
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ 

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ  

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

ʂɸʐʅʀʂ ʀʣʴʷ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

 

ʅʆɺʓɽ ʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʀ ʄɸʊɽʈʀɸʃʓ ʅɸ ʆʉʅʆɺɽ 

ʆʂʊɸʕɼʈʀʏɽʉʂʀʍ ʂʃɸʉʊɽʈʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʄʆʃʀɹɼɽʅɸ ʀ ʈɽʅʀʗ ʀ 

ʉʀʅʀʍ ʆʈɻɸʅʀʏɽʉʂʀʍ ʃʖʄʀʅʆʌʆʈʆɺ 

 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣ:ɹ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

ɹʨʳʣʝʚ ʂʦʥʩʪʘʥʪʠʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

2ʌʇ ï ʜʚʫʭʬʦʪʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ɹʈ ï ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʚʝʩ. % ï ʚʝʩʦʚʳʝ ʧʨʦʮʝʥʪʳ 

ɺɿʄʆ ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ɼʄʉʆ, DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ, DMF  ï N,N'-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ʀʂʂ ï ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ 

ʀʇ ï ʠʦʥʥʳʡ ʧʦʜʭʦʜ 

ʂʉʕ ï ʢʣʘʩʪʝʨʥʳʡ ʩʢʝʣʝʪʥʳʡ ʵʣʝʢʪʨʦʥ 

ʄʉ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ʄʆ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʅʉʄʆ ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʇɼʄʉ ï ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ 

ʇʄʄɸ ï ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

ʇʨ. ʛʨ. ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʉʄʇ ï ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʜʭʦʜ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʊʌʕ ï ʪʝʪʨʘʬʝʥʠʣʵʪʠʣʝʥ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪ 

ʕɼʈʉ ï ʥɻʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʇ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʝʨʝʥʦʩ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

ʗʄʈ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

AIE  ï ʵʤʠʩʩʠʷ, ʚʳʟʚʘʥʥʘʷ ʘʛʨʝʛʘʮʠʝʡ 

apy ï 4-ʘʤʠʥʦʧʠʨʠʜʠʥ 

bpy ï 4,4'-ʙʠʧʠʨʠʜʠʥ 

MAC  ï ʤʝʪʘʢʨʠʣʘʪ ʘʥʠʦʥ 

MeCN ï ʘʮʝʪʦʥʠʪʨʠʣ 

MeOH ï ʤʝʪʘʥʦʣ 

mim ï ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʫʤ 
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PPV ï ʧʦʣʠ(ʧʘʨʘ-ʬʝʥʠʣʝʥ-ʚʠʥʠʣʝʥ) 

py ï ʧʠʨʠʜʠʥ 

py+ ï 1-ʤʝʪʠʣ-3-[4-(ʧʠʨʝʥ-1-ʠʣ)ʙʫʪʠʣ]-1ʅ-ʠʤʠʜʘʟʦʣ-3-ʠʫʤ 

TBP ï 4-(ʪʨʝʪ-ʙʫʪʠʣ)ʧʠʨʠʜʠʥ 

TMHD  ï 2,2,6,6-ʪʝʪʨʘʤʝʪʠʣ-3,5-ʛʝʧʪʘʥʜʠʦʥ 

lʚʦʟʙ ï ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 

lɻ ʤ ï ʜʣʠʥʘ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

tɻʤ ï ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  

ūɻ ʤ ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʜʠʥʘʢʦʚʦ ʩʪʨʝʤʠʪʝʣʴʥʦ ʜʚʠʞʝʪʩʷ ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʶʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ, ʦʙʱʘʷ ʬʦʨʤʫʣʘ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ [{ M6(m3-Q)8} L6]
m, ʛʜʝ M ï ʤʝʪʘʣʣ (Mo, W ʠʣʠ Re), Q ï

ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ (Q = Cl, Br ʠʣʠ I ʜʣʷ Mo ʠʣʠ W; Q = S ʠʣʠ Se ʜʣʷ Re), L ï ʣʠʛʘʥʜʳ ʚʥʝʰʥʝʡ 

ʩʬʝʨʳ ʢʦʤʧʣʝʢʩʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʛʦ ʩʦʩʪʘʚʘ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʘʢʠʭ ʚʥʝʰʥʠʭ 

ʚʦʟʙʫʜʠʪʝʣʝʡ, ʢʘʢ ʩʚʝʪ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʷʨʢʫʶ 

ʵʤʠʩʩʠʶ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʫʶ 

ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ. ʅʘʣʠʯʠʝ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʠʣʦ ʚʳʜʚʠʥʫʪʴ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʝʥʩʦʨʦʚ, ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ, 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʙʦʨʴʙʳ ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʘʪʦʣʦʛʠʷʤʠ. 

ʊʘʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ 

ʠ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʚʧʣʦʪʴ ʜʦ 550 ʥʤ. ʀʭ ʦʙʲʝʜʠʥʝʥʠʝ ʩ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʤʠ 

ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʚʝʱʝʩʪʚʘʤʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʤʠʩʩʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʪʦʣʴʢʦ ʚʩʣʝʜʩʪʚʠʝ ʢʦʤʙʠʥʘʮʠʠ ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ, ʥʦ ʠ 

ʙʣʘʛʦʜʘʨʷ ʷʚʣʝʥʠʷʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʜʚʫʤʷ ʵʤʠʩʩʠʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʆʜʥʠʤʠ 

ʠʟ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʢʘʥʜʠʜʘʪʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʵʤʠʩʩʠʶ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ çʩʠʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʣʶʤʠʥʦʬʦʨʳè), ʧʨʠʤʝʨʦʚ ʢʦʪʦʨʳʭ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʩʚʦʡʩʪʚ ʧʦʜʦʙʥʳʭ ʛʠʙʨʠʜʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʩʰʠʨʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʞʠʟʥʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ 
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ʦʙʲʝʤ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʪʘʢʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʠ. ɺ 

ʯʘʩʪʦʩʪʠ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʷʨʢʦʡ ʢʨʘʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʆʜʥʘʢʦ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ ʦʙʲʝʜʠʥʝʥʠʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʨʫʛʠʤʠ ʣʶʤʠʥʦʬʦʨʘʤʠ. ʉʨʝʜʠ ʥʠʭ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ 

ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʳ ʦʙʲʝʜʠʥʝʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʠʥʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʁ ʤʠʥʦʬʦʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʚ ʥʠʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʠʭ ʛʠʙʨʠʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʣʠ ʮʚʝʪʦʤ ʵʤʠʩʩʠʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʛʠʙʨʠʜʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʠ ʩʠʥʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʶʤʠʥʦʬʦʨʦʚ, ʠʟʫʯʝʥʠʠ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʢʣʘʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʘʢʠʭ ʛʠʙʨʠʜʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʠʦʥʥʦʛʦ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʠ ʩʠʥʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʶʤʠʥʦʬʦʨʦʚ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʢʘʪʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʠʥʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʶʤʠʥʦʬʦʨʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ; 

¶ ʩʠʥʪʝʟ ʛʠʙʨʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʠ 

ʢʘʪʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʶʤʠʥʦʬʦʨʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʩʧʦʩʦʙʥʳʭ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʙʲʝʜʠʥʝʥʠʝ ʠʭ ʩ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʛʠʙʨʠʜʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ; 

¶ ʚʥʝʜʨʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʦʚ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʧʨʠʢʣʘʜʥʦʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʛʠʙʨʠʜʦʚ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʥʠʦʥʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʠ 

ʚʳʩʦʢʦʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʪʨʘʬʝʥʠʣʵʪʠʣʝʥʘ, ʠʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʛʠʙʨʠʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ 

ʜʚʫʭʬʦʪʦʥʥʦʤ ʧʦʛʣʦʱʝʥʠʠ. 

ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ, ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʘʥʪʨʘʮʝʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʛʠʙʨʠʜʦʚ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʥʘʥʝʩʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʩʧʦʩʦʙʘʭ ʩʠʥʪʝʟʘ, ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʨʦʝʥʠʷ 

ʠ ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘʭ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʬʝʥʠʣʵʪʠʣʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʫʯʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʩʧʦʩʦʙʘʭ ʦʙʲʝʜʠʥʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʩ ʵʪʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʦʚ, ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʨʫʛʠʤʠ ʣʶʤʠʥʦʬʦʨʘʤʠ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʷʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʣʶʤʠʥʦʬʦʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʮʚʝʪ ʵʤʠʩʩʠʠ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʦʚ ʚ ʤʘʪʨʠʮʫ 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʥʘʥʝʩʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʰʠʬʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʳ ʦʪ ʧʦʜʜʝʣʦʢ. 

ɼʘʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (Cambridge Structural Database) 

ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʦʧʪʠʤʠʟʘʮʠʶ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʩʠʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʶʤʠʥʦʬʦʨ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʴ ʨʘʙʦʪ r

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʰʠʨʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʘʤʠʥʦʧʠʨʠʜʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ 

ʪʝʪʨʘʬʝʥʠʣʵʪʠʣʝʥʘ, ʩ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʝʡ ʢʦʥʝʯʥʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ 

ʜʦʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟʳ, 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ʷʜʨʘʭ 1ʅ, 13ʉ ʠ 19F, 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ɿʥʘʯʠʪʝʣʴʥʘ 

ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʠʩʩʝʨʪʘʥʪʦʤ ʚ ʭʠʤʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʈʝʥʥʘ (ʌʨʘʥʮʠʷ). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

¶ ʜʝʤʦʥʩʪʨʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʦʥʥʦʛʦ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʠʥʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʶʤʠʥʦʬʦʨʘʤʠ; 

¶ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʘʤʠʥʦʧʠʨʠʜʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ 

ʪʝʪʨʘʬʝʥʠʣʵʪʠʣʝʥʘ, ʜʘʥʥʳʝ ʧʦ ʠʭ ʩʪʨʦʝʥʠʶ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ; 

¶ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʩʠʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʶʤʠʥʦʬʦʨ, ʜʘʥʥʳʝ ʧʦ ʠʭ 

ʩʪʨʦʝʥʠʶ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ; 

¶ ʜʘʥʥʳʝ ʧʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʛʠʙʨʠʜʦʚ; 

¶ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ, ʩʚʦʡʩʪʚʘ ʠ ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʨʠʢʣʘʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʦʣʠʤʝʨʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʧʠʨʦʚʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʤʠ ʛʠʙʨʠʜʘʤʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 
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ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʧʨʦʬʠʣʴʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʢʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of Science, Scopus ʠ ʈʀʅʎ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: The S3M Doctoral 

School Day "Assembly, Structure, and Organization: towards molecular and materials science." (ʈʝʥʥ, 

2023); Journ®e Scientifique SFP-SCF Bretagne & Pays de Loire 2023 (ʈʝʥʥ, 2023); ʂʦʥʢʫʨʩ ʥʘʫʯʥʳʭ 

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

ɹʦʨʠʩʦʚʘ (ʅʦʚʦʩʠʙʠʨʩʢ, 2023); XIV ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ (ʄʦʩʢʚʘ, 2024). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɼʠʩʩʝʨʪʘʥʪ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʫʪʝʡ ʠʭ ʨʝʰʝʥʠʷ. ɼʠʩʩʝʨʪʘʥʪ ʣʠʯʥʦ ʦʩʫʱʝʩʪʚʣʷʣ ʚʩʝ 

ʩʠʥʪʝʟʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʘ ʟʥʘʯʠʤʦʛʦ ʦʙʲʝʤʘ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɿʘʧʠʩʴ ʠ 

ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʗʄʈ ʧʨʦʚʦʜʠʣʩʷ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬʝʩʩʦʨʦʤ ʗʥʥʦʤ ʄʦʣʷʨʦʤ 

(ʋʥʠʚʝʨʩʠʪʝʪ ʈʝʥʥ, ʌʨʘʥʮʠʷ). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʢ.ʭ.ʥ. ʊ.ʉ. ʉʫʭʠʭ (ʀʅʍ ʉʆ ʈɸʅ) ʠʣʠ ʄʘʨʠ ʂʦʨʜʴʝ (ʋʥʠʚʝʨʩʠʪʝʪ ʈʝʥʥ, 

ʌʨʘʥʮʠʷ) ʧʨʠ ʫʯʘʩʪʠʠ ʜʠʩʩʝʨʪʘʥʪʘ. ʉʦʨʙʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠʟʦʪʝʨʤ 

ʘʜʩʦʨʙʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʜʦʢʪʦʨʦʤ ʌʨʘʥʢʦʤ ʊʝʩʩʴʝ (ʋʥʠʚʝʨʩʠʪʝʪ ʈʝʥʥ, ʌʨʘʥʮʠʷ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʟʘʧʠʩʴ ʩʧʝʢʪʨʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʵʤʠʩʩʠʠ) ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬʝʩʩʦʨʦʤ ʗʥʥʦʤ ʄʦʣʷʨʦʤ (ʋʥʠʚʝʨʩʠʪʝʪ ʈʝʥʥ, ʌʨʘʥʮʠʷ) ʠʣʠ ɻʨʝʛʦʨʠ ʊʦʧʴʝ 

(ʋʥʠʚʝʨʩʠʪʝʪ ʈʝʥʥ, ʌʨʘʥʮʠʷ). ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ, ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʦʤ ʈɸʅ ʂ.ɸ. ɹʨʳʣʝʚʳʤ, 

ʧʨʦʬʝʩʩʦʨʦʤ ʗʥʥʦʤ ʄʦʣʷʨʦʤ (ʋʥʠʚʝʨʩʠʪʝʪ ʈʝʥʥ, ʌʨʘʥʮʠʷ) ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʯʝʪʳʨʝ ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʧʨʦʬʠʣʴʥʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʢʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of Science, 

Scopus ʠ ʈʀʅʎ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʝʟʠʩʘʭ ʯʝʪʳʨʝʭ ʜʦʢʣʘʜʦʚ. 
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʧʫʥʢʪʘʤ ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. 

ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ: 1 ï çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè; 5 ï çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ 

ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳè; 7 ï çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 130 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ 64 ʨʠʩʫʥʢʘ ʠ 17 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ 

ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (173 ʠʩʪʦʯʥʠʢʘ) ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʀʅʍ ʉʆ ʈɸʅ, ʘ 

ʪʘʢʞʝ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʩʪʠʧʝʥʜʠʝʡ ʬʨʘʥʮʫʟʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ (ʩʪʠʧʝʥʜʠʷ ɺʝʨʥʘʜʩʢʦʛʦ) ʠ 

ʛʨʘʥʪʘʤʠ ʈʅʌ 19-73-20196 ʠ 19-73-20196-ʇ. 

  



12 

 

1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʆʙʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 

ʦʙʦʩʦʙʣʝʥʥʳʤ ʨʘʟʜʝʣʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʠʟʫʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʚ ʠʩʪʦʨʠʠ, ʚ ʢʦʪʦʨʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʝʨʚʳʡ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʭʠʤʠʢʠ 

ʧʨʦʰʣʦʛʦ ʥʝ ʦʙʣʘʜʘʣʠ ʜʦʩʪʘʪʦʯʥʳʤ ʥʘʙʦʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦʙʳ 

ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʠʤʠ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟʥʘʯʘʣʴʥʦ 

ʩʯʠʪʘʚʰʠʝʩʷ ʤʦʥʦʷʜʝʨʥʳʤʠ çʜʠʛʘʣʦʛʝʥʠʜʳè MoCl2 ʠ TaCl2, ʧʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ 

ʦʢʘʟʘʣʠʩʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Mo6Cl12 ʠ Ta6Cl12 [1]. ʆʩʥʦʚʥʦʡ ʠʤʧʫʣʴʩ 

ʢ ʦʙʦʩʦʙʣʝʥʠʶ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʚ ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʙʝʟʫʩʣʦʚʥʦ, ʙʳʣ ʧʨʠʜʘʥ ʨʘʟʚʠʪʠʝʤ 

ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʦʚʝʨʥʦ ʜʦʢʘʟʘʪʴ ʥʘʣʠʯʠʝ ʩʚʷʟʝʡ 

ʤʝʪʘʣʣïʤʝʪʘʣʣ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʇʦʵʪʦʤʫ ʩʝʨʝʜʠʥʫ ʜʚʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ ʤʦʞʥʦ ʧʦ 

ʧʨʘʚʫ ʩʯʠʪʘʪʴ ʥʘʯʘʣʦʤ ʰʠʨʦʢʦʛʦ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʩ ʪʘʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʅʝʩʣʫʯʘʡʥʦ, ʠʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ ʧʨʦʬʝʩʩʦʨ ʌʨʘʥʢ ɸʣʴʙʝʨʪ ʂʦʪʪʦʥ ʚʚʝʣ ʚ 

ʥʘʫʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʦʧʨʝʜʝʣʝʥʠʝ çʤʝʪʘʣʣʦʢʣʘʩʪʝʨè, ʘ ʯʫʪʴ ʧʦʟʞʝ, ʚ 1988 ʛʦʜʫ, ʫʪʦʯʥʠʣ ʝʛʦ [2, 

3]. ʉʦʛʣʘʩʥʦ ʝʛʦ ʬʦʨʤʫʣʠʨʦʚʢʝ, ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʛʨʫʧʧʫ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʩʠʣʴʥʳʝ ʠ ʧʨʷʤʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ. ʇʨʠ 

ʵʪʦʤ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʤ ʘʪʦʤʳ ʥʝʤʝʪʘʣʣʦʚ. 

ʉ ʪʝʭ ʧʦʨ ʢʣʘʩʪʝʨʥʘʷ ʭʠʤʠʷ ʧʦʧʦʣʥʠʣʘʩʴ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʧʘʜʘʶʱʠʭ ʧʦʜ ʜʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ʤʳ ʩʬʦʢʫʩʠʨʫʝʤʩʷ ʥʘ ʦʧʠʩʘʥʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʘʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

ʉʪʨʦʝʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʘ) ʚ ʦʩʥʦʚʝ ʥʘʭʦʜʠʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨ ʠʟ ʰʝʩʪʠ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ (ʄ6);  

ʙ) ʢ ʢʘʞʜʦʡ ʛʨʘʥʠ ʦʢʪʘʵʜʨʘ ʧʦ ɛ3-ʪʠʧʫ ʧʨʠʩʦʝʜʠʥʝʥ ʘʪʦʤ ʥʝʤʝʪʘʣʣʘ, ʥʘʟʳʚʘʝʤʳʡ 

ʚʥʫʪʨʝʥʥʠʤ ʣʠʛʘʥʜʦʤ (Q); 

ʚ) ʢʦʤʧʦʟʠʮʠʷ { M6(ɛ3-Q)8}
n+ ʥʘʟʳʚʘʝʪʩʷ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ, ʛʜʝ n ï ʟʘʨʷʜ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ; 

ʛ) ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʷʟʘʥ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʣʠʛʘʥʜʦʤ (L), ʥʘʟʳʚʘʝʤʳʤ ʚʥʝʰʥʠʤ ʠʣʠ ʘʧʠʢʘʣʴʥʳʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚ ʦʙʩʫʞʜʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

[{ M6(ɛ3-Q)8} L6]
m, ʛʜʝ m ï ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʘ. ʆʧʠʩʘʥʥʦʝ ʚʳʰʝ ʩʪʨʦʝʥʠʝ ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʩʪʨʦʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M6(ɛ3-Q)8} L6]
m 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ 

ʪʦʣʴʢʦ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ Mo6 ʠ Re6. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʫʧʦʤʠʥʘʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʰʝʩʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʪʦʤʳ Mo ʠ Re [4-6]. 

ʊʠʧʠʯʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʪʘʣʣïʤʝʪʘʣʣ ʚ Mo6 ʠʣʠ Re6 ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʝ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 2,5ï2,7 ¡ 

[7-12], ʯʪʦ ʢʦʨʦʯʝ, ʯʝʤ ʤʠʥʠʤʘʣʴʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʤʦʣʠʙʜʝʥʝ (2,725 

¡) ʠʣʠ ʨʝʥʠʠ (2,740 ¡). 

ɺ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ Q ʦʙʳʯʥʦ ʚʳʩʪʫʧʘʶʪ ʵʣʝʤʝʥʪʳ 16 ʠ 17 ʛʨʫʧʧ ʪʘʙʣʠʮʳ 

ʄʝʥʜʝʣʝʝʚʘ (Clï, Brï, Iï, O2ï, S2ï, Se2ï, Te2ï), ʧʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʷ ʄïQ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 2,4ï2,7 ¡ [7, 11, 13-18]. ʆʜʥʘʢʦ, ʚ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ([{ M6Q
1
xQ

2
8ïx} L6]

m), 

ʪ.ʝ. ʪʝʭ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ (Q1 ʠ Q2), ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʪʠʧʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʡ [19]. ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { M6Q8}
n+ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʝʡ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʴʶ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ Q ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʝʨʪʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
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ʟʘʤʝʱʝʥʠʶ, ʧʦʵʪʦʤʫ ʤʦʜʠʬʠʢʘʮʠʷ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʪʨʝʙʫʝʪ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʫʩʠʣʠʡ. 

ʐʝʩʪʴ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ L ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʤʦʛʫʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʣʠʙʦ 

ʟʘʤʝʱʝʥʳ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʚʥʝʰʥʠʝ ʣʠʛʘʥʜʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ [20-22]. ʀʟ-ʟʘ ʪʘʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ MïL, ʚʳʙʨʘʚ ʜʣʷ ʥʠʭ ʝʜʠʥʳʡ ʜʠʘʧʘʟʦʥ, ʠ, ʭʦʪʷ 

ʘʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʦʤʝʪʨʠʶ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ, ʦʥʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ. 

ɺʤʝʩʪʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʠ ʘʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[{ M6(ɛ3-Q)8} L6]
m, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠʣʠ ʙʳʪʴ ʥʝʡʪʨʘʣʴʥʳʤʠ. ɺ 

ʩʣʫʯʘʝ ʟʘʨʷʞʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʠʚʦʠʦʥ, 

ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʤʦʞʝʪ ʪʘʢʞʝ, 

ʭʦʪʴ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɼʠʘʛʨʘʤʤʫ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʄʆ) ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ [{ M6(ɛ3-Q)8} L6]
m ʤʦʞʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʦʩʪʨʦʠʪʴ ʠʟ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʰʝʩʪʠ ʢʚʘʜʨʘʪʥʦ-

ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ML5, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʣʫʯʘʝʪʩʷ 24 ʦʨʙʠʪʘʣʠ: 12 ʩʚʷʟʳʚʘʶʱʠʭ ʠ 12 

ʨʘʟʨʳʭʣʷʶʱʠʭ (ʈʠʩʫʥʦʢ 2). ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝ ʵʪʠʭ ʄʆ ʚʥʦʩʷʪ 12 ʩʚʷʟʝʡ ʤʝʪʘʣʣïʤʝʪʘʣʣ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦ ʨʝʙʨʘʤ ʦʢʪʘʵʜʨʘ. ʕʪʠ ʦʨʙʠʪʘʣʠ 

ʟʘʧʦʣʥʝʥʳ 24 ʵʣʝʢʪʨʦʥʘʤʠ, ʥʘʟʳʚʘʝʤʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ 

ʩʢʝʣʝʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ (ʂʉʕ). ʏʠʩʣʦ 24 ʷʚʣʷʝʪʩʷ 

çʤʘʛʠʯʝʩʢʠʤ ʯʠʩʣʦʤè ʚ ʭʠʤʠʠ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ Mo6 ʠ 

Re6, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʫʩʪʦʡʯʠʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʤʝʝʪ ʠʤʝʥʥʦ 

ʩʪʦʣʴʢʦ ʂʉʕ. ʆʜʥʘʢʦ ʝʩʪʴ ʠ ʠʩʢʣʶʯʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʂʉʕ, ʥʘʧʨʠʤʝʨ, ʬʘʟʳ 

ʐʝʚʨʝʣʷ ʠʣʠ ʢʦʤʧʣʝʢʩʳ, ʧʨʝʪʝʨʧʝʚʰʠʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ [12, 23-25]. 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʤʳ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʩʪʨʦʝʥʠʷ ʠ ʦʧʠʰʝʤ ʦʜʥʦ ʠʟ ʠʭ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ï ʷʨʢʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʈʠʩʫʥʦʢ 2. ʂʘʯʝʩʪʚʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʄʆ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [{M6(ɛ3-Q)8} L6]
m 
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1.2. ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo ʠ Re 

1.2.1. ʉʙʦʨʢʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʉʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʩʪʦʷʚʰʠʤʩʷ ʧʦʜʭʦʜʦʤ ʢ ʧʦʣʫʯʝʥʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ [{ M6(ɛ3-Q)8}L6]
m ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʤʝʪʦʜ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

ʘ) ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ çʩʘʤʦʩʙʦʨʢʘè ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ʙ) ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

ʚ) ʟʘʤʝʱʝʥʠʝ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʷ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʰʘʛʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʠ ʜʦʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʦʜʥʘʢʦ ʩʠʥʪʝʟ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʨʘʤʢʠ ʥʘʰʝʛʦ 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠʤʝʥʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʵʪʘʧ ï ʩʙʦʨʢʫ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʳ Mo6 ʠ Re6 

ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨʢʘ ʫʩʪʦʡʯʠʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʞʝʣʘʝʤʦʛʦ 

ʩʦʩʪʘʚʘ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʯʘʱʝ ʚʩʝʛʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 600ï

1400 . 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʩʙʦʨʦʢ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ { Mo6Q8}
4+, ʛʜʝ Q = Cl, Br ʠʣʠ 

I, ʷʚʣʷʶʱʠʭʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚʝʨʦʷʪʥʦ, ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʘʝʤʳʭ ʩʨʝʜʠ ʩʝʤʝʡʩʪʚʘ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ. ʍʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ(II ) Mo6Cl12 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʧʨʷʤʳʤ ʦʢʠʩʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʭʣʦʨʦʤ ʠʣʠ ʬʦʩʛʝʥʦʤ; 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʝʥʪʘʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʘʣʶʤʠʥʠʝʤ ʚ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ NaCl/AlCl 3; 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝʤ ʪʨʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ; ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝʤ ʪʨʠʭʣʦʨʠʜʘ 

ʤʦʣʠʙʜʝʥʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ; ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʝʥʪʘʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ; ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʝʥʪʘʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʠʩʤʫʪʦʤ 

[26, 27]. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʘʢʮʠʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ MoCl5 c 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ Mo, ʧʨʦʪʝʢʘʶ ʝɦʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600ï700 . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 

ʧʦʣʠʤʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʯʝʪʳʨʝ ʘʧʠʢʘʣʴʥʳʭ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʘ ʷʚʣʷʶʪʩʷ 

ʤʦʩʪʠʢʦʚʳʤʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ (ʈʠʩʫʥʦʢ 3ʘ). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʨʦʤʠʜʘ ʤʦʣʠʙʜʝʥʘ(II) ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ: 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʩ ʧʘʨʘʤʠ Br2; ʩʧʣʘʚʣʝʥʠʝ Mo6Cl12 c ʙʨʦʤʠʜʦʤ ʣʠʪʠʷ; 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʥʪʘʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʘʣʶʤʠʥʠʝʤ ʚ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ NaBr/AlBr 3 [26]. 
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ʊʝʤʧʝʨʘʪʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʜʦʩʪʠʛʘʶʪ 700 . ʀʦʜʠʜ ʤʦʣʠʙʜʝʥʘ(II ) 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʠ I2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

700 , ʨʘʟʣʦʞʝʥʠʝʤ ʠʦʜʠʜʘ ʤʦʣʠʙʜʝʥʘ (III ) ʧʨʠ 400  ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ MoCl5 c SiI4 ʧʨʠ 

600  [20]. ʉʪʨʦʝʥʠʝ Mo6Br12 ʠ Mo6I12 ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ Mo6Cl12 ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʥʪʝʟʘʭ 

ʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ(II ) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʥʠʞʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʧʣʦʪʴ ʜʦ ʜʠʩʢʨʝʪʥʳʭ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ NaCl ʢ ʩʤʝʩʠ MoCl5 ʠ Mo 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Na2[{ Mo6Cl8} Cl6] [26]. 

 

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʦʝʥʠʝ ʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ(II): ʘ) Mo6Cl12; ʙ) Mo6Br12; ʚ) Mo6I12 

ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ { Mo6Q8}, ʛʜʝ Q = S, Se ʠʣʠ Te, ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ 

ʤʝʪʦʜʘʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. ʉʦʝʜʠʥʝʥʠʷ Mo6Se8 ʠ Mo6Te8 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1150 ʠ 950  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [28]. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʛʘʣʦʛʝʥʠʜʦʚ, ʚ ʩʪʨʫʢʪʫʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʩʪʠʢʦʚʳʤʠ 

ʚʳʩʪʫʧʘʶʪ ʘʪʦʤʳ ʚʥʫʪʨʝʥʥʠʭ, ʘ ʥʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ (ʈʠʩʫʥʦʢ 4). 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʬʘʟʳ ʐʝʚʨʝʣʷ, ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʳʭ AxMo6Q8 (A = ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ; 

Q = S ʠʣʠ Se), ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʘʤʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 800ï1100 . ɺ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʥʠ ʩʦʜʝʨʞʘʪ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʠʢʦʚʳʤʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʘʪʦʤʘʤʠ, ʧʦʜʦʙʥʦ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ Mo6Se8 ʠ 

Mo6Te8. ɸʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʬʘʟ ʐʝʚʨʝʣʷ ʚ ʩʝʨʝʜʠʥʝ-ʢʦʥʮʝ XX ʚʝʢʘ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʫ 

ʥʠʭ ʚʳʜʘʶʱʠʭʩʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ [29]. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʰʠʨʦʢʠʡ ʥʘʙʦʨ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʤʠ ʷʜʨʘʤʠ { Mo6Q
1
xQ

2
8ïx}

m (Q1 = S, Se ʠʣʠ Te; 

Q2 = Cl, Br ʠʣʠ I). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʙʟʦʨʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ ʚ 2012 ʛʦʜʫ ɸʥʜʨʵ ʠ ʂʨʠʩʪʠʘʥ ʇʝʨʨʠʥ [23]. 
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ʈʠʩʫʥʦʢ 4. ʉʪʨʦʝʥʠʝ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ: ʘ) Mo6Se8; ʙ) Mo6Te8 

ʉʙʦʨʢʫ ʥʘʠʙʦʣʝʝ ʠʟʫʯʘʝʤʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ Re6 

{ Re6Q8}
2+ (Q = S ʠʣʠ Se) ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 

ʨʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʭʘʣʴʢʦʛʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ Br2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1100 . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Re6S8Br2 ʠ 

Re6Se8Br2, ʚ ʢʦʪʦʨʳʭ ʤʦʩʪʠʢʦʚʳʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʘʪʦʤʳ ʘʧʠʢʘʣʴʥʳʭ, ʪʘʢ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ [30]. ʉʪʨʦʝʥʠʝ Re6S8Br2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 5. 

 

ʈʠʩʫʥʦʢ 5. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ Re6S8Br2: ʘ) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʜʦʣʴ ʦʩʠ a; 

ʙ) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʜʦʣʴ ʦʩʠ b 

ʍʘʣʴʢʦʭʣʦʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Re6S8Cl2 ʠ Re6Se8Cl2 ʧʦʣʫʯʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100  

[31, 32]. ɼʣʷ ʩʠʥʪʝʟʘ Re6Se8Cl2 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʭʣʦʨʘ ʠʩʧʦʣʴʟʫʶʪ ReCl5, ʘ ʜʣʷ Re6S8Cl2 ï 

ʛʘʟʦʦʙʨʘʟʥʳʡ Cl2. ʉʪʨʦʝʥʠʝ Re6S8Cl2 ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ ʭʘʣʴʢʦʙʨʦʤʠʜʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Re6Se8Cl2 ʠʤʝʝʪ ʦʪʣʠʯʥʦʝ ʩʪʨʦʝʥʠʝ: ʚ ʩʣʦʷʭ ʵʪʦʛʦ ʧʦʣʠʤʝʨʘ 

ʩʚʷʟʳʚʘʥʠʝ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ. 

ʇʦʜʦʙʥʦ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʥʦʤʫ ʧʨʠʤʝʨʫ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Na2[{ Mo6Cl8} Cl6], ʜʦʙʘʚʣʝʥʠʝ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪ ɹʢ 

ʧʦʥʠʞʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʣʫʯʘʶʱʠʭʩʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 
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ʜʦʙʘʚʣʝʥʠʝ ʢ ʩʤʝʩʠ Re, Q ʠ X2 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʘʣʦʛʝʥʠʜʘ ʮʝʟʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ CsnRe6Q8X2+n (n = 1, 2, 

4ï6; Q = S ʠʣʠ Se; X = Br ʠʣʠ I) [12]. ɸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ReS2 ʠ ReSe2 c ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ (ʚ 

ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2) ʧʦʣʫʯʘʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ K4Re6S10(CN)2 (800 ) ʠ K4Re6Se10(CN)4 

(650 ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʣʣʫʨʠʜ ʨʝʥʠʷ Re6Te15 ʧʦʣʫʯʘʶʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ ʠ ʪʝʣʣʫʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

800  [33]. ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʢʘʞʜʳʡ ʠʟ ʰʝʩʪʠ ʘʪʦʤʦʚ ʨʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Re6Te8}
2+ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʧʠʢʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʪʝʣʣʫʨʘ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʥʝʦʙʳʯʥʳʭ ʩʧʠʨʘʥʦʚʳʭ ʣʠʛʘʥʜʦʚ Te7 (ʈʠʩʫʥʦʢ 6). 

 

ʈʠʩʫʥʦʢ 6. ʉʪʨʦʝʥʠʝ Re6Te15 

ɼʣʷ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ Re6 ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʷʜʝʨ, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʶʪ ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ ʠ ʭʘʣʴʢʦʛʝʥʦʚ. 

ʅʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʷ Re6Se5Cl8 ʠ Re6Se6Cl6 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ Re, Se ʠ ReCl5 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

800 ʠ 850  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ [34]. ʇʦʜʨʦʙʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʨʝʥʠʷ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʦʤ ʦʙʟʦʨʝ [23]. 

ɹʝʟʫʩʣʦʚʥʦ, ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʠʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʩʙʦʨʢʠ ʪʘʢʠʭ ʷʜʝʨ ʠʟ ʢʣʘʩʪʝʨʦʚ ʩ ʤʝʥʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʴʶ [35-38]. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʦʣʝʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ, ʦʜʥʘʢʦ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʥʠ ʥʝ ʧʦʣʫʯʠʣʠ, ʚʝʨʦʷʪʥʦ, ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʩʠʥʪʝʟʘ ʠʩʭʦʜʥʳʭ ʥʠʟʢʦʥʫʢʣʝʘʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ. ʇʦʣʫʯʘʶʱʠʝʩʷ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʦʣʠʤʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʨʝʘʢʮʠʷʭ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ. 
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1.2.2. ʈʝʘʢʮʠʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʈʝʘʢʮʠʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ï ʦʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʭʦʜʘ ʦʪ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʭʠʤʠʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʢ ʨʘʩʪʚʦʨʥʦʡ. ɺ ʭʦʜʝ ʵʪʠʭ ʨʝʘʢʮʠʡ 

ʧʨʦʠʩʭʦʜʠʪ çʚʳʨʝʟʘʥʠʝè ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʟ ʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʠ ʵʪʦʤ ʩʘʤʦ ʷʜʨʦ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ (ʈʠʩʫʥʦʢ 7).  

 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʘʢʮʠʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʟʘʤʝʱʝʥʠʝʤ 

ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʘ, ʧʦʵʪʦʤʫ ʯʘʩʪʴ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ 

ʨʘʟʜʝʣʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ. 

ʇʦʣʠʤʝʨʥʳʝ ʛʘʣʦʛʝʥʠʜʳ ʠ ʭʘʣʴʢʦʛʝʥʠʜʳ ʤʦʣʠʙʜʝʥʘ ʤʦʛʫʪ ʙʳʪʴ ʜʝʧʦʣʠʤʝʨʠʟʦʚʘʥʳ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʍʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ Mo6Cl12 ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥ ʚ ʨʝʘʢʮʠʶ ʩ ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪ r HX (X = Cl, Br, I) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [{ Mo6Cl8} X6]
2ï. ʇʨʦʪʠʚʦʠʦʥʦʤ ʧʨʠ ʵʪʦʤ ʚʳʩʪʫʧʘʝʪ ʢʘʪʠʦʥ 

ʛʠʜʨʦʢʩʦʥʠʷ H3O
+ [39]. ʅʘʛʨʝʚʘʥʠʝ ʩʤʝʩʠ Mo6X12 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʘʣʦʛʝʥʠʜʦʤ ʮʝʟʠʷ CsX 

(X = Cl, Br ʠʣʠ I) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 680ï800  ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [{ Mo6X8} X6]
2ï [40, 41]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ Mo6I12 c ʛʘʣʦʛʝʥʠʜʦʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ (Bu4N)X (Bu = ʙʫʪʠʣ; X = F, Cl, 

Br ʠʣʠ I) ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʦʣʫʯʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʣʠ 

ʩʦʩʪʘʚʘ (Bu4N)2[{ Mo6I8} X6] [42]. Mo6Se8 ʤʦʞʝʪ ʙʳʪʴ ʜʝʧʦʣʠʤʝʨʠʟʦʚʘʥ ʚ ʨʘʩʧʣʘʚʝ ʮʠʘʥʠʜʘ ʢʘʣʠʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650  ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{ Mo6Se8}( CN)6]
7ï [43]. 

ʇʦʣʠʤʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʨʝʥʠʷ Re6S8Br2 ʠ Re6Se8Br2 ʠ ʪʝʣʣʫʨʠʜ Re6Te15 ʚ ʨʘʩʧʣʘʚʝ 

ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʘʥʠʦʥʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ [{ Re6Q8}( CN)6]
4ï 

[17, 44, 45]. ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʙʳʣʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

Re6S8Br2 ʠ Re6Se8Br2 ʚ ʨʘʩʧʣʘʚʝ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 280  (ʜʣʷ Re6S8Br2) ʠ 200 

 (ʜʣʷ Re6Se8Br2) [46]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʘʥʠʦʥʥʳʝ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ 

[{ Re6Q8}( OH)6]
4ï (Q = S ʠʣʠ Se). ʂʠʧʷʯʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ Cs4[{ Re6S8}( CN)4S2/2] ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ ʠʟʙʳʪʦʢ KOH, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʘʥʩ-[{ Re6S8}( CN)4(OH)2]
4ï [47]. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʨʠʤʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ 
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ʘʛʨʝʩʩʠʚʥʳʝ ʫʩʣʦʚʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʘʢʮʠʡ, ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʦʩʪʘʝʪʩʷ 

ʥʝʪʨʦʥʫʪʳʤ. 

1.2.3. ɿʘʤʝʱʝʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʙʠʙʣʠʦʪʝʢʘ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʟʘʤʝʱʝʥʠʶ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʦʯʝʥʴ 

ʚʥʫʰʠʪʝʣʴʥʘ ʠ ʧʨʦʜʦʣʞʘʝʪ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʠ. ɿʘ ʧʨʦʰʝʜʰʠʝ 60 ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʘʢʪʠʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʥʝʰʥʝʤ ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʠ ʠʤʝʥʥʦ ʦʥʠ ʧʦʟʚʦʣʠʣʠ 

ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo ʠ Re. 

ʉʨʝʜʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʞʝ ʫʧʦʤʷʥʫʪʳʝ ʨʘʥʝʝ 

ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [{ Mo6Q8} X6]
2ï (Q ʠ X = Cl, Br ʠ/ʠʣʠ I) ʠ ʠʭ ʧʦʣʠʤʝʨʥʳʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ. ɽʱʝ ʚ 1965 ʛʦʜʫ ʧʨʦʬʝʩʩʦʨ ʂʦʪʪʦʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ Mo6Cl12 ʥʘ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ (DMF) ʠ ɼʄʉʆ (DMSO) [48]. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ 

AgClO4 ʦʙʨʘʟʫʪʁʩʷ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [{ Mo6Cl8}( DMF)6]
4+ ʠ [{ Mo6Cl8}( DMSO)6]

4+, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʦʣʠ ʩʝʨʝʙʨʘ ʧʦʣʫʯʘʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʜʚʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ (ʈʠʩʫʥʦʢ 8). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʵʪʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʛʘʣʦʛʝʥʠʜʦʚ 

ʩʝʨʝʙʨʘ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʣʝʛʢʦ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʨʘʩʪʚʦʨʠʤʦʛʦ ʧʨʦʜʫʢʪʘ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ɼʨʫʛʠʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ 

ʢʦʤʧʣʝʢʩʳ [{ Mo6Q8}( NO3)6]
2ï (Q = Cl, Br ʠʣʠ I), ʩʦʜʝʨʞʘʱʠʝ ʣʘʙʠʣʴʥʳʝ NO3

ï ʣʠʛʘʥʜʳ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{ Mo6Q8} Q6]
2ï ʩ 

ʘʮʝʪʦʥʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ [49, 50]. ɽʱʝ ʦʜʥʠʤ ʟʥʘʯʠʤʳʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʠʥʪʝʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʚ ʢʘʯʝʩʪʚʝ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʘʥʠʦʥʳ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʷʜʨʦʤ ʚ ʪʘʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʷʚʣʷʝʪʩʷ {Mo6I8}
4+, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʘʶʱʠʝʩʷ ʢʦʤʧʣʝʢʩʳ 

ʧʨʦʷʚʣʷʶʪ ʥʘʠʙʦʣʝʝ ʚʳʜʘʶʱʠʝʩʷ ʧʦʢʘʟʘʪʝʣʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢ, ʮʝʣʳʡ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʩʪʘʚʘ [{ Mo6I8} L6]
2ï (L = CH3COOï, (CH3)3COOï, CF3COOï, C2F5COOï, C3F7COOï, C6H5COOï, 

C6F5COOï ʠ ʜʨ.) ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ [{ Mo6I8} I6]
2ï ʠʤʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʝʙʨʷʥʳʭ ʩʦʣʝʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [20]. 
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ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ(II) ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ ʠ ɼʄʉʆ 

ɹʝʟʫʩʣʦʚʥʦ, ʨʝʘʢʮʠʠ ʩ ʩʦʣʷʤʠ ʩʝʨʝʙʨʘ ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʟʘʤʝʱʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʚ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ. ʅʘʧʨʠʤʝʨ, ʘʣʢʦʢʩʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [{ Mo6Q8}( OR)6]
2ï (Q = Cl, Br; R = CH3, C2H5) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʠʧʷʯʝʥʠʝʤ Mo6Cl12 ʠ 

Mo6Br12 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʧʠʨʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʠʣʘʪʘ ʠʣʠ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ [51]. ʅʘʛʨʝʚʘʥʠʝ 

ʨʘʩʪʚʦʨʘ (Bu4N)2[{ Mo6I8} I6] ʩ ʠʟʙʳʪʢʦʤ ʮʠʘʥʠʜʘ ʥʘʪʨʠʷ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʤʝʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{ Mo6I8} (CN)4(OMe)2]
2ï, ʧʨʠ 

ʵʪʦʤ ʨʝʘʢʮʠʷ ʚ ʚʦʜʝ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ï ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6I8} (CN)6]
2ï [52]. ɽʱʝ ʦʜʠʥ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ [{ Mo6I8} I4(py)2] ʧʦʣʫʯʘʶʪ 

ʚʳʜʝʨʞʠʚʘʥʠʝʤ (Bu4N)2[{ Mo6I8} I6] ʚ ʧʠʨʠʜʠʥʝ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 110  [53]. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʚ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʤʦʣʠʙʜʝʥʦʤ, ʛʦʩʧʦʜʩʪʚʦʚʘʣʠ 

ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [{ Re6Q8} X6]
3ï/4ï (Q = S ʠʣʠ Se, X = Cl, Br ʠʣʠ I). ʊʘʢ, ʚ 1997 

ʛʦʜʫ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ʍʦʣʤʘ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

[{ Re6Se8} I6]
3ï c ʪʨʠɻʪʠʣʬʦʩʬʠʥʦʤ (PEt3) [54]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ 

ʨʘʟʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ ʪʨʘʥʩ-[{ Re6Se8} I2(PEt3)4], ʮʠʩ-[{ Re6Se8} I2(PEt3)4] ʠ 

[{ Re6Se8} I(PEt3)5]
+, ʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʦʣʴʰʝʛʦ ʠʟʙʳʪʢʘ PEt3 ʦʙʨʘʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ 

[{ Re6Se8}( PEt3)6]
2+. ɺ ʪʦʡ ʞʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʴ ʩʝʨʝʙʨʘ ʜʣʷ ʟʘʤʝʱʝʥʠʷ 

ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ 

[{ Re6Se8} I6]
3ï. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ AgBF4 ʚ ʨʘʩʪʚʦʨʝ CH2Cl2/MeCN ʧʨʠ 
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ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʣʝʢʫʣʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʟʘʥʠʤʘʣʘ 

ʧʦʣʦʞʝʥʠʝ ʫʰʝʜʰʝʛʦ ʠʦʜʠʜʥʦʛʦ ʣʠʛʘʥʜʘ: [{ Re6Se8} (MeCN)(PEt3)5]
+, ʮʠʩ-

[{ Re6Se8} (MeCN)2(PEt3)4] ʠ [{ Re6Se8}( MeCN)6]
2+. ʏʫʪʴ ʧʦʟʞʝ ʪʘ ʞʝ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ, ʚʥʝʜʨʠʣʘ ʚʦ ʚʥʝʰʥʝʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʜʨʫʛʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ [55]. ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ ʚʳʩʦʢʘʷ ʣʘʙʠʣʴʥʦʩʪʴ 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʠ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʩʪʘʣʠ ʠʩʢʣʶʯʝʥʠʝʤ. ʆʥʠ ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʚʦʚʣʝʯʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʝʣʝʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ [22, 56, 57]. 

ʇʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʬʝʩʩʦʨ ʁʦʩʠʤʫʨʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʠʣʠ ʮʠʢʣ ʨʘʙʦʪ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʝ [{ Re6S8} Cl6]
3ï ʥʘ 

ʤʦʣʝʢʫʣʳ N-ʛʝʪʝʨʦʮʠʢʣʦʚ [58, 59]. ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʠʧʷʯʝʥʠʠ ʨʘʩʪʚʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʩ ʠʩʭʦʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ ɼʄʌɸ, ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ, ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ [{ Re6S8} Cl4X2]
2ï 

(X = ʧʠʨʘʟʠʥ, ʮʠʘʥʦʧʠʨʠʜʠʥ, 4,4Ë-ʙʠʧʠʨʠʜʠʥ, ʧʠʨʠʜʠʥ, 4-ʤʝʪʠʣʧʠʨʠʜʠʥ ʠ 4-

(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʧʠʨʠʜʠʥ) ʠ ʦʩ-[{ Re6S8} Cl3X3]
ï (X = ʧʠʨʠʜʠʥ ʠ 4,4Ë-ʙʠʧʠʨʠʜʠʥ). ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ 

ʛʨʫʧʧʦʡ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʝʨʠʷ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʦʡ ʛʘʣʦʛʝʥʠʜʥʳʝ ʣʠʛʘʥʜʳ 

ʢʣʘʩʪʝʨʘ ʟʘʤʝʱʘʣʠʩʴ ʧʫʪʝʤ ʨʝʘʢʮʠʡ ʚ ʨʘʩʧʣʘʚʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʪʘʢʦʡ ʧʦʜʭʦʜ, ʠʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ ʩ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʦʤ, ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ, 

ʪʨʠʬʝʥʠʣʘʨʩʠʥʦʤ, ʪʨʠʬʝʥʠʣʩʪʠʙʠʥʦʤ, ʧʠʨʘʟʠʥʦʤ ʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʘʧʠʢʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ [18, 60-66]. 

ɺ ʥʘʯʘʣʝ XXI  ʚʝʢʘ ʫ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʧʦʷʚʠʣʘʩʴ ʘʣʴʪʝʨʥʘʪʠʚʘ ï 

ʫʧʦʤʷʥʫʪʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʛʝʢʩʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ [{ Re6Q8}( OH)6]
4ï (Q = S ʠʣʠ Se). ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʮʝʣʳʡ ʨʷʜ ʧʨʠʤʝʨʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ 

ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʦʚ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʈʠʩʫʥʦʢ 9). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʠ ʩ 

ʠʟʙʳʪʢʦʤ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʤʫʨʘʚʴʠʥʦʡ ʠʣʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʆʅï ʣʠʛʘʥʜʦʚ ʥʘ ʘʟʠʜ-, ʬʦʨʤʠʘʪ- ʠʣʠ ʘʮʝʪʘʪ-ʠʦʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [67-69]. ʈʝʘʢʮʠʠ ʚ ʢʠʧʷʱʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ 

ʢʘʢ ʢ ʧʦʣʥʦʡ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ [{ Re6Q8}( OH)6]
4ï (Q = S, Se) ʩ ʠʟʙʳʪʢʦʤ ʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ ʚ ʢʠʧʷʱʝʤ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [{ Re6Q8}( SO3)6]
10ï, ʩ ʥʝʪʠʧʠʯʥʳʤ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʚʳʩʦʢʠʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ [70]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʠʧʷʯʝʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʩ ʠʟʙʳʪʢʦʤ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʯʘʩʪʠʯʥʦʤʫ ʟʘʤʝʱʝʥʠʶ 

ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʪʨʘʥʩ-ʢʦʤʧʣʝʢʩʦʚ [{Re6S8}(CN)2(OH)4]
4ï 

ʠ [{Re6Sʝ8}(CN)4(OH)2]
4ï [71, 72]. ʈʷʜ ʨʝʘʢʮʠʡ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʩ N-ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʯʘʩʪʠʯʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ [73, 74] 



23 

 

(ʈʠʩʫʥʦʢ 9). ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [73] ʦʧʠʩʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [{ Re6Q8}( OH)6]
4ï (Q = S, Se) c 4-

(ʪʨʝʪ-ʙʫʪʠʣ)ʧʠʨʠʜʠʥʦʤ (TBP), ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{ Re6Q8}( OH)2(TBP)4]. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʧʣʘʚʝ 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣʘ OH-ʣʠʛʘʥʜʳ 

ʚ ʢʦʤʧʣʝʢʩʘʭ [{ Re6Q8}( OH)6]
4ï (Q = S, Se) ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʛʝʪʝʨʦʮʠʢʣ [75]. 

 

ʈʠʩʫʥʦʢ 9. ʇʨʠʤʝʨʳ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ [{Re6Q8}( OH)6]
4ï, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʪʘʢʞʝ ʨʷʜ ʧʨʠʤʝʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʘʧʠʢʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʧʨʦʠʩʭʦʜʷʱʫʶ ʙʝʟ ʠʭ ʟʘʤʝʱʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 
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ʘʧʠʢʘʣʴʥʳʡ ʘʟʠʜʥʳʡ ʣʠʛʘʥʜ, ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʧʨʠʤʝʨʘʭ ʨʝʘʢʮʠʡ [{ Re6Se8}( PEt3)5(N3)]
+ ʠ ʮʠʩ-[{ Re6Se8}( PEt3)4(N3)2] ʩ 

ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʤ (ɼʄɸɼ) ʠ [{ Mo6I8}( N3)6]
2ï ʩ ɼʄɸɼ, ʤʝʪʠʣʧʨʦʧʠʘʣʘʪʦʤ, 

ʙʝʥʟʦʥʠʪʨʠʣʦʤ ʠ ʝʛʦ ʬʪʦʨʠʨʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ [76-78]. ʎʠʘʥʠʜʥʳʝ ʣʠʛʘʥʜʳ ʢʦʤʧʣʝʢʩʦʚ 

[{ Re6Q8}( CN)6]
4ï (Q = S, Se ʠʣʠ Te) ʤʦʛʫʪ ʙʳʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʩʠʣʴʥʳʤʠ ʘʣʢʠʣʠʨʫʶʱʠʤ ʘʛʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ (Me3O)BF4 ʠʣʠ CF3SO3CH3. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʶʪʩʷ ʠʟʦʮʠʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ Re6Q8}( CH3NC)6]
2+ [79]. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʨʠʤʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʰʴ ʯʘʩʪʴ ʠʟ ʪʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʯʠʩʣʦ ʜʦʩʪʫʧʥʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʰʠʨʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʝʪ ʩʦʤʥʝʥʠʡ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʵʪʫ ʪʝʤʫ, ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʩʚʦʡ ʥʝʫʢʣʦʥʥʳʡ ʨʦʩʪ. 

ɺ ʟʘʚʝʨʰʝʥʠʠ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʠ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ, ʚʭʦʜʷʱʠʝ 

ʚ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ ʟʘʤʝʱʝʥʠʶ, ʭʦʪʷ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʪʘʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ, ʥʝʩʨʘʚʥʠʤʦ ʤʝʥʴʰʝ. ʄʳ ʥʝ ʙʫʜʝʤ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʵʪʦʡ ʯʘʩʪʠ 

ʭʠʤʠʠ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʦʪʩʳʣʘʷ ʢ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦʤʫ ʦʙʟʦʨʫ ʧʦ ʵʪʦʡ ʪʝʤʝ [19]. 

1.2.4. ɿʘʤʝʥʘ ʧʨʦʪʠʚʦʠʦʥʘ 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʥʝʩʫʪ ʥʘ ʩʝʙʝ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʨʷʜ, ʚʢʣʘʜ ʚ ʢʦʪʦʨʳʡ ʚʥʦʩʷʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠ ʟʘʨʷʜ 

ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʤ). ʏʘʱʝ ʚʩʝʛʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʨʝʞʝ ï ʥʝʡʪʨʘʣʴʥʳʝ ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ. ɿʘʨʷʜ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʨʦʪʠʚʦʠʦʥʦʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʨʝʘʢʮʠʠ 

ʧʨʦʚʦʜʷʪ ʩʤʝʰʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʞʝʣʘʝʤʦʛʦ ʧʨʦʪʠʚʦʠʦʥʘ, ʯʪʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ ʢ ʦʩʘʞʜʝʥʠʶ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʩʦʣʠ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʠʦʥʳ Bu4N
+ ʠ PPh4

+, ʩʤʝʰʠʚʘʶʪ ʩ ʚʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʥʠʟʠʪʴ ʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʘ ʩ ʜʨʫʛʦʡ ï ʫʚʝʣʠʯʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʜʦʙʝʥ ʜʣʷ ʦʯʠʩʪʢʠ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʦʪ ʧʨʠʤʝʩʝʡ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [12, 52, 80]. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʚʦʜ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʣʝʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʨʝʘʢʮʠʷʭ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ, ʪʨʝʙʫʶʱʠʭ ʧʨʦʚʝʜʝʥʠʷ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʨʝʜʢʦ ʢʘʪʠʦʥʳ 
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ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ Na+ ʠ K+ ʚ ʩʦʣʷʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʤʝʥʷʶʪ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʡ Cs+ 

[17, 45, 81]. ɼʣʷ ʢʘʪʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʪʝʭ ʞʝ 

ʮʝʣʝʡ ʘʥʠʦʥʘʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ BF4
ï ʠ PF6

ï. 

ʇʨʦʪʠʚʦʠʦʥʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʩʚʷʟʫʶʱʠʝ ʙʣʦʢʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʢʘʩʦʚ ʩ ʫʯʘʩʪʠʝʤ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢ, ʦʙʰʠʨʥʳʡ ʮʠʢʣ ʨʘʙʦʪ ʙʳʣ ʧʦʩʚʷʱʝʥ ʦʙʲʝʜʠʥʝʥʠʶ 

ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{ Re6Q8}( CN)6]
3ï/4ï (Q = S, Se ʠʣʠ Te) ʩ ʢʘʪʠʦʥʘʤʠ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʠ ʧʦʩʪʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [82-84]. ʇʦʣʫʯʘʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʦʣʠʤʝʨʳ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʦʙʲʝʜʠʥʝʥʠʝ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʧʦʣʠʢʘʪʠʦʥʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʮʝʥʪʨʳ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʢʘʩʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʚʦʜʦʨʦʜʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʵʪʠʤʠ ʮʝʥʪʨʘʤʠ [85]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʧʦʟʚʦʣʠʣʦ 

ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʩ ʧʨʦ-ʤʝʟʦʛʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʠʙʨʠʜʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ï ʩʤʝʢʪʠʢʠ. ʇʦʜʨʦʙʥʳʡ ʦʙʟʦʨ, 

ʧʦʩʚʷʱʝʥʥʳʡ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʚ 2016 ʛʦʜʫ [21]. 

ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʤ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʦʙʲʝʜʠʥʝʥʠʷ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʇʦʜʚʦʜʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʪʦʛ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʧʨʠʤʝʨʘʤʠ. ʆʜʥʘʢʦ, ʤʳ ʧʦʩʪʘʨʘʣʠʩʴ ʦʪʨʘʟʠʪʴ ʥʘʠʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ 

ʫʩʪʦʷʚʰʠʝʩʷ ʧʦʜʭʦʜʳ. ʂʣʘʩʪʝʨʥʘʷ ʭʠʤʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ 

ʦʙʣʘʩʪʴʶ, ʧʦʵʪʦʤʫ ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʚʩʢʦʨʝ ʙʫʜʫʪ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

1.3. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʆʜʥʠʤ ʠʟ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʠʭ ʷʨʢʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ. ɺʦ 

ʤʥʦʛʦʤ ʠʤʝʥʥʦ ʥʘʣʠʯʠʝ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʘʩʪʝʨʥʦʡ ʵʤʠʩʩʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ: 

ʘ) ʣʶʤʠʥʝʩʮʝʥʮʠ ʁʢʘʢ ʚ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ; 



26 

 

ʙ) ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚʧʣʦʪʴ ʜʦ ~550 ʥʤ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ; 

ʚ) ʰʠʨʦʢʠʡ ʧʨʦʬʠʣʴ ʩʧʝʢʪʨʘ ʵʤʠʩʩʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ (ɚɻʤ) ʚ ʨʘʡʦʥʝ 650ï800 ʥʤ 

(ʈʠʩʫʥʦʢ 10); 

ʛ) ʤʠʢʨʦʩʝʢʫʥʜʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ (Űɻʤ, ʦʪ ʝʜʠʥʠʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʢʨʦʩʝʢʫʥʜ); 

ʜ) ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ (ʌɻ ʤ, ʚʧʣʦʪʴ ʜʦ 100%); 

ʝ) ʛʝʥʝʨʘʮʠ ʁʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʵʤʠʩʩʠʠ. 

ɻʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʨʝʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʠ ʥʠʞʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

 

ʈʠʩʫʥʦʢ 10. ʊʠʧʠʯʥʳʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʷʜʝʨ 

{ Mo6I8}
4+ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ { Re6Q8}

2+ (Q = S ʠʣʠ Se, ʯʝʨʥʘʷ ʣʠʥʠʷ) 

1.3.1. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ɻʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ [{ Mo6Q8} Q6]
2ï (Q = Cl, Br ʠʣʠ I) ʩʪʘʣʠ 

ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ 1981 ʛʦʜʫ ʛʨʫʧʧʘ ʧʨʦʬʝʩʩʦʨʘ ɻʨʵ̫  ʧʨʝʜʩʪʘʚʠʣʘ ʧʝʨʚʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ [{ Mo6Cl8} Cl6]
2ï, ʘ ʯʫʪʴ ʧʦʟʜʥʝʝ ʧʦʷʚʠʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [86-88]. ʉ ʪʝʭ ʧʦʨ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʧʫʙʣʠʢʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʊʘʙʣʠʮʘʭ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʩʩʳʣʢʘʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʪʴʠ. 

ʀʟʫʯʝʥʠʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʦʙʱʝʥʠʡ, 

ʩʧʨʘʚʝʜʣʠʚʳʭ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʠ ʛʣʫʙʞʝ 
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ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʝ ʧʨʠʨʦʜʳ ʠʭ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʳʝ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ 

ʪʘʙʣʠʮʘʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʜʦʙʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʦʚ [{ Mo6Q8} Q6]
2ï 

(Q = Cl, Br ʠʣʠ I), ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ ʚ ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ. ɺ ʨʷʜʫ 

{ Mo6Cl8}
4+ï{ Mo6Br8}

4+ï{ Mo6I8}
4+ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ 

ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʪʷʞʝʣʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʥʝʢʦʪʦʨʳʤ ʧʘʜʝʥʠʝʤ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ. ʊʘʢʦʝ ʧʦʜʦʙʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʣʦʢʘʣʠʟʘʮʠʠ ʵʤʠʩʩʠʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʝ ʄʦ6. 

ʊʘʙʣʠʮʘ 1. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

[{ Mo6Q8} Q6]
2ï (Q = Cl, Br ʠʣʠ I) ʚ ʨʘʩʪʚʦʨʘʭ. ɿʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʜʝʘʵʨʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʈʘʩʪʚʦʨʠʪʝʣʴ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ ʌʵʤ 

ʂʦʤʧʣʝʢʩ [{Mo 6Cl8}Cl 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

744 [92] 

748 [93] 

760 [86] 

765 [94] 

805 [87] 

180 [86-88, 92, 94] 

205 [93] 

0,04 [86] 

0,15 [92] 

0,19 [87, 88, 93, 94] 

ɼʄʌɸ 765 [94] 81,9 [94] 0,099 [94] 

ʤʝʪʘʥʦʣ 765 [94] 30 [94] 0,038 [94] 

H2O (6M HCl) 
760 [86] 

765 [94] 

13,5 [94] 

20 [86] 

0,005 [86] 

0,017 [94] 

ʂʦʤʧʣʝʢʩ [{Mo 6Br8}Br 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

757 [92] 

775 [86] 

778 [93] 

825 [87] 

110 [88] 

130 [87] 

135 [92] 

150 [93] 

0,13 [92] 

0,14 [93] 

0,23 [87, 88] 

ʂʦʤʧʣʝʢʩ [{Mo 6I8}I 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
730 [92, 95] 

738 [93, 96] 

65 [95] 

83 [96] 

84 [88] 

90 [92] 

95 [93] 

0,10 [96] 

0,11 [93] 

0,12 [92, 95] 

0,16 [88] 



28 

 

ʊʘʙʣʠʮʘ 2. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʪʠʣʘʤʤʦʥʠʡʥʳʭ ʩʦʣʝʡ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (Bu4N)2[{ Mo6Q8} Q6] (Q = Cl, Br ʠʣʠ I) ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 

ʉʦʝʜʠʥʝʥʠʝ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (A / %) ʌʵʤ 

(Bu4N)2[{Mo 6Cl8}Cl 6] 

728 [97] 

750 [98] 

758 [93] 

760 [86] 

805 [87] 

120 [86] 

127 [98] 

130 [93] 

280 [97] 

0,15 [98] 

0,20 [93] 

(Bu4N)2[{Mo 6Br8}Br 6] 

700 [99] 

717 [100] 

773 [93] 

830 [87] 

66,7 [99] 

72 [100] 

85 [93] 

0,15 [93] 

(Bu4N)2[{Mo 6I8}I 6] 

727 [96] 

734 [95] 

735 [93] 

19 [95] 

18 (55), 67 (45) [96] 

50 [93] 

0,10 [96] 

0,13 [93] 

ʀʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʥʝʨʘʟʨʳʚʥʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʪʫʰʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ (ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ) [101]. ʇʨʠʩʫʪʩʪʚʠʝ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʩʣʝʜʦʚ ʆ2 ʚ ʠʟʫʯʘʝʤʦʤ ʨʘʩʪʚʦʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʧʦʥʠʞʝʥʠʶ 

ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʫʯʘʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʪʨʝʙʫʝʪʩʷ ʠʭ 

ʪʱʘʪʝʣʴʥʘʷ ʜʝʘʵʨʘʮʠʷ. ɼʦʙʠʚʘʶʪʩʷ ʵʪʦʛʦ ʚ ʦʩʥʦʚʥʦʤ ʣʠʙʦ ʟʘ ʩʯʝʪ ʧʨʦʧʫʩʢʘʥʠʷ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ 

ʩʢʚʦʟʴ ʨʘʩʪʚʦʨ ʚ ʪʝʯʝʥʠʝ 20ï40 ʤʠʥʫʪ, ʣʠʙʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʩʫʱʝʩʪʚʣʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝ-ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ-ʦʪʪʘʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʦʙʨʘʟʝʮ (ʨʘʩʪʚʦʨ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʤʦʨʘʞʠʚʘʝʪʩʷ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ, ʚʘʢʫʫʤʠʨʫʝʪʩʷ, ʧʨʦʜʫʚʘʝʪʩʷ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ 

ʠ ʨʘʟʤʦʨʘʞʠʚʘʝʪʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠ ʨʷʜ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʊʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [94], ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6Cl8} Cl6]
2ï ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʘʮʝʪʦʥʠʪʨʠʣʝ, ɼʄʌɸ, ʤʝʪʘʥʦʣʝ ʠ ʚ ʨʘʩʪʚʦʨʝ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʜʨʫʛʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʢʦʤʧʣʝʢʩʘ. ʇʨʠ ʵʪʦʤ 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ, ʚ ʩʣʫʯʘʝ ɼʄʌɸ ʠ ʤʝʪʘʥʦʣʘ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʚʳʟʚʘʥʦ 
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ʬʦʪʦʠʥʜʫʮʠʨʫʝʤʳʤ ʟʘʤʝʱʝʥʠʝʤ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʘ ʥʘ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʣʘʢʩʘʮʠʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʨʘʩʪʚʦʨʘʭ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥʳ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʳ ʦʙʲʝʜʠʥʠʣʠ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ, ʨʘʟʜʝʣʠʚ ʠʭ ʧʦ ʪʠʧʫ ʣʠʛʘʥʜʦʚ. ɺ 

ʊʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʚ ʨʷʜʫ ʷʜʝʨ { Mo6Cl8}
4+ < { Mo6Br8}

4+ < { Mo6I8}
4+, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʛʠʧʩʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ. ɺ 2018 ʛʦʜʫ ʛʨʫʧʧʘ ʧʨʦʬʝʩʩʦʨʘ 

ʂʠʪʘʤʫʨʳ, ʠʟʫʯʘʷ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ [{ Mo6Q8} X6]
2ï (Q, X = Cl, Br ʠʣʠ I; ʥʦ Q Í X), ʦʙʦʩʥʦʚʘʣʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʘ ʠ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʣʠʛʘʥʜʘ Q [102]. ʉʦʛʣʘʩʥʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʠʤʠ ʤʦʜʝʣʠ, ʫʨʦʚʥʠ T1u, T2u ʠ Eu ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʩʧʠʥʦʚʳʭ ʧʦʜʫʨʦʚʥʷ 

ʌ1ïʌ4 (ʈʠʩʫʥʦʢ 11). ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʪʷʞʝʣʦʤʫ ʘʪʦʤʫ Q ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʠʮʳ æɽ13 ʠ æɽ14, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʢʣʘʜʘ ʚʳʩʰʠʭ ʧʦʜʫʨʦʚʥʝʡ ʌ3 ʠ 

ʌ4 ʚ ʵʤʠʩʩʠʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʠʟʤʝʥʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [105] ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [{ Mo6I8}( N3)6]
2ï ʠ [{ Mo6I8}( NCS)6]

2ï: ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʪʚʦʨ D2O ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʢʦʤʧʣʝʢʩʦʚ (ʊʘʙʣʠʮʘ 3). ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʪʘʢʦʡ ʵʬʬʝʢʪ ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʢʦʪʦʨʳʝ ʚ ʦʙʳʯʥʦʡ ʚʦʜʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʨʝʣʘʢʩʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 3. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʥʥʳʝ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ [{Mo6X8} X6]
2ï (X = Cl, Br ʠʣʠ I) ʩʤ. ʚ ʊʘʙʣʠʮʘʭ 1-2 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

ɺ ʈɸʉʊɺʆʈɽ 

(ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʜʝʘʵʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ) 

ʗʜʨʦ {Mo 6Cl8}
4+   

[{Mo 6Cl8}Br 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
787 [93] 170 [93] 0,14 [93] 

[{Mo 6Cl8}I 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
813 [93] 100 [93] 0,09 [93] 

[{Mo 6Cl8}(N 3)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
765 [103] 34,4 (8); 2,6 (92) [103] 0,01 [103] 

ʗʜʨʦ {Mo 6Br8}
4+   

[{Mo 6Br8}Cl 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
747 [93] 220 [93] 0,22 [93] 

[{Mo 6Br8}I 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
812 [93] 85 [93] 0,09 [93] 

[{Mo 6Br8}(NCO)6]
2ï 

CH2Cl2 
664 [104] ï ï 

[{Mo 6Br8}(SCN)6]
2ï 

CH2Cl2 
682 [104] ï ï 

[{Mo 6Br8}(N 3)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
735 [103] 167 [103] 0,07 [103] 

ʗʜʨʦ {Mo 6I8}
4+   

[{Mo 6I8}Cl 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
705 [93] 300 [93] 0,47 [93] 

[{Mo 6I8}Br 6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
713 [93] 205 [93] 0,23 [93] 

[{Mo 6I8}(NO3)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
669 [50] 185 [50] 0,25 [50] 
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ʊʘʙʣʠʮʘ 3. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʘʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [{Mo6X8} X6]
2ï (X = Cl, Br ʠʣʠ I) ʩʤ. ʚ ʊʘʙʣʠʮʘʭ 1-2 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

[{Mo 6I8}(N 3)6]
2ï 

H2O 
687 [105] 

108 (ʚ H2O) [105] 

402 (ʚ D2O) [105] 
0,202 [105] 

[{Mo 6I8}(N 3)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
716 [103] 225 [103] 0,32 [103] 

[{Mo 6I8}(NCS)6]
2ï 

H2O 
672 [105] 

38 (ʚ H2O) [105] 

273 (ʚ D2O) [105] 
0,074 [105] 

[{Mo 6I8}(CN)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
685 [52] 162 [52] 0,02 [52] 

ɺ ʊɺɽʈɼʆʄ ʊɽʃɽ 

ʗʜʨʦ {Mo 6Cl8}
4+   

(Bu4N)2[{Mo 6Cl8}Br 6] 778 [93] 105 [93] 0,17 [93] 

(Bu4N)2[{Mo 6Cl8}I 6] 810 [93] 55 [93] 0,08 [93] 

(Bu4N)2[{Mo 6Cl8}(N 3)6] 765 [103] 
27,3 (34); 10,1 (66) 

[103] 
0,02 [103] 

ʗʜʨʦ {Mo 6Br8}
4+  

(Bu4N)2[{Mo 6Br8}F6] 745 [106] ï ï 

(Bu4N)2[{Mo 6Br8}Cl 6] 742 [93] 115 [93] 0,21 [93] 

(Bu4N)2[{Mo 6Br8}I 6] 812 [93] 50 [93] 0,10 [93] 

(Bu4N)2[{Mo 6Br8}(N 3)6] 725 [103] 
133 (38); 32,9 (62) 

[103] 
0,11 [103] 

ʗʜʨʦ {Mo 6I8}
4+  

(Bu4N)2[{Mo 6I8}Cl 6] 707 [93] 170 [93] 0,57 [93] 

(Bu4N)2[{Mo 6I8}Br 6] 713 [93] 130 [93] 0,24 [93] 

(Bu4N)2[{Mo 6I8}(NO3)6] 666 [50] 93 (70), 26 (30) [50] 0,26 [50] 

(Bu4N)2[{Mo 6I8}(NCS)6] 690 [107] 82 [107] ï 

(Bu4N)2[{Mo 6I8}(N 3)6] 716 [103] 
99,2 (33), 26,7 (67) 

[103] 
0,21 [103] 

(Bu4N)2[{Mo 6I8}(NCO)6] 712 [108] 187 [108] ï 
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ʈʠʩʫʥʦʢ 11. ʄʦʜʝʣʴ ʯʝʪʳʨʝʭ ʩʧʠʥʦʚʳʭ ʧʦʜʫʨʦʚʥʝʡ ʠʟ ʨʘʙʦʪʳ [102] 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʝʩʩʧʦʨʥʦʝ ʣʠʜʝʨʩʪʚʦ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʤʧʣʝʢʩʘʤ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʀʭ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʊʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

ɺ ʈɸʉʊɺʆʈɽ 

(ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʜʝʘʵʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ) 

ʗʜʨʦ {Mo 6Cl8}
4+  

[{Mo 6Cl8}(C3F7COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
745 [109] 1,7; 0,4 [109] <0,01 [109] 

[{Mo 6Cl8}(CF3COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
672 [92] 290 [92] 0,008 [92] 

ʗʜʨʦ {Mo 6Br8}
4+  

[{Mo 6Br8}((CH3)3CCOO)6]
2ï 

ʘʮʝʪʦʥ 
745 [110] 50 [110] 0,02 [110] 

[{Mo 6Br8}(CH3COO)6]
2ï 

ʘʮʝʪʦʥ 
740 [110] 50 [110] 0,03 [110] 

[{Mo 6Br8}(C6H5COO)6]
2ï 

ʘʮʝʪʦʥ 
735 [110] 80 [110] 0,06 [110] 
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ʊʘʙʣʠʮʘ 4. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

[{Mo 6Br8}(3,5-(CH3)2-C6H3COO)6]
2ï 

ʘʮʝʪʦʥ 
739 [110] 50 [110] 0,03 [110] 

[{Mo 6Br8}(3,5-(NO3)2-C6H3COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
705 [111] 64 [111] 0,048 [111] 

[{Mo 6Br8}(4-(NO3)-C6H4COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
708 [111] 112 [111] 0,066 [111] 

[{Mo 6Br8}(4-(CN)-C6H4COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
710 [111] 149 [111] 0,086 [111] 

[{Mo 6Br8}(3,5-(OMe)2-C6H3COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
715 [111] 60 [111] 0,040 [111] 

[{Mo 6Br8}(4-(OMe)-C6H4COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
717 [111] 48 [111] 0,023 [111] 

[{ Mo6Br8}(( C10H7COO)6]
2ï 

ʘʮʝʪʦʥ 

C10H7COO = Ŭ-ʥʘʬʪʦʘʪ 

735 [110] 50 [110] 0,03 [110] 

[{ Mo6Br8}( C4H3OCOO)6]
2ï 

ʘʮʝʪʦʥ 

C4H3OCOO = 2-ʬʫʨʘʥʢʘʨʙʦʢʩʠʣʘʪ 

734 [110] 150 [110] 0,09 [110] 

[{ Mo6Br8}( Py-3-COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

Py-3-COO = ʧʠʨʠʜʠʥ-3-ʢʘʨʙʦʢʩʠʣʘʪ 

711 [112] 64 [112] 0,008 [112] 

[{ Mo6Br8}( Py-4-COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

Py-4-COO = ʧʠʨʠʜʠʥ-4-ʢʘʨʙʦʢʩʠʣʘʪ 

711 [112] 85 [112] 0,012 [112] 

[{Mo 6Br8}(C3F7COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
715 [109] 370 [109] 0,36 [109] 

[{Mo 6Br8}(C3F7COO)6]
2ï 

ʘʮʝʪʦʥ 
727 [110] 390 [110] 0,26 [110] 

[{Mo 6Br8}(CF3COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
708 [92] 335 [92] 0,30 [92] 
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ʊʘʙʣʠʮʘ 4. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

[{Mo 6Br8}(CF3COO)6]
2ï 

ʘʮʝʪʦʥ 
728 [110] 350 [110] 0,23 [110] 

[{Mo 6Br8}(C6F5COO)6]
2ï 

ʘʮʝʪʦʥ 
727 [110] 360 [110] 0,24 [110] 

ʗʜʨʦ {Mo 6I8}
4+  

[{Mo 6I8}(CH3COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
705 [113] 288 [113] 0,48 [113] 

[{Mo 6I8}(CH3COO)6]
2ï 

ʘʮʝʪʦʥ 
710 [110]  270 [110] 0,38 [110] 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %)  ʌʵʤ 

[{Mo 6I8}((CH3)3CCOO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
711 [113] 285 [113] 0,51 [113] 

[{Mo 6I8}((CH3)3CCOO)6]
2ï 

ʘʮʝʪʦʥ 
716 [110] 270 [110] 0,35 [110] 

[{Mo 6I8}(C6H5COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
702 [113] 299 [113] 0,62 [113] 

[{Mo 6I8}(C6H5COO)6]
2ï 

ʘʮʝʪʦʥ 
706 [110] 280 [110] 0,42 [110] 

[{Mo 6I8}(3,5-(CH3)-C6H3COO)6]
2ï 

ʘʮʝʪʦʥ 
708 [110] 280 [110] 0,42 [110] 

[{ Mo6I8}( C4H3OCOO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

C4H3OCOO = 2-ʬʫʨʘʥʢʘʨʙʦʢʩʠʣʘʪ 

696 [113] 283 [113] 0,58 [113] 

[{ Mo6I8}( C4H3OCOO)6]
2ï 

ʘʮʝʪʦʥ 

C4H3OCOO = 2-ʬʫʨʘʥʢʘʨʙʦʢʩʠʣʘʪ 

705 [110] 290 [110] 0,46 [110] 

[{ Mo6I8}( C10H7COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

C10H7COO = Ŭ-ʥʘʬʪʦʘʪ 

701 [113] 297 [113] 0,59 [113] 
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ʊʘʙʣʠʮʘ 4. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

[{ Mo6I8}( C10H7COO)6]
2ï 

ʘʮʝʪʦʥ 

C10H7COO = Ŭ-ʥʘʬʪʦʘʪ 

705 [110] 290 [110] 0,45 [110] 

[{ Mo6I8}(1-OOC-1,2-ʢʣʦʟʦ-C2B10H11)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
685 [114] 320 [114] 0,73 [114] 

[{ Mo6I8}(1-OOC-1,7-ʢʣʦʟʦ-C2B10H11)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
685 [114] 320 [114] 0,93 [114] 

[{ Mo6I8}(1-OOC-1,12-ʢʣʦʟʦ-C2B10H11)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
685 [114] 330 [114] 0,77 [114] 

[{Mo 6I8}(C16H9COO)6]
2ï 

ʊɻʌ 

C16H9 = ʧʠʨʝʥ 

698 [115] 210 [115] 0,60 [115] 

[{ Mo6I8}( C14H9COO)6]
2ï 

ʊɻʌ 

C14H9 = ʘʥʪʨʘʮʝʥ 

700 [115] 1200 [115] 0,02 [115] 

[{ Mo6I8}( C10H15COO)6]
2ï 

ʊɻʌ 

C10H15 = ʘʜʘʤʘʥʪʘʥ 

710 [116] 225 [116] 0,76 [116] 

[{Mo 6I8}(OOC-C4H8-PPh3)6]
4+ 

H2O 
700 [117] 119 [117] 0,24 [117] 

[{Mo 6I8}(OOC-C5H4N-CH3)6]
4+ 

H2O 
685 [117] 22 [117] 0,01 [117] 

[{Mo 6I8}(4`-ʢʘʨʙʦʢʩʠʙʝʥʟʦ-15-ʢʨʘʫʥ-5)6]
2ï 

ɼʄʉʆ 
710 [118] 231 [118] 0,71 [118] 

[{Mo 6I8}(ʭʦʣʘʪ)6]
2ï 

ɼʄʉʆ 
705 [118] 221 [118] 0,64 [118] 

[{ Mo6I8}(2-[2-

(ʤʝʪʦʢʩʠʵʪʦʢʩʠ)ʵʪʦʢʩʠ]ʘʮʝʪʘʪ)6]
2ï 

ɼʄʉʆ 

700 [119] 232 [119] 0,71 [119] 

[{Mo 6I8}(C3F7COO)2]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

668 [109, 

113] 

303 [109] 

359 [113] 

0,59 [109] 

0,60 [113] 
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ʊʘʙʣʠʮʘ 4. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

[{Mo 6I8}(C3F7COO)2]
2ï 

ʘʮʝʪʦʥ 
675 [110] 340 [110] 0,64 [110] 

[{Mo 6I8}(C2F5COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
668 [113] 353 [113] 0,73 [113] 

[{Mo 6I8}(CF3COO)6]
2ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

673 [95] 

668 [113] 

182 [95] 

333 [113] 

1,0 [95] 

0,67 [113] 

[{Mo 6I8}(CF3COO)6]
2ï 

ʘʮʝʪʦʥ 
678 [110] 330 [110] 0,60 [110] 

[{Mo 6I8}(C6F5COO)6]
2ï 

ʘʮʝʪʦʥ 
686 [110] 320 [110] 0,56 [110] 

ɺ ʊɺɽʈɼʆʄ ʊɽʃɽ 

ʗʜʨʦ {Mo 6Cl8}
4+  

(Bu4N)2[{Mo 6Cl8}(CH2=CHCOO)] 706 [97] 260 [97] ï 

(Bu4N)2[{Mo 6Cl8}(CF3COO)6] 713 [92, 97] 300 [92, 97] ï 

(Bu4N)2[{Mo 6Cl8}(C3F7COO)6] 730 [109] 124; 36 [109] 0,08 [109] 

ʗʜʨʦ {Mo 6Br8}
4+  

(Bu4N)2[{Mo 6Br8}(CHſC-COO)6] 680 [120] 225 [120] 0,14 [120] 

(Bu4N)2[{Mo 6Br8}(C3F7COO)6] 700 [109] 206 [109] 0,23 [109] 

ʗʜʨʦ {Mo 6I8}
4+  

(Bu4N)2[{Mo 6I8}(C3F7COO)6] 
659 [109, 

113] 

150 [109] 

166 (64); 124 

(36) [113] 

0,36[109, 113] 

(Bu4N)2[{Mo 6I8}(C2F5COO)6] 661 [113] 
133 (57); 47 (43) 

[113] 
0,32 [113] 

Cs2[{Mo 6I8}(C2F5COO)6] 650 [121] 

8,1; 76 [122] 

35 (48); 116 (52) 

[123] 

0,193 [122] 

0,35 [121, 123] 

(Bu4N)2[{Mo 6I8}(CF3COO)6] 
670 [95] 

667 [113] 

215 [95] 

52 (55); 29 (45) 

[113] 

0,13 [113] 

(Bu4N)2[{Mo 6I8}(CH3COO)6] 699 [113] 
122 (44); 35 (56) 

[113] 
0,18 [113] 
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ʊʘʙʣʠʮʘ 4. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

(Bu4N)2[{Mo 6I8}((CH3)3CCOO)6] 704 [113] 
80 (37); 24 (63) 

[113] 
0,16 [113] 

(Bu4N)2[{ Mo6I8}( C4H3OCOO)6] 

C4H3OCOO = 2-ʬʫʨʘʥʢʘʨʙʦʢʩʠʣʘʪ 
696 [113] 

149 (69); 43 (31) 

[113] 
0,34 [113] 

(Bu4N)2[{Mo 6I8}(C6H5COO)6]Ŀ2CH2Cl2 698 [113] 
128 (40); 50 (60) 

[113] 
0,30 [113] 

(Bu4N)2[{Mo 6I8}(C10H7COO)6] 

C10H7COO = Ŭ-ʥʘʬʪʦʘʪ 
704 [113] 

139 (44); 40 (56) 

[113] 
0,18 [113] 

ʈʘʙʦʪʦʡ, ʧʦʣʦʞʠʚʰʝʡ ʥʘʯʘʣʦ ʘʢʪʠʚʥʦʤʫ ʠʟʫʯʝʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʪʴʶ, ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ ʚ 2011 ʛʦʜʫ 

ʧʨʦʬʝʩʩʦʨʦʤ ʉʦʢʦʣʦʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [109]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [{ Mo6Q8}( C3F7COO)6]
2ï (Q = Cl, Br ʠʣʠ I). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʫʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʦ ʚʥʝʰʥʶʶ 

ʣʠʛʘʥʜʥʫʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʠ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʨʦʤʠʜʥʳʤ ʠ ʠʦʜʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ. ʅʘʧʨʠʤʝʨ, 

ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [{ Mo6I8}( C3F7COO)6]
2ï ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʜʦʩʪʠʛʘʝʪ 59%, ʯʪʦ ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʠʢʘʮʠʠ ʦʢʘʟʘʣʦʩʴ ʩʘʤʳʤ ʚʳʩʦʢʠʤ 

ʠʟ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ʇʦʟʜʥʝʝ ʛʨʫʧʧʝ ʧʨʦʬʝʩʩʦʨʘ 

ʉʦʢʦʣʦʚʘ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʦʚ 

[{ Mo6I8} L6]
2ï ʦʪ ʧʨʠʨʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʳʩʪʫʧʘʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʘ [113]. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ, 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʠ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʟʥʘʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʢʠʩʣʦʪʥʦʩʪʠ 

ʢʠʩʣʦʪʳ (pʂʘ) (ʈʠʩʫʥʦʢ 12). ʇʦʟʜʥʝʝ ʵʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʛʨʫʧʧʳ ʷʧʦʥʩʢʠʭ 

ʫʯʝʥʳʭ, ʨʘʩʰʠʨʠʚʰʠʭ ʯʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʭ 

ʘʥʘʣʦʛʠʯʥʫʶ ʣʠʥʝʡʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩʚʦʡʩʪʚ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʙʨʦʤʠʜʥʳʤ 

ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ [110]. ɹʣʘʛʦʜʘʨʷ ʦʙʥʘʨʫʞʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʤʦʞʥʦ ʝʱʝ ʥʘ ʵʪʘʧʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʘ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʚʳʙʨʘʥʥʦʡ ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʘʥʠʦʥ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʚʳʩʰʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʩʨʝʜʠ ʚʩʝʛʦ ʩʝʤʝʡʩʪʚʘ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʚʥʦʝ 100%, ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʤʧʣʝʢʩʫ 
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[{ Mo6I8}( CF3COO)6]
2ï, ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [95]. ʆʜʥʘʢʦ, ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʟʥʘʯʝʥʠʝ 

ʌɻ ʤ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʫʪʦʯʥʝʥʦ ʜʦ 67%. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʤʝʪʦʜʠʢʦʡ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʥʜʘʨʪʘ (ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʦʮʝʥʢʫ 

ʧʨʦʚʦʜʠʣʠ ʥʘʧʨʷʤʫʶ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʷʣʩʷ ʘʙʩʦʣʶʪʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ. 

ɺʳʜʘʶʱʠʤʩʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʵʤʠʩʩʠʠ, ʩʪʘʣ ʨʝʟʫʣʴʪʘʪ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʛʨʫʧʧʦʡ ʯʝʰʩʢʠʭ ʫʯʝʥʳʭ ʚ 2014 ʛʦʜʫ [115]. ʂʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ 6 ʘʧʠʢʘʣʴʥʳʭ ʢʘʨʙʦʢʩʠʘʥʪʨʘʮʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ [{ Mo6I8}( C14H9COO)6]
2ï, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ Űɻʤ ʨʘʚʥʦʝ 1,2 ʤʩ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʊɻʌ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʧʨʠʤʝʨʦʤ ʦʙʲʝʜʠʥʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʨʫʛʠʤʠ 

ʣʶʤʠʥʦʬʦʨʘʤʠ, ʦʥʘ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʝʥʘ ʚ ʦʜʥʦʤ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ ʜʘʥʥʦʛʦ 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ. 

 

ʈʠʩʫʥʦʢ 12. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʵʤʠʩʩʠʠ (ʘ), ʌɻ ʤ (ʙ) ʠ Űɻʤ (ʚ) ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{ Mo6I8} L6]
2ï

 ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʘʮʝʪʦʥʠʪʨʠʣʝ ʦʪ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʢʠʩʣʦʪʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ HL 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʩʠʥʪʝʟʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʘʧʠʢʘʣʴʥʳʝ 

ʣʠʛʘʥʜʳ, ʩʜʝʣʘʣʠ ʠʭ ʥʝʚʝʨʦʷʪʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʦʠʩʢʘ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ 
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ʧʨʠʣʦʞʝʥʠʡ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʝʱʝ ʥʘʜʦʣʛʦ ʩʦʭʨʘʥʷʪ ʩʚʦʝ 

ʛʦʩʧʦʜʩʪʚʦ ʚ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. 

1.3.2. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ 

ʀʟʫʯʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʥʘʯʘʣʦʩʴ 

ʥʘ ʨʫʙʝʞʝ XX-XXI  ʚʝʢʦʚ ʩ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʤʠʩʩʠʠ ʜʣʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{ Re6S8} X6]
4ï (X = Cl, Br ʠʣʠ I) ʠ [{ Re6Se8} X6]

4ï 

(X = Cl ʠʣʠ I) [124, 125]. ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ ʧʦʜʦʙʠʝ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʛʘʣʦʛʝʥʠʜʥʳʤ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʚʦʣʴʬʨʘʤʘ. ʊʘʢʦʝ ʧʦʜʦʙʠʝ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʥʘʣʠʯʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. ʉ ʪʝʭ ʧʦʨ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʤ Re6, ʜʣʷ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʤʠʩʩʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʊʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʠʩʣʦʨʦʜʦʤ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʩʪʚʦʨʘʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠ ̫ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʚ 

ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ (ʜʝʘʵʨʠʨʦʚʘʥʥʦʡ) ʩʨʝʜʝ. 

ɺ ʊʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʊʘʙʣʠʮʘ 5. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

ɺ ʈɸʉʊɺʆʈɽ 

(ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʜʝʘʵʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ) 

ʗʜʨʦ {Re6S8}
2+  

[{Re6S8}Cl 6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 

770 [126] 

660 [127] 
6,3 [126] 0,039 [126] 

[{Re6S8}Cl 6]
4ï 

CH2Cl2 

754 [128, 

129] 
5,1 [128, 129] 

0,031 [128, 

129] 
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ʊʘʙʣʠʮʘ 5. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

[{Re6S8}Br 6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
780 [126] 5,4 [126] 0,018 [126] 

[{Re6S8}Br 6]
4ï 

CH2Cl2 

778 [128, 

129] 
3,9 [128, 129] 

0,012 [128, 

129] 

[{Re6S8}I 6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
800 [126] 4,4 [126] 0,015 [126] 

[{Re6S8}I 6]
4ï 

CH2Cl2 

800 [128, 

129] 
2,6 [128, 129] 

0,011 [128, 

129] 

[{Re6S8}(OH)6]
4ï 

H2O, pH = 1 
685 [130] 2,35 [130] 0,005 [130] 

[{Re6S8}(OH)6]
4ï 

H2O, pH = 7 
665 [130] 1,1 [130] 0,003 [130] 

[{Re6S8}(OH)6]
4ï 

H2O, pH = 13 
655 [130] 2,2 [130] 0,010 [130] 

ʪʨʘʥʩ-[{Re6S8}(CN)2(OH)4]
4ï 

H2O, pH = 1 
720 [72] 1,6 [72] 0,014 [72] 

ʪʨʘʥʩ-[{Re6S8}(CN)2(OH)4]
4ï 

H2O, pH = 7 
715 [72] 1,1 [72] 0,011 [72] 

ʪʨʘʥʩ-[{Re6S8}(CN)2(OH)4]
4ï 

H2O, pH = 13 
710 [72] 1,2 [72] 0,012 [72] 

ʪʨʘʥʩ-[{ Re6S8}( CN)4(OH)2]
4ï 

H2O, pH = 1, 7 ʠʣʠ 13 
730 [131] 1,1 [131] 0,005 [131] 

[{Re6S8}(CN)6]
4ï 

H2O, pH = 1, 7 ʠʣʠ 13 

720 [80, 131] 1,2 [80, 131] 0,009 [80, 131] 

[{Re6S8}(CN)6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
720 [80] 11,2 [80] 0,056 [80] 

[{Re6S8}(CN)6]
4ï 

CH2Cl2 
739 [128] 8,8 [128] 0,039 [128] 

[{Re6S8}(NCS)6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
745 [132] 10,1 [132] 0,091 [132] 
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ʊʘʙʣʠʮʘ 5. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

[{Re6S8}(SO3)6]
10ï 

H2O 
735 [70] 1,6 [70] 0,010 [70] 

ʗʜʨʦ {Re6Se8}
2+  

[{Re6Se8}(OH)6]
4ï 

H2O, pH = 1 
660 [130] 

0,74 (70); 0,16 (30) 

[130] 
0,003 [130] 

[{Re6Se8}(OH)6]
4ï 

H2O, pH = 13 
660 [130] 

1,8 (88); 0,45 (12) 

[130] 
0,017 [130] 

ʪʨʘʥʩ-[{ Re6Se8}( CN)4(OH)2]
4ï 

H2O, pH = 7 
710 [71] 1,3 (33); 0,38 (67) [71] 0,006 [71] 

ʪʨʘʥʩ-[{ Re6Se8}( CN)4(OH)2]
4ï 

H2O, pH = 13 
710 [71] 1,6 [71] 0,014 [71] 

[{Re6Se8}(CN)6]
4ï 

H2O 
720 [80] 1,9 [80] 0,015 [80] 

[{Re6Se8}(CN)6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
720 [80] 17,1 [80] 0,140 [80] 

[{Re6Se8}(CN)6]
4ï 

CH2Cl2 
725 [128] 11,6 [128] 0,115 [128] 

[{Re6Se8}(NCS)6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
730 [132] 11,8 [132] 0,150 [132] 

[{Re6Se8}(N 3)6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
690 [67] 14,3 [67] 0,04 [67] 

[{Re6Se8}(SO3)6]
10ï 

H2O 
725 [70] 2,1 [70] 0,034 [70] 

ʗʜʨʦ {Re6Te8}
2+  

[{Re6Te8}(CN)6]
4ï 

H2O 
750 [80] 0,57 [80] 0,004 [80] 

[{Re6Te8}(CN)6]
4ï 

ʘʮʝʪʦʥʠʪʨʠʣ 
750 [80] 0,42 [80] 0,004 [80] 
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ʊʘʙʣʠʮʘ 5. ʇʨʦʜʦʣʞʝʥʠʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ (ɸ / %) ʌʵʤ 

ɺ ʊɺɽʈɼʆʄ ʊɽʃɽ 

ʗʜʨʦ {Re6S8}
2+  

(Bu4N)4[{Re6S8}Cl 6] 768 [128] 
5,6 [126] 

6,90 [128] 
0,027 [128] 

(Bu4N)4[{Re6S8}Br 6] 779 [128] 
4,4 [126] 

9,52 [128] 
0,007 [128] 

Cs4[{Re6S8}Br 6] 800 [133] ï ï 

(Bu4N)4[{Re6S8}I 6] 820 [128] 
2,51 [128] 

3,4 [126] 
0,003 [128] 

K4[{Re6S8}(OH)6] 680 [133] ï ï 

K4[{Re6S8}(OH)6]Ŀ8H2O 618 [46, 134] ï ï 

Cs2,37K1,33[{Re6S8}(CN)2(OH)4]Ŀ4H2O 715 [72] 2,2 [72] 0,038 [72] 

Cs1,68K2,32[{Re6S8}(CN)4(OH)2] 750 [133] ï ï 

(Bu4N)4[{Re6S8}(CN)6] 746 [128] 5,85 [128] 0,021 [128] 

Na10[{Re6S8}(SO3)6Ŀ37H2O 715 [70] 5,9 (8); 3,1 (92) [70] 0,02 [70] 

ʗʜʨʦ {Re6Se8}
2+  

K4[{Re6Se8}(OH)6] 675 [133] ï ï 

K4[{Re6Se8}(OH)6]Ŀ8H2O 635 [46] ï ï 

Cs2,75K1,25[{Re6Se8}(CN)4(OH)2]ĿH2O 710 [71] 2,3 (62); 0,69 (38) [71] 0,056 [71] 

(Bu4N)4[{Re6Se8}(CN)6] 737 [128] 14,1 [128] ï 

K4[{Re6Se8}(CN)6] 685 [121] ï 0,07 [121] 

K4[{Re6Se8}(N 3)6]Ŀ4H2O 680 [67] 
1,88 (3); 0,79 (19); 

0,24 (78) [67] 
0,02 [67] 

Na10[{Re6Se8}(SO3)6Ŀ36H2O 715 [70] 10,0 (8); 3,8 (92) [70] 0,06 [70] 

ʗʜʨʦ {Re6Te8}
2+  

K4[{Re6Te8}(CN)6] 755 [135] ï ï 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʟʥʘʯʝʥʠʡ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [{ Re6Q8} L6]
4ï (ʛʜʝ Q = S, Se 

ʠʣʠ Te; L = ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʘʧʠʢʘʣʴʥʳʡ ʣʠʛʘʥʜ) ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ʜʦ 17 ʤʢʩ, ʘ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʥʝ ʧʨʝʚʳʰʘʶʪ 15%, ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʷʜʨʘ { Re6Se8}
2+ ʚ 
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ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʩʫʣʴʬʠʜʥʦʛʦ ʣʠʙʦ ʪʝʣʣʫʨʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʅʘʠʚʳʩʰʠʝ ʟʥʘʯʝʥʠʷ Űɻʤ ʠ ʌɻ ʤ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʭʘʣʴʢʦʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{ Re6Q8}( CN)6]
4ï (Q = S ʠʣʠ Se), ʠ ʦʥʠ ʞʝ 

ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʩʨʝʜʠ ʚʩʝʛʦ ʩʝʤʝʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. ɺ ʨʘʙʦʪʝ [128] ʜʣʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

[{ Re6S8} X6]
4ï (X = Cl, Br ʠʣʠ I) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ɺɿʄʆ ʚ ʦʩʥʦʚʥʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʦʨʙʠʪʘʣʝʡ ʨʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʢʣʘʜ ʦʨʙʠʪʘʣʝʡ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʝʟʥʘʯʠʪʝʣʝʥ ʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 1ï3%. ɺ ʦʙʨʘʟʦʚʘʥʠʝ ʅʉʄʆ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʥʦʩʷʪ ʚʢʣʘʜ ʪʦʣʴʢʦ ʦʨʙʠʪʘʣʠ 

ʤʝʪʘʣʣʘ. 

ɻʨʫʧʧʦʡ ʷʧʦʥʩʢʠʭ ʫʯʝʥʳʭ ʚ 2005 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʟʫʯʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ (Bu4N)4[{ Re6S8} X6] (X = Cl, 

Br ʠʣʠ I) [136]. ʉʦʛʣʘʩʥʦ ʚʳʚʦʜʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʵʤʠʩʩʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʝʨʝʭʦʜʘʤʠ ʩ ʯʝʪʳʨʝʭ ʧʦʜʫʨʦʚʥʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʪʠʭ ʧʝʨʝʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 13. 

ɼʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩʧʨʘʚʝʜʣʠʚʳ 

ʧʨʠʤʝʨʥʦ ʪʝ ʞʝ ʜʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ Űɻʤ ʠ ʌɻ ʤ, ʯʪʦ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʛʜʝ ʘʧʠʢʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʣʠʛʘʥʜ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʧʠʩʘʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [{ Re6Se8} L6]
2+, 

ʛʜʝ L = ʘʮʝʪʦʥʠʪʨʠʣ, ɼʄʌɸ ʠʣʠ ɼʄʉʆ (ʊʘʙʣʠʮʘ 6). ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʟʘʪʨʫʜʥʝʥʦ ʚʚʠʜʫ ʠʭ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʳʩʦʢʦʡ ʣʘʙʠʣʴʥʦʩʪʴʶ ʘʧʠʢʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ. 

ʊʘʙʣʠʮʘ 6. ʃ ʤʁʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [{ Re6Se8} L6]
2+ (L = ʘʮʝʪʦʥʠʪʨʠʣ, 

ɼʄʌɸ ʠʣʠ ɼʄʉʆ) 

ʆʙʨʘʟʝʮ ɚɻʤ / ʥʤ Űɻʤ / ʤʢʩ ʌʵʤ 

ɺ ʈɸʉʊɺʆʈɽ 

(ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʜʝʘʵʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ) 

[{Re6Se8}(MeCN)6]
2+ 

ʘʮʝʪʦʥʠʪʨʠʣ 

694 [128, 

129] 
14,8 [128, 129] 

0,100 [128, 

129] 

[{Re6Se8}(DMF) 6]
2+ 

ɼʄʌɸ 

680 [128, 

129] 
18,9 [128, 129] 

0,203 [128, 

129] 

[{Re6Se8}(DMSO)6]
2+ 

ɼʄʉʆ 

662 [128, 

129] 
22,4 [128, 129] 

0,238 [128, 

129] 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʘʥʠʦʥʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʷʜʨʫ { Re6S8}
2+ ʥʝ 

ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʦʧʠʩʘʥʥʳʭ 
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ʨʘʥʝʝ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ. ʉʨʝʜʥʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [{ Re6S8}( HCOO)6]
4ï ʠ 

[{ Re6S8}( CH3COO)6]
4ï, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳ 3,1 ʠ 

1,8 ʤʢʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʥʝ ʧʨʝʚʳʰʘʶʪ 3% [68, 69]. 

 

 

ʈʠʩʫʥʦʢ 13. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʵʥʝʨʛʠʡ ʧʦʜʫʨʦʚʥʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʜʚʠʛʦʚ ʜʣʷ [{Re6S8} Cl6]
4ï (ʘ), [{Re6S8} Br6]

4ï (ʙ) ʠ [{Re6S8} I6]
4ï (ʚ) 


