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ʉʕʄ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʦʙʳʤ ʠʥʪʝʨʝʩʦʤ ʩʨʝʜʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʧʦʣʴʟʫʶʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʱʠʝ 

ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚ ʩʚʦʝʡ ʧʦʜʯʘʩ ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʕʪʦ 

ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʢʦʥʝʯʥʳʭ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ, ʠ, ʚ ʠʪʦʛʝ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʳʡ ʦʥʠ ʚʭʦʜʷʪ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʙʣʦʢʠ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ, 

ʘʥʠʦʥʦʚ ʠʣʠ ʢʘʪʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʨʘʜʠʢʘʣʦʚ ʠʣʠ ʜʨʫʛʠʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʧʦʷʚʣʝʥʠʝ 

ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʝʯʥʦʡ ʤʦʣʝʢʫʣʳ ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʳʡ ʦʥʘ ʚʭʦʜʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʪʘʜʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʩʙʦʨʢʠ ʘʢʪʠʚʥʳʭ ʠʩʭʦʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨʢʘ ʤʦʣʝʢʫʣ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʥʳʝ 

ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʨʘʟʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʙʣʦʢʘʤʠ 

[Dalton Trans. 43 (2014) 13661, J. Magn. Magn. Mater. 323 (2011) 3043, 

Electrochim. Acta 125 (2014) 674]. ʕʪʦʪ ʧʦʜʭʦʜ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣ 

ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ, ʧʨʦʷʚʣʷʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʳʝ 

ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠʣʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʮʠʜʥʳʝ, ʠʣʠ ʤʘʛʥʠʪʥʳʝ, 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʮʠʜʥʳʝ ʠ ʪ.ʜ.) [Inorg. Chem. 59 (2020) 5662, Dalton Trans. 

43 (2014) 13661].  

ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 

ʧʦʣʠʷʜʝʨʥʳʭ (ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ) ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʙʣʦʢʘʤʠ (ʣʠʛʘʥʜʘʤʠ), ʘ ʪʘʢʞʝ 
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ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʮʠʜʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ, 

ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʢʦʨʨʝʣʷʮʠʡ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʩʝʥʩʦʨʦʚ, ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʢʦʥʝʯʥʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɿʜʝʩʴ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ d-ʤʝʪʘʣʣʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ 

ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ, 

ʙʝʟʫʩʣʦʚʥʦ, ʫʜʦʙʥʦ ʜʣʷ ʠʭ ʦʯʠʩʪʢʠ, ʚʳʜʝʣʝʥʠʷ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʭʠʤʠʯʝʩʢʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʭʠʤʠʯʝʩʢʦʡ ʩʘʤʦʩʙʦʨʢʠ, ʠʣʠ ʧʫʪʝʤ 

ʨʝʘʢʮʠʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʫʞʝ ʛʦʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ ʙʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʝ, ʠʣʠ ʞʝ 

ʨʝʘʢʮʠʷʤʠ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ, ʟʘʤʝʥʷʷ ʦʪʜʝʣʴʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚ 

ʛʦʤʦʷʜʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘ ʜʨʫʛʠʝ ʠʦʥʳ [Chem. Mater. 26, (2014) 999, Inorg. 

Chim. Acta 380 (2012) 201]. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʦ ʤʥʦʛʦʤ 

ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʩʪʘʚʦʤ ʠ ʛʝʦʤʝʪʨʠʝʡ ʤʝʪʘʣʣʦʦʩʪʦʚʘ (ʢʦʣʠʯʝʩʪʚʦʤ ʠʦʥʦʚ 

ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝ, ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ), ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʚ 

ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ.  

ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʪʘʢʞʝ ʚʠʜʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʠʦʮʠʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʣʝʯʝʥʠʷ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʝ ʪʦʣʴʢʦ 

ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʚ ʦʨʛʘʥʠʟʤʝ ʟʘ ʩʯʝʪ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʥʘʧʨʠʤʝʨ, ʤʘʛʥʝʪʠʟʤʘ ʠʣʠ ʬʦʪʦʘʢʪʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ 
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ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʫʞʝ ʧʦʢʘʟʘʣʦ ʩʚʦʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʣʝʯʝʥʠʠ ʨʘʢʘ ʠ 

ʜʨʫʛʠʭ ʦʧʘʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʤʘʣʷʨʠʠ, ʩʦʥʥʦʡ ʙʦʣʝʟʥʠ, ʚʠʨʫʩʘ ʛʝʨʧʝʩʘ, 

ʜʠʘʙʝʪʘ, ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ ʠ ʪ.ʜ.) [J. Mater. Chem. 2 (2014) 2473, Inorg. 

Biochem. 100 (2006) 1925, Molecules 23 (2018) 361]. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ, 

ʜʦʩʪʠʛʥʫʪʳʡ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʦʩʦʙʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʫʙʝʨʢʫʣʝʟʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʥʝ ʧʦʜʜʘʶʱʠʭʩʷ ʣʝʯʝʥʠʶ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʟʘ ʩʯʝʪ ʥʘʨʘʩʪʘʥʠʷ 

ʤʫʣʴʪʠʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʈʘʟʚʠʪʠʝ ʧʝʨʝʢʨʝʩʪʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʘʨʷʜʫ ʩ ʨʦʩʪʦʤ ʧʨʠʨʦʜʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʢʦʙʘʢʪʝʨʠʡ ʪʫʙʝʨʢʫʣʝʟʘ ʢ 

ʘʥʪʠʙʠʦʪʠʢʘʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʙʘʢʪʝʨʠʡ ʚ ʜʦʨʤʘʥʪʥʦʤ (ʩʧʷʱʝʤ) 

ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʚʠʯ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʪʫʙʝʨʢʫʣʝʟʘ ʩʦʟʜʘʝʪ 

ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʜʣʷ ʪʝʨʘʧʠʠ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʦʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʨʝʜʦʢʩ-ʛʦʤʝʦʩʪʘʟʘ, ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʛʦʤʝʦʩʪʘʟʦʤ 

ʤʝʪʘʣʣʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʚʳʞʠʚʘʝʤʦʩʪʴ, 

ʧʝʨʩʠʩʪʝʥʮʠʷ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʨʝʘʢʪʠʚʘʮʠʷ ʤʠʢʦʙʘʢʪʝʨʠʡ. ʆʜʥʘʢʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʤʝʜʠʮʠʥʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ. ɺʘʞʥʝʡʰʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʜʦʢʩ-ʛʦʤʝʦʩʪʘʟʘ ʤʠʢʦʙʘʢʪʝʨʠʡ ʷʚʣʷʶʪʩʷ ʵʩʩʝʥʮʠʘʣʴʥʳʝ 

ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʧʝʨʝʤʝʥʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʮʠʥʢʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘ - 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴè ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʙʣʦʢʦʚ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʪʠʚ Mycolicibacterium smegmatis ʠ 

Mycobacterium tuberculosis (ʧʘʣʦʯʢʘ ʂʦʭʘ). ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʩʦʤʥʝʥʥʦ ʚʥʝʩʫʪ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ï ʩʦʟʜʘʥʠʝ ʩʪʨʘʪʝʛʠʠ 
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ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʜʝʡʩʪʚʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 

01.12.2016 ʛ. ˉ 642, ʧʫʥʢʪ 20ʙ). 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʦʚ (ʦʪ 

ʤʦʥʦ- ʜʦ ʧʦʣʠʷʜʝʨʥʳʭ), ʩʦʯʝʪʘʶʱʠʭ ʘʪʦʤʳ s- ʠ d-ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; ʚʳʷʚʣʝʥʠʝ 

ʢʦʨʨʝʣʷʮʠʡ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦ-ʙʠʦʘʢʪʠʚʥʦʩʪʴè ʧʫʪʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʜʠʟʘʡʥʘ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʡ ʷʜʝʨʥʦʩʪʠ ʩ ʵʩʩʝʥʮʠʘʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro ʧʨʦʪʠʚ ʰʪʘʤʤʦʚ 

Mycolicibacterium smegmatis ʠ Mycobacterium tuberculosis H37Rv. 

ɿʘʜʘʯʠ ʨʘʙʦʪʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʪʨʝʙʦʚʘʣʦʩʴ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ:  

1) ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ s-d ʠ d-dô-

ʵʣʝʤʝʥʪʘʤʠ, ʦʙʣʘʜʘʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʠʟʠʯʝʩʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʛʥʠʪʥʳʤʠ ʠ ʪʝʨʤʠʯʝʩʢʠʤʠ) ʠ ʚʳʩʦʢʦʡ 

ʙʠʦʘʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʢʘʥʜʠʜʘʪʦʚ 

ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʝ ʧʨʝʧʘʨʘʪ.r 

2) ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʪʦʜʘʤʠ ʈʉɸ ʠ ʈʌɸ, ʠʟʫʯʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʜʘʥʥʳʤ ʕʇʈ, ʗʄʈ ʠ ʀʂ, ʘ ʪʘʢʞʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʄʝʩʩʙʘʫʵʨʘ, ʚʳʷʚʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ ʉʊɸ ʠ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʣʷʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ DFT; 

3) ʨʘʟʚʠʪʠʝ ʦʙʱʝʡ ʩʪʨʘʪʝʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʛʠʙʠʨʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʄʀʂ) in vitro ʚ ʦʪʥʦʰʝʥʠʠ M. 
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smegmatis ʠ M. tuberculosis H37Rv; ʘʥʘʣʠʟ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè ʠ ʩʦʟʜʘʥʠʝ 

çʙʠʙʣʠʦʪʝʢʠè ʢʦʤʧʣʝʢʩʦʚ, ʚʳʙʦʨ ʣʠʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʨʘʩʰʠʨʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ), 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ), ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

(ʅʇɺʆ), ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʄʝʩʩʙʘʫʵʨʘ ʠ ʕʇʈ (Q/ʍ; ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʝʤʘ 

ʤʘʛʥʠʪʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ 63ʉu 99.3%), MAS ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (13ʉ), 

ʩʪʘʪʠʯʝʩʢʘʷ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, DFT, ʩʠʥʭʨʦʥʥʳʡ 

ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʉʊɸ), ʚʢʣʶʯʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ 

ʢʨʠʚʳʭ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ (ʊɻ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ), ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʧʢʪʨʦʩʢʦʧʠʶ (EDX), 

ʦʧʨʝʜʝʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʤ ʙʫʤʘʞʥʳʭ ʜʠʩʢʦʚ ʠ ʚ 

ʨʘʩʪʚʦʨʝ, ʨʝʥʪʛʝʥʦ-ʬʦʪʦʵʣʝʢʪʨʦʥʥʘ ̫ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕ).  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ: 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦʣʫʯʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʩʩʠʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʠʥʪʝʟʫ, ʩʪʨʦʝʥʠʶ ʠ ʩʚʦʡʩʪʚʘʤ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ:  

¶ ʈʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ çʛʠʙʨʠʜʥʘʷè ʤʝʪʦʜʦʣʦʛʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʩʙʦʨʢʠ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Fe(III) ʩ ʜʨʫʛʠʤʠ ʠʦʥʘʤʠ d-ʵʣʝʤʝʥʪʦʚ, 

ʚʢʣʶʯʘʶʱʘʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ çʨʘʩʪʚʦʨʥʳʡ ʩʠʥʪʝʟè, ʘ ʥʘ ʚʪʦʨʦʤ ï 

ʪʚʝʨʜʦʬʘʟʥʳʡ ʪʝʨʤʦʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ 

ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʫʶ ʬʘʟʫ ʠ ʧʦʙʦʯʥʫʶ ʦʨʛʘʥʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʦʣʠʷʜʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʝʪʘʣʣʦʦʢʩʠʜʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ {Fe-d} -ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʠʢ. 

¶ ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʢʣʘʩʪʝʨ [Fe8(Piv)16(OH)8(Cd(Piv)2)] ʩ ʥʦʚʳʤ ʪʠʧʦʤ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʚʦʩʴʤʠʷʜʝʨʥʳʭ 

çʞʝʣʝʟʥʳʭ ʢʦʣʝʩè (çFerric wheelè) ʪʝʤ, ʯʪʦ ʠʦʥ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ 
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(Cd(II)) ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥ ʚ ʧʦʣʦʩʪʠ ʢʦʣʝʩʘ ʚ ʚʠʜʝ ʦʙʲʝʤʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ {Cd(Piv)2}, ʩʚʷʟʘʥʥʦʛʦ ʩ Fe8-ʢʦʣʝʩʦʤ ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 

Cdïʆ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʦʩʪʠʢʦʚʳʭ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ, ʦʙʲʝʜʠʥʷʶʱʠʭ 

ʘʪʦʤʳ ʞʝʣʝʟʘ.   

¶ ɺʧʝʨʚʳʝ ʙʣʦʯʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʧʦʣʠʷʜʝʨʥʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʘ ʞʝʣʝʟʘ 

[Fe3(O)(Piv)6(HPiv)3]
+ (Piv- = (CH3)3COO-) (ʙʣʦʢ I) ʠ ʢʘʨʙʦʢʩʠʣʘʪʘ ʣʠʪʠʷ (LiPiv) 

(ʙʣʦʢ II) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʦʚʳʡ 

ʪʠʧ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ {Fe2Li(Õ3-O)(Õ-Piv)n}. ʂʨʦʤʝ ʠʦʥʦʚ Fe(III) ʦʥ 

ʩʦʜʝʨʞʠʪ ʠʦʥ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʘʪʦʤʘ ʣʠʪʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ 

ʩʝʨʠʠ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʦʤʝʪʘʣʣʦʦʩʪʦʚ {Fe2M(Õ3-O)(Õ-

Piv)n} ʩ ʜʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʤʠ ʘʪʦʤʘʤʠ ʛʝʪʝʨʦʤʝʪʘʣʣʦʚ.  

¶ ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʪʠʧʳ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʠʦʥʘʤʠ ʉo2+/3+, Fe3+, Zn2+, ʘ ʪʘʢʞʝ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʬʨʘʛʤʝʥʪʘʤʠ 

{ Co3+-Li }, { Co3+-Cd}, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʧʝʨʚʠʯʥʳʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʝʨʚʠʯʥʳʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʠʥʠʮʠʠʨʫʶʪ ʧʝʨʝʭʦʜ ʉo2+ ʚ ʉo3+.  

¶ ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʟʦʣʦʪʘ ʚ ʛʝʪʝʨʦʬʘʟʥʦʡ ʩʠʩʪʝʤʝ 

[VO{ S2CNR2} 2] - H[AuCl]4 / 2M HCl ʠʜʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ï ʚ ʬʘʟʝ ʦʩʘʜʢʘ (ʧʦ ʤʝʭʘʥʠʟʤʫ ʭʝʤʦʩʦʨʙʮʠʠ) ʠ ʚ ʨʘʩʪʚʦʨʝ (ʠʦʥʥʳʡ ʦʙʤʝʥ), ʧʨʠ 

ʵʪʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʦʩʪʘʚʫ, ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʣʝʢʩʳ 

Au(III ). 

¶ ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʘʥʠʦʥʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ 2-ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ (ʧʠʨʦʩʣʠʟʝʚʦʡ) ʢʠʩʣʦʪ r ʠ N-ʜʦʥʦʨʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚ ʤʦʜʝʣʴʥʦʛʦ ʥʝʧʘʪʦʛʝʥʥʦʛʦ 

ʰʪʘʤʤʘ M. Smegmatis ʠ ʚʠʨʫʣʝʥʪʥʦʛʦ M. tuberculosis H37Rv. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

¶ ʈʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Fe(III) ʩ s- ʠ d-ʵʣʝʤʝʥʪʘʤʠ, ʚʢʣʶʯʘʶʱʘʷ ʨʘʩʪʚʦʨʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʪʝʨʤʦʣʠʟ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ 

ʩʚʦʡʩʪʚʘʤ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ çʣʠʰʥʠʝè ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ ʩ ʨʘʟʥʳʤʠ ʤʝʪʘʣʦʦʩʪʦʚʘʤʠ. 

¶ ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 72 ʥʦʚʳʭ ʤʦʥʦ-, ʧʦʣʠ- ʠ 

ʛʝʪʝʨʦʧʦʣʠʷʜʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷ ʩ N-, O-, S-ʣʠʛʘʥʜʘʤʠ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʥʦʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʢʣʶʯʝʥʳ ʚ ʩʪʨʫʢʪʫʨʥʫʶ ʙʘʟʫ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

¶ ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʠʦʥʘʤʠ Fe(III ) (ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɢMT ʠ ʕʇʈ ʩʧʝʢʪʨ)r, ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʘʣ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʠʥ-ʩʧʠʥʦʚʦʡ ʦʙʤʝʥ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʦʙʥʘʨʫʞʝʥ 

ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘʭ {Fe2Ni}, { Fe2Zn}, { Fe2Co}. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʤʝʪʦʜʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʷ 

[Fe2
IIICoIIO(Piv)6(Pym)3] (Dɽ/ʂɺ = 10 ʂ), [Fe2

IIICoIIO(Piv)6(H2O)(phen)] (Dɽ/ʂɺ = 

43 ʂ), ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ. 

¶ ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʦʤʦʣʦʛʠʯʥʳʝ ʙʣʦʢʠ s- ʠ d-

ʵʣʝʤʝʥʪʦʚ ʩ ʘʥʠʦʥʘʤʠ 2-ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʦʙʣʘʜʘʶʱʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

¶ ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʨʦʚʥʷ 

ʘʢʪʠʚʥʦʩʪʠ in vitro ʧʨʦʪʠʚ M. Smegmatis ʠ M. tuberculosis H37Rv 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʩʦʟʜʘʥʥʦʡ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʠʙʣʠʦʪʝʢʠ, 

ʚʢʣʶʯʘʶʱʠʡ ʜʘʥʥʳʝ ʙʦʣʝʝ 30 ʢʦʤʧʣʝʢʩʦʚ, ʧʦʟʚʦʣʠʣ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ 

ʥʘʠʙʦʣʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʣʠʷʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʘʥʠʦʥʦʚ ʬʫʨʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ N-

ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʪʝʤʘʪʠʢʠ ʚʧʣʦʪʴ ʜʦ ʩʦʟʜʘʥʠʷ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʩʦʚʤʝʩʪʥʦ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʠʥʩʪʠʪʫʪʘʤʠ).  

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

¶ɻʠʙʨʠʜʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʠʚʘʣʘʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ Fe(III) ʩ ʙʣʦʢʦʤ [Fe+3Oʄd] (M = Zn2+, Mn2+/3+, Ni2+, Co2+): 

ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʄʝʩʩʙʘʫʵʨʘ, ʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

¶ ʎʠʢʣʠʯʝʩʢʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʠʩʪʝʤʘ çFerric wheelè {Fe8Cd} - ʧʝʨʚʘʷ ʩ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʬʨʘʛʤʝʥʪʦʤ {Cd(Piv)2}.  

¶ ɹʣʦʯʥʘʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʠʡ-ʙʣʦʢʦʚ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʠ ʣʠʪʠʷ ʠʣʠ ʩʝʨʝʙʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʝ, ʪʘʢ ʠ ʧʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʨʝʜʢʠʤʠ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ {Fe4Li2O2}; { Fe2LiO}; { Li 4} ; {Fe4Ag4}  

¶ ʇʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʥʦʚ ʉo2+/3+, Fe3+, Zn2+, ʘ ʪʘʢʞʝ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

{ Co3+-Li }, { Co3+-Cd2+} ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʘʤʠʥʘʤʠ ï ʦʪ ʤʦʥʦʷʜʝʨʥʳʭ ʜʦ ʧʦʣʠʷʜʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

¶ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʪʠʦʢʘʨʙʘʤʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [M{ S2CN(R)2} 2] (M = Zn, Cu, VO; R = -CH3, C2H5, -i-C3H7; (CH2)6) 

ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʘ ʪʘʢʞʝ c ʨʘʩʪʚʦʨʦʤ AuCl3 ʚ (2M HCl) ʠ ʧʨʠʥʮʠʧʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʫʯʘʩʪʠʠ ʥʝʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (AuÖÖÖS, AuÖÖÖCl ʠ ʜʨ).  

¶ʀʦʥʥʦʦʙʤʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ Ŭ-HFur ï ʧʨʠʥʮʠʧʳ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʦʥʦʚ ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʤʦʥʦʷʜʝʨʥʳʤʠ-
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[M(fur)2L]; ʙʠʷʜʝʨʥʳʤʠ [ʄ2(fur)4L2] ʠ ʧʦʣʠʷʜʝʨʥʳʤʠ[ʄ3(fur)6L1-3] ʠ ʜʨ. 

ʬʨʘʛʤʝʥʪʘʤʠ; ʟʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʘʥʠʦʥʦʚ ʬʫʨʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʠ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʢʦʤʧʣʝʢʩʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʨʘʟʨʘʙʦʪʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʩʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʯʠʩʪʢʘ 

ʠ ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʙʨʘʙʦʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʦʤ ʉʊɸ, 

ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʚʦʜʳ ʠ ʧʦʜʛʦʪʦʚʢʘ 

ʩʪʘʪʝʡ, ʚʳʧʦʣʥʝʥʳ ʩʦʠʩʢʘʪʝʣʝʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʫʯʘʩʪʠʠ ʜ.ʭ.ʥ. ʄ. ɸ. ʂʠʩʢʠʥʘ (ʈʉɸ), ʜ.ʭ.ʥ. ʖ. ɺ. ʅʝʣʶʙʠʥʦʡ 

(ʈʉɸ), ʇ. ɺ. ʇʨʠʤʘʢʦʚʘ (ʈʉɸ), ʢ.ʭ.ʥ. ɸ. ɺ. ʍʦʨʦʰʠʣʦʚʘ (ʉʊɸ), ʢ.ʭ.ʥ. ʅ. ʅ. 

ɽʬʠʤʦʚʘ (ʤʘʛʥʝʪʠʟʤ), ʜ.ʭ.ʥ. ʖ. ɺ. ʄʘʢʩʠʤʦʚʘ, ʢ.ʬ.-ʤ.ʥ. ɺ. ʂ. ʀʤʰʝʥʥʠʢʘ 

(ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʄʝʩʩʙʘʫʵʨʘ), ʜ.ʭ.ʥ. ʄ. ɺ. ʌʝʜʠʥ (ʕʇʈ), ʢ.ʭ.ʥ. ɼ. ʉ. ʗʤʙʫʣʘʪʦʚʘ 

(ʩʠʥʪʝʟ), ʢ.ʙ.ʥ. ʆ. ɹ. ɹʝʢʢʝʨ, ʢ.ʙ.ʥ. ʂ. ɹ. ʄʘʡʦʨʦʚ (ʙʠʦʠʩʧʳʪʘʥʠʷ). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʩʠʤʧʦʟʠʫʤʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ: çɸʤʫʨʩʢʘʷ ʥʘʫʢʘ 

ʥʘ ʧʦʨʦʛʝ III  ʪʳʩʷʯʝʣʝʪʠʷè (ɹʣʘʛʦʚʝʱʝʥʩʢ, 2000), 2-ʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ 

ʩʠʤʧʦʟʠʫʤ çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝè (ɺʣʘʜʠʚʦʩʪʦʢ, 2000; 

ɹʣʘʛʦʚʝʱʝʥʩʢ 2015), VII  ʨʝʛʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪ. ʢʦʥʬ. çʄʦʣʦʜʝʞʴ XXI : 

ʰʘʛ ʚ ʙʫʜʫʱʝʝè (ɹʣʘʛʦʚʝʱʝʥʩʢ, 2006), XXIII , XXIV , XXV , XXVII  

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʏʫʛʘʝʚʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

(ʆʜʝʩʩʘ 2007; Cʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 2009; ʉʫʟʜʘʣʴ 2011; ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 2017), 

XV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

ʃʦʤʦʥʦʩʦʚ-2008 (ʄʦʩʢʚʘ, 2008), I ɼʘʣʴʥʝʚʦʩʪʦʯʥʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ 

ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡè (ɺʣʘʜʠʚʦʩʪʦʢ, 2011), IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 
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ʢʦʥʬʝʨʝʥʮʠʷ (ʂʨʘʩʥʦʷʨʩʢ, 2011), II  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɺʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ɺʦʩʪʦʯʥʦʡ 

ɸʟʠʠè (ɹʣʘʛʦʚʝʱʝʥʩʢ, 2012), XII , XV ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʊʫʘʧʩʝ, 2015, 2018), ʂʣʘʩʪʝʨ 

ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çʆʨʛʭʠʤè (ʈʝʧʠʥʦ, 2016), VII 

International Conference çHigh-spin molecules and molecular magnetè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2016), 8th International Symposium on Bioorganometallic chemistry 

(ʄʦʩʢʚʘ, 2016), 6th European Conference on Molecular Magnetism (ɹʫʭʘʨʝʩʪ, 

2017), IX ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʉʫʟʜʘʣʴ, 2018), 

43rd International conference on coordination chemistry (ICCC ʗʧʦʥʠʷ, ʉʝʥʜʘʡ 

2018), ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʢʣʘʩʪʝʨ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

çInorgchem 2018è (ɸʩʪʨʘʭʘʥʴ, 2018), 2nd European Conference on Molecular 

Spintronics çECMolS 2018è (ʀʩʧʘʥʠʷ, ʇʝʥʠʩʢʦʣʘ, 2018), V ʈʦʩʩʠʡʩʢʠʡ ʜʝʥʴ 

ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2019), ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ çWCFMè (ʀʩʧʘʥʠʷ, 

ɺʘʣʝʥʩʠʷ 2019), 7th European Conference on Molecular Magnetism (ʀʪʘʣʠʷ, 

ʌʣʦʨʝʥʮʠʷ, 2019), ʄʆɹʀ-ʍʠʤʌʘʨʤʘ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2020).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʟʘʜʘʥʠʝʤ ʀʆʅʍ ʈɸʅ, ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ.  

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʦ ʚ 52 ʧʫʙʣʠʢʘʮʠʷʭ, 

ʚ ʪʦʤ ʯʠʩʣʝ 27 ʩʪʘʪʴʷʭ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ ʈʌ ʠ ʪʝʟʠʩʘʭ 25 ʜʦʢʣʘʜʦʚ ʥʘ ʈʦʩʩʠʡʩʢʠʭ ʠ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 313 

ʠʩʪʦʯʥʠʢʘ, ʠ ʧʨʠʣʦʞʝʥʠʷ; ʠʟʣʦʞʝʥʘ ʥʘ 277 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 108 ʨʠʩʫʥʢʦʚ, 

35 ʪʘʙʣʠʮ ʚ ʪʝʢʩʪʝ ʠ 27 ʪʘʙʣʠʮ ʚ ʧʨʠʣʦʞʝʥʠʠ. 

ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 
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1.1 ʇʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʳ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ: 

ʚʠʜʳ, ʤʝʪʦʜʳ ʩʙʦʨʢʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ-ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ, ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ, ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ 

ʦʢʘʟʘʣʩʷ ʩʦʩʪʨʝʜʦʪʦʯʝʥ ʥʘ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʧʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʨʝʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʂʘʩʘʷʩʴ ʩʧʝʮʠʘʣʠʩʪʦʚ-ʭʠʤʠʢʦʚ, ʟʘʜʘʯʝʡ 

ʢʦʪʦʨʳʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʭʠʤʠʯʝʩʢʦʡ 

ʩʙʦʨʢʠ ʪʘʢʠʭ ʚʝʱʝʩʪʚ - ʤʦʣʝʢʫʣ, ʧʦʣʠʤʝʨʦʚ, ʢʦʤʧʦʟʠʪʦʚ, ʩʧʣʘʚʦʚ ʠ ʜʨʫʛʠʭ 

ʪʚʝʨʜʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʙʠʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʢʘʟʘʣʦʩʴ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʛʨʘʥʠʯʠʪʴʩʷ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʫʯʠʪʳʚʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʚʝʱʝʩʪʚʘ ʩ ʥʦʚʳʤʠ ʠʣʠ ʜʘʞʝ ʧʨʦʩʪʦ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘʯʘʩʪʫʶ 

ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ, ʧʦʨʦʡ ʥʝʦʞʠʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʦʩʪʠʞʝʥʠʶ 

ʮʝʣʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʦʦʙʱʝ ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʧʫʪʝʡ 

ʧʦʣʫʯʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʦʣʝʢʫʣ / ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʩʝʨʴʝʟʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ, ʤʝʪʦʜʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʙʣʦʯʥʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʫʩʧʝʰʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʝʯʥʘʷ ʤʦʣʝʢʫʣʘ ʠʣʠ ʤʘʪʝʨʠʘʣ ʩʢʣʘʜʳʚʘʶʪʷ ʢʘʢ 

ʥʝʢʘʷ ʢʘʨʪʠʥʘ ʠʟ çʧʘʟʣʦʚè (ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ-ʙʣʦʢʦʚ) ʩ ʫʯʝʪʦʤ ʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʧʨʠʤʝʨ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ s-d, d-dô ʠ d-f ʙʣʦʢʦʚ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ ʢ ʦʞʠʜʘʝʤʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚʘʭ [1-3]. ʉʦʯʝʪʘʥʠʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʠʦʥʦʚ 

ʛʝʪʝʨʦʤʝʪʘʣʣʦʚ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʪʨʠʚʠʘʣʴʥʫʶ ʟʘʜʘʯʫ, 



 18 

ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, 

ʢʘʞʜʳʡ ʠʭ ʢʦʪʦʨʳʭ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʠ 

ʧʦʣʠʵʜʨʦʚ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʫʩʠʣʠʚʘʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠʦʥʦʚ ʠ/ʠʣʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʤʘʛʥʠʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʠ ʜʨ. ɺ ʜʘʥʥʦʤ 

ʦʙʟʦʨʝ ʤʳ ʧʨʠʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ 

ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʣʦʛʠʡ ʠ ʧʦʜʭʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʦʥʦ- ʠ 

ʧʦʣʠʷʜʝʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʚ ʦʩʥʦʚʥʦʤ ʢʘʩʘʶʱʠʝʩʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʠʣʠ 

ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʠ ʜʨʫʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɼʦʙʘʚʠʤ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʭʦʪʷ ʙʳ ʤʝʪʘʣʣʦʦʩʪʦʚʘ) 

ʩʦʙʣʶʜʘʶʪʩʷ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ s-ʤʝʪʘʣʣʦʚ.  

 

1.1.1 ɹʠ- ʠ ʪʨʝʭʲʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ  

 

ʂ ʚʘʞʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʩʧʦʩʦʙʥʳʤ ʬʦʨʤʠʨʦʚʘʪʴ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʙʫʜʫʱʠʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʤʦʪʠʚʳ, ʚ ʢʦʪʦʨʳʭ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʩʦʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ-, ʛʘʣʦʛʝʥʥʳʝ, ʬʦʩʬʘʪʥʳʝ-, ʧʠʨʘʟʦʣʘʪʥʳʝ ʠ ʜʨʫʛʠʝ ʘʥʠʦʥ,r 

ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʷʩʴ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʘʣʦʦʩʪʦʚʘ, ʦʩʥʦʚʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʬʠʟʠʯʝʩʢʠʭ (ʘ ʠʥʦʛʜʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ) ʩʚʦʡʩʪʚ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ 

ʩʫʙʩʪʨʘʪʘ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʘʥʠʦʥʳ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʫ ʥʠʭ ʜʚʫʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, 

ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʜʦʙʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʚʦʡʩʪʚ (ʤʘʛʥʠʪʥʳʭ, ʩʦʨʙʮʠʦʥʥʳʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ). ɼʣʷ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʣʠʛʘʥʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʢʦʦʨʜʠʥʘʮʠʠ (ʉʭʝʤʘ 1).  
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ʉʭʝʤʘ 1 ï ʊʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ ʉOʆ- 

 

ʉʧʦʩʦʙʥʦʩʪʴ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʚʷʟʳʚʘʪʴʩʷ ʙʦʣʝʝ ʯʝʤ ʩ ʦʜʥʠʤ 

ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʝʪ ʥʘʨʘʱʠʚʘʪʴ ʤʝʪʘʣʣʦʦʩʪʦʚ ʚ ʢʦʤʧʣʝʢʩʝ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ ʜʠʟʘʡʥʝ ʧʦʣʠʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʛʝʥʝʟʠʩ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʦʚ ʦʪ ʙʠ- ʜʦ ʧʦʣʠʷʜʝʨʥʳʭ. ʅʘʠʙʦʣʝʝ 

ʧʨʦʩʪʦ ʫʩʪʨʦʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ {M2(ɛ-OOCR)4} 

(M = Cr, Cu, Zn; R ï Me, Ph), ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʚʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʘ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʯʝʨʝʟ ʦʢʩʦ- ʠʣʠ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʳ [4-16]. 

ɼʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʙʣʦʢʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʚʢʣʶʯʘʷ ʮʝʧʦʯʝʯʥʳʝ (1D) 

[5-9]; ʩʣʦʠʩʪʳʝ (2D) [11, 15] ʠ ʢʘʨʢʘʩʥʳʝ (3D) ʩʪʨʫʢʪʫʨʳ [13, 16]. ʉʨʝʜʠ ʥʠʭ 

ʙʠʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤʳ ʞʝʣʝʟʘ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʳ. ʊʘʢ, ʢʨʦʤʝ ʫʧʦʤʷʥʫʪʳʭ ʜʠʤʝʨʦʚ {Fe2(ɛ-OOCR)4} ʩ ʠʦʥʘʤʠ Fe(II) ʩ 

ʯʝʪʳʨʴʤʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ, ʠʟʚʝʩʪʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʠʷʜʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ Fe(III), ʚ ʢʦʪʦʨʳʭ ʢʨʦʤʝ ʤʦʩʪʠʢʦʚʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʘʥʠʦʥʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʩʦ- ʠʣʠ ʛʠʜʨʦʢʩʦ ʤʦʩʪʠʢʦʚʳʝ 

ʣʠʛʘʥʜʳ (Õ2-O ʠʣʠ Õ2-Oʅ) [ʩʤ. ʥʘʧʨʠʤʝʨ 17, 18] (ʨʠʩ. 1.1ʘ, ʙ). ʉʨʝʜʠ ʥʠʭ 

ʥʘʠʙʦʣʝʝ ʥʝʪʝʨʝʩʥʳʤʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʦʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ, ʜʦʧʦʣʥʝʥʥʳʡ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ ʠʤʠʜʘʟʦʣʴʥʳʭ ʮʠʢʣʦʚ, ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʠ ʘʢʪʠʚʘʮʠʠ ʩʘʡʪʦʚ ʬʝʨʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʨʠʙʦʥʫʢʣʝʦʪʠʜʨʝʜʫʢʪʘʟʳ (RNR-R-2). 
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                                 (ʘ)                                                                       (ʙ) 

ʈʠʩʫʥʦʢ 1.1 ï ʇʨʠʤʝʨʳ ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ Fe(III ) 

 

ʆʜʥʘʢʦ ʙʠʷʜʝʨʥʳʡ ʪʠʧ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ ʩʢʦʨʝʝ ʠʩʢʣʶʯʝʥʠʝ, ʦʩʦʙʝʥʥʦ 

ʜʣʷ ʤʦʣʝʢʫʣ ʩ ʠʦʥʘʤʠ Fe(II), ʠʟ-ʟʘ ʝʛʦ ʩʢʣʦʥʥʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʛʠʜʨʦʣʠʟʫ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʘʪʠʦʥʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

Fe3O(OOCR)6
+ ʩ ʠʦʥʘʤʠ Fe(III), ʣʠʙʦ ʥʝʡʪʨʘʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩ ʠʦʥʘʤʠ 

Fe(III) ʠ Fe(II ).   

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ 

ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʭʠʤʠʯʝʩʢʠ ʞʝʩʪʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʙʘʟʦʚʳʝ (ʪʨʝʭʲʷʜʝʨʥʳʝ) ʢʘʨʙʦʢʩʠʣʘʪʳ, ʤʝʪʘʣʣʦʦʩʪʦʚʥʳʝ ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʠʣʠ ʦʙʲʝʜʠʥʝʥʳ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʩʪʨʫʢʪʫʨ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʚ 1965 ʛ. B.N. Figgis ʠ G.B. Robertson [19]. 

ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚʤʝʩʪʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʘʨʠʘʮʠʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ N-ʜʦʥʦʨʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ bipyridine, phen, 

propandiamine ʠ ʜʨ.) [20-22], ʜʦʧʦʣʥʷʶʱʠʭ ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ 
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ʦʢʨʫʞʝʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʘ, ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʙʘʟʦʚʳʝ ʢʘʨʙʦʢʩʠʣʘʪʳ 

ʢʘʢ ʫʜʦʙʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʫʢʣʝʘʨʥʦʩʪʠ ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ [M3O(O2CR)6L3]
z (ʛʜʝ M=Fe, Ni, Mn, Cr, Zn ʠ ʪ.ʜ.; L=H2O, 

CH3COOH, Py, CH3OH, ʊɻʌ; R= -CH3,-C6H5, C5H4NH) [23-31] (ʨʠʩ. 1.2). 

ɼʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʨʦʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [23-27], ʪʘʢ ʠ ʷʚʣʷʪʴʩʷ ʩʦʩʪʘʚʥʳʤʠ ʤʦʪʠʚʘʤʠ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ [30, 31].  

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʘ ʙʘʟʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ [Fe3O(RCOO)6L3]
+ (R = Ac-,  

Piv-, Ar-; L = H2O, THF; ʚʤʝʩʪʦ ʘʪʦʤʦʚ Fe ʚʦʟʤʦʞʥʳ Co, Mn, Cr) 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʧʦʣʫʯʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ 

ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʚʷʟʠ ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʳʭ [32-42], ʥʦ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʣʠʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ, MOF ʠʣʠ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʥʦʦʢʩʠʜʦʚ (ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ) [27, 

43-46] (ʨʠʩ. 1.3).  
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ʈʠʩʫʥʦʢ 1.3 ï ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʘʟʦʚʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ{Fe2Co(O)} 

(ʘ) ʠ { Fe2NiO} (ʙ) 

 

ʅʘʧʨʠʤʝʨ, ʚ [44] ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʜʠʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʛʦ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʘ, ʩʦʝʜʠʥʠʚ ʠʦʥʳ 

ʛʝʪʝʨʦʤʝʪʘʣʣʘ (ʥʠʢʝʣʷ(II)) ʯʝʨʝʟ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʥʢʝʨ (ʨʠʩ. 1.4ʙ). ʊʘʢʠʝ 

ʥʝʦʙʳʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʤʦʛʫʪ ʧʦʣʫʯʘʪʴ 

ʥʦʚʳʝ ʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʝʟʥʳʝ ʜʣʷ ʢʦʨʨʝʣʷʮʠʡ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʧʠʥʪʨʦʥʠʢʠ. 

 

ʈʠʩʫʥʦʢ 1.4 ï (ʘ) ʄʦʜʝʣʴ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʬʨʘʛʤʝʥʪʘʭ; (ʙ) ʧʨʠʤʝʨʳ ʢʨʠʚʳʭ ɢMT ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

{ Fe2M
II} ʤʦʪʠʚʦʚ 

ɺ ʮʝʣʦʤ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʵʬʬʝʢʪʳ ʜʣʷ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʠʦʥʦʤ Fe(III) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 
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(ʨʠʩ. 1.4ʘ, ʙ) [47-55]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʚ ʩʠʩʪʝʤʘʭ {Fe2MO} ʚ ʠʥʪʝʨʚʘʣʝ 2-300 K ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 300 ʂ ʟʥʘʯʝʥʠʷ 

ɢMT ʚʩʝʛʜʘ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʠʦʥʦʚ Fe3+  [44] ʠ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ɢMT ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 1.4ʙ), ʘ ʦʙʤʝʥʥʳʝ 

ʠʥʪʝʛʨʘʣʳ J ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

  

1.1.2 ʊʝʪʨʘʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ CCDC (CSD ʚʝʨʩʠʷ 5.48, ʘʚʛʫʩʪ 2020) ʠʟʚʝʩʪʥʦ ʯʫʪʴ 

ʙʦʣʝʝ ʪʨʝʭ ʜʝʩʷʪʢʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʝʪʨʘʷʜʝʨʥʳʤ ʤʝʪʘʣʣʦʦʢʩʠʜʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ {Fe4(ɛ-O)2}, ʚ ʢʦʪʦʨʦʤ ʠʦʥʳ ʞʝʣʝʟʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʬʦʨʤʝ ʙʘʙʯʢʠ 

(çbutterflyè-core) [56-78]. ʕʪʦʪ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʡ ʤʝʪʘʣʣʦʦʢʩʠʜʥʳʡ ʤʦʪʠʚ 

ʩʦʜʝʨʞʠʪ ʜʚʝ ʪʨʝʫʛʦʣʴʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ{Fe3(ɛ3-O)}, ʠʤʝʶʱʠʝ ʦʜʥʫ ʦʙʱʫʶ 

ʛʨʘʥʠʮʫ. ʆʙʩʫʞʜʘʝʤʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ Fe(III ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʩʪʠʢʦʚʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʝ (ʉʭʝʤʘ 2): 

 

ʉʭʝʤʘ 2 ï ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʬʠʛʫʨʘʮʠʠ {Fe4(ɛ-O)2}: (ʘ) ï ʠʟʦʛʥʫʪʘʷ; 

(ʙ) ï ʧʣʦʩʢʘʷ; (ʚ) ï çʢʨʝʩʣʦè 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʦʙʤʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Fe(III) ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ. ɸʥʘʣʠʟ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʪʘʙʣ. 1) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ ʦʙʤʝʥʥʳʭ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ J ʠ ʟʥʘʯʝʥʠʷʤʠ ʨʘʩʩʪʦʷʥʠʡ FeéFe, FeïɛO, ʘ ʪʘʢʞʝ ʫʛʣʦʤ ʆï

FeïO.  

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʘ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ J  

ʂʦʤʧʣʝʢʩ ʊʠʧ 

ʢʦʥʬʠʛ 

FeéFe 

(¡) 

Feïɛ3O 

(¡) 

O-Fe-

O(Ü) 

J 

(cm-

1) 

ʃʠʪ 

ɹʝʥʟʦʘʪʳ 

(Et4N)[Fe4O2(O2CPh)7 

(H2B(pz2)2)] 

ʠʟʦʛʥ 2.829 1.895-

1.967 

85.4; 

85.6 

no [58] 

[Fe4O2(bicoH)2(bico)2 

(O2CPh)4] 

ʧʣʦʩʢ 2.90 1.94-

1.97 

83.3 no [59] 

[Fe4O2(O2CPh)7(phen)2 

(ClO4)] 

ʠʟʦʛʥ 2.879 1.916-

1.959 

82.9; 

83.8 

-77.6 

-2.4 

[60] 

[Fe4O2(O2CPh)7(phen)2] ʠʟʦʛʥ 2.913 1.931; 

1.961 

83.0 -65.7 

-15.6 

[60] 

ʇʠʚʘʣʘʪʳ  

[Fe4O2(O2
tBu)8(2-CH3-

5-EtPy)2] 

ʧʣʦʩʢ 2.942 1.931-

1.936 

80.9 no [61] 

[Fe4O2(O2
tBu)8(2-CH3-

Py)2] 

ʧʣʦʩʢ 2.951 1.940-

1.942 

81.04 -37.2 

 

[62] 

ɸʮʝʪʘʪʳ 

[Fe4O2(O2CCH3)7(bpy)2] ʠʟʦʛʥ 2.855 1.926-

1.947 

84.5 -45.5 

-8.9 

[63] 

[Fe4O2(O2CCH3)7(bpy)2] ʢʨʝʩʣʦ 2.895 1.932-

1.994 

81.02 

84.02 

-4.1 

-10.9 

[64] 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʣʫʯʘʝ ʠʟʦʛʥʫʪʳʭ 

ʢʦʬʦʨʤʘʮʠʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʣʦʩʢʠʭ ʠ çʢʨʝʩʣʘè.  

 

1.1.3 ʇʦʣʠʷʜʝʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʘʪʦʤʘʤʠ Fe(III ) ʩʦ ʩʚʦʡʩʪʚʘʤʠ SMM 

 

ʉʝʤʝʡʩʪʚʦ SMM ʥʘ ʦʩʥʦʚʝ Fe(III) ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʩʣʝ Mn 

[79]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʘʪʦʤʘ ʞʝʣʝʟʘ: ʩʦʩʪʦʷʥʠʶ 

ʦʢʠʩʣʝʥʠʷ Fe+3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʬʠʛʫʨʘʮʠʷ 3d5 (S = 5) ʠ Fe+2 - 3d6 (S = 2) c 

ʧʷʪʴʶ ʠ ʯʝʪʳʨʴʤʷ ʥʝʩʧʘʨʝʥʥʳʤʠ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʊʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʧʨʠʤʝʨʳ SMM 

ʠ ʠʭ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Fe.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʫʩʪʨʦʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʦ ʩʚʦʡʩʪʚʘʤʠ SMM 

ʷʚʣʷʶʪʩʷ ʪʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʪʠʧ çʟʚʝʟʜʘè / çstarè) (ʨʠʩ. 1.5) [80].  

 

ʈʠʩʫʥʦʢ 1.5 ï ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʘ [Fe4(OMe)6(dpm)6] [80] 

(ʧʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʳ ʢʘʥʘʣʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʦʙʤʝʥʘ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ Fe) 
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ʊʘʙʣʠʮʘ 2. ʇʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ Fe(III) ʩʦ ʩʚʦʡʩʪʚʘʤʠ SMM 

ʂʦʤʧʣʝʢʩ S D(cm-1) Uʵʬʬ(ʂ) t0(ʩ) ʃʠʪ-ʨʘ 

[Fe4(OMe)6(dpm)6] 5 -0.2 3.5 1.1Ĭ10-6 [80] 

[Fe4(L1)2(dpm)6] 5 -0.445 15.6 3.4Ĭ10-8 [81] 

[Fe4(L2)2(dpm)6] 5 -0.432 16.6 1Ĭ10-8 [82] 

[Fe4(L3)2(dpm)6] 5 -0.421 15.6 1.9Ĭ10-8 [82] 

[Fe4(OEt)3(L4)(dpm)6] 5 -0.430 9.6 4.6Ĭ10-7 [83] 

[Fe4(L5)2(dpm)6] 5 -0.450 15.9 3.4Ĭ10-8 [84] 

[Fe4(L6)2(dpm)6] 5 -0.437 15.1 4.3Ĭ10-8 [84] 

[Fe4(esterC5)2(dpm)6] 5 -0.421 11 6.8Ĭ10-8 [85] 

[Fe4(amideC5)2(dpm)6] 5 -0.414 11 1.2Ĭ10-7 [85] 

[Fe8(O)2(OH)12(tacn)6] 10 -0.27 22.1 1.9Ĭ10-7 [86] 

[Fe9(N3)2(O2CMe)8{(2-Py)2CO2} 4] 14 - 41 3.4Ĭ10-12 [87] 

[Fe9(O)4(OH)5(heia)6(Hhea)2] 25/2 -0.07 7.6 6Ĭ10-10 [88] 

[Fe10Na2(O)6(OH)4(O2CPh)10(chp)6(H2O)2(Me2CO)2] 11 - 5.3  [89] 

[NEt]4[Fe11(O)4(O2CPh)10(thme)4(dmhp)2(Cl)4] 11/2 -0.46 - - [90] 

[Fe19(metheidi)10(OH)14(O)6(H2O)12]NO3 33/2 -0.035 - - [91] 

dpm ï ʜʠ-ʧʠʚʘʣʦʠʣʤʝʪʘʥ             ʅ3L4 ï 
tBu 

ʅ3L1 ï CH3                                     L5 ï 2,2-ʙʠʩ-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)-10-ʫʥʜʝʮʝʥ-1-ʦʣ 

ʅ3L2 ï CH2Br                                 L6 ï 11-(ʘʮʝʪʠʣʪʠʦ)-2,2-ʙʠʩ-(ʛʠʜʨʦʢʩʠʤʝʪʠʣʫʥʜʝʢʘʥ-1-ʦʣ) 

ʅ3L3 ï C6H5                                    Hheia ï NH{CH2COOH}CH2CH2OH 
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ʂʦʤʧʣʝʢʩ [Fe4(OMe)6(dpm)6] [80]) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʩʘʤʦʩʙʦʨʢʠ ʚ 

1999 ʛʦʜʫ Barra ʩ ʢʦʣʣʝʛʘʤʠ ʨʝʘʢʮʠʝʡ FeCl3 ʠ dpmH ʚ ʙʝʟʚʦʜʥʦʤ ʄʝʆʅ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ CH3ONa [80]. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʮʝʣʦʡ 

ʛʨʫʧʧʳ çʟʚʝʟʜʦʦʙʨʘʟʥʳʭè ʢʣʘʩʪʝʨʦʚ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ Fe(III), ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʪʨʝʤʷ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʮʝʥʪʨʘʤʠ Fe(III) ʪʨʝʤʷ 

ʧʘʨʘʤʠ ʤʦʩʪʠʢʦʚʳʭ ʛʨʫʧʧ ɛ-OCH3. ʂʘʞʜʳʡ ʧʝʨʠʬʝʨʠʯʝʩʢʠʡ ʘʪʦʤ ʞʝʣʝʟʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥ ʜʚʫʤʷ ʭʝʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 

ʤʦʥʦʘʥʠʦʥʘʤʠ ʆʄʝ. ʊʨʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʮʝʥʪʨʘ Fe(III) ʦʙʨʘʟʫʶʪ 

ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʞʝʣʝʟʘ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʝʛʦ ʮʝʥʪʨʝ. ʀʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʢʘʟʘʣʦ ʜʚʘ 

ʪʠʧʘ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (J1 ʠ J2) ʩʦ ʟʥʘʯʝʥʠʷʤʠ -21.1 ʩʤ-1 ʠ -2.1 ʩʤ-1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ 

ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʳʷʚʠʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʜʣʷ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ Ueff = 3.5 ʂ. 

 

1.1.4 ʄʘʛʥʠʪʥʳʝ ʢʣʘʩʪʝʨʳ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʥʝʦʙʳʯʥʦʡ ʬʦʨʤʳ ï 

çʞʝʣʝʟʥʳʝ ʢʦʣʝʩʘè 

 

ɺʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʤʢʥʫʪʳʝ 

ʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ Fe(III ) [92-101]. ʇʦʤʠʤʦ ʢʨʘʩʠʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʭʠʤʠʠ, ʵʪʠ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʙʝʣʢʦʚʳʭ ʤʦʜʝʣʝʡ 

[102-104], ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʠʥʝʨʘʣʦʛʠʠ [105], ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ [106-108] ʠ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʥʝʙʦʣʴʰʠʭ ʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʘʭ [109, 110]. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ çferric wheelè 

ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʘʣʢʦʛʦʣʠʟ (CH3OH, C6H5OH) ʠ ʩ ʧʦʤʦʱʴʶ 

ʭʝʣʘʪʠʨʫʶʱʠʭ ʣʠʥʢʝʨʦʚ [111-113]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʣʠʛʘʥʜʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʮʠʢʣʦʦʙʨʘʟʦʚʘʥʠʶ ʚʳʩʪʫʧʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʘʤʠʥʦʚ, ʜʠʦʣʦʚ, 

ʙʘʟʦʚʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [Fe3O(O2CR)6X3]
n+ [114, 115].  
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ʇʝʨʚʳʤ ʦʜʥʦʤʦʣʝʢʫʣʷʨʥʳʤ ʤʘʛʥʠʪʦʤ ʥʘ ʦʩʥʦʚʝ FeIII  ʙʳʣ 1,4,7-

ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ (tacn) ʥʘ ʦʩʥʦʚʝ [Fe8] ʢʦʤʧʣʝʢʩʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʘʥʠʟʦʪʨʦʧʥʳʤ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ S = 10 [92]. ɺ ʮʝʣʦʤ ʮʠʢʣʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ (çferric wheelè) ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ (Fe6ïFe64) ʧʦʣʫʯʠʣʠ ʙʦʣʴʰʦʝ 

ʨʘʟʚʠʪʠʝ ʙʣʘʛʦʜʘʨʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʦʙʤʝʥʘʤ, ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʚʝʩʴʤʘ 

ʧʦʣʝʟʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, 

çʞʝʣʝʟʥʦʝ ʢʦʣʝʩʦè [Fe10] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʫʧʝʥʯʘʪʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʨʠ 

ʦʯʝʥʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʟʚʘʥʥʳʝ ʧʦʣʝʤ ʧʝʨʝʩʝʯʝʥʠʷ 

ʫʨʦʚʥʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [93]. ɼʨʫʛʠʝ ʢʣʘʩʪʝʨ,r ʢʦʪʦʨʳʝ 

ʧʨʠʚʣʝʢʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ - ʵʪʦ ʠʢʦʟʠʜʦʜʝʢʘʵʜʨ [Fe30], ʚʩʪʨʦʝʥʥʳʡ ʚ 

ʤʦʣʠʙʜʝʥ ʧʦʣʠʦʢʩʦʤʝʪʘʣʘʪ [94], ʩʦʨʦʢʦʜʚʫʭʷʜʝʨʥʳʡ [95] ʩ ʮʠʘʥʠʜʥʳʤ 

ʤʦʩʪʠʢʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʫʶ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ ʠ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 

S = 45 ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ {Fe60} [96], ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ çʟʚʝʟʜʥʳʝè ʬʨʘʛʤʝʥʪʳ {Fe4}.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʧʦʣʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʳ ʨʘʟʤʝʱʘʶʪʩʷ ʠʦʥʳ ʠʣʠ 

ʥʝʡʪʨʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ [116].  

 

ʈʠʩʫʥʦʢ 1.6 ï (ʘ) ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ 

[Fe8(OH)4(O2CCHMe2)12(PhO)8]; (ʙ) ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʣʝʩ ʚʜʦʣʴ 

ʧʣʦʩʢʦʩʪʠ bc 
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ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʄʆʌ, 

ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʩʦʨʙʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ çʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʰʠʥè. ʇʨʦʩʪʳʤ ʧʨʠʤʝʨʦʤ ʟʜʝʩʴ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚʦʩʴʤʠʷʜʝʨʥʳʡ ʧʣʦʩʢʠʡ 

ʢʣʘʩʪʝʨ {Fe8} (d = 8.5 ¡) (ʚʦʩʴʤʠʷʜʝʨʥʦʝ ʢʦʣʝʩʦ), ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ 

ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʦʣʝʢʫʣʘ ʚʦʜʳ (ʨʠʩ. 1.6)[116-118]. 

ɺ ʨʷʜʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʞʝʣʝʟʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ 

ʢʣʘʩʪʝʨʳ ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʠʥʢʘʧʩʫʣʠʨʫʶʪʩʷ ʘʪʦʤʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ [119, 

120] (ʈʠʩ. 1.7). 

 

 

ʈʠʩʫʥʦʢ 1.7 - ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ [CsFe8{N(CH2CH2O)3} 8]Cl 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʕʇʈ, ʗʄʈ, ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ) ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʘʛʥʠʪʥʳʝ ʵʬʬʝʢʪʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʭʦʞʜʝʥʠʝʤ ʚʥʫʪʨʴ ʮʠʢʣʘ ʠʦʥʦʚ / ʘʪʦʤʦʚ. ʅʘʧʨʠʤʝʨ, 

ʦʢʪʘʷʜʝʨʥʦʝ ʢʦʣʝʩʦ {CsFe8} ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʝʜʢʠʡ ʧʨʠʤʝʨ ʧʦʯʪʠ ʠʜʝʘʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʪʦʧʦʣʦʛʠʠ (ʈʠʩ. 1.7). ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʚʥʝʜʨʝʥʠʷ ʚ ʧʦʣʦʩʪʴ ʢʦʣʝʩʘ ʘʪʦʤʦʚ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʙʣʝʤʫ, ʪ.ʢ. ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʚ ʮʠʢʣʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʦʩʪʦʚ 

ʢʦʣʝʩʘ [121, 122]. 
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1.2 ʈʦʣʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ: ʦʩʥʦʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʨʦʙʣʝʤʳ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚʳʧʦʣʥʷʶʪ ʤʥʦʞʝʩʪʚʦ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʚ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʘʪʦʛʝʥʘʭ: ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʬʘʢʪʦʨʳ ʜʣʷ 

ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʜʝʣʘʷ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʢʘʢ ʜʣʷ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʜʣʷ 

ʬʫʥʢʮʠʠ ʙʝʣʢʘ, ʘ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʠ ʨʝʛʫʣʷʮʠʠ 

ʚʠʨʫʣʝʥʪʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʜʝʨʞʘʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʘʪʦʛʝʥʥʦʩʪʠ, 

ʧʨʠʯʝʤ ʩʘʤʠ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʥʦʛʠʭ 

ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ (ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʦʚ) ʙʣʘʛʦʜʘʨʷ ʜʠʥʘʤʠʯʥʦʡ red-ox 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʚʝʨʛʘʪʴʩʷ ʩʜʚʠʛʫ ʦʪ ʥʠʟʢʦʚʘʣʝʥʪʥʳʭ ʢ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ, ʘ ʧʨʦʱʝ ʛʦʚʦʨʷ, ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʣʝʛʢʠʡ ʧʝʨʝʥʦʩ 

ʵʣʝʢʪʨʦʥʘ [123]. ʕʪʠʤ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠʤʝʥʥʦ 

ʢ ʙʠʦʘʢʪʠʚʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʛʜʝ ʧʦʜʦʙʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʝʨʝʭʦʜʳ ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ, ʠʥʠʮʠʠʨʫʷ ʠʟʤʝʥʝʥʠʝ ʢʘʢ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ-ʢʦʥʪʨʘʛʝʥʪʘ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦʪ ʬʘʢʪʦʨ ʙʳʣ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʩʳʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʧʘʪʦʛʝʥʦʚ [124, 125].  

 

1.2.1 ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ 

ʤʝʪʘʣʣʦʚ 

 

ɿʘʤʝʪʥʳʝ ʫʩʧʝʭʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʚ ʩʦʟʜʘʥʠʠ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ 

ʣʝʯʝʥʠʷ ʨʘʢʘ ʠ ʤʘʣʷʨʠʠ ʥʘ ʬʦʥʝ ʦʙʦʩʪʨʠʚʰʠʭʩʷ ʧʨʦʙʣʝʤ ʩ ʭʠʤʠʦʪʝʨʘʧʠʝʡ 

ʪʫʙʝʨʢʫʣʝʟʘ ʧʦʙʫʜʠʣʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʥʦʛʦ ʧʨʦʬʠʣʷ (ʭʠʤʠʢʦʚ, ʙʠʦʣʦʛʦʚ, 

ʛʝʥʝʪʠʢʦʚ, ʤʝʜʠʮʠʥʩʢʠʭ ʭʠʤʠʢʦʚ ʠ ʜʨ.) ʦʙʨʘʪʠʪʴʩʷ ʢ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʙʳʣʦ 

ʩʦʟʜʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (metallodrugs), ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʜʦʙʨʝʥʳ 

ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʮʠʩʧʣʘʪʠʥ, ʘʫʨʘʥʦʬʠʥ, 

ʢʘʨʙʦʧʣʘʪʠʥ, ʥʠʪʨʦʧʨʫʩʩʠʜ, ʩʫʣʴʬʘʜʠʘʟʠʥ ʩʝʨʝʙʨʘ) [126]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʦ, ʥʦ ʠ ʟʥʘʯʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ, ʫʞʝ ʩʦʟʜʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ ʠ ʜʨʫʛʠʭ ʦʧʘʩʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʣʠʙʦ 

ʩʣʫʯʘʡʥʦ, ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ [127-141]. ɺ 

ʵʪʦʤ ʦʙʟʦʨʝ ʤʳ ʧʨʠʚʝʜʝʤ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʥʘʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠʟʚʝʩʪʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, 

ʚʥʝʜʨʝʥʥʳʝ ʚ ʧʨʘʢʪʠʢʫ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʥʘʟʳʚʘʝʪ 

ʨʘʢ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʚʦ ʚʩʝʤ ʤʠʨʝ [136]. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʮʠʩ-ʧʣʘʪʠʥ (ʮʠʩ-ʜʠʘʤʤʠʥ-

ʜʠʭʣʦʨʧʣʘʪʠʥ(II) (Platinol), ʢʚʘʜʨʘʪʥʳʡ ʧʣʦʩʢʠʡ ʢʦʤʧʣʝʢʩ Pt2+ [128-130] (ʨʠʩ. 

1.8) 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʝʤʝʡʩʪʚʦ ʧʣʘʪʠʥʦʚ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʮʠʩ-ʧʣʘʪʠʥʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʨʘʛʤʝʥʪ [Pt(NH3)2]
2+ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ɼʅʂ N7 

ʛʫʘʥʠʥʘ (G) ʠʣʠ ʘʜʝʥʠʥʘ (A) ʚ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ GG ʠ AG 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʦʚ. ʊʘʢʠʝ ʘʜʜʫʢʪʳ ʮʠʩ-ʧʣʘʪʠʥ-ɼʅʂ ʧʨʠʚʦʜʷʪ ʢ 

ʦʩʪʘʥʦʚʢʝ ʨʝʧʣʠʢʘʮʠʠ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʢ 
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ʘʧʪʦʟʫ. ɺ ʧʦʠʩʢʘʭ ʤʝʥʝʝ ʪʦʢʩʠʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʯʝʤ ʫ ʮʠʩ-ʧʣʘʪʠʥʘ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʝʱʝ ʨʷʜ ʧʨʝʧʘʨʘʪʦʚ ʢʘʨʙʦʧʣʘʪʠʥ (ʮʠʩ-ʜʠʘʤʠʜʠʥʮʠʢʣʦʙʫʪʘʥ-1,1-

ʜʠʢʘʨʙʦʢʩʠʣʘʪʦ-ʧʣʘʪʠʥʘ(II)), ʦʢʩʘʣʠʧʣʘʪʠʥ (N, N'-1,2-ʜʠʘʤʠʥʦʩʠʢʣʦʛʝʢʩʘʥ-

(O-O')-ʵʪʘʥʜʠʦʘʪʦ)ʧʣʘʪʠʥʳ(II)), ʥʝʜʘʧʣʘʪʠʥ ʠ ʜʨʫʛʠʝ ʢʦʪʦʨʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʝʱʝ ʪʦʣʴʢʦ ʧʨʦʭʦʜʷʪ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ [131-136].  

ʋʩʧʝʰʥʦ ʣʝʯʘʪʩʷ ʧʨʝʧʘʨʘʪʘʤʠ ʟʦʣʦʪʘ ʘʫʪʦʠʤʤʫʥʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʩʫʩʪʘʚʦʚ. ɼʦ 2% ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ 

ʩʪʨʘʜʘʶʪ ʦʪ ʭʨʦʥʠʯʝʩʢʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʨʝʚʤʘʪʦʠʜʥʦʛʦ 

ʘʨʪʨʠʪʘ. (ʈɸ) [137, 138]. ɺ 1930-ʭ ʛʦʜʘʭ ʌʦʨʝʩʪʴʝ ʦʩʦʟʥʘʣ ʧʦʪʝʥʮʠʘʣ ʟʦʣʦʪʘ ʚ 

ʣʝʯʝʥʠʠ ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘʯʠʥʘʝʪʩʷ çɿʦʣʦʪʦʝ 

ʜʝʩʷʪʠʣʝʪʠʝè ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʦʢʦʣʦ 120 ʩʦʝʜʠʥʝʥʠʡ ʟʦʣʦʪʘ 

(ʮʠʘʥʠʜ ʠ ʪʠʦʩʫʣʴʬʘʪʳ ʟʦʣʦʪʘ (I), ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʣʝʯʝʥʠʷ ʪʫʙʝʨʢʫʣʝʟʘ 

ʣʝʛʢʠʭ; ʙʦʣʴʰʠʥʩʪʚʦ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ - ʘʫʨʦʪʠʦʤʘʣʘʪ (ʤʠʦʭʨʠʟʠʥ, 

ʤʠʦʢʨʠʟʠʥ, ʪʘʫʨʝʜʦʥ), ʘʫʨʦʪʠʦʛʣʶʢʦʟʘ (ʘʫʨʝʦʪʘʥ, ʩʦʣʛʘʥʘʣ, ʩʦʣʛʘʥʦʣ, 

ʘʫʨʦʤʠʦʟʘ), ʥʘʪʨʠʡ ʘʫʨʦʪʠʦʧʨʦʧʘʥʦʣʩʫʣʴʬʦʥʘʪ (ʘʣʣʦʭʨʠʟʠʥ) ʠ ʥʘʪʨʠʡ 

ʘʫʨʦʪʠʦʩʫʣʴʬʘʪ (ʩʘʥʦʭʨʠʟʠʥ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʢʘʢ 

ʧʨʦʪʠʚʦʨʝʚʤʘʪʠʯʝʩʢʠʝ, ʟʘʤʝʜʣʷʶʱʠʝ ʧʨʦʮʝʩʩ ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ, ʧʫʪʝʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʵʥʜʦʧʝʧʪʠʜʘʟ) [139]. 

ʆʛʨʦʤʥʦʝ ʯʠʩʣʦ ʣʶʜʝʡ ʚʦ ʚʩʝʤ ʤʠʨʝ ʩʪʨʘʜʘʶʪ ʜʠʘʙʝʪʦʤ (ʧʦ ʦʮʝʥʢʘʤ ɺʆɿ 

ʦʢʦʣʦ 347 ʤʣʥ ʯʝʣʦʚʝʢ). ɺ 1899 ʛʦʜʫ ʃʠʦʥʝʪ ɹ. ʦʪʢʨʳʣ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ ʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ ʫ ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ (ʧʦʟʞʝ ʵʪʦ ʙʳʣʦ 

ʦʙʲʷʩʥʝʥʦ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʚʘʥʘʜʘʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʬʦʩʬʦʪʘʟ) [140]. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʘʥʘʜʠʷ(IV, V) ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʘʣʠʚʘʥ, ʤʘʣʴʪʦʣ, ʩʘʣʝʥ ʠ ʜʨ. ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʠʘʙʝʪʦʣʦʛʘʤʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [141-145]. ʅʝ ʪʘʢ ʜʘʚʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʘʭ ʚʘʥʘʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ, ʦʩʪʘʥʦʚʢʠ ʠ ʨʝʧʘʨʘʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʝʡ (ʧʦʩʣʝ 

ɼʊʇ, ʩʝʨʜʝʯʥʦʛʦ ʧʨʠʩʪʫʧʘ ʠ ʪ.ʜ.) [146-149]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʚʝʨʰʘʶʪʩʷ ʫʩʧʝʰʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʚʫʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʧʨʦʪʠʚ Herpes simplex labialis, ʚʳʟʳʚʘʶʱʠʝ 
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ʦʬʪʘʣʴʤʦʣʦʛʠʯʝʩʢʠʡ ʛʝʨʧʝʪʠʯʝʩʢʠʡ ʢʝʨʘʪʠʪ / ʘʜʝʥʦʚʠʨʫʩʥʳʡ ʢʦʥʲʶʥʢʪʠʚʠʪï 

ʉʊʉ-96 (ʜʦʢʩʦʚʠʨ) ʠ ʪʠʦʤʝʨʟʘʣ (ʨʠʩ. 1.9). 

 

ʈʠʩʫʥʦʢ 1.9 ï ʄʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʉʊʉ-96 (ʘ) ʠ ʪʠʦʤʝʨʟʘʣ (ʙ). 

 

ʅʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ(II) ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʦʩʪʘʪʢʘʤʠ ʛʠʩʪʠʜʠʥʘ ʜʦʤʝʥʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʶʪ 

ʩʚʷʟʳʚʘʥʠʝ ʙʝʣʢʘ ʩ ʝʛʦ ʫʟʥʘʚʘʝʤʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ [150, 151]. 

ʇʨʦʜʦʣʞʘʶʱʝʝʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

(MDR-XDR) ʠ ʣʘʪʝʥʪʥʦʛʦ ʪʫʙʝʨʢʫʣʝʟʘ ʚʳʜʚʠʥʫʣʦ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʧʨʦʙʣʝʤʫ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʪʫʙʝʨʢʫʣʝʟʘ. ɺʦʟʨʦʩʰʠʡ ʠʥʪʝʨʝʩ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʩʦʟʜʘʥʠʝʤ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʪʘʢ ʠ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ. ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 

ʢʨʠʟʠʩʘ ʚ ʭʠʤʠʦʪʝʨʘʧʠʠ ʪʫʙʝʨʢʫʣʝʟʘ, ʚʳʟʚʘʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʤʫʣʴʪʠʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʦʙʘʢʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʜʦʨʤʘʥʪʥʦʡ ʧʦʧʫʣʷʮʠʠ, 

ʪʨʝʙʫʝʪʩʷ ʥʦʚʘʷ ʩʪʨʘʪʝʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʣʝʢʘʨʩʪʚʘ ʩ ʥʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ, ʘ ʠʤʝʥʥʦ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʜʦʢʩ-ʨʝʛʫʣʷʮʠʠ 

ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʠʷ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 

ʧʨʦʮʝʩʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʜʦʢʩ-ʛʦʤʝʦʩʪʘʟ ʤʠʢʦʙʘʢʪʝʨʠʠ [152-155]. 

ɺʘʞʥʝʡh ʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʜʦʢʩ-ʛʦʤʝʦʩʪʘʟʘ ʤʠʢʦʙʘʢʪʝʨʠʡ ʷʚʣʷʶʪʩʷ 

ʵʩʩʝʥʮʠʘʣʴʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʧʝʨʝʤʝʥʥʳʝ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʮʠʥʢʘ), ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʢʦʬʘʢʪʦʨʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʠʦʣʠʛʘʥʜʦʚ 

(ʬʝʨʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʙʝʣʢʦʚ). ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʠʰʝʥʝʡ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʨʦʮʝʩʩʘʭ ʨʝʜʦʢʩ-ʨʝʛʫʣʷʮʠʠ ʙʘʢʪʝʨʠʡ (ʨʝʛʫʣʷʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʝʜʦʢʩ ʘʢʪʠʚʘʮʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ ʯʝʨʝʟ ʜʳʭʘʪʝʣʴʥʫʶ ʮʝʧʴ) ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ 

ʥʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʥʳʭ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʨʘʟʚʠʪʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, M. tuberculosis 

ʠʩʧʦʣʴʟʫʝʪ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʘʣʳʭ ʙʝʣʢʦʚ ʩʠʜʝʨʦʬʦʨʦʚ - 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʚʥʫʪʨʠ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʬʘʛʦʚ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʨʝʧʣʠʢʘʮʠʷ ʙʘʮʠʣʣʳ ʚʥʫʪʨʠ ʬʘʛʦʩʦʤʳ.  

ʅʦʚʡr ʪʠʧ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʧʦʷʚʠʣʩʷ ʚ ʨʷʜʫ ʬʝʨʨʦʮʝʥʦʚ [156, 157]. ʊʘʢ, ʛʠʙʨʠʜʳ ʬʝʨʨʦʮʝʥʘ ʩ 

ʘʥʪʠʤʘʣʷʨʠʡʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʭʣʦʨʦʭʠʥʦʤ (ʬʝʨʨʦʭʠʥ, FQ) ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʧʨʝʧʘʨʘʪʦʤ ʪʘʤʦʢʩʠʬʝʥʦʤ (ʬʝʨʨʦʮʠʬʝʥʳ) ʦʢʘʟʘʣʠʩʴ 

ʘʢʪʠʚʥʳʤʠ ʧʨʦʪʠʚ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ Plasmodium falciparum (Dd2) ʠ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʷʪ ʢʣʠʥʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ. ʂʦʤʙʠʥʘʮʠʷ ʠʟʦʥʠʘʟʠʜʘ (ʧʨʝʧʘʨʘʪʘ ʧʝʨʚʦʛʦ ʨʷʜʘ ʣʝʯʝʥʠʷ 

ʪʫʙʝʨʢʫʣʝʟʘ) ʩ ʧʝʥʪʘʮʠʘʥʦʬʝʨʨʘʪʦʤ ʞʝʣʝʟʘ(II) IQG607, ʧʦʢʘʟʘʣ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʢ ʧʨʦʪʠʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʧʨʦʪʠʚ ʠʟʦʥʠʘʟʠʜ-ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ 

M. Tuberculosis. IQG607 ï ʧʝʨʚʳʡ ʠʟʚʝʩʪʥʳʡ ʫʜʘʯʥʳʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ çʧʨʠʜʘʝʪè ʠʩʭʦʜʥʦʤʫ ʧʨʝʧʘʨʘʪʫ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ 

ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ M. Tuberculosis ʥʝ ʪʦʣʴʢʦ in vitro, ʥʦ ʠ in vivo, 

ʚʦʟʤʦʞʥʦ, ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ. ʂʦʤʧʣʝʢʩʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ 
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ʧʦʢʘʟʘʣʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ ʧʘʪʦʛʝʥʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʥʪʠʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʠʟʦʥʠʢʦʪʠʥʦʠʣʛʠʜʨʘʟʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʠʟ ʨʷʜʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ 

ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ [157]. ɿʘ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʧʦʷʚʠʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ Cu2+, Zn2+ ʠ Fe3+ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʯʝʤ ʠʩʭʦʜʥʳʝ ʣʠʛʘʥʜʳ. ʇʦʵʪʦʤʫ ʩʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʦʟʤʦʞʥʦ ʦʪʢʨʦʝʪ ʧʝʨʩʧʝʢʪʠʚʫ 

ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʝʜʘʚʥʦ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʦʥʠʘʟʠʜʘ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʧʣʝʢʩ 

[Ru(NH3)5(INH)](BF4)2 ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʧʨʦʪʠʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʧʨʦʪʠʚ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ M. Tuberculosis. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʡ (II) ʩ ʬʦʩʬʠʥʦʚʳʤʠ, ʜʠʘʤʠʥʦʚʳʤʠ ʠ 

ʧʠʢʦʣʠʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʦʭʦʜʷʪ ʩʪʘʜʠʶ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [158-163].  

ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʤʳʰʴʷʢʘ, ʚʠʩʤʫʪʘ ʠ ʩʫʨʴʤʳ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʠ 

ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʳʝ ʩʨʝʜʩʪʚʘ (ʨʠʩ. 1.10). ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʳʰʴʷʢʘ ʙʳʣ ʩʦʟʜʘʥʥʳʡ ʚ 1907 ʛ ʘʪʦʢʩʠʣ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʣʝʯʝʥʠʷ 

ʪʨʠʧʘʥʦʩʦʤʦʟʘ (ʩʦʥʥʦʡ ʙʦʣʝʟʥʠ) [164]. ʇʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʩʫʨʴʤʳ 

(ʩʪʠʙʦʩʘʥ, ʥʝʦʩʪʠʙʦʩʘʥ, ʫʨʝʘʩʪʠʙʘʤʠʥ) ʥʘʟʥʘʯʘʶʪ ʧʨʦʪʠʚ ʢʦʞʥʳʭ ʠ ʩʣʠʟʠʩʪʦ-

ʢʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʣʝʡʰʤʘʥʠʦʟʘ [165]. 
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ʈʠʩʫʥʦʢ 1.10 ï ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʠ ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ 

ʦʩʥʦʚʝ As, Sb, Bi 

 

ʅʘʨʫʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʠʙʨʦʤʬʝʥʘʪʘ ʚʠʩʤʫʪʘ(III), ʢʩʝʨʦʬʦʨʤ, ʠʟ-ʟʘ ʝʛʦ 

ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʩʚʦʡʩʪʚ, ʙʳʣʦ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʦ ʚ ʢʦʥʮʝ 19 ʚʝʢʘ ʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʟʘʤʝʥʠʪʝʣʴ ʡʦʜʦʬʦʨʤʘ ʚ ʣʝʯʝʥʠʠ ʨʘʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʢʢʣʶʟʠʦʥʥʘʷ ʚʘʟʝʣʠʥʦʚʘʷ ʤʘʨʣʷ ʣʝʛʢʦ ʧʨʦʧʠʪʳʚʘʝʪʩʷ ʩ 3% ʪʨʠʙʨʦʤʬʝʥʘʪʘ 

ʚʠʩʤʫʪʘ ʧʨʦʜʘʝʪʩʷ ʧʦʜ ʤʘʨʢʦʡ ʂʩʝʨʦʬʦʨʤ. ʉʦʝʜʠʥʝʥʠʷ ʚʠʩʤʫʪ-ʪʠʦʣ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʟʘ ʠʭ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʜʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʝ ʭʨʦʥʠʯʝʩʢʠʭ ʨʘʥ, ʪʘʢʠʭ 

ʢʘʢ ʜʠʘʙʝʪʠʯʝʩʢʘʷ ʷʟʚʘ ʩʪʦʧʳ [163-167]. 

ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʨʘʙʦʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʜʦʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ, ʢʘʢʠʝ ʤʝʪʘʣʣʳ ʩʧʦʩʦʙʥʳ ʦʢʘʟʳʚʘʪʴ 

ʙʘʢʪʝʨʠʮʠʜʥʦʝ ʠ/ʠʣʠ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʫ 

ʤʠʢʦʙʘʢʪʝʨʠʠ, ʥʝ ʧʨʠʯʠʥʷʷ ʚʨʝʜʘ ʢʣʝʪʢʘʤ ʭʦʟʷʠʥʘ.  
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1.2.2 ʇʦʣʷʜʝʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʢʘʢ ʥʦʚʘʷ 

ʧʝʨʩʧʝʢʪʠʚʘ ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʷʜʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʝʩʴʤʘ ʥʝʦʙʳʯʥʦ ʠ ʧʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʤʳ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʧʦʚʳʰʘʝʤ ʪʦʢʩʠʯʥʦʩʪʴ ʣʝʢʘʨʩʪʚʘ, ʘ ʩ 

ʜʨʫʛʦʡ, ʤʦʞʝʤ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʂʘʢʦʡ ʬʘʢʪʦʨ ʟʜʝʩʴ ʙʦʣʝʝ 

ʚʘʞʥʳʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʪʦʣʴʢʦ ʢʘʩʘʷʩʴ ʢʦʥʢʨʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʙʦʣʝʟʥʝʡ 

ʧʨʦʪʠʚ ʢʦʪʦʨʳʭ ʦʥʠ ʠʩʧʦʣʴʟʫʶʫʪʩʷ. ɺʝʨʦʷʪʥʦ, ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʞʝʪʴ 

ʜʘʪʴ ʚʨʝʤʷ. ʆʜʥʘʢʦ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʳ Metal Organic 

Frameworks (MOF) ʧʦʷʚʠʣʠʩʴ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. MOF ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʢʘʪʠʦʥʦʚ (ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʣʘʥʪʘʥʦʠʜʦʚ, ʱʝʣʦʯʝʡ ʠ ʪ. ʜ.), 

ʩʚ̫ʟʘʥʥʳʭ ʯʝʨʝʟ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ (ʢʘʨʙʦʢʩʠʣʘʪʳ, ʬʦʩʬʦʥʘʪʳ, ʘʟʦʣʘʪʳ ʠ 

ʪ. ʜ.), ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʢʘʥʘʣʘʤʠ ʠ/ʠʣʠ 

ʧʦʣʦʩʪʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤ r[168-171]. ʊʘʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ (ʥʘʧʨʠʤʝʨ, ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ), ʘ ʠʥʦʛʜʘ ʠ ʚ 

ʨʘʩʪʚʦʨʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ MOF ʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʜʦ ʠʩʧʳʪʘʥʠʡ in vivo 

ʜʦʭʦʜʠʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ. ʉʚʷʟʘʥʦ ʵʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʩ ʪʦʢʩʠʯʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ [172-176]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʦʢʩʠʯʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ (Fe, Pt, Gd, 

Au, Co, Ni) ʥʝ ʤʝʰʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ ʜʣʷ ʣʝʯʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʘʥʝʤʠʠ ï Fe, Co), ʪʘʢ ʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ (ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʝʚʳʭ ʧʨʦʮʝʩʩʦʚ) [177-182]. 

ʆʜʥʘʢʦ ʪʦʢʩʠʯʥʦʩʪʴ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʫʪʴ 

ʚʚʝʜʝʥʠʷ, ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʝ / ʚʳʚʝʜʝʥʠʝ ʠʟ ʦʨʛʘʥʠʟʤʘ. ɺ ʵʪʦʡ 

ʣʠʥʠʠ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʯʠʪʘʶʱʠʝʩʷ ʪʦʢʩʠʯʥʳʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ 
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ʜʣʷ ʯʝʣʦʚʝʢʘ (ʜʘʞʝ ʚ ʥʝʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ); ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʥʝʢʦʪʦʨʳʝ ʥʝʪʦʢʩʠʯʥʳʝ ʤʝʪʘʣʣʳ, ʢʘʢ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ, ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʧʘʩʥʳʤʠ ʚ ʙʦʣʴʰʠʭ ʜʦʟʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʠʨʦʜʘ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, Se ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʪʦʛʜʘ ʢʘʢ H2Se ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʪʦʢʩʠʯʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ. ɼʣʷ ʦʮʝʥʢʠ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʳʯʥʦ ʫʯʠʪʳʚʘʶʪ ʩʨʝʜʠʥʥʫʶ 

ʣʝʪʘʣʴʥʫʶ ʜʦʟʫ (LD50), (ʪʘʙʣ. 3), ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʫʙʠʚʘʝʪ 

ʧʦʣʦʚʠʥʫ ʯʣʝʥʦʚ ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʪʝʩʪʘ. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʘʣʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʠʥʪʝʟʘ MOF 

(ʄʝʪʘʣʣʳ ʫʧʦʨʷʜʦʯʝʥʳ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʷ LD50). 

 

ʊʘʙʣʠʮʘ 3. ʇʨʠʤʝʨʳ ʤʝʪʘʣʣʦʚ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʝʜʠʮʠʥʝ. ʇʝʨʦʨʘʣʴʥʘʷ ʣʝʪʘʣʴʥʘʷ ʜʦʟʘ 50 ʜʣʷ ʢʨʳʩ (LD50).  

 
ʂʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ 

ʯʝʣʦʚʝʢʘ (ʛ) 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ 

ʢʨʳʩ (ʤʛ*ʢʛ-1) 

ɸʢʪʠʚʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ/ʧʨʝʧʘʨʘʪ 

Pt ¢40 ʥʛ ʤʣ-1 

(ʩʳʚʦʨ. ʢʨʦʚʠ) 

25-210 

[(NH4)2PtCl4] 

ʎʠʩʧʣʘʪʠʥ 

(ʧʨʦʪʠʚʦʨʘʢʦʚʦʝ ʩʨ-ʚʦ) 

Cu 0.072 30  

CuSO4 

ɻʣʶʢʦʥʘʪ ʤʝʜʠ 

(ʜʦʧ. ʚ-ʚʦ) 

Zn 2.3 100-600 

Zn(OAc)2 

ʋʥʜʝʢʘʥʦʘʪ ʮʠʥʢʘ 

(ʧʨʦʪʠʚʦʛʨʠʙ.) 

Tc - 130 99Tc-ʧʠʨʦʬʦʩʬʘʪ 

(ʨʝʥʪʛʝʥ ʢʦʩʪʝʡ) 

Ba 0.022 220 

BaCl2 

BaSO4 

ʂʦʥʪʨʘʩʪʥʦʝ ʚ-ʚʦ ʜʣʷ 

ʨʝʥʛʝʥʘ 

Fe 4-5 450 

FeCl3 

ʉʫʢʮʠʥʘʪ / ʬʫʤʦʨʘʪ / 

ʛʣʶʢʦʥʘʪ ʞʝʣʝʟʘ   

(ʣʝʯʝʥʠʝ ʘʥʝʤʠʠ) 

Gd 7.2Ŀ10-12 ʥʛ ʤʣ-1 

(ʩʳʚʦʨ. ʢʨʦʚʠ) 

550 

GdCl3 

ʂʦʥʪʨʘʩʪʥʳʡ ʘʛʝʥʪ 

Li  0.007 590 

Li 2CO3 

Li 2CO3 

(ʣʝʯʝʥʠʝ ʙʠʧʦʣʷʨʥʳʭ 

ʨʘʩʩʪʨʦʡʩʪʚ) 

Co 0.003 691 Co(NO3)2 B12 

ɺʠʪʘʤʠʥ-ʢʦʙʘʣʘʤʠʥ 



 39 

ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 3 

Mn 0.012 1484 

MnCl2Ŀ3H2O 

ɸʩʢʦʨʙʘʪ ʤʘʨʛʘʥʮʘ 

(ʣʝʯʝʥʠʝ 

ʦʩʪʝʦʘʨʪʨʠʪʦʚ) 

Ca 1000 1940 

CaCl2 

ʂʘʣʴʮʠʷ ʮʠʪʨʘʪ  

(ɺʠʪʘʤʠʥ D) 

Bi 0.0005 ²2000 

Bi 

ʎʠʪʨʘʪ ʚʠʩʤʫʪʘ 

(ʘʥʪʘʮʠʜ. ʩʨ-ʚʦ) 

K 140 3020 

KCl 

ʂʘʣʠʷ ʮʠʪʨʘʪ 

(ʣʝʯʝʥʠʝ ʤʦʯʝʢʘʤʝʥʥʦʡ 

ʙʦʣʝʟʥʠ) 

In 0.0004 3300 

In(NO3)3 

ʆʢʩʠʭʠʥʦʣʠʥ  

In-111 

(ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪ) 

Mg 1.9 5000 

MgSO4 

MgO 

(ʘʥʪʘʮʠʜ. ʩʨ-ʚʦ) 

Sb 0.002 ²34.6 

Sb2O3 

ɻʣʶʢʦʥʘʪ ʩʫʨʴʤʳ(V) 

ʧʨʦʪʠʚʦʣʝʡʰʤʘʥʠʦʟʥʦʝ 

ʩʨ-ʚʦ 

Au 42-420 ʥʛ ʤʣ-1 

(ʩʳʚʦʨ. ʢʨʦʚʠ) 

- [Au(I)(Pɽt3)(ʘʮʝʪʠʣʪʠʦ-

ʛʣʶʢʦʟʘ)] 

 

ʆʜʥʘʢʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ MOF ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʮʝʥʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɺʦʟʤʦʞʥʳʝ ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʠʩʧʦʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʝ MOF ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʫʯʘʩʪʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʩʘʤʠ ʢʘʢ ʤʠʥʠʤʫʤ ʥʝʪʦʢʩʠʯʥʳ ʠʣʠ ʫʞʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʘ ʠʤʝʥʥʦ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʝʧʪʠʜʳ, N-

ʜʦʥʦʨʥʳʝ ʦʩʥʦʚʘʥʠʷ, ʢʘʨʙʦʛʠʜʨʘʪʳ (ʩʘʭʘʨʠʜʳ), ʧʦʨʬʠʨʠʥʳ ʠʣʠ ʥʝʢʦʪʦʨʳʝ 

ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʙʠʦ-MOF ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.11. ʆʩʦʙʘʷ ʨʦʣʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʠʦ-MOF ʦʪʚʦʜʠʪʩʷ 

ʩɻʩʝʥʮʠʘʣʴʥʳʤ (ʵʥʜʦʛʝʥʥʳʤ) ʤʝʪʘʣʣʘʤ (Mg, Fe, Zn, Ca, K ʠ ʪ.ʜ.), 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ ʘʧʨʠʦʨʠ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʚ 

ʦʨʛʘʥʠʟʤ ʙʝʟ ʧʨʠʯʠʥʝʥʠʷ ʪʦʢʩʠʯʥʦʛʦ ʵʬʬʝʢʪʘ. 
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ʈʠʩʫʥʦʢ 1.11 ï ʇʨʠʤʝʨʳ ʙʠʦ-MOF: (ʘ) [Zn3(ad)(btc)2(H2O)]CH3CNĿDMFĿH2O 

(btc = C6H3(COOH)3); (ʙ) [La2muc3(H2O)8] (muc = [OOC(CHOH)4COO]2-); (ʚ) 

[Mg2(olz)] (olz = ʦʢʩʘʣʘʟʠʥ) 

 

ʅʘʧʨʠʤʝʨ, ʤʘʛʥʠʡ, ʚʪʦʨʦʡ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ 

ʢʘʪʠʦʥ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʣʝʪʦʯʥʦʡ ʬʫʥʢʮʠʠ, ʫʯʘʩʪʚʫʷ ʚ ʙʦʣʝʝ ʯʝʤ 300 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʷʭ ʚ ʦʨʛʘʥʠʟʤʝ (ʤʝʪʘʙʦʣʠʟʤ ʫʛʣʝʚʦʜʦʚ, ʣʠʧʠʜʦʚ, 

ʙʝʣʢʦʚ ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ), ʠ ʦʩʦʙʝʥʥʦ ʚ ʚʩʝ ʨʝʘʢʮʠʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪʘ (ɸʊʌ) [183]. ɾʝʣʝʟʦ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʝ ʚ ʛʝʤʝ, ʢʣʘʩʪʝʨʘʭ ʞʝʣʝʟʘ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʣʢʘʤʠ, ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʧʦʨʪʝ ʢʠʩʣʦʨʦʜʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʤʝʥʝ, ʵʣʝʢʪʨʦʥʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ ʠ ʤʦʜʫʣʷʮʠʠ H2O2. ʎʠʥʢ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ, 

ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʢʩʠʜʘʥʪʘ, ʫʯʘʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʘʭ (ʥʘʧʨʠʤʝʨ, ʠʥʩʫʣʠʥʦʚʳʝ ʵʬʬʝʢʪʳ), ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ [184-186]. ɼʘʥʥʳʡ ʚʠʜ ʢʦʤʧʣʝʢʩʦʚ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʭʦʨʦʰʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ: 

* ʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤ ʧʦʨ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ;  

* ʣʝʛʢʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʫʝʤʳʝ ʧʦʣʦʩʪʠ (ʛʜʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ);  

* ʘʜʝʢʚʘʪʥʳʡ ʧʨʦʬʠʣʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʙʠʦʨʝʣʝʚʘʥʪʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʦʩʪʘʚʘʷʩʴ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʬʫʥʢʮʠʡ ʠ, ʙʫʜʫʯʠ 
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ʫʜʘʣʝʥʥʳʤ ʧʦʟʞʝ ʠʟ ʦʨʛʘʥʠʟʤʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʠʟ-ʟʘ ʵʥʜʦʛʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ;  

* ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʠʭ ʩʫʜʴʙʫ in vivo, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ ʠ / ʠʣʠ 

ʘʢʪʠʚʥʦʩʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʫʩʪʦʡʯʠʚʳʡ 

ʠʥʪʝʨʝʩ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʘʤʠ 

ʠ ʠʟʫʯʝʥʠʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʕʪʦ 

ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʢʦʥʝʯʥʳʭ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ, ʠ, ʚ ʠʪʦʛʝ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʳʡ ʦʥʠ ʚʭʦʜʷʪ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʙʣʦʢʠ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ, 

ʘʥʠʦʥʦʚ ʠʣʠ ʢʘʪʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʨʘʜʠʢʘʣʦʚ ʠʣʠ ʜʨʫʛʠʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʧʦʷʚʣʝʥʠʝ 

ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʝʯʥʦʡ ʤʦʣʝʢʫʣʳ ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʳʡ ʦʥʘ ʚʭʦʜʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʪʘʜʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʩʙʦʨʢʠ ʘʢʪʠʚʥʳʭ ʠʩʭʦʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ. ʉ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʧʦʣʠʷʜʝʨʥʳʭ (ʛʦʤʦ- 

ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ) ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʙʣʦʢʘʤʠ (ʣʠʛʘʥʜʘʤʠ), ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʮʠʜʥʳʭ 

ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 
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ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 

2.1 ɺʳʙʦʨ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʙʣʦʢʦʚ 

 

ɼʣʷ ʩʙʦʨʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ: 

- ʩʘʤʦʩʙʦʨʢʘ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʦʩʥʦʚʝ ʠʦʥʥʦʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ, 

ʘʥʠʦʥʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ ʢʦ-ʣʠʛʘʥʜʦʚ; 

- ʪʝʤʧʣʘʪʥʳʡ ʩʠʥʪʝʟ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ, ʩʧʦʩʦʙʥʳʝ ʢ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ; 

- ʪʚʝʨʜʦʬʘʟʥʳʡ ʪʝʨʤʦʣʠʟ, ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ HPiv ʚ ʙʘʟʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʢʘʥʪʥʳʭ ʤʝʩʪ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʜʝʬʠʮʠʪʘ ʫ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʙʠʥʘʮʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ (ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ) ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʘʪʴ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʪʠʧʳ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʦʚ. ʊʘʢ 

ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʚ ʚʦʜʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʧʨʦʩʪʳʝ ʨʝʘʛʝʥʪʳ: ʩʦʣʠ ʨʘʟʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʱʝʣʦʯʴ ʠ ʧʠʚʘʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ çʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʩʣʷʥʠʩʪʦʛʦ ʩʣʦʷè, 

ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʨʘʩʪʚʦʨʘ. ʇʨʦʤʳʚʘʥʠʝ ʵʪʦʛʦ ʤʘʩʣʷʥʠʩʪʦʛʦ ʧʨʦʜʫʢʪʘ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ (ʥʘʧʨʠʤʝʨ, ʵʬʠʨʦʤ ʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ) ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʳʭ 

ʧʦʨʦʰʢʦʚ, ʚʦʟʤʦʞʥʦ ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʤʝʩʝʡ ʧʠʚʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʷʤʘʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʠʟ 

ʜʦʥʦʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʥʝʙʦʣʴʰʠʭ 

ʧʦʣʠʷʜʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʜʚʫʤʷ ʠʣʠ ʪʨʝʤʷ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ. ʆʜʥʘʢʦ, ʝʩʣʠ 

ʧʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ ʧʦʜʚʝʨʛʥʫʪʴ ʤʷʛʢʦʤʫ ʪʝʨʤʦʣʠʟʫ (100 ï 180 ʦʉ) ʩ ʮʝʣʴʶ 

ʫʜʘʣʝʥʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʮʝʚʳʭ ʤʦʣʝʢʫʣ HPiv, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʤʦʣʝʢʫʣʘʭ (ʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʶʙʦʡ ʜʨʫʛʦʡ ʥʝʤʦʩʪʠʢʦʚʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 
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ʢʦʤʧʦʥʝʥʪʳ), ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʜʝʬʠʮʠʪʘ ʥʘ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘʭ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʚʝʣʠʯʝʥʠʷ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʠ ʚʦʟʤʦʞʥʳʭ 

ʨʘʟʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʚ ʥʝʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʳʩʪʫʧʘʣʠ ʢʘʢ ʩʦʣʠ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ 

ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 2.1): 

- ʤʦʥʦʷʜʝʨʥʳʝ (Lipiv); 

- ʧʦʣʠʷʜʝʨʥʳʝ ï [Fe3O(Piv)6(HPiv)3], [Cd(Piv)2]n, [Co(Piv)2]n, [Cu(Ac)2]n. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʀʩʭʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ 

 

2.2 ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ: 

ʧʠʚʘʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (HPiv) (Merck), HFur (98%, Acros), KOH (çʯ.ʜ.ʘ.è), LiOH 

(çʯ.ʜ.ʘ.è), MgO (çʯ.ʜ.ʘ.è), (CH3COO)2Cu (çʯ.ʜ.ʘ.è), (CH3COO)2Zn (çʯ.ʜ.ʘ.è), 

(CH3COO)2CoĿ4H2O (çʯ.ʜ.ʘ.è), NaEDtcĿ3H2O (SigmaïAldrich), Fe(NO3)3Ā9H2O 

(ʍʠʤʤʝʜ, çʯè), Mn(NO3)2Ā4H2O (ʍʠʤʤʝʜ, çʯè), Zn(NO3)2Ā6H2O (ʍʠʤʤʝʜ, çʯè), 

ZnCl2Ā2H2O (ʍʠʤʤʝʜ, çʯè, Ó99%) Ni(NO3)2Ā6H2O (ʍʠʤʤʝʜ, çʯè), 

ʉd(NO3)2Ā4H2O (ʍʠʤʤʝʜ, çʯè), Co(NO3)2Ā6H2O (ʍʠʤʤʝʜ, çʯè), CoCl2Ā6H2O 

(ʍʠʤʤʝʜ, çʯè), ZnCl2 (ʍʠʤʤʝʜ, çʯè), VOSO4 (ʍʠʤʤʝʜ, çʯ.ʜ.ʘ.è), [HAuCl4], 1,10-

phenanthroline (Alfa Aesar), 2,2-bypiridine (çAlfa Aesarè), 4,4-bypiridine (Alfa 

Aesar), ʧʠʨʠʜʠʥ (çʯ.ʜ.ʘ.è), 4-ʬʝʥʠʣʧʠʨʠʜʠʥ (Acros), 3-ʘʤʠʥʦʧʠʨʠʜʠʥ (Acros), 
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1,3-ʜʠʘʤʠʥʦʧʨʦʧʘʥ (çSigma- Aldrichè, 99 %), 1,4-ʜʠʘʤʠʥʦʙʫʪʘʥ (Acros), 1,1 -̀

ʙʠʥʘʬʪʠʣ-2,2 -̀ʜʠʘʤʠʥ (96%, Aldrich), ʜʠʵʪʠʣʦʚʳʡʵʬʠʨ (çʯ.ʜ.ʘ.è), ʘʮʝʪʦʥ 

(çʯ.ʜ.ʘ.è), ʘʮʝʪʦʥʠʪʨʠʣ (ʍʠʤʤʝʜ, çʆʉʏè), ʪʦʣʫʦʣ (çʦʩʯè, ʍʠʤʤʝʜ),  

 

2.3 ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[Fe2Zn4(O)2(Piv)10] (1 [C2/c]). ʅʘʚʝʩʢʠ HPiv (30 ʛ, 0.29 ʤʦʣʴ) ʠ Kʆʅ (6 ʛ, 

0.11 ʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 40 ʤʣ ʚʦʜʳ ʧʨʠ 60 Áʉ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʦʜʥʦʨʦʜʥʦʤʫ 

ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ Fe(NO3)3Ā9H2O (10 ʛ, 0.025 ʤʦʣʴ) ʠ 

Zn(NO3)2Ā6H2O (5 ʛ, 0.017 ʤʦʣʴ). ʇʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʩʣʷʥʠʩʪʦʛʦ 

ʩʣʦʷ (15 ʤʠʥ). ʕʪʦʪ ʩʣʦʡ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʦʪ ʨʘʩʪʚʦʨʘ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʜʘʚʘʣ ʪʚʝʨʜʫʶ ʤʘʩʩʫ, ʢʦʪʦʨʫʶ ʧʨʦʤʳʚʘʣʠ MeCN (ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ 

ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ), ʘ ʧʦʣʫʯʝʥʥʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ (ʈʝʘʛʝʥʪ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʝ ʠ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ 

ʩʫʪʢʠ ʧʨʠ 20 Üʉ. ɺʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠʩʴ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠʩʴ ʭʦʣʦʜʥʳʤ MeCN (0 Üʉ) ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. 

ɺʳʭʦʜ 1 35 % (0.35 ʛ). ʅʘʡʜʝʥʦ (%) C, 42.39; H, 6.39. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C50H90Fe2Zn4O22 (%) C, 42.20; H, 6.87; ICP (ʤʛ/ʤʣ) Fe0.24Zn0.46; ʀʂ (ɜ/ʩm
-1): 2962 

ʩʨ, 2930 ʩʣ, 2874 ʩʣ, 1524 ʩʨ, 1482 ʦʩ, 1422 ʦʩ, 1378 ʩʨ, 1360 ʩʨ, 1227 ʦʩ, 1031 

ʩʣ, 937 ʩʣ, 898 ʩʣ, 845 ʩʨ, 787 ʩʨ, 603 ʫʩʨ, 512 ʫʩʨ, 435 ʩʨ. 

[Fe2Zn4(O)2(Piv)10] (2 [P21/c]). ʉʠʥʪʝʟ ʈʝʘʛʝʥʪʘ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʚ 

ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʝʥʠʷ 1. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʡ ʈʝʘʛʝʥʪ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ 

ʪʚʝʨʜʦʬʘʟʥʦʤʫ ʪʝʨʤʦʣʠʟʫ ʧʨʠ 130 Üʉ ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥ. ʊʝʨʤʦʣʠʟʦʚʘʥʥʳʡ 

ʘʤʦʨʬʥʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ ʘʮʝʪʦʥʝ. ʏʝʨʝʟ ʩʫʪʢʠ ʚʳʧʘʣʠ ʞʝʣʪʳʝ 

ʢʨʠʩʪʘʣʣʳ 2. ɺʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠʩʴ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠʩʴ ʭʦʣʦʜʥʳʤ MeCN (0 Üʉ) ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. 

ɺʳʭʦʜ 15 % (0.15 ʛ). ʅʘʡʜʝʥʦ (%) C, 42.43; H, 6.52. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C50H90Fe2Zn4O22 (%) C, 42.20; H, 6.87; ʀʂ (ɜ/ʩm-1): 2962 ʩʨ, 2930 ʩʣ, 2874 ʩʣ, 

1524 ʩʨ, 1482 ʦʩ, 1422 ʦʩ, 1378 ʩʨ, 1360 ʩʨ, 1227 ʦʩ, 1031 ʩʣ, 937 ʩʣ, 898 ʩʣ, 845 

ʩʨ, 787 ʩʨ, 603 ʫʩʨ, 512 ʫʩʨ, 435 ʩʨ. 
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[Fe4Zn3(O)3(Piv)12(H2O)]Ŀ1.5Et2O (3). ʊʝʨʤʦʣʠʟʦʚʘʥʥʳʡ ʈʝʘʛʝʥʪ (0.1 ʛ) 

ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ (30 ʤʣ) ʠ ʚʳʜʝʨʞʘʥ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʚ 

ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ ʧʨʠ +5 Üʉ. ɺʳʧʘʚʰʠʝ ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʛʝʧʪʘʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 3 ʙʳʣʠ ʧʨʦʤʳʪʳ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (5 Üʉ) ʠ ʚʳʩʫʰʝʥ ʚ ʪʦʢʝ 

ʘʨʛʦʥʘ. ɺʳʭʦʜ 35 % (0.35 ʛ). ʅʘʡʜʝʥʦ (%) C, 43.77; H, 6.53. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C66H125Fe4Zn3O29.5 (%) C, 43.75; H, 6.85; ICP (ʤʛ/ʤʣ) Fe0.59Zn0.37; ʀʂ (ɜ/ʩm
-1): 

2963 ʩʨ, 2929 ʩʣ, 2870 ʩʣ, 1556 ʫʦʩ, 1482 ʦʩ, 1419 ʦʩ, 1378 ʩʨ, 1359 ʩʨ, 1224 ʦʩ, 

1031 ʩʣ, 937 ʩʣ, 898 ʩʣ, 787 ʩʨ, 586 ʫʩʨ, 503 ʫʩʨ, 435 ʩʨ. 

[Fe3Zn2(O)2(Piv)9(1,10-phen)] (4). ʊʝʨʤʦʣʠʟʦʚʘʥʥʳʡ ʈʝʘʛʝʥʪ (0.1 ʛ) ʙʳʣ 

ʨʘʩʪʚʦʨʝʥ ʚ MeCN (40 ʤʣ). ʂ ʩʫʩʧʝʥʟʠʠ ʙʳʣ ʜʦʙʘʚʣʝʥ 1,10-phen (0.13 ʛ) ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ (70 Üʉ). 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʠ ʦʩʪʘʚʣʝʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʜʣʝʥʥʦ ʠʩʧʘʨʷʪʴʩʷ. ʏʝʨʝʟ 48 ʯʘʩʦʚ ʚʳʧʘʚʰʠʝ ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʝʥʪʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʦʪʜʝʣʝʥʳ ʜʝʢʘʥʪʘʮʠʝʡ ʦʪ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʪʳ ʛʝʢʩʘʥʦʤ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 62 % 

(0.62 ʛ). ʅʘʡʜʝʥʦ (%) C, 49.19; H, 6.09, N, 2.28. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C57H89Fe3Zn2O20N2 (%) C, 48.63; H, 6.26; N, 1.96. ʀʂ (ɜ/ʩm-1): 2960 ʩʨ, 2929 ʩʣ, 

2869 ʩʣ, 1575 ʫʩ, 1562 ʫʩ, 1518 ʩʣ, 1481 ʦʩ, 1417 ʦʩ, 1373 ʫʩʨ, 1359 ʫʩʨ, 1308 

ʩʣ, 1225 ʦʩ, 1142 ʫʩʣ, 1107 ʩʣ, 983 ʩʨ, 934 ʩʣ, 885 ʩʣ, 870 ʩʣ, 785 ʩʣ, 750 ʩʣ, 727 

ʩʣ, 697 ʫʩʣ, 646 ʩʣ, 603 ʫʩʨ, 498 ʫʩʨ, 425 ʩʣ. 

[FeIII
2Mn II

4(O)2(ʈiv)10(HPiv)4] (5). ʅʘʚʝʩʢʫ ʢʦʨʠʯʥʝʚʦʛʦ ʧʦʨʦʰʢʘ 

[Fe2Mn(O)(Piv)6(HPiv)3] (0.331 ʛ) ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʩʦʩʫʜʝ ʐʣʝʥʢʘ ʧʨʠ 90Üʉ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥʫʪ, ʚʩʪʨʷʭʠʚʘʷ ʩʦʜʝʨʞʠʤʦʝ ʩ 

ʠʥʪʝʨʚʘʣʘʤʠ ʚ 30 ʤʠʥ. ʏʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʠʪʦʛʝ ʪʝʨʤʦʣʠʟʘ ʧʦʨʦʰʢʘ 

ʨʳʞʝʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ (100 ʤʛ) ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʘʮʝʪʦʥʘ (25 

ʤʣ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (~7 oC) ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ 0.046 ʛ (46%). ʇʦ ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : Mn = 1 : 2. ʅʘʡʜʝʥʦ, %: C 

47.23, H 7.13. ɺʳʯʠʩʣʝʥʦ ʜʣʷ , Fe2Mn4O13C30H54 %: C 47.15, H 7.35. ʀʂ (ɜ/ʩm-

1): 2962.02 (ʩʨ), 2929.56 (ʩʣ), 2869.80 (ʩʣ), 1697.51 (ʩʨ), 1585.66 (ʦʩ), 1567.73 
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(ʦʩ), 1481.24 (ʦʩ), 1459.16 (ʩʨ), 1411.67 (ʦʩ), 1378.78 (ʩ), 1357.89 (ʦʩ), 1318.32 

(ʩʨ), 1225.56 (ʦʩ), 1240.01 (ʩ), 1030.88 (ʩʣ), 937.68 (ʩʣ), 895.80 (ʩʨ), 872.16 (ʩʨ), 

787.47 (ʩʨ), 762.02 (ʩʣ), 602.11 (ʦʩ), 590.07 (ʦʩ), 555.45 (ʩ), 533.63 (ʩ), 434.80 

(ʦʩ), 419.11 (ʦʩ).  

[FeIII
4Mn III

2(O)2(Piv)12(O2CH2)(Hpiv)2]ĿEt2O (6). ʅʘʚʝʩʢʫ ʢʦʨʠʯʥʝʚʦʛʦ 

ʧʦʨʦʰʢʘ [Fe2Mn(O)(Piv)6(HPiv)3] (1.19 ʛ) ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʬʘʨʬʦʨʦʚʦʤ ʩʪʘʢʘʥʝ 

ʧʨʠ 90Üʉ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥʫʪ, ʚʩʪʨʷʭʠʚʘʷ ʩʦʜʝʨʞʠʤʦʝ ʩ 

ʠʥʪʝʨʚʘʣʘʤʠ ʚ 30 ʤʠʥ. ʏʘʩʪʴ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ 

(100 ʤʛ) ʨʘʩʪʚʦʨʠʣʠ ʚ ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ (30 ʤʣ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʨʠʯʥʝʚʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʚʳʜʝʨʞʠʚʘʣʠ 48 ʯ ʧʨʠ ~7ÁC. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (~7oC) ʠ ʚʳʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.025 ʛ (25%). ʇʦ ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : Mn = 2 : 1. ʀʂ (ɜ/ʩm-

1): 2962.65 (ʩʨ), 2929.62 (ʩʣ), 1698.52 (ʩ), 1592.62 (ʩʨ), 1544.17 (ʩ), 1482.47 (ʦʩ), 

1457.38 (ʩʨ), 1419.34 (ʦʩ), 1378.20 (ʩ), 1357.06 (ʦʩ), 1227.50 (ʦʩ), 1149.2 (ʩʨ), 

1032.37 (ʩʨ), 961.30 (ʩʨ), 898.83 (ʩ), 786.90 (ʩ), 651.02 (ʩʨ), 587.13 (ʦʩ), 516.36 

(ʦʩ), 435.67 (ʦʩ), 420.08 (ʦʩ). 

[FeIII
2CoII (O)(Piv)6(Et2O)(H2O)2] (7). HPiv (30 ʛ, 0.29 ʤʦʣʴ) ʠ KOH (6 ʛ, 

0.11 ʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 40 ʤʣ ʚʦʜʳ ( 60 ÁC). ʂʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ Fe(NO3)3Ā9H2O 

(10 ʛ, 0.025 ʤʦʣʴ) ʠ Co(NO3)2Ā6H2O (5 ʛ, 0.017 ʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 30 ʤʣ ʚʦʜʳ. 

ʇʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʩʣʷʥʠʩʪʦʛʦ ʩʣʦʷ (15 ʤʠʥ). ʕʪʦʪ ʩʣʦʡ 

ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʦʪ ʨʘʩʪʚʦʨʘ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. 

ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʘʚʘʣ ʪʚʝʨʜʫʶ ʤʘʩʩʫ, 

ʢʦʪʦʨʫʶ ʧʨʦʤʳʚʘʣʠ MeCN (ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ), ʘ 

ʧʦʣʫʯʝʥʥʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ (ʈʝʘʛʝʥʪ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʝ ʠ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʩʫʪʢʠ ʧʨʠ 20 Üʉ. ɺʳʭʦʜ 8.32 ʛ / 

83 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Fe(NO3)3). ɸʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ (4.56 ʛ) ʥʘʛʨʝʚʘʣʠ ʚ 

ʘʪʤʦʩʬʝʨʝ Ar ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥʫʪ ʧʨʠ 140 C̄ (ʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʤʝʰʠʚʘʷ 

ʢʘʞʜʳʝ 30 ʤʠʥ). ʇʦʣʫʯʝʥʥʳʡ ʪʝʨʤʦʣʠʟʦʚʘʥʥʳʡ ʈʝʘʛʝʥʪ (0.110 ʛ) ʙʳʣ 

ʨʘʩʪʚʦʨʝʥ ʚ ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ (25 ʤʣ, 5 C̄). ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (~3oC) ʠ ʚʳʩʫʰʠʣʠ ʥʘ 
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ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.95 ʛ (86%). ʇʦ ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : ʉo = 3.9 : 2.1. 

ʅʘʡʜʝʥʦ, %: C 45.23, H 7.55. ɺʳʯʠʩʣʝʥʦ ʜʣʷ, Fe2ʉoC34H68O16 %: C 45.20, H 

7.59. ʀʂ (ɜ/ʩm-1): 2959 m, 2931 w, 2872 w, 1696 w, 1586 br.s, 1567 vs, 1545 vs, 

1483 vs, 1640 w, 1418 vs, 1357 vs, 1222 vs, 1031 w, 938 w, 894 vs, 787 m, 727 m, 

603 vs, 435 vs, 427 vs, 419 vs.  

[FeIII
8ʉʦIII 4(O)2(Piv)12(O2CH2)(HPiv)2] (8). ɸʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ (5.45 ʛ) 

ʥʘʛʨʝʚʘʣʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥʫʪ ʧʨʠ 140 C̄ (ʨʘʚʥʦʤʝʨʥʦ 

ʧʝʨʝʤʝʰʠʚʘʷ ʢʘʞʜʳʝ 30 ʤʠʥ). ʇʦʣʫʯʝʥʥʳʡ ʪʝʨʤʦʣʠʟʦʚʘʥʥʳʡ ʈʝʘʛʝʥʪ (0.100 

ʛ) ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ ʘʮʝʪʦʥʝ (25 ʤʣ, 20 C̄). ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (~3oC) ʠ ʚʳʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.64 ʛ (60%). ʇʦ ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : ʉo = 27 : 13. ʅʘʡʜʝʥʦ, 

%: C 39.13, H 6.33. ɺʳʯʠʩʣʝʥʦ ʜʣʷ, Fe8ʉo4C71H130O30, %: C 39.15, H 6.01.  

[FeIII
2CoII (O)(Piv)6(Pym)3] (9). ʈʝʘʛʝʥʪ (100 ʤʛ, 0.13 ʤʤʦʣʴ) ʠ ʧʠʨʠʤʠʜʠʥ 

(50.6 mg, 0.39 mmol) ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ ʛʦʨʷʯʝʤ MeCN (25 ʤʣ; 65 ÁC). ʏʝʨʝʟ 

48 ʯʘʩʦʚ ʚʳʧʘʚʰʠʝ ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠ ʧʨʦʤʳʪʳ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (5 C̄) ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ 0.84 ʛ (84%). ʇʦ ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : ʉo = 6.9 : 1.6. ʅʘʡʜʝʥʦ, %: C 

48.80, H 6.27, N 7.74. ɺʳʯʠʩʣʝʥʦ ʜʣʷ, Fe2CoO13C67H66N6, %: C 49.06, H 6.47, N 

8.00. ʀʂ (ɜ/ʩm-1): 2959 m, 2928 w, 2870 w, 1616 s, 1596 vs, 1585 vs, 1565 vs, 1523 

w, 1480 vs, 1469 m, 1372 vs, 1356 vs, 1224 vs, 1168 m, 1088 w, 1079 w, 1031 w, 

1012 w, 937 w, 894 m, 827 w, 815 w, 787 m, 712 vs, 687 m, 638 vs, 539 w, 423 vs, 

403 m. 

[FeIII
2CoII (O)(Piv)6(phen)]2ĿPhMe (10). ʈʝʘʛʝʥʪ (100 ʤʛ, 0.13 ʤʤʦʣʴ) ʠ 

phen (33.6 ʤʛ, 0.39 mmol) ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ ʛʦʨʷʯʝʤ MeCN (25 ʤʣ; 65 ÁC). 

ʏʝʨʝʟ 48 ʯʘʩʦʚ ʚʳʧʘʚʰʠʝ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʧʨʦʤʳʪʳ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (5 C̄) ʠ ʚʳʩʫʰʝʥʳ 

ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.75 ʛ (65%). ʇʦ ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : ʉo = 16.2 : 8.2. 

ʅʘʡʜʝʥʦ, %: C 52.48, H 6.55, N 2.63. ɺʳʯʠʩʣʝʥʦ ʜʣʷ, Fe4Co2O28C91H136N4, %: C 

52.67, H 6.61, N 2.70. ʀʂ (ɜ/ʩm-1): 2959 m, 2927 w, 2867 w, 1602 vs, 1570 vs, 

1540 w, 1516 m, 1482 vs, 1459 w, 1406 vs, 1370 vs, 1354 vs, 1221 vs, 1147 w, 1106 
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w, 937 w, 906 m, 894 m, 869 w, 844 m, 813 w, 787 m, 729 s, 699 m, 687 m, 642 w, 

587 s, 537 w, 426 vs. 

[Fe2Ni(O)(Piv)6(Et2O)(H2O)2] (11). ʊʝʨʤʦʣʠʟʦʚʘʥʥʳʡ ʈʝʘʛʝʥʪ ɸ (180 C̄) 

ʨʳʞʝʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ (110 ʤʛ) ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

(25 ʤʣ, 5 ʉ̄). ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʯʝʨʝʟ ʩʫʪʢʠ ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʦʤʳʚʘʣʠ 

ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ(~3 oC) ʠ ʭʨʘʥʠʣʠ ʚ ʘʤʧʫʣʝ. ɺʳʭʦʜ 95 ʤʛ (86 %). ʇʦ 

ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : Ni = 3.9 : 2.1. ʅʘʡʜʝʥʦ, %: C 45.21, H 7.59. ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ, Fe2NiO16C34H68, %: C 45.17, H 7.63. ʀʂ (ɜ/ʩm-1): 2960 m, 2931 w, 2872 w, 

1696 w, 1585 br.s, 1567 vs, 1545 vs, 1482 vs, 1640 w, 1417 vs, 1357 vs, 1222 vs, 

1031 w, 938 w, 895 vs, 787 m, 727 m, 603 vs, 435 vs, 427 vs, 419 vs.  

[Fe2Ni(O)(Piv)6(phen)H2O] (12). ʅʘʚʝʩʢʫ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ ʈʝʘʛʝʥʪʘ ɸ 

(100 ʤʛ, 0.13 ʤʤʦʣʴ) ʠ 1,10-phen (25 ʤʛ, 0.14 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 20 ʤʣ ʪʦʣʫʦʣʘ 

ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʏʝʨʝʟ 48 ʯʘʩʦʚ ʚʳʧʘʚʰʠʝ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʣʠ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (3 oC) ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʭʦʜ 75 ʤʛ (65 %). ʇʦ ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : Ni = 2.1 : 1.1. ʅʘʡʜʝʥʦ, %: C 

51.39; H, 6.76; N, 2.72. ɺʳʯʠʩʣʝʥʦ ʜʣʷ, Fe2NiC44H69O14.5N2, %: C, 50.89; H, 6.95; 

N, 2.67. ʀʂ (ɜ/ʩm-1): 2960 m, 2927 w, 2868 w, 1698 w, 1603 s, 1577 s, 1517 m, 

1482 vs, 1458 w, 1407 vs, 1370 m, 1354 vs, 1222 vs, 1146 w, 1107 m, 1050 w, 1031 

w, 937 w, 907 m, 895 m, 870 w, 844 m, 814 w, 787 m, 773 w, 699 m, 644 w, 606 

vs, 590 s, 553 w, 427 s, 420 s, 412 w.  

[Fe2Ni2(OH)2(Piv)8(phen)2] (13). ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ 12. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 5 ÁC. ɺʳʧʘʚʰʠʝ ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʨʦʤʳʣʠ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ (3 oC) ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʦ ʜʘʥʥʳʤ 

ICP (ʤʛ/ʤʣ): Fe : Ni = 1.7 : 1.3. ʅʘʡʜʝʥʦ, %: C, 53.66; H, 6.33; N, 3.91. ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ, Fe2NiC44H69O14.5N2, %: C, 53.50; H, 6.65; N, 4.03. ʀʂ (ɜ/ʩm-1): 2960 m, 2931 

w, 2869 w, 1698 w, 1621 s, 1591 s, 1569 m, 1518 w, 1481 vs, 1457 w, 1404 vs, 

1354 vs, 1223 vs, 1142 w, 1029 w, 940 w, 890 m, 868 w, 848 m, 805 w, 784 m, 729 

s, 644 w, 603 br.s, 440 s, 419 s, 410 s.  



 49 

[Fe2Ni2(OH)2(Piv)8(bpy)2] (14). ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ 13. 

ʅʘʡʜʝʥʦ, %: C 52.05, H 6.55, N 4.05. ɺʳʯʠʩʣʝʥʦ ʜʣʷ Fe2Ni2C60H90O18N4, %: C 

51.81, H 6.58, N 3.66. ʀʂ (ɜ/ʩm-1): 2972 s, 2900 s, 1614 br.m, 1590 br.m, 1566 

br.m, 1479 m, 1443 w, 1405 m, 1368 m, 1359 m, 1224 s, 1158 w, 1077 br.s, 1066 

br.s, 1056 br.s, 1027 w, 939 w, 887 m, 784 m, 766 m, 738 m, 652 w, 603 br.s, 588 

br.w, 436 vs, 420 vs, 411 vs, 406 vs.  

[Fe4Ag4O2(Piv)12] (15). ʅʘʚʝʩʢʠ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ ʈʝʘʛʝʥʪʘ (100 ʤʛ, 0.11 

ʤʤʦʣʴ) ʠ AgNO3 (56 ʤʛ, 0.33 ʤʦʣʴ) ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

(75 Üʉ) ʚ ʪʝʯʝʥʠʝ 180 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ. ɺʳʧʘʚʰʠʝ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʦʪʜʝʣʝʥʳ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ ʠ 

ʭʨʘʥʠʣʠ ʚ ʪʝʤʥʦʪʝ. ɺʳʭʦʜ 112 ʤʛ (45 %). Anal. calc. Fe4Ag4C74H124O26: C, 42.64; 

H, 5.99. Found: C, 42.43; H, 5.67. FT-IR (ATR), ɜ/cmï1: 2969 m, 2931 w, 2873 w, 

1626 m, 1569 vw, 1534 brm, 1481 s, 1422 s, 1378 w, 1360 s, 1346 s, 1219 vs, 1085 

vw, 1031 w, 938 w, 872 w, 789 m, 733 m, 696 w, 643 w, 598 s, 554 w, 514 m, 459 

vs, 419 brm, 436 brm. 

[Fe8Cd(Piv)18(OH)8]ȚEt2O (16). ʅʘʚʝʩʢʠ HPiv (30 ʛ, 0.29 ʤʦʣʴ) ʠ Kʆʅ (6 ʛ, 

0.11 ʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 40 ʤʣ ʚʦʜʳ ʧʨʠ 60 Áʉ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʦʜʥʦʨʦʜʥʦʤʫ 

ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ Fe(NO3)3Ā9H2O (10 ʛ, 0.025 ʤʦʣʴ) ʠ 

Cd(NO3)2Ā4H2O (5 ʛ, 0.016 ʤʦʣʴ). ʇʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʩʣʷʥʠʩʪʦʛʦ 

ʩʣʦʷ (15 ʤʠʥ). ʆʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʦʪ ʨʘʩʪʚʦʨʘ ʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʘʚʘʣ ʪʚʝʨʜʫʶ ʤʘʩʩʫ, ʢʦʪʦʨʫʶ ʧʨʦʤʳʚʘʣʠ MeCN (ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʦʩʪʘʪʢʦʚ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ). ɺʳʭʦʜ 19 ʛ (61 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Fe(NO3)3). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʡ ʩʳʨʦʡ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ (100 ʤʛ) 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʩʷ ʠʟ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (0-3 ʉ̄). ɺʳʭʦʜ 55 ʤʛ (55 %). 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ Fe8CdC90H170O44: C, 42.97; H, 6.81 (ʙʝʟ ʫʯʝʪʘ ʩʦʣʴʚʘʪʥʦʡ 

ʤʦʣʝʢʫʣʳ Et2O). ʅʘʡʜʝʥʦ: C, 43.09; H, 7.13. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʦ ʜʘʥʥʳʤ 

ICP ʨʘʚʥʦ Fe0.65Cd0.07. IR (ATR), ɜ/cmï1 : 2964 m, 2930 w, 2870 w, 1703 br. w, 
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1556 br. vs, 1482 vs, 1459 w, 1419 vs, 1378 vs, 1360 vs 1227 vs, 1123 w, 1032 w, 

938 w, 899 w, 786 m, 591 br. m, 507 w, 443 br. m, 434 br. m. 

[Fe8Cd(Piv)18(OH)8]Ț2PhMe (17). ʅʘʚʝʩʢʠ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ ʈʝʘʛʝʥʪʘ 

(100 ʤʛ, 0.09 ʤʤʦʣʴ) ʠ [ʉd(Piv)2]n (28 ʤʛ, 0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ  20 ʤʣ 

ʪʦʣʫʦʣʘ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 40 ʤʠʥʫʪ ʧʨʠ 70ʉ̄. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʳʧʘʚʰʠʝ ʯʝʨʝʟ ʩʫʪʢʠ ʢʨʠʩʪʘʣʣʳ 17 

ʣʠʤʦʥʥʦʛʦ ʮʚʝʪʘ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 65 ʤʛ (65 % ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ). 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ Fe8CdC104H186O44 C, 46.27; H, 6.94. ʅʘʡʜʝʥʦ: C, 46.23; H, 6.91. 

IR (ATR), ɜ/cmï1: 2964 m, 2930 w, 2879 w, 1686 brw, 1558 vs, 1482 vs, 1461 w, 

1420 vs, 1377 s, 1359 vs 1227 vs, 1031 w, 937 w, 896 w, 869 w, 785 m, 599 brm, 

590 brm, 517 w, 490 w, 478 w, 442 m, 423 w, 411 w, 402 m. 

[Fe8(OH)4(Piv)12(C6H5O)8(H2O)] (18). ʅʘʚʝʩʢʠ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ 

ʈʝʘʛʝʥʪʘ (100 ʤʛ, 0.09 ʤʤʦʣʴ) ʠ ʬʝʥʦʣʘ C6H5OH (42 ʤʛ, 0.45 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ 

ʚ 25 ʤʣ MeCN ʠ ʚʳʜʝʨʞʠʚʘʣʠ 120 ʤʠʥʫʪ ʧʨʠ 70ʉ̄. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʚ ʰʣʝʥʢ ʠ ʩʢʦʥʮʝʥʪʨʠʨʚʘʣʠ ʜʦ 10 ʤʣ. ɺʳʧʘʚʰʠʝ ʯʝʨʝʟ ʩʫʪʢʠ 

ʢʨʠʩʪʘʣʣʳ 18 ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 70 ʤʛ (70 % ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ). ɺʳʯʠʩʣʝʥʦ ʜʣʷ Fe8C128H190O45 C, 53.09; H, 6.61. ʅʘʡʜʝʥʦ: C, 

53.18; H, 6.43. IR (ATR), ɜ/cmï1: 3621 w, 3495 w, 3063 w, 3037 w, 2963 m, 2928 

w, 2902 w, 2873 w, 1582 m, 1532 vs, 1482 vs, 1457 w, 1423 vs, 1380 m, 1362 m, 

1224 vs, 1163 m, 1071 w, 1023 w, 933 w, 894 w, 841 s, 825 s, 787 m, 763 vs, 693 

s, 605 s, 578 vs, 516 w, 440 vs, 407 w. 

[Fe4Li 2(O)2(Piv)10(H2O)2]ĿC6H5CH3 (19). ʅʘʚʝʩʢʠ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ 

ʈʝʘʛʝʥʪʘ (100 ʤʛ, 0.09 ʤʤʦʣʴ) ʠ Li(Piv) (10 ʤʛ, 0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 

ʪʦʣʫʦʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʢʠʧʷʪʠʣʠ (110 Üʉ) ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 24 

ʯʘʩʘ. ɺʳʧʘʚʰʠʝ ʯʝʨʝʟ ʩʫʪʢʠ ʢʨʠʩʪʘʣʣʳ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʦʪʜʝʣʷʣʠ ʦʪ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 60 ʤʛ 

(60 % ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ). ʇʦ ʜʘʥʥʳʤ ICP (ʤʛ/ʤʣ): Fe : Li  
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= 0.19 : 0.08. ʅʘʡʜʝʥʦ, %: C 48.83, H 7.54. ɼʣʷ Fe4Li 2O24C57H102. ɺʳʯʠʩʣʝʥʦ, %: 

C 48.60, H 7.30. ʀʂ (ɜ/ʩm-1): 2969 ʩʨ, 2931 ʩʣ, 2873 ʩʣ, 1626 ʩʨ, 1569 ʦʩ, 1534 

ʫʩ, 1481 ʩ, 1422 ʩ, 1378 ʩʣ, 1360 ʩ, 1346 ʩ, 1219 ʦʩ, 1085 ʦʩʣ, 1031 ʩʣ, 938 ʩʣ, 

872 ʩʣ, 789 ʩʨ, 733 ʩʨ, 696 ʩʣ, 643 ʩʣ, 598 ʩ, 554 ʩʣ, 514 ʩʨ, 459 ʦʩ, 419 ʫʩʨ, 436 

ʫʩʨ. 

[Fe2Li(O)(Piv) 5(phen)2]Ā2HPiv (20). ʅʘʚʝʩʢʠ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ ʈʝʘʛʝʥʪʘ 

(100 ʤʛ, 0.09 ʤʤʦʣʴ), Li(Piv) (10 ʤʛ, 0.09 ʤʤʦʣʴ) ʠ 1,10-phen (16 ʤʛ, 0.09 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʠʣʠ ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʢʠʧʷʪʠʣʠ (110 Üʉ) ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚr ʜʝʨʞʠʚʘʣʠ 24 ʯʘʩʘ. ɺʳʧʘʚʰʠʝ ʯʝʨʝʟ ʩʫʪʢʠ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ ʟʝʣʝʥʦʛʦ ʠ 

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʅʘʡʜʝʥʦ, %: C 58.83, H 6.66, N 4.53. ɼʣʷ Fe2LiO15C59H81N4 

(ʢʦʨʠʯʥʝʚʘʷ ʬʦʨʤʘ) ɺʳʯʠʩʣʝʥʦ, %: C 58.81, H 6.78, N 4.65. ʀʂ (ɜ/ʩm-1): 3365 

ʫʩʨ, 3061 ʩʣ, 1646 ʫʩʣ, 1617 ʩʣ, 1562 ʫʩʨ, 1503 ʩʨ, 1421 ʩ, 1422 ʩ, 1345 ʩʣ, 1217 

ʩʣ, 1138 ʩʣ, 1219 ʦʩ, 1091 ʩʨ, 1037 ʩʣ, 1036 ʩʣ, 987 ʩʣ, 883 ʩʣ, 852 ʩ, 778 ʩʣ, 692 

ʫʩʨ, 508 ʩʨ, 451 ʩʣ, 410 ʩ. 

[{Fe2LiO (Piv)5(phen)2}2{Li 4(Piv)4(HPiv)2}]Ā2C6H5ʉH3 (21). ʇʨʦʮʝʜʫʨʘ 

ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʦ 20. ʅʘʡʜʝʥʦ, %: C 58.37, H 6.66, N 4.25. ɼʣʷ 

Fe4Li6O34C128H174N8 (ʟʝʣʝʥʘʷ ʬʦʨʤʘ). ɺʳʯʠʩʣʝʥʦ, %: C 58.37, H 6.66, N 4.65. 

ʀʂ (ɜ/ʩm-1): 3365 (ʫʩʨ), 3061 ʩʣ, 1646 ʫʩʣ, 1617 ʩʣ, 1562 ʫʩʨ, 1503 ʩʨ, 1421 ʩ, 

1422 ʩ, 1345 ʩʣ, 1217 ʩʣ, 1138 ʩʣ, 1219 ʦʩ, 1091 ʩʨ, 1037 ʩʣ, 1036 ʩʣ, 987 ʩʣ, 883 

ʩʣ, 852 ʩ, 778 ʩʣ, 692 ʫʩʨ, 508 ʩʨ, 451 ʩʣ, 410 ʩ. 

[Fe3O(Piv)6(THF)(EtOH)(OH)]ĀTHF (22). ʅʘʚʝʩʢʘ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ 

ʈʝʘʛʝʥʪʘ (100 ʤʛ, 0.09 ʤʤʦʣʴ) ʙʳʣʘ ʨʘʩʪʚʦʨʝʥʘ ʚ 40 ʤʣ ʩʤʝʩʠ ʊɻʌ : EtOH (1:1) 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (60 Üʉ) ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʏʝʨʝʟ 3 ʩʫʪʦʢ ʚʳʧʘʣʠ ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠʩʴ ʦʪ ʤʘʪʦʯʥʠʢʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 76 ʤʛ (69 % ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ). 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ Fe3C39H77O17: C, 47.53; H, 7.87. Found: C, 47.32; H, 7.76. FT-IR 

(ATR), ɜ/cmï1 (s = strong, m = medium, w = weak) (ɜ/ʩm-1): 2960 m, 2931 w, 2872 
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w, 1696 w, 1612 s, 1585 br.s, 1567 vs, 1545 vs, 1482 vs, 1640 w, 1417 vs, 1357 vs, 

1222 vs, 1031 w, 938 w, 895 vs, 787 m, 727 m, 603 vs, 551 w, 435 vs, 427 vs, 419 

vs.  

[Fe3O(Piv)6(pym)]ĀHPiv (23). ʅʘʚʝʩʢʘ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ ʈʝʘʛʝʥʪʘ (100 ʤʛ, 

0.09 ʤʤʦʣʴ) ʙʳʣʘ ʨʘʩʪʚʦʨʝʥʘ ʚ 20 ʤʣ MeCN ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (70 Üʉ) ʚ ʪʝʯʝʥʠʝ 

ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʏʝʨʝʟ 3 ʩʫʪʦʢ ʚʳʧʘʣʠ ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʷʣʠʩʴ ʦʪ ʤʘʪʦʯʥʠʢʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 83 ʤʛ (81 

% ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ). ɺʳʯʠʩʣʝʥʦ ʜʣʷ Fe3C47H76N6O15: C, 

49.84; H, 6.76. Found: C, 49.72; H, 6.72.  

[CdCo(dap)2(Piv)5] (24). ʢ ʩʫʩʧʝʥʟʠʠ [Co(OH)n(O)(Piv)2-n]x 0.2 ʛ (0.8 

ʤʤʦʣʴ) ʚ 50 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʦʙʘʚʠʣʠ Cd(NO3)2Ŀ4ʅ2ʆ 0.3 ʛ (0.7 ʤʤʦʣʴ) ʠ 

ʨʘʩʪʚʦʨ 0.13 ʤʣ (1.5 ʤʤʦʣʴ) ʜʠʘʤʠʥʦʧʨʦʧʘʥʘ ʚ 10 ʤʣ ʙʝʥʟʦʣʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʚʠʰʥʝʚʳʡ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (70ʉ̄) 40 ʤʠʥʫʪ. ɼʘʣʝʝ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ. ɺʳʧʘʚʰʠʝ ʯʝʨʝʟ ʩʫʪʢʠ ʙʦʨʜʦʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʠʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʣʠ ʭʦʣʦʜʥʳʤ 

ʵʬʠʨʦʤ ʠ ʚʳʩʫʰʠʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ɺʳʭʦʜ I 60 % (120 ʤʛ). ʅʘʡʜʝʥʦ, %: C 44.89, 

H 7.61, N 6.43. ɼʣʷ CdCoO10C31H65N4.ɺʳʯʠʩʣʝʥʦ, %: 45.12, H 7.94, N 6.79.  

ʀʂ (ɜ/ʩm-1): 3262 ʫʩʨ, 3224 ʫʩʨ, 3154 ʩʣ, 2960 ʩ, 2930 ʩʨ, 2870 ʩʨ, 2300 ʦʩʣ, 2253 

ʩʣ, 1620 ʩʨ, 1583 ʩʣ, 1540 ʦʩ, 1480 ʦʩ, 1458 ʩʣ, 1410 ʦʩ, 1356 ʦʩ, 1336 ʦʩ, 1306 

ʩʣ, 1211 ʫʩ, 1136 ʩʣ, 1112 ʩʨ, 1050 ʫʩʨ, 924 ʩʨ, 898 ʦʩ, 807 ʩʨ, 792 ʩʨ, 752 ʫʩʣ, 

682 ʩʣ, 640 ʩʣ, 604 ʩʨ, 571 ʩʣ, 521 ʩʨ, 460 ʩʨ, 425 ʩʣ.  

[LiCʦ(dap)2(Piv)4]n (25). ʂ ʩʫʩʧʝʥʟʠʠ ʧʦʣʠʤʝʨʘ [Co(OH)n(O)(Piv)2-n]x 0.2 ʛ 

(0.8 ʤʤʦʣʴ) ʚ 50 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʦʙʘʚʠʣʠ LiPiv 0.08 ʛ (0.7 ʤʤʦʣʴ) ʠ ʨʘʩʪʚʦʨ 

0.13 ʤʣ (1.5 ʤʤʦʣʴ) ʜʠʘʤʠʥʦʧʨʦʧʘʥʘ ʚ 10 ʤʣ ʙʝʥʟʦʣʘ. ʆʙʨʘʟʦʚʘʚʰʫʶʩʷ 

ʨʦʟʦʚʫʶ ʩʫʩʧʝʥʟʠʶ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (70ʉ̄) 40 ʤʠʥʫʪ. ɺʳʧʘʚʰʠʝ 

ʯʝʨʝʟ ʩʫʪʢʠ ʨʦʟʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʠʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, 

ʧʨʦʤʳʣʠ ʭʦʣʦʜʥʳʤ ʵʬʠʨʦʤ ʠ ʚʳʩʫʰʠʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ɺʳʭʦʜ 35 % (70 ʤʛ). 

ʅʘʡʜʝʥʦ, %: 50.78, H 9.07, N 10.3. LiCoO8C28H59N5. ɺʳʯʠʩʣʝʥʦ, %: 50.98, H 

9.01, N 10.62. ʀʂ (ɜ/ʩm-1): 3297 ʩʣ, 3200 ʫʩʣ, 3153 ʩʣ, 3089 ʩʣ, 2953 ʩʨ, 2930 ʩʨ, 
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2866 ʩʨ, 1638 ʩʨ, 1595 ʦʩ, 1564 ʦʩ, 1479 ʦʩ, 1454 ʩʣ, 1421 ʩʣ, 1346 ʦʩ, 1302 ʩʨ, 

1261 ʩʣ, 1200 ʫʩʣ, 1111 ʩʨ, 1047 ʩʨ, 1036 ʩʨ, 931 ʩʨ, 907 ʩʣ, 895 ʩʣ, 881 ʩʨ, 789 

ʩʨ, 726 ʫʩʣ, 679 ʦʩ, 648 ʩʨ, 592 ʩʨ, 577 ʩʣ, 547 ʩʣ, 528 ʩʣ, 446 ʦʩ, 423 ʩʣ.  

[Zn 2(piv)2(dab)2(Hdab)2]Ŀ4pivĿ2H2O (26). ZnCl2Ŀ2H2O (0.200 ʛ, 1.16 

ʤʤʦʣʴ) ʠ KPiv (0.33 ʛ, 2.30 ʤʤʦʣʴ) ʙʳʣʦ ʨʘʩʪʚʦʨʝʥʦ ʚ 30 ʤʣ MeCN (70 ÁC). 

ɿʘʪʝʤ ʢ ʩʫʩʧʝʥʟʠʠ ʙʳʣ ʜʦʙʘʚʣʝʥ dab (0.20 ʛ, 2.30 ʤʦʣʴ) ʠ ʚʩʷ ʩʤʝʩʴ ʚʳʜʝʨʞʘʥʘ 

ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʚ ʰʣʝʥʢ ʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʥʘ 30%. ʏʝʨʝʟ ʩʫʪʢʠ ʚʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ 

ʤʘʪʦʯʥʛʦ ʨʘʩʪʚʦʨʘ, ʚʳʩʫʰʝʥʳ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ɺʳʭʦʜ 0.38 ʛ (53%). ʅʘʡʜʝʥʦ, %: 

C 48.97, H 9.65, N 9.93 ʜʣʷ C46H108Zn2N8O14. ɺʳʯʠʩʣʝʥʦ, %: 48.87, H 9.82, N 

10.0. ʀʂ (ɜ/ʩm-1): 3317 s, 3235 w, 3156 vw, 2945 brm, 2905 brw, 2869 brm, 2753 

brw, 2641 brw, 2565 brw, 1629 w, 1566 vs, 1518 vs, 1481 vs, 1353 m, 1365 m, 1310 

vs, 1260 s, 1215 s, 1171 m, 1066 m, 1034 m, 1012 m, 882 m, 811 m, 797 m, 750 w, 

714 w, 638 w, 667 brm, 592 m, 536 m, 492 w. 

[Co(piv)2(dab)2]ĿCl (27). ʂʦʤʧʣʝʢʩ 27 (ʪʝʤʥʦ-ʙʦʨʜʦʚʳʝ ʢʨʠʩʪʘʣʣʳ) 

ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ 26 ʠʩʧʦʣʴʟʫʷ ʉoCl2Ŀ6H2O (0.200 ʛ, 0.84 ʤʤʦʣʴ) (ʚʤʝʩʪʦ 

ZnCl2Ŀ2H2O), ʜʦʙʘʚʣʷʣʠ Kpiv (0.24 ʛ, 1.68 ʤʤʦʣʴ) ʠ dab (0.158 ʛ, 1.68 ʤʤʦʣʴ). 

ɺʳʭʦʜ 0.41 ʛ (55%). ʅʘʡʜʝʥʦ, %: C 45.68, H 8.75; N 11.73 ʜʣʷ C18H42CoN4O4Cl. 

ɺʳʯʠʩʣʝʥʦ, %: C 45.71, H 8.95, N 11.85. ʀʂ (ɜ/ʩm-1): 3285 w, 3158 brm, 3105 m, 

2942 brs, 2901 w, 2866 w, 1602 vs, 1583 vs, 1559 vs, 1479 vs, 1459 m, 1433 w, 

1398 vs, 1339 vs, 1218 vs, 1190 w, 1141 w, 1102 m, 1072 w, 1027 w, 1001 m, 973 

w, 936 w, 853 w, 801 w, 784 m, 724 m, 632 m, 573 w, 505 w, 479 w, 459 w. 

[Co3(Oʅ)(piv)5(dabn)2]Ŀ0.5MeCN (28). ʅʘʚʝʩʢʠ ʉoCl2Ŀ6H2O (0.200 g, 0.84 

mmol) ʠ Kpiv (0.240 g, 1.68 mmol) ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ MeCN (25 ʤʣ); ʢ 

ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʙʳʣ ʜʦʙʘʚʣʝʥ dabn (0.238 g, 0.84 mmol). 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (70ʉ̄) ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɺʳʧʘʚʰʠʝ ʯʝʨʝʟ ʩʫʪʢʠ ʩʠʥʠʝ ʢʨʠʩʪʘʣʣʳ 

ʦʪʜʝʣʠʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʣʠ ʭʦʣʦʜʥʳʤ ʵʬʠʨʦʤ ʠ 

ʚʳʩʫʰʠʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ɺʳʭʦʜ 75 ʤʛ (37 %). ʅʘʡʜʝʥʦ, C 61.47, H 6.35; N 4.68. 

C132H157Co6N9O22. ɺʳʯʠʩʣʝʥʦ, %: C 61.56, H 6.14, N 4.89. FT-IR (ATR), ɜ/cm-1: 



 54 

3388 vw, 3341 w, 3301 vw, 3131 brw, 2957 brs, 2925 w, 2902 vw, 2867 w, 1575 

vs, 1510 m, 1481 vs, 1458 w, 1411 vs, 1373 vs, 1358 vs, 1269 w, 1223 vs, 1145 w, 

1028 w, 945 w, 891 brs, 813 m, 792 m, 775 m, 749 m, 726 w, 686 w, 667 w, 608 

brm, 571 m, 555 m, 518 w, 482 w, 428 m, 416 m. 

[Zn(dabn)2(H2O)(MeCN)]Ŀ2NO3Ŀ0.5MeCN (29). ɼʠʛʠʜʨʘʪ Zn(NO3)2Ŀ(0.1 

ʛ, 0.45 ʤʤʦʣʴ) ʠ Kpiv (0.13 ʛ, 0.9 ʤʤʦʣʴ) ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ 30 ʤʣ MeCN (70 

ÁC). Dabn (0.128 ʛ, 0.45 ʤʤʦʣʴ) ʙʳʣ ʜʦʙʘʚʣʝʥ ʢ ʨʘʩʪʚʦʨʫ ʠ ʚʩʷ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʌʠʥʘʣʴʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʚ 

ʰʣʝʥʢ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ. ʏʝʨʝʟ ʩʫʪʢʠ ʚʳʧʘʣʠ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʦʪʜʝʣʝʥʳ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.49 ʛ (69 %). 

ʅʘʡʜʝʥʦ, %: C 63.19, H 4.72; N 12.32. C42H35ZnN7O6. ɺʳʯʠʩʣʝʥʦ, %: C C 63.12, 

H 4.41, N 12.27. FT-IR (ATR), ɜ/cm-1: 3403 brm, 3310 m, 3241 m, 3142 m, 3066 

w, 3934 w, 2290 w, 2257 w, 1675 w, 1619 m, 1599 vs, 1510 m, 1475 m, 1384 w, 

1363 w, 1311 brs, 1268 m, 1215 w, 1136 vw, 1098 w, 1030 vs, 1019 vs, 929 s, 863 

m, 818 vs, 776 m, 746 vs, 724 w, 685 m, 663 m, 623 w, 593 w, 564 w, 531 w, 486 

w, 452 w, 439 w, 426 w, 415 vs. 

[Fe4(O)2(piv)8(dap)2] (30). ʅʘʚʝʩʢʘ ʪʝʨʤʦʣʠʟʦʚʘʥʥʦʛʦ ʈʝʘʛʝʥʪʘ (100 ʤʛ, 

0.09 ʤʤʦʣʴ) ʙʳʣʘ ʨʘʩʪʚʦʨʝʥʘ ʚ 20 ʤʣ MeCN ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (70 Üʉ) ʚ ʪʝʯʝʥʠʝ 

20 ʤʠʥ. ɼʘʣʝʝ ʙʳʣ ʜʦʙʘʚʣʝʥ dap (0.015 ʤʣ, 0.18 ʤʤʦʣʴ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ 

ʙʳʣʘ ʚʳʜʝʨʞʝʥʘ 120 ʤʠʥ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʥ ʚ ʰʣʝʥʢ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʜʦ 10 ʤʣ. ʏʝʨʝʟ 3 ʩʫʪʦʢ 

ʚʳʧʘʣʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠʩʴ ʦʪ 

ʤʘʪʦʯʥʠʢʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠʩ ɹʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 42 ʤʛ (42 % ʚ ʨʘʩʯʝʪʝ 

ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ). ʅʘʡʜʝʥʦ, %: C 45.26, H 7.85; N 4.85 ʜʣʷ 

Fe4C46H92N4O18. ɺʳʯʠʩʣʝʥʦ: C, 45.56; H, 7.65, N, 4.62. 

[Zn{NH(ʉʅ2)4ʆ}{S2CN(C2H5)2}2]2ĿCH2{N(CH2)4O}2 (31). 0.5 ʛ (0.69 

ʤʤʦʣʴ) ʠʩʭʦʜʥʦʛʦ ʙʠʷʜʝʨʥʦʛʦ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʘ ʮʠʥʢʘ, [Zn2(EDtc)4] 

ʨʘʩʪʚʦʨʠʣʠ ʚ 8 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ (40 ʉ̄). 

ɿʘʪʝʤ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ 0.24 ʤʣ ʤʦʨʬʦʣʠʥʘ 

(2.76 ʤʤʦʣʴ) ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʥʘʛʨʝʣʠ ʜʦ ʢʠʧʝʥʠʷ. ʈʘʩʪʚʦʨ ʦʩʪʘʚʠʣʠ ʥʘ ʥʦʯʴ 
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ʚ ʟʘʢʨʳʪʦʡ ʩʢʣʷʥʢʝ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʶ 31 ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʭʨʘʥʠʣʠ ʚ ʟʘʧʘʷʥʥʳʭ 

ʩʪʝʢʣʷʥʥʳʭ ʘʤʧʫʣʘʭ. ɺʳʭʦʜ 61%.  

[Zn{NH(ʉʅ2)4ʆ}{S2CN(C2H5)2}2]4ĿNH(ʉʅ2)4ʆĿC2H4{N(CH 2)4O}2 (32). 5 ʛ 

(0.69 ʤʤʦʣʴ) ʠʩʭʦʜʥʦʛʦ ʙʠʷʜʝʨʥʦʛʦ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʘ ʮʠʥʢʘ, [Zn2(EDtc)4] 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (40-50̄ ʉ) ʨʘʩʪʚʦʨʠʣʠ ʚ 8 ʤʣ 1,2-ʜʠʭʣʦʨʵʪʘʥʘ. ɿʘʪʝʤ ʚ ʨʘʩʪʚʦʨ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ 0.21 ʤʣ (2.45 ʤʤʦʣʴ) ʤʦʨʬʦʣʠʥʘ. 

ʈʘʩʪʚʦʨ ʦʩʪʘʚʠʣʠ ʥʘ ʥʦʯʴ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʶ 32 ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʭʨʘʥʠʣʠ ʚ ʟʘʧʘʷʥʥʳʭ 

ʩʪʝʢʣʷʥʥʳʭ ʘʤʧʫʣʘʭ. ɺʳʭʦʜ 57%. 

[Zn{NH(ʉʅ2)4ʆ}{S2CN(C2H5)2}2]ĿCHCl3 (33). 0.510 ʛ (0.70 ʤʤʦʣʷ) 

ʠʩʭʦʜʥʦʛʦ ʙʠʷʜʝʨʥʦʛʦ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʘ ʮʠʥʢʘ [Zn2(Edtc)4] ʨʘʩʪʚʦʨʷʣʠ ʚ 

5 ʤʣ ʭʣʦʨʦʬʦʨʤʘ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ (40ʉ̄). ɿʘʪʝʤ ʚ ʨʘʩʪʚʦʨ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ 0.125 ʤʣ (1.40 ʤʤʦʣʷ) ʤʦʨʬʦʣʠʥʘ. 

ʈʘʩʪʚʦʨ ʦʩʪʘʚʠʣʠ ʥʘ ʥʦʯʴ ʚ ʟʘʢʨʳʪʦʡ ʩʢʣʷʥʢʝ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʶ 33 ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ 

ʭʨʘʥʠʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ. ɺʳʭʦʜ 76%. 

[Cu{NH(ʉʅ2)4ʆ}{S2CN(C2H5)2}2]ĿCHCl3 (34). Cʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ 

ʘʥʘʣʦʛʠʯʥʦ I, ʥʦ ʚ ʬʦʨʤʝ ʠʟʦʪʦʧʥʦ-ʟʘʤʝʱʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʴ ʤʝʜʠ(II) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʫʢʣʠʜʘ 63Cu 99.3(1) ʘʪ. %. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʨʘʟʨʝʰʝʥʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ ʦʙʨʘʟʝʮ 34 ʧʦʣʫʯʘʣʠ ʚ 

ʤʘʛʥʠʪʥʦ-ʨʘʟʙʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (Cu : Zn = 1 : 1000). ʇʦʣʥʦʪʫ ʧʝʨʝʭʦʜʘ 

ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʜʜʫʢʪ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʛʨʘʚʠʤʝʪʨʠʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ.  

[Zn{NH(ʉʅ2)4ʆ}{S2CN(C2H5)2}2]ĿCCl4 (35). 0.50 ʛ (0.69 ʤʤʦʣʴ) 

[Zn2(Edtc)4] ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʥʘʛʨʝʚʘʥʠʠ (50 Üʉ). ɼʘʣʝʝ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ 



 56 

0.12 ʤʣ (1.4 ʤʤʦʣʴ) ʤʦʨʬʦʣʠʥʘ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 18Üʉ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ 

ʭʨʘʥʠʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ. ɺʳʭʦʜ 69%. 

[Zn{NH(ʉʅ2)4ʆ}{S2CN(C2H5)2}2]ĿCCl4 (36). ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ 

ʘʥʘʣʦʛʠʯʥʦ 35, ʥʦ ʚ ʬʦʨʤʝ ʠʟʦʪʦʧʥʦ-ʟʘʤʝʱʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʴ ʤʝʜʠ(II) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʫʢʣʠʜʘ 63Cu 99.3(1) ʘʪ. %. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʨʘʟʨʝʰʝʥʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ ʦʙʨʘʟʝʮ 36 ʧʦʣʫʯʘʣʠ ʚ 

ʤʘʛʥʠʪʥʦ-ʨʘʟʙʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (Cu : Zn = 1 : 1000). ʇʦʣʥʦʪʫ ʧʝʨʝʭʦʜʘ 

ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʜʜʫʢʪ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʛʨʘʚʠʤʝʪʨʠʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ.  

[Au{S2CN(C2H5)2}2]Cl (37). ʂ 100 ʤʛ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʘ 

ʦʢʩʦʚʘʥʘʜʠʷ(IV) ʧʨʠʣʠʚʘʣʠ 10 ʤʣ ʨʘʩʪʚʦʨʘ AuCl3 (ʚ 2M ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ), 

ʩʦʜʝʨʞʘʱʝʛʦ 80.2 ʤʛ ʟʦʣʦʪʘ, ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʋʞʝ ʚ ʧʝʨʚʳʝ 

ʤʠʥʫʪʳ ʢʦʥʪʘʢʪʘ ʨʘʩʪʚʦʨ ʧʦʩʪʝʧʝʥʥʦ ʦʙʝʩʮʚʝʯʠʚʘʣʩʷ, ʘ ʦʩʘʜʦʢ ʠʩʭʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʠʦʙʨʝʪʘʣ ʞʝʣʪʳʡ ʮʚʝʪ. ɿʘʪʝʤ ʭʣʦʧʴʝʚʠʜʥʳʡ ʦʩʘʜʦʢ 

ʧʝʨʝʬʦʨʤʠʨʦʚʳʚʘʣʩʷ (ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʚʠʜʠʤʦʛʦ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ) ʠ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʣʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʩʪʘʥʦʚʠʣʩʷ 

ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʤ.  

2[VO{ S2CN(C2H5)2} 2] + 3H[AuCl4] = [Au{ S2CN(C2H5)2} 2]Cl (37) + 

[Au{ S2CN(C2H5)2} 2][AuCl4] (38) + 2VOCl2 + 3HCl. 

ʂʦʥʪʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ 1 ʢʣʘʩʩʘ ʬʠʨʤʳ çHitachiè, ʤʦʜʝʣʴ 180-50). 

ʆʪʤʝʯʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʚ 

ʦʩʘʜʢʝ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ. ʂʦʤʧʣʝʢʩ 37 ʚʳʜʝʣʷʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʜʨʦʙʥʦʡ 

ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʭʣʦʨʦʬʦʨʤ (ʧʦʩʣʝ ʯʝʛʦ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʣ ʛʦʣʫʙʦʡ ʮʚʝʪ 

ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʥʦʛʦ VOCl2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʠʩʪʘʣʣʳ 37 ʧʦʣʫʯʘʣʠ 
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ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʘʮʝʪʦʥʘ. ʅʘʡʜʝʥʦ, %: H 4.04, N 5.81, C 22.94 ʜʣʷ 

AuClS4N2ʉ10H20. ɺʳʯʠʩʣʝʥʦ, %: ʅ 3.81, N 5.30, C 22.71. 

[Au{S2CN(C2H5)2}2][AuCl 4] (38). ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ 37. ʆʩʘʜʦʢ 

ʢʦʤʧʣʝʢʩʘ 38 ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʬʠʣʴʪʨʝ. 

ɼʣʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʠʩʪʘʣʣʳ 38 ʧʦʣʫʯʘʣʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʩʤʝʩʠ ʘʮʝʪʦʥ-ʪʦʣʫʦʣ (1:1). ʅʘʡʜʝʥʦ, %: H 2.42, N 3.36, 

C 14.43 ʜʣʷ Au2Cl4S4N2ʉ10H20. ɺʳʯʠʩʣʝʥʦ, %: ʅ 2.57, N 3.45, C 15.03. 

[Au{S2CN(C2H5)2}2Cl2] (39). ʂ 100 ʤʛ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʘ 

ʦʢʩʦʚʘʥʘʜʠʷ(IV) ʧʨʠʣʠʚʘʣʠ 20 ʤʣ ʨʘʩʪʚʦʨʘ AuCl3 (ʚ 2M ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ), 

ʩʦʜʝʨʞʘʱʝʛʦ 160 ʤʛ ʟʦʣʦʪʘ, ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʋʞʝ ʚ ʧʝʨʚʳʝ 

ʤʠʥʫʪʳ ʢʦʥʪʘʢʪʘ ʩʝʨʳʡ ʦʩʘʜʦʢ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʦʙʨʝʪʘʣ ʞʝʣʪʳʡ ʮʚʝʪ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʬʠʣʴʪʨʝ. ɼʣʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ 39 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʤʝʪʘʥʦʣʘ. ʅʘʡʜʝʥʦ, %: H 3.57, N 4.94, C 21.25 

ʜʣʷ Au2Cl2S4N2ʉ10H20. ɺʳʯʠʩʣʝʥʦ, %: ʅ 3.57, N 4.96, C 21.28. 

([Au{S2CN(CH2)6}2]3[AuCl 2]2Cl]) n (40). ʂ 100 ʤʛ ʩʚʝʞʝʦʩʘʞʜʝʥʥʦʛʦ 

ʦʙʲʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ia ʧʨʠʣʠʚʘʣʠ ~8 ʤʣ ʨʘʩʪʚʦʨʘ AuCl3 (ʚ 2M HCl), 

ʩʦʜʝʨʞʘʱʝʛʦ ~83 ʤʛ ʟʦʣʦʪʘ, ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 

2 ʯ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨʠʤʳʡ ʢʦʤʧʣʝʢʩ 39 ʜʨʦʙʥʦ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ 

ʭʣʦʨʦʬʦʨʤ (ʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʦʢʨʘʰʝʥʥʘʷ 

ʢʘʧʣʷ CHCl3). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʤʘʩʩʫ 39 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʘʮʝʪʦʥʘ. ʅʘʡʜʝʥʦ, %: H 3.37, N 3.77, C 21.28 ʜʣʷ 

Au5Cl5S12N6ʉ42H72. ɺʳʯʠʩʣʝʥʦ, %: ʅ 3.57, N 4.96, C 21.28.  

[Au{S2CN(CH2)6}2Cl2] (41). ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ 40. ʆʩʘʜʦʢ 

ʢʦʤʧʣʝʢʩʘ 41 ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʬʠʣʴʪʨʝ. 

ɼʣʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʠʩʪʘʣʣʳ 41 ʧʦʣʫʯʘʣʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʩʤʝʩʠ ʘʮʝʪʦʥ-ʪʦʣʫʦʣ (1:1). ʅʘʡʜʝʥʦ, %: H 3.84, N 4.37, 

C 27.36 ʜʣʷ AuCl2S4N2ʉ14H24. ɺʳʯʠʩʣʝʥʦ, %: ʅ 3.92, N 4.54, C 27.28. 

[Cu(fur) 2(bpy)(H2O)] (42). ʅʘʚʝʩʢʠ ʉu(OAc)2ĿH2O (0.182 ʛ, 1 ʤʤʦʣʴ) ʠ 

Hfur (0.224 ʛ, 2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ 
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ʜʦʙʘʚʣʷʣʠ bpy (0.156 ʤʛ, 1 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 

Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʩʠʥʠʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 20 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩʠʥʝʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 42 - 0.37 

ʛ (80 %). ʅʘʡʜʝʥʦ, %: C 52.17, H 3.49, N 6.06 ʜʣʷ C20H16O7N2ʉu. ɺʳʯʠʩʣʝʥʦ, %: 

52.23, H 3.51, N 6.09. ʀʂ (ɜ/ʩʤ-1): 3360 ʫ.ʩʣ, 3134 ʩʣ, 3120 ʩʣ, 3079 ʩʣ, 3060 ʩʣ, 

3023 ʦ.ʩʣ, 1695 ʫ.ʩʣ, 1601 ʩʨ, 1568 ʦ.ʩ, 1495 ʩʨ, 1481 ʩ, 1474 ʦ.ʩ, 1447 ʩʣ, 1385 

ʦ.ʩ, 1370 ʦ.ʩ, 1356 ʦ.ʩ, 1322 ʦ.ʩʣ, 1286 ʩʣ, 1258 ʩʣ, 1257 ʩʣ, 1225 ʩʨ, 1172 ʩʨ, 

1187 ʦ.ʩ, 1137 ʩʨ, 1126 ʩʣ, 1075 ʩʨ, 1056 ʩʨ, 1032 ʦ.ʩʣ, 1019 ʦ.ʩ, 1007 ʦ.ʩ, 928 ʩ, 

896 ʦ.ʩʣ, 883 ʩ, 853 ʩʣ, 812 ʩʨ, 782 ʩ, 766 ʦ.ʩ, 731 ʩʨ, 663 ʩʣ, 650 ʩʣ, 598 ʫ.ʩʨ, 

547 ʫ.ʩʨ, 468 ʩ. 

[Zn(fur )2(bpy)(H2O)] (43). ʅʘʚʝʩʢʠ Zn(OAc)2Ŀ2H2O (0.219 ʛ, 1 ʤʤʦʣʴ) ʠ 

Hfur (0.224 ʛ, 2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʜʦʙʘʚʣʷʣʠ bpy (0.156 ʤʛ, 1 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 

Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 20 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʦʟʨʘʯʥʳʝ 

ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, 

ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 43 - 0.32 ʛ (70 %). ʅʘʡʜʝʥʦ, 

%: C 52.01, H 3.46, N 6.03 ʜʣʷ C20H16O7N2Zn. 

ɺʳʯʠʩʣʝʥʦ, %: 52.02, H 3.49, N 6.07. ʀʂ (ɜ/ʩʤ-1): 3156 ʩʣ, 3114 ʩʣ, 3077 ʩʣ, 3058 

ʩʣ, 3023 ʦ.ʩʣ, 1634 ʩʣ, 1596 ʦ.ʩ, 1547 ʦ.ʩ, 1474 ʦ.ʩ, 1444 ʩʨ, 1418 ʦ.ʩ, 1399 ʦ.ʩ, 

1318 ʩʨ, 1256 ʩʣ, 1229 ʩʨ, 1178 ʩ, 1159 ʩʣ, 1072 ʩʨ, 1056 ʩʣ, 1026 ʩʨ, 1010 ʩ, 930 

ʩʨ, 904 ʩʣ, 884 ʩʨ, 861 ʩʣ, 789 ʩ, 771 ʦ.ʩ, 734 ʫ.ʩ, 651 ʩʨ, 634 ʩʨ, 615 ʩ, 599 ʩ, 546 

ʩʣ. 

[Zn(fur )2(bpy)] (44). ʅʘʚʝʩʢʠ ʙʝʟʚʦʜʥʦʛʦ ZnCl2 (0.136 ʛ, 1 ʤʤʦʣʴ), 

ʥʘʪʨʠʝʚʫʶ ʩʦʣʴ Hfur (0.268 ʛ, 2 ʤʤʦʣʴ) ʠ bpy (0.156 ʛ, 1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 

40 ʤʣ MeCN. ʆʙʨʘʟʦʚʘʚʰʫʶʩʷ ʩʫʩʧʝʥʟʠʶ ʧʝʨʝʤʝʰʠʚʘʣʠ 24 ʯʘʩʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 10 ʤʣ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (70 ÁC). ʇʦʣʫʯʝʥʥʳʡ 
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ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʙʝʩʮʚʝʪʥʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 44 0.33 ʛ (74 

%). ʅʘʡʜʝʥʦ, %: C 54.09, H 3.13, N 6.24 ʜʣʷ C20H14O6N2Zn. ɺʳʯʠʩʣʝʥʦ, %: 

54.14, H 3.18, N 6.31. ʀʂ (ɜ/ʩʤ-1): 3105 ʩʣ, 3073 ʩʣ, 1596 ʩ, 1575 ʩʨ, 1550 ʩʨ, 

1473 ʩ, 1443 ʩ, 1420 ʩ, 1400 ʩʨ, 1361 ʩʨ, 1318 ʩʨ, 1252 ʩʣ, 1229 ʩʣ, 1192 ʩʨ, 1177 

ʩʨ, 1157 ʩʨ, 1138 ʩʨ, 1100 ʩʣ, 1071 ʩʣ, 1057 ʩʨ, 1026 ʩʨ, 1010 ʩ, 976 ʩʣ, 930 ʩʨ, 

904 ʩʣ, 884 ʩʣ, 884 ʩʣ, 818 ʩ, 792 ʩ, 769 ʦʯ.ʩ, 732 ʩ, 657 ʩʨ, 650 ʩʨ, 635 ʩʨ, 615 

ʩʨ, 599 ʩʨ, 479 ʩʨ, 439 ʩʣ, 432 ʩʣ, 414 ʩ. 

[Co(fur )2(bpy)] (45). ɺ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʧʦʤʝʩʪʠʣʠ ʥʘʚʝʩʢʠ 

ʪʨʠʤʝʪʠʣʘʮʝʪʘʪʘ (ʧʠʚʘʣʘʪʘ) ʢʦʙʘʣʴʪʘ (0.261 ʛ, 1.0 ʤʤʦʣʴ), HFur (0.224 ʛ, 2.0 

ʤʤʦʣʴ), 2,2ô-ʙʠʧʠʨʠʜʠʥʘ (0.156 ʛ, 1.0 ʤʤʦʣʴ) ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣ 

(40 ʤʣ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ, ʟʘʧʘʠʚʘʣʠ ʠ ʛʨʝʣʠ ʥʘ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 120 ÁC ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʦʜʫʢʪ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʝʥʢʘʭ ʘʤʧʫʣʳ ʚ ʚʠʜʝ ʬʠʦʣʝʪʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ. ɺʳʭʦʜ 45 0.43 ʛ (98 %). ʅʘʡʜʝʥʦ, %: C 

54.89, H 3.17, N 6.38 ʜʣʷ C20H14O6N2ʉo. ɺʳʯʠʩʣʝʥʦ, %: 54.94, H 3.23, N 6.41. 

ʀʂ (ɜ/ʩʤ-1): 3112 ʩʣ, 1588 ʩʨ, 1539 ʩʨ, 1473 ʩ, 1445 ʩʨ, 1422 ʦʯ.ʩ, 1367 ʩ, 1316 

ʩʨ, 1230 ʩʣ, 1194 ʩʨ, 1177 ʩʣ, 1158 ʩʣ, 1070 ʩʣ, 1056 ʩʣ, 1025 ʩʣ, 1009 ʩ, 930 ʩʨ, 

903 ʩʨ, 884 ʩʣ, 857 ʩʣ, 816 ʩ, 791 ʩ, 777 ʦʯ. ʩ, 769 ʦʯ.ʩ, 735 ʩ, 651 ʩʣ, 635 ʩʣ, 615 

ʩʨ, 599 ʩʨ, 531 ʩʣ, 480 ʩ, 450 ʩʣ, 415 ʩʨ.  

[Ni(fur )2(bpy)] (46). ʅʘʚʝʩʢʠ Ni(OAc)2Ŀ4H2O (0.1 ʛ, 0.4 ʤʤʦʣʴ) ʠ Hfur (0.13 

ʛ, 1.2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʣʷʣʠ 

2,2ô-bpy (0.06 ʤʛ, 0.4 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 Üʉ ʚ 

ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 10 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʟʝʣʝʥʳʝ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 46 - 0.14 ʛ 

(80 %). ʅʘʡʜʝʥʦ, %: C 54.97, H 3.23. N 6.41 ʜʣʷ C20H14N2NiO6. ɺʳʯʠʩʣʝʥʦ, %: 

C 55.27, H 2.52, N 6.42. ʀʂ (ɜ/ʩʤ-1): 3148 ʩʣ, 3117 ʩʨ, 1607 ʩʣ, 1565 ʩʣ, 1584 ʩ, 
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1532 ʦ.ʩ, 1479 ʦ.ʩ, 1422 ʦ.ʩ, 1446 ʩʨ, 1422 ʦ.ʩ,1370 ʦ.ʩ, 1401 ʩ, 1370 ʦ.ʩ, 1315 ʩʨ, 

1227 ʩʨ, 1256 ʩʣ, 1175 ʩʨ, 1193 ʩ, 1068 ʩʣ, 1056 ʩʣ, 1006 ʩ, 973 ʩʨ, 904 ʩʣ, 883 

ʩʣ, 854 ʩʣ, 824 ʩ, 791 ʩ, 775 ʩ, 733 ʩʨ, 615 ʩʨ, 598 ʩʨ, 525 ʩʣ, 479 ʩʣ, 417 ʩʨ.  

[Cu(fur )2(py)2(H2O)] (47). ʅʘʚʝʩʢʠ ʉu(OAc)2ĿH2O (0.182 ʛ, 1 ʤʤʦʣʴ) ʠ Hfur 

(0.448 ʛ, 4 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʜʦʙʘʚʣʷʣʠ py (0.3 ʤʣ, 4 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 Üʉ 

ʚ ʪʝʯʝʥʠʝ 3 ʯ ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 

ʦʙʲʝʤʘ 25 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. 

ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʩʠʥʝʛʦ ʮʚʝʪʘ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʜʝʣʝʥʳ ʦʪ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʚʳʩʫʰʝʥʳ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. 

ɺʳʭʦʜ 47 - 0.17 ʛ (37% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʫʶ ʩʦʣʴ). ʅʘʡʜʝʥʦ, %: C 51.70, H 

3.98, N 6.02 ʜʣʷ ʉuO7C20H18N2. ɺʳʯʠʩʣʝʥʦ, %: 52.0, H 3.93, N 6.06. ʀʂ (ɜ/ʩʤ-1): 

3223 ʩʨ, 1599 ʦ.ʩ, 1560 ʩʨ, 1488 ʩʣ, 1472 ʩ, 1448 ʩ, 1392 ʩ, 1358 ʩ, 1218 ʩʨ, 1192 

ʩ, 1155 ʩʣ, 1136 ʩʣ, 1070 ʩ, 1046 ʩʨ, 1009 ʩ, 952 ʦʩʣ, 930 ʩʨ, 882 ʩʨ, 788 ʦ.ʩ, 751 

ʩ, 695 ʩ, 640 ʩʨ, 598 ʩʣ, 577 ʦ.ʩʣ, 474 ʩ, 436 ʩʨ. 

[ʉu(fur) 2(phpy)2(H2O)]Ŀphpy (48). ʅʘʚʝʩʢʠ Cu(OAc)2ĿH2O (0.2 ʛ, 1 ʤʤʦʣʴ) 

ʠ Hfur (0.448 ʛ, 4 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʜʦʙʘʚʣʷʣʠ phpy (0.620 ʤʛ, 4 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 

Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʩʠʥʠʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 20 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʠʥʠʝ 

ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʚ 

ʪʦʢʝ ʘʨʛʦʥʘ. ɺʳʭʦʜ 48 - 0.75 ʛ (81 %). ʅʘʡʜʝʥʦ, %: C 67.18, H 4.61, N 5.39 ʜʣʷ 

ʉuO7C43H35N3. ɺʳʯʠʩʣʝʥʦ, %: 67.13, H 4.59, N 5.46. ʀʂ (ɜ/ʩʤ-1): 3283 ʩʣ, 3127 

ʩʣ, 3108 ʩʣ, 3079 ʩʣ, 3045 ʩʣ, 1605 ʦ.ʩ, 1562 ʦ.ʩ, 1476 ʦ.ʩ, 1407 ʩ, 1389 ʦ.ʩ, 1357 

ʦ.ʩ, 1225 ʩʨ, 1188 ʦ.ʩ, 1140 ʩʨ, 1076 ʩʨ, 1045 ʩʣ, 1008 ʦ.ʩ, 927 ʩʨ, 883 ʩʨ, 839 ʩ, 

825 ʩʨ, 790 ʦ.ʩ, 768 ʦ.ʩ, 756 ʦ.ʩ, 743 ʦ.ʩ, 727 ʦ.ʩ, 687 ʦ.ʩ, 624 ʦ.ʩ, 607 ʦ.ʩ, 582 ʦ.ʩ, 

560 ʦ.ʩ, 472 ʦ.ʩ, 448 ʦ.ʩ, 423 ʦ.ʩ. 
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[ʉu(fur )(NH2py)2] (49). ʅʘʚʝʩʢʠ Cu(OAc)2ĿH2O (0.2 ʛ, 1 ʤʤʦʣʴ) ʠ Hfur 

(0.224 ʛ, 2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʜʦʙʘʚʣʷʣʠ 3-NH2Py (0.188 ʤʛ, 2 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʨʠ 70 Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʩʝʨʦ-ʟʝʣʝʥʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 20 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʟʝʣʝʥʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 49 - 0.85 ʛ (87 %). ʅʘʡʜʝʥʦ, %: C 50.63, H 3.77, N 11.79 ʜʣʷ 

ʉuO6C20H18N4. ɺʳʯʠʩʣʝʥʦ, %: 50.69, H 3.83, N 11.82. 3399 ʩʣ, 3325 ʩʨ, 3222 ʩʨ, 

1639 ʩʨ, 1577 ʦ.ʩ, 1553 ʦ.ʩ, 1495 ʩʨ, 1480 ʦ.ʩ, 1450 ʩ, 1405 ʩ, 1389 ʦ.ʩ, 1362 ʦ.ʩ, 

1324 ʩ, 1281 ʩ, 1225 ʩʨ, 1189 ʩ, 1140 ʩʨ, 1078 ʩʣ, 1064 ʩʨ, 1010 ʩ, 930 ʩʨ, 885 ʩʨ, 

814 ʦ.ʩ, 800 ʩʨ, 782 ʦ.ʩ, 747 ʦ.ʩ, 699 ʦ.ʩ, 663 ʩ, 615 ʩ, 594 ʩ, 547 ʩ, 467 ʦ.ʩ, 432 

ʦ.ʩ, 415 ʦ.ʩ. 

[Cu(fur )2(1,10-phen)] (50). ʅʘʚʝʩʢʠ ʉu(OAc)2ĿH2O (0.182 ʛ, 1 ʤʤʦʣʴ) ʠ 

Hfur (0.448 ʛ, 4 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʜʦʙʘʚʣʷʣʠ phen (0.200 ʤʛ, 1 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 

Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʩʠʥʠʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 20 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ 

ʪʝʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ 

ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ɺʳʭʦʜ 50 - 0.26 ʛ (55 %). ʅʘʡʜʝʥʦ, %: C 56.79, H 2.95, N 

5.92 ɼʣʷ ʉuO6C22H14N2. ɺʳʯʠʩʣʝʥʦ, %: 56.71, H 3.03, N 6.01. ʀʂ (ɜ/ʩʤ-1): 3137 

ʦ.ʩʣ, 3098 ʩʣ, 3067 ʦ.ʩʣ, 1622 ʩʣ, 1565 ʦ.ʩ, 1516 ʩʨ, 1483 ʩʨ, 1473 ʦ.ʩ, 1427 ʩʨ, 

1409 ʩʣ, 1386 ʦʩ, 1355 ʦ.ʩ, 1254 ʩʣ, 1225 ʩʨ, 1187 ʦ.ʩ, 1137 ʩʨ, 1106 ʩʣ, 1078 ʩʨ, 

1050 ʦ.ʩʣ, 1012 ʩʨ, 930 ʩʨ, 889 ʩʨ, 857 ʩ, 812 ʦ.ʩ, 781 ʦ.ʩ, 750 ʩ, 738 ʩʨ, 723 ʦ.ʩ, 

649 ʩʨ, 602 ʩʨ, 564 ʩʨ, 544 ʩʨ, 506 ʩʣ, 469 ʦ.ʩ.  

[Zn(fur )2(1,10-phen)] (51). ɺ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʧʦʤʝʩʪʠʣʠ ʥʘʚʝʩʢʠ 

ʪʨʠʤʝʪʠʣʘʮʝʪʘʪʘ ʮʠʥʢʘ (0.266 ʛ, 1.0 ʤʤʦʣʴ), HFur (0.224 ʛ, 2.0 ʤʤʦʣʴ), 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ (0.180 ʛ, 1.0 ʤʤʦʣʴ) ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʦʩʫʰʝʥʥʳʡ ʘʮʝʪʦʥʠʪʨʠʣ 

(40 ʤʣ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ, ʟʘʧʘʠʚʘʣʠ ʠ ʛʨʝʣʠ ʥʘ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 120 ÁC ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʦʜʫʢʪ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʝʥʢʘʭ ʘʤʧʫʣʳ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʠʛʦʣʴʯʘʪʳʭ 
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ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 51 0.41 ʛ (88 %). ʅʘʡʜʝʥʦ, %: C 56.41, H 2.98, N 5.91 ʜʣʷ 

C22H14N2O6Zn. ɺʳʯʠʩʣʝʥʦ, %: 56.49, H 3.02, N 5.99. ʀʂ (ɜ/ʩʤ-1): 3056 ʩʣ, 1600 

ʩʨ, 1553 ʩʨ, 1518 ʩʨ, 1472 ʩ, 1427 ʩ, 1416 ʩ, 1397 ʩ, 1357 ʩ, 1345 ʩʨ, 1227 ʩʨ, 1188 

ʩʨ, 1142 ʩʨ, 1134 ʩʨ, 1105 ʩʨ, 1074 ʩʣ, 1011 ʩʨ, 977 ʩʣ, 929 ʩʨ, 884 ʩʣ, 869 ʩʨ, 

857 ʩ, 824 ʩʨ, 816 ʩʨ, 791 ʩ, 783 ʦ.ʩ., 763 ʩ, 725 ʦ.ʩ., 644 ʩʨ, 617 ʩʨ, 604 ʩʨ, 597 

ʩʨ, 545 ʩʨ, 478 ʩʨ, 442 ʩʣ, 424 ʩʨ. 

[ʉo(fur )2(phen)(H2O)2] (52) ʅʘʚʝʩʢʠ ʉʦ(OAc)2Ŀ4H2O (0.249 ʛ, 1 ʤʤʦʣʴ) ʠ 

Hfur (0.448 ʛ, 4 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʜʦʙʘʚʣʷʣʠ phen (0.200 ʤʛ, 1 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 

Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʩʠʥʠʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 20 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ 

ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ 

ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ɺʳʭʦʜ 52 - 0.32 ʛ (68 %). ʅʘʡʜʝʥʦ, %: C 53.25, H 3.67, N 

5.63 ʜʣʷ C22H18N2O8Co. ɺʳʯʠʩʣʝʥʦ, %: 53.13, H 3.65, N 5.63. ʀʂ (ɜ/ʩʤ-1): 3104 

ʩʣ, 2248 ʩʣ, 1598 ʦ.ʩ, 1571 ʦ.ʩ, 1547 ʩʨ, 1516 ʩʣ, 1475 ʦ.ʩ, 1413 ʦ.ʩ, 1395 ʦ.ʩ, 

1364 ʦ.ʩ, 1232 ʩʨ, 1223 ʩʨ, 1192 ʩ,1140 ʩʨ, 1106 ʩʣ, 1080 ʩʣ, 1025 ʩʣ, 1001 ʩʨ, 

932 ʩʨ, 884 ʩʨ, 868 ʩ, 848 ʩ, 829 ʩ, 799 ʩʨ, 780 ʦ.ʩ, 758 ʦ.ʩ, 744 ʦ.ʩ, 728 ʩ, 644 ʩʣ, 

615 ʩʨ, 603 ʩʨ, 594 ʩʨ, 559 ʩʣ, 526 ʩʣ, 473 ʦ.ʩ, 420 ʩʨ, 404 ʩʣ. 

[Ni(fur )2(phen)(H2O)2] (53). ʅʘʚʝʩʢʠ Ni(OAc)2Ŀ4H2O (0.1 ʛ, 0.4 ʤʤʦʣʴ) ʠ 

Hfur (0.13 ʛ, 1.2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʣ MeCN. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʜʦʙʘʚʣʷʣʠ phen (0.07 ʛ, 0.4 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 

Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʦʙʲʝʤʘ 10 ʤʣ. ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʛʦʣʫʙʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ 

MeCN ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 53 - 0.16 ʛ (87 %). ʅʘʡʜʝʥʦ, %: C 52.36, 

H 3.65. N 5.64 ʜʣʷ C22H18N2NiO8. ɺʳʯʠʩʣʝʥʦ, %: C 52.40, H 3.35, N 5.37. ʀʂ 

(ɜ/ʩʤ-1): 3356 ʩʨ, 3132 ʩʨ, 1624 ʩʣ, 1586 ʩ, 1545 ʩ, 1474 ʩ, 1398 ʦ.ʩ, 1365 ʦ.ʩ, 1343 

ʩ,1256 ʩʣ, 1226 ʩʨ,1190 ʩ, 1142 ʩʣ, 1135 ʩʣ, 1074 ʩʣ, 931 ʩʨ, 909 ʩʣ, 884 ʩʨ, 870 

ʩʨ, 850 ʩ, 780 ʩ, 728 ʩ, 606 ʩʨ, 590 ʩ, 508 ʩʨ, 468 ʩ, 431 ʩʨ. 
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[FeCl3phen(H2O)] (55) ʅʘʚʝʩʢʠ FeCl3 (0.162 ʛ, 1 ʤʤʦʣʴ) ʠ phen (0.18 ʛ, 1 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 20 ʤʣ MeCN ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 

Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʏʝʨʝʟ ʪʨʦʝ ʩʫʪʦʢ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 55 - 0.92 ʛ (57 %). ʅʘʡʜʝʥʦ, %: 

C 39.68, H 2.82. N 7.75 ʜʣʷ C12H10N2FeCl3O. ɺʳʯʠʩʣʝʥʦ, %: C 39.99, H 2.80, N 

7.77. ʀʂ (ɜ/ʩʤ-1): 3349 ʫ.ʩʨ, 3200 ʩʣ, 3055 ʩʣ, 1606 ʩʨ, 1583 ʩʨ, 1517 ʩʨ, 1489 ʩʣ, 

1422 ʦ.ʩ, 1342 ʩʨ, 1304 ʩʣ,1220 ʩʣ, 1200 ʩʣ,1147 ʩʨ,1105 ʩʨ, 968 ʩʣ, 858 ʦ.ʩ, 785 

ʩʨ, 723 ʦ.ʩ, 644 ʩʨ, 540 ʩʣ. 

(H2phen)[AuCl 4]Cl (56) ʅʘʚʝʩʢʫ phen (0.18 ʛ, 1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 20 ʤʣ 

MeCN ʠ ʜʦʙʘʚʠʣʠ 2 ʤʣ ʨʘʩʪʚʦʨʘ [HAuCl4] ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 11 ʤʛ/ʤʣ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 70 Üʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ 

ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʏʝʨʝʟ ʪʨʦʝ ʩʫʪʦʢ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʞʝʣʪʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʢʨʠʩʪʘʣʣʳ. ʅʘʡʜʝʥʦ, %: C 25.83, H 2.02. N 4.98 ʜʣʷ C12H11N2AuCl5. ɺʳʯʠʩʣʝʥʦ, 

%: C 25.85, H 1.99, N 5.02. ʀʂ (ɜ/ʩʤ-1): 3341 ʦ.ʩʣ, 3130 ʦ.ʩʣ, 3061 ʫ.ʩʣ, 2856 ʩʣ, 

2656 ʩʣ, 2579 ʩʣ, 2043 ʩʣ, 1672 ʫ.ʩ, 1581 ʩ, 1570 ʩ, 1468 ʩ, 1426 ʩʨ, 1383ʩʨ, 1365 

ʩʣ, 1297 ʫ.ʩ, 1235 ʩ, 1191 ʩʣ, 1143 ʩʣ, 1125 ʩʨ, 1104 ʩʣ, 1076 ʩʨ, 1017 ʩ, 992 ʩʣ, 

930 ʩʨ, 851 ʩʣ, 753 ʩ, 698 ʩʣ, 604 ʩʣ, 591 ʩʨ, 547 ʩʨ. 

[Mg(H 2O)4(phen)]Ŀfur2ĿH2O (57). ʂ ʩʤʝʩʠ MgO (50 ʤʛ, 1.24 ʤʤʦʣʴ), HFur 

(278 ʤʛ, 2.48 ʤʤʦʣʴ) ʠ 1,10-phen (234 ʤʛ, 1.24 ʤʤʦʣʴ) ʧʨʠʣʠʚʘʣʠ 20 ʤʣ ʵʪʘʥʦʣʘ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (78 Áʉ) ʜʦ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʠ 

ʦʩʪʘʚʣʷʣʠ ʥʘ ʤʝʜʣʝʥʥʦʝ ʠʩʧʘʨʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʧʘʚʰʠʝ 

ʯʝʨʝʟ 3 ʩʫʪʦʢ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʦʪʜʝʣʷʣʠ ʦʪ 

ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ, ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʅʘʡʜʝʥʦ (%): C 58.56, H 4.44; N, 8.08. C34H32MgN4O11. ɺʳʯʠʩʣʝʥʦ (%): C, 58.59; 

H, 4.63; N, 8.04. ʀʂ (ɜ/ʩʤ-1):  3519 ʩʣ, 3395-2770 ʫʩʨ, 1582 ʩ, 1558 ʩ, 1517 ʩʨ, 

1476 ʩ, 1425 ʩʨ, 1386 ʩ, 1359 ʦ.ʩ, 1346 ʩ, 1219 ʩʨ, 1185 ʩ, 1139 ʩʨ, 1103 ʩʨ, 1085 
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ʩʣ, 1078 ʩʨ, 1008 ʩ, 928 ʩʨ, 882 ʩʨ, 787 ʩ, 757 ʩ, 725 ʦ.ʩ, 628 ʩʣ, 600 ʩʨ, 527 ʩʣ, 

473 ʩʣ, 463 ʩʣ, 446 ʩʣ, 414 ʦ.ʩ. 

[Mg(phen)2(NO3)2] (58). ɺ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʧʦʤʝʩʪʠʣʠ ʥʘʚʝʩʢʠ 

ʛʝʢʩʘʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʤʘʛʥʠʷ (0.256 ʛ, 1.0 ʤʤʦʣʴ) ʠ phen (0.360 ʛ, 2.0 ʤʤʦʣʴ) ʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʘʮʝʪʦʥʠʪʨʠʣ (40 ʤʣ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ, ʟʘʧʘʠʚʘʣʠ ʠ 

ʛʨʝʣʠ ʥʘ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130 ÁC ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʦʜʫʢʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʝʥʢʘʭ ʘʤʧʫʣʳ ʚ 

ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 58 0.415 ʛ (82 %). ʅʘʡʜʝʥʦ, %: C 56.61, H 

3.11, N 16.47 ʜʣʷ C24H16O6N6Mg. ɺʳʯʠʩʣʝʥʦ, %: 56.66, H 3.17, N 16.52. 

ʀʂ (ɜ/ʩʤ-1): 3063 ʩʣ, 1980 ʩʣ, 1625 ʩʣ, 1580 ʩʨ, 1520 ʩʨ, 1496 ʩʣ, 1462 ʩʨ, 1426 

ʩ, 1411 ʩʨ, 1352 ʩʨ, 1335 ʩ, 1303 ʩ, 1224 ʩʨ, 1210 ʩʨ, 1191 ʩʨ, 1142 ʩʨ, 1103 ʩʨ, 

1093 ʩʨ, 1057 ʩ, 1027 ʩ, 985 ʩʣ, 865 ʩʨ, 855 ʩ, 842 ʩ, 825 ʩʨ, 783 ʩʨ, 768 ʩʨ, 724 

ʦʩ, 641 ʩʨ, 555 ʩʣ, 509 ʩʣ, 455 ʩʣ, 441 ʩʨ, 419 ʩʨ.  

[Cu2(fur) 4(MeCN)2] (59). ʅʘʚʝʩʢʠ ʉu(OAc)2ĿH2O (0.182 ʛ, 1 ʤʤʦʣʴ) ʠ Hfur 

(0.224 ʛ, 2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʨʠ 70 Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʣʠʩʴ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʏʝʨʝʟ ʪʨʦʝ ʩʫʪʦʢ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ 

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ 59 - 0.25 ʛ (64 %). ʅʘʡʜʝʥʦ, %: C 44.23, H 3.06, N 4.31 

ʜʣʷ C24H18O12N2ʉu2. ɺʳʯʠʩʣʝʥʦ, %: 44.11, H 2.78, N 4.29. ʀʂ (ɜ/ʩʤ-1): 3140 ʩʨ, 

3119 ʫ.ʩʨ, 2948 ʦ.ʩʣ, 2304 ʩʨ, 2279 ʩʣ, 1615 ʦ.ʩ, 1574 ʦ.ʩ, 1478 ʦ.ʩ, 1415 ʦ.ʩ, 1370 

ʦ.ʩ, 1334 ʩ, 1194 ʦ. ʩ, 1146 ʩʨ, 1078 ʩʨ, 1015 ʦ.ʩ, 932 ʦ.ʩ, 884 ʩ, 860 ʩʣ, 843 ʩʣ, 

805 ʦ.ʩ, 780 ʦ.ʩ, 771 ʦ.ʩ, 747 ʦ.ʩ, 619 ʩ,601 ʩ, 596 ʩʨ, 528 ʫ.ʩ, 442 ʩʣ, 430 ʩʣ, 421 

ʩ. 

[Zn2(fur) 4)n] (60). ʅʘʚʝʩʢʠ Zn(OAc)2Ŀ2H2O (0.219 ʛ, 1 ʤʤʦʣʴ) ʠ Hfur (0.224 

ʛ, 2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 

70 Üʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʣʠʩʴ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʏʝʨʝʟ ʪʨʦʝ ʩʫʪʦʢ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

ɺʳʭʦʜ 60 - 0.45 ʛ (80 %). ʅʘʡʜʝʥʦ, %: C 41.56, H 2.05 ʜʣʷ C20H12O12Zn. 




