠʧʘ 

ʃʠʥʜʢʚʠʩʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʠʭ ʚʳʩʦʢʫʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 

ʨʘʟʣʦʞʝʥʠʷ ʈʦʜʘʤʠʥʘ ɹ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

(DFT) ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʠ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʦʤ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʘʢʪʠʚʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʢʘʪʘʣʠʟʘ, ʷʚʣʷʶʪʩʷ O2Åï ʠ h+. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʰʠʨʝʥʦ ʯʠʩʣʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ: ʧʦʣʫʯʝʥʦ 4 ʥʦʚʳʭ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʠ 2 ʥʦʚʳʭ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʘʟʨʘʙʦʪʘʥ 

ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʚʝʜʝʥʠʶ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʇʦʢʘʟʘʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʘʪʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʸʪ ʧʦʣʫʯʝʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʩ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʘʤʠ ʪʠʧʘ ʃʠʥʜʢʚʠʩʪ. ʇʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠ ̫ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʥʘʙʦʨʘ ʧʨʦʪʠʚʦʠʦʥʦʚ ʥʘ ʧʦʛʣʦʱʝʥʠʝ 

ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ, 

ʧʦʢʘʟʘʚʰʠʭ ʚʳʩʦʢʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʳʜʘʶʱʠʝʩʷ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ 

ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʈʦʜʘʤʠʥʘ ɹ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʥʦʩʷʪ ʚʢʣʘʜ ʢʘʢ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʪʘʢ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʚʦʟʤʦʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʦʣʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʩʭʦʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʩ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʦʤ ʪʠʧʘ ʃʠʥʜʢʚʠʩʪ. ʎʝʣʝʚʳʝ 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʠʟʫʯʝʥ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘ. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʕɼʉ), CHNS ʘʥʘʣʠʟ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ), 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ),  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ʷʜʨʘʭ 1H. ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʧʝʢʪʨʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʚ ʨʘʩʪʚʦʨʝ ʠ ʪʚʸʨʜʦʤ ʪʝʣʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ 
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ʦʪʨʘʞʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʂʫʙʝʣʢʠï

ʄʫʥʢʘ. 

ʈʝʘʢʮʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʨʦʜʘʤʠʥʘ ɹ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ (ɚ = 365 Ñ 5 ʥʤ, ~13 

ʤɺʪĬʩʤï2), ʘ ʪʘʢʞʝ ʙʝʣʦʛʦ ʩʚʝʪʘ (ɚ = 400ï800 ʥʤ , ~40 ʤɺʪĬʩʤï2). ɼʣʷ ʦʮʝʥʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʘʣʠʢʚʦʪ. 

ɺʣʠʷʥʠʝ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, 

ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʙʝʣʳʤ ʩʚʝʪʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣ-ʣʦʚʫʰʝʢ: Na2C2O4 (h ), K2Cr2O7 (eï), ʵʪʠʣʝʥʛʣʠʢʦʣʴ (OHÅ), 

ʘʨʛʦʥʠʨʦʚʘʥʠʝ (O2Åï). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

Å ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ 8 ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ; 

Å ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʈʉɸ, ʈʌɸ,  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨ.); 

Å ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ; 

Å ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʩ 

ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʦʤ ʪʠʧʘ ʃʠʥʜʢʚʠʩʪ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣ ʣʠʯʥʦ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ, ʙʳʣʠ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʳ ʩʠʥʪʝʟʳ ʚʩʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʬʦʪʦʢʘʪʘʣʠʟʫ. ʇʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʅʝʢʦʚʘʣʝʥʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʥʪʝʟʝ, ʢʘʪʘʣʠʟʝ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʤ ʜʠʟʘʡʥʝè NCI-2024 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2024), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʠʢʦʣʘʝʚʩʢʠʝ ʯʪʝʥʠʷ 

2025è (ʅʦʚʦʩʠʙʠʨʩʢ, 2025). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʢʦʪʦʨʳʝ 

ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ 

Web of Science. ɺ ʤʘʪʝʨʠʘʣʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 2 ʜʦʢʣʘʜʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ 

ʤʝʪʦʜʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. ʇʨʠʟʥʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ 

ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʠ ʚʳʩʦʢʦʡ 

ʦʮʝʥʢʦʡ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

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. 2. çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ 

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

ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 135 ʩʪʨʘʥʠʮʘʭ, ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ 37 

ʨʠʩʫʥʢʦʚ ʠ 2 ʪʘʙʣʠʮ.r ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, 

ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (205 

ʥʘʠʤʝʥʦʚʘʥʠ)̫ ʠ ʧʨʠʣʦʞʝʥʠ ̫ʥʘ 12 ʩʪʨʘʥʠʮʘʭ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

ʈʘʙʦʪʘ 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, ʥʦʤʝʨ 

ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ: 0300-2014-0010. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ʈʅʌ (ˉ22-73-10174). 
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʚ VIB ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʥʘʯʘʣʦʩʴ ʟʘʜʦʣʛʦ ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʩʘʤʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʠ ʫʭʦʜʠʪ ʢʦʨʥʷʤʠ ʢ ʨʘʙʦʪʘʤ ʰʚʝʜʩʢʦʛʦ 

ʭʠʤʠʢʘ Scheele C.W., ʢʦʪʦʨʳʡ ʚ ʢʦʥʮʝ XVIII ʚʝʢʘ ʦʪʢʨʳʣ ʦʙʘ ʵʪʠ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʫʯʝʥʠʷ ʠʭ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ [9,10]. ɺ ʩʝʨʝʜʠʥʝ XIX ʚʝʢʘ ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ 

ʫʧʦʤʠʥʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ M6ʍ12 (ʠʣʠ MX2), ʥʘʧʨʠʤʝʨ ʨʘʙʦʪʘ W. Blomstrand, 

ʚ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʣʠʙʜʝʥʘ ʩ ʭʣʦʨʠʜʦʤ ʨʪʫʪʠ ʠʣʠ ʙʨʦʤʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

MoCl2 ʠ MoBr2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [11]. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ 

ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʠ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {M6X8}4+, 

ʦʜʥʘʢʦ ʵʪʦ ʩʪʘʥʝʪ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʩʧʫʩʪʷ ʧʦʯʪʠ ʩʪʦ ʣʝʪ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚ [12,13]. 

1.1. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ 

ʇʦʥʷʪʠʝ çʤʝʪʘʣʣʦʢʣʘʩʪʝʨè ʚʚʸʣ F. Cotton ʚ 1964 ʛ. ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ [1]. 

ʊʘʢʠʝ ʩʚʷʟʠ ʦʙʨʘʟʫʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʦʩʪʦʚ, ʢʦʪʦʨʳʡ, ʥʘʨʷʜʫ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʣʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʀʟʚʝʩʪʥʳ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ, ʦʪ ʜʚʫʭʘʪʦʤʥʳʭ [14ï16] ʠ ʜʦ 

ʩʚʝʨʭʙʦʣʴʰʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʩʦʪʥʠ ʘʪʦʤʦʚ 

ʤʝʪʘʣʣʦʚ [17]. 

ʆʙʲʝʢʪʘʤʠ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʦʜʠʜʥʳʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ 

ʙʦʣʝʝ ʦʙʱʠʡ ʢʣʘʩʩ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M6X8}L6]n. ʊʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ ʠʟ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ M, ʥʘʜ ʢʘʞʜʦʡ ʛʨʘʥʴʶ 

ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʘʪʦʤ ʛʘʣʦʛʝʥʘ X, ʬʦʨʤʠʨʫʷ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {M6X8}4+ (ʈʠʩ. 1). 

ʂʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʦʚ ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ Õ3-ʤʦʩʪʠʢʦʚʦʤʫ 

[ 

a 

· 

ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{M6X8}L6]
n 
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ʪʠʧʫ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʠʣʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ L. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʦʪʘʮʠʶ ʐʝʬʝʨʘ [18]. ʊʘʢ, ʣʠʛʘʥʜʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, 

ʥʘʟʳʚʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʧʨʠ ʟʘʧʠʩʠ ʬʦʨʤʫʣʳ ʦʙʦʟʥʘʯʘʶʪʩʷ ʚʝʨʭʥʠʤ ʠʥʜʝʢʩʦʤ 

çiè (ʦʪ ʥʝʤʝʮʢʦʛʦ innere ï çʚʥʫʪʨʝʥʥʠʝè). ʆʩʪʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʥʘʟʳʚʘʶʪʩʷ ʚʥʝʰʥʠʤʠ 

ʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʚʝʨʭʥʠʤ ʠʥʜʝʢʩʦʤ çaè (ʦʪ ʥʝʤʝʮʢʦʛʦ ªuÇere ï çʚʥʝʰʥʠʝè). ɽʩʣʠ 

ʣʠʛʘʥʜ ʧʨʠʥʘʜʣʝʞʠʪ ʩʨʘʟʫ ʢ ʥʝʩʢʦʣʴʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʝʤʫ ʧʨʠʩʚʘʠʚʘʶʪ 

ʠʥʜʝʢʩ çi-iè, çi-aè, ça-iè ʠʣʠ ça-aè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ. ɺʦʟʚʨʘʱʘʷʩʴ 

ʢ ʜʠʙʨʦʤʠʜʫ ʤʦʣʠʙʜʝʥʘ, ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʦʤʫ ʚ 1859 ʛʦʜʫ [11], ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ 

ʩʪʨʦʝʥʠʝ. ɺ ʩʚʦʸʤ ʩʦʩʪʘʚʝ MoBr2 ʠʤʝʝʪ ʦʢʪʘʵʨʠʯʝʩʢʠʝ ʷʜʨʘ {Mo6Bri8}4+ ʠ ʜʚʘ ʥʘʙʦʨʘ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʘ ʠʤʝʥʥʦ Bra ʠ Braïa. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ 

[{Mo6Bri8}Bra2Braïa4/2], ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʩʣʦʠʩʪʫʶ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ ʧʦ ʯʝʪʳʨʸʤ ʦʙʱʠʤ 

ʪʝʨʤʠʥʘʣʴʥʳʤ ʣʠʛʘʥʜʘʤ (ʈʠʩ. 2) [19]. ʊʘʢʦʝ ʞʝ ʩʪʨʦʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [13,20,21]. 

 

ʅʦʪʘʮʠʷ ʐʝʬʝʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʪʴ ʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʘʢʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʫʜʦʙʩʪʚʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʧʨʦʱʸʥʥʦʝ 

ʥʘʧʠʩʘʥʠʝ ʙʝʟ ʫʪʦʯʥʷʶʱʠʭ ʠʥʜʝʢʩʦʚ ([{M6X8}L6]n ʠʣʠ [M6X14]n). 

1.2. ɼʠʛʘʣʦʛʝʥʠʜʳ: ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʇʦʣʠʤʝʨʥʳʝ ʜʠʛʘʣʦʛʝʥʠʜʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ M6ʍ12 (M = Mo, W; X = 

Cl, Br, I) ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʵʪʦʤʫ 

ʈʠʩ. 2 ʇʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʜʠʙʨʦʤʠʜʘ ʤʦʣʠʙʜʝʥʘ [{Mo6Br
i
8}Br

a
2Br

a-a
4/2] 
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ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ ʷʚʣʷʣʘʩʴ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʭʠʤʠʢʦʚ 

XIX ʚʝʢʘ. 

ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʘ ï ʵʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʧʦʨʷʜʢʘ 900ÜC). ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʜʣʷ ʩʠʥʪʝʟʘ Mo6Br12 ʠ Mo6I12 [13,22], ʦʜʥʘʢʦ ʧʦʧʳʪʢʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʠ ʜʣʷ ʩʠʥʪʝʟʘ W6Br12 ʠ W6I12 ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʪʨʝʙʫʝʪʩʷ ʩʦʙʣʶʜʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ (W6Br12 ī 560/760 ; W6I12 ī 300/450 ), ʜʣʷ ʯʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʟʦʥʥʳʝ ʧʝʯʠ [13,23ï25]. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʨʘʟʣʦʞʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ [25,26]. ʇʦʣʫʯʝʥʠʝ 

ʜʠʭʣʦʨʠʜʦʚ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʦʩʣʦʞʥʷʝʪʩʷ ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʭʣʦʨʘ, 

ʧʦʵʪʦʤʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ. 

ʂʣʶʯʝʚʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʦʣʫʯʝʥʠʶ M6Cl12 ʩʪʘʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʳʩʰʠʭ 

ʛʘʣʦʛʝʥʠʜʦʚ MCl5 ʠ MCl6 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ ʩʘʤʠʭ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [27,28], ʘʣʶʤʠʥʠʷ [29,30], ʚʠʩʤʫʪʘ [31] ʠʣʠ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ 

[23]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʚ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʦʪʣʠʯʥʳʭ ʦʪ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʦʛʦ ʤʝʪʘʣʣʘ [32]. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʙʦʪʘ 1998 ʛʦʜʘ ʟʘ ʘʚʪʦʨʩʪʚʦʤ Kolesnichenko V. ʠ Messerle L. [31], 

ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʪʠʧʠʯʥʳʝ ʤʷʛʢʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ 

ʚʠʩʤʫʪ, ʨʪʫʪʴ ʠ ʩʫʨʴʤʘ, ʩʪʘʣʘ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʠʟʫʯʝʥʠʠ ʭʠʤʠʠ 

ʚʦʣʴʬʨʘʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʠʣʫʯʰʠʤ ʚʳʙʦʨʦʤ ʤʝʪʘʣʣʘ ʦʢʘʟʘʣʩʷ ʚʠʩʤʫʪ. ɺʳʭʦʜ 

ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 85%, ʠʟ-ʟʘ ʯʝʛʦ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʨʝʧʘʨʘʪʠʚʥʳʤ ʫʜʦʙʩʪʚʦʤ, 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʥʘʰʠ ʜʥʠ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʫʨʴʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʪʘʢ ʢʘʢ ʚʳʭʦʜ W6Cl12 ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 31%. 

ʋʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʜʠʭʣʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ ʜʦ ʚʥʫʰʠʪʝʣʴʥʳʭ 79% ʧʦʟʚʦʣʠʣʦ 

ʜʦʙʘʚʣʝʥʠʝ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʥʦ ʨʝʘʢʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʠʩʤʫʪʘ ʚʩʸ ʝʱʸ ʧʨʦʪʝʢʘʝʪ ʩ ʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ. ʈʘʙʦʪʘ ʩ ʨʪʫʪʴʶ ʥʝʙʝʟʦʧʘʩʥʘ ʠʟ-ʟʘ 

ʪʦʢʩʠʯʥʦʩʪʠ ʝʸ ʧʘʨʦʚ, ʦʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʘʣʣ ʧʦʢʘʟʘʣ ʥʝʧʣʦʭʦʡ 

ʨʝʟʫʣʴʪʘʪ ʩ ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚ 73%. ɼʘʣʴʥʝʡʰʝʝ ʚʳʜʝʣʝʥʠʝ 
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ʜʠʭʣʦʨʠʜʦʚ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʪʚʦʨʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʚʘ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝ (H3O)2[M6Cl14]ĿnH2O (M = Mo, W), ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʝʨʤʦʣʠʟʫ ʚ ʚʘʢʫʫʤʝ 

(ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 1). 

(H3O)2[M6Cl14] Ÿ M6Cl12 + 2HCl + 2H2O (1) 

ɺʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʠ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

MX3 [11,13,33] ʠʣʠ MX4 [13,34]. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ 

(ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 2, 3). 

9MX3 Ÿ M6X12 + 3MX5 (2) 

18MX4 Ÿ M6X12 + 12MX5 (3) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʥʪʝʟʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʦʞʝʥʠʠ MoX3, ʪʦʛʜʘ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʪʨʘʛʘʣʦʛʝʥʠʜʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʜʣʷ ʩʠʥʪʝʟʘ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʚʦʣʴʬʨʘʤʘ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ 

ʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʦʥʠ ʥʘʭʦʜʷʪ ʩʚʦʸ ʨʘʟʚʠʪʠʝ ʠ ʚ ʜʦʚʦʣʴʥʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ [35]. 

ɺ ʩʪʘʪʴʝ Schªfer H. ʦʪ 1967 ʛ. ʫʧʦʤʠʥʘʝʪʩʷ ʝʱʸ ʜʚʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ W6I12: 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ WCl6 ʩ HI ʧʨʠ 110  ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʦʤ ʚ ʚʘʢʫʫʤʝ ʜʦ 500  

(ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 4), ʣʠʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʢʩʘʢʘʨʙʦʥʠʣʘ ʚʦʣʴʬʨʘʤʘ W(CO)6 ʩ 

ʠʦʜʦʤ ʧʨʠ 120  (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 5) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʨʤʦʣʠʟʦʤ ʧʦʣʫʯʝʥʥʦʛʦ 

WI3 ʧʨʠ 600  (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 6) [13]. ʅʝʜʦʩʪʘʪʢʦʤ ʧʦʩʣʝʜʥʝʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʳʜʝʣʷʶʱʝʛʦʩʷ CO, ʢʦʪʦʨʦʝ ʩʦʟʜʘʸʪʩʷ ʚ ʘʤʧʫʣʝ ʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʚʟʨʳʚʫ. 

6WCl6 + 36HI Ÿ W6I12 + 36HCl + 12I2 (4) 

2W(CO)6 + 3I2 Ÿ 2WI3 + 12CO (5) 

6WI3 Ÿ W6I12 + 3I2 (6) 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʠʩʪʝʤʘ W(CO)6 + I2 ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʩʪʘʪʴʝ Franolic J.D. ʦʪ 

1995 ʛ [36]. ʇʨʦʜʫʢʪʳ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ. ʊʘʢ, ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʦʛʦ ʥʘʙʦʨʘ 
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ʢʣʘʩʪʝʨʦʚ ʨʘʟʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ [W3I9]ï Ÿ [W4I11]ï Ÿ[W5I13]ï Ÿ [W6I14]2ï, ʧʨʠ ʵʪʦʤ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʨʠʚʦʜʠʣʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ. ɸʚʪʦʨʳ 

ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʚʳʜʝʣʷʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʥʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʥʘʟʚʘʥʥʳʝ ʠʤʠ çʌʘʟʘ ɸè ʠ çʌʘʟʘ ɹè, 

ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʩʪʫʧʘʣʠ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʛʦ 

ʥʘʙʦʨʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʧʠʩʘʥʳ ʥʘ ʩʭʝʤʝ ʥʠʞʝ (ʈʠʩ. 3). 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʩʠʥʪʝʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʘʚʪʦʨʳ ʦʮʝʥʠʚʘʣʠ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ (Bu4N)2[W6I14], 

ʧʦʣʫʯʝʥʥʳʡ ʠʩʭʦʜʷ ʠʟ W(CO)6. ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 30%, ʦʜʥʘʢʦ ʭʦʯʝʪʩʷ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʦʙʳʯʥʦ ʥʝ ʫʢʘʟʳʚʘʣʩʷ 

ʚʦʚʩʝ. 

ɼʣʷ ʩʠʥʪʝʟʘ Mo6I12 ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʝʱʸ ʜʚʝ ʤʝʪʦʜʠʢʠ, ʘ ʠʤʝʥʥʦ 

ʥʘʛʨʝʚʘʥʠʝ MoCl5 ʚ ʪʦʢʝ ʩʫʭʦʛʦ HI [37] ʠ ʨʝʘʢʮʠʷ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ (IV) ʠ ʦʢʩʠʜʘ 

ʤʦʣʠʙʜʝʥʘ (VI) ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʠʦʜʠʜʦʤ ʘʣʶʤʠʥʠʷ (ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 7, 8, 9) 

[38]. 

2MoCl5 + 10HI Ÿ 2MoI2 + 10HCl + 3I2 (7) 

MoO3 + 2AlI3 Ÿ MoI2 + 2I2 + Al2O3 (8) 

3MoO2 + 4AlI3 Ÿ 3MoI2 + 3I2+2Al2O3 (9) 

ʈʠʩ. 3 ʉʠʥʪʝʟ ʙʠʥʘʨʥʳʭ ʠʦʜʠʜʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
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ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʦʚʳʝ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʜʠʛʘʣʦʛʝʥʠʜʦʚ. ʊʘʢ, ʚ 2017 ʛʦʜʫ ʛʨʫʧʧʦʡ Meyer H.-J. ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ W6I12, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʛʘʣʦʛʝʥʘ ʚ ʨʝʘʢʮʠʠ WCl6 ʩ SiI4 ʚ 

ʢʦʣʙʝ ʐʣʝʥʢʘ ʚ ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ ʧʨʠ 120  ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʪʝʨʤʦʣʠʟʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ [21]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (95%) ʧʦʣʫʯʘʝʪʩʷ ʪʨʝʫʛʦʣʴʥʳʡ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ W3I12, ʢʦʪʦʨʳʡ ʦʯʠʱʘʶʪ ʦʪ ʠʦʜʘ ʠ ʭʣʦʨʠʜʦʚ ʢʨʝʤʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʪʦʢʘ ʘʨʛʦʥʘ [39]. ʇʦʩʣʝʜʫʶʱʠʡ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʪʝʨʤʦʣʠʟ W3I12 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ W6I12. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʦʜʥʦʤ ʠʟ ʵʪʘʧʦʚ 

ʪʝʨʤʦʣʠʟʘ ʜʠʠʦʜʠʜ ʚʦʣʴʬʨʘʤʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʝʪʠʧʠʯʥʦʡ ʜʣʷ ʜʠʛʘʣʦʛʝʥʠʜʦʚ 

ʘʣʴʬʘ-ʤʦʜʠʬʠʢʘʮʠʠ (ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ), ʢʦʪʦʨʘʷ ʧʝʨʝʭʦʜʠʪ ʚ ʦʩʥʦʚʥʫʶ ʙʝʪʘ-

ʤʦʜʠʬʠʢʘʮʠʶ (ʨʦʤʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ) ʧʨʠ ʧʨʦʛʨʝʚʝ ʚ ʚʘʢʫʫʤʝ (550 ). ʉʭʝʤʘ 

ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʈʠʩ. 4): 

 

1.3. ʇʦʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʇʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʜʠʛʘʣʦʛʝʥʠʜʦʚ M6X12 ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʦ ʧʦʥʠʞʘʝʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʠʠʦʜʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. 

ɺʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʠʭ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ. ʅʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʈʠʩ. 4 ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ W6I12 ʠʟ WCl6 ʠ SiI4 [21] 
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çʩʘʤʦʩʙʦʨʢʠè (çself-assemblyè), ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʘʷ ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʬʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ 

ʣʶʙʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʩʪʝʭʠʦʤʝʪʨʠʶ. ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʟʘʧʘʷʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʠʣʠ ʩʪʝʢʣʷʥʥʳʭ ʘʤʧʫʣʘʭ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʝʪʫʯʠʝ 

ʨʝʘʛʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʙʨʦʤ, ʘʤʧʫʣʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʘʶʪ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. 

ʄʝʪʦʜʦʤ ʩʘʤʦʩʙʦʨʢʠ ʚ ʥʘʰʠ ʜʥʠ ʧʦʣʫʯʘʶʪ Cs2[Mo6I14] (CsI+I2+Mo ʧʨʠ 700) 

[40]. ʎʝʟʠʝʚʘʷ ʩʦʣʴ ʨʘʩʪʚʦʨʠʤʘ ʚ ʩʧʠʨʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʦʯʠʩʪʢʫ ʦʪ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʤʦʣʠʙʜʝʥʘ, ʘ ʜʘʣʴʥʝʡʰʘʷ ʟʘʤʝʥʘ ʢʘʪʠʦʥʘ ʥʘ Bu4N+ ʠ 

ʧʨʦʤʳʚʘʥʠʝ ʩʧʠʨʪʦʤ ʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʜʝʣʝʥʠʝ ʯʠʩʪʦʛʦ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. ʇʦ ʘʥʘʣʦʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠ ʠʦʜʠʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩ ʧʨʦʪʠʚʦʠʦʥʦʤ K+ (KI+I2+Mo ʧʨʠ 650) [41], ʦʜʥʘʢʦ ʥʝʦʙʳʯʥʳʡ ʚʳʙʦʨ 

ʜʠʛʣʠʤʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʧʦʟʚʦʣʠʣ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʚʠʜʝ 

[K(diglyme)(CH3CN)]2[Mo6I14]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʚ 34%. 

ʂ ʜʘʥʥʦʤʫ ʪʠʧʫ ʨʝʘʢʮʠʡ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ WCl6 

ʚʠʩʤʫʪʦʤ, ʦʧʠʩʘʥʥʦʝ ʚ ʜʚʫʩʪʘʜʠʡʥʦʤ ʤʝʪʦʜʝ ʩʠʥʪʝʟʘ W6Cl12 [31] (ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʠ 10, 11). ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʤʧʫʣʴʥʦʡ 

ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 2009 ʛʦʜʫ ʚ ʨʘʙʦʪʘʭ Strºbele M. [42,43]. 

6WCl6 + 8Bi Ÿ BiW6Cl15 + 7BiCl3 (10) 

(BiCl)[W6Cl14] + 2HCl + (2+n)H2O Ÿ (H3O)2[W6Cl14]ĿnH2O + BiCl3 (11) 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ BiW6Cl15, ʢʦʪʦʨʳʡ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ (BiCl)[W6Cl14] (ʤʦʣʝʢʫʣʷʨʥʳʡ) 

ʠ (BiCl2)[W6Cl13] (ʮʝʧʦʯʝʯʥʳʡ) (ʈʠʩ. 5). 
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ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʚʪʦʨʷʝʪ ʤʦʪʠʚʳ 

ʩʪʨʫʢʪʫʨʳ NaCl, ʧʨʠ ʵʪʦʤ ʘʪʦʤ ʚʠʩʤʫʪʘ ʦʢʨʫʞʸʥ ʩʝʤʴʶ ʘʪʦʤʘʤʠ ʭʣʦʨʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʰʝʩʪʴ ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ Cla ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʜʣʠʥʳ 

ʩʚʷʟʝʡ Bi-Cla = 2.764 ï 3.097¡), ʘ ʩʝʜʴʤʦʡ ʨʘʩʧʦʣʦʞʝʥ ʙʣʠʞʝ ʢ ʤʝʪʘʣʣʫ (2.489 ¡) ʠ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʘʪʠʦʥʘ (BiCl)2+. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʦ ʚ (H3O)2[W6Cl14]ĿnH2O ʧʫʪʸʤ ʢʠʧʷʯʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 11). ɺ ʩʪʨʫʢʪʫʨʝ ʮʝʧʦʯʝʯʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʚʷʟʘʥʳ ʧʦ ʜʚʫʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʣʠʛʘʥʜʘʤ Cla ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʠ. ʇʦ ʥʦʪʘʮʠʠ ʐʝʬʬʝʨʘ ʬʦʨʤʫʣʘ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

[{W6Cli8}Cla4Claïa2/2]. ʆʩʪʘʚʰʠʝʩʷ ʯʝʪʳʨʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʘ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʷʜʝʨ, ʩʚʷʟʘʥʳ ʩ ʯʝʪʳʨʴʤʷ ʨʘʟʥʳʤʠ ʘʪʦʤʘʤʠ ʚʠʩʤʫʪʘ (Bi-Cla = 2.788 ï 

3.107¡). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢʘʞʜʳʡ ʘʪʦʤ ʚʠʩʤʫʪʘ ʦʙʨʘʟʫʝʪ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʭʣʦʨʘ (2.441 ʠ 2.459 ¡), ʬʦʨʤʠʨʫʷ ʢʘʪʠʦʥ (BiCl2)+. ʈʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ (BiCl2)[W6Cl13] ʥʝ ʦʙʩʫʞʜʘʣʘʩʴ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢ ʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ Cs2[Mo6Cl14] ʠʟ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ CsCl, Mo ʠ MoCl3 [44], ʚ ʢʦʪʦʨʦʤ ʘʚʪʦʨʳ ʩʩʳʣʘʶʪʩʷ 

ʥʘ ʨʘʥʥʶʶ ʨʘʙʦʪʫ 1986 ʛ. [45]. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʜʘʞʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʠ ʛʘʣʦʛʝʥʠʜʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʚʪʦʨʳ ʧʨʝʜʧʦʯʠʪʘʣʠ 

ʈʠʩ. 5 ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ (BiCl)[W6Cl14] (ʘ) ʠ ʮʝʧʦʯʝʯʥʦʛʦ (BiCl2)[W6Cl13] 

(ʙ) ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [42,43] 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ ï 

ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʨʝʘʢʮʠʠ çʚʳʨʝʟʘʥʠʷè ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʊʘʢʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʜʝʣʝʥʠʝ ʫʞʝ ʛʦʪʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʦʜʥʘʢʦ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ɼʣʷ ʨʝʘʢʮʠʡ çʚʳʨʝʟʘʥʠʷè ʯʘʩʪʦ 

ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʠ ʙʦʣʝʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʝʘʢʮʠʷʤʠ çʩʘʤʦʩʙʦʨʢʠè. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʤʝʪʦʜʠʢʦʡ çʚʳʨʝʟʘʥʠʷè ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ (H3O)2[{Mo6Cl8}Cl6] 

ʧʫʪʸʤ ʢʠʧʷʯʝʥʠʷ Mo6Cl12 ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ [46]. ʇʦʩʣʝ 

ʦʩʪʳʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʚ ʢʦʣʙʝ ʦʙʨʘʟʫʶʪʩʷ ʞʸʣʪʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʛʝʢʩʘʛʠʜʨʘʪʘ 

ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (H3O)2[{Mo6Cl8}Cl6]Ŀ6H2O. ʇʨʠ ʵʪʦʤ ʥʘʛʨʝʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʧʨʠʚʦʜʠʪ ʦʙʨʘʪʥʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ [47]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢ ʞʝ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʭʣʦʨʤʦʣʠʙʜʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ (pH). ʇʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʧʦʜʱʝʣʘʯʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʥʘʯʠʥʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ H2O ʠ OHï 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʧʨʦʜʫʢʪʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʚ ʦʩʘʜʦʢ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 12). 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ pH > 8.5 ʫʜʘʸʪʩʷ ʚʳʜʝʣʠʪʴ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʡ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ M2[{Mo6Cl8}(OH)6] (M ï ɦ ʝʣʦʯʥʦʡ ʤʝʪʘʣʣ) [48] (ʫʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 13). ɼʘʣʴʥʝʡʰʝʝ ʚʳʜʝʨʞʠʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ [49,50]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Mo6Cl8}4+ ʢʨʘʡʥʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʜʝʡʩʪʚʠʶ ʱʝʣʦʯʝʡ, ʪʦʛʜʘ ʢʘʢ ʢʠʧʷʯʝʥʠʝ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʠʩʣʦʪʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ. 

[{Mo6Cl8}Cl6]2ï + 2H2O + nOHï Ÿ [{Mo6Cl8}Cl4ïn(OH)n(H2O)2] + nClï (12) 

[{Mo6Cl8}Cl4ïn(OH)n(H2O)2] + 6ïnOHï Ÿ [{Mo6Cl8}(OH)6]2ï + 4ïnClï + 2H2O (13) 

ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠ ʭʣʦʨʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʚʦʣʴʬʨʘʤʘ [29,30], ʦʜʥʘʢʦ ʧʨʝʢʫʨʩʦʨʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʜʠʭʣʦʨʠʜ ʚʦʣʴʬʨʘʤʘ, ʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʝʢʩʘʭʣʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ ʚʠʩʤʫʪʦʤ [43]. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʥʝ 
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ʦʪʥʦʩʠʪʩʷ ʢ çʚʳʨʝʟʘʥʠʶè ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʠʪ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (BiCl)[W6Cl14], ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ 

ʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʘ, ʦʜʥʘʢʦ ʧʨʝʧʘʨʘʪʠʚʥʦ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʘ ʧʨʝʜʳʜʫʱʝʡ. 

ɺʳʰʝʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ ʭʣʦʨʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʄʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʶʙʳʝ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʝ 

ʢʠʩʣʦʪʳ HX (X = Cl, Br, I), ʜʘʞʝ ʝʩʣʠ ʚʥʫʪʨʝʥʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ ʠʤ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʨʠ çʚʳʨʝʟʘʥʠʠè ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ, ʧʨʠ ʵʪʦʤ ʢʠʧʷʯʝʥʠʝ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʚ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʷʜ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (H3O)2[{M6X8}X6̀] (M = Mo,W; XÍX` = Cl, Br, I) ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ 

ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʣʠʛʘʥʜʘʤʠ [29,47]. 

ʈʘʟʨʫʰʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʞʝ ʚ ʧʣʘʚʝ 

ʨʘʟʣʠʯʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ 700  ʠʟ Mo6I12 ʚ ʧʣʘʚʝ CsI ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ Cs2[Mo6I14] [35]. ɺ ʵʪʦʡ ʞʝ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʙʨʦʤʠʜʥʦʛʦ 

ʘʥʘʣʦʛʘ ʠʟ Mo6Br12 ʠ CsBr ʧʨʠ 950. ɼʣʷ ʩʠʥʪʝʟʘ ʠʦʜʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ 

ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʷʣʘʩʴ ʚʧʣʦʪʴ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʤʝʪʦʜ çʩʘʤʦʩʙʦʨʢʠè [40], ʫʧʦʤʠʥʘʚʰʠʡʩʷ ʨʘʥʝʝ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 14). 

Mo6I12 + 2CsI Ÿ Cs2[Mo6I14] (14) 

ɺʘʞʥʝʡʰʠʤ ʩʠʥʪʝʟʦʤ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʥʘʰʠ ʜʥʠ, ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ [W6I14]2ï ʠʟ W6Cl12. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, 

ʯʪʦʙʳ ʥʝ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ 

ʚʤʝʩʪʦ CsI ʠʩʧʦʣʴʟʫʶʪ ʵʚʪʝʢʪʠʯʝʩʢʫʶ ʩʤʝʩʴ KI/LiI (70/30%), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʘ ʜʦ 540. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʩʷʪʠʢʨʘʪʥʦʛʦ ʤʦʣʴʥʦʛʦ ʠʟʙʳʪʢʘ 

ʠʦʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʭʣʦʨʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʢʘʢ ʚʥʝʰʥʠʭ, ʪʘʢ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ (K/Li)2[W6I14] (ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ 15). ʇʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʥʝ ʚʳʜʝʣʷʶʪ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʘ ʚʦʚʣʝʢʘʶʪ ʚ ʨʝʘʢʮʠʶ ʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʘ ʥʘ 

Bu4N+, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʝʤʫ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ï 

ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ (ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ 16). 
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W6Cl12 + 14KI/LiI Ÿ (K/Li)2[{W6I8}I6] + 12KCl/LiCl (15) 

(K/Li)2[{W6I8}I6] + 2Bu4NI Ÿ (Bu4N)2[{W6I8}I6] + 2KI/LiI (16) 

ɺʧʝʨʚʳʝ ʵʪʦʪ ʤʝʪʦʜ ʙʳʣ ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʝ ʦʪ 1970 ʛʦʜʘ ʟʘ ʘʚʪʦʨʩʪʚʦʤ 

Hogue R.D. [29]. ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ ʚ 2017 ʛʦʜʫ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ 

ʛʨʫʧʧʦʡ ʉʦʢʦʣʦʚʘ ʄ.ʅ. [51]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʤʦʣʴʥʳʡ ʠʟʙʳʪʦʢ ʠʦʜʘ ʜʦ 

ʯʝʪʳʨʸʭʢʨʘʪʥʦʛʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʚʚʠʜʫ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʦʜʠʜʘ ʣʠʪʠʷ. 

1.4. ɿʘʤʝʥʘ ʢʘʪʠʦʥʦʚ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚ ʠʟʫʯʝʥʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʭ 

ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʘ ʠʤʝʥʥʦ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʘʢʮʠʠ 

ʟʘʤʝʱʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʚʦʜʷʪ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʨʘʩʪʚʦʨʥʳʤʠ 

ʨʝʘʢʮʠʷʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʨʘʩʪʚʦʨʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʧʨʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ (ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ), ʘ ʪʘʢʞʝ ʚ ʨʘʩʧʣʘʚʝ 

ʧʨʦʣʠʛʘʥʜʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʩʧʣʘʚʥʦʤ ʩʠʥʪʝʟʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ H3O+ ʥʝʜʦʧʫʩʪʠʤʦ, ʪʘʢ ʢʘʢ ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʦʜʘ ʠ ʢʠʩʣʦʪʘ ʙʫʜʫʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ, ʯʪʦ 

ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʧʨʠʚʝʜʸʪ ʢ ʧʦʥʠʞʝʥʠʶ ʚʳʭʦʜʘ, ʘ ʚ ʭʫʜʰʝʤ ʢ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʪʝʤ ʙʦʣʝʝ 

ʨʘʩʪʚʦʨʥʦʡ ʨʝʘʢʮʠʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʥʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʠʭ ʢʘʪʠʦʥʳ, ʢʘʢ H3O+, Cs+, K+ ʠ Li+. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʪʠʚʦʠʦʥʦʤ ʚʳʩʪʫʧʘʝʪ 

ʯʝʪʚʝʨʪʠʯʥʦʝ ʘʤʤʦʥʠʝʚʦʝ ʦʩʥʦʚʘʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ Bu4N+. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʚ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʘʣʠ ʨʘʙʦʪʳ Sheldon J. (1962) ʠ ʨʘʟʚʠʚʰʘʷ ʝʛʦ ʧʦʜʭʦʜ ʨʘʙʦʪʘ 

Cotton F. (1967). ɿʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʦʝʜʠʥʝʥʠʷʭ (H3O)2[{Mo6X8}X6̀] 

(X = Cl, Br, I; X` = Cl, Br, I) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʣʦʛʝʥʠʜʦʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ 

ʦʩʥʦʚʘʥʠʡ, ʦʜʥʘʢʦ ʤʝʪʦʜʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʄʝʪʦʜ ʐʝʣʜʦʥʘ, ʢʦʪʦʨʳʡ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʦ ʢʦʥʮʘ 90-ʭ ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʣʝʡ [{Mo6X8}X6]2ï, ʟʘʢʣʶʯʘʝʪʩʷ 
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ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [{Mo6X8}(OH)4(H2O)2]ĿnH2O ʩ ʛʦʨʷʯʝʡ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪʦʡ ʠ ʜʦʙʘʚʣʝʥʠʠ Et4NX ʜʣʷ ʟʘʤʝʥʳ ʢʘʪʠʦʥʘ ʠ ʦʪʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚ 

ʚʠʜʝ ʦʩʘʜʢʘ [52]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʐʝʣʜʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʦʣʠ 

ʘʥʠʦʥʦʚ [{Mo6I8}Br6]2ï ʠ [{Mo6I8}I6]2ï. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ [{Mo6I8}X4] (X = Br, I) ʠʣʠ ʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʠʩʣʦʪʘʭ. ɺ ʨʘʙʦʪʝ ʪʘʢ ʞʝ ʫʧʦʤʠʥʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʜʠʛʘʣʦʛʝʥʠʜʳ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ 

ʛʦʨʷʯʝʤ ʧʠʨʠʜʠʥʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ HX, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʦʤ ʧʠʨʠʜʠʥʠʷ (PyH)2[{Mo6X8}X6̀]. ɺ ʩʪʘʪʴʝ Cotton F. 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʠʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʘ ʐʝʣʜʦʥʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ ʮʝʟʠʷ ʠ ʪʝʪʨʘʬʝʥʠʣʘʨʩʦʥʠʷ [53]. ɿʘʤʝʥʫ ʢʘʪʠʦʥʘ ʚ ʭʣʦʨʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʧʨʦʚʦʜʠʣʠ ʧʫʪʸʤ ʨʘʩʪʚʦʨʝʥʠʷ M6Cl12 (M = Mo, W) ʚ ʩʤʝʩʠ ʵʪʘʥʦʣʘ ʠ HX 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʤʤʦʥʠʡʥʦʛʦ ʦʩʥʦʚʘʥʠʷ. ɼʣʷ 

ʙʨʦʤʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʛʢʘ ʠʟʤʝʥʸʥʥʳʡ ʤʝʪʦʜ ʐʝʣʜʦʥʘ, ʢʦʪʦʨʳʡ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʜʝʣʝʥʠʝ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ Mo6Br12 ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ NaOH ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ 

ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʙʨʦʤʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʥʝʦʙʭʦʜʠʤʫʶ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʫʶ ʢʠʩʣʦʪʫ ʠ ʘʤʤʦʥʠʡʥʦʝ 

ʦʩʥʦʚʘʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ (Et4N)2[{Mo6Br8}Cl6], 

(Et4N)2[{Mo6Br8}Br6] ʠ (Me4N)2[{Mo6Br8}I6]. 

ɺ 90-ʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Mo6I12 c 

Bu4NX (X = F, Cl, Br ʠ I) ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ [54,55]. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ 

ʤʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʝʪʦʜʝ ʐʝʣʜʦʥʘ, ʦʜʥʘʢʦ ʥʝʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʝʡ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʚʤʝʩʪʦ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʩʦʣʠ ʘʥʠʦʥʦʚ [{Mo6I8}Br6]2ï ʠ [{Mo6I8}I6]2ï, ʥʝʜʦʩʪʫʧʥʳʝ ʧʦ 

ʤʝʪʦʜʠʢʝ ʐʝʣʜʦʥʘ [52]. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʩʪʘʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʦʣʝʡ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ M2[{W6X8}L6] (M = H3O, Cs, Me4N, 

Et4N, Bu4N; X = L = Cl, Br, I), ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ Hogue R. ʠ McCarley R. [29]. ʂ ʨʘʩʪʚʦʨʫ 

W6X12 ʚ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʝ HX ʜʦʙʘʚʣʷʣʦʩʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ MX, 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚ ʵʪʘʥʦʣʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʘʜʢʦʚ. 
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ʉʝʨʠʷ ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʠʡʥʳʭ ʩʦʣʝʡ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ 

ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ [56]. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʠʤʝʥʥʦ ʩʦʣʠ ʩ ʢʘʪʠʦʥʦʤ Bu4N+. ʊʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʢʨʘʡʥʝ ʫʜʦʙʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ, ʛʜʝ ʜʘʥʥʳʝ ʩʦʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʧʦʣʫʯʝʥʠʝ ʪʨʠʬʣʘʪʥʳʭ [36,57,58], ʨʦʜʘʥʠʜʥʳʭ 

[59], ʩʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʳʭ [60,61] ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [62]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʭ ʩʦʣʝʡ ʯʘʱʝ ʚʩʝʛʦ 

ʦʩʥʦʚʘʥʳ ʥʘ ʦʪʣʠʯʘʶʱʝʡʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Cs+, K+, Li+) ʠ ʩ Bu4N+. ʊʘʢ, ʥʘʧʨʠʤʝʨ, (Bu4N)2[Mo6I14] ʠ 

(Bu4N)2[Mo6Br12] ʧʦʣʫʯʘʶʪ ʠʟ ʮʝʟʠʝʚʦʡ ʩʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

çʩʘʤʦʩʙʦʨʢʠè [35], ʧʫʪʸʤ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʘʮʝʪʦʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bu4NX. ʆʩʥʦʚʥʦʡ 

ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʧʘʜʝʥʠʝ CsI ʠ CsBr, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ 

ʘʮʝʪʦʥʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, (Bu4N)2[W6I14] ʚʳʜʝʣʷʶʪ ʚʳʩʘʞʠʚʘʥʠʝʤ ʠʟ ʵʪʘʥʦʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (K/Li)2[W6I14], ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʧʣʘʚʝ KI/LiI (70/30%) ʠʟ W6Cl12 [51]. 

ʇʨʦʤʳʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʩʧʠʨʪʦʤ ʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʦʩʪʘʪʦʯʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɺʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʟʫʯʝʥʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʪʳʢʝ ʩ ʙʠʦʣʦʛʠʝʡ ʠ ʤʝʜʠʮʠʥʦʡ, ʢʦʪʦʨʳʤ 

ʧʦʩʚʷʱʝʥʘ ʥʝʜʘʚʥʷʷ ʦʙʟʦʨʥʘʷ ʩʪʘʪʴʷ [63]. ɺʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʣʶʙʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ pH ʙʣʠʟʢʠʤ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ. ɺʳʙʦʨ ʢʘʪʠʦʥʘ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʯʘʱʝ 

ʚʩʝʛʦ ʧʘʜʘʝʪ ʥʘ Na+. ʅʘʪʨʠʝʚʫʶ ʩʦʣʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘʧʨʠʤʝʨ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʚʳʨʝʟʘʥʠʷ [64,65], ʪʘʢ ʠ ʥʘ 

ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʠʟ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʭ ʩʦʣʝʡ, ʢʘʢ ʵʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ 2022 ʛ. [66]. ɸʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʟʘʤʝʥʫ ʢʘʪʠʦʥʘ ʚ ʭʣʦʨʠʩʪʦʤ 

ʤʝʪʠʣʝʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʪʨʘʬʝʥʠʣʙʦʨʘʪʘ ʥʘʪʨʠʷ NaBPh4. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʝʱʸ ʤʥʦʛʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʦʣʫʯʝʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ [67ï69] ʠ 
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ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ [70ï72] ʢʘʪʠʦʥʘʤʠ, ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʩʣʠʰʢʦʤ ʠʥʪʝʨʝʩʥʳ ʚ ʢʦʥʪʝʢʩʪʝ 

ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

1.5. ɿʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʅʘʠʙʦʣʝʝ ʦʙʰʠʨʥʦʡ ʦʙʣʘʩʪʴʶ ʠʟʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʟʘʤʝʱʸʥʥʳʤʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʀʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ, ʙʫʜʴ ʪʦ ʧʦʣʫʯʝʥʠʝ 

ʩʪʘʙʠʣʴʥʳʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʦʝʜʠʥʝʥʠʡ, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʘ 

ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ) ʠʣʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʘʙʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʨʘʟʜʝʣʝ 1.6. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥʦ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ [{M6X8}L6]n, ʛʜʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ 

L ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ɼʣʷ ʧʨʷʤʦʛʦ ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʝʡ ʩʝʨʝʙʨʘ. ʇʨʠ ʵʪʦʤ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʝʘʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʚʳʧʘʜʝʥʠʝ ʛʘʣʦʛʝʥʠʜʦʚ ʩʝʨʝʙʨʘ AgX (X = Cl, Br, I) (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 17).  

[{M6X8}X6]2ï + 6AgL Ÿ [{M6X8}L6]2ï + 6AgXŹ (17) 

ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʩʠʥʪʝʟʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʨʘʙʦʪʝ Cotton F. [73], ʚ ʢʦʪʦʨʦʡ ʧʝʨʭʣʦʨʘʪ ʠ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪ ʩʝʨʝʙʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʩ ʷʜʨʦʤ {Mo6Cl8} ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʠ ʨʘʙʦʪʝ Hogue R. [29], ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʭʣʦʨʘʪ ʩʝʨʝʙʨʘ 

ʧʨʠ ʩʠʥʪʝʟʝ [{W6Br8}F4](H2O)5. ɺ ʦʙʝʠʭ ʨʘʙʦʪʘʭ ʩʦʣʠ ʩʝʨʝʙʨʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʣʠʛʘʥʜʦʚ, ʘ ʩʢʦʨʝʝ, ʢʘʢ ʨʝʘʛʝʥʪʳ ʜʣʷ ʦʪʨʳʚʘ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ. ɺ ʨʘʙʦʪʝ 

Hogue R. ʫʧʦʤʠʥʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʥʝʚʦʟʤʦʞʥʦ ʜʣʷ ʢʣʘʩʪʝʨʦʚ 

[W6Cl14]2ï, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʦʜʥʘʢʦ ʵʪʦ ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ ʘʚʪʦʨʘʤ ʩʪʘʪʴʠ ʦʪ 2000 ʛ. ʟʘ ʩʯʸʪ ʠʟʦʣʠʨʦʚʘʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (Bu4N)2[W6Cl14] ʩ ʪʨʠʬʣʘʪʦʤ ʠʣʠ ʪʦʟʠʣʘʪʦʤ ʩʝʨʝʙʨʘ ʦʪ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ [60,61]. ɺʳʭʦʜʳ ʟʘʤʝʱʸʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{W6Cl8}L6] (L = 

CF3SO3ï, CH3C6H4SO3ï) ʩʦʩʪʘʚʠʣʠ ʙʦʣʝʝ 80%. 
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ɺʘʞʥʦʡ ʚʝʭʦʡ ʚ ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʣʘ ʙʦʣʴʰʘʷ ʩʝʨʠʷ ʩʪʘʪʝʡ 

ʉʦʢʦʣʦʚʘ ʄ.ʅ. ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʠʦʜʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ ʦʧʨʦʙʦʚʘʥʘ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʚʥʫʰʠʪʝʣʴʥʦʡ 

ʩʝʨʠʠ ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʣʠʛʘʥʜʘʤʠ C3F7COOï 

[74], (CſCC(O)OMe)ï [75,76], (SC6F4H)ï [77], ʥʠʪʨʦʬʝʥʦʣʷʪʘʤʠ [78], ʪʦʟʠʣʘʪʦʤ [79], 

ʘ ʪʘʢʞʝ ʜʚʝ ʙʦʣʴʰʠʝ ʩʝʨʠʠ ʩ ʜʨʫʛʠʤʠ ʦʩʪʘʪʢʘʤʠ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʠ ʦʙʳʯʥʳʭ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [51,80]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʤʦʣʠʙʜʝʥʘ ʩ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʦʢʘʟʘʣʠ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʨʝʢʦʨʜʥʳʝ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʟʘʣʦʞʠʣʦ ʪʨʝʥʜ ʥʘ ʠʟʫʯʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʥʘʭʦʜʷʪ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ 

ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʚ ʩʪʘʪʴʝ 2022 ʛ., ʧʦʩʚʷʱʸʥʥʦʡ ʩʠʥʪʝʟʫ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʠʦʣʘʤʠ [M6I8(SArf)6]2ī (M=Mo, W; SArf=p-SC6F4-C6F5, p-SC6F4Cl, p-

SC6F4CF3) [81].  

ʇʘʨʘʣʣʝʣʴʥʦ ʩʠʥʪʝʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʝʙʨʷʥʳʭ ʩʦʣʝʡ ʨʘʟʚʠʚʘʣʩʷ ʠ ʚ 

ɽʚʨʦʧʝ. ɺ ʩʪʘʪʴʷʭ Kirakci K. ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ ʩ ʪʨʠʬʪʦʨʘʮʝʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (Bu4N)2[{Mo6I8}(CF3COO)6], 

ʠʟʫʯʝʥʠʝ ʝʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ 

ʭʣʦʨʠʜʥʳʤ ʠ ʙʨʦʤʠʜʥʳʤ ʘʥʘʣʦʛʘʤʠ [62,82]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ 

Meyer H.-J. ʠʟʫʯʘʣʘ ʪʨʠʬʣʘʪʥʳʡ, ʪʨʠʬʪʦʨʘʮʝʪʘʪʥʳʡ ʠ ʪʦʟʠʣʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {W6Br8} ʠ {W6I8} [83ï87], ʘ ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʦʧʠʩʘʥʦ 

ʧʦʣʫʯʝʥʠʝ (Bu4N)2[{M6I8}(NCO)6] (M = Mo, W) ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ [40], ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʠ ʩ ʧʨʦʰʣʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʧʨʷʤʦʤʫ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʙʳʪʢʘ ʧʨʦʣʠʛʘʥʜʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʥʦʛʦ ʠʣʠ ʨʘʩʧʣʘʚʥʦʛʦ 

ʩʠʥʪʝʟʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʰʸʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʨʝʥʠʷ, 

ʦʜʥʘʢʦ ʜʣʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʦʥ ʥʝ ʪʘʢ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥ. ɺ ʨʘʥʥʝʡ ʨʘʙʦʪʝ 1959 ʛ. ʫʧʦʤʠʥʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʭʣʦʨʤʦʣʠʙʜʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʨʦʜʘʥʠʜʦʤ ʢʘʣʠʷ, ʦʜʥʘʢʦ ʘʚʪʦʨʘʤ ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ 

ʧʨʦʜʫʢʪ ʟʘʤʝʱʝʥʠʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ [48]. ɺ ʢʦʥʮʝ XX ʚʝʢʘ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʨʘʙʦʪ Preetz W. c ʩʦʘʚʪʦʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʣʠʩʴ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 
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[{M6Cl8}(NCS)6]2ï (M = Mo, W) [88,89]. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʦʜʘʥʘ (SCN)2 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï20 , ʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʳʩʪʫʧʘʣʠ (Bu4N)2[{Mo6I8}I6] ʠ [(Ph3P)2N]2[{W6Cl8}I6]. ɺ ʠʪʦʛʝ 

ʛʝʢʩʘʨʦʜʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʩ 

ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ(Mo ï 70%; W ï 60%). ʕʪʠʤʠ ʘʚʪʦʨʘʤʠ ʪʘʢʞʝ ʦʧʠʩʳʚʘʣʦʩʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (Bu4N)2[{W6Cl8}Cl6] ʩ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (CF3COOH) ʚ 

ʜʠʭʣʦʨʤʝʪʘʥʝ [90], ʦʜʥʘʢʦ ʪʘʢʘʷ ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʪʦʣʴʢʦ ʢ ʯʘʩʪʠʯʥʦʤʫ ʟʘʤʝʱʝʥʠʶ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʨʠʯʸʤ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ 

ʩʠʥʪʝʟʘ. 

ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ, ʧʨʦʚʝʜʸʥʥʫʶ ʥʘ ʙʘʟʝ ʀʅʍ ʉʆ ʈɸʅ, ʚ ʢʦʪʦʨʦʡ 

ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ (Bu4N)2[{Mo6Br8}(NCS)6] [91]. ʀʩʭʦʜʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʚʳʩʪʫʧʘʝʪ Mo6Br12, ʦʜʥʘʢʦ ʘʚʪʦʨʳ ʫʯʠʪʳʚʘʶʪ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʠ 

ʧʣʦʭʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʠʙʨʦʤʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚ ʢʠʩʣʦʪʘʭ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʶʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʠʪʴ ʝʛʦ ʚ ʛʦʨʷʯʝʤ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ (DMSO) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʢʠʧʷʱʝʡ HCl, ʩ ʮʝʣʴʶ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (H3O)2[{Mo6Br8}Cl6]. 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʨʝʘʢʮʠʶ ʩ KSCN, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʜʫʢʪ 

ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʦʡ ʩʦʣʠ. 

ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʬʨʘʥʮʫʟʩʢʠʝ ʢʦʣʣʝʛʠ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʛʝʢʩʘʘʟʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ NaN3 c ʨʘʩʪʚʦʨʦʤ 

ʜʠʙʨʦʤʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚ ʵʪʘʥʦʣʝ [92]. 

ɺʘʞʥʘʷ ʨʘʙʦʪʘ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 2016 ʛ. ɺ ʥʝʡ ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Mo6I12 c NaN3 ʠ NaSCN ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [65]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ çʚʳʨʝʟʘʥʠʝè ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ ʠ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ NCSï ʠ N3ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʘ ʨʘʙʦʪʘ 

ʠʥʪʝʨʝʩʥʘ ʪʝʤ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʦʢʘʟʘʣʠʩʴ ʨʘʩʪʚʦʨʠʤʳʤʠ ʠ ʜʦʚʦʣʴʥʦ 

ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʉʦʣʴʚʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʧʨʠʤʝʥʷʣʩʷ ʜʠʩʩʝʨʪʘʥʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʟʠʜʥʦʛʦ 

ʠ ʨʦʜʘʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ (Bu4N)2[{W6I8}(L)6] (L = NCSï, N3ï) [59]. 

ʀʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʣ (Bu4N)2[{W6I8}I6], ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʠʣʮʝʣʣʦʟʦʣʴʚ (2-ʤʝʪʦʢʩʠʵʪʘʥʦʣ). ʅʝ ʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 
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ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠʟʙʳʪʢʘ ʢʘʪʠʦʥʦʚ Na+, ɻʣʝʤʝʥʪʥʳʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ ʥʝ ʧʦʢʘʟʘʣʠ ʝʛʦ ʥʘʣʠʯʠʝ ʚ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ. ʄʝʪʦʜʠʢʘ ʙʳʣʘ 

ʪʘʢ ʞʝ ʦʧʨʦʙʦʚʘʥʘ ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʘʥʘʣʦʛʦʚ. 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʧʨʷʤʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʜʦʚʦʣʴʥʦ 

ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʦ ʚ ʚʳʙʦʨʝ ʣʠʛʘʥʜʦʚ. ʕʪʦ ʧʦʜʚʦʜʠʪ ʥʘʩ ʢ ʥʦʚʦʤʫ ʧʦʜʭʦʜʫ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʧʨʦʤʝʞʫʪʦʯʥʳʭè ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʣʘʙʠʣʴʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʟʘʤʝʱʘʪʴʩʷ ʥʘ 

ʥʝʦʙʭʦʜʠʤʳʝ ʣʠʛʘʥʜʳ, ʞʝʣʘʪʝʣʴʥʦ, ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʝʱʸ ʙʦʣʴʰʝ 

ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ. 

1.6. ʉʠʥʪʝʟ ʠ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʘʙʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʅʘʯʘʪʴ ʭʦʪʝʣʦʩʴ ʙʳ ʩ ʫʧʦʤʷʥʫʪʳʭ ʨʘʥʝʝ ʪʨʠʬʣʘʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Bu4N)2[{M6X8}(CF3SO3)6] (M = Mo, W; X = Cl, Br, I). ʀʭ ʩʠʥʪʝʟʠʨʫʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʭ ʩʦʣʝʡ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʨʠʬʣʘʪʦʤ ʩʝʨʝʙʨʘ [36,57,58,61,86] (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 18). ʉʠʥʪʝʟ 

ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ ʤʷʛʢʦʡ ʨʘʩʪʚʦʨʥʦʡ ʭʠʤʠʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʘ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʩʦʣʠ ʩʝʨʝʙʨʘ ʷʚʣʷʶʪʩʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ. 

ɿʥʘʯʠʪʝʣʴʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʧʘʜʝʥʠʝ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ AgX, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʵʢʚʠʤʦʣʷʨʥʳʝ ʢʦʣʠʯʝʩʪʚʘ CF3SO3Ag (ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʧʦʨʷʜʢʘ 10%). 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʣʘʙʠʣʴʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʤʝʱʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʷʛʢʦʡ ʨʘʩʪʚʦʨʥʦʡ ʭʠʤʠʠ (ʫʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 19). 

(Bu4N)2[{M6X8}X6] + 6AgCF3SO3 Ÿ (Bu4N)2[{M6X8}(CF3SO3)6] + 6AgXŹ (18) 

(Bu4N)2[{M6X8}(CF3SO3)6] + 6L Ÿ (Bu4N)2[{M6X8}L6] + 6CF3SO3ï (19) 

ʊʨʠʬʣʘʪʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʙʰʠʨʥʘʷ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʯʠʥʘʷ ʩ 

ʧʨʠʚʳʯʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ({Mo6Cl8}: Br6 ʠ I6 [57]; {Mo6Br8}: Cl6 ʠ I6 [58]; 

{W6Cl8}: F6, Cl6, Br6 ʠ I6 [60,61]) ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʦʚʩʝʤ ʥʝʦʙʳʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʥʘʧʨʠʤʝʨ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʚʳʩʪʫʧʘʶʪ ʵʣʝʢʪʨʦʥʥʘʩʳʱʝʥʥʳʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ ʮʠʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 
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[CpMn(CO)2CN]ï ʠ CpRu(PPh3)2CN [93]. ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʚ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʠʬʣʘʪʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ. 

ʈʘʥʥʠʝ ʨʘʙʦʪʳ 90-ʭ ʛʦʜʦʚ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʠʪʫʪʘʭ ʉʐɸ. Johnston D. ʩ ʩʦʘʚʪʦʨʘʤʠ ʩ ʧʦʤʦʱʴʶ ʪʨʠʬʣʘʪʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦʣʫʯʠʣʠ ʦʙʰʠʨʥʫʶ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ {Mo6Cl8}, ʘ 

ʠʤʝʥʥʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ (Cl, Br, I), ʤʝʪʠʣʘʪʥʳʤʠ, 

ʘʮʝʪʘʪʥʳʤʠ ʠ ʨʦʜʘʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [57]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Mo6Cl8}L6](CF3SO3)4 c ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʦʤ (OPPh3), 

ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʤ (C5H5NO) ʠ ʜʠʙʝʥʟʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (DBSO). ʇʦʟʞʝ ʵʪʦʪ ʨʷʜ 

ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ ʜʦʧʦʣʥʝʥ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

[{Mo6Cl8}(CH3CN)6](SbCl6)4 [94]. ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ 

[CpMn(CO)2CN]ï ʠ CpRu(PPh3)2CN [93], ʫʧʦʤʠʥʘʚʰʠʝʩʷ ʨʘʥʝʝ. ɼʣʷ ʙʨʦʤʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʣʠʛʘʥʜʘʤʠ Cl, I, NCSï, OPPh3 ʠ 

ʦʧʠʩʘʥʳ ʥʝʫʜʘʯʥʳʝ ʧʦʧʳʪʢʠ ʧʝʨʝʥʝʩʪʠ ʤʝʪʦʜʠʢʫ ʥʘ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Mo6I8} [58]. ɺ 

ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʪʨʠʬʣʘʪʥʳʡ ʤʝʪʦʜ ʙʳʣ ʧʝʨʝʥʝʩʸʥ ʥʘ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʚʦʣʴʬʨʘʤʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ [Bu4N]2[{W6Cl8}L6] (L = F, Cl, Br, I, NCO, 

NCS, NCSe) [60,61] ʠ ʩʘʤ ʪʨʠʬʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ. 

ɺ ʧʝʨʠʦʜ ʩ 2005 ʧʦ 2009 ʛ. ʪʨʠʬʣʘʪʥʳʡ ʤʝʪʦʜ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʣʩʷ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʦʡ Perrin C. ʚ ʢʦʦʧʝʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ɽʚʨʦʧʳ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ, ʘ 

ʣʠʛʘʥʜʘʤʠ ʚʳʩʪʫʧʘʣʠ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʠʥʘ ʠ ʜʝʥʜʨʦʥ 3,5-

{CH2OC6H4C(CH2CH=CH2)3}2Py ʥʘ ʝʛʦ ʦʩʥʦʚʝ [95,96]. ʆʧʠʩʳʚʘʝʪʩʷ ʪʘʢ ʞʝ 

ʢʦʦʨʜʠʥʘʮʠʷ ʦʨʛʘʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ [RuCp(PPh3)2(ɖ1-C2-4-Py)] ʠ 1-Fc-2-(4-

Py) ʘʮʝʪʠʣʝʥʘ, ʘ ʪʘʢʞʝ ʬʝʥʦʣʷʪʥʦʛʦ ʜʝʥʜʨʦʥʘ p-HO-C6H4C{CH2CH2CH2Si(Me)2Fc}3 

ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʮʝʥʘ (Fc ï ʬʝʨʨʦʮʝʥʠʣ) [96,97]. ɼʣʷ ʚʩʝʡ ʩʝʨʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘʤʝʱʝʥʠʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʥʘ TTF-

CH=CH-Py [98], ʦʨʛʘʥʠʯʝʩʢʫʶ ʤʦʣʝʢʫʣʫ, ʠʤʝʶʱʫʶ ʚ ʩʦʩʪʘʚʝ ʢʘʢ ʧʠʨʠʜʠʥʦʚʳʡ 

ʛʝʪʝʨʦʮʠʢʣ, ʪʘʢ ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʡ ʪʝʪʨʘʪʠʦʬʫʣʴʚʘʣʝʥ (TTF). 

ʀʟ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪ ʭʦʪʝʣʦʩʴ ʙʳ ʫʧʦʤʷʥʫʪʴ ʥʘʫʯʥʫʶ ʛʨʫʧʧʫ Meyer H.-

J., ʨʘʙʦʪʳ ʢʦʪʦʨʦʡ ʙʳʣʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʮʝʣʝʥʳ ʥʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʠʬʣʘʪʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʘ ʥʘ ʧʝʨʝʥʦʩʝ ʤʝʪʦʜʠʢʠ 
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ʧʦʣʫʯʝʥʠʷ ʪʨʠʬʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʩ ʷʜʨʦʤ {W6Br8} ʠ 

{W6I8} ʩ ʙʦʣʴʰʠʤ ʫʧʦʨʦʤ ʥʘ ʠʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [83ï86]. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʠʬʣʘʪʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʥʠʪʨʘʪʥʳʝ [99] ʠ ʪʦʟʠʣʘʪʥʳʝ [100], ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʦʞʝ ʦʙʣʘʜʘʶʪ 

ʣʘʙʠʣʴʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [101] ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʟʠʣʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʝʥʝʝ ʦʩʥʦʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʘʮʝʪʘʪ ʠʣʠ ʘʟʠʜ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʨʠʬʣʘʪʥʳʤ ʤʝʪʦʜʦʤ. 

(Bu4N)2[{W6Cl8}(OTs)6] ʧʦʟʚʦʣʠʣ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʘʢ ʫʞʝ ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ, ʪʘʢ ʠ 

ʥʦʚʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ NCOï, NCSï, NCSeï ʠ 

CH3COOï, ʘ ʪʘʢʞʝ ʩ ʵʣʝʢʪʨʦʥʥʘʩʳʱʝʥʥʳʤʠ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʤʠ ʮʠʘʥʠʜʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ [CpMn(CO)2CN]ï, CpRu(PPh3)2CN ʠ CpOs(PPh3)2CN, ʢʦʪʦʨʳʝ 

ʚʩʪʨʝʯʘʣʠʩʴ ʨʘʥʝʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʪʦʣʴʢʦ ʜʣʷ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

[93]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʪʨʘʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ Preetz W. 

ʩ ʩʦʘʚʪʦʨʘʤʠ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʛʝʢʩʘʥʠʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ 

ʪʨʝʙʫʝʪʩʷ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʷʪ ʚ ʜʚʘ ʵʪʘʧʘ: ʩʥʘʯʘʣʘ ʨʘʩʪʚʦʨʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{Mo6X8}X6] (X = Cl, Br) ʩ 

6 ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, ʘ ʟʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʶʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʣʠʛʘʥʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ 

ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (Fï, Clï, Brï, Iï) [102] ʠ ʜʨʫʛʠʤʠ ʜʦʥʦʨʘʤʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ, ʘ ʠʤʝʥʥʦ CNï [103], NCSï [103,104], NCSeï, NCOï [105] ʠ N3ï [106]. 

ɺʤʝʩʪʦ ʥʠʪʨʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ ʩʝʨʝʙʨʘ (ʪʘʢʞʝ ʙʝʟ 

ʚʳʜʝʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ). 

ɼʨʫʛʠʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʠʣʘʪʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[{M6X8}(OMe)6], ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʛʘʣʦʛʝʥʠʜʦʚ Mo6X12 (X = Cl, Br, I) ʩ ʤʝʪʠʣʘʪʦʤ ʥʘʪʨʠʷ ʚ ʤʝʪʘʥʦʣʝ 

ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ [27,107,108] (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 20). ɼʣʷ 

ʚʦʣʴʬʨʘʤʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʝ Na2[{W6I8}(OMe)6] ʧʦ 
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ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ [109]. ʉʠʥʪʝʟ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪ ʢʘʢ ʠʟ W6I12, ʪʘʢ ʠ ʠʟ 

Na2[{W6I8}I6] (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 21). ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ ʠʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʨʘʥʥʝʡ ʨʘʙʦʪʳ Nannelli P. ʠ Block B. [27], ʘ ʠʤʝʥʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʤʝʪʦʢʩʠ ʣʠʛʘʥʜʘʤʠ Na2[{Mo6(OMe)8}(OMe)6]. ɺ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʪʘʢʦʡ ʧʦʣʥʦʩʪʴʶ 

ʤʝʪʦʢʩʠʟʘʤʝʱʸʥʥʳʡ ʢʦʤʧʣʝʢʩ ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʝʥʦʣʦʤ [110]. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ Na2[{Mo6(OMe)8}(OPh)6] ʠ Na2[{Mo6(OMe)4(OPh)4}(OPh)6]. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʝʪʠʣʘʪʥʳʡ ʤʝʪʦʜ ʥʘʮʝʣʝʥ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʢ ʢʣʘʩʪʝʨʥʦʤʫ 

ʷʜʨʫ ʦʩʪʘʪʢʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠʣʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ ʪʠʦʣʦʚ [111]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʳʜʝʣʷʶʱʠʡʩʷ OMeï 

ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʠ ʥʝ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʮʝʣʝʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 22). 

Mo6X12 + 6NaOMe Ÿ Na2[{M6X8}(OMe)6] + 4NaX (20) 

Na2[{W6I8}I6] + 6NaOMe Ÿ Na2[{W6I8}(OMe)6] + 6NaI (21) 

Na2[{M6X8}(OMe)6] + 6HL Ÿ Na2[{M6X8}L6] + 6MeOH (22) 

ʄʝʪʠʣʘʪʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʩʠʥʪʝʟʠʨʦʚʘʪʴ [{Mo6Cl8}L6]2ï ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʣʢʦʛʦʣʷʪʘʤʠ ʠ ʬʝʥʦʣʷʪʘʤʠ, ʘ ʠʤʝʥʥʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʢʦʨʠʯʥʳʤ ʩʧʠʨʪʦʤ 

[112], ʬʝʥʦʣʦʤ [113], ʜʝʥʜʨʦʥʘʤʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [114], 4-ʛʠʜʨʦʢʩʠʙʝʥʟʘʤʠʜʦʤ [115] 

ʠʣʠ ʢʘʨʙʦʢʩʠʬʝʨʨʦʮʝʥʦʤ. ɺ ʩʪʘʪʴʷʭ ʟʘ ʘʚʪʦʨʩʪʚʦʤ Szczepura L. F. ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Na2[{Mo6Cl8}(OMe)6] ʩ ʵʪʠʣʪʠʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʘʪʠʦʥʦʚ Bu4N+ ʠ (PPh3)2N+ [116,117]. ʇʦʣʫʯʝʥʥʳʝ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʘʥʠʦʥʦʤ [{Mo6Cl8}(SEt)6]2ï ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʚʣʝʢʘʣʠʩɹ ʚ ʨʝʘʢʮʠʠ 

ʟʘʤʝʱʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʪʠʦʣʘʤʠ, ʘ ʠʤʝʥʥʦ ʙʫʪʠʣʪʠʦʣʦʤ, ʪʠʦʬʝʥʦʣʦʤ, ʙʝʥʟʠʣʪʠʦʣʦʤ ʠ 

3-ʠʥʜʦʣʠʣʪʠʦʣʦʤ. 

ʀʥʪʝʨʝʩʥʳʝ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʫʧʧʦʡ K. Lang`ʘ ʥʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʷʜʨʦʤ {Mo6I8}. ʊʘʢ, ʤʝʪʠʣʘʪʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ ʩ 4-(ʜʠʬʝʥʠʣʬʦʩʬʠʥ)ʙʝʥʟʦʘʪʦʤ [118], ʦʩʪʘʪʢʘʤʠ ʘʥʪʨʘʮʝʥ-9-, ʧʠʨʝʥ-1- 

ʠ ʘʜʘʤʘʥʪʘʥ-1-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [108,119], ʘ ʪʘʢʞʝ ʦʩʪʘʪʢʘʤʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʦʟʦ-ʜʠʢʘʨʙʘʜʦʜʝʢʘʙʦʨʘʥ(12)-C-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʠʤʝʥʥʦ 1,2-closo-C2B10H11-1-

COOH, 1,7-closo-C2B10H11-1-COOH ʠ 1,12-closo-C2B10H11-1-COOH [120]. ʀʟ ʵʪʦʛʦ 
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ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ Na2[{Mo6I8}(anthraceneïCOO)6] ʠ 

Na2[Mo6I8(pyreneïCOO)6], ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʦʙʣʘʜʘʶʪ ʦʙʰʠʨʥʦʡ 

-́ʩʠʩʪʝʤʦʡ. ʇʦʜʦʙʥʳʝ ʣʠʛʘʥʜʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʚʦʝʦʙʨʘʟʥʳʭ ʘʥʪʝʥʥ, ʥʘʣʠʯʠʝ 

ʢʦʪʦʨʳʭ ʙʣʘʛʦʪʚʦʨʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [108] ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʚʪʦʨʳ ʫʩʧʝʰʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʷ ʷʨʢʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʚʦ 

ʚʥʝʰʥʝʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ ʨʘʟʚʝʪʚʣʸʥʥʳʭ -́ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʧʦʛʣʦʱʘʪʴ 

ʵʥʝʨʛʠʶ ʠ ʧʝʨʝʜʘʚʘʪʴ ʝʸ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʉʭʝʤʘʪʠʯʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ (ʈʠʩ. 6). 

 

ʄʝʪʠʣʘʪʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣ ʪʘʢʞʝ ʧʦʣʫʯʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Na2[Mo6I8(2-

[2-(2-methoxyethoxy)ethoxy]acetate)6], ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʘʚʪʦʨʘʤʠ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʘʛʝʥʪ ʜʣʷ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ [121]. ʉʦʝʜʠʥʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʩʪʘʙʠʣʴʥʳʤ ʚ ʚʦʜʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʧʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ 

ʈʠʩ. 6 ʂʘʯʝʩʪʚʝʥʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʢʣʘʩʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩ pyreneïCOOï (ʚʝʨʭ) ʠ anthraceneïCOOï (ʥʠʟ). ʇʕ 

-ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ, ʀʂʈ - ʀʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ, ɹʈ - 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ 
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ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʛʝʥʝʨʘʮʠ ʁʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʄʝʪʠʣʘʪʥʳʡ ʤʝʪʦʜ ʥʝ ʥʘʰʸʣ ʙʦʣʴʰʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʭʠʤʠʠ ʤʦʣʠʙʜʝʥʘ. ʇʦ ʜʘʥʥʦʡ ʪʝʤʝ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ ʇʨʦʥʠʥʦʡ ɽ.ɺ. [111], ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥ 

ʩʠʥʪʝʟ ʪʠʦʣʘʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ Na2[M6I8(RS)6] (R 

= Ph, Bn (ʙʝʥʟʠʣ), tBuBn) ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʦʣʦʚ ʘʤʧʫʣʴʥʳʤ ʤʝʪʦʜʦʤ 

ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ ʧʨʠ 100 . ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʠʩʴ 

ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʠʦʬʝʥʦʣʦʤ (Mo ï 68%; W ï 53%), ʥʘʠʤʝʥʴʰʠʡ ʚʳʭʦʜ 

ʟʘʷʚʣʝʥ ʜʣʷ Na2[W6I8(t-BuBnS)6] ʠ ʩʦʩʪʘʚʠʣ 21%. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ Bu4NI ʢ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʚʳʜʝʣʝʥʠʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʥʘʪʨʠʝʚʳʤʠ ʩʦʣʷʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

(Bu4N)2[Mo6I8(RS)6]. ɺʳʜʝʣʝʥʠʝ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʭ ʩʦʣʝʡ ʧʨʠʚʦʜʠʣʦ ʢ 

ʯʘʩʪʠʯʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʠʩʪʦʯʥʠʢ ʤʦʣʠʙʜʝʥʘ. 

ɽʱʸ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʣʫʯʝʥʠʝ ʢʘʪʠʦʥʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚʳʩʪʫʧʘʶʪ ʤʦʣʝʢʫʣʳ 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʃʠʛʘʥʜʳ ʪʘʢʦʛʦ ʪʠʧʘ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʨʪ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʧʘʨʘʪʠʚʥʦʝ ʫʜʦʙʩʪʚʦ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ: 1) ʣʘʙʠʣʴʥʦʩʪʴ, 2) ʥʝ ʪʨʝʙʫʶʪ 

ʧʨʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʵʪʘʧʦʚ ʦʯʠʩʪʢʠ ʦʪ ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, 3) 

ʥʠʟʢʘʷ ʮʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʣʷʤʠ ʩʝʨʝʙʨʘ, 4) ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʤʝʪʠʣʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʚʦʣʴʥʦ ʦʩʥʦʚʥʳʡ, ʯʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ ʝʛʦ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ). ɿʘ ʩʯʸʪ ʩʚʦʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 

ʩʪʘʪʴ ʫʜʦʙʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʤʷʛʢʦʡ ʨʘʩʪʚʦʨʥʦʡ 

ʭʠʤʠʠ. 

ʂʦʦʨʜʠʥʘʮʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʩ ʟʘʨʷʜʦʤ 4+ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [{M6X8}L6]4+. ʊʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʯʝʥʴ ʤʘʣʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʭʠʤʠʠ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ 

ʫʧʦʤʠʥʘʣʠʩʴ ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʨʘʥʝʝ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ [57,58], ʘ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʪʘʢ ʞʝ ʥʝ ʩʣʠʰʢʦʤ ʨʘʩʰʠʨʷʶʪ ʵʪʫ 
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ʛʨʫʧʧʫ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʘʙʦʪʝ 1965 ʛ. Cotton F. ʦʧʠʩʳʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

[{Mo6Cl8}L6](ClO4)4 ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (DMSO) ʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ (DMF) 

[73]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʠʩʭʦʜʷ ʠʟ Mo6Cl12, ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʤʝʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʮʝʣʝʚʦʛʦ 

ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʳʜʝʣʝʥʠʝʤ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʩʘʜʢʘ. ɸʚʪʦʨʳ ʪʘʢ 

ʞʝ ʦʙʩʫʞʜʘʶʪ ʩʚʦʠ ʧʦʧʳʪʢʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʩ ʧʠʨʠʜʠʥʦʤ, 

ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʤ, ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʦʤ, ʪʨʠʬʝʥʠʣʘʨʩʠʥʦʢʩʠʜʦʤ ʠ 

ʜʠʙʝʥʟʠʣʩʫʣʴʬʦʢʩʠʜʦʤ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ, ʦʜʥʘʢʦ 

ʚʳʜʝʣʠʪʴ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʥʝ ʫʜʘʣʦʩʴ. 

ɺ ʩʪʘʪʴʝ 1995 ʛ. ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [{Mo6Cl8}(CH3CN)6](SbCl6)4 [94]. 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʩʚʦʝʡ ʮʝʣʴʶ ʩʠʥʪʝʟ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʦʯʝʥʴ ʣʘʙʠʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʆʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ [57,93], ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʙʳʣ ʚʳʙʨʘʥ ʪʨʠʬʣʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʣʘʙʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ï 

ʘʮʝʪʦʥʠʪʨʠʣ (CH3CN), ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʢʘʢ ʜʦʚʦʣʴʥʦ ʩʣʘʙʳʡ 

ʜʦʥʦʨ, ʪʘʢ ʢʘʢ ʟʘʤʝʱʝʥʠʝ ʪʨʠʬʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʘʮʝʪʦʥʠʪʨʠʣ ʧʨʠʚʦʜʠʣʦ ʪʦʣʴʢʦ ʢ 

ʧʨʦʜʫʢʪʘʤ ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ SbCl5 ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʰʝʩʪʠʟʘʤʝʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ 23, 24). ɺʳʭʦʜ ʨʝʘʢʮʠʠ 

ʩʦʩʪʘʚʠʣ ʤʝʥʝʝ 5%. 

(Bu4N)2[{Mo6Cl8}(CF3SO3)6]+ 6KSH Ÿ (Bu4N)2[{Mo6Cl8}(SH)6] + 6KCF3SO3 (23) 

(Bu4N)2[{Mo6Cl8}(SH)6] + 6CH3CN+ 4SbCl5 + 4HCl Ÿ   

 [{Mo6Cl8}(CH3CN)6](SbCl6)4 + 2Bu4NSH + 4H2S (24) 

ʆʩʦʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʘʟʘʣʘ 

ʨʘʙʦʪʘ ʇʨʦʥʠʥʦʡ (ʉʚʝʞʝʥʮʝʚʦʡ) ɽ.ɺ. ʦʪ 2018 ʛ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʣʩʷ ʩʠʥʪʝʟ 

[{M6I8}(DMSO)6](NO3)4 (M = Mo, W) ʠ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʠʭ ʛʠʜʨʦʣʠʟʘ (ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ) ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [122]. 

ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ, ʦʜʥʘʢʦ ʩʦ ʚʨʝʤʝʥʝʤ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ DMSO ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɺʦʣʴʬʨʘʤʦʚʳʡ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʣʠʙʜʝʥʦʚʳʤ 

ʘʥʘʣʦʛʦʤ. ʅʘʣʠʯʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ 
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ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M6I8}(DMSO)6](NO3)4 (M = Mo, W) 

ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʳʜʝʨʞʠʚʘʥʠʝ ʜʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʥʦʚʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ (ʈʠʩ. 7). 

 

ʅʘ ʦʩʥʦʚʝ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ɼʅʂ [123]. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʭʦʨʦʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʨʘʢʦʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʠ ʤʦʛʫʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʘʛʝʥʪʘʤʠ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʛʨʫʧʧʘ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, 

ʦʜʥʘʢʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦ ʠʟʫʯʝʥʥʦʡ, ʯʝʤ ʠ ʦʙʨʘʪʠʣʘ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʜʠʩʩʝʨʪʘʥʪʘ. 

1.7. ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ɼʦ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʫʤʳʰʣʝʥʥʦ ʥʝ ʫʧʦʤʠʥʘʣʠʩʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʙʦʨʘʤʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ 

ʥʘʟʳʚʘʪʴ çʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʤʠè. ʕʪʘ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢ ʞʝ ʜʦʚʦʣʴʥʦ ʩʣʘʙʦ 

ʠʟʫʯʝʥʘ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʫʯʸʥʳʤ 

ʧʦʜʨʦʙʥʝʝ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʠʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʄʆʂʇ ʨʘʟʣʠʯʥʦʡ 

ʈʠʩ. 7 ɼʘʥʥʳʝ ʪʝʤʥʦʚʦʡ (ʩʣʝʚʘ) ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ (ʩʧʨʘʚʘ) ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʩʚʝʞʠʭ ʠ ʚʳʜʝʨʞʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ [{W6I8}(DMSO)6](NO3)4 [122] 
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ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʙʦʪʘʤ Brosset, ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʩʪʨʦʝʥʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

[{Mo6Cl8}Cl4(H2O)2]Ŀ6H2O [124,125], ʦʜʥʘʢʦ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʣʝʢʣʠ ʚ 60-r ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ 

ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ɺ ʨʘʙʦʪʘʭ Sheldon, J. C. 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʚʝʜʝʥʠʶ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʘʟʣʠʯʥʦʤ pH [47ï49,52] ʠ ʤʝʭʘʥʠʟʤʘʤ ʟʘʤʝʱʝʥʠʷ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ OHï [50,126]. ʀʟ ʨʘʩʪʚʦʨʦʚ (H3O)2[{Mo6Cl8}X6]Ŀ6H2O (X 

= Cl, Br ʠʣʠ I) ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ pH ʚʳʧʘʜʘʶʪ ʦʩʘʜʢʠ, ʦʪʚʝʯʘʶʱʠʝ ʬʦʨʤʫʣʝ 

[{Mo6Cl8}Xy(OH)z(H2O)2]ĿnH2O, ʛʜʝ y + z = 4 [47]. ɺ ʩʣʫʯʘʝ ʞʝ ʫʚʝʣʠʯʝʥʠʷ pH 

ʨʘʩʪʚʦʨʘ ʜʦ 8.5, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʞʸʣʪʦʛʦ ʞʝʣʘʪʠʥʦʦʙʨʘʟʥʦʛʦ ʦʩʘʜʢʘ 

ʘʢʚʘʛʠʜʨʦʢʩʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Cl8}(OH)4(H2O)2]ĿnH2O. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ pH 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ ʛʝʢʩʘʛʠʜʨʦʢʩʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[48]. ʅʝʡʪʨʘʣʴʥʳʝ ʘʢʚʘʛʠʜʨʦʢʩʦ ʢʦʤʧʣʝʢʩʳ ʫʜʘʣʦʩʴ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ pH. ʇʦʣʫʯʝʥʳ ʦʥʠ ʙʳʣʠ ʚ ʚʠʜʝ 

ʛʠʜʨʘʪʦʚ [{Mo6Cl8}(OH)4(H2O)2]ĿnH2O, ʦʜʥʘʢʦ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʪʘʢ ʢʘʢ ʚʦʜʘ ʣʝʛʢʦ ʪʝʨʷʝʪʩʷ ʧʨʠ 

ʚʳʩʫʰʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ. ɸʢʚʘʛʠʜʨʦʢʩʦ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {Mo6Br8} ʠ {Mo6I8} ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʭ ʩʣʘʙʦʱʝʣʦʯʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ [52]. ɼʣʷ ʠʦʜʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ 

ʚ ʩʦʩʪʘʚʝ, ʪʦʛʜʘ ʢʘʢ ʙʨʦʤʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʧʘʜʘʝʪ ʚ ʚʠʜʝ ʭʦʨʦʰʦ ʦʪʜʝʣʷʶʱʝʛʦʩʷ 

ʦʩʘʜʢʘ [{Mo6Br8}(OH)4(H2O)2]Ŀ12H2O [52]. ʇʦʟʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʢʣʦʥʥʦʩʪʴ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʢ ʧʦʣʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʨʘʩʪʚʦʨʘʭ 

ʱʝʣʦʯʝʡ [126] ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʭʣʦʨʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʦʤ [49,50]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʪʘʢ ʞʝ 

ʫʧʦʤʠʥʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʠʨʠʜʠʥʦʤ ʩʦʩʪʘʚʘ [{Mo6X8}X4̀(C5H5N)2] (X 

= Cl, Br, I) [47,48,52], ʦʜʥʘʢʦ ʠʟ-ʟʘ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʩʪʠ ʥʝ ʫʜʘʣʦʩʴ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʠʭ ʩʪʨʦʝʥʠʝ. 
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ɺʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩ ʜʨʫʛʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʩʪʘʪʴʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʦʣʫʯʝʥʠʝ ʠʟ 

Mo6Cl12 ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6Cl8}L2Cl4] ʩ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ 

(DMF) ʠ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (DMSO) [73]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [{Mo6Cl8}L2(CH3SO3)4] ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʟʠʣʘʪʘ 

ʩʝʨʝʙʨʘ, ʘ ʟʘʤʝʥʘ ʝʛʦ ʥʘ ʧʝʨʭʣʦʨʘʪ ʩʝʨʝʙʨʘ ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ [{Mo6Cl8}L6](ClO4)4 ʩ ʪʝʤʠ ʞʝ ʣʠʛʘʥʜʘʤʠ. ʕʪʘ ʩʪʘʪʴʷ ʩʪʘʣʘ 

ʚʜʦʭʥʦʚʝʥʠʝʤ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʢʦʪʦʨʦʝ ʦʧʠʩʘʥʦ ʚ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʪʘʢ ʞʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʫʯʝʥʠʶ [{W6X8}L2X4], ʛʜʝ L ï ɻ ʪʦ ʤʦʣʝʢʫʣʘ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ [29]. ɸʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʪʝʨʤʦʣʠʟ (H3O)2[{W6X8}Xô6]ĿnH2O (X Í Xô; X 

= Cl, Br, I; Xô = F, Cl, Br, I) ʠ ʧʦʤʠʤʦ ʩʤʝʰʘʥʥʳʭ ʜʠʛʘʣʦʛʝʥʠʜʦʚ [{W6X8}Xô4], 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 325 , ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [{W6X8}(H2O)2Xô4] (Xô = Cl, Br, I). ɸʚʪʦʨʳ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʨʘʩʪʚʦʨʝʥʠʝ W6Cl12 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [{W6Cl8}(CH3CN)2Cl4], 

ʘ [{W6I8}I4] ʚ ʵʪʘʥʦʣʝ ʦʙʨʘʟʫʝʪ [{W6I8}(EtOH)2I4]. ʅʘʛʨʝʚʘʥʠʝ [{W6I8}I4] ʚ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʦʤ (50:50) ʨʘʩʪʚʦʨʝ ʩ HX (X = F, Cl, Br, I) ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ [{W6I8}(EtOH)2I3X] [29]. ʇʦʟʞʝ ʩʝʨʠʶ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʟʘʬʠʢʩʠʨʦʚʘʣʠ Stallmann M. ʠ Preetz W. ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(Bu4N)2[{W6Cl8}Cl6] ʩ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (CF3COOH) ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʟʘʤʝʱʝʥʠʠ ʥʘ ʬʪʦʨʠʜʥʳʝ ʣʠʛʘʥʜʳ [90]. ʇʦʩʣʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʚʨʝʤʝʥʠ (ʦʪ 20 ʜʦ 100 ʯʘʩʦʚ) ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʩʷ NH4F, ʯʪʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʟʘʤʝʥʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ CF3COOï ʥʘ Fï, ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʘʪʦʤʘʭ ʬʪʦʨʘ (ʗʄʈ 19F). ɸʚʪʦʨʳ 

ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ [{W6Cl8}FnCl6ïn]2ï ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʤ 

[{W6Cl8}(CF3COO)nCl6ïn]2ï (n=1-6). ʊʘʢʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ 

ʟʘʤʝʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ 100 ʯʘʩʦʚ 

ʧʨʠʚʦʜʠʣʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʨʤ ʩ n = 4-6. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ 

ʘʚʪʦʨʳ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

(Bu4N)2[{W6Cl8}F6]Ŀ2CH2Cl2. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʥʪʝʟ ʜʠʟʘʤʝʱʸʥʥʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ [{Mo6Cl8}Cl4L2]2ï ʩ ʤʝʪʠʣʘʪʥʳʤʠ ʠ 9-ʘʥʪʨʘʮʝʥʤʝʪʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

[127]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 9-ʘʥʪʨʘʮʝʥʤʝʪʠʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳ ʧʦʣʫʯʝʥ ʧʫʪʸʤ 

ʟʘʤʝʱʝʥʠʷ ʤʝʪʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ [{Mo6Cl8}Cl4(OMe)2]2ï. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʨʝʘʢʮʠʡ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʪʨʝʪʠʯʥʳʭ 

ʬʦʩʬʠʥʦʚ ʠ ʬʦʩʬʠʥʦʢʩʠʜʦʚ. ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʧʦʩʚʷʱʝʥʘ ʢʦʦʨʜʠʥʘʮʠʠ 

ʪʨʠʵʪʠʣʬʦʩʬʠʥʘ, ʪʨʠʧʨʦʧʠʣʬʦʩʬʠʥʘ, ʜʠʵʪʠʣʬʝʥʠʣʬʦʩʬʠʥʘ ʠ 

ʵʪʠʣʜʠʬʝʥʠʣʬʦʩʬʠʥʘ [128]. ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʠʟʘʤʝʱʸʥʥʳʝ [{Mo6Cl8}(PL3)2Cl4] (PL3 = PEt3, PEtPh2) ʠ ʪʨʠʟʘʤʝʱʸʥʥʳʝ 

[{Mo6Cl8}(PEt3)3X3] (X = Cl, Br, I) ʠ [{Mo6Cl8}(PL3)3X3] (X = Cl, I; PL3 = P(n-Pr)3, 

PEt2Ph). ʇʦʟʞʝ ʩʝʨʠʷ ʜʠʟʘʤʝʱʸʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʧʦʣʥʠʣʘʩʴ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ 

ʪʨʠʧʨʦʧʠʣʬʦʩʬʠʥʦʤ, ʪʨʠʙʫʪʠʣʬʦʩʬʠʥʦʤ, ʪʨʠʧʝʥʪʠʣʬʦʩʬʠʥʦʤ, [129,130]. ʉ 

ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʘʚʪʦʨʘʤ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʨʘʟʜʝʣʠʪʴ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʳ 

ʧʦʣʫʯʝʥʥʳʭ ʜʠʟʘʤʝʱʸʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʘʢʦ ʮʠʩ-ʠʟʦʤʝʨ ʙʳʣ ʚʳʜʝʣʝʥ 

ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʩ P(n-Pr)3. ɹʳʣ ʪʘʢ ʞʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʟʘʤʝʱʝʥʠʷ ʦʩʪʘʚʰʠʭʩʷ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʘʣʢʠʣʴʥʳʝ ʛʨʫʧʧʳ. ɼʣʷ ʵʪʦʛʦ 

ʬʦʩʬʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʚʣʝʢʘʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʪʨʠʘʣʢʠʣʘʣʶʤʠʥʠʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʟʘʤʝʱʝʥʠʶ ʜʚʫʭ ʠʣʠ ʪʨʸʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ 

[{Mo6Cl8}(PL3)2R2Cl2] ʠ [{Mo6Cl8}(PL3)2R3Cl] (R = CnH2n+1, n = 1-6, L = -CH2-Ph ʠʣʠ 

-CſC-Ph) [129,130]. ʇʦʟʞʝ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʟʘʤʝʥʘ 

ʪʨʠʧʝʥʪʠʣʬʦʩʬʠʥʘ ʥʘ ʪʨʠʵʪʠʣʬʦʩʬʠʥ ʚ ʭʦʜʝ ʯʝʛʦ ʧʨʦʠʟʦʰʣʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʩ-[{Mo6Cl8}(P(C2H5)3)2Cl4] 2THF (THF = 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ) [131]. ʊʘʢʞʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ 

ʬʦʩʬʠʥʦʢʩʠʜʦʚ, ʘ ʠʤʝʥʥʦ ʪʨʠʵʪʠʣʬʦʩʬʠʥʦʢʩʠʜʘ ʠ ʪʨʠʧʨʦʧʠʣʬʦʩʬʠʥʦʢʩʠʜʘ, ʦʜʥʘʢʦ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʧʳʪʢʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʤʝʨʦʚ ʙʳʣʠ 

ʙʝʟʨʝʟʫʣʴʪʘʪʥʳʤʠ [132]. ʅʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʦʣʴʬʨʘʤʘ ʜʘʥʥʳʡ ʢʣʘʩʩ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʘʤʠ [{W6Cl8}(PL3)2Cl4] (L = (n-C4H9, n-

C5H11) ʠ ʠʭ ʘʣʢʠʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ [{W6Cl8}(PL3)2(C2H5)2Cl2] ʠ 

[{W6Cl8}(PL3)2(C2H5)3Cl]. 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʠʟʫʯʝʥʠʝ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʩʪʘʚʘʣʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ ʤʝʥʴʰʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ 



40 

 

ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʧʣʦʪʴ ʜʦ ʦʪʢʨʳʪʠʷ ʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ [74]. ʆʙʨʘʟʦʚʘʥʠʝ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʛʠʜʨʦʣʠʟʘ [K(diglyme)(CH3CN)]2[Mo6I14] ʚ ʙʦʨʘʪʥʦʤ 

ʙʫʬʝʨʝ [133]. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʪʨʠ ʛʠʜʨʘʪʘ 

[{Mo6I8}(H2O)2(OH)4]ĿnH2O (n = 14, 12, 2). ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ, 

ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʣʩʷ ʩʠʥʪʝʟ [{W6I8}(H2O)2(OH)4]Ŀ6H2O ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʚ ʘʮʝʪʦʥʦʚʳʡ ʨʘʩʪʚʦʨ (Bu4N)2[{W6I8}(NO3)6] 

[134]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʜʣʝʥʥʦʝ ʫʧʘʨʠʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʚʝʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʚʝʥʘʜʮʘʪʴʶ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 

ɸʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ ʧʦʟʞʝ ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʄʘʨʯʫʢ ʄ.ɺ. ʠ ʩʦʘʚʪʦʨʘʤʠ 

ʚ ʨʷʜʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{Mo6I8 }(H2O)4(OH)2]X2ĿnH2O (X = NO3
ï, OTsï) ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʛʦʨʷʯʝʤ ʵʪʘʥʦʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{Mo6I8}L6] (L = NO3
ï, OTsï) [2,4]. 

ʆʜʥʘ ʠʟ ʨʘʙʦʪ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [{Mo6I8 }(H2O)4(OH)2](NO3)2 c 

ʜʠʬʝʥʠʣʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʧʨʦʪʠʚʦʠʦʥʘ ʥʘ 

(PhO)2PO2ï [5]. ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʥʪʝʟ ʥʝʡʪʨʘʣʴʥʳʭ 

[{Mo6I8}(H2O)2(OH)4]ĿnH2O (n = 12, 2), ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ 

2.5% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʢ ʨʘʩʪʚʦʨʘʤ [{Mo6I8}(H2O)4(OH)2](NO3)2Ŀ3H2O. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʩ n = 12 ʦʢʘʟʘʣʩʷ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʚʦʣʴʬʨʘʤʦʚʦʤʫ 

ʘʥʘʣʦʛʫ, ʘ ʥʝ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʥʝʝ [{Mo6I8}(H2O)2(OH)4]Ŀ12H2O. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʨʘʙʦʪʳ ʘʚʪʦʨʳ ʫʜʝʣʷʶʪ ʠʟʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʣʠʷʥʠʶ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʈʠʩ. 8). 
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ʊʝ ʞʝ ʘʚʪʦʨʳ ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ ʧʦʩʚʷʱʸʥʥʫʶ ʧʨʷʤʦʤʫ ʟʘʤʝʱʝʥʠʶ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʧʠʨʠʜʠʥʦʚʦʤ ʨʘʩʪʚʦʨʝ [{Mo6I8}I6]2ï [135]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʜʠʟʘʤʝʱʸʥʥʳʡ ʪʨʘʥʩ-

[{Mo6I8}(py)2I4]. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʩʦʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʤʦʥʦʟʘʤʝʱʸʥʥʳʤ 

[{Mo6I8}(py)I5]ï ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:1. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʟʘʤʝʱʝʥʠʝ ʠ ʥʘ ʜʨʫʛʠʝ N-

ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ, ʘ ʠʤʝʥʥʦ ʘʮʝʪʦʥʠʪʨʠʣ ʠ 1,2,4-ʪʨʠʘʟʦʣ [136]. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʩ-ʠʟʦʤʝʨʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʠ ʚ ʩʣʫʯʘʝ ʩ ʧʠʨʠʜʠʥʦʤ, ʙʳʣʠ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʩ ʤʦʥʦʟʘʤʝʱʸʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʝʥʟʦʥʠʪʨʠʣʴʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-

[{W6I8} (NCC6H5)2I4], ʢʦʪʦʨʳʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʚ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʈʦʜʘʤʠʥʘ ɹ [3]. ɺʘʞʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʜʘʶʱʘʷʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ, ʥʘʨʷʜʫ ʩ ʫʟʢʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʦʡ (2.17 

ʵɺ), ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʕʪʦʡ ʞʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʦʧʠʩʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ W6I22 ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ 

(CH3CN) ʧʨʠ 140  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ [137,138]. ʊʘʢʘʷ ʨʝʘʢʮʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [{W6I8}(CH3CN)3I3](I7)ĿI2, ʦʜʥʘʢʦ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʥʝ ʫʢʘʟʘʥ. 

ʈʠʩ. 8 ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʢʚʘʛʠʜʨʦʢʩʦ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʫʭʫʜʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʷʤʳʭ 

ʢʦʥʪʘʢʪʦʚ MoïO(H)HỄO(H)ïMo [5] 
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ɸʚʪʦʨʳ ʪʘʢʞʝ ʦʧʠʩʳʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʠ ʜʨʫʛʠʭ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʠʤʝʥʥʦ 

[{W6I8}(CH3CN)6]4+ ʠ [{W6I8}(CH3CN)5I]3+ [138]. 

ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʧʨʠʤʝʨʳ ʘʥʠʦʥʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʜʣʷ 

ʤʦʣʠʙʜʝʥʘ, ʪʘʢ ʠ ʜʣʷ ʚʦʣʴʬʨʘʤʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʥʠ ʚ ʩʪʘʪʴʝ [139] ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʳʭ 

ʩʦʣʝʡ ʩ ʘʥʠʦʥʦʤ ʪʨʘʥʩ-[{Mo6I8}+(CN)4(OMe)2]2ī ʠ ʪʨʘʥʩ-[{W6I8}(CN)2(OMe)4]2ī. 

(Bu4N)2[M6I14] ʚʚʦʜʠʣʠʩʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʟʙʳʪʢʦʤ ʮʠʘʥʠʜʘ ʥʘʪʨʠʷ ʚ ʤʝʪʘʥʦʣʝ 

ʧʨʠ 100 . ʊʘʢ ʞʝ ʚ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʩʭʦʜʷ ʠʟ Mo6I12. 

1.8. ʉʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʠʥʪʝʨʝʩʥʳʭ 

ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʅʘʠʙʦʣʝʝ 

ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ({Mo6I8} ï 1591; 

{W6I8} ï 2118 ʛ/ʤʦʣʴ), ʢʦʪʦʨʘʷ ʚ ʩʫʤʤʝ ʩ ʥʘʙʦʨʦʤ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʠ 

ʧʨʦʪʠʚʦʠʦʥʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʘ 2000-3000 ʛ/ʤʦʣʴ. ʊʘʢʠʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʝʥʪʛʝʥʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ. ʇʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʥʪʛʝʥʢʦʥʪʨʘʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[M6I14] (M = Mo, W) ʦʧʠʩʘʥʦ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ɽʚʪʫʰʦʢ ɼ.ɺ. [140]. ɸʚʪʦʨʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʷʨʥʘʷ ʨʘʜʠʦʧʣʦʪʥʦʩʪʴ 

(ʨʝʥʪʛʝʥʢʦʥʪʨʘʩʪʥʦʩʪʴ) ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ 

K4[{Re6Te8}(CN)6] [141], ʯʴʷ ʨʝʥʪʛʝʥʢʦʥʪʨʘʩʪʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʩʪʘʥʜʘʨʪʥʳʡ 

ʢʦʥʪʨʘʩʪ ʁʦʛʝʢʩʦʣ (OmnipaqueÈ, GE Healthcare) ʚ 4.8 ʨʘʟ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠʭ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʟʘʪʨʘʛʠʚʘʝʪ ʋʌ- ʠ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ʕʪʦ 

ʩʚʦʡʩʪʚʦ ʦʪʢʨʳʚʘʝʪ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʩʧʝʢʪʠʚʳ 

ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ [6,63], ʬʦʪʦʢʘʪʘʣʠʟʝ [64,142,143] ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [144ï149]. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʛʘʣʦʛʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʚʦʟʥʠʢ ʧʦʩʣʝ 

ʧʫʙʣʠʢʘʮʠʠ Gray H. et al. ʚ 1981 ʛʦʜʫ [150] ʠ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ, ʢʘʢ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ï ʥʝʪʝʧʣʦʚʦʝ ʩʚʝʯʝʥʠʝ 

ʚʝʱʝʩʪʚʘ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʧʦʩʣʝ ʧʦʛʣʦʱʝʥʠʷ ʠʤ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʜʘʥʥʦʤ 
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ʩʣʫʯʘʝ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʧʦʛʣʦʱʘʶʪ ʚ 

ʰʠʨʦʢʦʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ/ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʘ ʵʤʠʩʩʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʚʠʜʠʤʦʡ ʢʨʘʩʥʦʡ/ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʧʨʦʬʠʣʠ 

ʠʩʧʫʩʢʘʥʠʷ ʨʝʥʪʛʝʥʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʚʠʜʠʤʦʡ ʢʨʘʩʥʦʡ/ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʠʜʝʥʪʠʯʥʳ [3,119]. ʂʘʢ 

ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʩʚʦʸ ʚʨʝʤʷ ʚʳʟʚʘʣʠ ʠʦʜʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʦʩʪʘʪʢʘʤʠ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʳʜʘʶʱʠʝʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [51,74,80]. ʇʨʦʚʦʜʷʪʩʷ ʪʘʢ ʞʝ ʧʦʧʳʪʢʠ 

ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʤʝʶʱʠʭʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[65,122,151ï153], ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʘʢ 

ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʷ. ʉʧʠʩʦʢ ʚʦʟʤʦʞʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ 

ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʝʱʸ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʘʢ ʧʦʪʦʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʛʣʝʪʥʦʡ 

ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ʈʠʩ. 9). 

 

ʈʠʩ. 9 ʉʭʝʤʘʪʠʯʥʘʷ ʜʠʘʛʨʘʤʤʘ ʗʙʣʦʥʩʢʦʛʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. ʀʂʂ - ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ, ʂʈ - ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ 

ʨʘʩʩʝʠʚʘʥʠʝ 
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ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʩ ʪʨʠʧʣʝʪʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʩʠʩʪʝʤʝ ʪʫʰʠʪʝʣʴ, 

ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 25):  

[{ʄ6X8}L6]2ï* + O2 Ÿ [{ʄ6X8}L6]2ï + 1O2 (25) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʫʧʝʨʦʢʩʠʜ-ʠʦʥʘ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 26):  

[{ʄ6X8}L6]2ï* + O2 Ÿ [{ʄ6X8}L6]ï + O2ï (26) 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʟʘ ʩʯʸʪ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[119,154,155]. ɼʘʥʥʳʝ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʚʝʱʝʩʪʚ-

ʣʦʚʫʰʝʢ (1,5-ʜʠʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ (DHN), 9,10-ʜʠʤʝʪʠʣʘʥʪʨʘʮʝʥ (DMA), 

ʧʠʨʦʩʣʠʟʝʚʘʷ ʢʠʩʣʦʪʘ (FA) ʠ ʜʨ.) ʩ ʩʠʥʛʣʝʪʥʦʡ ʬʦʨʤʦʡ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʚʝʪʦʤ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʢʣʘʩʪʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ (Bu4N)2[Mo6I8(CH3COO)6] ʠ ʨʘʟʣʠʯʥʳʤʠ ʣʦʚʫʰʢʘʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʪʚʝʨʜʠʣʩʷ ʤʝʭʘʥʠʟʤ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʢʦʥʚʝʨʩʠʷ ʣʦʚʫʰʢʠ ʚ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ. ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʜʠʩʩʝʨʪʘʥʪʘ ʪʘʢ ʞʝ ʙʳʣʘ 

ʧʦʩʚʷʱʝʥʘ ʵʪʦʡ ʪʝʤʝ, ʘ ʠʤʝʥʥʦ ʠʟʫʯʝʥʠʶ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[W6I8L6] (L = NCSï, N3ï) ʠ ʩʨʘʚʥʝʥʠʶ ʠʭ 

ʩ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ [59]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ), ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʣʦʢʘʣʴʥʦʝ ʠʣʠ ʩʠʩʪʝʤʥʦʝ 

ʚʚʝʜʝʥʠʝ ʥʝʪʦʢʩʠʯʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ). ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʘ ʟʥʘʯʠʪ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʘʤʦʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʣʘʢʠ, ʢʨʘʩʢʠ, ʪʢʘʥʠ ʠ ʜʨ.) [156ï159], 

ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ ʠʭ ʰʠʨʦʢʠʡ ʧʨʦʬʠʣʴ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢ ʞʝ ʠ ʚʠʜʠʤʳʡ ʩʚʝʪ. ʇʦʜʨʦʙʥʦ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 
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ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ 

ʦʧʠʩʘʥʦ ʚ ʥʝʜʘʚʥʝʤ ʦʙʟʦʨʝ [6]. 

ɽʱʸ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʬʦʪʦʢʘʪʘʣʠʟ, ʢʦʪʦʨʳʡ 

ʭʦʪʝʣʦʩʴ ʙʳ ʦʙʩʫʜʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʦʪʜʝʣʴʥʦʡ ʛʣʘʚʝ. 

1.9. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʠʦʜʫ 

ʧʦʩʣʝʜʥʠʭ ʧʷʪʥʘʜʮʘʪʠ ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʦ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ - 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘʧʨʠʤʝʨ, ʪʝʢʩʪʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ TiO2, WO3, Ta2O5, ZnS ʠ CdS [160], ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ 

ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ TiO2. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʘʷ ʟʘʧʨʝʱʸʥʥʘʷ 

ʟʦʥʘ (3.2 ʵɺ), ʠʟ-ʟʘ ʯʝʛʦ ʜʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 4% ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. ʇʣʦʭʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ TiO2 ʚ 

ʬʦʪʦʢʘʪʘʣʠʟʝ. ɼʨʫʛʦʡ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʡ ʢʣʘʩʩ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ï ʵʪʦ 

ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ (ʇʆʄ) [161]. ʆʜʥʘʢʦ ʜʣʷ ʥʠʭ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʴʰʘʷ 

ʟʘʧʨʝʱʸʥʥʘʷ ʟʦʥʘ, ʧʦʵʪʦʤʫ ʪʦʣʴʢʦ ʩʚʝʪ ʜʦ 400 ʥʤ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-

ʜʳʨʦʯʥʳʭ ʧʘʨ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʮʝʩʩʘ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ. 

ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʤʦʞʝʪ ʩʪʘʪʴ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʦʙʲʝʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʢʨʘʩʠʪʝʣʴ ʈʦʜʘʤʠʥ ɹ [3,64]. ʆʩʥʦʚʦʡ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʘʩʠʪʝʣʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʢʘ ʨʘʩʪʚʦʨ ʦʙʣʫʯʘʶʪ ʙʝʣʳʤ ʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʩʪʘʪʴʝ 2012 ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʣʩʷ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ Na2[Mo6Br8(N3)6] [64]. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
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ʩʦʩʪʘʚʠʣʘ 30 ʤʛ/ʣ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʧʨʠʚʦʜʠʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 50 ʤʛ/ʣ ʥʝ ʧʦʢʘʟʘʣʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ. ʇʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʈʦʜʘʤʠʥʘ ɹ (10 ʤʛ/ʣ) 

ʥʘʙʣʶʜʘʣʦʩʴ ʯʝʨʝʟ 40 ʤʠʥʫʪ ʧʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʦʙʣʫʯʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʪʨʝʙʫʝʪʩʷ ʦʢʦʣʦ 60 ʤʠʥʫʪ. ʇʨʦʮʝʩʩ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʩʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ln(C/C0) ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʳʝ ʢʦʥʩʪʘʥʪʳ ʨʝʘʢʮʠʠ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Na2[Mo6Br8(N3)6] ʩʦʩʪʘʚʠʣʠ 0.103 ʤʠʥī1 ʧʦʜ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ 0.085 ʤʠʥī1 ʧʦʜ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʙʦʪʦʡ, ʧʦʩʚʷʱʸʥʥʦʡ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [W6I12(NCC6H5)2] [3]. ʆʥ 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ Cs2W6I14, ZnI2 ʠ ʙʝʥʟʦʥʠʪʨʠʣʘ (ʪʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʧʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ W6I22 ʩ ʙʝʥʟʦʥʠʪʨʠʣʦʤ) ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʦʙʘʚʣʝʥʠʝ ZnI2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʚʳʜʝʣʷʶʱʝʛʦʩʷ CsI. 

ɹʝʥʟʦʥʠʪʨʠʣʴʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʪʣʠʯʘʝʪʩʷ ʚʳʜʘʶʱʝʡʩʷ ʪʝʨʤʠʯʝʩʢʦʡ (ʜʦ 

400 ) ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ (ʙʦʣʝʝ ʤʝʩʷʮʘ) ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʟʘ ʩʯʸʪ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ 

ʠ ʥʘʣʠʯʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʩʪʨʫʢʪʫʨʝ. ʋʟʢʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (2.17 ʵɺ) 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʥʠʞʝ 570 ʥʤ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʪʝʨʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʪʘʙʠʣʴʥʳ ʢ ʛʠʜʨʦʣʠʟʫ ʢʘʢ 

[W6I12(NCC6H5)2]. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚʢʣʶʯʝʥʠʝ ʠʭ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ 

[6]. ʊʘʢʠʝ ʦʙʲʝʢʪʳ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʯʘʩʪʦ ʚʳʙʠʨʘʶʪ ʩʪʘʙʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʠ ʩʘʤʠ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʥʠʪʨʠʜ ʙʦʨʘ (h-BN) ī ʩʣʦʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʯʝʥʴ ʧʦʭʦʞʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʠʪʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ h-

BN ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ 
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ʠ ʘʛʨʝʩʩʠʚʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʢʠʩʣʦʪʳ, ʱʝʣʦʯʠ ʠ ʦʢʠʩʣʠʪʝʣʠ), ʘ ʪʘʢʞʝ 

ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ h-BN ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ ʧʫʪʝʤ 

ʨʘʟʜʝʣʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʥʘʧʨʠʤʝʨ, ʜʳʨʦʢ ʠ ʵʣʝʢʪʨʦʥʦʚ [162,163]. 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ h-BN ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʈʦʜʘʤʠʥʘ ɹ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ 2020 ʛʦʜʘ [164]. ɸʚʪʦʨʘʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʥʘʥʝʩʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʜʥʘʢʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{Mo6I8}(NO3)6] ʩ ʣʘʙʠʣʴʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʡ 

ʧʦʜʚʝʨʛʘʣʩʷ ʛʠʜʨʦʣʠʟʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ [{Mo6I8}(H2O)2(OH)4]ĿnH2O 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʣʠʩʪʦʚ h-BN ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʣʦʞʝʥʠʠ ʈʦʜʘʤʠʥʘ ɹ, ʘ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣ-ʣʦʚʫʰʝʢ (scavengers) ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʘʞʥʳʡ ʚʢʣʘʜ 

ʩʫʧʝʨʦʢʩʠʜ-ʠʦʥʘ O2ï ʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 1O2 ʚ ʧʨʦʮʝʩʩ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ 

ʥʘʰʣʘ ʧʨʦʜʦʣʞʝʥʠʝ ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ʥʠʪʨʠʜʘ ʙʦʨʘ (nanoBNïOH) ʠ ʝʱʸ ʦʜʠʥ ʢʨʘʩʠʪʝʣʴ 

(ʄʝʪʠʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ) [165]. 

ɼʨʫʛʦʡ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʘʪʨʠʮʝʡ ʷʚʣʷʝʪʩʷ TiO2, ʢʦʪʦʨʳʡ, ʢʘʢ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʩʘʤ ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʜʥʘʢʦ ʦʛʨʘʥʠʯʝʥʦ 

ʵʬʬʝʢʪʠʚʝʥ ʧʦʜ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ. ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʟʘ 

ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʩʨʘʟʫ 

ʜʚʫʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ [166] ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M6I8}(DMSO)6](NO3)4 (M = Mo, W) ʠ ʩʤʝʰʘʥʥʦʡ ʬʘʟʳ 

TiO2 (ʘʥʘʪʘʟ-ʙʨʫʢʠʪ). ʆʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦ ~500 ʥʤ ʠ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ (1.8 

ʵɺ), ʩʚʷʟʘʥʥʦʡ ʩ ʢʣʘʩʪʝʨʘʤʠ. ʅʘʠʣʫʯʰʠʝ ʢʦʥʩʪʘʥʪʳ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 

~0.1ï0.14 ʤʠʥī1 ʢʘʢ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ, ʪʘʢ ʠ ʧʨʠ ʩʦʣʥʝʯʥʦʤ ʩʚʝʪʝ, ʯʪʦ 

ʚ 4-5 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ TiO2. ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ 

ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʫʝʪʩʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜ S ʪʠʧʘ. ɺ 

ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʙʨʫʢʠʪʘ ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Bu4N)2[{Mo6I8}(NO3)6] ʠ (Bu4N)2[{Mo6I8}(OTs)6] ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ 
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ʢʨʘʩʠʪʝʣʷ ɹʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ [167]. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʝʡ ʧʫʙʣʠʢʘʮʠʝʡ, 

ʘʚʪʦʨʳ ʧʦʜʪʚʝʨʜʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʤ S ʪʠʧʘ ʠ 

ʧʦʢʘʟʘʣʠ ʝʛʦ ʚʳʜʘʶʱʫʶʩʷ ʘʢʪʠʚʥʦʩʪ ɹʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʷʪʠ ʮʠʢʣʦʚ 

ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʧʨʦʪʠʚʦʠʦʥʦʚ [7], ʦʜʥʘʢʦ ʚ ʦʙʣʘʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʯʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʢʘʢ 

[M6I8(DMSO)6][W6O19]2 (M = Mo; W), ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʢʘʪʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ DMSO [M6I8(DMSO)6]4+ ʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʪʠʧʘ ʃʠʥʜʢʚʠʩʪ 

[W6O19]2ī. ʉʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʨʘʩʠʪʝʣʷ 

ʈʦʜʘʤʠʥʘ ɹ ʚ ʪʝʯʝʥʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʧʷʪʠ ʮʠʢʣʦʚ [168]. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ çʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝè. 

ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ ʝʱʸ ʦʜʥʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʠʤʝʥʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ CO2. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʜʝʣʷʶʪʩʷ 

ʨʘʙʦʪʳ P. Kumar ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʥʦʣʘ ʚ ʭʦʜʝ 

ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ [142,169]. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʘʥʠʦʥʦʤ 

[Mo6Br14]2ï, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʩ ʚʢʣʶʯʸʥʥʳʤʠ 

ʙʨʦʤʠʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʧʨʝʚʦʩʭʦʜʥʫʶ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʦʣʘ ʠʟ 

CO2: ʧʦʩʣʝ 24 ʯʘʩʦʚ ʦʙʣʫʯʝʥʠʷ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʚʳʭʦʜ ʤʝʪʘʥʦʣʘ ʩʦʩʪʘʚʠʣ 6679.45 ʠ 

5550.53 ʤʢʤʦʣʴ/ʛʢʘʪ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cs2[Mo6Br14] ʠ 

(Bu4N)2[Mo6Br14], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 1644 ʠ 1294 ʤʢʤʦʣʴ/ʛʢʘʪ, ʪʦʛʜʘ ʢʘʢ ʯʠʩʪʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʚʩʝʛʦ 439 ʤʢʤʦʣʴ/ʛʢʘʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʚʣʠʷʥʠʝ 

ʚʢʣʶʯʸʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 

ɸʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʧʦʢʘʟʘʪʝʣʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 
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ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʵʣʝʢʪʨʦʥʦʚ, ʪʦʛʜʘ 

ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʦʡ ʜʦʥʦʨ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʈʘʟʚʠʪʠʝʤ ʵʪʦʡ ʨʘʙʦʪʳ 

ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʦʣʘ ʚ 

ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪ [170]. ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 9.8% 

ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 98%, ʘ ʢʘʪʘʣʠʟʘʪʦʨ ʭʦʨʦʰʦ ʧʦʜʜʘʚʘʣʩʷ ʨʝʛʝʥʝʨʘʮʠʠ. 

ɹʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʪʘʢʞʝ 

ʠʤʝʶʪ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ 

(hydrogen evolution reaction, HER), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʠ ʨʝʰʝʥʠʷ 

ʚʦʟʤʦʞʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ [171,172]. ʈʘʟʣʠʯʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʪʘʢʦʡ ʨʝʘʢʮʠʠ [143,173,174]. ʅʘʧʨʠʤʝʨ, ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo6Br8}F6], ʜʣʷ ʢʦʪʦʨʦʛʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʸʪ 

ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʬʪʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ OHï ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

[{Mo6Br8}F5(OH)]2ï, [{Mo6Br8}F3(OH)3]2ï ʠ [{Mo6Br8}(OH)6]2ï, ʯʪʦ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʘʤʠ [173]. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʧʦʢʘʟʘʣʠ 

ʙʦʣʝʝ ʥʠʟʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʯʝʤ ʠʩʭʦʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʜʥʘʢʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʚʪʦʨʥʦ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʘʮʝʪʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

(Bu4N)2[{Mo6I8}(CH3COO)6] [143]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʚʘʣ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʵʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʞʠʜʢʦʡ ʚʦʜʝ 

ʟʘ 5 ʯʘʩʦʚ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʛʝʥʝʨʘʮʠʶ 1326 ʤʢʤʦʣʴ/ʛʢʘʪ, ʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʜʘʣʘ ʧʦʯʪʠ ʚ ʧʷʪʴ ʨʘʟ. 

ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (174 ʤʢʤʦʣʴ/ʛʢʘʪ ʟʘ 24 ʯʘʩʘ). 

ʆʪʜʝʣʴʥʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʩʪʘʪʴʷ 2019 ʛʦʜʘ, ʢʦʪʦʨʘʷ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʘ ʩ 

ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘ ʩʯʸʪ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ [174]. ɺ ʵʪʦʡ 

ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʩʚʷʟʳʚʘʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʛʨʘʬʝʥʦʚʳʤʠ ʥʘʥʦʣʠʩʪʘʤʠ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʥʢʝʨʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʛʨʫʧʧʳ ʠ ʜʣʠʥʥʦʡ ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʠʣʠ ʧʠʨʝʥʦʚʦʡ 
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ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩ ʘʥʠʦʥʥʳʤ 

ʢʣʘʩʪʝʨʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʝʥʘ (ʈʠʩ. 10). 

 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʩʠʩʪʝʤ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʣʘʩʪʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ. ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ 

Py2Mo@Gene ʧʦʢʘʟʘʣ ʛʝʥʝʨʘʮʠʶ ~300 ʤʢʤʦʣʴ/ʛʢʘʪ ʚʦʜʦʨʦʜʘ ʟʘ 6 ʯʘʩʦʚ, ʯʪʦ ʧʨʠʤʝʨʥʦ 

ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʘʤ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. 

1.10. ɿʘʢʣʶʯʝʥʠʝ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʠʟʚʝʩʪʥʳ ʫʞʝ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʠ ʟʘ ʵʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʨʝʥʪʛʝʥʢʦʥʪʨʘʩʪʥʦʩʪʴ, 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʋʌ- ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʷʨʢʘʷ ʵʤʠʩʩʠʷ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ 

ʀʂ ʦʙʣʘʩʪʷʭ, ʚʦʟʙʫʞʜʘʝʤʘʷ ʢʘʢ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ, ʪʘʢ ʠ ʨʝʥʪʛʝʥ-ʠʟʣʫʯʝʥʠʝʤ. ɺʩʸ ʵʪʦ 

ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ 

ʈʠʩ. 10 ʉʪʨʦʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʣʠʩʪʦʚ [174] 
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ʦʩʪʘʶʪʩʷ ʙʝʣʳʝ ʧʷʪʥʘ ʚ ʠʟʫʯʝʥʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʌʦʢʫʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʘʱʝ ʚʩʝʛʦ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʣʫʯʝʥʠʝ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʣʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʠʟʙʝʛʘʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʠʣʠ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʘʪʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʝʱʸ 

ʙʦʣʴʰʝ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʟʘ ʩʯʸʪ ʧʦʣʫʯʝʥʠʷ 

ʄʆʂʇ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ 

ʧʨʦʚʝʜʝʥʠʷ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʂʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʥʦʚʳʭ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʪʠʚʦʠʦʥʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʫʣʫʯʰʝʥʠʝ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚʳʩʪʫʧʘʶʪ ʤʦʣʝʢʫʣʳ 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʤʦʛʫʪ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʫ ʜʣʷ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʘ ʠʤʝʥʥʦ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (DMSO), ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʢʘʪʠʦʥʥʳʭ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [M6I8(DMSO)6]4+, ʘ ʪʘʢʞʝ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʠʭ ʟʘ ʩʯʸʪ ʢʨʫʧʥʳʭ ʧʨʦʪʠʚʦʠʦʥʦʚ ʠ ʠʟʫʯʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

(Bu4N)2[{Mo6I8}I6] [35] ʠ (Bu4N)2[{W6I8}I6] [51], (Bu4N)2[{Mo6I8}(NO3)6] ʠ 

(Bu4N)2[{W6I8}(NO3)6] [175], ʘ ʪʘʢʞʝ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪ (Bu4N)2W6O19 [176], ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ɺʩʝ ʨʝʘʢʪʠʚʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʝ ʥʠʞʝ ʯ.ʜ.ʘ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 150ʂ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 VENTURE ʩ ʠʟʣʫʯʝʥʠʝʤ Mo-KŬ (ɚ = 

0.71073 ¡) ʩ ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. 

ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Tongda TD-3700 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuKa (ɚ = 1.54178 ¡) ʠʟʣʫʯʝʥʠʷ, 

Ni ʬʠʣʴʪʨʘ, ʣʠʥʝʡʥʦʛʦ ʜʝʪʝʢʪʦʨʘ Dectris Mythen2 1D. ʈʘʩʯʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʣʘʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Mercury 4.2.0. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. 

ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (C, H, N, S) ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ EuroVector 

EA3000. ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʕɼʉ) ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʧʨʠʙʦʨʝ Hitachi TM3000 TableTop SEM ʩ ʧʨʠʩʪʘʚʢʦʡ Bruker QUANTAX 70 EDS, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ, Mo/W, I ʠ S; 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 5 %. 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ʷʜʨʘʭ 1H. 

ʉʧʝʢʪʨʳ ʗʄʈ 1H ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʨʠʙʦʨʝ 

Bruker Avance III 500 FT ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 499.93 ʄɻʮ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʚʳʩʪʫʧʘʣ DMSO-d6. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʧʨʠʚʝʜʝʥʳ ʚ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʷʭ (ʤ.ʜ.) ʧʦ 

ʰʢʘʣʝ ŭ ʠ ʦʪʥʝʩʝʥʳ ʢ ʩʠʛʥʘʣʫ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʪʦʥʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ: ŭ = 2.54 ʤ.ʜ.. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

ʀʂ ʩʧʝʢʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 4000-400 ʩʤï1 ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ 

ʪʘʙʣʝʪʦʢ ʩ ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ ʥʘ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ VERTEX 80. 
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ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʊʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʧʨʠʙʦʨʝ Thermo Microbalance 

TG 209 F3 Tarsus ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 650C (ʠʣʠ 25 ï 950C) ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 

10 C/ʤʠʥ ʚ ʧʦʪʦʢʝ He (30 ʤʣ/ʤʠʥ). 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. 

ʈʘʟʤʝʨ ʠ ʤʦʨʬʦʣʦʛʠ ʁʯʘʩʪʠʮ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Libra 120 (Zeiss) ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 60 ʢɺ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʙʝʩʧʣʘʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

çImageJè. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

ʈʌʕʉ-ʘʥʘʣʠʟ (ʨʝʥʪʛʝʥʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ FLEXPS, ʦʩʥʘʱʝʥʥʦʤ ʘʥʘʣʠʟʘʪʦʨʦʤ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ Phoibos 150 ʠ ʜʝʪʝʢʪʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. ɺʩʝ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ ʦʙʣʫʯʝʥʠʠ Al KŬ. ʀʩʧʦʣʴʟʫʝʤʘʷ 

ʵʥʝʨʛʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʣʘ 20 ʵɺ, ʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʟʘʨʷʜʦʚʳʤ 

ʵʬʬʝʢʪʦʤ ʢ ʦʙʨʘʟʮʘʤ ʧʨʠʤʝʥʷʣʦʩʴ ʦʙʣʫʯʝʥʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ. ʂʘʣʠʙʨʦʚʢʘ ʵʥʝʨʛʠʡ ʩʚʷʟʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʘʥʜʘʨʪʫ ʩ ʧʠʢʦʤ 

C1s (285,0 ʵɺ). ɺʢʣʘʜʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʧʫʪʝʤ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʦʜʛʦʥʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʳʭ ʣʦʨʝʥʮʝʚʦ-ʛʘʫʩʩʦʚʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʚ CasaXPS. 

ʇʦʛʣʦʱʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʠ ʪʚʸʨʜʦʤ ʪʝʣʝ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʚ ʜʠʘʧʘʟʦʥʝ 200ï800 ʥʤ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Agilent Cary 60. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-vis-near-IR 3101 PC, 

ʦʩʥʘʱʝʥʥʦʤ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ, ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ. 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ Agilent Cary 

Eclipse, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ Fluorolog 3 Horiba Jobin Yvon ʩ ʦʭʣʘʞʜʘʝʤʳʤ 

ʤʦʜʫʣʝʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦʥʦʚ PC177CE-010 (ʬʦʪʦʫʤʥʦʞʠʪʝʣʴ R2658) ʠ ʜʚʫʤʷ 

ʜʚʦʡʥʳʤʠ ʤʦʥʦʭʨʦʤʘʪʦʨʘʤʠ ʏʝʨʥʠ-ʊʝʨʥʝʨʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 



54 

 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʭ (450 ɺʪ), ʪʘʢ ʠ ʠʤʧʫʣʴʩʥʳʭ (ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ 

FWHM 3 ʤʢʩ, 50 ɺʪ) Xe-ʣʘʤʧ. ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ɚex = 400 ʥʤ) ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ Quanta-ű ʬʠʨʤʳ 

Fluorolog 3. 

ʇʨʦʚʝʜʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʚʘʥʥʳ çʉʘʧʬʠʨè ʩ ʤʦʱʥʦʩʪʴʶ ʫʣʴʪʨʘʟʚʫʢʘ 150 ɺʪ ʠ ʯʘʩʪʦʪʦʡ 35 ʢɻʮ. ʆʙʣʫʯʝʥʠʝ 

ʙʝʣʳʤ ʩʚʝʪʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʪʦʯʝʯʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ L8253 (Hamamatsu) ʩ ʜʠʘʧʘʟʦʥʦʤ 400 ï 800 ʥʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʦʢʦʣʦ ~40 ʤɺʪĬʩʤï2. ʆʙʣʫʯʝʥʠʝ ʋʌ-ʩʚʝʪʦʤ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ 

Hamamatsu Photonics L11921-400 (ɚ = 365Ñ5 ʥʤ, ~13 ʤɺʪĬʩʤï2) ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤ 

ʢʦʥʪʨʦʣʣʝʨʦʤ C11924-211. ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʮʝʥʪʨʠʬʫʛʝ Changsha 

Xiangzhi, ʤʦʜʝʣʴ CLN-16, ʦʩʥʘʱʝʥʥʦʡ ʨʦʪʦʨʦʤ 6Ĭ50 ʤʣ, ʨʘʙʦʪʘʶʱʠʤ ʧʨʠ 6000 

ʦʙ/ʤʠʥ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ. 

ʈʘʩʯʝʪʳ ʧʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʘʪʠʦʥʦʚ [{M6I8}(DMSO)6]4+ (M = Mo, W) ʠ ʘʥʠʦʥʘ [W6O19]2ï ʚ ʧʨʦʛʨʘʤʤʝ ADF2023. 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʜʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ B3LYP, ʘ ʪʘʢʞʝ ʩ ʫʯʸʪʦʤ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʧʦʧʨʘʚʦʢ ɻʨʠʤʤʝ ʥʘ ʫʨʦʚʥʝ D4 (EEQ) ʠ ʙʘʟʠʩʥʦʛʦ 

ʥʘʙʦʨʘ TZP. ʈʘʩʩʯʠʪʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʩʦʜʝʨʞʘʪ ʤʥʠʤʳʭ ʯʘʩʪʦʪ. 

ʆʜʥʦʪʦʯʝʯʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ B3LYP, ʘ ʪʘʢʞʝ ʩ ʫʯʸʪʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʧʦʧʨʘʚʦʢ ɻʨʠʤʤʝ 

ʥʘ ʫʨʦʚʥʝ D4 (EEQ) ʠ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ TZ2P. ʉʢʘʣʷʨʥʳʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ 

ʫʯʠʪʳʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ZORA. ʊʘʢʞʝ ʚ ʨʘʩʯʸʪʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʪʠʧʘ ʧʨʦʚʦʜʥʠʢʘ (COSMO) ʜʣʷ ʦʢʨʫʞʝʥʠʷ DMSO. 

2.2. ʉʠʥʪʝʟ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ 

ʉʠʥʪʝʟ (Bu4N)[{M 6I 8}(DMSO)I 5] (M = Mo, W). 

(Bu4N)2[{ Mo6I8} I6] (284 ʤʛ, 0.10 ʤʤʦʣʴ) ʠʣʠ (Bu4N)2[{ W6I8} I6] (404 ʤʛ, 0.12 

ʤʤʦʣʴ) ʩʤʝʰʠʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (Mo ï 500 ʤʢʣ, W 

ï 6 ʤʣ) ʠ ʟʘʧʘʠʚʘʣʠ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90  ʚ ʪʝʯʝʥʠʝ 24 

ʯʘʩʦʚ. ʇʨʠʤʝʩʴ ʮʠʩ-[{ M6I8}( DMSO)2I4] (M = Mo, W) ʫʜʘʣʷʣʘʩʴ ʧʫʪʸʤ ʚʳʩʘʞʠʚʘʥʠʷ 
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ʠʟʙʳʪʢʦʤ ʵʪʠʣʘʮʝʪʘʪʘ (~50 ʤʣ). ʎʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʦʣʫʯʠʚʰʠʭʩʷ ʨʘʩʪʚʦʨʦʚ. 

ʆʩʘʜʢʠ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʠʨʦʚʘʥʠʝʤ, ʧʨʦʤʳʚʘʣʠ ʜʚʘ ʨʘʟʘ ʵʪʠʣʘʮʝʪʘʪʦʤ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺ ʩʣʫʯʘʝ Mo ʪʨʝʙʫʝʪʩʷ ʦʯʠʩʪʢʘ ʦʪ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ (Bu4N)2[{ Mo6I8} I6] 

ʧʫʪʸʤ ʧʨʦʤʳʚʘʥʠʷ 5 ʨʘʟ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ (200 ʤʢʣ). ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. 

(Bu4N)[{Mo6I8}(DMSO)I5]: ɺʳʭʦʜ: 38 ʤʛ (15 %). ɼʣʷ C18H42I13Mo6N1O1S1, ʥʘʡʜʝʥʦ: 

C, 8.6 %, H, 1.6 %, N, 0.5 %, S, 0.9 %; ʨʘʩʩʯʠʪʘʥʦ: C, 8.5 %, H, 1.7 %, N, 0.5 %, S, 1.3 

%. ʕɼʉ: Mo:I:S = 6.0:12.2:0.8. ʀʂ (KBr, 4000 ï 400 ʩʤï1): ɜ(SO) = 933 ʩʤï1. ʗʄʈ 1H 

(500 ʄɻʮ, DMSO-d6): ŭ 0.94 (t, 12H, CH3), 1.31 (m, 8H, ɔ-CH2), 1.57 (m, 8H, ɓ-CH2), 

2.83 (s, 6H, -S-CH3), 3.16 (t, 8H, Ŭ-CH2). ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʚʳʩʘʞʠʚʘʥʠʷ ʵʪʠʣʘʮʝʪʘʪʦʤ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ çʜʠè-

ʟʘʤʝʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʧʷʪʴʶ ʩʦʣʴʚʘʪʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ DMSO ʚ ʚʠʜʝ (Bu4N)[{Mo6I8}(DMSO)I5]Ŀ5DMSO  

(Bu4N)[{W6I8}(DMSO)I5]: ɺʳʭʦʜ: 46 ʤʛ (12 %). ɼʣ ̫C18H42I13N1O1S1W6, ʥʘʡʜʝʥʦ: C, 

7.1 %, H, 1.3 %, N, 0.5 %, S, 1.2 %; ʨʘʩʩʯʠʪʘʥʦ: C, 7.0 %, H, 1.4 %, N, 0.5 %, S, 1.0 %. 

ʕɼʉ: W:I:S = 6.0:12.2:0.8. ʀʂ (KBr, 4000 ï 400 ʩʤï1): ɜ(SO) = 941 ʩʤï1. ʗʄʈ 1H (500 

ʄɻʮ, DMSO-d6): ŭ 0.94 (t, 12H, CH3), 1.31 (m, 8H, ɔ-CH2), 1.57 (m, 8H, ɓ-CH2), 2.79 (s, 

6H, -S-CH3), 3.16 (t, 8H, Ŭ-CH2). ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ 

ʚʳʩʘʞʠʚʘʥʠʷ ʵʪʠʣʘʮʝʪʘʪʦʤ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ çʜʠè-ʟʘʤʝʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ. 

ʉʠʥʪʝʟ ʮʠʩ-[{M 6I 8}(DMSO)2I 4]ĿDMSO (M = Mo, W). 

ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ çʤʦʥʦè-ʟʘʤʝʱʸʥʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ (Mo ī 338 ʤʛ, 0.12 ʤʤʦʣʴ; W ī 404 ʤʛ, 0.12 ʤʤʦʣʴ) ʚ 6 ʤʣ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ. ɿʘʧʘʷʥʥʘʷ ʘʤʧʫʣʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʝʯʴ ʥʘ 48 ʯʘʩʦʚ (Mo ī 90 ; 

W ī 100 ). ʎʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʫʪʸʤ 

ʚʳʩʘʞʠʚʘʥʠʷ ʠʟʙʳʪʢʦʤ ʵʪʠʣʘʮʝʪʘʪʘ. ʆʩʘʜʢʠ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, 

ʧʨʦʤʳʚʘʣʠ 2 ʨʘʟʘ ʵʪʠʣʘʮʝʪʘʪʦʤ, 3 ʨʘʟʘ ʘʮʝʪʦʥʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʮʠʩ-[{Mo6I8}(DMSO)2I4]ĿDMSO: ɺʳʭʦʜ: 146 ʤʛ (52%). ɼʣ ̫C6H18I12Mo6O3S3, 

ʥʘʡʜʝʥʦ: C, 3.3 %; H, 0.7 %; S, 4.0 %; ʨʘʩʩʯʠʪʘʥʦ: C, 3.1 %; H, 0.8 %; S, 4.1 %. ʕɼʉ: 
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Mo:I:S = 6.0:12.1:2.1. ʀʂ (KBr, 4000 ï 400 ʩʤï1): ɜ(SO) = 943 ʩʤï1. ʗʄʈ 1H (500 ʄɻʮ, 

DMSO-d6): ŭ 2.87 (s, 6H, -S-CH3). ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʦʝʜʠʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʰʝʩʪʴʶ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ DMSO ʚ ʚʠʜʝ ʮʠʩ-

[{Mo6I8}(DMSO)2I4]Ŀ6DMSO. 

ʮʠʩ-[{W6I8}(DMSO)2I4]ĿDMSO: ɺʳʭʦʜ: 160 ʤʛ (47%). ɼʣ ̫C6H18I12O3S3W6, ʥʘʡʜʝʥʦ: 

C, 2.5 %, H, 0.6 %, S, 3.0 %; ʨʘʩʩʯʠʪʘʥʦ: C, 2.5 %, H, 0.6 %, S, 3.4 %. ʕɼʉ: W:I:S = 

6.0:13.2:1.8. ʀʂ (KBr, 4000 ï 400 ʩʤï1): ɜ(SO) = 932 ʩʤï1. ʗʄʈ 1H (500 ʄɻʮ, DMSO-

d6): ŭ 2.83 (s, 6H, -S-CH3). ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʚʳʜʝʨʞʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ 

ʚʦʩʴʤʴʶ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ DMSO ʚ ʚʠʜʝ ʮʠʩ-[{W6I8}(DMSO)2I4]Ŀ8DMSO. 

ʉʠʥʪʝʟ [{M 6I 8}(DMSO)6](I 3)4 (M = Mo, W). 

500 ʤʛ (Bu4N)2[{M6I8}I6] (0.176 ʤʤʦʣʴ ʜʣʷ M = Mo ʠʣʠ 0.149 ʤʤʦʣʴ ʜʣʷ M = 

W) ʩʤʝʰʠʚʘʣʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʠʦʜʦʤ (300 ʤʛ, 1.182 ʤʤʦʣʴ) ʚ ʩʪʝʢʣʷʥʥʦʡ ʚʠʘʣʝ ʠ 

ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ DMSO. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʚ ʛʣʠʮʝʨʠʥʦʚʦʡ ʙʘʥʝ 

(100 , 20 ʯ) ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʂʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ 

ʧʦʨʦʰʢʠ [{M6I8}(DMSO)6](I3)4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʚʳʩʘʞʠʚʘʥʠʷ ʠʟʙʳʪʢʦʤ 

ʵʪʠʣʘʮʝʪʘʪʘ. ʆʩʘʜʢʠ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (6000 ʦʙ/ʤʠʥ, 5 ʤʠʥ), 

ʧʨʦʤʳʚʘʣʠ ʵʪʠʣʘʮʝʪʘʪʦʤ ʜʦ ʙʝʩʮʚʝʪʥʳʭ ʩʤʳʚʦʚ, 2 ʨʘʟʘ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. 

[{Mo6I8}(DMSO)6](I3)4: ɺʳʭʦʜ: 487 ʤʛ (77 %). ɼʣ ̫C12H36I20Mo6O6S6, ʥʘʡʜʝʥʦ: C, 4.6 

%, H, 1.1 %, S, 5.4 %; ʨʘʩʩʯʠʪʘʥʦ: C, 4.0 %, H, 1.0 %, S, 5.4 %. ʕɼʉ: Mo:I:S = 

6.0:20.8:5.8. ʀʂ (KBr, 4000 ï 400 ʩʤï1): ɜ(SO) = 936 ʩʤï1. ʗʄʈ 1H (500 ʄɻʮ, DMSO-

d6): ŭ 2.96 (s, 6H, -S-CH3) ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʵʪʠʣʘʮʝʪʘʪʘ ʚ ʨʘʩʪʚʦʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ DMSO. 

[{W6I8}(DMSO)6](I3)4: ɺʳʭʦʜ: 545 ʤʛ (89 %). ɼʣ ̫C12H36I20O6S6W6, ʥʘʡʜʝʥʦ: C, 3.8 %, 

H, 1.0 %, S, 4.8 %; ʨʘʩʩʯʠʪʘʥʦ: C, 3.5 %, H, 0.9 %, S, 4.7 %. ʕɼʉ: W:I:S = 6.0:21.1:6.0. 

ʀʂ (KBr, 4000 ï 400 ʩʤï1): ɜ(SO) = 930 ʩʤï1. ʗʄʈ 1H (500 ʄɻʮ, DMSO-d6): ŭ 2.93 (s, 

6H, -S-CH3). ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʤʝʜʣʝʥʥʦʡ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʵʪʠʣʘʮʝʪʘʪʘ ʚ ʨʘʩʪʚʦʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ DMSO. 

ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʯʝʪʳʨʴʤʷ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ DMSO ʚ ʚʠʜʝ 

[{W6I8}(DMSO)6](I3)4Ŀ4DMSO. 



57 

 

ʉʠʥʪʝʟ [{M 6I 8}(DMSO)6](NO3)4 (M = Mo, W). 

ʉʦʝʜʠʥʝʥʠʷ [{ M6I8}( DMSO)6](NO3)4 (M = Mo, W) ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ [122] 

ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ ʩʨʘʚʥʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ 750 ʤʛ 

(Bu4N)2[{ M6I8} I6] ʨʘʩʪʚʦʨʷʣʠ ʚ 7.5 ʤʣ DMSO, ʧʦʩʣʝ ʯʝʛʦ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 0.75 

ʤʣ HNO3 (65%). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʛʨʝʣʠ ʧʨʠ 100  ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1 ʯʘʩʘ. 

[{ M6I8}( DMSO)6](NO3)4 (M = Mo, W) ʚʳʩʘʞʠʚʘʣʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠʟʙʳʪʢʦʤ 

ʘʮʝʪʦʥʘ, ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ ʘʮʝʪʦʥʦʤ, ʦʜʠʥ ʨʘʟ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 476 ʤʛ (78%) ʜʣʷ [{ Mo6I8}( DMSO)6](NO3)4 ʠ 450 ʤʛ (71%) ʜʣʷ 

[{ W6I8}( DMSO)6](NO3)4. ʌʘʟʦʚʫʶ ʯʠʩʪʦʪʫ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʦʤ ʈʌɸ (ʈʠʩ. ʇ3). 

ʉʠʥʪʝʟ [{Mo6I 8}(DMSO)6][W6O19]2ĿDMSO ʠ 

[{W6I 8}(DMSO)6][W6O19]2Ŀ1.5DMSO. 

(Bu4N)2[{ M6I8} I6] (85 ʤʛ (0.03 ʤʤʦʣʴ) ʜʣʷ M = Mo ʠʣʠ 100 ʤʛ (0.03 ʤʤʦʣʴ) ʜʣʷ 

M = W), I2 (45 ʤʛ, 0.18 ʤʤʦʣʴ), (Bu4N)2[W6O19] (114 ʤʛ, 0.06 ʤʤʦʣʴ) ʠ DMSO (0.5 ʤʣ) 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ (90 , 48 

ʯ). ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ (Mo ï ʢʨʘʩʥʳʡ, W ï ʦʨʘʥʞʝʚʳʡ) ʜʝʢʘʥʪʠʨʦʚʘʣʩʷ ʦʪ 

ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʚʘʣʩʷ 3 ʨʘʟʘ DMSO, 3 ʨʘʟʘ ʵʪʠʣʘʮʝʪʘʪʦʤ, ʦʜʠʥ ʨʘʟ ʜʠʵʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʩʷ ʥʘ ʚʦʟʜʫʭʝ. 

[{Mo6I 8}(DMSO)6][W6O19]2ĿDMSO: ɺʳʭʦʜ: 133 ʤʛ (89%). ɼʣʷ C14H42I8Mo6O45S7W12, 

ʥʘʡʜʝʥʦ: C, 3.5%, H, 1.0%, S, 4.7%; ʨʘʩʩʯʠʪʘʥʦ: C, 3.6%, H, 0.9%, S, 4.8%. ʕɼʉ: 

Mo:W:I:S = 6.0:10.4:8.4:7.0. ʈʌʕʉ: Mo:W:I:S:O = 6.0:11.6:8.3:7.4:40.6. ʀʂ (KBr, 4000 

ï 400 ʩʤï1): ɜ(S=O) = 928 ʩʤï1. 

[{W6I 8}(DMSO)6][W 6O19]2Ŀ1.5DMSO: ɺʳʭʦʜ: 138 ʤʛ (84%). ɼʣʷ C15H45I8O45.5S7.5W18, 

ʥʘʡʜʝʥʦ: C, 3.3%, H, 0.9%, S, 4.3%; ʨʘʩʩʯʠʪʘʥʦ: C, 3.3%, H, 0.8%, S, 4.3%. ʕɼʉ: W:I:S 

= 18.0:10.4:6.5. ʈʌʕʉ: W:I:S:O =18.0:11.5:7.7:40.5. ʀʂ (KBr, 4000 ï 400 ʩʤï1): ɜ(S=O) 

= 928 ʩʤï1. 

ʉʧʠʩʦʢ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʸʥ ʩʧʠʩʦʢ ʚʩʝʭ ʚʧʝʨʚʳʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʫʢʘʟʘʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ 

ʩʦʩʪʘʚʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʣʴʚʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʳʜʝʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤ ʬʦʨʤʘʤ. ɼʘʣʝʝ ʧʦ 

ʪʝʢʩʪʫ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʫʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʚ ʩʦʢʨʘʱʸʥʥʦʤ ʚʠʜʝ (ʙʝʟ ʫʢʘʟʘʥʠʷ 



58 

 

ʩʦʣʴʚʘʪʦʚ), ʢʨʦʤʝ ʦʧʠʩʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʛʜʝ ʩʦʩʪʘʚ ʙʫʜʝʪ ʫʢʘʟʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʈʉɸ. 

 

ʉʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ ʆʙʦʟʥʘʯʝʥʠʝ 
ʄʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʄʦʥʦʢʨʠʩʪʘʣʴʥʳʝ 

ʬʦʨʤʳ 

(Bu4N)[{Mo 6I8}( DMSO)I5] Mo_1 
ʕɼʉ, CHNS, ʀʂ, 

ʗʄʈ 1H, ʈʌɸ 
Mo_1Ŀ5DMSO 

(Bu4N)[{W 6I8}( DMSO)I5] W_1 
ʕɼʉ, CHNS, ʀʂ, 

ʗʄʈ 1H, ʈʌɸ 
W_1 

ʮʠʩ-[{Mo 6I8}(DMSO)2I4]ĿDMSO Mo_2 
ʕɼʉ, CHNS, ʀʂ, 

ʗʄʈ 1H, ʈʌɸ 
Mo_2Ŀ6DMSO 

ʮʠʩ-[{W 6I8}(DMSO)2I4]ĿDMSO W_2 
ʕɼʉ, CHNS, ʀʂ, 

ʗʄʈ 1H, ʈʌɸ 
W_2Ŀ8DMSO 

[{Mo 6I8}(DMSO)6](I3)4 Mo_6 
ʕɼʉ, CHNS, ʀʂ, 

ʗʄʈ 1H 
Mo_6 

[{W 6I8}(DMSO)6](I3)4 W_6 
ʕɼʉ, CHNS, ʀʂ, 

ʗʄʈ 1H 
W_6Ŀ4DMSO 

[{Mo 6I8}(DMSO)6][W6O19]2ĿDMSO Mo_W6O19 
ʕɼʉ, CHNS, ʀʂ, 

ʈʌʕʉ, ʈʌɸ 
Mo_W6O19 

[{W 6I8}(DMSO)6][W6O19]2Ŀ1.5DMSO W_W6O19 
ʕɼʉ, CHNS, ʀʂ, 

ʈʌʕʉ, ʈʌɸ 
W_W6O19 

2.3. ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʝʪʦʜʦʤ ʗʄʈ 1H. 

ɺ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʧʦʤʝʱʘʣʠ ʥʘʚʝʩʢʫ (Bu4N)2[{M6I8}I6] (85 ʤʛ (0.03 ʤʤʦʣʴ) 

ʜʣʷ M = Mo ʠʣʠ 100 ʤʛ (0.03 ʤʤʦʣʴ) ʜʣʷ M = W), ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ I2 (0, 1, 3, 

4, 6 ʵʢʚ. ʦʪ ʢʦʤʧʣʝʢʩʘ) ʠ DMSO (0.15, 0.5, 1.5 ʤʣ). ɿʘʧʘʷʥʥʫʶ ʘʤʧʫʣʫ ʧʦʤʝʱʘʣʠ ʚ 

ʧʝʯʴ ʥʘ 48 ʯʘʩʦʚ, ʧʨʠ ʵʪʦʤ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ (90 ï 130 ). ʀʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪʙʠʨʘʣʘʩʴ ʘʣʠʢʚʦʪʘ 50 ʤʢʣ, ʢʦʪʦʨʘʷ ʩʤʝʰʠʚʘʣʘʩʴ ʩ 500 ʤʢʣ 

DMSO-d6 ʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʧʠʩʳʚʘʣʠʩʴ ʩʧʝʢʪʨʳ ʗʄʈ 1H. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʢ ʧʨʦʪʦʥʘʤ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ DMSO ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ, ʟʘʧʠʩʳʚʘʣʠʩʴ 

ʩʧʝʢʪʨʳ ʗʄʈ 1H ʨʘʩʪʚʦʨʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Mo_1 ʠ W_1, Mo_2 ʠ W_2. 

  

ʊʘʙʣ. 1 ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 
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ʂʠʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʦʜʘ ʤʝʪʦʜʦʤ ʗʄʈ 1H. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ (90 , 48 ʯ, ʉʠʩʭ = 

0.06ʄ). ɺ 550 ʤʢʣ DMSO-d6 ʨʘʩʪʚʦʨʷʣʠ 7.5 ʤʛ ʠʦʜʘ ʠ ʜʦʙʘʚʣʷʣʠ 50 ʤʢʣ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ. ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʧʨʦʤʝʞʫʪʢʦʤ ʚ 1 ʯʘʩ ʟʘʧʠʩʳʚʘʣʠ ʩʧʝʢʪʨʳ ʗʄʈ 

1H. 

ʀʟʫʯʝʥʠʝ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʇʆʄ. 

ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʷʤʠ ʨʘʩʪʚʦʨʳ [{M6I8}(DMSO)6](NO3)4 ʠ (Bu4N)2[W6O19] ʚ 

DMSO ʩʤʝʰʠʚʘʣʠ, ʧʦʣʫʯʘʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʣʘʩʪʝʨ/ʇʆʄ ī 

1/2, 1/4 ʠ 1/8 ʜʣʷ M = Mo ʠ 1/0.5, 1/1, 1/1.5 ʠ 1/2 ʜʣʷ M = W. ʇʦʛʣʦʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠ 355 ʥʤ ʩʦʩʪʘʚʣʷʣʦ <0.1. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʨʘʩʪʚʦʨʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Agilent Cary Eclipse. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʩʪʨʦʠʣʠ ʛʨʘʬʠʢʠ ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ (SV) ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ I0/I ʦʪ Cʇʆʄ, ʘ 

ʢʦʥʩʪʘʥʪʳ ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ (KSV) ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʛʨʘʬʠʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ I0/I = 1 + KSV[Q]. I0 ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ 

ʚ ʦʪʩʫʪʩʪʚʠʝ ʪʫʰʠʪʝʣʷ, [Q] ī ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʫʰʠʪʝʣʷ. 

ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ Mo_W6O19 ʠ W_W6O19 ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʦʙʨʘʟʮʳ (100 ʤʛ) ʧʦʤʝʱʘʣʠ ʚ 10 ʤʣ ʚʦʜʳ. ʆʜʥʫ ʛʨʫʧʧʫ ʧʦʜʚʝʨʛʘʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʪʝʯʝʥʠʝ 2 ʯ (60 ), ʜʨʫʛʫʶ - ʦʙʣʫʯʝʥʠʶ ʙʝʣʳʤ 

ʩʚʝʪʦʤ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʊʨʝʪʴʶ ʛʨʫʧʧʫ ʚʳʜʝʨʞʠʚʘʣʠ ʚ 1 ʄ H2SO4 ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʇʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʨʦʰʢʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʦʮʝʥʢʠ ʩʦʭʨʘʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ (ʈʌɸ). 

ʀʟʫʯʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ Mo_W6O19 ʠ W_W6O19 ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʝʣʳʤ ʩʚʝʪʦʤ ʠʣʠ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ 

ʤʦʜʝʣʴʥʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʣ ʈʦʜʘʤʠʥʘ ɹ (RhB). ʅʘʚʝʩʢʫ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (6, 12, 24 ʤʛ) ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 6 ʤʣ H2O ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ 

(15 ʤʠʥ). ɿʘʪʝʤ ʢ ʜʠʩʧʝʨʩʠʠ ʜʦʙʘʚʣʷʣʠ 6 ʤʣ ʨʘʩʪʚʦʨʘ RhB (20 ʤʛ/ʣ, 4.17Ĭ10ï5 ʄ) ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦ-

ʜʝʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʦʙʣʫʯʘʣʠ ʙʝʣʳʤ ʩʚʝʪʦʤ (400 ï 800 
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ʥʤ, ~40 ʤɺʪĬʩʤï2) ʠʣʠ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ (ʜʣʷ Cʢʘʪ = 1 ʤʛ/ʤʣ, ɚ = 365Ñ5 ʥʤ, ~13 ʤɺʪ/ʩʤ2) 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɸʣʠʢʚʦʪʫ (1 ʤʣ) ʦʪʙʠʨʘʣʠ ʢʘʞʜʳʝ 2.5 ʤʠʥ, ʜʚʘʞʜʳ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʟʘʪʝʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚʳʜʝʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ 

ʦʪʩʣʝʞʠʚʘʣʠ ʧʦ ʧʘʜʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 553 ʥʤ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

(keff) ʨʝʘʢʮʠʡ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʢʠʥʝʪʠʢʫ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʧʫʪʝʤ ʣʠʥʝʡʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʨʘʬʠʢʘ C ʦʪ t, ʛʜʝ C ī ʢʦʥʮʝʥʪʨʘʮʠʷ RhB ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, t ī ʚʨʝʤʷ ʦʪʙʦʨʘ ʘʣʠʢʚʦʪ ʨʘʩʪʚʦʨʦʚ. 

ʀʟʫʯʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣ-

ʣʦʚʫʰʝʢ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ (OHÅ, O2Åï, h+, eï) ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ, ʩʪʘʥʜʘʨʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʣʝʢʫʣ-ʣʦʚʫʰʝʢ (C = 10 ʤʄ): Na2C2O4 (h+), K2Cr2O7 (eï), ʵʪʠʣʝʥʛʣʠʢʦʣʴ (OHÅ). 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʢʣʘʜ O2Åï, ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʘʨʛʦʥʠʨʦʚʘʣʠ 10 ʤʠʥʫʪ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʆɸ) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ: 

˛̱  
Ὧ̞̕̕ίὧὥὺ

Ὧ̞̕̕ὔὛ
 ρππϷ 

ɻʜʝ keff(scav) ï ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʣʝʢʫʣ-ʣʦʚʫʰʝʢ, keff(NS) ï ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʤʦʣʝʢʫʣ-ʣʦʚʫʰʝʢ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ 

ʨʘʥʝʝ. 

ʀʟʫʯʝʥʠʝ ʮʠʢʣʦʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ (12 ʤʣ), ʩʦʜʝʨʞʘʱʠʡ RhB (2.1Ĭ10ī5 M) ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ (1 ʤʛ/ʤʣ) ʦʙʣʫʯʘʣʠ ʙʝʣʳʤ ʩʚʝʪʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 40 ʤʠʥ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʦʙʣʫʯʝʥʠʷ, ʢʘʪʘʣʠʟʘʪʦʨ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʘ ʜʣʷ ʨʘʩʪʚʦʨʘ ʟʘʧʠʩʳʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ. 

ʆʪʜʝʣʸʥʥʳʡ ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʨʝʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 6 ʤʣ ʚʦʜʳ. ʂ ʜʠʩʧʝʨʩʠʠ 

ʜʦʙʘʚʣʷʣʠ 6 ʤʣ RhB ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 5 ʮʠʢʣʦʚ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʦʤ ʈʌɸ. 
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3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ɺ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʦʙʦʟʥʘʯʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʬʦʪʦʢʘʪʘʣʠʟ [64,143,170]. ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʜʝʣʘʣʩʷ ʥʘ ʠʟʫʯʝʥʠʝ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʦʛʜʘ ʢʘʢ 

ʥʝʡʪʨʘʣʴʥʳʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ ʙʝʟ ʜʦʣʞʥʦʛʦ 

ʚʥʠʤʘʥʠʷ. ʊʦ ʞʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʦ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʟʘ ʩʯʸʪ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ʄʆʂʇ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɼʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʯʘʩʪʠ: 

1. ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Bu4N)2[M6I14] (M = Mo, W) ʩ DMSO, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ 

ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Bu4N)[{M6I8}(DMSO)I5] ʠ ʮʠʩ-[{M6I8}(DMSO)2I4] (M = Mo, W) [177]. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʘʪʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{M6I8}(DMSO)6](I3)4 (M = Mo, W) [178]. ʉʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʜʘʶʱʝʝʩʷ 

ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʚʧʣʦʪʴ ʜʦ ~800 ʥʤ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʪʨʠʠʦʜʠʜʥʳʭ 

ʧʨʦʪʠʚʦʠʦʥʦʚ, ʯʪʦ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʦʪʦʚʦʣʴʪʘʠʢʝ ʠ 

ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʠ [145,179]. 

3. ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʸʪ ʦʙʲʸʤʥʳʭ ʤʦʣʝʢʫʣ 

ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʘ ʪʠʧʘ ʃʠʥʜʢʚʠʩʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ 

[{M6I8}(DMSO)6][W6O19]2 (M = Mo, W), ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥʳ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [168]. 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʚʦʩʝʤʴ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘʙʦʨʦʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ɼʣʷ 

ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ [{M6I8}(DMSO)6][W6O19]2 (M = Mo, W) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ ɹ, ʧʨʠ 
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ʵʪʦʤ ʧʦʢʘʟʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʧʷʪʠ ʮʠʢʣʦʚ 

ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ. 

3.1. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ. ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ 

3.1.1. ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʤʝʪʦʜʦʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H 

ʆʩʥʦʚʥʳʤ ʚʜʦʭʥʦʚʝʥʠʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ DMSO ʩʪʘʣʘ 

ʨʘʙʦʪʘ ʉʚʝʞʝʥʮʝʚʦʡ ɽ.ɺ. ʦʪ 2018 ʛ, ʧʦʩʚʷʱʸʥʥʘʷ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M6I8}(DMSO)6](NO3)4 (M = Mo, W) [122]. 

ʉʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, 

ʦʜʥʘʢʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʩʣʘʙʘʷ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ 

ʩʠʥʪʝʟʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʠʪʨʘʪʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

(Bu4N)2[{M6I8}(NO3)6] (M = Mo, W), ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʠʥʪʝʟʠʨʫʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ 

ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʣʘʙʠʣʴʥʳʭ ʥʠʪʨʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʧʦʧʳʪʢʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪʳ ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʜʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʝ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ (Bu4N)2[{M6I14] (M = Mo, W), ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʦʚʣʝʢʘʣʠʩʴ ʚ ʨʝʘʢʮʠʶ 

ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ 

ʘʤʧʫʣʝ, ʧʨʠʯʸʤ DMSO ʚʳʩʪʫʧʘʣ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʣʠʛʘʥʜʘ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʙʰʠʨʥʘʷ ʩʝʨʠʷ ʩʠʥʪʝʟʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʠʦʜʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʚʳʜʝʣʷʶʱʠʭʩʷ Iï ʘʥʠʦʥʦʚ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʵʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʤʝʩʪʠʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʧʨʦʜʫʢʪʦʚ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚʧʣʦʪʴ ʜʦ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʰʝʩʪʴʶ ʣʠʛʘʥʜʘʤʠ 

DMSO. 

ʅʘʚʝʩʢʠ ʠʩʭʦʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʳʝ ʘʤʧʫʣʳ, 

ʜʦʙʘʚʣʷʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
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ʥʘʚʝʩʢʫ I2. ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ʷʜʨʘʭ 1H ʦʢʘʟʘʣʘʩʴ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʦʩʪʘʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɼʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʗʄʈ 1H ʦʪʙʠʨʘʣʘʩʴ ʘʣʠʢʚʦʪʘ (50 

ʤʢʣ) ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʜʦʙʘʚʣʷʣʘʩʴ ʢ 500 ʤʢʣ DMSO-d6. ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ 

ʩʦʜʝʨʞʘʪ ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ ʦʪ ʥʝʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʜʥʘʢʦ ʦʥ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʱʸʥ (~0.3 ʤ.ʜ.) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ DMSO ʠ 

ʥʝ ʤʝʰʘʝʪ ʥʘʙʣʶʜʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ɿʘ ʪʦʯʢʫ ʦʪʩʯʸʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ: 90 , 48 ʯʘʩʦʚ, 

ʉʠʩʭ = 0.06ʄ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʘ (Mo: 2.83, 2.87; W: 2.79, 2.83 ʤ.ʜ.), ʘ ʪʘʢʞʝ ʩʜʚʦʝʥʥʳʡ ʩʠʛʥʘʣ 

(Mo: 2.91; W: 2.87 ʤ.ʜ.). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢʘʞʜʳʡ ʩʠʛʥʘʣ ʜʫʙʣʠʨʫʝʪʩʷ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʤ ʩʠʛʥʘʣʦʤ ʩ ʪʦʡ ʞʝ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ,ʁ ʩʤʝʱʸʥʥʳʤ ʚ ʦʙʣʘʩʪʴ 

ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʛʦ (ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʜʫʙʣʠʨʫʶʱʝʛʦ 

ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʦ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ). ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ 

Mo, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ W ɻ ʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʛʥʘʣʦʚ ʚ ʙʦʣʝʝ ʩʣʘʙʦʤ ʧʦʣʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʛʦ (2.83 ʤ.ʜ.) ʠ ʧʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ 

2.79 ʤ.ʜ. (ʈʠʩ. 11). 

 

ʉʤʝʩʪʠʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ Mo ʫʜʘʣʦʩʴ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʠ ʵʪʦʤ ʝʸ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʚʦʜʠʣʦ 

ʈʠʩ. 11 ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (ʩʣʝʚʘ) ʠ ʚʦʣʴʬʨʘʤʘ (ʩʧʨʘʚʘ) ʧʦ ʜʘʥʥʳʤ ʗʄʈ 1H 
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ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ ʩʠʛʥʘʣʘ ʥʘ 2.83 ʤ.ʜ., ʘ ʫʤʝʥʴʰʝʥʠʝ ʢ ʧʘʜʝʥʠʶ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʩʠʛʥʘʣʘ ʥʘ 2.91 ʤ.ʜ. (ʈʠʩ. 12). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ W ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 

ɼʣʷ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʢ 

ʩʭʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʘʭ ʟʘʤʝʱʝʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ç(Bu4N)2[{M6I8}I6] + DMSOè ʠ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʦʞʠʜʘʝʤʳʭ ʜʣʷ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H (ʈʠʩ. 13). ʇʦʤʠʤʦ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢ ʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʣʠʛʘʥʜʳ DMSO0 ʠ Iï ʦʙʣʘʜʘʶʪ 

ʨʘʟʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ, ʠ ʧʦʪʦʤʫ ʧʦʩʪʝʧʝʥʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ 

ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ DMSO, ʘ ʠʤʝʥʥʦ ʢ ʩʤʝʱʝʥʠʶ ʝʛʦ ʚ ʦʙʣʘʩʪʴ ʩʣʘʙʦʛʦ ʧʦʣʷ. 

ʈʠʩ. 12 ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʟʘʤʝʱʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (ʩʣʝʚʘ) ʠ ʚʦʣʴʬʨʘʤʘ (ʩʧʨʘʚʘ) ʧʦ ʜʘʥʥʳʤ 

ʗʄʈ 1H 
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ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʩʜʚʦʝʥʥʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʩʝʛʦ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʵʪʠ ʩʠʛʥʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʦʛʨʘʤʤʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʩʜʚʦʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʣʦ ʩʦʦʪʥʦʰʝʥʠʝ ʙʣʠʟʢʦʝ ʢ 1:2 (Mo ī 1:2.1; W ī 1:2.4), ʯʪʦ 

ʦʞʠʜʘʝʪʩʷ ʜʣʷ ʦʩ-ʠʟʦʤʝʨʘ çʪʨʠè-ʟʘʤʝʱʸʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ çʩʠʥʛʣʝʪè-çʩʠʥʛʣʝʪè-çʜʫʙʣʝʪè (Mo: 2.83, 2.87, 2.91; W: 2.79, 

2.83, 2.87 ʤ.ʜ.) ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ çʤʦʥʦè-, çʜʠè- ʠ çʪʨʠè-ʟʘʤʝʱʸʥʥʳʤ ʧʨʦʜʫʢʪʘʤ 

ʨʝʘʢʮʠʠ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʩ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʜʝʣʘʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ 

ʩʣʫʯʘʝ Mo ʚʣʠʷʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʦʛʜʘ ʢʘʢ ʚ W ʚʩʸ 

ʟʘʚʠʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ. ʉ ʫʯʸʪʦʤ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʝʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ, 

ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʚʳʜʝʣʷʣʩʷ ʚ ʯʠʩʪʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ (ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʙʫʜʝʪ 

ʦʧʠʩʘʥ ʜʘʣʝʝ) ʠ ʨʘʩʪʚʦʨʷʣʩʷ ʚ DMSO-d6 ʜʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʗʄʈ 1H (ʈʠʩ. 14). 

ʈʠʩ. 13 ʆʞʠʜʘʝʤʘʷ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H 

ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ç(Bu4N)2[{M6I8}I6] + DMSOè 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ 

(Bu4N)[{M6I8}(DMSO)I5] (M = Mo, W) ʠ ʮʠʩ-[{M6I8}(DMSO)2I4] (M = Mo, W). 

ʇʦʣʦʞʝʥʠʝ ʭʠʤ. ʩʜʚʠʛʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩʦʚʧʘʣʦ ʩ ʦʧʠʩʘʥʥʳʤʠ ʨʘʥʝʝ 

ʩʠʛʥʘʣʘʤʠ. ɺ ʩʣʫʯʘʝ çʜʠè-ʟʘʤʝʱʸʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʩʠʛʥʘʣʳ ʦʪ çʤʦʥʦè- ʠ çʪʨʠè-, ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʛʦʚʦʨʠʪ ʦ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤ ʦʙʤʝʥʝ ʣʠʛʘʥʜʘʤʠ ʚ ʨʘʩʪʚʦʨʝ. 

ɺʘʨʴʠʨʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ) ʥʝ ʫʜʘʣʦʩʴ 

ʩʤʝʩʪʠʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʜʦʙʘʚʣʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʠʦʜʘ ʩ ʮʝʣʴʶ ʩʚʷʟʳʚʘʥʠʷ ʚʳʜʝʣʷʶʱʠʭʩʷ ʘʥʠʦʥʦʚ Iï ʚ I3ï, ʢʦʦʨʜʠʥʘʮʠʷ ʢʦʪʦʨʳʭ ʢ 

ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʥʝ ʭʘʨʘʢʪʝʨʥʘ (ʈʠʩ. 15). ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʠʩʭʦʜʥʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʠʦʜʘ (1, 3, 4, 6 ʵʢʚ.) 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʛʣʫʙʠʥʫ ʧʨʦʪʝʢʘʶʱʝʛʦ ʟʘʤʝʱʝʥʠʷ. 

ʈʠʩ. 14 ʉʧʝʢʪʨʳ ʗʄʈ 1H ʚʳʜʝʣʝʥʥʳʭ Mo_1 ʠ Mo_2 (ʩʣʝʚʘ), W_1 ʠ W_2 (ʩʧʨʘʚʘ) 
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ɼʦʙʘʚʣʝʥʠʝ ʫʞʝ 1 ʵʢʚʠʚʘʣʝʥʪʘ ʠʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʜʚʦʝʥʥʦʛʦ ʩʠʛʥʘʣʘ (Mo: 2.91; W: 2.87 ʤ.ʜ.), ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʦʩ-ʠʟʦʤʝʨʫ çʪʨʠè-

ʟʘʤʝʱʸʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʦʜʘ ʧʦʟʚʦʣʷʶʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʩʧʝʢʪʨʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʠʛʥʘʣʦʚ ʚ ʙʦʣʝʝ ʩʣʘʙʦʤ ʧʦʣʝ, ʚʧʣʦʪʴ ʜʦ ʩʧʝʢʪʨʦʚ ʩ 

ʩʠʥʛʣʝʪʦʤ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʦʪʥʝʩʸʥ ʢ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ [{M6I8}(DMSO)6](I3)4 (M = Mo, W) (ʉʤ. ʨʘʟʜʝʣ 3.2.1). ɼʦʙʘʚʣʝʥʠʝ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʠʦʜʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H. ɺ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʳʜʝʣʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ çʪʨʠè-, çʪʝʪʨʘè- ʠ çʧʝʥʪʘè-ʟʘʤʝʱʸʥʥʳʝ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʫʜʘʣʦʩʴ, ʩʦʦʪʥʝʩʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʭʠʤ. ʩʜʚʠʛʦʚ ʠ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʧʦʣʦʞʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʛʥʘʣʦʚ (ʈʠʩ. 16). 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʧʦʩʪʝʧʝʥʥʦʝ ʟʘʤʝʱʝʥʠʝ Iï ʥʘ DMSO0 ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʩʤʝʱʝʥʠʶ ʩʠʛʥʘʣʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʙʦʣʝʝ ʩʣʘʙʦʝ ʧʦʣʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʫʢʣʘʜʳʚʘʶʪʩʷ 

ʚ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʜʪʚʝʨʞʜʘʷ ʥʘʰʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʠʥʛʣʝʪʥʳʡ ʩʠʛʥʘʣ ʧʨʦʪʦʥʦʚ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ [{M6I8}(DMSO)6](I3)4 (M = Mo, W) 

ʩʤʝʱʸʥ ʚ ʩʠʣʴʥʦʝ ʧʦʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʞʠʜʘʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʈʠʩ. 15 ɺʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (ʩʣʝʚʘ) ʠ ʚʦʣʴʬʨʘʤʘ (ʩʧʨʘʚʘ) ʧʦ ʜʘʥʥʳʤ ʗʄʈ 1H 
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ʇʦʧʳʪʢʠ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʥʦ ʠ ʧʨʠ 

ʚʳʜʝʨʞʠʚʘʥʠʠ çʩʪʘʥʜʘʨʪʥʦʡè ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

(90 , 48 ʯ, ʉʠʩʭ = 0.06ʄ), ʩʦʜʝʨʞʘʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (Bu4N)[{Mo6I8}(DMSO)I5] 

ʠ ʮʠʩ-[{Mo6I8}(DMSO)2I4], ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (Bu4NI, Bu4NI3, I2), 

ʚʳʜʝʨʞʠʚʘʣʠ ʩʫʪʢʠ ʠ ʟʘʧʠʩʳʚʘʣʠ ʩʧʝʢʪʨʳ ʗʄʈ 1H (ʈʠʩ. 17). 

ʈʠʩ. 16 ɸʥʘʣʠʟ ʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʗʄʈ 1H ʦʪ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (ʩʣʝʚʘ) ʠ ʚʦʣʴʬʨʘʤʘ (ʩʧʨʘʚʘ) 
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ɺʣʠʷʥʠʝ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʪʦʣʴʢʦ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʠʦʜʘ, ʧʨʠʯʸʤ ʜʘʞʝ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ. ɼʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʧʝʢʪʨʳ ʗʄʈ 1H ʟʘʧʠʩʳʚʘʣʠʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 1 ʯʘʩ (ʈʠʩ. 

17). ʅʘ ʛʨʘʬʠʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ, ʧʨʠ ʵʪʦʤ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ çʜʫʙʣʠʨʫʶʱʝʛʦè (ʧʨʘʚʦʛʦ) ʩʠʛʥʘʣʘ ʚ ʦʪʥʦʰʝʥʠʠ çʦʩʥʦʚʥʦʛʦè 

(ʣʝʚʦʛʦ) ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʬʦʨʤ. ʊʘʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ I2, ʧʦʵʪʦʤʫ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʘ ʛʨʫʧʧʘ ʩʠʛʥʘʣʦʚ ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʠʠʦʜʠʜʥʳʝ ʣʠʛʘʥʜʳ. ʊʘʢʠʝ ʩʠʛʥʘʣʳ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ 

ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ, ʢʨʦʤʝ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ (ʩ ʧʦʣʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ), ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ çʦʩʥʦʚʥʳʤè ʠ çʜʫʙʣʠʨʫʶʱʠʤè 

ʩʠʛʥʘʣʦʤ ʣʠʥʝʡʥʦ ʫʙʳʚʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ. ʊʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʢʦʪʦʨʦʡ ʩʚʷʟʠ çʜʫʙʣʠʨʫʶʱʠʭè ʩʠʛʥʘʣʦʚ ʩ ʦʧʠʩʘʥʥʳʤʠ ʨʘʥʝʝ 

ʧʨʦʜʫʢʪʘʤʠ ʟʘʤʝʱʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʧʨʝʦʙʣʘʜʘʥʠʝ çʜʫʙʣʠʨʫʶʱʝʛʦè ʩʠʛʥʘʣʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ I2 ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, 

ʟʘʤʝʱʝʥʠʝ Iï ʥʘ DMSO0 ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʣʦʩʪʘʙʠʣʴʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʦʜʦʤ [{M6I8}(DMSO)nI5ïn(I3)]nï2. 

ɼʨʫʛʠʝ ʛʠʧʦʪʝʟʳ ʧʦʷʚʣʝʥʠʷ çʜʫʙʣʠʨʫʶʱʠʭè ʩʠʛʥʘʣʦʚ ʦʧʨʦʚʝʨʛʣʠ ʨʷʜʦʤ 

ʈʠʩ. 17 ʉʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʦʩʪʘʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʦʜʘ (ʩʣʝʚʘ) ʧʦ ʜʘʥʥʳʤ ʗʄʈ 1H. ʂʠʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ ʥʘ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʩʧʨʘʚʘ) 
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ: ʩʧʝʢʪʨʳ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ (ʟʘʤʝʱʝʥʠʝ ʧʨʦʪʦʥʦʚ ʥʘ ʜʝʡʪʝʨʠʡ), 

ʩʧʝʢʪʨʳ ʧʨʠ 80  (ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ), ʘʨʛʦʥʠʨʦʚʘʥʠʝ 

ʩʦʜʝʨʞʠʤʦʛʦ ʘʤʧʫʣʳ (ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʤʝʪʠʣʩʫʣʴʬʘʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ). 

3.1.2. ʇʦʣʫʯʝʥʠʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʦʚʝʜʸʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ç(Bu4N)2[{M6I8}I6] + 

DMSOè ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʟʘʤʝʱʝʥʠʷ, ʧʫʪʸʤ ʦʪʙʦʨʘ ʩʧʝʢʪʨʦʚ ʗʄʈ 1H ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʠʛʥʘʣʦʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʬʦʨʤʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʚ 

ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʯʝʪʳʨʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ 

(Bu4N)[{M6I8}(DMSO)I5] (M = Mo, W) ʠ ʮʠʩ-[{M6I8}(DMSO)2I4] (M = Mo, W). 

ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʧʨʠʩʚʦʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ Mo_1 ʠ Mo_2, 

W_1 ʠ W_2. 

Mo_1 ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʩʭʦʜʥʦʛʦ 

(Bu4N)2[{Mo6I8}I6] (0.2ʄ) ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90  ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʮʠʩ-[{Mo6I8}(DMSO)2I4], 

ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʩʷ ʧʫʪʸʤ ʚʳʩʘʞʠʚʘʥʠʷ ʠʟʙʳʪʢʦʤ ʵʪʠʣʘʮʝʪʘʪʘ (~50 ʤʣ). ʎʝʣʝʚʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʚʳʧʘʜʘʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʵʪʠʣʘʮʝʪʘʪʘ, ʦʜʥʘʢʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʙʨʘʟʦʚʘʥʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʦʩʘʜʦʢ ʜʝʢʘʥʪʠʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʠʣʘʮʝʪʘʪʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʀʩʭʦʜʥʳʡ 

(Bu4N)2[{Mo6I8}I6], ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʩ Mo_1, ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʯʝʤ ʮʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʵʪʦʤʫ ʧʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʤʳʚʢʘ ʦʩʘʜʢʘ ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ. ʅʝʙʦʣʴʰʦʡ ʚʳʭʦʜ (15%) ʦʙʫʩʣʦʚʣʝʥ 

ʨʘʚʥʦʚʝʩʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʝʢʘʶʱʝʡ ʨʝʘʢʮʠʠ, ʥʘʣʠʯʠʝʤ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ 

ʪʘʢʞʝ ʧʦʪʝʨʝʡ ʚʝʱʝʩʪʚʘ ʧʨʠ ʦʯʠʩʪʢʝ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʙʳʣ ʧʦʣʫʯʝʥ ʠ W_1 ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ 

(Bu4N)2[{W6I8}I6] (0.02ʄ), ʢʦʪʦʨʘʷ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90  ʚ ʪʝʯʝʥʠʝ 

24 ʯʘʩʦʚ. ʄʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠʷ ʘʥʘʣʦʛʠʯʥʘ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ W_1 ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʤʳʚʘʥʠʝ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ. ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 12%. 
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ɸʥʠʦʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʪʚʦʨʠʤʳ ʚ DMSO, DMF ʠ N-

ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʝ, ʘ ʪʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʣʝʛʢʦʣʝʪʫʯʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʘʮʝʪʦʥ, 

ʘʮʝʪʦʥʠʪʨʠʣ, ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ). 

Mo_2 ʠ W_2 ʧʦʣʫʯʘʣʠ ʪʘʢʞʝ ʘʤʧʫʣʴʥʳʤ ʤʝʪʦʜʦʤ (Mo: 90 , 48 ʯ.; W: 100 , 

48 ʯ.). ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʣʘ 0.02ʄ. ʂʘʢ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʮʠʩ-[{M6I8}(DMSO)2I4] ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ 

ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠʟʙʳʪʢʦʤ ʵʪʠʣʘʮʝʪʘʪʘ. ʆʙʨʘʟʦʚʘʥʥʳʝ ʦʩʘʜʢʠ ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʧʨʦʤʳʚʘʣʠ ʵʪʠʣʘʮʝʪʘʪʦʤ, ʘʮʝʪʦʥʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 54% (Mo_2) ʠ 48% (W_2), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ 

ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ DMSO, DMF ʠ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʦʤ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (CHNS, ʕɼʉ) ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʄʝʪʦʜʦʤ ʈʌɸ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʬʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʚʳʜʝʣʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʈʠʩ. 18). 

 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʩʧʝʢʪʨʳ ʗʄʈ 1H ʚ DMSO-d6 ̫ ʚʣʷʣʠʩʴ ʦʩʥʦʚʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʇʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ DMSO ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʫʪʸʤ ʨʘʩʪʚʦʨʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʧʠʩʴʶ ʩʧʝʢʪʨʦʚ ʗʄʈ 1H 

(ʈʠʩ.14). ʉʧʝʢʪʨʳ çʤʦʥʦè-ʟʘʤʝʱʸʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʜʝʨʞʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʠʤ. 

ʩʜʚʠʛʠ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʳ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ DMSO ʠ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʩʠʛʥʘʣʳ 

ʵʪʠʣʘʮʝʪʘʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ. ʉʧʝʢʪʨʳ çʜʠè-ʟʘʤʝʱʸʥʥʳʭ 

ʈʠʩ. 18 ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ Mo_1 ʠ W_1 (ʩʣʝʚʘ), Mo_2 ʠ W_2 (ʩʧʨʘʚʘ) 
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ʢʦʤʧʣʝʢʩʦʚ ʧʦʤʠʤʦ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʦʩʥʦʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ʩʦʜʝʨʞʘʪ ʪʘʢʞʝ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʝ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ çʤʦʥʦè- ʠ çʪʨʠè-

ʟʘʤʝʱʸʥʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʛʦʚʦʨʠʪ ʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤ 

ʦʙʤʝʥʝ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ. 

ʀʂ-ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʡ Mo_2 ʠ W_2 ʩʦʜʝʨʞʘʪ ʩʠʛʥʘʣʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

SO ʛʨʫʧʧʳ (Mo: 943 ʩʤï1; W: 931 ʩʤï1), ʢʦʪʦʨʳʝ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʛʦ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ (1050 ʩʤï1) ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʯʘʩʪʦʪ (ʈʠʩ. 19). ʇʦʜʦʙʥʦʝ 

ʩʤʝʱʝʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʷʟʳʚʘʶʪ ʩ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʝʡ ʢ ʤʝʪʘʣʣʫ ʯʝʨʝʟ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ [122,180]. ʀʂ-ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʡ Mo_1 ʠ W_1 ʧʦʤʠʤʦ ʩʠʣʴʥʦʛʦ ɜ(S=O) 

ʢʦʣʝʙʘʥʠʷ (Mo: 933 ʩʤï1; W: 941 ʩʤï1) ʜʦʧʦʣʥʷʪʁʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ 

ʢʦʣʝʙʘʥʠʡ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʦʛʦ ʧʨʦʪʠʚʦʠʦʥʘ (ɜ ~ 3000 ʩʤï1;ŭ ~ 1500 ʩʤï1). 

 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ (Bu4N)[{M6I8}(DMSO)I5] (M = Mo, W), ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʳʜʝʨʞʠʚʘʥʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʦʩʣʝ ʚʳʩʘʞʠʚʘʥʠʷ ʵʪʠʣʘʮʝʪʘʪʦʤ 

ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ çʜʠè-ʟʘʤʝʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ Mo_1 

ʫʩʢʦʨʠʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ (ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ) ʫʜʘʣʦʩʴ 

ʟʘ ʩʯʸʪ ʧʨʦʚʝʜʝʥʠʷ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʢ ʤʘʪʦʯʥʦʤʫ ʨʘʩʪʚʦʨʫ. 

ʈʠʩ. 19 ʀʂ-ʩʧʝʢʪʨʳ Mo_1 ʠ Mo_2 (ʩʣʝʚʘ), W_1 ʠ W_2 (ʩʧʨʘʚʘ) 
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ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʫʶ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʫʢʪʫʨʫ: ʦʢʪʘʵʜʨ ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʚʧʠʩʘʥʥʳʡ ʚ ʢʫʙ ʠʟ ʘʪʦʤʦʚ ʠʦʜʘ, 

ʛʜʝ ʢʘʞʜʳʡ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʧʦ Õ3-ʤʦʩʪʠʢʦʚʦʤʫ ʪʠʧʫ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢʘʞʜʳʡ 

ʘʪʦʤ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤ ʠʦʜʠʜʥʳʤ ʠʣʠ DMSO ʣʠʛʘʥʜʦʤ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʯʝʨʝʟ ʘʪʦʤ ʆ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ (ʈʠʩ. 20) 

[122]. ɸʥʠʦʥ [{M6I8}(DMSO)I5]ī ʫʨʘʚʥʦʚʝʰʝʥ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʤ ʢʘʪʠʦʥʦʤ 

Bu4N+. ʈʘʩʩʪʦʷʥʠʷ M-M, M-Ii, M-O ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ DMSO [122]. ʈʘʩʩʪʦʷʥʠʷ M-Ia ʚ 

ʩʪʨʫʢʪʫʨʝ Mo_1 ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2.815(2) ï 2.851(2) ¡, ʘ ʚ ʩʪʨʫʢʪʫʨʝ W_1 ʚ 

ʜʠʘʧʘʟʦʥʝ 2.808(1) ï 2.842(1) ¡, ʯʪʦ ʥʝʧʣʦʭʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʠʦʜʠʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ (Mo: 2.848 ï 2.858 ¡;W: 2.826 ï 2.848 ¡) [55,56], ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ 

ʨʘʩʩʪʦʷʥʠʷ M-Ia ʚ Mo_1 ʠ W_1 ʥʝʩʢʦʣʴʢʦ ʢʦʨʦʯʝ ʠ ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʵʪʦʪ ʜʠʘʧʘʟʦʥ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Mo_1Ā5DMSO. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʪʨʠʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ (P ̀1, Z = 4) (ʊʘʙʣ. ʇ1). ɺ ʷʯʝʡʢʝ ʩʦʜʝʨʞʠʪʩʷ 

ʜʚʘ ʘʥʠʦʥʘ [{Mo6I8}(DMSO)I5]ī ʠ ʜʚʘ ʢʘʪʠʦʥʘ Bu4N+, ʘ ʪʘʢʞʝ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ DMSO. ɺ ʧʝʨʚʦʤ ʘʥʠʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ 

DMSO ʣʠʛʘʥʜʘ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ (ʟʘʩʝʣʸʥʥʦʩʪʴ 77/23%). ɺʦ ʚʪʦʨʦʤ ʘʥʠʦʥʝ 

ʈʠʩ. 20 ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{M6I8}(DMSO)I5]ҍ ʚ Mo_1 (ʩʣʝʚʘ) ʠ W_1 

(ʩʧʨʘʚʘ). ʆʢʪʘʵʜʨ - M6, ʬʠʦʣʝʪʦʚʳʡ - I, ʢʨʘʩʥʳʡ - O, ʞʸʣʪʳʡ - S, ʩʝʨʳʡ - C, ʩʚʝʪʣʦ-

ʩʝʨʳʡ ï H 
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ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʰʘʥʥʘʷ ʧʦʟʠʮʠʷ DMSO/Ia ʩ ʟʘʩʝʣʸʥʥʦʩʪʴʶ 0.92/0.08, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{Mo6I8}(py)2I4] [135]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪʩʷ ʧʦʣʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ 

ʩʠʣʴʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 174 

ʵʣʝʢʪʨʦʥʘʤ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʯʝʪʳʨʸʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʦʣʝʢʫʣ DMSO. ʉ ʫʯʸʪʦʤ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ DMSO 

ʠʪʦʛʦʚʘʷ ʬʦʨʤʫʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ Mo_1Ŀ5DMSO. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʙʝʩʢʦʥʝʯʥʳʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʣʝʥʪʳ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʸʪ 

ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Ii-Ia (3.942 ï 3.986 ¡). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ W_1. ʅʝ ʩʤʦʪʨʷ ʥʘ ʠʜʝʥʪʠʯʥʳʡ ʩ Mo_1 ʩʦʩʪʘʚ, 

ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʙʝʟ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ (P 21/ʩ, Z = 4) (ʊʘʙʣ. ʇ1). ɺ ʷʯʝʡʢʝ ʩʦʜʝʨʞʠʪʩʷ ʘʥʠʦʥ 

[{W6I8}(DMSO)I5]ī ʠ ʢʘʪʠʦʥ Bu4N+. SO ʛʨʫʧʧʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ DMSO 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ (ʟʘʩʝʣʸʥʥʦʩʪʴ 82/18 %). ɺ ʩʪʨʫʢʪʫʨʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʝʩʢʦʥʝʯʥʳʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʩʣʦʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʸʪ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Ii-Ia (3.915 ï 3.970 ¡). 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʮʠʩ-[{M6I8}(DMSO)2I4] (M = Mo, W) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʚʳʜʝʨʞʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

 

ʈʠʩ. 21 ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo_2 (ʩʣʝʚʘ) ʠ W_2 (ʩʧʨʘʚʘ). ʆʢʪʘʵʜʨ - M6, 

ʬʠʦʣʝʪʦʚʳʡ - I, ʢʨʘʩʥʳʡ - O, ʞʸʣʪʳʡ - S, ʩʝʨʳʡ - C, ʩʚʝʪʣʦ-ʩʝʨʳʡ ï H 
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ʉʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ (F ddd, Z = 16) (ʊʘʙʣ. ʇ2). ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʦʢʪʘʵʜʨʘ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʚʧʠʩʘʥʥʦʛʦ ʚ ʢʫʙ ʠʟ ʘʪʦʤʦʚ ʠʦʜʘ, ʜʦʧʦʣʥʷʝʪʩʷ ʯʝʪʳʨʴʤʷ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʠʦʜʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʜʚʫʤʷ DMSO ʣʠʛʘʥʜʘʤʠ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʯʝʨʝʟ ʘʪʦʤ ʆ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ (ʈʠʩ. 21) 

[122]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʛʘʥʜʳ DMSO ʦʙʣʘʜʘʶʪ ʥʝʧʦʣʥʦʡ ʟʘʩʝʣʸʥʥʦʩʪʴʶ 

DMSO/Ia (Mo: 0.85/0.15; W: 0.9/0.1). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪʩʷ ʧʦʣʦʩʪʴ, 

ʩʦʜʝʨʞʘʱʘʷ ʩʠʣʴʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚ ʨʘʟʤʝʨʝ 252 (Mo) 

ʠ 336 (W) ɻ ʣʝʢʪʨʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ DMSO, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʘʤ Mo_2Ŀ6DMSO ʠ 

W_2Ŀ8DMSO. ʈʘʩʩʪʦʷʥʠʷ M-M, M-Ii, M-O ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ DMSO [122]. 

ʈʘʩʩʪʦʷʥʠʷ M-Ia ʚ ʩʪʨʫʢʪʫʨʝ Mo_2Ŀ6DMSO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2.837(1) ï 2.850(1) ¡, 

ʘ ʚ ʩʪʨʫʢʪʫʨʝ W_2Ŀ8DMSO ʚ ʜʠʘʧʘʟʦʥʝ 2.829(1) ï 2.842(1) ¡, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʠʦʜʠʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [55,56]. ɺ ʷʯʝʡʢʝ ʩʦʜʝʨʞʠʪʩʷ 

ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ Mo ʠ ʯʝʪʳʨʝ ʚʥʫʪʨʝʥʥʠʭ ʘʪʦʤʘ I, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ 

ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ. ɼʚʘ ʘʪʦʤʘ Mo ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʠʦʜʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʘ 

ʧʦʩʣʝʜʥʠʡ ʤʦʣʝʢʫʣʦʡ DMSO. ɺ ʩʪʨʫʢʪʫʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʘʙʳʝ Ii-Ia 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Mo: 3.845 ï 3.948 ¡; W: 3.827 ï 3.927 ¡), ʦʙʨʘʟʫʶʱʠʝ ʙʝʩʢʦʥʝʯʥʳʡ 

ʪʨʸʭʤʝʨʥʳʡ ʧʦʣʠʤʝʨ. ʀʥʳʭ ʟʥʘʯʠʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʝʜʠʥʠʮʘʤʠ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

3.1.3. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɸʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ Mo_1 ʠ W_1 ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʘʧʠʩʘʪʴ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʈʠʩ. 22). Mo_1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʛʣʦʱʝʥʠʝ ʚʧʣʦʪʴ ʜʦ 

~550 ʥʤ ʩ ʯʝʪʳʨʴʤʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʧʠʢʘʤʠ (217, 246, 280 ʠ 303 ʥʤ). 

ʇʦʛʣʦʱʝʥʠʝ W_1 ʥʝʩʢʦʣʴʢʦ ʫʞʝ (~500 ʥʤ) ʠ ʩʦʜʝʨʞʠʪ ʪʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʠʢʘ 

(220, 239 ʠ 263 ʥʤ). ʄʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 246 ʠ 220 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɼʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo_2 ʠ W_2 ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʕʉɼʆ). ʇʦʣʫʯʝʥʥʳʝ 

ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ (ʈʠʩ. 23). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 1.72 ʵɺ (Mo_2) ʠ 2.07 

ʵɺ (W_2). 

 

ʈʠʩ. 22 ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ Mo_1 ʠ W_1 ʚ CH3CN 

ʈʠʩ. 23 ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ ʠ ʦʮʝʥʢʘ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʡ Mo_2 ʠ W_2 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠ ʪʠʧʘ ʩʧʝʢʪʨʦʚ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ: (1) ʉʧʝʢʪʨʳ 

ʚʦʟʙʫʞʜʝʥʠʷ (ɚem = ʤʘʢʩ. ʵʤʠʩʩʠʠ), (2) ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ (ɚex = 355 ʥʤ) ʠ (3) ʩʧʝʢʪʨʳ 

ʵʤʠʩʩʠʠ (ɚex = ʤʘʢʩ. ʚʦʟʙʫʞʜʝʥʠʷ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʠʚʝʜʝʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʩʧʝʢʪʨʳ (Bu4N)2[{M6I8}I6] (ʄ = Mo, W) ʠ [{M6I8}(DMSO)6](NO3)4 (ʄ = 

Mo, W). ɼʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Mo_1 ʠ Mo_2: 

ɚex = 580 ʥʤ, W_1: ɚex = 480 ʥʤ, W_2: ɚex = 520 ʥʤ). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʷʚʥʦ ʚʳʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʘ ʚʦʟʙʫʞʜʝʥʠʝ ʧʦʜ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ ʤʝʥʝʝ ʚʳʨʘʞʝʥʦ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʥʘ ʨʘʚʥʦʤʝʨʥʘʷ 

ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʚʝʜʸʥʥʳʭ ʩʧʝʢʪʨʘʭ (ʈʠʩ. 24ɸ, 

ɻ). ʇʨʦʬʠʣʴ ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʬʦʨʤʫ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʧʨʠ ʵʪʦʤ ʜʣʷ Mo_1 ʠ Mo_2 ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʛʠʧʩʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʦʜʠʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (Mo_1 ʠ Mo_2: ɚem = 706 ʥʤ), ʜʣʷ W_2 ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʦʝ 

ʩʤʝʱʝʥʠʝ (W_2: ɚem = 683 ʥʤ), ʘ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ W_1 ʩʦʚʧʘʜʘʝʪ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʠʦʜʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (W_1: ɚem = 656 ʥʤ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ çʜʠè-ʟʘʤʝʱʸʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʟʘʤʝʱʝʥʠʝʤ ʣʠʛʘʥʜʦʚ (ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʦʜʠʜʥʳʤʠ), ʪʘʢ ʠ ʩ ʧʦʪʝʨʝʡ ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʪʘʢ ʢʘʢ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʢʘʟʘʣʠʩʴ 

ʥʠʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʙʦʨʘ. ʆʩʥʦʚʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ 

ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ (ʊʘʙʣ. ʇ3). 
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3.2. ʇʨʦʜʫʢʪʳ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʂʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [{M6I8}(DMSO)6](I3)4 (M = Mo, W) 

3.2.1. ʇʦʣʫʯʝʥʠʝ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Bu4N)2[{M6I8}I6] (M = Mo, W) ʩ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (DMSO) ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ ʥʘ 

ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʫʞʝ ʰʝʩʪʠ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʜʣʷ ʧʨʷʤʦʛʦ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠʦʜʠʜʥʳʭ 

ʣʠʛʘʥʜʦʚ ʥʘ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʧʠʩʘʥʥʦʡ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʦʡ [122] ̫ ʚʣʷʝʪʩʷ ʫʭʦʜ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʦʣʝʡ 

ʩʝʨʝʙʨʘ, ʘ ʠʤʝʥʥʦ AgNO3, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʠʩʭʦʜʥʦʛʦ ʥʠʪʨʘʪʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{M6I8}(NO3)6]. ɼʦʙʘʚʣʝʥʠʝ ʠʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 100  ʚ ʪʝʯʝʥʠʝ 

ʈʠʩ. 24 ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ (ɚem = ʤʘʢʩ. ʵʤʠʩʩʠʠ) 

Mo_1 ʠ Mo_2 (ʘ), W_1 ʠ W_2 (ʛ). ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ (ɚex 

= 355 ʥʤ) Mo_1 ʠ Mo_2 (ʙ), W_1 ʠ W_2 (ʜ). ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ (ɚex = 

ʤʘʢʩ. ʚʦʟʙʫʞʜʝʥʠʷ) Mo_1 ʠ Mo_2 (ʚ), W_1 ʠ W_2 (ʝ) 
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20 ʯʘʩʦʚ. ʇʨʠʯʸʤ ʨʝʘʢʮʠʶ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʧʘʷʥʥʦʡ 

ʘʤʧʫʣʳ, ʩʠʥʪʝʟ ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʥʘ ʧʣʠʪʢʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʭ ʧʨʦʣʠʛʘʥʜʦʚ ʠʣʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʠʦʜʦʤ, 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʘʙʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(OMeï, CH3COOï ʠ ʜʨ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʷ 

[{M6I8}(DMSO)6](I3)4 (M = Mo, W) ʩ ʚʳʭʦʜʘʤʠ ʧʦʨʷʜʢʘ 80%. ɻʦʤʦʣʝʧʪʠʯʝʩʢʠʤ 

ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʧʨʠʩʚʦʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ Mo_6 ʠ W_6. 

ɸʥʠʦʥʳ Iï, ʧʦʩʪʝʧʝʥʥʦ ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʙʳʣʦ ʥʝʜʘʚʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʘʥʩ-[{Mo6I8}(py)2I4] [135]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ, ʦʧʠʩʘʥʥʦʝ ʚ ʨʘʟʜʝʣʝ 3.1.1, ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ, ʪʘʢ ʢʘʢ ʧʨʦʩʪʦʝ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʨʤ ʩ ʙʦʣʝʝ ʯʝʤ ʪʨʝʤʷ ʟʘʤʝʱʸʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʜʦʙʘʚʣʝʥʠʝ I2 ʚ ʩʠʩʪʝʤʫ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʠʦʜʠʜʥʳʭ ʘʥʠʦʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ I3ï

ʩʤʝʱʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʝ ʟʘʤʝʱʸʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʫʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 27). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʫʪʸʤ 

ʚʳʩʘʞʠʚʘʥʠʷ ʠʟʙʳʪʢʦʤ ʵʪʠʣʘʮʝʪʘʪʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 

[{M6I8}(DMSO)6](I3)4 (M = Mo, W) ʚ ʚʠʜʝ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʦʨʦʰʢʦʚ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʦʤʳʚʘʥʠʝ ʦʩʘʜʢʘ ʵʪʠʣʘʮʝʪʘʪʦʤ ʠ ʩʧʠʨʪʦʤ ʧʦʟʚʦʣʷʝʪ ʠʟʙʘʚʠʪʴʩʷ 

ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʠʦʜʘ ʠ ʦʙʨʘʟʦʚʘʥʥʦʛʦ Bu4NI3. 

 (Bu4N)2[{M6I8}I6] + 6DMSO + 6I2 = [{M6I8}(DMSO)6](I3)4 + 2Bu4NI3 (27) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʧʦʤʷʥʫʪʳʭ ʨʘʥʝʝ [{M6I8}(DMSO)6](NO3)4, ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʠʤʳ 

ʪʦʣʴʢʦ ʚ DMSO, ʚʦʜʝ ʠ ʵʪʘʥʦʣʝ (ʚ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʛʠʜʨʦʣʠʟ 

[122,151]), ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʩʧʠʨʪʝ, ʦʜʥʘʢʦ 

ʨʘʩʪʚʦʨʠʤʳ (Cʤʘʢʩ ~1 ʤʛ/ʤʣ) ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ 

ʘʮʝʪʦʥ, ʘʮʝʪʦʥʠʪʨʠʣ, THF, ʥʠʪʨʦʤʝʪʘʥ ʠ ʜʨ. ʉʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ 

ʧʦʜʪʚʝʨʞʜʝʥ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʕɼʉ ʠ CHN/S, ʀʂ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʥʘ ʷʜʨʘʭ 

1H, ʘ ʪʘʢʞʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ (ʊɻ-ʘʥʘʣʠʟ) (ʈʠʩ. 25). 
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ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘ 

936 (Mo_6) ʠ 930 (W_6) ʩʤï1, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ S=O 

ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ (ɜ(SO) ʩʚʦʙʦʜʥʦʛʦ DMSO ~1050 

ʩʤï1) (ʈʠʩ. 25ɸ). ʇʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʥʠʪʨʘʪʥʳʤ ʩʦʣʷʤ [122], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʧʝʰʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʨʝʘʢʮʠʠ. ʗʄʈ 1H ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʦʞʠʜʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʠʥʛʣʝʪʥʳʡ ʩʠʛʥʘʣ ʥʘ 2.96 (Mo_6) ʠ 2.93 (W_6) ʤ.ʜ. (ʈʠʩ. 25ɹ), ʯʪʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʪʩʷ ʧʫʪʸʤ ʟʘʧʠʩʠ ʩʧʝʢʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠʯʠʥʦʡ ʥʘʣʠʯʠʷ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H ʩʠʛʥʘʣʘ 

ʩʚʦʙʦʜʥʦʛʦ DMSO (2.54 ʤ.ʜ.) ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʤ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʩʠʛʥʘʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ DMSO. ʊʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʊɻ-ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʯʠʥʘʝʪʩʷ 

ʈʠʩ. 25 ʀʂ-ʩʧʝʢʪʨʳ Mo_6 ʠ W_6 (ɸ), ʉʧʝʢʪʨʳ ʗʄʈ 1H Mo_6 ʠ W_6  ʚ DMSO-d6 (ɹ), 

ʜʘʥʥʳʝ ʊɻ-ʘʥʘʣʠʟ Mo_6 (ɺ) ʠ W_6 (ɻ) 
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ʧʨʠ ~115 , ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʘʷ ʧʦʪʝʨʷ ʚʩʝʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʠ ʨʘʟʨʫʰʝʥʠʝ ʪʨʠʠʦʜʠʜʥʳʭ ʧʨʦʪʠʚʦʠʦʥʦʚ ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ ʩʪʫʧʝʥʝʡ, ʟʘ ʢʦʪʦʨʦʡ 

ʩʣʝʜʫʝʪ ʦʢʠʩʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʈʠʩ. 25ɺ ï ɻ). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʵʪʠʣʘʮʝʪʘʪʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʦʢʪʘʵʜʨ ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, 

ʚʧʠʩʘʥʥʳʡ ʚ ʧʦʯʪʠ ʠʜʝʘʣʴʥʳʡ ʢʫʙ I8. ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʦʤ DMSO ʯʝʨʝʟ ʘʪʦʤ ʆ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ (ʈʠʩ. 26) [122]. ʆʙʱʠʡ ʟʘʨʷʜ ʢʘʪʠʦʥʘ [{M6I8}(DMSO)6]4+ ʫʨʘʚʥʦʚʝʰʝʥ 

ʯʝʪʳʨʴʤʷ ʪʨʠʠʦʜʠʜʥʳʤʠ ʘʥʠʦʥʘʤʠ I3ï. ʈʘʩʩʪʦʷʥʠʷ M-M, M-I, M-O ʥʘʭʦʜʷʪʩʷ ʚ 

ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[122] ʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʯʝʨʝʟ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ [181ï184]. 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Mo_6. ʉʦʝʜʠʥʝʥʠʝ [{Mo6I8}(DMSO)6](I3)4 

(Mo_6) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ (C 2/c, Z = 4) 

(ʊʘʙʣ. ʇ4). ɺ ʷʯʝʡʢʝ ʩʦʜʝʨʞʠʪʩʷ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ Mo ʠ ʯʝʪʳʨʝ ʚʥʫʪʨʝʥʥʠʭ 

ʈʠʩ. 26 ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [{M6I8}(DMSO)6]
4+ ʚ Mo_6 ʠ W_6Ā4DMSO. 

ʆʢʪʘʵʜʨ - M6, ʬʠʦʣʝʪʦʚʳʡ - I, ʢʨʘʩʥʳʡ - O, ʞʸʣʪʳʡ - S, ʩʝʨʳʡ - C, ʩʚʝʪʣʦ-ʩʝʨʳʡ ï H 
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ʘʪʦʤʘ I, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ. ɺʩʝ ʘʪʦʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʝʡ 

ʧʦʟʠʮʠʠ, ʘ ʮʝʥʪʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ (0, 0, 0). 

ɹʣʠʞʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ I ʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ I3ï, ʘ ʪʘʢʞʝ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʠʦʜʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʨʘʟʥʳʤʠ ʘʥʠʦʥʘʤ I3ï, ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 3.647 ï 

3.952 ¡ ʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʘʙʳʝ ʢʦʥʪʘʢʪʳ I-I, ʦʙʨʘʟʫʶʱʠʝ ʙʝʩʢʦʥʝʯʥʫʶ 

3D-ʩʝʪʴ (ʈʠʩ. 27ɸ, ʇ1). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ W_6Ā4DMSO. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ 

ʯʝʪʳʨʤɹʷ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ DMSO ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ (P 21/n, Z = 2) (ʊʘʙʣ. ʇ4). ɺ ʷʯʝʡʢʝ ʩʦʜʝʨʞʠʪʩʷ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ Mo ʠ 

ʯʝʪʳʨʝ ʚʥʫʪʨʝʥʥʠʭ ʘʪʦʤʘ I, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ. ɺʩʝ ʘʪʦʤʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʝʡ ʧʦʟʠʮʠʠ, ʘ ʮʝʥʪʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ 

ʠʥʚʝʨʩʠʠ (İ, 0, İ). ɸʥʘʣʦʛʠʯʥʦ Mo_6 ʚʥʫʪʨʝʥʥʠʝ ʠʦʜʠʜʥʳʝ ʣʠʛʘʥʜʳ ʠ ʘʪʦʤʳ ʠʦʜʘ 

ʪʨʠʠʦʜʠʜʥʦʛʦ ʘʥʠʦʥʘ ʦʙʨʘʟʫʶʪ ʩʣʘʙʳʝ ʢʦʥʪʘʢʪʳ I-I ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 3.868 ï 3.991 ¡. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʚʘ ʘʥʠʦʥʘ I3ï ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʜʥʠʤ ʷʜʨʦʤ ʢʣʘʩʪʝʨʘ, ʦʙʨʘʟʫʷ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʝʜʠʥʠʮʳ (ʈʠʩ. 27ɹ, ʇ1). 

 

3.2.2. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ Mo_6 ʠ W_6 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 28, ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʰʠʨʦʢʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʦʭʚʘʪʳʚʘʶʱʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ ʋʌ- ʜʦ ʙʣʠʞʥʝʡ ʀʂ 

ʦʙʣʘʩʪʠ (ʜʦ ~800 ʥʤ). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʰʠʨʠʥʳ 

ʈʠʩ. 27 ʂʦʥʪʘʢʪʳ I-I ʚ ʩʪʨʫʢʪʫʨʝ Mo_6 (ɸ) ʠ W_6Ā4DMSO (ɹ) 
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ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʩʧʠʥʨʘʟʨʝʰʸʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ (ʩʠʥʛʣʝʪ-

ʩʠʥʛʣʝʪ). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 1.61 ʠ 1.52 ʵɺ ʜʣʷ Mo_6 ʠ W_6, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʘʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʷʚʣʷʶʪʩʷ ʨʝʢʦʨʜʥʳʤʠ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[2,5,59]. ʇʨʠ ʵʪʦʤ ʚʳʜʘʶʱʝʝʩʷ ʧʦʛʣʦʱʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʧʦʛʣʦʱʘʶʱʠʤʠ 

ʪʨʠʠʦʜʠʜʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ, ʪʘʢ ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[{M6I8}(DMSO)6](NO3)4 ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʪʦʣʴʢʦ ʜʦ ~650 ʥʤ (ʈʠʩ. ʇ2). ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʚʦʟʤʦʞʥʘ ʥʘʩʪʨʦʡʢʘ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʸʪ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʦʪʠʚʦʠʦʥʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʜʘʝʪ 

ʵʪʠʤ ʢʦʤʧʣʝʢʩʘʤ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɹʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʤ ʨʘʩʪʚʦʨʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 28 ʧʨʠʚʝʜʸʥ ʪʘʢʞʝ ʩʧʝʢʪʨ Bu4NI3. 

ɺʠʜʥʦ, ʯʪʦ ʧʨʦʬʠʣʠ ʩʧʝʢʪʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩʦ 

ʩʧʝʢʪʨʦʤ Bu4NI3 (292 ʠ 361 ʥʤ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʚʢʣʘʜʝ 

ʧʨʦʪʠʚʦʠʦʥʘ ʚ ʧʦʛʣʦʱʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ. ʇʦʛʣʦʱʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʢʣʘʩʪʝʨʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʋʌ-ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʜʚʫʭ ʧʦʣʦʩ 

ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ~220 ʠ 245 ʥʤ ʜʣʷ Mo_6 ʠ ʦʜʥʦʡ ʧʦʣʦʩʳ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ~220 ʥʤ ʜʣʷ W_6. 

 

ʈʠʩ. 28 ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ ʠ ʦʮʝʥʢʘ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʡ Mo_6 ʠ W_6 (ʩʣʝʚʘ). ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ Mo_6 ʠ W_6 ʚ CH3CN (ʩʧʨʘʚʘ) 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʥʠ ʥʝ ʧʨʦʷʚʣʷʶʪ ʵʤʠʩʩʠʠ ʥʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʥʠ ʚ ʨʘʩʪʚʦʨʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʧʦʥʷʪʴ ʧʨʠʯʠʥʫ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʜʚʫʭ ʠʟʚʝʩʪʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ï [{Mo6I8}(DMSO)6](NO3)4 ʠ (Bu4N)2[{Mo6I8}(NO3)6] (C = 10ï4 M, ɚex = 350 ʥʤ) ï ʚ 

ʨʘʩʪʚʦʨʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bu4NI3 (ʈʠʩ. 29). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʠʠʦʜʠʜʘ 4Ā10ï4 ʄ (ʪ.ʝ. 4 ʵʢʚʠʚʘʣʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣ. ʢʦʤʧʣʝʢʩʫ) 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʵʤʠʩʩʠʠ. ʇʦʩʢʦʣʴʢʫ ʜʠʘʧʘʟʦʥ ʵʤʠʩʩʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʦʛʣʦʱʝʥʠʷ I3ï ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ (ʈʠʩ. 28, 29), ʵʪʦʪ ʵʬʬʝʢʪ 

ʥʝ ʩʚʷʟʘʥ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʠʟʣʫʯʘʝʤʳʭ ʬʦʪʦʥʦʚ ʘʥʠʦʥʘʤʠ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʫʰʝʥʠʝ ʵʤʠʩʩʠʠ ʢʣʘʩʪʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʣʠʙʦ ʩ 

ʘʢʪʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ I3ï ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʣʠʙʦ ʩ ʚʦʟʤʦʞʥʳʤ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʪʨʠʠʦʜʠʜʥʳʤ 

ʧʨʦʪʠʚʦʠʦʥʘʤ. 

 

ʈʠʩ. 29 ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ [{Mo6I8}(DMSO)6](NO3)4 ʠ (Bu4N)2[{Mo6I8}(NO3)6] ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Bu4NI3 ʚ CH3CN 
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3.3. ɻʠʙʨʠʜʥʳʝ ʩʦʣʠ [{M6I8}(DMSO)6][W6O19]2 (M = Mo, W) 

3.3.1. ʇʦʣʫʯʝʥʠʝ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚ ʠʟʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ DMSO ʩʪʘʣʦ 

ʧʦʣʫʯʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʆʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʛʠʜʨʦʣʠʟ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{M6I8}(DMSO)6](NO3)4 (M = Mo, W) [122], ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚ ʥʘʰʠʭ ʢʦʤʧʣʝʢʩʘʭ 

ʪʨʠʠʦʜʠʜʥʳʭ ʧʨʦʪʠʚʦʠʦʥʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʪʠʚʠʨʦʚʘʣʠ ʧʨʦʚʝʩʪʠ ʤʦʜʠʬʠʢʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʟʘʤʝʥʝ ʧʨʦʪʠʚʦʠʦʥʦʚ. ɺʳʙʦʨ ʙʳʣ ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ 

ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʘ ʪʠʧʘ ʃʠʥʜʢʚʠʩʪ (W6O192ï), ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʚʘʞʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʜ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ [185,186]. ʂʦʤʙʠʥʘʮʠʷ ʚ ʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʵʣʝʢʪʨʦʥʦʙʦʛʘʪʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʵʣʝʢʪʨʦʥʦʙʝʜʥʳʭ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʜʘʚʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

[{Mo6I8}Cl6]2ï ʥʘ ʇʆʄ ʪʠʧʘ ʂʝʛʛʠʥ ʠ ɼʦʫʩʦʥ ʚ CH3CN [8], ʭʦʪʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʪʘʶʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤʠ. ɻʠʙʨʠʜʥʳʤ ʩʦʣ̫ʤ 

[{M6I8}(DMSO)6][W6O19]2 (M = Mo, W) ʧʨʠʩʚʦʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ Mo_W6O19 ʠ 

W_W6O19. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʷʚʣʷʝʪʩʷ ʩʤʝʰʝʥʠʝ ʠ 

ʚʳʜʝʨʞʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘ (Bu4N)2[W6O19]2 ʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [{M6I8}(DMSO)6]4+, ʧʨʠʯʸʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʩ ʣʶʙʳʤʠ 

ʧʨʦʪʠʚʦʠʦʥʘʤʠ, I3ï ʠʣʠ NO3ï. ɻʠʙʨʠʜʥʘʷ ʩʦʣʴ ʥʝ ʚʳʧʘʜʘʝʪ ʤʦʤʝʥʪʘʣʴʥʦ ʧʨʠ 

ʩʤʝʰʝʥʠʠ ʨʘʩʪʚʦʨʦʚ, ʘ ʤʝʜʣʝʥʥʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. 

ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʦʡ ʧʨʦʩʪʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʛʠʙʨʠʜʥʫʶ ʩʦʣʴ ʚ ʚʠʜʝ ʚʳʩʦʢʦʢʨʠʩʪʘʣʣʠʯʥʦʛʦ ʧʦʨʦʰʢʘ, ʦʜʥʘʢʦ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʚ 

ʩʣʫʯʘʝ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 41%. ɼʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ 
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ʨʝʘʢʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʜʝʥʠʝ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ 

[{M6I8}(DMSO)6]4+, ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ [178], ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

(Bu4N)2[W6O19]2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʝʩʴ (Bu4N)2[{M6I8}I6] (M = Mo, W), I2 ʠ 

(Bu4N)2[W6O19]2 ʨʘʩʪʚʦʨʷʣʠ ʚ DMSO, ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 

90 , ʯʪʦ ʠ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ (ʢʨʘʩʥʳʝ ʜʣʷ Mo ʠ 

ʦʨʘʥʞʝʚʳʝ ʜʣʷ W) ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʦʚ ʜʦ 50 ʤʢʤ (ʧʦ ʜʘʥʥʳʤ ʉʕʄ, ʨʠʩ. ʇ15). 

ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 91 ʠ 86% ʜʣʷ Mo_W6O19 ʠ W_W6O19, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ (P 3 ᵊ1c, Z = 2) (ʊʘʙʣ. ʇ5). ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ 

ʩʦʜʝʨʞʘʪ ʦʜʥʫ ʢʣʘʩʪʝʨʥʫʶ ʝʜʠʥʠʮʫ, ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʇʆʄ, ʯʪʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [{M6I8}(DMSO)6][W6O19]2. ʂʣʘʩʪʝʨʳ ʠʤʝʶʪ ʪʠʧʠʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʢʪʘʵʜʨʘ, ʚʧʠʩʘʥʥʦʛʦ ʚ ʢʫʙ ʠʟ ʚʦʩʴʤʠ 

ʚʥʫʪʨʝʥʥʠʭ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ DMSO ʯʝʨʝʟ ʘʪʦʤ ʆ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʘʭ ʩ DMSO 

[122,178]. ʈʘʩʩʪʦʷʥʠʷ M-M, M-I, M-O ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʘ ʪʘʢʞʝ W-O ʚ ʇʆʄ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ [122,181,187]. ɺ ʩʪʨʫʢʪʫʨʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʝʩʢʦʥʝʯʥʳʡ ʮʝʧʦʯʢʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʚʜʦʣʴ ʦʩʠ ʩ. ʇʫʩʪʦʪʘ, 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʤʝʞʜʫ ʢʘʞʜʳʤʠ ʯʝʪʳʨʴʤʷ ʮʝʧʦʯʢʘʤʠ, ʟʘʧʦʣʥʝʥʘ ʜʚʫʤʷ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʤʠ ʮʝʧʦʯʢʘʤʠ ʇʆʄ/ʢʣʘʩʪʝʨʦʚ (ʈʠʩ. ʇ4ɸ), ʧʨʠ ʵʪʦʤ 

ʘʥʠʦʥʳ ʇʆʄ ʚ ʮʝʧʦʯʢʘʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʰʝʩʪʠ ʙʣʠʞʘʡʰʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

ʧʦʟʠʮʠʷʤ (ʈʠʩ. ʇ4ɹ). ʅʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʩʦʝʜʠʥʝʥʠʡ 

Mo_W6O19 ʠ W_W6O19 ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʝʨʞʥʝʦʙʨʘʟʥʦʝ ʜʠʬʬʫʟʥʦʝ ʨʘʩʩʝʷʥʠʝ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ c* (ʈʠʩ. ʇ5 ʠ ʇ6), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʘʥʠʦʥʳ ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ, ʘ ʧʦʣʥʦʩʪʴʶ ʫʧʦʨʷʜʦʯʝʥʳ ʚ ʩʣʦʷʭ ab ʩ 

ʥʝʢʦʪʦʨʳʤ ʥʘʨʫʰʝʥʠʝʤ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ c*. ʄʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʢʘʢʠʭ-ʣʠʙʦ ʟʥʘʯʠʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʛʨʝʛʘʪʘʤʠ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ, ʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʦʣʦʩʪʠ, 

ʟʘʥʠʤʘʝʤʦʡ ʇʆʄ, ʯʝʤ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʡ ʦʙʲʝʤ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʣʴʥʳʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʞʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʕɼʉ ʠ CHN/S) ʧʦʜʪʚʝʨʜʠʣ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, 

ʦʜʥʘʢʦ ʠʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ 1-1,5 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ DMSO ʥʘ ʢʣʘʩʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ. ʏʠʩʪʦʪʘ ʬʘʟʳ 

ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩ. 30ɸ). ɼʠʬʨʘʢʮʠʦʥʥʳʝ 

ʢʘʨʪʠʥʳ ʚʩʝʭ ʧʦʨʦʰʢʦʚ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʦʜʥʦʬʘʟʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʘ) ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʚ ʛʠʙʨʠʜʥʳʭ 

ʩʦʣʷʭ ʚʩʝʭ ʢʦʣʝʙʘʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ [{Mo6I8}(DMSO)6]4+ ʠ [W6O19]2ï, ʘ ʠʤʝʥʥʦ 

ʩʠʛʥʘʣ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʳ S=O ʧʨʠ ḑ930 ʩʤï1 [122], ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷ W-Ot, 

W-Ob ʠ Ob-W-Ot (Ob ʠ Ot ī ʤʦʩʪʠʢʦʚʳʡ ʠ ʪʝʨʤʠʥʘʣʴʥʳʡ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ 978, 808, 586 ʠ 444 ʩʤï1 (ʈʠʩ. 30ɹ) [188]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠ 

ʦʜʥʦ ʠʟ ʢʦʣʝʙʘʥʠʡ ʥʝ ʙʳʣʦ ʩʤʝʱʝʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʊɻ-ʘʥʘʣʠʟʘ ʚ ʜʠʘʧʘʟʦʥʝ 35 ï 950  (ʈʠʩ. 30ɺ). ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʜʦ 200 ï 220 , ʘ ʜʘʣʴʥʝʡʰʝʝ 

ʥʘʛʨʝʚʘʥʠʝ ʜʦ 400 ï 420  ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ḑ6-7 ʤʦʣʝʢʫʣ DMSO, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Mo_W6O19 ʠ W_W6O19 

ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ. ʅʘʧʨʠʤʝʨ, ʨʘʟʣʦʞʝʥʠʝ W_W6O19 ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʧʨʠ 

ḑ540 , ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ, ʯʝʤ ʜʣʷ Mo_W6O19 (ḑ625 ). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʢʩʠʜʳ MO2. 

ʈʠʩ. 30 ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ (ʘ), ʀʂ-ʩʧʝʢʪʨʳ (ʙ) ʠ ʊɻ-ʘʥʘʣʠʟ (ʚ) ʩʦʝʜʠʥʝʥʠʡ Mo_W6O19 ʠ 

W_W6O19 
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ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ) ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʠʟʫʯʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʘʪʦʤʦʚ (ʈʠʩ. 31, ʇ7). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʩʦʩʪʘʚ ʩʦʣʝʡ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʥʳʤʠ ʘʥʘʣʠʟʘʤʠ ʠ ʚʥʦʚʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʞʠʜʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ. ɺ ʩʧʝʢʪʨʘʭ ʫʨʦʚʥʝʡ ʷʜʨʘ W4f ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʝ 4f ʜʫʙʣʝʪʳ W+6 ʧʨʠ 35.9 ï 36.0 (W4f7/2) ʠ 38.1 ï 38.2 ʵɺ (W4f5/2), ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʇʆʄ. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʩʝ ʢʣʘʩʪʝʨʥʳʝ ʩʠʛʥʘʣʳ Mo+2 ʧʨʠ 229.6 (Mo3d5/2) ʠ 232.6 ʵɺ (Mo3d3/2), W+2 ʧʨʠ 32.6 

(W4f7/2) ʠ 34.7 ʵɺ (W4f5/2) ʠ Iï ʧʨʠ 621.0 (I3d5/2) ʠ 632.4 ï 632.5 (I3d3/2) ɻɺ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [166,189ï192]. ʅʝʙʦʣʴʰʠʝ ʧʣʝʯʠ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʚ I3d ʩʧʝʢʪʨʘʭ W_W6O19 ʧʨʠ 618.5 ʠ 630.1 ʵɺ, ʧʨʠʧʠʩʳʚʘʶʪʩʷ 

ʥʝʟʘʤʝʱʝʥʥʳʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʠʦʜʠʜʥʳʤ ʣʠʛʘʥʜʘʤ (ḑ0.3 ʣʠʛʘʥʜʘ ʥʘ ʢʣʘʩʪʝʨʥʦʝ 

ʷʜʨʦ). ʉʦʦʪʥʦʰʝʥʠʷ Mo+2/W+6 (Mo_W6O19) ʠ W+2/W+6 (W_W6O19) ʙʣʠʟʢʠ ʢ 1/2, ʢʘʢ 

ʠ ʦʞʠʜʘʣʦʩʴ ʜʣʷ ʩʦʣʝʡ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʠʢʠ S2p ʧʨʠ 166.5 (S2p3/2) ʠ 167.7 (S2p1/2) ɻɺ 

ʩʚʷʟʘʥʳ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ DMSO. ʅʠʢʘʢʠʭ ʜʨʫʛʠʭ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ DMSO, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʝ ʦʙʨʘʟʮʘ. 

ʈʠʩ. 31 ʈʌʕʉ-ʩʧʝʢʪʨʳ ʷʜʝʨ W4f, Mo3d, I3d ʚ Mo_W6O19 ʠ W4f, I3d W_W6O19, ʘ ʪʘʢʞʝ 

ʷʜʝʨ S2p ʜʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʢʨʘʩʥʳʡ - Mo_W6O19, ʬʠʦʣʝʪʦʚʳʡ - W_W6O19) 
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3.3.2. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ. DFT-ʨʘʩʯʸʪʳ ɺɿʄʆ ʠ ʅʉʄʆ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ. Mo_W6O19 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʦʝ, 

ʥʝʧʨʝʨʳʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚʧʣʦʪʴ ʜʦ ḑ700 ʥʤ ʩ ʜʚʫʤʷ ʦʪʯʝʪʣʠʚʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 

ḑ400 ʠ ḑ600 ʥʤ (ʈʠʩ. 32ɸ), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ W_W6O19 ʧʦʛʣʦʱʘʝʪ ʩʚʝʪ ʪʦʣʴʢʦ ʜʦ ḑ575 

ʥʤ (ʈʠʩ. 32ɹ). ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʤʳʤ ʜʣʷ 

ʧʘʨ ʘʥʘʣʦʛʠʯʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʚ ʢʦʪʦʨʳʭ 

ʚʦʣʴʬʨʘʤʦʚʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʯʘʩʪʦ ʠʤʝʶʪ ʙʦʣʝʝ ʩʚʝʪʣʳʡ ʦʪʪʝʥʦʢ [122]. 

ʄʘʢʩʠʤʫʤʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ W_W6O19 ʩʣʘʙʦ ʚʳʨʘʞʝʥʳ (ḑ275 ʥʤ ʠ ḑ425 ʥʤ) ʠ 

ʩʤʝʱʝʥʳ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Mo_W6O19. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʇʆʄ, 

ʙʫʜʫʯʠ ʙʝʩʮʚʝʪʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʦʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʛʣʦʱʝʥʠʝ 

ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ. ɼʣʷ ʦʮʝʥʢʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ (Eg), ʩʚʷʟʘʥʥʦʡ ʩʦ 

ʩʧʠʥʨʘʟʨʝʰʸʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ (ʩʠʥʛʣʝʪ-ʩʠʥʛʣʝʪ), ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

(Ŭhɜ)0.5 ʦʪ hɜ (ʛʨʘʬʠʢʠ ʊʘʫʮʘ) (ʈʠʩ. 32ɸ-ɹ). ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʣʠʥʝʡʥʦʡ ʦʙʣʘʩʪʠ ʵʪʠʭ 

ʛʨʘʬʠʢʦʚ ʢ ʦʩʠ ʘʙʩʮʠʩʩ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ Eg, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 1.75 

ʵɺ ʜʣʷ Mo_W6O19 ʠ 2.13 ʵɺ ʜʣʷ W_W6O19, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʘʙʣʶʜʘʝʤʦʡ ʛʨʘʥʠʮʝʡ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ. 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʠ ʚʣʠʷʥʠʷ ʇʆʄ ʥʘ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʈʠʩ. 32 ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ ʠ ʦʮʝʥʢʘ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʡ Mo_W6O19 (ʘ) ʠ W_W6O19 (ʙ). ʉʧʝʢʪʨʳ 

ʚʦʟʙʫʞʜʝʥʠʷ (ɚem = 655 ʥʤ) ʠ ʵʤʠʩʩʠʠ (ɚex = 355 ʥʤ) ʣʶʤʠʥʝʩʮʝʥʮʠʠ Mo_W6O19 ʠ 

W_W6O19 (ʚ) ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ 
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ʩʨʘʚʥʝʥʠʷ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʊʘʢ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ 

[{M6I8}(DMSO)6](I3)4 ʥʝ ʧʨʦʷʚʣʷʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʫʧʦʤʷʥʫʪʳʝ ʨʘʥʝʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʥʠʪʨʘʪʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ 

Mo_W6O19 ʠ W_W6O19 ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M6I8}(DMSO)6](NO3)4 (M = Mo, 

W) (ʈʠʩ. 32ɺ, ʇ8), ʠʟʤʝʨʝʥʳ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (Űem) ʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ (ūem). ɺʩʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ɺ ʩʣʫʯʘʝ Mo_W6O19 ʟʘʤʝʥʘ ʘʥʠʦʥʦʚ NO3ï ʥʘ [W6O19]2ï ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʤʫʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʋʤʝʥʴʰʝʥʠʝ ūem ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʯʘʩʪʴ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʣʘʩʪʝʨʦʚ (ʩʢʦʨʝʝ ʚʩʝʛʦ, ʤʝʥʴʰʘʷ) ʛʘʩʠʪʩʷ ʠʟ-ʟʘ 

ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʇOM. ʅʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʝʥʠʝ Űem, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ 

ʩʠʣʴʥʳʤ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ 

ʩʣʫʯʘʝ W_W6O19, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ ʦʯʝʥʴ ʩʣʘʙʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʙʳʣʠ ʟʘʧʠʩʘʥʳ 

ʪʦʣʴʢʦ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ, ʪʘʢ ʢʘʢ ʝʛʦ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʥʠʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʙʦʨʘ. ʗʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʵʤʠʩʩʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʚ W_W6O19, ʚ ʦʪʣʠʯʠʝ ʦʪ Mo_W6O19. 

 

 ɚem, ʥʤ Űem, ʤʢʩ ūem, % 

[{Mo6I8}(DMSO)6](NO3)4 672 37.5Ñ0.4 19 

Mo_W6O19 665 96.0Ñ0.7 15 

[{W6I8}(DMSO)6](NO3)4 648 27.4Ñ0.6 20 

W_W6O19 654 ï ï 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʧʨʷʤʦʝ ʩʤʝʰʝʥʠʝ [{M6I8}(DMSO)6](NO3)4 ʠ 

(Bu4N)2[W6O19] ʚ DMSO ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʩʦʣʝʡ ʪʦʣʴʢʦ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʫʰʝʥʠʷ 

ʢʣʘʩʪʝʨʥʦʡ ʵʤʠʩʩʠʠ ʚ ʨʘʩʪʚʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [W6O19]2ï. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʊʘʙʣ. 2 ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ Mo_W6O19 ʠ W_W6O19 ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ [{M6I8}(DMSO)6](NO3)4 (ʄ = ʄʦ, W) 
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ʥʘʙʣʶʜʘʝʤʦʝ ʪʫʰʝʥʠʝ ʵʤʠʩʩʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʘ ʥʘ ʇʆʄ, ʯʪʦ ʭʦʨʦʰʦ ʦʧʠʩʘʥʦ ʚ ʥʝʜʘʚʥʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʝʡ ʠʟ [{Mo6I8}Cl6]2ï ʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ 

[8]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

[{M6I8}(DMSO)6](NO3)4 ʠ (Bu4N)2[W6O19] ʚ DMSO, ʩʤʝʰʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʀʟʥʘʯʘʣʴʥʦ ʤʳ ʩʪʨʝʤʠʣʠʩʴ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʣʘʩʪʝʨ/ʇʆʄ ʥʝ ʙʦʣʝʝ 1:2 ʜʣʷ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʦʩʪʘʚ ʛʠʙʨʠʜʥʳʭ 

ʩʦʣʝʡ. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʫʰʝʥʠʝ ʵʤʠʩʩʠʠ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʦʢʘʟʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʥʝʛʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʟʙʳʪʦʢ 

ʇʆʄ ʩʦʩʪʘʚʠʣ 1:8 (ʈʠʩ. 33). 

 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʚʳʰʝ, ʜʦʙʘʚʣʝʥʠʝ ʇOM ʚ ʩʠʩʪʝʤʫ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ, ʧʦʜʪʚʝʨʞʜʘʷ ʚʦʟʤʦʞʥʳʡ ʧʝʨʝʥʦʩ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʘ ʥʘ [W6O19]2ï. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ I0/I ʦʪ CʇOM (ʛʨʘʬʠʢʠ ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ). 

ʇʦʣʫʯʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʪʫʰʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʦʩʠʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʂʦʥʩʪʘʥʪʳ ʐʪʝʨʥʘ-

ʌʦʣʴʤʝʨʘ (KSV) ʩʦʩʪʘʚʠʣʠ 5.9Ñ0.2 ʄï1 ʜʣʷ [{Mo6I8}(DMSO)6]4+ ʠ 74Ñ1 ʄï1 ʜʣʷ 

[{W6I8}(DMSO)6]4+. 

ʈʠʩ. 33 ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ [{Mo6I8}(DMSO)6](NO3)4 (ʩʣʝʚʘ) ʠ [{W6I8}(DMSO)6](NO3)4 

(ʩʧʨʘʚʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚ (Bu4N)2[W6O19]. ɻʨʘʬʠʢʠ ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Ksv 
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ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ KSV ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ʜʣʷ 

ʛʠʙʨʠʜʥʦʡ ʩʦʣʠ W_W6O19 (ʊʘʙʣ. 1). ʉʨʘʚʥʝʥʠʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [8] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʫʰʝʥʠʝ ʵʤʠʩʩʠʠ [{W6I8}(DMSO)6]4+ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʧʦʨʷʜʦʢ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʜʣʷ [{Mo6I8}Cl6]2ï, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ [{Mo6I8}(DMSO)6]4+ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʧʦʩʪʘʚʠʤʳʝ ʢʦʥʩʪʘʥʪʳ ʪʫʰʝʥʠʷ. ʉʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʥʦʩʘ ʚ ʩʣʫʯʘʝ ʘʥʠʦʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6I8}Cl6]2ï, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʫʯʘʩʪʚʫʶʪ 

ʢʦʤʧʦʥʝʥʪʳ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʠʟ-ʟʘ ʯʝʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ, 

ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʧʦʪʝʥʮʠʘʣʦʚ ʦʨʙʠʪʘʣʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʨʦʮʝʩʩʝ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ ʪʝʦʨʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ rDFT-

ʨʘʩʯʝʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ɺɿʄʆ (ʚʝʨʭʥʷʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʦʨʙʠʪʘʣʴ) ʠ ʅʉʄʆ (ʥʠʞʥʷʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ. 

 

ʈʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ɺɿʄʆ ʠ ʅʉʄʆ ʜʣʷ ʠʦʥʦʚ (ʛʝʦʤʝʪʨʠʷ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʚ ʩʨʝʜʝ DMSO ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʪʠʧʘ 

ʈʠʩ. 34 ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʠʩʪʝʤʝ çʢʣ.ʢʦʤʧʣʝʢʩ+ʇʆʄè 

 


































































