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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ: 

 

edt ï 1,2-ʵʪʘʥʜʠʪʠʦʣʘʪ [C2H4S2]
2- 

Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ ʉ5H5
-
 

Cp
*
 ï ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ C5Me5

-
 

Cp
'
 ï ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ C5H4Me

ï
 

Cp
Et

 ï ʵʪʠʣʪʝʪʨʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ C5EtMe4
- 

Cp
#
 = Cp, Cp

'
, Cp

*
 

Hnta ï ʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ [N(CH2CO2H)(CH2CO2)2]
2-
. 

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

dppm ï ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥ Ph2PCH2PPh2
 

Tp ï ʪʨʠʩ(ʧʠʨʘʟʦʣʠʣ)ʛʠʜʨʦʙʦʨʘʪ(1-) [HB(C3N2H3)3]
ī
 

dtc ï ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ 

pts
-
 ï ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ 

Me6tren ï ʪʨʠʩ(2-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʵʪʠʣ)ʘʤʠʥ) 

py ï ʧʠʨʠʜʠʥ 

tbp ï 4-ʪʨʝʪʙʫʪʠʣʧʠʨʠʜʠʥ 

cys ï ʮʠʩʪʝʠʥ 

cod ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ 

ɼʄʌɸ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʂʉʕ ï ʢʣʘʩʪʝʨʥʳʝ ʩʢʝʣʝʪʥʳʝ ʵʣʝʢʪʨʦʥʳ 

MO  ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ  

ɺɿʄʆ ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ  

ʅʉʄʆ ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ  

ʕʇʈ ï ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ  

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ  

ʕɼɸ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 
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ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

EXAFS ï extended X-ray absorption fine structure (ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʦʪʷʞʸʥʥʦʡ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ) 

DFT ï density functional theory (ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ) 

COSMO ï Conductor like Screening Model (ʤʦʜʝʣʴ ʵʢʨʘʥʠʨʦʚʢʠ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʪʠʧʘ) 
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ɺɺɽɼɽʅʀɽ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʚ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʩʢʣʦʥʥʳ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ. ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʘʢʠʝ ʩʚʷʟʠ, ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʝ çʢʣʘʩʪʝʨʥʳʝè [1]. ʍʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʜʘʥ-

ʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ, ʧʨʠ-

ʚʣʝʢʘʶʱʝʡ ʚʩʝ ʙʦʣʴʰʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ.  

 ʂ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʳʭ ʪʠʧʦʚ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʪʘʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʚʝʜʝʪʩʷ ʚ ʥʘʫʯʥʳʭ ʛʨʫʧʧʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʉʨʝʜʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ: ʦʪ ʧʦʣʠʤʝʨʦʚ 

ʮʝʧʦʯʝʯʥʦʛʦ, ʩʣʦʠʩʪʦʛʦ ʠʣʠ ʢʘʨʢʘʩʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʜʦ ʦʩʪʨʦʚʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʤʦʣʝʢʫʣʷʨʥʳ-

ʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [2-4]. ʀʟʫʯʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʣʠʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʬʘʟʳ ʐʝʚʨʝʣʷ [5] ʠʣʠ ɹʨʦʥʛʝʨʘ [6], ʧʨʦʠʩʭʦ-

ʜʠʣʦ ʥʘ ʟʘʨʝ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʬʦʢʫʩ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤʝʩʪʠʣʩʷ ʚ ʩʪʦʨʦʥʫ ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩ-

ʥʦʚʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʥʘʙʦʨʦʤ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʪʘʢʠʤʠ 

ʢʘʢ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʦʙʨʘʪʠʤʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʙʝʟ ʠʟ-

ʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʤʘʛʥʝʪʠʟʤ [7, 8]. ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘ-

ʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴʶ 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ [9]. ʀʟʚʝʩʪʥʳ ʢʣʘ-

ʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʷʭ ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ CO2 ʜʦ ʤʝʪʘʥʦʣʘ ʠ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʨʦʜʘʤʠʥʘ B [10, 11]. ɾʝʩʪʢʘʷ ʛʝʦʤʝʪʨʠʷ, ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ 

ʥʘʣʠʯʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʣʘʶʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʜʠʟʘʡʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ʈʘʟʚʠʪʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. 
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 ʉʚʦʡʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠʨʦʜʦʡ ʘʪʦʤʦʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠʨʦʜʦʡ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. ʀʟʤʝʥʝʥʠʝ ʩʦ-

ʩʪʘʚʘ ʷʜʨʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʪʣʠʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠʚʥʝʩʝʥʠʷ ʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʪʠʧʠʯʥʳʭ ʜʣʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘ-

ʣʦʛʦʚ.  

 ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠ-

ʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʢʘʪʘʣʠʟʝ, ʦʯʝʚʠʜʥʳ [12-14], ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ʍʦʪʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʬʘʟʳ ʐʝʚʨʝʣʷ M6-xM'xQ8 (M = 

Re, M' = Mo, Q =S, Se, x = 2; Q = Te, x = 4 [15]; M = Re, Mô = Mo, Q = Se, x = 1.5 [16]; M = 

Mo, M' = Ru, Q = Te, x = 0.5, 1, 1.5 [17-19]; M = Mo, M' = Rh, Q = Te, x = 0.5 [17]; M = Nb, M' 

= Ru, Q = Te, x = 2.83 ï 3.5 [20]) ʠʟʚʝʩʪʥʳ ʜʘʚʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʢʪʘʵʜʨʠʯʝ-

ʩʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʛʨʘʥʠʯʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʙʣʠʢʘʮʠʷ-

ʤʠ. ʈʘʥʝʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʪʚʦʨʠʤʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [Re6-xOsxSe8L6] (x 

= 1, 2, 3 L = Cl, PEt3, OH [21, 22]); [Mo5NbI8L6] (L = Cl, CN, H2O, OH [23, 24]); [Mo6-

xWxCl8L6] (L = Cl, F [25, 26]); K6[Re3Mo3S8(CN)5] [27]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫ-

ʯʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʷʜʨʝ ʥʘ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʚʳʟʚʘʥʦ ʦʪʩʫʪʩʪʚʠʝʤ 

ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʘʟ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʧʨʠ-

ʤʝʩʝʡ ʜʨʫʛʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ. 

 ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ, ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re6-xMoxSe8} (x = 1ï3). ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6-xMoxSe8(CN)6]
nï

(x = 1ï3); 

ï ʚʳʜʝʣʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʤʝʪʘʣʣʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʷʜʨʘ ʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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 ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʩʠʥʪʝʟ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟʳ 

K6[Re6-xMoxSe8(CN)5] ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6-xMoxSe8} ʩ 

ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Re/Mo. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʛʝʪʝʨʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re5MoSe8(CN)6]
4-

, [Re4Mo2Se8(CN)6]
4-
, 

[Re3Mo3Se8(CN)6]
4-
 ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʪʷ-

ʞʸʥʥʦʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (EXAFS) ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʚ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʜʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘ-

ʩʪʝʨʳ ʩ ʷʜʨʘʤʠ {Re3Mo3Se8} ʠ {Re4Mo2Se8} ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʢʠʩʣʝʥʠʷ. ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʪʠʤʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re5MoSe8(CN)6]
4-
, [Re4Mo2Se8(CN)6]

4-
, [Re3Mo3Se8(CN)6]

4-
 ʚ 

ʨʘʩʪʚʦʨʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ). ʂʣʘʩʪʝʨ-

ʥʳʡ ʢʦʤʧʣʝʢʩ [Re3Mo3Se8(CN)6]
5-
 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʢʘʪʠʦʥʘʤʠ 3d-ʤʝʪʘʣʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5-
 ʩ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʤ ʢʘʜʤʠʷ(II) ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

{[ Cd(NH3)4]3Re3Mo3Se8(CN)6]} X, X= Cl, Br, I, ʦʙʨʘʟʫʶʱʠʭ ʪʨʝʭʤʝʨʥʳʝ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥ-

ʥʳʝ ʢʘʨʢʘʩʳ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʢʠʩʣʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʘʨʷʜʦʚʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5-
ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʢʘʨʢʘʩʘ. ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [Re3Mo3Se8(CN)6]
5-
 ʠ [Re4Mo2Se8(CN)6]

4-
 ʥʘ ʧʨʦʠʟʚʦʜʥʳʝ ʬʦʩʬʠʥʘ ʠ ʧʠʨʠʜʠʥʘ. 

 ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 23 ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʩʪʨʦʝʥʠʝ 19 ʠʟ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘ-

ʣʠʟʘ (ʈʉɸ). 

 ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ, ʩʪʨʦʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Re6-xMoxSe8(CN)6]
n-
 (x = 1, 2, 3, n = 4 ï 6). ʆʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʘ ʈʉɸ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʦ-

ʤʝʪʨʠʠ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʨʝʦʜʦʣʝʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ EXAFS ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝ-

ʪʦʚ ʚ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʕʪʠ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʣʦʢʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʨʫʛʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʥʦʛʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʢʣʘ-

ʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʟʘ-
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ʩʝʣʝʥʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʠ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʨʘʟʫʧʦʨʷʜʦ-

ʯʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʳʡ ʩʠʥʪʝʟ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʟʦʟʘʨʷʜʥʳʝ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ, ʠʤʝʝʪ 

ʮʝʥʥʦʩʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫ-

ʯʘʝʤʳʭ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʠʭ ʩʦʣʝʡ ʦʪʢʨʳʚʘʝʪ ʩʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʪʘʢʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ-

ʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʙʨʘʪʠʤʦʤʫ ʦʢʠʩʣʝʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʨʢʘʩʘ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʛʦ ʦʙʨʘʟʮʘ, 

ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ 

ʜ̫ʨʝ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ-

ʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʕɼɸ), CHN-ʘʥʘʣʠʟʘ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʌɸ), ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦ-

ʥʘʥʩʘ (ʗʄʈ), EXAFS ʘ ʪʘʢʞʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ DFT. ɺʣʠʷʥʠʝ ʩʦ-

ʩʪʘʚʘ ʷʜʨʘ ʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠʟʫʯʘʣʦʩʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ). ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʎɺɸ ʚ ʥʝʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. ʇʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ). 

 ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

ï ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʬʘʟʳ K6[Re6-xMoxSe8(CN)5], ʩʦʜʝʨʞʘʱʝʡ ʢʣʘʩʪʝʨʥʳʝ 

ʷʜʨʘ {Re6-xMoxSe8} ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Re/Mo; 

ï ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6-xMoxSe8(CN)6]
n-
 (x = 

1, 2, 3 n = 4 ï 6) ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 
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ï ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 19 ʥʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ ʕʉʇ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʗʄʈ ʠ EXAFS; 

ï ʜʘʥʥʳʝ ʦʙ ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʨʦʝʥʠʠ ʘʥʠʦʥʦʚ [Re3Mo3Se8(CN)6]
n-
 (n = 4 ï 7), 

[Re4Mo2Se8(CN)6]
n-
 (n = 4 ï 6) ʠ [Re5MoSe8(CN)6]

n-
 (n = 3 ï 5), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʢʚʘʥʪʦ-

ʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ; 

ï ʧʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʎɺɸ ʚ ʨʘʩʪʚʦʨʝ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʡ ʩʦʣʝʡ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5ï

 ʩ ʩʦʣʷʤʠ ʢʘʪʠʦʥʦʚ 

Cd
2+

 ʠ 3d-ʤʝʪʘʣʣʦʚ (Co
2+

, Ni
2+
) ʚ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʳʭ ʨʘʩʪʚʦʨʘʭ; 

ï ʤʝʪʦʜʠʢʠ ʟʘʤʝʱʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʮʠʘʥʦʢʣʘʩʪʝʨʦʚ [Re3Mo3Se8(CN)6]
5ï

 ʠ 

[Re4Mo2Se8(CN)6]
5ï

 ʥʘ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʠʥʘ ʠ ʬʦʩʬʠʥʘ. 

 ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. ʇʨʠʟʥʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙ-

ʱʝʩʪʚʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʨʝ-

ʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ. 

 ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʨʘʙʦʪʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʠ ʘʥʘʣʠʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʠ-

ʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʚʳʧʦʣʥʷʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦ-

ʚʝʜʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʝ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʣʫʯʝʥʠʝ ʚʩʝʭ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʚ ʨʘʙʦʪʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʦʩʪ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʈʉɸ, ʟʘʧʠʩʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʨʦʰʢʦʚʳʭ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʠ ʠʭ ʘʥʘʣʠʟ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ EXAFS ʠ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʠʩʩʝʨʪʘʥʪʦʤ. ʈʘʩʰʠʬʨʦʚʢʘ ʠ 

ʫʪʦʯʥʝʥʠʝ ʜʘʥʥʳʭ ʈʉɸ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʠʩʢʘʪʝʣʷ. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ. ɸʥʘʣʠʟ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪ-

ʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ. 
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 ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥ-

ʮʠʠ CLUSPOM-1 (Rennes, France, 2016), ʥʘ ʩʝʤʠʥʘʨʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ çCLUSPOM-1è (ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ, 2016), International Symposium on Metal Com-

plexes (Dijon, France, 2017), XXVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2017), ʢʦʥʢʫʨʩʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

ʀʅʍ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ, 2017), LIA  CLUSPOM Conference (Gif-sur-Yvette, France, 

2018); Matters, Molecules and Materials (3M) Doctoral School Day (Brest, France, 2019). 

 ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʯʝʪʳʨʝ ʩʪʘ-

ʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʟ ʥʠʭ ʪʨʠ ï ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science, ʠ ʦʜʥʘ ï ʚ ʨʦʩʩʠʡʩʢʦʤ ʠʟʜʘ-

ʥʠʠ, ʚʭʦʜʷʱʝʤ ʚ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʫʶ ʙʘʟʫ ʈʀʅʎ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 

ʩʝʤʴ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʈʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

 ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 147 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 65 

ʨʠʩʫʥʢʦʚ, 19 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ, ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ (213 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘ-

ʥʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʀʅʍ ʉʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ 

16-33-00085. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʩʪʠʧʝʥʜʠʝʡ ʬʨʘʥʮʫʟʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ 

(ʩʪʠʧʝʥʜʠʷ ɺʝʨʥʘʜʩʢʦʛʦ). 
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ɻʣʘʚʘ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ɺʝʨʥʝʨʘ ʜʦʣʛʠʝ ʛʦʜʳ ʩʣʫʞʠʣʘ ʛʣʘʚʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [28]. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʪʠʧʠʯʥʳʤʠ ʢʦʨʦʪʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ MïM ʧʦʪʨʝʙʦʚʘʣʦ ʠʟʤʝʥʝʥʠʷ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʅʘʯʘʣʦ ʥʦʚʦʡ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʙʳʣʦ ʦʟʥʘʤʝʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʦʪʪʦʥʦʤ ʚ 1964 ʛ. ʧʦʥʷʪʠʷ çʢʣʘʩʪʝʨè ʜʣʷ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʪʨʦʝʥʠʠ ʩʚʷʟʠ MïM [1]. ʅʘ ʜʘʥ-

ʥʳʡ ʤʦʤʝʥʪ ʭʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʘʪʝ-

ʨʠʘʣʦʚʝʜʝʥʠʷ. 

ʉʨʝʜʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʜʝʣʷʝʪʩʷ ʦʩʦʙʘʷ ʛʨʫʧʧʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʚʳʩʦʢʦʚʘ-

ʣʝʥʪʥʳʭ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ, ʩ ʢʦʪʦʨʳʭ ʚ ʩʚʦʝ ʚʨʝʤʷ ʠ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʨʘʟ-

ʚʠʪʠʝ ʚʩʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʦʪʚʝʪʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. ʌʦʨʤʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʛʨʫʧʧʳ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳ-

ʣʦ ʧʨʝʜʣʦʞʝʥʦ ʂʦʪʪʦʥʦʤ, ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʦʪʥʦʩʷʪ ʢʦʤʧʣʝʢʩʳ ʩʦ ʩʪʝ-

ʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʚ +2ï+4, ʢ ʥʠʟʢʦʚʘʣʝʥʪʥʳʤ -1ï+1. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʳʤ, ʪʠʧʠʯʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʚ ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʜʣʠʥʘʭ ʩʚʷʟʠ 

ʤʝʪʘʣʣ ï ʤʝʪʘʣʣ ʠ ʧʨʝʜʧʦʯʪʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [29]. 

ɺʳʩʦʢʦʚʘʣʝʥʪʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚ ʦʩʥʦʚʥʦʤ ʭʘʣʴʢʦʛʝʥʠʜ-

ʥʳʝ ʠ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʟʚʝʩʪʥʳʝ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 4ï10 

ʛʨʫʧʧ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ, 

ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [2-4, 13, 

30]. ɺ ʦʩʥʦʚʥʦʤ ʚʝʜʫʱʠʝʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ) ʩʦʩʨʝʜʦ-

ʪʦʯʝʥʳ ʥʘ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʦʜʠʥ ʪʠʧ ʤʝʪʘʣ-

ʣʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʤʝʨʳ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʚʫʤʷ (ʠ ʜʘʞʝ ʙʦ-

ʣʝʝ) ʪʠʧʘʤʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ï ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʪʠʧʘʭ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɸʪʦʤʳ ʤʝʪʘʣʣʦʚ ʤʝʪʘʣʣʦʦʩʪʦʚʘ 

ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʛʨʘʥʠʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦ-
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ʦʩʪʦʚʘ ʥʘ ʘʪʦʤʳ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʥʘʧʨʷʤʫʶ ʚʣʠ-

ʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʚʠʜʫ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʩʣʦʞʥʦʩʪʝʡ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʠ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʨʠʤʝʨʳ ʟʘʤʝʱʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʨʝʜʠ 

ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɿʘʤʝʱʝʥʠʝ ʚ ʜʨʫʛʠʭ ʢʣʘʩʩʘʭ 

ʚ ʦʩʥʦʚʥʦʤ ʥʦʩʷʪ ʭʘʦʪʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʟʘʯʘʩʪʫʶ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ.  

ɼʘʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫ-

ʶʱʠʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʶ ʧʦʣʫ-

ʯʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʩʨʘʚʥʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʤʝʨʦʚ ʟʘʤʝʱʝʥʠʷ ʩʨʝʜʠ ʚʳʩʦʢʦ-

ʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ. ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

1.1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʨʤʠʥʦʣʦʛʠʶ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʦʝʥʠʷ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʜ ʪʝʨʤʠʥʦʤ ʥʫʢʣʝʘʨʥʦʩʪʴ ʧʦʥʠʤʘʶʪ ʯʠʩʣʦ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʷʤʠ MïM ʚ ʤʝʪʘʣʣʦʦʩʪʦʚ 

{ Mn}, ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʚʝʜʝʥʥʦʡ ʐʝʬʝʨʦʤ ʠ ʐʥʝʨʠʥʛʦʤ ʥʦʤʝʥʢʣʘʪʫʨʳ [31] ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ (ʚ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʩʝʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ), ʨʘʟ-

ʜʝʣʷʶʪ ʚʥʫʪʨʝʥʥʠʝ (inner ï i) ʠ ʚʥʝʰʥʠʝ ʣʠʛʘʥʜʳ (auter ï a). ɺʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʦʙʳʯʥʦ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʧʦ ʤʦʩʪʠʢʦʚʦʤʫ ʪʠʧʫ, ʦʙʲʝʜʠʥʷʷ ʥʝʩʢʦʣʴʢʦ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʦʩʪʦʚʘ. ʄʝ-

ʪʘʣʣʦʦʩʪʦʚ ʠ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʦʙʨʘʟʫʶʪ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {MnL
i
k}. ɺʥʝʰʥʠʝ ʣʠʛʘʥʜʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʶʪ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʤʝʪʘʣʣʦʦʩʪʦʚʘ [MnL
i
kL

a
p]. ɺ ʪʘʙʣ. 1 ʥʘʛʣʷʜʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʧʦʣʴʟʫʝʤʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʥʘ ʧʨʠʤʝʨʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ An[M6L
i
8L

a
6]. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ʂʣʘʩʪʝʨʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʥʘ ʧʨʠʤʝʨʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ An[M 6L
i
8L

a
6] 

ʅʦʤʝʥʢʣʘʪʫʨʘ 
ʤʝʪʘʣʣʦʦʩʪʦʚ 

{ M6}  

ʢʣʘʩʪʝʨʥʦʝ 

ʷʜʨʦ 

{ M6L
i
8}  

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[M6L
i
8L

a
6]

n-
 

ʉʪʨʦʝʥʠʝ 

 
 

 

 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʳʩʦʢʦʚʘʣʝʥʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ 

ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʂʉʕ), ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʝʡ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ (ne
-
). ɿʥʘʷ ʩʪʝʭʠʦʤʝʪʨʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʟʘʨʷʜ ʣʠʛʘʥʜʦʚ, ʧʨʦʩʪʦʡ 

ʨʘʩʯʝʪ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʪʦ ʯʠʩʣʦ ne
-
 = n + l + z (n ï ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢ-

ʪʨʦʥʦʚ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʤʝʪʘʣʣʦʦʩʪʦʚʘ, l ï ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʣʠʛʘʥʜʦʚ ʢʣʘʩʪʝʨʘ, z ï ʟʘʨʷʜ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ). ɼʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʂʉʕ ʤʦʞʝʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

1.2. ʉʪʨʦʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʥʦʛʦ-

ʦʙʨʘʟʠʝ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʘʶʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ (ʦʪ 

ʪʨʝʭ ʚ Mo3S7Br4 ʜʦ 36 ʚ Rb8(Mo6S8)(Mo24S26) ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʤʝ-

ʪʘʣʣʦʦʩʪʦʚʘ [2, 30]. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʨʝʭʲʷʜʝʨʥʳʤʠ {M3}, ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʤʠ {M4} ʠ ʰʝʩʪʠʷʜʝʨʥʳʤʠ ʢʣʘʩʪʝ-

ʨʘʤʠ {M6}, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤʠ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ 

ʣʠʛʘʥʜʦʚ, ʠʟʚʝʩʪʥʳʭ ʜʣʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʩʪʨʦʝʥʠʝ ʧʦʜʨʦʙ-

ʥʝʝ. 

1.2.1. ʊʨʝʫʛʦʣʴʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʇʨʠʤʝʨʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʨʝʫʛʦʣʴʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʩ ʜʚʫʤʷ ʫʩʪʦʡʯʠʚʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 
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ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ: {M3(m3-L
i
)(m2-L

i
)3} ʠ {M3(m3-L

i
)2}. ʊʠʧʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʷʜʝʨ {M3(m3-L
i
)(m2-L

i
)3} ʠ {M3(m3-L

i
)2} ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʪʨʝʫʛʦʣʴʥʳʡ ʤʝʪʘʣʣʦ-

ʦʩʪʦʚ {M3}. ɺ ʩʣʫʯʘʝ {M3L
i
4} ʦʜʠʥ ʚʥʫʪʨʝʥʥʠʡ ʣʠʛʘʥʜ (L

i
) ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ ʤʝʪʘʣʣʦʦʩʪʦʚʫ 

ʧʦ ʪʠʧʫ m3, ʦʩʪʘʣʴʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʧʦ ʨʝʙʨʘʤ ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʦ 

ʪʠʧʫ m2, ʚ ʩʣʫʯʘʝ {M3L
i
2} ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʧʦ m3-ʪʠʧʫ ʩ ʜʚʫʭ ʩʪʦʨʦʥ 

ʪʨʝʫʛʦʣʴʥʦʛʦ ʤʝʪʘʣʣʦʦʩʪʦʚʘ. ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʘʧʠʢʘʣʴʥʳ-

ʤʠ ʣʠʛʘʥʜʘʤʠ (L
a
), ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʦʪ 1 ʜʦ 4 ʘʧʠʢʘʣʴʥʳʭ ʣʠ-

ʛʘʥʜʦʚ.  

ʘ ʙ  

ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M3L
i
4L

a
9] (a) ʠ [M3L

i
2L

a
3] (ʙ). 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʩʚʷʟʝʡ MïM, MïM' ʠ ʯʠʩʣʦ ʂʉʕ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ ʛʦʤʦʤʝʪʘʣʣʠ-

ʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʘʧʠʢʘʣʴʥʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ M ʠ M' ʦʜʠʥʘʢʦʚʦ, ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʨʘʟʫ-

ʧʦʨʷʜʦʯʝʥʳ ʠ ʟʘʥʠʤʘʶʪ ʦʙʱʠʝ ʧʦʟʠʮʠʠ ([MoW2S4(H2O)9]
4+

 ʠ ʜʨʫʛʠʝ [32]). ʈʘʟʣʠʯʥʦʝ ʘʧʠ-

ʢʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ M ʠ M' ʧʨʠʚʦʜʠʪ ʢ ʫʧʦʨʷʜʦʯʝʥʠʶ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ 

ʩʪʨʫʢʪʫʨʘʭ.  

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ [(Cp
*
Ru)2(m2-H)(m3-S)2(RhCl2(PPh3))] ʠ ʝʛʦ ʛʦʤʦʤʝʪʘʣ-

ʣʠʯʝʩʢʠʡ ʘʥʘʣʦʛ [Cp
*
2Ru2S2Ru(CO)2(PPh3)] ʩʦʜʝʨʞʘʪ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʂʉʕ. ʇʨʠ ʵʪʦʤ 

ʜʣʠʥʘ ʩʚʷʟʠ Ru-Ru ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [(Cp
*
Ru)2(m2-H)(m3-S)2(RhCl2(PPh3))] ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʢʦʨʦʯʝ, ʯʝʤ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ 

[Cp
*
2Ru2S2Ru(CO)2(PPh3)]. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ Rh-Ru ʪʘʢʞʝ ʢʦʨʦʯʝ, ʯʝʤ ʠʟʚʝʩʪʥʳʝ ʨʘʩ-

ʩʪʦʷʥʠʷ Ru-Ru ʠ Rh-Rh ʜʣʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ. 

ʉʨʝʜʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʘʤʠ {M3L
i
4}, ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʤʦʣʠʙʜʝʥ ʠ ʚʦʣʴʬʨʘʤ ʩʦʜʝʨʞʘʪ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʂʉʕ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʦʤʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʤʠ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʠ ʚʦʣʴʬʨʘʤʦʚʳʤʠ ʪʨʝʫʛʦʣʴʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ. ʉʨʝʜʥʠʝ ʜʣʠ-
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ʥʳ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʜʣʷ ʪʘʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʠʟʚʝʩʪ-

ʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤ ʜʣʷ [Mo3S4(H2O)9]
4+

 ʠ [W3S4(H2O)9]
4+

. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 

ʂʦʣʠʯʝʩʪʚʦ ʂʉʕ ʠ ʩʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ M-M, M-Mô (¡) ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘ-

ʩʪʝʨʦʚ ʠ ʠʭ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ  

(ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʚʝʜʝʥʦ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ) 

 ʂʉʕ MïM MïMô ʉʩʳʣʢʘ 

ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {M3S
i
2} 

[Cp
*
2Ru2S2Ru(CO)2(PPh3)] 16 2.841 ï [33] 

[Cp
*
3Rh3S2]

2+
 18 2.830 ï [34] 

[Cp
*
3Ir3S2]

2+
 18 2.832 ï [34] 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {M2MôL
i
2} 

[(Cp
*
Ru)2(m2-H)(m3-S)2(RhCl2(PPh3))] 16 2.77[2] 2.707(3) [35] 

[(Cp
*
Ir)2{Mo(CO)2(MeCN)2}(m3-S)2]

2+
 16 2.7965(4) 2.88[3] [36] 

ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {M3S
i
4} 

[Mo3S4(H2O)9]
4+

 6 2.732(7) ï [37] 

[W3S4(H2O)9]
4+

 6 2.723(15) ï 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {M2MôS
i
4} 

[Mo2S4(edt)2(Cu(PPh3))]
ï
 12 2.858[8] 2.77[3] [38] 

[W2S4(edt)2(Cu(PPh3))]
ï
 12 2.848[6] 2.75[2] [38] 

[MoW2S4(H2O)9]
4+

 6 2.723(6)
a
 [32] 

[Mo2WS4(H2O)9]
4+

 6 2.728(6)
a
 

[MoW2S4(Hnta
ʙ
)3]

2-
 6 2.749(19)

ʩ
 

[Mo2WS4(Hnta)3]
2-
 6 2.754(20)

ʩ
 

a
Mo ʠ W ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ, ʫʢʘʟʘʥʘ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ MïM; 

ʙ
HNTA = 

[N(CH2CO2H)(CH2CO2)2]
2-
 

1.2.2. ʊʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʠʪʝ-

ʨʘʪʫʨʝ ʚ ʦʩʥʦʚʥʦʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʷʜʨʘʤʠ {M4(m3-L)
i
4}. 

ʊʠʧʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʦʩʪʦʚ {M4}. ɺʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 

ʧʦ m3-ʪʠʧʫ ʢ ʢʘʞʜʦʡ ʛʨʘʥʠ ʪʝʪʨʘʵʜʨʘ. ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠ-

ʥʠʨʦʚʘʪʴ ʦʪ 1 ʜʦ 3 ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʠ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʚʤʝʩʪʝ ʦʙ-
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ʨʘʟʫʶʪ ʠʩʢʘʞʝʥʥʳʡ ʢʫʙ, ʧʦʵʪʦʤʫ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʘʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʯʘ-

ʩʪʦ ʥʘʟʳʚʘʶʪ çʢʫʙʘʥʦʚʳʤʠè ʢʣʘʩʪʝʨʘʤʠ.  

 

ʈʠʩ. 2. ʉʪʨʦʝʥʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [M4L
i
4L

a
12]. 

ʇʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ. ʉʦʝʜʠʥʝʥʠʷ, ʦʪ-

ʥʦʩʷʱʠʝʩʷ ʢ ʜʘʥʥʦʤʫ ʨʘʟʜʝʣʫ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [M4L
i
4L

a-a
12/3]ÐÐÐ ʚ 

ʥʦʪʘʮʠʠ ʐʝʬʝʨʘ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʫʙʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʰʧʠʥʝʣʠ. ʉʝʤʝʡʩʪʚʦ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʝʙʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ: AM 4Q8 ʠ M4Q4X4. 

ʇʦʣʫʯʝʥʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʙʦʠʤ ʪʠʧʘʤ: 

GaM4-xM'Se8 M = Nb M' = Mo x = 0 ï 4 [39]; M = Nb M' = Ta x = 0 ï 4 [40]; M = Ta M' = Mo x 

= 0 ï 4 [39]; M = V M' = Mo x = 0 ï 4 [41]; M = V M' = Cr x = 0 ï 4 [42]; AMo2Re2S8 A = Fe, 

Co, Ni [43]; M4-xM'Q4X4 M = Nb, Mô = Mo, Q = S, X = I x = 0 ï 4 [39]; M = Nb, M' = Mo, Q = 

Se, X = I x = 0 ï 3 [39]; M = Re M' = Mo Q = S X = Te x = 0, 1, 2, 3 [44, 45] (ʪʘʙʣ. 3).  

ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ AM 4Q8 ʥʘ ʧʨʠʤʝʨʝ GaMo4S8 [46]. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝ-

ʥʠʝ ʧʦʩʪʨʦʝʥʦ ʠʟ ʬʨʘʛʤʝʥʪʦʚ [Mo4S
i
4S

a
12], ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʯʝʨʝʟ ʩʫʣʴʬʠʜʥʳʝ ʣʠʛʘʥʜʳ. 

ʌʦʨʤʫʣʘ ʚ ʥʦʪʘʮʠʠ ʐʝʬʝʨʘ ʜʣʷ GaMo4S8 ʩʦʩʪʘʚʣʷʝʪ Ga[Mo4S
i
4S

a-a
12/3]. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3. ʊʝʪʨʘʵʜʨʳ [GaS4]
5-
 ʠ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Mo4S4}

5+
 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʧʦ ʪʠʧʫ NaCl (ʨʠʩ. 3ʘ). ʉʪʨʫʢʪʫʨʘ Nb4Se4I4 [47] (ʚ ʥʦʪʘʮʠʠ ʐʝʬʝʨʘ 

[Nb4Se
i
4I

a-a
12/3]) ʘʥʘʣʦʛʠʯʥʘ GaMoS8. ɺ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʯʝʨʝʜʫʶʪʩʷ ʪʝʪʨʘʵʜʨʳ I4 ʠ ʷʜʨʘ 

{ Nb4Se4}. ʉʪʨʦʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ GaMo4S8
 
ʠ Nb4Se4I4 ʦʧʨʝ-

ʜʝʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ.  
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ʘ ʙ  

ʈʠʩ. 3. ʉʪʨʦʝʥʠʝ Ga[Mo4S
i
4S

a-a
12/3]: ʫʧʘʢʦʚʢʘ ʧʦ ʪʠʧʫ ʰʧʠʥʝʣʠ, ʩʚʷʟʠ Mo-S

ʘ
 ʥʝ ʧʦʢʘʟʘʥʳ (ʘ); ʩʚʷʟʳʚʘʥʠʝ 

ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʚ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʙ). 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ AM 4-xM'Q8 ʠ M 4-xM'Q4X4 

ʉʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʉʩʳʣʢʘ 

GaNb4-xMoxSe8
 
x = 0 ï 4 [39] 

GaNb4-xTaxSe8 x = 0 ï 4 [40] 

GaTa4-xMoxSe8  x = 0 ï 4 [39] 

GaV4-xMoxS8 (0 Ò x Ò 4) [41] 

GaV4-xCrxSe8 x = 0 ï 4 [42] 

AMo2Re2S8 A = Fe, Co, Ni, Zn [43] 

Nb4-xMoxS4I4 x = 0 ï 4 [39] 

Nb4-xMoxSe4I4 x = 0 ï 4 [39] 

Re4-xMoxS4Te4 x = 0, 1, 2 [44] [45] 

ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ. ʇʦʣʫʯʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʥʝʧʦʣʠʤʝʨʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ɺ ʦʩʥʦʚʥʦʤ ʢ ʜʘʥʥʦʤʫ ʨʘʟʜʝʣʫ ʦʪʥʦʩʷʪʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʩ ʷʜʨʦʤ 

{ M3MôS
i
4} ʛʜʝ M = Mo, Mô = Cr ï Cu, Ru ï Ag, W, Os ï Pt; M = W Mô = Fe, Co, Ni, Pd, Pt 

[12, 14, 48-51]. ʂʣʘʩʪʝʨʳ ʩ ʩʝʣʝʥʠʜʥʳʤʠ ʷʜʨʘʤʠ {M3MôSe
i
4} ʠʟʚʝʩʪʥʳ ʜʣʷ M = Mo ʠ W, Mô 
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= Ni, Pd, Co, Cu [52-57]. ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ 

ʩ ʷʜʨʦʤ {M3MôS
i
4}, ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, M = Re, Mô = Co [58], M = Fe, Mô = Nb, Ta [59, 

60], M = Cr, Mô = Co, Fe [61, 62]. ʂʣʘʩʪʝʨʦʚ ʩ ʷʜʨʦʤ {M2Mô2S
i
4} ʠʟʚʝʩʪʥʦ ʤʝʥʴʰʝ M = Mo, 

Mô = Fe, Co, Ni, Cu; M = W, Mô = Fe, Co, Cu; M = Nb, Mô = Cu; M = V, Mô = Fe, Co [12, 63-

65]. 

ɺ ʢʘʯʝʩʪʚʝ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʜʘʥʥʦʛʦ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʛʘʣʦʛʝʥʠʜ-, ʨʦʜʘʥʠʜ-ʠʦʥʳ, ʤʦʣʝʢʫʣʳ CO, ʘ ʪʘʢ-

ʞʝ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ L = Cp (Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ), Cp
*
, PR3 ʠ ʜʨʫʛʠʝ. 

ʃʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʢʪʘ-

ʵʜʨʠʯʝʩʢʠʤ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʠʣʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʥʦʡ ʧʨʠʟʤʳ (ʨʠʩ. 

4). 

ʘ ʙ ʚ  

ʈʠʩ. 4. ɺʦʟʤʦʞʥʳʝ ʪʠʧʳ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

[M4S4Ln], ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ (ʘ), ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ (ʙ), ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʥʦʡ ʧʨʠʟʤʳ (ʚ). 

ʃʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʥʘ ʘʪʦʤʘʭ ʤʝʪʘʣʣʘ M ʠ Môʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʣʠʯʥʦʝ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʣʠʛʘʥʜ-

ʥʦʝ ʦʢʨʫʞʝʥʠʝ ʜʣʷ ʘʪʦʤʘ ʤʝʪʘʣʣʘ M ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʜʣʷ M'. ʇʨʠʤʝʨʳ ʩʪʨʦʝʥʠʷ ʛʝʪʝʨʦ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʘʢʠʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 5. ɼʨʫʛʠʝ ʩʦʯʝʪʘʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ. ɼʣʠʥʳ ʩʚʷʟʝʡ MïM, MïMô ʠ ʯʠʩʣʦ ʂʉʕ 

ʨʘʟʣʠʯʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʠ ʠʭ ʛʦʤʦʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʪʠʧʘ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 4. ʈʘʟʣʠʯʥʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʥʘ ʘʪʦʤʘʭ ʤʝʪʘʣʣʘ M ʠ M' ʧʨʠʚʦʜʠʪ ʢ ʫʧʦʨʷʜʦʯʝ-

ʥʠʶ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʛʝʪʝʨʦʤʝ-

ʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫ-

ʨʘʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ. ʅʘʧʨʠʤʝʨ, [W3MoS4(H2O)12]
5+

 [66].  
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ʘ ʙ  

ʈʠʩ. 5. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Mo3MnS4Cp
*
3Cl] (ʘ) [Mo2Fe2S4Cp

*
2Cl2] (ʙ). 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 4 

ʏʠʩʣʦ ʂʉʕ ʠ ʩʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ M-M, M-Mô ʠ MôïMô (¡) ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʛʝʪʝʨʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʠʭ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ (ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ 

ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʚʝʜʝʥʦ ʚ ʩʢʦʙʢʘʭ) 

 ʂʉʕ MïM MïMô MôïMô ʉʩʳʣʢʘ 

ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {M4S4} M ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ  

[V 4S4Cpô
ʙ
4] 8 2.868(2) ï ï [67] 

[Cr4S4Cpô4] 12 2.82-2.85 ï ï [68] 

[Mo4S4(CN)12]
6-
 10 2.831(3) ï ï [69] 

[W4S4(CN)12]
6-
 10 2.845(1) ï ï 

[Re4S4(CN)12]
4-
 12 2.764(3) ï ï [70] 

ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {M4S4} M ï ʪʝʪʨʘʜɻʨʠʯʝʩʢʦʝ 

[Fe4S4(N{SiMe3} 2)4] 20 2.91(5) ï ï [71] 

{M3MôS4} M ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ, Mô ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ 

[Mo3VCp
*
3S4]2(ɛ-Cl)3 14 ï 15 2.9299 2.78(1) ï [48] 

[W3MoS4(H2O)12]
5+

 11 2.81(3)
a
 [66] 

{M3MôS4} M ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ, Mô ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ  

[Cr3CoS4Cp3(CO)] 16 2.810-2.824 2.649-2.666 ï [61] 

[Cr3FeS4Cp3(O2C2Me3)] 14 2.828-2.848 2.721-2.787 ï [62] 

[Mo3CrS4Cp
*
3Cl] 14 2.8873 2.88(2) ï [48] 

[Mo3MnS4Cp
*
3Cl] 15 2.8397 2.94(4) ï [48] 

[Mo3FeS4(H2O)10]
4+

 14 2.767[7] 2.671[11] ï [72] 

[Mo3CoS4Cpô3(CO)] 16 2.838[11] 2.745[11] ï [73] 

[Mo3NiS4(H2O)10]
4+

 16 2.755[10] 2.640[9] ï [74] 
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[Mo3CuS4(dmpe
ʛ
)3Cl4]

+
 16 2.782[1] 2.823[8] ï [75] 

[Cpô3Mo3S4Pd(PPh3)]
+
 16 2.836(8) 2.864(8) ï [50] 

[Cpô3Mo3S4Pt(PPh3)]
+
 16 2.837(8) 2.861(8) ï [50] 

[W3NiS4Cpô3(PPh3)] 16 2.809[1] 2.733[9] ï [76] 

[W3CuS4(dmpe)3Br4]
+
 16 2.780[2] 2.884[7] ï [75] 

[Cpô3W3S4Pd(PPh3)]
+
 16 2.805(8) 2.91(1) ï [51] 

[Cpô3W3S4Pt(PPh3)]
+
 16 2.824(4) 2.895(4) ï [51] 

[Re3CoS4Cl6(PMe2Ph)4] 16 2.770(5) 2.600(5) ï [58] 

{M3MôS4} M ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ, Mô ï ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ 

[Cpô3Mo3S4Ru(CO)2]
+
 14 2.84(2) 2.94(4) ï [49] 

[Cpô3Mo3S4RhCl(PPh3)]
+
 14 2.83(2) 2.92(4) ï 

{M3MôS4} M ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ, Mô ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ 

[(Tp
ʝ
)VFe3S4(CN)3]

2-
 19 2.650(7) 2.74(1) ï [59] 

[NbFe3S4Cl3(dppm
ʜ
)CH3CN]

2-
 20 2.71(2) 2.75(1) ï [60] 

[MoFe3S4Cl4(dmpe)]
ï
 19 2.703-2.732 2.724-2.767 ï [77] 

[TaFe3S4Cl3(dppm)CH3CN]
2-
 20 2.71(3) 2.74(2) ï [60] 

{M2Mô2S4} M ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ, Mô ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ 

[V 2Fe2S4(MeCp)2(NO)2] 18 2.957 2.590 2.738 [63] 

[V 2Co2S4(MeCp)2(NO)2] 20 2.926 2.735 2.738 [64] 

[Nb2Cu2S4Cl2(PMe3)6] 20 2.931(1) 2.87(3) 2.881(1) [65] 

[Mo2Fe2S4Cp
*
2Cl2] 16 2.8219(7) 2.757[4] 2.791(1) [78] 

[Mo2Co2S4Cp
Et ʚ

2Cl2] 18 2.804(1) 2.756[5] 2.955(2) [79] 

[W2Fe2S4Cp
*
2(NO)2] 20 2.8198(9) 2.766[4] 2.735(3) [80] 

a
Mo ʠ W ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ, ʫʢʘʟʘʥʘ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ MïM; 

ʙ
Cp' ï ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘ-

ʜʠʝʥʠʣ; 
ʚ
Cp

Et 
ï ʵʪʠʣʪʝʪʨʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ; 

ʛ
dmpe ï 1,2-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ; 

ʜ
dppm ï 

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥ; 
ʝ
Tp ï ʪʨʠʩ(ʧʠʨʘʟʦʣʠʣ)ʛʠʜʨʦʙʦʨʘʪ(1-). 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ {M3MôQ8} M = Mo, W Q = S, Se ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʫʶʪ ʜʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʷʜʨʘ ʩʚʷʟʳʚʘʶʪʩʷ ʯʝʨʝʟ ʦʙʱʝʝ ʨʝʙʨʦ ʣʠʙʦ ʚʝʨʰʠʥʫ (ʨʠʩ. 6). 

ɼʠʤʝʨʳ ʩ ʦʙʱʠʤ ʨʝʙʨʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʜʣʷ Mô = Co, Ni, Cu, Pd [{ Mo3CoS
i
2S

i-i
4/2(H2O)9} 2]

8+
 

[81], [{ W3NiQ
i
2Q

i-i
4/2(H2O)9} 2]

8+
(Q = S, Se) [56, 82], [{ W3PdQ

i
2Q

i-i
4/2(H2O)9} 2]

8+
(Q = Se) [53], 

[{ Mo3PdQ
i
2Q

i-i
4/2(H2O)9} 2]

8+
(Q = Se) [83], [{ Mo3CuS

i
2S

i-i
4/2(H2O)9} 2]

8+
 [84]. ʉʦʯʣʝʥʝʥʠʝ ʧʦ 

ʚʝʨʰʠʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʛʜʝ M' ï p-ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʝ ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʥʝ ʙʫʜʫʪ. ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo3S4(H2O)9} Mo{Mo 3S4(H2O)9}]
8+ 
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(M' = Mo) ï
 
ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʩʚʷʟʳʚʘʥʠʷ ʷʜʝʨ ʯʝʨʝʟ ʚʝʨʰʠʥʫ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ M' ï ʧʝ-

ʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ [85]. ʂʣʘʩʪʝʨʳ [M2Mô2S
i
4] ʥʝ ʦʙʨʘʟʫʶʪ ʜʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

a ʙ  

ʈʠʩ. 6. ʋʧʨʦʱʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: {M3M'Q2Q4/2} 2 ʩ ʩʦ-

ʯʣʝʥʝʥʠʝʤ ʧʦ ʨʝʙʨʫ ʢʫʙʘ (ʘ); [{M3Q4}M'{M 3Q4}], ʩʦʯʣʝʥʝʥʥʳʭ ʧʦ ʚʝʨʰʠʥʝ, ʘʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʥʝ ʧʦʢʘʟʘʥʳ (ʙ). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M2Mô2S4] ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʦʢʨʫ-

ʞʝʥʠʝʤ M ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ M', ʩʦʜʝʨʞʘʱʠʭ 22 ʂʉʕ, ʤʝʪʘʣʣʦʦʩʪʦʚ ʥʝ ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠ-

ʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʚʷʟʠ MôïMô ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʠ ʤʝʪʘʣʣʦʦʩʪʦʚ ʠʤʝʝʪ 

ʬʦʨʤʫ ʙʘʙʦʯʢʠ (ʨʠʩ. 7). ɺ ʪʘʙʣ. 5 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ MïM, MïM' ʠ ʨʘʩʩʪʦʷ-

ʥʠʷ MôĀĀĀĀMô ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M2Mô2S4], ʚ ʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʦʩʪʦʚ {M2Mô2} ʠʤʝ-

ʝʪ ʬʦʨʤʫ ʙʘʙʦʯʢʠ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 5 

ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ MïM, MïMô ʠ MôïMô ʜʣʷ ʛʝʪʝʨʦʢʣʘʩʪʝʨʦʚ [M 2Mô2S4], ʩʦʜʝʨʞʘʱʠʭ 22 ʂʉʕ, ʠʤʝ-

ʶʱʠʭ ʤʝʪʘʣʣʦʦʩʪʦʚ {M 2Mô2} ʚ ʬʦʨʤʝ ʙʘʙʦʯʢʠ 

 ʂʉʕ MïM MïMô MôĀĀĀĀMô ʉʩʳʣʢʘ 

[V 2Ni2S4(MeCp)2(NO)2] 22 2.871 2.8 3.022 [64] 

[V 2Cu2S4(OC4H8dtc
a
)2(PhS)2]

2-
 22 2.787(4) 2.78(1) 3.338(3) [86] 

[Mo2Co2S4Cp
Et

2(NO)2] 22 2.8135(6) 2.766[4] 3.116(1) [80] 

[Mo2Ni2S4Cpô2(CO)2] 22 2.829(1) 2.722[2] 2.960(1) [87] 

[Mo2Cu2S4Cp
*
2Cl2] 22 2.865(1) 2.788[9] 3.058(3) [88] 

[W2Co2S4Cp
*
2(NO)2] 22 2.7984(5) 2.780[4] 3.131(1) [80] 

[W2Cu2S4(SCN)8]
4-
 22 2.845(2) 2.76[3] 2.999(4) [89] 

a
dtc ï ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ 
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ʈʠʩ. 7. ʉʪʨʦʝʥʠʝ [Mo2Co2S4Cp
Et

2(NO)2]. 

1.2.3. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʐʝʩʪʠʷʜʝʨʥʳʝ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʘʤʠ. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʚʘ ʫʩʪʦʡʯʠʚʳʭ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ï { M6(m3-

L
i
)8}  ʠ {M6(m2-L

i
)12}. ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʦʨʤʠʨʫʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ 

ʤʝʪʘʣʣʦʦʩʪʦʚ {M6}. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʧʦ m3-ʪʠʧʫ ʢ 

ʢʘʞʜʦʡ ʛʨʘʥʠ ʦʢʪʘʵʜʨʘ. ɺ ʩʣʫʯʘʝ {M6(m2-L
i
)12} ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʧʦ ʨʝ-

ʙʨʘʤ ʤʝʪʘʣʣʦʦʩʪʦʚʘ. ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʧʠʢʘʣʴʥʳʤ ʣʠ-

ʛʘʥʜʦʤ. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M6L
i
8L

a
6] ʠ [M6L

i
12L

a
6] ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 8. 

ʘ ʙ  

ʈʠʩ. 8. ʉʪʨʦʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: [M6L
i
8L

a
6] (ʘ) ʠ [M6L

i
12L

a
6] (ʙ). 

ɼʣʷ ʪʨʝʫʛʦʣʴʥʳʭ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚ-

ʣʝʥʠʝ ʠʟʦʤʝʨʠʠ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʩʣʫʯʘʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 
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ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʤʝʪʘʣʣʦʦʩʪʦʚʳ ʩʦʩʪʘʚʘ {M3M'3} ʠ {M4M'2} ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ 

ʚʠʜʝ ʜʚʫʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ ʢʘʞʜʳʡ, ʦʩ-, ʛʨʘʥ-{ M3M'3} ʠ ʮʠʩ-, ʪʨʘʥʩ-{ M4M'2}.  

ʏʠʩʣʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʚʝʣʠʢʦ. ʂ 

ʜʘʥʥʦʤʫ ʨʘʟʜʝʣʫ ʦʪʥʦʩʷʪʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʬʘʟ ʐʝʚʨʝʣʷ M6-xMôxQ8 M = Re 

Mô = Mo Q =S, Se x = 2, Q = Te x = 4 [15] M = Re Mô = Mo Q = Se x = 1.5 [16]; M = Mo M' = 

Ru Q = Te x = 0.5, 1, 1.5 [17-19] M = Mo, M' = Rh Q = Te x = 0.5 [17] M = Nb M' = Ru Q = Te 

x = 2.83 ï 3.5 [20], ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʩ ʷʜʨʘʤʠ {Re6-xOsxQ
i
8} Q = S, Se [21, 90] , ʛʘ-

ʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ {Ta6-xMxCl
i
12} M = Mo, Nb; {Mo6-xMxX

i
8} M = W X = Cl, Nb X = I [23, 

91]. ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʨʦʙʥʝʝ. 

ʌʘʟʳ ʐʝʚʨʝʣʷ. ʌʘʟʳ ʐʝʚʨʝʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʫʶ ʛʨʫʧʧʫ ʠʟʦʪʠʧʥʳʭ ʧʦ-

ʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [M6L
i
8L

a
6] [92-95]. ʌʦʨʤʫʣʘ 

ʬʘʟ ʚ ʥʦʪʘʮʠʠ ʐʝʬʝʨʘ ï Mo6L
i
2L

i-a
6/2L

a-i
6/2. ʉʪʨʦʝʥʠʝ ʬʘʟ ʐʝʚʨʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʯʝ-

ʨʝʟ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʢʫʙʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ {M6L
i
8}, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦ-

ʩʪʠʢʦʚʳʤʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʪʨʦʝʥʠʝ Mo6Se8 ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9. ʂʘʞʜʳʡ 

ʪʘʢʦʡ ʢʫʙ {M6L
i
8} ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʜʦ 4 ʵʣʝʢʪʨʦʥʦʚ, ʠʟʤʝʥʷʷ ʩʚʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩ 20 ʜʦ 24 ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʢʣʶʯʠʪʝʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʪʨʝʭʤʝʨʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʠʤʝʝʪ ʢʘʥʘʣʳ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʧʨʠ ʜʦʧʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʦʡ 

ʬʘʟʳ {M6L
i
8}.  

 

ʈʠʩ. 9. ʉʪʨʦʝʥʠʝ ʬʘʟʳ ʐʝʚʨʝʣʷ Mo6Se8. 

 ɺ ʪʘʙʣ. 6 ʧʝʨʝʯʠʩʣʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʤʝʨʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʬʘʟ 

ʐʝʚʨʝʣʷ M6-xM'xQ8. ʇʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʬʘʟ 

ʐʝʚʨʝʣʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳ Mo6Se8. 
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ʅʝʠʟʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʯʠʩʣʘ ʢʣʘʩʪʝʨ-

ʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ Mo6Q8 Q = S, Se, Te ʩʦʜʝʨʞʘʪ 20 ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤʠ. ʊʦʛʜʘ ʢʘʢ ʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʥʘʧʨʠʤʝʨ, 

Mo4Ru2Q8 Q = Se, Te ʠʣʠ Mo2Re4Q8 (Q = S, Se) ʩʦʜʝʨʞʘʪ 24 ʂʉʕ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʩʪʘʚʳ 

ʧʨʦʷʚʣʷʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʟʘʤʝʱʝʥʥʳʭ ʬʘʟ ʐʝʚʨʝʣʷ. ɼʣʷ 

ʤʥʦʛʠʭ ʬʘʟ ʐʝʚʨʝʣʷ ʦʙʥʘʨʫʞʝʥʘ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [97].  

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 6 

ʉʧʠʩʦʢ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʐʝʚʨʝʣʷ 

ʌʦʨʤʫʣʘ ʉʩʳʣʢʘ 

Mo2Re4S8īxSex (0  x  8)  [15, 96]  

Mo2Re4Se8īxTex (0  x  1.2) [15]  

Mo4Re2Te8 [15] 

Mo1.5Re4.5Se8 [16] 

Mo4Ru2Q8 (Q = Se, Te) [16, 19]  

Mo6-xRuxTe8 (x = 0.5, 1.0, 1.5) [17-19]  

Mo5.5Rh0.5Te8 [17] 

Mo4.66Rh1.33Te8 [19] 

NbxRu6-xTe8 (2.83 Ò x Ò 3.50) [20] 

ʈʝʥʠʡ-ʦʩʤʠʝʚʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. Cs3Re5OsS11, ʬʦʨʤʫʣʘ ʚ ʥʦ-

ʪʘʮʠʠ ʐʝʬʝʨʘ ï Cs3[Re5OsS
i
8S

a-a
6/2]. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ. 

ʌʨʘʛʤʝʥʪʳ [Re5OsS8S6] ʢʦʥʜʝʥʩʠʨʦʚʘʥʳ ʯʝʨʝʟ ʘʧʠʢʘʣʴʥʳʝ ʘʪʦʤʳ ʩʝʨʳ. ʄʦʪʠʚ ʩʚʷʟʳʚʘʥʠʷ 

ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 10. ɸʪʦʤʳ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ. ʇʦʣʫʯʝʥʥʦʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʠʤʝʝʪ 24 ʢʣʘʩʪʝʨʥʳʭ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. [90] ʅʝʠʟʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʨʝʥʠʷ 

ʥʘ ʘʪʦʤ ʦʩʤʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʟʘʨʷʜ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ ï 3-. ɻʦʤʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʡ ʘʥʘʣʦʛ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʡ ʨʝʥʠʝʚʳʡ ʢʣʘʩʪʝʨ: Li4Re6S11 ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ 

24 ʂʉʕ, ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʥʠʦʥʥʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʟʘʨʷʞʝʥʘ 4- [98]. 
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ʈʠʩ. 10. ʄʦʪʠʚ ʩʚʷʟʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Cs3Re5OsS11. 

ʉʦʝʜʠʥʝʥʠʝ Re4Os2Se8Cl4 ʪʘʢʞʝ ʠʤʝʝʪ ʧʦʣʠʤʝʨʥʫʶ ʧʨʠʨʦʜʫ. ʌʦʨʤʫʣʘ ʚ ʥʦʪʘʮʠʠ 

ʐʝʬʝʨʘ ï [Re8Os4Se
i
14Se

i-a
2/2Se

a-i
2/2Cl

a
6Cl

a-a
4/2]. ʌʨʘʛʤʝʥʪʳ [Re4Os2Se8Cl6] ʩ ʧʦʤʦʱʴʶ ʤʦ-

ʩʪʠʢʦʚʳʭ ʩʝʣʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʚ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ. ɼʘʣʴʥʝʡʰʝʝ ʩʚʷ-

ʟʳʚʘʥʠʝ ʮʝʧʦʯʝʢ ʚ ʧʦʣʠʤʝʨʥʳʝ ʩʣʦʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʭʣʦʨʠʜʥʳʝ ʣʠʛʘʥʜʳ. ʉʪʨʦʝʥʠʝ 

ʬʨʘʛʤʝʥʪʘ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 11. ɸʪʦʤʳ ʨʝʥʠʷ ʠ ʦʩʤʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ [21]. 

 

ʈʠʩ. 11. ʉʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʩʦʝʜʠʥʝʥʠʷ Re4Os2Se8Cl4. 
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 ɸʥʠʦʥʳ ʩʦʩʪʘʚʘ [Re4Os2Se
i
8Cl

a
6]

2-
 ʠ [Re5OsSe

i
8Cl

a
6]

3-
 ʧʦʣʫʯʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠ-

ʜʝ ʚ ʩʦʣʷʭ Kat3[Re5OsSe8Cl6] ʠ Kat2[Re4Os2Se8Cl6] Kat = Cs
+
, Bu4N

+
. ʀʟʦʟʘʨʷʜʥʳʝ ʢʣʘʩʪʝʨ-

ʥʳʝ ʘʥʠʦʥʳ [Re3Os3Se8Cl6]
-
 ʠ [Re4Os2Se7Cl7]

-
 ʩʦʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ 

K2[Re3Os3Se8Cl6][Re4Os2Se7Cl7]. ɸʪʦʤʳ ʤʝʪʘʣʣʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ.  

 ʇʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʜʝʨʞʘʪ 24 ʂʉʕ ʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʦʤʦʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʟʘʨʷʜʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ. ʅʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ [Re4Os2Se8(PEt3)6]
2-
 ʩʤʝ-

ʩʠ ʜʚʫʭ ʠʟʦʤʝʨʦʚ, ʪʨʘʥʩ- ʠ ʮʠʩ-, ʩʦʜʝʨʞʘʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʦʤʝʨʥʳʡ ʤʝʪʘʣʣʦʦʩʪʦʚ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʗʄʈ (ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ) 

ʥʘ ʷʜʨʝ 
31

P. ʊʨʘʥʩ-ʠʟʦʤʝʨ ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʘ ʥʝʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʪʨʘʥʩ,ʪʨʘʥʩ-[Re4Os2Se8(PEt3)2Cl4] (ʨʠʩ. 12.) [21].  

 

ʈʠʩ. 12. ʉʪʨʦʝʥʠʝ ʪʨʘʥʩ,ʪʨʘʥʩ-[Re4Os2Se8(PEt3)2Cl4]. 

ɻʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ. ʇʦʣʫʯʝʥʳ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ, ʠʤʝʶʱʠʭ 

6 ʘʧʠʢʘʣʴʥʳʭ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ, K3[Mo5NbI
i
8(OH)

a
6], 6 ʮʠʘʥʦʛʨʫʧʧ (Pr4N)3[Mo5NbI

i
8(CN)

a
6], ʘ 

ʪʘʢʞʝ ʥʝʡʪʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ [Mo5NbI
i
8(H2O)

a
6] ʠ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʝ 

[Mo5NbI
i
8(H2O)

a
3(OH)

a
3]Ŀ2H2O, K[Mo5NbI

i
8(H2O)

a
2Cl

a
4]. ʉʪʨʦʝʥʠʝ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ɸʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʠ ʥʠʦʙʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ ʤʝʪʘʣʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʜʝʨʞʘʪ 24 ʂʉʕ ʠ ʟʘʨʷʜ ʘʥʠʦʥʘ [Mo5NbI
i
8(OH)6]

3-
 ʥʘ ʝʜʠʥʠʮʫ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ 24-ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ [Mo6I
i
8I6]

2- 
[23]. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʛʘʣʦʛʝʥʠʜʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʩ ʷʜʨʘʤʠ { Ta6-xMxCl12} x 

= 1, 2. ʂʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ ʩʦʩʪʘʚʘ [Ta5MoCl
i
12Cl

a
6]

2-
 ʠ [Ta4Mo2Cl

i
12Cl

a
6]

2-
 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʚʠʜʝ ʩʦʣʝʡ ʩ ʢʘʪʠʦʥʘʤʠ n-Et4N
+
 [99]. ʉʝʨʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩʦ-

ʩʪʘʚʘ [NbnTa6-nCl
i
12F

a
6]

4-
 (n = 0 ï 6) ʧʦʣʫʯʝʥʘ ʚ ʚʠʜʝ ʩʦʣʝʡ ʩ ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ [100]. ʂʣʘ-

ʩʪʝʨʥʳʝ ʘʥʠʦʥʳ [Mo6-xWxCl
i
8X

a
6]

2-
 (x = 0 ï 6) X = Cl [25] X = F [26] ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʩʦʣʝʡ 
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ʩ ʢʘʪʠʦʥʘʤʠ n-Bu4N
+
 (X = F). ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʦʚ [Mo6-xWxCl

i
8X

a
6]

2-
 ʚ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʤʝʪʦʜʦʤ ʗʄʈ ʥʘ ʷʜʨʝ 
19

F. ɼʘʥʥʳʭ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ.  

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 7 

ʉʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ MïM ʠ MïL
i
 ʜʣʷ ʵʣʝʢʪʨʦʥʦʪʦʯʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʘʤʠ {M 6-xMôxL

i
8} ʠ ʠʭ ʛʦ-

ʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʉʦʝʜʠʥʝʥʠʝ ne
-
 M-M M-L

i
 ʉʩʳʣʢʘ 

ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {Mo6I
i
8} ʠ {Nb6I

i
8} 

Nb6I11 24    

Cs2Mo6I8I6 24 2.679 2.779 [101] 

(PPN)2Mo6I8Cl6 24 2.671 2.781 [102] 

ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {Re6Q
i
8} 

Li 4Re6S11 24 2.617 2.412 [98] 

Re6S6Cl6 24 2.614(3) 2.506(9) [103] 

Tl5Re6Se8Cl7 24 2.614(5) 2.523(3) [104] 

[Re6Se8(PEt3)6]
2+

  2.646(2) 2.516(8) [105] 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {Mo5NbI
i
8} 

(Pr4N)3[Mo5NbI8(CN)6] 24 2.7011(10) 2.7932(5) [23] 

[Mo5NbI8(OH)3(H2O)3]Ŀ2H2O 24 2.6762 2.8095 

K[Mo 5NbI8(H2O)2Cl4] 24 2.6726 2.801 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ {Re6-xOsxQ
i
8} 

Cs3Re5OsS11 24 2.617 2.415 [90] 

Re4Os2Se8Cl4 24 2.633(11) 2.515(11) [21] 

Cs3Re5OsSe8Cl6Ā2H2O 24 2.624(5) 2.518(8) [21] 

Cs2Re4Os2Se8Cl6 24 2.623(8) 2.509(10) 

[Re5OsSe8(PEt3)6]
3+

 24 2.645(6) 2.509(8) 

[Re4Os2Se8(PEt3)6]
4+

 24 2.648(10) 2.506(6) 

ʪʨʘʥʩ.ʪʨʘʥʩ-

[Re4Os2Se8(PEt3)2Cl4] 

24 2.616(1)
a
 2.640(3)

ʙ
 2.514(8)

ʚ
 2.489(5)

ʛ
 

a
Re-Re; 

b
Re-Os; 

ʚ
Re-Se; 

ʛ
Os-Se 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ 

ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʩʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ MïM ʠ MïSe ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʵʣʝʢʪʨʦʥʥʳʤʠ ʛʦ-

ʤʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ (ʪʘʙʣ. 7). ʃʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʛʝʪʝʨʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʜʠʥʘʢʦʚʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ trans,trans-
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[Re4Os2Se8(PEt3)2Cl4] [21] ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ ʚ ʤʝʪʘʣʣʦʦʩʪʦʚʝ.  

1.3. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʈʝʘʢʮʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʦʩʪʦʚʘ, ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ "ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ".  

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʤʝʨʦʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʚʪʦʨʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ 

ʜʣʷ ʩʠʥʪʝʟʘ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʦʧʠʩʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʟʦʨʝ ʌʝʜʦʨʦʚʘ ʠ ʜʨ. 

[2]. 

ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʠ ʩʠʥʪʝʟ ʠʟ ʨʘʩʪʚʦ-

ʨʘ. ʊʨʝʫʛʦʣʴʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʩʪʚʦʨʘ. ʊʝʪ-

ʨʘʵʜʨʠʯʝʩʢʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʧʦʣʫʯʘʶʪ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʘʭ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ.  

1.3.1. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ-

ʩʷ ʚ ʫʩʣʦʚʠʷʭ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ. ʇʦʜʦʙʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʬʘʟʘ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʟʷʪʳʭ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʛʘʣʦʛʝʥʠʜʳ ʠʣʠ ʭʘʣʴʢʦ-

ʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ ʩ 

ʟʘʜʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ.  

ʂʣʘʩʪʝʨʳ {M3}. ʇʨʠʤʝʨʦʚ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʝ-

ʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. 

 ʂʣʘʩʪʝʨʳ {M4}. ʄʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʠʟʦʪʠʧʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ GaM4-xM'Se8 M = Nb M' = Mo x = 0 ï 4 



31 

 

[39]; M = Nb M' = Ta x = 0 ï 4 [40]; M = Ta M' = Mo x = 0 ï 4 [39]; M = V M' = Mo x = 0 ï 4 

[41]; M = V M' = Cr x = 0 ï 4 [42]; AMo2Re2S8 A = Fe, Co, Ni [43]; M4-xM'Q4X4 M = Nb, Mô = 

Mo, Q = S, X = I x = 0 ï 4 [39]; M = Nb, M' = Mo, Q = Se, X = I x = 0 ï 3 [39]; M = Re M' = Mo 

Q = S X = Te x = 0, 1, 2, 3 [44, 45] ʠ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ʧʦʣʠʤʝʨʥʦʛʦ ʢʘʨʢʘʩʘ [M4Q
i
4X

a-

a
12/3]ÐÐÐ. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪʩʷ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʥʘʛʨʝʚʝ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 800-1000ÁC.  

 ʂʣʘʩʪʝʨʳ {M6}. ʉʝʨʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʬʘʟ ʐʝʚʨʝʣʷ M6-xMôxQ8 M = Re 

Mô = Mo Q =S, Se x = 2, Q = Te x = 4 [15] M = Re Mô = Mo Q = Se x = 1.5 [16]; M = Mo M' = 

Ru Q = Te x = 0.5, 1, 1.5 [17-19] M = Mo, M' = Rh Q = Te x = 0.5 [17] M = Nb M' = Ru Q = Te 

x = 2.83 ï 3.5 [20] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1150-1200Áʉ ʚ ʫʩʣʦʚʠʷʭ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ʉʦ-

ʩʪʘʚ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʟʘʛʨʫʟʢʠ. 

 ʈʝʘʢʮʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ Re, Os, Se ʠ ReCl5 ʧʨʠ 850Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʬʘʟʳ Re4Os2Se8Cl4. [106]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʝ-

ʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ CsCl ʠʣʠ KCl ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ Cs3Re5OsSe8Cl6, 

Cs2Re4Os2Se8Cl6 ʠ K2[Re3Os3Se8Cl6][Re4Os2Se7Cl7], ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʠʦ-

ʥʳ [Re6-xOsxSe8Cl6]
x-4

 x = 1, 2, 3 [106]. ʉʦʝʜʠʥʝʥʠʝ Cs3Re5OsS11 ʧʦʣʫʯʝʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

850Áʉ ʧʦ ʨʝʘʢʮʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ ʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʚ 

ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʠ ʧʘʨʦʚ ʩʝʨʳ [90]. 

 ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʮʠʘʥʦʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝ-

ʜʝʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʮʠʠ ʙʠʥʘʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʤʝ-

ʪʘʣʣʦʚ ʩ ʠʟʙʳʪʢʦʤ ʮʠʘʥʠʜʘ ʢʘʣʠʷ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʠʘʥʦʢʣʘʩʪʝʨʳ ʧʝ-

ʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʨʘʟʣʠʯʥʦʡ ʥʫʣʝʘʨʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʙʠʥʘʨʥʳʭ ʪʝʣ-

ʣʫʨʠʜʦʚ ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ ʧʨʠ 340 ï 460Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʮʠʘʥʦʢʣʘʩʪʝʨʦʚ [M4Te4(CN)12]
n-
 M = W [107] ʠ [M4OTe4(CN)12]

n-
 

M = Nb, Ta [108, 109]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʞʝ ʨʘʟʣʠʯʥʳʭ ʩʝʣʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʩ KCN ʧʨʠ 

650Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʮʠʘʥʦʢʣʘʩʪʝʨʦʚ K6[Mo6Se8(m-CN)(CN)4] 

[110] ʠ K7[Mo6Se8(CN)6] [111]. ɸ ʭʘʣʴʢʦʛʝʥʠʜʳ ʨʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ KCN ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʦʙʨʘʟʫʶʪ ʢʘʢ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʧʦʣʠʤʝʨʳ K4[Re6S10(CN)2] ʠ 

K4[Re6Se10(CN)4] [112], ʪʘʢ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʚʝʥʘʜʮʘʪʠʷʜʝʨʥʳʡ ʢʣʘʩʪʝʨ [Re12S17C(CN)6]
8-

/6- 
[113]. ʊʘʢʞʝ, ʠʥʪʝʨʝʩʥʦ ʪʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʝʫʛʦʣʴʥʳʭ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʚ 
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ʙʦʣʝʝ ʚʳʩʦʢʦʥʫʢʣʝʘʨʥʳʝ. ʅʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

M3Q7X4 (M = Mo Q = Te X = I; M = W Q = S, Se X = Br) ʩ KCN ʧʨʠ 400Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ [M4Q4(CN)12]
n-
 (ʄ = Mo Q = Te, M = W Q = S, Se) 

[107]. ɼʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ, ʧʦʢʘʟʘʚʰʠʭ, ʯʪʦ ʨʝʘʢ-

ʮʠʷ ʩ KCN ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ Re4-xMoxS4Te4 (x = 

0.67, 1, 1.33 ʠ 2) ʩ ʠʟʙʳʪʢʦʤ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cs5[Re6-xMoxS8(CN)6]Ā2H2O (x ~ 1.5), ʩʦʜʝʨʞʘʱʠʭ 

ʩʤʝʩʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ [Re5MoS8(CN)6]
5-
 ʠ [Re4Mo2S8(CN)6]

5-
 [114]. ʅʘʣʠʯʠʝ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʫʣʴʬʠʜʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ KCN ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 750Áʉ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʣʠʤʝʨʘ 

K6[Re3Mo3S8(m-CN)(CN)4] [27].  

ʏʠʩʣʦ ʠʟʚʝʩʪʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝ-

ʨʦʚ ʥʝʚʝʣʠʢʦ. ʂʣʘʩʪʝʨʥʳʡ ʧʦʣʠʤʝʨ Mo6-xNbxI11 x å 1,3 ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ Nb6I11 ʧʦʣʫʯʝʥ ʧʦ 

ʨʝʘʢʮʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650Áʉ [23]. ʍʣʦ-

ʨʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Mo6-xWxCl14]
2-
 x = 0 ï 6 [25] ʠ [Ta6-xMoxCl18]

2-
 x = 1, 2 [99] 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ, ʠʩʧʦʣʴʟʫʷ ʭʣʦʨʠʜʳ ʤʝʪʘʣʣʦʚ, ʧʦʨʦʰʦʢ ʘʣʶʤʠʥʠʷ ʠ ʩʤʝʩʴ 

AlCl 3/NaCl ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʧʣʘʚʘ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 550 ʠ 320Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ {Nb6-xTaCl12}
2+

 x = 0 ï 6 ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

TaCl5, Nb ʚ NaCl ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 720 ï 820Áʉ [100].  

1.3.2. ʉʠʥʪʝʟ ʚ ʨʘʩʪʚʦʨʘʭ 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʲʝʜʠ-

ʥʷʝʪ ʨʝʘʢʮʠʠ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʙʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ.  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʘʣʴʢʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ 

ʪʨʝʫʛʦʣʴʥʳʝ ʠʣʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

NH4MS4 M = Mo, W ʚ ʨʘʩʪʚʦʨʝ NaBH4 ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [Mo4S4(H2O)12]
5+

 ʠ 

[W3S4(H2O)9]
4+

 [115]. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʅʘʧʨʠ-

ʤʝʨ, ʨʝʘʢʮʠʷ ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo2O2S2(H2O)4]
2+

 ʩ NaBH4 ʚ ʨʘʩʪʚʦʨʝ HCl ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ [Mo4S4(H2O)12]
5+

 [116]. ʊʨʝʫʛʦʣʴʥʳʡ ʢʣʘʩʪʝʨ 
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[Mo3S4(Et2PS2)4] ʨʝʘʛʠʨʫʝʪ ʢʘʨʙʦʥʠʣʦʤ ʤʦʣʠʙʜʝʥʘ ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ [Mo4S4(Et2PS2)6] [117]. ʕʪʦʪ ʩʧʦʩʦʙ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɹʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ {M2} ʠʣʠ ʪʨʝʭʲ-

ʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ({M3}) ʚ ʨʘʩʪʚʦʨʘʭ ʨʝʘʛʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʩ ʠʩʪʦʯʥʠʢʦʤ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘ-

ʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ {M2Mô2Q4} ʠ {M3MôQ4} [12].  

ʂʣʘʩʪʝʨʳ {M3}. ʊʨʝʫʛʦʣʴʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Mo2WS4(H2O)9]
4+

 ʠ [MoW2S4(H2O)9]
4+

 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʢʚʠʤʦ-

ʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ [NH4]2[WS4] ʠ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[Mo2O2S2(cys)2]Ā4H2O (cys ï ʮʠ-

ʩʪʝʠʥ) ʩ NaBH4 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ [32].  ʂʣʘʩʪʝʨʳ [M2S4(edt)2(Cu(PPh3))]
ï
 M = Mo, W ʦʙʨʘ-

ʟʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ [Cu(PPh3)2(S2P(OCH2CH3)2)] ʠ ʙʠʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ Et4N[Mo2S4(edt)2] ʚ CH2Cl2 [38]. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ [(Cp
*
Ru)2(m2-H)(m3-S)2(RhCl2(PPh3))] ʠ 

[(Cp
*
Ir)2{ Mo(CO)2(MeCN)2}(m3-S)2]

2+
 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Ru2(SH)2Cl2(Cp
*
)2] ʠ [Ir2(SH)2Cl2(Cp*)2] ʩ ʢʦʤʧʣʝʢʩʘʤʠ [RhCl(PPh3)3] ʠ 

[Mo(C6H5CH3)(CO)3], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [35, 36]. 

 ʂʣʘʩʪʝʨʳ {M4}. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ. ɺ ʦʙʟʦʨʝ ʈʦʟʳ ʃʣʫʩʘʨ ʠ ʉʘʥʪʴʷʛʦ ʋʨʠʵʣʷ 2003 ʛʦʜʘ ʦʙʦʙʱʝʥʳ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʷʜʝʨ {M3MôS4} ʠ {M2Mô2S4}, ʛʜʝ M = Mo, W Mô = ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ 4-ʛʦ ʧʝʨʠʦ-

ʜʘ [12].  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʣʘʩʪʝʨʳ {M2Mô2S4} ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʧʦ ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʘ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʤʦʥʦʷʜʝʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ Mô ʣʠʙʦ ʩ ʙʠʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʬʨʘʛʤʝʥʪ {Mô2}. ʉʭʝʤʘ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ {M2Mô2S4} ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 13.  

 

ʈʠʩ. 13. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ {M2Mô2S4} [12]. 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤ-

ʧʣʝʢʩʘʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʤʝʪʘʣ-

ʣʦʚ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ 

ʪʘʢʠʭ ʨʝʘʢʮʠʡ. 

 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [Mo2(m2-S)4Cp
#
2] (Cp

#
 = Cp, Cp

'
, Cp

*
) c [CrCp(CO)2], [Co2(CO)8], ʜʚʫʤʷ 

ʵʢʚʠʚʘʣʝʥʪʘʤʠ CuCl, [Fe(NO)2(CO)2] ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

[Mo2Mô2S4(Cp
#
)2L2] Mô = Cr L = CO [118], Mô = Co L = CO [119] Mô = Fe L = NO [80] Mô = 

Cu L = Cl [88]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [W2(m2-S)4Cp2] c [Co2(CO)8], [Fe(NO)2(CO)2] ʧʨʠʚʦʜʠʪ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [W2Mô2S4(Cp
#
)2L2] (Mô = Co L = NO, Mô = Fe L = NO [80]). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [Mo2(ɛ2-S)2S2(dtc)2] ʠ [Mo2(ɛ2-S)2S2(edt)2]
2-
, ʩ Co2(CO)8 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ [M 2Co2S4(dtc)2(CH3CN)2(CO)2] M = 

Mo, W [120, 121]. ʄʝʜʴ-ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ [Mo2Cu2S4(edt)2(PPh3)2] ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠ [Mo2(ɛ2-S)2S2(edt)2]
2-
 ʩ [Cu(PPh3)3Cl] ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ [122]. ɺʦʣʴ-

ʬʨʘʤʦʚʳʡ ʛʝʪʝʨʦʢʣʘʩʪʝʨ [W2Cu2S4(edt)2(PPh3)2] ʤʦʞʝʪ ʙʳʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʭʦʞʝʡ ʨʝʘʢʮʠʠ 

[W2(ɛ2-S)2S2(edt)2]
2-
 ʠ CuCl2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ PPh3 [122].  

ʂʣʘʩʪʝʨʳ {M3MôS4} ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʨʝʫʛʦʣʴʥʳʭ ʛʦʤʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ {M3} ʩ ʠʩʪʦʯʥʠʢʦʤ ʤʝʪʘʣʣʘ M' (ʨʠʩ. 14). ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ 

ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʨʝʘʢʮʠʡ.  

 

 

ʈʠʩ. 14. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʠ {M3MôS4} [12]. 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Mo3M'S4(H2O)10]
4+

 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

M' = Fe, Co, Ni, Cu. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʩʭʦʜʥʦʛʦ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Mo3S4(H2O)9]
4-
 ʩ ʤʝʪʘʣʣʘʤʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [Mo3M'S4(H2O)10]

4+
 M' 

= Fe [123], Co [81], Ni [74], Cu [84]. ɸʥʘʣʦʛʠʯʥʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʝʣʝʥʠʜʥʳʝ ʘʥʘʣʦʛʠ 

ʤʦʣʠʙʜʝʥ-ʥʠʢʝʣʝʚʦʛʦ ʢʣʘʩʪʝʨʘ [Mo3NiSe4(H2O)10]
4+

 [55] ʘ ʪʘʢʞʝ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝ-

ʨʳ [Mo3-xWxNiSe4(H2O)10]
4+

 x = 0ï3 [82].ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ 

{ Mo3M'S4}, ʠʤʝʶʱʠʝ ʯʝʪʥʦʝ ʯʠʩʣʦ ʂʉʕ, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʠʟ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ([Mo3M'S4(H2O)10](pts)4Ŀ7H2O M' = Fe, Co) (pts ï 
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ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ). ɺ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʯʝʪʥʳʤʠ ʂʉʕ ʦʙʨʘʟʫʶʪʩʷ 

ʜʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ [{Mo3M'S4(H2O)9} 2](pts)8ĿnH2O (M = Co, ʂʉʕ = 18; M = Cu, ʂʉʕ = 

20).  

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [M3M'S4Cp
#
3L3] M = Mo, W ʩ ʮʠʢʣʦʧʝʥ-

ʪʘʜʠʝʥʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʠ [M3S4Cp
#
3]

+
 ʩ [Cr(CO)3(CH3CN)3], 

[Ni(cod)2] (cod ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [M3CrS4Cp3(CO)3][pts] M = Mo [124], 

[M 3NiS4Cp'3][pts] M = Mo, W [50, 76]. ʄʝʜʴ-ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʢʣʘʩʪʝʨʳ 

[M 3CuS4((EtO)2PS2)3(ɛ2-O2CR)L] (R = CH3, CF3, CCl3; L = ɼʄʌɸ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ, py ï ʧʠʨʠʜʠʥ, CH3CN) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ [M3S4{(EtO)2PS2)3(ɛ2-(EtO)2PS2}(H 2O)] ʠ CuI ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ RCOOEt [125-127]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [Mo3Q4(dmpe)3X3][PF6] ʠ 

[W3S4X3(dmpe)3][PF6] ʚ ʊɻʌ (ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ) ʩ CuX X = ʛʘʣʦʛʝʥ ʠʣʠ ʩ 

[Cu(CH3CN)4][PF6] ʚ ʧʨʠʩʫʪʩʪʚʠʠ n-Bu4NX ʩʦʣʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

[M 3CuQ4(dmpe)3X4][PF6] Q = S M = Mo, X = Cl; M = Mo, W X = Br [75] Q = Se M = Mo, X = 

Cl; M = Mo, W X = Br [54]. 

ʂʣʘʩʪʝʨʳ {M6}. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ ʩʠʥʪʝʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʘ [Mo6S8(PEt3)6] ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʠʟ ʪʨʝ-

ʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ [Mo3S4Cl4(PEt3)(MeOH)] ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʘʛʥʠʷ ʚ ʊɻʌ [128]. ʇʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ 

ʚʩʪʨʝʯʘʶʪʩʷ. 

1.4. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 ʈʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʨʝʘʢʮʠʠ ʩ 

ʠʤʝʥʝʥʠʝʤ ʤʝʪʘʣʣʦʩʪʦʚʘ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʨʝʘʢʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʪʨʝʪʴʷ 

ʛʨʫʧʧʘ ʩʦʜʝʨʞʠʪ ʨʝʘʢʮʠʠ ʘʥʠʦʥʥʳʭ ʮʠʘʥʦʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

1.4.1. ʈʝʘʢʮʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʝʪʘʣʣʦʦʩʪʦʚʘ 

ʂʣʘʩʪʝʨʳ {M3}. ʈʘʟʣʠʯʥʳʝ ʪʨʝʫʛʦʣʴʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [M3Q4Ln] M = Mo, W 

Q = S, Se L = Cp, H2O ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʘ ʤʝ-

ʪʘʣʣʘ M' ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ [M3MôQ4Ln] M = Mo Mô = Ni, Co, Fe, 
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Cr, Cu, Pd, Pt, Ir, Rh, Hg, Mn, W [12, 14, 48, 51]. ʇʦʜʨʦʙʥʳʝ ʧʨʠʤʝʨʳ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 

çʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷè.  

ʂʣʘʩʪʝʨʳ {M4}. ʀʟʚʝʩʪʝʥ ʧʨʠʤʝʨ ʨʝʘʢʮʠʠ ʪʨʘʥʩʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M3MôQ8Ln], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʱʘʪʴ ʘʪʦʤʳ ʛʝʪʝʨʦʤʝʪʘʣʣʘ Mô 

ʥʘ ʘʪʦʤʳ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3MôS4(H2O)10]
4+

 (Mô 

= Fe, Ni ) c ʢʘʪʠʦʥʦʤ ʤʝʜʠ Cu
2+

 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Mo3CuS4(H2O)10]
4+

 ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ Mô
2+

 [129]. 

1.4.2. ʈʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ 

ʂʣʘʩʪʝʨʳ {M3Q4}. ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ [M3S4(H2O)9] M = Mo, 

W ʣʝʛʢʦ ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʪʠʦʮʠʘʥʘʪʳ, ʢʘʨʙʦʢʩʠʣʘʪʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʘʤʠʥʦʚ ʠ ʜʨʫʛʠʝ [2]. ɹʳ-

ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʚʦʜʳ ʥʘ ʪʠʦʮʠʦʥʘʪ ʚ ʩʤʝʰʘʥʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ [Mo2WS4(H2O)9]
4+

 ʠ [MoW2S4(H2O)9]
4+

 ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ ʥʘ ʘʪʦʤʘʭ ʤʦʣʠʙʜʝ-

ʥʘ, ʯʝʤ ʚʦʣʴʬʨʘʤʘ [130]. 

ʂʣʘʩʪʝʨʳ {M4Q4}. ɺ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʢʚʘ-ʢʦʤʧʣʝʢʩʘʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [M3MôS4(H2O)10]
 
ʘʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʛʝʪʝʨʦʘʪʦʤʘ Mô ʣʝʛʯʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʝ-

ʘʢʮʠʷʤ ʟʘʤʝʱʝʥʠʷ, ʯʝʤ ʘʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ M, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʝʣʝʢʪʠʚʥʦʝ ʟʘ-

ʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʫ ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʪʝʪʨʘʵʜʨʘ [129]. ʅʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢ ʘʪʦ-

ʤʘʤ ʥʠʢʝʣʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʢʣʘʩʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ [Mo3NiS4(H2O)10]
4+

 ʟʘʤʝʱʘʶʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʣʠʛʘʥʜʳ L (L = Cl
-
, Br

-
, I

-
, SCN

-
, CO, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʦʩʬʠʥʘ) 

[131], ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ:  

[Mo3(Ni(H2O))S4(H2O)9]
4+

 + L = [Mo3(NiL)S4(H2O)9]
4+

 + H2O 

ʈʝʘʢʮʠʷ ʜʠʤʝʨʥʦʛʦ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ {Mo3PdS4} 2
8+
, ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠ-

ʛʘʥʜʘʤʠ L = CO, P(C6H4SO3)3
3-
, Cl

-
, Br

-
, NCS

- 
ʧʨʠʚʦʜʠʪ ʢ

 
ʦʙʨʘʟʦʚʘʥʠʶ

 
ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʢʣʘ-

ʩʪʝʨʘ {Mo3(PdL)S4}
4+

 [132]:  

{Mo 3PdS4} 2
8+

 + 2L = 2{Mo3(PdL)S4}
4+ 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʧʨʦʮʝʩʩʳ ʟʘʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢ M' ʜʣʷ ʢʦʤ-

ʧʣʝʢʩʦʚ [Mo3MôS4(H2O)10]
4+

 Mô = Co, Ni, Pd ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ CO ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

[55]: 

[Mo3(Mô(H2O))S4(H2O)9]
4+

 + CO = [Mo3(MôCO)S4(H2O)9]
4+

 + H2O 

ɿʘʤʝʱʝʥʠʝ ʘʢʚʘ-ʣʠʛʘʥʜʘ ʥʘ ʭʣʦʨʠʜ ʠʟʚʝʩʪʥʦ ʠ ʜʣʷ ʤʝʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3CuS4(H2O)10]
4+

 

[133].  
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ʂʣʘʩʪʝʨʳ {M6Q8}. ɿʘʤʝʱʝʥʠʝ ʘʧʠʢʘʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝ-

ʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ. ɻʘʣʦʛʝʥʠʜʥʳʝ ʘʧʠʢʘʣʴʥʳʝ ʣʠ-

ʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʱʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʭʦʜʦʚ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ [Re6Q8X6]
4-
 ʠ ʤʦʣʠʙʜʝʥʘ 

[Mo6X8X6]
n-
 ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʣʷʤʠ ʩʝʨʝʙʨʘ AgL, ʧʨʠʚʦʜʠʪ ʢ ʦʩʘʞʜʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʛʘʣʦʛʝʥʠʜʘ ʩʝʨʝʙʨʘ AgX ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Re6Q8L6] ʠ [Mo6X8L6] [105, 134-138].  

ʅʘʛʨʝʚʘʥʠʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʨʝʥʠʝʚʳʭ ʢʣʘʩʪʝʨʦʚ [Re6Q8X6]
n-
 (Q = S, Se) ʩ ʦʨʛʘʥʠʯʝʩʢʠ-

ʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʤʝʱʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Re6Q8L6] 

[139-146].  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʥʠʝʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʧʦʣʠʤʝʨʦʚ {Re6Q8Br2} Q = S, Se ʩ ʨʘʩʧʣʘʚʦʤ ʮʠʘ-

ʥʠʜʘ ʠʣʠ ʛʠʜʨʦʢʩʠʜʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʟʘʤʝʱʝʥʠʶ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʮʠʘʥʦ- ʠ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ [Re6Q8L6]
4-
 L = CN [147] OH [148]. ɼʦʙʘʚʣʝʥʠʝ ʢʠʩʣʦʪ HX X = Cl, Br ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʩʦʣʝʡ CsX ʢ ʨʘʩʪʚʦʨʫ ʛʠʜʨʦʢʩʦ-ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʘʧʠ-

ʢʘʣʴʥʳʭ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ ʥʘ ʛʘʣʦʛʝʥʠʜ [148]. ɸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʨʦʢʩʦ-ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʩ-

ʪʚʦʨʦʤ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʣʠʛʘʜʥʦʛʦ ʮʠʘʥ-ʛʠʜʨʦʢʩʦ-

ʢʦʤʧʣʝʢʩʘ [Re6Se8(CN)4(OH)2]
4-
 [149].  

ʅʝʢʦʪʦʨʳʝ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʨʝʘʢʮʠʡ ʧʨʠʤʝʥʠʤʳ ʠ ʢ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʛʘʣʦʛʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. ʅʘʛʨʝʚʘʥʠʝ [Re5OsSe8Cl6]
3-
 ʠ 

[Re4Os2Se8Cl6]
2-
 ʚ ʩʤʝʩʠ NaCN ʠ NaNO3 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʘʥʦ-ʢʦʤʧʣʝʢʩʦʚ 

[Re5OsSe8(CN)6]
3-
 ʠ [Re4Os2Se8(CN)6]

2-
 [106]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʣʝʡ ʘʥʠʦʥʦʚ 

[Re5OsSe8Cl6]
3-
 ʠ [Re4Os2Se8Cl6]

2-
 ʩ PEt3 ʚ ɼʄʌɸ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʭ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re5OsSe8(PEt3)6]
3+

 ʠ [Re4Os2Se8(PEt3)6]
4+
. ɺ 

ʩʣʫʯʘʝ [Re4Os2Se8Cl6]
2-

 ʙʳʣ ʪʘʢʞʝ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʥʝʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʥʝʡʪʨʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ,ʪʨʘʥʩ-[Re4Os2Se8(PEt3)2Cl4]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷ-

ʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʥʘ ʘʪʦʤʘʭ ʦʩʤʠʷ, ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦʟʠʮʠʡ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʠʯʠʶ ʚ ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦ-

ʤʦʚ ʨʝʥʠʷ ʠ ʦʩʤʠʷ ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʦʩʪʦʚ 

ʷʚʣʷʝʪʩʷ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʤ {Re4Os2} [21].  

ʅʘʛʨʝʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ [Mo5NbI
i
8I

a-a
6/3] ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ KCN ʠʣʠ KOH ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
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[Mo5NbI
i
8(CN)6]

3-
 ʠ [Mo5NbI

i
8(OH)6]

3-
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʘʢʮʠʷ ʛʠʜʨʦʢʩʦ-ʢʦʤʧʣʝʢʩʘ ʩ ʩʝʨ-

ʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʦʛʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Mo5NbI
i
8(H2O)3(OH)3]. ʈʝʘʢʮʠʷ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʢ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʥʦʣʠ-

ʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo5NbI
i
8(H2O)2Cl4]

-
 [23]. ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʚ [Mo5NbI

i
8(H2O)2Cl4]

-
ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʳ ʥʘ ʭʣʦʨʠʜ ʠʦʥʳ ʧʦ ʨʝʘʢʮʠʠ [Mo5NbI
i
8(H2O)2Cl4]

-
 ʩ Ph4PCl ʚ ʘʮʝ-

ʪʦʥʠʪʨʠʣʝ [24]. 

1.4.3. ʈʝʘʢʮʠʠ ʩ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

 ʂʣʘʩʪʝʨʥʳʝ ʮʠʘʥʦʢʦʤʧʣʝʢʩʳ ʫʩʪʦʡʯʠʚʳ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ ʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʫʜʦʙʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʎʠʘ-

ʥʦʢʣʘʩʪʝʨʳ ʦʙʣʘʜʘʶʪ ʞʝʩʪʢʦʡ ʪʦʧʦʣʦʛʠʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʠʘʥʠʜ-ʣʠʛʘʥʜʦʚ, ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʛʠʜʨʦʣʠʟʫ ʠ ʟʘʤʝʱʝʥʠʶ ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʤʦʥʦʷʜʝʨ-

ʥʳʤʠ ʮʠʘʥʦʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʮʠʘʥʦʢʣʘʩʪʝʨʳ ʤʦʛʫʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ 

ʢʘʪʠʦʥʘʤ ʧʝʨʝʭʦʜʥʳʭ, ʧʦʩʪʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʦʩʘʜ-

ʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʚʷʟʝʡ M-CN-M' [150-152] 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʮʠʘʥʦʢʣʘʩʪʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʡ, ʟʘʨʷʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʠ ʢʘʪʠʦʥʘ 

ʤʝʪʘʣʣʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʦʡ ʪʦʧʦʣʦʛʠʠ, ʩʦʝʜʠʥʝʥʠʷ ʦʩʪʨʦʚʥʦʛʦ, 

ʮʝʧʦʯʝʯʥʦʛʦ, ʩʣʦʠʩʪʦʛʦ ʠʣʠ ʢʘʨʢʘʩʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʅʘ ʨʠʩ. 15 ʙïʜ ʠʟʦʙʨʘʞʝʥʳ ʩʪʨʫʢʪʫʨʳ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ [Re6Q8(CN)6]
4-/3-

 Q = S, Se ʠ ʢʘʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ M
2+

.  

 ʆʜʠʥʘʢʦʚʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʠʘʥʠʜ-ʣʠʛʘʥʜʦʚ, ʩʭʦʞʠʝ ʨʘʟʤʝʨʳ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ 

ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʦʜʠʥʘʢʦʚʦʡ ʪʦʧʦʣʦʛʠʠ. ʉʘʤʳʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʫʩʪʦʡʯʠ-

ʚʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ ʩʨʝʜʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʮʠʘʥʦʢʣʘʩʪʝʨʦʚ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ. ʉʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ʙʝʨʣʠʥ-

ʩʢʦʡ ʣʘʟʫʨʠ ʠʤʝʶʪ ʰʝʩʪʠʩʚʷʟʥʳʡ ʢʘʨʢʘʩ, ʚ ʢʦʪʦʨʦʤ ʘʥʠʦʥ ʩʚʷʟʘʥ ʩ ʰʝʩʪʴʶ ʢʘʪʠʦʥʘʤʠ ʤʝ-

ʪʘʣʣʘ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʮʠʘʥʠʜʳ (ʨʠʩ. 15 ʘ,ʙ). ʊʘʢʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʚʩʪʨʝʯʘʝʪʩʷ ʩʨʝʜʠ 

ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Mo6Se8(CN)6]
7ï
Ŀ[153], [Nb6Cl9O3(CN)6]

5ï 
[154], [M 6Cl12(CN)6]

4ï 
M = Nb, 

Ta [155], [Re6Q8(CN)6]
3ï/4ï

 Q = S, Se [156] [Re6Te8(CN)6]
3ï 

[157].  
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ʈʠʩ. 15. ʉʪʨʫʢʪʫʨʘ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ [158] (ʘ); ʬʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩ-

ʥʦʚʝ [Re6Q8(CN)6]
4-/3-

 ʠ ʢʘʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ: ʢʘʨʢʘʩʥʘʷ Ni3[Re6Se8(CN)6]2 33H2O [156] (ʙ); ʩʣʦʠ-

ʩʪʘʷ Cs2Co(H2O)2[Re6S8(CN)6]2 [159] (ʚ); ʮʝʧʦʯʝʯʥʘʷ (Pr4N)2Mn(H2O)5[Re6S8(CN)6]ĿH2O [160] (ʛ); ʦʩʪʨʦʚʥʘʷ 

(nBu4N)2Ni(H2O)5[Re6Se8(CN)6]Ā2H2O [161] (ʜ). 

 ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ ʩ ʘʧʠʢʘʣʴʥʳʤʠ ʮʠʘʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʪʘʢʞʝ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʩ ʩʦʣʷʤʠ ʧʝʨʝʭʦʜʥʳʭ ʠ ʧʦʩʪ-ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ [Re5OsSe8(CN)6]
3-
 ʩ ʢʘʪʠʦʥʘʤʠ 

ʥʠʢʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʢʘʩʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ Ni3[Re5OsSe8(CN)6]2 

nH2O [106], ʘʥʘʣʦʛʠʯʥʦʡ Ni3[Re6Se8(CN)6]2 33H2O [156].  

 ʈʝʘʢʮʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re4Os2Se8(CN)6]
3-
 [Re5OsSe8(CN)6]

3-
 ʩ ʢʦʤʧʣʝʢʩʦʤ ʤʝʜʠ 

[(Me6tren)Cu(CF3SO3)]
+
 (Me6tren ï ʪʨʠʩ(2-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʵʪʠʣ)ʘʤʠʥ)) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʦʩʪʨʦʚʥʳʭ ʩʪʨʫʢʪʫʨ {Re6-xOsxSe8[CNCu(Me6tren)]6}
9+

 x = 1, 2 [106]. 

 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ 

[Re3Mo3S8(CN)6]
6-
 ʩ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘʤʠ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ [Cd(NH3)4]2{Cd[Re3Mo3S8(CN)6]}Ŀ1.5H2O ʠ 

[Zn(NH3)4]2{Zn[Re3Mo3S8(CN)6]}Ā2H2O [162, 163].  
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1.5. ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ [M 4-xM'xQ8L n] ʠ [M 6-

xM'xQ8L 6] 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʪʦʤʳ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʦʩʦʙʝʥʥʦ ʤʝʪʘʣʣʳ ʞʝʩʪʢʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʦʙʨʘʟʫʶʪ ʦʙʱʫʶ ʩʠ-

ʩʪʝʤʫ ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʨʦʚʥʝʡ, ʢʦʪʦʨʘʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ. ɿʘʤʝ-

ʱʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʤʝʪʘʣʣʦʦʩʪʦʚʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ. ʅʠʞʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʪʨʝʫʛʦʣʴʥʳʭ, ʪʝʪʨʘ-

ʵʜʨʠʯʝʩʢʠʭ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʣʠʷʥʠʝ ʛʝʪʝʨʦ-

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

1.5.1. ʊʨʝʫʛʦʣʴʥʳʝ ʢʣʘʩʪʝʨʳ [M3Q4Ln] 

ʉʨʝʜʠ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ {M3Q4}. ɼʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʄʆ) ʜʣʷ ʛʦʤʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʘʤʠ {M3Q4} M = Mo, W Q = S, Se ʜʣʷ ʛʝʦʤʝʪʨʠʠ c 

ʩʠʤʤʝʪʨʠʝʡ C3v ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 16.  

 

ʈʠʩ. 16. ʂʘʯʝʩʪʚʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʄʆ ʜʣʷ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M3Q4L9] M = Mo, W Q = S, 

Se ʜʣʷ ʛʝʦʤʝʪʨʠʠ c ʩʠʤʤʝʪʨʠʝʡ C3v ʚʟʷʪʦ ʠʟ [164]. 

ʇʦʣʫʯʝʥʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʚʷʟʳʚʘʶʱʠʭ ʦʨʙʠʪʘʣʝʡ, ʦʜʥʦʡ ʥʝʩʚʷʟʳʚʘʶʱʝʡ ʠ 

ʧʷʪʠ ʨʘʟʨʳʭʣʷʶʱʠʭ ʦʨʙʠʪʘʣʝʡ [164]. ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʜʣʷ ʪʘʢʠʭ ʢʣʘʩʪʝ-

ʨʦʚ ʷʚʣʷʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʪʨʝʭ ʩʚʷʟʳʚʘʶʱʠʭ ʦʨʙʠʪʘʣʝʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʡ ʩʚʷʟʥʦ-

ʩʪʠ ʤʝʪʘʣʣʦʦʩʪʦʚʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ ʤʝʞʜʫ ʦʨʙʠʪʘʣʷʤʠ 1e ʠ 2a1 ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʟʦ-

ʚʳʚʘʪʴʩʷ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʩ ʂʉʕ 7 ʠ 8 [165]. ʆʜʥʘʢʦ, ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ (ʠ ʜʘʞʝ ʩ 
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ʂʉʕ 9) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[13]. 

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [MoW2S4(H2O)9]
4+

, 

[Mo2WS4(H2O)9]
4+

 ʠ [MoW2S4(Hnta)3]
2-
, [Mo2WS4(Hnta)3]

2-
 ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʛʦʤʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠʤʝʶʪ 6 ʂʉʕ ʚ ʩʪʘʙʠʣʴʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ (ʪʘʙʣ. 2). 

1.5.2. ʊʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ [M4Q4Ln] 

 ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[M4Q4L12] ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ ʚ ʨʘʙʦʪʘʭ ʉʶʟʘʥʥʳ ʍʘʨʨʠʩ [166]. ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʚ ʪʝʪ-

ʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʷʜʨʘʤʠ { M4Q4} ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ 

ʚʥʫʪʨʝʥʥʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʥʳʤ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʨʘʛʤʝʥʪʦʚ ʤʝʪʘʣʣʘ [ML n] (metal frag-

ment orbital approach) ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʂʣʘʩʪʝʨ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʩʭʝʤʳ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 17.  

 ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʪʠʧ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ [M4Q4L12] ï ʛʜʝ ʘʪʦʤʳ ʤʝ-

ʪʘʣʣʘ ʠʤʝʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʩʚʷʟʳʚʘʶʱʠʭ, 

ʰʝʩʪʴ ʥʝʩʚʷʟʳʚʘʶʱʠʭ ʠ ʚʦʩʝʤʴ ʨʘʟʨʳʭʣʷʶʱʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʈʠʩ 17 ʘ). ʂʣʘ-

ʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʘʢʦʛʦ ʪʠʧʘ ʩ ʧʦʣʥʦʡ ʩʚʷʟʥʦʩʪʴʶ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʜʦʣʞʥʳ ʠʤʝʪʴ 12 

ʂʉʕ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʂʉʕ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʟʘʧʦʣʥʝʥʠʷ ʥʝʩʚʷʟʳʚʘʶʱʠʭ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʦʨʙʠʪʘʣʝʡ. ʅʝʩʚʷʟʳʚʘʶʱʠʝ ʦʨʙʠʪʘʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦ ʠ ʛʦʤʦʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʩ ʂʉʕ ʙʦʣʴʰʝ, ʯʝʤ 12 ʦʙʳʯʥʦ ʥʝ ʚʩʪʨʝʯʘʝʪ-

ʩʷ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʂʉʕ ʥʠʞʝ 12 ʢʣʘʩʪʝʨʳ ʠʤʝʶʪ ʥʝʧʦʣʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣʦ-

ʦʩʪʦʚʘ ʠ ʧʦʷʚʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ [166]. 

 ɼʨʫʛʠʤ ʪʠʧʦʤ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ, 

ʷʚʣʷʝʪʩʷ [M4Q4L4], ʛʜʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ. ʕʣʝʢʪʨʦʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʠʤʝʶʪ p-
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ʘʢʮʝʧʪʦʨʥʫʶ ʧʨʠʨʦʜʫ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʩʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʜʣʷ ʩʦʜʝʨʞʠʪ 8 ʥʝʩʚʷʟʳʚʘʶʱʠʭ, 6 ʩʚʷʟʳʚʘʶʱʠʭ ʠ 6 ʨʘʟʨʳʭʣʷʶʱʠʭ 

ʦʨʙʠʪʘʣʝʡ (ʨʠʩ. 17 ʙ). ɿʘʧʦʣʥʝʥʠʝ ʚʦʩʴʤʠ ʥʝʩʚʷʟʳʚʘʶʱʠʭ ʠ ʰʝʩʪʠ ʩʚʷʟʳʚʘʶʱʠʭ ʦʨʙʠʪʘ-

ʣʝʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʥʦʡ ʩʚʷʟʥʦʩʪʠ ʤʝʪʘʣʣʦʦʩʪʦʚʘ [166]. 

ʘ ʙ  

ʈʠʩ. 17. ʂʘʯʝʩʪʚʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ: [M4Q4L12] (ʘ) ʠ [M4Q4L4] (ʙ) ʚʟʷʪʦ ʠʟ [166]. 

 ʉʣʫʯʘʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʛʝʦʤʝʪʨʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʤʝʪʘʣʣʦʚ ʨʘʟʥʦʛʦ ʩʦʨʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʥʦʡ. ʂʦʥʝʯʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʬʨʘʛʤʝʥʪʦʚ [ML n] ʠ [MôLôm], ʛʜʝ M ʠ Mô ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʨʷʜʫ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣ-

ʣʦʚ, L ʠ Lô ï ʣʠʛʘʥʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʣʣʦʮʝʥʪʨʦʤ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʥʘʠʙʦʣʝʝ ʪʠ-

ʧʠʯʥʳʤ ʩʣʫʯʘʝʤ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [M2M'2Q4L6L'2] ʠ [M3M'Q4L9L'], ʛʜʝ M ï ʠʤʝʝʪ ʦʢʪʘ-

ʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ, M' ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ. 

ɼʠʘʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ [Mo3NiS4(H2O)9(CO)]
4+

 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 18. ɺʳʙʦʨ ʤʝʪʘʣʣʦʚ M ʠ M' ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʦʨʙʠʪʘʣʝʡ ʠʩʭʦʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

[ML n] ʠ [MôLôm].ʏʪʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ɺɿʄʆ (ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠ-

ʪʘʣʴ) ʠ ʅʉʄʆ (ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ), ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠ-

ʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ [167].  
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ʈʠʩ. 18. ɼʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Mo3NiS4(H2O)9(CO)]
4+ 
(16 ʂʉʕ) [167]. 

ʇʦʣʥʦʡ ʩʚʷʟʥʦʩʪʠ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʜʣʷ ʢʣʘʩʪʝʨʦʚ [M3M'Q4L9L'] ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 16 

ʂʉʕ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʜʣʷ {M2Mô2S4} ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10-ʪʠ 

ʩʚʷʟʫʶʱʠʤ ʦʨʙʠʪʘʣʷʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 20 ʂʉʕ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʚʷʟʥʦʩʪʠ 

ʤʝʪʘʣʣʦʦʩʪʦʚʘ. ɽʩʣʠ ʞʝ ʧʨʠ ʜʘʥʥʦʤ ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ ʂʉʕ > 20, ʪʦʛʜʘ ʤʝʪʘʣʣʦʦʩʪʦʚ 

ʫʞʝ ʥʝ ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʝʢʦʪʦʨʳʝ ʩʚʷʟʠ MïM ʨʘʟʦʨʚʘʥʳ (ʪʘʙʣ. 5, ʨʠʩ. 

7). 

1.5.2. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ [M6L
i
8L

a
6] ʠ [M6L

i
12L

a
6] 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʩʭʝʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M6L
i
8L

a
6] ʠ [M6L

i
12L

a
6] ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 19. ʂʦʥʝʯʥʳʡ ʢʣʘ-

ʩʪʝʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʨʘʛʤʝʥʪʦʚ [ML 5] ʠʤʝʶʱʠʭ ʛʝʦʤʝʪʨʠʶ 

ʢʚʘʜʨʘʪʥʦʡ ʧʨʠʟʤʳ ʩʠʤʤʝʪʨʠʠ C4v. ʇʦʣʥʦʡ ʩʚʷʟʥʦʩʪʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʦʩʪʦʚʘ 

[M6L
i
8L

a
6] ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʧʦʣʥʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ ʙʣʦʢʘ ʠʟ 12 ʦʨʙʠʪʘʣʝʡ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʣʠʯʠʶ 24-ʝʭ ʢʣʘʩʪʝʨʥʳʭ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ 12-ʪʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤ ʩʚʷʟʷʤ Mï

M ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʤʝʪʘʣʣʦʦʩʪʦʚʝ {M6}. ɺ ʢʣʘʩʪʝʨʘʭ [M6L
i
12L

a
6] ʜʣʷ ʧʦʣʥʦʡ ʩʚʷʟʥʦʩʪʠ 

ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 16 ʂʉʕ.  
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ʘ ʙ  

ʈʠʩ. 19. ʂʘʯʝʩʪʚʝʥʥʘʷ ʩʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: 

[M6L
i
8L

a
6] [168] (ʘ) [M6L

i
12L

a
6] [169] (ʙ). 

ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʘʥʠʦʥʦʚ [Re6-xOsxSe8L6]
n-
 x = 1, L = Cl [21] x = 1, 2 L = OH [22] 

ʙʳʣʦ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ DFT. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥ-

ʥʳʭ ʜʘʥʥʳʭ ʘʚʪʦʨʳ ʟʘʢʣʶʯʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʘʪʦʤʦʚ ʦʩʤʠʷ ʚ ʷʜʨʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘ-

ʤʝʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʥʠʮʳ ʚ ʵʥʝʨʛʠʠ ɺɿʄʆ ʠ ʅʉʄʆ ʫʨʦʚʥʝʡ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʨʠʩ. 20) [22].  

 

ʈʠʩ. 20. ɼʠʘʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʨʦʚʥʝʡ ʜʣʷ 24-ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ  

[Re6-xOsxSe8(OH)6]
x-4

 [22]. 
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1.6. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

 ɺʣʠʷʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʚʘʣʝʥʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦ-

ʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʠ ʝʛʦ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. 

1.6.1. ʊʨʝʫʛʦʣʴʥʳʝ ʢʣʘʩʪʝʨʳ [M3Q4Ln] 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳ-

ʣʠ ʠʟʫʯʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʦʣʠʙʜʝʥ-ʚʦʣʴʬʨʘʤʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ {Mo3-xWxS4} x = 1, 2, 3 ʤʝʪʦʜʦʤ ʎɺɸ. ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʝʫʛʦʣʴʥʳʝ ʩʫʣʴʬʠʜ-

ʥʳʝ ʢʣʘʩʪʝʨʳ {M3S4} ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʨʠ ʦʙʨʘʪʠʤʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʝʨʝʭʦʜʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʘʪʦʤʦʚ ʚʦʣʴʬʨʘʤʘ ʚ ʪʨʝʫʛʦʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʠʜʝʪ ʧʦʩʪʝ-

ʧʝʥʥʦʝ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʪʘʙʣ. 8. ʏʠʩʣʦ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ.  

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 8 

ʇʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (E ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ) ʜʣʷ [Mo3-

xWxS4(Hnta)3]
2+ 

 x = 0-3 (ʚʟʷʪʦ ʠʟ [14]) 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ E1/2 / ɺ 

I II  III  

[Mo3S4(Hnta)3]
2+

 -0.42 -0.86 -1.17 

[Mo2WS4(Hnta)3]
2+

 -0.51 -1.00 -1.44 

[MoW2S4(Hnta)3]
2+

 -0.62 -1.18 -1.56 

[W3S4(Hnta)3]
2+

 -0.90 -1.19 -1.66 

 

1.6.2. ʊʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ [M 4Q4Ln] 

ʅʘ ʧʨʠʤʝʨʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Mo4-xMôxS4(H2O)12]
5+

 (x = 0-3) 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʤʦʣʠʙʜʝʥʘ ʥʘ ʠʟʦʵʣʝʢʪʨʦʥʥʳʡ ʘʪʦʤ ʚʦʣʴʬʨʘʤʘ ʧʨʠ-

ʚʦʜʠʪ ʪʦʣʴʢʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʦʚʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝ-

ʭʦʜʦʚ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʭ ʯʠʩʣʘ (ʪʘʙʣ. 9).  
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 9 

ʇʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (E ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ) ʜʣʷ [Mo4-

xWxS4(H2O)12]
5+ 

 x = 0 - 3 (ʚʟʷʪʦ ʠʟ [14]) 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ E / ʤɺ 

I II  

[Mo4S4(H2O)12]
5+

 860 210 

[Mo3WS4(H2O)12]
5+

 673 6 

[Mo2W2S4(H2O)12]
5+

 422 -248 

[MoW3S4(H2O)12]
5+

 258 -395 

ɹʦʣʝʝ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʚʣʠʷʥʠʝ ʥʝʠʟʦʚʘʣʝʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʄʥʦʞʝʩʪʚʦ ʠʟʤʝʨʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʎɺɸ ʟʥʘʯʝʥʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʫʣʴʬʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʩʤʝʱʘʪʴʩʷ, ʥʦ ʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʯʠʩʣʦ ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʭʦ-

ʜʦʚ [12, 13, 48]. ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʛʝʪʝʨʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʜʘʥʥʳʡ ʚʳʚʦʜ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 10. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 10 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ (ɺ) ʜʣʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ {M 3M'Q4} (ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ [13]) 

ʂʦʤʧʣʝʢʩ 
ʇʦʪʝʥʮʠʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl 

I II  III  IV  

[Cp'3Mo3S4Ni(PPh3)]
+
 -1.20 +0.80 +1.40 ï 

[Cp'3W3S4Pt(PPh3)]
+
 -1.40 +0.57 +0.98 ï 

[Mo3FeS4(H2O)10]
4+

 -0.91 -1.47 -1.72 ï 

[Mo3NiS4(H2O)10]
4+

 -0.91 -1.48 -1.72 ï 

[Mo3CoS4Cl(dmpe)3Cl3]
+
 -0.10 -0.91 ï ï 

[Mo3CuS4Cl(dmpe)3Cl3]
+
 -0.81 -1.19 ï ï 

[Mo3FeS4Cl(dmpe)3Cl3]
+
 +0.26 +1.06 ï ï 

[Mo3Se4CoCl(dmpe)3Cl3]
+
 -0.15 ï ï ï 

[Mo3CuS4SCN(H2O)3(C2O4)3]
+
 -0.35 ï ï ï 
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1.6.3. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ [M 6Q8L6] 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ï ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6-xOsxSe8(PEt3)6] [21] (ʨʠʩ. 21). ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-

ʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ [Re6Se8(PEt3)6], [Re5OsSe8(PEt3)6] ʠ [Re4Os2Se8(PEt3)6] ʧʦʢʘʟʘ-

ʣʦ, ʯʪʦ ʥʝʠʟʦʚʘʣʝʥʪʥʦʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʩʤʝʱʝʥʠʶ ʧʦʪʝʥ-

ʮʠʘʣʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʶ ʠʭ ʯʠʩʣʘ. ɿʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʩ 24 ʂʉʕ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʘʪʦ-

ʤʦʚ ʦʩʤʠʷ ʚ ʢʣʘʩʪʝʨʦʥʦʤ ʷʜʨʝ. ʕʪʦ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʝʨʚʳʡ 

ʧʨʠʤʝʨ ʢʦʤʧʣʝʢʩʘ ʩ 25 ʂʉʕ: [Re4Os2Se8(CN)6]
3ï 

[106]. 

 

 

ʈʠʩ. 21. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6-xSe8(PEt3)6]
2+x

, x = 0-2 (ʚʟʷʪʦ ʠʟ [21]). 

 

* * *  

 

 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʦʢʘ-

ʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʩʚʦʡ-
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ʩʪʚʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʫʯʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ, ʪʘʢ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʜʫʢʪʦʚ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ. ʅʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʳʤʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʝʪʩʷ ʨʘʩ-

ʪʚʦʨʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʮʠʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʦʚ M ʠ M' ʦʪʣʠʯʘʝʪʩʷ. ʇʦʣʫʯʝʥʠʝ ʞʝ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ ʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʠ ʦʜʠʥʘʢʦʚʳʤ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʚʳʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  
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ɻʣʘʚʘ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʤʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ʇʦʨʦʰʢʠ ʤʝʪʘʣʣʦʚ ʢʚʘʣʠʬʠʢʘʮʠʶ ʯʜʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʦʪʦʞʞʝʥʳ ʚ ʪʦʢʝ ʚʦ-

ʜʦʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ. ʉʝʣʝʥ ʚ ʛʨʘʥʫʣʘʭ ʠʤʝʣ ʯʠʩʪʦʪʫ 99.999%, ʛʘʣʦʛʝʥʠʜʳ ʤʝ-

ʪʘʣʣʦʚ ï 98-99%, ʮʠʘʥʠʜ ʢʘʣʠʷ ï 96%, ʨʦʜʘʥʠʜ ʢʘʣʠʷ ï 99%, ʘʮʝʪʘʪ ʢʘʜʤʠʷ ï 99%, ʢʨʠ-

ʩʪʘʣʣʳ ʡʦʜʘ ï 99.8%, Bu4NClO4 ï >99.0%, Ph4PBr ʠ n-Bu4NBr ï 98%, 4-ʪʨʝʪʙʫʪʠʣʧʠʨʠʜʠʥ ï 

96% ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ ï 99%. ʈʝʘʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ: ʘʮʝʪʦʥ, ʘʮʝʪʦʥʠʪʨʠʣ, ʜʠʭʣʦʨʤʝʪʘʥ, ɼʄʌɸ, ʊɻʌ, ʧʝʥʪʘʥ, 

ʵʪʘʥʦʣ ʠʤʝʣʠ ʢʚʘʣʠʬʠʢʘʮʠʶ ʯʜʘ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

 ʈʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʠʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʫʜʘʣʷʣʠ ʜʣʠʪʝʣʴʥʳʤ ʢʠʧʷʯʝʥʠʝʤ 

ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋɿ-ʚʘʥʥʳ 

ʉʘʧʬʠʨ 5.7. 

 MoSe2 ʠ ReSe2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ ʠ ʤʦʣʠʙ-

ʜʝʥʘ ʩ ʩʝʣʝʥʦʤ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʠ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫ-

ʣʘʭ, ʢʦʪʦʨʳʝ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600-800ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ.  

 ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ ʢʦʥʨʦʣʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝ-

ʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʩʣʫʯʘʝ ʥʝʫʩʪʦʡʯʠʚʳʭ ʢ ʚʳʚʝʪʨʠʚʘʥʠʶ ʠ ʪʝʨʷʚʰʠʭ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ, ʘʥʘʣʠʟ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. 

 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ
1
 ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ: Bruker X8 APEX ʉʉD, Agilent Xcalibur ʉʉD AtlasS2, APEX II  Bruker 

AXS ʠ D8Venture Bruker AXS. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ Mo KŬ (l = 

0,71073 ¡) ʩ ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. ʇʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʧʘʨʘ-

ʤʝʪʨʳ ʷʯʝʡʢʠ, ʠʥʜʝʢʩʳ ʄʠʣʣʝʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʤʝʨʝʥʥʳʭ ʦʪʨʘʞʝʥʠʡ, ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʩ ʜʠʬʨʘʢʪʦʤʝʪʨʦʤ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʲʝʤʢʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ. ʋʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤ-

ʤʳ SADABS [170]. ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯ-

ʥʳʤ ʄʅʂ ʧʦ F
2
, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʳ SHELXL-2014 ʚ ʘʥʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ (ʟʘ ʠʩʢʣʶ-

ʯʝʥʠʝʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ) [171]. ɺʢʣʘʜ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʩʪʨʫʢ-

ʪʫʨ 19, 21ï22 ʦʮʝʥʠʚʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʮʝʜʫʨʫ SQUEEZE ʧʨʦʛʨʘʤʤʳ PLATON [172]. ɸʪʦ-

                                                           
1
 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʠʣʠ Lemoine P. ʠ Dorcet V. (ʠʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ 

ʥʘʫʢ ʈʝʥʥʘ, ʌʨʘʥʮʠʷ, ʮʝʥʪʨ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ CDIFX); ʢ.ʭ.ʥ. ʇʠʨʷʟʝʚ ɼ.ɸ., ʢ.ʭ.ʥ. ʉʘʤʩʦʥʝʥʢʦ ɼ.ɻ. (ʀʅʍ ʉʆ 

ʈɸʅ). 
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ʤʳ ʚʦʜʦʨʦʜʘ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʝ ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥ-

ʜʦʚ ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ʇʦʟʠʮʠʠ ʤʝʪʘʣʣʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʛʝʪʝ-

ʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʟʘʥʠʤʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʘʪʦʤʘʤʠ ʨʝʥʠʷ ʠ ʤʦʣʠʙ-

ʜʝʥʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʧʦʟʠʮʠʷʭ ʫʪʦʯʥʷʣʠ ʥʝʟʘʚʠʩʠʤʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʣʥʦʡ 

ʟʘʥʷʪʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʧʦʟʠʮʠʡ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʨʘʢʮʠ-

ʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. ʇ1ïʇ6 ʚ ʇʨʠʣʦʞʝʥʠʷʭ. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 

11 ʠ 12. 

 ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ, ʠʩ-

ʧʦʣʴʟʫʷ ʜʠʬʨʘʢʪʦʤʝʪʨʳ Philips PW1820/1710 ʠ Bruker Advanced D8, ʩ ʤʝʜʥʳʤ ʤʦʥʦʭʨʦʤ-

ʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (Cu Ka1 1,54060 ¡). ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ PowderCell 2.4 [173]. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 2ï4, 6, 

15, 16 ʠ 18 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. ʇ1ïʇ3 ʚ ʇʨʠʣʦʞʝʥʠʷʭ. 

 ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʕʣʝʤʝʥʪʥʳʡ (C, H, N, S) ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠ-

ʟʘʪʦʨʘ Thermo Electron Microanalyser Flash EA1112 CHNS/O. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Hitachi TM-3000 ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ Bruker Nano EDS 

ʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ JEOL JSM-7100F c EDS ʘʥʘʣʠʟʘʪʦʨʦʤ Oxford Instruments 

AZtecEnergy.  

 ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʀʂ-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʠʟ KBr ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker Scimitar FTS 2000 ʚ ʠʥʪʝʨʚʘʣʝ 4000ï375 

ʩʤ
ī1

. 

 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ
2
. ʉʧʝʢʪʨʳ ʕʇʈ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 77K ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕʇʈ-ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker EMX. 

 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ
3
. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʵʣʝʢʪʨʦʩʧʨʝʡ ʠʦʥʠʟʘ-

ʮʠʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨʦʚ Bruker maXis 4G ESI-q-TOF ʠ 

Thermo Scientifi Q Exactive. ʉʠʛʥʘʣʳ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ 

ʚ ʦʙʣʘʩʪʠ 300ï3000 m/z (ʚʧʨʳʩʢʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.18 ʤʣ/ʯʘʩ, ʥʘʧʨʷʞʝʥʠʝ 

+2500ɺ, ʜʘʚʣʝʥʠʝ ʨʘʩʧʳʣʠʪʝʣʷ 2 ʙʘʨ, ʪʦʢ ʩʫʭʦʛʦ ʛʘʟʘ 6 ʣ/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 200Áʉ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʮʝʪʦʥʠʪʨʠʣ, ʜʠʭʣʦʨʤʝʪʘʥ. 

                                                           
2
 ʕʇʈ ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ Guizouarn Th. (ʠʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʈʝʥʥʘ). 

3
ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʢ.ʬ.-ʤ.ʥ. ʗʥʰʦʣʝ ɺ.ɺ. (ʄʊʎ ʉʆ ʈɸʅ) ʠ Jehan Ph. 

(ʮʝʥʪʨ CRMPO, ʈʝʥʥ, ʌʨʘʥʮʠʷ). 
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 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ
4
. 

77
Se ʗʄʈ ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʧʦ-

ʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʘ BRUKER Avance III  400 ʄɻʮ.  

 ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʨʘʩʪʚʦʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʠʥ-

ʪʝʨʚʘʣʝ 200-1100 ʥʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ Analytik Jena Specord 205, Ag-

ilent Carry 60 ʠ Perkin Elmer Lambda 35.  

 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ
5
. ʀʟʤʝʨʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦ-

ʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʝʞʠʤʝ ʧʨʦʧʫʩʢʘʥʠʷ ʩ ʵʥʝʨʛʠʷʤʠ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

Mo (K-ʢʨʘʡ ʧʦʛʣʦʱʝʥʠʷ, 20 ʢʵɺ) ʜʣʷ Re (L3-ʢʨʘʡ ʧʦʛʣʦʱʝʥʠʷ, 10.535 ʢʵɺ) ʥʘ ʩʪʘʥʮʠʠ ʠʩ-

ʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ SAMBA ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʮʝʥʪʨʘ Soleil ʚʦ ʌʨʘʥʮʠʠ 

[174]. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʘʜʘʶʱʝʛʦ ʠ ʧʨʦʭʦʜʷ-

ʱʝʛʦ ʧʫʯʢʘ ʩ ʧʦʤʦʱʴʶ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨ Oxford [175]. ɺ ʭʦʜʝ ʠʟʤʝʨʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʡ 

ʦʙʨʘʟʝʮ (ʤʦʣʠʙʜʝʥʦʚʘʷ ʠ ʨʝʥʠʝʚʘʷ ʬʦʣʴʛʘ) ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʣʠʩʴ ʩ ʦʩʪʘʪʦʯʥʳʤʠ ʬʦ-

ʪʦʥʘʤʠ ʚʪʦʨʦʡ ʠʦʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʵʥʝʨʛʠʠ.  

 ʈʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʘ ʧʝʨʝʪʠʨʘʣʠ ʚ ʩʪʫʧʢʝ, ʩʤʝʰʠʚʘʣʠ ʩ ʮʝʣʣʶʣʦʟʦʡ ʠ 

ʧʨʝʩʩʦʚʘʣʠ ʚ ʪʘʙʣʝʪʢʫ. ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝ-

ʜʫʨr: ʚʳʯʠʪʘʥʠʝ ʬʦʥʘ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ, ʠʟʚʣʝʯʝʥʠʝ ʩʠʛʥʘʣʘ EXAFS ɢ(k) ʠ 

ʝʛʦ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʘʨʪʫ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ R ʚʦʢʨʫʛ ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʪʦʤʘ. ʇʘʢʝʪ ʧʨʦʛʨʘʤʤ Demeter ʠʩʧʦʣʴʟʦʚʘʣ-

ʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʫʪʦʯʥʝʥʠʷ ʜʘʥʥʳʭ [176]. ʀʩʭʦʜʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ. ɿʘʩʝʣʝʥʥʦʩʪʠ ʧʦ-

ʟʠʮʠʡ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ, ʭʘʨʘʢʪʝʨ-

ʥʦʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʟʦʤʝʨʘ ʤʝʪʘʣʣʦʦʩʪʦʚʘ. ʂʦʥʝʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʫʪʦʯʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 10 ʠ 8 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. ʇ7, ʇ8 ʚ 

ʇʨʠʣʦʞʝʥʠʷʭ.  

 ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ
6
. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

[Re3Mo3Se8(CN)6]
n-
, [Re4Mo2Se8(CN)6]

n-
 ʠ [Re5MoSe8(CN)6]

n-
 ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʦ-

ʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ ADF2017 [177-179]. ɻʝʦ-

                                                           
4
 ʉʧʝʢʪʨʳ ʗʄʈ ʥʘ ʷʜʨʝ 77Se ʙʳʣʠ ʟʘʨʝʛʝʩʪʨʠʨʦʚʘʥʳ Orione C. (ʮʝʥʪʨ CRMPO, ʈʝʥʥ, ʌʨʘʥʮʠʷ). 

5
 ʉʧʝʢʪʨʳ EXAFS ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ Prestipino C. (ʠʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʈʝʥʥʘ) ʧʨʠ ʫʯʘʩʪʠʠ ʩʦ-

ʠʩʢʘʪʝʣʷ ʚ ʩʠʥʭʨʦʪʨʦʥʥʦʤ ʮʝʥʪʨʝ Soleil, ʌʨʘʥʮʠʷ ʥʘ ʣʠʥʠʠ SAMBA. 
6
 ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚʳʧʦʣ-

ʥʝʥʳ ʢ.ʬ.-ʤ.ʥ. ʈʳʞʠʢʦʚʳʤ ʄ.ʈ. (ʀʅʍ ʉʆ ʈɸʅ). 
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ʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʘ PW92 + revPBE [180, 181]. ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʟʠʩ ZORA/TZ2P c 

ʫʯʝʪʦʤ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ [182, 183]. ʕʬʬʝʢʪʳ ʚʦʜʥʦʛʦ ʦʢʨʫʞʝ-

ʥʠʷ ʙʳʣʠ ʫʯʪʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ COSMO (Conductor like Screening Model ï ʤʦ-

ʜʝʣʴ ʵʢʨʘʥʠʨʦʚʢʠ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʪʠʧʘ) [184]. ɼʠʘʛʨʘʤʤʳ MO ʠ ʪʠʧʠʯʥʦʝ ʩʪʨʦʝʥʠʝ 

ɺɿʄʆ, ɺɿʄʆ-1 ʠ ʅʉʄʆ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re5MoSe8(CN)6]
n-
 (n = 3 ï 5) ʠ 

[Re4Mo2Se8(CN)6]
n-
 (n = 4 ï 6) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. ʇ4ïʇ6 ʚ ʇʨʠʣʦʞʝʥʠʷʭ.  

 ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ
7
. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦ-

ʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʦʚ Metrohm Computrace 797 VA ʠ Elins P-20X8, ʠʩʧʦʣʴʟʫʷ 

ʩʪʘʥʜʘʨʪʥʫʶ ʪʨʝʭʵʣʝʢʪʨʦʜʥʫʶ ʩʭʝʤʫ (ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ï ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ, ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʡ ï ʧʣʘʪʠʥʦʚʳʡ, ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ, 3.5 M KCl). ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 2-3 Ĭ 10
ī3

 M ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ɼʄʌɸ 

ʠʣʠ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 0.1 ʄ ʨʘʩʪʚʦʨBu4NClO4. ɺʩʝ ʠʟ-

ʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ.  

 ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ
8
. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦ-

ʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NETZSCH TG 209 F1 Iris ʚ ʪʦʢʝ ʛʝʣʠʷ (30 ʤʣ/ʤʠʥ) ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʥʘʛʨʝʚʘ 10 ÁC/ʤʠʥ. 

 ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ
9
. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝ-

ʥʠʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʢʪʨʦʤʝʪʨ 3101 PC UV/VIS/NIR. 

2.2. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

K6[Re3Mo3Se8(CN)5] (1) 

K5[Re3Mo3Se8(CN)6]Ā11H2O (2) 

Cs5[Re3Mo3Se8(CN)6]ĀH2O (3) 

(Ph4P)4[Re3Mo3Se8(CN)6]Ā2CH3CN (4) 

K6[Re3.6Mo2.4Se8(CN)5] (5) 

K5[Re5MoSe8(CN)6]Ā11H2O (6) 

(n-Bu4N)4[Re5MoSe8(CN)6] (7) 

K5[Re3.5Mo2.5Se8(CN)6]Ā11H2O (8) 

(Ph4P)4[Re3.5Mo2.5Se8(CN)6]Ā2CH3CN (9) 

                                                           
7
 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥ rʢ.ʭ.ʥ. ɻʘʡʬʫʣʠʥʳʤ ʗ.ʄ. (ʀʅʍ ʉʆ ʈɸʅ). 

8
 ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢ.ʭ.ʥ. ʇʣʶʩʥʠʥʳʤ ʇ.ɽ. (ʀʅʍ ʉʆ ʈɸʅ). 

9
 ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʖʰʠʥʦʡ ʀ.ɺ. (ʀʅʍ ʉʆ ʈɸʅ). 
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(n-Bu4N)4[Re4Mo2Se8(CN)6] (10) 

K4[Re4Mo2Se8(CN)6] (11) 

K5[Re3Mo3Se8(CN)6]Ā11H2O (12) 

(n-Bu4N)4[Re3Mo3Se8(CN)6] (13) 

(n-Bu4N)4[Re3Mo3Se8(CN)6]Ā3H2O (13Ā3H2O) 

{[Cd(NH3)5]2(Cd(NH3)4]3[Re3Mo3Se8(CN)6]2}Ŀ5H2O (14) 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Cl ( 15) 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Br ( 16) 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}I ( 17) 

{[Cd(NH3)4]2[Cd(NH3)3(NCS)]Re3Mo3Se8(CN)6]} ( 18) 

[Co(NH3)6]4[{Co(NH3)2}{Re 3Mo3Se8(CN)6} 2]Ā15H2O (19) 

[Ni(NH 3)6]4[{Ni(NH 3)2}{Re 3Mo3Se8(CN)6} 2]Ā15H2O (20) 

[Re3Mo3Se8(tbp)6] (21) (tbp ï 4-ʪʨʝʪʙʫʪʠʣʧʠʨʠʜʠʥ) 

[Re4Mo2Se8(tbp)6] (22) 

[Re4Mo2Se8(PPh3)6] (23) 

2.3. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ 

2.3.1. K6[Re3Mo3Se8(CN)5] (1) 

 ʉʤʝʩʴ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ MoSe2(0.900 ʛ, 3.54 ʤʤʦʣʴ), ReSe2(1.220 ʛ, 3.54 

ʤʤʦʣʴ) ʠ ʠʟʙʳʪʢʘ KCN(2.032 ʛ, 31.21 ʤʤʦʣʴ) ʪʱʘʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʣʠ ʚ ʩʪʫʧʢʝ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʫ ʩ ʨʝʘʛʝʥ-

ʪʘʤʠ ʥʘʛʨʝʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 630ÁC ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 14 

ʜʥʝʡ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ. ʇʦʣʫ-

ʯʝʥʥʳʡ ʨʘʩʧʣʘʚ, ʩʦʜʝʨʞʘʱʠʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 1, ʦʪʤʳʚʘʣʠ ʦʪ ʠʟ-

ʙʳʪʢʘ KCN ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ ʩ ʧʦʤʦʱʴʶ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ ʧʨʦʜʫʚʢʦʡ ʘʨʛʦʥʦʤ. 

ʇʨʠʤʝʩʴ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʜʠʩʝʣʝʥʠʜʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʫʜʘʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʵʪʘʥʦʣʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʢʘʥʪʘʮʠʝʡ ʩʫʩʧʝʥʟʠʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʩʫʰʠʣʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ ʤʘʩʣʷʥʦʛʦ ʥʘʩʦʩʘ. ɺʳʭʦʜ 1 1.560 ʛ (72%). ɺʳ-

ʭʦʜ ʧʨʦʜʫʢʪʘ 1 ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥ ʜʦ 90% ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʜʦ 4 ʥʝʜʝʣʴ. 

ʂʨʠʩʪʘʣʣʳ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʨʝʘʢʮʠʦʥ-

ʥʦʡ ʩʤʝʩʠ. ʉʦʝʜʠʥʝʥʠʝ 1 ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʠ ʚʣʘʛʠ. ʇʝʨʝ-

ʪʠʨʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʟʘʧʠʩʴ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟ-
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ʨʫʰʝʥʠʶ ʦʙʨʘʟʮʘ ʠ ʠʟʤʝʥʝʥʠʶ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʠʟʤʝʣʴʯʝʥʥʳʭ ʠ ʩʥʷʪʳʭ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʨʠ-

ʩʪʘʣʣʦʚ 1 ʩʦʩʪʘʚʠʣʦ: K : Mo : Re : Se = 5.9 : 2.9 : 3.1 : 8.4. ɺ ʨʘʩʯʝʪʝ ʥʘ C5N5Se8K6Mo3Re3: C 

3.26, N 3.80 ʙʳʣʦ ʥʘʡʜʝʥʦ: C 3.31, N 3.37%. ʀʂ(KBr): n= 2072, 2093 ʩʤ
ī1

 (CſN). 

2.3.2 K5[Re3Mo3Se8(CN)6]Ā11H2O (2) 

 ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 1 (0.500 ʛ, 0.27 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ KCN 

(0.050 ʛ, 0.77 ʤʤʦʣʴ; 10 ʤʣ) ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʩʣʘʙʦʤ ʥʘʛʨʝʚʘʥʠʠ 

ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘ-

ʣʠ ʠ ʫʧʘʨʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʜʦ ʦʙʲʝʤʘ ʚ 3 ʤʣ. ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 3 ʤʣ 

ʵʪʘʥʦʣʘ ʜʦ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ 2. ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦ-

ʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 2: 0.355 ʛ (71%). ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 2, ʧʦʜʭʦʜʷʱʠʝ 

ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ 

ʧʘʨʦʚ ʵʪʘʥʦʣʘ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʦʝʜʠʥʝʥʠʷ 2 (100 ʤʛ/ʤʣ). ʉʦʦʪʥʦʰʝ-

ʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 2 ʩʦʩʪʘʚʠʣʦ: K : Mo : Re : Se = 

4.8 : 2.9 : 3.1 : 8.1. ɺ ʨʘʩʯʝʪʝ ʥʘ C6N6K5Se8Mo3Re3(H2O)5: C 3.75, H 0.52, N 4.38; ʙʳʣʦ 

ʥʘʡʜʝʥʦ C 3.78, H 0.54, N 4.02%. ʀʂ(KBr): n = 3570, 1614 (OïH); 2093 ʩʤ 
ī1

 (CſN). ʕʉʇ 

(H2O): lmax(e) = 236 (46970), 550(1487); 613 ʥʤ (735 ʤʦʣʴ
ī1

 ʜʤ
3
 ʩʤ

ī1
). 

2.3.3. Cs5[Re3Mo3Se8(CN)6]ĀH2O (3) 

 ʉʦʝʜʠʥʝʥʠʝ 2 (0.500 ʛ, 0.26 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ CsCl(0.500 ʛ, 

2.97 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲʝʤʘ ʦʢʦʣʦ 2 ʤʣ ʠ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʩʧʠʨʪʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 3: 0.513 ʛ (82%). ʂʨʠʩʪʘʣʣʳ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʨʝʥʪʛʝ-

ʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʫʟʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝ-

ʥʠʷ 2 (15 ʤʛ/ʤʣ) ʚ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ CsCl (150 ʤʛ/ʤʣ) ʚ ʪʦʥʢʦʡ ʪʨʫʙʢʝ ʩ 

ʧʝʨʝʪʷʞʢʦʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 3 ʩʦ-

ʩʪʘʚʠʣʦ Cs : Mo : Re : Se = 5.1 : 2.9 : 3.1 : 8.5. ɺ ʨʘʩʯʝʪʝ ʥʘ C6N6Cs5Se8Mo3Re3(H2O)4: C 3.04, 

H 0.34, N 3.54; ʙʳʣʦ ʥʘʡʜʝʥʦ: C 2.91, H 0.32, N 3.38%. ʀʂ (KBr): n = 3432, 1606 (OïH), 

2095 ʩʤ
ī1

 (CſN). 
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2.3.4. (Ph4P)4[Re3Mo3Se8(CN)6]Ā2CH3CN (4). 

 100 ʤʛ(0.05 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʷ 2 ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʚʦʜʳ. ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩ-

ʪʚʦʨʫ ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ Ph4PBr (0.140 ʛ, 0.3ʤʤʦʣʴ; 

15 ʤʣ) ʜʦ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, 

ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʥʘ ʚʦʟʜʫʭʝ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ʀʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʡ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʦʙʝʩʮʚʝʯʠʚʘʣʩʷ, ʠ ʥʘ 

ʩʪʝʥʢʘʭ ʠ ʜʥʝ ʩʪʘʢʘʥʘ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʝʤʥʦ-ʩʠʥʠʝ ʢʨʠʩʪʘʣʣʳ. ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ, ʤʘʪʦʯ-

ʥʳʡ ʨʘʩʪʚʦʨ ʜʝʢʘʥʪʠʨʦʚʘʣʠ ʠ ʩʫʰʠʣʠ ʢʨʠʩʪʘʣʣʳ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 4: 116 ʤʛ (76%). ʉʦ-

ʝʜʠʥʝʥʠʝ 4 ʥʘ ʚʦʟʜʫʭʝ ʙʳʩʪʨʦ ʪʝʨʷʣʦ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʘʤʦʨʬʠʟʘʮʠʠ ʦʙʨʘʟʮʘ. ʇʝʨʝʪʠʨʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ ʧʦʟʚʦʣʠ-

ʣʦ ʟʘʤʝʜʣʠʪʴ ʧʨʦʮʝʩʩ ʘʤʦʨʬʠʟʘʮʠʠ ʠ ʟʘʧʠʩʘʪʴ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘ-

ʯʝʩʪʚʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 4 ʩʦʩʪʘʚʠʣʦ 

Re :Mo : Se : P = 2.8 : 3.2 : 7.7 : 3.8. ɺ ʨʘʩʯʝʪʝ ʥʘ C106H86Mo3N8P4Re3Se8: C 41.42, H 2.82, N 

3.65; ʙʳʣʦ ʥʘʡʜʝʥʦ: C 41.61, H 2.55, N 3.71%. ESI-MS (ï, CH3CN/DMF) ʚ ʨʘʩʯʝʪʝ ʥʘ 

(Ph4P)[Re3Mo3Se8(CN)6]
2ī

 987.55, ʥʘʡʜʝʥʦ 987.51(100%); (Ph4P)2[Re3Mo3Se8(CN)6]
2ī

 

1156.12, ʥʘʡʜʝʥʦ 1156.07(69%); (Ph4P)[Re4Mo2Se8(CN)6]
2ī

 1033.08, ʥʘʡʜʝʥʦ 1033.03(15%); 

(Ph4P)[Re2Mo4Se8(CN)6]
2ī

 942.03, ʥʘʡʜʝʥʦ 941.98, 10%; (Ph4P)2[Re4Mo2Se8(CN)6]
2ī

 1201.65, 

ʥʘʡʜʝʥʦ 1201.59(9%) (Ph4P)2[Re2Mo4Se8(CN)6]
2ī

 1112.61, ʥʘʡʜʝʥʦ 1112.55(7%). ʀʂ (KBr): n 

= 2091 ʩʤ
-1
 (CſN); 1436, 1107, 995, 754, 721, 691, 526 (ʤʘʢʩʠʤʫʤʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ Ph4P
+
). ʕʉʇ (ɼʄʌɸ): lmax(e) = 567 ʥʤ (2360 ʤʦʣʴ

ī1
 ʜʤ

3
 ʩʤ

ī1
), 666 

(748), 820 (738), 922 (776).  

2.3.5. K6[Re3.6Mo2.4Se8(CN)5] (5) 

 ʉʦʝʜʠʥʝʥʠʝ 5 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʜʣʷ 1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ. 

ɹʳʣʠ ʚʟʷʪʳ ʥʘʚʝʩʢʠ ʨʝʘʛʝʥʪʦʚ: MoSe2 (1.777 ʛ, 7.00 ʤʤʦʣʴ), ReSe2 (2.409 ʛ, 7.00 ʤʤʦʣʴ), 

KCN (4.023 ʛ, 61.92 ʤʤʦʣʴ). ɸʤʧʫʣʫ ʩ ʨʝʘʛʝʥʪʘʤʠ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ ʠ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʪʤʳʚʘʣʠ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ʈʘʩʪʚʦʨ ʧʨʠ ʧʨʦʤʳʚʘʥʠʠ ʧʨʠʦʙʨʝʪʘʣ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʫʶ ʦʢʨʘʩʢʫ ʠ ʩʦʜʝʨʞʘʣ ʩʦʝʜʠʥʝʥʠʝ 6. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 5 ʦʯʠʱʘʣʠ ʦʪ ʧʨʠʤʝʩʠ MoSe2 ʧʨʠ ʧʦʤʦʱʠ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʵʪʘʥʦʣʝ. ɺʳʭʦʜ 5: 2.750 ʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʘʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠ-

ʩʪʘʣʣʳ 5 ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʶ 1. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

5 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʩʦʩʪʘʚʠʣʦ: K : Mo : Re : Se  5.9 : 3.6 : 2.4 : 8.4. 
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2.3.6. K5[Re5MoSe8(CN)6]Ā11H2O (6) 

 ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠʟ 2.5 ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 3 ʤʣ ʠ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ, ʯʪʦ ʧʨʠʚʦ-

ʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʥʘ ʩʪʝʥʢʘʭ ʩʪʘʢʘʥʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʦʩʘʜʦʢ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 6: 700 ʤʛ. ɼʘʥʥʳʝ 

ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 6 ʠʟʦʩʪʨʫʢʪʫʨʥʦ 2. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝ-

ʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʦʙʨʘʟʮʘ 6 ʩʦʩʪʘʚʠʣʦ: K : Mo : Re : Se  6.3 : 1.0 : 5.0 

: 8.1.  ʀʂ (KBr): n = 2095 ʩʤ
-1
 (CſN). ʕʉʇ (H2O): lmax(e) = 230 ʥʤ (50840 ʤʦʣʴ

ī1
 ʜʤ

3
 ʩʤ

ī1
), 

477 (454). 

2.3.7. (n-Bu4N)4[Re5MoSe8(CN)6] (7) 

 80 ʤʛ ʩʦʝʜʠʥʝʥʠʷ 6 ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʙʨʦʤʠ-

ʜʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ (150 ʤʛ ʚ 10 ʤʣ). ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 0.1 M HCl ʜʦ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ, 

ʨʘʩʪʚʦʨ ʜʝʢʘʥʪʠʨʦʚʘʣʠ, ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʩʫʰʠʣʠ 

ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʘʮʝʪʦʥʘ. ɺʳʭʦʜ 7 : 75 ʤʛ (74%). ʂʨʠʩʪʘʣʣʳ, ʧʦʜ-

ʭʦʜʷʱʠʝ ʜʣʷ ʈʉɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ ʨʘʩʪʚʦʨ 7 ʚ ʘʮʝ-

ʪʦʥʝ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 7 ʩʦʩʪʘʚʠʣʦ 

Re : Mo : Se 4.9 : 1.1 : 7.4. ɺ ʨʘʩʯʝʪʝ ʥʘ C70H144N10Se8Mo1Re5: ʉ 30.03 H 5.19 N 5.01 ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʉ 30.01 H 5.11 N 4.95%. ESI-MS: (ï, CH2Cl2): ʚ ʨʘʩʯʝʪʝ ʥʘ ((n-

Bu)4N)2[Re4Mo2Se8(CN)6]
2-
 1150.32, ʥʘʡʜʝʥʦ 1150.30 (100%); ((n-Bu)4N)[Re4Mo2Se8(CN)6]

2-
 

1029.16, ʥʘʡʜʝʥʦ 1029.16 (65%); [Re4Mo2Se8(CN)5]
3-
 605.34, ʥʘʡʜʝʥʦ 605.36 (18%). ʀʂ 

(KBr): n = 2108 ʩʤ
-1
 (CN), 2958, 2872, 1629, 1485, 1381, 1150, 883, 739 (ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚ-

ʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ (ʉH3(CH2)3)4N
+
). ʕʉʇ (CH3CN) lmax(e): 232 ʥʤ (48560 M

-1
ʩʤ

-

1
), 464 (724), 518 (573), 562 (894), 665 (193), 957 (411).  

2.3.8. K5[Re3.6Mo2.4Se8(CN)6]Ā11H2O (8) 

 ʉʦʝʜʠʥʝʥʠʝ 8 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟ 5 ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʜʣʷ 2. 2.600 ʛ (1.35 ʤʤʦʣʴ) 

ʚʝʱʝʩʪʚʘ 5, KCN (0.300 ʛ, 4.62 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 30 ʤʣ ʚʦʜʳ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦ ʦʙʲʝ-

ʤʘ 10 ʤʣ ʠ ʜʦʙʘʚʠʣʠ 30 ʤʣ ʵʪʘʥʦʣʘ. ɺʳʭʦʜ 8 2.460 ʛ (91%). ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʝ 8 ʠʟʦʩʪʨʫʢʪʫʨʥʦ 2. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ 

ʦʙʨʘʟʮʘ 8 ʩʦʩʪʘʚʠʣʦ: K : Mo : Re : Se  4.8 : 3.6 : 2.4 : 8.1.  
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2.3.9. (Ph4P)4[Re3.6Mo2.4Se8(CN)6]Ā2CH3CN (9) 

 ʉʦʝʜʠʥʝʥʠʝ 9 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʥʘʣʦʛʠʯʥʦ 4. ʉʦʣʴ 8 (135 ʤʛ, 0.06 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 

10 ʤʣ ʚʦʜʳ ʠ ʜʦʙʘʚʠʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ Ph4PBr (200 ʤʛ, 0.48 ʤʤʦʣʴ; 15 ʤʣ). ɺʳʭʦʜ 9: 180 

ʤʛ (89%). ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 9 ʠʟʦʩʪʨʫʢʪʫʨʥʦ 4. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷ-

ʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 9 ʩʦʩʪʘʚʠʣʦ: P : Re : Mo : Se 

4.3:3.6:2.4:7.7. ESI-MS: CH2Cl2 ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ, m/z ʜʣʷ 

{(Ph4P)5[Re4Mo2Se8(CN)6]}
1+

 3422.6828, ʥʘʡʜʝʥʦ 3422.6390 (100%); ʜʣʷ 

{(Ph4P)5[Re3Mo3Se8(CN)6]}
1+
Ā3331.6288, ʥʘʡʜʝʥʦ  3331.5871(85%);  ʜʣʷ 

{(Ph4P)5[Re2Mo4Se8(CN)6]}
1+

 3241.6827, ʥʘʡʜʝʥʦ 3241.5378 (<5%). ʕʉʇ (ɼʄʌɸ): lmax(e) = 

564 ʥʤ (2300 ʤʦʣʴ
ī1

 ʜʤ
3
 ʩʤ

ī1
), 613(986), 666 (682), 831 (821), 934 (830).  

2.3.10. (n-Bu4N)4[Re4Mo2Se8(CN)6] (10) 

 ʉʦʝʜʠʥʝʥʠʝ 8 (2.000 ʛ, 0.96 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 20 ʤʣ ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ n-Bu4NBr (1.750 ʛ, 5.45 ʤʤʦʣʴ; 10 

ʤʣ). ʇʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ 

10, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʧʦʚʳʰʝʥʠʝʤ pH ʨʘʩʪʚʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʬʠʣʴʪʨʦ-

ʚʘʥʠʝʤ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʘ. 

ɺʳʭʦʜ 10: 1.206 ʛ (93%). ʂʨʠʩʪʘʣʣʳ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʈʉɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʊɻʌ ʚ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ 10. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 10 ʩʦʩʪʘʚʠʣʦ Re : Mo : Se 3.9 : 2.1 : 8.3. ɺ ʨʘʩʯʝʪʝ ʥʘ 

C70H144N10Se8Mo2Re4: ʉ 31.20 H 5.39 N 5.20 ʙʳʣʦ ʥʘʡʜʝʥʦ ʉ 30.86 H 5.41 N 5.03%. ESI-MS: 

(ï, CH2Cl2): ʚ ʨʘʩʯʝʪʝ ʥʘ ((n-Bu)4N)2[Re4Mo2Se8(CN)5]
2-
 1104.80, ʥʘʡʜʝʥʦ 1104.79 (100%); 

((n-Bu)4N)[Re4Mo2Se8(CN)6]
2-
 983.65, ʥʘʡʜʝʥʦ 983.64 (52%); ((n-Bu)4N)1[Re4Mo2Se8(CN)5]

2-
 

970.65, ʥʘʡʜʝʥʦ 970.64 (48%); {((n-Bu)4N)3[Re4Mo2Se8(CN)6](CH3CO)}
2-
 1247.45, ʥʘʡʜʝʥʦ 

1247.42 (30%); {((n-Bu)4N)3[Re4Mo2Se8(CN)6]N }
2-
 1232.94, ʥʘʡʜʝʥʦ 1232.91 (20%). 

77
Se 

ʗʄʈ [D6]ʘʮʝʪʦʥ, d: 14 ʤ.ʜ, 297, 322, 495. ʀʂ (KBr): n = 2106 ʩʤ
-1
 (CN), 2962, 2871, 1627, 

1481, 1381, 1151, 883 (ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ (ʉH3(CH2)3)4N
+
). 

ʕʉʇ (CH3CN) lmax(e): 237 ʥʤ (45960 M
-1
ʩʤ

-1
), 531 (1223), 562 (1856), 821 (780), 913 (759). 

2.3.11. K4[Re4Mo2Se8(CN)6] (11) 

 1 ʛ (0.37 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʷ 10 ʨʘʩʪʚʦʨʠʣʠ ʚ 30 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʜʦʙʘʚʠʣʠ ʧʦ ʢʘʧ-

ʣʷʤ ʨʘʩʪʚʦʨ KSCN ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (500 ʤʛ, 2.57 ʤʤʦʣʴ; 20 ʤʣ). ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʜʝʣʠʣʠ 

ʜʝʢʘʥʪʠʨʦʚʘʥʠʝʤ, ʧʨʦʤʳʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 11 
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650 ʤʛ (93%). ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʦʢʘʟʘʣʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ 11 ʩʦʩʪʘʚʠʣʦ: K : Re : Mo : Se 3.7:3.8:2.2:8.2. ʕʉʇ 

(H2O) lmax(e): 236 (40394 M
-1
ʩʤ

-1
), 524 ʥʤ (994 M

-1
ʩʤ

-1
), 564 (1587), 641 (473), 790 (666), 914 

(624). 

2.3.12. K5[Re3Mo3Se8(CN)6]Ā11H2O (12) 

 ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠʟ 2.11 ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ CH2Cl2. ʆʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪʜʝʣʷʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʜʝʣʠʪʝʣʴʥʦʡ ʚʦʨʦʥʢʠ ʠ ʫʧʘʨʠʚʘʣʠ. ʇʨʦʜʫʢʪ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʧʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ KSCN (300 ʤʛ, 3.1 ʤʤʦʣʴ; 20 

ʤʣ), ʯʪʦ ʚʳʟʳʚʘʣʦ ʥʝʤʝʜʣʝʥʥʦʝ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠ-

ʬʫʛʠʨʦʚʘʥʠʝʤ, ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ, ʘ ʟʘʪʝʤ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 950 ʤʛ 

(97%). ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʩʦʝʜʠʥʝʥʠʝ 12 ʠʟʦʩʪʨʫʢʪʫʨʥʦ 2. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ 12 ʩʦʩʪʘʚʠʣʦ: K : Re : Mo : Se 5.3 : 3.0 : 3.0 : 8.2. 
77

Se ʗʄʈ 

[D2]ʚʦʜʘ, d: 172 ʤ.ʜ., 365. ʕʉʇ 238 ʥʤ, 548, 611, 785. 

2.3.13. (n-Bu4N)4[Re3Mo3Se8(CN)6] (13) ʠ (n-Bu4N)4[Re3Mo3Se8(CN)6]Ā3H2O (13Ā3H2O) 

 80 ʤʛ (0.04 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʷ 12 ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ n-

Bu4NBr (170 ʤʛ, 0.53 ʤʤʦʣʴ; 5 ʤʣ). ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʵʢʩʪʨʘʢʮʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ 

ʨʘʩʪʚʦʨʝ ʚ CH2Cl2. ʆʢʨʘʰʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʜʝʣʠʪʝʣʴʥʦʡ ʚʦ-

ʨʦʥʢʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʤʝʣ ʷʨʢʫʶ ʚʠʥʥʫʶ ʦʢʨʘʩʢʫ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚ-

ʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ ʡʦʜʘ ʚ CH2Cl2 ʜʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʨʘʩ-

ʪʚʦʨʘ ʥʘ ʪʝʤʥʦ-ʩʠʥʶʶ. ʇʨʦʮʝʩʩ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘ-

ʬʠʠ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʥʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʘʮʝʪʦʥʘ. ɺʳʭʦʜ 45 ʤʛ (43%). ʂʨʠʩʪʘʣʣʳ, ʧʦʜʭʦʜʷʱʠʝ 

ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ ʨʘʩʪʚʦʨ ʩʦʝʜʠʥʝʥʠʷ 13 ʚ 

ʘʮʝʪʦʥʝ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʚ: 13 ʠ 13Ā3H2O, ʩʦʜʝʨʞʘʱʝʝ ʩʦʣʴʚʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʉʦʝʜʠʥʝʥʠʝ 13 ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʩʦʝʜʠʥʝʥʠʷʤ 10 ʠ 7. ʈʌɸ ʧʦʨʦʰʢʘ 13 ʧʦʢʘ-

ʟʘʣ ʥʘʣʠʯʠʝ ʜʚʫʭ ʬʘʟ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʜʘʥʥʳʭ ʈʉɸ. ʇʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ ʚʳʩʫʰʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦʬʘʟʥʳʡ ʦʙʨʘʟʝʮ 13. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 13 Re : Mo : Se 3.0 : 3.0 : 7.4. ɺ ʨʘʩʯʝʪʝ ʥʘ C70H144N10Se8Mo3Re3 C 

32.28 H 5.57 N 5.38 ʙʳʣʦ ʥʘʡʜʝʥʦ C 31.75 H 5.46 N 5.24. ESI-MS: (ï, CH2Cl2) ʚ ʨʘʩʯʝʪʝ ʥʘ 

{(( n-Bu)4N)2[Re3Mo3Se8(CN)6]}
2-
 1059.27 ʥʘʡʜʝʥʦ 1059.26 (100%); {((n-
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Bu)4N)[Re3Mo3Se8(CN)6]}
2-
 938.11 ʥʘʡʜʝʥʦ 938.13 (86%); {((n-Bu)4N)3[Re3Mo3Se8(CN)5]}

1-
 

2362.83 ʥʘʡʜʝʥʦ 2362.80 (30%); [Re3Mo3Se8(CN)5]
3-
 544.66 ʥʘʡʜʝʥʦ 544.65 (29%). ʀʂ (KBr): 

n = 2106 ʩʤ
-1
 (CN), 2961, 2874, 1632, 1483, 1381, 1151, 883 (ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ (ʉH3(CH2)3)4N
+
). ʕʉʇ (CH3CN) lmax(e):244 ʥʤ (33960 M

-1
ʩʤ

-1
), 563 (1904), 

608 (1329), 663 (757), 903 (592).  

2.3.14. {[Cd(NH3)5]2(Cd(NH3)4]3[Re3Mo3Se8(CN)6]2}Ā5H2O (14) 

 ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 14 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʩʣʘʠʚʘʥʠʝʤ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

(12%, 2 ʤʣ) ʘʮʝʪʘʪʘ ʢʘʜʤʠʷ (8 ʤʛ, 0.034 ʤʤʦʣʴ) ʥʘ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ (6%, 2 ʤʣ) ʩʦ-

ʝʜʠʥʝʥʠʷ 2 (8 ʤʛ, 0.004 ʤʤʦʣʴ) ʚ ʪʦʥʢʦʡ ʪʨʫʙʢʝ ʩ ʧʝʨʝʪʷʞʢʦʡ. ʉʪʝʨʞʥʝʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʩʦʝʜʠʥʝʥʠʷ 14 ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʥʘ ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʂʨʠʩʪʘʣʣʳ 

ʜʣʷ ʈʉɸ ʦʪʙʠʨʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʢʘʟʘ-

ʣʠʩʴ ʥʝʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚʳʚʝʪʨʠʚʘʣʠʩʴ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣʘ ʥʝʚʦʟ-

ʤʦʞʥʘ ʚʚʠʜʫ ʘʤʦʨʬʠʟʘʮʠʠ ʦʙʨʘʟʮʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 14 ʩʦʩʪʘʚʠʣʦ Cd : Re :Mo : Se, 2.6 : 3.1 : 2.9 : 7.5. ʀʂ (KBr): n = ɜ(NïH) 3532 

ʩʤ 
ī1

, 3329, 3246 ɜ(CſN) 2083; ŭd(NH3) 1732, 1591, 1466; ŭs(NH3) 1200; ɟr(NH3) 582; ɜ(MïN) 

390.  

2.3.15. {[Cd(NH3)4]3Re3Mo3Se8(CN)6]}X (X = Cl(15), X = Br(16), X = I (17) ʠ 

{[Cd(NH3)4]2[Cd(NH3)3(NCS)]Re3Mo3Se8(CN)6]} (18) 

 {[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Cl ( 15). ɺʦʜʥʦ-ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ (25%, 4 ʤʣ) ʘʮʝʪʘʪʘ 

ʢʘʜʤʠʷ (25 ʤʛ, 0.108 ʤʤʦʣʴ) ʩʤʝʰʠʚʘʣʠ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʝʜʠʥʝʥʠʷ 2 (80 ʤʛ, 0.039 

ʤʤʦʣʴ) ʠ KCl (120 ʤʛ, 1.624 ʤʤʦʣʴ) ʚ 7 ʤʣ ʚʦʜʳ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʥʘ ʚʦʟʜʫʭʝ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʧʨʠ ʵʪʦʤ ʚʳʧʘʜʘʝʪ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ 15. ʈʘʩʪʚʦʨ ʥʘʜ ʦʩʘʜʢʦʤ 

ʜʝʢʘʥʪʠʨʦʚʘʣʠ, ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʩʧʠʨʪʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 15: 43 ʤʛ 

(50%). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 15 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʩʣʘʠʚʘʥʠʝʤ ʜʚʫʭ ʨʘʩʪʚʦʨʦʚ ʚ ʪʦʥ-

ʢʦʡ ʪʨʫʙʢʝ ʩ ʧʝʨʝʪʷʞʢʦʡ, ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʠʢʝ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 14, ʚʤʝʩʪʦ ʘʮʝʪʘʪʘ 

ʢʘʜʤʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʨʠʜ ʢʘʜʤʠʷ (6 ʤʛ, 0.033 ʤʤʦʣʴ). ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʥʘ 

ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʜʚʘ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʚ: ʩʪʝʨʞʥʝʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝ-

ʥʠʷ 14 ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 15. ʂʨʠʩʪʘʣʣʳ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʣʷ 

ʈʉɸ ʦʪʙʠʨʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 15 ʩʦʩʪʘʚʠʣʦ Cd : Re :Mo : Se : Cl, 3.1 : 3.2 : 2.8 : 8.3 : 
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0.9. ʀʂ (KBr): n = ɜ(NïH) 3555 ʩʤ 
ī1

, 3435,  3331, 3254, 3152;  ɜ(CſN) 2083; ŭd(NH3) 1639, 

1585; ŭs(NH3) 1190, 1150; ɟr(NH3) 579; ɜ(MïN) 384.  

 {[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Br ( 16). ʉʦʝʜʠʥʝʥʠʝ 16 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʥʘʣʦʛʠʯʥʦ 15. 

ɺʤʝʩʪʦ KCl ʠʩʧʦʣʴʟʦʚʘʣʠ KBr (120 ʤʛ, 1.018 ʤʤʦʣʴ). ɺʳʭʦʜ 16: 63 ʤʛ (72%). ʂʨʠʩʪʘʣʣʳ 

ʩʦʝʜʠʥʝʥʠʷ 16 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʢʨʠʩʪʘʣʣʘʤ 15, ʚʤʝʩʪʦ ʭʣʦʨʠʜʘ ʢʘʜʤʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ (12%, 2 ʤʣ) ʘʮʝʪʘʪʘ ʢʘʜʤʠʷ(8 ʤʛ, 0.035 ʤʤʦʣʴ) ʠ KBr (20 

ʤʛ, 0.169 ʤʤʦʣʴ). ʇʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʥʘ ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

16 ʩʦʩʪʘʚʠʣʦ Cd : Re :Mo : Se : Br, 3.3 : 2.8 : 3.2 : 8.5 : 1.0. ʀʂ (KBr): n = ɜ(NïH) 3560 ʩʤ 
ī1

, 

3427,  3331, 3146;  ɜ(CſN) 2083; ŭd(NH3) 1585; ŭs(NH3) 1186, 1146; ɟr(NH3) 577; ɜ(MïN) 386.  

 {[Cd(NH3)4]3Re3Mo3Se8(CN)6]}I ( 17). ʉʦʝʜʠʥʝʥʠʷ 17 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʥʘʣʦʛʠʯʥʦ 15, 

ʚʤʝʩʪʦ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʦʜʠʜ ʢʘʣʠʷ (150 ʤʛ, 0.904 ʤʤʦʣʴ). ɺʳʭʦʜ 17: 68 ʤʛ 

(76%). ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 17 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʦ 15, ʚʤʝʩʪʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ 

ʢʘʜʤʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʦïʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ (12%, 2 ʤʣ) ʘʮʝʪʘʪʘ ʢʘʜʤʠʷ (8 ʤʛ, 0.035 

ʤʤʦʣʴ) ʠ KI (18 ʤʛ, 0.109 ʤʤʦʣʴ). ʇʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 17 ʚʳʨʘʩʪʘʣʠ ʥʘ 

ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ.  ʇʨ. ʛʨ. Ὑ-3, a = 15.3596(14) ¡, c = 15.3897(13), 

a = 90Á, b = 90, g = 120, V = 3144.3(6) ¡
3
, Z = 3. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 17 ʩʦʩʪʘʚʠʣʦ Cd : Re :Mo : Se : I, 2.7 : 3.2 : 2.8 : 8.3 : 0.8. ʀʂ 

(KBr): n = ɜ(NïH) 3570 ʩʤ 
ī1

,  3335, 3250, 3148;  ɜ(CſN) 2087; ŭd(NH3) 1584; ŭs(NH3) 1180, 

1148; ɟr(NH3) 571; ɜ(MïN) 384.  

 {[Cd(NH3)4]2[Cd(NH3)3(NCS)]Re3Mo3Se8(CN)6]} ( 18). ʉʦʝʜʠʥʝʥʠʝ 18 ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʘʥʘʣʦʛʠʯʥʦ 15, ʚʤʝʩʪʦ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʦʜʘʥʠʜ ʢʘʣʠʷ (100 ʤʛ, 1.032 ʤʤʦʣʴ). 

ɺʳʭʦʜ 18: 68 ʤʛ (76%). ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 18 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʢʨʠʩʪʘʣʣʘʤ 

15, ʚʤʝʩʪʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʢʘʜʤʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʦïʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ (12%, 2 ʤʣ) 

ʘʮʝʪʘʪʘ ʢʘʜʤʠʷ (8 ʤʛ, 0.035 ʤʤʦʣʴ) ʠ KSCN (11 ʤʛ, 0.109 ʤʤʦʣʴ).  ʇʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠ-

ʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 18 ʚʳʨʘʩʪʘʣʠ ʥʘ ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʉʦʦʪʥʦʰʝ-

ʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 18 ʩʦʩʪʘʚʠʣʦ Cd : Re :Mo : Se : 

S, 3.3 : 3.1 : 2.9 : 8.6 : 1.1. ʀʂ (KBr): n = ɜ(NïH) 3570 ʩʤ 
ī1

,  3341, 3256;  ɜ(CſN) 2091; 

ŭd(NH3) 1585; ŭs(NH3) 1193; ɟr(NH3) 582; ɜ(MïN) 386.  



61 

 

2.3.16. [M(NH3)6]4[{M(NH 3)2}{Re3Mo3Se8(CN)6}2]Ā15H2O M = Co (19), Ni (20) 

 [Co(NH3)6]4[{Co(NH3)2}{Re 3Mo3Se8(CN)6} 2]Ŀ15H2O (19). 2 ʤʣ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʩʦʜʝʨʞʘʱʝʛʦ 7.0 ʤʛ CoCl2Ŀ6H2O (0.03 ʤʤʦʣʴ) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʤʤʠʘʢʘ 12 ʤʘʩʩʦʚʳʭ 

% (ʤʘʩʩ.%) ʥʘʩʣʘʠʚʘʣʠ ʥʘ 2 ʤʣ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝʥʠʷ 2 (12.0 ʤʛ, 0.006 

ʤʤʦʣʴ) (6 ʤʘʩʩ. % ʘʤʤʠʘʢʘ) ʚ ʪʦʥʢʦʡ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ ʩ ʧʝʨʝʪʷʞʢʦʡ. ʊʨʫʙʢʫ ʧʣʦʪʥʦ ʟʘ-

ʢʨʳʚʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʝʜʝʣʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘ 

ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ ʚʳʨʘʩʪʘʣʠ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 19. ʂʨʠʩʪʘʣʣʳ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʠ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʲʝʤʢʦʡ. ʉʦʦʪʥʦ-

ʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

19 ʩʦʩʪʘʚʠʣʦ Co : Re : Mo : Se 2.6 : 3.1 : 2.9 : 8.3. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣʘ ʥʝ-

ʚʦʟʤʦʞʥʘ ʚʚʠʜʫ ʘʤʦʨʬʠʟʘʮʠʠ ʦʙʨʘʟʮʘ. 

  [Ni(NH3)6]4[{ Ni(NH3)2}{Re 3Mo3Se8(CN)6} 2]Ŀ15H2O (20). ʉʦʝʜʠʥʝʥʠʝ 20 ʩ ʥʠʢʝʣʝʤ ʙʳ-

ʣʦ ʧʦʣʫʯʝʥʦ ʘʥʘʣʦʛʠʯʥʦ 19, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʜʝʨʞʘʱʝʛʦ 

8.0 ʤʛ NiCl2Ŀ6H2O (0.03 ʤʤʦʣʴ). ʂʨʠʩʪʘʣʣʳ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠ-

ʨʘʣʠ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʲʝʤʢʦʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 20 ʩʦʩʪʘʚʠʣʦ 

Ni : Re : Mo : Se 2.7 : 3.1 : 2.9 : 8.2. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣʘ ʥʝʚʦʟʤʦʞʥʘ ʚʚʠʜʫ 

ʘʤʦʨʬʠʟʘʮʠʠ ʦʙʨʘʟʮʘ. 

2.3.17. [Re3Mo3Se8(tbp)6] (21) ʠ [Re4Mo2Se8(tbp)6] (22) 

 [Re3Mo3Se8(tbp)6] (21). ʉʦʣʴʚʦʪʝʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 2 (60 ʤʛ, 0.030 ʤʤʦʣʴ) 

ʠ 4-ʪʨʝʪʙʫʪʠʣʧʠʨʠʜʠʥʘ (300 Õʣ, 2.222 ʤʤʦʣʴ) ʚ 2 ʤʣ ʩʤʝʩʠ ʚʦʜʳ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (1:3 ʧʦ 

ʦʙʲʝʤʫ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160Áʉ ʚ ʪʝʯʝʥʠʠ 96 ʯʘʩʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʤʥʳʭ 

ʩʪʝʨʞʥʝʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ ʚʦʜʦʡ ʠ ʘʮʝʪʦ-

ʥʠʪʨʠʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 21:40 ʤʛ (59%). ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣʘ 

ʥʝʚʦʟʤʦʞʥʘ ʚʚʠʜʫ ʘʤʦʨʬʠʟʘʮʠʠ ʦʙʨʘʟʮʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 21 ʩʦʩʪʘʚʠʣʦ Re :Mo : Se : S 3.1 : 2.9 : 8.3.  ɺ ʨʘʩʯʝʪʝ ʥʘ 

C54H78Mo3N6Re3Se8  C 28.33 H 3.43 N 3.67 ʙʳʣʦ ʥʘʡʜʝʥʦ C 27.17 H 3.43 N 3.56. ʀʂ (KBr): n 

= [py] 3068 ʩʤ
-1
 3037, 1611, 1494, 1274, 1200 1226m 1067, 1019, 847, 825, 748, 725 [t-Bu] 

2962, 2901, 2868, 1413, 1365, 567. 

  [Re4Mo2Se8(tbp)6] (22). ʉʦʝʜʠʥʝʥʠʝ 22 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʥʘʣʦʛʠʯʥʦ 21, ʚ ʢʘʯʝʩʪʚʝ ʢʣʘ-

ʩʪʝʨʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʝʜʠʥʝʥʠʝ 11 (63 ʤʛ,0.033 
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ʤʤʦʣʴ). ɺʳʭʦʜ 22: 38 ʤʛ (50%). ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣʘ ʥʝʚʦʟʤʦʞʥʘ ʚʚʠʜʫ 

ʘʤʦʨʬʠʟʘʮʠʠ ʦʙʨʘʟʮʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣ-

ʣʦʚ 22 ʩʦʩʪʘʚʠʣʦ Re :Mo : Se  3.8 : 2.2 : 7.9. ɺ ʨʘʩʯʝʪʝ ʥʘ C54H78Mo2N6Re4Se8  C 27.25 H 3.30 

N 3.53 ʙʳʣʦ ʥʘʡʜʝʥʦ C 26.93 H 2.92 N 3.61. ʀʂ (KBr): n = [py] 3069 ʩʤ
-1
 3040, 1612, 1493, 

1274, 1226, 1200, 1068, 1021, 845, 826, 749, 723 [t-Bu] 2962, 2902, 2867, 1413, 1365, 1328, 

568. 

2.3.18. [Re4Mo2Se8(PPh3)6] (23) 

 [Re4Mo2Se8(PPh3)6](23). 63 ʤʛ (0.033 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʷ 11 ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ ʚʦʜʳ, 

ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ PPh3 (120 ʤʛ, 0.458 ʤʤʦʣʴ) ʚ 3 ʤʣ ɼʄʌɸ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ 

ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ ʠ ʦʭʣʘʞʜʘʣʠ ʩ ʧʝ-

ʯʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 23 ʦʪʤʳʚʘʣʠ ʚʦʜʦʡ, ɼʄʌɸ ʠ ʩʧʠʨʪʦʤ, ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 23: 40 ʤʛ (35%). ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣʘ ʥʝʚʦʟʤʦʞʥʘ ʚʚʠʜʫ 

ʘʤʦʨʬʠʟʘʮʠʠ ʦʙʨʘʟʮʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʢʨʠʩʪʘʣ-

ʣʦʚ 23 ʩʦʩʪʘʚʠʣʦ Re :Mo : Se: P  3.8 : 2.2 : 7.5 : 6.0. ɺ ʨʘʩʯʝʪʝ ʥʘ C108H90P6Se8Mo2Re4 C 41.28 

H 2.89 ʙʳʣʦ ʥʘʡʜʝʥʦ C 40.94 H 2.83. ʀʂ (KBr): n = [PPh3] 3048 ʩʤ
-1
, 1479, 1431, 1088, 847, 

741, 700, 519.  
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ɻʣʘʚʘ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʆʧʠʩʘʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

3.1.1. K6[Re3Mo3Se8(CN)5] (1) ʠ K6[Re3.6Mo2.4Se8(CN)5] (5) 

 ʉʦʝʜʠʥʝʥʠʷ 1 ʠ 5 ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʩʪʨʦʝʥʠʝ ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʠʷ 1. Cʦʝʜʠʥʝʥʠʝ 1 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʡ ʛʨʫʧʧʝ I4/m. ʅʝʟʘʚʠʩʠʤʳʡ ʬʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ 

M1 ʠ M2, ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʥʠʤʘʝʤʳʝ ʘʪʦʤʘʤʠ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ, ʘʪʦʤ ʩʝʣʝʥʘ, ʜʚʘ ʘʪʦʤʘ 

ʢʘʣʠʷ, ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʧʠʢʘʣʴʥʦʡ ʮʠʘʥʠʜʥʦʡ ʛʨʫʧʧʝ, ʘ ʪʘʢʞʝ ʧʦʟʠ-

ʮʠʶ C1/N1 ʤʦʩʪʠʢʦʚʦʛʦ ʮʠʘʥʠʜʘ. ʇʦʟʠʮʠʷ M1, ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʢʘʣʠʷ ʠ ʘʪʦʤʳ ʮʠʘʥʠʜʘ 

ʘʧʠʢʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ m ʩ ʢʦ-

ʦʨʜʠʥʘʪʘʤʠ (x, y, 0). ʇʦʟʠʮʠʷ ʤʝʪʘʣʣʘ M2 ʠ C1/N1 ʤʦʩʪʠʢʦʚʦʛʦ ʮʠʘʥʠʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʦʩʠ ʩʠʤʤʝʪʨʠʠ 4-ʛʦ ʧʦʨʷʜʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0, 0, z). ɺʪʦʨʦʡ ʘʪʦʤ ʢʘʣʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʧʦʟʠʮʠʠ ʩ ʩʠʤʤʝʪʨʠʝʡ -4, ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0, 1/2, 1/4). ɸʪʦʤ ʩʝʣʝʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʱʝʡ 

ʧʦʟʠʮʠʠ. ʀʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙʘ ʘʪʦʤʘ ʤʦʩʪʠʢʦʚʦʛʦ ʮʠʘʥʠʜʘ ʵʢʚʠʚʘʣʝʥʪʥʳ 

ʠ ʩʚʷʟʘʥʳ ʵʣʝʤʝʥʪʦʤ ʩʠʤʤʝʪʨʠʠ (ʧʣʦʩʢʦcʪʴʶ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ m). ʇʦʟʠʮʠʷ C1/N1 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʩ ʨʘʚʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ (0.5/0.5) ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ 

ʠ ʘʟʦʪʘ. ɿʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ M1 ʠ M2 ʫʪʦʯʥʷʣʠʩʴ ʥʝʟʘʚʠʩʠʤʦ, ʩʫʤʤʘʨʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ 

ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ. ʇʨʠ ʩʚʦʙʦʜʥʦʤ ʫʪʦʯʥʝʥʠʠ ʟʘʩʝʣʝʥʥʦʩʪʝʡ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʫʢʘʟʘʥʥʳʭ ʧʦ-

ʟʠʮʠʷʭ. ʇʦʟʠʮʠʷ M2, ʥʘʭʦʜʷʱʘʷʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ 

ʤʦʣʠʙʜʝʥʘ (0.7 Mo), ʯʝʤ ʙʘʟʘʣʴʥʘʷ ʧʦʟʠʮʠʷ M1 (0.4 Mo). 

 ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Re3Mo3Se8} ʠʤʝʝʪ ʪʠʧʠʯʥʦʝ ʩʪʨʦʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝ-

ʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ {M6Q8}. ɸʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʨʘʟʫʧʦ-

ʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʦʩʪʦʚ {Re3Mo3}. ɸʪʦ-

ʤʳ ʩʝʣʝʥʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʧʦ m3 ʪʠʧʫ ʢ ʢʘʞʜʦʡ ʛʨʘʥʠ ʦʢʪʘʵʜʨʘ. ʂʣʘʩʪʝʨʥʳʝ ʷʜʨʘ ʩʦʝʜʠ-

ʥʷʶʪʩʷ ʚ ʣʠʥʝʡʥʳʝ ʮʝʧʦʯʢʠ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʮʠʘʥʠʜʥʳʝ ʣʠʛʘʥʜʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʜʚʘ ʘʪʦ-

ʤʘ ʤʝʪʘʣʣʘ (M2) ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ. ɹʘʟʘʣʴʥʳʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ (M1) ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʘʧʠʢʘʣʴʥʳʤʠ ʮʠʘʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ 

[Re3Mo3Se8(m-CN)2/2(CN)4]Ð
6-
 ʠ ʫʧʘʢʦʚʢʘ ʮʝʧʦʯʝʢ ʚ ʦʙʲʝʤʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 
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22. ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 00l ʩʪʨʫʢʪʫʨʳ ʚ ʚʝʨʰʠʥʘʭ ʠ ʧʦ 

ʮʝʥʪʨʫ ʛʨʘʥʠ AB, ʧʦʟʠʮʠʠ ʠʦʥʦʚ ʢʘʣʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʦʩʪʷʭ ʤʝʞʜʫ ʮʝʧʦʯʢʘʤʠ.  

ʘ ʙ  

ʈʠc. 22. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 1: ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ [Re3Mo3Se8(m-CN)2/2(CN)4]Ð
6- 
(ʘ) ʫʧʘʢʦʚʢʘ 

ʮʝʧʦʯʝʢ ʚ ʦʙʲʝʤʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘʪʦʤʳ ʩʝʣʝʥʘ ʥʝ ʧʦʢʘʟʘʥʳ (ʙ). 

 ʆʢʪʘʵʜʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʦʩʪʦʚ {Re3Mo3} ʚ ʩʪʨʫʢʪʫʨʝ 1 ʩʣʘʙʦ ʠʩʢʘʞʝʥ ʩ ʫʜʣʠʥʝʥʠʝʤ 

ʧʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦʤʫ ʪʠʧʫ (ʨʠʩ. 23.). ʆʙʲʝʤʥʘʷ ʜʠʘʛʦʥʘʣʴ ʤʝʞʜʫ ʘʧʠʢʘʣʴʥʳʤʠ ʧʦʟʠʮʠʷʤʠ 

M2 ʚʳʪʷʥʫʪʘ ʚʜʦʣʴ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ. ʀʩʢʘʞʝʥʠʝ ʧʦʥʠʞʘʝʪ ʠʜʝʘʣʴʥʫʶ ʪʦʯʝʯʥʫʶ 

ʩʠʤʤʝʪʨʠʶ ʦʢʪʘʵʜʨʘ Oh ʜʦ D4h. ʀʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ ʩʦʜʝʨʞʠʪ ʜʚʘ ʪʠʧʘ ʜʣʠʥ ʩʚʷʟʝʡ: ʙʦʣʝʝ 

ʜʣʠʥʥʳʝ ʩʚʷʟʠ M1ïM2 ʤʝʞʜʫ ʘʧʠʢʘʣʴʥʳʤʠ (M2) ʠ ʙʘʟʘʣʴʥʳʤʠ (M1) ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ 

(2.6755(7) ¡) ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʩʚʷʟʠ M1ïM1 ʤʝʞʜʫ ʙʘʟʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ (2.6518(7) ¡). 

ʉʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ M-M, M-Se ʠ M-C ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 1 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 11. ʉʨʝʜʥʠʝ 

ʜʣʠʥʳ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʠʟʚʝʩʪʥʳʤʠ ʜʣʠʥʘʤʠ ʜʣʷ ʮʠʘʥʠʜʥʳʭ ʛʦʤʦ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ K4[Re6Se8(CN)6]Ŀ3.5H2O [147] ʠ K6[Mo6Se8(CN)5] [110] (2.633 ʠ 

2.703 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʈʘʩʩʪʦʷʥʠʷ M-Se ʠ M-C ʩʣʝʜʫʶʪ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ʈʘʩʩʪʦʷʥʠʷ ʉ-N ʚ ʩʪʨʫʢʪʫʨʘʭ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʠʘʥʦʢʣʘʩʪʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʥʳ. 

 

ʈʠʩ. 23. ʊʠʧ ʠʩʢʘʞʝʥʠʷ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʚ ʩʪʨʫʢʪʫʨʝ 1. 
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 ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʪʨʫʢʪʫʨ 1 ʠ 5 ʦʪʣʠʯʘʶʪʩʷ ʩʣʘʙʦ (ʪʘʙʣ. ʇ1 ʠ ʇ2 ʚ 

ʇʨʠʣʦʞʝʥʠʷʭ). ʇʦʟʠʮʠʠ ʤʝʪʘʣʣʘ M1 ʠ M2 ʚ ʩʪʨʫʢʪʫʨʝ 5 ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʨʝʥʠʷ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 1 (ʜʦʣʷ ʨʝʥʠʷ ʚ ʧʦʟʠʮʠʷʭ ï 0.70 ʠ 0.35, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʦʝʜʠʥʝʥʠʝ 

5 ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʙʦʣʴʰʝ ʘʪʦʤʦʚ ʨʝʥʠʷ, ʠ ʩʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʄïʄ ʚ ʩʪʨʫʢʪʫ-

ʨʝ 5 ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʪʨʫʢʪʫʨʝ 1 (ʪʘʙʣ. 11).  

3.1.2. K5[Re3Mo3Se8(CN)6]Ā11H2O (2) 

 ʉʦʝʜʠʥʝʥʠʝ 2 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Fm-

3m. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 2 ʩʦʜʝʨʞʠʪ 

ʦʜʥʫ ʧʦʟʠʮʠʶ ʤʝʪʘʣʣʘ M1, ʘʪʦʤ ʩʝʣʝʥʘ, ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ. ʊʘʢʞʝ ʥʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢ-

ʪʫʨʳ ʩʦʜʝʨʞʠʪ ʘʪʦʤʳ ʢʘʣʠʷ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʷʭ, ʠ ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʷʭ. ɺʩʝ ʘʪʦʤʳ ʨʘʩʧʦʣʘʛʘ-

ʶʪʩʷ ʚ ʯʘʩʪʥʳʭ ʧʦʟʠʮʠʷʭ ʥʘ ʵʣʝʤʝʥʪʘʭ ʩʠʤʤʝʪʨʠʠ. ʋʪʦʯʥʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʠ M1 

ʘʪʦʤʘʤʠ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʥʘ ʩʦʩʪʘʚʠʣʦ (0.5/0.5). ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʢʘʣʠʷ ʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʆʜʥʘ ʧʦʟʠʮʠʷ ʢʘʣʠʷ ʠʤʝʝʪ ʧʦʣ-

ʥʫʶ ʟʘʩʝʣʝʥʥʦʩʪʴ, ʚʪʦʨʘʷ ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʘ (0.1667). ɼʚʝ ʧʦʟʠʮʠʠ ʢʠʩʣʦʨʦʜʘ ʩʦʣʴʚʘʪʥʳʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʤʝʣʠ ʟʘʩʝʣʝʥʥʦʩʪʴ 0.5, ʪʨʝʪʴʷ ʦʢʘʟʘʣʘʩʴ ʟʘʩʝʣʝʥʘ ʧʦʣʥʦʩʪʴʶ. 

 ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ, ʤʝʪʘʣʣʦʦʩʪʦʚ ʚ ʩʪʨʫʢʪʝʨʝ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝ-

ʘʣʴʥʳʡ ʦʢʪʘʵʜʨ. ʇʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 2 ʩʦʜʝʨʞʠʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ 

[Re3Mo3Se8(CN)6]
5-
 ʥʝ ʩʚʷʟʘʥʥʳʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʚʘʣʝʥʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ-

ʤʠ. ʎʠʘʥʠʜʥʳʝ ʣʠʛʘʥʜʳ ʠʤʝʶʪ ʘʧʠʢʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ. ʂʣʘ-

ʩʪʝʨʥʳʝ ʘʥʠʦʥʳ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʦʙʲʝʤʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʮʠʘʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʢʘʪʠʦʥʘʤʠ ʢʘʣʠʷ. ʉʪʨʫʢʪʫʨʘ 2 ʧʦʩʪʨʦʝʥʘ 

ʘʥʘʣʦʛʠʯʥʦ ʩʪʨʫʢʪʫʨʝ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ, ʠ ʠʤʝʝʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʩ ʩʦʣʴʶ ʤʦʣʠʙʜʝʥʦʚʦ-

ʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K7[Mo6Se8(CN)6]Ŀ8(H2O) [111]. ʂʘʪʠʦʥ ʢʘʣʠʷ ʠ ʮʠʘʥʠʜʥʳʝ ʣʠ-

ʛʘʥʜʳ ʢʣʘʩʪʝʨʘ ʚ ʩʪʨʫʢʪʫʨʝ 2 ʠʤʝʶʪ ʠʦʥʥʳʡ ʢʦʥʪʘʢʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ KĿĿĿN(C) 2.684 ¡. ɺ 

ʧʦʣʦʩʪʷʭ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʟʠʮʠʠ ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʥʷʪʦʩʪʴʶ ʦʩʪʘʣʴʥʳʭ ʠʦʥʦʚ ʢʘʣʠʷ 

ʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʆʙʱʝʝ ʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5-
 ʠ 

ʫʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʳ K5[Re3Mo3Se8(CN)6]Ā11H2O ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 24. ʈʘʩʩʪʦʷʥʠʷ M-M, M-

Se, M-C ʚ ʩʪʨʫʢʪʫʨʝ 2 ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʪʨʫʢʪʫʨʳ 1 (ʪʘʙʣ. 11), ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ.  



66 

 

ʘ ʙ  

ʈʠʩ. 24. ʉʪʨʫʢʪʫʨʘ K5[Re3Mo3Se8(CN)6]Ā11H2O: ʩʪʨʦʝʥʠʝ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5-
 (ʘ) ʫʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʳ, 

ʘʪʦʤʳ ʩʝʣʝʥʘ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦʟʠʮʠʠ ʢʘʣʠʷ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ ʧʦʢʘʟʘʥʳ (ʙ). 

3.1.3. Cs5[Re3Mo3Se8(CN)6]ĀH2O (3) 

 Cʦʝʜʠʥʝʥʠʝ 3 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-

3c1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʟʠʮʠʶ ʤʝʪʘʣʣʘ M1, ʟʘʥʷʪʫʶ 

ʨʝʥʠʝʤ ʠ ʤʦʣʠʙʜʝʥʦʤ, ʜʚʘ ʘʪʦʤʘ ʩʝʣʝʥʘ, ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ. ʊʘʢʞʝ ʥʝʟʘʚʠʩʠʤʘʷ 

ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʘʪʦʤʳ ʮʝʟʠʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ ʧʷʪʠ ʥʝʟʘʚʠʩʠʤʳʤ ʧʦʟʠʮʠʷʤ ʠ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʡ ʚ ʦʜʥʦʡ ʯʘʩʪʠʯʥʦ ʟʘʥʷʪʦʡ ʧʦʟʠʮʠʠ. ʆʜʠʥ ʠʟ ʘʪʦʤʦʚ ʩʝʣʝʥʘ, 

ʘʪʦʤ ʮʝʟʠʷ Cs1 ʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʯʘʩʪʥʳʭ ʧʦʟʠʮʠʷʭ ʥʘ ʦʩʷʭ ʩʠʤʤʝʪʨʠʠ 

ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0, 0, z), (1/3, -1/3, z) ʠ (1/3, 2/3, z). ʆʩʪʘʣʴʥʳʝ ʘʪʦʤʳ ʨʘʩ-

ʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ɿʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʠ ʤʝʪʘʣʣʘ M1 ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʢʘʢ 

0.5/0.5 (Mo/Re).  

 ʉʪʨʫʢʪʫʨʘ 3 ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ [Re3Mo3Se8(CN)6]
5-
, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʘʥʘ-

ʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ. ʂʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ ʠ ʢʘʪʠʦʥʳ ʮʝʟʠʷ ʦʙʨʘʟʫʶʪ ʦʙʲʝʤʥʫʶ 

ʫʧʘʢʦʚʢʫ ʙʣʘʛʦʜʘʨʷ ʩʣʘʙʳʤ ʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʘʪʦʤʦʚ ʩʝʣʝʥʘ ʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʮʠʘ-

ʥʠʜʥʳʭ ʛʨʫʧʧ ʢʣʘʩʪʝʨʘ ʩ ʢʘʪʠʦʥʘʤʠ ʮʝʟʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʩʣʦʠ 

{ Cs3[Re3Mo3Se8(CN)6]}
2-
ÐÐ (ʘʪʦʤʳ ʮʝʟʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ ʩ ʧʦʣʥʦʡ ʟʘʩʝ-

ʣʝʥʥʦʩʪʴʶ), ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 25. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʮʝʟʠʷ 

ʠ ʘʪʦʤʘʤʠ ʩʝʣʝʥʘ, ʘʟʦʪʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʚ ʩʣʦʝ ʩʦʩʪʘʚʣʷʶʪ 3.81 ʠ 3.38 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ʄʝʞʜʫ ʩʣʦʷʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʩʪʘʚʰʠʝʩʷ ʢʘʪʠʦʥʳ ʮʝʟʠʷ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ ʯʝʪʳ-

ʨʝʤ ʥʝʟʘʚʠʩʠʤʳʤ ʧʦʟʠʮʠʷʤ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ.  
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ʈʠʩ. 25. ʉʪʨʦʝʥʠʝ ʩʣʦʷ ʬʨʘʛʤʝʥʪʘ {Cs3[Re3Mo3Se8(CN)6]}
2-
ÐÐ ʩʪʨʫʢʪʫʨʳ 3. 

3.1.4. (Ph4P)4[Re3Mo3Se8(CN)6]Ā2CH3CN (4) 

 ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P-1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʧʦʟʠʮʠʠ ʤʝ-

ʪʘʣʣʘ M1, M2, M3, ʟʘʥʷʪʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʪʦʤʘʤʠ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʯʝʪʳʨʝ ʘʪʦʤʘ ʩʝʣʝ-

ʥʘ, ʪʨʠ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ ʪʨʠ ʘʪʦʤʘ ʘʟʦʪʘ ʮʠʘʥʠʜʥʳʭ ʛʨʫʧʧ. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʪʘʢʞʝ ʩʦ-

ʜʝʨʞʠʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʪʝʪʝʨʘʬʝʥʠʬʦʩʬʦʥʠʝʚʳʭ ʢʘʪʠʦʥʘ ʠ ʩʦʣʴʚʘʪʥʫʶ ʤʦʣʝʢʫʣʫ ʘʮʝʪʦ-

ʥʠʪʨʠʣʘ. ɺʩʝ ʘʪʦʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ʆʪʥʦʰʝʥʠʝ Re/Mo ʚ ʧʦʟʠʮʠʷʭ M1ï

M3 ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʥʝʟʘʚʠʩʠʤʦ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʙʳʣʠ ʙʣʠʟʢʠ ʢ 0,5/0,5 ʠ 

ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʙʳʣʠ ʫʪʦʯʥʝ-

ʥʳ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦʟʠʮʠʷʭ. ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʳ 4 ʩʦʜʝʨʞʠʪ ʢʘʪʠʦʥʳ 

ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʷ Ph4P
+
 ʠ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ [Re3Mo3Se8(CN)6]

4-
 ʚ ʥʝʙʦʣʴʰʠʭ ʧʦʣʦ-

ʩʪʷʭ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʂʣʘʩʪʝʨʥʳʝ 

ʘʥʠʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʨʠʩ. 26). ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ M-M, 

M-Se, M-C ʙʣʠʟʢʠ ʢ ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʩʪʨʫʢʪʫʨ 2 ʠ 3 (ʪʘʙʣ. 11). 
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ʈʠʩ. 26. ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʳ (Ph4P)4[Re3Mo3Se8(CN)6]Ā2CH3CN, ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ CH3CN ʥʝ ʧʦʢʘʟʘʥʳ. 

3.1.5. (n-Bu4N)4[Re6-xMoxSe8(CN)6] x = 1 (7), 2 (10), 3 (13) 

 ʊʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʝ ʩʦʣʠ 7, 10 ʠ 13 ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ 

ʩʪʨʦʝʥʠʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 10. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pbca. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʠʦʥʘ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ 3 ʧʦʟʠʮʠʠ ʤʝʪʘʣʣʘ M1ïM3, 4 ʘʪʦʤʘ ʩʝʣʝʥʘ, 3 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ 

ʘʟʦʪʘ ʮʠʘʥʠʜʥʳʭ ʛʨʫʧʧ. ʂʘʪʠʦʥʥʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ. ɺʩʝ ʘʪʦʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʯʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʟʠʮʠʷʭ M1ïM3 ʩʦʩʪʘʚʠʣʦ: 

0.727/0.273, 0.683/0.317, 0.59/0.41 ʜʣʷ ʧʦʟʠʮʠʡ M1, M2, M3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʱʝʝ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʨʝʥʠʷ/ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 4/2 ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʕɼɸ.  

 ʂʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ [Re4Mo2Se8(CN)6]
4-

 ʠʤʝʶʪ ʛʝʦʤʝʪʨʠʶ, ʘʥʘʣʦʛʠʯʥʫʶ ʨʘʩʩʤʦʪʨʝʥ-

ʥʦʡ ʚʳʰʝ. ɸʥʠʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʠ ʮʝʥʪʨʘʭ ʛʨʘʥʝʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɺ 

ʧʦʣʦʩʪʷʭ ʤʝʞʜʫ ʘʥʠʦʥʘʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʘʪʠʦʥʳ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʣʦʩʪʝʡ ʩ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘ ʨʠʩ. 27 ʧʦʢʘʟʘʥʦ 

ʩʪʨʦʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 10. 
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ʈʠʩ. 27. ʉʪʨʦʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 10, ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧ, ʘʪʦʤʳ ʩʝʣʝʥʘ ʠ ʮʠʘʥʠʜʥʳʝ 

ʣʠʛʘʥʜʳ ʢʣʘʩʪʝʨʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 ʉʦʝʜʠʥʝʥʠʷ 7 ʠ 13 ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʩʦʣʠ 10. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥ-

ʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʠʟʤʝʥʷʶʪʩʷ ʩʣʘʙʦ 

(ʪʘʙʣ. ʇ2, ʇ3.). ʉʦʦʪʥʦʰʝʥʠʝ ʨʝʥʠʷ/ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʟʠʮʠʷʭ M1-M3 ʧʨʠ ʥʝʟʘʚʠʩʠʤʦʤ ʫʪʦʯ-

ʥʝʥʠʠ ʜʣʷ ʩʪʨʫʢʪʫʨʳ 7 ʩʦʩʪʘʚʠʣʦ 0.854/0.146, 0.859/0.141, 0.806/0.194. ʉʫʤʤʘʨʥʦʝ ʩʦʦʪʥʦ-

ʰʝʥʠʝ Re/Mo ʚ ʩʪʨʫʢʪʫʨʝ 7 ï 5/1, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʜʣʷ ʩʪʨʫʢʪʫʨʳ 13 ʩʦʩʪʘʚʠʣʦ 0.546/0.454, 0.555/0.445, 0.413/0.587, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʤʤʘʨʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʪʘʣʣʦʚ 3/3, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʕɼɸ. 

 ʉʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ M-M ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʩʦʝʜʠʥʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʩʚʷʟʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 7 

(2.640 ¡), ʘ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʝ ʩʚʷʟʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ 13 (2.656 ¡). ɼʣʠʥʳ ʩʚʷʟʝʡ 

MïSe ʚʝʜʫʪ ʩʝʙʷ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʪʦʷʥʠʷ MïC ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʦʪʣʠʯʘʶʪʩʷ. ʈʘʩʩʪʦʷʥʠʷ MïM, MïSe, MïC ʜʣʷ ʩʪʨʫʢʪʫʨʳ 13 ʙʣʠʟʢʠ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʨʘʩ-

ʩʪʦʷʥʠʷʤ ʜʣʷ ʩʪʨʫʢʪʫʨʳ 4, ʢʦʪʦʨʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ 

[Re3Mo3Se8(CN)6]
4-
. 

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ M-M ʠ M-L ʜʣʷ ʩʪʨʫʢʪʫʨ 7, 10 ʠ 13 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 11. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʩʝʣʝʥʠʜʥʳʭ 

ʮʠʘʥʦʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ K6[Mo6Se8(CN)5], K7[Mo6Se8(CN)6] 8H2O, (Me4N)4K2[Mo6Se8(CN)6] 
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10H2O ʠ K4[Re6Se8(CN)6]Ŀ3.5H2O, (Me4N)4[Re6Se8(CN)6]. 3.33H2O (ʪʘʙʣ. 11). ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʦʤ {Re3Mo3S8} ʥʠʞʝ, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʷʜʨʘ 

{ Re3Mo3Se8} (ʪʘʙʣ. 11), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʩʫʣʴʬʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ. 

3.1.6. (n-Bu4N)4[Re3Mo3Se8(CN)6]Ā3H2O (13Ā3H2O) 

 ʉʦʝʜʠʥʝʥʠʝ 13Ŀ3H2O ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P21/c. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ ʪʨʠ ʧʦʟʠʮʠʠ ʤʝʪʘʣʣʘ M1 ï M3, ʯʝ-

ʪʳʨʝ ʘʪʦʤʘ ʩʝʣʝʥʘ ʠ ʧʦ ʪʨʠ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʮʠʘʥʠʜʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʜʚʘ ʢʘʪʠʦʥʘ 

ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʠ ʜʚʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ɺʩʝ ʘʪʦʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʱʠʭ 

ʧʦʟʠʮʠʷʭ. ʉʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʯʥʝʥʠʷ, 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 13Ŀ3H2O. ʉʦʣʴʚʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʦʩʪʷʭ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʠ ʢʣʘ-

ʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʣʘʩʪʝʨʥʦʤ ʘʥʠʦʥʝ ʩʪʨʫʢʪʫʨʳ ʙʣʠʟʢʠ ʢ 

ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʩʪʨʫʢʪʫʨʳ 13 (ʪʘʙʣ. 11). 

3.1.8. {[Cd(NH3)5]2(Cd(NH3)4]3[Re3Mo3Se8(CN)6]2}Ā5H2O (14) 

 Cʦʝʜʠʥʝʥʠʝ 14 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

ὖ-1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʘ 

[Re3Mo3Se8(CN)6]
5-
 ʠ 6 ʘʪʦʤʦʚ ʢʘʜʤʠʷ Cd1ïCd6. ɸʪʦʤʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʤ ʘʥʠʦ-

ʥʘʤ, ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ɸʪʦʤʳ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ 

ʧʦʟʠʮʠʷʤ. ʉʫʤʤʘʨʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʚʩʝʭ ʧʦʟʠʮʠʡ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʥʦʰʝʥʠʶ Re-Mo 

ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 1/1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 28. ɸʪʦʤʳ ʢʘʜʤʠʷ 

Cd1, Cd3 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ ʩ ʩʠʤʤʝʪʨʠʝʡ -1. ʆʩʪʘʣʴʥʳʝ ʘʪʦʤʳ ʢʘʜʤʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 14 ʩʚʷʟʳʚʘ-

ʶʪʩʷ ʚ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʛʨʫʧʧ [Cd(NH3)4]
2+ 
. ʋʧʨʦʱʝʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 29. ɸʪʦʤʳ ʢʘʜʤʠʷ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʤʦ-

ʩʪʠʢʦʚʦʤ ʩʚʷʟʳʚʘʥʠʠ, ʠʤʝʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ [Cd(NH3)4(NC)2]. ʆʢʨʫʞʝʥʠʝ ʘʪʦ-

ʤʦʚ Cd2 ʠ Cd3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ ʪʨʘʥʩ-[Cd(NH3)4(NC)2], ʘ Cd1 ï ʮʠʩ-

[Cd(NH3)4(NC)2].  
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ʈʠʩ. 28. ʉʪʨʦʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʪʨʫʢʪʫʨʳ 14 ʚ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʦʚ, ʵʣʣʠʧʩʦʠʜʳ 

ʧʨʠʚʝʜʝʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 50%. 

 

ʈʠʩ. 29. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ 14. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʩʝʣʝʥʘ ʠ ʪʝʨʤʠʥʘʣʴʥʳʝ ʛʨʫʧʧʳ [Cd(NH3)n]
2+

 

ʥʝ ʧʦʢʘʟʘʥʳ. 

3.1.9. {[Cd(NH3)4]3Re3Mo3Se8(CN)6]}X (X= Cl (15), Br (16), I (17)) ʠ 

{[Cd(NH3)4]2[Cd(NH3)3(NCS)]Re3Mo3Se8(CN)6]} (18) 

 ʉʦʝʜʠʥʝʥʠʷ 15 ï 17 ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 15. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʥ-

ʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Ὑ-3. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ ʜʚʘ ʘʪʦ-

ʤʘ ʤʝʪʘʣʣʘ M1 ʠ M2, ʜʚʘ ʘʪʦʤʘ ʩʝʣʝʥʘ, ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʮʠʘʥʠʜʥʦʡ ʛʨʫʧʧʳ, 

ʘʪʦʤ ʢʘʜʤʠʷ, ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʘʤʤʠʥʦʛʨʫʧʧ ʠ ʘʪʦʤ ʭʣʦʨʘ. ɸʪʦʤ ʭʣʦʨʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 
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ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ ʩ ʩʠʤʤʝʪʨʠʝʡ -3. ɸʪʦʤʳ Se1 ʠ Cd1 ʪʘʢʞʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʯʘʩʪ-

ʥʳʭ ʧʦʟʠʮʠʷʭ ʩ ʩʠʤʤʝʪʨʠʝʡ 3.. ʠ -1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʣʴʥʳʝ ʘʪʦʤʳ ʨʘʩʧʦʣʘʛʘ-

ʶʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ɸʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʟʘʥʠʤʘʶʪ ʦʙʱʠʝ ʧʦʟʠʮʠʠ, ʟʘʩʝ-

ʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʫʪʦʯʥʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʥʦʡ ʟʘʥʷʪʦʩʪʠ ʧʦʟʠʮʠʡ. ʉʦʦʪʥʦʰʝ-

ʥʠʝ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 1/1. 

 ʉʦʝʜʠʥʝʥʠʝ 15 ʠʤʝʝʪ ʢʘʨʢʘʩʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʦʣʠʤʝʨʥʳʡ ʢʘʨʢʘʩ ʦʙʨʘʟʦʚʘʥ ʢʣʘ-

ʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ ʠ ʛʨʫʧʧʘʤʠ [Cd(NH3)4]
2+
. ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʰʝʩʪʠʩʚʷʟʥʦʛʦ ʫʟʣʘ ʢʘʨʢʘʩʘ. ʂʘʪʠʦʥʳ ʢʘʜʤʠʷ ʩʚʷʟʳʚʘʶʪ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʮʠʘʥʦ-

ʛʨʫʧʧ ʢʣʘʩʪʝʨʘ ʠ ʬʦʨʤʠʨʫʶʪ ʨʝʙʨʘ ʢʘʨʢʘʩʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʦʚ 

ʢʘʜʤʠʷ ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʪʨʘʥʩ-[Cd(NH3)4(NC)2], ʮʠʘʥʦʛʨʫʧʧʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʜ 

ʫʛʣʦʤ 180Á. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ ʚ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 30. 

 
ʈʠʩ. 30. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 15 ʚ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʦʚ. 

ʕʣʣʠʧʩʦʠʜʳ ʧʨʠʚʝʜʝʥʳ ʩ 75% ʚʝʨʦʷʪʥʦʩʪʴʶ. 

 {[ Cd(NH3)4]2[Cd(NH3)3(NCS)]Re3Mo3Se8(CN)6]} ( 18). ʉʦʝʜʠʥʝʥʠʝ 18 ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʠ-

ʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R-3 ʠ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʦʝ ʢʘʨ-

ʢʘʩʥʦʝ ʩʪʨʦʝʥʠʝ. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ ʜʚʘ ʘʪʦʤʘ ʤʝʪʘʣʣʘ M1 ʠ M2, 

ʜʚʘ ʘʪʦʤʘ ʩʝʣʝʥʘ, ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʮʠʘʥʠʜʥʦʡ ʛʨʫʧʧʳ, ʘʪʦʤ ʢʘʜʤʠʷ, ʜʚʝ ʧʦʟʠ-

ʮʠʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʘʤʤʠʥʦʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʘʪʦʤ ʩʝʨʳ ʠ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦ-

ʪʘ ʨʦʜʘʥʠʜ-ʘʥʠʦʥʘ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʩʪʨʫʢʪʫʨʳ 18 ʦʪ ʩʪʨʫʢʪʫʨ 15ï17, ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʳʰʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʦʥʦʚ ʢʘʜʤʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʨʦʜʘʥʠʜ-ʘʥʠʦʥʘ. ɸʪʦʤ ʩʝʨʳ ʨʦʜʘʥʠʜ-ʘʥʠʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦ-



73 

 

ʟʠʮʠʠ ʩ ʩʠʤʤʤʝʪʨʠʝʡ -3, ʘʥʘʣʦʛʠʯʥʦ ʘʪʦʤʫ ʭʣʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 15. ɸʪʦʤ 

ʫʛʣʝʨʦʜʘ ʠ ʘʪʦʤ ʘʟʦʪʘ ʨʦʜʘʥʠʜ-ʘʥʠʦʥʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʰʝʩʪʠ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ 

ʢʘʞʜʳʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʩʷ ʧʦ ʦʢʪʘʵʜʨʫ ʚʦʢʨʫʛ ʘʪʦʤʘ ʩʝʨʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1.64 ¡ ʠ 

2.773 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʥʷʪʦʩʪʴ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ï 0.167. ɸʪʦʤ ʩʝʨʳ ʦʢʨʫʞʝʥ ʧʷ-

ʪʴʶ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʘʤʠʥʦʛʨʫʧʧ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ ʰʝʩʪʠ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ ʩ ʯʘ-

ʩʪʠʯʥʦʡ ʟʘʥʷʪʦʩʪʴʶ (0.833), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʢʪʘʵʜʨʫ ʚʦʢʨʫʛ ʘʪʦʤʘ ʩʝʨʳ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ 3.493 ¡ (ʨʠʩ. 31 ʘ). ʃʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ ʢʘʜʤʠʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

31 ʙ. 

ʘ ʙ  

ʈʠʩ. 31. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 18: ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʩʝʨʳ (ʘ) ʠ ʢʘʜʤʠʷ 

(ʙ), ʟʘʢʨʘʰʝʥʥʘʷ ʯʘʩʪʴ ʘʪʦʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʠ. 

 ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ CdïN ʜʣʷ ʩʪʨʫʢʪʫʨ 14ï18 ʧʨʝʚʳʰʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʨʘ-

ʥʝʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [Cd(NH3)4]2{Cd[Re3Mo3S8(CN)6]}Ŀ1.5H2O 

ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ (ʪʘʙʣ. 12), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ 

ʩʫʣʴʬʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ.  

3.1.7. [M(NH3)6]4[{M(NH3)2}{Re3Mo3Se8(CN)6}2]Ā15H2O M = Co (19), Ni (20) 

 ʉʦʝʜʠʥʝʥʠʷ 19 ʠ 20 ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 19. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʷʯʝʡʢʠ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʧʦʟʠ-

ʮʠʡ ʤʝʪʘʣʣʘ M1 ï M6, ʚʦʩʝʤʴ ʘʪʦʤʦʚ ʩʝʣʝʥʘ Se1ïSe8, ʰʝʩʪʴ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʮʠʘ-

ʥʦʛʨʫʧʧ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʜʚʫʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ ʢʣʘʩʪʝʨʥʳʤ ʘʥʠʦʥʘʤ. 

ɸʪʦʤʳ M1ïM3, Se1-Se4, C1-C3 ʠ N1-N3 ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʘʥʠʦʥʫ, M4-

M6, Se5-Se8, C4-C6, N4-N6 ï ʚʪʦʨʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʘʥʠʦʥʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʪʦʤʳ, ʧʨʠ-

ʥʘʜʣʝʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʤ ʘʥʠʦʥʘʤ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʮʝʥ-



74 

 

ʪʨʳ ʘʥʠʦʥʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʮʝʥʪʨʘʤʠ ʠʥʚʝʨʩʠʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0 0 0) ʠ (0.5 0.5 0). ʂʣʘʩʪʝʨ-

ʥʳʝ ʘʥʠʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʠ ʧʦ ʮʝʥʪʨʫ ʛʨʘʥʠ ʉ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʂʘʪʠ-

ʦʥʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʷʪʴʶ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʦʟʠʮʠʷʤʠ ʢʦʙʘʣʴʪʘ: Co1ïCo5. ɸʪʦʤʳ ʢʦ-

ʙʘʣʴʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʯʘʩʪʥʳʭ ʧʦʟʠʮʠʷʭ ʩ ʩʠʤʤʝʪʨʠʝʡ -1.  

 ʉʦʝʜʠʥʝʥʠʝ 19 ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʉʣʦʠ ʦʙʨʘʟʦʚʘʥʳ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ ʠ 

ʢʘʪʠʦʥʘʤʠ ʢʦʙʘʣʴʪʘ. ɸʪʦʤ Co1 ʢʦʦʨʜʠʥʠʨʫʝʪ ʯʝʪʳʨʝ ʘʪʦʤʘ ʘʟʦʪʘ ʮʠʘʥʦʛʨʫʧʧ ʢʣʘʩʪʝʨʘ, ʢʦ-

ʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʜ ʫʛʣʦʤ ʚ 45Á ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ (ʨʠʩ. 32 ʘ). ʂʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Co1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ ʪʨʘʥʩ-[Co(NH3)2(NC)4]
2- 

(ʨʠʩ. 32 ʛ). ɸʪʦʤʳ ʢʦʙʘʣʴʪʘ Co2 ï Co5 ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ ʘʤ-

ʤʠʘʢʘ ʠ ʦʙʨʘʟʫʶʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [Co(NH3)6]
2+ 
(ʨʠʩ. 32 ʚ). ʕʪʠ ʢʦʤ-

ʧʣʝʢʩʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ ʷʯʝʝʢ ʩʣʦʷ ʠ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʤʧʝʥʩʠʨʫʷ ʠʟ-

ʙʳʪʦʯʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ (ʨʠʩ. 32 ʘ,ʙ). ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 11 ʠ 12.  

 

ʈʠʩ. 32. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 19: ʬʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ [{Co(NH3)2}{Re 3Mo3Se8(CN)6} 2]
8-
ÐÐ (ʘ); ʩʪʨʦ-

ʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʙ); ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Co5 (ʚ); ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʘʪʦʤʘ Co1 (ʛ). ɸʪʦʤʳ ʩʝʣʝʥʘ ʠ ʚʦʜʦʨʦʜʘ, ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ ʧʦʢʘʟʘʥʳ. 
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3.1.10. [Re6-xMoxSe8(tbp)6] x =3 (21), 2 (22) 

 ʉʦʝʜʠʥʝʥʠʷ 21 ʠ 22 ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʩʪʨʦʝʥʠʝ ʥʘ ʧʨʠʤʝ-

ʨʝ ʩʦʝʜʠʥʝʥʠʷ 21. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 21 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʧʦʟʠʮʠʡ ʤʝʪʘʣ-

ʣʦʚ, ʚʦʩʝʤʴ ʘʪʦʤʦʚ ʩʝʣʝʥʘ, ʰʝʩʪʴ ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʣʴʥʳʭ ʣʠʛʘʥʜʘ. ʉʫʤʤʘʨʥʳʝ ʟʘʩʝʣʝʥʥʦ-

ʩʪʠ ʧʦʟʠʮʠʡ ʤʝʪʘʣʣʘ ʩʦʦʪʚʝʪʩʚʫʶʪ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʝʡʪʨʘʣʴʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [Re3Mo3Se8(tbp)6] ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʦʙʲʝʤʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ 

ʠʤʝʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʧʦʣʦʩʪʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦ ʜʘʥʥʳʤ ʧʨʦʮʝʜʫʨʳ SQUEEZE, ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 

ʚʦʩʴʤʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Re3Mo3Se8(tbp)6] ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 33. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 11. 

 

ʈʠʩ. 33. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Re3Mo3Se8(tbp)6] (21). 

3.1.11. [Re4Mo2Se8(PPh3)6] (23) 

 ʉʦʝʜʠʥʝʥʠʝ 23 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-

1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʚʦʩʝʤʴ ʘʪʦʤʦʚ ʩʝʣʝʥʘ, 

ʰʝʩʪʴ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʘ. ʉʫʤʤʘʨʥʳʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʤʝʪʘʣʣʘ ʩʦʦʪʚʝʪ-

ʩʚʫʶʪ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʝʡʪʨʘʣʴʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Re4Mo2Se8(PPh3)6] ʚ ʩʪʨʫʢʪʫʨʝ 23 ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʳ, ʩʪʨʫʢʪʫʨʘ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʣʦʩʪʝʡ. 

ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Re4Mo2Se8(PPh3)6] ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 34. 
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ʈʠʩ. 34. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Re4Mo2Se8(PPh3)6] (23), ʜʚʘ ʣʠʛʘʥʜʘ PPh3 ʥʝ ʧʦʢʘʟʘʥʳ. 

ɼʣʠʥʳ ʩʚʷʟʝʡ M-M ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6-xMoxSe8L6] (x = 

3 L = tbp, x = 4 L = tbp, PPh3) ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʠʟʚʝʩʪʥʳʤʠ 

ʜʣʠʥʘʤʠ ʜʣʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʩ ʙʣʠʟʢʠʤ ʣʠ-

ʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ: trans-[Re6Se8(PPh3)4Cl2], (SbF6)2[Re6Se8(py)6] ʠ [Mo6Se8(PPh3)6]Ā2H2O, 

[Mo6S8(tbp)6] (ʪʘʙʣ. 11). ɼʣʠʥʳ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʪʘʢʞʝ ʩʣʝʜʫʶʪ ʜʘʥʥʦʡ ʪʝʥʜʝʥʮʠʠ. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 11 

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (ʠʥʪʝʨʚʘʣ, <ʩʨʝʜʥʝʝ> ¡) MïM, MïL ʜʣʷ ʩʪʨʫʢʪʫʨ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ c ʷʜʨʘʤʠ {Re6-xMoxQ8} Q = S, Se ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ 

 MïM MïQ
i
 MïL

a
 ʉʩʳʣʢʠ 

ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ {M 6Se8} M = Mo, Re 

K6[Mo6Se8(CN)5] 2.6711(4)-2.7193(4) 

<2.703(4)> 

2.5683(3)-2.5873(3) 

<2.5763(3)> 

2.204(3) [110] 

K7[Mo6Se8(CN)6] 8H2O 2.700(3) 2.562(3) 2.17(2) [111] 

(Me4N)4K2[Mo6Se8(CN)6] 10H2O 2.700(2) ï 2.721(2) 

<2.711(2)> 

2.568(2) ï 2.584(2) 

<2.573(5)> 

2.19(2) ï 2.21(1) 

<2.20(2)> 

[111] 

K4[Re6Se8(CN)6]Ŀ3.5H2O 2.624(1) ï 2.642(1) 

<2.633(1)> 

2.516(2) ï 2.538(2) 

<2.526(2)> 

2.09(2) ï 2.12(2) 

<2.11> 

[147] 

(Me4N)4[Re6Se8(CN)6]. 3.33H2O 2.622(2) ï 2.638(2) 

<2.633(2)> 

2.520(3) ï 2.550(3) 

<2.533(3)> 

2.06(2) ï 2.14(2) 

<2.09(2)> 

[185] 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ {Re6-xMoxQ8} 

CaK4[Re3Mo3S8(CN)6]Ŀ8H2O 2.6273(8) 2.439(2) 2.173(13) [27] 

K6[Re3Mo3S8(CN)5] 2.6323(3) ï 2.6399(3) 

<2.637(4)> 

2.4344(8) ï 2.4544(8) 

<2.444(8)> 

2.209(6) m-CN, 

2.157(5) 

[27] 

K6[Re3Mo3Se8(CN)5] (1) 2.6518(7)ï2.6755(7) 

<2.667(8)> 

2.5476(8)ï2.5633(7) 

<2.56(2)> 

2.15(1) m-CN 

2.20(1) 

[186] 

K6[Re3.6Mo2.4Se8(CN)5] (5) 2.6481(7) ï 2.6663(6) 

<2.660(9)> 

2.5442(7) ï 2.5653(7) 

<2.554(9)> 

2.15(1) m-CN 

2.22(1) 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

K5[Re3Mo3Se8(CN)6]Ā11H2O (2) 2.6494(9) 2.5464(9) 2.14(2) [186] 

Cs5[Re3Mo3Se8(CN)6]ĀH2O (3) 2.6451(9)ï2.6459(9) 

<2.645(11)> 

2.541(1)ï2.549(1) 

<2.54(3)> 

2.157(11) [186] 
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(Ph4P)4[Re3Mo3Se8(CN)6]Ā2CH3CN (4) 2.6407(2)ï2.6619(2) 

<2.654(2)> 

2.5197(3)ï2.5463(3) 

<2.539(7)> 

2.164(3)ï2.171(3) 

<2.17(2)> 

[186] 

(n-Bu4N)4[Re3Mo3Se8(CN)6] (13) 2.6417(10) ï 2.6697(10) 

<2.656(9)> 

2.5294(15) ï 2.5559(15) 

<2.542(8)> 

2.142(14) ï 2.188(15) 

<2.16(2)> 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

(n-Bu4N)4[Re3Mo3Se8(CN)6]Ŀ3H2O (13Ŀ3H2O) 2.6354(4) ï 2.6703(4) 

<2.656(11)> 

2.5245(7) ï 2.5616(7) 

<2.541(11)> 

2.152(6) ï 2.176(6) 

<2.16(1)> 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

(n-Bu4N)4[Re4Mo2Se8(CN)6] (10) 2.6274(6) ï 2.6659(6) 

<2.646(14)> 

2.5233(10) ï 2.5575(10) 

<2.540(9)> 

2.143(10) ï 2.195(11) 

<2.16(2)> 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

(n-Bu4N)4[Re5MoSe8(CN)6] (7) 2.6296(5) ï 2.6481(5) 

<2.640(7)> 

2.5163(9) ï 2.5401(9) 

<2.529(7)> 

2.13(1) ï 2.12(1) 

<2.12(1)> 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʮʠʘʥʦʢʦʤʧʣʝʢʩʦʚ [Re6-xMoxQ8(CN)6]
n-
 

[Zn(NH3)4]8[Zn{Re3Mo3S8(CN)6} 3]Ā9H2O 

 
2.6230(8), 2.6248(10) 2.427(3), 2.439(2) 2.145(14), 2.17(3) [162] 

[Zn(NH3)4]2[Zn{Re3Mo3S8(CN)6}]Ā2H2O 2.6374(17) 2.426(4) 2.23(3) [162] 

[Cd(NH3)4]2{Cd[Re3Mo3S8(CN)6]}Ŀ1.5H2O 2.6357(8) 2.427(2) 2.144(13) [163] 

{[Cd(NH3)5]2(Cd(NH3)4]3[Re3Mo3Se8(CN)6]2}Ŀ5H2O (14) 
2.631(1)ï2.684(1) 

<2.654> 

2.527(2)ï2.564(2) / 

<2.547> 

2.10(2)ï2.20(2) 

<2.14> 
[187] 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Cl (15) 
2.6465(5)ï2.6498(5) 

<2.648> 

2.5439(7)ï2.5475(9) 

<2.545> 
2.146(6) [187] 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Br (16) 
2.6480(3)ï2.6531(3) 

<2.651> 

2.5475(3)ï2.5537(4) 

<2.550> 
2.152(2) [187] 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}I (17)  

 

2.6459(5)ï2.6529(5) 

<2.650> 

2.5439(6)ï2.5507(7) 

<2.547> 
2.147(6) [187] 

{[Cd(NH3)4]2[Cd(NH3)3(NCS)]Re3Mo3Se8(CN)6]} (18) 
2.6421(9) ï 2.6461(9) 

<2.644> 

2.5451(12) ï 2.5506(14) 

<2.548> 
2.135(11) ʜʘʥʥʘʷ ʨʘʙʦʪʘ 
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[Co(NH3)6]4[{Co(NH3)2}{Re 3Mo3Se8(CN)6} 2]Ā15H2O 

(19) 

2.6240(7) ï 2.6802(7) 

<2.6511> 

2.5311(10) ï 2.5629(9) 

<2.549> 

2.149(10) - 2.178(9) 

<2.16> 
[188] 

[Ni(NH3)6]4[{ Ni(NH3)2}{ Re3Mo3Se8(CN)6} 2]Ā15H2O (20) 
2.6224(4) ï 2.6664(4) 

<2.6465> 

2.5308(6) ï 2.5649(6) 

<2.5495> 

2.142(6) ï 2.169(6) 

<2.156> 
[188] 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʥʝʰʥʠʤʠ ʣʠʛʘʥʜʘʤʠ  

trans-[Re6Se8(PPh3)4Cl2]  2.6294(6)ï2.6574(6) 2.507(1)ï2.538(1) 2.522(3)ï2.526(3) 

(Re-P) 

[142] 

(SbF6)2[Re6Se8(py)6] 2.6126(7) ï 2.6293(8) 

2.622(5) 

2.5102(14) ï 2.5288(15) 

2.520(5) 

2.180(11) ï 2.214(12) 

2.197(14) 

[189] 

[Mo6Se8(PPh3)6]Ā2H2O 2.7018(8) ï 2.7275(8) 

2.715(7) 

2.5292(9)-2.5876(9) 

2.559(14) 

2.579(2) ï 2.621(2) 

2.600(19) 

[190] 

[Mo6S8(tbp)6] 2.6492(6)ï2.6575(6) 

2.655(4) 

2.4381(13)ï2.4601(15) 

2.450(6) 

2.266(4), 2.276(4), 

2.280(4), 2.274(6) 

[191] 

[Re3Mo3Se8(tbp)6] (21) 

 

2.6316(6) ï 2.6561(7) 

<2.640> 

2.5356(10) ï 2.5570(10) 

<2.547> 

2.223(8) ï 2.261(8) 

<2.245> 

[192] 

[Re4Mo2Se8(tbp)6] (22) 

 

2.6247(14) ï 2.6391(15) 

<2.632> 

2.539(2) ï 2.556(2)  

<2.547> 

2.21(2) ï 2.24(2) 

<2.23> 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

[Re4Mo2Se8(PPh3)6] (23) 2.6716(4) ï 2.6909(4) 

<2.683> 

2.4994(6) ï 2.5565(7) 

<2.531> 

2.5024(16) ï 

2.5350(15) 

<2.515> 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 12 

ɼʣʠʥʳ ʩʚʷʟʝʡ TM  ï N (ʠʥʪʝʨʚʘʣ, <ʩʨʝʜʥʝʝ> ¡) ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘʭ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʮʠʘʥʦʢʦʤʧʣʝʢʩʦʚ 

[Re6-xMoxQ8(CN)6]
n-
 

 TM-NC TM-NH3 ʉʩʳʣʢʘ 

[Zn(NH3)4]8[Zn{Re3Mo3S8(CN)6} 3]Ā9H2O 

 
2.35(3) 1.994(10), 2.04(2) [162] 

[Zn(NH3)4]2[Zn{Re3Mo3S8(CN)6}]Ā2H2O 2.194(19) 2.16(3) [162] 

[Cd(NH3)4]2{Cd[Re3Mo3S8(CN)6]}Ŀ1.5H2O 2.339(12) 2.265(12) [162] 

[Co(NH3)6]4[{Co(NH3)2}{Re 3Mo3Se8(CN)6} 2]Ā15H2O (19) 
2.119(11) - 2.144(9) 

<2.13> 

2.127(10) - 2.188(8) 

<2.17> 
[188] 

[Ni(NH3)6]4[{ Ni(NH3)2}{ Re3Mo3Se8(CN)6} 2]Ā15H2O (20) 
2.088(4) - 2.109(4) 

<2.098> 

2.094(5) ï 2.157(5) 

<2.135> 
[188] 

{[Cd(NH3)5]2(Cd(NH3)4]3[Re3Mo3Se8(CN)6]2}Ŀ5H2O (14) 
2.37(2)ï2.52(2) 

<2.43> 

2.27(2)ï2.47(2) 

<2.36> 
[187] 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Cl (15) 2.418(6) 
2.323(7)ï2.326(6) 

<2.325> 
[187] 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Br (16) 2.419(3) 
2.310(3)ï2.347(3) 

<2.328> 
[187] 

{[Cd(NH3)4]3Re3Mo3Se8(CN)6]}I (17)  

 
2.411(5) 

2.301(6)ï2.344(6) 

<2.323> 
[187] 

{[Cd(NH3)4]2[Cd(NH3)3(NCS)]Re3Mo3Se8(CN)6]} (18) 2.419(12) 

2.316(17) ï 2.318(14) 

<2.317> 

2.46(9) NSC 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ 
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3.2. ʇʦʣʫʯʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

3.2.1. ʈʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʩʠʥʪʝʟ K6[Re3Mo3Se8(m-CN)(CN)4] 

ʈʝʘʢʮʠʷ ʩʤʝʩʠ ʜʠʩʝʣʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʩ ʠʟʙʳʪʢʦʤ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 630Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 

K6[Re3Mo3Se8(m-CN)(CN)4] (1) (ʨʠʩ. 35). ɹʦʣʝʝ ʧʦʣʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʪʨʝʙʫʝʪ ʜʣʠ-

ʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ. ɺʳʭʦʜ ʚʳʰʝ 90% ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʦʢʦʣʦ ʯʝʪʳʨʝʭ ʥʝʜʝʣʴ. 

 

ʈʠʩ. 35. ʌʦʪʦʛʨʘʬʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 1. 

 ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʩʝʣʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ KCN, ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 1 ʧʨʦ-

ʠʩʭʦʜʠʪ ʩʦʛʣʘʩʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ: 

3Re
+4

Se2 + 3Mo
+4

Se2 + 14KCN Ÿ K6[Re
+2.5

3Mo
+2.5

3Se8(CN)5] + 9/n(CN)n + 4K2Se [1] 

 ɺʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʚʳʩʪʫʧʘʝʪ ʮʠʘʥʠʜ ʠʦʥ, ʦʙʨʘʟʫʶʱʠʡ ʛʘʟʦʦʙʨʘʟʥʳʡ ʜʠʮʠʘʥ (CN)2, 

ʣʠʙʦ ʘʤʦʨʬʥʳʡ ʪʚʝʨʜʳʡ ʧʘʨʘʮʠʘʥʦʛʝʥ (CN)n [193]. 

 ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʩʦʝʜʠʥʝʥʠʝ 1 ʠʤʝʝʪ ʮʝʧʦʯʝʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʂʨʠʩʪʘʣʣʳ ʧʦʣʠʤʝʨʘ 1 

ʫʩʪʦʡʯʠʚʳ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʢʠʩʣʦʨʦʜʘ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʝʤʫʩʷ ʠʟʤʝʥʝʥʠʝʤ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʘ (ʨʠʩ. 36).  
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ʈʠʩ. 36. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ʦʙʨʘʟʮʘ ʩʦʝʜʠʥʝʥʠʷ 1 ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʥʘ 

ʚʦʟʜʫʭʝ. 

 ʅʘ ʚʦʟʜʫʭʝ ʩʦʝʜʠʥʝʥʠʝ 1 ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ KCN, ʜʘʚʘʷ ʨʘʩʪʚʦʨ ʙʦʨ-

ʜʦʚʦʛʦ ʮʚʝʪʘ. ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʦʩʘʞʜʝʥʠʷ ʵʪʘʥʦʣʦʤ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩʦʝʜʠ-

ʥʝʥʠʝ K5[Re3Mo3Se8(CN)6]Ā11H2O (2). ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦ ʜʘʥʥʳʤ ʈʉɸ, ʷʚʣʷʝʪʩʷ 

ʠʦʥʥʦʡ ʩʦʣʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5-
 ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʚʦʜʝ. ʈʘʩʪʚʦʨʝʥʠʝ ʧʦʣʠʤʝʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ: 

K6[Re3Mo3Se8(m-CN)(CN)4]ʪʚ + 1/2O2 + H2O + KCN = K5[Re3Mo3Se8(CN)6]ʨ-ʨ + 2KOH [2] 

 ʆʩʘʞʜʝʥʠʝ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 2 ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦ-

ʜʫʢʪʘ ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʢʣʘʩʪʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʩʦʣʠ (Ph4P)4[Re3Mo3Se8(CN)6]Ā2CH3CN (4), ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ: 

1. K5[Re3Mo3Se8(CN)6] ʨ-ʨ + 5Ph4PBr = (Ph4P)5[Re3Mo3Se8(CN)6]Ź + 5KBr [3ʘ] 

2. (Ph4P)5[Re3Mo3Se8(CN)6] + 1/4O2 + 1/2H2O = (Ph4P)4[Re3Mo3Se8(CN)6] + Ph4POH [3ʙ] 

 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ 1 ï 4, ʠʟʦʙʨʘʞʝʥʘ ʚ ʚʠʜʝ 

ʩʭʝʤʳ ʥʘ ʨʠʩ. 37.  

 

ʈʠʩ. 37. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʡ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ (x = 3, T = 630ÁC). 
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 ʉʦʝʜʠʥʝʥʠʝ 4, ʩʦʜʝʨʞʘʱʝʝ ʢʣʘʩʪʝʨ ʩ 21 ʂʉʕ, ʜʘʝʪ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʩʠʛʥʘʣ ʩ g-

ʬʘʢʪʦʨʦʤ 2.430 ʚ ʩʧʝʢʪʨʝ ʕʇʈ (ʨʠʩ. 38ʘ). ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ g-ʬʘʢʪʦʨʘ ʙʣʠʟʢʦ ʢ ʨʘʥ-

ʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ 

[Re6Q8L6]
3ī

 (Q = S, Se, Te; L = CN, Cl, Br; g = 2.44ï2.56) [194, 195]. 

 ʆʢʠʩʣʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʕʉʇ ʠ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ. ʕʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʛʨʘʬʠʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 2 ʠ 4 ʧʨʠʚʝʜʝ-

ʥʳ ʥʘ ʨʠʩ. 38ʙ.  

ʘ ʙ  

ʈʠʩ. 38. ʕʇʈ ʩʧʝʢʪʨ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 4 ʧʨʠ 77K (g = 2.430) (ʘ) ʕʉʇ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 

2 ʚ ʚʦʜʝ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ 4 ʚ ɼʄʌɸ (ʩʠʥʷʷ ʣʠʥʠʷ) (ʙ). 

3.2.2. ʈʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ʄʘʩʩ-ʩʧʝʢʪʨ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝʥʠʷ 4 ʚ ʩʤʝʩʠ ɼʄʌɸ/CH3CN 

ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʜʜʫʢʪʘʤ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ 

ʢʘʪʠʦʥʘʤʠ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʷ (ʨʠʩ. 39). ɺ ʧʨʦʮʝʩʩʝ ʠʦʥʠʟʘʮʠʠ ʯʘʩʪʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ, ʧʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʩʠʛʥʘʣʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʢʣʘʩʪʝʨʥʳʤ ʘʥʠʦʥʘʤ ʩ ʟʘʨʷʜʦʤ 3-. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʩʠʛʥʘʣʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʘʥʠʦʥʫ ʩʦʩʪʘʚʘ [Re3Mo3Se8(CN)6]
4-/3-
. ʋʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʥʘ ʨʠʩ. 39 

ʩʦʜʝʨʞʠʪ ʩʠʛʥʘʣ ʩ ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʜʜʫʢʪʫ 

{( Ph4P)[Re3Mo3Se8(CN)6]}
2-
, ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʩʷ ʩʠʛʥʘʣʳ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʘʜʜʫʢʪʘʤ ʩʦʩʪʘʚʘ {(Ph4P)[Re4Mo2Se8(CN)6]}
2-
 ʠ {(Ph4P)[Re2Mo4Se8(CN)6]}

2-

. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʜʠʥʦʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʣʷ ʘʜʜʫʢʪʦʚ (ʢʨʦʤʝ 9) ʩʦ-

ʩʪʘʚʣʷʶʪ 0.5 ɼʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʨʷʜʫ ʘʜʜʫʢʪʘ ï 2-. ʈʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ Re ʠ Mo ʚ ʩʦʝʜʠʥʝʥʠʷ 4 ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʕɼɸ ʠ ʈʉɸ ʙʣʠʟʢʦ ʢ 1/1, ʨʘʩʪʚʦʨ 4 ʩʦʜʝʨʞʠʪ ʩʤʝʩʴ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re6-
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xMoxSe8(CN)6]
4-
 ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʷʜʨʘ, x = 2, 3, 4. ʇʦ ʦʮʝʥʢʘʤ, ʩʜʝʣʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ, ʩʦʜʝʨʞʘʥʠʝ ʘʥʠʦʥʦʚ [Re4Mo2Se8(CN)6]
4-
 ʠ 

[Re2Mo4Se8(CN)6]
4-
 ʚ ʦʙʨʘʟʮʝ ʥʝ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ ʠ ʩʦʩʪʘʚʣʷʝʪ 10 ʠ 15%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 39. ʆʙʱʠʡ ʚʠʜ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʩʦʝʜʠʥʝʥʠʷ 4 ʚ ʩʤʝʩʠ ɼʄʌɸ/CH3CN. (1 ï 

{ H[Re2Mo4Se8(CN)6]}
2-
, 2 ï { H[Re3Mo3Se8(CN)6]}

2-
,3 ï {( Ph4P)[Re2Mo4Se8(CN)6]}

2-
, 4 ï 

{( Ph4P)[Re3Mo3Se8(CN)6]}
2-
, 5 ï {( Ph4P)[Re4Mo2Se8(CN)6]}

2-
, 6 ï {( Ph4P)2[Re2Mo4Se8(CN)6]}

2-
, 7 ï 

{( Ph4P)2[Re3Mo3Se8(CN)6]}
2-
, 8 ï {( Ph4P)2[Re4Mo2Se8(CN)6]}

2-
, 9 ï {( Ph4P)3[Re3Mo3Se8(CN)6]}

1-
). ʉʧʨʘʚʘ 

ʚʚʝʨʭʫ ʧʦʢʘʟʘʥ ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ, ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩ 

ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʛʥʘʣʦʚ. 

 ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʩʦʝʜʠʥʝʥʠʷ 1 ï 4 ʷʚʣʷʣʠʩʴ ʦʜʥʦʬʘʟʥʳʤʠ. ʀʩʭʦʜʷ ʠʟ ʠʤʝʶʱʝʡʩʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʬʘʢʪʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʪʠ ʬʘʟʳ ʷʚʣʷʶʪʩʷ ʪʚʝʨ-

ʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʟʘʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʦʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ, ʠʤʝʶ-

ʱʠʝ ʦʜʠʥʘʢʦʚʳʡ ʟʘʨʷʜ, ʥʦ ʨʘʟʥʳʡ ʩʦʩʪʘʚ ʷʜʨʘ. ɺ ʪʘʙʣ. 13 ʧʨʠʚʝʜʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʂʉʕ 

ʜʣʷ ʠʟʦʟʘʨʷʜʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ, ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʬʘʟʝ 4. ɸʥʠʦʥʳ 

[Re2Mo4Se8(CN)6]
4- 
ʠ

 
[Re4Mo2Se8(CN)6]

4- 
ʩʦʜʝʨʞʘʪ ʯʝʪʥʦʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʠ ʷʚʣʷʶʪʩʷ 

ʜʠʘʤʘʛʥʠʪʥʳʤʠ,
 
ʧʦʵʪʦʤʫ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʩʠʛʥʘʣ 4 ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʘʥʠʦʥʫ 

[Re3Mo3Se8(CN)6]
4-
. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 13 

ʏʠʩʣʘ ʂʉʕ ʜʣʷ ʠʟʦʟʘʨʷʜʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ [Re6-xMoxSe8(CN)6]
4-
 x = 2, 3, 4 

ɸʥʠʦʥ [Re2Mo4Se8(CN)6]
4-
 [Re3Mo3Se8(CN)6]

4-
 [Re4Mo2Se8(CN)6]

4-
 

ʏʠʩʣʦ ʂʉʕ 20 21 22 

ʆʢʪʘʵʜʨʠʯʝʩʢʦʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʵʪʘʧʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʠʥʪʝʟʘ ʠ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʙʣʠʟʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷʤʠ Re/Mo ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ ʜʣʷ ʧʦʣʠʤʝʨʘ 1 ʠ ʧʨʦʜʫʢʪʦʚ 

ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʥʳʭ ʨʝʘʢʮʠʷʭ 2 ï 4. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʝʪʝʨʦʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʜʦʣʞʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʜʠʠ. 

3.2.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʘʭ. 

ʇʦ ʜʘʥʥʳʤ ʕɼɸ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

MoSe2 ʠ ReSe2 ʚ ʠʩʭʦʜʥʦʡ ʟʘʛʨʫʟʢʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʪʘʚ ʧʦ-

ʣʠʤʝʨʘ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʜʦ 

700Áʉ ʠ ʜʘʣʝʝ ʜʦ 800ʉÁ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʘʭ ʧʦʣʠʤʝʨʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʩʦʜʝʨʞʘʥʠʝ ʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʤʝʨʦʤ K6[Re3Mo3Se8(m-

CN)(CN)4] (1) ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ K6[Re3.6Mo2.4Se8(m-CN)(CN)4] (5), ʧʦʣʫʯʝʥʥʦʤ 

ʧʨʠ 800ʉÁ. ɺ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʪʘʚʘʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ MoSe2.  

ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʷʜʫ ʩ ʧʦʣʠʤʝʨʦʤ 5 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʜʨʫʛʦʡ 

ʧʨʦʜʫʢʪ, ʩʦʜʝʨʞʘʱʠʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ, ʠ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ. ʕʪʦʪ ʧʨʦ-

ʜʫʢʪ ʣʝʛʢʦ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʠʤʝʨʘ 5 ʧʨʦʤʳʚʢʦʡ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʨʠ 

ʵʪʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʤʝʝʪ ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ. ʇʨʠ ʫʧʘʨʠʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦ-

ʨʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʩʦʣʴ ʩʦʩʪʘʚʘ K5[Re5MoSe8(CN)6] (6). ʉʦʝʜʠʥʝʥʠʝ 6 ʩʦʜʝʨʞʠʪ ʨʝʥʠʡ ʠ 

ʤʦʣʠʙʜʝʥ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 5/1 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼɸ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʩʦʣʴ 6 ʠʟʦʩʪʨʫʢʪʫʨ-

ʥʘ 2 (ʨʠʩ. ʇ2 ʚ ʇʨʠʣʦʞʝʥʠʷʭ) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʣʴ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ 

[Re5MoSe8(CN)6]
5-
 ʠ ʢʘʪʠʦʥʦʚ ʢʘʣʠʷ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʫʶ ʚ ʚʦʜʝ.  
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 ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ K5[Re5MoSe8(CN)6] ʠʟʙʳʪʢʘ n-Bu4NBr ʥʘ ʚʦʟ-

ʜʫʭʝ ʢʣʘʩʪʝʨ ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʩʦʣʠ (n-

Bu4N)4[Re5MoSe8(CN)6] (7), ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ: 

[Re5MoSe8(CN)6]
5-
 + 1/4O2 + 5n-Bu4N

+
 + 1/2 H2O Ÿ (n-Bu4N)4[Re5MoSe8(CN)6]Ź + n-

Bu4NOH [4] 

 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝʥʠʷ 7 ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ ʘʜʜʫʢʪʦʚ 

ʘʥʠʦʥʘ [Re5MoSe8(CN)6]
4-
 ʩ ʢʘʪʠʦʥʘʤʠ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ (ʨʠʩ. 40ʘ). ɸʜʜʫʢʪʦʚ ʢʣʘ-

ʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ 7 ʧʨʠ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩ. 40ʙ. 

ʘ ʙ  

ʈʠʩ. 40. ʌʨʘʛʤʝʥʪ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʩʦʝʜʠʥʝʥʠʷ 7 ʚ CH2Cl2 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʤ, ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʚʫʝʪ ʘʜʜʫʢʪʫ ʩʦʩʪʘʚʘ {(Bu4N)2[Re5MoSe8(CN)6]}
2-
 (ʘ); ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ 

ʩʦʝʜʠʥʝʥʠʷ 7 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ (ʙ).
 

 ʇʦʣʠʤʝʨʳ K6[Re6-xMoxSe8(m-CN)(CN)4], ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 700 ʠ 800Áʉ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʨʝʘʢʮʠʷʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʘ ʨʠʩ. 

37, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʪʝʪʨʘʬʝʥʠʬʦʩʬʦʥʠʷ (Ph4P)4[Re6-xMoxSe8(CN)6]Ā2CH3CN (x å 

3.5ï3.6), ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʶ 4. ʉʦʦʪʥʦʰʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ ʨʘʟʥʳʤ ʩʦ-

ʩʪʘʚʦʤ ʷʜʨʘ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʣʝʡ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʨʠʩ. 41). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʢʣʘʩʪʝʨʘ ʩ ʷʜʨʦʤ {Re4Mo2Se8} ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʢʣʘʩʪʝʨʘ ʩ ʷʜʨʦʤ {Re2Mo4Se8}.  
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ʈʠʩ. 41. ʌʨʘʛʤʝʥʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʩʦʣʝʡ (Ph4P)4[Re6-xMoxSe8(CN)6] ʚ CH3CN 

/ɼʄʌɸ. ɺ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʫʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʥʳʝ ʩʦʣʠ ʩʦʩʪʘʚʘ K5[Re3.6Mo2.4Se8(CN)6] (8) ʠ 

(Ph4P)4[Re3.6Mo2.4Se8(CN)6]Ā2CH3CN (9) (ʧʦʣʫʯʝʥʥʳʝ ʩʦʛʣʘʩʥʦ ʨʠʩ. 37 ʠʟ ʧʦʣʠʤʝʨʘ 5) ʩʦ-

ʜʝʨʞʘʪ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ [Re4Mo2Se8(CN)6]
n-
 ʠ [Re3Mo3Se8(CN)6]

n-
. ʉʦʝʜʠʥʝʥʠʝ 8 ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ 

[Re4Mo2Se8(CN)6]
n-
 ʠ [Re3Mo3Se8(CN)6]

n-
 ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. 

3.2.4. ʄʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re4Mo2Se8(CN)6]
n-

 ʠ 

[Re3Mo3Se8(CN)6]
n-

 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʟʙʳʪʢʘ ʙʨʦʤʠʜʘ ʪʝʪ-

ʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ K5[Re3.6Mo2.4Se8(CN)6] (8) ʥʘ ʚʦʟʜʫʭʝ ʠʟ ʨʘʩʪʚʦʨʘ 

ʦʩʘʞʜʘʝʪʩʷ ʩʦʣʴ (n-Bu4N)4[Re4Mo2Se8(CN)6] (10). ʄʘʩʩ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʧʦʣʫʯʝʥʥʦʡ ʩʦʣʠ 

ʚ CH2Cl2 ʩʦʜʝʨʞʠʪ ʘʜʜʫʢʪʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re4Mo2Se8(CN)6]
4- 

 ʩ ʢʘʪʠʦʥʘʤʠ ʪʝʪʨʘ-

ʙʫʪʠʣʘʤʤʦʥʠʷ (ʨʠʩ. 42ʘ). ɸʜʜʫʢʪʦʚ ʜʨʫʛʠʭ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʦ 

ʜʘʥʥʳʤ ʈʌɸ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʬʘʟʥʳʤ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ 10 ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 42ʙ.  

ʘ ʙ  

ʈʠʩ. 42. ʌʨʘʛʤʝʥʪ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʩʦʝʜʠʥʝʥʠʷ 10 ʚ CH2Cl2, ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʚʫʝʪ ʘʜ-

ʜʫʢʪʫ {(Bu4N)2[Re4Mo2Se8(CN)6]}
2-
 (ʘ); ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʣʷ 10 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ (ʙ).
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 ʉʦʝʜʠʥʝʥʠʝ 10 ʷʚʣʷʝʪʩʷ ʠʦʥʥʦʡ ʩʦʣʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re4Mo2Se8(CN)6]
4-
 ʠ 

ʢʘʪʠʦʥʦʚ n-Bu4N
+
. ʀʟʤʝʥʝʥʠʝ ʟʘʨʷʜʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʩ 5- ʜʣʷ ʩʤʝʩʠ ʢʣʘʩʪʝʨʥʳʭ 

ʘʥʠʦʥʦʚ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʜʦ 4- ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʝʘʢʮʠʶ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ pH ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʩʦʣʠ 10 ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʫ ʨʝʘʢ-

ʮʠʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ: 

[Re4Mo2Se8(CN)6]
5-
 + 1/4O2 + 5n-Bu4N

+
 + 1/2 H2O Ÿ (n-Bu4N)4[Re4Mo2Se8(CN)6]Ź + n-

Bu4NOH [5] 

 ʇʨʦʪʝʢʘʥʠʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ pH ʨʘʩʪʚʦʨʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʥʦʝ ʦʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʘ [Re4Mo2Se8(CN)6]
4-
 ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʠʥ-

ʪʝʨʚʘʣʝ pH 7-9. ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [Re3Mo3Se8(CN)6]
5-
 ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʦʩʪʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ (ʨʠʩ. 43).  

 

ʈʠʩ. 43. ʉʭʝʤʘ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ. 

3.2.5. ɺʳʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5-
 ʠʟ ʨʘʩʪʚʦʨʘ 

 ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Re3Mo3Se8(CN)6]
5-
 ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʵʢʩ-

ʪʨʘʢʮʠʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ I2. ʆʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5- 
ʨʘʩʪʚʦʨʦʤ ʠʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʠʦʥʘ 

[Re3Mo3Se8(CN)6]
4-
, ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ:  

[Re3Mo3Se8(CN)6]
5-
 + 1/2I2 + Ÿ [Re3Mo3Se8(CN)6]

4-
 + I

-
 [6] 

 ʆʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝ-

ʪʘ ʨʘʩʪʚʦʨʘ (ʨʠʩ. 44). ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʕʉʇ. 
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ʈʠʩ. 44. ʕʉʇ ʜʣʷ [Re3Mo3Se8(CN)6]
5-/4-

 ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʤ ʠʦʜʘ ʚ CH3CN. 

 ʇʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨ [Re3Mo3Se8(CN)6]
4-
, ʚʳʧʘʜʘʣ ʪʝʤ-

ʥʳʡ ʧʦʨʦʰʦʢ ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ (n-Bu4N)4[Re3Mo3Se8(CN)6] (13) ʠ (n-

Bu4N)4[Re3Mo3Se8(CN)6]Ŀ3H2O (13Ŀ3H2O), ʦʪʣʠʯʘʶʱʠʭʩʷ ʯʠʩʣʦʤ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ 

ʚʦʜʳ. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʘʮʝʪʦʥʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʦʜʥʦʬʘʟʥʳʡ ʧʨʦʜʫʢʪ, ʩʦʜʝʨ-

ʞʘʱʠʡ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʝ 13 (ʨʠʩ. 45ʘ). ʉʦʝʜʠʥʝʥʠʷ 7, 10 ʠ 13 ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨ-

ʥʳʤʠ. ʀʭ ʩʪʨʦʝʥʠʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ çʆʧʠʩʘʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡè. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ 13 ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ 

ʘʜʜʫʢʪʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
4-
 ʩ ʢʘʪʠʦʥʘʤʠ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʠ ʦʪ-

ʩʫʪʩʪʚʠʝ ʘʥʠʦʥʦʚ ʩ ʜʨʫʛʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ (ʨʠʩ. 45ʙ).  

ʘ ʙ  

ʈʠʩ. 45. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʦʝʜʠʥʝʥʠʷ 13 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ (ʘ); ʬʨʘʛʤʝʥʪ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʩʦʝʜʠʥʝʥʠʷ 13 ʚ CH2Cl2, ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʚʫʝʪ ʘʜʜʫʢʪʫ {(Bu4N)2[Re4Mo2Se8(CN)6]}
2-
 (ʙ).

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʮʠʠ ʠ ʨʘʟʣʠʯʠʷ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Re5MoSe8(CN)6]
4-
, [Re4Mo2Se8(CN)6]

4-
 [Re3Mo3Se8(CN)6]

4-
 ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ. 
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3.3. ɻʝʦʤʝʪʨʠʷ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʧʦ ʜʘʥʥʳʤ ʈʉɸ 

 ɸʥʘʣʠʟ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 1-4, 13, ʩʦʜʝʨʞʘʱʠʭ ʷʜ-

ʨʘ {Re3Mo3Se8} ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʄïʄ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʘ ʂʉʕ. 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʚ ʧʦʣʠʤʝʨʝ 1, ʩʦʜʝʨʞʘʱʝʤ 24-ʵʣʝʢʪʨʦʥʥʦʝ ʷʜ-

ʨʦ {Re3Mo3Se8} ʠ ʩʦʣʴʶ 2 ʩ 22-ʵʣʝʢʪʨʦʥʥʳʤ ʷʜʨʦʤ {Re3Mo3Se8} ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.018 

¡. ʈʘʟʥʠʮʘ ʞʝ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʚ 2 ʠ ʩʦʣʷʤʠ 4 ʠ 13 (21 ʂʉʕ) ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

0.005-0.006 ¡. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʢʣʘʩʪʝʨ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦ ʠʩʢʘʞʝʥ-

ʥʳʤ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʣʠʥʥʳʤʠ ʠ ʢʦʨʦʪʢʠʤʠ ʩʚʷʟʷʤʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

0.04 ¡. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʠ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ MïM 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 10 ʠ 7, ʩʦʜʝʨʞʘʱʠʭ ʷʜʨʘ {Re4Mo2Se8} ʠ {Re5MoSe8}, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʦʩʪʘʚʣʷʝʪ 0.04 ʠ 0.02 ¡. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 11 ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʪʘʣʣʦʦʩʪʦ-

ʚʳ {Re6-xMox} (x = 1 ï 3) ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦ ʜʘʥʥʳʤ ʈʉɸ 

ʷʚʣʷʶʪʩʷ ʧʨʘʚʠʣʴʥʳʤʠ, ʣʠʙʦ ʩʣʘʙʦ ʠʩʢʘʞʝʥʥʳʤʠ ʦʢʪʘʵʜʨʘʤʠ. 

 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʷʜʨʝ ʧʦ-

ʨʘʟʥʦʤʫ ʚʣʠʷʝʪ ʥʘ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʘʭ. ʊʘʢ, ʜʣʠʥʳ ʩʚʷʟʝʡ Reï

Re ʚ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʘʭ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʯʠʩʣʘ 

ʂʉʕ. ʅʘʧʨʠʤʝʨ, ʨʘʩʩʪʦʷʥʠʷ ReïRe ʚ ʢʣʘʩʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ [Re6Se8(CN)6]
n-
 ʦʩʪʘʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʂʉʕ ʦʪ 24 ʜʦ 23 (2.633 ¡ ʚ 

K4[Re6Se8(CN)6]Ŀ3.5H2O [147] ʠ 2.633 ¡ ʚ (Ph4P)2H[Re6Se8(CN)6]Ŀ8H2O [196]). ʈʘʩʩʪʦʷʥʠʷ 

MoïMo ʚ ʢʣʘʩʪʝʨʘʭ [Mo6Se8(CN)6]
n-
 ʩ 20 ʠ 21 ʂʉʕ (2.711 ¡ ʚ (Me4N)4K2[Mo6Se8(CN)6] 

10H2O ʠ 2.700 ¡ ʚ K7[Mo6Se8(CN)6] 8H2O [111]) ʪʘʢʞʝ ʦʯʝʥʴ ʙʣʠʟʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʦʙʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʜʣʠʥ ʩʚʷʟʝʡ NbïNb ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʘ. ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ Nbï

Nb ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʪ 2.910 ¡ ʚ K4[Nb6Cl
i
12Cl

a
6] (16 ʂʉʕ) ʜʦ 2.967 ¡ ʚ 

(Me4N)3[Nb6Cl
i
12Cl

a
6] (15 ʂʉʕ) ʠ ʜʦ 3.02 ¡ ʚ (Me4N)2[Nb6Cl

i
12Cl

a
6] (14 ʂʉʕ) [197], ʪʦ ʝʩʪʴ 

ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʂʉʕ ʥʘ ʦʜʠʥ ʵʣʝʢʪʨʦʥ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥ NbïNb ʧʨʠʤʝʨʥʦ 

ʥʘ 0.05 ¡. 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʣʫʯʘʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷ-

ʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʷʜʝʨ ʚʦʟʤʦʞʥʘ ʠʟʦʤʝʨʠʷ (ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʩʦʩʪʘʚʘ {M5M'}). ʅʘ ʨʠʩ. 46 ʠʟʦʙʨʘʞʝʥʦ ʚʦʟʤʦʞʥʦʝ ʨʘʩʧʦʣʦ-

ʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʷʜʨʘʭ {Re3Mo3Se8}, { Re4Mo2Se8} ʠ 

{ Re5MoSe8} ʩ ʫʢʘʟʘʥʠʝʤ ʚʳʩʰʝʡ ʚʦʟʤʦʞʥʦʡ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʤʝʪʘʣʣʦʩʪʦʚʘ. 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʤʤʝʪʨʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʪʦ-

ʯʝʯʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʠʟʦʤʝʨʦʚ {Re3Mo3} ʠ {Re4Mo2}, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʚʧʘʜʘʶʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʠʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʠʟʦʤʝʨʳ ʤʝʪʘʣʣʦ-

ʦʩʪʦʚʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʦʨʠʝʥʪʘʮʠʷʤ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʨʝʜʥʝʥʥʦʡ ʢʘʨʪʠʥʝ ʤʝʞʘʪʦʤ-

ʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ ʩʣʘʙʦʤʫ ʠʩʢʘʞʝʥʠʶ ʤʝʪʘʣʣʦʦʩʪʦʚʘ. ʉʦʚʤʝʩʪʥʘʷ ʟʘʥʷʪʦʩʪʴ ʧʦʟʠʮʠʡ 

ʘʪʦʤʘʤʠ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʤʝʪʘʣʣʦʦʩʪʦʚʝ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ.  

 ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʣʦʢʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʤʝʪʘʣʣʦʦʩʪʦʚʘ, ʠ ʥʘʣʠʯʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ {Re3Mo3} ʠ {Re4Mo2} ʚ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. 

{Re3Mo3} {Re4Mo2} {Re5Mo}  

 

ʛʨʘʥ- 

 

ʦʩ- 

 

ʮʠʩ- 

 

ʪʨʘʥʩ- 

 

C3v C2v C2v D4h C4v 

ʈʠʩ.46. ɺʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʦʩʪʦʚʘʭ {Re6-xMox}  

 (x = 1ï3) ʠ ʠʭ ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ. 

3.4. ɸʥʘʣʠʟ ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ɸʥʘʣʠʟ ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʗʄʈ ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re3Mo3Se8} ʠ {Re4Mo2Se8}. 
77

Se ʗʄʈ ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʷ 8, ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʜʠʘʤʘʛʥʠʪʥʳʡ 22-ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [Re3Mo3Se8(CN)6]
5-
, ʠ ʩʦ-

ʝʜʠʥʝʥʠʷ 10, ʩʦʜʝʨʞʘʱʝʛʦ 22-ʵʣʝʢʪʨʦʥʥʳʡ ʘʥʠʦʥ [Re4Mo2Se8(CN)6]
4-
 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 

47.  
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ʘ ʙ  

ʈʠʩ. 47. 
77

Se ʗʄʈ ʩʧʝʢʪʨʳ ʜʣʷ 8 ʚ D2O (ʘ) ʠ 10 ʚ CD3COCD3 (ʙ). 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣʦʚ 
77

Se ʜʣʷ ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ 

ʷʜʨʘ {Re3Mo3Se8} (ʪʘʙʣ. 14) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
77

Se ʗʄʈ ʩʧʝʢʪʨ ʛʨʘʥ-ʠʟʦʤʝʨʘ ʜʦʣʞʝʥ ʩʦ-

ʜʝʨʞʘʪʴ 4 ʩʠʛʥʘʣʘ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 1:3:3:1, ʦʩ-ʠʟʦʤʝʨʘ 

ï ʪʦʣʴʢʦ ʜʚʘ ʩʠʛʥʘʣʘ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʗʄʈ ʩʦ-

ʝʜʠʥʝʥʠʷ 8 ʩʦʜʝʨʞʠʪ ʜʚʘ ʩʠʛʥʘʣʘ ʥʘ 172 ʠ 365 ʤ.ʜ. ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʛʨʘʣɹ-

ʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʦʩ-ʠʟʦʤʝʨʫ ʷʜʨʘ {Re3Mo3Se8}. ʎʠʩ-

ʠʟʦʤʝʨ ʷʜʨʘ ʜʦʣʞʝʥ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 3 ʩʠʛʥʘʣʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 

1:2:1, ʘʪʦʤʳ ʩʝʣʝʥʘ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʭʠʤʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʧʦʵʪʦʤʫ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 

ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʩʠʛʥʘʣ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ 10 ʩʦ-

ʜʝʨʞʠʪ 4 ʩʠʛʥʘʣʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʩʤʝʩʠ ʜʚʫʭ ʠʟʦʤʝʨʦʚ. ʀʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʩʠʛʥʘʣʳ 14, 297 ʠ 195 ʤ.ʜ. ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʮʠʩ-ʠʟʦʤʝʨʫ 

ʷʜʨʘ {Re4Mo2Se8}, ʘ ʩʠʛʥʘʣ ʥʘ 322 ʤ.ʜ. ï ʢ ʪʨʘʥʩ-ʠʟʦʤʝʨʫ ʷʜʨʘ {Re4Mo2Se8}. ʆʮʝʥʢʘ ʠʥ-

ʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʮʠʩ-ʠʟʦʤʝʨʘ ʚ ʧʦʣʫʯʝʥ-

ʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ. 

 ʊ ʘ ʙ ʣ ʠ ʮ ʘ 14 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ 
77

Se ʜʣʷ ʠʟʦʤʝʨʦʚ ʷʜʝʨ {Re3Mo3Se8} ʠ {Re4Mo2Se8}. ʍʠʤʠʯʝ-

ʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʘʪʦʤʳ ʩʝʣʝʥʘ, ʚʳʜʝʣʝʥʳ ʨʘʟʥʳʤʠ ʦʪʪʝʥʢʘʤʠ ʮʚʝʪʘ. 

ʛʨʘʥ-{Re3Mo3Se8}  ʦʩ-{Re3Mo3Se8}  ʮʠʩ-{Re4Mo2Se8}  ʪʨʘʥʩ-{Re4Mo2Se8}  

    

1:3:3:1 4:4 2:4:2 8 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʗʄʈ ʛʦʚʦʨʷʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʷʜʨʦ {Re3Mo3Se8} ʩʫʱʝ-

ʩʪʚʫʝʪ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʠʟʦʤʝʨʘ ï ʦʩ-{ Re3Mo3Se8}, ʪʦʛʜʘ ʢʘʢ ʷʜʨʦ {Re4Mo2Se8} ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʝʪ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʳ.  

3.5. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re6-

xMoxSe8(CN)6]
n-

 

 ɼʣʷ ʘʥʘʣʠʟʘ ʛʝʦʤʝʪʨʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘ-

ʣʘ ʧʣʦʪʥʦʩʪʠ. ɻʝʦʤʝʪʨʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʚ ʩʠʤʤʝʪʨʠʠ C1. 

ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʧʨʠʤʝʨʝ ʦʩ-

ʠʟʦʤʝʨʘ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
7-
 (ʜʠʘʛʨʘʤʤʳ ʄʆ ʜʣʷ ʢʣʘʩʪʝʨʦʚ [Re4Mo2Se8(CN)6] ʠ 

[Re5MoSe8(CN)6] ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. ʇ4, ʇ5 ʚ ʇʨʠʣʦʞʝʥʠʷʭ). ɼʠʘʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʦʩ-ʠʟʦʤʝʨʘ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
7-
 ʩʦʜʝʨʞʘʪ ʙʣʦʢ ʟʘʥʷʪʳʭ ʩʚʷʟʫʶʱʠʭ 

ʦʨʙʠʪʘʣʝʡ ʠ ʙʣʦʢ ʩʚʦʙʦʜʥʳʭ ʨʘʟʨʳʭʣʷʶʱʠʭ ʦʨʙʠʪʘʣʝʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʚʳʰʝ (ʨʠʩ. 

48). ɼʚʝ ʩʚʷʟʫʶʱʠʝ ʄʆ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʳʰʝ ʦʩʪʘʣʴʥʳʭ (ɺɿʄʆ ʠ ɺɿʄʆ-1), ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʱʝʣʝʡ: ʧʝʨʚʘʷ ʦʪʜʝʣʷʝʪ ʛʨʘʥʠʯʥʳʝ ʦʨʙʠʪʘʣʠ 

(ɺɿʄʆ ʦʪ ʅʉMO) ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1.6 ʵɺ, ʚʪʦʨʘʷ ʦʪʜʝʣʷʝʪ ʦʨʙʠʪʘʣʠ ɺɿʄʆ ʠ ɺɿʄʆ-

1 ʦʪ ʥʠʞʝʣʝʞʘʱʠʭ ʟʘʥʷʪʳʭ ʦʨʙʠʪʘʣʝʡ ʥʘ å 0.8 ʵɺ. ɼʠʘʛʨʘʤʤʘ ʄʆ ʜʣʷ ʛʨʘʥ-ʠʟʦʤʝʨʘ 

[Re3Mo3Se8(CN)6]
7-
 ʘʥʘʣʦʛʠʯʥʳ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʜʣʷ ʦʩ-ʠʟʦʤʝʨʘ. 

 

ʈʠʩ. 48. ɼʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʦʩ-ʠʟʦʤʝʨʘ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5-
; ʠʟʦʙʨʘʞʝʥʠʝ ʦʨʙʠ-

ʪʘʣʝʡ ɺɿʄʆ, ɺɿʄʆ-1, ʅʉʄʆ. 
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ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʩ-ʠʟʦʤʝʨ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʤ (ʨʘʟʥʠʮʘ ʚ ʵʥʝʨʛʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2ï3 

ʢʢʘʣ/ʤʦʣʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʨʷʜʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ). ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ɺɿʄʆ ʠ 

ɺɿʄʆ-1 ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʜʘʥʥʳʝ ʄʆ ʚʥʦʩʷʪ ʘʪʦʤʥʳʝ ʦʨʙʠʪʘʣʠ ʤʦʣʠʙ-

ʜʝʥʘ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [Re3Mo3Se8(CN)6]
7- 
ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʦʪʦʯʥʳʤ ʠ ʩʦʜʝʨʞʠʪ 24 

ʂʉʕ.  

 ɼʠʘʛʨʘʤʤʳ ʄʆ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ 

ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʂʉʕ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳʤʠ ʟʘʨʷʜʘʤʠ. ʅʘ ʨʠʩ. 49 ʧʨʠʚʝʜʝʥʦ ʠʟ-

ʤʝʥʝʥʠʝ ʜʠʘʛʨʘʤʤ ʄʆ ʜʣʷ ʦʩ-ʠʟʦʤʝʨʘ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6] ʧʨʠ ʫʜʘʣʝʥʠʠ ʵʣʝʢʪʨʦ-

ʥʦʚ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʧʝʨʚʦʛʦ ʵʣʝʢʪʨʦʥʘ ʚʳʨʦʞʜʝʥʥʳʝ ʦʨʙʠʪʘʣʠ ɺɿʄʆ ʠ ɺɿʄʆ-1 ʨʘʟʜʝ-

ʣʷʶʪʩʷ, ʧʨʠ ʵʪʦʤ ʦʨʙʠʪʘʣʴ ɺɿʄʆ-1 ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ ʧʦ ʵʥʝʨʛʠʠ (ʢʨʘʩʥʘʷ ʩʪʨʝʣʢʘ), ʘ ʧʦ-

ʣʦʞʝʥʠʝ ʦʨʙʠʪʘʣʠ ɺɿʄʆ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʩʠʥʷʷ ʩʪʨʝʣʢʘ). ɼʣʷ 22-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʦʨʙʠʪʘʣʠ ɺɿʄʆ-1. 

 

ʈʠʩ. 49. ʀʟʤʝʥʝʥʠʝ ʜʠʘʛʨʘʤʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʦʩ-ʠʟʦʤʝʨʘ [Re3Mo3Se8(CN)6]
n-
 ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʵʣʝʢʪʨʦʥʦʚ. ɼʠʘʛʨʘʤʤʳ ʦʨʙʠʪʘʣʝʡ ʩʜʚʠʥʫʪʳ ʧʦ ʵʥʝʨʛʠʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʨʙʠʪʘʣʠ ɺɿʄʆ-2 ʥʘʭʦ-

ʜʠʣʠʩʴ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ. 24-ʵʣʝʢʪʨʦʥʥʳʡ ʤʝʪʘʣʣʦʦʩʪʦʚ {Re3Mo3} ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʤ ʦʢʪʘʵʜʨʦʤ, ʜʣʠʥʳ ʩʚʷʟʝʡ M-M ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ. ʋʜʘʣʝʥʠʝ 
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ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥ ʩʚʷʟʝʡ: ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʢʦʨʦʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ 

Re-Re ʠ ʫʜʣʠʥʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ Mo-Mo ʚ ʤʝʪʘʣʣʦʦʩʪʦʚʝ. ʅʘ ʨʠʩ. 50 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ Re-Re, Re-Mo, Mo-Mo ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦ-

ʥʦʚ ʦʩ-[Re3Mo3Se8(CN)6]
n-
 ʠ ʛʨʘʥ-[Re3Mo3Se8(CN)6]

n-
, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʂʉʕ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ, ʠʩʢʘʞʝʥʠʝ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʡʜʝʥʦ ʠʟ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʦʩ-ʠʟʦʤʝʨʘ 22-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 0.139 ¡. 

 

ʘ ʙ  

ʈʠʩ. 50. ʈʘʩʩʪʦʷʥʠʷ M-M ʜʣʷ ʦʩ- (ʘ) ʠ ʛʨʘʥ-ʠʟʦʤʝʨʦʚ (ʙ) ʢʣʘʩʪʝʨʘ [Re3Mo3Se8(CN)6]
n-
. 

 ʉʭʦʞʠʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʂʉʕ ʠ ʛʝʦʤʝʪʨʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʘʥʠʦʥʦʚ ʮʠʩ-[Re4Mo2Se8(CN)6]
n-
 ʠ ʪʨʘʥʩ-[Re4Mo2Se8(CN)6]

n-
. ʄʝʪʘʣʣʦʦʩʪʦʚ ʘʥʠʦʥʘ 

ʪʨʘʥʩ-[Re4Mo2Se8(CN)6]
6-
, ʩʦʜʝʨʞʘʱʠʡ 24 ʂʉʕ, ʠʤʝʝʪ ʛʝʦʤʝʪʨʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴ-

ʥʦʛʦ ʦʢʪʘʵʜʨʘ, ʝʛʦ ʮʠʩ-ʠʟʦʤʝʨ ʪʘʢʞʝ ʩʣʘʙʦ ʠʩʢʘʞʝʥ. ʋʜʘʣʝʥʠʝ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʨʙʠ-

ʪʘʣʝʡ ʵʪʠʭ ʘʥʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʤʝʪʘʣʣʦʦʩʪʦʚʘ (ʨʠʩ. 51). 

ʘ ʙ  

ʈʠʩ. 51. ʈʘʩʩʪʦʷʥʠʷ M-M ʜʣʷ ʪʨʘʥʩ- (ʘ) ʠ ʮʠʩ-ʠʟʦʤʝʨʦʚ (ʙ) ʢʣʘʩʪʝʨʘ [Re4Mo2Se8(CN)6]
n-
. 
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 ʀʩʢʘʞʝʥʠʝ ʢʣʘʩʪʝʨʘ [Re5MoSe8(CN)6]
n-
 ʧʨʠ ʫʜʘʣʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʩʭʦʜʥʦ ʩ ʠʩʢʘʞʝ-

ʥʠʝʤ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ [Re4Mo2Se8(CN)6]
n-
. ʄʝʪʘʣʣʦʦʩʪʦʚʳ ʘʥʠʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 23 ʠ 24 

ʂʉʕ ʠʩʢʘʞʝʥʳ ʩʣʘʙʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 22-ʵʣʝʢʪʨʦʥʥʳʡ ʘʥʠʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʫʶ 

ʨʘʟʥʠʮʫ ʨʘʩʩʪʦʷʥʠʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ (ʨʠʩ. 52). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 22-

ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [Re5MoSe8(CN)6]
3-
 ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘ ʥʝ ʧʦʣʫʯʝʥ. 

 

ʈʠʩ. 52. ʈʘʩʩʪʦʷʥʠʷ M-M ʜʣʷ ʢʣʘʩʪʝʨʘ [Re5MoSe8(CN)6]
n-
. 

 ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʈʉɸ ʩʦʝʜʠʥʝʥʠʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʪʦʣʴʢʦ ʫʩʨʝʜʝʥʝʥʥʳʝ ʧʦʟʠʮʠʠ ʤʝʪʘʣʣʦʚ ʠ ʥʝ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ɸʥʘʣʠʟ ʛʝʦʤʝʪʨʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ ʤʝʪʦʜʦʤ ʢʚʘʥʪʦ-

ʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʨʙʠʪʘʣʝʡ ʵʣʝʢʪʨʦʥʦʪʦʯ-

ʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ʦʨʙʠʪʘʣʠ 

ɺɿʄʆ-1, ʩʦʧʨʦʚʦʞʜʘʝʤʦʤʫ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʢʘʞʝʥʠʝʤ ʤʝʪʘʣʣʦʦʩʪʦʚʘ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʩʢʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʣʦʢʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʦʝʜʠʥʝʥʠʷ. 

3.6. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

 ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʥʘʠʙʦʣʝʝ ʠʩʢʘʞʝʥʥʳʤ ʤʝʪʘʣʣʦʦʩʪʦʚʦʤ (ʧʦ ʜʘʥʥʳʤ ʢʚʘʥ-

ʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ) K5[Re3Mo3Se8(CN6)]Ŀ11H2O (8) ʠ (n-Bu4N)4[Re4Mo2Se8(CN)6] 

(10), ʩʦʜʝʨʞʘʱʠʝ 22 ʂʉʕ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ. 

 ɸʥʘʣʠʟ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʤʝʪʘʣʣʦʦʩʪʦʚʝ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 8 ʠ 10 ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ EXAFS. Cʠʛʥʘʣʳ 
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k
3
*c(k) ʜʣʷ ʂ-ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ Mo ʠ L3-ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ Re ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 53 ʠ 54 

(ʩʣʝʚʘ). ɸʤʧʣʠʪʫʜʳ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ EXAFS ʩʠʛʥʘʣʘ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʚ ʠʥʪʝʨʚʘʣʝ k 3 ï 20 ¡
-1
 (Mo) ʠ 3 - 17.9 ¡

-1
 (Re ʜʣʷ 8) ʠ 3 ï 18.8 ¡

-1
 (Re ʜʣʷ 

10), ʠʩʧʦʣʴʟʫʷ ʦʢʥʦ 1 ï 4 ¡. ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ EXAFS ʩʠʛʥʘʣʘ ʜʣʷ ʦʙʨʘʟʮʦʚ 8 ʠ 10 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 53 ʠ 54 (ʩʧʨʘʚʘ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʫʪʦʯʥʝʥʳ, ʠʩ-

ʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʦʝ ʫʨʘʚʥʝʥʠʝ EXAFS [198]. ʋʪʦʯʥʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Arte-

mis ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʧʘʢʝʪʝ IFEFFIT [176], ʠʩʧʦʣʴʟʫʷ ʬʘʟʫ ʠ ʘʤʧʣʠʪʫʜʫ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʯʝʨʝʟ ʢʦʜ FEFF-6 [199]. ʄʦʜʝʣʠ ʩʪʨʫʢʪʫʨ ʜʣʷ ʷʜʝʨ { Re3Mo3Se8} ʠ {Re4Mo2Se8} ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɿʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʤʝʪʘʣʣʘ ʙʳʣʠ ʠʟʤʝʥʝ-

ʥʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʘʪʦʤʳ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʟʥʳʭ ʧʦʟʠʮʠʷʭ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʷ ʠʟʦʤʝʨʠʠ ʷʜʝʨ. ʀʪʦʛʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. ʇ7, ʇ8 ʚ 

ʇʨʠʣʦʞʝʥʠʷʭ. 

 

 

ʈʠʩ. 53. EXAFS ʩʠʛʥʘʣʳ ʜʣʷ ʦʙʨʘʟʮʘ 8 ʜʣʷ K-ʢʨʘʷ Mo (ʘ) ʠ L3-ʢʨʘʷ Re (ʙ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝ ʌʫʨʴʝ ï ʩʧʨʘʚʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʪʦʯʥʝʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʦ ʫʪʦʯʥʝʥʠʷ - k) 

ʧʨʠʚʝʜʝʥʳ ʣʠʥʠʷʤʠ. 
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ʈʠʩ. 54. EXAFS ʩʠʛʥʘʣʳ ʜʣʷ ʦʙʨʘʟʮʘ 10 ʜʣʷ K-ʢʨʘʷ Mo (ʘ) ʠ L3-ʢʨʘʷ Re (ʙ) L3-ʢʨʘʷ Re, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ï ʩʧʨʘʚʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʪʦʯʥʝʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʫʪʦʯʥʝʥʠʷ - k) ʧʨʠʚʝʜʝʥʳ ʣʠʥʠʷʤʠ. 

 ʄʦʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʫʪʦʯʥʝʥʠʷ, ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʄʦʜʝʣʠ ʜʣʷ ʨʘʟʥʳʭ ʠʟʦʤʝʨʦʚ ʷʜʝʨ ʧʦʢʘʟʘʣʠ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘ-

ʪʳ. ʆʧʨʝʜʝʣʠʪʴ ʦʜʥʦʟʥʘʯʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʪʠʧ ʠʟʦʤʝʨʠʠ ʷʜʨʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷ-

ʣʦʩʴ ʚʦʟʤʦʞʥʳʤ. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ M-M, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ 

[Re3Mo3Se8(CN)6]
5-
 ʠ [Re4Mo2Se8(CN)6]

4-
 ʤʝʪʦʜʦʤ EXAFS ʧʨʠʚʝʜʝʥʳ ʪʘʙʣ. 15 ʠ 16. ɺʠʜ-

ʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʘʩʩʪʦʷʥʠʷ Re-Re ʢʦʨʦʯʝ, ʯʝʤ ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ M-M, ʘ ʨʘʩ-

ʩʪʦʷʥʠʷ Mo-Mo ʟʘʤʝʪʥʦ ʜʣʠʥʥʝʝ. ʉʨʘʚʥʝʥʠʝ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ M-M, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ EXAFS ʠ ʠʟ DFT ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʝʝ ʠʩʢʘʞʝʥʠʝ 

ʤʝʪʘʣʣʦʦʩʪʦʚʘ: ʫʜʣʠʥʝʥʠʝ ʩʚʷʟʝʡ Mo-Mo ʠ ʫʢʦʨʦʯʝʥʠʝ ʩʚʷʟʝʡ Re-Re.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ M-M ʚ ʘʥʠʦʥʘʭ [Re3Mo3Se8(CN)6]
5-
 ʠ 

[Re4Mo2Se8(CN)6]
4-

,  ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʝʪʦʜʦʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟ ʩʧʝʢʪʨʦʚ EXAFS ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʙʘ ʧʦʜʭʦʜʘ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʤʝʪʘʣʣʦʦʩʪʦʚʳ Re3Mo3 ʠ Re4Mo2 ʚ ʘʥʠʦʥʘʭ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʳ. ʇʦʣʫʯʝʥʥʦʝ 

ʠʩʢʘʞʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʈʉɸ, 
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ʪʘʢ ʢʘʢ ʩʠʤʤʝʪʨʠʷ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʤʤʝʪʨʠʝʡ ʩʪʨʫʢʪʫʨ, ʠ ʜʠʬʨʘʢʮʠʦʥ-

ʥʳʝ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʨʝʜ-

ʥʝʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ.  

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 15 

ʉʨʘʚʥʝʥʠʝ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ M-M (ᴠ) ʜʣʷ 22-ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3Se8(CN)6]
5-
 ʧʦʣʫ-

ʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ EXAFS, ʈʉɸ ʠ ʠʟ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ DFT 

 

ʦʩ-[Re3Mo3Se8(CN)6]
5-
 ʈʉɸ 

[186] 

 
EXAFS  

DFT  

[186] 

RMo-Mo 2.776 <2.783> ï 

RMo-Re 2.688 <2.683> ï 

RRe-Re 2.634 <2.645> ï 

RM-M <2.693> <2.693> 2.6494(9) 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 16 

ʉʨʘʚʥʝʥʠʝ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ M-M (ᴠ) ʜʣʷ 22-ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʠʦʥʘ [Re4Mo2Se8(CN)6]
4-
 ʧʦʣʫ-

ʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ EXAFS, ʈʉɸ ʠ ʠʟ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ DFT 

 ʮʠʩ-[Re4Mo2Se8(CN)6]
4-
 ʪʨʘʥʩ-[Re4Mo2Se8(CN)6]

4-
 ʈʉɸ 

EXAFS  DFT  EXAFS  DFT  

RMo-Mo 2.784 2.837 ï ï ï 

RMo-Re 2.678 <2.685> 2.671 <2.711> ï 

RRe-Re 2.629 <2.648> 2.636 <2.620> ï 

RM-M <2.667> <2.682> <2.659> <2.681> <2.646(14)> 

  

3.7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

 ʆʢʠʩʣʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (n-Bu4N)4[Re6-xMoxSe8(CN)6] x = 1, 2, 3 ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʎɺɸ 

(ʨʠʩ. 55). 

 ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʜʣʷ ʢʣʘʩʪʝʨʘ [Re5MoSe8(CN)6]
n-
 ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʦʢʥʝ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʩʦʜʝʨʞʠʪ ʜʚʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʘ (ʨʠʩ. 55, ʢʨʘʩʥʘʷ ʣʠʥʠʷ). ʇʣʦ-

ʱʘʜʠ ʢʘʪʦʜʥʳʭ ʠ ʘʥʦʜʥʳʭ ʧʠʢʦʚ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʙʣʠʟʢʠ, ʦʜʥʘʢʦ, DE ʧʨʦʮʝʩʩʦʚ 

ʩʦʩʪʘʚʣʷʶʪ 0.147 ʠ 0.096 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʢʚʘʟʠʦʙʨʘʪʠʤʦʤ ʭʘʨʘʢʪʝʨʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ DE, ʯʝʤ ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʜʣʷ ʦʙʨʘʪʠʤʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ (0.059 ɺ), ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʤʥʦʛʠʭ 
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ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʦʚ [Mo6Se8(CN)6]
n-
 (DE = 0.9 ï 0.134 ɺ) [200] ʠ [Re6Se8(CN)6]

n-
 (DE = 0.11 ɺ). ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʝʜʣʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʇʨʘʚʳʡ ʦʪ ʥʫʣʷ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʝ-

ʭʦʜ ʚ ʮʠʢʣʦʚʦʣʴʪʘʤʤʦʛʨʘʤʤʝ [Re5MoSe8(CN)6]
n-
 ʙʳʣ ʦʪʥʝʩʝʥ ʢ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩ-

ʣʝʥʠʶ [Re5MoSe8(CN)6]
4ī

 (23 ʂʉʕ) ź [Re5MoSe8(CN)6]
3ī

 (22 ʂʉʕ). ʇʝʨʝʭʦʜ ʩʣʝʚʘ ʦʪ 

ʥʫʣʷ ʧʦʪʝʥʮʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ [Re5MoSe8(CN)6]
4ī

 (23 

ʂʉʕ) ź [Re5MoSe8(CN)6]
5ī

 (24 ʂʉʕ). ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦʣʫʚʦʣʥʳ E1/2 ʜʣʷ ʚʩʝʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 17. 

 ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re3Mo3Se8(CN)6]
n
 ʠ 

[Re4Mo2Se8(CN)6]
n
 ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʦ. ʆʪʥʝʩʝʥʠʝ ʧʦ-

ʣʫʯʝʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʢ ʠʟʤʝʥʝʥʠʷʤ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʠ ʟʥʘʯʝʥʠʷ 

E1/2 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 17. ʇʝʨʝʭʦʜ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Re3Mo3Se8(CN)6]
n
 ʩʦ ʟʥʘ-

ʯʝʥʠʝʤ E1/2 = -0.870 ɺ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʢʚʘʟʠʥʝʦʙʨʘʪʠʤʳʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʢʘ-

ʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʪʦʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʢʦʚ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦ-

ʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ ʪʦʢʠ ʩʦʩʝʜʥʠʭ ʧʝʨʝʭʦʜʦʚ ʵʪʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ, ʯʪʦ 

ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʮʝʩʩʝ, ʚʢʣʶʯʘʶʱʝʤ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥ-

ʥʳʭ ʨʝʘʢʮʠʡ, ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʠʟ-ʟʘ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. 

 

 

ʈʠʩ. 55. ʎɺɸ ʜʣʷ [Re6-xMoxSe8(CN)6]
n-
 x = 1, 2, 3 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ - Ag/AgCl), ʩʢʦ-

ʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ 0.2 ɺ/ʩʝʢ. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 17 

ʇʦʪʝʥʮʠʘʣʳ E1/2 ʠʟ ʜʘʥʥʳʭ ʎɺɸ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʪʠʧʘ {M 6Se8} (M = Re, Mo; ʧʦʪʝʥʮʠʘʣʳ ʥʦʨʤʘʣʠʟʦ-

ʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl/3.5 M KCl  ʵʣʝʢʪʨʦʜʘ). ɿʘʨʷʜʳ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʧʝʨʝʭʦʜʫ ʧʨʠʚʝʜʝʥʳ ʚ ʩʢʦʙʢʘʭ 

ɸʥʠʦʥ (ʨʘʩʪʚʦʨʠʪʝʣʴ)\ ʯʠʩʣʦ ʂʉʕ 20/21 21/22 22/23 23/24 

[Re6Se8(CN)6] (CH3CN) [201] ï ï ï 
0.125 

(3-/4-) 

[Re5MoSe8(CN)6] (CH3CN)   
0.357 

(3-/4-) 

-0.462 

(4-/5-) 

[Re4Mo2Se8(CN)6] (CH3CN) ï ï 
-0.476 

(4-/5-) 

-1.294 

(5-/6-) 

[Re3Mo3Se8(CN)6] (CH3CN) ï 
-0.202 

(4-/5-) 

-0.870 

(5-/6-) 

-1.270 

(6-/7-) 

[Re3Mo3Se8(CN)6] (ɼʄʌɸ) [186]  
-0.325 

(4-/5-) 

-0.818 

(5-/6-) 

-1.410 

(6-/7-) 

[Mo6Se8(CN)6] (H2O) [200] 
-0.647 

 (6-/7-) 

-1.081  

(7-/8-) 

-1.574 

(8-/9-) 
ï 

 ʇʦʪʝʥʮʠʘʣʳ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ 23/34-ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘ ʚ ʩʣʫʯʘʝ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ ʩʠʣʴʥʦ ʩʤʝʱʝʥʳ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʝʨʝʭʦʜʦʤ ʜʣʷ ʨʝʥʠʝʚʦʛʦ ʢʣʘʩʪʝʨʘ [Re6Se8(CN)6]
3-/4-
. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʝʨʝʭʦʜʳ 

ʤʝʞʜʫ 21/22 ʠ 22/23-ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ ʩʤʝʱʝʥʳ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ E1/2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʘʤʠ ʚ ʤʦʣʠʙʜʝʥʦʚʦʤ ʢʣʘʩʪʝʨʝ [Mo6Se8(CN)6]
7-/8-/9-

. . 

 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʟʘʤʝʥʘ ʘʪʦʤʦʚ ʨʝʥʠʷ ʥʘ ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʮʠ-

ʘʥʦʢʦʤʧʣʝʢʩʦʚ [Re6-xMoxSe8(CN)6]
n- 
ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʨʷʜʘ ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʘʥʠ-

ʦʥʦʚ ʠ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ [Re6Se8(CN)6]
4-
) ʧʝʨʝʭʦʜʦʚ, ʦʪʚʝʯʘ-

ʶʱʠʭ ʟʘ ʦʢʠʩʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʪʦʯʥʳʭ 

ʘʥʠʦʥʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʩʠʣʴʥʦ ʩʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʦʜʝʨʞʘʱʝʡ ʦʢʠʩʣʠʪʝʣʴ ʩʨʝʜʝ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʦʟ-

ʜʫʭʝ, ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʪʘʙʠʣʴʥʳ ʚ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʩʦʜʝʨʞʘʪ 21, 22 ʠ 23 ʂʉʕ. 

3.8. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

 ʕʉʇ ʩʦʣʝʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re6-xMoxSe8(CN)6]
n-
 (x =1, 2, 

3) ʩ ʨʘʟʥʳʤ ʟʘʨʷʜʦʤ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʨʠʩ. 
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56). ʕʉʇ ʜʣʷ ʩʦʣʝʡ (n-Bu4N)4[Re6-xMoxSe8(CN)6] (x = 1, 2, 3) ʩʥʷʪʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʉʧʝʢʪʨʳ ʜʣʷ ʩʦʣʝʡ K5[Re6-xMoxSe8(CN)6] (x = 1, 2, 3) ʩʥʷʪʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ɸʥʠʦʥʳ 

[Re3Mo3Se8(CN)6]
6-
 ʠ [Re4Mo2Se8(CN)6]

6-
 ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ 

ʢʣʘʩʪʝʨʦʚ K5[Re6-xMoxSe8(CN)6] ʠʟʙʳʪʢʦʤ NaBH4
 
ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʇʦ ʜʘʥʥʳʤ ʕʉʇ 

ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [Re5MoSe8(CN)6]
5-
 ʚ ʚʦʜʝ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ NaBH4.  

 ʉʧʝʢʪʨʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Re6-xMoxSe8(CN)6]
n-
 (x =1, 2, 3) 

ʩʦʜʝʨʞʘʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʪʠʥʢʮʠʠ 35 000 

ï 50 000 M
-1
ʩʤ

-1
. ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ ʦʙʣʘʩʪʠ ʩʣʘʙʦ ʟʘʚʠ-

ʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʢʣʘʩʪʝʨʘ [Re6Se8(CN)6]
4-
 ʜʘʥʥʳʡ ʤʘʢ-

ʩʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʥʘ 230 ʥʤ. ʆʥ ʩʤʝʱʘʝʪʩʷ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ʯʠʩʣʘ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ (232 ʥʤ ʜʣʷ [Re5MoSe8(CN)6]
4-
, 238 ʥʤ 

ʜʣʷ [Re4Mo2Se8(CN)6]
4-
 ʠ 244 ʥʤ ʜʣʷ [Re3Mo3Se8(CN)6]

4-
). ʇʦʣʦʞʝʥʠʝ ʜʘʥʥʦʛʦ ʤʘʢʩʠʤʫ-

ʤʘ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʟʘʨʷʜʘ ʘʥʠʦʥʘ (238 ʥʤ ʜʣʷ [Re4Mo2Se8(CN)6]
4-
 Ÿ 236 ʥʤ ʜʣʷ 

[Re4Mo2Se8(CN)6]
5-
 Ÿ 235 ʥʤ [Re4Mo2Se8(CN)6]

6-
). 

 ʕʉʇ ʚʩʝʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ ʟʘʨʷʜʦʤ 4- ʩʦʜʝʨʞʘʪ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 562-563 ʥʤ. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʯʠʩʣʦ, ʧʦʣʦʞʝʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʪʠʥʢʮʠʠ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʘʥʠʦʥʦʚ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʚ ʢʣʘ-

ʩʪʝʨʥʦʤ ʷʜʨʝ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʘʥʠʦʥʘʤ ʩ ʟʘʨʷʜʦʤ 5- ʠ 6- ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʩʤʝʱʘʶʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ (563 ʥʤ ʜʣʷ [Re3Mo3Se8(CN)6]
4-
 Ÿ 548 

ʥʤ [Re3Mo3Se8(CN)6]
5-
 Ÿ 518 ʥʤ [Re3Mo3Se8(CN)6]

6-
). ɸʥʘʣʦʛʠʯʥʦʝ ʩʤʝʱʝʥʠʝ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʜʣʷ ʨʝʥʠʝʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ (605 ʥʤ ʜʣʷ [Re6Se8(CN)6]
3- 
Ÿ 440 ʥʤ ʜʣʷ 

[Re6Se8(CN)6]
4-
 [202]). ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʕʉʇ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠ-

ʝʤ ʮʚʝʪʘ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʘʨʷʜʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

[Re3Mo3Se8(CN)6]
n-
, [Re4Mo2Se8(CN)6]

n-
 ʠ [Re5MoSe8(CN)6]

n-
 (ʪʘʙʣ. 18).  

 ɺ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ (700 ï 1000 ʥʤ) ʚ ʩʧʝʢʪʨʘʭ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: [Re3Mo3Se8(CN)6]
4-/5-/6-

 (21/22/23 ʂʉʕ), [Re4Mo2Se8(CN)6]
4-/5-

 (22/23 

ʂʉʕ) ʠ [Re5MoSe8(CN)6]
4-
 (23 ʂʉʕ) ʥʘʙʣʶʜʘʶʪʩʷ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ. ʏʪʦ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 23-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ [Re6Se8(CN)6]
3-

 [202]. 
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ʈʠʩ. 56. ʕʉʇ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ: [Re3Mo3Se8(CN)6]
n-
 (n = 4 ï 6) (ʘ); [Re4Mo2Se8(CN)6]

n-
 

(n = 4 ï 6) (ʙ); [Re5MoSe8(CN)6]
n-
 (n = 4, 5) (ʚ). 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 18 

ɿʘʨʷʜ ʘʥʠʦʥʘ, ʯʠʩʣʦ ʂʉʕ ʠ ʮʚʝʪʘ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ 

 [Re3Mo3Se8(CN)]
n-
 [Re4Mo2Se8(CN)]

n-
 [Re5MoSe8(CN)]

n-
 

ɿʘʨʷʜ ʘʥʠʦʥʘ 4- 5- 6- 4- 5- 6- 4- 5- 

ʂʉʕ 21 22 23 22 23 24 23 24 

ʎʚʝʪ ʨʘʩʪʚʦʨʘ 

        

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ 

[Re6-xMoxSe8(CN)]
n-
 x = 1, 2, 3 ʚ ʨʘʩʪʚʦʨʝ ʠʟʤʝʥʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ 

ʷʜʨʘ ʠ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʘ. ʕʉʇ ʵʣʝʢʪʨʦʥʦʪʦʯʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ 

ʩʦʜʝʨʞʘʪ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʧʦ-

ʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʪʚʝʯʘʶʪ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ ʥʘ ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʦʨʙʠʪʘʣʠ (ʩʦʦʪ-

ʚʝʪʩʚʫʶʱʠʝ ɺɿʄʆ ʠ ɺɿʄʆ-1 ʜʣʷ ʵʣʝʢʪʨʦʥʦʪʦʯʥʳʭ ʘʥʠʦʥʦʚ) ʩ ʥʠʞʝʣʝʞʘʱʠʭ ʦʨʙʠʪʘ-

ʣʝʡ. ʊʘʢ ʢʘʢ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʢʩʪʠʥʢʮʠʶ, ʘ ʧʦʣʦʞʝ-

ʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʠ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʘ, ʚʝʨʦʷʪʥʦ, 

ʵʪʠ ʧʦʣʦʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʧʝʨʝʭʦʜʦʚ ʩ ʥʠʞʝʣʝʞʘʱʠʭ ʩʚʷʟʫʶʱʠʭ ʦʨ-

ʙʠʪʘʣʝʡ ʥʘ ʩʚʦʙʦʜʥʳʝ ʨʘʟʨʳʭʣʷʶʱʠʝ ʦʨʙʠʪʘʣʠ. 

3.9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʘʥʦʢʣʘʩʪʝʨʦʚ ʩ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

  ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʮʠ-

ʘʥʦʢʣʘʩʪʝʨʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʠ ʧʦʩʪʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦ-

ʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʘʨʷʜ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʮʠʘʥʦʢʣʘʩʪʝʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʘʟʳʚʘʝʪ 

ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʠʧ ʩʚʷʟʥʦʩʪʠ ʠ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦ-

ʣʠʤʝʨʦʚ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ 

ʧʨʠʤʝʨ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Re3Mo3S8(CN)6]
6- 
ʩ 

ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘʤʠ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ, ʧʨʠ ʵʪʦʤʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ [162, 163]. 

 ʇʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʩʝʣʝʥʠʜʥʳʡ ʘʥʠʦʥ [Re3Mo3Se8(CN)6]
5-
 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʨʘʩ-

ʪʚʦʨʘʭ ʘʤʤʠʘʢʘ ʫʩʪʦʡʯʠʚ ʩ ʟʘʨʷʜʦʤ 5ï, ʪʘʢʦʡ ʟʘʨʷʜ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʩʨʝʜʠ 

ʮʠʘʥʦʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʨʫʛʦʡ ʪʦ-

ʧʦʣʦʛʠʝʡ ʢʘʨʢʘʩʘ. ʇʦʵʪʦʤʫ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʝ ʩʦʣʝʡ ʮʠʘʥʦʢʣʘʩʪʝʨʘ 
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[Re3Mo3Se8(CN)6]
5-
 ʩ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ 

ʚʣʠʷʥʠʝ ʟʘʨʷʜʘ ʘʥʠʦʥʘ ʥʘ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

 ʂʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʮʠʘʥʦʢʦʤʧʣʝʢʩʦʚ, ʘʥʠʦʥʳ [Re3Mo3Se8(CN)6]
5-
 ʦʙʨʘʟʫʶʪ ʤʘʣʦ-

ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʘʪʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʚʩʪʨʝʯʥʦʡ ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦʨʦʚ ʚ ʫʟʢʠʭ 

ʪʨʫʙʦʯʢʘʭ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʣʝʡ ʢʦ-

ʙʘʣʴʪʘ (II) ʠ ʥʠʢʝʣʷ (II) ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ K5[Re3Mo3Se8(CN)6]Ā11H2O ʧʨʠʚʦʜʠʪ ʢ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩʦ ʩʣʦʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʠ 

ʬʦʨʤʫʣʦʡ [M(NH3)6]4[{ M(NH3)2}{ Re3Mo3Se8(CN)6} 2]Ā15H2O (M = Co (19), Ni (20)). ʇʦ-

ʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʥʝʫʩʪʦʡʯʠʚʳ ʠ ʥʘ ʚʦʟʜʫʭʝ ʙʳʩʪʨʦ ʪʝʨʷʣʠ ʢʦʦʨʜʠʥʠʨʦ-

ʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʦʨʬʥʦʛʦ 

ʧʨʦʜʫʢʪʘ.  

 ʇʦʣʠʤʝʨʥʳʝ ʩʣʦʠ [{ M(NH3)2}{Re 3Mo3Se8(CN)6} 2]
8-
ÐÐ ʚ ʩʪʨʫʢʪʫʨʘʭ 19 ʠ 20 ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʯʝʪʳʨʝʭʩʚʷʟʥʳʝ ʩʝʪʢʠ ʩ ʪʦʧʦʣʦʛʠʝʡ sql. ʉʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 57. 

 

ʈʠʩ. 57. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ [{Co(NH3)2}{Re 3Mo3Se8(CN)6} 2]
8-
ÐÐ ʚ ʩʪʨʫʢʪʫʨʝ 19. 

 ʉʣʦʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʩʨʝʜʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

Cs2M[Re6S8(CN)6]Ŀ2H2O (M = Mn, Fe, Co, Cd) ʦʙʨʘʟʦʚʘʥʳ ʛʦʬʨʠʨʦʚʘʥʥʳʤʠ ʩʣʦʷʤʠ 

[{ M(H2O)2}{ Re6S8(CN)6}]
2-
ÐÐ, ʛʜʝ ʠ ʢʣʘʩʪʝʨ ʠ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ ʯʝʪʳʨʝʭʩʚʷʟʥʳʝ 

ʫʟʣʳ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ [159]. ʉʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʪʦʧʦʣʦʛʠʠ hcb ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ [{Mn(H2O)3} 2{Re6Se8(CN)6}]Ŀ3.3H2O, ʛʜʝ ʜʚʘ ʢʘʪʠʦʥʘ ʤʘʨʛʘʥʮʘ ʦʙʨʘʟʫʶʪ 
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ʫʟʝʣ ʪʨʝʭʩʚʷʟʥʦʡ ʩʝʪʢʠ ʩʦʩʪʘʚʘ [{Mn(H2O)3} 4{Re6Se8(CN)6} 3]
4-
ÐÐ [203]. ʉʣʦʠʩʪʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ [Re6Se8(CN)6]
4-
 ʠ ʢʘʪʠʦʥʦʚ ʪʨʠʤʝʪʠʣʦ-

ʣʦʚʘ [SnMe3]
+
. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ [(SnMe2)4(m3-O)2(m2-

OH)2(H2O)2][{ SnMe3} 2{Re6Se8(CN)6}] ʠ [(Me3Sn)3(OH)2][{Me 3Sn}3{Re6Se8(CN)6}] 3 ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪ ʯʝʪʳʨʝʭʩʚʷʟʥʳʝ ʫʟʣʳ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ [204, 205]. 

 ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

K5[Re3Mo3Se8(CN)6] ʩ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʝʡ ʢʘʜʤʠʷ (II) ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʘʥʠʦʥʘ ʩʦʣʠ ʢʘʜʤʠʷ 

(II). ɺ ʩʣʫʯʘʝ ʘʮʝʪʘʪʘ ʢʘʜʤʠʷ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 

{[ Cd(NH3)5]2(Cd(NH3)4]3[Re3Mo3Se8(CN)6]2}Ŀ5H2O (14) ʩ ʮʝʧʦʯʝʯʥʳʤ ʩʪʨʦʝʥʠʝʤ. 

ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʦʙʨʘʟʦʚʘʥʳ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ ʠ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘʤʠ ʢʘʜʤʠʷ 

[Cd(NH3)4]
2+
, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢ ʮʠʘʥʦʛʨʫʧʧʘʤ ʘʥʠʦʥʘ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʮʠʩ-

ʧʦʣʦʞʝʥʠʠ. ʊʘʢʦʡ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʟʦʛʥʫʪʦʡ ʮʝʧʦʯʢʠ (ʨʠʩ. 

58). ʂʨʠʩʪʘʣʣʳ 14 ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ ʥʝ ʫʩʪʦʡʯʠʚʳ, ʥʘ ʚʦʟʜʫʭʝ ʙʳʩʪʨʦ ʪʝʨʷʷ ʢʨʠʩʪʘʣʣʠʯ-

ʥʦʩʪʴ. 

 

ʈʠʩ. 58. ʋʧʨʦʱʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ ʩʪʨʫʢʪʫʨʳ 14, ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʩʝʣʝʥʘ ʠ ʪʝʨʤʠ-

ʥʘʣʴʥʳʝ ʮʠʘʥʠʜʳ ʠ ʛʨʫʧʧʳ [Cd(NH3)n]
2+

 ʥʝ ʧʦʢʘʟʘʥʳ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʭʣʦʨʠʜʘ ʢʘʜʤʠʷ (II) ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʪʠʧʦʚ 

ʢʨʠʩʪʘʣʣʦʚ: ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 14 ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦ-

ʝʜʠʥʝʥʠʷ {[Cd(NH3)4]3Re3Mo3Se8(CN)6]} Cl (15). ɼʦʙʘʚʣʝʥʠʝ ʢ ʚʦʜʥʦ-ʘʤʤʠʘʯʥʦʤʫ ʨʘʩ-

ʪʚʦʨʫ ʘʮʝʪʘʪʘ ʢʘʜʤʠʷ ʠʟʙʳʪʢʘ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 15. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʢʘʣʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ 15 ʩʦʝʜʠʥʝʥʠʷ {[Cd(NH3)4]3Re3Mo3Se8(CN)6]}Br ( 16) ʠ 

{[ Cd(NH3)4]3Re3Mo3Se8(CN)6]} I (17)). ʀʩʧʦʣʴʟʚʘʥʠʝ ʨʦʜʘʥʠʜʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ {[Cd(NH3)4]2[Cd(NH3)3(NCS)]Re3Mo3Se8(CN)6]} ( 18). ʆʩʦʙʝʥʥʦʩʪʠ 
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ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 18 ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ çʆʧʠʩʘʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡè. 

 ʉʦʝʜʠʥʝʥʠʷ 15 ï 17 ʠʤʝʶʪ ʢʘʨʢʘʩʥʦʝ ʩʪʨʦʝʥʠʝ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ ʷʚʣʷʝʪʩʷ ʰʝ-

ʩʪʠʩʚʷʟʥʳʤ ʫʟʣʦʤ, ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʢʘʜʤʠʷ ʬʦʨʤʠʨʫʶʪ ʨʝʙʨʘ ʢʘʨʢʘʩʘ (ʨʠʩ.59). ʂʘʨʢʘ-

ʩʳ ʚ ʩʪʨʫʢʪʫʨʘʭ 15 ï 17 ̫ ʚʣʷʶʪʩʷ ʜʚʘʞʜʳ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʤʠ ʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʚʝʢʪʦʨʦʤ ʪʨʘʥʩʣʷʮʠʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (2/3, 1/3, 1/3). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʨ-

ʢʘʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʘʤʤʠʥʦ-

ʛʨʫʧʧ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʢʘʪʠʦʥʘʤ ʢʘʜʤʠʷ, ʠ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʘ (ʨʠʩ. 60).  

 

 

ʈʠʩ. 59. ʋʧʨʦʱʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʢʘʨʢʘʩʘ 15, ʘʪʦʤʳ ʩʝʣʝʥʘ ʠ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

ʈʘʩʩʪʦʷʥʠʷ NĀĀĀX ʚ ʩʪʨʫʢʪʫʨʘʭ 15 ï 17 ʩʦʩʪʘʚʣʷʶʪ 3.334(6) ¡ (X = Cl), 3.468(3) (X = 

Br), 3.641(6) (X = I). ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ NHĀĀĀX [206]. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧ-

ʪʦʨʦʤ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʫʩʘ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʘ (R = 

1.81 ¡, 1.96 ¡ ʠ 2.20 ¡ ʜʣʷ ʭʣʦʨʠʜ-, ʙʨʦʤʠʜ- ʠ ʠʦʜʠʜ-ʘʥʠʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [207]). 

ʈʘʟʤʝʨ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ 15ï17. ʇʘʨʘʤʝʪʨ a ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

15.0363(8) ʜʦ 15.3596(15) ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʢ ʠʦʜʠʜ-ʘʥʠʦʥʫ, ʧʘʨʘʤʝʪʨ c 

ʧʨʠ ʵʪʦʤ ʤʝʥʷʝʪʩʷ ʩʣʘʙʦ (ʪʘʙʣ. ʇ4, ʇ5 ʇʨʠʣʦʞʝʥʠʷ).  
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ʈʠʩ. 60. ʋʧʨʦʱʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ ʢʘʨʢʘʩʦʚ 15, ʯʘʩʪʴ ʘʪʦʤʦʚ ʘʟʦʪʘ ʘʤʠʥʦʛʨʫʧʧ, ʘʪʦʤʳ 

ʩʝʣʝʥʘ ʠ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. ʉʠʥʠʤ ʠ ʞʝʣʪʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʨʘʟʥʳʝ ʢʘʨʢʘʩʳ, ʨʦʟʦʚʳʤ ʠʟʦʙʨʘ-

ʞʝʥʳ ʭʣʦʨʠʜ-ʘʥʠʦʥʳ. 

 ɺʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ʢʘʨʢʘʩʳ ʘʥʘʣʦʛʠʯʥʦʡ ʪʦʧʦʣʦʛʠʠ ʠʟʚʝʩʪʥʳ ʜʣʷ ʤʦʥʦʷʜʝʨʥʳʭ 

ʮʠʘʥʦʤʝʪʘʣʣʘʪʦʚ Rb[Cd{Ag(CN)2} 3] [208]. ʉʨʝʜʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʭʦʞʠʝ ʩʪʨʫʢ-

ʪʫʨʳ ʠʟʚʝʩʪʥʳ ʜʣʷ [SnMe3]3[Re6S8(CN)6] [209] ʠ [M(H2O)4]3[W6S8(CN)6]ĀxH2O (x å 23; M 

= Mn, Fe, Co) [210]. ʂʘʨʢʘʩʳ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʥʝ ʟʘʨʷʞʝʥʳ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʟʘʨʷʜ.  

 ʉʦʝʜʠʥʝʥʠʷ 15 ï 18 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ ʩʤʝ-

ʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩʦʣʠ ʢʣʘʩʪʝʨʘ ʠ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʮʝʪʘʪ ʢʘʜʤʠʷ ʠ ʠʟʙʳʪʦʢ ʛʘ-

ʣʦʛʝʥʠʜʘ ʢʘʣʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʘʤʤʠʘʢʘ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ ʘʤʤʠʢʘ 

ʦʩʘʞʜʘʶʪʩʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ 15 ï 18, ʢʦʪʦʨʳʝ ʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ ʠ 

ʥʝ ʚʳʚʝʪʨʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

 ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠ-

ʥʝʥʠʷ 17. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ 17 ʧʦʢʘʟʘʣ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʤʦʣʝʢʫʣ ʘʤʤʠʘ-

ʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʣʘʚʥʦ, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 80-280Áʉ (ʨʠʩ. 61). 

 ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʷʶʪ ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʧʨʠ ʦʪʞʠʛʝ 

ʥʘ ʚʦʟʜʫʭʝ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʘʤʦʨʬʠʟʘʮʠʷ ʦʙʨʘʟʮʘ ʠ ʩʤʝʱʝʥʠʝ ʨʝʬʣʝʢʩʦʚ 

ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ 2q, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʦʪʦʞʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʧʘʨʘʭ ʘʤʤʠʘʢʘ ʧʦʣʦʞʝʥʠʝ ʨʝʬʣʝʢ-

ʩʦʚ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʧʘʨʘʭ 

ʛʠʜʨʘʟʠʥʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ʅʘ ʨʠʩ. 62 ʧʨʠʚʝʜʝʥʳ 
























































