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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ, ʧʨʠʥʷʪʳʭ ʚ ʨʫʢʦʧʠʩʠ 

ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ɹʕʊ ï ʤʦʜʝʣʴ ɹʨʫʥʘʫʵʨʘ-ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ 

ɺɿʄʆ ï ʚʳʩʰʘʷ ʟʘʥʷʪʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ɻʇʍ ï ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɼʀʂ ï ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ 

ɼʄʉʆ ʠʣʠ DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ ʠʣʠ DMF ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʉʂ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ɼʊɸ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɾʂ ï ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ 

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

ʂʉʕ ï ʢʣʘʩʪʝʨʥʳʝ ʩʢʝʣʝʪʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʂʃʉʄ ï ʢʦʥʬʦʢʘʣʴʥʘʷ ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʂʆɽ ï ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʝ ʝʜʠʥʠʮʳ 

ʂʇ ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

ʤʘʩ.% ï ʤʘʩʩʦʚʳʝ ʧʨʦʮʝʥʪʳ 

ʄʆʂʇ ï ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

ʅʉʄʆ ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʆʇ ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʇɸɺ ï ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ 

ʇʨ.ʛʨ. ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʌɸ-ʉʀ ï ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ 

ʉʕʄ ï ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʉʊɸ ʩ ɸɺɻ-ʄʉ - ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʩʠʩʪʝʤʦʡ ʘʥʘʣʠʟʘ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ 

ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʊɻ ʠʣʠ ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻʌ ʠʣʠ THF ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʋʌʆ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʦʙʣʫʯʝʥʠʝ 

ʌɼʊ ï ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʕɻʍʃ ï ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʕʇʈ ï ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 
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(MeS)4-TTF ï ʪʝʪʨʘʢʠʩ(ʤʝʪʠʣʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

1H-BTA ï 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣ 

3,5-Me2pzH ï 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ 

4,4ô-bipy ï 4,4ô-ʙʠʧʠʨʠʜʠʣ 

4,4ô-py2C2H2 ï 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥ 

4,4ô-py2C2H4 ï 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʘʥ 

4-MePy ï 4-ʤʝʪʠʣʧʠʨʠʜʠʥ 

4-NH2-Py ï 4-ʘʤʠʥʦʧʠʨʠʜʠʥ 

4-PhPy ï 4-ʬʝʥʠʣʧʠʨʠʜʠʥ 

4-ViBnNMe3 ï 4-ʚʠʥʠʣʙʝʥʟʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ 

AIBN ï ʘʟʦʙʠʩʠʟʦʙʫʪʠʨʦʥʠʪʨʠʣ 

Alk ï ʘʣʢʠʣ 

BDT-TTP ï 2,5-ʙʠʩ(1,3-ʜʠʪʠʦʣ-2-ʠʣʠʜʠʥ)-1,3,4,6-ʪʝʪʨʘʪʠʘʧʝʥʪʘʣʝʥ 

BEDO-TTF ï ʙʠʩ(ʵʪʠʣʝʥʜʠʦʢʩʠ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

BEDT-TTF ï ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

BIMIPY - 4-(1H-ʙʝʥʟʠʤʠʜʘʟʦʣ-2-ʠʣ)-5-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)-2-ʤʝʪʠʣʧʠʨʠʜʠʥ-3-ʦʣ 

BPDT-TTF ï ʙʠʩ(ʧʨʦʧʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

Bu ï ʙʫʪʠʣ 

Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ 

CSD ï ʂʝʤʙʨʠʜʞʩʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

DAPI ï 4ô,6-ʜʠʘʤʠʜʠʥʦ-2-ʬʝʥʠʣʠʥʜʦʣ (ʩʠʥʠʡ ʢʨʘʩʠʪʝʣʝʡ ʢʣʝʪʦʯʥʦʛʦ ʷʜʨʘ) 

DCFH-DA ï 5,6-ʢʘʨʙʦʢʩʠ-2',7'-ʜʠʭʣʦʨʬʣʫʦʨʝʩʮʝʠʥʜʠʘʮʝʪʘʪʦʤ 

DEX-70 ï ʜʝʢʩʪʨʘʥ-70 

DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

dien ï ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥ 

dMDAEMA ï [2-(ʤʝʪʘʢʨʠʣʦʠʣʦʢʩʠ)ʵʪʠʣ]ʜʠʤʝʪʠʣʜʦʜʝʮʠʣʘʤʤʦʥʠʡ 

dMEAEMA ï [2-(ʤʝʪʘʢʨʠʣʦʠʣʦʢʩʠ)ʵʪʠʣ]ʜʠʤʝʪʠʣʵʪʠʣʘʤʤʦʥʠʡ) 

DPA-70-15 - 15% ʦʢʠʩʣʝʥʥʳʡ ʜʝʢʩʪʨʘʥ 70 

DPA-70-2 - 2% ʦʢʠʩʣʝʥʥʳʡ ʜʝʢʩʪʨʘʥ 70 

EDS ï ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

EDTEH+ ï ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

en ï ʵʪʠʣʝʥʜʠʘʤʠʥ 

Et ï ʵʪʠʣ 

F2-PDT-TTF ï (2,2ô-ʜʠʬʪʦʨʦʧʨʦʧʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

F2-PDT-EDT-TTF ï (2,2ô-ʜʠʬʪʦʨʦʧʨʦʧʠʣʝʥʜʠʪʠʘ)(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

F4-BPDT-TTF ï ʙʠʩ(2,2ô-ʜʠʬʪʦʨʦʧʨʦʧʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

FACS ï ʧʨʦʪʦʯʥʘʷ ʮʠʪʦʬʣʫʦʨʦʤʝʪʨʠʷ (ʮʠʪʦʤʝʪʨʠʷ) 

Fc ï ʬʝʨʨʦʮʝʥʠʣ 

FITC ï ʠʟʦʪʠʦʮʠʘʥʘʪ ʬʣʫʦʨʝʩʮʝʠʥʘ, ʠʣʠ ʬʣʫʦʨʝʩʮʝʠʥ 
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GFP ï Green Fluorescent Protein, ʟʝʣʝʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʙʝʣʦʢ 

HeLa ï ʢʘʨʮʠʥʦʤʘ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ 

Hep-2 ï ʢʘʨʮʠʥʦʤʘ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ 

HEPES ï 4-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)-1-ʧʠʧʝʨʘʟʠʥʵʪʘʥʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

HEK 293T ï ʵʤʙʨʠʦʥʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʦʯʢʠ ʯʝʣʦʚʝʢʘ 

IC50 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

Imz ʠʣʠ imz ï ʠʤʠʜʘʟʦʣʠʫʤ 

imzH ï ʠʤʠʜʘʟʦʣ 

ITO ï indium tin oxide, ʦʢʩʠʜ ʠʥʜʠʷ-ʦʣʦʚʘ 

LD50 ï ʩʨʝʜʥʷʷ ʜʦʟʘ ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʘʷ ʛʠʙʝʣʴ ʧʦʣʦʚʠʥʳ ʯʣʝʥʦʚ ʠʩʧʳʪʫʝʤʦʡ ʛʨʫʧʧʳ 

MAA  ï ʤʝʪʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 

MAS ï ʦʪ ʘʥʛʣ. magic-angle spinning, ʪʝʭʥʠʢʘ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʗʄʈ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʨʘʱʝ-

ʥʠʠ ʦʙʨʘʟʮʘ ʚʦʢʨʫʛ ʤʘʛʠʯʝʩʢʦʛʦ ʫʛʣʘ 

Me ï ʤʝʪʠʣ 

MMA ï ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

MPh ï ʧʝʨʠʪʦʥʝʘʣʴʥʳʝ ʤʘʢʨʦʬʘʛʠ ʤʳʰʠ 

MPs ï microparticles, ʤʠʢʨʦʯʘʩʪʠʮʳ 

MRC-5 ï ʜʠʧʣʦʠʜʥʘʷ ʣʠʥʠʷ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ 

ʄʊʊ-ʨʝʘʛʝʥʪ ï3-(4,5-ʜʠʤʝʪʠʣʪʠʘʟʦʣ-2-ʠʣ)-2,5-ʜʠʬʝʥʠʣ-ʪʝʪʨʘʟʦʣʠʫʤ ʙʨʦʤʠʜ 

NPs ï nanoparticles, ʥʘʥʦʯʘʩʪʠʮʳ 

PBS ï ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ 

PCy3 ï ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ 

PEG ï ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 

PEG40 ï ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 40000 

PEI ï ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ 

PGA40 ï ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʘʣʴʜʝʛʠʜ 40000 

Ph ï ʬʝʥʠʣ 

PI ï Propidium iodide, ʇʨʦʧʠʜʠʫʤ ʠʦʜʠʜ 

PLGA ï ʩʦʧʦʣʠʤʝʨ ʤʦʣʦʯʥʦʡ ʠ ʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪ 

PMMA ï ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

POPAM ï ʧʦʣʠʧʨʦʧʠʣʝʥʘʤʠʥʦʚʳʡ ʜʝʥʜʨʠʤʝʨ 

PPNCl ï (ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʠʤʠʥʠʷ ʭʣʦʨʠʜ) 

Pr ï ʧʨʦʧʠʣ (ʚ ʬʦʨʤʫʣʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ Pr4N+ ʥʝ ʧʫʪʘʪʴ ʩ ʧʨʘʟʝʦʜʠʤ) 

PS ï ʧʦʣʠʩʪʠʨʦʣ 

PVK ï ʧʦʣʠ-N-ʚʠʥʠʣʢʘʨʙʘʟʦʣ 

PVP ï ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ 

Py ï ʧʠʨʠʜʠʥ ʠʣʠ ʧʠʨʠʜʠʣ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʝʢʩʪʘ) 

SIMes ï 1,3-ʙʠʩ(2,4,6-ʪʨʠʤʝʪʠʣʬʝʥʠʣ)-4,5-ʜʠʛʠʜʨʦʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥ 

TEOS ï ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪ, ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ 

threo-tab ï 1,2S,3S,4-ʪʝʪʨʘʘʤʠʥʦʙʫʪʘʥ 
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TM-TTF ï ʪʝʪʨʘʤʝʪʠʣʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

TPPS ï 5,10,15,20-ʪʝʪʨʘʢʠʩ(4-ʩʫʣʴʬʦʥʘʪʦʬʝʥʠʣ)ʧʦʨʬʠʨʠʥ 

trien ï ʪʨʠʵʪʠʣʝʥʪʝʪʨʘʘʤʠʥ 

TTF ï ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

TTP ï ʪʝʪʨʘʪʠʘʧʝʥʪʘʣʝʥ 

TTPorph ï 5,10,15,20-ʪʝʪʨʘ-ʧʘʨʘ-ʪʦʣʠʣʧʦʨʬʠʨʠʥ 

VB ï 4-ʚʠʥʠʣʙʝʥʟʦʘʪ 

E. coli. ï ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ 

E. Faecalis ï ʵʥʪʝʨʦʢʦʢʢ ʬʠʢʘʣʴʥʳʡ 

PS. Aeruginosa ïʩʠʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ 

S. Aureus ï ʟʦʣʦʪʠʩʪʳʡ ʩʪʘʬʠʣʦʢʦʢʢ 

S. typhimurium ï ʩʘʣʴʤʦʥʝʣʣʘ ʪʠʬʠʤʫʨʠʫʤ 

ņ ï ʠʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ 

ūɻ ʤ ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

l ï ʜʣʠʥʘ ʚʦʣʥʳ 

lɻ ʤ ï ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

Mn ï ʩʨʝʜʥʝʯʠʩʣʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

Űɻʤ ï ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

Td ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ 

Tg ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʚʳʜʝ-

ʣʝʥʳ ʚ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʝʱʝ ʚ 1964 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʤ ʫʯʝʥʳʤ F.A. Cot-

tonôʦʤ [1]. ɿʘ ʧʨʦʰʝʜʰʠʝ ʧʦʣʚʝʢʘ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʚʝʩʴʤʘ ʰʠʨʦʢʦ ʨʘʟʚʠʣʦ ʜʘʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʪʦʨʠʯʝʩʢʠ ʟʘʢʦʥʦʤʝʨʥʦ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʴʰʦʡ ʘʢʮʝʥʪ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʧʦʠʩʢʝ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʚʝʜʫʱʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʤʠʨʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠ ʦʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʠʭ ʤʝ-

ʪʘʣʣʦʚ ʢʘʢ ʤʦʣʠʙʜʝʥ, ʚʦʣʴʬʨʘʤ, ʨʝʥʠʡ ʠ ʜʘʞʝ ʪʝʭʥʝʮʠʡ [2-5]. ʇʦʟʞʝ, ʘʢʮʝʥʪ ʙʳʣ ʩʤʝʱʝʥ 

ʚ ʩʪʦʨʦʥʫ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [6, 7]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʠʟʳʩʢʘʥʠʡ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʦʡ ʢʨʘʩʥʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ 

ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ. ʅʘ ʧʦʩʣʝʜʥʝʤ 

ʵʪʘʧʝ, ʘ ʠʤʝʥʥʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ, ʘʢʮʝʥʪ ʩʤʝʩʪʠʣʩʷ ʚ ʩʪʦʨʦʥʫ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʊʘʢ, 

ʙʳʣʘ ʫʩʧʝʰʥʦ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʦʧʪʠʢʘ (ʩʦʣ-

ʥʝʯʥʳʝ ʷʯʝʡʢʠ, ʦʧʪʦʚʦʣʦʢʥʦ), ʩʝʥʩʦʨʠʢʘ (ʢʠʩʣʦʨʦʜʥʳʝ ʜʘʪʯʠʢʠ), ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ (ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ), ʙʠʦʣʦʛʠ ̫(ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʷ) ʠ ʤʝʜʠ-

ʮʠʥʘ (ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ). 

ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ (2011 ʛ) ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʩʪʨʝʯʘʣʠʩʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥ.r ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝ ʚʳʩʦ-

ʢʦʡ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʜʘʝʪ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʚʳʩʦʢʫʶ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʘʛʥʦ-

ʩʪʠʢʠ, ʪʝʤ ʩʘʤʳʤ ʜʝʣʘʷ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝ ʷʨʢʦ-ʢʨʘʩʥʦʡ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʝ ʧʝʨʩʧʝʢʪʠʚ,r ʜʦ 2011 ʛʦʜʘ 

ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʣʠʰʴ ʦʜʥʘ ʨʘʙʦʪʘ, ʥʘʧʨʷʤʫʶ ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʘʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ, ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʦʢ [8]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʥʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʚʦʟ-

ʤʦʞʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʦʩʣʦ, ʯʪʦ ʪʘʢʞʝ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ. 
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ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʥʘ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠ-

ʮʠʥʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʠʟʫʯʝʥʠʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʠ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩ-

ʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠʟʚʝʩʪʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ; 

¶ ʦʮʝʥʢʘ ʪʦʢʩʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʠʣʠ ʬʦʪʦʘʢʪʠʚ-

ʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʠ ʤʝʣʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠ-

ʚʦʪʥʳʭ; 

¶ ʩʠʥʪʝʟ ʥʦʚʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʠ ʠʭ 

ʜʝʪʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʥʘʙʦʨʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘ-

ʣʠʟʘ; 

¶ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ; 

¶ ʠʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʥʭr ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ; 

¶ ʩʠʥʪʝʟ ʥʦʚʳʭ ʚʳʩʦʢʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʠʭ ʜʝ-

ʪʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʤʘʪʨʠʮʳ ʨʘʟ-

ʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ï ʦʨʛʘʥʠʯʝʩʢʠʝ, ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ, ʠ ʠʭ ʜʝ-

ʪʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ; 

¶ ʠʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʤʘ-

ʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʚʢʣʶʯʘʷ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ; 

¶ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʥʦʚʘʷ ʠ ʬʦ-

ʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʢʠʥʝʪʠʢʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʚʳʚʝʜʝʥʠʷ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʛʝʥʝʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ 37 ʥʦʚrʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʧʨʠʯʝʤ 

ʩʪʨʦʝʥʠʝ 28 ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʨʷʜʘ ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯ-

ʰʠʤʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦ-

ʩʪʘʚʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6Te8} 2+, {Re6Se8} 2+, {Re6S8} 2+ ʠ {Mo6I8} 4+. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʢ-

ʩʘʮʠʘʥʠʜʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝ-

ʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʋʌ ʩʚʝʪʘ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ Se > S >> Te. ɼʣʷ 

ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʦʢʩʠʯʥʦʩʪʴ ʥʘ 
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ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʠ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʤ 

ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʚ ʨʷʜʫ [{Re6S8}( CN)6]4ï, [{ Re6Se8}( CN)6]4ï ʠ [{ Re6Te8}( CN)6]4ï ʦʙ-

ʣʘʜʘʝʪ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʘʱʠʡ ʘʪʦʤʳ ʪʝʣʣʫʨʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ɺʦʜʥʳʡ ʨʘʩ-

ʪʚʦʨ Na4[{ Re6Te8}( CN)6] ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʛʦ ʧʨʝ-

ʧʘʨʘʪʘ ʧʨʠ ʘʥʛʠʦʛʨʘʬʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʨʳʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʩ ʥʝʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝ-

ʩʪʚʘ ʠ ʯʝʪʢʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟʫʯʝʥʠʝ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʢʩʘʮʠʘʥʜʠʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʫ ʠʣʠ ʩʝʣʝʥ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʦʙʣʘʜʘʶʪ ʟʘʤʝʪʥʳʤʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ ʚʳʩʦʢʦ-

ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʥʘʠʤʝʥʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʘʢ ʢ ʢʣʝʪʦʯʥʳʤ ʢʫʣʴ-

ʪʫʨʘʤ, ʪʘʢ ʠ ʢ ʤʝʣʢʠʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʞʠʚʦʪʥʳʤ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ ʢʣʝʪʦʢ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʚʳʚʦʜʷʪʩʷ ʠʟ 

ʦʨʛʘʥʠʟʤʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʥʝʩʢʦʣʴʢʠʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʛʨʫʧʧ ʬʦʩ-

ʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʣʦʚʥʦ-ʘʤʬʠʬʠʣʴ-

ʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, 

ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʢʩʠʯʥʦʩʪʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ʢ ʨʘʩʪʚʦ-

ʨʘʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʠʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ, ʘ ʪʘʢʞʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʥʫʪʨʴ ʢʣʝʪʦʢ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʠʟʢʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ï 

ʦʨʛʘʥʠʯʝʩʢʦʡ, ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʠʤʝʶʱʠʝ 

ʤʦʨʬʦʣʦʛʠʶ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ʅʘ ʦʩʥʦʚʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʤʝʨʘ ï ʧʦʣʠʩʪʠʨʦʣ-

ʩʫʣʴʬʦʥʘʪʘ ʥʘʪʨʠʷ (PSS), ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ. ʀʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ {Mo6I8} 4+ ʚ ʩʚʦʝʤ ʩʦ-

ʩʪʘʚʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʚʝʱʝʩʪʚʘ ʧʨʦʷʚʣʷʶʪ ʢʨʘʡʥʝ ʥʠʟʢʫʶ ʪʝʤʥʦʚʫʶ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦ-

ʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʘ ʠ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩʝʨʠʷ ʚʳʩʦʢʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6I8}(OTs)6]2ï (OTs ï ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ) ʠ ʧʦʣʠʤʝ-

ʪʠʣʤʝʪʘʢʨʠʣʘʪʘ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ ʪʨʠ-

ʬʪʦʨʭʣʦʨʵʪʠʣʝʥʘ ʠ ʜʠʬʪʦʨʵʪʠʣʝʥʘ (ʢʦʤʤʝʨʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ ʌ-32ʃ) ʩʦʜʝʨʞʘʱʝʛʦ, ʚʳʩʦ-

ʢʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ [{Mo6I8}(OTs)6]2ï ʠ 

[{Mo 6I8}(CF3(CF2)6COO)6]2ï. ʅʘ ʦʩʥʦʚʝ ʬʪʦʨʦʧʣʘʩʪʘ ʌ-32ʃ ʩ ʚʢʣʶʯʝʥʥʳʤ ʢʣʘʩʪʝʨʥʳʤ 
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ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{Mo 6I8}(CF3(CF2)6COO)6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʥʦʡ ʤʦʨ-

ʬʦʣʦʛʠʠ: ʥʘʥʦ- ʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ, ʤʠʢʨʦʚʦʣʦʢʥʘ ʠ ʧʣʝʥʦʯʥʳʝ ʦʙʨʘʟʮʳ. ʇʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘ-

ʯʝʩʪʚʝ ʩʘʤʦʦʯʠʱʘʶʱʠʭʩʷ ʧʦʢʨʳʪʠʡ ʠ ʩʝʥʩʦʨʦʚ ʥʘ ʢʠʩʣʦʨʦʜ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʤ̫ʝʟʦʧʦʨʠʩʪʦʛʦ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ MIL-101 ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ-ʥʦʩʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʪʠʧʘ ʛʦʩʪʴ-ʭʦʟʷʠʥ. ʄʦʜʠʬʠ-

ʢʘʮʠʷ ʢʘʨʢʘʩʘ ʤʦʣʝʢʫʣʘʤʠ ʧʠʨʘʟʠʥʘ ʠʣʠ 4,4ô-ʙʠʧʠʨʠʜʠʥʘ, ʩʧʦʩʦʙʥʳʤʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ 

ʢ ʢʦʤʧʣʝʢʩʫ, ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʘʪʴ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʪʠʧʘ ʢʣʘʩʪʝʨ@MIL -101 ʩʧʦ-

ʩʦʙʥʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʚʥʫʪʨʠ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʫʤʝ-

ʨʝʥʥʫʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʚʘ ʪʠʧʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ï ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʳʡ, ʣʠʙʦ ʯʘʩʪʠʯʥʳʡ ʛʠʜʨʦ-

ʣʠʟ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʚʦʜʦʨʦʜʥʳʭ, ʪʘʢ ʠ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʠ ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʜʠ-

ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ 

SiO2 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʥʠʟʢʫʶ ʪʝʤʥʦʚʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʩʧʦʩʦʙʥʳ ʧʨʦʥʠ-

ʢʘʪʴ ʚ ʢʣʝʪʢʫ ʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʡ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ 

ʣʝʛʢʦ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʙʣʘʛʦʜʘʨʷ ʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʠʢʨʦʯʘʩʪʠʮ ʟʝʣʝʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʙʝʣʢʦʤ GFP (Green Fluorescent Protein), ʢʦ-

ʪʦʨʳʡ ʥʝ ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʧʦʟʚʦʣʠʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʪʨʘʥʩʜʫʢʮʠʠ ʙʝʣʢʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʘ ʧʦʢʘ-

ʟʘʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʥʫʪʨʠ 

ʢʣʝʪʢʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʚʳʩʦʢʘʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. 

ɼʣʷ ʨʷʜʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʪʘʢʠʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʢʣʘʜʦʤ ʥʝ ʪʦʣʴʢʦ ʚ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʥʦ ʠ ʠʤʝʶʪ ʮʝʥ-

ʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪʳ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠ-

ʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʦʣʴ-
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ʰʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʠʥʪʝʟʫ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʳ 

ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ, ʬʦʪʦ- ʠ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʢʣʝʪʦʯʥʝr ʢʫʣʴʪʫʨʳ ʠ ʤʝʣʢʠʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʞʠʚʦʪ-

ʥʳʝ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ 

ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʠʣʠ ʩʠʥʪʝʟʘ ʚ ʨʘʩʧʣʘʚʝ 

ʧʨʦ-ʣʠʛʘʥʜʘ ʪ.ʝ. ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʦʛʦ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ. ʍʘ-

ʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʤʝʥʪʥʳʝ CHNS ʠ EDS ( ʥɻʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʷ) ʘʥʘʣʠʟʳ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʜʨ. ʈʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤ ʪʦʤʦʛʨʘʬʝ ʠ ʘʥ-

ʛʠʦʛʨʘʬʝ ʚ ʅʄʀʎ ʠʤ. ʘʢ. ɽ.ʅ. ʄʝʰʘʣʢʠʥʘ ʠ ʅʅʀʀʊʆ ʠʤ. ʗ.ʃ. ʎʠʚʴʷʥʘ. ʈʝʥʪʛʝʥʦʣʶʤʠ-

ʥʝʩʮʝʥʪʥʳʝ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʀʍʂʠɻ ʉʆ ʈɸʅ. 

ɺʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʘʤʠ ʧʨʦʧʠʪʢʠ ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥ-

ʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʤʦʥʦʤʝʨʘʤʠ ʠʣʠ 

ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ ʩ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ɺʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ MIL -101 ʠ ʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʧʨʦʧʠʪʢʠ. ʏʘʩʪʠʮʳ ʘʤʦʨʬʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʦʣʫʯʘʣʠ ʘʤʤʠʘʯʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʤʠʢʨʦʯʘʩʪʠʮʳ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʐʪʦʙʝʨʘ, ʥʘʥʦʯʘʩʪʠʮʳ ï ʤʠʢʨʦʵʤʫʣʴʩʠʦʥʥʳʡ ʤʝʪʦʜ. 

ʄʦʨʬʦʣʦʛʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺʦ-

ʜʦʨʘʩʪʚʦʨʠʤʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ PSS ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʧʨʦʥʠʢʘʶ-

ʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʨʝʛʠʩʪʨʠʨʦʚʘ-

ʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʢʨʘʩʥʦʤʫ ʩʚʝʪʫ ʜʘʪʯʠʢʘ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʦʧʨʝʜʝ-

ʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʦʪʦʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ Hamamatsu Photonics, C9920-03. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʅʀʀʂʕʃ ï ʬʠʣʠʘʣ ʀʎʠɻ 

ʉʆ ʈɸʅ, ʌʀʎ ʌʊʄ, ʅʄʀʎ ʠʤ. ʘʢ. ɽ.ʅ. ʄʝʰʘʣʢʠʥʘ, ʅʅʀʀʊʆ ʠʤ. ʗ.ʃ. ʎʠʚʴʷʥʘ ʠ ɻʅʎ 
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ɺɹ çɺʝʢʪʦʨè ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ (Hep-2), ʢʘʨʮʠʥʦʤʳ 

ʰʝʡʢʠ ʵʧʠʪʝʣʠʷ ʯʝʣʦʚʝʢʘ (HeLa), ʜʠʧʣʦʠʜʥʦʡ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ (MRC-5) ʠ ʧʝ-

ʨʠʪʦʥʝʘʣʴʥʳʭ ʤʘʢʨʦʬʘʛʘʭ. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʄʊʊ-ʪʝʩʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ, ʤʝʨʪʚʳʭ ʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʜʚʦʡʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ Hoechst 33342/PI. ɺʠʟʫʘʣʠʟʘʮʠʶ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨ-

ʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʂʠʥʝʪʠʢʫ ʧʨʦʥʠʢʥʦʚʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʣʝʪʢʫ ʠ ʠʭ ʚʳʚʝʜʝʥʠʷ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʘʤʧʘ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ɚ Ó 400 ʥʤ, ʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʄʊʊ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʷʣʩʷ ʧʨʦʚʝʜʝʥʠʝʤ ʧʝ-

ʨʝʢʨʝʩʪʥʳʭ ʘʥʘʣʠʟʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ-

ʪʚʝʨʞʜʝʥʘ ʪʨʝʤʷ ʩʭʦʜʷʱʠʤʠʩʷ ʜʘʥʥʳʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥ rʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʵʣʝʢ-

ʪʨʦʭʠʤʠʯʝʩʢʠʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʤʝʪʘʣʣ-ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ MIL -101 ʠ ʘʤʦʨʬʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʥʦʚʳʭ ʚʳʩʦʢʦʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʘʥʛʠʦʛʨʘʬʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʠ ʤʝʣʢʠʭ ʣʘʙʦʨʘ-

ʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʟʚʦʣʷʶʪ ʩʧʣʘʥʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʠʝ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʥʘʧʨʘʚʣʝʥʥrʝ ʥʘ ʩʥʠʞʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʬʦʪʦ- ʠ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʭ, ʘ ʪʘʢʞʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʷʚʣʝʥʳ ʥʝʢʦ-

ʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰ-

ʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʘʪʴ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩ ʟʘʜʘʥʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟ-

ʣʠʯʥʳʝ ʤʘʪʨʠʮʳ-ʥʦʩʠʪʝʣʠ, ʪʠʧʘʭ ʨʝʘʣʠʟʫʝʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʘʪʨʠʮʝʡ, ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʭʠʤʠ-

ʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʟʚʦʣʷʶʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʫʪʠ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠ-

ʤʝʥʝʥʠ.̫ ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜ-ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦ-

ʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʝ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʩ ʪʦʢʠ ʟʨʝʥʠʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʢʠʩʣʦʨʦʜ-ʧʨʦʥʠʮʘʝʤʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʦʙʣʘʩʪʠ 
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ʨʘʟʨʘʙʦʪʢʠ ʘʛʝʥʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʬʦʪʦʘʢʪʠʚʥʳʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ MIL -101 ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠ-

ʟʫʘʣʠʟʘʮʠʠ, ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ, ʘ ʪʘʢʞʝ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʠ ʧʨʦʣʦʥʛʘʮʠʠ ʜʝʡ-

ʩʪʚʠʷ ʧʨʝʧʘʨʘʪʘ. ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʪʝʨʘʧʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʠʢʨʦʯʘʩʪʠʮʳ SiO2 ï ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʨʢʝʨʳ ʠ ʜʦ-

ʩʪʘʚʱʠʢʠ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʠ. 

ɼʘʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʙʘʥʢʘʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʷʚʣʷʶʪʩʷ ʦʙ-

ʱʝʜʦʩʪʫʧʥʳʤʠ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ:  

¶ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʠʥʪʝʟʫ 37 ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, 28 ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; 

¶ ʜʘʥʥʳʝ ʧʦ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʛʝʢʩʘʮʠʘʥʜʠʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ; 

¶ ʤʝʪʦʜʳ ʚʢʣʶʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʨʠʮʳ, ʪʘʢʠʝ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ MIL -101 ʠ ʘʤʦʨʬʥʳʡ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ; 

¶ ʜʘʥʥʳʝ ʧʦ ʬʦʪʦ- ʠ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠ-

ʟʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʝʨʠʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʛʘ-

ʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʠʧʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʤʘʪʨʠʮʝʡ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʢʣʶʯʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʘ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʣʘʩʪʝʨ-ʩʦ-

ʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʪʘʢʠʝ ʢʘʢ ʮʠʪʦʪʦʢʩʠʯ-

ʥʦʩʪʴ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʚʳʚʝʜʝʥʠʝ ʠʟ ʢʣʝʪʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʢʣʝʪʢʝ, ʤʝʭʘʥʠʟʤʳ ʧʦʛʣʦʱʝʥʠʷ, ʛʝʥʝʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʚʥʫʪʨʠ 

ʢʣʝʪʢʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʜʦʩʪʘʚʢʘ ʙʝʣʢʦʚ, ʬʦʪʦʠʥʜʫ-

ʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʘʥʛʠʦʛʨʘʬʠʷ ʠ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʨʳʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝ-

ʣʝʥʳ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʦʠʩʢʘʪʝʣʝʤ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʧʠʨʦʚʘʥ-

ʥʳʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʢ 

ʧʫʙʣʠʢʘʮʠʠ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ. 

ʏʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʘʷ ʩʦʝʜʠʥʝʥʠʷʤ ʥʘ ʦʩʥʦʚʝ MIL -101, ʚʳʧʦʣ-

ʥʝʥʘ ʘʩʧʠʨʘʥʪʦʤ ɸ.ʄ. ʏʝʧʣʘʢʦʚʦʡ (ʀʅʍ ʉʆ ʈɸʅ). ʆʙʨʘʟʮʳ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝ-

ʥʠʷ ʩ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʦʤ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʢ.ʭ.ʥ. ʖ.ɻ. ɽʣʠʩʪʨʘʪʦʚʦʡ (ʀʆʌʍ ʠʤ. ɸ.ɽ. 

ɸʨʙʫʟʦʚʘ, ʂʘʟʘʥʴ). ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʠʟʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣ ʜ.ʭ.ʥ. ʂ.ɸ. ɹʨʳʣʝʚ (ʀʅʍ ʉʆ ʈɸʅ). ʇʦʣʫʯʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʜʦʧʠʨʦʚʘʥ-

ʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

PMMA ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢ.ʭ.ʥ. ʆ.ɸ. ɽʬʨʝʤʦʚʦʡ (ʋʥʠʚʝʨʩʠʪʝʪ ɸʩʪʦʥʘ ʠ 

ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʍʘʣʣʘ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʦʠʩʢʘʪʝʣʷ ʟʘʱʠʱʝʥʦ ʜʚʝ 

ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʠ (ʅ.ɸ. ɺʦʨʦʪʥʠʢʦʚʘ, ʀʅʍ ʉʆ ʈɸʅ, 2018 ʛ ʠ ʖ.ɸ. ɺʦʨʦʪʥʠʢʦʚ, 

ʀʅʍ ʉʆ ʈɸʅ, 2019 ʛ) ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʳʭ ʚʦʰʣʠ ʚ ʜʘʥʥʫʶ ʨʘʙʦʪʫ. ʊʘʢʞʝ, ʘʚʪʦʨ ʩʠʥʪʝʟʠʨʦʚʘʣ ʯʘʩʪʴ ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʨʘʙʦʪʝ 

ʩʦʝʜʠʥʝʥʠʠ ʠ ʟʘʥʠʤʘʣʩʷ ʨʘʩʰʠʬʨʦʚʢʦʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʢ.ʙ.ʥ. ɸ.ʆ. ʉʦʣʦʚʴʝʚʦʡ (ʅʀʀʂʕʃ ï ʬʠʣʠʘʣ 

ʀʎʠɻ ʉʆ ʈɸʅ), ʢ.ʙ.ʥ. ɸ.ɸ. ʂʨʘʩʠʣʴʥʠʢʦʚʦʡ (ʅɻʋ) ʠ ʘʩʧʠʨʘʥʪʦʤ ʊ.ʅ. ʇʦʟʤʦʛʦʚʦʡ (ʅɻʋ, 

ʅʀʀʂʕʃ ï ʬʠʣʠʘʣ ʀʎʠɻ ʉʆ ʈɸʅ). ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʠʠ ʩʦʠʩʢʘʪʝʣʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: VII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2012è (ʅʦʚʦʩʠʙʠʨʩʢ, 2012), IIIrd ʠ IV th International 

Workshop on Transition Metal Clusters (ɹʝʥʠʢʘʩʠʤ, 2012; ʅʦʚʦʩʠʙʠʨʩʢ, 2014), V ɺʩʝʨʦʩ-

ʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʶ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʎʠʚʴʷʥʦʚʩʢʠʝ ʯʪʝʥʠʷè (ʅʦʚʦʩʠʙʠʨʩʢ, 2012), II ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ çʀʥʥʦʚʘʮʠʠ ʚ 

ʤʝʜʠʮʠʥʝè (ʅʦʚʦʩʠʙʠʨʩʢ, 2013), ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦʩʚʷʱʝʥʥʘʷ ʧʘ-

ʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ʉ. ɺ. ɿʝʤʩʢʦʚʘ ñʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳò (ʅʦʚʦʩʠʙʠʨʩʢ, 2013), VIII, IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘ-

ʩʪʠʝʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʭʠʤʠʠ ñʄʝʥʜʝʣʝʝʚ - 2014ò (ʉʘʥʢʪ-ʧʝʪʝʨʙʫʨʛ, 2014, 2015), The 

8th International Symposium on Technetium and Rhenium: Science and Utilization (ʇʦʨʥʠʰʝ, 

2014), XXVI ʠ XXVII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠ-

ʤʠʠ (ʂʘʟʘʥʴ, 2014; ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2017), The 2nd International Conference on Modern 

Applications of Nanotechnology (ʄʠʥʩʢ, 2015), MedChem-2015 (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), 

IUPAC 2015, 45th World Chemistry Congress (ʇʫʩʘʥ, 2015), 2016 Japan-Russia Joint seminar 

ñAdvanced materials synthesis process and nanostructureò (ʉʝʥʜʘʡ, 2016), ʃʠʤʬʦʣʦʛʠʷ: ʦʪ 
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ ʤʝʜʠʮʠʥʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ (ʅʦʚʦʩʠʙʠʨʩʢ, 2016), 

International workshop ñCLUSPOM-Altayò 2016 on metal clusters and polyoxometallates (ʂʘ-

ʪʫʥʴ, 2016), CLUSPOM-1 (Rennes, 2016), 42nd International Conference on Coordination 

Chemistry (ɹʨʝʩʪ, 2016), The international symposium systems biology and biomedicine 

(Sbiomed-2016) (ʅʦʚʦʩʠʙʠʨʩʢ, 2016), XIII ʠ XIV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʧʝʢʪʨʦ-

ʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʊʫʘʧʩʝ, 2016, 2017), V ʄʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ ʠʥʩʪʠʪʫʪʘ ʮʠʪʦʣʦʛʠʠ ʈɸʅ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2016), Advanced Materials: Synthesis, Processing and Properties of Nanostructures (ʅʦʚʦʩʠ-

ʙʠʨʩʢ, 2016), Advanced Materials Synthesis process and Nanostructure (ʉʝʥʜʘʡ, 2017), ɹʘʡ-

ʢʘʣʴʩʢʦʡ ʰʢʦʣʳ ʢʦʥʬʝʨʝʥʮʠʠ ɹʐʂʍ-2017 (ʀʨʢʫʪʩʢ, 2017), IV ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦ-

ʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2017 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2017), IX International Voevodsky Conference (ʅʦʚʦʩʠʙʠʨʩʢ, 2017), 

CLUSPOM 2018 (ɾʠʬ-ʩʶʨ-ʀʚʝʪʪ, 2018), ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʢʣʘʩʪʝʨ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʥʝʦʨ-

ʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çInorgChem 2018è (ɸʩʪʨʘʭʘʥʴ, 2018), British Council Researcher Links 

Workshop ñPrevention of microbial contamination of biomaterials for tissue regeneration and 

wound healingò (ʃʘʥʢʘʩʪʝʨ, 2018). 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʧʨʦʬʠʣʴʥʳʭ ʨʦʩʩʠʡʩʢʠʭ (8 ʩʪʘ-

ʪʝʡ) ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ (24 ʩʪʘʪʝʡ) ʞʫʨʥʘʣʘʭ. ɺʩʝ ʞʫʨʥʘʣʳ ʚʭʦʜʷʪ ʚ ʩʧʠʩʢʠ ʠʥʜʝʢʩʠʨʫʝ-

ʤʳʭ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of Science, Scopus ʠʣʠ ʈʀʅʎ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʝʟʠʩʘʭ 74 ʜʦʢʣʘʜʦʚ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 401 ʩʪʨʘʥʠʮʝ, ʚʢʣʶʯʘʷ 249 

ʨʠʩʫʥʢʦʚ ʠ 80 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (614 ʠʩʪʦʯʥʠʢʦʚ). ɺʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʪʘʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ ʀʅʍ ʉʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ (12-03-31670, 14-03-92612, 

14-04-01816, 15-33-20083 ʠ 17-03-00140), ʈʅʌ (14-14-00192 ʠ 15-15-10006) ʠ ʉʦʚʝʪʘ ʧʦ 

ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʄʂ-4054.2015.3 ʠ ʄʂ-180.2017.3). 

  



18 

 

ɻʃɸɺɸ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʊʝʨʤʠʥ çʤʝʪʘʣʣʦʢʣʘʩʪʝʨè (ʘʥʛʣ. cluster ï ʛʨʦʟʜʴ, ʨʦʡ, ʩʢʦʧʣʝʥʠʝ) ʙʳʣ ʚʚʝʜʝʥ ʚ 

1964 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʤ ʫʯʝʥʳʤ-ʭʠʤʠʢʦʤ ʌʨʘʥʢʦʤ ɸʣʴʙʝʨʪʦʤ ʂʦʪʪʦʥʦʤ (ʘʥʛʣ. Frank Al-

bert Cotton) ʚ ʩʪʘʪʴʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʞʫʨʥʘʣʝ Inorganic Chemistry: ñésome compounds 

belonging to a general class for which we have suggested the name "metal atom cluster" com-

pounds. The term cluster seems an appropriate one for a finite group of metal atoms which are 

held together mainly, or at least to a significant extent, by bonds directly between the metal 

atoms, even though some nonmetal atoms may also be intimately associated with the cluster.ò 

[1]. ɼʘʥʥʫʶ ʬʨʘʟʫ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʢʘʢ: ç...ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠ-

ʥʘʜʣʝʞʘʱʠʝ ʢ ʦʙʱʝʤʫ ʢʣʘʩʩʫ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʥʘʟʚʘʥʠʝ çʤʝʪʘʣʣʦʢʣʘʩʪʝʨ-

ʥʳʝè ʩʦʝʜʠʥʝʥʠʷ. ʊʝʨʤʠʥ ʢʣʘʩʪʝʨ ʢʘʞʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʨʫʧʧʳ ʘʪʦ-

ʤʦʚ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚʤʝʩʪʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʩʚʷʟʷʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ, ʭʦʪʷ ʥʝʢʦ-

ʪʦʨʳʝ ʘʪʦʤʳ ʥʝʤʝʪʘʣʣʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʢʣʘʩʪʝʨʦʤ.è ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʧʦʥʷʪʠʷ çʤʝʪʘʣʣʦʢʣʘʩʪʝʨè, çʢʣʘʩʪʝʨè ʠʣʠ çʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩè ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʱʝʩʪʚ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʦʩʪʦʚ ʠʟ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʜʠʭʣʦʨʠʜ 

ʤʦʣʠʙʜʝʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ MoCl2 ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʜʘʣʝʢʦʤ 

1848 ʛʦʜʫ [9], ʣʠʰʴ ʚ 1945-1946 ʛʦʜʘʭ, ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʠʩʪʠʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʢʨʠ-

ʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʘ ʠʤʝʥʥʦ (Mo6Cl8)(OH)4(H2O)14 ʠ 

(Mo6Cl8)(Cl4(H2O)2)(H2O)6 [10, 11]. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʘ ̫ʨʝʰʝʪʢʘ ʚʩʝʭ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʢʣʶʯʘʝʪ ʛʨʫʧʧʠʨʦʚʢʫ { Mo6Cl8} 4+. ʂʘʞʜʘʷ 

ʪʘʢʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ ʠʟ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ (ʨʠʩ. 1ʘ), ʚʧʠʩʘʥʥʳʭ ʚ ʢʫʙ 

ʠʟ ʘʪʦʤʦʚ ʭʣʦʨʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʘʪʦʤ ʭʣʦʨʘ ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʛʨʘʥʴ  ʁʦʢʪʘʵʜʨʘ 

Mo6 ʠ ʩʚʷʟʘʥ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʦʙʨʘʟʫ ̫Õ3-ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʦʡ ʛʨʫʧʧʳ ʘʪʦʤʦʚ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦè 

(ʨʠʩ. 1ʙ). ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʮʝʥʪʨʘʣʴʥʘʷ ʛʨʫʧʧʘ ʘʪʦʤʦʚ ʚ ʩʝʨʠʠ ʧʨʦʠʟ-

ʚʦʜʥʳʭ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠ ʩʧʦʩʦʙʥʘ ʩʚʷʟʳʚʘʪʴ ʰʝʩʪʴ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʚʳʩʪʫʧʘ-

ʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʇʨʠ ʵʪʦʤ ʛʝʦʤʝʪʨʠʷ ʩʚʷʟʳʚʘʥʠʷ, ʚʚʠʜʫ ʞʸʩʪ-

ʢʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ (ʨʠʩ. 1ʚ). 

 

ʈʠʩ. 1. ʊʠʧʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [{M6X8} L6] 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʘʷ ʛʝʦʤʝʪʨʠʷ ʠ ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʭʣʦʨʠ-

ʜʦʚ ʤʦʣʠʙʜʝʥʘ, ʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʠʜʦʚ (ʙʨʦʤʠʜʦʚ ʠ ʠʦʜʠʜʦʚ) [12], ʘ ʪʘʢʞʝ ʛʘʣʦʛʝ-

ʥʠʜʦʚ ʚʦʣʴʬʨʘʤʘ [13]. ɺ 1971 ʛʦʜʫ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʨʠʩʫʱʘ ʠ ʭʘʣʴʢʦʛʝʥʠʜʘʤ ʤʦʣʠʙʜʝʥʘ, ʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʷ-

ʱʠʝ ʬʘʟʳ ʐʝʚʨʝʣʷ (Chevrel phases). ɹʦʣʝʝ ʪʦʛʦ, ʚʧʦʩʣʝʜʩʪʚʠʠ, ʚ 1983 ʛʦʜʫ, ʪʘʢʘʷ ʘʨʭʠ-

ʪʝʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʦʪʢʨʳʪʘ ʜʣʷ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʨʝʥʠʷ ʠ ʧʦʟʞʝ, 

ʚ 1993 ʛʦʜʫ, ʪʝʭʥʝʮʠʷ [14, 15]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜ-

ʥʭr/ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M6Q8}L 6]n, ʛʜʝ Q ʠ L ï 

ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ (ʘʧʠʢʘʣʴʥʳʝ) ʣʠʛʘʥʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʩʫʱʝ 4d- ʠ 5d-ʤʝʪʘʣʣʘʤ 

6 ʠ 7 ʛʨʫʧʧ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʤʝʥʥʦ ʪʘʢʠʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤ-

ʧʣʝʢʩʘʤ ʠ ʧʨʠʢʣʘʜʥʳʤ ʘʩʧʝʢʪʘʤ ʨʘʟʚʠʪʠʷ ʠʭ ʭʠʤʠʠ, ʚʢʣʶʯʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʧʦʩʚʷʱʝʥ ʥʘʩʪʦʷʱʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ. 

1.1. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ, ʢʘʢ ʵʪʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʦ ʪʠʧʫ ʚʥʫʪʨʝʥʥʝʛʦ Õ3-ʤʦʩʪʠʢʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʘ ʠʤʝʥʥʦ 

ʥʘ ʛʘʣʦʛʝʥʠʜʥʳʝ ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ. 

1.1.1. ɻʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʛʘʣʦʛʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ 

ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Mo6X8} L6]n, ʛʜʝ X ï Cl, Br ʠʣʠ I. ʊʘʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷ-

ʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʦʨʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ Mo ʨʘʚʥʘ +2, ʘ ʟʘʨʷʜ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo6X8}, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4+. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʢʪʘʵʜʨ Mo6 ʩʦʜʝʨʞʠʪ 24 ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʘ (ʂʉʕ), ʬʦʨ-

ʤʘʣʴʥʦ ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ 12 ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʩʚʷʟʝʡ Mo-Mo. 

1.1.1.1. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ 

1.1.1.1.1. ɼʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ 

ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ, ʘ ʪʦʯʥʝʝ ʭʣʦʨʠʜʦʚ ʠ ʙʨʦʤʠʜʦʚ ʤʦʣʠʙʜʝʥʘ, 

ʦʪʥʦʩʷʪ ʢ ʨʘʙʦʪʘʤ W. Blomstrand 1859 ʛʦʜʘ [16]. ʀʭ ʧʦʣʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʩ ʭʣʦʨʠʨʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ (ʪʘʢʠʤʠ ʢʘʢ ʭʣʦʨʠʜ ʨʪʫʪʠ) ʠʣʠ ʙʨʦʤʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ, ʚ ʪʦ ʚʨʝʤʷ ʙʳʣʦ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦ ʧʦʥʷʪʴ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂ 1910 ʛʦʜʫ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʦʣʴʢʦ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʭʣʦ-

ʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʰʴ 1/3 ʘʪʦʤʦʚ ʭʣʦʨʘ 

ʧʦʜʚʝʨʞʝʥʳ ʟʘʤʝʱʝʥʠʶ ʧʨʠ ʜʝʡʩʪʚʠʠ ʱʝʣʦʯʠ [17] ʠʣʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ [18]. 

ʊʘʢʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʦʣʠʙʜʝʥ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

+2. ɺ ʨʘʙʦʪʝ L. Crossman ʙʳʣʘ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʩʠʩʪʝʤʘ ʩʚʷʟʝʡ ʚ {Mo6Cl8} 4+ [19]. ʏʫʪʴ 

ʧʦʟʞʝ F.A. Cotton ʦʧʫʙʣʠʢʦʚʘʣ ʨʘʩʯʝʪʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ { Mo6Cl8} 4+ [20]. 

ɺ 1945-1946 ʛʦʜʘʭ ʚ ʨʘʙʦʪʘʭ C. Brosset [10, 11] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʩʪʨʦʝʥʠʷ {Mo6Cl8} 4+ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ H2[{ Mo6Cl8}( OH)6]Ŀ12H2O ʠ 
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[{ Mo6Cl8} Cl4(H2O)2]Ŀ6H2O ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʚ 1950 ʛʦʜʫ P. 

Vaughan ʠʟʫʯʠʣ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʥʘ ʧʨʠʤʝʨʝ (NH4)2[{ Mo6Cl8} Cl6]ĿH2O [21]. 

ʇʦʟʞʝ ʚ 1967 ʛʦʜʫ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʘʤ ʙʠʥʘʨʥʳʡ ʜʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ MoCl2 ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʠʩʪʦʝ ʩʦʝʜʠʥʝʥʠʝ [13], ʚ ʢʦʪʦ-

ʨʦʤ ʯʝʪʳʨʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʘ ʠʟ ʰʝʩʪʠ ʩʚʷʟʘʥʳ ʩ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢ-

ʩʘʤʠ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʪʦʛʦʚʦʡ ʬʦʨʤʫʣʝ [{Mo6Cl8} Cl2Cl4/2] 

(ʠʣʠ Mo6Cl12) [22] (ʨʠʩ. 2). ʇʦʟʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʠʟʦʩʪʨʫʢʪʫʨʥʦʩʪʴ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠ 

ʜʚʫʭ ʜʨʫʛʠʭ ʜʠʛʘʣʦʛʝʥʠʜʦʚ, ʘ ʠʤʝʥʥʦ ʜʠʙʨʦʤʠʜʘ ʠ ʜʠʠʦʜʠʜʘ [23, 24]. 

 
ʈʠʩ. 2. ʉʪʨʦʝʥʠʝ [{Mo6Cl8} Cl2Cl4/2] 

ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝ ʚʳʩʰʠʭ ʭʣʦʨʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʤʝʪʘʣʣʘʤʠ, ʥʘʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʝʤ [25] (ʫʨʘʚʥʝʥʠʝ ʨʝ-

ʘʢʮʠʠ 1) ʠʣʠ ʠʭ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 2). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠ-

ʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʧʝʥ-

ʪʘʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 3) ʚ ʟʘʧʘʷʥʥʦʡ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ, ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʇʨʷʤʦʝ ʧʦʣʫʯʝʥʠʝ 

ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠʟ ʤʦʣʠʙʜʝʥʘ ʠ ʭʣʦʨʘ ʦʩʣʦʞʥʷʝʪʩʷ ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʤʦʣʝ-

ʢʫʣʷʨʥʦʛʦ ʭʣʦʨʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

6MoCl5 + 6Al Ÿ Mo6Cl12 + 6AlCl3 (1) 

9MoCl3 Ÿ Mo6Cl12 + 3MoCl5 (2) 

12MoCl5 + 18Mo Ÿ 5Mo6Cl12 (3) 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʤʦʣʠʙʜʝʥʘ ʷʚʣʷʝʪʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʭʣʦʨʤʦʣʠʙʜʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩʦʩʪʘʚʘ 

H2[{ Mo6Cl8} Cl6], ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʢʠʧʷʯʝʥʠʠ Mo6Cl12 ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷ-

ʥʦʡ ʢʠʩʣʦʪʝ [26]. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʶʪʩʷ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠ-

ʩʪʘʣʣʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʦʪʤʝʯʘʝʪ J. C. Sheldon, ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʘʝʪʩʷ ʯʠʩʪʳʡ 

ʧʨʦʜʫʢʪ (H3O)2[{ Mo6Cl8} Cl6]Ŀ6H2O, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʛʨʝʚʝ ʢʠʩʣʦʪʳ ʚ ʚʘʢʫʫʤʝ ʦʙʨʘʟʫʝʪʩʷ 

ʯʠʩʪʳʡ ʜʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ Mo6Cl12. 
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1.1.1.1.2. ɼʠʙʨʦʤʠʜ ʠ ʜʠʠʦʜʠʜ ʤʦʣʠʙʜʝʥʘ 

ʇʝʨʚʳʝ ʩʠʥʪʝʟʳ ʜʠʙʨʦʤʠʜʘ ʤʦʣʠʙʜʝʥʘ MoBr2 (ʠʣʠ Mo6Br12) ʟʘʢʣʶʯʘʣʠʩʴ ʣʠʙʦ ʚ 

ʨʘʟʣʦʞʝʥʠʠ ʪʨʠʙʨʦʤʠʜʘ MoBr3 ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ [16, 27], 

ʣʠʙʦ ʚ ʧʨʦʧʫʩʢʘʥʠʠ ʧʘʨʦʚ ʙʨʦʤʘ ʩ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ ʥʘʜ ʥʘʛʨʝʪʳʤ ʜʦ 700-800Áʉ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʤ ʤʦʣʠʙʜʝʥʦʤ. ɺ ʨʘʙʦʪʝ [28] ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ Mo6Br12Ā2H2O. ʂʨʠʩʪʘʣʣʳ Mo6Br12Ŀ2H2O, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʧʦʨʦʰʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʠ HBr ʚ 

ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700ÜC ʠ ʜʘʚʣʝʥʠʠ 3000 ʘʪʤ. 

ɼʠʠʦʜʠʜ ʤʦʣʠʙʜʝʥʘ MoI2 (ʠʣʠ Mo6I12) ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ 

MoCl5 ʚ ʪʦʢʝ ʩʫʭʦʛʦ HI [29]. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘʛʨʝʚʘʥʠʝ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʩʤʝʩʠ ʤʦ-

ʣʠʙʜʝʥʘ ʠ ʠʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ ï ʜʠʠʦʜʠʜʘ ʠ ʪʨʠʠʦʜʠʜʘ ʤʦʣʠʙ-

ʜʝʥʘ. ʆʜʥʘʢʦ ʥʘʛʨʝʚ ʵʪʦʡ ʞʝ ʩʤʝʩʠ ʙʝʟ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʯʠʩʪʦʛʦ 

Mo6I12. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʠʦʜʠʜʘ ʘʣʶʤʠʥʠʷ ʥʘ ʦʢʠʩʣʳ ʤʦʣʠʙ-

ʜʝʥʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʠʦʜʠʜʦʚ ʤʦʣʠʙʜʝʥʘ (ʫʨʘʚʥʝʥʠ ̫ʨʝʘʢʮʠʡ 4, 5) [30]. 

MoO3 + 2AlI3 Ÿ MoI2 + 2I2 + Al 2O3 (4) 

3MoO2 + 4AlI3 Ÿ 3MoI2 + I2+2Al2O3 (5) 

ɽʱʝ ʦʜʠʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʠʠʦʜʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʦʞʝʥʠʝ ʪʨʠʠʦ-

ʜʠʜʘ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 6), ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʨʝʘʢʮʠʠ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 7) ʚ ʚʘʢʫʫʤʝ 

(10ï3 ʤʤ ʨʪ.ʩʪ.) ʧʨʠ 100Áʉ [13, 31]. 

9MoI3 Ÿ Mo6I12 + 3MoI5 (6) 

MoCl5 + 5HI Ÿ MoI3 + 5HCl + I2 (7) 

ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʠʙʨʦʤʠʜʘ ʠ ʜʠʠʦʜʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠʟ MoCl2 ʠ 

LiX  (X = Br ʠʣʠ I). ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʠʥʝʨʪʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ (Õ3-ʤʦʩʪʠʢʦʚʳʭ) 

ʣʠʛʘʥʜʦʚ, ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʧʣʘʚʥʳʭ ʨʝʘʢʮʠʡ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʩʝ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʟʘʤʝʱʝʥʠʝ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʛʘʣʦʛʝʥʠʜʘ ʣʠʪʠʷ ʚ ʟʘ-

ʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʩʦʣʝʡ ʣʠʪʠʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ɿʘ-

ʪʝʤ ʢ ʦʩʪʳʚʰʝʤʫ ʧʣʘʚʫ ʜʦʙʘʚʣʷʶʪ ʚʦʜʫ, ʠ ʮʝʣʝʚʦʡ ʜʠʛʘʣʦʛʝʥʠʜ ʦʩʪʘʝʪʩʷ ʚ ʦʩʘʜʢʝ. ɼʘʣʝʝ 

ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʯʠʱʘʶʪ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʪʝʧʣʦʤ ʨʘʩʪʚʦʨʝ ʨʘʟʙʘʚʣʝʥʥʦʡ ʱʝʣʦʯʠ 

ʠ ʧʝʨʝʦʩʘʞʜʘʶʪ ʨʘʩʪʚʦʨʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ ʯʝʛʦ 

ʦʩʘʜʦʢ ʩʫʰʘʪ ʧʨʠ 200Áʉ, ʧʦʣʫʯʘʷ ʥʘ ʚʳʭʦʜʝ ʮʝʣʝʚʳʝ ʜʠʛʘʣʦʛʝʥʠʜʳ MoX2 (X = Br, I) [12]. 

ʇʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʢʨʘʡʥʝ 

ʩʣʦʞʥʦ, ʟʘʯʘʩʪʫʶ ʧʦʣʫʯʘʶʪʩʷ ʩʤʝʩʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʩʤʝʰʘʥʥʦ-ʛʘʣʦʛʝ-

ʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { Mo6XnXô8-n} 2+ (n = 0-8) [32, 33]. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʙʨʦʤʠʜ ʠ ʜʠʠʦʜʠʜ ʤʦʣʠʙʜʝʥʘ Mo6X12 ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʚʳʩʦ-

ʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʤʦʣʠʙʜʝʥʘ ʠ ʛʘ-

ʣʦʛʝʥʘ ʚ ʟʘʧʘʷʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ (X = Br [13, 34], ʠ X = I [13]) ʚ ʪʝʯʝʥʠʝ 24-72 ʯʘʩʦʚ 

ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. 

1.1.1.2. ʅʘʯʘʣʦ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʅʘ ʟʘʨʝ ʨʘʟʚʠʪʠʷ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ (II ) ʙʦʣʴʰʠʥʩʪʚʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʤʝʥʥʦ ʥʘ ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ɼʘʥʥʳʡ ʬʘʢʪ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥ ʣʫʯʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʙʦʣʴʰʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠʤʝʥʥʦ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʨʦʤʠʜʥʳʤ ʠ ʠʦʜʠʜʥʳʤ ʘʥʘʣʦʛʘʤʠ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ, MoBr2 ʩʣʘʙʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦ-

ʨʠʤ ʚ ʚʦʜʝ. ɼʠʙʨʦʤʠʜ [{Mo6Br8} Br2Br4/2] ʤʦʞʝʪ ʙʳʪʴ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʝʥ ʚ 

ʩʤʝʩʠ ʵʪʘʥʦʣ/ʚʦʜʘ (1/1) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʘ ʉʦʢʩʣʝʪʘ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ [35]. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ MoI2 ʘʙʩʦʣʶʪʥʦ ʥʝʨʘʩʪʚʦʨʠʤ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

1.1.1.2.1. ʍʣʦʨʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʝ ʰʘʛʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʠʤʝʥʥʦ ʜʣʷ ʭʣʦʨʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ, ʘ ʪʦʯʥʝʝ ʜʣʷ MoCl2. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʜʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ ʧʨʝʢʨʘʩʥʦ ʨʘʩ-

ʪʚʦʨʷʝʪʩʷ ʚ ʛʦʨʷʯʝʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʭʣʦʨʤʦʣʠʙʜʝʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(H3O)2[{ Mo6Cl8} Cl6]Ŀ6H2O [36], ʥʘʛʨʝʚ ʢʦʪʦʨʦʡ ʚ ʚʘʢʫʫʤʝ ʧʨʠʚʦʜʠʪ ʢ ʦʪʣʝʪʫ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ HCl ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʠʩʪʦʛʦ MoCl2. ɺ ʜʘʣʴʥʝʡ-

ʰʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʭ 

ʢʠʩʣʦʪʘʭ (HBr ʠ HI), ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʚʩʝʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʘʣʦʛʝʥ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(H3O)2[{ Mo6Cl8} X6]Ŀ6H2O (X = Br, I) [26]. ʅʘʛʨʝʚ ʚ ʚʘʢʫʫʤʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ HX, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ [{ Mo6Cl8} X2X4/2]. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʠ ʢʦʤ-

ʧʣʝʢʩʦʚ (H3O)2[{ Mo6Cl8} X6]Ŀ6H2O (X = Cl, Br ʠʣʠ I) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʭ ʧʨʦʟʨʘʯʥʳʝ 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨ rʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ pH ʙʳʩʪʨʦ ʦʙʨʘʟʫʪʁ ʦʩʘʜʢʠ, ʦʪʚʝʯʘʶʱʠʝ ʦʙʱʝʡ ʬʦʨ-

ʤʫʣʝ [{Mo6Cl8} Xy(OH)z(H2O)2]ĿnH2O, ʛʜʝ y + z = 4 [26]. ɺ ʩʣʫʯʘʝ ʞʝ ʫʚʝʣʠʯʝʥʠʷ pH ʨʘʩ-

ʪʚʦʨʘ ʜʦ 8,5, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʪʦʛʦ ʞʝʣʘʪʠʥʦʦʙʨʘʟʥʦʛʦ ʦʩʘʜʢʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦ-

ʩʪʘʚʘ [{Mo6Cl8}(OH)4(H2O)2]ĿnH2O. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ [{Mo6Cl8}(OH)4(H2O)2]ĿnH2O ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʂʦʣʠʯʝʩʪʚʦ 

ʚʦʜʳ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʪʦʯʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʙʳʣʦ, ʪʘʢ ʢʘʢ ʚʦʜʘ ʣʝʛʢʦ ʪʝʨʷʝʪʩʷ ʧʨʠ 

ʚʳʩʫʰʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʨʘʟʙʘʚʣʝʥʥʳʭ ʱʝʣʦʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ (pH > 8,5) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʝʢʩʘʛʠʜʨʦʢʩʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 
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M2[{ Mo6Cl8}(OH)6] (M ï ʱʝʣʦʯʥʦʡ ʤʝʪʘʣʣ) [37], ʦʜʥʘʢʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚʳʜʝʨʞʠʚʘ-

ʥʠʝ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʨʠʯʥʝʚʦʛʦ ʦʩʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ Mo(OH)3 ʠ [{Mo6Cl8ï

x(OH)x}( OH)4(H2O)2]ĿnH2O, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʳʡ ʛʠʜʨʦʣʠʟ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʨʘʟʨʫʰʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ [38, 39]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ 

ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Mo6Cl8} 4+ ʫʩʪʦʡʯʠʚʦ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ, ʥʦ ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʜʝʡʩʪʚʠʶ ʱʝʣʦʯʝʡ. 

ʆʜʥʦʡ ʠʟ ʚʳʜʝʣʷʶʱʠʭʩʷ ʨʘʙʦʪ, ʚʢʣʶʯʘʶʱʝʡ ʛʠʜʨʦʣʠʟ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʷʚ-

ʣʷʝʪʩʷ ʩʪʘʪʴʷ [40], ʢʦʪʦʨʘʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʠʥʪʝʨʢʘʣʷʮʠʠ/ʩʦʨʙʮʠʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚ-

ʣʝʥʥʦʛʦ ʘʢʚʘʛʠʜʨʦʢʩʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Cl8}(OH)4(H2O)2]ĿnH2O ʤʠʥʝʨʘʣʘ ʄʦʥʪʤʦʨʠʣʣʦ-

ʥʠʪ ((Na,Ca)0,33(Al,Mg)2(Si4O10)(OH)2ĿnH2O), ʦʪʥʦʩʷʱʝʤʫʩʷ ʢ ʧʦʜʢʣʘʩʩʫ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘ-

ʪʦʚ. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʢʨʘʩʥʦ 

ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʘ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ ʪʘʤ ʧʨʠ ʧʦʤʦʱʠ ʚʦʜʦʨʦʜʥʳʭ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʡ. 

ʂʨʦʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʦ-

ʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʪʘʢʠʭ ʧʦʧʳʪʦʢ ʙʳʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (H3O)2[{ Mo6Cl8}Cl 6] ʩ ʨʦʜʘʥʠʜʦʤ 

ʢʘʣʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ NCSï, ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K2[{ Mo6Cl8}( NCS)6], ʦʜʥʘʢʦ ʨʘʙʦʪʳ ʧʦ ʚʳʜʝʣʝʥʠʶ 

ʝʛʦ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ [37]. 

ɼʨʫʛʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ (ɼʄʌɸ, DMF) ʠ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (ɼʄʉʆ, DMSO) ʚ ʢʘʯʝ-

ʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʠʟ Mo6Cl12. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʘ ʠʤʝʥʥʦ [{Mo6Cl8} L2Cl4], [{ Mo6Cl8} L2(CH3SO3)4] ʠ [{Mo6Cl8} L6](ClO4)4 (L ï ɼʄʌɸ ʠʣʠ 

ɼʄʉʆ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ [{Mo6Cl8} L2(CH3SO3)4] ʠ [{Mo6Cl8} L6](ClO4)4 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ: ʤʝʟʠʣʘʪʘ ʠ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ 

[18]. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ɼʄʌɸ ʠ ɼʄʉʆ, ʜʦʙʘʚʣʝʥʠʝ AgClO4 ʢ ʨʘʩʪʚʦʨʫ Mo6Cl12 ʚ ʤʝʪʘʥʦʣʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʢʩʘʤʝʪʘʥʦʣʴʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6Cl8}( CH3OH)6](ClO4)4 [18]. 

ɺʤʝʩʪʦ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʘʙʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ 

ʚ ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʘʭ. ʀʤʝʥʥʦ ʵʪʘ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʨʝʘʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ-

ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʩʧʠʨʪʝ NaCl, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ [41]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʬʝʥʦʣʘ, ʪʠʦʬʝʥʦʣʘ ʠ ʠʭ ʬʪʦʨ-ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʩ 

ʨʘʩʪʚʦʨʦʤ Mo6Cl12 ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠ-

ʦʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʰʝʩʪʠʟʘʤʝʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ A2[{Mo 6Cl8} L6] (L = OC6H5, 

OC6F5, SC6H5, SC6F5, OCH3; ɸ = Ph4As+, Me4N+, Et4N+). ʊʘʢʞʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʚʟʘʠʤʦʜʝʡ-
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ʩʪʚʠʝʤ Mo6Cl12 ʩ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʬʪʦʨʠʜʦʤ ʘʤʤʦʥʠʷ ʠʣʠ ʮʝʟʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʪʦʨ-ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[{Mo 6Cl8} Cl0.59F3.41], [{Mo 6Cl8} F3OH], (NH4)2[{Mo 6Cl8} F6] ʠ Cs2[{Mo 6Cl8} F6]. 

ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʫ ʧʦ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Mo6Cl12, 

(Et4N)2[{M o6Cl8} X6] ʠ (Bu4N)2[{M o6Cl8} X6] (X = Cl, Br, I) ʩ ʪʨʝʪʠʯʥʳʤʠ ʬʦʩʬʠʥʘʤʠ, ʘ 

ʠʤʝʥʥʦ ʪʨʠʵʪʠʣʬʦʩʬʠʥʦʤ, ʪʨʠʧʨʦʧʠʣʬʦʩʬʠʥʦʤ, ʜʠʵʪʠʣʬʝʥʠʣʬʦʩʬʠʥʦʤ ʠ ɻʪʠʣʜʠʬʝʥʠʣ-

ʬʦʩʬʠʥʦʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʨʦʜʫʢʪʳ, ʢʦ-

ʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʠʤ ʬʦʨʤʫʣʘʤ 

[{ Mo6Cl8}( PL3)2Cl4] ʠ [{Mo6Cl8}( PL3)3X3], ʛʜʝ PL3 ïʪʨʝʪʠʯʥʳʡ ʬʦʩʬʠʥ [42]. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (Et4N)2[{M o6Cl8} X6] ʠ (Bu4N)2[{M o6Cl8} X6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦ-

ʜʦʤ ʐʝʣʜʦʥʘ (ʩʤ. ʥʠʞʝ). ʇʦʟʞʝ, ʥʘ ʧʨʠʤʝʨʝ ʪʨʠʧʨʦʧʠʣ-, ʪʨʠʙʫʪʠʣ- ʠ ʪʨʠʧʝʥʪʠʣʬʦʩʬʠ-

ʥʦʚ, ʘ ʪʘʢʞʝ ʪʨʠʵʪʠʣ- ʠ ʪʨʠʧʨʦʧʠʣʬʦʩʬʠʥʦʢʩʠʜʦʚ [43] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʭ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ ʩ Mo6Cl12 ʦʙʨʘʟʫʶʪʩʷ ʥʝʡʪʨʘʣʴʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[{ Mo6Cl8}( PL3)2Cl4], [{ Mo6Cl8}( OPL3)2Cl4], ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭʟʘʤʝʱʝʥʥʳʭ 

[{ Mo6Cl8}( PL3)3X3] ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʘʤʠ, ʧʫʪʝʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝ-

ʣʝʥʠʷ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚ-

ʪʦʨʳ ʧʦʰʣʠ ʜʘʣʴʰʝ ʠ ʧʨʝʜʣʦʞʠʣʠ ʩʧʦʩʦʙ ʟʘʤʝʱʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʩʪʘʚʰʠʭʩʷ ʪʝʨʤʠʥʘʣʴ-

ʥʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʘʣʢʠʣʴʥʳʝ ʛʨʫʧʧʳ. ɼʣʷ ʵʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʬʦʩʬʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʚʦʚʣʝʢʘʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʪʨʠʘʣʢʠʣʘʣʶʤʠʥʠʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʤʝʱʝʥʠʶ 

ʜʚʫʭ ʠʣʠ ʪʨʸʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʢʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Mo6Cl8}(PL3)2(Alk)2Cl2] ʠ [{Mo6Cl8}( PL3)2(Alk)3Cl] (Alk  

= n-CnHn+1, n = 1-6, L = -CH2-Ph ʠʣʠ -CſC-Ph) [44, 45]. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʧʦʟʞʝ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʮʠʩ-[{ Mo6Cl8}( P(C2H5)3)2Cl4] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʨʘʥʩ-

[{ Mo6Cl8}( P(C5H11)3)2Cl4] ʩ ʠʟʙʳʪʢʦʤ ʪʨʠʵʪʠʣʬʦʩʬʠʥʘ [46]. 

1.1.1.2.2. ɹʨʦʤʠʜʥʳʝ ʠ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ 

ʀʟʫʯʝʥʠʝ ʭʠʤʠʠ ʙʨʦʤʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʰʣʦ ʧʦ ʩʣʝʜʘʤ ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʜʥʠ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʜʠʙʨʦʤʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʦʧʠʩʳʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Mo6Br12 ʩ 

ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʱʝʣʦʯʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʜʠʙʨʦʤʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʸʨʥʦʡ ʛʠʜʨʘʪʠʨʦʚʘʥ-

ʥʦʡ ʛʠʜʨʦʦʢʠʩʠ ʤʦʣʠʙʜʝʥʘ (III). ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʝ-

ʣʦʯʝʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ Mo6Br12. ʇʦʩʣʝʜʫʶʱʝʝ ʜʦʙʘʚʣʝʥʠʝ ʠʟʙʳʪʢʘ ʢʠʩʣʦʪʳ ʢ 

ʨʘʩʪʚʦʨʫ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʞʝʣʪʦʛʦ ʞʝʣʘʪʠʥʦʦʙʨʘʟʥʦʛʦ ʦʩʘʜʢʘ, ʥʦ ʧʝʨʝʚʦʜ ʚ ʩʣʘ-

ʙʦʱʝʣʦʯʥʫʶ ʩʨʝʜʫ (ʜʦʙʘʚʣʝʥʠʝʤ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʧʣʦʪ-

ʥʦʛʦ, ʭʦʨʦʰʦ ʦʪʜʝʣʷʶʱʝʛʦʩʷ ʦʩʘʜʢʘ ʩʦʩʪʘʚʘ [{ Mo6Br8}(OH)4(H2O)2]Ŀ12H2O [12]. ʆʙʨʘ-

ʙʦʪʢʘ ʜʠʠʦʜʠʜʘ ʤʦʣʠʙʜʝʥʘ ʩʣʘʙʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʠ ʜʘʝʪ ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʠʟ ʢʦ-

ʪʦʨʦʛʦ ʤʝʜʣʝʥʥʦ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ ʩʦʩʪʘʚʘ [{Mo6I8}(OH)4(H2O)2]ĿnH2O, ʦʜʥʘʢʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʛʠʜʨʘʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝ ʫʜʘʣʦʩʴ [12]. ʂʘʢ 

ʠ ʚ ʩʣʫʯʘʝ ʩ ʭʣʦʨʠʜʥʳʤ ʘʢʚʘʛʠʜʨʦʢʩʦ ʢʦʤʧʣʝʢʩʦʤ, ʙʨʦʤʠʜʥʳʡ ʠ ʠʦʜʠʜʥʳʡ ʢʦʤʧʣʝʢʩ r
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ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ ʛʠʜʨʦʣʠʟʫ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʨʠ ʜʦʣʛʦʤ ʭʨʘʥʝʥʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʱʝʣʦ-

ʯʝʡ [47]. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʤʠ ʢʠʩʣʦʪʘʤʠ 

[{ Mo6X8}(OH)4(H2O)2]ĿnH2O ʜʣʷ X = Br ʠʣʠ I, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ X = Cl, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝ-

ʱʝʥʠʝ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʘʣʦʛʝʥ. ʆʜʥʘʢʦ, ʟʘʤʝʱʝʥʠʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ ʥʝʡʪʨʘʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩʦʩʪʘʚʘ [{Mo6X8} Xô4], ʛʜʝ X = Br ʠʣʠ I, Xô ï ʛʘʣʦʛʝʥ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ (ʧʨʠ X = Xô ʦʙʨʘʟʫʝʪʩʷ ʦʙʳʯʥʳʡ ʜʠʛʘʣʦʛʝʥʠʜ) 

[12], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ X = Cl ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʭʣʦʨʤʦʣʠʙʜʝʥʦʚʦʡ ʢʠʩʣʦʪʳ 

H2[{ Mo6Cl8}Cl 6] [26]. ɺ 1962 ʛʦʜʫ J. C. Sheldon ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪ ɹ

ʛʝʢʩʘʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ [{Mo6X8}(OH)4(H2O)2]ĿnH2O ʩ ʛʦʨʷʯʝʡ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʘʣʦʛʝʥʠʜʘ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʤʤʦʥʠʝʚʦʛʦ ʦʩʥʦʚʘʥʠʷ. ʊʘʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦ-

ʩʪʘʚʘ (Et4N)2[{ Mo6X8} Xô6] (X = Br, I; Xô = Cl, Br, I) [12]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʪʘʣ ʠʟʚʝʩʪʝʥ ʢʘʢ 

ʤʝʪʦʜ ʐʝʣʜʦʥʘ (method of Sheldon) ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʣʝʡ 

[{ Mo6X8} X6]2ï ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʘ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʧʦʟʞʝ, ʜʘʥʥʳʤ ʤʝʪʦ-

ʜʦʤ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʣʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʦʩʥʦʚʘʥʠʡ, ʥʦ ʠ ʩʦʣʠ ʪʝʪ-

ʨʘʬʝʥʠʣʘʨʩʦʥʠʷ ʠ ʮʝʟʠʷ [48]. ʉʭʦʞʠʤ ʤʝʪʦʜʦʤ, ʘ ʠʤʝʥʥʦ ʨʘʩʪʚʦʨʝʥʠʝʤ [{Mo6X8} Xô4] ʚ 

ʛʦʨʷʯʝʤ ʧʠʨʠʜʠʥʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ, 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʣʠ ʪʠʧʘ (PyH)2[{ Mo6X8}Xô6] [49]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʐʝʣ-

ʜʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʦʣʠ ʘʥʠʦʥʦʚ [{Mo6I8} Br6]2ï ʠ [{Mo6I8} I6]2ï. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ [{ Mo6I8} I6]2ï ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʢ 1971 ʛʦʜʫ, 

ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ ʨʪʫʪʠ (II), ʘ ʠʤʝʥʥʦ Hg[{ Mo6I8} I6] [50]. ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥ-

ʪʝʟʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʟʘʢʣʶʯʘʣʘʩʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʛʘʣʦʛʝʥʠʜʘ ʤʦʣʠʙ-

ʜʝʥʘ ʩ HgX2 (X = Cl, Br, I) ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 280 ʜʦ 450Áʉ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʫʶ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ Hg[{ Mo6X8} Xô6] (X 

ʠ Xô = Cl, Br, I), ʦʜʥʘʢʦ ʧʦʣʫʯʠʪʴ Hg[{ Mo6I8} Br6] ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ. ʇʦʟʞʝ 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʩʝʨʠʝʡ ʢʦʤʧʣʝʢʩʦʚ c ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ M[{ Mo6X8ïxXôx} X6ï

yXôy] (M = Cd, Pb; X = Cl, Br; x = 0-8, y = 0-6) [51, 52]. 

ɺ 1974 ʛʦʜʫ W.C. Dorman ʠ R.E. McCarley ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ [25], ʚ ʢʦʪʦʨʦʡ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨ- ʠ ʙʨʦʤʤʦʣʠʙʜʝʥʦʚʦʡ ʢʠʩʣʦʪ 

(H3O)2[(Mo6X8)X6]Ŀ6H2O (X = Cl ʠʣʠ Br). ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ (ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʝʪʦʜ ɼʦʨ-

ʤʘʥʘ ʠ ʄʘʢʂʘʨʣʠ, method of Dorman and MʩCarley) ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʥ-

ʪʘʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ (MoCl5) ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʣʶʤʠʥʠʝʤ (Al) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʥʘʪʨʠʷ (NaX) ʠ ʘʣʶʤʠʥʠʷ (AlX 3) ʚ ʟʘʧʘʷʥʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʨʝʘʢ-

ʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚʩʪʨʷʭʠʚʘʥʠʠ. ʇʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦ-

ʜʫʢʪ ʨʘʩʪʚʦʨʷʶʪ ʚ 1 ʄ HCl ʠʣʠ HBr ʠ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ ʵʪʘ-

ʥʦʣʘ. ʄʝʪʦʜ ɼʦʨʤʘʥʘ ʠ ʄʘʢʂʘʨʣʠ ʪʘʢʞʝ, ʢʘʢ ʠ ʤʝʪʦʜ ʐʝʣʜʦʥʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʜʦ ʢʦʥʮʘ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. 
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1.1.1.3. ʆʪʢʨʳʪʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

1.1.1.3.1. ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ-

ʥʳʭ ʩʚʦʡʩʪʚ 

ɺ 1981 ʛʦʜʫ, ʚ ʨʘʙʦʪʝ H.B. Gray, ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

(ʘ ʪʦʯʥʝʝ, ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ) ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (lɻ ʤ ~760 ʥʤ) ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʜʣʷ 

(Bu4N)2[{ Mo6Cl8} Cl6]), ʪʘʢ ʠ ʚ ʩʦʣʷʥʦʢʠʩʣʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʜʣʷ (H3O)2[{ Mo6Cl8} Cl6]) 

[53] (ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (Bu4N)2[{ Mo6Cl8} Cl6] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʅʝʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ūɻ ʤ), ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ [Ru(bipy)3]2+, ʩʦʩʪʘʚʠʣʠ 0,04 ʠ 0,005 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ HCl, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (tɻʤ = 120 ʤʢʩ ʜʣʷ ʪʚʝʨʜʦʛʦ 

(Bu4N)2[{ Mo6Cl8} Cl6] ʠ 20 ʤʢʩ ʜʣʷ ʨʘʩʪʚʦʨʘ (H3O)2[{ Mo6Cl8} Cl6]) ʫʚʝʣʠʯʠʚʘʣʠʩʴ (210 ʠ 80 

ʤʢʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʩ 300 ʜʦ 80K. ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʙʨʦʤʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʣʠʙʜʝʥʘ (Bu4N)2[{ Mo6Br8} Br6], ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʦ lɻ ʤ = 775 ʥʤ. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ, ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ ʢʚʘʟʠ-ʦʙʨʘʪʠ-

ʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ 24Ǜ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʪ.ʝ. ʢʦʤʧʣʝʢʩʘ 

[{ Mo6Cl8} Cl6]2ï ʦʙʣʘʜʘʶʱʝʛʦ 24 ʂʉʕ) ʜʦ 23Ǜ ʩʦʩʪʦʷʥʠʷ [{Mo6Cl8} Cl6]ï (ʩʦʜʝʨʞʘʱʝʛʦ 23 

ʂʉʕ) ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʣʫʚʦʣʥʳ E1/2([{ Mo6Cl8} Cl6]ï/2ï) = 1,29 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/0,1 ʄ 

AgNO3. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʘ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʤʦʣʝʢʫʣʫ ʘʢʮʝʧʪʦʨ, ʪʘʢʫʶ ʢʘʢ ʤʝʪʠʣʚʠʦʣʦʛʝʥ (1,1'-ʜʠ-

ʤʝʪʠʣ-4,4'-ʜʠʧʠʨʠʜʠʣʠʡ), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʫʰʝʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

ʆʪʢʨʳʪʠʝ ʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩʪʘʣʦ ʪʦʣʯʢʦʤ ʢ ʥʦ-

ʚʦʤʫ ʚʠʪʢʫ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʠ ʬʠʟʠʢʦʭʠʤʠʠ ʦʧʠʩʳʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʤʝʥʥʦ ʩ ʵʪʦʡ ʨʘ-

ʙʦʪʳ ʥʘʯʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-
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ʩʘʭ, ʥʦ ʠ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ, ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʫʯʘʩʪʠʝʤ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʤʦʣʠʙʜʝʥʘ. 

ʏʫʪʴ ʧʦʟʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʘʢ ʜʣʷ (Bu4N)2[{Mo 6Cl8} Cl6], ʪʘʢ ʠ ʜʣʷ ʙʨʦ-

ʤʠʜʥʦʛʦ ʘʥʘʣʦʛʘ (Bu4N)2[{ Mo6Br8}Br 6] [54]. ʄʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ ʩʧʝʢ-

ʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʣʷ (Bu4N)2[{Mo 6Cl8} Cl6] ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩʦʩʪʘʚʠʣʠ lɻ ʤ = 805 ʥʤ ʠ ūɻ ʤ = 0,19 (ʥʝʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ lɻ ʤ = 

760 ʥʤ ʠ ūɻ ʤ = 0,04), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʙʳʣʦ ʫʪʦʯʥʝʥʦ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ 

ʠ ʦʧʨʝʜʝʣʝʥʳ ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʚ ʨʘʩʪʚʦʨʝ ʚ ʘʮʝʪʦʥʠʪ-

ʨʠʣʝ: lɻ ʤ = 825 ʥʤ, tɻʤ = 130 ʤʢʩ ʠ ūɻ ʤ = 0,23. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ (Bu4N)2[{ Mo6Br8}Br 6] ʪʘʢʞʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʣʫʚʦʣʥʳ 

E1/2([{ Mo6Br8} Br6]ï/2ï) = 1,07 ɺ (ʦʪʥ. Ag/Ag+) ʠ 1,38 ɺ (ʦʪʥ. Ag/AgCl). ɼʣʷ [{Mo6Cl8} Cl6]ï

/2ï ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1,60 ɺ (ʦʪʥ. Ag/AgCl). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʷʚʠʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8} I6] [55]. ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ 

(Bu4N)2[{ Mo6I8} I6] ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (lɻ ʤ 

ï ʥʝ ʧʨʠʚʝʜʝʥʘ, tɻʤ = 84 ʤʢʩ, ūɻ ʤ = 0,16). ʆʪʤʝʪʠʤ, ʯʪʦ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ {Mo6I8} 4+ ʚʧʣʦʪʴ ʜʦ 1993 ʛʦʜʘ 

ʥʝ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ, ʜʘʞʝ ʫ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʘʚʪʦʨʦʚ. ʊʘʢʞʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʢʣʘ-

ʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)2[{ Mo6X8} X6] (X = Cl, Br, I) ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʤʠ ʜʣʷ 

ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ ʢʦʥʩʪʘʥʪʘʤʠ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ (kr ~ 1-2 ³ 103 ʩï1) ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴ-

ʥʦʛʦ (knr ~ 5-10 ³ 103 ʩï1) ʧʝʨʝʭʦʜʦʚ (ʫʨʘʚʥʝʥʠʷ 1 ʠ 2). 

†̞̍    (1) 

ˡ̞ ̍    (2) 

1.1.1.3.2. ʕʣʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʷ (Bu4N)2[{Mo 6Cl8}Cl6]  

ʇʦʟʞʝ ɻ ʪʘ ʞʝ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʥʠʦʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Cl8} Cl6]2ï, ʥʦ ʪʘʢʞʝ 

ʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʣʫʚʦʣʥʳ E1/2([{Mo 6Cl8} Cl6]2ï/3ï) =  

ï1,53 ɺ (ʦʪʥ. Ag/AgCl) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʩʦʜʝʨʞʘʱʝʤ 0,1 ʄ Bu4NClO4 (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ 2 ʤʄ ʨʘʩʪʚʦʨʘ (Bu4N)2[{ Mo6Cl8} Cl6] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʝ 0,1 ʄ Bu4NClO4 ʧʨʠ 25Áʉ 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʢʘʢ ʠ ʦʢʠʩʣʝ-

ʥʠʝ, ʧʨʦʪʝʢʘʝʪ ʪʘʢʞʝ ʠ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʪʘʢʠʭ ʢʘʢ AlCl 3ïEtImzCl (EtImzCl = 1-ʤʝʪʠʣ-

3-ʵʪʠʣʠʤʠʜʘʟʦʣʠʫʤ ʭʣʦʨʠʜ) [56]. ʇʦʩʢʦʣʴʢʫ ʨʘʟʥʠʮʘ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʦʢʠʩʣʝʥʥʦʡ 

[{Mo 6Cl8} Cl6]ï ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ [{Mo6Cl8} Cl6]3ï ʬʦʨʤʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 3,1 ɺ (ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʵʥʝʨʛʠʠ ʚ 3,1 ʵɺ), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʜʚʫʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{Mo6Cl8} Cl6]2ï*, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʨʘʩʥʦʡ/ʠʥʬʨʘ-

ʢʨʘʩʥʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ (lɻ ʤ = 805 ʥʤ, tɻʤ = 180 ʤʢʩ, ūɻ ʤ = 0,19) (ʨʠʩ. 5) [57]. 

 
ʈʠʩ. 5. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʃʘʪʠʤʝʨʘ ʜʣʷ (Bu4N)2[{ Mo6Cl8} Cl6] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʣʘʪʠʥʦʚʳʡ ʨʘʙʦʯʠʡ ʵʣʝʢ-

ʪʨʦʜ, ʦʧʫʱʝʥʥʳʡ ʚ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ (Bu4N)2[{Mo 6Cl8}Cl6], ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ 1,80 ʜʦ ï1,80 ɺ (ʦʪʥ. 

Ag/AgCl) ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʕɻʍʃ). ʇʦ-

ʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʧʨʝʢʨʘʩʥʦ ʩʦʚʧʘʜʘʶʪ ʩ 

ʥʝʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ (Bu4N)2[{Mo 6Cl8} Cl6] ʧʨʠ ʬʦʪʦ-ʚʦʟʙʫʞʜʝʥʠʠ (ʪʘʢʞʝ ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ) (ʨʠʩ. 6). 

 
ʈʠʩ. 6. ʉʧʝʢʪʨ ʕɻʍʃ (Bu4N)2[{Mo 6Cl8} Cl6 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʏʨyʥʳʝ ʪʦʯʢʠ ʧʦʢʘʟʳʚʘʶʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥ-

ʮʠʶ (Bu4N)2[{Mo 6Cl8}Cl6 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 436 ʥʤ 

ʇʨʦʜʦʣʞʝʥʠʝʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʕɻʍʃ ʠʦʥʦʚ [{Mo6Cl8} Cl6]2ï ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʜʦʥʦʨʦʚ (Dï) ʠ ʘʢʮʝʧʪʦʨʦʚ (A+) [58, 59]. ʊ.ʝ. ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʠʩʪʝʤʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ [{Mo6Cl8} Cl6]ï ʩ ʜʦʥʦʨʦʤ Dï (ʥʠʪʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʳ) 
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ʠʣʠ D (ʧʠʨʠʜʠʥʠʝʚʳʝ ʨʘʜʠʢʘʣʳ) ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ [{Mo 6Cl8} Cl6]3ï ʩ ʘʢʮʝʧʪʦ-

ʨʦʤ A+ (ʘʤʠʥʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ) ʧʦ ʩʭʝʤʘʤ ʨʝʘʢʮʠʡ 8-10: 

[{Mo 6Cl8} Cl6]ï + Dï Ÿ [{Mo 6Cl8} Cl6]2ï* + D (8) 

[{Mo 6Cl8} Cl6]ï + D Ÿ [{Mo 6Cl8} Cl6]2ï* + D+ (9) 

[{Mo 6Cl8}Cl 6]3ï + A+ Ÿ [{Mo 6Cl8}Cl 6]2ï* + A (10) 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ūʚʩ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ 0,013 Ñ 0,001 (ʜʣʷ [{Mo6Cl8} Cl6]ï + Dï), 0,079 Ñ 0,008 (ʜʣʷ 

[{Mo 6Cl8} Cl6]ï + D) ʠ 0,132 Ñ 0,006 (ʜʣʷ [{Mo6Cl8} Cl6]3ï + A+) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʢʟʝʨʛʦʥʠʯ-

ʥʦʩʪʠ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤ rʢʣʘʩʪʝʨʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʢ-

ʮʝʧʪʦʨ ʠʣʠ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ-ʜʦʥʦʨʘ ʥʘ ʦʢʠʩʣʝʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʕɻʍʃ ʩʪʦʠʪ 

ʦʞʠʜʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʘʢʮʝʧʪʦʨʦʚ, ʯʪʦ ʪʘʢʞʝ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʕɻʍʃ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ 

ʚ ʩʣʫʯʘʝ ʪʨʠʩ-(4-ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʘ ʠ ʩʦʩʪʘʚʠʣʦ 0,025 [59]. 

1.1.1.3.3. ʉʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ 

ʂʨʦʤʝ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʜʦʥʦʨʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ ʥʘ 

ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʫʶ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʩʝʨʠʷ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥ-

ʥʘʷ ʧʦʣʫʯʝʥʠʶ ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʘ (TTF ), 

ʪʝʪʨʘʪʠʘʧʝʥʪʘʣʝʥʘ (TTP) [60-65]. ʉʫʪʴ ʜʘʥʥʳʭ ʨʘʙʦʪ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ. ʋʢʘʟʘʥʥʳʤ ʦʙ-

ʨʘʟʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠ ̫ʦʙʨʘʟʮʦʚ ï ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ (charge-transfer 

complex) ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (Kat)n
2+[{ Mo6Cl8} Cl6]2ï, ʛʜʝ n = 2, Kat = TM-TTF, BPDT-TTF, 

F4-BPDT-TTF, ʠ F2-PDT-EDT-TTF; n = 4, Kat = BEDT-TTF, F2-PDT-TTF; n = 6, Kat = BDT-

TTP; ʘ ʪʘʢʞʝ ((MeS)4-TTF)2
2+[{Mo 6Cl8}( NCS)6]2ïʠ (BEDO-TTF)22+[{Mo 6Br8}Br 6] (ʨʠʩ. 7).  

ʇʦʣʫʯʝʥʥʘʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 

[63, 64], ʘ ʪʘʢʞʝ, ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ, ʤʘʛʥʠʪʥʳʤʠ [62, 65] 

ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʟʞʝ, ʚ 2012-2014 ʛʦʜʘʭ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʥʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6X8} X6]2ï (X = Cl ʠʣʠ Br) ʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʜʦ-

ʥʦʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ: ʧʨʦʠʟʚʦʜʥʳʝ ʊʊF, ʪʝʪʨʘʪʠʘʥʘʬʪʘʮʝʥ, ʧʝʨʠʣʝʥ, ʢʦʨʦʥʝʥ ʠ 

ʜʨ. [66, 67]. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʘʢ ʠ ʨʘʥʝʝ 

ʦʧʠʩʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ TTF. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʢʦʤ-
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ʧʣʝʢʩʳ, ʥʘʧʨʠʤʝʨ ʩ ʢʦʨʦʥʝʥʦʤ, ʘ ʠʤʝʥʥʦ (coronene)3
2+[{Mo 6Cl8} Cl6]2ï, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʦʙ-

ʣʘʜʘʪʴ ʩʚʦʡʩʪʚʘʤʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ, ʦʜʥʘʢʦ ʥʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʠ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

 

 
ʈʠʩ. 7. ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

(BEDT-TTF)4[{Mo 6Cl8} Cl6] ʠ (BDT-TTP)2[{Mo 6Cl8} Cl6 

1.1.1.3.4. ʇʨʠʨʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʆʩʥʦʚʥʦʡ ʫʧʦʨ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʥʘ ʪʦʪ ʤʦʤʝʥʪ 

ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʋʞʝ ʚ 1985 ʛʦʜʫ ʛʨʫʧʧʦʡ ʷʧʦʥʩʢʠʭ ʫʯʝʥʳʭ 

Y. Saito ʠ T. Azumi ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʠʨʦʜʝ ʧʨʦʮʝʩʩʘ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ [68]. ʇʝʨ-

ʚʳʤ ʰʘʛʦʤ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʠʟʰʝʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠ-

ʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɽʱʝ ʚ 1964 ʛʦʜʫ F.A. Cotton ʠ T.E. Haas ʧʨʦʚʝʣʠ ʧʝʨʚʳʡ ʨʘʩʯʝʪ ʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ {M6X8} -ʩʠʩʪʝʤ (M = Mo, W; X = ʛʘʣʦʛʝʥ) [20] (ʨʠʩ. 8). ɺ ʪʦʡ ʨʘʙʦʪʝ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʚʘʣʝʥʪʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩʦʙʨʘʥʳ ʠʟ 4d ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʰʝʩʪʠ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ. 

ʇʦʟʞʝ ʚ ʩʪʘʪʴʝ [68] ʘʚʪʦʨʳ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʚʳʩʰʘʷ ʟʘʥʷʪʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠ-

ʪʘʣʴ (ɺɿʄʆ) ʩʦʩʪʦʠʪ ʠʟ dyz ʠ dxz ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ t2g. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ (ʅʉʄʆ) ʩʦʩʪʦʠʪ ʠʟ dz
2 

ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ t1u (ʦʧʠʩʳʚʘʝʤʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤ-

ʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚʳʙʨʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [20]). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʠʝʡ ʦʧʠʩʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [68] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʵʣʝʢʪʨʦʥ, ʧʝʨʝ-

ʭʦʜʷ ʩ ʦʨʙʠʪʘʣʠ t2g ʥʘ t1u, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʯʝʪʳʨʝʭ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ: 
3T1u, 3T2u, 3Eu ʠ 3A2u. ʈʘʩʯʝʪʳ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʠʟʰʠʤ 

ʪʨʠʧʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ 3T1u. ɹʦʣʝʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʘʣʴʥʝʡ-

ʰʝʝ ʨʘʩʱʝʧʣʝʥʠʝ 3T1u ʩʦʩʪʦʷʥʠʷ ʥʘ ʧʦʜʫʨʦʚʥʠ T2u, Eu, T1u ʠ A1u ʚ ʨʷʜʫ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ 

ʧʨʠ ʫʯʝʪʝ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 
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ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ {M6X8} -ʩʠʩʪʝʤ ʦʪ 1964 ʛ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʚʪʦʨʳ ʧʨʦʜʝʣʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦ ʠʟʫʯʝʥʠʶ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

[69]. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʰʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢʘʞʜʦʛʦ 

ʠʟ ʧʦʜʫʨʦʚʥʝʡ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʫʨʦʚʥʝʡ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʧʦʣʥʦʝ ʩʦʚʧʘʜʝ-

ʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʨʘʩʯʝʪʥʳʤʠ (ʨʠʩ. 9), ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʘʥʥʘʷ ʪʝʦʨʠʷ ʧʦʜʫʨʦʚʥʝʡ ʚʝʩʴʤʘ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʠʩʩʣʝ-

ʜʫʝʤʫʶ ʩʠʩʪʝʤʫ. ʇʦʟʞʝ T. Azumi ʠ Y. Saito [70] ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʣʠ ʩʚʦʶ ʪʝʦʨʠʶ, 

ʧʦʜʢʨʝʧʠʚ ʚʥʫʰʠʪʝʣʴʥʳʤʠ ʨʘʩʯʝʪʘʤʠ. 

 

ʈʠʩ. 9. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [{Mo6Cl8} Cl6]2ï ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʣʷ 

(Et4N)2[{ Mo6Cl8} Cl6] ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (OBS ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ, SIM ï ʨʘʩʯʝʪʥʳʡ) 

ʂʨʦʤʝ ʠʟʫʯʝʥʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʦʜʥʘ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʟʫʯʝʥʠʶ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [71]. ʇʦ-

ʩʢʦʣʴʢʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʩʧʠʥ-ʟʘʧʨʝʱʝʥʥʦʤ ʧʝʨʝʭʦʜʝ ʠʟ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 3T1u ʚ ʦʩʥʦʚʥʦʝ 1A1g, ʧʝʨʝʭʦʜ ʠʟ ʩʠʥʛʣʝʪʥʦʛʦ ʚʦʟ-

ʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʩʥʦʚʥʦʝ ʷʚʣʷʝʪʩʷ ʩʧʠʥ-ʨʘʟʨʝʰʝʥʥʳʤ, ʪʦ ʚʨʝʤʝʥʘ ʵʪʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʨʝʣʘʢʩʘʮʠʠ ʙʫʜʫʪ ʥʝʙʦʣʴʰʠʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʨʦʪʢʦʞʠʚʫʱʝʡ ʬʣʶʦ-

ʨʝʩʮʝʥʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʩʠʥʛʣʝʪ-ʩʠʥʛʣʝʪʥʦʤ ʧʝʨʝʭʦʜʝ, ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʠʢʦ-

ʩʝʢʫʥʜʥʳʡ ʣʘʟʝʨ (25 ʧʩ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6Cl8} Cl6] ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ, ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʘʭ ʧʦʩʣʝ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʘ: 40-200 ʧʩ, 360-
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520 ʧʩ ʠ > 200 ʥʩ (ʨʠʩ. 10). ʉʧʝʢʪʨ (ɸ) ʟʘʧʠʩʘʥʥʳʡ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 40-200 ʧʩ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (lɻ ʤ = 600 Ñ 10 

ʥʤ, tɻʤ = 630 Ñ 30 ʧʩ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʧʝʢʪʨ (C) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʧʨʠʚʳʯʥʦʡ ʬʦʩʬʦ-

ʨʝʩʮʝʥʮʠʠ (lɻ ʤ = 690 Ñ 10 ʥʤ, tɻʤ = 130 Ñ 10 ʤʢʩ). ʉʧʝʢʪʨ (B) (lɻ ʤ = 630 Ñ 3 ʥʤ, tɻʤ = 40 Ñ 

20 ʧʩ) ʘʚʪʦʨʳ ʥʝ ʦʪʥʦʩʷʪ ʢ ʧʝʨʝʭʦʜʘʤ ʚʥʫʪʨʠ ʦʜʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʝʜʠʥʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʘʟʝʨʘ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʥʷ-

ʝʪʩʷ. 

 

ʈʠʩ. 10. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [{Mo6Cl8} Cl6]2ï ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʣʷ (Bu4N)2[{ Mo6Cl8} Cl6] ʧʨʠ 

290K ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ: (A) ʠʥʪʝʨʚʘʣ ʦʪ 40 ʜʦ 200 ʧʩ ʧʦʩʣʝ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʘ; 

 (B) 360-520 ʧʩ; (C) ʙʦʣʝʝ 520 ʧʩ 

1.1.1.3.5. ʊʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩ-

ʪʚʦʨʠʪʝʣʝʡ 

ɽʱʝ ʚ ʧʝʨʚʦʡ ʩʪʘʪʴʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ [53], ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ūɻ ʤ ʠ tɻʤ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟ-

ʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, tɻʤ ʜʣʷ [{Mo6Cl8} Cl6]2ï ʚ 6M HCl ʩʦʩʪʘʚʣʷʣʦ 20 ʤʢʩ, 

ʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 180 ʤʢʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʚʝʩʴʤʘ ʣʦʛʠʯʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʝ 

ʚʣʠʷʥʠʝ ʩʦʣʴʚʘʪʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʚʨʝʤʷ ʞʠʟʥʠ (tɻʤ) ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

(ūɻ ʤ) ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 1989 ʛʦʜʫ ʥʘ ʧʨʠʤʝʨʝ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ K2[{ Mo6Cl8} Cl6] ʠ (Et4N)2[{ Mo6Cl8} Cl6] ʠ ʪʘʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʢʘʢ 

CH3CN, CH3OH, ɼʄʌɸ, ɼʄʉʆ, ʘ ʪʘʢʞʝ 0,6, 2 ʠ 6 M HCl (ʪʘʙʣʠʮʘ 1) [72]. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʝʞʜʝ ʚʩʝʛʦ ʘʚʪʦʨʳ ʟʘʧʠʩʘʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦ-

ʛʣʦʱʝʥʠʷ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʫʙʝʜʠʣʠʩʴ ʚ ʠʭ ʠʜʝʥ-

ʪʠʯʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɹr ʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ ʜʣʷ ʨʘʩ-

ʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʚ HCl ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʝʸ ʪʫʰʝʥʠʝ. 

ʇʨʠʯʸʤ ʚ ʩʣʫʯʘʝ ɼʄʉʆ ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʘ 

ʥʘʩʪʦʣʴʢʦ ʙʳʩʪʨʦʡ, ʯʪʦ ʥʝ ʫʜʘʚʘʣʦʩʴ ʟʘʧʠʩʘʪʴ ʢʦʨʨʝʢʪʥʳʝ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʠ 
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ʵʪʦʤ ʧʘʜʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʟʘʤʝʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʚ ʪʝʤ-

ʥʦʪʝ ʪʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʪʦʭʠʤʠʯʝ-

ʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʠʚʦʜʷʱʝʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʣʶʤʠʥʝʩʮʠʨʫʶʱʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. ʂʘʣʠʝʚʘʷ ʠ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʝʚʘʷ ʩʦʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʨʘʩ-

ʪʚʦʨʠʤʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʊʦʣʴʢʦ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʚ ɼʄʌɸ ʙʳʣʠ ʟʘʧʠʩʘʥʳ 

ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʦʙʦʠʭ ʩʦʣʝʡ, ʧʨʠ ʵʪʦʤ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʘʭ ʞʠʟʥʠ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ: 82,2 Ñ 0,7 ʤʢʩ ʜʣʷ K+ ʠ 81,9 Ñ 0,6 ʤʢʩ ʜʣʷ Et4N+. 

ʊʘʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ tɻʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʚʳʙʨʘʥʥʳʭ ʢʘʪʠʦʥʦʚ ʥʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʪʦʥ-

ʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʚ ʩʨʝʜʥʝʤ ʥʠʞʝ, 

ʯʝʤ ʚ ʘʧʨʦʪʦʥʥʳʭ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Cl8}Cl6]2ï 

ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʨʘʟʙʦʨ ʢʦʥʩʪʘʥʪ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ (kr) ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ (knr) ʧʝ-

ʨʝʭʦʜʦʚ (ʪʘʙʣʠʮʘ 1) ʧʦʢʘʟʘʣ, ʯʪʦ kr ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝ-

ʣʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ tɻʤ ʩʚʷʟʘʥʦ ʩ knr, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 2 

ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʯʝʤ kr. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, knr ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʙʝʟʳʟʣʫʯʘ-

ʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʨʝʣʘʢʩʘʮʠʷ ʟʘ ʩʯʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʦʜʫʨʦʚʥʝʡ 

(kna), ʨʘʟʣʠʯʥʳʝ ʨʘʟʨʝʰʝʥʥʳʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʳ (knb) ʠ ʨʝʣʘʢʩʘʮʠʷ ʟʘ ʩʯʝʪ ʭʠ-

ʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (knc). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, knr ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʩʫʤʤʫ ʪʨʝʭ ʩʣʘʛʘʝʤʳʭ 

(ʫʨʘʚʥʝʥʠʝ 3). 

Ὧ Ὧ Ὧ Ὧ   (3) 

ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʚʠʜʫ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʡ, ʘ 

ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨ, ʢʦʥʩʪʘʥʪʳ kna ʠ knb ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳ ʪ.ʝ. 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʷʶʱʫʶʩʷ knr ʚʥʦʩʠʪ ʠʤʝʥʥʦ knc. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʦʙ-

ʱʝʝ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʬʦʪʦʭʠ-

ʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʆʧʠʨʘʷʩʴ ʥʘ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘ-

ʥʝʝ ʨʘʩʯʝʪʳ [20, 70], ʯʪʦ ʥʠʟʰʝʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʩʪʦʠʪ ʠʟ dz
2 ʦʨʙʠʪʘʣʝʡ ʤʦʣʠʙ-

ʈʘʩʪʚʦʨʠʪʝʣʴ tɻʤ, ʤʢʩ ūɻ ʤ kr, ʩï1 knr, ʩï1 knc, ʩï1 

CH3CN 180,0 0,19 1,05 ³ 103 4,51 ³ 103 0 

DMF 81,9 0,099 1,21 ³ 103 1,10 ³ 104 6,5 ³ 103 

CH3OH 30,0 0,038 1,27 ³ 103 3,21 ³ 104 2,8 ³ 104 

6 M HCl 13,5 0,017 1,26 ³ 103 7,28 ³ 104 6,7 ³ 104 

2 M HCl 5,0 0,0054 1,08 ³ 103 1,99 ³ 105 2,0 ³ 105 

0,6 M HCl 3,7 0,0025 6,8 ³ 102 2,70 ³ 105 2,7 ³ 105 
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ʜʝʥʘ, ʚʝʩʴʤʘ ʧʨʘʚʜʦʧʦʜʦʙʥʦ ʚʳʛʣʷʜʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʦʩʣʘʙʣʷʝʪ ʩʚʷʟʴ MoïClʪʝʨʤ. ɺʝʨʦʷʪʥʦ, ʪʘʢʦʝ ʦʩʣʘʙʣʝʥʠʝ ʩʚʷʟʠ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʩ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʧʦʟʚʦʣʷʝʪ ʤʦʣʝʢʫʣʘʤ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʘʢʠʤ ʢʘʢ ɼʄʉʆ, 

ɼʄʌɸ ʠ ʤʝʪʘʥʦʣ ʟʘʤʝʱʘʪʴ ʘʪʦʤʳ ʭʣʦʨʘ (ʨʘʩʩʯʠʪʘʥʥʘʷ ʢʦʥʩʪʘʥʪʘ ʨʝʘʢʮʠʠ knc ʧʨʠʚʝʜʝʥʘ 

ʚ ʪʘʙʣʠʮʝ 1), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩʦ ʩʣʘʙʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. ɺ ʩʣʫʯʘʝ ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦʝ ʟʘ-

ʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʥʳʭ-ʧʘʨ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ K+ ʠʣʠ H3O+ ʠ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʚʣʠʷʝʪ ʥʘ knc ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʟʘʤʝʱʝʥʠʝ ʥʘ ʤʦ-

ʣʝʢʫʣʳ ʚʦʜʳ. 

1.1.1.3.6. ʊʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩ-

ʣʦʨʦʜʦʤ 

ɺʝʩʴʤʘ ʟʥʘʯʠʤʳʤ ʠ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʢʨʘʝʫʛʦʣʴʥʳʤ ʦʪʢʨʳʪʠʝʤ, ʩʜʝʣʘʥʥʤr ʚ ʨʘ-

ʙʦʪʝ [72], ʩʪʘʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ʟʘʤʝʪʥʦʛʦ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦ-

ʨʦʜʦʤ. ʆʜʥʘʢʦ, ʘʚʪʦʨʳ ʥʝ ʧʨʠʜʘʣʠ ʵʪʦʤʫ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʥʘʯʝʥʠʷ, ʘ ʣʠʰʴ ʩʨʘʚʥʠʣʠ ʢʦʥ-

ʩʪʘʥʪʫ ʪʫʰʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (kq) ʩ ʢʦʥʩʪʘʥʪʦʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ (knc). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʥʝ ʠʛʨʘʣʦ ʟʘʤʝʪʥʦʡ ʨʦʣʠ. ʆʜʥʘʢʦ, ʯʫʪʴ ʧʦʟʞʝ 

ʚ 1990 ʛʦʜʫ ʛʨʫʧʧʘ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʝʥʳʭ J.A. Jackson ʠ D.G. Nocera ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʟʘʥʷ-

ʣʠʩʴ ʠʟʫʯʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʪʫʰʝʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ [73]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 1O2. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ kq ʣʝʞʘʱʠʝ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 3,5 ʜʦ 12 ³ 107 ʄï1Ŀʩï1. ɼʣʷ ʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʛʦ ʩʠʥʛʣʝʪʥʦʡ 

ʬʦʨʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʨʦʜʫ ʠ ʩʚʦʡʩʪʚʘ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʝʛʦ ʬʦʪʦʛʝʥʝʨʘʮʠʠ. 

ʇʝʨʚʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʣʦʩʴ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʙʳʣʘ ʩʪʘʪʴʷ H. Kautsky ʚ 1931 ʛʦʜʫ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʣʦʩʴ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʘʢʨʠʬʣʘʚʠʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʛʘʟʦʦʙʨʘʟʥʳʤ ʢʠʩʣʦʨʦʜʦʤ [74]. ɺ 

ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʥ ʩʜʝʣʘʣ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʥʝʨʛʠʷ ʦʪ ʵʣʝʢʪʨʦʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ 

ʢʨʘʩʠʪʝʣʷ ʧʝʨʝʜʘʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʦʤʫ ʢʠʩʣʦʨʦʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʛʦ ʵʣʝʢʪʨʦʚʦʟʙʫʞʜʸʥʥʦʡ 

ʩʠʥʛʣʝʪʥʦʡ ʬʦʨʤʳ. ʏʫʪʴ ʧʦʟʞʝ ʦʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 1Sg
+ [75]. ʆʜʥʘʢʦ, ʚʧʣʦʪʴ ʜʦ 1968 ʛʦʜʘ, ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝ-

ʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʠʛʥʦʨʠʨʦʚʘʣʩʷ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʠ ʣʠʰʴ ʩʪʘʪʴʷ S. Foote ʚ ʞʫʨʥʘʣʝ 

Science [76] ʩʧʦʜʚʠʛʣʘ ʫʯʝʥʳʭ ʦʙʨʘʪʠʪʴ ʙʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤ ʧʝʨʝ-

ʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (ʢʨʘʩʠʪʝʣʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʤʦʣʝʢʫʣʷʨ-

ʥʦʤʫ ʢʠʩʣʦʨʦʜʫ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʦʪ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʚ ʪʨʠʧʣʝʪʥʦʤ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʨʠʧʣʝʪʥʦʤʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʢʠʩʣʦʨʦʜʫ (ʤʦʣʝʢʫʣʝ ʢʠʩʣʦʨʦʜʘ ʚ 
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ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, 3O2(3Sg
ï)) ʷʚʣʷʝʪʩʷ ʩʧʠʥ-ʨʘʟʨʝʰʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʨʠ ʵʪʦʤ ʚʦʟ-

ʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʬʦʨʤ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 1O2, ʧʝʨʚʦʝ (ʥʠʟʰʝʝ ʩʠʥʛʣʝʪʥʦʝ) 

(1Dg) ʠ ʚʪʦʨʦʝ (ʚʳʩʰʝʝ ʩʠʥʛʣʝʪʥʦʝ) (1Sg
+) ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠ ̫(ʨʠʩ. 11). 

 
ʈʠʩ. 11. ɼʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʤʦʣʝʢʫʣʳ O2. ɼʚʘ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʷ, ʥʠʟʰʝʝ (1Dg) 

(ʩʣʝʚʘ) ʠ ʚʳʩʰʝʝ (1Sg
+) (ʧʦ ʮʝʥʪʨʫ) ʩʠʥʛʣʝʪʥʦʝ; ʠ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 3Sg

ï (ʩʧʨʘʚʘ) 

ʈʘʟʥʠʮʘ ʚ ʵʥʝʨʛʠʷʭ ʤʝʞʜʫ ʥʠʟʰʠʤ ʩʠʥʛʣʝʪʥʳʤ (1Dg) ʠ ʦʩʥʦʚʥʳʤ (3Sg
ï) ʩʦʩʪʦʷʥʠʷʤʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 22 ʢʢʘʣ/ʤʦʣʴ (ʠʣʠ 0,9773 ʵɺ). ɺ ʥʠʟʰʝʤ ʩʦʩʪʦʷʥʠʠ ʦʙʘ ʵʣʝʢʪʨʦʥʘ ʩʧʘ-

ʨʝʥʳ ʥʘ ʦʜʥʦʡ ʦʨʙʠʪʘʣʠ, ʦʩʪʘʚʣʷʷ ʜʨʫʛʫʶ ʚʘʢʘʥʪʥʦʡ (ʨʠʩ. 11, ʩʣʝʚʘ). ɺʳʩʰʝʝ ʩʠʥʛʣʝʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ (1Sg
+) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʨʘʟʥʠʮʝʡ ʵʥʝʨʛʠʡ ʩ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ 

ʨʘʚʥʷʝʪʩʷ 37 ʢʢʘʣ/ʤʦʣʴ (ʠʣʠ 1,6268 ʵɺ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʘ ʵʣʝʢʪʨʦʥʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟ-

ʥʳʭ ʦʨʙʠʪʘʣʷʭ, ʥʦ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʩʧʠʥ (ʨʠʩ. 11, ʧʦ ʮʝʥʪʨʫ) [77, 78]. ɺ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʥʘ ʪʨʠʧʣʝʪʥʳʡ 

ʢʠʩʣʦʨʦʜ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʦʠʭ ʬʦʨʤ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ: 1O2(1Dg) ʠ 

1O2(1Sg
+). ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ (kr) ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (3Sens) ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ 

(ʨʝʘʢʮʠʠ ʧʩʝʚʜʦ-ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ) (ʉʭʝʤ rʨʝʘʢʮʠʡ 11-13), ʘ ʪʘʢʞʝ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 1Dg ʠ 

3Sg
ï ʠ 1Sg

+ ʠ 3Sg
ï (0,98 ʠ 1,63 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʩ ʵʥʝʨʛʠʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ET*) ʚ 

ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ 0,98 ʵɺ ʠ 1,63 ʵɺ, ʦʪʥʦʰʝʥʠʝ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ 1Sg
+ ʢ 1Dg (1Sg

+/1Dg) ʙʫʜʝʪ 

ʨʘʚʥʷʪʴʩʷ 0. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘ-

ʪʦʨʘ (ET* > 1,63 ʵɺ) ʩʦʦʪʥʦʰʝʥʠʝ 1Sg
+/1Dg ʩʪʨʝʤʠʪʴʩʷ ʢ 10 (ʨʠʩ. 12) [78, 79]. 

ʇʨʦʮʝʩʩ kr, ʩï1  

3Sens + 3O2(3Sg
ï) Ÿ 1Sens + 1O2(1Sg

+) ~ 1012 (11) 

3Sens + 3O2(3Sg
ï) Ÿ 1Sens + 1O2(1Dg) ~ 1011 (12) 

3Sens + 3O2(3Sg
ï) Ÿ 1Sens + 3O2(3Sg

ï) ~ 1010 (13) 
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ʈʠʩ. 12. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʥʛʣʝʪʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʩ ʨʘʟʥʦʡ 

ʵʥʝʨʛʠʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʆʜʥʘʢʦ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ 1O2(1Sg
+) ʜʘʥʥʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦ-

ʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʝʨʝʭʦʜʠʪ ʚ 1Dg ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʩʧʠʥ-ʨʘʟʨʝʰʝʥʥʳʤ, ʘ 

ʪʘʢʞʝ ʤʘʣʦʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ. ɿʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 1O2(1Sg
+) ʚ ʧʝʨʭʣʦʨʠʨʦʚʘʥʥʳʭ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷʭ (CCl4, C2Cl4, ʠ ʜʨ.) ʥʝ ʧʨʝʚʳʰʘʝʪ 200 ʥʩ [80]. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʘ-

ʨʘʤʝʪʨ ʚ ʪʝʭ ʞʝ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʜʣʷ 1O2(1Dg) ʩʦʩʪʘʚʣʷʝʪ 1-26 ʤʩ [81]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 1O2(1Dg) ʠ 

1O2(1Sg
+), ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʢʨʦʤʝ ʪʝʭ, ʛʜʝ ʦʛʦʚʦʨʝʥʦ ʩʧʝʮʠʘʣʴʥʦ, ʧʦʜ 

ʪʝʨʤʠʥʦʤ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʠ ʟʘʧʠʩʴʶ 1O2 ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʤʝʥʥʦ ʥʠʟʰʝʝ ʩʠʥʛʣʝʪʥʦʝ 

(1Dg) ʩʦʩʪʦʷʥʠʝ. 

ʂʨʦʤʝ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʢ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʢʠʩ-

ʣʦʨʦʜʫ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʜʦ ʩʠʥ-

ʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʧʝʨʚʳʝ ʙʳʣ ʦʧʠʩʘʥ ʚ 1973 ʛʦʜʫ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ 

ʚ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʢ ʪʨʠʧʣʝʪʥʦʤʫ ʢʠʩ-

ʣʦʨʦʜʫ, ʘ ʚ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʘ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʥʘ ʤʦʣʝʢʫ-

ʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ O2
ï ʠ ʦʢʠʩʣʝʥʥʦʛʦ ʬʦʪʦʩʝʥ-

ʩʠʙʠʣʠʟʘʪʦʨʘ [82]. ʇʦʩʣʝ ʯʝʛʦ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʩʫʧʝʨʦʢʩʠʜ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʢʠʩʣʝʥ-

ʥʦʡ ʬʦʨʤʦʡ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʩʭʝʤr ʨʝʘʢ-

ʮʠʡ 14-16). 

Sens ï Ǜ Ÿ SensĿ+ (14) 

3O2 + Ǜ Ÿ O2Ŀï (15) 

O2
Ŀï + SensĿ+ Ÿ Sens + 1O2 (16) 

ʆʜʥʘʢʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʥʪʘʣʴʧʠʷ ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣʘ ʩ ʦʢʠʩʣʝʥʥʳʤ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʤ (ʩʭʝʤʘ ʨʝʘʢ-

ʮʠʠ 16) ʧʨʝʚʳʰʘʣʘ ʵʥʝʨʛʠʶ ʧʝʨʝʭʦʜʘ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 3O2(3Sg
ï) ʚ ʩʠʥʛʣʝʪʥʦʝ 

1O2(1Dg) ʨʘʚʥʫ  ʁ0,98 ʵɺ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʪʨʠʧʣʝʪ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ [{Mo6X8} Xô6]2ï* (X = Cl, Br; Xô = Cl, Br, I) ʩ ʪʨʠʧʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ 3O2 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʤʝʭʘʥʠʟʤʘʤ: ʧʫʪʝʤ ʧʝʨʝ-

ʥʦʩʘ ʵʥʝʨʛʠʠ ʠʣʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ. 

ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠ ̫ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʙʳʣ ʠʟʫʯʝʥ ʚ ʩʪʘʪʴʝ [73]. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (77K) ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʩ-

ʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ (ET*) ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6X8} Xô6]2ï (X = Cl, Br; Xô = Cl, 

Br, I). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʪʝʥʮʠʘʣ rʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ [{Mo6X8} Xô6]ï/2ï ʧʝ-

ʨʝʭʦʜʘ (ʦʪʥ. Ag/AgCl) ʠ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ ʨʘʟʥʠʮʳ ʚ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʪʨʘʪʠʪʴ ʥʘ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ [{Mo6X8} Xô6]2ï (Eʦʢʠʩʣ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 

ɿʥʘʯʝʥʠʷ ET*, Eʦʢʠʩʣ, ʘ ʪʘʢʞʝ DG1 ʠ DG2 ʜʣʷ [{Mo6X8}Xô6]2ï 

[{ Mo6X8} Xô6]2ï ʠʦʥ ET*, ʵɺ Eʦʢʠʩʣ, ʵɺ DG1, ʵɺ DG2, ʵɺ 

[{ Mo6Cl8} Cl6]2ï 1,79 1,46 ï0,81 +0,55 

[{ Mo6Cl8} Br6]2ï 1,80 1,46 ï0,82 +0,54 

[{ Mo6Cl8} I6]2ï 1,75 1,47 ï0,77 +0,60 

[{ Mo6Br8} Cl6]2ï 1,70 1,20 ï0,72 +0,38 

[{ Mo6Br8} Br6]2ï 1,79 1,20 ï0,81 +0,29 

[{ Mo6Br8} I6]2ï 1,70 1,23 ï0,72 +0,41 

ʀʩʭʦʜʷ ʠʟ ʚʦʟʤʦʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʩʭʝʤr ʨʝʘʢʮʠʡ 17 ʠ 18), ʙʳʣʠ ʦʧʨʝ-

ʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʡ ʧʨʦʮʝʩʩʦʚ DG1 (ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ) ʠ DG2 (ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ) (ʪʘʙʣʠʮʘ 2) (DG1 ʠ DG2 ʥʝ ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ 

ʵʥʝʨʛʠʷʤʠ ɻʠʙʙʩʘ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʩʭʦʞʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʤʳʩʣ). 

[{ Mo6X8} Xô6]2ï* + O2 Ÿ [{ Mo6X8} Xô6]2ï + 1O2 (17) 

[{ Mo6X8} Xô6]2ï* + O2 Ÿ [{ Mo6X8} Xô6]ï + O2
ï (18) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ DG1 ʠ DG2 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʨʘʚʥʝʥʠʷ 4 ʠ 5: 

DG1 = ï (ET* ï 0,98) (4) 

DG2 =  ï (ET* ï Eʦʢʠʩʣ ï 0,88) (5) 

#0,98 ʵɺ ï ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʥʛʣʝʪʥʦʝ 1O2(1Dg); 0,88 ʵɺ ï ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦ-

ʨʦʜʘ ʚ ʩʫʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣ O2
ï. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ DG1 ʦʪʨʠʮʘʪʝʣʴʥʘ,̫ ʘ DG2 ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘ-

ʥʠʟʤʫ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ [73]. 
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ʇʦʩʢʦʣʴʢʫ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ (1O2 ʦʪʥʦʩʷʪ ʢ 

ʢʣʘʩʩʫ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ)), ʦʥ ʩʧʦʩʦʙʝʥ ʚʩʪʫʧʘʪʴ ʚ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʪʨʠʧʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʥʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʝʪ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʟʘʤʝʱʝʥʥʳʝ ʮʠʢʣʦʛʝʢʩʝʥʳ [83]. ʊʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʩ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʨʝ-

ʘʢʮʠʡ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʤʝʪʠʣʮʠʢʣʦ-

ʛʝʢʩʝʥʘ (1) ʠ 1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ (5) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʚ 

ʩʪʨʦʛʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (ʩʭʝʤʳ ʨʝʘʢʮʠʡ 19-22, ʪʘʙʣʠʮʘ 3) [73]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʫʢʪ 

4 ʧʨʘʢʪʠʯʝʩʢʠ, ʘ ʧʨʦʜʫʢʪ 8 ʚʦʚʩʝ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩ-

ʣʦʨʦʜʦʤ, ʥʦ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʫʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣʦʤ. 

 

(19) 

 

(20) 

 

(21) 

 

(22) 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (ʤʘʩ.%) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 1-ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ ʠ 1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ (Bu4N)2[{Mo6Cl8}Cl6] 

ʌʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ 
1-ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ (1) 1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ (5) 

2 3 4 6 7 8 

(Bu4N)2[{ Mo6Cl8} Cl6] 77 23 0 85 15 0 

ɹʝʥʛʘʣʴʩʢʠʡ ʨʦʟʦʚʳʡ 41 45 14 89 11 0 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ O2
ï 36 12 40 7 39 54 

ʂʘʢ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ, ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 4 ʠ 8 ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʩʯʝʪʳ DG1 ʠ DG2. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 1 ʠ 5 ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʣʦʚʫʰʢʠ 

ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʝʥ (9) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʢʘʥʜʠʜʘ-

ʪʫʨʦʡ ʥʘ ʜʘʥʥʫʶ ʨʦʣʴ. ʆʢʠʩʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 9 ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʣʠʰʴ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʩʭʝʤʘ ʨʝʘʢʮʠʠ 23). ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦ-

ʝʜʠʥʝʥʠʷ 9 ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʦʟʙʫʞʜʝʥʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [{ Mo6X8} Xô6]2ï

*. 

 

(23) 

ʆʙʨʘʟʫʶʱʝʝʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʝʜʠʥʝʥʠʝ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʙʝʥʟʦʘʪ (10) ʣʝʛʢʦ ʜʝʪʝʢʪʠ-

ʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʷʜʝʨʥʦʛʦ-ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘ ʧʨʦʪʦʥʘʭ (1H ʗʄʈ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʟ ʩʧʝʢʪʨʦʚ 1H ʗʄʈ ʟʘʧʠʩʘʥʥʳʭ ʧʨʠ ʨʘʟʥʦʤ ʚʨʝʤʝʥʠ ʬʦʪʦʣʠʟʘ ʩʦʝʜʠʥʝʥʠʷ 9 ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo6X8} Xô6], ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳ-

ʭʦʜ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ūD) ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʘ ʥʘʩʳʱʝʥʥʦʤ ʢʠʩʣʦʨʦʜʦʤ 

(ʪʘʙʣʠʮʘ 4) [73]. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 4 

ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʌʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ūD 

[{ Mo6Cl8} Cl6]2ï 0,80 

[{ Mo6Cl8} Br6]2ï 0,84 

[{ Mo6Cl8} I6]2ï 0,77 

[{ Mo6Br8} Cl6]2ï 0,84 

[{ Mo6Br8} Br6]2ï 0,79 

[{ Mo6Br8} I6]2ï 0,72 

 

1.1.1.4. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʭʠʤʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦ-

ʣʠʙʜʝʥʘ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʠʤʝʥʥʦ ʦʪʢʨʳʪʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘ-

ʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʦ ʪʦʣʯʢʦʤ ʢ ʥʦʚʦʤʫ ʚʠʪʢʫ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʠ ʬʠʟʠʢʦʭʠʤʠʠ ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ʂʨʦʤʝ ʠʟʫʯʝʥʠʷ ʣʶʤʠ-

ʥʝʩʮʝʥʪʥʳʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʩʢʦʣʴʢʫ ʟʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʚʝʩʴʤʘ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ, ʧʨʠʚʦʜʷʱʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢ ʨʘʟ-

ʨʫʝhʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo6X8} 2+, ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠ-

ʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 
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1.1.1.4.1. ɿʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʭʣʦʨʠʜʥʳʭ ʠ ʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ 

ɿʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʠ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʝʩʪʠʪʴ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʚ ʢʣʘʩʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʙʦ-

ʣʝʝ ʧʨʦʩʪʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʤʝʱʝʥʠʝʤ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʄʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ: ʟʘʤʝʱʝʥʠʝ 

ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʨʘʩʪʚʦʨʘʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʠʬʣʘʪʘ ʩʝʨʝʙʨʘ ʣʠʙʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʩ ʤʝʪʠʣʘʪʦʤ ʥʘʪʨʠʷ. ʇʦʜʦʙʥʝr ʧʦʜʭʦʜ rʫʞʝ ʚʩʪʨʝʯʘʣʠʩʴ ʨʘʥʝʝ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʪʝʨ-

ʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ [{Mo6Cl8}Cl 6]2ï ʥʘ ʤʝʟʠʣʘʪ-ʘʥʠʦʥ [18] ʠ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ [41]. 

ʊʨʠʬʣʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6Cl8}( CF3SO3)6] ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʨʝ-

ʘʢʮʠʠ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 24) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo 6Cl8} Cl6]2ï ʩ ʰʝʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʘʤʠ CF3SO3Ag (ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪ-

ʢʦʤ ʚ 10%) ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ [84]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʝʪʠʣʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʦʣʫʯʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ MoCl2 ʩ ʨʘʩʪʚʦʨʦʤ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ 

(ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 25), ʪʘʢʞʝ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ [85]. 

(Bu4N)2[{Mo 6Cl8} Cl6] + 6CF3SO3Ag Ÿ (Bu4N)2[{Mo 6Cl8}(CF3SO3)6] + 6AgCl (24) 

[{ Mo6Cl8} Cl4/2Cl2] + 6NaOMe Ÿ Na2[{ Mo6Cl8}( OMe)6] + 4NaCl (25) 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)2[{ Mo6Cl8}( CF3SO3)6] ʠ Na2[{ Mo6Cl8}( OMe)6] ʦʢʘʟʘ-

ʣʠʩʴ ʫʜʦʙʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠ-

ʛʘʥʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʪʨʠʬʣʘʪʥʳʝ ʠ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʣʘʙʠʣʴʥʳʤʠ ʠ ʚʩʝ ʰʝʩʪʴ 

ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʱʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʤʷʛʢʦʡ ʨʘʩʪʚʦʨʥʦʡ ʭʠʤʠʠ. 

ʊʘʢ, ʠʩʭʦʜʷ ʠʟ ʛʝʢʩʘʤʝʪʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʦʩʫʱʝʩʪʚ-

ʣʝʥʦ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝʤ ʰʝʩʪʠ ʤʝʪʦʢʩʠ-ʣʠʛʘʥʜʦʚ ʥʘ ʜʨʫʛʠʝ ʘʣʢʦʢʩʠ-, ʬʝʥʦʢʩʠ- ʠʣʠ ʢʘʨ-

ʙʦʢʩʠ-ʣʠʛʘʥʜʳ ʧʨʦʩʪʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʢʦʨʠʯʥʳʤ ʩʧʠʨʪʦʤ [86], ʬʝʥʦʣʦʤ [87] ʠ ʜʝʥʜ-

ʨʦʥʘʤʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [88], 4-ʛʠʜʨʦʢʩʠʙʝʥʟʘʤʠʜʦʤ [89] ʠʣʠ ʢʘʨʙʦʢʩʠʬʝʨʨʦʮʝʥʦʤ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Cl8} L6]2ï, ʛʜʝ L ï 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʘʣʢʦʛʦʣʷʪ ʠʣʠ ʬʝʥʦʣʷʪʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘ ʧʨʠ-

ʤʝʨʘ ʧʦʣʫʯʝʥʠʷ ʜʠʟʘʤʝʱʝʥʥʦʛʦ ʘʥʠʦʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6Cl8}Cl 4(AlkO)2]2ï, ʛʜʝ AlkO ï ʤʝʪʦʢʩʠ- ʠ 9-ʘʥʪʨʘʮʝʥʤʝʪʦʢʩʠ-ʣʠʛʘʥʜ. ʇʨʠ ʵʪʦʤ, ʢʦʤ-

ʧʣʝʢʩ ʩ 9-ʘʥʪʨʘʮʝʥʤʝʪʠʣʘʪʦʤ ʧʦʣʫʯʝʥ ʠʟ ʜʠʤʝʪʠʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Cl8}Cl 4(OMe)2] 

[90]. ʊʘʢʞʝ ʚ ʨʘʙʦʪʘʭ [91, 92] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Na2[{ Mo6Cl8}( OMe)6] ʩ ʵʪʠʣʪʠʦʣʦʤ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʝ Bu4NBr ʠʣʠ PPNCl (ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʠʤʠʥʠʷ ʭʣʦʨʠʜ) ʙʳʣʠ ʧʦʣʫʯʝʥ rʩʦ-

ʝʜʠʥʝʥʠ ̫ (Bu4N)2[{ Mo6Cl8}( SMe)6] ʠ (PPN)2[{ Mo6Cl8}( SMe)6]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʚʣʝʢʘʷ 
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[{ Mo6Cl8}( SMe)6]2ï ʚ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʪʠʦʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʫʪʠʣʪʠʦʣ, ʪʠʦ-

ʬʝʥʦʣʦʤ, ʙʝʥʟʠʣʪʠʦʣ ʠ 3-ʠʥʜʦʣʠʣʪʠʦʣ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

(PPN)2[{ Mo6Cl8} (SBu)6], (Bu4N)2[{Mo 6Cl8}(SPh)6], (Bu4N)2[{ Mo6Cl8} (SBn)6] ʠ 

(Bu4N)2[{ Mo6Cl8} (SNC8H6)6], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʟʞʝ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʘʥʘʣʦʛʠʯʥʦʛʦ ʙʨʦʤʠʜʥʦʛʦ ʛʝʢʩʘ-

ʤʝʪʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʦʛʦ [Na(MeOH)5]2[{Mo 6Br8}(OMe)6] [93]. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ MoCl2 c ʤʝʪʠʣʘʪʦʤ ʥʘʪʨʠʷ 

ʚ ʤʝʪʘʥʦʣʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʢʠʧʷʯʝʥʠʠ ʩ ʧʦʣʥʳʤ ʚʳʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ, ʫʜʘʣʦʩʴ ʚʳʜʝ-

ʣʠʪʴ ʧʦʣʥʦʩʪʴʶ ʤʝʪʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 

Na2[{Mo 6(OMe)8}(OMe)6] ʩʪʨʫʢʪʫʨʥʦ ʧʦʭʦʞʠʡ ʥʘ ʛʘʣʦʛʝʥʠʜʥʳʝ ʘʥʘʣʦʛʠ [85]. ʄʝʪʦʢʩʠ-

ʟʘʤʝʱʝʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ 

ʣʠʛʘʥʜʦʚ ʩ ʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʊʘʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʝʥʦʣʦʤ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ Na2[{Mo 6(OMe)8}(OPh)6] ʠ Na2[{Mo 6(OMe)4(OPh)4}(OPh)6] [94], 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʩʭʦʞʝ ʩʦ ʩʪʨʦʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʠʟ ʛʝʢʩʘʪʨʠʬʣʘʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦ-

ʝʜʠʥʝʥʠʡ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ Brï, Iï, MeCOOï, SCNï, MeOï, ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ, ʪʨʠ-

ʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜ, ʜʠʙʝʥʟʠʣʩʫʣʴʬʦʢʩʠʜ [84], ʘʮʝʪʦʥʠʪʨʠʣ [95], ʘ ʪʘʢʞʝ ʩ ʵʣʝʢʪʨʦʥ-

ʥʘʩʳʱʝʥʥʳʤʠ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʤʠ ʮʠʘʥʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

[CpMn(CO)2CN]ï ʠ CpRu(PPh3)2CN (Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ) [96]. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʜʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʠ ʥʘ ʙʨʦʤʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʜʘ-

ʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʝʨʠʶ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ (Bu4N)2[{ Mo6Br8} L6], ʛʜʝ L 

= CF3SO3
ï, CF3COOï, NCOï, SCNï, Clï, Iï, ʘ ʪʘʢʞʝ [{Mo6Br8} L6](CF3SO3)4, ʛʜʝ L = ʪʨʠʬʝ-

ʥʠʣʬʦʩʬʠʥʦʢʩʠʜ [97], ʧʠʨʠʜʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ [98, 99], ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʠʨʠ-

ʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ [RuCp(PPh3)2(ɖ1-C2-4-Py)], 1-Fc-2-(4-Py) ʘʮʝʪʠʣʝʥ, ʘ ʪʘʢʞʝ ʬʝʥʦʣʷʪ-

ʥʳʤ ʠ ʧʠʨʠʜʠʥʦʚʳʤ ʜʝʥʜʨʦʥʘʤʠ p-ïOïC6H4C{CH2CH2CH2Si(Me)2Fc}3 ʠ (3,5-

{CH2OC6H4C(CH2CH=CH2)3} 2Py)6], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Fc ï ʬʝʨʨʦʮʝʥʠʣ) [35, 100]. 

ʂʨʦʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʢʩʘʪʨʠʬʣʘʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦ-

ʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ 

ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʠʪʨʘʪʘ ʠʣʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʩʝʨʝʙʨʘ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ çʪʨʠʬʣʘʪʥʦʛʦè ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩ ʩʦʣʷʤʠ ʩʝʨʝʙʨʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢ ʨʘʩʪʚʦʨʫ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6X8} X6] (X = Cl, 

Br) ʩʧʝʨʚʘ ʜʦʙʘʚʣʷʝʪʩʷ 6 ʵʢʚʠʚʘʣʝʥʪʦʚ ʥʠʪʨʘʪʘ ʠʣʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʩʝʨʝʙʨʘ, ʘ ʟʘʪʝʤ in 

situ ʜʦʙʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʣʠʛʘʥʜ. ʇʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʧʦʣʫʯʝʥ rʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩ rʩʦʩʪʘʚʘ [{Mo6X8}L 6] ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ L ʢʘʢ Fï, Clï, Brï, Iï [33, 101], CNï 

[102], NCSï [102, 103], NCSeï, NCOï [104] ʠ N3
ï [105]. ʇʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʛʝʢʩʘʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo6X8} X6] (X = Cl, Br) ʩ 

ʥʠʪʨʘʪʦʤ, ʘ ʪʘʢʞʝ ʥʠʪʨʠʪʦʤ ʩʝʨʝʙʨʘ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʧʨʠʚʦʜʠʪ 
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ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʢʩʘʥʠʪʨʘʪʥʦʛʦ/ʥʠʪʨʠʪʥʦʛʦ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Bu4N)2[{ Mo6X8}( NO3)6] ʠ (Bu4N)2[{ Mo6X8}( NO2)6] [106]. 

ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (Bu4N)2[{ Mo6Cl8} Cl6] ʩ ʘʮʝʪʘʪʦʤ, ʪʨʠʬʪʦʨʘ-

ʮʝʪʘʪʦʤ ʠʣʠ ʪʦʟʠʣʘʪʦʤ ʩʝʨʝʙʨʘ, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʥʠʦʥ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʢʩʘʟʘʤʝʱʝʥ-

ʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo6Cl8}( OOCCH3)6], (Bu4N)2[{ Mo6Cl8}( OOCCF3)6] 

ʠ (Bu4N)2[{ Mo6Cl8}( OTs)6], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [107-109]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ 

[110] ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʛʝʢʩʘʪʨʠʬʪʦʨʘʮʝʪʘʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ (Bu4N)2[{ Mo6Cl8}( OOCCF3)6] ʧʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (Bu4N)2[{ Mo6Cl8} Cl6] ʩ 

ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. ɸʚ-

ʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ HCl, ʯʪʦ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʠ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ (Bu4N)2[{ Mo6Cl8}( OOCCF3)6] ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ. ʊʘʢ, ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʤʝʪʘʢʨʠʣʘʪʦʤ ʥʘʪʨʠʷ, ʙʳʣ ʧʦʣʫʯʝʥ ʛʝʢʩʘʤʝʪʘʢʨʠ-

ʣʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6Cl8}( OOCCH=CH2)6] [108]. 

ɼʣʷ ʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

(Bu4N)2[{ Mo6Br8} Br6] ʩ ʩʝʨʝʙʨʷʥʳʤʠ ʩʦʣʷʤʠ ʙʝʥʟʦʡʥʦʡ ʠ 3,5-ʜʠʥʠʪʨʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ 

[111]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʢʩʘʟʘʤʝʱʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ (Bu4N)2[{ Mo6Br8}(OOCPh)6] ʠ (Bu4N)2[{ Mo6Br8}(OOCC6H3(NO2)2)6]. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʣʠʰʴ 2 ʧʨʠʤʝʨʘ ʧʨʷʤʦʛʦ ʟʘʤʝʱʝʥʠʷ (ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦ-

ʣʝʡ ʩʝʨʝʙʨʘ ʠʣʠ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ) ʘʪʦʤʦʚ ʙʨʦʤʘ ʜʣʷ ʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɸʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ MoBr2 ʩ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʦʜʘʥʠʜʘ 

ʢʘʣʠʷ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʢʩʘʟʘʤʝʱʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{Mo 6Br8}(NCS)6]2ï ʠ [{Mo6Br8}(N 3)6]2ï, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [34, 112]. 

1.1.1.4.2. ɿʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙ-

ʜʝʥʘ 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʚʧʣʦʪʴ ʜʦ 

2011 ʛʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢ ʥʝ ʠʟʫʯʘʣʠʩʴ. ʆʜʥʘʢʦ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʭʠ-

ʤʠʠ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʜʘʪʠʨʦʚʘʥʥʳʝ ʧʝʨʠʦʜʦʤ ʜʦ 2011 ʛʦʜʘ, 

ʚʩʝ ʞʝ, ʚʩʪʨʝʯʘʣʠʩʴ. ʊʘʢ, ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ (ʝʩʣʠ ʥʝ ʙʨʘʪʴ 

ʚ ʨʘʩʯʝʪ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʨʘʙʦʪʳ J. Sheldonôʘ ʠ A.F. Cottonôʘ) ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʜʠʠʦʜʠʜʘ ʤʦʣʠʙʜʝʥʘ ʩ ʨʘʩʪʚʦʨʘʤʠ Bu4NX (X = F, Cl, Br ʠ I) ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ [32, 

113]. ɸʚʪʦʨʳ ʜʘʥʥʳʭ ʨʘʙʦʪ ʫʩʧʝʰʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ MoI2 ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠ-

ʣʝʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʣʦʛʝʥʠʜʦʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʦʩʥʦʚʘʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ (Bu4N)2[{ Mo6I8} X6] ʩ ʥʝʧʣʦʭʠʤʠ ʚʳʭʦʜʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 50 ʜʦ 85%. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʭʦʞʘ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʤʝʪʦ-

ʜʦʤ ʐʝʣʜʦʥʘ [12] (ʧ. 1.1.1.2.2). ʆʜʥʘʢʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʪʦʜ ʐʝʣʜʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʣʫʯʠʪʴ ʩʦʣʠ ʘʥʠʦʥʦʚ [{Mo6I8} Br6]2ï ʠ [{Mo6I8} I6]2ï, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʫʩʧʝʰʥʦ ʩ ʵʪʠʤ 
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ʩʧʨʘʚʣʷʝʪʩʷ. ɺʦʟʤʦʞʥʦ, ʧʨʠʯʠʥʦʡ ʪʘʢʦʡ ʨʘʟʥʠʮʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʪʨʘʙʫʪʠʣʘʤ-

ʤʦʥʠʝʚʳʭ ʩʦʣʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʨʠʛʠʥʘʣʴʥʦʤ ʤʝʪʦʜʝ ʐʝʣʜʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʪʨʘ-

ʵʪʠʣʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʭ ʢʠʩʣʦʪ. 

ʇʦʟʞʝ, ʫʞʝ ʚ 2005 ʛʦʜʫ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠʦʜʠʜ-

ʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8} I6], ʢʦʪʦʨʘʷ ʧʦʩʣʫʞʠʣʘ ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ 

ʭʠʤʠʠ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ (ʩ ʥʝʙʦʣʴʰʠʤʠ ʤʦʜʠ-

ʬʠʢʘʮʠʷʤʠ) [114]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ MoI2 ʩ ʨʘʩʧʣʘʚʦʤ CsI 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700Áʉ ʚ ʪʝʯʝʥʠʝ 4-ʭ ʜʥʝʡ ʚ ʟʘʧʘʷʥʥʦʡ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤ-

ʧʫʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ Cs2[{ Mo6I8} I6] c ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ ʨʘʩʪʚʦʨ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʜʦʙʘʚʣʝ-

ʥʠʝʤ ʠʟʙʳʪʢʘ Bu4NI, ʩ ʚʳʭʦʜʦʤ ʙʣʠʟʢʠʤ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʠʟ 

MoBr2 ʠ CsBr ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟ-

ʙʳʪʢʘ Bu4NBr ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʙʨʦʤʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6Br8} Br6], 

ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. 

ʆʜʥʘʢʦ ʥʘʩʪʦʷʱʠʡ ʧʨʦʨʳʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦ-

ʣʠʙʜʝʥʘ ʙʳʣ ʩʜʝʣʘʥ ʛʨʫʧʧʦʡ ʧʨʦʬ. ʄ.ʅ. ʉʦʢʦʣʦʚʘ ʚ ʀʅʍ ʉʆ ʈɸʅ, ʩ ʦʧʫʙʣʠʢʦʚʘʥʠʝʤ 

ʨʘʙʦʪʳ ʦʧʠʩʳʚʘʶʱʝʡ ʩʠʥʪʝʟ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʩʪʘʚʘ (Bu4N)2[{Mo 6X8}(n-C3F7COO)6] (X = Br, I) [115]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚʦ-ʧʝʨʚʳʭ, 

ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʝʨʝʙ-

ʨʷʥʳʤʠ ʩʦʣʷʤʠ, ʘ ʠʤʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (Bu4N)2[{ Mo6I8} I6] ʩ ʩʝʨʝʙʨʷʥʦʡ ʩʦʣʴʶ ʛʝʧ-

ʪʘʬʪʦʨʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ. ɸ ʚʦ-ʚʪʦʨʳʭ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʥʳ ʨʝʢʦʨʜʥʳʝ, ʥʘ ʪʦʪ ʤʦʤʝʥʪ, ʧʦʢʘʟʘʪʝʣʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ ʩʨʝʜʠ ʚʩʝʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʮʝ-

ʣʦʤ. ɿʥʘʯʝʥʠʷ ūɻ ʤ ʠ tɻʤ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo6X8}(n-C3F7COO)6] ʩʦ-

ʩʪʘʚʠʣʠ 0,36 (ʜʣʷ Br) ʠ 0,59 (ʜʣʷ I), ʠ 370 (ʜʣʷ Br) ʠ 303 (ʜʣʷ I) ʤʢʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʣʫʞʠʣʘ ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ ʭʠʤʠʠ ʠʦʜʠʜʥʳʭ, ʘ ʪʘʢʞʝ ʙʨʦʤʠʜ-

ʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʦʡ ʫʧʦʨ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʠʟʫʯʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʦʣʴʢʦ ʚ ʨʘʙʦʪʘʭ ʧʨʦʬ. ʄ.ʅ. ʉʦ-

ʢʦʣʦʚʘ ʙʳʣʦ ʦʧʠʩʘʥʦ ʙʦʣʝʝ 10 ʥʦʚʳʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ 

ʦʩʪʘʪʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʠʣʧʨʦʧʠʦʣʘʪ, ʪʝʪʨʘʬʪʦʨʪʠʦʬʝ-

ʥʦʣ, 4-ʥʠʪʨʦ- ʠ 2,4-ʜʠʥʠʪʨʦʬʝʥʦʣʳ, 4-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ, ʫʢʩʫʩʥʘ̫, ʪʨʠʤʝʪʠʣʫʢʩʫʩ-

ʥʘʷ, ʬʫʨʘʥʦʚʘʷ, ʙʝʥʟʦʡʥʘ ̫ ʠ ʥʘʬʪʘʣʠʥ-1-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

(Bu4N)2[{ Mo6I8} L6] [116-120]. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ 4-ʪʦʣʫʦʣ-

ʩʫʣʴʬʦʢʠʩʣʦʪʦʡ, ʪʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʜʠʩʩʝʨʪʘʥʪʦʤ (ʩʤ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ 

ʦʙʩʫʞʜʝʥʠʝ, ʧ. 3.3.1.3). ʂʨʦʤʝ ʪʦʛʦ, ʜʨʫʛʠʝ ʥʘʫʯʥʳʝ ʛʨʫʧʧʳ ʪʘʢʞʝ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʠʟʫ-

ʯʘʪʴ ʭʠʤʠʶ ʠʤʝʥʥʦ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ʅʝʩʢʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʛʨʫʧʧʦʡ K. Langôʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʩʦʣʝʡ ʩʝʨʝʙʨʘ, ʪʘʢ ʠ ʯʝʨʝʟ 

ʤʝʪʠʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ Na2[{ Mo6I8}( OMe)6] ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʤʝʪʦʜʠʢʝ ʘʥʘʣʦʛʠʯʥʦʡ ʜʣʷ 
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ʭʣʦʨʠʜʥʦʛʦ ʠ ʙʨʦʤʠʜʥʦʛʦ ʘʥʘʣʦʛʦʚ [121]. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʘʢʠʤʠ ʦʨʛʘʥʠ-

ʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ ʪʨʠʬʪʦʨʘʮʝʪʘʪ [122, 123], 4-(ʜʠʬʝʥʠʣʬʦʩʬʠʥ)ʙʝʥʟʦʘʪ [124], 

ʦʩʪʘʪʢʘʤʠ ʘʥʪʨʘʮʝʥ-9-, ʧʠʨʝʥ-1- ʠ ʘʜʘʤʘʥʪʘʥ-1-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [121, 125], ʘ ʪʘʢʞʝ 

ʦʩʪʘʪʢʘʤʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʢʣʦʟʦ-ʜʠʢʘʨʙʘʜʦʜʝʢʘʙʦʨʘʥ(12)-C-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ 

ʠʤʝʥʥʦ 1,2-closo-C2B10H11-1-COOH, 1,7-closo-C2B10H11-1-COOH ʠ 1,12-closo-C2B10H11-1-

COOH [126]. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʘʥʪʨʘʮʝʥ-9-, ʧʠʨʝʥ-1-ʢʘʨʙʦʢʩʠ-

ʣʘʪʘʤʠ, Na2[{ Mo6I8} (anthraceneïCOO)6] ʠ Na2[Mo6I8(pyreneïCOO)6] (ʨʠʩ. 13). 

 
ʈʠʩ. 13. ʉʪʨʫʢʪʫʨʘ [Mo6I8(anthraceneïCOO)6]2ï (ʩʣʝʚʘ) ʠ [Mo6I8(pyreneïCOO)6]2ï (ʩʧʨʘʚʘ) 

ʉʨʝʜʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʘʥʪʝʥʥ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʩʠʣʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢ, ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ 

[121] ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʚʪʦʨʳ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʧʦʩʦʙʳ ʫʚʝ-

ʣʠʯʝʥʠʷ ʷʨʢʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʫ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

-́ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʠ ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʜʘʚʘʪʴ ʵʪʫ ʵʥʝʨʛʠʶ ʥʘ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʉʭʝʤʘʪʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 14. 

 
ʈʠʩ. 14. ʉʭʝʤʘ ʪʨʘʥʩʧʦʨʪʘ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ ʣʠʛʘʥʜ-ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʜʣʷ  

[Mo6I8(anthraceneïCOO)6]2ï (ʩʣʝʚʘ) ʠ [Mo6I8(pyreneïCOO)6]2ï (ʩʧʨʘʚʘ); ET ï ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ,  

ISC ï ʤʝʞʩʠʩʪʝʤʥʘʷ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ, NR ï ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ 

ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Cs2[{ Mo6I8}( OOCC2F5)6] ʧʦ-

ʣʫʯʝʥʥʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Cs2[{ Mo6I8} I6] ʩ ʩʝʨʝʙʨʷʥʦʡ ʩʦʣʴʶ ʧʝʥʪʘʬʪʦʨʧʨʦʧʠʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ [127]. 
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ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʨʘʙʦʪʫ L. Reihl, ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʧʦʣʫʯʝ-

ʥʠʝ ʛʝʢʩʘʨʦʜʘʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8}( NCS)6] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

(Bu4N)2[{ Mo6I8}( NO3)6] ʩ ʨʦʜʘʥʠʜʦʤ ʢʘʣʠʷ [128]. ʆʪʤʝʪʠʤ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

(Bu4N)2[{ Mo6I8}( NO3)6] ʧʦʣʫʯʝʥ ʜʠʩʩʝʨʪʘʥʪʦʤ (ʩʤ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ, ʧ. 

3.3.1.1). 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʦʤʠʤʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʴʰʦʡ ʫʧʦʨ ʙʳʣ ʩʜʝ-

ʣʘʥ ʥʘ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʚʠʜʘ ʪʝʨʤʠ-

ʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʇʝʨʚʦʡ ʨʘʙʦʪʦʡ ʧʦʩʚʷʱʝʥʥʦʡ ʩʨʘʚʥʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ 

ʷʚʣʷʝʪʩʷ ʩʪʘʪʴ ̫ʛʨʫʧʧʳ ʧʨʦʬ. ʄ.ʅ. ʉʦʢʦʣʦʚʘ [118]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʤʠʤʦ ʩʠʥʪʝʟʦʚ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʳʣʘ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʜʣʠʥʘ 

ʚʦʣʥʳ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ pKa ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʩʣʦʪʳ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ pKa ʠʩʭʦʜʥʦʡ ʢʠʩʣʦʪʳ ʫʚʝʣʠʯʠʚʘʶʪʩ ̫ʧʦʢʘʟʘʪʝʣʠ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʪʘʙʣʠʮʘ 5). ɼʘʥʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʫʧʨʘʚʣʷʪʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 5 

ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{Mo6I 8}L 6] 

L 
     

   

pKa 4,76 5,03 3,16 4,20 3,69 0,18 0,52 0,18 

ūɻ ʤ 0,48 0,51 0,58 0,62 0,59 0,73 0,67 0,60 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ pKa ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʥ-

ʮʠʘʣʦʚ ʧʦʣʫʚʦʣʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ {Mo6I8} 5+/{Mo 6I8} 4+ ʠ {Mo6I8} 4+/{Mo 6I8} 3+ ʦʪʥʦʩʠʪʝʣʴʥʦ 

Ag/Ag+. 

ʇʦʟʞʝ ʛʨʫʧʧʦʡ N. Kitamura ʜʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʧʨʦʚʝʨʝʥ,r ʧʦʜʪʚʝʨ-

ʞʜʝʥr ʠ ʨʘʩʰʠʨʝʥ rʢʘʢ ʜʣʷ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢ ʠ ʜʣʷ ʙʨʦʤʠʜʥʳʭ 

[129]. 

ʂʨʦʤʝ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʠʣʠ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ, 

ʜʣʷ ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8} I6] ʪʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʝʘʢʮʠʠ ʧʨʷʤʦʛʦ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʠʦʜʘ. ɺ ʨʘʙʦʪʝ [130] ʦʧʠʩʳʚʘʝʪʩʷ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝ (Bu4N)2[{ Mo6I8} I6] ʩ ʨʦʜʘʥʦʤ (SCN)2 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ï 20Áʉ. ʇʨʠ ʵʪʦʤ ʙʳʣ ʚʳʜʝʣʝʥ ʛʝʢʩʘʨʦʜʘʥʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

(Bu4N)2[{ Mo6I8}( NCS)6] ʩ ʚʳʭʦʜʦʤ ʚ 70%. ʇʦʟʞʝ ʚ ʨʘʙʦʪʝ [131] ʙʳʣ ʦʧʠʩʘʥ ʧʨʷʤʦʡ ʤʝʪʦʜ 
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ʩʠʥʪʝʟʘ ʛʝʢʩʘʨʦʜʘʥʠʜʥʦʛʦ, ʘ ʪʘʢʞʝ ʛʝʢʩʘʘʟʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ Mo6I12 ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ ʩ ʠʟʙʳʪʢʦʤ NaSCN ʠʣʠ NaN3 ʚ ʤʝʪʠʣʮʝʣʣʦʟʦʣʴʚʝ ʧʨʠ 90Áʉ ʚ ʪʝʯʝʥʠʝ 72 ʯ. 

ʊʘʢʞʝ ʢʘʢ ʭʣʦʨʠʜʥʳʡ ʠ ʙʨʦʤʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʠʦʜʠʜʥʳʡ ʢʣʘʩʪʝʨ 

[{ Mo6I8} I6]2ï ʧʦʜʚʝʨʞʝʥ ʛʠʜʨʦʣʠʟʫ ʚ ʚʦʜʝ ʠ ʚ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʭʦʨʦʰʦ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [132], ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢ-

ʪʝʨʠʟʦʚʘʥʳ ʪʨʠ ʛʠʜʨʘʪʘ, [{Mo6I8}(H 2O)2(OH)4]ĿnH2O (n = 2, 12 ʠ 14). 

ɻʠʜʨʦʣʠʟ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʙʳʣ ʠʟʫʯʝʥ ʚ ʨʘʙʦʪʝ [133] ʥʘ 

ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6I8}(DMSO)6](NO3)4, ʧʦʣʫʯʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

(Bu4N)2[{ Mo6I8}( NO3)6] c ɼʄʉʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100Áʉ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʈʘʩʪʚʦʨʝʥʠʝ 

[{ Mo6I8}(DMSO)6](NO3)4 ʚ ʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʤʫ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴ-

ʥʳʭ ʤʦʣʝʢʫʣ ɼʄʉʆ ʥʘ ʚʦʜʫ ʠ OH-ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, ʟʘʬʠʢʩʠʨʦ-

ʚʘʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠ (ʨʠʩ. 15). ʊʘʢʞʝ ʘʚʪʦʨʳ ʩʦʦʙʱʘʶʪ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

37Áʉ ʫʞʝ ʯʝʨʝʟ 52 ʤʠʥʫʪʳ ʭʨʘʥʝʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 50% ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝ-

ʭʦʜʠʪ ʚ ʘʢʚʘʛʠʜʨʦʢʩʦ ʬʦʨʤʫ. 

 
ʈʠʩ. 15. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ  

[{ Mo6I8}(DMSO)6](NO3)4 (ʯʝʨʥʳʡ) ʠ ʩʠʤʫʣʷʮʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʮʚʝʪʥʳʝ) 

1.1.1.4.3. ɿʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʟʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥ-

ʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦ ʟʘʜʘʯʝʡ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʙʦʪ,r 

ʧʦʩʚʷʱʝʥʥʳʝ ʟʘʤʝʱʝʥʠʶ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʤʝʥʴ-

ʰʝʡ ʩʪʝʧʝʥʠ. 
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ʇʝʨʚʘʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʣʦʩʴ ʟʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʙʳʣʘ 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʝʱʝ ʚ 1961 ʛʦʜʫ J. C. Sheldonôʦʤ [38, 39]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘ-

ʣʦʩʴ ʚ ʧ. 1.1.1.2.1, ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6Cl8}(OH)6]2ï ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʠʯʥʝʚʦʛʦ 

ʦʩʘʜʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ [{Mo6Cl8ïx(OH)x}( OH)4(H2O)2]ĿnH2O. ɺ ʜʘʣʴʥʝʡ-

ʰʝʤ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʦʩʘʜʢʘ ʚ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʝ ʠ ʜʦʙʘʚʣʝ-

ʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʘʣʦʛʝʥʠʜʘ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʣʠ 

(Et4N)2[{Mo 6Cl7OH}Cl6] ʠ (Et4N)2[{Mo 6Cl4Br3OH}Br6] [38]. 

ɹʦʣʴʰʘʷ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ, ʘ 

ʠʤʝʥʥʦ {Mo6Cl8ïxBrx} 4+ ʠ {Mo6Cl8ïxIx} 4+ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘʛʨʝʚʘʥʠʝʤ ʪʚʝʨʜʳʭ 

[{Mo 6Cl8}Br 4/2Br2] (500Áʉ) ʠ [{Mo6Cl8} I4/2I2] (400Áʉ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [32, 33]. ɺ ʧʨʦʮʝʩʩʝ 

ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʧʦ-

ʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʙʳʣʘ ʚʦʚʣʝʯʝʥʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ AgBF4 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ 

Bu4NF, ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ (Bu4N)2[{Mo 6Cl8ï

xBrx} F6] ʠ (Bu4N)2[{Mo 6Cl8ïxIx} F6] (ʜʣʷ Br, x = 0-8; ʜʣʷ I, x = 0-8). ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ 19F ʗʄʈ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʩʩʣʝʜʫʝʤʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʠʪ 

22 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ. 

ʇʦʟʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʨʷʤʦʝ ʟʘʤʝʱʝʥʠʝ Õ3-ʤʦ-

ʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ [{Mo6Cl8} Cl2Cl4/2] ʥʘ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʦʚ Q (Q = S, Se ʠ Te) ʧʨʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ç5MoCl2 + Mo + Qè ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ [134]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ [{Mo6Cl7Q}Cl6/2], ʪ.ʝ. 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ ʘʪʦʤʘ ʭʣʦʨʘ ʥʘ ʘʪʦʤ ʭʘʣʴʢʦʛʝʥʘ, ʘ 6 ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʧʨʠʥʘʜʣʝʞʘʪ ʜʚʫʤ ʩʦʩʝʜʥʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. 

ʇʨʠ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ (1100-1200Áʉ) ʠ ʩʪʝʭʠʦʤʝʪʨʠʠ çMoBr2 + 5Mo + 6Sè 

ʠʣʠ ç3MoBr2 + 3Mo + 3Sè ʚ ʜʠʙʨʦʤʠʜʝ ʤʦʣʠʙʜʝʥʘ MoBr2 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ 

Õ3-ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʥʘ ʘʪʦʤʳ ʩʝʨʳ, ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʤʝʱʘʝʪʩʷ 6 ʠ 4 

ʘʪʦʤʦʚ ʙʨʦʤʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ Mo6S6Br2 ʠ Mo6S3Br6, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [135, 136]. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ çʥʦʪʘʮʠʶ ʐʝʬʝʨʘè, ʧʨʝʜʣʦʞʝʥʥʫʶ H. Schªferôʦʤ ʚ 1964 ʛʦʜʫ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ [22]. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ 

ʣʠʛʘʥʜʦʚ: Li (i = inner ï ʚʥʫʪʨʝʥʥʠʝ) ʣʠʛʘʥʜʳ, ʦʥʠ ʞʝ Õ3-ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ, ʩʚʷʟʳʚʘʶ-

ʱʠʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʚ ʷʜʨʝ ʢʣʘʩʪʝʨʘ, ʠ La (a = apical ï ʘʧʠʢʘʣʴʥʳʝ) ʣʠʛʘʥʜʳ, ʦʥʠ ʞʝ ʪʝʨ-

ʤʠʥʘʣʴʥʳʝ. ʉʚʷʟʳʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ, ʧʨʠʯʝʤ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʘʧʠʢʘʣʴʥʳʝ, 
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ʥʦ ʠ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ: Laïa, Liïa, Laïi ʠ Liïi, ʧʨʠ ʵʪʦʤ ʚʩʝʛʜʘ ʦʙʱʝʝ ʯʠʩʣʦ ʣʠʛʘʥʜʦʚ, 

ʦʢʨʫʞʘʶʱʠʭ M6 ʦʢʪʘʵʜʨ, ʩʪʨʝʤʠʪʩʷ ʙʳʪʴ ʨʘʚʥʳʤ 14. 

ʉʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʐʝʬʝʨʘ, ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ ʨʘʟʥʦʛʦ ʪʠʧʘ ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 16): 

Å Laïa ï ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ, ʷʚʣʷʶʱʠʡʩʷ ʘʧʠʢʘʣʴʥʳʤ ʜʣʷ ʦʙʝʠʭ ʩʦʩʝʜʥʠʭ ʝʜʠʥʠʮ; 

Å Liïa ï ʚʥʫʪʨʝʥʥʠʡ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʪʝʨʘ ʠ ʘʧʠʢʘʣʴʥʳʡ ʜʣʷ ʩʦʩʝʜʥʝʛʦ; 

Å Laïi ï ʘʧʠʢʘʣʴʥʳʡ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʣʷ ʩʦʩʝʜʥʝʛʦ ʢʣʘʩʪʝʨʘ; 

Å Liïi ï ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ, ʷʚʣʷʶʱʠʡʩʷ ʚʥʫʪʨʝʥʥʠʤ ʜʣʷ ʦʙʝʠʭ ʩʦʩʝʜʥʠʭ ʝʜʠʥʠʮ; 

 
ʈʠʩ. 16. ʆʙʦʟʥʘʯʝʥʠʝ ʣʠʛʘʥʜʦʚ ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʐʝʬʝʨʘ 

ʊʘʢʘʷ ʥʦʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʪʴ ʩʪʨʦʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʧʦʣʠʤʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʳʚʘʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʥʘʤ ʜʠʛʘʣʦʛʝʥʠʜʳ ʤʦʣʠʙʜʝʥʘ Mo6X12 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʪʘʮʠʠ ʐʝ-

ʬʝʨʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʘʢ [{Mo6X i
8} Xa-a

4/2Xa
2], ʘ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ [{Mo6Cl7Q}Cl6/2] ʢʘʢ 

[{Mo 6Cli7Qi}Cl a-a
6/2]. 

 
ʈʠʩ. 17. ʉʪʨʦʝʥʠʝ [{Mo6Cli8} Cla-a

4/2Cla2] 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʝʜʠʥʝʥʠʷ Mo6S6Br2 ʠ Mo6S3Br6 ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: [{Mo6Bri
2Si-a

6/2} Sa-i
6/2] ʠ [{Mo6Bri

4Si-i
2/2Si-a

2/2} Bra-a
4/2Sa-i

2/2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʟʞʝ ʨʘʙʦʪʘ ʧʦ ʟʘʤʝʱʝʥʠʶ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʥʘ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ 

ʙʳʣʘ ʧʨʦʜʦʣʞʝʥʘ ʚ ʩʝʨʠʠ ʨʘʙʦʪ ʬʨʘʥʮʫʟʩʢʦʡ ʛʨʫʧʧʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ C. Perrin. ʆʙʱʘʷ 

ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʛʘʣʦʛʝʥʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʦʣʠʙʜʝʥʘ ʠ ʛʘʣʦʛʝʥʠʜʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ (Cs ʠʣʠ Rb) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʭʘʣʴʢʦʛʝʥʘ Q ʚ ʟʘʧʘʷʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (900-1100Áʉ) ʚ ʪʝ-

ʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

Cs4[{Mo 6Br6S2} Br6], Cs4[{Mo 6Br6Se2} Br6], Rb2+x[{Mo 6Br8ïxQx}Br 6] (Q = Se, Te; x = 0,25-0,7) 

ʠ Cs3[{Mo 6I6I2ïxSex}I 6] [137-140]. ʇʦʩʣʝʜʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʜʚʫʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ: ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 23Ǜ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6I6Se2}I 6]3ï ʠ ʜʠʘʤʘʛʥʠʪ-

ʥʦʛʦ 24Ǜ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6I7Se}I6]3ï. 

ɹʦʣʝʝ ʛʣʫʙʦʢʦʝ ʟʘʤʝʱʝʥʠʝ ʤʦʩʪʠʢʦʚʳʭ ʛʘʣʦʛʝʥʦʚ ʥʘ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cs5[{Mo 6Se3.6Cl4.4}(CN)6] ʠ Cs5[{Mo 6Se3.4Br4.6}(CN)6] ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʚ ʩʪʘʪʴʝ [141]. ɼʣʷ ʵʪʦʛʦ ʘʚʪʦʨʳ ʧʦʵʪʘʧʥʦ ʚʦʚʣʝʢʘʣʠ Mo6Cl12 ʠ Mo6Br12, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʚ ʨʝʘʢʮʠʶ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ Cs2Se3, ʘ ʟʘʪʝʤ c ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ KCN. ʇʦʣʫ-

ʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʳ 

Cs5[{Mo 6Se3X5}(CN)6] ʠ Cs5[{Mo 6Se4X4}(CN)6] (X = Cl or Br) ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʙʣʠʟʢʦʤ ʢ 1:1. 

ʂʨʦʤʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʚʢʣʶʯʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ ʚ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʩʝʨʠʷ ʨʘʙʦʪ ʧʦ ʩʝʣʝʢʪʠʚʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʦʜʥʦʛʦ ʤʦʩʪʠʢʦ-

ʚʦʛʦ ʘʪʦʤʘ ʭʣʦʨʘ ʥʘ ʩʝʨʫ, ʩʝʣʝʥ ʠ ʪʝʣʣʫʨ. ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ MoCl2 c NaHQ (Q = S, Se, Te) ʚ ʛʦʨʷʯʝʤ ʧʠʨʠʜʠʥʝ ʠʣʠ (H3O)2[{ Mo6Cl8} Cl6] c 

ZnSe/HCl ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʘʥʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [{ Mo6Cl7Q} Cl6]3ï [142-145]. ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʪʘʢʞʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6Br7S} Cl6]3ï [143] ʠ [{Mo6Cl7Q} Br6]3ï [146]. 

ʊʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ NaHSe ʠʣʠ ZnSe/HCl ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʟʘʤʝʱʝʥʠʷ ʜʚʫʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʩʝʣʝʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

[{Mo 6Cl6Se2} Cl6]4ï [145] ʠ [{Mo 6Cl6Se2}Br 6]4ï [147]. 

ʇʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʭʘʣʴʢʦʛʝʥ, ʘ ʪʦʯʥʝʝ ʥʘ ʩʝʨʫ, 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʘʢʮʝʧʪʦʨʘ ʧʨʦʪʦʥʘ, ʪʘʢʦʛʦ ʢʘʢ OBuï, ʚ ʙʫʪʘʥʦʣʝ ʢ ʨʝʘʢʮʠ-

ʦʥʥʦʡ ʩʤʝʩʠ ñMo6Cl12 + NaHS ʚ ʧʠʨʠʜʠʥʝò [148]. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʥʝʡʪʨʘʣʴʥʳʡ ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [{Mo6S8} Py6]. ʉʭʦʞʠʤ ʤʝʪʦʜʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩ 4-

ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʦʤ (4-tBuPy) [{ Mo6S8}(4-tBuPy)6]. ɼʣʷ ʵʪʦʛʦ (Bu4N)2[{ Mo6Cl8} Cl6] ʧʝ-

ʨʝʤʝʰʠʚʘʣʠ ʩ ʠʟʙʳʪʢʦʤ 4-tBuPy, KHS ʠ KOtBu ʚ ɼʄʌɸ [149]. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʧʦʣʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʫʞʝ ʥʘ ʩʝʣʝʥ ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʝ [150]. ɸʚʪʦʨʳ ʨʘʩʪʚʦʨʠʣʠ ʵʣʝ-

ʤʝʥʪʘʨʥʳʡ Se ʚ ʧʨʠʩʫʪʩʪʚʠʠ KBH4 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 
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ʜʠʙʨʦʤʠʜʘ ʤʦʣʠʙʜʝʥʘ Mo6Br12. ʇʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʠʚʰʠʡʩʷ ʯʝʨʥʳʡ ʦʩʘʜʦʢ ʙʳʣ ʚʦʚʣʝʯʝʥ ʚ 

ʨʝʘʢʮʠʶ ʩ ʨʘʩʧʣʘʚʦʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Se8}( PPh3)6]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪ ʣʠʰʴ 2 ʧʨʠʤʝʨʘ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨ-

ʥr ʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʘʪʦʤʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʚʳʩʪʫʧʘʝʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ. 

ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Mo6Cl12 ʩ ʨʘʩʧʣʘʚʦʤ ʚʣʘʞʥʦʛʦ ʪʨʠʙʝʥʟʠʣʘʤʠʥʘ (Bn3N) ʧʨʠ 170Áʉ 

ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ (Bn3NH)3[{Mo 6OCl7}Cl 6]. ɼʨʫʛʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʘ 

ʠʤʝʥʥʦ Cs3[{Mo 6Br7O}Br6] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʣʠʰʴ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʙʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ Cs2[{Mo 6Br8}Br 6] ʠʟ MoBr2 ʠ CsBr ʚ ʟʘʧʘʷʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 950Áʉ [151]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʢʘʢʠʝ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʧʳʪʢʠ 

ʧʦʣʫʯʠʪʴ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʪʝʨʧʝʣʠ ʥʝʫʜʘʯʫ. 

1.1.1.5. ʄʘʪʝʨʠʘʣ rʥʘ ʦʩʥʦʚʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ɻʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩʘʤʠ ʧʦ ʩʝʙʝ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪ-

ʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠʣʠ ʝʝ ʦʪʩʫʪʩʪʚʠʝ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʛʠʜʨʦʣʠʟʫ 

(ʦʩʦʙʝʥʥʦ ʧʨʠ pH > 7), ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʚ ʬʦʨʤʦʚʘʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝ-

ʣʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʥʘʯʘʣʦ ʨʘʟʚʠʚʘʪʴʩʷ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮʳ ʥʦʩʠ-

ʪʝʣʷ, ʣʠʙʦ ʚʢʣʶʯʘʶʪ ʚʥʫʪʨʴ. ʄʘʪʨʠʮʘ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʦʡ ʧʨʠʨʦʜʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʠʥʝʨʛʠʷ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮʳ ʠ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

1.1.1.5.1. ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦ-

ʣʠʙʜʝʥʘ 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʪʠʨʫʝʪʩʷ 1995 ʛʦʜʦʤ. ɸʚʪʦʨʳ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʳ [152] ʠʟʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

(Bu4N)2[{Mo 6Cl8}Cl 6] ʠ (Bu4N)2[{Mo 6Cl8}(CF3SO3)6] ʠ ʩʠʣʠʢʘʛʝʣʝʤ ʚ ʦʩʥʦʚʥʦʡ ʠʣʠ ʢʠʩ-

ʣʦʪʥʦʡ ʬʦʨʤʘʭ. ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo 6Cl8}Cl 6] ʩʦʨʙʠ-

ʨʫʝʪʩʷ ʥʘ ʦʙʘ ʚʠʜʘ ʩʠʣʠʢʘʛʝʣʷ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo 6Cl8}(CF3SO3)6], ʩʦʜʝʨʞʘʱʠʡ ʣʘʙʠʣʴʥʳʝ ʪʨʠ-

ʬʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʠʣʠʢʘʛʝʣʝʤ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ ʵʣʝʢʪʨʦʩʪʘʪʠʢʫ, ʥʦ 

ʪʘʢʞʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ SiïOïMo. ʇʨʠ ʵʪʦ ʩʦʭʨʘʥʷʶʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʪʫʰʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʭʠʤʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʏʫʪʴ ʧʦʟʞʝ, ʵʪʦʡ ʞʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ ʧʦ ʚʢʣʶʯʝʥʠ ʁ

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{Mo 6Cl8}(CF3SO3)6] ʠ (Bu4N)2[{Mo 6Cl8}(EtOH)2Cl4] ʚ 

ʧʦʣʠ(4-ʚʠʥʠʧʠʨʠʜʠʥ) [153]. ɼʣʷ ʵʪʦʛʦ ʘʚʪʦʨʳ ʩʤʝʰʘʣʠ ʨʘʩʪʚʦʨʳ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
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ʩ ʨʘʩʪʚʦʨʦʤ ʟʘʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʚ CH2Cl2 ʠ ʦʩʪʘʚʠʣʠ ʥʘ 12 ʯʘʩʦʚ ʧʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ ʙʳʣ ʦʪʦʛʥʘʥ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ 

ʚʳʩʫʰʝʥ ʧʦʜ ʚʘʢʫʫʤʦʤ. ʉʭʦʞʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʝʱʝ ʦʜʠʥ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ(4-ʚʠʥʠʧʠʨʠʜʠʥʘ), ʩʦʜʝʨʞʘʱʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo6Cl8}Cl 4/2Cl2] 

[154]. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʰʠ-

ʪʳʡ ʧʦʣʠʤʝʨ (ʩʦʜʝʨʞʠʪ 2% ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ), ʢʦʪʦʨʳʡ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ. 

ʇʦʵʪʦʤʫ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʧʨʦʧʠʪʢʠ ʪʚʝʨʜʦʛʦ ʧʦʣʠʤʝʨʘ ʨʘʩʪʚʦʨʦʤ 

[{Mo 6Cl8}Cl 4/2Cl2] ʚ ʤʝʪʘʥʦʣʝ. ʇʨʦʧʠʪʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʠʤʝʨ ʟʘʪʝʤ ʬʠʣʴʪʨʦʚʘʣʩʷ 

ʠ ʪʱʘʪʝʣʴʥʦ ʦʪʤʳʚʘʣʩʷ ʤʝʪʘʥʦʣʦʤ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʦʙʦʠʭ ʨʘʙʦʪʘʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʢʦʦʨʜʠʥʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʧʦ-

ʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʤʝʱʝʥʠʝʤ ʯʘʩʪʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʧʠʨʠʜʠʥʦʚʳʝ ʬʨʘʛ-

ʤʝʥʪʳ ʧʦʣʠʤʝʨʘ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʩʣʘʙʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʝ 

ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʭʨʘʥʷʶʪ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘ-

ʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʤʦʞʥʦ 

ʚʢʣʶʯʘʪʴ ʚ ʤʘʪʨʠʮʳ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

1.1.1.5.2. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʨʠʮ 

ɼʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʤʘʪʝʨʠ-

ʘʣʦʤ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʥʝʛʦ ʨʘʟʣʠʯʥʳʭ ʜʦʧʘʥʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʫ ʥʝʛʦ ʨʷʜʘ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʥʦ-

ʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʦʡʢʠʤʠ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤʠ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ ʜʦ-

ʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ, ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ, ʪʘʢ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʥʝ ʜʣʷ ʚʩʝʭ ʤʘʪʨʠʮ. ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʣʘʶʪ SiO2 ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 

ʧʨʘʢʪʠʢʠ, ʥʘʯʠʥʘʷ ʦʪ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʟʘʢʘʥʯʠʚʘʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʤʠ ʦʙʣʘʩʪʷʤʠ. ɹʳʣʦ ʧʨʦ-

ʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʛʜʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʘʣʠ ʚ ʤʘʪʨʠʮʫ SiO2, 

ʧʨʠ ʵʪʦʤ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʣʘ ʬʠʢʩʘʮʠʷ ʠʣʠ ʫʣʫʯʰʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʤʘʪʨʠʮʝ-ʥʦʩʠʪʝʣʝ, ʟʘ-

ʯʘʩʪʫʶ, ʛʦʨʘʟʜʦ ʣʝʛʯʝ ʬʦʨʤʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʷ 

ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʧʦ ʚʢʣʶʯʝʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (ʠʩʢʣʶʯʘʷ ʨʘʙʦʪʫ 

ʧʦ ʩʦʨʙʮʠʠ [{Mo 6Cl8}Cl 6]2ï ʠ [{Mo6Cl8}(CF3SO3)6]2ï ʥʘ ʩʠʣʠʢʘʛʝʣʴ, ʦʧʠʩʘʥʥʫʶ ʚʳʰʝ) ʜʘ-
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ʪʠʨʫʝʪʩʷ 2008 ʛʦʜʦʤ [155]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤ-

ʥʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ Cs2[{Mo 6X8}X 6] (X = Cl, Br ʠʣʠ I), ʩ 

ʭʦʨʦʰʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʫ. ɼʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʨʘʪʥʳʡ 

ʤʠʢʨʦʵʤʫʣʴʩʠʦʥʥʳʡ ʤʝʪʦʜ (çWater-in-Oilè), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʣʷʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʛʝʧʪʘʥ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ) Brij 30 (ʦʥ ʞʝ Brij L4). ɻʠʜ-

ʨʦʣʠʟ ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪʘ (TEOS) ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʦʜʥʦʤ ʤʠʮʝʣʣʷʨʥʦʤ ʨʘʩʪʚʦʨʝ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, pH ʢʦʪʦʨʦʛʦ ʧʦʚʳʰʘʶʪ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ TEOS ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʚʳʰʝ, ʯʝʤ ʚ ʚʦʜʝ, ʜʚʠʞʫ-

ʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʟʦʣʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʚʦʜʥʳʭ ʤʠʮʝʣ-

ʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʯʘʩʪʠʮʳ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 45 ʥʤ ʠ ʩ ʭʦʨʦʰʠʤ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʯʘʩʪʠʮʳ. ʈʘʟʤʝʨ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʤʝʨʥʦ 1 ʥʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʶʤʠʥʦʬʦʨʘ ʧʦ ʦʙʲʝʤʫ, ʘ ʪʘʢʞʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʳʤʳʚʘʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʘʪʝʨʠʘʣʫ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʥʝʠʟʤʝʥʥʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜʘʭ. 

ʇʦʟʞʝ ʥʘʥʦʯʘʩʪʠʮʳ SiO2, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Cs2[{Mo 6Br8}Br 6], 

ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʠʭ ʧʦʣʫʯʝʥʠʠ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʦʣʝʝ ʪʦʛʦ, ʤʝʪʦʜʦʤ 29Si MAS ʗʄʈ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʜʨʦʣʠ-

ʟʦʚʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ ʢʘʢ ʚʦʜʦʨʦʜʥʳʤʠ, ʪʘʢ 

ʠ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ (ʨʠʩ. 18) [156]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʚʢʣʶ-

ʯʝʥʥʦʤʫ ʚ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʤʦʞʥʦ ʧʨʠʧʠʩʘʪʴ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ 

(Cs,NH4)2[{Mo 6Br8}(OSi)6Άx(OH)x], ʛʜʝ x = 0-6. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ 

ʦʙʣʘʜʘʶʪ ʧʨʠʩʫʱʠʤʠ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʦʣʠʙʜʝʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ ʪʫʰʝʥʠʶ ʵʤʠʩʩʠʠ ʧʨʠ ʥʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʘ. 

 
ʈʠʩ. 18. ʉʧʝʢʪʨʳ 29Si ʗʄʈ ʥʘʥʦʯʘʩʪʠʮ ʯʠʩʪʦʛʦ SiO2 ʠ (Cs,NH4)2[{Mo 6Br8}(OSi)6Άx(OH)x] (ʩʣʝʚʘ); ʪʠʧʳ 

ʩʚʷʟʳʚʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ SiO2 (ʩʧʨʘʚʘ) 

ʃʁ ʤʠʥʝʩʮʝʥʪʥʳʤ ʥʘʥʦʯʘʩʪʠʮʘʤ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʦʢʩʠʜʘ ʞʝʣʝʟʘ, ɔ-Fe2O3. ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘ-

ʙʦʪʝ [157] ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ɔ-Fe2O3 ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘ-

ʩʪʠʮʳ [Cs2Mo6Br14-ɔ-Fe2O3]@SiO2 ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 50 ʥʤ, ʩ ʥʘʥʦʢʨʠʩʪʘʣʣʦʤ ʦʢʩʠʜʘ 
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ʞʝʣʝʟʘ ʚ ʮʝʥʪʨʝ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʪʝʨʠʘʣʳ ʧʨʦʷʚʣʷʶʪ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, 

ʪʘʢ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʟʞʝ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʥʘʥʦʯʘʩʪʠ-

ʮʘʤʠ ʟʦʣʦʪʘ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 2 ʥʤ [158]. ɸʚʪʦʨʳ ʠʟʫʯʠʣʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʘ ɔ-Fe2O3 ʚ ʮʝʥʪʨʝ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʧʣʘʟʤʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ. 

ʂʨʦʤʝ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 50 ʥʤ, 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʯʘʩʪʠʮʳ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤ ʨʘʟʤʝʨʦʤ. ʊʘʢ ʚ ʨʘʙʦʪʝ [159] ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʯʘʩʪʠʮʳ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ 270 ʠ 330 ʥʤ. ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʧʦʟʞʝ ʙʳʣʠ ʫʧʦ-

ʨʷʜʦʯʝʥʳ ʚ ʤʫʣʴʪʠʩʣʦʡʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʚ ʥʠʟʢʦʧʦʨʦʛʦʚʳʭ ʠ/ʠʣʠ ʦʜʥʦʤʦʜʦʚʳʭ ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʣʘʟʝʨʘʭ. 

ʇʦʟʞʝ ʧʦʷʚʠʣʦʩʴ ʝʱʝ 2 ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʚʢʣʶʯʝʥʠʶ ʫʞʝ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʦʩʪʘʪʢʘʤʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʠ ʧʝʥʪʘʬʪʦʨʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩ-

ʣʦʪ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ [122, 160]. 

ʇʦʤʠʤʦ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʤʘʪʨʠʮʫ ʜʠʦʢʩʠʜʘ ʢʨʝʤ-

ʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʥʘʥʝʩʝʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ ʬʨʘʥʮʫʟʩʢʦʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ [161] ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6Br8} Br6] ʙʳʣ ʥʘʥʝʩʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ 

ZnO. ʇʦʟʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Cs2[{ Mo6I8}( C2F5COO)6] ʠ ZnO. ɼʣʷ ʵʪʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ZnO-

Cs2[{ Mo6I8}( C2F5COO)6] ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ ʤʘʪʨʠʮʝ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (PVP) ʠ ʤʝ-

ʪʦʜʦʤ ʧʦʛʨʫʞʝʥʠʷ ʥʘʥʦʩʠʣʠ ʥʘ ʥʘʪʨʠʝʚʦ-ʠʟʚʝʩʪʢʦʚʦʝ ʩʪʝʢʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʧʨʦʟʨʘʯʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʧʣʝʥʢʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʣʘʩʪʝʨʘ/ʦʢʩʠʜʘ 

ʮʠʥʢʘ/PVP. ʇʨʠ ʵʪʦʤ ʮʚʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʝʥʦʢ ʤʝʥʷʝʪʩʷ ʩ ʛʦʣʫʙʦ-ʟʝʣʝʥʦʛʦ (ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʷ PVP), ʯʝʨʝʟ ʞʝʣʪʳʡ ʢ ʢʨʘʩʥʦʤʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ [162]. 

ʊʦʡ ʞʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʢʨʘʩʥʦ ʥʘʥʦ-

ʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʢʩʠʜ ʮʠʥʢʘ ʠ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ (ʩʠʣʠʢʘʛʝʣʴ), ʥʦ ʪʘʢʞʝ ʠ ʥʘ ʜʠʦʢʩʠʜ 

ʪʠʪʘʥʘ ʠ ʦʢʩʠʜ ʥʠʢʝʣʷ [163]. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʬʦʪʦʚʦʣʴʪʘʠʢʝ ʚ ʢʘ-

ʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʬʦʪʦʘʥʦʜʦʚ ʠ ʬʦʪʦʢʘʪʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʳ ʫʩʧʝʰʥʦ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʘ ʠʤʝʥʥʦ TiO2-Cs2[{ Mo6I8}I 6] ʠ NiO-

Cs2[{ Mo6I8}I 6], ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʝʨʝʥʦʩʳ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʜʳʨʦʢ ʩ 

ʢʣʘʩʪʝʨʥʳʭ ʝʜʠʥʠʮ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ n- (TiO2) ʠ p- (NiO) ʪʠʧʦʚ, ʯʪʦ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠ-

ʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʨʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝ-

ʤʘʭ. 

ʇʦʟʞʝ ʵʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ ITO  (ʦʪ ʘʥʛʣ. 

indium tin oxide, ʦʢʩʠʜ ʠʥʜʠʷ-ʦʣʦʚʘ) ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [164, 165]. ʇʨʠ ʵʪʦʤ 
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ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʥʝʩʝʥʠʷ ʘʥʠʦʥʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Br8} Br6]2ï ʥʘ ITO, ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʯʘʩʪʠʯʥʳʡ ʛʠʜʨʦʣʠʟ ʜʦ 

[{ Mo6Br8} Br4(OH)2]2ï, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ ʜʦ 2 ʤʢʤ ʩ ʨʘʟ-

ʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ (ʨʠʩ. 19). 

 
ʈʠʩ. 19. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʦʡ ʨʘʙʦʪʦʡ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ (111) ʢʣʘ-

ʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʚʟʷʪ 

(Bu4N)2[{Mo 6I8}(CF3SO3)6], ʙʣʘʛʦʜʘʨʷ ʣʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʟʘʤʝ-

ʱʘʪʴʩʷ ʥʘ ʧʠʨʠʜʠʥʦʚʳʝ ʛʨʫʧʧʳ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 20) ʙʳʣʠ ʧʦʣʫ-

ʯʝʥr ʤʘʪʝʨʠʘʣ,r ʩʦʜʝʨʞʘʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʨʠʜʠʥʦʚʳʝ ʛʨʫʧʧʳ, ʢ ʢʦʪʦʨʳʤ ʚ ʧʦʩʣʝʜ-

ʩʪʚʠʠ ʙʳʣ ʧʨʠʩʦʝʜʠʥʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʀʪʦʛʦʚʳʡ ʤʘʪʝʨʠʘʣ ʦʙʨʘʪʠʤʦ ʦʢʠʩʣʷʝʪʩʷ 

ʠʟ 24Ǜ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 23Ǜ ʢʦʤʧʣʝʢʩ [166, 167]. 

 
ʈʠʩ. 20. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʤʦʣʠʙʜʝʥʘ 

ʇʦʟʞʝ ʧʦʭʦʞʠʤ ʤʝʪʦʜʦʤ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʫʥʜʝʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ ʢʨʝʤʥʠʝ-

ʚʫʶ ʧʣʘʩʪʠʥʫ ʙʳʣ ʥʘʥʝʩʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo 6Br8}F6] ʥʘʧʨʷʤʫʶ ʙʝʟ ʤʦ-

ʜʠʬʠʢʘʮʠʠ ʧʠʨʠʜʠʥʦʤ [168]. 
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1.1.1.5.3. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʘʪʨʠʮ 

ʂʨʦʤʝ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ, ʙʦʣʴ-

ʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʨʠʮ-ʥʦʩʠʪʝʣʝʡ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠʤʤʦʙʠʣʠʟʘʮʠ ̫ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʢʘʢ ʚʥʫʪʨʴ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʪʘʢ 

ʠ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʣʠʰʴ 2 ʥʘʫʯ-

ʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ. ʇʝʨʚʘʷ ʧʫʙʣʠʢʘʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʥʘʥʝʩʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ [169], ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʠʢʨʦʯʘʩʪʠʮ ʧʦʣʠʩʪʠ-

ʨʦʣʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʢʨʳʪʘ ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʝʚʳʤʠ ʛʨʫʧʧʘʤʠ, ʩ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ (Bu4N)2[{Mo 6I8}(CH3COO)6]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʣ 

ʠʦʥʥʳʡ ʦʙʤʝʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠʩʪʠʨʦʣ ʚʳ-

ʩʪʫʧʘʣ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʢʘʪʠʦʥʘ, ʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo 6I8}(CH3COO)6]2ï ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʠʦʥʘ (ʨʠʩ. 21). 

 

ʈʠʩ. 21. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ  

(Bu4N)2[{Mo 6I8}(CH3COO)6] ʧʦʣʠʩʪʠʨʦʣʘ [{Mo6I8}(CH3COO)6]@PS 

ɺʦ ʚʪʦʨʦʡ ʨʘʙʦʪʝ [170] ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥ rʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʪʦʛʦ ʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʥʦ ʚ ʚʠʜʝ ʛʝʣʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʢʣʘ-

ʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʧʦʩʚʷʱʝʥʳ ʚʢʣʶʯʝʥʠʶ ʧʦʩʣʝʜʥʠʭ ʚʥʫʪʨʴ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʤʘʪʨʠʮ. ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ʧʦ ʚʢʣʶʯʝʥʠ ʁʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʘʪʝʨʠʘʣʳ ʩʚʦ-
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ʜʠʪʩʷ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʣʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʢʘʪʠʦʥʥʦʡ ʠʣʠ ʣʠʛʘʥʜ-

ʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʤʦʥʦʤʝʨʦʚ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʥʠʭ (ʠʣʠ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ) 

ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʠʞʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʣʝʛʢʦʫʭʦ-

ʜʷʱʠʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʥʳ ʟʘ-

ʤʝʱʘʪʴʩʷ ʥʘ ʤʝʪʘʢʨʠʣʘʪ, ʦʙʨʘʟʫʷ ʩʚʷʟʴ MoïO. ʄʝʪʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʩʦʜʝʨʞʠʪ ʜʚʦʡʥʫʶ 

ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʚʦʚʣʝʢʘʪʩɹʷ ʚ ʧʨʦʮʝʩʩ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʚʩʪʨʘʠʚʘʷ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʨʘʩʪʫʱʫʶ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʪʨʠ-

ʬʪʦʨʘʮʝʪʘʪʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚʥʝʰʥʠʭ ʣʠ-

ʛʘʥʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ (Bu4N)2[{Mo 6Cl8}(CF3COO)6-n(CH2=CHCOO)n]. ɺ ʫʩʣʦʚʠʷʭ ʧʦʣʠ-

ʤʝʨʠʟʘʮʠʠ ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʮʝʧʦʯʝʯʥʳʝ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʣʠ-

ʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ [171, 172]. 

ʕʪʠʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʭʦʨʦʰʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʵʨʙʠʷ ʠ 

ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʤʘʪʨʠʮʝ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (PMMA). ɼʘʥʥʘʷ ʤʘʪʨʠʮʘ ʷʚʣʷ-

ʝʪʩʷ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʙʣʠʞʥʝʛʦ ʋʌ ʜʦ ʙʣʠʞʥʝʛʦ ʀʂ, ʧʨʦʯʥʦʡ, ʪʝʨ-

ʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʡ, ʠ ʩ ʭʦʨʦʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʧʦ-

ʣʠʤʝʨ ʧʨʦʩʪ ʚ ʬʦʨʤʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʜʝʣʠʡ. ɹʳʣ ʧʦʣʫʯʝʥ ʮʝʣʳʡ ʨʷʜ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 

(Bu4N)2[{Mo 6Br8} F6] ʠ PMMA (ʨʠʩ. 22). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʜʘʞʝ 

ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝ-

ʨʠʘʣʘ [173]. 

 
ʈʠʩ. 22. ʌʦʪʦʛʨʘʬʠʠ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ (Bu4N)2[{Mo 6Br8} F6]@PMMA, ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ 0,36 ʧʦʜ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʦʙʣʫʯʝʥʠʝʤ 

ɹʣʘʛʦʜʘʨʷ ʣʝʛʢʦʩʪʠ ʬʦʨʤʦʚʘʥʠʷ PMMA, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʘʢʩʠʘʣʴʥʳʝ ʚʦʣʦʢʥʘ, 

ʛʜʝ ʩʝʨʜʮʝʚʠʥʘ ʚʦʣʦʢʥʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʠʤʝʨʘ (Bu4N)2[{Mo 6Br8} F6]@PMMA, ʦʙʣʘʜʘʶʱʝʛʦ 

ʷʨʢʦ-ʢʨʘʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʠ ʧʦʣʠ(ʧʘʨʘ-ʬʝʥʠʣʝʥ)ʚʠʥʠʣʝʥʘ ʥʘ ʧʝʨʠʬʝʨʠʠ, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʝʪ ʟʝʣʝʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʪʦʛʦʚʳʡ ʤʘʪʝ-

ʨʠʘʣ, ʦʙʲʝʜʠʥʷʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʷʚʣʷʝʪ ʞʝʣʪʫʶ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʶ ʩ ʰʠʨʦʢʠʤ ʧʠʢʦʤ ʵʤʠʩʩʠʠ [174]. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟ-

ʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʮʚʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ ʥʘʥʦʬʦʪʦʥʠʢʠ, ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʣʘʟʝʨʥʳʭ ʠ ʩʚʝʪʦʚʳʭ 

ʨʘʟʨʘʙʦʪʢʘʭ. 
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ʅʝʤʥʦʛʦ ʠʥʦʡ ʩʧʦʩʦʙ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣ r

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʠʦʥ ʩ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʛʨʫʧʧ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʚʦʡʥʳʝ ʩʚʷʟʠ, 

ʩʧʦʩʦʙʥʳʝ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʘʢ ʠ ʘʤʠʥʦ- ʠ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʳ, 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʳʝ ʜʝʣʘʪʴ ʠʟ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʦʥʦʤʝʨ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʬʨʘʥʮʫʟʩʢʦʡ ʛʨʫʧʧʦʡ ʙʳʣ ʩʧʝʮʠʘʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥ ʪʝʪʨʘʘʣʢʠʣ ʟʘ-

ʤʝʱʝʥʥʳʡ ʘʤʤʦʥʠʷ ʙʨʦʤʠʜ. ʆʜʠʥ ʠʟ ʘʣʢʠʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʣʠʥʥʳʡ ʘʣʠʬʘʪʠʯʝ-

ʩʢʠʡ ʦʩʪʘʪʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʥʘ ʢʦʥʮʝ ʩʣʦʞʥʦʵʬʠʨʥʫʶ ʛʨʫʧʧʫ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. ʊʘʢʘʷ 

ʛʨʫʧʧʘ ʩʦʜʝʨʞʠʪ ʜʚʦʡʥʫʶ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʢʘʪʠʦʥʫ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ ʩʦʧʦ-

ʣʠʤʝʨʠʟʘʮʠʠ ʧʦʜʦʙʥʦ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʝ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨ-

ʞʘʱʠʡ ʢʘʪʠʦʥ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʘ ʠʤʝʥʥʦ, 

(CH2=C(CH3)C(O)O(CH2)11)(CH3)2((CH2)11CH3)N+ = A (ʨʠʩ. 23ʘ), ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʦ-

ʣʠʤʝʨʠʟʘʮʠʠ ʨʘʚʥʦʤʝʨʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʨʘʩʪʫʱʫʶ ʮʝʧʴ ʧʦʣʠʤʝʨʘ. ɹʦʣʝʝ ʪʦʛʦ, ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʠʟ ʪʘʢʦʛʦ ʧʦʣʠʤʝʨʘ ʥʝ ʚʳʤʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ PMMA, ʩʦʜʝʨʞʘʱʠʡ 10 ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ (A)2[{ Mo6Br8} Br6]. ʅʘ 

ʨʠʩ. 23ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʩ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ 0, 1 ʠ 10% ʧʦʜ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʦʙʣʫʯʝʥʠʝʤ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠ ʚʢʣʶ-

ʯʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʘʪʨʠʮʫ PMMA ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʮʝʣʦʤ 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʘ ʠʥʦʛʜʘ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʠʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ (Bu4N)2[{ Mo6Br8} Br6] ʩ ʤʘʪʨʠʮʝʡ PMMA, ʩʦʜʝʨʞʘʱʝʡ 10% (A)2[{ Mo6Br8} Br6]. 

ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʧʝʨʚʦʛʦ ʩʦʩʪʘʚʠʣ 0.22, ʘ ʚʪʦʨʦʛʦ ï 0.25. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʪʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʚ ʩʨʝʜʥʝʤ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

PMMA ʧʦʢʘʟʘʣ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʘ 20 ʤʢʩ ʧʨʝʚʳʰʘʶʱʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʩʚʦʙʦʜʥʦʛʦ ʢʣʘ-

ʩʪʝʨʘ. ʊʘʢʦʝ ʧʦʚʳʰʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʮʝʥ-

ʪʨʦʚ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʨʦʰʢʦʚʳʡ ʦʙʨʘʟʝʮ ʩʚʦʙʦʜʥʦʛʦ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʠʩʣʦʨʦʜ ʣʝʛʢʦ ʧʨʦʥʠʢʘʝʪ [175]. ʕʪʘ ʞʝ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʟʘʤʝʥʠʣʘ ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (A)2[{ Mo6Br8} Br6] ʥʘ (A)2[{ Mo6I8}( C2F5COO)6] ʠ ʧʦʣʫʯʠʣʘ ʥʘ ʝʛʦ ʦʩ-

ʥʦʚʝ ʧʨʦʟʨʘʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʜʦ 50 ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ 

(ʨʠʩ. 23ʚ), ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʱʠʝ ʷʨʢʦ-ʢʨʘʩʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʦʜ ʜʥʝʚʥʳʤ ʠ ʫʣʴʪʨʘʬʠ-

ʦʣʝʪʦʚʳʤ ʦʙʣʫʯʝʥʠʝʤ [176]. 

 
ʈʠʩ. 23. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ (ʘ); ʄʘʪʝʨʠʘʣʳ (A)2[{ Mo6Br8} Br6]@PMMA (ʙ) ʠ [{Mo6I8}@PMMA 

(ʚ) ʧʦʜ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ 
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ɽʱʝ ʦʜʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ, ʦʧʠʩʳʚʘʝʤʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ 

ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʠʫʨʝʪʘʥ. ʇʦʣʠʫʨʝʪʘʥʳ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʜʚʫʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ, O=C=N-R1-N=C=O ʠ H-O-R2-O-H, ʛʜʝ R1 ʠ R2 ï ʘʣʢʠʣʴʥʳʝ ʠʣʠ ʘʨʠʣʴ-

ʥʳʝ ʛʨʫʧʧʳ. ʈʦʣʴ ʬʨʘʛʤʝʥʪʘ R2 ʤʦʛʫʪ ʠʛʨʘʪʴ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʩʦ-

ʩʪʘʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʢʘʪʠʦʥʥʳʝ ʛʨʫʧʧʳ ʩʧʦʩʦʙʥʳʝ ʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʩʦʧʦʣʠʤʝ-

ʨʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʧʦʣʠʫʨʝʪʘʥʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʢʘʪʠʦʥʦʚ, ʩʧʦʩʦʙ-

ʥʳʭ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʣʘʩʪʝʨ-ʩʦʜʝʨ-

ʞʘʱʝʛʦ ʧʨʦʜʫʢʪʘ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʧʦ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ (ʨʠʩ. 24ʘ). ɺ ʨʘʙʦʪʝ [127] ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʝ ʣʶ-

ʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ (ʨʠʩ. 24ʙ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʘʶʱʠʡʩʷ ʧʦʣʠʤʝʨʥʳʡ ʤʘ-

ʪʝʨʠʘʣ ʦʢʘʟʘʣʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʥʘʣʠʯʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦ-

ʛʦʚ ʥʘ ʦʩʥʦʚʝ PMMA), ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʩʣʘʙʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʢʠʩʣʦʨʦʜʦʤ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥ-

ʪʦʚʦʛʦ ʚʳʭʦʜʘ ʦʙʨʘʟʮʘ ʦʪ ʢʠʩʣʦʨʦʜʘ. ʊʘʢ, ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 

0.7, ʪʦʛʜʘ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʦʥ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,1. 

 

 
ʈʠʩ. 24. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʘ), ʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʧʦʜ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʦʙʣʫ-

ʯʝʥʠʝʤ (ʙ) 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʣʫʯʠʣʘ ʧʨʦʜʦʣʞʝʥʠʝ ʚ ʩʪʘʪʴʝ [177], ʛʜʝ ʘʚʪʦʨʳ ʚʤʝʩʪʦ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʤʦʥʦʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʪʫʨʘʣʴʥʳʡ ʧʨʦʜʫʢʪ, ʘ ʠʤʝʥʥʦ ʤʘʩʣʦ ʙʨʦʢʢʦʣʠ. ʇʦʣʫʯʝʥ-

ʥʦʝ ʤʘʩʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʙʳʣʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʦ ʠ ʥʘ ʢʦʥʝʯʥʦʤ ʵʪʘʧʝ ʚ ʥʝʤ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʣʠ ʢʘʨʙʦʥʘʪʥʳʝ ʛʨʫʧʧʳ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʮʝʧʴ ʘʤʠʥʦʛʨʫʧʧʳ. ɸʚ-

ʪʦʨʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʠʦʥʳ N-ʵʪʠʣ-4-

ʘʤʠʥʦʧʠʨʠʜʠʥʠʷ ʩʧʦʩʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʦʥʦʤʝʨʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʨʦʷʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ (ʨʠʩ. 25). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ï160 ʜʦ 

100ÁC ʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʘʜʘʝʪ. 
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ʈʠʩ. 25. ʆʙʨʘʟʝʮ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʫʨʝʪʘʥʘ ʧʦʜ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʦʙʣʫʯʝʥʠʝʤ 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʨʛʘʥʠ-

ʯʝʩʢʠʝ ʤʘʪʨʠʮʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʩʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʫʰʠʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʩʫʣʴʬʦʥʘʪ-

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{Mo 6I8}(OOCC10H15)6], ʛʜʝ OOCC10H15
ï ï ʦʩʪʘʪʦʢ 1-ʘʜʘʤʘʥʪʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩ-

ʣʦʪʳ (ʨʠʩ. 26) [125]. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦ-

ʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 50 ʥʤ, ʘ ʪʘʢʞʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ-ʧʨʦʥʠʮʘʝʤʳʤ, ʢʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʪʘʥʦ-

ʚʷʪʩʷ ʙʦʣʝʝ ʨʝʟʢʠʤʠ ʧʨʠ ʥʘʣʠʯʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ. ʀʟ ʜʠʘʛʨʘʤʤʳ ʐʪʝʨʥʘ-ʌʦʣʴ-

ʤʝʨʘ ʚʠʜʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʦʪʢʣʠʢʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʪʫʰʝʥʠʷ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

 
ʈʠʩ. 26. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6I8}(OOCC10H15)6]2ï 

ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʣʠʫʨʝ-

ʪʘʥʘ (LarithaneTM). ɸʚʪʦʨʳ ʨʘʩʪʚʦʨʠʣʠ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo 6I8}(CF3COO)6] 

ʠ ʧʦʣʠʫʨʝʪʘʥ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʠ, ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ, ʧʦʣʫʯʠʣʠ ʪʢʘʥʴ ʠʟ 

ʥʘʥʦʚʦʣʦʢʦʥ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʫʨʝʪʘʥʘ [122]. 

ɺ ʨʘʙʦʪʝ [178] ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Mo6Cl12 ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʩʤʝʩʠ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʵʪʠʣʤʝ-

ʘ
ʙ

ʚ



60 

 

ʪʘʢʨʠʣʘʪʘ ʠ ʩʦʧʦʣʠʤʝʨʘ ʙʫʪʠʣ- ʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʚ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɸʚ-

ʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʙʦʨʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʬʦʪʦʥʦʚ ʪʘ-

ʢʠʭ ʠʟʜʝʣʠʡ. 

ʆʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʨ-

ʛʘʥʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ, c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʦʦʩʘʞʜʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥ-

ʥʘʷ ʧʦʣʫʯʝʥʠʶ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ PLGA  (ʦʪ ʘʥʛʣ. poly(lactic-co-glycolic acid, 

ʩʦʧʦʣʠʤʝʨ ʤʦʣʦʯʥʦʡ ʠ ʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪ) ʩ ʚʢʣʶʯʝʥʥʳʤ ʚ ʥʠʭ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

(Bu4N)2[{Mo 6Br8} Br6] [179]. 

ɺʝʩʴʤʘ ʥʝʦʙʳʯʥʘʷ ʨʘʙʦʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [180]. ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʨʘʩʢʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6I8}(OOCC2F5)6]2ï ʠ ʬʦʪʦ-

ʨʝʟʠʩʪʠʚʥʦʛʦ ʵʧʦʢʩʠʜʘ Su-8, ʢʦʪʦʨʳʡ ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʧʦʜ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝ-

ʥʠʝʤ. ʇʨʠ ʧʦʤʦʱʠ ʩʪʨʫʡʥʦʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʧʝʯʘʪʠ ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʟʞʝ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʢʨʘʩʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʝʪʦʚʦʜʳ [181]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʚʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥ, ʢʦʪʦʨʳʡ ʟʘʯʘʩʪʫʶ ʧʨʠʜʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʚʢʣʶʯʝʥʥʳʤ ʘʛʝʥʪʘʤ. ʉʘʤ ʦʥ ʩʯʠʪʘʝʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ 

ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʣʦʛʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʙʳʣʘ ʧʦ-

ʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ. ɸʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʦʜʥʦ-

ʨʦʜʥʳʡ ʛʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ Na2[{Mo 6I8}(1-OOC-1,7-

ʢʣʦʟʦ-C2B10H11)6] ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 200 ʥʤ. ʄʘʪʝʨʠʘʣ ʫʩʪʦʡʯʠʚ ʚ ʚʦʜʝ ʠ ʥʝ ʧʨʦʷʚʣʷʝʪ 

ʠʟʤʝʥʝʥʠʡ ʚ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ, ʪʦʛʜʘ ʢʘʢ ʠʩʭʦʜʥʳʡ ʢʣʘʩʪʝʨ-

ʥʳʡ ʢʦʤʧʣʝʢʩ ʩʢʣʦʥʝʥ ʢ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʡ ʘʛʨʝʛʘʮʠʠ ʠ ʢ ʛʠʜʨʦʣʠʟʫ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʩʤʝ-

ʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ [126]. 

1.1.1.5.4. ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩ rʤʦʣʠʙʜʝʥʘ 

ʇʦʤʠʤʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʠʣʠ ʥʘʥʝʩʝʥʥʳʤʠ ʢʣʘʩʪʝʨ-

ʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʦʜʥʠʤ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ), ʩʦʜʝʨʞʘʱʠʭ ʢʣʘ-

ʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʨʠ ʵʪʦʤ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʞʥʦ ʢʘʢ ʚʢʣʶʯʘʪʴ ʚ ʟʘʨʘʥʝʝ ʩʠʥ-

ʪʝʟʠʨʦʚʘʥʥʳʡ ʄʆʂʇ, ʪʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ʧʨʠ ʩʠʥʪʝʟʝ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʬʠʥʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʪʦʬʠʟʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠʩʫʱʠʝ ʚʢʣʶʯʝʥʥʦʤʫ ʚ ʠʭ ʩʦʩʪʘʚ 

ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. 

ʅʘʧʨʠʤʝʨ, ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʮʝ-

ʪʠʣʘʮʝʪʦʥʘʪʘ ʧʘʣʣʘʜʠʷ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[{Mo 6I8}(OOCC6H4P(C6H5)2)6] ʜʦʩʪʘ-

ʪʦʯʥʦ ʫʩʧʝʰʥʦ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʬʝʥʠʣ-ʙʦʨʥʦʡ ʢʠʩ-

ʣʦʪʳ ʠ ʨʘʟʥʦʟʘʤʝʱʝʥʥʳʭ ʘʨʠʣ-ʛʘʣʦʛʝʥʦʚ (ʨʝʘʢʮʠʷ Suzuki-Miyaura) (ʨʠʩ. 27). ʀʪʦʛʦʚʳʡ 
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ʧʦʣʠʤʝʨ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʘʪʦʤʦʚ ʧʘʣʣʘʜʠʷ (PdII ʠ Pd0), ʚʳʧʦʣ-

ʥʷʶʱʠʭ ʨʦʣʴ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʠ ʢʣʘʩʪʝʨʦʚ, ʠʤʝʶʱʠʭ ʢʦʥʮʝʚʳʝ ʬʦʩʬʠʥʦʚʳʝ ʛʨʫʧʧʳ 

[124]. 

 
ʈʠʩ. 27. ʈʝʘʢʮʠʷ Suzuki-Miyaura, R = OMe, Me, COMe, NO2, X = Br ʠʣʠ Cl 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʄʆʂʇ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʤʝʟʦʧʦʨʠʩʪʳʡ ʪʝʨʝʬʪʘʣʘʪ 

ʭʨʦʤʘ ï MIL -101. ʉʘʤ ʧʦʣʠʤʝʨ ʦʙʣʘʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 100 ʨʘʟ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 50K 

[182]. ɺʢʣʶʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Et4N)2[{ Mo6Cl8} Cl6] ʚ MIL -

101 ʟʘʢʦʥʦʤʝʨʥʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʚ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʪʠʧʠʯʥʦʡ ʜʣʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [{Mo6Cl8}Cl6]2ï. ʊʘʢʞʝ, ʚ ʦʜʥʦʡ ʠʟ 

ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʘʣʠʯʠʷ ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʧʦʨʳ MIL -101 ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ (Bu4N)2[{ Mo6Br8} F6] ʥʘ ʩʦʨʙʮʠʶ H2. ʄʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤ-

ʧʣʝʢʩ, ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ, ʯʝʤ ʜʣʷ ʯʠʩʪʦʛʦ MIL -101. 

ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʤ, ʯʪʦ ʤʦ-

ʣʝʢʫʣʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʥʠʤʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʧʦʨʘʭ, ʥʦ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʦʜʦʨʦʜʦʤ ʠ ʬʪʦ-

ʨʦʤ. ʅʦ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙ-

ʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʨʙʮʠʠ ʫʭʫʜʰʘʶʪʩʷ. ɸʚʪʦʨʳ ʥʘʜʝʶʪʩʷ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ 

ʣʝʛʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʤ ʫʜʘʩʪʩʷ ʫʚʝʣʠʯʠʪʴ ʩʦʨʙʮʠʶ ʛʘʟʦʚ [183]. 

1.1.1.5.5. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʂʘʢ ʚʧʝʨʚʳʝ ʦʪʤʝʯʘʣʦʩʴ ʝʱʝ ʚ 1989 ʛʦʜʫ ʚ ʨʘʙʦʪʝ [72], ʥʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʪʫʰʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʘʢ ʦʧʠʩʳʚʘ-

ʣʦʩʴ ʚ ʧ. 1.1.1.3.6 ɻ ʪʦ ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʛʦ ʩʠʥʛʣʝʪʥʦʡ ʬʦʨʤʳ. ʆʜʥʘʢʦ 

ʣʠʰʴ ʯʝʨʝʟ 10 ʣʝʪ ʚ 1999 ʛʦʜʫ R.N. Ghosh ʩʜʝʣʘʣ ʧʝʨʚʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Mo6Cl12, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʛʘʟʦʧʨʦʥʠʮʘʝʤʳʡ 

ʧʦʣʠʤʝʨ ʧʦʣʠ(1-ʪʨʠʤʝʪʠʣʩʠʣʠʣ-1-ʧʨʦʧʠʥ) [184]. ʊʘʢʦʡ ʜʘʪʯʠʢ ʧʦʢʘʟʘʣ ʥʝʧʣʦʭʫʶ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʢʠʩʣʦʨʦʜ (ʨʘʟʥʠʮʘ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʪʝʢʪʠʨʫʝʤʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʤʝʞʜʫ ʘʪʤʦʩʬʝʨʦʡ ʘʨʛʦʥʘ ʠ ʚʦʟʜʫʭʦʤ ʩʦʩʪʘʚʠʣʘ 5,5 ʨʘʟ) ʚ ʘʪʤʦʩʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʡ ʦʪ 0 ʜʦ 

21% ʢʠʩʣʦʨʦʜʘ. ʇʦʟʞʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘ-

ʪʫʨʥʳʭ (ʜʦ 200Áʉ) ʢʠʩʣʦʨʦʜʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Mo6Cl12, 

ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʟʦʣʴ-ʛʝʣʴ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʢʚʘʨʮʝʚʫʶ 

ʧʦʜʣʦʞʢʫ ʤʝʪʦʜʦʤ ʧʦʛʨʫʞʝʥʠʷ [185]. ʇʦʩʣʝʜʥʷʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʩʦʟʜʘʥʠʶ ʦʧʪʠʯʝ-

ʩʢʠʭ ʢʠʩʣʦʨʦʜ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ, ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [186]. ɸʚʪʦʨʳ ʩʦʟʜʘʣʠ 

ʢʠʩʣʦʨʦʜʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʚʦʜʥʳʭ ʩʨʝʜ, ʧʦʤʝʩʪʠʚ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ K2[{Mo 6Cl8}Cl 6] 
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ʚ ʤʘʪʨʠʮʫ ʬʦʪʦʦʪʚʝʨʞʘʝʤʦʛʦ ʩʠʣʠʢʦʥʦʚʦʛʦ ʧʦʣʠʤʝʨʘ [(ʘʢʨʠʣʦʢʩʠʧʨʦʧʠʣ)ʤʝʪʠʣʩʠʣʦʢ-

ʩʘʥ-ʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ ʩʦʧʦʣʠʤʝʨ]. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʢʠʩ-

ʣʦʨʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʘʭ [187, 188]. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [K(diglyme)(CH3CN)]2[{Mo 6I8} I6] ʩ ʪʨʠʙʣʦʢ ʩʦʧʦʣʠʤʝʨʘʤʠ PEO-PPO-PEO 

(ʇʣʶʨʦʥʠʢʠ) ʠʣʠ PPO-PEO-PPO (ʦʙʨʘʪʥʳʝ ʇʣʶʨʦʥʠʢʠ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʩʠ-

ʩʪʝʤʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʝʥʩʦʨʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʳ. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʠʩʫʪʩʪʚʠʝ 

ʜʠʬʣʦʢʩʘʮʠʥʘ (ʨʠʩ. 28) ï ʘʥʪʠʙʠʦʪʠʢʘ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʚʝʪʝʨʠʥʘʨʠʠ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʛʦʨʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʠʦʥʥʳʤʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷʤʠ ʢʦʤʧʣʝʢʩʘ ʩ ʤʦʣʝʢʫʣʦʡ ʜʠʬʣʦʢʩʘʮʠʥʘ. 

 
ʈʠʩ. 28. ʉʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʜʠʬʣʦʢʩʘʮʠʥʘ 

1.1.1.5.6. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩ-

ʥʦʚʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʅʘ ʧʨʠʤʝʨʝ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ ʙʳʣʘ 

ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʢ ʨʘʟʣʦʞʝʥʠʶ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ ɹ, ʯʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʩʮʚʝʯʠʚʘʥʠʶ 

ʨʘʩʪʚʦʨʘ. ʈʘʟʣʦʞʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ [{Mo6Br8}( N3)6]2ï ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ 150 ʤʠʥʫʪ. ʈʝʘʢʮʠʷ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʧʨʠʚʝʜʝʥ-

ʥʦʤʫ ʥʘ ʨʠʩ. 29. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ, ʛʝʥʝʨʠʨʫʷ ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʦʜʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ OHÅ. ɻʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʩʧʦʩʦʙʝʥ ʦʢʠʩʣʷʪʴ ʢʨʘʩʠʪʝʣʴ, ʪʝʤ ʩʘʤʳʤ ʧʝʨʝʚʦʜʷ 

ʝʛʦ ʚ ʠʪʦʛʝ ʚ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʦʜʫ [189]. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠ-

ʨʦʚʘʣʦ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠ-

ʪʝʣʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʦʙʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʳʤ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ 

ʩʚʝʪʦʤ. 

 
ʈʠʩ. 29. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʨʦʜʘʤʠʥʦʤ ɹ 
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ʂʨʦʤʝ ʯʠʩʪʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʯʘ-

ʩʪʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ HAuCl4Ŀ3H2O, ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[{ Mo6Br8}( N3)6] ʠ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ (ʆɻ). ʂʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʠ ʩʤʝʰʠʚʘʶʪ ʠ ʦʙʣʫʯʘʶʪ ʧʨʠ ɚ = 365 ʥʤ. ɹʳʣʦ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʨʦʷʚʣʷʶʪ ʟʘʤʝʪʥʫʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʨʦʜʘʤʠʥʘ ɹ. ɸʚʪʦʨʳ ʜʦʧʦʣʥʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʨʝʘʢʮʠʠ (ʨʠʩ. 29) ʠ, ʧʦ-

ʤʠʤʦ OHÅ, ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʜʚʝ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʦʙ-

ʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʨʠʩ. 30) [190]. 

 
ʈʠʩ. 30. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ 

ʂʨʦʤʝ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ, ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝ-

ʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cs2[{ Mo6Br8} Br6] ʠ (Bu4N)2[{ Mo6Br8} Br6], ʘ 

ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʜʦ 

ʤʝʪʘʥʦʣʘ ʚ ʚʦʜʝ (ʨʠʩ. 31). ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʠʵʪʠʣʘʤʠʥ. ɼʣʷ ʯʠʩʪʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ 24 ʯʘʩʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ (ʦʙʣʫ-

ʯʝʥʠʝ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ) ʩ ʧʝʨʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʦʙʨʘʟʦʚʘʣʦʩʴ 6679,45 ʤʤʦʣʴ/ʛʢʘʪʘʣʠʟʘʪʦʨʘ 

ʩʧʠʨʪʘ, ʘ ʚ ʨʝʘʢʮʠʠ ʩʦ ʚʪʦʨʳʤ ʦʙʨʘʟʦʚʘʣʦʩʴ 5550,53 ʤʤʦʣʴ/ʛʢʘʪʘʣʠʟʘʪʦʨʘ ʩʧʠʨʪʘ [191]. ʉ ʜʨʫ-

ʛʦʡ ʩʪʦʨʦʥʳ, ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʆɻ ʠʤʝʝʪ ʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ (1644 ʤʤʦʣʴ/ʛʢʘʪʘʣʠʟʘʪʦʨʘ 

ʜʣʷ Cs2[{ Mo6Br8} Br6]@ʆɻ ʠ ï 1294 ʤʤʦʣʴ/ʛʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ (Bu4N)2[{ Mo6Br8} Br6]@ʆɻ), ʥʦ 

ʚʳʰʝ ʯʝʤ ʜʣʷ ʯʠʩʪʦʛʦ ʆɻ (439 ʤʤʦʣʴ/ʛʢʘʪʘʣʠʟʘʪʦʨʘ) [192]. 

 
ʈʠʩ. 31. ɺʦʟʤʦʞʥʘʷ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʤʝʪʘʥʦʣ (ʘ) ʠ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ (ʙ) 

ʂʨʦʤʝ ʪʦʛʦ, ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ Cs2[{ Mo6Br8}Br6]@ʆɻ ʩʧʦʩʦʙʥʘ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪʘ ʠʟ ʤʝʪʘʥʦʣʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ɺʳʭʦʜ ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Cs2[{ Mo6Br8} Br6] ʩʦʩʪʘʚʣʷʝʪ 8,1%, ʘ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 9,8%. ʀʥʪʝʨʝʩʥʦ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʛʘʝʪ 98%, ʧʨʠʯʝʤ ʥʝ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʜʝʛʠʜʨʠʨʫʶʱʠʝ ʘʛʝʥʪʳ [193]. 

[Mo cluster](eς) + O2 [Mo cluster] + O2
ςÅ

O2
ςÅ/ HO2

Å + ʩʫʙʩʪʨʘʪʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ



64 

 

ʆʢʩʠʜ ʛʨʘʬʝʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, 

(Bu4N)2[{ Mo6Br8}@ʆɻ, ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʫʝʪ ʬʦʪʦʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝ-

ʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʰʝ, ʯʝʤ ʫ ʥʝ-

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʦʜʥʘʢʦ, ʦʥʠ ʭʫʞʝ, ʯʝʤ ʚ ʫʩʣʦʚʠʷʭ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘ-

ʪʘʣʠʟʘ [194]. 

1.1.1.5.7. ɾʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʮʝʣʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʠ-

ʤʦʝ ʬʨʘʥʮʫʟʩʢʦʡ ʛʨʫʧʧʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ Y. Molardôʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʞʠʜʢʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ [7]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʷʭ ʦʧʪʠʢʠ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɾʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ (ɾʂ) ï ʵʪʦ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʝ ʧʝʨʝʭʦʜʷʪ ʥʝʢʦʪʦʨʳʝ 

ʚʝʝɦʩʪʚʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʩʪʚʦʨʝ). 

ɾʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʙʣʘʜʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʞʠʜʢʦʩʪʝʡ (ʪʝʢʫʯʝʩʪʴ), ʪʘʢ ʠ 

ʢʨʠʩʪʘʣʣʦʚ (ʘʥʠʟʦʪʨʦʧʠʷ). ʇʦ ʩʪʨʫʢʪʫʨʝ ɾʂ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʷʟʢʠʝ ʞʠʜʢʦʩʪʠ, ʩʦ-

ʩʪʦʷʱʠʝ ʠʟ ʤʦʣʝʢʫʣ ʚʳʪʷʥʫʪʦʡ ʠʣʠ ʜʠʩʢʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ ʫʧʦ-

ʨʷʜʦʯʝʥʥʳʭ ʚʦ ʚʩʝʤ ʦʙʲʸʤʝ ʵʪʦʡ ʞʠʜʢʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʩʚʦʡʩʪʚʦʤ ɾʂ ʷʚʣʷ-

ʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʦʨʠʝʥʪʘʮʠʶ ʤʦʣʝʢʫʣ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦ-

ʣʝʡ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦ 

ʪʠʧʫ ɾʂ ʦʙʳʯʥʦ ʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʥʝʤʘʪʠʢʠ ʠ ʩʤʝʢʪʠʢʠ. ʅʝʤʘʪʠʢʠ ʩʦ-

ʩʪʦʷʪ ʠʟ ʚʳʪʷʥʫʪʳʭ ʙʣʦʢʦʚ, ʘ ʩʤʝʢʪʠʢʠ ʠʟ ʜʠʩʢʦʦʙʨʘʟʥʳʭ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʦʨʠʝʥʪʘʮʠʠ ʙʣʦ-

ʢʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 32. 

 
ʈʠʩ. 32. ʈʘʟʥʦʦʙʨʘʟʠʝ ɾʂ ʩ ʫʯʝʪʦʤ ʦʨʠʝʥʪʘʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʢʘʪʠʦʥʦʚ ʢʦʤ-

ʧʣʝʢʩʦʚ (ʨʠʩ. 33), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʦʥʥʳʝ ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ. ʂʨʠʩʪʘʣʣʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʣʦʚʠʷ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ ʩʤʝʢʪʠʢʠ ʠʣʠ ʥʝʤʘʪʠʢʠ [195, 196]. 
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ʈʠʩ. 33. ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʘ 

ʂʨʦʤʝ ʠʦʥʥʳʭ ɾʂ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ɾʂ ʥʘ ʦʩ-

ʥʦʚʝ ʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ ʜʣʠʥʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʩʦʜʝʨʞʘ-

ʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʢʩʠʣʴʥʫʶ [197]. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʣʘʙʠʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʩʧʦʩʦʙʥʳ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʷʭ ʠʭ ʟʘʤʝʱʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ɾʂ ʦʙʨʘʟʮʳ ʠʟ 

(Bu4N)2[{ Mo6Br8} F6] ʠ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (HL), ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʠʩʪʦʯʥʠʢʘ 

ʢʘʨʙʦʢʩʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (ʨʠʩ. 34). 

 

ʈʠʩ. 34. ʉʪʨʦʝʥʠʝ ʢʠʩʣʦʪʳ (HL) 

ʊʨʝʪʠʡ ʦʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ ɾʂ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʦʠʪ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʨʘʫʥ-ʵʬʠʨʦʚ. ɸʚʪʦ-

ʨʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ɾʂ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cs2[{ Mo6Br8} Br6] ʠ ʤʘʢʨʦʤʦ-

ʣʝʢʫʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 35 [198]. 

 
ʈʠʩ. 35. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʇʦʣʫʯʝʥʥʳʝ ɾʂ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʘʢ ʠ ʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ï ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʦʥʠ ʤʦʛʫʪ ʩʪʘʪʴ ʥʦʚʳʤ ʧʦʢʦʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʘ 

ʪʘʢʞʝ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʦʡ. 

1.1.1.6. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʣʷ ʙʠʦʣʦʛʠʠ 

ʠ ʤʝʜʠʮʠʥʳ 

ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʜʣʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʥʘʣʠʯʠʝ ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʷʭ 

ʩʧʝʢʪʨʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʘ ʙ ʚ

ʘ
ʙ
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ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦ-

ʨʦʜʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ). ʇʦʜ ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʠʩʪʝʤ-

ʥʦʝ ʠʣʠ ʣʦʢʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʥʝʪʦʢʩʠʯʥʳʭ ʬʦʪʦ-ʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʜʘ-

ʚʘʪʴ ʵʥʝʨʛʠʶ ʪʨʠʧʣʝʪʥʦʡ ʬʦʨʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʠʣʠ ʜʨʫʛʠʤ ʤʦʣʝʢʫʣʘʤ), ʧʝ-

ʨʝʚʦʜʷ ʝʛʦ ʚ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʝʩʪʴ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʚʝʜʝʥʥʳʡ ʘʛʝʥʪ ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʦ ʘʛʝʥʪʳ, ʧʦʧʘʜʘʷ ʚ ʦʨʛʘʥʠʟʤ, ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʚʩʝʤʫ ʪʝʣʫ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʥʝʪʦʢʩʠʯʥʳʝ ʚʝ-

ʱʝʩʪʚʘ, ʠʤʝʶʱʠʝ ʘʜʨʝʩʥʦʩʪʴ ʜʦʩʪʘʚʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪ-

ʩʣʝʞʠʚʘʪʴ ʠʭ ʣʦʢʘʣʠʟʘʮʠʶ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʯʘʩʪʢʘʭ ʪʝʣʘ ï ʵʪʦ ʫʞʝ ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʣʘʩʪʴ 

ʪʝʨʘʥʦʩʪʠʢʠ ï ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʝʨʘʧʠʠ. ʆʜʥʘʢʦ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʛʝʥʪʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʪʦʢʩʠʯʥʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʦ ʠʟʫʯʝʥʠʶ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʟʫʯʝʥʠʝ ʠʭ ʪʦʢ-

ʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʙʠʦʦʙʲʝʢʪʘʤ. 

1.1.1.6.1. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ, ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘ-

ʶʪʩʷ ʯʝʪʳʨʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʪʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʚʘʷ ʪʘʢʘʷ ʨʘʙʦʪʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ 2012 ʛʦʜʫ [199], ʧʦʩʚʷʱʝʥʘ 

ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ 1 ʤM ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Cs2[{ Mo6Br8} Br6] ʥʘ 

ʢʦʨʥʠ ʨʘʧʩʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʥʠ ʨʘʩʪʝʥʠʷ, ʚʳʨʦʩʰʠʝ ʚ ʩʨʝʜʝ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʠʤʝʣʠ ʙʦʣʝʝ ʥʝʯʝʪʢʫʶ, ʨʘʟʨʫʰʝʥʥʫʶ ʢʣʝʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥ-

ʪʨʦʣʴʥʦʛʦ, ʧʨʦʨʦʩʰʝʛʦ ʚ ʯʠʩʪʦʡ ʚʦʜʝ. 

ɺʪʦʨʳʤ ʧʨʠʤʝʨʦʤ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [131]. ɿʜʝʩʴ ʘʚʪʦʨʳ ʠʟʫʯʘʣʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ (ʪʦʢʩʠʯʥʦʩʪʴ 

ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ) ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ Na2[{ Mo6I8}( N3)6] ʠ Na2[{ Mo6I8}( NCS)6] ʥʘ 

ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ ʨʘʢʘ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ (HeLa) ʠ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʦʯʢʠ ʯʝʣʦʚʝʢʘ 

(HEK  293T). ʇʨʝʞʜʝ ʚʩʝʛʦ, ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʛʝʢʩʘʘʟʠʜʥʳʡ ʠ ʛʝʢ-

ʩʘʨʦʜʘʥʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʛʠʜ-

ʨʦʢʩʦ ʧʨʦʠʟʚʦʜʥʳʭ Na2[{ Mo6I8}( N3)5(OH)] ʠ Na2[{ Mo6I8}( NCS)5(OH)] ʙʝʟ ʚʳʧʘʜʝʥʠʷ ʚ 

ʦʩʘʜʦʢ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (IC 50) (IC50 ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝʦʙ-

ʭʦʜʠʤʦʛʦ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 50%) ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʩʪʠ-

ʛʘʝʪ 200 ʤʢʄ. 

ʅʝʜʘʚʥʦ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʦʧʫʙʣʠʢʦʚʘʣʘ ʨʘʙʦʪʫ [200] ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʣʩʷ 

ʩʠʥʪʝʟ ʜʚʫʭ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʘʢʠʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ 4-

(ʢʘʨʙʦʢʩʠʙʫʪʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʠ 4-ʢʘʨʙʦʢʩʠ-1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʡ (ʨʠʩ. 36), ʢʦʦʨʜʠ-

ʥʠʨʦʚʘʥʥʳʤʠ ʯʝʨʝʟ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. 
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ʈʠʩ. 36. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ  

4-(ʢʘʨʙʦʢʩʠʙʫʪʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʠ 4-ʢʘʨʙʦʢʩʠ-1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʡ 

ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʛʠʜʨʦʣʠʟ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴʶ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʣʘʝʪ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ 

ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʦʪʦʩʝʥʩʠʙʠʠʟʘʪʦʨʘʤʘ ʜʣʷ ʌɼʊ. ɹʦʣʝʝ ʪʦʛʦ, ʢʦʤʧʣʝʢʩ ʩ 4-(ʢʘʨ-

ʙʦʢʩʠʙʫʪʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʧʨʦʷʚʠʣ ʵʬʬʝʢʪʠʚ-

ʥʫʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ E. Faecalis (Enterococcus faecalis, ʵʥʪʝʨʦʢʦʢʢ ʬʠʢʘʣʴʥʳʡ) ʠ S. Aureus 

(Staphylococcus aureus, ʟʦʣʦʪʠʩʪʳʡ ʩʪʘʬʠʣʦʢʦʢʢ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʢʦʛʦ-ʣʠʙʦ ʘʥʪʠ-

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ E. Coli. (Escherichia coli, ʢʠʰʝʯ-

ʥʘʷ ʧʘʣʦʯʢʘ) ʠ PS. Aeruginosa (Pseudomonas aeruginosa, ʩʠʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ) ʦʙʥʘʨʫ-

ʞʝʥʦ ʥʝ ʙʳʣʦ. 

ɽʱʝ ʚ ʦʜʥʦʡ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʫʯʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʪʠʥʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʟʫʯʘʣʘʩʴ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

(H3O)2[{ Mo6Cl8} Cl6] ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʦʪʘʚʠʨʫʩʫ SA 11 [201]. ʅʘ ʣʠʥʠʠ ʢʣʝʪʦʢ MA 104 

(ʢʣʝʪʢʠ ʧʦʯʝʢ ʵʤʙʨʠʦʥʘ ʟʝʣʝʥʦʡ ʤʘʨʪʳʰʢʠ), ʟʘʨʘʞʝʥʥʳʭ ʨʦʪʘʚʠʨʫʩʦʤ SA 11, ʙʳʣʦ ʧʨʦ-

ʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦ, ʯʪʦ ʧʦʩʣʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

[{ Mo6Cl8} Cl6]2ï ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 300 ʤʢʄ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʣʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʝʜʠʥʠʮ (ʙʣʷʰʝʢ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʤ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʚʠʨʫʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʩʪʘʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ ʘʛʝʥʪʘʤʠ. 

1.1.1.6.2. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦ-

ʣʠʙʜʝʥʘ 

ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʥʝ 

ʫʩʪʦʡʯʠʚʳ ʚ ʚʦʜʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ pH ~ 7,4, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʥʘ ʧʨʝʜʤʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʝʥ. ʆʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ ʩʪʘʙʠʣʴʥʫʶ 

ʤʘʪʨʠʮʫ. ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʦʝ ʠʟʫʯʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ ʪʘʢʞʝ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʙʦʣʴʰʘʷ 
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ʯʘʩʪʴ ʨʘʙʦʪ ʚʳʧʦʣʥʝʥʘ ʠʤʝʥʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʜʝʣʝ ñʈʝ-

ʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝò. 

ʈʘʙʦʪʘ T. Aubert [156] ̫ ʚʣʷʝʪʩʷ ʧʠʦʥʝʨʩʢʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʯʘ-

ʩʪʠʮʳ Cs2[{Mo 6Br8}Br 6]@SiO2 ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ 45 ʥʤ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʣʠʥʠʡ Caco-2 (ʢʣʝʪʢʠ ʘʜʝʥʦ-

ʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ) ʠ MRC-5 (ʬʠʙʨʦʙʣʘʩʪʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ), ʧʨʠ-

ʯʝʤ ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘʚʠʩʝʣ ʪʦʣʴʢʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʝ ʠʤʝʣ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝ-

ʤʝʥʠ. ʇʦʟʞʝ ʚ ʨʘʙʦʪʝ [202] ʘʚʪʦʨʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʣʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

Cs2[{Mo 6Br8}Br 6]@SiO2. ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʝʪʢʠ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ ï A549 

(ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ), L929 (ʤʳʰʠʥʳʝ ʬʠʙʨʦʙʣʘʩʪʳ) ʠ KB (ʢʣʝʪʢʠ 

ʨʘʢʘ ʛʦʨʣʘ ʯʝʣʦʚʝʢʘ). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʢʘʢ ʥʘ 2D (ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ), 

ʪʘʢ ʠ ʥʘ 3D (ʩʫʩʧʝʥʟʠʷ ʢʣʝʪʦʢ) ʤʦʜʝʣʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 3D ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʚ ʥʝʢʦʪʦʨʦʡ 

ʩʪʝʧʝʥʠ ʠʤʠʪʠʨʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʪʢʘʥʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʯʘʩʪʠʮʳ ʧʨʦʷʚʣʷʶʪ ʥʠʟʢʠʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʣʠʥʠʡ 

A549 ʠ L929 ʢʘʢ ʚ ʩʣʫʯʘʝ 2D, ʪʘʢ ʠ 3D ʤʦʜʝʣʝʡ. ʊʦʢʩʠʯʥʦʩʪʴ ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʦʥ-

ʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚ ʩʣʫʯʘʝ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (100 ʤʢʛ/ʤʣ) 

ʧʨʦʮʝʥʪ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ ʩʦʩʪʘʚʠʣ ~ 60-80%. ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʣʷ 

ʢʣʝʪʦʢ ʣʠʥʠʠ KB ʥʘʙʣʶʜʘʣʘʩʴ ʠʥʘʷ ʢʘʨʪʠʥʘ ï ʯʘʩʪʠʮʳ (ʚʢʣʶʯʘʷ ʯʠʩʪʳʝ ʯʘʩʪʠʮʳ SiO2) 

ʧʨʦʷʚʣʷʣʠ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʡ, ʪʘʢ ʠ ʚʨʝʤʷ-ʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ ʪʦʢʩʠʯʥʦ-

ʩʪʠ. ʇʨʠʯʝʤ ʚ ʩʣʫʯʘʝ 2D ʤʦʜʝʣʝʡ ʟʥʘʯʠʤʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ (100 ʤʢʛ/ʤʣ) ʠ ʧʨʦʮʝʥʪ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ ʩʦʩʪʘʚʣʷʣ ~ 40-50%, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ 3D ʤʦʜʝʣʝʡ ʫʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʢʛ/ʤʣ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʞʠʚʳʭ ʢʣʝʪʦʢ ʜʦ ~ 80-90%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʛ/ʤʣ ʧʨʦ-

ʮʝʥʪ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ ʩʦʩʪʘʚʣʷʣ ~ 10%. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠ-

ʨʫʝʪ, ʯʪʦ ʚ ʮʝʣʦʤ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ SiO2 ʧʨʦʷʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ, ʦʜʥʘʢʦ, ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, ʥʦ ʪʘʢʞʝ ʠ ʦʪ 

ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʪɻʦʡ ʞʝ ʛʨʫʧʧ r ʘʚʪʦʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ 

Cs2[{ Mo6I8}( OOCC2F5)6]@SiO2, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʪʨʘʥʩʬʝʨʨʠ-

ʥʦʤ ʜʣʷ ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ [160]. ʇʨʠ ʧʦʤʦʱʠ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʯʘʩʪʠʮʳ ʭʦʨʦʰʦ ʧʨʦʥʠʢʘʶʪ ʚ ʨʘʢʦʚʳʝ 

ʢʣʝʪʢʠ SKmel 28 (ʢʣʝʪʢʠ ʤʝʣʘʥʦʤʳ ʯʝʣʦʚʝʢʘ) ʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʮʠʪʦʧʣʘʟʤʝ. 

ʂʨʦʤʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ ʚʢʣʶʯʝʥʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ ʵʪʦʡ ʞʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ 

(Bu4N)2[{Mo 6Br8} Br6]@PLGA [179]. ʇʦʩʢʦʣʴʢʫ ʧʦʣʠʣʘʢʪʠʜ ʠ ʝʛʦ ʩʦʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ-ʜʦʩʪʘʚʱʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ 
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ʢʣʝʪʢʠ ʙʫʜʝʪ ʨʘʟʣʘʛʘʪʴʩʷ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʬʦʪʦʢʘʪʠʚʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

PLGA ʜʦʧʠʨʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (Bu4N)2[{Mo 6Br8}Br6] ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦ-

ʰʝʥʠʠ ʥʘ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ A2780 (ʢʘʨʮʠʥʦʤʘ ʷʠʯʥʠʢʘ ʯʝʣʦʚʝʢʘ), ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦ-

ʙʦʞʜʝʥʠʷ ʯʠʩʪʦʛʦ ʢʣʘʩʪʝʨʘ ʠʟ ʥʘʥʦʯʘʩʪʠʮ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

20 ʤʢʛ/ʤʣ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʟʘʤʝʪʥʦʛʦ ʩʥʠʞʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ (l = 365 ʥʤ) ʪʦʢʩʠʯʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ 1.5 ʨʘʟ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʝʨʩʧʝʢʪʠʚʝ ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦ-

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʌɼʊ. 

ɼʨʫʛʠʤ ʠʥʪʝʨʝʩʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ K. Kirakci [125], ʚ ʢʦʪʦʨʦʡ ʘʚ-

ʪʦʨʳ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦʣʠʣ ʠʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʠʟʫʯʝʥʠʶ ʢʦʤʧʣʝʢ-

ʩʦʚ ʚ ʢʦʥʮʝʧʮʠʠ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʌɼʊ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʡ ʨʘʥʝʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʩʫʣʴʬʦʥʘʪ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʩ ʚʢʣʶʯʝʥʥʳʤ ʚ 

ʥʝʛʦ (Bu4N)2[{Mo 6I8}(OOC-1-ʘʜʘʤʘʥʪʘʥ)6], ʘ ʪʘʢʞʝ ʯʠʩʪʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʣʫ-

ʯʘʣʠ ʨʝʥʪʛʝʥʦʤ (ʚʦʣʴʬʨʘʤʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ, 40 ʢɺ ʠ 15 ʤɸ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʦʷʚʣʷʣʠ ʪʠʧʠʯʥʫʶ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʢʨʘʩʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʛʦʚʦʨʠʪ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʠʩʣʦʨʦ-

ʜʦʤ ʚʦʟʜʫʭʘ, ʚʝʨʦʷʪʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɹʦʣʝʝ ʪʦʛʦ, ʩʘʤ ʧʨʦʮʝʩʩ 

ʛʝʥʝʨʘʮʠʠ 1O2 ʪʘʢʞʝ ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʘʚʪʦʨʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʌɼʊ. 

ʇʦʟʞʝ ʘʚʪʦʨʳ ʨʘʩʰʠʨʠʣʠ ʜʘʥʥʫʶ ʨʘʙʦʪʫ, ʧʦʣʫʯʠʚ ʥʘʥʦʯʘʩʪʠʮʳ ʯʠʩʪʦʛʦ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8}( OOCCF3)6] ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 180 Ñ 80 ʥʤ, ʠ ʠʟʫʯʠʚ 

ʠʭ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ in vitro ʥʘ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ 

HeLa (ʨʘʢ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ) ʠ MRC-5. ɸʚʪʦʨʳ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʭ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʫʝʤʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ [203]. 

ɼʨʫʛʦʝ ʠʥʪʝʨʝʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʘʢʪʠʚʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʙʠʦʤʝʜʠʮʠʥʳ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ A. Beltr§n [169] ʠ C. Felip-Le·n [170], ʛʜʝ ʘʚʪʦʨʳ 

ʠʟʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

[{Mo 6I8}(CH3COO)6]@PS ʚ ʢʘʯʝʩʪʚʝ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʩʝʠʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʙʘʢʪʝʨʠʡ, ʘ ʠʤʝʥʥʦ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ PS. aeruginosa ʠ ʛʨʘʤ-

ʧʦʣʦʞʠʪʝʣʴʥʳʝ S. aureus, ʧʦʩʣʝ ʯʝʛʦ ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʤ (ɚ = 460 ʥʤ). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʨʠʩʪʦʩʪʴ ʤʘʪʨʠʮʳ-ʥʦʩʠʪʝʣʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʚ ʦʙʦʠʭ ʩʣʫʯʘʷ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʤʘʢʨʦʧʦʨʠʩʪʦʛʦ 

ʧʦʣʠʤʝʨʘ ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʩʣʫʯʘʝ S. Aureus ʥʘʙʣʶʜʘʣʘʩʴ ʛʠʙʝʣʴ 

99,999999% ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʤʘʢʨʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 99,99% ʜʣʷ ʧʦʣʠʤʝʨʘ ʛʝ-

ʣʝʚʦʛʦ ʪʠʧʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 
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ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʬʦʪʦʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʤʦʦʯʠʱʘʶʱʠʭʩʷ ʧʦ-

ʢʨʳʪʠʡ, ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʠʣʠ ʩʚʝʪʘ ʜʥʝʚʥʳʭ 

ʣʘʤʧ. 

ɺ ʦʙʱʝʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ, ʘ ʪʘʢʞʝ ʤʘʪʝ-

ʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʚ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝ-

ʜʠʮʠʥʳ, ʦʜʥʘʢʦ ʙʝʟʫʩʣʦʚʥʦ ʪʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦ-

ʜʝʣʷʭ in vivo. 

1.1.2. ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʧʦʣʫʯʠʣʠ ʩʪʦʣʴ ʦʙʰʠʨʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʠ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʣʘʙʫʶ ʨʘʟʚʠʪʦʩʪʴ ʠʤʝʥʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʦʙʠʣʴʥʦʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦʩʚʷʱʝʥʥʘʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ñʬʘʟʘʤ ʐʝʚʨʝʣʷò (ʦʪ ʘʥʛʣ. Chevrel phases). 

1.1.2.1. ʉʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʬʘʟʳ ʐʝʚʨʝʣʷ 

ʇʝʨʚʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ Mo6Se8 

ʠ Mo6Te8 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʝʱʝ ʚ 1966 ʛʦʜʫ ʩʦʚʝʪʩʢʠʤʠ ʫʯʝʥʳʤʠ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʚʟʷʪʳʭ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ 1150ÜC ʠ 950ÜC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [204]. 

ʇʦʟʞʝ, ʚ 1971 ʛʦʜʫ, ʬʨʘʥʮʫʟʩʢʠʤʠ ʭʠʤʠʢʘʤʠ R. Chevrelôʝʤ ʠ M. Sergentôʦʤ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʧʝʨʚʳʝ ʪʨʦʡʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʤʦʣʠʙʜʝʥʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ MxMo6Q8, ʛʜʝ M ï ʢʘ-

ʪʠʦʥʳ ʧʝʨʝʭʦʜʥʳʭ ʠ ʥʝʧʝʨʝʭʦʜʥʳʭ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭ- ʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, Q ï S ʠʣʠ 

Se, ʘ x ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 4 [205]. ʏʫʪʴ ʧʦʟʞʝ, ʚ 1972 ʛʦʜʫ, ʚ ʨʘʙʦʪʝ B.T. Matthiasôʘ 

ʜʣʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʦʪʢʨʳʪʘ ʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ [206]. 

ʏʫʪʴ ʧʦʟʞʝ ʢ ʬʘʟʘʤ ʐʝʚʨʝʣʷ ʩʪʘʣʠ ʪʘʢʞʝ ʦʪʥʦʩʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ REMo6Q8, ʛʜʝ RE 

ïʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (RE ï ʧʨʦʠʟʚʦʜʥʦʝ ʦʪ ʘʥʛʣ. rear earth). ʉʠʥʪʝʟʫ ʨʘʟʣʠʯʥʳʭ ʬʘʟ 

ʐʝʚʨʝʣʷ ʠ ʠʭ ʠʟʫʯʝʥʠʶ ʫʜʝʣʷʣʦʩʴ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʩ ʤʦʤʝʥʪʘ ʠʭ ʦʪʢʨʳʪʠʷ. ʆʩ-

ʥʦʚʥʦʡ ñʙʫʤò ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟ ʐʝʚʨʝʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 80-90 ʛʦʜʳ XX ʚʝʢʘ, ʦʜʥʘʢʦ ʜʦ 

ʩʠʭ ʧʦʨ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʭ ʠʟʫʯʝʥʠʶ. ɼʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ 

ʠ ʧʦʜʨʦʙʥʦ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʟʦʨʘʭ [207-210], ʘ 

ʪʘʢʞʝ ʚ ʢʥʠʛʝ [211]. ʉʠʥʪʝʟ ʚʩʝʭ ʪʨʦʡʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥ ʢ 

ʦʙʱʝʡ ʤʝʪʦʜʠʢʝ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʚ ʚʠʜʝ ʧʦ-

ʨʦʰʢʘ, ʩʪʨʫʞʢʠ ʠʣʠ ʙʠʥʘʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʠʜʝ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʭʘʣʴʢʦʛʝʥʦʚ ʠ ʤʝʪʘʣʣʘ ʄ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʚʘʨʮʝʚʫʶ 

ʘʤʧʫʣʫ ʠʣʠ ʨʝʘʢʪʦʨ, ʚʘʢʫʫʤʠʨʦʚʘʣʠʩʴ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʠ. ɺʨʝʤʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʷʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ ʄ ʠ ʭʘʣʴʢʦʛʝʥʘ. ʆʙʳʯʥʦ ʧʝʨʚʘʷ ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 800 ʠ 1100Áʉ, ʘ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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1.1.2.2. ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʚʝʩʴʤʘ ʩʣʘʙʦ ʨʘʟʚʠʪʘ ʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠ-

ʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʝʨʚʳʡ ʨʘʩʪʚʦʨʠʤʳʡ ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ, ʘ ʠʤʝʥʥʦ 

[{ Mo6S8}( PEt3)6], ʙʳʣ ʧʦʣʫʯʝʥ ʚ 1988 ʛʦʜʫ ʷʧʦʥʩʢʠʤ ʫʯʝʥʳʤ T. Saito [212]. ʉʠʥʪʝʟ ʢʦʤ-

ʧʣʝʢʩʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʛʥʠʝʤ ʪʨʝʫʛʦʣʴʥʦʛʦ ʭʘʣʴʢʦʛʘ-

ʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ [Mo3S4Cl4(PEt3)4(MeOH)] ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ (ʊɻʌ, THF) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʦʢʝ ʘʨʛʦʥʘ, ʠʩʭʦʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Mo3S7Cl4 ʩ PEt3 ʚ ʤʝʪʘʥʦʣʝ. ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 

30%. ʏʫʪʴ ʧʦʟʞʝ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣ ʧʦʣʫʯʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[{ Mo6Se8}( PEt3)6] [213]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʠʝ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʜʚʝʨʞʝʥʳ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʘ ʪʘʢʞʝ 

ʜʚʫʤ ʦʙʨʘʪʠʤʳʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʦʢʠʩʣʝʥʠʷʤ ʩ ʧʦʪʝʥʮʠʘʣʘʤʠ ʧʦʣʫʚʦʣʥʳ 

E1/2([{ Mo6Q8} (PEt3)6]+/0) = ï0,07 ɺ (Q = S), ï0,05 ɺ (Se); E1/2([{ Mo6Q8} (PEt3)6]0/ï) = ï1,50 ɺ 

(Q = S), ï1,47 ɺ (Se); E1/2([{ Mo6Q8} (PEt3)6]ï/2ï) = ï2,51 ɺ (Q = S), ï2,45 ɺ (Se) ʦʪʥʦʩʠʪʝʣʴʥʦ 

Fc/Fc+ ʚ ʊɻʌ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʞʝ ʧʦʣʫʯʠʣʘ ʧʨʦʜʦʣʞʝʥʠʝ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6Q8} (PEt3)6] ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ (Q = S) ʠʣʠ Cp2TiSe5 (Q = Se) 

ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʦʣʫʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 

[Mo12Q16(PEt3)10] (Q = S, Se) ʩ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ ʨʘʚʥʳʤʠ ʥʝʩʢʦʣʴʢʠʤ ʧʨʦʮʝʥʪʘʤ [214, 

215]. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʤʝʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ [{Mo6Q8} (PEt3)5], ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ Mo-Sei-a ʩʚʷʟʴ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ ʥʦʪʘʮʠʶ ʐʝʬʝʨʘ, ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

[({ Mo6Qi
7Qi-a

1/2} Qa-i
1/2(PEt3)5)2] (ʨʠʩ. 37). 

 
ʈʠʩ. 37. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [({Mo6Qi

7Qi-a
1/2} Qa-i

1/2(PEt3)5)2];  

ʪɻʠʣʴʥʳʝ ʛʨʫʧʧʳ ʪʨʠʵʪʠʣʬʦʩʬʠʥʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

ʇʦʟʞʝ [Mo12S16(PEt3)10] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ 

[{Mo 6S8}(PEt3)6] ʠ NOBF4 ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʚ ʪʝʯʝʥʠʝ 2 ʜʥʝʡ [216]. ʆʜʥʘʢʦ, ʝʩʣʠ ʜʘʥ-
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ʥʫʶ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʪʴ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ ʪʨʠʵʪʠʣ-

ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʥʠʪʨʦʟʠʣ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ [{Mo6S8}(NO)(PEt3)5]. ɸʚ-

ʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʠʤʝʨ [Mo12S16(PEt3)10] ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʨʝʘʢʮʠʠ [{Mo6S8}(PEt3)6] ʩ 

NOBF4 ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ [{Mo6S8}(NO)(PEt3)5]. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝ-

ʣʝʥʥʦʛʦ [{Mo6S8}(NO)(PEt3)5] ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʘ. 

ɽʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙ-

ʜʝʥʘ ʷʚʣʷʝʪʩʷ ʟʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʜʠʛʘʣʦʛʝʥʠʜʘʭ ʤʦʣʠʙʜʝʥʘ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʦʧʠʩʘʥ ʚʳʰʝ ʚ ʧ. 1.1.1.4.3. ʅʘʧʦʤʥʶ, ʯʪʦ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [{Mo6S8} Py6] [192], [{ Mo6S8}(4-tBuPy)6] [149] ʠ [{Mo6Se8}( PPh3)6] 

[150]. ʆʜʥʘʢʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʛʝʢʩʘʧʠʨʠʜʠʥʦʚʦʝ ʠ ʛʝʢʩʘ-4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʦʚʦʝ ʧʨʦ-

ʠʟʚʦʜʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ 

ʤʝʪʠʣʘʤʠʥ, ʥ-ʧʨʦʧʠʣʘʤʠʥ, ʧʠʨʨʦʣʠʜʠʥ, ʧʠʧʝʨʠʜʠʥ ʠ 4,4ô-ʙʠʧʠʨʠʜʠʥ [148, 149]. ɼʣʷ 

ʵʪʦʛʦ ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʧʨʷʤʦʝ ʟʘʤʝʱʝʥʠʝ ʧʠʨʠʜʠʥʘ ʠʣʠ 4-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʘ ʥʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʤʠʥ (ʘ ʪʘʢʞʝ 4,4ô-ʙʠʧʠʨʠʜʠʥ) ʢʠʧʷʯʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʪʝ-

ʯʝʥʠʝ 1 ʜʥʷ ʠʣʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2-3 ʜʥʝʡ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙ-

ʜʝʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʩʧʣʘʚʣʝʥʠʝʤ ʩʝʣʝʥʠʜʘ ʤʦʣʠʙʜʝʥʘ Mo6Se8 

ʩ ʮʠʘʥʠʩʪʳʤ ʢʘʣʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650Áʉ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʚʦʜʳ 

ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ K7[{Mo 6Se8}(CN)6]Ö8H2O [217]. ʏʫʪʴ ʧʦʟʞʝ ʘʤʝʨʠʢʘʥ-

ʩʢʘʷ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʧʦʚʪʦʨʠʣʘ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ, ʦʜʥʘʢʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʙʳʣ ʩʜʝʣʘʥ ʜʣʷ ʧʨʦʜʫʢʪʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʧʨʷʤʫʶ ʠʟ ʘʤʧʫʣʳ (ʙʝʟ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʬʦʨʤʫʣʫ K6[{Mo 6Se8}(CN)5] ʪ.ʝ. ʣʠʥʝʡʥʳʡ ʧʦ-

ʣʠʤʝʨ K6[{Mo 6Sei
8}(CN)a

4(CN)a-a
2/2]Ð (ʨʠʩ. 38) [218]. 

 
ʈʠʩ. 38. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ {{Mo6Sei

8}(CN)a
4(CN)a-a

2/2} 6ï
Ð 

ʇʦʟʞʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʭ ʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʘ K5[Mn{Mo 6Se8}(CN) 6]Ŀ8H2O, 

(Me4N)4[{ Mn(H2O)2} 1.5{Mo6Se8}(CN)6]Ŀ4H2O ʠ K3[{ Mn2(H2O)4}{ Mo6Se8} (CN)6]Ŀ7H2O [219]. 

 



73 

 

1.2. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʦʙʣʘʜʘʶʪ ʩʭʦʞʠʤʠ ʭʠʤʠ-

ʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʣʘʩʪʝʨʳ ʚʦʣʴʬʨʘʤʘ ʠʟʫʯʝʥʳ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ. ɹʦʣʝʝ ʪʦʛʦ, ʭʠʤʠʷ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ ʚʩʝʛʜʘ ʚʳʩʪʫʧʘʣʘ ʚ ʨʦʣʠ çʜʦʛʦʥʷʶ-

ʱʝʛʦè, ʪ.ʝ. ʩʧʝʨʚʘ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ, ʘ 

ʧʦʟʞʝ ʧʝʨʝʥʦʩʠʣʠʩʴ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʴʬʨʘʤʘ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʘʩ-

ʧʝʢʪʘʭ ʭʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʦ-

ʣʠʙʜʝʥʦʚʳʭ ʘʥʘʣʦʛʦʚ. 

1.2.1. ɻʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ 

ɽʱʝ ʚ 1916 ʛʦʜʫ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [220] K. Hill  ʦʪʤʝʯʘʣ ʩʭʦʞʝʝ ʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʜʠʭʣʦʨʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʇʦʟʞʝ K. Linder ʪʘʢʞʝ ʦʙʨʘʪʠʣ ʥʘ ʵʪʦ ʚʥʠʤʘʥʠʝ 

[221] ʠ ʫʞʝ ʚ 1964 ʛʦʜʫ [20, 22] ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʤʦʣʠʙʜʝʥʦʤ. 

1.2.1.1. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʚʦʣʴʬʨʘʤʘ 

ʋʞʝ ʚ 1967 ʛʦʜʫ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʚʦʣʴʬʨʘʤʘ WX2 (X = Cl, Br, I) ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʜʣʷ ʤʦʣʠʙʜʝʥʘ [13], ʯʪʦ WX2 (ʠʣʠ W6X12) ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʤʦʣʠʙʜʝʥʦʚʳʭ ʘʥʘʣʦʛʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʧʦʣʫʯʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟ-

ʣʦʞʝʥʠʝʤ ʪʨʠʛʘʣʦʛʝʥʠʜʦʚ MoX3, ʜʠʛʘʣʦʛʝʥʠʜʳ ʚʦʣʴʬʨʘʤʘ ʧʦʣʫʯʘʣʠ ʠʥʳʤ ʧʫʪʝʤ. 

1.2.1.1.1. ɼʠʭʣʦʨʠʜ ʠ ʜʠʙʨʦʤʠʜ ʚʦʣʴʬʨʘʤʘ 

W6ʉl12 ʙʳʣ ʧʦʣʫʯʝʥ ʨʘʟʣʦʞʝʥʠʝʤ WCl4 ʧʨʠ 500Áʉ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 26) [13]. 

18WCl4 Ÿ W6Cl12 + 12WCl5 (26) 

ʇʦʟʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʜʠʭʣʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝʤ WCl6 ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʣʶʤʠʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 475-550Áʉ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 

27). ʆʜʥʘʢʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʚʳʭʦʜʫ ʨʝʘʢʮʠʠ (~50%) ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʜʣʷ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ (> 90%) [222]. 

6WCl6 + 8Al  Ÿ W6Cl12 + 8AlCl3 (27) 

ʇʦʟʞʝ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ WCl6 ʙʳʣʠ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʳ ʪʘʢʠʝ ʤʝ-

ʪʘʣʣʳ ʢʘʢ ʨʪʫʪʴ, ʚʠʩʤʫʪ ʠ ʩʫʨʴʤʘ [223]. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ W6Cl12 ʷʚʣʷ-

ʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʭʣʦʨʚʦʣʴʬʨʘʤʦʚʦʡ ʢʠʩʣʦʪʳ (H3O)2[{W 6Cl8}Cl 6]ĿnH2O (n = 6, 7) ʚ ʚʘʢʫʫʤʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 325Áʉ [222]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, (H3O)2[{W 6Cl8}Cl 6]Ŀ7H2O ʧʦʣʫʯʘʶʪ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝʤ WCl6 ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʣʶʤʠʥʠʝʤ ʠʣʠ ʚʠʩʤʫʪʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ [25, 224]. 
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ɼʠʙʨʦʤʠʜ ʚʦʣʴʬʨʘʤʘ W6Br12, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʷʤʦʡ ʨʝʘʢʮʠʝʡ ʩʪʝ-

ʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ ʩ ʙʨʦʤʦʤ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʦʪ 760 ʜʦ 560Áʉ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 28) [13, 225, 226]. 

6W + 6Br2 Ÿ W6Br12 (28) 

ɸʥʘʣʦʛʠʯʥʦ W6Cl12, ʜʠʙʨʦʤʠʜ ʚʦʣʴʬʨʘʤʘ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʦʞʝʥʠʝʤ 

ʙʨʦʤʚʦʣʴʬʨʘʤʦʚʦʡ ʢʠʩʣʦʪʳ (H3O)2[{W 6Br8} Br6]ĿnH2O (n = 4, 6) [25, 227], ʦʜʥʘʢʦ ʚ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʝʪʩʷ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ W6Br12, ʧʨʦʪʝʢʘʶʱʠʡ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ, ʘ ʠʤʝʥʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ WBr6 ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʫʨʴʤʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ 

(ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 29) [228]. 

6WBr6 + 8Sb Ÿ W6Br12 + 8SbCl3 (29) 

1.2.1.1.2. ɼʠʠʦʜʠʜ ʚʦʣʴʬʨʘʤʘ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʠʭʣʦʨʠʜʘ ʠ ʜʠʙʨʦʤʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʜʣʷ ʜʠʠʦʜʠʜʘ ʚʦʣʴʬʨʘʤʘ W6I12 

ʦʧʠʩʳʚʘʝʪʩʷ ʙ·ʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. ʈʘʥʝʝ ʚ ʢʘʯʝʩʪʚʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʝʪʦ-

ʜʦʚ ʧʨʝʜʣʘʛʘʣʦʩʴ ʣʠʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ WCl6 ʩ HI ʧʨʠ 110Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʦʤ ʚ 

ʚʘʢʫʫʤʝ ʜʦ 500Áʉ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 30), ʣʠʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʢʩʘʢʘʨʙʦʥʠʣʘ ʚʦʣʴ-

ʬʨʘʤʘ W(CO)6 ʩ ʠʦʜʦʤ ʧʨʠ 120Áʉ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 31) ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʨʘʟʣʦʞʝ-

ʥʠʝʤ ʧʨʠ 600Áʉ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 1.32) [13]. ʂʨʦʤʝ ʪʦʛʦ, ʫʧʦʤʠʥʘʝʪʩʷ ʠ ʦ ʧʨʷʤʦʤ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʠ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ, ʥʘʛʨʝʪʦʛʦ ʜʦ 450Áʉ, ʩ ʧʘ-

ʨʘʤʠ ʠʦʜʘ, ʥʘʛʨʝʪʳʤʠ ʜʦ 300Áʉ, ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʩʰʝʛʦ ʠʦ-

ʜʠʜʘ ʚʦʣʴʬʨʘʤʘ ʜʦ ʮʝʣʝʚʦʛʦ W6I12 ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 500-600Áʉ (ʫʨʘʚʥʝʥʠʝ ʨʝ-

ʘʢʮʠʠ 33) [13]. 

WCl6 + 6HI Ÿ WI2 + 6HCl + 2I2 (30) 

2W(CO)6 + 3I2 Ÿ 2WI3 + 12CO (31) 

6WI3 Ÿ W6I12 + 3I2 (32) 

6W + 6I2 Ÿ W6I12 (33) 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ W6I12. ʇʝʨ-

ʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʟʘʤʝʱʝʥʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ W6Cl12 ʥʘ ʘʪʦʤʳ ʠʦʜʘ ʧʨʠ ʝʛʦ ʩʧʣʘʚʣʝ-

ʥʠʠ ʩ ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʤʝʩʠ KI/LiI  (70/30 ʤʦʣʴ%) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

540Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʇʦʩʣʝ ʯʝʛʦ, ʧʦʣʫʯʝʥʥʳʡ ʧʣʘʚ ʧʨʦʤʳʚʘʶʪ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʦʪ 

ʠʟʙʳʪʢʘ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʨʘʩʪʚʦʨʷʶʪ ʚ ʵʪʘʥʦʣʝ, ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʚʘʶʪ 

ʧʦʜ ʚʘʢʫʫʤʦʤ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ ʧʦʩʣʝ ʯʝʛʦ ʩʫʭʦʡ ʧʨʦʜʫʢʪ ʥʘʛʨʝʚʘʶʪ ʜʦ 500Áʉ 

ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʨʘʥʞʝʚʦʛʦ ʧʦʨʦʰʢʘ W6I12 [222]. 

ɺʪʦʨʦʡ ʤʝʪʦʜ, ʦʪʢʨʳʪʳʡ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ, ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ WCl6 ʩ 

SiI4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120Áʉ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʪʝʨʤʦʣʠʟʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ [229]. 

ʉʭʝʤʫ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 39): 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ WCl6 c SiI4 ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʫʛʦʣʴʥʳʡ ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ W3I12 (ʦʥ ʞʝ W3I8Ŀ2I2). ʇʨʠ 48 ʯʘʩʦʚʦʤ ʥʘʛʨʝʚʘʥʠʠ W3I12 ʜʦ ʪʝʤʧʝʨʘ-

ʪʫʨʳ 450Áʉ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʝʸ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 275Áʉ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ 

ʦʙʨʘʟʫʝʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʠʦʜʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ W6I16, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ W6I12Ŀ2I2. ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʝʚʘʥʠʝ W6I12Ŀ2I2 ʚ ʘʤʧʫʣʝ ʩ ʛʨʘʜʠʝʥ-

ʪʦʤ ʪʝʤʧʝʨʘʪʫʨ 350-325Áʉ ʚ ʪʝʯʝʥʠʝ 36 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ʤʦʣʝʢʫʣ ʠʦʜʘ ʠ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʘʣʴʬʘ-ʤʦʜʠʬʠʢʘʮʠʠ W6I12 (ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ). ʇʦʩʣʝʜʫʶʱʠʡ ʧʨʦʛʨʝʚ Ŭ-

W6I12 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Áʉ ʚ ʚʘʢʫʫʤʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʪʘ-ʤʦʜʠʬʠʢʘʮʠʠ W6I12 

(ʨʦʤʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ) ï ʦʩʥʦʚʥʦʡ ʜʣʷ ʚʩʝʭ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ [229]. 

1.2.1.2. ʅʘʯʘʣʦ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ 

ɺ ʨʘʙʦʪʝ K. D. Hogue ʠ K. E. MʩCarley [222] ʢʨʦʤʝ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʚʦʣʴʬʨʘʤʘ W6X12 (ʠʣʠ [{W6X8} X4]) ʪʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ 

ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ 

M2[{ W6X8} L6] (M = H3O, Cs, Me4N, Et4N, Bu4N; X = L = Cl, Br, I), ʘ ʪʘʢʞʝ ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ 

ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʈʘʩʪʚʦʨʝʥʠʝ W6X12 ʚ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʝ HX ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ (H3O)2[{W 6X8} X6]ĿnH2O (ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ X = Cl ʠ Br [25]), ʧʦʩʣʝ ʯʝʛʦ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʥʦʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ CsX ʠʣʠ Alk 4NX. ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙ-

ʨʘʟʦʤ ʦʩʘʜʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʣʴ M2[{ W6X8} X6]. ʇʦʟʞʝ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ (Bu4N)2[{W 6X8} X6] [230], ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ 

(EDTEH)2[{W 6Cl8} Cl6], ʛʜʝ EDTEH+ ï ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʵʪʠʣʝʥʜʠʘʤʠʥ-

ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ [231]. 
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ʆʜʥʘʢʦ ʝʩʣʠ W6X12 ʨʘʩʪʚʦʨʠʪʴ ʚ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʝ HXô, ʛʜʝ X Í Xô, ʠ 

ʧʦʢʠʧʷʪʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʪʦ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʨʝ-

ʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʨʠʩʪʘʣʣʳ ʩʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ (H3O)2[{W 6X8} Xô6]ĿnH2O. ʇʦʩʣʝʜʫʶʱʝʝ ʜʦʙʘʚʣʝʥʠʝ ʢ ʨʘʩʪʚʦʨʫ ʢʦʪʦ-

ʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʟʠʝʚʦʡ ʠʣʠ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʩʦʣʝʡ ʩʦʩʪʘʚʘ M2[{ W6X8} Xô6]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʦʡ ʨʝʘʢ-

ʮʠʠ ʙʝʟ ʢʠʧʷʯʝʥʠʷ ʠʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦ-

ʩʪʘʚʘ (Et4N)2[{ W6I8} I4Cl2]. 

ʂʨʦʤʝ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʥʝʡʪʨʘʣʴʥʳʝ ʩʦ-

ʝʜʠʥʝʥʠʷ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ (H3O)2[{W 6X8} Xô6]ĿnH2O ʧʨʠ 325Áʉ ʚ ʚʘʢʫʫʤʝ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʤʝʰʘʥʥʳʝ ʜʠʛʘʣʦʛʝʥʠʜʳ ʚʦʣʴʬʨʘʤʘ ʩʦʩʪʘʚʘ [{W6X8} Xô4] (X Í Xô; X = 

Cl ,Br, I; Xô = F, Cl ,Br, I). ʇʨʦʚʝʜʝʥʠʝ ʪʝʨʤʦʣʠʟʘ ʩ (H3O)2[{W 6X8} Xô6]ĿnH2O ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʠʤʝʥʥʦ 200Áʉ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [{W6X8}( H2O)2Xô4] (Xô = Cl, Br ʠʣʠ I). ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ 

[{ W6Cl8} Cl4] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠʣʠ [{W6I8} I4] ʚ ʵʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢ-

ʩʦʚ [{W6Cl8}( MeCN)2Cl4] ʠʣʠ [{W6I8}( EtOH)2I4], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ ʩʦʦʙʱʘʝʪʩʷ, 

ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ [{W6I8} I4] ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ (50:50) ʨʘʩʪʚʦʨʝ HX (X = F, Cl, Br, I) 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ [{W6I8}( EtOH)2I3X] [222]. 

1.2.1.2.1. ʍʣʦʨʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʨʘʙʦʪ ʜʣʷ ʛʝʢʩʘʚʦʣʴʬʨʘʤʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ (ʜʦ 2010 

ʛʦʜʘ) ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. 

ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʟʘʤʝ-

ʱʝʥʠʶ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ 

ʩʧʫʩʪʷ 17 ʣʝʪ ʧʦʩʣʝ ʨʘʙʦʪʳ K. D. Hogue ʠ K. E. MʩCarley [222], ʚ 1987 ʛʦʜʫ [232]. ɸʚʪʦʨʳ 

ʵʪʦʡ ʨʘʙʦʪʳ ʠʟʫʯʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʭʣʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ ʢ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʪʨʠʘʣʢʠʣʬʦʩ-

ʬʠʥʦʚ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʝʝ ʟʘʤʝʱʝʥʠʝ ʦʩʪʘʚʰʠʭʩʷ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʵʪʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʯʝ-

ʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʪʨʠʵʪʠʣʘʣʶʤʠʥʠʝʤ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʠʭʣʦʨʠʜʦʤ ʤʦʣʠʙʜʝʥʘ [42, 44-

46]. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʮʝʣʘʷ ʩʝʨʠʷ ʩʦʝʜʠʥʝ-

ʥʠʡ [{W6Cl8}( PL3)2Cl4], [{ W6Cl8}( PL3)2(C2H5)2Cl2] ʠ [{W6Cl8}( PL3)2(C2H5)3Cl] (L = (n-

C4H9, n-C5H11) [232]. 

ʉʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 1999 ʛʦʜʫ 

M. Stallmannôʦʤ ʠ W. Preetzôʦʤ ʠ ʧʦʩʚʷʱʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ [(Ph3P)2N]2[{ W6Cl8} I6] c ʨʦ-

ʜʘʥʦʤ (SCN)2 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï20Áʉ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩʭʦʜʥʳʡ ʢʣʘʩʪʝʨ-

ʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (H3O)2[{ W6Cl8} I6] ʩ [(Ph3P)2N]2I,. ʂʘʢ ʠ ʧʨʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʠ ʨʦʜʘʥʘ ʩ (Bu4N)2[{ Mo6I8} I6], ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʟʘ-

ʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʠʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʢʩʘʨʦʜʘʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ [(Ph3P)2N]2[{ W6Cl8}( NCS)6] ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (60%) [233]. 
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ʊʘʢʞʝ M. Stallmann ʠ W. Preetz ʠʟʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (Bu4N)2[{W 6Cl8}Cl 6] ʩ ʪʨʠ-

ʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩ ʬʪʦʨʠʜʦʤ ʘʤʤʦʥʠʷ [234]. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, 

ʘ ʠʤʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ (Bu4N)2[{W 6Cl8}Cl 6] ʩ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʧʨʦʠʩʭʦʜʠʪ 

ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʪʨʠʬʪʦʨʘʮʝʪʘʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ [{W6Cl8}(CF3COO)nCl6-n]2ï, n = 1-6. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʥʘʧʨʷ-

ʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ. ʊʘʢ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʩ 20 ʜʦ 100 ʯʘʩʦʚ ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʱʠʭ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʩ n = 4-6. 

ɿʘʪʝʤ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ NH4F ʢ ʨʘʩʪʚʦʨʫ [{W6Cl8}(CF3COO)nCl6-n]2ï ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝ-

ʥʠʝ ʪʨʠʬʪʦʨʘʮʝʪʘʪʦʚ ʥʘ ʘʪʦʤʳ ʬʪʦʨʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [{W6Cl8}FnCl6-n]2ï. ɹʦ-

ʣʝʝ ʪʦʛʦ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʛʝʢʩʘʬʪʦʨʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ (Bu4N)2[{W 6Cl8} F6]Ŀ2CH2Cl2. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʨʘʙʦʪʦʡ, D.F. Shriver ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʧʫʙʣʠʢʦʚʘʣʠ 

ʩʝʨʠʶ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{W 6Cl8} F6]2ï ʠ 

[{W 6Cl8}(NCS)6]2ï. ɼʣʷ ʵʪʦʛʦ, ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʡ ʩʝʙʷ ʚ 

ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ çʪʨʠʬʣʘʪʥʳʡè 

ʤʝʪʦʜ, ʪ.ʝ. ʩʧʝʨʚʘ ʧʦʣʫʯʘʶʪ ʛʝʢʩʘʪʨʠʬʣʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

(Bu4N)2[{W 6Cl8}( CF3SO3)6] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (Bu4N)2[{W 6Cl8} Cl6] c CF3SO3Ag, ʘ ʧʦʪʦʤ 

ʚʦʚʣʝʢʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʣʠʛʘʥʜʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʮʝʣʘʷ ʩʝ-

ʨʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ (Bu4N)2[{ W6Cl8} L6], ʛʜʝ L = Fï, Clï, Brï, Iï, NCSï, 

NCSeï, NCOï, ʘ ʪʘʢʞʝ [{ W6Cl8}( OPPh3)6](CF3SO3)4 [235, 236]. ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ [237] ʘʚ-

ʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʛʝʢʩʘʪʨʠʬʣʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʝ ʧʨʠʝʤʣʝʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʤʝʥʝʝ ʦʩʥʦʚʥʳʭ ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʮʝʪʘʪ ʠʣʠ ʘʟʠʜ. ʇʦʵʪʦʤʫ, ʚʤʝʩʪʦ ʪʨʠʬʣʘʪʘ ʩʝʨʝʙʨʘ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʟʠʣʘʪ ʩʝʨʝʙʨʘ. ʊʘʢ, ʙʳʣ ʧʦʣʫʯʝʥ ʛʝʢʩʘʪʦʟʠʣʘʪʥʳʡ ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ W6Cl8}( OTs)6], ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ 

ʫʞʝ ʦʧʠʩʘʥʥʳʝ, ʪʘʢ ʠ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ NCOï, NCSï, NCSeï, 

CH3COOï, ʘ ʪʘʢʞʝ ʩ ʵʣʝʢʪʨʦʥ-ʥʘʩʳʱʝʥʥʳʤʠ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʤʠ ʮʠʘʥʠʜʥʳʤʠ ʢʦʤ-

ʧʣʝʢʩʘʤʠ ʢʘʢ [CpMn(CO)2CN]ï, CpRu(PPh3)2CN ʠ CpOs(PPh3)2CN. 

1.2.1.2.2. ɹʨʦʤʠʜʥʳʝ ʠ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʙʨʦʤʠʜʥʳʝ ʠ ʠʦʜʠʜ-

ʥʳʝ ʥʘ ʪʦʪ ʧʝʨʠʦʜ ʠʟʫʯʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʙʨʦʤʠʜʥʳʭ ʠ ʠʦʜʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴ-

ʬʨʘʤʘ. ʆʜʥʘʢʦ, ʜʦ 2010 ʛʦʜʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʝ ʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥ-

ʥʳʭ ʙʨʦʤʠʜʘʤ ʠ ʦʜʥʘ ï ʠʦʜʠʜʘʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʘʩʴ ʭʠ-

ʤʠʷ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʜʣʷ ʙʨʦʤʠʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ 

ʧʦʣʫʯʝʥʠʝʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{W6Br8} Br6]2ï ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ. ʊʘʢ ʚ ʨʘ-

ʙʦʪʝ [238] ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ (PPN)2[{W 6Br8} Br6] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ W6Cl12 ʩ 
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ʨʘʩʧʣʘʚʦʤ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʤʝʩʠ KBr/LiBr  (60/40 ʤʦʣʴ%) ʧʨʠ 360Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ, 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʚʘ ʚ 6 ʄ HBr, ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʘʞʠʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ 

ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʨʘʩʪʚʦʨʫ ʠʟʙʳʪʢʘ PPNCl. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʧʦʣʫʯʝʥʥʦʛʦ (PPN)2[{W 6Br8} Br6] ʩ NOPF6 ʚ ʜʝʛʘʟʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʩʪʦʛʦ 

ʤʝʪʠʣʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣ ʚʳʜʝʣʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʪʸʤʥʦ-

ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ʠʩʭʦʜʥʳʝ ʢʨʠʩʪʘʣʣʳ (PPN)2[{W 6Br8} Br6] ï ʞʝʣʪʦʛʦ ʮʚʝʪʘ) ʦʪʚʝʯʘʶʱʠʡ 

ʬʦʨʤʫʣʝ (PPN)[{W6Br8} Br6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʙʳ ʧʦʣʫʯʝʥ ʠ ʚʳʜʝʣʝʥ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʝ 23Ǜ ʢʦʤʧʣʝʢʩ [{W6Br8} Br6]ï. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʪʘʢʞʝ ʧʦʣʫʯʘʣʠ 23Ǜ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʩʦʩʪʘʚʘ (Bu4N)[{ W6Cl8} Cl6], (Bu4N)[{ W6Cl8} Br6] ʠ (Bu4N)[{ W6Br8} Cl6] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʩ NOPF6 ʚ ʜʝʛʘʟʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ, ʦʜʥʘʢʦ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʚ ʚʠʜʝ 

ʪʚʝʨʜʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʨʦʤʝ ʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

Bu4N+ ʠ PPN+, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʦʜʥʦ- ʠʣʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ Li+, K+, Rb+, Cs+, Cu+, Ag+, Tl+ Ca2+, Sr2+, Co2+, Mn2+, 

Cd2+ ʠ Eu2+, ʩʦʩʪʘʚʘ M I
2[{ W6Br8} Br6] ʠ M II[{ W6Br8} Br6]. ʆʙʱʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ WBr5 ʠ W ʠʣʠ 

WBr2 ʩ ʙʨʦʤʠʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 650-800Áʉ [239-

242]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ W6Br12 c AgBr ʧʨʠ 650Áʉ, ʢʨʦʤʝ ʞʝʣʪʦ-

ʚʘʪʦ-ʟʝʣʝʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Ag2[{ W6Br8} Br6] ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʶʪʩʷ ʢʦʨʠʯʥʝʚʦ-ʯʝʨʥʳʝ ʢʨʠ-

ʩʪʘʣʣʳ 23Ǜ ʩʦʝʜʠʥʝʥʠʷ Ag[{ W6Br8} Br6] [242]. 

ʇʦʤʠʤʦ ʧʨʠʤʝʨʦʚ ʧʦʣʫʯʝʥʠʷ 23Ǜ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{W6Br8} Br6]ï ʚ ʣʠʪʝʨʘ-

ʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʧʦʣʫʯʝʥʠʷ 22Ǜ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [{W6Br8} Br6] 

[243]. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

W6Br12 ʩ Br2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 127Áʉ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʦʜʠʜʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʥʝ ʠʟʫ-

ʯʘʣʠʩʴ ʚʦʚʩʝ. ʅʘ ʧʝʨʠʦʜ ʩ 1986 ʧʦ 2016 ʛʦʜ ʚʩʪʨʝʯʘʝʪʩʷ ʣʠʰʴ ʦʜʥʘ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʚʢʨʘʪʮʝ 

ʦʧʠʩʳʚʘʣʩʷ ʩʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (Bu4N)2[{W 6I8}(CF3SO3)6] ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʘʥʘʣʦʛʠʯʥʦ ʭʣʦʨʠʜʥʦʤʫ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (Bu4N)2[{W 6I8} I6] c CF3SO3Ag [244]. 

1.2.1.2.3. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝ-

ʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ 

ʂʘʢ ʠ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʧʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ 

ʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ ʜʘʪʠʨʫʝʪʩʷ 1981 ʛʦʜʦʤ [53]. ɺ 

ʵʪʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ (Bu4N)2[{ W6Cl8} Cl6] ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠ-

ʪʨʠʣʘ ʠ ʦʧʨʝʜʝʣʠʣʠ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 825 ʥʤ. 

ʇʦʟʞʝ ʚ ʨʘʙʦʪʘʭ [55, 245] ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 9 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (Bu4N)2[{ W6X8} Xô6], ʛʜʝ X ʠ Xô ï Cl, Br ʠʣʠ I 

(ʪʘʙʣʠʮʘ 6). 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{ Mo6I8} I6], ʦʙʣʘʜʘʶʱʝʛʦ ʥʘʠʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʩʨʝʜʠ (Bu4N)2[{ Mo6X8} Xô6], ʚʦʣʴʬʨʘʤʦʚʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ W6I8} I6] ʥʘʧʨʦʪʠʚ, ʦʙʣʘ-

ʜʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 6 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{W6X8}Xô6] (X, Xô = Cl, Br, I ) 

ʉʦʝʜʠʥʝʥʠʝ lɻ ʤ, ʥʤ tɻʤ, ʤʢʩ ūɻ ʤ 

(Bu4N)2[{ W6Cl8} Cl6] 833 1,5 0,02 

(Bu4N)2[{ W6Cl8} Br6] 814 2,3 0,04 

(Bu4N)2[{ W6Cl8} I6] 802 3,0 0,07 

(Bu4N)2[{ W6Br8} Cl6] 766 9,7 0,10 

(Bu4N)2[{ W6Br8} Br6] 758 15 0,15 

(Bu4N)2[{ W6Br8} I6] 752 15 0,25 

(Bu4N)2[{ W6I8} Cl6] 701 10 0,11 

(Bu4N)2[{ W6I8} Br6] 698 22 0,25 

(Bu4N)2[{ W6I8} I6] 698 30 0,39 

ʊʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʘʥʘʣʦʛʦʚ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ ʢʚʘʟʠ-

ʦʙʨʘʪʠʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʧʦʪʝʥʮʠ-

ʘʣʳ ʧʦʣʫʚʦʣʥʳ E1/2([{ W6X8} Xô6]ï/2ï) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 7). 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 7 

ʇʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥʳ E1/2([{W6X8}Xô6]ï/2ï 

ʉʦʝʜʠʥʝʥʠʝ 
E1/2, ɺ 

(ʦʪʥ. Ag/AgCl) 

(Bu4N)2[{ W6Cl8} Cl6] 1,12 

(Bu4N)2[{ W6Cl8} Br6] 1,16 

(Bu4N)2[{ W6Br8} Cl6] 0,93 

(Bu4N)2[{ W6Br8} Br6] 0,97 

(Bu4N)2[{ W6I8} I6] 0,71 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʭʦʞʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʴ-

ʬʨʘʤʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦ-

ʨʦʜʘ. ɺ ʩʪʘʪʴʝ [73] ʚʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ 

ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘ-

ʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʅʘʧʦʤʥʶ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʤʝʭʘʥʠʟʤʘʤ: ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʠʣʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ (ʉʭʝʤʘ ʨʝʘʢʮʠʡ 34-35). 

[{ W6X8} Xô6]2ï* + O2 Ÿ [{ W6X8} Xô6]2ï + 1O2 (34) 

[{ W6X8} Xô6]2ï* + O2 Ÿ [{ W6X8} Xô6]ï + O2
ï (35) 
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ʈʘʩʯʝʪʳ DG1 (ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ) ʠ DG2 (ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ) (ʛʜʝ DG1 

= ï(ET* ï 0,98), DG2 =  ï(ET* ï Eʦʢʠʩʣ ï 0,88); #0,98 ʵɺ ï ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʥʛʣʝʪʥʦʝ 1O2(1Dg); 0,88 ʵɺ ï ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ 

ʩʫʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣ O2
ï) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 8 

˭ͤ͊;͔͙ͤΎ ET*, E͙ͦͫ͟͡Σ ͊ ͔ͭ͊͗͟ DG1 ͙  DG2 ͒ ͡Ύ ώϑMo6X8}XΩ6]2ς 

[{ W6X8} Xô6]2ï ʠʦʥ ET*, ʵɺ Eʦʢʠʩʣ, ʵɺ DG1, ʵɺ DG2, ʵɺ 

[{ W6Cl8} Cl6]2ï 1,83 1,06 ï0,85 +0,11 

[{ W6Cl8} Br6]2ï 1,86 1,11 ï0,88 +0,13 

[{ W6Cl8} I6]2ï 1,93 1,11 ï0,95 +0,06 

[{ W6Br8} Cl6]2ï 1,89 0,91 ï0,91 ï0,10 

[{ W6Br8} Br6]2ï 1,91 0,93 ï0,93 ï0,10 

[{ W6Br8} I6]2ï 1,92 0,92 ï0,94 ï0,12 

[{ W6I8} Cl6]2ï 2,07 0,69 ï1,09 ï0,50 

[{ W6I8} Br6]2ï 2,07 0,71 ï1,09 ï0,48 

[{ W6I8} I6]2ï 2,08 0,67 ï1,10 ï0,53 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{W6Cl8} Xô6]2ï, ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ DG1 ʦʪʨʠʮʘʪʝʣʴʥʘʷ, ʘ DG2 ʧʦʣʦʞʠʪʝʣʴʥʘʷ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ {W6Br8} 4+ ʠ {W6I8} 4+ DG2 ʪʘʢʞʝ 

ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣʘ O2
ï. 

ʊʝʩʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ɸʌʂ ʩ 1-ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʦʤ (1) ʠ 1,2-

ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʦʤ (2) (ʩʭʝʤʳ ʨʝʘʢʮʠʡ 19-22) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ 1, ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ 4 (ʩʭʝʤʘ ʨʝʘʢʮʠʡ 19-20, ʪʘʙʣʠʮʘ 9) ɼʘʥ-

ʥʳʡ ʬʘʢʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʞʝ, ʚ ʩʪʘʪʴʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʪʘʙʣʠʮʘ 10). 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 9 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (ʤʘʩ.%) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 1-ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ ʠ 1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ 

ʌʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ 
1-ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ (1) 1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʝʥʘ (5) 

2 3 4 6 7 8 

(Bu4N)2[{W 6I8}I 6] 64 24 2 89 11 0 

(Bu4N)2[{Mo 6Cl8}Cl 6] 77 23 0 85 15 0 

ɹʝʥʛʘʣʴʩʢʠʡ ʨʦʟʦʚʳʡ 41 45 14 89 11 0 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ O2
ï 36 12 40 7 39 54 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 10 

ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʌʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ūD ʌʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ūD 

[{ Mo6Cl8} Cl6]2ï 0,80 [{ W6Br8} Cl6]2ï 0,92 

[{ Mo6Cl8} Br6]2ï 0,84 [{ W6Br8} Br6]2ï 0,96 

[{ Mo6Cl8} I6]2ï 0,77 [{ W6Br8} I6]2ï 0,77 

[{ Mo6Br8} Cl6]2ï 0,84 [{ W6I8} Br6]2ï 0,65 

[{ Mo6Br8} Br6]2ï 0,79 [{ W6I8} I6]2ï 0,76 

[{ Mo6Br8} I6]2ï 0,72   

 

1.2.1.3. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʭʠʤʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴ-

ʬʨʘʤʘ 

ɺ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 2010 ʛʦʜʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʨʘʙʦʪʳ ʧʦʩʚʷ-

ʱʝʥʥʳʝ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. ʆʜ-

ʥʘʢʦ, ʫʞʝ ʧʦʩʣʝ 2010 ʛʦʜʘ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʧʦʷʚʣʷʪʴʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʢʘʢ ʧʦʣʫʯʝ-

ʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʪʘʢ ʠ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ. 

1.2.1.3.1. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ 

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʧʦʩʣʝ ʧʨʘʢʪʠʯʝʩʢʠ 10-ʣʝʪʥʝʛʦ ʧʝʨʝʨʳʚʘ, 

ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ (Bu4N)2[{ W6Cl8} Cl6] 

[246]. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ 

ʜʣʷ (Bu4N)2[{ W6Cl8} Cl6] ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʶʪ a = 18.512 ¡, b = 11.661 

¡, c = 12.789 ¡, ɓ = 90.17, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 150K a = 22.3152 ¡, b = 11.7220 

¡, c = 22.2786 ¡, ɓ = 112.451. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʦʧʨʝʜʝʣʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʪʠʤʦʛʦ ʬʘ-

ʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 267-269K. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʥʦʚʳʤ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝ-

ʥʠʷ ʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʘ ʠʤʝʥʥʦ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

WBr6 c ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʠʩʤʫʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ [227]. ʇʨʠ 

ʵʪʦʤ ʙʳʣ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ Bi2W6Br18 (ʠʣʠ W6Br12Ŀ2BiBr3), ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʧʝʨʝ-

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ (H3O)2[{W 6Br8} Br6]Ā4H2O. ʇʦʟʞʝ ʚ ʨʘʙʦʪʝ [226] ʵʪʦ ʞʝ ʩʦʝʜʠʥʝʥʠʝ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʪʚʦʨʝʥʠʝʤ W6Br12 ʚ ʩʤʝʩʠ ʙʨʦʤʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʵʪʘʥʦʣʘ 

(1:1) ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. 

ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʣʠ ʭʣʦʨʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

WCl6 ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʠʩʤʫʪʦʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 355Áʉ ʠ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ (BiCl)[{ W6Cl8} Cl6]. ʇʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʡ ʧʣʘʚ ʨʘʩʪʚʦ-

ʨʷʣʠ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ (H7O3)2[{W 6Cl8}Cl 6]Ŀ3H2O. ɸʚ-
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ʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʠʟʙʳʪʢʘ Bu4NBr ʧʨʦ-

ʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʩʦʩʪʘʚʘ (Bu4N)2[{W 6Cl8}Cl 6], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ CsCl 

ʠʣʠ ʧʠʨʠʜʠʥʘ, ʚʤʝʩʪʦ Bu4NBr, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ 

Cs2[{W 6Cl8} Cl6]Ŀ0.63H2O ʠʣʠ (PyH)2[{W 6Cl8} Cl6] [224]. ʊʘʢʞʝ, ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ WCl6 ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʫʨʴʤʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʝ NaCl. ʇʨʠ ʵʢʩʪʨʘʢʮʠʠ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʘʞʠʚʘ-

ʥʠʝʤ ʠʟʙʳʪʢʦʤ Bu4NBr ʪʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ ʦʩʘʜʦʢ (Bu4N)2[{W 6Cl8}Cl 6]. 

ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʙʨʦʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴ-

ʬʨʘʤʘ. ɸʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ, ʙʨʦʤʠʜʘ 

ʥʘʪʨʠʷ ʠ ʙʨʦʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 720Áʉ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ, ʘʚʪʦʨʳ ʦʙʥʘ-

ʨʫʞʠʣʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʘ Na[{W6Br8} Br6] (ʚʳʭʦʜ ~ 5%). ʂʨʦʤʝ 

ʪʦʛʦ, ʵʢʩʪʨʘʢʮʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʠʟ ʧʣʘʚʘ ʛʦʨʷʯʠʤ ʜʠʛʣʠʤʦʤ (150Áʉ, 2 ʩʫʪʦʢ) ʠ ʧʦʩʣʝ-

ʜʫʶʱʝʝ ʚʳʩʘʞʠʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʧʨʠʚʝʣʘ ʢ ʚʳʜʝʣʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʩʦ-

ʩʪʘʚʘ [Na(diglyme)]2[{W 6Br8} Br6] ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ ~ 10%. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʣʫ-

ʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʩʪʨʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ. 

ɽʜʠʥʩʪʚʝʥʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʙʦʪʦʡ, ʘ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʦ-

ʣʝʡ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ c ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʷʚʣʷʝʪʩʷ ʩʪʘʪʴʷ [247]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʣʠʰʴ ʚ 2016 ʛʦʜʫ, ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝʤ W3I12 ʩ MI ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Áʉ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩʦ-

ʩʪʘʚʘ Mx[{ W6I8} I6], ʛʜʝ M = Na, x = 1; M = K, Rb, Cs, x = 2. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʩʦʝʜʠʥʝʥʠʝ 

Na[{ W6I8} I6] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 23Ǜ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ, ʩʦʜʝʨʞʘʱʝʛʦ 23 

ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʘ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʨʘʙʦʪʫ, ʚʳʧʦʣʥʝʥʥʫʶ ʩ ʫʯʘʩʪʠʝʤ ʜʠʩʩʝʨʪʘʥʪʘ, ʚ ʢʦʪʦʨʦʡ 

ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (H3O)2[{ W6Cl8} Cl6] c CaCl2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢ-

ʩʠʜʘ ʚ ʚʦʜʥʦ-ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ [248]. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʠʦʥʥʦʝ ʩʦʝʜʠʥʝ-

ʥʠʝ ʩʦʩʪʘʚʘ [ʮʠʩ-Ca(OPPh3)4(H2O)2][{ W6Cl8}Cl 6]Ŀ2CH3CN], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʛʨʝʚʘʥʠʝ ʩʠ-

ʩʪʝʤʳ ʜʦ 60Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʤʝʨʥʦʛʦ (ʮʝʧʦʯʝʯʥʦʛʦ) ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʧʦʣʠʤʝʨʘ ʪʨʘʥʩ-[{Ca(OPPh3)}{{ W6Cl8}Cl 6}] Ð. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʛʨʝʚ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥ-

ʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ [ʮʠʩ-Ca(OPPh3)4(H2O)2][{ W6Cl8}Cl 6]Ŀ2CH3CN] ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʘʥʩ-[{Ca(OPPh3)}{{ W6Cl8}Cl 6}] Ð (ʨʠʩ. 40). 
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ʈʠʩ. 40. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʪʨʘʥʩ-[{Ca(OPPh3)}{{ W6Cl8}Cl 6}] Ð; RT ï ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

1.2.1.3.2. ɿʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʦʣʴʬʨʘʤʘ 

ʅʘ ʨʘʟʚʠʪʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʢʘʢ ʠ ʜʣʷ ʤʦʣʠʙʜʝʥʘ, ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʠ ʨʘ-

ʙʦʪʳ ʛʨʫʧʧʳ ʧʨʦʬ. ʄ.ʅ. ʉʦʢʦʣʦʚʘ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʳʩʦʢʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ [115-119, 249]. 

ʀʤʝʥʥʦ ʵʪʘ ʛʨʫʧʧʘ ʫʯʝʥʳʭ ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʘ ʩʝʨʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʚʢʣʶʯʘʷ ʠʭ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟ-

ʚʦʜʥʳʝ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʩʪʘʪʢʘʤʠ ʨʘʟʣʠʯ-

ʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʠʣʠ ʩʫʣʴʬʦʥʦʚʳʭ ʢʠʩʣʦʪ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (Bu4N)2[{ W6X8} X6] ʩ 

ʩʝʨʝʙʨʷʥʦʡ ʩʦʣʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ. ʊʘʢ, ʙʳʣ ʧʦʣʫʯʝʥ ʭʣʦʨʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ (Bu4N)2[{ W6Cl8}( n-C3F7COO)6] [224], ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʠʦʜʠʜʥʳʭ 

(Bu4N)2[{ W6I8}( OOCR)6] (R = -CH3, -C6H5, -C2F5, -C3F7 ʠ -C6F5) [250] ʠ 

(Bu4N)2[{ W6I8}( OTs)6] [249]. 

ɼʨʫʛʘʷ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ H.-J. Meyerôʘ ʪʘʢʞʝ ʧʦʣʫʯʠʣʘ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʙʨʦ-

ʤʠʜʥʳʭ, ʪʘʢ ʠ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʠʤʝʥʥʦ (Bu4N)2[{ W6X8} L6], ʛʜʝ L = 

CF3COOï, CF3SO3
ï ʠ OTsï [251-254]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʤʘʪʠʢʘ ʪʘʢʞʝ ʥʝ ʦʙʦʰʣʘʩʴ ʙʝʟ ʚʥʠʤʘʥʠʷ ʜʠʩʩʝʨʪʘʥʪʘ. 

ɺ ʨʘʙʦʪʝ [255] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (Bu4N)2[{ W6I8} I6] c AgNO3 ʠʣʠ AgOTs ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)2[{ W6I8}( NO3)6] ʠ (Bu4N)2[{ W6I8}( OTs)6], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʮʝʪʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ (Bu4N)2[{ W6I8}( NO3)6] ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤ-

ʤʠʘʢʘ ʙʳʣ ʧʦʣʫʯʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ [{W6I8}( OH)4(H2O)2]Ŀ6H2O. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ (Bu4N)2[{ W6I8}( NO3)6] ʚ ɼʄʉʆ ʠ ʚʳ-

ʜʝʨʞʢʘ ʧʨʠ 100ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʢʘʢ ʠ ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʘʥʘʣʦʛʘ 

(Bu4N)2[{ Mo6I8}( NO3)6], ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʢʩʘʟʘʤʝʱʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ [{W6I8}(DMSO)6](NO3)4 [133]. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ [{Mo6I8}(DMSO)6](NO3)4 ʢʦʤ-
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ʧʣʝʢʩ ʚʦʣʴʬʨʘʤʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʭʨʘʥʝʥʠʝ ʝʛʦ ʚʦʜ-

ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37Áʉ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ 50% ʪʝʨʤʠʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ 

ɼʄʉʆ ʣʠʰʴ ʯʝʨʝʟ 34 ʯʘʩʘ (ʜʣʷ [{Mo6I8}(DMSO)6](NO3)4 ʜʘʥʥʦʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ 52 

ʤʠʥ). 

ʂʘʢ ʠ ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʤʝʪʠʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[{ W6I8}( OMe)6], ʧʦʣʫʯʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

Na[{W6I8} I6] ʩ ʠʟʙʳʪʢʦʤ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ [247]. ʆʜʥʘʢʦ, ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʭʠʤʠʠ ʤʦʣʠʙʜʝʥʦʚʳʭ ʘʥʘʣʦʛʦʚ, ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʘʥ-

ʥʳʡ ʤʝʪʦʜ ʥʝ ʧʦʣʫʯʠʣ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʘʟʚʠʪʠʷ. 

ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʛʝʢʩʘʪʨʠʬʣʘʪʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. ɼʣʷ ʵʪʦʛʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

(Bu4N)2[{W 6Cl8}( CF3SO3)6] ʚʦʚʣʝʢʘʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʤʝʟʦʛʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʘ OP(C4H4OR)3, ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʧʨʠ ʢʦʤʥʘʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʪʨʠʩ(ʧʘʨʘ-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʦʩʬʠʥʦʢʩʠʜ (OP(C4H4OMe)3), ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʦʪʦʨʳʤ, 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ [256]. 

ɼʦʩʪʘʪʦʯʥʦ ʥʝʪʠʧʠʯʥʦ ʥʘ ʬʦʥʝ ʦʩʪʘʣʴʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ ʩʤʦʪʨʠʪʩʷ ʨʘʙʦʪʘ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ ʩʪʘʪʴʝ [257]. ɸʚʪʦʨʳ ʠʟʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʭʣʦʨʠʜʘ ʠ ʜʠʠʦʜʠʜʘ 

ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʜʥʦʛʦ ʵʢʚʠʚʘ-

ʣʝʥʪʘ W6Cl12 c ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ W6I12 ʧʨʠʚʦʜʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʛʦ ʜʠʛʘʣʦʛʝ-

ʥʠʜʘ ʩʦʩʪʘʚʘ [{W6I8} Cl4] (ʠʣʠ [{W6I i
8} Cla-a

4/2Cla2]). 

1.2.1.3.3. ɿʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʦʣʴʬʨʘʤʘ 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʣʠʙʜʝʥʦʚʳʤ ʛʘʣʦʛʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʜʣʷ ʛʘʣʦʛʝʥʠʜ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʟʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʷʚʣʷ-

ʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʠ ʵʪʦʤ ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʯʘʩʪʦ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʇʝʨʚʘʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ 

ʟʘʤʝʱʝʥʠʶ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ, ʘ ʪʦʯʥʝʝ ʘʪʦʤʦʚ ʭʣʦʨʘ, ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ {W6Cl8} 4+ ʥʘ 

ʘʪʦʤʳ ʩʝʨʳ, ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 1995 ʛʦʜʫ ʛʨʫʧʧʦʡ R. E. McCarley [258]. ɸʚʪʦʨʳ ʧʦʣʥʦʩʪʴʶ 

ʧʦʚʪʦʨʠʣʠ ʤʝʪʦʜʠʢʫ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʘʪʦʤʳ ʩʝʨʳ ʦʧʠʩʘʥʥʫ  ʁʥʘ ʛʦʜ ʨʘʥʴʰʝ 

ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʪʘʪʴʝ [148]. ʉʘʤ ʩʠʥʪʝʟ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʠ ʜʠʭʣʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ W6Cl12 ʩ ʠʟʙʳʪʢʦʤ NaHS ʠ NaOnBu ʚ ʧʠʨʠʜʠʥʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʠ 2 ʜʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʩʦʩʪʘʚʘ [{W6S8}( Py)6]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ, ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʥʘ ʩʝʨʫ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʠ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʣʴ-

ʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ W6Cl12:NaHS:NaOnBu = 1:2:0 ʯʝʨʝʟ 1 ʜʝʥʴ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ 

ʩʝʨʫ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ (1:6:0) 

ʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ 4 ʜʥʝʡ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʩʦʩʪʘʚʘ [{W6S2Cl6}( Py)4Cl2]Ŀ5Py. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1:8:0 ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ 3 
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ʜʥʷ, ʙʳʣ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʦʪʚʝʯʘʶʱʠʡ ʬʦʨʤʫʣʝ [{W6S6.3Cl1.7}( Py)6], ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ [{W6S2Cl6}( Py)4Cl2]Ŀ5Py. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʧʦʩʣʝʜʥʶʶ ʩʠʩʪʝʤʫ 4 

ʵʢʚʠʚʘʣʝʥʪʦʚ NaOnBu (1:8:4) ʯʝʨʝʟ 5 ʜʥʝʡ ʙʳʣ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ [{W6S6Cl2}( Py)6]. 

ʏʫʪʴ ʧʦʟʞʝ ʵʪʦʡ ʞʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪ rʧʦ ʟʘʤʝʱʝʥʠʶ 

ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʩʝʣʝʥ ʠ ʪʝʣʣʫʨ. ʈʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ W6Cl12 c Na2Q (Q = Se, Te) ʚ ʧʠʨʠʜʠʥʝ ʠʣʠ ʧʠʧʝʨʠʜʠʥʝ ʚ ʪʝʯʝʥʠʝ 3-4 ʜʥʝʡ ʚ ʩʫʭʦʡ 

ʢʘʤʝʨʝ [259, 260]. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʨʠʯʥʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʟʘʢʨʠʩʪʘʣ-

ʣʠʟʦʚʘʥʳ ʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ [{W6Se8}( Py)6]Ŀ6Py, [Na(Py)6][{W 6Te8}( Py)6]ĿPy ʠ 

[{ W6Q8}( Pip)6]ĿnPip (Q = Se, n = 8; Q = Te, n = 6), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʚʪʦʨʳ 

ʠʟʫʯʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ W6Cl12 ʩ Na2Se ʠ K2Se ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʬʦʩʬʠʥʘ ʚ ʪʦʣʫʦʣʝ 

ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ [261]. ʇʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ 

ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʭʣʦʨʦʬʦʨʤʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [{W6Se7.0Cl1.0}(PEt3)6][Cl(CHCl3)6] ʠ [{W6Se6.4Cl1.6}(PEt3)6][Cl(CHCl3)6], ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʛʨʫʧʧʦʡ R. E. McCarley ʥʘʜ ʵʪʦʡ ʪʝʤʘʪʠʢʦʡ ʥʘʯʘʣʘ ʨʘʙʦʪʘʪʴ ʛʨʫʧʧʘ 

F. J. DiSalvo, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʚ 1995 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʣʘ ʩʠʥʪʝʟ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢ-

ʪʫʨʫ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{W6S8}( Py)6] ʠ [{W6S8}( tBuPy)6] [262]. ʄʝʪʦʜ ʩʠʥʪʝʟʘ 

[{W 6S8}( Py)6] ʫ F. J. DiSalvo ʠ R. E. McCarley ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ. ʆʜʥʘʢʦ ʧʨʠ ʩʠʥʪʝʟʝ 

[{W 6S8}( tBuPy)6] ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ɼʄʌɸ, ʚʤʝʩʪʦ ʯʠ-

ʩʪʦʛʦ ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʘ. ʇʦʟʞʝ ʵʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʧʦʣʫʯʝʥʠʝʤ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [{W6S8}( PEt3)6] ʠ [{W6S8}( morpholine)6] [149]. 

ʇʦʩʣʝʜʥʷʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʜʘʚʥʷʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʘʪʦ-

ʤʦʚ ʭʣʦʨʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʥʘ ʘʪʦʤ ʩʝʣʝʥʘ, ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 2014 ʛʦʜʫ, ʠ ʦʧʠʩʳʚʘʝʪ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝ (H7O3)2[{W 6Cl8} Cl6]Ŀ3H2O c in situ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ H2Se [224]. ɼʣʷ ʵʪʦʛʦ 

ʘʚʪʦʨʳ ʟʘʛʨʫʞʘʣʠ ʚ ʘʤʧʫʣʫ ʠʩʭʦʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ZnSe, 4 M HCl ʠ ʧʨʦʚʦʜʠʣʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʧʨʠ 150Áʉ ʚ ʪʝʯʝʥʠʝ 8 ʯ. ʇʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʣʫ-

ʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʘʜʦʢ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʬʘʟʳ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʢʣʘʩʪʝʨ-

ʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʩʦʜʝʨʞʠʪ ʚʜʚʦʝ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ ʦʪ [{W6SeCl7}Cl6]2ï (m/z = 547). 

1.2.1.4. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚʩʝʛʦ ʣʠʰʴ ʦʜʠʥ ʧʨʠʤʝʨ ʠʟʫʯʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. ɼʘʥʥʘʷ ʨʘ-

ʙʦʪʘ [133], ʦʩʫʱʝʩʪʚʣʝʥʥʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʫʯʘʩʪʠʝʤ ʜʠʩʩʝʨʪʘʥʪʘ, ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝ-

ʥʠʶ ʪʝʤʥʦʚʦʡ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʷ ʩʚʝʞʠʭ ʠ ʚʳʜʝʨʞʘʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{ W6I8}(DMSO)6](NO3)4. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

[{ W6I8}(DMSO)6](NO3)4 ʦʙʣʘʜʘʝʪ ʟʘʤʝʪʥʦʡ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴʶ, ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʤʥʦ-

ʚʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚʳʜʝʨʞʠʚʘʥʠʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ, ʚ ʪʝ-
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ʯʝʥʠʝ 4 ʠ ʙʦʣʝʝ ʜʥʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʥʦʚʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠ-

ʚʘʝʪʩʷ ʛʠʜʨʦʣʠʟʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʥʠʢʘʶʱʠʭ ʚ 

ʧʨʦʬʠʣʠ ʛʨʘʥʫʣʷʨʥʦʛʦ (ʰʝʨʦʭʦʚʘʪʦʛʦ) ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ. 

1.2.2. ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ 

ʂʘʢ ʠ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʤʝʥʝʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘ-

ʣʠʩʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ ʥʝ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʥʘʣʦʛʦʚ ʬʘʟʘʤ ʐʝʚʨʝʣʷ, ʧʦʵʪʦʤʫ ʯʠʩʣʦ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {W6Q8}, ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ. ʊʘʢʞʝ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʧ. 1.2.1.3.3 ʦʧʠʩʳʚʘʣʦʩʴ ʟʘʤʝʱʝʥʠʝ m3-ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʥʫʰʠʪʝʣʴʥʘʷ ʩʝʨʠʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʵʪʠ ʤʝʪʦʜʳ ʦʧʠʩʳʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. ʆʜʥʘʢʦ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, 

ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʚʩʝʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʷʚ-

ʣʷʝʪʩʷ W6Cl12, ʠʟ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʧʦʣʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʚʦʣʴʬʨʘʤʘ ʜʘʪʠʨʫʝʪʩʷ 1989 ʛʦʜʦʤ [263]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜʠʢʫ, 

ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [212], ʘ ʠʤʝʥʥʦ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʛʥʠʝʤ ʪʨʝʫʛʦʣʴʥʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʘʥʘʣʦʛʘ, ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʧʦʜʭʦʜʷʱʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ, ʧʦʵʪʦʤʫ ʘʚʪʦʨʳ ʩʥʘʯʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝʤ W6Cl12 ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300Áʉ ʧʦʣʫʯʠʣʠ W3S7Cl4, ʫʞʝ ʢʦʪʦʨʳʡ 

ʚʦʚʣʝʢʘʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʪʨʠʵʪʠʣʬʦʩʬʠʥʦʤ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʤʘʛʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ [{ W6S8}(PEt3)6] ʩ ʚʳʭʦʜʦʤ ~10%. ʊʘʢʞʝ 

ʢʘʢ ʠ ʤʦʣʠʙʜʝʥʦʚʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{W6S8}(PEt3)6] ʧʦʜʚʝʨʞʝʥ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢ-

ʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩ ʧʦʪʝʥʮʠʘʣʘʤʠ ʧʦʣʫʚʦʣʥʳ E1/2([{ W6S8} (PEt3)6]+/0) = 

ï0,34 ɺ ʠ E1/2([{ W6S8} (PEt3)6]0/ï) = ï1,86 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ Fc/Fc+ ʚ ʊɻʌ. 

ʆʩʪʘʣʴʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʟʘʨʘʥʝʝ ʩʠʥ-

ʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, [{W6Te8}(PEt3)6] ʙʳʣ ʧʦʣʫʯʝʥ ʟʘʤʝʱʝʥʠʝʤ ʪʝʨʤʠ-

ʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʧʠʧʝʨʠʜʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ [{W6Te8}(pip)6] ʩ ʠʟʙʳʪʢʦʤ 

ʪʨʠʵʪʠʣʬʦʩʬʠʥʘ ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ [264]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʙʳʣʠ 

ʩʜʝʣʘʥʳ ʛʨʫʧʧʦʡ F. J. DiSalvo, ʧʨʠ ʵʪʦʤ ʩʪʘʨʪʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʚʩʝʭ ʩʠʥʪʝʟʦʚ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{W 6S8}( tBuPy)6]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʩʦʝʜʠʥʝʥʠʷ [{W6S8}( pip)6] ʠ [{W6S8}( nBuNH2)6], ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʠʟ [{W6S8}( tBuPy)6]. ʊʠʧʦʚʘʷ ʤʝʪʦʜʠʢʘ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʪʨʝʪ-

ʙʫʪʠʣʧʠʨʠʜʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʟ-

ʙʳʪʢʦʤ ʧʨʦʣʠʛʘʥʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70-100Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
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ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʥʫʰʠʪʝʣʴʥʘʷ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{W6S8} L6], ʛʜʝ ʚ ʢʘ-

ʯʝʩʪʚʝ L ʚʳʩʪʫʧʘʶʪ ʪʨʠʵʪʠʣ- [265], ʪʨʠʮʠʢʣʦʛʝʢʩʠʣ- [266], ʪʨʠʙʫʪʠʣ- ʠ ʪʨʠʬʝʥʠʣʬʦʩ-

ʬʠʥʳ, ʤʝʪʠʣ- ʠ ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥ, ʪʨʝʪ-ʙʫʪʠʣʠʟʦʮʠʦʥʘʪ, ʤʦʨʬʦʣʠʥ [267], ʙʠʩ(ʜʠʬʝʥʠʣ-

ʬʦʩʬʠʥʦ)ʵʪʘʥ, 4,4ô-ʙʠʧʠʨʠʜʠʥ [268], ʠʟʦʥʠʢʦʪʠʥʘʤʠʜ, 4-ʧʠʨʠʜʠʥʘʮʝʪʘʤʠʜ, 4-ʛʠʜʨʦʢʩʠ-

ʧʠʨʠʜʠʥ, 4-ʘʤʠʥʦʧʠʨʠʜʠʥ, ʠʟʦʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ [269], ʘ ʪʘʢʞʝ ʬʦʩʬʠʥʦ-ʪʠʦʬʝʥʦʚʳʝ 

[270] ʠ ʬʦʩʬʠʥʦ-ʪʝʪʨʘʪʠʦʬʫʣʴʚʘʣʝʥʦʚʳʝ [271] ʣʠʛʘʥʜʳ. 

ʆʜʥʘʢʦ, ʢʨʦʤʝ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

[{W 6S8}(PCy3)n(tBuPy)6-n] (n = 1 - 4; PCy3 ï ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ [{W6S8}( tBuPy)6] ʩ PCy3 ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʣʘʩʪʝʨʘ ʢ ʬʦʩʬʠʥʫ 1:1 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ PCy3 ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ (ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʣʠʛʘʥʜʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʘ) ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʮʠʩ-

[{W 6S8}(PCy3)4(tBuPy)2] [266]. ɻʦʤʦʣʝʧʪʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{W6S8}(PCy3)6] 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ [{W 6S8}( tBuPy)6] ʢ PCy3 = 1:12. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʦʜʥʦ- ʠ ʜʚʫʭʤʝʨʥʦʛʦ 

ʗʄʈ ʥʘ ʷʨʘʭ 31P ʩʝʨʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʨʠʵʪʠʣʬʦʩʬʠʥʦʤ [272]. ɹʦʣʝʝ ʪʦʛʦ, ʘʚ-

ʪʦʨʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ 2 ʧʨʦʜʫʢʪʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ, ʘ ʠʤʝʥʥʦ 

[{W 6S8}(PEt3)(tBuPy)5] ʠ ʮʠʩ-[{W 6S8}(PEt3)2(tBuPy)4]. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ 

ʨʘʩʪʚʦʨʝ ʠʤ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʩ-

[{W 6S8}(PEt3)4(tBuPy)2], ʛʨʘʥ-[{W 6S8}(PEt3)3(tBuPy)3], ʘ ʪʘʢʞʝ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩ-

[{W 6S8}(PEt3)3(tBuPy)3] ʠ [{W6S8}(PEt3)5(tBuPy)]. 

ʂʨʦʤʝ ʟʘʤʝʱʝʥʠʷ ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʘ ʥʘ ʪʨʠʵʪʠʣʬʦʩʬʠʥ, ʚ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ, ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{W6S8}(PEt3)6] ʩ ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ 

4,4ô-ʙʠʧʠʨʠʜʠʥʘ (ʙʦʣʝʝ 100 ʵʢʚʠʚʘʣʝʥʪʦʚ) ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʩʫʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝ-

ʘʢʮʠʠ ʙʳʣ ʚʳʜʝʣʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ [{W6S8}(PEt3)5(bipy)]. 

ɽʱʝ ʦʜʥʦʡ ʨʝʘʢʮʠʝʡ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

[{W 6S8}(PCy3)6] ʩ 2 ʵʢʚʠʚʘʣʝʥʪʘʤʠ PEt3. ʇʨʠ ʧʦʤʦʱʠ 31P ʗʄʈ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘ-

ʟʦʚʘʚʰʠʡʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʝʚʦʡ ʠʟʦʤʝʨ ʦʩ-

[{W 6S8}(PCy3)3(PEt3)3], ʩʦʜʝʨʞʘʱʠʡ ʥʝʙʦʣʴʰʫʶ ʧʨʠʤʝʩʴ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʛʨʘʥ-

[{W 6S8}(PCy3)3(PEt3)3] ʠ ʮʠʩ-[{W 6S8}(PCy3)4(PEt3)2], ʘ ʪʘʢʞʝ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʩ-

[{W 6S8}(PCy3)2(PEt3)4]. 

ʇʦʩʢʦʣʴʢʫ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʵʪʦ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʧʦʜ-

ʚʝʨʞʝʥʳ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʦʜʥʘ ʨʘ-

ʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʩʝʣʝʢʪʠʚʥʦʤʫ ʧʦʣʫʯʝʥʠʶ ʪʘʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʦʚ [{W6S8}(PEt3)6] ʠʣʠ [{W6S8}( tBuPy)6] (ʦʙʣʘʜʘʪʁ 20 ʂʉʕ) ʩ ʨʘʩʪʚʦʨʦʤ 

[Cp2Fe]PF6 ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠʣʠ ʙʝʥʟʦʣʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʩ 19 ʂʉʕ, ʘ ʠʤʝʥʥʦ [{W6S8}(PEt3)6]PF6 ʠʣʠ [{W6S8}( tBuPy)6]PF6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [273]. 
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ʆʩʦʙʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ, ʝʱʝ ʦʜʥʫ ʨʘʙʦʪʫ [274], ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ, ʝʜʠʥ-

ʩʪʚʝʥʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʧʨʠʤʝʨʳ, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʚ [{W6S8}( tBuPy)6] ʥʘ CNï. ʈʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [{W6S8}( tBuPy)6] ʩ NaCN 

ʠʣʠ KCN ʧʨʦʚʦʜʠʣʠ ʚ ɼʄʉʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

Na6[{W 6S8}( CN)6] ʠ K6[{W 6S8}( CN)6]Ŀ23H2O. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ 3 ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ [M(H2O)4]3[{W 6S8}(CN)6], ʛʜʝ M = Mn2+, Fe2+, Co2+, ʘ ʪʘʢʞʝ 

Na2[Zn(H2O)2]2[{W 6S8}(CN)6]Ŀ26H2O. 

1.3. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ 

ʇʝʨʚʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1978 ʛʦʜʫ ʜʣʷ ʪʨʦʡʥʳʭ ʩʫʣʴʬʠʜʦʚ ʨʝʥʠʷ ʩʦʩʪʘʚʘ 

Na2Re3S6, K2Re3S6 ʠ Cs4Re6S13 [275]. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ), 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʬʨʘʛʤʝʥʪ {Re6S8}, ʩʭʦʞʠʡ ʧʦ ʩʪʨʦʝʥʠʶ ʩ ʘʥʘ-

ʣʦʛʠʯʥʳʤ ʜʣʷ ʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦ-

ʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʝʥʠʷ M4[{ Re6Si
8}( S2)a-

a
2/2Sa-a

4/2] (M = Na, K) ʠ Cs4[{ Re6Si
8}( S2)a-a

4/2Sa-a
2/2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʟʞʝ, ʚ 1983 ʛʦʜʫ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʪʨʦʡʥʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘ ʨʝʥʠʷ 

Re3Se4Cl [276], ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

[{ Re6Sei
4Sei-a

4/2} Sea-i
4/2Cla2]. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʱʸ ʚ 1971 

ʛʦʜʫ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʦʡʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʨʝʥʠʷ ʩʦʩʪʘʚʘ Re3Te2Br5 [277] ʠ Re3Se2X5 

(X = Cl, Br) [277, 278], ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʢʦʪʦʨʳʭ, ʘ ʠʤʝʥʥʦ Re3Se2Cl5, ʧʦʟʞʝ, ʚ 1985 ʛʦʜʫ, ʜʚʝ 

ʛʨʫʧʧʳ ʩʦʚʝʪʩʢʠʭ ʠ ʬʨʘʥʮʫʟʩʢʠʭ ʫʯʝʥʳʭ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʦʚʝʣʠ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ [279, 280]. ɹʳʣʦ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʢʪʘʵʜʨʠ-

ʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʝʥʠʷ [{Re6Sei
4Cli4}Cl a

6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʧʝʨʚʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʝʱʝ ʚ 1971 ʛʦʜʫ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʠ ʩʤʝʰʘʥʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝ-

ʥʠʜʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʭʘʣʴʢʦʛʝʥʠʜʥʦʝ {Re6Q8} ʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʦʝ {Re6Q8-nXn} (n = 1 - 4) ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʜʫʪ ʥʝʨʘʟʨʳʚʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʌʦʨʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ 

Re ʨʘʚʥʘ +3, ʘ ʟʘʨʷʜ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Re6Q8-nXn} 2+n, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2+n, ʛʜʝ n ʦʪ 0 ʜʦ 4. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʘʢ ʠ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʩʦʜʝʨʞʠʪ 24 ʂʉʕ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ 12 ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʩʚʷʟʝʡ 

ReïRe ʚ ʦʢʪʘʵʜʨʝ Re6. 

ʉʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʥʦʩʪʴʶ ʛʘʣʦʛʝʥʠʜʥʦʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Re6X8} 

(X ï ʛʘʣʦʛʝʥ) ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʦ. 
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1.3.1. ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ 

1.3.1.1. ʉʝʨʘ- ʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʨʝʥʠʷ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʨʝʥʠʷ, ʘ ʪʦʯʥʝʝ ʩʫʣʴʬʠʜ M I
4Re6S12 (ʠʣʠ 

M I
4[{ Re6Si

8}( S2)a-a
2/2Sa-a

4/2], M I = Na, K), ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʚ 1978 

ʛʦʜʫ W. Brongerôʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ ʩ ʢʘʨʙʦʥʘʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʘʪʤʦʩʬʝʨʝ H2S ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ [275]. ʏʫʪʴ ʧʦʟʞʝ ʜʨʫ-

ʛʘʷ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʧʨʝʜʣʦʞʠʣʘ ʩʣʝʛʢʘ ʠʟʤʝʥʝʥʥʳʡ ʩʠʥʪʝʟ M I
4Re6S12 ʠʟ Re, KReO4 ʠʣʠ 

ReS2 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʠʟʙʳʪʢʦʤ Na2CO3 ʠʣʠ K2CO3 ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 750Áʉ [281]. 

ʆʜʥʘʢʦ, ʦʩʥʦʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʨʝʥʠʷ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʠʤʝʥʥʦ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ W. Brongerôʘ. ʊʘʢ, ʙʳʣʘ ʦʧʫʙʣʠ-

ʢʦʚʘʥʘ ʩʝʨʠʷ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʠʥʪʝʟʳ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ Li 4Re6S11 ʠ 

M II
2Re6S11 (Re6S11 = [{ Re6Si

8} Sa-a
6/2], (ʨʠʩ. 41), (M II = Sr, Ba, Eu)) [282-284]. ʆʙʱʘʷ ʤʝʪʦ-

ʜʠʢʘ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʢʘʨʙʦʥʘʪʦʤ ʣʠʪʠʷ, ʩʪʨʦʥʮʠʷ ʠʣʠ ʙʘʨʠʷ, ʣʠʙʦ ʩ ʦʢʩʠʜʦʤ ʝʚʨʦʧʠʷ (III) ʚ ʪʦʢʝ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200-1350Áʉ. 

 
ʈʠʩ. 41. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [{Re6Si

8} Sa-a
6/2]4ï; 

Õ3-ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ Si ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

ʊʨʦʡʥʳʝ ʩʫʣʴʬʠʜʳ ʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʝʣʝʥʠʜʳ ʩʦʩʪʘʚʘ M I
4Re6Q12 (ʠʣʠ 

M I
4[{ Re6Qi

8}( Q2)a-a
2/2Qa-a

4/2], (ʨʠʩ. 42) M I = K, Rb, Tl; Q = S, Se) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʭʦʞʠʤ 

ʦʙʨʘʟʦʤ, ʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800-900Áʉ [285-288]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ M I = Tl, ʚʤʝʩʪʦ 

ʢʘʨʙʦʥʘʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ TlQ (ʠʣʠ Tl ITl IIIQ2, Q = S, Se), ʘ ʪʘʢʞʝ ʧʨʠ ʩʠʥʪʝʟʝ ʩ ʩʝʣʝʥʦʤ, 

ʚʤʝʩʪʦ ʘʪʤʦʩʬʝʨʳ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʪʤʦʩʬʝʨʘ ʚʦʜʦʨʦʜʘ. 
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ʈʠʩ. 42. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [{Re6Qi

8}( Q2)a-a
2/2Qa-a

4/2]4ï; 

Õ3-ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ Si ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʝʥʠʷ ʪʨʦʡʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ 

ʨʝʥʠʷ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʘ ʠʤʝʥʥʦ ʨʫʙʠʜʠʝʤ ʠ ʮʝʟʠʝʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠ-

ʥʝʥʠʷ ʩʦʩʪʘʚʘ M I
4Re6Q13 (ʠʣʠ M I

4[{ Re6Qi
8}(Q2)a-a

4/2Qa-a
2/2], (ʨʠʩ. 43) M I = Rb , Cs) [286, 289]. 

ʇʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʘʪʤʦʩʬʝʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʩʠʥʪʝʟ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢ-

ʪʦʨʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. ʊʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠ-

ʨʦʚʘʥʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʩʫʣʴʬʠʜʦʚ ʨʝʥʠʷ ʩ ʨʫʙʠʜʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʩʝʨʦʚʦ-

ʜʦʨʦʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʫʯʘʝʪʩʷ ʬʘʟʘ Rb4Re6S13, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʦ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʝʝ ʩʝʨʘ-ʦʙʦʛʘʱʸʥʥʳʡ 

ʧʨʦʜʫʢʪ Rb4Re6S12 [288]. 

 
ʈʠʩ. 43. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [{Re6Qi

8}( Q2)a-a
4/2Qa-a

2/2]4ï; 

Õ3-ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ Si ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʩʝʙʷ ʚʝʜʝʪ ʠ ʩʫʣʴʬʠʜ ʨʝʥʠʷ ʩ ʮʝʟʠʝʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ 

ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ Cs4Re6S13, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪ-

ʤʦʩʬʝʨʳ ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʨʘ-ʦʙʦʛʘʱʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʬʘʟʳ ʩʦʩʪʘʚʘ Cs4Re6S13.5 (ʠʣʠ Cs4[{ Re6Si
8}(S3)a-a

1/2(S2)a-a
3/2Sa-a

2/2] (ʨʠʩ. 44) [289]. 
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ʈʠʩ. 44. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [{Re6Si

8}( S3)a-a
1/2(S2)a-a

3/2Sa-a
2/2]4ï; 

Õ3-ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ Si ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ: ʢʘʨʙʦʥʘʪ ʮʝʟʠʷ ï ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʨʝ-

ʥʠʡ ï ʦʙʦʛʘʱʝʥʥʘʷ ʭʘʣʴʢʦʛʝʥʦʤ ʘʪʤʦʩʬʝʨʘ (ʩʝʨʦʚʦʜʦʨʦʜ, ʩʝʨʘ-ʦʙʦʛʘʱʝʥʥʳʡ ʘʨʛʦʥ ʠʣʠ 

ʩʝʣʝʥ-ʦʙʦʛʘʱʝʥʥʳʡ ʚʦʜʦʨʦʜ), ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800-850Áʉ, ʧʨʠʚʝʣʦ ʢ ʚʳʜʝʣʝʥʠʶ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʪʘʢʠʭ ʢʘʢ, Cs6Re6S12 (ʠʣʠ Cs6[{ Re6Si
8} Sa-a

4/2Sa
2]) [290], Cs6Re6Q15 (ʠʣʠ 

Cs6Q[{ Re6Qi
8}( Q2

a-a)6/2]) [291, 292] ʠ Cs10Re6S14 (ʠʣʠ Cs10[{ Re6Si
8}Sa

6]) [14]. 

1.3.1.2. ʊʝʣʣʫʨʠʜʳ ʨʝʥʠʷ 

ʂʘʢ ʠ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ 

ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʟʘʥʠʤʘʶʪ ʠʭ ʪʝʣʣʫʨʠʜʳ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʣʠʰʴ ʦʜʠʥ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ-

ʥʳʡ ʪʝʣʣʫʨʠʜ ʨʝʥʠʷ ʩʦʩʪʘʚʘ Re6Te15 ʠʣʠ [{Re6Te8} Te7], ʛʜʝ ʬʨʘʛʤʝʥʪʳ {Re6Te8} ʩʚʷʟʘʥʳ 

ʩ Te7 ʣʠʛʘʥʜʘʤʠ ʚ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 45) [293, 294]. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʫ-

ʯʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ ʠ ʪʝʣʣʫʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ÁC ʚ ʪʝʯʝʥʠʝ 

ʜʚʫʭ ʥʝʜʝʣʴ. 

 
ʈʠʩ. 45. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʛʦ [{Re6Te8}Te7] 

ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ñʧʨʦʩʪʳʭò ʪʝʣʣʫʨʠʜʦʚ ʨʝʥʠʷ (ʙʝʟ ʫʯʘʩʪʠʷ 

ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʠʣʠ ʧʩʝʚʜʦʛʘʣʦʛʝʥʦʚ) ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʦ. ʆʜʥʘʢʦ, ʚ ʩʪʘʪʴʝ [295] 
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ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʩʝʣʝʥʦʪʝʣʣʫʨʠʜʘ ʨʝʥʠʷ, ʩʦʩʪʘʚʘ [{Re6Se8} Te7], ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ, ʩʝʣʝʥʘ ʠ ʪʝʣʣʫʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 857Áʉ ʚ ʪʝʯʝʥʠʝ 

2-ʭ ʥʝʜʝʣʴ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤ ʪʝʣʣʫʨʠʜʫ ʨʝʥʠʷ Re6Te15. 

1.3.2. ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʨʝʥʠʷ ʠ ʠʭ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʪʦʣʴʢʦ 

ʘʪʦʤʳ ʨʝʥʠʷ, ʭʘʣʴʢʦʛʝʥʘ ʠ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʱʝʣʦʯʥʳʭ, ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʳ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʦʜ ʩʣʦʚʦʤ ñʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳò ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʣʶʙʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ ʠ ʛʘʣʦʛʝʥʘ. ɺ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʘʪʦʤʳ ʛʘʣʦʛʝʥʘ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥ-

ʜʦʚ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ. 

ʉʘʤʳʤʠ ʧʨʦʩʪʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʨʦʡʥʳʝ ʭʘʣʴʛʦʛʘʣʦʛʝʥʠʜʳ ʨʝʥʠʷ, ʪ.ʝ. ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦ-

ʜʷʪ ʪʨʠ ʪʠʧʘ ʘʪʦʤʦʚ ï ʨʝʥʠʡ, ʭʘʣʴʢʦʛʝʥ ʠ ʛʘʣʦʛʝʥ. ʉʨʝʜʠ ʚʩʝʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠʤʝʥʥʦ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ [{Re6Tei
4Bri

4}Br a
6] [278] 

ʠ [{Re6Sei
4X i

4} Xa
6] (X = Cl, Br) [277, 278] ʙʳʣʠ ʦʧʠʩʘʥʳ ʧʝʨʚʳʤʠ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʜʣʷ ʭʘʣʴ-

ʢʦʛʝʥʠʜʦʚ ʨʝʥʠʷ, ʭʠʤʠʷ ʪʠʦʛʘʣʦʛʝʥʠʜʦʚ ʠ ʩʝʣʝʥʦʛʘʣʦʛʝʥʠʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʭʠʤʠʠ ʪʝʣʣʫʨʦʛʘʣʦʛʝʥʠʜʦʚ. 

1.3.2.1. ʉʝʨʘ- ʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʝ ʭʘʣʴʢʦʛʝʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ 

ʊʨʦʡʥʳʝ ʭʘʣʴʢʦʙʨʦʤʠʜʳ ʨʝʥʠʷ ʩʦʩʪʘʚʘ Re6S4Br10 [279], Re6Se5Br8 (ʠʣʠ 

[{ Re6Sei
5Bri

3} Bra-a
2/2Bra

4]) [296], Re6S7Br4, Re6Se7Br4 (ʠʣʠ [{ Re6Qi
7Bri} Bra-a

6/2]) [297], 

Re6S8Br2 (ʠʣʠ [{ Re6Qi
6Qi-a

2/2} Qa-i
2/2Bra-a

4/2]) [298] ʠ Re6Se8Br2 [299, 300] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʩ-

ʭʦʜʷ ʠʟ ʩʤʝʩʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ, ʭʘʣʴʢʦʛʝʥʘ ʠ ʙʨʦʤʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 800-1100Áʉ. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ Re6S8Cl2, ʧʨʠ ʵʪʦʤ ʛʘʟʦ-

ʦʙʨʘʟʥʳʡ ʭʣʦʨ ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʚ 

ʜʚʦʡʥʦʤ ʠʟʙʳʪʢʝ, ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʘʩʴ ʜʦ 1100Áʉ [301]. ʆʜʥʘʢʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʦʡʥʳʭ ʭʘʣʴʢʦʭʣʦʨʠʜʦʚ ʨʝʥʠʷ ʚ ʨʦʣʠ ʠʩʪʦʯʥʠʢʘ ʭʣʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʥ-

ʪʘʭʣʦʨʠʜ ʨʝʥʠʷ (ReCl5). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʤʝʩʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ReCl5, ʤʝ-

ʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ ʠ ʭʘʣʴʢʦʛʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 825-1100Áʉ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ: Re6S4Cl10, Re6S5Cl8 [302], Re6Se5Cl8, Re6Se6Cl6 (ʠʣʠ 

[{ Re6Sei
6Cli2} Cla-a

4/2Cla2), Re6Se7Cl4 [297] ʠ Re6Se8Cl2 (ʜʣʷ Re6Se8Cl2 ʩʪʨʫʢʪʫʨʘ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʦʩʪʘʣʴʥʳʭ ʘʥʘʣʦʛʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ [{Re6Sei
4Sei-a

4/2} Sea-i
4/2Cla2]) [276, 303]. 

ʂʨʦʤʝ ʧʦʣʫʯʝʥʠʷ ʪʨʦʡʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʨʝʥʠʷ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ ʧʦʜ ʪʝʨʤʠʥʦʤ ñʩʘʤʦʩʙʦʨʢʘò (ʦʪ ʘʥʛʣ. 

self-assembly) ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʙʦʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʤʝʪʦʜʦʤ ñʢʦʥʜʝʥʩʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚò. ʇʦʜ ʜʘʥʥʳʤ ʪʝʨ-

ʤʠʥʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʙʦʣʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʠ ʠʟ ʢʣʘʩʪʝʨʦʚ ʩ 

ʤʝʥʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʴʶ. ʅʘ ʨʠʩ. 46 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʪʨʝʭ ʙʠʷʜʝʨʥʳʭ 
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ʢʣʘʩʪʝʨʦʚ ʠʣʠ ʜʚʫʭ ʪʨʝʭʲʷʜʝʨʥʳʭ (ʪʨʝʫʛʦʣʴʥʳʭ) ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʢ-

ʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝ-

ʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʷʤʠ ʩʘʤʦʩʙʦʨʢʠ. 

 
ʈʠʩ. 46. ʂʦʥʜʝʥʩʘʮʠʷ ʪʨʝʭ ʙʠʷʜʝʨʥʳʭ (ʘ) ʠ ʜʚʫʭ ʪʨʝʭʷʜʝʨʥʳʭ (ʙ) ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʰʝʩʪʠʷʜʝʨʥʳʡ 

ʊʘʢʦʡ ʤʝʪʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʸʥ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʭʘʣʴʢʦʙʨʦʤʠʜʦʚ ʨʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʭʘʣʴʢʦʙʨʦʤʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ Re6Q8Br2 (Q = S, Se) ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʢʦʥʜʝʥʩʘʮʠʝʡ ʪʨʝʫʛʦʣʴʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʙʨʦʤʠʜʘ ʨʝʥʠʷ Re3Br9. ɼʣʷ ʵʪʦʛʦ 

Re3Br9 ʟʘʛʨʫʞʘʣʩʷ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʭʘʣʴʢʦʛʝʥʠʜʘ ʩʚʠʥʮʘ ʠʣʠ ʢʘʜʤʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʘ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʚ ʧʝʯʠ 2 ʩʫʪʦʢ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600ÁC [304]. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʧʦʤʠʤʦ ʢʦʥʜʝʥʩʘʮʠʠ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʙʨʦʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʥʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʜʝʥʪʠʯʥʳ ʩʦʝʜʠʥʝʥʠʷʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ Re6Q8Br2 [298, 299], ʦʜʥʘʢʦ ʨʝʘʢʮʠʷ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (600ÁC ʚʤʝʩʪʦ 1000 ʠ 

1100ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

Re6Q4Br10 (Q = S, Se) [304-306]. 

ʏʝʪʚʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʨʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ MIX ʠʣʠ M IIX2, ʛʜʝ MI = Li, Na, K, Rb, Cs, Ag, Cu, Tl; M II = 

Mg, Ca, Zn, Pb; X = Cl, Br, I. ʊʘʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʝʪʚʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

Tl[{Re6Se8}Cl 3] (ʠʣʠ Tl[{ Re6Sei
5Sei-a

3/2} Sea-i
3/2Cla3]), Tl2[{Re6Q8}Cl 4] (ʠʣʠ Tl2[{ Re6Sei

6Sei-

a
2/2} Sea-i

2/2Cla4]), Tl4[{Re6Q8}Cl 6]ĿTlCl, Cs[{Re6Se8}I 3], Cs2[{Re6Se8}X 4], Cs4[{Re6Se8}I 6], 

Cs4[{Re6S8}X 6]ĿCsX, Cs4[{Re6S8}I 6]Ŀ2CsI (Q = S, Se; X = Cl, Br) [300, 307, 308]. ɺ ʧʦʩʣʝʜʫ-

ʶʱʝʤ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʦʣʝʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ 

ʩ ʤʦʥʦʣʠʛʘʥʜʥʳʤ, ʪʘʢ ʠ ʩʦ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ: M4[{Re6Q8}X 6] (M = 

K, Cs) [296, 300, 309], M3[{Re6Q7X}X 6} (M = K, Rb, Cs) [296, 300, 310, 311], 

M I
2[{Re6Q6X2}X 6] ʠ MI I[{Re6Q6X2}X 6] (M I = K, Cs; MII = Mg, Ca, Zn, Pb) [296, 300, 312-

317] ʠ M[{Re6Q5X3}X 6] (M = Li, Na, K, Rb, Cs, Cu, Ag) [300, 317-319], ʛʜʝ Q = S, Se; X = 

Cl, Br. ʇʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦʩʣʝ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʥʘʧʨʠʤʝʨ [Ca(H2O)8][{Re6S6Cl2}Cl 6] [313] ʠ 
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Cs3[{Re6Se7Br}Br 6]ĿH2O [311]. ɹʝʟʚʦʜʥʳʝ ʯʝʪʚʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʝʛʢʦ ʧʦʣʫʯʘʶʪʩʷ ʫʜʘʣʝ-

ʥʠʝʤ ʚʦʜʳ ʧʫʪʝʤ ʥʘʛʨʝʚʘ ʜʦ 80-100Áʉ. 

ʅʝʦʙʳʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ K4[({Re6S5OCl2}Cl 5)2O] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ, ReCl5, KCl ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʝʜʦʚʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 850ÜC ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ [320]. 

1.3.2.2. ʊʝʣʣʫʨʦʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ 

ʍʠʤʠʷ ʪʝʣʣʫʨʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʦʪ-

ʣʠʯʘʝʪʩʷ ʦʪ ʭʠʤʠʠ ʪʠʦ- ʠ ʩʝʣʝʥʦʛʘʣʦʛʝʥʠʜʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʣʣʫʨʦʛʘʣʘʛʝʥʠʜʦʚ ʷʚʣʷʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤʠ ʠ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʜʣʷ ʜʨʫʛʠʭ ʭʘʣʴʢʦʛʝʥʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʝʥʪʘʭʣʦʨʠʜʘ ʨʝʥʠʷ ReCl5 ʩ ʪʝʣʣʫʨʦʤ, ʚʟʷʪʳʭ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:3, ʟʘʧʘʷʥʥʳʭ ʚ ʘʤʧʫʣʫ ʠ ʥʘʛʨʝʪʳʭ ʜʦ 450ÁC, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʩʦʝʜʠʥʝ-

ʥʠʷ ʩʦʩʪʘʚʘ Re6Te16Cl18 ʠ Re6Te16Cl6, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʪʘʢʞʝ ʙʳʪʴ ʦʧʠʩʘʥʳ ʬʦʨʤʫʣʘʤʠ 

[{Re6Tei
8}( Te8Cl18)a-a

6/6] ʠ [{Re6Tei
8}(Te6)a-a

4/4(TeCl3)a
2] [321]. ʉʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʠʟ ʦʜʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʦʚ. ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʥʦʚʳʭ, ʥʝ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʣʠʛʘʥ-

ʜʦʚ: Te6, (Te8Cl18)2ï ʠ (TeCl3)ï. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʣʣʫʨʦʭʣʦʨʠʜʥʳʝ ʢʣʘʩʪʝʨʳ 

[{Re6Te4Cl4}Cl 6] ʠ [{Re6Te6Cl2}(TeCl2)2Cl4], ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ReCl5 c 

ʨʘʩʧʣʘʚʦʤ Te ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 ʠ 450Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [322, 323]. 

ʀʩʭʦʜʷ ʠʟ ʪʨʝʫʛʦʣʴʥʦʛʦ Re3Br9, ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʵʣʝʤʝʥʪʘʨʥʳʤ ʪʝʣʣʫʨʦʤ 

(ʩʦʦʪʥʦʰʝʥʠʝ 2:5) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450ÁC ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʝʱʝ ʦʜʠʥ ʫʥʠʢʘʣʴʥʳʡ ʪʝʣ-

ʣʫʨʦʛʘʣʦʛʝʥʠʜ [Re6Tei
8}(TeBr2)a

6]Br2 [321]. ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʢʣʘʩʪʝʨʥʦʤ ʢʘʪʠʦʥʝ ʥʝʦʧʠʩʘʥʥʳʭ ʜʦ ʵʪʦʡ ʨʘʙʦʪʳ ʣʠʛʘʥʜʦʚ TeBr2. ʊʝʣ-

ʣʫʨʦʙʨʦʤʠʜ ʨʝʥʠʷ ʩʦʩʪʘʚʘ [{Re6Te8}(Te6)a-a
4/4(TeBr3)a

2] ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

Re6Te15 ʩ Te ʠ Br2 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2:5 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ [324]. ʊʘʢʞʝ ʨʝʘʢʮʠʝʡ ʢʦʥ-

ʜʝʥʩʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ [{Re6Te4Br4}Br 6] [304] ʠ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[{Re6Te6Br2}Br 6]2ï ʠ [{Re6Te5Br3}Br 6]ï [325]. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʠʟʚʝʩʪʥʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʣʣʫʨʦʠʦʜʠʜ ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝʤ ʧʦʣʠʤʝʨʥʦʛʦ Re6Te15 ʩ I2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400ÁC [326]. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ [{Re6Te8}(TeI2)6]I2, ʛʜʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʣʠʛʘʥʜ TeI2. 

1.3.2.3. ʍʘʣʴʢʦʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ 

ɽʱʝ ʦʜʥʠʤ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʭʘʣʴʢʦʮʠʘʥʠʜʥʳʝ ʢʣʘ-

ʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ, ʪ.ʝ. ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ CN-ʛʨʫʧʧʳ. ʊʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ K4[{Re6Si
8}Sa-a

4/2(CN)a2] ʠ K4[{Re6Sei
8}(Se2)a-a

2/2(CN)a4] (ʨʠʩ. 47ʘ,ʙ) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ ReS2 ʠ ReSe2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ KCN ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

1:2. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ÜC (ʜʣʷ K4[{Re6S8}S4/2(CN)2]) ʠ 650Üʉ (ʜʣʷ 

K4[{Re6Se8}(Se2)2/2(CN)4]) ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ [327]. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ReS2 ï KCN ʧʨʠʚʝʣʦ ʢ ʥʝʦʞʠʜʘʥʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. ʊʘʢ, ʝʩʣʠ ʧʨʦʚʦʜʠʪʴ ʵʪʫ ʨʝʘʢʮʠʶ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ 750ÜC, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʦʙʳʯʥʦʛʦ ʜʚʝʥʘʜʮʘʪʠʷʜʝʨʥʦʛʦ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K8[{Re12CS17}(CN)6], ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʜʚʘ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

Õ6-ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʠ ʪʨʝʤʷ Õ-ʘʪʦʤʘʤʠ ʩʝʨʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ [328]. 

ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʜʦ 650Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CsCl ʦʙʨʘʟʫʝʪʩʷ 

Cs4[{Re6Si
8}Sa-a

2/2(CN)a4] (ʨʠʩ. 47ʚ) [329], ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʦʤʦʣʦʛ ʨʘ-

ʥʝʝ ʧʦʣʫʯʝʥʥʦʛʦ K4[{Re6Si
8}Sa-a

4/2(CN)a2]. 

 

ʈʠʩ. 47. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʣʴʢʦʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: 

ʘ) K4[{Re6(ɛ3-S)8}S4/2(CN)2]; ʙ) K4[{Re6(ɛ3-Se)8}(Se2)2/2(CN)4]; ʚ) Cs4[{Re6(ɛ3-S)8}S2/2(CN)4] 

ʊʠʦ-, ʩʝʣʝʥʦ- ʠ ʪʝʣʣʫʨʦʮʠʘʥʠʜʥʳʝ ʘʥʠʦʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[{Re6Q8}(CN)6]4ï (Q = S, Se, Te) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʧʦʣʠʤʝʨʥʳʭ Re6S8Br2, Re6Se8Br2 

ʠ Re6Te15, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [330-332] (ʥʘ ʨʠʩ. 48 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʚʳʨʝ-

ʟʘʥʠʷè ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʟ ʧʦʣʠʤʝʨʘ Re6S8Br2). 

 

ʈʠʩ. 48. ʉʭʝʤʘ ʚʳʨʝʟʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʟ ʧʦʣʠʤʝʨʘ Re6S8Br2 ʚ ʨʘʩʧʣʘʚʝ KCN  

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Re6S8}(CN)6]4ï 

ɺʝʩʴʤʘ ʚʘʞʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ ʩʚʦʡʩʪʚʦʤ ʚʩʝʭ ʭʘʣʴʢʦʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʥʘʣʠʯʠʝ ʘʤʙʠʜʝʥʪʘʪʥʳʭ ʩʚʦʡʩʪʚ CN-ʣʠʛʘʥʜʦʚ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʭʘʣʴʢʦʮʠʘʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʦʧʠʩʘʥʥʳʭ ʚ ʧ.ʧ. 1.1.2.2. ʠ 1.2.2., ʢʦʦʨʜʠʥʘ-
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ʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʢʘʪʠʦ-

ʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ 

CN-ʛʨʫʧʧʳ, ʚʝʩʴʤʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳ. ʇʦʩʢʦʣʴʢʫ ʭʠʤʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʦʙ-

ʰʠʨʥʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘ, ʪʦ ʨʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʨʘʪʮʝ. 

ɺʧʝʨʚʳʝ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1998 ʛʦʜʫ, ʘ ʠʤʝʥʥʦ 

[Zn(H2O)]2[{Re6S8}(CN)6]Ŀ7H2O, Cs2[ʪʨʘʥʩ-Fe(H2O)2][{Re6S8}(CN)6], Cs2[ʪʨʘʥʩ-

Fe(H2O)2][{Re6Se8}(CN)6]Ŀ12H2O [333], Cs2[Mn(H2O)2]3[{Re6Se8}(CN)6]2Ŀ9H2O ʠ 

(H3O)2[Co(H2O)2]3[{Re6Se8}(CN)6]2Ŀ8.5H2O [334]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ (0D, 1D, 2D, 3D), ʦʧʠʩʘʥʥʳʭ ʚ ʦʙʟʦʨʘʭ [335, 336]. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʠʥʪʝʟʳ ʧʨʦʚʦʜʠʣʠʩʴ, ʠʩʭʦʜʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ ʠ ʢʘʪʠʦʥʳ 3d-ʤʝʪʘʣʣʦʚ [337], ʘ ʪʘʢʞʝ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʘʤʤʠʘʢʘ [338] ʠ ʧʦʣʠʘʤʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʪʠʣʝʥʜʠʘʤʠʥ (en) [339], ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥ 

(dien) [340], ʪʨʠʵʪʠʣʝʥʪʝʪʨʘʘʤʠʥ (trien ) [341] ʠ ʭʠʨʘʣʴʥʳʡ 1,2S,3S,4-ʪʝʪʨʘʘʤʠʥʦʙʫʪʘʥ 

(threo-tab) [342, 343]. 

ʇʦʤʠʤʦ ʩʦʝʜʠʥʝʥʠʡ ʩ 3d ʤʝʪʘʣʣʘʤʠ, ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʭʘʣʴ-

ʢʦʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 4f ʵʣʝʤʝʥʪʳ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ [344, 345] ʣʠʙʦ ʠʟ ʩʤʝʩʠ ʚʦʜʘ/ɼʄʌɸ [346] ʠʣʠ ʚʦʜʘ/ʛʣʠʮʝʨʠʥ [347]. 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ 3d ʠ 4f ʤʝʪʘʣʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ [{Re6Q8}(CN)6]4ï ʩ ʚʦʜ-

ʥʳʤʠ ʠʣʠ ʘʤʤʠʘʯʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʦʥʢʫ-

ʨʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ (en, dien, trien, threo-tab, ɼʄʌɸ ʠ ʛʣʠʮʝʨʠʥ) ʥʝʦʙʭʦʜʠʤʳʡ ʣʠʛʘʥʜ 

ʜʦʙʘʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʩʪʚʦʨ ʩ ʢʘʪʠʦʥʦʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠ ʩʤʝʰʠ-

ʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʩ ʨʘʩʪʚʦʨʘʤʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʘʜʢʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʤʛʥʦʚʝʥʥʦʛʦ ʚʳʧʘʜʝʥʠʷ 

ʦʩʘʜʢʘ ʠ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ: 

Å ʉʤʝʰʠʚʘʥʠʝ ʩʠʣʴʥʦ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʯʪʦ ʠʥʦʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʤʝʜʣʝʥ-

ʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ; 

Å ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʘʩʣʘʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʚ ʪʦʥʢʠʭ ʩʪʝʢʣʷʥʥʳʭ ʪʨʫʙʦʯʢʘʭ ʩ 

ʧʝʨʝʪʷʞʢʦʡ. ʇʨʠ ʵʪʦʤ ʩʤʝʰʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ ʟʘ ʩʯʝʪ ʚʟʘʠʤʥʦʡ ʜʠʬ-

ʬʫʟʠʠ ʨʘʩʪʚʦʨʦʚ; 

Å ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ U-ʦʙʨʘʟʥʳʭ ʪʨʫʙʦʯʢʘʭ ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʥʦʡ ʘʛʘʨʦʟ-

ʥʳʤ ʛʝʣʝʤ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʤʝʜʣʝʥʥʦʤʫ ʩʤʝʰʝʥʠʶ ʨʘʩʪʚʦʨʦʚ ʟʘ ʩʯʝʪ ʠʭ ʚʩʪʨʝʯʥʦʡ 

ʜʠʬʬʫʟʠʠ ʯʝʨʝʟ ʛʝʣʴ. 

1.3.3. ʄʝʪʦʜʳ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ 

ʂʘʢ ʠ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʜʣʷ ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʪʘʢʞʝ ʧʨʠʩʫʱʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ 

Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʇʨʠ ʵʪʦʤ, ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ 
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ʷʜʨʝ ʪʘʢʞʝ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ ʠ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝʤ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠ-

ʛʘʥʜʦʚ. 

1.3.3.1. ɿʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʝʥʠʷ 

ʈʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʢʘʢ, ʚʧʨʦʯʝʤ, 

ʠ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʧʦʩʦʙʳ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥ-

ʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ 1) ʨʝʘʢʮʠʠ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, 2) ʨʝʘʢʮʠʠ ʚ ʚʦʜʝ ʠ 3) ʨʝʘʢʮʠʠ ʚ ʨʘʩʧʣʘʚʘʭ ʧʨʦʣʠʛʘʥʜʦʚ. 

1.3.3.1.1. ʈʝʘʢʮʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʨʘʩʪʚʦʨʝ, 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʛʨʫʧʧʦʡ R. H. Holmôʘ ʚ 1997 ʛʦʜʫ ʩʪʘʪʴʝ [348]. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʣʫʞʠʣʘ 

ʪʦʣʯʢʦʤ ʢ ʧʨʦʚʝʜʝʥʠʶ ʮʝʣʦʛʦ ʮʠʢʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʣʠ (Bu4N)3[{Re6Se8}I 6] ʩ PEt3 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʠ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʘʤ ʠʩʭʦʜ-

ʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʩʪʚʦʨʘ Cs4[{Re6Se8}I 6] ʚ HI ʩ ʨʘʩʪʚʦʨʦʤ 

Bu4NI. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, 24Ǜ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʜʦ 23Ǜ ʩʦʩʪʦʷʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʦ-

ʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Cs4[{Re6S8}I 6] ʦʢʠʩʣʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʪ.ʝ. 

ʦʙʨʘʟʫʝʪʩʷ 24Ǜ ʢʦʤʧʣʝʢʩ (Bu4N)4[{Re6S8}I 6], ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʟʤʦʞʥʦ ʦʢʠʩʣʠʪʴ, 

ʧʨʦʚʦʜʷ ʨʝʘʢʮʠʶ ʟʘʤʝʱʝʥʠʷ ʥʝ ʚ HI, ʘ ʚ 1 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Bu4N)3[{Re6Se8}I 6] ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠ-

ʯʝʩʪʚʦʤ PEt3 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʛʨʘʥ-(Bu4N)[{ Re6Se8}( PEt3)3I3], ʮʠʩ-

/ʪʨʘʥʩ-[{ Re6Se8}( PEt3)4I2], [{ Re6Se8}( PEt3)5I]I ʠ [{Re6Se8}( PEt3)6]I2. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʪʠʦʙʨʦʤʠʜʥʳʤʠ ʠ ʪʠʦ-

ʭʣʦʨʠʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝ-

ʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Re6S8}( PEt3)6-nBrn]2ïn [349] ʠ [{Re6S8}( PEt3)6-nCln]2ïn [350]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʣʠʛʘʥʜʳ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 23Ǜ (Bu4N)3[{Re6Q8} X6] ʚ 24Ǜ ʩʦʩʪʦʷʥʠʝ. 

ɺ ʨʘʙʦʪʝ [348] ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)3[{Re6Se8}I 6], ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʨʠʵʪʠʣʬʦʩʬʠʥʦʤ ʩ ʩʦʣʷʤʠ ʩʝʨʝ-

ʙʨʘ AgBF4 ʠʣʠ AgSbF6, ʚ ʩʤʝʩʠ ʜʠʭʣʦʨʤʝʪʘʥʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʭ ʨʝʘʢ-

ʮʠʡ ʧʨʦʠʟʦʰʣʦ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʠʦʜʘ ʥʘ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Re6Se8}(PEt3)n(MeCN)6-n]2+ (n = 0, 4, 5). ɹʦʣʝʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʥʘʛʨʝʚ [{Re6Se8}(PEt3)5(MeCN)](SbF6)2 ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ ʧʨʠʚʦʜʠʪ ʢ ʦʪ-

ʣʝʪʫ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʜʠʤʝʨʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

[{{Re 6Sei
6Sei-a

2/2} Sea-i
2/2(PEt3)5} 2](SbF6)4. 
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ʏʫʪʴ ʧʦʟʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (Bu4N)3[{Re6Se8}I 6] ʠʣʠ ʮʠʩ-[{Re6Se8}(PEt3)4I2] c 

AgSbF6 ʚ ʧʨʠʩʫʪʩʪʚʠʠ L (L = ɼʄʌɸ, ɼʄʉʆ, ʪʨʠʤʝʪʠʣʘʮʝʪʦʥʠʪʨʠʣ, ʧʠʨʠʜʠʥ ʠ 4,4ô-ʙʠ-

ʧʠʨʠʜʠʥ) ʚ CH2Cl2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ [{Re6Se8} L6](SbF6)2 ʠ ʮʠʩ-

[{Re6Se8}(PEt3)4(L)2](SbF6)2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [351, 352]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʛʨʝʚ ʮʠʩ-

[{Re6Se8}(PEt3)4(L)2](SbF6)2 ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ ʧʨʠʚʝʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ ʮʠʩ-

/ʪʨʘʥʩ-[{{Re 6Sei
6Sei-a

2/2} Sea-i
2/2(PEt3)4(MeCN)} 2](SbF6)4. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʢʠʧʷʯʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ [{Re6(ɛ3-Se)8}(PEt3)5I]I, ʮʠʩ-/ʪʨʘʥʩ-

[{Re6(ɛ3-Se)8}(PEt3)4I2] ʩ AgCN ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ 

[{Re6(ɛ3-Se)8}(PEt3)5(CN)](BPh4), ʮʠʩ- /ʪʨʘʥʩ-[{Re6(ɛ3-Se)8}(PEt3)4(CN)2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʧʨʠ ʩʠʥʪʝʟʝ [{Re6(ɛ3-Se)8}(PEt3)5(CN)](BPh4) ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʩʷ NaBPh4) [353]. 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ, ʩʦ-

ʩʪʘʚʘ [{Re6Se8}(PEt3)5(CO)](SbF6)2 ʠ ʮʠʩ-/ʪʨʘʥʩ-[{Re6Se8}(PEt3)4(CO)2](SbF6)2 [354, 355]. 

ɼʣʷ ʵʪʦʛʦ ʠʩʭʦʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [{Re6Se8}(PEt3)5I]I, ʮʠʩ-/ʪʨʘʥʩ-

[{Re6Se8}(PEt3)4I2] ʨʘʩʪʚʦʨʷʣʠ ʚ CH2Cl2, ʨʘʩʪʚʦʨ ʥʘʩʳʱʘʣʠ CO, ʜʦʙʘʚʣʷʣʠ AgSbF6 ʠ ʧʝ-

ʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ. 

ʆʜʥʠʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʤ ʦʙʨʘʟʦʤ, ʘ ʠʤʝʥʥʦ ʟʘʤʝʱʝ-

ʥʠʝʤ ʪʝʨʤʠʥʘʣʴʥʳʭ Iï ʣʠʛʘʥʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʩʝʨʝʙʨʘ Ag+, ʷʚʣʷʝʪʩʷ 

[{Re6Se8}(PEt3)5(OTs)]OTs ʧʦʣʫʯʝʥʥʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [{Re6Se8}(PEt3)5I]I ʩ ʪʦʟʠʣʘʪʦʤ 

ʩʝʨʝʙʨʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ [356]. ʇʦʟʞʝ ʜʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ SIMes 

(1,3-ʙʠʩ(2,4,6-ʪʨʠʤʝʪʠʣʬʝʥʠʣ)-4,5-ʜʠʛʠʜʨʦʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥ), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 1,4 

ʵʢʚʠʚʘʣʝʥʪʘʤʠ SIMes ʚ ʊɻʌ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʳʣ ʧʦʣʫʯʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Re6Se8}(PEt3)5(SIMes)](OTs)2 [357]. ʊʘʢʞʝ ʘʚʪʦʨʳ 

ʧʨʦʚʝʣʠ ʜʘʥʥʫʶ ʨʝʘʢʮʠʶ ʧʨʠ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (6 ʵʢʚʠʚʘʣʝʥʪʦʚ SIMes, 6 ʯʘʩʦʚ, 

ʥʘʛʨʝʚʘʥʠʝ) ʠ ʚʳʜʝʣʠʣʠ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-[{Re6Se8}(PEt3)4(SIMes)2](OTs)2, ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʨʫʛʦʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ Y. Sasaki ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (Bu4N)3[{Re6S8}Cl 6] 

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʠʜʠʥʘ ʠ ʧʠʨʘʟʠʥʦʤ [358-360]. ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʟʙʳʪʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʣʠʛʘʥʜʘ ʚ ɼʄʌɸ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʧʨʦʠʩʭʦ-

ʜʠʣʦ ʣʠʰʴ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʩʝʚʳʝ ʠʟʦʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)[{Re6S8}Cl 3L3] (L = ʧʠʨʠʜʠʥ, 4,4ô-ʙʠʧʠʨʠʜʠʣ ʠ 4-ʬʝ-

ʥʠʣʧʠʨʠʠʥ) ʠ ʩʝʨʠʷ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ (Bu4N)2[{Re6(ɛ3-S)8}Cl 4L2] (L = ʧʠʨʠʜʠʥ, 4-

ʮʠʘʥʦʧʠʨʠʜʠʥ, 4-ʤʝʪʠʣʧʠʨʠʜʠʥ, 4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʧʠʨʠʜʠʥ, 4,4ô-ʙʠʧʠʨʠʜʠʣ, 1,2-ʙʠʩ(4-

ʧʠʨʠʜʠʣ)ʵʪʘʥ, 4-ʬʝʥʠʣʧʠʨʠʜʠʥ ʠ ʧʠʨʘʟʠʥ). 

ʕʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʘʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ Ph2P(CH2)nPPh2 ʠ Ph2P(CH2)nP(O)Ph2 (n = 1-
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6) [361, 362]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʬʦʩʬʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʪ 1 ʜʦ 5 CH2 ʬʨʘʛʤʝʥʪʦʚ, 

ʢʘʢ ʠ ʜʠʬʦʩʬʠʥʤʦʥʦʦʢʩʠʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʦʜʥʠʤ ʘʪʦʤʦʤ ʬʦʩʬʦʨʘ ʧʦ ɖ1-ʪʠʧʫ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [{Re6Se8}(ɖ1-Ph2P(CH2)nPPh2)mI6ïm]mï4 ʠ 

[{Re6Se8}(Ph2P(CH2)nP(O)Ph2)mI6ïm]mï4, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʘʣʠʬʘʪʠʯʝ-

ʩʢʦʡ ʮʝʧʠ ʜʣʷ ʜʠʬʦʩʬʠʥʦʚ ʜʦ n = 6, ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ ʜʚʫʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʩ ʦʜʥʠʤ 

ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [{Re6Se8}(Õ-Ph2P(CH2)6PPh2)2mI6ï2m]2mï4. 

ɼʦʩʪʘʪʦʯʥʦ ʥʝʪʠʧʠʯʥʳʡ ʧʦʜʭʦʜ ʢ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʙʳʣ ʧʨʝʜʣʦ-

ʞʝʥ ʚ ʨʘʙʦʪʝ [363]. ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʨʝʘʢʮʠʶ ʟʘʤʝʱʝʥʠʷ ʦʜʥʦʛʦ 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʘʪʦʤʘ ʭʣʦʨʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ (Bu4N)4[{Re6S8}Cl 6] ʥʘ ʤʦʣʝʢʫʣʫ 4-

ʬʝʥʠʣʧʠʨʠʜʠʥʘ (4-PhPy) ʚ ʘʮʝʪʦʥʝ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ (16 ʯʘʩʦʚ) ʨʪʫʪʥʦʡ ʣʘʤ-

ʧʦʡ ʤʦʱʥʦʩʪʴʶ 100 ɺʪ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʠ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʣʠʛʘʥʜʘ, ʙʳʣ ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ 

(Bu4N)3[{Re6S8}(4-PhPy)Cl5] ʩ 60% ʚʳʭʦʜʦʤ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝ-

ʨʦʤ ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʛʝʢʩʘʨʝʥʠʝʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʦʜʥʠʤ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠ-

ʯʝʩʢʠʤ ʠ ʧʷʪʴʶ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʇʦʣʫʯʘʝʤʳʝ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ ʢʦʤʧʣʝʢʩʳ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ, ʦʢʘʟʘʣʠʩʴ 

ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʦʨʛʘ-

ʥʠʯʝʩʢʠʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ çʪʨʠʬʣʘʪʥʳʤè ʤʝʪʦʜʦʤ ʜʣʷ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʇʦʩʢʦʣʴʢʫ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʢʦʦʨ-

ʜʠʥʠʨʦʚʘʥʥʳʝ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʷʚʣʷʶʪ ʣʘʙʠʣʴʥʳʤʠ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʱʝʥʳ 

ʥʘ ʜʨʫʛʠʝ ʣʠʛʘʥʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʢʦʤʧʣʝʢʩʳ 

[{Re6Q8}(PEt3)n(MeCN)6ïn]2+ (Q = S, Se) ʠ ʚʦʚʣʝʢʘʪʴ ʠʭ ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʫʢʣʝʦ-

ʬʠʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʪʠʧʠʯʥʦʡ ʤʝʪʦʜʠʢʦʡ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʢʠʧʷʯʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʘʮʝʪʦʥʠʪ-

ʨʠʣ-ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [{Re6Q8}(PEt3)n(L)6ïn]2+, ʛʜʝ L = SCNï, 

ʧʠʨʠʜʠʥ, 4,4ô-ʙʠʧʠʨʠʜʠʣ, 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʘʥ, 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥ, ʥʠʢʦʪʠʥʘ-

ʤʠʜ, ʠʟʦʥʠʢʦʪʠʥʘʤʠʜ, ʠʟʦʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʦʩʬʠʥʦʚ ʪʘʢʠʤʠ 

ʢʘʢ 1,3,5-ʪʨʠʘʟʘ-7-ʬʦʩʬʘʘʜʘʤʘʥʪʘʥ, ʠ ʩʦ ʩʣʦʞʥʳʤʠ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘ-

ʱʠʤʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ ʠʣʠ ʬʝʨʨʦʮʝʥ ʠ ʪ.ʜ. [351, 352, 364-383]. 

ɼʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʘʷ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʦʧʠʩʘʥʘ ʚ ʩʪʘʪʴʷʭ [352, 370, 372]. ʆʪʣʠʯʠ-

ʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ. ʉʪʨʦʝʥʠʝ ʧʨʦ-

ʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʝʛʢʦ ʫʭʦʜʷʱʠʭ ʪʝʨʤʠʥʘʣʴ-

ʥʳʭ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʠʩʭʦʜʥʦʛʦ [{Re6Se8}(PEt3)n(MeCN)6ï

n]2+ ʠ ʜʝʥʪʘʪʥʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. 
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ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʝ [352] ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚ ʢʦʪʦʨʳʭ ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʘʥʳ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʠʨʠʜʠʣʧʨʦ-

ʠʟʚʦʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʜʠ- ʠ ʪʨʠʢʣʘʩʪʝʨʥʳʝ ʦʣʠʛʦʤʝʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʂʘʪʠʦʥʥʳʝ ʜʠ-

ʤʝʨʳ [{{Re6Se8}L 1/2(PEt3)5} 2]4+ (L = 4,4ô-ʙʠʧʠʨʠʜʠʣ (4,4ô-bipy), 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥ 

(4,4ô-py2C2H2) ʠ 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʘʥ (4,4ô-py2C2H4)) ʠ ʪʨʠʤʝʨ [{{Re6Se8}(4,4ô-

bipy)1/2(PEt3)5} 2{{Re 6Se8}(4,4ô-bipy)2/2(PEt3)4}] 6+ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʤʝʶʪ 

ʣʠʥʝʡʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 49). 

 

ʈʠʩ. 49. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʜʠʤʝʨʦʚ [{{Re6Se8}(4,4ô-bipy)1/2(PEt3)5} 2]4+ (ʘ), 

[{{ Re6Se8}(4,4ô-py2C2H4)1/2(PEt3)5} 2]4+ (ʙ) ʠ ʪʨʠʤʝʨʘ 

[{{ Re6Se8}(4,4ô-bipy)1/2(PEt3)5} 2{{Re 6Se8}(4,4ô-bipy)2/2(PEt3)4}] 6+ (ʚ); 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʵʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʣʠʛʘʥʜʦʚ PEt3 ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

ɺ ʩʪʘʪʴʝ [370] ʦʧʠʩʘʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ʮʠʢʣʦ-

[{Re6Se8}(PEt3)4L] 4(SbF6)8 (L = 4,4ô-bpy, 4,4ô-py2C2H2 ʠ 4,4ô-py2C2H4), ʚ ʢʦʪʦʨʳʭ ʯʝʪʳʨʝ 

ʢʣʘʩʪʝʨʘ ʩʚʷʟʘʥʳ ʚ ʮʠʢʣ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʙʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʢ ʮʠʩ-ʘʪʦʤʘʤ ʨʝʥʠʷ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ (ʨʠʩ. 50). ʂʣʘʩʪʝʨʥʦʤʫ ʢʘʪʠʦʥʥʦʤʫ çʪʝʪʨʘʤʝʨʫè 

ʤʦʞʥʦ ʧʨʠʧʠʩʘʪʴ ʬʦʨʤʫʣʫ [{{Re6Se8}(L) 2/2(PEt3)4} 4]8+. ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʛʝʧʪʘʤʝʨʥʳʝ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{{Re6Se8}(L) 1/2(PEt3)5} 6{{Re 6Se8}(L) 6/2}] 14+ (L = 4,4ô-py2C2H2 ʠ 

4,4ô-py2C2H4) ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʩʪʘʪʴʝ [372]. ɿʜʝʩʴ ʦʜʠʥ ʢʣʘʩʪʝʨ ʩʚʷʟʘʥ ʯʝʨʝʟ ʚʩʝ ʘʪʦʤʳ 

ʨʝʥʠʷ ʩ ʰʝʩʪʴʶ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʙʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ L. 
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ʈʠʩ. 50. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ çʪʝʪʨʘʤʝʨʘè [{{Re6Se8}(4,4ô-bipy)2/2(PEt3)4} 4]8+; 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʵʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʣʠʛʘʥʜʦʚ PEt3 ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

 

ʈʠʩ. 51. ʉʪʨʦʝʥʠʝ ʪʨʠʤʝʨʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [{{Re6(ɛ3-Se)8}(PEt3)5(L)1/3} 3]6+, 

L = 2,4,6-ʪʨʠ-4-ʧʠʨʠʜʠʣ-1,3,5-ʪʨʠʘʟʠʥ; 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʵʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʣʠʛʘʥʜʦʚ PEt3 ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʦʣʠʛʦʤʝʨʳ ʦʙʨʘʟʦʚʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʷʟʳʚʘʥʠʷ ʢʣʘʩʪʝ-

ʨʦʚ ʙʠʜʝʥʪʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɹʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʪʨʠ ʠ ʯʝʪʳʨʝ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘ ʩʚʷʟʘʥʳ ʦʜʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦ-

ʣʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ [373]. ʆʣʠʛʦʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʦʡ 

[{{Re 6(ɛ3-Se)8}(PEt3)5(L)1/n} n]2n+ (L = 2,4,6-ʪʨʠ-4-ʧʠʨʠʜʠʣ-1,3,5-ʪʨʠʘʟʠʥ, n = 3; L = 

5,10,15,20-ʪʝʪʨʘ(4-ʧʠʨʠʜʠʣ)-21H,23H-ʧʦʨʬʠʥ, n = 4). ʅʘ ʨʠʩ. 51 ʧʦʢʘʟʘʥʦ ʩʪʨʦʝʥʠʝ ʪʨʠ-

ʤʝʨʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [{{Re6(ɛ3-Se)8}(PEt3)5(L)1/3} 3]6+ (L = 2,4,6-ʪʨʠ-4-ʧʠʨʠʜʠʣ-

1,3,5-ʪʨʠʘʟʠʥ). 
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ʂʨʦʤʝ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʝ-

ʥʠʷ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘ-

ʮʠʠ. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Re6Se8}(PEt3)5(MeCN)](SbF6)2 ʠ ʪʨʘʥʩ-

[{Re6Se8}(PEt3)4(MeCN)2](SbF6)2 ʚ ʤʝʪʠʣʦʚʦʤ ʠʣʠ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʦʡ ʨʝ-

ʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʩʧʠʨʪ, ʧʨʦʠʟʦʰʣʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣ ʩʧʠʨʪʘ ʢ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʤʦʣʝʢʫʣʘʤ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ 

[{ Re6Se8}( PEt3)5(HN=C(OMe)Me)]2ï, [{ Re6Se8}( PEt3)5(HN=C(OEt)Me)]2ï ʠ ʪʨʘʥʩ-

[{ Re6Se8}( PEt3)4(HN=C(OMe)Me)2]2ï [384]. ʇʦʟʞʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ 2-ʦʢʩʘʟʦʣʠʥʳ ʠ 1,3-ʦʢʩʘʟʠʥʳ [385]. ɼʣʷ ʵʪʦʛʦ ʘʚ-

ʪʦʨʳ ʧʨʦʚʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [{Re6Se8}(PEt3)5(RCN)](BF4)2 (R = Me, Ph) c ICH2CH2OH ʠʣʠ 

BrCH2CH2CH2OH ʚ ʧʨʠʩʫʪʩʪʚʠʠ nBuLi ʧʨʠ 0-25Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [{Re6Se8(PEt3)5L](BPh4)2, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ L ʚʳʩʪʫʧʘʣʠ 2-

ʤʝʪʠʣ-2-ʦʢʩʘʟʦʣʠʥ, 2-ʬʝʥʠʣ-2-ʦʢʩʘʟʦʣʠʥ, 2-ʤʝʪʠʣ-1,3-ʦʢʩʘʟʠʥ ʠ 2-ʬʝʥʠʣ-1,3-ʦʢʩʘʟʠʥ. 

ʂʨʦʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʧʠʨʪʘʤʠ, ʚ ʨʘʙʦʪʝ [386] ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Re6Se8}(PEt3)5(MeCN)](SbF6)2 ʠ ʮʠʩ-/ʪʨʘʥʩ-

[{Re6Se8}(PEt3)4(MeCN)2](SbF6)2 ʩ ʘʤʤʠʘʢʦʤ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʘʮʝʪʘʤʠʜʠʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠ-

ʛʘʥʜʦʚ ʩʦʩʪʘʚʘ [{Re6Se8}(PEt3)5(HN=C(NH2)Me)](SbF6)2 ʠ ʮʠʩ-/ʪʨʘʥʩ-

[{Re6Se8}(PEt3)4(HN=C(NH2)Me)2](SbF6)2. 

ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠ-

ʪʨʠʣʘ ʫʯʫʚʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʷʭ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ (ʠʣʠ [3 + 2]-ʮʠʢʣʦʧʨʠʩʦ-

ʝʜʠʥʝʥʠʷ) ʩ ʘʟʠʜ-ʠʦʥʦʤ [387]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [{Re6Se8}(PEt3)5(MeCN)]2+ ʩ ʘʟʠʜʦʤ 

ʥʘʪʨʠʷ ʠʣʠ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʘʮʝʪʦʥʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʙʳʣʘ ʧʦʣʫ-

ʯʝʥʘ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ [{Re6Se8}(PEt3)5(2,5-CH3N4C)]+ ʠ [{Re6Se8}( PEt3)5(1,5-CH3N4C)]+, 

ʩʦʜʝʨʞʘʱʠʭ ʪʝʪʨʘʟʦʣʘʪʥʳʝ ʣʠʛʘʥʜʳ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 

[{Re6Se8}(PEt3)5(1,5-CH3N4C)]+. ʇʦʟʞʝ ʚ ʨʘʙʦʪʝ [388] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠ-

ʪʨʠʣʘ, ʥʦ ʪʘʢʞʝ ʠ ʜʨʫʛʠʭ ʥʠʪʨʠʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʝʥʟʦ-, ʧ-ʘʤʠʥʦʙʝʥʟʦ-, ʧ-ʤʝʪʦʢʩʠʙʝʥʟʦ-, 4-

ʥʠʪʨʦʙʝʥʟʦ- ʠ 4-ʘʮʝʪʠʣʙʝʥʟʦʥʠʪʨʠʣ. 

ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ Z. Zhengôʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʚ ʪʘʢʠʭ ʨʝʘʢʮʠʷʭ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝ ʧʨʦʩʪʦʡ ʘʟʠʜ-ʠʦʥ, ʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʟʠʜʳ ʪʘʢʠʝ ʢʘʢ ʘʟʠʜʦʤʝʪʠʣʙʝʥʟʦʣ ʠ (1-ʘʟʠʜʦ-

ʵʪʠʣ)ʙʝʥʟʦʣ, ʪʦ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʝ 30 ʯʘʩʦʚ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʪʨʘ-

ʟʦʣʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʘʟʠʜ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʝʛʦ ʬʦʪʦʨʘʟʣʦʞʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{Re6Se8}(PEt3)n(PhN=CHCH3)6-n]2+ ʠʣʠ [{Re6Se8}(PEt3)n(HN=CHPh)6-n]2+ ʩ ʠʤʠʥʘʤʠ ʚ ʢʘ-

ʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ [389, 390]. 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʟʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ 

ʚ ʨʝʘʢʮʠʷʭ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [{Re6Se8}(PEt3)5N3]BF4 ʠ ʮʠʩ-[{Re6Se8}(PEt3)4(N3)2] ʩ ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨ-

ʙʦʢʩʠʣʘʪʦʤ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʠʘʟʦʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

[{Re6Se8}(PEt3)5N3]BF4 ʠ ʮʠʩ-[{Re6Se8}(PEt3)4(N3)2] ʧʦʣʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

[{Re6Se8}(PEt3)5py](BF4)2 ʠ ʮʠʩ-[{Re6Se8}(PEt3)4(py)2](BF4)2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʘʟʠʜʦʤ 

ʥʘʪʨʠʷ ʚ ɼʄʌɸ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ [379]. 

1.3.3.1.2. ʈʝʘʢʮʠʠ ʚ ʚʦʜʝ 

ʂʨʦʤʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʭʘʣʴʢʦʛʝ-

ʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ, ʠʟ-

ʚʝʩʪʥʳ, ʭʦʪʴ ʠ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʧʨʠʤʝʨʳ ʠʭ ʟʘʤʝʱʝʥʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʘʷ ʪʘʢʠʝ ʨʝʘʢʮʠʠ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 2003 ʛʦʜʫ. 

ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ Cs4[{Re6S8}Br 6] ʠ ʘʟʠʜʘ 

ʥʘʪʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ ʚʳʜʝʣʝʥ ʛʝʢʩʘʘʟʠʜʥʳʡ ʢʣʘʩʪʝʨ-

ʥʳʡ ʢʦʤʧʣʝʢʩ Cs4[{Re6S8}(N 3)6]ĿH2O [112]. 

ʇʦʟʞʝ ʚ ʩʪʘʪʴʝ [391] ʙʳʣʦ ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ 

[{Re6Se7Br}(NH 3)6][{Re6Se7Br}Br 6]Ŀ12H2O. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ Cs3[{Re6Se7Br}Br 6] c ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʆʜʥʘʢʦ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ñʚʦʜʥʦʡò ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʨʝʥʠʷ ʧʨʦʠʟʦʰʣʦ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʚ 2005 ʛʦʜʫ ʛʝʢʩʘʛʠʜʨʦʢʩʦ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʩʪʘʚʘ K4[{ Re6Q8}( OH)6] ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʨʘʩʧʣʘʚʥʦʡ ʭʠʤʠʠ (ʩʤ. ʜʘʣʝʝ ʧ. 1.3.3.1.3) 

[392]. ɹʳʣʦ ʫʩʧʝʰʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʢʨʘʩʥʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʝʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩ ʟʘʤʝʱʝʥʠʝʤ ʪʝʨ-

ʤʠʥʘʣʴʥʳʭ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ. 

ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʦʡ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ [{Re6Q8}( tBuPy)4(OH)2] (Q = S, Se). ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘ-

ʟʫʝʪʩʷ ʪʦʣʴʢʦ ʪʝʪʨʘʟʘʤʝʱʝʥʥʘʷ ʬʦʨʤʘ [{Re6Q8}( tBuPy)4(OH)2], ʜʘʞʝ ʝʩʣʠ ʪʨʝʪ-ʙʫʪʠʣʧʠ-

ʨʠʜʠʥ ʙʝʨʝʪʩʷ ʚ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ. ʇʨʠ ʵʪʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʘʥʩ-ʠʟʦʤʝʨʘ (~ 90%) (ʨʠʩ. 52), ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʮʠʩ-ʠʟʦʤʝʨʘ ʧʦʩʣʝ ʜʚʫʭ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʚʪʦʨʳ ʟʘʤʝʩʪʠʣʠ ʜʚʝ ʦʩʪʘʚʰʠʝʩʷ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ 

ʥʘ ʧʨʦʠʟʚʦʜʥʳʝ ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪʳ (HL = 3,4,5-ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ʠ 3,4,5-ʪʨʠ-

ʦʢʪʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ) ʚ ʭʣʦʨʙʝʥʟʦʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ ʪʨʘʥʩ-

[{Re6Q8}( tBuPy)4L2]. ʊʘʢʞʝ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʧʨʦʠʟʦʰʣʘ ʯʘʩʪʠʯʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ʢʣʘ-

ʩʪʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʠʩ-[{Re6Q8}( tBuPy)4L2] (~10%) [393]. 
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ʂʨʦʤʝ ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥʘ, ʪʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ N-ʛʝʪʝʨʦʮʠʢʣʳ ʢʘʢ 4-ʘʤʠ-

ʥʦʧʠʨʠʜʠʥ ʠ 4,4ô-ʙʠʧʠʨʠʜʠʥ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʨʘʥʩ-

[{Re6Q8} L4(OH)2] [394]. 

 
ʈʠʩ. 52. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʘ ʪʨʘʥʩ-[{ Re6(ɛ3-S)8}( TBP)4(OH)2]; ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ 

ʂʨʦʤʝ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʛʝʪʝʨʦʮʠʢʘʣʘʤʠ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʢʩʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʩ ʢʠʩʣʦʪʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʢʠʧʷʯʝʥʠʝ K4[{R e6Q8}(OH)6] ʩ ʨʘʩʪʚʦʨʦʤ HCl ʠʣʠ HBr (pH ~ 2) ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʱʝʥʠʶ ʚʩʝʭ ʛʠʜʨʦʢʩʦʛʨʫʧʧ ʥʘ Clï ʠʣʠ Brï, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [392]. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʢʩʘʛʠʜʨʦʢʩʦ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʫʨʘʚʴʠ-

ʥʦʡ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ ʥʘ ʦʩʪʘʪʢʠ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʢʠʩʣʦʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʢʩʘʬʦʨʤʠʘʪʥʦʛʦ [{Re6S8}(HCOO)6]4ï [395] ʠʣʠ ʛʝʢʩʘʘʮʝʪʘʪ-

ʥʦʛʦ [{Re6S8}(CH3COO)6]4ï [396] ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʨʘʩʪʚʦʨʠʪʴ ʢʘʣʠʝʚʳʝ ʩʦʣʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʝ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠ-

ʩʪʘʣʣʦʚ ʥʝʡʪʨʘʣʴʥʳʭ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ [{Re6Q8}(H 2O)4(OH)2]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʞʠʜʘʥʥʦʩʪʴʶ. ʈʘʥʝʝ ʙʳʣʦ ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʭʨʘʥʝʥʠʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʝʢʩʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ K4[{Re6S8}(OH)6] ʧʨʠʚʦ-

ʜʠʪ ʢ ʝʛʦ ʯʘʩʪʠʯʥʦʤʫ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ K2[{Re6S8}(H 2O)2(OH)4]Ŀ2H2O ʠ [{Re6S8}(H 2O)4(OH)2]Ŀ12H2O 

[397]. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʢʩʘʘʢʚʘʢʦʤʧʣʝʢʩʘ ʢ ʨʘʩʪʚʦʨʫ ʥʝʦʙ-

ʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ H2SO4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ 

ʩʦʩʪʘʚʘ [{Re6S8}(H 2O)6][{Re6S6Br2}Br 6] ([{Re6S6Br8]2ï ʙʳʣ ʜʦʙʘʚʣʝʥ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʠʦʥʘ). 

ʇʦʟʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ K4[{ Re6Se8}( OH)6] ʩ ʨʘʩʪʚʦʨʦʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʪʘʢʞʝ ʙʳʣ ʧʦ-

ʣʫʯʝʥ ʛʝʢʩʘʘʟʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ K4[{ Re6Se8}( N3)6] [398]. 

ʀʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ K4[{ Re6Q8}( OH)6] 

ʩ ʮʠʘʥʠʩʪʳʤ ʢʘʣʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʟʠʜʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʛʠʜʨʦʢʩʦ-

ʛʨʫʧʧ ʥʘ CNï ʥʝ ʧʨʦʠʟʦʰʣʦ, ʜʘʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʝʨʘ-ʩʦʜʝʨʞʘ-

ʱʝʛʦ ʢʦʤʧʣʝʢʩʘ K4[{ Re6S8}( OH)6] ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʣʠʰʴ ʜʚʫʭ OH-ʣʠʛʘʥʜʦʚ ʥʘ CNï

, c ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʘʥʩ-K4[{ Re6S8}( CN)2(OH)4] [399], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʝʣʝʥ-ʩʦʜʝʨʞʘʱʝʤ 



105 

 

ʢʦʤʧʣʝʢʩʝ ʟʘʤʝʱʘʝʪʩʷ ʯʝʪʳʨʝ OH-ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-

K4[{ Re6Se8}( CN)4(OH)2] [400]. 

1.3.3.1.3. ʈʝʘʢʮʠʠ ʚ ʨʘʩʧʣʘʚʘʭ ʧʨʦʣʠʛʘʥʜʦʚ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧ. 1.3.2.3 ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨʥʳʭ Re6Q8Br2 ʠʣʠ 

Re6Te15 ʩ ʨʘʩʧʣʘʚʦʤ KCN ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{Re6Q8}(CN)6]4ï. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʝʘʢʮʠʷʤʠ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴ-

ʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʠʩʭʦʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʧʦʣʠʤʝʨʦʚ [330-332]. ɻʝʢʩʘʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

NaCs3[{Re6Q8}(CN)6] (Q = S, Se) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ Cs4[{Re6Q8}Br 6],ĿCsBr ʠ 

Cs4[{Re6Se8}I 6], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʨʘʩʧʣʘʚʦʤ NaCN ʧʨʠ 635ÁC [333]. 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʧʨʦʚʦʞ-

ʜʘʶʱʠʡʩʷ ʟʘʤʝʱʝʥʠʝʤ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʷʭ [392, 401]. ɸʚʪʦʨʳ ʧʨʦ-

ʚʝʣʠ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʘʩʪʝʨʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Re6Q8Br2 ʩ ʨʘʩʧʣʘʚʦʤ 

KOH ʠʣʠ CsOH ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 280Áʉ ʜʣʷ Q = S ʠ 200Áʉ ʜʣʷ Q = Se ʚ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ 

ʪʠʛʣʝ ʥʘ ʚʦʟʜʫʭʝ. ʇʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʚʦʜʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

K4[{Re6Q8}(OH)6]Ŀ8H2O ʠʣʠ Cs4[{Re6S8}(OH)6]Ŀ6H2O ʠ Cs4[{Re6Se8}(OH)6]Ŀ8H2O. ʇʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʣʠʤʝʨʘ ʪʠʦʮʠʘʥʠʜʥʳʡ ʢʦʤʧʣʝʢʩ 

Cs4[{Re6S8}S2/2(CN)4] ʚʤʝʩʪʦ ʛʝʢʩʘʛʠʜʨʦʢʩʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʰʘʥ-

ʥʦʣʠʛʘʥʜʥʳʡ ʮʠʘʥʦʛʠʜʨʦʢʩʦ ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-[{Re6S8}(CN)4(OH)2]4ï, ʛʝʦʤʝʪʨʠʷ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ [402]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʷʥʦʡ, ʙʨʦ-

ʤʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʧʠʨʠʜʠʥʦʤ ʠ 4-ʤʝʪʠʣʧʠʨʠʜʠʥʦʤ (4-MePy). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʠʥʝʨʪʥʦʩʪʴ CN-ʛʨʫʧʧ ʠ ʜʦʩʪʘʪʦʯʥʘʷ ʣʘʙʠʣʴ-

ʥʦʩʪʴ OH-ʛʨʫʧʧ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʨʘʥʩ-

[{Re6S8}(CN)4L2], ʛʜʝ L = Cl, Br, H2O, Py ʠ 4-MePy [402-404]. 

ɻʝʢʩʘʨʦʜʘʥʠʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)4[{Re6S8}(NCS)6] ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʛʨʝ-

ʚʘʥʠʝʤ ʩʤʝʩʠ (Bu4N)3[{Re6S8}Cl 6] ʠ KSCN ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ [368]. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Re6Se8}(NCS)6]4ï ʙʳʣ ʧʦʣʫʯʝʥ ʥʝ ʨʝʘʢʮʠʝʡ ʚ ʨʘʩʧʣʘʚʝ 

KSCN, ʘ ʧʫʪʝʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩʤʝʩʠ ʧʦʣʠʤʝʨʥʦʛʦ Cs2Re6Se8Br4 ʩ KSCN ʚ 

ʵʪʘʥʦʣʝ [368]. 

ɽʜʠʥʩʪʚʝʥʥʳʝ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ [{Re6Q8}(H 2O)4F2]Ŀ12H2O (Q = S, Se), K[{Re6S8}(H 2O)3F3]Ŀ7H2O ʠ 

H3O[{Re6Se8}(H 2O)3F3]Ŀ7H2O ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Cs4[{Re6S8}Br 6]Ŀ2H2O ʠ 

Cs3[{Re6Se8}Br 6]ĿH2O ʩ ʨʘʩʧʣʘʚʦʤ KFĿHF ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 270-300Áʉ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝ-

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʚʦʜʳ ʠʣʠ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [405]. 

ʉʝʨʠʷ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʨʘʩʧʣʘʚʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʣʠʛʘʥʜʦʚ, ʙʳʣʘ ʩʜʝʣʘʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʜʠʩ-
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ʩʝʨʪʘʥʪʦʤ. ɺ ʨʘʙʦʪʘʭ [406, 407], ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝ-

ʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

Cs4[{Re6S8}Br 6]Ŀ2H2O ʠ Cs3[{Re6Se8}Br 6]ĿH2O ʩ ʨʘʩʧʣʘʚʦʤ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʘ (3,5-

Me2pzH) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [{Re6S8}(3,5-Me2pzH)6]Br2Ŀ2(3,5-Me2pzH) [406]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʦ-

ʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʩ ʨʘʩʧʣʘʚʦʤ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʠʣʠ ʠʤʠʜʘʟʦʣʘ (imzH), ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝ-

ʣʝʥʳ ʰʝʩʪʠʟʘʤʝʱʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [{Re6Q8}(4-NH2-Py)6]Br2 [408] ʠ 

[{Re6Q8}( imzH)4(imz)2] [409]. 

ʇʦʟʞʝ ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʪʘʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ L, ʢʘʢ ʪʨʠ-

ʬʝʥʠʣʬʦʩʬʠʥ, ʪʨʠʬʝʥʠʣʘʨʩʠʥ, ʪʨʠʬʝʥʠʣʩʪʠʙʠʥ ʠ ʧʠʨʘʟʠʥ. ʆʜʥʘʢʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ Cs4[{Re6Q8} X6] (Q = S, Se; X = Cl, 

Br, I) ʩ ʨʘʩʧʣʘʚʦʤ ʵʪʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʣʠʰʴ ʯʝʪʳʨʝʭʟʘ-

ʤʝʱʝʥʥʳʭ ʥʝʡʪʨʘʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[{ Re6Q8} L4X2]. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʚʳʩʪʫʧʘʣ ʠʤʝʥʥʦ ʪʨʘʥʩ-ʠʟʦʤʝʨ [410-413]. 

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʣʘ-

ʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦ ʩʤʝʰʘʥʥʳʤ ʭʘʣʴʢʦʙʨʦʤʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ, ʘ ʠʤʝʥʥʦ 

Cs3[{ Re6Q7Br} Br6], ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ, ʪʨʠʬʝʥʠʣʘʩʠʥʦʤ ʠ ʧʠʨʘʟʠ-

ʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʘʥʝʚʦʛʦ ʠʟʦʤʝʨʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʛʨʘʥ-[{ Re6Q7Br} L3X3] [410, 411, 414]. 

ɹʦʣʝʝ ʠʥʪʝʨʝʩʥʘʷ ʩʠʪʫʘʮʠʷ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ K2[{ Re6S6Br2} Br6] c 

ʨʘʩʧʣʘʚʦʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ, ʢʦ-

ʪʦʨʫʶ ʫʜʘʣʦʩʴ ʨʘʟʜʝʣʠʪʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 2 ʥʦʚʳʭ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟʳ ʩʦʩʪʘʚʘ ʮʠʩ-[{ Re6S6Br2}( PPh3)2Br4] ʠ ʪʨʘʥʩ-[{ Re6S6Br2}( PPh3)2Br4]. 

ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʢ ʮʠʩ-, ʪʘʢ ʠ ʪʨʘʥʩ-

ʠʟʦʤʝʨ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʟʦʤʝʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʨʠʩ. 53) ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠ-

ʨʦʚʘʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʝʛʦ ʧʦʣʫʯʝʥʠʠ ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ [410]. 

 
ʈʠʩ. 53. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʩ-[{ Re6S6Br2}( PPh3)2Br4] (ʩʣʝʚʘ) ʠ  

ʪʨʘʥʩ-[{ Re6S6Br2}( PPh3)2Br4] (ʩʧʨʘʚʘ) 

ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʘʣʴʢʦʛʘʣʦʛʝ-

ʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʨʘʩʧʣʘʚʘʤʠ ʘʧʨʦʪʦʥʥʳʭ ʣʠʛʘʥʜʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪ-

ʥʦʩʷʪʩʷ PPh3, AsPh3, SbPh3 ʠ ʧʠʨʘʟʠʥ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʠʟʦʤʝʨʘ 
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ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʧʨʦʪʦʥʥʳʭ ʣʠʛʘʥʜʦʚ (ʥʘʧʨʠʤʝʨ, 3,5-Me2pzH, 4-NH2-Py) ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ 

ʚʩʝʭ 6 ʪʝʨʤʠʥʘʣʴʥʳʭ ʛʘʣʦʛʝʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʧʠʢʘʣʴʥʦ-ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʘʪʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. 

ʉʠʥʪʝʟ ʝʱʝ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʥʠʷ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʨʘʙʦʪʝ [399]. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠʷ ʮʠʘʥʦʛʠʜʨʦʢʩʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Cs2.67K1.33[{Re6S8}(CN)2(OH)4]Ŀ4H2O. ʊʘʢʦʡ 

ʢʦʤʧʣʝʢʩ ʙʳʣ ʚʦʚʣʝʯʝʥ ʚ ʨʝʘʢʮʠʶ ʩ ʨʘʩʧʣʘʚʦʤ 3,5-Me2pzH ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180Áʉ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ ʪʨʘʥʩ-[{Re6S8}(3,5-

Me2pzH)4(CN)2]Ŀ2H2O, ʪ.ʝ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʦʠʟʦʰʣʦ ʟʘʤʝʱʝʥʠʝ ʣʠʰʴ ʯʝʪʳʨʝʭ ʛʠʜ-

ʨʦʢʩʦ-ʛʨʫʧʧ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʚʘ CN-ʣʠʛʘʥʜʘ ʚ ʨʝʘʢʮʠʠ ʥʝ ʫʯʘʩʪʚʦʚʘʣʠ. 

1.3.3.2. ɿʘʤʝʱʝʥʠʝ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʝʥʠʷ 

ɺʦ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʩʣʫʯʘʷʭ ʟʘʤʝʱʝʥʠʷ Õ3-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 

ʩʦʧʫʪʩʪʚʫʶʪ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [415-417] ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩʪʫʧʝʥʯʘʪʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʣʣʫʨʘ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʚ ʩʦʝʜʠʥʝʥʠʠ Re6Te15 ʥʘ ʩʝʨʫ ʠ ʩʝʣʝʥ. ʈʝʘʢʮʠʠ Re6Te15 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ S ʠ Se ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550ÁC. ʇʦʣʫʯʝʥ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʦʚʣʝʢʘʣʠ ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʩʧʣʘʚʦʤ ʮʠʘʥʠʜʘ ʢʘʣʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʚ ʠʪʦʛʝ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ K4[{Re6TexQ8ïx}(CN)6] (Q = S, Se; x = 1-8), ʚʦʜʥʳʝ 

ʨʘʩʪʚʦʨʳ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʗʄʈ ʥʘ ʷʜʨʘʭ 77Se ʠ 125Te. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤ ʩ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ ʪʝʣʣʫʨʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɺ ʩʣʫʯʘʝ ʞʝ 

ʨʝʘʢʮʠʠ Re6Te15 ʩ ʩʝʨʦʡ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʟʫʣʴʪʘʪ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʥʝʦʙʳʯʥʳʤ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Re6Te15 ʩ ʙʦʣʝʝ ʯʝʤ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥ-

ʪʘʤʠ ʩʝʨʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 700Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʛʦ ʪʠʦ-

ʪʝʣʣʫʨʠʜʘ ʩʦʩʪʘʚʘ Re4S4Te4 [416]. 

ɼʣʷ ʪʠʦʢʣʘʩʪʝʨʘ ʦʧʠʩʘʥʘ ʪʘʢʞʝ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ K4[{Re6TexS8ïx}(CN)6]: 

ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʝʘʢʮʠʝʡ Re6Te15 ʩ ʨʘʩʧʣʘʚʦʤ KSCN [418]. ʇʦʣʫʯʘʝʤʳʡ ʚ 

ʠʪʦʛʝ ʘʥʠʦʥʥʳʡ ʪʠʦʮʠʘʥʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʣʣʫʨʘ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʬʦʨʤʫʣʦʡ [{Re6S7.4Te0.6}(CN)6]4ï. ʊʘʢʞʝ ʙʳʣ ʧʦʣʫ-

ʯʝʥ ʩʤʝʰʘʥʥʳʡ ʢʣʘʩʪʝʨ ʩʦʩʪʘʚʘ [{Re6S6.68Te1.32}(CN)6]4ï [419]. ʉʦʝʜʠʥʝʥʠʝ 

K3[{Re6S7Br}Br 6] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʙʨʦʤʘ ʥʘ ʩʝʨʫ ʚ ʢʣʘʩʪʝʨ-

ʥʦʤ ʷʜʨʝ ʠʩʭʦʜʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Re6S4Br4}Br 6] ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʩʧʣʘʚʦʤ ʨʦ-

ʜʘʥʠʜʘ ʢʘʣʠʷ (550ÁC, 72 ʯʘʩʘ) [326]. 

ɺ ʨʘʙʦʪʝ [420] ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʟʘ 

ʩʯʸʪ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Re6Se8Br2 ʩ ʨʘʩʧʣʘʚʦʤ KOH (280Áʉ) ʥʘ ʚʦʟʜʫʭʝ ʩ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ CsCl ʚ ʧʨʠʩʫʪʩʪʚʠʠ HCl. ʇʦʣʫʯʝʥʥʳʡ 
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ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ Cs11(H3O)[{Re6Se4O4}Cl 6]3Ŀ4H2O ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Re6Se4O4}, 

ʚ ʢʦʪʦʨʦʤ ʯʝʪʳʨʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʟʘʥʠʤʘʶʪ ʛʨʘʥʴ ʢʫʙʘ Se4O4. 

ɽʱʝ ʦʜʠʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʘ 

ʠʤʝʥʥʦ [{Re6Q7O}(3,5-Me2pzH)6]Br2Ŀ3,5-Me2pzH ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

Cs3[{Re6Q7Br}Br 6]ĿH2O ʩ ʨʘʩʧʣʘʚʦʤ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ ʚ ʪʝʯʝ-

ʥʠʝ 48 ʯʘʩʦʚ [406]. 

ʂʨʦʤʝ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʘʢʮʠʠ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʩʪʚʦʨʥʦʡ ʭʠ-

ʤʠʠ. ʊʘʢ, ʩʦʝʜʠʥʝʥʠʷ (Pr4N)2[{Re6Se6Cl2}Cl 6] ʠ (Bu4N)2[{Re6Se6Cl2}Cl 6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Pr4N[{Re6Se5Cl3}Cl 6] ʠ 

Bu4N[{Re6Se5Cl3}Cl 6] ʩ Li2Se ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [421]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʧʝʨʩʠʠ [{Re6Se4Cl4}Cl 6] ʩ Pr4NCl ʚ ɼʄʌɸ ʧʨʠ ʥʝ-

ʙʦʣʴʰʦʤ ʥʘʛʨʝʚʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ (Pr4N)2[{Re6Se4O2Cl2}Cl 6]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (Bu4N)[{Re6Q5Cl3}Cl 6] (Q = S, Se) ʠ (Me3Si)2E (E = O, S, Se, Te) 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩʦʩʪʘʚʘ (Bu4N)2[{Re6Q5ECl2}Cl 6] [422]. ʂʨʦʤʝ ʪʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

Ca[{ Re6S6Cl2} Cl6] ʩ (Me3Si)2E (E = NH, P, AsPh, O ʠʣʠ S) ʠ ʪʨʠʧʨʦʧʠʣʬʦʩʬʠʥʦʤ ʚ ʩʤʝʩʠ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Re6S6X2}( PPr3)6][{ Re6S6Cl2} Cl6] (X = NH, O ʠʣʠ S) ʠ [{Re6S6X2}( PPr3)6] 

(X = As ʠʣʠ P) [423]. 

ʕʪʘ ʞʝ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʚ ʨʘʙʦʪʝ [155] ʠʩʩʣʝʜʦʚʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

(Bu4N)[{Re6Q5Cl3}Cl 6] (Q = S, Se) ʠ (Me3Si)2NR (R = H, Me, CH2Ph). ʊʘʢ ʧʨʠ R Í H, ʙʳʣ 

ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [{Re6Q5Cl2(NR)} Cl6]2ï, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ R = H ʦʙʨʘʟʫʝʪʩʷ 

[{ Re6Q5Cl2(NSiMe3)} Cl6]2ï. ʂʨʦʤʝ ʪʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [{Re6Q5Cl2(NSiMe3)} Cl6]2ï ʩ 

Bu4NF ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [{Re6Q5Cl2(NH)} Cl6]2ï. ɽʩʣʠ ʞʝ ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʦʚʦʜʠʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PhCH2Cl/Et3N, ʪʦ ʦʙʨʘʟʫʝʪʩʷ [{Re6Q5Cl2(NCH2Ph)} Cl6]. 

1.3.3.3. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʜʣʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ. ʍʦʪʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʝ ʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ 

ʦʙʲʷʩʥʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʝʩʦʤʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ñʮʝʥʳ ʠ ʢʘʯʝʩʪʚʘò ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʯʝʚʠʜʥʦ, 

ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ, ʚʚʠʜʫ ʜʦʨʦʛʦʚʠʟʥʳ ʧʦʩʣʝʜʥʝʛʦ, ʙʫʜʫʪ ʜʦ-

ʨʦʞʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʜʣʷ ʤʦʣʠʙʜʝʥʘ. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʶʪʩʷ 

ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝ-

ʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʧʨʦʷʚʣʷʶʪ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʶ ʚ ʢʨʘʩʥʦʡ/ʙʣʠʞʥʝʡ-ʀʂ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʩ ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ (ʚʧʣʦʪʴ 
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ʜʦ 0,67). ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ, ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʬʦʩʬʦʨʝʩʮʝʥ-

ʮʠʶ ʚ ʵʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʩʧʦʩʦʙʥʳ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘ-

ʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʜʥʘʢʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,2 

[424]. 

ʆʜʥʘʢʦ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʯʠʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʦʣʫʯʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ 

ʤʘʪʨʠʮ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

1.3.3.3.1. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʜʘʪʠʨʫʶʪʩʷ 2010 ʛʦʜʦʤ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʨʘʙʦʪ ʦʧʠʩʳʚʘʝʪ ʚʢʣʶʯʝʥʠʝ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ K4[{Re6Q8}(OH)6] (Q = S, Se), Cs1.68K2.32[{Re6S8}(CN)4(OH)2] ʠ 

Cs4[{Re6S8}Br 6] ʚ ʤʘʪʨʠʮʫ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (~50 ʥʤ) [425]. ɸʚʪʦʨʳ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʫʩʧʝʰʥʦ ʚʢʣʶʯʘʶʪʩʷ ʚ SiO2, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʩ 

Cs4[{Re6S8}Br 6] ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʙʨʦʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʠʟ K4[{Re6S8}(OH)6]. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʜʨʫʛʘʷ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʚʢʣʶʯʠʣʘ ʚ ʤʘʪʨʠʮʫ SiO2 ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ [{Re6S8}(Bu3P)5X]X ʠ [{Re6S8}( Et3P)5X]X (X = Br, I) [426]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʩ ʜʠʘʤʝʪʨʦʤ 10-20 ʥʤ. ʀʩʧʦʣʴʟʫʷ ʣʦ-

ʚʫʰʢʫ ʥʘ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʘ ʠʤʝʥʥʦ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʝʥ, ʘʚʪʦʨʳ ʚʧʝʨʚʳʝ ʜʣʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʧʦʢʘʟʘʣʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠ-

ʙʠʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʇʦʟʞʝ ʚ 2015 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

K4[{Re6S8} Cl6], K4[{Re6S8}(OH)6] ʠ [{Re6S8}( H2O)6]SO4 ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʩʠʣʠʢʘʛʝʣʴ, ʧʦʩʣʝ 

ʯʝʛʦ ʠʟʫʯʘʣʘʩʴ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʘʢʮʠʷʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʪʠʦʣʦʚ ʢ ʵʧʦʢʩʠʜʘʤ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ [427]. 

ʇʦʤʠʤʦ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘ-

ʝʪʩʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʚʢʣʶʯʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K4[{Re6S8}(CN)6] ʚ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʫʶ ʛʠʜʨʦʢʩʠʜʦʤ ʤʝʜʠ ʤʘʪʨʠʮʫ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ (Cu(OH)2/TiO2). ʊʘʢʦʡ ʤʘʪʝ-

ʨʠʘʣ K4[{Re6S8}(CN)6]@Cu(OH)2/TiO2 ʧʦʢʘʟʘʣ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʘ (149 

ʤʢʤʦʣʴ/0,1 ʛ ʢʘʪ.) ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2 ʜʦ ʤʝʪʘʥʦʣʘ [428]. 

ʊʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʩʦʝʜʠʥʝʥʠʝ ʨʝʥʠʷ ʪʨʘʥʩ-

[{Re6Se8}( tBuPy)4(OH)2] ʙʳʣʦ ʧʨʠʢʨʝʧʣʝʥʦ ʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ 

Si (111) ʯʝʨʝʟ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʫʥʜʝʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʨʝʤʥʠʷ [168, 429]. 

1.3.3.3.2. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ, ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ. ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʜʠʩ-

ʩʝʨʪʘʥʪʦʤ ʚ 2010 ʛʦʜʫ [430]. ɼʣʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʨʘʥʩ-[{ Re6Se8}( tBuPy)4(OH)2] 

ʩ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ (MAA) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-
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[{ Re6Se8}( tBuPy)4(MAA )2], ʩʧʦʩʦʙʥʳʡ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʤʝʪʠʣʤʝ-

ʪʘʢʨʠʣʘʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ ʪʨʘʥʩ-

[{ Re6Se8}( tBuPy)4(MAA )2]n@PMMA ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (n 

= 0.025 0.05, 0.1 ʤʘʩ.%) (ʨʠʩ. 54). ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʠʤʝʣʠ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (0,07), ʩʨʝʜʠ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ, ʜʦʧʠʨʦʚʘʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɹʦʣʝʝ 

ʪʦʛʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʯʝʨʝʟ 9 ʤʝʩʷʮʝʚ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʪʦʚʳʛʦʨʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

 
ʈʠʩ. 54. ʌʦʪʦʛʨʘʬʠʷ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ PMMA (ʩʣʝʚʘ) ʠ ʪʨʘʥʩ-[{ Re6Se8}( tBuPy)4(MAA)2]@PMMA ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʩʥʠʟʫ ʧʦʜ ʋʌʆ) 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʘʥʩ-[{ Re6Se8}( tBuPy)4(MAA )2]@PMMA ʚ ʨʘʙʦʪʝ [431] ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʩʦʧʦʣʠʤʝʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[{Re6Q8}( tBuPy)4(VB)2] (Q = S, Se) c 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ, ʩʪʠʨʦʣʦʤ ʠ N-ʚʠʥʠʣʢʘʨʙʘʟʦʣʦʤ. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ 4-ʚʠ-

ʥʠʣʙʝʥʟʦʘʪʦʤ (VB) ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʪʨʘʥʩ-[{ Re6Se8}( tBuPy)4(MAA )2], ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʪʨʘʥʩ-[{ Re6Q8}( tBuPy)4(OH)2] ʩ 4-ʚʠʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ. ɸʚʪʦʨʳ ʧʦʣʫʯʠʣʠ 

ʮʝʣʫʶ ʩʝʨʠʶ ʦʙʨʘʟʮʦʚ ʪʨʘʥʩ-[{Re6Q8}( tBuPy)4(VB)2]@PMMA, ʪʨʘʥʩ-

[{Re6Q8}( tBuPy)4(VB)2]@PS ʠ ʪʨʘʥʩ-[{Re6Q8}( tBuPy)4(VB)2]@PVK (PS ï ʧʦʣʠʩʪʠʨʦʣ, 

PVK  ï ʧʦʣʠ-N-ʚʠʥʠʣʢʘʨʙʘʟʦʣ). ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʥʘ ʙʘʟʝ ʩʦʧʦʣʠʤʝʨʘ ʪʨʘʥʩ-

[{Re6Q8}( tBuPy)4(VB)2]@PVK ʘʚʪʦʨʳ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩ-

ʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʣʠ ʧʝʨʚʳʡ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʡ ʩʚʝ-

ʪʦʜʠʦʜ. 

ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʧʨʦʧʠʣʝʥʘʤʠʥʦʚʳʝ ʜʝʥʜʨʠʤʝʨʳ (POPAM) 4 ʠ 5 ʛʝʥʝʨʘʮʠʠ, ʜʝʢʦʨʠʨʦʚʘʥ-

ʥʳʝ ʤʘʣʴʪʦʟʦʡ [432]. ɺʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K4[{Re6S8}(OH)6] ʚ ʜʝʥʜʨʠʤʝʨʳ 

ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʤʘʪʝʨʠ-

ʘʣʳ ʩ ʯʝʪʢʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʘʟʤʝʨʦʤ, ʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʠʝ ʢʦʥʮʝʚʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʜʝʥʜʨʠʤʝʨʘ ʤʘʣʴʪʦʟʦʡ ʧʨʠʜʘʣʦ ʚʝʱʝʩʪʚʫ ʚʳʩʦʢʠʝ ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʭʦʨʦʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʚʢʣʶʯʝʥʥʳʡ ʚ POPAM, ʥʦ ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʧʨʦʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ, ʚ ʠʟʦʪʦ-

ʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ ʚʳʤʳʚʘʝʪʩʷ ʠʟ ʜʝʥʜʨʠʤʝʨʘ. 

ʉʦʚʩʝʤ ʥʦʚʳʝ ʨʘʙʦʪʳ [433, 434], ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʫʯʘʩʪʠʝʤ ʜʠʩʩʝʨʪʘʥʪʘ, 

ʦʧʠʩʳʚʘʶʪ ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʚ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʜʝʣʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʘ 
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{[{ Re6S8}( H2O)6]Ëɔ-CD} 2+, K4{[{Re 6Se8}(CN)6]Ë2(ɔ-CD)}Ŀ(ɔ-CD)Ā40H2O ʠ 

Na4{[{ Re6Te8}( CN)6]Ë2ɔ-CD}Ŀ(ɔ-CD)Ā30H2O. ɹʳʣʦ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʛʘʤʤʘ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʚʘʥ-

ʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʦ ʫʤʝʥʴʰʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪ-

ʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ. 

1.3.3.3.3. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)4[{ Re6S8}( CN)6] ʪʘʢʞʝ, ʢʘʢ ʠ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ (Et4N)2[{ Mo6Cl8} Cl6], ʙʳʣ ʚʢʣʶʯʝʥ (ʩʤ. ʧ. 1.1.1.5.4) ʚ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝ-

ʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ MIL -101. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʡ ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʨʠʦʙʨʝʣ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʪʠʧʠʯʥʦʡ ʜʣʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ [182]. 

1.3.4. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ 

ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʠʙʜʝʥʦ-

ʚʳʭ ʘʥʘʣʦʛʦʚ, ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ, ʚʩʝ ʠʤʝʶ-

ʱʠʝʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʩʘʤʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʙʝʟ ʚʢʣʶʯʝʥʠʷ 

ʠʭ ʚ ʢʘʢʠʝ-ʣʠʙʦ ʤʘʪʨʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʟʫʯʝʥʠʶ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʘ ʜʠʩʩʝʨʪʘʥʪʦʤ, ʠ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʜʝʣʝ ñʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝò. 

ʇʝʨʚʘʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʟʫʯʝʥʠʶ ʧʦʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 2008 ʛʦʜʫ [8]. ɸʚʪʦʨʳ ʠʟʫʯʘʣʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ K4[{Re6Q8}(OH)6]Ŀ8H2O, ʘ 

ʪʘʢʞʝ ʢʦʥʲʶʛʘʪʘ ʩʦʩʪʘʚʘ K4[{Re6S8}(OH)5(OOCïLeuPheGlyLeuPheGlyïNHïOCCH2ï

MPEG550]. ɿʥʘʯʝʥʠʷ IC50 ʜʣʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ HeLa ʩʦʩʪʘʚʠʣʠ 

262, 298 ʠ 252 ʤʢM, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤ-

ʧʣʝʢʩ K4[{Re6S8}(OH)6] ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʚʘ ʦʩʪʘʣʴʥʳʭ ʧʨʦʥʠʢʘʶʪ 

ʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʷʜʨʝ. 

ʉʝʨʠʷ ʨʘʙʦʪ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʦʚʤʝʩʪʥʦ ʜʚʫʤʷ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ Z. Zhengôʘ ʠ 

R. Ram²rez-Tagle [435-437]. ɸʚʪʦʨʳ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)3[{ Re6Se8} I6] ʥʘ ʢʣʝʪʦʯʥʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʚʣʠʷʥʠʝ 

ʥʘ ʵʨʠʪʨʦʮʠʪʳ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʭʦʜʠʪʴ ʩʢʚʦʟʴ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 1) ʠʤʝʝʪ 

ʙ·ʣʴʰʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴ-

ʥʳʤʠ; 2) ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ ʠ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʷʜʨʝ; 3) ʚʳʩʦʢʠʝ ʜʦʟʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʧʨʠʚʦʜʷʪ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʵʨʠʪʨʦʮʠʪʦʚ (ʛʝʤʦʣʠʟʫ), ʧʨʠ ʵʪʦʤ ʥʘʣʠʯʠʝ 

ʚ ʩʠʩʪʝʤʝ ʘʣʴʙʫʤʠʥʘ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʦʮʝʩʩ ʛʝʤʦʣʠʟʘ; 4) ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʛʝ-

ʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʜʝʣʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)3[{ Re6Se8} I6] ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 
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1.4. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʝʭʥʝʮʠʷ 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʝʭʥʝʮʠʷ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʡ ʤʦʣʦʜʦʡ ʩʨʝʜʠ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ. ʇʦʩʢʦʣʴʢʫ ʪʝʭʥʝʮʠʡ 

ʥʝ ʠʤʝʝʪ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ, ʨʘʙʦʪʘ ʩ ʵʪʠʤ ʤʝʪʘʣʣʦʤ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʝʥʘ. ʆʜʥʘʢʦ, ʚ ʣʠ-

ʪʝʨʘʪʫʨʝ, ʚʩʝ ʞʝ, ʚʩʪʨʝʯʘʝʪʩʷ ʯʝʪʳʨʝ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʩʠʥʪʝʟʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴ-

ʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʝʭʥʝʮʠʷ. 

ɺʧʝʨʚʳʝ, ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1993 ʛʦʜʫ W. Brongerôʦʤ ʧʫʪʝʤ ʚʳʩʦ-

ʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ [15]. ɸʚʪʦʨʳ ʥʘʛʨʝʚʘʣʠ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʪʝʭʥʝʮʠʷ, ʩʝʨʳ ʠʣʠ ʩʝʣʝʥʘ ʠ ʢʘʨʙʦʥʘʪʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 800Áʉ 

ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʩ ʘʪʤʦʩʬʝʨʦʡ ʘʨʛʦʥʘ (ʜʣʷ S) ʠʣʠ ʚʦʜʦʨʦʜʘ (ʜʣʷ Se) ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʩʠʩʪʝʤʫ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 8 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 6 ʢʣʘʩʪʝʨʥʳʭ ʭʘʣʴ-

ʢʦʛʝʥʠʜʦʚ ʪʝʭʥʝʮʠʷ ʩʦʩʪʘʚʘ K4Tc6Q12 ʠ Rb4Tc6S13, Rb4Tc6Se12 ʠ Cs4Tc6Q13 (Q = S, Se). ʀʩ-

ʧʦʣʴʟʫʷ ʥʦʪʘʮʠʶ ʐʘʬʬʝʨʘ ʜʘʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

[{ Tc6Qi
8} Qa-a

4/2(Q2)a-a
2/2]4ï ʠ [{Tc6Qi

8} Qa-a
2/2(Q2)a-a

4/2]4ï, ʪ.ʝ. ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨ-

ʞʘʪ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Tc6Q8} 2+, ʘ ʪʘʢʞʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ, ʩʚʷʟʳʚʘʶʱʠʝ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʏʫʪʴ ʧʦʟʞʝ ʵʪʘ ʞʝ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʦʧʫʙʣʠʢʦʚʘʣʘ ʨʘʙʦʪʫ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʩʠʥʪʝʟʠ-

ʨʦʚʘʥʦ ʝʱʝ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʪʝʭʥʝʮʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Tc6S8} 2+, ʘ ʠʤʝʥʥʦ 

M10[{ Tc6Si
8} Sa

6], ʛʜʝ M ï Rb ʠʣʠ Cs [14]. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʛʨʝʚʘʥʠʝʤ 

ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʠʣʠ ʨʫʙʠʜʠʷ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʣʣʫʨʘ ʚ ʧʘʨʘʭ ʩʝʨʳ, ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ. 

ʇʦʟʞʝ, ʚ 2010 ʛʦʜʫ, T. Yoshimura ʦʧʫʙʣʠʢʦʚʘʣ ʝʱʝ 2 ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʩʠʥʪʝʟʫ 

ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʝʭʥʝʮʠʷ. ɺ ʨʘʙʦʪʝ [438] ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʩʝʨʠʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʝʭʥʝʮʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʥʠʝʚʳʤ, ʘ 

ʠʤʝʥʥʦ Cs4[{Tc 6S8}Br 6]ĿCsBr, (PPh4)4[{Tc 6S8}Br 6], (PPh4)4[{Tc 6S8}I 6], [{Tc 6Se8}I 2] ʠ 

[{Tc 6Te8}Te7]. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʶʪ ʘʥʘʣʦʛʠʯʥʳʝ 

ʜʣʷ ʨʝʥʠʷ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʢʩʘʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʝʭʥʝʮʠʷ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝʤ Cs4[{Tc 6S8}Br 6] CsBr ʠ [{Tc6Se8}I 2] c NaCN ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 640Áʉ [439]. 

1.5. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʂʨʦʤʝ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʪʝʭʥʝ-

ʮʠʷ ʠ ʨʝʥʠʷ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʤʝʨʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ [{Mo2Re4Q8}] ( Q = S, Se) ʠ [{Mo4Re2Te8}]. ɼʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1978 ʛʦʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ Mo, Re ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʛʦ ʭʘʣʴʢʦʛʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200-1300Áʉ [440]. ɼʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ/ʨʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ Cs5ïzKz[{Re6ïxMoxS8ïyTey}(CN)6], ʛʜʝ 0 Ò ʭ Ò 3, 0 Ò y Ò 2, 0 Ò z Ò 1. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ, ʠʩʭʦʜʷ ʠʟ ʢʫʙʘʥʦʚʳʭ 
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ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Re4ïxMoxS4}Te12/3] (0 Ò x Ò 2) [441]. ʇʨʠ ʵʪʦʤ ʢʫʙʘʥʦʚʳʝ ʢʣʘ-

ʩʪʝʨʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʨʘʩʧʣʘʚʦʤ KCN ï CsCl ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

800-850Áʉ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜ-

ʨʦʤ {Re6ïxMoxS8ïyTey}  [442, 443]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 850Áʉ ʘʪʦʤʳ 

ʩʝʨʳ ʚʳʪʝʩʥʷʶʪ ʚʩʝ ʣʠʛʘʥʜʳ ɛ3-Te ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{Re6ïxMoxS8}(CN)6]5ï. 

ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [444], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ReS2, MoS2 ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 ʢ 1 

ʠ KCN ʙʳʣ ʧʦʣʫʯʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʪʦʯʥʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

K6[{ Re3Mo3S8}( CN)4(CN)2/2]. ʇʦʩʣʝʜʫʶʱʝʝ ʨʘʩʪʚʦʨʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠʷ ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CNï ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ CaCl2 ʧʨʠʚʝʣʦ ʢ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ CaK4[{Re3Mo3S8}(CN)6]Ŀ8H2O. ʇʦʟʞʝ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʪʘʢʞʝ, ʢʘʢ ʠ ʝʛʦ Re6-ʘʥʘʣʦʛ, ʙʳʣ ʫʩʧʝʰʥʦ ʚʦʚʣʝʯʝʥ ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʩʦʩʪʘʚʘ [445, 446]. 

ʆʩʤʠʡ-ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʚʳʩʦ-

ʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Re, ReCl5, Os, 

Se ʠ CsCl ʠʣʠ KCl ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 500-850Áʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʘʱʠʭ ʦʪ 1-ʛʦ ʜʦ 3-ʭ ʛʝʪʝʨʦʘʪʦʤʦʚ Os ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʦʩʪʦʚʝ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʷʜʨʘ, ʘ ʠʤʝʥʥʦ Cs3[{Re5OsSe8}Cl 6], Cs2[{Re4Os2Se8}Cl 6] ʠ 

K2[{Re3Os3Se8}Cl 6][{Re4Os2Se7Cl}Cl 6] [447]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʪʚʦʨʠʤʳʝ 

ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʩʦʣʠ (Bu4N)3[{Re5OsSe8}Cl 6] ʠ (Bu4N)2[{Re4Os2Se8}Cl 6], 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʨʠʵʪʠʣ-

ʬʦʩʬʠʥʦʤ. ɼʣʷ ʵʪʦʛʦ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ɼʄʌɸ, ʜʦʙʘʚʣʷʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ PEt3 ʠ ʛʨʝʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. 

ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ [{Re5OsSe8}(PEt3)6]Cl3, 

[{Re4Os2Se8}(PEt3)6]Cl4 ʠ ʪʨʘʥʩ-[{Re4Os2Se8}(PEt3)2Cl4]. 

ʄʦʣʠʙʜʝʥʦʚʦ/ʚʦʣʴʬʨʘʤʦʚʳʝ ʛʝʪʝʨʦʤʝʪʘʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

(H3O)2[{ Mo6-nWnCl8} Cl6] (n = 0-6) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦ-

ʣʠʙʜʝʥʘ ʠ WCl6 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ [448]. ʇʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʘʪʦʤʳ ʬʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (H3O)2[{ Mo6-nWnCl8} Cl6] c Bu4NF ʧʦʟʚʦ-

ʣʠʣʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʫʯʠʚʰʫʶʩʷ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ (Bu4N)2[{ Mo6-

nWnCl8} F6] ʤʝʪʦʜʦʤ 19F ʗʄʈ. 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ʥʠʦʙʠʡ-ʩʦʜʝʨʞʘʱʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʘ [{Mo4.7Nb1.3I i
8} Ia-a

6/3] ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ [449]. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʠʙʜʝʥʘ, ʥʠʦʙʠʷ ʠ ʠʦʜʘ (5:1:5.5) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650Áʉ. ʇʦʣʫʯʝʥʥʳʡ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo4.7Nb1.3I8} I3] ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ ʨʘʩʪʚʦʨʝ KOH ʠ 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ 

[{ Mo5NbI8}( H2O)3(OH)3] ʠ K3[{ Mo5NbI8}( OH)6]. ɼʦʙʘʚʣʝʥʠʝ ʢ ʨʘʩʪʚʦʨʫ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ 
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ʠʣʠ ʮʠʘʥʠʩʪʦʛʦ ʢʘʣʠʷ (ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ Pr4NBr) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʦʚ K[{Mo5NbI8}(H 2O)2Cl4] ʠ (Pr4N)3[{Mo 5NbI8}(CN)6], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

1.6. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʪʝʭʥʝʮʠʷ ʠ ʨʝʥʠʷ, ʥʘʯʠʥʘʷ 

ʦʪ ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʪʢʨʳʪʠ ̫ʠ ʠʟʫʯʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʜʦ ʜʝʤʦʥʩʪʨʘʮʠʠ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠ ̫ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦ ʧʨʠʤʝʥʠʤʳʭ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʦʧʪʠʢʘ, ʬʦʪʦʚʦʣʴʪʘʠʢʘ, ʬʦʪʦʢʘʪʘʣʠʟ ʠ ʪ.ʜ., 

ʦʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʠ ʙʠʦ-

ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʙʦʪ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨ-

ʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜ ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ï ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʧʝʨ-

ʩʧʝʢʪʠʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ 

ʤʝʜʠʮʠʥʳ. ɼʘʥʥʘʷ ʮʝʣʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʠ ʥʦʚʳʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʘʟʣʠʯ-

ʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤ.r ʇʨʠ ʵʪʦʤ ʚʳʙʦʨ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʞʝʥ ʦʧʠʨʘʪʴʩʷ 

ʢʘʢ ʥʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʠ ʥʘ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ɻʃɸɺɸ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨ r

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ K4[{Re6S8}(CN)6], K4[{Re6Se8}(CN)6], K4[{Re6Te8}(CN)6], 

K6[{Mo 6S8}(CN)6] ʠ K6[{Mo 6Se8}(CN)6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʨʝʘʢʮʠ-

ʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Re6S8Br2, Re6Se8Br2, Re6Te15, ZnMo6S8 ʠ 

Mo6Se8 ʩ KCN ʧʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [217, 330-332, 450]. K2[{ Mo6Br8}( CN)6] ʠ 

K2[{ Mo6I8}( CN)6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʚ [102] ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ (Bu4N)2[{Mo 6X8}(NO3)6] (X = Br, I) ʩ KCN ʚ ʘʮʝʪʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ. ʅʘʪʨʠʝ-

ʚʳʝ ʩʦʣʠ Na4[{Re6Q8}(CN)6] (Q = S, Se) ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʠʢʝ ʧʨʠʚʝʜʝʥʦ ʜʣʷ 

Na4[{Re6Te8}(CN)6] (ʩʤ. ʧ. 2.2.1) ʠʟ (Bu4N)4[{ Re6Q8}( CN)6] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ NaBPh4 ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ. (Bu4N)4[{ Re6S8}( CN)6], (Bu4N)4[{ Re6Se8}( CN)6] ʠ (Ph4P)4[{ Re6Te8}( CN)6] 

ʧʦʣʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ K4[{Re6Q8}(CN)6] c Bu4NBr (Q = S, Se) ʠʣʠ 

Ph4NCl (Q = Te). Na2[{ Mo6X8}( CN)6] (X = Cl, Br, I) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

K2[{ Mo6X8}( CN)6] ʧʦ ʤʝʪʦʜʠʢʝ ʘʥʘʣʦʛʠʯʥʦʡ ʜʣʷ Na4[{Re6Q8}(CN)6] (Q = S, Se). 

Na6[{Mo 6Q8}(CN)6] (Q = S, Se) ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ K6[{Mo 6Q8}(CN)6] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

NaCN ʚʤʝʩʪʦ KCN. Na6[{ Re3Mo3S8}( CN)6] ʙʳʣ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥ ʢ.ʭ.ʥ. ʗ.ʄ. ɻʘʡʬʫ-

ʣʠʥʳʤ (ʀʅʍ ʉʆ ʈɸʅ). 

K4[{Re6Q8}(OH)6]Ŀ8H2O (Q = S ʠʣʠ Se) ʧʦʣʫʯʘʣʠ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦ-

ʣʠʤʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Re6Q8Br2 ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ʩ ʨʘʩʧʣʘʚʦʤ KOH ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ 280ᴈ (Q = S) ʠʣʠ 200ᴈ (Q = Se) ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʦʪʤʳʚʢʦʡ ʠʟʙʳʪʢʘ Kʆʅ ʠʟʦʧʨʦʧʘ-

ʥʦʣʦʤ, ʨʘʩʪʚʦʨʝʥʠʝʤ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚ ʚʦʜʝ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠ-

ʤʝʩʝʡ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʫʢʘʟʘʥʥʳʭ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ ʠʟ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʫʧʘʨʠʚʘ-

ʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [392]. Na4[{ Re6Q8}( OH)6] ʧʦʣʫ-

ʯʘʣʠ ʠʟ K4[{ Re6Q8}( OH)6] ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʚʳʧʘʜʝʥʠʶ ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʢʚʘʛʠʜʨʦʢʩʦ ʢʦʤʧʣʝʢʩʘ 

[{ Re6Se8}( H2O)4(OH)2] [397] ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 

NaOH. 

(Bu4N)2[{ Mo6X8} X6] ʧʦʣʫʯʘʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [106, 113]. 

(Bu4N)2[{ Mo6X8}( NO3)6] (X = Cl, Br) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [106] 

ʚʟʘʠʤʦʜʝʡʩʪʠʚʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ (Bu4N)2[{ Mo6X8} X6] ʩ AgNO3 ʚ ʘʮʝʪʦʥʝ. 

Cs2[{ Mo6I8} I6] ʧʦʣʫʯʘʣʠ ʣʠʙʦ ʧʦ ʤʝʪʦʜʠʢʝ ʦʧʠʩʘʥʥʦʡ ʚ [114] ʚʟʘʠʤʦʜʝʡʩʪʠʚʝʤ MoI2 ʩ CsI 

ʧʨʠ 700ᴈ, ʣʠʙʦ ʠʟ CsI, Mo ʠ I2 ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʪʠʨʦʣ ʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

ʬʠʨʤʳ Sigma Aldrich ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ 1 ʄ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 

NaOH, ʚʳʩʫʰʠʣʠ ʥʘʜ MgSO4. ʊʠʦʣ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʧʦʣʠʩʪʠ-

ʨʦʣʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [451]. ʇʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʌ-

32ʃ ʧʨʠʦʙʨʝʪʝʥ ʚ ʬʠʨʤʝ çʉʇʙ ʂʨʘʩʢʠè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ɺʩʝ ʥʝʫʧʦʤʷʥʫʪʳʝ ʨʝʘʢʪʠʚʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʯʜʘ ʠ ʚʳʰʝ ʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ Sigma Aldrich ʣʠʙʦ ʚ Alfa Aesar. ʈʝʘʢʮʠʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʚʳʧʦʣʥʷʣʠʩʴ ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ. 
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ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ Bruker X8APEX 

ʠʣʠ Bruker DUO; ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ Philips APD 1700 ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ɚCu(KŬ1, KŬ2) = 1,54059, 1,54439 ¡; ʕʣʝʤʝʥʪʥʳʡ CHN-ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʥʘ CHN-ʘʥʘʣʠʟʘʪʦʨʝ Evrovector 600; ʀʂ-ʩʧʝʢʪʨʳ ʟʘʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʀʂ ʌʫʨʴʝ ʩʧʝʢ-

ʪʨʦʤʝʪʨʘ VERTEX 80; ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʨʘʩʪʚʦ-

ʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Ultrospec 3300 pro; 

ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʟʘʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ UVïVis-NIR 3101 PC spectropho-

tometer (Shimadzu Corporation, Kyoto, Japan); ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ) ʚʳʧʦʣʥʝʥʦ ʥʘ ʩʧʝʢʪʦʛʨʘʬʝ 

PGS-2 (Carl Zeiss Jena, Germany) ʠ ʥʘ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʤ ʩʧʝʢʪʨʦʤʝʪʨʝ iCAP-6500 

(Thermo Scientific) ʩ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ ʮʠʢʣʦʥʥʦʛʦ ʪʠʧʘ ʠ ʨʘʩʧʳʣʠʪʝʣʝʤ 

çSeaSprayè; ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (EDS) ʧʨʦʚʝʜʝʥ ʥʘ Hitachi TM3000 TableTop 

SEM ʩ ʧʨʠʩʪʘʚʢʦʡ Bruker QUANTAX 70 EDS; 1ʅ ʗʄʈ ʩʧʝʢʪʨʳ ʟʘʧʠʩʘʥʳ ʥʘ ʧʨʠʙʦʨʝ 

Bruker Avance 200; ʊʚʝʨʜʦʪʝʣʴʥʳʝ 29Si CP-MAS ʗʄʈ-ʩʧʝʢʪʨʳ ʟʘʧʠʩʘʥʳ ʥʘ ʧʨʠʙʦʨʝ 500 

MHz Bruker Advance II; ʄʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʳ ʥʘ ʛʝʣʴ-ʧʨʦʥʠ-

ʢʘʶʱʝʤ ʭʨʦʤʘʪʦʛʨʘʬʝ Agilent LC 1200 ʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʦʡ PL-gel-Mixed B; 

ʤʦʨʬʦʣʦʛʠʶ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

JEOL JSM 5700 CarryScope ʠ JEOL JSM 6700F ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦ-

ʩʢʦʧʘ Libra 120 (Zeiss), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʙʨʘʟʮʫ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ (Bios Scientific Publishers 

Ltd, 2001); ɼʣʷ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ ʪʘʢʞʝ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʣʘʟʝʨʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʢʦʥʬʦʢʘʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ Zeiss LSM 780 NLO (Carl Zeiss 

Inc., Jena, Germany), ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʢʦʧʘ AxioObserver Z1 (Zeiss) ʠ ʦʙʦʨʫʜʦ-

ʚʘʥʥʳʡ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ (405 ʥʤ) ʠ ʦʙʲʝʢʪʠʚʦʤ APOCHROMAT 63Ĭ/1.4 Oil DIC LD; 

ʤʘʩʩ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Maxis 4G (Bruker 

Daltonics, Germany); ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ) ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʪʝʨʤʦʚʝʩʘʭ TG 

209 F1 Iris (NETZSCH) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25 ï 850ÁC ʠ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10 K/ʤʠʥ 

ʚ ʪʦʢʝ ʛʝʣʠʷ (30 ʤʣ/ʤʠʥ); ʀʟʤʝʨʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦ-

ʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ZetaSizer Nano-ZS; ʄʘʩʩ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Maxis 4G (Bruker Daltonics, Germany); ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ 

ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʢʨʳʩʳ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʤʝʪʦʜ ʈʌɸ-ʉʀ; ɺʕʇʇ-3, ʀʥʩʪʠ-

ʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ). 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʵʤʠʩʩʠʠ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʠʭ ʧʦʤʝʱʘʣʠ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝ ʬʣʫ-

ʦʨʝʩʮʝʥʪʥʳʤʠ ʩʪʝʢʣʷʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʵʤʠʩʩʠʠ ʨʘʩʪʚʦʨʦʚ ʠʭ ʧʦʛʣʦʱʝ-

ʥʠʝ ʙʳʣʦ ʟʘʜʘʥʦ < 0,1 ʧʨʠ 355 ʥʤ. ʂʘʞʜʳʡ ʨʘʩʪʚʦʨ ʧʦʤʝʱʘʣʠ ʚ ʜʚʝ ʢʚʘʨʮʝʚʳʝ ʢʶʚʝʪʳ ʠ 

ʦʜʥʫ ʠʟ ʥʠʭ ʜʝʘʵʨʠʨʦʚʘʣʠ ʧʨʦʜʫʚʢʦʡ Ar ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʘ ʟʘʪʝʤ ʢʶʚʝʪʫ ʟʘʧʘʠʚʘʣʠ. ʀʟ-

ʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 298K. ʆʙʨʘʟʮʳ ʚʦʟʙʫʞʜʘʣʠʩʴ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ 355 ʥʤ 

(ʜʣʠʪʝʣʴʥʦʩʪʴ 6 ʥʩ, LOTIS TII, LS-2137/3). ʂʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʨʝʛʠʩʪʨʠ-

ʨʦʚʘʣʠʩʴ ʥʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʤ ʬʦʪʦʜʝʪʝʢʪʦʨʝ (Hamamatsu Photonics, PMA-12). ɿʘʪʫʭʘʥʠʝ 
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ʵʤʠʩʩʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʩʦ streak-ʢʘʤʝʨʦʡ (Hamamatsu Photonics, 

C4334 ʠ C5094). ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠ-

ʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (Hamamatsu 

Photonics, C9920-03), ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʢʩʝʥʦʥʦʚʫʶ ʣʘʤʧʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞ-

ʜʝʥʠʷ (ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʟʘʜʘʥʘ ʥʘ 380 ʥʤ), ʠʥʪʝʛʨʠʨʫʶʱʫʶ ʩʬʝʨʫ ʠ ʤʥʦʛʦʢʘ-

ʥʘʣʴʥʳʡ ʬʦʪʦʜʝʪʝʢʪʦʨ (Hamamatsu Photonics, PMA-12). 

2.2. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

2.2.1. ʉʠʥʪʝʟ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ 

ʉʠʥʪʝʟ Na4[{Re6Te8}(CN)6] 

Na4[{Re6Te8}(CN)6] ʧʦʣʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʩʪʚʦʨʦʚ (Ph4P)4[{Re6Te8}(CN)6] 

(3 ʛ, 0,817 ʤʤʦʣʴ) ʚ 500 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ NaBPh4 (1,68 ʛ, 4,08 ʤʤʦʣʴ) ʚ 25 ʤʣ ʘʮʝʪʦʥʠʪ-

ʨʠʣʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ (Na4[{Re6Te8}(CN)6]) ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʘ 

ʧʦʨʠʩʪʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ ʠ ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ɿʘʪʝʤ Na4[{Re6Te8}(CN)6] 

ʨʘʩʪʚʦʨʷʣʠ ʚ 15 ʤʣ ʚʦʜʳ ʠ ʩʥʦʚʘ ʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʧʦʨʠʩʪʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ. ɺʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʞʝʣʘʝʤʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na4[{Re6Te8}(CN)6] ʫʧʘʨʠʚʘʶʪ ʜʦʩʫʭʘ. ɺʳʭʦʜ: 

1,38 ʛ (70%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6N6Re6Te8Na4: C 2,99; N 3.49%. ʅʘʡʜʝʥʦ: ʉ 3,02; N 3,51%. 

EDS: ʩʦʦʪʥʦʰʝʥʠʝ Na:Re:Te = 3,9:6:7,8. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨ-

ʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ɼʄʌɸ. 

ʉʠʥʪʝʟ Na2H8[{Re6Se8}(P(CH2CH2CONH2)(CH2CH2COO)2)6] 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Na2H8[{Re6Se8}(P(CH2CH2CONH2)(CH2CH2COO)2)6] ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ Na4[{Re6Se8}(OH)6] ʩ ʪʨʠʩ-(2-ʮʠʘʥʦʵʪʠʣ)ʬʦʩ-

ʬʠʥʦʤ (P(CH2CH2CN)3) ʧʨʠ 130ÁC. ɼʣʷ ʵʪʦʛʦ Na4[{Re6Se8}(OH)6] (0,972 ʛ, 0,50 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʆʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʧʦʤʝʱʘʣʠ ʚ ʪʦʣʩʪʦʩʪʝʥ-

ʥʫʶ ʧʨʦʙʠʨʢʫ Pyrex ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʠ ʜʦʙʘʚʣʷʣʠ ʚ ʧʨʦʙʠʨʢʫ P(CH2ʉH2CN)3 

(0,966 ʛ, 5,0 ʤʤʦʣʴ). ʇʨʦʙʠʨʢʫ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130ᴈ ʚ 

ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʩʬʠʥ ʧʣʦʭʦ ʨʘʩʪʚʦ-

ʨʠʤ ʚ ʚʦʜʝ; ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥ ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤ ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʥʳʡ 

ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʜʦ 5 ʤʣ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟʙʳʪʢʘ ʬʦʩʬʠʥʘ. ʈʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʬʦʩʬʠʥʘ ʠ ʟʘʪʝʤ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ. ʇʦʣʫʯʝʥʥʦʝ ʢʦʨʠʯʥʝʚʦʝ ʪʚʝʨʜʦʝ ʚʝ-

ʱʝʩʪʚʦ ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʠʤ ʤʝʪʘʥʦʣʦʤ (3 Ĭ 20 ʤʣ), ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʦʩʪʘʚʰʠʡʩʷ ʠʟʙʳʪʦʢ 

ʬʦʩʬʠʥʘ, ʠ ʩʥʦʚʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʚʦʜʳ. ɿʘʪʝʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚ-

ʣʷʣʠ ʠʟʦʧʨʦʧʘʥʦʣ (100 ʤʣ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʳʧʘʜʝʥʠʶ ʢʦʨʠʯ-

ʥʝʚʦʛʦ ʭʣʦʧʴʝʚʠʜʥʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʩʫʰʠʣʠ ʧʨʠ 120ᴈ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. 

ɺʳʭʦʜ (ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ ʬʦʨʤʫʣʳ Na2H8[{Re6Se8}(P(CH2CH2CONH2)(CH2CH2COO)2)6]) 

ʩʦʩʪʘʚʠʣ 1,23 ʛ (75%). EDS Na:Re:Se:P ʪʝʦʨʝʪʠʯʝʩʢʦʝ 2:6:8:6, ʧʨʘʢʪʠʯʝʩʢʦʝ 1,9:6:7,7:6,2. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ɺʳʯʠʩʣʝʥʦ ʜʣʷ C54H92N6Na2O30P6Re6Se C 19,7; H 2,8; N 2,6%. ʅʘʡʜʝʥʦ: 
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C 19,4; H 2,9; N 2,5. ESI-MS (ï): 1620 H8[{ Re6Se8}(P(ʉH2CONH2)(CH2CH2COO)2)6]2ï. ʉʪʨʦʝ-

ʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʘʤʠ EDS, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠ. 

ʉʠʥʪʝʟ Na2H14[{Re6Q8}(P(CH2CH2COO)3)6] 

Na2H14[{Re6Q8}(P(CH2CH2COO)3)6] (Q = S ʠʣʠ Se) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴ-

ʥʦʡ ʨʝʘʢʮʠʝʡ Na4[{Re6Q8}(OH)6] ʩ ʪʨʠʩ-(2-ʢʘʨʙʦʢʩʠʵʪʠʣ)ʬʦʩʬʠʥʦʤ ʛʠʜʨʦʭʣʦʨʠʜʦʤ 

(P(CH2CH2COOH)3ĿHCl) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʠ ʚʳʜʝʣʷʣʩʷ ʢʘʢ ʦʧʠ-

ʩʘʥʦ ʚʳʰʝ ʜʣʷ Na2H8[{Re6Se8}(P(CH2CH2CONH2)(CH2CH2COO)2)6]. 

ʉʠʥʪʝʟ [{Re6Q8}(PPh2CH2CH2COOH)6]Br 2ĀH2O 

150 ʤʛ (0,062 ʤʤʦʣʴ) Cs4[{Re6S8}Br 6]Ŀ2H2O ʠʣʠ 150 ʤʛ (0,056 ʤʤʦʣʴ) 

Cs3[{Re6Se8}Br 6]Ŀ2H2O ʠ 150 ʤʛ (0,58 ʤʤʦʣʴ) PPh2CH2CH2COOH ʙʳʣʠ ʩʤʝʰʘʥʳ ʠ ʟʘʛʨʫ-

ʞʝʥʳ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʟʘʧʘʠʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʝʪʫʨʳ 200ᴈ. 

ʏʝʨʝʟ 48 ʯ ʘʤʧʫʣʫ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʩʢʨʳʚʘʣʠ. ʇʦʣʫ-

ʯʝʥʥʳʡ ʧʣʘʚ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʝ ʠ ʬʠʣʴʪʨʦʚʘʣʠ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʘʮʝʪʦʥʘ ʚʳʧʘʨʠʚʘʣʠ ʠ 

ʦʩʪʘʚʰʠʡʩʷ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

[{Re6S8}(PPh2CH2CH2COOH)6]Br2ĀH2O: ɺʳʭʦʜ: 144 ʤʛ (75%). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ, ɜ, ʩʤï1: ɜ(C=O) ï 1720, ŭ(CïOïH) ï 1412, ɜ(CïO) ï 

1234, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʞʠʜʘʝʤʳʝ ʧʠʢʠ ʜʣʷ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʙʝʟ ʢʘʢʠʭ-

ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʜʚʠʛʦʚ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C90H92Br2O13P6Re6S8: C 34,8; ʅ 3,0; S 8,2%. 

ʅʘʡʜʝʥʦ: C 34,5; ʅ, 2,9; S 8,1%. EDS: Re:S:Br ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:2, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:7,9:2,1. 

ESI-MS (+): 1461,9938 ([{Re6S8}( PPh2CH2CH2COOH)6]2+). ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝ-

ʩʢʦʤʫ ʘʥʘʣʠʟʫ (ʊɻɸ), ʩʦʝʜʠʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦ ʜʦ 300ÁC ʩ ʧʦʪʝʨʝʡ ʤʘʩʩʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

0,6% ʤʝʞʜʫ 50 ʠ 200ÁC (ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ 1 ʤʦʣʝʢʫʣʳ H2O ʩʦʩʪʘʚʣʷʝʪ 0,6%). 

[{Re6Se8}(PPh2CH2CH2COOH)6]Br 2ĀH2O: ɺʳʭʦʜ: 137 ʤʛ (70%). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ, ɜ, ʩʤï1: ɜ(C=O) ï 1720, ŭ(CïOïH) ï 1413, ɜ(CïO) ï 

1234, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʞʠʜʘʝʤʳʝ ʧʠʢʠ ʜʣʷ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʙʝʟ ʢʘʢʠʭ-

ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʜʚʠʛʦʚ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C90H92Br2O13P6Re6Se8: C 31,0; ʅ 2,7%. 

ʅʘʡʜʝʥʦ: C 31,2; ʅ 2,7%. EDS: Re:Se:Br ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:2, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:8,2:2,2. ESI-

MS (+): 1649,7744 ([{Re6Se8}(PPh2CH2CH2COOH)6]2+). ʊɻɸ ʧʦʢʘʟʘʣʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ 

300ÁC ʩ ʧʦʪʝʨʝʡ ʚʝʩʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 0,4% ʤʝʞʜʫ 50 ʠ 200Á C (ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ 1 

ʤʦʣʝʢʫʣʳ H2O ʩʦʩʪʘʚʣʷʝʪ 0,5%). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫ-

ʪʝʤ ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʉʠʥʪʝʟ Na4[{Re6Q8}(PPh2CH2CH2COO)6]ĀnH2O (Q = S, n = 18; Q = Se, n = 16) 

100 ʤʛ (0,032 ʤʤʦʣʴ) [{Re6S8}(PPh2CH2CH2COOH)6]Br2ĿH2O ʠʣʠ 100 ʤʛ (0,029 

ʤʤʦʣʴ) [{Re6Se8}(PPh2CH2CH2COOH)6]Br2ĿH2O ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʚʦʜʳ, ʜʦʙʘʚʣʷʷ 50 ʤʛ 

NaOH. ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʠʟʙʳʪʦʢ NaCl, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʩʘʞʜʝʥʠʶ 

Na4[{ Re6S8}(PPh2CH2CH2COO)6]Ŀ18H2O ʠʣʠ Na4[{Re6Se8}(PPh2CH2CH2COO)6]Ŀ16H2O. 

ʇʦʨʦʰʦʢ ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 
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Na4[{Re6S8}(PPh2CH2CH2COO)6]Ā18H2O: ɺʳʭʦʜ: 102 ʤʛ (95%). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ, ɜ, ʩʤï1: ɜs(COOï) ï 1392 (ʧʣ.), ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʞʠʜʘʝ-

ʤʳʝ ʧʠʢʠ ʜʣʷ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʜʚʠʛʦʚ. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C90H120Na4O30P6Re6S8: C, 32,4; ʅ 3,6; S 7,7%. ʅʘʡʜʝʥʦ: C 32,1; ʅ, 3,7; S 

7,9%. EDS: Re:S:Na ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:4, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:8,2:4,2. ESI-MS (ï): 729,4856 

({[{ Re6S8}(PPh2CH2CH2COO)6]} 4ï); 980,3113 ({Na[{ Re6S8}(PPh2CH2CH2COO)6]} 3ï); 

1481,9602 ({Na2[{ Re6S8}( PPh2CH2CH2COO)6]} 2ï). ʊɻɸ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ 300ÁC 

ʠ ʧʦʪʝʨʶ ʤʘʩʩʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 9,5% ʤʝʞʜʫ 50 ʠ 200ÁC (ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ 18 ʤʦ-

ʣʝʢʫʣ H2O ʩʦʩʪʘʚʣʷʝʪ 9,7%). 

Na4[{Re6Se8}(PPh2CH2CH2COO)6]Ā16H2O: ɺʳʭʦʜ: 100 ʤʛ (95%). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ, ɜ, ʩʤï1: ɜs(COOï) ï 1394, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʞʠʜʘʝ-

ʤʳʝ ʧʠʢʠ ʜʣʷ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʜʚʠʛʦʚ. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C90H116Na4O28P6Re6Se8: C 29,3; H 3,2%. ʅʘʡʜʝʥʦ: C 29,1; H 3,2%. EDS: 

Re:Se:Na ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:4, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:7,8:4,0. ESI-MS (ï): 823,3777 

({[{Re 6Se8}(PPh2CH2CH2COO)6]} 4ï); 1105,4989 ({Na[{Re6Se8}(PPh2CH2CH2COO)6]} 3ï); 

1669,7404 ({Na2[{Re6Se8}(PPh2CH2CH2COO)6]} 2ï). ʉʦʛʣʘʩʥʦ TGA, ʩʦʝʜʠʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦ 

ʜʦ 300ÁC ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʨʶ ʤʘʩʩʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 9,5% ʤʝʞʜʫ 50 ʠ 200ÁC (ʪʝʦ-

ʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ 16 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʣʷʝʪ 9,7%). 

ʉʠʥʪʝʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ Na4[{Re6Q8}(PPh2CH2CH2COO)6]Ā4H2O 

150 ʤʛ (0,095 ʤʤʦʣʴ) Na4[{Re6S8}(OH)6] ʠʣʠ 150 ʤʛ (0,077 ʤʤʦʣʴ) 

Na4[{Re6Se8}(OH)6] ʠ 150 ʤʛ (0,58 ʤʤʦʣʴ) PPh2CH2CH2COOH ʙʳʣʠ ʩʤʝʰʘʥʳ ʠ ʟʘʛʨʫʞʝʥʳ 

ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʟʘʧʘʷʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 200ᴈ. ʏʝʨʝʟ 48 ʯ ʧʨʦʙʠʨʢʫ 

ʤʝʜʣʝʥʥʦ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʩʢʨʳʣʠ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʣʘʚ ʧʨʦ-

ʤʳʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʜʝʣʷʣʠ ʚʨʫʯʥʫʶ ʠʟ ʧʣʘʚʘ. 

Na4[{ Re6S8}(PPh2CH2CH2COO)6]Ā4H2O: ɺʳʭʦʜ: 265 ʤʛ (90%). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ, ɜ, ʩʤï1: ɜas(COOï) ï 1612, ɜs(COOï) ï 1395, ŭ (COOï) ï 

820, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʞʠʜʘʝʤʳʝ ʧʠʢʠ ʜʣʷ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʙʝʟ ʢʘʢʠʭ-

ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʜʚʠʛʦʚ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C90H92Na4O16P6Re6S8: C 35,0; ʅ 3,0; S 8,3%. 

ʅʘʡʜʝʥʦ: C 34,9; ʅ 3,1; S 8,2%. EDS: Re:S:Na ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:4, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:7,9:4,1. 

ʊɻɸ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ 300ÁC ʠ ʧʦʪʝʨʶ ʤʘʩʩʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 3,8% ʤʝʞʜʫ 

50 ʠ 250ÁC (ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ 4 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʣʷʝʪ 3,4%). 

Na4[{Re6Se8}(PPh2CH2CH2COO)6]Ā4H2O: ɺʳʭʦʜ: 239 ʤʛ (90%). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ, ɜ, ʩʤï1: ɜas(COOï) ï 1609, ɜs(COOï) ï 1393, ŭ (COOï) ï 

818. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C90H92Na4O16P6Re6Se8: C, 31,1; ʅ 2,7%. ʅʘʡʜʝʥʦ: C 31,0; ʅ 2,7%. EDS: 

Re:Se:Na ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:4, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:8,0:4,1. ʊɻɸ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ 

300ÁC ʠ ʧʦʪʝʨʶ ʤʘʩʩʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 2,0% ʤʝʞʜʫ 50 ʠ 250ÁC (ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ 

4 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʣʷʝʪ 2,1%). 

 



120 

 

ʉʠʥʪʝʟ K4[{Re6S8}(BTA)6]Ā3.5EtOHĀ4H2O ʠ K2.75H1.25[{Re6Se8}(BTA)6]Ā3EtOHĀ7H2O 

200 ʤʛ (0,113 ʤʤʦʣʴ) K4[{Re6S8}(OH)6]Ŀ8H2O ʠʣʠ 200 ʤʛ (0,093 ʤʤʦʣʴ) 

K4[{Re6Se8}(OH)6]Ŀ8H2O ʩʤʝʰʘʣʠ ʩ 200 ʤʛ (1,679 ʤʤʦʣʴ) 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʠ ʥʘʛʨʝʚʘʣʠ 

ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 150ᴈ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʝʝ ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʣ ʛʦʨʷʯʝʛʦ ʵʪʘʥʦʣʘ ʠ ʬʠʣʴʪʨʦʚʘʣʠ. ʈʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʣʠ ʧʨʠ 70ᴈ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʘʥʞʝʚʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. 

K4[{Re6S8(BTA)6]Ā3.5EtOHĀ4H2O: ɺʳʭʦʜ: 253 ʤʛ (91%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C43H53K4N18O7,5Re6S8: C, 20,9; H 2,2; N 10,2; S 10,4%. ʅʘʡʜʝʥʦ: C 20,2; ʅ 1,8; N 10,5; S 

10,6%. EDS: K:Re:S ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:4, ʧʨʘʢʪʠʯʝʩʢʦʝ 4,2:6:8,1. ʕʉʇ ʚ MeCN: ɚʤʘʢʩ(Ů, Mï

1ʩʤï1) = 330 ʥʤ (ʧʣ., 27850), 297 (ʧʣ. 44800), 279 (ʧʣ, 59150), 273 (ʧʣ, 62700), 250 (ʧʣ., 

66600), 211 (205000); ʕʉʇ ʚ 0,1 ʄ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʂʆʅ, ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 330 (ʧʣ., 

25450), 297 (ʧʣ., 42500), 279 (ʧʣ., 60100), 274 (61950). ʀʂ-ʩʧʝʢʪʨʳ ʩʦʜʝʨʞʘʪ ʚʩʝ ʦʞʠʜʘʝ-

ʤʳʝ ʧʠʢʠ ʜʣʷ 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣʘ. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʦʪʜʝʣʷʣʠ ʦʪ ʦʩʘʜʢʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʨʘʩʪʚʦʨʝ ʵʪʘʥʦʣʘ ʚʦ ʚʨʝʤʷ 

ʠʩʧʘʨʝʥʠʷ. 

K2.75H1.25[{ Re6Se8}(BTA)6]Ā3EtOHĀ7H2O: ɺʳʭʦʜ: 230 ʤʛ (88%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C42H57,25K2,75N18O10Re6Se8: C 17,8; ʅ 2,0; N 8,9%. ʅʘʡʜʝʥʦ: C 17,9; H 1,9; N 8,8%. EDS: 

K:Re:Se ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:4, ʧʨʘʢʪʠʯʝʩʢʦʝ 2,6:6:7,9. ʕʉʇ ʚ MeCN: ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 340 

(ʰ, 15750), 310 (ʰ, 28150), 282 (ʰ, 63250), 276 (64500), 258 (ʰ, 72700), 251 (74950), 211 

(ʰ, 200550); ʕʉʇ ʚ 0,1 ʄ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʂʆʅ, ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 340 (ʰ, 13050), 310 (ʰ, 

24950), 282 (ʰ, 66050), 274 (70950). ʀʂ-ʩʧʝʢʪʨʳ ʩʦʜʝʨʞʘʪ ʚʩʝ ʦʞʠʜʘʝʤʳʝ ʧʠʢʠ ʜʣʷ 1,2,3-

ʙʝʥʟʦʪʨʠʘʟʦʣʘ. 

ʉʠʥʪʝʟ K4[{Re6Q8}(1H-BTA)4(BTA)2] 

ʉʦʝʜʠʥʝʥʠʷ K4[{ Re6Q8}(1H-BTA)4(BTA)2] (Q = S, Se) ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʩʘʞʜʘʣʠ ʚ 

ʚʠʜʝ ʦʨʘʥʞʝʚʳʭ ʧʦʨʦʰʢʦʚ ʧʫʪʝʤ ʧʦʜʢʠʩʣʝʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

K4[{ Re6S8}( BTA)6]Ŀ3.5EtOHĿ4H2O ʠʣʠ K2.75H1.25[{ Re6Se8}( BTA)6]Ŀ3EtOHĿ7H2O, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, 0,1 ʄ ʨʘʩʪʚʦʨʦʤ HCl ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ pH ʥʝ ʩʪʘʥʦʚʠʣʩʷ ʨʘʚʥʳʤ ~ 2. ʇʦʨʦʰʢʠ 

ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʟʘʪʝʤ ʩʫʰʠʣʠ ʧʨʠ 110ᴈ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C36H28N18Re6S8: C 20,7; H 1,4; N 12,1; S 12,3%. ʅʘʡʜʝʥʦ: C 21,1; H 1,6; N 12,5; S 11,8%. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C36H28N18Re6Se8: C 17,6; H 1,1; N 10,2%. ʅʘʡʜʝʥʦ: ʉ 18,0; H 1,4; N 10,5%. 

EDS ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʢʘʣʠʷ ʠ ʭʣʦʨʘ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ. 

ʉʠʥʪʝʟ [ʮʠʩ-Ca(OPPh3)4(H2O)2] [{Re6S6Br2}Br6]Ā2MeCN 

ʉʦʝʜʠʥʝʥʠʝ ʧʦʣʫʯʘʣʠ ʥʘʛʨʝʚʘʥʠʝʤ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ K2[{Re6S6Br2}Br 6] (64 ʤʛ, 

0,03 ʤʤʦʣʴ), OPPh3 (100 ʤʛ, 0,35 ʤʤʦʣʴ) ʠ CaCl2Ā6H2O (10 ʤʛ, 0,045 ʤʤʦʣʴ) ʚ ʚʦʜʥʦ-ʘʮʝ-

ʪʦʥʠʪʨʠʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (25 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 5 ʤʣ ʚʦʜʳ). ʈʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ 3 ï 4 ʤʠʥʫʪʳ, 

ʟʘʪʝʤ ʫʧʘʨʠʚʘʣʠ ʜʦ ʥʘʯʘʣʘ ʚʳʧʘʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. ɺʳʭʦʜ ʚʝʱʝʩʪʚʘ 81 ʤʛ 

(80%). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʣʠ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ 

ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʚ CH3CN. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C76H70Br8CaN2O6P4Re6S6: ʉ 28,4; H 
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2,2; N 0,9; S 6,0%. ʅʘʡʜʝʥʦ: ʉ 28,4; H 2,3; N 0,8; S 6,0%. ʀʂ-ʩʧʝʢʪʨʳ ɜ, cʤï1: ɜ(P=O) ï 1120 

(ʩ.). 

ʉʠʥʪʝʟ [H(OPPh3)2]2[{Re6S6Br2}Br6]  

K2[{Re6S6Br2} Br6] (100 ʤʛ, 0,04 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (10 ʤʣ) ʠ OPPh3 

(100 ʤʛ, 0,36 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (10 ʤʣ). ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʧʝʨʝʤʝ-

ʰʠʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʢʘʧʣʶ HBr ʠ ʨʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ 2-3 ʤʠʥ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 10 ʤʣ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʜʠʬʬʫʟʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʠʩʴ ʷʨʢʦ-ʢʨʘʩʥʳʝ ʢʨʠ-

ʩʪʘʣʣʳ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʜʝʣʷʣʠ ʦʪ 

ʦʩʘʜʢʘ ʚʨʫʯʥʫʶ. ɺʳʭʦʜ 95 ʤʛ (63%). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʦ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʧʘʨʠʚʘʥʠʝʤ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C72H62Br8O4P4Re6S6: ʉ 

28,2; ʅ 2,0%. ʅʘʡʜʝʥʦ: ʉ 28,4, ʅ 2,2%. 

2.2.2. ʉʠʥʪʝʟ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʉʠʥʪʝʟ (Bu4N)2[{Mo6I 8}(N3)6] 

500 ʤʛ (0,20 ʤʤʦʣʴ) (Bu4N)2[{Mo 6I8}(NO3)6] ʠ 239 ʤʛ (3,68 ʤʤʦʣʴ) NaN3 ʨʘʩʪʚʦʨʷʣʠ 

ʚ 50 ʤʣ ʘʮʝʪʦʥʘ. ʉʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 55ᴈ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ. ʂʨʘʩʥʳʡ ʨʘʩ-

ʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʧʨʦʜʫʢʪ, ʦʪʜʝʣʷʣʠ ʦʪ ʪʝʤʥʦ-ʢʨʘʩʥʦʛʦ ʦʩʘʜʢʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʠ ʧʨʦʜʫʢʪ ʩʥʦʚʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ ʘʮʝ-

ʪʦʥʘ. ʇʨʦʜʫʢʪ ʚʳʜʝʣʷʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʵʪʠʣʦ-

ʚʦʛʦ ʵʬʠʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʟʘʪʝʤ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 332 

ʤʛ (70%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H72I8Mo6N20: C 16,5; H 3,1; N 12,0%. ʅʘʡʜʝʥʦ: ʉ 16,2; ʅ 3,0; 

N 11,9%. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʘʮʝʪʦʥʦʚʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ. ʇʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ: ɜ, ʩʤï1: ɜas (N3) ï 2046; ɜs (N3) ï 1330; 

ů(N3) ï 634. 

ʉʠʥʪʝʟ [ʮʠʩ-Ca(OPPh3)4(H2O)2][{Mo6Cl8}Cl6]Ā2MeCN 

CaCl2 6H2O (93 ʤʛ, 0,42 ʤʤʦʣʴ) ʠ OPPh3 (465 ʤʛ, 1,68 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʣ 

ʨʘʩʪʚʦʨʘ ʚʦʜʘ/ʘʮʝʪʦʥʠʪʨʠʣ (1:4). ʇʦʩʣʝ ʵʪʦʛʦ (H3O)2[{M o6Cl8}Cl 6] 6H2O (170 ʤʛ, 0,14 

ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ɾʝʣʪʳʡ ʨʘʩ-

ʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ ʥʘ ʚʦʟʜʫʭʝ ʜʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɾʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ [ʮʠʩ-Ca(OPPh3)4(H2O)2][{M o6Cl8}Cl 6] 2CH3CN ʩʦʙʠ-

ʨʘʣʠ ʬʠʣʴʪʨʘʮʠʝʡ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠ-

ʨʘʣʠ ʠʟ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʦʩʘʜʢʘ. ɺʳʭʦʜ: 290 ʤʛ (88%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C76H70CaCl14Mo6N2O6P4: C 38,9; H 3,0; N 1,2%. ʅʘʡʜʝʥʦ: C 38,5; H 3,0; N 1,2%. EDS: 

Mo:Ca:Cl:P ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:1:14:4, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:1,1:13,6:3,9. ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʧʦʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ: ɜ, ʩʤï1: 539 (c.), 693 (c.), 719 (c.), 995 (ʩʨ.), ɜ(P=O) ï 1118 

(ʩ.), 1167 (c.), 1434 (c.), 1652 (ʩʨ.) , ɜ(CſN) ï 2260 (ʩʣ.), 3053 (ʩʨ.), ɜ(H2O) ï 3495 (ʩʨ.). 
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ʉʠʥʪʝʟ ʪʨʘʥʩ-[{Ca(OPPh3)4}{{Mo6Cl8}Cl6}]Ð 

[ʮʠʩ-Ca(OPPh3)4(H2O)2][{ Mo6Cl8} Cl6]Ŀ2CH3CN (100 ʤʛ, 0,042 ʤʤʦʣʴ) ʥʘʛʨʝʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 110 ÜC ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʨʦʰʦʢ ʪʨʘʥʩ-

[{ Ca(OPPh3)4}{{ Mo6Cl8}Cl 6}] Ð. 

ʊʘʢʞʝ ʪʨʘʥʩ-[{ Ca(OPPh3)4}{{ Mo6Cl8}Cl 6}] Ð ʧʦʣʫʯʘʣʠ, ʥʘʛʨʝʚʘʷ ʩʤʝʩʴ 

(H3O)2[{ Mo6Cl8}Cl 6] 6H2O (122 ʤʛ, 0,10 ʤʤʦʣʴ), CaCl2 6H2O (22 ʤʛ, 0,10 ʤʤʦʣʴ) ʠ OPPh3 

(167 ʤʛ, 0,6 ʤʤʦʣʴ) ʚ 25 ʤʣ ʚʦʜʥʦ-ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʚʦʜʘ/ʘʮʝʪʦʥʠʪʨʠʣ = 1:4) ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 60ᴈ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʝʣʪʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. 

ɺʳʭʦʜ: 220 ʤʛ (99%). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʜʝʣʷʣʠ ʚʨʫʯ-

ʥʫʶ ʠʟ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʦʩʘʜʢʘ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C72H60CaCl14Mo6O4P4: C 38,9; H 2,7%. 

ʅʘʡʜʝʥʦ: C 38,9; H 2,8%. EDS: Mo:Ca:Cl:P ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:1:14:4, ʧʨʘʢʪʠʯʝʩʢʦʝ 

6:0,9:14,0:4,1. ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ: ɜ, ʩʤï1: 539 (ʩ.), 689 

(ʩ.), 724 (ʩ.), 995 (ʩʨ.), ɜ(P=O) ï 1122 (ʩ.), 1178 (ʩ.), 1438 (ʩ.), ɜ(H2O) ï 3495 (ʩʨ.). 

ʉʠʥʪʝʟ [H3O(OPPh3)3]2[{Mo6Cl8}Cl6] 

(H3O)2[{Mo 6Cl8} Cl6]Ŀ6H2O (100 ʤʛ, 0,08 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (10 ʤʣ) 

ʠ OPPh3 (300 ʤʛ, 1,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (10 ʤʣ). ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ 

ʧʝʨʝʤʝʰʠʚʘʣʠ, ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʦʩʘʜʢʘ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ. ʂʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʜʠ-

ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (5 ʤʣ). ɺʳʭʦʜ: 170 ʤʛ (61%). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʜʝʣʷʣʠ ʦʪ ʦʩʘʜʢʘ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C108H96Cl14Mo6O8P6: ʉ 46,7; ʅ 

3,5%. ʅʘʡʜʝʥʦ: ʉ 46,6; ʅ 3,6%. 

ʉʠʥʪʝʟ (Bu4N)2[{Mo6I 8}(NO3)6] 

ʈʘʩʪʚʦʨʠʣʠ 500 ʤʛ (0,18 ʤʤʦʣʴ) (Bu4N)2[{ Mo6I8} I6] ʚ 20 ʤʣ ʘʮʝʪʦʥʘ, ʜʦʙʘʚʠʣʠ 6,5 

ʵʢʚʠʚʘʣʝʥʪʘ AgNO3 (200 ʤʛ, 1,17 ʤʤʦʣʴ). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ ʧʨʠ ʠʥ-

ʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʙʝʟ ʥʘʛʨʝʚʘ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ 

(AgI), ʜʘʣʝʝ ʨʘʩʪʚʦʨ ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʘʨʠʣʠ, ʜʦʙʘʚʠʣʠ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʜʣʷ ʢʦʘʛʫʣʷʮʠʠ ʦʩʘʜʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪ-

ʬʠʣʴʪʨʦʚʘʣʠ, ʚʳʩʫʰʠʣʠ. ɺʳʭʦʜ: 380 ʤʛ (88%). ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʚ 

ʀʂ-ʩʧʝʢʪʨʘʭ, ɜ, ʩʤï1: ɜas(NO2) -1488, ɜs(NO2) - 1263 ʠ ɜ(NO) - 984. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C32H72I8Mo6N8O18: C 15,6; H 3,0; N 4,6%. ʅʘʡʜʝʥʦ: C 15,9; H 3,1; 4,5%. ʕʉʇ ʚ ʘʮʝʪʦʥʝ: 

ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 347 ʥʤ (5950), 394 ʥʤ (5200). ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʢʨʠʩʪʘʣʣ, ʧʦʣʫʯʝʥʥʳʡ 

ʫʧʘʨʠʚʘʥʠʝʤ ʘʮʝʪʦʥʘ, ʠʤʝʝʪ ʬʦʨʤʫʣʫ (Bu4N)2{ Mo6I8}( NO3)6Ā3Me2CO. 

ʉʠʥʪʝʟ (Bu4N)2[{Mo6X8}(PhSO3)6] ʠ (Bu4N)2[{Mo6X8}(OTs)6] (X = Cl, Br, I) 

100 ʤʛ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6X8} X6] (X = Cl (0,064 ʤʤʦʣʴ), Br (0,046 

ʤʤʦʣʴ), I (0,035 ʤʤʦʣʴ)) ʠ 6,1 ʵʢʚʠʚʘʣʝʥʪʘ ʩʝʨʝʙʨʷʥʦʡ ʩʦʣʠ AgOTs ʠʣʠ AgPhSO3 ʨʘʩʪʚʦ-

ʨʠʣʠ ʚ 20 ʤʣ ʘʮʝʪʦʥʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʜʥʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ AgX ʫʜʘʣʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (7000 

ʦʙ/ʤʠʥ, 5 ʤʠʥʫʪ). ʈʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʈʘʩʪʚʦʨʠʣʠ ʧʦʣʫʯʝʥʥʦʝ 

ʚʝʱʝʩʪʚʦ ʚ 2 ʤʣ ʘʮʝʪʦʥʘ ʠ ʚʳʩʘʜʠʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 
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ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʠʣʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʮʝʪʦʥʝ. 

(Bu4N)2[{ Mo6Cl8}(PhSO3)6]: ɺʳʭʦʜ: 101 ʤʛ (67%). ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʧʦʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ, ɜ, ʩʤï1: ɜas(SO2) ï 1298 (ʩ.), 1285 (ʩ.); ɜs(SO2) ï 1161 (ʩ.); ɜ(SO) ï 

957. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C68H102Cl8Mo6N2O18S6: C 35,7; H 4,5; N 1,2; S 8,4%. ʅʘʡʜʝʥʦ: C 35,7; 

H 4,5; N 1,3; S 8,1%. ʕʉʇ ʚ CH2Cl2: ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 348 ʥʤ (ʧʣ., 3500). 1H ʗʄʈ (ʘʮʝʪʦʥ-

d6) ŭ: 7,85 ï 7,72 [12H, m, 6 Ĭ 2Hortho], 7,54 ï 7,41 [18H, m, 6 Ĭ (2Hmeta + Hpara)], 3,43 [16H, t, 

2 Ĭ 4CH2], 1,80 [16H, quin, 2 Ĭ 4CH2], 1,42 [16H, sex, 2 Ĭ 4CH2], 0,96 [24H, t, 2 Ĭ 4CH3]. 

ʂʨʠʩʪʘʣʣʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. 

(Bu4N)2[{ Mo6Br8}(PhSO3)6]: ɺʳʭʦʜ: 90 ʤʛ (72%). ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦ-

ʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ, ɜ, ʩʤï1: ɜas(SO2) ï 1282 (ʩ.); ɜs(SO2) ï 1162 (ʩ.); ɜ(SO) ï 965. ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C68H102Br8Mo6N2O18S6: C 30,9; H 3,9; N 1,1; S 7,3%. ʅʘʡʜʝʥʦ: C 30,6; H 3,7; N 1,0; S 

7,6%. ʕʉʇ ʚ CH2Cl2: ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 317 ʥʤ (5200), 367 (3600). 1H ʗʄʈ (ʘʮʝʪʦʥ-d6) ŭ: 

7,80 ï 7,71 [12H, m, 6 Ĭ 2Hortho], 7,55 ï 7,41 [18H, m, 6 Ĭ (2Hmeta + Hpara)], 3,43 [16H, t, 2 Ĭ 

4CH2], 1,80 [16H, quin, 2 Ĭ 4CH2], 1,43 [16H, sex, 2 Ĭ 4CH2], 0,98 [24H, t, 2 Ĭ 4CH3]. ʂʨʠ-

ʩʪʘʣʣʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. 

(Bu4N)2[{ Mo6I8}(PhSO3)6]: ɺʳʭʦʜ: 94 ʤʛ (87%). ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦ-

ʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ, ɜ, ʩʤï1: ɜas(SO2) ï 1272 (ʩ.); ɜs(SO2) ï 1156 (ʩ.); ɜ(SO) ï 985. ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C68H102I8Mo6N2O18S6: C 27,1; H 3,4; N 0,9; S 6,4%. ʅʘʡʜʝʥʦ: C 27,4; H 3,3; N 0,9; S 

6,2%. ʕʉʇ ʚ CH2Cl2: ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 347 ʥʤ (5800), 391 (4700). 1H ʗʄʈ (ʘʮʝʪʦʥ-d6) ŭ: 

7,75 ï 7,67 [12H, m, 6 Ĭ 2Hortho], 7,52 ï 7,43 [18H, m, 6 Ĭ (2Hmeta + Hpara)], 3,43 [16H, t, 2 Ĭ 

4CH2], 1,81 [16H, quin, 2 Ĭ 4CH2], 1,43 [16H, sex, 2 Ĭ 4CH2], 0,97 [24H, t, 2 Ĭ 4CH3]. ʂʨʠ-

ʩʪʘʣʣʳ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. 

(Bu4N)2[{ Mo6Cl8}(OTs)6]: ɺʳʭʦʜ: 130 ʤʛ (86%). ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦ-

ʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ, ɜ, ʩʤï1: ɜas(SO2) ï 1295 (ʩ.), 1283 (ʩ.); ɜs(SO2) ï 1159 (ʩ.); ɜ(SO) ï 958. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C74H114Cl8Mo6N2O18S6: C 37,5; H 4,8; N 1,2; S 8,1%. ʅʘʡʜʝʥʦ: C 37,5; H 4,8; 

N 1,2; S 8,4%. ʕʉʇ ʚ CH2Cl2: ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 350 ʥʤ (ʧʣ., 3200). 1H ʗʄʈ (ʘʮʝʪʦʥ-d6) ŭ 

(ppm): 7,67 [12H, d, 6 Ĭ 2Hortho], 7,29 [12H, d, 6 Ĭ 2Hmeta], 3,43 [16H, t, 2 Ĭ 4CH2], 2,39 [18H, 

s, 6 Ĭ CH3], 1,81 [16H, quin, 2 Ĭ 4CH2], 1,43 [16H, sex, 2 Ĭ 4CH2], 0,97 [24H, t, 2 Ĭ 4CH3]. 

ʂʨʠʩʪʘʣʣʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. 

(Bu4N)2[{ Mo6Br8}(OTs)6]: ɺʳʭʦʜ: 112 ʤʛ (90%). ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦ-

ʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ, ɜ, ʩʤ-1: ɜas(SO2) ï 1293 (ʩ.), 1277 (ʩ.); ɜs(SO2) ï 1158 (ʩ.); ɜ(SO) ï 964. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C74H114Br8Mo6N2O18S6: C 32,6; H 4,2; N 1,0; S 7,1%. ʅʘʡʜʝʥʦ: C 32,6; H 4,2; 

N 1,0; S 6,8%. ʕʉʇ ʚ CH2Cl2: ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 320 ʥʤ (5000), 363 (ʧʣ., 3400). 1H ʗʄʈ 

(ʘʮʝʪʦʥ-d6) ŭ: 7,64 [12H, d, 6 Ĭ 2Hortho], 7,28 [12H, d, 6 Ĭ 2Hmeta], 3,44 [16H, t, 2 Ĭ 4CH2], 2,39 

[18H, s, 6 Ĭ CH3], 1,81 [16H, quin, 2 Ĭ 4CH2], 1,43 [16H, sex, 2 Ĭ 4CH2], 0,97 [24H, t, 2 Ĭ 

4CH3]. ʂʨʠʩʪʘʣʣʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. 

(Bu4N)2[{ Mo6I8}(OTs)6] : ɺʳʭʦʜ: 95 ʤʛ (87%). ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦ-

ʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ, ɜ, ʩʤï1: ɜas(SO2) ï 1269 (ʩ.); ɜs(SO2) ï 1157 (ʩ.); ɜ(SO) ï 982. ɺʳʯʠʩʣʝʥʦ 
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ʜʣʷ C74H114I8Mo6N2O18S6: C 28,6; H 3,7; N 0,9; S 6,2%. ʅʘʡʜʝʥʦ: C 28,7; H 3,6; N 0,9; S 

6,0%. ʕʉʇ ʚ CH2Cl2: ɚʤʘʢʩ(Ů, Mï1ʩʤï1) = 347 ʥʤ (5200), 394 (4300). 1H ʗʄʈ (ʘʮʝʪʦʥ-d6) ŭ: 

7,59 [12H, d, 6 Ĭ 2Hortho], 7,27 [12H, d, 6 Ĭ 2Hmeta], 3,43 [16H, t, 2 Ĭ 4CH2], 2,39 [18H, s, 6CH3], 

1,81 [16H, quin, 2 Ĭ 4CH2], 1,43 [16H, sex, 2 Ĭ 4CH2], 0,97 [24H, t, 2 Ĭ 4CH3]. ʂʨʠʩʪʘʣʣʳ 

ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. 

ʉʠʥʪʝʟ (Bu4N)2[{Mo6I 8}Cl6] 

1 ʛʨʘʤʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8}( NO3)6] (1 ʛ, 0,41 ʤʤʦʣʴ) ʨʘʩʪʚʦ-

ʨʠʣʠ ʚ 100 ʤʣ ʘʮʝʪʦʥʘ ʠ ʜʦʙʘʚʠʣʠ 2 ʤʣ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (25 ʤʤʦʣʴ, 10-ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ). 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɼʘʣʝʝ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʥʘ ʨʦʪʘʮʠʦʥ-

ʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʜʦ 3 ʤʣ. ʇʨʠ ʫʧʘʨʠʚʘʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʦʨʘʥʞʝʚʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʧʨʦ-

ʤʳʣʠ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ pH. ɺʳʭʦʜ: 705 ʤʛ (77%). ESI-MS (ï): M/z ʟʥʘʯʝ-

ʥʠʝ, ʨʘʚʥʦʝ İ: ʪʝʦʨʝʪʠʯʝʩʢʦʝ 902,2387, ʧʨʘʢʪʠʯʝʩʢʦʝ 902,2224; M/z ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 1: 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ 2046,7637, ʧʨʘʢʪʠʯʝʩʢʦʝ 2046,7377, EDS: Mo:I:Cl ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:6, 

ʧʨʘʢʪʠʯʝʩʢʦʝ 6:7,7:5,8. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H72N2Mo6I8Cl6: C 16,79; H 3,17; N 1,22%. 

ʅʘʡʜʝʥʦ: C 16,1; H 3,0; N 1,3%. 

ʉʠʥʪʝʟ (Bu4N)[{Mo6I 8}Cl6] 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. 

ʉʧʦʩʦʙ 1. ʍʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 

ʂ 100 ʤʛ (0,04 ʤʤʦʣʴ) ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8} Cl6], ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 

50 ʤʛ ʭʣʦʨʦʬʦʨʤʘ, ʜʦʙʘʚʠʣʠ 0,5 ʤʣ (8,2 ʤʤʦʣʴ) HNO3. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚʠʣʠ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʜʚʘ ʜʥʷ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʦʪʜʝʣʠʣʠ ʮʝʥʪʨʠʬʫ-

ʛʠʨʦʚʘʥʠʝʤ ʠ ʦʪʤʳʣʠ ʦʪ ʠʟʙʳʪʢʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ. ɺʳʭʦʜ: 

80,5 ʤʛ (90%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C16H36NMo6I8Cl6: C 9,39; H 1,78; N 0,68%. ʅʘʡʜʝʥʦ: C 8,4; 

H 1,7; N 0,7%. ʂʨʠʩʪʘʣʣʳ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

ʉʧʦʩʦʙ 2. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʣʘʪʠʥʦʚʦʤ ʵʣʝʢʪʨʦʜʝ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ. 

80 ʤʛ (0,035 ʤʤʦʣʴ) (Bu4N)2[{ Mo6I8} Cl6] ʙʳʣʦ ʨʘʩʪʚʦʨʝʥʦ ʚ 10 ʤʣ ʘʮʝʪʦʥʘ ʠ ʧʦʤʝʱʝʥʦ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ. ʊʝʤʥʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘ ʘʥʦʜʝ ʧʨʠ ʧʦʩʪʦ-

ʷʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ +1.5 ɺ (ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï AgCl/Ag) ʟʘ 12 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʩʦʙʨʘʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʰʧʘʪʝʣʷ ʠ ʚʳʩʫʰʝʥʳ. ɺʳʭʦʜ: 55 ʤʛ (77%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

C16H36NMo6I8Cl6: C 9,39; H 1,78; N 0,68%, ʥʘʡʜʝʥʦ: C 9,3; H 1,7; N 0,7%. EDS: Mo:I:Cl 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:8:6, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:7,7:5,3. 

ʉʠʥʪʝʟ (4-ViBnNMe3)2[{Mo6I 8}I6] 

ʂʦʤʧʣʝʢʩ (4-ViBnNMe3)2[{ Mo6I8} I6] ʧʦʣʫʯʘʣʠ ʧʦʜʦʙʥʦ ʢʦʤʧʣʝʢʩʫ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ 200 ʤʛ (0,076 ʤʤʦʣʴ) ʪʚʝʨʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Cs2[{Mo 6I8}I 6] ʩ 20 ʤʣ ʨʘʩʪʚʦʨʘ 4-



125 

 

ViBnNMe3Cl (200 ʤʛ, 0,940 ʤʤʦʣʴ) ʚ ʘʮʝʪʦʥʝ ʚ ʪʝʯʝʥʠʝ 1 ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʨʘʩ-

ʥʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʦʝ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ (3 ³ 10 ʤʣ) ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ 4-ViBnNMe3Cl ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 200 ʤʛ (97%). EDS: 

Mo:I ʪʝʦʨʝʪʠʯʝʩʢʦʝ 6:14, ʧʨʘʢʪʠʯʝʩʢʦʝ 6:14,2. ʉʣʝʜʦʚ ʧʨʠʩʫʪʩʪʚʠʷ Cs+ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʧʦʣʥʦʤ ʟʘʤʝʱʝʥʠʠ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʪʠʦʥ. ɺʳ-

ʯʠʩʣʝʥʦ ʜʣʷ C24H36I14N2Mo6: ʉ 10,7; H 1,3; N 1,0%. ʅʘʡʜʝʥʦ: ʉ 10,9; H 1,2; N 1,0. ʇʦ ʜʘʥ-

ʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʷ (4-ViBnNMe3)2[{ Mo6I8} I6] ʥʝ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚʧʣʦʪʴ ʜʦ 300ᴈ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩ-

ʪʚʦʨʠʪʝʣʝʡ. ʄʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʈʉɸ, ʧʦʣʫʯʝʥ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʨʘʟʙʘʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚ ʘʮʝʪʦʥʝ. 

ʉʠʥʪʝʟ dMDAEMAI, (dMDAEMA)2[{Mo6I 8}I 6] ʠ (dMDAEMA)2[{Mo6I 8}(OTs)6] 

ʉʠʥʪʝʟ [2-(ʤʝʪʘʢʨʠʣʦʠʣʦʢʩʠ)ʵʪʠʣ]ʜʠʤʝʪʠʣʜʦʜʝʮʠʣʘʤʤʦʥʠʡ ʠʦʜʠʜʘ (dMDAEMAI) 

ʉʤʝʩʴ 2,2-ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (5 ʤʣ, 0,030 ʤʦʣʴ) ʠ 1-ʠʦʜʦʜʦʜʝʢʘʥʘ (7,5 

ʤʣ, 0,030 ʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʭʣʦʨʦʬʦʨʤʝ (50 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 50ᴈ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʦʪʘʮʠʦʥʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʠ ʦʩʘ-

ʞʜʘʣʠ ʚ ʭʦʣʦʜʥʦʤ ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ. ʇʦʣʫʯʝʥʥʦʝ ʙʝʣʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʩʦʙʠʨʘʣʠ 

ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ: 12,0 ʛ (88%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H40INO2: C 53,0; 

H 8,9; N 3,1%. ʅʘʡʜʝʥʦ: C 53,1; H 9,0; N 3,2%. 1H ʗʄʈ (CDCl3) ŭ: 6,15 [1H, s, CHH], 5,68 

[1H, s, CHH], 4,65 [2H, ʤ, OCH2], 4,13 [2H, m, CH2N]. 3,62 ï 3,58 [2H, m, NCH2] 3,49 [6H, 

s, N(CH3)2], 1,94 [3H, s, CH3], 1,75 [2H, m, CH2CH2], 1,40 ï 1,12 [18H, (CH2)9], 0,86 [3H, t, J 

= 6,7 ɻʮ, CH3]. 13C ʗʄʈ (CDCl3) ŭ: 166,3, 135,1, 127,5, 65,8, 62,5, 58,1, 31,9, 29,6 ï 28,5, 

26,2, 23,0, 22,7. ʀʂ-ʩʧʝʢʪʨʳ (ʩʤï1): 2918, ŭ(CH) ï 2850, ŭ(C=O) ï 1721, ŭ(C=C) ï 1632, 

ɡs(CH3) ï 1464, ɡas(CïOïC) ï 1298, ɡs(CïOïC) ï 1167, ŭ(-(CH2)n ï 961. 

ʉʠʥʪʝʟ (dMDAEMA)2[{ Mo6I8}I6]  

1,0 ʛ (0,38 ʤʤʦʣʴ) Cs2[{Mo 6I8}I 6] ʠ 1,0 ʛ (2,21 ʤʤʦʣʴ) dMDAEMAI ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʘʮʝʪʦʥʝ (150 ʤʣ) ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʚʳʧʘʨʠʚʘʣʠ. ʊʚʝʨʜʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ CH3OH/H2O (1:1), ʧʦʣʫʯʘʷ ʧʦʨʦʰʢʦʦʙ-

ʨʘʟʥʳʡ ʧʨʦʜʫʢʪ ʙʦʨʜʦʚʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ: 0,82 ʛ (72%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C40H80I14Mo6N2O4: 

C 16,0; H 2,7; N 0,9%. ʅʘʡʜʝʥʦ: ʉ 16,3; ʅ 2,5; N 1,0%. 1H ʗʄʈ (CDCl3) ŭ: 6,17 [1H, s, CHH], 

5,74 [1H, s, CHH], 4,71 [2H, m, OCH2], 3,93 [2H, m, CH2N]. 3,40 [8H, m, NCH2 + N(CH3)2], 

1,97 [3H, s, CH3], 1,67 [2H, m, NCH2], 1,40 ï 1,12 [18H, (CH2)9], 0,87 [3H, t, J = 6,7 ɻʮ, CH3]. 

ʀʂ-ʩʧʝʢʪʨʳ (ʩʤï1): 2918, ŭ(CH) ï 2849, ŭ(C=O) ï 1715, ŭ(C=C) ï 1635, ɡs(CH3) ï 1455, 1384, 

ɡas(CïOïC) ï 1291, ɡs(CïOïC) ï 1152, ŭ(-(CH2)n ï 941. 

ʉʠʥʪʝʟ (dMDAEMA)2[{Mo 6I8}(OTs)6]  

500 ʤʛ (0,166 ʤʤʦʣʴ) 1 ʠ 325 ʤʛ (1,16 ʤʤʦʣʴ) AgOTs ʜʦʙʘʚʣʷʣʠ ʢ 100 ʤʣ ʩʫʭʦʛʦ 

ʜʠʭʣʦʨʤʝʪʘʥʘ ʚ ʢʦʣʙʝ ʐʣʸʥʢʘ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ ʚ ʢʦʣʙʝ, ʧʦʢʨʳʪʦʡ 

ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʦʡ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʩʤʝʩʴ 

ʧʨʠʦʙʨʝʣʘ ʷʥʪʘʨʥʳʡ ʮʚʝʪ. ʈʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʅʘʩʣʦʝ-

ʥʠʝʤ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʧʦʚʝʨʭ ʨʘʩʪʚʦʨʘ ʜʠʭʣʦʨʤʝʪʘʥʘ ʦʩʘʞʜʘʣʠ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʤʝʣʢʦʛʦ 
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ʦʨʘʥʞʝʚʦʛʦ ʧʦʨʦʰʢʘ. ʇʨʦʜʫʢʪ ʚʳʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (4000 ʦʙ/ʤʠʥ, 2 ʤʠʥ), ʜʚʘ-

ʞʜʳ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (30 ʤʣ), ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ ʠ ʭʨʘʥʠʣʠ ʚ ʚʘʢʫʫʤʠʨʦ-

ʚʘʥʥʦʤ ʵʢʩʠʢʘʪʦʨʝ. ɺʳʭʦʜ: 278 ʤʛ (51%). ɺʳʯʠʩʣʝʥʦ ʜʣ̫ C82H122I8Mo6N2O22S6: C 30,1; H 

3,8; N 0,9; S 5,9%. ʅʘʡʜʝʥʦ: C 30,4; H 4,2; N 1,0; S 5,5%. 1H ʗʄʈ (CDCl3) ŭ: 7,51 [12H, d, 

J = 8,2 ɻʮ, 6 Ĭ 2Hortho], 7,12 [2H, d, J = 8,2 ɻʮ, 6 Ĭ 2Hmeta] 6,04 [2H, s , 2 Ĭ CHH], 5,57 [1H, s, 

2 Ĭ CHH], 4,52 [4H, m, 2 Ĭ OCH2], 3,76 [4H, ʤ, 2 Ĭ CH2N], 3,27 [12H + 4H, s, 2 Ĭ (N(CH3)2 

+ NCH2)], 2,31 [18H, s, 6 Ĭ CH3], 1,84 [6H, s, 2 Ĭ CH3], 1,50 [4H, m, 2 Ĭ CH2CH2], 1,32 ï 

1,08 [36H, 2 Ĭ (CH2)9], 0,81 [6H, t, J = 6,7 ɻʮ, 2 Ĭ CH3]; 13C ʗʄʈ (CDCl3) ŭ: 166,3, 135,1, 

127,5, 65,5, 62,4, 58,0, 31,9, 29,7 ï 29,1, 26,3, 22,8, 22,7 (dMDAEMA+); 141,3, 139,6, 129,2, 

126,4, 21,5 (OTsï). ESI-MS (+): ʥʘʡʜʝʥʦ ʜʣʷ dMDAEMA+ ï 326,26, ʨʘʩʩʯʠʪʘʥʦ ï 326,53. 

ESI-MS (ï): ʥʘʡʜʝʥʦ ʜʣʷ [{Mo6I8}(OTs)6]2ï1308,81, ʨʘʩʩʯʠʪʘʥʦ ï 1309,02. ʀʂ-ʩʧʝʢʪʨʳ (ʩʤï

1): 2951, 2923, ŭ(CH) ï 2852, ŭ(C=O) ï 1720, ŭ(C=C) ï 1635, ɡs(CH3) ï 1458, 1272, ɡas(SO2) 

ï 1197, ɡs(SO2) ï 1157, ɡas(SO) ï 980, ŭ(CS) ï 567. 

ʉʠʥʪʝʟ A2[{Mo6I8}(OTs)6] (A = C12H25(CH3)3N, (C18H37)2(CH3)2N) 

ʈʘʩʪʚʦʨʠʣʠ 500 ʤʛ Cs2[{ Mo6I8} I6] (0,19 ʤʤʦʣʴ) ʚ 50 ʤʣ ʘʮʝʪʦʥʘ. ɼʦʙʘʚʠʣʠ ʩʪʝʭʠʦ-

ʤʝʪʨʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ (C12H25(CH3)3N)Cl (0,38 ʤʤʦʣʴ, 100 ʤʛ) ʠʣʠ (C18H37)2(CH3)2NCl 

(0,38 ʤʤʦʣʴ, 224 ʤʛ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. ɼʘʣʝʝ ʦʪʬʠʣʴ-

ʪʨʦʚʘʣʠ ʦʩʘʜʦʢ CsCl, ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ. ʇʨʦʤʳʣʠ ʧʦʣʫʯʠʚʰʠʡʩʷ ʦʩʘʜʦʢ ʚʦʜʦʡ 3 

ʨʘʟʘ, ʜʘʣʝʝ ʚʳʩʫʰʠʣʠ ʦʩʘʜʦʢ. ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 470 ʤʛ (88%) ʠ 524 ʤʛ (80%), ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H68N2Mo6I14: C 13; H 2,4; N 1,0%, 

ʥʘʡʜʝʥʦ: C 12,8; H 2,3; N 0,9%; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C76H160N2Mo6I14: C 26,4; H 4,7; N 0,8%, 

ʥʘʡʜʝʥʦ: C 26,2; H 5,0; N 1,0%. 

ɼʘʣʝʝ ʨʘʩʪʚʦʨʠʣʠ 400 ʤʛ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (C12H25(CH3)3N)2[{ Mo6I8} I6] (0,14 

ʤʤʦʣʴ) ʠʣʠ ((C18H37)2(CH3)2N)2[{ Mo6I8} I6] (0,12 ʤʤʦʣʴ) ʚ 40 ʤʣ ʘʮʝʪʦʥʘ ʩ ʩʝʨʝʙʨʷʥʦʡ ʩʦ-

ʣʴʶ AgOTs, ʚʟʷʪʦʡ ʚ ʥʝʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ (0,85 ʤʤʦʣʴ, 237 ʤʛ) ʠʣʠ (0,71 ʤʤʦʣʴ, 200 ʤʛ). 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʥʝʡ ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ. ɼʘʣʝʝ ʦʙʨʘʟʦʚʘʚ-

ʰʠʡʩʷ ʦʩʘʜʦʢ AgI ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ, ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 

310 ʤʛ (72%) ʠ 312 ʤʛ (70%). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʚʳʯʠʩʣʝʥʦ ʜʣʷ C72H110N2Mo6I8S6O18: C 

28,1; H 3,6; N 0,9%, ʥʘʡʜʝʥʦ: C 28,0; H 3,3; N 0,95; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C118H202N2Mo6I8S6O18: 

C 38,0; H 5,5; N 0,8%, ʥʘʡʜʝʥʦ C 38,0; H 5,1; N 1,0%. 

ʉʠʥʪʝʟ Ag(CF3(CF2)COO) ʠ (Bu4N)2[{Mo6I 8}(CF3(CF2)6COO)6] 

ʉʠʥʪʝʟ Ag(CF3(CF2)6COO) 

167 ʤʛ (0,61 ʤʤʦʣʴ) ʢʘʨʙʦʥʘʪʘ ʩʝʨʝʙʨʘ Ag2CO3 ʠ 550 ʤʛ ʧʝʨʬʪʦʨʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

C7F15COOH (1,3 ʤʤʦʣʴ) ʜʦʙʘʚʠʣʠ ʢ 20 ʤʣ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (1:1). ɼʘʣʝʝ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩʦʥʠʨʦʚʘʣʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝ-

ʥʠʷ ʧʫʟʳʨʴʢʦʚ CO2. ɼʘʣʝʝ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʢʘʨʙʦʥʘʪ ʩʝʨʝʙʨʘ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʘ ʨʘʩ-

ʪʚʦʨ ʫʧʘʨʠʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʜʦ 1 ʤʣ. ɼʦʙʘʚʠʣʠ ʢ ʨʘʩʪʚʦʨʫ ʠʟʙʳʪʦʢ ʜʠʵʪʠ-

ʣʦʚʦʛʦ ʵʬʠʨʘ (20 ʤʣ). ʅʘ ʥʦʯʴ ʫʙʨʘʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢ. ɼʘʣʝʝ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ 
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ʫʧʘʨʠʣʠ ʵʬʠʨ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ: 455 ʤʛ 

(72%). 

ʉʠʥʪʝʟ (Bu4N)2[{ Mo6I8}(CF3(CF2)6COO)6]  

ʈʘʩʪʚʦʨʠʣʠ 259 ʤʛ (0,09 ʤʤʦʣʴ) (Bu4N)2[{ Mo6I8} I6] ʚ 20 ʤʣ ʘʮʝʪʦʥʘ. ɼʦʙʘʚʠʣʠ 300 

ʤʛ ʩʝʨʝʙʨʷʥʦʡ ʩʦʣʠ AgOCOC7F15 (0,57 ʤʤʦʣʴ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝ-

ʥʠʝ 4 ʜʥʝʡ ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ. ɼʘʣʝʝ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʦʩʘʜʦʢ AgI, ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ. ʂʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ï ʵʪʦ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. ɼʦʙʘ-

ʚʠʣʠ 20 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʫʧʘʨʠʣʠ ʠ ʧʦʣʫʯʠʣʠ ʧʦʨʦʰʦʢ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺʳʭʦʜ: 

272 ʤʛ (66%). ESI-MS (ï): M/z ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ İ: ʪʝʦʨʝʪʠʯʝʩʢʦʝ 2034,7274, ʧʨʘʢʪʠʯʝʩʢʦʝ 

2034,7274. 

2.3. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

2.3.1. ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ 

ʉʠʥʪʝʟ ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ ʥʘʪʨʠʷ (PSS) 

ʇʦʣʠʩʪʠʨʦʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ (PSS) ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʸʤ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘ-

ʮʠʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [452, 453]. ɼʣʷ ʵʪʦʛʦ 10 ʛ ʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ 

ʥʘʪʨʠʷ ʤʦʥʦʛʠʜʨʘʪʘ ʠ 10 ʤʛ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 250 ʤʣ, 

ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥʦʤ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɼʘʣʝʝ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 80ᴈ ʠ ʧʨʦʜʦʣʞʘʣʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ɿʘʪʝʤ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚʷʟʢʠʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʧʨʠʢʘʧʳ-

ʚʘʣʠ ʢ 1,5 ʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʣʠʤʝʨ 

ʙʝʣʦʛʦ ʮʚʝʪʘ ʧʨʦʤʳʚʘʣʠ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70ᴈ. 

ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 9,1 ʛ (91%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ (CH2CHC6H4SO3NaĿ2H2O)n: C 39,7; H 4,6; N 

0, S 13,2%. ʅʘʡʜʝʥʦ: C 39,5; H 4,6; N 0; S 13,0%. 

ʇʦʣʫʯʝʥʠʝ {Mo6X8}n@PSS (X= Cl, Br, I ) 

ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʄʘʪʝʨʠʘʣʳ 

{ Mo6X8} n@PSS (ʛʜʝ X = Cl, Br, I, ʘ n = 1, 5, 10 ʠʣʠ 100 ï ʤʘʩʩʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{ Mo6X8}( NO3)6] ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʥʘ 100 ʤʛ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ) ʧʦʣʫʯʘʣʠ ʩʦ-

ʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: 100 ʤʛ PSS ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʠʘʣʫ, ʜʦʙʘʚʣʷʣʠ 5 ʤʣ 

ʨʘʩʪʚʦʨʘ ʘʮʝʪʦʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (1, 5, 10 ʠʣʠ 100 ʤʛ), ʠ ʧʝʨʝʤʝʰʠ-

ʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʞʸʣʪʳʡ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ 

ʧʫʪʸʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (7700 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ), ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ ʜʦ ʧʦ-

ʪʝʨʠ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ, ʟʘʪʝʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70ᴈ. ɼʣʷ {Mo 6X8} 100@PSS ʥʘʡʜʝʥʦ: C 37,2; H 4,8; N 0; S 12,2% (X = Cl); C 

35,7; H 4,5; N 0; S 12,5% (X = Br); C 36,7; H 4,7; N 0; S 12,5% (X = I). 

ʇʦʣʫʯʝʥʠʝ {Mo6X8}@PS-SH (X = Cl, Br, I ) 

ɺʩʝ ʵʪʘʧʳ ʩʠʥʪʝʟʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 20 ʤʛ 

(Bu4N)2[{ Mo6X8}( NO3)6] ʨʘʩʪʚʦʨʠʣʠ ʚ 2 ʤʣ CH2Cl2, ʜʦʙʘʚʠʣʠ ʩʫʩʧʝʥʟʠʶ ʪʠʦʣ-

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʩʪʨʦʣʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ CH2Cl2 (200 ʤʛ ʧʦʣʠʤʝʨʘ ʚ 2 ʤʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʩʦʥʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʚ ʋɿ-ʚʘʥʥʦʡ, ʜʘʣʝʝ 
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ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʥʝʚʩʪʫʧʠʚʰʝʛʦ ʚ ʨʝʘʢʮʠʶ ʢʣʘʩʪʝʨʥʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʦʙʘʚʠʣʠ ɼʄʌɸ (5 ʤʣ), 5 ʤʠʥʫʪ ʩʦʥʠʨʦʚʘʣʠ, 5 ʤʠʥʫʪ ʧʝʨʝʤʝʰʠʚʘʣʠ. 

ʈʘʟʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (8 ʤʠʥ, 7000 ʦʙ/ʤʠʥ). ʇʨʦʮʝʜʫʨʫ 

ʧʦʚʪʦʨʠʣʠ 4 ʨʘʟʘ ʩ ɼʄʌɸ ʠ 2 ʨʘʟʘ ʩ ʤʝʪʘʥʦʣʦʤ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʩʫʩʧʝʥʟʠʠ 

ʚ ʚʦʜʝ ʤʠʢʨʦʰʘʨʠʢʠ ʩʥʘʯʘʣʘ ʧʨʦʤʳʣʠ 1% ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ 

(PVP) 50 ʢɼʘ, ʜʘʣʝʝ ʪʘʢ ʞʝ ʧʨʦʩʦʥʠʨʦʚʘʣʠ, ʚʟʙʦʣʪʘʣʠ, ʦʪʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (20 ʤʠʥ, 

7000 ʦʙ/ʤʠʥ), ʨʘʩʪʚʦʨ ʩʣʠʣʠ. ʆʩʘʜʦʢ ʜʚʘʞʜʳ ʧʨʦʤʳʣʠ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ɼʄʌɸ). 

ʈʝʩʫʩʧʝʟʠʨʦʚʘʣʠ ʚ 2 ʤʣ ʚʦʜʳ. 

ʇʦʣʫʯʝʥʠʝ {Mo6X8}@PS-COOH ʠ {Mo6X8}@PS-Py (X = Cl, Br, I ) 

ʇʨʠʛʦʪʦʚʠʣʠ 13 ʤʣ 1% ʨʘʩʪʚʦʨʘ PVP ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʜʦʙʘʚʠʣʠ 1,1 ʤʣ ʩʪʠʨʦʣʘ (ɟ = 0,91 ʛ/ʩʤ3, 0,01 ʤʦʣʴ) ʠ 2% ʩʦʤʦʥʦʤʝʨʘ (ʤʝʪʘʢʨʠʣʦʚʘʷ ʢʠʩ-

ʣʦʪʘ, 0,016 ʤʣ, 0,2 ʤʤʦʣʴ, ɟ = 1,02 ʛ/ʩʤ3 -COOH ʠʣʠ 4-ʚʠʥʠʣʧʠʨʠʜʠʥ, 0,020 ʤʣ, 0,2 ʤʤʦʣʴ, 

ɟ = 0,989 ʛ/ʩʤ3, -Py) ʚ ʧʨʠʩʫʪʩʪʚʠʝ 10, 50 ʠʣʠ 100 ʤʛ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2Mo6X8(NO3)6 (1, 5 ʠʣʠ 10% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʠʨʦʣʫ ʧʦ ʤʘʩʩʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ 

0,018 ʤʣ ʠʥʠʮʠʘʪʦʨʘ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʪʨʝʪ-ʙʫʪʠʣ ʧʝʨʦʢʩʠʙʝʥʟʦʘʪ, 0,096 

ʤʤʦʣʴ). ɼʘʣʝʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʧʨʦʧʫʩʢʘʣʠ ʪʦʢ ʘʨʛʦʥʘ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 80ᴈ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʥʝ ʚʩʪʫʧʠʚʰʝʛʦ ʚ ʨʝʘʢʮʠʶ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʘʚʠʣʠ 5 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, 5 ʤʠʥʫʪ ʩʦʥʠʨʦʚʘʣʠ ʚ ʋɿ-ʚʘʥʥʝ, 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (8 ʤʠʥʫʪ ʧʨʠ 6000 ʦʙ/ʤʠʥ). ʆʩʘʜʦʢ ʧʨʦʤʳʣʠ 1 ʨʘʟ ʩʧʠʨʪʦʤ, 2 ʨʘʟʘ ʚʦ-

ʜʦʡ. ʈʝʩʫʩʧʝʟʠʨʦʚʘʣʠ ʚ 5 ʤʣ ʚʦʜʳ. 

ʇʦʣʫʯʝʥʠʝ [{Mo6I 8}(OTs)6]@PMMA 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʆʙʨʘʟʮʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ [{ Mo6I8}( OTs)6]n@PMMAbulk (ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ 

(dMDAEMA)2[{ Mo6I8}( OTs)6] ʚ ʤʛ ʥʘ 1 ʤʣ ʤʦʥʦʤʝʨʘ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (MMA )), ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʪʦʢʦʣʘ: ʈʘʩʪʚʦʨʳ 

(dMDAEMA)2[{ Mo6I8}( OTs)6] ʚ ʄʄɸ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,10, 0,25, 1,0, 2,0 ʠ 4,0 ʤʛ/ʤʣ ʛʦ-

ʪʦʚʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʳ ʜʣʷ ʩʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʝʥʠʶ ʦʙʨʘʟʮʘ ʠ 

ʜʝʛʘʟʠʨʦʚʘʣʠ ʧʫʪʝʤ ʧʨʦʜʫʚʢʠ ʘʟʦʪʦʤ. ʇʨʦʙʠʨʢʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ 1 ʤʣ ʨʘʩ-

ʪʚʦʨʦʚ ʠ AIBN (10 ʤʛ, 0,6 ʤʘʩ.%). ʂʘʞʜʫʶ ʧʨʦʙʠʨʢʫ ʟʘʢʨʳʚʘʣʠ ʨʝʟʠʥʦʚʦʡ ʩʝʧʪʦʡ, ʦʭʣʘ-

ʞʜʘʣʠ ʜʦ ï77ᴈ ʠ ʜʝʛʘʟʠʨʦʚʘʣʠ ʪʨʝʤʷ ʢʦʨʦʪʢʠʤʠ (~1 ʤʠʥ) ʮʠʢʣʘʤʠ ʚʘʢʫʫʤ/ʘʟʦʪ. ɿʘʪʝʤ 

ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 18 ʯ ʧʨʠ 70ᴈ ʯʪʦ ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʧʦʣʠʤʝʨʘ ʚ 

ʚʠʜʝ ʪʘʙʣʝʪʦʢ. ʊʘʙʣʝʪʢʫ ʠʟ ʯʠʩʪʦʛʦ PMMAbulk ʪʘʢʞʝ ʛʦʪʦʚʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ, ʩʣʝʜʫʷ 

ʪʦʡ ʞʝ ʧʨʦʮʝʜʫʨʝ. 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ 

ʆʙʨʘʟʮʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ [{ Mo6I8}( OTs)6]n@PMMAsolut (ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ 

(dMDAEMA)2[{ Mo6I8}( OTs)6] ʚ ʤʛ ʥʘ 1 ʤʣ ʤʦʥʦʤʝʨʘ), ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʩʣʝʜʫʶ-

ʱʝʤʫ ʧʨʦʪʦʢʦʣʫ: 5, 10, 50 ʠʣʠ 100 ʤʛ (dMDAEMA)2[{ Mo6I8}( OTs)6] ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ʩʚʝʞʝʛʦ ʜʝʛʘʟʠʨʦʚʘʥʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʫʰʝʥʥʦʛʦ ʭʣʦʨʙʝʥʟʦʣʘ, ʠʩʧʦʣʴʟʫʷ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʫʶ ʙʘʥʶ ʠ ʦʩʪʦʨʦʞʥʳʡ ʥʘʛʨʝʚ, ʯʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʪʚʦʨʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ 
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ʢʦʤʧʣʝʢʩʘ. ʂ ʢʘʞʜʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʄʄɸ (1 ʤʣ), AIBN (10 ʤʛ, 0,6 ʤʘʩ.%) ʠ ʤʘʛ-

ʥʠʪʥʳʡ ̫ ʢʦʨʸʢ. ʂʘʞʜʫʶ ʩʤʝʩʴ ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ ʨʝʟʠʥʦʚʦʡ ʩʝʧʪʦʡ, ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘ-

ʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʜʝʛʘʟʠʨʦʚʘʣʠ ʧʫʪʝʤ ʧʨʦʜʫʚʢʠ ʘʟʦʪʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʠ 

ʥʘʛʨʝʚʘʣʠ ʧʨʠ 70ᴈ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʤʝʰʠʚʘʣʠ ʩ 10 ʤʣ ʪʦʣʫʦʣʘ 

ʠ ʦʩʘʞʜʘʣʠ ʚ ʛʝʢʩʘʥʝ (150 ʤʣ). ʇʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʦʩʘʜʦʢ ʢʘʞʜʦʛʦ ʧʦʣʠʤʝʨʘ ʩʦʙʠʨʘʣʠ 

ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ʆʙʨʘʟʝʮ ʯʠʩʪʦʛʦ PMMA (ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ) ʪʘʢʞʝ 

ʛʦʪʦʚʠʣʠ, ʩʣʝʜʫʷ ʪʦʡ ʞʝ ʧʨʦʮʝʜʫʨʝ. 

ʇʦʣʫʯʝʥʠʝ ʧʣʝʥʦʢ [{Mo6I 8}(OTs)6]2ï@ʌ-32ʃ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʨʝʪʩʷ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 1% ʤʘʪʝʨʠʘʣʘ ʙʳʣʦ ʚʟʷʪʦ 5 ʤʛ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʜʦʙʘʚʣʝʥʦ 3 ʤʣ ʙʫʪʠʣʘʮʝʪʘʪʘ. ʉʤʝʩʴ ʩʦʥʠʨʦʚʘʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɼʘʣʝʝ ʜʦʙʘʚʠʣʠ 3,13 ʤʣ ʙʫʪʠʣʘʮʝʪʘʪʘ, ʩʦʜʝʨ-

ʞʘʱʝʛʦ 500 ʤʛ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ 160 ʤʛ/ʤʣ). ʅʘʥʝʩʣʠ ʜʠʩʧʝʨʩʠʶ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʰʢʠ ʇʝʪʨʠ ʠ ʦʩʪʘʚʠʣʠ ʚʳʩʳʭʘʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʠʝ (Bu4N)2[{Mo6I 8}(CF3(CF2)6COO)6]@ʌ-32ʃ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ʇʣʝʥʦʯʥʳʝ ʦʙʨʘʟʮʳ 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ʧʦʣʫʯʝʥʠʶ ʦʙʨʘʟʮʦʚ (C15H34N)2[{ Mo6I8}( OTs)6]@ʌ-32ʃ ʠ 

(C38H80N)2[{ Mo6I8}( OTs)6]@ʌ-32ʃ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ. 

ʄʠʢʨʦʨʘʟʤʝʨʥʳʝ ʚʦʣʦʢʥʘ 

ɺʦʣʦʢʥʘ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ ʠʟ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʌ-32ʃ ʚ ʵʪʠʣʘʮʝʪʘʪʝ. ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʠʤʝʨʘ ʙʳʣʘ 

ʥʘ ʫʨʦʚʥʝ 22.8-23.0 ʤʘʩ.%. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʠʤʝʨʘ 

ʙʳʣʘ 0.1, 0.5, 1 ʠ 5 ʤʘʩ.%. ʀʩʧʦʣʴʟʫʷ ʫʩʪʘʥʦʚʢʫ (Genvolt, 0ï30 kV voltage power source, 

UK) ʙʳʣʦ ʩʦʟʜʘʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʇʦʪʦʢ ʧʦʜʘʚʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣ ʟʘʜʘʥ ʩ ʧʦʤʦʱʴʶ 

ʰʧʨʠʮʝʚʦʛʦ ʥʘʩʦʩʘ (model no. Alladin-8000, World Precision Instruments, UK). ʈʘʩʪʚʦʨ ʧʦ-

ʜʘʚʘʣʠ ʯʝʨʝʟ ʩʪʘʣʴʥʦʡ ʥʘʢʦʥʝʯʥʠʢ ʰʧʨʠʮʘ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʣ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ, ʘ ʘʣʶʤʠ-

ʥʠʝʚʘʷ ʧʦʜʣʦʞʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʦʩʘʞʜʘʣʠʩʴ ʚʦʣʦʢʥʘ, ʚʳʩʪʫʧʘʣʘ ʚ ʨʦʣʠ ʢʘʪʦʜʘ. ɺʩʝ ʚʦʣʦʢʥʘ 

ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ: ʧʝʨʝʧʘʜ ʥʘʧʨʷʞʝʥʠʡ 22 ʢɺ, ʩʢʦʨʦʩʪʴ ʧʦ-

ʜʘʯʠ ʨʘʩʪʚʦʨʘ 1.6 ʤʣ/ʯ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʜʣʦʞʢʠ 15 ʩʤ. ʋʩʪʘʥʦʚʢʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʠʟʦʣʠʨʦ-

ʚʘʥʥʦʤ ʙʦʢʩʝ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʳ-

ʜʝʨʞʠʚʘʣʠ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʚ ʘʪʤʦʩʬʝʨʝ ʩʫʭʦʛʦ ʘʟʦʪʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷ. 

ʄʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮʳ 

ʂʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦ-

ʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠʛʦʪʦʚʠʣʠ ʜʚʘ ʨʘʩʪʚʦʨʘ: ʚ 8 ʤʣ ʵʪʠʣʘʮʝʪʘʪʘ ʨʘʩʪʚʦʨʠʣʠ 200 ʤʛ 

ʌ-32ʃʅ ʠ 10 ʤʛ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (5% ʤʘʪʝʨʠʘʣ) ((C4H9)4N)2[{ Mo6I8}( OCOC7F15)6]; 

ʚ 8 ʤʣ ʚʦʜʳ ʨʘʩʪʚʦʨʠʣʠ 200 ʤʛ PVP (10 ʢɼʘ). ɼʘʣʝʝ ʨʘʩʪʚʦʨ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʙʳʣ ʜʦʙʘʚʣʝʥ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦ ʢʘʧʣʷʤ ʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (1400 

ʦʙ/ʤʠʥ). ɼʘʣʝʝ ʚ 100 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (2 ʤʣ Brij  30 
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ʠ 8 ʤʣ Tween 80) ʤʝʜʣʝʥʥʦ ʙʳʣʘ ʚʚʝʜʝʥʘ ʧʦʣʫʯʝʥʥʘʷ ʵʤʫʣʴʩʠʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʥʠʨʦʚʘʥʠʠ. ɼʘʣʝʝ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʥʘ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʘʭ (1050 ʦʙ/ʤʠʥ) ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʠʟʙʳʪʢʘ ʵʬʠʨʘ. ʈʘʟʜʝʣʝʥʠʝ ʬʨʘʢʮʠʡ ʧʨʦʚʦʜʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. 

2.3.2. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ 

ɻʝʣʴ-ʧʨʦʥʠʢʘʶʱʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ʉʨʝʜʥʝʯʠʩʣʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ (M n) ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ 

ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ Agilent-LC 1200, ʦʩʥʘʱʝʥʥʦʤ ʢʦʣʦʥʢʦʡ PL-aquagel-OH mixed C ʠ ʜʝʪʝʢ-

ʪʦʨʦʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 0,7% ʨʘʩʪʚʦʨ NaN3 ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 1 ʤʣ/ʤʠʥ. ʂʘʣʠʙʨʦʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ PEO (Agilent). ʆʙʨʘʟʮʳ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ (0,3 ʤʛ ʚ 1 ʤʣ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʝʨʝʜ ʘʥʘʣʠʟʦʤ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. 

ɺʠʩʢʦʟʠʤʝʪʨʠʷ 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ (ʠʣʠ ʩʦʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʩʪʠ) ɖr ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʩʢʦʟʠʤʝʪʨʘ ʋʙʙʝʣʦʜʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,05 ʛ/ʣ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʝ ʧʨʠ 25ᴈ. ɖr = t/to, ʛʜʝ ɖr ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ, t ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʨʘʩ-

ʪʚʦʨʘ ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʆʮʝʥʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʄʊʊ-ʪʝʩʪ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.2. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʡ HeLa ʠʣʠ Hep-2. ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ PSS ʠ {Mo6X8} 100@PSS ï 3,2-3300 ʤʛ/ʤʣ. 

ʂʦʥʬʦʢʘʣʴʥʘʷ ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʂʃʉʄ) 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.2. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʡ HeLa ʠʣʠ Hep-2. ʂʦʥʮʝʥʪʨʘʮʠʠ PSS ʠ {Mo6X8} 100@PSS ï 100 ʤʛ/ʤʣ. 

ʇʨʦʪʦʯʥʘʷ ʮʠʪʦʤʝʪʨʠʷ 

ʂʣʝʪʢʠ ʣʠʥʠʡ Hep-2 ʠ HeLa ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 100 ʤʛ/ʤʣ PSS ʠʣʠ {Mo6X8} 100@PSS 

ʧʨʠ 37ᴈ ʚ ʘʪʤʦʩʬʝʨʝ 5% ʉʆ2 ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ ʥʘʪʨʠʡ-ʬʦʩ-

ʬʘʪʥʳʤ ʙʫʬʝʨʦʤ (PBS) ʠ ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʤʝʪʨʘ FACS Canto 

II (Becton Dickinson). ʀʩʧʦʣʴʟʦʚʘʣʠ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ 488 ʥʤ ʠ ʬʠʣʴʪʨ ʠʟʣʫʯʝʥʠʷ 695 

ʥʤ. ɺʩʝ ʜʘʥʥʳʝ ʫʩʨʝʜʥʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʧʫʣʷ-

ʮʠʠ 10000 ʢʣʝʪʦʢ. ɼʘʥʥʳʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ FlowJo Software. 

ʆʮʝʥʢʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.2. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʡ Hep-2 ʠ HeLa. ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ {Mo6X8} 100@PSS ï ʦʪ 3,2 ʜʦ 51,6 ʤʛ/ʤʣ. 

ɸʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʦʚ {Mo6X8}@PS-COOH, 

{Mo6X8}@PS-Py ʤʝʪʦʜʦʤ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʄʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʛʝʣʴ ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 5 ʤʢʣ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ 
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ʊɻʌ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ Agilent LC 1200 ʩ ʭʨʦʤʘʪʦʛʨʘ-

ʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʦʡ PL-gel-Mixed B ʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʤ ʜʝʪʝʢʪʦʨʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʵʣʶʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʊɻʌ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ 1 ʤʣ/ʤʠʥ. ɼʘʥʥʳʝ ʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩ-

ʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʫʟʢʦʜʠʩʧʝʨʩʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʧʦʣʠʩʪʠʨʦʣʘ (Agilent). 

ɸʥʘʣʠʟ ʢʦʥʚʝʨʩʠʠ ʤʦʥʦʤʝʨʦʚ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ {Mo6X8}@PS-COOH, {Mo6X8}@PS-

Py ʤʝʪʦʜʦʤ 1H ʗʄʈ 

ʏʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʠ ʠʟ ʥʠʭ ʧʨʠ ʧʦʤʦʱʠ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʙʳʣʠ ʫʜʘʣʝʥʳ ʚʩʝ ʣʝʪʫ-

ʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ɼʘʣʝʝ ʢ ʧʦʣʫʯʝʥʥʳʤ ʦʙʨʘʟʮʘʤ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 600 ʤʢʣ CDCl3 ʠ ʟʘʧʠ-

ʩʘʥʳ ʩʧʝʢʪʨʳ 1ʅ ʗʄʈ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ PVP. ʄʝʪʦʜʠʢʘ 

ʧʦʜʩʯʝʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʠ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʦʪ PVP (2.8ï4 ppm) ʠ ʧʦʣʠʩʪʠʨʦʣʘ 

(6,0 ï 6,73 ʤ.ʜ.) ʩ ʫʯʝʪʦʤ ʜʦʙʘʚʣʝʥʥʳʭ ʤʦʣʝʡ ʩʪʠʨʦʣʘ ʠ PVP ʚ ʥʘʯʘʣʝ ʨʝʘʢʮʠʡ: 

ʂʦʥʚʝʨʩʠʷ Ϸ
Ȣ Ȣ  ̍Ȣ̅Ȣ

Ȣ Ȣ ̍Ȣ̅Ȣ ̒̓̉̑̏̌
ρππϷ 

2.3.3. ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ MIL -101 

ʉʠʥʪʝʟ MIL-101 

ʅʘʥʦʨʘʟʤʝʨʥʳʡ MIL-101 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʤʥʦʛʦ ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [454]. ʊʠʧʠʯʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʤ: ʚ ʘʚʪʦʢʣʘʚʝ ʩ ʪʝʬʣʦʥʦʚʦʡ ʚʩʪʘʚʢʦʡ ʩʤʝʰʠʚʘʣʠ ʥʠʪʨʘʪ ʭʨʦʤʘ (1,2 ʛ, 3 

ʤʤʦʣʴ), ʪʝʨʝʬʪʘʣʝʚʫʶ ʢʠʩʣʦʪʫ (500 ʤʛ, 3 ʤʤʦʣʴ), 3 ʄ HF (1 ʤʣ, 3 ʤʤʦʣʴ) ʠ H2O (15 ʤʣ), 

ʟʘʪʝʤ ʥʘʛʨʝʚʘʣʠ ʜʦ 220ᴈ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 6 ʯʘʩʦʚ, 

ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦ-

ʚʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʷʥʥʦʛʦ ʬʠʣʴʪʨʘ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 160 ʤʢʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟ-

ʙʳʪʢʘ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ MIL -101 ʧʨʦʚʦʜʠʣʠ ʚ ʯʝʪʳʨʝ 

ʵʪʘʧʘ: ʦʙʨʘʙʘʪʳʚʘʣʠ ʛʦʨʷʯʠʤ ɼʄʌɸ (60ᴈ) ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ï ʜʚʘ ʨʘʟʘ, ʘ ʟʘʪʝʤ ʛʦʨʷʯʠʤ 

ʵʪʘʥʦʣʦʤ (70ᴈ) ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ (ʜʚʘ ʨʘʟʘ). ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 80ᴈ 

ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. 

ʇʦʣʫʯʝʥʠʝ [{Re6S8}(HCOO)6]@MIL-101 

ʂ ʨʘʩʪʚʦʨʫ 300 ʤʛ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K4[{Re6S8}(HCOO)6] ʚ 4 ʤʣ ʚʦʜʳ ʜʦʙʘ-

ʚʠʣʠ 160 ʤʛ MIL-101. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ ʧʨʠ ~20ᴈ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʨʦ-

ʰʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʄʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ ï Cr/Re = 1,56. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

[{ Re6S8}(HCOO)6]0.32@[Cr3O(H2O)3(bdc)3]Ŀ8H2O (C25.92Cr3H35.92O27.84Re1.92S2.56): C 22,4; H 2,6%. 

ʅʘʡʜʝʥʦ: C 21,9; H 3,2%. ʀʂ-ʩʧʝʢʪʨ, ɜ, ʩʤï1: 3413 (ʰʠʨ.), 1666 (ʧʣ.), 1620 (ʩ.), 1546 (ʩ.), 

1506 (ʩ.), 1429 (ʧʣ.), 1402 (ʩ.), 1321 (ʩʣ.), 1298 (ʩʣ.), 1161 (ʩʨ.), 1105 (ʩʣ.), 1018 (ʩʨ.), 920 

(ʩʣ.), 885 (ʩʣ.), 829 (ʩʣ.), 748 (ʩ.), 652 (ʩʨ.), 584 (ʩ.). 
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ʇʦʣʫʯʝʥʠʝ [{Mo6I 8}(NO3)6]@MIL-101 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6I8}( NO3)6] (50 ʤʛ, 0,020 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 4 

ʤʣ CH2Cl2 ʠ ʜʦʙʘʚʣʷʣʠ MIL-101 (300 ʤʛ, ~0,3 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʧʨʦʧʠʪʢʠ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ 

[{ Mo6I8}( NO3)6]@MIL-101 ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʜʚʫʤʷ ʧʦʨʮʠʷʤʠ CH2Cl2 (2 Ĭ 

500 ʤʢʣ) ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 70ᴈ. ɺʳʭʦʜ: 330 ʤʛ. ʄʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ 

ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ ï Mo/Cr = 1/8,37. ʀʂ-ʩʧʝʢʪʨ, ɜ, ʩʤ-1: 3100 (ʩʨ., ʰʠʨ.), 1698 (ʧʣ.), 1654 (ʩ.), 

1614 (ʩ.), 1550 (ʧʣ.), 1506 (ʩʨ.), 1433 (ʧʣ.), 1400 (ʩ.), 1292 (ʩʨ.), 1157 (ʩʣ.), 1105 (ʩʣ.), 1018 (ʩʣ.), 

926 (ʩʣ.), 881 (ʩʣ.), 829 (ʩʣ.), 808 (ʩʣ.), 777 (ʩʣ.), 746 (ʩʨ.), 704 (ʩʣ.), 663 (ʩʣ.), 577 (ʩʨ.). 

ʉʠʥʪʝʟ MIL-101-bipy 

MIL -101 (500 ʤʛ, ~ 0,5 ʤʤʦʣʴ) ʘʢʪʠʚʠʨʦʚʘʣʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ ʚ ʪʝʯʝʥʠʝ 6 

ʯ ʧʨʠ 180ᴈ ʜʣʷ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʚʦʜʳ (ʦʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 5Ĭ10ï2 ʤʙʘʨ). 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʨʦʰʦʢ MIL -101 ʜʦʙʘʚʣʷʣʠ ʢ 10 ʤʣ ʨʘʩʪʚʦʨʘ 4,4Ë-ʙʠʧʠʨʠʜʠʣʘ (bipy) (140 

ʤʛ, 0,9 ʤʤʦʣʴ) ʚ ʪʦʣʫʦʣʝ. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʧʝʨʝʤʝʰʠʚʘʣʠ 12 ʯ ʧʨʠ 60ᴈ. ʊʚʝʨʜʳʡ ʧʨʦ-

ʜʫʢʪ MIL-101-bipy ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ CH2Cl2 ʠ ʚʳʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ ~20ᴈ. ɺʳʭʦʜ 200 ʤʛ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C54H58Cr3FN6O24 

([Cr3O(bipy)3(bdc)3]FĿ11H2O): C 48,0; H 4,3; N 6,2%. ʅʘʡʜʝʥʦ: C 48,1; H 5,2; N 6,2. ʀʂ-

ʩʧʝʢʪʨ, ɜ, ʩʤï1: 3433 (ʰʠʨ.), 1668 (ʩʣ.), 1622 (ʩ.), 1553 (ʩʣ.), 1537 (ʩʣ.), 1506 (ʩʨ.), 1431 (ʧʣ.), 

1402 (ʩ.), 1384 (ʧʣ.), 1219 (ʩʣ.), 1159 (ʩʣ.), 1107 (ʩʣ.), 1067 (ʩʣ.), 1018 (ʩʨ.), 883 (ʩʣ.), 833 

(ʩʣ.), 808 (ʩʣ.), 746 (ʩ.), 660 (ʩʨ.), 631 (ʩʣ.), 586 (ʩ.). 

ʇʦʣʫʯʝʥʠʝ {Re6S8}@MIL-101-bipy 

ɺ ʨʘʩʪʚʦʨ 300 ʤʛ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K4[{Re6S8(HCOO)6}] ʚ 4 ʤʣ ʚʦʜʳ ʧʦʤʝ-

ʩʪʠʣʠ 140 ʤʛ ʩʦʝʜʠʥʝʥʠʷ 2. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ ʧʨʠ ~20ᴈ. ʇʨʦʜʫʢʪ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʣʠ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʄʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ, 

ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ ï Cr/Re = 1,79. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C55.4Cr3H49.4N6O21.8Re1.68S2.24 

([{ Re6S8}(HCOO)5]0.28@[Cr3O(bipy)3(bdc)3]Ŀ6H2O): C 39,4; H 2,9; N 5,0%. ʅʘʡʜʝʥʦ: C 38,8; 

H 3,5; N 4,8%. ʀʂ-ʩʧʝʢʪʨ, ɜ, ʩʤï1: 3430 (ʰ.), 1667 (ʩʣ.), 1621 (ʩ.), 1554 (ʩʣ.), 1538 (ʩʣ.), 1505 

(ʩʨ.), 1430 (ʧʣ.), 1403 (ʩ.), 1384 (ʧʣ.), 1219 (ʩʣ.), 1158 (ʩʣ.), 1106 (ʩʣ.), 1067 (ʩʣ.), 1017 (ʩʨ.), 

882 (ʩʣ.), 832 (ʩʣ.), 808 (ʩʣ.), 745 (ʩ.), 660 (ʩʨ.), 632 (ʩʣ.), 586 (ʩ.). 

ʉʠʥʪʝʟ MIL-101-pyz 

ʂ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ʚ ʚʘʢʫʫʤʝ ʚ ʪʝʯʝʥʠʝ 6 ʯ ʧʨʠ 180ᴈ (ʦʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘ-

ʚʠʣʦ 5Ŀ10ï2 ʤʙʘʨ) MIL-101 (300 ʤʛ) ʚ ʪʦʢʝ ʘʨʛʦʥʘ ʜʦʙʘʚʠʣʠ 10 ʤʣ ʜʝʛʘʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʧʠʨʘʟʠʥʘ ʚ ʪʦʣʫʦʣʝ (84 ʤʛ, 1,05 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

6 ʯ ʧʨʠ 80ᴈ ʘ ʟʘʪʝʤ 2 ʜʥʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʨʦʰʦʢ MIL-101-pyz ʦʪʬʠʣʴʪʨʦ-

ʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʜʚʫʤʷ ʧʦʨʮʠʷʤʠ ʪʦʣʫʦʣʘ (2 Ĭ 5 ʤʣ) ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 70ᴈ. 

ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 270 ʤʛ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C30.8H30.8Cr3FN3.4O19 

(Cr3OF(C8H4O4)3(C4H4N2)1,7(H2O)6): C 39,9; H 3,3; N 5,1%. ʅʘʡʜʝʥʦ: C 39,9; H 3,3; N 5,1%. ʀʂ-

ʩʧʝʢʪʨ, ɜ, ʩʤ-1: 3100 (ʩʨ., ʰʠʨ.), 1701 (ʩʨ.), 1655 (ʩ.), 1612 (ʩ.), 1549 (ʩ.), 1506 (ʩ.), 1433 (ʧʣ.), 

1400 (ʩ.), 1319 (ʩʨ.), 1294 (ʩʨ.), 1254 (ʩʨ.), 1157 (ʩʨ.), 1124 (ʧʣ.), 1105 (ʩʨ.), 1057 (ʩʣ.), 1018 

(ʩʨ.), 924 (ʩʣ.), 881 (ʩʣ.), 827 (ʩʨ.), 808 (ʩʨ.), 746 (ʩ.), 704 (ʩ.), 663 (ʩʨ.), 579 (ʩ.), 463 (ʩʨ.). 
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ʇʦʣʫʯʝʥʠʝ {Mo6I 8}@MIL-101-pyz 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6I8}( NO3)6] (50 ʤʛ, 0,020 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 

CH2Cl2 (4 ʤʣ) ʠ ʜʦʙʘʚʣʷʣʠ MIL-101-pyz (150 ʤʛ, ~0,16 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝ-

ʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ 

3-MIL -101-pyz ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʜʚʫʤʷ ʧʦʨʮʠʷʤʠ CH2Cl2 (2 Ĭ 500 ʤʢʣ) ʠ ʩʫ-

ʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 70ᴈ. ɺʳʭʦʜ: 170 ʤʛ. ʄʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ 

ʀʉʇ-ɸʕʉ Mo/Cr = 1/3,83. ʀʂ-ʩʧʝʢʪʨ, ɜ, ʩʤ-1: 3428 (ʩ., ʰʠʨ.), 1695 (ʧʣ.), 1670 (ʧʣ.), 1624 

(ʩ.), 1549 (ʩʨ.), 1508 (ʩʨ.), 1400 (ʩ.), 1159 (ʩʣ.), 1109 (ʩʣ.), 1059 (ʩʣ.), 1016 (ʩʣ.), 883 (ʩʣ.), 

831 (ʩʣ.), 748 (ʩ.), 665 (ʩʨ.), 588 (ʩ.). 

ʕʢʩʪʨʘʢʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ [{Mo6I 8}(NO3)6]@MIL-101 ʠ 

{Mo6I 8}@MIL-101-pyz 

3 ʤʛ [{Mo6I8}( NO3)6]@MIL-101 ʠ {Mo6I8}@MIL -101-pyz ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ 

ʚʠʘʣʫ ʦʙʲʝʤʦʤ 10 ʤʣ ʠ ʜʦʙʘʚʣʷʣʠ 3 ʤʣ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʩʤʝʩʠ 

ʦʩʪʘʚʣʷʣʠ ʥʘ 24 ʯʘʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ MIL -101 ʠ MIL-101-pyz 

ʪʘʢʞʝ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʘʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʨʝ-

ʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (10 ʤʠʥ, 7000 ʦʙ/ʤʠʥ) ʠ ʜʝʢʘʥʪʠʨʦʚʘʣʠ. ʉʫʧʝʨʥʘʪʘʥʪ 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ [{Mo6I8}( NO3)6]@MIL-101, ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ESI-MS). ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩ-

ʪʚʦʨ, ʧʦʣʫʯʝʥʥʳʡ ʛʠʜʨʦʣʠʟʦʤ 40 ʤʛ (Bu4N)2[{ Mo6I8}(NO3)6] ʚ 30 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

2.3.4. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ MIL -101 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʨ 

ʀʟʤʝʨʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ (N2) ʧʨʠ 77K ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Autosorb 

iQ (Quantachrome Instruments). ʆʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʛʘʟʠʨʦʚʘʣʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʚʘʢʫʫʤʝ ʧʨʠ 450K ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ N2 ʠʟʤʝʨʷʣʠʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ p/p0 ʦʪ 10ï4 ʜʦ 0,99. ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ɹʨʫʥʘʫʵʨʘ-ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ 

(ɹʕʊ) ʠ ʃʝʥʛʤʶʨʘ. ʇʦʜʭʦʜʳ ɻʫʨʚʠʯʘ ʠ ʉʘʡʪʦ ʠ ʌʦʫʣʠ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ 

ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʮʝʥʢʠ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʧʦʨ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ MIL -101, MIL -101-pyz, [{Mo 6I8}(NO3)6]@MIL-101 ʠ {Mo6I8}@MIL -101-pyz. 

ʆʮʝʥʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʄʊʊ-ʪʝʩʪ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.2. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʠ Hep-2. ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ MIL -101, MIL -101-pyz, [{Mo 6I8}(NO3)6]@MIL-

101 ʠ {Mo6I8}@MIL -101-pyz ï 0,5-500 ʤʢʛ/ʤʣ. 
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ʂʦʥʬʦʢʘʣʴʥʘʷ ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʂʃʉʄ) 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.2 ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʠ Hep-2. ʂʦʥʮʝʥʪʨʘʮʠʷ MIL -101, MIL -101-pyz, [{Mo 6I8}(NO3)6]@MIL-101 ʠʣʠ 

{Mo 6I8}@MIL -101-pyz ï 62,5 ʤʢʛ/ʤʣ. 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʛʝʥʝʨʘʮʠʠ ɸʌʂ, ʠʥʜʫ-

ʮʠʨʦʚʘʥʥʳʭ [{Mo6I 8}(NO3)6]@MIL-101 ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ Hep-2 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.2 ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʠ Hep-2. ʂʦʥʮʝʥʪʨʘʮʠʠ [{Mo 6I8}(NO3)6]@MIL-101 ï 125, 62,5 ʠ 31,25 ʤʢʛ/ʤʣ. 

ʆʮʝʥʢʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.2 ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʠ Hep-2. ʂʦʥʮʝʥʪʨʘʮʠʠ [{Mo 6I8}(NO3)6]@MIL-101 ʠ {Mo6I8}@MIL -101-pyz ï ʦʪ 500 

ʜʦ 125 ʤʢʛ/ʤʣ. 

2.3.5. ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ SiO2 

ʇʦʣʫʯʝʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ {Mo6X8}n@SiO2 (MPs) ï ʤʝʪʦʜ ʐʪʦʙʝʨʘ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ {Mo6X8} n@SiO2 MPs (ʛʜʝ X = Cl, Br, I, n ï ʟʘʛʨʫʟʢʘ ʠʩʭʦʜ-

ʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo6X8}( NO3)6] ʚ ʛʨʘʤʤʘʭ ʥʘ 1 ʛ ʧʦʣʫʯʘʝʤʦʛʦ SiO2, 

ʨʘʚʥʦʛʦ 0,0001, 0,001, 0,005, 0,01, 0,05, 0,1, 0,5, 1, 2, 3, 4 ʠʣʠ 5) ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: 

6 ʤʣ ʨʘʩʪʚʦʨʘ ʘʮʝʪʦʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6X8}( NO3)6] 

(0,0135, 0,135, 0,675, 1,35, 6,75, 13,5, 67,5, 135, 270, 405, 540 ʠʣʠ 675 ʤʛ) ʧʦʤʝʱʘʣʠ ʚ 10 

ʤʣ ʚʠʘʣʫ. TEOS (0,5 ʤʣ), H2O (0,75 ʤʣ) ʠ 25% ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʤʤʠʘʢʘ (0,5 ʤʣ) ʜʦʙʘʚʣʷʣʠ 

ʢ ʨʘʩʪʚʦʨʫ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʠʘʣʳ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʠ ʧʝ-

ʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 12 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʦʢʨʘʰʝʥ-

ʥʳʝ ʚ ʮʚʝʪʘ ʦʪ ʞʝʣʪʦʛʦ ʜʦ ʢʨʘʩʥʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ X (X = Cl, Br, I), ʮʝʥ-

ʪʨʠʬʫʛʠʨʦʚʘʣʠ (10 ʤʠʥ, 7000 ʦʙ/ʤʠʥ), ʧʨʦʤʳʚʘʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʮʠʢʣʘʤʠ ʦʙʨʘʙʦʪʢʠ ʫʣʴ-

ʪʨʘʟʚʫʢʦʤ/ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ: 5 ʨʘʟ ʘʮʝʪʦʥʦʤ ʠ 5 ʨʘʟ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʧʨʠ 60ÁC ʥʘ ʚʦʟʜʫʭʝ. 

ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ {Mo6I 8}n@SiO2 (NPs) ï ʤʠʢʨʦʵʤʫʣʴʩʠʦʥʥʳʡ ʤʝʪʦʜ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ {Mo6I8} n@SiO2 NPs (ʛʜʝ n = 0, 0,001, 0,005, 0,01, 0,05, 0,1) 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6I8}( NO3)6] (0,7, 8,5, 17, 85 ʠʣʠ 170 ʤʛ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʵʪʘʥʦʣʝ (2,5 ʤʣ). ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ 

(Bu4N)2[{ Mo6I8}( NO3)6] ʜʦʙʘʚʣʷʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ (2,5 ʤʣ). ɺ ʦʪʜʝʣʴʥʦʡ ʢʦʣʙʝ 

ʥʘ 250 ʤʣ ʇɸɺ Brij L4 (15 ʤʣ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʥ-ʛʝʧʪʘʥʝ (47 ʤʣ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦʵʤʫʣʴ-

ʩʠʠ ʚ ʢʦʣʙʫ ʩ ʨʘʩʪʚʦʨʦʤ ʇɸɺ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ (Bu4N)2[{ Mo6I8}( NO3)6] ʚ ʩʤʝʩʠ ʵʪʘ-

ʥʦʣ/ʚʦʜʘ (1,6 ʤʣ) ʠ 25% ʚʦʜʥʳʡ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ (1,3 ʤʣ). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠ-

ʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʤʦʛʝʥʥʦʩʪʠ ʤʠʢʨʦʵʤʫʣʴʩʠʠ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 2 

ʤʣ TEOS ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʡ ʞʝʣʪʦʚʘʪʳʡ ʨʘʩʪʚʦʨ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (10 ʤʠʥ, 7000 ʦʙ/ʤʠʥ), ʧʨʦʤʳʚʘʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʮʠʢʣʘʤʠ ʦʙʨʘʙʦʪʢʠ 

ʫʣʴʪʨʘʟʚʫʢʦʤ/ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ: 3 ʨʘʟʘ ʵʪʘʥʦʣʦʤ, 2 ʨʘʟʘ ʚʦʜʦʡ ʠ 1 ʨʘʟ ʘʮʝʪʦʥʦʤ, ʘ ʟʘ-

ʪʝʤ ʩʫʰʠʣʠ ʧʨʠ 60ÁC ʥʘ ʚʦʟʜʫʭʝ. 
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ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ A(X) ʠ B(X) [{Mo6X8}(H2O)2(OH)4] ʠʟ 

(Bu4N)2[{Mo6X8}(NO3)6] 

ʆʩʘʜʢʠ A(X) ʠ B(X), ʛʜʝ X ʦʪʥʦʩʠʪʩʷ ʢ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ 

(Bu4N)2[{ Mo6X8}( NO3)6], ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʠʤ ʧʨʦʮʝʜʫʨʘʤ: 500 ʤʛ 

(Bu4N)2[{ Mo6X8}( NO3)6] (0,291 ʤʤʦʣʴ ʜʣʷ X = Cl, 0,241 ʤʤʦʣʴ ʜʣʷ X = Br ʠʣʠ 0,204 ʤʤʦʣʴ 

ʜʣʷ X = I) ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʝ (30 ʤʣ). ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 2,5% ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʤʤʠʘʢʘ 

(3,2 ʤʣ). ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʦʩʘʞʜʝʥʠʝ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ (ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʚ ʩʣʫʯʘʝ X 

= Cl, ʦʨʘʥʞʝʚʦʛʦ ʚ ʩʣʫʯʘʝ X = Br ʠ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʚ ʩʣʫʯʘʝ X = I). ʆʩʘʜʦʢ ɸ(X) ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ 12 ʯʘʩʦʚ ʧʦʩʣʝ ʚʳʩʘʞʠʚʘʥʠʷ. ʆʩʘʜʢʠ B(X) ʧʦʣʫʯʘʣʠ ʧʦʩʣʝ ʧʦʣʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʚʦʟʜʫʭʝ. ɺʩʝ ʦʩʘʜʢʠ ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʘʮʝʪʦʥʦʤ ʠ ʩʫ-

ʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺ ʩʣʫʯʘʝ ɺ(Br) ʠ ɺ(I) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪ-

ʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʭʦʜʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʘ 

[{ Mo6X8}( H2O)2(OH)4]ϊ2H2O, ʩʦʩʪʘʚʠʣʠ 278 ʤʛ (95,5%), 319 ʤʛ (97,6%) ʠ 298 ʤʛ (84,3%) 

ʜʣʷ X = Cl, Br ʠ I ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ {Mo6I 8}0,01@SiO2 MPs ʵʧʦʢʩʠ-ʛʨʫʧʧʘʤʠ 

(mod-{Mo6I 8}0,01@SiO2 MPs) 

50 ʤʛ ʧʦʨʦʰʢʘ {Mo6I8} 0,01@SiO2 MPs ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 2,5 ʤʣ ʛʝʢʩʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɿʘʪʝʤ ʢ ʜʠʩʧʝʨʩʠʠ ʜʦʙʘʚʣʷʣʠ 7,5 ʤʢʣ Et3N ʠ 

0,05 ʤʣ (3-ʛʣʠʮʠʜʠʣʦʢʩʠʧʨʦʧʠʣ)ʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ ʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 

55ÁC ʚ ʪʝʯʝʥʠʝ 3,5 ʯʘʩʦʚ ʧʨʠ ʦʩʪʦʨʦʞʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ, ʪʦ ʝʩʪʴ ʬʫʥʢ-

ʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ MPs, ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (10 ʤʠʥ, 7000 ʦʙ/ʤʠʥ), ʧʨʦʤʳ-

ʚʘʣʠ ʧʷʪʴ ʨʘʟ ʛʝʢʩʘʥʦʤ ʠ ʦʜʠʥ ʨʘʟ ʘʮʝʪʦʥʦʤ ʠ ʩʫʰʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʚʦʟʜʫʭʝ. 

ʂʦʥʲʶʛʘʮʠʷ mod-{Mo6I 8}0,01@SiO2 MPs ʩ GFP (ɿʝʣʝʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʙʝʣʦʢ ï 

Green Fluorescent Protein) 

10 ʤʛ mod-{ Mo6I8} 0,01@SiO2 MPs ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ 5 ʤʣ ʙʫʬʝʨʘ ʜʣʷ ʧʨʦʤʳʚʘʥʠʷ 

(0,1 ʄ NaCl) ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1 ʤʣ ʙʫʬʝʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʲʶʛʘʮʠʠ (Na2CO3 ʠ 

NaHCO3 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 5,8 ʤʛ/ʤʣ ʠ 3,8 ʤʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʅ = 10). 30 ʤʢʣ GFP (10 

ʤʛ/ʤʣ), ʩʤʝʰʘʥʥʦʛʦ ʩ 1 ʤʣ ʙʫʬʝʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʲʶʛʘʮʠʠ, ʜʦʙʘʚʣʷʣʠ ʢ ʜʠʩʧʝʨʩʠʠ 

ʯʘʩʪʠʮ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʫʶ ʜʠʩʧʝʨʩʠʶ ʧʨʦʤʳ-

ʚʘʣʠ 5 ʤʣ ʙʫʬʝʨʘ ʜʣʷ ʧʨʦʤʳʚʘʥʠʷ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 2 ʤʣ ʨʘʩʪʚʦʨʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʙʝʣʢʘ (ʛʣʠʮʠʥ : Triton X-100 : H2O = 50 ʤʛ : 0,014 ʤʣ : 20 ʤʣ) ʠ ʦʩʪʦʨʦʞʥʦ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʅʘʢʦʥʝʮ, ʢʦʥʲʶʛʘʪ ʩʥʦʚʘ ʧʨʦʤʳʚʘʣʠ 5 ʤʣ ʙʫʬʝʨʘ ʜʣʷ 

ʧʨʦʤʳʚʘʥʠʷ ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1 ʤʣ ʙʫʬʝʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ (Triton X-100 : PBS = 0,023 

ʤʣ : 50 ʤʣ, pH = 7,4). ʂʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʲʶʛʘʪʘ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʛ/ʤʣ. ʕʢʩʧʝʨʠ-

ʤʝʥʪ ʙʳʣ ʧʦʚʪʦʨʝʥ ʜʣʷ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ {Mo6I8} 0,01@SiO2 MPs, ʯʪʦʙʳ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ GFP. 
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2.3.6. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ SiO2 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʋʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ MPs ʠ NPs ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʢʨʠʦ-

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Autosorb iQ (Quantachrome Instruments) ʧʨʠ 77K. ʆʙ-

ʨʘʟʮʳ ʩʥʘʯʘʣʘ ʜʝʛʘʟʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 393K ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-

ʜʝʩʦʨʙʮʠʠ N2 ʠʟʤʝʨʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ 10ï5 ï 0,99 ʠ ʨʘʩʩʯʠʪʳʚʘ-

ʣʠʩʴ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ɹʕʊ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ {Mo6I8} n@SiO2 (n = 0,0001, 0,0005, 0,001, 0,002, 0,003, 0,005, 0,01, 0,05, 0,1 

ʜʣʷ MPs ʠ n = 0,001, 0,005, 0,01 ʜʣʷ NPs). 

ʆʮʝʥʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʄʊʊ-ʪʝʩʪ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4.2. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʠ Hep-2. ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ: SiO2 ʠ {Mo6I8} n@SiO2 (n = 0,01 ʜʣʷ MPs ʠ 0,001, 

0,01 ʜʣʷ NPs) ï 0,0015 ï 1,5 ʤʛ/ʤʣ; {Mo6I8} 0,01@SiO2-GFP ï ʦʪ 0,001 ʜʦ 1 ʤʛ/ʤʣ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʯʘʩʪʠʮ ʢʣʝʪʢʘʤʠ 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 6-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3 Ĭ 105 ʢʣʝ-

ʪʦʢ/ʣʫʥʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʢʦʥʬʣʶʵʥʪʥʦʩʪʠ ʙʦʣʝʝ 50%. {Mo6I8} n@SiO2 (n = 0,01 ʜʣʷ MPs ʠ 0,001, 0,01 ʜʣʷ NPs) ʨʘʟ-

ʚʦʜʠʣʠ ʚ ʩʨʝʜʝ EMEM ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʤʛ/ʤʣ, {Mo6I8} 0,01@SiO2-GFP ʠ ʯʠ-

ʩʪʦʛʦ GFP ʜʦ 20 ʤʢʛ/ʤʣ. ʏʘʩʪʠʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ ~15 ʤʠʥ ʧʝʨʝʜ 

ʚʩʝʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ MPs, {Mo6I8} 0,01@SiO2-GFP ʠ GFP 

ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ 0, 0,25, 0,5, 1, 2, 4, 8 ʠ 16 ʯ ʠʣʠ ʩ NPs ʚ ʪʝʯʝʥʠʝ 0, 0,25, 0,5, 

1, 2, 4 ʠ 8 ʯ ʧʨʠ 37ᴈ ʚ ʘʪʤʦʩʬʝʨʝ 5% ʉʆ2. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʢʠ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ 

ʣʝʜʷʥʳʤ PBS ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʚʦʙʦʜʥʳʭ NPs. ɿʘʪʝʤ ʢʣʝʪʢʠ ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ ʠ ʨʝʩʫʩʧʝʥʜʠ-

ʨʦʚʘʣʠ ʚ ʩʚʝʞʝʤ PBS ʩ 10% ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʙʳʯʝʡ ʩʳʚʦʨʦʪʢʠ. ʉʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ ʘʥʘʣʠʟʠ-

ʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FACSCanto II (Becton Dickinson, USA). ɼʣʷ {Mo6I8} 0,01@SiO2 ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 488 ʥʤ ʠ ʬʠʣʴʪʨ ʵʤʠʩʩʠʠ 695 Ñ 40 ʥʤ, ʜʣʷ 

{Mo6I8} 0,01@SiO2-GFP ʠ GFP ï 488 ʥʤ ʠ 530 Ñ 30 ʥʤ. ɼʘʥʥʳʝ ʚʳʨʘʞʘʣʠ ʚ ʚʝʣʠʯʠʥʘʭ ʫʩʨʝʜ-

ʥʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʧʦʧʫʣʷʮʠʠ 10 000 ʢʣʝʪʦʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʢʣʝʪʦʢ 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 6-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3 Ĭ 105 ʢʣʝ-

ʪʦʢ/ʣʫʥʢʘ ʜʣʷ ʢʘʞʜʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʠ (0, 0,25, 0,5, 1, 2, 4 ʠ 24 ʯ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝ-

ʥʠʝ 24 ʯ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʬʣʶʵʥʪʥʦʩʪʠ ʙʦʣʝʝ 50%. {Mo6I8} n@SiO2 NPs (n = 0,001, 0,01) 

ʨʘʟʚʦʜʠʣʠ ʚ ʩʨʝʜʝ EMEM ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʤʛ/ʤʣ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘ-

ʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ ~ 15 ʤʠʥ ʧʝʨʝʜ ʚʩʝʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 

NPs ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ 37ᴈ ʚ ʘʪʤʦʩʬʝʨʝ 5% ʉʆ2. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, 
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ʩʦʜʝʨʞʘʱʫʶ NPs, ʟʘʤʝʥʷʣʠ ʩʚʝʞʝʡ ʩʨʝʜʦʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 0,25, 0,5, 1, 2, 4 ʠ 24 

ʯ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʚʝʞʝʤ PBS ʩ 10% ʵʤʙʨʠʦʥʘʣʴ-

ʥʦʡ ʙʳʯʝʡ ʩʳʚʦʨʦʪʢʠ. ʉʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FACSCanto II 

(Becton Dickinson, USA). ʋʩʣʦʚʠʷ ʘʥʘʣʦʛʠʯʥʳ ʧʨʝʜʳʜʫʱʝʤʫ ʘʙʟʘʮʫ. 

ʂʦʥʬʦʢʘʣʴʥʘʷ ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʂʃʉʄ) 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʠ Hep-2. ʂʦʥʮʝʥʪʨʘʮʠʷ {Mo6I8} n@SiO2 NPs (n = 0,001, 0,01) ï 0,1 ʤʛ/ʤʣ. 

ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʢʣʝʪʢʝ (ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ) 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʥʘ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 7 Ĭ 103 ʢʣʝ-

ʪʦʢ/ʣʫʥʢʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 37ᴈ ʚ ʘʪʤʦʩʬʝʨʝ 5% CO2. ɿʘʪʝʤ ʢʫʣʴʪʫ-

ʨʘʣʴʥʫʶ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʩʚʝʞʝʡ ʩʨʝʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ 0,1 ʤʛ/ʤʣ { Mo6I8} 0,01@SiO2 MPs ʠʣʠ 

0,02 ʤʛ/ʤʣ { Mo6I8} 0,01@SiO2-GFP ʠʣʠ 20 ʤʢʛ/ʤʣ GFP ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 18 ʯ. 

ʂʣʝʪʢʠ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʚ ʯʠʩʪʦʡ ʩʨʝʜʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ. ʇʦʩʣʝ ʠʥʢʫ-

ʙʘʮʠʠ ʢʣʝʪʢʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ PBS, ʬʠʢʩʠʨʦʚʘʣʠ ʚ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʝ ʠ ʚʠʟʫʘʣʠ-

ʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IN Cell Analyzer IN (GE Healthcare, USA). ʗʜʨʘ ʢʣʝʪʦʢ ʙʳʣʠ 

ʦʢʨʘʰʝʥʳ Hoechst 33342 (Thermo Fisher scientific), ʮʠʪʦʩʢʝʣʝʪʳ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʦʢʨʘ-

ʰʠʚʘʥʠʝʤ Alexa FluorÊ 532 Phalloidin (Sigma Aldrich). ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʘʩʪʠʮ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʠʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 375 ʥʤ ʠ ʬʠʣʴʪʨ ʵʤʠʩʩʠʠ 700 ʥʤ, ʜʣʷ 

Hoechst ï 375/488, ʜʣʷ Phalloidin ï 531/554 ʠ ʜʣʷ { Mo6I8} 0,01@SiO2-GFP ʠ GFP ï 488/530. 

ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʢʣʝʪʢʝ (ʇʕʄ) 

ʂʣʝʪʢʠ Hep-2 ʚʳʨʘʱʠʚʘʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʤ ʤʘʪʨʘʩʝ ʧʣʦʱʘʜʴʶ 25 ʩʤ2 (6 Ĭ 105 ʢʣʝ-

ʪʦʢ ʥʘ ʢʦʣʙʫ) ʚ ʪʝʯʝʥʠʝ 24 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 0,1 ʤʛ/ʤʣ ʯʠʩʪʳʭ SiO2 NPs 

ʠʣʠ { Mo6I8} n@SiO2 (n = 0,01 ʜʣʷ MPs ʠ 0,001, 0,01 ʜʣʷ NPs) ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʂʣʝʪʢʠ 

ʧʨʦʤʳʚʘʣʠ PBS ʠ ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ. ɿʘʪʝʤ 1 ʤʣ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ 1 Ĭ 106 ʢʣʝʪʦʢ ʮʝʥ-

ʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 1000g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʨʘʥʫʣ ʥʘ ʜʥʝ ʤʠʢʨʦʧʨʦʙʠʨʢʠ. ʂʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 2% ʛʣʫʪʘʨʘʣʴʜʝʛʠʜʦʤ ʚ PBS ʚ ʪʝʯʝ-

ʥʠʝ 2 ʯ, ʟʘʪʝʤ ʜʚʘ ʨʘʟʘ ʧʦʜʚʝʨʛʘʣʠ ʧʨʦʤʳʚʢʝ PBS ʧʦ 30 ʤʠʥ ʢʘʞʜʘʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʦʩʘ-

ʞʜʝʥʥʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʣʝʪʢʘʤ ʜʦʙʘʚʣʷʣʠ 1% ʨʘʩʪʚʦʨ OsO4 ʚ PBS (1 ʤʣ) ʠ ʦʩʪʘʚʣʷʣʠ 

ʥʘ 1 ʯʘʩ. ʋʣʴʪʨʘʪʦʥʢʠʝ ʩʨʝʟʳ (70 ʥʤ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʤʠʢʨʦʪʦʤʘ 

Leica EM UC7 ʠ ʧʦʤʝʱʝʥʳ ʥʘ ʤʝʜʥʳʝ ʩʝʪʦʯʢʠ. ʆʙʨʘʟʮʳ ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Libra 120 (Zeiss). 

ʆʮʝʥʢʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʧ. 2.4. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ 

ʣʠʥʠʡ Hep-2 ʠ HeLa ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ {Mo6I8} 0,01@SiO2 MPs ï ʦʪ 0,0046 ʜʦ 

0,15 ʤʛ/ʤʣ, SiO2 NPs ʠ {Mo6I8} n@SiO2 NPs (n = 0,001, 0,01) ï 0,0125-0,22 ʤʛ/ʤʣ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʟʠʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ʈʘ-

ʜʘʭʣʦʨʠʥÈ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ in vitro (0,0025-0,1 ʤʛ/ʤʣ). 
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2.4. ʆʙʱʠʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

2.4.1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʟʤʝʨʝʥʠʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʚʳ-

ʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʦʤʦʛʨʘʬʘ Toshiba Aquilion 64 ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʂʊ-ʩʢʘʥʠʨʦʚʘʥʠʷ: 120 ʢɺ ʠ 40 ʤɸ ʥʘ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʘʭ ʠ ʨʘʩʪʚʦʨʘʭ. ʊʘʙʣʝʪʠʨʦʚʘʥʠʝ ʦʙ-

ʨʘʟʮʳ (ʜʠʘʤʝʪʨ 15 ʤʤ, ʪʦʣʱʠʥʘ 2,1 ʤʤ) ʛʦʪʦʚʠʣʠ ʠʟ ʩʤʝʩʠ 500 ʤʛ ʤʦʥʦʛʠʜʨʘʪʘ Ŭ-ʣʘʢʪʦʟʳ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ (0,03, 0,015, 0,007, 0,004 ʠ 0,002 ʤʤʦʣʴ) ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ 4 ʪʦʥʥ. ʀʟʤʝʨʝ-

ʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠʣʠ ɼʄʉʆ. ɸ ʠʤʝʥʥʦ, 0,2 ʤʣ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʤʝʱʘʣʠ ʚ ʤʥʦʛʦʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ (0,4 ʤʣ). 

ʆʮʝʥʢʘ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 

ʆʩʤʦʣʷʣʴʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʩʤʦʤʝʪʨʘ (OCKP-1, KIVI Osmometry, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ). ʂʘʞʜʫʶ ʪʦʯʢʫ ʠʟʤʝʨʷʣʠ ʪʨʠ ʨʘʟʘ ʠ ʦʧʨʝʜʝʣʷʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

ʆʮʝʥʢʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʇʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ [455] ʙʳʣ ʧʦʣʫʯʝʥ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʘʥ (ʯʠʩʪʦʪʘ 

ʧʦʣʫʯʝʥʥʦʛʦ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʘʥ ʙʳʣʘ ʦʮʝʥʝʥʘ ʧʦ ʩʧʝʢʪʨʫ 1ʅ ʗʄʈ). 2,3-ʜʠʬʝʥʠʣ-

ʧʘʨʘ-ʜʠʦʢʩʘʥ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ çʣʦʚʫʰʢʠè ʥʘ ʥʘʣʠʯʠʝ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ 

ʘʤʧʫʣʘʭ ʜʣʷ ʗʄʈ ʧʨʠʛʦʪʦʚʠʣʠ ʧʦ 600 ʤʢʣ 0,002 ʄ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ 

ʜʠʩʧʝʨʩʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʘʮʝʪʦʥʝ-d6, ʜʦʙʘʚʠʣʠ ʧʦ 29 ʤʛ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʘʥʘ (0,2 

ʄ). ʇʦʩʣʝ ʯʝʛʦ ʯʝʨʝʟ ʨʘʩʪʚʦʨʳ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʦʧʫʩʢʘʣʠ ʪʦʢ ʢʠʩʣʦʨʦʜʘ. ʇʦʣʫʯʝʥʥʳʤ 

ʦʙʨʘʟʮʘʤ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘʯʘʣʴʥʳʝ ʩʧʝʢʪʨʳ 1H-ʗʄʈ. ɼʘʣʝʝ ʘʤʧʫʣʳ ʩ ʨʘʩʪʚʦʨʦʤ ʙʳʣʠ 

ʦʙʣʫʯʝʥʳ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 400-500 ʥʤ ʚ ʪʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʨʝʤʝʥʠ ʠ ʙʳʣʠ 

ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ 1H ʗʄʈ. ʋʩʣʦʚʠʷ ʦʙʣʫʯʝʥʠʷ: ʨʪʫʪʥʘʷ ʣʘʤʧʘ ɼʐ-500, ʩʚʝʪʦʬʠʣʴʪʨ 

ʉɿʉ-7, ʩʚʝʪʦʚʦʝ ʦʢʥʦ ʦʪ 400 ʜʦ 500 ʥʤ. 

ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʂʠʥʝʪʠʢʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ 1270 ʥʤ ʧʦʜ 

ʧʨʷʤʳʤ ʫʛʣʦʤ ʢ ʠʤʧʫʣʴʩʥʦʤʫ ʣʘʟʝʨʫ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 425 ʥʤ (ʣʘʟʝʨ ʥʘ ʢʨʘʩʠʪʝʣʝ FL3002, 

ʰʠʨʠʥʘ ʠʤʧʫʣʴʩʘ ~28 ʥʩ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʦʜʝʣʴʥʦʛʦ Ge-ʜʝʪʝʢʪʦʨʘ. ɻʨʘʬʠʢʠ ʪʫʰʝ-

ʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʨʠ 1270 ʥʤ, ʙʳʣʠ ʫʩʨʝʜʥʝʥʳ (1000 ï 

5000 ʪʦʯʝʢ) ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ʅʘʯʘʣʴʥʳʝ ʯʘʩʪʠ ʩʠʛʥʘʣʦʚ ʙʳʣʠ ʧʨʦ-

ʧʫʱʝʥʳ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʩʚʝʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʘʩʳʱʝʥʥʦʤ ʢʠʩʣʦʨʦʜʦʤ D2O, ʛʜʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʝ (< 2 ʤʢʩ). ʏʠʩʪʳʝ ʩʠʛʥʘʣʳ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ 1O2 ʟʘʪʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʩʠʛʥʘʣʦʤ 

ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ NaN3, ʛʘʩʠʪʝʣʷ 1O2. ʇʨʘʚʠʣʴʥʦʩʪʴ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʠʟʤʝʨʝʥʠʷʤʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʤʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ NaN3 ʥʝ ʚʣʠʷʝʪ 
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ʥʘ ʢʠʥʝʪʠʢʫ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦ-

ʨʦʜʘ (ūȹ), ʚ ʥʘʩʳʱʝʥʥʦʤ ʢʠʩʣʦʨʦʜʦʤ D2O ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ 5,10,15,20-ʪʝʪʨʘʢʠʩ(4-ʩʫʣʴʬʦʥʘʪʦʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ (TPPS; ūȹ = 0,62) ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ʀʟʤʝʨʝʥʠʝ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʉʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ MARY ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ. ʈʝʥʪ-

ʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʛʝʥʝʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ (ɹʉɺ-27-ʄʦ, 

ʉʚʝʪʣʘʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ), ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ 40 ʢɺ ʠ 20 ʤɸ. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʣʫʯ ʧʦʢʨʳʚʘʣ ʚʩʶ ʧʦ-

ʣʦʩʫ ʦʙʨʘʟʮʘ. ʂʘʥʘʣ ʦʙʥʘʨʫʞʝʥʠʷ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʢʚʘʨʮʝʚʫʶ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ ʠ ʤʦʥʦʭʨʦʤʘʪʦʨ (MDR-206, LOMO Photonics, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, ʜʣʠʥʘ 

ʦʙʲʝʢʪʠʚʘ ʬʦʢʫʩʠʨʦʚʢʠ 180 ʤʤ, ʨʝʰʝʪʢʘ 1200 ʣʠʥʠʡ ʥʘ ʤʤ, ʦʙʨʘʪʥʘʷ ʣʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ 

4,3 ʥʤĿʤʤï1) ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʨʦʨʝʟʷʤʠ 2,2 ʤʤ/2,2 ʤʤ (ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʢʦʣʦ 

10 ʥʤ). ʏʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʦʨʠ-

ʛʠʥʘʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʬʦʪʦʜʘʪʯʠʢ Hamamatsu H10493-012 ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʧʣʦʪʴ ʜʦ ʙʣʠʞʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ, ʠ ʚʩʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʝʨʝʢʘʣʠʙʨʦ-

ʚʘʥʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʧʣʦʩʢʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʤʝʜʥʫʶ ʦʩ-

ʥʦʚʫ ʧʦʤʝʱʘʣʠ ʤʝʜʥʳʡ ʪʨʘʬʘʨʝʪ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 3 Ĭ 8 

ʤʤ. ʀʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ ʠʟʤʝʣʴʯʝʥʳ ʚ ʩʪʫʧʢʝ ʠ ʥʘʥʝʩʝʥʳ ʯʝʨʝʟ ʦʪ-

ʚʝʨʩʪʠʝ, ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʷ ʝʛʦ. ʀʟʙʳʪʦʢ ʧʦʨʦʰʢʘ ʩʛʨʝʙʘʣʠ ʧʣʦʩʢʠʤ ʤʝʜʥʳʤ ʣʝʟʚʠʝʤ, 

ʘ ʪʨʘʬʘʨʝʪ ʦʪʨʳʚʘʣʠ ʚʝʨʪʠʢʘʣʴʥʦ, ʦʩʪʘʚʣʷʷ ʦʩʪʨʦʚʦʢ ʧʦʨʦʰʢʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʤʠ ʨʘʟʤʝʨʘʤʠ 3 Ĭ 8 Ĭ 0,1 ʤʤ. ɿʘʪʝʤ ʠʟ ʣʠʩʪʘ ʪʦʣʱʠʥʦʡ 0,8 ʤʤ ʙʳʣʘ ʚʳʨʝʟʘʥʘ 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʘʣʶʤʠʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ ʩ ʨʘʟʤʝʨʘʤʠ 9 Ĭ 10 ʤʤ, ʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʙʳʣʘ ʥʘʥʝ-

ʩʝʥʘ ʜʚʫʭʩʪʦʨʦʥʥʷʷ ʩʢʦʪʯ-ʣʝʥʪʘ. ʇʦʜʢʣʘʜʦʯʥʳʡ ʩʣʦʡ ʩʥʠʤʘʣʠ ʩ ʦʜʥʦʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʠ ʧʦʣʫʯʝʥʥʳʡ ñʩʵʥʜʚʠʯò ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʝʩʘʭ (Ohaus Analytical Plus) c ʨʘʟ-

ʨʝʰʝʥʠʝʤ 0,01 ʤʛ. ʇʦʩʣʝ ʚʟʚʝʰʠʚʘʥʠʷ ʧʣʘʩʪʠʥʘ ʧʣʦʪʥʦ ʧʨʠʞʠʤʘʣʘʩʴ ʣʠʧʢʦʡ ʩʪʦʨʦʥʦʡ 

ʚʥʠʟ ʢ ʦʩʪʨʦʚʢʫ ʧʦʨʦʰʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʯʠʩʪʳʡ ʠ ʧʦʣʥʳʡ ʧʝʨʝʥʦʩ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ 

ʦʙʨʘʟʮʘ ʥʘ ʧʣʘʩʪʠʥʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʘʪʦʯʥʫʶ ʘʜʛʝʟʠʶ, ʯʪʦʙʳ ʦʙʨʘʟʝʮ ʤʦʛ ʙʝʟʦʧʘʩʥʦ 

ʚʳʜʝʨʞʠʚʘʪʴ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ. ʇʣʘʥʰʝʪ ʩʥʦʚʘ ʚʟʚʝʰʠʚʘʣʠ, ʠ ʨʘʟʥʠʮʫ ʚ ʧʦʢʘʟʘ-

ʥʠʷʭ ʚʝʩʘ ʦʪʤʝʯʘʣʠ ʢʘʢ ʤʘʩʩʫ ʦʙʨʘʟʮʘ. ɺʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʟʝʮ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚʝʨ-

ʪʠʢʘʣʴʥʦ ʧʦʜ ʫʛʣʦʤ 45 ʛʨʘʜʫʩʦʚ ʢ ʥʘʧʨʘʚʣʝʥʠʷʤ ʢʘʢ ʧʘʜʘʶʱʝʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʣʫʯʘ, ʪʘʢ 

ʠ ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʥʦʨʤʘʣʴʥʳʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ɻʝʦʤʝʪʨʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʣʠ ʦʜʥʦʨʦʜʥʦʝ ʦʙʣʫʯʝʥʠʝ 

ʦʙʨʘʟʮʘ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʯʪʦ ʙʳʣʦ ʢʨʠʪʠʯʝ-

ʩʢʠʤ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʩʦʝʜʠʥʝʥʠʷʤʠ. 
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ʉʦʝʜʠʥʝʥʠʝ [{Re6Q8}(1H-BTA)4(BTA)2] (Q = S, 130 ʤʛ, 0,0625 ʤʤʦʣʴ: Q = Se, 154 

ʤʛ, 0,0625 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 30,0 ʤʣ ʜʝʘʵʨʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ 

0,1ʄ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ KOH ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʅ-ʤʝʪʨʘ Hanna HI 9024. 

ʂʘʣʠʙʨʦʚʢʫ ʨʅ-ʤʝʪʨʘ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʪʠʪʨʘʥʪʦʚ ʥʘ 

ʟʥʘʯʝʥʠʷʭ ʨʅ 9,18 (ʧʝʨʚʠʯʥʳʡ ʩʪʘʥʜʘʨʪ ï Na2B4O7 10H2O), 6,86 (ʧʝʨʚʠʯʥʳʡ ʩʪʘʥʜʘʨʪ ï 

KH2PO4) ʠ 4,01 (ʧʝʨʚʠʯʥʳʡ ʩʪʘʥʜʘʨʪ ï KHC8H4O4). 

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʎʠʢʣʠʯʝʩʢʫʶ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ (ʎɺɸ) ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ 

Metrohm 797 V A Computrace ʩ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢ-

ʪʨʦʜʘ ʠ ʥʘʩʳʱʝʥʥʳʤ ʩʝʨʝʙʨʦ/ʭʣʦʨʠʜ ʩʝʨʝʙʨʘ (Ag/AgCl) ʚ 3,5 ʄ KCl ʠ ʧʣʘʪʠʥʦʚʳʤ ʵʣʝʢ-

ʪʨʦʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

0,15 ʄ ʨʘʩʪʚʦʨ ʧʝʨʭʣʦʨʘʪʘ ʪʝʪʨʘ-ʥ-ʙʫʪʠʣʘʤʤʦʥʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʈʘʩʪʚʦʨʳ ʦʙʨʘʟʮʦʚ ʚ 

ʵʣʝʢʪʨʦʣʠʪʝ (1 - 2 ʤʄ) ʜʝʛʘʟʠʨʦʚʘʣʠ ʧʫʪʝʤ ʧʨʦʜʫʚʢʠ ʘʨʛʦʥʦʤ ʜʦ ʟʘʧʠʩʠ ʠʟʤʝʨʝʥʠʡ ʎɺɸ. 

ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ E109 (Varian) ʩ ʯʘʩʪʦʪʦʡ 9,5 ɻɻʮ. 2,2-ɼʠʬʝʥʠʣ-1-ʧʠʢʨʠʣ-

ʛʠʜʨʘʟʠʣ (g = 2,0036) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʧʦʣʷ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ ʕʇʈ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʟʤʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʌʘ-

ʨʘʜʝʷ ʧʨʠ 7,3 ʢʕ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 80-300-80K. ɺ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʝʮ ʧʦʤʝ-

ʱʘʣʩʷ ʚ ʛʝʣʠʝʚʫʶ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʊʦʨʨ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʣʘʩʴ ʧʠʜ-ʨʝʛʫʣʷʪʦʨʦʤ Delta DTB9696. ɼʘʥʥʳʝ ʟʘʧʠʩʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʨ-

ʮʝʚʳʭ ʤʠʢʨʦʚʝʩʦʚ ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ Keysight 34465A. 

2.4.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ in vitro 

ʂʫʣʴʪʫʨʳ ʢʣʝʪʦʢ 

ʇʝʨʠʪʦʥʝʘʣʴʥʳʝ ʤʘʢʨʦʬʘʛʠ ʤʳʰʠ (MPh) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪ ʤʳʰʝʡ Balb/C ʤʘʩʩʦʡ 

20 ï 22 ʛ. ɾʠʚʦʪʥʳʭ ʫʤʝʨʱʚʣʷʣʠ ʧʫʪʝʤ ʩʤʝʱʝʥʠʷ ʰʝʡʥʳʭ ʧʦʟʚʦʥʢʦʚ ʧʦʩʣʝ ʦʜʥʦʥʝʜʝʣʴ-

ʥʦʛʦ ʧʝʨʠʦʜʘ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ 23 Ñ 2ÁC ʠ ʚʣʘʞʥʦʩʪʴ 60%, ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ 

ʢ ʚʦʜʝ ʠ ʩʪʘʥʜʘʨʪʥʦʤʫ ʢʦʨʤʫ). ʄʳʰʘʤ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʚʚʦʜʠʣʠ 3 ʤʣ ʬʦʩʬʘʪʥʦʛʦ ʙʫ-

ʬʝʨʥʦʛʦ ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʞʠʜʢʦʩʪʴ ʜʣʷ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ ʣʘʚʘʞʘ, ʩʦ-

ʙʠʨʘʣʠ ʧʝʨʠʪʦʥʝʘʣʴʥʳʝ ʤʘʢʨʦʬʘʛʠ ʠ ʚʳʩʝʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʘʰʢʠ, ʛʦʪʦʚʳʝ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vitro. 

ʂʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ (Hep-2), ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʢʘʨʮʠ-

ʥʦʤʳ ʰʝʡʢʠ ʵʧʠʪʝʣʠʷ ʯʝʣʦʚʝʢʘ (HeLa) ʠ ʜʠʧʣʦʠʜʥʘʷ ʣʠʥʠʷ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ 

(MRC-5) ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ʚʠʨʫʩʦʣʦʛʠʠ 

ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ñɺɽʂʊʆʈò (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ). ɺʩʝ ʢʣʝʪʢʠ ʙʳʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʳ 

ʚ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʩʨʝʜʘʭ (MEM, EMEM ʠʣʠ DMEM, pH = 7,4), ʜʦʧʦʣʥʝʥʥʫʶ 10% ʬʝʪʘʣʴ-

ʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʦʡ ʚ ʫʚʣʘʞʥʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ (5% CO2 ʠ 95% ʚʦʟʜʫʭʘ) ʧʨʠ 37ÁC. 
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ʆʮʝʥʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʄʊʊ-ʪʝʩʪ 

ʎʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ Hep-2 (ʯʝʣʦʚʝʯʝ-

ʩʢʠʝ ʢʣʝʪʢʠ ʨʘʢʘ ʛʦʨʪʘʥʠ). ɺ ʢʘʞʜʫʶ ʣʫʥʢʫ 96-ʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ ʧʦʤʝʩʪʠʣʠ ʧʦ 30 ʪʳʩ. 

ʢʣʝʪʦʢ ʠ ʦʩʪʘʚʠʣʠ ʥʘ ʩʫʪʢʠ ʚ ʠʥʢʫʙʘʪʦʨʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ. 

ʇʨʦʤʳʣʠ 3 ʨʘʟʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ (ɽʄɽʄ). ɼʘʣʝʝ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʩʫʩ-

ʧʝʥʟʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʪʝʤ ʧʣʘʥʰʝʪ ʧʦʤʝʩʪʠʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʥʘ 48 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʢʘʞʜʫʶ ʣʫʥʢʫ ʧʨʦʤʳʣʠ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ, ʟʘʪʝʤ ʜʦʙʘʚʠʣʠ ʧʦ 10 ʤʣ ʄʊʊ-ʨʝʘʛʝʥʪʘ (ʉ 

= 5 ʤʛ/ʤʣ, ʪ.ʝ. 50 ʤʛ ʨʘʩʪʚʦʨʝʥʦ ʚ 1 ʤʣ ʬʦʨʤʘʤʠʜʘ ʠ ʜʦʚʝʜʝʥʦ ʚʦʜʦʡ ʜʦ 10 ʤʣ) ʠ ʧʦ 190 ʤʣ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ʆʩʪʘʚʠʣʠ ʥʘ 4 ʯʘʩʘ ʚ ʠʥʢʫʙʘʪʦʨʝ ʧʨʠ 37ᴈ ʠ ʪʦʢʝ 5% ʉʆ2. ʉʧʫʩʪʷ 4 

ʯʘʩʘ ʚ ʦʙʨʘʟʮʘʭ ʦʪʤʝʯʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʬʦʨʤʘʟʘʥʘ. ɼʘʣʝʝ ʨʘʩʪʚʦʨ 

ʩʣʠʣʠ. ɼʦʙʘʚʠʣʠ ʧʦ 100 ʤʢʣ ɼʄʉʆ ʠ ʦʩʪʘʚʠʣʠ ʚ ʠʥʢʫʙʘʪʦʨʝ ʧʨʠ 37ᴈ ʠ 5% ʉʆ2 ʥʘ 1 ʯʘʩ, 

ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʠʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ (ʆʇ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 492 ʥʤ. ʅʦʨʤʠʨʦʚʘʣʠ 

ʥʘ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʳʭ ʣʫʥʦʢ (ʆʇʵʢʩʧʝʨʠʤʝʥʪ/ʆʇʢʦʥʪʨʦʣʴ). 

ʂʦʥʬʦʢʘʣʴʥʘʷ ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʂʃʉʄ) 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʥʘ ʧʦʢʨʦʚʥʳʝ ʩʪʝʢʣʘ (1,5 Ĭ 105 ʢʣʝʪʦʢ/ʩʪʝʢʣʦ) ʠ ʠʥʢʫʙʠʨʦ-

ʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 37ᴈ ʚ ʘʪʤʦʩʬʝʨʝ 5% ʉʆ2. ɿʘʪʝʤ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ 

ʩʚʝʞʝʡ ʩʨʝʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʠʥʢʫʙʠʨʦ-

ʚʘʣʠ ʢʣʝʪʢʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʂʣʝʪʢʠ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ. ɼʘʣʝʝ ʢʣʝʪʢʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʬʦʩʬʘʪ-

ʥʳʤ ʙʫʬʝʨʦʤ (PBS), ʬʠʢʩʠʨʦʚʘʣʠ ʚ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʝ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Zeiss LSM 510 (Carl Zeiss Inc., Jena, Germany), ʩʥʘʙ-

ʞʝʥʥʦʛʦ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ (405 ʥʤ) ʜʣʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʩ 100Ĭ ʤʘʩʣʷʥʳʤ ʠʤʤʝʨʩʠʦʥ-

ʥʳʤ ʦʙʲʝʢʪʠʚʦʤ. ʀʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ZEN 2009. 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʛʝʥʝʨʘʮʠʠ ɸʌʂ ʥʘ 

ʢʣʝʪʢʘʭ ʣʠʥʠʠ Hep-2 

ʂʣʝʪʢʠ ʣʠʥʠʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ (1 Ĭ 104 ʢʣʝʪʦʢ/ʣʫʥʢʘ) ʠ ʠʥ-

ʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 37ᴈ ʚ ʘʪʤʦʩʬʝʨʝ 5% ʉʆ2. ɿʘʪʝʤ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʟʘ-

ʤʝʥʷʣʠ ʩʚʝʞʝʡ ʩʨʝʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʂʣʝʪʢʠ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʚ ʯʠʩʪʦʡ ʩʨʝʜʝ ʠ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ 100 ʤʢʄ ʅ2ʆ2, ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 10 ʤʢʄ 5,6-ʢʘʨ-

ʙʦʢʩʠ-2',7'-ʜʠʭʣʦʨʬʣʫʦʨʝʩʮʝʠʥʜʠʘʮʝʪʘʪʦʤ (DCFH-DA) (Sigma-Aldrich) ʚ HEPES (4-(2-

ʛʠʜʨʦʢʩʠʵʪʠʣ)-1-ʧʠʧʝʨʘʟʠʥʵʪʘʥʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 37ᴈ, ʘ ʟʘʪʝʤ 

ʦʙʣʫʯʘʣʠ ʛʘʣʦʛʝʥʦʚʦʡ ʣʘʤʧʦʡ 500 ɺʪ (ɚ Ó 400 ʥʤ) ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʗʜʨʦ ʢʣʝʪʢʠ ʦʢʨʘʰʠ-

ʚʘʣʠ Hoechst 33342. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ IN 

Cell Analyzer 2200 (GE Healthcare, UK) ʩ ʫʚʝʣʠʯʝʥʠʝʤ 200Ĭ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ DCFH-DA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ IN Cell Investigator (GE Healthcare, UK). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʫʩʨʝʜʥʝʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ DCFH-DA. 

ʆʮʝʥʢʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʂʣʝʪʢʠ ʣʠʥʠʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʧʣʦʪʥʦʩʪʴʶ 5 Ĭ 103 ʢʣʝ-

ʪʦʢ/ʣʫʥʢʘ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʩʚʝ-

ʞʝʡ ʩʨʝʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʥʢʫʙʠʨʦ-

ʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ, ʘ ʟʘʪʝʤ ʦʙʣʫʯʘʣʠ ʛʘʣʦʛʝʥʦʚʦʡ ʣʘʤʧʦʡ ʤʦʱʥʦʩʪʴʶ 500 ɺʪ (ɚ Ó 400 ʥʤ) 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʂʣʝʪʢʠ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʩʨʝʜʝ ʙʝʟ ʤʘʪʝʨʠʘʣʦʚ, ʩʣʫʞʠʣʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤ ʢʦʥʪʨʦʣʝʤ. ʆʙʣʫʯʝʥʥʳʝ ʢʣʝʪʢʠ ʦʢʨʘʰʠʚʘʣʠ Hoechst 33342 (Sigma-Aldrich) ʚ ʪʝʯʝʥʠʝ 

30 ʤʠʥ ʧʨʠ 37ᴈ ʠ PI (ʦʪ ʘʥʛʣ. Propidium iodide, ʇʨʦʧʠʜʠʫʤ ʠʦʜʠʜ) (Sigma-Aldrich) ʚ ʪʝ-

ʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 37ᴈ. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

IN Cell Analyzer 2200 (GE Healthcare, UK) ʩ ʫʚʝʣʠʯʝʥʠʝʤ 100Ĭ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʞʠʚʳʭ, ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʠ ʤʝʨʪʚʳʭ ʢʣʝʪʦʢ ʩʨʝʜʠ ʚʩʝʡ ʧʦʧʫ-

ʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ IN Cell Investigator (GE Healthcare, UK). 

ʆʮʝʥʢʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʐʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ E. coli ATCC25922, S. aureus ATCC25923, S. 

typhimurium ATCC14028, PS. aeruginosa ATCC27853 ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʫ RemelÊ, 

Thermo Fisher Scientific, ʉʐɸ ʠ Becton Dickenson, France. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʚʳʨʘ-

ʱʠʚʘʣʠ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ LB ʧʨʠ 37ᴈ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʜʛʝʟʠʠ ʢ ʧʣʝʥʢʘʤ 

ʉʫʩʧʝʥʟʠʶ ʙʘʢʪʝʨʠʡ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 0,1 ʄ ʢʘʨʙʦʥʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ = 9,5), ʩʦʜʝʨ-

ʞʘʱʝʤ 1 ʤʛ/ʤʣ ʠʟʦʪʠʦʮʠʘʥʘʪʘ ʬʣʫʦʨʝʩʮʝʠʥʘ (FITC). ʇʦʩʣʝ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 37Áʉ 

FITC-ʤʝʯʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ (PBS). ɿʘ-

ʪʝʤ ʧʦʨʮʠʠ ʧʦ 50 ʤʢʣ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʧʦ ʢʘʧʣʷʤ ʥʘʥʦʩʠʣʠ ʥʘ ʧʨʝʜʤʝʪʥʳʝ 

ʩʪʝʢʣʘ (ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ), ʥʘ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ, ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʧʦʣʠʤʝʨʘ, ʠʣʠ ʥʘ 

ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ, ʧʦʢʨʳʪʦʝ ʩʝʪʦʯʢʦʡ ʠʟ ʤʠʢʨʦʚʦʣʦʢʥʘ ʨʘʟʤʝʨʦʤ 10 ³ 10 ʤʤ, ʠ ʠʥʢʫʙʠ-

ʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦ ʚʣʘʞʥʦʡ ʢʘʤʝʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʩʫʩʧʝʥʟʠʷ ʙʳʣʘ ʪʱʘʪʝʣʴʥʦ ʜʝʢʘʥʪʠʨʦʚʘʥʘ. ɼʣʷ ʬʠʢʩʘʮʠʠ ʙʘʢʪʝʨʠʡ ʩʫʙʩʪʨʘʪʳ ʧʦʛʨʫʞʘʣʠ 

ʚ 4% ʥʝʡʪʨʘʣʴʥʳʡ ʟʘʙʫʬʝʨʝʥʥʳʡ ʬʦʨʤʘʣʠʥ ʥʘ 10 ʤʠʥʫʪ. ɿʘʪʝʤ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ ʙʳʣʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ 

CellProfiler ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʣʠʧʰʠʭ ʙʘʢʪʝʨʠʡ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʚ ʪʨʝʭ ʵʢʟʝʤʧʣʷʨʘʭ ʩ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʜʣʷ P = 0,95. 

ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʣʸʥʦʢ (C15H34N)2[{ Mo6I8}(OTs)6]@ʌ-32ʃ 

ʇʨʠ ʧʦʤʦʱʠ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʣʘʤʧʳ OSRAM Germicidal HNS 30W G13 (ʈʦʩʩʠʷ) ʟʘ-

ʩʚʝʯʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 90 ʩʤ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʯʘʰʢʠ ʇʝʪʨʠ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ ʤʘʪʝʨʠʘʣʘ. ʉʫʪʦʯ-

ʥʫʶ ʢʫʣʴʪʫʨʫ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʘʟʚʦʜʠʣʠ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʚ ʨʘʚʥʦʤ ʦʙʲʝʤʝ (500 

ʤʢʣ) ʠ ʧʦʤʝʱʘʣʠ ʥʘ ʚʘʪʥʳʡ ʜʠʩʢ. ɼʠʩʢ ʧʦʤʝʱʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʰʝʢ ʇʝʪʨʠ ʥʘ 10 ʩʝ-
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ʢʫʥʜ. ʆʙʩʝʤʝʥʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʯʘʰʢʠ ʇʝʪʨʠ ʧʦʤʝʱʘʣʠʩʴ ʧʦʜ ʫʣʴʪʨʘʬʠʦʣʝʪʦ-

ʚʫʶ ʣʘʤʧʫ ʥʘ 20 ʤʠʥʫʪ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʠʩʪʳʡ ʌ-32ʃ, ʢʦʪʦʨʳʡ ʦʙʣʫ-

ʯʘʣʠ ʩʚʝʪʦʤ, ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʯʥʳʡ ʤʘʪʝʨʠʘʣ (C15H34N)2[{ Mo6I8}( OTs)6]@ʌ-32ʃ, ʥʦ ʙʝʟ ʦʙ-

ʣʫʯʝʥʠʷ ʩʚʝʪʦʤ. ʇʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʧʝʨʝʥʦʩʠʣʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩ ʯʘʰʝʢ ʇʝʪʨʠ ʥʘ ʧʣʦʪ-

ʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ñʦʪʧʝʯʘʪʢʘò. ʏʝʨʝʟ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦʜʩʯʝʪ ʢʦʣʦʥʠʡ. 

ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʣʸʥʦʢ (Bu4N)2[{ Mo6I8}(CF3(CF2)6COO)6]@ʌ-32ʃ 

ʇʨʠ ʧʦʤʦʱʠ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʣʘʤʧʳ OSRAM Germicidal HNS 30W G13 (ʈʦʩʩʠʷ) ʟʘ-

ʩʚʝʯʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 90 ʩʤ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ʆʙʨʘʟʝʮ ʙʳʣ 

ʧʦʜʛʦʪʦʚʣʝʥ ʚ ʚʠʜʝ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʯʠʩʪʳʡ ʌ-32ʃ, ʢʦʪʦʨʳʡ ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʤ, ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʯʥʳʡ ʤʘʪʝʨʠʘʣ 

(Bu4N)2[{ Mo6I8}( CF3(CF2)6COO)6]1%@ʌ-32ʃ, ʥʦ ʙʝʟ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ. ʉʫʪʦʯʥʘʷ ʢʫʣʴ-

ʪʫʨʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʘʟʚʦʜʠʣʘʩʴ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʠ ʚ ʦʙʲʝʤʝ 2,375 ʤʣ ʧʦʤʝʱʘʣʘʩʴ 

ʥʘ ʜʥʦ ʯʘʰʝʢ ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʥʘ ʜʥʝ ʯʘʰʢʠ ʩʦʩʪʘʚʣʷʣʘ 1 ʤʤ. ɼʘʣʝʝ ʯʘʰʢʠ ʇʝʪʨʠ ʧʦʤʝʱʘʣʠʩʴ ʧʦʜ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʣʘʤʧʫ. ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʦʩʪʘʚʣʷʣʘʩʴ ʚ ʪʝʤʥʦʪʝ. ʏʝʨʝʟ 20 ʤʠʥʫʪ 

ʞʠʜʢʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʩʦ ʜʥʘ ʯʘʰʝʢ ʇʝʪʨʠ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʠ ʧʝʨʝʥʦʩʠʣʘʩʴ ʚ ʦʙʲʝʤʝ 

400 ʤʢʣ ʥʘ ʧʣʦʪʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ. ʏʝʨʝʟ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʧʦʜ-

ʩʯʝʪ ʢʦʣʦʥʠʡ. 

ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʚʦʣʦʢʦʥ (Bu4N)2[{Mo6I8}(CF3(CF2)6COO)6]@ʌ-32ʃ 

ʏʘʩʪʴ ʩʝʪʢʠ ʨʘʟʤʝʨʘʤʠ [0,5 ï 1 ³ 0,5 ï 1 ʩʤ2] ʧʦʤʝʱʘʣʘʩʴ ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ. 

ʉʫʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʘʟʚʦʜʠʣʘʩʴ ʚ 0,9% ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʚ ʨʘʚ-

ʥʦʤ ʦʙʲʝʤʝ (15 ʤʢʣ) ʧʦʤʝʱʘʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʪʦʯʢʠ ʚ ʚʠʜʝ ʥʝ ʨʘʩʧʣʳʚʘʶʱʝʡʩʷ 

ʢʘʧʣʠ. ʇʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʩʝʪʦʯʢʘ ʩ ʢʫʣʴʪʫʨʦʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʨʦʙʠʨʢʫ ʩ 

400 ʤʢʣ 0,9% ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʠ ʩʫʩʧʝʥʟʠʨʦʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ʂʦʥʪʨʦʣʴ 

ʥʝ ʧʦʤʝʱʘʣʩʷ ʥʘ ʩʝʪʦʯʢʠ ʠ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ, ʘ ʩʨʘʟʫ ʧʝʨʝʥʦʩʠʣʩʷ ʚ ʧʨʦʙʠʨʢʫ. ɼʘʣʝʝ 400 

ʤʢʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʦʪʤʳʪʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʝʨʝʥʦʩʠʣʦʩʴ ʥʘ ʧʣʦʪʥʫʶ 

ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʠ ʯʝʨʝʟ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʧʦʜʩʯʝʪ ʢʦʣʦʥʠʡ. 

2.4.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ in vivo 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ 8 ʥʝʜʝʣʴʥʳʭ ʩʘʤʢʘʭ ʤʳʰʝʡ ʣʠʥʠʠ BALB/c ʤʘʩʩʦʡ 

20 Ñ 2 ʛ. ʄʳʰʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʌɻɹʅʋ ʅʀʀʂʕʃ. ɻʨʫʧʧʳ ʞʠʚʦʪʥʳʭ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʦʪ-

ʜʝʣʴʥʳʭ ʢʣʝʪʢʘʭ ʩʦ ʩʚʦʙʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʢʦʨʤʫ ʠ ʚʦʜʝ. ɺʩʝ ʨʘʙʦʪʳ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ ʦʙ-

ʨʘʱʝʥʠʷ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʞʠʚʦʪʥʳʤʠ (ʜʠʨʝʢʪʠʚʘ 2010/63/EU ɽʚʨʦʧʝʡʩʢʦʛʦ ʇʘʨʣʘʤʝʥʪʘ 

ʠ ʩʦʚʝʪʘ ʧʦ ʟʘʱʠʪʝ ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʫʯʥʳʭ ʮʝʣʷʭ, ʦʪ 22 ʩʝʥʪʷʙʨʷ 2010 ʛ.), 

ʍʝʣʴʩʠʥʢʩʢʦʡ ʜʝʢʣʘʨʘʮʠʝʡ ɺʪʦʨʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ (1964), ñʄʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʧʦʣʦʞʝʥʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʚʦʪʥʳʭò 
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(1985) ʠ ñʇʨʘʚʠʣ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠò (ʧʨʠʢʘʟ ʄɿ ʈʌ ˉ 267 

ʦʪ 19.06.2003 ʛ.). 

ʄʳʰʠ ʨʘʟʜʝʣʷʣʠʩʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ (ʦʙʳʯʥʦ ʧʦ 5 ï 10 ʤʳʰʝʡ ʚ ʢʘʞʜʦʡ). ɾʠ-

ʚʦʪʥʳʤ ʚ ʙʦʢʦʚʫʶ ʚʝʥʫ ʭʚʦʩʪʘ ʚʚʦʜʠʣʠ ʩʪʝʨʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦʟʘʭ. ʂʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʚʚʦʜʠʣʠ ʩʪʝʨʠʣʴʥʳʡ ʚʦʜʥʳʡ ʨʘʩ-

ʪʚʦʨ 0,9% NaCl. ɿʘ ʞʠʚʦʪʥʳʤʠ ʥʘʙʣʶʜʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʥʝʜʝʣʴ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʮʝʥʠʚʘʣʠ ʚʥʝʰʥʠʡ ʚʠʜ, ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʚʝʜʝʥ-

ʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʪʝʣʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʠ ʠ ʚʦʜʳ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʚʳʞʠʚʰʠʭ ʞʠʚʦʪʥʳʭ ʚʳʚʦʜʠʣʠ ʠʟ ʦʧʳʪʘ ʧʦʜ ʵʬʠʨʥʳʤ ʥʘʨʢʦʟʦʤ ʠ ʧʨʦʚʦʜʠʣʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ: ʧʝʯʝʥʠ, ʧʦʯʝʢ, ʣʝʛʢʠʭ, 

ʩʝʣʝʟʝʥʢʠ ʠ ʩʝʨʜʮʘ. ʆʙʨʘʟʮʳ ʦʨʛʘʥʦʚ ʬʠʢʩʠʨʦʚʘʣʠ 4% ʬʦʨʤʘʣʠʥʦʤ ʠ ʟʘʢʣʶʯʘʣʠ ʚ ʧʘʨʘ-

ʬʠʥʦʚʳʝ ʙʣʦʢʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. 

ɼʣʷ ʧʨʦʚʦʜʢʠ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʤʘʪ STP-120 (ñThermo Scientificò). ʅʘ 

ʨʦʪʘʮʠʦʥʥʦʤ ʤʠʢʨʦʪʦʤʝ ñMicrom HM340Eò (ñThermo Scientificò) ʩ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʙʣʦ-

ʢʦʚ ʜʝʣʘʣʠ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 4 ʤʢʤ. ɿʘʪʝʤ ʩʨʝʟʳ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ 

ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧ-

ʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ñAxioStarplusò (ñCarl Zeissò) ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʠʬ-

ʨʦʚʦʡ ʢʘʤʝʨʳ ñAxioCam ICC 1ò ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ñAxioVision Rel.4.8ò (ñCarl 

Zeissò). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Na4[{Re6Te8}(CN)6] ʧʦ ʦʨʛʘʥʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ 

ɼʚʘʜʮʘʪʴ ʯʝʪʳʨʝ ʤʳʰʠ ʙʳʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ 8 ʛʨʫʧʧ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣʘ ʪʨʠ ʤʳʰʠ. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ Na4[{Re6Te8}(CN)6] ʚʚʦʜʠʣʠ ʚ ʜʦʟʝ 300 

ʤʛ(Re)/ʢʛ ʤʘʩʩʳ ʪʝʣʘ ʚ ʭʚʦʩʪʦʚʫʶ ʚʝʥʫ ʤʳʰʝʡ. ɾʠʚʦʪʥʳʭ ʫʤʝʨʱʚʣʷʣʠ ʯʝʨʝʟ 5 ʤʠʥ, 1, 3, 

6, 24, 48 ʯ ʠ 1 ʥʝʜʝʣʶ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ. ʆʙʨʘʟʮʳ ʢʨʦʚʠ ʩʦʙʠʨʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʫʶ 

ʤʝʪʦʜʠʢʫ ʟʘʙʦʨʘ ʢʨʦʚʠ ʠʟ ʛʣʘʟʥʳʭ ʚʝʥ, ʠ ʦʙʨʘʟʮʳ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ (ʧʝʯʝʥʠ, 

ʧʦʯʝʢ, ʩʝʨʜʮʘ ʠ ʩʝʣʝʟʝʥʢʠ) ʦʪ ʚʩʝʭ ʤʳʰʝʡ ʧʦʣʫʯʘʣʠ ʠ ʚʟʚʝʰʠʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʥʠʷ. 

ʕʪʠ ʦʙʨʘʟʮʳ ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ 120ᴈ ʚ 1 ʤʣ ʩʤʝʩʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

(3:1) ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʧʦʢʘ ʨʘʩʪʚʦʨ ʥʝ ʩʪʘʥʦʚʠʣʩʷ ʧʨʦʟʨʘʯʥʳʤ. ɼʝʠʦʥʠʟʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʟʘ-

ʪʝʤ ʜʦʙʘʚʣʷʣʠ ʢ 5 ʤʣ ʧʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʝʥʠʷ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦ-

ʤʦʱʴʶ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-

ɸʕʉ), ʠ ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʜʦ 1 ʛ ʚʝʩʘ ʦʙʨʘʟʮʘ ʪʢʘʥʠ. 

ɸʥʛʠʦʛʨʘʬʠʷ 

ʉʘʤʮʦʚ ʢʨʳʩ ʣʠʥʠʠ ɺʠʩʪʘʨ ʚʝʩʦʤ 320 ʛ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʡ ʠʥʲʝʢ-

ʮʠʝʡ 50 ʤʛ/ʢʛ ʥʘʪʨʠʷ ʧʝʥʪʦʙʘʨʙʠʪʘʣʘ ʠ 2 ʤʛ/ʢʛ ʙʫʪʦʨʬʘʥʦʣʘ ʠ ʠʥʲʝʮʠʨʦʚʘʣʠ 1 ʤʣ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ Na4[{Re6Te8}(CN)6] ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 80 ʤʛ(Re)/ʤʣ ʯʝʨʝʟ ʙʝʜʨʝʥʥʫʶ ʚʝʥʫ. ɸʥ-

ʛʠʦʛʨʘʬʠʶ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʛʠʦʛʨʘʬʘ GE 9800-Cardio (General Electric). 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʨʳʩʳ 

ʇʫʪʠ ʚʳʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2H8[{ Re6Se8}( P(CH2CH2CONH2) 

(CH2CH2COO)2)6] ʠʟ ʦʨʛʘʥʠʟʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʨʳʩʳ ʣʠʥʠʠ ɺʠʩʪʘʨ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʦʤʦʛʨʘʬʘ Brivo CT 325 (GE Healthcare) ʩ ʧʘʨʘʤʝʪʨʘʤʠ 
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ʂʊ-ʩʢʘʥʠʨʦʚʘʥʠʷ: 120 ʢɺ ʠ 80 ʤɸ ʠ ʚʨʝʤʝʥʝʤ ʧʦʣʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 70 ï 74 ʩ. 1,5 ʤʣ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʘ 8 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 160 ʤʛ/ʤʣ (ʚ ʜʦʟʝ 800 ʤʛ/ʢʛ) ʚʚʦʜʠʣʠ ʚʥʫʪ-

ʨʠʚʝʥʥʦ ʚ ʭʚʦʩʪ ʦʜʥʦʡ ʢʨʳʩʳ ʚʝʩʦʤ 300 ʛ. ʂʨʳʩʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ (0,5 ʤʣ 

Zoletil (çVirbacè, ʌʨʘʥʮʠʷ) / ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ). ʀʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʦ ʠʥʲʝʢʮʠʠ 

ʠ ʯʝʨʝʟ 3 ʠ 15 ʤʠʥʫʪ ʧʦʩʣʝ ʵʪʦʛʦ. 
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ɻʃɸɺɸ 3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʚʝʩʴʤʘ 

ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʜʘʪʠʨʫʶʪʩʷ ʣʠʰʴ 2008 ʛ. ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ [8], 2012 ʛ. ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ [199] ʠ 2018 ʛ. ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ [133]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʙʫʜʠʣʦ ʥʘʯʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦ-

ʜʝʨʞʘʱʠʭ ʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʦ ʠʤʝʥʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʥʝ ʚʭʦʜʷʪ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʜʠʩʩʝʨʪʘ-

ʮʠʦʥʥʫʶ ʨʘʙʦʪʫ ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʩʘʥ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘ-

ʪʫʨʳ (ʧ. 1.2.1.4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʜʝʪʘʣʴʥʦ ʦʙʩʫʞ-

ʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʠ ʠʟʫʯʝ-

ʥʠʶ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠ-

ʮʠʥʳ, ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ, ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʩʦʢʘʷ ʣʦʢʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʝʣʘʷ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʧʨʝʢʨʘʩʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʨʝʥʪʛʝʥʦʢʦʥ-

ʪʨʘʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʥʘʣʠʯʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ ʷʨʢʘʷ ʵʤʠʩʩʠʷ ʚ 

ʦʙʣʘʩʪʠ ʥʘʠʤʝʥʴʰʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʞʠʚʳʭ ʪʢʘʥʝʡ (550-900 ʥʤ) ʠ ʚʳʩʦʢʠʝ (ʜʦ 70%) ʟʥʘʯʝ-

ʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [115, 118]. ɹʦʣʝʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʠʝ ʢʣʘ-

ʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [122, 125, 126, 131]. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʚʠʟʫ-

ʘʣʠʟʘʮʠʷ ʞʠʚʳʭ ʩʠʩʪʝʤ ʠʣʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ. 
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3.1 ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʚʝʱʝʩʪʚʘʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʥʘ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʣʠ, ʢʘʢ ʤʠ-

ʥʠʤʫʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʣʣʦʠʜʳ, ʚ ʚʦʜʝ ʧʨʠ pH ʢʨʦʚʠ ʨʘʚʥʦʤ 7.4, 

ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

3.1.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ 

3.1.1.1 ʈʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝ-

ʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ, ʷʚʣʷʶʪʩʷ ʛʝʢʩʘʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩʦʩʪʘʚʘ Mex[{ M6Q8}( CN)6] (Me = Na, K; M = Mo, Re; Q = S, Se, Te, Cl, Br, I). ʊʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʙʣʘʜʘʶʪ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʪʷʞʝʣʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʢʘʪʠʦʥʳ ʥʘʪʨʠʷ ʠʣʠ 

ʢʘʣʠʷ, ʘ ʪʘʢʞʝ CN-ʣʠʛʘʥʜʳ ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʳ, ʪ.ʝ. ʥʝ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʚ 

ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ ʠʭ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠ ̫

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʵʪʠʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʠʣʦ 

ʥʘʤ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʠʤʝʥʥʦ ñʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘò ʚ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦ-

ʨʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ. 

ɼʣʷ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝ-

ʥʠʷ: K4[{Re6S8}(CN)6], K4[{Re6Se8}(CN)6], K4[{Re6Te8}(CN)6], K6[{Mo 6S8}(CN)6], 

K6[{Mo 6Se8}(CN)6], K2[{ Mo6Br8}( CN)6] ʠ K2[{ Mo6I8}( CN)6]. ɼʣʷ ʵʪʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʵʢʚʠʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (0,0895 ʄ; 0,0448 

ʄ; 0,0224 ʄ) ʧʦʤʝʱʘʣʠʩʴ ʚ ʤʥʦʛʦʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ ʠ ʠʟʫʯʘʣʠʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʦʤʦʛʨʘʬʘ (ʨʠʩ. 55). ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʤʝʨʯʝʩʢʠʡ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʡ ʧʨʝʧʘʨʘʪ ʆʤʥʠʧʘʢ (OmnipaqueÈ) ʩʦʜʝʨ-

ʞʘʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʁʦʛʝʢʩʦʣ (Iohexol) (ʨʠʩ. 56). 

 

ʈʠʩ. 55. ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʤʤʘ ʤʥʦʛʦʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʟʣʠʯʥʳʝ ʛʝʢʩʘʮʠʘʥʠʜʥʳʝ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʁʦʛʝʢʩʦʣ (ʩʣʝʚʘ); ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ  

ʚ ʝʜ. ʍʘʫʥʩʬʠʣʜʘ (HU) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʧʨʘʚʘ) 
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ʈʠʩ. 56. ʉʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʁʦʛʝʢʩʦʣʘ (ʩʣʝʚʘ); ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ  

ʚ ʝʜ. ʍʘʫʥʩʬʠʣʜʘ (HU) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʁʦʛʝʢʩʦʣʘ (ʩʧʨʘʚʘ) 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 11 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʠ ʁʦʛʝʢʩʦʣʘ ʚ ʰʢʘʣʝ ʍʘʫʥʩʬʠʣʜʘ 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤ-

ʧʣʝʢʩ 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, HU ʄʦʣʷʨʥʘʷ ʨʝʥʪʛʝʥʦʚ-

ʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, 

[HU/M]  
0,0224 M ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ 

0,0448 M ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ 

0,0895 M ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ 

K4[{Re6S8}(CN)6] 630 1315 2579 28937Ñ570 

K4[{Re6Se8}(CN)6] 846 1666 3071 36607 

K4[{Re6Te8}(CN)6] 1257 2412 3071 51563 

K6[{Mo 6S8}(CN)6] 252 502 1014 11370Ñ72 

K6[{Mo 6Se8}(CN)6] 299 561 1176 13168Ñ510 

K2[{Mo 6Br8}(CN)6] 360 680 1300 13989Ñ103 

K2[{Mo 6I8}(CN)6] 400 882 1612 17816Ñ1285 

 0.197 M ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ 

0.394 ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ 

0.788 ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ 

 

ʁʦʛʝʢʩʦʣ 1377 2617 3071 6294 

ɺʦʜʘ 18 24 21  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 11, ʟʥʘʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ 0,0895 ʄ ʨʘʩʪʚʦ-

ʨʦʚ K4[{ Re6Se8}( CN)6] ʠ K4[{ Re6Te8}( CN)6], ʘ ʪʘʢʞʝ 0,788 ʄ ʨʘʩʪʚʦʨʘ ʁʦʛʝʢʩʦʣʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ 3071 HU, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʷʝʤʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ, ʘ ʠʤʝʥʥʦ ʤʦʣʷʨʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʚʳʯʠʩʣʷʝʤʘʷ ʠʟ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʡ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʥʪʛʝ-

ʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʜʝʨ-

ʞʠʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ (6 ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʠ 8 ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ) 
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ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʁʦʛʝʢʩʦʣʦʤ (3 ʘʪʦʤʘ ʠʦʜʘ), ʤʦʣʷʨʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʜʣʷ ʥʠʭ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʫʶ ʜʣʷ ʠʦʜʠʩʪʦʛʦ ʢʦʥʪʨʘʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠ-

ʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʝʩʴʤʘ ʦʧʨʘʚʜʘʥʦ. 

ʇʦʩʢʦʣʴʢʫ, ʧʝʨʚʳʡ ʦʮʝʥʦʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ ʚʝʩʴʤʘ ʚʳʩʦʢʫʶ ʨʝʥʪʛʝʥʦʚ-

ʩʢʫʶ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʦʮʝʥʢʘ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦ-

ʩʪʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʣʠʰʴ ʧʦ 2 ï 3 ʪʦʯʢʘʤ, ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʙʦʣʝʝ 

ʪʱʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʵʪʦʛʦ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Nan[{ M6X8}( CN)6] (M = Re, X = S, Se, Te, n = 4; M = Mo, W; X 

= S, Se; n = 6; X = Cl ,Br, I; n = 2), ʘ ʪʘʢʞʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

Na6[{ Re3Mo3S8}( CN)6]. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʙʳʣ ʩʜʝʣʘʥ ʧʣʘʥʰʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʚʥʳʤʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷʤʠ ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʚʫʢʨʘʪʥʳʤ ʨʘʟʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʘʚʥʳʭ 1/32 ʦʪ ʠʩʭʦʜʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʁʦʛʝʢʩʦʣ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʩ ʚʦʜʦʡ ʠ ʚʦʟʜʫʭʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʦʯʥʦʩʪʠ 

ʧʨʦʚʦʜʠʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩ. 57ʘ). ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ Na6[{ Re3Mo3S8}( CN)6] ʠ 

Na6[{ Mo6Se8}( CN)6] ʥʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,131 M, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʝʨʚʘʷ ʪʦʯʢʘ 

ʦʪʩʫʪʩʪʚʫʝʪ ʥʘ ʧʣʘʥʰʝʪʝ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʦʣʝʝ ʩʦ-

ʚʨʝʤʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨʥʳʡ ʪʦʤʦʛʨʘʬ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʴʰʝʡ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʜʠʘʧʘʟʦʥʘ 

ʠʟʤʝʨʷʝʤʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʥʠʤʢʠ ʧʣʘʥʰʝʪʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʘʥʛʠʦʛʨʘʬʘ (ʨʠʩ. 57ʙ,ʚ). 

 
ʈʠʩ. 57. ʘ) ʌʦʪʦʛʨʘʬʠʷ ʙ) ʪʦʤʦʛʨʘʤʤʘ ʠ ʚ) ʘʥʛʠʦʛʨʘʤʤʘ ʧʣʘʥʰʝʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʚʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠ ʠʭ ʜʚʫʢʨʘʪʥʳʤʠ ʨʘʟʚʝʜʝʥʠʷʤʠ 
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ɿʥʘʯʝʥʠʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ ʚ ʰʢʘʣʝ ʍʘʫʥʩʬʠʣʜʘ, (ʪʘʙʣʠʮʘ 12), ʘ ʪʘʢʞʝ ʤʦ-

ʣʷʨʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ (ʨʠʩ. 58), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠʥʪʝʨ-

ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ, 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤ ʪʦʤʦʛʨʘʬʝ 

(ʨʠʩ. 57ʙ), ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ eFilm WorkstationÈ 3.4. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʩʨʝʜʥʝ-

ʥʠʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ ʚ ʦʢʨʫʞʥʦʩʪʠ ʧʣʦʱʘʜʴʶ 2 ʩʤ2. 

ʀʟ ʪʘʙʣʠʮʳ 12 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʤʦʣʷʨʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6Te8} 2+, 

{ Re6Se8} 2+, {Re6S8} 2+ ʠ {Mo6I8} 4+, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʁʦʛʝʢʩʦʣ ʚ 4.7, 2.9, 2.2 ʠ 3.8 ʨʘʟʘ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʢʘʟʘʣʠ ʣʠʙʦ ʙʣʠʟʢʠʝ, ʣʠʙʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʯʝʪʳʨʝ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʝʜʠʥʠʮʳ ï ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Re6Q8} 2+ (Q = S, Se, Te) ʠ {Mo6I8} 4+, ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʦʙʲʝʢʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 12 

ɿʥʘʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ) ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʁʦʛʝʢʩʦʣʘ ʚ ʰʢʘʣʝ ʍʘʫʥʩʬʠʣʜʘ 

ʂʣʘʩʪʝʨʥʦʝ 

ʷʜʨʦ 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, HU ʄʦʣʷʨʥʘʷ 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

[HU/M]  
0,131 M 0,066 M 0,033 M 0,016 M 0,008 M 0,004 M 

{ Re6S8}  2859 Ñ 239 1641 Ñ 74 747 Ñ 48 346 Ñ 26 263 Ñ 18 150 Ñ 14 21731 Ñ 784 

{Re6Se8}  3804 Ñ 343 2027 Ñ 183 1032 Ñ 95 505 Ñ 28 223 Ñ 20 211 Ñ 9 28814 Ñ 497 

{Re6Te8}  6250 Ñ 607 3386 Ñ 194 1754 Ñ 126 895 Ñ 26 428 Ñ 25 226 Ñ 35 47466 Ñ 946 

{Mo 6Cl8}  714 Ñ 41 414 Ñ 30 180 Ñ 27 97 Ñ 11 42 Ñ 8 30 Ñ 9 5511 Ñ 217 

{Mo 6Br8}  1595 Ñ 104 981 Ñ 46 425 Ñ 19 208 Ñ 44 167 Ñ 6 111 Ñ 8 12060 Ñ 663 

{Mo 6I8}  2920 Ñ 250# 2487 Ñ 97 1189 Ñ 46 533 Ñ 25 222 Ñ 31 188 Ñ 9 38006 Ñ 1127 

{Mo 6S8}  582 Ñ 27 279 Ñ 17 152 Ñ 9 117 Ñ 13 62 Ñ 8 42 Ñ 4 4148 Ñ 166 

{Mo 6Se8}  ï 443 Ñ 18 183 Ñ 24 162 Ñ 7 98 Ñ 11 57 Ñ 7 5843Ñ701 

{Re3Mo3S8}  ï 328 Ñ 18 163 Ñ 9 92 Ñ 8 46 Ñ 8 28 Ñ 6 4810Ñ91 

{I 3}  1374 Ñ 76 657 Ñ 38 267 Ñ 15 215 Ñ 9 140 Ñ 14 83 Ñ 9 10079Ñ512 

ɺʦʜʘ* 14 Ñ 3 9 Ñ 5 5 Ñ 4 8 Ñ 3 6 Ñ 5 8 Ñ 5  

ɺʦʟʜʫʭ**  ï963 Ñ 78 ï977 Ñ 48 ï984 Ñ 34 ï991 Ñ 25 ï988 Ñ 27 ï987 Ñ 30  

#ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʳʙʨʦʩʦʤ, ʚʝʨʦʷʪʥʦ ʟʘ ʩʯʝʪ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʚʠʜʫ ʛʠʜʨʦʣʠʟʘ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 
*ɿʥʘʯʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʙʣʠʟʢʦ ʥʫʣʝʚʦʤʫ ʟʥʘʯʝʥʠʶ. 
**ɿʥʘʯʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʙʣʠʟʢʦ ʟʥʘʯʝʥʠʶ ï1000. 
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ʈʠʩ. 58. ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʝʜ. ʍʘʫʥʩʬʠʣʜʘ (HU)  

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʁʦʛʝʢʩʦʣʘ 

3.1.1.2 ʌʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ K4[{Re6Q8}(CN)6] (Q = S, Se, Te) 

ʂʨʦʤʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʛʝʢʩʘʮʠʘʥʠʜʥʳʝ ʦʢʪʘʵʜʨʠ-

ʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ ʚ ʢʨʘʩʥʦʡ/ʙʣʠʞ-

ʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʦʧʠʩʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [456]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ [426] 

ʘʚʪʦʨʳ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩʦʜʝʨ-

ʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Re6S8}(Bu3P)5X]X ʠ [{Re6S8} (Et3P)5X]X  

(X = Br, I) ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚʘ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩʧʦʜʚʠʛʣʦ ʥʘʩ ʧʨʦ-

ʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Re6Q8}(CN)6]4ï (Q = S, Se, Te). 

ʇʝʨʚʳʡ ʦʮʝʥʦʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʦʛʠʯʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ ʥʘ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ï 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-

ʜʠʦʢʩʝʥʘ [73]. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)4[{Re6S8}(CN)6], 

(Bu4N)4[{Re6Se8}(CN)6] ʠ (Ph4P)4[{Re6Te8}(CN)6], ʨʘʩʪʚʦʨʝʥʳ ʚ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʤ ʘʮʝʪʦʥʝ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʝʥʘ, ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʥʘʩʳʱʝʥʳ ʢʠʩʣʦʨʦʜʦʤ ʠ ʦʙ-

ʣʫʯʝʥʳ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ (ɚ Ó 400 ʥʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʦʙ-

ʨʘʟʦʚʘʚʰʠʡʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʪʨʠ-

ʧʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʦʡ-ʣʦʚʫʰʢʦʡ ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ï ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʠʙʝʥʟʦʘʪʘ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʩʧʝʢʪʨʘʤ 1H ʗʄʈ, ʛʜʝ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʧʠʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʨʦʪʦʥʘʤ 

ʘ ʠ ʙ, ʦʪʤʝʯʝʥʥʳʤ ʥʘ ʨʠʩ. 59, ʪʘʙʣʠʮʘ 13. 
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ʈʠʩ. 59. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʝʥʘ ʩ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ (ʩʚʝʨʭʫ); ʢʦʥʚʝʨʩʠʷ 2,3-

ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʝʥʘ ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʙʝʥʟʦʘʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{Re6Q8}(CN)6]2ï (Q = S, Se, Te) ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ (ɚ Ó 400 ʥʤ) (ʩʥʠʟʫ) 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 13 

ʂʦʥʚʝʨʩʠʷ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʝʥʘ ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʙʝʥʟʦʘʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ [{Re6Q8}(CN)6]
2ï (Q = S, Se, Te) ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ (ɚ Ó 400 ʥʤ) 

ʂʦʤʧʣʝʢʩ 
ʂʦʥʚʝʨʩʠʷ,% 

ūɻ ʤ
ʘ 

1 ʯ 3 ʯ 5 ʯ 

(Bu4N)4[{Re6S8}(CN)6] 3,19 7,23 11,9 0,056 

(Bu4N)4[{Re6Se8}(CN)6] 5,86 11,01 15,24 0,140 

(Ph4P)4[{Re6Te8}(CN)6] 3,39 5,28 8,99 0,004 
ʘ[456] 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʘʱʝʛʦ ʘʪʦʤʳ ʩʝʣʝʥʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʝʣʣʫʨ-ʩʦʜʝʨʞʘʱʠʡ ʢʣʘʩʪʝʨ ʧʨʦʷʚʣʷʝʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʣʦʚʫʰʢʠ. ʕʪʠ 

ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 13. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 

K4[{Re6Q8}(CN)6] (Q = S, Se, Te) ʚ H2O ʠ D2O. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 14. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 14 

ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʤ TPPS 

ʉʦʝʜʠʥʝʥʠʝ ʈʘʩʪʚ-ʣ ɹ ŰT0, ʤʢʩ ūɻ ʤ kO2, ʄï1ʩï1 Ὂ (O2) Ὂ (air) ūȹ 
Űȹ, 

ʤʢʩ 

K4[{Re6S8}(CN)6] H2O 1,7 0,009ʘ (4,9 ° 0,6) ³ 108 0,56 0,35 ï ï 

K4[{Re6Se8}(CN)6] H2O 2,1 0,015ʘ (7,5 ° 0,3) ³ 108 0,68 0,25 ï ï 

K4[{R e6Te8}(CN)6] H2O 0,41 0,004ʘ (2,3 ° 0,1) ³ 109 0,61 0,19 ï ï 

K4[{Re6S8}(CN)6] D2O 15 0,07 (3,7 ° 0,1) ³ 108 0,89 0,64 0,57 45 

K4[{Re6Se8}(CN)6] D2O 27 0,19 (7,2 ° 0,1) ³ 108 0,97 0,85 0,59 31 

K4[{Re6Te8}(CN)6] D2O 0,61 < 0,01 (2,3 ° 0,1) ³ 109 0,69 0,26 0,22 18 

TPPS D2O 330 ï (1,8 ° 0,1) ³ 109 1,00 1,00 0,62ʙ 51 

ŰT0 ï ʚʨʝʤʷ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; kO2 ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩ ʤʦʣʝʢʫʣʦʡ ʢʠʩʣʦʨʦʜʘ; Ὂ ὢ ρ †Ⱦ†  ï ʜʦʣʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʟʘʪʫʰʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨ-

ʥʳʤ ʢʠʩʣʦʨʦʜʘʤ ʚ ʨʘʩʪʚʦʨʝ ʥʘʩʳʱʝʥʥʦʤ ʢʠʩʣʦʨʦʜʦʤ (X = O2) ʠ ʚʦʟʜʫʭʦʤ (X = air); ūȹ ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ; 

Űȹ ï ʚʨʝʤʷ ʞʠʟʥʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ; TPPS ï 5,10,15,20-ʪʝʪʨʘʢʠʩ(4-ʩʫʣʴʬʦʥʘʪʦʬʝʥʠʣ)ʧʦʨʬʠʨʠʥ 
ʘ[456]; ʙ[457] 

ɿʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ūɻ ʤ ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦ-

ʩʪʦʷʥʠʡ ŰT0 ʠʟʤʝʨʝʥʥʳʝ ʚ D2O ʧʨʝʚʦʩʭʦʜʷʪ ʪʘʢʦʚʳʝ ʜʣʷ ʠʟʤʝʨʝʥʥʳʭ ʚ H2O. ʊʘʢʦʝ ʧʦʚʝ-

ʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʠʟ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʤʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ. ʆʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʢʣʘʩʪʝʨʘ ʠ ʦʢʨʫʞʘʶʱʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ H2O ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ūɻ ʤ, ʯʝʤ ʚ D2O. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʝ ʪʨʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ 

ʤʦʛʫʪ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʂʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ kO2 ʜʣʷ ʪʫʰʝʥʠʷ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚʦʟʨʘʩʪʘʶʪ ʚ ʨʷʜʫ 

S < Se < Te (ʨʠʩ. 60, ʪʘʙʣʠʮʘ 14). 

 
ʈʠʩ. 60. ɸʥʘʣʠʟ ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ ʪʫʰʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

K4[{ Re6S8}( CN)6] (a), K4[{Re6Se8}( CN)6] (b) ʠ K4[{ Re6Te8}( CN)6] (c)  

ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚ D2O (A) ʠ H2O (B) 
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ʀʟʫʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʷʣʠ 

ʚ ʨʘʩʪʚʦʨʝ D2O ʥʘʩʳʱʝʥʥʦʤ ʢʠʩʣʦʨʦʜʦʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 1O2, ʢʦʪʦʨʦʝ ʩʦ-

ʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ~3,5 ʤʢʩ ʚ H2O [458]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 1O2 ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʘʤʧʣʠʪʫʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 1O2, ʩʦʟʜʘʚʘʝʤʳʭ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʩ 

TPPS, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. ʋʯʠʪʳʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥ-

ʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ K4[{ Re6S8}( CN)6] ʠ K4[{ Re6Se8}( CN)6] ʷʚʣʷ-

ʶʪʩʷ ʭʦʨʦʰʠʤʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘʤʠ ʚ D2O ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ūȹ, ʨʘʚʥʳʤʠ 0,57 

ʠ 0,59, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 14). ʄʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ūȹ, ʨʘʚʥʦʝ 0,22 ʜʣʷ 

K4[{ Re6Te8}( CN)6], ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʚʨʝʤʷ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ 

ʜʝʟʦʢʩʠʛʝʥʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ D2O (0,61 ʤʢʩ) ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʦʝ ʚ ʥʘʩʳ-

ʱʝʥʥʦʤ ʢʠʩʣʦʨʦʜʦʤ ʨʘʩʪʚʦʨʝ (0,19 ʤʢʩ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʦʣʴʢʦ 69% ʩʦʩʪʦʷʥʠʡ 

ʪʫʰʘʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ K4[{ Re6S8}( CN)6] ʠ 

K4[{ Re6Se8}( CN)6] ʩʦʩʪʘʚʣʷʶʪ 89 ʠ 97%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 14). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ K4[{ Re6Te8}( CN)6] ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʘ, ʯʝʤ ʪʫʰʝʥʠʝ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚ ʙʠʤʦʣʝʢʫʣʷʨʥʦʤ ʧʨʦ-

ʮʝʩʩʝ. 

ʄʳ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʨʝʤʷ ʞʠʟʥʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʧʨʦʜʫʮʠʨʫʝ-

ʤʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ Űȹ ʚ ʩʝʨʠʠ S 

> Se > Te ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʘʤʠ ʪʫʰʘʪ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʠ 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʝʨʠʠ S < Se < Te. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ K4[{ Re6Te8}( CN)6], ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʪʫʰʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 14, ʤʳ ʤʦʞʝʤ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ūȹ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʮʠʪʦʧʣʘʟʤʘ ʢʣʝʪʢʠ, ʢʦ-

ʪʦʨʳʝ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʦʙʨʘʟʦʚʘʥʠʷ 1O2 ʟʘʜʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ūȹ = ūT ³ FT ³ Sȹ, ʛʜʝ ūT ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦ-

ʷʥʠʡ, ʘ FT ï ʜʦʣʷ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʟʘʪʫʰʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʘ Sȹ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 
1O2 ʚʦ ʚʨʝʤʷ ʪʫʰʝʥʠʷ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʠʩʣʦʨʦʜʦʤ, ʥʘ ʢʦʪʦʨʫʶ ʥʝ ʚʣʠʷʶʪ ʨʘʩʪʚʦ-

ʨʠʪʝʣʠ ʦʜʠʥʘʢʦʚʦʡ, ʠʣʠ ʩʭʦʞʝʡ ʧʦʣʷʨʥʦʩʪʠ [459]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚ-

ʥʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ FT) ʚ 

ʥʘʩʳʱʝʥʥʳʭ ʚʦʟʜʫʭʦʤ ʨʘʩʪʚʦʨʘʭ H2O ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ D2O ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʫʜʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ūȹ ʚ ʢʣʝʪʢʘʭ, ʯʝʤ ʠʟʤʝʨʝʥʥʳʝ ʚ D2O. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ K4[{Re6S8}(CN)6] ʠ K4[{Re6Se8}(CN)6] ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʬʦʪʦ-

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘʤʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

K4[{Re6Te8}(CN)6] ʦʙʣʘʜʘʝʪ ʚʝʩʴʤʘ ʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. 
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3.1.1.3 ʈʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ K4[{Re6Q8}(CN)6] (Q = S, Se, Te) 

ʇʦʤʠʤʦ ʚʦʟʙʫʞʜʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ/ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ, ʰʝʩʪʠʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʧʦʜ ʵʣʝʢʪʨʦʥʥʤr ʧʫʯʢʦʤ 

ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʣʫʯʘʤʠ [125, 255, 460]. ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-

ʣʠʙʦ ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. ʏʪʦʙʳ ʟʘʧʦʣʥʠʪʴ ʵʪʦʪ ʧʨʦʙʝʣ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʩʩʣʝʜʦ-

ʚʘʥʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ 

K4[{Re6Q8}(CN)6] (Q = S, Se, Te). ʉʧʝʢʪʨʳ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟʫ-

ʯʘʣʠ ʜʣʷ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʦʚ (ʨʠʩ. 61). ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʯʠʩʣʦ 

ʤʦʣʝʡ ʚʝʱʝʩʪʚʘ, ʠʜʝʥʪʠʯʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʧʝʢʪʨʘʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ [456], ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠʜʝʥʪʠʯʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʤʠ ʙʳʣ ʚʚʝʜʝʥ ʧʘʨʘʤʝʪʨ ɢx, ʢʦʪʦ-

ʨʳʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ ʣʝʚʦʡ ʧʦʣʦʚʠʥʳ ʩʧʝʢʪʨʘ, ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʯʠʩʣʦ ʤʦʣʝʡ ʠʩ-

ʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 61, ʪʘʙʣʠʮʘ 15) ʚʠʜʥʦ, ʯʪʦ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʢʘʟʘʪʝʣʠ ɢx ʫʙʳʚʘʶʪ ʚ ʨʷʜʫ Se > S 

>> Te. 

 

ʈʠʩ. 61. ʂʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʨʦʰʢʦʚ K4[{ Re6Q8}( CN)6] (Q = S, Se, Te) 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 15 

ʇʘʨʘʤʝʪʨʳ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ K 4[{Re6Q8}(CN)6] 

ʉʦʝʜʠʥʝʥʠʝ lɻ ʤ, ʥʤ ɢx ūɻ ʤ 

K4[{Re6S8}(CN)6] 720 761 0,009ʘ 

K4[{Re6Se8}(CN)6] 720 1807 0,015ʘ 

K4[{Re6Te8}(CN)6] 770 125 0,004ʘ 
ʘ[456] 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʫʝʤʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠ-

ʟʘʪʦʨʳ ʚ ʧʨʦʮʝʩʩʘʭ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʦʥʮʝʧʮʠʠ "Deep-

550 600 650 700 750 800 850

ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ

 K
4
[{Re

6
S

8
}(CN)

6
]

 K
4
[{Re

6
Se

8
}(CN)

6
]

 K
4
[{Re

6
Te

8
}(CN)

6
]



156 

 

PDT" [461]. "Deep-PDT" ʠʣʠ ʛʣʫʙʠʥʥʘʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʦʬʦʨʦʚ ʙʣʠʞʥʝʝ ʀʂ ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦ-

ʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʚʦʙʦʜʥʦ ʧʨʦʥʠʢʘʶʪ ʚʛʣʫʙʴ ʞʠʚʳʭ ʪʢʘʥʝʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʛʫʪ ʘʢ-

ʪʠʚʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘʧʨʷʤʫʶ ʚ ʦʙʣʘʩʪʠ ʦʧʫʭʦʣʠ 

ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʤʘ. 

3.1.1.4 ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ Na4[{Re6Q8}(CN)6] (Q = S, Se, Te) ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠ-

ʩʪʝʤʳ 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚ, ʛʝʢʩʘʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝ-

ʥʠʷ ʦʙʣʘʜʘʶʪ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʙʠʦʤʝʜʠʮʠʥ-

ʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʊʘʢ, ʢʦʤʧʣʝʢʩʳ [{Re6Q8}(CN)6]4ï, ʛʜʝ Q = S ʠʣʠ Se, ʠʥʪʝʨʝʩʥʳ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʛʜʝ Q = Te ï ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʚʳʩʦʢʦʡ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ, 

ʪʦʢʩʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʜʣʷ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʟʘʜʘʯ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʠʭ ʪʦʢ-

ʩʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ ʥʘ ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʥʘ ʞʠʚʦʪʥʳʭ. ʆʜʥʘʢʦ, ʦʪʤʝʪʠʤ, ʯʪʦ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʢʘʪʠʦʥʦʚ K+ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʥʘ ʥʘʪʨʠʝʚʳʭ ʩʦʣʷʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

3.1.1.4.1 ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Na4[{Re6Q8}(CN)6] (Q = S, Se, Te),  

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ (ʪ.ʝ. ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ) 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʘ ʠʤʝʥʥʦ ʥʘ 

ʨʘʢʦʚʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ (Hep-2), ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʢʘʨʮʠ-

ʥʦʤʳ h ʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ (HeLa) ʠ ʥʦʨʤʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʬʠʙʨʦʙʣʘʩʪʦʚ ʣʝʛʢʠʭ 

ʵʤʙʨʠʦʥʘ ʯʝʣʦʚʝʢʘ (MRC-5). ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Na4[{ Re6Te8}( CN)6] ʠʩʩʣʝʜʦʚʘʣʩʷ 

ʣʠʰʴ ʥʘ 2 ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ: Hep-2 ʠ MRC-5. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʮʠʪʦ-

ʪʦʢʩʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʄʊʊ-ʪʝʩʪ (ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ ʜʣʷ ʦʮʝʥʢʠ ʤʝʪʘʙʦʣʠ-

ʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ). 

ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ Na4[{ Re6S8}( CN)6] ʠ Na4[{ Re6Se8}( CN)6] ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 3,9 ʜʦ 1000 ʤʢʄ (ʜʣʷ Na4[{ Re6Te8}( CN)6] ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4 ʜʦ 1024 

ʤʢʄ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ. 62-63, ʪʘʙʣʠʮʘ 16) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʟʥʘʯʝ-

ʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (IC50) ʚ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʘʢ ʦʪ ʢʣʝ-

ʪʦʯʥʦʡ ʣʠʥʠʠ, ʪʘʢ ʠ ʦʪ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʊʘʢ, ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʚ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ S 

> Se ḻ Te. ʊʘʢʞʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʢʦʚʳʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ HeLa ʠ Hep-2 ʦʢʘʟʳʚʘ-

ʶʪʩʷ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʯʝʤ ʥʦʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ MRC-5. ʆʜ-

ʥʘʢʦ ʨʘʟʣʠʯʠʷ ʥʝʚʝʣʠʢʠ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʩʝʣʝʢʪʠʚʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʞʜʫ ʦʧʫ-

ʭʦʣʝʚʳʤʠ ʠ ʥʦʨʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ [{Re6Se8}I 6]3ï ʦʙʣʘʜʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ [435]. 
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ʈʠʩ. 62. ɺʣʠʷʥʠʝ Na4[{ Re6Q8}( CN)6] (Q = S, Se) ʥʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʣʠʥʠʡ Hep-2, HeLa ʠ 

MRC-5, ʦʧʨʝʜʝʣʸʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʄʊʊ-ʪʝʩʪʘ 

 
ʈʠʩ. 63. ɺʣʠʷʥʠʝ Na4[{ Re6Te8}( CN)6] (Q = S, Se) 

ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʣʠʥʠʡ Hep-2 ʠ  

MRC-5, ʦʧʨʝʜʝʣʸʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʄʊʊ-ʪʝʩʪʘ 

 

 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 16 

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Na4[{Re6Q8}(CN)6] (Q = S, Se, Te) ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ 

Na4[{Re6Q8}(CN)6] 
IC50, ʤʢʄ 

Hep-2 HeLa MRC-5 

Q = S 417Ñ4 401Ñ7 471Ñ13 

Q = Se 478Ñ8 410Ñ5 551Ñ21 

Q = Te 721Ñ36 ï 815Ñ41 
 

3.1.1.4.2 ʆʮʝʥʢʘ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ Na4[{Re6Q8}(CN)6] (Q = S, Se, Te) ʥʘ ʤʳʰʠʥʦʡ ʤʦ-

ʜʝʣʠ 

ʂʨʦʤʝ ʠʟʫʯʝʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʥʝ ʤʝʥʝʝ ʚʘʞ-

ʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʨ-

ʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʝʪʳʨʸʤ ʛʨʫʧʧʘʤ ʤʳʰʝʡ ʚʚʦʜʠ-

ʣʠʩʴ 3 ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ Na4[{ Re6Q8}(CN)6] (Q =S, Se, Te) ʚ ʜʦʟʠʨʦʚʢʝ ʧʦ 500 ʤʛ(Re) 

ʥʘ 1 ʢʛ ʤʘʩʩʳ ʞʠʚʦʪʥʦʛʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʟʝ ʚ 725,8 ʤʛ(Na4[{ Re6S8}(CN)6])/ʢʛ, 893,7 

ʤʛ(Na4[{ Re6Se8}(CN)6])/ʢʛ ʠ 1067,9 ʤʛ(Na4[{ Re6Te8}(CN)6])/ʢʛ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ Na4[{ Re6Te8}(CN)6] ʚ ʜʦʟʝ 500 

ʤʛ(Re)/ʢʛ ʚ ʪʝʯʝʥʠʝ 1ʭ ʩʫʪʦʢ ʧʦʛʠʙʣʘ ʦʜʥʘ ʤʳʰʴ, ʦʩʪʘʣʴʥʳʝ ʞʠʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 
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ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʟʥʘʢʦʚ ʠʥʪʦʢʩʠʢʘʮʠʠ. ɺʥʫʪʨʠʚʝʥʥʘʷ ʠʥʲʝʢʮʠʷ ʢʦʤ-

ʧʣʝʢʩʘ Na4[{ Re6Se8}(CN)6] ʚ ʜʦʟʝ 500 ʤʛ (Re)/ʢʛ ʧʨʠʚʝʣʘ ʢ ʛʠʙʝʣʠ ʜʚʫʭ ʤʳʰʝʡ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʚʚʝʜʝʥʠʝ Na4[{ Re6S8}(CN)6] ʚ ʜʦʟʝ 500 ʤʛ(Re)/ʢʛ ʚʳʟʚʘʣʦ ʤʛʥʦʚʝʥʥʫʶ ʩʤʝʨʪʴ ʞʠ-

ʚʦʪʥʦʛʦ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʦʟʘ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ ʚ 2 ʨʘʟʘ. ʇʦʩʣʝ ʩʥʠʞʝʥʠʷ ʜʦʟʳ 

Na4[{ Re6S8}(CN)6] ʜʦ 250 ʤʛ(Re)/ʢʛ 3 ʤʳʰʠ ʞʠʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʦʜʥʘ ʧʦʛʠʙʣʘ ʚ ʪʝʯʝʥʠʝ 1ʭ ʩʫʪʦʢ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ. 

ʋ ʚʳʞʠʚʰʠʭ ʤʳʰʝʡ ʚʦ ʚʩʝʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ 

ʥʘʙʣʶʜʘʣʠ ʧʨʠʟʥʘʢʦʚ ʠʥʪʦʢʩʠʢʘʮʠʠ, ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʪʝʣʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʠ ʠ ʚʦʜʳ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʚʳʞʠʚʰʠʭ ʞʠʚʦʪʥʳʭ ʚʳʷʚʠʣ ʥʝʛʘ-

ʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʝʯʝʥʴ ʚʳʩʦʢʠʭ ʜʦʟ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʚʝʜʝʥʥʳʭ ʚʥʫʪʨʠ-

ʚʝʥʥʦ. ʇʦʩʣʝ ʠʥʲʝʢʮʠʠ Na4[{Re6S8}(CN)6] ʚ ʜʦʟʝ 250 ʤʛ(Re)/ʢʛ ʥʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝ-

ʧʘʨʘʪʘʭ ʧʝʯʝʥʠ ʥʘʙʣʶʜʘʣʠʩʴ ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʛʝʧʘʪʦʮʠʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘ-

ʩʪʠ ʧʝʯʝʥʦʯʥʳʭ ʪʨʠʘʜ. ʇʦʩʣʝ ʠʥʲʝʢʮʠʠ Na4[{Re6Se8}(CN)6] ʚ ʜʦʟʝ 500 ʤʛ(Re)/ʢʛ, ʜʠʩʪʨʦ-

ʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʛʝʧʘʪʦʮʠʪʦʚ ʙʳʣʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʙ·ʣʴʰʫʶ ʚʚʦʜʠ-

ʤʫʶ ʜʦʟʫ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ Na4[{Re6Te8}(CN)6] ʚ ʜʦʟʝ 500 ʤʛ(Re)/ʢʛ ʪʢʘʥʴ ʧʝʯʝʥʠ ʙʳʣʘ ʚ 

ʣʫʯʰʝʤ ʩʦʩʪʦʷʥʠʠ, ʯʝʤ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ Na4[{Re6Se8}(CN)6]. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦ-

ʯʝʢ, ʩʝʣʝʟʝʥʢʠ, ʣʝʛʢʠʭ ʠ ʩʝʨʜʮʘ ʚʳʞʠʚʰʠʭ ʞʠʚʦʪʥʳʭ ʥʝ ʧʦʢʘʟʘʣ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʛʘʥʜʘ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʩʪʨʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʨʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʦʩʥʦʚʝ {Re6Te8} 2+ ʥʘʠʙʦʣʝʝ ʙʝʟ-

ʦʧʘʩʝʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʦʨʛʘ-

ʥʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʚʥʫʪʨʠʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ, ʷʚʣʷʝʪʩʷ ʧʝʯʝʥʴ. 

3.1.1.5 ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʥʠʷ Na4[{Re6Te8}(CN)6] ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʀʟ ʜʘʥʥʳʭ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ, ʚʠʜʥʦ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʘʠʙʦʣʝʝ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʘʱʝʝ ʢʣʘ-

ʩʪʝʨʥʦʝ ʷʜʨʦ {Re6Te8} 2+, ʘ ʩ ʜʨʫʛʦʡ ʠʤʝʥʥʦ Na4[{ Re6Te8}( CN)6] ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʪʦʢ-

ʩʠʯʥʦʩʪʴ ʢʘʢ ʜʣʷ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʪʘʢ ʠ ʜʣʷ ʤʳʰʝʡ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʣʝʜʫʶ-

ʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʩʪʘʣʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʘʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ. 

3.1.1.5.1 ʉʠʥʪʝʟ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Na4[{Re6Te8}(CN)6]Ā6DMF 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Na4[{Re6Te8}(CN)6] ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʣʩʷ ʣʠʰʴ ʢʘʢ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʚ ʩʤʝʩʠ ʩ NaCN ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʬʘʟʘ ʥʝ 

ʙr ʣ [415]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠ ʦʯʠʩʪʢʠ 
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ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥ ʤʦʥʦʢʨʠʩʪʘʣʣ ʛʝʢʩʘʩʦʣʴʚʘʪʘ 

Na4[{Re6Te8}(CN)6]Ŀ6DMF ʠ ʦʧʨʝʜʝʣʝʥʘ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. 

 

ʊʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Re6Te15 ʩ ʠʟʙʳʪʢʦʤ NaCN ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600ÜC ʚ ʛʝʨʤʝʪʠʯ-

ʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Na4[{Re6Te8}(CN)6]. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪ-

ʜʝʣʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʪ ʠʟʙʳʪʢʘ NaCN ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ, ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʟʘʪʝʤ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʩʘ-

ʞʜʘʣʠ ʠʟ ʩʫʧʝʨʥʘʪʘʥʪʘ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ Ph4PCl. ʎʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʘ ʠʤʝʥʥʦ 

 
ʈʠʩ. 64. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

Na4[{ Re6Te8}( CN)6]Ŀ6DMF 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 17 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Na4[{Re6Te8}(CN)6]Ŀ6DMF (I ) 

ʇʘʨʘʤʝʪʨ I  

ʕʤʧʠʨʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ 
C24H42N12Na4O6Re6Te8 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ 

2824,66 

 ʉʠʥʛʦʥʠʷ ʂʫʙʠʯʝʩʢʘʷ 

ʇʨ.ʛʨ. ὖ ςσ 

Z 4 

T (K) 150(2) 

a (¡) 17,5639(4) 

 V (¡) 5418,3(2) 

 ɟʚʳʯ (ʛ ʩʤï3 ) 3,463 

 Õ (ʤʤï1) 17,650 

 ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ 

(ʤʤ) 

0,07 Ĭ 0,06 Ĭ 0,06 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝ-

ʥʠʡ ʫʛʣʘ ɗ (Ü) 
2,01 - 27,50 

ʇʨʝʜʝʣʳ ʧʦ h, k ,l 

ï22 Ò h Ò 22 

ï22 Ò k Ò 13 

ï22 Ò l Ò 15 

ʏʠʩʣʦ ʠʟʤʝʨʝʥ-

ʥʳʭ ʦʪʨʘʞʝʥʠʡ 
29698 

ʏʠʩʣʦ ʥʝʟʘʚʠʩʠ-

ʤʳʭ ʦʪʨʘʞʝʥʠʡ 
4159 

ʏʠʩʣʦ ʫʪʦʯʥʷʝ-

ʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 
186 

Rint 0,0563 

GOOF 1,058 

ὙȾύὙ [I > 

2ů(I)] 
0,0380/0,0848 

ὙȾύὙ (ʚʩʝ ʦʪ-

ʨʘʞʝʥʠʷ) 
0,0562/0,0901 

æɟmax/æɟmin (eĀ¡ï3) 2,445/ï0,959 
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Na4[{Re6Te8}(CN)6], ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʘʤʝʱʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʷ ʚ 

(Ph4P)4[{Re6Te8}(CN)6] ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ NaBPh4. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪ-

ʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ Na4[{Re6Te8}(CN)6] ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

ʚ ʢʫʙʠʯʝʩʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ὖ ςσ, Z = 4. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 17. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʢʦʤʧʣʝʢʩ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʛʝʢʩʘʩʦʣʴʚʘʪʘ, ʘ ʠʤʝʥʥʦ Na4[{Re6Te8}(CN)6]Ŀ6DMF (ʨʠʩ. 64). 

ʉʨʝʜʥʠʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 2,6841, 2,6925 ʠ 2,086 ¡ ʜʣʷ ʩʚʷʟʝʡ 

ReïRe, ReïTe ʠ ReïC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

ʜʣʷ ʜʨʫʛʠʭ ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [345, 415]. 

3.1.1.5.2 ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Na4[{Re6Te8}(CN)6]  

ɼʘʥʥʳʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Na4[{Re6Te8}(CN)6] ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧ. 3.1.1.4.1. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʠʥʠʷ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ Hep-2 ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʘʥʥʦʡ ʣʠʥʠʠ ʢʣʝʪʦʢ. ʊʘʢʦʡ ʧʦʜ-

ʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʨʘʚʥʠʚʘʪʴ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ. ʂʣʝʪʦʯʥʘʷ ʣʠʥʠʷ MRC-5 ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʥʝʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ in vitro [462-464]. ʂʘʢ 

ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Na4[{Re6Te8}(CN)6] ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʝʡ ʮʠʪʦ-

ʪʦʢʩʠʯʥʦʩʪʴʶ ʩʨʝʜʠ ʛʝʢʩʘʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ (IC50 = 478 ʤʢʄ ʜʣʷ 

Hep-2). ʊʘʢʦʡ ʥʝʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʘʥʘʣʠʟ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ in vitro ʷʚʣʷʝʪʩʷ ʤʦ-

ʜʝʣʴʶ ʜʣʷ ʦʮʝʥʢʠ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʦʢ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʣʝʜʦʚʘʪʴ ʟʘ ʚʚʝʜʝʥʠʝʤ ʣʝʢʘʨ-

ʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ in vivo. 

ʇʦʩʢʦʣʴʢʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʦʙʣʘʜʘʶʪ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʤʠ ʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʳ ʠʟʫʯʠʣʠ ʢʠʥʝʪʠʢʫ ʢʣʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝ-

ʥʠʷ Na4[{Re6Te8}(CN)6] ʠ ʝʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʯ-

ʥʦʡ ʮʠʪʦʤʝʪʨʠʠ, ʣʘʟʝʨʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʡ 

ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʟʦʥʜʦʤ ʠʣʠ ʢʦʥʪʨʘʩʪ-

ʥʳʤ ʘʛʝʥʪʦʤ. 

ʊʘʢ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ 

Na4[{Re6Te8}(CN)6] ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʧʨʦ-

ʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ. ʅʘ ʨʠʩ. 65ʘ-ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʦʙʳʪʠʡ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʣʝ-

ʪʦʢ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʠ ʩʦʩʪʘʚʣʷʣʦ 57 Ñ 7% ʫʞʝ ʧʦʩʣʝ 15 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʠ ʠ 79 Ñ 5% 



161 

 

ʧʦʩʣʝ 30 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ Na4[{Re6Te8}(CN)6] (ʨʠʩ. 65ʙ). ʇʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘ-

ʣʦʩʴ ʤʝʜʣʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʧʦʩʣʝ 

24 ʯ ʧʝʨʠʦʜʘ ʠʥʢʫʙʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʦʪʢʣʠʢ ʙʳʣ ʫ 97 Ñ 3% ʢʣʝʪʦʢ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʦʩʣʝ 32 ʯ ʠʥʢʫʙʘʮʠʠ ʠ ʩʦʩʪʘʚʠʣʦ 

99,3 Ñ 0,7%. 

 
ʈʠʩ. 65. ʂʠʥʝʪʠʢʘ (ʘ,ʙ) ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ Na4[{Re6Te8}(CN)6]  

ʠ (ʚ,ʛ) ʚʳʚʝʜʝʥʠʷ ʠʟ ʢʣʝʪʦʢ ʣʠʥʠʠ Hep-2 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʠʥʝʪʠʢʠ ʚʳʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ ʢʣʝʪʦʢ ʪʘʢʞʝ ʧʨʦʚʦ-

ʜʠʣʠ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ. ʇʦʩʢʦʣʴʢʫ, ʙʦʣʝʝ 99% ʢʣʝʪʦʢ ʙʳʣʠ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʦ-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʦʩʣʝ 32 ʯ ʠʥʢʫʙʘʮʠʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʚʳʚʝʜʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʘ ʠʟ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʠʤʝʥʥʦ ʧʦʩʣʝ 32 ʯ ʧʝʨʠʦʜʘ ʠʥʢʫʙʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝ-

ʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʜʣʝʥʥʦ ʚʳʚʦʜʠʪʩʷ ʠʟ 

ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 2 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʚʳʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʣʘ, ʧʨʠ ʵʪʦʤ ʜʘʞʝ ʯʝʨʝʟ 32 ʯʘʩʘ ʩʦʜʝʨʞʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʦʩʪʘʚʘʣʦʩʴ ʚʝʩʴʤʘ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ (ʨʠʩ. 65ʚ-ʛ). 

ʊʘʢ ʢʘʢ, ʫʞʝ ʧʨʠ 24 ʯ ʠʥʢʫʙʘʮʠʠ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʣʩʷ ʚ 95% ʢʣʝʪʦʢ, 

ʜʘʥʥʦʝ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʣʘʟʝʨʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʡ. 

ʗʨʢʦ-ʢʨʘʩʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʂʃʉʄ ʢʣʝʪʦʢ 

Hep-2, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (ʨʠʩ. 66), ʧʦʢʘʟʳʚʘʝʪ ʜʠʬʬʫʟʥʫʶ ʠ ʥʝ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ [{Re6Te8} (CN)6]4ï ʩ ʚʦʟʤʦʞ-

ʥʦʡ ʚʥʫʪʨʠʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ. 
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ʈʠʩ. 66. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʢʣʝʪʦʢ Hep-2: ʘ) ʢʦʥʪʨʦʣʴʥʳʝ ʢʣʝʪʢʠ, ʙ) ʧʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ Na4[{Re6Te8}(CN)6] 

ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ ʩ ʚʩʪʨʦʝʥʥʳʤ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ (ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦ ʘʪʦʤʘʤ 

ʨʝʥʠʷ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʥʠʡ ʣʦʢʘʣʠʟʦʚʘʥ ʜʠʬʬʫʟʥʦ ʧʦ ʚʩʝʡ ʮʠʪʦʧʣʘʟʤʝ ʠ ʷʜʨʫ ʢʣʝʪʢʠ 

(ʨʠʩ. 67). ʉʧʦʩʦʙʥʦʩʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ 

ʚ ʷʜʨʝ ʢʣʝʪʦʢ ʪʘʢʞʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [8, 435]. ʄʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ ʜʠʬʬʫʟ-

ʥʳʤ ʧʫʪʝʤ ʚʚʠʜʫ ʝʛʦ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʇʕʄ-

ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʦʢ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʦʯʝʥʴ ʢʦʥʪʨʘʩʪʥʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥ-

ʪʦʚ ʜʣʷ ʇʕʄ. 

 

ʈʠʩ. 67. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʢʣʝʪʦʢ Hep-2: ɸ) ʢʦʥʪʨʦʣʴʥʳʝ ʢʣʝʪʢʠ, ɺ) ʧʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ Na4[{Re6Te8}(CN)6] 

ʉʧʦʩʦʙʥʦʩʪʴ Na4[{Re6Te8}(CN)6] ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ ʚʝʩʴʤʘ ʙʣʘʛʦʧʨʠʷʪʥʘ ʩ ʪʦʩʢʠ 

ʟʨʝʥʠʷ ʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ, 
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ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʇʕʄ [465, 466], ʥʦ ʥʝʞʝʣʘʪʝʣʴʥʘ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʦʛʦ ʢʦʥʪʨʘʩʪʥʦʛʦ ʘʛʝʥʪʘ [467], ʧʦʩʢʦʣʴʢʫ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʦʢ ʦʨʛʘʥʠʟʤʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ. 

3.1.1.5.3 ʆʩʪʨʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ Na4[{Re6Te8}(CN)6] ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʤʳʰʘʭ 

ʆʮʝʥʦʯʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Na4[{Re6Te8}(CN)6], ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʧ. 3.1.1.4.2, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʨʫ- ʠ ʩʝʣʝʥʩʦʜʝʨʘʱʠʤʠ ʢʣʘ-

ʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʊʘʢ, ʚʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚ ʜʦʟʝ 500 ʤʛ (Re)/ʢʛ (ʠʣʠ 1067,9 

ʤʛ(Na4[{ Re6Te8}(CN)6])/ʢʛ) ʥʝ ʧʨʠʚʝʣʦ ʢ ʛʠʙʝʣʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ, ʘ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ ʪʢʘʥʝʡ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʯʝʥʠ, ʥʝ ʚʳʷʚʠʣ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʣʝʪʘʣʴʥʦʡ ʜʦʟʳ LD 50 (ʩʨʝʜʥʷʷ ʜʦʟʘ ʚʝʱʝʩʪʚʘ, 

ʚʳʟʳʚʘʶʱʘʷ ʛʠʙʝʣʴ ʧʦʣʦʚʠʥʳ ʯʣʝʥʦʚ ʠʩʧʳʪʫʝʤʦʡ ʛʨʫʧʧʳ) ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Na4[{Re6Te8}(CN)6] ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʣʝʜʫ-

ʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʙʭʨʦʥʠʯʝʩʢʦʡ ʠ ʭʨʦʥʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ LD50 ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 70 ʤʳʰʝʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ 7 

ʛʨʫʧʧ ʧʦ 10 ʦʩʦʙʝʡ (5 ʤʫʞʩʢʦʛʦ ʠ 5 ʞʝʥʩʢʦʛʦ ʧʦʣʘ) ʠ ʚʚʝʜʝʥʳ ʨʘʩʪʚʦʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʚ ʜʦʟʘʭ 50, 150, 300, 500, 650 ʠ 750 ʤʛ(Re)/ʢʛ (ʨʠʩ. 68ʘ). ʊʘʢ, ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʜʦʟʝ ʜʦ 300 ʤʛ(Re)/ʢʛ ʚʢʣʶʯʠʪʝʣʴʥʦ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʠʢʘʢʦʛʦ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʘ. ʆʜʥʘʢʦ, ʚʚʝʜʝʥʠʝ ʜʦʟʳ ʚ 500 ʤʛ(Re)/ʢʛ ʧʨʠʚʝʣʦ ʢ 

ʛʠʙʝʣʠ 5 ʤʳʰʝʡ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 8 ʤʳʰʝʡ ʫʤʝʨʣʠ ʚ ʛʨʫʧʧʝ, ʧʦʣʫʯʠʚʰʝʡ 

ʜʦʟʫ ʚ 650 ʤʛ(Re)/ʢʛ, ʠ ʚʩʝ ʤʳʰʠ ʫʤʝʨʣʠ ʚ ʧʦʩʣʝʜʥʝʡ ʛʨʫʧʧʝ, ʠʩʧʦʣʴʟʫʷ ʜʦʟʫ ʚ 750 

ʤʛ(Re)/ʢʛ (ʨʠʩ. 68ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʷʷ ʣʝʪʘʣʴʥʘʷ ʜʦʟʘ ʨʘʚʥʘ 507 Ñ 39 ʤʛ(Re)/ʢʛ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1082 Ñ 83 ʤʛ(Na4[{Re6Te8}(CN)6])/ʢʛ. ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʪʦʢʩʠʯʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 12.1.007-76 [468] ʠʩʩʣʝʜʫʝʤʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʯʝʪʚʝʨʪʦʤʫ, ʩʘʤʦʤʫ ʙʝʟʦʧʘʩʥʦʤʫ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ. 

 
ʈʠʩ. 68. ʘ) ɼʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ Na4[{Re6Te8}(CN)6];  

ʙ) ʇʨʦʮʝʥʪ ʚʳʞʠʚʰʠʭ ʤʳʰʝʡ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 0,1 ʤʣ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʜʦʟʘʭ 

ʋ ʚʳʞʠʚʰʠʭ ʞʠʚʦʪʥʳʭ ʠʟ ʚʩʝʭ ʦʙʨʘʙʦʪʘʥʥʳʭ ʛʨʫʧʧ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʦʙʳʯʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. ʊʦʣʴʢʦ ʫ ʤʳʰʝʡ ʠʟ ʛʨʫʧʧ ʩ ʚʳʩʦʢʠʤʠ 
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ʜʦʟʘʤʠ (500, 650 ʠ 750 ʤʛ(Re)/ʢʛ) ʩʠʤʧʪʦʤʳ ʦʪʨʘʚʣʝʥʠʷ (ʧʘʩʩʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʛʠʧʦʧʥʦʵ 

ʠ ʪʨʝʤʦʨ) ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʧʝʨʚʳʡ ʜʝʥʴ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ. 

ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʯʝʨʝʟ 2 ʥʝʜʝʣʠ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʡ ʠʥʲʝʢʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʞʠʚʦʪʥʳʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʡ ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʚʥʫʪʨʠʚʝʥʥʦʡ ʠʥʲʝʢʮʠʠ Na4[{Re6Te8}(CN)6] ʚ 

ʙʦʣʴʰʠʭ ʜʦʟʘʭ in vivo. 

3.1.1.5.4 ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʦʨʛʘʥʘʤ ʣʘʙʦʨʘ-

ʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʘʭ ʫ ʤʳʰʝʡ, ʧʦʩʣʝ ʚʚʝʜʝ-

ʥʠʷ Na4[{Re6Te8}(CN)6], ʚ ʜʦʟʝ 300 ʤʛ (Re)/ʢʛ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʀʉʇ-ɸʕʉ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʨʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʯʝʥʠ ʠ ʧʦʯʢʘʭ. ʂʦʣʠʯʝʩʪʚʦ ʨʝʥʠʷ ʚ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ 

ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 18, ʨʠʩ. 69. ʂʦʣʠʯʝʩʪʚʦ ʨʝʥʠʷ ʚʦ ʚʩʝʭ ʠʟʤʝʨʷʝʤʳʭ ʦʨʛʘʥʘʭ ʫʚʝʣʠʯʠ-

ʚʘʣʠʩʴ ʩʨʘʟʫ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʢʦʤʧʣʝʢʩʘ. ɺ ʧʝʯʝʥʠ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʥʠʷ ʦʙʥʘʨʫ-

ʞʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 3 ʯ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʡ ʠʥʲʝʢʮʠʠ Na4[{Re6Te8}(CN)6], ʧʦʩʣʝ 

ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʝ ʧʦʥʠʟʠʣʘʩʴ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʩʪʨʦ ʚʳʚʦ-

ʜʠʪʩʷ ʠʟ ʩʝʨʜʮʘ, ʩʝʣʝʟʝʥʢʠ ʠ ʢʨʦʚʠ ʯʝʨʝʟ ʤʦʯʝʚʳʝ ʧʫʪʠ, ʠ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʨʝʥʠʷ ʫʞʝ ʯʝʨʝʟ 1 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʥʠʷ ʚ ʧʦʯʢʘʭ, ʪ.ʝ. ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨ-

ʚʘʣʝ ʦʪ 1 ʯ ʜʦ 48 ʯ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʠʟ ʢʨʦʚʠ ʚ ʢʣʝʪʢʠ ʧʦʯʝʯʥʳʭ ʧʨʦʪʦʢʦʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʢʣʘʩʪʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʵʪʠ ʢʣʝʪʢʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠ-

ʦʜʘ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʣʝʪʢʠ ʧʦʯʝʯʥʳʭ ʧʨʦʪʦʢʦʚ çʠʥʢʫʙʠʨʫʶʪʩʷè ʩ ʢʣʘʩʪʝʨʥʳʤ ʩʦʝʜʠ-

ʥʝʥʠʝʤ, ʚʳʚʦʜʷʱʠʤʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ ʯʝʨʝʟ ʤʦʯʝʚʫʶ ʩʠʩʪʝʤʫ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʜʘʥʥʳʭ 

ʢʠʥʝʪʠʢʠ ʢʣʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ in vitro, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʢʣʘʩʪʝʨʥʦʝ ʩʦ-

ʝʜʠʥʝʥʠʝ Na4[{Re6Te8}(CN)6] ʩʧʦʩʦʙʥʦ ʙʳʩʪʨʦ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ ʠ ʤʝʜʣʝʥʥʦ ʚʳʚʦʜʠʪʩʷ 

ʠʟ ʥʠʭ. ʕʪʠ ʬʘʢʪʳ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʤʝʜʣʝʥʥʦʝ ʚʳʚʝʜʝʥʠʝ ʨʝʥʠʷ ʠʟ ʧʦʯʝʢ ʚ ʪʝʯʝʥʠʝ ʜʣʠ-

ʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 18 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na4[{Re6Te8}(CN)6] ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʘʭ ʤʳʰʝʡ* 

ɺʨʝʤʷ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ 
ʇʝʯʝʥʴ ʉʝʨʜʮʝ ʇʦʯʢʠ ʉʝʣʝʟʝʥʢʘ ʂʨʦʚʴ 

10 ʤʠʥ 451,45 Ñ32,9 281,93 Ñ 38,07 608,59 Ñ 122,12 211,51 Ñ 50,75 385,06 Ñ 126,59 

1 ʯʘʩ 351,41 Ñ 98,59 108,55 Ñ 8,62 231,52 Ñ 25,68 122,35 Ñ 2,46 64,98 Ñ 16,66 

3 ʯʘʩʘ 375,72 Ñ 25,77 77,17 Ñ 6,62 248,59 Ñ 38,64 98,18 Ñ 14,89 51,71 Ñ 1,69 

6 ʯʘʩʦʚ 101,49 Ñ 28,55 51,45 Ñ 6,69 270 Ñ 21,41 83,98 Ñ 14,21 19,96 Ñ 10,02 

24 ʯʘʩʘ 61,45 Ñ 4,24 35,24 Ñ 1,93 383,59 Ñ 38,64 75,28 Ñ 2,51 3,25 Ñ 0,06 

48 ʯʘʩʦʚ 62,9 Ñ 2,79 50,48 Ñ 11,45 428,59 Ñ 90 76,53 Ñ 12,37 2,29 Ñ 1,02 

7 ʜʥʝʡ 28,55 Ñ 1,56 22,9 Ñ 2,03 87,83 Ñ 4,13 51,16 Ñ 3,26 0,12 Ñ 0,04 

*ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ ʥʘ ʨʝʥʠʡ (ʤʢʛ(Re)/ʛ(ʪʢʘʥʠ)) ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ 

Na4[{ Re6Te8}( CN)6] ʚ ʜʦʟʝ 300 ʤʛ(Re)/ʢʛ. 
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ʈʠʩ. 69. ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʘʭ ʤʳʰʝʡ ʦʪ ʚʨʝʤʝʥʠ 

 

ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʯʫʪʴ ʨʘʥʴʰʝ ʤʳ ʪʘʢʞʝ ʠʟʫʯʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʨʝʥʠʷ K4[{ Re6S8}( CN)6] ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʘʢʞʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʦʨʛʘʥʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʨʳʩ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʪʘʙʣʠʮʘ 19), ʜʦʩʪʘ-

ʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʣʷ Na4[{ Re6Te8}( CN)6], ʦʜʥʘʢʦ ʢʨʦʤʝ ʪʦʛʦ 

ʜʣʷ K4[{ Re6S8}( CN)6], ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʢʣʘʩʪʝʨʘ ʚ ʩʝʣʝʟʝʥʢʝ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʘʟʨʘʙʦʪʢʫ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʬʘʨʤʧʨʝʧʘʨʘʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʣʠʤʬʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 19 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ K 4[{Re6S8}(CN)6] ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʘʭ ʢʨʳʩ* 

ʊʢʘʥʠ ʠ ʦʨʛʘʥʳ ʢʨʳʩʳ ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Re ʚ ʪʢʘʥʷʭ 

ʇʝʯʝʥʴ 1,83 

ʉʝʣʝʟʝʥʢʘ 1,52 

ʄʠʦʢʘʨʜ ʩʚʦʙʦʜʥʦʡ ʩʪʝʥʢʠ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ 0,38 

ʂʦʨʢʦʚʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʝʢ 0,87 

ʄʦʟʛʦʚʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʝʢ 1,70 

ʉʢʝʣʝʪʥʘʷ ʤʳʰʮʘ 0,33 

ʂʨʘʩʥʳʡ ʢʦʩʪʥʳʡ ʤʦʟʛ 0,25 

*ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʈʌɸ-ʉʀ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʥʠʷ ʚ ʪʢʘʥʷʭ ʧʦʩʣʝ ʚʥʫ-

ʪʨʠʙʨʶʰʠʥʥʦʛʦ ʚʚʝʜʝʥʠʷ K4[{ Re6S8}( CN)6] ʚ ʜʦʟʝ 200 ʤʛ/ʢʛ. 
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3.1.1.5.5 ɸʥʛʠʦʛʨʘʬʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʨʳʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

Na4[{Re6Te8}(CN)6]  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʠʟʢʫʶ in vitro ʠ in vivo ʪʦʢʩʠʯʥʦʩʪʴ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʣʝʪʦʯ-

ʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ Na4[{Re6Te8}(CN)6], ʤʳ ʧʨʦʚʝʣʠ ʘʥʛʠʦʛʨʘʬʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ 

ʢʨʳʩʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʫʜʠʩʪʦʛʦ ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʘʱʠʡ {Re6Te8} -ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʩ ʥʝ-

ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʯʝʪʢʦʩʪʠ (ʨʠʩ. 70). ʊʘʢ, ʯʝʪʳʨʝ ʠʟʦʙ-

ʨʘʞʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 70 ʷʚʣʷʶʪʩʷ ʢʘʜʨʘʤʠ ʠʟ ʚʠʜʝʦ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʤʦʤʝʥʪʳ ʘʥʛʠʦʛʨʘʬʠʠ. ʨʠʩ. 70A ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʣʦ ʢʨʳʩʳ ʧʝʨʝʜ ʠʥʲ-

ʝʢʮʠʝʡ, ʠ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ ʪʦʣʴʢʦ ʩʢʝʣʝʪ ʞʠʚʦʪʥʦʛʦ. ʨʠʩ. 70B,C ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʮʝʩʩ 

ʠʥʲʝʢʮʠʠ, ʠ ʤʳ ʤʦʞʝʤ ʯʝʪʢʦ ʨʘʟʣʠʯʠʪ ʙʝʜʨʝʥʥʫʶ ʚʝʥʫ, ʧʦʜʚʟʜʦʰʥʫʶ ʚʝʥʫ, ʥʠʞʥʶʶ ʧʦ-

ʣʫʶ ʚʝʥʫ, ʩʝʨʜʮʝ ʠ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ ʢʨʳʩʳ. ʅʘ ʨʠʩ. 70D ʧʦʢʘʟʘʥʦ ʪʝʣʦ ʢʨʳʩʳ ʧʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʚʚʝʜʝʥʥʳʡ ʨʘʩʪʚʦʨ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʧʦ ʩʦʩʫʜʘʤ, ʠ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ 

ʩʢʝʣʝʪ ʢʨʳʩʳ. 

 

ʈʠʩ. 70. ɸʥʛʠʦʛʨʘʤʤʘ ʞʠʚʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʨʳʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ 

Na4[{ Re6Te8}( CN)6] ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ (A) ʜʦ ʚʚʝʜʝʥʠʷ, (B) ʯʝʨʝʟ 0,05 ʩ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ, (C) ʯʝʨʝʟ 2 ʩ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʠ (D) ʯʝʨʝʟ 4 ʩ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ 
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3.1.1.6 ʀʟʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ Na4[{Re6Q8}(CN)6] (Q = S, Se, Te) ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʂʨʦʤʝ ʚʳʩʦʢʠʭ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʦʙʣʘ-

ʜʘʶʪ ʟʘʤʝʪʥʳʤʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪ-

ʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʩʤ. ʧ.3.1.1.3). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʟʫʯʝʥʠʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢ-

ʩʠʯʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Na4[{ Re6Q8}( CN)6] (Q = S, Se, Te) ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʦʡ ʟʘʜʘʯʝʡ. 

3.1.1.6.1 ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ 

ʃʶʙʦʡ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʞʠʚʳʭ ʩʠ-

ʩʪʝʤʘʭ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʜʚʫʤʷ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʠʤʝʥʥʦ ʥʠʟʢʦʡ ʪʝʤʥʦʚʦʡ ʠ ʚʳ-

ʩʦʢʦʡ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʜʣʷ ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʳʭ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʘʞʥʦ ʦʪʩʫʪʩʪʚʠʝ ʢʣʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʪʦ ʚ ʩʣʫʯʘʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ. 

ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ (ʧ. 3.1.1.5.2), ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

Na4[{Re6Te8}(CN)6] ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʨʦʥʠʢʘʝʪ ʚʥʫʪʨʴ ʢʣʝʪʦʢ ʣʠʥʠʠ Hep-2 ʠ ʣʦʢʘʣʠ-

ʟʫʝʪʩʷ ʜʠʬʬʫʟʥʦ ʧʦ ʚʩʝʡ ʮʠʪʦʧʣʘʟʤʝ ʠ ʷʜʨʫ ʢʣʝʪʢʠ. ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦ-

ʚʝʜʝʥ ʠ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Na4[{ Re6S8}( CN)6] ʠ Na4[{ Re6Se8}( CN)6]. 

ʇʦ ʜʘʥʥʳʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ (ʨʠʩ. 71) ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Na4[{ Re6Q8}( CN)6] (Q = S, Se) ʪʘʢʞʝ ʧʨʦʥʠʢʘʶ ʚ ʢʣʝʪʢʫ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

Na4[{Re6Te8}(CN)6] ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʠʞʝ. ʊʘʢ ʯʝʨʝʟ 15 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ 

Hep-2 c Na4[{ Re6S8}( CN)6] ʢʦʣʠʯʝʩʪʚʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʢʣʝʪʦʢ ʥʘʙʣʶʜʘʣʩʷ ʣʠʰʴ ʫ 5 Ñ 3% ʢʣʝʪʦʢ, ʘ ʜʣʷ Na4[{ Re6Se8}( CN)6] ʫ 30 Ñ 12%. ɺ ʪʦʞʝ 

ʚʨʝʤʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ Na4[{ Re6Te8}( CN)6] ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 57 Ñ 7%. ʊʘʢʘʷ ʪʝʥʜʝʥ-

ʮʠʷ, ʘ ʠʤʝʥʥʦ ʥʘʠʭʫʜʰʝʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʘʪʦʤʘʤʠ ʩʝʨʳ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʠ 

ʥʘʠʣʫʯʰʝʝ ʜʣʷ ʪʝʣʣʫʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 24 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ: 61 Ñ 

10% ʜʣʷ Q = S, 90 Ñ 10% ʜʣʷ Se ʠ 97 Ñ 3% ʜʣʷ Te. 

 
ʈʠʩ. 71. ʂʠʥʝʪʠʢʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ Na4[{Re6Q8}(CN)6] (Q = S, Se) ʥʘ ʣʠʥʠʠ Hep-2 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʣʝʪʢʝ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʝʪʦ-

ʜʘʤʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢ-

ʨʦʩʢʦʧʠʡ (ʨʠʩ. 72-73). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʩ ʢʣʘʩʪʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ Na4[{ Re6Se8}( CN)6] ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʩʚʝʯʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʢʘʢ ʣʫʯʰʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʛʦ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ ʝʛʦ ʣʫʯʰʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ Na4[{ Re6S8}( CN)6]. 

 

ʈʠʩ. 72. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʇʕʄ ʢʣʝʪʦʢ Hep-2: ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ 

Na4[{Re6S8}(CN)6] (ʩʣʝʚʘ) ʠ Na4[{Re6Se8}(CN)6] (ʩʧʨʘʚʘ) 

 
ʈʠʩ. 73. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʂʃʉʄ ʢʣʝʪʦʢ Hep-2, ʢʦʥʪʨʦʣʴʥʳʝ ʢʣʝʪʢʠ,  

ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ Na4[{Re6S8}(CN)6] ʠ Na4[{Re6Se8}(CN)6] 

ʕʣʝʤʝʥʪʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦ ʘʪʦʤʘʤ ʨʝʥʠʷ (ʨʠʩ. 74), ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ 

ʇʕʄ, ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʚʩʝʤʫ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤʫ 
























































































































































































































































































































































































