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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

h-BN ï ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʥʠʪʨʠʜ ʙʦʨʘ 

BNNS ï ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʣʠʩʪʳ h-BN (ʦʪ ʘʥʛʣ. h-BN nanosheets) 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ɹʀʂ ï ʙʣʠʞʥʝʝ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 

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

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɺʈʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

Bu - ʙʫʪʠʣ 

Ph ï ʬʝʥʠʣ 

Et ï ʵʪʠʣ 

ʆTsï ï ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ 

OTfï ï ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪ 

Me ï ʤʝʪʠʣ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

Py ï ʧʠʨʠʜʠʥ 

diglyme ï ʜʠʛʣʠʤ (ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʷ) 

Pr ï ʧʨʦʧʠʣ 

RhB ï ʨʦʜʘʤʠʥ ɹ 

ʇʄʄɸ ï ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

dMDAEMA + ï ʢʘʪʠʦʥ [2-(ʤʝʪʘʢʨʠʣʦʠʣʦʢʩʠ)-ʵʪʠʣ]ʜʠʤʝʪʠʣʜʦʜʝʮʠʣʘʤʤʦʥʠ ̫

ʄʄɸ ï ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

ʇʋ ï ʧʦʣʠʫʨʝʪʘʥ 

ʇʕʆ ï ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜ 

ʇʇʆ ï ʧʦʣʠʧʨʦʧʠʣʝʥʦʢʩʠʜ 

ʇʕʆʄɸ ï ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʤʝʪʘʢʨʠʣʘʪ 

pHPMA  ï ʧʦʣʠ(N-(2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ)-ʤʝʪʘʢʨʠʣʘʤʠʜ) 

HEMA  ï 2-ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪ 
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pHEMA  ï ʧʦʣʠ(2-ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪ) 

PLGA  ï ʧʦʣʠ-(D,L-ʣʘʢʪʠʜ-ʢʦ-ʛʣʠʢʦʣʠʜ) 

ʌɼʊ ï ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ 

ʇɸɺ ï ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ɺɿʄʆ ï ʚr ʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʅʉʄʆ ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

PEG ï ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 

ʎɼ ï ʮʠʢʣʦʜʝʢʩʪʨʠʥ 

ʊʕʆʉ ï ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ɹʕʊ ï ʪʝʦʨʠʷ ɹʨʫʥʘʫʵʨʘ-ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ 

DFT - ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʘʥʛʣ. Density Functional Theory) 

FWHM  ï ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʥʘ ʫʨʦʚʥʝ ʧʦʣʦʚʠʥʳ ʚʳʩʦʪʳ (ʘʥʛʣ. Full Width at Half Maximum) 

ʀʖʇɸʂ ï ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʘʥʛʣ. International 

Union of Pure and Applied Chemistry, IUPAC) 

ʇɺʕ ï ʧʦʪʝʥʮʠʘʣ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ɺɿ ï ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ 

ɿʇ ï ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ 

  



7 

 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

[{ Mo6X8} L6] (X ï ʛʘʣʦʛʝʥ, L ï ʪʝʨʤʠʥʘʣʴʥʳʡ ʣʠʛʘʥʜ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʙʣʘʛʦʜʘʨʷ ʧʨʦʷʚʣʝʥʠʶ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʠʢʣʘʜʥʳʤʠ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ, ʘ ʠʤʝʥʥʦ, ʚʳʩʦʢʘʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʷʨʢʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ 

ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʤʫ ʥʘʙʦʨʫ ʩʚʦʡʩʪʚ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʷʜʝ ʦʙʣʘʩʪʝʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʳ 

ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ, ʘ ʪʘʢʞʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ). ʇʦʤʠʤʦ ʵʪʦʛʦ ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʚʝʪʦʚʦʜʦʚ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʢʘʪʘʣʠʟʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 

ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʭʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʇʦʤʠʤʦ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʝʜʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʮʝʣʷʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮʳ-ʥʦʩʠʪʝʣʷ ʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʷʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ (ʪʦ ʝʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ). ɺ ʮʝʣʦʤ, ʛʠʜʨʦʣʠʟ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʛʠʜʨʦʣʠʟʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ L ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ OHï-ʛʨʫʧʧʳ) ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʯʠʪʘʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʦʜʥʘʢʦ 

ʝʤʫ ʧʦʜʚʝʨʞʝʥʳ ʙʦʣʴʰʠʥʩʪʚʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʨʦʤʝ ʚʦʧʨʦʩʦʚ ʦ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʚʷʪʩʷ ʪʘʢʞʝ ʠ ʚʦʧʨʦʩʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʟʚʦʣʠʣʦ 

ʙʳ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ, ʘ ʠʤʝʥʥʦ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩ H2O ʠ 

OHï-ʣʠʛʘʥʜʘʤʠ, ʤʦʛʫʪ ʜʘʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʚʠʜʫ ʠʭ ʩʭʦʞʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʷʪʴ ʵʪʦ ʦʢʨʫʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ pH ʩʨʝʜʳ. ʉʨʝʜʠ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʪʠʧ ʚʥʝʰʥʝʛʦ 

ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʝ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʬʦʪʦʘʢʪʠʚʥʦʡ ʤʘʪʨʠʮʝʡ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʤʘʪʨʠʮ ʧʨʝʜʣʦʞʝʥʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʠʪʨʠʜ ʙʦʨʘ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʦʡ (h-BN) ʠ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ. 
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ʀʟʫʯʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʤʝʥʝʥʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʟʘʨʦʜʠʣʘʩʴ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺ ʪʦʪ ʧʝʨʠʦʜ ʘʤʝʨʠʢʘʥʩʢʠʤ ʧʨʦʬʝʩʩʦʨʦʤ 

ʌʨʘʥʢʦʤ ɸʣʴʙʝʨʪʦʤ ʂʦʪʪʦʥʦʤ ʚʧʝʨʚʳʝ ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ çʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩè 

[1]. ʉ ʪʝʭ ʧʦʨ ʥʘʯʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʥʘʙʠʨʘʶʱʝʝ ʚʩʝ ʙʦʣʴʰʠʝ ʦʙʦʨʦʪʳ. ɽʩʣʠ ʠʟʥʘʯʘʣʴʥʦ ʬʦʢʫʩ ʚʥʠʤʘʥʠʷ ʫʯʝʥʳʭ ʙʳʣ 

ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʧʦʠʩʢʝ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʠʩʢʘ ʠʭ ʧʨʠʢʣʘʜʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ (ʜʦ 88%) 

ʠ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ (ʜʦ ~300 ʤʢʩ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʬʦʪʦʩʪʘʙʠʣʴʥʳ ʧʨʠ 

ʚʦʟʙʫʞʜʘʶʱʝʤ ʦʙʣʫʯʝʥʠʠ, ʧʨʠʯʝʤ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ: 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ, ʬʦʪʦʥʳ ʠ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ, ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʵʣʝʢʪʨʦ-, ʢʘʪʦʜʦ-, 

ʬʦʪʦ- ʠ ʨʘʜʠʦʣʶʤʠʥʝʩʮʝʥʮʠʶ. ʕʤʠʩʩʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʦʩʠʪ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʦ ʩʠʭ ʧʦʨ ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʝʥ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʣʠʷʶʪ ʪʠʧ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪ 

ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʩʣʫʯʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ [2-4]. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ { Mo6I8} ʩ H2O ʠ OHï-ʣʠʛʘʥʜʘʤʠ, 

ʢʦʪʦʨʳʤ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ, ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ H2O ʠ OHï-ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʛʠʜʨʘʪʥʦʛʦ ʯʠʩʣʘ. ʈʘʩʩʤʦʪʨʝʥʠʝ 
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ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʭ ʜʚʫʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʧʦʟʚʦʣʠʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʚʳʚʝʩʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʘʜʫʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʩʪʨʘʠʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ {Mo6I8} ʩ H2O ʠ OHï-

ʣʠʛʘʥʜʘʤʠ, ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ 

ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʨʷʜʘ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʘʮʠʷ ʠʭ ʚʦʟʤʦʞʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʩʠʥʪʝʟ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ 

H2O ʠ OHï-ʣʠʛʘʥʜʘʤʠ; 

¶ ʧʦʣʫʯʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ h-BN (BNNS) ʠ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ TiO2; 

¶ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ h-BN (BNNS) ʠʣʠ TiO2, 

ʩʦʜʝʨʞʘʱʠʭ ʥʝʡʪʨʘʣʴʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Mo6I8}( H2O)2(OH)4]ĿnH2O; 

¶ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʈʉɸ, ʈʌɸ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨ.); 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʦʛʣʦʱʝʥʠʝ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠ ʨʘʩʪʚʦʨʘʭ) ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʠ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ) ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ 

ʨʦʜʘʤʠʥʘ ɹ (ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ/ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ, ʠʟʫʯʝʥʠʝ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

{ Mo6I8}  ʩ H2O ʠ OHï-ʣʠʛʘʥʜʘʤʠ: ʢʘʪʠʦʥʥʳʝ [{Mo 6I8}(H 2O)4(OH)2](An)2ĿnH2O (An ï 

çanionè, An = NO3
ï, n = 3; An = OTsï, n = 2, OTsï ï ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ), 

[{Mo 6I8}(H 2O)4(OH)2]((PhO)2PO2)2ẗ6H2Oẗ2EtOHẗ2(PhO)2PO2H, [{Mo 6I8}(H 2O)6](An)4ĿnH2O 

(An = NO3
ï, n = 2; An = OTsï, n = 0; An = ClO4

ï, n = 2; An = SO3CF3
ï (OTf), n = 2) ʠ 

ʥʝʡʪʨʘʣʴʥʳʡ [{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O. ɹʣʠʟʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʟʚʦʣʠʣ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ (ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ) ʠ ʩʦʩʪʘʚʘ 

ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠ.ʁ ɼʣʷ ʧʦʣʥʦʪʳ 

ʩʨʘʚʥʝʥʠʷ ʚ ʛʨʫʧʧʫ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʠʟʚʝʩʪʥʳʝ ʥʝʡʪʨʘʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [{Mo 6I8}(H 2O)2(OH)4]Ŀ2H2O ʠ [{Mo 6I8}(H 2O)2(OH)4]Ŀ14H2O. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ 
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ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ: ʦʥʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʣʠʛʘʥʜʦʚ (H2O). 

ʇʦʢʘʟʘʥ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʘʢ 

ʪʠʧ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʚʣʠʷʶʪ ʪʦʣʴʢʦ ʥʘ ʧʝʨʚʳʝ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ (ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ) ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʚʝ ʜʨʫʛʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʮʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʣʠʛʘʥʜʦʚ (H2O) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʢʣʘʜʘ ʧʝʨʚʳʭ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʠ ʦʙʱʝʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ, ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʠ BNNS ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʨʠʮʳ BNNS ʩ ʨʘʩʪʚʦʨʦʤ 

ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8}( NO3)6] ʚ ʘʮʝʪʦʥʝ. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ 

[{ Mo6I8}( H2O)2(OH)6]ĿnH2O, ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʝʪʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 

ʟʘʛʨʫʟʢʝ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʧʣʦʪʴ ʜʦ 3 ʛ ʢʦʤʧʣʝʢʩʘ ʥʘ 1 ʛ BNNS. ʂʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʨʠʮʳ ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʧʣʝʥʢʠ, ʠ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʜʦ ~700 ʥʤ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ ɹ ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʠʤʝʝʪ ʦʙʨʘʟʝʮ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ 0,06 ʤʠʥï1). 

ɼʘʥʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 6 ʮʠʢʣʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʢʨʘʩʠʪʝʣʷ. 

ɼʨʫʛʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦʩʣʝʜʥʝʛʦ ʢʦʤʧʣʝʢʩʦʤ [{M o6I8}(ɼʄʉʆ)6](NO3)4 ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ BNNS, ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʦʚ ʥʝ 

ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠ ̫ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʠ: ʢʦʤʧʣʝʢʩ 

ʧʦʢʨʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ TiO2 ʚ ʦʜʠʥʘʢʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʨʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦ ~500 ʥʤ ʠ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʚʷʟʘʥʥʦʡ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1,8 ʵɺ. ʆʮʝʥʢʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʚ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ ɹ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʩʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʦʷʚʣʷʶʪ ʦʜʠʥʘʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ: ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʚʥʳ ~0,1 

ʤʠʥï1, ʢʘʢ ʧʨʠ ʋʌ-, ʪʘʢ ʠ ʧʨʠ ʩʦʣʥʝʯʥʦʤ ʦʙʣʫʯʝʥʠʠ, ʯʪʦ ʚ ~5 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ 
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TiO2. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʡ ʤʘʪʝʨʠʘʣ ʩʪʘʙʠʣʝʥ ʥʝ ʤʝʥʝʝ 5 

ʮʠʢʣʦʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʙʝʟ ʧʦʪʝʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ BNNS, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʷʪ ʯʘʩʪʠʮʳ O2
Åï. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʚ ʤʘʪʝʨʠʘʣʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ BNNS 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ. 

ɼʣʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ TiO2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚʩʝ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ: OHÅ, O2
Åï, eī ʠʣʠ h+, ʧʨʠʯʝʤ ʚʣʠʷʥʠʝ ʯʘʩʪʠʮ 

O2
Åï ʧʨʝʚʘʣʠʨʫʝʪ. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ TiO2 ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʚʳʷʚʣʝʥʥʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʣʦʚʫʰʢʘʤʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ S-ʪʠʧʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʰʠʨʝʥʦ ʯʠʩʣʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʚʳʚʝʜʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʘ ʠ ʪʠʧʘ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʢ ʜʨʫʛʠʤ ʩʝʤʝʡʩʪʚʘʤ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʠ BNNS ʠʣʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʨʝʘʢʮʠʷʭ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ ɹ, ʯʪʦ 

ʨʘʩʢʨʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʥʦʩʷʪ ʚʢʣʘʜ ʢʘʢ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʙʣʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ 

ʚʦʟʤʦʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʯʁʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʘ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ h-BN (BNNS) ʠʣʠ TiO2 ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ { Mo6I8} c H2O ʠ OHï-ʣʠʛʘʥʜʘʤʠ. ɺ ʧʦʣʫʯʝʥʠʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʭʦʜʷʪ: ʚʳʜʝʣʝʥʠʝ ʠʭ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 
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ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʕɼʉ), ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ), 

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

ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ). ɼʣʷ ʠʟʫʯʝʥʠ ̫ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʩʧʝʢʪʨ rʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʧʝʢʪʨʳ ʣɻʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʂʫʙʝʣʢʠïʄʫʥʢʘ. 

ʉʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠʟʫʯʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʉʇ-ɸʕʉ), ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʇʕʄ), ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʧʦ ɹʕʊ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ʈʌʕʉ). ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʪʩʣʝʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʝʘʢʮʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʨʦʜʘʤʠʥʘ ɹ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ (ɚ = 365 Ñ 5 ʥʤ, ~13 ʤɺʪ/ʩʤ2), ʘ ʪʘʢʞʝ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ (ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ = ~30-35 ʤɺʪ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ~25 

Áʉ). ɼʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʘʣʠʢʚʦʪ. ɺʣʠʷʥʠʝ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ, ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ BNNS ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʋʌ-ʩʚʝʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʚʫʰʝʢ: ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, (NH4)2C2O4, 

ʵʪʘʥʦʣ (ʉ = 10 ʤʄ). ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ TiO2 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʦʚʫʰʢʠ: (Na2C2O4, 

AgNO3, i-PrOH), ʉ = 10 ʤʄ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

Å ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 8 ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; 

Å ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ BNNS ʠʣʠ TiO2, ʩʦʜʝʨʞʘʱʠʭ ʥʝʡʪʨʘʣʴʥʳʡ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{M o6I8}( H2O)2(OH)4]ϊnH2O; 

Å ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʈʉɸ, ʈʌɸ, 

ʀʂ- ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨ.); 

Å ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ; 

Å ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣ ʣʠʯʥʦ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 
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ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ, ʙʳʣʠ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʳ ʩʠʥʪʝʟʳ ʚʩʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʪʦʢʘʪʘʣʠʟʫ. ʇʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ ï 2018è (ʄʦʩʢʚʘ, 2018), ʄʝʥʜʝʣʝʝʚʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ï 2019 

(ʀʚʘʥʦʚʦ, 2019), V ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2019 (ʅʦʚʦʩʠʙʠʨʩʢ, 2019), çʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʊʫʘʧʩʝ, 2020), çʂʦʥʢʫʨʩ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ, 

ʧʦʩʚʷʱʸʥʥʳʡ 85-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ʉʪʘʥʠʩʣʘʚʘ ɺʘʩʠʣʴʝʚʠʯʘ 

ʃʘʨʠʦʥʦʚʘè (ʅʦʚʦʩʠʙʠʨʩʢ, 2021), ʂʣʘʩʪʝʨ-2022 (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2022), VI ʐʢʦʣʘ-

ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳè ICFM-2022 (ʅʦʚʦʩʠʙʠʨʩʢ, 2022), çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡè (ʊʫʘʧʩʝ, 2022). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ 

ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of 

Science. ɺ ʤʘʪʝʨʠʘʣʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 8 

ʜʦʢʣʘʜʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. ʇʨʠʟʥʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʠ ʚʳʩʦʢʦʡ ʦʮʝʥʢʦʡ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1.ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

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

çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1 ï 

ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 140 ʩʪʨʘʥʠʮʘʭ, ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ 44 ʨʠʩʫʥʢʘ ʠ 11 

ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ, 

ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (198 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 10 ʩʪʨʘʥʠʮʘʭ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʅʍ ʉʆ ʈɸʅ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ V.44. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʦʩʥʦʚʳ ʭʠʤʠʠè, ʧʨʦʛʨʘʤʤʘ ʌʅʀ ʉʆ ʈɸʅ V.44.4. çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè, ʥʦʤʝʨ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ: 0300-2014-0010. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ (ˉ17-03-00140) ʠ ʈʅʌ 

(ˉ19-73-20109). 
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1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

ʍʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʨʦʬʝʩʩʦʨ ʌʨʘʥʢ ɸʣʴʙʝʨʪ ʂʦʪʪʦʥ, ʦʜʠʥ 

ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʚʚʝʣ ʧʦʥʷʪʠʝ çʤʝʪʘʣʣʦʢʣʘʩʪʝʨè, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ 

ʤʝʪʘʣʣʘ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [1]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʘ [{ Mo6X8} L6]
n (ʈʠʩʫʥʦʢ 1) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ ʠʟ ʘʪʦʤʦʚ ʄo, ʚʧʠʩʘʥʥʳʡ ʚ ʢʫʙ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ɛ3-

ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ X (Cl, Br, I), ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʨʘʟʫʶʪ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ 

{ Mo6X8}
4+. ʊʘʢʞʝ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʠʥ ʚʥʝʰʥʠʡ 

ʦʨʛʘʥʠʯʝʩʢʠʡ/ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ L. ʉʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʐʝʬʝʨʘ ʤʦʩʪʠʢʦʚʳʝ 

ʣʠʛʘʥʜʳ ʥʘʟʳʚʘʶʪ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʦʙʦʟʥʘʯʘʶʪ X i (ʥʝʤ. çinnenè), ʘ ʚʥʝʰʥʠʝ L-ʣʠʛʘʥʜʳ 

ð ʘʧʠʢʘʣʴʥʳʤʠ ʠ ʦʙʦʟʥʘʯʘʶʪ La (ʥʝʤ. çaussenè) [5]. 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{M6X8}L6]
n 

ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ 

ʢʘʢ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ [4,6], ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʢʨʘʩʥʦʤ ʠ ʙʣʠʞʥʝʤ ʀʂ 

ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ 

ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ O2 (1ȹg). ʈʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʷʨʢʦʡ ʢʨʘʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (550 ï 850 ʥʤ) ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʢʘʢ ʘʛʝʥʪʳ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ 

[7-12]. ʌʦʪʦʠʥʜʫʮʠʨʫʝʤʘʷ ʛʝʥʝʨʘʮʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʦʚʳʭ 

ʦʧʫʭʦʣʝʡ [7,13,14]. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 
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ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʤʦʩʪʝʨʠʣʠʟʫʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ [15-17] ʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ [18-20]. ɺ 

ʦʧʪʠʢʝ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ 

ʷʯʝʝʢ [21,22] ʠ ʩʦʣʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ [23,24]. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʩʨʝʜʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʩʪʘʣʠ ʧʨʠʚʣʝʢʘʪʴ ʠʦʜʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ { Mo6I8} 4+, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʥʘʠʙʦʣʝʝ ʚʳʜʘʶʱʠʝʩʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʣʦʨʠʜʥʳʤʠ ʠ ʙʨʦʤʠʜʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʧʦ ʩʦʩʪʘʚʫ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʜʠʛʘʣʦʛʝʥʠʜʳ ʤʦʣʠʙʜʝʥʘ (II ) MoX2 (X 

= Cl, Br, I), ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { Mo6X8}
4+. ʇʨʠ ʵʪʦʤ, ʩʨʝʜʠ 

ʜʠʛʘʣʦʛʝʥʠʜʦʚ MoX2, ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʦʜʠʜʘ ʤʦʣʠʙʜʝʥʘ (II ) ʠʟʫʯʝʥʳ ʤʝʥʴʰʝ 

ʚʩʝʛʦ, ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ, ʯʝʤ MoCl2 ʠ MoBr2. ʆʜʥʘʢʦ 

ʧʦʩʪʝʧʝʥʥʦ ʭʠʤʠʷ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ { Mo6I8} 4+ ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ, ʙʦʣʴʰʝ 

ʚʥʠʤʘʥʠʷ ʩʪʘʣʦ ʫʜʝʣʷʪʴʩʷ ʠʟʫʯʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ {Mo6I8} 4+, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

1.1. ʉʠʥʪʝʟ ʠʦʜʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

{Mo6I 8}4+ 

ʉʠʥʪʝʟ ʧʝʨʚʦʛʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ 

Mo6I12 (MoI2) [25] ʙʳʣ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ ʥʝʤʝʮʢʦʛʦ ʫʯʝʥʦʛʦ H. Schafer ʚ 1967 ʛʦʜʫ. 

ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʜʦ 400 Áʉ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ Mo 

ʠ I2 ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ. ʇʦʟʜʥʝʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʨʘʟʣʦʞʝʥʠʠ MoI3 [26] ʧʨʠ 400 Áʉ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, 

ʚ 2016 ʛʦʜʫ, M. Strºbele ʠ ʩʦʘʚʪʦʨʘʤʠ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ MoI2 

ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ MoCl5 ʩ SiI4 ʧʨʠ 600 Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ [27]. ʂʨʠʩʪʘʣʣʳ Mo6I12 

ʙʳʣʠ ʚʧʝʨʚʳʝ ʚʳʨʘʱʝʥʳ ʧʨʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʝʘʢʮʠʠ MoI2 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʡʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800-1000 Áʉ [28]. ɼʘʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʘʢ 

ʠ ʦʩʪʘʣʴʥʳʝ ʜʠʛʘʣʦʛʝʥʠʜʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʤʝʨʥʫʶ ʮʝʧʦʯʝʯʥʫʶ ʩʪʨʫʢʪʫʨʫ 

[{ Mo6I
i
8} Ia

2I
a-a

4/2], ʚ ʢʦʪʦʨʦʡ ʯʝʪʳʨʝ ʚʥʝʰʥʠʭ ʘʪʦʤʘ ʠʦʜʘ ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʘʤʠ (ʈʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ MoI2. ʎʚʝʪʦʚʦʡ ʢʦʜ: Mo (ʯʝʨʥʳʡ), I (ʬʠʦʣʝʪʦʚʳʡ) 

ɺʚʠʜʫ ʩʚʦʝʡ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʭʠʤʠʷ MoI2 ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʣʘʩɹ 

ʥʝʠʟʫʯʝʥʥʦʡ. ʃʠʰʴ ʚ 90-ʭ ʛʦʜʘʭ ʧʦʷʚʠʣʦʩʴ ʧʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʝʛʦ ʨʝʘʢʮʠʠ ʩ PbI2 ʧʫʪʝʤ 

ʩʧʣʘʚʣʝʥʠʷ ʧʨʠ 600 ÁC ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Pb[{ Mo6I8} I6] [29]. ɺʦ 

ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʤʦʩʪʠʢʦʚʳʭ ʩʚʷʟʝʡ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʨʘʟʨʫʰʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ Mo6I12. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʚʘ ʠʦʜʠʜ-ʠʦʥʘ ʦʪ 

PbI2 ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʚ ʤʝʩʪʘʭ ʨʘʟʨʳʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʩʢʨʝʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{ Mo6I8} I6]
2ï. ʇʨʦʪʝʢʘʶʱʠʡ ʧʨʦʮʝʩʩ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʷʭ ʥʘʟʳʚʘʝʪʩʷ çʚʳʨʝʟʘʥʠʝʤè 

ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʇʦʟʜʥʝʝ, ʨʝʘʢʮʠʝʡ çʚʳʨʝʟʘʥʠʷè, ʧʫʪʝʤ ʩʧʣʘʚʣʝʥʠʷ MoI2 ʩ CsI ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ 

ʘʤʧʫʣʝ ʧʨʠ 700 Áʉ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ Cs2[{ Mo6I8} I6] [30]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ 

ʩʝʨʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{ Mo6I8}ʍ6] (ʍ = F, Cl, Br, I) [31,32]. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ MoI2 ʢʠʧʷʪʠʣʠ ʚ ʨʘʩʪʚʦʨʘʭ Bu4NX, ʛʜʝ ʜʣʷ X = F, Cl, Br ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ 

CH2Cl2, ʘ ʜʣʷ X = I ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʘʮʝʪʦʥʘ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ [{ Mo6I8} Cl6]
2ï 

ʯʝʨʝʟ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʧʫʩʢʘʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ, ʘ ʧʦʣʫʯʝʥʠʝ [{ Mo6I8} Br6]
2ï 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʨʦʤʘ. ɺ ʭʦʜʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʯʝʤ ʚʥʝʰʥʠʝ ʠʦʜʠʜ-ʠʦʥʳ Iaï 

ʚ [{ Mo6I
i
8} Ia

2I
a-a

4/2] ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʜʨʫʛʠʝ ʛʘʣʦʛʝʥʠʜʳ Xï ʠʟ ʩʦʝʜʠʥʝʥʠʷ Bu4NX (X = F, Cl, 

Br). ɿʘʪʝʤ, ʚ 2005 ʛʦʜʫ, ʙʳʣ ʦʧʠʩʘʥ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ (Bu4N)2[{ Mo6I8} I6]: ʝʛʦ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʦʙʤʝʥʘ ʧʨʦʪʠʚʦʠʦʥʦʚ Cs+ ʚ ʢʦʤʧʣʝʢʩʝ Cs2[{ Mo6I8} I6] ʠ 

Bu4N
+ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ Bu4NI ʚ ʨʘʩʪʚʦʨʝ CH2Cl2/H2O [30]. 

Mo6I12 ʪʘʢʞʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ ʩ ʩʦʣʷʤʠ ʥʘʪʨʠʷ. ʊʘʢ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ 

ʧʨʠʤʝʨʳ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ NaN3, NaNCS [33] ʠ NaOMe [34] ʚ ʨʘʩʪʚʦʨʘʭ ʩ 
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ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Na2[{Mo 6I8} L6], ʛʜʝ L = N3
ï, NCSï

, OMeï. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Na2[{ Mo6I8}( OMe)6] ʣʝʛʢʦ 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʠ ʧʦʪʦʤʫ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʧʨʝʢʫʨʩʦʨʦʤ 

ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ OMeï ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ. ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ K. Langôʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

Na2[{ Mo6I8} (OMe)6] ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʥʦʚʭr ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [{ Mo6I8} (RCOO)6]
2ï, ʛʜʝ R = ʧʠʨʝʥ-1, ʘʥʪʨʘʮʝʥ-9 [34], ʘʜʘʤʘʥʪʘʥ-1 [35], 

C4H8PPh3, C5H4NMe [9], ʙʝʥʟʦ-15-ʢʨʘʫʥ-5, ʭʦʣʘʪ (ʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ ʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ) 

[36]. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʤ ʞʝ ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʬʦʩʬʠʥʘʪʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ Na2[{Mo6I8} (OPOPhH)6] ʠ Na2[{ Mo6I8} (OPOPh2)6] 

[37]. 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo 6I8}(CH3COO)6] ʪʘʢʞʝ ʦʪʢʘʟʘʣʩʷ ʫʜʦʙʥʳʤ 

ʧʨʝʢʫʨʩʦʨʦʤ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ CH3COOï ʥʘ ʜʨʫʛʠʝ ʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʝʘʢʮʠʷʤ ʦʙʤʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ 

[38,39]. ʊʘʢʞʝ ʧʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʦʣʠ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʘ (CH3)3Si+. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [40,41] ʙʳʣ ʧʦʣʫʯʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

(Bu4N)2[{ Mo6I8} (N3)6] ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Bu4N)2[{Mo 6I8}(CH3COO)6] ʩ (CH3)3SiN3. 

ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ Cs2[{ Mo6I8} I6] ʠ (Bu4N)2[{ Mo6I8} I6] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ Iï, ʠʩʧʦʣʴʟʫʷ ʩʦʣʠ ʩʝʨʝʙʨʘ AgL, ʛʜʝ L ï ʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʣʠʙʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʢʠʩʣʦʪʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʦʙʤʝʥʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʝʪʩʷ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʡ ʠʦʜʠʜ ʩʝʨʝʙʨʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ [{ Mo6I8} L6]
2ï, ʛʜʝ L = 

OSO2CF3
ï [42], CſCC(O)OMeï [43], SC6F4H

ï [44], PhSO3
ï, OTsï [45], RCOOï (R = CF3 [46], 

C3F7 [47], C2F5, C10H7, C6H5, C4H3O, (CH3)3C, CH3 [48]), OC6H4-p-(NO2)
ï, OC6H3-2,4-(NO2)2

ï 

[49], SC6F4Cl, SC12F9, SC6F4CF3 [50]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʧʨʠʤʝʨ ʩʠʥʪʝʟʘ ʠ ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʘʧʠʢʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʡ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ: 

[{ Mo6I8} (NO3)6]
2ï [51]. 

ɺʥʝʰʥʠʝ NO3-ʣʠʛʘʥʜʳ ʚ ʢʦʤʧʣʝʢʩʝ (Bu4N)2[{ Mo6I8} (NO3)6] ʪʦʞʝ ʦʢʘʟʘʣʠʩʴ 

ʜʦʩʪʘʪʦʯʥʦ ʣʘʙʠʣʴʥʳʤʠ. ʊʘʢ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ 

ʟʘʤʝʩʪʠʪʴ ʠʭ ʥʘ NCSï [52], N3
ï [53] ʠ ʜʘʞʝ ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ɼʄʉʆ [54]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʟʘʤʝʱʝʥʠʝ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦʣʥʦʩʪʴʶ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
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(Bu4N)2[{ Mo6I8} I6] ʩ ʧʠʨʠʜʠʥʦʤ (py) ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʜʚʫʭ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ 

ʥʘ ʥʝʡʪʨʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʧʠʨʠʜʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʘʥʩ-[{ Mo6I8} py2I4] [55]. ʉʠʥʪʝʟ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʜʠʩʩʝʨʪʘʥʪʦʤ. ʇʨʠʯʠʥʦʡ ʥʝʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʦʜʠʜ-ʠʦʥʳ, ʢʦʪʦʨʳʝ ʩʜʚʠʛʘʶʪ ʨʘʚʥʦʚʝʩʠʝ ʚ 

ʩʪʦʨʦʥʫ ʨʝʘʛʝʥʪʦʚ. 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʥʝʰʥʠʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʝʪʩʷ ʨʷʜ 

[{ Mo6I8} (H2O)2(OH)4]ĿnH2O (n = 2, 12, 14) [56]. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʛʠʜʨʦʣʠʟʘ [K(diglyme)(CH3CN)]2[{ Mo6I8} I6] ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʙʦʨʘʪʘ ʥʘʪʨʠʷ. ʇʨʠʯʝʤ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʙʘʚʣʝʥʠʷ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʚʦʜʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. ʊʘʢ, ʚ 

ʯʠʩʪʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʙʦʨʘʪʘ ʥʘʪʨʠʷ ʦʙʨʘʟʫʝʪʩʷ ʘʢʚʘʛʠʜʨʦʢʩʦ-ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ 

ʯʝʪʳʨʥʘʜʮʘʪʴʶ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ H2O, ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ ʜʚʝʥʘʜʮʘʪʴʶ 

ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ H2O, ʝʩʣʠ ʞʝ ʨʘʟʙʘʚʠʪʴ ʨʘʩʪʚʦʨ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ 

ʚʦʜʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1:1 ï ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ ʜʚʫʤʷ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 

ʂʦʤʧʣʝʢʩ ʩ H2O ʠ OH-ʣʠʛʘʥʜʘʤʠ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʫʧʦʤʷʥʫʪʦʛʦ 

ʨʘʥʝʝ [{ Mo6I8}(ɼʄʉʆ)6](NO3)4 ʧʫʪʝʤ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʣʠʙʦ ʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ [54,57]. ɸʚʪʦʨʦʤ ʇʨʦʥʠʥʦʡ ɽ.ɺ. ʠ ʩʦʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʤʘʩʰʪʘʙʥʘʷ ʨʘʙʦʪʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʷ 

ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ, ʩʦʩʪʘʚʣʷʶʱʝʝ 52 ʤʠʥʫʪʳ [54]. ɺ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩʚʝʞʠʡ ʨʘʩʪʚʦʨ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʣʥʦʩʪʴʶ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [{ Mo6I8} (H2O)2(OH)4]Ŀ2H2O, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʦʩʪʘʨʝʥʥʳʡ ʨʘʩʪʚʦʨ [{ Mo6I8}(ɼʄʉʆ)6](NO3)4 ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʩʥʘʯʘʣʘ ʜʦ 

[{ Mo6I8} (H2O)2(OH)4]Ŀ2H2O, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ [{ Mo6I8} (H2O)2(OH)4]Ŀ14H2O 

[57]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʩʝʛʦ ʦʢʦʣʦ ʩʪʘ ʥʦʚʳʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʥʝʰʥʠʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʊʠʧ ʣʠʛʘʥʜʘ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʉʨʝʜʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʞʥʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ 

ʦʧʪʠʯʝʩʢʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʙʣʘʛʦʜʘʨʷ ʠʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʝʥʩʦʨʠʢʠ, 

ʢʘʪʘʣʠʟʘ ʠ ʜʨ. 

1.2. ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ {Mo6I 8}4+ 

ʀʥʪʝʨʝʩ ʢ ʛʘʣʦʛʝʥʠʜʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʦʣʠʙʜʝʥʘ ʥʘʯʘʣ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʪʴ ʧʦʩʣʝ 

ʧʫʙʣʠʢʘʮʠʠ ʨʘʙʦʪʳ H. Gray et al. ʚ 1983 ʛʦʜʫ [58], ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 
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ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ (II) ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Mo6X
i
8}Y

a
6]

n 

(X ï ʚʥʫʪʨʝʥʥʠʡ ʣʠʛʘʥʜ Cl, Br ʠʣʠ I, Y ï ʚʥʝʰʥʠʡ (ʘʧʠʢʘʣʴʥʳʡ) 

ʦʨʛʘʥʠʯʝʩʢʠʡ/ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʚʝʨʜʳʭ 

ʚʝʱʝʩʪʚ Mo6X12 ʨʝʘʢʮʠʷʤʠ çʚʳʨʝʟʘʥʠʷè ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʠʩʪʦʯʥʠʢʦʤ Y, ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʚʳʜʘʶʱʠʤʠʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉ 

ʵʪʠʭ ʧʦʨ ʥʘʯʘʣʦʩʴ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʩ 

ʷʜʨʦʤ {Mo 6X8}
4+ (X = Cl, Br ʠʣʠ I) ʧʨʦʷʚʣʷʶʪ ʷʨʢʫ  ʁʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʢʨʘʩʥʦʡ ʠ 

ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ɼʣʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʜʦ 300 ʤʢʩ [47]) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠ ̫ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʵʣʝʢʪʨʦ- 

[59], ʢʘʪʦʜʦ- [60], ʬʦʪʦ- [16,26,36,47,48,51,61-63], ʠ ʨʘʜʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ [4,26,35] 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʦʙʣʫʯʝʥʠ.̫ 

1.2.1. ʇʨʠʨʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʇʝʨʚʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ {M6Cl8}
4+ (M = Mo, W) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 1964 ʛʦʜʫ 

ʫʯʝʥʳʤʠ F. A. Cotton ʠ T. E. Haas [64]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʢʦʤʧʣʝʢʩʘ {Mo6X8}
4+ ʩʦʩʪʦʷʪ ʠʟ 4d-ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʰʝʩʪʠ 

ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ. ɺʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ (ɺɿʄʆ) ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʥʳʭ 

ʦʨʙʠʪʘʣʝʡ dyz ʠ dxz, ʦʙʨʘʟʫʶʱʠʭ T2g. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʦʨʙʠʪʘʣʴ (ʅʉʄʆ) ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ dz
2 ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ T1u. ʇʦʟʜʥʝʝ ʚ 

ʨʘʙʦʪʝ Saito Y. et al ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʦʪ T2g ʢ T1u ʚʦʟʥʠʢʘʶʪ ʯʝʪʳʨʝ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʷ 
3T1u, 

3T2u, 
3Eu ʠ 

3A2u 

[65]. ʅʠʟʰʠʤ ʚʦʟʙʫʞʜʝʥʥʳʤ ʪʨʠʧʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ 3T1u, ʠ ʧʨʠ ʫʯʝʪʝ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʥʦ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʯʝʪʳʨʝ ʩʧʠʥʦʚʳʭ ʧʦʜʫʨʦʚʥʷ T2u, Eu, 

T1u ʠ A1u (ʉʭʝʤʘ 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʝʨʝʭʦʜʷʪ ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ S0 ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ 

S1, ʦʪʢʫʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ 3T1u, ʨʘʩʱʝʧʣʝʥʥʦʝ 

ʥʘ ʯʝʪʳʨʝ ʧʦʜʫʨʦʚʥʷ. ɺ ʩʣʝʜʩʪʚʠʝ ʠʩʢʘʞʝʥʠʷ ʗʥʘ-ʊʝʣʣʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ 

ʚʳʨʦʞʜʝʥʥʦʛʦ ʧʦʜʫʨʦʚʥʷ ű1 (T2u) ʥʘ ʌ1 ʠ ʌ2 (ʉʭʝʤʘ 1). 
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ʉʭʝʤʘ 1. ʄʦʜʝʣ ɹʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 3T1u ʢʦʤʧʣʝʢʩʦʚ {M6X8}
n (M = Mo, W; X = 

Cl, Br, I; n = +4; M = Re, X = S; n = +2). ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [3,66] 

ɿʘʪʝʤ, ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ 

ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʫʨʦʚʥʝʡ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ [67]. 

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʩʦʚʧʘʜʘʶʪ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [67] ʤʝʪʦʜ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʝʪ ʠʩʩʣʝʜʫʝʤʫʶ ʩʠʩʪʝʤʫ. ʇʦʟʜʥʝʝ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʚʦʟʥʠʢʰʠʭ 

ʥʝʩʦʚʧʘʜʝʥʠʡ [66]. ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʩʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʵʥʝʨʛʠʠ ʦʨʙʠʪʘʣʝʡ (T2u, Eu, T1u ʠ A1u), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʦʙʱʠʡ ʩʧʝʢʪʨ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 30 ʂ ʧʨʝʦʙʣʘʜʘʝʪ ʟʘʩʝʣʝʥʥʦʩʪʴ 

ʧʦʜʫʨʦʚʥʷ ű1 (T2u), ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶʯʘʷ ʟʘʩʝʣʝʥʥʦʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦ ʵʥʝʨʛʠʠ 

ʧʦʜʫʨʦʚʥʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘ ʧʨʠʤʝʨʝ [{ Re6S8} X6]
4ï (X = Cl, Br, I). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

ʠʩʩʣʝʜʫʝʤʳʤ ʨʘʥʝʝ ʤʦʣʠʙʜʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ [{ Mo6Cl8} Cl6]
2ï, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʠʟʦʵʣʝʢʪʨʦʥʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʩʝ 

ʯʝʪʳʨʝ űn ʧʦʜʫʨʦʚʥʷ ʷʚʣʷʶʪʩʷ ʵʤʠʩʩʠʦʥʥʳʤʠ. ʆʜʥʘʢʦ ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ ʵʪʠʭ 

ʘʚʪʦʨʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʩ ű4 (A1u) ʷʚʣʷʝʪʩʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ, ʘ ʥʘʣʠʯʠʝ 

çʯʝʪʚʝʨʪʦʡè ʢʦʤʧʦʥʝʥʪʳ ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʜʫʨʦʚʥʷ ű1 (T2u) 

ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʗʥʘ-ʊʝʣʣʝʨʘ [3]. ʋʯʝʥʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʩʚʦʶ ʪʝʦʨʠʶ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6Cl8}Cl 6]
2ï, 

[{W 6Cl8}Cl 6]
2ï ʠ [{Re6S8}Cl 6]

4ï [3]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ 
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ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʩʫʱ ʚʩʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʦʣʠʙʜʝʥʘ, 

ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ, ʠ ʧʦʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʦʜʥʦʡ ʦʙʱʝʡ ʤʦʜʝʣʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʘʷ ʩʭʝʤʘ ʚʝʨʥʘ. 

1.2.2. ɺʣʠʷʥʠʝ ʪʠʧʦʚ ʣʠʛʘʥʜʦʚ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʚʥʫʪʨʝʥʥʠʭ ʠ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ [26,45-48,51,68,69]. 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʘʪ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩ r [{ Mo6X8} (n-C3F7COO)6]
2ï (X = Cl, 

Br, I) [47], ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʪʁ ʥʝʦʙʳʯʘʡʥʦ ʷʨʢʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ, ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ 

(ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1  

ʆʩʥʦʚʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ [Mo6X8(n-C3F7COO)6]
2ï (X = Cl, Br, I) ʚ 

ʨʘʩʪʚʦʨʝ CH3CN (ʘ) ʠ ʪʚʝʨʜʦʤ ʪʝʣʝ (ʙ) ʧʨʠ 298K 

ʂʦʤʧʣʝʢʩ ɚem, ʥʤ ʌem Űem, ʤʢʩ 

[{ Mo6Cl8} (n-C3F7COO)6]
2ï 

745 (ʘ) <0,01 (ʘ) 1,7, 0,4 (ʘ) 

730 (ʙ) 0,08 (ʙ) 124, 36 (ʙ) 

[{ Mo6Br8} (n-C3F7COO)6]
2ï 

715 (ʘ) 0,36 (ʘ) 370 (ʘ) 

700 (ʙ) 0,23 (ʙ) 206 (ʙ) 

[{ Mo6I8} (n-C3F7COO)6]
2ï 

668 (ʘ) 0,59 (ʘ) 303 (ʘ) 

659 (ʙ) 0,36 (ʙ) 150 (ʙ) 

ɼʣʷ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ (Cl, Br, I) ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʊʘʢ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ Cl ʢ I ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ { Mo6X8}  ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ 

ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩ 730 ʜʦ 659 ʥʤ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʩ 745 ʜʦ 668 ʥʤ ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʦʟʨʘʩʪʘʝʪ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʤʠʩʩʠʦʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʨʠʚʝʜʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʢʣʘʜʦʚ ʢʦʤʧʦʥʝʥʪ ű1, ű2 ʠ ű3. ʂʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʩʤʝʱʝʥʠʝ 

ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʠʦʜʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{ Mo6I8} (n-C3F7COO)6]
2ï ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʠʟʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʦ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʶʱʝʡ ű3 ʩ ʤʝʥʴʰʠʤʠ 

ʚʢʣʘʜʘʤʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʧʦ ɻʥʝʨʛʠʠ ű1 ʠ ű2. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʘʢʮʝʧʪʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʠʛʘʥʜʝ (ʢʠʩʣʦʪʥʦʤ ʦʩʪʘʪʢʝ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 
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ʝʛʦ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʠʣʝ ʢʠʩʣʦʪʳ. ʇʦʩʢʦʣʴʢʫ 

ʩʠʣʫ ʢʠʩʣʦʪʳ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʣʠʯʠʥʦʡ pKa, ʪʦ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʚʦʜʠʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʤʝʥʥʦ ʦʪ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʇʝʨʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ 

[{Mo 6I8} (RCOO)6]
2ï (R = ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʠ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ) [48]. ɸʚʪʦʨʳ ʦʙʩʫʞʜʘʶʪ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʚʥʝʰʥʠʭ 

ʣʠʛʘʥʜʦʚ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ pKa ʢʠʩʣʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʊʘʙʣʠʮʘ 2). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʘʤʳʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠʤʝʶʪ ʢʦʤʧʣʝʢʩʳ ʩ 

ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ CF3COOï (pKa = 0,52, 0,67), C2F5COOï (pKa = 

0,18) ʠ C3F7COOï (pKa = 0,18). ɼʣʷ ʥʠʭ ɚem ʩʦʩʪʘʚʣʷʝʪ 668 ʥʤ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 

667, 661 ʠ 659 ʥʤ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ɚem, 

ʨʘʚʥʦʝ 711 ʥʤ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 704 ʥʤ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʠʤʝʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʧʠʚʘʣʘʪʥʳʤ ʣʠʛʘʥʜʦʤ (CH3)3CCOOï (pKa = 5,03). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʣʠʛʘʥʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʊʘʙʣʠʮʘ 2  

ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [{Mo6I8}( RCOO)6]
2ï ʚ ʨʘʩʪʚʦʨʘʭ 

ʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ CH3CN (ʘ) ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʙ). ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [48]. 

R pK a ɚem, ʥʤ ʌem Űem, ʤʢʩ 

CH3 4,76 
705 (ʘ) 0,48 (ʘ) 288 (ʘ) 

699 (ʙ) 0,18 (ʙ) 122, 35 (ʙ) 

(CH3)3C 5,03 
711 (ʘ) 0,51 (ʘ) 285 (ʘ) 

704 (ʙ) 0,16 (ʙ) 80, 24 (ʙ) 

2-ʬʫʨʘʥʠʣ 3,16 
696(ʘ) 0,58 (ʘ) 283 (ʘ) 

696 (ʙ) 0,34 (ʙ) 149, 43 (ʙ) 

ʉ6H5 4,20 
702 (a) 0,62 (a) 299 (ʘ) 

698 (ʙ) 0,30 (ʙ) 128, 50 (ʙ) 

1-ʥʘʬʪʠʣ 3,69, 3,68 
701 (a) 0,59 (a) 297 (ʘ) 

704 (ʙ) 0,18 (ʙ) 139, 40 (ʙ) 

ʉF3 0,52, 0,67 
668; 673 [46] (a) 0,67 (a) 333; 182 [46] (ʘ) 

667; 670 [46] (ʙ) 0,13 (ʙ) 52, 29; 215 [46] (ʙ) 

ʉ2F5 0,18 
668 (a) 0,73 (a) 353 (ʘ) 

661 (ʙ) 0,32 (ʙ) 133, 47 (ʙ) 

C3F7 0,18 
668 (a) 0,60 (a) 359; 303 [47] (ʘ) 

659 (ʙ) 0,36 (ʙ) 166, 124; 150 [47] (ʙ) 

ɺ ʨʘʙʦʪʘʭ Akagi S. ʠ ʩʦʘʚʪʦʨʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ pKa ʣʠʛʘʥʜʦʚ ʥʘ ʚʝʣʠʯʠʥʫ 

ʨʘʩʱʝʧʣʝʥʠʷ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʧʦʣʦʞʝʥʠʝ ʩʧʠʥʦʚʳʭ 
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ʧʦʜʫʨʦʚʥʝʡ ū3 ʠ ū4 ʚ ūn-ʤʦʜʝʣʠ) [70,71]. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʩʝʨʠʠ 

ʢʦʤʧʣʝʢʩʦʚ [{Mo6Br8} L6]
2ï (L = ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʣʠʛʘʥʜʳ), ʚʝʣʠʯʠʥʘ 

ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ pKa. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ 

ʯʘʩʪʠʯʥʳʤ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʟʘʨʷʜʘ ʷʜʨʘ Mo ʟʘ ʩʯʝʪ ů-ʜʦʥʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ -́

ʜʦʥʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʘʪʦʤʦʤ(ʘʤʠ) Mo ʠ ʘʪʦʤʘʤʠ O ʚ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʘʭ. ɼʘʥʥʦʝ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʨʷʜʘ ʷʜʨʘ Mo (Zeff). 

ʏʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ pKa, ʪʝʤ ʩʠʣʴʥʝʝ ʦʙʨʘʪʥʦʝ ˊ-ʜʦʥʠʨʦʚʘʥʠʝ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

Mo ʢ ʢʦʦʨʜʠʥʠʨʫʶʱʝʤʫʩ ̫ʘʪʦʤʫ O, ʠ ʪʝʤ ʙʦʣʴʰʝ Zeff (Mo). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ 

ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ, ʛʜʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʱʝʧʣʝʥʠʷ 

ʫʨʦʚʥʝʡ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʪ pKa ʣʠʛʘʥʜʘ. 

ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʚʣʠʷʥʠʝ ʣʠʛʘʥʜʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ 

ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʘʭ [61,72]. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʵʤʠʩʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ [{ Mo6X8} Y6]
2ï (X, Y = Cl, Br, I) ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʊʘʢ, ʩʨʝʜʠ 

ʧʨʠʚʝʜʝʥʥʦʡ ʩʝʨʠʠ ʠʟ ʜʝʚʷʪʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʷʜʫ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ X: Cl, Br, I (ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ Y) ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʨʷʜʫ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ Y: Cl, Br, I (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

X) ʤʘʢʩʠʤʫʤ ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʚʨʝʤʷ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʤʝʥʴʰʘʶʪʩʷ (ʊʘʙʣʠʮʘ 3). ʊʘʢʞʝ ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʦʡ ʩʝʨʠʠ [{ Mo6X8} Y6]
2ï 

(X, Y = Cl, Br, I) ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʠ ʪʠʧʘ ūn (ʉʭʝʤʘ 1). ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʢʣʘʜ ʠʟʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦ ʵʥʝʨʛʠʠ 

ʩʧʠʥʦʚʦʛʦ ʧʦʜʫʨʦʚʥ ̫(ʌ4) ʚ ʥʘʙʣʶʜʘʝʤʳʡ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 300 ʂ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʨʷʜʫ Y = I > Br > Cl ʠʣʠ X = Cl > Br > I. 

ʊʘʙʣʠʮʘ 3 

ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [{Mo6X8}Y 6]
2ï (X, Y = Cl, Br ʠʣʠ I) ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ 

CH3CN ʧʨʠ 298 ʂ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [61] 

ʂʦʤʧʣʝʢʩ ɚem, ʥʤ ʌem Űem, ʤʢʩ 

[{ Mo6Cl8}Cl 6]
2ï 748 0,19 205 

[{ Mo6Cl8}Br 6]
2ï 787 0,14 170 

[{ Mo6Cl8}I 6]
2ï 813 0,09 100 

[{ Mo6Br8}Cl 6]
2ï 747 0,22 220 

[{ Mo6Br8} Br6]
2ï 778 0,14 150 

[{ Mo6Br8}I 6]
2ï 812 0,09 85 

[{ Mo6I8}Cl 6]
2ï 705 0,47 300 

[{ Mo6I8}Br 6]
2ï 713 0,23 205 

[{ Mo6I8}I 6]
2ï 738 0,11 95 
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1.2.3. ɺʣʠʷʥʠʝ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʘ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʇʦʤʠʤʦ ʚʣʠʷʥʠʷ ʣʠʛʘʥʜʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʚʣʠʷʥʠʠ ʧʣʦʪʥʦʩʪʠ 

ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢ, ʚ 

ʩʪʘʪʴʝ [2] ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʘ 

[{Mo 6Br8}Br 6]
2ï ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʦʢʨʫʞʝʥʠ ̫ (ʧʨʦʪʠʚʦʠʦʥʳ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ) ʥʘ ʧʨʦʮʝʩʩʳ ʨʝʣʘʢʩʘʮʠʠ. ɸʚʪʦʨʳ ʚʳʙʨʘʣʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʘ 

ʢʦʤʧʣʝʢʩʘ: ʚ ʧʝʨʚʦʤ ʢʣʘʩʪʝʨʥʘʷ ʝʜʠʥʠʮʘ ʩʚʷʟʘʥʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʦʙʲʝʤʥʳʤ 

ʧʨʦʪʠʚʦʠʦʥʦʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ Bu4N
+, (Bu4N)2[{Mo 6Br8}Br 6], ʘ ʜʨʫʛʦʡ ï ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʢʘʪʠʦʥʦʤ Cs+, Cs2[{Mo 6Br8}Br 6]. ʉʨʘʚʥʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʜʣʷ ʧʦʨʦʰʢʦʚ. ɺ ʨʘʩʪʚʦʨʘʭ ʘʮʝʪʦʥʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʙʘ 

ʢʦʤʧʣʝʢʩʘ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʦʬʠʣʷʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ. ɺ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʪʠʚʦʠʦʥʦʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʠʟʣʫʯʘʪʝʣʴʥʫʶ, ʥʦ ʠ ʥʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʫʶ ʨʝʣʘʢʩʘʮʠʶ, ʘ ʪʘʢʞʝ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʨʝʣʘʢʩʘʮʠʶ (ʜʝʬʦʨʤʘʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ Mo6 ʣʠʙʦ ʟʘ ʩʯʝʪ ʚʳʪʷʛʠʚʘʥʠʷ 

ʚʝʨʰʠʥʳ ʦʢʪʘʵʜʨʘ, ʣʠʙʦ ʟʘ ʩʯʝʪ ʫʜʣʠʥʝʥʠʷ ʦʜʥʦʡ ʩʚʷʟʠ MoïMo). 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [73,74] ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʣʴʮʠʷ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʦʤ 

(OPPh3), ʠ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ [{M6Cl8}Cl 6]
2ï (M = Mo, W) ʪʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʘʥʘʣʦʛʠʯʥʦʝ ʚʣʠʷʥʠʝ ʫʧʘʢʦʚʢʠ. ʆʮʝʥʢʘ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ ʚ [ʮʠʩ-

Ca(OPPh3)4(H2O)2][{M 6Cl8}Cl 6]Ŀ2CH3CN ʠ ʚ ʪʨʘʥʩ-[{Ca(OPPh3)4}{{M 6Cl8}Cl 6}]Ð (M = Mo, 

W) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʦʣʠʙʜʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ (12,466 ¡ ʠ 13,051 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʨʦʪʠʚʦʠʦʥʦʤ Bu4N
+ (8,645 ¡). ʊʘʢʘʷ 

çʠʟʦʣʷʮʠʷè ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʜʣʠʥʥʦʤʫ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʵʤʠʩʩʠʠ ʠ 

ʙʦʣʴʰʝʤʫ ʢʚʘʥʪʦʚʦʤʫ ʚʳʭʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣɹʁ Bu4N
+. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʠʤʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ 

ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʣʘʩʪʝʨʘ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʠʛʨʘʪʁ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ, ʣʶʤʠʥʦʬʦʨʦʤ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʩʯʠʪʘʪʁʩʷ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩ ʠʦʜʠʜʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʥʘʠʙʦʣʝʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʚʥʝʰʥʠʤʠ ʣʠʛʘʥʜʘʤʠ. 



26 

 

1.3. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʇʦ ʤʝʨʝ ʧʦʠʩʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʠʟʫʯʝʥʠʷ ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʣʠʩʴ ʪʘʢʞʝ ʠ ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, 

ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʠʟʢʘʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʧʦʣʥʦʤʫ ʛʠʜʨʦʣʠʟʫ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʦʚ. ʆʜʥʘʢʦ, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʟʤʦʞʥʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʠʭ ʚ ʤʘʪʨʠʮʳ, ʧʦʣʫʯʘʷ ʪʝʤ ʩʘʤʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣ.r ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʧʦʣʫʯʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ ʩʚʦʡʩʪʚʘ 

ʤʘʪʨʠʮʳ ʠʣʠ ʜʦʙʠʪʴʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʇʦʜ ʦʧʨʝʜʝʣʝʥʠʝʤ çʤʘʪʨʠʮʘè ʚ ʜʘʥʥʦʤ 

ʢʦʥʪʝʢʩʪʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʣʶʙʦʝ ʚʝʱʝʩʪʚʦ, ʥʘ ʢʦʪʦʨʦʝ ʥʘʥʝʩʝʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʥʘʧʨʠʤʝʨ, ʧʦʣʠʤʝʨ,r ʯʘʩʪʠʮ,r ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ.ʜ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʦʟʳʤʝʣ ʫʩʧʝʭ, ʠ, 

ʥʘʯʠʥʘʷ ʩ 2013 ʛʦʜʘ, ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʩʪʘʣʦ ʨʘʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

{Mo 6I8}, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʨʦʤʠʜʥʳʤʠ ʠ ʭʣʦʨʠʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʝʱʝ ʦʜʥʠʤ 

ʮʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ O2 (
1ȹg) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʜʣʠʥʦʡ ʚʦʣʥʳ. ɼʘʥʥʘʷ ʘʢʪʠʚʥʘʷ ʬʦʨʤʘ ʢʠʩʣʦʨʦʜʘ ʩʧʦʩʦʙʥʘ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ, ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʳ ʠ ʛʨʠʙʢʠ, ʨʘʟʨʫʰʘʷ ʠʭ. ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʠʤʝʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʣʦʛʠʠ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʪʨʠʮʳ ʨʘʟʥʦʦʙʨʘʟʥʳ 

ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ. ʊʘʢ, ʚ 

ʜʘʥʥʦʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʪʠʧʳ ʤʘʪʨʠʮ ʙʫʜʫʪ ʨʘʟʜʝʣʷʪʴʩʷ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ. ʂʘʞʜʳʡ ʨʘʟʜʝʣ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʧʦʜʨʘʟʜʝʣʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

1.3.1. ʆʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ 

ʂʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʚ ʚʠʜʝ ʙʦʣʴʰʦʛʦ ʧʣʘʩʪʘ ʨʘʙʦʪ, ʘ ʩʘʤʠ ʤʘʪʨʠʮʳ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʚʦʝʤʫ 

ʩʦʩʪʘʚʫ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʫʨʝʪʘʥʘ, 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʧʦʣʠʩʪʠʨʦʣʘ, ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʜʝʢʩʪʨʘʥʘ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ, ʦʙʳʯʥʦ 

ʚʳʙʠʨʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 
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ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ [{Mo6I8} L6]
n (L = NO3

ï, OTsï, C2F5COOï, 

CH3COOï ʠ ʜʨ.). ʈʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʦʩʥʦʚʥʦʤ ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʣʠʙʦ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʦʥʦʤʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʣʠʙʦ ʚ ʦʙʨʘʙʦʪʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ, ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʚʳʜʝʣʝʥʳ ʪʘʢʠʝ ʩʧʦʩʦʙʳ ʢʘʢ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠʤʝʶʱʝʛʦ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʠʟʫʝʤʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʢʘʪʠʦʥʝ, ʩ ʤʦʥʦʤʝʨʦʤ; ʦʙʤʝʥ ʢʘʪʠʦʥʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʥʘ ʢʘʪʠʦʥʳʝ ʧʦʣʠʤʝʨ;r ʩʚʷʟʳʚʘʥʠʝ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʘ/ʧʦʣʠʧʨʦʧʠʣʝʥʦʢʩʠʜʘ; ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʤʦʥʦʤʝʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʘʪʦʤʘʤʠ ʤʦʣʠʙʜʝʥʘ ʚ ʷʜʨʝ 

ʢʣʘʩʪʝʨʘ; ʟʘʤʝʱʝʥʠʝ ʣʘʙʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʤʘʪʨʠʮʳ; ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʦʥʦʤʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; 

ʩʤʝʰʠʚʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ/ʢʦʤʤʝʨʯʝʩʢʠʤ 

ʧʦʣʠʤʝʨʦʤ. ʉʘʤʠ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚʥʝʰʥʠʝ 

ʣʠʛʘʥʜʳ ʠʣʠ ʧʨʦʪʠʚʦʠʦʥʳ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʛʨʫʧʧʘʤʠ ʧʦʣʠʤʝʨʘ, ʣʠʙʦ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʠʦʥʥʳʝ ʠ ʢʦʚʘʣʝʥʪʥʳʝ, ʘ ʪʘʢʞʝ 

ʩʣʘʙʳʝ (ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʚʦʜʦʨʦʜʥʳʝ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʘʪʨʠʮʝʡ ʠ 

ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [75]. 

1.3.1.1. ʉʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠʤʝʶʱʝʛʦ ʚ ʩʦʩʪʘʚʝ 

ʧʦʣʠʤʝʨʠʟʫʝʤʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʢʘʪʠʦʥʝ, ʩ ʤʦʥʦʤʝʨʦʤ 

ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ 

ʦʙʤʝʥʘ ʢʘʪʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʚ kat2[{ Mo6I8} L6] ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʠʟʫʝʤʳʤ 

ʢʘʪʠʦʥʦʤ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʤʝʨʳ ʢʘʪʠʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʚ 

ʫʛʣʝʨʦʜʥʦʤ ʩʢʝʣʝʪʝ (-C=C-) [24,69,76-78], OHς-ʛʨʫʧʧʳ [79], ʘ ʪʘʢʞʝ ʩʠʣʦʢʩʘʥʦʚʳʝ ʛʨʫʧʧʳ 

[62]. 

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 

ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 2016 ʛʦʜʫ ɽʬʨʝʤʦʚʦʡ ʆ.ɸ. ʠ 

ʩʦʘʚʪʦʨʘʤʠ [69]. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

(ʇʄʄɸ) ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo 6I8}(OTs)6]
2ï (OTsï ï ʠʦʥ ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪʘ). 

ɼʣʷ ʚʥʝʜʨʝʥʠʷ [{Mo 6I8}(OTs)6]
2ï ʚ ʇʄʄɸ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ 

(dMDAEMA)2[{Mo 6I8}(OTs)6], ʩʦʜʝʨʞʘʱʝʝ ʧʦʣʠʤʝʨʠʟʫʝʤʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʪʠʦʥ [2-

(ʤʝʪʘʢʨʠʣʦʠʣʦʢʩʠ)-ʵʪʠʣ]ʜʠʤʝʪʠʣʜʦʜʝʮʠʣʘʤʤʦʥʠʡ (dMDAEMA+). ɿʘʪʝʤ ʜʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʩʦʧʦʣʠʤʝʨʠʟʦʚʘʥʦ ʩ ʇʄʄɸ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʄʄɸ/ʢʣʘʩʪʝʨ. ʇʦʩʢʦʣʴʢʫ ʇʄʄɸ ʠʤʝʝʪ ʥʠʟʢʫʶ ʢʠʩʣʦʨʦʜʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 
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ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʨʢʫʶ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ï 20ï22%, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʠ 

ʧʨʘʢʪʠʯʥʦʩʪʴʶ ʤʘʪʨʠʮʳ ʇʄʄɸ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʧʣʘʩʪʠʥ ʠ ʧʣʝʥʦʢ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʚ ʨʘʙʦʪʘʭ Choi et al. [78] ʠ 

Khlifi  et al. [24] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʤʠʤʦ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʘʪʨʠʮʝʡ, ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ 

ʚʚʦʜʠʪʴ ʪʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʨʠʜʘʥʠʷ ʤʘʪʝʨʠʘʣʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ. Khlifi  et al. ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ [77] ʫʜʘʣʦʩʴ ʩʦʧʦʣʠʤʝʨʠʟʦʚʘʪʴ ʤʘʪʨʠʮʫ ʄʄɸ (ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ), ʢʦʤʧʣʝʢʩ 

[{Mo 6I8}(C2F5OCO)6]
2ï ʩ ʢʘʪʠʦʥʘʤʠ ʜʦʜʝʮʠʣ(11-

(ʤʝʪʘʢʨʠʣʦʠʣʦʢʩʠ)ʫʥʜʝʮʠʣ)ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ (ʢʨʘʩʥʳʡ ʣʶʤʠʥʦʬʦʨ) ʠ ʧʨʦʠʟʚʦʜʥʦʝ 3-

ʦʢʩʠʥʜʦʣʘ ʩ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ (ʟʝʣʝʥʳʡ ʣʶʤʠʥʦʬʦʨ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʤʘʪʝʨʠʘʣ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʋʌ-

ʠʟʣʫʯʝʥʠʝ, ʠʟʤʝʥʷʷ ʮʚʝʪ ʥʘ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ. ʕʪʫ ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʨʳ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʝʯʘʪʠ ʠʥʬʦʨʤʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʝ. 

ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʠʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ, ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʶʤʠʥʦʬʦʨʘ ʚ ʧʦʣʠʫʨʝʪʘʥʦʚʳʡ (ʇʋ) ʥʘʥʦʢʦʤʧʦʟʠʪ, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ 

Amela-Cortes et al. [79]. ɸʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʛʠʙʨʠʜʥʳʝ ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ 

ʤʝʪʦʜʦʤ ʦʙʲʝʤʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪʘ, 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʫʥʜʝʮʠʣ(3-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ)ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʠ 

ʙʫʪʘʥʜʠʦʣʘ ʠʣʠ ʩʤʝʩʠ ʙʫʪʘʥʜʠʦʣʘ ʠ ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʘ (ʇʕʆ) ʚ ʢʘʯʝʩʪʚʝ ʫʜʣʠʥʠʪʝʣʷ 

ʮʝʧʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʇʄʄɸ, ʇʋ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʠʩʣʦʨʦʜʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʣʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʊʘʢ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʜʠʦʣʴʥʦʛʦ ʤʦʥʦʤʝʨʘ, ʪ.ʝ. ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʇʕʆ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʫʚʝʣʠʯʠʚʘʝʪʩ ̫

ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʚʣʠʷʪʴ ʥʘ ʵʤʠʩʩʠʶ ʢʣʘʩʪʝʨʦʚ ʚ ʤʘʪʝʨʠʘʣʝ: 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʦʟʜʫʭʘ ʢ ʘʪʤʦʩʬʝʨʝ N2 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʦʙʨʘʪʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʩ 0,10 ʜʦ 0,7 ʜʣʷ ʦʙʨʘʟʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʣʝʢʩʘ. 

ɼʨʫʛʠʤ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʧʦʣʫʯʝʥʠ ̫ʢʣʘʩʪʝʨʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [80], ʚ ʢʦʪʦʨʦʡ ʧʦʣʠʫʨʝʪʘʥʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʤʘʩʣʘ 

ʩʝʤʷʥ ʙʨʦʢʢʦʣʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʠʣʦʢʘʨʙʦʥʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʠ ʨʘʟʣʠʯʥʳʭ ʜʠ- ʠʣʠ 

ʪʨʠʘʤʠʥʦʚ. ʉʠʥʪʝʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʨʠ ʵʪʘʧʘ: ʤʘʩʣʦ ʩʝʤʷʥ ʙʨʦʢʢʦʣʠ 

ʩʥʘʯʘʣʘ ʧʦʜʚʝʨʛʘʣʦʩʴ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠ,ʁ ʟʘʪʝʤ ʢʘʨʙʦʥʠʟʘʮʠʠ CO2 ʧʦʜ ʜʘʚʣʝʥʠʝʤ 50 ʙʘʨ 
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ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʦʢʩʠʨʘʥʦʚ ʚ ʮʠʢʣʠʯʝʩʢʠʝ ʢʘʨʙʦʥʘʪʳ, ʠ, ʥʘʢʦʥʝʮ, ʧʦʣʠʫʨʝʪʘʥʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʢʣʦʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʩʣʘ ʩ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʜʠ- ʠʣʠ 

ʪʨʠʘʤʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ kat2[{Mo 6I8}(C2F5COO)6], 

ʛʜʝ kat ï 4-ʘʤʠʥʦ-N-ʵʪʠʣʧʠʨʠʜʠʥʠʡ. ʀʩʧʦʣʴʟʫʷ ʨʘʟʥʳʝ ʘʤʠʥʳ ʠ/ʠʣʠ ʨʘʟʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʘʨʙʦʥʘʪʦʚ ʢ ʘʤʠʥʘʤ, ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʦʣʠʫʨʝʪʘʥʳ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʠʟ ʥʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʣʘʩʪʝʨʩʦʜʝʨʞʘʱʠʝ 

ʧʣʘʩʪʠʥʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʩʦʜʝʨʞʘʱʠʭ ʩʠʣʠʢʦʥʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʦʥʦʤʝʨʳ ʩ 

ʩʠʣʦʢʩʘʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʨʘʙʦʪʝ [62] ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʩʤʝʩʠ ʤʦʥʦʤʝʨʦʚ: 1,3-

ʜʠʚʠʥʠʣʪʝʪʨʘʤʝʪʠʣʜʠʩʠʣʦʢʩʘʥʘ ʠ 2,4,6,8-ʪʝʪʨʘʤʝʪʠʣʮʠʢʣʦʪʝʪʨʘʩʠʣʦʢʩʘʥʘ (ʢʨʦʩʩ-ʣʠʥʢʝʨ) 

ʩ [{Mo6I8}(C2F5COO)6]
2ï ʩ ʢʘʪʠʦʥʘʤʠ ʜʦʜʝʮʠʣ(5-(1,1,3,3-

ʪʝʪʨʘʤʝʪʠʣʜʠʩʠʣʦʢʩʘʥʠʣ)ʧʝʥʪʠʣ)ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʘʮʝʪʦʥʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʪʠʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʂʘʨʩʪʝʜʘ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʮʝʩʩʘ ʜʚʫʭʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ, ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʝʛʦ ʚ ʤʘʪʨʠʮʫ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ, ʢʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ ʵʤʠʩʩʠʶ 

ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

1.3.1.2. ʆʙʤʝʥ ʢʘʪʠʦʥʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘ ʢʘʪʠʦʥʳ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ 

ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʤʘʪʨʠʮʳ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ kat2[{ Mo6I8} L6] (kat ï ʠʦʥ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ). ʈʝʘʢʮʠʠ 

ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪʩ ̫ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ Beltr§n et al. [15] ʠ Felip-Le·n et al. [81]. ɺ ʥʝʡ 

ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{Mo 6I8}(CH3COO)6] ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʢʘʪʠʦʥʥʦʡ ʩʤʦʣʳ Amberlite IRA 900 ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʘʨʷʜʘʤʠ 

ʟʘ ʩʯʝʪ ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡʥrʭ ʛʨʫʧʧ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʪʠʚʦʠʦʥʘʤʠ Clï. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ ʭʣʦʨʠʜ-ʘʥʠʦʥʳ ʚ ʩʤʦʣʝ ʟʘʤʝʱʘʪʁʩʷ ʥʘ ʘʥʠʦʥʳ ʢʣʘʩʪʝʨʘ, 

ʚʳʜʝʣʷʷ ʚ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʨʦʷʚʠʣ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʝ ʪʦʣʴʢʦ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʘʭ ʦʢʠʩʣʝʥʠʷ ʤʦʣʝʢʫʣ-

ʣʦʚʫʰʝʢ, ʥʦ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʫʶ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ 

ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ Staphylococcus aureus. ɿʘʪʝʤ, ʚ ʧʨʦʜʦʣʞʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 
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[81] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʤ: ʛʝʣʝʦʙʨʘʟʥʦʡ (Pgel) ʠ ʤʘʢʨʦʧʦʨʠʩʪʦʡ (Pmp). ɹr ʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ Pmp ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʫʥʠʯʪʦʞʘʝʪ 99,999999% ʧʦʧʫʣʷʮʠʠ S. 

Aureus, ʪʦʛʜʘ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ Pgel ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʥʘ 99,99%. ɸʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʪʘʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 

ʤʘʪʝʨʠʘʣʘ Pmp, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ. 

1.3.1.3. ʉʚʷʟʳʚʘʥʠʝ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʘ/ʧʦʣʠʧʨʦʧʠʣʝʥʦʢʩʠʜʘ 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʣʠʤʝʨʦʚ 

ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʘ/ʧʦʣʠʧʨʦʧʠʣʝʥʦʢʩʠʜʘ (ʇʇʆ) ʩ ʱʝʣʦʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ 

ʤʘʪʨʠʮʝʡ. ʊʘʢ, ʚ ʩʝʨʠʠ ʨʘʙʦʪ Elistratova et al. [82,83] ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʙʦʨʢʘ ʪʨʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕʆ ʠ ʇʇʆ ʩ ʢʣʘʩʪʝʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ [K(diglyme)(CH3CN)]2[{ Mo6I8} I6] ʠ [K2(diglyme)(CH3CN)5][ { Mo6I8} I6]. 

ɹʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʪʨʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘʤʠ ʧʦʚʳʰʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ [K(diglyme)(CH3CN)]2[{ Mo6I8} I6] ʚ ʚʦʜʝ ʙʝʟ ʟʘʤʝʱʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ Iï 

ʥʘ H2O ʠ OHï, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʀʥʪʝʨʝʩʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʘʷ ʢʣʘʩʪʝʨ-ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ, ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʜʠʬʣʦʢʩʘʮʠʥʦʤ, ʫʩʠʣʠʚʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʠʥʠʮʠʠʨʦʚʘʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ [{ Mo6I8} I6]
2ï 

ʩ ʧʨʦʪʠʚʦʠʦʥʘʤʠ, ʦʪʜʘʶʱʠʤʠ ʵʥʝʨʛʠʶ (ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʜʠʬʣʦʢʩʘʮʠʥʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʝʥʩʦʨ 

ʜʣʷ ʜʠʬʣʦʢʩʘʮʠʥʘ ʠ ʜʨʫʛʠʭ ʬʪʦʨʭʠʥʦʣʦʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ. 

ɺ ʨʘʙʦʪʝ Robin et al. ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʜʭʦʜ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʤʘʪʨʠʮʝʡ ʩʦʧʦʣʠʤʝʨʦʚ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ-ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʤʝʪʘʢʨʠʣʘʪʘ (ʇʄʄɸ-

ʇʕʆʄɸ), ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Cs2[{Mo 6I8}(C2F5COO)6] ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ [84]. ɼʘʥʥʘʷ 

ʩʪʨʘʪʝʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, 

ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʮʝʧʦʯʢʘʭ ʇʕʆ, ʠ ʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥʘ Cs+ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ 133Cs ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟʣʫʯʘʪʁ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (679 ʥʤ). 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʮʝʧʦʯʝʢ ʇʕʆ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 



31 

 

ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ [85]. 

1.3.1.4. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʤʦʥʦʤʝʨʦʤ, ʩʧʦʩʦʙʥʳʤ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʘʪʦʤʘʤʠ ʤʦʣʠʙʜʝʥʘ ʚ ʷʜʨʝ ʢʣʘʩʪʝʨʘ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʘʙʠʣʴʥʳʤʠ 

ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ -NO3
ï [86], -EtOH [87], -SO3CF3

ï [87], -Fï [88] ʠ ʜʨ. 

[89,90]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʥʦʤʝʨʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʛʨʫʧʧ ʷʚʣʷʶʪʩʷ -Py (Py ð ʧʠʨʠʜʠʥ) ʠ 

-COOH [86]. ʇʨʠ ʵʪʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʣʘʙʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʜʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧ rʤʦʥʦʤʝʨʘ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ɺʦʨʦʪʥʠʢʦʚʦʡ ʅ.ɸ. ʠ 

ʜʨ. [86]. ɺ ʥʝʡ ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʢʣʘʩʪʝʨ-

ʩʦʜʝʨʞʘʱʠʭ ʤʠʢʨʦʯʘʩʪʠʮ ʧʫʪʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʩʪʠʨʦʣʘ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ (ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ 4-

ʚʠʥʠʣʧʠʨʠʜʠʥʦʤ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ [{Mo6X8}(NO3)6]
2ï (X 

= Cl, Br, I), ʩʦʜʝʨʞʘʱʠʭ ʣʘʙʠʣʴʥʳʝ ʘʧʠʢʘʣʴʥʳʝ NO3-ʣʠʛʘʥʜʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʠʥʛʠʙʠʨʫʶʪ ʨʝʘʢʮʠʶ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʛʨʫʟʢʠ ʢʣʘʩʪʝʨʘ ʩʥʠʞʘʝʪʩʷ ʢʘʢ ʢʦʥʚʝʨʩʠʷ ʤʦʥʦʤʝʨʘ, ʪʘʢ ʠ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʣʠʤʝʨʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʇʕʄ, ʯʘʩʪʠʮʳ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʤʦʨʬʦʣʦʛʠʶ ʩ ʩʫʙʤʠʢʨʦʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 400ï700 ʥʤ. 

ʉʚʷʟʳʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʩ ʤʘʪʨʠʮʝʡ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʣʠʤʝʨ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʠʨʠʜʠʥʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʵʤʠʩʩʠʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʤʝʥʦʡ 

ʚʳʩʦʢʦʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʥʠʪʨʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʤʦʣʝʢʫʣʘʤʠ ʧʠʨʠʜʠʥʘ ʩ ʩʠʣʴʥʳʤ 

ʜʦʥʦʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ, ʯʪʦ ʧʦʟʜʥʝʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ ʜʠʩʩʝʨʪʘʥʪʘ [55]. 

1.3.1.5. ɿʘʤʝʱʝʥʠʝ ʣʘʙʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʤʘʪʨʠʮʳ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʛʦʪʦʚʦʡ ʤʘʪʨʠʮʳ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʦʜʭʦʜʦʤ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʳʚʘʣʘʩʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʦʥʦʤʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʨʘʙʦʪ, ʛʜʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʘʢʠʝ ʤʘʪʨʠʮʳ ʢʘʢ ʧʦʣʠ(4-ʚʠʥʠʣʧʠʨʠʜʠʥ) [87,91], ʧʦʣʠʩʪʠʨʦʣ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ [91] ʠʣʠ ʪʠʦʣʴʥʳʤʠ [51,92] ʛʨʫʧʧʘʤʠ, ʩʦʧʦʣʠʤʝʨ r

ʧʦʣʠ(ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ-ʩʦ-ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ) [35] ʠ N-(2-
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ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ)ʤʝʪʘʢʨʠʣʘʤʠʜ (pHPMA) [93]. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʩʪʚʦʨʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

ʉʨʝʜʠ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʩ ʷʜʨʦʤ { Mo6I8}
4+ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ɽʬʨʝʤʦʚʦʡ ʆ.ɸ. ʠ ʜʨ. ʠ ɺʦʨʦʪʥʠʢʦʚʦʡ ʅ.ɸ. ʠ ʜʨ. [51,92], ʚ 

ʢʦʪʦʨʳʭ ʪʠʦʣ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʬʝʨʳ ʧʦʣʠʩʪʠʨʦʣʘ (PS-SH) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʢʘʯʝʩʪʚʝ çʧʦʣʠʤʝʨʥʳʭ ʣʠʛʘʥʜʦʚè ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ 

(Bu4N)2[{ Mo6X8} (NO3)6] (X = Cl, Br, I) ʩ ʣʘʙʠʣʴʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ NO3
ï. 

ʄʠʢʨʦʩʬʝʨʳ PS-SH ʙʳʣʠ ʩʫʩʧʝʥʜʠʨʦʚʘʥʳ ʚ ʨʘʩʪʚʦʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʭʣʦʨʦʬʦʨʤʝ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʤʝʱʝʥʠʝ ʣʘʙʠʣʴʥʳʭ NO3-ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʥʘ ʪʠʦʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 

Mo-S. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʫʩʧʝʥʟʠʶ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʫʶ ʷʨʢʦ-ʢʨʘʩʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʨʠ ʋʌ-ʠʟʣʫʯʝʥʠʠ. ʋʩʧʝʰʥʦʝ 

ʟʘʤʝʱʝʥʠʝ NO3-ʣʠʛʘʥʜʦʚ ʥʘ ʪʠʦʣʴʥʳʝ ʛʨʫʧʧʳ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʛʜʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠ ̫ ʣʠʛʘʥʜʦʚ NO3
ï. ʂʦʥʬʦʢʘʣʴʥʘʷ 

ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ 

ʚʩʝʤʫ ʦʙʲʝʤʫ ʤʠʢʨʦʩʬʝʨ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʩʧʝʨʩʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʢʘʟʘʣʠʩʴ 

ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʦʚ in vitro 

ʚ ʦʪʥʦʰʝʥʠʠ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ Hep-2 (ʵʧʠʜʝʨʤʦʠʜʥʦʡ ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ). ɺʩʝ 

ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝʪʦʢʩʠʯʥʳ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

1.3.1.6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʤʝʨʘ 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʣʠʛʘʥʜʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʘʪʨʠʮʝʡ ʥʘʧʨʷʤʫʶ ʠʣʠ ʧʦʩʣʝ ʥʝʢʦʪʦʨʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʛʨʫʧʧʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ Tavares et al. [93] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʠʟ ʛʠʜʨʦʬʠʣʴʥʦʛʦ 

ʧʦʣʠʤʝʨʥʦʛʦ ʥʦʩʠʪʝʣ ̫ ʥʘ ʦʩʥʦʚʝ N-(2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ)-ʤʝʪʘʢʨʠʣʘʤʠʜʘ (pHPMA) ʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[{ Mo6I8} (N3)6] ʧʨʠ ʧʦʤʦʱʠ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʧʦʣʠʤʝʨ pHPMA ʙʳʣ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥ 3-ʘʤʠʥʦ-1-(11,12-ʜʠʜʝʛʠʜʨʦʜʠʙʝʥʟʦ[b,f]ʘʟʦʮʠʥ-5(6H)-ʠʣ)-1-ʧʨʦʧʘʥʦʥʦʤ. 

ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʳʡ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠʤʝʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ 3-ʘʟʠʜʦ-1-ʧʨʦʧʠʣʘʤʠʥʦʤ. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 3-ʘʟʠʜʦ-1-ʧʨʦʧʠʣʘʤʠʥ ʜʦʙʘʚʣʷʣʠ ʚ ʨʘʩʪʚʦʨ 

pHPMA ʚ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʝ, ʘ ʟʘʪʝʤ ï ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ 

ʤʝʪʘʥʦʣʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʪʩʣʝʞʠʚʘʣʠ ʧʨʠ 
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ʧʦʤʦʱʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʩʠʣʴʥʦʡ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʳ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʘʟʠʜʥʳʭ ʛʨʫʧʧ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʷʚʣʷʣʠ ʟʘʤʝʯʘʪʝʣʴʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ: ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʜʥʝʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʟʥʘʯʝʥʠʡ ʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ, ʤʘʢʩʠʤʫʤʦʚ 

ʵʤʠʩʩʠʠ, ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠ ʢʦʥʩʪʘʥʪʳ ʪʫʰʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

ɺ ʨʘʙʦʪʝ [94] ʙʳʣ ʧʦʣʫʯʝʥ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʠʟʦʧʦʨʬʠʨʠʥʘ ʠ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{Mo 6I8}(C5H4N-COO)6], ʚʥʝʰʥʠʝ ʣʠʛʘʥʜʳ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʪ ʧʠʨʠʜʠʥʦʚʳʝ 

ʛʨʫʧʧʳ. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʣʝʢʪʨʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʮʠʥʢ-5,15-ʙʠʩ(ʧʪʦʣʠʣ)ʧʦʨʬʠʨʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʕʣʝʢʪʨʦʩʠʥʪʝʟ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʪʨʝʙʫʝʪ ʘʪʘʢʠ ʧʠʨʠʜʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ 

ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʫʝʤʳʡ ˊ-ʨʘʜʠʢʘʣʴʥʳʡ ʢʘʪʠʦʥ ʧʦʨʬʠʨʠʥʘ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʢʠʩʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ ʤʦʞʝʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ 

ʧʦʨʬʠʨʠʥʦʤ ʯʝʨʝʟ ʙʦʢʦʚʳʝ ʧʠʨʠʜʠʣʦʚʳʝ ʣʠʛʘʥʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʠʜʠʥʠʝʚʳʭ 

ʣʠʥʢʝʨʦʚ ʤʝʞʜʫ ʧʦʨʬʠʨʠʥʦʚʳʤʠ ʤʘʢʨʦʮʠʢʣʘʤʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʜʠʢʘʣʘ ʠʟʦʧʦʨʬʠʨʠʥʘ 

ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʧʦʣʠʤʝʨʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʚ ʋʌ, ʚʠʜʠʤʦʤ ʠ 

ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘʙʣʶʜʘʣʩʷ ʭʦʨʦʰʠʡ 

ʬʦʪʦʪʦʢ ʜʘʞʝ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʪʦʣʴʢʦ ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ, ʧʨʠʯʝʤ ʠʭ ʪʦʣʱʠʥʘ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʥʝʨʘʮʠʠ ʬʦʪʦʪʦʢʘ ʧʨʠ ʚʠʜʠʤʦʤ ʦʩʚʝʱʝʥʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʤʘʪʝʨʠʘʣʝ ʩʦʭʨʘʥʷʝʪ ʩʚʦʡ ʩʦʩʪʘʚ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ (ʜʦ ʛʦʜʘ). 

1.3.1.7. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʤʦʥʦʤʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʦʝ ʩʤʝʰʠʚʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʤʦʥʦʤʝʨʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʘʮʝʪʦʥ, CH2Cl2) ʠʣʠ ʙʝʟ ʥʝʛʦ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʠʣʠ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ. ʆʙʳʯʥʦ ʚ ʜʘʥʥʦʤ 

ʧʦʜʭʦʜʝ ʚʳʙʠʨʘʶʪ ʚʳʩʦʢʦʵʤʠʩʩʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʚʳʨʘʞʝʥʥʳʤʠ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ʩʝʨʠʠ ʨʘʙʦʪ [95,96] ʚʳʩʦʢʦʵʤʠʩʩʠʦʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

Cs2[{Mo 6I8}(OCOC2F5)6] ʚʢʣʶʯʘʣʠ ʚ ʯʝʨʥʠʣʘ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣ r SU8 2000 

(ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʦʩʴʤʠ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʠ ʚʦʩʴʤʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ) 

ʜʣʷ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʯʝʨʥʠʣʘ ʩʦʜʝʨʞʘʣʠ 5 

ʤʘʩ.% ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʛʠʙʨʠʜʥʳʭ ʯʝʨʥʠʣ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʨʠʪʝʨʠʷʤ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʧʣʝʥʢʠ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 375 ʥʤ ʜʣʷ ʥʠʭ 
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ʥʘʙʣʶʜʘʣʘʩʴ ʬʦʩʬʦʨʝʩʮʝʥʮʠ ̫ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʤʠʩʩʠʠ 680 ʥʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʝʡ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ. ɺ ʨʘʙʦʪʝ [96] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʧʣʝʥʦʢ ʚ ʢʘʯʝʩʪʚʝ ʚʦʣʥʦʚʦʜʦʚ ʚʠʜʠʤʦʛʦ ʠ 

ʙʣʠʞʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ(2-

ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ) (pHEMA), ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

(Bu4N)2[{Mo 6I8}(CH3COO)6] [97]. ʉʠʥʪʝʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ 2-ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (HEMA, ʧʦʣʠʤʝʨʠʟʫʝʤʳʡ ʤʦʥʦʤʝʨ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ, ʠʥʠʮʠʘʪʦʨʘ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

(ʘʟʦʙʠʩʠʟʦʙʫʪʠʨʦʥʠʪʨʠʣ) ʠ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ï ʜʠʤʝʪʘʢʨʠʣʘʪʘ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠʣʠ 

ʧʦʣʠ(ʵʪʠʣʝʥʛʣʠʢʦʣʴ)ʜʠʤʝʪʘʢʨʠʣʘʪʘ. ɺʩʝ ʧʦʣʠʤʝʨʥʳʝ ʛʠʜʨʦʛʝʣʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʝʥʝʨʘʮʠʠ 

ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (1O2) ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ (400ï700 ʥʤ), ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʭ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʚʫʤ ʭʠʤʠʯʝʩʢʠʤ 

ʣʦʚʫʰʢʘʤ (9,10-ʜʠʤʝʪʠʣʘʥʪʨʘʮʝʥ ʠ 1,5-ʜʠʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ). ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʳ ʧʨʦʪʠʚ ʙʠʦʧʣʝʥʦʢ S. aureus ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ 

ʩʚʝʪʦʤ (ɚex = 460 ʥʤ). ɸʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

pHEMA ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʷ ʧʝʨʚʦʛʦ ʟʘʱʠʪʥʫʶ ʩʨʝʜʫ ʦʪ ʛʠʜʨʦʣʠʟʘ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ 

ʬʦʪʦʭʠʤʠʯʝʩʢʫʶ ʠ ʬʦʪʦʙʘʢʪʝʨʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ [98] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʪʦʘʢʪʠʚʥʳʝ ʘʥʪʠʧʘʪʦʛʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʩʠʣʠʢʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ (Bu4N)2[{M 6I8}L 6] 

(M = Mo, W ʠ L = C7H7SO3
ï,CF3COOï). ʉʠʣʠʢʦʥʦʚʫʶ ʤʘʪʨʠʮʫ ʧʦʣʫʯʘʣʠ ʠʟ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʩʠʣʠʢʦʥʘ (RTV2 SF33), ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʡ ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʤʝʨʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ CH2Cl2. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʜʣʦʞʢʫ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʳʡ ʛʠʜʨʦʣʠʟ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʵʤʠʩʩʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʦʣʠʙʜʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥʥʫʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʪʠʚ ʪʘʢʠʭ ʙʘʢʪʝʨʠʡ ʢʘʢ S. aureus ʠ P. aeruginosa (Pseudomonas aeruginosa), ʘ ʪʘʢʞʝ 

ʛʨʠʙʦʚ C. albicans (Candida albicans). 

1.3.1.8. ʉʤʝʰʠʚʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ/ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʦʣʠʤʝʨʦʤ 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [16,17,35,46,93,99-103]. 
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ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ, 

ʣʠʙʦ ʢʦʤʤʝʨʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʚ ʨʘʩʪʚʦʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʝʨʠʷ ʨʘʙʦʪ ɺʦʨʦʪʥʠʢʦʚʦʡ ʅ.ɸ. 

[16,17], ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʌ-32ʃ (ʩʦʧʦʣʠʤʝʨ ʪʨʠʬʪʦʨʭʣʦʨʵʪʠʣʝʥʘ ʠ ʚʠʥʠʣʠʜʝʥʜʠʬʪʦʨʠʜʘ 

[ï(CF2-CFCl)n-(CH2-CF2)mï]) ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ { Mo6I8}
4+. ʇʦʩʢʦʣʴʢʫ ʌ-

32ʃ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʩʣʦʞʥʳʭ ʵʬʠʨʘʭ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo 6I8}(CF3(CF2)6COO)6] ʩ ʜʣʠʥʥʦʡ 

ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʮʝʧʴʶ ʚ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʢʦʤʧʣʝʢʩʫ ʪʘʢʞʝ 

ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʙʫʪʠʣʘʮʝʪʘʪʝ (40 ʤʛ/ʤʣ) [16]. ʂʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ ʛʣʘʜʢʠʝ ʧʦʢʨʳʪʠʷ 

ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʚʳʩʫʰʠʚʘʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʛʦʤʦʛʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʙʫʪʠʣʘʮʝʪʘʪʝ, ʨʘʟʣʠʪʳʭ 

ʚ ʯʘʰʢʠ ʇʝʪʨʠ, ʘ ʚʦʣʦʢʥʠʩʪʳʝ ʧʣʝʥʢʠ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʧʨʷʜʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʚ 

ʵʪʠʣʘʮʝʪʘʪʝ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʨʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʨʷʜ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʦʨʦʰʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʘʥʪʠʧʘʪʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʪʠʚ ʯʝʪʳʨʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʧʘʪʦʛʝʥʦʚ 

ï P. aeruginosa, S. aureus, E. Coli (Escherichia coli) ʠ S. typhimurium (Salmonella 

Typhimurium), ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ. ɺ ʩʣʝʜʫʶʱʝʡ ʩʚʦʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʘʤʦʩʪʝʨʠʣʠʟʫʶʱʠʝʩ ̫ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʪʦʛʦ ʞʝ ʧʦʣʠʤʝʨʘ ʌ-

32ʃ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{Mo 6I8}(OTs)6] [17]. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ ʙʫʪʠʣʘʮʝʪʘʪʝ ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ ʌ-32ʃ. ɻʝʪʝʨʦʛʝʥʥʳʝ ʧʦʢʨʳʪʠʷ 

ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʩʪʝʢʦʣ ʚ ʜʠʩʧʝʨʩʠʠ ʧʦʣʠʤʝʨʘ ʩ ʢʦʤʧʣʝʢʩʦʤ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʣʠʤʝʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʛʜʝ ʢʦʤʧʣʝʢʩ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʬʦʨʤʝ ʯʘʩʪʠʮ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʨʠʚʝʣ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʢʥʘ ʚʦʟʙʫʞʜʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʪʦʨʦʥʫ 

ʙʦʣɹh ʠʭ ʜʣʠʥ ʚʦʣʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʢʘʤʠ ʠʟ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʜʦ 650 ʥʤ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ (ʠʩʩʣʝʜʦʚʘʥʥʘʷ ʧʨʠ 60-ʜʥʝʚʥʦʡ ʚʳʜʝʨʞʢʝ ʚ ʚʦʜʝ). ʂʨʦʤʝ 

ʪʦʛʦ, ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʘʥʪʠʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʝʣʳʤ ʩʚʝʪʦʤ ʚ ʦʪʥʦʰʝʥʠʠ ʧʷʪʠ ʪʠʧʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʙʘʢʪʝʨʠʠ (E. coli, S. typhimurium, P. aeruginosa ʠ 

S. aureus) ʠ ʛʨʠʙʳ (C. albicans). 

ʀʥʪʝʨʝʩʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʥʦʦʩʘʞʜʝʥʠʝ. ʊʘʢʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʜʣʝʥʥʦʤ (ʢʘʧʝʣʴʥʦʤ) ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ 

ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʣʠʤʝʨʘ ʚ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʚ ʢʦʪʦʨʦʤ ʢʦʥʝʯʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝʨʘʩʪʚʦʨʠʤ. ɼʣʷ 
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ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʤʦʞʥʦ ʪʘʢʞʝ ʜʦʙʘʚʣʷʪʴ ʚ ʩʠʩʪʝʤʫ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʘʛʣʦʤʝʨʘʮʠʶ. ɻʨʫʧʧʘ ʧʨʦʬʝʩʩʦʨʘ 

Cordier S. ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʣʘ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ [100,103] ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ-(D,L-ʣʘʢʪʠʜ-ʢʦ-ʛʣʠʢʦʣʠʜʘ) (PLGA ). ɺ ʦʜʥʦʡ ʠʟ 

ʪʘʢʠʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ PLGA ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

Cs2[{Mo 6I8}(C2F5COO)6], kat2[{Mo 6Br8}Br 6] (kat = Cs+, Bu4N
+). ɼʣʷ ʵʪʦʛʦ ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ 

PLGA ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʘʮʝʪʦʥʝ ʤʝʜʣʝʥʥʦ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ (1 ʤʣ/ʤʠʥ) ʚ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʠʩʦʨʙʘʪʘ 20. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʥʘ 

ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ, ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʦʤʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʧʦʣʠʤʝʨʦʤ ʚʥʫʪʨʠ ʥʘʥʦʯʘʩʪʠʮ. 

ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩ Cs2[{Mo 6I8}(C2F5COO)6], 

ʧʨʦʷʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (4 ʥʝʜʝʣʠ). ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʭʨʘʥʷʣʠʩʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʤʘʪʨʠʮʫ PLGA. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ PLGA 

ʷʚʣʷʶʪʩʷ ʩʪʘʙʠʣʴʥʤrʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʦʩʪʘʚʢʠ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vitro ʠ in vivo. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ PLGA ï 

ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʧʦʣʠ(ʵʪʠʣʝʥʛʣʠʢʦʣʷ) ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ-ʙʣʦʢ-ʧʦʣʠ(ʤʦʣʦʯʥʦ-ʢʦ-

ʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʳ) (PLGA-PEG) ʠ Na2[{Mo 6I8}(1-OOC-1,2-C2B10H11)6] ʩ ʘʧʠʢʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʦ-ʢʘʨʙʦʨʘʥ-ʢʘʨʙʦʢʩʠʣʘʪʘ [103]. ʉ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ~50 ʥʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʷʜʨʘ ʠʟ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ), ʦʢʨʫʞʝʥʥʦʛʦ ʦʙʦʣʦʯʢʦʡ ʠʟ ʙʦʣʝʝ 

ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʧʦʣʠʤʝʨ PLGA-PEG). ʇʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʦʷʚʣʷʶʪ 

ʠʥʪʝʥʩʠʚʥʫʶ ʢʨʘʩʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʠ ʧʨʦʠʟʚʦʜʷʪ O2 (
1ɝg), ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʣʝʟʥʳʤʠ 

ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ in vitro ʥʘ ʢʣʝʪʢʘʭ ʨʘʢʘ ʷʠʯʥʠʢʦʚ SKOV-3 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ ʠ ʮʠʪʦʧʣʘʟʤʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʨʘʙʦʪʢʦʡ ʘʢʪʠʚʥʳʭ 

ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʌɼʊ ʠ ʙʦʨ-

ʥʝʡʨʦʥʥʘʷ/ʧʨʦʪʦʥʥʘʷ ʟʘʭʚʘʪʳʚʘʶʱʘʷ ʪʝʨʘʧʠʷ. 

ɺ ʨʘʙʦʪʝ [104] ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʚʥʝʜʨʠʪʴ ʢʦʤʧʣʝʢʩ (Bu4N)2[{Mo 6I8}(CH3COO)6] ʚ 

ʦʨʛʘʥʦʛʝʣʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʤʷʛʢʠʡ ʬʦʪʦʘʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʆʨʛʘʥʦʛʝʣʴ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʤʦʣʝʢʫʣʳ L-ʚʘʣʠʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʦʥʠʣʘʤʠʜʦʤ ʧʦ 
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ʢʘʨʙʦʥʦʚʦʤʫ ʟʚʝʥʫ ʠ ʘʮʠʣʠʨʦʚʘʥʥʳʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʦ ʘʤʠʥʦʛʨʫʧʧʝ. ɸʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʫʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʢʘʪʠʦʥʘʭ Bu4N
+ 

ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʥʦʥʠʣʴʥʳʤʠ ʮʝʧʷʤʠ ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ 

ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʡ ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʦʢʦʣʦ 680 ʥʤ, 

ʠ ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʝʣʳʤ ʩʚʝʪʦʤ. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʠʦʥʠʟʠʨʫʶʱʠʤ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʦʣʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ ʚʦ ʚʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʠ ʵʪʦʤ, ʥʘʙʣʶʜʘʣʩʷ ʥʝʙʦʣʴʰʦʡ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʯʠʩʪʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʦʤ ʠ 

ʤʘʪʨʠʮʝʡ. 

ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʨʘʙʦʪ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʢʣʘʩʪʝʨ-

ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʠ ʠʭ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

[99,101,102]. ʎʠʢʣʦʜʝʢʩʪʨʠʥ (ʎɼ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʢʣʠʯʝʩʢʠʡ ʧʦʣʠʩʘʭʘʨʠʜ, 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʢʨʘʭʤʘʣʘ ʧʫʪʝʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩ ʪʨʝʤʷ ʥʘʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ: 

Ŭ-ʎɼ, ɓ-ʎɼ ʠ ɔ-ʎɼ, ʩʦʜʝʨʞʘʱʠʤʠ ʰʝʩʪʴ, ʩʝʤʴ ʠ ʚʦʩʝʤʴ ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʭ ʝʜʠʥʠʮ. 

ʎʠʢʣʦʜʝʢʩʪʨʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʝʯʝʥʥʳʡ ʢʦʥʫʩ ʩ ʚʥʫʪʨʝʥʥʠʤ ʛʠʜʨʦʬʦʙʥʳʤ 

ʢʘʨʤʘʥʦʤ ʠ ʚʥʝʰʥʠʤʠ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʆʥ ̫ʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʠʤʝʝʪ 

ʛʠʜʨʦʬʦʙʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʫ  ʁ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ 

ʘʥʩʘʤʙʣʠ çʛʦʩʪʴ-ʭʦʟʷʠʥè [105]. ɺʥʝʜʨʝʥʠʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʝʨʚʳʭ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ. 

Kirakci et al. [99] ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʭ ʧʝʨʚʳʭ ʨʘʙʦʪ ʚ ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʎɼ. ɺ ʥʝʡ ʦʧʠʩʘʥʳ ʧʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʯʘʩʪʠʮ ʛʠʜʨʦʛʝʣʷ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʫʪʝʤ 

ʩʘʤʦʩʙʦʨʢʠ ʧʦʣʠʤʝʨʥʦʛʦ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʣʠʙʜʝʥʘ ʩ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʤʠ C-ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ ʢʣʦʟʦ-ʜʠʢʘʨʙʦʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ Na2[Mo6I8(1-OOC-1,7-ʢʣʦʟʦ-C2B10H11)6]. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʊɻʌ ʩʦ ʚʟʚʝʩʴʶ ʧʦʣʠʤʝʨʥʦʛʦ ɓ-ʎɼ ʚ ʚʦʜʝ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʏʘʩʪʠʮʳ ʛʠʜʨʦʛʝʣʷ ʠʤʝʣʠ ʤʦʥʦʜʠʩʧʝʨʩʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘ ʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʠʟʤʝʥʷʣʩʷ ʦʪ 240 ʥʤ ʧʦʩʣʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʦ 160 ʥʤ ʯʝʨʝʟ 14 ʜʥʝʡ. ʄʘʢʩʠʤʫʤʳ ʵʤʠʩʩʠʠ ʠ ʚʨʝʤʷ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝ ʤʝʥʷʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʠʟ-ʟʘ ʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢʪʘ 

ʧʦʣʦʩʪʝʡ ɓ-ʎɼ ʦʪ ʛʠʜʨʦʣʠʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʯʠʩʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʢʨʘʩʥʦʝ 

ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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ɽʱʝ ʦʜʥʠʤ ʙʣʦʢʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʤʘʪʝʨʠʘʣʘʤ ʥʘ 

ʦʩʥʦʚʝ ɔ-ʎɼ ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʪʠʧʘ çʛʦʩʪʴ-ʭʦʟʷʠʥè [101,102]. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [102] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʠʟ ɔ-ʎɼ ʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Na2[{M 6X8}Cl 6] (M = Mo, W; X = Br, I). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ 

ɔ-ʎɼ ʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʦʙʨʘʟʫʝʪ ʟʘʱʠʪʥʫʶ ʦʙʦʣʦʯʢʫ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʫʶ 

ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʘ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʜʠʢʘʣʴʥʦ ʫʣʫʯʰʘʶʱʠʭ ʠʭ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ (ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ {W6I8} < 

{W 6Br8} å {Mo6I8} < {Mo 6Br8} ). ʆʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʠʟʢʫʶ ʪʝʤʥʦʚʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʥʠʟʢʦʝ ʢʣʝʪʦʯʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠ ʠʭ ʦʙʣʫʯʝʥʠʠ in vitro ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ HeLa ʠ NAF2nor 

(ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʝ ʬʠʙʨʦʙʣʘʩʪʳ ʯʝʣʦʚʝʢʘ), ʯʪʦ ʚʳʟʚʘʥʦ ʵʢʨʘʥʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. 

ɼʨʫʛʠʤʠ ʧʨʠʤʝʨʘʤʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʪʠʧʦʤ ʩʚʷʟʳʚʘʥʠʷ 

ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʠ ʤʘʪʨʠʮʝʡ, ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʝʥʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʜʝʢʩʪʨʘʥ [106] ʠ ʙʝʣʘ ̫

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʘ ̫ ʪʢʘʥʴ [107], ʩ ʚʢʣʶʯʝʥʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ { Mo6I8}
4+. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʜʝʢʩʪʨʘʥ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʢʠʩʣʝʥʥʳʡ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʠʣʴʥʳʭ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ [108]. ɼʘʥʥʳʝ ʛʨʫʧʧʳ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʢʣʘʩʪʝʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [{ M6I8}(ɼʄʉʆ)6](NO3)4 (M = Mo, W), ʘ ʢʣʘʩʪʝʨ-

ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʣʠ ʩʦʦʩʘʞʜʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʟ ʨʘʩʪʚʦʨʘ ʚ 

ɼʄʉʆ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩʠʣʴʥʦ 

ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ. ɺʩʝ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʨʢʦ-

ʢʨʘʩʥʫʶ/ʦʨʘʥʞʝʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʢ ʢʠʩʣʦʨʦʜʫ ʵʤʠʩʩʠʶ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪʩʷ ʜʘʞʝ 

ʧʦʩʣʝ ʧʝʨʚʦʡ ʥʝʜʝʣʠ ʧʨʝʙʳʚʘʥʠʷ ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ. ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ 

ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʢʘʟʘʣʩʷ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ [{ W6I8}(ɼʄʉʆ)6](NO3)4. ʆʥ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʠʟʢʫʶ ʪʝʤʥʦʚʫʶ ʠ ʫʤʝʨʝʥʥʫʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʢʣʝʪʦʯʥʦʝ ʧʦʛʣʦʱʝʥʠʝ. 

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʪʢʘʥʝʡ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ [{Mo6I8}(ɼʄʉʆ)6](NO3)4 [107] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ 

ʪʢʘʥʝʡ ʨʘʩʪʚʦʨʦʤ ʢʦʤʧʣʝʢʩʘ ʚ ʵʪʘʥʦʣʝ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʳʡ ʛʠʜʨʦʣʠʟ ʢʦʤʧʣʝʢʩʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʚʘʣʝʥʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ 
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ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʦʤʧʣʝʢʩʘ ʠ ʤʘʪʨʠʮʝʡ. ʇʨʦʯʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʤʦʣʝʢʫʣ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʭʣʦʧʢʦʤ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʩʪʠʨʢʝ ʩʪʠʨʘʣʴʥʳʤ ʧʦʨʦʰʢʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʷʚʠʣʠ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʘʥʪʠʧʘʪʦʛʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ, ʚʠʨʫʩʦʚ COVID-19 (SARS-CoV-2) ʠ ʛʨʠʧʧʘ B. 

1.3.2. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʢʩʠʜʳ (SiO2, NiO, TiO2), ʢʨʝʤʥʠʡ, 

ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ ʠ ʛʨʘʬʝʥ. ɹʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʩʦʟʜʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ SiO2, ʧʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ, ʧʨʦʩʪʳʤ ʚ ʧʦʣʫʯʝʥʠʠ ʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ. ɺʳʙʦʨ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʥʘʣʠʯʠʠ ʣʘʙʠʣʴʥʳʭ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʩʦʩʪʘʚʝ, ʥʘʧʨʠʤʝʨ NO3
ï, OTsï, CF3SO3

ï ʠʣʠ 

CF3COOï. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʟʘʤʝʱʝʥʠʝ 

ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʤʘʪʨʠʮʳ, 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʦʥʦʤʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ, ʚʳʜʝʨʞʠʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ/ʢʦʤʤʝʨʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ 

ʣɻʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʘ ʥʘ ʧʨʦʚʦʜʷʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʢʦʥʝʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʤʘʪʨʠʮʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʚʘʣʝʥʪʥʳʭ ʠ ʠʦʥʥʳʭ ʩʚʷʟʝʡ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠʩʷ 

ʩʣʘʙʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

1.3.2.1. ɿʘʤʝʱʝʥʠʝ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧ rʤʘʪʨʠʮʳ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʣʫʯʘʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʳʙʠʨʘʶʪ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʣʘʙʠʣʴʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʟʘʤʝʱʘʪʴʩʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʤʘʪʨʠʮʳ. 

ɺ ʩʝʨʠʠ ʨʘʙʦʪ ʛʨʫʧʧʳ Cordier S. ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ 

Si(111) [109-111] ʠ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ [112] ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʟʘʤʝʱʘʪʴ ʚʥʝʰʥʠʝ ʣʠʛʘʥʜʳ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ (Bu4N)2[{ Mo6I8} (CF3SO3)6]. ɼʣʷ Si-

ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ [Si(111)-H] ʩ ʫʥʜʝʮʠʣʝʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʦʣʫʯʘʣʠ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʤʦʥʦʩʣʦʡ, ʩʦʜʝʨʞʘʱʠʡ ʩʚʷʟʠ SiïC, ʩ ʢʦʥʮʝʚʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɿʘʪʝʤ, 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ ʚ ʨʝʘʢʮʠ ʁ ʘʤʠʜʠʨʦʚʘʥʠʷ ʩ (4-

ʘʤʠʥʦʤʝʪʠʣ)ʧʠʨʠʜʠʥʦʤ, ʦʙʨʘʟʫʷ ʫʛʣʝʨʦʜʥʫʶ ʮʝʧʴ ʩ ʧʠʨʠʜʠʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʢʦʥʮʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʧʠʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ CH2Cl2. 



40 

 

ʂʦʤʧʣʝʢʩ ʟʘʢʨʝʧʣʷʣʩʷ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ 

ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʘʧʠʢʘʣʴʥʳʭ ʪʨʠʬʣʘʪʥʳʭ ʛʨʫʧʧ CF3SO3
ï ʢʦʥʮʝʚʳʤ ʧʠʨʠʜʠʥʦʚʳʤ 

ʟʚʝʥʦʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʟʚʝʥʴʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʦʙʳʯʥʦʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʵʬʬʝʢʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʘʢʪʘ ʢʣʘʩʪʝʨ-ʤʘʪʨʠʮʘ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʦʚʘʣʝʥʪʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Si ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʣʠʥʢʝʨʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʣʝʥʢʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʘʤʦʨʬʥʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʢʠʣʴʥʳʤ ʤʦʥʦʩʣʦʝʤ ʩ ʢʦʥʮʝʚʳʤʠ 

ʧʠʨʠʜʠʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ, ʠ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8} (CF3SO3)6] [112].ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʘʞʜʳʡ ʢʣʘʩʪʝʨ {Mo6I8}
4+ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʛʣʝʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʝʨʝʟ 3, ʣʠʙʦ 4 

ʘʧʠʢʘʣʴʥʳʭ ʧʦʟʠʮʠʠ. ʇʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʘʪʝʨʠʘʣʝ 9 Ĭ 1012 ʩʤï2. ʇʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʧʦʜʦʙʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚʢʣʶʯʘʷ ʧʦʜʣʦʞʢʠ ʠʟ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ, ʧʠʨʦʣʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʬʦʪʦʨʝʟʠʩʪʘ ʠ ʛʨʘʬʝʥʘ, ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥ r

ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʦʪʦʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʝ. 

1.3.2.2. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 

ʇʦʩʢʦʣʴʢʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʩʠʥʪʝʟʫ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʦʥʠ ʙʫʜʫʪ ʚʳʜʝʣʝʥʳ ʚ 

ʦʪʜʝʣʴʥʳʡ ʙʣʦʢ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ SiO2 ï ʜʘʣʝʢʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʢʩʠʜ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ, ʧʦʵʪʦʤʫ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʤʘʪʨʠʮ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

ʀʥʪʝʨʝʩ ʫʯʝʥʳʭ ʢ SiO2 ʚʳʟʚʘʥ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʝʛʦ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ: (1) 

ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, (2) ʚʳʩʦʢʦʡ ʢʦʣʣʦʠʜʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʯʘʩʪʠʮ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʠʣʠ ʱʝʣʦʯʥʦʤ pH (ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʨʠ 

pH = ~2-3) [113], (3) ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʜʣʷ ʩʚʝʪʘ (~ 9 ʵɺ [114,115]) ʠ ʤʘʛʥʝʪʠʟʤʘ ð ʦʥ ʥʝ 

ʧʦʛʣʦʱʘʝʪ ʩʚʝʪ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ, (4) ʫʤʝʨʝʥʥʦʡ 

ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, (5) ʧʨʦʩʪʦʪʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʦʡ ʧʦʣʫʯʝʥʠʷ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʯʘʩʪʠʮ [116-118]. ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ SiO2 ʙʠʦʩʦʚʤʝʩʪʠʤ ʠ ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ [119-122]. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiO2 ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʳ [123]. 

ʆʩʥʦʚʥʳʤ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʯʘʩʪʠʮ SiO2 ʷʚʣʷʝʪʩʷ 

ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ (ʊʕʆʉ), ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʶʪ ʛʠʜʨʦʣʠʟʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʱʝʣʦʯʥʦʛʦ 



41 

 

ʘʛʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NH3). ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ 

ʥʝʧʦʨʠʩʪʳʭ ʯʘʩʪʠʮ SiO2 ʠʣʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ð ʧʨʦʮʝʩʩ ʐʪʦʙʝʨʘ ʠ ʤʝʪʦʜ 

ʦʙʨʘʪʥʦʡ ʤʠʢʨʦʵʤʫʣʴʩʠʠ (ʤʠʢʨʦʵʤʫʣʴʩʠʠ çʚʦʜʘ ʚ ʤʘʩʣʝè). ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʘʤʤʠʘʯʥʦʤ ʛʠʜʨʦʣʠʟʝ ʊʕʆʉ ʚ ʩʤʝʩʠ ʵʪʘʥʦʣʘ ʠ ʚʦʜʳ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʦʮʝʩʩʘ 

ʐʪʦʙʝʨʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 100 

ʥʤ. ɺʪʦʨʦʡ, ʤʠʢʨʦʵʤʫʣʴʩʠʦʥʥʳʡ ʧʦʜʭʦʜ, ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, 

ʥʝʩʤʝʰʠʚʘʶʱʠʡʩʷ ʩ ʚʦʜʦʡ, ʠ ʇɸɺ. ʇʨʠ ʵʪʦʤ ʚʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ ʊʕʆʉ, 

ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʦʙʨʘʪʥʳʤʠ ʤʠʮʝʣʣʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʇɸɺ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ 

çh ʘʙʣʦʥʘʤʠè ʜʣʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ. ʊʘʢʠʝ ʤʠʮʝʣʣʳ ʠʤʝʶʪ ʦʯʝʥʴ ʫʟʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 100 ʥʤ, ʢʦʪʦʨʳʤ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ, ʨʝʛʫʣʠʨʫʷ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʇɸɺ. ʆʙʘ ʵʪʠʭ ʤʝʪʦʜʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨ-

ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ [7,10,12,46,110,124-128]. 

Grasset et al. ʙʳʣʘ ʧʝʨʚʦʡ ʨʘʙʦʪʦʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʡ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʯʘʩʪʠʮ SiO2, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʤʦʣʠʙʜʝʥʘ Cs2[{Mo 6X8}X 6] (X = Cl, Br, I) [124]. ʅʘʥʦʯʘʩʪʠʮʳ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʠʢʨʦʵʤʫʣʴʩʠʠ çʚʦʜʘ ʚ ʤʘʩʣʝè. 

ʄʠʢʨʦʵʤʫʣʴʩʠʶ ʛʦʪʦʚʠʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʢʠʩʣʦʛʦ ʟʦʣʷ Cs2[{Mo 6X8}X 6] ʢ ʩʤʝʩʠ 

ʇɸɺ/ʛʝʧʪʘʥ. ɺ ʛʦʪʦʚʫʶ ʤʠʢʨʦʵʤʫʣʴʩʠʶ ʜʦʙʘʚʣʷʣʠ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ (ʊʕʆʉ), ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʩʷ ʛʠʜʨʦʣʠʟʫ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʨʅ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ, ʢʦʪʦʨʳʡ 

ʢʘʪʘʣʠʟʠʨʫʝʪ ʢʦʥʜʝʥʩʘʮʠʶ ʊʕʆʉ. ɼʠʘʤʝʪʨ ʯʘʩʪʠʮ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʠʣ 45 

ʥʤ, ʥʘʥʦʧʦʨʦʰʦʢ ʨʝʜʠʩʧʝʨʛʠʨʫʝʪʩʷ ʚ ʚʦʜʥʳʭ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʏʘʩʪʠʮʳ 

ʦʙʣʘʜʘʶʪ ʢʣʘʩʪʝʨʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʵʤʠʩʩʠʝʡ ʩ ʟʘʤʝʪʥʳʤ ʩʤʝʱʝʥʠʝʤ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ 

ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ 

ʛʠʜʨʦʣʠʟʦʤ ʢʣʘʩʪʝʨʦʚ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ 

ʩʪʘʪʴ ʧʦʜʭʦʜʷʱʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ɺʦʨʦʪʥʠʢʦʚʘ ʖ.ɸ. ʠ ʜʨ. [126] ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ SiO2, 

ʧʦʣʫʯʘʝʤʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{Mo 6X8}(NO3)6] (X = Cl, Br, I). 

ʄʘʪʝʨʠʘʣ ʧʦʣʫʯʘʣʠ ʨʝʘʢʮʠʝʡ ʐʪʦʙʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0,0001-5 ʤʘʩ%). ʇʨʠ ʵʪʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ 

ʢʦʤʧʣʝʢʩʦʚ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ 29Si MAS ʗʄʈ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʢʣʘʩʪʝʨʦʚ 

ʚ ʤʘʪʨʠʮʫ SiO2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ SiïOH ʠ MoïOH ʠʣʠ 

MoïOH2, ʘ ʪʘʢʞʝ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ SiïOïMo. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Mo6X8}(H 2O)6-y-

z(OH)y(OSi)z]
4-y-z. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʘʚʘ ʷʜʨʘ ʢʣʘʩʪʝʨʘ {Mo6X8}
4+, ʥʦ ʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʚ ʤʘʪʝʨʠʘʣʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʠʙʦʣʴʰʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ { Mo6I8}
4+. 

ʇʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʳʤʠ, ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʇʨʠʯʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ï ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ, ʪʝʤ ʚʳʰʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʝʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʜʦʩʪʘʚʢʠ ʙʝʣʢʦʚ in vitro [10]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʫʪʝʤ 

ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ (3-ʛʣʠʮʠʜʠʣʦʢʩʠʧʨʦʧʠʣ)ʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ SiO2 ʚ ʛʝʢʩʘʥʝ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʘʩʴ ʛʣʠʮʠʜʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʣʝʛʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʙʝʣʢʦʚ ʠ ʘʥʪʠʪʝʣ. ɿʘʪʝʤ, ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʢʨʦʯʘʩʪʠʮ ʙʳʣʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʟʝʣʝʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʙʝʣʢʦʤ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʜʫʢʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʦʡ ʢʦʥʲʶʛʘʪ ʩʧʦʩʦʙʝʥ ʩʚʦʙʦʜʥʦ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ, ʘ ʝʛʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʦʪʩʣʝʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʡ ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ (Bu4N)2[{Mo 6I8}(NO3)6] ʠ SiO2 ʙʳʣʠ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʵʤʫʣʴʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʩʤʝʩʠ ʛʝʧʪʘʥ-ʚʦʜʘ [126]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʇɸɺ ʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 50 ʥʤ, ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʦʡ ʪʝʤʥʦʚʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʧʨʦʥʠʢʘʪ ɹ ʚ ʢʣʝʪʢʠ ʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʦʩʪʘʚʘʪʴʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʪʦʦʙʣʫʯʝʥʠʶ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

ʵʧʠʜʝʨʤʦʠʜʥʦʡ ʢʘʨʮʠʥʦʤʳ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ (Hep-2), ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʢʣʝʪʦʯʥʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ [7]. ʇʦʚʝʨʭʥʦʩʪʴ ʤʠʢʨʦʯʘʩʪʠʮ ʪʘʢʞʝ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ 

ʥʘʥʦʘʥʪʠʪʝʣʘʤʠ C7b, ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʨʝʮʝʧʪʦʨʫ 2 ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʯʝʣʦʚʝʢʘ 

(ʨʝʮʝʧʪʦʨ HER2) [12]. ʂʦʥʬʦʢʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ in vitro ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʩrʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩ C7b, ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʝʡ SKBR3, ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ HER2, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʢʘʤʠ ʩ ʥʠʟʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ HER2 ï ʢʣʝʪʢʘʤʠ Hep-2. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ in 

vivo ʧʨʠ ʣʝʯʝʥʠʠ ʤʳʰʝʡ ʩ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʦʡ ʦʧʫʭʦʣʴʶ. 

ɽʱʝ ʦʜʥʦʡ ʠʥʪʝʨʝʩʥʦʡ ʨʘʙʦʪʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ, ʧʦʢʨʳʪʳʭ ʩʣʦʝʤ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ (Bu4N)2[{Mo 6I8} L6)] (L = NO3
ï, OTsï) [128]. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʠ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʨʝʘʢʮʠʶ ʐʪʦʙʝʨʘ: ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ. ɺ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʯʘʩʪʠʮ ʩ pH 10-11 ʜʦʙʘʚʣʷʣʠ ʊʕʆʉ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʦʙʦʣʦʯʢʠ ʠʟ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. ɿʘʪʝʤ ʚ 

ʨʝʘʢʮʠʦʥʥʫ  ʁʩʤʝʩ ɹʚʚʦʜʠʣʠ ʩʤʝʩʴ ʊʕʆʉ ʩ ʘʮʝʪʦʥʦʤ ʠ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʘʮʝʪʦʥʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʝʰʥʝʡ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʝʡ ʦʙʦʣʦʯʢʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʫʩʠʣʝʥʠʠ 

ʬʦʪʦʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ 

ʬʦʪʦʵʤʠʩʩʠʦʥʳʭ/ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢ, ʥʘʣʠʯʠʝ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠʚʝʣʦ ʢʘʢ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ 

ʩʚʝʪʘ ʚ ʋʌ-ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ 2,2 ʨʘʟʘ, ʘ 

ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ~2,4 ʨʘʟʘ. 

1.3.2.3. ʇʨʦʧʠʪʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʠʣʠ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʤʘʪʨʠʮʳ ʚ ʨʘʩʪʚʦʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʨʘʙʦʪʘʤ, ʚ ʢʦʪʦʨʳʭ ʛʦʪʦʚʫʶ ʥʝʦʨʛʘʥʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʘʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ [{Mo 6I8} L6]
2ï. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʠʟʚʝʩʪʥʳ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʪʘʢʠʭ ʤʘʪʨʠʮ: ʦʢʩʠʜʳ [11,129-135], ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ [19,136-138], ʘ ʪʘʢʞʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ 

(ʄʆʂʇ) [8,139,140]. 

ʇʦʜʦʙʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʙʣʦʢʫ, ʚ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʦʜʥʘʢʦ ʜʣʷ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ, ʣʠʙʦ ʢʦʤʤʝʨʯʝʩʢʠʡ SiO2. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ Nguyen et al. 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʠʡ ʧʦʣʡr SiO2 ʙʳʣ ʧʨʦʧʠʪʘʥ ʨʘʩʪʚʦʨʦʤ ʢʦʤʧʣʝʢʩʘ 

Cs2[{Mo 6I8}(C2F5COO)6] [132]. ʇʨʦʮʝʜʫʨʫ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʚʘʢʫʫʤʥʦʡ ʧʨʦʧʠʪʢʠ, 

ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʘʢʫʫʤʥʦʤ ʫʜʘʣʝʥʠʠ ʚʦʟʜʫʭʘ ʠʟ ʧʦʣʳʭ ʯʘʩʪʠʮ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʦʣʥʝʥʠʶ ʧʦʣʦʩʪʝʡ ʵʪʠʤ ʨʘʩʪʚʦʨʦʤ. ʇʦʣʫʯʠʚʰʠʡʩʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʥʘʥʦʢʦʤʧʦʟʠʪ ʠʤʝʝʪ ʧʦʛʣʦʱʝʥʠʝ ʚ ʋʌ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʝʥ ʨʘʩʩʝʠʚʘʪʴ ʙʣʠʞʥʠʡ ʀʂ-ʩʚʝʪ ʯʝʨʝʟ ʧʦʨʳ ʩʪʝʥʢʠ SiO2. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʜʘʥʥʳʡ ʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʤʝʥʠʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʢʦʥ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʟʜʘʥʠʷʭ. 

ɺ ʩʝʨʠʠ ʨʘʙʦʪ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄʫʩʪʘʬʠʥʦʡ ɸ.ʈ. ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʠʥʪʝʨʝʩʥʳʡ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʧʝʨʝʜ ʧʨʦʧʠʪʢʦʡ ʢʦʤʧʣʝʢʩʦʤ [11,131,133]. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [131] 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ SiO2 ʜʠʘʤʝʪʨʦʤ 60 ʥʤ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʩ 

ʧʦʤʦʱʴʶ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʝ ʛʨʫʧʧʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ 

ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʷʚʣʷʝʪ ʪʝʤʥʦʚʫ  ʁʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫ  ʁʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʥʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ MCF-7. ʇʦʜʦʙʥʳʡ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ de la Torre et al. [134], ʚ ʢʦʪʦʨʦʤ ʢʦʤʤʝʨʯʝʩʢʠʡ ʤʝʟʦʧʦʨʠʩʪʳʡ ʜʠʦʢʩʠʜ 

ʢʨʝʤʥʠʷ MCM-41 ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʘʤʠʥʦʛʨʫʧʧʘʤʠ. ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʚ ʥʝʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{Mo 6I8}(CH3COO)6] ʢʦʥʝʯʥʳʡ ʤʘʪʝʨʠʘʣ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʣ ʚʳʨʘʞʝʥʥʫʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ (HeLa). 

ʇʦʤʠʤʦ SiO2 ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʨʫʛʠʝ ʦʢʩʠʜʳ, ʪʘʢʠʝ ʢʘʢ TiO2 [135], NiO [129] ʠ ZnO 

[130]. ɺ ʨʘʙʦʪʝ ɹʘʨʜʠʥʘ ɺ.ɸ. ʙʳʣ ʧʦʣʫʯʝʥ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʘʥʘʪʘʟʘ 

(TiO2), ʧʨʦʧʠʪʘʥʥʳʭ ʨʘʩʪʚʦʨʘʤʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{Mo 6I8} L6] (L = NO3
ï, 

OTsï) ʚ ʘʮʝʪʦʥʝ. ʇʦ ʜʘʥʥʳʤ ʈʌʕʉ, ʧʨʠ ʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʳʡ ʛʠʜʨʦʣʠʟ ʢʦʤʧʣʝʢʩʘ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʣʠʛʘʥʜʘ ʩ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʚʘʣʝʥʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʜʦ 1,75 ʵɺ). ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʢʘʟʘʣ 

ʧʨʝʚʦʩʭʦʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʋʌ, ʚʠʜʠʤʦʛʦ ʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʢʪʠʚʥʦʩʪʠ ʯʠʩʪʦʛʦ TiO2, 

ʧʨʠʯʝʤ ʵʪʘ ʘʢʪʠʚʥʦʩʪʴ ʩʦʭʨʘʥʷʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʷʪʠ ʮʠʢʣʦʚ ʦʙʣʫʯʝʥʠʷ. ʇʨʠ ʧʦʤʦʱʠ 

ʣʦʚʫʰʝʢ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ h+, eī, OHÅ ʠ O2
Åï, ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʧʦʣʦʞʝʥ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜ S-ʪʠʧʘ ʚ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʝ. 

ʆʢʩʠʜ ʛʨʘʬʝʥʘ (ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʝʥ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʩʦ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪʣʠʯʥʦʡ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʠ ʚ 

ʚʦʜʝ ʠ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ, ʦʢʩʠʜ ʛʨʘʬʝʥʘ 

ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʦʡ ʤʘʪʨʠʮʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʩʝʛʦ ʦʜʥʘ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʤʘʪʝʨʠʘʣʫ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ 

ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ (Bu4N)2[{Mo 6I8}(CH3COO)6], ʧʨʠʤʝʥʷʝʤʦʤʫ 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ [141]. ʋʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ (ïOH ʠ ïCOOH) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʢʦʤʧʣʝʢʩʳ 

ʩʧʦʩʦʙʥʳ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʚ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʠ ʩʦʭʨʘʥʷʣ ʩʚʦʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʤʝʥʝʝ 24 ʯʘʩʦʚ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʪʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 
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ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʥʳʭ ʮʝʥʪʨʦʚ ʚ ʤʘʪʝʨʠʘʣʝ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ. ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʠʣ 174 ʤʢʤʦʣʴ/ʛʢʘʪ. ʆʜʥʘʢʦ ʘʥʘʣʦʛʠʯʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʝʣʠ ʢ ʛʠʜʨʦʣʠʟʫ ʢʦʤʧʣʝʢʩʘ ʚ ʤʘʪʝʨʠʘʣʝ. 

ɺ ʨʘʙʦʪʝ ʉasanova-ʉhafer et al. ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʥʘʥʦʛʠʙʨʠʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ 

[{ Mo6I8} (OH)4(H2O)2]Ŀ2H2O, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 

(Bu4N)2[{ Mo6I8} (CH3COO)6] ʠ ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʯʝʰʫʡʢʠ ʛʨʘʬʝʥʘ [138]. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʤʝʰʠʚʘʥʠʠ ʩʫʩʧʝʥʟʠʡ ʛʨʘʬʝʥʘ ʠ ʢʦʤʧʣʝʢʩʘ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ. ɻʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʟʘʪʝʤ ʥʘʥʦʩʠʣʠ 

ʨʘʩʧʳʣʝʥʠʝʤ ʥʘ ʧʦʜʣʦʞʢʠ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʧʦʣʫʯʘʷ ʪʝʤ ʩʘʤʳʤ ʦʜʥʦʨʦʜʥʳʝ ʧʣʝʥʢʠ ʩ 

ʪʦʣʱʠʥʦʡ 1 ʤʢʤ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʧʦʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʧʨʦʷʚʠʣʠ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʥʠʟʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʣʘʛʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢ ʧʨʠʩʫʪʩʪʚʠʶ NO2, ʧʦʢʘʟʘʚ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʢʦʣʦ 10 ppb ʠ 

ʭʦʨʦʰʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʪʚʝʪʘ. ʄʝʞʜʫ ʪʝʤ, ʧʨʠʩʫʪʩʪʚʠʝ NO2 ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʤʘʪʝʨʠʘʣʘ, ʪʦʛʜʘ ʢʘʢ ʧʨʠʩʫʪʩʪʚʠʝ NH3 ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʵʤʠʩʩʠʠ ʢʣʘʩʪʝʨʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʤʠʘʢʘ 

ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʠʟʤʝʥʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʣʘʩʪʝʨʘ ʠ NH3. ʋʯʝʥʳʝ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ, ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʠ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʛʘʟʘ. 

ʆʪʜʝʣʴʥʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʤʘʪʨʠʮ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʫ, ʧʦʩʚʷʱʝʥʥʫʶ ʤʘʪʝʨʠʘʣʫ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [8]. ɼʣʷ ʝʛʦ ʩʦʟʜʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʘ ʧʦʜʭʦʜʘ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{Mo 6I8}(NO3)6] ʚ ʄʆʂʇ ï 

ʪʝʨʝʬʪʘʣʘʪ ʭʨʦʤʘ MIL-101: ʧʝʨʚʳʡ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʚʢʣʶʯʝʥʠʷ 

ʛʦʩʪʝʡ ï ʧʨʦʧʠʪʢʘ MIL -101 ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʚʪʦʨʦʡ ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʧʦʩʪʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʨʠʮʳ MIL-101 ʧʫʪʝʤ ʟʘʤʝʥʳ H2O-ʣʠʛʘʥʜʦʚ ʫ ʘʪʦʤʦʚ 

ʭʨʦʤʘ ʥʘ ʧʠʨʘʟʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʧʠʨʘʟʠʥʘ ʩ ʢʣʘʩʪʝʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʭʨʘʥʠʣʠ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʪʠʧʠʯʥʫʶ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʨʘʩʥʫʶ ʜʦʣʛʦʞʠʚʫʱʫʶ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʘ ʪʘʢʞʝ ʥʠʟʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. ʇʨʠ ʧʦʤʦʱʠ ʢʦʥʬʦʢʘʣʴʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʘʚʪʦʨʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ MIL -101 ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ 

ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʚʳʩʚʦʙʦʞʜʘʷʩʴ ʠʟ ʥʘʥʦʯʘʩʪʠʮ MIL-101, ʧʨʠʣʠʧʰʠʭ ʢ ʚʥʝʰʥʝʡ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ MIL-101 ʯʝʨʝʟ 

ʧʠʨʘʟʠʥʦʚʳʡ ʣʠʛʘʥʜ, ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʇʨʠ 

ʵʪʦʤ, ʫʩʪʘʥʦʚʣʝʥʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʚ ʞʠʚʳʭ 

ʢʣʝʪʢʘʭ ʟʘ ʩʯʝʪ ʚʳʩʚʦʙʦʞʜʘʝʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ MIL-101. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. 

1.3.2.4. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʧʨʦʚʦʜʷʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʫʩʪʘʥʦʚʢʠ, ʤʘʣʦʤʫ ʚʨʝʤʝʥʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ 

ʣʝʛʢʦʤʫ ʢʦʥʪʨʦʣʶ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ [142,143]. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʩʭʦʜʠʪ ʤʠʛʨʘʮʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʢʦʘʛʫʣʷʮʠʠ ʠ ʦʩʘʞʜʝʥʠʶ. ʕʣʝʢʪʨʦʜʘʤʠ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʚʳʩʪʫʧʘʶʪ ʧʨʦʚʦʜʷʱʠʝ ʩʪʝʢʣʘ, ʧʦʢʨʳʪʳʝ ʦʢʩʠʜʘʤʠ ʠʥʜʠʷ-ʦʣʦʚʘ (ITO) ʠʣʠ 

ʦʢʩʠʜʘʤʠ ʦʣʦʚʘ, ʣʝʛʠʨʦʚʘʥʥʳʤʠ ʬʪʦʨʦʤ (FTO) [75]. ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ ʝʛʦ 

ʜʠʩʧʝʨʩʠʶ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ [144], ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʵʣʝʢʪʨʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʣʦʝʤ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʧʦʢʨʳʪʠʷ [21,145]. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠ 

ʦʙʨʘʟʦʤ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ [21,22], ʦʯʢʠ, ʙʣʦʢʠʨʫʶʱʠʝ ʋʌ/ʙʣʠʞʥʝʝ ʀʂ ʠʟʣʫʯʝʥʠʝ (ɹʀʂ) [146], ʜʘʪʯʠʢʠ 

ʛʘʟʘ ʠ ʚʣʘʞʥʦʩʪʠ [145,147], ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ [148], ʠ ʪ.ʜ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ Kirakci et al. [148] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʟ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo 6I8} L6]
n (L = OPOPh2

ï, n = 2ï; OOCC4H8PPh3, n = 4+), 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʩʪʝʢʣʷʥʥʳʝ ʧʣʘʩʪʠʥʳ, ʧʦʢʨʳʪʳʝ ʦʢʩʠʜʦʤ ʠʥʜʠʷ-

ʦʣʦʚʘ. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʜʣʠʥʦʡ ʚʦʣʥʳ 460 ʥʤ, ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʴ 

ʠʥʛʠʙʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʦʧʣʝʥʦʢ ʠ ʫʥʠʯʪʦʞʘʝʪ ʟʨʝʣʳʝ ʙʠʦʧʣʝʥʢʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ S. Aureus ʠ E. Faecalis (Enterococcus faecalis), ʘ ʪʘʢʞʝ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ P. 

aeruginosa ʠ E. coli ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʚʝʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʩʪʝʨʠʣʠʟʘʮʠʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʠ ʠʤʧʣʘʥʪʘʪʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʥʠ ʪʘʢʞʝ ʟʘʱʠʱʘʶʪ ʦʪ UVA/ʩʠʥʝʛʦ 

ʩʚʝʪʘ, ʧʨʝʦʙʨʘʟʫʷ ʝʛʦ ʚ ʢʨʘʩʥʳʡ ʩʚʝʪ, ʘ ʟʘʚʠʩʠʤʦʝ ʦʪ ʢʠʩʣʦʨʦʜʘ ʪʫhʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʤʝʨʦʡ ʠʟʤʝʨʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʪʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ 

ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʬʠʣʴʪʨʦʚ UVA-ʣʫʯʝʡ ʠ ʩʠʥʝʛʦ ʩʚʝʪʘ. 
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ɽʱʝ ʦʜʥʠʤ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ ʚ ʪʦʢʝ H2/H2S [147]. ʇʦʜʣʦʞʢʦʡ ʚ 

ʜʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʣʫʞʠʣʦ ʢʦʤʤʝʨʯʝʩʢʦʝ ʩʪʝʢʣʦ FTO, ʥʘ ʢʦʪʦʨʦʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ 

ʥʘʥʦʩʠʣʩʷ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Cs2[{Mo 6I8}I 6]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʥʝʩʝʥʠʷ ʤʦʣʝʢʫʣʳ ʢʣʘʩʪʝʨʘ [{Mo6I8}I 6]
2ï ʪʝʨʷʶʪ ʜʚʘ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʘ Iï, ʢʦʪʦʨʳʝ 

ʟʘʤʝʱʘʶʪʩʷ ʥʘ H2O-ʣʠʛʘʥʜ r c ʦʙʨʘʟʦʚʘʥʠʝʤ [{Mo 6I8}I 4(H2O)2]ϊH2O ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʢʣʘ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ ʧʣʝʥʢʫ ʩʫʣʴʬʠʨʦʚʘʣʠ ʚ ʪʦʢʝ H2/H2S ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

250ï450Áʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʤʧʣʝʢʩ ʨʘʟʣʘʛʘʣʩʷ/ʨʝʘʛʠʨʦʚʘʣ ʩ H2S 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ MoOx, MoxSy ʠ MoS2, ʣʝʛʠʨʦʚʘʥʥʦʡ ʘʪʦʤʘʤʠ ʡʦʜʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

250Áʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʩʫʣʴʬʫʨʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ MoS2. ʇʦʣʫʯʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʣʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʥʘ NH3. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ [{Mo 6I8}I 4(H2O)2]ϊH2O, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʤʤʠʘʢʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʛʠʨʫʝʪ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢ p-ʪʠʧʘ. ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʫʨʠʟʘʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 250Áʉ ʨʝʘʢʮʠʷ ʥʘ ʛʘʟ NH3 ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʪʨʠ ʨʘʟʘ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʦʰʣʘ 

ʢʦʥʚʝʨʩʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ p-ʪʠʧʘ ʚ n-ʪʠʧ. 

ʄʝʪʦʜ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠ ʩʦʣʥʝʯʥʳʝ 

ʷʯʝʡʢʠ. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ ʚʥʝʩʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ A. Renaud, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ 

ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʦʪʝʥʮʠʘʣ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ [21,22,129]. ʊʘʢ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʦʨʘʥʞʝʚʳʝ ʤʝʟʦʧʦʨʠʩʪʳʝ ʬʦʪʦʘʥʦʜʳ ʠ ʬʦʪʦʢʘʪʦʜʳ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʦʜʥʦʨʦʜʥʳʭ ʘʤʦʨʬʥʳʭ ʩʣʦʝʚ Cs2[{Mo 6I8}I 6] ʥʘ ʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʘ FTO, 

ʧʦʢʨʳʪʦʛʦ TiO2 ʠ NiO ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [21]. ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʣʝʥʢʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʷʯʝʝʢ ʜʦ 300% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʤʘʪʨʠʮʳ ʨʘʩʪʚʦʨʦʤ ʢʦʤʧʣʝʢʩʘ. ɺ ʩʚʦʝʡ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʦʪʦʪʠʧ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo 6I8}I 4(H2O)2], ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ Cs2[{Mo 6I8}I 6], ʠ ʵʣʝʢʪʨʦʜʦʚ NiO ʠ ZnO/ZnO:Al [22]. 

ʉʣʦʡ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʬʦʪʦʘʢʪʠʚʥʳʤ, ʧʨʠʯʝʤ ʜʳʨʢʠ ʠ 

ʵʣʝʢʪʨʦʥʳ, ʛʝʥʝʨʠʨʫʶʱʠʝʩʷ ʚʥʫʪʨʠ ʵʪʦʛʦ ʩʣʦ̫, ʧʝʨʝʥʦʩʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʢ ʵʣʝʢʪʨʦʜʘʤ-ʵʢʩʪʨʘʢʪʦʨʘʤ ʜʳʨʦʢ (NiO) ʠ ʵʣʝʢʪʨʦʥʦʚ 

(ZnO/ZnO:Al). ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʬʦʪʦʦʪʢʣʠʢ ʩ 

ʜʠʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ AM1,5. 

***  

ɸʥʘʣʠʟʠʨʫʷ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
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ʩʦʜʝʨʞʘʱʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʉʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ 

ʦʙʟʦʨʝ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʙʳʣ ʩʜʝʣʘʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʩ ʷʜʨʦʤ { Mo6I8} , ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ ʯʘʩʪʴ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʦʵʤʠʩʩʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʘʙʠʣʴʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʠʣʠ ʣʠʛʘʥʜʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʤʘʪʨʠʮʳ. 

ɺ ʮʝʣʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʩʪʨʝʤʣʝʥʠʠ ʢ ʧʨʦʩʪʦʪʝ ʩʠʥʪʝʟʘ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʛʠʜʨʦʣʠʟʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʦʭʨʘʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʨʠʮʳ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʚ ʥʝʝ ʢʦʤʧʣʝʢʩʘ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʝʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʯʘʩʪʦ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʟʙʝʞʘʪʴ ʛʠʜʨʦʣʠʟʘ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʠ ʤʘʪʨʠʮʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʘʙʳʝ ʪʠʧʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʂ ʪʦʤʫ ʞʝ ʧʦʜʭʦʜʳ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ 

(ʤʦʜʠʬʠʢʘʮʠʷ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʠʣʠ ʢʘʪʠʦʥʦʚ) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʠ ʤʘʪʨʠʮʝʡ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʛʦʪʦʚʫʶ/ʢʦʤʤʝʨʯʝʩʢʫʶ ʤʘʪʨʠʮʫ 

ʤʦʜʠʬʠʮʠʨʫʶʪ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʝʩʪʴ ʨʠʩʢ ʚʳʤʳʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠʟ ʤʘʪʝʨʠʘʣʘ. 

ʀʟ ʧʨʝʠʤʫʱʝʩʪʚ ʦʪʜʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʦʩʪʦʪʫ ʩʠʥʪʝʟʘ ʚ ʩʣʫʯʘʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ/ʢʦʤʤʝʨʯʝʩʢʠʭ ʤʘʪʨʠʮ, ʘ 

ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʯʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʠ ʧʦʣʠʤʝʨʦʤ ʚ ʩʣʫʯʘʝ ʫʯʘʩʪʠʷ 

ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʤʦʥʦʤʝʨʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʘʩʪʝʨʘ 

ʢ ʛʠʜʨʦʣʠʟʫ ʠ ʩʦʭʨʘʥʝʥʠʶ ʵʤʠʩʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

1.4. ɿʘʢʣʶʯʝʥʠʝ 

ʀʥʪʝʨʝʩ ʢ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʠʦʜʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʦʣʠʙʜʝʥʘ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʚʩʝ ʙʦʣʴʰʝ ʨʘʩʪʝʪ, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ (ʧʦʛʣʦʱʝʥʠʝ ʚ ʋʌ- ʠ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʷʨʢʘʷ ʢʨʘʩʥʘ/̫ɹʀʂ ʵʤʠʩʩʠʷ, ʚʦʟʙʫʞʜʘʝʤʘʷ ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʪ.ʜ.). ʇʨʠ ʵʪʦʤ, ʥʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʶʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʥʳʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʨʠʚʣʝʢʘʶʪ ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ, ʧʨʠ ʵʪʦʤ 

ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʧʦʣʫʯʘʝʤʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʯʘʩʪʦ ʥʘʭʦʜʷʪʩʷ ʚ 

ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʬʦʨʤʘʭ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 
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ʥʝʡʪʨʘʣʴʥʳʝ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʘʠʤʝʥʝʝ 

ʧʦʜʚʝʨʞʝʥʳ ʜʘʣʴʥʝʡʰʝʤʫ ʛʠʜʨʦʣʠʟʫ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʠ 

ʧʦʪʦʤʫ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʠʩʭʦʜʷ ʠʟ ʯʝʛʦ ʚʳʪʝʢʘʶʪ ʧʦʩʪʘʚʣʝʥʥʳʝ ʮʝʣʠ ʠ 

ʟʘʜʘʯʠ ʨʘʙʦʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʛʣʘʚʝ çɺʚʝʜʝʥʠʝè. 
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ 

(Bu4N)2[{Mo 6I8} L6] (L = NO3, OTs) ʠ [{ Mo6I8}(ɼʄʉʆ)6](NO3)4 ʙʳʣʠ ʧʦʣʫʯʝʥ rʧʦ 

ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [45,51,54]. ɺʩʝ ʨʝʘʢʪʠʚʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʯʜʘ ʠ ʚʳʰʝ ʠ 

ʧʨʠʦʙʨʝʪʝʥʳ ʚ Sigma Aldrich ʣʠʙʦ ʚ Alfa Aesar. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ: Bruker-Nonius X8 Apex ʠ Bruker D8 

VENTURE, ʦʩʥʘʱʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ʩ ʠʟʣʫʯʝʥʠʝʤ ʄʦʂŬ (ɚ = 0,71073 ¡) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʪʦʚʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʧʨʠ 150 ʂ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Shimadzu XRD-7000 ʠ Philips PW 1820/1710 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuKŬ ʠʟʣʫʯʝʥʠʷ, ʛʨʘʬʠʪʦʚʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʨʝʤʥʠʝʚʦʛʦ 

ʩʪʘʥʜʘʨʪʘ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ EuroVector 

EA3000 Elemental Analyzer. ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʫʶ ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ (ʕɼʉ) 

ʚʳʧʦʣʥʷʣʠ ʥʘ Hitachi TM3000 TableTop SEM ʩ ʧʨʠʩʪʘʚʢʦʡ Bruker QUANTAX 70 EDS, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ Mo ʠ I ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 5%. ʉʦʜʝʨʞʘʥʠʝ 

ʤʦʣʠʙʜʝʥʘ ʚ ʤʘʪʝʨʠʘʣʘʭ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ) ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ThermoScientific iCAP-6500 ʩ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ ʮʠʢʣʦʥʥʦʛʦ ʪʠʧʘ ʠ ʨʘʩʧʳʣʠʪʝʣʝʤ çSeaSprayè. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʀʂ-ʩʧʝʢʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 4000-400 ʩʤï1 ʟʘʧʠʩʳʚʘʣʠ 

ʜʣ ̫ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʩ ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ ʥʘ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ VERTEX 80. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ) ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʧʨʠʙʦʨʝ Thermo Microbalance TG 209 F1 Iris (NETZSCH) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 

ʜʦ 300 Áʉ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 Áʉ/ʤʠʥ ʚ ʪʦʢʝ ʛʝʣʠʷ (30 ʤʣ/ʤʠʥ). 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent Cary 60 ʚ ʜʠʘʧʘʟʦʥʝ 200ï800 

ʥʤ. ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-Vis-NIR 3101 PC, ʩʥʘʙʞʝʥʥʦʤ 

ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ, ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʣʠ ʚ ʬʦʨʤʝ ʪʝʦʨʠʠ ʂʫʙʝʣʢʠïʄʫʥʢʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (Eg) ʦʙʨʘʟʮʦʚ ʙr ʣʘ ʧʦʩʪʨʦʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ (Ŭhɜ)1/2 ʦʪ hɜ (Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ), ʛʜʝ ʧʝʨʝʩʝʯʝʥʠʝ 

ʧʨʷʤʳʭ ʩ y = 0 ʜʘʝʪ ʟʥʘʯʝʥʠʷ Eg. 
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ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba Jobin Yvon Fluorolog 3 ʩ ʦʭʣʘʞʜʘʝʤʳʤ ʜʝʪʝʢʪʦʨʦʤ 

ʬʦʪʦʥʦʚ PC177CE-010 ʩ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ R2658 ʠ ʢʩʝʥʦʥʦʚʳʤʠ ʣʘʤʧʘʤʠ (ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʜʝʡʩʪʚʠʷ). ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ Fluorolog 3 Quanta-phi. ɺʨʝʤʝʥʘ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʢʩʝʥʦʥʦʚʳʭ ʣʘʤʧ - ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (450 ɺʪ) ʜʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʠʤʧʫʣʴʩʥʦʡ (ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʥʘ ʫʨʦʚʥʝ ʧʦʣʦʚʠʥʳ ʚʳʩʦʪʳ - 3 ʤʢʩ, 50 ɺʪ) ʜʣʷ ʟʘʧʠʩʠ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢʞʝ ʜʣʷ ʟʘʧʠʩʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ 

ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ NanoLED ʠʤʧʫʣʴʩʥʳʝ ʣʘʟʝʨʳ (ʚʨʝʤʷ-

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʡ ʩʯʸʪ ʦʜʠʥʦʯʥʳʭ ʬʦʪʦʥʦʚ). 

2.2. ʇʦʣʫʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

2.2.1. ʉʠʥʪʝʟ [{Mo 6I 8}(H2O)4(OH)2](NO3)2Ŀ3H2O ([M] 2+-NO3) 

(Bu4N)2[{ Mo6I8}( NO3)6] (100 ʤʛ, 0,041 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 96% ʵʪʘʥʦʣʝ (10 ʤʣ) ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 65 Áʉ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʣʠ ʠʟ 

ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (50 ʤʣ), ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ 

(10 ʤʣ) ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 50 ʤʛ (70%). ʕɼʉ: Mo/I = 6:8. ʀʂ (KBr, ʩʤï1): ɜ(NO3) 

ï 1384. ʄʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣ ʚʳʨʘʱʝʥ ʧʫʪʝʤ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʚ ʵʪʘʥʦʣʝ. 

2.2.2. ʉʠʥʪʝʟ [{Mo 6I 8}(H 2O)4(OH)2](OTs)2Ŀ2H2O ([M] 2+-OTs) 

ʉʠʥʪʝʟ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ. 

(Bu4N)2[{Mo 6I8}(OTs)6] (100 ʤʛ, 0,032 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 96% ʵʪʘʥʦʣ (10 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ 

ʧʨʠ 65 Áʉ ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʣʘʩʪʝʨʘ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ. ʇʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (50 ʤʣ), ʜʚʘʞʜʳ 

ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ (10 ʤʣ) ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 55 ʤʛ (83%). ʕɼʉ: Mo/I/S = 

6:8:1,8. ʀʂ (KBr, ʩʤï1): ɜas(SO2) ï 1259; ɜs(SO2) ï 1153; ɜ(SO) ï 997. ʄʦʥʦʢʨʠʩʪʘʣʣ, 

ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣ ʚʳʨʘʱʝʥ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

2.2.3. ʉʠʥʪʝʟ [{Mo 6I 8}(H 2O)4(OH)2]((PhO)2PO2)2Ŀ6H2OĿ2EtOHĿ2(PhO)2PO2H 

([M] 2+-OPO(OPh)2) 

[{ Mo6I8}( H2O)4(OH)2](NO3)2 (100 ʤʛ, 0,055 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɿʘʪʝʤ, ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʚʘʣʠ (PhO)2PO2H (136 ʤʛ, 

0,55 ʤʤʦʣʴ), ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʵʪʘʥʦʣʝ, ʚ 10-ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʧʣʝʢʩʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʟʫ ʚʳʧʘʜʘʣ ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6I8}( H2O)4(OH)2]((PhO)2PO2)2Ŀ6H2OĿ2EtOHĿ2(PhO)2PO2H. ʇʨʦʜʫʢʪ ʜʚʘʞʜʳ 
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ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʜʚʘʞʜʳ ʘʮʝʪʦʥʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 145 ʤʛ (98%). ʕɼʉ: 

Mo/I/P = 6:8,2:3,7. ʄʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʚʳʨʘʱʠʚʘʣʠ ʤʝʪʦʜʦʤ ʥʘʩʣʦʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʨʝʘʛʝʥʪʦʚ ʚ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ ʩ ʧʝʨʝʪʷʞʢʦʡ. 

2.2.4. ʉʠʥʪʝʟ [{Mo6I 8}(H2O)2(OH)4]Ŀ2H2O ([M] 0-h2) 

[{ Mo6I8}( H2O)4(OH)2](NO3)2Ŀ3H2O (150 ʤʛ, 0,08 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 7 ʤʣ 96%-ʥʦʛʦ 

ʵʪʘʥʦʣʘ ʠʣʠ ʚ ʩʤʝʩʠ ʵʪʘʥʦʣ/ʚʦʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʘ ʟʘʪʝʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʜʦʙʘʚʣʷʣʠ 1 ʤʣ 2,5% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NH3, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʤʝʜʣʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʩʘʜʢʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, 

ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ (10 ʤʣ) ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 45 ʤʛ (42%) ʜʣʷ 96% 

ʵʪʘʥʦʣʘ ʠ 70 ʤʛ (66%) ʜʣʷ ʩʤʝʩʠ ʵʪʘʥʦʣ/ʚʦʜʘ. ʕɼʉ: Mo/I = 6:8. ʇʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ 

[{ Mo6I8}( H2O)2(OH)4]Ŀ2H2O. 

2.2.5. ʉʠʥʪʝʟ [{Mo6I 8}(H2O)2(OH)4]Ŀ12H2O ([M] 0-h12) 

ʉʠʥʪʝʟ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʠʟ 

[{ Mo6I8}( H2O)4(OH)2](NO3)2Ŀ3H2O, ʘ ʪʘʢʞʝ ʠʟ [{ Mo6I8}(ɼʄʉʆ)6](NO3)4 ʧʦ ʦʜʥʦʡ 

ʤʝʪʦʜʠʢʝ. [{ Mo6I8}( H2O)4(OH)2](NO3)2Ŀ3H2O (150 ʤʛ, 0,08 ʤʤʦʣʴ) ʠʣʠ 

[{ Mo6I8}(ɼʄʉʆ)6](NO3)4 (150 ʤʛ, 0,06 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 7 ʤʣ H2O ʠ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 1 

ʤʣ 2,5% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NH3. ʇʦʣʫʯʝʥʥʳʡ ʤʫʪʥʳʡ ʨʘʩʪʚʦʨ ʦʪʩʪʘʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ, 

ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʦʩʪʫ ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʜʥʝ ʠ ʩʪʝʥʢʘʭ ʩʦʩʫʜʘ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʨʦʜʫʢʪ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ ʦʜʠʥ ʨʘʟ ʚʦʜʦʡ (10 ʤʣ), ʦʜʠʥ ʨʘʟ 

ʘʮʝʪʦʥʦʤ (10 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ: 139 ʤʛ (89%) ʠ 105 ʤʛ (91%) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕɼʉ: Mo/I = 6:8. ʀʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʙʨʘʥ 

ʤʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

2.2.6. ʉʠʥʪʝʟ [{Mo6I 8}(H2O)2(OH)4]Ŀ14H2O ([M] 0-h14) 

[{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O (100 ʤʛ, 0,05 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 7 ʤʣ H2O ʠ ʟʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ 1ʄ ʨʘʩʪʚʦʨʘ KOH ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʦʪʩʪʘʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʦʜʫʢʪ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ ʦʜʠʥ ʨʘʟ 

ʚʦʜʦʡ (5 ʤʣ), ʦʜʠʥ ʨʘʟ ʘʮʝʪʦʥʦʤ (5 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ: 78 ʤʛ (77%). 

ʕɼʉ: Mo/I = 6:8. 

2.2.7. ʉʠʥʪʝʟ [{Mo6I 8}(H2O)6](ClO4)4Ŀ2H2O ([M] 4+-ClO4) 

[{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O (100 ʤʛ, 0,05 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 7 ʤʣ H2O ʠ ʟʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ 1ʄ ʨʘʩʪʚʦʨʘ HClO4 ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʠ ʟʘʪʝʤ ʫʧʘʨʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʨʦʜʫʢʪ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ ʦʜʠʥ ʨʘʟ 
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ʵʪʠʣʘʮʝʪʘʪʦʤ (5 ʤʣ), ʦʜʠʥ ʨʘʟ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (5 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 96 ʤʛ (90%). ʕɼʉ: Mo/I/Cl = 6:8,3:4,1. ʀʂ (KBr, ʩʤï1): ɜ(ClO) ï 1106, 934. ʀʟ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

2.2.8. ʉʠʥʪʝʟ [{Mo6I 8}(H2O)6](OSO2CF3)4Ŀ2H2O ([M] 4+-OTf)  

[{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O (100 ʤʛ, 0,05 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 7 ʤʣ H2O ʠ ʟʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ 1ʄ ʨʘʩʪʚʦʨʘ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(HOSO2CF3). ʇʦʣʫʯʝʥʥʳʡ ʦʢʨʘʰʝʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʳ ʜʝʢʘʥʪʠʨʦʚʘʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʚʘʣʠ ʦʜʠʥ 

ʨʘʟ ʵʪʠʣʘʮʝʪʘʪʦʤ (5 ʤʣ), ʦʜʠʥ ʨʘʟ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (5 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ: 101 ʤʛ (86%). ʕɼʉ: Mo/I/S = 6:8:4. ʀʂ (KBr, ʩʤï1): ɜ(SO3) ï 1256, 1026, ɜ(CF3) ï 

1173. ʀʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

2.2.9. ʉʠʥʪʝʟ [{Mo6I 8}(H2O)6](NO3)4Ŀ2H2O ([M] 4+-NO3) 

[{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O (100 ʤʛ, 0,05 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 7 ʤʣ H2O ʠ ʟʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ 1ʄ ʨʘʩʪʚʦʨʘ HNO3 ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʦʜʫʢʪ 

ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ ʦʜʠʥ ʨʘʟ ʵʪʠʣʘʮʝʪʘʪʦʤ (5 ʤʣ), ʦʜʠʥ ʨʘʟ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (5 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 86 ʤʛ (83%). ʕɼʉ: Mo/I = 

6:8. ʀʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

2.2.10. ʉʠʥʪʝʟ [{Mo6I 8}(H2O)6](OTs)4 ([M] 4+-OTs) 

[{ Mo6I8}( H2O)6](NO3)4Ŀ2H2O (100 ʤʛ, 0,05 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 7 ʤʣ H2O ʠ 

ʧʨʠʣʠʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ 1ʄ ʨʘʩʪʚʦʨʘ HOTs. ʇʦʣʫʯʝʥʥʳʡ ʤʫʪʥʳʡ ʨʘʩʪʚʦʨ ʦʪʩʪʘʠʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʜʦ ʚʳʧʘʜʝʥʠʷ ʢʨʘʩʥʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʨʦʜʫʢʪ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ ʦʜʠʥ ʨʘʟ ʵʪʠʣʘʮʝʪʘʪʦʤ 

(5 ʤʣ), ʦʜʠʥ ʨʘʟ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (5 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 108 ʤʛ 

(90%). ʕɼʉ: Mo/I/S = 6:8,7:4,7. ʀʂ (KBr, ʩʤï1): ɜas(SO2) ï 1196; ɜs(SO2) ï 1167; ɜ(SO) ï 

1011. ʀʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

2.2.11. ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʪ pH ʨʘʩʪʚʦʨʘ 

3,5 ʤʛ (1,4Ĭ10ï3 ʤʤʦʣʴ) [{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʨʘʩʪʚʦʨʘ 

HClO4 ʩʦ ʟʥʘʯʝʥʠʷʤʠ pH 3,4 ʠ 0. ɿʘʪʝʤ, 450 ʤʢʣ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʙʘʚʣʷʣʠ ʚ 1550 

ʤʢʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʬʠʥʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 3,15Ĭ10ï2 ʤʄ, 

ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʠʩʳʚʘʣʠ ʕʉʇ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ pH 11,7 ʠ 12,9 ʢ ʘʥʘʣʦʛʠʯʥʦʡ ʥʘʚʝʩʢʝ 
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ʢʦʤʧʣʝʢʩʘ ʚ 10 ʤʣ ʚʦʜʳ ʧʨʠʢʘʧʳʚʘʣʠ 1ʄ ʨʘʩʪʚʦʨ KOH. ɿʥʘʯʝʥʠʷ ʨʅ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʨʅ-ʤʝʪʨʘ OHAUS Starter 300, ʦʩʥʘʱʝʥʥʦʛʦ ʛʝʣʝʚʳʤ ʨʅ-

ʵʣʝʢʪʨʦʜʦʤ ST320 3-ʚ-1 (ʉʐɸ). ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʥʦʚʳʭ ʣʠʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʳʝ 

ʨʘʩʪʚʦʨʳ HClO4 ʠ KOH ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. 

2.2.12. ʀʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ pH 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩ [{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʨʘʩʪʚʦʨʘʭ HClO4 ʩ pH 0 ʠ 3,4, ʘ ʪʘʢʞʝ ʚ ʨʘʩʪʚʦʨʝ KOH ʩ pH = 11,2. 

ʇʨʠʤʝʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo 6I8}(H 2O)n(OH)6-n]
yĿʩʦʩʪʘʚʣʷʣʘ 

2,6Ĭ10ï2 ʤʄ (ɸ = 0,1 ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 350 ʥʤ). ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʩʪʚʦʨʦʚ ʨʘʩʢʣʘʜʳʚʘʣʠ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ. 

2.3. ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

2.3.1. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ h-BN (BNNS) ʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 

2.3.1.1.  ʇʦʣʫʯʝʥʠʝ ʤʘʪʨʠʮʳ BNNS 

150 ʤʛ (6,05 ʤʤʦʣʴ) h-BN ʧʦʤʝʱʘʣʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʪʝʬʣʦʥʦʚʳʡ ʘʚʪʦʢʣʘʚ 

(ʥʦʤʠʥʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 2ï3 ʘʪʤ), ʧʨʠʣʠʚʘʣʠ 30 ʤʣ ʨʘʩʪʚʦʨʘ H2O2 (ʢʦʥʮ. 30%), ʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɿʘʪʝʤ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ 

ʪʝʯʝʥʠʝ 20 ʯ ʧʨʠ 80 ÁC. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʪʚʝʨʜʫʶ ʬʘʟʫ ʩʤʝʩʠ ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʵʪʘʥʦʣʦʤ, ʟʘʪʝʤ 

ʩʫʰʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ɺʳʭʦʜ ~70%. 

2.3.1.2.  ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ n-BNNS 

ɺ ʢʦʣʙʝ ʩʤʝʰʠʚʘʣʠ 100 ʤʛ (4,0 ʤʤʦʣʴ) BNNS ʩʦ 100 ʤʣ ʘʮʝʪʦʥʘ ʠ ʜʦʙʘʚʣʷʣʠ 

ʨʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ (Bu4N)2[{Mo 6I8}(NO3)6]: 100, 300 ʠ 500 ʤʛ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ɿʘʪʝʤ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, 

ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 50 Áʉ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʩʩʳ. ʆʙʨʘʟʮʳ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ n-BNNS (n ð ʤʘʩʩʘ ʜʦʙʘʚʣʷʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʛʨʘʤʤʘʭ 

ʥʘ 1 ʛ BNNS, ʨʘʚʥʘʷ 1, 3, 5). 

2.3.2. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ 

2.3.2.1.  ʇʦʣʫʯʝʥʠʝ TiO 2 

ɼʠʦʢʩʠʜ ʪʠʪʘʥʘ ʧʦʣʫʯʘʣʠ ʛʠʜʨʦʣʠʟʦʤ ʠʟʦʧʨʦʧʦʢʩʠʜʘ ʪʠʪʘʥʘ (IV) (Ti(iOPr)4). 

ʀʟʦʧʨʦʧʦʢʩʠʜ ʪʠʪʘʥʘ (IV) ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʚ ʛʦʨʷʯʫʶ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ (80Áʉ) 

ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:50 ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ 

ʩʨʘʟʫ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʘ ʟʘʪʝʤ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 



55 

 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 80ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʙʝʣʳʡ ʧʦʨʦʰʦʢ ʧʨʦʤʳʚʘʣʠ 3 

ʨʘʟʘ ʚʦʜʦʡ ʠ 2 ʨʘʟʘ ʘʮʝʪʦʥʦʤ. ʏʠʩʪʳʡ TiO2 ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʭʦʜ: ~100%. 

2.3.2.2.  ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ n-TiO 2 

ɺ ʢʦʣʙʝ ʩʤʝʰʠʚʘʣʠ 100 ʤʛ (1,25 ʤʤʦʣʴ) TiO2 ʩ 10 ʤʣ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ [{M o6I8}(ɼʄʉʆ)6](NO3)4: 10, 50, 100 ʠ 150 ʤʛ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʥʪʝʥʩʠʚʥʤr 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʝ ʧʦʨʦʰʢʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʜʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʥʘʜ ʦʩʘʜʢʦʤ, ʘ ʟʘʪʝʤ 3 ʨʘʟʘ ʘʮʝʪʦʥʦʤ. 

ʄʘʪʝʨʠʘʣʳ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʮʳ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ n-

TiO2 (n ï ʤʘʩʩʘ ʜʦʙʘʚʣʷʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʛʨʘʤʤʘʭ ʥʘ 1ʛ TiO2, ʨʘʚʥʘʷ 0,1, 0,5, 1 ʠ 1,5). 

2.4.  ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʨ 

ɸʥʘʣʠʟ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʦʙʨʘʟʮʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Autosorb iQ ʢʦʤʧʘʥʠʠ Quantochrome ʧʨʠ 77 K. 

ʉʥʘʯʘʣʘ ʩʦʝʜʠʥʝʥʠʝ ʘʢʪʠʚʠʨʦʚʘʣʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ ʧʨʠ 200 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠïʜʝʩʦʨʙʮʠʠ N2 ʠʟʤʝʨʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʦʪ 10
ï

6 ʜʦ 0,995. ʋʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ɹʕʊ ʠ ɼʇʌ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʤʝʪʦʜʦʤ ɼʇʌ. 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʠ ʤʦʨʬʦʣʦʛʠʶ ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Libra 120 (Zeiss, ɻʝʨʤʘʥʠʷ) ʩ ʫʩʢʦʨʷʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 60 ʢɺ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʥʠʤʢʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. 

ʂʨʠʚʫʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ ʩʪʨʦʠʣʠ ʧʦ 100 ʪʦʯʢʘʤ. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) ʠ ʈʌʕʉ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ SPECS 

(ɻʝʨʤʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ Al KŬ-ʦʙʣʫʯʝʥʠʷ (hɜ = 1486,6 ʵɺ). 

ʊʦʥʢʠʡ ʩʣʦʡ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘʥʦʩʠʣʩʷ ʥʘ ʪʦʢʦʧʨʦʚʦʜʷʱʫʶ ʜʚʫʭʩʪʦʨʦʥʥʶʶ 

ʤʝʜʥʫʶ ʣʝʥʪʫ (3ʄ, ʉʐɸ). ʐʢʘʣʘ ʵʥʝʨʛʠʡ ʩʚʷʟʠ ʙʳʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʘ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʝʡ ʟʦʣʦʪʘ (Au4f7/2, 84,0 ʵɺ), ʩʝʨʝʙʨʘ 

(Ag3d5/2, 368,3 ʵɺ) ʠ ʤʝʜʠ (Cu2p3/2, 932,7 ʵɺ). ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʟʘʧʠʩʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʠʶ Ti2p3/2 (458,8 ʵɺ) ʦʪ ʤʘʪʨʠʮʳ TiO2 ʠ 

C1s (ʜʦ 285,0 ʵɺ) ʦʪ ʤʘʪʨʠʮʳ BNNS. 
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2.4.1. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʣʫʯʝʥʠʝ ʋʌ-ʩʚʝʪʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ 

ʢʨʘʩʠʪʝʣʷ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ Hamamatsu Photonics ʩʦ ʩʚʝʪʦʜʠʦʜʘʤʠ 

L11921-400 (ʜʣʠʥʘ ʚʦʣʥʳ 365 Ñ 5 ʥʤ, ~13 ʤɺʪ/ʩʤ2), ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤ 

ʢʦʥʪʨʦʣʣʝʨʦʤ C11924-211 

2.4.1.1.  ʈʘʟʣʦʞʝʥʠʝ ʨʦʜʘʤʠʥʘ ɹ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ ʩʚʝʪʦʤ 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ n-BNNS ʠ n-TiO2 ʠʩʩʣʝʜʦʚʘʣʠ ʚ 

ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʨʦʜʘʤʠʥʘ ɹ (RhB) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ (ɚ = 365 Ñ 5 ʥʤ, ~13 

ʤɺʪ/ʩʤ2). ɺ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 20 ʤʛ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 60 ʤʣ ʚʦʜʳ 

ʩʤʝʰʠʚʘʣʠ ʚ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ɿʘʪʝʤ ʚ 

ʨʝʘʢʪʦʨ ʜʦʙʘʚʣʷʣʠ 20 ʤʣ ʨʘʩʪʚʦʨʘ RhB (C = 10 ʤʛ/ʣ) ʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ ʚ ʪʝʤʥʦʪʝ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʆʙʱʠʡ 

ʦʙʲʝʤ 80 ʤʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ RhB 2,5 ʤʛ/ʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 0,25 ʤʛ/ʣ. ɿʘʪʝʤ, 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʚ ʪʝʯʝʥʠʝ 45-120 ʤʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɺʦ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʦʪʙʠʨʘʣʠ ʥʝʩʢʦʣʴʢʦ 

ʘʣʠʢʚʦʪ ʨʘʩʪʚʦʨʦʚ (8 ʤʣ) ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚʳʜʝʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ RhB. ʉʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ RhB ʦʪʩʣʝʞʠʚʘʣʠ ʧʦ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʧʨʠ 554 ʥʤ. 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (keff) ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʢʠʥʝʪʠʢʫ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʫʪʝʤ 

ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ln(C/C0) ʦʪ t, ʛʜʝ C ð ʢʦʥʮʝʥʪʨʘʮʠʷ RhB 

ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ t, C0 ð ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ RhB, t ð ʚʨʝʤʷ, ʢʦʛʜʘ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʘʣʠʢʚʦʪʳ ʨʘʩʪʚʦʨʦʚ. 

ʎʠʢʣʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʎʠʢʣʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʦʛʠʯʥʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ 

ʵʢʩʧʝʨʠʤʝʥʪʫ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʢʨʫʛʘ ʦʙʣʫʯʝʥʠʷ ʋʌ-ʩʚʝʪʦʤ (60 ʤʠʥ) ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʫ (10 

ʤʣ), ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʜʣʷ 5 ʤʣ ʚʳʜʝʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʡ 

ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ. ʆʩʪʘʚʰʠʝʩʷ 5 ʤʣ ʨʘʩʪʚʦʨʘ ʚʤʝʩʪʝ ʩ ʦʩʘʜʢʦʤ ʩʥʦʚʘ ʧʦʤʝʱʘʣʠ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʠʩʭʦʜʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ RhB (2,5 ʤʛ/ʣ) ʠ ʦʙʱʠʡ 

ʦʙʲʝʤ (80 ʤʣ) ʜʦʙʘʚʣʝʥʠʝʤ 5 ʤʣ ʨʘʩʪʚʦʨʘ RhB ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 40 ʤʛ/ʣ. 

2.4.1.2.  ʈʘʟʣʦʞʝʥʠʝ RhB ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʦʛʠʯʥʳʡ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʷʩʥʳʡ ʜʝʥʴ ʚ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ 

(ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ = ~30-35 ʤɺʪ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ~25 Áʉ.). 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 54.855924Á, 83.103446Á. 
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ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʜʚʝʨʛʘʣʠ ʦʙʣʫʯʝʥʠʶ ʚ 

ʪʝʯʝʥʠʝ 90-120 ʤʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

2.4.1.3. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ 

ɺʣʠʷʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, 

ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʋʌ-ʩʚʝʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʛʣʦʪʠʪʝʣʝʡ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ: ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ BNNS ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ (ʧʦʛʣʦʱʘʝʪ ʆ2
Åï, C = 10 ʤʄ), (NH4)2C2O4 (ʧʦʛʣʦʱʘʝʪ ʜʳʨʢʠ (h+), C = 10 ʤʄ), 

EtOH (ʧʦʛʣʦʱʘʝʪ ʆʅÅ, ʉ = 10 ʤʄ); ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ TiO2 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ Na2C2O4 

(ʧʦʛʣʦʱʘʝʪ ʜʳʨʢʠ (h+), C = 10 ʤʄ), AgNO3 (ʧʦʛʣʦʱʘʝʪ eï, C = 10 ʤʄ), i-PrOH (ʧʦʛʣʦʱʘʝʪ 

ʆʅÅ, ʉ = 10 ʤʄ), ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʆ2
Åï ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʙʘʨʙʦʪʠʨʦʚʘʣʠ ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʨʛʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

(ʆɸ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ʆɸ = 
 ̒̌ ̙̏̃̔̋̏̊

100%                                                                                              (1), 

ʛʜʝ keff(ʩ ʣʦʚʫʰʢʦʡ) ï ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʦʛʣʦʪʠʪʝʣʷ, keff ï ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʝʟ ʧʦʛʣʦʪʠʪʝʣʷ. 
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3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠʦʜʠʜʥʳʝ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩ rʤʦʣʠʙʜʝʥʘ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʘʛʝʥʪʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʙʠʦʣʦʛʠʷ ʠ ʤʝʜʠʮʠʥʘ [7,13,149], ʨʘʟʨʘʙʦʪʢʘ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ [22,150] 

ʠ ʧʨ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʭ ʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʷʨʢʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ 

ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʦʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʤʠʩʩʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʝʥʦ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʳʙʦʨʢʝ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʰʠʨʝʥʠʶ ʩʝʤʝʡʩʪʚʘ ʠʦʜʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ H2O ʠ OHï-ʣʠʛʘʥʜʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʶ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ ʩʯʠʪʘʣʠʩʴ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ ʛʠʜʨʦʣʠʟʘ, ʢʦʪʦʨʦʤʫ ʥʝʠʟʙʝʞʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʩʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʫʜʦʙʥʳʤ ʦʙʲʝʢʪʦʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʘ ʥʘ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʋʜʦʙʩʪʚʦ ʠʤʝʥʥʦ ʜʘʥʥʦʡ ʩʝʨʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʩʭʦʞʠʤ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʟʤʝʥʷʪʴ ʵʪʦ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ pH ʩʨʝʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʚʦʟʤʦʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʤʦʣʠʙʜʝʥʘ ʩ H2O ʠ OHï-ʣʠʛʘʥʜʘʤʠ, ʥʘ ʧʨʠʤʝʨʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ ɹ (RhB). ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ h-BN ʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠʭ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [{ Mo6I8}( H2O)2(OH)4]ĿnH2O. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ TiO2 

ʙʫʜʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʚʠʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʘ ʩ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʤʘʪʨʠʮʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ 

ʨʦʜʘʤʠʥ ɹ (RhB), ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʤʦʜʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʚʚʠʜʫ ʩʚʦʝʡ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ, ʠ ʝʛʦ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥ ʚ ʣʠʪʝʨʘʪʫʨʝ [18,136,151-

153]. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʥʘʙʦʨʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ 

ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʤ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʧʨʠʯʝʤ 

ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʨʘʟʣʦʞʝʥʳ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʠʚʝʜʝʥʳ ʪʘʙʣʠʮʝ ʇ1 ʚ ʧʨʠʣʦʞʝʥʠʠ. 



59 

 

ʇʝʨʝʡʜʝʤ ʢ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

3.1. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ {Mo6I 8} ʩ H2O ʠ OH-ʣʠʛʘʥʜʘʤʠ 

3.1.1. ʇʦʣʫʯʝʥʠʝ 

ʅʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ Mo6I8} (H2O)2(OH)4]ĿnH2O (n = 2, 

12, 14) ʙʳʣʠ ʦʧʠʩʘʥʳ ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʠ ʠʭ ʧʦʣʫʯʝʥʠʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ 

[54,56]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ 

ʛʠʜʨʦʣʠʟ ʢʦʤʧʣʝʢʩʘ [K(diglyme)(CH3CN)]2[Mo6I14] ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʙʦʨʘʪʘ ʥʘʪʨʠʷ (ʨʅ 

= 9,18) [56]. ʇʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ H2O ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʫʜʘʣʦʩʴ ʚʘʨʴʠʨʦʚʘʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ: ʠʟ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚʳʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʝʪʩʷ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʯʝʪʳʨʥʘʜʮʘʪʴʶ 

ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ; ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ ʜʚʝʥʘʜʮʘʪʴʶ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

H2O; ʝʩʣʠ ʞʝ ʨʘʟʙʘʚʠʪʴ ʨʘʩʪʚʦʨ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʚʦʜʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1:1 ï ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʩ ʜʚʫʤʷ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʨʘʙʦʪʝ [54] ʙʳʣ ʧʨʠʚʝʜʝʥ ʜʨʫʛʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʛʠʜʨʦʣʠʟ ʢʦʤʧʣʝʢʩʘ [{ Mo6I8}(ɼʄʉʆ)6](NO3)4 ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩ ʧʨʦʪʝʢʘʝʪ ʟʘ 8 ʯʘʩʦʚ. ɺ 

ʨʘʙʦʪʝ [57] ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʛʠʜʨʦʣʠʟ ʧʨʦʪʝʢʘʝʪ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

[{ Mo6I8} (H2O)2(OH)4]Ŀ2H2O ʧʨʠ ʰʝʩʪʠʯʘʩʦʚʦʤ ʦʪʩʪʘʠʚʘʥʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ H2O ʠ OHï-ʣʠʛʘʥʜʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [154,155]. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʚʩʝʭ ʥʦʚʳʭ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ2 ʚ ʧʨʠʣʦʞʝʥʠʠ. ʆʩʥʦʚʥʳʝ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)2[{Mo 6I8}(NO3)6] ʠ (Bu4N)2[{Mo 6I8}(OTs)6]. ɺʥʝʰʥʠʝ 

(ʘʧʠʢʘʣʴʥʳʝ) NO3
ï ʠ OTsï-ʣʠʛʘʥʜʳ ʚ ʥʠʭ ʷʚʣʷʶʪʩʷ ʣʘʙʠʣʴʥʳʤʠ, ʠ ʧʦʪʦʤʫ ʤʦʛʫʪ ʣʝʛʢʦ 

ʟʘʤʝʱʘʪʴʩʷ ʥʘ ʣʠʛʘʥʜʳ H2O ʠ OHï. ʊʘʢ, ʚ 96%-ʤ ʵʪʘʥʦʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʪʝʢʘʝʪ 

ʛʠʜʨʦʣʠʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{ Mo6I8}( H2O)4(OH)2](NO3)2Ŀ3H2O ([M]2+-

NO3) ʠ [{ Mo6I8}( H2O)4(OH)2](OTs)2Ŀ2H2O ([M]2+-OTs) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʫʪʝʤ ʜʠʬʬʫʟʠʠ 

ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʩʧʠʨʪʦʚʳʝ ʨʘʩʪʚʦʨ rʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ [{ Mo6I8} L6]
n, ʩʦʜʝʨʞʘʱʠʭ 24 ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʘ, ʠ ʚ 

ʷʜʨʝ ʢʦʪʦʨʦʛʦ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥʳ ʜʚʝʥʘʜʮʘʪʴʶ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤʠ ʢʦʚʘʣʝʥʪʥʳʤʠ 

ʩʚʷʟʷʤʠ. ʂ ʢʘʞʜʦʡ ʛʨʘʥʠ ʦʢʪʘʵʜʨʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʦ ʧʦ ʦʜʥʦʤʫ ɛ3-ʤʦʩʪʠʢʦʚʦʤʫ ʣʠʛʘʥʜʫ Iï. 

ʂʘʞʜʳʡ ʘʪʦʤ ʤʦʣʠʙʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʷʟʘʥ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʚʥʝʰʥʠʭ 

(ʘʧʠʢʘʣʴʥʳʭ) ʣʠʛʘʥʜʦʚ H2O ʠ OHï. ʉʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ 

ʧʦʜʪʚʝʨʞʜʝʥ ʩ ʧʦʤʦʱʴʶ ʕɼʉ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩʫʥʦʢ 3. ʂʨʠʚʘʷ ʊɻ ʢʦʤʧʣʝʢʩʘ [M] 2+-NO3 (ɸ) ʠ [M] 2+-OTs (ɹ) 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʦʪʝʨʷ ʤʘʩʩʳ ʢʦʤʧʣʝʢʩʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 30-

210 Áʉ ʩʦʩʪʘʚʣʷʝʪ ~9% ʜʣʷ ʢʦʤʧʣʝʢʩʘ [M]2+-NO3 (ʈʠʩʫʥʦʢ 3 ɸ) ʠ ~6% ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[M]2+-OTs (ʈʠʩʫʥʦʢ 3 ɹ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʝʨʝ ʚʩʝʭ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ. 

ʂʣʘʩʪʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [{ Mo6I8}( H2O)4(OH)2](NO3)2Ŀ3H2O ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʪʨʠʛʠʜʨʘʪʘ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P1̀, Z = 2) (ʈʠʩʫʥʦʢ 4). 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʦʚ ʄʦ, ʚʦʩʝʤʴ ʘʪʦʤʦʚ I ʠ ʰʝʩʪʴ 

ʘʪʦʤʦʚ ʆ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʜʚʫʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ ʢʣʘʩʪʝʨʥʳʤ 

ʤʦʣʝʢʫʣʘʤ. ɺʩʝ ʘʪʦʤʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ, ʘ 

ʮʝʥʪʨʳ ʢʣʘʩʪʝʨʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʯʘʩʪʥʳʤʠ ʧʦʟʠʮʠʷʤʠ (0, İ, İ) ʠ (İ, 0, 0). ʆʩʥʦʚʥʳʝ 

ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʪʘʙʣʠʮʝ 4 ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[4,36,37,45,47,54,56,126]. ʂʘʞʜʳʡ ʢʘʪʠʦʥʥʳʡ ʢʣʘʩʪʝʨ [{Mo6I8)(H2O)4(OH)2]
2+ ʩʚʷʟʘʥ ʩ 

ʯʝʪʳʨʴʤʷ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ MoOH2ĿĿĿOHïMo (2,475(4) ʠ 

2,500(4) ¡), ʦʙʨʘʟʫʷ ʩʣʦʠ. ɼʚʘ ʧʨʦʪʠʚʦʠʦʥʘ NO3
ï, ʘ ʪʘʢʞʝ ʪʨʠ ʤʦʣʝʢʫʣʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʚʦʚʣʝʯʝʥʳ ʚ ʰʠʨʦʢʫʶ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ 

ʩʦʝʜʠʥʷʶʪ ʵʪʠ ʩʣʦʠ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʠʥʳ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Mo ʠ 
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ʵʢʚʘʪʦʨʠʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ OHï ʠ H2O (2,113(2) ï 2,135(3) ¡ ʠ 2,114(2) ï 2,120(3) ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʩʠʣʴʥʦʤ ʚʦʜʦʨʦʜʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʟʘʤʝʪʥʦ ʢʦʨʦʯʝ 

ʘʢʩʠʘʣʴʥʳʭ ʩʚʷʟʝʡ MoïOH2 (2,189(3) ï 2,196(3) ¡). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʣʦʷʤʠ, 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʤʝʞʜʫ ʯʝʪʳʨʴʤʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʨʝʜʥʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ ʄʦïʆ. ʈʘʩʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨ-ʢʣʘʩʪʝʨ (ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ) 

ʨʘʚʥʳ 8,885, 8,945 ʠ 10,555 ¡. ʈʘʩʯʝʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ (Dcalc) ʩʦʩʪʘʚʣʷʝʪ 4,420 

ʛ/ʩʤ3. 

 

ʈʠʩʫʥʦʢ 4. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ [M]2+-NO3 (ʩʣʝʚʘ). ɸʪʦʤʳ H ʠ I, 

ʛʨʫʧʧʳ NO3 ʠ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ H2O ʦʧʫʱʝʥʳ. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ [M] 2+-OTs 

(ʩʧʨʘʚʘ), ʦʪʤʝʯʝʥʥʳʝ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. ɸʪʦʤʳ H ʠ I ʦʧʫʱʝʥʳ 

ʂʣʘʩʪʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [{Mo6I8}(H 2O)4(OH)2](OTs)2Ŀ2H2O ([M]2+-OTs) 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʜʠʛʠʜʨʘʪʘ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P1̀, 

Z = 1) (ʈʠʩʫʥʦʢ 4). ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ ʄʦ, ʯʝʪʳʨʝ 

ʘʪʦʤʘ I ʠ ʪʨʠ ʘʪʦʤʘ ʆ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʝʜʠʥʠʮʝ. ɺʩʝ ʘʪʦʤʳ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ, ʘ ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ (İ, İ, İ). ʆʩʥʦʚʥʳʝ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʪʘʢʞʝ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ [4,36,37,45,47,54,56,126]. ɸʥʘʣʠʟ ʜʣʠʥ ʩʚʷʟʝʡ MoïO 

ʧʦʟʚʦʣʠʣ ʣʦʢʘʣʠʟʦʚʘʪʴ ʣʠʛʘʥʜʳ OHï ʠ H2O. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [56], ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʫ ʧʦʣʷʨʥʳʭ ʩʚʷʟʝʡ, ʥʘʠʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ MoïO (2,053(7) ¡) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʣʠʛʘʥʜʳ ï ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣ r H2O (2,156, 2,175 ¡). ɺ ʦʪʣʠʯʠʝ ʦʪ [M]2+-NO3 

ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ ʥʝʪ. ʆʜʥʘʢʦ ʢʘʞʜʘ ̫ ʢʣʘʩʪʝʨʥʘ ̫ ʝʜʠʥʠʮʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʯʝʨʝʟ ʤʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʪ.ʝ. ʧʫʪʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ MoïOHĿĿĿH2OĿĿĿH2OïMo ʠ MoïOH2ĿĿĿH2OĿĿĿH2OïMo 

(2,579, 2,595 ʠ 2,621 ¡), ʦʙʨʘʟʫʷ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʦʟʠʣʘʪ-ʘʥʠʦʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʤʝʞʜʫ ʩʣʦʷʤʠ, ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʢʣʘʩʪʝʨʥʳʤʠ 
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ʝʜʠʥʠʮʘʤʠ (MoïO(H)HĿĿĿOTs = 2,695, 2,712 ¡) ʠ ʤʦʣʝʢʫʣʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ 

(HOHĿĿĿOTs = 2,727 ¡). ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ ʨʘʚʥʳ 9,447, 9,459 ʠ 11,504 

¡, Dcalc = 3,609 ʛ/ʩʤ3. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ [M]2+-NO3 ʩ ʨʘʩʪʚʦʨʦʤ 

ʜʠʬʝʥʠʣʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (PhO)2PO2H ʚ ʵʪʘʥʦʣʝ ʦʙʨʘʟʫʝʪʩʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʦʨʘʥʞʝʚʳʡ ʧʦʨʦʰʦʢ ʩʦʩʪʘʚʘ [{Mo 6I8}(H 2O)4(OH)2]((PhO)2PO2)2ẗ6H2Oẗ2EtOHẗ2(PhO)2PO2H 

([M]2+-OPO(OPh)2), ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʠ ʪʠʧʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ 

ʢʘʢ ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ɼʄʉʆ, ɼʄʌɸ, CH2Cl2 ʠ ʜʨ. ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʩʦʩʪʘʚ ʠ ʬʘʟʦʚʘʷ ʯʠʩʪʦʪʘ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 

5). ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʈʌɸ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ [M]2+-OPO(OPh)2 ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʘʟʦʚʫʶ ʯʠʩʪʦʪʫ ʢʦʤʧʣʝʢʩʘ (ʈʠʩʫʥʦʢ 5 A). ʇʦ ʜʘʥʥʳʤ 

ʊɻ-ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 5 ɹ), ʧʦʪʝʨʷ ʤʘʩʩʳ ʤʝʜʣʝʥʥʦ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ~40Áʉ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʜʦ ~110Áʉ, ʜʦʩʪʠʛʘʷ ~7 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ, ʯʪʦ ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʤʦʣʝʢʫʣʘʤ 

EtOH ʠ ʰʝʩʪʠ ʤʦʣʝʢʫʣʘʤ H2O. ʆʩʪʘʪʦʯʥʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ (93 %) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ 

[{Mo 6I8}(H 2O)4(OH)2]((PhO)2PO2)2ẗ2(PhO)2PO2H, ʢʦʪʦʨʘʷ, ʚʝʨʦʷʪʥʦ, ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʦʪʝʨʶ 

ʬʦʩʬʘʪ-ʠʦʥʦʚ ʠ ʨʘʟʨʫʰʝʥʠʝ ʷʜʨʘ ʢʣʘʩʪʝʨʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ. 

 

ʈʠʩʫʥʦʢ 5. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ (A) ʠ ʢʨʠʚʘʷ ʊɻ (ɹ) ʢʦʤʧʣʝʢʩʘ [M] 2+-OPO(OPh)2 

ʉʦʝʜʠʥʝʥʠʝ [{ Mo6I8}( H2O)4(OH)2]((PhO)2PO2)2ẗ6H2Oẗ2EtOHẗ2(PhO)2PO2H 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘ ̫ ʛʨʫʧʧʘ P 21/n, Z = 2). 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ Mo, ʯʝʪʳʨʝ ʘʪʦʤʘ I ʠ ʪʨʠ ʘʪʦʤʘ O, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʬʨʘʛʤʝʥʪʫ ʢʣʘʩʪʝʨʘ. ɺʩʝ ʘʪʦʤʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ, ʘ ʮʝʥʪʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ 

ʠʥʚʝʨʩʠʠ (0, 0, 0). ʂʘʪʠʦʥ [{Mo6I8}(H 2O)2(OH)4]
2+ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ, ʪʠʧʠʯʥʫʶ ʜʣʷ 
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ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʘ ʨʘʩʩʪʦʷʥʠʷ MoïMo, MoïI, MoïO ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[4,36,37,45,47,54,56,126]. ʇʦʤʠʤʦ ʢʣʘʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʬʨʘʛʤʝʥʪʘ (PhO)2PO2. ɸʥʘʣʠʟ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ PïO ʧʦʢʘʟʘʣ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʜʚʫʤʷ ʬʦʩʬʘʪʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

(ʈʠʩʫʥʦʢ 6 ɸ). ʈʘʩʩʪʦʷʥʠʷ P(1)ïO(13) ʠ P(1)ïO(14), ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʬʨʘʛʤʝʥʪʫ, ʙʣʠʟʢʠ ʠ ʨʘʚʥʳ 1,467(9) ʠ 1,479(10) ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠʮʝ (PhO)2PO2 ʨʘʩʩʪʦʷʥʠʷ P(2)ïO(23) ʠ P(2)ïO(24) ʨʘʟʣʠʯʘʶʪʩʷ ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ï 1,459(11) ʠ 1,503(10) ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ PïO ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʚʳʡ ʬʨʘʛʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʥʠʦʥ (PhO)2PO2
ï, ʘ ʚʪʦʨʦʡ ï ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ ʢʠʩʣʦʪ r (PhO)2PO2H. 

ɼʠʬʝʥʠʣʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, 

ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʪʦʡ ʩʨʝʜʥʝʡ ʩʠʣʳ (pKa = 1,9 [156]), ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʚrʘʪʴʩʷ 

ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ (RO)2P(O)OH [157-

160]. ɺ ʮʝʣʦʤ ʨʘʩʩʪʦʷʥʠʷ PïO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,45 ʜʦ 1,50 ¡, ʘ PïOH ï ʦʪ 1,50 ʜʦ 

1,55 ¡, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʩʦʩʪʘʚʦʤ 

[{Mo 6I8}(H 2O)4(OH)2]((PhO)2PO2)2ẗ6H2Oẗ2EtOHẗ2(PhO)2PO2H. 
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ʈʠʩʫʥʦʢ 6. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ ʢʣʘʩʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ [Mo] 2+-OPO(OPh)2 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ɻ ʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʵʪʘʥʦʣʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʰʠʨʦʢʦʡ ʩʝʪʠ 

ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʂʘʞʜʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʘʪʠʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʯʝʪʳʨʴʤʷ 

ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʚʦʩʝʤʴʶ ʜʠʬʝʥʠʣʬʦʩʬʘʪʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (4 ʘʥʠʦʥʘ 

(PhO)2PO2
ï ʠ 4 ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʪ r (PhO)2PO2H). ʂʘʞʜʘʷ ʠʟ ʜʚʫʭ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ H2O (O(1)) ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ (PhO)2PO2
ï 

(MoïOH2ẗẗẗOïP(1) = 2,705 ¡) ʠ (PhO)2PO2H (MoïOH2ẗẗẗOïP(2) = 2,546 ¡), ʘ ʜʚʝ 

ʦʩʪʘʚʰʠʝʩʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ (O(2)) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ O(1W) ʠ O(2W) (MoïO(H)HẗẗẗOH2 = 2,601 ʠ 2,617 ¡). ɼʚʝ ʆʅ-

ʛʨʫʧʧʳ (O(3)) ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ (PhO)2PO2
ï (MoïOHẗẗẗOïP(1) = 

2,662 ¡) ʠ (PhO)2PO2H (MoïOHẗẗẗHOïP(2) = 2,533 ¡). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʳʡ ʢʘʪʠʦʥ 

[{Mo 6I8}(H 2O)2(OH)4]
2+ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʥʩ-ʠʟʦʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʷʤʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩʦʩʝʜʥʠʭ 

ʢʘʪʠʦʥʦʚ ʢʣʘʩʪʝʨʘ. ʂʘʪʠʦʥʳ ʫʧʘʢʦʚʘʥʳ ʩʣʦʷʤʠ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ac 
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ʠ ʨʘʟʜʝʣʝʥʳ ʘʥʠʦʥʘʤʠ ʠ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʢʠʩʣʦʪ.r ʌʨʘʛʤʝʥʪʳ ʈʆ2 ʥʘʧʨʘʚʣʝʥʳ ʢ 

ʢʘʪʠʦʥʫ ʢʣʘʩʪʝʨʘ ʠ ʚʦʚʣʝʯʝʥʳ ʚ ʩʝʪ ɹʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʈʠʩʫʥʦʢ 6 ɹ), ʘ C6H5ï

ʬʨʘʛʤʝʥʪʳ ʥʘʧʨʘʚʣʝʥʳ ʦʪ ʢʣʘʩʪʝʨʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʩʦʩʝʜʥʝʛʦ ʩʣʦʷ. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ ʩʦʩʪʘʚʣʷʶʪ 9,037, 12,849 ʠ 17,681 ¡, 

Dcalc = 2,356 ʛ/ʩʤ
3. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʢʦʤʧʣʝʢʩʘ [M]2+-NO3 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O ([M]0-h12) 

ʧʫʪʝʤ ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʪʩʪʘʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 89%. ɸʥʘʣʦʛʠʯʥʳʤ 

ʩʧʦʩʦʙʦʤ ʜʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʢʦʤʧʣʝʢʩʘ [{Mo 6I8}(ɼʄʉʆ)6](NO3)4 ʩ ʚʳʭʦʜʦʤ 

91%. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣ ʧʦʣʫʯʝʥ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [56], 

ʦʜʥʘʢʦ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʉʦʝʜʠʥʝʥʠʝ [{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʜʦʜʝʢʘʛʠʜʨʘʪʘ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P1̀, Z = 1), ʢʦʛʜʘ ʢʘʢ 

ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʥʘʣʦʛ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ R3̀m:H. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ [M]0-h12 ʩʦʜʝʨʞʠʪ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ ʄʦ, 

ʯʝʪʳʨʝ ʘʪʦʤʘ I ʠ ʪʨʠ ʘʪʦʤʘ ʆ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʝʜʠʥʠʮʝ. ɺʩʝ ʘʪʦʤʳ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ, ʘ ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʷʝʡ (0, İ, İ). ɸʥʘʣʠʟ ʜʣʠʥ ʩʚʷʟʝʡ MoïO ʧʦʟʚʦʣʠʣ ʣʦʢʘʣʠʟʦʚʘʪʴ ʣʠʛʘʥʜʳ 

OHï ʠ H2O. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ [M]2+-OTs, ʥʘʠʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʄʦïʆ (2,090(3), 2,095(3) ¡) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʘʤ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʣʠʛʘʥʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʅ2ʆ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʪʨʘʥʩ-ʧʦʟʠʮʠʠ 

(2,193(3) ¡). ɼʚʝʥʘʜʮʘʪʴ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚʦʚʣʝʯʝʥʳ ʚ ʰʠʨʦʢʫʶ ʩʝʪʴ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʈʠʩʫʥʦʢ 7) ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʅ2ʆ ʠʣʠ ʆʅ
ï-ʛʨʫʧʧʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚʘʨʴʠʨʫʶʱʠʤʠʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 2,879(9)-2,975(9) ¡ ʠ 2,680(8)-2,917(11) ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,688(8)-2,864(8) ¡. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ ʨʘʚʥʳ 9,428, 9,799 ʠ 10,008 ¡, Dcalc = 3,880 ʛ/ʩʤ3. 
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ʈʠʩʫʥʦʢ 7. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ [M] 0-h12, ʦʪʤʝʯʝʥʥʳʝ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. ɸʪʦʤʳ H ʠ I ʦʧʫʱʝʥʳ 

ʂʣʘʩʪʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [{Mo 6I8}(H 2O)2(OH)4]Ŀ2H2O ([M]0-h2), ʘ ʪʘʢʞʝ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʚʝʩʪʥʳ [56], ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ï ʛʠʜʨʦʣʠʟ ʢʦʤʧʣʝʢʩʘ 

[{Mo 6I8}( H2O)4(OH)2](NO3)2Ŀ3H2O ʚ ʨʘʩʪʚʦʨʝ ʵʪʘʥʦʣʘ ʠʣʠ ʩʤʝʩʠ ʵʪʘʥʦʣ/ʚʦʜʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 2,5%-ʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ [M]0-h2 ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʘʥʦʣʘ 50% ʠ ʙʦʣʝʝ (ʚʳʭʦʜ 66%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʛʠʜʨʘʪʥʦʝ ʯʠʩʣʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʦʜʘ/ʵʪʘʥʦʣ, ʪ.ʝ. 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʜʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ 

ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 8). ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʦʙʩʫʞʜʝʥʠʷ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ [M]0-h2 ʢʘʞʜʳʡ ʘʧʠʢʘʣʴʥʳʡ ʣʠʛʘʥʜ ʢʣʘʩʪʝʨʥʦʡ ʝʜʠʥʠʮʳ 

[{Mo 6I8}(H 2O)2(OH)4] ʩʚʷʟʘʥ ʩ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʯʝʪʳʨʝʭ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʦʚ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ MoOH2ĿĿĿOHïMo (2,654(7) ¡) (ʈʠʩʫʥʦʢ 9). ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ ʨʘʚʥʳ 9,138 ¡ ʠ 9,634 ¡, Dcalc = 4,931 ʛ/ʩʤ3. 
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ʈʠʩʫʥʦʢ 8. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ [M] 0-h2, ʩʦʦʪʥʝʩʝʥʥʘʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

 

ʈʠʩʫʥʦʢ 9. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ [M] 0-h2, ʦʪʤʝʯʝʥʥʳʝ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. ʇʨʷʤʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ 

ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʪʤʝʯʝʥʳ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. ɸʪʦʤʳ H, I ʠ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ 

H2O ʦʧʫʱʝʥʳ 

ʀʟ ʢʦʤʧʣʝʢʩʘ [{Mo 6I8}(H 2O)2(OH)4]Ŀ12H2O ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

[{Mo 6I8}(H 2O)2(OH)4]Ŀ14H2O ([M]0-h14) ʧʫʪʝʤ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. ɺr ʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 77%. 

ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩ [M]0-h14 ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ ʚ ʣʠʪʝʨʘʪʫʨʝ [56], ʝʛʦ ʩʦʩʪʘʚ 

ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʧʫʪʝʤ ʩʦʦʪʥʝʩʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩ 
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ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 10). ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ. ɸʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʚ ʢʣʘʩʪʝʨʥʳʭ ʝʜʠʥʠʮʘʭ 

[{Mo 6I8}(H 2O)2(OH)4] ʩʚʷʟʘʥʳ ʰʠʨʦʢʦʡ ʩʝʪʴʶ ʠʟ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (ʈʠʩʫʥʦʢ 11). ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 

ʢʣʘʩʪʝʨʦʚ ʨʘʚʥʳ 9,342, 9,462 ʠ 10,044 ¡, Dcalc = 3,695 ʛ/ʩʤ3. 

 

ʈʠʩʫʥʦʢ 10. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ [M] 0-h14, ʩʦʦʪʥʝʩʝʥʥʘʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

 

ʈʠʩʫʥʦʢ 11. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ [M] 0-h14, ʦʪʤʝʯʝʥʥʳʝ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. ɸʪʦʤʳ H ʠ I ʦʧʫʱʝʥʳ 

ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʧʠʢʘʣʴʥʳʭ OHï-ʣʠʛʘʥʜʦʚ ʚ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘʭ. ʊʘʢ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ 
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[{Mo 6I8}(H 2O)6]
4+ ʠʟ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ [M]0-h12. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[{ Mo6I8}( H2O)6](ClO4)4Ŀ2H2O ([M]4+-ClO4), [{ Mo6I8}( H2O)6](NO3)4Ŀ2H2O ([M]4+-NO3) ʠ 

[{ Mo6I8}( H2O)6](SO3CF3)4Ŀ2H2O ([M]4+-OTf) ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ [M]0-h12 ʚ 1ʄ 

ʨʘʩʪʚʦʨʝ ʭʣʦʨʥʦʡ, ʘʟʦʪʥʦʡ ʠʣʠ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʩʦʩʪʘʚʠʣʠ 90%, 

83% ʠ 86%. 

ʂʣʘʩʪʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [M]4+-ClO4 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʜʠʛʠʜʨʘʪʘ ʚ ʪʨʠʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P̀ 1, Z = 1). ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʪʨʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ ʄʦ, ʯʝʪʳʨʝ ʘʪʦʤʦʚ I ʠ ʪʨʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ H2ʆ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʢʣʘʩʪʝʨʥʦʡ ʝʜʠʥʠʮʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʘʥʠʦʥʘ ClO4
ï ʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ɺʩʝ ʘʪʦʤʳ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ, ʘ ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ (İ, İ, 0). 

ʉʦʝʜʠʥʝʥʠʝ [M]4+-NO3 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʜʠʛʠʜʨʘʪʘ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P̀ 1, Z = 2). ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ 

ʘʪʦʤʦʚ ʄʦ, ʚʦʩʝʤʴ ʘʪʦʤʦʚ I ʠ ʰʝʩʪʴ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ H2ʆ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʜʚʫʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ ʢʣʘʩʪʝʨʥʳʤ ʤʦʣʝʢʫʣʘʤ. ʊʘʢʞʝ ʚ ʷʯʝʡʢʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʝʪʳʨʝ ʥʝʟʘʚʠʩʠʤʳʭ ʘʥʠʦʥʘ NO3
ï ʠ ʜʚʝ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɺʩʝ 

ʘʪʦʤʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ, ʘ ʮʝʥʪʨ rʢʣʘʩʪʝʨʦʚ 

ʩʦʚʧʘʜʘʪʁ ʩ ʮʝʥʪʨʘʤʠ ʠʥʚʝʨʩʠʠ (İ, 0, 0) ʠ (0, İ, İ). 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [M]4+-OTf ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʜʠʛʠʜʨʘʪʘ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ C2/c, Z = 4). ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʪʨʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ ʄʦ, ʯʝʪʳʨʝ ʘʪʦʤʘ I ʠ ʪʨʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ H2ʆ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʢʣʘʩʪʝʨʥʦʡ ʝʜʠʥʠʮʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʷʯʝʡʢʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʘʥʠʦʥʘ SO3CF3
ï ʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ 

ʚʦʜʳ. ɺʩʝ ʘʪʦʤʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ, ʘ ʮʝʥʪʨʳ 

ʢʣʘʩʪʝʨʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ (στ, 
ρ
τ, 0). 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ [M]4+-ClO4, [M]4+-NO3 ʠ [M]4+-OTf ʢʘʞʜʘʷ ʢʣʘʩʪʝʨʥʘʷ 

ʝʜʠʥʠʮʘ [{Mo 6I8}(H 2O)6]
4+ ʩʚʷʟʘʥʘ ʩ ʩʦʩʝʜʥʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʘʥʠʦʥʘʤʠ ClO4
ï, NO3

ï (ʈʠʩʫʥʦʢ 

12) ʠʣʠ SO3CF3
ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 13). ʄʝʞʢʣʘʩʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʦʝʜʠʥʝʥʠʠ 

[M]4+-ClO4 ʩʦʩʪʘʚʣʷʶʪ 9,577, 11,144 ʠ 11,251 ¡, Dcalc = 3,978 ʛ/ʩʤ3. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ ʜʣʷ [M]4+-NO3 ʨʘʚʥʳ 10,015, 10,598 ʠ 10,798 ¡, Dcalc = 4,051 ʛ/ʩʤ3. ɺ 

ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ [M]4+-OTf ʤʝʞʢʣʘʩʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 11,113, 12,506 ʠ 

12,577 ¡, ʘ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ Dcalc ʨʘʚʥʘ 3,631 ʛ/ʩʤ3. 



70 

 

 

ʈʠʩʫʥʦʢ 12. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ [M] 4+-ClO4 (ʩʣʝʚʘ) ʠ [M] 4+-NO3 (ʩʧʨʘʚʘ), ʦʪʤʝʯʝʥʥʳʝ ʛʦʣʫʙʳʤ 

ʮʚʝʪʦʤ. ɸʪʦʤʳ I ʦʧʫʱʝʥʳ 

 

ʈʠʩʫʥʦʢ 13. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ [M] 4+-OTf, ʦʙʦʟʥʘʯʝʥʥʳʝ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. ɸʪʦʤʳ I ʦʧʫʱʝʥʳ 

ɽʩʣʠ ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʢʦʤʧʣʝʢʩʘ [{ Mo6I8}( H2O)6](NO3)4 ʜʦʙʘʚʠʪʴ ʠʟʙʳʪʦʢ ʧʘʨʘ-

ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (1ʄ), ʪʦ ʫʞʝ ʯʝʨʝʟ ~30 ʤʠʥʫʪ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʶʪ 

ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ [{ Mo6I8}( H2O)6](OTs)4 ([M]4+-OTs) ʩ ʚʳʭʦʜʦʤ 90%. 

[M]4+-OTs ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P̀ 1, Z 

= 1). ɺ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʥʘʭʦʜʠʪʩʷ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ ʄʦ, ʯʝʪʳʨʝ ʘʪʦʤʘ I ʠ ʪʨʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʢʣʘʩʪʝʨʥʦʡ 

ʝʜʠʥʠʮʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʪʘʢʞʝ ʚʭʦʜʠʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʪʦʟʠʣʘʪ-

ʘʥʠʦʥʘ. ɺʩʝ ʘʪʦʤʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ, ʘ ʮʝʥʪʨ 

ʢʣʘʩʪʝʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ (0, İ, 0). ɼʘʥʥrʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʠʩʪʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʩʣʦʠ ʩʦʝʜʠʥʝʥʳ ʚʦʜʦʨʦʜʥʳʤʠ 

ʩʚʷʟʷʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʪʦʟʠʣʘʪ-ʘʥʠʦʥʘʤʠ (ʈʠʩʫʥʦʢ 14), ʧʨʷʤʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ 

ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʝʜʠʥʠʮ ʦʪʩʫʪʩʪʚʫʶʪ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʢʣʘʩʪʝʨʘʤʠ ʩʦʩʪʘʚʣʷʶʪ 10,144, 12,296 ʠ 12,649 ¡, Dcalc = 2,936 ʛ/ʩʤ3. 



71 

 

 

ʈʠʩʫʥʦʢ 14. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ [M] 4+-OTs. ʎʚʝʪʦʚʦʡ ʢʦʜ: Mo (ʯʝʨʥʳʡ), O (ʢʨʘʩʥʳʡ), S (ʞʝʣʪʳʡ), 

ʉ (ʩʝʨʳʡ). ɸʪʦʤʳ H ʠ I ʦʧʫʱʝʥʳ 

ʆʩʥʦʚʥʳʝ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ [M] (ʊʘʙʣʠʮʘ 4) ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [4,36,37,45,47,54,56]. 

ʊʘʙʣʠʮʘ 4 

ʆʩʥʦʚʥʳʝ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ (¡) 

ʉʚʷʟʴ MoïMo MoïI  MoïO 

[M] 2+-NO3 2,6509(4)ï2,6751(4) 2,7599(4)ï2,8049(4) 2,113(2)ï2,189(3) 

[M] 2+-OTs 2,647(1)ï2,662(1) 2,781(1)ï2,801(1) 2,053(7)ï2,175(8) 

[M] 2+-OPO(OPh)2 

2,6444(15)ï

2,6626(17) 2,7653(15)ï2,7904(14) 2,122(9)ï2,135(9) 

[M] 0-h12 2,6566(5)ï2,6670(5) 2,787(5)ï2,8057(5) 2,089(3)ï2,192(3) 

[M] 4+-ClO4 2,6507(4)ï2,6560(4) 2,7579(4)ï2,7877(4) 2,165(2)ï2,191(3) 

[M] 4+-NO3 2,6449(6)ï2,6646(6) 2,7615(5)ï2,7863(5) 2,147(3)ï2,181(3) 

[M] 4+-OTs 2,6509(9)ï2,6588(8) 2,7606(8)ï2,7901(8) 2,163(5)ï2,173(5) 

[M] 4+-OTf  2,6513(8)ï2,6763(8) 2,7571(8)ï2,7643(8) 2,155(6)ï2,212(6) 

3.1.2. ʇʦʛʣʦʱʝʥʠʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʭʦʞʝʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ [{ Mo6I8}( H2O)6-

y(OH)y]
4-y (y = 0, 2 ʠʣʠ 4), ʠ ʧʦʪʦʤʫ ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ, ʪʠʧ ʣʠʛʘʥʜʘ ʠ 

ʧʨʦʪʠʚʦʠʦʥʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʬʦʪʦʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

[7,15,16,35-37,51], ʠ ʧʦʪʦʤʫ ʚʘʞʥʦ ʦʮʝʥʠʚʘʪʴ ʠʭ ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 
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ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʝʜʝʥ ʨʷʜ ʨʘʙʦʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʣʠʷʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[26,45,48,61]. 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ (ʈʠʩʫʥʦʢ 15 ɸ). ʌʦʨʤʳ ʧʨʦʬʠʣʝʡ ʢʘʪʠʦʥʥʳʭ ʠ 

ʥʝʡʪʨʘʣʴʥʳʭ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʪʠʧʘ 

[26,45,53]. ɼʣʷ ʚʩʝʭ ʢʘʪʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M]2+ ʠ [M]4+ ʭʘʨʘʢʪʝʨʥʦ 

ʧʦʛʣʦʱʝʥʠʝ ʜʦ 625 ʥʤ ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ 

ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʧʨʠʤʝʨʥʦ ʥʘ 125 ʥʤ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ H2O-ʣʠʛʘʥʜʦʚ. 

 

ʈʠʩʫʥʦʢ 15. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ (ɸ); ʦʮʝʥʢʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʱʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʢʦʚ ʊʘʫʮʘ ʢʦʤʧʣʝʢʩʦʚ [M] 2+ (ɹ), [M]0 (ɺ) ʠ [M] 4+ (ɻ) 

ʇʦʤʠʤʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʚʢʣʘʜ ʚ ʧʦʛʣʦʱʝʥʠʝ ʚʥʦʩʷʪ ʪʘʢʞʝ ʠ ʧʨʦʪʠʚʦʠʦʥʳ ʚ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʩʣʝʜʥʠʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 
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ʫʧʘʢʦʚʢʫ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ ʩʣʦʝʚ [{ Mo6I8}( H2O)6-y(OH)y]
4-y (y = 0 ʠʣʠ 2), ʨʘʟʜʝʣʝʥʥʳʭ 

ʘʥʠʦʥʥʦʡ ʯʘʩʪʴʶ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʤʝʨ ʧʨʦʪʠʚʦʠʦʥʘ ʚʣʠʷʝʪ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʫʧʘʢʦʚʢʫ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ: ʯʝʤ ʙʦʣʴʰʝ ʧʨʦʪʠʚʦʠʦʥ, ʪʝʤ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ 

ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ ʙʦʣʴʰʝ ʤʝʞʢʣʘʩʪʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ ʘʥʠʦʥʘ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ [M]2+ ʚ ʨʷʜʫ NO3
ï < OTsï < 

OPO(OPh)2
ï ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (9,179 ¡ < 11,228 ¡ < 17,681 ¡), ʘ 

ʨʘʩʯʝʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ (4,420 > 3,609 > 2,356). ʛ/ʩʤ3. ɺ ʪʦʤ ʞʝ 

ʧʦʨʷʜʢʝ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠ ʤʝʞʢʣʘʩʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʣʦʝ (8,885/8,945 

¡ < 9,450/9,454 ¡ < 12,849/9,037 ¡). ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ DFT, ʚʳʧʦʣʥʝʥʥʳʤ ʚ [161,162], 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʘʭ, 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʠʥʠʤʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʘʝʤʦʛʦ ʬʦʪʦʥʘ, ʪ.ʝ. ʩʜʚʠʛʘʝʪ ʢʨʘʡ ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. 

ʅʝʜʘʚʥʦ ʵʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ [17] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʘʢʪʠʚʥʦʛʦ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ 

ʜʠʬʬʫʟʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [16], ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʝʨʜʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʦ ʜʘʥʥʳʤ ʧʦʛʣʦʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʢʘ ʊʘʫʮʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (Eg), ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʧʠʥ-ʨʘʟʨʝʰʝʥʥʳʤ ʧʝʨʝʭʦʜʘʤ 

(ʠʟ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʠʤʝʥʥʦ, ʟʥʘʯʝʥʠʷ Eg ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʜʚʫʭ H2O-ʣʠʛʘʥʜʦʚ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʧʨʦʪʠʚʦʠʦʥʘ (ʈʠʩʫʥʦʢ 15 

ɹ-ɻ, ʊʘʙʣʠʮʘ 5). ɺ ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʠʧʠʯʥʳ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ [26,45,53]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʦʚ 

ʦʢʘʟʳʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ H2O-ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʜʦ 625 ʥʤ. 
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ʊʘʙʣʠʮʘ 5  

ɿʥʘʯʝʥʠʷ Eg ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʉʚʷʟʴ Eg, ɻ ɺ 

[M] 2+-NO3 1,85 

[M] 2+-OTs 1,92 

[M] 2+-OPO(OPh)2 1,96 

[M] 0-h2 1,70 

[M] 0-h12 1,70 

[M] 0-h14 1,70 

[M] 4+-NO3 1,90 

[M] 4+-OTs 1,94 

[M] 4+-OTf 1,98 

 

ʇʦʤʠʤʦ ʧʦʛʣʦʱʝʥʠʷ, ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ 

ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ɺ ʛʨʫʧʧʝ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M]0 ʥʘʙʣʶʜʘʶʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚ ʨʷʜʫ [M]0-h2 ï [M]0-

h12 ï [M]0-h14 (ʊʘʙʣʠʮʘ 6, ʈʠʩʫʥʦʢ 16). ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʘ ʩ ʵʬʬʝʢʪʘʤʠ 

ʫʧʘʢʦʚʢʠ, ʪʦ ʝʩʪʴ ʧʣʦʪʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʤʝʞʢʣʘʩʪʝʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʜʘʥʥʦʤ ʨʷʜʫ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʥʝʚʦʟʙʫʞʜʝʥʥʳʡ. ɸʥʘʣʦʛʠʯʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚ ʨʘʙʦʪʝ [3], ʛʜʝ ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʘʢʦʚʢʝ (Et4N)2[{Mo 6Cl8}Cl 6] ʠ (Bu4N)2[{Mo 6Cl8}Cl 6] ʚʣʠʷʶʪ ʥʘ ʚʨʝʤʷ 

ʞʠʟʥʠ ʠʭ ʵʤʠʩʩʠʠ. ʉʦʢʨʘʱʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʧʠʢʘʣʴʥʳʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ Cl-

ʣʠʛʘʥʜʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʩʦʩʝʜʥʠʤ ʢʣʘʩʪʝʨʥʳʤ ʝʜʠʥʠʮʘʤ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

Űem ʧʨʠ 300 K: ~150 ʤʢʩ ʜʣʷ (Et4N)2[{Mo 6Cl8}Cl 6] (ʨʘʩʩʪʦʷʥʠʝ Cl-Cl 3,61 ¡) ʠ ~130 ʤʢʩ ʜʣʷ 

(Bu4N)2[{Mo 6Cl8}Cl 6] (ʨʘʩʩʪʦʷʥʠʝ Cl-Cl 2,90 ¡). 
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ʈʠʩʫʥʦʢ 16. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ (ɚem = 715 ʥʤ) ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ɚex = 455ʥʤ) ʛʨʫʧʧʳ 

ʢʦʤʧʣʝʢʩʦʚ [M] 0 

ɺ ʩʣʫʯʘʝ ʢʘʪʠʦʥʥʳʭ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ [M]2+ ʠ ʛʝʢʩʘʘʢʚʘʢʦʤʧʣʝʢʩʦʚ [M]4+ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʊʘʙʣʠʮʘ 6, ʈʠʩʫʥʦʢ 17). ʅʘʣʠʯʠʝ ʧʨʷʤʳʭ 

ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ [M]2+-NO3 ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

 

ʈʠʩʫʥʦʢ 17. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ [M] 2+ (ɚex = 455ʥʤ) (ɸ) ʠ [M] 4+ 

(ɚem = 630 ʥʤ, ɚex = 440ʥʤ) (ɹ) 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ 

ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ H2O ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ. ʊʘʢ, 

ʧʨʠ ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ [M]2+-NO3 ʩ [M]4+-NO3 ʠ [M]2+-OTs ʩ [M]4+-OTs ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʤʝʱʝʥʠʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʥʘ 75 ʠ 64 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 18). 
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ʈʠʩʫʥʦʢ 18. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ [M] 2+-NO3 ʠ [M]4+-NO3 (ɸ); [M] 2+-OTs 

ʠ [M] 4+-OTs (ɹ) 

ʊʘʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ 

ʤʘʢʩʠʤʫʤʳ ʵʤʠʩʩʠʠ ʢʣʘʩʪʝʨʦʚ ʩ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʷʨʢʦ-

ʚʳʨʘʞʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʦ-ʘʢʮʝʧʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʬʪʦʨʠʨʦʚʘʥʥʳʝ 

ʢʘʨʙʦʢʩʠʣʘʪʳ (C3F7COOï ʠ CF3(CF2)6COOï) [16,47], ʩʫʣʴʬʦʥʘʪʳ (PhSO3
ï ʠ OTsï) [45], 

NO3
ï [51], Clï [163] ʠ ʜʨ., ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʊʘʙʣʠʮʘ 6  

ʄʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʂʦʤʧʣʝʢʩ 
Dcalc, 

ʛ/ʩʤ3 
ɚem ʌem Űem, ʤʢʩ 

[M] 2+-NO3 4,420 709 <<1 % - 

[M] 2+-OTs 3,609 697 1,3 % 28 

[M] 2+-OPO(OPh)2 2,356 656 4,33 % 51 

[M] 0-h2 4,931 719 <<1 % - 

[M] 0-h12 3,880 701 5 % 44 

[M] 0-h14 3,695 699 8 % 63 

[M] 4+-NO3 4,051 634 1 % 8,5 

[M] 4+-ClO4 3,978 630 3 % 17 

[M] 4+-OTs 2,936 633 8 % 56 

[M] 4+-OTf 3,631 629 0,5 % 23,5 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʝʪ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ 
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ʵʤʠʩʩʠʠ ʧʨʝʦʙʨʘʟʦʚʘʣʠ ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ ʰʢʘʣʳ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʰʢʘʣʫ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, ʘ 

ʟʘʪʝʤ ʨʘʟʣʦʞʠʣʠ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʤʝʪʦʜʦʤ ʧʦʜʙʦʨʘ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ 

ɻʘʫʩʩʘ (ʈʠʩʫʥʦʢ 19). ʉʧʝʢʪʨ [M]2+-OTs ʨʘʟʣʦʞʝʥ (R2 = 0,999) ʥʘ ʯʝʪʳʨʝ ʢʦʤʧʦʥʝʥʪʳ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ, ʨʘʚʥʳʤʠ 16189, 15319, 14170 ʠ 12575 ʩʤï1. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʝʢʪʨ [M]2+-

NO3 ʙʳʣ ʨʘʟʣʦʞʝʥ (R
2 = 0,999) ʥʘ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʤʘʢʩʠʤʫʤʦʚ, 

ʙʣʠʟʢʠʤʠ ʢ ʟʥʘʯʝʥʠʷʤ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [M]2+-OTs, ʦʜʥʘʢʦ ʚʢʣʘʜ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ 15319 ʩʤï1 ʦʢʘʟʘʣʩʷ ʚ ~4 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʫ [M]2+-OTs, ʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ 

16189 ʩʤï1 ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʜʠʥʘʢʦʚʳʡ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʳʭ ʝʜʠʥʠʮ, ʪ.ʝ. 

ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, [M]2+-OTs ʠ [M]2+-NO3 ʠʤʝʶʪ ʨʘʟʥʫʶ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ 

ʢʨʠʩʪʘʣʣʦʚ (3,609 ʛ/ʩʤ3 ʠ 4,420 ʛ/ʩʤ3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ 

(9,447-11,504 ʠ 8,885-10,555 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʷʤʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ [M]2+-NO3. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʘʚʣʝʥʠʠ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ 16189 ʠ 15319 ʩʤï1, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ɚem ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ 

ʩʧʝʢʪʨʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʩʨʝʜʠ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʈʠʩʫʥʦʢ 19. ʈʘʟʣʦʞʝʥʥʳʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ [M] 2+-NO3, [M] 2+-OTs ʠ [M] 4+-OTs ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 

ʪʚʝʨʜʦʤ ʪʝʣʝ 
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ɽʩʣʠ ʞʝ ʩʨʘʚʥʠʚʘʪʴ [M]2+-OTs ʩ [M]4+-OTs, ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʚ 

ʢʦʣʠʯʝʩʪʚʝ H2O-ʣʠʛʘʥʜʦʚ, ʪʦ ʚ ʩʣʫʯʘʝ ʧʦʩʣʝʜʥʝʛʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʚʢʣʘʜʘ 

ʧʝʨʚʦʡ, ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʧʝʢʪʨʘ ʚ ʨʘʡʦʥʝ 16218 ʩʤï1 ʚ ~21,5 ʨʘʟʘ ʠ 

ʚʪʦʨʦʡ ʚ ~1,5 ʨʘʟʘ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʩ ʩʠʥʶʶ 

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [M]4+-OTs ʤʝʥʝʝ 

ʧʣʦʪʥʘʷ, ʯʝʤ ʩ [M]2+-OTs (2,936 ʛ ʩʤ-3 ʧʨʦʪʠʚ 3,609 ʛ ʩʤ-3), ʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ 

ʜʣʠʥʥʝʝ (10,144ï12,649 ʧʨʦʪʠʚ 9,447ï11,504 ¡), ʯʪʦ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʰʝʩʢʘʟʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʘ ʥʘ ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɸʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʝ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʈʠʩʫʥʦʢ ʇ1, ʇ2 ʠ ʇ3), ʠ ʜʣʷ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ. ʇʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʘʞʜʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, FWHM (ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʥʘ ʫʨʦʚʥʝ ʧʦʣʦʚʠʥʳ ʚʳʩʦʪʳ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʢʦʤʧʦʥʝʥʪ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʊʘʙʣʠʮʘ ʇ3). 

3.1.3. ʇʦʛʣʦʱʝʥʠʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ 

ʢʦʤʧʣʝʢʩʫ [M]0-h12, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʚʦʜʝ, ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʪʳ HClO4, ʩʦ 

ʟʥʘʯʝʥʠʷ pH 3,4 ʠ ʥʠʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʱʝʣʦʯʠ ʠ ʜʦʩʪʠʞʝʥʠʠ pH 11, [M]0-h12 ʪʘʢʞʝ ʨʘʩʪʚʦʨʷʣʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʣʶʤʠʥʝʩʮʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠʯʝʤ ʦʙʘ ʦʧʠʩʘʥʥʳʭ ʧʨʦʮʝʩʩʘ ʦʙʨʘʪʠʤʳ, ʠ ʠʭ ʧʝʨʝʭʦʜ 

ʜʨʫʛ ʚ ʜʨʫʛʘ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʬʘʟʳ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ pH 0,1, 3,4 ʠ 12,9 (ʈʠʩʫʥʦʢ 20). ʉʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʩ ʨʅ = 3,43 ʠʤʝʝʪ ʯʝʪʳʨʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 209, 236, 292 ʠ 339 ʥʤ. ʇʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʅ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 236 ʥʤ ʠ ʧʦʷʚʣʝʥʠʶ ʜʚʫʭ ʥʦʚʳʭ ʧʠʢʦʚ ʧʨʠ 254 

ʠ 389 ʥʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʅ = 0,1 ʥʘʙʣʶʜʘʣʩʷ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʩ 

236 ʜʦ 235 ʥʤ ʠ ʩ 292 ʜʦ 288 ʥʤ. ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʙʘʪʦʭʨʦʤʥʳʝ ʩʜʚʠʛʠ 

ʧʦʣʦʞʝʥʠʡ ʧʠʢʦʚ ʩ 236, 292 ʠ 339 ʜʦ 242, 298 ʠ 361 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 20. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ [M] 0-h12 ʧʨʠ pH = 0,1, 3,4 ʠ 12,9 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʠ ʩ ʨʘʩʪʚʦʨʦʤ [M]2+-

NO3 ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ pH. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ 

ʨʘʩʪʚʦʨʝ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʨʤʝ [{ Mo6I8}( H2O)6-y(OH)y]
4-y (y = 0, 2 ʠʣʠ 

6), ʧʨʠʯʝʤ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ pH ʧʘʨʘʤʝʪʨ y ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 6, ʥʘʯʠʥʘʷ ʩ 

pH=1,2, ʦʙʨʘʟʫʷ ʛʝʢʩʘʘʢʚʘʢʦʤʧʣʝʢʩ [{Mo6I8}( H2O)6]
4+. ɺ ʩʣʫʯʘʝ ʞʝ ʧʦʚʳʰʝʥʠʷ pH 

ʧʘʨʘʤʝʪʨ y ʜʦʩʪʠʛʘʝʪ ʥʫʣʷ, ʦʙʨʘʟʫʷ ʛʝʢʩʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩ [{Mo6I8}( OH)6]
2ï. 

ʊʘʢ ʢʘʢ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ pH ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʘʭ, ʤʳ ʪʘʢʞʝ ʤʦʞʝʤ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ. ʊʘʢ, ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ pH = 0, 3,4 ʠ 11,2 ʙʳʣʠ ʟʘʧʠʩʘʥʳ 

ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ (ʈʠʩʫʥʦʢ 21) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 350 ʥʤ. 

 

ʈʠʩʫʥʦʢ 21. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ pH = 0, 3,4 ʠ 11,2 (ɚex = 350ʥʤ) 
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ʋʤʝʥʴʰʝʥʠʝ ʨʅ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʨʷʜʫ ʩ 

ʛʠʧʩʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʆʅï-ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ H2O-ʣʠʛʘʥʜʦʚ. 

ʈʘʟʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 22) ʧʦʜʪʚʝʨʜʠʣʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ 

ʵʤʠʩʩʠʶ ʢʣʘʩʪʝʨʦʚ ʚ ʨʘʩʪʚʦʨʘʭ. 

 

ʈʠʩʫʥʦʢ 22. ʈʘʟʣʦʞʝʥʥʳʝ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʨʘʩʪʚʦʨʦʚ ʩ pH = 0, 3,4 ʠ 11,2 (ɚex = 350ʥʤ) 

ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʅ 11,2 ʙʳʣ ʨʘʟʣʦʞʝʥ ʥʘ ʪʨʠ ʧʦʣʦʩʳ: 15255 ʩʤï1, 14412 ʩʤï1 ʠ 

13805 ʩʤï1. ʇʦʩʣʝʜʫʶʱʝʝ ʩʥʠʞʝʥʠʝ ʨʅ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʝʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ 16214 ʩʤï1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ 

ʚʢʣʘʜʘ (ʥʘ 18% ʜʣʷ pH 0), ʘ ʪʘʢʞʝ ʚʢʣʘʜʘ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ 15432 ʩʤï1 (ʥʘ 15% ʜʣʷ pH 0). 

ʇʦʩʢʦʣʴʢʫ ʫʤʝʥʴʰʝʥʠʝ ʨʅ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʆʅï-ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʤʦʣʝʢʫʣ ʅ2ʆ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʚʝ ʧʝʨʚʳʝ, ʙʦʣʝʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʠʨʦʜʦʡ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʩʝʙʷ ʧʨʦʷʚʣʷʣʠ ʢʦʤʧʦʥʝʥʪʳ ʠ ʚ ʩʣʫʯʘʝ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʚʩʝʭ ʯʝʪʳʨʝʭ ʢʦʤʧʦʥʝʥʪ ʙʣʠʟʢʠ ʠʣʠ ʨʘʚʥʳ ʪʘʢʦʚʳʤ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʟʜʝʩʴ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 

[{ Mo6I8}( H2O)6-y(OH)y]
4-y (y = 0, 2 ʠʣʠ 4). ɹʣʠʟʢʠʡ ʩʦʩʪʘʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʠʣ 

ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʫʧʘʢʦʚʢʠ (ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ) ʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʦʝ 
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ʧʦʛʣʦʱʝʥʠʝ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠ.ʁ ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʘʩʪʝʨʦʚ, ʧʨʠʯʝʤ ʢʘʢ ʪʠʧ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʚʣʠʷʶʪ 

ʪʦʣʴʢʦ ʥʘ ʧʝʨʚʳʝ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ 

(ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ) ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʚʝ ʜʨʫʛʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʋʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʢʣʘʜʘ ʚʪʦʨʦʡ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ ʢ ʧʦʷʚʣʝʥʠʶ ʠʣʠ 

ʫʚʝʣʠʯʝʥʠʶ ʚʢʣʘʜʘ (ʧʨʠ ʝʝ ʥʘʣʠʯʠʠ ʨʘʥʝʝ) ʧʝʨʚʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʂʦʦʨʜʠʥʘʮʠʷ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʢʣʘʜʘ ʧʝʨʚʳʭ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ. ʆʙʘ ʷʚʣʝʥʠʷ ʧʨʠʚʦʜʪ̫ ʢ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʚ 

ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ, ʦʙʱʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ 

ʧʦʛʣʦʱʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ. ʆʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʚʧʣʦʪʴ ʜʦ ~625 ʥʤ ʚ 

ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʚʳʩʦʢʘʷ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʜʦ ~600 

ʥʤ) ʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Eg (1,7-2,5 ʵɺ), ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʥʘʧʨʠʤʝʨ, ʘʛʝʥʪʳ 

ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ, pH-ʩʝʥʩʦʨʳ), ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ ʠ ʪ.ʜ. ɽʱʝ ʦʜʥʦʡ 

ʚʦʟʤʦʞʥʦʡ ʦʙʣʘʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʪʦʢʘʪʘʣʠʟ. 

ɺʧʝʨʚʳʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʙʳʣʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ 2012 ʛʦʜʫ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ [{Mo6Br8}(N 3)6]
2ï [18,136]. ʊʘʢʞʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʳ, ʵʬʬʝʢʪʠʚʥʳ ʚ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʉʆ2 [19] ʠ ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ [20]. ɺ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ 

[{ Mo6I8}( NO3)6]
2ï ʠ [{ Mo6I8}(ɼʄʉʆ)6]

4+, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ h-BN ʠ 

ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [164] ʠ 

[165]. 

3.2. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ BNNS ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɻʝʢʩʘʛʦʥʘʣʴʥʳʡ ʥʠʪʨʠʜ ʙʦʨʘ (h-BN) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʘʪʨʠʮʝʡ ʠʟ-ʟʘ ʩʚʦʝʡ 

ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ 

ʋʌ-ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʜʝʣʷʪʴ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʠʭ ʨʝʢʦʤʙʠʥʘʮʠʶ. ʆʜʥʘʢʦ h-BN ʚ ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʠʤʠʯʝʩʢʠ 

ʠʥʝʨʪʥʳʡ, ʛʠʜʨʦʬʦʙʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 
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ʢʦʤʧʦʟʠʪʘʭ ʵʪʠ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʧʨʝʦʜʦʣʝʪʴ ʟʘ ʩʯʝʪ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʦʙʘʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ h-BN, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʡ H2O2, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʛʠʜʨʦʬʠʣʴʥʳʭ OH-ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ 

ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʠ ʤʘʪʨʠʮʳ ʚ ʚʦʜʝ (ʈʠʩʫʥʦʢ 23 ʉ) ʠ ʟʘʢʨʝʧʣʝʥʠʶ ʤʦʣʝʢʫʣ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ h-BN ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ BNNS. 

3.2.1. ʇʦʣʫʯʝʥʠʝ 

ʄʘʪʨʠʮʫ h-BN ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ H2O2 ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 80 ÁC ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʨʘʥʝʝ ʤʝʪʦʜʫ [153]. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʣʦʠʩʪʳʡ 

BNNS ʪʦʣʱʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʠ ʩʨʝʜʥʠʤʠ ʣʘʪʝʨʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 200ï600 ʥʤ 

(ʈʠʩʫʥʦʢ 23 A, B, D), ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ h-BN (ʈʠʩʫʥʦʢ 25).  

 

ʈʠʩʫʥʦʢ 23. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʨʘʟʮʘ BNNS. A ʠ B ð ʠʟʦʙʨʘʞʝʥʠʷ ɺʈʇʕʄ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʤʦʨʬʦʣʦʛʠʶ ʪʦʥʢʦʛʦ ʣʠʩʪʘ; ʉ ð ʬʦʪʦʛʨʘʬʠʷ ʢʦʣʣʦʠʜʥʦʡ ʜʠʩʧʝʨʩʠʠ ʦʙʨʘʟʮʘ BNNS (ʩʣʝʜ 

ʣʘʟʝʨʥʦʡ ʪʦʯʢʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ); D ð ɺʈʇʕʄ -ʠʟʦʙʨʘʞʝʥʠʝ 4-ʩʣʦʡʥʦʡ ʯʘʩʪʠʮʳ 

ʇʦʣʫʯʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ BNNS ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6I8}( H2O)2(OH)4]ĿnH2O ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʛʠʜʨʦʣʠʟʝ in situ ʩʦʝʜʠʥʝʥʠʷ 

(Bu4N)2[{ Mo6I8}( NO3)6] ʩ ʣʘʙʠʣʴʥʳʤ ʣʠʛʘʥʜʘʤʠ NO3
ï ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʪʨʠʮʳ BNNS ʚ 

ʘʮʝʪʦʥʝ. ʇʨʠ ʵʪʦʤ, ʩʠʩʪʝʤʫ ʧʦʜʚʝʨʛʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʣʷ ʨʘʩʱʝʧʣʝʥʠʷ 

ʤʘʪʨʠʮʳ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʜʘ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʛʠʜʨʦʣʠʟ, ʧʝʨʝʭʦʜʷ ʚ ʘʢʚʘʛʠʜʨʦʢʩʦ-ʬʦʨʤʫ. ɺʘʨʴʠʨʦʚʘʥʠʝʤ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ 

ʩʤʝʩʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ n-BNNS (n = 1, 3, 5 ʛ ʢʣʘʩʪʝʨʘ 

(Bu4N)2[{Mo 6I8}(NO3)6] ʥʘ 1 ʛ BNNS). ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʦʨʘʥʞʝʚʫʶ ʦʢʨʘʩʢʫ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʧʝʰʥʦʝ ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣ ʪʘʢʞʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [M]0-ʥʘʥʦ 
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ʧʫʪʝʤ ʦʪʩʪʘʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{ Mo6I8}( NO3)6] ʚ ʘʮʝʪʦʥʝ. ʏʝʨʝʟ 1 ʥʝʜʝʣʶ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʤʫʪʥʝʥʠʝ ʨʘʩʪʚʦʨʘ, ʘ ʦʩʘʞʜʝʥʠʝ ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 2 

ʤʝʩʷʮʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɼʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦ, ʝʛʦ ʩʦʩʪʘʚ ʙʳʣ ʧʨʝʜʧʦʣʦʞʝʥ ʠʩʭʦʜʷ ʠʟ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʕɼʉ: Mo:I = 6:8). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 

90Ñ20 ʥʤ (ʈʠʩʫʥʦʢ ʇ11). 

3.2.2. ʄʦʨʬʦʣʦʛʠʷ ʠ ʩʦʩʪʘʚ 

ʉʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ 

(ʊʘʙʣʠʮʘ 7). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʚʠʩʠʪ 

ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʤʝʩʠ. 

ʊʘʙʣʠʮʘ 7  

ɼʘʥʥʳʝ ʀʉʇ-ɸʕʉ ʜʣʷ n-BNNS 

n ʉʦʜʝʨʞʘʥʠʝ Mo, ʤʘʩʩ% ʉʦʜʝʨʞʘʥʠʝ {Mo6I 8}, ʤʤʦʣʴ({Mo6I 8})Ĭʛ(BNNS)-1 

1 2,0 0,0347 

3 7,7 0,1419 

5 3,4 0,0599 

ʇʨʠ n = 1 ʠ 3 ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʦʙʨʘʟʮʘʭ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʆʜʥʘʢʦ ʧʨʠ n = 5 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʥʴʰʠʡ ʚʳʭʦʜ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ [M]0. 

ʕʪʦʪ ʵʬʬʝʢʪ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʢʠʥʝʪʠʯʝʩʢʠʤʠ, ʪʘʢ 

ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɻʠʜʨʦʣʠʟ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{Mo 6I8}(NO3)6] ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʩʪʘʜʠʠ. 

ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ NO3
ï ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (ʨʝʘʢʮʠʷ 1), 

ʧʦʩʣʝ ʯʝʛʦ ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʚʦʜʳ ʜʝʧʨʦʪʦʥʠʨʫʶʪʩʷ (ʨʝʘʢʮʠʷ 2). ʕʪʠ ʜʚʝ ʩʪʘʜʠʠ ʛʠʜʨʦʣʠʟʘ 

ʧʨʦʪʝʢʘʶʪ ʙʳʩʪʨʦ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʣʣʝʣʴʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʝʨʝʭʦʜʷʪ ʚ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʢʦʤʧʣʝʢʩ [M]0 ([{Mo 6I8}(H 2O)2(OH)4]ĿnH2O) (ʨʝʘʢʮʠʠ 3-4). 

[{Mo 6I8}(NO3)6]
2ï + H2O           [{Mo 6I8} (H2O)x(NO3)6-x]

ï2+x + NO3
ï  (1) 

[{Mo 6I8} (H2O)x(NO3)6-x]
ï2+x          [{Mo 6I8} (H2O)x-y(OH)y(NO3)6-x]

ï2+x-y + H+ (2) 

[{Mo 6I8} (H2O)x(NO3)6-x]
ï2+x Ÿ [{ Mo6I8}( H2O)2(OH)4]ĿnH2O    (3) 

[{Mo 6I8} (H2O)x-y(OH)y(NO3)6-x]
ï2+x-y Ÿ [{ Mo6I8}( H2O)2(OH)4]ĿnH2O  (4) 

ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (Bu4N)2[{Mo 6I8}(NO3)6] (n = 5) ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʛʠʜʨʦʣʠʟʘ ʠʥʛʠʙʠʨʫʶʪʩʷ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʤʦʞʥʦ 

ʚʳʜʚʠʥʫʪʴ ʜʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʜʳ ʚ ʩʤʝʩʠ. ɺ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʤʝʩʴ ʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 
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ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʟʘ, ʪʨʘʪʠʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʚ ʨʝʘʢʮʠʠ 1 ʠ ʩʦʦʩʘʞʜʘʣʘʩʴ ʩ [M]0 ʚ 

ʨʝʘʢʮʠʷʭ 3-4. ɺʦ-ʚʪʦʨʳʭ, ʦʩʘʞʜʝʥʠʝ [M]0 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʚʦʙʦʜʥʦʛʦ ʠʦʥʘ NO3
ï ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʨʘʩʪʚʦʨʝ, ʪʝʤ ʩʘʤʳʤ ʩʤʝʱʘʷ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 1 ʚʣʝʚʦ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [54], ʛʜʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʄʉʆ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʢʦʤʧʣʝʢʩʘ [{Mo 6I8}(ɼʄʉʆ)6]
4+. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ, ʘ ʪʘʢʞʝ ʦ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʇʕʄ/ʕɼʉ (ʈʠʩʫʥʦʢ 24). 

 

ʈʠʩʫʥʦʢ 24. ʇʕʄ/ɺʈʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ BNNS (A, D), 1-BNNS (B, E) ʠ 5-BNNS (C, F) 

ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ (ʈʠʩʫʥʦʢ 24 B, C), ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ BNNS (ʈʠʩʫʥʦʢ 24 A, D). ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ɺʈʇʕʄ (ʈʠʩʫʥʦʢ 24 E, 

F) ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ BNNS ʧʦʢʨʳʪʘ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʘʪʦʤʳ 

Mo ʠ I, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʨʪʠʨʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ (ʈʠʩʫʥʢʠ ʇ4 C, F, G ʠ ʇ5 C, F, G ʚ 

ʧʨʠʣʦʞʝʥʠʠ). ʕʪʘ ʧʣʝʥʢʘ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʘʤʦʨʬʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ 

ʧʦʨʦʰʢʘ ʧʦʢʘʟʳʚʘʶʪ ʪʦʣʴʢʦ ʨʝʬʣʝʢʩʳ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ h-BN ʜʘʞʝ ʧʨʠ ʩʘʤʦʤ 

ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʦʣʠʙʜʝʥʘ (ʈʠʩʫʥʦʢ 25). ɺ ʢʦʤʧʦʟʠʪʝ 1-BNNS ʠʤʝʶʪʩʷ ʫʯʘʩʪʢʠ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮʳ BNNS, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʝ (ʈʠʩʫʥʦʢ 24 B, E ʠ ʈʠʩʫʥʦʢ ʇ4 ʚ ʧʨʠʣʦʞʝʥʠʠ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ 5-BNNS 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ BNNS ʧʦʢʨʳʪʘ ʘʤʦʨʬʥʦʡ ʬʘʟʦʡ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʈʠʩʫʥʦʢ 24 C, F ʠ ʈʠʩʫʥʦʢ ʇ5 ʚ ʧʨʠʣʦʞʝʥʠʠ). 
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ʈʠʩʫʥʦʢ 25. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ BNNS, 1-BNNS ʠ 3-BNNS 

3.2.3. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ) ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ BNNS 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʪʦʯʥʝʥʠʷ ʪʠʧʘ ʩʚʷʟʳʚʘʥʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʤʘʪʨʠʮʝʡ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʈʌʕʉ (ʈʠʩʫʥʦʢ 26).  

 

ʈʠʩʫʥʦʢ 26. ʈʌʕʉ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ N1s (A), B1s (B), Mo3d (C) ʠ I3d (D) ʦʩʥʦʚʥʳʭ 

ʫʨʦʚʥʝʡ ʚ 5-BNNS 
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ɺ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʦʛʦ BNNS ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ ʙʦʨʘ (B1s 190,9 ʵɺ) ʠ 

ʘʟʦʪʘ (N1s 398,5 ʵɺ), ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʘʤ 

(ʈʠʩʫʥʦʢ ʇ6 ʚ ʧʨʠʣʦʞʝʥʠʠ). ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʩʦʩʪʘʚ BNNS ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ, ʦʜʥʘʢʦ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʚ ʦʙʱʝʤ ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʠʢʠ ʦʪ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: Mo3d3/2 (232,4 ʵɺ), Mo3d5/2 (229,3 ʵɺ), I3d3/2 (632,3 ʵɺ) ʠ I3d5/2 

(620,8 ʵɺ), ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʠʧʠʯʥʳʝ ʩʧʝʢʪʨʳ 

ʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 26 ʠ ʨʠʩʫʥʢʝ ʇ7 ʚ ʧʨʠʣʦʞʝʥʠʠ). ʇʦʣʦʞʝʥʠʷ ʧʠʢʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʠʦʜʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʢʣʘʩʪʝʨʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ [109,112]. ʅʘ 

ʨʠʩʫʥʢʝ 26 D ʧʦʢʘʟʘʥʳ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʝʯʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ ʩʚʷʟʠ (619,5 

ʠ 631,0 ʵɺ) ʚʙʣʠʟʠ ʦʩʥʦʚʥʳʭ ʧʠʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʝʢʦʪʦʨʳʤ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤ 

ʘʧʠʢʘʣʴʥʳʤ ʣʠʛʘʥʜʘʤ Ia. ʕʪʦʪ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʝ ʚʩʝ ʘʧʠʢʘʣʴʥʳʝ ʠʦʜʠʜ-

ʣʠʛʘʥʜʳ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ NO3
ï ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʣʘʩʪʝʨʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʦʙʣʘʩʪʠ ʫʨʦʚʥʷ Mo3d, ʪʦ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʜʫʙʣʝʪʘ Mo3d3/2 ʠ Mo3d5/2 ʥʘʙʣʶʜʘʣʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʫʙʣʝʪ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (235,3 ʠ 232,3 ʵɺ) (ʈʠʩʫʥʦʢ 26 C). ʕʪʠ 

ʧʠʢʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʜʦ ʩʦʩʪʦʷʥʠʷ Mo(VI) ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʦʙʨʘʙʦʪʘʥʥʦʤ ʫʣʴʪʨʘʟʚʫʢʦʤ [M]0-h2 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʘʪʦʤʳ Mo(II) (ʈʠʩʫʥʦʢ ʇ8 ʚ ʧʨʠʣʦʞʝʥʠʠ). ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ n-

BNNS ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʘʪʦʤʳ ʘʟʦʪʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ h-BN (ʈʠʩʫʥʦʢ 26 ɸ), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʛʨʫʧʧ NO3
ï ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʈʌʕʉ ʥʝ ʚʳʷʚʣʷʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʤʘʪʨʠʮʝʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʦʩʘʞʜʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʣʘʙʳʭ ʪʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

3.2.4. ʇʦʛʣʦʱʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ n-BNNS ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ 

ʅʘʥʝʩʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ BNNS ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʮʚʝʪʘ ʦʙʨʘʟʮʘ ʥʘ ʦʨʘʥʞʝʚʳʡ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ n-BNNS (n = 3, 5) ʠ ʩʦʝʜʠʥʝʥʠ ̫BNNS ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ (ʈʠʩʫʥʦʢ 27 A). 



87 

 
 

 

ʈʠʩʫʥʦʢ 27. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʤʘʪʨʠʮʳ BNNS ʠ ʤʘʪʝʨʠʘʣʦʚ 3-BNNS ʠ 5-

BNNS, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ (ɸ); 

ɻʨʘʬʠʢʠ ʊʘʫʮʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Eg (B) 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʯʠʩʪʘʷ ʤʘʪʨʠʮʘ BNNS ʥʝ ʠʤʝʝʪ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ (250-800 ʥʤ). ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ 3-BNNS ʠ 5-BNNS ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʦ 700 ʥʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʬʠʣʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ n-BNNS ʠ 

[M]0-h2 ʧʦʜʦʙʥʳ (ʈʠʩʫʥʦʢ 27 ɸ), ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ BNNS ʚ ʬʦʨʤʝ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (Eg) ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʊʘʫʮʘ (ʈʠʩʫʥʦʢ 27 ɹ). Eg 

ʠʩʭʦʜʥʦʛʦ BNNS ʣʝʞʠʪ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʝʚʳʰʘʝʪ 5 ʵɺ [166]. 

ɿʥʘʯʝʥʠ ̫ Eg ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ 3-BNNS ʠ 5-BNNS ʙʣʠʟʢʠ ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʨʘʥʝʝ ʚ ʧ.3.1.2 

[M]0-h2 (1,7 ʵɺ) ʠ ʨʘʚʥʳ 1,8 ʵɺ. ɺ ʮʝʣʦʤ, ʦʩʘʞʜʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʤʘʪʨʠʮʫ 

BNNS ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. 

3.2.5. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

3.2.5.1. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʨʦʜʘʤʠʥʘ ɹ (RhB) ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ-

ʩʚʝʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ n-BNNS 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ n-BNNS ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ-ʩʚʝʪʦʤ (ɚ = 365 ʥʤ, 13 ʤɺʪ/ʩʤ2). ɺ ʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʢʨʘʩʠʪʝʣʴ 

ʨʦʜʘʤʠʥ ɹ (ʈʠʩʫʥʦʢ 28). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ ʙʳʣʠ ʚʟʷʪʳ 

ʯʠʩʪʘʷ ʤʘʪʨʠʮʘ BNNS, h-BN ʠ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩ 

[M]0-h2 ʊʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥ rʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʥʘʥʦʨʘʟʤʝʨʥʳʡ 

ʢʣʘʩʪʝʨʥʳʡ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩ [M]0-ʥʘʥʦ ʠ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

h-BN ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{Mo 6I8}(NO3)6] ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 5 ʢ 1 (5-

hBN). 
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ʈʠʩʫʥʦʢ 28. ʉʪʨʦʝʥʠʝ ʨʦʜʘʤʠʥʘ ɹ (RhB) 

ʇʝʨʝʜ ʢʘʞʜʳʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʩʦʨʙʮʠʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ [167]. ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʳ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ. ʉʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ 

ʨʘʩʪʚʦʨʘ (ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʧʦʣʦʩʳ RhB). ʅʘ ʨʠʩʫʥʢʝ 29 ʧʦʢʘʟʘʥʳ 

ʟʥʘʯʝʥʠʷ C/C0 RhB ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʦʙʣʫʯʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʯʠʩʪʦʡ ʤʘʪʨʠʮʳ BNNS, ʦʙʨʘʟʮʦʚ 3-BNNS, h-BN, [M] 0-h2 ʠ [M] 0-ʥʘʥʦ. ʕʬʬʝʢʪʠʚʥʳʝ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʘʩʩʯʠʪʘʥʳ ʠʟ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ln(C/C0) ʦʪ t (ʛʜʝ C ï ʢʦʥʮʝʥʪʨʘʮʠʷ RhB ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ t, C0 ï ʠʩʭʦʜʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ RhB, t ï ʚʨʝʤʷ ʦʪʙʦʨʘ ʘʣʠʢʚʦʪ) ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. 

 

ʈʠʩʫʥʦʢ 29. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ BNNS, h-BN, 3-BNNS, [M] 0-h2 ʠ [M] 0-ʥʘʥʦ 
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ʊʘʙʣʠʮʘ 8 

ʕʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ (kʵʬʬ) ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ RhB ʧʨʠ 

ʋʌ-ʩʚʝʪʝ (ɚ = 365 ʥʤ, 13 ʤɺʪ/ʩʤ2) 

ʆʙʨʘʟʝʮ kʵʬʬ, ʤʠʥ-1 

BNNS 0,012 

h-BN 0,010 

[M]0-h2 0,003 

[M]0-ʥʘʥʦ 0,024 

5-hBN 0.029 

1-BNNS 0.042 

3-BNNS 0,060 

5-BNNS 0,043 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʯʠʩʪʳʝ BNNS ʠ h-BN, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ [M]0-h2 ʠ 

[M]0-ʥʘʥʦ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʘʛʘʶʪ ʢʨʘʩʠʪʝʣʴ ʜʘʞʝ ʧʦʩʣʝ 90 ʤʠʥ ʦʙʣʫʯʝʥʠʷ (ʈʠʩʫʥʦʢ 29), 

ʠ ʠʭ kʵʬʬ ʩʦʩʪʘʚʣʷʶʪ 0,012, 0,010, 0,003 ʠ 0,024 ʤʠʥï1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʢʦʣʴʢʫ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʘʟʣʦʞʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ [M]0-ʥʘʥʦ ʚ 8 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ [M]0-h2, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 29, ʈʠʩʫʥʦʢ ʇ9 ʚ ʧʨʠʣʦʞʝʥʠʠ). 

ɼʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ BNNS ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʣʦʞʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʚ 

ʪʝʯʝʥʠʝ 120 ʤʠʥʫʪ, ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ 1-BNNS ʠ 5-BNNS ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʚ ʤʘʪʝʨʠʘʣʘʭ. ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʥʘʠʣʫʯʰʝʡ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 3-BNNS, ʩʦʜʝʨʞʘʱʝʛʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʧʦʣʥʦʝ ʚʨʝʤʷ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 60 ʤʠʥʫʪ, ʘ ʵʬʬʝʢʪʠʚʥʘʷ 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ 0,060 ʤʠʥï1. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʤʘʪʨʠʮʳ BNNS ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʨʠʯʝʤ BNNS ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʥʦʩʠʪʝʣʝʤ, ʪʘʢ ʠ ʩʦʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ [168-173]. ɺ ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʙʣʠʟʢʦ ʢ ʜʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʛʝʪʝʨʦʛʝʥʥʳʤ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʤ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ RhB [171,174]. 

ɼʘʣʴʥʝʡʰʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʘʠʙʦʣʝʝ 

ʬʦʪʦʘʢʪʠʚʥʦʤ ʦʙʨʘʟʮʝ 3-BNNS. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ (ʈʠʩʫʥʦʢ 30). ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʰʝʦʧʠʩʘʥʥʳʤ. ʇʨʠ ʵʪʦʤ, ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʦʧʳʪʘ 
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ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʫ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʨʘʩʠʪʝʣʷ, ʠ ʟʘʪʝʤ ʜʦʚʦʜʠʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ RhB ʠ 3-BNNS ʜʦ ʠʩʭʦʜʥʳʭ. 

 

ʈʠʩʫʥʦʢ 30. ʎʠʢʣʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ RhB ʚ ʧʨʠʩʫʪʩʪʚʠʠ 3-

BNNS 

ɼʣʷ ʦʙʨʘʟʮʘ 3-BNNS ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʰʝʩʪʴ ʮʠʢʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʋʌ-ʩʚʝʪʦʤ (ɚ = 365 ʥʤ). ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʥʝ ʤʝʥʝʝ 6 ʮʠʢʣʦʚ. ʍʦʨʦʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʭʦʜʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ: (1) ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ BNNS; (2) ʵʬʬʝʢʪʠʚʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʘʭ ʠ/ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧʘʭ; ʠ (3) ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʥʝ ʚʢʣʶʯʘʝʪ ʨʘʩʪʚʦʨʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ (ʩʤ. ʥʠʞʝ). 

3.2.5.2.  ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʣʦʚʫʰʢʘʤʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩʚʝʪʦʤ, ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʘʷ ʧʘʨʘ (eī - ʵʣʝʢʪʨʦʥ ʠ h+ - ʚʘʢʘʥʩʠʷ). eī ʠ h+, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩ ʯʘʩʪʠʮʘʤʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʦʙʨʘʟʫʷ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ 

ʢʠʩʣʦʨʦʜʘ (ʥʘʧʨʠʤʝʨ, OHÅ, O2
Åï), ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʤʦʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ OHÅ, O2
Åï ʪʘʢʞʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʢʨʘʩʠʪʝʣʝʤ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʘʟʣʘʛʘʷ ʝʛʦ. 

ʃʦʚʫʰʢʠ ï ʵʪʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʙʠʨʘʪʝʣʴʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ: OHÅ, O2
Åï, eī ʠʣʠ h+ [175-177]. ʏʪʦʙʳ ʧʦʥʷʪʴ ʨʦʣʴ ʨʘʟʣʠʯʥʳʭ 

ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʜʘʥʥʦʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʬʦʪʦʨʘʟʣʦʞʝʥʠʶ ʨʦʜʘʤʠʥʘ ɹ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʚʫʰʝʢ: ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʣʦʚʫʰʢʘ 

ʥʘ ʆ2
ïÅ) [178], ʵʪʘʥʦʣʘ (ʣʦʚʫʰʢʘ ʥʘ ʆʅÅ) [179] ʠ ʦʢʩʘʣʘʪʘ ʘʤʤʦʥʠʷ (ʣʦʚʫʰʢʘ ʥʘ h+) [180]. 
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ʇʘʜʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʦʚʫʰʢʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʛʣʦʱʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʨʠʥʠʤʘʶʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʝ [181-183]. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ 

ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ, ʟʘʪʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʣʦʚʫʰʢʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (1) (ʈʠʩʫʥʦʢ 

31). 

 

ʈʠʩʫʥʦʢ 31. ɺʣʠʷʥʠʝ ʪʠʧʘ ʣʦʚʫʰʢʠ ʥʘ ʩʢʦʨʦʩʪʴ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ RhB ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 3-BNNS (ɸ); ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʣʦʚʫʰʝʢ (ɹ) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 31, ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʣʦʚʫʰʢʠ 

ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʥʠʞʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʣʠʷʥʠʠ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʯʘʩʪʠʮ ʆ2
ïÅ ʚ ʧʨʦʮʝʩʩ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ, kʵʬʬ = 0,006 ʤʠʥï

1. ʇʨʠ ʵʪʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 89,4 %. 

3.2.5.3.  ʄʝʭʘʥʠʟʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ɿʥʘʥʠʝ ʦʙ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮʘʭ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ. ʆʙʱʠʡ ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʭʝʤʘʪʠʯʝʩʢʠ (ʉʭʝʤʘ 2).  
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ʉʭʝʤʘ 2. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ n-BNNS 

ʇʦʛʣʦʱʝʥʠʝ ʢʚʘʥʪʘ ʩʚʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ʬʨʘʛʤʝʥʪʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʜʦʣʛʦʞʠʚʫʱʝʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ (ʝï ʠ h+). 

ʆʙʝ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʥʘ BNNS, ʦʜʥʘʢʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ 

ʨʝʢʦʤʙʠʥʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʕʬʬʝʢʪʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʝʥʳ ʥʦʩʠʪʝʣʝʤ BNNS, ʧʦʩʢʦʣʴʢʫ 

ʦʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʜʝʣʝʥʠʶ ʟʘʨʷʜʦʚ [171,184,185]. ɼr ʨʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ 

ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ (ʆʅÅ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʵʣʝʢʪʨʦʥʳ ʧʨʝʦʙʨʘʟʫʶʪ ʨʘʩʪʚʦʨʝʥʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ ʚ ʩʫʧʝʨʦʢʩʠʜ-

ʨʘʜʠʢʘʣʳ (ʆ2
ïÅ). ɺʩʝ ʵʪʠ ʚʳʩʦʢʦ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ 

ʚʦʜʝ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʝʡ, ʧʨʠʚʦʜʷ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

[18,136,185]. 

3.3.  ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ TiO2 ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʥʘʠʙʦʣʴʰʝʛʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʠ 

ʤʘʪʨʠʮʝʡ-ʥʦʩʠʪʝʣʝʤ, ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ. TiO2 ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʜʥʘʢʦ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʤr ʠʣʠ ʩʦʣʥʝʯʥʤr ʩʚʝʪʦʤ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʜʦ ~400 ʥʤ, Eg = 3,0-3,2 ʵɺ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ). ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʧʦʤʦʞʝʪ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʦʧʪʠʯʝʩʢʠʝ 
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ʩʚʦʡʩʪʚʘ. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʯʠʩʪʳʭ TiO2 ʠ [M]0-h2 ʠ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [M]0-ʥʘʥʦ. 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ 

ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ ɹ. 

3.3.1. ʇʦʣʫʯʝʥʠʝ 

ɼʠʦʢʩʠʜ ʪʠʪʘʥʘ ʧʦʣʫʯʘʣʠ ʧʨʦʩʪʳʤ ʛʠʜʨʦʣʠʟʦʤ ʠʟʦʧʨʦʧʦʢʩʠʜʘ ʪʠʪʘʥʘ (IV) ʚ 

ʥʝʡʪʨʘʣʴʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɼʣʷ ʵʪʦʛʦ Ti( iOPr)4 ʜʦʙʘʚʣʷʣʠ ʚ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʚʦʜʳ 

(ʦʙʲʝʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1:50). ʉʨʘʟʫ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʫʶ ʜʠʩʧʝʨʩʠʶ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. ʏʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʯʘʩʪʠʯʥʦ ʘʤʦʨʬʥʳʡ 

TiO2 ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ, ʜʠʩʧʝʨʩʠʶ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 80Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʇʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 32), ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ TiO2 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʘʟʫ ʘʥʘʪʘʟʘ ʩ ʧʨʠʤʝʩʴʶ ʙʨʫʢʠʪʘ. ʋʰʠʨʝʥʠʝ ʧʠʢʦʚ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. 

 

ʈʠʩʫʥʦʢ 32. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ TiO2 ʠ n- TiO2 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʯʝʪʥʳʤʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ ʘʥʘʪʘʟʘ ʠ ʙʨʫʢʠʪʘ 

ʂʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ TiO2 ʠ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6I8}(ɼʄʉʆ)6](NO3)4 ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʜʠʩʧʝʨʩʠʠ TiO2 ʥʝʢʦʪʦʨʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʜʝ: ʥʘ 1ʛ TiO2 ʧʨʠʭʦʜʠʣʦʩʴ 1,5, 1, 0,5 ʠʣʠ 0,1 ʛ 

ʢʦʤʧʣʝʢʩʘ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʞʝʣʪʦʚʘʪʳʭ ʦʙʨʘʟʮʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʘʥʥʳʭ ʩ ʢʣʘʩʪʝʨʦʤ ʧʠʢʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʚ 

ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʈʠʩʫʥʦʢ ʇ10 ʚ ʧʨʠʣʦʞʝʥʠʠ). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʨʝʤʷ ʧʨʦʧʠʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 20 ʯ, ʠʩʭʦʜʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʣʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

[{M 6I8}(H 2O)2(OH)4]ĿnH2O (ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʚʨʝʤʷ ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ 
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ʩʦʩʪʘʚʣʷʝʪ 52 ʤʠʥʫʪʳ [54]). ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʢʠʭ-ʣʠʙʦ ʩʠʛʥʘʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʠʛʘʥʜʦʤ, ʚ ʀʂ ʩʧʝʢʪʨʘʭ (ʈʠʩʫʥʦʢ 33). 

 

ʈʠʩʫʥʦʢ 33. ʀʂ-ʩʧʝʢʪʨʳ ʯʠʩʪʦʛʦ TiO2 ʠ n-TiO2 (n = 1,5, 1, 0,5, 0,1) 

3.3.2. ʄʦʨʬʦʣʦʛʠʷ ʠ ʩʦʩʪʘʚ 

ʄʦʨʬʦʣʦʛʠʶ ʠʩʭʦʜʥʦʛʦ TiO2, n-TiO2 ʠ [M]0-ʥʘʥʦ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʠʩʫʥʦʢ 34). ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ, ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʤʝʣʢʠʭ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭ ʘʛʣʦʤʝʨʘʪʳ ʜʠʘʤʝʪʨʦʤ ~100 ʥʤ ʠ ʙʦʣʝʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʚʣʠʷʥʠʷ ʧʨʦʧʠʪʢʠ ʢʣʘʩʪʝʨʘʤʠ ʥʘ ʤʦʨʬʦʣʦʛʠʶ TiO2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ TiO2 ʩʦʩʪʘʚʣʷʝʪ 4,8Ñ0,9 ʥʤ, ʜʣʷ 0,1-TiO2 - 

5,0Ñ0,8. ʉʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ n-TiO2 ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʀʉʇ-ɸʕʉ, ʘ ʟʘʪʝʤ 

ʧʝʨʝʚʦʜʠʣʠ ʚ ʩʦʜʝʨʞʘʥʠʝ {Mo6I8} ʥʘ 1 ʛ TiO2 (ʊʘʙʣʠʮʘ 9).  

 

ʈʠʩʫʥʦʢ 34. ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ TiO2 (ɸ), 0,1-TiO2 (ɺ) 
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ʊʘʙʣʠʮʘ 9 

ɼʘʥʥʳʝ ʀʉʇ-ɸʕʉ ʜʣʷ n-TiO2 

n ʉʦʜʝʨʞʘʥʠʝ Mo, ʤʘʩʩ% ʉʦʜʝʨʞʘʥʠʝ {Mo6I 8}, ʤʤʦʣʴ({Mo6I 8})Ĭʛ(TiO2)-1 

0,1 0,16 0,0031 

0,5 0,27 0,0046 

1 0,26 0,0044 

1,5 0,29 0,0050 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʨʦʧʠʪʢʘ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ 

ʯʘʩʪʠʯʥʦʤʫ ʚʢʣʶʯʝʥʠʶ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʛʨʫʟʢʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (n) ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ {Mo6I8} ʚ n-TiO2. 

ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ [{ Mo6I8}(ɼʄʉʆ)6](NO3)4, 

ʨʘʩʪʚʦʨʷʷʩʴ ʚ ʚʦʜʝ, ʙʳʩʪʨʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʘʪʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [{Mo6I8}(H 2O)6-m(OH)m](4-m)+ (m = 0-3) [57]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʘʪʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [{Mo6I8}(H 2O)6-m(OH)m](4-m)+ (m = 0-3) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

OHï ʠ H2O ʛʨʫʧʧʘʤʠ TiO2, ʦʙʨʘʟʫʷ ʧʨʷʤʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ Ti-O-Mo ʠ/ʠʣʠ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ Ti-O(H)ĿĿĿ(H)O-Mo, ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʫʞʝ ʦʩʘʞʜʝʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʣʘʩʪʝʨʘʤʠ, ʦʙʨʘʟʫʷ ʤʦʥʦʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ TiO2 ʜʦʩʪʠʛʘʝʪʩʷ ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʣʘʩʪʝʨʘ ʤʦʣʠʙʜʝʥʘ ʚ ʨʘʩʪʚʦʨʝ (n = 0,1), ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʣʘʩʪʝʨʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʦʧʠʪʢʠ. 

3.3.3. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ) ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ TiO 2 

ʉʦʩʪʘʚ ʠ ʚʘʣʝʥʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ n-TiO2 ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʈʌʕʉ 

(ʈʠʩʫʥʦʢ 35). ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʚʩʝʭ ʧʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʣʘʩʪʝʨʘʤʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ (ʈʠʩʫʥʦʢ 35 A, B). ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʤʝʪʘʣʣʦʚ Mo3d5/2 (228,5 ʵɺ), Mo3d3/2 (231,7 ʵɺ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʦʩʪʦʷʥʠʶ Mo2+, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [109,112]. ʉʠʛʥʘʣʳ ʠʦʜʘ, ʢʘʢ ʠ 

ʚ ʤʘʪʝʨʠʘʣʝ 5-BNNS, ʢʨʦʤʝ ʦʩʥʦʚʥʳʭ ʧʠʢʦʚ ʧʨʠ I3d5/2 (620,1 ʵɺ) ʠ I3d3/2 (631,6 ʵɺ), 

ʩʦʜʝʨʞʘʪ ʧʣʝʯʠ ʧʨʠ I3d5/2 (618,3 ʵɺ) ʠ I3d3/2 (629,7 ʵɺ), ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʧʠʢʘʣʴʥʳʤ 

ʣʠʛʘʥʜʘʤ Iï, ʥʝʟʘʤʝʱʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ (~1 ʘʧʠʢʘʣʴʥʳʡ Iï ʥʘ 

{M o6I8}). ʇʠʢʠ Ti2p3/2 ʠ Ti2p1/2 ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʠ Ḑ458,8 ͙  464,5 ʵɺ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ Ti4+ ʚ TiO2 (ʈʠʩʫʥʦʢ 35 C) [186,187]. ɺ ʩʧʝʢʪʨʝ O1s ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʠ 530,1, 531,5 ʠ 532,7 ʵɺ (ʈʠʩʫʥʦʢ 35 D). 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ (530,1 ʵɺ) ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʘʪʦʤʘʤ ʢʠʩʣʦʨʦʜʘ ʨʝʰʝʪʢʠ ʚ TiO2 
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[188,189]. ɼʚʝ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ (531,5 ʠ 532,7 ʵɺ) ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʛʨʫʧʧʘʤ ï ʤʦʩʪʠʢʦʚʳʤ ʢʠʩʣʦʨʦʜʥʳʤ ʠ ʆʅ-ʛʨʫʧʧʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [188,189]. 

 

ʈʠʩʫʥʦʢ 35. ʈʌʕʉ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Mo3d (A), I3d (B), Ti2p (C), ʠ O1s (D) ʦʩʥʦʚʥʳʭ 

ʫʨʦʚʥʝʡ ʚ 0,1-TiO2 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ TiO2, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʥʝ ʦʧʨʦʚʝʨʛʘʶʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ Mo-O-Ti ʠ/ʠʣʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ M-

OH/H2OĿĿĿHO-Ti, ʦʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʚ ʤʘʪʝʨʠʘʣʝ. 

3.3.4. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʨ 

ʀʟʤʝʨʝʥʥʳʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʧʨʠ 77 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 36. ɺʩʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʠʟʦʪʝʨʤʦʡ 

II ʪʠʧʘ ʧʦ ʦʬʠʮʠʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʀʖʇɸʂ [190], ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʧʦʨʠʩʪʳʭ 

ʠʣʠ ʤʘʢʨʦʧʦʨʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʦʯʢʘ ʧʝʨʝʛʠʙʘ (ʪʦʯʢʘ B) ʣʝʞʠʪ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ P/P0 (ʤʝʥʝʝ 2Ŀ10
ï3), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʤʠʢʨʦʧʦʨ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʧʦʨʳ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʠ ʙʳʣʦ ʘʜʩʦʨʙʠʨʦʚʘʥʦ 

ʤʝʥʝʝ, ʯʝʤ 40 ʤʣ/ʛ (4Ŀ10-5 ʤ3/ʛ). ʇʨʠ ʚʳʩʦʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʜʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʪʠʧʘ ʅ3. ʊʘʢʦʡ ʪʠʧ 
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ʛʠʩʪʝʨʝʟʠʩʘ ʦʙʳʯʥʦ ʩʚʷʟʘʥ ʩ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʴʶ ʧʦʨ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʝʟʦ- ʠ ʤʘʢʨʦʧʦʨ, ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʤ. 

 

ʈʠʩʫʥʦʢ 36. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʧʨʠ 77 ʂ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ DFT 

ʋʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʙʳʯʥʳʤ ʤʝʪʦʜʦʤ ɹʕʊ ʠ ʧʦʜʭʦʜʦʤ 

DFT. ʆʙʲʝʤʳ ʧʦʨ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ DFT. ɺʩʝ ʨʘʩʯʝʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 10. 

ʊʘʙʣʠʮʘ 10 

ʇʘʨʘʤʝʪʨʳ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ TiO2 ʠ 0,1-TiO2 

ʆʙʨʘʟʝʮ 
ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ / ʤ2Ŀʛ-1 

Vʧʦʨ / ʤ3Ŀʛ-1 
ɹʕʊ DFT 

TiO2 253,2 277,0 4,06Ŀ10-7 

0,1-TiO2 213,9 178,5 3,82Ŀ10-7 

ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ (ʚʩʪʘʚʢʘ ʥʘ ʨʠʩʫʥʢʝ 36) ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 

ʥʝʨʝʛʫʣʷʨʥʳʭ ʤʝʟʦʧʦʨ ʩ ʰʠʨʦʢʠʤ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʩʨʝʜʥʝʤ ʜʠʘʤʝʪʨʝ ʧʦʨ 6ï8 ʥʤ. ʆʜʠʥ 

(ʜʣʷ TiO2) ʠʣʠ ʜʚʘ (ʜʣʷ 0,1-TiO2) ʧʠʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʤʠʢʨʦʧʦʨ ʥʘ ʛʨʘʬʠʢʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʢ ʫʟʢʠʤ ʧʦʨʘʤ, ʥʦ ʠʭ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʧʦʨʠʩʪʦʩʪʴ ʥʝʟʥʘʯʠʪʝʣʝʥ (ʤʝʥʝʝ 0,02 ʤʣ/ʛ 

ʠʟ ~0,4 ʤʣ/ʛ). ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʲʝʤ ʧʦʨ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ ʢʣʘʩʪʝʨʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʧʦʨʘʭ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. 
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3.3.5. ʇʦʛʣʦʱʝʥʠʝ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʆʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʯʠʩʪʦʛʦ TiO2 ʠ 0,1-TiO2 ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ (ʈʠʩʫʥʦʢ 37). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, 

ʧʨʦʧʠʪʢʘ ʢʣʘʩʪʝʨʦʤ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʆʜʥʘʢʦ ʚ ʩʧʝʢʪʨʝ ʜʣʷ 0,1-TiO2 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʙʦʣʴʰʦʝ ʧʣʝʯʦ ʚ ʜʠʘʧʘʟʦʥʝ 

360-500 ʥʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʋʌ-ʦʙʣʘʩʪʠ, ʪʘʢ 

ʢʘʢ 0,1-TiO2 ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʯʝʤ TiO2 ʚ ʜʠʘʧʘʟʦʥʝ 250-350 ʥʤ. 

 

ʈʠʩʫʥʦʢ 37. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʯʠʩʪʦʛʦ TiO2 ʠ 0,1-TiO2, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ; ʚʩʪʘʚʢʘ: ʛʨʘʬʠʢʠ ʊʘʫʮʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Eg 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (Eg) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʨʘʬʠʢ ʊʘʫʮʘ (ʚʩʪʘʚʢʘ ʥʘ ʨʠʩʫʥʢʝ 37). ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʩʴ ʬʘʟʳ ʙʨʫʢʠʪʘ, 

ʯʠʩʪʳʡ TiO2 ʠ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʡ ʤʘʪʝʨʠʘʣ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʘʥʘʪʘʟʘ 

ʚʝʣʠʯʠʥʫ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 3,2 ʵɺ [191]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʩʧʝʢʪʨʝ 0,1-TiO2 ʚʠʜʥʘ 

ʝʱʝ ʦʜʥʘ ʧʨʷʤʘʷ ʣʠʥʠʷ ʩ Eg =1,8 ʵɺ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʣʠʯʠʝʤ ʧʣʝʯʘ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ. 

ʕʪʦ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ BNNS, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ, Eg ʜʣʷ 

[{Mo 6I8}(H 2O)2(OH)4]Ŀ2H2O ʩʦʩʪʘʚʣʷʝʪ 1,8 ʵɺ). 




































































