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1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʌʦʪʦʢʘʪʘʣʠʟ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ 

ʣʝʪ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʧʨʘʢʪʠʢʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɼʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʚʦʣʠʣʘ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʨʘʜʠʢʘʣʴʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʦʡ ʭʝʤʦ- ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʬʘʢʪʠʯʝʩʢʠ ʚʜʦʭʥʫʚ ʥʦʚʫʶ ʞʠʟʥʴ ʚ 

ʵʪʫ ʦʙʣʘʩʪʴ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ï ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, ʧʦʛʣʦʱʘʶʱʠʭ ʚʠʜʠʤʳʡ ʩʚʝʪ ʠ, ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ. ʂ ʢʣʶʯʝʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 

ʦʪʥʦʩʷʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ ʚʠʜʠʤʳʡ ʩʚʝʪ (400ï700 ʥʤ), ʟʥʘʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʦʤʧʣʝʢʩʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʨʬʠʨʠʥʳ ʠ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ. ʉʨʝʜʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Ru(II) ʠ Ir(III), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʚʳʩʦʢʦʡ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʨʷʜʘ ʨʝʘʢʮʠʡ. ʆʜʥʘʢʦ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɸʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʩʪʦʛʦ ʦʪʜʝʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʨʝʮʠʢʣʠʟʘʮʠʠ). ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʦʚʳʭ 

ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ru(II). 

ʉʪʝʧʝʥʴ ʠʩʩʣʝʜʦʚʘʥʥʦʩʪʠ ʪʝʤʳ. ʇʨʦʩʪʦʝ ʦʪʜʝʣʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʬʘʟ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟʚʝʩʪʥʦ 

ʜʚʘ ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʚʝʱʝʩʪʚʦʤ 

(ʪ.ʥ. ʧʦʜʣʦʞʢʦʡ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʡ (ʪʚʝʨʜʦʬʘʟʥʳʡ) ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ. 

ʊʘʢʠʝ ʪʚʝʨʜʦʬʘʟʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʝʪʝʨʦʛʝʥʠʟʠʨʫʶʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʜʦʩʪʫʧʥʦʩʪʴ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʩʚʝʪʘ ʠ ʜʨʫʛʠʭ ʨʝʘʛʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʢʠʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦʜʣʦʞʢʘ ʤʦʞʝʪ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʠʥʠʤʘʪʴ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʨʝʘʢʮʠʠ, ʯʝʤ ʦʢʘʟʳʚʘʪʴ ʢʘʢ ʧʦʟʠʪʠʚʥʦʝ, ʪʘʢ ʠ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʦʜ ʨʝʘʢʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʧʨʠʨʦʜʳ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʄʆʂʇ, ʧʦʣʠʤʝʨʳ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʩʠʣʠʢʘʛʝʣʠ ʠ ʪ.ʧ. 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʘʢ ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʳʭ, ʪʘʢ ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʆʜʥʘʢʦ, ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʝʘʢʮʠʠ. 

ɺʪʦʨʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʠʟʫʯʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʮʠʢʣʠʟʘʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ 
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ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʨʘʩʪʚʦʨʠʤʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʜʨʫʛʦʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ. ʕʪʦ ʦʙʳʯʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʣʠʧʦʬʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ ʝʛʦ ʚ ʥʝʧʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ 

(ʘʣʢʘʥʳ). ʈʘʩʪʚʦʨʠʤʳʝ ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʩʪʘʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ 

ʜʣʷ ʩʚʝʪʘ ʠ ʜʨʫʛʠʭ ʨʝʘʛʝʥʪʦʚ. ʆʜʥʘʢʦ, ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʤʝʶʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʧʝʢʪʨʫ ʜʦʩʪʫʧʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʩʦʯʝʪʘʶʪʩʷ ʩ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʨʦʜʫʢʪʦʚ ʠ ʨʝʘʛʝʥʪʦʚ ʠ ʜʨʫʛʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʙʦʣʝʝ ʧʦʣʷʨʥʫʶ (ʚʦʜʥʫʶ) ʬʘʟʫ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʚʝʱʝʥʘ. ʌʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʦʡ ʷʢʦʨʥʦʡ ʛʨʫʧʧʦʡ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʩʠʜʥʳʝ ʧʦʜʣʦʞʢʠ, ʢʨʦʤʝ ʪʦʛʦ, ʝʝ ʚʚʝʜʝʥʠʝ ʚ 

ʤʦʣʝʢʫʣʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʝʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ. ʈʘʥʝʝ ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ 

ʨʫʩʩʢʦ-ʬʨʘʥʮʫʟʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʝ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʳ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. ʆʜʥʘʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ 

Ru(II) ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʨʘʥʝʝ ʥʝ ʠʟʫʯʘʣʩʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʠʥʪʝʟ ʬʦʩʬʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʫʪʝʥʠʝʤ(II) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

1. ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʠ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʯʠʩʣʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʚ 

ʢʦʪʦʨʳʭ ʬʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʩʚʷʟʘʥʘ ʩ ʣʠʛʘʥʜʦʤ ʥʘʧʨʷʤʫʶ ʠʣʠ ʯʝʨʝʟ ʬʝʥʠʣʝʥʦʚʳʡ ʣʠʥʢʝʨ; 

2. ʩʠʥʪʝʟ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ, ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; 

3. ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ; 

4. ʧʦʣʫʯʝʥʠʝ ʬʦʪʦʘʢʪʠʚʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ 

ʠʟʫʯʝʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʬʦʩʬʦʥʘʪʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ ʩ ʨʫʪʝʥʠʝʤ(II). 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʨʘʟʣʠʯʥʳʭ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʫʪʝʥʠʝʤ(II) ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 
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ʦʩʥʦʚʝ, ʚʣʠʷʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʬʦʩʬʦʥʘʪʩʦʜʝʨʞʘʱʠʭ 

ʣʠʛʘʥʜʦʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʨʷʜʘ, ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʠ ʫʩʣʦʚʠʷ ʠʭ ʩʠʥʪʝʟʘ. ɺʧʝʨʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) ʩ ʬʦʩʬʦʥʘʪʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ, ʥʘ 

ʧʨʠʤʝʨʝ ʜʘʥʥʦʡ ʩʝʨʠʠ ʚʧʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʦʣʦʞʝʥʠʷ ʬʦʩʬʦʥʘʪʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʠʭ ʯʠʩʣʘ ʠ ʩʧʦʩʦʙʘ ʩʚʷʟʳʚʘʥʠʷ (ʥʘʧʨʷʤʫʶ ʠʣʠ ʯʝʨʝʟ ʬʝʥʠʣʝʥʦʚʳʡ ʣʠʥʢʝʨ) ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʳʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʠ 

ʚʳʜʝʣʝʥʠʶ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) c ʬʝʥʘʥʪʨʦʣʠʥ-ʜʠʬʦʩʬʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʠ ʠʭ ʤʦʥʦʵʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʛʦʤʦʛʝʥʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ N-ʘʨʠʣ-1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʮʠʢʣʠʟʦʚʘʥʳ ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʚ ʚʦʜʥʫʶ ʬʘʟʫ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʝʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ 

ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʆʪʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ (ʨʝʘʢʮʠʷ ʍʠʨʘʦ). ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʨʷʜʘ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ 

1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝ ʜʦʩʪʫʧʥʳʭ ʩ ʧʦʤʦʱʴʶ Pd-ʢʘʪʘʣʠʟʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʦʧʠʩʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ-

ʄʠʷʫʨʳ ʧʦʣʫʯʝʥʳ ʥʝʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʣʠʛʘʥʜʳ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʨʷʜʘ, ʚ ʢʦʪʦʨʳʭ 

ʬʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʩʚʷʟʘʥʘ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʷʜʨʦʤ ʯʝʨʝʟ ʧ-ʬʝʥʠʣʝʥʦʚʳʡ ʣʠʥʢʝʨ, ʥʘʡʜʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʞʜʦʛʦ ʠʟ ʣʠʛʘʥʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ 

ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) c ʬʦʩʬʦʥʘʪʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ, ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʷʚʣʝʥʳ ʢʦʤʧʣʝʢʩʳ, ʧʨʦʷʚʣʷʶʱʠʝ 

ʥʘʠʙʦʣʴʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) c 

ʬʝʥʘʥʪʨʦʣʠʥ-ʜʠʬʦʩʬʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʠʭ ʤʦʥʦʵʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ 
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ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ Ru(II) ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʦʤʦʛʝʥʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ N-ʘʨʠʣ-1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʦʚ 

(ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ), ʜʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʜʝʣʝʥʳ 

ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦ ʩʝʤʠ ʨʘʟ. ʆʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʤʦʜʠʬʠʢʘʮʠʠ N-ʘʨʠʣ-1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʳ ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʜʦ 7 ʨʘʟ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʌʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʝ ʣʠʛʘʥʜʳ ʥʘ ʦʩʥʦʚʝ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ (ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ 

ʠ ʍʠʨʘʦ). ʊʘʢʞʝ ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʨʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ. ʂʦʤʧʣʝʢʩʳ ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʣʠʛʘʥʜʦʚ ʠ Ru-ʩʦʜʝʨʞʘʱʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʉʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
H, 

13
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31
P, ʚ ʪʦʤ ʯʠʩʣʝ 2D-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʜʣʷ ʯʝʪʳʨʝʭ ʢʦʤʧʣʝʢʩʦʚ), ʘ ʜʣʷ ʪʨʝʭ ʢʦʤʧʣʝʢʩʦʚ ï ʤʝʪʦʜʦʤ ʈʉɸ. ʉʦʩʪʘʚ 

ʧʦʣʫʯʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɻʠʙʨʠʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʤʝʟʦʧʦʨʠʩʪʳʡ 

ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ. ʉʦʩʪʘʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
31

P, 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʪʚʝʨʜʦʬʘʟʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
H ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

o ʌʝʥʘʥʪʨʦʣʠʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʚ ʢʦʪʦʨʳʭ ʬʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʩʚʷʟʘʥʘ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ 

ʷʜʨʦʤ ʯʝʨʝʟ ʧ-ʬʝʥʠʣʝʥʦʚʳʡ ʣʠʥʢʝʨ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ 5-ʙʨʦʤ- ʠ 3-ʙʨʦʤ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ-ʄʠʷʫʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ Pd(PPh3)4 ʚ ʜʠʦʢʩʘʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 4-ʭʣʦʨ- ʠ 4,7-ʜʠʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Pd(OAc)2/PCy3 ʚ ʩʤʝʩʠ ʜʠʦʢʩʘʥ-ʚʦʜʘ. 

o ɿʘʤʝʱʝʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʫ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʫʶ ʛʨʫʧʧʫ, ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʧʫʪʝʤ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʪʨʠʵʪʠʣʬʦʩʬʠʪʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʘʩʠʪʝʣʝʡ 

ʕʦʟʠʥ ɾ ʠ ʈʦʜʘʤʠʥ 6G. 
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o ɼʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʝ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʷʭ 3,8 ʠ 4,7 ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ(II) ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʛʠʜʨʦʣʠʟʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʤʦʥʦʵʪʠʣʬʦʩʬʦʥʦʚʳʝ 

ʵʬʠʨʳ ʠʣʠ ʬʦʩʬʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

o ʇʦʣʦʞʝʥʠʝ ʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʤ ʣʠʛʘʥʜʝ L, ʠʭ ʯʠʩʣʦ ʠ ʩʧʦʩʦʙ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ Ru(II)-ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ 

[Ru(L )(bpy)2]
2+
, ʥʘʠʙʦʣʴʰʫʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7. 

o ʂʦʤʧʣʝʢʩ Ru(4,7-PHEt) ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʷʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ N-ʘʨʠʣ-1,2,3,4-

ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʦʚ, ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʥʦ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʧʫʪʝʤ ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʚ 

ʚʦʜʥʫʶ ʬʘʟʫ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ ʜʦ 7 ʨʘʟ. 

o ʆʩʫʱʝʩʪʚʣʝʥʘ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ Ru(II )-ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʤʝʟʦʧʦʨʠʩʪʳʡ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʩʬʦʥʘʪʥʳʭ ʷʢʦʨʥʳʭ ʛʨʫʧʧ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʦʣʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʘʚʘ [Ru]@TiO 2, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʠ ʮʠʘʥʠʨʦʚʘʥʠʷ 

N-ʘʨʠʣ-1,10-ʪʝʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʚ ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ), ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʷ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ (ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ) ʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʧʦʜʜʘʶʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (Web of 

Science, Scopus, RSCI) ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ 

1.4.3. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʠ 1.4.8. ʍʠʤʠʷ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 11 ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ 2019è (ʄʦʩʢʚʘ, 2019); ʇʷʪʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çAdvanced Synthesis and Complexingè (ʄʦʩʢʚʘ, 2019); XXI 

ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019); ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ ʯʪʝʥʠʷè (WSOC-2020, ʂʨʘʩʥʦʚʠʜʦʚʦ, 2020); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ 
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2021è (ʄʦʩʢʚʘ, 2021); ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʢʦʥʛʨʝʩʩ ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

çKOST-2021è (ʉʦʯʠ, 2021); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ 

ʯʪʝʥʠʷè (WSOC-2022, ʉʦʯʠ, 2022); II ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳè (ʄʦʩʢʚʘ, 2022); 6th International Workshop on Nano 

and Biophotonics (Evian, ʌʨʘʥʮʠʷ, 2022); VI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ (ʄʦʩʢʚʘ, 2024); XXII ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʉʦʯʠ, 2024). 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʙʦʨʥʠʢʘʭ ʠ ʜʦʩʪʫʧʥʳ ʥʘ ʠʥʪʝʨʥʝʪ-ʩʘʡʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʦʩʫʱʝʩʪʚʣʝʥ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ 

ʩʠʥʪʝʟʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚʳʧʦʣʥʝʥʦ 

ɸ.ɻ. ʃʝʤʸʥ (ENS de Lyon, ʃʠʦʥ, ʌʨʘʥʮʠʷ), ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʂ. ɹʫʰʝ 

(ENS de Lyon, ʃʠʦʥ, ʌʨʘʥʮʠʷ). ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʄ.ɸ. 

ʌʠʣʘʪʦʚʳʤ (TU Dublin, ɼʫʙʣʠʥ, ʀʨʣʘʥʜʠʷ). ʈʉɸ ʧʨʦʚʦʜʠʣʠ ʉ.ɽ. ʅʝʬʸʜʦʚ (ʀʆʅʍ ʈɸʅ) ʠ ʂ.ɸ. 

ʃʳʩʝʥʢʦ (ʄɻʋ). ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʦʙʩʫʞʜʝʥʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʫʙʣʠʢʘʮʠʠ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚʢʣʶʯʘʷ ʥʘʧʠʩʘʥʠʝ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʪʝʢʩʪʦʚ ʨʫʢʦʧʠʩʝʡ ʠ ʪʝʟʠʩʦʚ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 7 ʨʘʟʜʝʣʦʚ: ʚʚʝʜʝʥʠʷ, 

ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 207 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 150 ʨʠʩʫʥʢʦʚ ʠ 29 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 150 

ʥʘʠʤʝʥʦʚʘʥʠʡ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ 

(ˉ18-33-00279) ʠ ʈʅʌ (ˉ20-73-00103), ʘ ʪʘʢʞʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʌ (cʦʛʣʘʰʝʥʠʝ 075-15-2024-547 ʦʪ 24 ʘʧʨʝʣʷ 2024). ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɸ.ɻ. ʃʝʤʸʥ 

ʟʘ ʧʣʦʜʦʪʚʦʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ ʠ ʩʦʚʤʝʩʪʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʘ ʪʘʢʞʝ ɸ.ʖ. ʄʠʪʨʦʬʘʥʦʚʫ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʧʦʤʦʱʴ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʧʦʩʦʣʴʩʪʚʦ 

ʌʨʘʥʮʠʠ ʚ ʄʦʩʢʚʝ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʩʪʠʧʝʥʜʠʶ çʆʩʪʨʦʛʨʘʜʩʢʠʡè ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʠʪ ʉ.ɽ. ʅʝʬʝʜʦʚʘ ʠ ʂ.ɸ. ʃʳʩʝʥʢʦ ʟʘ 

ʚʳʧʦʣʥʝʥʠʝ ʈʉɸ, ʘ ʪʘʢʞʝ ɺ.ɸ. ʈʦʟʥʷʪʦʚʩʢʦʛʦ ʟʘ ʧʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʜʝʪʘʣʴʥʳʭ ʗʄʈ-

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʦʚ. 
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2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʥʦʚʳʭ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Ru(II) ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʨʝʘʢʮʠʠ ʩ ʠʭ ʫʯʘʩʪʠʝʤ, 

ʧʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʦʤʧʣʝʢʩʘʤ ʨʫʪʝʥʠʷ(II). ʊʘʢʞʝ ʚ ʦʙʟʦʨʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ 

ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʘʢʮʠʷʭ. 

2.1. ʌʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ 

ʌʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ï ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (Ru, Ir, Cu, Co ʠ ʜʨ.) ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ. ʇʨʠʤʝʨʳ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʟ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʘʤʳʤʠ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʩʘʥʪʝʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ 

(ʥʘʧʨʠʤʝʨ, ʵʦʟʠʥ ʞʸʣʪʳʡ ʠ ʙʝʥʛʘʣʴʩʢʠʡ ʨʦʟʦʚʳʡ) ʠ ʟʘʤʝʱʸʥʥʳʝ ʘʢʨʠʜʠʥʳ. ʄʝʥʝʝ 10 ʣʝʪ ʥʘʟʘʜ 

ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠʟʦʬʪʘʣʦʥʠʪʨʠʣʳ [1]. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʤʝʪʘʣʣʦʚ, ʠʤʝʶʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ, ʥʦ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʩʝʤʝʡʩʪʚ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʩʨʝʜʥʝʤ, ʦʨʛʘʥʦʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʨʘʟʣʘʛʘʶʪʩʷ ʚ 100-10000 ʨʘʟ 

ʙʳʩʪʨʝʝ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠ ʠʨʠʜʠʷ. ʍʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʚʳʰʘʶʪ ʚʚʝʜʝʥʠʝʤ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʭ 

ʩʪʨʫʢʪʫʨʫ. ʊʘʢ, ʢʘʪʘʣʠʟʘʪʦʨ ʌʫʢʫʜʟʫʤʠ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʜʠʥʘ (ʨʠʩ. 1(ʛ) ʩʣʝʚʘ) ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

N-ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʶ ʠ ʜʝʘʨʦʤʘʪʠʟʘʮʠʠ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʅʘʡʩʚʠʯʘ ʩʦʜʝʨʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʨʠʩ. 1(ʛ) ʩʧʨʘʚʘ) ʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [2]. 
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a)   

ʙ)   

ʚ)   

ʛ)  

ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʩʝʤʝʡʩʪʚʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʨʝʜʦʢʩ ʧʦʪʝʥʮʠʘʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʩʳʱʝʥʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (SCE): ʘ) ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Ru(II);[3] ʙ) 

ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Ir(III );[3] ʚ) ʠʟʦʬʪʘʣʦʥʠʪʨʠʣʦʚʳʝ ʠ ʢʩʘʥʪʝʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ;[3] ʛ) 

ʘʢʨʠʜʠʥʠʝʚʳʝ ʩʦʣʠ.[2] 
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ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʦʨʛʘʥʦʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʠʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, ʧʨʠʯʝʤ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʠʥʦʛʜʘ ʪʘʢʞʝ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʢʨʘʩʠʪʝʣʠ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, ʥʘʧʨʠʤʝʨ ʧʨʠ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʉ-ʅ ʘʢʪʠʚʘʮʠʠ ʙʝʥʟʠʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ (ʨʠʩ. 2(ʘ)): 

 
ʈʠʩʫʥʦʢ 2. ʘ) ʈʝʘʢʮʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ; ʙ) ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ 

ʬʦʨʤʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ; ʚ) ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʘʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

(ʨʠʩ. 2(ʙ)). ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝʘʢʪʠʚʝʥ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʢʘʢ ʝʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʦʢʠʩʣʝʥʠʷ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʪʨʠʠʟʦʧʨʦʧʠʣʩʠʣʠʣʩʫʣʴʬʠʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʨʘʜʠʢʘʣ (ʨʠʩ. 2(ʚ)). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʷʩʥʝʥʠʷ ʚ ʨʘʙʦʪʝ [4] ʙʳʣʘ ʧʨʝʜʧʦʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʠ ʚʦʩʧʨʦʠʟʚʝʜʸʥ ʦʪʜʝʣʴʥʦ, ʘ 

ʝʛʦ ʧʨʦʜʫʢʪ ʦʢʘʟʘʣʩʷ ʠʩʪʠʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʜʘʥʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ. 

ʂʩʘʥʪʝʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ ʧʝʨʝʭʦʜʷʪ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ (525 ʥʤ), 

ʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʨʠʤʝʨʳ, ʢʦʛʜʘ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ (450 ʥʤ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʟʝʣʸʥʳʤ ʩʚʝʪʦʤ ʩ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʨʝʘʢʮʠʷ ʥʝ ʠʜʸʪ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʘʨʠʣʙʨʦʤʠʜʦʚ (ʨʠʩ. 3) [5]. 
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ʈʠʩʫʥʦʢ 3. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʘʨʠʣʙʨʦʤʠʜʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʢ ʘʨʠʣʛʘʣʦʛʝʥʠʜʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʨʘʟ ʧʝʨʝʡʪʠ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʙʣʫʯʝʥʠʷ ʥʘ ʜʨʫʛʦʡ ʜʣʠʥʝ ʚʦʣʥʳ. ʕʪʦʪ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ 

ʬʦʪʦʭʠʤʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʦʨʛʘʥʦʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɸʢʨʠʜʠʥʠʝʚʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʠʟʚʝʩʪʥʳ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʦʢʠʩʣʠʪʝʣʠ. ʅʘʧʨʠʤʝʨ, 

ʘʢʨʠʜʠʥʠʠʝʚʘʷ ʩʦʣʴ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʧʦʩʦʙʥʘ ʥʘʧʨʷʤʫʶ ʦʢʠʩʣʷʪʴ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʩʚʷʟʠ ʉ=ʉ (ʨʠʩ. 4) [6]. 

 

ʈʠʩʫʥʦʢ 4. ʇʨʠʤʝʨ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʘʢʨʠʜʠʥʠʝʚʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ.  

ʇʨʠ ʨʘʙʦʪʝ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʜʠʥʠʝʚʳʭ ʩʦʣʝʡ 

ʦʙʨʘʟʫʶʪ ʥʝʡʪʨʘʣʴʥʳʡ ʘʢʨʠʜʠʥʠʡ-ʨʘʜʠʢʘʣ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ. ʕʪʦʪ ʨʘʜʠʢʘʣ ʪʘʢʞʝ ʤʦʞʝʪ 
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ʧʝʨʝʡʪʠ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ, ʥʦ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 

(ʨʠʩ. 5) [7] . 

 

ʈʠʩʫʥʦʢ 5. ʆʩʥʦʚʥʘʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʳ ʘʢʨʠʜʠʥʠʝʚʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ɸʢʨʠʜʠʥʠʝʚʳʡ ʨʘʜʠʢʘʣ ʪʘʢʞʝ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʤʦʱʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʩʧʦʩʦʙʥʳʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʘʨʠʣʛʘʣʦʛʝʥʠʜʳ ʠ ʩʫʣʴʬʘʤʠʜʳ 

(ʨʠʩ. 6). 

 

ʈʠʩʫʥʦʢ 6. ɼʝʤʦʥʩʪʨʘʮʠʷ ʚʳʩʦʢʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʘʢʨʠʜʠʥʠʝʚʦʛʦ ʨʘʜʠʢʘʣʘ. 

ɺ ʨʷʜʫ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʧʦʨʬʠʨʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥ ʊʈʈ (ʨʠʩ. 7), ʢʦʪʦʨʳʝ ʥʘʨʘʚʥʝ ʩ Ru(bpy)3 ʠ ʵʦʟʠʥʦʤ ɾ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ 

ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ [8]. ʇʦʨʬʠʨʠʥʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʵʢʩʪʠʥʢʮʠʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʧʨʠ ʵʪʦʤ ʚʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ, ʧʦʟʚʦʣʷʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʂʘʪʘʣʠʟ ʧʦʨʬʠʨʠʥʘʤʠ ʠ 

ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʫʶ ʦʙʰʠʨʥʫʶ 

ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦ ʩʣʦʞʠʚʰʠʤʠʩʷ ʪʨʘʜʠʮʠʷʤʠ, ʚʳʭʦʜʷʱʫʶ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘ ʠ ʮʝʣʝʡ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ [9]. 
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ʈʠʩʫʥʦʢ 7. ʌʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʬʠʨʠʥʦʚ. 

ʉʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʘʤʳʤʠ ʠʟʫʯʝʥʥʳʤʠ ʢʣʘʩʩʘʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ(II) ʠ ʠʨʠʜʠʷ(III) (ʨʠʩ.1(ʘ), (ʙ)). ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʩʠʥʪʝʪʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʂ ʠʭ ʤʠʥʫʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʦʨʦʛʦʚʠʟʥʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʟʘʛʨʷʟʥʷʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʨʛʘʥʠʯʝʩʢʠʡ ʢʨʘʩʠʪʝʣʴ ʵʦʟʠʥ ʞʸʣʪʳʡ ʚ 2 ʨʘʟʘ ʜʝʰʝʚʣʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʫʪʝʥʠʷ ʠ ʚ 10 ʨʘʟ ʜʝʰʝʚʣʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʨʠʜʠʷ. ʇʨʠ ʵʪʦʤ ʵʪʠ ʤʝʪʘʣʣʳ, ʢʘʢ 

ʠ ʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʘʣʠʟʝ, ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʪʨʝʙʫʶʪ ʣʠʛʘʥʜʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʘʥʘʣʦʛʦʚ ʥʝʨʝʜʢʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) CuL2 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [10], ʦʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʠ Ir(III), ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʢʠʥʝʪʠʯʝʩʢʠ ʣʘʙʠʣʴʥʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʭʠʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʉʠʥʪʝʟ 

ʣʠʛʘʥʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʟʘʤʝʥʘ 

ʬʦʪʦʢʘʪʣʠʟʘʪʦʨʘ Ir (dtbbpy)(ppy)2 ʥʘ ʥʝʨʝʜʢʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʬʪʦʨʩʦʜʝʨʞʘʱʠʡ 

Ir(dtbbpy)(dF(CF 3)ppy)2 (ʨʠʩ. 1 (ʙ)) ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʭʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ 

ʠʟʥʘʯʘʣʴʥʦ ʥʝʜʝʰʸʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʍʠʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠ ʠʨʠʜʠʷ ʭʦʪʷ ʠ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʥʦ ʧʦʜʜʘʶʪʩʷ ʫʣʫʯʰʝʥʠʶ ʧʫʪʸʤ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʦʚ. ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʢʘʥʘʣʦʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʵʥʝʨʛʠʠ ʚ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʉArïʅ ʚ 

ʣʠʛʘʥʜʘʭ, ʧʦʵʪʦʤʫ ʬʪʦʨʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʘ ʯʘʩʪʦ ʧʦʤʦʛʘʝʪ ʫʣʫʯʰʠʪʴ ʚʨʝʤʝʥʘ ʞʠʟʥʠ (ʨʠʩ. 8), ʥʦ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ. 
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ʈʠʩʫʥʦʢ 8. ɺʣʠʷʥʠʝ ʬʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Ir(III ) 

ʢʦʤʧʣʝʢʩʘ. 

ʌʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʣʝʢʩʘ Ru(bpy)3 ʤʦʛʫʪ 

ʙʳʪʴ ʫʣʫʯʰʝʥʳ ʩʦʟʜʘʥʠʝʤ ʧʨʦʯʥʦʡ ʣʠʛʘʥʜʥʦʡ ʢʣʝʪʢʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ 

(ʨʠʩ. 9) [11]. 

 

ʈʠʩʫʥʦʢ 9. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʨʘʟʣʦʞʝʥʠʷ Ru(bpy)3 

ʠ ʢʘʨʢʘʩʥʦʛʦ ʘʥʘʣʦʛʘ. ʈʘʟʣʦʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʜʠʭʣʦʨʤʝʪʘʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʥʦʡ ʩʦʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0.01ʄ ʨʘʩʪʚʦʨʘ ʙʝʥʟʠʣ(ʪʨʠʵʪʠʣ) ʘʤʤʦʥʠʡ ʭʣʦʨʠʜʘ. 

ɼʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʟʘ ʩʯʝʪ ʬʠʢʩʘʮʠʠ ʣʠʛʘʥʜʦʚ ʚ ʞʝʩʪʢʠʡ ʢʘʨʢʘʩ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʜʠʩʩʦʮʠʘʮʠʶ ʢʦʤʧʣʝʢʩʘ.  

ʂʩʘʥʪʝʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ (ʨʠʩ. 1(ʚ)) ʠ Ru(bpy)3 (ʨʠʩ 1(ʘ)) ʠʤʝʶʪ ʚʝʩʴʤʘ ʙʣʠʟʢʠʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʕʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʢʦʪʦʨʳʤ ʘʚʪʦʨʘʤ (ʥʘʧʨʠʤʝʨ, [2]) ʫʪʚʝʨʞʜʘʪʴ ʦ ʣʸʛʢʦʩʪʠ ʟʘʤʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʦʛʦ Ru(bpy)3 ʥʘ ʵʦʟʠʥ ʞʸʣʪʳʡ ʠʣʠ ʙʝʥʛʘʣʴʩʢʠʡ ʨʦʟʦʚʳʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʠʤʝʨʦʚ ʩʣʦʞʥʦʡ ʬʦʪʦʭʠʤʠʠ ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʠʜʥʦ, ʯʪʦ ʪʘʢʘʷ ʟʘʤʝʥʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦʡ ʠʟ-ʟʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʠʟʢʘʷ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣɹʟʦʚʘʥʠ̫ ʙʦӢʣʴʰʠʭ ʟʘʛʨʫʟʦʢ (10-20 ʤʦʣ.% ʚ ʩʣʫʯʘʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

0.5ï2 ʤʦʣ.% ʚ ʩʣʫʯʘʝ Ru-ʢʦʤʧʣʝʢʩʦʚ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʣʝʢʩʳ Ru(II) ʠ Ir(III) ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʘʢʪʠʚʥʳ, ʘ 

ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʣʦʞʝʥʠʶ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ. 
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ʕʪʦ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʦʙʝʩʧʝʯʠʪ ʣʫʯʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʮʠʢʣʠʟʫʝʤʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʨʝʘʢʮʠʡ.  

2.2. ʇʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ(II ) ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʠ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʧʨʠʤʝʨ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ ï Ru(bpy)3
2+

 (bpy = 2,2ô-ʙʠʧʠʨʠʜʠʥ). Ru(II) ʠʤʝʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ d
6
, 

ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ï ʦʙʳʯʥʦ ʙʝʩʮʚʝʪʥʳʝ ʠʣʠ ʩʚʝʪʣʦ-ʞʸʣʪʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ 

-́ʘʢʮʝʧʪʦʨʘʤʠ (ʟʘ ʩʯʸʪ ˊ*-ʅʉʄʆ) ʠ ů-ʜʦʥʦʨʘʤʠ (ʟʘ ʩʯʸʪ ʥʝʧʦʜʝʣʸʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ 

ʘʪʦʤʦʚ ʘʟʦʪʘ) (ʨʠʩ. 10(ʘ)). 

 

 

ʈʠʩʫʥʦʢ 10. (ʘ) Ru(bpy)3, (ʙ) ɻʨʘʥʠʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʨʫʪʝʥʠʷ(II), (ʚ) ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ Ru(bpy)3. [12] 

ɺ ʢʦʤʧʣʝʢʩʘʭ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʜʥʦʢʨʘʪʥʳʭ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʯʘʩʪʝʡ ʤʦʣʝʢʫʣʳ: ʤʝʪʘʣʣʦʮʝʥʪʨʠʨʦʚʘʥʥʦʝ (ʄʉ, 

ˊ
ʄ

 Ÿ ˊ*
ʄ
), ʣʠʛʘʥʜʦʮʝʥʪʨʠʨʦʚʘʥʥʦʝ (LC, ˊ

L
 Ÿ ˊ*

L
) ʠ ʟʘʨʷʜʦʨʘʟʜʝʣʸʥʥʦʝ MLCT-ʚʦʟʙʫʞʜʸʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ (d
ʄ

 Ÿ ˊ*
L
) (ʨʠʩ. 10(ʙ)). [13, 14] ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(II)
 
ʧʝʨʚʳʤ ʚʦʟʙʫʞʜʸʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ 

MLCT, [15] ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ [Ru(II)]* (ʧʦʨʷʜʢʘ 

ʤʠʢʨʦʩʝʢʫʥʜʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʙʣʫʯʝʥʠʶ. ʊʘʢʞʝ ʪʘʢʠʝ 

ʢʦʤʧʣʝʢʩʳ Ru(II) ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʥʝʧʣʦʭʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʵʤʠʩʩʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʷʨʢʦʩʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

L
 

 

 

 

 

 

(ʘ) 

(ʙ) (ʚ) 
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ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ c ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʦʪʥʝʩʝʥʠʷʤʠ ʧʦʣʦʩ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 10(ʚ). ʇʦʣʦʩʳ 

ʩ ʤʘʢʩʠʤʫʤʘʤʠ 240 ʥʤ ʠ 450 ʥʤ ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʠʥ-ʨʘʟʨʝʰʸʥʥʳʤ MLCT d-ˊ* ʧʝʨʝʭʦʜʘʤ. 

ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʠ ʚʠʜ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 450 ʥʤ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʣʝʯʠ ʧʦʣʦʩ ʧʨʠ 322 ʥʤ ʠ 344 ʥʤ ʦʪʥʦʩʷʪ ʢ MC ʧʝʨʝʭʦʜʘʤ. [16] 

ɺʳʩʦʢʦʝ ʚʨʝʤʷ ʞʠʟʥʠ Ru(bpy)3*  ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚʩʪʫʧʘʪʴ ʚ ʨʘʟʣʠʯʥʳʝ ʦʙʨʘʪʠʤʳʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ɺʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʩʧʝʚʘʝʪ ʚʩʪʫʧʠʪʴ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʘʤʦ ʧʦ ʩʝʙʝ. ɽʩʣʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʷʛʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʢʠʩʣʝʥʥʳʝ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʬʦʨʤʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (Ru(III) ʠ Ru(I), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʥʠ ʦʙʣʘʜʘʶʪ ʟʘʤʝʪʥʦ ʙ·ʣʴʰʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʠ ʪʘʢʞʝ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ɼʣʷ ʬʦʪʦʢʘʪʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ 

ʧʝʨʝʭʦʜʳ (ʨʠʩ. 11) [17].  

 

ʈʠʩʫʥʦʢ 11. ɺʦʟʤʦʞʥʳʝ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʮʠʢʣʳ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʘ 
Ru(bpy)3

2+
.[18] 

ɺ ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪʘʭ [8, 17] ʠʩʩʣʝʜʦʚʘʥʦ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʬʝʥʘʮʠʣʩʫʣʴʬʦʥʠʝʚʳʭ, ʬʦʩʬʦʥʠʝʚʳʭ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ ʵʬʠʨʦʤ ɻʘʥʯʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʨʠʩ. 12). 

 

ʈʠʩʫʥʦʢ 12. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʣʝʡ ʵʬʠʨʦʤ ɻʘʥʯʘ [8, 17]. 

ɺ ʨʦʣʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ Ru(bpy)3, TPP ʠ ʵʦʟʠʥ ɾ. ʈʝʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʦʪʝʢʘʣʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʪʘ ʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂʦʤʥʘʪʥʦʝ ʦʩʚʝʱʝʥʠʝ (ʨʪʫʪʥʳʝ ʣʘʤʧʳ 
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ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ) ʧʦʟʚʦʣʷʣʦ ʟʘʚʝʨʰʠʪʴ ʨʝʘʢʮʠʶ ʟʘ ʜʚʦʝ ʩʫʪʦʢ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʟʘ 20 

ʤʠʥʫʪ, 1 ʯʘʩ ʠ 3 ʯʘʩʘ ʜʣʷ Ru(bpy)3, TPP ʠ ʵʦʟʠʥʘ ʞʸʣʪʦʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʥʘ ʨʦʣʴ Ru(bpy)3 ʚ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʦʙʱʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʡ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ 

ʜʠʵʪʠʣʤʘʣʝʘʪʝ ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ru(bpy)3 (ʨʠʩ. 13).  

 

ʈʠʩʫʥʦʢ 13. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʣʝʬʠʥʦʚ ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʤ. [19] 

ʅʘʢʦʧʣʝʥʥʳʡ ʦʙʲʸʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʘʚʪʦʨʘʤ 

ʨʘʙʦʪʳ [19] ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Ru(bpy)3 ʨʘʙʦʪʘʝʪ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʪʫʰʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʠʤʠ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 14. 

 

ʈʠʩʫʥʦʢ 14. ʉʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʣʝʬʠʥʦʚ ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʤ. [19] 

ʇʝʨʚʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩʣʫʞʠʪ ʜʠʛʠʜʨʦʥʠʢʦʪʠʥʘʤʠʜ ʠʣʠ ʝʛʦ 

ʘʥʘʣʦʛ, ʘ ʢʦʥʝʯʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ï ʦʣʝʬʠʥ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʚ ʧʦʣʴʟʫ ʨʘʜʠʢʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ʧʨʦʮʝʩʩʘ ʠ ʧʦʟʚʦʣʠʣʠ ʦʙʦʩʥʦʚʘʪʴ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦʪʦʢʦʣʦʚ ʘʵʨʦʙʥʦʛʦ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Ru(bpy)3, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʝʰʥʝʝ ʩʭʦʜʩʪʚʦ, 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʤʝʭʘʥʠʟʤʳ ʜʘʥʥʳʭ ʨʝʘʢʮʠʡ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ 

ʦʪʣʠʯʠʷ. ʅʘʧʨʠʤʝʨ, ʬʦʪʦʦʢʠʩʣʝʥʠʝ Ŭ-ʙʨʦʤʵʬʠʨʦʚ ʚ Ŭ-ʦʢʩʦʵʬʠʨʳ ʧʨʦʪʝʢʘʝʪ ʥʘ ʚʦʟʜʫʭʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 4-ʤʝʪʦʢʩʠʧʠʨʠʜʠʥʘ (ʨʠʩ. 15). [20] 

 

ʈʠʩʫʥʦʢ 15. ɸʵʨʦʙʥʦʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ Ŭ-ʙʨʦʤʵʬʠʨʘ. 
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ʇʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʘʚʪʦʨʦʚ, 4-ʤʝʪʦʢʩʠʧʠʨʠʜʠʥ ʦʙʨʘʟʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʦʣʴ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ 

(ʢʘʢ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ) ʦʙʲʷʩʥʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ï ʣʠʪʠʡ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ 

ʠʣʠ ʤʝʪʦʢʩʠʛʨʫʧʧʦʡ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʦʪʝʥʮʠʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩ. 16). 

 

ʈʠʩʫʥʦʢ 16. ʆʢʠʩʣʝʥʠʝ ʘʣʴʬʘ-ʙʨʦʤʵʬʠʨʦʚ ʚ ʘʣʴʬʘ-ʦʢʩʦʵʬʠʨʳ ʠ ʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʤʝʭʘʥʠʟʤ. [20] 

ɼʨʫʛʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʨʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪ (ʨʠʩ. 

17). ʄʝʭʘʥʠʟʤ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʪʫʰʝʥʠʝ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʵʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʢʠʩʣʦʨʦʜʘ ʢ 

ʘʪʦʤʫ ʙʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʘʜʜʫʢʪʘ ʚ ʙʦʨʘʪ [21] . 

 

 

ʈʠʩʫʥʦʢ 17. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʬʝʥʦʣ ʠ ʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʤʝʭʘʥʠʟʤ [21].  

ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ DIPEA. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ DIPEA ʦʢʠʩʣʝʥʠʷ ʙʦʨʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʬʝʥʦʣ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʠʧʦʪʝʟʦʡ ʦ ʮʠʢʣʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʪʫʰʝʥʠʷ ʜʣʷ Ru(bpy)3 [21]. 

ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ï ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʨʝʘʢʮʠʷ ʜʣʷ ʦʮʝʥʢʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ (ʬʦʪʦ)ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ, ʜʦʩʪʫʧʥʦʩʪʠ 
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ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ ʛʠʙʢʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʮʝʣʝʚʦʝ 

ʦʢʠʩʣʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 18). 

 

ʈʠʩʫʥʦʢ 18. ʆʙʱʘʷ ʩʭʝʤʘ ʩʫʣʴʬʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ. 

ʈʝʘʢʮʠʷ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʙʦʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʜʠʢʘʣʦʚ (ʦʩʦʙʝʥʥʦ ʙʝʥʟʠʣʴʥʳʭ), [22-24] ʧʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ ʚ ʩʫʣʴʬʦʢʩʠʜʳ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ ʚʘʞʥʦ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. [25, 26] ʌʦʪʦʢʘʪʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʪʘʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʚʦʟʜʫʭʘ ʚʤʝʩʪʦ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʧʝʨʦʢʩʠʜʦʚ ʠ 

ʧʝʨʦʢʩʦʢʠʩʣʦʪ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ [27]. 

ʈʝʘʢʮʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʫʣʴʬʦʢʩʠʜʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʦʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ: ʯʝʨʝʟ ʧʨʷʤʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʙʩʪʨʘʪʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ (RedOx) (ʨʠʩ. 19(ʘ)) [28, 29] ʠʣʠ 

ʩ ʛʝʥʝʨʘʮʠʝʡ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (EnT) (ʨʠʩ. 19(ʙ)). [29-31] ɺ 

ʩʣʫʯʘʝ RedOx-ʧʫʪʠ, ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʠʩʣʷʝʪ ʩʫʣʴʬʠʜ ʜʦ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʩʣʫʯʘʝ EnT-ʧʫʪʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʤ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʪʨʠʧʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʥʛʣʝʪʥʳʡ; ʠʤʝʥʥʦ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʨʝʘʛʠʨʫʝʪ ʩ ʩʫʣʴʬʠʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʦʢʩʠʜʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ.  

 

ʈʠʩʫʥʦʢ 19. ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ: 

ʘ) ʧʨʷʤʦʝ ʦʢʠʩʣʝʥʠʝ; ʙ) ʦʢʠʩʣʝʥʠʝ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. 
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ʂʦʥʢʨʝʪʥʘʷ ʬʦʨʤʘ ʠʥʪʝʨʤʝʜʠʘʪʘ ʷʚʣʷʣʘʩʴ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʡ, ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʦʡ ʷʚʣʷʝʪʩʷ ʥʝʮʠʢʣʠʯʝʩʢʘʷ ʬʦʨʤʘ ʧʝʨʦʢʩʠʜʘ.  

ʂʘʢʦʡ ʢʦʥʢʨʝʪʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ, ʟʘʚʠʩʠʪ ʦʪ ʩʫʙʩʪʨʘʪʘ, ʢʘʢ ʧʦʣʘʛʘʶʪ ʤʥʦʛʠʝ 

ʘʚʪʦʨʳ. [28-31] ɸʣʢʠʣʘʨʠʣ- ʠ ʜʠʘʨʠʣʩʫʣʴʬʠʜʳ ʨʝʘʛʠʨʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦ 

RedOx-ʧʫʪʠ, ʘ ʜʠʘʣʢʠʣʩʫʣʴʬʠʜʳ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʧʦ ʦʙʦʠʤ ʧʫʪʷʤ, ʥʦ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʙʩʪʨʘʪʦʚ ʨʝʘʢʮʠʷ ʩ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚʥʦʩʠʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ. 

ʈʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-

ʛʝʪʝʨʦʘʪʦʤ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ (ʨʠʩ. 20). ʄʷʛʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʢʘʢ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʧʨʦʜʫʢʪʦʚ. 

 
ʈʠʩʫʥʦʢ 20. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʟʘʤʳʢʘʥʠʝ ʙʝʥʟʦʪʠʘʟʦʣʘ [32]. 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʢʘʪʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ([2+2] [33], [3+2] [33], [4+2] [34]), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʢʘʨʢʘʩʳ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦ ʩʧʝʮʠʬʠʯʥʳʤʠ 

ʧʨʘʚʠʣʘʤʠ ʦʪʙʦʨʘ. ʇʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʙʳʣʦ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʙʠʩ((ʘʨʠʣ)ʝʥʦʥʘ) (ʨʠʩ. 21). 

 

 

ʈʠʩʫʥʦʢ 21. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʙʠʩ((ʘʨʠʣ)ʝʥʦʥʘ). [35] 

ʇʦʩʢʦʣʴʢʫ ʚ ʦʪʩʫʪʩʪʚʠʝ DIPEA ʨʝʘʢʮʠʷ ʥʝ ʠʜʸʪ, ʘʚʪʦʨʳ [35] ʟʘʢʣʶʯʠʣʠ, ʯʪʦ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʭʦʜʠʪ ʮʠʢʣ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʪʫʰʝʥʠʷ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʠʩʣʦʪʳ 

ʃʴʶʠʩʘ (ʚ ʚʠʜʝ ʩʦʣʠ ʣʠʪʠʷ) ʧʦʟʚʦʣʠʣʘ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʦʥʝʯʥʳʤ ʘʢʮʝʧʪʦʨʦʤ ʜʦʣʞʝʥ 

ʚʳʩʪʫʧʘʪʴ ʝʥʦʥ (ʨʠʩ. 21). 
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ʇʨʠ ʟʘʤʝʥʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ (ʢʠʩʣʦʪʘ ʚʤʝʩʪʦ ʩʦʣʠ ʣʠʪʠʷ), ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ 

ʧʦʣʫʯʝʥ ʥʝ ʙʳʣ, ʘ ʦʙʨʘʟʦʚʘʣʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʜʫʢʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ (ʨʠʩ. 22) 

[36]. 

 

ʈʠʩʫʥʦʢ 22. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʙʠʩ((ʘʨʠʣ)ʝʥʦʥʘ) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. [36] 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʙʠʩ((ʘʨʠʣ)ʝʥʦʥʘ) ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦ (ʥʘ ʥʝʩʚʷʟʘʥʥʳʭ ʘʨʠʣʝʥʦʥʘʭ), ʘ 

ʪʘʢʞʝ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ (ʨʠʩ. 23) [37] . 

 

ʈʠʩʫʥʦʢ 23. ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʙʠʩ((ʘʨʠʣ)ʝʥʦʥʦʚ). [37] 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʶ ʘʣʢʠʣʝʥʦʥʘ ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʠʟ ʘʨʠʣʝʥʦʥʦʚ ʚʳʭʦʜ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚʳʭʦʜ ʩʥʠʞʘʝʪʩʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʘʷ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʚʪʦʨʦʛʦ ʝʥʦʥʘ. ɸʣʢʠʣʝʥʦʥʳ ʠ ʘʨʠʣʝʥʦʥʳ 

ʧʦʢʘʟʳʚʘʶʪ ʦʜʠʥʘʢʦʚʫʶ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠ ʪʠʦʵʬʠʨʦʚ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʦʪʣʠʯʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʦʨʠʝʥʪʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʚ ʧʝʨʝʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. 

 

 

ʈʠʩʫʥʦʢ 24. ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ [2+2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ. [38] 
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ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [38] ʧʠʩʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʨʠʤʝʨ [2+2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ c 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʦʧʝʨʦʢʩʠʜʘ (ʨʠʩ. 24). ʈʝʘʢʮʠʷ ʠʥʪʝʨʝʩʥʘ ʢʘʢ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ (ʢʘʢ 

ʧʩʝʚʜʦʪʨʠʤʦʣʝʢʫʣʷʥʘʷ ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʮʠʢʣʠʟʘʮʠʷ), ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʠʢʣʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʌʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʜʠʢʘʣʴʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʤʠʥʦʚ. ʅʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ a-ʧʦʣʦʞʝʥʠʠ ʢ 

ʘʤʠʥʦʛʨʫʧʧʝ ʚ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʘʭ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʅʘʧʨʠʤʝʨ, 1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥ (ʊɻʀʍ) ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʙʣʦʢʦʤ 

ʜʨʦʪʘʚʝʨʠʥʘ ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʤʦʨʬʠʥʘ (ʨʠʩ. 25). 

 

ʈʠʩʫʥʦʢ 25. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ ʩ ʊɻʀʍ ʚ ʢʘʨʢʘʩʝ. 

N-ʘʨʠʣ- ʠ N-ʘʣʢʠʣ-ʊɻʀʍ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʙʝʥʟʠʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʩ ʚʚʝʜʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠʣʠ ʫʩʣʦʞʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ. ʕʪʠ ʨʝʘʢʮʠʠ 

ʙʳʣʠ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʠʤʝʥʥʦ ʥʘ Ru(bpy)3 ʠ ʧʦʣʠʧʠʨʠʜʥʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʨʠʜʠʷ(III ) ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʨʠʩ. 26). 

a)     

ʙ)     

ʈʠʩʫʥʦʢ 26. ʘ) ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ N-ʘʨʠʣ-ʊɻʀʍ ʥʘ ʥʠʪʨʦʤʝʪʠʣʴʥʫʶ [39], 

ʬʦʩʬʦʥʘʪʥʫʶ [40], ʮʠʘʥʦʛʨʫʧʧʫ [41]; ʙ) ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʢ N-ʟʘʤʝʱʸʥʥʦʤʫ ʊɻʀʍ [42]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ ʚʦʟʤʦʞʥʳ ʙʣʘʛʦʜʘʨʷ ʣʸʛʢʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʤʠʥʠʝʚʦʛʦ ʠʦʥʘ, ʢʦʪʦʨʳʡ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʭʚʘʪʳʚʘʝʪ 

ʥʫʢʣʝʦʬʠʣʳ ʠʟ ʩʨʝʜʳ (ʨʠʩ. 27). ʆʢʠʩʣʝʥʠʝ ʊɻʀʍ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʩ ʫʯʘʩʪʠʝʤ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʪʫʰʝʥʠʝ), ʪʘʢ ʠ ʜʨʫʛʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ.  
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ʈʠʩʫʥʦʢ 27. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʡ N-ʟʘʤʝʱʸʥʥʳʭ ʊɻʀʍ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ. 

ʆʜʥʘʢʦ, ʥʘ ʧʨʠʤʝʨʝ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ [43] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʵʪʦʤʫ ʨʝʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʥʘʚʝʨʥʷʢʘ 

ʩʣʦʞʥʝʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ ʥʫʢʣʝʦʬʠʣʦʚ. 

ɺ ʫʩʣʦʚʠʷʭ ʬʦʪʦʢʘʪʘʣʠʟʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʘʨʠʣ-ʨʘʜʠʢʘʣʳ ʠʟ 

ʩʦʣʝʡ ʜʠʘʨʠʣʡʦʜʦʥʠʷ ʠʣʠ ʜʠʘʟʦʥʠʷ [44]. ʉʦʣʠ ʘʨʠʣʜʠʘʟʦʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʝ ʪʨʝʙʫʶʪ ʢʘʪʘʣʠʟʘ 

ʧʨʠ ʬʦʪʦʣʠʟʝ, ʥʦ ʵʪʦ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʵʥʝʨʛʦʸʤʢʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʙʦʯʥʳʤ ʨʝʘʢʮʠʷʤ ʩ ʫʯʘʩʪʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʘʞʝ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 28). 

 

ʈʠʩʫʥʦʢ 28. ʋʌ-ʠʥʜʫʮʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʇʰʦʨʨʘ. [17] 

ɸʢʪʠʚʘʮʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ ʩ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʢʦʪʦʨʘʷ ʚʦʟʤʦʞʥʘ ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ 

ʛʦʨʘʟʜʦ ʫʜʦʙʥʝʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ ʦʭʣʘʞʜʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ (ʨʠʩ. 29) [45]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦʩʪʠʛʘʝʪ 70-80%. 

 

 

ʈʠʩʫʥʦʢ 29. ʌʦʪʦʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʇʰʦʨʨʘ ʠ ʝʸ ʤʝʭʘʥʠʟʤ [45]. 
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ʃʦʛʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʵʪʦʡ ʠʜʝʠ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʫʙʩʪʨʘʪʘʭ (ʨʠʩ. 30). 

 

ʈʠʩʫʥʦʢ 30. ʇʨʠʤʝʨʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʇʰʦʨʨʘ. [46] 

ʈʘʜʠʢʘʣʴʥʘʷ ʧʨʠʨʦʜʘ ʧʨʦʮʝʩʩʘ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʩʝʣʝʢʪʠʚʥʦ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʛʝʪʝʨʦʘʨʝʥʘ. 

ɸʨʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʥʘʧʨʠʤʝʨ, ʛʘʣʦʛʝʥʠʜʦʚ (ʨʠʩ. 31). 

 

 

ʈʠʩʫʥʦʢ 31. ɸʨʠʣʠʨʦʚʘʥʠʝ ʧʠʨʨʦʣʘ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ. [47] 

ʇʠʨʝʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʥʦʩʯʠʢʘ ʵʥʝʨʛʠʠ ʦʪ Ru(bpy)3 ʜʦ ʨʝʘʛʝʥʪʦʚ ʩ 

ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ. ʉʘʤ ʧʠʨʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʛʣʦʱʘʝʪ ʚʠʜʠʤʳʡ 

ʩʚʝʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ. ʄʝʪʦʜ 

ʦʛʨʘʥʠʯʝʥ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʩ ʩʠʣʴʥʳʤʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 
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ʦ- ʠ ʧ-ʙʝʥʟʦʥʠʪʨʠʣʳ, ʘʨʠʣʢʝʪʦʥʳ, ʵʬʠʨʳ ʛʘʣʦʛʝʥʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʧʠʨʠʤʠʜʠʥʦʚʳʝ 

ʛʝʪʝʨʦʮʠʢʣʳ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

Ru(bpy)3 ʠ ʧʠʨʝʥʘ ʜʣʷ ʜʨʫʛʠʭ ʩʫʙʩʪʨʘʪʦʚ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʘʨʠʣ-

ʨʘʜʠʢʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʩʝʨʴʸʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʝʘʛʝʥʪ-ʨʘʜʠʢʘʣʴʥʫʶ ʣʦʚʫʰʢʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʪʦʥʢʦʤ ʩʠʥʪʝʟʝ. ʆʜʥʘʢʦ, ʧʝʨʝʭʚʘʪ ʜʘʥʥʦʛʦ 

ʨʘʜʠʢʘʣʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʘʣʠʟ, ʥʘʟʳʚʘʶʪ 

ʢʦʦʧʝʨʘʪʠʚʥʳʤ ʢʘʪʘʣʠʟʦʤ (çdual catalysisè). ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ ʜʚʦʡʥʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ Pd(II) + Ru(bpy)3 ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʦʪʣʠʯʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʘʨʠʣʠʨʦʚʘʥʠʠ ʩʫʙʩʪʨʘʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʘʣʣʘʜʘʮʠʢʣ (ʨʠʩ. 32).[48]  

 

 

ʈʠʩʫʥʦʢ 32. ʉʝʣʝʢʪʠʚʥʦʝ ʉ-ʅ ʘʨʠʣʠʨʦʚʘʥʠʝ ʚ ʜʚʦʡʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. [48] 

ʇʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʨʘʙʦʪʳ [48] 

ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʫʨʠʥʦʚʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ 

(ʨʠʩ. 33). [49] ʅʝʢʦʪʦʨʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʨʠʙʦʟʘʤʠ ʜʣʷ ʠʤʠʪʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʠ ʢʘʢ ʨʘʮʝʤʠʟʘʮʠʠ ʦʩʪʦʚʘ ʨʠʙʦʟ, 

ʪʘʢ ʠ ʦʪʱʝʧʣʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʤʝʪʦʜ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 
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ʈʠʩʫʥʦʢ 33. ɸʨʠʣʠʨʦʚʘʥʠʝ ʧʫʨʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ. [49] 

ʂʦʦʧʝʨʘʪʠʚʥʳʡ ʢʘʪʘʣʠʟ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʙʦʪʝ [50] ʙʳʣ ʚʳʧʦʣʥʝʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʙʝʥʟʦʬʫʨʘʥʦʚ ʠʟ ʦʨʪʦ-

ʘʣʢʠʥʠʣʬʝʥʦʣʦʚ ʠ ʩʦʣʝʡ ʜʠʘʟʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʠ Ru(bpy)3 (ʨʠʩ. 34). 

 

 

ʈʠʩʫʥʦʢ 34. ʆʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ 2-ʟʘʤʝʱʸʥʥʳʭ ʙʝʥʟʦʬʫʨʘʥʦʚ. [50] 

ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ ʣʸʛʢʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʟʦʣʦʪʘ(III ) ʩ ʘʣʢʠʥʦʤ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʩʪʘʪʴʝ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

34. ʕʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʣʶʙʦʤ ʠʟ ʨʝʘʛʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ. ʅʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ ʚ ʨʘʜʠʢʘʣʝ R ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ Ŭ,Ŭôï

ʙʠʩʘʨʠʣʠʨʦʚʘʥʥʦʛʦ ʢʝʪʦʥʘ (ʠʣʠ ʝʛʦ ʝʥʦʣʷʪʘ) ʚʤʝʩʪʦ ʟʘʤʳʢʘʥʠʷ ʙʝʥʟʦʬʫʨʘʥʘ. ʇʨʠ ʵʪʦʤ 

ʬʝʥʦʣʴʥʦʝ ʷʜʨʦ ʩʦʭʨʘʥʷʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʆʙʨʘʟʦʚʘʥʠʝ ʢʝʪʦʥʘ ʩʚʷʟʳʚʘʶʪ ʩ ʠʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ ʩ ʘʣʢʠʥʦʤ: ʘʪʦʤ ʟʦʣʦʪʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ 

ʙʣʠʞʝ ʢ ɻʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʦʤʫ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʮʝʥʪʨ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʘʪʦʤʝ, ʥʝʜʦʩʪʫʧʥʦʤ ʜʣʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ (ʨʠʩ. 35). 
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ʈʠʩʫʥʦʢ 35. ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ ʚ ʩʫʙʩʪʨʘʪʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ. 

ʂʦʦʧʝʨʘʪʠʚʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʚʠʪʠʷ, ʪʘʢ 

ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ ʯʘʩʪʷʤʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʣʝʢʫʣʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʩʪʨʘʠʚʘʪʴ ʬʦʪʦ- ʠ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘʪʦʨ ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʛʠʙʢʦʡ ʥʘʩʪʨʦʡʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʜ ʢʦʥʢʨʝʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʜʝʣʸʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʥʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʦʛʨʘʥʠʯʝʥʘ ʥʝ ʪʦʣʴʢʦ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʩʢʦʨʦʩʪʴʶ ʜʠʬʬʫʟʠʠ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʨʘʟʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ 

ʧʦʟʚʦʣʷʝʪ ʩʙʣʠʟʠʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʯʪʦ ʜʦʣʞʥʦ ʫʣʫʯʰʠʪʴ ʧʝʨʝʜʘʯʫ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʞʜʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʦʙʣʝʛʯʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʪʘʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 36). [51] 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʜʝʣʸʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʲʝʜʠʥʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ 

ʪʨʝʙʫʝʪ ʧʝʨʝʥʦʩʯʠʢʘ ʵʣʝʢʪʨʦʥʦʚ ʦʪ Ru(bpy)3 ʜʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ (ʙʝʟ ʢʦʪʦʨʦʛʦ ʨʘʟʜʝʣʸʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʚʦʜʦʨʦʜ ʚ ʧʨʠʥʮʠʧʝ). ʆʜʥʘʢʦ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ 

ʦʢʘʟʘʣʩʷ ʚʳʰʝ ʠʤʝʥʥʦ ʜʣʷ ʨʘʟʜʝʣʸʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 

[Ru-Pt] =  

ʈʠʩʫʥʦʢ 36. ɻʝʥʝʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ ʩ ʨʘʩʭʦʜʫʝʤʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. [51] 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʚʤʝʩʪʝ ʩ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ, ʤʝʜʠ, ʤʘʨʛʘʥʮʘ, ʧʘʣʣʘʜʠʷ, ʢʦʙʘʣʴʪʘ ʠ ʜʨ.. [52] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʧʠʨʠʜʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʟʘ ʩʯʸʪ ʩʦʯʝʪʘʥʠʷ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ, ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʫʜʦʙʥʳʭ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʦʚ. ʉʦʯʝʪʘʥʠʝ ʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

2.3. ʇʦʜʭʦʜʳ ʢ ʨʝʮʠʢʣʠʟʘʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʇʨʦʚʝʜʸʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 

Ru(II) ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʦʪʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ [53], ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʤʘʣʳʭ ʟʘʛʨʫʟʢʘʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʦʙʥʳʝ çʤʝʜʣʝʥʥʳʝè ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙ·ʣʴʰʠʭ ʟʘʛʨʫʟʦʢ ʢʦʤʧʣʝʢʩʘ Ru(II) ʠʣʠ Ir(III), ʯʪʦ ʩʦʟʜʘʸʪ ʟʘʧʨʦʩ ʥʘ ʧʦʠʩʢ 

ʩʧʦʩʦʙʦʚ ʨʝʮʠʢʣʠʟʘʮʠʠ (ʦʪʜʝʣʝʥʠʷ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ) ʵʪʠʭ ʵʬʬʝʢʪʠʚʥʳʭ, ʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ʈʝʮʠʢʣʠʟʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʟʜʘʥʠʠ ʛʝʪʝʨʦʛʝʥʥʦʡ ʣʝʛʢʦ ʨʘʟʜʝʣʠʤʦʡ 

ʩʠʩʪʝʤʳ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʢ ʩʦʟʜʘʥʠʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʣʝʛʢʦʝ ʦʪʜʝʣʝʥʠʝ ʪʚʸʨʜʦʡ 

ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʬʘʟʳ. ɼʣʷ ʨʝʘʢʮʠʡ ʪʘʢʠʭ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʘʩʪʚʦʨʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʣʦʞʢʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ 

ʨʝʘʛʝʥʪʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʟʘʛʨʷʟʥʷʪʴ ʠ ʨʘʟʨʫʰʘʪʴ ʥʦʩʠʪʝʣʴ, ʘ ʪʘʢʞʝ ʚʳʤʳʚʘʪʴ ʠ 

ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨ. ʇʦʜʣʦʞʢʘ ʩʦʟʜʘʸʪ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʜʦʩʪʫʧʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʅʦ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʟʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ 

ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʫʚʝʣʠʯʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʛʝʪʝʨʦʛʝʥʠʟʦʚʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʤʦʛʝʥʥʳʤ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ. ɺʦʟʤʦʞʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ ʧʦʜʣʦʞʢʦʡ, ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʜʣʦʞʢʦʡ, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʳʝ ʦʙʱʠʝ ʠ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʜʣʦʞʢʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. [54-56] ʉʦʨʙʮʠʷ ʩʫʙʩʪʨʘʪʦʚ ʥʘ ʧʦʜʣʦʞʢʫ ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʦʢʦʣʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. 

ʈʝʮʠʢʣʠʟʘʮʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʦʬʘʟʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ, ʠʩʩʣʝʜʦʚʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʈʝʮʠʢʣʠʟʘʮʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʨʝʙʫʝʪ 
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ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʘʪʘʣʠʟʘʪʦʨ ʧʝʨʝʰʝʣ ʚ 

ʜʨʫʛʫʶ ʬʘʟʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʘʢʮʠʠ ʠʣʠ ʦʩʘʞʜʝʥʠʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʵʢʩʪʨʘʢʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ ʬʘʟʫ ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʵʢʩʪʨʘʢʮʠʷ ʤʠʮʝʣʣ ʩ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʚʦʜʫ, ʠʣʠ ʨʘʟʜʝʣʝʥʠʝ ʪʝʨʤʦʤʦʨʬʥʳʭ ʩʤʝʩʝʡ ʥ-ʛʝʧʪʘʥʘ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠʣʠ 

ɼʄʌɸ. ʊʘʢʞʝ ʦʧʠʩʘʥ ʧʦʜʭʦʜ ʢ ʦʪʜʝʣʝʥʠʶ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠʣʠ 

ʥʘʥʦʬʠʣʴʪʨʫʶʱʠʭ ʤʝʤʙʨʘʥ. ɺʳʜʝʣʝʥʠʝ ʠʩʪʠʥʥʦʛʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʚʦʜʫ ʜʦ 

ʵʪʦʡ ʨʘʙʦʪʳ ʦʧʠʩʘʥʦ ʥʝ ʙʳʣʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʦʬʘʟʥʳʭ ʘʥʘʣʦʛʦʚ, ʨʘʩʪʚʦʨʠʤʳʝ 

ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʝ ʠʤʝʶʪ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʥʝ ʨʘʩʩʝʠʚʘʶʪ ʩʚʝʪ, 

ʥʦ ʤʦʛʫʪ ʠʤʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ [57, 58].  

ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʤʝʨʳ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʢʘʢ ʪʘʢʦʚʦʡ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʦʚ ʠ ʢʦʥʚʝʨʩʠʡ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ, ʥʦ ʚʩʸ-ʪʘʢʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʟ-ʟʘ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʥʦʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. ɻʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʛʨʘʶʪ ʠʟʤʝʥʝʥʠʷ ʜʚʫʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʝʸ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ. ɼʘʣʝʝ ʬʨʘʟʳ çʢʘʪʘʣʠʟʘʪʦʨ ʨʝʮʠʢʣʠʟʦʚʘʥ N ʨʘʟè 

ʠ çʢʘʪʘʣʠʟʘʪʦʨ ʚʳʜʝʨʞʘʣ N ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚè ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʧʫʪʘʥʠʮʳ, ʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʯʠʩʣʦ ʨʝʮʠʢʣʠʟʘʮʠʡ ʚʩʝʛʜʘ ʥʘ 

ʝʜʠʥʠʮʫ ʤʝʥʴʰʝ ʦʙʱʝʛʦ ʯʠʩʣʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ.  

2.4. ʊʚʝʨʜʦʬʘʟʥʳʝ ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ 

ʊʚʝʨʜʦʬʘʟʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ʧʦ ʪʠʧʫ 

ʠʤʤʦʙʠʣʠʟʫʶʱʝʡ ʩʚʷʟʠ: ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠ-ʩʚʷʟʘʥʥʳʝ. ʇʝʨʚʳʝ ʠʩʧʦʣʴʟʫʶʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʩʪʝʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʢʦʤʧʣʝʢʩʳ çʛʦʩʪʴ-ʭʦʟʷʠʥè) ï ʣʘʙʠʣʴʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ. ʉʦʨʙʠʨʫʝʤʳʝ 

ʪʚʝʨʜʦʬʘʟʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠ ʠʨʠʜʠʷ ʥʝ ʪʨʝʙʫʶʪ ʷʢʦʨʥʦʡ 

ʛʨʫʧʧʳ ʚ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʦ ʤʦʛʫʪ ʝʸ ʩʦʜʝʨʞʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʫʧʨʦʯʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʥʦʩʠʪʝʣʝʤ. ʂʦʚʘʣʝʥʪʥʦ- ʠʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-

ʩʚʷʟʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʜʝʨʞʘʪ ʷʢʦʨʥʫʶ ʛʨʫʧʧʫ ʠʣʠ ʣʠʛʘʥʜ ʚ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʠ ʩʠʥʪʝʟ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʦʣʝʝ ʥʘʜʸʞʥʫʶ 

ʠʤʤʦʙʠʣʠʟʘʮʠʁ , ʯʪʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪɹ ʙʦӢʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. 

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʧʦʨʠʩʪʦʩʪʴ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʤʝʨʦʤ ʧʦʨ. ʇʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʤʠʢʨʦ- 

(ʥʘʥʦ-) (<2 ʥʤ), ʤʝʟʦ- (2-50 ʥʤ), ʠ ʤʘʢʨʦʨʘʟʤʝʨʥʳʤʠ (>50 ʥʤ). ɼʣʷ ʢʘʪʘʣʠʟʘ ʦʧʪʠʤʘʣʴʥʳ 
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ʤʝʟʦʧʦʨʳ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʝʝ ʩʦʯʝʪʘʥʠʝ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʦʨʘʭ ʜʣʷ ʨʝʘʛʝʥʪʦʚ. ʄʠʢʨʦʧʦʨʳ, ʠʟ-ʟʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, ʩʦʟʜʘʶʪ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʞʠʜʢʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ, ʘ ʤʘʢʨʦʧʦʨʳ ʥʝ 

ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʟʘʛʨʫʟʢʫ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ, ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʪʴ ʩʦʙʦʡ ʧʦʨʳ ʚ ʧʦʜʣʦʞʢʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʥʦʩʠʪʝʣʝʡ. ɿʘʧʦʣʥʝʥʠʝ ʧʦʨ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʩʪʫʧʥʦʡ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʯʘʩʪʦ ʚʩʪʨʝʪʠʪʴ ʨʘʩʩʫʞʜʝʥʠʷ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʫʜʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʤʤʦʙʠʣʠʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʝʸ ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ. [59]  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʦʜʣʦʞʝʢ ʠ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʦʪ ʧʨʦʧʠʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʦʤ Ru(bpy)3 ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʩʠʣʠʢʘʛʝʣʷ 40-63 ʤʢʤ ʜʦ ʢʦʤʧʦʟʠʪʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʣʠ ʧʦʣʠʤʝʨ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ. 

ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʧʦʜʣʦʞʢʠ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ (rGO, ɺʆɻ) 

ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ (ɺʆɻ) ʷʚʣʷʝʪʩʷ ʬʦʪʦʘʢʪʠʚʥʦʡ (ʪ.ʝ. ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ 

ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ), ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʧʦʜʣʦʞʢʦʡ. ɽʛʦ 

ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʩʫʙʤʠʢʨʦ- ʠʣʠ ʥʘʥʦʯʘʩʪʠʮ ʛʨʘʬʠʪʘ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʚ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʝ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʣʠʩʪʦʚ ʛʨʘʬʠʪʘ ʠ ʧʦʷʚʣʝʥʠʶ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʦʟʜʘʸʪ ʤʝʟʦʧʦʨʳ ʚ ʤʘʪʝʨʠʘʣʝ ʟʘ ʩʯʸʪ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʦʢʩʠʛʝʥʠʨʫʝʪ ʤʘʪʝʨʠʘʣ, 

ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʩʦʧʨʷʞʸʥʥʫʶ ˊ-ʩʠʩʪʝʤʫ ʛʨʘʬʠʪʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʪʝʧʣʦ- ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʨʘʙʦʪʝ [60], ɺʆɻ ʙʳʣ ʧʨʦʧʠʪʘʥ ʢʦʤʧʣʝʢʩʦʤ [Fe(bpy)3](PF6)2, ʧʦʣʫʯʝʥʥʳʡ ʛʠʙʨʠʜʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʨʠʤʝʥʸʥ ʜʣʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʘʥʠʣʠʥ ʚ ʩʤʝʩʠ 

ɼʍʄ/ʘʮʝʪʦʥʠʪʨʠʣ/ʤʝʪʘʥʦʣ (ʨʠʩ. 37).  

 

ʈʠʩʫʥʦʢ 37. ʌʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʘʥʠʣʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Fe(bpy)3@rGO. 

ʄʘʪʝʨʠʘʣ ʦʢʘʟʘʣʩʷ ʚ 4-6 ʨʘʟ ʘʢʪʠʚʥʝʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʫʟʢʠ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʧʦʜʣʦʞʢʫ) ʢʘʢ ʦʪʜʝʣʴʥʦ ʨʘʩʪʚʦʨʸʥʥʦʛʦ [Fe(bpy)3](PF6)2, ʪʘʢ ʠ ʝʛʦ ʩʤʝʩʠ ʩ ɺʆɻ, ʘ ʪʘʢʞʝ ʚ 10 ʨʘʟ 

ʘʢʪʠʚʥʝʝ ʩʘʤʦʛʦ ɺʆɻ. ʄʘʪʝʨʠʘʣ ʨʝʮʠʢʣʠʟʦʚʘʣʠ 5 ʨʘʟ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ. 
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ʋʩʢʦʨʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʩʣʫʯʘʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʧʝʨʝʥʦʩʦʤ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʢʦʤʧʣʝʢʩʘ ʥʘ ɺʆɻ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʘʪʴ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʪʘʣʠʟ. 

ɺ ʨʘʙʦʪʝ [61] ɺʆɻ ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʩʫʣʴʬʦʥʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʚʝʜʸʥ ʚ 

ʨʝʘʢʮʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ Ru(bpy)3. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʫʣʴʬʦʛʨʫʧʧ ʧʦʜʣʦʞʢʠ. ʄʘʪʝʨʠʘʣ 

ʙʳʣ ʧʨʦʚʝʨʝʥ ʚ ʨʝʘʢʮʠʠ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʙʨʦʤʘʮʝʪʦʬʝʥʦʥʘ ʚ ɼʄʌɸ ʠ ʨʝʮʠʢʣʠʟʦʚʘʥ 5 ʨʘʟ 

ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ. ɼʄʌɸ ʷʚʣʷʝʪʩʷ ʧʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʠ ʚʚʝʜʝʥʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʩʫʣʴʬʦʥʘʪʥʳʭ ʛʨʫʧʧ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʦʤʦʛʣʦ ʤʘʪʝʨʠʘʣʫ ʩʦʭʨʘʥʠʪʴ 

ʘʢʪʠʚʥʦʩʪʴ. ʇʦʩʣʝ 5 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʙʳʣʦ ʧʦʪʝʨʷʥʦ 8% ʢʦʤʧʣʝʢʩʘ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ISP-MS, ʧʨʠʯʝʤ ʚʳʤʳʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʙʳʣʘ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ, ʯʪʦ ʙʳʣʦ ʟʘʢʣʶʯʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʩʪʘ çʩ ʛʦʨʷʯʠʤ ʬʠʣʴʪʨʦʚʘʥʠʝʤè 

(ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʷ ʚ ʬʠʣʴʪʨʘʪʝ ʥʝ ʧʨʦʪʝʢʘʣʘ). ʂ 

ʩʦʞʘʣʝʥʠʶ, ʩʨʘʚʥʝʥʠʷ ʩ ʨʘʩʪʚʦʨʠʤʳʤ ʘʥʘʣʦʛʦʤ ʚ ʨʘʙʦʪʝ [61] ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. 

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʥʠʪʨʠʜ ʫʛʣʝʨʦʜʘ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʦʜʣʦʞʢʠ ʵʪʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʦʙʱʫʶ ʬʦʨʤʫʣʫ C3N4. ʆʥʠ ʠʤʝʶʪ 

ʤʥʦʞʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʦʨʬʦʣʦʛʠʡ ï ʥʘʥʦcʪʝʨʞʥʠ, ʥʘʥʦʩʣʦʠ ʠ ʪʨʸʭʤʝʨʥʳʝ ʤʝʟʦʧʦʨʠʩʪʳʝ 

ʩʪʨʫʢʪʫʨʳ. ʕʪʘ ʧʦʜʣʦʞʢʘ ʩʘʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ [62], ʥʦ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥʦ ʚʚʝʜʝʥʠʝʤ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ([Fe(bpy)3](PF6)2, Ru(bpy)3 ʠ ʧʨ.). ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ 

ʧʨʠʨʦʜʘ ʧʦʜʣʦʞʢʠ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴ ʵʥʝʨʛʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ, ʯʪʦ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [63] 

ʢʦʤʧʣʝʢʩ [Fe(bpy)3](PF6)2 ʙʳʣ ʩʦʨʙʠʨʦʚʘʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʥʘʥʦʧʦʨʠʩʪʦʛʦ 

C3N4 (npg-C3N4, ʨʠʩ. 38) ʠ ʧʨʠʤʝʥʸʥ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʜʚʘʠʚʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ (ʨʠʩ. 39). 

 

ʈʠʩʫʥʦʢ 38. ʉʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʥʠʪʨʠʜʘ ʫʛʣʝʨʦʜʘ. 
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ʈʠʩʫʥʦʢ 39. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʜʚʘʠʚʘʥʠʝ ʙʝʥʟʠʣʘʤʠʥʘ. 

ʄʘʪʝʨʠʘʣ ʠ ʨʘʩʪʚʦʨʠʤʳʡ ʢʦʤʧʣʝʢʩ ʧʦʢʘʟʘʣʠ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ 

ʤʘʪʝʨʠʘʣ ʚʳʜʝʨʞʘʣ 6 ʮʠʢʣʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʥʝʤ 

ʫʧʘʣʦ ʩ 0.56% ʜʦ 0.52%, ʪ.ʝ. ʥʘ 8% ʦʪ ʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ.  

ʅʠʟʢʘʷ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʟʘʛʨʫʟʦʢ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ npg-C3N4, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʪʘ ʞʝ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʣʘ 

ʧʦʜʣʦʞʢʫ ʩʥʘʯʘʣʘ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʘʤʠ, ʘ ʟʘʪʝʤ ʧʨʦʧʘʨʛʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʚʝʣʠʯʠʪʴ ʧʣʦʪʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ (ʥʘ ʧʨʠʤʝʨʝ [Co(bpy)2(N3)(1,2,3-ʪʨʠʘʟʦʣ)]
+
 ʜʦ 

1.2% ʤʘʩʩ. ʉʦ) [62]. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ 

ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʠʨʪʦʚ (ʨʠʩ. 40), ʛʜʝ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʫʤʤʳ ʘʢʪʠʚʥʦʩʪʝʡ ʧʦʜʣʦʞʢʠ ʠ ʢʦʤʧʣʝʢʩʘ ʦʪʜʝʣʴʥʦ. 

 

ʈʠʩʫʥʦʢ 40. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʵʪʝʨʠʬʠʢʘʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ. 

ʄʘʪʝʨʠʘʣ ʨʝʮʠʢʣʠʟʦʚʘʣʠ 6 ʨʘʟ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʤʘʪʝʨʠʘʣʝ ʫʧʘʣʦ ʪʦʣʴʢʦ ʥʘ 0.02%. ʉʦʟʜʘʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ 

ʭʨʦʤʦʬʦʨʘ ʩ ʧʦʜʣʦʞʢʦʡ ʫʧʨʦʯʠʣʦ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʦʡ [63].  

ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʧʦʜʣʦʞʢʠ 

ʀʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʦʜʣʦʞʢʘʤʠ 

ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ ʚ 

ʦʙʨʘʱʝʥʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʤʘʣʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʦʥʦʦʙʤʝʥʥʳʭ ʤʝʤʙʨʘʥ Nafion, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʟ ʩʝʙʷ ʪʝʬʣʦʥʦʚʳʡ ʧʦʣʠʤʝʨ ʩ ʢʦʨʦʪʢʠʤʠ 

ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʚʳʝ ʩʫʣʴʬʦʥʘʪʥʳʝ ʛʨʫʧʧʳ (ʨʠʩ. 41). 
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ʈʠʩʫʥʦʢ 41. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʦʝʥʠʷ ʤʝʤʙʨʘʥ Nafion. ɸʪʦʤʳ ʬʪʦʨʘ ʥʝ 

ʦʪʦʙʨʘʞʝʥʳ ʜʣʷ ʫʧʨʱʝʥʠʷ ʨʠʩʫʥʢʘ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʚ ʚʦʜʝ Nafion ʩʦʟʜʘʸʪ ʚʥʫʪʨʠ ʩʝʙʷ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʪʥʳʭ 

ʤʠʮʝʣʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʣʝʬʠʥʦʚ ʚ 

ʵʧʦʢʩʠʜʳ, 1,2-ʜʠʢʝʪʦʥʳ ʠ ʮʠʢʣʦʧʝʨʦʢʩʠʜʳ.[64] ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʜʣʷ ʢʠʩʣʦʨʦʜʘ 

ʧʨʠʤʝʥʷʣʠ 9,10-ʜʠʮʠʘʥʦʘʥʪʨʘʮʝʥ. 

ʄʝʤʙʨʘʥʫ Nafion ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. ɺ ʨʘʙʦʪʝ [65] Ru(bpy)3 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʠʥʠʮʠʘʪʦʨʘ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʩʭʦʞʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʜʚʘ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ Ru(bpy)3 ʙʳʣ ʣʠʙʦ ʥʘʥʝʩʸʥ ʥʘ ʩʠʣʠʢʘʛʝʣʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʣʠʙʦ 

ʚʢʣʶʯʸʥ ʚ ʩʣʦʡ Nafion ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʩʠʣʠʢʘʛʝʣʷ. ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʤʝʩʠ 

ʘʮʝʪʦʥʠʪʨʠʣ:ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 1:1. ʂʘʪʘʣʠʟʘʪʦʨ ʙʝʟ Nafion ʩʦʜʝʨʞʘʣ ʚ 5 ʨʘʟ ʤʝʥʴʰʝ Ru(bpy)3 ʠ 

ʨʘʙʦʪʘʣ ʚ 3 ʨʘʟʘ ʤʝʜʣʝʥʥʝʝ ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʘ 

ʪʘʢʞʝ ʧʦʪʝʨʷʣ ʦʢʦʣʦ 50% ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʠ ʢ 5-ʤʫ ʮʠʢʣʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʦʟʠʪʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʪʝʨʷʣ ʣʠʰʴ ʦʢʦʣʦ 5% ʘʢʪʠʚʥʦʩʪʠ. ʗʚʣʷʝʪʩʷ ʣʠ ʵʪʦ ʩʣʝʜʩʪʚʠʝʤ ʧʷʪʠʢʨʘʪʥʦ 

ʧʨʝʚʦʩʭʦʜʷʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ Ru(bpy)3 ʚ ʢʦʤʧʦʟʠʪʝ ʠʣʠ ʝʛʦ ʣʫʯʰʠʤ ʫʜʝʨʞʘʥʠʝʤ ʚ ʬʘʟʝ Nafion 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʩʪʳʤ ʩʠʣʠʢʘʛʝʣʝʤ, ʘʚʪʦʨʳ ʥʝ ʫʢʘʟʳʚʘʶʪ. 

ʇʳʪʘʷʩʴ ʫʣʫʯʰʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [66] ʚʢʣʶʯʠʣʠ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ [Ir(dtbpy)(ʨpy)2]PF6 (dtbpy ï 4,4ô-ʜʠʪʨʝʪ-ʙʫʪʠʣ-

2,2ô-ʙʠʧʠʨʠʜʠʥ, ʨʨʫ ï 2-ʬʝʥʠʣʧʠʨʠʜʠʥ, ʨʠʩ. 1 (ʙ)) ʚʠʥʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʬʝʥʠʣʴʥʳʭ ʢʦʣʴʮʘʭ 

ʬʝʥʠʣʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʚʚʝʣʠ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʨʝʘʢʮʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ 

ʨʘʟʥʳʤʠ ʦʣʝʬʠʥʘʤʠ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʚʘʣʝʥʪʥʫʶ ʠʤʤʦʙʠʣʠʟʘʮʠʶ 

(ʨʠʩ. 42). 
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ʈʠʩʫʥʦʢ 42. ʂʦʚʘʣʝʥʪʥʘʷ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʚ ʧʦʣʠʤʝʨʝ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʠ N-ʘʨʠʣ-ʊɻʀʍ. 

ʃʫʯʰʠʤ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ N-ʘʨʠʣ-ʊɻʀʍ ʦʢʘʟʘʣʩʷ ʩʦʧʦʣʠʤʝʨ ʩ 

ʙʝʥʟʠʣʤʝʪʘʢʨʠʣʘʪʦʤ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʧʦʜʣʦʞʢʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʥʘʠʤʝʥʴʰʝʝ ʚʳʤʳʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (0.3% ʦʪ ʠʟʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ) ʠ 

ʣʫʯʰʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. ʇʦʣʠʤʝʨʥʳʡ ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʦʪʜʝʣʷʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʫʩʧʝʰʥʦ ʨʝʮʠʢʣʠʟʦʚʘʥ 5 ʨʘʟ ʧʨʠ ʟʘʛʨʫʟʢʝ 1 ʤʦʣʴʥ.% Ir ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩ ʦʯʝʥʴ ʤʘʣʦʡ ʧʦʪʝʨʝʡ ʠʨʠʜʠʷ (0.1-0.3% ʦʪ ʠʟʥʘʯʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦ ʜʘʥʥʳʤ 

ISP MS). ʈʘʩʪʚʦʨʠʪʝʣʝʤ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚʳʩʪʫʧʘʣ ʤʝʪʘʥʦʣ. 

ʇʦʭʦʞʠʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [67], ʥʦ ʚʤʝʩʪʦ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

[Ir(dtbpy)(ʨpy)2]PF6 ʠ ʤʦʥʦʤʝʨʘ, ʦʥʠ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʛʦʪʦʚʳʡ ʘʤʠʥʦʩʦʜʝʨʞʘʱʠʡ ʧʦʣʠʤʝʨ 

ʭʨʦʤʦʬʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. ʇʦʣʠʤʝʨ ʙʳʣ ʧʨʠʤʝʥʸʥ ʜʣʷ ʢʘʪʘʣʠʟʘ [4+2]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʪʠʨʦʣʦʚ ʢ ʧʠʨʠʜʠʥʘʤ. ʇʨʠ ʟʘʛʨʫʟʢʝ 1.5 ʤʦʣʴʥ.% Ir ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ 

ʨʝʮʠʢʣʠʟʦʚʘʥ 10 ʨʘʟ, ʧʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʧʨʝʪʝʨʧʝʣʘ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɺ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʮʝʪʦʥ. 

ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʫʩʧʝʰʥʳʝ ʧʦʧʳʪʢʠ ʚʢʣʶʯʝʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ ʚ ʧʦʣʠʤʝʨ ʥʘʧʨʷʤʫʶ: 

ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [68] ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʦʧʦʣʠʤʝʨʳ ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ ʠ 4-ʚʠʥʠʣʧʠʨʠʜʠʥʘ. 

ʉʦʧʦʣʠʤʝʨʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʠʨʠʜʠʝʚʳʤ ʧʨʝʢʫʨʩʦʨʦʤ (Ir(ppy)2Cl)2. ʇʦʣʫʯʝʥʥʳʝ 

ʤʝʟʦʧʦʨʠʩʪʳʝ ʧʦʣʠʤʝʨʳ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʨʠʜʠʷ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʨʝʘʢʮʠʶ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʘʣʝʠʤʠʜʘ ʢ ʜʠʤʝʪʠʣʘʥʠʣʠʥʫ (ʨʠʩ. 43). 
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ʈʠʩʫʥʦʢ 43. ʇʨʠʤʝʨʳ ʨʝʘʢʮʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʚʢʣʶʯʸʥʥʳʤ ʚ ʧʦʣʠʤʝʨ ʢʦʤʧʣʝʢʩʦʤ Ir(III ). 

ʂʘʪʘʣʠʟʘʪʦʨ ʚ ʧʦʣʠʤʝʨʝ ʦʢʘʟʘʣʩʷ ʚ 3 ʨʘʟʘ ʘʢʪʠʚʥʝʝ ʩʚʦʝʛʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʘʥʘʣʦʛʘ 

[Ir(dtbpy)(ʨpy)2]PF6 ʠ ʚʳʜʝʨʞʠʚʘʣ 4 ʮʠʢʣʘ ʙʝʟ ʟʥʘʯʠʤʦʛʦ ʚʳʤʳʚʘʥʠʷ, ʧʘʜʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʨʬʦʣʦʛʠʠ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʛʨʫʟʢʫ 1.2 ʤʦʣʴʥ.% Ir ʠ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ 

ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʣʠʤʝʨ ʜʣʷ in situ 

ʬʦʪʦʛʝʥʝʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ɺʠʣʴʩʤʘʝʨʘ-ʍʘʘʢʘ ʠʟ ʪʝʪʨʘʙʨʦʤʤʝʪʘʥʘ ʠ ɼʄʌɸ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ [69] 

(ʨʠʩ. 43). ɼʘʞʝ ʚ ʪʘʢʠʭ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʠʙʨʦʤʤʝʪʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʤʘʪʝʨʠʘʣ ʙʳʣ ʨʝʮʠʢʣʠʟʦʚʘʥ 5 ʨʘʟ, ʧʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʥʘ 5-ʤ ʮʠʢʣʝ ʫʧʘʣʘ ʚʩʝʛʦ ʥʘ 

~10%. ɺ ʜʘʥʥʳʭ ʧʦʣʠʤʝʨʘʭ ʠʨʠʜʠʡ ʙʳʣ ʨʘʩʧʨʝʜʝʣʸʥ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠ ʥʝ ʚʩʝ 

ʚʠʥʠʣʧʠʨʠʜʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʩʚʷʟʳʚʘʥʠʠ ʤʝʪʘʣʣʘ ʠʟ-ʟʘ ʠʭ ʧʣʦʭʦʡ ʩʪʝʨʠʯʝʩʢʦʡ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʜʠʬʬʫʟʠʶ ʚ ʧʦʣʠʤʝʨʘʭ. 

ɺ ʮʝʣʦʤ, ʦʨʛʘʥʦʧʦʣʠʤʝʨʥʳʝ ʧʦʜʣʦʞʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʣʘʜʘʶʪ ʧʦʨʠʩʪʦʩʪʴʶ ʠʟ-ʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʨʬʦʣʦʛʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ (ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʠʙʢʦʩʪʴʶ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ), ʠʟ-ʟʘ ʯʝʛʦ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʝ ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

ʆʩʦʙʝʥʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʪ.ʥ. ʢʘʨʢʘʩʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ (COP, 

ʂʆʇ). ɺ ʠʭ ʩʦʩʪʘʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʦ ʞʸʩʪʢʠʝ ʤʦʥʦʤʝʨʳ ʠ ʭʨʦʤʦʬʦʨʳ, ʯʪʦ ʨʦʜʥʠʪ ʠʭ ʩ 

ʜʨʫʛʠʤ ʪʠʧʦʤ ʧʦʜʣʦʞʢʠ ï ʄʆʂʇ (MOF, ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʦʪʜʝʣʴʥʦ). ʇʝʨʚʳʤ ʬʦʪʦʘʢʪʠʚʥʳʤ 

ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

[Ru(4-debpy)2(bpy)]
2+

 (4-debpy ï 4,4'-ʜʠʵʪʠʥʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥ), ʠʤʝʶʱʠʡ 90% ʤʘʩʩʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Ru(bpy)3 [70] (ʨʠʩ. 44).  
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ʈʠʩʫʥʦʢ 44. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʚ ʛʦʤʦʧʦʣʠʤʝʨ. 

ɺʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʘʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʘʟʘʣʦʩʴ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ ʨʘʩʪʚʦʨʠʤʦʛʦ ʘʥʘʣʦʛʘ, ʚʝʨʦʷʪʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʪʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʣʦ 

ʘʚʪʦʛʘʰʝʥʠʝ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʄʘʪʝʨʠʘʣ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʨʠʩʪʳʤ ʠ ʩʦʩʪʦʷʣ ʠʟ 

ʘʛʨʝʛʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 100 ʥʤ. ʄʘʪʝʨʠʘʣ ʫʩʧʝʰʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʣ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʜʚʘʠʚʘʥʠʝ ʙʝʥʟʠʣʘʤʠʥʘ (ʨʠʩ. 39) ʠ 

ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʝ N-Ph-ʊɻʀʍ ʚ ʥʠʪʨʦʤʝʪʘʥʝ (ʨʠʩ. 45). ɺ ʧʦʩʣʝʜʥʝʡ ʨʝʘʢʮʠʠ ʤʘʪʝʨʠʘʣ 

ʚʳʜʝʨʞʘʣ 4 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʘ, ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʷʚ ʦʢʦʣʦ 0.5% ʨʫʪʝʥʠʷ ʠ 15% ʘʢʪʠʚʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʙʳʣʘ ʥʝ ʤʝʥʴʰʝ ʠʣʠ ʜʘʞʝ ʣʫʯʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʘʥʘʣʦʛʘ (ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ, ʟʘʱʠʱʸʥʥʦʛʦ ʪʨʠʠʟʦʧʨʦʧʠʣʩʠʣʠʣʴʥʦʡ ʟʘʱʠʪʦʡ ʧʦ 

ʵʪʠʥʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʘʤ). 

 

ʈʠʩʫʥʦʢ 45. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʝ N-Ph-ʊɻʀʍ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʫʪʝʥʠʝʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʛʦʤʦʧʦʣʠʤʝʨʘ. 

ʉ ʮʝʣʴʶ ʧʦʥʠʟʠʪʴ ʩʪʝʧʝʥʴ ʘʚʪʦʛʘʰʝʥʠʷ, ʵʪʘ ʞʝ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʠʣʘ ʩʦʧʦʣʠʤʝʨ, 

ʦʩʪʘʚʠʚ ʚ ʩʪʨʫʢʪʫʨʝ ʭʨʦʤʦʬʦʨʘ ʦʜʠʥ ʷʢʦʨʥʳʡ ʣʠʛʘʥʜ ʠ ʚʚʝʜʷ ʚ ʨʝʘʢʮʠʶ ʪʝʪʨʘ(4-

ʵʪʠʥʠʣʬʝʥʠʣʝʥ)ʤʝʪʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʡʩʝʨʘ-ʣʠʥʢʝʨʘ (ʨʠʩ. 46). [71] 
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ʈʠʩʫʥʦʢ 46. ʇʦʣʫʯʝʥʠʝ ʂʆʇ-ʩʦʧʦʣʠʤʝʨʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʘʣ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʨʫʪʝʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (76%). ɺ 

ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ ʠʨʠʜʠʝʚʳʡ ʘʥʘʣʦʛ ʥʘ ʦʩʥʦʚʝ [Ir(ppy)2(Br2bpy)]
+
. ʀʟʤʝʥʝʥʠʝ 

ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʪʘʢ ʞʝ ʩʦʩʪʦʷʣʠ ʠʟ 

ʘʛʨʝʛʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ 100-200 ʥʤ ʚ ʜʠʘʤʝʪʨʝ ʠ ʦʢʘʟʘʣʠʩʴ ʥʝʧʦʨʠʩʪʳʤ (<10 ʤ
2
/ʛ). ɸʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʵʪʦʪ ʬʘʢʪ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʢʘʥʘʣʦʚ ʦʙʲʸʤʥʳʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʤ, ʪʘʢ ʢʘʢ ʘʥʘʣʦʛ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʜʠʙʨʦʤʙʠʧʠʨʠʜʠʥʘ ʚʤʝʩʪʦ ʢʦʤʧʣʝʢʩʘ, ʦʢʘʟʘʣʩʷ ʧʦʨʠʩʪʳʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʠ ʧʦʨ ʧʦʜʣʦʞʢʠ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʚʘʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʄʘʪʝʨʠʘʣʳ 

ʦʢʘʟʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʤʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ 300Áʉ ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ Ru(bpy)3 ʠ [Ir (ppy)2(bpy)]
+
 ʘʚʪʦʨʳ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 100 ʥʤ ʤʦʛʫʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʝʩʴ ʩʚʦʡ ʦʙʲʸʤ ʜʣʷ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ, ʧʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʭʨʦʤʦʬʦʨʘʤʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʠʟ ʛʣʫʙʠʥʳ ʯʘʩʪʠʮʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʛʜʝ ʧʨʦʪʝʢʘʶʪ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʦʪʝʢʘʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ 

ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʵʤʠʩʩʠʠ ʠ ʩʥʠʞʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʣʠʤʝʨʘ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʤ ʦʩʤʠʷ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʝʘʢʮʠʷʭ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ, ʩʜʚʘʠʚʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ (ʨʠʩ. 39) ʠ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ N-ʘʨʠʣ-ʊɻʀʍ 

(ʨʠʩ. 45). ʈʫʪʝʥʠʝʚʳʡ ʧʦʣʠʤʝʨ ʧʦʢʘʟʘʣ ʩʭʦʞʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦ ʩʚʦʠʤ ʨʘʩʪʚʦʨʠʤʳʤ ʘʥʘʣʦʛʦʤ, 

ʦʜʥʘʢʦ ʚ ʨʝʘʢʮʠʷʭ ʩʜʚʘʠʚʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ 

ʥʠʪʨʦʤʝʪʘʥʝ ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʨʝʮʠʢʣʠʟʦʚʘʥ ʪʦʣʴʢʦ 3 ʠ 5 ʨʘʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ ʧʦʪʝʨʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʘ ʦʯʝʥʴ ʤʘʣʘ (<0.3%). ʇʨʠ ʩʜʚʘʠʚʘʥʠʠ ʙʝʥʟʠʣʘʤʠʥʘ ʤʘʪʝʨʠʘʣ ʥʝ ʪʝʨʷʣ 

ʘʢʪʠʚʥʦʩʪʠ, ʘ ʧʨʠ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʠ ʧʦʪʝʨʷʣ 5% ʘʢʪʠʚʥʦʩʪʠ. ʀʨʠʜʠʝʚʳʡ ʧʦʣʠʤʝʨ ʧʦʢʘʟʘʣ 

ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʜʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʚ ʨʝʮʠʢʣʠʟʘʮʠʠ ʧʨʦʚʝʨʝʥ ʥʝ ʙʳʣ. 
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ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʵʪʦʡ ʛʨʫʧʧʳ ʩʪʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʩʫʙʲʝʜʠʥʠʮʳ ʂʆʇ. ɺ ʨʘʙʦʪʝ [72] ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʨʫʛʫʶ ʨʝʘʢʮʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ï ʪʨʠʤʝʨʠʟʘʮʠʶ ʘʮʝʪʠʣʝʥʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʭʨʦʤʦʬʦʨʘ ʠ 

ʣʠʥʢʝʨʘ 1:2 (ʨʠʩ. 47). 

 

ʈʠʩʫʥʦʢ 47. ʉʠʥʪʝʟ ʂʆʇ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʦʙʲʸʤʦʤ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʩʫʙʲʝʜʠʥʠʮʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʣʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ (1348 

ʠ 1547 ʤ
2
/ʛ ʜʣʷ ʨʫʪʝʥʠʷ ʠ ʠʨʠʜʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʣʫʯʰʠʤʠ ʩʠʣʠʢʘʛʝʣʷʤʠ. 

ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʤʝʪʘʣʣʦʚ ʩʦʩʪʘʚʠʣʠ 4.5% (Ru) ʠ 2.2% (Ir). ɼʘʥʥʳʝ ɹʕʊ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʦʚ ʧʦʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚ ʤʘʪʝʨʠʘʣʝ ʩʦʩʫʱʝʩʪʚʫʶʪ ʤʠʢʨʦ- ʠ ʤʝʟʦʧʦʨʳ. 

ɹʦʣʴʰʘʷ ʜʦʣʷ ʠʪʦʛʦʚʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʸʪʩʷ ʠʤʝʥʥʦ ʤʠʢʨʦʧʦʨʘʤʠ, ʥʦ ʦʧʪʠʤʘʣʴʥʳʝ 

ʜʣʷ ʢʘʪʘʣʠʟʘ ʤʝʟʦʧʦʨʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʘʪʝʨʠʘʣʝ. ɼʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʠ N-ʘʨʠʣ-ʊɻʀʍ (ʨʠʩ. 45) ʠ ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʝʝ ʩʚʦʠʭ 

ʨʘʩʪʚʦʨʠʤʳʭ ʘʥʘʣʦʛʦʚ. ʊʘʢʞʝ ʦʥʠ ʚʳʜʝʨʞʠʚʘʣʠ 5 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʪʝʨʷʷ ʥʝ ʙʦʣʝʝ 5% 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ. 

ɺ ʨʘʙʦʪʝ [59] ʜʨʫʛʘʷ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʧʨʠʤʝʥʠʣʘ ʧʦʭʦʞʠʡ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ 

ʧʦʨʠʩʪʦʩʪʠ, ʚʟʷʚ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʡʩʝʨʘ (ʪʨʠʩ)1,3,5-(4-ʵʪʠʥʠʣʬʝʥʠʣʝʥ)ʙʝʥʟʦʣ (ʨʠʩ. 48). [72]  

 

ʈʠʩʫʥʦʢ 48. ʉʠʥʪʝʟ ʂʆʇ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʦʙʲʸʤʦʤ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʩʫʙʲʝʜʠʥʠʮʳ. 
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ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʪʘʢʞʝ ʩʦʜʝʨʞʘʣ ʢʘʢ ʤʠʢʨʦ- ʪʘʢ ʠ ʤʝʟʦ-ʧʦʨʳ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʤʝʟʦʧʦʨ 

ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ (ʦʢʦʣʦ 50%). ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 428 ʤ
2
/ʛ. 

ʄʘʪʝʨʠʘʣ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʚ ʨʝʘʢʮʠʷʭ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ N-ʘʨʠʣ-ʊɻʀʍ (ʨʠʩ. 45) ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ ʙʝʥʟʠʤʠʜʘʟʦʣ. 

ɸʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʩʣʝʜʥʝʡ ʨʝʘʢʮʠʠ ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ, ʯʝʤ ʫ Ru(bpy)3, ʥʦ ʝʛʦ ʤʦʞʥʦ ʙʳʣʦ 

ʨʝʮʠʢʣʠʟʦʚʘʪʴ ʜʦ 12 ʨʘʟ ʩ ʧʦʪʝʨʝʡ ʚʩʝʛʦ 5% ʘʢʪʠʚʥʦʩʪʠ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [73] ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʪʦʘʢʪʠʚʥʫʶ, ʧʦʨʠʩʪʫʶ ʠ ʧʦʣʫʧʨʦʚʦʜʷʱʫʶ 

ʧʦʣʠʢʘʨʙʘʟʦʣʴʥʫʶ ʦʩʥʦʚʫ, ʚ ʢʦʪʦʨʫʶ ʙʳʣ ʚʢʣʶʯʸʥ ʠʨʠʜʠʝʚʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʠʜʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (ʨʠʩ. 49). 

 

ʈʠʩʫʥʦʢ 49. ʇʦʣʠʢʘʨʙʘʟʦʣ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩʦʤ ʠʨʠʜʠʷ. 

ʄʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ï ʘʛʨʝʛʘʪʳ ʥʘʥʦʯʘʩʪʠʮ 100-200 ʥʤ ʩ ʥʝʚʳʩʦʢʦʡ 

ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴʶ (<100 ʤ
2
/ʛ) ï ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʧʦʭʦʞʝʡ ʥʘ ʪʘʢʦʚʫʶ ʚ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ 

ʧʨʠʤʝʨʘʭ. ʇʦʣʠʤʝʨ ʙʳʣ ʧʨʦʚʝʨʝʥ ʚ ʨʝʘʢʮʠʷʭ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʙʦʨʥʳʭ ʢʠʩʣʦʪ ʚ ʬʝʥʦʣʳ, 

ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʠ (ʨʠʩ. 45) ʠ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʠ (ʨʠʩ. 42) N-ʘʨʠʣ-ʊɻʀʍ, ʘ ʪʘʢʞʝ ʚ 

ʦʢʠʩʣʝʥʠʠ ʩʫʣʴʬʠʜʦʚ ʚ ʩʫʣʴʬʦʢʩʠʜʳ. ʄʘʪʝʨʠʘʣʳ ʫʩʧʝʰʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʣʠ ʵʪʠ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʩʨʘʚʥʝʥʠʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʘʚʪʦʨʳ ʥʝ ʧʨʠʚʝʣʠ. 

ʄʘʪʝʨʠʘʣ ʩ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʩʪʘʣ ʘʢʪʠʚʥʝʝ, ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ 

ʟʥʘʯʠʪʝʣɹʥʦ ʙʦӢʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʠʨʠʜʠʷ. ʄʘʪʝʨʠʘʣ ʙʳʣ ʨʝʮʠʢʣʠʟʦʚʘʥ 5 ʨʘʟ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚ 

ʤʝʪʘʥʦʣʝ ʠ ʧʦʪʝʨʷʣ 10% ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʷʪʦʤ ʮʠʢʣʝ. 

ɺ ʩʚʦʝʡ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ [74] ʵʪʘ ʛʨʫʧʧʘ ʩʤʦʛʣʘ ʜʦʙʠʪʴʩʷ ʭʦʨʦʰʝʡ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ (460-480 ʤ
2
/ʛ), ʩʫʤʝʚ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʝʪʘ- ʠ ʧʘʨʘ-ʢʘʨʙʘʟʦʣ-ʟʘʤʝʱʸʥʥʳʝ ʪʨʠʩ-

ʬʝʥʠʣʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ, ʥʦ ʩʘʤ ʤʘʪʝʨʠʘʣ ʦʢʘʟʘʣʩʷ ʤʠʢʨʦʧʦʨʠʩʪʳʤ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʦʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʧʨʦʚʝʨʝʥʳ ʚ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʠ N-ʘʨʠʣ-

ʊɻʀʍ (ʨʠʩ. 45) ʠ ʨʝʮʠʢʣʠʟʦʚʘʥʳ ʧʦ 3 ʨʘʟʘ ʙʝʟ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʘʢʪʠʚʥʦʩʪʠ. 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʘʩʩʦʚʘʷ ʟʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʞʝ ʙʝʟ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, 
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ʂʆʇ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ɺʘʞʥʦʡ ʧʨʠʯʠʥʦʡ 

ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʞʜʫ ʙʣʠʟʣʝʞʘʱʠʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ ʚ ʧʦʣʠʤʝʨ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʪʘʣʣʘ. ʇʨʦʚʦʜʷʱʘʷ ʧʨʠʨʦʜʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʧʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢʦʡ ʪʠʧ ʨʝʮʠʢʣʠʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, 

ʥʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʂʆʇ ʤʘʣʦ, ʪʘʢ ʢʘʢ 

ʦʩʥʦʚʥʳʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʫʞʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʠʭ ʩʦʩʪʘʚ ʠ ʠʟʫʯʝʥʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʢʣʶʯʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʭʨʦʤʦʬʦʨʦʚ ʚʤʝʩʪʦ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ [75]. 

ʄʝʪʘʣʣʦ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʄʆʂʇ, MOF) 

ʇʦʩʪ-ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʂʆʇ ʭʦʪʷ ʠ ʚʦʟʤʦʞʥʳ, ʥʦ ʠʭ ʧʨʠʤʝʨʳ ʩʠʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʳ [76, 77]. ʉ ʠʩʪʦʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʄʆʂʇ ʧʨʝʜʰʝʩʪʚʫʶʪ ʂʆʇ, ʪʘʢ ʢʘʢ ʠʭ 

ʧʨʦʱʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʙʣʘʛʦʜʘʨʷ ʣʘʙʠʣʴʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ. 

ɾʸʩʪʢʘʷ ʠ ʦʙʲʸʤʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʦʨʬʦʣʦʛʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʩʪʨʘʪʝʛʠʡ ʚʢʣʶʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʵʪʠ ʩʪʨʫʢʪʫʨʳ. ʆʙʲʸʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʦʣʴʰʠʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè. ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠ ʚʝʩʴʤʘ ʦʙʲʝʤʥʳʝ (~1.3 ʥʤ) 

ʤʦʣʝʢʫʣʳ, ʧʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʟʦʧʦʨʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʟʘʨʷʜʦʤ ʢʘʨʢʘʩʘ, ʥʘʧʨʠʤʝʨ, InBTB (In = ʠʥʜʠʡ, BTB = 1,3,5-ʪʨʠ(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣʝʥ)-ʙʝʥʟʦʣ). 

ɼʘʥʥʳʡ ʄʆʂʇ ʩʦʩʪʦʠʪ ʠʟ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʫʟʣʦʚ [In(BTB)4]
-
. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [78] ʚʚʝʣʠ 

Ru(bpy)3, Ru(ʨhen)3 ʠ Ru(bpz)3 ʚ ʧʦʣʦʩʪʠ ʩʪʨʫʢʪʫʨʳ In-BTB (ʨʠʩ. 50). 

 

ʈʠʩʫʥʦʢ 50. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ InBTB ʩʦ ʚʢʣʶʯʸʥʥʳʤ ʚ ʧʦʣʦʩʪʴ Ru(bpy)3 [78]. 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚʩʝ ʢʘʪʠʦʥʳ-ʛʦʩʪʠ 

ʟʘʥʠʤʘʶʪ ʚʘʢʘʥʩʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠ ʨʘʚʥʦʤʝʨʥʦ, ʥʦ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ ʭʨʦʤʦʬʦʨʘ ʦʢʘʟʘʣʦʩʴ 

ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʝʛʦ ʢʨʘʷʭ. ʂʦʤʧʣʝʢʩʳ Ru(bpy)3 ʠ Ru(ʨhen)3 ʟʘʥʠʤʘʶʪ ʚʘʢʘʥʩʠʠ ʧʦʦʜʠʥʦʯʢʝ ʠ 
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ʧʨʦʷʚʣʷʶʪ ʩʪʝʢʠʥʛʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɺʊɺ. Ru(bpz)3 ʟʘʥʠʤʘʶʪ ʚʘʢʘʥʩʠʠ ʧʘʨʥʦ, ʩʚʷʟʴ 

ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʚ ʧʘʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ˊ-ʩʪʝʢʠʥʛʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ 

ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʉïʅ - - N. ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʨʫʪʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩʦʩʪʘʚʣʷʶʪ 

16.0Ñ0.1%, ʥʦ ʤʦʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Ru(bpy)3 ʦʢʘʟʘʣʦʩʴ ʥʝʤʥʦʛʦ ʭʫʞʝ ʘʥʘʣʦʛʦʚ (0.33 ʤʤʦʣʴ / 10 

ʤʛ. ʠʩʭʦʜʥʦʛʦ ʄʆʂʇ ʧʨʦʪʠʚ 0.42 ʤʤʦʣʴ / 10 ʤʛ ʜʣʷ [Ru(ʨhen)3]
2+

 ʠ [Ru(bpz)3]
2+
). ʄʘʪʝʨʠʘʣʳ 

ʙʳʣʠ ʨʝʮʠʢʣʠʟʦʚʘʥʳ 9 ʨʘʟ ʚ ʨʝʘʢʮʠʷʭ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ N-Ph-ʊɻʀʍ ʚ ʥʠʪʨʦʤʝʪʘʥʝ (ʨʠʩ. 45) 

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʠʵʪʠʣʤʘʣʝʘʪʘ ʵʬʠʨʦʤ ɻʘʥʯʘ (ʨʠʩ. 51). 

 

ʈʠʩʫʥʦʢ 51. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʵʪʠʣʤʘʣʝʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ InBTB@ Ru(bpy)3. 

ʉʢʦʨʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʡ ʤʝʥʷʣʘʩʴ ʥʝʨʘʚʥʦʤʝʨʥʦ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ. ɼʣʷ 

ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴ ʩʣʫʯʘʡʥʦ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ. ɺ ʨʝʘʢʮʠʠ 

ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʣʝ ʨʝʮʠʢʣʠʟʘʮʠʠ ʨʦʩʣʘ, ʥʦ 

ʚʳʭʦʜ ʜʦʩʪʠʛ ʤʘʢʩʠʤʫʤʘ ʚ 60% ʥʘ 6-ʤ ʮʠʢʣʝ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʢʘʨʢʘʩʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʠʤʠʥʠʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʯʪʦ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʙʥʘʨʫʞʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʀʂ ʧʦʣʦʩʳ ʠʤʠʥʠʝʚʦʛʦ ʢʘʪʠʦʥʘ ʚ 

ʤʘʪʝʨʠʘʣʝ ʧʦʩʣʝ ʨʝʮʠʢʣʠʟʘʮʠʠ ʠ ʝʸ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʩʚʝʞʝʤ ʦʙʨʘʟʮʝ. 

ɺ ʨʘʙʦʪʝ [79] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʪʴ ʠʤʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ 

ʢʘʨʢʘʩ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ Ru(bpy)3. ɺʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʨʫʧʧ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʟʘʨʷʜʦʤ ʚ ʩʪʨʫʢʪʫʨʫ ʣʠʥʢʝʨʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʠʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ Ru(bpy)3 

ʚ ʧʦʣʦʩʪʷʭ ʩʪʨʫʢʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʡ ʄʆʂʇ NPF-201 ʩʦʜʝʨʞʠʪ ʚ ʫʟʣʘʭ ʮʠʨʢʦʥʠʝʚʳʡ ʢʣʘʩʪʝʨ, 

ʩʚʷʟʘʥʥʳʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 52). 

 

ʈʠʩʫʥʦʢ 52. ʉʪʨʫʢʪʫʨʘ NPF-201 [79]. 
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ʄʘʪʝʨʠʘʣ ʚʳʜʝʨʞʘʣ 5 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʪʠʦʘʥʠʟʦʣʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʫʣʴʬʦʢʩʠʜ ʙʝʟ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʂʦʤʧʣʝʢʩ Ru(bpy)3 ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʷʯʝʡʢʠ 

ʄʆʂʇ [80, 81]. ʊʘʢ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [81] ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢʦʡ ʄʆʂʇ (ʨʠʩ. 53) ʜʣʷ ʢʘʪʘʣʠʟʘ 

ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ N-ʘʨʠʣ-ʊɻʀʍ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʨʠʩ. 42). 

 

ʈʠʩʫʥʦʢ 53. ʄʆʂʇ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ru(bpy)3 ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ [81]. 

ʇʨʠ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʠ N-Ph-ʊɻʀʍ ʘʚʪʦʨʳ ʨʝʮʠʢʣʠʟʦʚʘʣʠ ʢʘʠʘʣʠʟʘʪʦʨ 5 ʨʘʟ, ʧʨʠ ʵʪʦʤ 

ʤʘʪʝʨʠʘʣ ʧʦʪʝʨʷʣ 10% ʘʢʪʠʚʥʦʩʪʠ. 

ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʸʥ ʚ ʢʘʨʢʘʩ ʥʘʧʨʷʤʫʶ, ʘʥʘʣʦʛʠʯʥʦ ʂʆʇ. ɼʣʷ 

ʵʪʦʛʦ ʦʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʘ ʜʦʣʞʝʥ ʷʚʣʷʪʴʩʷ ʪʘʢʞʝ ʣʠʥʢʝʨʦʤ ʜʣʷ ʄʆʂʇ. ʉʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʪʝʛʠʡ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʄʆʂʇ.  

1. ʇʨʷʤʦʡ ʩʠʥʪʝʟ ʢʘʨʢʘʩʘ ʠʟ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʣʠʥʢʝʨʘ; 

2. ʉʠʥʪʝʟ ʢʘʨʢʘʩʘ ʠʟ ʣʠʥʢʝʨʘ ʠ ʷʢʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝʤ; 

3. ʆʙʤʝʥ ʣʠʥʢʝʨʘ ʚ ʢʘʨʢʘʩʝ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʛʦʪʦʚʦʡ ʩʪʨʫʢʪʫʨʝ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [59] ʠʩʩʣʝʜʦʚʘʣʠ ʚʩʝ ʫʢʘʟʘʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʥʘ ʧʨʠʤʝʨʝ ʄʆʂʇ ʪʠʧʘ 

UiO-67, ʦʙʨʘʟʦʚʘʥʥʳʤ ʢʣʘʩʪʝʨʘʤʠ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʠ ʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(ʨʠʩ. 54). 



44 

 

ʈʠʩʫʥʦʢ 54. ʇʦʜʭʦʜʳ ʢ ʢʦʚʘʣʝʥʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʭʨʦʤʦʬʦʨʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʄʆʂʇ ʥʘ 

ʧʨʠʤʝʨʝ UiO-67. 

ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʄʆʂʇ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ çʥʝʧʨʘʚʠʣʴʥʦʡè ʩʪʨʘʪʝʛʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʝʟʢʦʤ ʩʥʠʞʝʥʠʠ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʦʪʝʨʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [82] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʄʆʂʇ UiO-67 (Zr ʠ [1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʢʘʨʙʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʘʤʠ [Ru(5dcbpy)(bpy)2]
2+

 ʠ [Ir (5dcbpy)(ppy)2]
+
 (5dcbpy 

= [2,2'-ʙʠʧʠʨʠʜʠʥ]-5,5'-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʩʦʛʣʘʩʥʦ ʧʦʜʭʦʜʫ I (ʨʠʩ. 54). ʄʘʪʝʨʠʘʣʳ 

ʦʩʪʘʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʠʭ ʟʘʛʨʫʟʢʘʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (1.5-3% Ru). 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʠ N-ʘʨʠʣ ʊɻʀʍ (ʨʠʩ. 45) ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʙʝʥʟʠʣʘʤʠʥʘ (ʨʠʩ. 39). ɺ ʩʣʫʯʘʝ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦ 3 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʘ ʜʣʷ ʦʙʦʠʭ ʄʆʂʇ ʠ ʢʘʞʜʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʢʦʤʙʠʥʘʮʠʠ Ru-ʄʆʂʇ ʠ ʥʝʟʘʤʝʱʸʥʥʦʛʦ ʊɻʀʍ, ʠʟʤʝʥʝʥʠʡ ʚ ʘʢʪʠʚʥʦʩʪʠ ʟʘʤʝʯʝʥʦ ʥʝ ʙʳʣʦ. 

ɼʣʷ ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʩʝʛʦ 2 ʮʠʢʣʘ, ʪʘʢʞʝ ʙʝʟ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʘʢʪʠʚʥʦʩʪʠ. 

ɻʨʫʧʧʘ ʘʚʪʦʨʦʚ ʚ ʨʘʙʦʪʝ [83] ʧʦʣʫʯʠʣʘ ʪʘʢʦʡ ʞʝ ʄʆʂʇ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʭʦʜʘ II (ʨʠʩ. 

54), ʚʚʝʜʷ ʚ ʩʪʨʫʢʪʫʨʫ 25 ʤʦʣʴʥ% 5dcbpy. ʄʘʪʝʨʠʘʣ ʙʳʣ ʚʚʝʜʸʥ ʚ ʨʝʘʢʮʠʶ ʩ Ru(bpy)2Cl2, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʨʫʪʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʦʜʭʦʜʦʤ ʜʦ 2-15%. 

ʄʘʪʝʨʠʘʣʳ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʠʧʠʨʠʜʠʥ-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (50-100%) ʧʨʠ ʵʪʦʤ 

ʪʝʨʷʣʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʧʦ ʜʘʥʥʳʤ ʈʌɸ. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʧʳʪʢʘ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦ ʩʪʨʘʪʝʛʠʠ III  (ʨʠʩ. 54), ʥʦ ʠʪʦʛʦʚʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʘʣ ʣʠʰʴ 1% ʨʫʪʝʥʠʷ. 

ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʜʠʬʬʫʟʠʠ ʙʦʣʴʰʦʛʦ ʢʦʤʧʣʝʢʩʘ (~1.3-1.5 ʥʤ) ʚʥʫʪʨʴ 
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ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʝʘʢʮʠʶ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮʳ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʨʝʮʠʢʣʠʟʫʝʤʦʩʪʴ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ ʚ 

ʬʝʥʦʣʳ ʚ ʤʝʪʘʥʦʣʝ (ʨʠʩ. 55). 

 

ʈʠʩʫʥʦʢ 55. ɸʵʨʦʙʥʦʝ ʬʦʪʦʦʢʠʩʣʝʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʬʝʥʦʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

Ru(5dcbpy)(bpy)2@UiO-67. 

ʂʘʪʘʣʠʟʘʪʦʨ ʚʳʜʝʨʞʘʣ 5 ʮʠʢʣʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʝʨʷʣ 15% ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʞʝ, ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʦʙʥʘʨʫʞʠʚʘʣʠ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ (ʙʠʧʠʨʠʜʠʥ)ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʠʯʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʦʜʣʦʞʢʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʤʝʥʦʡ 

ʣʠʥʢʝʨʦʚ ʄʆʂʇ ʥʘ ʘʨʠʣʙʦʨʥʫʶ ʢʠʩʣʦʪʫ, ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʟʢʫʶ ʢ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ. ɹʝʥʟʦʡʥʫʶ 

ʢʠʩʣʦʪʫ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʠʥʪʝʟʘʭ ʮʠʨʢʦʥʠʡ-ʜʠʢʘʨʙʦʥʦʚʳʭ ʄʆʂʇ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷʪʦʨʘ ï 

ʦʥʘ ʥʝ ʚʢʣʶʯʝʥʘ ʚ ʠʪʦʛʦʚʫʶ ʩʪʨʫʢʪʫʨʫ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ), ʥʦ ʝʸ 

ʫʯʘʩʪʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ. 

ʇʦʜʣʦʞʢʠ ʥʘ ʦʩʥʦʚʝ ʄʆʂʇ ʚʝʩʴʤʘ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʚ ʢʘʪʘʣʠʟʝ. ʀʩʭʦʜʷ ʠʟ ʠʤʝʶʱʝʡʩʷ 

ʣʠʪʝʨʘʪʫʨʳ, ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʄʆʂʇ ʚ ʞʠʜʢʦʬʘʟʥʦʤ ʢʘʪʘʣʠʟʝ ʦʛʨʘʥʠʯʝʥʦ ʠʭ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʷʯʝʡʢʠ ʄʆʂʇ ʩʦʜʝʨʞʘʪ ʨʘʩʪʚʦʨʠʪʝʣʴ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʝʛʦ ʩʠʥʪʝʟʝ. ʕʪʦʪ ʨʘʩʪʚʦʨʠʪʝʣʴ ʨʘʟʫʧʦʨʷʜʦʯʝʥ ʠ ʥʝʚʠʜʠʤ ʜʣʷ ʈʉɸ, ʠ ʤʦʞʝʪ 

ʟʘʤʝʥʷʪʴʩʷ ʥʘ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʨʝʘʢʮʠʷ. ʕʪʦ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ 

ʷʯʝʡʢʠ ʄʆʂʇ ʠ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ. ʕʪʦʪ ʞʝ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʠ ʚ ʤʘʪʝʨʠʘʣʝ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʚʳʭʦʜʘ 

ʧʨʦʜʫʢʪʘ. ʄʠʢʨʦʧʦʨʠʩʪʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʘʙʠʣʴʥʳʭ ʟʘʪʨʫʜʥʷʝʪ ʜʠʬʬʫʟʠʶ ʨʝʘʛʝʥʪʦʚ ʚʛʣʫʙʴ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʘʪʴ ʚʝʩʴ ʦʙʲʸʤ ʯʘʩʪʠʮʳ ʚ ʢʘʪʘʣʠʟ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ ʩ 

ʬʦʪʦʘʢʪʠʚʥʦʡ ʧʦʜʣʦʞʢʦʡ), ʘ ʤʝʟʦʧʦʨʠʩʪʳʝ ʘʥʘʣʦʛʠ (ʥʘʧʨʠʤʝʨ, UiO-68, ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʨʠ 

ʬʝʥʠʣʝʥʦʚʳʭ ʩʧʝʡʩʝʨʘ ʚʤʝʩʪʦ ʜʚʫʭ ʚ UiO-67) ʯʘʩʪʦ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʃʘʙʠʣʴʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʧʦʩʦʙʦʚ ʚʦʟʤʦʞʥʦʡ 

ʩʙʦʨʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʨʢʘʩʘ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʝʨʝʩʪʨʦʡʢʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʧʦʜʣʦʞʢʠ) ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. 
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ʉʠʣʠʢʘʛʝʣʠ 

ʉʠʣʠʢʘʛʝʣʠ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʣʦʞʝʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɼʣʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʣʠʢʘʛʝʣʠ ʫʜʦʙʥʳ ʟʘ ʩʯʸʪ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, 

ʤʝʟʦʧʦʨʠʩʪʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʚʳʩʦʢʠʭ ʫʜʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʦʨʙʮʠʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʤʦʣʝʢʫʣʳ 

ʥʘ ʩʠʣʠʢʘʛʝʣʴ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʨʝʰʝʥʠʝʤ ʚ ʩʣʫʯʘʝ ʬʦʪʦʢʘʪʘʣʠʟʘ 

ʷʚʣʷʝʪʩʷ ʩʦʨʙʮʠʷ Ru(bpy)3 ʥʘ ʢʦʤʤʝʨʯʝʩʢʠʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʠʣʠʢʘʛʝʣʴ Machery Nagel 

35-70 ʤʢʤ [84]. ɸʚʪʦʨʘʤ ʚ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʫʜʘʣʦʩʴ ʩʦʨʙʠʨʦʚʘʪʴ 16 ʤʛ ʢʦʤʧʣʝʢʩʘ ʥʘ 1 ʛ 

ʧʦʜʣʦʞʢʠ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0.2% Ru) ʠ ʦʥʠ ʧʨʠʤʝʥʠʣʠ ʵʪʦʪ ʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ 

ʩʠʥʪʝʟʘ ʘʨʪʝʤʠʟʠʥʠʥʘ ʦʢʠʩʣʝʥʠʝʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ (ʦʣʝʬʠʥʘ) ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. 

ɻʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʣ ʨʝʘʢʮʠʶ (ʚ 2-5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ 

Ru(bpy)3), ʝʩʣʠ ʚ ʩʫʙʩʪʨʘʪʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʛʘʧʪʦʬʠʣʴʥʳʝ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʳ ʠʣʠ ʩʚʦʙʦʜʥʘʷ 

ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʠʣʠʢʘʛʝʣʷ ʭʦʨʦʰʦ 

ʩʦʨʙʠʨʦʚʘʪʴ ʧʦʜʦʙʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʘ ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʙʣʠʟʠ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʘʢʩʠʤʘʣʴʥʘ, ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʣʠ ʙʳʩʪʨʝʝ ʠʤʝʥʥʦ ʩ ʩʦʨʙʠʨʫʝʤʳʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ. ɼʠʭʣʦʨʤʝʪʘʥ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʪʘʢʦʡ ʩʦʨʙʮʠʠ. ɺʩʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʠʣʠʢʘʛʝʣʠ ʧʦʢʘʟʘʣʠ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʤʝʨʘ ʧʦʨ. ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʨʝʮʠʢʣʠʟʦʚʘʥ 7 ʨʘʟ ʠ 

ʧʦʪʝʨʷʣ 30% ʘʢʪʠʚʥʦʩʪʠ ʢ 7-ʤʫ ʮʠʢʣʫ. 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʜʣʦʞʢʦʡ. ɺ ʨʘʙʦʪʝ [85] ʘʚʪʦʨʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʤʝʟʦʧʦʨʠʩʪʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʠʣʠʢʘʛʝʣʷ (MSN) ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʠ ʚʚʝʣʠ ʠʭ ʚ 

ʨʝʘʢʮʠʶ ʩ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʤ ʘʣʴʜʝʛʠʜʥʫʶ ʛʨʫʧʧʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʠʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʧʦʣʫʯʝʥ ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ (ʨʠʩ. 56). 

 

ʈʠʩʫʥʦʢ 56. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʮʠʢʣʠʟʫʝʤʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ Ru(bpy)3@MSN 

[85].  

ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʪʠʦʘʥʠʟʦʣʘ ʚ ʩʫʣʴʬʦʢʩʠʜ ʠ 

ʚʳʜʝʨʞʘʣ 5 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʧʦʪʝʨʷʚ 10% ʘʢʪʠʚʥʦʩʪʠ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [86] ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʠʣʘʥʦʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

Ru(bpy)3 ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʟʦʧʦʨʠʩʪʦʩʪʠ ʚ ʩʠʣʠʢʘʛʝʣʝ. ʇʦʣʫʯʝʥʥʳʡ 
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ʤʘʪʝʨʠʘʣ Ru(bpy-Si)3@SiO2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʦʨʦʰʝʡ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 620 ʛ/ʤ
2
 

ʠ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʧʦ ʦʙʲʸʤʫ, ʜʠʘʤʝʪʨ ʧʦʨ ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʣʷʝʪ 3ï3.8 ʥʤ. ʄʘʪʝʨʠʘʣ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʚ ʘʵʨʦʙʥʦʡ ʘʨʦʤʘʪʠʟʘʮʠʠ 

ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʚ, ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʠ 

ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʮʠʢʣʠʟʘʮʠʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ 

ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʟʘʮʠʠ ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʨʠʩ. 57), ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ 10 ʨʘʟ ʙʝʟ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 57. ɸʵʨʦʙʥʘʷ ʘʨʦʤʘʪʠʟʘʮʠʷ ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ Ru(bpy-Si)3@SiO2. 

ʉʠʣʠʢʘʛʝʣʴʥʳʝ ʧʦʜʣʦʞʢʠ ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ, ʢʘʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʫʩʣʦʞʥʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢ ʠ ʫʩʣʦʞʥʝʥʠʷ ʧʦʜʣʦʞʢʠ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʣʠʢʘʛʝʣʝʡ 

ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʆʜʥʘʢʦ, ʩʠʣʠʢʘʛʝʣʠ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʇɸɺ ʠʣʠ 

ʪʝʤʧʣʘʪʦʚ ʧʨʠ ʩʠʥʪʝʟʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʠʭ ʧʣʦʱʘʜʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʚʳʤʳʚʘʥʠʝ 

ʇɸɺ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʜʣʦʞʢʠ ʧʨʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. 

ɼʠʦʢʩʠʜ ʪʠʪʘʥʘ 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʟʝ ʦʩʥʦʚʘʥʦ ʥʘ ʙʦʛʘʪʦʤ ʦʧʳʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʪʦʘʥʦʜʦʚ ʜʣʷ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ (DSSC = dye-sensitized solar cell, ʨʠʩ. 58) ʠ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ (DSPEC 

= dye-sensitized photo-electric cell) ʷʯʝʝʢ [87-89]. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦʜʝʨʞʘʪ ʘʥʘʪʘʟ (ʯʘʩʪʦ ʚ ʚʠʜʝ 

ʪʦʥʢʦʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ), ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʳʤ ʢʣʘʩʩʦʤ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʟʘ ʩʯʸʪ 

ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʚʚʦʜʠʪʴ ʵʣʝʢʪʨʦʥ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʠʦʢʩʠʜʦʚ ʪʠʪʘʥʘ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

ʈʠʩʫʥʦʢ 58. ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʬʦʪʦʘʥʦʜʦʚ ʚ DSSC/DSPEC. 

ʆʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ 

ʪʘʢʠʭ ʬʦʪʦʘʥʦʜʦʚ ʜʣʷ ʧʨʦʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

 

 



48 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʜʦ ʦʪʢʘʟʘ (ʚʤʝʩʪʦ 

ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ), ʥʦ ʠ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʨʝʜʢʦ ʠʩʩʣʝʜʫʶʪ. ʇʦʧʫʣʷʨʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʨʝʘʢʮʠʡ 

ʷʚʣʷʶʪʩʷ ʛʝʥʝʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʩʦʣʷʤʠ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʙʦʣʴʰʦʡ 

ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [90] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʚʦʜʦʨʦʜ, ʘ ʪʦʯʥʝʝ, 

ʵʣʝʢʪʨʦʥʳ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʚʦʜʦʨʦʜ ʥʘ ʤʝʪʘʣʣʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʘʥʠʣʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʢʘʢ ʨʘʩʭʦʜʫʝʤʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʪʘʢ ʠ ʙʦʣʝʝ ʧʦʣʝʟʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ, ʥʘʧʨʠʤʝʨ 

ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʚ ʩʫʣʴʬʦʢʩʠʜʳ [91], ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʘʣʢʝʥʦʚ [92] ʠʣʠ 

ʦʢʠʩʣʝʥʠʝ ʩʧʠʨʪʘ ʚ ʘʣʴʜʝʛʠʜ [93]. ʀʩʪʦʯʥʠʢʦʤ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʜʘ, ʯʪʦ ʜʘʸʪ 

100% ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

ʇʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ ʩ 

ʨʝʮʠʢʣʠʟʘʮʠʝʡ ʦʯʝʥʴ ʤʘʣʦ [94, 95]. ɺ ʨʘʙʦʪʝ [95] ʪʠʪʘʥʦʚʳʡ ʬʦʪʦʘʥʦʜ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 5 ʮʠʢʣʘʭ 

ʦʢʠʩʣʝʥʠʷ ʣʠʛʥʠʥʘ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ ʚ ʩʫʭʦʤ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʨʠʩ. 59). 

  

ʈʠʩʫʥʦʢ 59. ʆʢʠʩʣʝʥʠʝ ʤʦʜʝʣʴʥʳʭ ʘʥʘʣʦʛʦʚ ʣʠʛʥʠʥʘ ʬʦʪʦʘʥʦʜʦʤ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʛʥʠʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʥʳʤ 

ʨʘʜʠʢʘʣʦʤ, ʧʦʣʫʯʘʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʘʥʦʜʘ. ʌʦʪʦʘʥʦʜ ʚ ʭʦʜʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʧʦʜʚʝʨʛʘʣʠ 

ʦʙʣʫʯʝʥʠʶ ʚ ʪʝʯʝʥʠʝ ʨʘʚʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ, ʫʞʝ ʢ ʢʦʥʮʫ 4-ʛʦ ʮʠʢʣʘ ʢʘʪʘʣʠʟʘʪʦʨ 

ʧʦʪʝʨʷʣ 35% ʘʢʪʠʚʥʦʩʪʠ. ʇʦʪʝʨʷ ʘʢʪʠʚʥʦʩʪʠ ʥʝʣʠʥʝʡʥʘʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ 3 ʢ 4 ʮʠʢʣʫ. 

ɻʨʫʧʧʘ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [94] ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ ʙʣʠʟʢʠʡ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʭʦʜ, 

ʧʨʠʤʝʥʠʚ ʧʦʣʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʫʪʝʥʠʷ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʥʘ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʨʝʮʠʢʣʠʟʫʝʤʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʨʝʘʢʮʠʠ ʮʠʘʥʠʨʦʚʘʥʠʷ ʪʨʝʪʠʯʥʳʭ 

ʜʠʘʣʢʠʣʘʨʠʣʘʤʠʥʦʚ ʚ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 60). 
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ʈʠʩʫʥʦʢ 60. ʅʘʥʦʨʘʟʤʝʨʥʳʡ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʝʥʜʨʠʤʝʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ [94] ʚ ʢʘʪʘʣʠʟʝ ʮʠʘʥʠʨʦʚʘʥʠʷ ʜʠʘʣʢʠʣ-ʘʨʠʣʘʤʠʥʦʚ. 

ʊʚʝʨʜʦʬʘʟʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʥʝʤʥʦʛʦ ʙʦӢʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʝʞʝʣʠ 

ʨʘʩʪʚʦʨʠʤʳʡ ʘʥʘʣʦʛ. ʂʘʪʘʣʠʟʘʪʦʨ ʚʳʜʝʨʞʘʣ 8 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ 

ʘʢʪʠʚʥʦʩʪʠ. 

ʉʨʘʚʥʝʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʣʦʞʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʘʚʪʦʨʳ ʠʩʩʣʝʜʫʶʪ ʨʘʟʥʳʝ ʨʝʘʢʮʠʠ, ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʠ 

ʩʚʝʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʪʦʨʝʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʘʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ, ʧʨʦʩʪʳʝ ʠ ʭʦʨʦʰʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʧʨʦʮʝʩʩʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʫʜʘʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʘʣʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʊʘʢʞʝ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ 

ʧʦʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʠ ʤʦʞʝʪ ʥʝ ʜʘʪʴ ʨʝʟʫʣʴʪʘʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦ ʵʪʦʡ ʪʝʤʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪ 

ʬʦʪʦʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ), ʘ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʠʥʪʝʨʝʩʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. 

ʈʘʟʫʤʝʝʪʩʷ, ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ï ʵʪʦ ʚʘʞʥʘʷ ʠ ʥʫʞʥʘʷ ʪʝʤʘ ʚ ʨʘʤʢʘʭ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʥʦ ʢ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦ ʠʤʝʝʪ ʢʨʘʡʥʝ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʠ ʧʦʪʦʤʫ ʥʝ 

ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ. 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʮʠʢʣʠʟʘʮʠʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʜʚʘʠʚʘʥʠʝ 

ʙʝʥʟʠʣʘʤʠʥʘ ʠ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʝ ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʦʚ (ʨʠʩ. 61). ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ, ʦʢʠʩʣʝʥʠʝ ʘʣʢʝʥʦʚ ʢʠʩʣʦʨʦʜʦʤ ʠ ʜʨʫʛʠʝ ʨʝʘʢʮʠʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʘʭ. 



50 

 

ʈʠʩʫʥʦʢ 61. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʮʠʢʣʠʟʘʮʠʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɺ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʊɻʀʍ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʘʙʣʠʮʝ 3 ʩʦʙʨʘʥʳ ʧʨʠʤʝʨʳ ʦʢʠʩʣʝʥʠʷ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʥʝ 

ʧʦʣʫʯʘʝʪ ʰʠʨʦʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʨʝʮʠʢʣʠʟʫʝʤʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʚʳʙʦʨʢʠ, ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʚʢʣʶʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʠ Ir(III), ʥʦ 

ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʶʤʠʥʦʬʦʨʳ. 
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ʊʘʙʣʠʮʘ 1. ʈʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʊɻʀʍ. 

ʂʘʪʘʣʠʟʘʪʦʨ  

(ʪʠʧ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʪʠʧ ʧʦʜʣʦʞʢʠ) 

ɿʘʛʨʫʟʢʘ 

ʢʘʪ. 

(ʤʦʣʴʥ.%) 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ 

ʇʦʪʝʨʷ 

ʘʢʪʠʚʥʦʩʪʠ, 

% 

ʉʩʳʣʢʘ 

 

([Ru(4-debpy)2(bpy)]
2+

)n (ʢʦʚʘʣʝʥʪʥʳʡ, ʂʆʇ) 

0.2 4 15 [70] 

 

(4*[Ru(4-debpy)(bpy)2]
2+

@CPh4)n  

(ʢʦʚʘʣʝʥʪʥʳʡ, ʂʆʇ) 

0.2 5 10 [71] 

 

Ru(bpy)3@InBTB (ʩʦʨʙʮʠʦʥʥʳʡ) 

0.2 9 <3 [78] 

 

Ru(5dcbpy)(bpy)2@UiO-67 (ʢʦʚʘʣʝʥʪʥʳʡ, ʄʆʂʇ) 

1 3 10 [82] 
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ʊʘʙʣʠʮʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ). 

ʂʘʪʘʣʠʟʘʪʦʨ  

(ʪʠʧ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʪʠʧ ʧʦʜʣʦʞʢʠ) 

ɿʘʛʨʫʟʢʘ 

ʢʘʪ. 

(ʤʦʣʴʥ.%) 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ 

ʇʦʪʝʨʷ 

ʘʢʪʠʚʥʦʩʪʠ, 

% 

ʉʩʳʣʢʘ 

 

Ir (5dcbpy)(ʨpy)2@UiO-67 

(ʢʦʚʘʣʝʥʪʥʳʡ, ʄʆʂʇ) 

1 3 <3 [82] 

  

ʂʦʤʧʣʝʢʩ ʘʥʪʨʘʭʠʥʦʥʘ ʩ ʧʦʣʠʢʘʨʙʘʟʦʣʦʤ (ʧʦʣʠʤʝʨ) 

5 10 <3 [96] 

 

(Eosine Y@1,3,5-(C2Ph)3-Ph)n 

(ʢʦʚʘʣʝʥʪʥʳʡ, ʂʆʇ) 

4 

4 

5 

8 

12 

<3 

14 

50 

75 

[97] 

 

ʊʘʙʣʠʮʘ 2. ʈʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʊɻʀʍ.  

ʂʘʪʘʣʠʟʘʪʦʨ  

(ʪʠʧ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʪʠʧ 

ʧʦʜʣʦʞʢʠ) 

ʈʘʩʪʚʦ-

ʨʠʪʝʣʴ 

ɿʘʛʨʫʟʢʘ 

ʢʘʪ. 

(ʤʦʣʴʥ.%) 

ʂʦʣʠʯʝʩʪʚ

ʦ ʮʠʢʣʦʚ 

ʇʦʪʝʨʷ 

ʘʢʪʠʚʥʦʩʪʠ 

% 

ʉʩʳʣʢʘ 

 

[Ir(dtbpy)(ppy)2]
+
@ʇɹʄɸ 

(ʢʦʚʘʣʝʥʪʥʳʡ) 

MeOH 3 5 <3 [66] 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ). 

ʂʘʪʘʣʠʟʘʪʦʨ  

(ʪʠʧ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʪʠʧ 

ʧʦʜʣʦʞʢʠ) 

ʈʘʩʪʚʦ-

ʨʠʪʝʣʴ 

ɿʘʛʨʫʟʢʘ 

ʢʘʪ. 

(ʤʦʣʴʥ.%) 

ʂʦʣʠʯʝʩʪʚ

ʦ ʮʠʢʣʦʚ 

ʇʦʪʝʨʷ 

ʘʢʪʠʚʥʦʩʪʠ 

%  

ʉʩʳʣʢʘ 

 

Ru(bpy)3@FJI-Y1 

(ʩʦʨʙʮʠʦʥʥʳʡ, ʄʆʂʇ) 

MeCN 1 5 10 [81] 

 

ʊʘʙʣʠʮʘ 3. ʈʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ. 

ʂʘʪʘʣʠʟʘʪʦʨ  

(ʪʠʧ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʪʠʧ 

ʧʦʜʣʦʞʢʠ) 

ʈʘʩʪʚʦ-

ʨʠʪʝʣʴ 

ɿʘʛʨʫʟʢʘ ʢʘʪ. 

(ʤʦʣʴʥ.%) 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ 

ʇʦʪʝʨʷ 

ʘʢʪʠʚʥʦʩʪʠ % 
ʉʩʳʣʢʘ 

 

Ir (5dcbpy)(ʨpy)2@UiO-67 

(ʢʦʚʘʣʝʥʪʥʳʡ, ʄʆʂʇ) 

MeOH 5 5 15 [83] 

 

ʇʦʣʠ-ʬʝʥʠʣʝʥ-ʙʠʩʙʝʥʟʦʢʩʘʟʦʣ  

(ʢʦʚʘʣʝʥʪʥʳʡ, ʂʆʇ) 

MeCN-

ʚʦʜʘ 

4:1 

5 10 <3 [98] 
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ʊʘʙʣʠʮʘ 3 (ʧʨʦʜʦʣʞʝʥʠʝ). 

ʂʘʪʘʣʠʟʘʪʦʨ  

(ʪʠʧ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʪʠʧ 

ʧʦʜʣʦʞʢʠ) 

ʈʘʩʪʚʦ-

ʨʠʪʝʣʴ 

ɿʘʛʨʫʟʢʘ 

ʢʘʪ. 

(ʤʦʣʴʥ.%) 

ʂʦʣʠʯʝʩʪʚ

ʦ ʮʠʢʣʦʚ 

ʇʦʪʝʨʷ 

ʘʢʪʠʚʥʦʩʪʠ 

% 

ʉʩʳʣʢʘ 

 

(ʢʦʚʘʣʝʥʪʥʳʡ, ʄʆʂʇ) 

MeCN-

ʚʦʜʘ 

4:1 v/v 

0.33 6 5 [99] 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʯʠʩʣʦ ʮʠʢʣʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 5, ʨʝʞʝ 10, ʧʨʠʯʝʤ ʘʢʪʠʚʥʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʤʘʣʦ 

ʤʝʥʷʪʴʩʷ, ʥʦ ʤʦʞʝʪ ʠ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ 25% ʦʪ ʠʩʭʦʜʥʦʡ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʘʢʮʠʠ ʊɻʀʍ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʠ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʠʣʠ ʫʛʣʝʨʦʜ-ʵʣʝʤʝʥʪ. 

ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ, ʛʜʝ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʝʱʝʩʪʚ ʨʘʩʪʚʦʨʠʤʦ ʠ ʝʩʪʴ ʩʪʨʦʛʠʡ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʭʠʤʠʷ ʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʘ ʚ ʯʘʩʪʠ ʦʙʲʝʢʪʦʚ ʠ 

ʤʝʪʦʜʦʚ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʤʝʪʦʜʦʚ ʥʝʪ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʧʦʩʦʙʳ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʮʝʣʝʚʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʦʪ 

ʝʛʦ ʧʨʠʨʦʜʳ. ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ, ʘ ʚ ʢʦʥʮʝ ʨʘʟʜʝʣʘ ʦʥʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʘʙʣʠʮʝ.  

EDX (energy-dispersive X-ray, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ï 

ʤʝʪʦʜ ʜʘʝʪ ʩʧʝʢʪʨ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʦʜʝʨʞʘʥʠʷ ʠʩʢʦʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʍʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ (3+ ʧʝʨʠʦʜʳ) ʠ 

ʧʣʦʭʦ ʨʘʟʣʠʯʘʝʪ ʣʸʛʢʠʝ ʵʣʝʤʝʥʪʳ (ʠʟ-ʟʘ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʙʣʠʟʦʩʪʠ ʠʭ ʩʧʝʢʪʨʦʚ). ʄʝʪʦʜ 

ʨʘʙʦʪʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. ɸʥʘʣʠʟ ʯʘʩʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʥʘʧʨʷʤʫʶ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. 

EELS (electron energy loss spectroscopy, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘʤʠ) ï ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʘ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʦʙʨʘʟʮʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. ʅʝʵʣʘʩʪʠʯʥʦʝ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʥʝʨʛʠʠ ʧʫʯʢʘ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʩʩʝ. 

HAADF (high-angle dark field imaging, ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʳʩʦʢʦʫʛʣʦʚʳʭ 

ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ) ï ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʉʕʄ, ʜʘʸʪ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 
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ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʕʄ. ʂʘʢ ʠ ʚ ʤʝʪʦʜʝ ʉʕʄ, ʞʝʣʘʪʝʣʴʥʦ 

ʨʘʙʦʪʘʪʴ ʩ ʧʨʦʚʦʜʷʱʠʤ ʦʙʨʘʟʮʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʀʉʇ-ʄʉ (ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ) ï ʚʳʩʦʢʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ. ʆʙʨʘʟʝʮ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʸʥʥ ʧʨʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ. 

ʈʌʕʉ (X-ray photoelectron spectroscopy, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) 

ï ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʦʢʨʫʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ (10-30 ʩʣʦʸʚ). 

XAS (X-ray absorption spectroscopy, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ) ï ʢʘʢ ʠ 

ʦʙʳʯʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʋʌ, ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʣʶʙʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɹʕʊ (ʤʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ) ï ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠ ʝʸ ʧʦʩʣʝʜʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʮʝʥʠʪʴ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ʩ ʠʟʚʝʩʪʥʦʡ 

ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʝʪʦʜ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʨ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

SAED (selected area electron diffraction, ʣʦʢʘʣʴʥʘʷ ʜʠʬʨʘʢʮʠʷ ʵʣʝʢʪʨʦʥʦʚ) ï ʤʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ, ʧʦʟʚʦʣʷʝʪ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʰʝʪʢʠ 

ʤʘʪʝʨʠʘʣʘ. 

ʉɼʈ (ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʨʘʩʩʝʷʥʠʷ)) ï ʘʥʘʣʦʛ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʋʌ 

ʜʣʷ ʪʚʸʨʜʦʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ʄʝʪʦʜ ʧʦʢʘʟʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ ʥʘ 

ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ. 

FDTD (finite-difference time-domain, ʤʝʪʦʜ ʢʦʥʝʯʥrʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦӢʡ ʦʙʣʘʩʪʠ) ï 

ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʩʢʘʟʘʪʴ ʩʨʝʜʠ ʧʨʦʯʝʛʦ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 

TAS (transient absorption spectroscopy, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ) ï ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʘ ʯʝʨʝʟ ʢʦʨʦʪʢʠʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʝʛʦ ʦʙʣʫʯʝʥʠʷ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ 

ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʠʥʪʝʨʤʝʜʠʘʪʘʭ ʨʝʘʢʮʠʡ. 

SPVS (surface photovoltage spectroscopy, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʬʦʪʦʥʘʧʨʷʞʝʥʠʷ) ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʦʩʠʪʝʣʷ ʟʘʨʷʜʘ ʚ ʤʘʪʝʨʠʘʣʝ, ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʪʘʢʞʝ ʠʟʫʯʘʪʴ ʜʝʬʝʢʪʳ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. 
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PCS (photocurrent spectroscopy) ï ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʠʟʤʝʨʝʥʠʠ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

EIS (electrochemical impedance spectroscopy, ʠʤʧʝʜʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ï ʤʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʦʪʢʣʠʢʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʥʘ ʧʝʨʝʤʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚʘʨʴʠʨʫʝʤʦʡ ʯʘʩʪʦʪʳ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʞʠʜʢʠʭ 

ʠ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʪ.ʜ. 

ɼʉʂ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ ï ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʪʱʝʧʣʷʶʱʠʝʩʷ ʚ ʭʦʜʝ ʥʘʛʨʝʚʘ ʚʝʱʝʩʪʚʘ ʩ ʧʦʤʦʱʴʶ 

ʙʘʟʳ ʜʘʥʥʳʭ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 4.  

 

ʊʘʙʣʠʮʘ 4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʄʝʪʦʜ 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ EDX, EELS, HAADF, ʀʉʇ-ʄʉ, 

ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʍʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠ ʩʪʨʫʢʪʫʨʘ 

XPS, XAS, ʀʂ, ʈʘʤʘʥ, ʗʄʈ 

ʉʪʨʫʢʪʫʨʘ ʉʕʄ, ʊʕʄ, ɸʉʄ, ɹʕʊ 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ 

ʈʉɸ, ʈʌɸ, ʊʕʄ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 

SAED 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʉɼʈ, FDTD 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ PLS, TAS, SPVS, PCS, EIS 

ɼʝʬʝʢʪʳ ʕʇʈ, ʧʦʟʠʪʨʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, XPS 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʦʣʣʦʠʜʘ ɕ-ʧʦʪʝʥʮʠʘʣ 

ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ  ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ, ɼʉʂ 

2.5. ɻʦʤʦʛʝʥʥʳʝ ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʤʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʭʫʜʰʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʦʨʘʭ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʚʝʪʘ 

ʠ ʨʝʘʛʝʥʪʦʚ. ʈʘʩʪʚʦʨʠʤʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʱʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʪʦʯʥʳʭ ʬʦʪʦʨʝʘʢʪʦʨʘʭ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢ ʵʪʠʤ ʪʠʧʘʤ ʩʠʩʪʝʤ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ 
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ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʦʬʘʟʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʜʣʷ 

ʨʘʩʪʚʦʨʠʤʳʭ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟʚʝʩʪʥʦ ʤʝʥʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʮʠʢʣʠʟʘʮʠʠ. ʉʘʤʳʤ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʷ ʣʠʧʦʬʠʣʴʥʦ-

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʥʝʧʦʣʷʨʥʫʶ ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ ʬʘʟʫ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʣʠʧʦʬʠʣʴʥʳʤʠ ʠ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʠʮʝʣʣʦʦʙʨʘʟʫʶʱʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥ ʚ ʚʦʜʫ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʘ ʵʢʩʪʨʘʢʮʠʷ ʟʘʨʷʞʝʥʥʦʛʦ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʠʦʥʥʫʶ ʞʠʜʢʦʩʪʴ ʠ ʦʪʜʝʣʝʥʠʝ ʜʝʥʜʨʠʤʝʨʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʬʠʣʴʪʨʫʶʱʠʭ ʤʝʤʙʨʘʥ.  

ʇʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʨʘʩʪʚʦʨʠʤʦʛʦ ʨʝʮʠʢʣʠʟʫʝʤʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

[Ru(PIB-bpy)3]Cl2 (PIB = ʧʦʣʠʠʟʫʙʫʪʠʣʝʥ) (ʨʠʩ. 62). [100] 

 

ʈʠʩʫʥʦʢ 62. ʃʠʧʦʬʠʣʴʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʮʠʠ. 

ʀʜʝʷ ʩʦʩʪʦʠʪ ʚ ʧʨʠʜʘʥʠʠ Ru(bpy)3 (ʠʣʠ ʢʦʤʧʣʝʢʩʫ ʠʨʠʜʠʷ) ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʥʝʧʦʣʷʨʥʫʶ ʘʣʢʘʥʦʚʫʶ ʬʘʟʫ, ʚ ʢʦʪʦʨʦʡ ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʝʪʩʷ.  

ɼʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʧʨʠʤʝʥʸʥ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʢʨʠʣʘʪʦʚ ʠ ʚʳʜʝʨʞʠʚʘʣ 3 ʮʠʢʣʘ ʙʝʟ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ. ɻʦʪʦʚʳʡ ʧʦʣʠʤʝʨ ʦʩʘʞʜʘʣʩʷ ʠʟ ʩʤʝʩʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʧʝʨʝʢʘʯʠʚʘʣʠ ʢ ʩʣʝʜʫʶʱʝʡ ʧʦʨʮʠʠ ʤʦʥʦʤʝʨʘ. 

ʄʷʛʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʠʣʠ ʩʦʭʨʘʥʠʪʴ ʩʢʣʦʥʥʫʶ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʧʦʢʩʠʜʥʫʶ ʛʨʫʧʧʫ 

ʚ ʩʦʩʪʘʚʝ ʤʦʥʦʤʝʨʘ (ʨʠʩ. 63). 

ʘ)  

ʙ)  

ʈʠʩʫʥʦʢ 63. ʘ) ʈʝʮʠʢʣʠʟʘʮʠʷ ʣʠʧʦʬʠʣʠʟʠʨʦʚʘʥʥʦʛʦ Ru(bpy)3 ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʨʠʣʘʪʘ; ʙ) 

ʜʝʤʦʥʩʪʨʘʮʠʷ ʤʷʛʢʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 
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ɼʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ ʵʪʦʡ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʠʟʫʯʝʥʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ [Ru(PIB-bpy)3]Cl2 [101]. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʫʧʘʨʠʚʘʣʠ, ʨʘʩʪʚʦʨʷʣʠ ʚ ʛʝʧʪʘʥʝ ʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣ ʧʨʦʜʫʢʪʳ. ʂʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʭʦʨʦʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ 

ʦʪʱʝʧʣʝʥʠʷ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʠ ʮʠʢʣʠʟʘʮʠʠ ʙʠʩ-ʘʨʠʣʝʥʦʥʘ ʠ ʙʳʣ ʨʝʮʠʢʣʠʟʦʚʘʥ 5 ʨʘʟ ʙʝʟ 

ʟʘʤʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ (ʨʠʩ. 64).  

 

 

ʈʠʩʫʥʦʢ 64. ʈʝʮʠʢʣʠʟʘʮʠʷ [Ru(PIB-bpy)3]Cl2 ʚ ʦʪʱʝʧʣʝʥʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʙʠʩ-ʘʨʠʣʝʥʦʥʘ. 

ʊʘʢʞʝ [Ru(PIB-bpy)3]Cl2 ʙʳʣ ʧʨʦʚʝʨʝʥ ʚ ʨʝʘʢʮʠʠ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʧʠʨʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʨʦʤʠʜʳ ʩ ʛʝʥʝʨʘʮʠʝʡ ʨʝʘʛʝʥʪʘ ɺʠʣʴʩʤʘʡʝʨʘ-ʍʘʘʢʘ 

(ʨʠʩ. 65). 

 

ʈʠʩʫʥʦʢ 65. ʀʩʧʦʣʴʟʦʚʘʥʠʝ [Ru(PIB-bpy)3]Cl2 ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʩʧʠʨʪʘ ʚ ʘʣʢʠʣʙʨʦʤʠʜ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʩ ʜʣʠʥʥʳʤʠ ʧʦʣʠʠʟʦʙʫʪʠʣʝʥʦʚʳʤʠ ʦʩʪʘʪʢʘʤʠ (ʦʢʦʣʦ 2300 ɼʘ, ~41 ʟʚʝʥʦ) ʥʝ 

ʨʘʩʪʚʦʨʷʣʩʷ ʚ ʯʠʩʪʦʤ ɼʄʌɸ, ʧʦʵʪʦʤʫ ʘʚʪʦʨʳ ʧʝʨʝʰʣʠ ʢ ʩʤʝʩʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʜʠʭʣʦʨʤʝʪʘʥʘ, 

ʚ ʢʦʪʦʨʦʡ ʨʝʘʢʮʠʷ ʥʝ ʰʣʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʦʨʦʪʢʦʮʝʧʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʟʚʦʣʠʣʦ 

ʨʘʩʪʚʦʨʠʪʴ ʢʘʪʘʣʠʟʘʪʦʨ ʚ ɼʄʌɸ ʠ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ, ʥʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʵʢʩʪʨʘʢʮʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʛʣʝʦʚʦʜʦʨʦʜʥʫʶ ʬʘʟʫ ʙʳʣʘ ʫʪʨʘʯʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʝʛʦ ʦʪʜʝʣʝʥʠʷ ʵʢʩʪʨʘʢʮʠʝʡ 

ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʭʦʜʠʪ ʨʝʘʢʮʠʷ, ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʠʧʳ ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 

ʨʝʘʢʮʠʡ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʪʨʘʪʝʛʠʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʠʨʠʜʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

fac-Ir(ppy)3, ʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʙʳʣ ʪʦʣʴʢʦ ʦʜʠʥ ʣʠʛʘʥʜ [102]. ʂʘʪʘʣʠʟʘʪʦʨ fac-Ir(ppy)2(PIB-ppy) 

(ʨʠʩ. 62) ʙʳʣ ʨʝʮʠʢʣʠʟʦʚʘʥ ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʡʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʡʦʜʠʨʦʚʘʥʠʷ-

ʮʠʢʣʠʟʘʮʠʠ (ʨʠʩ. 66). 
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ʈʠʩʫʥʦʢ 66. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʨʝʮʠʢʣʠʟʘʮʠʷ ʣʠʧʦʬʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʦʛʘ 

fac-Ir(ppy)3. 

ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʩ ʧʨʦʪʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʠ ʚʦʟʚʨʘʱʝʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ. ɻʝʧʪʘʥ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʨʘʟʜʝʣʷʶʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʤʝʰʠʚʘʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʨʤʦʤʦʨʬʥʫʶ ʩʤʝʩʴ. ɺ 

ʩʣʫʯʘʝ ʨʝʘʢʮʠʡ ʩ ʡʦʜʟʘʤʝʱʸʥʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʬʘʟʘ ʚʳʜʝʨʞʠʚʘʣʘ ʜʦ 10 

ʮʠʢʣʦʚ ʠ ʝʸ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʘʩʴ ʜʦ 90% (ʜʝʡʦʜʠʨʦʚʘʥʠʝ) ʠʣʠ 80% (ʮʠʢʣʠʟʘʮʠʷ). 

ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʣʠ, ʯʪʦ ʚʳʭʦʜʳ ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʙʳʣʠ ʟʘʤʝʪʥʦ ʭʫʞʝ, ʯʝʤ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ, ʠʟ-

ʟʘ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʘʟʝ; ʦʥʠ ʙʳʣʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʳ ʠʟ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʘʟʳ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʮʠʢʣʘ. 

ɺ ʨʘʙʦʪʝ [57] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʭ ʘʣʢʠʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʚʤʝʩʪʦ ʧʦʣʠʠʟʦʙʫʪʠʣʝʥʦʚ (ʨʠʩ. 62). ʂʘʪʘʣʠʟʘʪʦʨ [Ru(DN-bpy)3]Cl2 (DN = 

ʥʦʥʘʜʝʢʘʥ) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʠʷ ʢʫʤʘʨʠʥʘ (ʨʠʩ. 67). 

 

ʈʠʩʫʥʦʢ 67. ʈʝʮʠʢʣʠʟʘʮʠʠ ʘʥʘʣʦʛʘ Ru(bpy)3 ʩ ʣʠʥʝʡʥʳʤʠ ʘʣʢʘʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ʈʝʮʠʢʣʠʟʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʧʦʩʦʙʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ ʧʝʨʚʦʡ ʨʘʙʦʪʝ, 

ʫʧʘʨʠʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ ʧʨʦʜʫʢʪʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣ [100]. ɺ 

ʪʝʯʝʥʠʝ 6 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʩʪʝʧʝʥʥʦ ʧʦʪʝʨʷʣ 25% ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʦʪʝʨʶ ʘʢʪʠʚʥʦʩʪʠ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʪʝʨʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ISP-MS ʧʦʩʣʝ 6-ʛʦ ʮʠʢʣʘ ʙʳʣʦ ʚʦʟʚʨʘʱʝʥʦ 53% ʠ 57% ʨʫʪʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʝʝ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩ ʨʝʮʠʢʣʠʟʘʮʠʝʡ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʚʦʟʥʠʢʘʝʪ ʠ ʯʪʦ 

ʜʣʠʥʘ ʘʣʢʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʦʜʩʪʚʦ ʢ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʝ) ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʮʠʢʣʠʟʘʮʠʠ. 
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ɹʦʣʝʝ ʜʣʠʥʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʉ19 ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʢʦʤʧʣʝʢʩʘ 

fac-Ir(ppy)3 ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʮʠʢʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʷʭ 

ʨʘʜʠʢʘʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ-ʬʪʦʨʘʣʢʠʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 62, 68). 

 

ʈʠʩʫʥʦʢ 68. ʈʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʝʮʠʢʣʠʟʫʝʤʦʛʦ ʘʥʘʣʦʛʘ fac-Ir(ppy)3 ʩ ʘʣʢʘʥʦʚʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʩ ʧʨʦʪʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʪʝʨʤʦʤʦʨʬʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʂʘʪʘʣʠʟʘʪʦʨ (1 ʤʦʣʴʥ.%) ʫʩʧʝʰʥʦ ʚʳʜʝʨʞʘʣ 5 ʮʠʢʣʦʚ ʙʝʟ 

ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. [103] 

ɺ ʨʘʙʦʪʝ [104] ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʪʜʝʣʝʥʠʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ 

Ir-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ (ʀɾ). ɸʚʪʦʨʘʤʠ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʷ ʮʠʩ-ʪʨʘʥʩ 

ʠʟʦʤʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ (ʨʠʩ. 69). 

 

ʈʠʩʫʥʦʢ 69. ʀʟʦʤʝʨʠʟʘʮʠʷ ʩʪʠʣʴʙʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ir(III )-ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ. 

ʈʘʟʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʜʘʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʯʘʩʪʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. ʇʦʣʥʘʷ 

ʢʦʥʚʝʨʩʠʷ ʜʦʩʪʠʛʘʣʘʩʴ ʣʠʰʴ ʚ ʩʣʫʯʘʷʭ ʭʦʨʦʰʝʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʢ ʩʫʙʩʪʨʘʪʘ, ʪʘʢ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʅʘʧʨʠʤʝʨ, ʘʮʝʪʦʥʠʪʨʠʣ, ɼʄʌɸ ʠ ɼʍʄ ʧʦʟʚʦʣʷʣʠ ʟʘʚʝʨʰʠʪʴ ʨʝʘʢʮʠʶ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʘ, ʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʘʥʦʣʘ, ʊɻʌ ʠ ʵʬʠʨʘ ʥʝ ʧʦʟʚʦʣʷʣʦ ʟʘʚʝʨʰʠʪʴ 

ʨʝʘʢʮʠʶ ʠʟ-ʟʘ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʵʪʘʥʦʣʝ ʠʣʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʵʬʠʨʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʩʪʝʤʘ ʨʘʩʪʚʦʨʠʪʝʣʴ/ʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ 8 ʮʠʢʣʦʚ ʙʝʟ 

ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ, ʦʜʥʘʢʦ ʬʘʢʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʢ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʤʝʥʴʰʠʭ 

ʟʘʛʨʫʟʢʘʭ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠʨʠʜʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɺ ʨʘʙʦʪʝ [105] fac-Ir(ppy)3 ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʜʣʠʥʥʳʤʠ ʘʣʢʠʣʴʥʳʤ ʠ 

ʧʦʣʠʵʪʠʣʝʥʛʠʣʢʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʮʝʣʣ ʚ ʚʦʜʝ (ʨʠʩ. 70). 
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ʈʠʩʫʥʦʢ 70. ʈʝʘʢʮʠʷ ʩ ʫʯʘʩʪʠʝʤ ʤʠʮʝʣʣʦʦʙʨʘʟʫʶʱʝʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʥʘʭʦʜʠʣʩʷ ʚʥʫʪʨʠ ʤʠʮʝʣʣ ʠ ʫʩʧʝʰʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ ʩʪʠʨʦʣʘ ʩ ʨʘʩʪʚʦʨʠʤʳʤ ʭʣʦʨʩʫʣʴʬʦʥʘʪʦʤ. ʈʝʮʠʢʣʠʟʘʮʠʷ ʙʳʣʘ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʵʢʩʪʨʘʢʮʠʝʡ ʤʠʮʝʣʣ ʚ ʚʦʜʥʫʶ ʬʘʟʫ. ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ 10 ʮʠʢʣʦʚ, ʠʩʧʦʣʴʟʫʷ 1 

ʤʦʣʴʥ.% ʠʨʠʜʠʷ, ʥʦ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʘʟʘʣʦʩʴ ʥʝʦʙʭʦʜʠʤʳʤ ʜʦʙʘʚʠʪʴ 0.5 ʤʦʣʴʥ.% 

ʧʦʩʣʝ 5-ʛʦ ʮʠʢʣʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʪʝʨʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ 5-ʤ ʮʠʢʣʝ ʩʦʩʪʘʚʠʣʘ 25%.  

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [106] ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ Ru(bpy)3 ʘʤʠʜʥʳʤʠ ʜʝʥʜʨʠʤʝʨʘʤʠ 

PAMAM (ʨʠʩ. 71) ʠ ʦʪʜʝʣʷʪʴ ʨʘʩʪʚʦʨʠʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʬʠʣʴʪʨʫʶʱʠʭ 

ʤʝʤʙʨʘʥ, ʧʨʦʚʦʜʷ ʨʝʘʢʮʠʠ ʚ ʧʦʪʦʢʝ. 

 

ʈʠʩʫʥʦʢ 71. ʉʪʨʫʢʪʫʨʘ ʜʝʥʜʨʠʤʝʨ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ Ru(bpy)3@PAMAM . 

ʅʘʥʦʬʠʣʴʪʨʫʶʱʠʝ ʤʝʤʙʨʘʥʳ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʠ ʵʪʦʪ 

ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʘʤʝʥʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʤʝʤʙʨʘʥʳ ʦʯʝʥʴ ʯʘʩʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʣʘʩʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʩʦʟʜʘʥʠʶ ʨʘʩʪʚʦʨʠʤʳʭ 

ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʟʘʜʘʥʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ [100-103]. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʘʥʘʣʦʛʦʚ, ʩʦʟʜʘʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʦ- [104] ʠ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʭ[105, 106] 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ, ʥʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʧʦʩʦʙʘʭ ʠʩʧʦʣʥʝʥʠʷ.  
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ʆʙʱʠʤ ʜʣʷ ʚʩʝʭ ʨʘʩʪʚʦʨʠʤʳʭ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʚ 

ʯʘʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʘʢʮʠʠ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʦʜʭʦʜʦʤ, ʪʘʢ ʢʘʢ ʫʣʫʯʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʮʠʢʣʠʟʘʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʜʩʪʚʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʨʘʩʪʚʦʨʠʪʝʣʶ, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʮʠʢʣʠʟʘʮʠʠ, ʥʦ ʠʟʤʝʥʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʭʦʜ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ. 

 

2.6. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ 

ʌʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʯʠʩʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʤʦʣʝʢʫʣʳ ʠ ʢʦʤʧʣʝʢʩʳ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ. ʇʝʨʚʳʝ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳ ʧʨʠ ʦʙʣʫʯʝʥʠʠ, ʤʦʛʫʪ 

ʚʩʪʫʧʘʪʴ ʚ ʧʣʦʭʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʦʜʥʘʢʦ ʠʭ ʩʪʨʫʢʪʫʨʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʳʰʝ, ʦʥʠ ʜʝʰʝʚʣʝ, ʠ ʠʭ ʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʦʨʦʰʦ ʧʦʜʜʘʶʪʩʷ 

ʥʘʩʪʨʦʡʢʝ. ʂʦʤʧʣʝʢʩʳ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʜʦʨʦʞʝ, ʦʜʥʘʢʦ, ʦʙʣʘʜʘʶʪ ʥʘ 2-4 ʧʦʨʷʜʢʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴ ʁʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʴʰʠʝ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘʤʠ. ʇʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʠ 

ʠʨʠʜʠʷ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. 

ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʥʦ ʦʯʝʥʴ ʯʘʩʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʦʪʜʝʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʯʪʦ ʥʝʧʨʠʝʤʣʝʤʦ 

ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʠʥʪʝʟʦʚ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʡ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʨʭʥʠʟʢʠʝ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʦʯʝʪʘʥʠʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʠʯʠʥ ʜʝʣʘʝʪ 

ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʫ ʧʦʜʭʦʜʦʚ ʢ ʦʪʜʝʣʝʥʠʶ ʠ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ (ʪ.ʝ. ʨʝʮʠʢʣʠʟʘʮʠʠ) 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʨʦʩʪʦʝ ʦʪʜʝʣʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʬʘʟ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 

ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʚʝʱʝʩʪʚʦʤ, ʪ.ʝ. ʛʝʪʝʨʦʛʝʥʠʟʠʨʦʚʘʪʴ, ʠʣʠ ʦʩʪʘʚʠʪʴ 

ʨʘʩʪʚʦʨʠʤʳʤ ʠ ʦʪʜʝʣʠʪʴ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʨʫʛʫʶ ʬʘʟʫ. ʊʚʝʨʜʦʬʘʟʥʳʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʣʫʯʘʶʪ ʩʦʟʜʘʥʠʝʤ ʢʦʚʘʣʝʥʪʥʳʭ ʠʣʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʧʦʜʣʦʞʢʠ. ʊʚʝʨʜʦʬʘʟʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʝʪʝʨʦʛʝʥʠʟʠʨʫʶʪ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʠ ʨʝʘʛʝʥʪʦʚ. ʇʦʜʣʦʞʢʘ 

ʤʦʞʝʪ ʩʦʨʙʠʨʦʚʘʪʴ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʨʦʜʫʢʪʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʝʸ 

ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʣʦʞʢʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʝʘʢʮʠʠ ʢʘʢ ʦʙʱʠʡ 
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(ʥʘʧʨʠʤʝʨ, ʢʠʩʣʦʪʥʳʡ) ʢʘʪʘʣʠʟʘʪʦʨ, ʢʘʢ ʩʦʨʙʝʥʪ, ʢʘʢ ʧʝʨʝʥʦʩʯʠʢ ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ. ʈʘʩʪʚʦʨʠʤʳʝ 

ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʦʩʪʘʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʠ 

ʜʨʫʛʠʭ ʨʝʘʛʝʥʪʦʚ, ʥʦ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʧʝʢʪʨ ʜʦʩʪʫʧʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʀʟʤʝʥʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʦʞʝʪ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʝʝ ʨʝʟʫʣʴʪʘʪʝ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʦʟʜʘʥʠʶ ʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʞʠʜʢʦʡ ʬʘʟʳ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʚʝʨʜʦʬʘʟʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ), ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʳ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʮʝʣʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʮʠʢʣʠʟʘʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʧʨʦʩʪʳʭ, ʣʝʛʢʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ʈʘʟʥʳʝ ʨʝʘʢʮʠʠ ʧʦʢʘʟʳʚʘʶʪ ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʯʘʩʪʠ ʯʠʩʣʘ ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʮʠʢʣʦʚ, ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʩʦʭʨʘʥʝʥʠʶ/ʧʘʜʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʝʘʢʮʠʷʤʠ ʚ ʦʮʝʥʢʝ ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢ ʨʝʮʠʢʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ 

ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʜʚʘʠʚʘʥʠʝ ʙʝʥʟʠʣʘʤʠʥʘ, ʦʢʠʩʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʚ ʩʫʣʴʬʦʢʩʠʜʳ ʠ ʥʠʪʨʦʤʝʪʠʣʠʨʦʚʘʥʠʝ ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʦʚ. ʕʪʠ 

ʨʝʘʢʮʠʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʘʣʦʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

 



64 

3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʮʠʢʣʠʟʫʝʤʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʇʦʣʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ, ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. 

ʈʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʚʦʨʠʤʳʤʠ ʠ ʛʝʪʝʨʦʛʝʥʠʟʦʚʘʥʥʳʤʠ. 

ɻʝʪʝʨʦʛʝʥʠʟʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʂʦʚʘʣʝʥʪʥʘʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪ ɹʧʦʣʠʤʝʨʥʦʡ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ï 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʦʪʦʨʦʚ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʣʝʛʢʦ 

ʦʪʜʝʣʷʝʤʳʝ ʦʪ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʆʜʥʘʢʦ, ʧʨʠʨʦʜʘ 

ʧʦʜʣʦʞʢʠ ʠ ʩʧʦʩʦʙ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʝʨʝʜʢʦ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʨʝʘʢʮʠʷʭ, ʧʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʈʘʥʝʝ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ 

ɹʫʨʛʫʥʜʠʠ ʧʨʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ ʕʆʉ ʚ ʨʘʤʢʘʭ ʨʫʩʩʢʦ-ʬʨʘʥʮʫʟʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

LIA  LAMREM ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʘʤʦʨʬʥʦʛʦ 

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ (ʤʝʟ-TiO2). ɽʛʦ ʩʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ ʚʦ ʚʨʝʤʝʥʠ 

ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʌʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ [79, 107] 

ʠʣʠ ʢʦʚʘʣʝʥʪʥʳʤ ʷʢʦʨʝʤ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ [108] ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʦʚʳʭ 

ʧʦʜʣʦʞʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʟ-TiO2 ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʜʣʦʞʢʦʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʬʦʬʩʦʥʘʪʟʘʤʝʱʝʥʥʳʭ ʤʦʣʝʢʫʣ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʦʡ ʩʚʷʟʠ PïOïTi, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʘʪʘʣʠʟʘʪʦʨ r ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ [108] ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʝʥʩʦʨ rʥʘ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ [109].  

ʈʘʩʪʚʦʨʠʤʳʝ ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʫʪʝʤ 

ʵʢʩʪʨʘʢʮʠʠ. ɼʘʥʥʳʡ ʪʠʧ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʠʟʫʯʝʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʛʦʤʦʛʝʥʥʳʭ ʬʦʪʢʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʨʘʩʪʚʦʨʠʤʳʭ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʜʚʫʤʷ ʞʠʜʢʠʤʠ ʬʘʟʘʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʭʦʨʦʰʦ 

ʦʩʚʝʱʝʥʳ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ ʣʠʧʦʬʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʘʣʢʘʥʦʚʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ. ʇʨʠ ʵʪʦʤ, ʵʢʩʪʨʘʢʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʚʦʜʫ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ. ʅʘʣʠʯʠʝ ʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ 
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ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʝʝ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʪʠʧ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʳ ʚ ʚʦʜʥʫʶ ʬʘʟʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʢʘʢ ʜʣʷ ʛʝʪʝʨʦʛʝʥʠʟʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʝʟ-TiO2 (ʠ ʜʨʫʛʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ), ʪʘʢ ʠ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʳ ʚ ʚʦʜʥʫʶ ʬʘʟʫ, ʥʘʤʠ ʚʳʙʨʘʥʳ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Ru(II) (ʨʠʩ. 1). ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʠʥʷʪʘ ʥʦʚʘʷ ʥʫʤʝʨʘʮʠʷ ʨʠʩʫʥʢʦʚ ʠ ʪʘʙʣʠʮ. 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʘʪʝʛʠʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟ ʬʦʩʬʦʥʘʪ-

ʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(II). 

1,10-ʌʝʥʘʥʪʨʦʣʠʥ ʷʚʣʷʝʪʩʷ ʣʠʛʘʥʜʦʤ ʩ ʞʝʩʪʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʫʜʦʙʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(II) 

(ʨʠʩ. 2). 

 

ʈʠʩʫʥʦʢ 2. ʇʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʩʠʥʪʝʟʘ ʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(II). 

ʊʘʢ ʢʘʢ ʥʘʣʠʯʠʝ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʳ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤ ʣʠʛʘʥʜʝ, ʝʝ ʧʦʣʦʞʝʥʠʝ ʠ 

ʩʧʦʩʦʙ ʝʝ ʩʚʷʟʳʚʘʥʠʷ (ʥʘʧʨʷʤʫʶ ʠʣʠ ʯʝʨʝʟ ʣʠʥʢʝʨ) ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʘ, ʣʦʛʠʯʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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3.1. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 3, 4, 5, 7 ʠ 8 ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. ʌʦʩʬʦʥʘʪ- ʠ 

ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʝ ʣʠʛʘʥʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚ. 

ʀʩʭʦʜʥʳʝ ʛʘʣʦʛʝʥ-ʟʘʤʝʱʝʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʨʦʣʠʥʳ ʧʦʣʫʯʘʣʠ ʧʦ ʦʧʠʩʘʥʥʳʤ 

ʤʝʪʦʜʠʢʘʤ. 3-ɹʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 3-Br  ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʙʨʦʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʭʣʦʨʠʜʘ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ ʚ ʥʠʪʨʦʙʝʥʟʦʣʝ ʩ ʚʳʭʦʜʦʤ 32% [110]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʥʝʤʫ, 3,8-ʜʠʙʨʦʤ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥ 3,8-Br  ʙʳʣ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 18% (ʨʠʩ. 4).  

 

ʈʠʩʫʥʦʢ 4. ʇʦʣʫʯʝʥʠʝ 3-Br  ʠ 3,8-Br . 

ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʘʮʝʪʦʥʘ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʙʳʣ ʚʳʜʝʣʝʥ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ. 

5-ɹʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 5-Br  ʙr ʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʫʪʝʤ ʙʨʦʤʠʨʦʚʘʥʠ ̫ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ ʚ 15% ʦʣʝʫʤʝ ʚ ʩʪʝʢʣʷʥʥʦʤ ʘʚʪʦʢʣʘʚʝ. [111] ʇʨʦʜʫʢʪ ʙʳʣ ʦʯʠʱʝʥ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʭʣʦʨʦʬʦʨʤʘ (ʨʠʩ. 5).  

 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 5-Br . 

4,7-ɼʠʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ 4,7-Br  ʠ 4,7-Cl ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ 

ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ, ʪʨʠʤʝʪʠʣ ʦʨʪʦ-ʬʦʨʤʠʘʪʘ ʠ ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ ʚ ʪʨʠ ʩʪʘʜʠʠ (ʨʠʩ. 6). 

[112] 
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ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 4,7-ʜʠʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ 4,7-Br  ʠ 4,7-Cl. 

ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʟʘʤʳʢʘʥʠʷ ʛʝʪʝʨʦʮʠʢʣʘ ʧʦ ʂʦʥʨʘʜʫ-

ʃʠʤʧʘʭʫ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 1,10-ʬʝʥʘʥʪʨʦʣʦʥʘ-4,7, ʢʦʪʦʨʳʡ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʝ ʠʟʙʳʪʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʢʩʠʛʘʣʦʛʝʥʠʜʘ ʬʦʩʬʦʨʘ(V) ʜʘʝʪ 4,7-ʜʠʙʨʦʤ- ʠʣʠ 4,7-

ʜʠʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4-ʭʣʦʨ- ʠ 4-ʙʨʦʤ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥʳ 4-Cl ʠ 4-Br  (ʨʠʩ. 7), ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 8-

ʘʤʠʥʦʭʠʥʦʣʠʥ. 

 

ʈʠʩʫʥʦʢ 7. ʇʦʣʫʯʝʥʠʝ 4-ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʩʪʘʜʠʡ, ʚʩʝ ʨʝʘʢʮʠʠ ʧʨʦʭʦʜʷʪ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʠʣʠ ʚ ʚʠʜʝ ʦʩʘʜʢʘ 

(ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʩʪʘʜʠʠ), ʠʣʠ ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ (ʪʨʝʪʴʷ ʩʪʘʜʠʷ) ʠ ʥʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ, ʧʨʠʯʝʤ ʚʩʝ ʧʨʦʮʝʩʩʳ ʚʝʩʴʤʘ ʧʨʦʩʪʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʭʦʜ ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʦʙʳʯʥʦ ʦʢʘʟʳʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ, ʧʨʠ ʵʪʦʤ ʦʢʩʠʙʨʦʤʠʜ ʬʦʩʬʦʨʘ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʨʝʘʛʝʥʪʦʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʨʠʣʙʨʦʤʠʜʳ 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʚ ʩʣʫʯʘʝ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ ʙʣʘʛʦʜʘʨʷ ʘʢʮʝʧʪʦʨʥʳʤ ʩʚʦʡʩʪʚʘʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʷʜʨʘ 4- ʠ 2-

ʭʣʦʨʟʘʤʝʱʝʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ ʪʘʢʞʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʝʰʝʚʣʝʥʠʷ ʩʠʥʪʝʟʘ.  
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3.2. ʉʠʥʪʝʟ ʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ
1
 

ʅʘʧʨʷʤʫʶ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʥʳʝ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʝ ʣʠʛʘʥʜʳ 3-P, 5-P, 3,8-P, 4,7-P ʠ 4-P 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʍʠʨʘʦ ʧʦ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ (ʨʠʩ. 8). [113] 

ʄʦʥʦʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ 3-P ʠ 5-P, ʘ ʪʘʢʞʝ ʙʠʩ(ʬʦʩʬʦʥʘʪ)ʟʘʤʝʱʝʥʥʳʡ 

ʣʠʛʘʥʜ 3,8-P ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ. 

ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʢʠʧʷʱʝʤ ʪʦʣʫʦʣʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʠʵʪʠʣʘʤʠʥ, ʜʠʵʪʠʣʬʦʩʬʠʪ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʚ 20% ʠʟʙʳʪʢʝ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʘʮʝʪʘʪ ʧʘʣʣʘʜʠʷ(II)/DPPF. ɺ ʨʝʘʢʮʠʷʭ ʤʦʥʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʟʘʛʨʫʟʢʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 5/10 ʤʦʣʴʥ.%, ʚ ʩʣʫʯʘʝ ʜʠʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ï 10/20 ʤʦʣʴʥ.%. 

 

ʈʠʩʫʥʦʢ 8. ʇʦʣʫʯʝʥʠʝ ʬʦʩʬʦʥʘʪ-ʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ʍʠʨʘʦ. 

ɼʣʷ 4- ʠ 4,7-ʟʘʤʝʱʸʥʥʳʭ ʬʦʩʬʦʥʘʪʦʚ 4,7-P ʠ 4-P ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʭʣʦʨʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚ 4,7-Cl ʠ 4-Cl (ʪʘʙʣʠʮʘ 1) ʧʨʠ 

ʟʘʤʝʥʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʜʠʦʢʩʘʥ. 

                                                 
1
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ 

çʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘè, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Morozkov G. V., Troickiy A. A., 

Averin A. D., Mitrofanov A. Yu., Abel A. S., Beletskaya I. P. Visible Light Photoredox Catalysis in the Synthesis of 

Phosphonate-Substituted 1,10-Phenanthrolines // Molecules ï 2024. ï V. 29(23). ï 5580. I.F. = 4.2 (Web of Science). 

ʆʙʲʝʤ 1 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 50%. 
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ʊʘʙʣʠʮʘ 1. ʉʠʥʪʝʟ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ. 

ʆʧʳʪ ʉʫʙʩʪʨʘʪ ʈʘʩʪ-ʣ ɹ ɺʨʝʤʷ, ʯ ʇʨʦʜʫʢʪ ʂʦʥʚʝʨʩʠʷ, % 
1
 ɺr ʭʦʜ, % 

2
 

1 
3
 4-Br  ʜʠʦʢʩʘʥ 12 4-P 100 52 

2 
3
 4-Br  ʪʦʣʫʦʣ 20 4-P 100 30 

3 
3
 4,7-Br  ʪʦʣʫʦʣ 20 4,7-P 100 71 

4 4,7-Cl ʪʦʣʫʦʣ 20 4,7-P 100 (0) 

5 4,7-Cl ʜʠʦʢʩʘʥ 20 4,7-P 100 18 (50) 

6 4,7-Cl ʜʠʦʢʩʘʥ 8 4,7-P 85 (75) 

10 4,7-P 93 (80) 

12 4,7-P 100 44 (80) 

7 4-Cl ʜʠʦʢʩʘʥ 20 4-P 100 49 (60) 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʡ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, ʜʠʵʪʠʣʬʦʩʬʠʪ (1.2 ʵʢʚ. ʥʘ ʛʘʣʦʛʝʥ), 

Pd(OAc)2 (5 ʤʦʣʴʥ.% ʥʘ ʛʘʣʦʛʝʥ), DPPF (10 ʤʦʣʴʥ.% ʥʘ ʛʘʣʦʛʝʥ), Et3N (1.2 ʵʢʚ. ʥʘ ʛʘʣʦʛʝʥ), 

ʢʠʧʷʯʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 
1
 ʂʦʥʚʝʨʩʠʷ ʙʳʣʘ ʦʮʝʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʗʄʈ 

1
ʅ ʠ 

31
ʈ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
2
 ʇʨʝʧʘʨʘʪʠʚʥʳʡ ʚʳʭʦʜ ʧʦʩʣʝ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʚ ʩʢʦʙʢʘʭ ʜʘʥ 

ʚʳʭʦʜ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʟ ʩʧʝʢʪʨʦʚ ʗʄʈ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
3 
ɺʟʷʪʦ ʠʟ ʨʘʙʦʪʳ [113] 

ʆʧʪʠʤʠʟʘʮʠʶ ʩʠʥʪʝʟʘ 4-ʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ 4,7-Br  ʠ 4,7-Cl ʠʟ-ʟʘ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ (ʪʘʙʣʠʮʘ 1). ʉʠʥʪʝʟ 

ʘʩʠʤʤʝʪʨʠʯʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ 4-Cl ʠ 4-Br  ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ ʜʦʨʦʛʦʡ 8-ʘʤʠʥʦʭʠʥʦʣʠʥ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ. ɺ ʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘʙʦʪʝ ʣʘʙʦʨʘʪʦʨʠʠ ʕʆʉ [113] ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʜʣʷ 4-

ʙʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʨʝʘʢʮʠʷ ʚ ʜʠʦʢʩʘʥʝ ʟʘʚʝʨʰʘʝʪʩʷ ʙʳʩʪʨʝʝ ʠ ʜʘʝʪ ʣʫʯʰʠʡ ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʘ (ʪʘʙʣʠʮʘ 1, ʦʧ. 1ï3). ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 4,7-P ʙʳʣʦ 

ʚʳʷʩʥʝʥʦ, ʯʪʦ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʢʘʢ ʚ ʪʦʣʫʦʣʝ, ʪʘʢ ʠ ʚ 

ʜʠʦʢʩʘʥʝ (ʪʘʙʣʠʮʘ 1, ʦʧ. 4,5), ʦʜʥʘʢʦ, ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚ ʜʠʦʢʩʘʥʝ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʜʫʢʪʘ. ɿʘʤʝʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʜʠʦʢʩʘʥ 

ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ  

4,7-P ʠ 4-P ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʪʘʙʣʠʮʘ 

1, ʦʧ. 6, 7). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʩʢʣʦʥʥʳ ʢ ʛʠʜʨʦʣʠʟʫ ʧʨʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ. 

ʊʘʢʞʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ. ɺ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ 

ʤʝʪʦʜʳ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʘʢʪʠʚʥʦ ʧʨʠʚʣʝʢʘʣʠ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʫʜʦʙʥʳʡ ʤʝʪʦʜ 

ʛʝʥʝʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʸʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʦʛʨʦʤʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʥʦʚʳʭ ʨʝʘʢʮʠʡ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ 2016 ʛʦʜʫ ɹ. ʂʸʥʠʛʦʤ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʘʨʠʣ- ʠ ʛʝʪʘʨʠʣʙʨʦʤʠʜʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (ʨʠʩ. 9). [5] 
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ʈʠʩʫʥʦʢ 9. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ. [5] 

ʅʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʙʳʣ ʚʳʙʨʘʥʘ 

ʨʝʘʢʮʠʷ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʘ 5-Br  (ʨʠʩ. 10). 

 

ʈʠʩʫʥʦʢ 10. ʆʧʪʠʤʠʟʘʮʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ.  

ʊʘʙʣʠʮʘ 2. ʆʧʪʠʤʠʟʘʮʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ 5-ʙʨʦʤʬʝʥʘʥʪʨʦʣʠʥʘ. 

ʆʧʳʪ 
1
 
ʂʘʪʘʣʠʟʘʪʦʨ 

(ʤʦʣʴʥ.%) 
ʈ-ʣ ɹ ɺʨʝʤʷ (ʯ) 

ʂʦʥʚʝʨʩʠʷ 

(%) 
2
 

ɺʳʭʦʜ 5-P 

(%) 
2
 

ɺʳʭʦʜ 

Phen (%) 
2
 

1 
3
 Rh. 6G (10) ɼʄʉʆ 16 0 - - 

2 
4
 Rh. 6G (10) ɼʄʉʆ 16 0 - - 

3 Rh. 6G (10) ɼʄʉʆ 16 17 13 4 

4 4CzIPN (10) ɼʄʉʆ 22 50 27 10 

5 4CzIPN (10+5) 
5
 ɼʄʉʆ 22+16 

5
 64 34 14 

6 Ru(bpy)3Cl2 (2) ɼʄʉʆ 16 68 39 12 

7 ʕʦʟʠʥ ɾ (10) ɼʄʉʆ 16 83 47 14 

8 ʕʦʟʠʥ ɾ (10+5) 
5
 ɼʄʉʆ 16+22 

5
 96 52 16 

9 ʌʣʫʦʨ. (10) ɼʄʉʆ 16 66 40 9 

10 ʌʣʫʦʨ. (10+5) 
5
 ɼʄʉʆ 16+16 

5
 93 46 9 

11 ʕʦʟʠʥ ɾ (15) ɼʄʉʆ 22 94 51 14 

12 ʕʦʟʠʥ ɾ (15) ɼʄʌɸ 22 96 26 28 

13 ʕʦʟʠʥ ɾ (15) MeCN 22 47 6 8 
1
 ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 5-Br (0.375 ʤʤʦʣʴ), DIPEA (0.825 ʤʤʦʣʴ, 147 ʤʢʣ, 2.2 ʵʢʚ.), 

ʪʨʠʵʪʠʣʬʦʩʬʠʪ (1.125 ʤʤʦʣʴ,195 ʤʢʣ, 3 ʵʢʚ.), ʩʠʥʠʡ ʜʠʦʜ (455 ʥʤ, 30 ɺʪ), ʨʘʩʪʚʦʨʠʪʝʣʴ 

(2 ʤʣ). 
2
 ʆʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʘ ʗʄʈ 

1
H ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 1,4-

ʜʠʘʮʝʪʦʢʩʠʙʝʥʟʦʣ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 
3
 ɿʝʣʸʥʳʡ ʜʠʦʜ 

(530 ʥʤ, 12ɺʪ) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʪʝʣʷ. 
4 
ɼʣʷ ʦʙʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʠʥʠʡ ʜʠʦʜ (455 ʥʤ, 12 ɺʪ). 
5
 ɼʦʙʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʨʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ. 
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ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʦʜʘʤʠʥ 6G ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ 

5-Br ʚ 5-P (ʪʘʙʣʠʮʘ 2, ʦʧʳʪ 1ï3). ʈʝʘʢʮʠʷ ʠʜʸʪ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʤ ʦʙʣʫʯʝʥʠʠ 

ʩʠʥʠʤ ʩʚʝʪʦʤ (30 ɺʪ), ʙʦʣʝʝ ʩʣʘʙʳʡ ʩʠʥʠʡ (12 ɺʪ) ʠ ʟʝʣʸʥʳʡ (12 ɺʪ) ʩʚʝʪ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʈʝʘʢʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʉïBr. 

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉʨʝʜʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʫʯʰʠʤ ʦʢʘʟʘʣʩʷ ʵʦʟʠʥ ɾ, ʘ 4CzIPN ʠ ʬʣʫʦʨʝʩʮʝʠʥ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʟʘʤʝʪʥʦ ʭʫʞʝ (ʪʘʙʣʠʮʘ 2, 

ʦʧʳʪr 7, 9 ʠ 4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂʘʢ ʠ ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ [5], ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʨʘʟʣʦʞʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʙʘʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʜʣʷ ʝʝ ʟʘʚʝʨʰʝʥʠʷ (ʪʘʙʣʠʮʘ 2, ʦʧ. 5). ʄʳ ʧʦʧʨʦʙʦʚʘʣʠ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʩ ʙʦʣʝʝ 

ʬʦʪʦʫʩʪʦʡʯʠʚʳʤ Ru(bpy) (ʪʘʙʣʠʮʘ 2, ʦʧ. 6), ʥʦ ʦʥ ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʧʦʜʚʝʨʞʝʥ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʠʟʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʕʦʟʠʥʘ ɾ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ 

ʙʳʩʪʨʝʝ ʠ ʥʝ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʝʸ ʨʝʟʫʣʴʪʘʪ (ʪʘʙʣʠʮʘ 2, ʦʧʳʪʳ 7ï8). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʬʣʫʦʨʝʩʮʝʠʥʘ ʫʚʝʣʠʯʝʥʠʝ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɼʄʌɸ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʫʣʫʯʰʠʣʦ 

ʨʝʟʫʣʴʪʘʪʳ (ʪʘʙʣʠʮʘ 2, ʦʧ. 11ï13). 

ɼʘʣʝʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʚ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 11, ʪʘʙʣʠʮʘ 3). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʘ 

ʙʨʦʤʘ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ. 

ʊʘʢ, ʨʝʘʢʮʠʷ 4-Br  ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 

ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ 4-P, ʯʝʨʝʟ 22 ʯʘʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (1,10-

ʬʝʥʘʥʪʨʦʣʠʥ) ʩ ʚʳʭʦʜʦʤ 95% (ʪʘʙʣʠʮʘ 3, ʦʧ. 2). ɿʘʤʝʥʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʈʦʜʘʤʠʥ 6ɾ 

ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 4-P ʩ ʚʳʭʦʜʦʤ 42%, ʧʨʠʯʝʤ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʧʨʠʰʣʦʩʴ 

ʫʚʝʣʠʯʠʪʴ ʜʦ 56 ʯʘʩʦʚ (ʪʘʙʣʠʮʘ 3, ʦʧ. 3). 3-ɹʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 3-Br  ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʦʷʚʠʣ ʥʠʟʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʠ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 

ʪʦʣʴʢʦ ʯʝʨʝʟ 90 ʯʘʩʦʚ ʦʙʣʫʯʝʥʠʷ (ʪʘʙʣʠʮʘ 3, ʦʧ. 4), ʧʨʠ ʵʪʦʤ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 3-P 

ʩʦʩʪʘʚʠʣ ʪʦʣʴʢʦ 26%. 

 

ʈʠʩʫʥʦʢ 11. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʙʨʦʤʬʝʥʘʥʪʨʦʣʠʥʦʚ. 
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ʊʘʙʣʠʮʘ 3. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʙʨʦʤʬʝʥʘʥʪʨʦʣʠʥʦʚ. 

ʆʧʳʪ 
1
 ʉʫʙʩʪʨʘʪ ɺʨʝʤʷ, ʯ ʂʦʥʚʝʨʩʠʷ 

(%) 

ʇʨʦʜʫʢʪ ɺʳʭʦʜ (%) ɺʳʭʦʜ 

Phen (%) 

1 5-Br 22 94 5-P 51 14 

2 4-Br 22 98 4-P 0 0 

3 
2
 4-Br 56 90 4-P 42 19 

4 3-Br 90 98 3-P 26 14 

5 
3
 4,7-Br 24 100 4,7-P 0 0 

6 
3
 3,8-Br 22 100 3,8-P 0 0 

1
 ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʙʨʦʤʬʝʥʘʥʪʨʦʣʠʥ (0.375 ʤʤʦʣʴ), DIPEA (0.825 ʤʤʦʣʴ, 147 ʤʢʣ, 2.2 

ʵʢʚ.), ʪʨʠʵʪʠʣʬʦʩʬʠʪ (3ï6 ʵʢʚ.), ʕʦʟʠʥ ɾ (15 ʤʦʣʴʥ.%), ʩʠʥʠʡ ʜʠʦʜ (455 ʥʤ, 30 ɺʪ), 

ɼʄʉʆ (2 ʤʣ). 
2
 ʈʦʜʘʤʠʥ 6G ʚʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʦʟʠʥʘ ɾ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

3
 ʈʝʘʢʮʠ ʁʧʨʦʚʦʜʠʣʠ ʚ ʩʤʝʩʠ ɼʄʉʆ-ɼʍʄ (2:3 ʤʣ) ʠʟ-ʟʘ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʯʠʩʪʦʤ ɼʄʉʆ. 

4,7-ɼʠʙʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ (4,7-Br) ʠ 3,8-ʜʠʙʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ (3,8-Br ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ɼʄʉʆ, ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʜʠʭʣʦʨʤʝʪʘʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʥʫʶ ʢʦʥʚʝʨʩʠʶ ʠʩʭʦʜʥʳʭ ʜʠʙʨʦʤʬʝʥʘʥʪʨʦʣʠʥʦʚ, ʥʠ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ 3,8-P ʠ 4,7-P, ʥʠ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʣʦʩʴ (ʪʘʙʣʠʮʘ 3, ʦʧʳʪr 5 ʠ 6). ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʦʣʠʤʝʨʦʚ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʤʳ 

ʠʤʝʝʤ ʜʝʣʦ ʩ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʣɻʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ [114] . 

ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 5-ʙʨʦʤ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ (ʨʠʩ. 12).  

 

ʈʠʩʫʥʦʢ 12. ʌʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʟʘʤʝʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ 5-ʙʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. 
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ʅʘʣʠʯʠʝ ʚ ʢʦʣʴʮʝ ʭʣʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʭʣʦʨʘ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʟʘʤʝʱʝʥʠʝʤ ʪʦʣʴʢʦ ʘʪʦʤʘ 

ʙʨʦʤʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 2-Cl-6-P ʩ ʚʳʭʦʜʦʤ 41%. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʜʦʩʪʠʯʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʍʠʨʘʦ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ ʩʨʘʟʫ ʜʚʫʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ. ʇʨʠ ʥʘʣʠʯʠʠ ʘʪʦʤʘ ʭʣʦʨʘ ʚ ʧʦʣʦʞʝʥʠʠ 4 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʚʳʜʝʣʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ. ʅʘʣʠʯʠʝ ʤʝʪʦʢʩʠ-ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʘ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʄʝʪʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ 

2-OMe-6-P ʠ 4-OMe-6-P ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦ ʩʢʨʦʤʥʳʤʠ ʚʳʭʦʜʘʤʠ 34% ʠ 40%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʍʠʨʘʦ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. 1,10-ʌʝʥʘʥʪʨʦʣʠʥ ʩʘʤ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʭʝʣʘʪʦʨʦʤ, 

ʠʟ-ʟʘ ʯʝʛʦ ʚ ʨʝʘʢʮʠʠ ʍʠʨʘʦ ʠʩʧʦʣʴʟʫʶʪ DPPF ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ Pd(PPh3)4. ʅʘʣʠʯʠʝ 

ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʝʛʦ ʢʦʦʨʜʠʥʠʨʫʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʊʘʢ, ʚ ʫʩʣʦʚʠʷʭ Pd-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪ 2-OMe-6-P ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʩ ʚʳʭʦʜʦʤ 20% 

(ʨʠʩ. 13), ʘ ʧʨʦʜʫʢʪ 4-OMe-6-P ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʩʫʙʩʪʨʘʪ 4-OMe-6-Br  ʚ ʨʝʘʢʮʠʶ ʥʝ 

ʚʩʪʫʧʘʝʪ ʚʦʚʩʝ. ʇʦʩʣʝʜʥʝʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʧʦʚʳʰʝʥʥʦʡ ʭʝʣʘʪʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʣʣʘʜʠʶ(II) ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʜʦʥʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʠ 

ʦʪʩʫʪʩʪʚʠʶ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʚ ʧʦʣʦʞʝʥʠʠ 2. 

 

ʈʠʩʫʥʦʢ 13. ʈʝʘʢʮʠʷ ʍʠʨʘʦ ʜʣʷ ʤʝʪʦʢʩʠ-ʟʘʤʝʱʸʥʥʳʭ 5-ʙʨʦʤ-ʬʝʥʘʥʪʨʦʣʠʥʦʚ. 

ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ 5-ʙʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ (ʨʠʩ. 14).  
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ʈʠʩʫʥʦʢ 14. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʠʩʣʷʝʪ DIPEA, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʘ ʧʦʚʪʦʨʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʘʨʠʣʙʨʦʤʠʜ ʜʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ. ɸʥʠʦʥ-ʨʘʜʠʢʘʣ ʪʝʨʷʝʪ ʙʨʦʤʠʜ-ʘʥʠʦʥ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʧʨʝʚʨʘʱʝʥʠʷʭ. ʈʘʜʠʢʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʭʚʘʯʝʥ ʬʦʩʬʠʪʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ 

ʨʝʘʢʮʠʠ. ʊʘʢʞʝ ʦʥ ʤʦʞʝʪ çʧʝʨʝʭʚʘʪʠʪʴè ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, 

ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʧʨʦʜʫʢʪʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʘʣʦʛʝʥʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʨʘʜʠʢʘʣʘ ʩ ʬʦʩʬʠʪʦʤ, ʨʘʩʪʚʦʨʠʪʝʣʝʤ, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʤ̫ʠ ʠ ʜʨʫʛʠʤ ʪʘʢʠʤ ʞʝ ʨʘʜʠʢʘʣʦʤ. ʇʨʠ ʵʪʦʤ ʩʣʠʰʢʦʤ ʘʢʪʠʚʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ 

(ʠʣʠ ʩʫʙʩʪʨʘʪ, ʪʘʢʦʡ ʢʘʢ (ʙʠʩ)ʛʘʣʦʛʝʥʬʝʥʘʥʪʨʦʣʠʥ) ʧʨʠʚʝʜʝʪ ʢ ʠʟʙʳʪʦʯʥʦʡ ʛʝʥʝʨʘʮʠʠ 

ʨʘʜʠʢʘʣʦʚ ʠ ʧʨʝʦʙʣʘʜʘʥʠʶ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʘʢʮʝʧʪʦʨʥʳʤ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʘʨʠʣʙʨʦʤʠʜʳ ʦʙʣʘʜʘʶʪ 

ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (>ï1.5 ɺ / SCE [114-116]), ʚʦʟʙʫʞʜʸʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ. ɼʣʷ 5-ʙʨʦʤ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʧʦʪʝʥʮʠʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ï1.75 ɺ / SCE. 

[114] ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʢʘʢ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ, ʚʳʩʪʫʧʘʝʪ 

ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʵʪʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʘʢʨʠʜʠʥʠʝʚʦʛʦ ʨʘʜʠʢʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʘʢʨʠʜʠʥʠʝʚʦʡ ʩʦʣʠ. ɼʣʷ ʨʦʜʘʤʠʥʘ 6G, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʩʯʸʪʦʚ, ʪʘʢʦʝ 

ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ï3.36 ɺ/ SCE, ʘ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʬʦʨʤʳ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʠ 440 ʥʤ, ʯʪʦ ʠ ʦʙʲʷʩʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʥʝʛʦ ʩʚʝʪʘ. [117] 

ʅʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʚ ʩʣʫʯʘʝ ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ, ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.  
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ʊʘʙʣʠʮʘ 4. ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ. 

ʆʧʳʪ  ʉʫʙʩʪʨʘʪ ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʡ 
1
 

ʂʦʥʚʝʨʩʠʷ, % 
2
 ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ, 

% 
2
 

1 5-Br  ʙʝʟ ʦʪʢʣʦʥʝʥʠʡ 94 51 

2 5-Br  ʙʝʟ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 36 12 

3 5-Br  ʙʝʟ ʩʚʝʪʘ 0 0 

4 5-Br  ʙʝʟ DIPEA 0 0 

5
 

5-Br  ʤʦʱʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ 12 ɺʪ, ʙʝʟ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 

0 0 

6 3-Br ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ 90 ʯʘʩʦʚ 98 26 

7 3-Br ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 38 0 

8 4-Br ʢʘʪʘʣʠʟʘʪʦʨ ʈʦʜʘʤʠʥ 6ɾ 90 42 

9 4-Br ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 34 8 

10 5-Br  ʜʦʙʘʚʣʝʥʦ 1.5 ʵʢʚ. ʊɽʄʈʆ 57 19 

11 5-Br  ʜʦʙʘʚʣʝʥʦ 4 ʵʢʚ. ʊɽʄʈʆ 5 0 
1
 ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʙʨʦʤʬʝʥʘʥʪʨʦʣʠʥ (0.375 ʤʤʦʣʴ), DIPEA (0.825 ʤʤʦʣʴ, 147 ʤʢʣ, 2.2 

ʵʢʚ.), ʪʨʠʵʪʠʣʬʦʩʬʠʪ (1.125 ʤʤʦʣʴ,195 ʤʢʣ, 3 ʵʢʚ.), ʕʦʟʠʥ ɾ (15 ʤʦʣʴʥ.%), ʩʠʥʠʡ ʜʠʦʜ (455 

ʥʤ, 30 ɺʪ, hepatochem.com), ɼʄʉʆ (2 ʤʣ), 22 ʯʘʩʘ. 
2
 ʆʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʗʄʈ 

1
H 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 1,3-ɼʠʤʝʪʦʢʩʠʙʝʥʟʦʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ.  

ʈʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʦʙʣʫʯʝʥʠʷ ʠ ʙʝʟ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʩʤʝʩʠ (ʪʘʙʣʠʮʘ 6, ʦʧ. 3,4). 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʊɽʄʈʆ ʧʨʠʚʦʜʠʣʦ ʢ ʝʸ ʟʘʤʝʜʣʝʥʠʶ (1.5 ʵʢʚ. ʊɽʄʈʆ) ʠʣʠ 

ʦʩʪʘʥʦʚʢʝ (4 ʵʢʚ. ʊɽʄʈʆ) (ʪʘʙʣʠʮʘ 4, ʦʧ. 10, 11). ɺ ʦʪʩʫʪʩʪʚʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘʤʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʝʙʦʣʴʰʘʷ ʢʦʥʚʝʨʩʠʷ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦʜʫʢʪʘ 

ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 4, ʦʧ. 2, 7, 9). ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʟʚʦʜʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ. ʆʜʥʘʢʦ, ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ ʩʠʥʠʡ ʩʚʝʪ ʥʝʚʝʣʠʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʱʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʦʙʣʫʯʝʥʠʷ (ʪʘʙʣʠʮʘ 4, ʦʧ. 2, 5). ʇʨʠ ʥʘʣʠʯʠʠ ʣʠʰʴ ʥʝʙʦʣʴʰʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʜʠʦʜʘ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚʧʦʣʥʝ 

ʦʙʲʷʩʥʠʤʦ, ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʦʱʥʦʛʦ 30-ʚʘʪʪʥʦʛʦ ʜʠʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʫʜʘʣʦʩʴ 

ʦʙʥʘʨʫʞʠʪʴ ʘʜʜʫʢʪ ʊɽʄʈʆ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʣʠʯʠʝ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ 

ʨʘʜʠʢʘʣʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʨʠʩ. 15, ʪʘʙʣʠʮʘ 4, ʦʧ. 10 ʠ 11).  

 

ʈʠʩʫʥʦʢ 15. ʌʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ 5-Br  ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1.5 ʵʢʚ. ʊɽʄʈʆ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʢʘʢ ʧʦʢʘʟʘʣ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʦʪʢʣʶʯʝʥʠʝʤ-ʚʦʟʦʙʥʦʚʣʝʥʠʝʤ ʦʙʣʫʯʝʥʠʷ 

(ʨʠʩ. 16), ʚʢʣʘʜ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ. 
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ʈʠʩʫʥʦʢ 16. ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ (ʗʄʈ 
1
H) ʧʨʠ ʚʢʣʶʯʝʥʠʠ/ʦʪʢʣʶʯʝʥʠʠ 

ʦʙʣʫʯʝʥʠʠ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ, ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʝʥʘʥʪʨʦʣʠʥ-ʨʘʜʠʢʘʣʘ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʫʩʪʫʧʘʝʪ ʧʦ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʍʠʨʘʦ, ʢʦʪʦʨʘʷ ʦʩʪʘʸʪʩʷ ʥʘʜʸʞʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʬʦʩʬʦʥʘʪ-

ʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʝ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʥʝ ʦʛʨʘʥʠʯʝʥ ʭʝʣʘʪʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʩʭʦʜʥʦʛʦ ʬʝʥʘʥʪʨʦʣʠʥʘ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʝʣʘʝʪ ʝʛʦ ʝʜʠʥʩʪʚʝʥʥʦ 

ʧʦʜʭʦʜʷʱʠʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʝ 

ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ, ʪʘʢʞʝ ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʠ 

ʍʠʨʘʦ ʠʟ-ʟʘ ʙʠʩ-ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ. 

3.3. ʉʠʥʪʝʟ ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ
2
 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʬʦʩʬʦʥʘʪʥʘʷ ʷʢʦʨʥʘʷ ʛʨʫʧʧʘ ʩʚʷʟʘʥʘ ʩ 

ʬʦʪʦʘʢʪʠʚʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʝ ʥʘʧʨʷʤʫʶ, ʘ ʯʝʨʝʟ ʬʝʥʠʣʝʥʦʚʳʡ ʣʠʥʢʝʨ, ʥʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ (ʨʠʩ. 17). 

                                                 
2
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ 

çʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘè, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Morozkov G. V., Abel A. S., 

Filatov M. A., Nefedov S. E., Roznyatovsky V. A., Cheprakov A. V., Ziankou I. S., Averin A. D., Beletskaya I. P., 

Michalak J., Bucher C., Bonneviot L., Bessmertnykh-Lemeune A. Ruthenium(II ) complexes with phosphonate-substituted 

phenanthroline ligands: synthesis, characterization and use in organic photocatalysis // Dalton Transactions ï 2022. ï V. 

51(36) ï P. 13612. I.F. = 3.5 (Web of Science). ʆʙʲʝʤ 5/4 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 35%. 
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ʈʠʩʫʥʦʢ 17. ʌʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʝ ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʝʥʠʣʝʥʦʚʳʡ ʣʠʥʢʝʨ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʩʝʨʠʠ ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚ 5-PPh, 3-PPh, 4,7-PPh ʠ 4-PPh ʙʳʣ 

ʧʦʣʫʯʝʥ ʵʬʠʨ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ B-PhP (ʨʠʩ. 18). ʉʠʥʪʝʟ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʄʠʷʫʨʳ.  

 

ʈʠʩʫʥʦʢ 18. ʉʠʥʪʝʟ ʙʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʠ ʉʫʜʟʫʢʠ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʵʪʫ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʠ ʧʨʠ 5 ʤʦʣʴʥ.% ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. [118] ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʠ ʫʞʝ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʢʠʧʷʯʝʥʠʷ ʢʦʥʚʝʨʩʠʷ ʩʦʝʜʠʥʝʥʠ ̫Br-PhP ʩʦʩʪʘʚʣʷʝʪ 90%. 

ʉʥʠʞʝʥʠʝ ʟʘʛʨʫʟʢʠ ʧʘʣʣʘʜʠʷ ʜʦ 3 ʤʦʣʴʥ.% ʥʝ ʦʢʘʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ. 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʨʝʘʢʮʠʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʯʝʨʥʝʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʚʠʟʫʘʣʴʥʦ. ʇʨʝʧʘʨʘʪʠʚʥʳʡ ʚʳʭʦʜ ʧʨʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʩʠʣʠʢʘʛʝʣʝ ʩʦʩʪʘʚʠʣ 75%. 

ʇʦʣʫʯʝʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ï 4-ʙʨʦʤʬʝʥʠʣʬʦʩʬʦʥʘʪʘ Br-PhP ï 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʀʟʥʘʯʘʣʴʥʦ ʩʠʥʪʝʟ ʬʦʩʬʦʥʘʪʘ Br-PhP ʧʨʦʚʦʜʠʣʠ ʧʫʪʸʤ ʧʦʣʫʯʝʥʠʷ ʨʝʘʢʪʠʚʘ ɻʨʠʥʴʷʨʘ ʠʟ ʧʘʨʘ-

ʜʠʙʨʦʤʙʝʥʟʦʣʘ. (ʨʠʩ. 18). ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʭʦʜʘ ʚ 22% ʧʨʠ 

ʟʘʛʨʫʟʢʝ ʚ 5 ʛ ʠʩʭʦʜʥʦʛʦ ʜʠʙʨʦʤʙʝʥʟʦʣʘ. ʈʝʘʢʮʠʷ ʨʝʘʢʪʠʚʘ ɻʨʠʥʴʷʨʘ ʩ ʜʠʵʪʠʣʭʣʦʨʬʦʩʬʘʪʦʤ 

ʚʝʩɹʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʥʘ 20 ʛ ʠʩʭʦʜʥʦʛʦ 

ʜʠʙʨʦʤʙʝʥʟʦʣʘ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʘʟʘʣʦʩʴ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ, ʯʪʦ ʫʚʝʣʠʯʠʣʦ 

ʚʢʣʘʜ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʠʣʦ ʦʯʠʩʪʢʫ ʧʨʦʜʫʢʪʘ ʠ ʩʥʠʟʠʣʦ ʠʪʦʛʦʚʳʡ 

ʚʳʭʦʜ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʧʦ ʜʘʥʥʳʤ ʗʄʈ 
1
ʅ ʠ 

31
ʈ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʠʣ 18%. ʅʘʤ 
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ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ Br-PhP ʩ ʚʳʭʦʜʦʤ ʣʠʰʴ 13%, ʧʨʠʯʝʤ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʙʨʦʤʘ ï ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʘ, ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʧʝʨʝʛʦʥʢʘ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʦʯʠʩʪʢʠ ʚ ʩʠʩʪʝʤʝ ʜʠʭʣʦʨʤʝʪʘʥ-

ʤʝʪʘʥʦʣ. ɸʨʠʣʬʦʩʬʦʥʘʪʥʳʝ ʵʬʠʨʳ ʤʦʛʫʪ ʛʠʜʨʦʣʠʟʦʚʘʪʴʩʷ ʧʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʠʤ 

ʨʘʟʜʝʣʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʠʪʠʡʧʨʦʠʟʚʦʜʥʦʛʦ ʚʤʝʩʪʦ ʨʝʘʢʪʠʚʘ ɻʨʠʥʴʷʨʘ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʜʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ [119, 120], ʦʜʥʘʢʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʝ ʧʨʠʚʝʣʦ ʢ 

ʢʘʨʜʠʥʘʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʩʠʪʫʘʮʠʠ (ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 20%).  

ʄʳ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʢʘʢ ʙʦʣʝʝ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʠʤʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ. ʄʳ ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʤʝʪʦʜʠʢʝ [121], ʜʣʷ ʢʦʪʦʨʦʡ ʙʳʣ ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʥʘ 4.8 ʛ 

ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʨʠʩ. 18). ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʦʣʫʦʣʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ, ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʄʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 60Ñ3Áʉ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʝʘʢʮʠʷ ʪʨʝʙʫʝʪ 3.5 ʤʦʣʴʥ.% ʪʝʪʨʘʢʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʧʘʣʣʘʜʠʷ(0) ʠ ʜʚʫʭ 

ʩʫʪʦʢ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʜʦʧʫʩʢʘʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ (ʜʦ 

6.8 ʛ ʠʩʭʦʜʥʦʛʦ ʧʘʨʘ-ʙʨʦʤʡʦʜʙʝʥʟʦʣʘ). ʈʝʘʢʮʠʷ ʠʜʸʪ ʩ ʚʳʭʦʜʦʤ, ʙʣʠʟʢʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ, ʥʦ 

ʧʨʝʧʘʨʘʪʠʚʥʳʡ ʚʳʭʦʜ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʠʣʠʢʘʛʝʣʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʣʦʥʦʢ ʩ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʩʬʝʨʠʯʝʩʢʠʤ 

ʨʝʛʫʣʷʨʥʳʤ ʩʠʣʠʢʘʛʝʣʝʤ ʫʜʘʸʪʩʷ ʚʳʜʝʣʠʪʴ ʧʨʦʜʫʢʪ Br-PhP ʩ ʚʳʭʦʜʦʤ ʙʦʣʝʝ 90%. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʳʯʥʦʛʦ ʩʠʣʠʢʘʛʝʣʷ 40-63 (Merck) ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ, ʥʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʝʧʘʨʘʪʠʚʥʳʡ ʚʳʭʦʜ ʧʘʜʘʝʪ ʜʦ 70-75% ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧ. 

ʌʝʥʠʣʝʥʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʝ ʬʝʥʘʥʪʨʦʣʠʥʳ 5-PPh, 3-PPh, 4,7-PPh ʠ 4-PPh ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʉʫʜʟʫʢʠ-ʄʠʷʫʨʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʬʝʥʘʥʪʨʦʣʠʥʦʚ ʠ 

ʩʦʝʜʠʥʝʥʠʷ B-PhP (ʨʠʩ. 19, ʪʘʙʣʠʮʘ 5). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʢʠʧʷʱʝʤ ʜʠʦʢʩʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 19. ʇʦʣʫʯʝʥʠʝ ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ. 

ʊʘʙʣʠʮʘ 5. ʇʦʣʫʯʝʥʠʝ ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ. 

ʆʧ. ʉʫʙʩʪʨʘʪ ʂʘʪʘʣʠʟʘʪʦʨ 

(ʤʦʣʴʥ.%) 

ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʨʝʤʷ, ʯ ʂʦʥʚʝʨʩʠʷ 
1
, 

% 

ʇʨʦʜʫʢʪ ɺʳʭʦʜ 
2
, 

%  

1 3-Br Pd(PPh3)4 (5) ʜʠʦʢʩʘʥ 24 100 3-PPh 84 (90) 

2 5-Br Pd(PPh3)4 (5) ʜʠʦʢʩʘʥ 24 100 5-PPh 66 (78) 

3 4,7-Br Pd(PPh3)4 (5) ʜʠʦʢʩʘʥ 24 0 4,7-PPh 0 

4 4,7-Cl Pd(PPh3)4 (5) ʜʠʦʢʩʘʥ 24 0 4,7-PPh 0 

5 4,7-Br Pd(OAc)2/PCy3 

(10/30) 

ʜʠʦʢʩʘʥ 24 0 4,7-PPh 0 

6 4,7-Cl Pd(OAc)2/PCy3  

(10/30) 

ʜʠʦʢʩʘʥ 24 15 4,7-PPh (15) 

7 4,7-Cl Pd(OAc)2/PCy3 

(10+5/30+15) 

ʜʠʦʢʩʘʥ 24+24 15 4,7-PPh (15) 

8 4,7-Cl Pd(OAc)2/PCy3 

(10/30) 

ʜʠʦʢʩʘʥ/ʚʦʜʘ 

(6:1 v/v) 

2.5 100 4,7-PPh 47 (>95) 

9 4,7-Cl Pd(OAc)2/PCy3  

(10/30) 

ʜʠʦʢʩʘʥ/ʚʦʜʘ 

(6:1 v/v) 

12 100 4,7-PPh 55 (>95) 

10 4-Cl Pd(OAc)2/PCy3  

(10/30) 

ʜʠʦʢʩʘʥ 24 100 4-PPh 51 (68) 

1
 ʂʦʥʚʝʨʩʠʷ ʙʳʣʘ ʦʮʝʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʚ ʗʄʈ 

1
ʅ ʠ 

31
ʈ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

2
 ʇʨʝʧʘʨʘʪʠʚʥʳʡ ʚʳʭʦʜ ʧʦʩʣʝ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʚ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥ ʚʳʭʦʜ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
ʅ ʠ 

31
ʈ. 

ʈʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ ʩ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʤʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘʤʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʪʦʣʫʦʣ ʠʣʠ 

ʜʠʦʢʩʘʥ) ʠ ʚʦʜʳ. ʄʳ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ ʠʟ-ʟʘ ʦʧʘʩʝʥʠʷ ʛʠʜʨʦʣʠʟʘ 

ʜʠʵʪʠʣʬʦʩʬʦʥʦʚʳʭ ʛʨʫʧʧ ʚ ʦʩʥʦʚʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɺʝʱʝʩʪʚʘ 3-PPh ʠ 

5-PPh ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʨʦʤʦʬʝʥʘʥʪʨʦʣʠʥʦʚ 3-Br  ʠ 5-Br  ʚ ʢʠʧʷʱʝʤ 

ʜʠʦʢʩʘʥʝ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʪʘʙʣʠʮʘ 5, ʦʧʳʪr 1 ʠ 2). ʇʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʣʠʛʘʥʜʘ 4,7-PPh 

ʠʟ 4,7-Br  ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʠʚʝʣʘ ʢ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ, ʢʦʥʚʝʨʩʠʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 
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(ʪʘʙʣʠʮʘ 5, ʦʧʳʪ 3). ʇʦʧʳʪʢʘ ʟʘʤʝʥ rʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʪʝʪʨʘʢʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʧʘʣʣʘʜʠʷ(0) ʥʘ 

ʜʨʫʛʫ  ʁʨʘʩʧʨʦʩʪʨʘʥʥyʥʫ  ʁʢʘʪʘʣʠʪʠʯʝʩʢʫ  ʁʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥʘ PCy3 

(ʪʘʙʣʠʮʘ 5, ʦʧʳʪ 5) ʪʘʢʞʝ ʥʝ ʧʨʦʠʟʚʝʣʘ ʞʝʣʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. ɸʨʠʣʭʣʦʨʠʜʳ ʪʦʞʝ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ 

ʚ ʨʝʘʢʮʠʶ ʉʫʜʟʫʢʠ-ʄʠʷʫʨʳ, ʠ ʤʳ ʧʨʦʚʝʨʠʣʠ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʘʨʠʣʛʘʣʦʛʝʥʠʜ/ʢʘʪʘʣʠʟʘʪʦʨ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Pd(OAc)2/PCy3 

ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥ 4,7-Cl ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ, ʥʦ ʧʨʦʮʝʩʩ ʥʝ ʜʦʭʦʜʠʣ ʜʦ ʢʦʥʮʘ ʜʘʞʝ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʨʮʠʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʮʠʠ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʚʦʜʳ ʚ ʨʝʘʢʮʠʶ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʚʳʰʘʝʪʩʷ, ʠ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʩ 

ʚʳʭʦʜʦʤ 47% ʟʘ 2.5 ʯʘʩʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʗʄʈ, ʛʠʜʨʦʣʠʟ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ 

ʩʦʝʜʠʥʝʥʠʡ B-PhP ʠ 4,7-PPh ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʥʝ ʧʨʦʪʝʢʘʝʪ, ʠʣʠ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʣʝʚʦʡ ʨʝʘʢʮʠʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʜʨʦʣʠʟ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʤʳʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʝ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʦʙʲʷʩʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʚʳʭʦʜʘ. ʇʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʦʜʥʘʢʦ ʧʨʝʧʘʨʘʪʠʚʥʳʡ ʚʳʭʦʜ ʚʦʟʨʦʩ (ʪʘʙʣʠʮʘ 5, 

ʦʧʳʪ 9). ʉʢʦʨʝʝ ʚʩʝʛʦ, ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʩʚʷʟʘʥʦ ʩ 

ʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʧʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʦʝʜʠʥʝʥʠʝ 4-PPh ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ. ʈʘʥʝʝ ʥʘʤʠ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʥʝʨʝʜʢʦ 

ʩʦʯʝʪʘʥʠʝ 4-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʫʜʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʩʣʝʜʦʚ ʚʦʜʳ ʚ 

ʢʘʨʙʦʥʘʪʝ ʮʝʟʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚ 5-PPh, 3-PPh, 

ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʜʣʷ 4- ʠ 4,7-

ʟʘʤʝʱʸʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 4,7-PPh ʠ 4-PPh ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʭʣʦʨʠʜʦʚ [112] 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ ʜʣʷ 

ʨʝʘʢʮʠʠ 3- ʠ 5-ʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʳʤ, ʪʘʢ ʢʘʢ 

ʦʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʉʫʜʟʫʢʠ ʠʩʧʦʣʴʟʫʝʪ ʦʩʥʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ çʧʝʨʝʭʚʘʪʯʠʢʘè ʙʦʨʘ. 

ʉʢʦʨʝʝ ʚʩʝʛʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʫ ʨʦʣʴ ʚʳʧʦʣʥʷʶʪ ʢʘʨʙʦʥʘʪ ʮʝʟʠʷ ʠ ʩʣʝʜʳ ʚʦʜʳ ʚ ʥʝʤ.  
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3.4. ʉʠʥʪʝʟ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ 

1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ
3
 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ (ʨʠʩ. 20). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʘʥʦʣ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʥʘʛʨʝʚʘʥʠʝ ʤʦʞʝʪ ʫʩʢʦʨʷʪʴ 

ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʷʨʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʚʳʜʝʣʷʣʠ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ ʠʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʜʦʙʘʚʣʷʷ ʥʘʩʳʱʝʥʥʳʡ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʢʦʤʧʣʝʢʩ ʩ 

ʧʨʦʪʠʚʦʠʦʥʦʤ PF6
-
. ɺʳʭʦʜʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
H ʠ 

31
P, ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʀʂ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʀʟ ʪʘʙʣʠʮʳ 6 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ 

ʬʦʩʬʦʥʘʪïʬʝʥʘʥʪʨʦʣʠʥ ʚʳʭʦʜʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʟʘʯʘʩʪʫʶ ʭʫʞʝ, ʯʝʤ ʜʣʷ ʠʭ 

ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪʥʳʭ ʘʥʘʣʦʛʦʚ.  

ɼʣʷ ʙʠʩ-ʬʦʩʬʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(3,8-P) ʠ Ru(4,7-P) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʳ ʦʩʦʙʝʥʥʦ ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʦʩʘʞʜʝʥʠʷ ʢʘʢ ʩʧʦʩʦʙʘ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʠ ʫʩʢʦʨʝʥʥʳʡ 

ʛʠʜʨʦʣʠʟ ʜʠʵʪʠʣʬʦʩʬʦʥʦʚʳʭ ʛʨʫʧʧ ʜʦ ʤʦʥʦʵʪʠʣʬʦʩʬʦʥʘʪʦʚ ʧʦʩʣʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʪʝʢʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʚʳʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʚʝʱʝʩʪʚ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʣʦʥʦʯʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠʟ-ʟʘ 

ʛʠʜʨʦʣʠʟʘ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʥʘ ʩʠʣʠʢʘʛʝʣʝ. ɼʣʷ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʭ ʬʦʩʬʦʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʛʠʜʨʦʣʠʟ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚʠʟʫʘʣʴʥʦ ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʷʨʢʦʡ ʦʢʨʘʩʢʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʤʳ ʠʥʦʛʜʘ ʥʘʙʣʶʜʘʣʠ ʥʝʙʦʣʴʰʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʨʫʪʝʥʠʝʚʦʛʦ ʧʨʝʢʫʨʩʦʨʘ Ru(bpy)2Cl2, ʦʢʨʘʰʝʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨʝ ʚ ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ. 

                                                 
3
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ 

çʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘè, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Morozkov G. V., Abel A. S., 

Filatov M. A., Nefedov S. E., Roznyatovsky V. A., Cheprakov A. V., Ziankou I. S., Averin A. D., Beletskaya I. P., 

Michalak J., Bucher C., Bonneviot L., Bessmertnykh-Lemeune A. Ruthenium(II ) complexes with phosphonate-substituted 

phenanthroline ligands: synthesis, characterization and use in organic photocatalysis // Dalton Transactions ï 2022. ï V. 

51(36) ï P. 13612. I.F. = 3.5 (Web of Science). ʆʙʲʝʤ 5/4 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 35%; Morozkov G. V., Abel A. S., 

Lyssenko K. A., Roznyatovsky V. A., Averin A. D., Beletskaya I. P., Bessmertnykh-Lemeune A. Ruthenium(II ) complexes 

with phosphonate-substituted phenanthroline ligands as reusable photoredox catalysts // Dalton Transactions ï 2024. ï V. 

53(2) ï P. 535. I.F. = 3.5 (Web of Science). ʆʙʲʝʤ 17/16 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 55%. 
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ʈʠʩʫʥʦʢ 20. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʩ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʤ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘʤʠ. 

ʊʘʙʣʠʮʘ 6. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʩ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʤʠ ʬʝʥʘʥʪʨʦʣʠʥʘʤʠ. 

ʆʧʳʪ 
1
 ʃʠʛʘʥʜ ʂʦʤʧʣʝʢʩ ɺʳʭʦʜ, % 

1 3-P Ru(3-P) 84 
3
 

2 5-P Ru(5-P) 88 
2
 

3 3,8-P Ru(3,8-P) 13 
2
 (54 

4
) 

4 4,7-P Ru(4,7-P) 10 
2
 (53 

4
) 

5 4-P Ru(4-P) 50 
2
 

6 5-PPh Ru(5-PPh) 90 
3 
 

7 3-PPh Ru(3-PPh) 87 
3
 

8 4,7-PPh Ru(4,7-PPh) 83 
3
 

9 4-PPh Ru(4-PPh) 84 
2
 

1 
ʋʩʣʦʚʠʷ: ʣʠʛʘʥʜ (0.22 ʤʤʦʣʴ), Ru(bpy)2Cl2 (0.2 ʤʤʦʣʴ), ʵʪʘʥʦʣ (4 ʤʣ), 100Áʉ, 2 ʯʘʩʘ, 

ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʦʙʣʫʯʝʥʠʝ.  
2
 ɺʳʜʝʣʝʥʦ ʦʩʘʞʜʝʥʠʝʤ.  

3
 ɺʳʜʝʣʝʥʦ ʵʢʩʪʨʘʢʮʠʝʡ.  

4
 ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ 1 ʯʘʩ ʧʨʠ 90Áʉ, ʧʨʦʜʫʢʪ ʚʳʜʝʣʷʣʠ ʵʢʩʪʨʘʢʮʠʝʡ. 
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ʊʘʢʞʝ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ Ru(bpy)2Cl2 ʤʦʞʝʪ ʙʳʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥ ʠʟ 

ʚʦʜʳ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ (ʜʠʭʣʦʨʤʝʪʘʥ), ʘ ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʚ ʦʪʩʫʪʩʪʚʠʝ PF6
-
. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠ ʜʚʘ ʬʘʢʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʢʩʪʨʘʢʮʠʝʡ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʧʨʦʚʦʜʠʣʠ 2 ʩʝʨʠʠ ʵʢʩʪʨʘʢʮʠʡ: 

ʧʝʨʚʘʷ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ ʧʦʟʚʦʣʠʣʘ ʫʜʘʣʠʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠ Ru(bpy)2Cl2, ʘ ʮʝʣʝʚʦʡ ʢʦʤʧʣʝʢʩ ʦʩʪʘʚʘʣʩʷ ʚ ʚʦʜʥʦʡ ʬʘʟʝ. ɼʘʣʝʝ ʜʦʙʘʚʣʷʣʠ ʚ ʚʦʜʫ 2/3 ʦʙ. ʵʢʚ. 

ʤʝʪʘʥʦʣʘ ʠ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ ʘʤʤʦʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥ ʯʠʩʪʳʡ 

ʮʝʣʝʚʦʡ ʢʦʤʧʣʝʢʩ. ɼʦʙʘʚʣʝʥʠʝ ʤʝʪʘʥʦʣʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʣʦʠʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʣʦʭʦ ʧʦʜʜʘʸʪʩʷ ʢʘʢ ʬʠʣʴʪʨʘʮʠʠ, ʪʘʢ ʠ ʵʢʩʪʨʘʢʮʠʠ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʯʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʠʝʤʣʝʤʳʤʠ ʚʳʭʦʜʘʤʠ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ, ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʩʦʙʝʥʥʦ ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʢʦʤʧʣʝʢʩʦʚ Ru(3,8-P) ʠ Ru(4,7-P) ʧʦʙʫʜʠʣʠ ʥʘʩ ʛʣʫʙʞʝ 

ʠʟʫʯʠʪʴ ʛʠʜʨʦʣʠʟ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʗʄʈ 
1
ʅ ʠ 

31
ʈ 

ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʜʠʵʪʠʣʬʦʩʬʦʥʦʚʳʝ 

ʛʨʫʧʧʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʤʦʥʦʵʪʠʣʬʦʩʬʦʥʘʪʳ (ʨʠʩ. 21, 22). ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʘʞʝ ʩʣʝʜʦʚʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚʳʟʳʚʘʶʪ ʛʠʜʨʦʣʠʟ.  

 

ʈʠʩʫʥʦʢ 21. ʉʠʥʪʝʟ Ru(3,8-P) ʠ Ru(4,7-P) ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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(a) 

   

(ʙ) 

ʈʠʩʫʥʦʢ 22. ʍʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʦʚ ʗʄʈ (CD3CN) ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʩʠʥʪʝʟʘ Ru(3,8-P) ʘ) 
31
ʈ ʗʄʈ; ʙ) 

1
ʅ ʗʄʈ. 

ʕʪʦ ʚʝʩʴʤʘ ʥʝʦʞʠʜʘʥʥʦ, ʪʘʢ ʢʘʢ ʛʠʜʨʦʣʠʟ ʵʬʠʨʦʚ ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʯʪʠ ʚʩʝʛʜʘ 

ʪʨʝʙʫʝʪ ʢʠʩʣʦʪʥʦʛʦ ʠʣʠ ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣʠʟʘ. ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ ʵʬʠʨʦʚ ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ Ru(4,7-P), ʪʘʢ ʠ 

ʚ ʩʚʦʙʦʜʥʦʤ ʣʠʛʘʥʜʝ 4,7-P (ʨʠʩ. 23).  

 

ʈʠʩʫʥʦʢ 23. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʚʦʜʦʡ. 
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ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʯʠʩʪʳʭ ʣʠʛʘʥʜʘ ʠ ʢʦʤʧʣʝʢʩʘ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʨʘʟʥʳʤʠ ʜʦʙʘʚʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 

ʊʘʙʣʠʮʘ 7. ɻʠʜʨʦʣʠʟ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʦʚ ʚ ʩʚʦʙʦʜʥʦʤ ʣʠʛʘʥʜʝ ʠ ʚ ʢʦʤʧʣʝʢʩʝ. 

ʆʧʳʪ 
1
 ʉʫʙʩʪʨʘʪ ɼʦʙʘʚʢʘ ʂʦʥʚʝʨʩʠʷ 

2
, % 

1 4,7-P - 0 

2 4,7-P 200 ʤʢʣ ʚʦʜʳ 0 

3 4,7-P 2 ʵʢʚ. HCl 1M 25 

4 4,7-P 2 ʵʢʚ. NaOH 71 

5 Ru(4,7-P) - 70 

6 Ru(4,7-P) 200 ʤʢʣ ʚʦʜʳ 72 

7 Ru(4,7-P) 2 ʵʢʚ. HCl 1M 71 

8 Ru(4,7-P) 2 ʵʢʚ. NaOH 100 
1 
ʋʩʣʦʚʠʷ: ʩʫʙʩʪʨʘʪ (0.2 ʤʤʦʣʴ), ʜʦʙʘʚʢʘ, ʵʪʘʥʦʣ (4 ʤʣ), 100Áʉ, 1 ʯʘʩ.  

2 
ʂʦʥʚʝʨʩʠʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʚ ʗʄʈ 

1
ʅ ʠ 

31
ʈ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ. 

ɼʠʵʪʠʣʬʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʚ ʢʦʤʧʣʝʢʩʝ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʛʦʨʘʟʜʦ ʣʝʛʯʝ, ʯʝʤ ʚ ʩʚʦʙʦʜʥʦʤ 

ʣʠʛʘʥʜʝ. ʆʩʥʦʚʥʳʡ ʢʘʪʘʣʠʟ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʦʪ ʧʦʣʦʞʝʥʠʷ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʳ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʀʟ-

ʟʘ ʵʪʦʛʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʫʪʸʤ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ Ru(3,8-P) ʠ Ru(4,7-P) ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ. ʉʥʠʟʠʚ ʚʨʝʤʷ ʚ ʜʚʘ ʨʘʟʘ (ʜʦ 1 ʯ.), ʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 

ʜʦ 90Áʉ, ʤʳ ʩʫʤʝʣʠ ʫʣʫʯʰʠʪʴ ʚʳʭʦʜʳ ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦ 53%, ʥʦ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʷ ʥʝ ʜʦʭʦʜʠʪ ʜʦ ʢʦʥʮʘ (ʪʘʢ ʢʘʢ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʵʢʩʪʨʘʢʮʠʝʡ ʦʩʪʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ, ʥʦ ʚʠʟʫʘʣʴʥʦ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Ru(bpy)2Cl2). ʋʧʘʨʠʚʘʥʠʝ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʬʘʟʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʦʯʠʩʪʢʝ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩʳ Ru(4,7-PH1Et3) ʠ 

Ru(3,8-PH1Et3), ʩʦʜʝʨʞʘʱʠʝ P(O)(OH)(OEt)-ʛʨʫʧʧʫ, ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, ʠʭ 

ʚʳʭʦʜʳ ʩʦʩʪʘʚʠʣʠ 16% ʠ 20%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮʳ 7 ʠ ʨʠʩ. 4, 

ʧʦʣʥʦʩʪʴʶ ʜʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʛʠʜʨʦʣʠʟʘ ʧʦʩʣʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʘʚʪʦʢʣʘʚʝ ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʠʷ Ru(4,7-P), ʚʘʨʴʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ ʨʝʘʢʮʠʠ (ʪʘʙʣʠʮʘ 8). ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʘ ʚ ʤʦʥʦʵʬʠʨ ʠ ʤʦʥʦʵʬʠʨʘ ʚ ʢʠʩʣʦʪʫ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʪʘʥʦʚʠʪʴ ʨʝʘʢʮʠʶ ʥʘ ʵʪʘʧʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʵʬʠʨʘ ʠ ʧʦʣʫʯʠʪʴ 

ʝʛʦ ʩʝʣʝʢʪʠʚʥʦ ʧʨʠ 130
ʦ
ʉ ʟʘ 4 ʯʘʩʘ (ʪʘʙʣʠʮʘ 10, ʦʧʳʪ 3). ʇʦʣʥʳʡ ʛʠʜʨʦʣʠʟ ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ, ʥʦ 

ʪʨʝʙʫʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (150
ʦ
ʉ) ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ (48 ʯ). 

(ʪʘʙʣʠʮʘ 8, ʦʧʳʪ 5).  

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʬʦʩʬʦʥʘʪʥʳʝ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʳʝ ʥʘʧʨʷʤʫʶ ʩ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʤ ʣʠʛʘʥʜʦʤ. ɺ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʛʠʜʨʦʣʠʟ ʧʨʦʪʝʢʘʝʪ ʧʣʦʭʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʙʦʯʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʠ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. 
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ʊʘʙʣʠʮʘ 8. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʛʠʜʨʦʣʠʟʘ ʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʚ ʩʦʝʜʠʥʝʥʠʠ Ru(4,7-P).
1
 

ʆʧʳʪ ʈ-ʣʴ  T,ÁC 
2
 
ɺʨʝʤʷ, 

ʯ 

ʂʦʥʚ. 
3
, 

%  

ɺʳʭʦʜ 
3
, % 

Ru(4,7-PH1Et3) Ru(4,7-PHEt) Ru(PH3Et1) Ru(4,7-PH) 

1 EtOH 
4
 100 2 86 30 56 0 0 

2 H2O (4) 100 2 100 30 70 0 0 

   16 100 10 90 0 0 

   30 100 6 94 0 0 

3 H2O (4) 130 4 100 0 99 
5
 0 0 

4 H2O (4) 130 20 100  58 42  

5 H2O (4) 150 6 100 0 0 65 35 

   20 100 0 0 13 87 

   48 100 0 0 0 99 (94
 5
) 

1
 ʋʩʣʦʚʠʷ: Ru-ʢʦʤʧʣʝʢʩ (0.1 ʤʤʦʣʴ), ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʘʚʪʦʢʣʘʚʝ. ɺʦ 

ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ Ru(4,7-P) 

ʧʦʩʣʝ ʧʝʨʚʦʡ ʵʢʩʪʨʘʢʮʠʠ (ʩʤʝʩʴ Ru(4,7-P) ʠ Ru(4,7-PH1Et3), ʟʘʛʨʫʟʢʘ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʠʟ 

ʩʦʩʪʘʚʘ ʵʪʦʡ ʩʤʝʩʠ.  
2
 ʋʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʷʥʦʡ ʙʘʥʠ.  

3 
ʂʦʥʚʝʨʩʠʠ ʠ ʚr ʭʦʜr ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

31
P ʠ 

1
H ʗʄʈ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ. 

4
 ɺ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʠʣʠ 2 ʵʢʚ. H2O 

5
 ʇʨʝʧʘʨʘʪʠʚʥʳʡ ʚr ʭʦʜ. 

ʉʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʚʳʜʝʣʝʥʠʷ ʬʦʬʩʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʤʦʥʦʵʬʠʨʦʚ ʷʚʣʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ ʩ ʪʨʝʙʫʝʤʳʤ ʧʨʦʪʠʚʦʠʦʥʦʤ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ: 

ʘ) ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʦʪʦʥʥʳʭ ʩʨʝʜʘʭ. ʄʦʥʦʵʬʠʨʳ 

ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʠʤʳ (ʥʝ ʙʦʣʝʝ 10
-4

 ʄ) ʚ ʩʫʭʠʭ ʚʳʩʦʢʦʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ɼʄʌɸ, ɼʄʉʆ ʠ ʪ.ʧ.); 

ʙ) ʂʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʬʦʩʬʦʥʘʪʥʳʝ 

ʛʨʫʧʧʳ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʭʣʦʨʠʜʘ 

ʥʘʪʨʠʷ ʠʣʠ ʢʘʣʠʷ, ʥʦ ʪʘʢʞʝ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ ʠ ʜʘʞʝ 

ʥʘʩʳʱʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʯʪʦ ʜʝʣʘʝʪ ʦʩʘʞʜʝʥʠʝ ʥʝʚʦʟʤʦʞʥʳʤ; 

ʚ) ʕʢʩʪʨʘʢʮʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʪʘʢʞʝ ʥʝʵʬʬʝʢʪʠʚʥʘ, ʢʘʢ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ï 

ʚʝʱʝʩʪʚʘ ʚʩʝʛʜʘ ʦʩʪʘʚʘʣʠʩʴ ʚ ʚʦʜʥʦʡ ʬʘʟʝ, ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʣʠʟʢʠʭ ʢ ʥʘʩʳʱʝʥʥʳʤ 

ʨʘʩʪʚʦʨʦʚ ʚʳʰʝʦʧʠʩʘʥʥr ʭ ʩʦʣʝʡ/ʢʠʩʣʦʪ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʦʡʥʦʡ ʮʚʠʪʪʝʨʠʦʥʥʦʡ ʬʦʨʤʦʡ 

ʩʦʝʜʠʥʝʥʠʡ Ru(3,8-PHEt), Ru(4,7-PHEt), Ru(3,8-PH) ʠ Ru(4,7-PH). ʕʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, 

ʫʯʠʪʳʚʘʷ ʩʠʣʫ ʘʨʠʣʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʦʪ ʥʝʡʪʨʘʣʴʥʦʡ, ʘ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ 

ʤʦʣʝʢʫʣʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʘʥʥʦʛʦ ʪʝʟʠʩʘ ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ Ru(4,7-PH), ʚ ʢʦʪʦʨʦʡ ʬʦʩʬʦʥʘʪ r ʤʦʥʦʜʠʩʩʦʮʠʠʨʦʚʘʥ,r ʘ ʠʭ ʧʨʦʪʠʚʦʠʦʥ r

ʛʠʜʨʦʢʩʦʥʠʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥ rʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʵʪʦʛʦ 

ʬʘʢʪʘ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʦ ʚ ʜʨʫʛʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ (ʩʤ. ʨʠʩ. 29). 
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ɺʚʠʜʫ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʠʯʠʥ, ʧʨʦʚʝʜʝʥʠʝ ʛʠʜʨʦʣʠʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʘʥʠʝ ʚʩʝʛʜʘ ʙʝʨʸʪʩʷ ʚ ʠʟʙʳʪʢʝ, ʥʦ ʦʪʜʝʣʠʪʴ ʦʪ ʥʝʛʦ ʧʨʦʜʫʢʪ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʆʙʥʘʨʫʞʝʥʥʘʷ ʩʢʣʦʥʥʦʩʪʴ ʜʠʬʦʩʬʦʥʘʪ-ʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ 

ʛʠʜʨʦʣʠʟʫ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʶ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩʝʣʝʢʪʠʚʥʦ ʠ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʯʝʥʴ ʧʨʦʩʪʘʷ ʤʝʪʦʜʠʢʘ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʜʠʵʪʠʣʬʦʩʬʦʥʦʚʳʭ ʛʨʫʧʧ ʚ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʜʦ ʤʦʥʦʵʪʠʣʬʦʩʬʦʥʘʪʦʚ ʠʣʠ 

ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʥʝ ʪʨʝʙʫʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʩʣʦʞʥʳʭ ʧʨʦʮʝʜʫʨ ʦʯʠʩʪʢʠ 

(ʨʠʩ. 24). ʎʝʣʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʚʳʜʝʣʷʣʠ ʧʫʪʝʤ ʫʧʘʨʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ. 

 

ʈʠʩʫʥʦʢ 24. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ru(3,8-PHEt), Ru(4,7-PHEt), Ru(3,8-PH) ʠ Ru(4,7-PH). 

ɺʳʭʦʜʳ ʫʢʘʟʘʥʳ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʮʠʩ-Ru(bpy)2Cl2. 

ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʣʦʞʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʥʝ ʪʨʝʙʫʝʪ ʨʘʟʜʝʣʝʥʠʷ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʠʭ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʚʳʜʝʣʷʶʪʩʷ ʩ ʚʳʭʦʜʘʤʠ, 

ʙʣʠʟʢʠʤʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ (ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʮʠʩ-Ru(bpy)2Cl2). ʊʘʢʞʝ ʜʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʥʝ ʪʨʝʙʫʝʪ ʟʘʤʝʥʳ ʧʨʦʪʠʚʦʠʦʥʘ ʫ ʢʦʤʧʣʝʢʩʘ ʥʘ ʛʝʢʩʘʬʪʦʨʬʦʩʬʦʥʘʪ. ʕʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʳ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʛʠʜʨʘʪʦʚ, ʧʨʠʯʝʤ ʭʣʦʨʠʜ-ʘʥʠʦʥ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʠʦʥʘ.  

ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʛʦʤʦʣʠʛʘʥʜʥʳʭ ʬʦʩʬʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʭ 6 ʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ, ʠʟ ʣʠʛʘʥʜʘ 4,7-PPh. ɼʘʥʥʳʡ ʛʦʤʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ 

ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʄʆʂʇ, ʧʦʣʠʤʝʨʦʚ ʥʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ (HOF, 

hydrogen-bonded organic framework), ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ ʜʣʷ ʧʨʠʜʘʥʠʷ ʤʝʟʦʧʦʨʠʩʪʦʩʪʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʌʝʥʠʣʝʥʬʦʩʬʦʥʘʪʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʤʝʥʝʝ 

ʧʦʜʚʝʨʞʝʥʥʳʡ ʛʠʜʨʦʣʠʟʫ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɻʠʧʦʪʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʨʫʪʝʥʠʷ ʩ ʪʨʝʤʷ 

ʬʨʘʛʤʝʥʪʘʤʠ 4,7-P ʪʦʞʝ ʤʦʛ ʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʟʦʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ (ʨʘʟʤʝʨ 
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ʤʦʣʝʢʫʣʳ Ru(bpy) ʩʦʩʪʘʚʣʷʝʪ 1.3 ʥʤ [122]). ʆʜʥʘʢʦ, ʩ ʫʯʸʪʦʤ ʧʦʚʳʰʝʥʥʦʡ ʩʢʣʦʥʥʦʩʪʠ 

Ru(4,7-P) ʢ ʛʠʜʨʦʣʠʟʫ, ʩʠʥʪʝʟ ʪʨʠʣʠʛʘʥʜʥʦʛʦ ʘʥʘʣʦʛʘ ʩ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʨʫʜʥʦ ʦʩʫʱʝʩʪʚʠʤʳʤ, ʘ ʢʠʩʣʦʪʳ ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ ʥʝ ʧʦʜʭʦʜʷʪ ʚ ʩʠʣʫ ʧʣʦʭʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʆʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʩʠʥʪʝʟʫ ʛʦʤʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʣʠʛʘʥʜʘ ʩ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʭʣʦʨʠʜʦʤ ʨʫʪʝʥʠʷ. [123] ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʭ ʧʦʣʫʯʝʥʠʝ ʠʟ ʢʦʤʧʣʝʢʩʘ 

Ru(ɼʄʉʆ)4Cl2 (ʨʠʩ. 25) 

 

ʈʠʩʫʥʦʢ 25. ʉʠʥʪʝʟʫ ʛʦʤʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ru(4,7-PPh)3. 

ʉʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʦʡ ʷʚʣʷʝʪʩʷ ʢʠʧʷʯʝʥʠʝ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ 1ï2 ʩʫʪʦʢ, 

ʥʦ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʫʩʢʦʨʝʥ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. [123] ʀʩʭʦʜʥʳʡ RuCl3ÅxH2O 

ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʦ Ru(II). ɼʘʥʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʣʠʟʘ ʠʟ-ʟʘ ʚʳʜʝʣʝʥʠʷ HCl. ɼʣʷ ʛʦʤʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ru(4,7-PPh)3, ʦʪʜʝʣʝʥʠʝ ʦʪ 

ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʠ ʣʠʛʘʥʜʘ ʦʢʘʟʘʣʦʩʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʯʝʤ ʜʣʷ ʛʝʪʝʨʦʣʠʛʘʥʜʥʦʛʦ 

ʘʥʘʣʦʛʘ Ru(4,7-PPh). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʘʞʝ ʚ ʚʠʜʝ ʭʣʦʨʠʜʘ ʢʦʤʧʣʝʢʩ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, 

ʠʟ-ʟʘ ʯʝʛʦ ʵʢʩʪʨʘʢʮʠʷ ʠ ʦʩʘʞʜʝʥʠʝ ʤʘʣʦʧʨʠʤʝʥʠʤʳ, ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʛʦʜʥʳʤ ʤʝʪʦʜʦʤ 

ʦʩʪʘʸʪʩʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ɺʦʟʤʦʞʥʦʩʪʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ (ʨʠʩ. 26). 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ Ru(4,7-PPh)3 ʢʦʤʧʣʝʢʩʘ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʦʙʳʯʥʦʤ 

ʩʠʣʠʢʘʛʝʣʝ (ʨʠʩ. 26(ʘ)) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʜʠʝʥʪʘ ʵʣʶʝʥʪʦʚ ɼʍʄ-ʤʝʪʘʥʦʣ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʟʜʝʣʝʥʠʷ ʤʦʞʥʦ ʣʝʛʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʠʟʫʘʣʴʥʦ, ʪʘʢ ʢʘʢ Ru(4,7-PPh)2Cl2 ʠ Ru(4,7-PPh)3 

ʷʨʢʦ ʦʢʨʘʰʝʥʳ ʚ ʬʠʦʣʝʪʦʚʳʡ ʠ ʢʨʘʩʥʳʡ ʮʚʝʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ 

ʧʦʣʷʨʥʦʩʪʠ. ʆʜʥʘʢʦ, ʢʦʤʧʣʝʢʩ Ru(4,7-PPh)2Cl2 ʟʘʛʨʷʟʥʝʥ ʠʩʭʦʜʥʳʤ ʣʠʛʘʥʜʦʤ, ʠ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚʳʜʝʣʝʥ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʪʘʢʞʝ ʧʦʜʜʘʶʪʩʷ 

ʵʣʶʠʨʦʚʘʥʠʶ, ʥʦ ʪʨʝʙʫʶʪ ʜʦʙʘʚʣʝʥʠʷ ʥʝ ʤʝʥʝʝ 1% 1 ʄ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ Ru(4,7-PPh)2Cl2, ʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʚʳʜʝʣʝʥʠʷ ʙʫʜʝʪ 
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ʩʦʯʝʪʘʥʠʝ ʛʨʘʜʠʝʥʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʦʙʳʯʥʦʤ ʩʠʣʠʢʘʛʝʣʝ ʩ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩʳ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʣʠʛʘʥʜʘ 

(ʨʠʩ. 26(ʙ)). 

 

(ʘ)  (ʙ) 

ʈʠʩʫʥʦʢ 26. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʠ Ru(4,7-PPh)3, ʥʘ ʨʘʟʥʳʭ 

ʥʝʧʦʜʚʠʞʥʳʭ ʬʘʟʘʭ: (a) ʩʪʘʥʜʘʨʪʥʳʡ SiO2 ʚʨʫʯʥʫʶ; (ʙ) Bio-Beads S-X3 ï ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʘʷ 

ʭʨʦʤʘʪʦʨʛʘʬʠʷ (ʜʦ 2000ɼʘ). L = 4,7-PPh. 

ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʛʠʜʨʦʣʠʟʫ ʢʦʤʧʣʝʢʩ Ru(4,7-PPh)3 ʚʳʜʝʨʞʠʚʘʝʪ 

ʧʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʚ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʵʪʦʪ ʞʝ ʬʘʢʪ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʪʦʣʴ 

ʞʝ ʫʜʦʙʥʳʡ çʙʝʟʨʝʘʛʝʥʪʥʳʡè ʛʠʜʨʦʣʠʟ, ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Ru(3,8-P) ʠ Ru(4,7-P). ɹʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥ rʢʠʩʣʦʪʥʳʡ ʠ ʦʩʥʦʚʥʳʡ ʢʘʪʘʣʠʟ ʛʠʜʨʦʣʠʟʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʠ ʨʘʟʣʦʞʝʥʠʝ 

ʩʠʣʠʣʦʚʦʛʦ ʵʬʠʨʘ (ʨʠʩ. 27, ʪʘʙʣʠʮʘ 9). 

 

ʈʠʩʫʥʦʢ 27. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʚ Ru(4,7-PPh)3. 

ʊʘʙʣʠʮʘ 9. ʆʧʪʠʤʠʟʘʮʠʷ ʛʠʜʨʦʣʠʟʘ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʦʚ ʚ Ru(4,7-PPh)3. 

ʆʧ. 
1
 ʈʝʘʛʝʥʪ, ʨʘʩʪʚʦʨʠʪʝʣʴ ɺʨʝʤʷ, ʯ ɺʳʭʦʜ 

2
, % 

Ru(4,7-PHEtPh)3 Ru(4,7-PHPh)3 

1 HCl (1 ʄ ʚ H2O) 16 64 8 

48 49 51 

2 NaOH (9 ʵʢʚ. ʚ H2O) 14 87 0 

26 100 0 

3 NH3  (ʥʘʩʳʱ.  ʚ H2O) 18 100 0 

4 NH3 (ʥʘʩʳʱ.  ʚ H2O) 60 21 79 

5 Me3SiBr (CH2Cl2, ʟʘʪʝʤ MeOH) 24 0 100 
1
 ʋʩʣʦʚʠʷ: Ru(4,7-PPh)3

 
(0.25 ʤʤʦʣʴ), ʚʦʜʘ (1:1, 5 ʤʣ), ʜʦʙʘʚʢʘ, 130Áʉ, ʩʪʝʢʣʷʥʥʳʡ 

ʘʚʪʦʢʣʘʚ. 
2
 ʄʦʣʴʥʘʷ ʜʦʣʷ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʗʄʈ 

1
ʅ ʠ 

31
ʈ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ. 
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ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʘʚʪʦʢʣʘʚʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130
ʦ
ʉ. ɻʠʜʨʦʣʠʟ 

ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʢʦʤʧʣʝʢʩʘ Ru(4,7-PPh)3 ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʸʥ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʠʩʣʦʪʳ, ʪʘʢ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ Ru(3,8-P) ʠ Ru(4,7-P), 

ʬʝʥʠʣʝʥʬʦʩʬʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠʤʝʶʪ ʙʦӢʣʴʰʫʶ ʨʂʘ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥ r ʜʘʞʝ ʚ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʨʠ ʢʠʩʣʦʪʥʦʤ ʢʘʪʘʣʠʟʝ ʧʦʣʫʧʨʦʜʫʢʪʳ 

ʛʠʜʨʦʣʠʟʘ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʜʦ ʢʦʥʮʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, 

ʢʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʦʢʘʟʘʣʩʷ ʥʝʩʝʣʝʢʪʠʚʥʳʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʦʥʦʵʪʠʣʬʦʩʬʦʥʘʪʘ ʠ 

ʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪ.r ɺ ʦʩʥʦӢʚʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʪʘʥʦʚʣʝʥʘ ʥʘ ʩʪʘʜʠʠ 

ʤʦʥʦʵʬʠʨʘ Ru(4,7-PHEtPh)3, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʪʘʙʣ. 9, ʦʧ. 2,3). 

ʇʨʠ ʵʪʦʤ ʧʦʣʥʳʡ ʛʠʜʨʦʣʠʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ru(4,7-PHPh)3, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ, ʥʦ 

ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (ʪʘʙʣ. 9, ʦʧ. 4). ʇʦʵʪʦʤʫ 

ʛʝʢʩʘʬʦʩʬʦʥʦʚʫʶ ʢʠʩʣʦʪʫ Ru(4,7-PHPh)3 ʫʜʦʙʥʝʝ ʧʦʣʫʯʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʣʠʣʦʚʳʭ ʵʬʠʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʤʝʪʘʥʦʣʦʤ (ʪʘʙʣ. 9, ʦʧ. 5). ɺʳʭʦʜ ʧʨʠ ʵʪʦʤ 

ʙʣʠʟʦʢ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ.  

ɺʳʜʝʣʷʝʤʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʥʳʝ Ru(4,7-PPh)3 ʩ ʯʘʩʪʠʯʥʦ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʤʠ ʬʦʩʬʦʥʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

Ru(4,7-PHEtPh)3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ. ʊʘʢ ʢʘʢ ʧʨʦʜʫʢʪʳ ʯʘʩʪʠʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʥʝʨʘʩʪʚʦʨʠʤ rʜʘʞʝ ʚ ʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʠʭ ʩʤʝʩʴ ʥʝʣʴʟʷ ʚʚʝʩʪʠ ʚ ʨʝʘʢʮʠʶ ʩ 

Me3SiBr ʜʣʷ ʧʦʣʥʦʛʦ ʛʠʜʨʦʣʠʟʘ. ʂʘʢ ʠ Ru(3,8-PHEt) ʠ Ru(4,7-PHEt), ʩʦʝʜʠʥʝʥʠʷ 

Ru(4,7-PHEtPh)3 ʠ Ru(4,7-PHPh)3 ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʘʧʨʦʪʦʥʥʳʭ ʩʨʝʜʘʭ ʠ ʧʝʨʝʭʦʜʷʪ ʚ ʚʦʜʫ 

ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʧʦʜʱʝʣʦʯʝʥʥʳʭ ʩʨʝʜʘʭ ʠ ʚʳʧʘʜʘʶʪ ʚ 

ʦʩʘʜʦʢ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʨʅ ʩʨʝʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ ʦʯʠʩʪʢʠ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪ-

ʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II), ʘ ʪʘʢʞʝ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 

ʨʷʜʘ Ru(II)-ʢʦʤʧʣʝʢʩʦʚ ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʤʦʥʦʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ.  
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3.5. ʉʪʨʫʢʪʫʨʘ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥʳʭ 

1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ
4
 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ Ru(5-P), Ru(4,7-P) ʠ Ru(4,7-PH) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʜʪʚʝʨʜʠʪʴ ʠʭ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʈʉɸ (ʨʠʩ. 28). ʂʨʠʩʪʘʣʣʳ Ru(5-P) ʠ Ru(4,7-P) 

ʚʳʨʘʱʝʥʳ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʪʦʣʫʦʣʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʦʚ ʚ ʭʣʦʨʦʬʦʨʤʝ, ʢʨʠʩʪʘʣʣ 

Ru(4,7-PH) ʧʦʣʫʯʝʥ ʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʤʝʪʘʥʦʣʝ. ʇʦʜʨʦʙʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 2. 

 

ʈʠʩʫʥʦʢ 28. ʉʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ Ru(5-P), Ru(4,7-P) ʠ Ru(4,7-PH), ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʈʉɸ. ʇʨʦʪʠʚʦʠʦʥʳ, ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʩʢʨʳʪʳ ʜʣʷ ʷʩʥʦʩʪʠ.  

ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʨʫʪʝʥʠʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ ʘʪʦʤʘʤ ʘʟʦʪʘ 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ Ru(phen). 

[124] ɸʪʦʤʳ ʘʟʦʪʘ ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʳʭ çʫʛʣʦʚ ʫʢʫʩʘè (NïRuïN) 

ʙʠʧʠʨʠʜʠʥʘ ʠ ʬʝʥʘʥʪʨʦʣʠʥʘ. ɺʘʣʝʥʪʥʳʝ ʫʛʣʳ NïRuïN (78.5 ï 79.5Á) ʠ ʨʘʩʩʪʦʷʥʠʷ NïRu (2.041 

ï 2.065¡) ʥʘʭʦʜʷʪʩʷ ʚ ʦʞʠʜʘʝʤʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠ ʦʯʝʥʴ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʘʭ. 

                                                 
4
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ 

çʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘè, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Morozkov G. V., Abel A. S., 

Filatov M. A., Nefedov S. E., Roznyatovsky V. A., Cheprakov A. V., Ziankou I. S., Averin A. D., Beletskaya I. P., 

Michalak J., Bucher C., Bonneviot L., Bessmertnykh-Lemeune A. Ruthenium(II ) complexes with phosphonate-substituted 

phenanthroline ligands: synthesis, characterization and use in organic photocatalysis // Dalton Transactions ï 2022. ï V. 

51(36) ï P. 13612. I.F. = 3.5 (Web of Science). ʆʙʲʝʤ 5/4 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 35%; Morozkov G. V., Abel A. S., 

Lyssenko K. A., Roznyatovsky V. A., Averin A. D., Beletskaya I. P., Bessmertnykh-Lemeune A. Ruthenium(II ) complexes 

with phosphonate-substituted phenanthroline ligands as reusable photoredox catalysts // Dalton Transactions ï 2024. ï V. 

53(2) ï P. 535. I.F. = 3.5 (Web of Science). ʆʙʲʝʤ 17/16 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 55%. 
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ɻʝʦʤʝʪʨʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʦʤʧʣʝʢʩʘ Ru(4,7-PH) ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʘ 

ʛʝʦʤʝʪʨʠʠ Ru(4,7-P) ʠ ʜʨʫʛʠʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʢʨʠʩʪʘʣʣʝ ʢʦʤʧʣʝʢʩ 

Ru(4,7-PH) ʦʙʨʘʟʫʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʬʦʩʬʦʥʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ 

(ʨʠʩ. 29). ɺ ʢʘʞʜʦʤ ʢʦʤʧʣʝʢʩʝ ʦʜʥʘ ʬʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʫʧʦʨʷʜʦʯʝʥʘ ʠ ʷʚʣʷʝʪʩʷ 

ʤʦʥʦʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ. ɺʪʦʨʘʷ ʬʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʦʟʠʮʠʷʤʠ, ʠʟ-ʟʘ ʯʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʠ ʜʣʠʥʳ ʩʚʷʟʝʡ ʥʫʞʥʦ ʩ 

ʙʦʣʴʰʦʡ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʠ ʥʘʧʨʷʤʫʶ ʨʘʩʩʫʞʜʘʪʴ ʦ ʝʸ ʟʘʨʷʜʝ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʆʜʥʘʢʦ, 

ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʢ ʫʧʦʨʷʜʦʯʝʥʥʳʝ, ʪʘʢ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʬʦʩʬʦʥʘʪʥʳʝ ʛʨʫʧʧʳ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʱʝʡ ʦʜʥʦʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʚ ʢʦʪʦʨʦʡ 

ʛʠʜʨʦʢʩʠʣ ʦʜʥʦʡ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʳ ʩʚʷʟʘʥ ʩ ʈ=ʆ ʬʨʘʛʤʝʥʪʦʤ ʜʨʫʛʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 

(a) 

 

(ʙ) 

ʈʠʩʫʥʦʢ 29. (a) ʉʠʩʪʝʤʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʦʩʬʦʥʘʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʚ ʢʨʠʩʪʘʣʣʝ Ru(4,7-PH); ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ (CH), ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʢʨʳʪʳ ʜʣʷ ʷʩʥʦʩʪʠ. (ʙ) ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʘʪʦʤʦʚ ʚ 

ʢʨʠʩʪʘʣʣʝ Ru(4,7-PH). 

ʕʪʦ ʜʘʸʪ ʩʝʨʴʸʟʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʭ ʩʪʨʫʢʪʫʨʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʚʦʡʥʫʶ ʮʚʠʪʪʝʨʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ Ru(4,7-PH) ʚ ʢʨʠʩʪʘʣʣʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘ ʦʜʠʥ ʢʦʤʧʣʝʢʩ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʦʜʠʥ ʭʣʦʨʠʜ-ʘʥʠʦʥ, ʯʪʦ ʪʨʝʙʫʝʪ 
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ʥʘʣʠʯʠʷ ʢʘʪʠʦʥʘ. ʕʪʫ ʨʦʣʴ ʙʝʨʸʪ ʥʘ ʩʝʙʷ ʛʠʜʨʦʢʩʦʥʠʡ, ʩʚʷʟʘʥʥʳʡ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʩ 

ʩʦʣʴʚʘʪʥʦʡ ʚʦʜʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʮʚʠʪʪʝʨʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʨʘʩʪʚʦʨʝ ʠ ʢʨʠʩʪʘʣʣʝ, ʜʘʥʥʳʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ Ru(4,7-PH) ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʥʘʣʠʯʠʷ ʜʚʫʭ 

ʭʣʦʨʠʜ-ʘʥʠʦʥʦʚ, ʥʦ ʥʝ ʦʜʥʦʛʦ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ HCl 

ʦʩʪʘʝʪʩʷ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʧʦʣʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ HCl ʩʚʷʟʳʚʘʝʪʩʷ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ.  

 

ɸʥʘʣʠʟ ʗʄʈ-ʩʧʝʢʪʨʦʚ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
H ʠ 

31
P. ʗʄʈ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʥʫʶ ʛʨʫʧʧʫ (P(O)(OEt)2) 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ-d3. ʉʧʝʢʪʨʳ ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʤʦʥʦʵʬʠʨʦʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʪʷʞʸʣʦʡ ʚʦʜʝ (D2O). ɼʣʷ ʠʟʙʨʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(4-P), Ru(4,7-P), 

Ru(4,7-PH) ʠ ʨʝʬʝʨʝʥʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ru(Phen) ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ 

ʮʝʣʴʶ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʠ 

13
ʉ. ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 

1
H ʠ 

13
ʉ, ʘ 

ʪʘʢʞʝ ʢʦʥʩʪʘʥʪʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. 

ʉʠʛʥʘʣʳ ʚ ʧʨʦʪʦʥʥʦʤ ʩʧʝʢʪʨʝ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ 

ʘʜʜʠʪʠʚʥʳʭ ʩʭʝʤ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʵʪʦʛʦ ʧʨʦʚʝʜʝʥʳ 2D-NMR ʵʢʩʧʝʨʠʤʝʥʪʳ. ʆʪʥʝʩʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ 
1
H ʢʦʤʧʣʝʢʩʦʚ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ (1,10-

ʬʝʥʘʥʪʨʦʣʠʥ ʠʣʠ 2,2ô-ʙʠʧʠʨʠʜʠʥ) ʩʜʝʣʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ TOCSY ʠ COSY, ʪʦʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ ʩʧʝʢʪʨʘʭ 
1
H ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ PSYCHE. 

ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
13

C ʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʪʨʝʪʠʯʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩʜʝʣʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʝʪʦʜʠʢʠ HSQCAD, ʘ ʩʠʛʥʘʣʳ ʯʝʪʚʝʨʪʠʯʥʳʭ ʫʛʣʝʨʦʜʦʚ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

HMBCAD. ʇʨʠʤʝʨ ʩʧʝʢʪʨʘ ʇʄʈ (Ru(4,7-PH), D2O) ʩ ʦʪʥʝʩʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʧʨʠʚʝʜʸʥ ʥʘ 

ʨʠʩʫʥʢʝ 30. 
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ʈʠʩʫʥʦʢ 30. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ 
1
ʅ ʗʄʈ (D2O, 400.13 ʄɻʮ) Ru(4,7-PH) ʩ ʦʪʤʝʯʝʥʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʧʨʦʪʦʥʦʚ.  

ɺ ʩʣʫʯʘʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʸʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚʳʜʝʣʝʥʠʝ ʛʨʫʧʧ ʩʠʛʥʘʣʦʚ 

ʦʪʜʝʣʴʥʳʭ ʢʦʣʝʮ ʚʩʸ ʝʱʸ ʚʦʟʤʦʞʥʦ, ʥʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟ-

ʟʘ ʥʘʣʦʞʝʥʠʷ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ. ɹʠʧʠʨʠʜʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʚ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʘʭ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳ, ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʠʛʥʘʣʦʚ ʢʘʞʜʦʛʦ ʧʠʨʠʜʠʥʦʚʦʛʦ 

ʢʦʣʴʮʘ ʦʜʥʦʤʫ ʠʟ ʜʚʫʭ ʣʠʛʘʥʜʦʚ. ʅʘ ʨʠʩʫʥʢʝ 31 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʇʄʈ, ʩʝʣʝʢʪʠʚʥʳʡ TOCSY 

(ŭʚʦʟʙ. = 7.23 ʤ.ʜ.) ʠ 
1
ʅ PSYCHE ʢʦʤʧʣʝʢʩʘ Ru(4-P). ɺ ʘʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʸʥʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʧʝʢʪʨʦʚ 
1
H ʗʄʈ (TOCSY, COSY) ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ (NOESY, 

ROESY) ʥʘ Ŭ-ʧʨʦʪʦʥʘʭ, ʠ ʦʩʣʦʞʥʝʥʦ ʥʘʣʠʯʠʝʤ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ɓ-ʧʨʦʪʦʥʦʚ (3 ʠ 8 ʚ 

ʬʝʥʘʥʪʨʦʣʠʥʝ ʠ 5,5ô ʚ ʙʠʧʠʨʠʜʠʥʝ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʫʩʧʝʭ ʧʦʠʩʢʘ ʪʘʢʠʭ ʢʦʨʨʝʣʷʮʠʡ ʥʝ 

ʛʘʨʘʥʪʠʨʦʚʘʥ. ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʣʝʮ ʦʜʥʦʤʫ ʣʠʛʘʥʜʫ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʅʄɺʉ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʧʨʘʚʠʣʴʥʦʛʦ ʂʉʉɺ 
3
JCH (5 ɻʮ), ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʧʠʢ ʥʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ. ʉʦʯʝʪʘʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʘʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʸʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʨʫʪʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 31. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ 
1
ʅ ʗʄʈ (ʘʨʦʤʘʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ, ʩʚʝʨʭʫ), ʩʝʣʝʢʪʠʚʥʳʡ TOCSY 

(ŭʚʦʟʙ. = 7.23 ʤ.ʜ.) ʠ 
1
ʅ PSYCHE (ʩʥʠʟʫ) ʜʣʷ Ru(4-P) (ʉD3ʉN, 400.13 ʄɻʮ). 

ʀʤʝʷ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʗʄʈ ʩʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ(II), ʩʦʜʝʨʞʘʱʠʭ ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʬʝʥʘʪʨʦʣʠʥʦʚʳʝ ʣʠʛʘʥʜʳ 

[Ru(L )(bpy)2]
2+
, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨ r ʢʦʤʧʣʝʢʩʦʚ, ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʕʆʉ, ʤʳ 

ʧʦʧʳʪʘʣʠʩʴ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʩʜʝʣʘʪʴ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 

1
H ʗʄʈ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʜʚʫʤʝʨʥʳʭ ʩʧʝʢʪʨʦʚ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʛʝʦʤʝʪʨʠʷ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) ʤʘʣʦ 

ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʱʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ, ʩʦʜʝʨʞʘʱʠʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

2-ʛʦ ʧʦʨʷʜʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Ru(L )(bpy)2]
2+

 ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʛʨʫʧʧʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ Ŭ-ʧʨʦʪʦʥʦʚ (ʧʦʣʦʞʝʥʠ ̫2 ʠ 9 ʚ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʝ ʠ 6 ʠ 6ô ʚ 2,2ô-

ʙʠʧʠʨʠʜʠʥʝ, ʨʠʩ. 32), ʥʘʭʦʜʷʱʠʭʩʷ ʙʣʠʟʢʦ ʢ ʥʦʨʤʘʣʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʩʦʩʝʜʥʝʛʦ 

ʣʠʛʘʥʜʘ. ʕʪʦ ʧʨʦʪʦʥʳ ʧʦʣʦʞʝʥʠʡ 2,9 ʚ ʬʝʥʘʥʪʨʦʣʠʥʝ (ʩʠʥʠʝ), ʧʨʦʪʦʥʳ 6,6ô ʚ 2,2ô-ʙʠʧʠʨʠʜʠʥʝ ʚ 

ʥʦʨʤʘʣʠ ʢ ʢʦʣʴʮʘʤ ʬʝʥʘʥʪʨʦʣʠʥʘ (ʢʨʘʩʥʳʝ) ʠ ʧʨʦʪʦʥʳ 6,6ô ʚ ʙʠʧʠʨʠʜʠʥʝ ʚ ʥʦʨʤʘʣʠ ʢ ʢʦʣʴʮʘʤ 

1
H ʗʄʈ TOCSY 

1
H ʗʄʈ 

1
H ʗʄʈ PSYCHE 
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ʙʠʧʠʨʠʜʠʥʘ (ʟʝʣʸʥʳʝ) (ʨʠʩ. 32). ɸʥʘʣʠʟʠʨʫʷ ʇʄʈ-ʩʧʝʢʪʨʳ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʳ ʥʘʰʣʠ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʦʩʪʠʪʴ ʠʭ ʘʥʘʣʠʟ ʠ ʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ.  

    

 

ʈʠʩʫʥʦʢ 32. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʪʨʸʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ Ru(phen) ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ ʠ 

ʧʦʣʦʞʝʥʠʡ ʚ ʛʝʪʝʨʦʮʠʢʣʝ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʦʪʦʥʳ ʚ ʘʣʴʬʘ-ʧʦʣʦʞʝʥʠʷʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜ 

ʥʘʠʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʧʦʣʷ ʪʦʢʦʚ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʢ ʥʠʤ, ʠʟ-ʟʘ ʯʝʛʦ 

ʩʠʛʥʘʣʳ ʵʪʠʭ ʧʨʦʪʦʥʦʚ ʩʤʝʱʘʶʪʩʷ ʚ ʩʠʣʴʥʦʝ ʧʦʣʝ ʠ ʩʪʘʥʦʚʷʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʴʮʘʭ.  

ʊʘʙʣʠʮʘ 10. ʆʪʥʝʩʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʚ ʇʄʈ ʩʧʝʢʪʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ [Ru(L )(bpy)
2
]
2+

 ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʂʦʤʧʣʝʢʩ ʈʘʩʪʚ-ʣ ɹ H2(H9) H22 (H23) H13(H32) ʉʩʳʣʢʘ 

Ru(phen) 
1
 CD3CN 8.09 7.85 7.53 [58] 

Ru(bpy) CD3CN 7.73 7.73 7.73  

Ru(4,7-PHEt) D2O 8.24 7.85 7.48 [58] 

Ru(3,8-P) CD3CN 8.15 7.90 7.58 [53] 

Ru(3,8-PHEt) D2O 8.18 7.91 7.57 [58] 

Ru(3,8-PH) D2O 8.26 7.85 7.53 [58] 

Ru(4,7-PPh) CD3CN 8.57 7.89 7.71 [53] 

Ru(3,8-CO2H) CD3OD 8.53 7.95 7.68 [125] 

Ru(4,7-Br)  CD3CN 8.04 7.80 7.58 [58] 
1
 ʆʪʥʝʩʝʥʦ ʩ ʧʦʤʦʱʴʶ 

1
Hï

13
C HMBC-ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ Ŭ-ʧʨʦʪʦʥʦʚ ʢʦʣʝʮ D ʠ ɽ (ʅ22 ʠ ʅ23) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʟʘʤʝʱʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʤ 

ʙʠʧʠʨʠʜʠʥʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʬʝʥʘʥʪʨʦʣʠʥ ʧʦʯʪʠ ʥʠʯʝʛʦ ʥʝ ʤʝʥʷʝʪʩʷ (ʪʘʙʣʠʮʘ 11). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʦ-ʟʘʤʝʱʸʥʥʳʤ 

ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʥʫʞʥʦ ʣʠʰʴ ʜʦʙʘʚʠʪʴ ʜʘʥʥʳʝ COSY ʠʣʠ TOCSY-ʩʧʝʢʪʨʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʬʝʥʘʥʪʨʦʣʠʥʘ (ʠʣʠ ʜʨʫʛʦʛʦ ʣʠʛʘʥʜʘ) ʦʪ ʩʠʛʥʘʣʦʚ ʢʦʣʝʮ C ʠ F (ʪʘʙʣʠʮʘ 10). 

ɺ ʪʘʙʣʠʮʝ 11 ʧʨʠʚʝʜʝʥʳ ʭʠʤʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʘʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʸʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʝʤʝʡʩʪʚʘ [Ru(L )(bpy)2]
2+
, ʠʟ ʜʘʥʥʳʭ ʢʦʪʦʨʦʡ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʭʠʤʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ ʅ22 ʠ ʅ23 ʙʠʧʠʨʠʜʠʥʘ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʠ 3 ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. 

ʊʘʙʣʠʮʘ 11. ʆʪʥʝʩʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʚ ʇʄʈ ʩʧʝʢʪʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ [Ru(L )(bpy)2]
2+

 ʩ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ ʬʝʥʘʥʪʨʦʣʠʥʘʤʠ. 

ʂʦʤʧʣʝʢʩ ʈʘʩʪʚ-ʣ ɹ H2 ʠʣʠ H9 H22 ʠʣʠ H23 H13 ʠʣʠ H32 ʉʩʳʣʢʘ 

Ru(phen) 
1
 MeCN 8.09 8.09 7.85 7.85 7.53 7.53 [58] 

Ru(3-PPh) MeCN 8.19 8.12 7.93 7.84 7.70 7.58 [53] 

Ru(3-Br) MeCN 8.10 8.08 7.84 7.78 7.62 7.48 [110] 

Ru(3-NHEt) MeCN 7.50 7.85 7.84 7.82 7.66 7.55 [126] 

Ru(4-PPh) MeCN 8.14 8.13 7.87 7.87 7.63 7.58 [53] 

Ru(5-P) MeCN 8.18 8.14 7.83 7.82 7.57 7.52 [53] 

Ru(4-P) MeCN 8.24 8.14 7.84 7.82 7.57 7.48 - 

Ru(5-PPh) MeCN 8.14 8.13 7.88 7.88 7.61 7.59  [53] 

Ru(5-Me) MeCN 8.05 8.02 7.85 7.85 7.53 7.53 [127] 

Ru(5-NO2) MeCN 8.22 8.27 7.82 7.82 7.55 7.55 [127] 

Ru(5-NHEt) MeCN 7.65 8.04 7.84 7.82 7.59 7.54 [126] 

Ru(4,7-PH3Et) MeCN 8.19 7.99 7.82 7.81 7.55 7.53 [58] 

Ru(3,8-PH3Et) MeCN 8.28 8.07 7.93  7.89 7.61 7.59 [58] 
1
 ʆʪʥʝʩʝʥʦ ʩ ʧʦʤʦʱʴʶ 

1
Hï

13
C HMBC-ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʇʄʈ-ʩʧʝʢʪʨʦʚ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ RuL (Lô)2 ʜʦʣʞʝʥ 

ʥʘʯʠʥʘʪʴʩʷ ʩ ʧʦʠʩʢʘ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʢʦʣʝʮ D ʠ E (ʨʠʩ. 16) ʙʠʧʠʨʠʜʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ Lô, 

ʢʦʪʦʨʳʝ ʤʘʣʦ ʟʘʚʠʩʷʪ ʦʪ ʟʘʤʝʱʝʥʠʷ ʚ ʣʠʛʘʥʜʝ L. ɿʘʪʝʤ ʧʨʠ ʧʦʤʦʱʠ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ L  ʠ 

[Ru(L )(bpy)2]
2+

 ʠ ʧʨʠʤʝʥʝʥʠʷ COSY, ʦʪʜʝʣʷʶʪ ʩʠʛʥʘʣʳ L  ʦʪ ʩʠʛʥʘʣʦʚ ʢʦʣʝʮ C ʠ F. ɽʩʣʠ L  ï 

ʩʠʤʤʝʪʨʠʯʥʳʡ, ʪʦ C=F, D=E ʠ ɸ=ɺ, ʠ ʥʘ ʵʪʦʤ ʧʦʣʥʦʝ ʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʟʘʚʝʨʰʝʥʦ. 

ɼʣʷ ʘʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʸʥʥʳʭ ʣʠʛʘʥʜʦʚ ʪʨʝʙʫʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʣʝʮ ʠ ʅʄɺʉ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʣʝʮ ʚ ʣʠʛʘʥʜʳ, ʯʪʦ, 

ʦʜʥʘʢʦ, ʤʦʞʝʪ ʥʝ ʧʦʟʚʦʣʠʪʴ ʚʳʧʦʣʥʠʪʴ ʧʦʣʥʦʝ ʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʠʟ-ʟʘ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. 
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3.6. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʣʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(II )
5
 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ ʬʦʩʬʦʥʘʪʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩʫʥʦʢ 33) ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʝʬʝʨʝʥʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 

ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ P(O)(OEt)2 ʛʨʫʧʧʫ, ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʂʦʤʧʣʝʢʩʳ 

Ru(3,8-PHEt), Ru(3,8-PH), Ru(4,7-PHEt) ʠ Ru(4,7-PH) ʚ ʘʮʝʪʦʥʪʨʠʣʝ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ, 

ʧʦʵʪʦʤʫ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʢʠʩʣʦʨʦʜʘ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨ ʚ 

ʢʶʚʝʪʝ ʥʘʩʳʱʘʣʠ ʘʨʛʦʥʦʤ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʠʟʤʝʨʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ Ru(bpy) (ʌɻ ʤ = 0.094) ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʝʥʠʷ 1,9-ʜʠʤʝʪʠʣʘʥʪʨʘʮʝʥʘ ʚ ʘʵʨʠʨʦʚʘʥʥʦʤ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʥʠʪʨʠʣʘ, Ru(bpy) (ʌD
 
= 0.57) ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 12. ʇʨʠʤʝʨʳ ʩʧʝʢʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 34, ʚʩʝ ʩʧʝʢʪʨʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 3. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʧʦʣʦʩʫ 

ʧʦʛʣʦʱʝʥʠʷ ʤʝʞʜʫ 250 ʠ 350 ʥʤ, ʢʦʪʦʨʫʶ ʦʪʥʦʩʷʪ ʢ ʣʠʛʘʥʜʦʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ˊ *́ 

ʵʣʝʢʪʨʦʥʥʦʤʫ ʧʝʨʝʭʦʜʫ (ʪʘʙʣʠʮʘ 13). [12] ʊʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʢʦʣʦ 450 ʥʤ, ʢʦʪʦʨʫʶ 

ʦʪʥʦʩʷʪ ʢ MLCT-ʵʣʝʢʪʨʦʥʥʦʤʫ ʧʝʨʝʭʦʜʫ. ɺʦʟʙʫʞʜʝʥʠʝ MLCT ʧʝʨʝʭʦʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʙʫʞʜʸʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʪʝʨʷʪʴ ʵʥʝʨʛʠʶ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʢʦʣʝʙʘʪʝʣʴʥʦ, 

ʠʟʣʫʯʘʪʝʣʴʥʦ (ʣʶʤʠʥʝʩʮʝʥʮʠʷ) ʠ ʭʠʤʠʯʝʩʢʠ (ʯʝʨʝʟ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ (EnT) ʠʣʠ RedOx 

ʧʨʦʮʝʩʩʳ). ʅʘʣʠʯʠʝ ʠ ʩʧʦʩʦʙ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʳ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʘʤʝʪʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩʫʥʦʢ 34).  

                                                 
5
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ 

çʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘè, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Morozkov G. V., Abel A. S., 

Filatov M. A., Nefedov S. E., Roznyatovsky V. A., Cheprakov A. V., Ziankou I. S., Averin A. D., Beletskaya I. P., 

Michalak J., Bucher C., Bonneviot L., Bessmertnykh-Lemeune A. Ruthenium(II ) complexes with phosphonate-substituted 

phenanthroline ligands: synthesis, characterization and use in organic photocatalysis // Dalton Transactions ï 2022. ï V. 

51(36) ï P. 13612. I.F. = 3.5 (Web of Science). ʆʙʲʝʤ 5/4 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 35%; Morozkov G. V., Abel A. S., 

Lyssenko K. A., Roznyatovsky V. A., Averin A. D., Beletskaya I. P., Bessmertnykh-Lemeune A. Ruthenium(II ) complexes 

with phosphonate-substituted phenanthroline ligands as reusable photoredox catalysts // Dalton Transactions ï 2024. ï V. 

53(2) ï P. 535. I.F. = 3.5 (Web of Science). ʆʙʲʝʤ 17/16 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 55%. 
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ʈʠʩʫʥʦʢ 33. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʨʫʪʝʥʠʝʚʳʝ ʢʦʤʧʣʝʢʩʳ. 

 

ʊʘʙʣʠʮʘ 12. ʉʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺʝʱʝʩʪʚʦ ʈ-ʣ ɹ labs, ʥʤ (e x10
ï3

 , M
ï1

 ʩʤ
ï1

) lem, ʥʤ
 1
 Fɻ ʤ

 2 
 FD

 3
 

Ru(bpy) MeCN 451 (14.0), 286 (85.0) 609 0.095 0.57 

ʅ2ʆ 452 (14.0), 286 (8.14), 243 (2.55) 628 0.063  

Ru(phen) MeCN 450 (12.1), 283(49), 272 (42) 605 0.096 0.54 

Ru(3-P) MeCN 443 (13.5), 285 (63.9), 268 (65.4) 641 0.078 0.65 

Ru(4-P) MeCN 450 (14.1), 283 (58.0), 272 (59.0) 644 0.085 0.53 

Ru(5-P) MeCN 449 (16.2), 285 (62.2), 265 (58.0) 603 0.126 0.55 

Ru(3,8-P) MeCN 481 (6.8), 435 (10.2), 284 (52.0), 272 

(62.0) 

697 0.021 0.28 

Ru(3,8-PHEt) ʅ2ʆ 441 (12.9), 284 (66.5), 271 (79.2) 661 0.023  

Ru(3,8-PH) ʅ2ʆ 451 (12.3), 284 (60.7), 270 (66.5) 643 0.030  

Ru(4,7-P) MeCN 445 (17.4), 261(85.0) 651 0.101 0.74 

Ru(4,7-PHEt)  ʅ2ʆ 450 (18.2), 278 (79.2) 637 0.112  

Ru(4,7-PH) ʅ2ʆ 450 (17.3), 282 (68.1), 274 (69.6) 629 0.115  

Ru(5-PPh) MeCN 453 (13.0), 283 (80.0) 614 0.121 0.68 

Ru(4-PPh) MeCN 453 (17.5) 613 0.181 0.75 

Ru(3-PPh) MeCN 450 (14.6), 285 (59.0) 606 0.121 0.61 

Ru(4,7-Ph) 
4
 MeCN 454(19.9), 284 (90.7) 614 0.155  

Ru(4,7-PPh) MeCN 454 (18.0), 278 (90.0) 623 0.253 0.73 
1 
ʕʤʠʩʩʠ ʁʚʦʟʙʫʞʜʘʣʠ ʧʨʠ 450 ʥʤ.

  

2 
ʀʟʤʝʨʝʥʦ ʚ ʥʘʩʳʱʝʥʥʦʤ ʘʨʛʦʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ Ru(bpy) ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ.
  

3 
ʀʟʤʝʨʝʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʝʥʠʷ 1,9-ʜʠʤʝʪʠʣʘʥʪʨʘʮʝʥʘ ʚ ʥʘʩʳʱʝʥʥʦʤ ʚʦʟʜʫʭʦʤ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ Ru(bpy).[128] 
 

4 
Ru-4,7Ph2 = ʙʠʩ(2,2ô-ʙʠʧʠʨʠʜʠʥ)(4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ)ʨʫʪʝʥʠʷ(II) ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ. 

ɺʟʷʪʦ ʠʟ ʨʘʙʦʪʳ [129].  
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ʈʠʩʫʥʦʢ 34. ʅʘʣʦʞʝʥʥʳʝ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʯʸʨʥʳʡ) ʠ ʵʤʠʩʩʠʠ (ʢʨʘʩʥʳʡ 

ʧʫʥʢʪʠʨ) ʠʟʙʨʘʥʥʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru(II).  

ʌʦʩʬʦʥʘʪʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʦ ʦʪ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʣʝʮ 

ʣʠʛʘʥʜʘ, ʠʟ-ʟʘ ʯʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Ru(5-P) ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʘʠʤʝʥʴʰʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ru(bpy) ʠ Ru(phen).  

ʅʘʣʠʯʠʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʬʦʩʬʦʥʘʪʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ 3 

ʠʣʠ 4 ʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʧʦʭʦʞʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʟʥʘʯʠʪʝʣʴʥʦʝ 

(ʦʢʦʣʦ 40 ʥʤ) ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʥʝʙʦʣʴʰʠʤ ʧʘʜʝʥʠʝʤ ʝʸ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ (Fɻ ʤ). ɺ ʩʣʫʯʘʝ Ru(3,8-P), ʧʦʷʚʣʝʥʠʝ ʚʪʦʨʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪʳ ʧʝʨʚʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ʉʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 

ʵʤʠʩʩʠʠ ʝʱʝ ʙʦʣʴʰʝ (605Ÿ641Ÿ697 ʥʤ), ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʵʤʠʩʩʠʠ ʧʘʜʘʝʪ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ɺʣʠʷʥʠʝ ʚʚʝʜʝʥʠʷ ʚʪʦʨʦʛʦ ʬʦʩʬʦʥʘʪʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʚ ʧʦʣʦʞʝʥʠʝ 7 (ʩʦʝʜʠʥʝʥʠʝ Ru(4,7-P)) ʦʢʘʟʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʦʩʴ (605Ÿ644Ÿ651 ʥʤ). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʤʝʪʥʦ ʚʳʨʦʩ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʚ 

ʩʪʘʥʜʘʨʪʥʳʝ Ru(bpy) ʠ Ru(phen), ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʩʪʘʙʠʣʴʥʦ ʚʦʟʨʘʩʪʘʣʘ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ r ʜʣʷ 

ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʚʚʠʜʫ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ 

ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘʤʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ), ʠ ʠʭ ʩʠʥʭʨʦʥʥʳʡ ʨʦʩʪ ʠʣʠ ʧʘʜʝʥʠʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʘʥʘʣʦʛʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʟʘ. 

ʉʦʝʜʠʥʝʥʠʷ ʩ ʬʦʩʬʦʥʘʪʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʧʦʢʘʟʳʚʘʶʪ ʣʫʯʰʠʝ ʢʚʘʥʪʦʚʳʝ 

ʚʳʭʦʜʳ ʠ ʦʪ ʥʠʭ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
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ɼʘʥʥʳʝ ʧʦ ʢʦʤʧʣʝʢʩʘʤ ʩ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʤʠ ʬʦʩʬʦʥʘʪʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʩʪʦʠʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʧʦʵʪʦʤʫ ʜʣʷ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ. ɻʠʜʨʦʣʠʟ ʤʘʣʦ ʚʣʠʷʣ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʦʢʘʟʳʚʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ, ʯʪʦ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʥʦʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ. 

ɺʦʜʘ ʤʦʞʝʪ ʛʘʩʠʪʴ ʵʤʠʩʩʠʶ ʟʘ ʩʯʸʪ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ 

ʩʠʩʪʝʤʫ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʥʦ ʚ ʩʣʫʯʘʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Fɻ ʤ ʚ ʚʦʜʝ ʦʢʘʟʘʣʠʩʴ ʥʝ ʥʠʞʝ, ʯʝʤ 

ʫ ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʧʦʣʷʨʥʦʩʪʴ ʚʦʜʳ ʣʫʯʰʝ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʚʳʩʦʢʦʧʦʣʷʨʥʦʝ MLCT-ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʅʘʣʠʯʠʝ ʬʝʥʠʣʝʥʦʚʦʛʦ ʣʠʥʢʝʨʘ ʚ ʢʦʤʧʣʝʢʩʝ ʢʘʢ ʪʘʢʦʚʦʛʦ ʧʨʠʚʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ, FD ʠ Fɻ ʤ. ʉʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ Ru(phen) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʟʘ ʩʯʸʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦ ʘʢʮʝʧʪʦʨʥʦʡ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʳ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [129] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʬʝʥʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʦʩʪʫ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʵʤʠʩʩʠʠ (ʩ 9.6 ʜʦ 15.5%). ʉʦʛʣʘʩʥʦ 

ʥʘʰʠʤ ʜʘʥʥʳʤ, ʧʦʷʚʣʝʥʠʝ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʳ ʥʘ ʬʝʥʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʩ 15.5 ʜʦ 25.3%. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʨʝʣʘʢʩʘʮʠʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʢʦʣʝʙʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʉ-ʅ-ʩʚʷʟʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʬʦʩʬʦʥʘʪ-

ʟʘʤʝʱʸʥʥʳʝ ʢʦʤʧʣʝʢʩʳ Ru(II) ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʚʠʜʠʤʳʡ ʩʚʝʪ ʠ ʩʦʭʨʘʥʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʦʣʛʦʞʠʚʫʱʝʝ ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɺʚʝʜʝʥʠʝ ʘʢʮʝʧʪʦʨʥʦʡ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʠʩʩʣʝʜʫʝʤʳʭ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʪʝʥʮʠʘʣʳ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʩʦʜʝʨʞʘʱʠʭ 0.1 ʄ 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ. ʇʨʠʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 35. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 13. 
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ʈʠʩʫʥʦʢ 35. ʎɺɸ-ʢʨʠʚʳʝ ʨʘʩʪʚʦʨʦʚ Ru(3-P) ʠ Ru(5-P) ʠ Ru(4,7-PPh) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (1 Ĭ 10
ī3

 

M, 0.1 M NBu4PF6) ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (  ɲ= 3 ʤʤ, 0.1 ɺ/ʩ ). 

ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ (E1a), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʝʨʝʭʦʜ Ru(II) Ÿ Ru(III ). ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʷʚʠʚʰʠʭ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʟʘʤʝʱʝʥʠʷ, 

E1a ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ (Ru(phen) 

0.975B Ÿ Ru(4-P) 1.025B Ÿ Ru(4,7-P) 1.08B). ʕʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʤʝʪʘʣʣʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʘʢʮʝʧʪʦʨʘ (ʪʘʙʣʠʮʘ 13). ʇʦʟʠʮʠʷ ʟʘʤʝʩʪʠʪʝʣʷ 

ʚ ʛʝʪʝʨʦʮʠʢʣʝ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ E1a, ʪʘʢ ʢʘʢ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Ru(3,8-P) ʠ Ru(4,7-P) ʦʥʠ 

ʦʜʠʥʘʢʦʚʳ, ʘ ʜʣʷ ʤʦʥʦʟʘʤʝʱʸʥʥʳʭ ʘʥʘʣʦʛʦʚ Ru(3-P) ʠ Ru(4-P) ʦʪʣʠʯʘʶʪʩʷ ʚʩʝʛʦ ʥʘ 5 ʤɺ. 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʬʦʩʬʦʥʘʪʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʚ ʩʦʝʜʠʥʝʥʠʠ 

Ru(5-P) ʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ ʠʟ-ʟʘ 

ʩʣʘʙʦʛʦ ʚʣʠʷʥʠʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʩʚʷʟʝʡ. ɺʚʝʜʝʥʠʝ 

ʬʝʥʠʣʝʥʦʚʦʛʦ ʣʠʥʢʝʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʫʝʪ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣ ̫ʥʘ E1a ʠʟ-ʟʘ 
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ʧʦʯʪʠ ʜʚʫʭʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʥʜʫʢʪʠʚʥʳʤ ʘʢʮʝʧʪʦʨʦʤ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʮʝʥʪʨʦʤ (Ru(4,7-P) 1.08B Ÿ Ru(4,7-PPh) 0.98ɺ; Ru(phen) 0.975B).  

ʊʘʙʣʠʮʘ 13. ʇʦʪʝʥʮʠʘʣʳ ʦʩʥʦʚʥʳʭ ʠ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Ru(II)  

ʉʦʝʜʠʥʝʥʠʝ ʆʢʠʩʣ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʇʦʪʝʥʮʠʘʣʳ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ɺ 
3
 

E1a E1c 

(L 1
0/¶-

) 

E2c 

(L 2
0/¶-

) 

E00 E1/2(PC
+
/*PC)

b
 E1/2(*PC/PC

-
) 

Ru(phen) 0.975 
1
 ï1.645 

1
 ï1.83 2.049 ï1.074 0.404 

Ru(bpy) 0.97 
1
 ï1.64 

1
 ï1.83 

1
 2.036 ï1.07 0.40 

Ru(3-P) 1.03 
1
 ï1.45

b
 ï1.81 

1
 1.934 ï0.904 0.484 

Ru(4-P) 1.025 
1
 ï1.415 

1
 ï1.78 

1
 1.925 ï0.90 0.51 

Ru(5-P) 1.005 
1
 ï1.55 

2
 ï1.79 

1
 2.056 ï1.051 0.506 

Ru(3,8-P) 1.08 
1
 ï1.23 

1
 ï1.71 

1
 1.779 ï0.699 0.549 

Ru(4,7-P) 1.08 
1
 ï1.335 

1
 ï1.765 

1
 1.905 ï0.825 0.57 

Ru(5-PPh) 0.995 
1
 ï1.525 

1
 ï1.80 

1
 2.046 ï1.061 0.446 

Ru(3-PPh) 0.985 
1
 ï1.60 

1
 ï1.815 

1
 2.019 ï1.024 0.494 

Ru(4,7-PPh) 0.98 
1
 ï1.55 

1
 ï1.78 

1
 1.990 ï0.92 0.44 

1
 ʇʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ (ɺ, ʦʪʥʦʩʠʪʝʣʴʥʦ Ag

+
/Ag) ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ MeCN 

ʩʦʜʝʨʞʘʱʝʤ 0.1 M TBAPF6 (ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ Å 3ʤʤ; 100ʤɺ/ʩ). 
2
 ʇʦʪʝʥʮʠʘʣ ʧʠʢʘ, ɺ. 

3
 ʈʘʩʩʯʠʪʘʥʳ ʜʦʙʘʚʣʝʥʠʝʤ ʠʣʠ ʚʳʯʠʪʘʥʠʝʤ E00 ʢ E1ʩ ʠʣʠ E1a, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʘ ʥʘ ʧʠʨʠʜʠʥʦʚʳʝ ʢʦʣʴʮʘ 

ʣʠʛʘʥʜʦʚ. ɺ ʢʨʠʚʳʭ ʎɺɸ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪ 4 ʜʦ 6 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʦʣʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʦʯʝʨʸʜʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ˊ*-ʦʨʙʠʪʘʣʝʡ ʣʠʛʘʥʜʦʚ ʵʣʝʢʪʨʦʥʘʤʠ. ʇʦʣʦʞʝʥʠʝ ʠ ʪʠʧ 

ʟʘʤʝʩʪʠʪʝʣʷ ʦʢʘʟʳʚʘʪʁ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʚʳʡ ʧʦʪʝʥʮʠʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ E1ʩ, ʘ 

ʧʦʩʣʝʜʫʶʱʠʝ ʦʩʪʘʶʪʩʷ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ E1ʩ = 0.45ɺ, E2ʩ = 0.05ɺ). 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʦʩʪʦʨʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʦ ʩʚʷʟʠ ʧʝʨʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ 

ʧʝʨʝʜʘʯʝʡ ʵʣʝʢʪʨʦʥʘ ʥʘ ʟʘʤʝʱʸʥʥʳʡ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ. ʕʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʠʟʚʝʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [130] 

ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʙʝʟ ʬʦʩʬʦʥʘʪʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʥ ʧʦʩʪʫʧʘʝʪ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʥʘ ʦʨʙʠʪʘʣʠ ʙʠʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʫʭʫʜʰʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʬʦʩʬʦʥʘʪʥʦʡ 

ʛʨʫʧʧʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ E1a, E1ʩ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʦʣʦʞʝʥʠʶ ʬʦʩʬʦʥʘʪʘ ʚ 

ʣʠʛʘʥʜʝ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʫ, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʩʚʷʟʠ ʧʝʨʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʧʝʨʝʜʘʯʝʡ ʵʣʝʢʪʨʦʥʘ ʥʘ ʬʦʩʬʦʥʘʪ-ʟʘʤʝʱʸʥʥʳʡ ʬʝʥʘʥʪʨʦʣʠʥ. ɺʣʠʷʥʠʝ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʧʦʣʦʞʝʥʠʠ 3 (Ru(3-P) ʠ Ru(3,8-P), ï1.45 ʠ ï1.23 ɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʙʣʠʮʘ 14). ʇʦʣʦʞʝʥʠʝ 5 ʣʠʛʘʥʜʘ (Ru(5-P)) ʩʥʦʚʘ ʦʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʣʠʷʥʠʝ, ʘ ʚʝʱʝʩʪʚʘ Ru(4,7-P) ʠ Ru(4-P) ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʌʝʥʠʣʝʥʦʚʳʡ 

ʣʠʥʢʝʨ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ E1ʩ (Ru(4,7-P) ï1.335B Ÿ Ru(4,7-PPh) ï1.55ɺ; 

Ru(phen) ï1.645B). 
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ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ, ʧʫʩʪʴ ʠ ʢʦʩʚʝʥʥʳʤ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʣʦʢʘʣʠʟʘʮʠʠ E1ʩ ʥʘ ʟʘʤʝʱʸʥʥʦʤ 

ʬʝʥʘʥʪʨʦʣʠʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ ʧʝʨʚʳʭ ʚʦʣʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʎɺɸ ʩʦʝʜʠʥʝʥʠʡ Ru(3-P) ʠ Ru(5-P) (ʨʠʩ. 35), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

Ru(bpy) ʠ Ru(phen) ʵʪʠ ʧʨʦʮʝʩʩʳ ʦʙʨʘʪʠʤʳ. ʆʩʪʘʸʪʩʷ ʥʝʧʦʥʷʪʥʳʤ ʠ ʥʝʦʞʠʜʘʥʥʳʤ, ʧʦʯʝʤʫ 

ʠʤʝʥʥʦ ʦʜʥʘ ʬʦʩʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 5 ʜʘʸʪ ʪʘʢʦʡ ʵʬʬʝʢʪ, ʪʘʢ ʢʘʢ ʜʣʷ Ru(4-P) ʠ 

ʙʠʩ-ʬʦʩʬʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʩʝ ʚʦʣʥʳ ʦʙʨʘʪʠʤʳ. 

ʇʦʪʝʥʮʠʘʣʳ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʜʦʙʘʚʣʝʥʠʝʤ (ʠʣʠ ʚʳʯʠʪʘʥʠʝʤ) 

ʚʝʣʠʯʠʥʳ E00 ʢ ʠʟʤʝʨʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʘʤ E1ʩ (ʠʣʠ E1a ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). E00 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʠ ʚʦʟʙʫʞʜʸʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ ʥʘ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʫʨʦʚʥʷʭ (ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʦʙʦʟʥʘʯʝʥʠʝ E00). ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ, ʠ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ. ɺ 

ʪʘʙʣʠʮʝ 14 ʬʠʛʫʨʠʨʫʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ), ʪʘʢ ʢʘʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʝ ʙʳʣʠ. ʇʦʩʢʦʣʴʢʫ ʚʚʝʜʝʥʠʝ ʬʦʩʬʦʥʘʪʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʵʪʦ ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʝʪ 

E00 ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ 

ʬʦʩʬʦʥʘʪʟʘʤʝʱʸʥʥr ʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʦ ʪʘʢ ʢʘʢ ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʦʞʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʥʘʣʠʯʠʷ ʣʠʥʢʝʨʘ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʘʥʘʣʦʛʠʯʥʘ ̫ ʩʣʦʞʥʘ ̫ ʚʟʘʠʤʦʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʬʦʩʬʦʥʘʪʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘʧʨʷʤʫʶ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ Ru-ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʚ ʦʩʥʦʚʥʦʤ, ʪʘʢ ʠ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

ɺʚʝʜʝʥʠʝ ʬʝʥʠʣʝʥʦʚʦʛʦ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʦʡ ʠ ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʧʦʟʚʦʣʠʣʦ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʩʣʘʙʠʪʴ ʚʣʠʷʥʠʝ ʬʦʩʬʦʥʘʪʥʦʡ ʛʨʫʧʧʳ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ, ʧʨʠʙʣʠʟʠʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢ 

ʩʪʘʥʜʘʨʪʥʳʤ. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʢʘʟʘʣʘʩʴ ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʧʦʷʚʣʝʥʠʶ ʣʠʥʢʝʨʘ, ʪ.ʝ. ʬʝʥʠʣʝʥʬʦʩʬʦʥʘʪ-ʟʘʤʝʱʸʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʠʣʠ 

ʫʣʫʯʝhʥʥʫʶ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʤʝʥʥʦ ʦʙʨʘʪʠʤʳʤʠ RedOx-ʧʝʨʝʭʦʜʘʤʠ, ʦʪ ʥʠʭ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ RedOx-ʟʘʚʠʩʠʤʳʭ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʠ ʦʩʦʙʝʥʥʦ ʚ ʮʠʢʣʘʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʪʫʰʝʥʠʷ. 
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3.7. ʉʨʘʚʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ
6
 

ɸʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʙʦʨʥʳʭ ʢʠʩʣʦʪ ʚ ʬʝʥʦʣʳ  

ɸʢʪʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ. ʇʝʨʚʠʯʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʨʝʘʢʮʠʠ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ  

ʧ-ʪʦʣʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 36). ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ O2
Åï

 , 

ʯʪʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʚ ʩʤʝʩʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʨʠʩ. 37). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ɼʄʌɸ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ DIPEA ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʪʘʙʣʠʮʘ 14). ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ. 

 

ʈʠʩʫʥʦʢ 36. ɸʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧ-ʪʦʣʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧ-ʢʨʝʟʦʣ. 

ʊʘʙʣʠʮʘ 14. ʆʧʪʠʤʠʟʘʮʠʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧ-ʪʦʣʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪ.r 

ʆʧʳʪ 
1
 ʂʘʪʘʣʠʟʘʪʦʨ ɺʨʝʤʷ, ʯ ʂʦʥʚʝʨʩʠʷ, % ɺʳʭʦʜ 

p-Tol-OH,% 
4
 

ɺʳʭʦʜ 

p-Tol(O)3,% 
4
 

1 Ru(bpy) 24 100 71 29 

2 Ru(bpy) 16 98 79 19 

3 Ru(Phen) 20 100 93 7 

4 Ru(5-P) 20 100 90 10 

5 Ru(4-P) 20 100 90 10 

6 Ru(3-P) 20 100 95 5 

7 Ru(4,7-P) 20 100 95 5 

8 Ru(4,7-PPh) 20 100 92 8 

9 
2
 Ru(bpy) 4 96 52 44 

10 
3
 Ru(bpy) 14 89 

5
 89 

5
 0 

11 
3
 Ru(4,7-PHEt) 14 86

5
 86 

5
 0 

1
 ʋʩʣʦʚʠʷ: ʧ-ʪʦʣʠʣʙʦʨʥʘʷ ʢʠʩʣʦʪʘ (0.125 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (2 ʤʦʣʴʥ.%), DIPEA (0.5 

ʤʤʦʣʴ), ɼʄʌɸ (2 ʤʣ). 
2
 ʇʨʦʚʝʜʝʥʦ ʚ ʦʪʢʨʳʪʦʤ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ ʩ ʧʨʷʤʦʡ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ (ʧʦʜ ʪʦʢʦʤ 

ʚʝʥʪʠʣʷʪʦʨʘ). 
3
 ʇʨʦʚʝʜʝʥʦ ʚ PhotoRedOxBox, 1 ʤʦʣʴʥ. % ʚʤʝʩʪʦ 2 ʤʦʣʴʥ. %. 

4
 ʆʮʝʥʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʇʄʈ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʙʝʟ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

5
 ʂʦʥʚʝʨʩʠʠ ʠ ʚʳʭʦʜʳ ʦʮʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʇʄʈ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʙʝʟ ʫʧʘʨʠʚʘʥʠʷ. 

ɹʠʧʠʨʠʜʠʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

                                                 
6
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ 

çʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘè, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Morozkov G. V., Abel A. S., 

Filatov M. A., Nefedov S. E., Roznyatovsky V. A., Cheprakov A. V., Ziankou I. S., Averin A. D., Beletskaya I. P., 

Michalak J., Bucher C., Bonneviot L., Bessmertnykh-Lemeune A. Ruthenium(II ) complexes with phosphonate-substituted 

phenanthroline ligands: synthesis, characterization and use in organic photocatalysis // Dalton Transactions ï 2022. ï V. 

51(36) ï P. 13612. I.F. = 3.5 (Web of Science). ʆʙʲʝʤ 5/4 ʧ.ʣ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 35%. 
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ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʠʟʫʯʘʝʤʦʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʦʪʦʨʝʜʦʢʩ-ʧʨʦʮʝʩʩ. ʌʝʥʦʣ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʢʦʤʧʣʝʢʩʘ ʩʫʧʝʨʦʢʩʠʜʘ ʩ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʥʫʞʝʥ ʣʠʰʴ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʫʧʝʨʦʢʩʠʜʘ ʠʟ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ ʠ ʨʘʩʭʦʜʫʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʨʠʩ. 37), ʯʴʶ ʨʦʣʴ ʦʪʜʘʶʪ ʪʨʝʪʠʯʥʳʤ ʘʣʠʬʘʪʠʯʝʩʢʠʤ 

ʘʤʠʥʘʤ, ʪʘʢʠʤ ʢʘʢ DIPEA (ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ) ʠʣʠ ʕɼʊɸ 

(ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʚʦʜʝ). [21] 

 

ʈʠʩʫʥʦʢ 37. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ ʚ ʬʝʥʦʣʳ. 

ʇʦʙʦʯʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʦʢʠʩʣʝʥʠʷ ʚ ʭʠʥʦʠʜ p-Tol(O)3, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʫʩʣʦʚʣʝʥ 

ʦʢʠʩʣʝʥʠʝʤ ʬʝʥʦʣʘ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʦʟʙʫʞʜʸʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʦʨʝʘʛʠʨʦʚʘʪʴ ʩ DIPEA. ʅʘʩʪʫʧʣʝʥʠʝ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ 

ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʬʦʩʬʦʥʘʪʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʦʤʧʣʝʢʩ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ. 

ɹʳʣʦ ʠʩʧʨʦʙʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʣʠʯʠʷʤ ʚ ʩʢʦʨʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ (ʪʘʙʣʠʮʘ 14, ʦʧʳʪr 3ï8). ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʫʜʝ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʠʟ ʚʝʥʪʠʣʷʪʦʨʘ ʨʝʘʢʮʠʷ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʟʘ 

4 ʯʘʩʘ, ʥʦ ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʦʢʠʩʣʝʥʠʷ ʪʘʢʞʝ ʫʩʠʣʠʚʘʣʩʷ (ʪʘʙʣʠʮʘ 14, ʦʧʳʪ 9). ʇʨʠ 

ʧʦʜʘʯʝ ʚʦʟʜʫʭʘ ʩ ʧʦʤʦʱʴʶ ʛʠʙʢʦʡ ʪʨʫʙʢʠ (ʨʘʙʦʪʘ ʧʦʜ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ ʙʝʟ ʚʣʠʷʥʠʷ 

ʧʦʪʦʢʘ ʚʝʥʪʠʣʷʪʦʨʘ) ʨʝʘʢʮʠʷ ʪʨʝʙʦʚʘʣʘ ʚ 5-6 ʨʘʟ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ, ʥʦ ʚʳʭʦʜ 

ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʝʨʝʦʢʠʩʣʝʥʠʷ ʧʨʠ ʵʪʦʤ ʫʜʘʚʘʣʦʩʴ ʩʥʠʟʠʪʴ (ʪʘʙʣʠʮʘ 14, ʦʧʳʪ 9). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʬʦʪʦʨʝʘʢʪʦʨʘ PhotoRedOxBox ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʚʠʘʣʘʭ, 

ʟʘʢʨʳʪʳʭ ʩʝʧʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩ ʧʦʤʦʱʴʶ ʠʛʣʳ ʙʳʣʦ ʩʜʝʣʘʥʦ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ. ɺ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʜʘʣʦʩʴ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʠʪʴ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʧʝʨʝʦʢʠʩʣʝʥʠʝ ʠ ʜʘʞʝ ʩʦʢʨʘʪʠʪʴ 

ʟʘʛʨʫʟʢʫ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 2 ʜʦ 1 ʤʦʣʴʥ.% (ʪʘʙʣʠʮʘ 14, ʦʧʳʪr 10 ʠ 11). ɺ ʜʘʥʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ 

Ru(4,7-PHEt) ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʪʘʙʣʠʮʘ 14, 

ʦʧʳʪr 10 ʠ 11).  

  


