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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

Bu ï ʙʫʪʠʣ 

CAP ï ʘʮʝʪʘʪ ʬʪʘʣʘʪ ʮʝʣʣʶʣʦʟʳ 

Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ ʉ5H5
ï 

DFT ï density functional theory (ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ) 

EPD ï (electrophoretic deposition) ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ 

ESI-MS ï (electrospray ionization mass spectrometry) ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

Et ï ʵʪʠʣ 

etpy ï 4-ʵʪʠʣʧʠʨʠʜʠʥ 

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

ʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ) 

FTO ï (fluorine-doped tin oxide) ʣʝʛʠʨʦʚʘʥʥʳʡ ʬʪʦʨʦʤ ʦʢʩʠʜ ʦʣʦʚʘ 

ITO  ï (indium tin oxide) ʦʢʩʠʜ ʠʥʜʠʷ-ʦʣʦʚʘ 

MEK  ï ʤʝʪʠʣʵʪʠʣʢʝʪʦʥ 

PDMS ï ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ 

Ph ï ʬʝʥʠʣ 

PMMA  ï ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

Pr - ʧʨʦʧʠʣ 

PVP ï ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ 

py ï ʧʠʨʠʜʠʥ 

RHE ï (reversible hydrogen electrode) ʦʙʨʘʪʠʤʳʡ ʚʦʜʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ 

tbp ï 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ 

ɺɿʄʆ ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʂʉʕ ï ʢʣʘʩʪʝʨʥʳʝ ʩʢʝʣʝʪʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʅʉʄʆ ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 



7 

 

 

ʉʕʄ ï ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʕɼʉ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʠʭ ʚʘʞʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ, ʢʘʪʘʣʠʟ [1ï

5], ʙʠʦʪʝʭʥʦʣʦʛʠʠ [6ï10], ʬʦʪʦʥʠʢʘ [11ï15], ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ [16ï21] 

ʠ ʩʝʥʩʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ [5, 22, 23]. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 5-7 ʛʨʫʧʧ (Nb, Ta, Mo, W, Re, Tc) ʜʣʷ 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠ:̫ ʷʨʢʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ-

ʦʙʣʘʩʪʷʭ [24ï27], ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ [28] ʠ ʦʙʨʘʪʠʤʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ (ʚ 

ʚʦʜʥʳʭ ʠ ʥʝʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ) ʚ ʫʟʢʦʤ ʦʢʥʝ ʧʦʪʝʥʮʠʘʣʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ [24, 25, 29]. ʉʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʦʢʨʫʞʝʥʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ɺʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ 

ʚʩʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʩʦʟʜʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʢʘʢ ʚ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ, ʪʘʢ ʠ ʚ 

ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʚʥʦʩʠʪ ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʥʝʠʟʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʩʚʝʱʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʧʨʦʯʥʦʩʪʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʯʪʦ 

ʜʝʣʘʝʪ ʧʨʷʤʦʝ ʟʘʤʝʱʝʥʠʝ ʤʝʪʘʣʣʘ ʥʝʚʦʟʤʦʞʥʳʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʠ 

ʤʝʪʘʣʣʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʥʪʝʟʘʭ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʜʭʦʜ) ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʦ ʨʘʟʜʝʣʷʝʤʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. 

ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʯʝʪʘʶʪ ʩʚʦʡʩʪʚʘ ʘʥʘʣʦʛʠʯʥʳʭ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʘʢʪʫʘʣʴʥʦ ʠ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʨʘʟʥʳʭ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʝʨʚʳʤʠ ʧʨʠʤʝʨʘʤʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʬʘʟʳ ʐʝʚʨʝʣʷ 

ʩʦʩʪʘʚʦʚ Mo2Re4Q8 (Q = S, Se), Mo4Re2Te8, Mo2Re4S8-xSex (x =0-8) ʠ Mo2Re4Se8-xTex (x =0-1,2) 

[30]; Mo4Ru2Q8 (Q = Se, Te) [31, 32]; Mo6-xRuxTe8 (x = 0,5, 1, 1,5) ʠ Mo5,5Rh0,5Te8 [33, 34] ʠ Ru6-
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xNbxTe8 (x = 2,83 ï 3,50) [35]. ʀʟʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʳ 

ʧʨʠʤʝʨʳ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʷʜʨʘ {Ta6-xMoxCl12} (x = 1 ï 2) [36], {Mo6-

xWxCl8} (x = 1 ï 5) [37], {Re6-xOsxSe8} (x = 1 ï 3) [38ï41], {Mo 5NbI8} [42, 43], {Re6-xMoxQ8} (Q 

= S, x = 3; Q = Se; x = 1 ï 4) [44ï51], ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʚ ʬʦʨʤʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʣʠʙʦ ʚ 

ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ x ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʅʘ 

ʧʨʠʤʝʨʝ ʯʘʩʪʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʚ ʩ 

ʚʚʝʜʝʥʠʝʤ ʛʝʪʝʨʦʘʪʦʤʘ. ʉʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʚʝʱʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʯʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʧʠʩʘʥʘ ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʠʤʝʥʥʦ ʥʘ ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. ʄʳ ʠʟʫʯʠʣʠ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʥʠʝ ʥʝʠʟʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʥʘ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʠ ʧʦʣʫʯʠʣʠ ʨʷʜ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ, ʠʟʫʯʝʥʠʠ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re6-xMoxS8} (x = 2ï3) ʠ ʩʦʟʜʘʥʠʝ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

¶ ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʬʘʟʳ K6[{Re6-xMoxS8}(CN)5]; 

¶ ʇʦʣʫʯʝʥʠʝ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re4Mo2S8} ʠ {Re3Mo3S8};  

¶ ʀʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ, ʩʦʩʪʘʚʘ ʠ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ; 

¶ ʇʦʠʩʢ ʫʩʣʦʚʠʡ ʜʣʷ ʟʘʤʝʱʝʥʠʷ CN-ʣʠʛʘʥʜʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ; 

¶ ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʷʜʨʘʤʠ {Re6Q8} ʠ { Re6-xMoxQ8} (x = 2ï3, Q = S, Se), ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ; 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ {Re6Q8} ʠ {Re6-xMoxQ8} (x = 2ï3, Q = S, Se). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʝʘʢʮʠʷ ʩʤʝʩʠ ʩʫʣʴʬʠʜʦʚ MS2 (M = Re, Mo) ʩ 

KCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ K6[{Re6-xMoxS8}(CN)5] (x = 2,75ï3,25), 

ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6-xMoxS8} (x = 2ï4). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʝʡʩʷ 

ʬʘʟʳ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʝʥʠʷ ReS2 ʠ MoS2, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ 
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ʧʦʣʠʤʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʷʜʨʘ {Re4Mo2S8}  ʠ {Re3Mo3S8}. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʄïʄ ʚ 

ʘʥʠʦʥʘʭ [{Re3Mo3S8}(CN)6]
5ï ʠ [{Re4Mo2S8}( CN)6]

4ï, ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʤʝʪʦʜʦʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʧʨʦʪʷʞʝʥʥʦʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (EXAFS ï extended X-ray 

absorption fine structure), ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʜʘʥʥʳʭ EXAFS ʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʠʩʢʘʞʝʥʠʝ ʤʝʪʘʣʦʦʩʪʦʚʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ K5[{ Re4Mo2S8}( CN)6] ʠ K5[{ Re3Mo3S8}(CN)6] ʥʘ N-ʜʦʥʦʨʥʳʝ 

ʣʠʛʘʥʜʳ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ (py, etpy, tbp). ʄʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ) 

ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʪʠʤʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ 

ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re4Mo2S8}(CN)6]
4ï ʠ [{Re3Mo3S8}(CN)6]

5ï. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʦ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 16 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʪʨʦʝʥʠʝ 11 ʠʟ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). ʈʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re6Q8} ʠʣʠ {Re6-xMoxQ8} (x = 

2ï3, Q = S, Se) ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʦʜʣʦʞʢʝ ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʬʪʦʨʦʤ ʦʢʩʠʜʘ ʦʣʦʚʘ (FTO ï 

fluorine-doped tin oxide). ʉʪʨʦʝʥʠʝ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ 

ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ. ʊʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʶʪ 

ʘʤʙʠʧʦʣʷʨʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʷʚʣʝʥʠʝʤ ʩʨʝʜʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʧʣʝʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʷʜʨʘʤʠ { Re6Q8} (Q = S, Se) ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ p-n ʧʝʨʝʭʦʜʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ʇʦʣʫʯʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʦ ʧʦʣʫʯʝʥʠʠ, ʩʪʨʦʝʥʠʠ ʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ Re/Mo ʚ ʩʦʩʪʘʚʝ ʬʘʟʳ 

K6[{Re6-xMoxS8}(CN)5] (x = 2,75ï3,25), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ 

{ Re6-xMoxS8} (x = 2ï4). ʈʘʟʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚʘʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʷʜʝʨ { Re6-xMoxS8}  ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ x ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʠʭ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʟʘʤʝʱʝʥʠʷ ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʘʥʠʦʥʘʭ [{Re6-xMoxS8}(CN)6]
nï ʥʘ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ ï ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʠʥʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʧʣʝʥʦʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʦʜʳ 
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ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ {Re6Q8} ʠ {Re6-xMoxQ8} (x = 2ï3, Q = S, Se). 

ʌʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ 

ʦʧʪʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʧʣʝʥʢʠ, ʵʣʝʢʪʨʦʜʳ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʘʤʙʠʧʦʣʷʨʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʣʠʙʦ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ p-ʪʠʧʘ. ʅʘʣʠʯʠʝ ʘʤʙʠʧʦʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʚ ʬʦʪʦʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ʉʪʨʦʝʥʠʝ 11 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ 

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

ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʷʜʨʘʤʠ {Re6-xMoxS8} (x = 2ï3), ʢʘʢ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ), ʵʣʝʤʝʥʪʥʦʛʦ CHNS ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʌɸ) ʠ ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ESI-MS ï electrospray ionization mass 

spectrometry). ʀʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʘʤʠ ʈʉɸ, 

EXAFS ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT ï 

density functional theory). ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ), ʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ) ʚ ʨʘʩʪʚʦʨʘʭ. ʇʦʣʫʯʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (EPD ï electrophoretic deposition), ʩʦʩʪʘʚ 

ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣ ʠʟʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʕɼʉ, ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ), ʈʌɸ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ʈʌʕʉ) ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ). ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʇʫʪʝʤ ʚʢʣʶʯʝʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʚ 3-ʭ ʵʣʝʢʪʨʦʜʥʫʶ ʷʯʝʡʢʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʠʭ 

ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʬʘʟʳ K6[{Re6-xMoxS8}(CN)5] (x = 2,75 ï 

3,25), ʩʦʜʝʨʞʘʱʝʡ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6-xMoxS8} (x = 2ï4); 
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¶ ʄʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥʳ [{Re6-

xMoxS8}(CN)6]
n- (x = 2, n = 4ï6; x = 3, n = 5ï6); 

¶ ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʥʠʦʥʦʚ [{Re4Mo2S8}(CN)6]
4ï ʠ 

[{Re3Mo3S8}(CN)6]
5ï; 

¶ ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʕʉʇ, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʌʕʉ, EXAFS ʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ DFT; 

¶ ʄʝʪʦʜʠʢʠ ʟʘʤʝʱʝʥʠʷ ʮʠʘʥʠʜʥʳʭ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʠʥʦʚʦʛʦ 

ʨʷʜʘ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʘ [{Re6-xMoxS8} L6] (L = py, etpy, tbp; x = 2, 3); 

¶ ɼʘʥʥʳʝ ʦ 11 ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ; 

¶ ʄʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(TBA)4[{Re4Mo2Q8}(CN)6] ʠ (TBA)3[{Re6Q8}Cl6] (Q = S, Se) ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ 

ʩʚʦʡʩʪʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. ʇʨʠʟʥʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çInorgChem 2018è (ɸʩʪʨʘʭʘʥʴ, 2018), II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ɹʘʡʢʘʣʴʩʢʦʡ 

ʐʢʦʣʝ-ʂʦʥʬʝʨʝʥʮʠʠ ʧʦ ʭʠʤʠʠ (ʀʨʢʫʪʩʢ, 2018), 56-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʘʫʯʥʦʡ 

ʉʪʫʜʝʥʯʝʩʢʦʡ ʂʦʥʬʝʨʝʥʮʠʠ (ʅʦʚʦʩʠʙʠʨʩʢ, 2018), 57-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʘʫʯʥʦʡ 

ʉʪʫʜʝʥʯʝʩʢʦʡ ʂʦʥʬʝʨʝʥʮʠʠ (ʅʦʚʦʩʠʙʠʨʩʢ, 2019), V ʐʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2019 (ʅʦʚʦʩʠʙʠʨʩʢ, 

2019), ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ CLUSPOM-MiniSymposium 2021 (ʈʝʥʥ ï ʅʦʚʦʩʠʙʠʨʩʢ, 

2021), JED 3M 2022 Rennes (ʈʝʥʥ, 2022), JDD 2022 Rennes (ʈʝʥʥ, 2022), Mat®riaux 2022 

(ʃʠʣʴ, 2022), ʂʦʥʛʨʝʩʩ SFR 2023 (ʅʘʥʪ, 2023). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʩʝ 

ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʫʢʘʟʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʫʩʪʘʥʦʚʣʝʥ ʠʭ ʩʦʩʪʘʚ, 

ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʈʉɸ, ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʦʙʨʘʙʦʪʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ. ʉʲʝʤʢʘ ʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʈʌʕʉ ʠ EXAFS, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ EXAFS ʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʠʩʢʘʪʝʣʷ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʟʫʯʝʥ ʠʭ ʩʦʩʪʘʚ ʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ. ʇʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

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

çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè, ʧ. 7 çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʣʠʛʘʥʜʦʚè ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʯʝʪʳʨʝ 

ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ 

ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʪʝʟʠʩʦʚ 

ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʈʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 146 ʩʪʨʘʥʠʮʘʭ, ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ 69 

ʨʠʩʫʥʢʦʚ ʠ 21 ʪʘʙʣʠʮʫ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, 

ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (113 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 20 ʩʪʨʘʥʠʮʘʭ, 

ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. ʈʘʙʦʪʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʀʅʍ ʉʆ ʈɸʅ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʩʪʠʧʝʥʜʠʝʡ ʬʨʘʥʮʫʟʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ (ʩʪʠʧʝʥʜʠʷ 

ɺʝʨʥʘʜʩʢʦʛʦ). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 20-33-70112) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 22-73-10181). 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʉʪʨʦʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ 5ï7 ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʠʨʦʢʠʤ 

ʨʷʜʦʤ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʠʤʤʝʪʨʠʝʡ Oh: 

{ M6X
i
8} ʠ {M6X

i
12} (ʈʠʩʫʥʦʢ 1). ɸʪʦʤʳ ʤʝʪʘʣʣʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʦʢʪʘʵʜʨʘ {M6}, 

ʦʙʨʘʟʫʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ X i, ʬʦʨʤʠʨʫʷ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ. 

ɺ ̫ʜʨʝ { M6X
i
8}  ʘʪʦʤʳ X i ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʘʪʦʤʘʤʠ ʭʘʣʴʢʦʛʝʥʦʚ ʠʣʠ ʛʘʣʦʛʝʥʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ ʦʜʥʦʡ ʛʨʘʥʠ (ɛ3-ʣʠʛʘʥʜʳ), ʦʙʨʘʟʫʷ ʢʫʙ, ʚ 

ʢʦʪʦʨʳʡ ʚʧʠʩʘʥ ʦʢʪʘʵʜʨ ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. ɺ ʷʜʨʝ { M6X
i
12} ʘʪʦʤʳ X i ʩʚʷʟʘʥʳ ʩ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ ʧʦ ʨʝʙʨʫ ʦʢʪʘʵʜʨʘ (ɛ2-ʣʠʛʘʥʜʳ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʢʘʞʜʳʡ ʘʪʦʤ ʄ ʪʘʢʞʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʥʠʤ ʚʥʝʰʥʠʤ ʘʧʠʢʘʣʴʥʳʤ ʠʣʠ ʪʝʨʤʠʥʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ Xa, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʦʙʨʘʟʫʷ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

[{ M6X
i
8} Xa

6]
n (ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ Re, Tc, Mo, W) ʠʣʠ ʞʝ [{M6X

i
12} Xa

6]
n (ʜʣʷ Nb ʠ Ta). 

 

ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʘ) [{M6X i
8} Xa

6]n ʠ ʙ) [{M6X i
12} Xa

6]n. 

ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʩʫʱʝʩʪʚʫʝʪ 

ʥʦʪʘʮʠʷ ʐʝʬʝʨʘ. ʊʘʢ X i ï ʚʥʫʪʨʝʥʥʠʡ ʣʠʛʘʥʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʪʘʣʣʘʤʠ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ; Xa 

ï ʚʥʝʥhʠʡ ʣʠʛʘʥʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʠ ʷʚʣʷʶʱʠʡʩʷ ʪʝʨʤʠʥʘʣʴʥʳʤ ʠʣʠ 

ʤʦʩʪʠʢʦʚʳʤ. ʂʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʝʱʝ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ, ʘ 

ʠʤʝʥʥʦ: Xa-a ï ʣʠʛʘʥʜ ʷʚʣʷʝʪʩʷ ʘʧʠʢʘʣʴʥʳʤ ʜʣʷ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ; Xa-i/i-a ï 

ʣʠʛʘʥʜ ʷʚʣʷʝʪʩʷ ʘʧʠʢʘʣʴʥʳʤ ʜʣʷ ʜʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʚʥʫʪʨʝʥʥʠʤ ʜʣʷ ʩʦʩʝʜʥʝʛʦ ʠʣʠ 

ʥʘʦʙʦʨʦʪ; X i-i ï ʣʠʛʘʥʜ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʜʣʷ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʉʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʷʜʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ: 

ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ ʠ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʠ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ï ʢʣʘʩʪʝʨʥʳʤʠ ʩʢʝʣʝʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ (ʂʉʕ). ʆʨʙʠʪʘʣʠ, ʦʙʨʘʟʫʶʱʠʝ ʩʚʷʟʴ 

M-M ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʷʜʨʦʤ {M6X
i
8} , ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2 (ʘ) 



15 

 

 

[52]. ʕʪʠ ʦʨʙʠʪʘʣʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦ 12 ʨʝʙʨʘʤ ʦʢʪʘʵʜʨʘ, ʦʙʨʘʟʫʶʪ 12 ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ 

ʜʚʫʭʮʝʥʪʨʦʚʳʭ ʩʚʷʟʝʡ M-M (24 ʂʉʕ). ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ (ɺɿʄʆ) ʠ ʥʠʟʰʝʡ 

ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʨʙʠʪʘʣʷʤʠ (ʅCʄʆ) ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ, ʠʟ-ʟʘ ʯʝʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʩ ʙʦӢʣʴʰʠʤ ʯʠʩʣʦʤ ʂʉʕ, ʯʝʤ 24, ʨʝʜʢʦʝ ʷʚʣʝʥʠʝ. ʕʣʝʢʪʨʦʥʳ ʩ 

ʦʨʙʠʪʘʣʝʡ t2u ʠ eg ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʪ 19 ʜʦ 23 ʂʉʕ. ɼʣʷ {M6X
i
12} ʦʨʙʠʪʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2 (ʙ), 

ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʝʡ M-M [53]. ɼʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 12 ʂʉʕ, ʭʦʪʷ ʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ, 

ʩʦʜʝʨʞʘʱʠʝ 14 ʠʣʠ 16 ʂʉʕ. 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘ) 

[{M 6X i
8} Xa

6] [52] ʠ ʙ) [{M6X i
12} Xa

6] [53]. 

1.2. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 5ï7 ʛʨʫʧʧ (Nb, Ta, Mo, 

W, Re, Tc) ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ. ʉʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʨʦʜʦʡ ʤʝʪʘʣʣʘ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʟʫʯʝʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ 

ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʘʢʪʫʘʣʴʥʳʤ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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1.2.1. ʉʪʨʦʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʉʪʨʦʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʣʠʟʢʦ ʢ 

ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʤ. ʊʘʢ ʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ï [{( M6-xM ẍ͂)6X
i
8} Xa

6]
n 

ʠʣʠ [{(M6-xM ẍ͂)6X
i
12} Xa

6]
n. ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠʟʦʤʝʨʠʠ ʤʝʪʘʣʦʦʩʪʦʚʘ, ʪʘʢ, ʜʣʷ ʤʝʪʘʣʦʦʩʪʦʚʘ {M3M 3̈͂} 

ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʠʟʦʤʝʨʘ ï ʦʩ- ʠ ʛʨʘʥ-, ʘ ʜʣʷ {M4M 2̈͂} ï ʮʠʩ- ʠ ʪʨʘʥʩ-. ʆʙʱʠʤ ʜʣʷ ʩʪʨʦʝʥʠʷ 

ʚʩʝʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ 

ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ, ʧʦʵʪʦʤʫ ʈʉɸ ʥʝ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʣʠʯʠʠ ʠʟʦʤʝʨʦʚ. 

1.2.1.1. ʌʘʟʳ ʐʝʚʨʝʣʷ 

ʈʘʩʩʤʦʪʨʠʤ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʐʝʚʨʝʣʷ. ʆʥʠ, ʢʘʢ ʠ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ 

ʐʝʚʨʝʣʷ (Mo6Q8), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨʳ M6-xM ẍ͂, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ 

ʤʦʩʪʠʢʦʚʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʣʠʛʘʥʜ r Q, ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 

(ʈʠʩʫʥʦʢ 3). ɺ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʘʭ ʧʦʜʦʙʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ 

ʢʘʥʘʣʳ, ʚ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʄ῁῁ ʩ ʚʘʣʝʥʪʥʦʩʪʴʶ ʦʪ I ʜʦ 

III. ʂʦʣʠʯʝʩʪʚʦ ʂʉʕ ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʤʝʪʘʣʣʦʮʝʥʪʨ M6, ʤʦʞʝʪ ʙʳʪʴ 

ʦʪ 19 ʜʦ 24, ʛʜʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 22ï24 ʂʉʕ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ. ʇʨʠ 

ʥʝʠʟʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ Mo6Q8 (Q = S, Se, Te; 20 ʂʉʕ), ʦʙʨʘʟʫʶʪʩʷ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʩʦʜʝʨʞʘʱʠʝ 24 ʂʉʕ. ʈʷʜ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʧʨʦʷʚʣʷʶʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ï Mo2Re4Q8 (Q = S, Se), Mo2Re4S8-xSex (x = 0ï8), Mo2Re4Se8-xTex 

(x = 0ï1, 2) [30] ʠ Mo4Ru2Se8 [31, 32]. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʥʘʨʫʞʝʥʘ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï Mo4Re2Te8 [30] ʠ Mo5RuTe8 [31, 32]. 

 

ʈʠʩʫʥʦʢ 3. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʐʝʚʨʝʣʷ M6-xM ẍ͂Q8. 
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1.2.1.2. ʈʝʥʠʡ-ʦʩʤʠʝʚʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

Cs3[{ Re5OsSi
8} Sa-a

6/2] ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Imσ ʠ ʦʙʨʘʟʫʝʪ 

ʧʦʣʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʘʥʳ ʯʝʨʝʟ Õ2-ʤʦʩʪʠʢʦʚʳʝ ʘʧʠʢʘʣʴʥʳʝ ʘʪʦʤʳ 

ʩʝʨʳ [38]. ʂʣʘʩʪʝʨ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩʦʜʝʨʞʠʪ 24 ʂʉʕ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʯʪʠ 

ʥʝʠʩʢʘʞʝʥʥʫʶ ʛʝʦʤʝʪʨʠʶ ʦʢʪʘʵʜʨʘ {Re5Os} ʠ ʢʫʙʘ {Re5OsS8}. ʉʨʘʚʥʝʥʠʝ Cs3Re5OsS11 c 

ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (Li4Re6S11, Ba2Re6S11, Eu2Re6S11) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ReïSi ʙʦʣʴʰʝ ʧʨʠʤʝʨʥʦ ʥʘ 0,06 ¡ ʠ ReïSa ʥʘ 0,014 ¡ ʢʦʨʦʯʝ, ʯʝʤ c ʚ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʣʘʩʪʝʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. 

 

ʈʠʩʫʥʦʢ 4. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨ r Re4Os2Se8Cl4. ʎʚʝʪʦʚʦʡ ʢʦʜ: Re/Os (ʯʝʨʥʳʡ), Se (ʞʝʣʪʳʡ), Cl 

(ʟʝʣʝʥʳʡ) [39]. 

ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʳʡ ʩ ʧʦʤʦʱʴʶ ʈʉɸ ʜʣʷ 

[Re8Os4Sei
14Sei-a

2/2Sea-i
2/2Cla6Cla-a

4/2], ʠʟʦʙʨʘʞʝʥ ʥʘ ʈʠʩʫʥʢʝ 4 [39]. ʆʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʨʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ Re4Os2Se8Cl4 ʠʤʝʝʪ ʜʚʘ ʪʠʧʘ ï ʘʪʦʤ rʨʝʥʠʷ ʦʢʨʫʞʝʥʳ ʜʚʫʤ  ̫ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʠ 

ʜʚʫʤ  ̫ʤʦʩʪʠʢʦʚʳʤʠ ʭʣʦʨʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ï ʯʝʪʳʨʴʤʷ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʠ 

ʜʚʫʤ  ̫ ʤʦʩʪʠʢʦʚʳʤʠ ʭʣʦʨʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʚ ʢʘʨʢʘʩʝ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʘ ʷʜʨʘ. 

ɺ Cs4-x[{ Re6-xOsxSe8}Cl6] (x = 1ï2) ʠ K2[{ Re3Os3Se8}Cl6][{ Re4Os2Se7Cl} Cl6] ʯʠʩʣʦ ʂʉʕ 

ʩʦʩʪʘʚʣʷʝʪ 24, ʧʦʵʪʦʤʫ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ Os ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʘʨʷʜʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ [39]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʨʷʜʘ ʷʜʨʘ ʦʪ +2 ʚ 

[{Re6Se8}Cl 6]
4ï ʜʦ +5 ʚ [{Re3Os3Se8}Cl 6]

ï ʠ [{Re4Os2Se7Cl}Cl 6]
ï, ʫʤʝʥʴʰʘʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʄï

Cl ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʄïSe ʠ MïM. 

ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʛʦ ʘʪʦʤʘ Re ʥʘ Os ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʦʤʝʨʦʚ. ɸʥʠʦʥ [{Re4Os2Se8}Cl 6]
2ï ʠʤʝʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʘ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʦʩʤʠʷ ʚ 
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ʦʢʪʘʵʜʨʝ M6 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʨʘʥʩ- ʠʣʠ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʥʠʦʥʘ 

[{Re3Os3Se8}Cl 6]
ï ʚʦʟʤʦʞʥʳ ʦʩ- ʠ ʛʨʘʥ- ʠʟʦʤʝʨʳ. ʈʘʩʯʝʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʤʢʘʭ 

ʤʝʪʦʜʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (density functional theory, DFT) ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʠʝ 

ʚ ʵʥʝʨʛʠʠ ʩʚʷʟʠ OsïCl ʠ ReïCl [39]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʟʘʤʝʱʝʥʠ ʁʭʣʦʨʠʜʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʘʪʦʤʘʤ Os. ɹr ʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ ʪʨʘʥʩ-ʪʨʘʥʩ-

[{Re4Os2Se8}(PEt3)2Cl4], ʛʜʝ ʣʠʛʘʥʜʳ PEt3 ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʘʪʦʤʘʤʠ ʦʩʤʠʷ 

(ʈʠʩʫʥʦʢ 5) [39]. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʦʤ ʢʣʘʩʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʘʪʦʤʳ 

ʤʝʪʘʣʣʦʚ ʫʧʦʨʷʜʦʯʝʥʳ. ʊʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʪʦʤʘʤʠ ʈ, ʚ 

ʪʘʢʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʶʪ 0,012 ¡2, ʘ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʩʚʷʟʘʥʥʳʭ ʩ Cl ï 0,014 ¡2. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʠʦʥʳ [{Re5OsSe8}(PEt3)6]
3+ ʠ 

[{Re4Os2Se8}(PEt3)6]
4+ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚʦ ʚʩʝʭ ʘʧʠʢʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ. ɺ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ, ʘ ʠʭ ʩʪʨʦʝʥʠʝ ʩʭʦʞʝ ʩ 

[{Re6Se8}(PEt3)6]
2+, ʭʦʪʷ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʚ ʩʨʝʜʥʠʭ ʜʣʠʥʘʭ ʩʚʷʟʠ MïM. 

 

ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʘ ʪʨʘʥʩ-ʪʨʘʥʩ-[{Re4Os2Se8}(PEt3)2Cl4]. ʎʚʝʪʦʚʦʡ ʢʦʜ: Re (ʯʝʨʥʳʡ), Os 

(ʢʦʨʠʯʥʝʚʳʡ), Se (ʞʝʣʪʳʡ), Cl (ʟʝʣʝʥʳʡ), P (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʟʞʝ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Cs3[{Re6-xOsxSe8}( OH)6] (x = 1ï2) ʠʤʝʝʪ 

ʪʠʧʠʯʥʫʶ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M6Q8} X6] ʩʪʨʫʢʪʫʨʫ [41] (ʈʠʩʫʥʦʢ 

6). ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ, ʯʪʦ ʥʝ ʜʘʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʠʟʦʤʝʨʥʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ MïM, MïSe ʠ MïO 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ M6. ʉʣʘʙʦʝ ʫʢʦʨʦʯʝʥʠʝ ʩʚʷʟʝʡ MïSe ʠ MïO ʚ ʨʷʜʫ 

{Re6Se8}
2+ ï {Re5OsSe8}

3+ ï {Re4Os2Se8}
4+, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʨʷʜʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʊʘʙʣʠʮʘ 1). 
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ʈʠʩʫʥʦʢ 6. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Cs3[{Re5OsSe8}( OH)6] [41]. 

ʎʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)3[{ Re5OsSe8}( CN)6] ʠ 

(Bu4N)2[{ Re4Os2Se8}( CN)6] ʩʦʜʝʨʞʘʪ 24 ʂʉʕ [40], ʢʘʢ ʠ ʠʭ ʭʣʦʨʠʜʥʳʝ ʘʥʘʣʦʛʠ. ʉʪʨʫʢʪʫʨʳ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʜʝʨʞʘʪ ʦʢʪʘʵʜʨ M6 (M = Re, Os) ʙʣʠʟʢʠʡ ʢ ʩʠʤʤʝʪʨʠʠ Oh, ʘʪʦʤʳ 

ʤʝʪʘʣʣʘ ʚ ʢʦʪʦʨʦʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʦʙʱʠʤ ʧʦʟʠʮʠʷʤ. ʋʚʝʣʠʯʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ 

ʥʘ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ {Re6-xOsxSe8}
(2+x)+ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʠʣʳ ʩʚʷʟʳʚʘʥʠʷ ʘʪʦʤʦʚ 

ʤʝʪʘʣʣʘ ʩ ʮʠʘʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ MïC ʦʪ 

2,10 ʜʦ 2,09 ʠ 2,08 ¡ ʜʣʷ n = 0, 1 ʠ 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʦʦʩʪʦʚʘ ʩʦʝʜʠʥʝʥʠʝ 

(Bu4N)2[{ Re4Os2Se8}( CN)6] ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʥʘ 

ʷʜʨʘʭ 13C [40]. ɺ ʧʦʣʫʯʝʥʥʦʤ ʗʄʈ ʩʧʝʢʪʨʝ (ʈʠʩʫʥʦʢ 7) ʥʘʙʣʶʜʘʣʦʩʴ ʜʚʝ ʛʨʫʧʧʳ ʩʠʛʥʘʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʘʤ. ɼʣʷ ʮʠʩ-ʠʟʦʤʝʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʪʨʠ ʩʠʛʥʘʣʘ ʩ 

ʦʪʥʦʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 1:1:1, ʘ ʜʣʷ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ï ʜʚʘ ʩʠʛʥʘʣʘ ʩ ʦʪʥʦʰʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 2:1. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ 13ʉ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʮʠʩ-. 
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ʈʠʩʫʥʦʢ 7. 13ʉ ʗʄʈ ʩʧʝʢʪʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Re4Os2Se8}( CN)6]2ï, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʩʪʚʦʨʝ 

ɼʄʉʆ. 

1.2.1.3. ʄʦʣʠʙʜʝʥ-ʥʠʦʙʠʝʚʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ɺʩʝ ʤʦʣʠʙʜʝʥ-ʥʠʦʙʠʝʚʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʠʟʚʝʩʪʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, 

ʩʦʜʝʨʞʘʪ ʷʜʨʦ { Mo5NbI8}, ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʚ ʢʦʪʦʨʦʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ɺ ʩʪʨʫʢʪʫʨʝ K3[{Mo 5NbI8}(OH)6]Ŀ11H2ʆ ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʩʦʩʪʘʚʣʷʶʪ 2,67 ¡ [42]. ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ MïI ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ (2,823 ʠ 

2,828 ¡). ʈʘʩʩʪʦʷʥʠʷ MïO ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,125ï2,168 ¡.  

ɺ ʩʦʝʜʠʥʝʥʠʠ (Pr4N)3[{Mo 5NbI8}(CN)6] [42] ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ MïM ʨʘʚʥʳ 2,701 ¡, 

ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʘʩʩʪʦʷʥʠʡ MïM ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ (Cs2[{Mo 6I8}I 6], ʩʨʝʜʥʝʝ 2,679 ¡) ʠ ʥʠʦʙʠʷ ({Nb6I8}(NH 2CH3)6) 2,70ï2,87 ¡). ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʥʝʙʦʣʴʰʦʝ ʫʜʣʠʥʝʥʠʝ (ʦʢʦʣʦ 0,02 ¡) ʩʨʝʜʥʠʭ ʜʣʠʥ ʩʚʷʟʝʡ MïM ʜʣʷ 

(Pr4N)3[{Mo 5NbI8}(CN)6]. 

ʍʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ (Ph4P)3[{Mo 5NbI8}Cl 6] ʥʘ ʚʦʟʜʫʭʝ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ (Ph4P)2[{Mo 5NbI8}Cl 6] [43]. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʟʘʨʷʜʘ ʦʪ 2ï ʢ 3ï ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʄïʄ ʠ MïI (ʊʘʙʣʠʮʘ 1). ʉʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ MïCl ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʤʝʤʝʪʘʣʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʦʣʠʙʜʝʥʘ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 0,009 ¡, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ 0,034 ¡. 

1.2.1.4. ʈʝʥʠʡ-ʤʦʣʠʙʜʝʥʦʚʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

K6[{ Re3Mo3S8}( CN)5] ʠ K6[{ Re3Mo3S8}( CN)5] ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʦʤ ʪʠʧʘ { M6Q8}  [45, 49] (ʈʠʩʫʥʦʢ 8). 
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ʈʠʩʫʥʦʢ 8. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ K6[Re3Mo3S8(CN)5] [45]. ʎʚʝʪʦʚʦʡ ʢʦʜ: Re/Mo (ʯʝʨʥʳʡ), S 

(ʞʝʣʪʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 

ʈʘʩʪʚʦʨʝʥʠʝ ʧʦʣʠʤʝʨʘ K6[{ Re3Mo3Se8}( CN)5] (24 ʂʉʕ) ʚ ʚʦʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KCN 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K5[{Re3Mo3Se8}(CN)6]Ā11H2O (23 ʂʉʕ) 

[49]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re3Mo3Se8}(CN)6]
5ï, 

ʢʘʪʠʦʥʳ K+ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ H2O ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʨʘʭ ʢʘʨʢʘʩʘ. ʈʘʩʩʪʦʷʥʠʷ MïM, MïSe, 

MïC ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʂʉʕ. ʇʦʟʞʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʠʟʦʩʪʨʫʢʪʫʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ K5[{Re5MoSe8(CN)6]Ŀ11H2O (24 ʂʉʕ) [51], ʨʘʩʩʪʦʷʥʠʷ MïM ʚ 

ʢʦʪʦʨʦʤ ʩʦʩʪʘʚʣʷʶʪ 2,644 ¡, ʯʪʦ ʥʘ 0,005 ¡ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʷʜʨʦʤ 

{ Re3Mo3S8}.  ʊʘʢʠʤʠ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ MïM ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ Re/Mo ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʘ ʨʘʩʩʪʦʷʥʠʷ MïQ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ (ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ MïM ʠ MïQ ʜʣʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʠʭ ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʦʝʜʠʥʝʥʠʷ ʂʉʕ M-M M-Q ʉʩʳʣʢʘ 

ʈʝʥʠʡ ï ʦʩʤʠʡ 

Cs3Re5OsS11 24 2,617 2,415 [38] 

Li 4Re6S11 24 2,617 2,412 [54] 

[{Re4Os2Se8}Cl 4] 24 2,633 2,515 [39] 

Cs3[{ Re5OsSe8} Cl6]Ŀ2H2O 24 2,624 2,518 

Cs2[{ Re4Os2Se8}Cl6]Ŀ2H2O 24 2,623 2,509 

[{Re6Se8}(PEt3)6]
2+ 22 2,646 2,516 [55] 

[{Re5OsSe8}(PEt3)6]
3+ 24 2,645 2,509 [39] 

[{Re4Os2Se8}(PEt3)6]
4+ 24 2,648 2,506 
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1.2.2. ʉʠʥʪʝʟ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

1.2.2.1. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʱʠʝ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ. ʆʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʚ ʘʤʧʫʣʝ ʠʣʠ 

ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʙʠʥʘʨʥʳʭ ʠʣʠ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʫʶ ʩʪʝʭʠʦʤʝʪʨʠʶ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʨʘʙʦʪʘʝʪ ʙʣʘʛʦʜʘʨʷ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʪʨʘʥʩ-ʪʨʘʥʩ-[{ Re4Os2Se8}( PEt3)2Cl4] 24 2,616 (Re-Re) 

2,640 (Re-Os) 

2,514 (Re-Se) 

2,489 (Os-Se) 

Cs3[{Re5OsSe8}(OH)6] 24 2,629 2,532 [41] 

K2[{Re4Os2Se8}(OH)6]Ŀ3H2O 24 2,616 2,529 

K4[{Re6Se8}(OH)6]Ŀ8H2O 24 2,612 2,535 [56] 

ʄʦʣʠʙʜʝʥ ï ʥʠʦʙʠʡ 

(Pr4N)3[{ Mo5NbI8} (CN)6] 24 2,7011 2,7932 [42] 

[{ Mo5NbI8} (OH)3(H2O)3]Ŀ2H2O 24 2,6762 2,8095 

K[{ Mo5NbI8}(H 2O)2Cl4] 24 2,6726 2,801 

Cs2Mo6I8I6 24 2,679 2,779 [57] 

ʈʝʥʠʡ ï ʤʦʣʠʙʜʝʥ 

K6[{Re3Mo3S8}(CN)5] 24 2,637 2,444 [45] 

K6[{Re3Mo3Se8}(CN)5] 24 2,667 2,56 [49] 

CaK4[{Re3Mo3S8}(CN)6]Ŀ8H2O 23 2,6273 2,439 [45] 

K5[{Re3Mo3Se8}(CN)6]Ŀ11H2O 23 2,6494 2,5464 [49] 

(Bu4N)4[{Re4Mo2Se8}(CN)6] 22 2,646 2,540 [50] 

K5[{Re5MoSe8}(CN)6]Ŀ8H2O 24 2,644 2,530 [51] 

Cs3K[{Re6S8}(CN)6] 24 2,602 2,413 [58] 

K7[{ Mo6S8}( CN)6]Ŀ8H2O 21 2,6656 2,4565 [59] 

K4[{Re6Se8}(CN)6]Ŀ3,5H2O 24 2,633 2,526 [60] 

K7[{Mo 6Se8}(CN)6]Ŀ8H2O 21 2,700 2,562 [61] 
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ʊʘʢ, ʦʜʥʠ ʠʟ ʧʝʨʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ï ʬʘʟʳ ʐʝʚʨʝʣʷ ï ʧʦʣʫʯʘʶʪ ʠʟ 

ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 1000ï1200 oC (ʊʘʙʣʠʮʘ 2) 

[30ï35]. ɺ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʘʢʮʠʷʭ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪʩʷ ʭʘʣʴʢʦʛʝʥʠʜʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʩʪʘʶʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʩʪʘʚ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʟʘʛʨʫʟʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨ rʩ ʥʝʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ x ʚ M6-xM ẍ͂Q8. 

ʊʘʙʣʠʮʘ 2. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʐʝʚʨʝʣʷ, ʠʟʚʝʩʪʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ʉʦʝʜʠʥʝʥʠʝ ʈʝʘʛʝʥʪʳ ʉʩʳʣʢʘ 

Mo2Re4Q8 (Q = S, Se) Mo + Re + Q [30] 

Mo4Re2Te8 Mo + Re + Te [30] 

Mo2Re4S8-xSex (x =0-8) Mo + Re + S + Se [30] 

Mo2Re4Se8-xTex (x =0-1,2) Mo + Re + S + Te [30] 

Mo4Ru2Q8 (Q = Se, Te) Mo + Ru + Q [31, 32] 

Mo6-xRuxTe8 (x = 0,5, 1, 1,5) Mo + Ru + Te [31, 32] 

Mo5,5Rh0,5Te8 Mo + Rh + Te [34] 

Ru6-xNbxTe8 (x = 2,83 ï 3,50) Ru + Nb + Te [35] 

 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʠʥʪʝʟʝ (ʊʘʙʣʠʮʘ 3). ʉʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Cs3[{ Re5OsSi
8} Sa-a

6/2] ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʠʥʪʝʟʝ ʧʦ ʨʝʘʢʮʠʠ ʨʝʥʠʷ ʠ ʦʩʤʠʷ ʩ ʢʘʨʙʦʥʘʪʦʤ ʮʝʟʠʷ 

(ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 5:1:10) ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʠ ʧʘʨʦʚ ʩʝʨr, ʧʨʠ 850 oC ʚ ʪʝʯʝʥʠʝ 

12 ʯʘʩʦʚ [38]. ʀʟʤʝʥʝʥʠʝ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠ ̫ʨʝʘʛʝʥʪʦʚ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ 

ʩ ʜʨʫʛʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʤʠʷ. 

ɼʨʫʛʦʝ ʩʦʝʜʠʥʝʥʠʝ ʨʝʥʠʷ-ʦʩʤʠʷ [{Re4Os2Se8}Cl 4] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʠʥʪʝʟʝ ʠʟ Re, Os, Se, ReCl5, ʚʟʷʪʳʭ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ, ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʧʨʠ 850 oC ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ [39]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ CsCl ʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ rʨʝʘʢʮʠʠ ʜʦ 875 oC ʦʙʨʘʟʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ Cs4-

x[{ Re6-xOsxSe8} Cl6] (x = 1, 2) [39]. ʇʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʝʛʢʦ ʦʪʜʝʣʷʶʪ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʟʘ ʩʯʝʪ ʠʭ ʨʘʟʣʠʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʈʝʘʢʮʠʷ ʚ ʨʘʩʧʣʘʚʝ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠ ̫K2[{Re3Os3Se8}Cl 6][{Re4Os2Se7Cl}Cl 6]. 

ʇʦʣʠʤʝʨ {Mo5NbI8} I3 ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ ʥʠʦʙʠʷ, ʤʦʣʠʙʜʝʥʘ ʠ ʠʦʜʘ ʚ ʢʚʘʨʮʝʚʦʡ 

ʘʤʧʫʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 560ï590 ÁC [42]. ʀʟʤʝʥʝʥʠʝ ʩʪʝʭʠʦʤʝʪʨʠʠ ʟʘʛʨʫʟʢʠ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ ʜʨʫʛʠʤ ʩʦʩʪʘʚʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. 
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ʈʝʘʢʮʠʷ ʩʤʝʩʠ ReSe2/MoSe2 ʩ ʨʘʩʧʣʘʚʦʤ KCN ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ M IV ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ M6 (M = Re/Mo). ʕʪʘ ʨʝʘʢʮʠʷ ʩʭʦʞʘ ʩ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ 

ʩʝʣʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʧʨʠ 650 oC ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ K6[{ Mo6Se8} (Õ-CN)(CN)4] [62]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ReIV ʜʦ ReIII  ʚ ʨʝʘʢʮʠʠ ReS2 ʠʣʠ ReSe2 ʩ KCN ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʠ 800 

oʉ K4[{Re6S
i
8}S

a-a
4/2(CN)a2] ʠʣʠ K4[{Re6Sei

8}(Se2)
a-a

2/2(CN)a4] [63]. ʇʨʠʯʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʦʡ ʨʝʘʢʮʠʠ ʩ ReS2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ K8[{Re12CS17}(CN)6] [64]. 

ʈʝʘʢʮʠʷ ReS2 ʠ MoS2, ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:1, ʚ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʩ 

ʠʟʙʳʪʢʦʤ KCN ʧʨʠ 750Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ K6[{Re3Mo3S8}(CN)5] [45]. ʈʝʘʢʮʠʷ 

ʤʝʞʜʫ ReSe2, MoSe2 ʠ KCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʤʝʩʴʶ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ {Re6-

xMoxSe8} (x = 1ï5) [49ï51]. ʉʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʥʪʝʟʘ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 630 ÁC ʧʦʟʚʦʣʠʣʦ ʩʤʝʩʪʠʪʴ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʚ 

ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ K6[{Re3Mo3Se8}(CN)5]. 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ʤʝʪʘʣʣʦʚ ʚ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʜʨʫʛʠʤ ʤʝʪʘʣʣʦʤ 

(ʊʘʙʣʠʮʘ 3). ʊʘʢ, [{M6X8} L6]
n (M = Mo, W; X = Cl, Br, I; L = Cl, Br, I) ʠ [{ M6X12} X6]

4ï/3ï (M = 

Nb, Ta; X = Cl/Br/I) ʧʦʣʫʯʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚʳʩʰʠʭ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʘʤʠ ʠʣʠ ʠʭ 

ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟʦʤ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

[65ï75]. 

ʇʝʨʚʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʘʥʪʘʣʘ-ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʘ 

(Et4N)2[{ Ta4Mo2Cl12} Cl6] ʠ (Et4N)2[{ Ta5MoCl12} Cl6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʭʣʦʨʠʜʦʚ ʪʘʥʪʘʣʘ ʠ ʤʦʣʠʙʜʝʥʘ (V), ʚʟʷʪʳʭ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʚʚʝʜʝʥʥʳʭ ʚ 

ʨʝʘʢʮʠʶ ʩ ʘʣʶʤʠʥʠʝʤ ʚ ʨʘʩʧʣʘʚʝ AlCl 3/NaCl ʧʨʠ 320 oC ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ [36]. ʈʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʦʜʦʡ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ NaAlCl4 ʠ Ta6Cl14. ʇʦʩʣʝ ʵʪʦʛʦ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʦʩʪʘʪʢʠ Ta6Cl14 ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʵʪʘʥʦʣ ï 

ʚʦʜʘ. ʆʪʜʝʣʝʥʠʝ ʦʩʪʘʪʢʦʚ Ta6Cl14 ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʵʪʦʛʦ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ Et4NCl. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ (Et4N)2[{ Ta4Mo2Cl12}Cl6], ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʫʧʘʨʠʚʘʥʠʝ 

ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ (Et4N)2[{ Ta5MoCl12} Cl6]. 



25 

 

 

ʈʝʘʢʮʠ ̫ʚ ʟʘʧʘʷʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʨʠ 550 oC ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

MoCl5 ʠ WCl6 ʘʣʶʤʠʥʠʝʤ ʚ ʨʘʩʧʣʘʚʝ AlCl 3/NaCl ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [{ Mo6-

xWxCl8} Cl6]
nï (x= 1ï5) [37]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʠʦʥʳ [{Mo6-xWxCl8}Cl6]
2ï (ʛʜʝ ʭ = 1ï5). 

ʈʝʘʢʮʠʷ MCl5 ʩ M  ̈͂ (M/M  ̈͂= Nb, Ta), ʚʟʷʪʳʭ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʚ 

ʨʘʩʧʣʘʚʝ NaCl ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 720 ʜʦ 820 oC ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ Na4[Ta6-xNbxCl12]Cl6 (x = 1ï6) [76]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, 

ʯʪʦ ʥʘ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʞʥʦ ʚʣʠʷʪʴ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʥʪʝʟʘ. ʊʘʢ, ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Na4[{ Nb6Cl12} Cl6] ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ 860 oC, ʘ Na4[{ Ta6Cl12} Cl6] ʧʨʠ 700 
oC [75]. ɺ ʩʣʫʯʘʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʬʘʟr, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʙʦʛʘʪʳʝ Nb ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ 820oC, ʘ ʧʨʠ 760 oC ʠ ʥʠʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʦӢʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ta. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʜʝʣʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʠʦʥʦʦʙʤʝʥʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʊʘʙʣʠʮʘ 3. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ 

ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʉʦʝʜʠʥʝʥʠʷ ʈʝʘʛʝʥʪʳ ʊʝʤʧʝʨʘʪʫʨʘ ʉʩʳʣʢʘ 

Cs3Re5OsS11 Cs2CO3 + Re + Os + S 850 oC [38] 

[{Re4Os2Se8}Cl 4] Re + Os + Se +ReCl5 850 oC [39] 

Cs4-x[{ Re6-xOsxSe8}Cl6] (x = 1ï2) Re + Os + Se +ReCl5 + 

CsCl 

875 oC [39] 

K2[{Re3Os3Se8}Cl 6][{Re4Os2Se7Cl}Cl 6] Re + Os + Se +ReCl5 + 

KCl 

875 oC [39] 

{Mo 5NbI8} I3 Mo + Nb + I2 560ï590 oC [42] 

K6[{Mo 6Se8}(CN)5] Mo6Se8 + KCN 650 oC [77] 

KMo3Se3 + MoSe2 + KCN 

KMo3Se3 + Se + KCN 

Mo + MoSe2 + KCN 

K4[{Re6S
i
8}S

a-a
4/2(CN)a2] ReS2 + KCN 800 oʉ [63] 

K4[{Re6Sei
8}(Se2)

a-a
2/2(CN)a4] ReSe2 + KCN 800 oʉ [63] 

K6[{Re3Mo3S8}(CN)5] ReS2 + MoS2 + KCN 750  oʉ [45] 

K6[{ Re6-xMoxSe8}( CN)5] (x = 1ï4) ReSe2 + MoSe2 + KCN 630ï800 ÁC [49, 50] 

K5[{Re5MoSe8}(CN)6] 650 ÁC [51] 
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1.2.2.2. ʈʝʘʢʮʠʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʈʝʘʢʮʠʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʫʯʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ɺ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʧʦʣʠʤʝʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʬʘʟʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʠʟʙʳʪʢʦʤ ʣʠʛʘʥʜʘ ʚ ʨʘʩʧʣʘʚʝ ʠʣʠ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ ʚʠʜʝ ʩʦʣʝʡ.  

K7[{Mo 6Se8}(CN)6]Ŀ8H2O ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʘ K6[{Mo 6Se8}(CN)5] ʩ 

ʮʠʘʥʠʩʪʳʤ ʢʘʣʠʝʤ [61, 77]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ CaK4[{ Re3Mo3S8}( CN)6]Ā8H2O ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʭʦʞʘʷ ʤʝʪʦʜʠʢʘ. 

K6[{Re3Mo3S8}(CN)5] ʨʘʩʪʚʦʨʷʶʪ ʚ ʚʦʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KCN, ʘ ʜʦʙʘʚʣʝʥʠʝ CaCl2 ʠ 

ʫʧʘʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [45]. ɼʣʷ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʝʣʝʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʪʚʦʨʝʥʠʝ K6[{Re3Mo3Se8}(CN)5] ʚ ʚʦʜʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ KCN, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʝʝ ʫʧʘʨʠʚʘʥʠʝ ʜʦ ʤʘʣʦʛʦ ʦʙʲʝʤʘ ʠ ʦʩʘʞʜʝʥʠʝ EtOH 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ K5[{Re3Mo3Se8}(CN)6]Ā11H2O [49].  

ʈʝʘʢʮʠʷ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Re6S8Br2, Re6Se8Br2 ʧʨʦʭʦʜʠʪ ʚ 

ʨʘʩʧʣʘʚʝ ʱʝʣʦʯʠ ʧʨʠ 280 ʠ 200 oC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ 

ʩʦʩʪʘʚʘ K4[{Re6S8}(OH)6]Ŀ8H2O ʠ K4[{Re6Se8}(OH)6]Ŀ8H2O [56]. Mo5NbI11 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

KOH ʫʞʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʘ [{Mo 5NbI8}( OH)6]
3ï ʧʨʠ 80ï90 oC [42]. 

1.2.2.3. ʉʙʦʨʢʘ ʠʟ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʝʥʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʠ 

ʄʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʩʙʦʨʢʘ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʤʝʥʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʠ, ʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʩʠʥʪʝʟ ʠʟ 

ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʜʣʷ ʩʠʥʪʝʟʘ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ 

(Et4N)2[{ Ta4Mo2Cl12} Cl6] TaCl5 + MoCl5 +Al 

(ʨʘʩʧʣʘʚ AlCl 3/NaCl) 

320 oC [36] 

(Et4N)2[{ Ta4Mo2Cl12} Cl6]   

[{ Mo6-xWxCl8}Cl6]
nï (x = 1ï5) MoCl5 + WCl6 + Al  

(ʨʘʩʧʣʘʚ AlCl 3/NaCl) 

550 oC [37] 

Na4[Ta6-xNbxCl12]Cl6 (x = 1ï6) MCl5 + M  ̈͂+ NaCl (M/M  ̈͂

= Nb, Ta) 

720ï820 oC [76] 

Na4[{ Nb6Cl12} Cl6] NbCl5 + Nb + NaCl 860 oC [75] 

Na4[{ Ta6Cl12} Cl6] TaCl5 + Ta + NaCl 700 oC [75] 

[{ Mo6Cl8} Cl6] MoCl5 + Al 800 oC [69] 

[{ W6Cl8} Cl6] WCl6 + Al 475ï550 oC [69] 
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ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʘ [{Mo6Q8}( PEt3)6] (Q = S, Se) [78, 79] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [Mo3Q4Cl4(PEt3)4(MeOH)], ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ ʧʦ ʨʝʘʢʮʠʠ Mo3S7Cl4 ʩ PEt3 ʚ 

ʤʝʪʘʥʦʣʝ, ʤʝʪʘʣʣʠʯʝʩʢʠʤ Mg ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚʦʣʴʬʨʘʤʘ 

[{W 6S8}(PEt3)6] ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʪʘʢʦʡ ʞʝ ʤʝʪʦʜʠʢʝ [80]. 

1.2.3. ʄʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʄʦʜʠʬʠʢʘʮʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʟʘʤʝʱʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ: 

1) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ; 2) ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʠ 3) ʟʘʤʝʱʝʥʠʝ ʚ ʨʘʩʧʣʘʚʝ 

ʧʨʦʣʠʛʘʥʜʘ. ʄʦʜʠʬʠʢʘʮʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʜʣʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʝʥʘ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ. 

ɿʘʤʝʱʝʥʠʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʜʣʷ [{Mo5NbI8}( OH)6]
3ï (ʈʠʩʫʥʦʢ 9) [42]. 

ʊʠʪʨʦʚʘʥʠʝ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ [{Mo5NbI8}(OH)6]
3ï, ʩ ʧʦʤʦʱʴʶ H2SO4 ʜʦ pH 

= 8ï9 ʧʨʠʚʦʜʠʣʦ ʢ ʦʩʘʞʜʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo5NbI8}(OH)3(H2O)3]Ŀ2H2O. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ [{Mo 5NbI8}(OH)3(H2O)3]Ŀ2H2ʆ ʩ KOH ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ KCN ʠ Pr4NBr ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʘʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Pr4N)3[{Mo 5NbI8}(CN)6]. ʆʜʥʦʩʪʘʜʠʡʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ (Pr4N)3[{Mo 5NbI8} (CN)6] 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʢʮʠʠ [{Mo 5NbI8}(OH)6]
3ï, ʠʟʙʳʪʢʘ KCN ʠ Pr4NBr. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

[{Mo 5NbI8}(OH)6]
3ï ʩ HCl ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

K[{Mo 5NbI8}(H 2O)2Cl4] (ʈʠʩʫʥʦʢ 9). 

 

ʈʠʩʫʥʦʢ 9. ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ {Mo5NbI8} [42]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K[{Mo 5NbI8}(H 2O)2Cl4] ʠ Ph4PCl ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʦʛʦ 

ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʘ (Ph4P)3[{Mo 5NbI8}Cl 6] [43]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʠʦʥ [{Mo 5NbI8}Cl 6]
3ï

ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [{Mo 5NbI8}Cl 6]
2ï, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʩʦʣʠ ʩʦʩʪʘʚʘ 

(Ph4P)2[{Mo 5NbI8}Cl 6]. 
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ɺ ʨʝʘʢʮʠʠ [{Re5OsSe8}Cl 6]
3ï ʠ [{Re4Os2Se8}Cl 6]

2ïʩ PEt3 ʚ ɼʄʌɸ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʝ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [39]. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [{Re4Os2Se8}Cl 6]
2ï ʩ PEt3 ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ ʥʝʧʦʣʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩ-ʪʨʘʥʩ-[{Re4Os2Se8}(PEt3)2Cl4], ʧʨʠ ʵʪʦʤ ʣʠʛʘʥʜʳ PEt3 ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʘʤʠ ʦʩʤʠʷ. ɼʣʷ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ PEt3 ʠ ʢʣʘʩʪʝʨʘʤʠ [{Re6Se8}I 6]
4ï ʠ 

[{Re6S8}Br 6]
4ï ʦʙʨʘʟʫʶʪʩʷ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʝ ʬʦʨʤʳ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Cs3[{ Re5OsSe8} Cl6] ʩ NaCN ʚ ʨʘʩʧʣʘʚʝ NaNO3 ʧʨʠ 320 
oC ʚ ʪʝʯʝʥʠʝ 

12 ʯʘʩʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʚʦʜʝ ʠ ʦʩʘʞʜʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ Bu4NI ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ (Bu4N)3[{ Re5OsSe8}( CN)6] [40]. ʈʝʘʢʮʠʷ NaCN ʠ Cs2[{ Re4Os2Se8} Cl6] ʚ ʨʘʩʧʣʘʚʝ 

KCF3SO3 ʧʨʠ 330 
oC, ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʦʙʘʚʣʝʥʠʝ Bu4NI ʨʘʩʪʚʦʨʫ 

ʧʨʦʜʫʢʪʦʚ ʚ ʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʘ (Bu4N)2[{ Re4Os2Se8}( CN)6]. 

ʈʝʘʢʮʠʷ Cs3[{ Re5OsSe8} Cl6] ʠʣʠ Cs2[{ Re4Os2Se8} Cl6] ʩ ʨʘʩʪʚʦʨʦʤ MOH (M = Cs, K) 

ʧʨʠ 100oC ʚ ʪʝʯʝʥʠʝ 60 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ Clï ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ Cs3[{Re5OsSe8}( OH)6] ʠʣʠ K2[{Re4Os2Se8}( OH)6] [41]. ʇʨʠ ʭʨʘʥʝʥʠʠ ʥʘ 

ʚʦʟʜʫʭʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ Cs3[{Re5OsSe8}( OH)6] ʚʳʧʘʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ 

[{Re5OsSe8}(H 2O)3(OH)3]. 

1.2.4. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʩʦʣʷʤʠ ʧʝʨʝʭʦʜʥʳʭ ʠ ʧʦʩʪʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʠʡ ʟʘʨʷʜ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ [{Re3Mo3S8}(CN)6]
6ï ʠ 

[{Re3Mo3Se8}(CN)6]
5ï ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʪʠʧʦʚ ʢʘʨʢʘʩʦʚ, ʥʝ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʜʣʷ 

ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ ʩ ʟʘʨʷʜʘʤʠ 3ï/4ï. ɼʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ 

{ Re3Mo3S8} ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʨʢʘʩʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ Zn2+ ʠ Cd2+ 

[47, 48]. ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [{Re3Mo3S8}(CN)6]
6ï ʨʝʘʛʠʨʫʝʪ ʩ ʘʤʤʠʘʯʥʳʤʠ ʢʘʪʠʦʥʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ Zn2+ ʠʣʠ Cd2+. ɺ ʩʣʫʯʘʝ ʮʠʥʢʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 

{ [Zn(NH3)4]8{Zn[Re3Mo3S8(CN)6]3}Ŀ8H2O, ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʚ ʪʠʧʝ ñʘʥʪʠ-ɹʝʨʣʠʥʩʢʦʡ 

ʣʘʟʫʨʠò (ʈʠʩʫʥʦʢ 10) [47]. ɼʘʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʩʚʷʟʳʚʘʶʱʠʝ ʟʚʝʥʴʷ ʤʝʞʜʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ Zn2+. ɺʳʚʝʪʨʠʚʘʥʠʝ ʘʤʤʠʘʢʘ ʠʟ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʨʘʪʠʤʦʡ 

ʧʝʨʝʩʪʨʦʡʢʝ ʩʪʨʫʢʪʫʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ { [Zn(NH3)4]2{Zn[Re3Mo3S8(CN)6]}Ŀ2H2O, 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ ɹʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ (ʈʠʩʫʥʦʢ 10). ʉʦʝʜʠʥʝʥʠʝ 

{ [Cd(NH3)4]2{Cd[Re3Mo3S8(CN)6]}Ŀ1,5H2O ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ ɹʝʨʣʠʥʩʢʦʡ 

ʣʘʟʫʨʠ, ʥʝ ʧʨʝʪʝʨʧʝʚʘʷ ʧʝʨʝʩʪʨʦʡʢʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [48]. 
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ʈʠʩʫʥʦʢ 10. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ {[Zn(NH3)4]8{Zn[Re3Mo3S8(CN)6]3}Ŀ8H2O 

(ʩʧʨʘʚʘ) ʠ { [Zn(NH3)4]2{Zn[Re3Mo3S8(CN)6]}Ŀ2H2O (ʩʣʝʚʘ) [47]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re3Mo3Se8}(CN)6]
5ï ʠ ʢʘʪʠʦʥʦʚ Cd2+ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʧʦʯʝʯʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

{[C d(NH3)]2[(Cd(NH3)4]3[{Re3Mo3Se8}(CN)6]2}Ŀ5H2O [81] (ʈʠʩʫʥʦʢ 11). ɼʦʙʘʚʣʝʥʠʝ KX (X = 

Cl, Br, I) ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʢʘʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

{[C d(NH3)4]3[{Re3Mo3Se8}(CN)6]} X (ʈʠʩʫʥʦʢ 11), ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʙʨʘʪʠʤʫʶ ʧʦʪʝʨʶ ʘʤʤʠʘʢʘ ʠ ʦʙʨʘʪʠʤʦʝ ʦʢʠʩʣʝʥʠʝ. 

 

ʈʠʩʫʥʦʢ 11. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

{[C d(NH3)]2[(Cd(NH3)4]3[{Re3Mo3Se8}(CN)6]2}Ŀ5H2O (ʩʧʨʘʚʘ) ʠ {[Cd(NH3)4]3[{Re3Mo3Se8}(CN)6]}X 

(ʩʣʝʚʘ) [81]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re3Mo3Se8}(CN)6]
5ï ʠ ʢʘʪʠʦʥʦʚ Co2+ ʠʣʠ Ni3+ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʩʦ ʩʣʦʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʩʦʩʪʘʚʘ 

{ [M(NH3)6]4[{M(NH 3)2}[{Re 3Mo3Se8(CN)6} 2]}Ā15H2O (M = Co, Ni) [82] (ʈʠʩʫʥʦʢ 12).  
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ʈʠʩʫʥʦʢ 12. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

{[ Co(NH3)6]4[{ Co(NH3)2}[{Re 3Mo3Se8(CN)6} 2]}Ā15H2O [82]. 

1.2.5. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɺʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ Ta ʥʘ ʘʪʦʤʳ Mo ʚ ʩʦʝʜʠʥʝʥʠʷʭ [{Ta6-xMoxCl12} Cl6] (x = 0ï

2) ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʈʠʩʫʥʦʢ 13) [36]. ʊʘʢ, ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʦʜʥʦʛʦ ʘʪʦʤʘ ʤʦʣʠʙʜʝʥʘ (ʩʤʝʱʝʥʠʝ 

ʤʝʥʴʰʝ 0,1 ʤʢʤï1), ʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚʪʦʨʦʛʦ ʘʪʦʤʘ 

ʤʦʣʠʙʜʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʩʤʝʱʝʥʠʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 13. ʕʉʇ ʜʣʷ ʘ) [{Ta6Cl12} Cl6]4ï, ʙ) [{Ta5MoCl12} Cl6]2ï ʠ ʚ) [{Ta4Mo2Cl12} Cl6]2ï ʚ ʨʘʩʪʚʦʨʝ 

ʘʮʝʪʦʥʠʪʨʠʣʘ, ʨʘʟʣʦʞʝʥʥʳʡ ʥʘ ʢʦʤʧʦʥʝʥʪ r[36]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ [{Re5OsSe8}(CN)6]
3ï ʘʤʘʣʴʛʘʤʦʡ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

Na(Bu4N)3[{Re5OsSe8}(CN)6] (25 ʂʉʕ) [40]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

(Bu4N)2(Cp2Co)[{Re4Os2Se8}(CN)6] ʩ ʟʘʨʷʜʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ 3ï ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʦʙʘʣʴʪʦʮʝʥ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʣʘʩʪʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
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ʮʠʘʥʠʜʥʦʡ ʛʨʫʧʧʝ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ, ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʠ ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʨʘʥʞʝʚʦʛʦ ʥʘ ʦʣʠʚʢʦʚʦ-ʟʝʣʝʥʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Re ʥʘ Os ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʷʜʝʨ ʩ 25 ʂʉʕ, ʧʨʠʤʝʨʦʚ ʢʦʪʦʨʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ 

ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ {Re6}.  ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Re-Os 

ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʕʉʇ (ʈʠʩʫʥʦʢ 14) [40]. ɺ ʕʉʇ 

ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ 25-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʉʦʝʜʠʥʝʥʠʝ ʩ 25 ʂʉʕ ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ 24 ʂʉʕ.  

 

ʈʠʩʫʥʦʢ 14. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ: ʩʣʝʚʘ ï 

[{Re5OsSe8}(CN)6]3ï (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ [{Re5OsSe8}(CN)6]4ï(ʧʫʥʢʪʠʨ); ʩʧʨʘʚʘ ï [{Re4Os2Se8}(CN)6]2ï

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ [{Re4Os2Se8}(CN)6]3ï(ʧʫʥʢʪʠʨ) [40]. 

ɻʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʠʦʜʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo6I8} I6]
2ï ʩʦʜʝʨʞʠʪ 24 ʂʉʕ ʠ 

ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʢ ʦʢʠʩʣʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ 

ʷʜʨʦʤ {Mo 5NbI8}  ʣʝʛʯʝ ʦʢʠʩʣʷʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 23-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[43]. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʝ ʧʨʠʚʦʜʠʪ ʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʕʉʇ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 

ʦʢʦʣʦ 300ï350 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ [{Mo5NbI8}Cl 6]
2ï ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʜʣʠʥ 

ʚʦʣʥ ʜʣʷ [{Mo5NbI8}Cl 6]
3ï (314 ʥʤ), ʘ ʚ ʦʙʣʘʩʪʠ 500ï600 ʥʤ, ʥʘʦʙʦʨʦʪ, ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ 

ʜʣʠʥ ʚʦʣʥ (ʈʠʩʫʥʦʢ 15). 
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ʈʠʩʫʥʦʢ 15. ʕʉʇ [{Mo5NbI8}Cl 6]3ï (1) ʠ [{Mo5NbI8}Cl 6]2ï (2) ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ [43]. 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [{Re6-xMoxSe8}(CN)6]
nï (x = 1ï3) ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ (ʈʠʩʫʥʦʢ 16) [49ï51]. ɺ ʋʌ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ 

ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʪʠʥʢʮʠʠ ʜʣʷ ʚʩʝʭ ʘʥʠʦʥʦʚ 

[{Re6-xMoxSe8}(CN)6]
nï. ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ ʦʙʣʘʩʪʠ ʩʣʘʙʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʣʠ ʯʠʩʣʘ ʂʉʕ. ɺ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʚʩʝʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 518 ʜʦ 563 

ʥʤ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʟʘʨʷʜʘ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re6-xMoxSe8}(CN)6]
nï (x = 1ï3) 

ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ɺ ʙʣʠʞʥʝʡ ʀʂ 

ʦʙʣʘʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʟʘʨʷʜʘ ʵʪʠʭ ʘʥʠʦʥʦʚ. 

 

ʈʠʩʫʥʦʢ 16. ʕʉʇ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re6-xMoxSe8}(CN)6]n- (x = 1ï3) [49ï51]. 
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1.2.6. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [Re6-xMxQ8L6]  

24-ʵʣʝʢʪʨʦʥʥʳʝ ʢʣʘʩʪʝʨʳ ʨʝʥʠʷ ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʚʥʝʰʥʠʤʠ ʣʠʛʘʥʜʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʠʤ ʦʙʨʘʪʠʤʳʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ 

ʧʝʨʝʭʦʜʦʤ. ɺ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ (ʎɺɸ) ʢʣʘʩʪʝʨʥʦʡ ʩʦʣʠ (Bu4N)3[{Re6Se8}Cl 6] 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ [{Re6Se8}Cl 6]
3ï/4ï (ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgNO3) [39]. 

ɿʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ ʘʪʦʤʘ Re ʥʘ Os ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʧʣʝʢʩʘ (ʧʨʦʮʝʩʩ [{Re6Se8}Cl 6]
3ï/4ï ʠ [{Re5OsSe8}Cl 6]

2ï/3ï, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʧʨʠʤʝʨʥʦ ʥʘ 0,77 ɺ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ (ʈʠʩʫʥʦʢ 17, ʘ). ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[{Re4Os2Se8}Cl 6]
3ï, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʦʰʣʦ ʟʘʤʝʱʝʥʠʝ ʜʚʫʭ ʘʪʦʤʦʚ ʨʝʥʠʷ ʥʘ ʘʪʦʤʳ ʦʩʤʠʷ, ʥʝ 

ʧʨʦʷʚʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʢʠʩʣʝʥʠʶ. 

 

ʈʠʩʫʥʦʢ 17. (ʘ) ʎɺɸ ʜʣʷ (Bu4N)3[{Re6Se8}Cl 6] (ʚʝʨʭʥʷʷ), (Bu4N)3[{Re5OsSe8}Cl 6] (ʩʨʝʜʥʷʷ) 

(Bu4N)2[{Re4Os2Se8}Cl 6] (ʥʠʞʥʷʷ); (ʙ) ʎɺɸ ʜʣʷ [{Re6Se8}(PEt3)6]I2 (ʚʝʨʭʥʷʷ), [{Re5OsSe8}(PEt3)6]Cl3 

(ʩʨʝʜʥʷʷ), [{Re4Os2Se8}(PEt3)6](I3)4 (ʥʠʞʥʷʷ) [39]. 

ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʪʨʠʪʨʠʵʪʠʣʬʦʩʬʠʥʦʤ 

(ʈʠʩʫʥʦʢ 17, ʙ), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʢʣʶʯʝʥʠʷ ʦʩʤʠʷ. ɺ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʩʦʝʜʠʥʝʥʠʝ [{Re6Se8}(PEt3)6]I2 ʦʢʠʩʣʷʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ 

[{Re6Se8}(PEt3)6]
2+/3+ ʧʨʠ E1/2 = +0,675 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ Cp2Fe/Cp2Fe+, ʘ ʪʘʢʞʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ [{Re6Se8}(PEt3)6]
2+/1+ ʧʨʠ E1/2 = ï1,905 ɺ. ʇʨʠ 

ʟʘʤʝʱʝʥʠʠ ReIII  ʥʘ OsIV ʦʙʨʘʪʠʤʘʷ ʚʦʣʥʘ ʦʢʠʩʣʝʥʠʷ ʪʝʨʷʝʪʩʷ, ʘ ʚʦʣʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʧʝʨʴ [{Re5OsSe8}(PEt3)6]
3+/2+, ʩʜʚʠʛʘʝʪʩʷ ʥʘ E1/2 = ï1,045 ɺ, ʘ ʚʪʦʨʘʷ 

ʚʦʣʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʘʨʦʡ [{Re5OsSe8}(PEt3)6]
2+/+, ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ E1/2 = ï1,622 
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ɺ. ʎɺɸ [{Re4Os2Se8}(PEt3)6](I3)4 ʦʩʣʦʞʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʠʟʦʤʝʨʦʚ ʢʣʘʩʪʝʨʘ. 

ɺ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʚʦʣʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ E1/2 = ï0,527 ɺ, ï0,911 ɺ 

ʠ -1,532 ɺ (ʈʠʩʫʥʦʢ 17, ʙ).  

ʅʘ ʈʠʩʫʥʢʝ 18 ʧʦʢʘʟʘʥʳ ʎɺɸ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʜʣʷ [{Re5OsSe8}(CN)6]
3ï 

(ʩʚʝʨʭʫ) ʠ [{Re4Os2Se8}(CN)6]
2ï (ʩʥʠʟʫ) (ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ Cp2Fe0/+) [40]. ʇʝʨʚʳʡ ʠʤʝʝʪ 

ʦʙʨʘʪʠʤʦʝ ʦʢʠʩʣʝʥʠʝ ʧʘʨʳ [{Re5OsSe8}(CN)6]
3ï/2ï (E1/2 = 0,796 ɺ), ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜ ʧʘʨʳ 

[{Re5OsSe8}(CN)6]
3ï/4ï (E1/2 = ï1,843 ɺ). ɼʣʷ [{Re4Os2Se8}(CN)6]

2ï E1/2 = ï0,760 ɺ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʭʦʜʫ ʮʠʩ-[{Re4Os2Se8}(CN)6]
2ï/3ï ʠ E1/2 = ï1,330 ɺ ï ʮʠʩ-

[{Re4Os2Se8}(CN)6]
3ï/4ï . ɺʦʣʥʳ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʘʚʪʦʨʳ ʦʪʥʦʩʷʪ ʢ ʪʨʘʥʩ-

[{Re4Os2Se8}(CN)6]
2ï/3ï ʧʝʨʝʭʦʜʫ ʧʨʠ E1/2 = ï1,031 ɺ ʠ ʪʨʘʥʩ-[{Re4Os2Se8}(CN)6]

3ï/4ï ʧʝʨʝʭʦʜʫ 

ʧʨʠ E1/2 = ï1,741 ɺ. 

 

ʈʠʩʫʥʦʢ 18. ʎɺɸ ʜʣʷ [{Re5OsSe8}(CN)6]3ï (ʚʝʨʭʥʠʡ) ʠ [{Re4Os2Se8}(CN)6]2ï (ʥʠʞʥʠʡ) [40]. 

ʈʘʟʣʠʯʠʝ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʝʞʜʫ [{ Re4Mo2Se8}( CN)6]
4ï ʠ 

[{ Re3Mo3Se8}( CN)6]
5ï ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʭ ʚʳʜʝʣʝʥʠʷ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

K5[{ Re3,6Mo2,4Se8}( CN)6]Ŀ11H2O [50]. ʈʘʩʪʚʦʨ K-ʩʦʣʠ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ Bu4NBr, ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ [{Re4Mo2Se8}(CN)6]
5ï (23 ʂʉʕ) ʦʢʠʩʣʷʝʪʩʷ ʠ ʚʳʧʘʜʘʝʪ ʚ ʚʠʜʝ ʩʦʣʠ 

(Bu4N)4[{Re4Mo2Se8}(CN)6] (22 ʂʉʕ). ɸʥʠʦʥ [{Re3Mo3Se8}(CN)6]
5ï ʦʢʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ 

ʢ ʦʢʠʩʣʝʥʠʶ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʝʛʦ ʚʳʜʝʣʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ, ʧʦʩʣʝʜʥʠʡ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ 

CH2Cl2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ I2 ʜʦ (Bu4N)4[{Re3Mo3Se8}(CN)6] (ʈʠʩʫʥʦʢ 19).  
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ʈʠʩʫʥʦʢ 19. ʊʠʪʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʤ I2 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʨʘʩʪʚʦʨʘ [{Re3Mo3Se8}(CN)6]5ï (ʨʦʟʦʚʘʷ ʣʠʥʠʷ) 

ʜʦ [{Re3Mo3Se8}(CN)6]4ï (ʩʠʥʷʷ ʣʠʥʠʷ)[50]. 

ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Ph4P)4[{Re3Mo3Se8}(CN)6], 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ɼʄʌɸ, ʩʦʜʝʨʞʠʪ ʜʚʝ ʢʚʘʟʠʦʙʨʘʪʠʤʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʧʘʨʳ ʩ E1/2 ʧʨʠ ï1,410 ʠ ï0,325 ɺ, ʠ ʦʜʥʫ ʢʚʘʟʠʦʙʨʘʪʠʤʫʶ ʚʦʣʥʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Epc = ï0,818 

ɺ (ʈʠʩʫʥʦʢ 20) (ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl) [49]. ʕʪʠ ʧʘʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʝʨʠʠ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, [{Re3Mo3Se8}(CN)6]
7ï/6ï (24 ќ 23 ʂʉʕ), [{Re3Mo3Se8}(CN)6]

6ï/5ï 

(23 ќ 22 ʂʉʕ) ʠ [{Re3Mo3Se8}(CN)6]
5ï/4ï (22 ќ 21 ʂʉʕ).  

 

ʈʠʩʫʥʦʢ 20. ʎɺɸ ʜʣʷ (Ph4P)4[{Re3Mo3Se8}(CN)6] ʚ ɼʄʌɸ [49]. 

ʎɺɸ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ (Bu4N)4[{Re4Mo2Se8}(CN)6] ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ 

ʧʝʨʝʭʦʜʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ E1/2 = ï0,476 ʠ ï1,294 ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl) (ʈʠʩʫʥʦʢ 21) [50]. 

ʕʪʠ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
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[{Re3Mo3Se8}(CN)6] 
4ï/5ï (22 ќ 23 ʂʉʕ) ʠ [{Re3Mo3Se8}(CN)6]

5ï/6ï (23 ќ 24 ʂʉʕ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʈʠʩʫʥʦʢ 21. ʎɺɸ ʜʣʷ (Bu4N)4[{Re4Mo2Se8}(CN)6] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ [50]. 

ɺ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ [{Re5MoSe8}(CN)6]
4ï ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʜʚʘ 

ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʧʝʨʝʭʦʜʘ ʩ E1/2 = ï0,462 ʠ 0,357 ɺ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ [{Re5MoSe8}(CN)6]
4ï/5ï (23 ќ 24 ʂʉʕ) ʠ ʚʪʦʨʦʡ ʧʝʨʝʭʦʜ 

ʦʢʠʩʣʝʥʠʷ [{Re5MoSe8}(CN)6]
4ï/3ï (23 ќ 22 ʂʉʕ) [51] (ʈʠʩʫʥʦʢ 22). ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ E1/2 ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʦʚ 

(0,029 ʠ 0,577 ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

ʈʠʩʫʥʦʢ 22. ʎɺɸ ʜʣʷ (Bu4N)4[{Re5MoSe8}(CN)6] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ [51]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʛʝʪʝʨʦʘʪʦʤʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʧʦʪʝʥʮʠʘʣʦʚ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ 23 ʠ 24 ʂʉʕ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʝʭʦʜʘ [{ Re6Se8}( CN)6]
3ï/4ï, ʧʨʠ ʵʪʦʤ ʜʣʷ ʧʝʨʝʭʦʜʦʚ 21ï22 ʠ 22ï23 ʂʉʕ 

ʟʥʘʯʝʥʠʷ E1/2 ʩʤʝʱʝʥʳ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʘʤʠ 

ʜʣʷ [{Mo6Se8}( CN)6]
7ï/8ï/9ï. ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʟʘʤʝʱʝʥʠʠ ReIII  ʥʘ OsIV, ʥʘʦʙʦʨʦʪ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʱʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ. ʂʨʦʤʝ 
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ʪʦʛʦ, ʥʝʠʟʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʨʝʥʠʷ ʥʘ ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʦʩʤʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ. 

1.3. ʇʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

1.3.1. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʜʠʟʘʡʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ, [{M6Q8} X6] (M = Re, Mo, W; Q = 

ʛʘʣʦʛʝʥ ʠʣʠ ʭʘʣʴʢʦʛʝʥ) [10, 83ï86] ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪ ʋʌ ʜʦ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʠ ʬʦʩʬʦʨʝʩʮʠʨʫʶʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʢʨʘʩʥʦʛʦ ʜʦ ʙʣʠʞʥʝʛʦ ʀʂ ʩ ʚʳʩʦʢʠʤʠ 

ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʠ ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ. ʂʦʤʧʣʝʢʩʳ [{M 6X12} X6] (M = Nb, Ta; 

X = ʛʘʣʦʛʝʥ) [24, 25] ʧʦʛʣʦʱʘʶʪ ʢʘʢ ʚ ʋʌ, ʪʘʢ ʠ ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ. ʆʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʚʠʩʷʪ ʦʪ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʯʠʩʣʘ ʂʉʕ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʪʴ ʥʘ ʫʧʦʤʷʥʫʪʳʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʟʤʝʥʷʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʠʣʠ ʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ ʦʪ 

ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ ʠʛʨʘʶʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ 

ʞʠʟʥʠ. ʆʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʷʚʣʷʶʪʩʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʜʘʪʯʠʢʠ, ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ. 

1.3.2. ʇʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʤʦʱʴʶ 

EPD 

ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʦʙʳʯʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ (EPD). ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ [87]. ʉʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ, ʢʦʪʦʨʦʝ ʟʘʩʪʘʚʣʷʝʪ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ 

ʜʚʠʛʘʪʴʩʷ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʤ ʵʣʝʢʪʨʦʜʘʤ. ʅʘʢʦʧʣʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʜʝʥʩʘʮʠʠ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʦʩʘʞʜʝʥʠʶ. 

ʉʭʝʤʘ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʈʠʩʫʥʢʝ 23.  
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ʈʠʩʫʥʦʢ 23. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ EPD ʥʘ ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɹʣʘʛʦʜʘʨʷ ʜʚʠʞʫʱʝʡ ʩʠʣʝ, ʩʦʟʜʘʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʥʝ ʪʨʝʙʫʶʪʩʷ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʠ ʦʙʳʯʥʦ ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʥʝʚʝʣʠʢʦ, ʦʪ ʜʝʩʷʪʢʦʚ 

ʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ʆʩʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʩʧʦʣʴʟʫʝʤʫʶ ʧʦʜʣʦʞʢʫ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ ʠʭ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ, ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʢʦʣʣʦʠʜʘ, ʩʠʣʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʦʣʷ ʠ 

ʚʨʝʤʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʭ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EPD ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʧʨʠʤʝʨ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ [88], ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [89, 90], ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʣʠ 

ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [91ï93] ʠ ʤʝʪʘʣʣʦʚ [94]. 

1.3.3. ʇʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ɺ 2016 ʛʦʜʫ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʘʞʜʝʥʠʝʤ 

Cs2[{Mo 6Br8}Br 6] ʥʘ ʧʦʜʣʦʞʢʫ ʦʢʩʠʜʘ ʠʥʜʠʷ-ʦʣʦʚʘ (ITO) ʤʝʪʦʜʦʤ EPD [95]. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʢʣʘʜʳʚʘʣʠ ʥʘʧʨʷʞʝʥʠʝ ʚ 15 ɺ ʚ ʪʝʯʝʥʠʝ 20 ʩʝʢʫʥʜ. ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ 

ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ, ʪʘʢ ʚʳʙʨʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʝʥʦʢ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ, ʪʘʢ ʢʘʢ ʚʨʝʤʝʥʠ ʥʘ ʧʦʪʝʨʶ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʜʣʦʞʢʦʡ ʤʦʞʝʪ ʥʝ ʭʚʘʪʠʪʴ, ʘ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ 

ʢ ʵʣʝʢʪʨʦʜʫ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ, ʯʪʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚʳʰʝ, 

ʯʝʤ 30 ɺ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʞʜʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ 

ʚʨʝʤʝʥʠ ʚʠʜʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʩʦ ʚʨʝʤʝʥʝʤ ʫʤʝʥʴʰʘʣʘʩʴ, ʘ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʦʩʘʜʢʘ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʧʝʨʚʳʝ 40 ʩʝʢʫʥʜ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʢʣʘʩʪʝʨʥʳʡ ʩʣʦʡ 

ʨʘʟʨʫʰʘʣʩʷ, ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʦʟʤʦʞʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: 1) 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʢʣʘʩʪʝʨʥʳʡ ʩʣʦʡ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʣʷʪʦʨʘ; 



39 

 

 

2) ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 3) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʢʘʪʠʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʩʣʦʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʨʷʜ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʦʩʘʞʜʝʥʠʷ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʝʪʠʣʵʪʠʣʢʝʪʦʥ (MEK) ʠ ʘʮʝʪʠʣʘʮʝʪʦʥ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʧʣʝʥʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʝʥʘ ʢʘʪʠʦʥʘ ʚ ʢʣʘʩʪʝʨʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ, ʥʘʧʨʠʤʝʨ ʥʘ Bu4N
+ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʶ, ʩʦʩʪʘʚ ʠʣʠ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ [87]. ʕʣʝʤʝʥʪʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʕɼʉ-ʇʕʄ ʧʣʝʥʦʢ 

ʧʦʜʪʚʝʨʜʠʣʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʣʦʷʭ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌʕʉ [{Mo6Br8} Br6]
2ï ʪʝʨʷʝʪ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ITO ʜʚʘ 

ʘʧʠʢʘʣʴʥʳʭ ʙʨʦʤʠʜʥʳʭ ʣʠʛʘʥʜʘ, ʢʦʪʦʨʳʝ ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʜʚʝ OH-ʛʨʫʧʧʳ ʠʣʠ ʤʦʣʝʢʫʣʳ H2O, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ [{Mo6Br8} Br4(OH)2]
2ï ʠʣʠ [{Mo6Br8}Br4(H2O)2]. 

ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ EPD, ʘ ʧʦʣʫʯʝʥʥʳʝ 

ʧʦʢʨʳʪʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʠʜʠʤʦʤ ʠ ʋʌ ʜʠʘʧʘʟʦʥʝ. ʇʣʝʥʢʠ 

ʩʦʭʨʘʥʷʣʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʧʨʠʩʫʱʠʝ ʧʨʝʢʫʨʩʦʨʫ Cs2[{Mo 6Br8}Br 6], ʯʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ. 

ʇʦʟʞʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʜʦʧʦʣʥʷʶʱʘʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ [96]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʩʣʝ 4 ʜʥʝʡ 

ʭʨʘʥʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ {Mo6Br8}, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ EPD, ʩʪʘʥʦʚʷʪʩʷ 

ʭʨʫʧʢʠʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʥʘʨʫʰʝʥʠʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʧʦʢʨʳʪʠʡ. 

ʅʘʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ (PDMS) ʧʦʚʝʨʭ ʩʚʝʞʝʦʩʘʞʜʝʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʨʝʰʘʝʪ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ, ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠ̫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ Mo6 ʠ ITO, ʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ PDMS ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʚʣʘʛʠ. PDMS 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʣʱʠʥʫ, ʩʦʩʪʘʚ ʠʣʠ ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʠʜʠʤʦʤ ʠ ʋʌ ʜʠʘʧʘʟʦʥʝ. 

ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ EPD, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

(H3O)2[{ Mo6Br8}Br 4(OH)2]ĿxH2O. ɺ ʧʝʨʚʳʝ 90 ʤʠʥʫʪ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʘʨʝʥʠʝ ʘʮʝʪʦʥʘ, ʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʝʱʝ ʦʩʪʘʶʪʩʷ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʧʦʢʨʳʪʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʥʘʥʝʩʝʥʠʷ PDMS, ʢʦʪʦʨʳʡ 

ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʄʝʭʘʥʠʟʤ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʩʣʦʷ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʪʘʢ (ʈʠʩʫʥʦʢ 24): 1) ʚ ʧʨʠʩʫʪʩʪʚʠʠ H3O
+, ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ ʚ ſSi1ïOïSi2ſ ʧʨʦʪʦʥʠʨʫʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ſSi2OH ʠ ſSi1-(OH2)
+; 
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2) ſSi1-(OH2)
+ ʨʝʘʛʠʨʫʝʪ ʩ OH-ʛʨʫʧʧʦʡ Mo6, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʥʦʩʫ ʧʨʦʪʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ſSi1OH ʠ Mo6-H2O; 3) ʩh ʠʚʘʥʠʝ ſSiOH ʩ OH-ʛʨʫʧʧʘʤʠ Mo6; 4) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʪʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ſSiOH ʠ OH- ʠ H2O-ʛʨʫʧʧʘʤʠ ʠ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ Mo6-O-Siſ. 

ʉʦʟʜʘʥʠʝ ʙʦʣʴʰʦʡ ʩʝʪʠ ʩʣʘʙʳʭ ʠ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʦʣʠʤʝʨʦʤ ʠ ʢʣʘʩʪʝʨʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʢʨʳʪʠʡ, ʩʪʘʙʠʣʴʥʳʭ ʚ ʪʝʯʝʥʠʝ 3 ʣʝʪ [87]. 

 

ʈʠʩʫʥʦʢ 24. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ PDMS ʩ (H3O)2[{ Mo6Br8}Br 4(OH)2]ĿxH2O [95]. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʧʣʝʥʢʠ ʠʟ Cs2[{ Mo6Cl8} Cl6] ʠ Cs2[{ Mo6I8}( OOCC2F5)6] ʥʘ ʧʦʜʣʦʞʢʝ 

ITO ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʘ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ EPD ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ 

[87]. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʤʝʰʠʚʘʣʠ ʩ ʪʘʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʢʘʢ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

(PMMA) ʠʣʠ ʘʮʝʪʘʪ ʬʪʘʣʘʪ ʮʝʣʣʶʣʦʟʳ (CAP). ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʷʨʢʫʶ ʢʨʘʩʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʠʣʠ 

ʥʘʛʨʝʚʘ ʜʦ 50 oC. ɿʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ PMMA ʥʠʞʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CAP. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CAP ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ Cs2[{ Mo6I8}( OOCC2F5)6] ʜʦʩʪʠʛʘʝʪ 15%, ʢʘʢ ʠ ʚ 

ʥʝʦʩʘʞʜʝʥʥʦʤ ʢʣʘʩʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʆʜʥʘʢʦ, ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ Cs2[{ Mo6I8}( OOCC2F5)6]@ITO 

ʧʨʦʜʦʣʞʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PMMA [97]. ɺʳʙʦʨ PMMA ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ 

ʙʦʣʴʰʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ 

ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʋʌ ʠ ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ. ʉʫʩʧʝʥʟʠʷ Cs2[{ Mo6I8}( OOCC2F5)6] ʚ 

ʘʮʝʪʦʥʝ ʦʙʣʘʜʘʝʪ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ ʥʠʞʝ 500 ʥʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ EPD ʙʝʟ 

PMMA ʨʷʜʦʤ ʩ ITO ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʮʝʪʦʥʝ ʥʘʯʠʥʘʣ ʤʝʥʷʪʴ ʩʚʦʡ ʮʚʝʪ ʥʘ 

ʟʝʣʝʥʳʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝ PMMA ʧʦʟʚʦʣʠʣʦ ʠʟʙʝʞʘʪʴ ʠʟʤʝʥʝʥʠ ̫ʮʚʝʪʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʜʚʠʞʥʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʫʚʝʣʠʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ. 

ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʩʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 3 ɺ ʚ ʪʝʯʝʥʠʝ 1 

ʤʠʥʫʪʳ. ʇʦʣʫʯʝʥʥʘʷ ʧʣʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʠʟʣʫʯʝʥʠʝ ʤʝʥʴʰʝ 500 ʥʤ, ʢʘʢ ʠ 
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ʩʫʩʧʝʥʟʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʮʝʪʦʥʝ. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʙʣʠʟʢʠ ʜʣʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʧʦʢʨʳʪʠʷ 

ʤʝʥʴʰʝ (ʈʠʩʫʥʦʢ 25). 

 

ʈʠʩʫʥʦʢ 25. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ (ʩʣʝʚʘ) ʠ ʵʤʠʩʩʠʠ (ʩʧʨʘʚʘ) ʜʣʷ 

Cs2[{ Mo6I8}( OOCC2F5)6]@PMMA@ITO (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ Cs2[{ Mo6I8}( OOCC2F5)6] (ʯʝʨʥʘʷ ʣʠʥʠʷ) [97]. 

ɼʣʷ ʪʝʭʥʦʣʦʛʠʠ çʫʤʥʳʭ ʦʢʦʥè ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʣʠʯʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ Tvis/Tsol, (ʦʪʥʦʰʝʥʠʝ ʚʠʜʠʤʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʢ ʩʦʣʥʝʯʥʦʤʫ) ʜʦʩʪʠʛʘʶʱʠʝ 1,24, ʩ 

ʫʣʫʯʰʝʥʠʝʤ Tsol ʧʨʠʤʝʨʥʦ ʥʘ 25% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ITO. ɺʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ Tvis/Tsol 

ʜʣʷ ʵʪʠʭ ʧʣʝʥʦʢ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠ 

ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʭʝʤʦʩʦʨʙʮʠʠ [19]. TiO2 (ʧʦʣʫʧʨʦʚʦʜʥʠʢ n-

ʪʠʧʘ) ʠ NiO (ʧʦʣʫʧʨʦʚʦʜʥʠʢ p-ʪʠʧʘ), ʥʘʥʝʩʝʥʥʳʝ ʥʘ FTO, ʧʦʤʝʱʘʣʠ ʚ ʨʘʩʪʚʦʨ Cs2[{Mo 6I8} I6] 

ʚ EtOH ʥʘ 48 ʯʘʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʦʩʘʞʜʝʥʠʶ ʢʣʘʩʪʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʕɼʉ Cs ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʣʦʷʭ ʥʝ ʦʙʥʘʨʫʞʝʥ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ Mo/I ʩʦʩʪʘʚʠʣʦ 

6/12. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʟʘʤʝʱʝʥʠʝʤ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ I ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʦʤ ʧʦʢʨʳʪʠʠ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [{Mo6I8}I 4(H2O)2]ĿH2O, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʩʘʞʜʝʥʠʷ Cs2[{Mo 6Br8} Br6]. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʩʚʷʟʳʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ OH-ʛʨʫʧʧʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʦʜʣʦʞʝʢ. ɹʳʣʠ 

ʩʦʙʨʘʥʳ ʥʝʩʢʦʣʴʢʦ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʦʜʘ ʢʣʘʩʪʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʩ NiO, ʘ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʘʥʦʜʘ ï 

ʧʦʢʨʳʪʠʝ ʩ TiO2. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ Pt ʧʦʢʨʳʪʠʷ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʟʘʧʦʣʥʷʣʠ ʵʣʝʢʪʨʦʣʠʪʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 
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ʢʣʘʩʩʠʯʝʩʢʫʶ ʧʘʨʫ Iï/I3
ï ʠ ʪʨʠʩ(4,4ô-ʜʠ(ʪʨʝʪ-ʙʫʪʠʣ)-2,2ô-ʙʠʧʠʨʠʜʠʥ) ʢʦʙʘʣʴʪ (II /III ). 

ʂʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʪʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ 

ʜʠʬʬʫʟʠʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʩʣʦʡ. ʌʦʪʦʦʪʢʣʠʢ ʚʦʟʥʠʢʘʝʪ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʦʜʣʦʞʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʳ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ 

(II /III) ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʬʦʪʦʦʪʢʣʠʢʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʤ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ TiO2 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1%, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʩ NiO ʚʳʰʝ, ʯʝʤ ʫ ʧʝʨʚʳʭ 

ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʨʘʩʠʪʝʣʝʤ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ ʦʩʥʦʚʝ NiO ʩ ʬʦʪʦʪʦʢʘʤʠ ʦʢʦʣʦ 1,2 

ʠ 0,36 ʤɸĿʩʤ2 [98]. 

ʇʦʟʜʥʝʝ ʚ 2019 ʛʦʜʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʥʘʥʝʩʝʥʠʷ Cs2[{ Mo6I8} I6] ʥʘ 

ʧʦʜʣʦʞʢʫ FTO ʩ ʧʦʤʦʱʴʶ EPD [17]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʣʦʚʠʡ EPD 

ʚʘʨʴʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨʠʪʝʣʴ (ʵʪʘʥʦʣ, ʘʮʝʪʦʥ ʠʣʠ MEK), ʢʦʥʮʝʥʪʨʘʮʠ  ʁ Cs2[{ Mo6I8} I6], 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʦʪ 0 ʜʦ 40 ɺ) ʠ ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ. ʂʘʯʝʩʪʚʦ ʧʣʝʥʦʢ 

(ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʮʝʪʦʥʝ, 

ʦʢʘʟʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺʘʞʥʝʡʰʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ, ʙʳʣʦ ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʩ ʝʛʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʧʣʝʥʦʢ ʠ ʪʦʣʱʠʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚʳʰʝ 20 ɺ ʦʢʨʘʩʢʘ ʧʣʝʥʦʢ ʧʨʠʙʣʠʞʝʥʘ ʢ ʠʟʥʘʯʘʣʴʥʦʤʫ ʮʚʝʪʫ ʧʦʨʦʰʢʘ 

Cs2[{ Mo6I8} I6]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʙʘʪʦʭʨʦʤʥʳʡ 

ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʧʦʢʨʳʪʠʡ, ʯʪʦ ʥʝ ʚʣʠʷʣʦ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪʴ ʩʣʦʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʠ ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʦʢʘʟʳʚʘʣʦ ʤʝʥʴʰʠʡ ʚʢʣʘʜ ʚ ʤʦʨʬʦʣʦʛʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʣʘʩʪʝʨʥʳʭ 

ʩʣʦʝʚ, ʘ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʚʳʰʝ 15 ɺ) ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʝʥʢʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʩ ʥʘʠʣʫʯʰʠʤ ʢʘʯʝʩʪʚʦʤ ʥʘʧʨʷʞʝʥʠʝ ʚ 15 ɺ 

ʧʨʠʢʣʘʜʳʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ.  

ʉʦʩʪʘʚ ʧʦʢʨʳʪʠʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ (H3O)2[{Mo6I8}I4(OH)2], ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʦʜʣʦʞʝʢ, ʧʦʢʨʳʪʳʭ TiO2 ʠ NiO, ʚ ʨʘʩʪʚʦʨʝ Cs2[{ Mo6I8} I6] ʚ ʵʪʘʥʦʣʝ [19]. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ EPD ʷʚʣʷʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ï 

ʩʦʩʪʘʚʘ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ Cs2[{ Mo6I8} I6]@FTO. ɼʣʷ 

ʧʦʜʣʦʞʝʢ Cs2[{ Mo6I8} I6]@TiO2 ʠ @NiO ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʪʘʢʞʝ 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʵʪʦʤʫ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʘʥʦʜʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ 

ʫʨʦʚʥʝ 20 ɺ ʠ ʜʣʷ ʬʦʪʦʢʘʪʦʜʘ 15 ɺ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʝ, ʧʨʦʟʨʘʯʥʳʝ ʠ ʦʜʥʦʨʦʜʥʳʝ ʧʦʢʨʳʪʠʷ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ 

[19]. ʅʘ ʦʩʥʦʚʝ { Mo6I8}@TiO2 ʠ @NiO ʙʳʣʠ ʩʦʙʨʘʥʳ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʫ Iï/I3
ï (ʪʦʣʴʢʦ ʜʣʷ TiO2, ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʠʭ 
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ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ NiO) ʠ ʪʨʠʩ(4,4ô-ʜʠ(ʪʨʝʪ-

ʙʫʪʠʣ)-2,2ô-ʙʠʧʠʨʠʜʠʥ) ʢʦʙʘʣʴʪ (II /III ) [17]. ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʡ ʟʘ ʩʯʝʪ EPD 

ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦ 300% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʪʦʜʦʤ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ. 

ɺ 2020 ʛʦʜʫ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʢʨʳʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Na2[{Mo6I8}(OPOPh2)6] ʠ [{Mo6I8}(OCOC4H8PPh3)6]Br4 ʤʝʪʦʜʦʤ EPD ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ITO ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ 50 ɺ ʠʣʠ 10 ɺ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [9]. 

Na2[{Mo6I8}(OPOPh2)6] ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢ ʛʠʜʨʦʣʠʟʫ ʠ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ 

ʚʳʭʦʜʦʤ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [99], ʘ [{Mo6I8}(OCOC4H8PPh3)6]Br4 ʦʙʣʘʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʪʦʠʥʘʢʪʠʚʠʨʦʚʘʪʴ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ [100], ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. ʂʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Na2[{Mo6I8}(OPOPh2)6] ʠ [{Mo6I8}(OCOC4H8PPh3)6]Br4 ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤ ʟʘʨʷʜʦʤ, 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʢʣʘʩʪʝʨ ʚ ʧʨʦʮʝʩʩʝ EPD ʬʦʨʤʠʨʫʝʪ ʩʣʦʡ ʥʘ ʘʥʦʜʝ, ʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦʟʘʨʷʞʝʥʥʳʡ ï ʥʘ ʢʘʪʦʜʝ [9]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʕɼʉ ʠ 

ʈʌʕʉ ʜʣʷ Na2[{Mo6I8}(OPOPh2)6], ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʣʦʷ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʝʢʫʨʩʦʨʘ, ʯʪʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʨʫʛʠʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Mo6. ʂʘʪʠʦʥʥʳʡ ʢʣʘʩʪʝʨ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʠ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʕɼʉ ʠ ʈʌʕʉ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ï 

[{Mo6I8}(OCOC4H8PPh3)4(OH)2]Br2. ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ Mo6@ITO ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ 695 ʠ 706 ʥʤ ʩ ʛʠʧʩʦʭʨʦʤʥʳʤ 

ʩʜʚʠʛʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʢʫʨʩʦʨʦʚ Na2[{Mo6I8}(OPOPh2)6] ï 702 ʥʤ ʠ 

[{Mo6I8}(OCOC4H8PPh3)6]Br4 ï 724 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʤʠʪʘʮʠʷ ʫʩʣʦʚʠʡ ʧʦʚʳʰʝʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

Na2[{Mo6I8}(OPOPh2)6] ʥʝ ʛʠʜʨʦʣʠʟʫʝʪʩʷ, ʘ [{Mo6I8}(OCOC4H8PPh3)6]Br4 ʛʠʜʨʦʣʠʟʫʝʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʦ 715 ʥʤ ʠ ʩʥʠʞʝʥʠʶ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʦʜʣʦʞʢʫ ITO ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʣʶʤʠʥʝʩʮʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʩʪʫʧʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ O2(
1ȹg) 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʰʢʦʤ ʧʨʝʢʫʨʩʦʨʦʚ. ʅʝʧʨʝʨʳʚʥʦʝ ʦʙʣʫʯʝʥʠʝ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 460 

ʥʤ ʧʨʠʜʘʚʘʣʦ ʩʣʦʷʤ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʦʧʣʝʥʦʢ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ, ʘ ʟʨʝʣʳʝ ʙʠʦʧʣʝʥʢʠ ʫʥʠʯʪʦʞʘʣʠʩʴ ʢʘʢ ʜʣʷ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʜʣʷ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳʝ ʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤr 

ʢʠʩʣʦʨʦʜʘ. 
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ʀʟʫʯʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʦʢʨʳʪʠʠ ʥʘ 

ʦʩʥʦʚʝ Cs2[{ Mo6I8} I6] ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʦʞʠʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. Renaud ʠ ʜʨ. 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʭ ʘʤʙʠʧʦʣʷʨʥʦʝ ʧʦʚʝʜʝʥʠʝ [21]. ʋʥʠʧʦʣʷʨʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ï ʵʪʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʚ ʪʨʘʥʩʧʦʨʪʝ ʟʘʨʷʜʘ ʧʨʝʦʙʣʘʜʘʝʪ ʦʜʠʥ ʪʠʧ ʥʦʩʠʪʝʣʷ ï ʵʣʝʢʪʨʦʥ 

(ʧʦʣʫʧʨʦʚʦʜʥʠʢ n-ʪʠʧʘ) ʠʣʠ ʜʳʨʢʘ (ʧʦʣʫʧʨʦʚʦʜʥʠʢ p-ʪʠʧʘ). ɸʤʙʠʧʦʣʷʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʪʘʢʠʝ ʢʘʢ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʛʨʘʬʝʥ, ʛʘʣʦʛʝʥʠʜʥʳʝ ʧʝʨʦʚʩʢʠʪʳ, 2D ʭʘʣʴʢʦʛʝʥʠʜʳ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʚʳʩʪʫʧʘʶʪ ʵʣʝʢʪʨʦʥʳ (eï) ʠ ʜʳʨʢʠ (h+). ɸʤʙʠʧʦʣʷʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ p- ʠ n-ʪʠʧʘ, ʘ 

ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʯʝʪʘʪʴ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʘʪʝʨʠʘʣʝ ʢʘʢ 

ʬʦʪʦʛʝʥʝʨʘʮʠʶ/ʠʟʣʫʯʝʥʠʝ ʩʚʝʪʘ, ʪʘʢ ʠ ʵʢʩʪʨʘʢʮʠʶ ʠʣʠ ʠʥʞʝʢʮʠʶ ʥʦʩʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚ ʟʘ ʩʯʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʠ 

ʠʥʪʝʨʬʝʡʩʦʚ. ʇʨʦʟʨʘʯʥʳʝ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʘ [{Mo6I8}I 4(H2O)2]ĿxH2O ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

EPD ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ 15 ɺ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ ʥʘ ʧʦʜʣʦʞʢʝ FTO. ʉʦʭʨʘʥʝʥʠʝ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo6I8} ʚ ʩʦʩʪʘʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʦʜʪʚʝʨʞʜʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʢʣʘʩʪʝʨʥʦʛʦ ʩʣʦʷ ʤʝʪʦʜʘʤʠ ʕɼʉ, ʈʌʕʉ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ ʩʣʦʷ ʧʦʩʣʝ 

ʦʩʘʞʜʝʥʠʷ ï [{Mo 6I8}I 4(H2O)2]ĿxH2O. ʅʝʩʤʦʪʨʷ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʢʘʢ ʧʨʝʢʫʨʩʦʨ, ʪʘʢ ʠ ʧʦʣʫʯʝʥʥʘʷ ʧʣʝʥʢʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʜʠʥʘʢʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ 1,9 ʵɺ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ [{Mo6I8}I 4(H2O)2]ĿxH2O ʥʘ ʧʦʜʣʦʞʢʝ FTO ʙʳʣ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ 

ʵʣʝʢʪʨʦʜʘ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʫʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ. ʂʨʠʚʘʷ ʪʦʢʘ ʦʪ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ 

ʧʝʨʝʢʣʶʯʘʝʤʦʤ ʦʩʚʝʱʝʥʠʠ ʧʦʢʘʟʳʚʘʝʪ ʘʤʙʠʧʦʣʷʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

(ʈʠʩʫʥʦʢ 26, ʘ). ʇʨʠ 0,36 ɺ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʚʝʨʩʠʷ ʬʦʪʦʪʦʢʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʥʝ 

ʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʩʣʦʷ. ɼʘʥʥʳʝ ʭʨʦʥʦʧʦʪʝʥʮʠʦʤʝʪʨʠʠ 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʜʚʫʭ ʧʣʝʥʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʘʤʙʠʧʦʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ (ʇʈʎ) (ʧʦʚʝʜʝʥʠʝ p-ʪʠʧʘ), ʘ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʫʚʣʝʯʝʥʠʝ (ʧʦ 

ʚʝʜʝʥʠʝ n-ʪʠʧʘ) (ʈʠʩʫʥʦʢ 26, ʙ) ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ ʦʩʚʝʱʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 26. ʘ) ʂʨʠʚʘʷ ʪʦʢʘ ʦʪ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʧʝʨʝʢʣʶʯʘʝʤʦʤ ʦʩʚʝʱʝʥʠʠ ʜʣʷ 

[{Mo 6I8}I 4(H2O)2]@FTO; ʙ) ʇʈʎ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʝʨʝʢʣʶʯʘʝʤʦʤ ʦʩʚʝʱʝʥʠʠ ʜʣʷ ʜʚʫʭ 

[{Mo 6I8}I 4(H2O)2]@FTO, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ; ʚ) ɻʨʘʬʠʢʠ ʄʦʪʪʘ-ʐʦʪʪʢʠ ʜʣʷ FTO, 

[{Mo 6I8}I 4(H2O)2]@FTO ʠ ʵʣʝʢʪʨʦʜʘ ʚ ʚʠʜʝ ʩʧʨʝʩʩʦʚʘʥʥʦʡ ʪʘʙʣʝʪʢʠ ʩʦʝʜʠʥʝʥʠʷ Cs2[{ Mo6I8} I6]; ʛ) 

ʋʨʦʚʥʠ ʵʥʝʨʛʠʠ ʜʣʷ [{Mo6I8}I 4(H2O)2]@FTO ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [21]. 

ʆʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʦʧʨʝʜʝʣʷʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʠʩʫʥʦʢ 26, ʚ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʜʣʷ ʢʣʘʩʪʝʨʥʦʡ 

ʧʣʝʥʢʠ, ʪʘʢ ʠ ʜʣʷ ʵʣʝʢʪʨʦʜʘ ʚ ʚʠʜʝ ʩʧʨʝʩʩʦʚʘʥʥʦʡ ʪʘʙʣʝʪʢʠ ʩʦʝʜʠʥʝʥʠʷ Cs2[{ Mo6I8} I6], ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʧʦʜʣʦʞʢʠ FTO. ɼʣʷ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʦʚ ʛʨʘʬʠʢʠ ʄʦʪʪʘ-ʐʦʪʪʢʠ ʠʤʝʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʥʘʢʣʦʥ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ. ɺʨʝʤʷ ʞʠʟʥʠ ʵʣʝʢʪʨʦʥʘ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʠʟ ʭʨʦʥʦʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʜʳʨʢʠ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ ʥʘʙʣʶʜʝʥʠʝ ʧʦʚʝʜʝʥʠʷ n-

ʪʠʧʘ ʚ ʛʨʘʬʠʢʘʭ ʄʦʪʪʘ-ʐʦʪʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʩʣʦʷ [{Mo6I8}I 4(H2O)2]@FTO. ʋʨʦʚʝʥʴ ʌʝʨʤʠ (ï4,9 

ʵɺ), ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʟ ʛʨʘʬʠʢʘ ʄʦʪʪʘ-ʐʦʪʪʢʠ, ʨʘʩʧʦʣʦʞʝʥ ʧʦʩʝʨʝʜʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʘʤʙʠʧʦʣʷʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʈʠʩʫʥʦʢ 26, ʛ). ɺ ʩʦʙʨʘʥʥʦʤ 

ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢʘʢ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʵʣʝʢʪʨʦʜ ZnO/ZnO:Al  

(n-ʪʠʧʘ), ʪʘʢ ʠ ʜʳʨʦʢ ʥʘ NiO/Ni0 (p-ʪʠʧʘ) (ʈʠʩʫʥʦʢ 27). ʕʪʠ ʵʣʝʢʪʨʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 
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ʢʣʘʩʪʝʨʦʚ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʥʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʧʦʜʣʦʞʢʫ. 

 

ʈʠʩʫʥʦʢ 27. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨʥʳʡ ʩʣʦʡ 

[{Mo 6I8}I 4(H2O)2] (ʩʣʝʚʘ) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʢʘʞʜʦʛʦ ʩʣʦʷ (ʩʧʨʘʚʘ) [21]. 

1.3.4. ʇʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ɺ 2016 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʘʞʜʝʥʠʷ [{Ta6Br12}( H2O)6]
2+ ʥʘ 

ITO [18]. ɺ ʧʨʦʮʝʩʩʝ EPD ʦʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʢʘʢ ʥʘ ʘʥʦʜʝ ï 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʠʯʥʝʚʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ ʥʘ ʢʘʪʦʜʝ ï ʟʝʣʝʥʳʡ ʩʣʦʡ. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʠ ʦʩʘʞʜʝʥʠʝ 

ʥʘ ʘʥʦʜʝ ʙʳʣʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʦʢʠʩʣʝʥʠʝʤ [{Ta6Br12}( H2O)6]
2+ ʜʦ 

[{ Ta6Br12}( H2O)6]
3+/4+. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ (PVP), ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʥʘ ʦʩʥʦʚʝ {Mo6I8}. 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PVP ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠʩʴ, ʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʦʢʦʣʦ 500 ʥʤ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʧʣʝʥʦʢ Ta6@ITO (ʈʠʩʫʥʦʢ 28). ɼʣʷ 

ʪʝʭʥʦʣʦʛʠʠ çʫʤʥʳʭ ʦʢʦʥè ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ Tvis/Tsol, 

ʜʦʩʪʠʛʘʶʱʝʝ 1,25, ʩ ʫʣʫʯʰʝʥʠʝʤ Tsol ʧʨʠʤʝʨʥʦ ʥʘ 51% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ITO. 

 

ʈʠʩʫʥʦʢ 28. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ Ta6@PVP@ITO, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ EPD ʚ ʪʝʯʝʥʠʝ 30, 60 ʠ 90 

ʩʝʢʫʥʜ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ITO [18]. 
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ɹr ʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʥʝʩʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ ï K4[{ Nb6Cl12} Cl6] ʠ K4[{ Nb6Br12} Br6] 

ʥʘ ITO [87, 97]. ʅʘʥʝʩʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʮʝʪʦʥʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ PMMA ʤʝʪʦʜʦʤ EPD ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 25 ɺ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. 

ɼʦʙʘʚʣʝʥʠʝ PMMA ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ, ʪʘʢ ʢʘʢ ʜʘʞʝ ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʘ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʠʦʙʨʝʪʘʣʠ ʚʤʝʩʪʦ ʟʝʣʝʥʦʛʦ ʦʨʘʥʞʝʚʦ-ʞʝʣʪʫʶ 

ʦʢʨʘʩʢʫ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ {Nb6X12}
3+/4+. ʆʜʥʦʨʦʜʥʳʝ ʠ ʧʨʦʟʨʘʯʥʳʝ ʧʣʝʥʢʠ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʩʤʝʩʠ ʘʮʝʪʦʥ-ʚʦʜʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʦʢʠʩʣʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

Cs2[{ Mo6I8}( OOCC2F5)6]@PMMA@ITO [97] ʩʦʜʝʨʞʘʪ ʜʝʬʝʢʪʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 200 ʥʤ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʣʥʳʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝʤ. ɺ ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 450 ʠ 490 ʥʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʠ ʜʦʩʪʠʛʣʠ ʟʥʘʯʝʥʠ ̫ Tvis, 

ʧʨʝʚʳʰʘʶʱʝʛʦ 50%, ʢʘʢ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ çʫʤʥʳʭ ʦʢʦʥè. ɼʣʷ ʧʣʝʥʢʠ K4[{ Nb6Br12}Br6] 

Tvis/Tsol ʩʦʩʪʘʚʣʷʝʪ 1,07, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʫ ʩʪʝʢʣʘ ʩ ʧʦʢʨʳʪʠʝʤ ITO (1,12), ʥʦ ʜʘʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ, ʨʝʛʫʣʠʨʫʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ. ɼʣʷ ʭʣʦʨʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʦʙʠʷ ʦʪʥʦʰʝʥʠʷ Tvis/Tsol 

ʩʦʩʪʘʚʠʣʦ 1,19. 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʝʩʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʢʨʳʪʠʡ {Nb5TaX12}@PVP (X=Cl, Br) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ITO [20]. ʅʘʥʝʩʝʥʠʝ ʤʝʪʦʜʦʤ EPD ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʧʨʠʜʘʥʠʷ ʧʦʢʨʳʪʠʷʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʂʣʘʩʪʝʨʳ Ta6 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʛʣʦʱʝʥʠʝ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ, ʪʦʛʜʘ ʢʘʢ ʢʣʘʩʪʝʨʳ Nb6 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Nb6-xTaxX12}L 6]
n-/+ (x = 1ï5). 

ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ ʙʣʦʢʠʨʦʚʘʪʴ ʋʌ ʠ ʙʣʠʞʥʠʡ ʀʂ-ʜʠʘʧʘʟʦʥʳ ʦʮʝʥʠʚʘʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʂʉʕ [101] (ʈʠʩʫʥʦʢ 29).  
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ʈʠʩʫʥʦʢ 29. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ {Nb6-xTaxCl12}@PVP (x = 1ï5) (ʩʣʝʚʘ) ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ [{Nb6-xTaxCl12}( H2O)6]2+ (ʩʧʨʘʚʘ) [20, 101]. 

ʇʦʣʫʯʝʥʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʝ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ PVP ʠʣʠ SiO2-PEG ʩ ʧʦʤʦʱʴʶ ʢʘʧʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʠʣʠ ʄʘʡʝʨ-

ʦʩʘʞʜʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʩʪʝʨʞʥʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʠʩʣʦ ʂʉʕ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʠ ʧʨʦʟʨʘʯʥʳʝ ʧʦʢʨʳʪʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ 

ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Tvis/Tsol ʧʦʣʫʯʝʥʳ ʜʣʷ 

{Nb5TaX12} (1,30ï1,33) ʠ ʜʘʞʝ ʚʳʰʝ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʩʣʦʷ ITO (1,73) (ʈʠʩʫʥʦʢ 30). ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʩʦʣʥʮʝʟʘʱʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ Tvis/Tsol ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 1,85 (ʩ ʧʣʝʥʢʦʡ, ʧʨʦʧʫʩʢʘʶʱʝʡ 90% ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʠ ʧʦʛʣʦʱʘʶʱʝʡ 

100% ʋʌ (200ï400 ʥʤ) ʠ ʀʂ (780ï2500 ʥʤ)). 

 

ʈʠʩʫʥʦʢ 30. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ {Nb5TaCl12}@PVP ʠ {Nb5TaCl12}@PVP@ITO [20]. 

ʉʫʤʤʠʨʫʷ ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ 

ʩʠʥʪʝʟʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 



49 

 

 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʘʤʠ {Nb6-xTaxX12}. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʥʠʦʙʠʷ 

ʠ ʪʘʥʪʘʣʘ. ʇʨʠ ʵʪʦʤ ʥʠ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ, ʥʠ ʜʨʫʛʠʝ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʦʙʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʝ ʚʩʝʛʜʘ ʨʝʘʣʠʟʫʝʤʦ ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʷʤʠ ʨʘʟʜʝʣʝʥʠʷ 

ʩʦʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʠ 

ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re6-xMoxS8} (x = 

2ï3) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ {Re6Q8}.  
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1.ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ʈʝʥʠʡ ʠ ʤʦʣʠʙʜʝʥ ʦʪʞʠʛʘʣʠ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650 oC ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʩʣʝʜʦʚ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. ʃʝʛʠʨʦʚʘʥʥʳʡ ʬʪʦʨʦʤ ʦʢʩʠʜ ʦʣʦʚʘ (FTO), ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʩʪʝʢʣʦ, 

ʦʯʠʱʘʣʠ ʚ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʙʘʥʝ: 1) ʚ ʚʦʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʤʳʣʘ; 2) ʚ ʚʦʜʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʘʧʣʷʤʠ HClʢʦʥʮ.; 3) ʵʪʘʥʦʣʝ [17]. ɼʨʫʛʠʝ 

ʨʝʘʢʪʠʚʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʢʚʘʨʮʝʚʳʝ ʘʤʧʫʣʳ ʟʘʛʨʫʞʘʣʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʠ ʩʝʨʳ. ʉʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 600, 800 ʠ 

1000 oC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ EuroVector EA3000. ʉʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʉʕʄ), ʘ ʪʘʢʞʝ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʕɼʉ) ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʢʘʥʠʨʫʶʱʠʭ ʤʠʢʨʦʩʢʦʧʘʭ: Hitachi TM3000 TableTop ʩ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʕɼʉ Bruker 

QUANTAX 70, JEOL JSM 7100 F, ʘ ʪʘʢʞʝ JEOL JXA-8100 Electron Probe Micro-analyzer, 

ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. 

ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ 

ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʜʠʘʧʘʟʦʥʝ 2ɗ ʦʪ 5ʦ ʜʦ 80ʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ 4ʦ/ʤʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cu KŬ 

ʠʟʣʫʯʝʥʠʷ (ɚ = 1.54056 ¡) ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 ADVANCE two-circle (ɗï2ɗ Bragg-

Brentano mode), ʦʩʥʘʱʝʥʥʦʛʦ Ge (111) ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʠ ʜʝʪʝʢʪʦʨʦʤ Lynx Eye. ʊʘʢʞʝ ʈʌɸ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Philips PW 1820/1710 (CuKŬ ʠʟʣʫʯʝʥʠʝ, 

ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, [001] Si ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ). 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 Venture 

Bruker AXS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ Mo KŬ (ɚ = 0.71073 ¡) ʧʨʠ 150 K. ʆʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ APEX2 [28]. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʢʦʨʨʝʢʮʠʷ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SAINT [29]. ɼʣʷ 

ʢʦʨʨʝʢʮʠʠ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ SADABS [17]. ʈʝʰʝʥʠʝ ʩʪʨʫʢʪʫʨ 

ʦʩʫʝɦʩʪʚʣʷʣʦʩʴ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SHELXT [102]. ʋʪʦʯʥʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ FĮ (SHELXL) [103] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʧʣʘʪʬʦʨʤʳ WinGX [31]. ʋʪʦʯʥʝʥʠʝ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ, ʢʨʦʤʝ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ɸʪʦʤʳ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʟʘʥʠʤʘʣʠ ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʫʪʦʯʥʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ 

SUMP. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʀʂ-ʩʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʚ ʪʘʙʣʝʪʢʠ ʩ KBr, ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Scimitar FTS 2000 ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʦʪ 4000 ʜʦ 375 ʩʤī1. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ʄʘʩʩ-ʩʧʝʢʪʨ rʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ Bruker maXis 4G ESI-

q-TOF ʚ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ m/z = 600 Da ʜʦ 4000 Da 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ +2500 ɺ, ʜʘʚʣʝʥʠʠ 0,8 ʙʘʨ ʠ ʪʦʢʝ ʦʩʫʰʠʪʝʣʷ 4 ʣ/ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180oC. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʮʝʪʦʥʠʪʨʠʣ. 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʇʕʄ) ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ MS2 (M = Re, Mo). ɼʣʷ ʩʲʝʤʢʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʩʢʦʧ Libra 120 (Zeiss, 

Germany) ʩ ʫʩʢʦʨʷʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 60 ʢɺ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠ ̫ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Agilent Cary 60.  

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ 

V-770 JASCO. ʀʟ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʨʠʙʣʠʞʝʥʠʝ 

ʂʫʙʝʣʢʠ-ʄʫʥʢʘ ʢʘʢ (F(R) = (1-R)2/2R). ɻʨʘʬʠʢʠ ʊʘʫʮʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠʟ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ 

ʂʫʙʝʣʢʠ-ʄʫʥʢʘ ʧʦ ʬʦʨʤʫʣʝ (F(R)Țhɜ)n , ʛʜʝ n = İ ʠ 2, ʜʣʷ ʥʝʧʨʷʤʳʭ ʠ ʧʨʷʤʳʭ ʧʝʨʝʭʦʜʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʈʘʤʘʥ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ LabRam Hight Resolution, ʦʩʥʘʱʝʥʥʦʤ 

ʢʦʥʬʦʢʘʣʴʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ Horiba Jobin Yvon, 600 ʛĿʤʤī1 ʠ 100x ʦʙʲʝʢʪʠʚʦʤ. ɼʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʨʥʳʡ ʜʠʦʜ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 785 ʥʤ. ɿʘʧʠʩʴ 
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ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʜʚʫʤʷ ʥʘʢʦʧʣʝʥʠʷʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ 5 ʩʝʢʫʥʜʥʦʡ 

ʚʳʜʝʨʞʢʦʡ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʦʙʨʘʟʮʘ. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ) ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

VSW HA100 photoelectron spectrometer ʩ ʠʩʪʦʯʥʠʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ Mg KŬ (hɜ) 

1245 ʵɺ ʩ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. ʕʥʝʨʛʠʠ ʩʚʷʟʝʡ ʙʳʣʠ 

ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ Re 4d 5/2ï260 ʵɺ. ɼʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ɻʘʫʩʩʘ-ʃʦʨʝʥʮʘ, 

ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʬʦʥʦʚʦʡ ʬʫʥʢʮʠʠ ʐʠʨʣʠ. 

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʎɺɸ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʘʭ Elins P-20X8 ʠ 

Autolab PGSTAT204 (Metrohm AG) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʠ ʩ 

Ag/AgCl/3,5M KCl ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ, ʧʣʘʪʠʥʦʚʳʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʤ ʨʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʘʤʠ. ɿʘʧʠʩʴ ʢʨʠʚʳʭ ʎɺɸ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʘʪʤʦʩʬʝʨʝ Ar, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨʳ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2,5Ŀ10ï3 M ʚ 0,1 M 

Bu4NClO4. ʇʘʨʘ Fc
0/+ ʧʦʢʘʟʘʣʘ ʚ ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ E1/2 = 0,440 ɺ. 

ʌʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʌʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʪʝʥʮʠʦʩʪʘʪʝ Autolab PGSTAT204 

(Metrohm AG), ʦʩʥʘʱʝʥʥʦʤ ʤʦʜʫʣʝʤ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ FRA32M. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʘʤʧʘ MI-LED illuminator source (Edmund 

Optics). ɼʣʷ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʨʝʭʵʣʝʢʪʨʦʜʥʘʷ ʷʯʝʡʢʘ ʩ ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ 

Ag/AgCl/3,5M KCl, Pt ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʦʜʢʣʶʯʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ. 

ʂʨʠʚʳʝ ʠʤʧʝʜʘʥʩʘ ʠ ʛʨʘʬʠʢʠ ʄʦʪʪʘ-ʐʦʪʪʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 100 ɻʮ 

ʜʦ 100 ʢɻʮ. ʄʝʞʬʘʟʥʘʷ ʝʤʢʦʩʪʴ ʤʝʞʜʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʠ ʵʣʝʢʪʨʦʣʠʪʦʤ (C) ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʦʱʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʦʢʘ ʈʵʥʜʣʩʘ ʙʝʟ ʫʯʝʪʘ ɺʘʨʙʫʨʦʚʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʜʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. ɿʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ C ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʟ 

ʵʣʝʤʝʥʪʘ ʧʦʩʪʦʷʥʥʦʡ ʬʘʟʳ (CPE, ZCPE = 1/Q(jɤ)
Ŭ, 0 ᾽ Ŭ ᾽ 1), ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʥʝ 

ʠʜʝʘʣʴʥʦʩʪʴ ʤʝʞʬʘʟʥʦʡ ʝʤʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ C = (1/Rs + 1/Rct)
(Ŭ-1)/ŬQ1/Ŭ (Rs ʠ 

Rtc ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠ ʧʘʨʘʣʣʝʣʴʥʳʤ ʨʝʟʠʩʪʦʨʦʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ). ʀʟ ʛʨʘʬʠʢʦʚ ʄʦʪʪʘ-

ʐʦʪʪʢʠ (CSC
ī2 ʦʪ ʧʦʪʝʥʮʠʘʣʘ (ɺ)) ʦʧʨʝʜʝʣʷʣʠ ʧʦʪʝʥʮʠʘʣʳ ʧʣʦʩʢʦʡ ʚʦʣʥʳ (flat band 

potentials) Vfb) ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʧʨʠ C
ī2 = 0 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʣʠʞʝʥʠʷ Cī2 å CSC

ī2 

ʟʘʚʠʩʠʤʦʩʪʠ ʄʦʪʪʘ-ʐʦʪʪʢʠ (ʫʨʘʚʥʝʥʠʝ 1). ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʥʘʢʣʦʥ ʛʨʘʬʠʢʦʚ ʄʦʪʪʘ-ʐʦʪʪʢʠ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʦ n-ʪʠʧʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʥʘʢʣʦʥ ʦ p-ʪʠʧʝ. ʋʨʦʚʝʥʴ 

ʌʝʨʤʠ ʚ ʘʙʩʦʣʶʪʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ Efb (ʵɺ) = 

ī4,5 ī eĿVfb
RHE (ʦʙʨʘʪʠʤʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, RHE) ʩ Vfb

RHE = Vfb
Ag/AgCl + 0,199 + 

0,06pH (Vfb
Ag/AgCl ʧʦʪʝʥʮʠʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl).  

ὠ ὠ   (ʋʨʘʚʥʝʥʠʝ 1) 

ɽʤʢʦʩʪʴ CSC ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʤʢʦʩʪʠ ʚ ʩʣʦʝ ʦʙʝʜʥʝʥʠʷ (ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʟʘʨʷʜʘ ï space charge region) ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, A ï ʧʣʦʱʘʜʴ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ ʠ ʵʣʝʢʪʨʦʣʠʪʦʤ, k ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ, T ï ʪʝʤʧʝʨʘʪʫʨʘ, 

e ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, Ů0 ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʚʘʢʫʫʤʝ, ʠ Ů ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. CSC
ī2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ Cī2 

ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʩʣʦʷ ɻʝʣʴʤʛʦʣʴʮʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠ 

ʵʣʝʢʪʨʦʣʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʤʢʦʩʪʴʶ ʩʣʦʷ ʦʙʝʜʥʝʥʠʷ CSC. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʚ ʚʠʜʝ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʪʘʙʣʝʪʦʢ ʫʩʪʘʥʘʚʣʠʚʘʣʠ 

ʢʦʤʙʠʥʘʮʠʝʡ ʦʧʪʠʯʝʩʢʠʭ (ʋʌ-ʚʠʜʠʤʘʷ ʠ ʙʣʠʞʥʷʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ), ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

(ʈʌʕʉ) ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ (ʎɺɸ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ) ʤʝʪʦʜʦʚ. ʋʨʦʚʝʥʴ 

ɺɿʄʆ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʠʟ ʫʨʦʚʥʷ ʌʝʨʤʠ (ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʄʦʪʪʘ-ʐʦʪʪʢʠ) ʠ ʨʘʟʥʠʮʝʡ 

ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʌʝʨʤʠ ʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (ʠʟ ʈʌʕʉ). ʋʨʦʚʝʥʴ ʅʉʄʆ 

ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʫʨʦʚʥʷ ɺɿʄʆ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

(ʧʦʣʫʯʝʥʘ ʠʟ ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ) (Eg = ECB ï EVB = Eʅʉʄʆ ï Eɺɿʄʆ). 

2.2.ʄʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

2.2.1. ʉʠʥʪʝʟ K6[Re6-xMoxS8(CN)5] (1) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ K6[Re6-xMoxS8(CN)5] (x = 2,75ï3,25) (1) ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʚʝʩʪʥʫʶ 

ʤʝʪʦʜʠʢʫ [45]. ReS2, MoS2 ʠ KCN ʧʦʤʝʱʘʣʠ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʧʦʩʣʝ 

ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʟʘʧʘʠʚʘʣʠ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 8 ʜʥʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 700, 

750 ʠʣʠ 850oC ʩ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʘʤʧʫʣʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 1oC/ʤʠʥ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʜʝʘʵʨʠʨʦʚʘʥʦʡ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ (ʈʘʩʪʚʦʨ ɸ), ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ 

KCN ʠ ʫʜʘʣʠʪʴ ʜʠʩʢʨʝʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ K5[Re5MoS8(CN)6] ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ K4[Re6S8(CN)6], ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. 

ʆʩʪʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ ʩʤʝʩʴʶ 

EtOH/H2O (7:1 ʧʦ ʦʙʲʝʤʫ, ʜʚʫʤʷ ʧʦʨʮʠʷʤʠ ʧʦ 20 ʤʣ) ʠ 30 ʤʣ EtOH. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʤʝʩʠ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʠ ʜʝʢʘʥʪʘʮʠʷ ʚʟʚʝʩʠ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʩʫʣʴʬʠʜʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ. ʉʦʝʜʠʥʝʥʠ ̫ (1) ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ 
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ʯʝʨʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɿʥʘʯʝʥʠʷ x 

ʜʣʷ ʬʘʟ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʜʘʥʥʳʭ ʕɼʉ. ʅʝʩʢʦʣʴʢʦ 

ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʟ ʧʨʦʜʫʢʪʦʚ ʢʘʞʜʦʛʦ ʩʠʥʪʝʟʘ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʝʥʠʝ ʕɼʉ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʣʷ 10ï15 ʪʦʯʝʢ ʜʣʷ ʢʘʞʜʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɺʳʭʦʜʳ ʠ ʩʦʩʪʘʚʳ ʬʘʟ K6[Re6-

xMoxS8(CN)5] (x = 2,75ï3,25) ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʧʘʨʘʛʨʘʬʝ 3.1.1. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʈʌɸ, ʩʪʨʫʢʪʫʨʘ ʬʘʟʳ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ K6[Re3Mo3S8(CN)5] [45]. 

ʄʘʢʩʠʤʫʤ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʣʝʙʘʥʠʷʤ CN-ʛʨʫʧʧʳ ʚ ʀʂ-ʩʧʝʢʪʨʝ, ʥʘʭʦʜʠʪʩʷ ʥʘ 

2088 ʩʤī1. 

2.2.2. ʉʠʥʪʝʟ K5[Re6-xMoxS8(CN)6]Ā8H2O (2) 

ɼʣʷ ʩʠʥʪʝʟʘ K5[Re6-xMoxS8(CN)6] (2) ʬʘʟʫ (1) (0,5 ʛ, 0,33 ʤʤʦʣʴ) ʠ KCN (0,05 ʛ, 0,77 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 5 ʤʣ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ 10 ʤʣ ʵʪʘʥʦʣʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʘ ʩʦʝʜʠʥʝʥʠ ̫ (2). ʆʙʨʘʟʫʶʱʠʡʩʷ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʝʛʦ ʩʤʝʩʴʶ EtOH/H2O (7:1 ʧʦ 

ʦʙʲʝʤʫ, 20 ʤʣ) ʠ EtOH (20 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 0,34 

ʛ (70%). ʉʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʦʚ ʚ ʕɼʉ ʥʝ ʠʟʤʝʥʷʣʦʩʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʝʜʠʥʝʥʠʝʤ (1), 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʩʦʝʜʠʥʝʥʠʝ (2) ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʬʘʟʝ 

CaK4[Re3Mo3S8(CN)6]Ā8H2O [45] ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. ɼʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩ ʨʘʟʥʳʤ ʟʥʘʯʝʥʠʝʤ Re/Mo ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ ʩʫʣʴʬʠʜʦʚ 1000oC ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ 700oC, ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʜʘʣʝʝ. ʕɼʉ: K: Re : Mo 

: S = 4,8 : 3,2: 2,8 : 8,0. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷ CN ʛʨʫʧʧʳ ï ɜ = 2103 ʩʤī1 ʠ 

ʢʦʣʝʙʘʥʠʷ (O-H) ɜ= 3572, 1620 ʩʤ-1. ɺ ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʣʦʩʳ [H2O; ɚmax, ʥʤ (Ů, Mï1 ʩʤï1)]: 454 (973), 482 (1056), 804 (255); ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ C6N6Re3,2Mo2,8S8 (%): C, 4,89; N, 5,71; H, 0; S, 17,42. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ: C, 4,96; 

N, 5,82; H, 0,14; S, 17,28. 

2.2.3. ʉʠʥʪʝʟ K5[Re4.2Mo1.8S8(CN)6]Ā8H2O (3) 

ʇʨʠ ʦʯʠʩʪʢʝ ʩʦʝʜʠʥʝʥʠʷ (1), ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ ʩʫʣʴʬʠʜʦʚ 

1000oC ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ 700oC, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʜʝʘʵʨʠʨʦʚʘʥʦʡ ʚʦʜʝ ʢʨʘʩʥʳʡ 

ʈʘʩʪʚʦʨ ɸ ʩʦʝʜʠʥʝʥʠʷ (3) (80 ʤʣ) ʫʧʘʨʠʚʘʣʠ ʜʦ 5 ʤʣ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 

0,15 ʛ (22%). ʕɼʉ ï K : Re : Mo : S = 5,2 : 4,2 : 1,8 : 8,1. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʘ 

ʢʦʣʝʙʘʥʠʷ ʛʨʫʧʧʳ CNï ʩ ɜ = 2109 ʠ 2096 ʩʤī1 ʠ ʢʦʣʝʙʘʥʠʷ O-H ï ɜ = 1612, 2109 ʠ 2096 ʩʤī1. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ C6N6Re4,19Mo1,81S8K5 (%): C, 4.59; N, 5.36; H, 0; S, 16.32. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ: C, 4,47; N, 5,24; H, 0,20; S, 16,51. ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʩʦʝʜʠʥʝʥʠʝ 

(3) ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʬʘʟʝ CaK4[Re3Mo3S8(CN)6]Ā8H2O [45]. 

2.2.4. ʉʠʥʪʝʟ (Ph4P)5[Re6-xMoxS8(CN)6] (4) 

ʉʦʝʜʠʥʝʥʠʝ (2) (200 ʤʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ H2O, ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Ph4PCl (200 ʤʛ) ʚ 

10 ʤʣ ʚʦʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʥʝʤʝʜʣʝʥʥʦ ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ (4) ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʅʘ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ 

ʬʘʟʳ (1), ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ ʩʫʣʴʬʠʜʦʚ 1000oC ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ 

ʧʦʣʠʤʝʨʘ 700oC ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʷ. ʕɼʉ: Re : Mo : S = 3,2 : 

2,8 : 7,6, ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ: ɜ = 2096 ʩʤī1 (CſN) ; 1436, 1107, 995, 756, 721, 

686, 522 ʩʤ-1 (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ Ph4P
+). ɺ ʕʉʇ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ [CH3CN; ɚmax, ʥʤ (Ů, M-1 

ʩʤ-1)]: 475 (1238), 483 (1266), 813 (406); ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ C102N6H80Re3,2Mo2,8S8 

(%): C, 46,50; N, 3,19; H, 3,06; S, 9,74. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ: C, 46.43; N,3.32; H, 3.35; 

S, 9,53. 

2.2.5. ʉʠʥʪʝʟ (Bu4N)4[Re4Mo2S8(CN)6]Ā2H2O (5) 

ʉʦʝʜʠʥʝʥʠʝ (2) (1,00 ʛ, 0,68 ʤʤʦʣʴ), ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʣ ʚʦʜʳ, ʨʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʥʝʤʫ ʨʘʩʪʚʦʨ Bu4NCl (1,00 ʛ, 3,6 ʤʤʦʣʴ) ʚ 20 ʤʣ H2O (pH = 

9,6). ɺ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ KOH ʜʦ pH = 11. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʩʦʝʜʠʥʝʥʠʷ (5). ɼʘʣʴʥʝʡʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʆʩʘʜʦʢ 

ʦʪʜʝʣʷʣʠ ʥʘ ʬʠʣʴʪʨʝ ʦʪ ʦʢʨʘʰʝʥʥʦʛʦ ʈʘʩʪʚʦʨʘ ɹ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,52 ʛ (33%). ʕɼʉ: Re : Mo : S = 4,0 : 2,0 :7,6. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʣʦʩʘ: 2115 ʩʤī1 (CſN). ɺ ʕʉʇ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ [H2O; ɚmax, ʥʤ (Ů, Mï1 ʩʤï

1)]: 495 (425), 452 (375), 807 (140). ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ C70N10H148O2Re4Mo2S8 (%): C, 

35,7; N, 5,9; H, 6,3; S, 10,9. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ: C, 34,3; N, 5,6; H, 6,1; S, 10,9. ESI-

MS ʚ CH3CN, ʚ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʘʥʠʦʥʦʚ, m/z: H4[{ Re4Mo2S8}( CN)6](H2O)(CH3CN)2ï 

(ʵʢʩʧ. 706,24, ʨʘʩʯ. 706,24), (Bu4N)[{ Re4Mo2S8}( CN)5]
2ï (ʵʢʩʧ. 782,85, ʨʘʩʯ. 782,85), 

(Bu4N)[{ Re4Mo2S8}( CN)4(OH)](CH3CN)2ï (ʵʢʩʧ. 798,84, ʨʘʩʯ. 798,86), 

(Bu4N)2[{ Re4Mo2S8}( CN)6]
2ï (ʵʢʩʧ. 916,99, ʨʘʩʯ. 916,99). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʈʉɸ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʷ (5) ʠʟ CH3CN. ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʧʦʨʦʰʢʘ 

ʩʦʝʜʠʥʝʥʠʷ (5) ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʈʌɸ.  

2.2.6. ʉʠʥʪʝʟ K5[Re3Mo3S8(CN)6]Ā8H2O (6) 

ʆʢʨʘʰʝʥʥʳʡ ʚʦʜʥʳʡ ʈʘʩʪʚʦʨ ɹ, ʦʩʪʘʚʰʠʡʩʷ ʧʦʩʣʝ ʚʳʧʘʜʝʥʠ ̫ʦʩʘʜʢʘ ʩʦʝʜʠʥʝʥʠʷ (5), 

ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 40 ʤʣ CH2Cl2. ʆʨʛʘʥʠʯʝʩʢʫʶ 

ʬʨʘʢʮʠʶ ʦʪʜʝʣʷʣʠ ʠ ʫʧʘʨʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʩʣʷʥʠʩʪʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ 
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ʨʘʩʪʚʦʨʷʣʠ ʚ 15 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ KSCN ʚ 15 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʨʠʯʥʝʚʦʛʦ ʦʩʘʜʢʘ ʩʦʝʜʠʥʝʥʠʷ (6). ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʦʨʦʰʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʚʦʜʝ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ KCN ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲʝʤʘ ʚ 5 ʤʣ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ (6). ɺʳʭʦʜ 0,17 ʛ (25%). ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ C6N6H16O8K5Re3Mo3S8 (%): C, 4,48; N, 5,23; H, 1,00; S, 15,93. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ: C, 4,71; N, 5,53; H, 0,89; S, 16,14. ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ: (KBr, ʩʤï1): 

2102 (CſN). ɺ ʕʉʇ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ [H2O; ɚmax, ʥʤ (Ů, Mï1 ʩʤï1)]: 480 (1736), 739 (565). 

2.2.7. ʉʠʥʪʝʟ (Ph4P)5[Re3Mo3S8(CN)6] (7) 

ʉʦʝʜʠʥʝʥʠʝ (6) (300 ʤʛ, 0,2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʣ ʚʦʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʢ 

ʥʝʤʫ ʨʘʩʪʚʦʨ Ph4PCl (300 ʤʛ, 0,8 ʤʤʦʣʴ) ʚ 20 ʤʣ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʦʩʘʜʢʘ ʩʦʝʜʠʥʝʥʠʷ (7). ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʕɼʉ: Re: Mo: S = 2,9: 3,1: 8,2. ʚ ʀʂ-ʩʧʝʢʪʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ: (KBr, ʩʤï1): ɜ = 2052 (CſN); 1435, 1107, 995, 750, 721, 686, 522 

(ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ Ph4P
+). ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ C126N6H100P5Re3Mo3S8 (%): C, 51,04; 

N, 2,83; H, 3,40; S, 8,63. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ: C, 51,23; N, 2,78; H, 3,56; S, 8,49. ESI-

MS ʚ CH3CN, ʦʙʣʘʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ, m/z: (Ph4P)H3[{ Re3Mo3S8}( CN)5]Ŀ(CH3CN)2ï 

(ʵʢʩʧ. 808,31, ʨʘʩʯ. 808,27), (Ph4P)H4[{ Re3Mo3S8}( CN)4]Ŀ(CH3CN)2
2ï (ʵʢʩʧ. 816,31, ʨʘʩʯ. 

816,29), (Ph4P)H2[{ Re3Mo3S8}( CN)4]Ŀ(CH3CN)2(H2O)2ï (ʵʢʩʧ. 824,30, ʨʘʩʯ. 824,29), 

(Ph4P)[{ Re3Mo3S8}( CN)6]Ŀ(CH3CN)2
2ï (ʵʢʩʧ. 840,29, ʨʘʩʯ. 840,28), 

(Ph4P)H[{ Re3Mo3S8}( CN)5]Ŀ(CH3CN)3
2ï (ʵʢʩʧ. 848,29, ʨʘʩʯ. 848,29), 

(Ph4P)[{ Re3Mo3S8(CN)6]Ŀ(CH3CN)2(H2O)2
2ï (ʵʢʩʧ. 858,29, ʨʘʩʯ. 858,29), 

(Ph4P)[Re3Mo3S8(CN)6]Ŀ(CH3CN)2(H2O)3
2ï (ʵʢʩʧ. 867,29, ʨʘʩʯ. 867,29). 

2.2.8. ʉʠʥʪʝʟ [Re6-xMoxS8(py)6] (8ï10) 

ɺ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʟʘʛʨʫʞʘʣʠ ʩʦʝʜʠʥʝʥʠʝ (2), (5) ʠʣʠ (6) (10 ʤʛ), 0,1 ʤʣ ʚʦʜʳ, 

ʜʦʙʘʚʣʷʣʠ 0,7 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, 0,2 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 0,3 ʤʣ ʧʠʨʠʜʠʥʘ. ɸʤʧʫʣʫ 

ʟʘʧʘʠʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʜʦ 160Áʉ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 120 

ʯʘʩʦʚ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʦʜʫʢʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʧʦʨʦʰʢʘ ʤʝʭʘʥʠʯʝʩʢʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, 

ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʈʉɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 8ï10 ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʧʠʨʠʜʠʥʫ, ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʢʦʣʝʙʘʥʠʡ CN-ʛʨʫʧʧʳ. 
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ʊʘʙʣʠʮʘ 4. ɺʳʭʦʜʳ ʠ ʜʘʥʥʳʝ ʕɼʉ ʠ ʵʣʝʤʝʥʪʥʦʛʦ CHNS ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (8ï10).  

 [{Re3,3Mo2,7S8} (py)6] 

(8) 

[{Re4Mo2S8} (py)6] 

(9) 

[{Re3Mo3S8} (py)6] 

(10) 

ɺʳʭʦʜ (%) 60 60 55 

ʕɼʉ (Re:Mo:S) 3,3:2,7:6,7 3,8:2,2:7,6 2,9:3,1:7,8 

CHNS ʨʘʩʩʯʠʪʘʥʥʳʝ 

(%) 

ʉ 22,09; H 1,87; N 

5,21; S 15,87 

C 21,50; H 1,80; N 

5,02; S 15,28 

C 22,71; H 1,90; N 

5,30; S 16,14 

CHNS 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

(%) 

C 21,95; H 1,86; N 

5,15; S 16,04 

C 21,09; H 1,67; N 

4,88; S 15,51 

C 22,33; H 1,98; N 

5,54; S 16,41 

 

2.2.9. ʉʠʥʪʝʟ [Re6-xMoxS8(etpy)6] (11ï13) 

ɺ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʟʘʛʨʫʞʘʣʠ ʩʦʝʜʠʥʝʥʠʝ (2), (5) ʠʣʠ (6) (10 ʤʛ), 0,4 ʤʣ ʚʦʜʳ, 

ʜʦʙʘʚʣʷʣʠ 1,6 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 0,3 ʤʣ 4-ʵʪʠʣʧʠʨʠʜʠʥʘ. ɸʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʜʦ 160Áʉ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 96 ʯʘʩʦʚ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ 

ʧʦʨʦʰʢʘ ʤʝʭʘʥʠʯʝʩʢʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ʌʘʟʦʚʘʷ 

ʯʠʩʪʦʪʘ ʧʦʨʦʰʢʘ ʩʦʝʜʠʥʝʥʠʷ (11) ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʈʌɸ, ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ (12) ʠ 

(13) ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. ɺ ʀʂ-

ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 11ï13 ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʧʠʨʠʜʠʥʫ, ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʢʦʣʝʙʘʥʠʡ CN-ʛʨʫʧʧʳ. 

ʊʘʙʣʠʮʘ 5. ɺʳʭʦʜʳ ʠ ʜʘʥʥʳʝ ʕɼʉ ʠ ʵʣʝʤʝʥʪʥʦʛʦ CHNS ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (11ï13). 

 [{Re3,5Mo2,5S8} (etpy)6] 

(11) 

[{Re4Mo2S8} (etpy)6] 

(12) 

[{Re3Mo3S8} (etpy)6] 

(13) 

ɺʳʭʦʜ (%) 25 50 30 

ʕɼʉ (Re:Mo:S) 3,5:2,5:7,5 3,9:2,1:8,2 2,8:3,2:7,6 

CHNS 

ʨʘʩʩʯʠʪʘʥʥʳʝ (%) 

C 28,04; H 3,02; N 4,67; 

S 14,23 

C 27,36; H 2,95; N 

4,56; S 13,88 

ʉ 28,75; H 3,10; N 

4,79; S 14,59 

CHNS 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

(%) 

C 27,71; H 2,62; N 4,53; 

S 14,02 

C 26,98; H 2,68; N 

4,97; S 13,65 

C 28,20; H 3,82; N 

5,06; S 15,03 
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2.2.10. ʉʠʥʪʝʟ [Re6-xMoxS8(tbp)6] (14ï16) 

ɺ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʟʘʛʨʫʞʘʣʠ ʩʦʝʜʠʥʝʥʠʝ (2) (50 ʤʛ), 1,5 ʤʣ ʚʦʜʳ, ʜʦʙʘʚʣʷʣʠ 1,5 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 0,3 ʤʣ 4- ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʘ. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʩʦʝʜʠʥʝʥʠʷ (5) ʠ (6) (10 ʤʛ) 

ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʠ ʜʦʙʘʚʣʷʣʠ 0,1 ʤʣ ʚʦʜʳ, 0,7 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, 0,2 ʤʣ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 0,3 ʤʣ 4- ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʘ. ɸʤʧʫʣʫ ʟʘʧʘʠʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

48 ʯʘʩʦʚ ʜʦ 160Áʉ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 96 ʯʘʩʦʚ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ 

ʤʝʭʘʥʠʯʝʩʢʠ ʦʪ ʧʦʨʦʰʢʘ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. 

ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʧʦʨʦʰʢʘ ʩʦʝʜʠʥʝʥʠʷ (14) ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʈʌɸ, ʚ ʩʣʫʯʘʝ 

ʩʦʝʜʠʥʝʥʠʡ (15) ʠ (16) ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʤʦʨʬʥʳʡ 

ʧʦʨʦʰʦʢ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 14ï16 ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʧʠʨʠʜʠʥʫ, ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʢʦʣʝʙʘʥʠʡ CN-ʛʨʫʧʧʳ. 

ʊʘʙʣʠʮʘ 6. ɺʳʭʦʜʳ ʠ ʜʘʥʥʳʝ ʕɼʉ ʠ ʵʣʝʤʝʥʪʥʦʛʦ CHNS ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (14ï16). 

 [{Re3,3Mo2,7S8} (tbp)6] 

(14) 

[{Re4Mo2S8} (tbp)6] 

(15) 

[{Re3Mo3S8} (tbp)6] 

(16) 

ɺʳʭʦʜ (%) 60 60 55 

ʕɼʉ (Re:Mo:S) 3,3:2,7:7,5 4,2:1,8:7,6 2,9:3,1:8,3 

CHNS ʨʘʩʩʯʠʪʘʥʥʳʝ 

(%) 

ʉ 33,37; H 4,04; N 

4,31; S 13,13 

C 32,23; H 3,91; N 

4,17; S 12,72 

ʉ 33,73; H 4,09; N 

4,37; S 13,31 

CHNS 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

(%) 

C 33,91; H 4,03; N 

4,31; S 12,84 

C 33,57; H 4,01; N 

4,23; S 13,04 

C 34,21; H 4,22; N 

4,44; S 12,93 

 

2.3. ʇʦʣʫʯʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

2.3.1. ʇʦʣʫʯʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ (Bu4N)4[{Re4Mo2S8}(CN)6] ʠ 

(Bu4N)4[{Re4Mo2Se8}(CN)6]  

ʌʦʪʦʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ {Re4Mo2Q8}, ʛʜʝ Q = S, Se ({Re6S8}@FTO 

ʠʣʠ {Re6Se8}@FTO) ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (EPD). 

(Bu4N)4[{ Re4Mo2S8}( CN)6] ʠ (Bu4N)4[{ Re4Mo2Se8}( CN)6] ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (0,01 ʄ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʫʧʨʦʚʦʜʷʱʝʡ ʧʦʜʣʦʞʢʠ ʙʳʣ ʚʳʙʨʘʥ ʦʢʩʠʜ ʦʣʦʚʘ, ʣʝʛʠʨʦʚʘʥʳʡ ʬʪʦʨʦʤ (FTO), 

ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʩʪʝʢʣʷʥʥʫʶ ʧʦʜʣʦʞʢʫ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ, 

ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ï FTO, ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʣʠ ʜʨʫʛ ʥʘʧʨʦʪʠʚ ʜʨʫʛʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʢʦʣʦ 1 ʩʤ. 

ʂʘʪʦʜ ʠ ʘʥʦʜ ʩʦʝʜʠʥʷʣʠ ʩ ʧʨʠʙʦʨʦʤ Keithley Model 2450 Series SourceMeter ʩ ʧʦʤʦʱʴʶ 
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ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʦʪʯʘ ʠ ʧʦʛʨʫʞʘʣʠ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʆʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ 40 ɺ ʚ ʪʝʯʝʥʠʝ 

30 ʩʝʢʫʥʜ. ʇʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʧʣʝʥʢʠ {Re4Mo2S8}@FTO ʠ {Re4Mo2Se8}@FTO 

ʚʳʥʠʤʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ T-

{Re4Mo2S8}@FTO ʠ T-{Re4Mo2Se8}@FTO ʧʨʦʚʦʜʠʣʠ ʦʪʞʠʛ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ 

ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɺ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ PMMA 

({Re4Mo2S8}@PMMA @FTO ʠ {Re4Mo2Se8}@PMMA @FTO), ʨʘʩʪʚʦʨ PMMA (M = 350000 

ʛ/ʤʦʣʴ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (5 ʛ/ʣ) ʥʘʥʦʩʠʣʠ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ EPD ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʣʘʩʪʝʨʥʦʛʦ ʩʣʦʷ, ʧʦʩʣʝ ʯʝʛʦ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʀʣʠ ʨʘʩʪʚʦʨ PMMA ʥʘʥʦʩʠʣʠ ʩʨʘʟʫ ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (T-{Re4Mo2S8}@PMMA @FTO ʠ T-

{Re4Mo2Se8}@PMMA @FTO). 

2.3.2. ʇʦʣʫʯʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ (Bu4N)3[{Re6S8}Cl6] ʠ (Bu4N)3[{Re6Se8}Cl6]  

ʉʦʝʜʠʥʝʥʠʷ K4[{Re6Q8}(OH)6]Ŀ8H2O (Q = S, Se) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʤʝʪʦʜʠʢʝ [56]. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)3[{Re6Q8}Cl 6] (Q = S, Se) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ, ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ [104] ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. 1,00 ʛ 

K4[{Re6Q8}(OH)6] (0,56 ʤʤʦʣʴ ʜʣʷ Q = S ʠ 0,46 ʤʤʦʣʴ ʜʣʷ Q = Se) ʨʘʩʪʚʦʨʷʣʠ ʚ H2O (20 ʤʣ). 

ʂ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 30 ʤʣ HCl ʠ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ɿʘʪʝʤ ʢ ʧʝʨʝʤʝʰʠʚʘʝʤʳʤ 

ʨʘʩʪʚʦʨʘʤ ʜʦʙʘʚʣʷʣʠ ʠʟʙʳʪʦʢ Bu4NCl (1 ʛ, 3,6 ʤʤʦʣʴ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʨʘʥʞʝʚʦʛʦ (Bu4N)3[{Re6S8}Cl 6] ʠʣʠ ʟʝʣʝʥʦʛʦ (Bu4N)3[{Re6Se8}Cl 6] ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ H2O. ʌʦʪʦʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ 

ʷʜʝʨ {Re6Q8} (Q = S, Se) ({Re6S8}@FTO ʠ {Re6Se8}@FTO) ʧʦʣʫʯʘʣʠ ʩʧʦʩʦʙʦʤ, ʦʧʠʩʘʥʥʦʤ ʚ 

ʧʫʥʢʪʝ 2.3.1, ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠ 40 ɺ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ. 

ʆʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)3[{ Re6S8} Cl6] ʠ 

(Bu4N)3[{ Re6Se8} Cl6] ʚ CH3CN (0,01 M) ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ FTO. ʇʣʝʥʢʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ T-{Re6S8}@FTO ʠ T-{Re6Se8}@FTO ʧʨʦʚʦʜʠʣʠ 

ʦʪʞʠʛ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 

2.3.3. ʇʦʣʫʯʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʚ ʚʠʜʝ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʪʘʙʣʝʪʦʢ 

ʊʘʙʣʝʪʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ (P-{Re6S8}@FTO ʠ P-{Re6Se8}@FTO) ʧʦʣʫʯʘʣʠ ʜʣʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)3[{ Re6S8Cl6}] ʠ (Bu4N)3[{ Re6Se8} Cl6]. ɼʣʷ ʵʪʦʛʦ ʧʦʨʦʰʦʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʧʨʝʩʩʦʚʳʚʘʣʠ ʚ ʪʘʙʣʝʪʢʫ ʠ ʧʦʤʝʱʘʣʠ ʝʝ ʚ ʢʚʘʨʮʝʚʫʶ 

ʘʤʧʫʣʫ, ʧʦʩʣʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʟʘʧʘʠʚʘʥʠʷ ʥʘʛʨʝʚʘʣʠ ʝʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 250oC. ʇʦʩʣʝ 

ʯʝʛʦ ʩʦʝʜʠʥʷʣʠ ʧʦʣʫʯʝʥʥʫʶ ʪʘʙʣʝʪʢʫ ʩ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ ʫʛʣʝʨʦʜʥʦʡ ʧʘʩʪʳ, 

ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʬʠʢʩʠʨʦʚʘʣʠ ʝʛʦ ʧʨʠ ʧʦʤʦʱʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ. ɼʘʣʝʝ 
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ʪʘʙʣʝʪʢʫ ʧʦʣʠʨʦʚʘʣʠ SiC ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ (ʟʝʨʥʠʩʪʦʩʪʴ ï 1200ï4000) ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

2.3.4. ʇʦʣʫʯʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re6S8} 

ʠ {Re6Se8} 

çʉʤʝʰʘʥʥʳʝè ʬʦʪʦʵʣʝʢʪʨʦʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʚ ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʠ ʬʦʪʦʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʪʚʦʨʳ 

(Bu4N)3[{ Re6S8Cl6}] ʠ (Bu4N)3[{ Re6Se8} Cl6] ʚ CH3CN (0,01 M), ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʤʝʰʘʥʳ ʚ 

ʩʣʝʜʫʶʱʠʭ ʦʙʲʝʤʥʳʭ ʜʦʣʷʭ ï 1:1, 2,5:1 ʠ 3,7:1. ɺ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʢʘʭ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʕɼʉ, ʩʦʦʪʥʦʰʝʥʠʝ {Re6S8}:{ Re6Se8} ʩʦʩʪʘʚʠʣʦ 0,3:1 (1-{Re6S8}/{Re6Se8}@FTO), 1:1 

({Re6S8}/{Re6Se8}@FTO) ʠ 1,6:1 (2-{Re6S8}/{Re6Se8}@FTO), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

T-{Re6S8}/{Re6Se8}@FTO ʧʨʦʚʦʜʠʣʠ ʦʪʞʠʛ ʧʦʣʫʯʝʥʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʦʜʘ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʝ 

1 ʯʘʩʘ. 

ʊʘʙʣʠʮʘ 7. ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʦʪʦʵʣʝʢʪʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʳʝ ʩʦʢʨʘʱʝʥʠʷ. 

ʉʦʝʜʠʥʝʥʠʷ 

ʉʦʢʨʘʱʝʥʠʝ ʌʦʨʤʫʣʘ 

1 K6[Re6-xMoxS8(CN)5] 

2 K5[Re6-xMoxS8(CN)6]Ŀ8H2O 

3 K5[Re4.2Mo1.8S8(CN)6] 

4 (Ph4P)5[Re6-xMoxS8(CN)6] 

5 (Bu4N)4[Re4Mo2S8(CN)6]Ŀ2H2O 

6 K5[Re3Mo3S8(CN)6]Ŀ8H2O 

7 (Ph4P)5[Re3Mo3S8(CN)6] 

8 [{Re3,3Mo2,7S8} (py)6] 

9 [{Re4Mo2S8} (py)6] 

10 [{Re3Mo3S8} (py)6] 

11 [{Re3,5Mo2,5S8} (etpy)6] 

12 [{Re4Mo2S8} (etpy)6] 

13 [{Re3Mo3S8} (etpy)6] 
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14 [{Re3,3Mo2,7S8} (tbp)6] 

15 [{Re4Mo2S8} (tbp)6] 

16 [{Re3Mo3S8} (tbp)6] 

ʌʦʪʦʵʣʝʢʪʨʦʜʳ 

ʉʦʢʨʘʱʝʥʠʝ ʉʧʦʩʦʙ ʦʩʘʞʜʝʥʠʷ 

{Re6S8}@FTO EPD (Bu4N)3[{ Re6S8} Cl6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

{Re6Se8}@FTO EPD (Bu4N)3[{ Re6Se8} Cl6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

T-{Re6S8}@FTO 

1) EPD (Bu4N)3[{ Re6S8} Cl6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

2) ʆʪʞʠʛ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʠ 1 ʯ 

T-{Re6Se8}@FTO 

1) EPD (Bu4N)3[{ Re6Se8} Cl6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

2) ʆʪʞʠʛ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʠ 1 ʯ 

{Re6S8}/{Re6Se8}@FTO 

EPD (Bu4N)3[{ Re6S8} Cl6] ʠ (Bu4N)3[{ Re6Se8} Cl6] ʚ ʉH3CN 

(40 ɺ, 30 ʩ) 

T-{Re6S8}/{Re6Se8}@FTO 

1) EPD (Bu4N)3[{Re6S8}Cl 6] ʠ (Bu4N)3[{Re6Se8}Cl 6] ʚ 

ʉH3CN (40 ɺ, 30 ʩ) 

2) ʆʪʞʠʛ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʠ 1 ʯ 

P-{Re6S8}@FTO 

1) ʇʦʣʫʯʝʥʠʝ ʩʧʨʝʩʩʦʚʘʥʥʦʡ ʪʘʙʣʝʪʢʠ ʠʟ 

(Bu4N)3[{ Re6S8} Cl6] 

2) ʆʪʞʠʛ ʧʨʠ 250 oC 

3) ʉʦʝʜʠʥʝʥʠʝ ʩ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʫʛʣʝʨʦʜʥʦʡ ʧʘʩʪʳ 

4) ʌʠʢʩʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ 

5) ʇʦʣʠʨʦʚʢʘ SiC ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ 

P-{Re6Se8}@FTO 

1) ʇʦʣʫʯʝʥʠʝ ʩʧʨʝʩʩʦʚʘʥʥʦʡ ʪʘʙʣʝʪʢʠ ʠʟ 

(Bu4N)3[{ Re6Se8} Cl6] 

2) ʆʪʞʠʛ ʧʨʠ 250 oC 

3) ʉʦʝʜʠʥʝʥʠʝ ʩ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʫʛʣʝʨʦʜʥʦʡ ʧʘʩʪʳ 

4) ʌʠʢʩʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ 

5) ʇʦʣʠʨʦʚʢʘ SiC ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ 

{Re4Mo2S8}@FTO EPD (Bu4N)4[{ Re4Mo2S8} (CN)6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

{Re4Mo2Se8}@FTO EPD (Bu4N)4[{ Re4Mo2Se8} (CN)6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 
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T-{Re4Mo2S8}@FTO 

1) EPD (Bu4N)4[{Re4Mo2S8}(CN)6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

2) ʆʪʞʠʛ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʠ 1 ʯ 

T-{Re4Mo2Se8}@FTO 

1) EPD (Bu4N)4[{Re4Mo2Se8}(CN)6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

2) ʆʪʞʠʛ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʠ 1 ʯ 

{Re4Mo2S8}@PMMA@FTO  

1) EPD (Bu4N)4[{Re4Mo2S8}(CN)6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

2) ʅʘʥʝʩʝʥʠʝ PMMA 

{Re4Mo2Se8}@PMMA@FTO  

1) EPD (Bu4N)4[{Re4Mo2S8}(CN)6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

2) ʅʘʥʝʩʝʥʠʝ PMMA 

T-{Re4Mo2S8}@PMMA@FTO  

1) EPD (Bu4N)4[{Re4Mo2S8}(CN)6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

2) ʆʪʞʠʛ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʠ 1 ʯ 

3) ʅʘʥʝʩʝʥʠʝ PMMA 

T-{Re4Mo2Se8}@PMMA@FTO  

1) EPD (Bu4N)4[{Re4Mo2Se8}(CN)6] ʚ ʉH3CN (40 ɺ, 30 ʩ) 

2) ʆʪʞʠʛ ʧʨʠ 200 oC ʚ ʪʝʯʝʥʠʠ 1 ʯ 

3) ʅʘʥʝʩʝʥʠʝ PMMA 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1.ʇʦʣʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

3.1.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʝʥʠʷ ReS2 ʠ MoS2 ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ 

ʧʦʣʠʤʝʨʥʦʡ ʬʘʟʳ K6[{Re6-xMoxS8}(CN)5]  ʥʘ ʟʥʘʯʝʥʠʝ x 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ReS2 ʠ MoS2 ʩ ʠʟʙʳʪʢʦʤ KCN ʧʨʠ 700oC ʚ ʪʝʯʝʥʠʝ 

8 ʜʥʝʡ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʘ K6[{ Re3Mo3S8}(CN)5] [45] (ʈʠʩʫʥʦʢ 31): 

3ReS2 + 3MoS2 + 14 KCN = K6[{Re3Mo3S8}(CN)5] +9/n(CN)n +4K2S 

 

ʈʠʩʫʥʦʢ 31. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʩʦʝʜʠʥʝʥʠʷ 1 ʩʦʩʪʘʚʘ [{Re3Mo3Si
8}( CN)a

4(CN)a-a
2/2]n

6nï [45]. 

ʎʚʝʪʦʚʦʡ ʢʦʜ: Re/Mo (ʯʝʨʥʳʡ), S (ʞʝʣʪʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʳ çK6[{Re3Mo3S8}(CN)5]è ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ, ʚ ʢʦʪʦʨʦʤ ʩʦʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6-ʭMoxS8} ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ x [105]. ʅʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʬʘʟʳ K6[{ Re6-xMoxS8}( CN)5] (1) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ, ʘ 

ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʫʣʴʬʠʜʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ. ʄʦʣʴʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ReS2/MoS2/KCN ʚʦ ʚʩʝʭ ʩʠʥʪʝʟʘʭ ʩʦʩʪʘʚʣʷʣʦ 1/1/14. 

MS2 (M = Re, Mo) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʚʟʷʪʳʭ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ T1, ʨʘʚʥʳʭ 600, 800 ʠʣʠ 1000 oC. ʇʨʠ 

ʩʨʘʚʥʝʥʠʠ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʟʘʤʝʪʥʦ ʩʫʞʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʩʫʣʴʬʠʜʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ (ʈʠʩʫʥʦʢ 32). ʆʮʝʥʢʘ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʣʷ MS2, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ T1, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ 

ʩʫʣʴʬʠʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ (ʊʘʙʣʠʮʘ 8). ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʟʫʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʉʕʄ ʠ ʇʕʄ (ʈʠʩʫʥʦʢ ʇ11 ʠ ʇ12). 
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ʈʠʩʫʥʦʢ 32. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ReS2 (ʘ) ʠ MoS2 (ʙ) ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ 

T1. 

ʊʘʙʣʠʮʘ 8. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ MS2 (M = Re, Mo) ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ ʠʟ 

ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ. 

T1 (oC) d ReS2 (ʥʤ) d MoS2 (ʥʤ) 

600 18,9 7,8 

800 22,7 35,6 

1000 23,3 38,4 

 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ1 ʩʫʣʴʬʠʜʳ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚʚʦʜʠʣʠ ʚ 

ʨʝʘʢʮʠʶ ʩ ʠʟʙʳʪʢʦʤ ʮʠʘʥʠʩʪʦʛʦ ʢʘʣʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ T2, ʨʘʚʥʳʭ 700, 750, 850 oC, ʢʘʢ ʵʪʦ 

ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

K6[{ Re6-xMoxS8}( CN)5] (1), ʟʥʘʯʝʥʠʝ x ʚ ʢʦʪʦʨʳʭ ʤʝʥʷʝʪʩʷ ʦʪ 2,37 ʜʦ 3,25, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʕɼʉ. ɺ ʊʘʙʣʠʮʝ 9, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ Re/Mo ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʠʜʦʚ (T1) ʠ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ (T2). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʫʣʴʬʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʦ ʝʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ, ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ, ʚ ʢʦʪʦʨʦʡ ʙʦʣʴʰʝ ʨʝʥʠʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ T1 ʦʪ 600 ʢ 1000 
oC 

ʩʦʦʪʥʦʰʝʥʠʝ Re/Mo ʤʝʥʷʝʪʩʷ ʦʪ 2,37/3,63 ʜʦ 3,16/2,84. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ 

T2 ʪʦʞʝ ʚʣʠʷʝʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ. ʊʘʢ, ʧʨʠ ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T1 (600 oC) ʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ T2 ʦʪ 700 ʜʦ 850 
oC ʩʦʜʝʨʞʘʥʠʝ ʨʝʥʠʷ ʚ ʢʣʘʩʪʝʨʥʦʡ ʬʘʟʝ ʚʦʟʨʘʩʪʘʝʪ 

ʦʪ 2,37 ʜʦ 3,25. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T2 850 oC, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ T1 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ Re/Mo ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʥʦʡ ʬʘʟʳ. 
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ʊʘʙʣʠʮʘ 9. ɺʳʭʦʜ ʠ ʜʘʥʥʳʝ ʕɼʉ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ K6[Re6-xMoxS8(CN)5], ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

* ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ ʠʟ-ʟʘ ʜʝʛʨʘʜʘʮʠʠ ʩʪʝʥʦʢ 

ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʳ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʫ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ K6[{Re6-xMoxS8}(CN)5] (x = 

2,75 ï 3,25), ʙʳʣʠ ʧʦʣʫʯʝʥʳ (ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ) ʩʦʣʠ 

ʩʦʩʪʘʚʘ (Ph4P)4[{ Re6-xMoxS8}( CN)6] (x = 2,75 ï 3,25) (4), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʤʝʪʦʜʦʤ ESI-MS. ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ (4) 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʩʘʞʜʝʥʠʝ ʩʦʣʝʡ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ Re/Mo ʚ ʩʦʩʪʘʚʝ ʬʘʟʳ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʘʚʘ K6[{ Re6-xMoxS8}( CN)5] ʚʩʝ ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʪ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ 

ʠʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʠʦʥʥʳʤ ʘʜʜʫʢʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ 

ʈʠʩʫʥʢʝ 33 ʠ ʈʠʩʫʥʢʝ ʇ13. ʉʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʘʥʠʦʥʥʳʭ ʘʜʜʫʢʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Re/Mo ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʝʥʠʷ MS2 (T1) ʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ (T2). ɺ ʊʘʙʣʠʮʝ 10 ʛʨʘʬʠʯʝʩʢʠ ʦʪʦʙʨʘʞʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ 

             T1 (MS2, 

oC) 

 

T2 (
oC) 

600 800 1000 

700 

ɺʳʭʦʜ 

67% 

ɺʳʭʦʜ 

74%  

ɺʳʭʦʜ 

66%  

ʕɼʉ 

K : Mo : Re : S = 

6,12:3,63:2,37:8,06 

ʕɼʉ 

K : Mo : Re : S = 

5,77:2,85:3,15:8,05 

ʕɼʉ 

K : Mo : Re : S = 

5,87:2,84:3,16:8,11 

750 

ɺʳʭʦʜ 

78% 

ɺʳʭʦʜ 

89%  

ɺʳʭʦʜ 

85%   

ʕɼʉ 

K : Mo : Re : S = 

6,07:2,87:3,13:8,17 

ʕɼʉ 

K : Mo : Re : S = 

5,88:2,89:3,11:8,10 

ʕɼʉ 

K : Mo : Re : S = 

5,88:2,76:3,23:8,16 

850 

ɺʳʭʦʜ 

61% 

*  

ɺʳʭʦʜ 

72%  

ʕɼʉ 

K : Mo : Re : S =  

6,04:2,75:3,25:8,20 

ʕɼʉ 

K : Mo : Re : S = 

6,07:2,76:3,24:8,12 



66 

 

 

ʤʝʞʜʫ ʘʜʜʫʢʪʘʤʠ [{ Re6-xMoxS8}( CN)6], x = 2, 3 ʠ 4 ʥʘ ʦʩʥʦʚʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ.  

ʀʟ ʜʘʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʊ2 = 700Áʉ ʠʟ 

ʩʫʣʴʬʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʊ1 = 600Áʉ, ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʜʜʫʢʪʘ ʩ 

ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ {Re2Mo4S8}, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʣʠʙʜʝʥʘ ʚ 

ʠʩʭʦʜʥʦʤ ʧʦʣʠʤʝʨʝ ʩʦʩʪʘʚʘ K6[{Re2,37Mo3,63S8}(CN)5]. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ 

ʧʦʣʠʤʝʨʘ (T2) ʩʦʜʝʨʞʘʥʠʝ {Re4Mo2S8} ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ {Re2Mo4S8} 

ʠ {Re3Mo3S8} ʫʤʝʥʴʰʘʝʪʩʷ (ʊʘʙʣʠʮʘ 10 ʘ->ʛ->ʞ). ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʩʫʣʴʬʠʜʦʚ (T1) (ʊʘʙʣʠʮʘ 10 ʘ->ʙ->ʚ). ʌʘʟʘ 

K6[{Re3,24Mo2,76S8}(CN)5] (T1 = 1000 oC, T2 = 850 oC) ʙʦʛʘʪʘ ʨʝʥʠʝʤ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʕɼʉ, ʠ 

ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ {Re4Mo2S8}  (ʊʘʙʣʠʮʘ 10, ʟ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʘʟʘ K6[{Re6-xMoxS8}(CN)5] ʩʦʜʝʨʞʠʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʷʜʨʘ {Re2Mo4S8}, {Re3Mo3S8}, {Re4Mo2S8} ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʟʥʘʯʝʥʠʷ x ʦʪ 2,75 ʜʦ 3,25 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. 

 

ʈʠʩʫʥʦʢ 33. ʀʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʜʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ CH3CN 

ʩʦʣʝʡ (Ph4P)4[{ Re6-xMoxS8}( CN)6] (4) ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ T1 (600, 800, 1000oC) ʠ T2 (700, 

750, 850 oC) (ʯʝʨʥʳʝ ʣʠʥʠʠ). ʈʘʩʩʯʠʪʘʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʜʜʫʢʪʦʚ 

(ʮʚʝʪʥʳʝ ʣʠʥʠʠ). ʉʠʛʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʜʜʫʢʪʘʤ: {(Ph4P)[{ Re3Mo3S8}( CN)6]ȚH2O} 2ï (m/zʨʘʩʯ= 808,75 

ɼʘ, ʬʠʦʣʝʪʦʚʘʷ ʣʠʥʠʷ), {(Ph4P)[{ Re4Mo2S8}( CN)5]} 2ï (m/zʨʘʩʯ= 831,27 ɼʘ, ʟʝʣʝʥʘʷ ʣʠʥʠʷ), 

{ H2[{ Re2Mo4S8}( CN)4]ȚH2OȚCH3CN} 2ï (m/zʨʘʩʯ= 1220,39 ɼʘ, ʦʨʘʥʞʝʚʘʷ ʣʠʥʠʷ). 
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ʊʘʙʣʠʮʘ 10. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʞʜʫ ʘʥʠʦʥʘʤʠ 

[{ Re6-xMoxS8}( CN)6] (x = 2ï4) ʧʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (4), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʨʘʟʥʳʭ T1 ʠ T2. 

T2 T1 

600 800 1000 

700 

ʕɼʉ: Re: Mo = 2,37: 3,63 

ʘ 

ʕɼʉ: Re: Mo = 3,15: 2,85 

ʙ 

ʕɼʉ: Re: Mo = 3,16: 2,84 

ʚ 

750 

ʕɼʉ: Re: Mo = 3,13: 2,87 

ʛ 

ʕɼʉ: Re: Mo = 3,11: 2,89 

ʜ 

ʕɼʉ: Re: Mo = 3,23: 2,77 

ʝ 

800 

 

ʕɼʉ: Re: Mo = 3,25: 2,75 

ʞ 

*  

ʕɼʉ: Re: Mo = 3,24: 2,76 

ʟ 

* ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ ʠʟ-ʟʘ ʜʝʛʨʘʜʘʮʠʠ ʩʪʝʥʦʢ 

ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʳ. 

ɹʦʣʝʝ ʪʦʛʦ, ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ K6[{ Re6-xMoxS8}( CN)5] (x = 2,75ï3,25) ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʥʝʦʜʥʦʨʦʜʥʳ ʧʦ ʩʦʩʪʘʚʫ: ʩʦʦʪʥʦʰʝʥʠʝ Re/Mo ʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ ʢ ʢʨʘʷʤ ʩʦʜʝʨʞʘʥʠʝ ʨʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʈʠʩʫʥʦʢ 34). ʂʨʠʩʪʘʣʣʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ 

ʧʨʦʚʝʜʝʥʥʳʭ ʩʠʥʪʝʟʘʭ. ʕʪʦ ʛʦʚʦʨʠʪ ʥʘʤ ʦʙ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mo, ʪʦ ʝʩʪʴ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʘʩʪʝʨʦʚ { Re2Mo4S8} ʠ {Re3Mo3S8}. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, 
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ʯʪʦ MoS2 ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʘʢʪʠʚʥʝʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʠ ʨʘʩʭʦʜʫʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ReS2. 

ɼʦʣʷ MoS2 ʚ ʩʠʩʪʝʤʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Re, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʘʩʪʝʨʘ ï 

{ Re4Mo2S8}.  

 

ʈʠʩʫʥʦʢ 34. ʂʨʠʩʪʘʣʣ ʩʦʝʜʠʥʝʥʠʷ (1) (T1 = 600oC, T2 = 750oC). 

 

ʈʠʩʫʥʦʢ 35. ʀʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʜʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩʦʣʠ (Ph4P)5[{ Re4,2Mo1,8S8}( CN)6] (ʯʝʨʥʳʝ ʣʠʥʠʠ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ (ʮʚʝʪʥʳʝ ʣʠʥʠʠ): 

(Ph4P)[{ Re4Mo2S8}( CN)6]2ï (m/zʨʘʩʯ = 844,27 ɼʘ, ʪʝʤʥʦ-ʟʝʣʝʥʘʷ ʣʠʥʠʷ), (Ph4P)[{ Re5MoS8}( CN)6]2ï 

(m/zʨʘʩʯ = 889,80 ɼʘ, ʢʨʘʩʥʘʷ ʣʠʥʠʷ), (Ph4P)2[{ Re4Mo2S8}( CN)6]2ï (m/zʨʘʩʯ = 1013,84 ɼʘ, ʟʝʣʝʥʘʷ ʣʠʥʠʷ), 

(Ph4P)2[{ Re5MoS8}( CN)6]2ï (m/zʨʘʩʯ = 1059,36 ɼʘ, ʙʦʨʜʦʚʘʷ ʣʠʥʠʷ). 
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ʇʦʣʠʤʝʨ ʩʦʩʪʘʚʘ K6[{ Re6-xMoxS8}( CN)5] (1) ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ʙʝʟ ʜʦʩʪʫʧʘ 

ʢʠʩʣʦʨʦʜʘ. ʈʘʩʪʚʦʨʝʥʠʝ ʧʦʣʠʤʝʨʘ (1) ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʩʢʨʝʪʥʳʭ ʩʦʣʝʡ ʩʦʩʪʘʚʘ K5[{ Re6-xMoxS8}( CN)6] (2): 

K6[{ Re6-xMoxS8}( CN)5] + 1/2O2 + KCN + H2O= K5[{ Re6-xMoxS8}( CN)6] +2KOH 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʬʘʟʳ K6[{ Re6-xMoxS8}( CN)5], ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʙʝʟ ʜʦʩʪʫʧʘ 

ʢʠʩʣʦʨʦʜʘ, ʚ ʨʝʘʢʮʠʠ MS2 ʠ KCN ʦʙʨʘʟʫʶʪʩʷ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʚ ʘʪʤʦʩʬʝʨʝ Ar. ɼʘʣʴʥʝʡʰʝʝ ʫʧʘʨʠʚʘʥʠʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ K5[{Re4.2Mo1.8S8}(CN)6] (3) (T1 = 1000, T2 = 700 oC). ʇʦ ʜʘʥʥʳʤ ESI-

MS, ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ ʚ CH3CN 

ʩʦʜʝʨʞʘʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ {Re4Mo2S8}, ʪʘʢ ʠ {Re5MoS8} (ʈʠʩʫʥʦʢ 35). 

ʇʨʠʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʘʥʠʦʥʦʚ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤʠ x ʚ { Re6-xMoxSe8}  

ʨʘʥʝʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʝʣʝʥʠʜʥʦʡ ʬʘʟʝ K6[{Re6-xMoxSe8}(CN)5] [49, 50], ʢʦʪʦʨʘʷ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ, ʧʨʠʯʝʤ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʡ ʬʘʟʳ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʝʝ 

ʧʦʣʫʯʝʥʠʷ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʟʘʛʨʫʞʘʝʤʳʭ ʨʝʘʛʝʥʪʦʚ. ɼʣʷ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʐʝʚʨʝʣʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʫʶ ʟʘʛʨʫʟʢʫ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ, ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʥʝʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ x ʚ 

M6-xMǋxQ8 [30ï32, 34, 35]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʝ Cs3Re5OsS11 ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠ ̫ʨʝʘʛʝʥʪʦʚ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʷʜʨʦ {Re5OsS8} 

[38]. ɼʘʥʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ Cs3Re5OsS11 ʷʚʣʷʝʪʩʷ 24-

ʵʣʝʢʪʨʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʠ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ Os ʧʨʠʚʦʜʠʣʦ ʙʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 25-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʞʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ɺ ʩʣʫʯʘʝ K5[{Re5MoS8}(CN)6], 

ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ 24 ʂʉʕ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʘ K6[{Re5MoS8}(CN)5] ʩ 25 ʂʉʕ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʥʝʠʟʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʯʝʨʪʦʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʡ ʬʘʟʳ K6[{ Re6-xMoxS8}( CN)5] ʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘ 

ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ { Re6-xMoxSe8} ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Re/Mo ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ [49ï51]. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʘʤʠ {Re6-xMoxS8} (x = 1ï4) ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʜʝʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʝʤ x ʠʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 
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3.2. ʈʘʟʜʝʣʝʥʠʝ ʩʤʝʩʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re6-xMoxS8} (x = 1ï4) ʠ 

ʚʳʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ x 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʭʠʤʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ-ʤʦʣʠʙʜʝʥʘ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6-xMoxS8} ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ x, ʠʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʨʘʟʜʝʣʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʟʘʨʷʜʝ ʠ 

ʤʘʩʩʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʘʤʠ { Ta6-xMoxCl12} (x = 1ï2) ʧʨʦʠʩʭʦʜʠʪ 

ʦʯʠʩʪʢʘ ʦʪ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʠʤʝʥʥʦ Ta6Cl14 [36]. ɺʦ-ʚʪʦʨʳʭ, ʚ ʩʣʫʯʘʝ 

ʦʜʠʥʘʢʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʟʘʨʷʜʘ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ {Re6-xMoxSe8} [50, 

51]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ {Re6-xMoxSe8}, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʧʦʣʫʯʝʥʥʦʡ ʬʘʟʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʙʣʠʟʢʠʝ ʧʦ ʤʘʩʩʝ, ʨʘʟʥʳʝ ʧʦ ʯʠʩʣʫ ʂʉʕ ʠ ʦʙʣʘʜʘʶʱʠʝ 

ʦʜʠʥʘʢʦʚʳʤ ʟʘʨʷʜʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʥʦʡ. 

3.2.1. ʈʘʟʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re5MoS8} ʠ {Re4Mo2S8} 

ɺ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 1 ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʶʪʩʷ ʢʨʘʩʥʦ-

ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ K5[Re4,2Mo1,8S8(CN)6] (3), ʢʦʪʦʨʳʝ ʫʜʘʝʪʩʷ ʫʩʧʝʰʥʦ ʦʪʜʝʣʠʪʴ ʦʪ 

ʧʦʣʠʤʝʨʘ ʟʘ ʩʯʝʪ ʝʛʦ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ 

ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʪʠʧʦʚ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʚ ʜʘʥʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ, ʘ ʠʤʝʥʥʦ {Re4Mo2S8} ʠ {Re5MoS8} (ʈʠʩʫʥʦʢ 35). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʨʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʘʥʠʦʥʦʚ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʛʨʘʜʠʝʥʪʥʘʷ 

ʵʣʶʝʥʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ʈʘʩʪʚʦʨ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ ʩʦʝʜʠʥʝʥʠʷ (3) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚʚʦʜʠʣʠ ʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʦʥʢʫ, ʟʘʧʦʣʥʝʥʥʫʶ ʩʠʣʠʢʘʛʝʣʝʤ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʤʳʚʘʥʠʠ CH3CN ʧʦʩʪʝʧʝʥʥʦ ʦʪ ʢʦʨʠʯʥʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪʜʝʣʷʝʪʩʷ ʞʝʣʪʦ-

ʟʝʣʝʥʘʷ ʧʝʨʚʘʷ ʬʨʘʢʮʠʷ, ʢʦʪʦʨʘʷ ʚʳʭʦʜʠʪ ʠʟ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ, ʘ ʪʘʢʞʝ ʟʝʣʝʥʘʷ 

ʬʨʘʢʮʠʷ, ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ ʩ ʦʯʝʥʴ ʤʘʣʝʥʴʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʮʝʩʩ ʵʣʶʠʨʦʚʘʥʠʷ 

ʧʨʦʜʦʣʞʘʣʠ ʥʦʚʳʤ ʵʣʶʝʥʪʦʤ EtOH, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʪʜʝʣʝʥʠʶ ʚʪʦʨʦʡ ʬʨʘʢʮʠʠ ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ. ʆʩʪʘʚʰʫʶʩʷ ʥʝʧʦʜʚʠʞʥʫʶ ʢʦʨʠʯʥʝʚʫʶ ʬʨʘʢʮʠʶ ʦʪʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʳʚʘʥʠʷ 

ʢʦʣʦʥʢʠ ʚʦʜʦʡ. ɺʩʝ ʪʨʠ ʬʨʘʢʮʠʠ, ʩʦʙʨʘʥʥʳʝ ʧʨʠ ʛʨʘʜʠʝʥʪʥʦʤ ʵʣʶʠʨʦʚʘʥʠʠ, ʠʟʫʯʘʣʠ 

ʤʝʪʦʜʦʤ ESI-MS, ʘ ʪʘʢʞʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʧʝʨʚʘʷ ʬʨʘʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʠʦʥʥʳʤ ʘʜʜʫʢʪʘʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʷʜʨʦ {Re5MoS8}, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʜʝʣʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʠʜʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʈʠʩʫʥʦʢ 36, ʘ). ɺ ʦʩʪʘʣʴʥʳʭ ʞʝ ʬʨʘʢʮʠʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʤʝʩʴ 

ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ ʷʜʨʘʤʠ {Re4Mo2S8} ʠ {Re5MoS8}. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʭʦʜ 
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ʩʦʝʜʠʥʝʥʠʷ ʩ ʷʜʨʦʤ {Re5MoS8} ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʝʛʦ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. ʅʘ ʈʠʩʫʥʢʝ 36, ʙ ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʬʨʘʢʮʠʡ 1 ï ʉH3CN, 2 ï EtOH ʠ 3 ï H2O. ʉʧʝʢʪʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ {Re5MoS8} , ʠʤʝʝʪ ʧʦʣʦʩʫ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘ 500 ʥʤ ʠ ʥʝʙʦʣʴʰʦʝ ʧʣʝʯʦ ʥʘ 456 ʥʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ {Re4Mo2S8} , ʧʣʝʯʦ ʥʘ 600 

ʥʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ 

ʷʜʨʦʤ {Re5MoS8}, ʥʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ. 

 

ʈʠʩʫʥʦʢ 36. (ʘ) ʀʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʜʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ (ʯʝʨʥʳʝ 

ʣʠʥʠʠ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ (ʮʚʝʪʥʳʝ ʣʠʥʠʠ): [{ Re5MoS8}( CN)4]2ï (m/zʨʘʩʯ = 693,73 ɼʘ, ʢʨʘʩʥʘʷ ʣʠʥʠʷ), 

Na[{ Re5MoS8}( CN)4]2ï (m/zʨʘʩʯ = 706,73 ɼʘ, ʩʠʥʷʷ ʣʠʥʠʷ), [{ Re5MoS8}( CN)5]2ï (m/zʨʘʩʯ = 718,23 ɼʘ, 

ʨʦʟʦʚʘʷ ʣʠʥʠʷ); (ʙ) ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ (Ph4P)4[{Re4.2Mo1.8S8}(CN)6] ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ 1 ï ʉH3CN, 2 ï EtOH ʠ 3 ï H2O. 

3.2.2. ʈʘʟʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re3Mo3S8}(CN)6]
4ï ʠ [{Re4Mo2S8}(CN)6]

5ï 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʙʳʣ ʚʳʙʨʘʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ K5[{Re3,16Mo2,84S8}(CN)6] 

(2), ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʧʦʣʠʤʝʨʥʦʡ ʬʘʟʳ K6[{Re3,16Mo2,84S8}(CN)5] (T1 = 1000, T2 = 700 oC). ʂʘʢ 

ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re2Mo4S8}, 

{ Re3Mo3S8} ʠ {Re4Mo2S8}  [106]. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Re/Mo ʢ ʨʘʩʪʚʦʨʫ 

ʩʦʝʜʠʥʝʥʠʷ 2 ʚ H2O ʜʦʙʘʚʣʷʣʠ ʠʟʙʳʪʦʢ Bu4NCl. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʨʝʘʢʮʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʨʅ. ʀʩʧʦʣʴʟʫʷ ʨʘʩʪʚʦʨ 0,1 M ʂʆʅ, ʟʥʘʯʝʥʠʝ ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦʚʦʜʠʣʠ ʜʦ 10,5. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚʣʷʣʠ ʥʘ ʚʦʟʜʫʭʝ ʥʘ ʦʜʥʫ ʥʝʜʝʣʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʩʷ ʟʝʣʝʥʳʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʩʦʝʜʠʥʝʥʠʷ (Bu4N)4[{Re4Mo2S8}(CN)6] (5). 
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K5[Re4Mo2S8(CN)6] + 1/4O2 + 5Bu4NCl + 1/2H2O = (Bu4N)4[Re4Mo2S8(CN)6]Ź + Bu4NOH + 

5KCl 

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʥʠʦʥʘ [{ Re4Mo2S8}( CN)6]
5ï 

(23 ʂʉʕ) ʜʦ [{Re4Mo2S8}( CN)6]
4ï (22 ʂʉʕ) (5), ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʘʷ ʩʦʣʴ ʢʦʪʦʨʦʛʦ 

ʥʝʨʘʩʪʚʦʨʠʤʘ ʚ H2O. ʀʤʝʥʥʦ ʨʘʟʥʠʮʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ { Re3Mo3S8} ʠ {Re4Mo2S8} ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʠʭ ʨʘʟʜʝʣʝʥʠʝ, ʪʘʢ ʢʘʢ ʘʥʠʦʥ [{Re3Mo3S8}( CN)6]
5ï ʦʩʪʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ. ʈʘʟʜʝʣʝʥʠʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re4Mo2Se8} ʠ {Re3Mo3Se8} ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʨʘʟʥʠʮʳ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ [50, 51]. 

ɼʘʣʴʥʝʡʰʘʷ ʚʳʜʝʨʞʢʘ ʬʠʣʴʪʨʘʪʘ ʥʘ ʚʦʟʜʫʭʝ ʥʝ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʘʜʢʘ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝʥʠʷ (5) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʚʩʝ ʠʥʪʝʥʩʠʚʥʳʝ ʩʠʛʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʘʜʜʫʢʪʘʤ ʢʣʘʩʪʝʨʘ [{Re4Mo2S8}( CN)6]
nï (ʈʠʩʫʥʦʢ 37). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʳʜʝʣʝʥʥʦʤ ʦʩʘʜʢʝ 

ʩʦʝʜʠʥʝʥʠʷ (5) ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ { Re4Mo2S8}.  

 

ʈʠʩʫʥʦʢ 37. ʀʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʜʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ (ʯʝʨʥʳʝ 

ʣʠʥʠʠ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ (ʮʚʝʪʥʳʝ ʣʠʥʠʠ): H4[{ Re4Mo2S8}( CN)6]Ŀ(H2O)(CH3CN)2ï (m/zʨʘʩʯ = 706,24 ɼʘ, 

ʟʝʣʝʥʘʷ ʣʠʥʠʷ), (Bu4N)[{ Re4Mo2S8}( CN)5]2ï (m/zʨʘʩʯ = 782,85 ɼʘ, ʪʝʤʥʦ-ʟʝʣʝʥʘʷ ʣʠʥʠʷ), 

(Bu4N)[{ Re4Mo2S8}( CN)4(OH)]Ŀ(CH3CN)2ï (m/zʨʘʩʯ = 798.86 ɼʘ, ʙʠʨʶʟʦʚʘʷ ʣʠʥʠʷ), 

(Bu4N)2[{ Re4Mo2S8}( CN)6]2ï (m/zʨʘʩʯ = 916,99 ɼʘ, ʩʠʥʷʷ ʣʠʥʠʷ).  
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ɺ ʩʣʫʯʘʝ ʩʝʣʝʥʠʜʥʦʡ ʩʦʣʠ (Bu4N)4[{Re4Mo2Se8}(CN)6] ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʩʦʣʠ 

ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ ʦʢʦʣʦ ʯʘʩʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʠʜʥʦʡ ʩʦʣʠ ʩʦʝʜʠʥʝʥʠʷ 5 

ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʦʜʥʘ ʥʝʜʝʣʷ [50]. ɺʨʝʤʷ ʦʩʘʞʜʝʥʠ ̫ʩʦʝʜʠʥʝʥʠʷ 5 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʛʨʝʚʘʥʠʷ 

ʨʘʩʪʚʦʨʘ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ ʠʟʙʳʪʢʘ Bu4N
+. 

ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 5 ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʤ. 

ʆʩʪʘʚʰʠʝʩʷ ʚ ʥʝʤ ʢʣʘʩʪʝʨʥʳʝ ʩʦʣʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ CH2Cl2. ʆʨʛʘʥʠʯʝʩʢʫʶ ʬʨʘʢʮʠʶ 

ʦʪʜʝʣʷʣʠ, ʚʳʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʣʫʯʝʥʥʳʡ ʤʘʩʣʷʥʠʩʪʳʡ 

ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ CH3CN. ʂ ʨʘʩʪʚʦʨʫ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʜʦʙʘʚʣʷʣʠ ʠʟʙʳʪʦʢ KSCN, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʧʘʜʝʥʠʶ ʢʦʨʠʯʥʝʚʦʛʦ ʦʩʘʜʢʘ K5[{ Re3Mo3S8}( CN)6] (6), ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨ 

ʦʩʪʘʚʘʣʩ ̫ʦʢʨʘʰʝʥʥʳʤ, ʦʜʥʘʢʦ ʧʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʥʝʤ ʥʝ ʩʦʜʝʨʞʘʪʩʷ ʘʥʠʦʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ { Re6-xMoxS8} (x = 2 ï 4). ʂ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʩʦʝʜʠʥʝʥʠ ̫ (6) 

ʜʦʙʘʚʣʷʣʠ Ph4PCl, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʩʘʞʜʝʥʠ ʁʩʦʝʜʠʥʝʥʠʷ (7), ʢʦʪʦʨʦʝ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʄʘʩʩ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝʥʠʷ (7) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʥʘʙʦʨ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʩ ʷʜʨʦʤ 

{ Re3Mo3S8} (ʈʠʩʫʥʦʢ 38), ʘʜʜʫʢʪʦʚ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ { Re4Mo2S8} ʠ { Re2Mo4S8} 

ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʅʘ ʈʠʩʫʥʢʝ 39 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 38. ʀʟʦʪʦʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʜʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ (ʯʝʨʥʘʷ 

ʣʠʥʠʷ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ (ʮʚʝʪʥʳʝ ʣʠʥʠʠ): (Ph4P)H3[{Re3Mo3S8}(CN)5]Ŀ(CH3CN)2ï (m/zʨʘʩʯ = 808,27 ɼʘ), 
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(Ph4P)H4[{Re3Mo3S8}(CN)4]Ŀ(CH3CN)22ï (m/zʨʘʩʯ = 816,29 ɼʘ), 

(Ph4P)H2[{Re3Mo3S8}(CN)4]Ŀ(CH3CN)2(H2O)2ï (m/zʨʘʩʯ = 824,29), (Ph4P)[{Re3Mo3S8}(CN)6]Ŀ(CH3CN)22ï 

(840,28 ɼʘ), (Ph4P)H[{Re3Mo3S8}(CN)5]Ŀ(CH3CN)32ï (m/zʨʘʩʯ = 848,29 ɼʘ), 

(Ph4P)[{Re3Mo3S8}(CN)6]Ŀ(CH3CN)2(H2O)22ï (m/zʨʘʩʯ = 858,29 ɼʘ), 

(Ph4P)[{Re3Mo3S8}(CN)6]Ŀ(CH3CN)2(H2O)32ï (m/zʨʘʩʯ = 867,29 ɼʘ). 

 

ʈʠʩʫʥʦʢ 39. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ {Re3Mo3S8} 

ʠ {Re4Mo2S8}, ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ ʷʜʨʘʤʠ 

{ Re6-xMoxS8} (n = 2 ï 4). ʅʘʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʘʥʠʦʥʳ [{ Re4Mo2S8}( CN)6]
4ï ʠ 

[{ Re3Mo3S8}( CN)6]
5ï ʚ ʚʠʜʝ ʩʦʣʝʡ (5) ʠ (6). ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [{ Re5MoS8}( CN)6]

5ï ʙʳʣ 

ʧʦʣʫʯʝʥ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʢʨʦʤʝ ʨʝʛʠʩʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ. ʂʣʘʩʪʝʨʳ ʩ ʷʜʨʦʤ {Re2Mo4S8}  ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʦʥʥʳʭ ʘʜʜʫʢʪʦʚ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. 

3.3. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ {Re4Mo2S8} ʠ 

{Re3Mo3S8} 

ʄʝʪʦʜʦʤ ʎɺɸ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ 

ʘʥʠʦʥʦʚ ʩ ʷʜʨʘʤʠ {Re4Mo2S8} ʠ {Re3Mo3S8}. ɺ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʣʴ 

(Bu4N)4[{ Re4Mo2S8}( CN)6] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʘ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʧʝʨʝʭʦʜʘ ʩ E1/2 = ï0,303 ɺ ʠ ï

1,186 ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl) (ʈʠʩʫʥʦʢ 40). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʘʥʠʦʥʘ [{ Re4Mo2S8}( CN)6]
4ï (22 ʂʉʕ) Ÿ [{Re4Mo2S8}( CN)6]

5ï (23 ʂʉʕ) Ÿ 

[{ Re4Mo2S8}( CN)6]
6ï (24 ʂʉʕ). 
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ʈʠʩʫʥʦʢ 40. ʎɺɸ ʩʦʝʜʠʥʝʥʠʷ 5 ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʇʦ ʩʨʘʚʥʝʥʠ ʁ ʩ ʩʝʣʝʥʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [{ Re4Mo2Se8}( CN)6]
nï, ʧʦʪʝʥʮʠʘʣʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ [{Re4Mo2S8}( CN)6]
4ï ʩʤʝʱʝʥʳ ʥʘ 0,173 ʠ 0,108 ɺ ʚ 

ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ. ʕʪʦʪ ʩʜʚʠʛ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ [{Re6Q8}( CN)6]
nï, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʜʚʠʛ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʧʨʠʨʦʜʳ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʦʪ Q = S, Se ʢ ʊe [107]. 

ɼʦʙʘʚʣʝʥʠʝ KSCN ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʢ ʨʘʩʪʚʦʨʫ ʩʦʝʜʠʥʝʥʠʷ 5 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ K5[{ Re4Mo2S8}( CN)6]. ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʩʦʝʜʠʥʝʥʠʷ 

K5[{ Re4Mo2S8}( CN)6] ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʠʤ ʦʙʨʘʪʠʤʳʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ ʩ E1/2 = 0,073 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl (ʈʠʩʫʥʦʢ 41). ʕʪʦʪ 

ʧʝʨʝʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ [{Re4Mo2S8}( CN)6]
4ï (22 ʂʉʕ)Ÿ [{Re4Mo2S8}( CN)6]

5ï 

(23 ʂʉʕ). 

 

ʈʠʩʫʥʦʢ 41. ʎɺɸ K5[{ Re4Mo2S8}( CN)6] ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl ʚ ʚʦʜʝ. 
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ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{ Re3Mo3S8}( CN)6]
5ï (22 

ʂʉʕ, ʩʦʝʜʠʥʝʥʠʝ 7) ʚ ʘʮʝʪʦʥʝ ʩʦʜʝʨʞʠʪ ʪʨʠ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʧʝʨʝʭʦʜʘ (ʈʠʩʫʥʦʢ 42). E1/2 ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩʦʩʪʘʚʣʷʶʪ ï0,018 ɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ 

[{ Re3Mo3S8}( CN)6]
5ï (22 ʂʉʕ) Ÿ [{Re3Mo3S8}( CN)6]

4ï (21 ʂʉʕ), ʠ E1/2 ï0,904 ɺ ʠ ï1,332 ɺ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ [{ Re3Mo3S8}( CN)6]
5ï (22 ʂʉʕ) Ÿ 

[{ Re3Mo3S8}( CN)6]
6ï (23 ʂʉʕ) Ÿ [{Re3Mo3S8}( CN)6]

7ï (24 ʂʉʕ), ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl. ʕʪʠ 

ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʜʣʷ ʩʝʣʝʥʠʜʥʳʭ ʘʥʠʦʥʦʚ [{Re3Mo3Se8}( CN)6]
4ï/5ï/6ï/7ï 

[49]. ɺʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʩʦʩʪʘʚ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʩʤʝʱʝʥʠʶ ʠʭ ʚ ʘʥʦʜʥʫʶ ʦʙʣʘʩʪ,ɹ ʘʥʘʣʦʛʠʯʥʦ 

ʩʝʣʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʝʤ ʚʚʝʜʝʥʠʝ ʥʦʚʦʛʦ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʚ 

ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ (ʊʘʙʣʠʮʘ 11). 

 

ʈʠʩʫʥʦʢ 42. ʎɺɸ [{Re3Mo3S8}( CN)6]5ï ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl ʚ ʘʮʝʪʦʥʝ. 

ʊʘʙʣʠʮʘ 11. ɼʘʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʪʠʧʘ {M6Q8} (M = 

Re, Mo; Q = S, Se; ʧʦʪʝʥʮʠʘʣʳ ʥʦʨʤʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl/3,5M KCl). ɿʘʨʷʜʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʘʨ ʫʢʘʟʘʥʳ ʚ ʩʢʦʙʢʘʭ. 

ɸʥʠʦʥ 21/22 22/23 23/24 

[{Re6S8}(CN)6]
(n-1)ï/nï (CH3CN) ï ï ï0,093 

[{Re4Mo2S8}(CN)6]
 (n-1)ï/nï (CH3CN) ï ï0,303 ï1,186 

[{Re4Mo2Se8}(CN)6]
 (n-1)ï/nï (CH3CN) [50] ï ï0,476 ï1,294 

[{Re3Mo3S8}(CN)6]
 (n-1)ï/nï (ɸʮʝʪʦʥ) ï0,018 ï0,904 ï1,332 

[{Re3Mo3Se8}(CN)6]
 (n-1)ï/nï (CH3CN) [49] ï0,202 ï0,870 ï1,270 
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3.4. ʆʙʩʫʞʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ 

{Re4Mo2S8} ʠ {Re3Mo3S8} 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʝʪʘʣʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ ʇ1. 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 

(Bu4N)4[{ Re4Mo2S8}( CN)6]Ŀ2H2O (5) ʠ K5[{ Re3Mo3S8}( CN)6]Ŀ8H2O (6), ʚ ʢʦʪʦʨʳʭ ʢʣʘʩʪʝʨʥʳʝ 

ʘʥʠʦʥʳ [{Re4Mo2S8}( CN)6]
4ï ʠ [{Re3Mo3S8}( CN)6]

5ï ʩʦʜʝʨʞʘʪ 22 ʂʉʕ. ʕʪʠ ʘʥʠʦʥʳ ʦʙʣʘʜʘʶʪ 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [{M6Q8} L6] ʛʝʦʤʝʪʨʠʝʡ (ʈʠʩʫʥʦʢ 43). 

 

ʈʠʩʫʥʦʢ 43. ɻʝʦʤʝʪʨʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{Re4Mo2S8}(CN)6]4ï ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 5. ʎʚʝʪʦʚʦʡ 

ʢʦʜ: Re/Mo (ʯʝʨʥʳʡ), S (ʞʝʣʪʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 

ɸʪʦʤʳ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʚʩʝʤ ʧʦʟʠʮʠʷʤ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʯʪʦ ʥʝ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʉʚʦʙʦʜʥʦʝ ʫʪʦʯʥʝʥʠʝ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʢʘʢ Re3,87(3)Mo2,13(3) ʠ Re2,94(12)Mo3,06(12). ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʕɼʉ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ ʙʳʣʠ 

ʩʦʦʪʥʝʩʝʥʳ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ { Re4Mo2S8} ʠ {Re3Mo3S8}. ʎʝʣʦʯʠʩʣʝʥʥʳʝ 

ʦʪʥʦʰʝʥʠʷ R/Mo ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ R ʠ wR2 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. ʀʟ-ʟʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʠʟʦʤʝʨʥʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ReïRe, MoïMo ʠ ReïMo. ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ MïM ʩʦʩʪʘʚʣʷʶʪ 2,615(1) ¡ ʠ 

2,623(2) ¡, ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ MïS ʨʘʚʥʳ 2,427(2) ʠ 2,430(4) ¡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 5 ʠ 6, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 12). ʈʘʩʩʪʦʷʥʠʷ ʄïʄ ʠ ʄïQ ʫʚʝʣʠʯʠʚʘʶʪʩʷ (ʢʘʢ ʜʣʷ ʩʫʣʴʬʠʜʥʳʭ, 

ʪʘʢ ʠ ʜʣʷ ʩʝʣʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ) ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʄʦ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʇʨʠ 

ʵʪʦʤ ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʄïQ ʠ ʄïʄ ʜʣʷ ʩʫʣʴʬʠʜʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʢʦʨʦʯʝ, ʯʝʤ ʜʣʷ ʩʝʣʝʥʠʜʥʳʭ ʘʥʘʣʦʛʦʚ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʘʭ 
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ʩʝʨʳ ʠ ʩʝʣʝʥʘ. ʈʘʩʩʪʦʷʥʠʷ ʄïʉ ʙʣʠʟʢʠ ʜʣʷ ʚʩʝʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʊʘʙʣʠʮʝ 12. 

ʊʘʙʣʠʮʘ 12. ʉʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʜʣʷ ʮʠʘʥʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 ʂʉʕ M-M M-Q M-C 

{Re6S8}(CN)6 [60] 24 ʂʉʕ 2,602(4) 2,413(9) 2,122(9) 

{Re4Mo2S8}(CN)6 (5) 22 ʂʉʕ 2,615(1) 2,427(2) 2,15(1) 

{Re4Mo2Se8}( CN)6 

[50] 

22 ʂʉʕ 2,646(14) 2,540(9) 2,16(1) 

{Re3Mo3S8}(CN)6 (6) 22 ʂʉʕ 2,623(2) 2,430(4) 2,15(3) 

{Re3Mo3Se8}(CN)6 

[49] 

22 ʂʉʕ 2,6494(9) 2,5464(9) 2,14(2) 

{Mo 6S8}(CN)6 [59] 21 ʂʉʕ 2,6656(9) 2,4565(12) 2,204(8) 

 

3.5. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

ɼʘʥʥʳʝ ʈʉɸ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʘʤ ʩʚʝʜʝʥʴ ̫ʦ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʪʘʢ ʢʘʢ 

ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʟʘʥʠʤʘʶʪ ʦʙʱʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ. ɼʣʷ ʩʝʣʝʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʘʤʠ { Re6-xMoxSe8}  ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʂʉʕ. ɺʦʟʥʠʢʘʶʱʝʝ ʠʩʢʘʞʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʠʟ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʩʠʤʤʝʪʨʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʤʤʝʪʨʠʝʡ 

ʩʪʨʫʢʪʫʨ, ʘ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʨʝʜʥʝʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ 22-ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʦʩʪʦʚʦʚ {Re3Mo3} ʠ {Re4Mo2} ʚ ʩʦʝʜʠʥʝʥʠʷʭ K5[{ Re3Mo3S8}( CN)6] (6) ʠ 

(Bu4N)4[{ Re4Mo2S8}( CN)6] (5) ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ EXAFS. ʂʦʥʝʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʪʦʯʥʝʥʠʷ 

ʩʧʝʢʪʨʦʚ EXAFS ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ ʇ2. 

ɺ ʩʣʫʯʘʝ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ (5), ʪʘʢ ʠ ʩʦʝʜʠʥʝʥʠʷ (6), ʨʘʩʩʪʦʷʥʠʷ ReïRe ʢʦʨʦʯʝ ʩʨʝʜʥʠʭ 

ʨʘʩʩʪʦʷʥʠʡ MïM, ʘ ʨʘʩʩʪʦʷʥʠʷ MoïMo ʟʘʤʝʪʥʦ ʜʣʠʥʥʝʝ (ʊʘʙʣʠʮʘ 13). ʀʟ ʜʘʥʥʳʭ EXAFS 

ʚʠʜʥʦ, ʯʪʦ ʤʝʪʘʣʦʦʩʪʦʚ r { Re3Mo3} ʠ {Re4Mo2} ʚ 22-ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʘʭ 

ʩʠʣʴʥʦ ʠʩʢʘʞʝʥ (ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʘʤʦʡ ʜʣʠʥʥʦʡ ʠ ʩʘʤʦʡ ʢʦʨʦʪʢʦʡ ʩʚʷʟʴʶ MïM ʩʦʩʪʘʚʣʷʝʪ 

0,142 ʠ 0,129 ʜʣʷ ʛʨʘʥ- ʠ ʦʩ-[{Re3Mo3S8}(CN)6]
5ï, ʘ ʪʘʢʞʝ 0,207 ʠ 0,052 ʜʣʷ ʮʠʩ- ʠ ʪʨʘʥʩ-

[{Re4Mo2S8}(CN)6]
4ï, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ʊʘʙʣʠʮʘ 13. ʈʘʩʩʪʦʷʥʠʷ MïM (¡) ʜʣʷ [{Re3Mo3S8}( CN)6]5ï ʠ [{Re3Mo3S8}( CN)6]4ï, ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ 

ʜʘʥʥʳʭ EXAFS. 

(¡) 
ʛʨʘʥ-

[{Re3Mo3S8}(CN)6]5ï 

ʦʩ-

[{Re3Mo3S8}(CN)6]5ï 

ʮʠʩ-

[{Re4Mo2S8}(CN)6]4ï 

ʪʨʘʥʩ-

[{Re4Mo2S8}(CN)6]4ï 

RMo-

Mo 
2,75(2) 2,741 2,80(3) ï 

RMo-

Re 
2,630(6) 2,642 2,644(3) 2,644(3) 

RRe-Re 2,608(4) 2,612 2,593(4) 2,592(4) 

RM-M <2,655> <2,659> <2,635> <2,627> 

* ɼʘʥʥʳʝ EXAFS ʙʳʣʠ ʧʦʣʫʯʝʥʳ Carmelo Prestipino, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʢ.ʭ.ʥ. ʄʫʨʘʚʴʝʚʦʡ ɺ.ʂ. 

3.6. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re4Mo2S8}(CN)6]nï ʠ 

[{Re3Mo3S8}(CN)6]nï 

ɼʣʷ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{Re4Mo2S8}(CN)6]
nï (n = 4ï6) ʠ ʜʣʷ 

ʦʩ- ʠ ʛʨʘʥ- ʠʟʦʤʝʨʦʚ [{Re3Mo3S8}(CN)6]
nï (n = 4ï7) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ DFT. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʤʝʪʘʣʦʦʩʪʦʚ {Re3Mo3}, ʩʦʜʝʨʞʘʱʠʡ 24 ʂʉʕ, 

ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʢʘʞʝʥʥʳʤ ʦʢʪʘʵʜʨʦʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʩ-ʠʟʦʤʝʨʘ ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʜʣʷ ʛʨʘʥ-ʠʟʦʤʝʨʘ, ʨʘʩʩʪʦʷʥʠʷ ReïRe, ReïMo ʠ MoïMo ʧʦ ʜʘʥʥʳʤ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʪʣʠʯʘʶʪʩʷ ʩʣʘʙʦ (ʈʠʩʫʥʦʢ 46, 24 ʂʉʕ). ʕʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

24-ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʣʠʟʢʠ ʠ ʩʦʩʪʘʚʣʷʶʪ ï226,518, ï226,639, ï228,969 ʠ 

ï228,855 ʵɺ ʜʣʷ ʮʠʩ-[{Re4Mo2S8}(CN)6]
6ï, ʪʨʘʥʩ-[{Re4Mo2S8}(CN)6]

6ï, ʛʨʘʥ-

[{Re3Mo3S8}(CN)6]
7ï ʠ ʦʩ-[{Re3Mo3S8}(CN)6]

7ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʜʣʷ ʘʥʠʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 24 ʂʉʕ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʱʝʣʠ ʤʝʞʜʫ ɺɿʄʆ ʠ ɺɿʄʆï1 ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,67 ʜʦ 0,80 ʵɺ 

(ʈʠʩʫʥʦʢ 44, 45). ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ɺɿʄʆ ʠ ɺɿʄʆï1 ʚʥʦʩʷʪ ʘʪʦʤʥʳʝ ʦʨʙʠʪʘʣʠ ʨʝʥʠʷ, 

ʤʦʣʠʙʜʝʥʘ ʠ ʩʝʨʳ (ʚʢʣʘʜ ʧʦʨʷʜʢʘ 20 %). ɺ ʅʉʄʆ ʧʦʤʠʤʦ ʚʢʣʘʜʘ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʤʝʪʘʣʣʦʚ ʠ ʩʝʨʳ ʝʩʪʴ ʟʘʤʝʪʥʳʡ ʚʢʣʘʜ ʦʪ C ʠ N. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ ʤʝʞʜʫ ɺɿʄʆ ʠ ʅʉʄʆ 

ʩʦʩʪʘʚʣʷʝʪ 2,2 ʵɺ ʜʣʷ ʘʥʠʦʥʦʚ ʩ 24 ʂʉʕ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ { Re3Mo3S8} ʠ 2,0 ʵɺ ʜʣʷ 

{ Re4Mo2S8}.  ʋʜʘʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ɺɿʄʆ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ 

(ʄʆ) ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʵʥʝʨʛʠʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ 
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ʤʝʞʜʫ ɺɿʄʆ ʠ ɺɿʄʆï1, ʟʘ ʩʯʝʪ ʨʘʩʱʝʧʣʝʥʠʷ ɺɿʄʆ ʥʘ ʜʚʝ ʦʨʙʠʪʘʣʠ. ʇʨʠ ʵʪʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ ʤʝʞʜʫ ɺɿʄʆ ʠ ʅʉʄʆ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

 

ʈʠʩʫʥʦʢ 44. ʘ) ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʘʥʠʦʥʦʚ 

[Re4Mo2S8(CN)6]nï (n = 4ï6 ʩʣʝʚʘ ʥʘʧʨʘʚʦ), ʙ) ʀʟʦʙʨʘʞʝʥʠʝ ʦʨʙʠʪʘʣʝʡ ɺɿʄʆï1, ɺɿʄʆ ʠ ʅʉʄʆ ʜʣʷ 

ʘʥʠʦʥʘ ʮʠʩ-[Re4Mo2S8(CN)6]6ï ʚ) ʀʟʦʙʨʘʞʝʥʠʝ ʦʨʙʠʪʘʣʝʡ ɺɿʄʆï1, ɺɿʄʆ ʠ ʅʉʄʆ ʜʣʷ ʘʥʠʦʥʘ 

ʪʨʘʥʩ-[Re4Mo2S8(CN)6]6ï. 

 

ʈʠʩʫʥʦʢ 45. ʘ) ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʛʨʘʥ-ʠʟʦʤʝʨʘ ʘʥʠʦʥʦʚ 

[Re3Mo3S8(CN)6]nï (n = 5ï7 ʩʣʝʚʘ ʥʘʧʨʘʚʦ), ʙ) ʀʟʦʙʨʘʞʝʥʠʝ ʦʨʙʠʪʘʣʝʡ ɺɿʄʆï1, ɺɿʄʆ ʠ ʅʉʄʆ ʜʣʷ 

ʘʥʠʦʥʘ ʛʨʘʥ-[Re3Mo3S8(CN)6]7ï, ʚ) ʀʟʦʙʨʘʞʝʥʠʝ ʦʨʙʠʪʘʣʝʡ ɺɿʄʆï1, ɺɿʄʆ ʠ ʅʉʄʆ ʜʣʷ ʘʥʠʦʥʘ ʦʩ-

[Re3Mo3S8(CN)6]7ï. 
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ɼʘʥʥʳʝ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʢʦʨʦʯʝʥʠ ʁ ʨʘʩʩʪʦʷʥʠʡ ReïRe ʠ ʫʜʣʠʥʝʥʠ ʁ ʨʘʩʩʪʦʷʥʠʡ MoïMo ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʷʜʨʝ ʢʘʢ ʚ ʩʣʫʯʘʝ ʦʩ-, ʪʘʢ ʠ ʛʨʘʥ- ʠʟʦʤʝʨʦʚ (ʈʠʩʫʥʦʢ 46, ʊʘʙʣʠʮʘ 14, 23 ʂʉʕ 

ʠ 22 ʂʉʕ). ʀʩʢʘʞʝʥʠʝ ʤʝʪʘʣʦʦʩʪʦʚʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʩʠʤʤʝʪʨʠʠ ʦʪ Oh ʜʦ C2v ʠ Cs ʜʣʷ 

ʦʩ- ʠ ʛʨʘʥ-ʠʟʦʤʝʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʘʤʳʤ ʜʣʠʥʥʳʤ ʠ ʩʘʤʳʤ ʢʦʨʦʪʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʜʣʠʥʳ ʩʚʷʟʠ MïM ʜʣʷ ʦʩ-ʠʟʦʤʝʨʘ ʩ 22 ʂʉʕ ʩʦʩʪʘʚʣʷʝʪ 0,133 ¡ (ʜʣʷ ʛʨʘʥ-ʠʟʦʤʝʨʘ 

ï 0,182 ¡). 

 

ʈʠʩʫʥʦʢ 46. ʆʩʥʦʚʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʚʷʟʝʡ MïM (¡) (ʩʨʝʜʥʠʝ ʜʣʷ MoïMo, ReïMo, ReïRe ʠ ʦʙʱʝʝ 

ʩʨʝʜʥʝʝ MïM) ʜʣʷ [{Re3Mo3S8}( CN)6]nï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʂʉʕ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʠʦʥʘ. 

ɹʣʠʟʢʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re4Mo2S8}(CN)6]
nï (n = 4ï6), 

ʚʠʜʥʦ, ʯʪʦ ʠʩʢʘʞʝʥʠʝ ʤʝʪʘʣʦʦʩʪʦʚʘ {Re4Mo2} ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʂʉʕ, ʢʘʢ 

ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ {Re3Mo3}. ʋʜʘʣʝʥʠʝ ʦʪ ʦʜʥʦʛʦ ʜʦ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 

{ Re4Mo2S8} ʧʨʠʚʦʜʠʪ ʢ ʫʢʦʨʦʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ ReïRe ʠ ʫʜʣʠʥʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ MoïMo, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʩʠʤʤʝʪʨʠʠ Oh ʜʦ C2v ʠ D4h ʜʣʷ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 47, ʊʘʙʣʠʮʘ 15). 
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ʈʠʩʫʥʦʢ 47. ʆʩʥʦʚʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʚʷʟʝʡ MïM (¡) (ʩʨʝʜʥʠʝ ʜʣʷ MoïMo, ReïMo, ReïRe ʠ ʦʙʱʝʝ 

ʩʨʝʜʥʝʝ MïM) ʜʣʷ [{Re4Mo2S8}( CN)6]nï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʂʉʕ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʠʦʥʘ. 

ʊʘʙʣʠʮʘ 14. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʪʦʷʥʠʷ MïM (¡) ʜʣʷ [{Re3Mo3S8}( CN)6]5ï, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ EXAFS, DFT ʠ ʈʉɸ. 

¡ 

ʛʨʘʥ-[{Re3Mo3S8}(CN)6]5ï ʦʩ-[{Re3Mo3S8}(CN)6]5ï ʈʉɸ 

 

 

EXAFS DFT EXAFS DFT 

RMo-Mo 2,75(2) <2,695> 2,741 <2,743>  

RMo-Re 2,630(6) <2,658> 2,642 <2,649>  

RRe-Re 2,608(4) <2,633> 2,612 <2,611>  

RM-M <2,655> <2,661> <2,659> <2,659> 2,623(2) 
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ʊʘʙʣʠʮʘ 15. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʪʦʷʥʠʷ MïM (¡) ʜʣʷ [Re4Mo2Se8(CN)6]4ï, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ EXAFS, DFT ʠ ʈʉɸ. 

¡ 

ʮʠʩ-[Re4Mo2S8(CN)6]4ï ʪʨʘʥʩ-[Re4Mo2S8(CN)6]4ï ʈʉɸ 

 

 

EXAFS DFT EXAFS DFT 

RMo-Mo 2,80(3) <2,800> ï ï  

RMo-Re 2,644(3) <2,650> 2,644(3) <2,675>  

RRe-Re 2,593(4) <2,618> 2,592(4) <2,589>  

RM-M <2,635> <2,649> <2,627> <2,646> 

2,597(1)ï2,623(1) 

<2,615> 

* ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢ.ʭ.ʥ. ɻʘʡʬʫʣʠʥʳʤ ʗ.ʄ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʨʘʩʯʝʪʦʚ ʠ EXAFS ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʪʘʣʦʦʩʪʦʚʳ {Re3Mo3} ʠ 

{ Re4Mo2} ʚ ʘʥʠʦʥʘʭ ʩ 22 ʂʉʕ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʳ, ʘ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪ ʫʩʨʝʜʥʝʥʥʫʶ 

ʢʘʨʪʠʥʫ ʠʟ-ʟʘ ʥʝʩʦʚʧʘʜʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʣʘ ʠ ʣʦʢʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ (ʊʘʙʣʠʮʘ 14 ʠ 15). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʄïʄ ʚ 

ʘʥʠʦʥʘʭ [{Re3Mo3S8}(CN)6]
5ï ʠ [{Re4Mo2S8}( CN)6]

4ï, ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʝʪʦʜʦʤ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟ ʩʧʝʢʪʨʦʚ EXAFS, ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

3.7. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re4Mo2S8} ʠ {Re3Mo3S8} ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʠʜʠʥʘ 

3.7.1. ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Re6-xMoxS8}L6]  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ { Re6-xMoxS8}  

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʪʦʣʴʢʦ ʩ ʮʠʘʥʠʜʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʅʘʤʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʩʪʘʜʠʡʥʘʷ ʤʝʪʦʜʠʢʘ ʟʘʤʝʱʝʥʠʷ ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ K5[{ Re6-xMoxS8}( CN)6] [108]. ʀʟʥʘʯʘʣʴʥʦ, ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

K5[{ Re3.2Mo1.8S8}( CN)6], ʩʦʜʝʨʞʘʱʠʡ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6-nMonS8} (n = 2ï4). ʈʘʟʨʘʙʦʪʢʘ 

ʫʩʧʝʰʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʟʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʘʤʠ {Re4Mo2S8} ʠ {Re3Mo3S8} 

ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʟʘʤʝʱʝʥʠʝ ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 5 ʠ 6.  
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ɼʣʷ ʟʘʤʝʱʝʥʠʷ CN-ʣʠʛʘʥʜʦʚ ʚ ʘʤʧʫʣʫ ʧʦʤʝʱʘʣʠ ʩʦʣʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ ʚʦʜʳ, ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʚʟʷʪʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ. ʇʦʩʣʝ ʯʝʛʦ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 160Áʉ ʚ ʪʝʯʝʥʠʝ 96ï120 

ʯʘʩʦʚ ʩ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʈʠʩʫʥʦʢ 48). 

 

ʈʠʩʫʥʦʢ 48. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ [{Re6-xMoxS8}L 6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʣʠʛʘʥʜʘʤʠ L = ʧʠʨʠʜʠʥ, 4-

ʵʪʠʣʧʠʨʠʜʠʥ ʠ 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ ʠʟ K5[{ Re3.2Mo2.8S8}( CN)6], ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʜʙʠʨʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʣʠʛʘʥʜʘ, ʤʝʥʷʷ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ. ʊʘʢ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [{Re3,3Mo2,7S8}( py)6] (8), [{ Re3,7Mo2,3S8}( tbp)6] (11), ʘ ʪʘʢʞʝ 

[{ Re3,5Mo2,5S8}( etpy)6] (14). ʇʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʚʳʜʝʣʝʥʠʷ ʧʠʨʠʜʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʩʦʝʜʠʥʝʥʠʠ, ʩʦʜʝʨʞʘʱʝʤ ʩʤʝʩʴ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ, ʤʳ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʠ 

ʟʘʤʝʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (5) ʠ (6) ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠnʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʧʦʣʫʯʠʪʴ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ ï 

[{ Re4Mo2S8}( py)6] (9), [{ Re3Mo3S8}( py)6] (10), [{ Re4Mo2S8}( etpy)6] (12), [{ Re3Mo3S8}( etpy)6] 

(13), [{ Re4Mo2S8}( tbp)6] (15), [{ Re3Mo3S8}( tbp)6] (16). 

3.7.2. ʆʧʠʩʘʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʝʪʘʣʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ ʇ1. 

3.7.2.1.ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ Re6-xMoxS8}(py)6]  

ʉʦʝʜʠʥʝʥʠʷ 8ï10 ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʠ ʢʨʠʩʪʘʣʣʠʟʫʪʁʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨ. ʛʨ. 

P1← ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʘʚʘ ʷʜʨʘ. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʩʤʝʰʘʥʥʳʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ, ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʩʝʨʳ ʠ ʪʨʝʭ ʣʠʛʘʥʜʦʚ ï ʤʦʣʝʢʫʣ 

ʧʠʨʠʜʠʥʘ (ʈʠʩʫʥʦʢ 49). ɺʩʝ ʘʪʦʤʳ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ɺ ʩʣʫʯʘʝ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʥʝʨʘʟʜʝʣʝʥʥʳʤʠ ʷʜʨʘʤʠ (8) ʘʪʦʤʳ Re ʠ Mo ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ 

ʪʨʝʤ ʧʦʟʠʮʠʷʤ, ʚ ʢʦʪʦʨʳʭ ʟʘʥʷʪʦʩʪʴ ʜʣʷ ʘʪʦʤʦʚ ʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,47, 0,59, 0,62, ʘ ʜʣʷ 

ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ï 0,53, 0,41, 0,38, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʦʝ ʦʪʥʦʰʝʥʠʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʠʪʦʛʦʚʦʡ ʬʦʨʤʫʣʝ [{Re3,3Mo2,7S8}(py)6], ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʕɼʉ ʠ 
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ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʋʪʦʯʥʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (9) ʠ (10), 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ (Bu4N)4[{ Re4Mo2S8}( CN)6] ʠ K5[{ Re3Mo3S8}( CN)6], ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʩʪʘʚ ʢʘʢ Re3,7Mo2,3 ʠ Re2,9Mo3,1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ {Re4Mo2S8} ʠ 

{ Re3Mo3S8}, ʯʪʦ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ ʕɼʉ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʚʦʜʠʪ ʢ 

ʠʪʦʛʦʚʳʤ ʬʦʨʤʫʣʘʤ [{ Re4Mo2S8}( py)6] ʠ [{ Re3Mo3S8}( py)6]. ʀʟ-ʟʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ 

ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʟʦʤʝʨʥʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ 

ʣʦʢʘʣʴʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ReïRe, MoïMo ʠ ReïMo.  

 

ʈʠʩʫʥʦʢ 49. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Re6-xMoxS8}( py)6]. ʎʚʝʪʦʚʦʡ ʢʦʜ: Re/Mo (ʯʝʨʥʳʡ), S 

(ʞʝʣʪʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 

ʂʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʪʨʫʢʪʫʨʘʭ 8ï10 ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ ʩʯʝʪ ˊḯ  ʩʪʝʢʠʥʛʘ, 

ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʧʠʨʠʜʠʥʘ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ ʧʠʨʠʜʠʥʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3,65 ¡) 

(ʈʠʩʫʥʦʢ 50). 

 

ʈʠʩʫʥʦʢ 50. ʉʣʦʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʝʪ ˊḯ  ʩʪʝʢʠʥʛʘ ʜʣʷ [{Re6-xMoxS8}( py)6]. ʎʚʝʪʦʚʦʡ ʢʦʜ: { Re6-

xMoxS8}  (ʯʝʨʥʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 
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ʊʘʙʣʠʮʘ 16. ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ MïM, MïS ʠ MïN ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (8ï10). 

ɼʣʠʥʳ ʩʚʷʟʝʡ, 

¡ 

[{Re3,3Mo2,7S8} (py)6] 

(8) 

[{Re4Mo2S8} (py)6] 

(9) 

[{Re3Mo3S8} (py)6] 

(10) 

MïM 2,613(6) 2,609(5) 2,615(8) 

MïS 2,428(7) 2,425(6) 2,426(7) 

MïN 2,237(14) 2,233(8) 2,237(1) 

ḯ́  ʩʪʝʢʠʥʛ 3,658 3,662 3,646 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʨʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ, ʤʝʪʘʣʣ-ʩʝʨʘ ʠ ʤʝʪʘʣʣ-ʘʟʦʪ ʫʢʦʨʘʯʠʚʘʶʪʩʷ (ʊʘʙʣʠʮʘ 16). ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʷʜʨʦʤ { Re4Mo2S8}  (24 

ʂʉʕ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ { Re3Mo3S8}  (23 ʂʉʕ). ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʚʷʟʳʚʘʶʱʠʭ 

ʦʨʙʠʪʘʣʷʭ MïM ʧʨʠʚʦʜʠʪ ʢ ʫʢʦʨʦʯʝʥʠʶ ʩʨʝʜʥʠʭ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ ʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

3.7.2.2.ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ Re6-xMoxS8}(etpy)6]  

ʉʦʝʜʠʥʝʥʠʷ 11-13 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʠʨʠʜʠʥʘ, ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨ. ʛʨ. I41/a. ʋʪʦʯʥʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʠʪʦʛʦʚʦʡ ʬʦʨʤʫʣʝ [{Re3,4Mo2,6S8}( etpy)6] (11), [{ Re4Mo2S8}( etpy)6] 

(12), [{ Re3Mo3S8}( etpy)6] (13). ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 51. 

 

ʈʠʩʫʥʦʢ 51. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6-xMoxS8(etpy)6]. ʎʚʝʪʦʚʦʡ ʢʦʜ: Re/Mo (ʯʝʨʥʳʡ), S 

(ʞʝʣʪʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 
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ʂʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʪʨʫʢʪʫʨʝ ʫʧʘʢʦʚʘʥʳ ʚ ʩʣʦʠ ʟʘ ʩʯʝʪ ˊḯ  ʩʪʝʢʠʥʛʘ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʦʤ ʧʠʨʠʜʠʥ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 4-

ʵʪʠʣʧʠʨʠʜʠʥʘ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ 4-

ʵʪʠʣʧʠʨʠʜʠʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 3,7 ¡) (ʈʠʩʫʥʦʢ 52). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʤʠʤʦ ˊḯ  ʩʪʝʢʠʥʛʘ, ʤʝʞʜʫ 

ʵʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ ʩʦʩʝʜʥʝʛʦ 4-ʵʪʠʣʧʠʨʠʜʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 

ʚʦʟʥʠʢʘʝʪ ʉHéˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʚ 3,6 ¡. ʉʨʝʜʥʠʝ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ MïM, MïS ʠ MïN ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 11ï13 ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 17. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʨʠʜʠʥʦʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʨʝʥʠʷ 

ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʨʝʜʥʠʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʤʝʪʘʣʣ-ʩʝʨʘ ʠ ʤʝʪʘʣʣ-

ʘʟʦʪ ʫʢʦʨʘʯʠʚʘʶʪʩʷ (ʊʘʙʣʠʮʘ 17).  

 

ʈʠʩʫʥʦʢ 52. ʉʣʦʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʝʪ ˊḯ  ʩʪʝʢʠʥʛʘ, ʜʣʷ [{Re6-xMoxS8}( etpy)6]. ʎʚʝʪʦʚʦʡ ʢʦʜ: {Re6-

xMoxS8} (ʯʝʨʥʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 

ʊʘʙʣʠʮʘ 17. ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ MïM, MïS ʠ MïN ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (11ï13). 

ɼʣʠʥʳ 

ʩʚʷʟʝʡ, ¡ 

[Re3,4Mo2,6S8(etpy)6] 

(11) 

[Re4Mo2S8(etpy)6] 

(12) 

[Re3Mo3S8(etpy)6] 

(13) 

MïM 2,609(6) 2,602(4) 2,612(8) 

MïS 2,432(6) 2,424(5) 2,431(6) 

MïN 2,230(5) 2,221(9) 2,230(6) 

ḯ́  ʩʪʝʢʠʥʛ 3,686 3,753 3,676 
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3.7.2.3.ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ Re6-xMoxS8}(tbp)6]  

ʉʦʝʜʠʥʝʥʠʝ 14 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨ. ʛʨ. P42/n. ʋʪʦʯʥʝʥʠʝ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʠʪʦʛʦʚʦʡ ʬʦʨʤʫʣʝ 

[{ Re3,4Mo2,6S8}( tbp)6] (14). ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 53. 

 

ʈʠʩʫʥʦʢ 53. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Re3,4Mo2,6S8}(4-tbp)6]. ʎʚʝʪʦʚʦʡ ʢʦʜ: Re/Mo 

(ʯʝʨʥʳʡ), S (ʞʝʣʪʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 

ʀʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʩʪʝʨʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʡ ʪʨʝʪ-ʙʫʪʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʦʙʨʘʟʦʚʘʥʠʝ 

ḯ́  ʩʪʝʢʠʥʛʘ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʘ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʟʘʪʨʫʜʥʝʥʦ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ ʤʦʣʝʢʫʣ 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 4,2 ¡). ɺ ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʮʝʧʦʯʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʝʪ ʩʣʘʙʳʭ CH...́  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʘʙʳʤ ˊḯ  ʩʪʝʢʠʥʛʦʤ (ʈʠʩʫʥʦʢ 54). 

 

ʈʠʩʫʥʦʢ 54. ʉʣʦʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʝʪ ˊḯ  ʩʪʝʢʠʥʛʘ, ʜʣʷ [{ Re3,4Mo2,6S8} (tbp)6]. ʎʚʝʪʦʚʦʡ ʢʦʜ: {Re6-

xMoxS8} (ʯʝʨʥʳʡ), N (ʩʠʥʠʡ), C (ʩʝʨʳʡ). 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʩʠʥʪʝʟ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ K5[{ Re3Mo3S8}( CN)6] ʠ (Bu4N)4[{ Re4Mo2S8}( CN)6] ʥʝ ʧʨʠʚʝʣʠ ʢ 
















































































