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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

ɸɸʉ ï ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ɻʎʂ ï ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ 

ɼʂʉ ï ʜʚʦʡʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ 

ɼʉʂ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʄʌʇ ï ʤʦʜʫʣʴ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʅʊʇʂ ï ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʘʨʦʚʘʷ ʢʦʥʚʝʨʩʠʷ 

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʕɼʉ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

CHN ï ʵʣʝʤʝʥʪʥʳʡ C, H, N-ʘʥʘʣʠʟ 

EXAFS ï extended X-ray absorption fine structure (ʧʨʦʪʷʞʝʥʥʘʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ) 

HAADF  ï high-angle annular dark-field imaging (ʰʠʨʦʢʦʫʛʦʣɹ ʥʘ ̫ ʢʦʣʴʮʝʚʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʚ ʪʝʤʥʦʤ ʧʦʣʝ) 

K L ï ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ppm ï parts per million (ʤʠʣʣʠʦʥʥʘʷ ʜʦʣʷ; ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ, ʨʘʚʥʘʷ 10ī6 ʦʪ 

ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ) 
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RCF ï relative centrifugal field (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʮʝʥʪʨʦʙʝʞʥʦʝ ʫʩʢʦʨʝʥʠʝ) 

TOF ï turnover frequency (ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ; ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ, 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʥʘ ʦʜʥʦʤ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ) 

WHSV ï weight hourly space velocity (ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ) 

 

H2Ox ï ʱʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ 

NaRh-1 ï Na[Rh(H2O)2Ox2]Ŀ2H2O ʩ ʥʘʪʨʠʝʤ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ 

NaRh-2 ï Na[Rh(H2O)2Ox2]Ŀ2H2O ʩ ʥʘʪʨʠʝʤ ʚ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ 

[MnïPd]4 ï {(ɛ-Ox)Pd(ɛ-Ox)Mn(H2O)3} nĿnH2O 

[MïPd]10 ï [M(H2O)6][PdOx2]Ŀ4H2O (M = Co, Ni) 

[NiïPd]8 ï [Ni(H 2O)6][PdOx2]Ŀ2H2O 

[ZnïPd]6 ï [{Zn(H 2O)3(PdOx2)} 2(ɛ-H2O)2]Ŀ4H2O 

[MïRh]12 ï [M (H2O)2{(ɛ-Ox)Rh(H2O)2Ox}2]Ŀ6H2O (M = Mn, Fe, Co, Ni, Cu, Zn) 

[MïRh]6 ï MRh2Ox4Ŀ6H2O (M = Mn, Fe, Co, Ni, Cu, Zn) 
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ɺɺɽɼɽʅʀɽ 

ʅʘʫʢʘ ʩʧʦʩʦʙʥʘ ʨʘʩʰʠʨʠʪʴ ʛʨʘʥʠʮʳ ʢʘʞʜʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʝ ʩʫʞʘʷ ʛʨʘʥʠʮʳ 

ʩʦʩʝʜʝʡ, ʠ ʫʚʝʣʠʯʠʪʴ ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʥʘʨʦʜʘ, ʥʠʯʝʛʦ ʥʝ ʟʘʙʠʨʘʷ ʫ ʜʨʫʛʠʭ. 

ʋ. ʏʝʨʯʠʣʣʴ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʠʩʧʝʨʩʥʳʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʠʭ 

ʚʢʣʘʜ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ. ʅʦ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʚʠʩʷʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʘʚʘ. ɺʘʞʥʳ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠ ʠʭ ʤʦʨʬʦʣʦʛʠʷ. ʀ ʝʩʣʠ ʩʦʩʪʘʚ 

ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʘʝʪʩʷ, ʪʦ ʤʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʫʱʝʩʪʚʫʶʪ ʩʪʨʦʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢ ʚʳʙʦʨʫ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʙʠʪʴʩʷ ʢʘʢ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʪʘʢ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ 

ʛʦʤʦʛʝʥʥʦʩʪʠ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʚʫʤʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʢʘʢ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʠʝ ʛʦʜʳ. ʆʯʝʚʠʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʝ ʤʝʪʘʣʣʳ ʫʞʝ ʧʝʨʝʤʝʰʘʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠ ̫ʟʘʩʣʫʞʠʣʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʙʘʟʝ ʤʝʪʘʣʣʦʚ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʚ ʩʚʷʟʠ ʩʦ ʩʚʦʠʤʠ ʚʳʜʘʶʱʠʤʠʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʦ, ʯʪʦʙʳ 

ʩʦʟʜʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠʣʠ ʪʨʝʙʫʶʱʠʝ ʤʝʥʴʰʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʧʣʘʪʠʥʦʚʦʤʫ ʤʝʪʘʣʣʫ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ 

ʫʣʫʯʰʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʣʘʪʠʥʦʚʦʛʦ ʤʝʪʘʣʣʘ, ʩʯʠʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ 

ʮʝʥʦʚʦʛʦ ʨʘʟʣʠʯʠ ̫ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 
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ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʣʘʛʦʨʦʜʥʳʝ ʠ ʥʝʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʦʧʨʝʜʝʣʝʥʠ ʁ

ʠʭ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠ ʁ ʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ, ʦʜʥʘʢʦ ʠʟ ʥʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 3d-ʤʝʪʘʣʣʘʤʠ ʠ ʤʝʪʘʣʣʘʤʠ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʚʥʫʪʨʝʥʥʷʷ ʩʬʝʨʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʦʚʘʥʘ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʠ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʨʘʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʎʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʣʠʛʘʥʜʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦʙʳ ʧʨʦʚʦʜʠʪʴ 

ʨʘʟʣʦʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ, ʥʦ ʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʣʠʛʘʥʜʳ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʦʞʝʥʠʝ ʚ ʤʝʥʴʰʝʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʜʝʣʠʪʴ ʠʭ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴ.ʁ 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʣʝʛʢʦ ʥʘʥʦʩʠʪʴ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʩʦʢʫ  ʁʨʘʩʪʚʦʨʠʤʦʩʪ ɹʚ ʚʦʜʝ ʧʨʠʜʘʝʪ ʢʦʤʧʣʝʢʩʘʤ ʘʢʚʘ-ʣʠʛʘʥʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʦʢʩʘʣʘʪ-ʠʦʥ ʠ ʚʦʜʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʢ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʥʠ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʘʣʣ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʦʤ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʦʢʩʘʣʘʪ-ʠʦʥʳ ʠ ʚʦʜʘ. 

ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʥʘʥʦʩʧʣʘʚʦʚ Pd ʠ Rh ʩ 3d-ʤʝʪʘʣʣʘʤʠ (Mn, Fe, Co, Ni, Cu, Zn). 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʦʢʩʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

¶ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʠʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ 

ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ; 

¶ ʠʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʧʣʘʚʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʬʦʪʦʦʢʠʩʣʝʥʠʷ CO ʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ 26 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʠ ʨʦʜʠʷ ʩ ʦʢʩʘʣʘʪ-ʠʦʥʘʤʠ 

ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ. ɼʣʷ 19 ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʝʪʦʜʦʤ ʈʉɸ. ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʠ 

ʩʦʩʪʘʚʦʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʩʪʨʦʝʥʠʝʤ. 

ʆʙʩʫʞʜʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʧʣʘʚʦʚ MïPd (M = Mn, Co, Ni, Zn) ʠ MïRh 

(M = Mn, Fe, Co, Ni, Cu, Zn) ʧʦ ʧʨʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʘʟʣʦʞʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʪʦ, ʯʪʦ ʤʝʪʘʣʣʳ ʚ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ ʫʞʝ ʧʝʨʝʤʝʰʘʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʩʧʣʘʚʦʚ MïPd (M = Co, Ni, Zn) 

ʠ NiïRh ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʧʘʣʣʘʜʠʝʤ ʙʳʣʠ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ CO, ʛʜʝ ʧʦʢʘʟʘʣʠ 

ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʣʣʘʜʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ɹʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ NiïRh ʙʳʣʘ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʚ 

ʭʦʜʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʤʦʜʝʣʴʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ (ʤʝʪʘʥ 

54%, ʧʨʦʧʘʥ 6% ʠ ʚʦʜʘ 40%), ʛʜʝ ʫʞʝ ʧʨʠ 340 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ 

ʧʨʦʧʘʥʘ. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʦʙʩʫʞʜʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʦʩʪʘʚʦʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʚʢʣʘʜʦʤ ʚ ʦʙʣʘʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ ʠ ʭʠʤʠʠ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʚ ʯʘʩʪʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʩʧʣʘʚʦʚ ʚʳʰʝ, ʯʝʤ ʫ ʠʭ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʠʭ ʚ ʟʥʘʯʠʤʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʬʦʪʦʦʢʠʩʣʝʥʠʝ CO ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʘʨʦʚʘʷ ʢʦʥʚʝʨʩʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

¶ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʠ 

ʨʦʜʠʷ ʩ 3d-ʤʝʪʘʣʣʘʤʠ; 

¶ ʚʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʩʫʞʜʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʈʉɸ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʤʝʪʦʜʦʤ ʗʄʈ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʨʘʩʪʚʦʨʝ; 

¶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʠ ʨʦʜʠ ̫ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 3d-ʤʝʪʘʣʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʚʦʜʫ ʠ ʦʢʩʘʣʘʪ-ʠʦʥʳ; 

¶ ʩʪʨʦʝʥʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʚ 

ʩʠʩʪʝʤʘʭ MïPd ʠ MïRh ʧʫʪʝʤ ʪʝʨʤʦʣʠʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ. 
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ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʩʫʞʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʟʥʘʯʠʤʦʩʪʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʚʪʦʨʦʤ ʥʘ 5 ʢʦʥʬʝʨʝʥʮʠʷʭ: 56-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ (ʅʦʚʦʩʠʙʠʨʩʢ, 2018), 57-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ (ʅʦʚʦʩʠʙʠʨʩʢ, 2019), XX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘ ̫

ʢʦʥʬʝʨʝʥʮʠ ̫çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè (ʊʦʤʩʢ, 2019), XXVIII  

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʆʣʴʛʠʥʢʘ, 

2021), XXIII  ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʏʝʨʥʷʝʚʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ʧʦ ʭʠʤʠʠ, ʘʥʘʣʠʪʠʢʝ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (ʅʦʚʦʩʠʙʠʨʩʢ, 2022). 

ʇʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ, ʠʟ ʥʠʭ 2 ʩʪʘʪʴʠ ï ʚ ʨʦʩʩʠʡʩʢʠʭ ʞʫʨʥʘʣʘʭ ʠ 3 

ʩʪʘʪʴʠ ï ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ. ɺ ʤʘʪʝʨʠʘʣʘʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 9 ʜʦʢʣʘʜʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚʩʝ ʩʠʥʪʝʟʳ, ʫʢʘʟʘʥʥʳʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʥʳʭ ʦʢʩʘʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʠ ʧʘʣʣʘʜʠʷ. ɺrʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʩʢʦʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʣʷ ʈʉɸ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʚ, ʊɻɸ, ɼʉʂ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ: 1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʠʭ ʦʩʥʦʚʝ. 2. ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ 

ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 5. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. 7. ʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 135 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 53 ʨʠʩʫʥʢʘ, 5 ʪʘʙʣʠʮ ʠ 4 

ʧʨʠʣʦʞʝʥʠ.̫ ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʡ (ʛʣ. 3), ʚʳʚʦʜʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (147 ʩʩʳʣʦʢ) ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʅʍ ʉʆ 

ʈɸʅ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ V.44. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʭʠʤʠʠè, 

ʧʨʦʛʨʘʤʤʘ ʌʅʀ ʉʆ ʈɸʅ V.44.4. çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʛʦ 

ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 17-03-00693, ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ.ɺ. 

ɿʘʜʝʩʝʥʝʮ) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 21-73-20203, ʨʫʢʦʚʦʜʠʪʝʣʴ 

ɽ.ʖ. ʌʠʣʘʪʦʚ).  
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ɼʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ, ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʠʝ ʥʘʟʚʘʥʠʷ, ʢʘʢ 

ʛʝʪʝʨʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [1], ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [2], ʙʠʢʦʤʧʣʝʢʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ [3], ʜʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ [4], ʘ ʪʘʢʞʝ ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʥʘʟʚʘʥʠʷ. ʅʦ 

ʢʘʢ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ [5ï7], ʪʘʢ ʠ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ [8ï12] ʣʠʪʝʨʘʪʫʨʝ ʚʩʝ ʯʘʱʝ ʩʪʘʣ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʩʣʝʜʥʠʡ ʪʝʨʤʠʥ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ ʫʢʘʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠ ̫

ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ ʜʚʦʡʥʳʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʦʣʷʤʠ (ɼʂʉ). ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ ʠ 

ʘʥʠʦʥʦʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ, ʥʦ ʠ ʛʦʚʦʨʠʪ ʦ ʩʪʨʦʝʥʠʠ 

ʯʘʩʪʠʮ, ʘ ʠʤʝʥʥʦ ʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʝ ʦʙʦʠʭ ʠʦʥʦʚ [13]. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʩʣʦʞʥʦʩʪʴ ʠʩʭʦʜʠʪ ʦʪ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʩʦʜʝʨʞʠʪ ʜʠʩʢʨʝʪʥʳʝ ʠʦʥʳ, ʧʦʟʚʦʣʷʷ ʦʜʥʦʟʥʘʯʥʦ ʦʪʥʝʩʪʠ ʠʭ ʢ ʢʣʘʩʩʫ ɼʂʉ, ʘ ʫ 

ʜʨʫʛʦʡ ʯʘʩʪʠ ʥʝʢʦʪʦʨʳʝ ʠʣʠ ʚʩʝ ʮʝʥʪʨʘʣʴʥʳʝ ʘʪʦʤʳ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʚ ʦʙʱʠʡ ʬʨʘʛʤʝʥʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʜʠʩʩʦʮʠʘʮʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ ɼʂʉ. 

ʇʦʵʪʦʤʫ ʦʙʩʫʞʜʘʪʴ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʪʨʦʝʥʠʷ, ʙʫʜʝʤ ʩ ʧʦʟʠʮʠʠ ɼʂʉ. 

ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ ɼʂʉ ʙʳʣʠ ʚ ʥʘʯʘʣʝ XIX  ʚʝʢʘ. 

ʈʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʘ çʨʦʟʦʚʘʷ ʩʦʣʴ ɺʦʢʝʣʝʥʘè 

[Pd(NH3)4][PdCl4] [14]. ʇʦʟʞʝ, ʚ 1828 ʛʦʜʫ, ɸ. ʄʘʛʥʫʩʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʘʥʘʣʦʛʠʯʥʘʷ ɼʂʉ ʩ ʧʣʘʪʠʥʦʡ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʟʝʣʝʥʘʷ 

ʩʦʣʴ ʄʘʛʥʫʩʘè ʠ ʠʤʝʣʘ ʩʦʩʪʘʚ [Pt(NH3)4][PtCl4] [15]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʯʠʩʣʝ ʧʝʨʚʳʭ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ɼʂʉ ʥʘʭʦʜʷʪʩʷ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ [Co(NH3)6]2[PtCl6]Ŀ6H2O 

(J.B. Rogojski, 1852 ʛ.) [16], [Co(NH3)6][Fe(CN)6] (W. Gibbs, 1857 ʛ.) [17], 

[Co(NH3)6]2[IrCl 6]3 (W. Gibbs, 1865 ʛ.) [18]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʪʘʥʦʚʣʝʥʠʠ 

ʪʘʢʦʡ ʚʘʞʥʦʡ ʦʙʣʘʩʪʠ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʘʢ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ, ɸ. ɺʝʨʥʝʨ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʤʝʨʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʧʦʣʠʤʝʨʠʠ ʧʨʠʚʦʜʠʣ ɼʂʉ [Rh(NH3)6][RhCl6] ʠ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʦʢʨʫʞʝʥʠʝ 

ʨʦʜʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʣʠʛʘʥʜʦʚ [Rh(NH3)3Cl3] [19]. ʅʝʢʦʪʦʨʳʝ ʨʘʙʦʪʳ 

ʜʨʫʛʦʛʦ ʚʳʜʘʶʱʝʛʦʩʷ ʭʠʤʠʢʘ ʉ. ʁʦʨʛʝʥʩʝʥʘ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʨʷʜʫ ʩʦʝʜʠʥʝʥʠʡ 

ʦʙʱʝʡ ʬʦʨʤʫʣʳ [Rh(NH3)5X][PtX6], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʍ ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʛʘʣʦʛʝʥʳ [20]. ʆʜʥʠʤ ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʃ. ɸ. ʏʫʛʘʝʚʳʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʩʘʞʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʯʘʩʪʠ ʚ ʚʠʜʝ 

ɼʂʉ, ʩʦʜʝʨʞʘʱʝʡ ʘʥʠʦʥ [Ir(N 2H5)Cl5]
ī, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʝ 

ʩʦʝʜʠʥʝʥʠʝ [Pt(NH3)4][Ir(N 2H5)Cl5]2 [21]. 

ʉ ʪʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʦ ʦʪʢʨʳʪʦ ʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ɼʂʉ, ʠ ʠʥʪʝʨʝʩ ʢ ʪʘʢʦʤʫ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ ʪʦʣʴʢʦ ʨʘʩʪʝʪ. 

ʆʪʜʝʣʴʥʦ ʚ ʨʘʙʦʪʘʭ ʘʢʮʝʥʪʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ 

ʪʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ɼʂʉ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

1.1.1. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ 

ʉʪʨʫʢʪʫʨʳ ʤʥʦʛʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ʫʩʪʨʦʝʥʳ ʪʘʢ, ʯʪʦ ʠʦʥʳ ʟʘʥʠʤʘʶʪ 

ʯʝʨʝʜʫʶʱʠʝʩʷ ʧʦʟʠʮʠʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʉʘʤʠ ʞʝ ʠʦʥʳ ʧʦ ʪʠʧʫ ʢʦʦʨʜʠʥʘʮʠʠ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʳ ʢʦʤʙʠʥʘʮʠʠ ʦʢʪʘʵʜʨ-ʦʢʪʘʵʜʨ [22ï29], ʦʢʪʘʵʜʨ-ʢʚʘʜʨʘʪ [30ï39] 

ʠ ʢʚʘʜʨʘʪ-ʢʚʘʜʨʘʪ [40] ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʙʦʨʘʤʠ ʢʘʢ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Rh(NH3)5Cl][OsCl6]  [26] . 

ʅʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʝ ʜʠʩʢʨʝʪʥʳʤʠ ʠʦʥʘʤʠ, ʢʘʢ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʣʷʭ, ʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʦʜʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩ r Ni, Cu, Zn ʠ Pd ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ [41ï44]. ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʝʪʘʣʣʘʤʠ ʚ ʤʦʣʝʢʫʣʝ, ʪʘʢʠʝ ʢʘʢ [Cu3(napxshz)2(phen)2] [45] (ʨʠʩ. 2) ʠ 

[PbCo(NO2)3(ɛ-OH)2]2 [46]. 

 
ʈʠʩʫʥʦʢ 2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Cu3(napxshz)2(phen)2]  [45] . 
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ʂʨʦʤʝ ʩʪʨʫʢʪʫʨ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʠʦʥʘʤʠ ʠʣʠ ʤʦʣʝʢʫʣʘʤʠ ʠʟʚʝʩʪʥʳ 

ʦʜʥʦʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ (1D). ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ ʮʝʧʦʯʝʯʥʳʤ ʤʦʪʠʚʦʤ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤ ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ 

ʧʦʣʠʵʜʨʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʦʙʱʠʝ ʚʝʨʰʠʥʳ ʠʣʠ ʨʝʙʨʘ, ʦʙʨʘʟʫʷ 1D-ʧʦʣʠʤʝʨʳ 

[47]. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʚʦʟʤʦʞʥʦ ʠ ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʝʡ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʢʘʢ ʚ ʟʝʣʝʥʦʡ ʩʦʣʠ ʄʘʛʥʫʩʘ (ʨʠʩ. 3), ʛʜʝ ʜʣʠʥʘ ʩʚʷʟʠ PtīPt 

ʩʦʩʪʘʚʣʷʝʪ 3.25 ¡ [48]. 

 
ʈʠʩʫʥʦʢ 3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Pt(NH3)4][ PtCl4] . 

ʇʨʠ ʥʘʣʠʯʠʠ ʫ ʧʦʣʠʵʜʨʦʚ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʱʠʭ ʚʝʨʰʠʥ ʠʣʠ ʨʝʙʝʨ 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 2D-ʧʦʣʠʤʝʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʩʣʦʝʚ (ʨʠʩ. 4) [49]. 

 
ʈʠʩʫʥʦʢ 4. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Ni(tn)2] 2[Cr(CN)5(NO)]OHĀH2O, ʛʜʝ tn ï 

1,3-ʧʨʦʧʘʥʜʠʘʤʠʥ [49] . 

ʉʘʤʳʡ ʩʣʦʞʥʳʡ ʪʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ ï ʵʪʦ 3D-ʧʦʣʠʤʝʨ. ʊʨʝʭʤʝʨʥʳʡ 
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ʢʘʨʢʘʩ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʝʱʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʛʜʝ 

ʧʦʣʠʵʜʨʳ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʚʝʨʰʠʥʘʤʠ ʠʣʠ ʨʝʙʨʘʤʠ, ʥʦ ʝʱʝ ʠ ʛʨʘʥʷʤʠ (ʨʠʩ. 5) 

[50]. 

 
ʈʠʩʫʥʦʢ 5. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Ni(en)2] 3[Fe(CN)6](PF6)2 [50]. 

ʇʦʜʳʪʦʞʠʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʠ ʧʨʠʨʦʜʘ ʣʠʛʘʥʜʦʚ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ. ʕʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

1.1.2. ʊʝʨʤʦʣʠʟ ɼʂʉ 

ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɼʂʉ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʦʝ 

ʩʭʦʜʩʪʚʦ ʧʦ ʩʪʘʜʠʷʤ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʢ ʜʨʫʛʦʤʫ [51]. ʍʦʜ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʜʠʠ: ʧʦʪʝʨʷ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʚʥʝʰʥʝʡ ʩʬʝʨʳ, ʪʝʨʤʦʠʟʦʤʝʨʠʟʘʮʠʷ ʠ 

ʧʦʪʝʨʷ ʣʠʛʘʥʜʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʝʛʦ 

ʠʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʥʳʭ ʬʘʟ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ɼʂʉ ʧʦʣʫʯʝʥʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʅʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʛʠʜʨʘʪʥʫʶ ʚʦʜʫ, ʠ ʧʨʠ ʠʭ ʪʝʨʤʦʣʠʟʝ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʩʪʳʤ ʩʦʣʷʤ 

ʜʝʛʠʜʨʘʪʘʮʠʷ ɼʂʉ ʧʨʦʠʩʭʦʜʠʪ ʜʦ 150 Áʉ, ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʷʶʪ 
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ʯʘʩʪʴ ʚʦʜʳ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʯʘʩʪʫʶ ʚʤʝʩʪʝ ʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʦʡ ʫʜʘʣʷʝʪʩʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ [52]. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ɼʂʉ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʠʟʦʤʝʨʠʟʘʮʠʷ. ɺ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʷʝʪʩʷ ʚʥʫʪʨʝʥʥʝʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ, ʘ ʠʤʝʥʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʣʠʛʘʥʜʦʚ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʦʥʘʤʠ. ʇʝʨʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, 

ʥʘ ʢʦʪʦʨʦʤ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʪʘʢʦʡ ʧʨʦʮʝʩʩ, ʩʪʘʣʘ ʫʧʦʤʷʥʫʪʘʷ ʚʳʰʝ ʩʦʣʴ ʄʘʛʥʫʩʘ 

[Pt(NH3)4][PtCl4]. ɽʝ ʪʝʨʤʦʣʠʟ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʙʣʘʩʪʠ 

~300 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʭʣʦʨʠʜʦʤ ʠ ʘʤʤʠʘʢʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʠʦʥʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʦʤʝʨʠʟʘʮʠʠ ʜʦ ʪʨʘʥʩ-ʜʠʭʣʦʨʦʜʠʘʤʤʠʥʧʣʘʪʠʥʳ(II ). 

ʇʦʟʞʝ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʙʳʣ ʠʟʫʯʝʥ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ (ʨʠʩ. 6), ʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʤʠʛʨʘʮʠʷ ʣʠʛʘʥʜʦʚ ʦʪ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʜʨʫʛʦʤʫ ʚ ʜʚʘ 

ʵʪʘʧʘ. ʉʧʝʨʚʘ ʦʙʨʘʟʫʝʪʩʷ ʮʠʩ-ʠʟʦʤʝʨ, ʦʙʣʘʜʘʶʱʠʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʮʝʧʦʯʝʯʥʳʤ 

ʩʪʨʦʝʥʠʝʤ, ʘ ʟʘʪʝʤ ʪʨʘʥʩ-ʠʟʦʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʤʦʣʝʢʫʣ. ʀ ʪʘʢ ʢʘʢ 

ʩʪʨʫʢʪʫʨʘ ʫ ʟʝʣʝʥʦʡ ʩʦʣʠ ʄʘʛʥʫʩʘ ʮʝʧʦʯʝʯʥʘʷ, ʪʦ ʨʝʘʢʮʠʷ ʠʟʦʤʝʨʠʟʘʮʠʠ ʥʝ ʪʨʝʙʫʝʪ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ [53]. 

 
ʈʠʩʫʥʦʢ 6. ʀʟʦʤʝʨʠʟʘʮʠʷ ʩʦʣʠ ʄʘʛʥʫʩʘ ʜʦ ʪʨʘʥʩ-ʜʠʭʣʦʨʦʜʠʘʤʤʠʥʧʣʘʪʠʥʳ(II ). 
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ʊʝʨʤʦʠʟʦʤʝʨʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʭ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ 

ʠʟʦʤʝʨʥʦʡ ʬʦʨʤʳ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʚʥʝʜʨʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 

ʣʠʛʘʥʜʦʚ ʠʟʚʥʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ɸʥʜʝʨʩʦʥʘ [53]. 

ɺʧʝʨʚʳʝ ʵʪʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʭʦʜʝ ʨʘʟʣʦʞʝʥʠʷ 

ʛʝʢʩʘʭʣʦʨʦʧʣʘʪʠʥʘʪʘ(IV) ʧʠʨʠʜʠʥʠʷ (PyH)2[PtCl6] ʜʦ [PtPy2Cl4] ʠ HCl ʊʦʤʘʩʦʤ 

ɸʥʜʝʨʩʦʥʦʤ. 

ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʛʘʥʜʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʩʘʤʠʭ ʣʠʛʘʥʜʦʚ. ʊʘʢ, ʝʩʣʠ ʚʥʫʪʨʝʥʥʷʷ ʩʬʝʨʘ ʦʙʨʘʟʦʚʘʥʘ ʤʦʣʝʢʫʣʘʤʠ, ʣʝʛʢʦ 

ʧʝʨʝʭʦʜʷʱʠʤʠ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʠʣʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʦʷʚʣʷʶʱʠʤʠ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. 

ʀʥʦʛʜʘ ʚʦʟʤʦʞʥʘ ʧʦʪʝʨʷ ʣʠʛʘʥʜʦʚ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʤʝʥ 

ʦʩʪʘʚʰʠʭʩʷ ʣʠʛʘʥʜʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʪʘʣʣʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʠʜʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʢʘʪʠʦʥʥʦʡ ʠ ʘʥʠʦʥʥʦʡ ʯʘʩʪʝʡ, ʧʨʠʯʝʤ ʵʪʠ ʧʨʦʮʝʩʩʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʯʘʩʪʦ ʩʦʧʨʷʞʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʦʪ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʟʥʘʯʠʤʳʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʪ ʥʝʛʦ ʟʘʚʠʩʠʪ ʩʪʝʧʝʥʴ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʪʘʣʣʳ ʤʦʛʫʪ 

ʚʳʜʝʣʷʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʪʝʨʤʦʣʠʟʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʚʟʘʠʤʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. 

ɺʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ 

ʊʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʶʙʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪʣʠʯʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʘʪʤʦʩʬʝʨʘʭ. ɼʂʉ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʝ ʩʪʘʣʠ ʠʩʢʣʶʯʝʥʠʝʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʩʩʤʦʪʨʠʤ 

ʪʝʨʤʦʣʠʟ ʚ ʨʘʟʥʳʭ ʘʪʤʦʩʬʝʨʘʭ. ʂʣʘʩʩʠʯʝʩʢʠ ʠʟʫʯʘʶʪ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʪʨʝʭ 
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ʪʠʧʘʭ ʘʪʤʦʩʬʝʨ: ʦʢʠʩʣʠʪʝʣʴʥʘʷ (ʚʦʟʜʫʭ, ʢʠʩʣʦʨʦʜ), ʠʥʝʨʪʥʘʷ (ʛʝʣʠʡ, ʘʨʛʦʥ, ʘʟʦʪ) ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ (ʚʦʜʦʨʦʜ). 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʘʪʤʦʩʬʝʨʘ ʠʥʪʝʨʝʩʥʘ ʪʝʤ, ʯʪʦ ʪʝʨʤʦʣʠʟ ʚ ʥʝʡ ʧʨʦʪʝʢʘʝʪ ʪʘʢ 

ʞʝ ʢʘʢ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ, ʪʦ ʝʩʪʴ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʦʢʩʠʜʥʳʝ ʬʘʟʳ, ʥʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʫ ʧʨʝʢʫʨʩʦʨʘ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʦʚ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʬʘʟ, 

ʯʪʦ ʢʘʨʜʠʥʘʣʴʥʦ ʨʘʩʭʦʜʠʪʩʷ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʦʣʫʯʝʥʠʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʀʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ɼʂʉ ʙʝʟ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʠʟʚʥʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʦʚ ʠ ʣʠʛʘʥʜʦʚ. ɹʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʝʩʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘʤʥʦʛʦ ʣʝʛʯʝ ʜʨʫʛʠʭ ʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʜʣʷ 

ʵʪʦʛʦ ʥʫʞʝʥ ʣʠʛʘʥʜ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ (NH3, Ox2īé), ʪʦʛʜʘ ʚ ʭʦʜʝ ʪʝʨʤʦʣʠʟʘ 

ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘ ̫ ʬʘʟʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʣʠʛʘʥʜ ʥʝ ʦʙʣʘʜʘʝʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (NO2
ī, Clī, Brīé), ʧʨʦʜʫʢʪʘʤʠ 

ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ ʠ/ʠʣʠ ʛʘʣʦʛʝʥʠʜʳ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʘʪʤʦʩʬʝʨʳ ʩ ʠʥʝʨʪʥʦʡ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʠʯʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ 

ʤʝʪʘʣʣʦʚ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʢʘʢ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʪʘʢ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʘ 

ʢʨʦʤʝ ʪʦʛʦ, ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʥʘʣʠʯʠʠ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ 

ʤʝʪʘʣʣʳ ʦʛʨʘʥʠʯʝʥʥʦ ʩʤʝʰʠʚʘʶʪʩʷ. ʉʧʨʘʚʝʜʣʠʚʦ ʙʫʜʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʠʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʘʢʦʡ ʞʝ 

ʥʘʙʦʨ ʧʨʦʜʫʢʪʦʚ. ʅʦ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʥʝʨʪʥʦʡ, 

ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʣʝʛʯʝ (ʧʨʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ), ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ, ʚʳʜʝʣʠʚʰʠʩʴ ʚ ʵʣʝʤʝʥʪʘʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʧʨʦʤʦʪʠʨʫʝʪ ʧʨʦʮʝʩʩ ʜʘʣʴʥʝʡʰʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ. 
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ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʩʪʳʭ ʦʢʩʘʣʘʪʦʚ ʠ ʦʢʩʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʇʦʩʢʦʣʴʢʫ ʪʝʤʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ 

ʦʢʩʘʣʘʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʪʦ ʪʨʝʙʫʶʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʘʙʦʪʳ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʩʪʳʭ ʦʢʩʘʣʘʪʦʚ 

ʠ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʚ ʩʦʩʪʘʚʝ ɼʂʉ. ɺ ʦʙʟʦʨʝ [54] ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ 

ʨʘʟʣʦʞʝʥʠʷ ʩʚʳʰʝ ʜʚʘʜʮʘʪʠ ʦʢʩʘʣʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʦʜʫʢʪʘʤ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʪʠʧʘ. 

ʇʝʨʚʳʡ ʪʠʧ ï ʢʦʛʜʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪ-ʠʦʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʢʘʪʠʦʥ ʜʦ 

ʤʝʪʘʣʣʘ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʉʆ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʦʢʩʘʣʘʪʘ, ʩʧʦʩʦʙʝʥ ʚʦʩʩʪʘʥʦʚʠʪʴ ʦʢʩʠʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʜʦ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʢʩʘʣʘʪʳ Co, Ni, 

Cu, Cd, Sn ʠ Pb, ʪʦ ʝʩʪʴ ʦʢʩʘʣʘʪʳ ʤʝʪʘʣʣʦʚ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺʪʦʨʳʤ ʪʠʧʦʤ ʷʚʣʷʶʪʩʷ ʦʢʩʘʣʘʪʳ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʣʘʛʘʶʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ CO, CO2 ʠ ʦʢʩʠʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʜʘʣʴʥʝʡʰʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʤʦʱʴʶ ʉʆ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʟʘʧʨʝʱʝʥʦ. ʂʦ ʚʪʦʨʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʦʢʩʘʣʘʪʳ ʪʘʢʠʭ 

ʤʝʪʘʣʣʦʚ, ʢʘʢ Mg, Al , Cr, Mn ʠ Zn. ɿʘʩʣʫʞʠʚʘʶʪ ʦʪʜʝʣʴʥʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʦʢʩʘʣʘʪʳ 

Sb, Bi ʠ Fe, ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʤʝʪʘʣʣʘ 

ʠ ʝʛʦ ʦʢʩʠʜʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʥʦ ʚʩʝ ʨʘʚʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ, ʘ ʢʨʦʤʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʛʨʘʝʪ 

ʢʠʥʝʪʠʯʝʩʢʘʷ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩʩʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ. 

ʂ ʧʦʩʣʝʜʥʝʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪ ʦʢʩʘʣʘʪʳ, ʢʦʪʦʨʳʝ ʨʘʟʣʘʛʘʶʪʩʷ ʜʦ ʢʘʨʙʦʥʘʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʦʢʩʠʜʳ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʟʣʦʞʝʥʠʷ ʠʭ ʦʢʩʘʣʘʪʘ, ʨʝʘʛʠʨʫʶʪ ʩ CO2, 

ʦʙʨʘʟʫʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢʘʨʙʦʥʘʪ.r ʆʜʥʠʤʠ ʠʟ ʧʨʠʤʝʨʦʚ 
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ʧʦʩʣʝʜʥʝʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʦʢʩʘʣʘʪʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ 

ʠʤʝʥʥʦ Li , K, Na, Ca, Sr ʠ Ba. 

ʇʝʨʝʭʦʜʷ ʢ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩʧʦʩʦʙʥʦ ʦʢʘʟʘʪʴ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʭʦʜ ʪʝʨʤʦʣʠʟʘ, 

ʪʘʢ ʠ ʥʘ ʩʦʩʪʘʚ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʪʝʨʤʦʣʠʟʝ ʦʢʩʘʣʘʪʘ ʮʠʥʢʘ 

ZnOx ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʠʥʢʘ ʜʦ ɻʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʦ ʝʩʣʠ 

ʨʘʩʩʤʦʪʨʝʪʴ ɼʂʉ, ʩʦʜʝʨʞʘʱʠʝ ʦʢʩʘʣʘʪ, ʮʠʥʢ ʠ ʤʝʪʘʣʣ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʪʦ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚʩʝ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʨʘʙʦʪʝ 

[55] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ɼʂʉ ʩʦʩʪʘʚʘ [M(NH3)4][Zn(H2O)2Ox2]Ŀ2H2O 

(M = Pd, Pt) (ʨʠʩ. 7) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ZnPd ʠ ZnPt ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʢʘʢ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ [55] ʠʟʫʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʪʝʨʤʦʣʠʟʘ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʣʝʡ, ʚ 

ʢʦʪʦʨʳʭ Zn ʟʘʤʝʥʝʥ ʥʘ Ni, [M(NH3)4][Ni(H2O)2Ox2]Ŀ2H2O (M = Pd, Pt), ʛʜʝ 

ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚ ʩʣʫʯʘʝ Pd ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

Ni0.5Pd0.5, ʘ ʚ ʩʣʫʯʘʝ Pt ï ʠʥʪʝʨʤʝʪʘʣʣʠʜ NiPt. ɺ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʥʘ ʧʝʨʚʦʡ 

ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʚ ʦʜʥʫ ʩʪʫʧʝʥʴ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʘʤʤʠʘʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ (ʨʠʩ. 7). 

 
ʈʠʩʫʥʦʢ 7. ʂʨʠʚʳʝ ʨʘʟʣʦʞʝʥʠʷ [M(NH3)4][ M'(H2O)2Ox2]Ā2H2O (M = Pt, Pd; M' = Zn, Ni) ʚ 

ʘʪʤʦʩʬʝʨʝ He [55] . 
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ɺ ʩʣʫʯʘʝ ʩʦʣʝʡ ʩ ʢʦʙʘʣʴʪʦʤ, ʘ ʠʤʝʥʥʦ [M(NH3)4][Co(H2O)2Ox2]Ŀ2H2O (M = Pd, 

Pt), ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʢʝʣʝʚʳʤ ʩʠʩʪʝʤʘʤ ʚ ʨʘʙʦʪʝ 

[55]. ʂ ʧʨʠʤʝʨʫ, ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʩʥʦʚʘ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ï 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʩ ʧʦʪʝʨʝʡ ʣʠʛʘʥʜʦʚ. ɺ ʩʣʫʯʘʝ ʩ Pd 

ʦʙʨʘʟʫʶʪʩʷ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Co0.5Pd0.5 ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʚ ʩʣʫʯʘʝ 

ʩʠʩʪʝʤʳ CoïPt ʦʙʨʘʟʫʝʪʩʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ, ʠʩʢʣʶʯʘʷ ʦʙʣʘʩʪʴ 

ʦʪ 400 ʜʦ 800 Áʉ [56]. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʠ ʜʨʫʛʠʝ ʘʤʤʠʘʯʥʳʝ ʠ ʦʢʩʘʣʘʪʥʳʝ 

ʩʦʝʜʠʥʝʥʠ ̫ʩʦʩʪʘʚʘ [M(NH3)4][CuOx2]Ŀ3H2O (M = Pd, Pt), ʢʦʪʦʨʝr ʙʳʣʠ ʧʦʣʫʯʝʥ r

ʠ ʠʩʩʣʝʜʦʚʘʥ r ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [57]. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʦʨʘ ʘʪʤʦʩʬʝʨʳ: 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ, ʠʥʝʨʪʥʦʡ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ï ʧʝʨʚʦʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ 

ʜʝʛʠʜʨʘʪʘʮʠʷ, ʘ ʚʩʣʝʜ ʟʘ ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠ, ʚ ʩʣʫʯʘʝ 

ʘʪʤʦʩʬʝʨʳ He ʠʣʠ H2, ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʬʘʟʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ, ʘ ʚ ʩʣʫʯʘʝ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ, 

ʧʦʩʣʝ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʟʘ ʩʯʝʪ 

ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ɺ ʦʙʩʫʞʜʝʥʠʠ ʪʝʨʤʦʣʠʟʘ ʘʤʤʠʘʯʥʦ-ʦʢʩʘʣʘʪʥʳʭ 

ɼʂʉ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʣʘʛʦʨʦʜʥʦʛʦ ʠ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʦʚ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʨʘʙʦʪʫ [58], ʘʚʪʦʨʳ ʢʦʪʦʨʦʡ ʠʟʫʯʘʣʠ ɼʂʉ [Pt(NH3)5Cl][MOx3]Ŀ4H2O (M = Fe, Cr) ʠ 

[Pt(NH3)5Cl][CoOx3]Ŀ3H2O. ɺ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠʟʫʯʘʝʤʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ɼʂʉ 

ʨʘʟʣʘʛʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʚ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʘ 

ʠʤʝʥʥʦ, ʧʦʩʣʝ ʩʪʘʜʠʠ ʧʦʪʝʨʠ ʚʦʜʳ ʚ ʩʣʫʯʘʝ [Pt(NH3)5Cl][CrOx3]Ŀ4H2O ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʧʨʷʞʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʦʙʣʘʩʪʠ 200ï250 Áʉ ʚ ʜʚʝ ʩʪʫʧʝʥʠ. ɺ 

ʩʣʫʯʘʝ [Pt(NH3)5Cl][FeOx3]Ŀ4H2O ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʥʴʰʠʤ 

ʵʢʟʦʵʬʬʝʢʪʦʤ, ʠ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 250ï400 Áʉ ʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʡ ʧʦʪʝʨʝʡ ʤʘʩʩʳ. ʇʝʨʝʭʦʜʷ ʢ [Pt(NH3)5Cl][CʦOx3]Ŀ2H2O, 

ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Pt ʠ Cʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 275ï

410 Áʉ, ʥʦ ʩ ʙʦʣʝʝ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʳ ʦʙʨʘʟʮʘ, ʧʨʠʯʝʤ ʚ ʦʜʥʫ ʩʪʘʜʠʶ. 
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1.2. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʘʢʠʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʠʭ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ ʚ ʨʘʤʢʘʭ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ. ʇʦʜ 

ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪ ɹ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʬʘʟʥʳʭ 

ʩʠʩʪʝʤ ï ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʣʠʙʦ ʥʘʦʙʦʨʦʪ, ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʦʣʠʬʘʟʥʳʭ ʩʠʩʪʝʤ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢʠʝ ʤʝʪʘʣʣʳ 

ʩʧʦʩʦʙʥʳ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʜʨʫʛ ʜʨʫʛʝ, ʘ ʢʘʢʠʝ ʥʝʪ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʯʘʩʪʠʮʳ ʧʦ ʠʭ ʨʘʟʤʝʨʘʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ, ʛʜʝ 

ʨʘʟʣʠʯʘʶʪ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ (1ï10 ʥʤ), ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ (10 ʥʤ ï 1 ʤʢʤ) ʠ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ (1ï100 ʤʢʤ). ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʧʦʩʦʙʘʤʠ 

ʧʦʣʫʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʪʝʨʤʦʣʠʟʘ ʚʘʞʥʘ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʥʘʛʨʝʚʘʥʠʝ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʫʢʨʫʧʥʝʥʠʶ ʯʘʩʪʠʮ. 

1.2.1. ʉʠʩʪʝʤʳ MïPd (M = Mn, Fe, Co, Ni, Cu, Zn) 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʧʘʣʣʘʜʠʡ ʦʙʣʘʜʘʝʪ ɻʎʂ ʨʝʰʝʪʢʦʡ (Fmľ3m) ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʤʝʪʘʣʣʘʤʠ, ʠʤʝʶʱʠʤʠ ʘʥʘʣʦʛʠʯʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. ɺʩʝ ʜʠʘʛʨʘʤʤʳ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ MïPd (M = Mn, Fe, Co, Ni, Cu, Zn) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 8 

[59, 60]. 
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ʈʠʩʫʥʦʢ 8. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ MïPd (M = Mn, Fe, Co, Ni, Cu, Zn). 

ɼʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ MnïPd ʠʤʝʝʪ ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʪʠʧ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʄʘʨʛʘʥʝʮ ʠʤʝʝʪ 4 ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ: Ŭ 

(Iľ43m), ɓ (P4132), ɔ (Fmľ3m) ʠ ŭ (Imľ3m); ʧʨʠʯʝʤ Ŭ, ɔ ʠ ŭ ʷʚʣʷʶʪʩʷ ʢʫʙʠʯʝʩʢʠʤʠ, ʘ ɓ ï 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ. ʅʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ Ŭ, ɓ, ɔ ʠ ŭ, 

ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ Ŭ, ɓ, ɔ ʠ ŭ ʤʘʨʛʘʥʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʣʘʩʪʴ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʩ ~75 

ʘʪ. % ʧʦ Pd, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʘʩʪʚʦʨʫ ʩʦ ʩʪʨʫʢʪʫʨʦʡ Pd. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜ MnPd ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ ʜʚʝ ʨʘʟʣʠʯʥʳʝ 



25 

 

ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʦ ʩʪʨʫʢʪʫʨʘ CsCl (Pmľ3m), ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ï CuAu (P4/mmm). ʂʨʦʤʝ ʦʙʣʘʩʪʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ MnPd 

ʠʤʝʝʪʩʷ ʦʙʣʘʩʪʴ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʬʘʟʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Mn3Pd5 ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ 

ʪʠʧʦʤ Ga3Pt5 (Cmmm). 

ɺ ʩʠʩʪʝʤʝ FeïPd ʦʙʨʘʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʪʘʢʞʝ ʜʚʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ. ɾʝʣʝʟʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʠʤʝʝʪ 4 ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ Ŭ 

(Imľ3m), ɓ (Imľ3m), ɔ (Fmľ3m), ŭ (Imľ3m). ʅʘ ʜʠʘʛʨʘʤʤʝ ʫʤʳʰʣʝʥʥʦ ʥʝ ʫʢʘʟʘʥʘ ɓ 

ʤʦʜʠʬʠʢʘʮʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ Ŭ ʣʠʰʴ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʆʎʂ ʨʝʰʝʪʢʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ Ŭ-Fe ï 

ʬʝʨʨʦʤʘʛʥʝʪʠʢ, ɓ-Fe ʦʙʣʘʜʘʝʪ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʝʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ Ŭ, ɔ ʠ ŭ, ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ Ŭ, ɔ ʠ ŭ ʞʝʣʝʟʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʘʷ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ɔ-Fe ʠ Pd ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʦʙʘ ʤʝʪʘʣʣʘ ʠʤʝʶʪ ɻʎʂ ʨʝʰʝʪʢʫ. ʊʘʢʞʝ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʬʘʟʘʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ FePd (CuAu, P4/mmm) ʠ FePd3 (Cu3Au, 

Pmľ3m). 

ɼʣʷ ʢʦʙʘʣʴʪʘ ʠʟʚʝʩʪʥʳ Ŭ (P63/mmc) ʠ ɓ (Fmľ3m) ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʩʠʩʪʝʤʝ Coï

Pd ʦʙʨʘʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʙʘʟʝ Ŭ ʠ ɓ 

ʢʦʙʘʣʴʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʯʝʤ ʥʘʠʙʦʣʴʰʘʷ ʦʙʣʘʩʪʴ ʥʘ ʙʘʟʝ ɓ-Co ʦʙʲʷʩʥʷʝʪʩʷ 

ʦʜʠʥʘʢʦʚʦʡ ʩ ʧʘʣʣʘʜʠʝʤ ʨʝʰʝʪʢʦʡ. ɼʘʥʥʳʝ ʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ CoPd (CuAu, 

P4/mmm) ʠ CoPd3 (Cu3Au, Pmľ3m) ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ [59], 

ʦʜʥʘʢʦ, ʟʘ ʥʝʠʤʝʥʠʝʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʨʫʛʠʭ ʛʨʫʧʧ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ 

ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʫʢʘʟʳʚʘʶʪ. 

Ni ʠ Pd ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-

ʟʘ ʪʦʛʦ, ʯʪʦ ʦʙʘ ʤʝʪʘʣʣʘ ʠʤʝʶʪ ɻʎʂ ʨʝʰʝʪʢʫ ʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʘʪʦʤʥʳʤ ʨʘʜʠʫʩʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʘʞʥʳʤ 

ʫʩʣʦʚʠʝʤ ʚʳʩʪʫʧʘʝʪ ʩʭʦʞʝʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ. 
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ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ CuïPd ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʨʷʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ: Ŭ 

ï ʧʨʦʪʦʪʠʧ Cu3Au (Pmľ3m), Ŭ' ï Cu3Pd (P4/mmm), Ŭ'' ï ʤʘʨʢʘʟʠʪ FeS2 (Pnnm), ɓ ï CsCl 

(Pmľ3m). ʀʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʧʝʨʠʪʝʢʪʦʠʜʥʳʭ ʨʘʚʥʦʚʝʩʠʷ çʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ + Ŭ = Ŭ'è ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 495 Áʉ ʠ çʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ + Ŭ' = Ŭ''è ʧʨʠ 475 ÁC ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ 

ʬʘʟ ʚ ʦʙʣʘʩʪʷʭ Ŭ' ʠ Ŭ'' [59]. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʚ ʨʘʙʦʪʝ [61] ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʛʨʘʥʠʮʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʦʙʩʫʞʜʘʝʤʳʭ ʬʘʟ, ʧʨʠ 

ʪʦʤ, ʯʪʦ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʘʟʘ Ŭ'' ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʦʙʥʘʨʫʞʝʥʘ, ʠʟ 

ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʡ. 

ʉʠʩʪʝʤʘ ZnïPd ʠʟ ʚʩʝʭ ʦʙʦʟʨʝʚʘʝʤʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʘʣʣʘʜʠʝʤ 

ʦʙʨʘʟʫʝʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʏʠʩʪʳʡ ʮʠʥʢ ʠʤʝʝʪ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʫʧʘʢʦʚʢʫ, ʯʪʦ ʥʝ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʦʢ ʢ ʩʤʝʰʠʚʘʥʠʶ ʩ ʧʘʣʣʘʜʠʝʤ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʢʘʢ ʥʘ ʦʩʥʦʚʝ 

ʢʫʙʠʯʝʩʢʦʛʦ ʧʘʣʣʘʜʠʷ (Fmľ3m), ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʮʠʥʢʘ (P63/mmc). 

ʂʨʦʤʝ ʦʙʣʘʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʩʠʩʪʝʤʝ ZnïPd ʦʙʨʘʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ: Zn10Pd3 (ʧʨʦʪʦʪʠʧ Zn8Cu5, Iľ43m), ZnPd, ʢʦʪʦʨʳʡ 

ʘʥʘʣʦʛʠʯʥʦ MnPd ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ CsCl (Pmľ3m), ʘ 

ʧʨʠ ʥʠʟʢʠʭ ï CuAu (P4/mmm), ZnPd2 (ʧʨʦʪʦʪʠʧ Co2Si, Pmľ3m), ʘ ʪʘʢʞʝ Zn2Pd 

(ʧʨʦʪʦʪʠʧ PbO, Cmmm), ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʢʨʘʡʥʝ ʫʟʢʫʶ ʦʙʣʘʩʪ ɹʛʦʤʦʛʝʥʥʦʩʪʠ. 

1.2.2. ʉʠʩʪʝʤʳ MïRh (M = Mn, Fe, Co, Ni, Cu, Zn) 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʨʦʜʠʡ, ʘʥʘʣʦʛʠʯʥʦ ʧʘʣʣʘʜʠʶ, ʦʙʣʘʜʘʝʪ ɻʎʂ ʨʝʰʝʪʢʦʡ 

(Fmľ3m). ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʤʝʪʘʣʣʘʤʠ ʪʘʢʦʛʦ ʞʝ ʩʪʨʦʝʥʠʷ. ɺʩʝ 

ʜʠʘʛʨʘʤʤʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ MïRh (M = Mn, Fe, Co, Ni, Cu, Zn) ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 9 [59, 60, 62]. 
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ʈʠʩʫʥʦʢ 9. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ MïRh (M = Mn, Fe, Co, Ni, Cu, Zn). 

ɸʥʘʣʦʛʠʯʥʦ ʩʠʩʪʝʤʝ MnïPd, ʚ ʩʠʩʪʝʤʝ MnïRh ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ Ŭ, ɓ, ɔ ʠ ŭ, ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ Ŭ, ɓ, ɔ ʠ ŭ ʤʘʨʛʘʥʮʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ MnïRh ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦ ʢʦʥʮʘ ʥʝ 

ʠʟʫʯʝʥʘ, ʧʦʵʪʦʤʫ ʪʦʯʥʘʷ ʛʨʘʥʠʮʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

ɔ ʠ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Mn3Rh (Cu3Au, Pmľ3m), ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʫʪʦʯʥʝʥʳ ʛʨʘʥʠʮʳ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʙʦʛʘʪʦʛʦ 

ʧʦ ʨʦʜʠʶ ʥʠʞʝ 700 Áʉ. ʀʥʪʝʨʝʩʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʩʠʩʪʝʤʦʡ MnïPd ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 
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ʯʪʦ ʨʦʜʠʡ ʩ ʤʘʨʛʘʥʮʝʤ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜ MnRh, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʦ ʩʪʨʫʢʪʫʨʘ CsCl (Pmľ3m), ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ï CuAu (P4/mmm). 

ʉʠʩʪʝʤʘ FeïRh ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʨʷʜʦʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʦʙʣʘʩʪʠ ʤʝʞʜʫ ɔ-Fe ʠ Rh ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʜʚʝ ʦʙʣʘʩʪʠ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Ŭ-Fe ʠ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ FeRh (ʧʨʦʪʦʪʠʧ CsCl, Pmľ3m). 

ʈʘʚʥʦʚʝʩʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ CoïRh ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥʘ. ɻʠʧʦʪʝʪʠʯʝʩʢʘʷ 

ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʞʜʫ Rh 

ʠ ɓ-Co, ʣʝʛʢʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʙʲʷʩʥʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ɻʎʂ ʨʝʰʝʪʢʦʡ 

(Fmľ3m). ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʣʘʩʪʴ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʦʩʥʦʚʝ Ŭ-Co (P63/mmc). 

ʉʠʩʪʝʤʘ NiïRh ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ. 

ʄʝʞʜʫ Cu ʠ Rh ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʡ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1150 Áʉ ʨʘʩʩʣʘʠʚʘʝʪʩʷ ʥʘ ʜʚʘ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ, ʙʦʛʘʪʳʭ ʧʦ ʤʝʜʠ ʠ ʨʦʜʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʩʪʴ ʨʘʩʩʣʦʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ZnïRh ʥʝ ʧʦʩʪʨʦʝʥʘ. ɺ ʨʘʙʦʪʝ [63] ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ Zn11Rh2 (Cu5Zn8, Iľ43m), Zn13Rh (Zn13Co C2/m) 

ʠ ZnRh (CsCl, Pmľ3m). ʉʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʨʘʡʥʝ ʥʠʟʢʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʮʠʥʢʘ ʠ ʨʦʜʠʷ ʜʨʫʛ ʚ ʜʨʫʛʝ, ʦʙʲʷʩʥʷʝʤʫʶ ʨʘʟʥʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ, ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʚʦʟʤʦʞʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ Rh ʠʟʫʯʝʥʳ ʥʝ ʧʦʣʥʦʩʪʴʶ, 

ʧʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʪʨʫʜʥʝʥʳ ʠʟ-ʟʘ ʦʯʝʥʴ ʥʠʟʢʦʡ ʜʠʬʬʫʟʠʠ ʵʪʦʛʦ 

ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ. 
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1.3. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʇʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ ʧʦʣʫʯʠʣʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ ʩʦʩʪʘʚʣʷʝʪ 

ʛʣʘʚʥʫʶ ʩʪʘʪʴʶ ʠʭ ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʥʦʚʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʮʝʩʩ r

ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʘʚʪʦʢʘʪʘʣʠʟʘʪʦʨ rʠ ʨʝʘʢʮʠʠ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ Pt ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʝʚʳʰʘʝʪ 70%, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

Pd ï ʙʦʣʝʝ 90%, ʘ Rh, Ir ʠ Ru ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʢʘʢ ʘʢʪʠʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [64, 65]. ɺʚʠʜʫ ʪʘʢʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʪʦ, ʯʪʦʙʳ ʟʘʤʝʥʠʪʴ ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ ʥʘ ʥʝʙʣʘʛʦʨʦʜʥʳʝ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʝʨʚʳʭ. ɼʘʞʝ ʝʩʣʠ ʥʝʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ 

ʧʨʦʠʛʨʳʚʘʶʪ ʧʦ ʧʘʨʘʤʝʪʨʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʳ, ʪʦ ʵʪʦ ʧʦʣʥʦʩʪʴʶ 

ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʠʭ ʮʝʥʦʡ. ɺʩʝ ʞʝ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʘʷ ʟʘʤʝʥʘ 

ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɺʥʝʜʨʝʥʠʝ ʚʪʦʨʦʛʦ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʘʢʪʠʚʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʟʘ ʩʯʝʪ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʩʚʦʡʩʪʚ [66ï68]. ɺ 

ʵʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ MïPd ʠ MïRh, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ M ʚʳʩʪʫʧʘʶʪ ʤʝʪʘʣʣʳ 3d-ʨʷʜʘ ʦʪ ʤʘʨʛʘʥʮʘ ʜʦ 

ʮʠʥʢʘ. 

1.3.1. ʉʠʩʪʝʤ rMïPd (M = Mn, Fe, Co, Ni, Cu, Zn) 

MnïPd. ʕʪʠʣʝʥ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʨʝʢʠʥʛʦʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʥʦʤʝʨʦʚ. 

ʕʪʠʣʝʥʦʚʘʷ ʬʨʘʢʮʠʷ ʩʦʜʝʨʞʠʪ ʜʦ ʜʚʫʭ ʧʨʦʮʝʥʪʦʚ ʘʮʝʪʠʣʝʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ̫ ʜʦʤ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʪʨʝʙʫʶʱʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 
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ʫʜʘʣʝʥʠʷ. ʀ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʯʠʩʪʳʤ Pd, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʤʩʷ ʚ 

ʦʙʩʫʞʜʘʝʤʦʤ ʧʨʦʮʝʩʩʝ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ MnïPd ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʘʮʝʪʠʣʝʥʘ ʜʦ ʵʪʠʣʝʥʘ [69]. 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ MnïPd ʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʮʝʦʣʠʪʦʚʦʡ ʦʙʦʣʦʯʢʝ ʧʦʢʘʟʘʣʠ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʙʨʘʪʥʦʤ 

ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ [70]. 

FeïPd. ʉʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʘʣʢʠʥʦʚ ʜʦ ʘʣʢʝʥʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʵʪʘʧʦʤ ʚ ʩʠʥʪʝʟʝ ʤʥʦʛʠʭ ʚʘʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɸʚʪʦʨʳ ʚ ʨʘʙʦʪʝ [71] ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ 

ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪ ɹ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʨʦʜʫʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʛʦ ʧʘʣʣʘʜʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʨʷʜʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 

ʦʜʥʦʘʪʦʤʥʳʤʠ ʩʧʠʨʪʘʤʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ FeïPd ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ [72]. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʩʧʝʨʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʩʧʠʨʪʦʚ, ʧʨʠ ʵʪʦʤ ʚʦʜʦʨʦʜ ʧʝʨʝʭʦʜʠʪ ʢ ʤʝʪʘʣʣʫ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʘʣʴʜʝʛʠʜʳ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʤʠʥʘʤʠ, ʠ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʤʠʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʦʜʦʨʦʜʦʤ ʩ ʤʝʪʘʣʣʘ (ʨʠʩ. 10). ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʤʝʪʘʣʣʦʚ, ʤʦʞʝʪ 

ʙʳʪɹ ʝʱʝ ʙʦʣʝʝ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. 

 
ʈʠʩʫʥʦʢ 10. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ [72] . 
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ɺʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ̫ ʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʚʦʡʥʳʭ 

ʩʚʷʟʝʡ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ FeïPd ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣ ʚʝʣʠʯʠʥʫ TOF 

(ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʥʘ ʦʜʥʦʤ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ 

ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʛʦ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ [73]. 

ɹʠʦʪʦʧʣʠʚʥʳʝ ʜʦʙʘʚʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʫʨʘʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʡ ʠ ʛʠʜʨʠʨʦʚʘʥʠʷ. ʀʟ ʛʣʶʢʦʟʳ, ʬʨʫʢʪʦʟʳ ʠ 

ʜʨʫʛʠʭ ʛʝʢʩʦʟ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʣʝʛʢʦ ʦʙʨʘʟʫʝʪʩʷ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ. ɼʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ FeïPd, ʜʘʶʱʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʳʰʝ 

95% [74]. 

CoïPd. ʇʨʦʮʝʩʩ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʮʝʪʠʣʝʥʘ ʠʟʫʯʘʣʩʷ ʪʘʢʞʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ CoïPd. ɺ ʨʘʙʦʪʝ [75] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʥʘʥʦʯʘʩʪʠʮ CoPd ʥʘʜ ʯʠʩʪʳʤ ʧʘʣʣʘʜʠʝʤ ʧʦ ʩʪʝʧʝʥʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʟʘʤʝʱʝʥʥʳʭ ʘʨʠʣʘʤʠʥʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʘʨʝʥʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʩʪʨʘʪʝʛʠʝʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʙʘʟʠʨʦʚʘʣʘʩ ɹ ʥʘ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʘʭ, ʦʜʥʘʢʦ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʣʫʯʰʝ ʩʝʙʷ ʧʨʦʷʚʠʣʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʛʜʝ ʢ 

ʙʣʘʛʦʨʦʜʥʦʤʫ ʤʝʪʘʣʣʫ ʜʦʙʘʚʣʝʥ ʥʝʙʣʘʛʦʨʦʜʥʳʡ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [76], 

ʛʜʝ ʠʟʫʯʘʣʘʩʴ ʩʠʩʪʝʤʘ CoïPd. 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ CO ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʤ ʧʨʠ ʦʯʠʩʪʢʝ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ CO ʠʟ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ 

ʨʘʙʦʪʝ [77], ʧʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʠʥʝʨʛʠʶ 

ʥʘʥʦʯʘʩʪʠʮ CoxPd1īx, ʥʘʙʣʶʜʘʣʠ ʵʬʬʝʢʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʥʝʚʦʟʤʦʞʝʥ ʜʣʷ 
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ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʣʣʘʜʠʷ: ʚʦʟʜʝʡʩʪʚʠʝ CO ʧʦʙʫʞʜʘʝʪ ʘʪʦʤʳ Pd ʤʠʛʨʠʨʦʚʘʪʴ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝ O2 ʦʢʘʟʳʚʘʝʪ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ. ɿʘ ʩʯʝʪ 

ʪʘʢʦʡ ʩʝʛʨʝʛʘʮʠʠ ʫʜʘʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ CO. 

NiïPd. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʫʯʠʣʦ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʪʦʧʣʠʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʤʝʪʘʥʦʣʘ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʥʪʝʟʘ 

ʌʠʰʝʨʘ-ʊʨʦʧʰʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʠʥʪʝʟ-ʛʘʟ ʧʦʣʫʯʘʝʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʨʦʚʦʡ 

ʢʦʥʚʝʨʩʠʝʡ ʤʝʪʘʥʘ ï ʜʝʰʝʚʦʛʦ ʠ ʜʦʩʪʫʧʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʩʨʘʚʥʠʤʳ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʩ ʙʣʘʛʦʨʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʦʜʥʘʢʦ ʙʳʩʪʨʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʥʠʢʝʣʷ ʠʟ-ʟʘ 

ʟʘʫʛʣʝʨʦʞʠʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɺ ʨʘʙʦʪʝ [78] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʧʘʣʣʘʜʠʷ ʢ ʥʠʢʝʣʶ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ 

ʤʝʪʘʥʘ, ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ï ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʞʜʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʥʠʢʝʣʝʤ. 

ʀʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʪʘʢʞʝ ʠ ʩʫʭʘʷ ʢʦʥʚʝʨʩʠʷ ʤʝʪʘʥʘ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩʥʦʚʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ [79]. 

ɺʦʜʦʨʦʜ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ in situ, ʠ ʩʨʘʟʫ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʊʘʢ, ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʙʳʣ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʢʦʥʚʝʨʩʠʠ ʪʝʪʨʘʣʠʥʘ [80]. ʇʦʣʫʯʝʥʥʳʡ ʚʦʜʦʨʦʜ ʩʨʘʟʫ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. ɹʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʠʩʪʝʤʳ NiïPd ʥʘʜ ʯʠʩʪʳʤʠ ʤʝʪʘʣʣʘʤʠ ʢʘʢ ʥʘ ʩʪʘʜʠʠ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʪʝʪʨʘʣʠʥʘ, ʪʘʢ ʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʠʩʢʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʜʦʙʳʯʠ ʣʠʛʥʠʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ 

ʢʘʢ ʙʠʦʪʦʧʣʠʚʦ ʠ ʙʠʦʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ. ʈʘʙʦʪʘ [81] ʧʦʩʚʷʱʝʥʘ 
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ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʛʠʜʨʦʛʝʥʦʣʠʟʫ ʥʘʪʠʚʥʦʛʦ ʣʠʛʥʠʥʘ ʜʦ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʣʘ, ʛʜʝ 

ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ NiïPd ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ. 

ɿʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʧʦ ʩʝʡ ʜʝʥʴ ʤʦʜʝʨʥʠʟʠʨʫʝʪʩʷ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʚʳʙʦʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʙʦʨʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂ ʧʨʠʤʝʨʫ, ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

[82] ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ çcore-shellè ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ NiïPd ʚ 

ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʜʦ 95%, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚʳʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʣʣʘʜʠʷ ʜʦʩʪʠʛʘʝʪ ʪʦʣʴʢʦ 60%. 

CuïPd. ʈʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚʘʞʥʳ, ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʚ ʥʠʭ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʩʚʷʟʠ CïC, ʠ ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʇʘʣʣʘʜʠʡ ʚʳʩʪʫʧʘʝʪ ʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʪʘʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʭʦʪʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʘ. ɺ ʩʣʫʯʘʝ ʞʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Cu3Pd ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠ,̫ ʘ ʟʥʘʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ [83]. 

ʀʤʠʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʨʘʩʠʪʝʣʝʡ, 

ʘʨʦʤʘʪʠʟʘʪʦʨʦʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʠʥ 

ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʠʤʠʥʦʚ ï ʦʢʠʩʣʝʥʠʝ ʘʤʠʥʦʚ. ʊʘʢ, ʥʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʝ CuPd 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʤʠʥʦʚ ʩ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʚ ʘʣʴʬʘ-

ʧʦʣʦʞʝʥʠʠ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤʠʥʦʚ. ʇʨʠ ʵʪʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ CuPd ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ Pd ʠʣʠ Cu ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 

PdxCu1īx [84]. 

ɺ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʪʝʤʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʮʝʪʠʣʝʥʘ 

ʜʦ ʵʪʠʣʝʥʘ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ [85], ʚ ʢʦʪʦʨʦʡ ʠʟʫʯʘʣʩʷ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʠ ʦʪʜʝʣʴʥʦ ʥʘ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʧʣʘʚʝ ʩʦʩʪʘʚʘ Cu0.60Pd0.40. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʷʚʣʷʝʪʩʷ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪ.ɹ 
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ZnïPd. ɺʳʰʝ ʙʳʣ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʦʣʘ ʧʦ ʌʠʰʝʨʫ-ʊʨʦʧʰʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ NiïPd, ʘ ʚ ʨʘʙʦʪʝ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [86] ʠʟʫʯʘʣʩ ̫

ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ï ʢʦʥʚʝʨʩʠ ̫ʤʝʪʘʥʦʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʥʦʣʘ ʢʘʢ ʪʦʧʣʠʚʘ, ʛʜʝ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚʳʩʪʫʧʘʣ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ ZnPd. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ ZnPd, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʥʘʥʦʪʨʫʙʢʠ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2 ʜʦ CH4 

[87]. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʚʳʜʝʣʷʝʤʳʡ ʚ 

ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ, ʜʦ ʤʝʪʘʥʘ, ʢʦʪʦʨʳʡ ʧʦʚʪʦʨʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. 

ɸʣʴʜʝʛʠʜʳ ʮʝʥʥʳ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʧʘʨʬʶʤʝʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʋʞʝ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ ʜʦ 

ʘʣʴʜʝʛʠʜʦʚ, ʦʜʥʘʢʦ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʩʝʣʝʢʪʠʚʥʳ. ɻʝʪʝʨʦʛʝʥʥʳʝ ʞʝ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘʧʨʠʤʝʨ ʩʠʩʪʝʤʘ ZnïPd ʥʘ TiO2 [88], ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴ .ʁ 

1.3.2. ʉʠʩʪʝʤʳ MïRh (M = Mn, Fe, Co, Ni, Cu, Zn) 

MnïRh. ɸʚʪʦʨʳ ʚ ʨʘʙʦʪʝ [89] ʩʦʦʙʱʘʶʪ, ʯʪʦ ʩʠʩʪʝʤʘ MnïRh ʥʘ ʮʠʨʢʦʥʠʝʚʳʭ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʘʭ ʜʦʢʘʟʳʚʘʝʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʵʪʘʥʦʣʘ ʠʟ CO, ʘ ʵʪʘʥʦʣ, ʙʫʜʫʯʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʪʦʧʣʠʚʦʤ, 

ʟʘʥʠʤʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʘ 

ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʨʘʙʦʪʝ [90], ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

MnïRh ʥʘ ʦʢʩʠʜʝ ʞʝʣʝʟʘ Fe2O3 ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ CO ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʜʦ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ɺʳʙʦʨ ʞʝ ʩʤʝʰʘʥʥʳʭ ʬʘʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ WxC ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ 

ʩʠʩʪʝʤʳ MnïRh ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʩʤʝʩʴ ʩʧʠʨʪʦʚ C1ïC3, ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ [91]. 
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ʉʠʩʪʝʤʘ MnïRh ʥʘ SiO2 ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ 

ʵʪʠʣʝʥʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʧʘʥʘʣʷ ʩ ʧʦʤʦʱʴʶ ʚʦʜʦʨʦʜʘ ʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

[92]. 

FeïRh. ʈʘʙʦʪʘ ʩ ʩʠʥʪʝʟ-ʛʘʟʦʤ ʧʦ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʝʣʘʩʴ 

ʠ ʩ ʩʠʩʪʝʤʦʡ FeïRh. ʀʟʫʯʘʣʠʩʴ ʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʥʘ ʨʷʜʝ ʥʦʩʠʪʝʣʝʡ, 

ʥʦ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʦʜʠʷ ʠʣʠ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ [93ï95]. 

ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2 ʜʦ CH4 ʢʘʢ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ ʚʦʟʤʦʞʝʥ ʥʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ FeïRh, ʧʦʢʘʟʳʚʘʶʱʝʤ 

ʙʣɹ ʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʯʠʩʪʳʡ ʨʦʜʠʡ [96]. 

N2O ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠ 

ʧʨʠʯʘʩʪʝʥ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʢʠʩʠ ʘʟʦʪʘ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ N2O. ʈʘʙʦʪʘ [97] 

ʧʦʩʚʷʱʝʥʘ ʚʣʠʷʥʠʶ ʤʦʨʬʦʣʦʛʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ FeïRh ʥʘ ʧʨʦʮʝʩʩ 

ʨʘʟʣʦʞʝʥʠʷ N2O ʜʦ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʛʜʝ ʦʪʤʝʯʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘʜ ʯʠʩʪʳʤ ʨʦʜʠʝʤ. 

CoïRh. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʩʠʩʪʝʤʳ CoïRh ʚ ʢʦʥʪʘʢʪʝ ʩ La2O3, ʥʘʥʝʩʝʥʥʳʝ ʥʘ SiO2 [98]. 

ɸʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʪʘʥʦʣʫ, ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʦʜʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʥʠʞʝʥʠʝ ʢʘʢ ʜʦʣʠ 

ʤʝʪʘʥʦʣʘ, ʪʘʢ ʠ ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʦʩʪʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʶ. 

ɻʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ ʜʦ ʘʣʴʜʝʛʠʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [99]. ʅʘ ʧʨʠʤʝʨʝ 

ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CoïRh ʩʧʣʘʚʘ, 

ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ SiO2, ʚ ʧʝʨʚʳʝ ʤʠʥʫʪʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʰʝʩʪʠʯʣʝʥʥʦʤ ʮʠʢʣʝ, ʘ ʟʘʪʝʤ ʯʝʨʝʟ 
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ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʠʜʝʪ ʨʝʘʢʮʠʷ ʫʞʝ ʠ ʧʦ ʦʩʪʘʚʰʝʡʩʷ ʩʚʷʟʠ ʚ ʧʷʪʠʯʣʝʥʥʦʤ ʮʠʢʣʝ 

[100]. ʉʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʣʫʯʘʝ CoïRh ʦʙʨʘʟʮʘ ʥʘ ʦʢʩʠʜʝ ʞʝʣʝʟʘ 

Fe3O4 [101]. 

ɺ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʚʦʡʥʳʭ 

ʩʚʷʟʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʩʢʣʦʥʥʳʭ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʛʠʜʨʘʟʠʥ ʥʘ CoïRh ʢʘʪʘʣʠʟʘʪʦʨʘʭ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʝʣʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʪʴ ʮʠʘʥʠʜʥʳʝ, ʛʘʣʦʛʝʥʠʜʥʳʝ, ʢʘʨʙʦʥʠʣʴʥʳʝ, 

ʩʣʦʞʥʦʵʬʠʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ [102]. 

NiïRh. ʇʘʨʦʚʦʡ ʨʠʬʦʨʤʠʥʛ ʤʝʪʘʥʘ, ʢʘʢ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʣʝʢ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʅʠʢʝʣʴ hʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦ ʧʨʠʯʠʥʝ ʝʛʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. ʆʜʥʘʢʦ ʝʛʦ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʩʧʝʢʘʥʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʞʥʷʝʪ 

ʟʘʜʘʯʫ. ɼʦʙʘʚʣʝʥʠʝ ʨʦʜʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʚʦʜʦʨʦʜʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʧʦʢʘʟʘʣʘ ʛʨʫʧʧʘ 

ʘʚʪʦʨʦʚ, ʠʩʩʣʝʜʦʚʘʚʰʠʭ ʩʠʩʪʝʤʫ NiïRh ʥʘ ʩʤʝʰʘʥʥʦʤ ʦʢʩʠʜʝ MgAl 2O4 [103]. ʅʦ 

ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠʤʝʩʠ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ, ʪʘʢʠʝ ʢʘʢ ʘʤʤʠʘʢ, ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʜʨ. ʈʘʙʦʪʳ 

[104, 105] ʧʦʩʚʷʱʝʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ Niï

Rh ʚ ʧʨʦʮʝʩʩʝ ʨʠʬʦʨʤʠʥʛʘ ʤʝʪʘʥʘ ʚ ʩʤʝʩʠ ʩ NH3 ʠ H2S. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ 

ʢʘʢ ʘʤʤʠʘʢʘ, ʪʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʠʢʝʣʝʚʳʭ ʮʝʥʪʨʘʭ. ɸʤʤʠʘʢ ʩ 

ʯʠʩʪʦʛʦ ʥʠʢʝʣʷ ʫʜʘʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦ, ʘ ʩʝʨʦʚʦʜʦʨʦʜ ʯʘʩʪʠʯʥʦ ʜʠʩʩʦʮʠʠʨʫʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʳ, ʦʪʨʘʚʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠʟ-ʟʘ ʯʝʛʦ ʩʥʠʞʘʝʪʩ ̫

ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘ NiïRh ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʜʠʩʩʦʮʠʘʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʨʝʛʝʥʝʨʘʮʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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ɻʠʜʨʦʣʠʟ ʣʠʛʥʠʥʘ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʜʣʷ ʩʠʩʪʝʤʳ NiïPd, ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʝʢʘʝʪ ʠ ʧʨʠ ʫʯʘʩʪʠʠ NiïRh ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʠʯʝʤ ʩʥʦʚʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʝʝ, ʯʝʤ ʥʘ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʘʭ [106]. 

CuïRh. ʉʠʩʪʝʤʘ CuïRh ʪʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 

ʵʪʘʥʦʣʘ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ. ʈʘʙʦʪʘ [107] ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʘʥʦʣʘ ʥʘ 

111 ʠ 100 ʧʦʚʝʨʭʥʦʩʪʷʭ CuïRh ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ Cu ʠ Rh ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʟʦʚʘʥʠʷ CīC ʩʚʷʟʝʡ. 

ʅʝʦʜʥʦʢʨʘʪʥʦ ʩʠʩʪʝʤʘ CuïRh ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʧʘʨʦʚʦʤ ʨʠʬʦʨʤʠʥʛʝ ʤʝʪʘʥʘ [108] ʠ, ʯʪʦ 

ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ [109]. ʊʘʢ, 

ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ CuïRh, 

ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ TiO2, ʚʳʜʝʣʷʝʪ ʚʦʜʦʨʦʜ ʠʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 1.8 ʨʘʟʘ 

ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʡ ʤʝʜʠ ʠ ʚ 1.4 ʨʘʟʘ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʦʜʠʷ. 

ZnïRh. ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʫʶ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʠʩʪʝʤ ZnïRh ʚ ʣʠʪʝʨʘʪʫʨʝ, ʠʟ-ʟʘ 

ʢʨʠʪʠʯʝʩʢʠ ʥʠʟʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʦʡ ʤʝʪʘʣʣʦʚ, ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʠʟʫʯʘʝʪʩʷ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

ʈʘʟʣʠʯʥʳʝ ʦʢʩʠʜʳ ʘʟʦʪʘ ʦʙʨʘʟʫʶʪʩʷ ʚ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɼʣʷ ʦʯʠʩʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʚ 

ʘʚʪʦʤʦʙʠʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʝ 

ʨʦʜʠʡ. ɺ ʨʘʙʦʪʝ [110] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʮʠʥʢʘ ʢ ʨʦʜʠʶ ʧʦʚʳʰʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʦʢʠʩʠ ʘʟʦʪʘ NO ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ O2 ʠ SO2. 

ʅʘʨʷʜʫ ʩ FeïRh ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ZnïRh ʥʘ Al2O3 

ʪʘʢʞʝ ʦʢʘʟʘʣʘʩʴ ʘʢʪʠʚʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ N2O ʜʦ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ [111]. 
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1.4. ɿʘʢʣʶʯʝʥʠʝ ʢ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ 

ʇʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ ʩʠʥʪʝʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʠ ʫʞʝ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʀ ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʳʩʦʢʘ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʩʠʥʪʝʟʘ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʣʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʤʝʪʘʣʣʘ, ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʤʝʪʘʣʣʳ ʫʞʝ 

ʧʝʨʝʤʝʰʘʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʀʥʪʝʨʝʩ ʞʝ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʢ 

ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʦʙʫʩʣʦʚʣʝʥ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʢʦʛʜʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ. 
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʇʨʠʙʦʨʳ, ʤʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʠʢʠ 

ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʘʪʝʛʦʨʠʠ çʍ.ʏ.è ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʗʄʈ, ʀʂ ʠ 

EXAFS ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɸɸʉ), 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ (ʈʌɸ), ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ (ʈʉɸ), ʵʣʝʤʝʥʪʥʦʛʦ ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ (ʊɻɸ) ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʉʧʝʢʪʨʳ ʗʄʈ 103Rh ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ AVANCE 500 Bruker ʥʘ 

ʯʘʩʪʦʪʝ 15.94 ʄɻʮ ʧʨʠ 298 ʂ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

90-ʛʨʘʜʫʩʥʳʡ ʚʦʟʙʫʞʜʘʶʱʠʡ ʠʤʧʫʣʴʩ ʩ ʰʘʛʦʤ 5 ʩ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʚ ʰʢʘʣʝ ŭ 

(ppm) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʛʦ ʵʪʘʣʦʥʘ ï ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʪʨʠʩ(ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦ)ʨʦʜʠʷ [Rh(acac)3] ʚ CDCl3. 

ʀʂ-ʩʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ Scimitar FTS 2000 ʚ ʦʙʣʘʩʪʠ 

ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 400ï4000 ʩʤī1 (ʪʘʙʣʝʪʢʠ KBr). ʆʪʥʝʩʝʥʠʝ ʯʘʩʪʦʪ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ 

ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [112]. 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʪʝʨʤʦʣʠʟʘ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-RM4 (CuKŬ-ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ 

d001 = 3.345 ¡, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ). ʆʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ, ʨʘʩʪʠʨʘʷ ʚ ʘʛʘʪʦʚʦʡ 

ʩʪʫʧʢʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ 

ʩʪʦʨʦʥʫ ʩʪʘʥʜʘʨʪʥʦʡ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʳ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ 

ʩʦʙʦʡ ʪʦʥʢʠʡ ʨʦʚʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ~100 ʤʢʤ. ʆʙʨʘʟʮʳ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ 

ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʡ ʠʭ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʠʨʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʢʩʘʥ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ 

ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʝʮ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ (a = 5.4309 ¡), 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʘʩʴ 



40 

 

ʚ ʧʦʰʘʛʦʚʦʤ ʨʝʞʠʤʝ (æ2q = 0.1̄), ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2q 5ï60̄  ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʪ 5 ʜʦ 100 ̄ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ. 

ʈʉɸ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ BRUKER X8Apex ʩ CCD-

ʜʝʪʝʢʪʦʨʦʤ (MoKa-ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, q/2q-ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ 

ʦʙʣʘʩʪʠ ʫʛʣʦʚ q 1.5ï30̄  ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ). 

ɸʥʘʣʠʟ ʥʘ ʣʝʛʢʠʝ ʵʣʝʤʝʥʪʳ (C, H, N) ʧʨʦʚʦʜʠʣʠ ʥʘ CHNS-ʘʥʘʣʠʟʘʪʦʨʝ vario 

MICRO cube. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʚʝʩʦʚ 

TG 209 F1 IrisÈ ʬʠʨʤʳ NETZSCH. ʄʘʩʩʘ ʥʘʚʝʩʦʢ ʩʦʩʪʘʚʣʷʣʘ 30ï50 ʤʛ ʧʨʠ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ 0.1 ʤʢʛ. ʈʘʟʣʦʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʝʨʪʥʦʡ (ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ He ï 60 ʤʣ/ʤʠʥ), ʦʢʠʩʣʠʪʝʣʴʥʦʡ (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʦʚ O2 ï 10 ʤʣ/ʤʠʥ, Ar 

ï 40 ʤʣ/ʤʠʥ), ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʘʭ (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʦʚ H2 ï 30 

ʤʣ/ʤʠʥ, He ï 30 ʤʣ/ʤʠʥ) ʚ ʦʪʢʨʳʪʦʤ ʪʠʛʣʝ ʠʟ Ŭ-Al 2O3 ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 

ʛʨʘʜ/ʤʠʥ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Proteus Analysis [113]. 

ʉʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʧʨʦʚʝʜʝʥʠʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ (Tɻɸ), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʚʳʜʝʣʝʥʥʦʛʦ ʛʘʟʘ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ STA 449ɸ1 JupiterÈ ʬʠʨʤʳ NETZSCH, 

ʩʦʚʤʝʱʝʥʥʦʤ ʩ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ QMS 403D A±olosÈ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ 30 ʤʣ/ʤʠʥ ʚ 

ʪʠʛʣʝ Al2O3 ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 ʛʨʘʜ/ʤʠʥ. ʆʙʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Proteus 

analysis [114].  
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2.2. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 

ɼʣʷ ʷʩʥʦʩʪʠ ʠ ʣʘʢʦʥʠʯʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʚʚʝʜʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʝʪʦʜʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ*  
ʌʦʨʤʫʣʘ ʄʝʪʦʜʳ 

MPdOx2ĿnH2O 

[MnïPd]4 {(ɛ-Ox)Pd(ɛ-Ox)Mn(H2O)3} nĿnH2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, ʊɻɸ, CHN 

[CoïPd]10 [Co(H2O)6][PdOx2]Ŀ4H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, ʊɻɸ, CHN 

[NiïPd]10 [Ni(H 2O)6][PdOx2]Ŀ4H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, ʊɻɸ, CHN 

[NiïPd]8 [Ni(H 2O)6][PdOx2]Ŀ2H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, ʊɻɸ, CHN 

[ZnïPd]6 [{ Zn(H2O)3(PdOx2)} 2(ɛ-H2O)2]Ŀ4H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, ʊɻɸ, CHN 

MRh 2Ox4ĿnH2O 

[MnïRh]12 [Mn(H2O)2{(ɛ-Ox)Rh(H2O)2Ox}2]Ŀ6H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, CHN 

[FeïRh]12 [Fe(H2O)2{(ɛ-Ox)Rh(H2O)2Ox} 2]Ŀ6H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, ʊɻɸ, CHN 

[CoïRh]12 [Co(H2O)2{(ɛ-Ox)Rh(H2O)2Ox}2]Ŀ6H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, CHN 

[NiïRh]12 [Ni(H2O)2{(ɛ-Ox)Rh(H2O)2Ox} 2]Ŀ6H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, CHN 

[CuïRh]12 [Cu(H2O)2{(ɛ-Ox)Rh(H2O)2Ox} 2]Ŀ6H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, CHN 
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[ZnïRh]12 [Zn(H2O)2{(ɛ-Ox)Rh(H2O)2Ox} 2]Ŀ6H2O 
ʈʉɸ, ʈʌɸ, ʗʄʈ, 

ʀʂ, ɸɸʉ, CHN 

[MnïRh]6 MnRh2Ox4Ŀ6H2O 
ʈʌɸ, ʀʂ, ɸɸʉ, 

ʊɻɸ, CHN 

[FeïRh]6 FeRh2Ox4Ŀ6H2O 
ʈʌɸ, ʀʂ, ɸɸʉ, 

ʊɻɸ, CHN 

[CoïRh]6 CoRh2Ox4Ŀ6H2O 
ʈʌɸ, ʀʂ, ɸɸʉ, 

ʊɻɸ, CHN 

[NiïRh]6 NiRh2Ox4Ŀ6H2O 
ʈʌɸ, ʀʂ, ɸɸʉ, 

ʊɻɸ, CHN 

[CuïRh]6 CuRh2Ox4Ŀ6H2O 
ʈʌɸ, ʀʂ, ɸɸʉ, 

ʊɻɸ, CHN 

[ZnïRh]6 ZnRh2Ox4Ŀ6H2O 
ʈʌɸ, ʀʂ, ɸɸʉ, 

ʊɻɸ, CHN 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʝʨʠʷ 

 Ba[PdOx2]Ŀ3H2O 
ʈʌɸ, ʀʂ, ɸɸʉ, 

ʊɻɸ, CHN 

 K2[Co(H2O)6]2[PdOx2]3Ŀ6H2O 
ʈʉɸ, ʈʌɸ, ɸɸʉ, 

CHN 

 

NaRh-1 
Na[Rh(H2O)2Ox2]Ŀ2H2O ʩ ʥʘʪʨʠʝʤ ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ 

ʈʉɸ, ʈʌɸ, ʗʄʈ, 

ʀʂ, ɸɸʉ, ʊɻɸ 

CHN 

NaRh-2 

Na[Rh(H2O)2Ox2]Ŀ2H2O ʩ ʥʘʪʨʠʝʤ ʚ 

ʪʨʠʛʦʥʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ 

ʈʉɸ, ʈʌɸ, ʗʄʈ, 

ʀʂ, ɸɸʉ, ʊɻɸ 

CHN 

 Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, ʊɻɸ, CHN 
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 K[Rh(H2O)2Ox2]Ŀ3H2O 
ʈʉɸ, ʈʌɸ, ɸɸʉ, 

CHN 

 K2[Rh(H2O)(OH)Ox2]Ŀ2H2O 
ʈʉɸ, ʈʌɸ, ɸɸʉ, 

CHN 

 (H3O)[Rh(H2O)2Ox2]Ŀ4H2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, ʊɻɸ, CHN 

 (H3O)[Co(H2O)6][Rh(H2O)2Ox2]3ĿH2O 
ʈʉɸ, ʈʌɸ, ʀʂ, 

ɸɸʉ, CHN 

* ʅʘʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʦʜʠʥ 

3d-ʤʝʪʘʣʣ. 

2.2.1. ʉʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ Pd 

ʉʠʥʪʝʟ Ba[PdOx2]Ŀ3H2O. 0.116 ʛ (0.291 ʤʤʦʣʴ) K2[PdOx2]Ā2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 

10 ʤʣ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ 0.092 ʛ (0.351 ʤʤʦʣʴ) ʥʠʪʨʘʪʘ ʙʘʨʠʷ Ba(NO3)2. ʆʨʘʥʞʝʚʳʡ 

ʦʩʘʜʦʢ Ba[PdOx2]Ŀ3H2O ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʟʘʪʝʤ ʘʮʝʪʦʥʦʤ ʠ 

ʩʫʰʠʣʠ ʪʦʢʦʤ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 90ï95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ Ba[PdOx2]Ŀ3H2O (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 10.1/10.3, 

H ï 1.3/1.2. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3514 ɜ(OīH); 1663 ɜa(C=O) + 

ŭ(H2O); 1410, ɜs(CīO) + ɜ(CīC); 1274 ɜs(CīO) + ŭ(OīC=O); 826 ŭ(OīC=O); 767 

ɟr(H2O); 560 ɜ(PdīO); 476 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ. 

ʉʠʥʪʝʟ [MnïPd]4. 0.116 ʛ (0.435 ʤʤʦʣʴ) Pd(NO3)2Ā2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ 0.110 ʛ (0.870 ʤʤʦʣʴ) ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ H2OxĀ2H2O. ʂ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ H2[PdOx2] ʜʦʙʘʚʣʷʣʠ 0.101 ʛ (0.435 ʤʤʦʣʴ) Mn(NO3)2Ā3H2O 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 Áʉ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 5 ÁC ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ [MnïPd]4. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 90ï95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [MnïPd]4 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 11.7/12.2, H ï 

2.0/1.6. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3475 ɜ(OīH); 1670 ɜa(C=O) + 
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ŭ(H2O); 1441, 1326 ɜs(CīO) + ɜ(CīC); 1277 ɜs(CīO) + ŭ(OīC=O); 820 ŭ(OīC=O); 730 

ɟr(H2O); 559 ɜ(PdīO); 469 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 411 ɜ(MnīO). 

ʉʠʥʪʝʟ [CoïPd]10. 0.102 ʛ (0.382 ʤʤʦʣʴ) Pd(NO3)2Ā2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ 0.097 ʛ (0.764 ʤʤʦʣʴ) ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ H2OxĀ2H2O. ʂ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ H2[PdOx2] ʜʦʙʘʚʣʷʣʠ 0.111 ʛ (0.382 ʤʤʦʣʴ) Co(NO3)2Ā6H2O 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 Áʉ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 5 ÁC ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ [CoïPd]10. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 90ï95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [CoïPd]10 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 9.2/8.9, H ï 

3.9/3.7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3385 ɜ(OīH); 1624 ɜa(C=O) + 

ŭ(H2O); 1435, 1304 ɜs(CīO) + ɜ(CīC); 1306 ɜs(CīO) + ŭ(OīC=O); 810 ŭ(OīC=O); 775 

ɟr(H2O); 557 ɜ(PdīO); 509 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 432 ɜ(CoīO). 

ʉʠʥʪʝʟ [NiïPd]10. 0.107 ʛ (0.402 ʤʤʦʣʴ) Pd(NO3)2Ā2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ 0.101 ʛ (0.804 ʤʤʦʣʴ) ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ H2OxĀ2H2O. ʂ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ H2[PdOx2] ʜʦʙʘʚʣʷʣʠ 0.117 ʛ (0.402 ʤʤʦʣʴ) Ni(NO3)2Ā6H2O 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 Áʉ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 5 ÁC ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʝʣʝʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [NiïPd]10. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 90ï95% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [NiïPd]10 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 9.2/10.2, H ï 

3.9/3.1. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3404 ɜ(OīH); 1636 ɜa(C=O) + 

ŭ(H2O); 1433, 1382, 1317 ɜs(CīO) + ɜ(CīC); 1298 ɜs(CīO) + ŭ(OīC=O); 808 

ŭ(OīC=O) + ɟr(H2O); 553 ɜ(PdīO); 494 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 

432 ɜ(NiīO). 

ʉʠʥʪʝʟ [NiïPd]8. ʂ 0.240 ʛ (0.507 ʤʤʦʣʴ) Ba[PdOx2]Ā3H2O ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 

0.142 ʛ (0.507 ʤʤʦʣʴ) NiSO4Ā7H2O ʚ 10 ʤʣ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ 

ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ɼʂʉ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ [NiïPd]8. ɺʳʭʦʜ ʠʩʢʦʤʦʛʦ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʠʣ ~20%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [NiïPd]8 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 9.9/9.9, H ï 

3.3/3.3. ʀʂ ʩʧʝʢʪʨ (KBr, ʩʤī1): 3447 ɜ(OīH); 1647 ɜa(C=O); 1611 ŭ(H2O); 1435, 1362, 

1317 ɜs(CīO) + ɜ(CīC); 1296 ɜs(CīO) + ŭ(OīC=O); 808 ŭ(OīC=O) + ɟr(H2O); 552 

ɜ(PdīO); 490 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 432 ɜ(NiīO). 

ʉʠʥʪʝʟ [ZnïPd]6. 0.105 ʛ (0.394 ʤʤʦʣʴ) Pd(NO3)2Ā2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ 0.099 ʛ (0.788 ʤʤʦʣʴ) ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ H2OxĀ2H2O. ʂ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ H2[PdOx2] ʜʦʙʘʚʣʷʣʠ 0.1177 ʛ (0.394 ʤʤʦʣʴ) Zn(NO3)2Ā6H2O 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 Áʉ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 5 ÁC ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ [ZnïPd]6. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 90ï95% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [ZnïPd]6 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 10.5/11.2, H ï 

2.7/2.1. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3463 ɜ(OīH); 1623 ɜa(C=O) + 

ŭ(H2O); 1434, 1326 ɜs(CīO) + ɜ(CīC); 1285 ɜs(CīO) + ŭ(OīC=O); 798 ŭ(OīC=O); 785 

ɟr(H2O); 555 ɜ(PdīO); 501 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 420 ɜ(ZnīO). 

ʉʠʥʪʝʟ K 2[Co(H2O)6]2[PdOx2]3Ŀ6H2O. 0.125 ʛ (0.314 ʤʤʦʣʴ) K2[PdOx2]Ā2H2O 

ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ 0.061 ʛ (0.210 ʤʤʦʣʴ) Co(NO3)2Ā6H2O. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ 

ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʚʳʭʦʜʦʤ 87%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ K2[Co(H2O)6]2[PdOx2]3Ŀ6H2O (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): 

ʉ ï 10.54/10.6, H ï 2.65/2.6. 

2.2.2. ʉʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ Rh 

ʉʠʥʪʝʟ Na[Rh(H2O)2Ox2]Ŀ2H2O. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʨʦʜʠʡ ʙʳʣ ʧʝʨʝʚʝʜʝʥ ʚ 

Na3[RhCl6] ʧʦ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʥʦʤʫ ɹʝʨʮʝʣʠʫʩʦʤ ʚ 1828 ʛʦʜʫ [115]. ɼʣʷ ʵʪʦʛʦ ʨʦʜʠʡ 

ʧʝʨʝʤʝʰʘʣʠ ʩ ʧʝʨʝʪʝʨʪʳʤ NaCl ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 2:7. ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ 
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ʥʘʛʨʝʚʘʣʘʩʴ ʜʦ 600 Áʉ ʚ ʪʦʢʝ ʭʣʦʨʘ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ. ɻʝʢʩʘʭʣʦʨʦʨʦʜʘʪ(III ) 

ʥʘʪʨʠʷ Na3[RhCl6], ʤʘʩʩʦʡ 2.014 ʛ (5.24 ʤʤʦʣʴ), ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʣ ʚʦʜʳ, 

ʧʨʠʢʘʧʳʚʘʣʠ ʚ 1ʄ NaOH (1000 ʤʣ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚ ʪʝʯʝʥʠʝ 

ʜʚʫʭ ʯʘʩʦʚ ʜʣʷ ʧʦʣʥʦʛʦ ʧʝʨʝʚʦʜʘ ʨʦʜʠʷ ʚ Na3[Rh(OH)6]. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ ʜʦ 

~0 Áʉ ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʭʦʣʦʜʥʦʡ 2M HNO3 ʜʦ pH = 7. ɿʥʘʯʝʥʠʝ pH ʬʠʢʩʠʨʦʚʘʣʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʦʤ. ɾʝʣʪʳʡ ʦʩʘʜʦʢ ʛʠʜʨʦʢʩʠʜʘ ʨʦʜʠʷ Rh(OH)3 ʙʳʣ ʦʪʜʝʣʝʥ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (3780 RCF, 15 ʤʠʥ). ɼʘʣʝʝ ʢ Rh(OH)3 ʜʦʙʘʚʠʣʠ 1.981 ʛ (15.7 

ʤʤʦʣʴ) ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ H2OxĿ2H2O, ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ 20 ʤʣ ʚʦʜʳ, ʠ ʧʨʠ ~90 Áʉ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʩʤʝʩʴ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ. ʀʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʫʜʘʣʷʣʠ ʠʟʙʳʪʢʦʤ H2O2 ʧʨʠ ʢʠʧʷʯʝʥʠʠ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 0.351 ʛ 

(2.62 ʤʤʦʣʴ) Na2Ox ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʪʚʦʨʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʘʪʨʠʷ ʢ ʨʦʜʠʶ 1:1 ʠ 

ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣ r ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ Na[Rh(H2O)2Ox2]Ŀ2H2O ʙʳʣʠ 

ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʚʳʩʫʰʝʥʳ ʧʦʜ ʪʦʢʦʤ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ 

ʩʦʩʪʘʚʠʣ 90ï95%. ʇʨʠ ʵʪʦʤ Na[Rh(H2O)2Ox2]Ŀ2H2O ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʪʠʧʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʙʫʜʫʪ ʦʙʦʟʥʘʯʘʪʴʩʷ NaRh-1 ʠ NaRh-2. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ Na[Rh(H2O)2Ox2]Ŀ2H2O (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 

13.0/12.9, H ï 2.1/2.2. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3429 ɜ(OīH); 1668 

ɜa(C=O); 1414, 1373, ɜs(CīO) + ɜ(CīC); 1271 ɜs(CīO) + ŭ(OīC=O); 829 ŭ(OīC=O) + 

ɟr(H2O); 561 ɜ(RhīO); 482 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ. 

ʉʠʥʪʝʟ Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O. ʂ ʨʘʩʪʚʦʨʫ Na[Rh(H2O)2Ox2]Ŀ2H2O 

(0.274 ʛ, 0.725 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ ʵʢʚʠʤʦʣʷʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ NaOH (0.029 ʛ, 0.725 

ʤʤʦʣʴ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 5 ʤʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ 

ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ 

ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 

ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O, ʢʦʪʦʨʳʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʦʪ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʩʫʰʠʣʠ ʪʦʢʦʤ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 90ï95%. 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ 

ï 11.2/11.1, H ï 2.5/2.6. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3464 ɜ(OīH); 1676 

ɜa(C=O); 1412, ɜs(CīO) + ɜ(CīC); 1267 ɜs(CīO) + ŭ(OīC=O); 818 ŭ(OīC=O) + 

ɟr(H2O); 561 ɜ(RhīO); 482 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ. 

ʉʠʥʪʝʟ (H3O)[Rh(H2O)2Ox2]Ŀ4H2O. 0.385 ʛ (1.03 ʤʤʦʣʴ) 

Na[Rh(H2O)2Ox2]Ŀ2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ 

ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ ʬʦʨʤʝ ʜʣʷ ʟʘʤʝʥʳ ʠʦʥʦʚ Na+ ʥʘ H+, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ 

ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʦʜ ʪʦʢʦʤ ʧʨʦʭʦʜʷʱʝʛʦ 

ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 3 ʤʣ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʫʜʘʝʪʩʷ 

ʚʳʜʝʣʠʪʴ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʠʝʚʫʶ ʢʠʩʣʦʪʫ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʧʫʪʝʤ 

ʤʝʜʣʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʵʢʩʠʢʘʪʦʨʝ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (0.1 ʘʪʤ) 

ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 Áʉ. ʆʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ (H3O)[Rh(H2O)2Ox2]Ŀ4H2O 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 90ï95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ (H3O)[Rh(H2O)2Ox2]Ŀ4H2O (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 

11.9/11.8, H ï 3.7/3.7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 2998 ɜ(OīH); 1732 

ɜa(C=O); 1423, 1371, ɜs(CīO) + ɜ(CīC); 1267 ɜs(CīO) + ŭ(OīC=O); 826 ŭ(OīC=O) + 

ɟr(H2O); 571 ɜ(RhīO); 480 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ. 

ʉʠʥʪʝʟ K[Rh(H2O)2Ox2]Ŀ3H2O. 0.472 ʛ (1.26Ŀʤʤʦʣʴ) Na[Rh(H2O)2Ox2]Ŀ2H2O 

ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ 

ʬʦʨʤʝ, ʧʨʦʤʳʚʘʣʠ ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʘʩʪʚʦʨ ʠʩʧʘʨʣ̫ʠ ʧʦʜ ʪʦʢʦʤ 

ʧʨʦʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 3 ʤʣ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 0.071 

ʛ (1.26Ŀʤʤʦʣʴ) KOH, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 5 ʤʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 

ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. ʆʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ K[Rh(H2O)2Ox2]Ŀ3H2O 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 90ï95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ K[Rh(H2O)2Ox2]Ŀ3H2O (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 

11.8/11.9, H ï 2.5/2.4. 
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ʉʠʥʪʝʟ K2[Rh(H2O)(OH)Ox2]Ŀ2H2O. ʂ ʨʘʩʪʚʦʨʫ K[Rh(H2O)2Ox2]Ŀ3H2O 

(0.332 ʛ, 0.814 ʤʤʦʣʴ) ʜʦʙʘʚʣʷʣʠ ʵʢʚʠʤʦʣʷʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ KOH (0.046 ʛ, 0.814 

ʤʤʦʣʴ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 5 ʤʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ 

ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ 

ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 

K2[Rh(H2O)(OH)Ox2]Ŀ2H2O c ʚʳʭʦʜʦʤ 90ï95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ K2[Rh(H2O)(OH)Ox2]Ŀ2H2O (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ 

ï 11.2/11.3, H ï 1.7/1.6. 

ʉʠʥʪʝʟ [MnïRh]12. 0.289 ʛ (0.773 ʤʤʦʣɹ) Na[Rh(H2O)2Ox2]Ŀ2H2O ʨʘʩʪʚʦʨʷʣʠ 

ʚ 5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ ʬʦʨʤʝ, 

ʧʨʦʤʳʚʘʣʠ ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʦʜ ʪʦʢʦʤ 

ʧʨʦʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 3 ʤʣ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 0.093 

ʛ (0.386 ʤʤʦʣʴ) MnSO4Ŀ5H2O. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ 

ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. 

ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ [MnïRh]12 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 80ï85%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [MnïRh]12 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 11.6/12.1, H ï 

2.9/2.6. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3378 ɜ(OīH); 1654 ɜa(C=O) + 

ŭ(H2O); 1402, ɜs(CīO) + ɜ(CīC); 1252 ɜs(CīO) + ŭ(OīC=O); 827 ŭ(OīC=O); 559 

ɜ(RhīO); 481 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 448 ɜ(MnīO). 

ʉʠʥʪʝʟ [FeïRh]12. 0.365 ʛ (0.976 ʤʤʦʣɹ) Na[Rh(H2O)2Ox2]Ŀ2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 

5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ ʬʦʨʤʝ, ʧʨʦʤʳʚʘʣʠ 

ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʦʜ ʪʦʢʦʤ ʧʨʦʭʦʜʷʱʝʛʦ 

ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 3 ʤʣ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 0.136 ʛ (0.488 

ʤʤʦʣʴ) FeSO4Ŀ7H2O. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. 

ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ [FeïRh]12 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 80ï85%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [FeïRh]12 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 11.6/11.8, H ï 

2.9/2.8. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3429 ɜ(OīH); 1652 ɜa(C=O) + 
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ŭ(H2O); 1408, ɜs(CīO) + ɜ(CīC); 1257 ɜs(CīO) + ŭ(OīC=O); 824 ŭ(OīC=O); 563 

ɜ(RhīO); 486 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 448 ɜ(FeīO). 

ʉʠʥʪʝʟ [CoïRh]12. 0.302 ʛ (0.808 ʤʤʦʣɹ) Na[Rh(H2O)2Ox2]Ŀ2H2O ʨʘʩʪʚʦʨʷʣʠ 

ʚ 5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ ʬʦʨʤʝ, 

ʧʨʦʤʳʚʘʣʠ ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʦʜ ʪʦʢʦʤ 

ʧʨʦʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 3 ʤʣ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 

ʩʚʝʞʝʦʩʘʞʜʝʥʥʳʡ ʢʘʨʙʦʥʘʪ ʢʦʙʘʣʴʪʘ(II), ʢʦʪʦʨʳʡ ʛʦʪʦʚʠʣʩʷ ʟʘʨʘʥʝʝ ʧʫʪʝʤ 

ʦʩʘʞʜʝʥʠʷ 0.118 ʛ (0.404 ʤʤʦʣʴ) Co(NO3)2Ŀ6H2O ʠʟʙʳʪʢʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, 

ʧʦʩʣʝ ʦʪʜʝʣʷʣʩʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ 

ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ [CoïRh]12 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 90ï

95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [CoïRh]12 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 11.5/12.2, H ï 

2.9/2.4. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3417 ɜ(OīH); 1647 ɜa(C=O) + 

ŭ(H2O); 1398, ɜs(CīO) + ɜ(CīC); 1330 ɜs(CīO) + ŭ(OīC=O); 825 ŭ(OīC=O); 564 

ɜ(RhīO); 479 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 424 ɜ(CoīO). 

ʉʠʥʪʝʟ [NiïRh]12. 0.394 ʛ (1.05 ʤʤʦʣʴ) Na[Rh(H2O)2Ox2]Ŀ2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 

5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ ʬʦʨʤʝ, ʧʨʦʤʳʚʘʣʠ 

ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʦʜ ʪʦʢʦʤ ʧʨʦʭʦʜʷʱʝʛʦ 

ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 3 ʤʣ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʩʚʝʞʝʦʩʘʞʜʝʥʥʳʡ 

ʢʘʨʙʦʥʘʪ ʥʠʢʝʣʷ(II ), ʢʦʪʦʨʳʡ ʛʦʪʦʚʠʣʩʷ ʟʘʨʘʥʝʝ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ 0.153 ʛ (0.527 

ʤʤʦʣʴ) Ni(NO3)2Ŀ6H2O ʠʟʙʳʪʢʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, ʧʦʩʣʝ ʦʪʜʝʣʷʣʩʷ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. 

ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ [NiïRh]12 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 90ï95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [NiïRh]12 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 11.5/11.8, H ï 

2.9/2.7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3402 ɜ(OīH); 1645 ɜa(C=O) + 
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ŭ(H2O); 1386, ɜs(CīO) + ɜ(CīC); 1334 ɜs(CīO) + ŭ(OīC=O); 819 ŭ(OīC=O); 567 

ɜ(RhīO); 472 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 402 ɜ(NiīO). 

ʉʠʥʪʝʟ [CuïRh]12. 0.386 ʛ (1.03 ʤʤʦʣʴ) Na[Rh(H2O)2Ox2]Ŀ2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 

5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ ʬʦʨʤʝ, ʧʨʦʤʳʚʘʣʠ 

ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʦʜ ʪʦʢʦʤ ʧʨʦʭʦʜʷʱʝʛʦ 

ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 3 ʤʣ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʩʚʝʞʝʦʩʘʞʜʝʥʥʳʡ 

ʢʘʨʙʦʥʘʪ ʤʝʜʠ(II ), ʢʦʪʦʨʳʡ ʛʦʪʦʚʠʣʩʷ ʟʘʨʘʥʝʝ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ 0.153 ʛ (0.516 

ʤʤʦʣʴ) Cu(NO3)2Ŀ6H2O ʠʟʙʳʪʢʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, ʧʦʩʣʝ ʦʪʜʝʣʷʣʩʷ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. 

ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ [CuïRh]12 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 90ï95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [CuïRh]12 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 11.5/11.7, H ï 

2.9/2.7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3457 ɜ(OīH); 1630 ɜa(C=O) + 

ŭ(H2O); 1370, ɜs(CīO) + ɜ(CīC); 1259 ɜs(CīO) + ŭ(OīC=O); 850 ŭ(OīC=O); 567 

ɜ(RhīO); 496 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 456 ɜ(CuīO). 

ʉʠʥʪʝʟ [ZnïRh]12. 0.344 ʛ (0.920 ʤʤʦʣʴ) Na[Rh(H2O)2Ox2]Ŀ2H2O ʨʘʩʪʚʦʨʷʣʠ 

ʚ 5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ ʬʦʨʤʝ, 

ʧʨʦʤʳʚʘʣʠ ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʦʜ ʪʦʢʦʤ 

ʧʨʦʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 3 ʤʣ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 

ʩʚʝʞʝʦʩʘʞʜʝʥʥʳʡ ʢʘʨʙʦʥʘʪ ʮʠʥʢʘ(II ), ʢʦʪʦʨʳʡ ʛʦʪʦʚʠʣʩʷ ʟʘʨʘʥʝʝ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ 

0.137 ʛ (0.460 ʤʤʦʣʴ) Zn(NO3)2Ŀ6H2O ʠʟʙʳʪʢʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, ʧʦʩʣʝ 

ʦʪʜʝʣʷʣʩʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ 

ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ [ZnïRh]12 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 90ï

95%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [ZnïRh]12 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 11.5/11.9, H ï 

2.9/2.6. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3464 ɜ(OīH); 1741 ɜa(C=O) + 
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ŭ(H2O); 1371, ɜs(CīO) + ɜ(CīC); 1205 ɜs(CīO) + ŭ(OīC=O); 819 ŭ(OīC=O); 528 

ɜ(RhīO); 464 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 402 ɜ(ZnīO). 

ʉʠʥʪʝʟ [MïRh]6 (M = Mn, Fe, Co, Ni, Cu, Zn). ɺʩʝ ʛʝʢʩʘʛʠʜʨʘʪʳ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʝʜʠʥʦʦʙʨʘʟʥʳʤ ʩʧʦʩʦʙʦʤ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʜʣʝʥʥʦʤ 

ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʜʦʜʝʢʘʛʠʜʨʘʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ [MïRh]12 ʧʦʤʝʱʘʣʩʷ ʚ 

ʵʢʩʠʢʘʪʦʨ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (0.1 ʘʪʤ) ʩ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ 50 Áʉ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [MnïRh]6 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 13.3/13.4, H ï 

1.7/1.6. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3152 ɜ(OīH); 1642 ɜa(C=O) + 

ŭ(H2O); 1387, ɜs(CīO) + ɜ(CīC); 1332 ɜs(CīO) + ŭ(OīC=O); 818 ŭ(OīC=O); 563 

ɜ(RhīO); 474 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 412 ɜ(MnīO). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [FeïRh]6 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 13.3/13.4, H ï 

1.7/1.6. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3441 ɜ(OīH); 1646 ɜa(C=O) + 

ŭ(H2O); 1394, ɜs(CīO) + ɜ(CīC); 1259 ɜs(CīO) + ŭ(OīC=O); 819 ŭ(OīC=O); 559 

ɜ(RhīO); 472 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 409 ɜ(FeīO). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [CoïRh]6 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 13.3/13.3, H ï 

1.7/1.7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3134 ɜ(OīH); 1645 ɜa(C=O) + 

ŭ(H2O); 1386, ɜs(CīO) + ɜ(CīC); 1331 ɜs(CīO) + ŭ(OīC=O); 827 ŭ(OīC=O); 567 

ɜ(RhīO); 481 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 409 ɜ(CoīO). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [NiïRh]6 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 13.3/13.2, H ï 

1.7/1.7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3174 ɜ(OīH); 1654 ɜa(C=O) + 

ŭ(H2O); 1402, ɜs(CīO) + ɜ(CīC); 1338 ɜs(CīO) + ŭ(OīC=O); 812 ŭ(OīC=O); 559 

ɜ(RhīO); 465 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 410 ɜ(NiīO). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [CuïRh]6 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 13.2/13.1, H ï 

1.7/1.7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3198 ɜ(OīH); 1638 ɜa(C=O) + 

ŭ(H2O); 1386, ɜs(CīO) + ɜ(CīC); 1347 ɜs(CīO) + ŭ(OīC=O); 827 ŭ(OīC=O); 623 

ɜ(RhīO); 481 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 402 ɜ(CuīO). 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ [ZnïRh]6 (ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 13.1/13.1, H ï 

1.7/1.7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3472 ɜ(OīH); 1630 ɜa(C=O) + 

ŭ(H2O); 1394, ɜs(CīO) + ɜ(CīC); 1347 ɜs(CīO) + ŭ(OīC=O); 820 ŭ(OīC=O); 559 

ɜ(RhīO); 472 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ; 409 ɜ(ZnīO). 

ʉʠʥʪʝʟ (H3O)[Co(H2O)6][Rh(H2O)2Ox2]3ĿH2O. 0.706 ʛ (1.887 ʤʤʦʣʴ) 

Na[Rh(H2O)2Ox2]Ŀ2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 15 ʤʣ ʚʦʜʳ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ 

ʢʘʪʠʦʥʠʪʦʤ ʂʋ-2-8 ʚ H+ ʬʦʨʤʝ, ʧʨʦʤʳʚʘʣʠ ʢʦʣʦʥʢʫ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʈʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʦʜ ʪʦʢʦʤ ʧʨʦʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

5 ʤʣ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 0.183 ʛ (0.629 ʤʤʦʣʴ) Co(NO3)2Ŀ6H2O. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 

ʘʪʤ) ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 25 ÁC. ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 

84%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ (H3O)[Co(H2O)6][Rh(H2O)2Ox2]3ĿH2O 

(ʨʘʩʩʯʠʪʘʥʦ/ʥʘʡʜʝʥʦ): ʉ ï 12.5/13.1, H ï 2.5/2.2. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤī1), ʦʩʥʦʚʥʳʝ 

ʧʦʣʦʩʳ: 3378 ɜ(OīH); 1654 ɜa(C=O) + ŭ(H2O); 1403, ɜs(CīO) + ɜ(CīC); 1260 ɜs(CīO) 

+ ŭ(OīC=O); 811 ŭ(OīC=O); 559 ɜ(RhīO); 472 ŭ(OīC=O) + ʭʝʣʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʢʦʣʴʮʘ; 409 ɜ(CoīO). 

2.3. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʥʘʥʝʩʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

2.3.1. ʉʠʩʪʝʤʳ MïPd ʥʘ ʧʦʜʣʦʞʢʝ TiO 2 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ TiO2 Hombifine N (100% ʘʥʘʪʘʟ, çSachtleben 

Chemieè GmbH, SBET = 347 ʤ
2/ʛ, ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ D = 4.9 ʥʤ), ʢʦʪʦʨʳʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʠʚʘʣʩʷ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 200 Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʩʣʝ ʯʝʛʦ 

ʠʟʤʝʨʷʣʘʩʴ ʝʛʦ ʚʣʘʛʦʝʤʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 0.9 ʤʣ ʚʦʜʳ ʥʘ 1.00 ʛ ʧʨʦʢʘʣʝʥʥʦʛʦ 

TiO2. 

ɺʩʝ ʦʙʨʘʟʮʳ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʫʯʘʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ CO, ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʝʜʠʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʨʘʩʯʝʪʘ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʧʘʣʣʘʜʠʷ ʧʦ ʤʘʩʩʝ 1% (ʪʘʙʣ. 2). ʇʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ [MïPd]n (M = Zn, Ni, Co). ʇʦʩʣʝ ʵʪʦʛʦ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ 
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ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ ʦʙʲʝʤʦʤ 4.0 ʤʣ ʥʘʥʦʩʠʣʠ ʥʘ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ TiO2 (m = 4.40 ʛ), ʩʫʰʠʣʠ 1 ʜʝʥʴ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʟʣʘʛʘʣʠ ʧʨʠ 300 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ: ʥʘ 

ʚʦʟʜʫʭʝ, ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ. 

ʊʘʙʣʠʮʘ 2 

ʄʘʩʩʳ (ʛ) ʥʘʚʝʩʦʢ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ 4.40 ʛ 

ʧʨʦʢʘʣʝʥʥʦʛʦ TiO2 

 Pd(NO3)2Ā2H2O H2OxĀ2H2O M(NO3)2Ā6H2O 

[CoïPd]10 0.110 0.104 0.120 

[NiïPd]10 0.110 0.104 0.120 

[ZnïPd]6 0.110 0.104 0.123 

 

2.3.2. ʉʠʩʪʝʤʘ NiïRh ʥʘ ʧʦʜʣʦʞʢʝ Al2O3 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ Al 2O3 (SBET = 241 ʤ2/ʛ ʠ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ 

D = 12.4 ʥʤ), ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 300 Áʉ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ, ʟʘʪʝʤ ʠʟʤʝʨʷʣʠ ʠʭ ʚʣʘʛʦʝʤʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 2.2 ʤʣ ʥʘ 1.00 ʛ 

ʧʨʦʢʘʣʝʥʥʦʛʦ Al2O3. 

ɼʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ 4 ʦʙʨʘʟʮʘ (ʪʘʙʣ. 3). 

ʇʝʨʚʳʝ ʪʨʠ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠʟ ʨʘʩʯʝʪʘ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʥʠʢʝʣ ̫

ʝʛʦ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʙʫʜʝʪ ʨʘʚʥʘ 1.00% (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1.73%). 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (1.73%) 

ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1): 

ʔ́̋Ȣ̓-Å . (1) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩ ʥʠʢʝʣʝʤ ʢ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ NiïRh ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʥʘ 2/3 ʘʪʦʤʦʚ ʥʠʢʝʣʷ ʥʘ ʨʦʜʠʡ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʠʢʝʣʷ ʢ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʨʦʜʠʶ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʟʘʤʝʥʘ 

ʘʪʦʤʦʚ ʥʠʢʝʣʷ ʥʘ ʨʦʜʠʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʘ. 

ʇʦʩʣʝʜʥʠʡ ʦʙʨʘʟʝʮ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʩ ʤʝʥʴʰʝʡ ʟʘʛʨʫʟʢʦʡ ʧʦ ʤʝʪʘʣʣʘʤ, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 1.00%. 
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ʅʠʢʝʣʴ ʥʘʥʦʩʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʢʩʘʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ 

Ni(NO3)2Ā6H2O. ʆʙʨʘʟʮ r ʩ ʨʦʜʠʝʤ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʦ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ 

ʤʝʪʦʜʠʢʘʤ. ʈʦʜʠʡ ʥʘʥʦʩʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʠʝʚʦʡ ʢʠʩʣʦʪʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʝ ʠʟ Na[Rh(H2O)2Ox2]Ŀ2H2O. ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠʟ [NiïRh]6. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʚʝʩʢʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 6.6 

ʤʣ ʚʦʜʳ ʠ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ ʥʘʥʦʩʠʣʠ ʥʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ 

Al2O3 (m = 3.00 ʛ), ʩʫʰʠʣʠ 1 ʜʝʥʴ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʧʝʨʚʳʝ ʪʨʠ ʦʙʨʘʟʮʘ ʨʘʟʣʘʛʘʣʠ ʧʨʠ 300 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʜʦʨʦʜʘ. ʇʦʩʣʝʜʥʠʡ ʞʝ ʦʙʨʘʟʝʮ ʨʘʟʣʘʛʘʣʠ ʧʨʠ 300 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʜʦʨʦʜʘ. ɼʘʣʝʝ ʫʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʚʩʝ 

ʦʙʨʘʟʮʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʠ 420 Áʉ ʚ 

ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʘʥʝʝ, ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [116]. 

ʊʘʙʣʠʮʘ 3 

ʄʘʩʩʳ (ʛ) ʥʘʚʝʩʦʢ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ 3.00 ʛ 

ʧʨʦʢʘʣʝʥʥʦʛʦ Al2O3 

 Ni(NO3)2Ā6H2O Na[Rh(H2O)2Ox2]Ŀ2H2O [NiïRh]6 

Ni (ɢ(Ni) = 1.73%) 0.150   

Rh (ɢ(Rh) = 1.73%)  0.193  

NiïRh (ɢ(Me) = 1.73%)   0.125 

NiïRh (ɢ(Me) = 1.00%)   0.071 
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3. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

3.1. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 17 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʝʨʠʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʙʠʩʦʢʩʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [MïPd]n ʠ [MïRh]n ʩ 

3d-ʤʝʪʘʣʣʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 9 

ʩʦʝʜʠʥʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʝʨʠʠ, ʢʫʜʘ ʚʦʰʣʠ ʢʦʤʧʣʝʢʩʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʡ ʩʝʨʠʠ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ. 

ʋʢʘʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, 

ʢʘʢ ʈʉɸ, ʈʌɸ, ʗʄʈ, ʀʂ, ɸɸʉ, ʊɻɸ ʠ CHN. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʢʘʟʘʥʘ ʚʳʰʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ ʚ ʪʘʙʣ. 1. 

3.1.1. ʉʠʥʪʝʟ [MïPd]n (M = Ba, Mn, Co, Ni, Zn) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʠʩʢʦʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [MïPd]n, ʧʦʟʚʦʣʷʶʱʝʛʦ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ, ʦʜʥʦʬʘʟʥʦʩʪʠ ʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ, ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ. 

ʇʝʨʚʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʤʝʰʠʚʘʥʠʠ ʧʨʦʩʪʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ K2[PdOx2] ʠ [Co(H2O)6](NO3)2. ɼʣʷ ʧʦʣʫʯʝʥʠʷ K2[PdOx2] ʢ 

ʨʘʩʪʚʦʨʫ [Pd(H2O)2(NO3)2] ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ K2Ox ʠ, ʧʦʩʢʦʣʴʢʫ 

ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ (lgɓ1 = 9.04; 

lgɓ2 = 13.1 [117]), ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. 

Pd2+ + 2Ox2ī = [PdOx2]
2ī 

ʆʜʥʘʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʪʠʦʥʘ ʢʘʣʠʷ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ 

ʚʤʝʩʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʢʦʤʦʡ ɼʂʉ ʧʨʦʠʩʭʦʜʠʣʘ ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʦʡ ʧʦ ʢʘʪʠʦʥʫ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ 

K2[Co(H2O)6]2[PdOx2]3Ŀ6H2O. 
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3K2[PdOx2] + 2Co(NO3)2 + 18H2O = K2[Co(H2O)6]2[PdOx2]3Ŀ6H2OŹ + 4KNO3 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ Co:Pd ʚ ʧʦʣʫʯʝʥʥʦʡ ʩʦʣʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 1:1, ʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ M:Pd 2:3, ʝʩʣʠ ʟʘʤʝʥʠʪʴ ʢʘʪʠʦʥ ʢʘʣʠʷ ʥʘ 

ʝʛʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʘʤʤʦʥʠʡ, ʢʦʪʦʨʳʡ ʫʜʘʣʷʝʪʩʷ ʥʘʛʨʝʚʘʥʠʝʤ. 

ʇʦʩʢʦʣʴʢʫ ʢʘʪʠʦʥ ʢʘʣʠʷ ʩʦʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʦʡ ʩʦʣʠ 

K2[Co(H2O)6]2[PdOx2]3Ŀ6H2O, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʪʘ ʩʦʣʴ ʣʠʙʦ 

ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʣʠʙʦ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʢʦʤʦʡ ɼʂʉ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʡ ʧʨʝʢʫʨʩʦʨ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʫʜʘʣʠʪʴ ʚʩʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʦʥʳ ʠʟ ʨʘʩʪʚʦʨʘ. ɼʘʥʥʘʷ ʠʜʝʷ 

ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʭʣʦʨʘʪʘ ʢʦʙʘʣʴʪʘ Co(ClO4)2Ŀ6H2O ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʚʦ ʚʪʦʨʦʤ ʧʦʜʭʦʜʝ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʢʘʣʠʷ ʚ ʚʠʜʝ ʝʛʦ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ KClO4 (KL(KClO4) = 1.1Ŀ10
ī2 [118]). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ 

ʧʨʠʚʝʣ ʢ ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʝʨʭʣʦʨʘʪʘ 

ʢʘʣʠʷ ʦʢʘʟʘʣʘʩʴ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ K2[Co(H2O)6]2[PdOx2]3Ŀ6H2O, ʠ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʦʩʘʜʢʝ ʩ ʧʦʤʦʱʴʶ ʈʌɸ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʦʙʝʠʭ ʩʦʣʝʡ: 

K2[Co(H2O)6]2[PdOx2]3Ŀ6H2O ʠ KClO4. 

ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʥʦʩʪʴʶ 

ʫʜʘʣʠʪʴ ʢʘʣʠʡ, ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʪʨʝʪʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ BaSO4 (KL(BaSO4) = 1.1Ŀ10
ī10 [118]), ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʫ KClO4. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʩʧʝʮʠʘʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪ(II) ʙʘʨʠʷ Ba[PdOx2]Ā3H2O, ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ 

ʦʧʠʩʘʥʥʳʡ. ɼʘʥʥʘʷ ʩʦʣʴ ʦʙʣʘʜʘʝʪ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʩʘʞʜʘʪʴ ʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʠʚʘʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ Ba(NO3)2 ʠ 

K2[PdOx2]. 

Ba(NO3)2 + K2[PdOx2] + 3H2O = Ba[PdOx2]Ā3H2OŹ + 2KNO3 
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ʀʟ-ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʠ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ 

ʜʣʷ ʈʉɸ, ʠ ʫʩʪʘʥʦʚʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, Ba[PdOx2]Ā3H2O 

ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʷʜʦʤ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʈʌɸ, ʀʂ, ɸɸʉ, CHN ʠ ʊɻɸ. 

ɺʪʦʨʳʤ ʧʨʝʢʫʨʩʦʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ɼʂʉ ʙʳʣ ʚʟʷʪ ʩʫʣʴʬʘʪ ʥʠʢʝʣʷ, ʨʘʩʪʚʦʨ 

ʢʦʪʦʨʦʛʦ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʩ ʩʫʩʧʝʥʟʠʝʡ Ba[PdOx2]Ā3H2O. ɺ ʠʪʦʛʝ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʠʩʢʦʤʘ ̫ ɼʂʉ [NiïPd]8. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʩʭʦʜʥʦʡ ʙʘʨʠʝʚʦʡ ʩʦʣʠ Ba[PdOx2]Ŀ3H2O ʨʝʘʢʮʠʷ ʦʙʤʝʥʘ ʧʨʦʪʝʢʘʝʪ 

ʤʝʜʣʝʥʥʦ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʳʭʦʜʘʭ ɼʂʉ (~20%). 

Ba[PdOx2] + NiSO4 = BaSO4Ź + Ni[PdOx2] 

ʀ ʧʦʩʢʦʣʴʢʫ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪ-ʠʦʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʢʚʘʢʘʪʠʦʥʘ 3d-ʤʝʪʘʣʣʘ 

ʥʝʫʩʪʦʡʯʠʚ, ʘ ʠʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʚʳʧʘʜʝʥʠʝ ʦʢʩʘʣʘʪʘ 3d-ʤʝʪʘʣʣʘ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʥʝ ʫʜʘʝʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. 

ʉʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʪʘʢʞʝ ʟʘʢʣʶʯʘʣʩʷ ʚ ʫʜʘʣʝʥʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʠʟ ʨʘʩʪʚʦʨʘ. ʅʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʜʘʣʝʥʠʝ ʠʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʟʘ ʩʯʝʪ ʠʭ ʚʟʘʠʤʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʘ ʟʘ ʩʯʝʪ 

ʨʘʟʣʦʞʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʡ ʚ ʚʦʜʝ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ H2[PdOx2] ʩʚʝʞʝʦʩʘʞʜʝʥʥʳʤʠ ʦʩʥʦʚʥʳʤʠ ʢʘʨʙʦʥʘʪʘʤʠ 

M(OH)2ī2x(CO3)xĿnH2O (x = 0ï2; M = Co, Ni ʠ Zn) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 Áʉ. ʂʠʩʣʳʡ 

ʨʘʩʪʚʦʨ ʦʢʩʘʣʘʪʦʧʘʣʣʘʜʘʪʘ ʧʦʣʫʯʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʱʘʚʝʣʝʚʦʡ 

ʢʠʩʣʦʪʳ ʢ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʘ ʧʘʣʣʘʜʠʷ. 

Pd(NO3)2 + 2H2Ox = H2[PdOx2] + 2HNO3 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʜʘʞʝ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ, ʪʘʢ ʢʘʢ ʝʛʦ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (2) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ (lgɓ2 

= 13.1 [117]) ʠ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ (Ka1 = 5.6Ŀ10
ī2 ʠ Ka2 = 

5.4Ŀ10ī5 [118]), ʩʦʩʪʘʚʣʷʝʪ 115.12: 
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ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʢʘʨʙʦʥʘʪʘ M(OH)2ī2x(CO3)xĿnH2O ʙʳʣ ʚʟʷʪ ʠʟʙʳʪʦʢ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʜʣʷ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʦʪʜʝʣʝʥ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʇʦ ʜʘʥʥʳʤ ɸɸʉ, ʟʘʜʘʥʥʦʝ ʥʠʪʨʘʪʦʤ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʪʘʣʣʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʥʘʪʨʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ ʣʘʢʦʥʠʯʥʦʩʪʠ 

ʦʙʦʟʥʘʯʠʤ M(OH)2ī2x(CO3)xĿnH2O ʢʘʢ çMCO3è. 

M(NO3)2 + 2NaHCO3 = çMCO3è + 2NaNO3 + CO2 + H2O 

ɺ ʠʪʦʛʝ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʚʝʞʝʦʩʘʞʜʝʥʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʢʘʨʙʦʥʘʪʘ çMCO3è ʢ 

ʢʠʩʣʦʤʫ ʨʘʩʪʚʦʨʫ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪʘ(II ) ʦʙʨʘʟʫʝʪʩʷ ʦʩʘʜʦʢ ʮʝʣʝʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠ.̫ 

çMCO3è + H2[PdOx2] = M[PdOx2] + CO2 + H2O 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʩʷ ʩʠʥʪʝʟ, ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʙʫʨʥʦ ʠʟ-ʟʘ ʚʳʜʝʣʝʥʠʷ CO2. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʠʟ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʧʘʣʣʘʜʠʷ ʧʝʨʝʭʦʜʠʪ ʢ 3d-ʤʝʪʘʣʣʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʘʜʢʘ 

MOx. ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʚʩʝ ʞʝ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʠʩʢʦʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ Co, Ni ʠ 

Zn, ʥʦ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʢʩʘʣʘʪʦʤ. 

ʇʷʪʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʩʘʤʳʤ ʫʩʧʝʰʥʳʤ ʠʟ ʚʩʝʭ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʢʘʢ ʚ ʚʳʩʦʢʦʤ ʚʳʭʦʜʝ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʙʳʣ ʧʦʣʫʯʝʥ 

ʨʘʩʪʚʦʨ H2[PdOx2]. ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʣʷʣʩʷ ʵʢʚʠʤʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ. 

M(NO3)2 + H2[PdOx2] = M[PdOx2] + 2HNO3 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʪʚʦʨʝ, ʧʦʤʠʤʦ ʠʦʥʦʚ [PdOx2]
2ī ʠ [M(H2O)6]

2+, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʚ ʧʦʣʫʯʘʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʧʨʦʮʝʩʩ ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 Áʉ ʧʦʟʚʦʣʠʣʦ ʟʘʤʝʜʣʠʪʴ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ 



59 

 

ʣʠʛʘʥʜʘʤʠ ʤʝʞʜʫ ʧʘʣʣʘʜʠʝʤ ʠ ʥʝʙʣʘʛʦʨʦʜʥʳʤ ʤʝʪʘʣʣʦʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʟʘʪʦʨʤʦʟʠʪʴ ʧʨʦʮʝʩʩ ʚʳʧʘʜʝʥʠʷ ʦʢʩʘʣʘʪʘ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʯʝʪʳʨʝʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

Mn, Co, Ni ʠ Zn ʩ ʚʳʭʦʜʦʤ ʙʦʣʝʝ 90%, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʥʝʩʪʠ ʥʘ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʠʩʪʝʤʘʭ 

FeïPd ʠ CuïPd. ɹʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʨʘʟʣʠʯʥʳʝ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʘ 

ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪʦʚ ʩ ʞʝʣʝʟʦʤ ʠ ʤʝʜʴʶ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʵʪʠ ʧʦʧʳʪʢʠ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ɺ ʩʣʫʯʘʝ ʩ ʞʝʣʝʟʦʤ ʦʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʩʪʘʣʘ ʚʳʩʦʢʘʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Fe2+. ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ 

ʨʘʩʪʚʦʨʦʚ H2[PdOx2] ʠ FeSO4 ʜʘʞʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʤʦʤʝʥʪʘʣʴʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʣʣʘʜʠʷ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʦʤ(II), ʢʦʪʦʨʦʝ 

ʧʝʨʝʭʦʜʠʪ ʚ ʞʝʣʝʟʦ(III). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ 

ʠʟʥʘʯʘʣʴʥʦ ʚʟʷʪʦ ʞʝʣʝʟʦ(III) ʩ ʨʘʩʯʝʪʦʤ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʦʥʦ ʯʘʩʪʠʯʥʦ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʩɹʷ ʚ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ [Fe(H2O)5(OH)]2+. ʂ ʫʩʧʝʰʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ 

ʚʳʙʨʘʥʥʳʡ ʧʦʜʭʦʜ ʩʥʦʚʘ ʥʝ ʧʨʠʚʝʣ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪʘ ʤʝʜʠ(II), ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʣʘʙʠʣʴʥʦʩʪʠ ʠʦʥʘ Cu2+. ʀʟ-ʟʘ ʵʪʦʛʦ ʜʘʞʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʤʦʤʝʥʪʘʣʴʥʳʡ ʦʙʤʝʥ ʣʠʛʘʥʜʘʤʠ ʤʝʞʜʫ [PdOx2]
2ī ʠ [Cu(H2O)6]

2+, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ CuOx, ʦʩʘʞʜʘʷ ʩ ʩʦʙʦʡ ʯʘʩʪʴ ʧʘʣʣʘʜʠʷ ʠʟ 

ʨʘʩʪʚʦʨʘ. ʀ ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ ʧʘʣʣʘʜʠʷ ʚ ʵʪʦʤ ʦʩʘʜʢʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʟʳ 

ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

3.1.2. ʉʠʥʪʝʟ Na[Rh(H2O)2Ox2]Ŀ2H2O ʠ Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʩʝʨʠʝʡ [MïPd]n, ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ [MïRh]n, ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ. 
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ʊʘʢ ʢʘʢ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʨʠʩʦʢʩʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III) ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ɼʂʉ 

ʩʦʩʪʘʚʘ ç[M(H2O)6]3[RhOx3]2è. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 3d-ʤʝʪʘʣʣ ʟʘʙʠʨʘʝʪ ʩʝʙʝ ʦʜʠʥ 

ʦʢʩʘʣʘʪ-ʠʦʥ ʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ, ʦʩʪʘʚʣʷʷ ʚ ʨʘʩʪʚʦʨʝ ʙʠʩ-ʬʦʨʤʫ. 

Na3[RhOx3] + M(NO3)2 + 2H2O = MOxŹ + Na[Rh(H2O)2Ox2] + 2NaNO3 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʧʦʜʭʦʜ ʥʝ ʧʨʠʚʝʣ ʢ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ ï 3d-ʤʝʪʘʣʣ ʥʝ ʟʘʙʠʨʘʝʪ 

ʦʢʩʘʣʘʪ-ʠʦʥʳ ʩ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʘʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʩ-ʬʦʨʤʫ ʢʘʢ ʩʪʘʨʪʦʚʳʡ ʨʝʘʛʝʥʪ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʡ 

ʩʧʦʩʦʙ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʠʥʪʝʟʘ Na[Rh(H2O)2Ox2]Ŀ2H2O, ʧʦʩʢʦʣʴʢʫ ʚʳʧʘʜʘʶʱʠʡ 

ʦʩʘʜʦʢ ʦʢʩʘʣʘʪʘ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʯʘʩʪʠʯʥʦ ʦʩʘʞʜʘʝʪ ʩ ʩʦʙʦʡ ʨʦʜʠʡ ʠʟ 

ʨʘʩʪʚʦʨʘ. ɸ ʧʨʠ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʨʦʜʠʷ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʵʪʦʛʦ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɺ ʩʠʩʪʝʤʝ Rh3+ïOx2īïH2O, ʥʝ ʩʯʠʪʘʷ ʚʘʨʠʘʥʪʦʚ, ʛʜʝ ʚʦʜʘ ʟʘʤʝʥʝʥʘ ʥʘ 

ʛʠʜʨʦʢʩʠʜʥʫʶ ʛʨʫʧʧʫ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ: ʤʦʥʦ-

ʬʦʨʤʘ [Rh(H2O)4Ox]+, ʙʠʩ-ʬʦʨʤʳ ʮʠʩ-[Rh(H2O)2Ox2]
ī, ʪʨʘʥʩ-[Rh(H2O)2Ox2]

ī ʠ 

ʪʨʠʩ-ʬʦʨʤʘ [RhOx3]
3ī. ɻʠʜʨʦʢʩʦʬʦʨʤʳ ʠ ʘʢʚʘʢʘʪʠʦʥ [Rh(H2O)6]

3+ ʟʜʝʩʴ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʩʠʥʪʝʟʝ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʠʝʚʳʭ ʩʦʣʝʡ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ 

ʦʜʥʦʡ ʙʠʩ-ʬʦʨʤʳ, ʢʦʪʦʨʦʡ ʩʪʘʣ ʪʨʘʥʩ-[Rh(H2O)2Ox2]
ī ʚ ʩʠʣʫ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʠʩ-ʬʦʨʤʳ. ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 103Rh ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʧʪʠʯʝʩʢʘʷ ʠʟʦʤʝʨʠʷ 

ʜʣʷ ʮʠʩ-[Rh(H2O)2Ox2]
ī ʠ [RhOx3]

3ī ʪʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʠʟ-ʟʘ ʥʝʨʘʟʣʠʯʠʤʦʩʪʠ 

ʵʪʠʭ ʯʘʩʪʠʮ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʠʢʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ 

ʦʜʥʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʬʦʨʤʫ. ʄʦʥʦ-ʬʦʨʤʫ [Rh(H2O)4Ox]+ ʚʳʜʝʣʷʣʠ ʠʟ ʦʙʱʝʛʦ 

ʨʘʩʪʚʦʨʘ ʥʘ ʠʦʥʦʦʙʤʝʥʥʦʡ ʢʦʣʦʥʢʝ, ʟʘʧʦʣʥʝʥʥʦʡ ʢʘʪʠʦʥʠʪʦʤ ʚ H+-ʬʦʨʤʝ. ɿʘʪʝʤ 



61 

 

ʧʦʚʪʦʨʥʦ ʵʣʶʠʨʦʚʘʣʠ 1ʄ HClO4 (ʨʠʩ. 11). ʈʘʩʪʚʦʨ ʩ ʪʨʘʥʩ-ʬʦʨʤʦʡ ʙʳʣ 

ʧʨʠʛʦʪʦʚʣʝʥ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʚʝʩʢʠ Na[Rh(H2O)2Ox2]Ŀ2H2O (ʨʠʩ. 12). 

 
ʈʠʩʫʥʦʢ 11. 103Rh ʗʄʈ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ [Rh(H2O)4Ox]ClO4 ʚ 1 M HClO4. 

 
ʈʠʩʫʥʦʢ 12. 103Rh ʗʄʈ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʪʨʘʥʩ-Na[Rh(H2O)2Ox2]Ā2H2O. 

ʉʥʘʯʘʣʘ ʛʠʜʨʦʢʩʠʜ ʨʦʜʠʷ ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ ʛʦʨʷʯʝʤ ʨʘʩʪʚʦʨʝ ʱʘʚʝʣʝʚʦʡ 

ʢʠʩʣʦʪʳ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʠʟʙʳʪʦʢ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʠ ʢʠʧʷʪʠʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʢʩʘʣʘʪ-ʠʦʥʳ ʦʢʠʩʣʷʣʠʩʴ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠ ʁʢʦʤʧʣʝʢʩʥʳʭ 

ʬʦʨʤ (ʨʠʩ. 13). 

Rh(OH)3 + 3H2Ox = H3[RhOx3] + 3H2O 

2H3[RhOx3] + 3H2O2 = [Rh(H2O)4Ox]+ + [Rh(H2O)2Ox2]
ī + 6CO2 + 6H2O 
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ʈʠʩʫʥʦʢ 13. 103Rh ʗʄʈ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʝʤ Rh(OH)3 ʚ H2Ox ʧʦʩʣʝ 2 ʯ 

ʢʠʧʷʯʝʥʠʷ ʩ H2O2. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʚʩʝʭ ʬʦʨʤ ʠʟʤʝʨʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʥʦ-ʬʦʨʤʳ 

[Rh(H2O)4Ox]+ (ŭ = 1050.2 ppm), ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʣʠ ʟʘ 100. ʇʦ ʠʩʪʝʯʝʥʠʠ ʜʚʫʭ 

ʯʘʩʦʚ ʪʨʠʩ-ʬʦʨʤʘ (ŭ = 267.2) ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʩʠʛʥʘʣ ʦʪ ʥʝʝ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʫʨʦʚʥʝ ʰʫʤʘ. ʉʘʤʘ ʤʦʥʦ-ʬʦʨʤʘ [Rh(H2O)4Ox]+ ʧʝʨʝʭʦʜʠʪ ʚ ʮʠʩ- ʠ ʪʨʘʥʩ-ʬʦʨʤr 

[Rh(H2O)2Ox2]
ī ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʦʢʩʘʣʘʪʘ ʥʘʪʨʠʷ. 

[Rh(H2O)4Ox]+ + Ox2ī = [Rh(H2O)2Ox2]
ī + 2H2O 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʝʦʙʣʘʜʘʝʪ ʮʠʩ-ʬʦʨʤʘ (ŭ = 642.7), ʥʦ ʚ 

ʪʚʝʨʜʫʶ ʬʘʟʫ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʨʘʥʩ-ʧʨʦʜʫʢʪ (ŭ = 666.5). ʇʨʝʦʙʣʘʜʘʥʠʝ ʮʠʩ-

ʬʦʨʤʳ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʠʟʦʤʝʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʚʳʰʝ ʚ 4 ʨʘʟʘ, ʥʦ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʘʩʪʚʦʨʘ ʮʠʩ-ʠʟʦʤʝʨ ʯʘʩʪʠʯʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ ʪʨʘʥʩ-ʠʟʦʤʝʨ. ɹʦʣʝʝ ʥʠʟʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʪʨʘʥʩ-Na[Rh(H2O)2Ox2]Ŀ2H2O ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʝʡ ʩʠʤʤʝʪʨʠʝʡ ʵʪʦʛʦ 
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ʢʦʤʧʣʝʢʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʩ-ʬʦʨʤʦʡ. ɺʘʞʥʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʦʢʠʩʣʷʝʪ ʦʢʩʘʣʘʪ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʥʦ ʵʪʦʛʦ ʫʞʝ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʘʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ 

ʦʢʠʩʣʠʪʴʩʷ ʚʩʝʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʦʢʩʘʣʘʪ-ʠʦʥʘʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʩʠʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ H2O2. 

H2O2 + 2eī + 2H+ Ÿ 2H2O EÁ = 1.77 ɺ (pH = 0) 

H2O2 + 2eī Ÿ 2OHī EÁ = 0.88 ɺ (pH = 14) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ Na[Rh(H2O)2Ox2], ʨʅ ʚ ʧʨʦʮʝʩʩʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʫʨʦʚʥʷ (~5), ʧʨʠ ʢʦʪʦʨʦʤ ʦʢʩʘʣʘʪ-ʠʦʥʳ ʫʞʝ ʥʝ 

ʦʢʠʩʣʷʶʪʩʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʨʝʜʳ ʩʘʤʦʨʝʛʫʣʠʨʫʝʪʩʷ, 

ʘ ʠʟʙʳʪʦʢ H2O2 ʨʘʟʣʘʛʘʝʪʩʷ. 

ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, Na[Rh(H2O)2Ox2]Ŀ2H2O 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʪʠʧʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʘʢ 

NaRh-1 ʠ NaRh-2. ʆʥʠ ʦʙʨʘʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʠ ʧʦʣʫʯʠʪʴ ʵʪʠ ʬʘʟʳ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʫʜʘʣʦʩʴ. ʅʦ ʧʦʩʢʦʣʴʢʫ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʳʩʦʢʘ, ʵʪʦ, 

ʚʧʨʦʯʝʤ, ʥʝ ʤʝʰʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʩʦʣʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O ʠʣʠ (H3O)[Rh(H2O)2Ox2]Ŀ4H2O. 

ɺ ʘʢʚʘʢʦʤʧʣʝʢʩʘʭ ʚʦʜʘ ʟʘʯʘʩʪʫʶ ʦʙʣʘʜʘʝʪ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʢʦʤʧʣʝʢʩʳ ʩ ʨʦʜʠʝʤ ʥʝ ʩʪʘʣʠ ʠʩʢʣʶʯʝʥʠʝʤ. ɼʦʙʘʚʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʘ NaOH ʢ 

ʨʘʩʪʚʦʨʫ ʪʨʘʥʩ-Na[Rh(H2O)2Ox2]Ŀ2H2O ʧʨʠʚʦʜʠʪ ʢ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʦʜʥʦʡ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʪʨʘʥʩ-

Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O. 

Na[Rh(H2O)2Ox2] + NaOH = Na2[Rh(H2O)(OH)Ox2] + H2O 

ʕʪʘ ʩʦʣʴ ʦʢʘʟʘʣʘʩʴ ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʘ, ʯʝʤ ʝʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʝʝ 

ʚʳʜʝʣʝʥʠʝ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ. 
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3.1.3. ʉʠʥʪʝʟ (H3O)[Rh(H2O)2Ox2]Ŀ4H2O 

ʇʦʩʢʦʣʴʢʫ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʚʝ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ 

ʪʨʘʥʩ-ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʠʝʚʦʡ ʢʠʩʣʦʪʳ, ʪʦ ʚʦʟʥʠʢ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʘʤʦʡ ʢʠʩʣʦʪʳ. ɽʩʣʠ ʨʘʩʪʚʦʨ ʣʶʙʦʡ ʠʟ 

ʜʚʫʭ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʧʨʦʧʫʩʪʠʪʴ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʢʘʪʠʦʥʠʪʦʤ 

ʜʣʷ ʟʘʤʝʥʳ ʠʦʥʦʚ Na+ ʥʘ H+, ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨ ʪʨʘʥʩ-ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʠʝʚʦʡ 

ʢʠʩʣʦʪʳ. 

Na[Rh(H2O)2Ox2] + R-H+ Ÿ H[Rh(H2O)2Ox2] + R-Na+ 

Na2[Rh(H2O)(OH)Ox2] + R-H+ Ÿ H[Rh(H2O)2Ox2] + R-Na+ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʜʣʝʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʠ 25 Áʉ, ʢʦʪʦʨʦʝ 

ʜʦʩʪʠʛʘʣʦʩʴ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (0.1 ʘʪʤ) ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ, 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʘʢʢʫʨʘʪʥʦʛʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʧʨʦʪʠʚʦʚʝʩ ʦʙʱʝʠʩʧʦʣʴʟʫʝʤʦʤʫ ʥʘʛʨʝʚʘʥʠʶ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʙʳʩʪʨʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʥ ʦʩʤʦʣʷʝʪʩʷ. ʆʧʠʩʘʥʥʘʷ ʢʠʩʣʦʪʘ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʧʨʠʯʠʥʝ 

ʪʦʛʦ, ʯʪʦ ʧʨʦʪʦʥ ʣʝʛʢʦ ʟʘʤʝʱʘʝʪʩʷ ʜʨʫʛʠʤʠ ʠʦʥʘʤʠ. ʊʘʢ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʛʠʜʨʦʢʩʦ- ʠʣʠ ʢʘʨʙʦʥʘʪʦ-ʛʨʫʧʧʘʤʠ ʤʦʞʥʦ ʣʝʛʢʦ ʚʚʝʩʪʠ ʥʫʞʥʳʡ 

ʢʘʪʠʦʥ ʚʤʝʩʪʦ ʦʢʩʦʥʠʷ. 

3.1.4. ʉʠʥʪʝʟ K[Rh(H2O)2Ox2]Ŀ3H2O ʠ K 2[Rh(H2O)(OH)Ox2]Ŀ2H2O 

ʇʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʪʨʘʥʩ-ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʠʝʚʦʡ ʢʠʩʣʦʪʳ ʵʢʚʠʚʘʣʝʥʪʦʤ 

KOH ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʘ K+, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʠʦʥʘ ï 

ʪʨʘʥʩ-[Rh(H2O)2Ox2]
ī. ʇʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ K[Rh(H2O)2Ox2]Ŀ3H2O. 

H[Rh(H2O)2Ox2] + KOH = K[Rh(H2O)2Ox2] + H2O 

ɼʦʙʘʚʣʝʥʠʝ ʢ ʨʘʩʪʚʦʨʫ ʢʠʩʣʦʪʳ ʩʨʘʟʫ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ KOH ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʨʦʪʦʥʘ ʚ ʨʘʩʪʚʦʨʝ ʠ, ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ ʩ ʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ, 
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ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʦʜʥʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣ r ʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʠ K2[Rh(H2O)(OH)Ox2]Ŀ2H2O. 

H[Rh(H2O)2Ox2] + 2KOH = K2[Rh(H2O)(OH)Ox2] + H2O 

3.1.5. ʉʠʥʪʝʟ [MïRh]12 ʠ [MïRh]6 (M = Mn, Fe, Co, Ni, Cu, Zn) 

ʇʦʩʢʦʣʴʢʫ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ (ʨʘʟʜʝʣ 3.1.2.) ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ Na3[RhOx3], ʥʝ ʧʨʠʚʝʣ ʢ ʦʞʠʜʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʩʣʝʜʫʶʱʠʡ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Na[Rh(H2O)2Ox2]Ŀ2H2O 

ʠ Co(NO3)2Ŀ6H2O. ʂ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʘ ʢʦʙʘʣʴʪʘ(II ) ʙʳʣ ʜʦʙʘʚʣʝʥ ʨʘʩʪʚʦʨ ʩ ʜʚʫʤʷ 

ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʠʩʢʦʤʳʡ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʧʨʠ ʩʤʝʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʧʘʜʝʥʠʝ 

ʦʩʘʜʢʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʠʭ ʧʦʧʳʪʢʘʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʚʳʧʘʜʝʥʠʝ ʦʨʘʥʞʝʚʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʤ ʦʢʘʟʘʣʘʩʴ 

ʠʩʭʦʜʥʘʷ ʩʦʣʴ Na[Rh(H2O)2Ox2]Ŀ2H2O, ʦʙʣʘʜʘʶʱʘʷ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʁ

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʢʦʤʦʛʦ ʢʦʤʧʣʝʢʩʘ [CoïRh]12. 

ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ [CoïRh]12, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʩʧʝʨʚʘ 

ʧʦʣʫʯʠʪʴ ʩʦʣʴ Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O, ʠ ʟʘʪʝʤ ʢ ʝʝ ʨʘʩʪʚʦʨʫ ʫʞʝ ʜʦʙʘʚʠʪʴ 

ʥʠʪʨʘʪ ʢʦʙʘʣʴʪʘ(II ) ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ç[Co(H2O)6][Rh(H2O)(OH)Ox2]è. ʆʜʥʘʢʦ 

ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʩʥʦʚʘ ʧʦʩʪʝʧʝʥʥʦʝ ʚʳʧʘʜʝʥʠʝ ʦʨʘʥʞʝʚʦʛʦ ʦʩʘʜʢʘ ʠʩʭʦʜʥʦʡ ʩʦʣʠ 

Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O. 

ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʦʜʭʦʜʘʭ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʦʥʳ ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʩʢʦʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ ʨʝʰʝʥʠʝ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʝ 

ʩʦʟʜʘʥʠʝ ʨʘʩʪʚʦʨʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʢʠʩʣʦʪʳ (H3O)[Rh(H2O)2Ox2]Ŀ4H2O, 

ʢʦʪʦʨʘʷ ʚ ʯʝʪʚʝʨʪʦʤ ʧʦʜʭʦʜʝ ʚʳʩʪʫʧʘʣʘ ʩʪʘʨʪʦʚʳʤ ʨʝʘʛʝʥʪʦʤ. ʅʠʪʨʘʪ ʢʦʙʘʣʴʪʘ(II ), 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣ ʧʝʨʝʚʝʜʝʥ ʚ ʛʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪ Co(OH)2ī2x(CO3)xĿnH2O ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʜʝʩʷʪʠʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ NaHCO3. ʇʦʩʣʝ ʯʝʛʦ ʦʩʘʜʦʢ ʪʨʠʞʜʳ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ. ʇʦ ʜʘʥʥʳʤ ɸɸʉ, ʟʘʜʘʥʥʦʝ ʥʠʪʨʘʪʦʤ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʙʘʣʴʪʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʥʘʪʨʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ ʣʘʢʦʥʠʯʥʦʩʪʠ 
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ʦʙʦʟʥʘʯʠʤ Co(OH)2ī2x(CO3)xĿnH2O ʢʘʢ çCoCO3è ɼʘʣʝʝ ʢ ʨʘʩʪʚʦʨʫ ʢʠʩʣʦʪ r

ʜʦʙʘʚʣʷʣʠ ʧʦʣ-ʵʢʚʠʚʘʣʝʥʪʘ çCoCO3è, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʠʟʥʘʯʘʣʴʥʫʶ ʥʘʚʝʩʢʫ 

Co(NO3)2Ŀ6H2O. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʜʦʙʘʚʣʷʪʴ ʛʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪ ʘʢʢʫʨʘʪʥʦ, 

ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ ʦʪ ʚʳʜʝʣʝʥʠʷ CO2. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʪʦʣʴʢʦ ʘʢʚʘʢʘʪʠʦʥ [Co(H2O)6]
2+ ʠ ʪʨʘʥʩ-

[Rh(H2O)2Ox2]
ī, ʢʦʪʦʨʳʡ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ [CoïRh]12. 

Co(NO3)2 + 2NaHCO3 = çCoCO3è + 2NaNO3 + H2O + CO2 

2H[Rh(H2O)2Ox2] + çCoCO3è + 2H2O = [Co(H2O)2{(ɛ-Ox)Rh(H2O)2Ox}2] + CO2 

ʆʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʤʝʪʘʣʣʦʚ, ʜʚʫʭʟʘʨʷʜʥʳʝ 

ʢʘʪʠʦʥʳ ʢʦʪʦʨʳʭ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʱʝʣʦʯʥʦʡ 

ʩʨʝʜʝ, ʘ ʠʤʝʥʥʦ Co, Ni, Cu ʠ Zn. 

ʉʪʦʠʪ ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ ʚʦʟʤʦʞʥʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʠʩʣʦʡ ʩʦʣʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ 1:3. ʊʘʢ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ 

ʨʘʩʪʚʦʨʫ Co(NO3)2 ʪʨʝʭ ʵʢʚʠʚʘʣʝʥʪʦʚ H[Rh(H2O)2Ox2] ʠʟ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

(H3O)[Co(H2O)6][Rh(H2O)2Ox2]3ĿH2O. 

ɺ ʩʣʫʯʘʝ ʩ Mn ʠ Fe ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʩʦʟʜʘʥʥʦʡ ʠʟʙʳʪʢʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ, 

ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʦʢʠʩʣʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʪʘʨʪʦʚʳʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʚʳʩʪʫʧʘʶʪ ʩʫʣʴʬʘʪʳ ʤʘʨʛʘʥʮʘ(II) ʠ ʞʝʣʝʟʘ(II) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʘʪʘ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʠʝʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʩʠʩʪʝʤʝ, ʧʦʤʠʤʦ ʠʦʥʦʚ [M(H2O)6]
2+ ʠ ʪʨʘʥʩ-[Rh(H2O)2Ox2]

ī, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʢʦʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʪʘʶʪʩʷ H+, HSO4
ī ʠ SO4

2ī. 

2H[Rh(H2O)2Ox2] + MSO4 + 3H2O = [M(H2O)2{(ɛ-Ox)Rh(H2O)2Ox} 2] + H2SO4 

ʇʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʢʦʤʳʭ ʢʦʤʧʣʝʢʩʦʚ [MnïRh]12 ʠ [FeïRh]12. ʆʜʥʘʢʦ ʦʥʘ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʫʭʘ ʫʧʘʨʠʚʘʪʴ ʨʘʩʪʚʦʨ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʦʣʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʚ ʢʦʥʝʯʥʦʤ 
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ʧʨʦʜʫʢʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʤʝʩʴ ʚ ʚʠʜʝ ʩʫʣʴʬʘʪʘ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʫʧʘʨʠʚʘʥʠʷ ʜʦʩʫʭʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ. 

ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ ʥʘʚʝʩʢʠ ʩ ʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ, ʚʘʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʩʦʩʪʘʚʦʤ. ɻʠʜʨʘʪʳ ʩ 12 ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ 

ʣʝʛʢʦ ʪʝʨʷʶʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʚʦʜʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʵʪʦʤʫ 

ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʚʳʜʝʣʠʪʴ ʛʠʜʨʘʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʦʜʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʩʦʭʨʘʥʷʝʪ ʩʚʦʡ ʩʦʩʪʘʚ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ 

ʦʙʨʘʟʮʦʚ ʚ ʵʢʩʠʢʘʪʦʨʝ ʥʘʜ ʪʚʝʨʜʦʡ ʱʝʣʦʯʴʶ ʧʨʠ 50 Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʦʙʨʘʟʫʝʪʩʷ 

ʬʘʟʘ ʛʝʢʩʘʛʠʜʨʘʪʘ [MïRh]6 ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ (Mn, Fe, Co, Ni, Cu, Zn). 

[M(H2O)2{(ɛ-Ox)Rh(H2O)2Ox} 2]Ŀ6H2O = MRh2Ox4Ŀ6H2O + 6H2O 

ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʦʚʘʷ ʬʘʟʘ, ʧʨʠ ʪʦʤ ʚ ʢʦʥʯʝʥʦʤ ʠʪʦʛʝ ʵʪʘ ʬʘʟʘ 

ʙʳʣʘ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚ ʩʠʩʪʝʤʝ. ɸ ʧʦʩʢʦʣʴʢʫ ʚʳʜʝʣʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣ ʥʝ ʫʜʘʣʦʩʴ, ʪʦ 

ʩʦʩʪʘʚ ʛʝʢʩʘʛʠʜʨʘʪʘ [MïRh]6 ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ ɸɸʉ, ʀʂ, ʊɻɸ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 
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3.2. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʚʩʝʭ ʦʙʩʫʞʜʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 1 ʠ 2. 

3.2.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ K2[Co(H2O)6]2[PdOx2]3Ŀ6H2O 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ K2[Co(H2O)6]2[PdOx2]3Ŀ6H2O 

(ʨʠʩ. 14) ʧʦʣʫʯʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʝʪʦʜʦʤ ʈʉɸ. ɺ ʦʙʩʫʞʜʘʝʤʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ, ʠʤʝʶʱʠʤ 

ʪʨʠʢʣʠʥʥʫʶ ʩʠʥʛʦʥʠʶ, ʧʣʦʩʢʦʩʪʠ [PdOx2]
2ī, ʚ ʢʦʪʦʨʳʭ ʧʘʣʣʘʜʠʡ(II) ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʥʝʛʦ ʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʪʦʧʢʠ c ʧʦʚʦʨʦʪʦʤ 

12Á ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 3.23 ¡. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʝʤʣʝʥʠʝ ʧʣʦʩʢʦʩʪʝʡ [PdOx2]
2ī ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʩʪʦʧʢʠ 

ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʦ ʚʩʝʭ ʦʙʩʫʞʜʘʝʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʬʨʘʛʤʝʥʪʘʤʠ {PdOx2}. ʄʝʞʜʫ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʠʦʥʘʤʠ [PdOx2]
2ī 

ʩʪʦʧʢʘʤʠ ʥʘʭʦʜʷʪʩʷ ʦʢʪʘʵʜʨʳ [Co(H2O)6]
2+, ʢʘʪʠʦʥʳ ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʳ 

ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ 

ʜʘʥʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʩʦʣʴʶ, ʧʦʩʢʦʣʴʢʫ ʢʘʪʠʦʥʥʘʷ ʠ 

ʘʥʠʦʥʥʘʷ ʯʘʩʪʴ ʜʠʩʢʨʝʪʥʳ. 

 
ʈʠʩʫʥʦʢ 14. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ K2[Co(H2O)6] 2[PdOx2] 3Ā6H2O, ʛʜʝ [Co(H2O)6]

2+ 

ʧʨʝʜʩʪʘʚʣʝʥ ʨʦʟʦʚʳʤʠ ʦʢʪʘʵʜʨʘʤʠ, K+ ï ʩʠʥʠʤʠ ʰʘʨʘʤʠ, ʘ [PdOx2]
2ī ï ʞʝʣʪʳʤʠ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ. 
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3.2.2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ [M(H2O)6][PdOx2]ĿnH2O (M = Co, Ni) 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 15) ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [Ni(H2O)6][PdOx2]Ŀ2H2O ʩ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʝʡ, ʘ ʪʘʢʞʝ 

[Ni(H2O)6][PdOx2]Ŀ4H2O ʠ [Co(H2O)6][PdOx2]Ŀ4H2O, ʧʦʩʣʝʜʥʠʝ ʠʟ ʢʦʪʦʨʳʭ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʠ ʠʤʝʶʪ ʤʦʥʦʢʣʠʥʥʫʶ ʩʠʥʛʦʥʠʶ. ʂʨʠʩʪʘʣʣʳ ʩʦʩʪʦʷʪ ʠʟ 

ʜʠʩʢʨʝʪʥʳʭ ʘʢʚʘʢʘʪʠʦʥʦʚ 3d-ʤʝʪʘʣʣʦʚ ʠ ʘʥʠʦʥʦʚ [PdOx2]
2ī, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ 

ʦʙ ʵʪʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʢʘʢ ʦ ʩʦʣʷʭ. ʇʝʨʚʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

ʧʘʣʣʘʜʠʷ ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ d8-ʠʦʥʦʚ ʧʣʦʩʢʦ-ʢʚʘʜʨʘʪʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʪʝʤ 

ʥʝ ʤʝʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʠʩʢʘʞʝʥʠʝ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ ʧʷʪʠʯʣʝʥʥʳʭ 

ʮʠʢʣʦʚ. ɺʥʫʪʨʝʥʥʠʝ ʫʛʣʳ OīPdīO ʥʘ ~13Á ʤʝʥʴʰʝ ʚʥʝʰʥʠʭ. ɼʣʠʥʳ ʩʚʷʟʝʡ PdīO 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1.993ï2.018 ¡, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʩʪʨʫʢʪʫʨʝ 

K2[PdOx2]Ŀ4H2O [119]. ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʦʢʩʘʣʘʪ-ʠʦʥʳ ʥʝʩʢʦʣʴʢʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʦʢʩʘʣʘʪ-ʠʦʥʘʤʠ ʚ K2OxĿH2O, ʚ 

ʢʦʪʦʨʳʭ ʚʩʝ ʯʝʪʳʨʝ ʩʚʷʟʠ CīO ʨʘʚʥʦʟʥʘʯʥʳʝ (1.258 ¡) [120]. ɺ 

ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪ-ʠʦʥʝ ʩʚʷʟʠ C=O ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 0.07 ¡ ʢʦʨʦʯʝ, ʯʝʤ CīO ʩʚʷʟʠ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ. ʉʚʷʟʠ 

CīO ʦʙʦʠʭ ʪʠʧʦʚ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʚ ʩʚʦʙʦʜʥʦʤ 

ʦʢʩʘʣʘʪ-ʠʦʥʝ ʚ ʩʦʣʷʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

 
ʈʠʩʫʥʦʢ 15. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ [Ni(H2O)6][ PdOx2]Ā2H2O (ʩʣʝʚʘ) ʠ 

[M(H2O)6][ PdOx2]Ā4H2O (M = Co, Ni; ʩʧʨʘʚʘ). [M(H2O)6]
2+ ʦʙʦʟʥʘʯʝʥ rʦʢʪʘʵʜʨʘʤʠ, ʘ [PdOx2]

2ī 

ï ʞʝʣʪʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ. 
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ɼʣʷ ʷʩʥʦʩʪʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʫʜʝʪ ʫʢʘʟʳʚʘʪʴʩʷ ʦʙʱʝʝ 

ʛʠʜʨʘʪʥʦʝ ʯʠʩʣʦ, ʪʦ ʝʩʪʴ ʩʫʤʤʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ 

ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ. ɺ ʩʣʫʯʘʝ ʦʢʪʘʛʠʜʨʘʪʘ ʩʪʦʧʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʣʦʩʢʦʩʪʝʡ 

[PdOx2]
2ī, ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʚʜʦʣʴ ʦʩʠ ʘ; ʩʘʤʠ ʧʣʦʩʢʦʩʪʠ ʩʠʥʭʨʦʥʥʦ 

ʧʦʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʥʘ 24.6Á. ʂʨʦʤʝ ʵʪʦʛʦ, ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪ-ʠʦʥ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦ ʧʣʦʩʢʠʤ. ʇʣʦʩʢʦʩʪʠ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ 

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ {PdO4}, ʦʙʨʘʟʫʷ ʫʛʣʳ 171.1Á ʠ 169.9Á 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʪʦʷʥʠʝ ʞʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʨʘʟʣʠʯʥʦʝ. ʆʥʦ ʩʦʩʪʘʚʣʷʝʪ 3.27 

¡, ʢʦʛʜʘ ʘʢʚʘʢʘʪʠʦʥʳ ʥʠʢʝʣʷ ʥʘʭʦʜʷʪʩʷ ʨʷʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʣʦʩʪʴʶ, ʘ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʨʫʛʠʤʠ ʩʦʩʝʜʥʠʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 3.17 

¡. ʇʝʨʝʭʦʜʷ ʢ ʦʙʩʫʞʜʝʥʠʶ ʜʝʢʘʛʠʜʨʘʪʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʧʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʤʝʥʝʝ ʩʪʨʦʛʦ ʠʟ-ʟʘ ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʞʜʫ ʥʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ʇʦʤʠʤʦ ʩʤʝʱʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʠʟʤʝʥʷʝʪʩʷ ʠ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʥʠʤʠ ʜʦ ʟʥʘʯʝʥʠʷ 3.24 ¡ ʚ ʩʣʫʯʘʝ ʢʦʙʘʣʴʪʦʚʦʡ ʠ ʥʠʢʝʣʝʚʦʡ ɼʂʉ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʢʚʘʢʘʪʠʦʥʳ ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʟʘʥʠʤʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʠʟ ʵʪʠʭ ʩʪʦʧʦʢ. ʅʝʢʦʪʦʨʳʝ ʠʩʢʘʞʝʥʠʷ ʫʛʣʦʚ ʠ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʦʢʪʘʵʜʨʘʭ ʠʤʝʶʪ ʪʦʪ ʞʝ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʘʪʘʭ 

[Co(H2O)6](NO3)2 [121] ʠ [Ni(H2O)6](NO3)2 [122]. 

3.2.3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [{Zn(H2O)3(PdOx2)}2(ɛ-H2O)2]Ŀ4H2O 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʮʠʥʢʦʤ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʩʠʥʛʦʥʠʠ ʩ ʦʩʪʨʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʤʦʪʠʚʦʤ ʚʠʜʝ ʪʝʪʨʘʥʫʢʣʝʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʨʠʩ. 16). ɺ ʢʘʞʜʦʤ ʦʣʠʛʦʤʝʨʝ [{Zn(H2O)3(PdOx2)} 2(ɛ-H2O)2] ʜʚʘ ʠʦʥʘ ʮʠʥʢʘ, 

ʠʤʝʶʱʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʂ ʢʘʞʜʦʤʫ ʠʟ ʠʦʥʦʚ ʮʠʥʢʘ, ʢʨʦʤʝ ʤʦʩʪʠʢʦʚʳʭ, ʪʘʢʞʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʝʱʝ ʧʦ ʪʨʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʘ ʰʝʩʪʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ 

ʪʝʨʤʠʥʘʣʴʥʳʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʠʟ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪ-ʠʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨʘʣʴʥʦʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʤʝʨ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʳ ZnïPd). ʉʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʩʪʨʝʤʣʝʥʠʝ ʧʣʦʩʢʦʩʪʝʡ [PdOx2]
2ī ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʩʪʦʧʢʠ (ʨʠʩ. 17), ʯʪʦ ʚʦʦʙʱʝ 
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ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ(II). ɿʜʝʩʴ ʬʨʘʛʤʝʥʪʳ {PdOx2} ʠʟ ʜʚʫʭ 

ʩʦʩʝʜʥʠʭ ʦʣʠʛʦʤʝʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʫʛ ʧʦʜ ʜʨʫʛʦʤ ʧʦʦʯʝʨʝʜʥʦ ʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3.15 ¡, ʦʙʨʘʟʫʷ ʧʦʜʦʙʠʝ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ. 

 
ʈʠʩʫʥʦʢ 16. ʉʪʨʫʢʪʫʨʘ ʦʣʠʛʦʤʝʨʘ [{Zn(H2O)3(PdOx2)}2(ɛ-H2O)2]. 

 
ʈʠʩʫʥʦʢ 17. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [{Zn(H2O)3(PdOx2)}2(ɛ-H2O)2]Ā4H2O. 

ʉʪʨʫʢʪʫʨʘ ʬʨʘʛʤʝʥʪʘ {PdOx2} ʩʭʦʞʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʚ 

ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʠ [M(H2O)6][PdOx2]ĿnH2O. ʆʢʪʘʵʜʨ {ZnO6} ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʩʢʘʞʝʥ. ɼʣʠʥʳ ʩʚʷʟʝʡ ZnīO ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʚʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 2.023ï2.049 ¡, ʘ ʚ ʩʣʫʯʘʝ ʤʦʩʪʠʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ 

ʜʣʠʥʳ ʩʚʷʟʝʡ ʚʦʟʨʘʩʪʘʶʪ ʜʦ ʟʥʘʯʝʥʠʡ 2.214 ʠ 2.225 ¡. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʜʣʠʥʳ ʚʩʝʭ 

ʩʚʷʟʝʡ ZnīO ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʚ ʛʝʢʩʘʛʠʜʨʘʪʝ ʥʠʪʨʘʪʘ ʮʠʥʢʘ Zn(NO3)2Ŀ6H2O 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2.064ï2.130 ¡ [123]. ɼʣʠʥʘ ʩʚʷʟʠ ZnīOPdOx ʩʦʩʪʘʚʣʷʝʪ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ZnīOH O ï 2.063 ¡. ɺʩʝ ʫʛʣʳ OīZnīO ʚ 
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ʜʘʥʥʦʤ ʦʢʪʘʵʜʨʝ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ ʧʨʷʤʦʛʦ ʫʛʣʘ ʥʘ 3ï5Á ʚ ʙʦӢʣʴʰʫʶ 

ʩʪʦʨʦʥʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʛʣʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʘʪʦʤʦʤ ʮʠʥʢʘ ʠ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɿʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʫʛʣʘ ʩʦʩʪʘʚʣʷʝʪ 77.7Á. ʊʘʢʦʝ ʠʩʢʘʞʝʥʠʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʛʦ ʯʝʪʳʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟ ʜʚʫʭ 

ʠʦʥʦʚ ʮʠʥʢʘ ʠ ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ 

Zn(NO3)2Ŀ6H2O ʫʛʣʳ ʚ ʦʢʪʘʵʜʨʝ ʦʪʢʣʦʥʷʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 2.4Á. 

3.2.4. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ {(ɛ-Ox)Pd(ɛ-Ox)Mn(H2O)3}nĿnH2O 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʤʘʨʛʘʥʮʝʤ (ʨʠʩ. 18), ʢʨʠʩʪʘʣʣʳ ʢʦʪʦʨʦʛʦ ʦʙʣʘʜʘʶʪ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʝʡ, 

ʷʚʣʷʝʪʩʷ ʮʝʧʦʯʝʯʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ. ʀʦʥʳ ʤʘʨʛʘʥʮʘ ʚ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʠʩʢʘʞʝʥʥʦʡ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ {MnO7} 

(ʨʠʩ. 19), ʯʪʦ ʥʝ ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ(II). ɽʝ 

ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʦʙʨʘʟʦʚʘʥʘ ʯʝʪʳʨʴʤʷ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʠʟ ʜʚʫʭ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪ-ʠʦʥʦʚ ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʚʦʜʳ. ʆʙʝ ʘʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʪʘʢʞʝ ʟʘʥʷʪʳ ʤʦʣʝʢʫʣʘʤʠ H2O. 

 

ʈʠʩʫʥʦʢ 18. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ {(ɛ-Ox)Pd(ɛ-Ox)Mn(H2O)3}nĀnH2O. 
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ʈʠʩʫʥʦʢ 19. ʉʪʨʫʢʪʫʨʘ ʬʨʘʛʤʝʥʪʘ ʮʝʧʠ ʧʦʣʠʤʝʨʘ {(ɛ-Ox)Pd(ɛ-Ox)Mn(H2O)3}n. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [MnïPd]4 ʩʦʩʪʦʠʪ ʠʟ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ {īMn(H2O)3īOxPdOxī} n, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʤʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ʋʛʦʣ ʚ ʪʦʯʢʘʭ ʠʟʣʦʤʘ ʩʦʩʪʘʚʣʷʝʪ 136.76Á, ʯʪʦ 

ʟʘʜʘʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ. ʆʙʨʘʟʦʚʘʥʥʳʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ 

ʮʝʧʠ ʧʣʦʪʥʦ ʧʨʠʤʳʢʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʝʤ ʩʘʤʳʤ ʦʙʨʘʟʫʷ ʩʣʦʠ. ʎʝʧʠ ʚ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʨʫʛ ʧʦʜ ʜʨʫʛʦʤ ʩʦʩʝʜʥʠʭ ʩʣʦʷʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ (çʢʨʝʩʪ-ʥʘʢʨʝʩʪè), ʧʨʠʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪ-ʠʦʥʘʤʠ ʠʟ ʨʘʟʥʳʭ ʩʣʦʝʚ, ʩʦʩʪʘʚʣʷʝʪ 3.18 ¡. 

ʇʨʠ ʵʪʦʤ ʬʨʘʛʤʝʥʪʳ {PdOx2} ʩʥʦʚʘ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʨʫʛ ʧʦʜ 

ʜʨʫʛʦʤ, ʥʦ ʫʞʝ ʧʦʚʝʨʥʫʪʳʤʠ ʥʘ 51.2Á. 

ʆʢʨʫʞʝʥʠʝ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʩʪʨʫʢʪʫʨʘʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ Co, Ni ʠ Zn ʩʦʚʧʘʜʘʣʦ ʩ ʝʛʦ ʦʢʨʫʞʝʥʠʝʤ ʚ ʧʨʦʩʪʳʭ 

ʥʠʪʨʘʪʘʭ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ, ʯʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦʙ 

ʦʢʨʫʞʝʥʠʠ Mn. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʤʘʨʛʘʥʮʘ(II ) 

Mn(NO3)2ĿH2O ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ, ʯʘʩʪʴ ʤʝʪʘʣʣʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʘ ʜʨʫʛʘʷ ï ʚ ʤʝʥʝʝ ʭʘʨʘʢʪʝʨʥʦʤ 

ʦʢʨʫʞʝʥʠʠ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 8 [124]. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʪʝʪʨʘ- ʠ ʛʝʢʩʘʛʠʜʨʘʪʘ Mn(NO3)2ĿnH2O (n = 4, 6) ʚʩʝ ʘʪʦʤʳ ʤʘʨʛʘʥʮʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ [125, 126]. ɺ ʩʪʨʫʢʪʫʨʝ ʙʦʣʝʝ ʙʣʠʟʢʦʛʦ ʧʦ ʧʨʠʨʦʜʝ ʠ 
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ʩʦʩʪʘʚʫ ʪʨʝʭʚʦʜʥʦʛʦ ʦʢʩʘʣʘʪʘ ʤʘʨʛʘʥʮʘ(II ) MnOxĿ3H2O ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʪʘʢʞʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ ʜʚʫʭ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ [127]. 

3.2.5. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Na[Rh(H2O)2Ox2]Ŀ2H2O 

ʄʦʥʦʟʘʤʝʱʝʥʥʘʷ ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʤʦʞʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (NaRh-1 ʠ NaRh-2). ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. ʇʝʨʚʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʨʦʜʠʷ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʤʝʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ d6-ʠʦʥʦʚ ʩ 

ʣʠʛʘʥʜʘʤʠ ʚ ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʠ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ ʧʷʪʠʯʣʝʥʥʳʭ 

ʮʠʢʣʦʚ ʫʛʣʳ ʯʘʩʪʠʯʥʦ ʠʩʢʘʞʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʠʜʝʘʣʴʥʦʛʦ ʦʢʪʘʵʜʨʘ. 

ɺ ʩʪʨʫʢʪʫʨʝ NaRh-1 ʬʨʘʛʤʝʥʪ {RhOx2} ʧʣʦʩʢʠʡ (ʨʠʩ. 20); ʫʛʦʣ O1īRh1īO2 ʚ 

ʧʷʪʠʯʣʝʥʥʦʤ ʮʠʢʣʝ ʨʘʚʝʥ 82.53Á. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʧʦ ʧʨʠʨʦʜʝ K3[RhOx3]Ŀ4.5H2O [128] ʠ ʙʦʣʝʝ ʙʣʠʟʢʠʡ ʧʦ ʩʪʨʫʢʪʫʨʝ 

K[Cr(H2O)2Ox2]Ŀ3H2O [129]. ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʛʣʦʚ ʚ 

ʪʨʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʘʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ (81.6Á), ʪʦ ʚ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʭʨʦʤʘʪʝ 

ʫʛʣʳ ʠʜʝʥʪʠʯʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʝ (82.87Á) ʟʘ ʩʯʝʪ ʩʭʦʞʝʛʦ ʩʪʨʦʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʜʣʠʥʳ ʩʚʷʟʝʡ RhīO ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʶʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

K3[RhOx3]Ŀ4.5H2O (2.000ï2.046 ¡) ʠ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʪʘʪʴʝ 

ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʘʪʦʚ (2.0062ï2.0221 ¡). ɼʣʠʥʘ ʩʚʷʟʠ CrīO ʚ K[Cr(H2O)2Ox2]Ŀ3H2O 

ʩʦʩʪʘʚʣʷʝʪ 1.9575 ¡, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ ʜʣʠʥ ʩʚʷʟʝʡ RhīO. 

ʂʦʥʮʝʚʳʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʚ NaRh-1 ʦʢʨʫʞʘʶʪ ʢʘʪʠʦʥ ʥʘʪʨʠʷ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʠ ʦʙʨʘʟʫʶʪ ʧʨʷʤʳʝ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ. ʇʨʠ ʪʘʢʦʡ 

ʫʧʘʢʦʚʢʝ ʘʪʦʤʳ Na ʪʘʢʞʝ ʠʤʝʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ, ʠ ʚʩʝ ʬʨʘʛʤʝʥʪʳ 

{ RhOx2} ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʮʝʧʦʯʢʠ ʧʦ 

ʦʯʝʨʝʜʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʧʦʜ ʜʨʫʛʦʤ. 
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ʈʠʩʫʥʦʢ 20. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ NaRh-1. 

ʂʦʦʨʜʠʥʘʮʠʷ ʢ ʢʘʪʠʦʥʫ ʥʘʪʨʠ ̫ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ NaRh-2 ʪʦʣʴʢʦ ʩ 

ʦʜʥʠʤ ʦʢʩʘʣʘʪ-ʠʦʥʦʤ ʦʪ ʢʘʞʜʦʛʦ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʘʪʘ, ʧʦʵʪʦʤʫ ʫʛʣʳ ʚ ʧʣʦʩʢʦʩʪʠ 

{ RhOx2} ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʢʘʞʝʥʳ (ʨʠʩ. 21), ʚ ʯʘʩʪʥʦʩʪʠ, ʚʥʫʪʨʝʥʥʠʝ ʫʛʣʳ ʨʘʚʥʳ 

82.1Á ʠ 83.5Á. ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʚ NaRh-1, ʦʜʥʘʢʦ ʟʜʝʩʴ ʚʩʝ ʟʥʘʯʝʥʠʷ 

ʫʛʣʦʚ ʨʘʟʣʠʯʘʶʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʫʟʣʘ ʧʨʠ ʘʪʦʤʝ ʨʦʜʠʷ. ɺ ʩʣʫʯʘʝ NaRh-2 ʫʧʘʢʦʚʢʘ ʩ ʢʘʪʠʦʥʦʤ ʥʘʪʨʠ ̫ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʨʠʛʦʥʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʢʠʩʣʦʨʦʜʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʛʜʝ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 

ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʚʳʤʠ ʫ ʦʢʩʘʣʘʪ-ʠʦʥʘ, ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʩʦʩʝʜʥʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʝʱʝ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ï ʦʪ ʜʚʫʭ 

ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʩʚʷʟʘʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʦʥ-ʜʠʧʦʣʴʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩ ʜʚʫʤʷ ʠʦʥʘʤʠ ʥʘʪʨʠʷ, ʘ ʧʦʩʣʝʜʥʠʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ, ʩʚʷʟʘʥʥʦʡ ʠʦʥ-ʜʠʧʦʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʥʘʪʨʠʷ. 

 
ʈʠʩʫʥʦʢ 21. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ NaRh-2. 
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3.2.6. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O 

ɻʠʜʨʦʢʩʦʩʦʣʴ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʠ ʠʤʝʝʪ 

ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʯʝʨʪʳ ʩʦ ʩʚʦʠʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʩ ʜʚʫʤʷ ʘʢʚʘ-ʣʠʛʘʥʜʘʤʠ. 

ʇʨʠ ʵʪʦʤ ʜʚʘ ʦʢʩʘʣʘʪ-ʠʦʥʘ ʨʦʜʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʫʛʣʘʤʠ 82.64Á, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʩʪʨʫʢʪʫʨʫ NaRh-1 (ʨʠʩ. 22). 

ɼʣʠʥʳ ʩʚʷʟʝʡ RhīO ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ (2.0221 ʠ 2.0150 ¡). ʆʩʪʘʣʴʥʳʝ ʚʝʨʰʠʥʳ 

ʦʢʪʘʵʜʨʘ ʟʘʥʷʪʳ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʤ. ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠ ʛʠʜʨʦʢʩʠʜʦʤ ʩʦʩʝʜʥʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʥʠʤʠ. ʈʘʩʩʪʦʷʥʠʝ OéO ʟʜʝʩʴ ʨʘʚʥʦ 2.49 ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʯʥʦʡ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ [130]. ʉʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʚʝʨʰʠʥ ʩʦʩʝʜʥʠʭ ʦʢʪʘʵʜʨʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʜʨʫʛ ʧʦʜ ʜʨʫʛʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʦʧʦʢ. ʀʦʥʳ ʥʘʪʨʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʧʘʨʥʦ, ʦʢʨʫʞʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʦʥʘʤʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ. ʂʘʢ ʠ ʚ NaRh-2, ʜʚʘ ʠʦʥʘ 

ʥʘʪʨʠʷ ʜʝʣʷʪ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʝ ʙʣʠʞʘʡʰʠʝ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ Na2[Rh(H2O)(OH)Ox2]Ŀ4H2O ʥʠʞʝ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʫʧʦʤʷʥʫʪʫʶ ʚʳʰʝ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ. 

 
ʈʠʩʫʥʦʢ 22. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Na2[Rh(H2O)(OH)Ox2]Ā4H2O. 
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3.2.7. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (H3O)[Rh(H2O)2Ox2]Ŀ4H2O 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩʥʳʝ ʢʠʩʣʦʪʳ ʦʙʩʫʞʜʘʶʪʩʷ ʚ 

ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʣʠʙʦ ʢʠʩʣʦʪʫ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʚ 

ʯʠʩʪʦʤ ʚʠʜʝ, ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʦ ʝʝ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʣʥʦʩʪʴʶ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ. ʇʦʵʪʦʤʫ ʥʝʦʞʠʜʘʥʥʦʡ ʦʢʘʟʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʩʪʠʪʴ 

ʤʦʥʦʢʨʠʩʪʘʣʣ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʜʠʘʢʚʘʨʦʜʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʫʩʪʘʥʦʚʠʪʴ ʝʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁ ʩʪʨʫʢʪʫʨʫ. ʂʠʩʣʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦ 

ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʧʨʝʢʫʨʩʦʨʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʂʠʩʣʦʪʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. ʀʩʢʘʞʝʥʠʷ ʚ ʩʘʤʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʘʭ ʤʘʣʦ ʯʝʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʢʘʞʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ. ɺʥʫʪʨʝʥʥʠʝ ʫʛʣʳ OīRhīO (82.62Á), 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʢʩʘʣʘʪ-ʠʦʥʘʤʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʝ ʜʨʫʛ 

ʜʨʫʛʫ ʜʣʠʥʳ ʩʚʷʟʝʡ RhīO (2.0104 ʠ 2.0103 ¡) ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʠ 

ʜʣʷ ʜʨʫʛʠʭ ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 23). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʢʪʘʵʜʨʳ 

ʩʥʦʚʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʨʫʛ ʧʦʜ ʜʨʫʛʦʤ, ʧʨʠʯʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ çʝʣʦʯʢʦʡè; ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʄʠʣʣʝʨʘ hkl ʜʣʷ 

ʧʣʦʩʢʦʩʪʝʡ {RhOx2} ʠʟ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʩʪʦʧʦʢ ʨʘʚʥʳ {ī0.2076, ī0.1794, ī0.9616} ʠ 

{ī0.2076, 0.1794, ī0.9616}. 

 
ʈʠʩʫʥʦʢ 23. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (H3O)[Rh(H2O)2Ox2]Ā4H2O ʙʝʟ ʫʢʘʟʘʥʠʷ 

ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. 
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ɼʘʥʥʳʝ ʈʉɸ ʥʝ ʜʘʶʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʅ3ʆ
+-ʠʦʥʦʚ, ʥʦ ʦʥʠ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʨʝʜʠ ʤʦʣʝʢʫʣ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʚ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʦʪʜʝʣʴʥʫʶ ʯʘʩʪʴ (ʨʠʩ. 24). ʉʪʦʧʢʠ ʦʢʪʘʵʜʨʦʚ [Rh(H2O)2Ox2]
ī 

ʦʙʨʘʟʫʶʪ ʩʣʦʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7.93 ¡ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʚʩʷ ʚʥʝʰʥʝʩʬʝʨʥʘʷ ʚʦʜʘ 

ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʵʪʠʤʠ ʩʣʦʷʤʠ. ɿʜʝʩʴ ʢʘʞʜʳʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʜʨʫʛʠʭ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ. ɼʣʷ O3W ʠ O4W ʪʨʠ ʠʟ ʵʪʠʭ ʘʪʦʤʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʩʦʩʝʜʥʠʤʠ 

ʚʥʝʰʥʝʩʬʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʘ ʯʝʪʚʝʨʪʳʡ ʷʚʣʷʝʪʩʷ ʣʠʙʦ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʣʠʙʦ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʪʦʤʦʤ ʦʢʩʘʣʘʪ-ʠʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ O2W ʪʦʣʴʢʦ ʜʚʘ ʘʪʦʤʘ ʦʙʝʩʧʝʯʝʥʳ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʘ ʜʚʘ ʜʨʫʛʠʭ 

ʩʥʦʚʘ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʚʳʤʠ ʘʪʦʤʘʤʠ ʦʢʩʘʣʘʪ-ʠʦʥʘ. 

 
ʈʠʩʫʥʦʢ 24. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (H3O)[Rh(H2O)2Ox2]Ā4H2O ʩ ʫʢʘʟʘʥʠʝʤ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʦʣʫʙʳʤʠ ʪʝʪʨʘʵʜʨʘʤʠ. 

3.2.8. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨ r[M(H2O)2{(ɛ-Ox)Rh(H2O)2Ox}2]Ŀ6H2O 

ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ [MïRh]12 ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʨʠʩ. 25). ʂʨʠʩʪʘʣʣʳ ʩʦʩʪʦʷʪ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

[Ox(H2O)2Rhī(Õ-Ox)īM(H2O)2ī(Õ-Ox)ïRh(H2O)2Ox] ʠ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʧʦʩʪʨʦʝʥʳ ʠʟ ʪʨʝʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 
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ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨ ʤʝʪʘʣʣʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʨʝʙʨʘʤʠ ʚ ʨʷʜ ʩ ʤʦʩʪʠʢʦʚʳʤʠ 

ʦʢʩʘʣʘʪʦ-ʣʠʛʘʥʜʘʤʠ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʜʚʦʡʥʳʝ ʦʢʩʘʣʘʪʳ [MïRh]12 ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʝʭʷʜʝʨʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʛʝʪʝʨʦʢʦʤʧʣʝʢʩʳ, ʘ ʥʝ 

ɼʂʉ. 

 
ʈʠʩʫʥʦʢ 25. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [M(H2O)2{(ɛ-Ox)Rh(H2O)2Ox}2]Ā6H2O ʙʝʟ ʫʢʘʟʘʥʠʷ 

ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. ɿʝʣʝʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ M = Ni, ʢʨʘʩʥʳʝ ï ʜʣʷ M = Co. 

ɼʣʷ ʩʪʨʫʢʪʫʨ ʦʙʩʫʞʜʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʭʘʨʘʢʪʝʨʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ d6-ʠʦʥʘ Rh3+. 

ʂʘʞʜʳʡ ʠʟ ʠʦʥʦʚ Rh3+ ʢʦʦʨʜʠʥʠʨʫʝʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ. ɼʣʠʥʳ 

ʩʚʷʟʝʡ RhīOw ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2.02ï2.03 ¡, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ 

ʧʨʝʢʫʨʩʦʨʘʤʠ Na[Rh(H2O)2Ox2]Ŀ2H2O ʠ (H3O)[Rh(H2O)2Ox2]Ŀ4H2O, ʥʦ ʠ ʩ 

ʘʢʚʘʢʘʪʠʦʥʦʤ [Rh(H2O)6]
3+. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʠʥʳ ʩʚʷʟʝʡ Rhīʆ ʦʢʩʘʣʘʪʦ-ʣʠʛʘʥʜʦʚ 

ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʷʚʣʷʝʪʩʷ ʣʠ ʣʠʛʘʥʜ ʤʦʩʪʠʢʦʚʳʤ ʠʣʠ ʢʦʥʮʝʚʳʤ. 

ʉʚʷʟʠ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʪʘʢʠʝ ʞʝ ʠʣʠ ʜʘʞʝ ʢʦʨʦʯʝ, ʯʝʤ 

ʫ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (2.010 ¡), ʘ ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ 

ʥʝʩʢʦʣʴʢʦ ʜʣʠʥʥʝʝ. ɼʣʠʥʳ ʩʚʷʟʠ MīOw ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1.95ï2.16 ¡ ʜʣʷ 

ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʣʠʥʳ ʩʚʷʟʝʡ MīO ʩ ʢʠʩʣʦʨʦʜʦʤ ʦʢʩʘʣʘʪʦ-ʣʠʛʘʥʜʘ 

ʚʳʰʝ, ʯʝʤ ʫ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʧʨʦʩʪʳʭ ʦʢʩʘʣʘʪʦʚ. ʅʘʢʦʥʝʮ, ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ 

ʦʢʩʘʣʘʪ-ʠʦʥʘʭ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʘʢʦʚʳʭ ʚ ʠʦʥʥʦʤ K2OxĿH2O. ɺʦ-ʧʝʨʚʳʭ, 

ʩʚʷʟʠ ʉīʉ ʚ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʜʣʠʥʥʝʝ (1.573 ¡). ʉʘʤʳʝ ʢʦʨʦʪʢʠʝ ʩʚʷʟʠ ʉīʆ ʚ 

ʢʦʥʮʝʚʳʭ ʦʢʩʘʣʘʪʦ-ʣʠʛʘʥʜʘʭ ʥʘ ~0.3 ¡ ʢʦʨʦʯʝ, ʯʝʤ ʚ K2Ox (~1.259 ¡), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʧʨʦʯʥʝʥʠʠ ʩʚʷʟʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʚʷʟʠ ʉīʆ, ʛʜʝ ʆ ï ʜʦʥʦʨʥʳʡ 

ʘʪʦʤ (ʆ3ïʆ6), ʜʣʠʥʥʝʝ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʚʷʟʠ CīO ʫ ʘʪʦʤʦʚ M ʩʥʦʚʘ ʢʦʨʦʯʝ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ 
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ʦʢʨʫʞʝʥʠʝ Rh ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʷʝʪ ʠʩʭʦʜʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʪʦʛʜʘ ʢʘʢ 

ʦʢʨʫʞʝʥʠʝ 3d-ʤʝʪʘʣʣʦʚ ʙʦʣʝʝ ʠʩʢʘʞʝʥʦ. 

ɸʪʦʤʳ M, Rh, C1, C2 ʠ O1ïO6 ʣʝʞʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʥʦʡ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʂʦʥʮʝʚʳʝ ʦʢʩʘʣʘʪʦʣʠʛʘʥʜʳ ʧʦʚʝʨʥʫʪʳ ʦʪ ʥʝʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʩʪʦʨʦʥʳ ʧʦʜ ʫʛʣʦʤ ~10Á. ɺʩʝ ʩʚʷʟʠ RhīOw ʠ MīOw ʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʧʨʷʤʦʛʦ ʫʛʣʘ ʥʘ ~4.5Á (MīOw) ʠ ~3.3Á 

(RhīOw), ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʢʠʨʧʠʯʥʦʡ 

ʩʪʝʥʳ (ʨʠʩ. 26). çʉʪʝʥʳè ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1.27 ¡. ʂʦʥʮʳ 

ʙʣʦʢʦʚ ʩʘʤʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʧʣʦʪʥʦ ʠ ʦʩʪʘʚʣʷʶʪ ʧʫʩʪʦʪʫ, ʢʦʪʦʨʘʷ 

ʟʘʧʦʣʥʝʥʘ ʰʝʩʪʴʶ ʤʦʣʝʢʫʣʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ʏʠʩʣʦ 6 ʟʜʝʩʴ 

ʬʦʨʤʘʣʴʥʦʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʦʥʦ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʠʟ-ʟʘ ʩʣʘʙʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

 
ʈʠʩʫʥʦʢ 26. ʋʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M(H2O)2{(ɛ-Ox)Rh(H2O)2Ox}2]Ā6H2O ʤʝʞʜʫ 

ʩʦʙʦʡ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʦʡ. 
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3.3. ʊʝʨʤʦʣʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʟʘʥʠʤʘʝʪ ʠʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʩʪʫʧʝʥʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʪʝʨʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʤʝʞʜʫ ʚʩʝʤʠ 

ʦʙʩʫʞʜʘʝʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʊʝʨʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ: 

¶ ʠʥʝʨʪʥʘ ̫ï ʘʪʤʦʩʬʝʨʘ ʛʝʣʠʷ; 

¶ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ï ʘʪʤʦʩʬʝʨʘ ʢʠʩʣʦʨʦʜʘ (ʩʤʝʩʴ O2 ʠ Ar ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:4); 

¶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ï ʘʪʤʦʩʬʝʨʘ ʚʦʜʦʨʦʜʘ (ʩʤʝʩʴ H2 ʠ He ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʜʝʨʞʠʚʘʥʠʶ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʘʭ 

ʯʠʩʪʦʛʦ ʛʝʣʠʷ, ʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʥʘ ʚʦʟʜʫʭʝ. 

3.3.1. ʊʝʨʤʦʣʠʟ [CoïPd]10 ʚ ʘʪʤʦʩʬʝʨʝ He 

ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ [MïPd]n ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ 

ʨʘʟʦʙʨʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ɼʂʉ ʩ ʢʦʙʘʣʴʪʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ (ʨʠʩ. 27), ʧʦʩʢʦʣʴʢʫ ʥʘ 

ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʠʟ ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʨʠʠ ʫʜʘʣʦʩʴ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʚʳʜʝʣʠʪʴ ʚʩʝ 

ʧʨʦʮʝʩʩʳ, ʘ ʠʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʙʝʟ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʛʘʟʦʚʦʡ ʬʘʟʳ. 
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ʈʠʩʫʥʦʢ 27. ʂʨʠʚʳʝ ʨʘʟʣʦʞʝʥʠʷ [CoïPd] 10 ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 30 Áʉ (ʬʠʦʣʝʪʦʚʳʡ) 

ʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 ʂ/ʤʠʥ, ɼʉʂ-ʢʨʠʚʘʷ ʠ ʢʨʠʚʳʝ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʨʘʟʣʦʞʝʥʠʷ [CoïPd] 10 ʚ ʘʪʤʦʩʬʝʨʝ He. 

ʀʤʝʷ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, 

ʜʝʢʘʛʠʜʨʘʪ [CoïPd]10 ʥʘʯʠʥʘʝʪ ʦʙʝʟʚʦʞʠʚʘʪʴʩʷ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʚʩʝʭ ʩʦʣʴʚʘʪʦʚ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʡ [MïPd]n. ʅʘ ʢʨʠʚʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʪʫʧʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʠʜʨʘʪʘʤ ʤʝʥʴʰʝʡ ʚʦʜʥʦʩʪʠ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ 
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ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʚʳʜʝʨʞʠʚʘʥʠʶ ʦʙʨʘʟʮʘ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʧʨʠʚʝʣʠ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʣʘʜʘʶʱʠʭ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʥʝʰʥʝʩʬʝʨʥʦʡ 

ʚʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʠʥ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ 

ʢʦʪʦʨʦʤ ɼʂʉ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 30 Áʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 

ʯʘʩʘ. ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʠʜʨʘʪʦʚ 

ʤʝʥʴʰʝʡ ʚʦʜʥʦʩʪʠ ʦʥʠ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʙʫʜʫʪ ʤʦʥʦʪʦʥʥʦ ʧʨʝʪʝʨʧʝʚʘʪʴ ʜʝʛʠʜʨʘʪʘʮʠʶ 

ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʣʠʷʝʪ ʣʠʰʴ ʥʘ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʛʠʜʨʘʪʘʮʠʷ, ʠ ʵʪʘ ʩʢʦʨʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʜʣʷʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʘʶʱʝʤʩʷ 

ʢʦʣʠʯʝʩʪʚʝ ʦʩʪʘʶʱʝʡʩʷ ʚʦʜʳ. ʅʘʙʣʶʜʘʝʤʳʡ ʬʝʥʦʤʝʥ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʠʣʴʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʩʣʝʜʥʠʭ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠʩʬʝʨʥʦʡ ʚʦʜʳ ʩ ʢʘʪʠʦʥʦʤ ʢʦʙʘʣʴʪʘ(II ). 

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʜʚʫʭʚʦʜʥʦʛʦ ʦʢʩʘʣʘʪʘ 

ʢʦʙʘʣʴʪʘ(II ) (ʨʠʩ. 27). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, CoOxĿ2H2O ʥʘʯʠʥʘʝʪ ʦʙʝʟʚʦʞʠʚʘʪʴʩʷ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 150 Áʉ, ʘ ʧʦʣʥʦʩʪʴʶ ʪʝʨʷʝʪ ʚʩʶ ʚʦʜʫ ʚʳʰʝ 200 Áʉ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʤʝʜʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʚʳʜʝʣʠʪʴ ʧʦʣʥʦʩʪʴʶ 

ʙʝʟʚʦʜʥʫʶ ʩʦʣʴ ʥʝ ʫʜʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 165 Áʉ ʫʞʝ ʥʘʯʠʥʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʧʨʦʮʝʩʩ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʩʢʦʨʦʩʪʴʶ ʜʝʛʠʜʨʘʪʘʮʠʠ, 

ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʣʣʘʜʠʷ ʦʢʩʘʣʘʪ-ʠʦʥʦʤ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʘ ʠʤʝʥʥʦ ʩ 

ʧʠʢʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʜʝʣʝʥʠʶ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 

165 Áʉ. ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ, ʠ ʥʘ ʢʨʠʚʦʡ, ʧʦʣʫʯʝʥʥʦʡ 

ʤʝʪʦʜʦʤ ɼʉʂ, ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʠʢ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 180 Áʉ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʩʠʣʴʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʧʨʦʚʦʜʠʪʴ 

ʪʝʨʤʦʣʠʟ ʩʦʝʜʠʥʝʥʠʷ ʙʝʟ 3d-ʤʝʪʘʣʣʘ, ʢ ʧʨʠʤʝʨʫ, ʜʚʫʭʚʦʜʥʦʛʦ 

ʜʠʦʢʩʘʣʘʪʦʧʘʣʣʘʜʘʪʘ(II) ʢʘʣʠʷ K2[PdOx2]Ŀ2H2O (ʨʠʩ. 27), ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʘʣʣʘʜʠʷ ʥʘʯʠʥʘʝʪʩʷ ʨʘʥʴʰʝ, ʫʞʝ ʧʨʠ 125 Áʉ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʚʦʟʨʘʩʪʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʢʩʘʣʘʪʦʢʦʤʧʣʝʢʩʘ ʧʘʣʣʘʜʠʷ(II) ʚ ʩʦʩʪʘʚʝ ɼʂʉ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ. ɺ 
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ʪʦʯʢʝ ʦʢʦʥʯʘʥʠʷ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ (ʧʦʩʣʝ 180 Áʉ) ʤʘʩʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʨʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ, ʥʦ ʥʝʠʟʤʝʥʥʦ ʙʳʣʘ ʤʝʥʴʰʝ ʤʘʩʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʩʪʘʚʫ çPd + CoOxè, ʢʦʪʦʨʳʡ ʙʳʣʦ ʙʳ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʧʦʪʦʤʫ ʢʘʢ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʯʠʩʪʳʡ ʦʢʩʘʣʘʪ ʢʦʙʘʣʴʪʘ(II) ʥʝ ʨʘʟʣʘʛʘʝʪʩʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ, ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʦʪʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʠʩʭʦʜʥʘ ̫ɼʂʉ ʙʳʣʘ ʥʘʛʨʝʪʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

165 Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʝʮ ʙʳʣ ʚʳʜʝʨʞʘʥ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 

ʯʘʩʘ, ʩʦʭʨʘʥʷʷ ʠʥʝʨʪʥʫʶ ʘʪʤʦʩʬʝʨʫ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʪʦʢʝ ʛʝʣʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʈʌɸ ʠ CHN-ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ ʟʘʧʠʩʘʥ ʀʂ-

ʩʧʝʢʪʨ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ (ʨʠʩ. 28) ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʨʝʬʣʝʢʩʦʚ ɻʎʂ 

ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʦʢʘʟʘʣʘʩʴ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʵʪʦʡ ʬʘʟʳ ʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ CHN-ʘʥʘʣʠʟʘ ʠ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. CHN-ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʚ ʧʦʣʫʯʝʥʥʦʤ 

ʦʙʨʘʟʮʝ, ʘ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʠʢʠ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʢʩʘʣʘʪ-ʠʦʥʫ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ CoOxĿ2H2O ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

220 ÁC ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʟʚʦʜʥʦʛʦ CoOx, ʧʠʢʠ ʀʂ-ʩʧʝʢʪʨʘ (ʨʠʩ. 29) ʢʦʪʦʨʦʛʦ 

ʩʦʚʧʘʣʠ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ɼʂʉ ʩ ʢʦʙʘʣʴʪʦʤ ʚ ʪʦʯʢʝ ʧʦʩʣʝ 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʠ CoOx, ʥʦ ʤʝʥʴʰʝʡ ʤʘʩʩʳ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʢʦʙʘʣʴʪʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʣʦʢʘʣʴʥʦʛʦ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʧʨʠʚʦʜʠʪʴ ʢ ʯʘʩʪʠʯʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʦʢʩʘʣʘʪʘ ʢʦʙʘʣʴʪʘ(II) ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʙʘʣʴʪ ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʦʙʘʣʴʪ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʨʝʰʝʪʢʫ ʧʘʣʣʘʜʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ CoxPd1īx. 
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ʈʠʩʫʥʦʢ 28. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ [CoïPd] 10 ʚ ʘʪʤʦʩʬʝʨʝ He ʧʨʠ 180 ÁC ʠ 
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ʈʠʩʫʥʦʢ 29. ʀʂ-ʩʧʝʢʪʨʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʟʣʦʞʝʥʠʷ [CoïPd] 10 ʚ ʘʪʤʦʩʬʝʨʝ He 

ʧʨʠ 180 Áʉ ʠ ʙʝʟʚʦʜʥʦʛʦ CoOx. 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ CoOx ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

ʟʘʤʝʪʥʦ ʤʝʜʣʝʥʥʝʝ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 180 ʜʦ 350 Áʉ. ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʯʠʩʪʳʡ CoOx ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ʙʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʠʤʝʥʥʦ ʦʪ 

370 ʜʦ 400 Áʉ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʣʣʘʜʠʷ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʟʘ ʩʯʝʪ 
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ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʵʪʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ. ʂʦʥʝʯʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʬʘʟʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Co0.5Pd0.5, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʈʌɸ, ʘ ʠʤʝʥʥʦ ʨʝʬʣʝʢʩʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʤʝʞʜʫ 

ʧʠʢʘʤʠ ʵʪʘʣʦʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʘʣʣʘʜʠʷ ʠ ʢʦʙʘʣʴʪʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʪʘʜʠʡʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʪʝʨʤʦʣʠʟʘ ʠ 

ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ). ʈʌʕʉ-ʩʧʝʢʪʨʳ, ʟʘʧʠʩʘʥʥʳʝ in situ ʚ ʚʘʢʫʫʤʝ (ʨʠʩ. 30), 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʩ ʟʘʤʝʪʥʳʤ ʩʤʝʱʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ 

ʩʧʝʢʪʨʘʭ çPd 3dè ʫʞʝ ʧʨʠ 115 Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʜʫʙʣʝʪʘ ʚ ʦʙʣʘʩʪʠ 

ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɸʥʘʣʦʛʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʧʝʢʪʨʘʭ çCo 2pè; ʨʘʟʥʠʮʘ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ 

çʤʝʪʘʣʣʠʯʝʩʢʘʷè ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 150 Áʉ, ʘ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ 

ʦʩʪʘʶʪʩʷ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʠʩʣʝʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʢʦʙʘʣʴʪʘ. 

ʇʦʩʣʝʜʥʝʝ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʠʟʙʝʞʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʢʠʩʣʝʥʥʦʛʦ ʢʦʙʘʣʴʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʈʌʕʉ-ʩʧʝʢʪʨʘʭ 

ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʠʤ ʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʣʦʩ ʚ 

ʢʠʩʣʦʨʦʜʥʦʤ ʩʧʝʢʪʨʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʈʠʩʫʥʦʢ 30. ʈʌʕʉ-ʩʧʝʢʪʨʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʚ ʚʘʢʫʫʤʝ [Coï

Pd] 10. 
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3.3.2. ʊʝʨʤʦʣʠʟ [CoïPd]10 ʚ ʘʪʤʦʩʬʝʨʘʭ H2 ʠ O2 

ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʘʷ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʝʱʝ ʜʦ ʥʘʛʨʝʚʘʥʠʷ (ʨʠʩ. 31), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʧʘʣʣʘʜʠʷ. ɼʘʥʥʳʝ ʈʌɸ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʧʘʣʣʘʜʠʷ. ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʝʛʠʜʨʘʪʘʮʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʘʣʣʘʜʠʷ ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. ʂʦʙʘʣʴʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʟʜʥʝʝ, ʯʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ, ʠ ʪʘʢʞʝ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʨʝʰʝʪʢʫ 

ʧʘʣʣʘʜʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ CoxPd1īx. ɺ ʧʨʦʮʝʩʩʝ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ʦʙʨʘʟʮʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʨʠ 

400 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Co0.5Pd0.5. 
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ʈʠʩʫʥʦʢ 31. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [CoïPd] 10 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 

ʇʨʦʮʝʩʩʳ ʪʝʨʤʦʣʠʟʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʘʭ ʩʭʦʞʠ ʤʝʞʜʫ 

ʩʦʙʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʠʜʨʘʪʘʮʠʷ (ʨʠʩ. 31), ʧʦʩʣʝ 

ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʣʣʘʜʠʷ, ʠ ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʛʦ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʙʘʣʴʪ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, 

ʥʘʨʷʜʫ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʘʣʣʘʜʠʷ ʦʢʩʘʣʘʪʦʤ, ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʯʘʩʪʴ 

ʦʢʩʘʣʘʪʘ ʦʢʠʩʣʷʝʪʩʷ ʠʤ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʤʫ ʣʦʢʘʣʴʥʦʤʫ 
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ʧʝʨʝʛʨʝʚʫ ʠ ʯʘʩʪʠʯʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʢʦʙʘʣʴʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

CoxPd1īx, ʙʦʛʘʪʦʛʦ ʧʦ ʧʘʣʣʘʜʠʶ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʢʦʙʘʣʴʪʘ ʧʝʨʝʭʦʜʠʪ ʚ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʡ ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʩʠʜ Co3O4. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʪʞʠʛʝ ʜʦ 800 Áʉ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʦʢʩʠʜʦʚ Co3O4 ʠ PdO. 

ʊʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʰʘʥʥʳʡ ʦʢʩʠʜ PdCoO2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʜʝʣʘʬʦʩʩʠʪʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʦʙʨʘʟʮʘ. ʊʘʢ, ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʦʪʞʠʛʫ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ ʧʨʠ 850 Áʉ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ 

PdCoO2, ʘ ʦʩʪʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʫʨʦʚʥʝ ʧʨʠʤʝʩʝʡ (ʨʠʩ. 32). 
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ʈʠʩʫʥʦʢ 32. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ [CoïPd] 10 ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ. 

3.3.3. ʊʝʨʤʦʣʠʟ [NiïPd]8 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʢʪʘʛʠʜʨʘʪʘ [NiïPd]8 (ʨʠʩ. 33) ʚʦ ʤʥʦʛʦʤ ʧʦʚʪʦʨʷʝʪ 

ʧʦʚʝʜʝʥʠʝ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʦʣʠ ʩ ʢʦʙʘʣʴʪʦʤ. ʈʘʩʭʦʞʜʝʥʠʷ ʚ ʨʘʟʣʦʞʝʥʠʠ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʨʘʟʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ 

ʤʝʞʜʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʘʤʠ. ʊʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʧʦʣʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 75 Áʉ ʨʘʥʴʰʝ, ʯʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ. ʉʪʦʠʪ 

ʜʦʙʘʚʠʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ ʚ ʦʙʝʠʭ ʘʪʤʦʩʬʝʨʘʭ ʥʝ ʦʜʥʦʬʘʟʥʳʝ, ʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ, 

ʧʦ ʜʘʥʥʳʤ ʈʌɸ (ʨʠʩ. 34), ʩʤʝʩʴ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʝʥʝʝ ʛʦʤʦʛʝʥʥʳʭ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʢʦʙʘʣʴʪʦʚʦʛʦ ʘʥʘʣʦʛʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʭʦʜʝ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʨʠ 400 Áʉ ʚ 
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ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ, ʪʘʢ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʦʜʥʦʬʘʟʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ni0.5Pd0.5. 
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ʈʠʩʫʥʦʢ 33. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [NiïPd] 8 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 

 
ʈʠʩʫʥʦʢ 34. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ [NiïPd] 8 ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʠ 

400 Áʉ ʚ ʤʦʤʝʥʪ ʥʘʛʨʝʚʘ ʠ ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. 

ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚʝʩʴ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: 

ʜʝʛʠʜʨʘʪʘʮʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʣʣʘʜʠʷ ʦʢʩʘʣʘʪʦʤ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 
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NiOx ʙʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʢʝʣʷ ʠ ʨʝʦʢʠʩʣʝʥʠʝ ʧʘʣʣʘʜʠʷ. ʅʝʙʣʘʛʦʨʦʜʥʳʡ ʤʝʪʘʣʣ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʫʶʪʩʷ ʦʢʩʠʜʳ 

PdO ʠ NiO ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʠʜʘ, ʧʦʩʢʦʣʴʢʫ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ç+3è 

ʜʣʷ ʥʠʢʝʣʷ ʥʝ ʭʘʨʘʢʪʝʨʥʘ, ʘ ʠʤʝʥʥʦ ʦʥʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʜʝʣʘʬʦʩʩʠʪʦʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ (A IBIIIO2). 

3.3.4. ɼʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʪʝʨʤʦʣʠʟʘ [NiïPd]8 ʠ [CoïPd]10 in situ 

ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʦʙʘʣʴʪʦʤ ʠ ʥʠʢʝʣʝʤ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ in situ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʩ ʧʦʤʦʱʴʶ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ (ʨʠʩ. 35). ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʠʥʭʨʦʪʨʦʥʝ ʚ ʀʥʩʪʠʪʫʪʝ 

ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ʉʆ ʈɸʅ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʦʩʣʝ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʘʤʦʨʬʠʟʘʮʠʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ. 

 
ʈʠʩʫʥʦʢ 35. In situ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [NiïPd] 8 ʠ [CoïPd] 10 ʚ ʘʪʤʦʩʬʝʨʝ N2. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 200 Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʬʣʝʢʩʦʚ ɻʎʂ 

ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʪʦʤʫ ʧʘʣʣʘʜʠʶ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ ʩʦ ʩʤʝʱʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʚ 

ʦʙʣʘʩʪʴ ʙʦӢʣʴʰʠʭ ʫʛʣʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʠʟ-ʟʘ 

ʚʭʦʞʜʝʥʠʷ ʘʪʦʤʦʚ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʨʝʰʝʪʢʫ ʧʘʣʣʘʜʠʷ. ʇʘʨʘʤʝʪʨ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʩʣʫʯʘʝ ʢʦʙʘʣʴʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʶʪ 3.779 ¡, ʘ ʚ ʩʣʫʯʘʝ 

ʥʠʢʝʣʝʚʦʛʦ ï 3.741 ¡, ʯʪʦ ʛʦʚʦʨʠʪ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ M0.5Pd0.5. 
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3.3.5. ʊʝʨʤʦʣʠʟ [ZnïPd]6 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʊʝʨʤʦʣʠʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʮʠʥʢʦʤ ʚʦ ʚʩʝʭ ʘʪʤʦʩʬʝʨʘʭ (ʨʠʩ. 36) 

ʧʨʦʪʝʢʘʝʪ ʩʭʦʞʠʤ ʩ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʩ ʢʦʙʘʣʴʪʦʤ ʠ ʥʠʢʝʣʝʤ 

ʦʙʨʘʟʦʤ ʟʘ ʥʝʢʦʪʦʨʳʤʠ ʦʪʣʠʯʠʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʠʥʝʨʪʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʘʪʤʦʩʬʝʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʠʥʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ZnPd. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʯʠʩʪʦʛʦ 

ʦʢʩʘʣʘʪʘ ʮʠʥʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʜʦ ʤʝʪʘʣʣʘ, ʘ ʜʦ ʦʢʩʠʜʘ ʮʠʥʢʘ ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ, 

ʪʘʢ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ. ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʮʝʩʩ ʪʝʨʤʦʣʠʟʘ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʢʩʘʣʘʪ-ʠʦʥʳ ʦʢʠʩʣʷʶʪʩʷ ʜʦ CO2, ʠ 

ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ ZnO ʠ PdO. 

 
ʈʠʩʫʥʦʢ 36. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [ZnïPd] 6 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 

3.3.6. ʊʝʨʤʦʣʠʟ [MnïPd]4 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʇʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʘʨʛʘʥʮʝʤ (ʨʠʩ. 37), ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʦʩʪʘʣʴʥʳʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʪʘʜʠʶ 

ʜʝʛʠʜʨʘʪʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʣʣʘʜʠʷ ʦʢʩʘʣʘʪ-ʠʦʥʦʤ. 

ʉʣʝʜʫʶʱʝʡ ʩʪʘʜʠʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʦʢʩʘʣʘʪʘ 

ʤʘʨʛʘʥʮʘ(II) ʜʦ ʦʢʩʠʜʘ MnO, ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝʤ ʧʘʣʣʘʜʠʷ ʜʦ ʦʢʩʠʜʘ PdO ʠ ʦʢʠʩʣʝʥʠʝʤ MnO ʜʦ Mn3O4. ɺ 
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ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠ ̫ ʩ ʤʘʨʛʘʥʮʝʤ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʝʤ, ʯʪʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʠ ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʷʚʣʷʶʪʩʷ Pd 

ʠ MnO. ɺ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʯʘʩʪʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʤʘʨʛʘʥʮʘ, ʢʦʪʦʨʳʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʦʙʘʣʴʪʦʤ ʠ ʥʠʢʝʣʝʤ, ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʨʝʰʝʪʢʫ 

ʧʘʣʣʘʜʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Mn0.25Pd0.75; ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʩʪʘʝʪʩʷ ʚ ʚʠʜʝ ʦʢʩʠʜʘ MnO. ʆʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʩʦʩʪʘʚʫ ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ MnïPd (ʨʠʩ. 8) ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 300ï500 Áʉ ʨʘʩʧʦʣʦʞʝʥʘ ʨʷʜʦʤ ʩ ʛʨʘʥʠʮʝʡ 

ʦʜʥʦʬʘʟʥʦʡ ʠ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʝʡ. ʇʨʠ ʧʦʣʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʘʨʛʘʥʮʘ 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ MnPd, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙr ʣ ʧʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʣʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʜʦ 1100 Áʉ ʠ 

ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʤʘʨʛʘʥʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Mn3Pd5. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʪʘʢ ʠ ʥʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ. 
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ʈʠʩʫʥʦʢ 37. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [MnïPd] 4 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 
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3.3.7. ʊʝʨʤʦʣʠʟ [CoïRh]12 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʉʦʝʜʠʥʝʥʠʷ ʩʝʨʠʠ ʩ Rh ʩʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʪʝʨʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʚʦ 

ʤʥʦʛʦʤ ʧʦʚʪʦʨʷʪʁ ʪʝʨʤʦʣʠʟ ʩʦʝʜʠʥʝʥʠʡ ʩ Pd. ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʪʘʢʞʝ 

ʠʟʫʯʘʣʦʩʴ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ: ʠʥʝʨʪʥʦʡ (He), ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (H2) ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ (O2). ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘ 

ʧʨʠʤʝʨʝ [CoïRh]12 (ʨʠʩ. 38). 

 
ʈʠʩʫʥʦʢ 38. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [CoïRh] 6 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 

ɺ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʨʘʟʣʦʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʩʥʦʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ: ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʇʝʨʚʳʡ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ 

ʩʪʫʧʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʨʷʤ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚʦʜʳ. ɺʳʜʝʣʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ, ʧʦʵʪʦʤʫ ʛʝʢʩʘʛʠʜʨʘʪ [CoïRh]6 ʤʦʞʥʦ ʨʘʩʪʚʦʨʠʪʴ ʚ 

ʚʦʜʝ, ʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʥʦʚʘ ʦʙʨʘʟʫʝʪʩʷ ʜʦʜʝʢʘʛʠʜʨʘʪ [CoïRh]12. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʛʝʢʩʘʛʠʜʨʘʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʘʢʢʫʨʘʪʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ 

ʧʨʠ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʜʥʷ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ KOH(ʪʚ) ʙʝʟ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʦʜʝʢʘʛʠʜʨʘʪʘ, ʦʥ ʥʝ ʪʝʨʷʝʪ ʚʦʜʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ 

100 200 300 400
30

40

50

60

70

80

90

100

m
, 

%

T, C̄

Co0.33Rh0.67

6CO2

6H2O

2CO2
Co0.33Rh0.67

He

H2

O2

400ÁC, 4h
CoRh2O4

1000ÁC, 5h

Co3O4 + Rh2O3 300ÁC



94 

 

ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʦʚʘʥ ʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʩʠʩʪʝʤʘʤ [MïRh]12. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʚʦʜʳ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ~150 Áʉ. ʇʦʪʝʨʷ ʧʦʩʣʝʜʥʠʭ ʢʦʣʠʯʝʩʪʚ ʚʦʜʳ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩʦ 

ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Rh. ʇʨʠ ~260 Áʉ ʧʨʦʮʝʩʩ ʩʠʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʪʦʣʴʢʦ ʵʢʟʦʪʝʨʤʠʯʥʤr, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʝʮ ʤʦʞʝʪ 

ʚʟʦʨʚʘʪʴʩʷ. ʏʘʩʪʴ CoOx ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʟʣʘʛʘʪʴʩʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʣʦʢʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʆʩʪʘʚʰʠʡʩʷ CoOx ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʝʪʩʷ ʜʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ Co, 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʩ Rh ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ 

ʦʩʪʘʪʢʦʚ CoOx ʧʨʦʠʩʭʦʜʠʪ ʥʘ ~100 Áʉ ʨʘʥʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʯʠʩʪʦʛʦ CoOxĿ2H2O, 

ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʣʠʷʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ Rh. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Co0.33Rh0.67. ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ CoïRh 

(ʨʠʩ. 9), ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʜʦʣʞʥʳ ʦʙʨʘʟʦʚʘʪʴʩʷ ʜʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ, ʦʜʥʘʢʦ ʵʪʘ 

ʩʠʩʪʝʤʘ ʠʟʫʯʝʥʘ ʥʝ ʧʦʣʥʦʩʪʴʶ ʠ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ ʢʘʢ ʨʘʟ ʚ ʦʙʩʫʞʜʘʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʢʨʫʧʥʝʥʠʶ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. 

ʊʝʨʤʦʣʠʟ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʨʦʪʝʢʘʝʪ ʩʦ ʚʟʨʳʚʦʤ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩ 10 ʜʦ 2 Áʉ ʚ ʤʠʥʫʪʫ. ʆʪʣʠʯʠʝ 

ʨʘʟʣʦʞʝʥʠʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʠʩʣʦʨʦʜʘ ʦʙʘ ʤʝʪʘʣʣʘ ʧʝʨʝʭʦʜʷʪ ʚ ʦʢʩʠʜʥʫʶ ʬʘʟʫ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʦʢʩʘʣʘʪʘ 

ʚʦʟʤʦʞʥʦ ʣʦʢʘʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʦʜʠʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʢʠʩʣʝʥ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʪʞʠʛʫ ʧʨʠ 300 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʢʩʠʜʦʚ (Co3O4 + Rh2O3), ʜʘʣʴʥʝʡʰʠʡ ʥʘʛʨʝʚ ʜʦ 1000 Áʉ ʠ ʦʪʞʠʛ 

ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʡ ʦʢʩʠʜʥʦʡ ʬʘʟʳ CoRh2O4 ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. 

ɺ ʚʦʜʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Rh ʥʘʯʠʥʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʜʝʛʠʜʨʘʪʘʮʠʝʡ. ʇʨʠ 250 Áʉ ʩʦʩʪʘʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʨʦʜʠʶ ʠ ʦʢʩʘʣʘʪʫ ʢʦʙʘʣʴʪʘ. ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʣʦʞʝʥʠʝ CoOx, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ Co. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʣʘʛʦʨʦʜʥʦʛʦ ʠ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʦʚ ʨʘʟʜʝʣʝʥʳ ʚʦ 

ʚʨʝʤʝʥʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ 

ʤʝʪʘʣʣʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʜʥʦʬʘʟʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Co0.33Rh0.67 

ʘʥʘʣʦʛʠʯʥʦ ʨʘʟʣʦʞʝʥʠʶ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

3.3.8. ʊʝʨʤʦʣʠʟ [NiïRh]6 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʛʝʢʩʘʛʠʜʨʘʪʘ [NiïRh]6 (ʨʠʩ. 39) ʚʦ ʤʥʦʛʦʤ ʧʦʚʪʦʨʷʝʪ 

ʧʦʚʝʜʝʥʠʝ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʦʙʘʣʴʪʦʤ. ɺ 

ʠʥʝʨʪʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʘʪʤʦʩʬʝʨʘʭ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʤ ʚʳʩʪʫʧʘʝʪ 

ʦʜʥʦʬʘʟʥʳʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ni0.33Rh0.67, ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʦʡ NiïRh (ʨʠʩ. 9). ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʜʚʫʭ ʦʢʩʠʜʦʚ NiO ʠ Rh2O3. ɼʘʣʴʥʝʡʰʠʡ 

ʦʪʞʠʛ ʧʨʠ 1000 Áʉ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʠʜʘ NiRh2O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. 
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ʈʠʩʫʥʦʢ 39. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [NiïRh] 6 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 
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3.3.9. ʊʝʨʤʦʣʠʟ [FeïRh]6 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʍʦʜ ʪʝʨʤʦʣʠʟʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ Fe ʩʭʦʞ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ 

ʩʦʝʜʠʥʝʥʠʷʤʠ (ʨʠʩ. 40). ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ ʘʪʤʦʩʬʝʨʘʭ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʠʤʝʝʪ 

ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ ʠ ʚʦʜʦʨʦʜʘ ʢʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜ FeRh, ʘ ʪʘʢʞʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ Fe0.3Rh0.7. ɺ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʪʘʢʦʡ ʩʦʩʪʘʚ ʦʙʨʘʟʫʝʪʩʷ ʩʨʘʟʫ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ 

ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʚ ʦʪʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʧʨʦʢʘʣʠʚʘʥʠ ʁʧʨʠ 800 Áʉ ʚ ʪʝʯʝʥʠʝ 

5 ʯʘʩʦʚ. ɺ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʩʧʝʨʚʘ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʜʚʫʭ ʦʢʩʠʜʦʚ Fe3O4 ʠ 

Rh2O3, ʢʦʪʦʨʳʝ ʧʨʠ ʦʪʜʝʣʴʥʦʤ ʦʪʞʠʛʝ ʦʙʨʘʟʫʶʪ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (Fe0.33Rh0.67)2O3. 
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ʈʠʩʫʥʦʢ 40. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [FeïRh] 6 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 

3.3.10. ʊʝʨʤʦʣʠʟ [CuïRh]6 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʭʦʞʝʩʪʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʩʝʡ ʩʝʨʠʠ, [Cuï

Rh]6 ʚʳʜʝʣʷʝʪʩʷ ʪʝʤ (ʨʠʩ. 41), ʯʪʦ ʤʝʜʴ ʠʟ ʚʩʝʭ ʤʝʪʘʣʣʦʚ 3d-ʨʷʜʘ ʠʤʝʝʪ ʩʘʤʳʡ 
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ʙʦʣʴʰʦʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʦʮʝʩʩʘ M2+ + 2eī = M0. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ, ʜʘʞʝ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ, ʦʙʨʘʟʝʮ ʚʟʨʳʚʘʝʪʩʷ, ʠʟ-

ʟʘ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʚʝʩʢʫ ʤʘʩʩʦʡ ʤʝʥʴʰʝ 5 ʤʛ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʦʪʞʠʛʫ ʧʨʠ 1000 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʠʜʘ 

CuRh2O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. 

 
ʈʠʩʫʥʦʢ 41. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [CuïRh] 6 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 

ʈʘʟʣʦʞʝʥʠʝ ʩʦ ʚʟʨʳʚʦʤ ʧʨʦʪʝʢʘʝʪ ʪʘʢʞʝ ʠ ʚ ʠʥʝʨʪʥʦʡ, ʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʘʭ. ɺ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʧʨʦʢʘʣʠʚʘʥʠ ʁʚ ʘʪʤʦʩʬʝʨʘʭ ʚʦʜʦʨʦʜʘ 

ʠ ʛʝʣʠ ̫ʧʨʠ 400 Áʉ (4 ʯʘʩʘ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʨʝʬʣʝʢʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʜʥʦʬʘʟʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʘʩʪʚʦʨʫ, ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ CuïRh (ʨʠʩ. 9), ʧʦʩʢʦʣʴʢʫ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ 

ʨʘʩʩʣʦʝʥʠʝ ʥʘ ʜʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ, ʙʦʛʘʪʳʭ ʧʦ ʤʝʜʠ ʠ ʨʦʜʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʣʠʚʘʥʠʷ [CuïRh]6 ʜʦ 550 ÁC ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ʜʦ 8 ʯʘʩʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Cu0.81Rh0.19 (a = 3.66 ¡) ʠ Cu0.15Rh0.85 (a = 3.78 ¡) (ʨʠʩ. 42). ʈʘʩʪʚʦʨ ʩ 

ʙʦӢʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʝʚʦʡ ʛʨʘʥʠʮʝʡ ʦʙʣʘʩʪʠ ʨʘʩʩʣʦʝʥʠʷ, ʚ 
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ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩ ʙʦӢʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʦʜʠʷ ʩʤʝʱʝʥ ʦʪ ʧʨʘʚʦʡ 

ʛʨʘʥʠʮʳ ʢ ʩʝʨʝʜʠʥʝ ʥʘ ~10 ʘʪ. %, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʪʦʯʥʝʥʠʷ ʬʘʟʦʚʦʡ 

ʜʠʘʛʨʘʤʤʳ ʚ ʩʫʙʩʦʣʠʜʥʦʡ ʦʙʣʘʩʪʠ. ʉʦʩʪʘʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʦ 

ʟʘʢʦʥʫ ɺʝʛʘʨʜʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʣʠʥʝʡʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʘʨʘʤʝʪʨʳ ʞʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʤ ʤʝʪʦʜʦʤ. 

 
ʈʠʩʫʥʦʢ 42. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ CuïRh ʩ ʫʢʘʟʘʥʠʝʤ ʜʚʫʭ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

3.3.11. ʊʝʨʤʦʣʠʟ [ZnïRh]6 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʊʝʨʤʦʣʠʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʮʠʥʢʦʤ ʚʦ ʚʩʝʭ ʘʪʤʦʩʬʝʨʘʭ (ʨʠʩ. 43) 

ʧʨʦʪʝʢʘʝʪ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʦʚ ʟʘ ʨʷʜʦʤ 

ʥʝʢʦʪʦʨʳʭ ʦʪʣʠʯʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʧʦ ʜʘʥʥʳʤ ʈʌɸ, 

ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʨʦʜʠʡ, ʮʠʥʢ ʞʝ ʦʩʪʘʝʪʩʷ ʚ ʦʢʠʩʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ 

ʦʢʩʠʜʘ ZnO. ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʦʠʭ 

ʤʝʪʘʣʣʦʚ. ɺ ʦʪʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʚʳʜʝʨʞʠʚʘʥʠʶ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʠ 400 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʧʦ ʜʘʥʥʳʤ ʈʌɸ, ʦʙʨʘʟʫʶʪʩʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ ZnRh ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʨʦʜʠʡ. ɼʘʣʴʥʝʡʰʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ 

ʦʙʲʷʩʥʷʝʪʩʷ ʫʜʘʣʝʥʠʝʤ ʮʠʥʢʘ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʣʝʪʫʯʝʩʪʴʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 

400 Áʉ. ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʦʩʣʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ 
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ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʜʦ CO2, ʧʨʠ ʵʪʦʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ Rh2O3 ʠ ZnO. ɼʘʣʴʥʝʡʰʠʡ ʦʪʞʠʛ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 1000 Áʉ ʚ 

ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʠʜʘ ZnRh2O4, 

ʦʙʣʘʜʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. 
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ʈʠʩʫʥʦʢ 43. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [ZnïRh] 6 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 

3.3.12. ʊʝʨʤʦʣʠʟ [MnïRh]6 ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʂʨʠʚʳʝ ʨʘʟʣʦʞʝʥʠʷ ʛʝʢʩʘʛʠʜʨʘʪʘ [MnïRh]6 ʚ ʘʪʤʦʩʬʝʨʘʭ ʚʦʜʦʨʦʜʘ ʠ ʛʝʣʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʪ ʜʨʫʛ ʜʨʫʛʘ (ʨʠʩ. 44), ʧʦʩʢʦʣʴʢʫ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʦʜʠʡ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʝ MnïRh (ʨʠʩ. 9), ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚ ʭʦʜʝ ʪʝʨʤʦʣʠʟʘ 

ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʨʦʜʠʡ ʠ ʦʢʩʠʜ ʤʘʨʛʘʥʮʘ MnO. ʈʘʟʣʦʞʝʥʠʝ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ 1000 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʠʜʘ MnRh2O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. 
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ʈʠʩʫʥʦʢ 44. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [MnïRh] 6 ʚ ʘʪʤʦʩʬʝʨʘʭ ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. 

3.3.13. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʪʝʨʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʅʠʟʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ ʥʝ ʪʦʣʴʢʦ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ, ʥʦ ʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɼʦʩʪʠʯʴ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

3d-ʤʝʪʘʣʣʘ ʥʝ ʫʜʘʣʦʩʴ ʚ ʩʠʩʪʝʤʘʭ ʩ ʤʘʨʛʘʥʮʝʤ, ʛʜʝ ʦʜʥʠʤ ʠʟ ʧʨʦʜʫʢʪʦʚ ʚʩʝʛʜʘ 

ʷʚʣʷʝʪʩʷ MnO, ʭʦʪ ̫ ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ MnïPd ʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Mn3Pd5. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣʘ ʩʠʩʪʝʤʘ ZnïRh, ʛʜʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʙʨʘʟʫʝʪʩʷ ZnO. 

ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʷʭ, ʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ ʦʪʞʠʛʘʭ ʢʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʦʢʩʠʜʥʳʝ ʬʘʟʳ. 

ʇʨʦʜʫʢʪʳ ʪʝʨʤʦʣʠʟʘ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʪʘʙʣ. 4) ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʈʌɸ ʠ ʊɻɸ. 
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ʊʘʙʣʠʮʘ 4 

ʇʨʦʜʫʢʪʳ ʪʝʨʤʦʣʠʟʘ [MïPd]n ʠ [MïRh]n 

 H2 He O2 

[MnïPd]4 Mn3Pd5 + MnO Pd + MnO PdO + Mn3O4 

[CoïPd]10 Co0.5Pd0.5 Co0.5Pd0.5 PdCoO2 

[NiïPd]8 Ni0.5Pd0.5 Ni0.5Pd0.5 PdO + NiO 

[ZnïPd]6 ZnPd ZnPd PdO + ZnO 

[MnïRh]6 Rh + MnO Rh + MnO MnRh2O4 

[FeïRh]6 FeRh + Fe0.3Rh0.7 FeRh + Fe0.3Rh0.7 (Fe0.33Rh0.67)2O3 

[CoïRh]6 Co0.33Rh0.67 Co0.33Rh0.67 CoRh2O4 

[NiïRh]6 Ni0.33Rh0.67 Ni0.33Rh0.67 NiRh2O4 

[CuïRh]6 
Cu0.81Rh0.19 + 

Cu0.15Rh0.85 

Cu0.81Rh0.19 + 

Cu0.15Rh0.85 
CuRh2O4 

[ZnïRh]6 Rh + ZnRh Rh + ZnO ZnRh2O4 
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3.4. ʉʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ 

3.4.1. ʀʟʤʝʨʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ MïPd/TiO 2 

ʇʨʦʜʫʢʪʳ ʪʝʨʤʦʣʠʟʘ [MïPd]n ʥʘ ʧʦʜʣʦʞʢʝ TiO2 ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʉʆ. 

CO + 0.5O2 = CO2 

ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʦʡ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ. ʇʨʦʚʦʜʠʣʠ ʝʝ ʚ ʫʩʣʦʚʠʷʭ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʨʘʙʦʪʝ [131], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.3.1. 

ɼʣʷ ʚʳʙʨʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʢʘʢ ʠ ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʟʘʚʠʩʠʤʦʩʪʴ ʝʝ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʧʩʝʚʜʦʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʩʫʙʩʪʨʘʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ [132]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

CO ʦʙʨʘʪʠʤʦ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʢʠʩʣʷʝʪʩʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ CO2. 

Z + CO ᵮ ZĿCO 

ZĿCO Ÿ P 

ɸʜʩʦʨʙʮʠ ̫ʉʆ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʩʪʘʥʪʦʡ ʘʜʩʦʨʙʮʠʠ ʂʘʜʩ. ʆʜʥʘʢʦ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝ ʘʜʩʦʨʙʮʠʷ ʉʆ, ʘ ʝʛʦ 

ʧʨʝʚʨʘʱʝʥʠʝ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ k. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʠ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ (3): 

7 ́̅̒

́̅̒
, (3) 

ʛʜʝ W ï ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ (ppm/ʩ), k ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʨʝʘʢʮʠʠ (ʩī1), S ï ʧʣʦʱʘʜʴ ʦʩʚʝʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʤ2), N0 ï 

ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 
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(ʤʦʣʴ/ʤ2), Kʘʜʩ ï ʢʦʥʩʪʘʥʪʘ ʘʜʩʦʨʙʮʠʠ ʩʫʙʩʪʨʘʪʘ ʧʦ ʃʵʥʛʤʶʨʫ (ppmī1), Pʉʆ ï 

ʜʘʚʣʝʥʠʝ ʉʆ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ (ppm). ʆʙʦʟʥʘʯʝʥʠʝ kSN0 ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ kʵʬʬ, 

ʧʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʢʘʢ ʠ ʦʩʚʝɦ ʘʝʤʘʷ ʧʣʦʱʘʜʴ ʚ ʢʘʞʜʦʤ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦ. ɺ ʧʦʣʫʯʝʥʥʦʤ ʫʨʘʚʥʝʥʠʠ (4) ʥʠʢʘʢ ʥʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ï ʢʠʩʣʦʨʦʜʘ: 

7
̞́̕̕ ̅̒

́̅̒
. (4) 

ɺ ʛʘʟʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʚʦʟʜʫʭʝ, ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʧʦʩʪʦʷʥʥʦʝ, ʪʘʢ ʢʘʢ ʢʠʩʣʦʨʦʜ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

O2 ʠ CO ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʜʩʦʨʙʠʨʫʪʁʩʷ ʥʘ ʨʘʟʥʳʭ ʮʝʥʪʨʘʭ ʘʜʩʦʨʙʮʠʠ [133], 

ʧʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʫʯʝʪ ʚʣʠʷʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (5): 

7
̞́̕̕ ̅̒

́̅̒
Ͻ . (5) 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ TiO2 ʥʝ ʧʨʦʠʩʭʦʜʠʪ [134]. ʕʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʠʟʦʪʦʧʘ ʢʠʩʣʦʨʦʜʘ 18O. ɸʜʩʦʨʙʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʦʙʲʝʤʥʳʭ ʜʝʬʝʢʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʝʰʝʪʢʝ 

ʠʦʥʦʚ Ti3+. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʜʩʦʨʙʮʠʷ ʢʠʩʣʦʨʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ TiO2, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʥʪʨʦʚ Ti3+ ʟʘ ʩʯʝʪ ʟʘʭʚʘʪʘ ʠʦʥʘʤʠ 

Ti4+ ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [135], ʢʦʥʩʪʘʥʪʘ 

ʘʜʩʦʨʙʮʠʠ ʢʠʩʣʦʨʦʜʘ ʥʘ TiO2 ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 10
3ï104, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ (PO  ~0.21 ʘʪʤ) ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʢʠʩʣʝʥʠʷ ʛʘʟʦʚʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʧʨʝʜʧʦʣʦʞʠʪʴ ʟʘʥʷʪʦʩʪʴ ʚʩʝʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ 

ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚʪʦʨʦʡ ʤʥʦʞʠʪʝʣʴ ʚ ʫʨʘʚʥʝʥʠʠ (5) ʩʪʨʝʤʠʪʩʷ ʢ ʝʜʠʥʠʮʝ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʩʪʘʣʘ ʨʘʙʦʪʘ ʧʦ ʦʢʠʩʣʝʥʠʶ ʧʘʨʦʚ C2H4 ʥʘ TiO2 [136], ʚ 

ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 
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ʢʠʩʣʦʨʦʜʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʚʫʶ ʩ ʥʘʩʳʱʝʥʠʝʤ, ʘ ʧʨʠ ʤʦʣʴʥʦʡ 

ʜʦʣʝ ʢʠʩʣʦʨʦʜʘ ʚʳʰʝ 0.2 ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʭʦʜ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʩʢʦʨʦʩʪʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʦʢʠʩʣʝʥʠʶ ʉʆ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʪʝʤʥʦʪʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 450 ʥʤ, ʘ ʪʘʢʞʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 365 ʥʤ. ɸʢʪʠʚʥʦʩʪʴ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʥʦʞʠʪʝʣʴ KʘʜʩPCO ʚ ʫʨʘʚʥʝʥʠʠ (4) ʤʥʦʛʦ 

ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʢʦʨʦʩʪʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʢʘʢ ʜʣʷ ʧʩʝʚʜʦʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ (6): 

7 Ë̞ ̕,̕ (6) 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʚʘʟʠʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʦʤ ʬʫʥʢʮʠʠ ʥʘ ʛʨʘʬʠʢʝ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʉʆ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪ 

ʚ ʪʝʤʥʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ZnïPd/TiO2 (ʨʠʩ. 45). ʅʘʯʘʣʴʥʳʝ 

ʜʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʩʪʘʚʠʣʠ P0(CO) = 1.6Ŀ10ī3 ʘʪʤ ʠ 

P0(O2) = 0.21 ʘʪʤ. ɼʘʥʥʳʝ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

46 ʠ ʚ ʪʘʙʣ. 5. 
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ʈʠʩʫʥʦʢ 45. ʉʢʦʨʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʉʆ ʠ ʦʙʨʘʟʦʚʘʥʠʷ CO2 ʚ ʪʝʤʥʦʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʦʜʦʨʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ZnïPd/TiO2. 
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ʈʠʩʫʥʦʢ 46. ʅʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʉʆ ʥʘ ʦʙʨʘʟʮʘʭ MïPd/TiO2, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʊʘʙʣʠʮʘ 5 

ɸʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ TiO2 ʚ ppm/ʤʠʥ 

 

MeïPd ɺ ʪʝʤʥʦʪʝ 

ʋʌ-

ʠʟʣʫʯʝʥʠʝ 

(365 ʥʤ) 

ɺʠʜʠʤʦʝ 

ʠʟʣʫʯʝʥʠʝ 

(450 ʥʤ) 

He 

CoïPd 2.4 11.6 5.8 

NiïPd 2.8 19.5 9.3 

ZnïPd 4.9 18.9 12.9 

O2 

CoïPd 1.2 3.4 1.1 

NiïPd 1.4 2.6 2.9 

ZnïPd 5.1 25.2 16.8 

H2 

CoïPd 7.1 14.5 14.1 

NiïPd 8.8 29.9 19.8 

ZnïPd 12.0 28.6 22.0 

 

ɺ ʪʝʤʥʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʩʝ ʦʙʨʘʟʮ rʧʨʦʷʚʣʷʶʪ ʥʠʟʢʫ  ʁʘʢʪʠʚʥʦʩʪʴ, ʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ, ʠʩʢʣʶʯʘʷ ʢʠʩʣʦʨʦʜʥʳʝ ʦʙʨʘʟʮʳ ʩ Ni (2.6 ppm/ʤʠʥ) ʠ Co 

(3.4 ppm/ʤʠʥ), ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʳ ʚʳʰʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ ʧʘʣʣʘʜʠʷ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʫʨʦʚʥʝ 5 ppm/ʤʠʥ [131]. ʅʠʟʢʘʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ, ʦʙʲʷʩʥʷʝʪʩʷ ʧʘʩʩʠʚʘʮʠʝʡ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘ 

ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʳʭ ʬʘʟ. ɺʳʩʦʢʘʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʮʠʥʢʦʤ (25.2 ppm/ʤʠʥ) ʧʨʦʷʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʦʢʩʠʜʘ ʮʠʥʢʘ. ʉʨʝʜʠ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ ʩ 
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Zn (28.6 ppm/ʤʠʥ) ʠ Ni (29.0 ppm/ʤʠʥ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ, ʪʘʢ ʢʘʢ 

ʜʣʷ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩ TiO2 ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʯʘʩʪʠʮʫ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘ Co. 

3.4.2. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ NiïPd/TiO 2 

ʇʦ ʧʨʠʯʠʥʝ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʈʌɸ ʥʝ ʫʜʘʣʦʩʴ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʮʳ, ʧʦʵʪʦʤʫ ʦʥʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʨʘʟʮʳ ʩ Ni ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʝ (ʨʠʩ. 47). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʪʝʨʤʦʣʠʟʘ ʥʘ ʚʦʟʜʫʭʝ, ʦʙʘ ʤʝʪʘʣʣʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʢʠʩʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʛʜʝ ʚ ʢʠʩʣʦʨʦʜʝ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ 

NiO ʠ PdO. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ, ʘ 

ʥʝʙʣʘʛʦʨʦʜʥʳʡ ʤʝʪʘʣʣ ʚ ʠʦʥʥʦʤ ʚʠʜʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʚʩʝʤʫ ʦʙʨʘʟʮʫ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ, ʚʳʷʚʣʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʤʝʪʨʦʚʳʭ ʯʘʩʪʠʮ. ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ), ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʘ 

ʤʝʪʘʣʣʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

 
ʈʠʩʫʥʦʢ 47. ʕʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ NiïPd/TiO2, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʪʤʦʩʬʝʨʘʭ 

ʢʠʩʣʦʨʦʜʘ (ʩʣʝʚʘ) ʠ ʚʦʜʦʨʦʜʘ (ʩʧʨʘʚʘ). 

3.4.3. XAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʷ MïPd/TiO2 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʇʕʄ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʳʣʘ ʟʘʜʝʡʩʪʚʦʚʘʥʘ XAFS-
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ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʰʝ ʩʢʘʯʢʘ ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪ 30 ʠ ʜʦ 2000 ʵɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʨʦʛʘ 

ʚʦʟʙʫʞʜʝʥʠʷ. ʀʩʩʣʝʜʫʝʤʘʷ ʦʙʣʘʩʪʴ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ EXAFS (extended X-ray 

absorption fine structure), ʘ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʤ ʚʘʨʠʘʥʪʝ ï ʧʨʦʪʷʞʝʥʥʘʷ ʪʦʥʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ [137]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʤʦʜʫʣʝʡ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʄʌʇ) EXAFS (ʨʠʩ. 48), 

ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ, ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ 

ʦʙʨʘʟʮʦʚ MïPd/TiO2 (M = Zn, Ni). ʋ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ ʧʨʠ 2.5 ¡, 

ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ PdīPd, ʯʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʘʣʦʥʦʤ (Pd foil). ɺʪʦʨʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʩʘʤʦʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ PdīO. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘʥʦʯʘʩʪʠʮʳ Pd (ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 2 ʥʤ), ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ 

ʧʦʜʣʦʞʢʝ TiO2, ʢʨʦʤʝ ʪʦʛʦ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ. 
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ʈʠʩʫʥʦʢ 48. ʄʌʇ EXAFS ʥʘ Pd K-ʢʨʘʝ ʦʙʨʘʟʮʦʚ ZnïPd/TiO2 (ʩʣʝʚʘ) ʠ NiïPd/TiO2 (ʩʧʨʘʚʘ). 

3.4.4. ʀʟʤʝʨʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ NiïRh/Al 2O3 

ʅʠʢʝʣʴ ʠ ʨʦʜʠʡ ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʘʨʦʚʦʡ 

ʢʦʥʚʝʨʩʠʠ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ NiïRh 

ʥʘʜ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ [103]. ʇʦʵʪʦʤʫ ʧʨʦʜʫʢʪʳ ʪʝʨʤʦʣʠʟʘ [NiïRh]6 
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ʥʘ ʧʦʜʣʦʞʢʝ Al2O3 ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʨʦʚʦʡ 

ʢʦʥʚʝʨʩʠʠ (ʅʊʇʂ) ʤʦʜʝʣʴʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.3.2. ɼʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ 

4 ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ: 

ʘ) Ni/Al2O3 (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ɢ(Ni) = 1.73%, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ɤ(Ni) = 1.00%); 

ʙ) Rh/Al2O3 (ɢ(Rh) = 1.73%, ɤ(Rh) = 1.74%); 

ʚ) NiïRh/Al2O3 (ɢ(ʘʢʪ Me) = 1.73%, ɤ(Rh) = 1.16%, ɤ(Ni) = 0.33%); 

ʛ) NiïRh/Al2O3 (ɢ(ʘʢʪ Me) = 1.00%, ɤ(Rh) = 0.67%, ɤ(Ni) = 0.19%). 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʦʙʨʘʟʮʘ ʙʫʜʫʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ NiïRhï1.73% (ʚ) ʠ NiïRhï1% (ʛ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ, ʷʚʣʷʶʱʘʷʩʷ ʤʦʜʝʣʴʥʳʤ ʬʘʢʝʣʴʥʳʤ ʛʘʟʦʤ, ʩʦʩʪʦʠʪ ʠʟ 

54% ʤʝʪʘʥʘ, 6% ʧʨʦʧʘʥʘ ʠ 40% ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠʣʠ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʫʶ ʩʤʝʩʴ, 

10% ʧʨʦʧʘʥʘ ʠ 90% ʤʝʪʘʥʘ. ʆʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ WHSV 

= 2500 ʤʣ/(ʛʢʘʪĀʯ), ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ (1 ʘʪʤ). ʈʝʘʢʮʠʷ 

ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ [138ï142] ʠ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʥʘ ʠʟ ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ. ʅʘ ʨʠʩ. 49 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (CH4, H2, CO2, 

C2H6), ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʯʥʳʭ ʨʝʘʛʝʥʪʦʚ (C3H8, CH4) ʜʣʷ ʦʙʨʘʟʮʘ NiïRhï1%. ɺʠʜʥʦ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ C3H8 ʠ CH4 ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʜʘʶʪ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʠ 

H2 ʨʘʩʪʫʪ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ C2H6 ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~320 Áʉ. ʇʦʣʥʘʷ 

ʢʦʥʚʝʨʩʠʷ ʧʨʦʧʘʥʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʵʪʘʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 340 Áʉ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʵʪʘʥʘ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʅʊʇʂ ʥʘ 

ʨʦʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ; ʥʘ ʥʠʢʝʣʝʚʳʭ ʞʝ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʵʪʘʥ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 49. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʚ ʭʦʜʝ ʅʊʇʂ 

ʤʦʜʝʣʴʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NiïRhï1%. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʧʘʥʘ (ʨʠʩ. 50) ʠ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 51). 

ʀʟ ʥʠʭ ʚʠʜʥʦ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʥʠʢʝʣʴ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʝʥ ʚ ʫʢʘʟʘʥʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʩ ʤʝʥʴʰʝʡ ʟʘʛʨʫʟʢʦʡ 

ʤʝʪʘʣʣʦʚ ʩʦʧʦʩʪʘʚʠʤ ʧʦ ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʯʠʩʪʳʤ ʨʦʜʠʝʤ (ɤ(Rh) = 1.74%), ʧʨʠ 

ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʨʦʜʠʷ ʚ ʦʙʨʘʟʮʝ NiïRhï1% ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ (ɤ(Rh) = 0.67%), 

ʯʪʦ ʫʞʝ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʥʚʝʨʩʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʙʨʘʟʮʘ NiïRhï1% ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʝʥʴʰʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʘ NiïRhï1.73% ʩ ʙʦʣʴʰʝʡ ʟʘʛʨʫʟʢʦʡ 

ʨʦʜʠʷ ï ɤ(Rh) = 1.16%. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦʪ ʬʘʢʪ ʪʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʦʙʨʘʟʮʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚʳʰʝ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʫʢʨʫʧʥʷʶʪʩʷ. 
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ʈʠʩʫʥʦʢ 50. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʧʘʥʘ ʚ ʭʦʜʝ ʅʊʇʂ ʤʦʜʝʣʴʥʦʛʦ 

ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 51. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʜʦʨʦʜʘ ʚ ʭʦʜʝ ʅʊʇʂ ʤʦʜʝʣʴʥʦʛʦ 

ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

3.4.5. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ NiïRh/Al 2O3 

ʆʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʦʜʠʡ ʠ ʥʠʢʝʣʴ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʇʕʄ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HAADF-ʜʝʪʝʢʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 
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ʧʨʦʚʦʜʠʪʴ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʨʠʩʫʥʢʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʦʙʨʘʟʮʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ, ʩ ʤʝʥʴʰʠʤ NiïRhï1% (ʨʠʩ. 52) ʠ ʙʣʴʰʠʤ NiïRhï1.73% (ʨʠʩ. 53) 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ. ʇʦ ʜʘʥʥʳʤ ʢʘʨʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʘ ʤʝʪʘʣʣʘ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ. 

ʆʜʥʘʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ NiïRhï1% ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʦʜʠʝʚʳʭ 

ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ 1ï2 ʥʤ. ʇʨʠ ʵʪʦʤ ʫ ʦʙʨʘʟʮʘ NiïRhï1.73% ʧʨʦʠʩʭʦʜʠʪ 

ʫʢʨʫʧʥʝʥʠʝ ʪʘʢʠʭ ʯʘʩʪʠʮ ʜʦ 5ï7 ʥʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʲʷʩʥʷʶʱʝʤ 

ʫʤʝʥʴʰʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

%Σ ͊ͭ

Ni Rh Al

0.14 0.21 99.65

%Σ ͊ͭ

Ni Rh Al

All 0.2 0.19 99.61

Area 1 0.2 0.81 98.99

1

%Σ ͊ͭ

Ni Rh Al

0.12 0.17 99.7

 
ʈʠʩʫʥʦʢ 52. ʇʕʄ-HAADF ʢʘʨʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ NiïRhï1%. 
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%Σ ͊ͭ

Ni Rh Al

0.17 0.42 99.41

%Σ ͊ͭ

Ni Rh Al

0.09 0.31 99.6

%Σ ͊ͭ

Ni Rh Al

All 0.14 0.82 99.04

Area 1 0.8 14.5384.66

1

 
ʈʠʩʫʥʦʢ 53. ʇʕʄ-HAADF ʢʘʨʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ NiïRhï1.73%. 

3.4.6. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ MïPd/TiO2, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʪʝʨʤʦʣʠʟʝ ʥʘʥʝʩʝʥʥʳʭ [MïPd]n (M = Co, Ni, Zn) ʚ ʨʘʟʣʠʯʥʳʭ 

ʘʪʤʦʩʬʝʨʘʭ, ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʦʢʠʩʣʝʥʠʷ CO. ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʘʣʣʘʜʠʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ MïPd/TiO2 ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʫʶ ʫ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʣʣʘʜʠʷ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩ ʮʠʥʢʦʤ 
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ʠ ʥʠʢʝʣʝʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʢʠʩʣʦʨʦʜʥʳʡ ʦʙʨʘʟʝʮ ʩ 

ʮʠʥʢʦʤ ʠʟ-ʟʘ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʦʢʩʠʜʘ ʮʠʥʢʘ. 

ʉʠʩʪʝʤʘ NiïRh/Al2O3, ʧʦʣʫʯʝʥʥʘʷ ʨʘʟʣʦʞʝʥʠʝʤ [NiïRh]6 ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʙʳʣʘ ʠʩʧʳʪʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʅʊʇʂ ʤʦʜʝʣʴʥʦʛʦ 

ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ (CH4 + C3H8). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʨʦʜʠʷ ʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʝʥʴʰʝ, ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʩʦʧʦʩʪʘʚʠʤʘ ʧʦ ʩʚʦʝʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʯʠʩʪʳʤ ʨʦʜʠʝʤ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʦʙʨʘʟʝʮ ʧʨʦʷʚʣʷʝʪ ʙʦӢʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ 

ʨʦʜʠʷ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʣʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ 26 ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 17 ʠʟ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ 

ʥʘ ʙʘʟʝ Pd ʠ Rh ʩ ʤʝʪʘʣʣʘʤʠ 3d-ʨʷʜʘ. ʆʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʣʠʛʘʥʜʦʚ ʧʨʠʚʝʣ ʢ ʨʷʜʫ 

ʧʨʝʠʤʫʱʝʩʪʚ. ɸʢʚʘ-ʣʠʛʘʥʜ ʧʨʠʜʘʝʪ ʢʦʤʧʣʝʢʩʘʤ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʥʘʥʦʩʠʪʴ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʥʘ ʥʦʩʠʪʝʣʴ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦ 

ʚʣʘʛʦʝʤʢʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʩʘʣʘʪ-ʠʦʥ, ʦʙʣʘʜʘʷ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʤʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʜʘʞʝ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. 

ʇʦʣʫʯʘʝʤʳʝ ʥʘʥʦʩʧʣʘʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʙʥʘʨʫʞʝʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 3d-ʤʝʪʘʣʣʘ ʢ Pd ʠ Rh. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʭʦʜʝ ʬʦʪʦʦʢʠʩʣʝʥʠʷ CO ʜʣʷ 

ʩʠʩʪʝʤ CoïPd, NiïPd ʠ ZnïPd, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʨʦʚʦʡ 

ʢʦʥʚʝʨʩʠʠ ʤʦʜʝʣʴʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʩʠʩʪʝʤʳ NiïRh. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʜʨʫʛʠʭ 

ʨʘʟʣʠʯʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ 5 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ Web of Science ʠ Scopus. ʀʟ ʥʠʭ 2 ʩʪʘʪʴʠ ï ʚ ʨʦʩʩʠʡʩʢʠʭ 

ʞʫʨʥʘʣʘʭ [143, 144] ʠ 3 ʩʪʘʪʴʠ ï ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ [145ï147]. 
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ʆʉʅʆɺʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀ ɺʓɺʆɼʓ 

1. ʉʠʥʪʝʟʠʨʦʚʘʥʦ 26 ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʠ ʨʦʜʠʷ ʩ 

3d-ʤʝʪʘʣʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʘʣʘʪ-ʠʦʥʳ ʠ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ ʘʪʤʦʩʬʝʨʳ ʥʘ ʭʦʜ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ 

ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

2. ɹʠʩ(ʦʢʩʘʣʘʪʦ)ʧʘʣʣʘʜʘʪ ʠ ʪʨʘʥʩ-ʙʠʩ(ʦʢʩʘʣʘʪʦ)ʨʦʜʘʪ ʠʦʥʳ ʦʙʨʘʟʫʶʪ ʩ 

ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ ʘʢʚʘʢʘʪʠʦʥʘʤʠ 3d-ʤʝʪʘʣʣʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ 

ʧʦʩʣʝʜʥʠʭ, ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ: ʜʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ, 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨ.r 

3. ʉʦʝʜʠʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʝʨʠʡ [MïPd]n ʠ [MïRh]n ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʠ ʧʦʵʪʦʤʫ ʠʭ ʩʠʥʪʝʟ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʠʩʣʦʪ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠ ʛʠʜʨʘʪʦʚ 

ʧʨʦʩʪʳʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ 3d-ʨʷʜʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. 

4. ɺʳʩʦʢʠʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʠ ʥʠʟʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʤʝʪʘʣʣʦʚ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (H2), ʥʦ ʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

(He). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʳ ʩ ʤʘʨʛʘʥʮʝʤ, ʛʜʝ ʚ ʧʨʦʜʫʢʪʘʭ ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ MnO, ʠ ʩʠʩʪʝʤʘ ZnïRh, ʛʜʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʙʨʘʟʫʝʪʩʷ 

ZnO. 

5. ʇʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʩʦʧʨʷʞʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ 

ʪʝʨʤʦʣʠʟʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 3d-ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ ʜʚʦʡʥʳʭ ʦʢʩʘʣʘʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ~150ÁC ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʧʨʦʩʪʳʭ ʦʢʩʘʣʘʪʦʚ. 

6. ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ (O2) ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʷʭ, ʥʦ ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 
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ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʚʦʡʥʳʝ 

ʦʢʩʠʜʳ ʠʣʠ ʩʤʝʩʠ ʦʢʩʠʜʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʩʪʝʤʳ. 

7. ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ MïPd/TiO2, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʪʝʨʤʦʣʠʟʝ ʥʘʥʝʩʝʥʥʳʭ [MïPd]n (M = Co, Ni, Zn), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʦʢʠʩʣʝʥʠʷ CO. ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʧʘʣʣʘʜʠʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ MïPd/TiO2 ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʪʘʢʦʚʫʶ ʫ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ. 

8. ɹʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ NiïRh/Al2O3, ʧʦʣʫʯʝʥʥʘʷ 

ʨʘʟʣʦʞʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʥʘʥʝʩʝʥʥʦʛʦ [NiïRh]6, ʚ ʧʨʦʮʝʩʩʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʤʦʜʝʣʴʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ ʛʘʟʘ (CH4 + 

C3H8) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦӢʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʯʠʩʪʳʡ ʨʦʜʠʡ. 
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ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʨʝʜʢʠʭ 
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ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ ʢʫʨʩʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʊʘʢʞʝ ʘʚʪʦʨ 

ʙʣʘʛʦʜʘʨʠʪ ʩʚʦʠʭ ʨʦʜʥʳʭ ʟʘ ʧʦʜʜʝʨʞʢʫ, ʩʪʦʣʴ ʥʝʦʙʭʦʜʠʤʫʶ ʚʦ ʚʨʝʤʷ ʥʘʧʠʩʘʥʠʷ ʠ 

ʟʘʱʠʪʳ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 
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ʇʈʀʃʆɾɽʅʀʗ 

ʇʨʠʣʦʞʝʥʠʝ 1. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ c Pd 

ʉʦʝʜʠʥʝʥʠʝ [MnïPd]4 [CoïPd]10 [NiïPd]10 

ʌʦʨʤʫʣʘ C4H8O12MnPd C4H20O18CoPd C4H20O18NiPd 

Mr, ʛ/ʤʦʣʴ 409.5 521.5 521.3 

ʇɻʉ P21/c P21/m P21/m 

a, ¡ 6.3605(4) 11.2755(4) 11.2304(8) 

b, ¡ 8.8464(5) 6.5041(2) 6.4755(5) 

c, ¡ 18.7382(1) 11.4533(4) 11.4315(8) 

Ŭ, Á 90 90 90 

ɓ, Á 98.398(2) 100.4270(1) 100.3301(2) 

ɔ, Á 90 90 90 

V, ¡3 1043.05(1) 826.08(5) 817.85(1) 

Z 2 2 2 

ɟ, ʛ/cʤ3 2.607 2.097 2.117 

2ɗ, Á 2.55ï31.68 4.35ï31.53 1.84ï35.69 

T, K 150 150 150 

R1, wR2 (I>2sI) 0.0265, 0.0522 0.0452, 0.0944 0.0182, 0.0427 

R1, wR2 (all) 0.0397, 0.0552 0.0669, 0.1043 0.0215, 0.0438 

CCDC, ̄  1951420 1847354 1843941 

 

ʉʦʝʜʠʥʝʥʠʝ [NiïPd]8 [ZnïPd]4 
K 2Co2Pd3Ox6 

Ŀ18H2O 

ʌʦʨʤʫʣʘ C4H16O16NiPd C4H12O14ZnPd C12H36O42Co2K2Pd3 

Mr, ʛ/ʤʦʣʴ 485.3 455.9 1367.7 

ʇɻʉ Pľ1 Pľ1 Pľ1 

a, ¡ 7.0832(9) 7.2812(4) 9.9975(1) 

b, ¡ 10.5081(1) 9.0258(5) 10.2834(1) 

c, ¡ 10.6740(1) 10.2468(6) 10.9385(1) 
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Ŭ, Á 69.851(3) 81.0335(1) 102.870(2) 

ɓ, Á 73.974(3) 80.5341(2) 108.129(2) 

ɔ, Á 76.268(3) 75.9627(1) 105.783(2) 

V, ¡3 707.90(2) 639.65(6) 968.62(2) 

Z 2 2 2 

ɟ, ʛ/cʤ3 2.277 2.367 2.345 

2ɗ, Á 2.47ï33.18 2.03ï35.62 2.08ï33.35 

T, K 296 296 296 

R1, wR2 (I>2sI) 0.0216, 0.0495 0.0249, 0.0519 0.0191, 0.0401 

R1, wR2 (all) 0.0275, 0.0511 0.0362, 0.0546 0.0262, 0.0416 

CCDC, ̄  1841379 1936770 1842631 

 

ʇʨʠʣʦʞʝʥʠʝ 2. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ c Rh 

ʉʦʝʜʠʥʝʥʠʝ [MnïRh]12 [FeïRh]12 [CoïRh]12 

ʌʦʨʤʫʣʘ C8H24O28MnRh2 C8H24O28FeRh2 C8H24O28CoRh2 

Mr, ʛ/ʤʦʣʴ 829.0 829.9 833 

ʇɻʉ Pľ1 Pľ1 Pľ1 

a, ¡ 6.2706(1) 6.2632(2) 6.2623(2) 

b, ¡ 9.4638(2) 9.3941(2) 9.3769(3) 

c, ¡ 10.4011(2) 10.4005(3) 10.3472(3) 

Ŭ, Á 97.526(1) 97.484(1) 97.180(1) 

ɓ, Á 92.240(1) 92.217(1) 91.970(1) 

ɔ, Á 99.338(1) 99.500(1) 99.910(1) 

V, ¡3 602.66(2) 597.27(3) 592.87(3) 

Z 1 1 1 

ɟ, ʛ/cʤ3 2.218 2.307 2.333 

2ɗ, Á 2.75ï33.24 2.76ï31.50 3.18ï36.33 

T, K 150 150 150.0 
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R1, wR2 (I>2sI) 0.0217, 0.0547 0.0230, 0.0510 0.0201, 0.0505 

R1, wR2 (all) 0.0235, 0.0561 0.0255, 0.0525 0.0212, 0.0511 

CCDC, ̄  ï ï 2177490 

 

ʉʦʝʜʠʥʝʥʠʝ [NiïRh]12 [CuïRh]12 [ZnïRh]12 

ʌʦʨʤʫʣʘ C8H24O28NiRh2 C8H24O28CuRh2 C8H24O28ZnRh2 

Mr, ʛ/ʤʦʣʴ 832.8 837.6 839.5 

ʇɻʉ Pľ1 Pľ1 Pľ1 

a, ¡ 6.2475(4) 6.3916(3) 6.2550(2) 

b, ¡ 9.3431(5) 8.6616(4) 9.3912(3) 

c, ¡ 10.3103(6) 11.4007(5) 10.3491(3) 

Ŭ, Á 97.111(2) 93.767(2) 97.061(1) 

ɓ, Á 91.906(2) 92.076(2) 92.004(1) 

ɔ, Á 100.602(2) 103.483(2) 100.065(1) 

V, ¡3 586.03(6) 611.57(5) 593.04(3) 

Z 1 1 1 

ɟ, ʛ/cʤ3 2.320 2.274 2.351 

2ɗ, Á 2.79ï29.36 2.43ï33.15 2.78ï30.51 

T, K 150 150 150 

R1, wR2 (I>2sI) 0.0713, 0.1060 0.0221, 0.0547 0.0203, 0.0521 

R1, wR2 (all) 0.0510, 0.1169 0.0236, 0.0556 0.0211, 0.0525 

CCDC, ̄  2177469 ï ï 

 

ʉʦʝʜʠʥʝʥʠʝ NaRh-1 NaRh-2 
Na2RhOx2(OH) 

Ŀ5H2O 

ʌʦʨʤʫʣʘ C4H8O12NaRh C4H8O12NaRh C4H11O14Na2Rh 

Mr, ʛ/ʤʦʣʴ 374.0 374.0 432.0 

ʇɻʉ Pľ1 Pľ1 Pľ1 

a, ¡ 5.2554(2) 6.2055(3) 5.5500(1) 
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b, ¡ 6.4584(2) 7.8091(3) 6.4400(1) 

c, ¡ 8.2102(2) 10.7762(4) 8.5900(2) 

Ŭ, Á 97.7960(1) 95.557(3) 94.20(3) 

ɓ, Á 92.0990(1) 98.352(3) 99.40(3) 

ɔ, Á 112.1130(1) 98.065(3) 98.10(3) 

V, ¡3 254.612(1) 507.88(4) 298.42(1) 

Z 1 2 1 

ɟ, ʛ/cʤ3 2.439 2.426 2.404 

2ɗ, Á 3.93ï33.22 2.63ï28.38 3.21ï31.52 

T, K 150 295 150 

R1, wR2 (I>2sI) 0.0156, 0.0416 0.0267, 0.0570 0.0170, 0.0420 

R1, wR2 (all) 0.0157, 0.0420 0.0307, 0.0591 0.0171, 0.0425 

CCDC, ̄  2093874 2093873 2093875 

 

ʉʦʝʜʠʥʝʥʠʝ KRhOx 2Ŀ5H2O 
K 2RhOx2(OH) 

Ŀ3H2O 
HRhOx2Ŀ7H2O 

ʌʦʨʤʫʣʘ C4H10O13KRh C4H7O12K2Rh C4H15O15Rh 

Mr, ʛ/ʤʦʣʴ 408.1 428.2 406.1 

ʇɻʉ P2/n Pľ1 C2/c 

a, ¡ 7.8561(2) 5.7879(3) 16.081(3) 

b, ¡ 5.6818(1) 7.0743(5) 13.0075(2) 

c, ¡ 13.5540(3) 7.5132(4) 6.4031(1) 

Ŭ, Á 90 80.335(2) 90 

ɓ, Á 102.706(1) 72.148(2) 99.628(6) 

ɔ, Á 90 75.464(2) 90 

V, ¡3 590.19(2) 282.06(3) 1320.5(4) 

Z 2 1 2 

ɟ, ʛ/cʤ3 2.297 2.479 2.038 

2ɗ, Á 3.08ï36.36 3.79ï36.35 2.55ï30.38 
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T, K 150 150 150 

R1, wR2 (I>2sI) 0.0200, 0.0461 0.0207, 0.0520 0.0568, 0.1385 

R1, wR2 (all) 0.0242, 0.0473 0.0210, 0.0522 0.0685, 0.1454 

CCDC, ̄  ï ï 2093876 

 

ʉʦʝʜʠʥʝʥʠʝ 
HCoRh3Ox6 

Ŀ14H2O 
  

ʌʦʨʤʫʣʘ C12H29O38CoRh3   

Mr, ʛ/ʤʦʣʴ 1149.0   

ʇɻʉ Rľ3c   

a, ¡ 16.8178(2)   

b, ¡ 16.8178(2)   

c, ¡ 20.0474(4)   

Ŭ, Á 90   

ɓ, Á 90   

ɔ, Á 120   

V, ¡3 4910.51(2)   

Z 6   

ɟ, ʛ/cʤ3 2.293   

2ɗ, Á 2.42ï36.31   

T, K 150   

R1, wR2 (I>2sI) 0.0196, 0.0463   

R1, wR2 (all) 0.0223, 0.0472   

CCDC, ̄  ï   

 


