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1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʬʝʥʦʣʳ, ʩʧʠʨʪʳ, ʵʧʦʢʩʠʜʳ, ʘʣʴʜʝʛʠʜʳ, 

ʢʝʪʦʥʳ ʠ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʠʥʪʝʟʝ, ʪʘʢ ʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʤʝʨʦʚ, ʣʝʢʘʨʩʪʚ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

ʆʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʩʥʦʚʘʥ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʉ-ʅ ʠ ʉ-ʉ ʩʚʷʟʝʡ ʩʫʙʩʪʨʘʪʦʚ. 

ʆʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʪʝʢʘʝʪ ʩ ʥʠʟʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʩʸ ʝʱʸ ʘʢʪʫʘʣʴʥʳ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʧʨʦʪʝʢʘʥʠʷ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʠʭ ʣʝʛʢʦ ʦʪʜʝʣʷʪʴ ʦʪ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʘ ʜʠʘʧʘʟʦʥ ʫʩʣʦʚʠʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʫ ʠʭ ʛʦʤʦʛʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. ʆʜʥʘʢʦ, ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʥʝʨʝʜʢʦ ʫʩʪʫʧʘʶʪ ʚ ʘʢʪʠʚʥʦʩʪʠ ʛʦʤʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ 

ʜʦʩʪʫʧʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʜʣʷ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʦʚ ʠ ʚʦʟʤʦʞʥʦʡ ʘʜʩʦʨʙʮʠʠ ʫʯʘʩʪʥʠʢʦʚ 

ʨʝʘʢʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʦʩʠʪʝʣʷ. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ 

ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠʭ ʩʚʦʡʩʪʚ ʚ ʨʦʣʠ ʥʦʩʠʪʝʣʝʡ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʠʨʦʜʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʝʘʛʝʥʪʘʤʠ ʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʣʠʷʶʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʥʦʩʠʪʝʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʘʫʯʥʦʛʦ ʙʘʟʠʩʘ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʩʪʘʚ-

ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ 

ʷʚʣʝʥʠʡ, ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʶʪʩʷ ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ 

(Porous Aromatic Frameworks, PAFs). ɼʘʥʥʳʡ ʪʠʧ ʧʦʣʠʤʝʨʥʳʭ ʥʦʩʠʪʝʣʝʡ ʦʙʨʘʟʦʚʘʥ 

ʬʨʘʛʤʝʥʪʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʩʚʷʟʘʥʥʳʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʞʝʩʪʢʠʡ çʢʘʨʢʘʩè ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ PAF ʩʪʘʙʠʣʴʥʳ ʜʦ 350-400 Áʉ, ʫʩʪʦʡʯʠʚʳ ʚ 

ʩʠʣʴʥʦʢʠʩʣʦʡ ʠ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ ʩʨʝʜʘʭ, ʥʝ ʦʢʠʩʣʷʶʪʩʷ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʦʤ 

ʚʦʟʜʫʭʘ, ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʥʝ ʥʘʙʫʭʘʶʪ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʈʘʥʝʝ ʦʥʠ ʙʳʣʠ 

ʠʩʧʳʪʘʥʳ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʥʝʬʪʠ, 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʛʠʜʨʦʧʝʨʝʨʘʙʦʪʢʝ ʩʨʝʜʥʠʭ ʠ 
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ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ ʥʝʬʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ PAF ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʫʯʝʥʦ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʸʪʩʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ 

ɺ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʵʥʟʠʤʳ, ʘ ʪʘʢʞʝ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: ʧʨʠʚʠʪʳʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ; ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ ʚʥʝʜʨʸʥʥʳʤʠ ʚ ʤʘʪʝʨʠʘʣ 

ʥʦʩʠʪʝʣʷ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ; ʥʝʥʘʥʝʩʸʥʥʳʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʣʠʙʜʝʥʘ ʠ ʪʠʪʘʥʘ, ʪʘʢʞʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʨʘʟʨʘʙʦʪʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʚʘʥʘʜʠʷ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʨʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʧʠʩʘʥʳ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ, 

ʤʘʨʛʘʥʮʘ. ʅʦʩʠʪʝʣʷʤʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ SiO2, ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʩʣʦʠʩʪʳʝ ʜʚʦʡʥʳʝ ʛʠʜʨʦʢʩʠʜʳ, ʧʦʨʠʩʪʳʝ ʧʦʣʠʤʝʨʳ (ʥʘʧʨʠʤʝʨ, ʧʦʣʠʩʪʠʨʦʣ), ʘ ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʝ ʪʠʧʳ ʥʦʩʠʪʝʣʝʡ ï MOFs (Metal Organic Frameworks), COFs (Covalent 

Organic Frameworks) ʠ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ POPs (Porous Organic Polymers). ɺ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʧʠʩʘʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʜʢʠʭ ʨʘʙʦʪ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ ʫʩʧʝʰʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʝʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʥʜʝʥʩʘʮʠʠ ʢʝʪʦʥʦʚ, ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʛʚʘʷʢʦʣʦʚ, ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ 

ʬʨʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʧʦʨʠʩʪʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ, ʠ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʥʠʭ ʨʝʘʢʮʠʡ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, ʪʘʥʜʝʤʥʦʛʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ-ʢʘʨʙʦʩʠʣʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʠ 

ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ, ʧʨʦʚʝʩʪʠ ʤʦʜʠʬʠʢʘʮʠʶ ʠʭ 

ʩʪʨʫʢʪʫʨʳ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʠ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʪʘʢʞʝ ʛʨʫʧʧʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʘʤʤʦʥʠʷ; 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʛʨʫʧʧʘʤʠ 

ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʤʦʣʠʙʜʝʥ- ʠ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ; 
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¶ ʈʘʟʨʘʙʦʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʥʦʩʠʪʝʣʝʡ ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʠ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʞʝʣʝʟʦ- ʠ ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ; 

¶ ʋʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ; 

¶ ʀʟʫʯʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʥʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʣʠʙʝʥ- ʠ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, 

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʵʧʦʢʩʠʜʦʚ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʩ ʧʨʠʚʠʪʳʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʩʦʣʷʤʠ 

ʘʤʤʦʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʞʝʣʝʟʦ- ʠ 

ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʘ ʪʘʢʞʝ ʪʘʥʜʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ-

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ; 

¶ ʆʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʚʳʙʨʘʥʥʳʭ 

ʨʝʘʢʮʠʷʭ ʦʪ ʠʭ ʩʪʨʦʝʥʠʷ. 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, 

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʵʧʦʢʩʠʜʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʩʠʪʝʣʝʡ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʨʝʘʢʮʠʷʭ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʵʧʦʢʩʠʜʦʚ ʠ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʦʩʠʪʝʣʴ PAF-30 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ 

ʤʝʞʜʫ ʪʝʪʨʘʢʠʩ(ʧ-ʙʨʦʤʬʝʥʠʣ)ʤʝʪʘʥʦʤ ʠ 4,4ô-ʜʠʬʝʥʠʣʜʠʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʭʝʣʘʪʠʨʫʶʱʠʭ ʛʨʫʧʧ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʘʤʤʦʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʠʷ PAF-30 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʤʠʥʦʤ 

ʠʣʠ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ, ʣʠʙʦ ʧʨʠ ʧʦʤʦʱʠ ʚʚʝʜʝʥʠʷ ʘʤʠʥʦʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ PAF-30 ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ. 

ɺʚʝʜʝʥʠʝ ʩʫʣʴʬʦʛʨʫʧʧ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʫʣʴʬʠʨʦʚʘʥʠʷ PAF-30 ʨʘʩʪʚʦʨʦʤ 

ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ. ʅʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʝʡ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʝʡ ʠʣʠ ʢʦʤʧʣʝʢʩʦʚ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʉʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʘʤʠ: ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-

ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ), ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ), ʘʪʦʤʥʦ-ʘʙʩʦʨʮʠʦʥʥʦʡ 
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ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ɸɸʉ), ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ), 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ) ʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʢʣʷʥʥʳʭ ʨʝʘʢʪʦʨʘʭ, ʩʥʘʙʞʝʥʥʳʭ 

ʨʫʙʘʰʢʦʡ ʜʣʷ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʩʝʧʪʦʡ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʫʯʘʩʪʠʝʤ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʣʴʥʳʭ ʘʚʪʦʢʣʘʚʘʭ. ɸʥʘʣʠʟ 

ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʘʤʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʭʨʦʤʘʪʦ-

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

¶ ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʸʥ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʵʧʦʢʩʠʜʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʵʪʘʥʦʣʘʤʤʦʥʠʡʥʳʤʠ ʩʦʣʷʤʠ; 

¶ ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʪʘʥʜʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ï ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʵʧʦʢʩʠʜʦʚ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘ 

ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ; 

¶ ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʜʴ- ʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʘʨʢʘʩʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʦʣʝʬʠʥʦʚ, ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ). ʀʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʢʦʥʚʝʨʩʠʠ ʦʣʝʬʠʥʦʚ ʚ ʵʧʦʢʩʠʜʳ, ʵʧʦʢʩʠʜʦʚ ʚ ʢʘʨʙʦʥʘʪʳ, ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʝʪʦʥʳ ʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʠ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʨʫʛʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʛʝʢʩʘʥʘ, ʘ ʪʘʢʞʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʝʩʸʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʥʠʭ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ɺʚʝʜʝʥʠʝ ʭʝʣʘʪʠʨʫʶʱʠʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʧʦ ʦʙʲʸʤʫ ʥʦʩʠʪʝʣʷ 

ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʢ ʚʳʤʳʚʘʥʠʶ ʤʝʪʘʣʣʘ; 

¶ ʅʘʣʠʯʠʝ ʛʠʜʨʦʢʩʦʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʥʝʩʸʥʥʳʭ ʥʘ PAF ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʡʥʳʭ 

ʩʦʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʠ ʵʧʦʢʩʠʜʦʚ; 
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¶ ʂʘʪʘʣʠʟʘʪʦʨʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ PAF, ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʝʪʦʥʦʚ ʠ ʦʪʣʠʯʘʶʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ: 

ɸʚʪʦʨ ʄʘʭʦʚʘ ɺ.ɸ. ʣʠʯʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʨʘʟʨʘʙʘʪʳʚʘʣʘ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɸʚʪʦʨ 

ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʦʙʨʘʙʦʪʢʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʟʘʥʠʤʘʣʘʩʴ ʧʦʜʛʦʪʦʚʢʦʡ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʢ 

ʧʫʙʣʠʢʘʮʠʠ, ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ 

ʨʘʙʦʪʘʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʢʣʘʜ ʄʘʭʦʚʦʡ ɺ.ɸ. ʩʦʩʪʦʷʣ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʚʳʚʦʜʦʚ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ1, ʚ 

ʢʦʪʦʨʦʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠ ʩʦʩʪʦʷʣ ʚ ʧʨʦʚʝʜʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʶ ʦʣʝʬʠʥʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʩʚʝʜʝʥʠʷ ʦʙ ʘʧʨʦʙʘʮʠʠ ʨʘʙʦʪʳ: 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 4 ʩʪʘʪʴʷʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʝ ʷʜʨʘ ʈʀʅʎ çeLibrary Science Indexè, 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (Web of Science, Scopus, RSCI) ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ 

ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.12. ʅʝʬʪʝʭʠʤʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ XXVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ñʃʦʤʦʥʦʩʦʚ-2020ò, 10 ï 27 ʥʦʷʙʨʷ 

2020 ʛ., ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; XXIX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ñʃʦʤʦʥʦʩʦʚ-2022ò, 11 ï 22 ʘʧʨʝʣʷ 2022 ʛ., ʄʦʩʢʚʘ, ʈʦʩʩʠʷ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ ʪʝʟʠʩʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ 

ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çɸʥʘʣʠʪʠʯʝʩʢʠʡ 

 
1 Makhova V.A., Kulikov L.A., Akopyan A.V., Karakhanov E.A. Molybdenum Catalysts Supported on Porous Aromatic 

Frameworks in Epoxidation of Olefins // Petroleum Chemistry. ï 2024. ï Vol. 64, No. 4. ï P. 492-499. ï DOI 

10.1134/S0965544124020208. ï EDN YTIXEN. JIF 1.4, 0.92 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 20% 

[ʄʘʭʦʚʘ ɺ.ɸ., ʂʫʣʠʢʦʚ ʃ.ɸ., ɸʢʦʧʷʥ ɸ.ɺ., ʂʘʨʘʭʘʥʦʚ ʕ.ɸ. ʄʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʦʣʝʬʠʥʦʚ // ʅʘʥʦʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ. ï 2024. ï ʊ. 9, ˉ 1. ï ʉ. 

69-77. ï DOI 10.56304/S2414215824010064. ï EDN TTHGVU. ʀʌ ʈʀʅʎ 0.20, 1.04 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 20%]. 
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ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʭʠʤʠʠè ʀʅʍʉ ʈɸʅ, ʘ ʪʘʢʞʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʤʝʪʘʣʣʫʨʛʠʷè ʅʀʊʋ çʄʀʉʠʉè. 

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 22ï79-

10044), ʘ ʪʘʢʞʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-

2024-547 ʦʪ 24 ʘʧʨʝʣʷ 2024). 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 179 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 120 

ʨʠʩʫʥʢʦʚ ʠ 24 ʪʘʙʣʠʮʳ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 284 ʥʘʠʤʝʥʦʚʘʥʠ.̫ 
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2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʊʝʢʫʱʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʩʚʷʱʝʥ ʦʩʥʦʚʘʤ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ Ŭ-ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʢʠʩʣʠʪʝʣʠ ʠ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʦʚ ʠ ʦʢʠʩʣʠʪʝʣʝʡ ʠ 

ʨʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʥʠʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

2.1. ʇʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

ʇʨʦʮʝʩʩʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʟʘʥʠʤʘʶʪ ʢʣʶʯʝʚʫʶ ʧʦʟʠʮʠʶ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʭʚʘʪʳʚʘʷ ʢʘʢ ʥʝʬʪʝʭʠʤʠʶ ʠ ʛʘʟʦʭʠʤʠʶ, ʪʘʢ ʠ ʪʦʥʢʠʡ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʢ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ, ʪʘʢ ʠ 

ʧʨʦʜʫʢʪʦʚ ʪʦʥʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʪʘʙʣʠʮʘ 1) [1]. ʇʨʠʤʝʨʥʦ 60% ʭʠʤʠʯʝʩʢʦʛʦ ʩʳʨʴʷ 

ʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʣʫʯʘʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ [2]. ɺ 1990-ʭ ʛʦʜʘʭ ʛʝʪʝʨʦʛʝʥʥʳʝ ʠ ʛʦʤʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʨʘʚʥʦʡ 

ʩʪʝʧʝʥʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʚʩʝ ʯʘʱʝ ʚʳʪʝʩʥʷʶʪ 

ʛʦʤʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ, ʫʤʝʥʴʰʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʝ 

ʩʳʨʴʝ [3]. ʇʘʨʘʣʣʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʤʠʥʠʤʠʟʠʨʫʶʪ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʠ ʦʧʘʩʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʣʦʨʛʠʜʨʠʥʥʦʛʦ ʤʝʪʦʜʘ (chlorohydrin process (ʘʥʛʣ.) - CHPO) 

ʩʠʥʪʝʟʘ ʦʢʩʠʜʘ ʧʨʦʧʠʣʝʥʘ ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

(~40 ʪ ʥʘ 1 ʪ ʧʨʦʜʫʢʪʘ), ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʢʦʨʨʦʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [4]. 

 



11 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʉʳʨʴʝ ʇʨʦʜʫʢʪ ʆʢʠʩʣʠʪʝʣʴ ʂʘʪʘʣʠʟʘʪʦʨ ʇʨʦʮʝʩʩ 

ʥ-ʙʫʪʘʥ ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ɺʦʟʜʫʭ 
Co(CH3COO)2/ 

CH3COOH 
ð 

ʧ-ʢʩʠʣʦʣ 
ʊʝʨʝʬʪʘʣʝʚʘʷ 

ʢʠʩʣʦʪʘ 
O2 

Co2+/Mn2+/Br-; 

CH3COOH 

Mid-

Century/ 

Amoco 

ʎʠʢʣʦʛʝʢʩʘʥ 
ʎʠʢʣʦʛʝʢʩʘʥʦʣ/ 

ʎʠʢʣʦʛʝʢʩʘʥʦʥ 
 

ʅʘʬʪʝʥʘʪ 

ʢʦʙʘʣʴʪʘ (II)  
ð 

ʕʪʠʣʝʥ ʕʪʠʣʝʥʦʢʩʠʜ O2 Ag-K-Cl/Ŭ-Al 2O3 Shell 

ʕʪʠʣʝʥ ɸʮʝʪʘʣʴʜʝʛʠʜ O2 PdCl2/CuCl2 Wacker 

ɹʫʪʘʜʠʝʥ 3,4-ʵʧʦʢʩʠ-1-ʙʫʪʝʥ O2 Ag-Cs/ Ŭ-Al 2O3 
Eastman 

Chemical 

ʇʨʦʧʠʣʝʥ ʇʨʦʧʠʣʝʥʦʢʩʠʜ RO2H ʢʦʤʧʣʝʢʩʳ Mo 
Halcon/AR

CO 

ʇʨʦʧʠʣʝʥ ʇʨʦʧʠʣʝʥʦʢʩʠʜ H2O2 TS-1 HPPO 

ʄʝʪʘʥʦʣ ʌʦʨʤʘʣʴʜʝʛʠʜ ɺʦʟʜʫʭ Ag/Ŭ-Al 2O3 ð 

ɹʝʥʟʦʣ 
ʄʘʣʝʠʥʦʚʳʡ 

ʘʥʛʠʜʨʠʜ 
ɺʦʟʜʫʭ ʆʢʩʠʜʳ V-Mo ð 

ʦ-ʢʩʠʣʦʣ ʌʪʘʣʝʚʳʡ ʘʥʛʠʜʨʠʜ ɺʦʟʜʫʭ V-P-Cs-Sb@TiO2 ð 

ʊʦʣʫʦʣ ɹʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ O2 
Co2+/Mn2+/Br-; 

CH3COOH 
ð 

ʎʠʢʣʦʛʝʢʩʘʥʦʣ 
ɸʜʠʧʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
HNO3 ð ð 

 

2.2. ʆʢʠʩʣʠʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʇʨʠʤʝʥʷʝʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ 

ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ. ɺ ʩʣʫʯʘʝ ʤʘʣʦʪʦʥʥʘʞʥʦʡ ʭʠʤʠʠ ʚʩʪʨʝʯʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʤʘʥʛʘʥʘʪʦʚ, ʜʠʭʨʦʤʘʪʦʚ, ʭʨʦʤʦʚʳʭ ʘʥʛʠʜʨʠʜʦʚ, ʧʝʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʝ ʠ ʜʝʰʝʚʳʝ ʦʢʠʩʣʠʪʝʣʠ ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ (O2), ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ 

(H2O2), ʦʨʛʘʥʠʯʝʩʢʠʝ ʛʠʜʨʦʧʝʨʦʢʩʠʜʳ (ROOH), ʥʘʜʢʠʩʣʦʪʳ (RO3H), ʦʟʦʥ (O3), ʘʟʦʪʥʘʷ 

ʢʠʩʣʦʪʘ, ʭʣʦʨ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ (ʪʘʙʣʠʮʘ 2). 
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ʊʘʙʣʠʮʘ 2. ʆʢʠʩʣʠʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʆʢʠʩʣʠʪʝʣʴ 
ʉʦ-ʧʨʦʜʫʢʪ 

ʧʨʦʜʫʢʪ 

ʕʥʝʨʛʠʷ 

ʜʠʩʩʦʮʠʘʮʠʠ 

ʩʚʷʟʠ ʆ-ʆ 

ȹʅf298(ʆ-ʆ), 

ʢɼʞ/ʤʦʣʴ 

ʅʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʷ 

O2 H2O 498 [5] 
ɾʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʘʢʪʠʚʘʮʠʠ ʤʦʣʝʢʫʣʳ 

H2O2 H2O 214 [6] 
ʅʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ 

O3 H2O, O2 203 [5] 

ʊʦʢʩʠʯʝʥ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ; 

ʭʠʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳʡ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʟʨʳʚʦʦʧʘʩʥʳʡ ʚ 

ʞʠʜʢʦʤ ʚʠʜʝ; ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ɻʠʜʨʦʧʝʨʦʢʩʠʜʳ 

(ROOH) 

ʉʧʠʨʪʳ  

(ROH) 

192  
tBuOOH 

[6] 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʷ 

ʠ ʦʪʜʝʣʝʥʠʷ ʩʦ-ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʅʘʜʢʠʩʣʦʪʳ 

(RCO3H) 

ʂʠʩʣʦʪʳ  

(RCO2H) 

187  

CH3C(O)OOH 

[5] 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʷ 

ʠ ʦʪʜʝʣʝʥʠʷ ʩʦ-ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

N2O N2 
167 (N-O) 

[5] 

ʇʘʨʥʠʢʦʚʳʡ ʛʘʟ; ʇʨʠʛʦʜʝʥ ʙʦʣʴʰʝ 

ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʉ-ʅ ʩʚʷʟʝʡ, ʯʝʤ ʜʣʷ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ (ʧʦʙʦʯʥʦʝ 

ʧʨʦʪʝʢʘʥʠʝ ʠʟʦʤʝʨʠʟʘʮʠʠ ʜʦ ʢʝʪʦʥʦʚ) 

HNO3 
NO; NO2; 

N2O3 
½ 

ɺʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

NaClO NaCl ½ 

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʨʝʙʫʶʱʠʭ 

ʫʪʠʣʠʟʘʮʠʠ 

 

ʂʠʩʣʦʨʦʜ (O ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʘʛʝʥʪʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʡ 

ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ ʷʚʣʷʝʪʩʷ ʚʦʜʘ. ʆʜʥʘʢʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʊʘʢ, ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʨʦʜʘ ʠʤʝʝʪ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʪʨʠʧʣʝʪʥʦʝ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ 

ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʨʘʟʥʳʭ ʦʨʙʠʪʘʣʷʭ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʧʠʥʘʤʠ. ʆʜʥʘʢʦ, ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦ ʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, 

ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʟʘʧʨʝʱʝʥʥʳʤè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʘʢʪʠʚʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ), 
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ʪʘʢʠʝ ʢʘʢ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ (1O2) ʠʣʠ ʨʘʟʣʠʯʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʨʘʜʠʢʘʣʳ (O2
-Å ï 

ʩʫʧʝʨʦʢʩʠʜ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ, ÅOH ï ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ) [7]. 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ (H2O2) ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʢʠʩʣʠʪʝʣʝʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ʉʦ-ʧʨʦʜʫʢʪʦʤ 

ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ H2O2 ʷʚʣʷʝʪʩʷ ʚʦʜʘ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʨʝʘʛʝʥʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ çʟʝʣʝʥʦʡ ʭʠʤʠʠè. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʩʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʥʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʟ-ʟʘ ʯʝʛʦ 

ʧʨʦʮʝʩʩ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʪʘʥʦʚʠʪʩʷ ʜʚʫʭʬʘʟʥʳʤ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʵʪʦ ʦʙʣʝʛʯʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʩ ʜʨʫʛʦʡ ï ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʬʘʟ. 

ɼʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʣʠʰʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʠʩʣʠʪʝʣʠ (ʨʠʩʫʥʦʢ 1), ʪʘʢʠʝ ʢʘʢ ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ (ʊɹɻʇ), ʤ-ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (ʤ-ʍʅɹʂ) ʠʣʠ ʥʘʜʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ (ʅʋʂ). ɼʘʥʥʳʝ ʢʣʘʩʩʳ ʩʦʝʜʠʥʝʥʠʡ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʢʮʠʷʭ 

ʦʢʠʩʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʠʥʪʝʟʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʊɹɻʇ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʭʨʘʥʝʥʠʠ. ʊʘʢʞʝ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʷʟʠ ʆ-ʆ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦ-ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʷʪʴ ʦʪ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʥʦ ʠʭ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ɸʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʭʣʦʨ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ (NaOCl), 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʢʠʧʠʨʦʚʢʠ, ʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʝ ʦʪʭʦʜʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʢʩʠʯʥʳʭ). 

 

ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ

(ʊɹɻʇ)

ʛʠʜʨʦʧʝʨʦʢʩʠʜʢʫʤʦʣʘ

(ɻʇʂ)

ʛʠʜʨʦʧʝʨʦʢʩʠʜʵʪʠʣʙʝʥʟʦʣʘ

(ɻʇʕɹ)

ʤ-ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʘʷʢʠʩʣʦʪʘ

(ʤ-ʍʅɹʂ)

ʥʘʜʫʢʩʫʩʥʘʷʢʠʩʣʦʪʘ

(ʅʋʂ)
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2.3. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʂʘʪʘʣʠʟʠʨʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʪʘʣʣʦʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʦʞʥʦ 

ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʩʧʦʩʦʙʫ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʦʚ 

(ʠʣʠ ʢʘʪʘʣʠʟʘʪʦʨʘ) ʤʦʣʝʢʫʣʘʤ ʦʢʠʩʣʠʪʝʣʷ [3]. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʨʝʘʢʮʠʠ ʩ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʛʦʤʦʣʠʪʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʩʚʷʟʝʡ, ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʨʝʘʢʮʠʠ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʤ 

ʨʘʟʨʳʚʦʤ ʩʚʷʟʝʡ (ʨʠʩʫʥʦʢ 2). ʈʝʘʣʠʟʘʮʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ 

ʦʪ ʫʩʣʦʚʠʡ ʝʸ ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʨʠʨʦʜʳ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʝʡ ʚʝʱʝʩʪʚ. 

 

 
ʈʠʩʫʥʦʢ 2. ɻʦʤʦʣʠʪʠʯʝʩʢʠʡ ʠ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʡ ʧʫʪʠ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʷʟʠ O-O ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʠʜʨʦʧʝʨʦʢʩʠʜʘʭ 

ʈʝʘʣʠʟʘʮʠʠ ʨʝʘʢʮʠʡ ʧʦ ʧʝʨʚʦʤʫ ʧʫʪʠ ʦʙʳʯʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʪʘ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʮʝʩʩʳ (Co+2/Co+3 [8], Mn+2/Mn+3 [9], Fe+2/Fe+3[10] , Cu+/Cu+2 [11]) ʠ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʟʨʳʚ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʛʦʤʦʣʠʪʠʯʝʩʢʠ, ʠ ʚ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣ ʦʢʠʩʣʠʪʝʣʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʣʢʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (R-Oω), ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (ωOH) 

ʠ ʘʣʢʠʣʧʝʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (R-O-Oω) (ʨʠʩʫʥʦʢ 3). ʊʘʢʞʝ ʢ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʩʪʦʠʪ 

ʦʪʥʝʩʪʠ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʨʘʜʠʢʘʣʳ 

(ωO-Oω). ʄʝʪʘʣʣ ʠʥʠʮʠʠʨʫʝʪ ʨʘʜʠʢʘʣʴʥʳʡ ʮʝʧʥʦʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʝʣʠʯʠʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʘʨʳ Me+n/Me+(n+1). ʇʨʠ ʵʪʦʤ ʘʪʦʤ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʥʝ ʥʘ 

ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ: ʝʛʦ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʨʝʘʛʠʨʫʶʪ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʦʚʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (ʨʘʟʚʠʪʠʝ ʮʝʧʠ) ʠʣʠ ʩ ʜʨʫʛʠʤʠ ʨʘʜʠʢʘʣʘʤʠ (ʦʙʨʳʚ 

ʮʝʧʠ, ʨʝʢʦʤʙʠʥʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ). 
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ʈʠʩʫʥʦʢ 3. ʇʨʠʤʝʨ ʩʪʘʜʠʡ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʦʙʨʳʚʘ ʮʝʧʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʉ-ʅ ʩʚʷʟʠ ʊɹɻʇ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ï ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ ʠ 

ʦʢʠʩʣʠʪʝʣʷ ʚ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ ʢ ʨʘʟʨʳʚʫ ʩʚʷʟʠ  

ʉ-ʅ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʨʘʜʠʢʘʣʦʚ. ɼʘʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʷʤʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʦʯʥʦʩʪʴʶ ʩʚʷʟʠ ʉ-ʅ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʢʘʣʘ Rω (ʨʠʩʫʥʦʢ 4). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʢʠʩʣʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʢʘʥʦʚ 

ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʝʝ ʠ ʩ ʙʦӢʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ, ʯʝʤ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʝʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ï ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʩʧʠʨʪʦʚ, ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ ʠʣʠ ʢʝʪʦʥʦʚ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʘʜʠʢʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʪʦʤʘ ʩ ʥʝʩʧʘʨʝʥʥʳʤ 

ʵʣʝʢʪʨʦʥʦʤ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʠʣʠ ʛʨʫʧʧʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʦʚ ʩʦʧʨʷʞʝʥʠʷ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ. 

 

 
ʈʠʩʫʥʦʢ 4. ʈʝʟʦʥʘʥʩʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʘ) ʘʣʢʘʥʦʚ; (ʙ) ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ;  

(ʚ) ʩʧʠʨʪʦʚ 

ɺ ʯʠʩʣʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʩ 

ʛʦʤʦʣʠʪʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʩʚʷʟʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʨʘʜʠʢʘʣʦʚ, ʚʭʦʜʠʪ: 

ʞʠʜʢʦʬʘʟʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ ʦʢʠʩʣʝʥʠʝ ʧ-ʢʩʠʣʦʣʘ 

ʜʦ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ [12], ʪʦʣʫʦʣʘ ʜʦ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ [13], ʢʫʤʦʣʘ ʜʦ ʬʝʥʦʣʘ ʠ 

ʘʮʝʪʦʥʘ [14]; ʦʢʠʩʣʝʥʠʝ ʘʣʢʘʥʦʚ, ʥʘʧʨʠʤʝʨ, ʮʠʢʣʦʛʝʢʩʘʥʘ ʜʦ ʩʤʝʩʠ 

ʮʠʢʣʦʛʝʢʩʘʥʦʣʘ/ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ [15], ʥ-ʙʫʪʘʥʘ ʜʦ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ [16], ʤʝʪʘʥʘ ʜʦ 

ʤʝʪʘʥʦʣʘ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ [17]; ʦʢʠʩʣʝʥʠʝ ʙʝʥʟʦʣʘ ʜʦ ʬʝʥʦʣʦʚ ʠ ʭʠʥʦʥʦʚ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ ʧʦ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ (ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ Fe(II )/H2O2 ʠʣʠ 

Cu(II )/H2O2/Cl-) [18]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʨʝʘʢʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ 

ʨʘʜʠʢʘʣʦʚ, ʦʪʥʦʩʠʪʩʷ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʥʝʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʳʭ 

(ʘ)

(ʙ)

(ʚ)
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ʧʨʦʜʫʢʪʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʡ ʚʳʙʠʨʘʶʪ ʩʫʙʩʪʨʘʪʳ ʠʣʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʯʠʩʣʦʤ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʉ-ʅ ʩʚʷʟʝʡ, ʠʣʠ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʦʢʠʩʣʷʝʤʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʣʝʢʫʣ. 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʨʝʘʢʮʠʡ ʩ ʛʦʤʦʣʠʪʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʩʚʷʟʝʡ, ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʩʚʷʟʝʡ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʦʥʳ 

ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ. ɼʣʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʤʝʪʘʣʣʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʝʥ ʧʝʨʝʥʦʩ ʩʨʘʟʫ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ (ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʣʠ ʚ ʜʚʝ ʩʪʘʜʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ): V3+/V5+[19], Mo4+/Mo6+[20] , W4+/W6+[21], ʘ ʪʘʢʞʝ 

Fe2+/Fe4+[22], Pd0/Pd2+[23], Au+/Au3+[24], Ru0/Ru2+[25]. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʝ y ʩʢʦʨʦʩʪʴ, ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʩʪʨʦʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʘʢ ʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʠʦʥʦʚ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʩʚʷʟʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤ ʨʘʟʨʳʚʝ ʩʚʷʟʝʡ. ɺʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ ʠʣʠ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ, ʧʦʵʪʦʤʫ ʝʛʦ ʩʪʨʦʝʥʠʝ 

ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ.  

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʧʨʦʮʝʩʩʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʢʘʢ ʧʦ ʨʘʜʠʢʘʣʴʥʦʤʫ (ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ), ʪʘʢ ʠ ʧʦ ʠʦʥʥʦʤʫ 

(ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ) ʧʫʪʠ, ʧʨʠʯʸʤ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [26] ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʪʦʣʫʦʣʘ ʧʝʨʭʣʦʨʘʪʦʤ ʞʝʣʝʟʘ 

Fe(ClO4)2 ʚ ʩʠʩʪʝʤʝ H2O2-H2O-CH3CN (ʨʠʩʫʥʦʢ 5). ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

(2 ʤʦʣʴʥ. %) ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʙʳʣʠ ʙʝʥʟʘʣʴʜʝʛʠʜ ʠ ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ sp3 C-H ʩʚʷʟʝʡ ʧʦ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ (ʨʘʜʠʢʘʣʴʥʦʤʫ) 

ʧʫʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʥʠʟʢʦʡ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (0.1 ʤʦʣʴʥ. %) ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ 

ʙʳʣʠ ʬʝʥʦʣʳ ʠ ʭʠʥʦʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ sp2 C-H ʩʚʷʟʝʡ ʧʦ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ 

(ʠʦʥʥʦʤʫ) ʧʫʪʠ. ʇʨʠ ʨʘʜʠʢʘʣʴʥʦʤ ʦʢʠʩʣʝʥʠʠ ʪʦʣʫʦʣʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ωOH ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ɻʘʙʝʨʘ-ɺʘʡʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʦʥʥʦʤ ʦʢʠʩʣʝʥʠʠ ʪʦʣʫʦʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʯʝʪʳʨʸʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ 

Fe(IV)=O ʚ ʭʦʜʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ Fe(II) ʩ ʧʝʨʝʥʦʩʦʤ O-ʘʪʦʤʘ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ɹʨʝʷ-ɻʦʨʠʥʘ. 
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ʈʠʩʫʥʦʢ 5. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʪʦʣʫʦʣʘ ʨʘʟʣʠʯʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ Fe(ClO4)2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʢʠʩʣʝʥʠʶ sp2 C-H ʩʚʷʟʠ ʠʣʠ sp3 ʉ-H ʩʚʷʟʠ [18,26] 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʨʠʤʝʨʦʤ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʧʠʣʝʥʦʢʩʠʜʘ ʠʟ ʧʨʦʧʠʣʝʥʘ ʠ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ 

(ʍʘʣʢʦʥ-ʧʨʦʮʝʩʩ), ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʣʠʙʜʝʥʘ. ʄʝʭʘʥʠʟʤ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʥʘ ʜʚʦʡʥʫʶ ʩʚʷʟʴ 

ʘʣʢʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʘʣʢʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ ʘʢʪʠʚʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ, 

ʫʚʝʣʠʯʠʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʢ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʘʣʢʝʥʦʤ (ʨʠʩʫʥʦʢ 6 (ʘ)). 

 

 
ʈʠʩʫʥʦʢ 6. ʄʝʭʘʥʠʟʤ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ: (ʘ) ʚʢʣʶʯʘʶʱʠʡ ʧʨʷʤʦʡ ʧʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ 

ʘʣʢʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʐʝʣʜʦʥʦʤ [27]; (ʙ) ʚʢʣʶʯʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʨʦʢʩʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʧʨʝʣʦʞʝʥʥʳʡ ʄʠʤʫʥʦʤ [28] 

ʊʘʢʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʣʢʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ ʩ ʤʦʣʠʙʜʝʥʦʤ (ʨʠʩʫʥʦʢ 6 (ʙ)). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʢʠʣʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʢʦʦʨʜʠʥʠʨʫʝʪ ʘʣʢʝʥ, 

ʦʙʨʘʟʫʷ ʧʷʪʠʯʣʝʥʥʳʡ ʧʝʨʦʢʩʦ-ʤʝʪʘʣʣʘʮʠʢʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦʪ ʢʦʤʧʣʝʢʩ 

ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʧʦʢʩʠʜʘ.  
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʷʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣ ʦʢʠʩʣʠʪʝʣʷ ʠ ʩʫʙʩʪʨʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʝʱʸ ʦʜʥʫ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʫʶ ʨʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʥʝʧʨʷʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣ ʦʢʠʩʣʠʪʝʣʷ ʠ ʩʫʙʩʪʨʘʪʘ: 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʧʘʣʣʘʜʠʝʤ ʘʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʣʝʬʠʥʦʚ ʜʦ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʘʣʴʜʝʛʠʜʦʚ ʠʣʠ ʤʝʪʠʣʢʝʪʦʥʦʚ), ʠʣʠ ɺʘʢʝʨ-ʧʨʦʮʝʩʩ [29]. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 

1950-ʭ ʛʦʜʘʭ ʢʦʤʧʘʥʠʝʡ Wacker Chemie ʠ ʩʪʘʣ ʧʝʨʚʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ 

ʢʘʪʘʣʠʟʦʤ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʩʠʥʪʝʟʘ ʘʮʝʪʘʣʴʜʝʛʠʜʘ ʠʟ ʵʪʠʣʝʥʘ. 

ʄʝʭʘʥʠʟʤ ɺʘʢʝʨ-ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 7, ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ Pd (II) ʧʦ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʘʣʢʝʥʘ, ʦʙʨʘʟʫʷ -́ʢʦʤʧʣʝʢʩ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʦʜʳ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʙʦʣʝʝ ʟʘʤʝʱʝʥʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʘ 

ʘʪʦʤ ʚʦʜʦʨʦʜʘ ð ʢ ʤʝʥʝʝ ʟʘʤʝʱʝʥʥʦʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʘʣʢʠʣʧʘʣʣʠʜʠʝʚʳʡ 

ʢʦʤʧʣʝʢʩ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ɓ-ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʘʣʣʘʜʠʡ ʟʘʭʚʘʪʳʚʘʝʪ ʘʪʦʤ 

ʚʦʜʦʨʦʜʘ ʠ ʦʙʨʘʟʫʝʪʩʷ ʝʥʦʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ 

ʪʘʫʪʦʤʝʨʠʟʫʝʪʩʷ ʚ ʢʘʨʙʦʥʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʘ ʧʘʣʣʘʜʠʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Pd (0). ʅʘ 

ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ Pd (0) ʦʢʠʩʣʷʝʪʩʷ ʦʙʨʘʪʥʦ ʜʦ ʘʢʪʠʚʥʦʛʦ Pd (II) ʩ 

ʧʦʤʦʱʴʶ ʭʣʦʨʠʜʘ ʤʝʜʠ (II), ʢʦʪʦʨʳʡ ʩʘʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʭʣʦʨʠʜʘ ʤʝʜʠ (I) ʠ ʟʘʪʝʤ 

ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. 

 
ʈʠʩʫʥʦʢ 7. ʄʝʭʘʥʠʟʤ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʦʢʠʩʣʝʥʠʷ Ŭ-ʦʣʝʬʠʥʦʚ 

ʀʤʝʥʥʦ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʝʤ 

ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ, ʥʦ ʬʘʢʪʠʯʝʩʢʠʤ ʦʢʠʩʣʠʪʝʣʝʤ ʦʣʝʬʠʥʘ ʚʳʩʪʫʧʘʝʪ Pd (II), 

ʨʝʛʝʥʝʨʠʨʫʝʤʳʡ ʜʘʣʝʝ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨ 
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ʥʝʧʨʷʤʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʝʪʦʥʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʝʥʘ, ʧʨʦʜʫʢʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʘʮʝʪʘʣʴʜʝʛʠʜ. ɺʘʢʝʨ-ʦʢʠʩʣʝʥʠʝ ʵʪʠʣʝʥʘ ʜʦ ʘʮʝʪʘʣʴʜʝʛʠʜʘ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʘʮʝʪʘʣʴʜʝʛʠʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʪʠʧʫ ʨʘʩʱʝʧʣʝʥʠʷ ʩʚʷʟʠ ʆ-ʆ ʚ ʤʦʣʝʢʫʣʝ ʦʢʠʩʣʠʪʝʣʷ ʨʝʘʢʮʠʠ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʨʦʪʝʢʘʶʱʠʝ ʧʦ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʠ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʘʤ. 

ɻʦʤʦʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʨʘʜʠʢʘʣʴʥʦʤʫ ʮʝʧʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, 

ʠʥʠʮʠʠʨʫʝʤʳʤ ʤʝʪʘʣʣʦʤ (ʢʘʪʘʣʠʟʘʪʦʨʦʤ), ʠ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʝʣʠʯʠʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʘʨʳ 

Me+n/Me+(n+1). ʆʙʨʘʟʫʶʱʠʝʩʷ ʨʘʜʠʢʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʠʟ-

ʟʘ ʯʝʛʦ ʚ ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʷʭ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪʩʷ 

ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʢʘʞʜʘʷ ʩʪʘʜʠʷ ʤʝʭʘʥʠʟʤʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʘʪʦʤʦʤ (ʠʣʠ ʘʪʦʤʘʤʠ) 

ʤʝʪʘʣʣʘ. ʕʪʦ ʩʥʠʞʘʝʪ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʳ, ʯʝʤ ʨʝʘʢʮʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʨʘʜʠʢʘʣʦʚ. ʇʦʵʪʦʤʫ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʳʤʠ, ʯʝʤ ʨʝʘʢʮʠʠ ʧʦ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ 

ʤʝʭʘʥʠʟʤʫ. ɼʘʣʝʝ ʦʙʟʦʨ ʙʫʜʝʪ ʩʬʦʢʫʩʠʨʦʚʘʥ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʫʭ ʧʨʠʤʝʨʦʚ ʨʝʘʢʮʠʡ 

ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʦʩʥʦʚʥʦʤ ʧʦ 

ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʠ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʨʝʘʢʮʠʡ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʦʢʠʩʣʝʥʠʷ ʠ ʧʨʠʤʝʥʷʝʤʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ. ʆʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ 

ʠʣʠ ʛʠʙʨʠʜʥʳʭ (ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ) ʤʘʪʝʨʠʘʣʦʚ.  

2.4. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ 

ʕʧʦʢʩʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʝ ʪʨʝʭʯʣʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ 

ʵʬʠʨʳ. ɺʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʧʦʢʩʠʜʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʣʷʨʥʦʩʪʴʶ ʩʚʷʟʠ C-O, 

ʘ ʪʘʢʞʝ ʫʛʣʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʪʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʧʦʢʩʠʜʳ ʣʝʛʢʦ 

ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʨʘʩʢʨʳʪʠʷ ʢʦʣʴʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ 

(ʨʠʩʫʥʦʢ 8), ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʘʨʦʤʘʪʠʟʘʪʦʨʦʚ, ʢʣʝʝʚ, ʢʨʘʩʦʢ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ [30]. 
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ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʷ ʵʧʦʢʩʠʜʦʚ ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʜʫʢʪʳ [30] 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤʠ ʵʧʦʢʩʠʜʘʤʠ ʷʚʣʷʶʪʩʷ ʵʪʠʣʝʥʦʢʩʠʜ (ʕʆ) ʠ 

ʧʨʦʧʠʣʝʥʦʢʩʠʜ (ʆʇ), ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2022 ʛʦʜ, 

ʩʦʩʪʘʚʣʷʣʦ 32 ʤʣʥ ʪʦʥʥ [31]  ʠ 12.5 ʤʣʥ ʪʦʥʥ [32] ʚ ʛʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦ ʥʘʯʘʣʘ 1970-ʭ 

ʛʦʜʦʚ ʆʇ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʛʠʜʨʠʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʧʠʣʝʥʘ ʩ ʭʣʦʨʥʦʚʘʪʠʩʪʦʡ ʢʠʩʣʦʪʦʡ. ɺ 1970-ʝ ʛʦʜʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʧʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʣʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʦʣʝʬʠʥʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʛʠʜʨʦʧʝʨʦʢʩʠʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ 

(ʊɹɻʇ), ʛʠʜʨʦʧʝʨʦʢʩʠʜ ʢʫʤʦʣʘ (ɻʇʂ) ʠ ʛʠʜʨʦʧʝʨʦʢʩʠʜ ʵʪʠʣʙʝʥʟʦʣʘ (ɻʇʕɹ), ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ-ʦʢʩʠʜʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʠʨʪʘ. ɺ 

ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʧʨʦʧʠʣʝʥʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʍʘʣʢʦʥ-ʧʨʦʮʝʩʩ (PO/SM 

(ñpropylene oxide and styrene monomer processò), PO/TBA (ñpropylene oxide  and tertiary butyl 

alcoholò)). ɺ ʈʦʩʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʦʢʩʠʜ ʧʨʦʧʠʣʝʥʘ (ʙʦʣʝʝ 99%) ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʇɸʆ 

ñʅʠʞʥʝʢʘʤʩʢʥʝʬʪʝʭʠʤò ʧʦ ʪʝʭʥʦʣʦʛʠʠ PO/SM ʩ ʩʦʚʤʝʩʪʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʦʢʩʠʜʘ 

ʧʨʦʧʠʣʝʥʘ ʠ ʩʪʠʨʦʣʘ [33,34]. ɼʘʣʝʝ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʤʝʨʳ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ. 

  

(ʎʠʢʣʠʯʝʩʢʠʡ

ʢʘʨʙʦʥʘʪ)

(ʃʘʢʪʦʥ)(ɓ-ʛʠʜʨʦʢʩʠʛʠʜʨʠʥ)

(ʕʧʦʢʩʠʜ)
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2.4.1. ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʛʦʤʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʚ ʛʠʜʨʦʧʝʨʦʢʩʠʜʥʦʤ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʦʣʝʬʠʥʦʚ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʠ ʩʦʣʠ ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ (Mo+6, W+6, Ti+4, V+5). ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʣʠʙʜʝʥʘ ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʆʇ ʥʘ ʇɸʆ çʅʠʞʥʝʢʘʤʩʢʥʝʬʪʝʭʠʤè ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʤʦʣʠʙʜʝʥʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ (ʂʄʂ), ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ 

ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʚ ʩʤʝʩʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ɻʇʕɹ 

[35,36]. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʢʣʦʥʥʘ ʢ ʨʘʟʣʦʞʝʥʠʶ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ʊʘʢ, 

ʚ ʨʘʙʦʪʝ [35] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʇʕɻ) (ʄr=2000 

ʛ/ʤʦʣʴ) ʢ ʨʘʩʪʚʦʨʫ ʂʄʂ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ.  

ʇʦʤʠʤʦ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʂʄʂ, ʚ ʍʘʣʢʦʥ-ʧʨʦʮʝʩʩʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ Mo(CO)6, ʢʦʪʦʨʳʡ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʤʦʣʠʙʜʝʥʘ ï 

Mo(VI)-ʦʢʩʦ ʠ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ [37], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

[37,38]. ʆʜʥʘʢʦ, Mo(CO)6 ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʣʘʛʝ ʠ ʢʠʩʣʦʨʦʜʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ 

ʨʘʟʣʦʞʝʥʠʶ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʣʝʪʫʯʠʤ ʠ ʪʦʢʩʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʪʨʦʛʠʭ ʤʝʨ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʂʄʂ ʠ Mo(CO)6 ʚ ʯʘʩʪʥʦʩʪʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʂʄʂ ʚ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [39]  ʚ ʢʘʯʝʩʪʚʝ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩ 

CpMoCl3, (Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ, C5H5) ʢʦʪʦʨʳʡ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʝʪʝʨʧʝʚʘʣ ʦʢʠʩʣʝʥʠʝ 

ʜʦ ʘʢʪʠʚʥʦʛʦ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ CpMoO2Cl. ʅʘʣʠʯʠʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ 

ʣʠʛʘʥʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ ʫʚʝʣʠʯʠʚʘʣʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʘʛʣʦʤʝʨʘʮʠʠ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥ ʜʦʣʴʰʝ ʩʦʭʨʘʥʷʣ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʦʣʝʬʠʥʦʚ. ʊʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʝ 

ʢʘʢ CpMo(CO)3Bz-m-CF3 ʠʣʠ CpMo(CO)3CF3 [40]. ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʪʘʢʠʭ 

ʣʠʛʘʥʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʢʠʩʣʦʪʥʦʩʪʴ ʃʴʶʠʩʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʣʠʙʜʝʥʘ ʩ 

ʣʠʛʘʥʜʘʤʠ ʪʠʧʘ ʉʘʣʝʥ (SALEN ï ʘʙʙʨ. SALicylaldehyde + EthylenediamiNe), ʪʠʧʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 9. ʊʝʪʨʘʢʦʦʨʜʠʥʘʮʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʜʝʣʘʝʪ 

ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʢʨʘʡʥʝ ʩʪʘʙʠʣʴʥʳʤʠ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʣʠʛʘʥʜʦʚ ʪʠʧʘ ʉʘʣʝʥ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʫʶ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 9. ʉʪʫʢʪʫʨʳ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʣʠʛʘʥʜʘʤʠ ʪʠʧʘ ʉʘʣʝʥ 

[41,42] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʩ ʉʘʣʝʥ ʣʠʛʘʥʜʘʤʠ ʧʦ ʪʠʧʫ ʩʪʨʦʝʥʠʷ ʤʦʞʥʦ ʫʧʨʦʱʸʥʥʦ ʦʪʥʝʩʪʠ ʢ 

ʢʣʘʩʩʫ MoO2(N-O)2, ʛʜʝ N-O ï ʙʠʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ. ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʧʨʠʤʝʨʳ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ, ʥʘʧʨʠʤʝʨ, MoO2(N-N)2, MoO2(O-O)2, MoO2X2(N-N), MoO2 

X(O-N-O) ʠ ʜʨʫʛʠʭ (ʨʠʩʫʥʦʢ 10). ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʘʥʥʳʭ ʢʣʘʩʩʦʚ ʦʪʣʠʯʘʝʪ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʜʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ ʧʦ ʠʭ ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʝʡ. 

 
ʈʠʩʫʥʦʢ 10. ʇʨʠʤʝʨʳ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ [37,38,43] 

ʇʦʤʠʤʦ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʢʘʢ 

ʧʨʠʨʦʜʥʳʭ, ʪʘʢ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʤʦʛʫʪ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʬʝʨʤʝʥʪʳ ʮʠʪʦʭʨʦʤʘ P450 ʠ ʨʘʟʣʠʯʥʳʝ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʩʪʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝʜʥʠʭ [44,45]. ɸʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫ ʬʝʨʤʝʥʪʦʚ ʩʝʤʝʡʩʪʚʘ P450 ʛʝʤʘ 

ï ʢʦʤʧʣʝʢʩʘ ʧʦʨʬʠʨʠʥʘ ʩ ʜʚʫʭʚʘʣʝʥʪʥʳʤ ʞʝʣʝʟʦʤ (ʨʠʩʫʥʦʢ 11 (ʘ)). ɸʪʦʤ ʞʝʣʝʟʘ ʚ ʩʦʩʪʘʚʝ 

ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ (ʨʠʩʫʥʦʢ 11 (ʙ)), ʚ ʭʦʜʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʪʦʨʳʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʠʜʨʦʧʝʨʦʢʩʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ (III ) (Fe(III )-OOH). ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ 

ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʩʚʷʟʠ O-O, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʢʩʦʬʝʨʨʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Fe(IV)=O). ɼʘʥʥʳʡ ʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʘʪʘʢʫʝʪ ʜʚʦʡʥʫʶ 

ʩʚʷʟʴ ʚ ʩʫʙʩʪʨʘʪʝ, ʧʝʨʝʥʦʩʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʥʘ ʦʣʝʬʠʥ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʟʫʷ ʵʧʦʢʩʠʜ. 
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ʈʠʩʫʥʦʢ 11. (ʘ) ʉʪʨʫʢʪʫʨʘ ʛʝʤʘ ɹ; (ʙ) ʉʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʞʝʣʝʟʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʧʦʨʬʠʨʠʥʘ [46] 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʞʝʣʝʟʦʧʦʨʬʠʨʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʩʠʥʪʝʟʘ ʠ 

ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʜʝʟʘʢʪʠʚʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ 

ʜʝʛʨʘʜʘʮʠʷ, ʚʳʟʚʘʥʥʘʷ ʧʦʙʦʯʥʳʤʠ ʨʘʜʠʢʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʨʘʟʨʳʚʘ ʩʚʷʟʠ O-O (ʧʦ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ ʠʣʠ 

ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʤʦʣʝʢʫʣʳ ʩʘʤʦʛʦ ʦʢʠʩʣʠʪʝʣʷ 

[47]. ʊʘʢ, ʪʝʥʜʝʥʮʠʷ ʢ ʛʝʪʝʨʦʣʠʟʫ ʩʚʷʟʠ O-O ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʷʜʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʤ-ʍʅɹʂ > H2O2 > ʊɹɻʇ > ɻʇʂ. ʅʘʣʠʯʠʝ ʘʮʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ 

ʛʠʜʨʦʧʝʨʦʢʩʠʜʘ (ʥʘʧʨʠʤʝʨ, ʤ-ʍʅɹʂ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ, 

ʪʦʛʜʘ ʢʘʢ ʘʣʢʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʚ ʩʣʫʯʘʝ ʊɹɻʇ ʠ ɻʇʂ) ʫʚʝʣʠʯʠʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʧʫʪʴ ʨʘʟʨʳʚʘ ʩʚʷʟʠ ʆ-ʆ ʚʣʠʷʝʪ ʠ ʩʪʨʦʝʥʠʝ ʩʘʤʦʛʦ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ: ʥʘʣʠʯʠʝ 

ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʜʝʣʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ 

ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʩʚʷʟʠ ʆ-ʆ. ʅʘʧʨʦʪʠʚ, ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 

ʧʦʚʳʰʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ.  

ʂʨʦʤʝ ʦʧʠʩʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʧʦʨʬʠʨʠʥʘʪʘ ʞʝʣʝʟʘ, ʜʣʷ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʳʪʘʥʳ ʧʦʨʬʠʨʠʥʘʪʳ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ: ʤʦʣʠʙʜʝʥʘ [48,49], 

ʤʘʨʛʘʥʮʘ [50], ʚʘʥʘʜʠʷ [51], ʢʦʙʘʣʴʪʘ [52], ʘ ʪʘʢʞʝ ʨʫʪʝʥʠʷ [53] ʠ ʧʣʘʪʠʥʳ [54]. ʅʝʢʦʪʦʨʳʝ 

ʠʟ ʜʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ Cʘʣʝʥ ʣʠʛʘʥʜʦʚ, 

ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʘʪʴ 

ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʝ ʵʧʦʢʩʠʜʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʠʥʪʝʟ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʭʦʪʷ ʥʦʚʝʡʰʠʝ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʫʞʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʛʦʤʦʛʝʥʥʳʤ ʘʥʘʣʦʛʘʤ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ, ʩʪʘʚʰʠʭ ʫʞʝ 

(ʘ) (ʙ)
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ʢʣʘʩʩʠʯʝʩʢʠʤʠ, ʧʨʠʤʝʨʦʚ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ 

ʵʧʦʩʢʠʜʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʠʪʘʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʦ 

ʐʘʨʧʣʝʩʩʫ [55] (ʨʠʩʫʥʦʢ 12 (ʘ)) ʠ ʧʦ ʗʢʦʙʩʝʥʫ [56] (ʨʠʩʫʥʦʢ 12 (ʙ)). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʘʣʣʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʟʦʧʨʦʧʦʢʩʠʜʘ 

ʪʠʪʘʥʘ (IV) c ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ (DET), ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʵʥʘʥʪʠʦʤʝʨʥʳʝ ʯʠʩʪʳʝ 2,3-ʵʧʦʢʩʠʩʧʠʨʪʳ. ɺ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʧʦ ʗʢʦʙʩʝʥʫ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʘʣʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʤʘʨʛʘʥʮʘ (III ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ï 

ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʥʝʟʘʤʝʱʝʥʥʳʭ ʦʣʝʬʠʥʦʚ. 

 

 
ʈʠʩʫʥʦʢ 12. (ʘ) ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʧʦ ʐʘʨʧʣʝʩʩʫ; (ʙ) ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʧʦ ʗʢʦʙʩʝʥʫ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʦʤʦʛʝʥʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʷʭ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʩʣʦʞʥʦʩʪʷʤʠ ʚ 

ʦʪʜʝʣʝʥʠʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʩʢʣʦʥʥʦʩʪʴʶ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢ ʜʝʟʘʢʪʠʚʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ. ʅʠʞʝ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʥʦʩʠʪʝʣʝʡ ʠ ʦʙʩʫʞʜʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʧʦʩʣʝʜʥʠʭ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʘʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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2.4.2. ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʵʧʦʢʩʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʘʢ, ʕʆ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʝʥʘ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ  ʩʝʨʝʙʨʷʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ  (Ŭ-Al 2O3). ɺ 

ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʇʆ ʩʠʥʪʝʟʠʨʫʶʪ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʧʨʦʧʠʣʝʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ ʪʠʪʘʥʩʦʜʝʨʞʘʱʝʛʦ ʩʠʣʠʢʘʪʘ. 

ʇʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʕʆ ʥʘ ʦʩʥʦʚʝ ʩʝʨʝʙʨʷʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣ 

ʚʥʝʜʨʝʥ ʚ ʢʦʥʮʝ 1930-ʭ ʛʦʜʦʚ ʢʦʤʧʘʥʠʝʡ çUnion Carbideè ʠ ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ [57,58]. ʄʝʭʘʥʠʟʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʝʥʘ 

ʚʢʣʶʯʘʝʪ ʘʜʩʦʨʙʮʠʶ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʪʦʤʘʨʥʦʛʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ 

ʵʪʠʣʝʥʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʕʆ, ʢʦʪʦʨʳʡ ʜʝʩʦʨʙʠʨʫʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʦʩʚʦʙʦʞʜʘʷ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʠ (ʨʠʩʫʥʦʢ 13). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʮʠʠ.  

 

 
ʈʠʩʫʥʦʢ 13. ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʝʥʘ ʜʦ ʕʆ ʥʘ Ag/Ŭ-Al 2O3 [59] 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʦʣʝʬʠʥʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʘʣʣʠʣʴʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʛʦʤʦʣʦʛʦʚ ʵʪʠʣʝʥʘ ʪʨʝʙʫʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʥʠʝʡ 

EniChem ʚ 1980-ʭ ʛʦʜʘʭ ʢʘʪʘʣʠʟʘʪʦʨʘ TS-1 ï ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ ʮʝʦʣʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

ɸʜʩʦʨʙʮʠʷ 
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MFI, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʴ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ (Si4+) ʟʘʤʝʱʝʥʘ ʥʘ ʢʘʪʠʦʥʳ ʪʠʪʘʥʘ (Ti4+) ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ [60]  (ʨʠʩʫʥʦʢ 14). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʜʫ ʚ ʨʝʘʢʮʠʷʭ 

ʦʢʠʩʣʝʥʠʷ ʧʨʦʧʠʣʝʥʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʦʣʝʬʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ. ɺ ʢʦʥʮʝ 1990-ʭ - ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʢʦʤʧʘʥʠʠ BASF ʠ DOW 

Chemical ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʮʝʩʩ HPPO (çHydrogen Peroxide to Propylene 

Oxideè) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TS-1 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ [61]. 

 

 
ʈʠʩʫʥʦʢ 14. ʉʪʨʫʢʪʫʨʘ ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ ʮʝʦʣʠʪʘ TS-1 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ MFI [62] 

ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ TS-1 ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ ʪʠʪʘʥʘ (Ti4+), ʢʦʪʦʨʳʝ, ʷʚʣʷʷʩʴ ʢʠʩʣʦʪʘʤʠ 

ʃʴʶʠʩʘ, ʢʦʦʨʜʠʥʠʨʫʶʪ ʤʦʣʝʢʫʣʳ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (H2O2) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ 

ʧʝʨʦʢʩʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Ti-O-O) (ʨʠʩʫʥʦʢ 15 (ʘ)). ʕʪʠ ʧʝʨʦʢʩʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘʪʝʤ 

ʧʝʨʝʥʦʩʷʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʥʘ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʧʨʦʧʠʣʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʧʠʣʝʥʦʢʩʠʜʘ (ʨʠʩʫʥʦʢ 15 (ʙ)). ʆʜʥʘʢʦ ʢʘʪʘʣʠʟʘʪʦʨ TS-1 ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʝʥʴʢʠʤʠ ʧʦ ʨʘʟʤʝʨʫ ʧʦʨʘʤʠ (~5.5 ¡), ʯʪʦ ʩʥʠʞʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ 

ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ ʥʘ 

ʪʠʪʘʥʩʠʣʠʢʘʪʘʭ ʩ ʙʦӢʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʧʦʨ ʧʨʦʪʝʢʘʣʦ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴ,ʁ ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʝʘʢʪʠʚʥʳʭ ʬʘʟ 

TiO2. 
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ʈʠʩʫʥʦʢ 15. (ʘ) ʉʪʨʫʢʪʫʨʳ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʪʠʪʘʥʘ; (ʙ) ʄʝʭʘʥʠʟʤ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʧʨʦʧʠʣʝʥʘ ʥʘ ʮʝʦʣʠʪʝ TS-1 ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʝʨʦʢʩʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ti [59] 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ 

ʛʝʪʝʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʝ ʩʦʣʠ ʠ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ, ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ 

ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʪʦʚʦʛʦ 

ʥʦʩʠʪʝʣʷ; ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʥʦʩʠʪʝʣʷ; ʟʘʢʨʝʧʣʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ; ʧʦʜʭʦʜ çʢʦʨʘʙʣʴ ʚ ʙʫʪʳʣʢʝè - ʬʠʟʠʯʝʩʢʦʝ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʘ 

ʚ ʧʦʨʠʩʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʦʩʠʪʝʣʷ. ɼʘʣʝʝ ʙʫʜʝʪ ʦʧʠʩʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

2.4.2.1. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʨʘʟʨʘʙʦʪʢʝ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʦʢʩʠʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ (SiO2, TiO2, Al 2O3 ʠ ʪ. ʧ.), ʘʣʶʤʦʩʠʣʠʢʘʪʳ ʠ ʮʝʦʣʠʪʳ. ɼʘʥʥʳʝ ʥʦʩʠʪʝʣʠ 

ʦʙʣʘʜʘʶʪ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʯʘʩʪʥʠʢʘʤ ʨʝʘʢʮʠʠ, ʘ ʚ ʩʣʫʯʘʝ ʮʝʦʣʠʪʦʚ ʧʦʟʚʦʣʷʶʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘ ʩʯʸʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʦʩʠʪʝʣʷ. 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʥʘ ʜʘʥʥʳʝ ʥʦʩʠʪʝʣʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʭʠʤʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʛʨʫʧʧʘʤʠ 

(ʘ)

(ʙ)
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ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʤʝʪʘʣʣʘ. ʄʦʜʠʬʠʢʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʷʪ ʧʨʠ ʧʦʤʦʱʠ 

ʩʠʣʠʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 3-

ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʦʤ ʠʣʠ 3-ʭʣʦʨʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʦʤ. ɼʘʣʝʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʦʩʠʪʝʣʴ ʦʙʨʘʙʘʪʳʚʘʶʪ ʨʘʩʪʚʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʣʠʛʘʥʜʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʩʣʝʜʥʠʡ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʪʝʨʤʠʥʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʛʨʫʧʧʦʡ (ʨʠʩʫʥʦʢ 16 (ʘ)). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʘʙʦʪʘʭ  ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ [63ï71], ʛʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʩʠʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʢʨʝʧʣʝʥʠʝʤ ʣʠʛʘʥʜʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʤʦʣʠʙʜʝʥʘ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ MoO2(acac)2 ʠʣʠ Na2MoO4. ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʝʛʦ ʫʞʝ ʠʤʤʦʙʠʣʠʟʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ [72,73] (ʨʠʩʫʥʦʢ 16 (ʙ)). 

 
ʈʠʩʫʥʦʢ 16. ʇʦʜʭʦʜʳ ʢ ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ: (ʘ) ʤʦʜʠʬʠʢʘʮʠʷ ʥʦʩʠʪʝʣʷ 

ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʛʨʫʧʧʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʤʝʪʘʣʣʘ [67]; (ʙ) ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʠʤʤʦʙʠʣʠʟʘʮʠʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ 

[73] 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʠʤʝʝʪ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ 

ʦʙʲʝʤʥʳʭ ʭʝʣʘʪʠʨʫʶʱʠʭ ʛʨʫʧʧ ʚ ʧʦʨʳ ʥʦʩʠʪʝʣʷ ʤʦʞʝʪ ʟʘʪʨʫʜʥʷʪʴ ʜʦʩʪʫʧ ʩʫʙʩʪʨʘʪʘ ʢ 

ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʘʤ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [63,64] ʥʘ 

ʦʩʥʦʚʝ ʥʦʩʠʪʝʣʷ SBA-15, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʪʨʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ H2FSAP (ʨʠʩʫʥʦʢ 17) ʠ ʩʘʣʠʮʠʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ Mo-FSAP-CH3-Cl-SBA-15 ʠ Mo-SA-CH3-Cl-SBA-

15. ʇʨʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʚ ʩʨʝʜʝ 1,2-

ʜʠʭʣʦʨʵʪʘʥʘ ʧʨʠ 80 Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo-FSAP-CH3-Cl-SBA-15 ʚʳʭʦʜ 

ʵʧʦʢʩʠʜʘ ʟʘ 8 ʯ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 73%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo-SA-CH3-Cl-SBA-

15 ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ï 83% (ʢʦʥʚʝʨʩʠʷ ï 89%, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʜʫ ï 93%). 
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ʈʠʩʫʥʦʢ 17. ʉʪʨʦʝʥʠʝ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ H2FSAP ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo-FSAP-CH3-Cl-

SBA-15 [63] 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʚʝʣʠʯʝʥʠʝ ʜʝʥʪʘʪʥʦʩʪʠ ʣʠʛʘʥʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʚʳʤʳʚʘʥʠʝ ʤʝʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ɺ 

ʨʘʙʦʪʝ [73] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʪʨʘʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʪʠʧʘ ʉʘʣʝʥ (ʨʠʩʫʥʦʢ 16 

(ʙ)) ʚ ʢʘʯʝʩʪʚʝ ʭʝʣʘʪʠʨʫʶʱʝʡ ʛʨʫʧʧʳ ʧʦʟʚʦʣʠʣʦ ʩʦʭʨʘʥʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ 

CoFe2O4@SiO2@[MoO2(salenac-OH)] ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ: ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʨʝʘʢʮʠʠ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʦʢʪʝʥʘ (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴ : ʩʫʙʩʪʨʘʪ : ʤʝʪʘʣʣ = 

246 : 123:1, 50 Áʉ, 3 ʯ, ʨʘʩʪʚʦʨʠʪʝʣʴ 1,2-ʜʠʭʣʦʨʵʪʘʥ) ʚʳʭʦʜ ʵʧʦʢʩʠʜʘ ʩʦʩʪʘʚʠʣ 92%, ʘ ʢ 

ʧʷʪʦʤʫ ʮʠʢʣʫ ʦʥ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʩʷ ʜʦ 85%. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʰʝʚʠʟʥʫ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ, ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʥʦʩʠʪʝʣʷ ʠ ʠʭ ʧʦʨ, ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʭ ʭʠʤʠʯʝʩʢʫʶ 

ʠʥʝʨʪʥʦʩʪʴ. ʆʥʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʠ ʩʚʦʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʛʣʘʚʥʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥ ʩ ʠʭ 

ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ: ʠʟ-ʟʘ ʥʝʸ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ ʧʦʣʷʨʥʳʭ 

ʤʦʣʝʢʫʣ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʦʜʳ ʠ ʩʧʠʨʪʦʚ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʜʦʩʪʫʧ ʢ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʘʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʥʝʧʦʣʷʨʥʳʭ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʦʚ. 

ʏʘʩʪʠʯʥʦ ʵʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫʪʝʤ ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ ʦʨʛʘʥʦʩʠʣʘʥʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [63] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ 

Mo-FSAP-CH3-Cl-SBA-15 ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʨʠ ʧʦʤʦʱʠ ʪʨʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥʘ 

(CH3)3SiCl ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ SBA-15 ʙʳʣ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʝʛʦ ʘʥʘʣʦʛ 

Mo-FSAP-Cl-SBA-15 ʙʝʟ ʜʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢ, ʧʨʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ (ʊɹɻʇ: ʮʠʢʣʦʛʝʢʩʝʥ (ʤʦʣʴʥ.) = 1:1) ʧʨʠ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 16 ʯ 

ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʥʘ ʧʝʨʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʩʦʩʪʘʚʠʣʘ 88%, ʘ ʥʘ ʚʪʦʨʦʤ ï ʚʩʝʛʦ ʣʠʰʴ 48%. 

  

Mo-FSAP-CH3-Cl-SBA-15



30 

2.4.2.2. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ [74], ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ [75ï80], 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ [81,82], ʬʫʣʣʝʨʝʥʦʚ [83], ʘ ʪʘʢʞʝ ʥʠʪʨʠʜʘ ʫʛʣʝʨʦʜʘ C3N4. ʅʘʣʠʯʠʝ 

ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʩʣʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ (ïOH, ïCOOH, ïC=O) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʩʪʘʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʘʩʪʦ ʥʝʦʜʥʦʨʦʜʥʳʡ, ʠʟ-ʟʘ ʯʝʛʦ ʥʘʥʝʩʸʥʥʳʡ ʤʝʪʘʣʣ 

ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ, ʢʣʘʩʪʝʨʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʵʪʦ ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [74] ʠ [83] 

ʧʫʪʸʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʢʦʤʧʣʝʢʩʘ (dme)MoO2Cl2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ 

(Aʋ) ʠ ʬʫʣʣʝʨʝʥʘ C60(OH)32(ONa)9 ʙʣrʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʘʪʘʣʠʟʘʪʦʨʳ Aʋ/MoO2 ʠ 

Ful*/MoO2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ, ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʫʣʣʝʨʝʥʦʚ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ (ʨʠʩʫʥʦʢ 18). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ Ful*/MoO2 ʚʝʩʴ 

ʤʦʣʠʙʜʝʥ ʥʘʭʦʜʠʣʩʷ ʚ ʚʠʜʝ ʥʘʥʝʩʸʥʥʳʭ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʝ Aʋ/MoO2 ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʘʛʨʝʛʘʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʘ ʚ ʧʦʣʠʷʜʝʨʥʳʝ 

ʢʣʘʩʪʝʨʳ ʠ ʥʘʥʦʯʘʩʪʠʮʳ. ʕʪʦ ʪʘʢʞʝ ʚʣʠʷʣʦ ʠ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʧʨʠ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʣʠʤʦʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʊɹɻʇ (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴ : 

ʩʫʙʩʪʨʘʪ : ʢʘʪʘʣʠʟʘʪʦʨ = 120 : 67 : 1) ʧʨʠ 80 Áʉ ʚ ʪʝʯʝʥʠʠ 24 ʯ ʚʳʭʦʜ ʵʧʦʢʩʠʜʘ ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨʝ Ful*/MoO2 ʩʦʩʪʘʚʠʣ 78%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ Aʋ/MoO2 ï ʚʩʝʛʦ 

11%. 

 
ʈʠʩʫʥʦʢ 18. ʉʪʨʫʢʪʫʨʳ ʠ ʩʨʘʚʥʝʥʠʝ ʜʠʦʢʩʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʤʦʥʦʘʪʦʤʥʳʤʠ ʮʝʥʪʨʘʤʠ: (ʘ) ɸʋ/MoO2; (ʙ) ɺʆɻ/MoO2; (ʚ) ʋʅʊ/MoO2;  

(ʛ) ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʡ ʬʫʣʣʝʨʝʥ/MoO2 [83] 

ɼʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʧʦʜʭʦʜ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʠʣʘʥʘʤʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʥʘʧʨʠʤʝʨ, 

3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʥʝʩʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʣʘ. 
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ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [77] ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ V(IV) 

Schiff-base/GO ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ. 

ʇʦʤʠʤʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪ ʠʭ 

ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʛʠʜʨʦʬʠʣʴʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ ʛʨʘʬʝʥʘ (ʆɻ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜ ʠʣʠ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) [81,82] ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ʇʨʠ ʩʠʥʪʝʟʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚʘʞʥʦ ʜʦʙʠʚʘʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ: ʠʭ ʜʦʣʞʥʦ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʥʦ ʥʝ ʩʣʠʰʢʦʤ 

ʤʥʦʛʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʝʛʫʣʠʨʦʚʘʪʴ ʛʠʜʨʦʬʦʙʥʳʝ 

ʩʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʧʫʪʸʤ ʯʘʩʪʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

[84] ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʠʣʘʥʘʤʠ  [85]. ɺʚʝʜʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʫʪʸʤ 

ʯʘʩʪʠʯʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʥʘ ʧʨʠʤʝʨʝ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ (ʨʠʩʫʥʦʢ 19) [81]. 

 
ʈʠʩʫʥʦʢ 19. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ MoO2(acac)sal-MWCNTs ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʋʅʊ 

[81] 

ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʥʝʢʦʪʦʨʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʬʦʪʦʘʢʪʠʚʥʦʩʪʴ 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʧʘʨʳ ʵʣʝʢʪʨʦʥ (e-) ïʜʳʨʢʘ (h+) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʦʣʝʬʠʥʦʚ ʩʘʤʠ ʧʦ ʩʝʙʝ, ʭʦʪʷ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʠ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ɺʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʫʪʸʤ ʥʘʥʝʩʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʬʦʪʦʘʢʪʠʚʥʳʝ 

ʥʦʩʠʪʝʣʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [86] ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ C3N4, ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʬʦʪʦʘʢʪʠʚʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʦʩʠʣʠ ʩʘʣʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ FeCl(ʉʘʣʝʥ). ʇʦʣʫʯʝʥʥʳʡ 

(1) HNO3

(2) NaBH4/CH3OH

ɻʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ

ʄʥʦʛʦʩʣʦʡʥʳʝ ʋʅʊ

ʊʦʣʫʦʣ (ʩʫʭ.)

AmpMWCNTs

ʕʪʘʥʦʣ

ʄʝʪʘʥʦʣ

MoO2(acac)2

MoO2(acac)sal -MWCNTs sal -MWCNTs
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ʢʘʪʘʣʠʟʘʪʦʨ [C3N4-FeCl(ʉʘʣʝʥ)]Chem ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ 

ʦʣʝʬʠʥʦʚ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʩʠʥʠʤ ʩʚʝʪʦʤ (ʜʣʠʥʘ ʚʦʣʥʳ 467.5 

ʥʤ, ʤʦʱʥʦʩʪʴ ʣʘʤʧʳ 12 ɺʪ): ʪʘʢ, ʟʘ 12 ʯ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʢʦʥʚʝʨʩʠʷ 

ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʠʣʘ 51%, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥ ʦʢʩʠʜʘ ï 68 %. ɺ ʨʘʙʦʪʝ 

[75] ʧʦʭʦʞʠʡ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo-GO/g-

C3N4, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʸʤ ʩʤʝʰʝʥʠʷ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʥʠʪʨʠʜʘ ʫʛʣʝʨʦʜʘ g-C3N4 ʩ 

ʥʘʥʝʩʸʥʥʳʤ ʥʘ ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ ʩ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ ʥʘ ʦʩʥʦʚʝ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ Mo-GO (ʨʠʩʫʥʦʢ 20). ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʩʣʦʷʤʠ ʆɻ ʠ g-C3N4. ɺ ʧʨʦʮʝʩʩʝ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʦʢʪʝʥʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 6 ʯ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ 44% ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 98% ʧʦ ʵʧʦʢʩʠʜʫ. 

 
ʈʠʩʫʥʦʢ 20. ʉʠʥʪʝʟ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo-GO/g-C3N4 ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ GO/g-C3N4 [75] 

2.4.2.3. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (ʄʆʂ) ï ʵʪʦ ʢʣʘʩʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʦʥʳ ʠʣʠ ʢʣʘʩʪʝʨʳ ʤʝʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʥʢʝʨʘʤʠ [87]. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ (>1000 ʤĮ/ʛ ʧʦ ʤʦʜʝʣʠ ɹʕʊ), 

ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʟʤʝʨʦʚ ʧʦʨ (0.4 ï 3.6 ʥʤ) ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʧʦ 

ʨʘʟʤʝʨʫ ʠ ʬʦʨʤʝ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ/ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

[88]. ɺʘʨʴʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʄʆʂ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʠ 

ʩʚʷʟʳʚʘʶʱʠʭ ʠʭ ʢʣʘʩʪʝʨʳ ʣʠʥʢʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʪʨʘʪʝʛʠʠ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʆʂ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ (ʨʠʩʫʥʦʢ 21). 

1) ʄʦʜʠʬʠʢʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʫʟʣʦʚ ʢʘʨʢʘʩʘ, 

2) ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʥʢʝʨʘʭ, ʠ 

3) ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ 

ʚʥʫʪʨʠ ʩʚʦʙʦʜʥʦʛʦ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 
ʈʠʩʫʥʦʢ 21. ʉʪʨʘʪʝʛʠʠ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ  ʥʘ ʦʩʥʦʚʝ ʄʆʂ [89] 

ʈʝʘʣʠʟʘʮʠʷ ʧʝʨʚʦʡ ʩʪʨʘʪʝʛʠʠ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʤ 

ʩʪʨʦʠʪʝʣʴʥʦʤ ʙʣʦʢʝ ʄʆʂ ï ʚʦʟʤʦʞʥʘ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʜʣʷ ʧʨʠʜʘʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʫ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [90] ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʫʟʣʳ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ Cu3(BTC)2 ʙʳʣʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʦʤ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʘʢʨʝʧʠʪʴ ʥʘ ʥʠʭ ʢʦʤʧʣʝʢʩ MoO2(acac)2 (ʨʠʩʫʥʦʢ 22). ʇʦʣʫʯʝʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ Mo-AMP-CuBTC, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɸɸʉ, ʩʦʜʝʨʞʘʣ 0.73 ʤʘʩʩ. % ʤʦʣʠʙʜʝʥʘ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʣʝʬʠʥʦʚ ʠ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʪʦʚ. ʊʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊɹɻʇ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚʳʭʦʜ ʦʢʩʠʜʘ 

ʮʠʢʣʦʛʝʢʩʝʥʘ ʜʦʩʪʠʛ 90% ʟʘ 2 ʯ ʚ ʩʨʝʜʝ ʭʣʦʨʦʬʦʨʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʊɹɻʇ:ʩʫʙʩʪʨʘʪ ʨʘʚʥʳʤ 1.8 : 1 ʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʣʠʙʜʝʥ:ʩʫʙʩʪʨʘʪ ʨʘʚʥʳʤ 1 ʢ 1050. ʆʜʥʘʢʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʙʲʝʤʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩ-ʩʪʠʣʴʙʝʥ ʠ ʮʠʩ-ʩʪʠʣʴʙʝʥ, ʢʦʥʚʝʨʩʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 10%, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʪʨʫʜʥʝʥʠʠ ʜʦʩʪʫʧʘ ʩʫʙʩʪʨʘʪʦʚ ʢ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʘʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʅʘʧʨʦʪʠʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʦʤʦʛʝʥʥʦʛʦ ʘʥʘʣʦʛʘ MoO2(acac)2 ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʢʦʥʚʝʨʩʠʠ ʘʣʢʝʥʦʚ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʠ ʩʦʩʪʘʚʣʷʣʠ 89% ʜʣʷ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʠ 82% ʜʣʷ 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʣʠʥʢʝʨ

Åʧʦʩʪ-ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ

ʣʠʛʘʥʜʘʤʠ

Åʠʩʭʦʜʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʥʢʝʨ

ʩʦʜʝʨʞʠʪ ʭʝʣʘʪʠʨʫʶʱʠʡʬʨʘʛʤʝʥʪ

ʠʣʠʢʦʤʧʣʝʢʩʤʝʪʘʣʣʘ

ʅʝʦʨʛʘʥʠʯʝʩʢʠʡ ʫʟʝʣ

Åʤʦʜʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ

Åʩʦʟʜʘʥʠʝʩʤʝʰʘʥʥʳʭʤʝʪʘʣʣʠʯʝʩʢʠʭʫʟʣʦʚ

ʩʘʤʦʩʙʦʨʢʘ

ʉʚʦʙʦʜʥʦʝ 

ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ

ʧʨʦʩʪʨʘʥʩʪʚʦ

Åʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ

ʂʘʪʠʦʥ

ʤʝʪʘʣʣʘ

ʆʨʛʘʥʠʯʝʩʢʠʡ

ʣʠʛʘʥʜ
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ʮʠʩ-ʠʟʦʤʝʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʢʩʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʆʂ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʭʦʜʝ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦʩʪʫʧʥʳʡ ʦʙʲʝʤ 

ʧʦʨ ʫʤʝʥʴʰʠʣʩʷ ʩ 0.54 ʩʤ3/ʛ ʜʦ 0.07 ʩʤ3/ʛ, ʘ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʠʟʠʣʘʩʴ ʩ 

861 ʤ2/ʛ ʜʦ 14 ʤ2/ʛ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʛʨʘʥʠʯʠʣʦ ʜʠʬʬʫʟʠʶ ʦʙʲʝʤʥʳʭ ʤʦʣʝʢʫʣ ʢ ʘʢʪʠʚʥʳʤ 

ʮʝʥʪʨʘʤ.  

 
ʈʠʩʫʥʦʢ 22. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʘʣʢʝʥʦʚ ʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʪʦʚ 

Mo-AMP-CuBTC [90] 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [91] ʐʦ ʠ ʩʦʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ 

ʭʠʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʉʘʣʝʥ)Mn, ʟʘʢʨʝʧʣʝʥʥʳʡ ʚ ʩʪʨʫʢʪʫʨʝ ʄʆʂ, ʧʫʪʝʤ ʢʦʦʨʜʠʥʘʮʠʠ ʩ 

ʠʦʥʘʤʠ ʮʠʥʢʘ ʚ ʫʟʣʘʭ ʢʘʨʢʘʩʘ. ɼʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʷʚʣʷʶʱʠʡʩʷ ʘʥʘʣʦʛʦʤ ʛʦʤʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʗʢʦʙʩʝʥʘ, ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 2,2-ʜʠʤʝʪʠʣ-2H-

ʭʨʦʤʝʥʘ (ʨʠʩʫʥʦʢ 23 (ʘ)). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜ ʵʧʦʢʩʠʜʘ ʩʦʩʪʘʚʠʣ 71%, ʘ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʣʘ 82% ee. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ (TON = 1430 ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ ʨʝʘʢʮʠʠ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʦʤʦʛʝʥʥʦʛʦ ʘʥʘʣʦʛʘ, 

ʢʦʪʦʨʳʡ ʪʝʨʷʣ ʘʢʪʠʚʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʜʝʛʨʘʜʘʮʠʠ ʣʠʛʘʥʜʘ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ɺ ʥʘʯʘʣʝ ʨʝʘʢʮʠʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ (ʨʠʩʫʥʦʢ 23 (ʚ)) ʠ ʢʨʫʧʥʦʛʦ ʩʫʙʩʪʨʘʪʦʚ (ʨʠʩʫʥʦʢ 

23 (ʙ)) ʩʦʩʪʘʚʠʣʦ ʠ 2:1, ʥʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʚʝʨʩʠʠ 45% ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʫʚʝʣʠʯʠʣʦʩʴ 

ʜʦ 18:1. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʲʝʤʥʳʝ ʤʦʣʝʢʫʣʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʦʛʜʘ ʢʘʢ ʩʫʙʩʪʨʘʪʳ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʨʝʚʨʘʱʝʥʠʷʤ ʚʥʫʪʨʠ ʧʦʨ ʤʘʪʝʨʠʘʣʘ. 

ʊʦʣʫʦʣ
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ʈʠʩʫʥʦʢ 23. (ʘ) ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ 2,2-ʜʠʤʝʪʠʣ-2H-ʭʨʦʤʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʘʣʝʥ)Mn@MOK; (ʙ) ʧʦʨʬʠʨʠʥ-ʩʦʜʝʨʞʘʱʠʡ ʘʣʢʝʥ; (ʚ) ʵʪʠʣʦʚʳʡ ʵʬʠʨ 

4-ʚʠʥʠʣʙʝʥʟʦʘʪʘ [91] 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [92,93] ʤʝʪʦʜʦʤ ʧʦʩʪ-ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʟʘʢʨʝʧʣʷʣʠ 

ʤʦʣʠʙʜʝʥ ʥʘ Zr6-ʫʟʣʘʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ NU-1000 ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ [92] ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʤʝʪʘʥʦʣʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ, ʧʨʠ ʵʪʦʤ ʚ ʧʝʨʚʳʝ 10 ʤʠʥ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʵʧʦʢʩʠʜʘ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ ʵʧʦʢʩʠʜʘ ï ʪʨʘʥʩ-ʮʠʢʣʦʛʝʢʩʘʥ-1,2-ʜʠʦʣʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʘʣʣʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ (ʮʠʢʣʦʛʝʢʩʝʥ-2-ʦʣʘ ʠ 

ʮʠʢʣʦʛʝʢʩʝʥ-2-ʦʥʘ). ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [93] ʦʢʠʩʣʝʥʠʝ ʘʣʢʝʥʘ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊɹɻʇ ʚ ʪʦʣʫʦʣʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʠʣ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ï ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʟʘ 7 ʯ ʩʦʩʪʘʚʠʣʘ 93 %, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʢʩʠʜʫ ʮʠʢʣʦʛʝʢʩʝʥʘ ʠ ʮʠʢʣʦʛʝʢʩʘʥ-1,2-ʜʠʦʣʫ ʩʦʩʪʘʚʠʣʘ 99%. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʘʣʣʠʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ɽʱʝ ʦʜʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ [94] ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ 

ʧʨʝʢʫʨʩʦʨʘ ʤʝʪʘʣʣʘ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʘʨʦʬʘʟʥʦʛʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠ 120 Áʉ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʥʠʪʨʘʪʘ 

ʞʝʣʝʟʘ(III) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʘʪʘʣʠʟʘʪʦʨ NU-1000-Fe-NO , ʚ ʢʦʪʦʨʦʤ Fe+3 ʦʙʨʘʟʦʚʳʚʘʣ 

ʩʠʣʴʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʫʟʣʦʚ ʢʘʨʢʘʩʘ (ʨʠʩʫʥʦʢ 

24). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ (SCXRD), ʜʣʠʥʳ 

ʩʚʷʟʝʡ Fe-O ʩʦʩʪʘʚʣʷʣʠ 2.02 ¡ ʠ 2.77 ¡. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʧʦʚʳʰʘʣʘ 

ʃʴʶʠʩʦʚʩʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʟʨʳʚʫ ʩʚʷʟʠ 

ʚ H2O2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʧʝʨʦʢʩʠʜʥʦʛʦ ʘʥʠʦʥʘ (HO ) ʠ ʧʨʦʪʦʥʘ (H ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʦʩʪʘʚʘʣʩʷ ʦʢʩʠʜ ʮʠʢʣʦʛʝʢʩʝʥʘ, ʦʜʥʘʢʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ee = 82%

ʂʦʥʚʝʨʩʠʷ = 71 %

TON = 1430 

(ʘ)

(ʙ) (ʚ)
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ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʘʥʩ-1,2-ʮʠʢʣʦʛʝʢʩʘʥʜʠʦʣʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʣʦʨʠʜʘ 

ʞʝʣʝʟʘ(II) ʙʳʣ ʧʦʣʫʯʝʥ NU-1000-Fe-Cl, ʚ ʢʦʪʦʨʦʤ, ʧʦ ʜʘʥʥʳʤ ʈʌʕʉ, ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʞʝʣʝʟʦ ʦʢʠʩʣʷʣʦʩʴ ʜʦ Fe+3 ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. ʆʜʥʘʢʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Fe+3 ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ (ʜʣʠʥʳ ʩʚʷʟʝʡ Fe-O 

ʩʦʩʪʘʚʣʷʣʠ 3.08 ¡  ʠ 3.57 ¡), ʯʪʦ ʩʥʠʞʘʣʦ ʢʠʩʣʦʪʥʦʩʪʴ ʃʴʶʠʩʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨ ʠʥʠʮʠʠʨʦʚʘʣ ʛʦʤʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʩʚʷʟʠ ʚ ʧʝʨʦʢʩʠʜʝ ʚʦʜʦʨʦʜʘ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ (ÅOH), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʦʪʥʦʰʝʥʠʠ ʮʝʣʝʚʦʛʦ ʵʧʦʢʩʠʜʘ.  

 
ʈʠʩʫʥʦʢ 24. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ NU-1000-Fe-NO3 ʠ NU-1000-Fe-Cl: (a) ʫʟʣʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ NU-1000-Fe-NO3; (ʙ) 3D-ʩʪʨʫʢʪʫʨʘ NU-1000-Fe-NO3 ʚ ʧʣʦʩʢʦʩʪʠ ab; (ʚ) ʫʟʣʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ NU-1000-Fe-Cl; (ʛ) 3D-ʩʪʨʫʢʪʫʨʘ NU-1000-Fe-Cl ʚʜʦʣʴ ʦʩʠ c [94] 

ɺʪʦʨʘʷ ʩʪʨʘʪʝʛʠʷ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʥʢʝʨʘʭ ï ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʣʠʙʦ ʧʨʠ ʧʦʤʦʱʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʤʝʪʘʣʣʘ ʥʘ ʭʝʣʘʪʠʨʫʶʱʠʭ ʣʠʥʢʝʨʘʭ, ʣʠʙʦ ʧʫʪʸʤ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʥʢʝʨʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʢʨʝʧʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

2-ʘʤʠʥʦʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʘ ʚ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʘʭ UiO-

66(NH2) ʠ MIL -125(Ti)-NH2 ʧʦʟʚʦʣʠʣʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʩʘʣʠʮʠʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʜʣʷ 

ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ [95,96]. ɺ ʨʘʙʦʪʝ [95] 

ʧʨʦʚʦʜʠʣʠ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʦʚ MoO(O2)2Ŀ2ɼʄʌɸ ʠ MoO2(acac)2 ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʘʣʠʮʠʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʨʢʘʩ 

UiO-66-sal (ʨʠʩʫʥʦʢ 25). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʝʤʦʥʩʪʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʦʢʪʝʥʘ: ʚʳʭʦʜ ʵʧʦʢʩʠʜʘ ʩʦʩʪʘʚʠʣ 98% ʟʘ 24 ʯ ʨʝʘʢʮʠʠ 

ʧʨʠ 80 Áʉ, ʠʩʧʦʣʴʟʫʷ ʘʮʝʪʦʥʠʪʨʠʣ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʊɹɻʇ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʊɹɻʇ:ʮʠʢʣʦʦʢʪʝʥ ʨʘʚʥʳʤ 4:1. ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

(ʘ) (ʙ)

(ʚ) (ʛ)
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ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʜʨʫʛʠʭ ʮʠʢʣʠʯʝʩʢʠʭ ʵʧʦʢʩʠʜʦʚ. ʊʘʢ, ʧʨʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʧʝʥʪʝʥʘ 

ʠ ʮʠʢʣʦʛʝʢʩʝʥʘ, ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʦʚ ʩʥʠʞʘʣʘʩʴ ʜʦ 97% ʠ 71% ʩʦʦʪʚʝʪʩʚʝʥʥʦ, ʘ ʦʩʥʦʚʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʣʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʦʣ. ɺ ʩʣʫʯʘʝ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʢʦʥʚʝʨʩʠʷ 

ʩʦʩʪʘʚʠʣʘ 58%, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʙʳʣ 9-ʦʢʩʦʙʠʮʠʢʣʦ[6.1.0]-ʥʦʥ-4-ʝʥ. 

 
ʈʠʩʫʥʦʢ 25. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʮʠʢʣʦʦʢʪʝʥʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ UiO-66-sal-MoD [95] 

ɺ ʨʘʙʦʪʝ [96] ɹʨʘʚʦ-ʉʘʥʘʙʨʠʷ ʠ ʩʦʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʘ 

MoO(O2)2Ŀ2ɼʄʌɸ  ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʘʣʠʮʠʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʨʢʘʩ MIL -125(Ti)-NH . ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʥʦʩʠʪʝʣʷ ʦʢʩʦ-ʢʣʘʩʪʝʨʦʚ 

Ti(IV) ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ MIL -125-N-O-MoO(O2)2 ʚ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ Ŭ-ʧʠʥʝʥʘ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ (ʨʠʩʫʥʦʢ 26 

(ʘ)). ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ ʛʝʥʝʨʘʮʠʷ ʧʘʨ ʵʣʝʢʪʨʦʥ (e ) -ʜʳʨʢʘ (h ) ʚ ʄʆʂ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ. ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʠʮʠʠʨʫʝʪ ʨʘʟʨʳʚ ʩʚʷʟʠ (OïO) ʚ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ MoO(O2)2, ʩʧʦʩʦʙʩʪʚʫʷ ʧʝʨʝʥʦʩʫ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʜʚʦʡʥʫʶ ʩʚʷʟʴ Ŭ-ʧʠʥʝʥʘ. ʈʝʛʝʥʝʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ 

ʤʦʣʠʙʜʝʥʘ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʥʦʚʴ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

MoO(O2)2.  ʂʘʪʘʣʠʟʘʪʦʨ MIL-125-N-O-MoO(O2)2 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʥʚʝʨʩʠʶ ʩʫʙʩʪʨʘʪʘ ï 95% ʟʘ 8 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ 

ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʵʧʦʢʩʠʜʫ ï 85%. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ), ʪʘʢʠʭ ʢʘʢ ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ r (ωO2 ) ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʨʘʜʠʢʘʣʳ (ωOH), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ð ʚʝʨʙʝʥʦʥʘ (ʨʠʩʫʥʦʢ 

26 (ʙ)). 

 

 
ʈʠʩʫʥʦʢ 26. (ʘ) ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ Ŭ-ʧʠʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MIL -125-N-O-Mo(O2)2 [96]; 

(ʙ) ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ Ŭ-ʧʠʥʝʥʘ ï ʚʝʨʙʝʥʦʥ 

MoO(O2)2Ŀ2ɼʄʌɸ

ʋʌ-ʠʟʣʫʯʝʥʠʝ

(ʘ) (ʙ)
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʝʣʘʪʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʥʢʝʨʦʚ ʚ ʄʆʂ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʚ ʧʨʦʮʝʩʩʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʢʘʪʠʦʥʦʚ ʠʣʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ɺ ʨʘʙʦʪʝ [97] ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʣʠʥʢʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʡ ʣʠʛʘʥʜ ï ʪʝʪʨʘʢʠʩ(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʧʦʨʬʠʨʠʥ (TCPP). ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʢʘʨʢʘʩ Zr-TCPP ʦʙʨʘʙʘʪʳʚʘʣʠ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ(II) ʚ N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ (ʨʠʩʫʥʦʢ 27). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʉʇ-ʄʉ, ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 2D Zr-

TCPP(Fe) ʩʦʜʝʨʞʘʣ 1.53 ʤʘʩʩ. % ʞʝʣʝʟʘ. ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ (TOF=63 ʯ-1) ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʩʪʠʨʦʣʘ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʦʙʫʪʠʨʘʣʴʜʝʛʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ:ʩʫʙʩʪʨʘʪ = 1:167, ʘ ʚʳʭʦʜ ʦʢʩʠʜʘ ʩʪʠʨʦʣʘ 

ʩʦʩʪʘʚʠʣ 97 % ʟʘ 3 ʯ ʚ ʩʨʝʜʝ 1,2-ʜʠʭʣʦʨʵʪʘʥʘ. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʕɼʉ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ 

ʚʢʣʶʯʝʥʠʝ TCPP ʚ ʩʪʨʫʢʪʫʨʫ ʄʆʂ ʦʙʝʩʧʝʯʠʣʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ. 

 
ʈʠʩʫʥʦʢ 27. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 2D Zr-TCPP(Fe) [97] 

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [98ï100] ʜʠʭʣʦʨʜʠʦʢʩʦʤʦʣʠʙʜʝʥ(VI) (MoO2Cl2) ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʦʣʠʙʜʝʥʘ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʛʘʣʠʡʩʦʜʝʨʞʘʱʝʤ ʤʠʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʦʤ ʄʆʂ ï COMOC-4 (ʨʠʩʫʥʦʢ 28). ʊʘʢ, ʚ ʨʘʙʦʪʝ [98] ʠʩʩʣʝʜʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʘʣʢʝʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʮʠʢʣʝ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʜʣʷ ʮʠʢʣʦʦʢʪʝʥʘ: ʢʦʥʚʝʨʩʠʷ 

ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʠʣʘ 68% ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʵʧʦʢʩʠʜʫ ï 100% ʟʘ 24 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50 Áʉ. ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʊɹɻʇ, ʘ ʭʣʦʨʦʬʦʨʤ ʩʣʫʞʠʣ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʦʡ. ɼʣʷ ʮʠʢʣʦʜʦʜʝʮʝʥʘ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʥʚʝʨʩʠʷ ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ, ʩʦʩʪʘʚʠʚ 

42%, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʉʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ. ʂʦʥʚʝʨʩʠʷ ʜʦʩʪʠʛʣʘ 21% ʟʘ 7 ʯ, ʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʜʫ ʩʦʩʪʘʚʠʣʘ 67%, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʠʩʣʝʥʠʝʤ ʘʣʣʠʣʴʥʦʛʦ ʘʪʦʤʘ 

Zr-TCPP

2D Zr-TCPP(Fe)

ɼʄʌɸ, 120 Áʉ ɼʄʌɸ, 100 Áʉ

ʄʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ/

H2O
FeCl2
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ʫʛʣʝʨʦʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʜʦ 80 Áʉ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʦ 

ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʝʩʧʝʯʠʚ 81% ʢʦʥʚʝʨʩʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ ʟʘ 7 ʯ ʧʨʠ 100% ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʦ ʵʧʦʢʩʠʜʫ. 

 
ʈʠʩʫʥʦʢ 28. ʂʦʤʧʣʝʢʩ MoO2Cl2 ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʥʘ COMOC-4 [98ï100] 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [99] ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʦʝʚʦʛʦ ʤʘʩʣʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊɹɻʇ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ MoO2Cl2@COMOC-4 . ʂʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʜʦʩʪʠʛʣʘ 

29% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110ÁC ʟʘ 4 ʯ ʚ ʪʦʣʫʦʣʝ, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʜʫ ʩʦʩʪʘʚʠʣʘ 91%. 

ʆʜʥʘʢʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʨ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 14 ʥʤ ʜʦ 12 ʥʤ ʧʦʩʣʝ 

ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʘʩʪʠʯʥʦʝ ʙʣʦʢʠʨʦʚʘʥʠʝ ʧʦʨ ʚʩʣʝʜʩʪʚʠʝ 

ʘʜʩʦʨʙʮʠʠ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʘ. ʅʠ ʠ ʩʦʘʚʪʦʨʳ [100] ʘʥʘʣʦʛʠʯʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʨʦʧʠʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʇʂ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ. ɺʳʭʦʜ ʧʨʦʧʠʣʝʥʦʢʩʠʜʘ ʩʦʩʪʘʚʠʣ 40% ʟʘ 8 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 95 ÁC. 

ɺ ʜʨʫʛʦʤ ʧʦʜʭʦʜʝ ʢ ʩʦʟʜʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟʥʘʯʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʥʦʤʝʨʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʠʩʭʦʜʥʳʭ ʣʠʥʢʝʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʠ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʦʚ. ɺ ʨʘʙʦʪʝ [101] ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

{[ Co(H2O)(L2)]ϊ(H2O)} n, ʛʜʝ L=3-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-(ʧʠʨʠʜʠʥ-4-

ʠʣʤʝʪʠʣʘʤʠʥʦ)ʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʪʝʨʠʘʣ 

ʬʦʨʤʠʨʦʚʘʣ ʦʜʥʦʤʝʨʥʳʝ ʩʧʠʨʘʣʴʥʳʝ ʮʝʧʦʯʢʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3D ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʝʪʠ. ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊɹɻʇ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚ ʩʨʝʜʝ 

1,2,4-ʪʨʠʭʣʦʨʙʝʥʟʦʣʘ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʩʪʘʣ ʪʨʝʪ-ʙʫʪʠʣ-2-ʮʠʢʣʦʛʝʢʩʝʥʠʣ-1-

ʧʝʨʦʢʩʠʜ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʚʳʭʦʜʦʤ 77% ʟʘ 5 ʯ ʧʨʠ 35ÁC. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʭʦʜ ʦʢʩʠʜʘ 

ʮʠʢʣʦʛʝʢʩʝʥʘ ʩʦʩʪʘʚʠʣ 12%. 

ʅʘʢʦʥʝʮ, ʪʨʝʪʠʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ 

ʚ ʩʚʦʙʦʜʥʦʝ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʄʆʂ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ ʚʳʤʳʚʘʥʠʝ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʣʘʜʘʝʪ 
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ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʚʝʨʦʷʪʥʦʝ ʩʥʠʞʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ.  ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ [102] ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʄʆʂ UiO-66(Hf) ʧʫʪʝʤ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ Mo(CO)6 ʤʝʪʦʜʦʤ ʩʦʣʴʚʦʪʝʨʤʠʯʝʩʢʦʡ ʧʨʦʧʠʪʢʠ (STI). 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ Mo(8.8-STI)/Hf-MOF, ʩʦʜʝʨʞʘʱʠʡ 8.8 ʤʘʩʩ. % ʤʦʣʠʙʜʝʥʘ, ʧʨʦʷʚʠʣ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʩ-ʮʠʢʣʦʦʢʪʝʥʘ. ʇʨʠ 70Áʉ  ʚ ʩʨʝʜʝ ,h ,h -h

ʪʨʠʬʪʦʨʪʦʣʫʦʣʘ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊɹɻʇ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ  ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ 

ʜʦʩʪʠʛʣʘ 91% ʟʘ 4 ʯ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʘʥʘʣʦʛʠʯʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Mo(15-

VPI)/Hf-MOF ʤʝʪʦʜʦʤ ʧʘʨʦʬʘʟʥʦʡ ʧʨʦʧʠʪʢʠ (VPI), ʩʦʜʝʨʞʘʱʠʡ 15 ʤʘʩʩ. % ʤʦʣʠʙʜʝʥʘ. 

ʕʪʦʪ ʦʙʨʘʟʝʮ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 100%-ʥʫʶ ʢʦʥʚʝʨʩʠʶ ʮʠʩ-ʮʠʢʣʦʦʢʪʝʥʘ ʟʘ 4 ʯ, ʦʜʥʘʢʦ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʮʠʢʣʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂ ʪʨʝʪʴʝʤʫ ʮʠʢʣʫ ʢʦʥʚʝʨʩʠʷ 

ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 75 %, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʩʣʘʙʳʤ ʟʘʢʨʝʧʣʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʥʦʩʠʪʝʣʷ. ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʘʮʠʷ 

Mo(CO)6 ʩ ʧʦʤʦʱʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʊɹɻʇ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Mo(CO)6 ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʫʜʘʣʝʥʠʶ ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʘʢʪʠʚʥʳʭ ʦʢʩʦ- ʠ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (Mo=O ʠʣʠ 

Mo(O2)).  

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [100] ʚ ʩʪʨʫʢʪʫʨʫ ʄʆʂ MIL -101(Cr) ʠʥʢʘʧʩʫʣʠʨʦʚʘʣʠ 

ʬʦʩʬʦʨʤʦʣʠʙʜʝʥʦʚʫʶ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʫ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʂʝʛʛʠʥʘ (H3PMo12O40). ʆʜʥʘʢʦ 

ʚʳʩʦʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ɹʨʝʥʩʪʝʜʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ PMA@MIL -101(Cr) 

ʧʨʠʚʦʜʠʣʘ ʢ ʨʘʟʣʦʞʝʥʠʶ ɻʇʂ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʧʨʦʧʠʣʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʬʝʥʦʣ ʠ  2-ʬʝʥʠʣʧʨʦʧʘʥ-2-ʦʣ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʧʨʠʚʦʜʠʣʦ ʢ ʥʠʟʢʦʤʫ ʚʳʭʦʜʫ ʦʢʩʠʜʘ 

ʧʨʦʧʠʣʝʥʘ (14% ʟʘ 8 ʯ ʧʨʠ 95 Áʉ).  

ʉʭʦʞʠʡ ʧʦʜʭʦʜ ʧʦ ʩʠʥʪʝʟʫ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʄʆʂ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʘʙʦʪʝ [103], ʛʜʝ ʯʘʩʪʠʮʳ ʬʦʩʬʦʨʤʦʣʠʙʜʝʥʦʚʦʡ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Fe, Ni, Cu, Co) ʙʳʣʠ ʚʩʪʨʦʝʥʳ ʚ ʩʪʨʫʢʪʫʨʫ 

ʄʆʂ UiO-66 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʢʘʨʢʘʩʘ. ʅʘʠʙʦʣʴʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʘʵʨʦʙʥʦʤ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʩʪʠʨʦʣʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʠʚʘʣʠʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ Co-

HPA@UiO-66. ʂʦʥʚʝʨʩʠʷ ʩʪʠʨʦʣʘ ʜʦʩʪʠʛʘʣʘ 80%, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʢʩʠʜʫ ʩʪʠʨʦʣʘ ï 65% 

ʟʘ 2 ʯ ʧʨʠ 40 Áʉ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʙʝʥʟʘʣʴʜʝʛʠʜʘ 

ʠ ʬʝʥʠʣʘʮʝʪʘʣʴʜʝʛʠʜʘ, ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣʠ 25% ʠ 3% ʩʦʦʪʚʝʪʩʚʝʥʥʦ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʨʝʜʘʤ ʦʛʨʘʥʠʯʝʥʘ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʘʨʢʘʩʘ ʧʦʜʚʝʨʞʝʥʳ ʛʠʜʨʦʣʠʟʫ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʣʘʛʠ ʠ 



41 

ʢʠʩʣʦʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ ʄʆʂ ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ 

ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ʜʝʣʘʶʪ ʄʆʂ ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ. 

2.4.2.4. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ  

ʉʣʝʜʫʶʱʠʤ ʢʣʘʩʩʦʤ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ 

ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ï 

ʧʦʨʠʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ, ʢʦʚʘʣʝʥʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ, ʧʦʣʠʤʝʨʳ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʤʠʢʨʦʧʦʨʘʤʠ ʠ ʪʧ. ɸʥʘʣʦʛʠʯʥʦ ʄʆʂ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʤʦʥʦʤʝʨʦʚ ʠ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʧʨʦʮʝʩʩʦʚ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʧʦʣʫʯʠʣ ʧʦʣʠʩʪʠʨʦʣ (ʇʉ). ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʫ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʠʣʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʥʘʙʫʭʘʥʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 

3D ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʇʉ ʩʰʠʚʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʜʠʚʠʥʠʣʙʝʥʟʦʣ (ɼɺɹ). ʆʜʥʠʤ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʇʉ ʷʚʣʷʝʪʩʷ ʩʤʦʣʘ ʄʝʨʨʠʬʠʣʜʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʭʣʦʨʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʧʨʷʤʫʶ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʤʘʪʝʨʠʘʣ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ. ɻʨʠʚʘʥʠ ʠ ʩʦʘʚʪʦʨʳ [104ï110] ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʦʣʫ ʄʝʨʨʠʬʠʣʜʘ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʝʝ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚʢʣʶʯʘʷ ʬʦʩʬʠʥʳ, ʠʤʠʜʘʟʦʣ, ʧʠʧʝʨʘʟʠʥ, 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʠ ʵʪʠʣʝʥʜʠʘʤʠʥ (ʨʠʩʫʥʦʢ 29), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʤʤʦʙʠʣʠʟʦʚʘʪʴ ʤʦʣʠʙʜʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ  (Mo(CO)6, MoO2(acac)2). ʉʦʜʝʨʞʘʥʠʝ 

ʤʦʣʠʙʜʝʥʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʅɸɸ) 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1.3 ʜʦ 6.5 ʤʘʩʩ. %. ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʠʣʠ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʦʣʝʬʠʥʦʚ, ʠʩʧʦʣʴʟʫʷ ʊɹɻʇ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʇʉ ʦʢʘʟʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ: ʧʨʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʩʨʝʜʝ 

ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ 100% ʟʘ 2 ʯ ʨʝʘʢʮʠʠ. ʂʘʪʘʣʠʟʘʪʦʨ ʪʘʢʞʝ ʧʦʢʘʟʘʣ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʣʠʥʝʡʥʳʭ ʘʣʢʝʥʦʚ (1-ʛʝʧʪʝʥ ʠ 1-ʜʦʜʝʮʝʥ) ʠ 

ʦʙʲʝʤʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ (ʩʪʠʣʴʙʝʥʳ), ʜʝʤʦʥʩʪʨʠʨʫʷ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ.  
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ʈʠʩʫʥʦʢ 29. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʇʉ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [104ï

110] 

ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʩʤʦʣʳ ʄʝʨʨʠʬʠʣʜʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʅʘʧʨʠʤʝʨ, ʄʦʭʘʤʤʝʜ ʠ ʩʦʘʚʪʦʨʳ [111] ʠʩʧʦʣʴʟʦʚʘʣʠ 2-

(ʘʤʠʥʦʤʝʪʠʣ)ʧʠʨʠʜʠʥ ʜʣʷ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ MoO2(acac)2. ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

Ps.AMP.Mo ʩʦʜʝʨʞʘʣ 7.1 ʤʘʩʩ. % ʤʦʣʠʙʜʝʥʘ. ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ 1-ʛʝʢʩʝʥʘ ʠ 4-ʚʠʥʠʣ-1-ʮʠʢʣʦʛʝʢʩʝʥʘ ʙʝʟʚʦʜʥʳʤ ʊɹɻʇ. ɺ ʩʣʫʯʘʝ 1-ʛʝʢʩʝʥʘ 

ʚʳʭʦʜ 1,2-ʵʧʦʢʩʠʛʝʢʩʘʥʘ ʩʦʩʪʘʚʠʣ ~ 50% ʟʘ 4 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60ÁC. ʇʨʠ ʦʢʠʩʣʝʥʠʠ 

4-ʚʠʥʠʣ-1-ʮʠʢʣʦʛʝʢʩʝʥʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 4-ʚʠʥʠʣ-1-ʮʠʢʣʦʛʝʢʩʘʥ-1,2-ʵʧʦʢʩʠʜʘ ʩ 

ʚʳʭʦʜʦʤ 95% ʫʞʝ ʯʝʨʝʟ 5 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80ÁC.  

ʄʘʫʨʴʷ ʠ ʩʦʘʚʪʦʨʳ [112] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʜʝʥʪʘʪʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʳ ʥʘ ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʡ 

ʇʉ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɸɸʉ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 0.75 ʜʦ 

1.65 ʤʘʩʩ. %. ʂʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʦʣʝʬʠʥʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 30%-ʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ H2O2. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʦʢʪʝʥʘ 

ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ 80%, ʦʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ð ʮʠʢʣʦʦʢʪʝʥʦʢʩʠʜ ð ʙʣr ʧʦʣʫʯʝʥ ʩ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 48%. 

ɻʘʦ ʠ ʩʦʘʚʪʦʨʳ [113] ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʭʦʞʠʡ ʧʦʜʭʦʜ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʥʘ 

ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʥʦʤ ʇʉ: ʤʘʪʝʨʠʘʣ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧ-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʠ ʛʣʠʮʠʥʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʜʝʥʪʘʪʥʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʩ ʠʤʠʥʥʳʤ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʘʤʠ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ 

MoO2(acac)2 ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʠʣʦ 3.84 ʤʘʩʩ. %. ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʊɹɻʇ ʚ ʥ-ʛʝʧʪʘʥʝ, ʦʙʝʩʧʝʯʠʚʘʷ 65% ʢʦʥʚʝʨʩʠʶ 
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ʮʠʢʣʦʛʝʢʩʝʥʘ ʟʘ 12 ʯ ʧʨʠ 80 Áʉ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʩʦʭʨʘʥʷʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 6 ʮʠʢʣʦʚ. 

ʂʘʢ ʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ, ʧʦʣʠʤʝʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʮʝʥʪʨʳ ʜʣʷ ʘʜʩʦʙʨʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [114] ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ 

MoO2(acac)2 ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʧʦʣʠʤʝʨ ʩʪʠʨʦʣʘ ʠ 4-ʚʠʥʠʣʧʠʨʠʜʠʥʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʯʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʤʝʪʘʣʣʘ ʩ ʧʦʤʦʱʴʶ ʘʟʦʪʘ ʚ ʧʠʨʠʜʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʣʣʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩʦʩʪʘʚʣʷʣʦ 1.25 ï 1.62 ʤʘʩʩ. %. ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʳ 

ʜʝʣʘʣʠ ʘʢʮʝʥʪ ʥʘ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʩʰʠʚʢʠ ʧʦʣʠʤʝʨʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ TON ʧʨʦʷʚʠʣ 

ʢʘʪʘʣʠʟʘʪʦʨ MoAC/PVPS-4 (Mo ï 1.62 ʤʘʩʩ. %) ʥʘ ʦʩʥʦʚʝ ʥʦʩʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʩʪʝʧʝʥʴ 

ʩʰʠʚʢʠ ʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 4%: ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʭʨʘʥʷʣ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ 

ʮʠʢʣʦʛʝʢʩʝʥʘ ʊɹɻʇ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝ ʤʝʥʝʝ 5 ʯ, ʧʨʠʯʝʤ ʟʥʘʯʝʥʠʝ TON ʟʘ 4 ʯ ʩʦʩʪʘʚʣʷʣʦ 

ʦʢʦʣʦ 500 ʠ ʙʳʣʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʪʘʢʦʚʳʤ ʜʣʷ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ï MoO2(acac)2 

(ʦʢʦʣʦ 568). 

ʇʦʤʠʤʦ ʧʦʣʠʩʪʠʨʦʣʘ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʧʦʣʠʤʝʨʳ. ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [115] ʧʨʦʚʦʜʠʣʘʩʴ ʠʤʤʦʙʠʣʠʟʘʮʠʷ 

ʢʦʤʧʣʝʢʩʘ MoO2(acac)2 ʥʘ ʧʦʣʠʙʝʥʟʠʤʠʜʘʟʦʣ (ʇɹʀ), ʛʜʝ ʢʦʦʨʜʠʥʘʮʠʷ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʩ 

ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʣʠʤʝʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʜʝʨʞʘʣ 7.9 ʤʘʩʩ. 

% ʤʦʣʠʙʜʝʥʘ. ʂʘʪʘʣʠʟʘʪʦʨ PBI.Mo ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 1,5-

ʛʝʢʩʘʜʠʝʥʘ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʦʢʠʩʣʠʪʝʣʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʵʧʦʢʩʠʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʣʝʬʠʥ:ʊɹɻʇ=2.76:1 ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 0.56 ʤʦʣʴ. % ʧʦ ʤʦʣʠʙʜʝʥʫ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʣʦ ʢ 

ʧʦʷʚʣʝʥʠʶ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ (POP), ʚʢʣʶʯʘʶʱʠʡ ʢʘʢ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʘʤʦʨʬʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʂ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ POP ʦʪʥʦʩʷʪʩʷ 

ʢʦʚʘʣʝʥʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ (Covalent organic frameworks, COFs), ʪʦʛʜʘ ʢʘʢ ʢ ʘʤʦʨʬʥʳʤ ï 

ʩʚʝʨʭʩʰʠʪʳʝ ʧʦʣʠʤʝʨʳ (Hypercrosslinked polymers, HCPs), ʧʦʣʠʤʝʨʳ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴʶ (Polymers of intrinsic microporosity, PIMs), ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʢʘʨʢʘʩʳ (Porous aromatic frameworks, PAFs) [116]. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʨʦʣʣʠʨʫʝʤʳʤ ʨʘʟʤʝʨʦʤ ʧʦʨ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʧʦʜʭʦʜʦʚ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 30). 
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ʈʠʩʫʥʦʢ 30. ʇʦʜʭʦʜʳ ʢ ʬʫʥʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ [117] 

ʏʞʘʥ ʠ ʩʦʘʚʪʦʨʳ [118] ʧʦʣʫʯʠʣʠ ʧʦ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʗʤʘʤʦʪʦ ʧʦʨʠʩʪʳʡ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ ʥʘ ʦʩʥʦʚʝ ʧʦʨʬʠʨʠʥʘ (PPOP) ʦʙʨʘʙʘʪʳʚʘʣʠ ʭʣʦʨʠʜʦʤ ʤʘʨʛʘʥʮʘ (II) 

ʚ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ (ʨʠʩʫʥʦʢ 31). ʂʘʪʘʣʠʟʘʪʦʨ ʦʙʣʘʜʘʣ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ (1600 ʤ2/ʛ) ʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʤʠʢʨʦʧʦʨʘʤʠ (0.7 ï 1.2 ʥʤ) 

ʠ ʤʝʟʦʧʦʨʘʤʠ (2.0 ï 4.0 ʥʤ), ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʶ ʦʙʲʝʤʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ï 

ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ (ɼɺɹ) ʜʦ ʜʠʵʧʦʢʩʠʜʘ. ʊʘʢ, ʚʳʭʦʜ ʜʠʦʢʩʠʜʘ ɼɺɹ ʩʦʩʪʘʚʠʣ 51% ʟʘ 26 ʯ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʦʙʘʚʣʝʥʠʝ ʠʤʠʜʘʟʦʣʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʫʤʝʥʴʰʠʣʦ 

ʢʠʩʣʦʪʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʟʘ ʩʯʸʪ ʯʝʛʦ ʫʜʘʣʦʩʴ ʧʦʜʘʚʠʪʴ ʧʨʦʪʝʢʘʥʠʝ ʧʦʙʦʯʥʳʭ 

ʨʝʘʢʮʠʡ ʠʟʦʤʝʨʠʟʘʮʠʠ ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʘ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʵʧʦʢʩʠʜʘ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 

71%. ɺ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʩʪʠʨʦʣʘ ʚʳʭʦʜ ʵʧʦʢʩʠʜʘ ʩʦʩʪʘʚʠʣ 80% ʟʘ 15 ʯ. ʆʢʠʩʣʝʥʠʝ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2-(ʪʨʝʪ-ʙʫʪʠʣʩʫʣʴʬʦʥʠʣ)ʡʦʜʦʟʦʙʝʥʟʦʣ ʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 31. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ɼɺɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PPOP ʥʘ ʦʩʥʦʚʝ ʤʘʨʛʘʥʮʘ [118] 

ɺ ʨʘʙʦʪʝ [119] ʚ ʢʘʯʝʩʪʚʝ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ  ʣʠʥʢʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ  5,5ô-ʵʪʠʥʠʣ-2,2ô-

ʙʠʧʠʨʠʜʠʥ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ POP ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʣʠʥʢʝʨʦʤ ʠ ʪʝʪʨʘʢʠʩ(4-ʘʟʠʜʦʬʝʥʠʣ)ʤʝʪʘʥʦʤ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 32 (ʘ)).  ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 6.3 ʤʘʩc. % ʦʙʣʘʜʘʣ 

ʪʨʝʭʤʝʨʥʦʡ ʤʝʟʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 421 ʤĮ/ʛ ʠ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʧʦʨ 17.8 ʥʤ. ɸʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʛʜʝ 

ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʷʚʣʷʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ t-BuOOÅ ʠ tBuOÅ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʤʝʜʴʶ (ʨʠʩʫʥʦʢ 32 (ʙ)). ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʢʝʪʦʥʳ, ʩʧʠʨʪʳ ʠ 

ʘʣʴʜʝʛʠʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʧʝʥʪʝʥʘ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ 

ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85 Áʉ ʟʘ 24 ʯ ʚʳʭʦʜ ʵʧʦʢʩʠʜʘ ʩʦʩʪʘʚʠʣ 65% ʧʨʠ 

ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ 97%.  ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʭ ʦʣʝʬʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ 1-ʛʝʢʩʝʥ ʠ 1-ʦʢʪʝʥ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʘʣʣʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. 
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ʈʠʩʫʥʦʢ 32. (ʘ) ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ Cu-POP; (ʙ) ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʦʢʪʝʥʘ ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨʝ Cu-POP [119] 

ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [120] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʘʪʘʣʠʟʘʪʦʨ Mn-PPOP-1 ʤʝʪʦʜʦʤ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʤʘʨʛʘʥʮʘ ï ʪʝʪʨʘʢʠʩ(4-ʘʤʠʥʦʙʠʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʦʤ 

ʤʘʨʛʘʥʮʘ (Mn-TBPP) ï ʩ 1,3,5-ʪʨʠʬʦʨʤʠʣʬʣʦʨʦʛʣʶʮʠʥʦʤ (ʨʠʩʫʥʦʢ 33). ʂʘʪʘʣʠʟʘʪʦʨ ʠʤʝʣ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʫʶ 313 ʤ2/ʛ, ʘ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʤʦʜʝʣʠ 

NLDFT, ʩʦʩʪʘʚʣʷʣ 1.0-1.3 ʥʤ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ ʩʦʩʪʘʚʠʣʦ 3.6 ʤʘʩʩ. %. 

ɺ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʩʪʠʨʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʡʦʜʦʟʦʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚʳʭʦʜ ʵʧʦʢʩʠʜʘ ʜʦʩʪʠʛʘʣ 97% ʟʘ 12 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʘ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʩʥʠʞʘʣʘʩʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʦʢʪʝʥʘ, ʛʜʝ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʫʤʝʥʴʰʠʣʩʷ 

ʜʦ 62%. ʕʪʦ ʩʥʠʞʝʥʠʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ ʢ ʘʢʪʠʚʥʳʤ 

ʮʝʥʪʨʘʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʧʦʨ. 
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ʈʠʩʫʥʦʢ 33. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ Mn-PPOP-1 [120] 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ POP-20 

[121] ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʤʘʨʛʘʥʮʘ ʩ 

ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʤ ʣʠʛʘʥʜʦʤ ʩ ɼɺɹ. ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Mn-2@POP-20 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʘʩʩʠʤʝʪʨʠʯʥʦʤ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ 

ʭʘʣʴʢʦʥʦʚ (ʨʠʩʫʥʦʢ 34). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʠ 2,2-ʜʠʤʝʪʠʣʙʫʪʘʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ɼʄɹʂ) ʚʳʭʦʜ ʦʜʥʦʛʦ ʠʟ ʵʥʘʥʪʠʦʤʝʨʦʚ ʩʦʩʪʘʚʠʣ 89 %. ʆʜʥʘʢʦ ʧʨʠ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʙʦʣʝʝ ʦʙʲʝʤʥʦʛʦ 2-ʙʝʥʟʠʣʠʜʝʥ-1-ʪʝʪʨʘʣʦʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʙʳʣ ʥʠʞʝ ʠ 

ʩʦʩʪʘʚʠʣ 70% ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ɼʄɹʂ ʨʝʘʢʮʠʷ ʥʝ 

ʧʨʦʪʝʢʘʣʘ ʚʦʚʩʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʜʥʦʤʫ ʠʟ ʵʥʘʥʪʠʦʤʝʨʦʚ ʦʩʪʘʚʘʣʘʩʴ 

ʚʳʩʦʢʦʡ ʠ ʜʦʩʪʠʛʣʘ 90 %. 

 

ʈʠʩʫʥʦʢ 34. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʭʘʣʢʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

 Mn-2@POP-20 [121] 

ɺ ʨʘʙʦʪʝ [122] ʠʩʩʣʝʜʦʚʘʥʳ  ʧʦʨʠʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʬʝʥʠʣʘʤʠʥʘ (TPA) ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʬʦʩʬʦʨʤʦʣʠʙʜʝʥʥʦʚʦʡ ʢʠʩʣʦʪʳ (HPMA) ʠ 

ʬʦʩʬʦʨʤʦʣʠʙʜʘʪʘ ʢʦʙʘʣʴʪʘ (CoPMA), ʠʟʫʯʘʝʤʳʝ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʦʣʝʬʠʥʦʚ 

Mn-2@POP-20

ɼʄɹʂ, H2O2, CH3CN,

-20ÁC, 3ʯ ee = 96%

ɺʳʭʦʜ = 93 %
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ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ʇʦʣʠʤʝʨʳ POP-I ʠ POP-II ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-

ʂʨʘʬʪʩʘ (ʨʠʩʫʥʦʢ 35). ɺ ʦʪʣʠʯʠʝ ʦʪ POP-I, ʩʠʥʪʝʟ POP-II  ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʥʟʦʣʘ, 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ çʤʦʩʪʠʢʦʚʦʛʦè ʣʠʥʢʝʨʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ (792 ʤĮ/ʛ ʧʨʦʪʠʚ 563 ʤĮ/ʛ) ʠ ʜʦʩʪʫʧʥʦʛʦ ʦʙʲʝʤʘ ʧʦʨ  (1.41 ʩʤ3/ʛ ʧʨʦʪʠʚ 

0.75 ʩʤ3/ʛ). ʅʘʠʙʦʣʴʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʠʩʪʝʤʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʡ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪ CoPMA. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

CoPMA/POP-II  (0.12 ʤʦʣʴʥ. %) ʚ ʦʢʠʩʣʝʥʠʠ ʮʠʢʣʦʦʢʪʝʥʘ ʩ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ 

(H2O2:ʮʠʢʣʦʦʢʪʝʥ (ʤʦʣʴʥ.) = 2:1) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʜʦʩʪʠʛʥʫʪʘ ʢʦʥʚʝʨʩʠʷ 78% ʟʘ 9 ʯ ʧʨʠ 70 

Áʉ. ʂʘʪʘʣʠʟʘʪʦʨ ʪʘʢʞʝ ʩʦʭʨʘʥʷʣ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 4 ʮʠʢʣʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʪʨʠʬʝʥʠʣʘʤʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ɺ ʩʣʫʯʘʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ HPMA/POP-II  ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʩ 65% ʜʦ 42% ʥʘ ʯʝʪʚʝʨʪʦʤ 

ʮʠʢʣʝ, ʯʪʦ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʠʯʥʦʤ ʚʳʤʳʚʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

 
ʈʠʩʫʥʦʢ 35. ʉʠʥʪʝʟ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ POP-I ʠ POP-II  [122] 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʦʨʠʩʪʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ [123]. ʉʥʘʯʘʣʘ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʦʣʠʤʝʨ ʧʦ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʦʥʦʛʘʰʠʨʳ ʤʝʞʜʫ ʪʝʪʨʘʢʠʩ(4-ʙʨʦʤ-2,3,5,6-

ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ)ʙʦʨʘʪʦʤ ʣʠʪʠʷ ʠ 1,3,5-ʪʨʠʵʪʠʥʠʣʙʝʥʟʦʣʦʤ, ʛʜʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʨʝʘʢʮʠʠ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʟʘʤʝʱʘʣʠ ʢʘʪʠʦʥʳ ʣʠʪʠʷ ʥʘ ʢʘʪʠʦʥʳ ʤʘʨʛʘʥʮʘ. ɿʘʪʝʤ ʢʘʪʠʦʥʳ ʣʠʪʠʷ ʚ ʝʛʦ 

ʩʪʨʫʢʪʫʨʝ ʟʘʤʝʥʷʣʠ ʥʘ ʢʘʪʠʦʥʳ ʤʘʨʛʘʥʮʘ ʤʝʪʦʜʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ ʚʥʫʪʨʠ ʤʠʢʨʦʧʦʨ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʠʧʠʨʠʜʠʥʦʤ (bpy). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʘʢʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ 

ʤʘʨʛʘʥʮʘ ʩ ʙʠʧʠʨʠʜʠʥʦʤ ([MnII(bpy)2]
2+) ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ɛ-ʦʢʩʠʜʥʳʭ ʤʦʩʪʠʢʦʚ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʘʨʛʘʥʮʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʩʪʠʨʦʣʘ ʚ ʩʠʩʪʝʤʝ 

TPA

POP-I = n (Ph)=0

POP-II = n (Ph)=n

ʃʠʥʢʝʨ 1=

ʃʠʥʢʝʨ 2=
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O /ʠʟʦʙʫʪʠʨʘʣʴʜʝʛʠʜ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʇʨʠ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʢʦʥʚʝʨʩʠʷ ʩʪʠʨʦʣʘ 

ʩʦʩʪʘʚʠʣʘ 100%, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʢʩʠʜʫ ʩʪʠʨʦʣʘ ʜʦʩʪʠʛʣʘ 65% (ʨʠʩʫʥʦʢ 36). ʇʨʠ 

ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʭʨʘʥʷʣ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʦ ʵʧʦʢʩʠʜʫ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 81%. 

 
ʈʠʩʫʥʦʢ 36. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʩʪʠʨʦʣʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʤʤʦʙʠʣʠʟʘʮʠʝʡ 

[Mn(bpy)2]
2+ ʥʘ ʘʥʠʦʥʥʳʡ ʙʦʨʘʪʥʳʡ ʩʦʧʦʣʠʤʝʨ [123] 

2.5. ʆʢʠʩʣʝʥʠʝ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʆʢʠʩʣʝʥʠʝ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʛʨʘʝʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʣʫʯʝʥʠʝ ʮʝʥʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤʠ ʠ 

ʟʥʘʯʠʤʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: ʦʢʠʩʣʝʥʠʝ ʪʦʣʫʦʣʘ ʜʦ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʝʨʚʘʥʪʘ (ʧʠʱʝʚʘʷ ʜʦʙʘʚʢʘ E210) ʠ 

ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ; ʦʢʠʩʣʝʥʠʝ ʦ-ʢʩʠʣʦʣʘ 

ʜʦ ʬʪʘʣʝʚʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʣʠʵʬʠʨʥʳʭ ʩʤʦʣ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʣʘʩʪʠʢʦʚ; ʘ ʪʘʢʞʝ ʦʢʠʩʣʝʥʠʝ ʧ-ʢʩʠʣʦʣʘ ʜʦ 

ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ (ʧʨʦʮʝʩʩ Amoco), ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊ). ɺʘʞʥʦʝ ʤʝʩʪʦ ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ ʧʨʦʮʝʩʩ ʍʦʢʘ, 

ʚ ʢʦʪʦʨʦʤ ʢʫʤʦʣ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ɻʇʂ ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʜʦ ʬʝʥʦʣʘ ʠ ʘʮʝʪʦʥʘ ï 

ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ, ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʩʤʦʣ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʨʦʮʝʩʩʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʜʦʣʞʘʶʪʩʷ ʠ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ 
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ʪʝʭʥʦʣʦʛʠʡ ʧʨʷʤʦʛʦ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʜʦ ʘʮʝʪʦʬʝʥʦʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʮʝʪʦʬʝʥʦʥ ʧʦʣʫʯʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʨʘʟʣʦʞʝʥʠʷ ɻʇʂ ʚ 

ʧʨʦʮʝʩʩʝ ʍʦʢʘ, ʦʜʥʘʢʦ ʝʛʦ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, ʧʘʨʬʶʤʝʨʥʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʝʣʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʧʨʷʤʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʵʪʠʣʙʝʥʟʦʣʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʢʘʢ ʛʦʤʦʛʝʥʥʳʭ, ʪʘʢ ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

2.5.1. ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʘʵʨʦʙʥʦʛʦ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʙʝʥʟʦʣʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 1950-ʭ ʛʦʜʘʭ 

ʢʦʤʧʘʥʠʝʡ Mid-Century. ʕʪʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ 

ʢʦʙʘʣʴʪʘ (Co(OAc)2/Co(Br)2) ʠ ʤʘʨʛʘʥʮʘ (Mn(OAc)2), ʘ ʪʘʢʞʝ ʙʨʦʤʠʜʦʚ ʤʝʪʘʣʣʦʚ (NaBr, 

KBr, CoBr2, MnBr2) [12,124]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ Amoco ï ʢʣʶʯʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʦʯʠʱʝʥʥʦʡ 

ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ (ʆʊʌʂ), ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ  

ʧ-ʢʩʠʣʦʣʘ ʚ ʩʨʝʜʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʇʕʊ (ʨʠʩʫʥʦʢ 37). 

 
ʈʠʩʫʥʦʢ 37. ʈʝʘʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʊʌʂ ʠʟ ʧ-ʢʩʠʣʦʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ Co2+/Mn2+/Br- 

ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʧ-ʢʩʠʣʦʣʘ ʜʦ ʊʌʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʦʥʥʦ-ʨʘʜʠʢʘʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ (ʨʠʩʫʥʦʢ 38) [125]. ʈʝʘʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʢʠʩʣʝʥʠʷ Co2+ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ ʜʦ Co3+, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʢʠʩʣʷʝʪ Mn2+ ʜʦ  Mn3+. ɼʘʣʝʝ Mn3+ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʙʨʦʤʠʜ-ʠʦʥʦʤ, ʦʙʨʘʟʫʷ ʨʘʜʠʢʘʣ ʙʨʦʤʘ (Brω), ʢʦʪʦʨʳʡ ʦʪʨʳʚʘʝʪ ʚʦʜʦʨʦʜ ʦʪ ʤʝʪʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʧ-ʢʩʠʣʦʣʘ, ʠʥʠʮʠʠʨʫʷ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʥʟʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʕʪʦʪ ʨʘʜʠʢʘʣ ʙʳʩʪʨʦ 

ʨʝʘʛʠʨʫʝʪ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʦʢʩʠʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ Co2+ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʴʜʝʛʠʜʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʣʴʜʝʛʠʜ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʝʥʠʶ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʥʘʜʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ 

ʧʦʪʦʤ ʨʘʟʣʘʛʘʝʪʩʷ ʜʦ ʧ-ʪʦʣʫʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. 

175 ï225 ÁC, 15 ï30 ʘʪʤ. O2, 4 ï12 ʯ

ʂʦʥʚʝʨʩʠʷ = 95%

ʉʝʣʝʢʪʠʚʥʦʩʪʴ = 95%
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ʈʠʩʫʥʦʢ 38. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧ-ʢʩʠʣʦʣʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

Co2+/Mn2+/Br- [125] 

ɼʘʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ 

ʵʪʠʣʙʝʥʟʦʣʘ ʜʦ ʘʮʝʪʦʬʝʥʦʥʘ [126,127]. ʊʘʢ, ɻʫʪʤʘʥʥ ʠ ʩʦʘʚʪʦʨʳ [126] ʠʩʩʣʝʜʦʚʘʣʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ Co2+ ʠ Br- (CoBr2) ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 

ʵʪʠʣʙʝʥʟʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H2O2 ʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ. 

ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʩ ʧʦʤʦʱʴʶ H2O2 ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʘʮʝʪʦʬʝʥʦʥʘ ʠ 

ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ, ʚʢʣʶʯʘʷ ɻʇʕɹ, 1-ʬʝʥʠʣʵʪʠʣʘʮʝʪʘʪʘ ʠ 1-ʬʝʥʠʣʵʪʘʥʦʣʘ. ʆʜʥʘʢʦ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʘʩʴ ʚ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦʩʣʝ ʝʝ ʥʘʯʘʣʘ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʜʝʟʘʢʪʠʚʘʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʭʦʜʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʢʦʙʘʣʴʪʘ (II) ʚ ʥʝʘʢʪʠʚʥʳʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (Co(OAc)2(H2O)4) ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ 

ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ [128] . ʊʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʩʦʩʪʘʚʠʣʘ 

96% ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ ʜʦ 74% ʟʘ 2.5 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 Áʉ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [127] ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʦʪʦʨʘ ʧʨʦʮʝʩʩʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ CO2. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ ʩ 75% ʜʦ 84% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʢʮʠʠ 100 Áʉ ʠ ʫʤʝʥʴʰʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʝʥʟʘʣʴʜʝʛʠʜ ʠ ʙʝʥʟʦʡʥʘʷ 

ʢʠʩʣʦʪʘ.  ʉʦʦʙʱʘʝʪʩʷ ʪʘʢʞʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʤʝʩʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ 48% HBr ï 30% H2O2 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ [129]. ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʘʮʝʪʦʬʝʥʦʥʘ, 
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ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï -hʙʨʦʤʵʪʠʣʙʝʥʟʦʣʘ. ʂʦʥʚʝʨʩʠʷ 

ʵʪʠʣʙʝʥʟʦʣʘ ʩʦʩʪʘʚʠʣʘ 95% ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ 75%. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʠ ʙʨʦʤʠʜʳ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʘʢ, ʨʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ ʧ-ʢʩʠʣʦʣʘ ʧʨʦʚʦʜʷʪ ʚ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʪʠʪʘʥʦʚʳʭ ʨʝʘʢʪʦʨʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʙʨʦʤʠʩʪʳʡ 

ʤʝʪʠʣ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʪʦʱʝʥʠʶ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ [130]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʨʦʤʘ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ ʬʪʘʣʠʤʠʜ-N-ʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ 

(N-ʆʌʀʈÅ) [131,132], ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʫʪʝʤ ʦʪʱʝʧʣʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʪ N-

ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ (N-ɻʌʀ) ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʢʠʩʣʠʪʝʣʷʤʠ  (ʨʠʩʫʥʦʢ 39). ʆʜʥʘʢʦ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ N-ɻʌʀ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʥʝʧʦʣʷʨʥʳʭ ʩʨʝʜʘʭ, ʪʘʢʠʭ ʢʘʢ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʀɾ) [132]. ʀɾ ʩʧʦʩʦʙʥʳ 

ʧʦʚʳʰʘʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ N-ɻʌʀ ʚ ʥʝʧʦʣʷʨʥʳʭ ʩʨʝʜʘʭ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʢʨʦʵʤʫʣʴʩʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʝʞʬʘʟʥʦʤʫ 

ʧʝʨʝʥʦʩʫ ʦʢʠʩʣʠʪʝʣʝʡ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ ʬʘʟʫ, ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ.  ʊʘʢ, ʚ ʨʘʙʦʪʝ 

[133] ʜʦʙʘʚʣʝʥʠʝ ʀɾ [bmim][OcOSO3] ʚ ʩʠʩʪʝʤʫ N-ɻʌʀ/Co(II) ʫʚʝʣʠʯʠʣʦ ʨʘʩʪʚʦʨʝʥʠʝ  

N-ɻʌʀ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʩʣʝʜʥʝʛʦ ʩ ʠʦʥʥʦ-ʧʘʨʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʀɾ 

[bmim][OcOSO3]. ʆʜʥʘʢʦ, ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ N-ɻʌʀ ʠ N-ʆʌʀʈÅ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ 

ʨʘʟʣʘʛʘʶʪʩʷ ʜʦ ʬʪʘʣʠʤʠʜʘ ʠ ʬʪʘʣʝʚʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʯʝʨʝʟ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ 

ʚʥʦʩʠʪʴ N-ɻʌʀ ʧʦʚʪʦʨʥʦ. 

 
ʈʠʩʫʥʦʢ 39. ʆʢʠʩʣʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ N-ɻʌʀ 

ʄʝʪʘʣʣʩʦʜʝʨʞʘʱʠʝ ʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʛʝʤʦʚʳʝ, ʪʘʢ ʠ ʥʝʛʝʤʦʚʳʝ, ʪʘʢʞʝ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʢʠʩʣʝʥʠʠ ʩʚʷʟʠ C-H, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [134]. ʊʘʢ, ʚ ʨʘʙʦʪʝ [135] ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʨʬʠʨʠʥʦʚʦʤ ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʦʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ (-Cl, -CF3, -NO2) ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʦʢʩʦʬʝʨʨʠʣʴʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ (Fe(V)=O), 

ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ 
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ʨʘʟʨʳʚʫ ʩʚʷʟʠ OïO ʚ Fe(III )-ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʝ (Fe(III )-OOH), ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (ωOH), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢ ʜʝʩʪʨʫʢʮʠʠ ʧʦʨʬʠʨʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʦʩʚʦʝʥʥʳʝ ʩ ʠʭ ʫʯʘʩʪʠʝʤ ʧʨʦʮʝʩʩʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʣʦʞʥʦ ʦʪʜʝʣʷʪʴ ʦʪ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ. ʇʦʵʪʦʤʫ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʩʦʟʜʘʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʛʦʤʦʛʝʥʥʳʤ 

ʩʠʩʪʝʤʘʤ. ʇʦʩʢʦʣʴʢʫ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʘʢʠʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʷʚʣʷʝʪʩʷ ʠʭ 

ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. 

2.5.2. ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

2.5.2.1. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ 

ʇʦʜʭʦʜ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʥʦʩʠʪʝʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʘʢʞʝ ʠ ʜʣʷ  

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ sp3 C-H ʨʘʟʣʠʯʥʳʭ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʪʠʧʘ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè [136ï139], ʤʝʟʦʧʦʨʠʩʪʳʭ ʩʠʣʠʢʘʪʘʭ [140,141].  ɺ ʩʝʨʠʠ 

ʨʘʙʦʪ  ɸʨʰʘʜʠ ʠ ʩʦʘʚʪʦʨʦʚ [142ï144] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʙʘʣʴʪ- ʠ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʳʭ ʦʢʩʠʜʦʚ SiO2-Al 2O3, ʩʦʜʝʨʞʘʱʠʝ ʧʨʠʚʠʪʳʝ ʦʩʥʦʚʘʥʠʷ 

ʐʠʬʬʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʜʣʠʥʥʦʛʦ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʥʢʝʨʘ- 

[N-(2-ʘʤʠʥʦʵʪʠʣ)-3-ʘʤʠʥʦʧʨʦʧʠʣ]ʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ- ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ 

ʦʩʥʦʚʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ 80 Áʉ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʢʦʥʚʝʨʩʠʷ ʵʪʠʣʙʝʥʟʦʣʘ 

ʟʘ 24 ʯ ʜʦʩʪʠʛʣʘ 67% ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 93% ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʩʨʝʜʝ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠ 120 Áʉ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʥʚʝʨʩʠʶ 

ʵʪʠʣʙʝʥʟʦʣʘ ʜʦ 91% ʟʘ 8 ʯ ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 98% ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ. 
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ʈʠʩʫʥʦʢ 40. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ M/SA-2-AMPS-SiO2 ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʦʛʦ 

ʥʦʩʠʪʝʣʷ [145] 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, TS-1), ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʚ ʩʪʨʫʢʪʫʨʫ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʥʦʩʠʪʝʣʷ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [146] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 

ʵʪʠʣʙʝʥʟʦʣʘ Ti-, V- ʠ Sn-ʩʦʜʝʨʞʘʱʠʝ ʩʠʣʠʢʘʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ MFI ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ 

ʞʠʜʢʦʬʘʟʥʦʤ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣ:H2O2 = 3:1. ɺ 

ʩʣʫʯʘʝ Ti-ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʭʦʜ ʘʮʝʪʦʬʝʥʦʥʘ ʩʦʩʪʘʚʠʣ 41%, ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï 1-ʬʝʥʠʣʵʪʘʥʦʣʘ (33%). 

ʊʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ:  

ʦ-ʵʪʠʣʬʝʥʦʣʘ (11%) ʠ ʧ-ʵʪʠʣʬʝʥʦʣʘ (12%). ɺ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʘ VS-1 ʚʳʭʦʜ ʘʮʝʪʦʬʝʥʦʥʘ 

ʙʳʣ ʚʳʰʝ ʠ ʩʦʩʪʘʚʠʣ 62%, ʧʨʠ ʵʪʦʤ ʚʳʭʦʜ 1-ʬʝʥʠʣʵʪʘʥʦʣʘ ʩʦʩʪʘʚʠʣ 21%. ʆʜʥʘʢʦ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ï 2-ʬʝʥʠʣʵʪʘʥʦʣ (3%) ʠ 

ʬʝʥʠʣʘʮʝʪʘʣʴʜʝʛʠʜ (2.5%). ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

Sn-ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (Sn-Sil-1). ɺʳʭʦʜ ʘʮʝʪʦʬʝʥʦʥʘ ʩʦʩʪʘʚʠʣ 58%, ʘ 

1-ʬʝʥʠʣʵʪʘʥʦʣʘ ï 14%. ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʧʦ 

ʧʝʨʚʠʯʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ (2-ʬʝʥʠʣʵʪʘʥʦʣ ʠ ʬʝʥʠʣʘʮʝʪʘʣʴʜʝʛʠʜ), ʩʦʩʪʘʚʠʣ 3.6%. 

2-(ʘʤʠʥʦʤʝʪʠʣ)ʧʠʨʠʜʠʥ ʩʘʣʠʮʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ

ʉMPS-SiO2 2-AMPS-SiO2 SA-2-AMPS-SiO2

M/SA-2-AMPS-SiO2, ʛʜʝ M=Co, Cu
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ʈʘʩʯʝʪʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ H2O2, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʤʦʣʴʥʳʡ ʧʨʦʮʝʥʪ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, 

ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʙʦʯʥʳʭ ʧʦʣʠʛʠʜʨʦʢʩʠ-ʩʦʝʜʠʥʝʥʠʡ), 

ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʦʩʪʘʚʠʣʘ 61%. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ TS-1 ʠ VS-1 ʩʦʩʪʘʚʣʷʣʠ 36% ʠ 20% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʦʪʜʝʣʴʥʳʡ ʪʠʧ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ 

ʛʠʜʨʦʢʩʠʜʦʚ (ʉɼɻ). ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʱʫʶ ʬʦʨʤʫʣʫ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ [M 2+
nM

3+
m(OH)2(n+m)][A

x-]m/x*yH2O, ʛʜʝ M
2+ (Mg2+, Cu2+, 

Co2+, Zn2+), M3+ (Al3+, Fe3+)   - ʜʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʛʠʜʨʦʢʩʠʜʥʳʭ ʩʣʦʝʚ, ɸx- - ʤʝʞʩʣʦʝʚʳʝ ʘʥʠʦʥʳ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʛʠʜʨʦʢʩʠʜʥʦʛʦ ʩʣʦʷ (ʨʠʩʫʥʦʢ 41). ɹʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʢʘʪʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠ ̫ʧʨʠʨʦʜʳ ʤʝʞʩʣʦʝʚʳʭ 

ʘʥʠʦʥʦʚ, ʉɼɻ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʩʦʟʜʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

 
ʈʠʩʫʥʦʢ 41. ʉʪʨʫʢʪʫʨʘ ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ [147] 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [148,149] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʥʪʝʨʢʘʣʷʮʠʠ  ʤʝʜʴ-, ʭʨʦʤ- ʠ 

ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʚ Zn-Al  ʉɼɻ, ʚʢʣʶʯʘʶʱʠʡ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʩʦʦʩʘʞʜʝʥʠʝ Zn(NO3)2ϊ6H2O ʠ Al(NO3)3ϊ9H2O ʚ ʚʦʜʥʦʤ  ʨʘʩʪʚʦʨʝ 4-

ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ LDH-[NH2-C6H4COO], ʤʦʜʠʬʠʢʘʮʠʶ 2-ʛʠʜʨʦʢʩʠ-

1-ʥʘʬʪʘʣʴʜʝʛʠʜʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ ʚ ʩʪʨʫʢʪʫʨʝ LDH-[NAPABA], 

ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ ʨʘʩʪʚʦʨʘʤʠ ʘʮʝʪʘʪʦʚ ʤʝʜʠ (II ), ʢʦʙʘʣʴʪʘ (II ) ʠ ʭʣʦʨʠʜʦʤ ʭʨʦʤʘ (III ) ʚ 

ʤʝʪʘʥʦʣʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ LDH-[NAPABA-Cu(II)], LDH-

[NAPABA-Co(II )] ʠ LDH-[ NAPABA-Cr(III )]. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʧʨʠ 120 Áʉ ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʳʭʦʜ ʘʮʝʪʦʬʝʥʦʥʘ ʟʘ 7 ʯ ʩʦʩʪʘʚʠʣ 90% 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ LDH-[NAPABA-Cr(III )]. 

ʄʝʞʩʣʦʝʚʦʡʘʥʠʦʥ
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ɺ ʨʘʙʦʪʝ [150] ʧʫʪʝʤ ʟʘʤʝʥʳ ʤʝʞʩʣʦʝʚʳʭ ʘʥʠʦʥʦʚ ʥʘ MnO4
- ʚ Mg-Al  ʉɼɻ ʧʦʣʫʯʠʣʠ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ Mg/Al  ʦʪ 2 ʜʦ 10. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʚʝʨʩʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Mg/Al  = 10. ʂʦʥʚʝʨʩʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʩʦʩʪʘʚʠʣʘ 50% ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʢʠʩʣʦʨʦʜʦʤ ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ 95% ʟʘ 20 ʯ. 

 ɺ ʨʘʙʦʪʝ [151] ʠʥʪʝʨʢʘʣʠʨʦʚʘʣʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (MPcTs, M = Co, Cu, Mn, Fe) ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ Zn2Al-ʉɼɻ, ʛʜʝ 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ O2/N-ɻʌʀ ʚ 

ʙʝʥʟʦʥʠʪʨʠʣʝ ʧʨʠ 120Áʉ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ CoPcTs- Zn2Al-LDH, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʭʦʜ 

ʘʮʝʪʦʬʝʥʦʥʘ 90% (TOF=11 ʯ-1). ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʘʨʠʘʮʠʠ ʢʘʪʠʦʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩʣʦʷ ʉɼɻ. 

ɸʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʚ ʉɼɻ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʥʦ ʠ ʙʳʪʴ ʚʩʪʨʦʝʥʥʳʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʛʠʜʨʦʢʩʠʜʥʦʛʦ ʩʣʦʷ 

[152ï155]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʛʣʦʤʝʨʘʮʠʶ ʠ ʚʳʤʳʚʘʥʠʝ ʤʝʪʘʣʣʘ ʠʟ ʩʪʨʫʢʪʫʨʳ ʉɼɻ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʦʚ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [155] ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ 

ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʭ ʉɼɻ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʨʝʭʚʘʣʝʥʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ Co(NO3)2ϊ6H2O ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ Fe3+ , Al 3+ , Ga3+. ʇʦʣʫʯʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʜʦ ʘʮʝʪʦʬʝʥʦʥʘ ʚ ʩʠʩʪʝʤʝ 

O2/N-ɻʌʀ. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʠʨʦʚʘʣ Co2Fe-LDH, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ Co2+ ʠ ʦʙʣʝʛʯʘʪʴ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʤʝʞʜʫ Co2+ ʠ Co3+. ɺ 

ʩʨʝʜʝ ,h ,h -hʪʨʠʬʪʦʨʪʦʣʫʦʣʘ ʧʨʠ 80Áʉ ʟʘ 10 ʯ ʢʦʥʚʝʨʩʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʩʦʩʪʘʚʠʣʘ 98% ʩ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ 95%. 

2.5.2.2. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʠ 

ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʷʚʣʷʶʪʩʷ 

ʜʦʧʠʨʦʚʘʥʥʳʝ ʘʟʦʪʦʤ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʡ 

ʬʘʟʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩ ʘʟʦʪʦʤ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʠʭ 

ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʦʚ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʧʨʠʤʝʥʷʣʠʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʥʦʩʠʪʝʣʷʭ. ʇʨʠ ʧʠʨʦʣʠʟʝ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʟʦʪʦʤ ʫʛʣʝʨʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ [156] 

ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʡ ʜʦʧʠʨʦʚʘʥʥʳʡ ʘʟʦʪʦʤ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ 

ʧʠʨʦʣʠʟʘ 5,10,15,20-ʪʝʪʨʘʢʠʩ(ʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ ʢʦʙʘʣʴʪʘ(II ) (Co-TPP) ʧʨʠ 700Áʉ ʚ 
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ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌʕʉ ʢʦʙʘʣʴʪ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ Co3O4 ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Co. ɺ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʙʝʥʟʦʣʘ, ʧʨʦʚʦʜʠʤʦʡ ʧʨʠ 120 Áʉ ʠ ʜʘʚʣʝʥʠʠ 

ʢʠʩʣʦʨʦʜʘ 0.8 ʄʇʘ, ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʟʘ 5 ʯ ʩʦʩʪʘʚʠʣʘ 12% ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ 

ʘʮʝʪʦʬʝʥʦʥʫ 73%. 

 ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [157] ʘʚʪʦʨʳ ʧʦʣʫʯʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʧʠʨʦʣʠʟʘ 

Co-TPP ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʫʛʣʝʨʦʜʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 42). ʇʦ ʜʘʥʥʳʤ ʈʌʕʉ, ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ Co-N, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʥʘʣʠʯʠʝʤ 

ʢʦʤʧʦʥʝʥʪʘ ʩ ɻ ʥʝʨʛʠʝʡ ʩʚʷʟʠ ʧʨʠ 782.6 ʵɺ ʚ ʩʧʝʢʪʨʝ ʣʠʥʠʠ Co 2p3/2. ʂʨʦʤʝ ʪʦʛʦ, ʵʣʝʤʝʥʪʥʦʝ 

ʢʘʨʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕɼʉ ʚʳʷʚʠʣʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʧʦ 

ʚʩʝʤʫ ʦʙʲʝʤʫ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʢʣʶʯʘʷ ʘʛʣʦʤʝʨʘʮʠʶ ʤʝʪʘʣʣʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜ. ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʠʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʵʪʠʣʙʝʥʟʦʣʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʩ ʊɹɻʇ (ʩʫʙʩʪʨʘʪ :ʊɹɻʇ (ʤʦʣʴʥ.) =3.3:1). ɺʳʭʦʜ ʘʮʝʪʦʬʝʥʦʥʘ 

ʩʦʩʪʘʚʠʣ 67% ʟʘ 12 ʯ ʧʨʠ 90 Áʉ ʠ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ 0.8 ʄʇʘ. ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ [158] 

ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʩʦʚʤʝʩʪʥʳʡ ʧʠʨʦʣʠʟ Co-TPP, ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʀʦʥʥʘʷ 

ʞʠʜʢʦʩʪʴ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʨʘʩʪʚʦʨʝʥʠʶ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ 

ʧʝʧʪʠʜʦʚ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʣʠʩʴ ʩ ʢʦʙʘʣʴʪʦʤ, ʬʦʨʤʠʨʫʷ ʘʢʩʠʘʣʴʥʫʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɼʚʦʡʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʧʦʨʬʠʨʠʥʦʤ ʠ ʧʝʧʪʠʜʘʤʠ, ʩʦʟʜʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ 

ʩʧʝʢʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʧʠʨʦʣʠʟʘ, ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʩʚʷʟʝʡ Co-N-C  

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʥʠʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 42. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ Co-N/C [157] 

 ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʝʟʝʤʘ  KIT-6 ʚ ʢʘʯʝʩʪʚʝ 

ʞʝʩʪʢʦʛʦ ʪʝʤʧʣʘʪʘ ʚ ʩʦʚʤʝʩʪʥʦʤ ʧʠʨʦʣʠʟʝ c Co-TPP ʠ ʩʘʭʘʨʦʟʦʡ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ [159]. ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

[160] ʧʦʣʫʯʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʢʦʙʘʣʴʪʘ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʚ ʜʦʧʠʨʦʚʘʥʥʳʡ ʘʟʦʪʦʤ 
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ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʡ ʫʛʣʝʨʦʜ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʠ ʧʠʨʦʣʠʟ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʩʤʝʩʠ ʥʠʪʨʘʪʘ ʢʦʙʘʣʴʪʘ(II), ʤʦʯʝʚʠʥʳ ʠ ʇʕɻ. ʂʘʪʘʣʠʟʘʪʦʨ 

ʧʨʦʜʝʤʦʥʩʪʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʊɹɻʇ ʧʨʠ 90 Áʉ ʚ ʪʝʯʝʥʠʝ 

12 ʯ ʩ ʚʳʭʦʜʦʤ ʘʮʝʪʦʬʝʥʦʥʘ 91%.  

ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʤʦʥʦʘʪʦʤʥʳʤʠ ʮʝʥʪʨʘʤʠ 

(SACs) ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʆʜʥʘʢʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʩʠʥʪʝʟ SACs ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʨʘʙʦʪʝ [161] ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ COF ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʠʨʦʣʠʟʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʘʪʦʤʘʨʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʞʝʣʝʟʥʳʝ ʮʝʥʪʨʳ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʚ ʜʦʧʠʨʦʚʘʥʥʦʤ ʘʟʦʪʦʤ ʫʛʣʝʨʦʜʝ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʘʛʣʦʤʝʨʘʮʠʶ. 

ʅʘʣʠʯʠʝ ʤʦʥʦʘʪʦʤʥʳʭ ʞʝʣʝʟʥʳʭ ʮʝʥʪʨʦʚ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʘʤʠ XANES ʠ EXAFS, 

ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʷʟʠ Fe-Fe, 

ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ ʞʝʣʝʟʦ ʥʝ ʬʦʨʤʠʨʫʝʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ ʘʪʦʤʘʨʥʦʡ ʬʦʨʤʝ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, 

ʭʝʣʘʪʠʨʦʚʘʥʠʝ Fe3+ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʘʛʨʝʛʘʮʠʶ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʧʨʠ 

ʩʠʥʪʝʟʝ 3D ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʟʦʪʦʤ ʧʦʣʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʠʢʨʦʩʬʝʨ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʟʦʣʷʮʠʠ ʞʝʣʝʟʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ ʘʛʣʦʤʝʨʘʮʠʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʩʠʥʪʝʟʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʫʛʣʝʨʦʜʥʦʡ 

ʤʘʪʨʠʮʝ, ʚ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʜʦʬʘʤʠʥ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥ ʠ Fe3+, ʚʚʦʜʠʣʠ ʠʟʙʳʪʦʢ ʠʦʥʦʚ 

Zn2+. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʝʟʤʝʪʘʣʴʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʜʦʧʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʟʦʪʦʤ [162,163]. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʤʳʚʘʥʠʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, 

ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ. ɼʦʧʠʨʦʚʘʥʠʝ 

ʫʛʣʝʨʦʜʘ ʛʝʪʝʨʦʘʪʦʤʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʨʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʪʘʥʦʚʷʪʩʷ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ. ɺʘʥʛ ʠ ʩʦʘʚʪʦʨʳ [164,165] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʜʦʧʠʨʦʚʘʥʥʳʝ 

ʘʟʦʪʦʤ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʥʘʥʦʧʣʝʥʢʠ ʠ ʤʠʢʨʦʩʬʝʨʳ), ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ 

ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʊɹɻʇ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɸʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʷʚʣʷʶʪʩʷ ʛʨʘʬʠʪʦʚʘʷ ʠ ʧʠʨʠʜʠʥʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʠ N, ʚʩʪʨʦʝʥʥʘʷ ʚ ʩʪʨʫʢʪʫʨʫ 

ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʪʠ ʬʦʨʤʳ ʘʟʦʪʘ 

ʧʦʣʷʨʠʟʫʶʪ ʧʝʨʦʢʩʠʜʥʫʶ ʩʚʷʟʴ ʚ ʊɹɻʇ, ʩʧʦʩʦʙʩʪʚʫʷ ʝʝ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʟʨʳʚʫ  ʠ 

ʠʥʠʮʠʠʨʫʷ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 
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ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ.  ʀʭ  ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʠʩʣʠʪʝʣʷ ʠ  ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʨʝʘʢʮʠʠ. 

2.5.2.3. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 

ʉʣʝʜʫʶʱʠʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ. ʆʧʠʩʘʥʥʳʝ ʚ 

ʧʦʜʨʘʟʜʝʣʝ 2.4.2.3 ʧʦʜʭʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʤʳ ʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʨʷʜ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʤʦʛʫʪ ʩʘʤʠ ʧʦ ʩʝʙʝ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʧʨʦʷʚʣʷʪʴ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ.  

ɺ ʨʘʙʦʪʝ [166] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʠʩʣʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʧʦʩʪ-

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʦʥʳ Feį  ʟʘʢʨʝʧʣʷʣʠ ʥʘ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʨʢʘʩ UiO-66 ʩ ʠʪʦʛʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 2.97 ʤʘʩc. %. ʄʝʪʦʜʘʤʠ 

EXAFS, ʛʜʝ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʚʷʟʠ Fe-Fe, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʠʣʠ 

ʥʘʥʦʯʘʩʪʠʮ, ʠ ʈʌʕʉ, ʛʜʝ ʥʘʙʣʶʜʘʣʩʷ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʚ ʩʧʝʢʪʨʝ ʣʠʥʠʠ Zr 3d ʚ ʩʪʦʨʦʥʫ 

ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ, ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʟʘʢʨʝʧʣʝʥʠʝ ʠʦʥʦʚ Feį  ʥʘ ʦʢʩʦ-ʢʣʘʩʪʝʨʘʭ ʮʠʨʢʦʥʠʷ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ Fe-O-Zr. ɺ ʨʝʘʢʮʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʪʦʣʫʦʣʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʟʘ 3.5 ʯ ʢʦʥʚʝʨʩʠʷ ʜʦʩʪʠʛʣʘ 

97% ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ 97%. ʊʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʙʝʥʟʘʣʴʜʝʛʠʜ ʠ ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ. 

ɸʚʪʦʨʳ [167] ʠʟʫʯʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʄʆʂ ï 

Fe(BTC) ʠ Cu3(BTC)2, ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʢʩʘʥʪʝʥʘ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɸʢʪʠʚʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʚ ʜʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʫʟʣʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʩ 

1,3,5-ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (BTC). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʘʢʪʠʚʘʮʠʶ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʊɹɻʇ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʭʦʜ ʢʩʘʥʪʦʥʘ ʯʝʨʝʟ 24 ʯ ʩʦʩʪʘʚʠʣ 90% ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ Fe(BTC) ʠ 82% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Cu3(BTC)2. ɹʦʣʝʝ ʥʠʟʢʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʚ ʩʣʫʯʘʝ Cu3(BTC)2 ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 

ʤʝʜʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʦʢʠʩʣʠʪʝʣʷ. 

ɺ ʨʘʙʦʪʝ [168] ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʢʘʨʢʘʩʘ MIL-101, ʩʦʜʝʨʞʘʱʝʛʦ ʭʨʦʤ (III ) ʠ ʪʝʨʝʬʪʘʣʘʪ-ʠʦʥ, ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʪʝʪʨʘʣʠʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʊɹɻʇ ʠ ʧʠʚʘʣʠʥʦʚʳʡ ʘʣʴʜʝʛʠʜ/O2. ʇʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊɹɻʇ ʚ ʭʣʦʨʙʝʥʟʦʣʝ ʟʘ 8 ʯ ʢʦʥʚʝʨʩʠʷ ʪʝʪʨʘʣʠʥʘ ʜʦʩʪʠʛʣʘ 70%, ʧʨʠ ʵʪʦʤ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 1-ʪʝʪʨʘʣʦʥʫ ʩʦʩʪʘʚʠʣʘ 85 %. ʇʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʪʘʢʠʝ ʢʘʢ 1-ʪʝʪʨʘʣʦʣ, 1-ʥʘʬʪʦʣ ʠ ʥʘʬʪʘʣʠʥ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʠʚʘʣʠʥʦʚʳʡ ʘʣʴʜʝʛʠʜ/O2 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʝʱʝ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ: ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʠʣʘ 93%, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

1-ʪʝʪʨʘʣʦʥʫ ï 86% ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ. ɺʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʠʛʨʘʣʦ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʣʠʷʣʦ ʥʘ ʚʳʭʦʜ ʢʝʪʦʥʘ. ʅʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊɹɻʇ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʣʦʨʙʝʥʟʦʣʝ, ʢʦʪʦʨʳʡ, ʷʚʣʷʷʩʴ 

ʥʝʧʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʥʝ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʦʢʠʩʣʠʪʝʣʝʤ ʟʘ ʢʦʦʨʜʠʥʘʮʠʶ ʥʘ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʘʭ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʩʣʫʯʘʝ ʧʠʚʘʣʠʥʦʚʳʡ ʘʣʴʜʝʛʠʜ/O2 ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ 

ʦʢʘʟʘʣʩʷ ʘʮʝʪʦʥʠʪʨʠʣ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʘʮʠʣʧʝʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣʦ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʝʡ ʚʦʜʳ ʥʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ 

MIL -101. 

ʊʘʢʞʝ ʚʦʟʤʦʞʝʥ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʚʳʩʪʫʧʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʫʟʝʣ, ʥʦ ʠ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʥʢʝʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ. ɺ ʨʘʙʦʪʝ [169] ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ 2D MOK, ʚ ʢʦʪʦʨʳʭ 

ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʥʢʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʳ (ʨʠʩʫʥʦʢ 

43). ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʘʣʢʘʥʦʚ ʠ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʦʢʘʟʘʣʩʷ Co-TCPPNi. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʙʘʣʴʪ ʚ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪʚʝʯʘʝʪ ʟʘ ʘʢʪʠʚʘʮʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʦʧʝʨʝʢʠʩʝʡ (R-OOH). ʅʠʢʝʣʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʦʙʨʘʟʫʶʱʠʝʩʷ ʛʠʜʨʦʧʝʨʝʢʠʩʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʟʙʳʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʳʟʳʚʘʪʴ ʜʘʣʴʥʝʡʰʝʝ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130 Áʉ ʚ ʪʝʯʝʥʠʝ 8 

ʯʘʩʦʚ ʧʨʠ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ 1 MPa. ʂʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʠʣʘ 35% ʩ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ 65%. 
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ʈʠʩʫʥʦʢ 43. ʇʦʣʫʯʝʥʠʝ ʜʚʫʤʝʨʥʦʛʦ ʄʆʂ ʩ ʜʚʦʡʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ  

ʮʝʥʪʨʘʤʠ [169] 

ɺ ʨʘʙʦʪʝ [170] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʠʦʥʦʚ Cu2+ 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʨʢʘʩ MIL -125(Ti)-NH2, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ. ʇʦʣʫʯʝʥʥʳʡ  ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʘʣ 4.1 ʤʘʩʩ. % ʤʝʜʠ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʚʢʣʶʯʘʷ  

1-ʬʝʥʠʣʵʪʘʥʦʣ, ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ ʠ ʘʣʢʝʥʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ 

ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ. ʂʦʥʚʝʨʩʠʷ 1-ʬʝʥʠʣʵʪʘʥʦʣʘ ʜʦʩʪʠʛʣʘ 99% ʟʘ 5 ʯʘʩʦʚ ʩ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩʠʪʦʚʦʡ ʵʬʬʝʢʪ 

ʥʘ ʧʨʠʤʝʨʝ ʦʢʠʩʣʝʥʠʷ ʪʨʘʥʩ- ʠ ʮʠʩ-ʩʪʠʣʴʙʝʥʦʚ.  ɺ ʩʣʫʯʘʝ ʪʨʘʥʩ-ʩʪʠʣʴʙʝʥʘ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʣʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʘʣʢʝʥʘ ʟʘ 20 ʯʘʩʦʚ, ʪʦʛʜʘ ʢʘʢ ʮʠʩ-ʩʪʠʣʴʙʝʥʘ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ ʣʠʰʴ 

60% ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʣʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʧʦʢʩʠʜ. 

2.5.2.4. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʥʦʩʠʪʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʝ 

ʪʘʢ ʰʠʨʦʢʦ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʳʩʦʢʦʨʝʘʢʪʠʚʥʳʝ ʨʘʜʠʢʘʣʴʥʳʝ ʯʘʩʪʠʮʳ 

ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ ʦʪʜʝʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʘʪʝʨʠʘʣʘ ʥʦʩʠʪʝʣʷ, ʦʩʦʙʝʥʥʦ ʩ sp3-

ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʪʢʨʳʪʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʧʦʨʠʩʪʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʣʦ ʨʘʟʚʠʪʴ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺ ʨʘʙʦʪʘʭ [171ï173] ʠʩʩʣʝʜʫʪʁʩʷ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [171] ʧʦʣʫʯʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʫʪʝʤ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʦʙʘʣʴʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ 2,2-ʙʠʧʠʨʠʜʠʥ 

(bpy), 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 8-ʦʢʩʠʭʠʥʦʣʠʥʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦʜʝʨʞʘʣʠ 2.9 ï 

8.8 ʤʘʩʩ. % ʤʝʪʘʣʣʘ. ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 110 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʠʣʘ 3.83 Ĭ 105 ʤʣ/ʤʠʥĿʤʦʣʴ, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ ï 64%. ɺ 

ʜʨʫʛʦʡ ʨʘʙʦʪʝ [172] ʧʦʣʫʯʘʣʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʢʦʙʘʣʴʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʩʰʠʪʳʤ 

ʧʦʣʠʩʪʠʨʦʣʝ (PS-Co(II )-PAR, ʛʜʝ PAR ï 4-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥ) ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʝʛʦ ʚ 

ʦʢʠʩʣʝʥʠʠ ʨʷʜʘ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʡ ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ O2-H2O2. ɼʦʙʘʚʣʝʥʠʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ 

ʧʦʟʚʦʣʠʣʦ ʧʨʠ 70 Áʉ ʟʘ 6 ʯ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʢʦʥʚʝʨʩʠʶ ʵʪʠʣʙʝʥʟʦʣʘ ʨʘʚʥʫʶ 91% ʩ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ 96%. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣ:ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʩʪʘʚʣʷʣʦ ~ 

111:1.  

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʣʠʩʪʠʨʦʣʝ, ʧʦʚʝʨʭʥʦʩʪʴ ʵʪʦʛʦ ʥʦʩʠʪʝʣʷ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ sp3C-H ʩʚʷʟʝʡ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʢʠʩʣʝʥʠʶ ʠʟ-ʟʘ ʯʝʛʦ ʩʚʦʡʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʦʥʘ ʤʦʞʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʝʝ ʛʠʜʨʦʬʠʣʴʥʦʡ, ʯʪʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  

ɺ ʨʘʙʦʪʝ [174] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʪʘʣʠʟʘʪʦʨ Cu@AEPOP, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʥʘʥʦʯʘʩʪʠʮʳ ʘʮʝʪʘʪʘ ʤʝʜʠ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʥʘ ʧʦʨʠʩʪʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʧʦʣʠʤʝʨʝ 

(AEPOP) (ʨʠʩʫʥʦʢ 44). ʇʦʩʣʝʜʥʠʡ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʫʪʝʤ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ  

4,4ô-ʜʠʘʤʠʥʦʜʠʬʝʥʠʣʦʚʦʛʦ ʵʬʠʨʘ ʩ 1,3,5-ʙʝʥʟʝʥʪʨʠʢʘʨʙʦʥʠʣʭʣʦʨʠʜʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʧʦʨʠʩʪʦʡ ʤʘʪʨʠʮʳ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʵʬʠʨʥʳʤʠ ʠ 

ʘʤʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɼʘʥʥʳʝ ʛʨʫʧʧʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʥʘʥʦʯʘʩʪʠʮ ʘʮʝʪʘʪʘ ʤʝʜʠ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʣʠ ʚʳʤʳʚʘʥʠʶ 

ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʠʟ ʧʦʨ. ʂʘʪʘʣʠʟʘʪʦʨ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 6.3 ʤʘʩʩ. % ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʘʣʢʠʣʘʨʝʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʬʝʥʠʣʤʝʪʘʥ, 

ʵʪʠʣʙʝʥʟʦʣ ʠ ʬʣʫʦʨʝʥ. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣ 8.6 ʥʤ, ʯʪʦ ʜʝʣʘʣ 

ʚʦʟʤʦʞʥʳʤ ʢʘʪʘʣʠʟ ʩ ʫʯʘʩʪʠʝʤ ʦʙʲʝʤʥʳʭ ʤʦʣʝʢʫʣ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʢʠʩʣʝʥʠʝ ʜʠʬʝʥʠʣʤʝʪʘʥʘ 

ʊɹɻʇ ʧʨʠ 70 Áʉ ʟʘ 6 ʯ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʝʪʦʥʘ ʩ ʚʳʭʦʜʦʤ 99 %. 
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ʈʠʩʫʥʦʢ 44. ʉʠʥʪʝʟ ʧʦʨʠʩʪʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ AEPOP ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ Cu@AEPOP [174] 

ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʩʦʟʜʘʥʠʷ ʥʝʛʝʤʦʚʦʛʦ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʢʦʚʘʣʝʥʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʘʭ (COF), ʚ ʚʠʜʝ 3D 

ʥʘʥʦʩʬʝʨ ʠ 2D ʥʘʥʦʧʣʝʥʦʢ [175]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʪʨʠʬʦʨʤʠʣʬʣʦʨʦʛʣʶʮʠʥʦʣʘ ʩ 3,8-ʜʠʘʤʠʥʦ-6-ʬʝʥʠʣʬʝʥʘʥʪʨʠʜʠʥʦʤ ʚ 

ʩʨʝʜʝ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɓ-

ʢʝʪʦʝʥʘʤʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ COF. ɾʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ 

19 ʤʘʩʩ. % (ʜʣʷ ʥʘʥʦʧʣʝʥʦʢ) ʠ 23 ʤʘʩʩ.% (ʜʣʷ ʥʘʥʦʩʬʝʨ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʤʤʦʙʠʣʠʟʘʮʠʝʡ 

ʢʦʤʧʣʝʢʩʘ (Et N) [FeIII(Cl)bTAML] ʥʘ COF (ʨʠʩʫʥʦʢ 45). ɿʘʢʨʝʧʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʚ ʚʦʜʝ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕʇʈ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ ʦʢʠʩʣʷʣ 

ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ ʜʦ ʦʢʩʦʬʝʨʨʠʣʴʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ (Fe(V)=O), ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫʯʘʩʪʚʦʚʘʣ ʚ ʦʪʨʳʚʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʉ-H ʩʚʷʟʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʫʙʩʪʨʘʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʪʨʝʪʠʯʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʠʩʣʷʣʠʩʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʧʠʨʪʦʚ: ʚʳʭʦʜ 1-ʘʜʘʤʘʥʪʘʥʦʣʘ ʩʦʩʪʘʚʠʣ 72% ʟʘ 1.5 ʯ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʣʫʯʘʝ ʩʫʙʩʪʨʘʪʦʚ ʩ ʚʪʦʨʠʯʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʦʢʠʩʣʝʥʠʝ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʝʪʦʥʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʟʘ 3 ʯ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʭʦʜ ʘʮʝʪʦʬʝʥʦʥʘ ʩʦʩʪʘʚʠʣ 85 %, ʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʜʠʬʝʥʠʣʤʝʪʘʥʘ 

ʟʘ 3 ʯ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʭʦʜ ʙʝʥʟʦʬʝʥʦʥʘ ʪʘʢʞʝ ʜʦʩʪʠʛ 95%. 
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ʈʠʩʫʥʦʢ 45. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʥʘ COF [175] 

ɺ ʨʘʙʦʪʝ [176] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʧʦʣʠʤʝʨʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ (24.21 ʤʘʩʩ. %) ð Azo-POP-4. ɼʘʥʥʳʡ ʧʦʣʠʤʝʨ 

ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʘʟʦʩʦʯʝʪʘʥʠʷ ʤʝʞʜʫ 1,3,5-ʪʨʠʘʤʠʥʦʙʝʥʟʦʣʘ ʠ 

ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʠʟ 4,4ô-ʜʠʘʤʠʥʦʙʠʬʝʥʠʣʘ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʝʟʦʧʦʨʘʤʠ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 25.7 ʥʤ. ʇʨʦʧʠʪʢʘ Azo-POP-4 ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʘʪʘ 

ʤʝʜʠ(II) ʚ ʵʪʘʥʦʣʝ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʢʘʪʘʣʠʟʘʪʦʨ Cu@Azo-POP-4 ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 

6.17 ʤʘʩʩ. % (ʨʠʩʫʥʦʢ 46). ɿʘʢʨʝʧʣʝʥʠʝ ʠʦʥʦʚ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʧʨʦʠʩʭʦʜʠʣʦ 

ʟʘ ʩʯʝʪ ʠʭ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʛʨʫʧʧʘʤʠ: ʘʤʠʥʦʛʨʫʧʧʘʤʠ 

(NH ) ʠ ʘʟʦʛʨʫʧʧʘʤʠ (-N=N-), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʘ ʧʦ 

ʚʩʝʤʫ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ. ʄʝʪʦʜʦʤ ʇʕʄ ɺʈ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʢʣʘʩʪʝʨʦʚ ʤʝʜʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ ʤʝʜʠ ʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ Cu@Azo-POP-4 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʛʜʝ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʣʘʩʪʝʨʘʤʠ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ [177]. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʧʦʨ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, 

ʢʘʪʘʣʠʟʘʪʦʨ Cu@Azo-POP-4 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʦʙʲʝʤʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʬʝʥʠʣʤʝʪʘʥ, ʬʣʫʦʨʝʥ 

ʠ ʢʩʘʥʪʝʥ, ʚ ʩʠʩʪʝʤʝ O /N-ɻʌʀ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ N-ɻʌʀ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʠʭ 

ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ð 96% ʟʘ 12 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80ÁC ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 46. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ Cu@Azo-POP-4 [177] 

ɺ ʨʘʙʦʪʝ [178] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ ʬʪʦʨʠʨʦʚʘʥʥʳʡ ʞʝʣʝʟʦ-

ʧʦʨʬʠʨʠʥʦʚʳʡ ʧʦʣʠʤʝʨ (FCMP-1) (ʨʠʩʫʥʦʢ 47). FCMP-1 ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʪʦʣʫʦʣʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʤʝʩʠ NaOH-ʤʝʪʘʥʦʣ. 

ɺʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʣʫʦʣʫ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʚʠʪʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʥʘʣʠʯʠʝʤ ˊ-ˊ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʨʝʥʘʤʠ ʠ ʧʝʨʬʪʦʨʘʨʝʥʦʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ. ʂʘʪʘʣʠʟʘʪʦʨ ʩʦʭʨʘʥʷʣ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʮʠʢʣʦʚ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʧʦʨʬʠʨʠʥʦʚʦʤ 

ʬʨʘʛʤʝʥʪʝ ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʬʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʘʢʪʠʚʥʦʡ ʦʢʩʦʬʦʨʤʳ ʞʝʣʝʟʘ (Fe(V)=O) ð ʢʣʶʯʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʮʠʢʣʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʩʦʟʜʘʶʪ ʩʪʝʨʠʯʝʩʢʦʝ 

ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʘʢʪʠʚʥʳʭ ɛ-ʦʢʩʦ ʜʠʤʝʨʦʚ ʞʝʣʝʟʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

 
ʈʠʩʫʥʦʢ 47. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ FCMP-1 ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ [178] 

ɸʚʪʦʨʳ [179] ʩʠʥʪʝʟʠʨʦʚʘʣʠ POP ʩ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʥʳʤʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʞʝʣʝʟʘ (FePc) ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʠʥʥʳʭ ʩʚʷʟʝʡ (C=N) ʤʝʞʜʫ ʪʝʪʨʘ(ʘʤʠʥ) 

ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʞʝʣʝʟʘ (II ) (TAFPc) ʠ 1,3,5-ʪʨʠʬʦʨʤʠʣʙʝʥʟʦʣʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ CZJ-30 (ʨʠʩʫʥʦʢ 48 (ʘ)). ʇʦʣʫʯʝʥʥʘʷ 3D ʩʪʨʫʢʪʫʨʘ, ʦʙʣʘʜʘʶʱʘʷ 
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ʤʠʢʨʦʧʦʨʠʩʪʳʤʠ ʢʘʥʘʣʘʤʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʬʦʨʤʳ, ʧʨʝʜʦʪʚʨʘʱʘʣʘ ˊ-ˊ ʩʦʧʨʷʞʝʥʠʝ ʤʝʞʜʫ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʤʝʪʘʣʣʘ ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ. ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʚ ʩʠʩʪʝʤʝ O2/N-ɻʌʀ. ʂʦʥʚʝʨʩʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʜʦʩʪʠʛʣʘ 95% ʟʘ 24 ʯ ʩ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 99% ʧʦ ʘʮʝʪʦʬʝʥʦʥʫ. ɹʳʣʦ ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʧʦʢʘʟʘʥʦ ʝʛʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ð ʘʮʝʪʦʬʝʥʦʥʦʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʝʣʝʢʪʠʚʥʫʶ 

ʜʠʬʬʫʟʠʶ ʩʫʙʩʪʨʘʪʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ. ʌʪʘʣʦʮʠʘʥʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʞʝʣʝʟʘ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʦʛʣʦʱʘʶʪ ʬʦʪʦʥʳ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʧʨʠʚʦʜʷ ʢ ʛʝʥʝʨʘʮʠʠ ʨʘʟʜʝʣʸʥʥʳʭ 

ʟʘʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ð ʵʣʝʢʪʨʦʥʦʚ (e ) ʠ ʜʳʨʦʢ (h ). N-ɻʌʀ, ʚʳʩʪʫʧʘʶʱʠʡ ʚ ʨʦʣʠ 

ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ h+, ʦʪʜʘʚʘʷ ʵʣʝʢʪʨʦʥ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʝʢʦʤʙʠʥʘʮʠʶ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

N-ʆʌʀʈÅ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʠʥʠʮʠʠʨʫʝʪ ʨʘʜʠʢʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ N-ɻʌʀ 

ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʵʪʫ ʩʠʩʪʝʤʫ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ O2/N-ɻʌʀ, 

ʛʜʝ N-ɻʌʀ ʦʙʳʯʥʦ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʨʘʩʭʦʜʫʝʪʩʷ ʙʝʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 48 (ʙ)). 

 
ʈʠʩʫʥʦʢ 48. (ʘ) ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ CZJ-30; (ʙ) ʄʝʭʘʥʠʟʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ CZJ-30 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ 

N-ɻʌʀ [179] 
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ʐʵʥ ʠ ʩʦʘʚʪʦʨʳ [180] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ 

ʧʦʨʬʠʨʠʥʦʚʳʡ ʧʦʨʠʩʪʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ (Porphyrin-based Porous Organic 

Frameworks, PPOFs) ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʢʠʩ(4-ʙʨʦʤʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ ʢʦʙʘʣʴʪʘ(II ) (ʨʠʩʫʥʦʢ 

49). ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Co-PPOF ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ Ŭ-C-H ʩʚʷʟʝʡ ʚ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1MPa O2 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʠ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ.  ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʧʨʠ 140 Áʉ ʟʘ 8 ʯ 

ʚʳʭʦʜ ʘʮʝʪʦʬʝʥʦʥʘ ʩʦʩʪʘʚʠʣ 24%. ɺ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ PPOP ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʝʘʢʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʮʝʣʝʚʳʤ ʧʨʦʜʫʢʪʘʤ ï 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʢʝʪʦʥʘʤ. ʊʘʢ, ʢʦʥʚʝʨʩʠʷ 1-ʵʪʠʣ-4-ʥʠʪʨʦʙʝʥʟʦʣʘ ʩʦʩʪʘʚʠʣʘ 63% ʩ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ 4-ʥʠʪʨʦʘʮʝʪʦʬʝʥʦʥʫ 91% ʧʨʠ 130 Áʉ ʟʘ 8 ʯ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʣʦ 

ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʦʤʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ T(4-Br)PPCo, ʛʜʝ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʝʪʦʥʫ ʚ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʠʣʘ ʪʦʣʴʢʦ 66% ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ 

39%.  

 
ʈʠʩʫʥʦʢ 49. ʉʪʨʦʝʥʠʝ ʛʦʤʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ T(4-Br)PPCo ʠ ʩʪʨʫʢʪʫʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ Co-

PPOF ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪ(II) ʧʦʨʬʠʨʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [180] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʳ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʩʥʦʚʳ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʤʝʭʘʥʠʟʤʘʤ - ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʠʣʠ 

ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ ʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ. ɻʝʪʝʨʦʣʠʪʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤ ʪʨʘʜʠʮʠʦʥʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʪʘʥ- ʠ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʢʠʩʣʝʥʠʝ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʪʝʢʘʝʪ ʧʦ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʙʘʣʴʪ, ʤʘʨʛʘʥʝʮ, ʞʝʣʝʟʦ ʠ 

ʤʝʜʴ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʢʘʢ ʥʘ 

Co-PPOF
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ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʷʭ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʭ 

ʪʠʧʘʭ ʥʦʩʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʦʨʛʘʥʠʯʝʩʢʠʝ (COF, POP) ʠ ʛʠʙʨʠʜʥʳʝ (MOF) ʤʘʪʝʨʠʘʣʳ.  

 
ʈʠʩʫʥʦʢ 50. ʇʨʠʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ PAF, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ [181] 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʠʧʦʚ ʥʦʩʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (Porous 

Aromatic Frameworks, PAFs), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ ʦʣʝʬʠʥʦʚ ʠ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʨʠʩʪʳʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (PAFs) ï ʵʪʦ ʢʣʘʩʩ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʧʨʦʯʥʳʤʠ ʢʦʚʘʣʝʥʪʥʳʤʠ CðC ʩʚʷʟʷʤʠ (ʨʠʩʫʥʦʢ 

50). ɾʸʩʪʢʘʷ ʢʘʨʢʘʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʦʯʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʶʪ PAFs 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ (ʜʦ 400 Áʉ) ʠ ʭʠʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ ʪʨʝʭʤʝʨʥʘʷ 

ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʩʪʦʪʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʰʠʨʦʢʠʤ ʚʳʙʦʨʦʤ ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ɺ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʢʘʨʢʘʩʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʘʢ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʧʨʠʤʝʨʦʚ ʨʝʘʢʮʠʡ ʩ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʤ ʠ 

ʛʦʤʦʣʠʪʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʩʚʷʟʠ ʆ-ʆ. 

 

PAF-1 PAF-2 PPN-2 PPN-3

PAF-5 JUC-Z2 JUC-Z4 PAF-6

PAF-20 PAF-24 PAF-26

PAF-40-M PAF-56 PAF-76 PAF-110

PAF-111
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3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ2 

3.1. ʈʝʘʢʪʠʚʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʉʠʥʪʝʟ ʪʝʪʨʘʢʠʩ-(4-ʙʨʦʤʬʝʥʠʣ)ʤʝʪʘʥʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ: ʪʨʠʪʠʣʭʣʦʨʠʜ (97%, Aldrich), ʘʥʠʣʠʥ (ʯ.ʜ.ʘ., ʈʫʩʭʠʤ), ʩʦʣʷʥʘʷ 

ʢʠʩʣʦʪʘ (ʭ.ʯ., ʉʠʛʤʘ-ʪʝʢ), ʠʟʦʘʤʠʣʥʠʪʨʠʪ (96%, Sigma-Aldrich), ʬʦʩʬʦʨʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ 

(50% ʤʘʩʩ. ʨʘʩʪʚʦʨ ʚ ʚʦʜʝ, Sigma-Aldrich), ʙʨʦʤ (ʯ. ʈʫʩʭʠʤ), ʛʠʜʨʦʩʫʣʴʬʠʪ ʥʘʪʨʠʷ (93%, 

ʈʫʩʭʠʤ), ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ (ʯ., ʕʢʦʩ-1). 

ɼʣʷ ʩʠʥʪʝʟʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʨʝʘʛʝʥʪʳ: 4,4ô-ʙʠʬʝʥʠʣʜʠʙʦʨʥʘʷ ʢʠʩʣʦʪʘ (97%, ABCR), ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ (99%, 

Sigma-Aldrich), ʘʮʝʪʘʪ ʧʘʣʣʘʜʠʷ (II ) (97%, Sigma-Aldrich), ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ (ʯ., ʈʝʘʭʠʤ), 

ʭʣʦʨʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (98%, Fluka), ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ (ʭ.ʯ., ʂʦʤʧʦʥʝʥʪ-ʨʝʘʢʪʠʚ), 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (99%, Sigma-Aldrich), ʜʠʛʠʜʨʘʪ ʭʣʦʨʠʜ ʦʣʦʚʘ (II ) (98%, Sigma-

Aldrich), ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ (99%, ABCR), ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜ (95%, Sigma-

Aldrich), ʦʢʩʠʜ ʬʦʩʬʦʨʘ (V) (ʭ.ʯ., ʍʠʤʤʝʜ), ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʣʝʜ. (99.8%, ʈʫʩʭʠʤ), 

ʤʝʪʠʣʘʣʴ (99%, Sigma-Aldrich), ʪʠʦʥʠʣʭʣʦʨʠʜ (99.7%, Acros Organics), ʭʣʦʨʠʜ ʦʣʦʚʘ (IV) 

(98%, Sigma-Aldrich), ʡʦʜʠʜ ʢʘʣʠʷ (ʯ., ʈʝʘʭʠʤ), 2,2ô- ʜʠʧʠʨʠʜʠʣʘʤʠʥ (98%, ABCR), ʜʠ-(2-

ʧʠʢʦʣʠʣ)ʘʤʠʥ (97%, Sigma-Aldrich), ʘʮʝʪʠʣʘʮʝʪʦʥ (Ó99%, Sigma-Aldrich), ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ 

(ʯ., ʈʝʘʭʠʤ), ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ (ʯ., ʈʫʩʭʠʤ), ʪʨʠʵʪʠʣʘʤʠʥ (99%, ABCR), 

N,N-ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥ (99%, Thermo Fisher Scientific), N-ʤʝʪʠʣʜʠʵʪʘʥʦʣʘʤʠʥ ( Ó99%, 

Sigma-Aldrich), ʙʨʦʤʠʩʪʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ (48%, ʈʫʩʭʠʤ). 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ: 

ʛʝʢʩʘʢʘʨʙʦʥʠʣ ʤʦʣʠʙʜʝʥʘ (VI) (98%, Sigma-Aldrich), ʛʝʢʩʘʢʘʨʙʦʥʠʣ ʚʦʣʴʬʨʘʤʘ (VI) (97%, 

Sigma-Aldrich), ʙʠʩ-(ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦ)ʜʠʦʢʩʦʤʦʣʠʙʜʝʥ (VI) (99%, ABCR), ʛʝʢʩʘʛʠʜʨʘʪ 

ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III ) (99%, Acros Organics), ʘʮʝʪʘʪ ʤʝʜʠ (II ) (98%, Sigma-Aldrich). 

 
2 ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ 

ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ 

ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

[1] ʂʫʣʠʢʦʚ ʃ.ɸ., ʗʨʯʘʢ ɺ.ɸ., ɿʦʣʦʪʫʭʠʥʘ ɸ.ɺ., ʄʘʢʩʠʤʦʚ ɸ.ʃ., ʂʘʨʘʭʘʥʦʚ ʕ.ɸ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʘʨʢʘʩʦʚ // ʅʝʬʪʝʭʠʤʠʷ. ï 2020.  ï T. 60, ˉ 5. ï C. 701-707. 

[2] ʗʨʯʘʢ ɺ.ɸ., ʂʫʣʠʢʦʚ ʃ.ɸ., ʄʘʢʩʠʤʦʚ ɸ.ʃ., ʂʘʨʘʭʘʥʦʚ ʕ.ɸ. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 

// ʅʝʬʪʝʭʠʤʠʷ. ï2023. ï  ʊ. 63, ˉ 1. ï ʉ. 100-109. 

[3] Makhova V.A., Kulikov L.A., Akopyan A.V., Karakhanov E.A. Molybdenum Catalysts 

Supported on Porous Aromatic Frameworks in Epoxidation of Olefins // Petroleum Chemistry. ï 

2024. ï Vol. 64, No. 4. ï P. 492-499.   

[4] Makhova V.A., Kulikov L.A., Cherednichenko K.A., Maximov A.L., Karakhanov E.A. Cu and 

Fe catalysts based on porous aromatic frameworks for oxidation of alkylaromatics // Industrial 

and Engineering Chemistry Research. ï 2025. ï Vol. 64, ˉ 1. ï P. 143-157.  



70 

ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʦʢʠʩʣʠʪʝʣʝʡ ʜʣʷ ʥʠʭ ʠʩʧʦʣʴʟʦʚʘʣʠ: 

ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ (70%-ʥʳʡ ʨʘʩʪʚʦʨ ʚ ʚʦʜʝ, ABCR), ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ 

(5.5 ʄ ʨʘʩʪʚʦʨ ʚ ʜʝʢʘʥʝ, Fluka), ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ (30%-ʥʳʡ ʨʘʩʪʚʦʨ ʚ ʚʦʜʝ, Sigma-

Aldrich), ʮʠʢʣʦʛʝʢʩʝʥ (99%, Aldrich), ʩʪʠʨʦʣ (Ó99%, Aldrich), ʦʢʪʝʥ-1 (98%, Aldrich), ʛʝʢʩʝʥ-

1 (97%, Sigma-Aldrich), ʮʠʢʣʦʛʝʧʪʝʥ (97%, Sigma-Aldrich), ʪʨʘʥʩ-ʩʪʠʣʴʙʝʥ (96%, Sigma-

Aldrich), ʵʪʠʣʙʝʥʟʦʣ (99.8%, Acros Organics), ʥ-ʧʨʦʧʠʣʙʝʥʟʦʣ (98%, ABCR), ʪʝʪʨʘʣʠʥ ( 99%, 

Sigma-Aldrich), ʠʥʜʘʥ (95%, Acros Organics), 3-ʵʪʠʣʪʦʣʫʦʣ (99%, Sigma-Aldrich), 

ʵʧʠʭʣʦʨʛʠʜʨʠʥ (99%, Sigma-Aldrich), ʮʠʢʣʦʛʝʢʩʝʥ ʦʢʩʠʜ (98%, Sigma-Aldrich), 1,2,7,8-

ʜʠʵʧʦʢʩʠʦʢʪʘʥ (97%, Sigma-Aldrich), ʧʨʦʧʠʣʝʥʦʢʩʠʜ (Ó99%, Sigma-Aldrich), ʮʠʢʣʦʧʝʥʪʝʥ 

ʦʢʩʠʜ (98%, Sigma-Aldrich), ʘʣʣʠʣʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ (99%, Serva), ʬʝʥʠʣʛʣʠʮʠʜʠʣʦʚʳʡ 

ʵʬʠʨ (95%, Serva), ʩʪʠʨʦʣ ʦʢʩʠʜ (97%, Sigma-Aldrich), ʣʠʤʦʥʝʥ ʦʢʩʠʜ (97%, Sigma-Aldrich), 

-hʧʠʥʝʥ ʦʢʩʠʜ (97%, Sigma-Aldrich), ʛʣʠʮʠʜʦʣ (96%, Sigma-Aldrich), 1,2-ʵʧʦʢʩʠʛʝʢʩʘʥ 

(97%, Acros Organics), 1,2-ʵʧʦʢʩʠʜʦʜʝʢʘʥ (96%, Sigma-Aldrich), 1,3-ʙʫʪʘʜʠʝʥ ʜʠʵʧʦʢʩʠʜ 

(98%, Acros Organics), 1,2-ʵʧʦʢʩʠʜʝʢʘʥ (98%, Sigma-Aldrich), ʘʣʣʠʣʦʚʳʡ ʩʧʠʨʪ (99.5%, 

ABCR), ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜ (Ó99%, Sigma-Aldrich), ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (Ó99.995%). 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ (ʦ.ʩ.ʯ., ʂʦʤʧʦʥʝʥʪ-

ʈʝʘʢʪʠʚ), ʵʪʠʣʘʮʝʪʘʪ (ʯ., ʈʫʩʭʠʤ), ʭʣʦʨʦʬʦʨʤ (ʭ.ʯ., ʂʦʤʧʦʥʝʥʪ-ʨʝʘʢʪʠʚ), 1,2-ʜʠʭʣʦʨʵʪʘʥ 

(ʭ.ʯ., ʕʢʦʩ-1), ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ (ʭ.ʯ., ʂʦʤʧʦʥʝʥʪ-ʨʝʘʢʪʠʚ), ʵʪʘʥʦʣ (ʭ.ʯ., ʀʨʝʘ 2000), 

ʠʟʦʧʨʦʧʘʥʦʣ (ʭ.ʯ., ʂʦʤʧʦʥʝʥʪ-ʨʝʘʢʪʠʚ), ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (ʭ.ʯ., ʍʠʤʤʝʜ), ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ (ʯ.ʜ.ʘ., ʀʨʝʘ 2000), ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ (ʭ.ʯ., ʂʦʤʧʦʥʝʥʪ-ʨʝʘʢʪʠʚ), 1,4-ʜʠʦʢʩʘʥ (ʯ., 

ʈʫʩʭʠʤ), ʘʮʝʪʦʥ (ʭ.ʯ., ʂʦʤʧʦʥʝʥʪ-ʨʝʘʢʪʠʚ), ʘʮʝʪʦʥʠʪʨʠʣ (ʦ.ʩ.ʯ., ʂʨʠʦʭʨʦʤ), ʤʝʪʘʥʦʣ 

(99.8%, J.T. Baker), ʪʦʣʫʦʣ (ʦ.ʩ.ʯ., ʍʠʤʤʝʜ), ʤʝʟʠʪʝʣʝʥ (97%, Sigma-Aldrich). ʆʯʠʩʪʢʫ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʘʤ. 

3.2. ʉʠʥʪʝʟ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

3.2.1. ʉʠʥʪʝʟ ʛʠʜʨʦʭʣʦʨʠʜʘ 4-ʪʨʠʪʠʣʘʥʠʣʠʥʘ [182] 

 
ʈʠʩʫʥʦʢ 51. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʛʠʜʨʦʭʣʦʨʠʜʘ 4-ʪʨʠʪʠʣʘʥʠʣʠʥʘ 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʧʦʤʝʩʪʠʣʠ ʪʨʠʪʠʣʭʣʦʨʠʜ (4.5 ʛ, 16.1 ʤʤʦʣʴ, 1 ʵʢʚ.) ʠ ʘʥʠʣʠʥ (4.5 

ʤʣ, 44.9 ʤʤʦʣʴ, 2,79 ʵʢʚ.). ʉʤʝʩ.ʴ ʥʘʛʨʝʚʘʣʠ ʜʦ 200 Áʉ ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʡ ʪʸʤʥʦ-
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ʬʠʦʣʝʪʦʚʳʡ ʦʩʘʜʦʢ ʠʟʤʝʣʴʯʠʣʠ ʚ ʬʘʨʬʦʨʦʚʦʡ ʩʪʫʧʢʝ, ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʠ 

ʩʤʝʰʘʣʠ ʩ 2ʄ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (24 ʤʣ) ʠ ʵʪʘʥʦʣʦʤ (22 ʤʣ). ʇʦʩʣʝ ʢʠʧʷʯʝʥʠʷ 

ʩʫʩʧʝʥʟʠʠ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʸ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʳʧʘʚʰʠʡ ʩʚʝʪʣʦ-ʬʠʦʣʝʪʦʚʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʠʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʧʨʦʤʳʣʠ ʚʦʜʦʡ (10 ʤʣ). 

ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 70 Áʉ ʚ ʪʝʯʝʥʠʝ 5.5 ʯ ʙʳʣ ʧʦʣʫʯʝʥ ʩʚʝʪʣʦ-ʬʠʦʣʝʪʦʚʳʡ 

ʧʦʨʦʰʦʢ ʛʠʜʨʦʭʣʦʨʠʜʘ 4-ʪʨʠʪʠʣʘʥʠʣʠʥʘ ʤʘʩʩʦʡ 4.3 ʛ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 79%. 

ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 51. 

ʗʄʈ 1ʅ ŭ(ʤ.ʜ.) (CDCl3): 7.12-7.29 (19H, m); 9.63 (3H, s).  

ʗʄʈ 13C ŭ(ʤ.ʜ.) (CDCl3): 64.17 (C5); 120.67 (C8); 126.08 (C1); 

127.83 (C2); 130.45 (C3); 131.59 (C7); 133.35 (C9); 143.59 (C6); 

146.31 (C4). 

 

3.2.2. ʉʠʥʪʝʟ ʪʝʪʨʘʬʝʥʠʣʤʝʪʘʥʘ [182] 

 
ʈʠʩʫʥʦʢ 52. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʪʝʪʨʘʬʝʥʠʣʤʝʪʘʥʘ 

 ɺ ʪʨʸʭʛʦʨʣʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 100 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, 

ʢʘʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ ʠ ʪʝʨʤʦʤʝʪʨʦʤ, ʧʦʤʝʩʪʠʣʠ ʛʠʜʨʦʭʣʦʨʠʜ 4-ʪʨʠʪʠʣʘʥʠʣʠʥʘ (4.3 ʛ, 12.82 

ʤʤʦʣʴ, 1 ʵʢʚ), ʵʪʘʥʦʣ (21.5 ʤʣ) ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ (3.5 ʤʣ.). ʇʦʣʫʯʝʥʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʦʭʣʘʜʠʣʠ ʜʦ -10 Áʉ ʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ 

ʠʟʦʘʤʠʣʥʠʪʨʠʪ (2.9 ʤʣ, 21.79 ʤʤʦʣʴ, 1.7 ʵʢʚ). ɼʘʣʝʝ ʨʝʘʢʮʠʶ ʚʝʣʠ ʧʨʠ ï10 Áʉ ʝʱʝ ʦʜʠʥ ʯʘʩ; 

ʧʦ ʠʩʪʝʯʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʢ ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʠʣʠ 50%-ʡ ʨʘʩʪʚʦʨ 

ʛʠʧʦʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ (6.3 ʤʣ, 57.7 ʤʤʦʣʴ, 4.5 ʵʢʚ.) ʠ ʥʘʛʨʝʣʠ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʩʤʝʩʴ 

ʜʦ 50 Áʉ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ, ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʣʠ ʵʪʘʥʦʣʦʤ ʠ ʜʠʦʢʩʘʥʦʤ. ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʚ ʚʘʢʫʫʤʝ ʙʳʣ 

ʧʦʣʫʯʝʥ ʩʚʝʪʣʦ-ʦʨʘʥʞʝʚʳʡ ʧʦʨʦʰʦʢ ʪʝʪʨʘʬʝʥʠʣʤʝʪʘʥʘ ʤʘʩʩʦʡ 4.1  ʛ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʠʣ 98%. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 52. 

ʗʄʈ 1ʅ ŭ (ʤ.ʜ.) (CDCl3): 7.17-7.28 (20H, m). 

ʗʄʈ 13C ŭ (ʤ.ʜ.) (CDCl3): 64.60 (C5); 125.50 (C1); 127.06 (C2); 130.79 

(C3); 146.40 (ʉ4). 
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3.2.3. ʉʠʥʪʝʟ ʪʝʪʨʘʢʠʩ-[4-ʙʨʦʤʬʝʥʠʣ]ʤʝʪʘʥʘ [183] 

 
ʈʠʩʫʥʦʢ 53. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʪʝʪʨʘʢʠʩ-[4-ʙʨʦʤʬʝʥʠʣ]ʤʝʪʘʥʘ 

ɺ ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 250 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʩ ʱʝʣʦʯʥʦʡ ʣʦʚʫʰʢʦʡ, ʧʦʤʝʩʪʠʣʠ ʪʝʪʨʘʬʝʥʠʣʤʝʪʘʥ (3.3 ʛ., 10 

ʤʤʦʣʴ, 1 ʵʢʚ.) ʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ ʙʨʦʤ (10 ʤʣ, 194.6 

ʤʤʦʣʴ, 6.93 ʵʢʚ). ɼʘʣʝʝ ʨʝʘʢʮʠʶ ʚʝʣʠ ʝʱʝ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʢ ʧʦʣʫʯʝʥʥʦʡ ʪʸʤʥʦ-ʦʨʘʥʞʝʚʦʡ ʩʫʩʧʝʥʟʠʠ ʧʨʠʙʘʚʠʣʠ ʵʪʘʥʦʣ ( 74 ʤʣ). 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʦʪʜʝʣʠʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʧʨʦʤʳʣʠ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ 

NaHSO3 (3Ĭ15 ʤʣ). ʇʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʤʝʩʠ ʭʣʦʨʦʬʦʨʤ/ʵʪʘʥʦʣ 1:1 ʠ 

ʚʳʩʫʰʠʚʘʥʠʷ ʦʩʘʜʢʘ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 60 Áʉ ʙʳʣ ʧʦʣʫʯʝʥ ʩʚʝʪʣʦ-ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ ʪʝʪʨʘʢʠʩ-

(4-ʙʨʦʤʬʝʥʠʣ)ʤʝʪʘʥʘ ʤʘʩʩʦʡ 4.7 ʛ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 72%. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 53. 

ʗʄʈ 1ʅ ŭ (ʤ.ʜ.) (CDCl3): 7.03 (8H, d; J=8.62 ɻʮ); 7.50 (8H, d; J=8.53 ɻʮ). 

ʗʄʈ 13C ŭ (ʤ.ʜ.) (CDCl3): 63.26 (C5); 119.99 (C1); 131.12 (C2); 132.40 

(C3), 144.57 (ʉ4). 

 

3.2.4. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30 [184] 

 

ʈʠʩʫʥʦʢ 54. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30 

ɺ ʢʦʣʙʝ ʦʙʲʝʤʦʤ 1000 ʤʣ, ʩʥʘʙʞʝʥʥʦʡ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, ʩʤʝʰʘʣʠ 

ʪʝʪʨʘʢʠʩ-[4-ʙʨʦʤʬʝʥʠʣ]ʤʝʪʘʥ (10.60 ʛ, 16.67 ʤʤʦʣʴ, 1 ʵʢʚ.), 4,4ô-ʙʠʬʝʥʠʣʜʠʙʦʨʥʫʶ 

ʢʠʩʣʦʪʫ (5.53 ʛ, 33.5 ʤʤʦʣʴ, 2 ʵʢʚ.) ʠ ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ (19.40 ʛ, 140 ʤʤʦʣʴ, 8.4 ʵʢʚ.). ʂ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (500 ʤʣ) ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ (70 ʤʣ), 

ʧʦʩʣʝ ʯʝʛʦ ʜʘʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʜʝʛʘʟʠʨʦʚʘʣʠ 3 ʨʘʟʘ ʧʦ ʤʝʪʦʜʫ çfreeze-pump-thrawè. ʆʜʠʥ 

ɼʄʌɸ/H2O, K2CO3, 140ÁC
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ʮʠʢʣ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʭʣʘʞʜʝʥʠʠ ʩʤʝʩʠ ʜʦ ʧʦʣʥʦʡ ʟʘʤʦʨʦʟʢʠ ʞʠʜʢʦʩʪʠ, 

ʩʦʟʜʘʥʠʠ ʚ ʢʦʣʙʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʥʘʛʨʝʚʘ ʢʦʣʙʳ ʧʨʠ ʧʦʜʢʣʶʯʝʥʥʦʤ ʚʘʢʫʫʤʥʦʤ ʥʘʩʦʩʝ; ʧʦʩʣʝ ʧʦʣʥʦʛʦ 

ʦʪʪʘʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ ʢʦʣʙʫ ʟʘʧʦʣʥʷʶʪ ʘʨʛʦʥʦʤ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʢ ʩʤʝʩʠ ʙʳʩʪʨʦ ʧʨʠʩʳʧʘʣʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ (2.4 ʛ, 9.15 

ʤʤʦʣʴ, 0.55 ʵʢʚ.) ʠ ʘʮʝʪʘʪ ʧʘʣʣʘʜʠʷ (II ) (37.5 ʤʛ, 1.67 ʤʤʦʣʴ, 0.1 ʵʢʚ.), ʧʦʜʩʦʝʜʠʥʠʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʜʫʪʳʡ ʘʨʛʦʥʦʤ ʦʙʨʘʪʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ, ʩʥʘʙʞʝʥʥʦʡ ʩʚʝʨʭʫ ʧʨʦʪʢʥʫʪʦʡ 

ʠʛʣʦʡ ʩʝʧʪʦʡ. ʂʦʣʙʫ ʧʦʤʝʩʪʠʣʠ ʚ ʙʘʥʶ ʩ ʩʠʣʠʢʦʥʦʚʳʤ ʤʘʩʣʦʤ, ʥʘʛʨʝʪʳʤ ʜʦ 140 Áʉ. 

ʈʝʘʢʮʠʶ ʚʝʣʠ ʚ ʪʝʯʝʥʠʝ 12 ʯ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʢʦʣʙʫ ʦʭʣʘʜʠʣʠ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʣʠ ʧʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʦʜʦʡ, 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʤʝʩʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ 30%-ʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ (50:1) (3Ĭ100 ʤʣ), ʚʦʜʦʡ (2Ĭ100 ʤʣ), ʵʪʘʥʦʣʦʤ (3Ĭ100 ʤʣ), ʜʠʦʢʩʘʥʦʤ (3Ĭ100 ʤʣ),  

ʭʣʦʨʦʬʦʨʤʦʤ (3Ĭ100 ʤʣ), ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ (3Ĭ100 ʤʣ) ʠ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ. ʇʨʦʜʫʢʪ ʤʘʩʩʦʡ 8.9 ʛ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ, ʣʸʛʢʠʡ ʧʦʨʦʰʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 54. 

 

3.2.5. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-SO3H [185] 

 
ʈʠʩʫʥʦʢ 55. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-SO3H 

ɺ ʦʜʥʦʛʦʨʣʦʡ ʢʦʣʙʝ ʦʙʲʝʤʦʤ 100 ʤʣ, ʩʥʘʙʞʝʥʥʦʡ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, 

ʧʨʠʛʦʪʦʚʠʣʠ ʩʫʩʧʝʥʟʠʶ PAF-30 (0.5 ʛ) ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ (25 ʤʣ). ʉʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ 

0Áʉ, ʜʘʣʝʝ ʢʦʣʙʫ ʩʥʘʙʜʠʣʠ ʢʘʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ ʩ ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ, ʘʢʢʫʨʘʪʥʦ ʧʨʠʣʠʣʠ ʪʫʜʘ 

ʭʣʦʨʩʫʣʴʬʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (0.167 ʤʣ, 2.46 ʤʤʦʣʴ) ʧʦʩʣʝ ʯʝʛʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʝʜʣʝʥʥʦ, ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʭʣʦʨʩʫʣʴʬʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʢ ʩʫʩʧʝʥʟʠʠ 

PAF-30 ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʚʩʝʛʦ ʦʙʲʸʤʘ ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʘʣʝʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʚʳʣʠʣʠ ʚ ʩʤʝʩʴ ʚʦʜʳ ʠ ʵʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʳʡ PAF-30-SO3H ʙʳʣ 

ʚʳʜʝʣʝʥ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʧʨʦʤʳʪ ʚʦʜʦʡ (3Ĭ50 ʤʣ) ʠ ʵʪʘʥʦʣʦʤ (3Ĭ50 ʤʣ) ʠ ʚʳʩʫʰʝʥ ʧʨʠ 
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ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ. ɹʳʣ ʧʦʣʫʯʝʥ ʧʦʨʦʰʦʢ ʩʠʥʝʛʦ 

ʮʚʝʪʘ. ʄʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ PAF-30-SO3H ʩʦʩʪʘʚʠʣʘ 0.49 ʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 55. 

3.2.6. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-NO2 [186]  

 
ʈʠʩʫʥʦʢ 56. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-NO2 

ɺ ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 100 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʢʘʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ, ʧʦʤʝʱʝʥʥʫʶ ʚ ʙʘʥʶ ʩʦ ʣʴʜʦʤ, ʜʦʙʘʚʣʷʣʠ 

ʦʭʣʘʞʜʝʥʥʫʶ ʜʦ 0 Áʉ ʪʨʠʬʪʦʨʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (15 ʤʣ). ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʢʦʣʙʫ ʜʦʙʘʚʠʣʠ 

PAF-30 (500 ʤʛ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ ʧʦ 

ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ (0.225 ʤʣ, 3.25 ʤʤʦʣʴ). ʇʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʚʩʝʡ ʢʠʩʣʦʪʳ ʫʙʨʘʣʠ ʙʘʥʶ ʩʦ ʣʴʜʦʤ ʠ ʦʩʪʘʚʠʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʧʦʣʫʯʝʥʥʫʶ 

ʩʫʩʧʝʥʟʠʶ; ʯʝʨʝʟ 5 ʯ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ ʦʭʣʘʞʜʝʥʥʫʶ ʚʦʜʫ, ʜʘʣʝʝ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (3Ĭ50 ʤʣ), ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ (3Ĭ50 ʤʣ), ʜʠʵʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ (3Ĭ50 ʤʣ). ʆʩʘʜʦʢ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʚ 

ʪʝʯʝʥʠʝ 7 ʯ. ɹʳʣ ʧʦʣʫʯʝʥ ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ (PAF-30-NO2) ʤʘʩʩʦʡ 550 ʤʛ. ʆʙʱʘʷ ʩʭʝʤʘ 

ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 56. 
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3.2.7. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-NH2  [187] 

 
ʈʠʩʫʥʦʢ 57. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-NH2 

ɺ ʜʚʫʭʛʦʨʣʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 250 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʧʦʤʝʱʘʣʠ PAF-30-NO2 (550 ʤʛ) ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ (115 ʤʣ); ʢ 

ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʣʷʣʠ ʜʠʛʠʜʨʘʪ ʭʣʦʨʠʜʘ ʦʣʦʚʘ (5.41 ʤʛ, 0.023 ʤʤʦʣʴ). 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 9 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ 10% ʨʘʩʪʚʦʨʦʤ NaOH (3Ĭ50 ʤʣ), ʚʦʜʦʡ (3Ĭ50 ʤʣ), ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ (3Ĭ50 ʤʣ) 

ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (3Ĭ50 ʤʣ). ʇʦʩʣʝ ʦʩʘʜʦʢ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʚ ʪʝʯʝʥʠʝ 7 ʯʘʩʦʚ. ɹʳʣ ʧʦʣʫʯʝʥ ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ (PAF-30-NH2) ʤʘʩʩʦʡ 

422 ʤʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 57. 

 

3.2.8. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-NPy [188] 

 
ʈʠʩʫʥʦʢ 58. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-NPy 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 25 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʧʦʤʝʱʘʣʠ PAF-30-NH2 (200 ʤʛ) ʜʦʙʘʚʣʷʣʠ ʙʝʟʚʦʜʥʳʡ ʪʦʣʫʦʣ (5 

ʤʣ) ʠ ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ (0.174 ʤʣ, 1.8 ʤʤʦʣʴ). ʉʫʩʧʝʥʟʠʶ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 96 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʦʩʣʝ ʧʨʦʤʳʚʘʣʠ 

ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ (6Ĭ20 ʤʣ). ɿʘʪʝʤ ʦʩʘʜʦʢ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʚ ʪʝʯʝʥʠʝ 7 ʯʘʩʦʚ. ɹʳʣ ʧʦʣʫʯʝʥ ʪʝʤʥʦ-ʞʸʣʪʳʡ ʧʦʨʦʰʦʢ (PAF-30-NPy) 

ʤʘʩʩʦʡ 192 ʤʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 58. 

  

ʊɻʌ, 60Áʉ

ʪʦʣʫʦʣ, 60Áʉ
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3.2.9. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʦʚ PAF-30-CH2Cl(I) [189] ʠ PAF-30-CH2Cl (II ) [190] 

 
ʈʠʩʫʥʦʢ 59. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ PAF-30-CH2Cl(I) ʠ PAF-30-CH2Cl(II ) 

ʄʝʪʦʜ (I ): ɺ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 250 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʧʦʤʝʱʘʣʠ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜ (5 ʛ) ʠ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ (100 ʤʣ, 

1.13 ʤʦʣʴ). ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ ʢ ʩʤʝʩʠ ʘʢʢʫʨʘʪʥʦ ʜʦʙʘʚʣʷʣʠ 

ʧʝʥʪʘʦʢʩʠʜ ʬʦʩʬʦʨʘ (20 ʛ, 0.07 ʤʦʣʴ) ʠ ʣʝʜʷʥʫʶ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (30 ʤʣ). ɼʘʣʝʝ ʚ ʢʦʣʙʫ 

ʧʦʤʝʱʘʣʠ PAF-30 (1 ʛ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 90Áʉ ʚ ʪʝʯʝʥʠʝ 72 ʯ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 

ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚʘʥʠʷ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (3Ĭ50 ʤʣ) ʠ ʵʪʘʥʦʣʦʤ (3Ĭ50 ʤʣ). 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 7 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ. ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ PAF-30-CH2Cl (I) ʩʦʩʪʘʚʠʣʘ 0.908 ʛ. 

ʄʝʪʦʜ (II ): ɺ ʜʚʫʛʦʨʣʦʡ ʢʨʫʛʣʦʜʦʥʥʦʡ ʢʦʣʙʝ ʦʙʲʝʤʦʤ 100 ʤʣ ʩʥʘʙʞʝʥʥʦʡ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ ʢʘʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ ʛʦʪʦʚʠʣʠ ʩʫʩʧʝʥʟʠʶ 

PAF-30 (1.0 ʛ) ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ (20 ʤʣ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥʥʳʤ ʜʦ 0 Áʉ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʚ ʧʣʦʩʢʦʜʦʥʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 25 ʤʣ ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʣʝʜʷʥʦʡ ʙʘʥʝ ʧʦʤʝʩʪʠʣʠ ʤʝʪʠʣʘʣʴ (7.3 ʛ, 0.095 ʤʦʣʴ) ʠ 

ʭʣʦʨʠʩʪʳʡ ʪʠʦʥʠʣ (11.5 ʛ, 0.096 ʤʦʣʴ). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 Áʉ. ʇʦ ʠʩʪʝʯʝʥʠʶ ʚʨʝʤʝʥʠ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʘʧʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʧʦ 

ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ PAF-30 ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ɿʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʭʣʦʨʥʦʝ ʦʣʦʚʦ (1.25 ʛ, 4.7 ʤʤʦʣʴ) ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ (5 ʤʣ). 

ʉʫʩʧʝʥʟʠʶ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  ʇʦʣʫʯʝʥʥʳʡ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ (2Ĭ50 ʤʣ), ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ 

(2Ĭ50 ʤʣ), ʩʤʝʩʴʶ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (1:1) (2Ĭ50 ʤʣ), 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ (2Ĭ50 ʤʣ). ɿʘʪʝʤ ʦʩʘʜʦʢ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ. ɹʳʣ ʧʦʣʫʯʝʥ ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ PAF-30-CH2Cl (II) ʤʘʩʩʦʡ 0.953 ʛ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 59. 
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3.2.10. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-dpa [191] 

 
ʈʠʩʫʥʦʢ 60. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-dpa 

ɺ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 100 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʧʦʤʝʱʘʣʠ PAF-30-CH2Cl(I) (200 ʤʛ) ʚ 1,4-ʜʠʦʢʩʘʥʝ (50 ʤʣ). ʂ ʧʦʣʫʯʝʥʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʣʷʣʠ 20-ʪʠ ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ 2,2ô-ʜʠʧʠʨʠʜʠʣʘʤʠʥʘ (600 ʤʛ, 3.4 ʤʤʦʣʴ) ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʦʜʠʜʘ ʢʘʣʠʷ (10 ʤʛ). ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 90 Áʉ ʚ ʪʝʯʝʥʠʝ 

72 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ 1,4-ʜʠʦʢʩʘʥʦʤ (3Ĭ50 ʤʣ), ʚʦʜʦʡ 

(3Ĭ50 ʤʣ) ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ (3Ĭ50 ʤʣ), ʟʘʪʝʤ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʚ ʪʝʯʝʥʠʝ 7 ʯʘʩʦʚ. ʄʘʩʩʳ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ï PAF-30-dpa ï 

ʩʦʩʪʘʚʠʣʘ 184 ʤʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 60. 

 

3.2.11. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-dpcl [191] 

 
ʈʠʩʫʥʦʢ 61. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-dpcl 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʝʜʳʜʫʱʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʪʝʨʠʘʣ PAF-30-CH2Cl(I) (200 ʤʛ) ʚ 1,4-ʜʠʦʢʩʘʥʝ (50 ʤʣ) ʠ  

ʜʠ-(2-ʧʠʢʦʣʠʣ)ʘʤʠʥ (640 ʤʢʣ, 3.5 ʤʤʦʣʴ). ʄʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ï PAF-30-dpcl ï 

ʩʦʩʪʘʚʠʣʘ 176 ʤʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 61. 

1,4-ʜʠʦʢʩʘʥ, KI, 90ÁC

1,4-ʜʠʦʢʩʘʥ, KI, 90ÁC
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3.2.12. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-AA[192] 

 
ʈʠʩʫʥʦʢ 62. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-AA 

ɺ ʢʦʣʙʝ ʦʙʲʝʤʦʤ 100 ʤʣ, ʩʥʘʙʞʝʥʥʦʡ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨ ʘʮʝʪʠʣʘʮʝʪʦʥʘ (17 ʤʢʣ) ʚ ʘʮʝʪʦʥʝ (25 ʤʣ). ɼʘʣʝʝ ʩʤʝʩʴ 

ʦʭʣʘʞʜʘʣʠ ʜʦ 0Áʉ ʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʧʦʨʮʠʦʥʥʦ ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ (23 ʤʛ). 

ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ 0Áʉ. ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 

PAF-30-CH2Cl(I) (200 ʤʛ) ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʦʜʠʜʘ ʢʘʣʠʷ (10 ʤʛ). ʉʫʩʧʝʥʟʠʶ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 72 ʯ. ʇʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʬʠʣʴʪʨʦʚʘʣʠ, 

ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (3Ĭ50 ʤʣ) ʠ ʤʝʪʘʥʦʣʦʤ (3Ĭ50 ʤʣ). ɼʘʣʝʝ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʚ ʪʝʯʝʥʠʝ 7 ʯ. ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ (PAF-30-AA) ʩʦʩʪʘʚʠʣʘ 192 

ʤʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 62. 

 

3.2.13. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-MEA  

 
ʈʠʩʫʥʦʢ 63. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-MEA 

ɺ ʦʜʥʦʛʦʨʣʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 50 ʤʣ ʜʦʙʘʚʠʣʠ PAF-30-CH2Cl(II) (1.0 ʛ) ʠ 1,4-ʜʠʦʢʩʘʥ 

(50 ʤʣ). ʈʘʩʪʚʦʨ ʜʝʛʘʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ çfreeze-pump-thawè. ʇʦʩʣʝ ʯʝʛʦ ʢʦʣʙʫ ʦʩʥʘʱʘʣʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠʙʘʚʠʣʠ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ (1.8 ʤʣ, 30.9 ʤʤʦʣʴ). 

ʈʝʘʢʮʠʶ ʚʝʣʠ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ ʩʤʝʩʴʶ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʚʦʜʳ (1:1 ʦʙ.) 

(2Ĭ50 ʤʣ), 10%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʚ ʚʦʜʝ (2Ĭ50 ʤʣ), ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʩʨʝʜʳ, ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ (2Ĭ50 ʤʣ).  ɼʘʣʝʝ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ 

ʘʮʝʪʦʥ, KI, 50ÁC

1,4-ʜʠʦʢʩʘʥ, KI, 60ÁC
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ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʚ ʪʝʯʝʥʠʝ 7 ʯ. ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ (PAF-30-MEA) ʩʦʩʪʘʚʠʣʘ 0.99 ʛ. ʆʙʱʘʷ 

ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 63.  

 

3.2.14. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-TEA 

 
ʈʠʩʫʥʦʢ 64. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-TEA 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʝʜʳʜʫʱʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʪʝʨʠʘʣ PAF-30-CH2Cl(II) (1.0 ʛ) ʚ 1,4-ʜʠʦʢʩʘʥʝ (50 ʤʣ) ʠ 

ʪʨʠʵʪʠʣʘʤʠʥ (3.0 ʤʣ, 21.3 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ ʩʤʝʩʴʶ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʚʦʜʳ (1:1 ʦʙ.) (2Ĭ50 ʤʣ), 0.5 ʄ ʨʘʩʪʚʦʨʦʤ ʙʨʦʤʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ 

ʚ ʚʦʜʝ (2Ĭ50 ʤʣ), ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ, ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ (2Ĭ50 ʤʣ). ʄʘʩʩʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʤʝʦʜʫʢʪʘ ï PAF-30-TEAï ʩʦʩʪʘʚʠʣʘ 0.97 ʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 64. 

3.2.15. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-DMEA 

 

ʈʠʩʫʥʦʢ 65. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-DMEA 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʝʜʳʜʫʱʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʪʝʨʠʘʣ PAF-30-CH2Cl(II) (1.0 ʛ) ʚ 1,4-ʜʠʦʢʩʘʥʝ (50 ʤʣ) ʠ N,N-

ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥ (2.1 ʤʣ, 21.3 ʤʤʦʣʴ). ʄʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ï PAF-30-DMEA ï 

ʩʦʩʪʘʚʠʣʘ 0.98 ʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 65.  
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3.2.16. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ PAF-30-MDEA 

 
ʈʠʩʫʥʦʢ 66. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ PAF-30-MDEA 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʝʜʳʜʫʱʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʪʝʨʠʘʣ PAF-30-CH2Cl(II) (1.0 ʛ) ʚ 1,4-ʜʠʦʢʩʘʥʝ (50 ʤʣ) ʠ N-

ʤʝʪʠʣʜʠʵʪʘʥʦʣʘʤʠʥ (2.4 ʤʣ, 21.3 ʤʤʦʣʴ). ʄʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ï PAF-30-DMEA ï 

ʩʦʩʪʘʚʠʣʘ 0.98 ʛ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 66. 

3.2.17. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ PAF-30 

3.2.17.1. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Mo/PAF-30 ʠ W/PAF-30 [193] 

ʂʘʪʘʣʠʟʘʪʦʨʳ PAF-30-W ʠ PAF-30-Mo ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ PAF-30 

ʨʘʩʪʚʦʨʘʤʠ W(CO)6 ʠ Mo(CO)6 ʚ ʤʝʟʠʪʠʣʝʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 155 Áʉ. ʊʘʢ, ʚ ʦʜʥʦʛʦʨʣʦʡ 

ʢʦʣʙʝ ʨʘʩʪʚʦʨʷʣʠ Mo(CO)6 (486 ʤʛ, 1.8 ʤʤʦʣʴ) (ʚ ʩʣʫʯʘʝ W(CO)6 (338 ʤʛ, 0.9 ʤʤʦʣʴ) ) ʚ 

ʤʝʟʠʪʝʣʝʥʝ 40 ʤʣ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100Áʉ. ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 

PAF-30 (1.0 ʛ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 155Áʉ ʚ ʪʝʯʝʥʠʝ 5 

ʯʘʩʦʚ. ʇʦʩʣʝ, ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ. 

ɼʘʣʝʝ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʪʦʣʫʦʣʦʤ (3Ĭ100 ʤʣ) ʠ ʛʝʧʪʘʥʦʤ 

(3Ĭ100 ʤʣ) ʠ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. 

ʄʘʩʩʳ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʠʣʠ 1.15 ʛ ʜʣʷ PAF-30-Mo ʠ 1.12 ʛ ʜʣʷ PAF-30-W.  

3.2.17.2. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Mo/PAF-30-dpa, Mo/PAF-30-dpcl ʠ Mo/PAF-30-AA 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 50 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʧʦʤʝʩʪʠʣʠ ʥʦʩʠʪʝʣʴ (PAF-30-dpa, PAF-30-dpcl ʠʣʠ PAF-30-AA, 

100 ʤʛ) ʠ ʜʦʙʘʚʠʣʠ MoO2(acac)2 (240 ʤʛ) ʚ ʪʦʣʫʦʣʝ (25 ʤʣ). ʉʤʝʩʴ ʛʨʝʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʚ ʪʝʯʝʥʠʝ 96 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90 Áʉ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʣʠ 

ʪʦʣʫʦʣʦʤ (3Ĭ50 ʤʣ) ʠ ʤʝʪʘʥʦʣʦʤ (3³50 ʤʣ). ʇʦʩʣʝ ʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60ʉ̄. ʄʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Mo/PAF-30-dpa, Mo/PAF-30-dpcl, Mo/PAF-30-

AA ʩʦʩʪʘʚʠʣʠ 98 ʤʛ, 89 ʤʛ ʠ 95 ʤʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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3.2.17.3. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30-NPy 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 50 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʧʦʤʝʩʪʠʣʠ ʥʦʩʠʪʝʣʴ PAF-30-NPy (100 ʤʛ) ʠ ʜʦʙʘʚʠʣʠ 

MoO2(acac)2 (60 ʤʛ) ʚ ʪʦʣʫʦʣʝ (25 ʤʣ). ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 96 ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʣʠ ʪʦʣʫʦʣʦʤ (3Ĭ50 

ʤʣ) ʠ ʤʝʪʘʥʦʣʦʤ (3³50 ʤʣ). ʇʦʩʣʝ ʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60ʉ̄. ʄʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30-NPy ʩʦʩʪʘʚʠʣʘ 99 ʤʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

3.2.17.4. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Fe/PAF-30-SO3H, Cu/PAF-30-SO3H,  

Fe/PAF-30-MEA ʠ Cu/PAF-30-MEA 

ɺ ʦʜʥʦʛʦʨʣʦʡ ʢʦʣʙʝ ʦʙʲʝʤʦʤ 25 ʤʣ, ʩʥʘʙʞʝʥʥʦʡ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʚ 10 ʤʣ ʵʪʘʥʦʣʘ ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʳ FeCl3Ĭ 6H2O (14.5 ʤʛ) ʠ 

Cu(OAc)2 (8.6 ʤʛ). ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 0.1 ʛ ʥʦʩʠʪʝʣʷ (PAF-30-SO3H 

ʠʣʠ PAF-30-MEA) ʠ ʚʝʣʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ 

ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (2Ĭ50 ʤʣ) ʠ ʵʪʘʥʦʣʦʤ (2Ĭ50 ʤʣ) 

ʠ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. ʄʘʩʩʳ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʠʣʠ 99 ʤʛ (Fe/PAF-30-SO3H), 97 ʤʛ (Cu/PAF-30-SO3H), 102 ʤʛ 

(Fe/PAF-30-MEA) ʠ 98 ʤʛ (Cu/PAF-30-MEA). 

 

3.3. ʇʨʦʚʝʜʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ. ɺ ʩʪʝʢʣʷʥʥʳʡ ʨʝʘʢʪʦʨ, 

ʦʩʥʘʱʝʥʥʳʡ ʨʫʙʘʰʢʦʡ ʜʣʷ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʜʚʫʤʷ 

ʛʦʨʣʳʰʢʘʤʠ, ʧʦʤʝʱʘʣʠ ʷʢʦʨʴ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʳʝ 5 ʤʛ ʢʘʪʘʣʠʟʘʪʦʨʘ, 4 ʤʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, 0.2 ʤʣ ʩʫʙʩʪʨʘʪʘ, 0.2 ʤʣ ʪʦʣʫʦʣʘ (ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ). ʈʝʘʢʪʦʨ ʧʨʠʩʦʝʜʠʥʷʣʠ ʢ ʪʝʨʤʦʩʪʘʪʫ ʠ 

ʩʥʘʙʞʘʣʠ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʩ ʩʝʧʪʦʡ ʠ ʠʛʣʦʡ ʥʘʚʝʨʭʫ 

(ʨʠʩʫʥʦʢ 67). ɼʘʣʝʝ ʢ ʩʤʝʩʠ ʙʳʩʪʨʦ ʯʝʨʝʟ ʚʪʦʨʦʝ ʛʦʨʣʳʰʢʦ 

ʜʦʙʘʚʣʷʣʠ 0,4 ʤʣ ʨʘʩʪʚʦʨʘ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ, ʧʦʩʣʝ 

ʯʝʛʦ ʚ ʥʝʛʦ ʚʩʪʘʚʣʷʣʠ ʩʝʧʪʫ ʠ ʚʢʣʶʯʘʣʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. 

ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 , ʦʪʙʦʨ 

ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʠ ʯʝʨʝʟ ʩʝʧʪʫ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʰʧʨʠʮʘ. 

ʆʙʲʝʤ ʦʪʙʠʨʘʝʤʦʡ ʧʨʦʙʳ ʥʝ ʧʨʝʚʳʰʘʣ 10 ʤʢʣ. 

ʆʢʠʩʣʝʥʠʝ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʪʝʢʣʷʥʥʳʡ 

ʨʝʘʢʪʦʨ, ʦʩʥʘʱʝʥʥʳʡ ʨʫʙʘʰʢʦʡ ʜʣʷ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ 

ʜʚʫʤʷ ʛʦʨʣʳʰʢʘʤʠ, ʧʦʤʝʱʘʣʠ ʷʢʦʨʴ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, 

ʈʠʩʫʥʦʢ 67. ʉʭʝʤʘ 

ʩʪʝʢʣʷʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʩʝʧʪʦʡ 

ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʦʣʝʬʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʳʝ 5 ʤʛ ʢʘʪʘʣʠʟʘʪʦʨʘ, 1 ʤʣ ʨʘʩʪʚʦʨʠʪʝʣʷ, 0.1 ʤʤʦʣʴ ʩʫʙʩʪʨʘʪʘ, 0.1 

ʤʤʦʣʴ ʭʣʦʨʙʝʥʟʦʣʘ (ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ). ʈʝʘʢʪʦʨ ʧʨʠʩʦʝʜʠʥʷʣʠ ʢ ʪʝʨʤʦʩʪʘʪʫ 

ʠ ʩʥʘʙʞʘʣʠ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʩ ʩʝʧʪʦʡ ʠ ʠʛʣʦʡ ʥʘʚʝʨʭʫ (ʨʠʩʫʥʦʢ 67). ɼʘʣʝʝ ʢ ʩʤʝʩʠ 

ʙʳʩʪʨʦ ʯʝʨʝʟ ʚʪʦʨʦʝ ʛʦʨʣʳʰʢʦ ʜʦʙʘʚʣʷʣʠ 4 ʤʤʦʣʴ ʨʘʩʪʚʦʨʘ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʚ ʥʝʛʦ ʚʩʪʘʚʣʷʣʠ ʩʝʧʪʫ ʠ ʚʢʣʶʯʘʣʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 , ʦʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʠ ʯʝʨʝʟ ʩʝʧʪʫ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʰʧʨʠʮʘ. ʆʙʲʝʤ ʦʪʙʠʨʘʝʤʦʡ ʧʨʦʙʳ ʥʝ ʧʨʝʚʳʰʘʣ 10 ʤʢʣ. 

ʎʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ CO2. ʈʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʢ ʵʧʦʢʩʠʜʘʤ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʣʴʥʦʤ ʘʚʪʦʢʣʘʚʝ ʦʙʲʝʤʦʤ 50 ʤʣ, ʩʥʘʙʞʝʥʥʦʤ ʧʨʦʙʠʨʢʦʡ-ʚʢʣʘʜʳʰʝʤ ʠ 

ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ. ɺ ʧʨʦʙʠʨʢʫ ʧʦʤʝʱʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʨʘʩʩʯʠʪʘʥʥʳʡ ʦʙʲʝʤ 

ʩʫʙʩʪʨʘʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʘʚʪʦʢʣʘʚ ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ, ʥʘʧʦʣʥʷʣʠ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʠ 

ʧʦʜʢʣʶʯʘʣʠ ʢ ʪʝʨʤʦʩʪʘʪʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʛʨʝʪʦʤʫ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ 

ʦʢʦʥʯʘʥʠʶ ʨʝʘʢʮʠʠ ʘʚʪʦʢʣʘʚ ʦʭʣʘʞʜʘʣʠ ʥʠʞʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʨʘʟʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ. 

3.4. ʀʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʯʘʩʪʠ 3.2. ʤʦʣʝʢʫʣ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H ʠ 13ʉ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʤʝʪʨʘ 

BRUKER AVANCE (ʨʘʙʦʯʠʝ ʯʘʩʪʦʪʳ 400.1 ʠ 100.6 ʄɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʩʝ ʟʥʘʯʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʜʘʥʳ ʧʦ ʰʢʘʣʝ ŭ ʚ ʤ.ʜ. ʦʪʥʦʩʠʪʝʣʴʥʦ ʊʄʉ (0.00 ʤ.ʜ.). ʈʘʩʪʚʦʨʠʪʝʣʴ 

ʫʢʘʟʘʥ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ ʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʘʜʩʦʨʙʮʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ), ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ɸʕʉ-ʀʉʇ), ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʧʣʘʟʤʝʥʥʦʡ ʘʪʦʤʠʟʘʮʠʝʡ (ɸɸʉ), ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ʕɼʉ) ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ). ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɻɾʍ) ʠ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ (ɻʍʄʉ). 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʀʂ-ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 4000-500 ʩʤ-1 ʥʘ ʧʨʠʙʦʨʝ Nicolet çIR-200è (Thermo 

Scientific) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʩʪʘʚʢʠ Multi -reflection HATR, ʩʦʜʝʨʞʘʱʝʡ ʢʨʠʩʪʘʣʣ ZnSe 45Á 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ ʚʦʣʥ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 4 ʥʤ. 
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ʊʚʝʨʜʦʪʝʣʴʥʘʷ CP-MAS 13C ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʧʝʢʪʨʳ ʗʄʈ ʥʘ ʷʜʨʘʭ 13ʉ ʩ ʚʨʘʱʝʥʠʝʤ ʧʦʜ çʤʘʛʠʯʝʩʢʠʤè ʫʛʣʦʤ (ɺʄʋ) ʪʚʸʨʜʦʛʦ ʦʙʨʘʟʮʘ 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ BRUKER AVANCE-II  400 WB ʥʘ ʯʘʩʪʦʪʘʭ 400,13 

(1H) ʠ 100,13 (13C) ʄɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 4 ʤʤ H/X/Y MAS DVT ʜʘʪʯʠʢʘ (ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ - 10 ʢɻʮ). ʀʩʧʦʣʴʟʦʚʘʣʠ 4-ʠʤʧʫʣʴʩʥʫʶ ʤʝʪʦʜʠʢʫ TOSS ʩ ʢʨʦʩʩ-

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ RAMP (T/tr = 2,2412), ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ï 

2 ʤʩ, ʟʘʜʝʨʞʢʘ ʨʝʮʠʢʣʘ ï 1,5 ʩ, 8-ʰʘʛʦʚʳʡ ʬʘʟʦʚʳʡ ʮʠʢʣ. ɼʣʷ ʤʦʱʥʦʡ ʨʘʟʚʷʟʢʠ ʧʨʦʪʦʥʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ SW-TPPM (Ű = 8 ʤʢʩ, ű = 15Ǔ). ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʨʠʤʝʥʷʣʦʩʴ ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ 50 ɻʮ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʜʩʦʨʙʮʠʷ-ʜʝʩʦʨʙʮʠʷ ʘʟʦʪʘ 

ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ Gemini VII  2390. ʇʝʨʝʜ 

ʘʥʘʣʠʟʦʤ ʦʙʨʘʟʮʳ ʙʳʣʠ ʜʝʛʘʟʠʨʦʚʘʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120  ʚ ʪʝʯʝʥʠʝ 8 ʯ. ʋʜʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʤʦʜʝʣʠ ɹʕʊ (ɹʨʫʥʘʫʵʨʘ-ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ) ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ P/P0 = 0.05ï0.2. ʆʙʱʠʡ ʦʙʲʝʤ ʧʦʨ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ P/P0=0.94. 

ɸʜʩʦʨʙʮʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ  

ɸʜʩʦʨʙʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ Gemini VII  2390 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 273 ʂ. ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ ʦʙʨʘʟʮʳ ʙʳʣʠ ʜʝʛʘʟʠʨʦʚʘʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 Áʉ ʚ 

ʪʝʯʝʥʠʝ 8 ʯ. 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʠʙʦʨʝ JEOL JEM2100F/Cs/GIF 

(ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 0.19 ʥʤ) ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ʎʂʇ ʄʀʉʠʉ 

çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʤʝʪʘʣʣʫʨʛʠʷè. ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʣ 200 ʢɺ. 

ʆʙʨʘʙʦʪʢʫ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ImageJ. 

ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠ ̫

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʕɼʉ ʥʘ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ EX-24065JGT. ɺʨʝʤʷ ʩʙʦʨʘ ʢʘʞʜʦʡ 

ʕɼʉ-ʢʘʨʪʳ ʩʦʩʪʘʚʣʷʣʦ 1ʯ. 

ɸʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʥʘ ʧʨʠʙʦʨʝ ICPE-9000 

(SHIMADZU) ʠ ʧʨʠ ʧʦʠʚ ʎʂʇ ʀʅʍʉ ʈɸʅ çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʛʣʫʙʦʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʭʠʤʠʠè. 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠʟʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʐʝʥʠʛʝʨʘ ʚ ʎʝʥʪʨʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ ʀʅʕʆʉ ʈɸʅ. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʩʝʨʳ ʚ ʤʘʪʝʨʠʘʣʘʭ 

ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʵʣʝʤʝʥʪʥʦʤ CHNS-ʘʥʘʣʠʟʘʪʦʨʝ Thermo Flash 2000 ʚ ʎʂʇ ʀʅʍʉ ʈɸʅ 

çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʭʠʤʠʠè. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʈʌʕʉ ʥʘ ʧʨʠʙʦʨʝ PHI 

5500 VersaProbe II ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ʎʂʇ ʄʀʉʠʉ çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ 

ʤʝʪʘʣʣʫʨʛʠʷè. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʬʦʪʦʵʤʠʩʩʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ AlKŬ-

ʠʟʣʫʯʝʥʠʝ (hɜ = 1486.6 ʵɺ). ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʘʥʦʜʝ ʩʦʩʪʘʚʣʷʣʦ 14 ʢɺ, ʤʦʱʥʦʩʪʴ ï 50 ɺʪ. 

ɼʘʚʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʛʘʟʦʚ ʚ ʪʝʩʪʦʚʦʡ ʢʘʤʝʨʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʦ (5ï7) Ĭ 10ï8 

ʇʘ. ʂʘʣʠʙʨʦʚʢʫ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʠʢʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʣʠʥʠʠ ʫʛʣʝʨʦʜʘ C 1s ʩ ʵʥʝʨʛʠʝʡ 

ʩʚʷʟʠ 284.5 ʵɺ. ɼʝʢʦʥʚʦʣʶʮʠʶ ʩʧʝʢʪʨʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ CasaXPS v.2.3.19PR1.0. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʥʫʣʝʚʦʛʦ ʟʘʨʷʜʘ (ʊʅɿ) 

ʆʧʨʝʜʝʣʝʥʠʝ pH ʪʦʯʢʠ ʥʫʣʝʚʦʛʦ ʟʘʨʷʜʘ (ʊʅɿ) ʤʘʪʝʨʠʘʣʦʚ PAF-30-MEA ʠ PAF-30-SO3H 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [194,195]. ɼʣʷ ʵʪʦʛʦ ʛʦʪʦʚʠʣʠ ʩʝʨʠʶ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

50 ʤʣ 0.01 ʄ ʨʘʩʪʚʦʨʘ NaCl, ʠ ʨʝʛʫʣʠʨʦʚʘʣʠ ʠʭ pH ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.00 ʜʦ 11.00 ʩ ʰʘʛʦʤ 

1.00, ʠʩʧʦʣʴʟʫʷ ʨʘʩʪʚʦʨʳ 0.01M NaOH ʠ 0.01M HCl. ɿʘʪʝʤ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 

100 ʤʣ ʚʥʦʩʠʣʠ 50 ʤʛ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʜʦʙʘʚʣʷʣʠ 50 ʤʣ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʝʤ pH. ʂʦʣʙʳ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʩʪʝʢʣʷʥʥʳʤʠ ʢʨʳʰʢʘʤʠ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ 24 ʯ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʦʩʣʝ ʠʟʤʝʨʷʣʠ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ pH, ʘ 

ʟʘʪʝʤ ʩʪʨʦʠʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ pH (ȹpH) ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ pH. 

ɻʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʥʘ ʧʨʠʙʦʨʝ Leco PegasusÈ GCĬGCïHRT 4D, 

ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, 

ʠʩʧʦʣʴʟʫʷ ʙʠʙʣʠʦʪʝʢʫ NIST v.2.3 ʦʪ 04.05.2017. 

ɻʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ʇʨʦʜʫʢʪʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ çAgilent HP 6890 

G1530Aè c ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʢʦʣʦʥʢʦʡ 50 ʤ Ĭ 0.32 ʤʤ Ĭ 0.52 ʤʢʤ 
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(ʧʨʠʚʠʪʘʷ ʬʘʟʘ: 100% ʜʠʤʝʪʠʣʧʦʣʠʩʠʣʦʢʩʘʥ (HP-1)). ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ ʥʦʩʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʣʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 1.5 ʘʪʤ. ɿʘʧʠʩʴ ʠ ʘʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʤʤ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ HP ChemStation Rev. A. 06. 01 

(403). ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ ʠ ʜʝʪʝʢʪʦʨʘ ï 300 ÁC, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ: 60ÁC (8 

ʤʠʥ) Ÿ 10ÁC/ʤʠʥ Ÿ 120ÁC (2 ʤʠʥ) Ÿ 15ÁC/ʤʠʥ Ÿ 200ÁC (4 ʤʠʥ) Ÿ 30ÁC/ʤʠʥ Ÿ 

250ÁC (15 ʤʠʥ). 

ʇʨʦʜʫʢʪʳ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʢ ʵʧʦʢʩʠʜʘʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʝ çAgilent HP 6890 G1530Aè c ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ 

ʢʦʣʦʥʢʦʡ 30 ʤ Ĭ 0.32 ʤʤ Ĭ 0.5 ʤʢʤ (ʧʨʠʚʠʪʘʷ ʬʘʟʘ: 100% ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ (DB-WAX)). 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʣʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 1.5 ʘʪʤ. ɿʘʧʠʩʴ ʠ 

ʘʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ HP 

ChemStation Rev. A. 06. 01 (403). ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ ʠ ʜʝʪʝʢʪʦʨʘ ï 300 ÁC, 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ: 60ÁC (5 ʤʠʥ) Ÿ 10ÁC/ʤʠʥ Ÿ 100ÁC (5 ʤʠʥ) Ÿ 10ÁC/ʤʠʥ Ÿ 

150ÁC (5 ʤʠʥ) Ÿ 10ÁC/ʤʠʥ Ÿ 220ÁC (10 ʤʠʥ) Ÿ 10ÁC/ʤʠʥ Ÿ 250ÁC (3 ʤʠʥ). 

ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦ-

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ 

çʂʨʠʩʪʘʣʣʶʢʩ-4000ʄè ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʢʦʣʦʥʢʦʡ 30 ʤ Ĭ 0.25 ʤʤ 

Ĭ 0.25 ʤʢʤ (ʧʨʠʚʠʪʘʷ ʬʘʟʘ: 5% ʬʝʥʠʣ, 95% ʜʠʤʝʪʠʣʧʦʣʠʩʠʣʦʢʩʘʥ (RTX-5Sil MS RESTEK)). 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʣʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 1.5 ʘʪʤ. ɿʘʧʠʩʴ ʠ 

ʘʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ NetChrom 

V2.1. ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ ʠ ʜʝʪʝʢʪʦʨʘ ï 300 ÁC, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ: 50ÁC (5 

ʤʠʥ) Ÿ 10ÁC/ʤʠʥ Ÿ 250ÁC (5 ʤʠʥ). 

ʂʦʥʚʝʨʩʠʶ (Conv), ʩʝʣʝʢʪʠʚʥʦʩʪʴ (Seli) ʠ ʚʳʭʦʜ (Y i) ʢʘʞʜʦʛʦ i-ʛʦ ʧʨʦʜʫʢʪʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ:  

ὅέὲὺϷ
ὲ̒ ̔Ȣ̂̉̒Ȣ̖   ὲ̒ ̔Ȣ̂̏̒Ȣ̓

ὲ̒ ̔Ȣ̂̉̒Ȣ̖
 ρππϷ 

ὛὩὰϷ
Ὓ̐̑̏̅̔̋̓́  

ɫὛ̐̑̏̅̔̋̓̏̃
ρππϷ 

ὣϷ
ὅέὲὺ Ϸ ὛὩὰϷ

ρππϷ
 

ʛʜʝ nʩʫʙ.ʠʩʭ. ï ʥʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʩʪʨʘʪʘ (ʤʦʣʴ), nʩʫʙ.ʦʩʪ. ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʩʪʨʘʪʘ ʧʦʩʣʝ 

ʨʝʘʢʮʠʠ, ʦʧʨʝʜʝʣʸʥʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʧʣʦʱʘʜʠ ʧʠʢʘ ʩʫʙʩʪʨʘʪʘ ʢ ʧʣʦʱʘʜʠ ʧʠʢʘ ʩʪʘʥʜʘʨʪʘ. 

ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʳʨʘʞʘʣʠ ʯʝʨʝʟ ʯʘʩʪʦʪʫ ʦʙʦʨʦʪʦʚ ʨʝʘʢʮʠʠ (turnover 

frequency, TOF) ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʴ 

ʧʨʦʜʫʢʪʘ, ʜʝʣʝʥʥʦʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ ʠ ʚʨʝʤʷ ʨʝʘʢʮʠʠ: 
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ὝὕὊ̘  
ὲ̐ ̑̏̅̔̋̓̏̃

ὲ̍ ̆̓́̌̌́ ̃ ̋́̓́̌̉̈́̓̏̑̆ ὸ ̘
 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ  

ʇʨʦʮʝʩʩ ʂʘʪʘʣʠʟʘʪʦʨ 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʛʨʫʧʧʘ 

ʉʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ, 

ʤʘcʩ. % 

ʉʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ, 

ʤʤʦʣʴ/ʛ 

ʕ
ʧ
ʦ
ʢ
ʩ
ʠ
ʜ
ʠ
ʨ
ʦ
ʚ
ʘ
ʥ
ʠ
ʝ
 
ʦ
ʣ
ʝ
ʬ
ʠ
ʥ
ʦ
ʚ

 

Mo/PAF-30 ð Mo ï 9.4 ʤʘʩʩ. % Mo ï 0.983 ʤʤʦʣʴ/ʛ 

W/PAF-30 ð W ï 6.3 ʤʘʩʩ. % W ï 0.342 ʤʤʦʣʴ/ʛ 

Mo/PAF-30-dpa 

 

Mo ï 9.4 ʤʘʩʩ. % 

N ï 1.2 ʤʘʩʩ. % 

Mo ï 0.982 ʤʤʦʣʴ/ʛ 

N ï 0.857 ʤʤʦʣʴ/ʛ 

Mo/PAF-30-

dpcl  

Mo ï 12.1 ʤʘʩʩ. % 

N ï 2.1 ʤʘʩʩ. % 

Mo ï 1.260 ʤʤʦʣʴ/ʛ 

N ï 1.500 ʤʤʦʣʴ/ʛ 

Mo/PAF-30-AA 
 

Mo ï 9.3 ʤʘʩʩ. % Mo ï 0.969 ʤʤʦʣʴ/ʛ 

Mo/PAF-30-

NPy 

 

Mo ï 2.4 ʤʘʩʩ. % 

N ï 7.2 ʤʘʩʩ. % 

Mo ï 0.250 ʤʤʦʣʴ/ʛ 

N ï 5.143 ʤʤʦʣʴ/ʛ 

ʂ
ʘ
ʨ
ʙ
ʦ
ʢ
ʩ
ʠ
ʣ
ʠ
ʨ
ʦ
ʚ
ʘ
ʥ
ʠ
ʝ
 

ʵ
ʧ
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ʩ
ʠ
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ʚ

 

PAF-30-TEA 

 

N ï 1.1 ʤʘʩʩ. % 

Br ï 11.9 ʤʘʩʩ. % 

N ï 0.771 ʤʤʦʣʴ/ʛ 

Br ï 1.491 ʤʤʦʣʴ/ʛ 

PAF-30-DMEA 
 

N ï 1.9 ʤʘʩʩ. % 

Br ï 13.7 ʤʘʩʩ. % 

N ï 1.342 ʤʤʦʣʴ/ʛ 

Br ï 1.709 ʤʤʦʣʴ/ʛ 

PAF-30-MDEA 
 

N ï 1.9 ʤʘʩʩ. % 

Br ï 13.7 ʤʘʩʩ. % 

N ï 1.342 ʤʤʦʣʴ/ʛ 

Br ï 1.717 ʤʤʦʣʴ/ʛ 
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Fe/PAF-30-

SO3H  

Fe ï 3.0 ʤʘʩʩ. % 

S ï 4.6 ʤʘʩʩ. % 

Fe ï 0.536 ʤʤʦʣʴ/ʛ 

S ï 1.438 ʤʤʦʣʴ/ʛ 

Cu/PAF-30-

SO3H 
 

Cu ï 3.6 ʤʘʩʩ. % 

S ï 4.6 ʤʘʩʩ. % 

Cu ï 0.643 ʤʤʦʣʴ/ʛ 

S ï 1.438 ʤʤʦʣʴ/ʛ 

Fe/PAF-30-

MEA  

Fe ï 2.4 ʤʘʩʩ. % 

N ï 1.1 ʤʘʩʩ. % 

Fe ï 0.429 ʤʤʦʣʴ/ʛ 

N ï 0.786 ʤʤʦʣʴ/ʛ 

Cu/PAF-30-

MEA  

Cu ï 3.9 ʤʘʩʩ. % 

N ï 1.1 ʤʘʩʩ. % 

Cu ï 0.614 ʤʤʦʣʴ/ʛ 

N ï 0.786 ʤʤʦʣʴ/ʛ 
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4. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ3 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʦʣʝʬʠʥʦʚ, ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʢ ʵʧʦʢʩʠʜʘʤ (ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʪʘʥʜʝʤʥʦʡ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ - 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠ̫ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʙʠʪʦ ʥʘ ʪʨʠ ʣʦʛʠʯʝʩʢʠʝ 

ʯʘʩʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʮʝʩʩʫ. ʂʘʞʜʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ 

ʦʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʚʳʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʪʘʢʞʝ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʳʚʦʜʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʨʘʙʦʪʳ. 

4.1. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ 

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦʨʠʩʪʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʢʘʨʢʘʩ PAF-30 ʩ 

ʯʝʪʳʨʴʤʷ ʙʝʥʟʦʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʤʝʞʜʫ 4,4ô-ʙʠʬʝʥʠʣʜʠʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ  

ʪʝʪʨʘʢʠʩ(4-ʙʨʦʤʬʝʥʠʣ)ʤʝʪʘʥʦʤ (ʨʠʩʫʥʦʢ 68). ʂʘʪʘʣʠʟʘʪʦʨʦʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʣʩʷ 

ʪʝʪʨʘʢʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʧʘʣʣʘʜʠʡ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʦʚʘʣʩʷ in situ ʠʟ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ ʠ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ. 

Pd(OAc)2 + 5PPh3 + 2OH- ­ [Pd(PPh3)4] + PPh3O + H2O+2OAc- 

 
ʈʠʩʫʥʦʢ 68. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʨʠʩʪʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ PAF-30 ʧʦ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ 

 
3 ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ 

ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ 

ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

[1] ʂʫʣʠʢʦʚ ʃ.ɸ., ʗʨʯʘʢ ɺ.ɸ., ɿʦʣʦʪʫʭʠʥʘ ɸ.ɺ., ʄʘʢʩʠʤʦʚ ɸ.ʃ., ʂʘʨʘʭʘʥʦʚ ʕ.ɸ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʘʨʢʘʩʦʚ // ʅʝʬʪʝʭʠʤʠʷ.  ï 2020. ï  T. 60, ˉ 5. ï C. 701-707. 

[2] ʗʨʯʘʢ ɺ.ɸ., ʂʫʣʠʢʦʚ ʃ.ɸ., ʄʘʢʩʠʤʦʚ ɸ.ʃ., ʂʘʨʘʭʘʥʦʚ ʕ.ɸ. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 

// ʅʝʬʪʝʭʠʤʠʷ. ï 2023. ï  ʊ. 63, ˉ 1. ï ʉ. 100-109. 

[3] Makhova V.A., Kulikov L.A., Akopyan A.V., Karakhanov E.A. Molybdenum Catalysts 

Supported on Porous Aromatic Frameworks in Epoxidation of Olefins // Petroleum Chemistry. ï 

2024. ï Vol. 64, No. 4. ï P. 492-499.   

[4] Makhova V.A., Kulikov L.A., Cherednichenko K.A., Maximov A.L., Karakhanov E.A. Cu and 

Fe catalysts based on porous aromatic frameworks for oxidation of alkylaromatics // Industrial 

and Engineering Chemistry Research. ï 2025. ï Vol. 64, ˉ 1, P. 143-157. 

ɼʄʌɸ
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ʄʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʦʛʦ PAF-30 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 69 (ʙ)). ʄʘʪʝʨʠʘʣ ʩʦʩʪʦʠʪ ʠʟ ʩʬʝʨ ʜʠʘʤʝʪʨʦʤ ʜʦ 

400 ʥʤ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʦʚ [196,197]. ɺ ʩʧʝʢʪʨʝ 13C ʗʄʈ PAF-30 (ʨʠʩʫʥʦʢ 

69 (ʘ)) ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʬʝʥʠʣʤʝʪʘʥʘ ʩʠʛʥʘʣʳ: ʚ 

ʦʙʣʘʩʪʠ 64 ʤ.ʜ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʯʝʪʚʝʨʪʠʯʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ; ʚ ʦʙʣʘʩʪʠ 127 ʤ.ʜ. ʠ 131 ʤ.ʜ., 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʛʥʘʣʘʤ ʚʪʦʨʠʯʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ; ʚ ʦʙʣʘʩʪʠ 140 ʤ.ʜ. ʠ 146 ʤ.ʜ., 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʪʨʝʪʠʯʥʳʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ. ʆʪʩʫʪʩʪʚʠʝ ʠʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʪʝ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ  

ʀʂ-ʩʧʝʢʪʨʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ PAF-30 ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 1600 ʩʤ-1, 1485 ʩʤ-1, 1004 ʩʤ-1, 808 ʩʤ-1, 780-662 ʩʤ-1, ʪʠʧʠʯʥʳʝ ʜʣʷ 

ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ (ʨʠʩʫʥʦʢ 69 (ʚ)) [198,199]. 

 

ʈʠʩʫʥʦʢ 69. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ PAF-30: (ʘ) 13ʉ CP MAS NMR 

ʩʧʝʢʪʨ; (ʙ) ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ; (ʚ) ʀʂ-ʩʧʝʢʪʨ; (ʛ) ʠʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ 

ʇʦʨʠʩʪʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 69 (ʛ)). ʍʘʨʘʢʪʝʨ ʘʜʩʦʨʙʮʠʠ ʪʠʧʠʯʝʥ ʜʣʷ 

ʤʠʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ [200]: ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ (P/P0 <  0.05) ʢʨʠʚʘʷ 

ʘʜʩʦʨʙʮʠʠ ʠʜʸʪ ʨʝʟʢʦ ʚʚʝʨʭ, ʧʦʩʣʝ ʯʝʛʦ ʠʜʸʪ ʝʸ ʧʝʨʝʛʠʙ ʧʨʠ P/P0 å 0.05 ʠ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʝʸ 

ʥʘʢʣʦʥʘ. ʅʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ, ʙʣʠʟʢʠʝ ʫʛʣʳ ʠʭ 

ʥʘʢʣʦʥʘ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʳʡ ʠʟʛʠʙ ʢʨʠʚʦʡ ʜʝʩʦʨʙʮʠʠ ʧʨʠ P/P0 å 0.45-0.5 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʟʦʧʦʨ ʚ PAF-30. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʣʘʚʥʳʡ ʭʘʨʘʢʪʝʨ ʣʠʥʠʠ 
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ʘʜʩʦʨʙʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʥʝʡ ʦʙʣʘʩʪʠ ʩ ʨʝʟʢʠʤ ʧʦʜʥʷʪʠʝʤ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʘʟʦʪʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʦʡ ʚ 

çʪʨʘʜʠʮʠʦʥʥʳʭè ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʘʭ ʪʠʧʘ MCM-41, SBA-15 ʠʣʠ CMK-3 [201ï203]. 

ʂʨʠʚʳʝ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʥʝ ʟʘʤʳʢʘʶʪʩʷ ʜʘʞʝ ʧʨʠ ʜʘʚʣʝʥʠʠ P/P0 = 0.05, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʜʘʚʣʝʥʠʷ ʜʣʷ ʧʦʣʥʦʡ 

ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʠʟ ʧʦʨ PAF-30. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ð ʵʪʦ ʪʘʢʞʝ ʪʠʧʠʯʥʦ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʪʠʧʘ 

PAF, ʠ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʠʭ ʧʦʨ (3D-ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʫʟʢʠʝ ʫʩʪʴʷ ʚʭʦʜʘ 

ʚ ʧʦʨʳ ʠ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʩʘʤʠʭ ʧʦʨ)[204]. 

 
ʈʠʩʫʥʦʢ 70. ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Mo(CO)6 ʠ PAF-30 ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʥʘʥʦʯʘʩʪʠʮ [193] 

ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ PAF-30 ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʦʣʠʙʜʝʥ- ʠ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ 

Mo/PAF-30 ʠ W/PAF-30, ʪʘʢʞʝ ʧʨʠʤʝʥʸʥʥʳʝ ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʜʠʟʝʣʴʥʳʭ ʬʨʘʢʮʠʡ [193]. ʂʘʨʙʦʥʠʣʳ Mo ʠ W ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʢʦʤʧʣʝʢʩʳ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ C6H4(CH3)3Mo(CO)3 [205], 

CpMo(CO)3(CſʉPh) [206], C6H4(CH3)3W(CO)3 [207] ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʤʦʞʥʦ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʩ ʙʝʥʟʦʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ. ɺ ʨʘʙʦʪʝ 

[193], ʘ ʪʘʢʞʝ [208], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʧʠʪʢʠ PAF ʨʘʩʪʚʦʨʦʤ Mo(CO)6 

ʦʙʨʘʟʫʝʪʩʷ ʤʘʪʝʨʠʘʣ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʦʣʠʙʜʝʥʘ ʧʦ ʦʙʲʸʤʫ ʥʦʩʠʪʝʣʷ. ʇʨʠ 

ʵʪʦʤ ʩʘʤ ʤʝʪʘʣʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ (ʜʦ 3 ʥʤ) ʥʘʥʦʯʘʩʪʠʮ. ɺ ʨʘʙʦʪʘʭ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʘʨʙʦʥʠʣ ʤʦʣʠʙʜʝʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʨʘʟʫʝʪ ʩ ʤʘʪʝʨʠʘʣʦʤ 

PAF ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʪʨʦʝʥʠʝʤ Ar-Mo(CO)3, ʥʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʨ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʜʘʣʝʝ ʦʙʨʘʟʫʶʪʩʷ ʯʘʩʪʠʮʳ ʩʦʩʪʘʚʘ Arx-Mon(CO)m, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʧʦ ʩʫʪʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʢʘʨʢʘʩʦʤ PAF ʥʘʥʦʯʘʩʪʠʮʳ ʤʦʣʠʙʜʝʥʘ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ 

ʤʦʥʦʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ (ʨʠʩʫʥʦʢ 70). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. ʅʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʚʝʣʦ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʧʦʨ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʧʦʨʳ ʤʘʪʝʨʠʘʣʘ. 
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ʈʠʩʫʥʦʢ 70. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ W/PAF-30 ʠ Mo/PAF-30 [193] 

ʊʘʙʣʠʮʘ 4. ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʜʣʷ ʤʘʪʝʨʠʘʣʘ PAF-30 ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [193,208] 

ʄʘʪʝʨʠʘʣ 
ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ (Sɹʕʊ), ʤ
2/ʛ 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʦʨ  

(V ʧʦʨ), ʩʤ3/ʛ 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʣʣʘ, ʤʘʩʩ. % 

PAF-30 484 0.30 - 

Mo/PAF-30 79 0.05 Mo ï 9.4 ʤʘʩʩ. % 

W/PAF-30 124 0.08 W ï 6.3 ʤʘʩʩ. % 

 

ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ʨʠʩʫʥʦʢ 71). ɺ ʩʧʝʢʪʨʘʭ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ: ʚ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Mo/PAF-30 ï ʧʦʣʦʩʘ ʧʨʠ 1944 ʩʤ-1 , ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ Mo-CſO, ʠ ʧʦʣʦʩʘ 

ʚ ʦʙʣʘʩʪʠ 972 ʩʤ-1 [209], ʩʚʷʟʘʥʥʘʷ ʩ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ Mo=O. ɺ ʩʣʫʯʘʝ W/PAF-30 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʣʦʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 1932 ʩʤ-1, 

ʦʪʚʝʯʘʶʱʘʷ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ W-CſO, ʘ ʪʘʢʞʝ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 976 

ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ W=O[210]. 

 
ʈʠʩʫʥʦʢ 71. ʀʂ-ʩʧʝʢʪʨʳ ʤʘʪʝʨʠʘʣʦʚ: (ʘ) Mo/PAF-30; (ʙ) W/PAF-30; (ʚ) PAF-30 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ Mo/PAF-30 ʠ W/PAF-30 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ 

ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ (ʨʠʩʫʥʦʢ 72) [211]. ʇʦʤʠʤʦ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ 

PAF-30.SPA
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ʧʨʦʜʫʢʪʘ, ʦʢʩʠʜʘ ʮʠʢʣʦʛʝʢʩʝʥʘ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʷʜʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʧʝʨʝʯʠʩʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 72. 

 
ʈʠʩʫʥʦʢ 72. ʇʨʦʜʫʢʪʳ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ 

ɺʥʘʯʘʣʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʦʢʠʩʣʝʥʠʝ ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʥʘ 

ʥʦʩʠʪʝʣʝ PAF-30 (ʪʘʙʣʠʮʘ 5). ʅʠ ʚ ʦʜʥʦʤ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʝʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʥʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Mo/PAF-30 ʠ W/PAF-30 

ʮʠʢʣʦʛʝʢʩʝʥ ʦʢʠʩʣʷʣʩʷ ʚ ʮʠʢʣʦʛʝʢʩʝʥ ʦʢʩʠʜ ʩ ʚʳʭʦʜʦʤ 88% ʠ 14% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ a-ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ (ʮʠʢʣʦʛʝʢʩ-

2-ʝʥʦʣ, ʮʠʢʣʦʛʝʢʩ-2-ʝʥʦʥ, 3-(ʪʨʝʪ-ʙʫʪʦʢʩʠ)ʮʠʢʣʦʛʝʢʩ-1-ʝʥ) ʠ  ʧʨʦʜʫʢʪ ʛʠʜʨʦʣʠʟʘ ʵʧʦʢʩʠʜʘ 

(ʮʠʢʣʦʛʝʢʩʘʥʜʠʦʣ-1,2) ʣʠʙʦ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ, ʣʠʙʦ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ɹʦӢʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[27,212]. 

ɼʘʣʝʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠ ʦʢʠʩʣʠʪʝʣʷ, ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ) ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ Mo/PAF-30, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʨʦʷʚʠʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʯʝʤ ʚʦʣʴʬʨʘʤʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ. 

ʊʘʙʣʠʮʘ 5. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʂʘʪʘʣʠʟʘʪʦʨ ɺʳʭʦʜ ʵʧʦʢʩʠʜʘ, % 

ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ < 1 % 

PAF-30 < 1 % 

Mo/PAF-30 88% 

W/PAF-30 14% 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʎʠʢʣʦʛʝʢʩʝʥ (0.5 ʤʣ, 5 ʤʤʦʣʴ); ʊɹɻʇ (1 ʤʣ, 7.1 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ (5 

ʤʣ); ʢʘʪʘʣʠʟʘʪʦʨ (20 ʤʛ); 80 ʉ̄; 3 ʯ 

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ 

ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 6). ʂʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩʥʠʞʘʣʘʩʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ: 1,2-ʜʠʭʣʦʨʵʪʘʥ (88%) >ʊʝʪʨʘʭʣʦʤʝʪʘʥ (55%) > ʍʣʦʨʦʬʦʨʤ (31 %) > 

ɼʠʭʣʦʨʤʝʪʘʥ (18%) > ʕʪʘʥʦʣ ( <1%) å ɸʮʝʪʦʥʠʪʨʠʣ ( <1%). ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʣʘ ʪʦʣʴʢʦ ʚ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʧʨʠʯʸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ 

ʎʠʢʣʦʛʝʢʩʝʥ ʎʠʢʣʦʛʝʢʩʝʥ

ʦʢʩʠʜ

ʎʠʢʣʦʛʝʢʩ-2-ʝʥʦʣʎʠʢʣʦʛʝʢʩ-2-ʝʥʦʥ3-(ʪʨʝʪ-ʙʫʪʦʢʩʠ)

ʮʠʢʣʦʛʝʢʩ-1-ʝʥ

ʎʠʢʣʦʛʝʢʩʘʥʜʠʦʣ-1,2
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ʤʝʞʜʫ ʢʦʥʚʝʨʩʠʝʡ ʩʫʙʩʪʨʘʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʝʘʢʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʵʪʘʥʦʣʝ ʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʮʠʠ (ʦʢʦʣʦ 80 Áʉ). 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʧʦʣʷʨʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʵʣʝʢʪʨʦʜʦʥʦʨʥʳʝ ʘʪʦʤʳ (N, O ʠ ʜʨ.) ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʤʦʣʝʢʫʣʘʤʠ ʦʢʠʩʣʠʪʝʣʷ ʟʘ ʘʩʩʦʮʠʘʮʠʶ 

ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʘʢʮʠʠ [63]. 

ʊʘʙʣʠʮʘ 6. ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʳʭʦʜ ʵʧʦʢʩʠʜʘ, % ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ, Áʉ 

ʍʣʦʨʦʬʦʨʤ 31 60 

1,2-ʜʠʭʣʦʨʵʪʘʥ 88 80 

ʊʝʪʨʘʭʣʦʨʤʝʪʘʥ 55 75 

ɼʠʭʣʦʨʤʝʪʘʥ 18 39 

ʕʪʘʥʦʣ <1 78 

ɸʮʝʪʦʥʠʪʨʠʣ <1 80 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʎʠʢʣʦʛʝʢʩʝʥ (0.5 ʤʣ, 5 ʤʤʦʣʴ); ʊɹɻʇ (1 ʤʣ, 7 ʤʤʦʣʴ); ʨʘʩʪʚʦʨʠʪʝʣʴ (5 ʤʣ); 

Mo/PAF-30 (20 ʤʛ, Mo ï 0.02 ʤʤʦʣʴ); 3 ʯ  

ʊʘʢʞʝ ʥʘ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʦʢʠʩʣʠʪʝʣʷ (ʪʘʙʣʠʮʘ 7). ʂʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʨʘʩʪʚʦʨʘ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʠʣʘ 28%, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʦʚ ʊɹɻʇ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʨʘʟʨʳʚʘ ʩʚʷʟʠ O-O ʚ ʤʦʣʝʢʫʣʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʨʘʚʥʦʡ 214 ʢɼʞ/ʤʦʣʴ 

(ʪʘʙʣʠʮʘ 2), ʪʘʢ ʠ ʩ ʝʸ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ 1,2-ʜʠʭʣʦʨʵʪʘʥʝ, ʠʟ-ʟʘ ʯʝʛʦ ʦʢʠʩʣʠʪʝʣʴ ʠ 

ʩʫʙʩʪʨʘʪ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ ʠ ʨʝʘʛʠʨʫʶʪ ʪʦʣʴʢʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʘʥʥʳʭ ʬʘʟ. 

ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʩʣʫʯʘʝ 70% ʨʘʩʪʚʦʨʘ ʊɹɻʇ ʚ ʚʦʜʝ: 

ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʠʣʘ 88 %. 

ʊʘʙʣʠʮʘ 7. ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʦʢʠʩʣʠʪʝʣʷ ʥʘ ʢʦʥʚʝʨʩʠʶ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30 

ʆʢʠʩʣʠʪʝʣʴ, ʦʙʲʸʤ ʂʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ, % 

ʊɹɻʇ (70% ʤʘʩʩ. ʚ ʚʦʜʝ) ï 1 ʤʣ 88  

ʊɹɻʇ (5.5 ʄ ʚ ʜʝʢʘʥʝ) ï 1.33 ʤʣ 72  

H2O2 (30% ʤʘʩʩ. ʚ ʚʦʜʝ) ï 0.75 ʤʣ 28  

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʎʠʢʣʦʛʝʢʩʝʥ (0.5 ʤʣ, 5 ʤʤʦʣʴ); ʆʢʠʩʣʠʪʝʣʴ (7 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ 

(5 ʤʣ); Mo/PAF-30 (20 ʤʛ, Mo ï 0.02 ʤʤʦʣʴ); 80 ʉ̄; 3 ʯ 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʊɹɻʇ ʢ ʮʠʢʣʦʛʝʢʩʝʥʫ (ʨʠʩʫʥʦʢ 73). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʊɹɻʇ ʩ 0.5:1 ʜʦ 1.5:1 ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩ 47% ʜʦ 

88%. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʦʢʠʩʣʠʪʝʣʴ:ʩʫʙʩʪʨʘʪ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ. ʊʘʢ, ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ 1:3 ʠ 1:4 ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩʦʩʪʘʚʠʣʠ 23% ʠ 22%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥ ʩ ʘʜʩʦʨʙʮʠʝʡ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʨʘʩʪʚʦʨʝ ʦʢʠʩʣʠʪʝʣʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʯʘʩʪʠʮ ʤʦʣʠʙʜʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 73. ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʊɹɻʇ: ʮʠʢʣʦʛʝʢʩʝʥ (ʤʤʦʣʴ : ʤʤʦʣʴ) ʥʘ ʩʪʝʧʝʥʴ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʎʠʢʣʦʛʝʢʩʝʥ (0.5 ʤʣ, 5 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ 

(5 ʤʣ); Mo/PAF-30 (20 ʤʛ, Mo ï 0.02 ʤʤʦʣʴ); 80 ʉ̄; 3 ʯ 

 
ʈʠʩʫʥʦʢ 74. (ʘ) ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʎʠʢʣʦʛʝʢʩʝʥ (0.5 

ʤʣ, 5 ʤʤʦʣʴ); ʊɹɻʇ (1 ʤʣ, 7 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ (5 ʤʣ); Mo/PAF-30 (20 ʤʛ, Mo ï 0.02 

ʤʤʦʣʴ); (ʙ) ɺʣʠʷʥʠʝ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30 ʥʘ ʢʦʥʚʝʨʩʠʶ ʮʠʢʣʦʛʝʢʩʝʥʘ. 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʎʠʢʣʦʛʝʢʩʝʥ (0.5 ʤʣ, 5 ʤʤʦʣʴ); ʊɹɻʇ (1 ʤʣ, 7 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ 

(5 ʤʣ); 80ʉ̄ 

ʅʘ ʨʠʩʫʥʢʝ 74 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 80 ÁC, ʧʨʠ 

ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ ʦʪ ʚʨʝʤʝʥʠ ʥʦʩʠʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʝʘʢʮʠʡ ʩ ʥʝʥʫʣʝʚʳʤ ʧʦʨʷʜʢʦʤ ʧʦ ʨʝʘʛʝʥʪʘʤ. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʝʘʢʮʠʷ ʠʜʸʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ: ʟʘ ʧʝʨʚʳʝ 30 ʤʠʥʫʪ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 15% 
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(ʧʨʠ 80 ÁC ï 40%). ʊʘʢʞʝ ʠʟʤʝʥʠʣʩʷ ʠ ʚʠʜ ʛʨʘʬʠʢʘ ʢʦʥʚʝʨʩʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ: ʦʥ ʧʨʠʦʙʨʸʣ 

ʙʦʣʝʝ ʣʠʥʝʡʥʳʡ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʨʝʘʢʮʠʡ ʩ ʥʫʣʝʚʳʤ ʧʦʨʷʜʢʦʤ ʧʦ ʦʜʥʦʤʫ ʠʟ ʨʝʘʛʝʥʪʦʚ. 

ʇʨʠ 60 Áʉ ʦʢʠʩʣʝʥʠʝ ʮʠʢʣʦʛʝʢʩʝʥʘ ʠʜʸʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʤʝʜʣʝʥʥʝʝ 

ʚʩʝʛʦ: ʟʘ 3 ʯʘʩʘ ʨʝʘʢʮʠʠ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 29%. 

ʅʘ ʨʠʩʫʥʢʝ 74 (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʦʡ 

ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ÁC. ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʤʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʠʣʘ 20 ʤʛ; ʧʨʠ ʜʘʥʥʦʡ ʟʘʛʨʫʟʢʝ ʦʢʠʩʣʝʥʠʝ ʥʘʯʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʨʘʟʫ ʞʝ (ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ), ʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ 

ʦʪ ʚʨʝʤʝʥʠ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʥʦʩʠʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʋʤʝʥʴʰʝʥʠʝ ʟʘʛʨʫʟʢʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦ 10 ʤʛ ʥʝʦʞʠʜʘʥʥʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ: 

ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʟʘ 20 ʤʠʥʫʪ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 48% ʚ ʨʝʘʢʮʠʠ ʩ 10 ʤʛ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʦʢʦʣʦ 37% ʚ ʨʝʘʢʮʠʠ ʩ 20 ʤʛ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʣʝʝ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘʯʘʣʘ 

ʩʥʠʞʘʪʴʩʷ, ʠ ʧʦ ʠʩʪʝʯʝʥʠʠ 90 ʤʠʥʫʪ ʢʦʥʚʝʨʩʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 10 ʠ 20 ʤʛ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʨʘʚʥʷʣʠʩʴ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 5 ʤʛ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ 

ʦʙʱʠʡ ʚʠʜ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʧʦʭʦʞ ʥʘ ʢʨʠʚʫʶ ʧʨʠ ʟʘʛʨʫʟʢʝ 10 ʤʛ.  

ʆʙʲʷʩʥʠʪʴ ʨʘʟʥʠʮʫ ʚʠʜʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ: 

1) ɺ ʥʘʯʘʣʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʤʦʣʠʙʜʝʥʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ; 

2) ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ, ʪʘʢ ʠ ʚʳʤʳʚʘʥʠʝ ʤʝʪʘʣʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʷ ʠ ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʩʠʩʪʝʤʝ ʚʦʜʳ; 

3) ʆʢʠʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʤʦʣʠʙʜʝʥʘ; ʚʳʤʳʪʳʡ ʤʝʪʘʣʣ 

ʥʝ ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ. 

ʇʨʠ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 20 ʤʛ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʧʨʠ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

10 ʤʛ. ʆʜʥʘʢʦ ʧʦʩʣʝ 30 ʤʠʥʫʪ ʨʝʘʢʮʠʠ, ʢʦʛʜʘ ʯʘʩʪʴ ʤʝʪʘʣʣʘ ʙʳʣʦ ʚʳʤʳʪʦ ʠʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʨʝʘʢʮʠʠ ʩ ʙʦӢʣʴʰʝʡ ʟʘʛʨʫʟʢʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʘʟʘʣʦʩʴ 

ʙʦʣʴʰʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʪʘʢʞʝ ʙʳʣʘ ʚʳʰʝ. 
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ʈʠʩʫʥʦʢ 75. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʨʦʪʝʢʘʥʠʷ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʥʘ Mo/PAF-30 

ʅʘ ʦʩʥʦʚʝ ʚʳʜʚʠʥʫʪʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʨʝʘʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 75, ʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʩʘʤʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʙʳʣʘ 

ʦʮʝʥʝʥʘ ʚ ʩʝʨʠʠ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. 

ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨ ʦʪʜʝʣʷʣʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʪʘʙʣʠʮʘ 8), ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

(ʨʠʩʫʥʦʢ 76). ʇʦ ʜʘʥʥʳʤ ɸʕʉ-ʀʉʇ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʠʙʜʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʦʩʴ ʚʭʦʜʝ 

ʨʝʘʢʮʠʠ ʩ 9.4 ʤʘʩʩ. % ʜʦ 5.2 ʤʘʩʩ. %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʤʳʚʘʥʠʠ ʤʦʣʠʙʜʝʥʘ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌʕʉ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʥʠʟʠʣʦʩʴ ʩ 1.8 ʘʪ. % ʜʦ 0.6 ʘʪ. % (ʪʘʙʣʠʮʘ 8). ʅʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30 ʧʦʩʣʝ ʨʝʘʢʮʠʠ (ʨʠʩʫʥʦʢ 76) ʥʘʥʦʯʘʩʪʠʮʳ 

ʤʝʪʘʣʣʘ ʚʩʸ ʝʱʸ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʦʨʘʭ ʤʘʪʝʨʠʘʣʘ, ʭʦʪʷ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

ʩʠʣʴʥʦ ʫʤʝʥʴʰʠʣʦʩʴ. 

ʊʘʙʣʠʮʘ 8.  ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ 

ʜʦ ʠ ʧʦʩʣʝ ʨʝʘʢʮʠʠ 

ʂʘʪʘʣʠʟʘʪʦʨ 
ʉʦʜʝʨʞʘʥʠʝ ʵʣ-ʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘʪ. % 

ɺʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠ ʩʦʜʝʨʞʘʥʠʝ, ʘʪ. % 

ʕʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ, ʵɺ 

Mo/PAF-30 

 ʜʦ ʨʝʘʢʮʠʠ 

ʉ ï 85.8 % 

ʆ ï 12.0% 

Mo ï 1.8% 

P ï 0.4% 

Mo0, 1% 3d5/2, 227.78,  3d3/2, 230.80 

MoOx (x=2-3), 60% 3d5/2, 231.53,   3d3/2, 234.77 

MoO3, 39% 3d5/2, 232.86,   3d3/2, 236.02 

Mo/PAF-30 

ʧʦʩʣʝ ʨʝʘʢʮʠʠ 

ʉ ï 88.9 % 

ʆ ï 10.2% 

Mo ï 0.6% 

P ï 0.3% 

MoOx (x=2-3), 15% 3d5/2, 233.07,   3d3/2, 235.55 

MoO3, 84% 3d5/2, 232.89,   3d3/2, 236.11 
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ʉʦʛʣʘʩʥʦ ʈʌʕ ʩʧʝʢʪʨʘʤ ʣʠʥʠʠ Mo3d (ʪʘʙʣʠʮʘ 8), ʚ ʠʩʭʦʜʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʤʦʣʠʙʜʝʥ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʚʠʜʝ ʪʨʸʭ ʬʦʨʤ: Mo0, MoOx (x=2-3) ʠ MoO3. ɺʳʩʦʢʘʷ ʜʦʣʷ ʦʢʩʠʜʥʦʡ ʬʘʟʳ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʝʦʙʣʘʜʘʣʘ ʬʦʨʤʘ MoOx (x=2-3) (60%), ʛʜʝ ʤʦʣʠʙʜʝʥ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʦʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʩʪʘʣ ʪʨʠʦʢʩʠʜ ʤʦʣʠʙʜʝʥʘ MoO3 

(ʩʦʜʝʨʞʘʥʠʝ 85%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʦʣʦʞʝʥʠʷ ˉ 1 ʠ ˉ2 ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʧʨʘʚʝʜʣʠʚʳʤʠ. 

 
ʈʠʩʫʥʦʢ 76. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30 ʧʦʩʣʝ ʨʝʘʢʮʠʠ 

ʇʨʦʚʝʨʢʫ ʪʨʝʪʴʝʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʦʪʜʝʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʦʩʣʝ 60 ʤʠʥʫʪ ʨʝʘʢʮʠʠ (ʨʠʩʫʥʦʢ 77 (ʘ)). ɼʘʥʥʦʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʙʳʣʦ 

ʚʳʙʨʘʥʦ, ʧʦʩʢʦʣʴʢʫ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʝʛʦ ʜʦʣʞʥʦ ʭʚʘʪʠʪʴ ʜʣʷ ʚʳʤʳʚʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠʟ 

ʧʦʨ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʩ ʜʨʫʛʦʡ ï ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60%, ʠ ʜʘʣʴʥʝʡʰʝʝ 

ʧʨʦʪʝʢʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʚʩʸ ʝʱʸ ʣʝʛʢʦ ʦʪʩʣʝʞʠʚʘʪʴ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 77 (ʘ), ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ˉ 3. 

 
ʈʠʩʫʥʦʢ 77. (ʘ) ʆʧʳʪ ʩ ʦʪʜʝʣʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30; (ʙ) ʇʦʚʪʦʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30 ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ. ʋʩʣʦʚʠʷ 

ʨʝʘʢʮʠʡ: ʎʠʢʣʦʛʝʢʩʝʥ (0.5 ʤʣ, 5 ʤʤʦʣʴ); ʊɹɻʇ (1 ʤʣ, 7 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ (5 ʤʣ); 

Mo/PAF-30 (20 ʤʛ, Mo ï 0.02 ʤʤʦʣʴ); 80ÁC; 3 ʯ 
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ʅʘʢʦʥʝʮ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Mo/PAF-30. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 77 (ʙ), ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩʦʩʪʘʚʣʷʝʪ ʟʘ 3 ʯ ʪʦʣʴʢʦ 

42 %, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ. ɺ 

ʢʘʞʜʦʤ ʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʣʷʝʪ ʚʩʸ ʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ (ʨʠʩʫʥʦʢ 77 (ʙ)). 

ʊʘʢ, ʥʘ ʪʨʝʪʴʝʤ ʮʠʢʣʝ ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 12%, ʘ ʥʘ ʯʝʪʚʝʨʪʦʤ ï ʚʩʝʛʦ 3%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʟʘʪʦʨʳ Mo/PAF-30 ʠ W/PAF-30 ʭʦʪʷ ʠ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ 

ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʦʣʝʬʠʥʦʚ, ʥʦ ʧʦʜʚʝʨʞʝʥʳ ʚʳʤʳʚʘʥʠʶ ʤʝʪʘʣʣʘ ʠʟ ʧʦʨ ʥʦʩʠʪʝʣʷ ʜʘʞʝ 

ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʛʠʜʨʦʬʦʙʥʦʩʪʴ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʦʢʠʩʣʝʥʥʦʡ ʜʦ MoO3 ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʯʘʩʪʠʮ ʤʦʣʠʙʜʝʥʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʧʦʨ PAF, ʘ ʚʳʤʳʪʳʡ ʤʝʪʘʣʣ ʥʝ ʧʨʦʷʚʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʠ ʘʢʪʠʚʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʨʝʙʫʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʥʘʥʦʩʠʪʴ ʤʦʣʠʙʜʝʥ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʰʝʡ ʩʪʝʧʝʥʴʶ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ, ʘ ʚʦ-ʚʪʦʨʳʭ ï ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʣʠ ʧʦʜʘʚʣʷʪʴ ʚʳʤʳʚʘʥʠʝ ʤʝʪʘʣʣʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʜʦʩʪʠʞʝʥʠʷ ʚʪʦʨʦʡ ʟʘʜʘʯʠ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʟʘʢʨʝʧʣʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʧʨʠʚʠʪʳʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʣʠʛʘʥʜʘʭ [78,213,214], 

ʧʦʣʫʯʝʥʠʝ ʦʙʲʸʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʚʥʫʪʨʠ ʧʦʨ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʨʘʪʝʛʠʷ çʢʦʨʘʙʣʴ ʚ 

ʙʫʪʳʣʢʝè) [100,102,123], ʚʢʣʶʯʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʫ ʩʘʤʦʛʦ ʥʦʩʠʪʝʣʷ [120,121] ʠ 

ʧʦʜʘʚʣʝʥʠʝ ʚʳʤʳʚʘʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʦʥʥʳʭ ʧʘʨ [76] (ʨʠʩʫʥʦʢ 78). 

 
ʈʠʩʫʥʦʢ 78. ʇʨʠʤʝʨʳ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʥʦʩʠʪʝʣʠ [71,75,78,213ï215] 

ɺ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʚʳʙʨʘʥ ʧʝʨʚʳʡ ʤʝʪʦʜ ʫʚʝʣʠʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʤʦʜʠʬʠʢʘʮʠʠ PAF ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʛʨʫʧʧʘʤʠ ʠ 

ʟʘʢʨʝʧʣʝʥʠʠ ʥʘ ʥʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ. ɺʚʝʜʝʥʠʝ ʭʝʣʘʪʠʨʫʶʱʠʭ ʛʨʫʧʧ ʧʨʦʚʦʜʠʣʠ ʚ 

ʜʚʘ ʵʪʘʧʘ. ʊʘʢ, ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ PAF-30 ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ 

ʭʣʦʨʤʝʪʠʣʴʥʳʤʠ -CH2Cl ʠ ʘʤʠʥʦ -NH2 ʛʨʫʧʧʘʤʠ c ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ (ʨʠʩʫʥʦʢ 79). ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʣʠ 
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ʤʝʪʦʜʘʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 13ʉ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

 
ʈʠʩʫʥʦʢ 79. ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʨʠʩʪʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ PAF-30 ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʠ 

ʭʣʦʨʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ɻʨʘʬʠʢʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʥʘ PAF-30 ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ  

PAF-30-CH2Cl ʠ PAF-30-NH2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 80, ʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ï ʚ ʪʘʙʣʠʮʝ 9. ɺʩʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ: 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 484 ʤ2/ʛ ʜʣʷ PAF-30 ʜʦ 443 ʠ 

420 ʤ2/ʛ ʜʣʷ PAF-30-CH2Cl ʠ PAF-30-NH2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

PAF ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʤʝʥʴʰʝʥʠʠ ʜʦʣʠ ʤʝʟʦʧʦʨ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʚʢʣʘʜʘ ʤʠʢʨʦʧʦʨ ʚ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʘʙʣʠʮʘ 

10): ɺ PAF-30 ʜʦʣʷ ʤʠʢʨʦʧʦʨ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʷ St-plot ʢ ʟʥʘʯʝʥʠʶ Sɹʕʊ, 

ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 50%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ PAF-30-CH2Cl ʠ PAF-30-NH2 ʜʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 55% ʠ 60% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩʫʥʦʢ 80. ʀʟʦʪʝʨʤʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʜʣʷ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ PAF-30 ʠ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʭʣʦʨʤʝʪʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ: (ʘ) PAF-30-CH2Cl(I); (ʙ) PAF-30; (ʚ) PAF-30-NH2 

ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʩʣʫʯʘʝ PAF-30-NH2 ʠ ʭʣʦʨʘ ʚ ʩʣʫʯʘʝ PAF-30-CH2Cl(I) ʩʦʩʪʘʚʠʣʦ 

4.9 ʠ 3.0 ʤʘʩʩ. %, ʠʣʠ 3.5 ʠ 0.85 ʤʤʦʣʴ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 10). ʇʨʠ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ 
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ʦʜʥʦ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ PAF-30-CH2Cl(I) ʙʳʣʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʦ ʦʢʦʣʦ 3.5% ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ, ʘ ʚ ʩʣʫʯʘʝ 

PAF-30-NH2 ï ʦʢʦʣʦ 14.6%. 

ʊʘʙʣʠʮʘ 10. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ PAF-30, PAF-30-NH2, PAF-30-CH2Cl(I) 

ʄʘʪʝʨʠʘʣ 

ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ  

Sɹʕʊ, ʤ
2/ʛ 

ʇʣʦʱʘʜʴ 

ʤʠʢʨʦʧʦʨ 

St-Plot, ʤ
2/ʛ 

ʆʙʱʠʡ ʦʙʲʝʤ 

ʧʦʨ  

Vʧʦʨ, ʩʤ
3/ʛ 

ʉʦʜʝʨʞʘʥʠʝ 

ʘʟʦʪʘ, ʭʣʦʨʘ, 

ʤʘʩʩ. % 

PAF-30 484 220 0.30 ï 

PAF-30-NH2 420 251 0.24 4.9 (N) 

PAF-30-CH2Cl(I) 443 242 0.26 3.0 (Cl) 

 

ɺʚʝʜʝʥʠʝ ʘʤʠʥʦ- ʠ ʭʣʦʨʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ PAF-30 ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 81). ɺ ʩʣʫʯʘʝ ʘʤʠʥʠʨʦʚʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ 

PAF-30-NH2 ʥʘʙʣʶʜʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 1614 ʩʤ
-1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʘʤʠʥʦʛʨʫʧʧ [216]. ɼʣʷ 

ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ PAF-30-CH2Cl ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʤʘʣʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʨʘʡʦʥʝ 1265 ʩʤ-1, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ -CH2Cl ʛʨʫʧʧʳ 

[217,218], ʦʜʥʘʢʦ ʚ ʦʩʪʘʣʴʥʦʤ ʀʂ-ʩʧʝʢʪʨ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʧʝʢʪʨʘ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ. 

 
ʈʠʩʫʥʦʢ 81. ʀʂ-ʩʧʝʢʪʨʳ ʤʘʪʝʨʠʘʣʦʚ:(ʘ) PAF-30-CH2Cl(I); (ʙ) PAF-30-NH2; (ʚ) PAF-30 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʥʘ ʷʜʨʘʭ 13ʉ (ʨʠʩʫʥʦʢ 82). ɺʩʝ ʤʘʪʝʨʠʘʣʳ ʩʦʜʝʨʞʘʪ 

ʭʘʨʘʢʪʝʨʥʳʡ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʚ ʦʙʣʘʩʪʠ 110-160 ʤ.ʜ., ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʘʪʦʤʘʤ 

ʫʛʣʝʨʦʜʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ. ɺ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʘ PAF-30-NH2 ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʠʢʦʚ ʙʦʣʴʰʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʘʤʠʥʦʛʨʫʧʧ. ʊʘʢ, ʥʘʙʣʶʜʘʝʤʘʷ ʚʳʩʦʢʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ 140-150 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ɺ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʘ PAF-30-CH2Cl ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ 45-50 ʤ.ʜ., ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʤʝʪʠʣʝʥʦʚʦʤʫ ʘʪʦʤʫ 

ʫʛʣʝʨʦʜʘ ʭʣʦʨʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ [217ï219]. 

 
ʈʠʩʫʥʦʢ 82. ʗʄʈ-ʩʧʝʢʪʨʳ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʥʘ ʷʜʨʘʭ 13ʉ ʤʘʪʝʨʠʘʣʦʚ: (ʘ) PAF-30-CH2Cl (I), 

(ʙ) PAF-30, (ʚ) PAF-30-NH2 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʚʪʦʨʫʶ ʩʪʘʜʠʶ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʘʨʢʘʩʦʚ. ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ 2,2ô-ʜʠʧʠʨʠʜʠʣʘʤʠʥʘ, ʜʠ-(2-ʧʠʢʦʣʠʣ)ʘʤʠʥʘ ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ 

ʥʦʩʠʪʝʣʴ PAF-30-CH2Cl(I) ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʤʠʥʘ ʚ ʜʠʦʢʩʘʥʝ 

ʠʣʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʚ ʘʮʝʪʦʥʝ (ʨʠʩʫʥʦʢ 83) [220]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ. 

 
ʈʠʩʫʥʦʢ 83. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʘʤʠ 

ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ 

ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 11, ʘ 

ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʥʘ ʨʠʩʫʥʢʝ 84. ɺ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʦʚ PAF-30-dpa ʠ 

PAF-30-AA ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʦʩʴ, ʠʣʠ 
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ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ. ɼʦʣʷ ʤʠʢʨʦʧʦʨ ʚ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ St-plot ʢ SBET, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ. ɼʣʷ 

ʤʘʪʝʨʠʘʣʘ PAF-30-dpcl ʦʙʘ ʧʘʨʘʤʝʪʨʘ ʫʤʝʥʴʰʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ  

PAF-30-CH2Cl(I). ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʪʝʨʠʘʣʳ PAF-30-dpcl ʠ PAF-30-dpa 

ʩʦʜʝʨʞʘʪ 2.05 ʠ 1.18 ʤʘʩʩ. % ʘʟʦʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 11. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ PAF-30-CH2Cl(I) ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʪʝʨʠʘʣ 

ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ 

(Sɹʕʊ), ʤ
2/ʛ 

ʇʣʦʱʘʜʴ 

ʤʠʢʨʦʧʦʨ 

(St-plot), ʤ
2/ʛ 

ʆʙʱʠʡ 

ʦʙʲʝʤ ʧʦʨ 

(Vʧʦʨ), ʩʤ
3/ʛ 

ʉʦʜʝʨʞʘʥʠʝ N 

ʠʣʠ Cl, ʤʘʩʩ. % 

PAF-30-CH2Cl(I) 443 242 0.26 3.0 (Cl) 

PAF-30-dpa 427 230 0.24 1.2 (N) 

PAF-30-dpcl 335 98 0.21 2.1 (N) 

PAF-30-AA 454 222 0.30 - 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦʟʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʦ-

ʧʝʨʚʳʭ, ʚʳʙʨʘʥʥʳʡ ʤʝʪʦʜ ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʥʫʪʨʠ ʧʦʨ ʤʘʪʝʨʠʘʣʘ ʦʣʠʛʦʤʝʨʦʚ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʨʝʘʢʮʠʠ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ  

PAF-30-CH2Cl(I) ʨʘʩʪʚʦʨʘʤʠ ʘʤʠʥʦʚ ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʚ ʜʠʦʢʩʘʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʚʳʤʳʚʘʥʠʝ, 

ʟʘ ʩʯʝʪ ʯʝʛʦ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʣʦʱʘʜʴ ʤʝʞʜʫ ʧʝʪʣʷʤʠ ʘʜʩʦʨʙʮʠʠ ʠ 

ʜʝʩʦʨʙʮʠʠ ʚʦʟʨʘʩʪʘʶʪ. 

ɺʦ-ʚʪʦʨʳʭ, ʢʦʣʠʯʝʩʪʚʦ ʚʚʝʜʸʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʫ PAF ʭʝʣʘʪʠʨʫʶʱʠʭ ʛʨʫʧʧ (ʘʤʠʥʦʚ 

ʠʣʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ) ʤʘʣʦ: ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʘ PAF-30-dpcl ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 2.05 ʤʘʩʩ. %, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʨʫʧʧ ʥʘ ʦʩʥʦʚʝ 

ʜʠʧʠʢʦʣʠʣʘʤʠʥʘ 0.49 ʤʤʦʣʴ/ʛ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʠʩʭʦʜʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʭʣʦʨʘ ʚ PAF-30-CH2Cl(I) (3.02 ʤʘʩʩ. %, 0.85 ʤʤʦʣʴ/ʛ), ʪʘʢ ʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ 

ʨʘʟʤʝʨʦʤ ʚʚʦʜʠʤʳʭ ʘʤʠʥʦʚ ʚ ʧʦʨʳ PAF, ʠʟ-ʟʘ ʯʝʛʦ ʟʘʤʝʱʝʥʠʶ ʧʦʜʚʝʨʛʣʠʩʴ ʥʝ ʚʩʝ -CH2Cl 

ʛʨʫʧʧʳ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʩʦʜʝʨʞʘʥʠʠ ʘʟʦʪʘ ʚ ʤʘʪʝʨʠʘʣʘʭ PAF-30-dpa ʠ PAF-30-dpcl 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʤʠʥʦʚ: ʚ ʩʣʫʯʘʝ 2,2ô-ʜʠʧʠʨʠʜʠʣʘʤʠʥʘ 

ʵʣʝʢʪʨʦʥʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʜʝʣʦʢʘʣʠʟʦʚʘʥʳ ʠʟ-ʟʘ ʩʦʧʨʷʞʝʥʠʷ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʢʦʣʴʮʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʠʧʠʢʦʣʠʣʘʤʠʥʝ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 84. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ: (ʘ) PAF-30-dpa; (ʙ) 

PAF-30-dpcl; (ʚ) PAF-30-AA 

ʀʟ-ʟʘ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʝʣʘʪʠʨʫʶʱʠʭ ʛʨʫʧʧ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠʭ 

ʀʂ-ʩʧʝʢʪʨʳ (ʨʠʩʫʥʦʢ 85) ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ PAF-30-CH2Cl(I) ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʡʦʥʝ 1265 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʩʚʷʟʠ ʉ-Cl. ʊʘʢʞʝ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʤʘʪʝʨʠʘʣʘ PAF-30-AA ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʡ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʡʦʥʝ 1698 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʣʝʙʘʥʠʶ ʩʚʷʟʠ ʉ=ʆ [221,222]. 

ʀʂ-ʩʧʝʢʪʨʳ ʤʘʪʝʨʠʘʣʦʚ PAF-30-dpa ʠ PAF-30-dpcl ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʥʘ ʩʧʝʢʪʨ  

PAF-30-CH2Cl(I), ʯʪʦ ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʫʯʠʪʳʚʘʷ ʙʣʠʟʦʩʪʴ ʩʪʨʫʢʪʫʨ ʧʦʨʠʩʪʦʛʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʠ ʚʚʦʜʠʤʳʭ ʘʤʠʥʦʚ ʠ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʩʣʝʜʥʠʭ. 

 
ʈʠʩʫʥʦʢ 85. ʀʂ ʩʧʝʢʪʨʳ ʤʘʪʝʨʠʘʣʦʚ: (ʘ) PAF-30-AA; (ʙ) PAF-30-dpcl; (ʚ) PAF-30-dpa; 

 (ʛ) PAF-30-CH2Cl(I) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʚʝʜʝʥʠʷ 2,2ô-ʜʠʧʠʨʠʜʠʣʘʤʠʥʘ, ʜʠ-(2-ʧʠʢʦʣʠʣ)ʘʤʠʥʘ 

ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ, ʢ ʩʦʞʘʣʝʥʠʶ, ʣʠʰʴ ʢʦʩʚʝʥʥʳʝ: ʠʟʤʝʥʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ C-Cl ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚ ʩʣʫʯʘʝ PAF-30-AA ï 
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ʧʦʷʚʣʝʥʠʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ ʧʨʠ 1698 ʩʤ-1. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʩʧʳʪʘʥʳ ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʦʣʝʬʠʥʦʚ. 

ɼʣʷ ʚʚʝʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ PAF-30 ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʤʘʪʝʨʠʘʣ PAF-30-NH2 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ (NPy) ʚ ʪʦʣʫʦʣʝ (ʨʠʩʫʥʦʢ 86). ɼʦʣʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʚ PAF-30-NH2 ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ (14.6 %), ʯʝʤ ʚ 

PAF-30-CH2Cl(I) (3.5 %), ʧʦʵʪʦʤʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʝʣʘʪʠʨʫʶʱʠʭ 

ʤʦʣʠʙʜʝʥ ʛʨʫʧʧ ʚ ʢʦʥʝʯʥʦʤ ʤʘʪʝʨʠʘʣʝ PAF-30-NPy ʙʫʜʝʪ ʪʘʢʞʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ ʤʘʪʝʨʠʘʣʘʭ PAF-30-AA, PAF-30-dpcl ʠ PAF-30-dpa [223]. 

 
ʈʠʩʫʥʦʢ 86. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ PAF-30-NPy, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʚʝʜʝʥʠʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʩʪʨʫʢʪʫʨʫ PAF ʤʦʞʝʪ ʠʤʝʪʴ ʠ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʚ ʚʠʜʝ ʫʤʝʥʴʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʵʪʠʭ 

ʛʨʫʧʧ ʠʟ-ʟʘ ʙʣʦʢʠʨʦʚʢʠ ʠʤʠ ʯʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʘʤʠʥʦʛʨʫʧʧ ʚ 

ʩʪʨʫʢʪʫʨʫ PAF-30 ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʠʣʘʩʴ ʩ 471 ʜʦ 420 ʤ2/ʛ, ʘ ʚʢʣʘʜ ʚ 

ʥʝʸ ʧʣʦʱʘʜʠ ʤʠʢʨʦʧʦʨ ʫʚʝʣʠʯʠʣʩʷ ʩ 47% ʜʦ 60% (ʪʘʙʣʠʮʘ 12). ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʦʤ ʫʤʝʥʴʰʠʣʘ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 140 ʤ2/ʛ, ʧʨʠ 

ʵʪʦʤ ʧʣʦʱʘʜʴ ʤʠʢʨʦʧʦʨ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ t-plot ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 8 ʤ2/ʛ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʥʘ ʛʨʘʬʠʢʝ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩʫʥʦʢ 87 (ʘ)), ʤʘʪʝʨʠʣ 

ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʢ ʤʝʟʦʧʦʨʠʩʪʳʤ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʚʳʟʚʘʥ ʟʘʪʨʫʜʥʝʥʠʷʤʠ 

ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʠʟ ʧʦʨ PAF-30-NPy, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʯʘʩʪʠʯʥʦ 

ʙʣʦʢʠʨʦʚʘʥʥʳʤʠ ʧʦʨʘʤʠ ʠ ʧʦʨʘʤʠ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ (ʫʣʴʪʨʘʤʠʢʨʦʧʦʨʘʤʠ) [218]. ʕʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʭʦʞʜʝʥʠʷ ʢʨʠʚʳʭ ʘʜʩʦʨʙʮʠʠ ʠ 

ʜʝʩʦʨʙʮʠʠ ʜʘʞʝ ʧʨʠ ʩʚʝʨʭʥʠʟʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ P/P0 å 0.01. 

ʅʘʣʠʯʠʝ ʚʚʝʜʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʜʦʢʘʟʳʚʘʣʠ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ  

CHNS-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ PAF-30-NPy 

ʫʚʝʣʠʯʠʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ PAF-30-NH2 ʠ ʩʦʩʪʘʚʠʣʦ 7.2 ʤʘʩʩ. %, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʝʣʘʪʠʨʫʶʱʠʭ ʛʨʫʧʧ 2.6 ʤʤʦʣʴ/ʛ. ʕʪʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ NH2-ʛʨʫʧʧ ʚ PAF-30-NH2 (3.5 ʤʤʦʣʴ/ʛ), ʠʩʭʦʜʷ ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʥʝ ʚʩʝ ʘʤʠʥʦʛʨʫʧʧʳ ʚʩʪʫʧʠʣʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʦʤ. 

  

NPy (ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ)
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ʊʘʙʣʠʮʘ 12. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ PAF-30, PAF-30-NH2 ʠ PAF-30-NPy 

ʄʘʪʝʨʠʘʣ 

ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ 

(Sɹʕʊ), ʤ
2/ʛ 

ʇʣʦʱʘʜʴ 

ʤʠʢʨʦʧʦʨ 

(St-Plot), ʤ
2/ʛ 

ʆʙʱʠʡ ʦʙʲʝʤ 

ʧʦʨ (Vʧʦʨ), ʩʤ
3/ʛ 

ʉʦʜʝʨʞʘʥʠʝ 

ʘʟʦʪʘ, ʤʘʩʩ. % 

PAF-30* 471 221 0.39 - 

PAF-30-NH2 420 250 0.25 4.9 

PAF-30-NPy 140 8 0.20 7.2 
* ʇʦʚʪʦʨʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ 

ʅʘ ʀʂ-ʩʧʝʢʪʨʝ ʤʘʪʝʨʠʘʣʘ PAF-30-NPy (ʨʠʩʫʥʦʢ 87 (ʙ))  ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʤʠʥʦʛʨʫʧʧʘʤ ʜʦ 1608 ʩʤ-1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʠʤʠʥʥʦʡ 

ʩʚʷʟʠ [188,224]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʡʦʥʝ ~1710 ʩʤ-1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ñʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦò 

ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ [225]. 

 
ʈʠʩʫʥʦʢ 87. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ (ʘ) ʠ ʀʂ-ʩʧʝʢʪʨʳ (ʙ) ʤʘʪʝʨʠʘʣʦʚ PAF-

30, PAF-30-NH2 ʠ PAF-30-NPy 

ʇʦʣʫʯʝʥʠʝ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʥʦʩʠʪʝʣʷ ʨʘʩʪʚʦʨʦʤ MoO2(acac)2 ʚ ʩʫʭʦʤ 

ʪʦʣʫʦʣʝ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʈʌʕʉ, ʇʕʄ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ɸʕʉ-ʀʉʇ ʠ ɸɸʉ.  

ʀʂ-ʩʧʝʢʪʨʳ ʚʩʝʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʜʝʨʞʘʪ ʥʦʚʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

914 ʩʤ-1 ʠ 956 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʚ 

ʬʨʘʛʤʝʥʪʝ ʮʠʩ-MoO2 [226], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ 

(ʨʠʩʫʥʦʢ 88). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 700 ï 800 

ʩʤ-1, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ Mo-O-Mo [227], ʯʪʦ ʪʘʢʞʝ ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʣʘʩʪʝʨʦʚ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚʥʫʪʨʠ ʧʦʨ ʥʦʩʠʪʝʣʷ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʦʣʠʙʜʝʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ PAF-30-CH2Cl(I) 
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(ʪʘʙʣʠʮʘ 13). ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 9 ʜʦ 12 ʤʘʩʩ. %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪ 

0.940 ʤʤʦʣʴ/ʛ ʜʦ 1.250 ʤʤʦʣʴ/ʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 2.5 ï 3.5 ʨʘʟ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʣʠʙʦ ʦʙ ʠʤʤʦʙʠʣʠʟʘʮʠʠ MoO2(acac)2 ʙʝʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʣʠʙʦ ʦʙ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʥʫʪʨʠ ʧʦʨ ʥʦʩʠʪʝʣʷ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮ MoO2(acac)2. ɺ ʩʣʫʯʘʝ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ PAF-30-NH2 ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʦʢʘʟʘʣʦʩʴ ʥʠʞʝ ʠ ʩʦʩʪʘʚʠʣʦ  

2.4 ʤʘʩʩ. %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ 0.250 ʤʤʦʣʴ/ʛ. 

 
ʈʠʩʫʥʦʢ 88. ʀʂ ʩʧʝʢʪʨʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: (ʘ) Mo/PAF-30-NPy; (ʙ) Mo/PAF-30-AA;  

(ʚ) Mo/PAF-30-dpcl; (ʛ) Mo/PAF-30-dpa 

ɼʣʷ ʦʮʝʥʢʠ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʈʌʕʉ (ʪʘʙʣʠʮʘ 13, ʨʠʩʫʥʦʢ 89). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʤʦʣʠʙʜʝʥ ʚʦ ʚʩʝʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ Mo+6 [228], ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʡ ʩʚʷʟʳʚʘʥʠʷ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ MoO2(acac)2 [229]. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʛʨʫʧʧʘʤʠ. 
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ʊʘʙʣʠʮʘ 13. ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʤʦʣʠʙʜʝʥʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ Mo/PAF-30-dpa, Mo/PAF-30-dpcl, 

Mo/PAF-30-AA ʠ Mo/PAF-30-NPy 

ʂʘʪʘʣʠʟʘʪʦʨ ʉʦʜʝʨʞʘʥʠʝ Mo, 

ʤʘʩʩ. % 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ, ʵɺ 

Mo6+, 3d3/2 Mo6+, 3d5/2 

Mo/PAF-30-dpa 9.4ʘ 235.53 232.33 

Mo/PAF-30-dpcl 12.1ʘ 235.63 232.43 

Mo/PAF-30-AA 9.3ʘ 235.73 232.53 

Mo/PAF-30-NPy 2.4ʙ 235.75 232.55 

ʘʉʦʜʝʨʞʘʥʠʝ (ʤʘʩʩ. %) ʤʦʣʠʙʜʝʥʘ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ; 

ʙʉʦʜʝʨʞʘʥʠʝ (ʤʘʩʩ. %) ʤʦʣʠʙʜʝʥʘ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ɸɸʉ 

 

ʈʠʩʫʥʦʢ 89. ʈʌʕ ʩʧʝʢʪʨʳ 3d-ʵʣʝʢʪʨʦʥʦʚ ʤʦʣʠʙʜʝʥʘ: (ʘ) Mo/PAF-30-dpa; (ʙ) Mo/PAF-30-

dpcl; (ʚ) Mo/PAF-30-AA; (ʛ) Mo/PAF-30-NPy 

ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 90) ʜʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʘ PAF-30-CH2Cl (I) ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʙʦʣʴʰʠʝ  

(1.5 ï 2.5 ʥʤ) ʥʘʥʦʯʘʩʪʠʮʳ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʚʥʫʪʨʠ ʧʦʨ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʣʠʛʘʥʜʳ ʚ ʩʦʩʪʘʚʝ PAF ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʠʬʬʫʟʠʠ MoO2(acac)2 ʠ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʧʦ ʦʙʲʝʤʫ ʥʦʩʠʪʝʣʷ.  ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ ʤʦʣʠʙʜʝʥʘ 
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ʧʨʦʠʩʭʦʜʠʪ ʘʛʣʦʤʝʨʘʮʠʷ ʢʦʤʧʣʝʢʩʘ, ʠ ʙʦӢʣʴʰʘʷ ʯʘʩʪʴ ʤʦʣʠʙʜʝʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚʥʫʪʨʠ ʧʦʨ PAF-30. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30-NPy ʧʦʩʪʦʨʦʥʥʠʝ ʬʘʟʳ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʪʘʣʣʘ ʧʦ ʦʙʲʝʤʫ ʥʦʩʠʪʝʣʷ. 

 
ʈʠʩʫʥʦʢ 90. ʇʕʄ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Mo/PAF-30-NPy (a); Mo/PAF-30-dpa (ʙ); 

 Mo/PAF-30-dpcl (ʚ);  Mo/PAF-30-AA (ʛ) 

ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʝʘʢʮʠʠ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ (ʪʘʙʣʠʮʘ 14). ɺʩʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʧʦʢʩʠʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʣʫʯʘʝ ʮʠʢʣʠʯʝʩʢʠʭ ʘʣʢʝʥʦʚ (ʮʠʢʣʦʛʝʢʩʝʥ, ʮʠʢʣʦʛʝʧʪʝʥ). ʊʘʢ, ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ Mo/PAF-30-dpa, Mo/PAF-30-dpcl ʠ Mo/PAF-30-AA ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ 

ʩʦʩʪʘʚʣʷʣʘ 90-95% (ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʜʫ 91-95%), ʘ ʮʠʢʣʦʛʝʧʪʝʥʘ - 82-87% 

(ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʜʫ 94-98%). ʂʦʥʚʝʨʩʠʷ ʦʣʝʬʠʥʦʚ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ Mo/PAF-30-NPy 

ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ: 49% ʜʣʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʠ 42% ʜʣʷ ʮʠʢʣʦʛʝʧʪʝʥʘ (ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʦ ʵʧʦʢʩʠʜʘʤ ï 97 ʠ 92% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ ʚ ʜʘʥʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʘʣʢʝʥʦʚ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʵʧʦʢʩʠʜʘ ʙʳʣʘ ʥʠʟʢʦʡ (ʜʦ 30%). ɼʣʷ ʛʝʢʩʝʥʘ-1 ʠ ʦʢʪʝʥʘ-1 

ʦʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ 

ʩ ʃʴʶʠʩʦʚʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ 

ʤʦʣʠʙʜʝʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʜʫʢʪʦʚ ʠʭ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ.  ʇʨʠ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʩʪʠʨʦʣʘ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʩʦʜʝʨʞʘʪ, ʧʦʤʠʤʦ ʮʝʣʝʚʦʛʦ ʦʢʩʠʜʘ ʩʪʠʨʦʣʘ, 

ʙʝʥʟʘʣʴʜʝʛʠʜ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ. ɺ ʩʣʫʯʘʝ 
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ʪʨʘʥʩ-ʩʪʠʣʴʙʝʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʵʧʦʢʩʠʜʘ ʧʨʝʚʳʰʘʣʘ 91%, ʦʜʥʘʢʦ ʢʦʥʚʝʨʩʠʷ 

ʩʫʙʩʪʨʘʪʘ ʙʳʣʘ ʤʝʥʝʝ 30%, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʧʨʠ 

ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʘ ʚʥʫʪʨʠ ʧʦʨ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʝʸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʢʪʠʚʥʳʤ 

ʮʝʥʪʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ [38], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʙʦӢʣʴʰʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʥʘ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʧʦʢʩʠʜʘ. 

ʊʘʙʣʠʮʘ 14. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʎʠʢʣʦʛʝʢʩʝʥ (0.2 ʤʣ, 2 ʤʤʦʣʴ); ʊɹɻʇ (0.4 ʤʣ, 3 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ 

(4 ʤʣ); ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʛ); 80 ʉ̄; 3 ʯ; 

ʘʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʜʫ; 

ʙʊʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ 60 Áʉ  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣ ʧʨʦʚʝʜʸʥ ʪʝʩʪ ʥʘ ʛʦʨʷʯʝʝ 

ʬʠʣʴʪʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʚʳʤʳʚʘʝʤʦʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʤʝʪʘʣʣʘ 

ʚ ʢʦʥʚʝʨʩʠʶ ʩʫʙʩʪʨʘʪʘ. ɼʣʷ ʵʪʦʛʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʮʠʢʣʦʛʝʢʩʝʥʘ ʧʨʦʚʝʣʠ ʧʦʚʪʦʨʥʦ, ʠ 

ʧʦʩʣʝ 1 ʯ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨ ʦʪʜʝʣʠʣʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ 

ʧʨʦʜʦʣʞʠʣʠ ʨʝʘʢʮʠʠ ʙʝʟ ʥʝʛʦ (ʨʠʩʫʥʦʢ 91). ɺ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Mo/PAF-30-dpa, 

Mo/PAF-30-dpcl ʠ Mo/PAF-30-AA, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥ ʙʦʣʝʝ 9 ʤʘʩʩ. %, 

ʨʝʘʢʮʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʭʦʪʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʝʤ ʚʨʝʤʝʥʝʤ, ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ Mo/PAF-30-

ʉʫʙʩʪʨʘʪ  
Mo/PAF-30-

dpa 

Mo/PAF-30-

dpcl 

Mo/PAF-30-

AA 

Mo/PAF-30-

NPy 

 (ʙ) 

ʢʦʥʚʝʨʩʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʘ) 

28 % 

79 % 

25 % 

82 % 

29 % 

85 % 

15 % 

85 % 

 

ʢʦʥʚʝʨʩʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

23 % 

88 % 

22 % 

89 % 

25 % 

85 % 

12 % 

86 % 

 

ʢʦʥʚʝʨʩʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

91 % 

95 % 

90 % 

93 % 

95 % 

91 % 

49 % 

97 % 

 

ʢʦʥʚʝʨʩʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

86 % 

94 % 

82 % 

98 % 

87 % 

96 % 

42 % 

92 % 

 

 

ʢʦʥʚʝʨʩʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

15% 

63% 

15% 

55% 

17% 

46% 

28 % 

63 % 

 

ʢʦʥʚʝʨʩʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

23% 

95% 

21% 

98% 

27% 

98% 

10 % 

91 % 
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NPy, ʚ ʩʣʫʯʘʝ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʣʦ 2.4 ʤʘʩʩ. %, ʨʝʘʢʮʠʷ ʧʨʝʢʨʘʱʘʣʘʩʴ 

ʧʦʣʥʦʩʪʴʶ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 91. ʂʠʥʝʪʠʢʘ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʠ ʦʪʜʝʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ: 

(ʘ) Mo/PAF-30-dpa-Mo; (ʙ) Mo/PAF-30-dpcl; (ʚ) Mo/PAF-30-AA; (ʛ) Mo/PAF-30-NPy. 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʎʠʢʣʦʛʝʢʩʝʥ (0.2 ʤʣ, 2 ʤʤʦʣʴ); ʊɹɻʇ (0.4 ʤʣ, 3 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ 

(4 ʤʣ); ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʛ); 80 ʉ̄ 

ʊʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ (ʨʠʩʫʥʦʢ 92). ʂʘʪʘʣʠʟʘʪʦʨʳ Mo/PAF-30-dpa, 

Mo/PAF-30-dpcl ʠ Mo/PAF-30-AA ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ: 

ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʥʘ ʯʝʪʚʝʨʪʦʤ ʮʠʢʣʝ ʨʝʘʢʮʠʠ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 12 ï 20% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʮʠʢʣʦʤ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʚʳʤʳʚʘʥʠʝʤ ʤʦʣʠʙʜʝʥʘ ʠʟ ʧʦʨ 

ʥʦʩʠʪʝʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʘʪʘʣʠʟʘʪʦʨ Mo/PAF-30-NPy ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ: 

ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩʦʭʨʘʥʷʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 45 ï 50%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʠʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 92. ʇʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Mo/PAF-30-dpa, Mo/PAF-30-dpcl-Mo,  

Mo/PAF-30-AA, Mo/PAF-30-NPy ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʮʠʢʣʦʛʝʢʩʝʥʘ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 

ʎʠʢʣʦʛʝʢʩʝʥ (0.2 ʤʣ, 2 ʤʤʦʣʴ); ʊɹɻʇ (0.4 ʤʣ, 3 ʤʤʦʣʴ); 1,2-ʜʠʭʣʦʨʵʪʘʥ (4 ʤʣ); 

ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʛ); 80 Áʉ; 3ʯ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, PAF ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, ʦʜʥʘʢʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʳʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʛʨʫʧʧ ʚ 

ʥʦʩʠʪʝʣʝ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (ʢʘʪʘʣʠʟʘʪʦʨʳ PAF-30-Mo,  

PAF-30-W) ʥʘʥʝʩʸʥʥʳʡ ʤʝʪʘʣʣ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʚʳʤʳʚʘʝʪʩʷ, ʯʪʦ ʚʝʜʸʪ ʢ ʧʦʪʝʨʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʛʨʫʧʧ ʚ 

ʤʘʪʝʨʠʘʣʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ, 

ʚ ʧʦʨʘʭ ʥʦʩʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʯʝʤʫ ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʸʤ ʧʦʨ ʚ PAF. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

Mo/PAF-30-dpa, Mo/PAF-30-dpcl-Mo, Mo/PAF-30-AA ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʶʪ ʘʢʪʠʚʥʦʩʪʴ 

ʠʟ-ʟʘ ʚʳʤʳʚʘʥʠʷ ʤʦʣʠʙʜʝʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʩʪʘʤʠ ʥʘ ʛʦʨʷʯʝʝ ʬʠʣʴʪʨʦʚʘʥʠʝ. 

ʅʘʢʦʥʝʮ, ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʣʠʛʘʥʜʘ ʚ ʥʦʩʠʪʝʣʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ ʤʝʪʘʣʣ ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʦʩʠʪʩʷ ʧʦ ʦʙʲʸʤʫ ʥʦʩʠʪʝʣʷ ʠ 

ʠʤʤʦʙʠʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ  

Mo/PAF-30-NPy ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʌʕʉ. 

ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Mo/PAF-30-NPy ʭʦʪʷ ʠ ʧʦʯʪʠ ʚʜʚʦʝ ʫʩʪʫʧʘʝʪ ʚ ʘʢʪʠʚʥʦʩʪʠ 

Mo/PAF-30-dpa, Mo/PAF-30-dpcl-Mo, Mo/PAF-30-AA, ʥʦ ʩʦʜʝʨʞʠʪ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝ 

ʤʦʣʠʙʜʝʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʝʨʷʝʪ ʘʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʧʦʩʣʝ 4 ʮʠʢʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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4.2. ʂʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʵʧʦʢʩʠʜʦʚ. ʊʘʥʜʝʤʥʳʡ ʧʨʦʮʝʩʩ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʢ ʵʧʦʢʩʠʜʘʤ 

ʕʧʦʢʩʠʜʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʧʨʠʨʦʜʥʳʭ ʤʦʣʝʢʫʣ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ, ʣʘʢʪʦʥʦʚ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [230]. 

ʂʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʵʧʦʢʩʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʠʢʣʠʯʝʩʢʠʝ ʢʘʨʙʦʥʘʪʳ ʠ 

ʧʦʣʠʢʘʨʙʦʥʘʪʳ ï ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʜʣʷ Li -Ion ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʪʦʚʘʨʦʚ 

ʙʳʪʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʚʘʞʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʮʝʧʮʠʡ çʟʝʣʸʥʦʡè ʭʠʤʠʠ ʠ ʧʝʨʝʭʦʜʘ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʢʦʥʦʤʠʢʝ, ʫʪʚʝʨʞʜʸʥʥʦʡ 

ʨʘʩʧʦʨʷʞʝʥʠʷʤʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʫʢʘʟʘʤʠ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʢʘʨʙʦʩʠʣʠʨʦʚʘʥʠʷ ʵʧʦʢʩʠʜʦʚ ï ʮʠʢʣʠʯʝʩʢʠʡ 

ʢʘʨʙʦʥʘʪ, ʨʝʘʢʮʠʶ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʢ ʵʧʦʢʩʠʜʘʤ. 

ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʘʢʪʠʚʘʮʠʶ ʤʦʣʝʢʫʣ 

ʦʜʥʦʛʦ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ (ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʵʧʦʢʩʠʜʘ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʤʦʣʝʢʫʣ ʚʪʦʨʦʛʦ ʫʯʘʩʪʥʠʢʘ ʨʝʘʢʮʠʠ (ʨʠʩʫʥʦʢ 93). ʊʘʢ, ʘʢʪʠʚʘʮʠʷ ʤʦʣʝʢʫʣ 

ʵʧʦʢʩʠʜʦʚ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʫʪʴ ɸ) ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʨʘʩʢʨʳʪʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ 

ʥʫʢʣʝʦʬʠʣʘʤʠ, ʥʘʧʨʠʤʝʨ, ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘʤʠ (Cl , Br , I ) ʠʣʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʦʡ ʵʣʝʢʪʨʦʥʦʚ (ʠʤʠʜʘʟʦʣ, ʘʤʠʥʳ). ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʭʦʜʝ ʨʘʩʢʨʳʪʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʜʣʷ ʯʝʛʦ ʧʨʠʤʝʥʷʶʪ ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ ʢʘʪʠʦʥʳ [231ï

233], ʜʦʥʦʨʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ɼɺʉ) [232,234,235] ʠʣʠ ʢʠʩʣʦʪʳ [236ï238]. ɼɺʉ ʠ 

ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʢʨʦʤʝ ʪʦʛʦ, ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ 

ʤʦʣʝʢʫʣʝ ʵʧʦʢʩʠʜʘ, ʫʚʝʣʠʯʠʚʘʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʵʧʦʢʩʠʜʥʦʤ ʮʠʢʣʝ ʠ 

ʦʙʣʝʛʯʘʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʢʨʳʪʠʝ ʥʫʢʣʝʦʬʠʣʘʤʠ (ʨʠʩʫʥʦʢ 93 (ʙ)). 
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ʈʠʩʫʥʦʢ 93. (ʘ) ʈʘʟʣʠʯʥʳʝ ʧʫʪʠ ʘʢʪʠʚʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ; (ʙ) ɸʢʪʠʚʘʮʠʷ ʵʧʦʢʩʠʜʦʚ  ʩ ʧʦʤʦʱʴʶ ʜʦʥʦʨʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

(ɼɺʉ) ʠ ʢʠʩʣʦʪ ʃʴʶʠʩʘ [239,240] 

ɸʢʪʠʚʘʮʠʷ ʤʦʣʝʢʫʣ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʫʪʴ ɹ) ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʝʛʦ ʤʦʣʝʢʫʣ ʥʫʢʣʝʦʬʠʣʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʥʠʦʥʥʳʭ ʘʜʜʫʢʪʦʚ [241], ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʩʢʨʳʪʠʠ ʦʢʩʠʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ 

(ʨʠʩʫʥʦʢ 93 (ʘ)). ʇʦʜʦʙʥʘʷ ʘʢʪʠʚʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ, ʥʘʧʨʠʤʝʨ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʝʪʘʠʥʦʚ [242], 

N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʝʥʦʚ [243], ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ [244]. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ 

ʩʦʚʤʝʱʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ɸ ʠ ɹ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʤʦʣʝʢʫʣʳ 

ʵʧʦʢʩʠʜʘ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʢʨʳʪʠʝ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ [245]. 

ʂʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ ʩʪʦʠʪ ʨʘʟʨʘʙʦʪʢʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʠʪʴ ʪʘʥʜʝʤʥʳʡ ʧʨʦʮʝʩʩ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʘ ʩ 

ʜʘʣʴʥʝʡʰʠʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʢ ʦʙʨʘʟʫʶʱʝʡʩʷ ʤʦʣʝʢʫʣʝ ʵʧʦʢʩʠʜʘ. [246ï

248]. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʚʤʝʱʘʶʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʨʝʘʢʮʠʠ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʫʶ ʩʤʝʩʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʉʆ . ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ 

ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʨʦʚʝʜʝʥʠʷ ʪʘʥʜʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʧʦʜʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ 

ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʢ ʵʧʦʢʩʠʜʘʤ ʠ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʘʥʜʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɸ ɹ

(LA) = ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ

ɼʦʥʦʨʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ɼɺʉ):

(ʘ)

(ʙ)
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ʈʠʩʫʥʦʢ 94. ʄʦʜʠʬʠʢʘʮʠʷ ʤʘʪʝʨʠʘʣʘ PAF-30 ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʪʨʠʵʪʘʥʦʣʘʤʠʥʦʤ (TEA), 

ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥʦʤ (DMEA) ʠ ʤʝʪʠʣʜʠʵʪʘʥʦʣʘʤʠʥʘʤʠ(MDEA): (I)  CH2(OCH3)2, SOCl2, 

SnCl4, 10-15ÁC; (II)  ʪʨʠʵʪʠʣʘʤʠʥ/ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥ/ʤʝʪʠʣʜʠʵʪʘʥʦʣʘʤʠʥ, 1,4-ʜʠʦʢʩʘʥ, 

KI, 60ÁC; (III)  0.5 M HBr 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʉʆ  ʢ ʵʧʦʢʩʠʜʘʤ ʥʘʤʠ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʙʨʦʤʠʜʳ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʤʤʦʥʠʷ, ʧʨʠʚʠʪʳʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ. ɼʣʷ ʚʚʝʜʝʥʠʷ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʠʥʦʚ ʚ ʩʪʨʫʢʪʫʨʫ PAF-30 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʦʜʠʬʠʢʘʮʠʶ ʭʣʦʨʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (-CH2Cl). ɼʣʷ ʵʪʦʡ 

ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ: 

ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ PAF-30 ʧʦʜʚʝʨʛʘʣʠ ʦʙʨʘʙʦʪʢʝ ʩʤʝʩʴʶ ʤʝʪʠʣʘʣʷ CH3OCH2OCH3 ʠ 

ʪʠʦʥʠʣʭʣʦʨʠʜʘ SOCl2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʦʣʦʚʘ SnCl4. ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ in situ ʭʣʦʨʤʝʪʠʣʤʝʪʠʣʦʚʳʡ ʵʬʠʨ CH3OCH2Cl ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ 

ʘʣʢʠʣʠʨʦʚʘʣ ʥʦʩʠʪʝʣʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

PAF-30-CH2Cl (II ). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ PAF-30-CH2Cl (II) ʧʦʜʚʝʨʛʘʣʠ 

ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʚʦʨʘʤʠ ʘʤʠʥʦʚ ʚ ʜʠʦʢʩʘʥʝ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʠʦʥʥʳʡ ʦʙʤʝʥ ʘʥʠʦʥʘ Cl- 

ʥʘ Br- (ʨʠʩʫʥʦʢ 94). ɺ ʢʘʯʝʩʪʚʝ ʘʤʠʥʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠʵʪʠʣʘʤʠʥ, ʪʨʘʜʠʮʠʦʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʉʆ  ʢ 

ʵʧʦʢʩʠʜʘʤ [232], ʘ ʪʘʢʞʝ ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥ ʠ ʤʝʪʠʣʜʠʵʪʘʥʦʣʘʤʠʥ. ʋʢʘʟʘʥʥʳʝ 

ʵʪʘʥʦʣʘʤʠʥʳ ʩʧʦʩʦʙʥʳ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʤʦʣʝʢʫʣʫ ʵʧʦʢʩʠʜʘ, ʘ ʪʘʢʞʝ ʭʝʤʦʩʦʨʙʠʨʦʚʘʪʴ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʜʝʣʘʝʪ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ð PAF-30-TEA, 

PAF-30-DMEA ʠ PAF-30-MDEA ð ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʘʜʩʦʨʙʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ PAF-30, PAF-30-CH Cl (II ), PAF-30-TEA, 

PAF-30-DMEA ʠ PAF-30-MDEA ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 15. ʄʦʜʠʬʠʢʘʮʠʷ PAF-30 

ʭʣʦʨʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 483 ʤ2/ʛ ʜʦ 

530 ʤ2/ʛ, ʘ ʧʣʦʱʘʜʠ ʤʠʢʨʦʧʦʨ ï ʩ 239 ʤ2/ʛ ʜʦ 300 ʤ2/ʛ.  ɼʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ  

PAF-30-R

(ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥ)

(ʪʨʠʵʪʠʣʘʤʠʥ)

(I) (II), (III)

(ʤʝʪʠʣʜʠʵʪʘʥʦʣʘʤʠʥ)
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PAF-30-CH2Cl (II ) ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʝ 

PAF-30-TEA ʜʦ 443 ʤ2/ʛ, ʘ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨ ï ʜʦ 0.24 ʩʤ3/ʛ. ɼʘʥʥʦʝ ʩʥʠʞʝʥʠʝ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʧʦʨ ʚʚʝʜʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺʚʝʜʝʥʠʝ 

ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥʘ ʦʢʘʟʘʣʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʝ PAF-30-MDEA ʩʥʠʟʠʣʘʩʴ ʜʦ 55 ʤ2/ʛ, ʘ ʦʙʱʠʡ ʦʙʲʝʤ ʧʦʨ 

ï ʜʦ 0.04 ʩʤ3/ʛ. ʊʘʢʦʝ ʫʤʝʥʴʰʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥʘ ʚʥʫʪʨʠ ʧʦʨ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʜʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚʳʰʝ, 

ʯʝʤ ʚ PAF-30-TEA (ʪʘʙʣʠʮʘ 15), ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʡ ʙʣʦʢʠʨʦʚʢʝ ʧʦʨ. ɽʱʝ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʘ 

PAF-30-MDEA. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʤʘʪʝʨʠʘʣʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʠʣʜʠʵʪʘʥʦʣʘʤʠʥʦʤ, ʩʥʠʟʠʣʘʩʴ ʜʦ 11 ʤ2/ʛ, ʘ ʦʙʱʠʡ ʦʙʲʝʤ ʧʦʨ ï ʜʦ 0.01 ʩʤ3/ʛ. ʊʘʢʦʝ 

ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʪʘʢ ʠ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʚʚʦʜʠʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʊʘʙʣʠʮʘ 15. ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘ PAF-30 ʠ PAF-30-CH2Cl(II ), 

ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ï PAF-30-TEA, PAF-30-DMEA ʠ 

PAF-30-MDEA 

ʄʘʪʝʨʠʘʣ 

ʇʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ 

(Sɹʕʊ), ʤ
2/ʛ  

ʇʣʦʱʘʜʴ 

ʤʠʢʨʦʧʦʨ  

(St-Plot), ʤ
2/ʛ 

ʆʙʱʠʡ ʦʙʲʝʤ 

ʧʦʨ  

(Vʧʦʨ),  ʩʤ
3/ʛ 

ʉʦʜʝʨʞʘʥʠʝ 

  Cl, N, Br, 

ʤʘʩʩ.% 

PAF-30 483 239 0.28 - 

PAF-30-

CH2Cl(II)  
530 300 0.29 3.9 (Cl) 

PAF-30-TEA 443 292 0.24 
1.1 (N) 

11.9 (Br) 

PAF-30-

DMEA 
55 13 0.04 

1.9 (N) 

13.7 (Br) 

PAF-30-

MDEA 
11 4 0.01 

1.9 (N) 

13.7 (Br) 

 

ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʜʣʷ ʤʘʪʝʨʠʘʣʘ PAF-30 ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

PAF-30-TEA, PAF-30-DMEA ʠ PAF-30-MDEA ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 95 (ʘ, ʙ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʜʩʦʨʙʮʠʷ ʘʟʦʪʘ ʧʨʦʪʝʢʘʣʘ ʪʠʧʠʯʥʳʤ ʜʣʷ PAF ʦʙʨʘʟʦʤ: ʨʝʟʢʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ, ʥʘʣʠʯʠʝ ʥʝʟʘʢʨʳʪʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʤʝʞʜʫ ʧʝʪʣʷʤʠ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ. ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʜʣʷ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ ʠʜʝʥʪʠʯʝʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ I ʪʠʧʫ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ IUPAC. 

ɺʩʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʜʣʷ ʫʛʣʝʢʠʩʣʦʛʦ 
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ʛʘʟʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 37 ʩʤį/ʛ, 35 ʩʤį/ʛ, 32 ʩʤį/ʛ ʠ 24 ʩʤį/ʛ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ PAF-30,  

PAF-30-TEA, PAF-30-DMEA ʠ PAF-30-DMEA ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 95 (a)) ʠ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ (ʨʠʩʫʥʦʢ 95 (ʙ)) ʦʙʥʘʨʫʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʘʜʩʦʨʙʮʠʠ ʜʘʥʥʳʭ 

ʛʘʟʦʚ ʚ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʦʚ PAF-30-DMEA ʠ PAF-30-MDEA. ʕʪʦ ʨʘʟʣʠʯʠʝ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʭʝʤʦʩʦʨʙʮʠʝʡ CO  ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧʘʭ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ, CO2 ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʠʚʠʪʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ  

PAF-30-DMEA ʠ PAF-30-MDEA. ʅʘʧʨʠʤʝʨ, ʜʣʷ PAF-30-DMEA ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ 

(P/Po < 0.1) ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʝʟʢʠʡ ʨʦʩʪ ʘʜʩʦʨʙʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʠ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ PAF-30. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥ ʘʢʪʠʚʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʤʠʢʨʦʧʦʨ ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʦʣʝʢʫʣ CO  ʩ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʠ ʘʤʤʦʥʠʝʚʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [249]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʘʜʩʦʨʙʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʦʩʪʘʸʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʠ ʜʣʷ 

ʤʘʪʝʨʠʘʣʘ PAF-30-MDEA, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʦʙʲʸʤʥʳʭ ʤʝʪʠʣʜʠʵʪʘʥʦʣʘʤʠʥʥʳʭ ʛʨʫʧʧ. 

ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ CO  ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʪʘʢʞʝ ʣʫʯʰʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ 

ʤʦʣʝʢʫʣ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʤʠʢʨʦʧʦʨʳ. 

 
ʈʠʩʫʥʦʢ 95. (ʘ) ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ (77 ʂ) ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ PAF-30, 

PAF-30-CH2Cl (II ),  PAF-30-TEA, PAF-30-DMEA ʠ PAF-30-MDEA; (ʙ) ʀʟʦʪʝʨʤʳ 

ʘʜʩʦʨʙʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (273 ʂ) ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ PAF-30, PAF-30-TEA, PAF-30-DMEA 

ʠ PAF-30-MDEA 

ɺʚʝʜʝʥʠʝ ʭʣʦʨʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ PAF-30, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ PAF-30-CH2Cl (II ) ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʘʤʠ  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 96, ʪʘʙʣʠʮʘ 15). ʇʨʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʘʪʝʨʠʘʣʘ PAF-30 ʭʣʦʨʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʩʧʝʢʪʨʝ ʧʦʷʚʠʣʘʩʴ ʥʦʚʘʷ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 1263 ʩʤ ĭ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʳʤ 
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ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ C-Cl [217]. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ, ʦʧʨʝʜʝʣʸʥʥʦʝ ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʩʦʩʪʘʚʠʣʦ 3.9 ʤʘʩʩ. %. ʇʦʩʣʝ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʘ  

PAF-30-CH Cl (II ) ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʧʦʣʦʩʘ ʧʨʠ 1263 ʩʤ ĭ ʠʩʯʝʟʣʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʩʧʝʰʥʦʤ ʟʘʤʝʱʝʥʠʠ ʭʣʦʨʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. ʉʧʝʢʪʨʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ PAF-30-TEA,  

PAF-30-DMEA ʠ PAF-30-MDEA ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʠ 

ʥʦʚʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʷʚʣʷʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʠʤʝʣʠ ʥʠʟʢʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ, ʚ ʤʘʪʝʨʠʘʣʘʭ PAF-30-DMEA ʠ PAF-30-MDEA ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʷʚʣʝʥʠʝ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 3000-3600 ʩʤ ĭ, ʯʪʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

 
ʈʠʩʫʥʦʢ 96. ʀʂ-ʩʧʝʢʪʨʳ ʤʘʪʝʨʠʘʣʦʚ: (ʘ) PAF-30-MDEA; (ʙ) PAF-30-DMEA; 

 (ʚ) PAF-30-TEA; (ʛ) PAF-30-CH2Cl; (ʜ) PAF-30 

ʈʌʕ ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʣʠʥʠʠ N 1s ʜʣʷ ʚʩʝʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʜʝʨʞʘʪ ʜʚʘ 

ʢʦʤʧʦʥʝʥʪʘ: ʦʜʠʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʪʚʝʨʪʠʯʥʳʤ ʘʤʤʦʥʠʝʚʳʤ ʛʨʫʧʧʘʤ (401.9 ï 402.3 ʵɺ) 

[250], ʘ ʜʨʫʛʦʡ - ʪʨʝʪʠʯʥʳʤ ʘʤʠʥʘʤ (399.6 ï 399.7 ʵɺ) (ʨʠʩʫʥʦʢ 97) [251,252]. ʅʘʣʠʯʠʝ 

ʪʨʝʪʠʯʥʳʭ ʘʤʠʥʦʚ, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʧʨʠʚʠʪʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ ʚ ʦʩʥʦʚʥʦʡ ʩʨʝʜʝ ʧʦ ʨʝʘʢʮʠʠ ɻʦʬʬʤʘʥʘ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʧʦʩʣʝʜʥʠʭ 

[253,254]. 

PAF-30, PAF-30-CH2Cl, PAF-30-TEA, PAF-30-DMEA.esp
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ʈʠʩʫʥʦʢ 97. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʣʠʥʠʠ N 1s ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: (ʘ) 

PAF-30-TEA; (ʙ) PAF-30-DMEA; (ʚ) PAF-30-MDEA 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ PAF-30-TEA, PAF-30-DMEA ʠ PAF-30-MDEA ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ CO2 ʢ ʨʘʟʣʠʯʥʳʤ ʵʧʦʢʩʠʜʘʤ. ʇʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʤʝʨʝ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ (ʕʍɻ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ PAF-30-TEA (ʨʠʩʫʥʦʢ 98) ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ - ʢʘʨʙʦʥʘʪʫ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ (ʕʍɻʂ) - ʩʦʩʪʘʚʣʷʣʘ 

100%, ʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠʩʭʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ PAF-30 ʠʣʠ  ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (PAF-30-CH2Cl (II )), 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʚʳʭʦʜ ʕʍɻʂ < 2%).  

 
ʈʠʩʫʥʦʢ 98. ʎʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ CO2 ʢ ʵʧʠʭʣʦʨʛʠʜʨʠʥʫ. 

ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʥʘ ʢʦʥʚʝʨʩʠʶ ʕʍɻ ʠʟʫʯʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʘʚʣʝʥʠʡ 5-20 ʘʪʤ (ʨʠʩʫʥʦʢ 99). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʩ 5 ʜʦ 10 ʘʪʤ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ 

ʚʥʘʯʘʣʝ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 12 ʜʦ 37 %, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʳʰʝ 10 ʘʪʤ 

ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 37-39%. ʇʦʩʢʦʣʴʢʫ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʛʘʟʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ (ʦʩʪʘʚʠʤ ʟʘ 

ʨʘʤʢʘʤʠ ʨʘʙʦʪʳ ʨʘʩʩʫʞʜʝʥʠʝ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʟʘʢʦʥʘ ɻʝʥʨʠ), ʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʕʍɻ. ʇʨʠ 

ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʨʝʘʢʮʠʷ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʦʪʝʢʘʝʪ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʘʪʤ ʠ ʚʳʰʝ ï ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 10 ʘʪʤ, ʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ ʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ. 










































































