
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ 

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ʉʀʅʀʎɸ ɺʘʨʚʘʨʘ ʀʚʘʥʦʚʥʘ 

 

ʇʆʃʋʏɽʅʀɽ ʄɽʊɸʉʊɸɹʀʃʔʅʓʍ ʅɸʅʆʉʇʃɸɺʆɺ ɺ ʉʀʉʊɽʄɸʍ  

M-Cu (M = Co, Rh, Ir) ʇʈʀ ʊɽʈʄʆʃʀɿɽ ʂʆʄʇʃɽʂʉʅʓʍ 

ʉʆɽɼʀʅɽʅʀʁ-ʇʈɽɼʐɽʉʊɺɽʅʅʀʂʆɺ 

 

 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ʌʠʣʘʪʦʚ ɽʚʛʝʥʠʡ ʖʨʴʝʚʠʯ 

 

 

 

ʅʦʚʦʩʠʙʠʨʩʢ ï 2026 
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ʉʇʀʉʆʂ ʇʈʀʅʗʊʓʍ ʉʆʂʈɸʑɽʅʀʁ 

ɸʕʉ ï ʘʪʦʤʥʦ-ɻ ʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɻʆʉʊ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ 

ɻʇʋ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʧʣʦʪʥʝʡʰʘʷ ʫʧʘʢʦʚʢʘ 

ɻʎʂ ï ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ 

ɼʂʉ ï ʜʚʦʡʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʀʖʇɸʂ ï ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

ʄʅʂ ï ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʆʂʈ ï ʦʙʣʘʩʪʴ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʇɸɺ ï ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ 

ʈʅʌ ï ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʬʦʥʜ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʊɸ (STA) ï ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻɸ (TG) ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʊʕ ï ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ 

CVD ï ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

CZ ï Ce0,75Zr0,25O2 

DRIFTS ï ʀʂ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

DSC ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

en ï ɻʪʠʣʝʥʜʠʘʤʠʥ (C2N2H8) 

EGA-MS ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʘʥʘʣʠʟʦʤ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ 

HAADF-STEM ï ʚʳʩʦʢʦʫʛʣʦʚʘʷ ʢʦʣʴʮʝʚʘʷ ʪʝʤʥʦʧʦʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

HRTEM ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

KIT ï ʤʝʟʦʧʦʨʠʩʪʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʢʨʝʤʥʠʷ 

PDF ï ʧʦʨʦʰʢʦʚʘʷ ʙʘʟʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

PVD ï ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

STP ï ʥʦʨʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ, 273 ʂ, 1 ʘʪʤ 
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TEM-EDX ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ 

WHSV ï ʤʘʩʩʦʚʘʷ ʯʘʩʦʚʘʷ ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ 

ZIF ï ʮʝʦʣʠʪʥʳʡ ʠʤʠʜʘʟʦʣʴʥʳʡ ʢʘʨʢʘʩ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʥʝʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʦʙʫʶ ʨʦʣʴ ʪʘʢʠʝ ʩʧʣʘʚʳ ʠʛʨʘʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺʦʜʦʨʦʜ ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʵʥʝʨʛʦʥʦʩʠʪʝʣʴ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʚ ʪʨʘʥʩʧʦʨʪʝ, ʪʘʢ ʠ ʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʝʛʦ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʩʜʝʨʞʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘʤʠ ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ï ʧʘʨʦʚʘʷ ʢʦʥʚʝʨʩʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʧʨʦʧʘʥʘ, ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʊʨʘʜʠʮʠʦʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʠʢʝʣʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʩʪʨʦ ʟʘʢʦʢʩʦʚʳʚʘʶʪʩʷ ʠ ʜʝʛʨʘʜʠʨʫʶʪ. ʀʭ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʙʳʩʪʨʦʡ ʧʦʪʝʨʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʘʩʪʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Rh, Pt, Ir, Pd) 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʩʠʠ. ɺr ʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʟʘʩʪʘʚʣʷʝʪ ʠʩʢʘʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʨʝʜʠ ʙʠ(ʧʦʣʠ)ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʤʠ ʙʠ(ʧʦʣʠ)ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʥʘʥʦʩʧʣʘʚʳ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʤʝʪʘʣʣʘ ï ʦʜʠʥ ʠʟ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʧʣʘʚʦʚ. ʇʦʣʫʯʝʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʤʝʥʥʦ ʥʘʥʝʩʝʥʥʳʭ ʥʘʥʦʩʧʣʘʚʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʧʨʦʮʝʜʫʨʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ ʨʘʩʪʚʦʨʘʤʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʥʦʩʠʪʝʣʝ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʧʣʘʚʦʚ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʩ ʥʝʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ɺ 
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ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ 

ʩʦʚʤʝʩʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ) [1], 

ʧʦʣʠʦʣʴʥʳʡ ʤʝʪʦʜ (ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʝʤʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ, 

ʢʦʛʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠʦʣʦʚ, ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʛʣʠʮʝʨʠʥ ʠ 1,4-ʙʫʪʘʥʜʠʦʣ) [2], ʩʠʥʪʝʟ ʚ ʤʠʮʝʣʣʘʭ 

(ʤʠʮʝʣʣʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʨʝʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʘʟʤʝʨ 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ) [3], ʣʘʟʝʨʥʘʷ 

ʘʙʣʷʮʠʷ (ʠʩʧʘʨʝʥʠʝ ʤʝʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʩʘʞʜʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʥʦʩʠʪʝʣʝ) [4], ʭʠʤʠʯʝʩʢʦʝ/ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ (ʧʝʨʝʚʦʜ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʩ ʚʦʟʤʦʞʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʥʘ ʥʦʩʠʪʝʣʝ) [5], çʟʝʣʝʥʳʡè ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʵʢʩʪʨʘʢʪʦʚ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʛʨʠʙʦʚ, ʧʣʝʩʝʥʠ ʠ 

ʙʘʢʪʝʨʠʡ) [6], ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ (ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʧʣʘʟʤʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʩʘʞʜʝʥʠʝʤ) [5] ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʣʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ (ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʤʝʪʘʣʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʘʣʳʚʘʥʠʷ ʠ ʜʨʦʙʣʝʥʠʷ) [7]. ʕʪʠ ʤʝʪʦʜʳ ʠʤʝʶʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʜʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʧʣʘʚʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʩʦʙʝʥʥʦ ʩ ʟʘʜʘʥʥʳʤ 

ʩʦʩʪʘʚʦʤ ʠ ʤʦʨʬʦʣʦʛʠʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʧʣʘʚʦʚ ʤʝʪʘʣʣʦʚ, ʦʛʨʘʥʠʯʝʥʥʦ ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʧʣʘʚʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʛʨʝʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ (ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ), ʦʜʥʘʢʦ, 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʫʶʪʩʷ ʯʘʩʪʠʮʳ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ʇʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʥʘʥʝʩʝʥʥʳʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʧʣʘʚʳ ʚ ʩʠʩʪʝʤʘʭ Rh/Ir-Cu ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʫʞʝ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʨʘʥʝʝ. ɺ ʨʘʙʦʪʘʭ [8, 9] ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʠʦʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ IrxCu1-x ʠ  

RhxCu1-x ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʥʘʥʦʩʧʣʘʚʳ ʦʜʥʦʬʘʟʥʳʝ, ʦʜʥʘʢʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʜʘʥʥʳʝ STEM-EDX ʢʘʨʪʠʨʦʚʘʥʠ ̫

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʣʝʡ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʘʥʝʩʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ.  
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ɺ ʧʨʦʜʝʣʘʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʨʝʜʢʠʭ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʀʅʍ ʉʆ ʈɸʅ 

ʨʘʥʝʝ ʨʘʙʦʪʝ [10] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ [Cu(H2O)2{(ɛ-C2O4)Rh(H2O)2C2O4}2]ẗ6H2O ʥʘʥʝʩʝʥʥʳʡ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ ʩʧʣʘʚ Cu0,33Rh0,67/Ce0,75Zr0,25O2 ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʚʦʜʦʨʦʜʫ ʚ ʨʝʘʢʮʠʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʦʧʘʥʘ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʤʝʪʘʥʠʨʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ 

ʧʨʝʜʧʦʩʳʣʦʢ ʢ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʚ ʩʠʩʪʝʤʘʭ M-Cu (M = Co, Rh, Ir) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʩʧʣʘʚʦʚ ʚ ʨʝʘʢʮʠʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʦʧʘʥʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ (en) ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʣʝʡ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir); 

2. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ (ɼʂʉ) ʩʝʨʠʠ 

[M(NH3)5Cl][Cu(C2O4)2]ĿnH2O, [M(NH3)6]2[Cu(C2O4)2]3ĿnH2O ʠ [M(en)3]2[Cu(C2O4)2]3ĿnH2O 

(M = Co, Rh, Ir); 

3. ʉʠʥʪʝʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɼʂʉ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ  

[RhxIr1-x(NH3)6]2[Cu(C2O4)2]3ĿnH2O (x = 0,25, 0,50, 0,75); 

4. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

5. ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ɼʂʉ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ ʩ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʤʝʪʦʜʘʤʠ ex situ ʠ in situ 

ʈʌɸ; 

6. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ; 

7. ʇʦʣʫʯʝʥʠʝ ʥʘʥʝʩʝʥʥʳʭ (ʥʘ Ce0,75Zr0,25O2 ï ʜʘʣʝʝ CZ) ʙʠ- ʠ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʩʧʣʘʚʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ 

ʧʨʦʧʘʥʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ  

ʇʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ [M(en)3]Cl3Ŀ3H2O 

(M = Rh, Ir), ʘ ʪʘʢʞʝ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ [M(en)3]I3ĿH2O 

(M = Rh, Ir). ʉʠʥʪʝʟʠʨʦʚʘʥʦ 10 ʥʦʚʳʭ ʜʚʦʡʥʳʭ ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʢʦʙʘʣʴʪʘ, 
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ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ ʩ ʦʢʩʘʣʘʪʦʢʫʧʨʘʪʦʤ(II). ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɼʂʉ 

ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [RhxIr1-x(NH3)6]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]Ŀ2H2O (x = 0,25, 

0,50, 0,75). ɺʩʝ ɼʂʉ, ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ɼʂʉ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʈʉɸ.  

ʆʙʩʫʞʜʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ M-Cu (M = Co, Rh, Ir) ʠ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ Rh-Ir-Cu  

ʥʘʥʦʩʧʣʘʚʦʚ ʧʦ ʧʨʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʪʦ, ʯʪʦ ʤʝʪʘʣʣʳ ʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ ʫʞʝ ʧʝʨʝʤʝʰʘʥʳ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. 

ʀʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ɼʂʉ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ ʠ 

ʧʦʣʫʯʝʥʳ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʥʘʥʦʩʧʣʘʚʳ MxCu1-x (M = Co, Rh, Ir) ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɸ ʜʣʷ ʩʠʩʪʝʤ Ir-Cu ʠ Rh-Cu ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʦʜʥʦʬʘʟʥʳʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Ir0,50Cu0,50, Ir0,40Cu0,60 ʠ Rh0,40Cu0,60. 

ɹʠ- ʠ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʩʤʝʰʘʥʥʳʡ ʦʢʩʠʜ ʮʝʨʠʷ-

ʮʠʨʢʦʥʠʷ, ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʦʧʘʥʘ ʚ ʠʟʙʳʪʢʝ ʘʨʛʦʥʘ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʘʨ-ʫʛʣʝʨʦʜ, ʨʘʚʥʦʤ 4. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʚʦʜʦʨʦʜʫ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ Rh-Cu(2:3)/CZ ʠ  

Rh-Cu(1:1)/CZ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʨʦʜʠʷ ʠ ʩʥʠʞʝʥʠʷ ʚʢʣʘʜʘ ʨʝʘʢʮʠʡ 

ʤʝʪʘʥʠʨʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʘʢʮʠʷʭ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʦʧʘʥʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

 ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʝʪʦʜʠʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir), ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ ʥʦʚʦʡ ʩʝʨʠʠ 

ɼʂʉ ʩ ʘʤʠʥʘʤʠ Co, Rh ʠ Ir ʠ ʦʢʩʘʣʘʪʦʢʫʧʨʘʪʦʤ(II) ʚʥʦʩʪ̫ ʟʥʘʯʠʤʳʡ ʚʢʣʘʜ 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 (ʧʨʠ ʤʝʥʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ) ʚʳʰʝ, ʯʝʤ ʫ 

ʠʭ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʠʭ ʚ ʪʘʢʦʤ ʟʥʘʯʠʤʦʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʢʘʢ ʧʘʨʦʚʘʷ ʢʦʥʚʝʨʩʠʷ ʧʨʦʧʘʥʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʧʦʣʫʯʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʥʦʚʳʭ 

ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ [M(NH3)5Cl][Cu(H2O)(C2O4)2], 
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[M(NH3)6]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]Ŀ2H2O ʠ 

[M(en)3]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]ĿnH2O (M = Co, Rh, Ir), ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ɼʂʉ [RhxIr1-x(NH3)6]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]Ŀ2H2O (x = 0,25, 0,50, 

0,75), ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; ex situ ʠ 

in situ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʘʪʤʦʩʬʝʨʘʭ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʩʪʘʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʤʝʪʦʜʦʤ ʈʌɸ; ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir); 

2. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠ ʜʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

[M(NH3)5Cl][Cu(H2O)(C2O4)2], [M(NH3)6]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]Ŀ2H2O ʠ 

[M(en)3]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]ĿnH2O (M = Co, Rh, Ir), ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɼʂʉ [RhxIr1-x(NH3)6]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]Ŀ2H2O (x = 

0,25, 0,50, 0,75); 

3. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ; 

4. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʝ Co-Cu ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʜʥʦʬʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Ir0,50Cu0,50, 

Ir0,40Cu0,60 ʠ Rh0,40Cu0,60; 

5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʘʭ Rh/Ir-Cu ʚ 

ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʦʧʘʥʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʩʫʞʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʜʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ. ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʟʥʘʥʠʝʤ 

ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ, ʘ ʠʤʝʥʥʦ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʞʫʨʥʘʣʘʭ ʠ ʚʳʩʦʢʦʡ ʦʮʝʥʢʦʡ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ (ʥʘʛʨʘʜʳ 

ʟʘ ʣʫʯʰʠʡ ʜʦʢʣʘʜ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ): XIII ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʜʝʣʷ ʥʘʫʢʠ - 2023è (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2023), XIV ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 
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ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ, ʣʘʫʨʝʘʪʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ 

ʉʉʉʈ ɸ.ʉ. ɼʫʜʳʨʝʚʘ çʅʝʜʝʣʷ ʥʘʫʢʠ ï 2024. ʊʚʦʨʯʝʩʪʚʦ ʤʦʣʦʜʝʞʠ ï ʙʫʜʫʱʝʤʫ ʈʦʩʩʠʠè 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2024), IX ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ çʅʘʫʢʘ 

ʙʫʜʫʱʝʛʦ ï ʥʘʫʢʘ ʤʦʣʦʜʳʭè (ʉʘʤʘʨʘ, 2024). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ 

ʩʪʠʧʝʥʜʠʝʡ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʟʘ ʫʩʧʝʭʠ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ (2024-2025). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: XIII ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʅʝʜʝʣʷ ʥʘʫʢʠ - 2023è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023), ʂʦʥʢʫʨʩ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ, ʧʦʩʚʷʱʝʥʥʳʡ ʧʘʤʷʪʠ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ʉʪʘʥʠʩʣʘʚʘ ɺʘʩʠʣʴʝʚʠʯʘ ɹʦʨʠʩʦʚʘ 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2023), XIV ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ, ʣʘʫʨʝʘʪʘ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʉʉʉʈ ɸ.ʉ. ɼʫʜʳʨʝʚʘ çʅʝʜʝʣʷ ʥʘʫʢʠ ï 2024. ʊʚʦʨʯʝʩʪʚʦ 

ʤʦʣʦʜʝʞʠ ï ʙʫʜʫʱʝʤʫ ʈʦʩʩʠʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2024), Mendeleev 2024 (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2024), XXII ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʉʠʨʠʫʩ, 

2024), IX ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ çʅʘʫʢʘ ʙʫʜʫʱʝʛʦ ï ʥʘʫʢʘ ʤʦʣʦʜʳʭè 

(ʉʘʤʘʨʘ, 2024), XXIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ (ʂʘʟʘʥʴ 2025), ʅʠʢʦʣʘʝʚʩʢʠʝ ʯʪʝʥʠʷ 2025 (ʅʦʚʦʩʠʙʠʨʩʢ, 2025). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ 

ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ Web of Science ʠ Scopus, ʘ ʪʘʢʞʝ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʤʘʪʝʨʠʘʣʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ ʚʦʩʴʤʠ 

ʜʦʢʣʘʜʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚʩʝ ʩʠʥʪʝʟʳ, ʫʢʘʟʘʥʥʳʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʩʢʦʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ, ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʌɸ, ʊɻɸ, ʉʊɸ ʠ ɸʕʉ. In situ ʠ ex situ ʈʌɸ ʧʨʦʚʦʜʠʣʩʷ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 
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ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʇʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʦʘʚʪʦʨʘʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʷʤ: 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, ʨʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 176 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 73 ʨʠʩʫʥʢʘ, 21 

ʪʘʙʣʠʮʫ ʠ 11 ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (196 ʠʩʪʦʯʥʠʢʦʚ) ʠ ʧʨʠʣʦʞʝʥʠʡ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ.Шʈʘʙʦʪʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʛʨʘʥʪʦʤ ʈʅʌ (ʛʨʘʥʪ ˉ 21-73-20203). 
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ɻʣʘʚʘ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʢ ʥʘʥʦʥʘʫʢʘ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. ʅʦ ʧʨʝʞʜʝ, ʯʝʤ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʩ 

ʯʝʤ ʞʝ ʩʚʷʟʘʥ ʪʘʢʦʡ ʠʥʪʝʨʝʩ, ʩʪʦʠʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʀʖʇɸʂ, ʧʨʠʩʪʘʚʢʘ ʥʘʥʦ (ʦʪ ʛʨʝʯʝʩʢʦʛʦ ʩʣʦʚʘ çʢʘʨʣʠʢè) ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʢʦʥʝʯʥʘʷ 

ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 10-9 ʯʘʩʪʠ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ [11]. ʕʪʫ ʧʨʠʩʪʘʚʢʫ ʯʘʩʪʦ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʚ ʬʠʟʠʢʝ ʧʨʠ ʦʙʦʟʥʘʯʝʥʠʠ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ, ʚ ʭʠʤʠʠ, ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʪ.ʜ. 

ʀʟʚʝʩʪʥʳʡ ʬʠʟʠʢ ʈʠʯʘʨʜ ʌʝʡʥʤʘʥ ʙʳʣ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ, ʢʪʦ ʚʳʜʚʠʥʫʣ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʚʘʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ çʥʘʥʦʤʠʨʘè, ʧʨʦʯʠʪʘʚ ʚ 1959 ʛʦʜʫ ʣʝʢʮʠʶ çɺʥʠʟʫ ʤʥʦʛʦ ʤʝʩʪʘè [12]. 

ɺ ʵʪʦʡ ʣʝʢʮʠʠ ʌʝʡʥʤʘʥ ʛʦʚʦʨʠʣ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʷʪʴ ʦʪʜʝʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʠ 

ʤʦʣʝʢʫʣʘʤʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʩʨʝʜʩʪʚ, ʩʦʟʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʠʥʩʪʨʫʤʝʥʪʳ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʤʝʥʴʰʠʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʪʘʢ ʜʘʣʝʝ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪ ʥʝʦʙʭʦʜʠʤʳʡ ʨʝʟʫʣʴʪʘʪ. ʊʘʢ ʟʘʨʦʜʠʣʦʩʴ ʧʦʥʷʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʀ ʧʫʩʪʴ ʠʜʝʠ 

ʌʝʡʤʘʥʘ ʙʳʣʠ ʪʦʣʴʢʦ ʪʝʦʨʠʝʡ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʠ ʧʦʩʣʫʞʠʣʠ ʥʘʯʘʣʦʤ ʚ ʠʟʫʯʝʥʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʠ ʩʪʘʥʦʚʣʝʥʠʝʤ ʥʘʥʦʥʘʫʢʠ ʚ ʮʝʣʦʤ. ʄʘʩʰʪʘʙʥʦʝ ʠʟʫʯʝʥʠʝ çʥʘʥʦʤʠʨʘè ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʩʢʘʥʠʨʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (1981 ʛ) ʠ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (1986 ʛ).  

ʅʘʥʦʥʘʫʢʘ ï ɻ ʪʦ ʨʘʟʜʝʣ ʥʘʫʢʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʦʟʜʘʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʘʮʠʝʡ ʠ 

ʠʟʫʯʝʥʠʝʤ ʩʚʦʡʩʪʚ ʥʘʥʦʦʙʲʝʢʪʦʚ. ʉʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 55416-2013, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ï ɻ ʪʦ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʦʝʥʠʝʤ, ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʥʦʜʠʘʧʘʟʦʥʘ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪ 1 ʜʦ 100 ʥʤ). ɺ ʦʙʦʠʭ ʵʪʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷʭ ʚʩʪʨʝʯʘʝʪʩʷ ʝʱʝ ʥʝ ʚʚʝʜʝʥʥʦʝ ʨʘʥʝʝ ʧʦʥʷʪʠʝ ʥʘʥʦʦʙʲʝʢʪ. ʊʝʨʤʠʥ 

ʥʘʥʦʦʙʲʝʢʪ (ʥʘʥʦʯʘʩʪʠʮʳ), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʷʪʦ ʧʨʠʤʝʥʷʪʴ ʢ ʯʘʩʪʠʮʘʤ ʩ ʨʘʟʤʝʨʦʤ ʜʦ 

100 ʥʤ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ (ʰʠʨʠʥʘ, ʚʳʩʦʪʘ, ʜʣʠʥʘ). ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ, ʦʜʥʘʢʦ ʠʟ ʥʝʛʦ ʥʝ ʷʩʥʦ, ʩ ʯʝʤ ʩʚʷʟʘʥ ʠʤʝʥʥʦ ʪʘʢʦʡ ʚʳʙʦʨ ʛʨʘʥʠʮ 

ʨʘʟʤʝʨʦʚ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ, ʧʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʘ (ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ ʩʚʦʝ 

ʟʥʘʯʝʥʠʝ), ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʶʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʨʘʟʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ. ʈʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʙʳʚʘʝʪ ʜʚʫʭ ʪʠʧʦʚ: ʚʥʫʪʨʝʥʥʠʡ ʠ  
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ʚʥʝʰʥʠʡ [13, 14]. ɺʥʝʰʥʠʡ (ʢʚʘʥʪʦʚʳʡ) ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʭʦʪʷ ʙʳ ʦʜʠʥ 

ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʩʪʘʥʦʚʠʪʩʷ ʩʦʧʦʩʪʘʚʠʤ ʩ ʨʘʟʤʝʨʘʤʠ ʩʘʤʠʭ 

ʘʪʦʤʦʚ ʠʣʠ ʜʣʠʥʳ ʚʦʣʥʳ ʯʘʩʪʠʮ, ʠʟ ʢʦʪʦʨʳʭ ʦʥ ʩʦʩʪʦʠʪ (~1-10 ʥʤ) [15]. ɺ ʤʘʩʩʠʚʥʦʤ 

(bulk-material, ʨʘʟʤʝʨʳ ʙʦʣʴʰʝ 100 ʥʤ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ) ʩʦʩʪʦʷʥʠʠ ʵʣʝʢʪʨʦʥʳ 

ʦʙʨʘʟʫʶʪ ʩʧʣʦʰʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʦʥʳ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʥʘʥʦʨʘʟʤʝʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʩʪʘʥʦʚʷʪʩʷ ʜʠʩʢʨʝʪʥʳʤʠ, ʘ ɻ ʣʝʢʪʨʦʥʳ ʥʘʯʠʥʘʶʪ ʚʝʩʪʠ ʩʝʙʷ ʢʘʢ 

ʵʣʝʢʪʨʦʥʳ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʘʪʦʤʝ. ɼʣʷ ʧʨʠʤʝʨʘ ʢʚʘʥʪʦʚʦʛʦ ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ CdSe, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ [16]. ʊʘʢ, ʩʠʥʝʝ ʠʟʣʫʯʝʥʠʝ (450 ʥʤ) ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ < 2 ʥʤ, ʘ ʢʨʘʩʥʦʝ (650 ʥʤ) ʚʦʟʥʠʢʘʝʪ ʫ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ (> 5 ʥʤ). 

ʊ.ʝ. ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ, ʪʝʤ ʙʦʣʴʰʝ ʜʣʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʢʦʨʦʯʝ ʜʣʠʥʘ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ. 

 ʉʚʦʡʩʪʚʘ ʘʪʦʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ çʚʥʫʪʨʝʥʥʠʭè ʘʪʦʤʦʚ ʨʘʟʣʠʯʘʶʪʩʷ, ʦʜʥʘʢʦ ʚ 

ʤʘʩʩʠʚʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚʢʣʘʜ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʚ ʩʚʦʡʩʪʚʘ ʚ ʮʝʣʦʤ ʥʝ ʩʫʱʝʩʪʚʝʥʝʥ, 

ʪʘʢ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ çʘʪʦʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ/ʘʪʦʤʳ ʚ ʦʙʲʝʤʝè <<1. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʚʢʣʘʜ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʚ ʩʚʦʡʩʪʚʘ ʚʩʝʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʩʪʝʪ ʠ, ʥʘʯʠʥʘʷ 

ʩ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ, ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ï ɻ ʪʦ ʥʘʟʳʚʘʝʪʩʷ 

ʚʥʫʪʨʝʥʥʠʤ ʨʘʟʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦʪ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʢʘʢ 

ʨʘʟ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 100 ʥʤ. ʇʦʵʪʦʤʫ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʝʨʤʠʥ 

ʥʘʥʦʯʘʩʪʠʮʘ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʙʲʝʢʪʫ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʫ ʥʝʛʦ ʥʦʚʳʭ ʩʚʦʡʩʪʚ, ʥʝ 

ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʫ ʘʥʘʣʦʛʠʯʥʦʛʦ ʤʘʩʩʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

1.1. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʅʘʥʦʯʘʩʪʠʮʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʦʥʠ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʝ ʢʘʢ 

ʪʚʝʨʜʦʩʪʴ ʠʣʠ ʵʣʘʩʪʠʯʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʤʦʞʥʦ ʘʨʤʠʨʦʚʘʪʴ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ ʧʦʣʫʯʘʪʴ ʣʝʛʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʟʘʤʝʥʠʪʴ ʤʝʪʘʣʣʳ. 

ʊʘʢʠʝ ʫʩʠʣʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʤʘʪʝʨʠʘʣʳ ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʩʘ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ [17]. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʥʘʥʦʨʘʟʤʝʨʘʤ ʠʟʤʝʥʷʶʪʩʷ  

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

[18, 19] ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [20, 21], ʘ ʪʘʢʞʝ ʤʝʥʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪ.ʜ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦʥʠʞʘʝʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʨʘʟʤʝʨʘ [22, 23], ʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʘʟ, ʥʝ ʫʩʪʦʡʯʠʚʳʭ ʚ ʤʘʩʩʠʚʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ [10].  ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʚʩʝ 

ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʤʫ), ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʨʝʜʠ ʚʩʝʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ, ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʥʦʯʘʩʪʠʮʳ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʭ ʧʨʦʮʝʩʩʦʚ (ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ 

ʦʪʨʘʩʣʠ, ʢʘʢ ʩʦʟʜʘʥʠʝ ʘʚʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʮʝʩʩʳ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʧʦʢʨʳʪʠʷ 

ʵʣʝʢʪʨʦʜʦʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ) [24, 

25]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʝʩʴ ʧʨʦʮʝʩʩ ʚ ʦʙʱʝʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ: ʘʜʩʦʨʙʮʠʷ ʨʝʘʛʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Ҧ 

ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ Ҧ ʜʝʩʦʨʙʮʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʌʨʘʥʮʫʟʩʢʠʤ ʭʠʤʠʢʦʤ ʇʦʣʦʤ 

ʉʘʙʘʪʴʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ, ʩʦʨʙʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ 

ʨʝʘʛʝʥʪʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʤ, ʪ.ʝ. ʥʝ ʩʣʠʰʢʦʤ ʩʣʘʙʳʤ ʠ ʥʝ ʩʣʠʰʢʦʤ ʩʠʣʴʥʳʤ. 

ɽʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʫʜʝʪ ʩʣʠʰʢʦʤ ʩʣʘʙʳʤ, ʪʦ ʤʦʣʝʢʫʣʳ ʨʝʘʛʝʥʪʦʚ ʥʝ ʩʤʦʛʫʪ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʝʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʫʜʝʪ ʩʣʠʰʢʦʤ 

ʩʠʣʴʥʳʤ, ʪʦ ʨʝʘʛʝʥʪʳ ʥʝ ʩʤʦʛʫʪ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʚʝʜʝʪ ʢ 

ʦʪʩʫʪʩʪʚʠʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ɺʦʣʴʬʛʘʥʛ ɿʘʭʪʣʝʨ ʠ ʁʦʭʘʥʥʝʩ ʌʘʨʝʥʬʦʨʪ ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʮʝʣʴʶ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʮʠʧʘ ʉʘʙʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ 

(HCOOH) ʧʨʠ ʧʦʤʦʱʠ ʩʝʨʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (M = Au, Ag, Rh, Pd, Pt, Ir, Ru, 

Cu, Ni, Co, Fe, W) [26]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤ ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ (ʨʠʩʫʥʦʢ 1) 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʦʪ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï çM(HCOO)xè (ȹHf). ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʬʦʨʤʝ ʛʨʘʬʠʢ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ çvolcano plotè. ɺ. ɿʘʭʪʣʝʨʦʤ ʠ ʁ. ʌʘʨʝʥʬʦʨʪʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ 

ʟʥʘʯʝʥʠʷʭ ȹHf ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʘ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʘʜʩʦʨʙʮʠʠ 

(ʢʘʪʘʣʠʟʘʪʦʨʳ: Ag ʠ Au), ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ȹHf ï ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʩʦʨʙʮʠʠ 
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(ʢʘʪʘʣʠʟʘʪʦʨʳ: Ni, Co, Fe ʠ W). ʇʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ 

çM(HCOO)xè ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʫʯʘʩʪʠʝʤ ʤʝʪʘʣʣʦʚ Pt ʠ Ir.  

 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʦʪ 

ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï çM(HCOO)xè (ȹHf) ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [26]. 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʥʳʭ, 

ʩʝʣʝʢʪʠʚʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʧʣʘʚʦʚ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʣʘʚʦʚ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʠ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʦʚ) ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʠ 

ʧʨʦʙʣʝʤʳ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ: ʩʚʦʡʩʪʚʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʟʘʯʘʩʪʫʶ ʣʫʯʰʝ ʩʚʦʡʩʪʚ ʠʭ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ (ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ). ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʠʟʤʝʥʠʪʴ ʝʛʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ) 

[27] ʠ ʩʥʠʟʠʪʴ ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʟʘ ʩʯʝʪ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʳ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ 

ʥʝʙʣʘʛʦʨʦʜʥʳʡ [28]. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʣʘʚʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʩʧʝʢʘʥʠʶ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʢ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʦʙʲʝʤ ʥʦʩʠʪʝʣʷ. 

ʕʪʦ ʣʠʰʴ ʯʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʚʘʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 
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1.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ 

ʅʘʥʦʯʘʩʪʠʮʳ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʫʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʢʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʭ ʨʘʟʤʝʨʝ, ʧʨʦʠʩʭʦʞʜʝʥʠʠ (ʥʘʪʫʨʘʣʴʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ), ʩʪʨʫʢʪʫʨʝ/ʩʦʩʪʘʚʝ 

(ʦʨʛʘʥʠʯʝʩʢʠʝ/ʜʝʥʜʨʠʤʝʨʳ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ, ʫʛʣʝʨʦʜʥʳʝ ʠ ʢʦʤʧʦʟʠʪʥʳʝ) ʠ ʨʘʟʤʝʨʥʦʩʪʠ 

(ʥʫʣʴʤʝʨʥʳʝ, ʦʜʥʦʤʝʨʥʳʝ, ʜʚʫʭʤʝʨʥʳʝ ʠ ʪʨʝʭʤʝʨʥʳʝ) [29] (ʨʠʩʫʥʦʢ 2).  

 

ʈʠʩʫʥʦʢ 2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ [29]. 

 

ʉʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʤʝʨʘ 

(ʨʠʩʫʥʦʢ 3) [30]. ɺ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʢʘʪʝʛʦʨʠʡ ʚ ʩʦʩʪʘʚ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʙʫʜʝʪ ʚʭʦʜʠʪʴ 

ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʠʪʦʚ (ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ). 

ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ 7-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ 

(ɺʠʩʙʘʜʝʥ, 2004 ʛ.), ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ: 

ï ʥʘʥʦʧʦʨʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ; 

ï ʥʘʥʦʯʘʩʪʠʮʳ; 

ï ʥʘʥʦʪʨʫʙʢʠ ʠ ʥʘʥʦʚʦʣʦʢʥʘ; 

ï ʥʘʥʦʜʠʩʧʝʨʩʠʠ (ʢʦʣʣʦʠʜʳ); 

ï ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʣʝʥʢʠ; 

ï ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʠ ʥʘʥʦʢʣʘʩʪʝʨʳ. 
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ʈʠʩʫʥʦʢ 3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ [30]. 

 

ʊʠʧ ʧʦʣʫʯʘʶʱʠʭʩʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ, 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ. ʊʨʘʜʠʮʠʦʥʥʦ ʚʩʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʩʚʝʨʭʫ-ʚʥʠʟ (top-down) ʠ ʩʥʠʟʫ-ʚʚʝʨʭ (bottom-up). ʇʦ-

ʜʨʫʛʦʤʫ ʵʪʠ ʧʦʜʭʦʜʳ ʥʘʟʳʚʘʶʪ ʜʠʩʧʝʨʛʘʮʠʦʥʥʳʡ ʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʜʭʦʜ ʩʚʝʨʭʫ-ʚʥʠʟ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʫʰʝʥʠʠ ʤʘʩʩʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ. ʅʘʧʨʦʪʠʚ, ʧʦʜʭʦʜ ʩʥʠʟʫ-ʚʚʝʨʭ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʟʜʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʫʢʨʫʧʥʝʥʠʝ 

ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʜʦ ʥʘʥʦʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʦʚ (ʨʠʩʫʥʦʢ 4). ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʧʦʜʭʦʜʳ, ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [31].  

 

ʈʠʩʫʥʦʢ 4. ʇʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ. 
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ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʨʘʟʜʝʣʠʤ ʚʩʝ ʤʝʪʦʜʳ 

ʩʠʥʪʝʟʘ ʥʘ ʭʠʤʠʯʝʩʢʠʝ (ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʧʣʘʚʦʚ) ʠ ʬʠʟʠʯʝʩʢʠʝ (ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʠʢʘʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ). ʇʨʠʯʝʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʯʘʩʪʦ ʧʝʨʝʭʦʜʷʪ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʬʠʟʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʠʥʠʮʠʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʠʩʪʝʤ ʩ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ 

ʣʠʰʴ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʦʣʠʦʣʴʥʳʡ ʤʝʪʦʜ 

(ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʤʥʦʛʦʘʪʦʤʥʳʝ ʩʧʠʨʪʳ (ʯʘʱʝ ʚʩʝʛʦ ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʛʣʠʮʝʨʠʥ ʠ 1,4-

ʙʫʪʘʥʜʠʦʣ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʤʝʨʘ-ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʠʚʠʥʠʣʠʧʠʨʨʦʣʠʜʦʥʘ. ʉʦʣʴ 

ʤʝʪʘʣʣʘ ʩʤʝʰʠʚʘʶʪ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʥʦʛʦʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ, ʟʘʪʝʤ 

ʦʙʨʘʟʫʶʱʫʶʩʷ ʩʤʝʩʴ ʜʦʙʘʚʣʷʶʪ ʢ ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʤʥʦʛʘʪʦʤʥʳʡ ʩʧʠʨʪ ʠ ʧʦʣʠʤʝʨ-

ʩʪʘʙʠʣʠʟʘʪʦʨ ʚ ʟʘʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʷʪ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʯʘʱʝ ʚʩʝʛʦ 150 Áʉ) ʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʇʦʜʙʦʨ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʤʝʪʘʣʣʘ ʠ ʪʦʯʢʦʡ ʢʠʧʝʥʠʷ 

ʤʥʦʛʦʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(Pd, Pt) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠʣʝʥʛʣʠʢʦʣʴ (ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ~197 Áʉ), ʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ Co, Ni ʠ Fe, ʧʦʪʨʝʙʫʝʪʩʷ ʫʞʝ 

ʪʨʠʵʪʠʣʝʥʛʣʠʢʦʣʴ (ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ~285 Áʉ) [2].  ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʠʩʣʝʥʠʝ ʩʧʠʨʪʦʚ ʜʦ ʘʣʴʜʝʛʠʜʦʩʧʠʨʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ 

ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʠ ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʘ ʟʘʪʝʤ ʘʣʴʜʦʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʠʦʥʳ ʤʝʪʘʣʣʘ 

[32]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʧʦʣʫʯʘʶʱʠʭʩʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʚʘʨʴʠʨʫʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʘʪʤʦʩʬʝʨʫ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [33] ʧʦʣʠʦʣʴʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʩʧʣʘʚʦʚ PtxNiy c ʨʘʟʣʠʯʥʳʤ ʘʪʦʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ (75:25, 54:46, ʠ 40:60) ʥʘ 

ʥʦʩʠʪʝʣʝ ʠʟ ʛʨʘʬʝʥʘ. ɼʣʷ ʵʪʦʛʦ ʩʤʝʩʴ H2PtCl6ĿnH2O ʠ Ni(NO3)2Ŀ6H2O ʚ ʥʝʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʢ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤʫ 

ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʩ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ ʠ ʦʩʪʘʚʣʷʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʥʘ 2 

ʯʘʩʘ ʧʨʠ 190 Áʉ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ, ʦʩʘʜʦʢ ʦʪʜʝʣʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, 
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ʧʨʦʤʳʣʠ ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫʰʠʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʝʩʝʥʥʳʝ ʥʘʥʦʩʧʣʘʚʳ 

PtxNi100-x/G ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 1-3 ʥʤ). 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠ ʭʨʦʥʦʘʤʧʝʨʦʤʝʪʨʠʠ ʚ ʢʠʩʣʳʭ ʠ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʛʨʘʬʝʥ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʘʪʦʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Pt:Ni 54:46 

ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʧʨʷʤʦʛʦ 

ʤʝʪʘʥʦʣʴʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ɺ ʨʘʙʦʪʝ [8], ʧʦʩʚʷʱʝʥʥʦʡ ʧʦʣʫʯʝʥʠʶ ʩʝʨʠʠ ʦʜʥʦʬʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩʦʩʪʘʚʘ Ir0,71Cu0,29, Ir0,44Cu0,56 ʠ Ir0,19Cu0,81, ʦʙʨʘʟʮʳ ʧʦʣʫʯʘʣʠ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʵʪʠʣʝʥʛʣʠʢʦʣʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ 225-230 Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ~2 ʥʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (1) ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (2).  

(1) 2H2O Ÿ 4H+ + 4eï + O2 

(2) O2 + 4eï +H+ Ÿ 2H2O 

ɺʩʝ ʢʘʪʘʣʠʟʘʪʦʨʳ IrxCu1-x ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʯʝʤ Ir0,44Cu0,56 ʨʘʙʦʪʘʣ 

ʣʫʯʰʝ ʚʩʝʛʦ ʚ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ, ʘ Ir0,71Cu0,29 ï ʚʦ ʚʪʦʨʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ɻ ʣʝʢʪʨʦʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʤʝʪʘʣʣʘʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʠʤʝʥʥʦ 

ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʤʝʜʠ ʢ ʠʨʠʜʠʶ.  

ɼʨʫʛʠʤʠ ʧʨʠʤʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʦʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ 

ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ AgPt (ʨʝʘʢʮʠʷ ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʝ 

ʧʨʠ 160 Áʉ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʣʫʯʘʶʱʠʭʩʷ ʯʘʩʪʠʮ 6-10 ʥʤ) [34], PtCo (ʨʝʘʢʮʠʷ ʚ 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝ ʧʨʠ 250-260 Áʉ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʣʫʯʘʶʱʠʭʩʷ ʯʘʩʪʠʮ 7 ʥʤ) [35] ʠ 

CoRu (ʨʝʘʢʮʠʷ ʚ ʦʢʪʘʥʦʣʝ-1 ʧʨʠ 190 Áʉ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʣʫʯʘʶʱʠʭʩʷ ʯʘʩʪʠʮ 

~4 ʥʤ) [36].  

ʄʝʪʦʜ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

(ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʩ ʜʘʣʴʥʝʡʰʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʛʣʦʤʝʨʘʮʠʠ 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘʥʦʯʘʩʪʠʮ. ʇʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʢ 
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ʚ ʚʦʜʥʦʡ, ʪʘʢ ʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʧʨʠʚʳʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʪʠʚʳ (ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʙʦʨʦʛʠʜʨʠʜ 

ʥʘʪʨʠʷ, ʬʦʨʤʘʣʴʜʝʛʠʜ, ʛʠʜʨʘʟʠʥ ʠ ʪ.ʜ.), ʪʘʢ ʠ ʤʝʥʝʝ ʦʧʘʩʥʳʝ ʠ ʪʦʢʩʠʯʥʳʝ ʨʝʘʛʝʥʪʳ, 

ʥʘʧʨʠʤʝʨ ʧʦʣʠʩʘʭʘʨʠʜʳ (ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ ʠʣʠ ʩʘʭʘʨʦʟʘ). ʌʦʨʤʫ, ʨʘʟʤʝʨ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʦʣʫʯʘʶʱʠʭʩʷ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʨʝʛʫʣʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʛʝʥʪʦʚ (ʩʦʣʠ ʤʝʪʘʣʣʦʚ, ʩʪʘʙʠʣʠʟʘʪʦʨʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʘʛʝʥʪ), 

ʪʝʤʧʝʨʘʪʫʨʫ, pH, ʚʨʝʤʷ ʨʝʘʢʮʠʠ [1].    

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [37] ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘʥʦʩʧʣʘʚʳ ʚ ʩʠʩʪʝʤʝ Ag-Cu ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ (9:1, 8:2, 7:3 

ʠ 6:4). ɼʣʷ ʵʪʦʛʦ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʟʘʜʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ AgNO3 ʠ Cu(CH3COO)2ĿH2O ʠ ʧʦ 

ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ, 

ʩʦʜʝʨʞʘʱʝʤʫ NaBH4 ʠ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʟʘʪʝʤ ʦʪʜʝʣʷʣʠ ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʧʨʦʤʳʚʘʣʠ 

ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʬʝʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ 50-80 ʥʤ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ H2O2 (ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣ ʥʘʥʦʩʧʣʘʚ Ag-Cu ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ 9:1 ʠ ʤʦʛʫʪ ʚ ʙʫʜʫʱʝʤ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. ʄʝʪʦʜʦʤ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʝʥʜʨʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʩʠʩʪʝʤʝ 

Cu-Bi (ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ 9:1, 7:1, 3:1; NaBH4 ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ) 

ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 5 ʥʤ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʣʫʯʰʝʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ CO ʚ CH4 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ [38]. ʊʘʢʞʝ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʥʦʩʧʣʘʚ Rh0,6Ru0,4 ʩʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʬʦʨʤʘʣʴʜʝʛʠʜ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ), ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ N2 ʜʦ ʘʤʤʠʘʢʘ [39], ʠ ʥʘʥʝʩʝʥʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ AuCo/Cu ʠ AuNi/C (NaBH4 ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʫʛʣʝʨʦʜ 

ʜʦʙʘʚʣʷʣʩʷ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʘʛʝʥʪʦʤ) ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 15 ʥʤ [40].  

ʉʠʥʪʝʟ ʚ ʤʠʮʝʣʣʘʭ 

(ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ʄʠʮʝʣʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʛʨʝʛʘʪʳ ʠʟ ʤʦʣʝʢʫʣ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ (ʇɸɺ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʇɸɺ ï ɻ ʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ 
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ʩʦʩʪʘʚʝ ʛʠʜʨʦʬʠʣʴʥʫʶ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ -ʆʅ, -ʉʆʆʅ, -Sʆ3H ʠ ʠʭ ʩʦʣʠ) ʠ 

ʛʠʜʨʦʬʦʙʥʫʶ (ʫʛʣʝʚʦʜʦʨʦʜʳ) ʯʘʩʪʴ. ʇʨʠ ʘʛʨʝʛʘʮʠʠ ʤʦʣʝʢʫʣʳ ʇɸɺ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ 

ʪʘʢ, ʯʪʦ ʛʠʜʨʦʬʠʣʴʥʳʝ ʯʘʩʪʠ ʬʦʨʤʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʘ ʛʠʜʨʦʬʦʙʥʳʝ ï 

ʚʥʫʪʨʝʥʥʠʡ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʠʮʝʣʣʘ ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʦʡ (ʨʠʩʫʥʦʢ 5). ɽʩʣʠ ʞʝ ʚʥʝʰʥʷʷ 

ʦʙʦʣʦʯʢʘ ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʦʬʦʙʥʳʭ ʯʘʩʪʝʡ ï ɻʪʦ ʦʙʨʘʪʥʘʷ ʤʠʮʝʣʣʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. ɺ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʦʜʘ) ʦʙʨʘʟʫʶʪʩʷ ʤʠʢʨʦʵʤʫʣʴʩʠʠ ʩ ʧʨʷʤʳʤʠ ʤʠʮʝʣʣʘʤʠ, ʘ ʚ ʥʝʧʦʣʷʨʥʳʭ ï ʩ ʦʙʨʘʪʥʳʤʠ. 

 

ʈʠʩʫʥʦʢ 5. ʉʪʨʦʝʥʠʝ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʤʠʮʝʣʣʳ. 

 

ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʨʘʪʥʳʝ ʤʠʮʝʣʣʳ. ɼʣʷ ʵʪʦʛʦ 

ʛʦʪʦʚʷʪ ʜʚʝ ʦʪʜʝʣʴʥʳʝ ʤʠʢʨʦʵʤʫʣʴʩʠʠ, ʚ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʚ ʤʠʮʝʣʣʘʭ ʟʘʢʣʶʯʝʥʳ 

ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʘ ʚ ʜʨʫʛʦʡ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ. ʇʨʠ ʩʤʝʰʝʥʠʠ ʜʚʫʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʠʮʝʣʣʳ ʩʪʘʣʢʠʚʘʶʪʩʷ, ʩʣʠʚʘʶʪʩʷ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ, 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʦʜʝʨʞʠʤʳʤ ʠ ʟʘʪʝʤ ʩʥʦʚʘ ʨʘʟʜʝʣʷʶʪʩʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʠ ʟʘʨʦʞʜʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮ. ɺ ʜʨʫʛʦʤ 

ʧʦʜʭʦʜʝ ʦʜʠʥ ʠʟ ʨʝʘʛʝʥʪʦʚ ʟʘʢʣʶʯʝʥ ʚ ʤʠʮʝʣʣʳ, ʢʘʢ ʠ ʨʘʥʝʝ, ʥʦ ʚʪʦʨʦʡ ʨʝʘʛʝʥʪ (ʯʘʱʝ 

ʚʩʝʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ) ʜʦʙʘʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʩʪʚʦʨ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʥʫʢʣʝʘʮʠʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʵʢʩʪʨʘʢʮʠʠ. ʇʨʠ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʦʜʭʦʜʝ ʤʠʮʝʣʣʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ 

ʥʘʥʦʨʝʘʢʪʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʠʮʝʣʣ [3]. 

ɺ ʨʘʙʦʪʝ [41] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʮʝʣʣ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʚ 

ʩʠʩʪʝʤʝ Au-Pt ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʛʦʪʦʚʠʣʠ ʜʚʘ ʤʠʢʨʦʵʤʫʣʴʩʠʦʥʥʳʭ ʨʘʩʪʚʦʨʘ (75% 

ʠʟʦʦʢʪʘʥʘ + 20% ʪʝʨʛʠʪʦʣʘ (ʇɸɺ) + 5% ʚʦʜʳ), ʚ ʦʜʥʦʤ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣʠʩʴ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʤʝʪʘʣʣʦʚ (H[AuCl4] ʠ H2[PtCl6]), ʘ ʚ ʜʨʫʛʦʤ ð ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 
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(ʛʠʜʨʘʟʠʥ). ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʤʝʰʠʚʘʣʠ ʠ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. 

ɿʘʪʝʤ ʚ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʠ ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʠ ʊɻʌ ʩ ʮʝʣʴʶ ʚʳʜʝʣʠʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʠʟ 

ʤʠʢʨʦʵʤʫʣʴʩʠʠ ʠ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʇɸɺ. ʕʪʘ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʧʝʨʚʦʛʦ ʧʦʜʭʦʜʘ. 

ʇʨʠʤʝʨʦʤ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʮʝʣʣ ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʘ [42] ʧʦ ʧʦʣʫʯʝʥʠʶ ʥʘʥʦʩʧʣʘʚʘ FeNi ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʫ. ɼʣʷ ʵʪʦʛʦ ʩʤʝʰʠʚʘʣʠ ʩʦʣʠ Ni ʠ Fe (NiCl2Ŀ6H2O ʠ FeSO4Ŀ7H2O) c ʙʨʦʤʠʜʦʤ 

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ (ʇɸɺ) ʚ ʚʦʜʝ ʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʜʦʙʘʚʣʷʣʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ (N2H4ĿH2O). ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʘ ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 200 Áʉ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʣʘʚ FeNi (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ 1:1) ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 30 ʥʤ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʦʯʝʚʠʥʳ. 

çɿʝʣʝʥʳʡè ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ  

(ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʩʧʦʣʴʟʫʶʪ ʵʢʩʪʨʘʢʪʳ ʨʘʩʪʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʛʨʠʙʳ, ʧʣʝʩʝʥʴ ʠ ʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʠ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʥʠʭ ʘʣʴʜʝʛʠʜʦʚ, ʢʝʪʦʥʦʚ, ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʬʝʥʦʣʦʚ, ʪʝʨʧʝʥʦʠʜʦʚ ʠ ʪ.ʜ. çɿʝʣʝʥʳʡè ʩʠʥʪʝʟ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʦʝʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʪ.ʢ. ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʚʨʝʜʥʳʝ ʠ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ). ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ 

ʧʦʣʫʯʘʶʱʠʭʩʷ ʥʘʥʦʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ, pH ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ [6, 43]. 

ɺ ʨʘʙʦʪʝ [44] ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʨʘʩʪʚʦʨʦʚ AgNO3 ʠ K2[PtCl4] ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʩʧʠʨʪʦʚʳʤ ɻ ʢʩʪʨʘʢʪʦʤ ʨʘʩʪʝʥʠʷ Vernonia mespilifolia ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ AgPt ʩ ʙʦӢʣɹ ʠhʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʝʙʨʘ (ʪʦʯʥʳʡ ʩʦʩʪʘʚ ʚ ʨʘʙʦʪʝ ʥʝ 

ʦʧʨʝʜʝʣʷʣʩʷ) ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 35,5Ñ0,8 ʥʤ.  ʏʘʩʪʠʮʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʫʜʘʣʝʥʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠ 

ʧʦʚʳʰʝʥʥʫʶ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʪʦʛʝʥʥʳʤ ʤʠʢʨʦʙʘʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ, ʘ ʪʘʢʞʝ ʩʝʣʝʢʪʠʚʥʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʥʠʠ ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF-7 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʦʡ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʝʡ HEK 293. ɸ ʥʘʥʦʯʘʩʪʠʮʳ ʪʠʧʘ ñ̫ ʜʨʦ-ʦʙʦʣʦʯʢʘò ʚ ʩʠʩʪʝʤʝ Co-Pt 

(ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ 1:1, 1:3, 3:1; ʨʘʟʤʝʨ ~25 ʥʤ) ʚ ʨʘʙʦʪʝ [45] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 
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ʩʤʝʰʝʥʠʠ ʨʘʩʪʚʦʨʦʚ Co(NO3)2 ʠ H2[PtCl6] ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʵʢʩʪʨʘʢʪʦʤ 

ʬʨʫʢʪʘ S. edule. ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ: 

ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʜʘʚʣʷʣʠ ʨʦʩʪ ʙʘʢʪʝʨʠʡ B. subtilis ʠ E. coli. 

CVD+PVD  

(ʭʠʤʠʯʝʩʢʠʡ+ʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ɺ ʭʦʜʝ PVD (physical vapor deposition, ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ) 

ʠʩʪʦʯʥʠʢ ʤʝʪʘʣʣʘ ʠʩʧʘʨʷʝʪʩʷ, ʧʦʣʫʯʝʥʥʳʡ ʧʘʨ ʩ ʧʦʪʦʢʦʤ ʛʘʟʘ ʧʝʨʝʥʦʩʠʪʩʷ ʢ ʥʦʩʠʪʝʣʶ 

(ʩʫʙʩʪʨʘʪʫ) ʠ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ (ʟʘʯʘʩʪʫʶ ʚ 

ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ) (ʨʠʩʫʥʦʢ 6). ʇʨʠ ʵʪʦʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ 

ʥʝ ʧʨʦʪʝʢʘʶʪ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʯʘʱʝ ʚʩʝʛʦ ʧʦʣʫʯʘʶʪ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ. ɺ 

ʩʣʫʯʘʝ CVD (chemical vapor deposition, ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ) ʩʠʥʪʝʟʘ 

ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʦʪʝʢʘʝʪ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ (ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʢʮʠʷ ʠʩʧʘʨʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʷ ʠʩʧʘʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʛʘʟʘʤʠ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʤʳʤʠ ʚ ʩʠʩʪʝʤʫ) ʠʣʠ ʨʘʟʣʦʞʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʟʘʪʝʤ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʘʞʜʝʥʠʝ ʧʦʣʫʯʘʶʱʠʭʩʷ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ. ʅʘʛʨʝʚ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ, ʙʦʤʙʘʨʜʠʨʦʚʢʦʡ ʧʫʯʢʦʤ 

ʵʣʝʢʪʨʦʥʦʚ, ʥʘʛʨʝʚʘʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʝ. ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʥʘʥʦʯʘʩʪʠʮ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ, ʜʘʚʣʝʥʠʝ, 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ) ʠ ʩʚʦʡʩʪʚ ʥʦʩʠʪʝʣʷ [5].  

 

ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʧʨʦʪʝʢʘʥʠʷ PVD ʠ CVD ʧʨʦʮʝʩʩʦʚ. 
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ɺ ʨʘʙʦʪʝ [46] ʤʝʪʦʜʦʤ PVD, ʘ ʠʤʝʥʥʦ ʦʩʘʞʜʝʥʠʝʤ ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ PtAg ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʣʘʟʝʨʦʤ Nd:YAG 

(ʘʣʶʤʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ, 266 ʥʤ) ʧʣʘʪʠʥʦʚʦʡ ʤʠʰʝʥʠ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʧʦʣʦʩʢʘʤʠ 

ʩʝʨʝʙʨʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʘʥʦʣʘ. ɸ ʚ ʨʘʙʦʪʝ [47] ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ PdxAu1-x (x = 0-1) 

ʢʦʙʘʣʴʪ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʝ ʧʣʝʥʢʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʣʝʛʢʦʣʝʪʫʯʠʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ [Pd(hfac)2] ʠ 

[Me2Au(thd)] (hfac ï 1,1,1,5,5,5-ʛʝʢʩʘʬʪʦʨ-2,4,-ʧʝʥʪʘʥʜʠʦʥ, thd ï 2,2,6,6-ʪʝʪʨʘʤʝʪʠʣ-3,5-

ʛʝʧʪʘʥʜʠʦʥ) ʠʩʧʘʨʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60-75 Áʉ ʚ ʨʝʘʢʪʦʨʝ ʚ ʧʦʪʦʢʝ Ar/H2 ʠ ʟʘʪʝʤ 

ʦʩʘʞʜʘʣʠ ʥʘ ʧʣʝʥʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 Áʉ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʝʪʘʣʣʘʤʠ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʘʨʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

MOCVD (MO ʦʙʦʟʥʘʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ PdxAu1-x 

ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʦʪʢʣʠʢʦʤ ʥʘ ʚʦʜʦʨʦʜ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʥʝʢʦʪʦʨʳʭ 

ʣʝʛʢʦʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ. ɸ ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ 

ʢʘʨʜʠʦʩʪʠʤʫʣʷʪʦʨʦʚ ʦʜʥʦʬʘʟʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ PtxIr1-x (x = 0.5-0.9) ʩ ʨʘʟʚʠʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ MOCVD [48]. ɼʣʷ ʵʪʦʛʦ ʙʨʘʣʠ ʣʝʪʫʯʠʝ ʩʦʣʠ 

Pt(acac)2 ʠ Ir(cod)(acac) (cod ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ, acacï ï ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ ʘʥʠʦʥ) ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʢʠʩʣʦʨʦʜ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʨʝʘʛʝʥʪʘ ʠ ʢʘʪʦʜʥʳʡ ʠ ʘʥʦʜʥʳʡ 

ʥʘʢʦʥʝʯʥʠʢ ʵʣʝʢʪʨʦʜʦʚ, ʩʦʩʪʦʷʱʠʝ ʠʟ Ti/TiO2, ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʦʩʘʞʜʝʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ï 310-350 Áʉ, ʘ ʚʨʝʤʷ 

ʦʩʘʞʜʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 2 ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʩʣʦʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʟʘ ʩʯʝʪ ʠʨʠʜʠʝʚʦʡ ʠ ʧʣʘʪʠʥʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʧʣʘʚʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʃʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ 

(ʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ (ʘʙʣʷʮʠʠ) ʘʪʦʤʦʚ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʰʝʥʠ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʘ. ʃʘʟʝʨʥʳʡ ʣʫʯ ʬʦʢʫʩʠʨʫʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʤʠʰʝʥʠ, 

ʧʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ ʦʙʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʩʧʘʨʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ. ʅʘ ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʧʦʣʫʯʘʶʱʠʭʩʷ ʯʘʩʪʠʮ 
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ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚ ʤʠʰʝʥʠ, ʜʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʙʦʯʘʷ ʩʨʝʜʘ 

(ʛʘʟ/ʞʠʜʢʦʩʪʴ) ʠ ʪʘʢʠʝ ʚʥʝʰʥʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ [4]. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʦʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ PVD. 

 ɺ ʨʘʙʦʪʝ [49] ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʣʫʯʝʥʠʷ ʪʠʪʘʥ-ʩʘʧʬʠʨʦʚʳʤ ʣʘʟʝʨʦʤ (800 ʥʤ) ʚ ʩʨʝʜʝ 

ʠʟʦʧʨʦʧʘʥʦʣʘ ʠʣʠ ʙʫʪʘʥʦʣʘ ʤʠʰʝʥʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʠʢʝʣʝʚʦʡ ʬʦʣʴʛʠ, ʧʦʢʨʳʪʦʡ ʪʦʥʢʠʤ 

ʩʣʦʝʤ (~50 ʥʤ) ʟʦʣʦʪʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ NiAu (ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ 1:1) ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 15 ʥʤ. ɸ ʚ ʨʘʙʦʪʝ [50] ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

SnO2 ʠ Au ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʙʣʷʮʠʠ ʧʣʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʠ ʦʣʦʚʘ ʠʥʬʨʘʢʨʘʩʥʳʤ 

ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʣʘʟʝʨʦʤ Nd:Y3Al5O12 (1064 ʥʤ) ʚ ʚʦʜʝ. ʇʦʣʫʯʝʥʥʳʡ ʩʧʣʘʚ 

ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ E.coli.  

ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ 

(ʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ʇʨʦʮʝʩʩ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʟʦʣʷ (ʜʠʩʧʝʨʩʠʠ ʤʝʣʢʠʭ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ), ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟ ʟʦʣʷ ʛʝʣʷ (ʩʤʝʩʴ ʠʟ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ) ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʩʫʰʢʫ (ʩʪʘʨʝʥʠʝ) ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ pH, ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʝʥʪʦʚ, ʚʠʜ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʣʦʚʠʷ ʩʫʰʢʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ [51].  

ɺ ʨʘʙʦʪʝ [52] ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʦʣʘ ʠ ʤʦʯʝʚʠʥʳ. ʂʘʪʘʣʠʟʘʪʦʨ Ni2Fe0,5Co0,5 ʙʳʣ ʧʦʣʫʯʝʥ 

ʩ ʧʦʤʦʱʴʶ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʛʦʪʦʚʠʣʠ ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʤʝʪʘʣʣʦʚ ʚ ʟʘʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (NiCl2Ŀ6H2O + FeCl3 + 

CoCl2Ŀ6H2O), ʟʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʚʦʜʫ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣ ʛʠʜʨʦʣʠʟ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʦʣʷ. ɿʦʣʴ 

ʧʝʨʝʚʦʜʠʣʠ ʚ ʛʝʣʴ ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʩʤʝʩʠ ʦʢʩʠʜʘ ʧʨʦʧʠʣʝʥʘ. ɻʝʣʴ 

çʩʦʩʪʘʨʠʚʘʣʠè ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʘ ʟʘʪʝʤ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʢʩʝʨʦʛʝʣʷ (ʪʠʧ ʛʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʠʟ ʧʦʨ ʫʜʘʣʝʥʘ ʞʠʜʢʦʩʪʴ). 

ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ  

(ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ (103-104 K). ʇʨʠ ʧʦʤʦʱʠ ʧʣʘʟʤʳ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʣʘʚʷʪʩʷ, ʠʩʧʘʨʷʶʪʩʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʘ ʟʘʪʝʤ 

ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ. ʇʨʠʤʝʥʝʥʠʝ ʧʣʘʟʤʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 
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ʟʘʨʦʜʳʰʝʡ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʠʭ ʨʦʩʪʘ. ʀʟ-ʟʘ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʡ ʚ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚ ʧʦʣʫʯʘʶʱʠʭʩʷ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʨʘʚʥʦʚʝʩʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʩʦʩʪʘʚʘ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʥʘʥʦʯʘʩʪʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʳ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʘʶʱʠʭʩʷ ʥʘʥʦʯʘʩʪʠʮ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʟʘ (ʥʘʧʨʠʤʝʨ, ʦʭʣʘʞʜʝʥʠʷ ʧʣʘʟʤʳ) [5]. 

ʊʘʢ ʚ ʨʘʙʦʪʝ [53] ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʦʜʥʦʬʘʟʥʳʭ 

ʩʬʝʨʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ Pt0,53Cr0,47, Pt0,56Ta0,44, Pt0,69V0,31, Pt0,71Fe0,29 ʠ Pt0,72Al0,28 (ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ 5-12 ʥʤ), ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʥʪʝʨʝʩʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʦʣʘ. ɼʣʷ ʵʪʦʛʦ ʛʦʪʦʚʠʣʠ ʦʜʥʦʨʦʜʥʳʝ ʩʤʝʩʠ 

ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʧʦʤʝʱʘʣʠ ʠʭ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʟʘʧʦʣʥʷʣʠ ʚʦʜʦʨʦʜʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʛʝʥʝʨʘʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ 

ʧʣʘʟʤʳ. ɺ ʧʣʘʟʤʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʯʘʩʪʠʮʳ HÅ, H- ʠ H2*, ʦʙʣʘʜʘʶʱʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʝʨʝʭʦʜʫ ʤʝʪʘʣʣʦʚ ʚ 

ʥʫʣʴʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘʥʦʩʧʣʘʚʦʚ.  

ʄʝʭʘʥʠʯʝʩʢʠʡ/ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ  

(ʬʠʟʠʯʝʩʢʠʡ/ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʤʘʣʳʚʘʥʠʷ ʠ ʜʨʦʙʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʧʦʤʝʱʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʳʝ 

ʙʘʨʘʙʘʥʥʦ-h ʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʘʣʳʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ), 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ. ʅʘ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʶ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʟʘʛʨʫʟʢʘ ʨʝʘʛʝʥʪʦʚ ʠ ʠʭ 

ʩʦʦʪʥʦʰʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [7]. 

ʅʘʥʦʩʧʣʘʚ Fe88Co12 ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ [54] ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʧʦʨʦʰʢʦʚ 

ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʚ ʟʘʜʘʥʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʣʘʚʣʝʥʠʝʤ ʚ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʝ ʧʨʠ ʧʦʤʦʱʠ ʰʘʨʦʚ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ. ʈʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 

30-40 ʥʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʉʭʦʞʠʤ ʦʙʨʘʟʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʤʝʰʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʦʰʢʦʚ Fe ʠ Ni ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʙʳʣ ʧʦʣʫʯʝʥ 

ʥʘʥʦʩʧʣʘʚ Fe50Ni50 [55]. 
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ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ  

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ  

(ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

ɺ ʪʝʢʫʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʤʝʥʥʦ ʵʪʦʪ ʧʦʜʭʦʜ, ʧʦʵʪʦʤʫ ʦʩʪʘʥʦʚʠʤʩʷ 

ʥʘ ʥʝʤ ʧʦʜʨʦʙʥʝʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʤʝʪʘʣʣʘ, ʘ ʠʤʝʥʥʦ ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ (ɼʂʉ) ï ʩʦʣʝʡ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤ ʢʘʪʠʦʥʦʤ ʠ ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʠʦʥʦʤ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʳ ʚ 

ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ, ï ʠʣʠ ʞʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʤʝʪʘʣʣʘ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʠʭ ʧʦʣʫʯʝʥʠʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ 

ʦʢʘʟʳʚʘʶʪʩʷ ʩʤʝʰʘʥʥʳʤʠ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦ 

ʧʦʣʫʯʘʪʴ ʙʠ- ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʨʘʟʤʝʨʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ (200-400 Áʉ). 

ʊʘʢʞʝ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʩʤʝʰʘʚ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʘʣʣʳ, ʠ 

ʧʨʦʢʘʣʠʚ ʠʭ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ɺʪʦʨʦʡ ʵʪʘʧ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ɼʂʉ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩʫʥʦʢ 7).  

 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. 
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ʅʘ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ: ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʘʪʤʦʩʬʝʨʘ 

ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ. ʈʘʟʙʝʨʝʤ ʚʣʠʷʥʠʝ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ. 

o ɺʣʠʷʥʠʝ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [56] ʙʳʣ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ 

[Pd(NH3)4]CrO4 (ɼʂʉ-ʧʦʜʦʙʥʦʝ ʩʦʝʜʠʥʝʥʠʝ) ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʜʦ 800 Áʉ ʙʳʣ ʧʦʣʫʯʝʥ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Pd0,85Cr0,15 ʚ ʩʤʝʩʠ ʩ Cr2O3. ɸ 

ʚ ʨʘʙʦʪʝ [57] ʚ ʢʘʯʝʩʪʚʝ ʩʦʝʜʠʥʝʥʠʷ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ Pd-Cr ʙʨʘʣʠ ɼʂʉ [Cr(NH3)5Cl][Pd(C2O4)2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʞʝ ʥʝ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 

ʚʭʦʞʜʝʥʠʷ ʭʨʦʤʘ ʚ ʨʝʰʝʪʢʫ ʧʘʣʣʘʜʠʷ: ʚ ʭʦʜʝ ʨʘʟʣʦʞʝʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ Pd ʠ Cr2O3. 

o ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ. 

ɺ ʨʘʙʦʪʝ [58] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ 

[RuNO(NO2)4OHNi(en)2] ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 400 Áʉ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10 K/ʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ni0.39Ru0.61 ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ Ni. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʜʦ 1 K/ʤʠʥ, ʪʦ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʜʥʦʬʘʟʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ni0,50Ru0,50. 

o ɺʣʠʷʥʠʝ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ. 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ 

[Pt(NH3)4]CrO4 ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ [56] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʛʨʝʚ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 600 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Pt0,78Cr0,22, ʘ 

ʧʦʚʳʰʝʥʠʝ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 800 Áʉ ï ʢ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Pt3Cr. 

o ɺʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ {[Rh(H2O)2(C2O4)ɛ-(C2O4)]2Ni(H2O)2}Ŀ6H2O ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʪʤʦʩʬʝʨʳ [59]. ʊʘʢ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ, ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʦʢʩʠʜʦʚ NiO ʠ Rh2O3 (300 Áʉ), ʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

1000 Áʉ ʩ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʘʟʳ RhNi2O4 ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ 
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ʷʚʣʷʝʪʩʷ ʦʜʥʦʬʘʟʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Rh0,67Ni0,33 (ʧʨʠ 300 Áʉ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʠ 400 Áʉ ʚ ʠʥʝʨʪʥʦʡ). 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ, 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʤʦʨʬʦʣʦʛʠʝʡ. ʆʜʥʘʢʦ, ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʪʨʦʣʝʤ ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʘʶʱʠʭʩʷ 

ʥʘʥʦʯʘʩʪʠʮ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʩ ʪʦʯʥʦ 

ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

1.3. ʀʟʚʝʩʪʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ɼʂʉ ʩ ʠʟʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʦʥʘʤʠ 

ɺ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʨʠʠ ɼʂʉ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʠʦʥʦʤ [Cu(C2O4)2]2- 

ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ [M(NH3)5Cl]2+, [M(NH3)6]3+ ʠ [M(en)3]3+ (M = Co, Rh, Ir). 

ʆʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʝ ʥʘ ʧʨʠʤʝʨʘʭ ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ɼʂʉ ʩ ʵʪʠʤʠ ʢʘʪʠʦʥʘʤʠ ʠ 

ʘʥʠʦʥʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ, ʘ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʜʘʥʦ ʚ ʪʨʝʭ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʜʨʘʟʜʝʣʘʭ.  

 

ʈʠʩʫʥʦʢ 8. ʉʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ [Cu(H2O)(C2O4)2]2- (ʚʝʨʭʥʠʡ 

ʨʷʜ, ʩʣʝʚʘ), [Cu(H2O)2(C2O4)2]2- (ʚʝʨʭʥʠʡ ʨʷʜ, ʩʧʨʘʚʘ), [Co(NH3)5Cl]2+ (ʥʠʞʥʠʡ ʨʷʜ, ʩʣʝʚʘ), 

[Co(NH3)6]3+ (ʥʠʞʥʠʡ ʨʷʜ, ʧʦʩʝʨʝʜʠʥʝ), [Co(en)3]3+ (ʥʠʞʥʠʡ ʨʷʜ, ʩʧʨʘʚʘ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʜʣʷ ʚʩʝʭ ʣʠʛʘʥʜʦʚ (ʢʨʦʤʝ ʚʦʜʳ) ʥʝ ʧʨʠʚʝʜʝʥʳ. 
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1.3.1. ɼʂʉ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʠʦʥʦʤ [Cu(C2O4)2]2ï 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʥʝ ʪʘʢ ʤʥʦʛʦ ʙʠʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʚ ʘʥʠʦʥʥʦʡ ʩʬʝʨʝ ʠʦʥ [Cu(C2O4)2]2-. ɺ ʨʘʙʦʪʝ [60] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ Ba[Cu(C2O4)2H2O]Ā5H2O ʢʦʪʦʨʫʶ ʘʚʪʦʨʳ ʨʘʙʦʪʳ 

ʦʪʥʝʩʣʠ ʢ ɼʂʉ-ʧʦʜʦʙʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ, ʪʘʢ ʢʘʢ ʬʦʨʤʘʣʴʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʙʘʨʠʷ ʩʦʩʪʘʚʣʷʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʤʝʩʠ 

He/O2 ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 950 Áʉ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5 ʂ/ʤʠʥ) ʩ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ BaCuO2, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ BaCO3 ʠ CuO.  

ʂʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ [Ba(H2O)5][Cu(C2O4)2H2O] ʫʞʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʨʘʥʝʝ [61], ʦʜʥʘʢʦ 

ʥʝ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʘ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚ ʘʪʤʦʩʬʝʨʝ ʩʫʭʦʛʦ ʘʟʦʪʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 ʂ/ʤʠʥ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʦʜʥʦʬʘʟʥʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʠʜʘ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ, 

ʩʦʜʝʨʞʘʱʝʡ Ba ʚ ʢʘʪʠʦʥʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʣʠ ʦʙʱʝʛʦ 

ʩʦʩʪʘʚʘ M[Cu(C2O4)2]ĿnH2O (M = Ca, Sr; n = 2, 4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ɺʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʜʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥ 

[Cu(C2O4)2]2-, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʀʥʩʪʠʪʫʪʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ. ɺ 

ʨʘʙʦʪʝ [62] ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 

[M(NH3)4][Cu(C2O4)2]Ŀ3H2O (M = Pd, Pt). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ. ɸ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [63] ʧʦʣʫʯʠʣʠ ʩʦʣʴ 

[Au(en)2]2[Cu(C2O4)2]3Ŀ8H2O. ʉʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ, ʘ ʠʟʫʯʝʥʠʝ 

ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʘʭ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Au0,4Cu0,6. ʅʝʤʥʦʛʦ ʧʦʟʜʥʝʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʩʦʣʠ [Au(en)2]2[Cu(C2O4)2]3Ŀ8H2O, 

ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʦʢʩʠʜ ʮʝʨʠʷ CeO2, ʥʘʥʦʩʧʣʘʚ Au0,4Cu0,6 ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

(PROX) CO ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʟʦʣʦʪʦʤ [64]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʞʝ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ɼʂʉ [Co(NH3)6]2[Cu(C2O4)2]3Ŀ6H2O, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [65]. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʳʜʝʣʠʪʴ ʜʘʥʥʫʶ ʩʦʣʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʝ 

ʫʜʘʣʦʩʴ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ [Co(NH3)6]2(C2O4)3Ŀ4H2O, ʧʦʵʪʦʤʫ 

ʪʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʣʷ ʩʤʝʩʠ [Co(NH3)6]2[Cu(C2O4)2]3Ŀ6H2O ʠ 

[Co(NH3)6]2(C2O4)3Ŀ4H2O. ɸ ʚ ʨʘʙʦʪʝ [66] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ 
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ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ [Ru(NH3)5Cl][Cu(C2O4)2H2O]. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 Áʉ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ, ʙʳʣ ʧʦʣʫʯʝʥ ʦʜʥʦʬʘʟʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

Cu0,12Ru0,88, ʢʦʪʦʨʳʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 

ʢʦʥʚʝʨʩʠʠ CO. ʇʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ [66] ʧʦʩʣʫʞʠʣʘ ʦʜʥʦʡ ʠʟ ʧʨʝʜʧʦʩʳʣʦʢ ʢ ʪʝʢʫʱʝʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ. 

ɺʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʘʥʠʦʥ [Cu(C2O4)2]2- ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʠʡ ʢʚʘʜʨʘʪ ʩ 

ʜʚʫʤʷ ʭʝʣʘʪʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʦʢʩʘʣʘʪ-ʠʦʥʘʤʠ, ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ ʠʩʢʘʞʝʥʥʦʡ 

ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ ʠʣʠ ʦʢʪʘʵʜʨʘ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʜʠ 4+1 ʠʣʠ 4+2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩʫʥʦʢ 8).  

1.3.2. ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ ʩ ʠʦʥʦʤ [M(NH3)5Cl]2+ (M = Co, Rh, Ir ) 

ɺʦ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʩʦʝʜʠʥʝʥʠʷʭ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʦ 

ʧʷʪʴ ʣʠʛʘʥʜʦʚ NH3 ʠ ʦʜʠʥ ʘʪʦʤ ʭʣʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʠʦʥ [M(NH3)5Cl]2+ (M = Co, Rh, 

Ir) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ, ʚʳʪʷʥʫʪʳʡ ʧʦ ʦʜʥʦʡ ʚʝʨʰʠʥʝ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʝʡ ʜʣʠʥʳ 

ʩʚʷʟʠ M-Cl ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʷʤʠ M-N (ʨʠʩʫʥʦʢ 8). ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʜʚʦʡʥʳʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥ [M(NH3)5Cl]2+ (M = Co, Rh, Ir) ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ.  

ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʦʣʠ ʩʦʩʪʘʚʘ [M(NH3)5Cl]x[MôHaly]Clz (Hal = Cl, 

Br). ɺ ʨʘʙʦʪʝ [67] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ 

[Rh(NH3)5Cl][MCl6] (M = Re, Os, Ir), ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʣʦ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʜʥʦʬʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Rh0,5M0,5 (H2, 5 ʂ/ʤʠʥ, 550 Áʉ). 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʚ ʩʠʩʪʝʤʘʭ 

ñIr-Irò [68] ʠ ñCo-Irò [69]. ɺ ʨʘʙʦʪʝ [70] ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [M(NH3)5Cl]2[IrCl 6]Cl2 (M = Co, Rh, Ir) ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [Rh(NH3)5Cl]2[IrCl 6]Cl2 ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (H2, 700 Áʉ, 

10 ʂ/ʤʠʥ) ʠ ʠʥʝʨʪʥʦʡ (He, 450 Áʉ, 10 ʂ/ʤʠʥ) ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʦʜʥʦʬʘʟʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Rh0,66Ir0,33. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʣʠ 

[Ir(NH 3)5Cl][MCl 6]Cl2 (M = Re, Os) [71, 72], ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʚʤʝʩʪʦ ʭʣʦʨʘ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʙʨʦʤ, ʘ ʠʤʝʥʥʦ [M(NH3)5Cl][MôBr6] (M = Rh, Ir; Mô = Re, Ir) [73, 74]. 

ʉʦʝʜʠʥʝʥʠʝ [Ir(NH3)5Cl][PtCl4] ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʚ 

1993 ʛʦʜʫ [75]. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʣʝʡ [M(NH3)5Cl][MôCl4] 

(M = Co, Rh, Ir; Mô = Pd, Pt) [76, 77] ʠ ʩʝʨʠʷ [M(NH3)5Cl][MôBr4] (M = Co, Rh, Ir; Mô = Pd, 
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Pt) [78], ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʜʥʦʬʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʵʢʚʠʘʪʦʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ. 

ʂʨʦʤʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʙʦʪʝ [79] ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩʦʣɹ [Ir(NH3)5Cl]2[PtCl6]Cl2. ɸ ʥʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʧʦʟʜʥʝʝ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʨʦʜʠʝʤ [Rh(NH3)5Cl]2[PtCl6]Cl2 [80], ʘ ʪʘʢʞʝ 

ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [Rh(NH3)5Cl][PtBr6], ʢʦʪʦʨʦʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʙʝʟ 

ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘ [81]. 

ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ɼʂʉ-ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Co, Rh ʠ Ir ʩ ʤʝʪʘʣʣʘʤʠ 

ʰʝʩʪʦʡ ʛʨʫʧʧʳ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʣʠ [Co(NH3)5Cl]MO4 (M = Mo, W) [82], 

[Rh(NH3)5Cl]MO4 (M = Mo [83], W [84]) ʠ [Ir(NH3)5Cl]MO4 (M = Mo, W) [85]. ʊʘʢ ʢʘʢ ʚʩʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ [Rh(NH3)5Cl](WO4)x(MoO4)1ïx (x = 0, 0,5, 1) [83] ʠ 

[Ir(NH3)5Cl]x[Rh(NH3)5Cl]1ïxMO4 (x = 0,5, 1; M = Mo, W) [85]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʦʪʜʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ɼʂʉ ʩ ʠʥʪʝʨʝʩʫʶʱʠʤʠ ʥʘʩ ʢʘʪʠʦʥʘʤʠ, ʘ ʠʤʝʥʥʦ: [M(NH3)5Cl]ReO4 (M = Co, Rh, Ir) [86], 

[Rh(NH3)5Cl]2[Re6S8(CN)6]Ŀ3H2O [87] ʠ [Rh(NH3)5Cl][AuCl 4]ClĿ0,5H2O [88], ʪʝʨʤʠʯʝʩʢʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʦʜʥʦʬʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʊʘʢʞʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ [Co(NH3)5Cl](MnO4)2 [89], 

ʨʘʟʣʘʛʘʶʱʘʷʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʰʧʠʥʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʠ 

[M(NH3)5Cl][Ni(CN)4] (M = Co, Rh) [90], ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ. 

1.3.3. ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ ʩ ʠʦʥʦʤ [M(NH3)6]3+ (M = Co, Rh, Ir ) 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʩ ʠʦʥʦʤ [M(NH3)6]3+ (M = Co, Rh, Ir) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ ʢʦʙʘʣʴʪ. ʆʜʥʠ ʠʟ ʨʘʥʥʠʭ 

ʨʘʙʦʪ ʚ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʧʦʩʚʷʱʝʥʳ ʧʦʣʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

[Co(NH3)6][MxCly]: [Co(NH3)6][CuCl5], [Co(NH3)6][CdCl5], [Co(NH3)6][ZnCl5] ʠ 

[Co(NH3)6][ZnCl4(NO3)] [91]; [Co(NH3)6]4[Cu5Cl17] [92]; [Co(NH3)6][ZnCl4]Cl [93]; 

[Co(NH3)6][HgCl5] [94] ʠ [Co(NH3)6][AuHal4]Hal2 (Hal = Cl, Br) [95].  

ɺ ʗʧʦʥʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ɼʂʉ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ [Co(NH3)6][Nd(SO4)3] [96] ʠ 

[Co(NH3)6]A3[Ln(SO4)3]2 (A = NH4, Rb; Ln = La, Ce, Pr) [97].  

ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ɼʂʉ ʩ ʢʦʤʧʣʝʢʩʥʳʤ 

ʠʦʥʦʤ [M(NH3)6]3+ (M = Co, Rh, Ir), ʩʦʩʪʘʚʣʷʶʪ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʦʣʝʡ [M(NH3)6][MôL] 
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(M = Co, Rh, Ir; Mô = Co, Rh, Ir, Fe, Cr; L = (C2O4)3, (CN)6, (NCS)6) [90, 98ï106], ʧʨʠʯʝʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʀʥʩʪʠʪʫʪʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʝʩʪʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ [Co(NH3)6]2[Cu(C2O4)2]3 [65], [Co(NH3)6][Cr(NCS)6] [107], 

[Co(NH3)6]Cl2(MnO4) [89], [Co(NH3)6]5[HV10O28]3Ŀ18H2O ʠ [Co(NH3)6][V2O6OH] [108]. 

1.3.4. ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ ʩ ʠʦʥʦʤ [M(en)3]3+ (M = Co, Rh, Ir ) 

ʇʨʠʤʝʨʦʚ ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʠʦʥʦʤ [M(en)3]3+ (M = Co, 

Rh) ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʩʦʚʩʝʤ ʥʝʤʥʦʛʦ. ʇʨʠ ʵʪʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʪ 

ʩʠʩʪʝʤʥʦʩʪʠ, ʪ.ʝ. ʩʦʩʪʘʚ ʘʥʠʦʥʥʳʭ ʯʘʩʪʝʡ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʟʥʳʡ, ʘ ʜʣʷ ɼʂʉ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤ ʠʦʥʦʤ [Ir(en)3]3+ ʚ ʧʨʠʥʮʠʧʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʨʘʙʦʪ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʢʦʙʘʣʴʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ [Co(en)3][NpO4(OH)2]Ŀ5H2O [109], 

[Co(en)3]x[Fe(CN)6]yĿnH2O (x, y = 1, n = 0, 1 [110], 2 [111]; x = 4, y = 3, n = 15 [111], 13 [102]), 

[Co(en)3]1/3[In(C2O4)2]Ŀ3,5H2O [112], [Co(en)3](ReO4)3 [113], [Co(en)3][Zn4(HPO3)5(H2PO3)] 

[114] ʠ [Co(en)3]4[Mo2Mo14V16O80(PO4)2]Ŀ10H2O [115]. ɸ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʩʦʣʝʡ ʩ 

ʨʦʜʠʝʤ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʦʝʜʠʥʝʥʠʷ [Rh(en)3][Mn(N)(CN)5]ĿH2O [116] ʠ 

[Rh(en)3]2[Pd(NO2)4]3 [117]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʫʢʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʩʣʝʜʥʝʡ 

ʩʦʣʠ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ -ɹAl2O3-ZrO2, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʝʭʤʘʨʰʨʫʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ [M(en)3]3+ (M = Co, Rh) ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʭʝʣʘʪʥʦ-ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʣʣʦʤ ʤʦʣʝʢʫʣ ʵʪʠʣʝʥʜʠʘʤʠʥʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ 

ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ (ʨʠʩʫʥʦʢ 8). 

1.4. ʄʝʪʘʩʪʘʙʠʣʴʥʳʝ ʥʘʥʦʩʧʣʘʚʳ 

ʄʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ɻʪʦ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʅʘ ʩʭʝʤʘʪʠʯʥʦʤ 

ʨʠʩʫʥʢʝ 9 ʧʦʢʘʟʘʥʦ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʘ 

ʧʝʨʝʡʜʝʪ ʠʟ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (1) ʚ ʩʦʩʪʦʷʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

(3). ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʘʢʞʝ ʧʦʤʠʤʦ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʝʩʪʴ ʝʱʝ 

ʥʝʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (2), ʠʟ ʢʦʪʦʨʦʛʦ ʩʠʩʪʝʤʘ ʚʳʡʜʝʪ ʧʨʠ ʤʘʣʝʡʰʝʤ ʚʦʟʜʝʡʩʪʚʠʠ.  
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ʈʠʩʫʥʦʢ 9. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʚ  

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ (ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ (1), ʥʝʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (2) ʠ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ (3)). 

 

ʄʝʪʘʩʪʘʙʠʣʴʥʳʝ ʥʘʥʦʩʧʣʘʚʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʩʠʥʪʝʟʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʤʝʪʘʣʣʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʙʳʩʪʨʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ [118]. ʇʦʣʫʯʝʥʠʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʥʘʥʦʩʧʣʘʚʦʚ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ) ʚʦʟʤʦʞʥʦ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [8] 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ IrxCu1-x (x = 0,19, 0,44 ʠ 0,71) ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʠʦʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʨʘʩʪʚʦʨʘ ʩʦʣʝʡ Ir(OAc)3 ʠ Cu(HCO2)2Ŀ4H2O, ʘ ʚ ʨʘʙʦʪʝ [9] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʜʭʦʜʘ ʠʟ ʨʘʩʪʚʦʨʘ Rh(C2H3O2)3 ʠ CuCl2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ RhxCu1-x (x = 0,17, 0,50, 0,69 ʠ 0,81). ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʝʰʠʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʧʣʘʚʦʚ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʣʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ 

[119], ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ [58], ʩʠʥʪʝʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ [120], ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʟʨʳʚ ʧʨʦʚʦʜʥʠʢʦʚ [121] ʠ 

ʜʨʫʛʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʩʠʥʪʝʟʝ ʥʘʥʦʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʦʙʲʝʢʪʳ ʩ ʫʥʠʢʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ 

ʜʝʬʝʢʪʥʳʭ ʩʠʩʪʝʤ ʩ ʠʟʙʳʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʠʟʤʝʥʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ [122]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʦʡ ʬʘʟʳ.  
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ɿʘʯʘʩʪʫʶ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ ʧʨʦʷʚʣʷʶʪ ʫʣʫʯʰʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʘʙʠʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩʚʦʡʩʪʚʘ. ʊʘʢ ʚ ʨʘʙʦʪʝ [123] ʧʦʣʫʯʝʥʥʳʡ ʥʘʥʝʩʝʥʥʳʡ ʥʘ 

ʘʤʦʨʬʥʳʡ ʘʣʶʤʦʩʠʣʠʢʘʪ ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ ʥʘʥʦʩʧʣʘʚ Ir0,49Pd0,51 ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʦʢʠʩʣʝʥʠʷ CO ʚ ʠʟʙʳʪʢʝ H2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ Ir ʠ Pd. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Pd ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 

ʩʦʨʙʠʨʦʚʘʣʩʷ ʚʦʜʦʨʦʜ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜʘ PdHx), ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʝʘʛʠʨʦʚʘʣ ʩ ʢʠʩʣʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʳ ʠ ʧʦʜʘʚʣʷʣ ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ CO, ʘ 

Ir ʠ ʚʦʚʩʝ ʙʳʣ ʥʝʘʢʪʠʚʝʥ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʣʘʚʘ Ir0,49Pd0,51 ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʨʙʮʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ CO. ʏʫʪʴ 

ʧʦʟʞʝ ʚ ʵʪʦʡ ʞʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʥʘʥʦʩʧʣʘʚʳ RhPd ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʦʜʠʷ ʙʦʣʝʝ 50 ʘʪ.%, ʢʘʢ ʠ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ir0,49Pd0,51, ʥʝ ʧʦʛʣʦʱʘʶʪ ʚʦʜʦʨʦʜ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʪʘʢʞʝ ʜʝʣʘʝʪ ʵʪʫ ʩʠʩʪʝʤʫ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ [124]. ɸ ʚ ʨʘʙʦʪʝ [125] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʥʘʙʦʨ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ PdxRu1-x (x = 0,1, 0,3, 0,5, 0,7 ʠ 0,9), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Pd0,5Ru0,5 ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ CO ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ Ru, Rh, Pd, ʘ 

ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ Ru ʠ Pd.  

1.5. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʠ ʧʨʘʚʠʣʦ ʈʝʪʛʝʨʩʘ ʜʣʷ ʩʠʩʪʝʤ M-Cu (M = Co, Rh, Ir ) 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʤʝʜʴ, ʨʦʜʠʡ ʠ ʠʨʠʜʠʡ ʦʙʣʘʜʘʶʪ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

(ɻʎʂ) ʨʝʰʝʪʢʦʡ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʙʘʣʴʪ ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ: Ŭ-Co ʩ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʦʡ (ɻʇʋ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = 2,505 ¡ ʠ c = 4,089 ¡ ʠ 

ɓ-Co ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ (a = 3,545 ¡). ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ Ŭ-Co Ҧ ɓ-Co ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 425 Áʉ.  

ʊʘʢ ʢʘʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʚʩʝʭ ʯʝʪʳʨʝʭ ʤʝʪʘʣʣʦʚ (ʜʣʷ Co ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʳʰʝ 425 Áʉ) ʦʜʠʥʘʢʦʚʳʝ (ɻʎʂ), ʠʭ ʘʪʦʤʥʳʝ ʨʘʜʠʫʩʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 15%, ʘ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ (ʨʘʟʣʠʯʠʝ ʥʝ ʙʦʣʝʝ 0,2-0,4) 

(ʪʘʙʣʠʮʘ 1), ʪʦ, ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʖʤ-ʈʦʟʝʨʠ, ʚ ʩʠʩʪʝʤʘʭ M-Cu (M = Co, Rh, Ir) ʚʦʟʤʦʞʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʙʨʘʪʠʤʩʷ ʢ ʬʘʟʦʚʳʤ ʜʠʘʛʨʘʤʤʘʤ ʜʣʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 
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ʊʘʙʣʠʮʘ 1. ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʪʘʣʣʦʚ Co, Rh, Ir, Cu. 

ʄʝʪʘʣ ʊʠʧ ʨʝʰʝʪʢʠ 
ɸʪʦʤʥʳʡ 

ʨʘʜʠʫʩ, ʧʤ 

ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ 

(ʰʢʘʣʘ ʇʦʣʠʥʛʘ) 

ʄʝʜʴ ɻʎʂ 128 1,90 

ʂʦʙʘʣʴʪ ɻʎʂ (T > 425Áʉ) 125 1,88 

ʈʦʜʠʡ ɻʎʂ 134 2,28 

ʀʨʠʜʠʡ ɻʎʂ 136 2,20 

 

ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Co-Cu ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʤʫ ʪʠʧʫ (ʨʠʩʫʥʦʢ 

10, ʩʣʝʚʘ). ʄʝʪʘʣʣʳ Co ʠ Cu ʦʛʨʘʥʠʯʝʥʥʦ ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 400 Áʉ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʝʜʠ ʚ ʢʦʙʘʣʴʪʝ ʩʦʩʪʘʚʣʷʝʪ 16,9 

ʘʪ.% (1351 Áʉ), ʘ ʢʦʙʘʣʴʪʘ ʚ ʤʝʜʠ ï 8,1 ʘʪ.% (1113 Áʉ) [126]. 

 

ʈʠʩʫʥʦʢ 10. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Co-Cu (ʩʣʝʚʘ) [127]. 

ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʘ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ 

ʝʜʠʥʠʮʫ, ʦʪ ʩʦʜʝʨʞʘʥʠʷ Cu (ʘʪ.%) ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ CoxCu1-x (ʩʧʨʘʚʘ). 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʘʣʣʦʚ AxB1-x ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʚʠʣʦ 

ʈʝʪʛʝʨʩʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʙʲʝʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦʣʞʝʥ ʠʟʤʝʥʷʪʴʩʷ ʘʜʜʠʪʠʚʥʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʦʩʪʘʚʘ [128]. ɺ ʨʘʩʯʝʪʘʭ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝ V/Z, ʪʦ ʝʩʪʴ 

ʦʙʲʝʤ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʦʜʠʥ ʘʪʦʤ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ɻʎʂ ʨʝʰʝʪʢʠ Z = 4, ʘ ʜʣʷ ɻʇʋ ʨʝʰʝʪʢʠ 

Z = 2): (V/Z)AB = x(V/Z)A+(1-x)(V/Z)B. ɼʣʷ ʤʥʦʛʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʘʣʣʦʚ ʟʘʯʘʩʪʫʶ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [129]. 
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ʅʘ ʨʠʩʫʥʢʝ 10 (ʩʧʨʘʚʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʦʜʠʥ ʘʪʦʤ, ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ CoxCu1-x, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʪʘʙʣʠʮʘ 2). ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʨʘʚʠʣʘ ʈʝʪʛʝʨʩʘ.  

 

ʊʘʙʣʠʮʘ 2. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. 

 
ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʉʩʳʣʢʘ ʥʘ 

ʠʩʪʦʯʥʠʢ 
a, ¡ V/Z 

Co 3,545 11.14 [130] 

Co0.52Cu0.48 3,58 11.47 [131] 

Cu 3,615 11.81 [132] 

 

ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʡ (ʨʠʩʫʥʦʢ 11, ʩʣʝʚʘ) ʩʠʩʪʝʤʘ Rh-Cu ʦʙʣʘʜʘʝʪ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʩʤʝʰʠʚʘʝʤʦʩʪʴʶ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʥʝʧʨʝʨʳʚʥʳʡ 

ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1050-1082 Áʉ, ʦʜʥʘʢʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʣʦʝʥʠʝ ʥʘ ʜʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʠ ʨʦʜʠʷ 

(ʙʠʥʦʜʘʣʴʥʳʡ ʨʘʩʧʘʜ).  

 

ʈʠʩʫʥʦʢ 11. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Rh-Cu (ʩʣʝʚʘ) [127]. 

ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʘ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ 

ʝʜʠʥʠʮʫ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Rh ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ RhxCu1-x (ʩʧʨʘʚʘ). 
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ʇʨʠ 1000 Áʉ ʦʙʣʘʩʪʴ ʨʘʩʩʣʦʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 35-75 ʘʪ.% ʨʦʜʠʷ, ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʨʘʩʰʠʨʷʝʪʩʷ ʜʦ 23-93 ʘʪ.% ʨʦʜʠʷ [126]. ʅʘ ʨʠʩʫʥʢʝ 11 

(ʩʧʨʘʚʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʦʜʠʥ ʘʪʦʤ, ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʨʦʜʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ RhxCu1-x, 

ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʪʘʙʣʠʮʘ 3). ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʨʘʚʠʣʘ ʈʝʪʛʝʨʩʘ. 

 

ʊʘʙʣʠʮʘ 3. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. 

 
ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʉʩʳʣʢʘ ʥʘ 

ʠʩʪʦʯʥʠʢ 
a, ¡ V/Z 

Cu 3,615 11,81 [132] 

Rh0,10Cu0,90 3,639 12,05 

[133] 

Rh0,25Cu0,75 3,675 12,41 

Rh0,35Cu0,65 3,697 12,63 

Rh0,50Cu0,50 3,727 12,94 

Rh0,60Cu0,40 3,747 13,15 

Rh0,70Cu0,30 3,765 13,34 

Rh0,85Cu0,15 3,787 13,58 

Rh 3,803 13,75 [134] 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʦʡ (ʨʠʩʫʥʦʢ 12, ʩʣʝʚʘ) ʩʠʩʪʝʤʳ Cu-Ir ʤʝʪʘʣʣʳ 

ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʚʟʘʠʤʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʯʪʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝ 

ʧʦʭʦʞʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʦʙʘʣʴʪʘ ʩ ʨʦʜʠʝʤ, ʚʭʦʜʷʱʠʭ ʚ ʪʫ ʞʝ ʛʨʫʧʧʫ, ʯʪʦ ʠ ʠʨʠʜʠʡ. ɺ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ IrxCu1-x ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʨʠʜʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

1138 Áʉ (~8 ʘʪ.%), ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʭʦʞʜʝʥʠʝ ʤʝʜʠ ʚ ʩʦʩʪʘʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʨʠʜʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 1850 Áʉ (~6 ʘʪ.%). ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘ ʨʠʩʫʥʢʝ 12 (ʩʧʨʘʚʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʦʜʠʥ ʘʪʦʤ, ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʠʨʠʜʠʷ ʚ 
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ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ IrxCu1-x, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʪʘʙʣʠʮʘ 4). ɺ ʩʠʩʪʝʤʝ 

Ir-Cu ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʨʘʚʠʣʘ ʈʝʪʛʝʨʩʘ. 

 

ʈʠʩʫʥʦʢ 12. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Ir-Cu (ʩʣʝʚʘ) [127]. 

ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʘ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ 

ʝʜʠʥʠʮʫ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Ir ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ IrxCu1-x (ʩʧʨʘʚʘ). 

 

ʊʘʙʣʠʮʘ 4. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. 

 
ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʉʩʳʣʢʘ ʥʘ 

ʠʩʪʦʯʥʠʢ 
a, ¡ V/Z 

Cu 3,615 11,81 [132] 

Ir0,19Cu0,81 3,675 12,41 

[8] Ir0,44Cu0,56 3,730 12,97 

Ir0,71Cu0,29 3,779 13,49 

Ir 3,839 13,75 [135] 

 

1.6. ʂʘʪʘʣʠʟ ʥʘ ʩʠʩʪʝʤʘʭ M-Cu (M = Co, Rh, Ir ) 

o ʉʠʩʪʝʤʘ Co-Cu. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ 

Co-Cu, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʛʜʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʪʘ 

ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʫʝʪʩʷ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ï ʛʠʜʨʦʣʠʟ ʙʦʨʘʟʘʥʘ (NH3BH3). ɹʦʨʘʟʘʥ ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʆʥ ʩʦʜʝʨʞʠʪ 19,6 ʤʘʩʩ.% 
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ʚʦʜʦʨʦʜʘ, ʦʙʣʘʜʘʝʪ ʤʘʣʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ, ʥʝ ʪʦʢʩʠʯʝʥ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʣʝʛʢʦ 

ʭʨʘʥʠʪʴʩʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʙʦʨʘʟʘʥʘ (ʦʙʳʯʥʦ, 

ʩʦʜʝʨʞʘʱʠʝ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ), ʩʠʩʪʝʤʘ Co-Cu ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʟʘ ʩʯʝʪ 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʙʦʣʴʰʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʝ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʊʘʢ ʚ ʨʘʙʦʪʝ [136] ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʤʝʩʠ CoCl2Ŀ6H2O ʠ CuSO4Ŀ5H2O, ʥʘ 

Ni-ʧʝʥʫ ʙʳʣ ʧʦʣʫʯʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ CoCu/Ni (ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Co:Cu ï 

70:30) ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʘʪʴ ʚʦʜʦʨʦʜ ʠʟ ʙʦʨʘʟʘʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 2800 

ʤʣ/(ʤʠʥĿʛ), ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 5 ʨʘʟ ʣʫʯʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ Co/Ni ʠ 

Cu/Ni. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʨʘʙʦʪʝ [137] ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ CoCu/SiO2 (ʤʘʩʩʦʚʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ Co:Cu ï 40:60), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ Co(NO3)2Ŀ6H2O ʠ Cu(NO3)2Ŀ3H2O, ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʘʪʴ ʚʦʜʦʨʦʜ ʠʟ 

ʙʦʨʘʟʘʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 6570 ʤʣ/(ʤʠʥĿʛ). ʊʘʢʫʶ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ (1,8-7,3 ʥʤ), ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ CoCu, ʘ ʪʘʢʞʝ ʩ ʩʠʥʝʨʛʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʤʝʞʜʫ Co ʠ Cu. 

ɸ ʚ ʨʘʙʦʪʘʭ [138, 139] ɻʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ CoCu/SiO2 ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʤʝʪʘʣʣʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʚʦʜʦʨʦʜʘ ʠʟ ʙʦʨʘʟʘʥʘ ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʢʘʣʠʚʘʥʠʷ (ʫʩʣʦʚʠʷ 

ʪʝʨʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5) ʮʝʦʣʠʪʥʦʛʦ ʠʤʠʜʘʟʦʣʴʥʦʛʦ 

ʢʘʨʢʘʩʘ (ZIF), ʧʨʦʧʠʪʘʥʥʦʛʦ ʩʦʣʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ (Co(NO3)2Ŀ6H2O ʠ 

Cu(NO3)2Ŀ3H2O). ʇʨʠʯʝʤ ʢʘʪʘʣʠʟʘʪʦʨ CoCu/SiO2 (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Co:Cu = 0.8:0.2) 

[139] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʘʣʠ 

ʩ ʩʠʥʝʨʛʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʤʝʞʜʫ Co ʠ Cu, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴʶ SiO2 ᾴʦʛʨʘʥʠʯʠʚʘʪʴᾴ 

ʨʦʩʪ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. 

ɺʪʦʨʳʤ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʚ ʢʦʪʦʨʦʤ 

ʩʠʩʪʝʤʘ Co-Cu ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʩʧʠʨʪʦʚ (C3-C9) ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʚʘʞʥʘ ʢʘʢ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʯʠʩʪʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʪʘʢʞʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦ 

ʟʥʘʯʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ, ʪʝʨʤʠʥʘʣʴʥʳʝ C2+ ʩʧʠʨʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ʠ ʩʤʘʟʦʯʥʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʢ ʜʣʷ ʪʦʧʣʠʚʘ [140, 141]. ɺ ʨʘʙʦʪʘʭ [142] ʤʝʪʦʜʦʤ 

ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ (SiO2) ʩʦʣʷʤʠ Co(NO3)2Ŀ6H2O ʠ Cu(NO3)2Ŀ3H2O ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (ʧʦʜʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 5) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠ ̫ʦʢʩʠʜʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ CoCu/SiO2 ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ. ʉʨʝʜʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʢʘʪʘʣʠʟʘʪʦʨ 

CoCu/SiO2 (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Co:ʉu = 3:1) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʣʫʯʰʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʪʦʚ  

(C3-C9) [142].  

ʊʨʝʪʴʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʙʘʣʴʪ-ʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ï 

ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʈʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʶʱʠʝʩʷ ʚ 

ʵʪʠʭ ʨʝʘʢʮʠʷʭ, ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʢʘʨʩʪʚ, ʫʜʦʙʨʝʥʠʡ, 

ʧʘʨʬʶʤʝʨʠʠ ʠ ʢʨʘʩʠʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʯʘʩʪʫʶ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʪʘʨʪʦʚʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚʳʩʪʫʧʘʶʪ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, 

ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʄʝʪʦʜʦʤ 

ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ ʨʘʩʪʚʦʨʘʤʠ ʥʠʪʨʘʪʦʚ ʢʦʙʘʣʴʪʘ ʠ ʤʝʜʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʢʘʣʠʚʘʥʠʝʤ 

(675 ÁC, 3 ʯʘʩʘ, 5 K/ʤʠʥ, ʘʪʤʦʩʬʝʨʘ Ar) ʙʳʣʠ ʧʦʣʫʯʝʥʳ CoxCu1-x (0,99, 0,19, 0,09, 0,03, 0,01 

ʤʘʩʩ.%) ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ZIF, ʜʣʷ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ ʩ 

ʜʠʤʝʪʠʣʬʝʥʠʣʩʠʣʘʥʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ ʩʠʣʠʣʦʚʦʛʦ ʵʬʠʨʘ (C6H5OSiMe2Ph) 

[143]. ʉʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʦʙʨʘʟʝʮ ʩ x = 0,99, ʧʦʢʘʟʘʚʰʠʡ 60% ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʚ ʨʝʘʢʮʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ Co. ʇʦʣʫʯʝʥʥʳʝ ʩʭʦʞʠʤ 

ʦʙʨʘʟʦʤ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʚ ʧʦʣʳʝ ʢʘʨʢʘʩʳ ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʦʤ ʫʛʣʝʨʦʜʘ 

ʥʘʥʦʩʧʣʘʚʳ CoCu ʩ ʨʘʟʣʠʯʥʳʤ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ [144] ʧʦʟʚʦʣʠʣʠ 

ʧʨʦʚʝʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩʦ 100% ʢʦʥʚʝʨʩʠʝʡ ʬʫʨʬʫʨʦʣʘ ʠ 95,7% ʚʳʭʦʜʦʤ  

2-ʤʝʪʠʣʬʫʨʘʥʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (150 Áʉ, 1,5ʄʇʘ H2, 4 ʯʘʩʘ). ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʪʝʢʫʱʝʡ 

ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɸ ʚ ʨʘʙʦʪʝ [145] ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʤʝʜʠ ʢ Co/SiO2 (ʧʨʦʧʠʪʢʘ ʥʦʩʠʪʝʣʷ 

ʨʘʩʪʚʦʨʘʤʠ ʥʠʪʨʘʪʦʚ ʢʦʙʘʣʴʪʘ ʠ ʤʝʜʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

800 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʚ ʘʪʤʦʩʬʝʨʝ N2) ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʨʝʘʢʮʠʠ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ 4-ʥʠʪʨʦʭʣʦʨʙʝʥʟʦʣʘ ʜʦ 4-ʭʣʦʨʦʘʥʠʣʠʥʘ. ʉʨʝʜʠ 

ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ CoxCu1-x/SiO2 ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ (x = 0,26, 0,23, 0,19 
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ʤʦʣʴʥʘʷ ʜʦʣʷ) ʥʘʠʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʳʤ, ʩʪʘʙʠʣʴʥʳʤ ʠ ʘʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Co/SiO2 

ʦʢʘʟʘʣʩʷ ʢʘʪʘʣʠʟʘʪʦʨ ʩ x = 0,30. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʥʘʣʠʯʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ Co ʠ Cu, ʢʦʪʦʨʦʝ ʧʨʠʚʝʣʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʭ ʘʪʦʤʦʚ Co ʠ 

ʧʨʝʜʦʪʚʨʘʪʠʣʦ ʥʝʞʝʣʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʦʪʝʥʮʠʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʠʤʝʥʷʝʤʳʤ ʙʣʘʛʦʨʦʜʥʳʤ ʤʝʪʘʣʣʘʤ ʦʢʘʟʘʣʩʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ CoCu ʠ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʙʝʥʟʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʜʦ 

ʘʣʴʜʝʛʠʜʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [146] ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ 

(ʧʦʣʫʯʝʥʠʝ ʪʚʝʨʜʦʬʘʟʥʳʭ ʚʝʱʝʩʪʚ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʳ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 100 Áʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪʘ 

ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʩʦʣʝʡ CoCl2Ŀ6H2O ʠ CuCl2Ŀ2H2O ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʚʫʭʬʘʟʥʘʷ 

ʩʤʝʩʴ ʥʘʥʦʯʘʩʪʠʮ Co ʠ Cu ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 5-10 ʥʤ. ɼʘʥʥʘʷ ʜʚʫʭʬʘʟʥʘʷ 

ʩʠʩʪʝʤʘ ʦʢʘʟʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʣʝʛʢʦ ʨʝʛʝʥʝʨʠʨʫʝʤʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʝʥʟʠʣʦʚʳʭ ʩʧʠʨʪʦʚ.  ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʩʠʥʝʨʛʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʤʝʞʜʫ Co ʠ Cu, ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʚ ʙʳʩʪʨʦʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʬʦʨʤʘʤʠ Co3+ ʠ Cu+, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʤʝʪʘʣʣʦʚ ʩʦ ʩʧʠʨʪʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʧʨʠʚʦʜʷʱʝʤ ʢ ʨʝʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ Co2+. ʇʦʩʣʝʜʥʠʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʦʙʟʦʨʝ 

ʣʠʪʝʨʘʪʫʨʳ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʠʩʪʝʤʝ Co-Cu ʚ 

ʨʝʘʢʮʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [147]. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ Co(NO3)2Ŀ6H2O ʠ Cu(NO3)2Ŀ3H2O ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ CoxCuyOz (x/y = 3/1, 1/6, 1/3, 1/1, 2/1, 4/1, 5/1), ʩʨʝʜʠ ʢʦʪʦʨʳʭ Co3Cu1Oz 

ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʭʠʥʦʣʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 

60 Áʉ, ʠ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ï 1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥ ï ʩ 

ʚʳʭʦʜʦʤ 92%.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʛʜʝ ʩʠʩʪʝʤʘ Co-Cu ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʥʠ ʢ ʦʜʥʦʡ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʛʨʫʧʧ. 

ʊʘʢ ʚ ʨʘʙʦʪʝ [148] ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʙʫʤʘʛʫ ʠʟ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Co:Cu = 1:1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʚʳʰʝʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ Co ʠ Cu, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ NH3 ʠ ʦʩʪʘʚʘʷʩʴ ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʪʝʯʝʥʠʝ 12 ʮʠʢʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ [149] ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʥʘʥʦʯʘʩʪʠʮʳ CoCu ʪʠʧʘ ñ̫ ʜʨʦ-ʦʙʦʣʦʯʢʘò, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 
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ʩʠʥʪʝʟʘ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ CoCl2 ʠ Cu(CH3COO)2, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2 ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠ ̫ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʣʘʚʘ  ʚ ʩʠʩʪʝʤʝ Co-Cu. ɸ ʚ ʨʘʙʦʪʝ [150] ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ 

ZIF ʩʤʝʰʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʝʡ Co(NO3)2 ʠ Cu(NO3)2  ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʢʘʣʠʚʘʥʠʝʤ 

(750 ÁC, 2 ʯʘʩʘ, ʘʪʤʦʩʬʝʨʘ N2) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʩʠʩʪʝʤʝ Co-Cu (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ = 8:1, 3:1, 1:1, 1:3, 1:8), ʥʘʥʝʩʝʥʥʳʭ ʥʘ SiO2, ʜʣʷ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2. ʆʙʨʘʟʦʚʘʥʠʝ ʩʧʣʘʚʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʤʠʛʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʘ ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʝʮ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Co:Cu = 1:3, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʩʫʤʤʘʨʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʪʦʢ (ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʩʠʩʪʝʤʝ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʠʛʨʘʮʠʝʡ ɻ ʣʝʢʪʨʦʥʦʚ 

ʦʪ Co ʢ Cu) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ Co (ʚ 2,56 ʨʘʟ ʙʦʣʴʰʝ ʜʣʷ Co1Cu3/SiO2), ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠ ʁʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2. 

ɺ ʪʘʙʣʠʮʝ 5 ʩʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. 

 

ʊʘʙʣʠʮʘ 5. ʇʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ Co-Cu. 

ʊʠʧ ʥʘʥʦʯʘʩʪʠʮ ʈʘʟʤʝʨ,ʥʤ 
ʀʩʭʦʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʉʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ/ʥʦʩʠʪʝʣʴ 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ CoxCu100-x  
(x = 95, 90, 80, 70, 50 ʤʘʩʩ.%) [136] 

~20 
CoCl2Ŀ6H2O + 

CuSO4Ŀ5H2O 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ/Ni 

ʧʝʥʘ 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ CoxCu100-x  
(x = 20, 40, 60, 80 ʤʘʩʩ.%) [137] 

1,8ï7,3 
Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ3H2O 

ʩʦʚʤʝʩʪʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ/SiO2 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ CoCu [138] 600 
Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ3H2O 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (900 ÁC, 

2 ʯʘʩʘ, 2 K/ʤʠʥ, 

ʘʪʤʦʩʬʝʨʘ N2)/ZIF 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ Co0.8Cu0.2 [139] ~14,6 
Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ3H2O 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (600 ÁC, 

ʘʪʤʦʩʬʝʨʘ N2)/ZIF 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ Co5Cux  

(x = 2,5, 10 ʤʘʩʩ.%) [142] 

~7,5 (Co) 

~36,5 (Cu) 

(ʆʂʈ) 

Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ3H2O 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (400 ÁC, 

5 ʯʘʩʦʚ, 2 K/ʤʠʥ, ʥʘ 

ʚʦʟʜʫʭʝ)/SiO2 

ʅʘʥʝʩʝʥʥʳʝ ʩʤʝʰʘʥʥʳʝ ʦʢʩʠʜʳ CoxCu ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ  

(x = 1, 2, 3, 4 ʤʦʣ.%) [141] 

~5,9 
Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ3H2O 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (550 ÁC, 

4 ʯʘʩʘ ʚ ʘʪʤʦʩʬʝʨʝ N2, 
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2 ʯʘʩʘ ʥʘ 

ʚʦʟʜʫʭʝ)/ʤʝʟʦʧʦʨʠʩʪʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ SiO2  

(çKIT-6è) 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ  

CoxCu1-x (x = 0.99, 0.19, 0.09, 0.03, 

0.01 ʤʘʩʩ.%) + Cu ʥʘ ʥʦʩʠʪʝʣʝ [143] 

8-20 
Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ2.5H2O 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (675 ÁC, 

3 ʯʘʩʘ, 5 K/ʤʠʥ, 

ʘʪʤʦʩʬʝʨʘ Ar)/ZIF 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ CoCu  

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Co:Cu  

ʩʦʩʪʘʚʠʣʦ 15/1, 8/1 ʠ 5/1) [144] 

13ï42 
Co(NO3)2Ŀ6H2O + 

Cu(NO3)2 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ(500 ÁC, 

4 ʯʘʩʘ, 5 K/ʤʠʥ, 

ʘʪʤʦʩʬʝʨʘ H2)/ZIF 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ CoxCu1-x  

(x = 0,26, 0,23, 0,19 ʤʦʣʴʥʘʷ ʜʦʣʷ) [145] 

7,8-9,8 

(Co) 

6,2-10,5 

(Cu) 

Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ3H2O 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (800 ÁC, 

1 ʯʘʩ, 2 K/ʤʠʥ, 

ʘʪʤʦʩʬʝʨʘ N2)/SiO2 

ɼʚʫʭʬʘʟʥʘʷ ʩʤʝʩʴ ʥʘʥʦʯʘʩʪʠʮ CoCu [146] 5-10 
CoCl2Ŀ6H2O + 

CuCl2Ŀ2H2O 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

ʉʤʝʰʘʥʥʳʝ ʦʢʩʠʜʳ CoxCuyOz  

(x-y = 3-1, 1-6, 1-3, 1-1, 2-1,  

4-1, 5-1 ï ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ) [147] 

60-100 
Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ3H2O 

ʩʦʚʤʝʩʪʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʤʦʣʴʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Co:Cu = 1:1 [148] 
ï 

Co(NO3)2Ŀ6H2O + 

Cu(NO3)2Ŀ2.5H2O 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (300 ÁC, 

2 ʯʘʩʘ, ʥʘ 

ʚʦʟʜʫʭʝ)/ʪʨʝʭʤʝʨʥʳʡ 

ʥʦʩʠʪʝʣʴ (ʙʫʤʘʛʘ ʠʟ 

ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ) 

ʇʦʭʦʞʠʝ ʥʘ ʩʨʝʜʥʝʚʝʢʦʚʦʝ ʦʨʫʞʠʝ çɻʵè 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʪʠʧʘ 

ñ̫ ʜʨʦ-ʦʙʦʣʦʯʢʘò CoCu (ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ Co:Cu ʩʦʩʪʘʚʠʣʦ 0,5:9,5, 1:8, 

2:8 ʠ 3:7) [149] 

ï 
CoCl2Ŀ6H2O + 

Cu(CH3COO)2 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ CoCu  

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Co:Cu ʩʦʩʪʘʚʠʣʦ 

8:1, 3:1, 1:1, 1:3 ʠ 1:8) [150] 

5-10 
Co(NO3)2 + 

Cu(NO3)2 

ʧʨʦʧʠʪʢʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (750 ÁC, 

2 ʯʘʩʘ, ʘʪʤʦʩʬʝʨʘ 

N2)/ZIF 

 

o ʉʠʩʪʝʤʘ Rh-Cu. 

ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʩʪʫʧʘʝʪ ʩʠʩʪʝʤʘ Rh-Cu, 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʨʝʘʢʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʯʘʱʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʨʝʘʢʮʠʶ 

ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ Rh-

Cu ʢʘʪʘʣʠʟʘʪʦʨʳ. ɺ ʨʘʙʦʪʝ [151] ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʤʦʯʝʚʠʥʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʥʘ ʚʦʟʜʫʭʝ ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʥʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ RhCu/TiO2 (ʩʦʜʝʨʞʘʥʠʝ Rh ï 0,5, Cu ï 1 ʤʘʩʩ.% ʦʪ 

ʤʘʩʩʳ TiO2), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʶʱʝʛʦʩʷ 

ʚʦʜʦʨʦʜʘ ʚ 1,8 ʠ 1,4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Cu/TiO2 ʠ Rh/TiO2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʦʝ 

ʧʦʚʳʰʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʫʣʫʯʰʝʥʥʳʤ 

ʧʦʛʣʦʱʝʥʠʝʤ ʩʚʝʪʘ, ʨʘʟʜʝʣʝʥʠʝʤ ʟʘʨʷʜʦʚ ʠ ʟʘʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Rh. ɺ ʨʘʙʦʪʝ [152] ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʧʦʚʳʰʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ 

ʚʦʜʳ ʧʨʠ ʚʚʝʜʝʥʠʠ ʤʝʜʠ ʚ ʨʝʰʝʪʢʫ ʨʦʜʠʷ. ʄʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ 

RhCl3Ŀ3H2O ʠ CuCl2Ŀ2H2O ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ RhCu 

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ = 1:1, 3:1, 6:1, 9:1) ʩ ʯʘʩʪʠʯʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʤʝʜʠ ʚ ʨʝʰʝʪʢʫ ʨʦʜʠʷ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 6:1 ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠ ʩʪʘʙʠʣʴʥʳʤ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ [153] ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʝʩʝʥʥʳʭ ʥʘ CoOx (ʤʝʪʦʜ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ) ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Rh-Cu ʩ ʨʘʟʣʠʯʥʳʤ 

ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʙʦʨʘʟʘʥʘ, ʢʦʪʦʨʳʡ, ʢʘʢ ʫʞʝ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ̫ ʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ RhCu/CoOx (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu = 1:2) 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʙʦʨʘʟʘʥʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʢʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʣʝʥʠʝ ʤʝʜʠ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʇʦʤʠʤʦ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʊʕ). ʕʪʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʵʥʝʨʛʠʶ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ "ʪʦʧʣʠʚʘ", ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʊʕ, ʢ ʥʘʟʚʘʥʠʶ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʙʘʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ 

(ʚʦʜʦʨʦʜʥʳʡ, ʤʝʪʘʥʦʣʴʥʳʡ, ʵʪʘʥʦʣʴʥʳʡ ʠ ʪ.ʧ.). ʊʘʢ ʚ ʨʘʙʦʪʝ [154] ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ Rh-Cu ʚ ʧʨʷʤʦʤ ʵʪʘʥʦʣʴʥʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ 

(ʚ ʪʘʢʦʤ ʊʕ ʪʦʧʣʠʚʦ ʧʫʩʢʘʝʪʩʷ ʚ ʨʝʘʢʮʠʶ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʥʝʧʨʷʤʦʛʦ ʊʕ) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʘʥʦʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ Rh(acac)3 ʠ CuSO4 ʢʘʪʘʣʠʟʘʪʦʨ 

RhCu/C ʧʨʦʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʘʥʦʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ Rh/C. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ Rh ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Cu, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 
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ʦʪʨʘʚʣʝʥʠʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠ ʫʩʠʣʠʚʘʝʪ ʘʜʩʦʨʙʮʠʶ ʵʪʘʥʦʣʘ. ɸ ʚ ʨʘʙʦʪʝ [155] 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ RhCu ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʧʨʷʤʦʡ ʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʡ 

ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ). ʇʨʠʯʝʤ ʥʘʥʦʩʧʣʘʚ RhCu, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʚʤʝʩʪʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʫʣʫʯʰʝʥʥʳʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ Rh. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʤʥʦʛʠʝ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ RhCu ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʨʘʙʦʪʝ [156] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

(ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ) ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʣʦʝʚ RhCu (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

Rh:Cu = 2:1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Rh(acac)3 ʠ Cu(acac)2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʳʤʠ (ʢʦʥʚʝʨʩʠʷ 100%) ʠ ʩʝʣʝʢʪʠʚʥʳʤʠ (ι99,9%) 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʘʢʮʠʠ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʠʥʜʦʣʘ. ɺ ʨʘʙʦʪʝ [157] ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ RhCl3Ŀ3H2O ʠ CuCl2 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ RhCu (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu = 1:1, 3:1, 5:1) ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʙʨʘʟʝʮ 

ʩ  ʩʦʦʪʥʦʰʝʥʠʝʤ Rh:Cu = 3:1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʛʣʠʮʝʨʠʥʘ (ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʦʚ Rh ʧʨʠ ʚʚʝʜʝʥʠʠ Cu). ɼʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʤʝʪʘʥʦʣʘ ʚ ʨʘʙʦʪʝ [158] ɻ ʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʥʦʩʧʣʘʚ RhCu/C 

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu ʩʦʩʪʘʚʠʣʦ 1:4), ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ 

ʩʦʣʷʤʠ K3[RhCl6]Ŀ3H2O ʠ CuCl2Ŀ2H2O ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʢʘʣʠʚʘʥʠʝʤ (350 ÁC, 4 ʯʘʩʘ, 5 

ʦʙ.% H2/Ar) ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɸ ʚ ʨʘʙʦʪʝ [159] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʥʦʩʧʣʘʚʳ RhCu ʩ ʨʘʟʣʠʯʥr ʤ ʤʦʣʴʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜ ʜʦ 

4-ʘʤʠʥʦʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʯʪʦ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 4-ʘʤʠʥʦʙʝʥʟʘʣʴʜʝʛʠʜʫ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 70% (ʜʣʷ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Rh) 

ʜʦ 97% (ʜʣʷ RhCu ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Rh:Cu = 1:1). 

ɺ ʪʘʙʣʠʮʝ 6 ʩʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. 
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ʊʘʙʣʠʮʘ 6. ʇʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ Rh-Cu. 

ʊʠʧ ʥʘʥʦʯʘʩʪʠʮ 
ʈʘʟʤʝʨ, 

ʥʤ 

ʀʩʭʦʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʉʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ/ʥʦʩʠʪʝʣʴ 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ RhCu 

(ʩʦʜʝʨʞʘʥʠʝ Rh ï 0,5, Cu ï 1 ʤʘʩʩ.%  

ʦʪ ʤʘʩʩʳ TiO2) [151] 

1-3 
RhCl3 + 

Cu(NO3)2Ŀ3H2O 

ʟʦʣʴ-ʛʝʣʴ + ʧʨʦʢʘʣʠʚʘʥʠʝ 

(500 ÁC, 4 ʯʘʩʘ, 

ʥʘ ʚʦʟʜʫʭʝ)/TiO2 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ  

RhCu (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu = 1:1, 

3:1, 6:1, 9:1) ʩ ʯʘʩʪʠʯʥʳʤ ʚʭʦʞʜʝʥʠʝʤ 

ʤʝʜʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʨʦʜʠʷ 

[152] 

3-12 

RhCl3Ŀ3H2O + 

CuCl2Ŀ2H2O 

 

ʩʦʚʤʝʩʪʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ RhCu  

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu = 1:1,  

1:2, 1:3) [153] 

4,4-7,6 
RhCl3Ŀ3H2O + 

CuCl2Ŀ2H2O 

ʩʦʚʤʝʩʪʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ/CoOx 

ʅʘʥʝʩʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ RhCu  

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu = 1:1) [154] 
~29 Rh(acac)3 + CuSO4 

ʩʦʚʤʝʩʪʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ/ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ 

(Vulcan XC-72) 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ RhCu 

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu = 1:1) [155] 
~5 

RhCl3Ŀ3H2O + 

CuCl2Ŀ2H2O 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

+ ʩʦʚʤʝʩʪʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʩʣʦʠ RhCu [156] ï 
Rh(acac)3 + 

Cu(acac)2 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ  

RhCu (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu = 1:1, 

3:1, 5:1) [157] 

ï 
RhCl3Ŀ3H2O + 

CuCl2 

ʩʦʚʤʝʩʪʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʅʘʥʦʩʧʣʘʚʳ RhCu  

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Rh:Cu = 1:4,  

1:2, 1:1) [158] 

~80 
K3RhCl6Ŀ3H2O + 

CuCl2Ŀ2H2O 

ʧʨʦʧʠʪʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ (350 ÁC, 

4 ʯʘʩʘ, 5 ʦʙ.% 

H2/Ar)/ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ (Vulcan XC-72) 

ʅʘʥʦʩʧʣʘʚʳ RhCu (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

Rh:Cu = 3:1, 1:1, 2:3) [159] 
2-3,2 Rh(OAc)3 + CuSO4 

ʩʦʚʤʝʩʪʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

 

o ʉʠʩʪʝʤʘ Ir-Cu. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʠʩʪʝʤʝ 

Ir-Cu ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ. ʕʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʟʘʪʨʘʪʥʫʶ ʨʝʘʢʮʠʶ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʧʨʦʪʝʢʘʶʱʫʶ ʥʘ ʘʥʦʜʝ. ʆʢʩʠʜʳ IrOx ʠ RuOx 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʦʜʥʘʢʦ ʠʭ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʧʦʙʫʜʠʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʧʦʠʩʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣʠ ʫʩʧʝʰʥʦ ʠʩʩʣʝʜʦʚʘʥ:r 

× ʜʦʧʠʨʦʚʘʥʥʳʝ ʢʦʙʘʣʴʪʦʤ ʧʦʣʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʥʘʥʦʢʘʨʢʘʩʳ IrCu, ʧʦʣʫʯʝʥʥʳʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ [160]; 
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× ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ IrxCu1-x (x = 0,19, 0,44, 0,71), ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʠʦʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ir(OAc)3 ʠ Cu(HCO2)2Ŀ3H2O ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ [8]; 

× ʤʠʢʨʦʩʬʝʨʳ IrCu ʩ ʨʘʟʣʠʯʥʳʤ ʘʪʦʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ [161, 162]; 

× ʥʘʥʦʩʪʝʨʞʥʠ IrCu ʩ ʥʘʥʦʦʩʪʨʦʚʢʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ IrCl3ĿH2O ʠ Cu(acac)2 [163].  

ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʥʥʦʤ 

ʧʨʦʮʝʩʩʝ. ɺ ʪʘʙʣʠʮʝ 7 ʩʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. 

 

ʊʘʙʣʠʮʘ 7. ʇʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ Ir-Cu. 

ʊʠʧ ʥʘʥʦʯʘʩʪʠʮ 
ʈʘʟʤʝʨ, 

ʥʤ 

ʀʩʭʦʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 
ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ɼʦʧʠʨʦʚʘʥʥʳʡ ʢʦʙʘʣʴʪʦʤ ʧʦʣʳʡ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʥʘʥʦʢʘʨʢʘʩ IrCu 

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ir:Cu = 1:2) [160] 

12,5-

17,2 

Ir(acac)3 + 

Cu(OAc)2 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ 

ʄʝʪʘʩʪʘʙʠʣʴʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

IrxCu1-x (x = 0,19, 0,44, 0,71) [8] 
~2 

Ir(OAc)3 + 

Cu(HCO2)2Ŀ3H2O 
ʧʦʣʠʦʣʴʥʳʡ ʤʝʪʦʜ 

ʄʠʢʨʦʩʬʝʨʳ IrCu  

(ʘʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ir:Cu = 1:0,52, 

1:0,77, 1:2,34) [161] 

1100-

1800 

IrCl3 + 

CuCl2Ŀ2H2O 
ʧʦʣʠʦʣʴʥʳʡ ʤʝʪʦʜ 

ʄʠʢʨʦʩʬʝʨʳ IrCu  

(ʘʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ir:Cu = 0,60:0,40, 

0,83:0,17, 0,30:0,70) [162] 

~600 
IrCl3 + 

CuCl2Ŀ2H2O 
ʩʦʚʤʝʩʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʅʘʥʦʩʪʝʨʞʥʠ IrCu/Ir  

ʩ ʥʘʥʦʦʩʪʨʦʚʢʘʤʠ [163] 
ï 

IrCl3ĿH2O + 

Cu(acac)2 
ʩʦʚʤʝʩʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

 

1.7. ɿʘʢʣʶʯʝʥʠʝ ʢ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ Co/Rh/Ir-Cu, ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦ 

ʟʥʘʯʠʤʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʩʧʣʘʚʳ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʫʣʫʯʰʝʥʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘ ʪʘʢʞʝ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʝʪʩʷ ʟʘʜʘʯʘ 

ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʩ 

ʚʳʩʦʢʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʤʝʪʘʣʣʦʚ.   
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ɻʣʘʚʘ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʌɸ. ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ HAOYUAN DX-2700BH (CuKŬ-ʠʟʣʫʯʝʥʠʝ, 

ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʥʘ ʦʪʨʘʞʝʥʥʦʤ ʧʫʯʢʝ, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ). ʆʙʨʘʟʮʳ 

ʛʦʪʦʚʠʣʠ, ʨʘʩʪʠʨʘʥʠʝʤ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʘʥʦʣʘ ʠʣʠ ʛʝʧʪʘʥʘ. 

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 ʛʝʧʪʘʥ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʛʦ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʝʮ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ (a = 5,4309 ¡), 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʰʘʛʦʤ 0,1̄, ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2q ʦʪ 5 ʜʦ 60 ̄ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 

95̄ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ 

ʧʦʣʦʞʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ 2q ʦʪ 60 ʜʦ 95,̄ ʛʜʝ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʠʥʠʤʘʣʴʥʘ. ʀʥʜʠʮʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤʠ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʩʦʛʣʘʩʥʦ ʢʘʨʪʦʪʝʢʝ PDF [164]. ʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʧʨʦʚʦʜʠʣʠ 

ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʩʲʝʤʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ PowderCell 2.4 [165]. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣ ̫ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʩ ɻʎʂ ʩʪʨʫʢʪʫʨʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʆʂʈ Ò 10 ʥʤ 

ʩʦʩʪʘʚʣʷʣʘ Ñ0,006 , ʘ ʜʣʷ ʬʘʟ ʩ ʨʘʟʤʝʨʘʤʠ ʆʂʈ > 10 ʥʤ ï Ñ0,002 .  

ʉʦʩʪʘʚ ʚʩʝʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʘ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʘʪʦʤ (V/Z, ʛʜʝ V ï ʦʙʲʝʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʘ Z ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʥʝʡ), ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʤʝʪʘʣʣʦʚ. 

ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʢʨʠʚʳʝ ʩʪʨʦʠʣʠʩʴ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʘʪʦʤʥʳʭ ʦʙʲʝʤʦʚ 

ʜʣʷ ʦʜʥʦʬʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʣʠ 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʢʨʠʚʳʝ V/Z ʦʪ x ʜʣʷ MxCu1-x (M = Co, Rh, 

Ir) ʧʦʩʪʨʦʝʥʳ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ Cu [132], RhxCu1-x (x = 0,10, 0,25, 0,35, 0,50, 

0,60, 0,70, 0,85) [133], Co0,52Cu0,48 [131], Co [130], Rh [134] ʠ Ir [135] ʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʜʣ ̫IrxCu1-x (x = 0,40, 0,50, 0,67). ʂʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 10-12. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʆʂʈ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʧʨʦʚʦʜʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʌʫʨʴʝ-

ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʝʡ ʦʜʠʥʦʯʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʠ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ (ʇʨʦʛʨʘʤʤʘ 

WINFIT 1.2.1) [166]. 

In situ ʈʌɸ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʘʭ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ ʨʝʞʠʤʝ in situ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʝ çAnton Paar 

HTK16è (ɸʚʩʪʨʠʷ) ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ çBruker D8è ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuKŬ-

ʠʟʣʫʯʝʥʠʷ (ɚ = 1,5418 ¡). ɼʠʬʨʘʢʪʦʤʝʪʨ ʩʥʘʙʞʝʥ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʟʝʨʢʘʣʦʤ ɻʝʙʝʣʷ 

(Bruker), ʜʘʶʱʠʤ ʧʩʝʚʜʦʧʘʨʘʣʣʝʣʴʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʫʯʦʢ, ʠ ʛʨʘʬʠʪʦʚʳʤ 

ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʥʘ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʤ ʧʫʯʢʝ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʥʝʡʥʳʡ 

ʜʝʪʝʢʪʦʨ LYNXEYE (Bruker). ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 2q  5ï60Á, ʨʘʟʤʝʨ 

ʰʘʛʘ 0.05Á, ʠʥʪʝʨʚʘʣ ʩʙʦʨʘ ʜʘʥʥʳʭ 2 ʩ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʙʨʘʟʝʮ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʚ ʪʦʢʝ ʛʝʣʠʷ (50 ʩʤ3/ʤʠʥ), 

ʟʘʪʝʤ ʫʤʝʥʴʰʘʣʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʜʦ 10 ʩʤ3/ʤʠʥ ʠ ʥʘʯʠʥʘʣʠ ʥʘʛʨʝʚ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʟʝʮ ʦʭʣʘʞʜʘʣʠ ʚ ʪʦʢʝ ʛʝʣʠʷ 

ʠ ʩʥʠʤʘʣʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʦʜʫʢʪʘ ʪʝʨʤʦʣʠʟʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʙʨʘʟʝʮ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʚ ʩʤʝʩʠ 

ʚʦʜʦʨʦʜ-ʛʝʣʠʡ (10 ʦʙ.% H2 ʚ He) (50 ʩʤ3/ʤʠʥ), ʟʘʪʝʤ ʫʤʝʥʴʰʘʣʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʜʦ 

10 ʩʤ3/ʤʠʥ ʠ ʥʘʯʠʥʘʣʠ ʥʘʛʨʝʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʩ ʟʘʧʠʩʴʶ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

ʧʨʦʚʦʜʠʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10 K/ʤʠʥ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʦʙʨʘʟʝʮ ʦʭʣʘʞʜʘʣʠ ʚ ʪʦʢʝ ʛʝʣʠʷ-(10 ʦʙ.%)ʚʦʜʦʨʦʜʘ ʠ ʩʥʠʤʘʣʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʈʉɸ. ɼʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ X8APEX Bruker Nonius, 

ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, 4K CCD ʜʝʪʝʢʪʦʨ ʠ ʥʘ Bruker D8 Venture ʩ ʜʝʪʝʢʪʦʨʦʤ CMOS 

PHOTON III ʠ ʤʠʢʨʦʬʦʢʫʩʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ImS 3.0 (ʢʦʣʣʠʤʠʨʫʶʱʠʝ ʟʝʨʢʘʣʘ ʄʦʥʪʝʣʷ). 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 150 ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ MoKŬ  

(ɚ = 0,71073 ¡). ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ ʠʟʤʝʨʝʥʳ ʤʝʪʦʜʦʤ ű-ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʟʢʠʭ 

(0.5Á) ʬʨʝʡʤʦʚ. ʇʦʛʣʦʱʝʥʠʝ ʫʯʪʝʥʦ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠ ʧʦ ʧʨʦʛʨʘʤʤʝ SADABS [167]. 

ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʄʅʂ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ SHELXTL [168]. ʊʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʚʦ ʚʩʝʭ 

ʩʪʨʫʢʪʫʨʘʭ ʣʦʢʘʣʠʟʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʫʪʦʯʥʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʉʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ (CCDC) ʠ ʜʦʩʪʫʧʥʳ ʧʦ ʘʜʨʝʩʫ https://www.ccdc.cam.ac.uk/structures/. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ1-ʇ8. 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ) ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʠʙʦʨʝ TG 209 F1 Iris (NETZSCH, Germany). ʆʜʥʦʚʨʝʤʝʥʥʫʶ TG-DSC/EGA-MS (ʉʊɸ) 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ STA 449 F1 Jupiter ʠ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ QMS 403D Aeolos (NETZSCH, Germany). ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʠʛʣʷʭ ʠʟ Al2O3 ʚ ʧʦʪʦʢʝ ʛʝʣʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 30 ï 1000 ʉ̄ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 K/ʤʠʥ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ 60 ʤʣ/ʤʠʥ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚ ʜʨʫʛʠʭ 

ʘʪʤʦʩʬʝʨʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʤʝʩʠ ʚʦʜʦʨʦʜ-ʛʝʣʠʡ (6,5 ʦʙ.% H2 ʚ He) ʠ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʤ 

ʚʦʟʜʫʭʝ (80 ʦʙ.% Ar, 20 ʦʙ.% O2). ʇʘʨʘʤʝʪʨʳ ʊɻɸ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʤʘʩʩʘ ʦʙʨʘʟʮʘ 10-

50 ʤʛ, ʘʣʶʤʠʥʠʝʚʳʝ ʪʠʛʣʠ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ 60 ʤʣ/ʤʠʥ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 10 K/ʤʠʥ. 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Proteus [169]. 

ʅʘʛʨʝʚ ɼʂʉ ʠ ʦʪʞʠʛ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ ʧʨʦʚʦʜʠʣʠ 

ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ ʉʋʆʃ 0,16/11.  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʀʂ-ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ  

400-4000 ʩʤ-1 ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʚ ʪʘʙʣʝʪʢʘʭ KBr ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Sʩimitar FTS 2000 FTIR, ʘ 

ʚ ʜʠʘʧʘʟʦʥʝ 600-100 ʩʤ-1 ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʘʙʣʝʪʢʘʭ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Vertex 80 FTIR. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɹʳʣ ʩʜʝʣʘʥ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ Vario 

Micro ʉube (Elementar). 

ʄʠʢʨʦʩʢʦʧʠʷ (HRTEM). ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Themis-Z 3.1 (TFS, ʉʐɸ), ʩʥʘʙʞʝʥʥʦʛʦ X-FEG 

ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʠ ʜʚʦʡʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ CS/S, ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʝʪʝʢʪʦʨʘ Super-X EDS (ʨʘʟʨʝʰʝʥʠʝ ʦʢʦʣʦ 

120 ʵɺ) ʚ ʨʝʞʠʤʝ HAADF-STEM. ʆʙʨʘʟʮʳ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚ ʵʪʘʥʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʩʫʩʧʝʥʟʠʠ ʥʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ 

ʤʝʜʥʫʶ ʠʣʠ ʘʣʶʤʠʥʠʝʚʫʶ ʧʣʝʥʢʫ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 0,05 ʘʪ.%. 
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ʈʌʕʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʈʌʕʉ ʦʙʨʘʟʮʘ Rh-Cu(1:1)/CZ (H2) ʧʦʩʣʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʬʠʨʤʳ SPECS (Surface 

Nano Analysis GmbH, ɻʝʨʤʘʥʠʷ), ʦʩʥʘʱʝʥʥʦʤ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ PHOIBOS-

100-MCD-5, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ MgKa  

(hn = 1253.6 ʵɺ). ʐʢʘʣʘ ʵʥʝʨʛʠʡ ʩʚʷʟʠ (ɽʩʚ.) ʙʳʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʘ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʣʠʥʠʡ ʦʩʪʦʚʥʳʭ ʫʨʦʚʥʝʡ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ ʠ ʤʝʜʠ: Au4f7/2 ï 

84.0 ʵɺ, Ag3d5/2 ï 368.3 ʵɺ ʠ Cu2p3/2 ï 932.7 ʵɺ. ʆʙʨʘʟʝʮ ʟʘʢʨʝʧʣʷʣʩʷ ʚ ʫʛʣʫʙʣʝʥʠʷʭ ʩʝʪʢʠ 

ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ʕʬʬʝʢʪ ʧʦʜʟʘʨʷʜʢʠ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʵʤʠʩʩʠʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʫʯʠʪʳʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʥʠʷ Ce3d (uôôô) ʦʪ ʮʝʨʠʷ ʚ ʩʦʩʪʘʚʝ ʥʦʩʠʪʝʣʷ (ɽʩʚ.=916.7 ʵɺ) [170]. ɿʘʧʠʩʴ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʘʩʴ ʢʘʢ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ ʚʦʟʜʫʭʦʤ, ʪʘʢ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ 300 ʤʙʘʨ H2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʂʨʦʤʝ ʦʙʟʦʨʥʳʭ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʫʟʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʨʝʛʠʦʥʳ ʵʣʝʤʝʥʪʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠʩʴ ʧʨʠ ʵʥʝʨʛʠʠ 

ʧʨʦʧʫʩʢʘʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ ï 20 ʵɺ. ʇʨʦʚʦʜʠʣʘʩʴ ʟʘʧʠʩʴ ʩʣʝʜʫʶʱʠʭ ʣʠʥʠʡ: Zr3d, Cu2p, 

Ce3d, C1s, O1s, Rh3d. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʧʝʢʪʨʳ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ 

Ce3d (uôôô). ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ ʘʪʦʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʣʠʥʠʡ, ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʪʦʤʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ [171]. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. ɹʳʣʠ ʠʩʧʳʪʘʥʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ Rh-

Cu(1:1)/CZ (ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʧʨʦʢʘʣʝʥ ʚ ʘʪʤʦʩʬʝʨʝ H ), Rh-Cu(2:3)/CZ ʠ Ir-Cu(2:3)/CZ 

(ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʧʨʦʢʘʣʝʥ ʚ ʘʪʤʦʩʬʝʨʝ H ), Rh-Cu(2:3)/CZ ʠ Ir-Cu(2:3)/CZ 

(ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʧʨʦʢʘʣʝʥ ʚ ʘʪʤʦʩʬʝʨʝ O ), ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ (Rh0,25Ir0,75)-

Cu(2:3)/CZ, (Rh0,50Ir0,50)-Cu(2:3) ʠ (Rh0,75Ir0,25)-Cu(2:3)/CZ (ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʧʨʦʢʘʣʝʥ ʚ 

ʘʪʤʦʩʬʝʨʝ H ), ʘ ʪʘʢʞʝ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ Rh/CZ, Ir/CZ ʠ Cu/CZ 

(ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʧʨʦʢʘʣʝʥ ʚ ʘʪʤʦʩʬʝʨʝ H ) ʚ ʨʝʘʢʮʠʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʦʧʘʥʘ ʚ 

ʠʟʙʳʪʢʝ ʧʘʨʘ ʠ ʘʨʛʦʥʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 3.1 ʦʙ.% C3H8, 37.5 ʦʙ.% H2O ʠ 59,4 

ʦʙ.% Ar (ʩʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘ ʢ ʫʛʣʝʨʦʜʫ = 4,0). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300-

500 ÁC. ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (WHSV) ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʨʘʚʥʦʡ 4000 

ʤʣ/(ʛʢʘʪĀʯ) (ʨʘʩʭʦʜʳ ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ, STP). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʢʚʘʨʮʝʚʦʤ U-ʦʙʨʘʟʥʦʤ ʨʝʘʢʪʦʨʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 
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ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʢʘʞʜʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʠʟʤʝʨʝʥʠʠ ʚ ʨʝʘʢʪʦʨ 

ʧʦʤʝʱʘʣʠ 1 ʛ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʬʨʘʢʮʠʠ 0,5-1,0 ʤʤ. ʇʝʨʝʜ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ/ʚʦʜʦʨʦʜʘ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 10 ʦʙ.%. ʏʘʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 

ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʫʛʣʝʨʦʜʘ (ʠʟ ʩʦʣʠ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ). ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʠ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʝʣʴ-

ʘʣʶʤʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʳ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʮʝʥʪʨ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʚʩʝ ʛʘʟʦʚʳʝ ʣʠʥʠʠ ʜʦ ʠ ʧʦʩʣʝ 

ʨʝʘʢʪʦʨʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʪʝʨʤʦʩʪʘʪʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 120 ÁC. ɻʘʟʦʚʫʶ ʩʤʝʩʴ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦʛʨʘʬʘ Chromos GC-1000, 

ʦʩʥʘʱʝʥʥʦʛʦ ʜʝʪʝʢʪʦʨʦʤ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʨʛʦʥ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 5%. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʚʦʜʦʨʦʜʫ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ H  ʥʘ ʚʳʭʦʜʝ 

ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʜʦʨʦʜ, ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʩʦʙʦʡ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʦʣʝʢʫʣʝ ʫʛʣʝʚʦʜʦʨʦʜʘ, ʧʦ ʬʦʨʤʫʣʝ: 

Ὓ Ϸ
Ὄ

Ὄ ςϽὅὌ σϽὅὌ
Ͻρππ 

ʍʝʤʦʩʦʨʙʮʠʷ CO. ɼʠʩʧʝʨʩʥʦʩʪʴ ʯʘʩʪʠʮ ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʠʟʤʝʨʷʣʠ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʭʝʤʦʩʦʨʙʮʠʠ ʉʆ. ɼʣʷ ʵʪʦʛʦ 

ʥʘʚʝʩʢʫ ʧʘʩʩʠʚʠʨʦʚʘʥʥʦʛʦ ʧʦʩʣʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʘ (0,1-0,5 ʛ) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʧʨʠ 350 Áʉ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ (60 ʤʣ/ʤʠʥ) ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɿʘʪʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʜʚʝʨʛʘʣʠ 

ʠʤʧʫʣʴʩʥʦʤʫ ʪʠʪʨʦʚʘʥʠʶ ʉʆ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʧʦʛʣʦʱʝʥʥʦʛʦ ʉʆ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ 

ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʧʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʣʦʱʝʥʥʦʛʦ ʉʆ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʦʜʠʥ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʘʪʦʤ Rh ʠʣʠ Ir ʭʝʤʦʩʦʨʙʠʨʫʝʪ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʉʆ, ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ Rh ʠʣʠ Ir ʚ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʜʠʩʧʝʨʩʥʦʩʪʠ (D) ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ (d) ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ:  
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Ὀ  
ὅὕ

ὓ
ϽρππϷȟ 

ʛʜʝ Ὀ ï ʜʠʩʧʝʨʩʥʦʩʪʴ, ὅὕ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʛʦ CO (ʤʦʣʴ), ὓ  ï 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ Rh ʠʣʠ Ir ʚ ʪʠʪʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ (ʤʦʣʴ); 

Ὠ  
ρ

Ὀ
Ͻ
φὲὓ

ὔ”
 
ρ

Ὀ
Ͻρȟρȟ 

ʛʜʝ Ὠ ï ʩʨʝʜʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ (ʥʤ), ὲ ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʪʦʤʦʚ Rh ʠʣʠ Ir (ʥʤï2), ὓ ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ Rh ʠʣʠ Ir (ʛ/ʤʦʣʴ), ὔ ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ 

(ʤʦʣʴ-1), ” ï ʧʣʦʪʥʦʩʪʴ Rh ʠʣʠ Ir (ʛ/ʥʤ3). 

ɼʣ ̫Rh ὲ = 13,3 ʥʤï2, ὓ = 102,906 ʛ/ʤʦʣʴ, ” = 12,41Ā10-21 ʛ/ʥʤ3. 

ɼʣ ̫Ir ὲ = 13,0 ʥʤï2, ὓ = 192,217 ʛ/ʤʦʣʴ, ” = 22,56Ā10-21 ʛ/ʥʤ3. 

ɸʕʉ. ʉʦʦʪʥʦʰʝʥʠʝ Rh/Ir ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ɼʂʉ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʜʚʫʭʩʪʨʫʡʥʦʤ ʜʫʛʦʚʦʤ ʧʣʘʟʤʦʪʨʦʥʝ çʌʘʢʝʣè ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ çɻʨʘʥʜè. ɼʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ çɸʪʦʤè.Шʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʝʜʠʥʠʯʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 15%. 

2.2. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɼʣʷ ʷʩʥʦʩʪʠ ʠ ʣʘʢʦʥʠʯʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʚʚʝʜʝʥʳ ʢʨʘʪʢʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʪʘʙʣʠʮʘ 8). ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ NH3 ʟʘʤʝʥʝʥ ʥʘ A, C2O4 ï ʥʘ Ox, ʘ C2N2H8 ï ʥʘ 

en. ʄʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚʳʥʝʩʝʥʳ ʟʘ ʩʢʦʙʢʠ. 

 

ʊʘʙʣʠʮʘ 8. ʈʘʩʰʠʬʨʦʚʢʘ ʢ ʢʨʘʪʢʠʤ ʦʙʦʟʥʘʯʝʥʠʷʤ. 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠ ̫ ʂʨʘʪʢʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

[M(NH3)5Cl][Cu(H2O)(C2O4)2] [MA5Cl][CuOx2]ĀH2O 

[M(NH3)6]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]Ŀ2H2O [MA6]2[CuOx2]3Ā6H2O 

[Co(NH3)6]2[Cu(H2O)2 
{(ɛ-C2O4)Cu(C2O4)2}2]Ŀ2H2O 

[CoA6]2[CuOx2]3Ā4H2O 

[RhxIr1-x(NH3)6]2 
[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]Ŀ2H2O 

[RhxIr1-xA6]2[CuOx2]3Ā6H2O 

[M(C2N2H8)3]2[Cu(H2O)(C2O4)2]2[Cu(H2O)2(C2O4)2]ĿnH2O [M(en)3]2[CuOx2]3ĀnH2O 

 

ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʘ ʠʤʝʥʥʦ RhCl3Ŀ4H2O 

(ʩʦʜʝʨʞʘʥʠʝ Rh 37,09%, ʈɽɸʍʀʄ), IrCl3ĿnH2O (ʩʦʜʝʨʞʘʥʠʝ Ir 52,86%, ʂʨʘʩʮʚʝʪʤʝʪ), 
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AgNO3, ʵʪʠʣʝʥʜʠʘʤʠʥ (ɟ = 0,890 ʛ/ʩʤ3), CuSO4ĿnH2O, KI, KCl, NH4Cl, (NH4)2C2O4ĿH2O ʠ 

K2C2O4ĿH2O ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ çʍ.ʏ.è ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ʊʘʢʞʝ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ K2[Cu(C2O4)2]Ŀ2H2O, 

(NH4)2[Cu(C2O4)2]Ŀ2H2O, [Co(NH3)5Cl]Cl2, [Co(NH3)6]Cl3 [172], [Rh(NH3)5Cl]Cl2 [173], 

[Ir(NH3)5Cl]Cl2 [174], [Rh(NH3)6]Cl3, [Ir(NH3)6]Cl3 [175], [Rh(NH3)6](NO3)3 [176] ʠ 

[Co(en)3]Cl3Ŀ3H2O [177]. 

[M(en)3]Cl3Ŀ3H2O (M = Rh, Ir) 

I ʩʧʦʩʦʙ. ʄʝʪʦʜʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ [M(en)3]I3ĿH2O (M = Rh, Ir) ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʝʨʝʚʦʜʦʤ ʠʦʜʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʭʣʦʨʠʜʥʳʡ. 

[Rh(en)3]I3ĿH2O. ʂ ʦʭʣʘʞʜʝʥʥʦʤʫ ʧʦʨʦʰʢʫ RhCl3Ŀ4H2O (0,2114 ʛ) ʚʦ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʤ ʩʪʘʢʘʥʝ ʦʪ ʘʚʪʦʢʣʘʚʘ ʜʦʙʘʚʣʷʣʠ ʦʭʣʘʞʜʝʥʥʳʡ ʵʪʠʣʝʥʜʠʘʤʠʥ (0,27 ʤʣ, 

~1,5-ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Rh) ʠ 2,20 ʤʣ H2O, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʙʫʨʥʦʝ 

ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. ɼʘʣʝʝ ʘʚʪʦʢʣʘʚ ʥʘʛʨʝʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʜʦ 130 ÁC ʩ ʚʳʜʝʨʞʠʚʘʥʠʝʤ 

ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʘʚʪʦʢʣʘʚʘ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 10-

ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ KI (3,74 ʛ) ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʦ 

ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʦʩʘʜʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ 

ʩʧʠʨʪʦʤ.  

ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 89%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

RhC6N6I3O1H26 (%): N 12,2/12,32; C 10,3/10,57; H 3,8/3,84. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3430ʰʠʨ. - ɡ(O-H)+ɡ(N-H), 3185 - ɡa(C-H), 3100 - ɡs(C-H), 1685 - ŭ(H2O), 1620 - ŭ(NH2), 

1575+1550 - ŭ(H2O), 1460 - ŭ(ʉH2)+ɤ(ʉH2) + ɡ(ʉ-ʉ), 1395 - ɤ(ʉH2), 1360+1325 - ɤ(NH2), 

1300+1275 - ŭ(HCC), 1235+1200 -  ɡ(ʉ-N)+ŭ(HCC), 1150 - ŭ(HCC), 1110 - Ű(NH2) + Ű(HCC), 

1060 - ɡ(ʉ-ʉ), 1020 - ɟ(CH2), 1000 - ɡ(ʉ-N), 880 - ɡ(ʉ-N) + ɡ(ʉ-C)+ɟ(CH2),  

780 - ɟ(NH2)+ŭ(NRhN), 750 - ɟ(NH2), 570 - ɟ(NH2)+ɟ(CH2)+ɡ(Rh-N), 555 - ɟ(NH2)+ɟ(CH2), 

500+440+345 - ŭ(NRhN)+ɡ(Rh-N), 230 - ɡ(Rh-N). 

[Ir(en)3]I3ĿH2O. ʉʤʝʰʠʚʘʣʠ ʧʦʨʦʰʦʢ IrCl3ĿnH2O (0,2466 ʛ), ʵʪʠʣʝʥʜʠʘʤʠʥ (0,35 ʤʣ, 

1,5 ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Ir) ʠ ʚʦʜʫ (0,70 ʤʣ). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʦʤʝʱʘʣʠ ʚ 

ʘʚʪʦʢʣʘʚ. ɼʘʣʝʝ ʘʚʪʦʢʣʘʚ ʥʘʛʨʝʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʜʦ 170 ÁC ʩ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ 

ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʢʦʨʠʯʥʝʚʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 10-

ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ KI (3,38 ʛ) ʠ ʦʩʪʘʚʣʷʣʠ ʫʧʘʨʠʚʘʪʴʩʷ ʥʘ ʚʦʟʜʫʭʝ. 
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ʀʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʘ ʟʘʪʝʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ 

ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʩʧʠʨʪʦʤ. 

 ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 72%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

IrC6N6I3O1H26 (%): N 10.8/10.90; C 9.4/9.34; H 3.5/3.40. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 3445ʰʠʨ. - 

ɡ(O-H)+ɡ(N-H), 3190 - ɡa(C-H), 3100 - ɡs(C-H), 1620 - ŭ(NH2), 1585+1560+1515 - ŭ(H2O), 

1460 - ŭ(ʉH2), 1395 - ɤ(ʉH2)+ɡ(ʉ-ʉ), 1360+1330 - ɤ(NH2), 1310 +1275 - ŭ(HCC), 

1250+1220+1165 - ɤ(NH2),  1120 - Ű(NH2)+Ű(HCC), 1050 - ɡ(ʉ-ʉ), 1030 - Ű(CH2)+Ű(NH2), 

1000 - ɡ(ʉ-N), 870 - ɟ(CH2), 815 - ɟ(NH2)+ŭ(NIrN), 780+770+760 - ɟ(NH2), 560 - 

ɟ(NH2)+ɟ(CH2)+ɡ(Ir-N), 515 - ɟ(NH2)+ɟ(CH2), 450+440+330  - ŭ(NIrN)+ɡ(Ir-N),  

225 - ɡ(Ir-N). 

[M(en)3]Cl3Ŀ3H2O (M = Rh, Ir). 

ʘ) ɺʥʘʯʘʣʝ ʛʦʪʦʚʠʣʠ ʩʚʝʞʝʦʩʘʞʜʝʥʥʳʡ AgCl, ʩʤʝʰʘʚ AgNO3 (1,3219 ʛ) ʠ KCl (0,5810 ʛ). 

ʂ [M(en)3]I3ĿH2O (0,3885 ʛ ʜʣʷ M = Rh, 0,5519 ʛ ʜʣʷ M = Ir) ʜʦʙʘʚʣʷʣʠ ʥʝʤʥʦʛʦ ʚʦʜʳ (1.5 

ʤʣ). ɼʘʣʝʝ ʢ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʪʚʦʨʘʤ ʩ ʦʩʘʜʢʦʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ 2-ʢʨʘʪʥʳʡ 

ʠʟʙʳʪʦʢ AgCl (0,49 ʛ ʢ ʩʦʣʠ Rh ʠ 0,61 ʛ ʢ ʩʦʣʠ Ir) ʠ ʦʩʪʘʚʣʷʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʥʘ 30 ʤʠʥʫʪ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʘ 

ʤʘʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʦʩʪʘʚʣʷʣʠ ʫʧʘʨʠʚʘʪʴʩʷ ʜʦʩʫʭʘ. 

M = Rh. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 97%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ RhC6N6Cl3O3H30 (%): N 18,3/18,94; C 15,8/16.24; H 6,3/6,82. 

M = Ir. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 98%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ IrC6N6Cl3O3H30 (%): N 14,9/15,77; C 12,9/13,52; H 5,4/5,67. 

ʙ) ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʦʧʠʩʘʥʥʫʶ ʚʳʰʝ ʧʨʦʮʝʜʫʨʫ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʪʦʛʦ, ʯʪʦ ʜʣʷ ʩʠʥʪʝʟʘ AgCl ʩʤʝʰʠʚʘʣʠ AgNO3 ʠ HClʨʘʟʙ. 

M = Rh. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 87%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ RhC6N6Cl3O3H30 (%): N 18,7/18,94; C 16,7/16.24; H 7,0/6,82. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3510+3410 - ɡ(O-H)+ɡa(N-H), 3215 - ɡa(C-H), 3105 - ɡs(C-H), 1615+1600 - ŭ(NH2), 1570 - 

ŭ(H2O), 1465 - ŭ(ʉH2)+ɤ(ʉH2) + ɡ(ʉ-ʉ), 1400 - ɤ(ʉH2), 1365+1330 - ɤ(NH2), 1305+1280 - 

ŭ(HCC), 1240+1220 -  ɡ(ʉ-N)+ŭ(HCC), 1170 - ŭ(HCC), 1120 - Ű(NH2)+Ű(HCC), 1060 -  

ɡ(ʉ-ʉ), 1020 - ɟ(CH2), 1005 - ɡ(ʉ-N), 885 - ɡ(ʉ-N)+ɡ(ʉ-C) + ɟ(CH2), 790 - ɟ(NH2)+ŭ(NRhN), 

750+720 - ɟ(NH2), 575 - ɟ(NH2)+ɟ(CH2) + ɡ(Rh-N), 475ʰʠʨ. - ɟ(NH2)+ɟ(CH2)+ 

ɡ(Rh-N)+ŭ(ʉNRh)+ŭ(NRhN), 355 - ŭ(NRhN)+ɡ(Rh-N), 305 - ɟ(NH2)+ɟ(CH2), 245 - ɡ(Rh-N), 

195+170+150+130+110 - ŭ(NRhN)+ŭ(RhNC). 
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M = Ir. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 89%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ IrC6N6Cl3O3H30 (%): N 16,1/15,77; C 14,0/13,52; H 5,7/5,67. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3510+3410 - ɡ(O-H)+ɡ(N-H), 3215 - ɡa(C-H), 3100 - ɡs(C-H), 1600 - ŭ(NH2), 1585+1550 - 

ŭ(H2O), 1460 - ŭ(ʉH2), 1365+1335 - ɤ(ʉH2)+ɡ(ʉ-ʉ), 1320 - ɤ(NH2), 1280 - ŭ(HCC)+ɤ(NCC), 

1255+1235+1180 - ɤ(NH2), 1135 - Ű(CH2)+Ű(NH2), 1055 - ɡ(ʉ-ʉ), 1005 - Ű(CH2)+Ű(NH2), 880 - 

ɟ(CH2), 810+770+745 - ɟ(NH2)+ŭ(NIrN), 580+550 - ɟ(NH2), ɟ(CH2), ɡ(Ir-N), 525 - ɟ(NH2), 

ɟ(CH2), ŭ(ʉNIr), 470ʰʠʨ.+340 - ŭ(NIrN), ɡ(Ir-N), 300 - ɟ(NH2)+ɟ(CH2), 240 - ɡ(Ir-N), 

150+130 - ŭ(NIrN), 100+90 - ŭ(IrNC). 

ʚ) ɿʘʤʝʱʝʥʠʝ Iï ʥʘ Clï ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʠʦʥʦʦʙʤʝʥʥʦʡ ʢʦʣʦʥʢʝ ɸʅ-31 (Clï ʬʦʨʤʘ). ʈʘʩʪʚʦʨ 

[M(en)3]I3ĿH2O (M = Rh, Ir) ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩʦ ʩʢʦʨʦʩʪʴʶ ~17 ʢʘʧʝʣʴ/ʤʠʥ, ʟʘʪʝʤ 

ʢʦʣʦʥʢʫ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʘ ʚʩʝ ʧʨʦʤʳʚʥʳʝ ʚʦʜʳ 

ʚʳʩʫʰʠʚʘʣʠ ʜʦʩʫʭʘ. 

M = Rh. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 94%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ RhC6N6Cl3O3H30 (%): N 18,7/18,94; C 16,6/16,24; H 6,9/6,82. 

M = Ir. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 95%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ IrC6N6Cl3O3H30 (%): N 16,0/15,77; C 14,0/13,52; H 5,9/5,67. 

II ʩʧʦʩʦʙ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir). 

[Rh(en)3]Cl3Ŀ3H2O. ʂ ʦʭʣʘʞʜʝʥʥʦʤʫ ʧʦʨʦʰʢʫ RhCl3Ŀ4H2O (0,1946 ʛ) ʚʦ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʤ ʩʪʘʢʘʥʝ ʦʪ ʘʚʪʦʢʣʘʚʘ ʜʦʙʘʚʣʷʣʠ ʵʪʠʣʝʥʜʠʘʤʠʥ (0,25 ʤʣ, ~1,5-ʢʨʘʪʥʳʡ 

ʠʟʙʳʪʦʢ) ʠ ʚʦʜʫ (2 ʤʣ). ɿʘʪʝʤ ʘʚʪʦʢʣʘʚ ʥʘʛʨʝʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʜʦ 130 ÁC ʩ 

ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʘʚʪʦʢʣʘʚʘ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʧʠʨʪʦʤ ʚʳʩʘʣʠʚʘʣʠ ʦʩʘʜʦʢ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ 

ʨʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʚ ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʩʧʠʨʪʦʤ. 

ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 54%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

RhC6N6Cl3O3H30 (%): N 18,6/18,94; C 15,8/16,24; H 6,9/6,82. 

[Ir(en)3]Cl3Ŀ3H2O. ɺʦ ʬʪʦʨʦʧʣʘʩʪʦʚʦʤ ʩʪʘʢʘʥʝ ʦʪ ʘʚʪʦʢʣʘʚʘ ʩʤʝʰʠʚʘʣʠ 

ʵʪʠʣʝʥʜʠʘʤʠʥ (0,50 ʤʣ, 1,5 ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Ir) ʠ ʚʦʜʫ (1 ʤʣ). ʂ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʧʦʨʦʰʦʢ IrCl3ĿnH2O (0,3492 ʛ, ʩʦʜʝʨʞʘʥʠʝ Ir 52,86%). 

ɸʚʪʦʢʣʘʚ ʥʘʛʨʝʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʜʦ 170 ÁC ʩ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʀʟ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʧʠʨʪʦʤ ʚʳʩʘʣʠʚʘʣʠ ʦʩʘʜʦʢ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʨʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʚ 
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ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʩʧʠʨʪʦʤ. 

ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 42%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

IrC6N6Cl3O3H30 (%): N 15,3/15,77; C 12,9/13,52; H 5,7/5,67. 

ʉʝʨʠʷ [M(NH3)5Cl]C2O4 (M = Co, Rh, Ir) 

ʉʠʥʪʝʟ ʜʘʥʥʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʧʨʦʚʦʜʠʣʩʷ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʩʝʨʠʠ ɼʂʉ [M(NH3)5Cl][Cu(C2O4)2]ĀH2O (M = Co, Rh, Ir). ʇʦʜʨʦʙʥʝʝ ʦʙ ʵʪʦʤ 

ʥʘʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.1.3.  

ɼʣʷ ʩʠʥʪʝʟʘ [M(NH3)5Cl]C2O4 ʥʘʚʝʩʢʫ 0,0641 ʛ [Co(NH3)5Cl]Cl2 ʨʘʩʪʚʦʨʷʣʠ ʚ 7 ʤʣ 

ʚʦʜʳ, ʘ ʥʘʚʝʩʢʫ 0,0400 ʛ (NH4)2C2O4ĿH2O (10% ʠʟʙʳʪʦʢ ʧʦ ʤʦʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ ʚʦʜʳ. ɼʘʣʝʝ ʨʘʩʪʚʦʨʳ ʩʤʝʰʠʚʘʣʠ ʠ ʦʭʣʘʞʜʘʣʠ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʩʦ 

ʣʴʜʦʤ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʤʘʣʠʥʦʚʳʭ ʠʛʦʣʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʧʨʦʤʳʚʘʣʠ ʩʧʠʨʪʦʤ. 

ʉʠʥʪʝʟ [M(NH3)5Cl]C2O4 (M = Rh, Ir) ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ Rh ʠ Ir ʙʨʘʣʠ [M(NH3)5Cl]Cl2 (M = Rh, Ir). 

M = Co. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 75%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ CoN5H15ClC2O4 (%): N 25,7/26,17; C 8,9/8,98; H 5,6/5,65. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3265ʰʠʨ. - ɡ(NH3), 1590 - ɔas(CO)+ ŭ(NH), 1300 - ŭs(NH3), 875 - ɡs(C-O)+ŭ(O-C=O), 760 -  

ŭ(O-C=O), 530 - ɡs(C-C), 490 - ɡ(Co-N), 330 - ɡ(Co-Cl)+ŭ(O-C=O), 300 - ɡ(Co-N). 

M = Rh. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 78%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ RhN5H15ClC2O4 (%): N 22,4/22,48; C 7,6/7,71; H 4,8/4,85. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3250ʰʠʨ. - ɡ(NH3), 1575 - ɔas(CO)+ŭ(NH), 1345 - ŭs(NH3), 1300 - ɡ(O-C=O), 875 -  

ɡs(C-O)+ŭ(O-C=O)+ɟ(NH3), 800 - ŭ(O-C=O), 525 - ɟ(O-C=O), 480 - ɡ(Rh-N), 280 h ʠʨ. -  

ɡ(Rh-Cl)+ŭ(O-C=O)+ɡ(Rh-N). 

M = Ir. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 81%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ IrN5H15ClC2O4 (%): N 17,5/17,47; C 5,8/5,99; H 3,6/3,77. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3255ʰʠʨ. - ɡ(NH3), 1575 - ɔas(CO)+ŭ(NH), 1335 - ŭs(NH3), 1300 - ɡ(O-C=O), 900 -  

ɡs(C-O)+ŭ(O-C=O)+ɟ(NH3), 760 - ŭ(O-C=O), 530 - ɟ(O-C=O), 480 - ɡ(Rh-N), 280 h ʠʨ. -  

ɡ(Rh-Cl)+ŭ(O-C=O)+ɡ(Ir-N). 
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ʉʝʨʠ̫ [MA5Cl][CuOx2]ĀH2O (M = Co, Rh, Ir) 

ɼʣʷ ʩʠʥʪʝʟʘ [CoA5Cl][CuOx2]ĀH2O ʥʘʚʝʩʢʠ 0,2131 ʛ [Co(NH3)5Cl]Cl2 ʠ 0,3010 ʛ 

K2[Cu(C2O4)2]Ŀ2H2O (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Co:Cu ʨʘʚʥʦ 1:1) ʨʘʩʪʚʦʨʷʣʠ ʚ 22 ʠ 7,5 ʤʣ 

ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ ʨʘʩʪʚʦʨʫ ʩʦʣʠ ʢʦʙʘʣʴʪʘ ʜʦʙʘʚʣʷʣʠ NH4Cl ʚ ʢʦʣʠʯʝʩʪʚʝ 

10 ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ ʦʪ ʤʘʩʩʳ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ 

[Co(NH3)5Cl]Cl2. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʤʝʰʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʩʦ 

ʣʴʜʦʤ. ɺ ʪʝʯʝʥʠʝ ~1 ʯʘʩʘ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʦʩʘʜʦʢ ï ʬʠʦʣʝʪʦʚʳʝ ʠʛʦʣʢʠ. ʆʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʩʧʠʨʪʦʤ. 

ʉʠʥʪʝʟ ɼʂʉ [MA5Cl][CuOx2]ĀH2O (M = Rh, Ir) ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ 

ʤʝʪʦʜʠʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ Rh ʠ Ir ʙʨʘʣʠ [M(NH3)5Cl]Cl2 (M = Rh, Ir). ʇʨʠ ʵʪʦʤ 

NH4Cl ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʥʘ ʜʦʙʘʚʣʷʣʩʷ. 

M = Co. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 93%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ CoCuN5ClC4O9H17 (%): N 15,6/16,02; C 11,1/10,99; H 3,9/3,92. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3260ʰʠʨ. - ɡ(OH)+ɡ(NH3), 1670 - ŭd(NH3)+ɡas(CO), 1410 - ɡs(C-O)+ɡs(C-C), 1330 - ŭs(NH3), 

1285 - ŭsym(NH3)+ ɡs(C-O), 895 - ɡs(C-O)+ŭ(O-C=O), 845 ï ɟ(NH3), 800 - ŭ(O-C=O)+ɡ(Cu-O), 

685 ï ɡ(Cu-Ow), 590 - ɡ(Cu-Ow), 545 - ɡs(Cu-O)+ɡs(C-C), 490ʰʠʨ.+467 - ɡ(Co-N), 375+345 - 

ŭ(O-C=O)+ɡ(C-C), 320 - ɡ(Co-Cl), 285 - ɡ(Co-N). 

M = Rh. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 93%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ RhCuN5ClC4O9H17 (%): N 14,4/14,56; C 9,9/9,99; H 3,5/3,56. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3280ʰʠʨ. - ɡ(O-H)+ɡ(NH3), 1670 - ŭd(NH3)+ɡas(CO), 1405 - ɡs(C-O)+ɡ(C-C), 1330 - ŭs(NH3), 

1280 - ŭsym(NH3)+ ɡs(C-O), 895 - ɡs(C-O)+ŭ(O-C=O), 845 ï ɟ(NH3), 795 - ŭ(O-C=O)+ɡ(Cu-O), 

675 ï ɡ(Cu-Ow), 585 - ɡ(Cu-Ow), 540 - ɡs(Cu-O)+ɡs(C-C), 490ʰʠʨ. - ɡ(Rh-N), 375+340 -  

ŭ(O-C=O)+ɡ(C-C), 325 - ɡ(Rh-Cl), 280 - ɡ(N-Rh-N). 

M = Ir. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 89%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ IrCuN5ClC4O9H17 (%): N 11,8/12,28; C 8,6/8,42; H 3,0/3,00. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3280ʰʠʨ. - ɡ(O-H)+ɡ(NH3), 1670 - ŭd(NH3)+ɡas(CO), 1400+1360 - ɡs(C-O)+ɡ(C-C), 1325 - 

ŭs(NH3), 1280 - ŭsym(NH3)+ ɡs(C-O), 895+875 - ɡs(C-O)+ŭ(O-C=O), 800 - ŭ(O-C=O)+ɡ(Cu-O), 

675 ï ɡ(Cu-Ow), 590 - ɡ(Cu-Ow), 545 - ɡs(Cu-O)+ɡs(C-C), 500. - ɡ(Ir-N), 375+340 -  

ŭ(O-C=O)+ɡ(C-C), 280 - ɡ(N-Ir-N). 

ʉʝʨʠʷ [MA6]2[CuOx2]3Ā6H2O (M = Co, Rh, Ir) 

ɼʣʷ ʩʠʥʪʝʟʘ [CoA6]2[CuOx2]3Ā6H2O ʥʘʚʝʩʢʫ 0,5408 ʛ [Co(NH3)6]Cl3 ʨʘʩʪʚʦʨʷʣʠ ʚ 20 

ʤʣ ʛʦʨʷʯʝʡ (60Á C) ʚʦʜʳ, ʘ ʥʘʚʝʩʢʫ 1,0710 ʛ K2[Cu(C2O4)2] 2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 45 ʤʣ 
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ʛʦʨʷʯʝʡ (60Á C) ʚʦʜʳ. ʇʨʠ ʩʤʝʰʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʪʸʤʥʦ-ʟʝʣʸʥʦʛʦ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʧʨʠ ʵʪʦʤ 

ʮʚʝʪ ʦʩʘʜʢʘ ʤʝʥʷʣʩʷ ʥʘ ʩʘʣʘʪʦʚʳʡ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʩʧʠʨʪʦʤ.  

ʉʠʥʪʝʟ ɼʂʉ [MA6]2[CuOx2]3Ā6H2O (M = Rh, Ir) ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʜʠʠ ʢʠʧʷʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ Rh ʠ Ir ʙʨʘʣʠ 

[M(NH3)6]Cl3 (M = Rh, Ir). 

M = Co. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 87%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ Co2N12H48Cu3C12O30 (%): N 14,5/14,63; C 12,5/12,54; H 4,0/4,21. ɼʘʥʥʳʝ ʀʂ (KBr,  

ʩʤï1): 3270 - ɡŬ(NH3), 3190 - ɡs(NH3), 1630 - ůŬ(HNH), 1415 - ɡs(C=O)+ɡ(C=C), 1340 - 

ůs(HNH), 1290 - ɡs(C=O)+ŭ(OïC=O), 860 - ɡs(C=O)+ŭ(OïC=O), 830 - ɟr(NH3), 800 -  

ŭ(OïC=O)+ɡ(CuO). 

M = Rh. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 96%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ Rh2N12H48Cu3C12O30 (%): N 13,6/13,59; C 11,6/11,65; H 3,8/3,91. ɼʘʥʥʳʝ ʀʂ (KBr,  

ʩʤï1): 3595 - ɡ(O-H), 3290ʰʠʨ. - ɡ(NH3)+ ɡ(O-H), 1645 - ŭd(NH3), 1420 - ɡs(C-O)+ɡ(C-C),  

1335 - ŭs(NH3), 1290+875 - ɡs(CO)+ŭ(OïC=O), 800 - ɟr(NH3)+ŭ(OïC=O)+ɡ(Cu-O), 535 -  

ɡs(Cu-O)+ɡs(C-C), 480ʰʠʨ. - ɡ(Rh-N), 425ʰʠʨ. - ɡ(CuO), 370 - ŭ(O-C=O)+ɡ(C-C), 330 -  

ɡ(N-Rh-N). 

M = Ir. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 91%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ Ir2N12H48Cu3C12O30 (%): N 11,5/11,87; C 10,0/10,18; H 3,5/3,42. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 

3595 - ɡ(O-H), 3285ʰʠʨ. - ɡ(NH3)+ ɡ(O-H), 1650ʰʠʨ. - ŭd(NH3), 1420+1360 - ɡs(C-O)+ɡ(C-C), 

1290+885 - ɡs(CO)+ŭ(OïC=O), 800 - ɟr(NH3)+ŭ(OïC=O)+ɡ(Cu-O), 535 - ɡs(Cu-O)+ɡs(C-C), 

485hʠʨ. - ɡ(Ir-N), 370 - ŭ(O-C=O)+ɡ(C-C), 335 - ɡ(N-Ir-N). 

ʉʝʨʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɼʂʉ  

[RhxIr1-xA6]2[CuOx2]3Ā6H2O (x = 0,25, 0,50, 0,75) 

ɼʣʷ ʩʠʥʪʝʟʘ ʩʝʨʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɼʂʉ [RhxIr1-xA6]2[CuOx2]3Ā6H2O  

(x = 0,25, 0,50, 0,75) ʙʨʘʣʠ ʥʘʚʝʩʢʠ [Rh(NH3)6]Cl3 ʠ [Ir(NH3)6]Cl3 ʚ ʥʝʦʙʭʦʜʠʤʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʠ ʨʘʩʪʚʦʨʷʣʠ ʧʦʣʫʯʠʚʰʫʶʩʷ ʩʤʝʩʴ ʚ ʚʦʜʝ. ʉʦʣʴ K2[Cu(C2O4)2] 2H2O ʪʘʢʞʝ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ. ʇʨʠ ʩʤʝʰʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʥʘʙʣʶʜʘʣʦʩʴ 

ʚʳʧʘʜʝʥʠʝ ʛʦʣʫʙʦʛʦ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. ʇʦʣʫʯʘʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ 

ʨʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ɼʂʉ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɿʘʪʝʤ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʩʧʠʨʪʦʤ. 
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x = 0,25: ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 90%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ Rh0.50Ir1.50N12H48Cu3C12O30 (%): N 12,1/12,26; C 10,4/10,51; H 3,7/3,53. ɼʘʥʥʳʝ ʀʂ (KBr, 

ʩʤ-1): 3590+3460 - ɡ(O-H), 3260ʰʠʨ. - ɡ(NH3)+ ɡ(O-H), 1685ʰʠʨ. - ŭd(NH3), 1435+1350 -  

ɡs(C-O)+ɡ(C-C), 1295+895 - ɡs(CO)+ŭ(OïC=O), 805 - ɟr(NH3)+ŭ(OïC=O)+ɡ(Cu-O), 535 - 

ɡs(Cu-O)+ɡs(C-C), 485ʰʠʨ. - ɡ(M-N), 370 - ŭ(O-C=O)+ɡ(C-C), 340 - ɡ(N-M-N). ɸʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʜʚʫʭʩʪʨʫʡʥʳʤ ʜʫʛʦʚʳʤ ʧʣʘʟʤʦʪʨʦʥʦʤ (ɸʕʉ) (Rh/Ir, ʤʦʣ.): 

0,45.  

x = 0,50: ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 98%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ RhIrN12H48Cu3C12O30 (%): N 12,5/12,67; C 10,8/10,87; H 3,8/3,65. ɼʘʥʥʳʝ ʀʂ (KBr, 

ʩʤ-1): 3590+3455 - ɡ(O-H), 3255ʰʠʨ. - ɡ(NH3)+ ɡ(O-H), 1680ʰʠʨ. - ŭd(NH3), 1430+1350 -  

ɡs(C-O)+ɡ(C-C), 1290 - ɡs(CO)+ŭ(OïC=O), 805 - ɟr(NH3)+ŭ(OïC=O)+ɡ(Cu-O), 535 -  

ɡs(Cu-O)+ɡs(C-C), 485ʰʠʨ. - ɡ(M-N), 370 - ŭ(O-C=O)+ɡ(C-C), 335 - ɡ(N-M-N). ɸʕʉ (Rh/Ir, 

ʤʦʣ.): 0,88. 

x = 0.75: ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 95%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ Rh1.50Ir0.50N12H48Cu3C12O30 (%): N 13,0/13,11; C 11,1/11,24; H 3,9/3,78. ɼʘʥʥʳʝ ʀʂ (KBr, 

ʩʤ-1): 3590+3465 - ɡ(O-H), 3280ʰʠʨ. - ɡ(NH3)+ ɡ(O-H), 1680ʰʠʨ. - ŭd(NH3), 1420 - ɡs(C-O)+ 

ɡ(C-C), 1290+865 - ɡs(CO)+ŭ(OïC=O), 805 - ɟr(NH3)+ŭ(OïC=O)+ɡ(Cu-O), 535 -  

ɡs(Cu-O)+ɡs(C-C), 480ʰʠʨ. - ɡ(M-N), 370 - ŭ(O-C=O)+ɡ(C-C), 335 - ɡ(N-M-N). ɸʕʉ (Rh/Ir, 

ʤʦʣ.): 2,8. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʦʪʥʦʰʝʥʠʝ Rh/Ir ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ɼʂʉ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʩ 

ʫʪʦʯʥʝʥʠʝʤ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. 

ɺ ʪʘʙʣʠʮʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ 

Rh/Ir ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ɼʂʉ.  

 

ʊʘʙʣʠʮʘ 9. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Rh/Ir ʚ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ɼʂʉ. 

ɿʘʜʘʥʦ Rh/Ir ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʇʦ ʜʘʥʥʳʤ ɸʕʉ 

0,75/0,25 0,73(2)/0,27(2) 0,75(3)/0,25(3) 0,75(3)/0,25(3) 

0,50/0,50 0,55(1)/0,45(1) 0,50(3)/0,50(3) 0,47(3)/0,53(3) 

0,25/0,75 0,26(1)/0,74(1) 0,23(4)/0,77(4) 0,31(3)/0,69(3) 
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ɺʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʨʘʟʥʳʭ ʘʥʘʣʠʟʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʠ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ ʟʘʜʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Rh/Ir. 

[CoA6]2[CuOx2]3Ā4H2O 

ʅʘʚʝʩʢʫ 0,5408 ʛ [Co(NH3)6]Cl3 ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʣ ʛʦʨʷʯʝʡ (60̄ C) ʚʦʜʳ, ʘ ʥʘʚʝʩʢʫ 

1,0710 ʛ K2[Cu(C2O4)2] 2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 45 ʤʣ ʛʦʨʷʯʝʡ (60̄ C) ʚʦʜʳ.  ʇʨʠ ʩʤʝʰʝʥʠʠ 

ʨʘʩʪʚʦʨʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʪʸʤʥʦ-ʟʝʣʸʥʦʛʦ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. 

ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʩʧʠʨʪʦʤ. 

ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 96%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

Co2N12H44Cu3C12O28 (%): N 14,9/15,11; C 12,9/12,95; H 3,8/3,98. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤ-1): 

3282 - ɡŬ(NH3), 3171 - ɡs(NH3), 1642 - ůŬ(HNH), 1403 - ɡs(C=O)+ɡ(C=C), 1355 ï ůs(HNH), 

1277 - ɡs(C=O)+ŭ(OïC=O), 860 - ɡs(C=O)+ŭ(OïC=O), 831 - ɟr(NH3), 796 -  

ŭ(OïC=O)+ɡ(CuO). 

[M(en)3]2[CuOx2]3ĀnH2O (M = Co, Rh, Ir) 

ɼʣʷ ʩʠʥʪʝʟʘ [Co(en)3]2[CuOx2]3ĀnH2O ʥʘʚʝʩʢʠ 0,5464 ʛ [Co(en)3]Cl3Ā3H2O ʠ 0,8391 ʛ 

K2[Cu(C2O4)2]Ŀ2H2O (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Co:Cu ʨʘʚʥʦ 1:1,5) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʠ 30 ʤʣ 

ʚʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʤʝʰʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʩʦ 

ʣʴʜʦʤ. ɺ ʪʝʯʝʥʠʝ ~1 ʯʘʩʘ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʦʩʘʜʦʢ ï ʟʝʣʝʥʳʡ ʧʦʨʦʰʦʢ. ʆʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ.  

ʉʠʥʪʝʟ ɼʂʉ [M(en)3]2[Cu(C2O4)2]3ĀnH2O (M = Rh, Ir) ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ 

ʤʝʪʦʜʠʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ Rh ʠ Ir ʙʨʘʣʠ [M(en)3]Cl3 (M = Rh, Ir). 

M = Co. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 80%. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ 

ʜʣʷ Co2Cu3N12C24O38H76 (%): N 11,0/11,60; C 19,5/19,89; H 5,2/5,29. ɼʘʥʥʳʝ ʀʂ (KBr,  

ʩʤï1): 3515+3410 - ɡ(O-H)+ɡ(N-H), 3210 - ɡa(C-H), 3100 - ɡs(C-H), 2975+2900 - ɡ(C-H), 

1675ʰʠʨ. - ŭ(H2O)+ɡ(CO), 1580+1560 - ŭ(NH2), 1460 - ŭ(CH2), 1415 - ɡs(C-O)+ɡs(C-C), 1365 - 

ɤ(CH2), 1325 - ɤ(NH2)+ɡ(ʉ-O), 1285 - ɔ(CH2)+ɡs(C-O), 1160+1120 - ɤ(NH2), 1055+1005 - 

ɡ(C-N), 895 - ɡs(C-O)+ŭ(O-C=O), 810 - ŭ(O-C=O)+ɡ(Cu-O), 775 ï ɟ(NH2), 690 ï ɡ(Cu-Ow), 

580 - ɡ(Cu-Ow)+ɡ(Co-N), 545 - ɡs(Cu-O)+ɡs(C-C)+ɡ(Co-N), 490 -  ɡ(Co-N), 370ʰʠʨ.+340 - ŭ(O-

C=O)+ɡ(C-C), 275ʰʠʨ. -  ɡ(Co-N). 

M = Rh. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 91%. ʅʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ ʜʣʷ Rh2Cu3N12C24O33H66 (%): 

N 11,6/11,61; C 19,9/19,92; H 4,0/4,60. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 3420ʰʠʨ. - ɡ(O-H)+ɡ(N-H), 

3240 - ɡa(C-H), 3135 - ɡs(C-H), 1670ʰʠʨ. - ŭ(H2O)+ɡ(ʉ-O), 1460 - ŭ(ʉH2)+ɤ(ʉH2)+ɡ(ʉ-ʉ), 

1400 - ɤ(ʉH2), 1330 - ɤ(NH2)+ɡ(ʉ-O), 1275 - ɤ(NCC)+ŭ(HCC)+ɡ(ʉ-O)+ɡ(ʉ-C), 1155 - 
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ŭ(HCC), 1055 - ɡ(ʉ-ʉ), 1005 - ɡ(ʉ-N), 885 - ɡ(ʉ-N)+ɡ(ʉ-C)+ɟ(CH2)+ŭ(CCO)+ɡ(ʉ-C), 800 - 

ŭ(CCO)+ɡ(ʉ-C)+ŭ(OCO), 550 - ɟ(NH2)+ɟ(CH2)+ŭ(ʉNRh), 485 - ŭ(NRhN)+ 

ɡ(Rh-N)+ɤ(OCO), 370 - ŭ(OCuO)+ŭ(OCC), 345 - ŭ(NRhN)+ɡ(Rh-N)+ŭ(OCuO)+ŭ(OCC), 

250+210- ɡ(Rh-N)+ŭ(OCuO), 150 - ŭ(NRhN), ŭ(OCuO). 

M = Ir. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 95%. ʅʘʡʜʝʥʦ/ʚʳʯʠʩʣʝʥʦ ʜʣʷ Ir2Cu3N12C24O29H58 (%): 

N 10,8/10,82; C 18,6/18,55; H 3,6/3,76. ɼʘʥʥʳʝ ʀʂ (KBr, ʩʤï1): 3415ʰʠʨ. - ɡ(O-H)+ɡ(N-H), 

3240 - ɡa(C-H), 3135 - ɡs(C-H), 1680ʰʠʨ. - ŭ(H2O)+ɡ(ʉ-O), 1465 - ŭ(ʉH2)+ɤ(ʉH2)+ɡ(ʉ-ʉ), 

1405 - ɤ(ʉH2), 1320 - ɤ(NH2)+ɡ(ʉ-O)+ɡ(ʉ-C), 1280 - ɤ(NCC)+ŭ(HCC)+ɡ(ʉ-O)+ɡ(ʉ-C), 

1170 - ŭ(HCC), 1055 - ɡ(ʉ-ʉ)+ɡ(ʉ-N), 1005 - ɡ(ʉ-N), 885 -  

ɡ(ʉ-N)+ɡ(ʉ-C)+ɟ(CH2)+ŭ(CCO)+ɡ(ʉ-C), 800 - ŭ(CCO)+ɡ(ʉ-C)+ŭ(OCO), 550 - 

ɟ(NH2)+ɟ(CH2)+ŭ(ʉNIr), 485 - ŭ(NIrN)+ɡ(Ir-N)+ɤ(OCO), 370 - ŭ(OCuO)+ŭ(OCC), 345 - 

ŭ(NIrN)+ɡ(Ir-N)+ŭ(OCuO)+ŭ(OCC), 245+210- ɡ(Ir-N)+ŭ(OCuO), 150 - ŭ(NIrN)+ŭ(OCuO). 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ɼʂʉ 

ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ, ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1 ʜʦ 11 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ 

ʵʪʦʤ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʳʤʠ. ɺ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ 6 (ʩʦʣʴ Co), 5 (ʩʦʣʴ Rh) ʠ 1 (ʩʦʣʴ Ir) 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. 

*** 

ʉʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʷʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʜʘʥʥʳʤʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʀʜʝʥʪʠʯʥʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʨʦʜʫʢʪʘ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʩʦʚʧʘʜʝʥʠʝʤ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʧʦʨʦʰʢʦʚʳʤʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ [Ir(NH3)5Cl]C2O4 

[CoA6]2[CuOx2]3Ā4H2O, [Rh(en)3]2[CuOx2]3ĀnH2O ʠ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir)), 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʜʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʚʦʟʜʫʭʝ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [CoA6]2[CuOx2]3Ā4H2O ʠ [Rh(en)3]2[CuOx2]3ĀnH2O 

ʨʘʩʪʚʦʨʳ ʠʩʭʦʜʥʳʭ ʩʦʣʝʡ ʨʘʟʙʘʚʣʷʣʠ ʚ 9 ʨʘʟ, ʩʤʝʰʠʚʘʣʠ ʚ ʢʚʘʨʮʝʚʦʡ ʯʘʰʢʝ ʠ ʦʩʪʘʚʣʷʣʠ 
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ʫʧʘʨʠʚʘʪʴʩʷ ʥʘ ʚʦʟʜʫʭʝ. ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʚʳʨʘʩʪʘʣʠ ʪʦʥʢʠʝ ʟʝʣʝʥʳʝ 

ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʣʷ ʩʦʣʠ [Ir(NH3)5Cl]C2O4 ʚʳʨʘʩʪʠʪʴ ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣ ʥʝ ʫʜʘʣʦʩʴ. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʈʌɸ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ [Rh(NH3)5Cl]C2O4. 

ɼʣʷ ʯʠʩʪʳʭ ʩʦʣʝʡ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir), ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʧʨʠʤʝʩʠ KCl, ʪʘʢʞʝ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʈʌɸ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ [Rh(en)3]Cl3Ā3.37H2O [178]. 

2.3. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʥʘʥʝʩʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ ʧʦ 

ʚʣʘʛʦʝʤʢʦʩʪʠ ʥʦʩʠʪʝʣʷ Ce0,75Zr0,25O2 (CZ, Ecoalliance (ʅʦʚʦʫʨʘʣʴʩʢ, ʈʦʩʩʠʷ), ʚʣʘʛʦʝʤʢʦʩʪʴ 

0,5 ʤʣ/ʛ). ʅʘ ʥʦʩʠʪʝʣʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʢʘʧʳʚʘʣʠ ʨʘʩʪʚʦʨ ʩʦʣʠ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦʨʮʠʷʤʠ ʧʦ 0,5 ʤʣ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʫʰʢʦʡ ʧʦ 20 ʤʠʥʫʪ. ɿʘʪʝʤ 

ʧʦ ʪʘʢʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ ʥʘʥʦʩʠʣʠ ʨʘʩʪʚʦʨ ʩʦʣʠ ʤʝʜʠ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʝʩʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ/ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʩʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ 10 K/ʤʠʥ). ʇʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 10. 

 

ʊʘʙʣʠʮʘ 10. ʀʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʈʘʩʪʚʦʨ ˉ1 ʈʘʩʪʚʦʨ ˉ2 
ʄʘʩʩʘ 

ʥʦʩʠʪʝʣʷ 

ʄʘʩʩ.% 

ʤʝʪʘʣʣʦʚ 

ʋʩʣʦʚʠʷ 

ʪʝʨʤʦʣʠʟʘ 

Cu/CZ ï 
(NH4)2[CuOx2]Ŀ2H2O 

(0,0303 ʛ, 1 ʤʣ H2O) 
1 ʛ 

0,62% 

(Cu) 

H2, 300 ÁC, 

1 ʯʘʩ 

Rh/CZ 
[RhA6]Cl3 (0,0303 ʛ,  

1 ʤʣ H2O) 
ï 1 ʛ 

1,00%  

(Rh) 

H2, 300 ÁC, 

1 ʯʘʩ 

RhCu/CZ 
[RhA6]Cl3  

(0,0150 ʛ, 1 ʤʣ H2O) 

(NH4)2[CuOx2]Ŀ2H2O 

(0,0151 ʛ, 1 ʤʣ H2O) 
1 ʛ 

0,81% 

(ɆRh+Cu) 

H2, 300 ÁC, 

1 ʯʘʩ 

Rh2Cu3/CZ (H2) 
[RhA6]Cl3 (0,0121 ʛ,  

1 ʤʣ H2O) 

(NH4)2[CuOx2]Ŀ2H2O 

(0,0182 ʛ, 1 ʤʣ H2O) 
1 ʛ 

0,77% 

(ɆRh+Cu) 

H2, 300 ÁC, 

1 ʯʘʩ 

Rh2Cu3/CZ (O2) 
[RhA6]Cl3 (0,0121 ʛ,  

1 ʤʣ H2O) 

(NH4)2[CuOx2]Ŀ2H2O 

(0,0182 ʛ, 1 ʤʣ H2O) 
1 ʛ 

0,77% 

(ɆRh+Cu) 

O2, 240 ÁC, 

40 ʤʠʥ 

Ir/CZ 
[IrA6]Cl3 (0,0303 ʛ,  

1 ʤʣ H2O) 
ï 1 ʛ 

1,87%  

(Ir) 

H2, 300 ÁC, 

1 ʯʘʩ 

Ir2Cu3/CZ (H2) 
[IrA6]Cl3 (0,0156 ʛ,  

0,5 ʤʣ H2O) 

(NH4)2[CuOx2]Ŀ2H2O 

(0,0182 ʛ, 1 ʤʣ H2O) 
1 ʛ 

1,12% 

(ɆIr+Cu) 

H2, 300 ÁC, 

1 ʯʘʩ 

Ir2Cu3/CZ (O2) 
[IrA6]Cl3 (0,0156 ʛ,  

0,5 ʤʣ H2O) 

(NH4)2[CuOx2]Ŀ2H2O 

(0,0182 ʛ, 1 ʤʣ H2O) 
1 ʛ 

1,12% 

(ɆIr+Cu) 

O2, 240 ÁC, 

40 ʤʠʥ 
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(Rh0,25Ir0,75)2Cu3
/CZ(H2) 

[RhA6]Cl3 (0,0030 ʛ,  

1 ʤʣ H2O) 

+[IrA6]Cl3 (0,0117 ʛ, 

0,5 ʤʣ H2O) 

(NH4)2[CuOx2]Ŀ2H2O 

(0,0182 ʛ, 1 ʤʣ H2O) 
1 ʛ 

1,03% 

(ɆRh+Ir+

Cu) 

H2, 300 ÁC, 

1 ʯʘʩ 

(Rh0,50Ir0,50)2Cu3
/CZ(H2) 

[RhA6]Cl3 (0,0061 ʛ,  

1 ʤʣ H2O) + [IrA6]Cl3 

(0,0078 ʛ, 0,5 ʤʣ H2O) 

(NH4)2[CuOx2]Ŀ2H2O 

(0,0182 ʛ, 1 ʤʣ H2O) 
1 ʛ 

0,94% 

(ɆRh+Ir+

Cu) 

H2, 300 ÁC, 

1 ʯʘʩ 

(Rh0,75Ir0,25)2Cu3
/CZ(H2) 

[RhA6]Cl3 (0,0091 ʛ,  

1 ʤʣ H2O) + [IrA6]Cl3 

(0,0039 ʛ, 1 ʤʣ H2O) 

(NH4)2[CuOx2]Ŀ2H2O 

(0,0182 ʛ, 1 ʤʣ H2O) 
1 ʛ 

0,86% 

(ɆRh+ 

Ir+Cu) 

H2, 300 ÁC, 

1 ʯʘʩ 
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ɻʣʘʚʘ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʉʠʩʪʝʤʘ Co-Cu 

3.1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ɼʂʉ  

ʉʠʥʪʝʟ [CoA6]2[CuOx2]3ĀnH2O (n = 4, 6). 

ɺ ʨʘʙʦʪʝ [65] ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ɼʂʉ [CoA6]2[CuOx2]3Ā6H2O, 

ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʣʠʰʴ ʫʩʪʘʥʦʚʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ. ɺʳʜʝʣʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠʤ ʥʝ ʫʜʘʣʦʩʴ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʚ 

ʩʤʝʩʠ ʠʟʙʳʪʢʘ K2C2O4, ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʣʠ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʠʦʥʘ [Cu(C2O4)2]2ï ʜʦ CuC2O4, ʯʪʦ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʚʫʭʬʘʟʥʦʡ 

ʩʤʝʩʠ. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʡ ʥʘʤʠ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʤʝʜʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʭʦʜ ʩʠʥʪʝʟʘ. ʇʨʦʩʪʦʝ ʩʤʝʰʝʥʠʝ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʦʡ ʬʘʟʳ [CoA6]2[CuOx2]3Ā4H2O, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʢʠʧʷʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʳ [CoA6]2[CuOx2]3Ā6H2O. 

ʇʨʠ ʵʪʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʚ ɼʂʉ ʤʝʥʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩʫʥʦʢ 13). ʆʙʨʘʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ [CoA6]2[CuOx2]3Ā6H2O ʚ [CoA6]2[CuOx2]3Ā4H2O ʜʦʙʠʪʴʩʷ ʥʝ ʫʜʘʣʦʩʴ. 

 

ʈʠʩʫʥʦʢ 13. ʉʨʘʚʥʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʣʷ [CoA6]2[CuOx2]3ĀnH2O, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ((1ô) n = 6; (2ô) n = 4) ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ  

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ ((1) n = 6; (2) n = 4).  
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3.1.2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [CoA5Cl][CuOx2]ĀH2O.  

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʩʦʩʪʦʠʪ ʠʟ ʢʘʪʠʦʥʦʚ [Co(NH3)5Cl]2+ ʠ ʘʥʠʦʥʦʚ 

[Cu(C2O4)2H2O]2ï (ʨʠʩʫʥʦʢ 14). ɺ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʥʦʩʪʴʶ 

ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʪʠʦʥ ʠ ʘʥʠʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʙʱʝʤ ʧʦʣʦʞʝʥʠʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ 

ʩʬʝʨʘ Co ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʤʥʦʛʦ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʷʪʠ ʣʠʛʘʥʜʦʚ 

NH3 ʠ ʦʜʥʦʛʦ ʘʪʦʤʘ Cl. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ CoïN ʨʘʚʥʘ 1,961(4) ¡, ʘ ʜʣʠʥʘ ʩʚʷʟʠ  

CoïCl ï 2,2699(6) ¡. ʆʪʢʣʦʥʝʥʠʝ ʫʛʣʘ NRhN ʦʪ 90 ̄ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 2,39(7),̄ ʘ ʪʨʘʥʩ-

ʫʛʦʣ ClïRhïN ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 180 ̄ʥʘ 2,27(5).̄ ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

[Co(NH3)5Cl]2+ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʘʪʠʦʥʘ ʚ 

ʢʦʤʧʣʝʢʩʝ [Co(NH3)5Cl]Cl2 [179].  

 

ʈʠʩʫʥʦʢ 14. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ (ʩʣʝʚʘ); ʚʠʜ ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ac (ʩʧʨʘʚʘ) ʜʣʷ 

[CoA5Cl][CuOx2]ĀH2O. 

 

ɺ ʩʪʨʫʢʪʫʨʝ ʘʥʠʦʥʘ ʘʪʦʤ Cu ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʙʠʜʝʥʪʘʪʥʳʤʠ ʦʢʩʘʣʘʪ-

ʘʥʠʦʥʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ 

CuïO ʩʦʩʪʘʚʣʷʝʪ 1,948(3) ¡). ʄʦʣʝʢʫʣʘ ʚʦʜʳ ʚ ʢʦʤʧʣʝʢʩʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʢ ʘʪʦʤʫ ʤʝʜʠ 

ʘʧʠʢʘʣʴʥʦ (d(CuïOw) = 2,3028(16) ¡; ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ OïCuïOw ʩʦʩʪʘʚʣʷʝʪ 94,9̄). 

ɸʪʦʤ Cu ʚʳʭʦʜʠʪ ʠʟ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʥʘ 0,16 ¡ ʚ ʩʪʦʨʦʥʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ H2O. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʵʜʨ Cu ʚ ʘʥʠʦʥʝ [Cu(C2O4)2H2O]2ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʛʢʘ ʠʩʢʘʞʝʥʥʫʶ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [Cu(C2O4)2H2O]2ï 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʘʥʠʦʥʘ ʚ 
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K2[Cu(C2O4)2H2O]Ŀ4H2O [180]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʦʙʨʘʟʦʚʘʥʘ ʯʝʨʝʜʦʚʘʥʠʝʤ 

ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʩʪʝʤʦʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʆ ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʘʪʦʤʘʤʠ ʅ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ NH3. ʆʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ5. 

ɼʚʦʡʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ [CoA5Cl][CuOx2]ĀH2O ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʡ 

ʩʦʣʠ [Ru(NH3)5Cl][Cu(C2O4)2H2O] [66]. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Co(NH3)5Cl]C2O4.  

ɸʪʦʤ Co ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ 2 (İ, y, ı) ʠ ʦʢʨʫʞʝʥ ʧʷʪʴʶ ʘʪʦʤʘʤʠ N ʘʤʤʠʘʯʥʳʭ 

ʣʠʛʘʥʜʦʚ (dʩʨ(CoïN) = 1,960(3) ¡) ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ Cl (d(CoïCl) = 2,2630(6) ¡). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ Co ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʛʣʦʚ ʦʪ ʠʜʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 1,86(6) ̄(ʨʠʩʫʥʦʢ 15). 

ʆʢʩʘʣʘʪ-ʠʦʥʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʧʨʦʪʠʚʦʠʦʥʦʚ ʠ ʩʚʷʟʘʥʳ ʩ NH3-

ʣʠʛʘʥʜʘʤʠ ʢʘʪʠʦʥʘ ʩʠʩʪʝʤʦʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʢʘʪʠʦʥʥʳʝ ʩʣʦʠ ʚ ʩʠʩʪʝʤʝ ʧʣʦʩʢʦʩʪʝʡ (ï1 1 2), ʪʦʛʜʘ ʢʘʢ ʘʥʠʦʥʳ 

ʟʘʥʠʤʘʶʪ ʧʦʣʦʞʝʥʠʝ ʚ ʧʦʣʦʩʪʷʭ ʢʘʪʠʦʥʥʦʡ ʫʧʘʢʦʚʢʠ ʠ ʦʙʲʝʜʠʥʝʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ 

ʩ ʘʤʤʠʘʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʘʤʠ ʢʘʪʠʦʥʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʚʦʜʦʨʦʜʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ NïHéCl, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʜʦʣʴ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ1. 

 

ʈʠʩʫʥʦʢ 15. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ (ʩʣʝʚʘ); ʚʠʜ ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ac (ʩʧʨʘʚʘ) ʜʣʷ 

[Co(NH3)5Cl]C2O4. 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [CoA6]2[CuOx2]3Ā4H2O.  

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʦʩʪʨʦʚʥʦʛʦ ʪʠʧʘ. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʢʘʪʠʦʥʦʚ, ʪʨʝʭ ʘʥʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʂʘʪʠʦʥ rʠʤʝʁʪ ʩʣʝʛʢʘ ʠʩʢʘʞʝʥʥʦʝ 
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ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʘʪʦʤʦʚ N h ʝʩʪʠ ʘʤʤʦʥʠʡʥʳʭ ʣʠʛʘʥʜʦʚ. ɼʚʘ 

ʘʪʦʤʘ Co1 ʠ Co2 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ, ʘ ʪʨʝʪʠʡ ʢʘʪʠʦʥ ï ʚ ʦʙʱʝʡ ʧʦʟʠʮʠʠ. ɺʩʝ 

ʘʪʦʤʳ Cu ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ʂʘʞʜʳʡ ʘʪʦʤ Cu ʦʢʨʫʞʝʥ ʜʚʫʤʷ ʦʢʩʘʣʘʪ-

ʘʥʠʦʥʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʜʠ (dʩʨ(CuïO) = 1,93(1) ¡). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʜʠ ʜʦʧʦʣʥʷʝʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠʣʠ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ 

ʢʦʥʪʘʢʪʘʤʠ ʩ ʘʪʦʤʘʤʠ O ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʩʦʩʝʜʥʠʭ ʘʥʠʦʥʦʚ (ʨʠʩʫʥʦʢ 16). 

 

ʈʠʩʫʥʦʢ 16. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ ʜʣʷ [CoA6]2[CuOx2]3Ā4H2O. 

 

 ɺ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʭʷʜʝʨʥʳʝ ʘʥʠʦʥʳ. ʎʝʥʪʨʘʣʴʥʳʡ Cu3 ʘʪʦʤ ʬʦʨʤʠʨʫʝʪ 

ʜʚʝ ʩʚʷʟʠ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (d(CuïOw) = 2,586(5) ʠ 2,558(5) ¡). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ Cu1 ʠ Cu2 ʬʦʨʤʠʨʫʶʪ MïO ʢʦʥʪʘʢʪʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʘʥʠʦʥʦʤ 

(d(CuïO) = 2,475(4) ʠ 2,507(5) ¡). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Cu3 ï 

ʚʳʪʷʥʫʪʳʡ ʦʢʪʘʵʜʨ ʩ 4+2 ʜʝʬʦʨʤʘʮʠʝʡ, ʘ ʜʣʷ Cu1 ʠ Cu2 ï ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʧʠʨʘʤʠʜʘ. 

ʌʦʨʤʫʣʘ ʘʥʠʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ [Cu(H2O)2{(ɛ-C2O4)Cu(C2O4)2}2]6ï. ʉʪʨʫʢʪʫʨʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʰʠʨʦʢʦʡ ʩʝʪʴʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠʣʠ ʘʤʤʦʥʠʡʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʜʦʥʦʨʳ) ʠ 

ʦʢʩʘʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʘʢʮʝʧʪʦʨʳ). ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 17. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ4. 
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ʈʠʩʫʥʦʢ 17. ɺʠʜ ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ bc ʜʣʷ [CoA6]2[CuOx2]3Ā4H2O. 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Co(en)3]2[CuOx2]3Ā14H2O.  

ʉʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʢʘʪʠʦʥʦʚ [Co(en)3]3+, ʘʥʠʦʥʦʚ [Cu(H2O)(C2O4)2]2ï, 

[Cu(H2O)2(C2O4)2]2ï ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜ r(ʨʠʩʫʥʦʢ 18). ɸʪʦʤ Co ʚ 

[Co(en)3]3+ ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ ʰʝʩʪʠ ʘʪʦʤʦʚ N ʪʨʝʭ 

ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʫʛʣʦʚ ʦʪ ʠʜʝʘʣʴʥʳʭ ʥʘ 4,4(3).̄ 

ɼʣʠʥʘ ʩʚʷʟʠ CoïN ʚʘʨʴʠʨʫʝʪ ʦʪ 1,920(7) ʜʦ 1,987(7) ¡. ʕʪʠ ʟʥʘʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ [Co(en)3]Cl3Ŀ4H2O [181]. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʟʠʮʠʦʥʥʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʩ ʟʘʥʷʪʦʩʪʴʶ 

ʧʦʟʠʮʠʡ 0,595/0,405. 

 

ʈʠʩʫʥʦʢ 18. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʩʣʝʚʘ); ʚʠʜ 

ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ bc (ʩʧʨʘʚʘ) ʜʣʷ [Co(en)3]2[CuOx2]3Ā14H2O. 
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ɺ ʘʥʠʦʥʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ Cu ʨʘʟʥʠʪʩʷ. ɼʣʷ ʘʪʦʤʘ Cu1, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʙʱʝʡ ʧʦʟʠʮʠʠ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʛʢʘ 

ʠʩʢʘʞʝʥʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʆ ʙʠʜʝʥʪʘʪʥʳʭ 

ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (dʩʨ(Cu1ïO) = 1,938(3) ¡) ʠ ʦʜʥʦʛʦ ʘʪʦʤʘ ʆ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ (d(Cu1ïOw) = 2,313(9) ¡). ɸʪʦʤ Cu ʚʳʭʦʜʠʪ ʠʟ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʦʢʩʘʣʘʪʥʳʝ ʣʠʛʘʥʜʳ, ʥʘ 0,12 ¡. ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ H2O ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʙʣʠʟʢʦ ʣʝʞʘʱʠʤ ʧʦʟʠʮʠʷʤ. ɸʪʦʤ Cu2, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʮʝʥʪʨʝ 

ʠʥʚʝʨʩʠʠ (İ, İ, İ), ʩʦʝʜʠʥʝʥ ʯʝʪʳʨʴʤʷ ʩʚʷʟʷʤʠ ʩ ʘʪʦʤʘʤʠ ʆ ʜʚʫʭ ʙʠʜʝʥʪʘʪʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (dʩʨ(Cu2ïO) = 1,942(4) ¡) ʠ ʜʚʫʤʷ ʙʦʣʝʝ 

ʜʣʠʥʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʘʪʦʤʘʤʠ O ʤʦʣʝʢʫʣ ʚʦʜʳ (d(Cu2ïOw) = 2,564(3) ¡), ʬʦʨʤʠʨʫʷ ʩʣʝʛʢʘ 

ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ. ʇʦʜʦʙʥʫʶ ʢʘʨʪʠʥʫ ʫʞʝ ʥʘʙʣʶʜʘʣʠ ʨʘʥʝʝ ʚ 

ʜʚʦʡʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ [Co(NH3)6]2[Cu(C2O4)2]3Ŀ6H2O [65]. ɺ ʩʪʨʫʢʪʫʨʝ ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʩ ʢʘʪʠʦʥʘʤʠ ʠ ʘʥʠʦʥʘʤʠ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ8. 

3.1.3. ʊʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɼʂʉ 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [CoA5Cl][CuOx2]ĀH2O.  

ɺ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ [CoA5Cl][CuOx2]ĀH2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʩʪʫʧʝʥʠ (ʨʠʩʫʥʦʢ 19). 

 

ʈʠʩʫʥʦʢ 19. TG-DSC ʠ EGA-MS ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [CoA5Cl][CuOx2]ĀH2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. 
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ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 150-195 Áʉ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʥʜʦʵʬʬʝʢʪʦʤ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʵʪʦʡ ʩʪʫʧʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 27,5 %. ʇʨʠ 

ʵʪʦʤ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʤʠʤʦ ʚʦʜʳ (m/z = 18, 17, 16) ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝ CO2 + CO (m/z = 44, 28, 16, 12), NH3 (m/z = 17, 16, 15) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚ N2 (m/z = 14), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʨʘʟʨʫʰʝʥʠʷ ɼʂʉ. ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ (ʨʠʩʫʥʦʢ 20), ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʛʨʝʚʦʤ ʜʦ 195 Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ, ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʫʛʣʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʟʝ CuC2O4, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʝʪʩʷ ʦʪʥʝʩʪʠ 

ʢ ʠʟʚʝʩʪʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʨʝʬʣʝʢʩʳ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ [Co(NH3)5Cl]C2O4, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʨʠ ʪʝʨʤʦʣʠʟʝ ʠʩʭʦʜʥʦʡ 

ɼʂʉ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

 

ʈʠʩʫʥʦʢ 20. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [CoA5Cl][CuOx2]ĀH2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʨʝʞʠʤʝ ex situ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʜʝʣʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʩʦʣʠ 

[Co(NH3)5Cl]C2O4, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʨʘʥʝʝ ʥʝ ʙʳʣʘ ʠʟʚʝʩʪʥʘ. ʈʘʩʯʝʪʥʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ [Co(NH3)5Cl]C2O4 ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʚʧʘʣʘ ʩ ʥʝʧʨʦʠʥʜʠʮʠʨʦʚʘʥʥʳʤʠ 

ʧʠʢʘʤʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 195 Áʉ. ɺ ʀʂ-ʩʧʝʢʪʨʝ 

ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ (ʨʠʩʫʥʦʢ 21) ʠʩʯʝʟʘʶʪ ʢʦʣʝʙʘʥʠʷ CuïOw (685, 590 ʩʤï1), ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʦʣʝʙʘʥʠʡ CoïN (490, 285 ʩʤï1) ʫʤʝʥʴʰʘʝʪʩʷ. ʇʠʢ ʦʪ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 3600-

2700 ʩʤï1 ʩʪʘʥʦʚʠʪʩʷ ʫʞʝ, ʘ ʤʘʢʩʠʤʫʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʠ 3360 ʩʤï1, ʪʘʢ ʢʘʢ ʪʝʧʝʨʴ ʚʢʣʘʜ 

ʚ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʚʥʦʩʠʪ ʪʦʣʴʢʦ ʘʤʤʠʘʢ.  
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ʈʠʩʫʥʦʢ 21. ʀʂ-ʩʧʝʢʪʨʳ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [CoA5Cl][CuOx2]ĀH2O  

ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʨʝʞʠʤʝ ex situ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ ʚ ʠʥʪʝʨʚʘʣʝ 195-240 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʝʱʝ 8,5% ʤʘʩʩʳ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʘ ʵʪʦʡ ʩʪʫʧʝʥʠ, 

ʘʥʘʣʦʛʠʯʝʥ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

240 ÁC, ʧʦʷʚʣʷʶʪʩʷ ʨʝʬʣʝʢʩʳ CuCl ʠ CoC2O4, ʘ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʦʧʘʜʘʶʪ ʩʠʛʥʘʣʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ CuïO (800, 545 ʩʤï1), ʠ ʧʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʢʦʣʝʙʘʥʠʡ CoïO 

(820, 490 ʩʤï1).  

ʇʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ (240-330 Áʉ) ʩʦʩʪʘʚʣʷʝʪ ʝʱʝ 8,0%. ʆʩʥʦʚʥʳʤʠ 

ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ CO2 ʠ CO (m/z = 44, 28, 16, 12). ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ (330 Áʉ) ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ CuCl 

ʠ CoC2O4. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 395 Áʉ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ ʭʣʦʨʠʜʘ ʤʝʜʠ(I) ʚʩʣʝʜʩʪʚʠʝ ʥʘʯʘʣʘ 

ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  

ʇʦʩʣʝʜʥʷʷ ʩʪʫʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 395-450 Áʉ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʥʜʦʵʬʬʝʢʪʦʤ. ʆʩʥʦʚʥʳʤʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, 

ʚʳʜʝʣʷʶʱʠʤʠʩʷ ʥʘ ʵʪʦʡ ʩʪʫʧʝʥʠ, ʷʚʣʷʶʪʩʷ H2O (m/z = 18, 17), CO2 ʠ CO (m/z = 44, 28, 16, 

12) ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʦʞʝʥʠʷ CoC2O4. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ HCl (m/z = 36) 

ʚʩʣʝʜʩʪʚʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CuCl ʚʦʜʦʨʦʜʦʤ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ 450 Áʉ ʷʚʣʷʶʪʩʷ ʜʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ: Co0,06Cu0,94 (a = 3,611 ¡, ʆʂʈ 16-

21 ʥʤ) ʠ Co0,85Cu0,15 (a = 3,555 ¡, ʆʂʈ 7-9 ʥʤ). ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʨʤʦʣʠʟʘ ʜʦ 500 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʧʘʜʫ ʙʝʜʥʦʛʦ ʧʦ ʢʦʙʘʣʴʪʫ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 
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ʚʳʜʝʣʝʥʠʶ ʬʘʟʳ ʯʠʩʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ. ɸ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʤʝʩʴ Cu (a = 3,615 ¡, ʆʂʈ 26-35 ʥʤ), ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Co0,82Cu0,18 (a = 3,558 ¡,  

ʆʂʈ 10-13 ʥʤ) ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Cu2O, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʢʠʩʣʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʠʟ ʨʝʘʢʪʦʨʘ ʥʘ 

ʚʦʟʜʫʭ. ʆʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ, ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʩʪʘʚʣʷʝʪ 30,1%, 

ʨʘʩʯʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ Ɇ(Co+Cu) = 28,02%. ʅʝʙʦʣʴʰʦʝ ʟʘʚʳʰʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ 

ʤʘʩʩʳ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ɼʂʉ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ [182, 183]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʭʝʤʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʪʘʢʦʤ ʚʠʜʝ: 

[CoA5Cl][CuOx2]ĀH2O Ÿ [Co(NH3)5Cl]C2O4 + CuC2O4 Ÿ CoC2O4 + CuCl Ÿ  

Ÿ Co0,06Cu0,94 + Co0,85Cu0,15. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ [CoA5Cl][CuOx2]ĀH2O ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 400 Áʉ ʧʨʦʪʝʢʘʝʪ ʘʥʘʣʦʛʠʯʥʦ ʨʘʟʣʦʞʝʥʠʶ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʨʠʩʫʥʦʢ 22). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚʳʩʪʫʧʘʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʢʩʘʣʘʪ-ʠʦʥʳ ʠ ʘʤʤʠʘʢ, ʘ ʥʝ ʚʦʜʦʨʦʜ. 

ʆʩʥʦʚʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʷʚʣʷʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʦʪʝʢʘʥʠʷ 

ʯʝʪʚʝʨʪʦʡ ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ (395-465 Áʉ) ʠ ʤʝʥʴʰʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʵʪʦʡ ʩʪʫʧʝʥʠ, ʘ 

ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʧʷʪʦʡ ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ. ʇʦʩʣʝʜʥʷʷ ʩʪʫʧʝʥʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 465-660 Áʉ.  

 

ʈʠʩʫʥʦʢ 22. TG-DSC ʠ EGA-MS ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʩʣʝʚʘ) ʠ 

ʢʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (ʯʝʨʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ 

ʠʥʝʨʪʥʦʡ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʘʪʤʦʩʬʝʨʝ (ʩʧʨʘʚʘ) ʜʣʷ [CoA5Cl][CuOx2]ĀH2O. 
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ʆʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 465 Áʉ ʩʦʩʪʘʚʣʷʝʪ 36%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʤʝʩʠ 

ñCo + CuClò. ʇʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʧʷʪʦʡ ʩʪʫʧʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 12%. ʆʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ, ʧʦ 

ʜʘʥʥʳʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʚʥʘ 24,8% (ʨʘʩʯʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ Ɇ(Co + Cu) = 

28.02%). ɿʘʥʠʞʝʥʠʝ ʢʦʥʝʯʥʦʡ ʤʘʩʩʳ ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʦʡ ʚʦʟʛʦʥʢʦʡ CuCl. ʇʦʜʦʙʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʫʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ɼʂʉ 

[Ru(NH3)5Cl][Cu(C2O4)2H2O] [66]. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

900 Áʉ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ Co (ʆʂʈ 37-53 ʥʤ), Cu (ʆʂʈ 55-72 ʥʤ) ʠ CoO (ʆʂʈ 31-

42 ʥʤ). 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʣʫʯʠʪʴ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʦʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ɼʂʉ [CoA5Cl][CuOx2]ĀH2O ʥʝ ʫʜʘʣʦʩʴ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [CoA6]2[CuOx2]3ĀnH2O. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [CoA6]2[CuOx2]3Ā6H2O ʠ [CoA6]2[CuOx2]3Ā4H2O ʧʨʦʪʝʢʘʝʪ 

ʘʥʘʣʦʛʠʯʥʦ. ʇʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʨʘʟʦʙʨʘʥ ʥʘ ʧʨʠʤʝʨʝ ʩʦʣʠ 

[CoA6]2[CuOx2]3Ā6H2O. ʂʨʠʚʳʝ TG-DSC ʠ EGA-MS ʜʣʷ [CoA6]2[CuOx2]3Ā4H2O 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ ʇ1, ʇ2. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [CoA6]2[CuOx2]3Ā6H2O ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~50 C̄ (ʨʠʩʫʥʦʢ 23).  

 

ʈʠʩʫʥʦʢ 23. TG-DSC ʠ EGA-MS ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [CoA6]2[CuOx2]3Ā6H2O  

ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʯʠʥʘʝʪʩʷ ʫʜʘʣʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʩʠʛʥʘʣʦʚ H2O ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ 
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(m/z = 18, 17). ʇʨʠ ʵʪʦʤ ʧʦ ʜʘʥʥʳʤ ex situ ʈʌɸ (ʨʠʩʫʥʦʢ 24, ʩʣʝʚʘ) ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥʥʳʡ 

ʥʘʛʨʝʚʦʤ ʜʦ 80 ʉ̄, ʩʦʭʨʘʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʜʘʣʝʥʠʶ ʰʝʩʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʧʨʦʪʝʢʘʝʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 50-170 ʉ̄. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ ï 

ʫʜʘʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʦʜʥʘʢʦ ʥʘ ʢʨʠʚʦʡ 

ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʝ ʫʜʘʝʪʩʷ ʯʝʪʢʦ ʚʳʜʝʣʠʪʴ ʵʪʠ ʩʪʘʜʠʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170 ʉ̄ ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 10,1%, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʝʪʘʤʠ ʜʣʷ ʙʝʟʚʦʜʥʦʡ ɼʂʉ 

[CoA6]2[CuOx2]3 (90,6% ʧʦ ʤʘʩʩʝ ʦʪ ʠʩʭʦʜʥʦʡ ɼʂʉ). ʇʨʦʮʝʩʩ ʫʜʘʣʝʥʠʝ ʚʦʜʳ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʥʜʦʵʬʬʝʢʪʦʤ. ʇʨʠ ʥʘʛʨʝʚʝ ʜʦ 170 ʉ̄ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʬʣʝʢʩʦʚ 

ʠʩʭʦʜʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʙʝʟ ʧʦʷʚʣʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʥʦʚʦʡ 

ʬʘʟʳ. ʇʨʠ ʵʪʦʤ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʦʚ (ʨʠʩʫʥʦʢ 24, ʩʧʨʘʚʘ), ʧʦʣʫʯʝʥʥʳʭ ʥʘʛʨʝʚʦʤ ʜʦ 

80 ʉ̄ ʠ 170 ʉ̄, ʪʘʢʞʝ ʩʦʭʨʘʥʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʆʪʣʠʯʠʝ ʜʘʥʥʳʭ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ex situ ʈʌɸ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʯʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤ ʥʘʛʨʝʚʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʈʠʩʫʥʦʢ 24. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ (ʩʣʝʚʘ) ʠ ʀʂ-ʩʧʝʢʪʨʳ (ʩʧʨʘʚʘ) ʧʨʦʜʫʢʪʦʚ 

ʪʝʨʤʦʣʠʟʘ [CoA6]2[CuOx2]3Ā6H2O ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʨʝʞʠʤʝ ex situ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 170-375 C̄ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʪʝʨʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʦʙʨʘʟʮʘ (62,4%), ʩʚʷʟʘʥʥʘʷ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʨʠʚʦʡ 
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ʧʦʪʝʨʠ ʤʘʩʩʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ H2O (m/z = 18, 17), CO2 (m/z = 44, 28, 12), NH3 (m/z = 17, 16, 15) ʠ N2 

(m/z = 28 ʠ 14), ʧʨʠ ʵʪʦʤ ʛʘʟʳ ʚʳʜʝʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʦʚʤʝʩʪʥʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʢʘʪʠʦʥʥʦʡ ʠ ʘʥʠʦʥʥʦʡ ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ 

CO (m/z = 28 ʠ 12), ʦʜʥʘʢʦ ʠʟ-ʟʘ ʧʝʨʝʢʨʳʚʘʥʠʷ ʣʠʥʠʡ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʥʝ ʫʜʘʝʪʩʷ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ. ʉʫʤʤʘʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 

ʥʘʛʨʝʚʝ ʜʦ 300 ʉ̄, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʝ ñCo2Cu3(C2O4)2(NH3)3.2ò (46,8% ʦʪ 

ʠʩʭʦʜʥʦʡ ɼʂʉ). ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ (300-375 C̄) ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʨʘʟʣʦʞʝʥʠʶ CoC2O4, 

ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ [104]. ʇʨʠ ʵʪʦʤ ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʦʜʫʢʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʛʨʝʚʦʤ ʜʦ 300 C̄, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʤʦʨʬʥʫʶ ʬʘʟʫ, ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʡ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʨʝʬʣʝʢʩʳ. ʕʪʠ ʨʝʬʣʝʢʩʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʢ ʦʢʩʘʣʘʪʫ ʢʦʙʘʣʴʪʘ(II) ʠ ʬʘʟʝ, ʩʦʜʝʨʞʘʱʝʡ [Cu(C2O4)2]2ï. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʘʤʤʠʥʦ-ʛʨʫʧʧʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʢʩʘʣʘʪ-ʠʦʥʫ, 

ʦʩʪʘʝʪʩʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

400 ʉ̄ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ ʠʩʯʝʟʘʝʪ ʛʘʣʦ ʦʪ ʘʤʦʨʬʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, 

ʧʦʷʚʣʷʶʪʩʷ ʰʠʨʦʢʠʝ ʨʝʬʣʝʢʩʳ ʙʝʟʚʦʜʥʦʛʦ CoC2O4, ʘ ʪʘʢʞʝ ʥʘʯʠʥʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ. ʀʂ-ʩʧʝʢʪʨ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʜʝʨʞʠʪ ʢʦʣʝʙʘʥʠʷ ʦʪ ʦʢʩʘʣʘʪʥʦʡ 

ʛʨʫʧʧʳ, ʘ ʢʦʣʝʙʘʥʠʷ ʦʪ ʘʤʤʠʥʦ-ʛʨʫʧʧʳ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʛʨʝʚʦʤ ʜʦ 450 ʉ̄, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ ʦʪ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʫʢʨʫʧʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ ʦʪ CoO. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʠʢʠ ʤʝʜʠ ʘʩʩʠʤʝʪʨʠʯʥʳ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʥʘʙʦʨʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ CuxCo1-x. ʈʘʟʣʦʞʝʥʠʝ [CoA6]2[CuOx2]3Ā6H2O ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 C̄. ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʨʘʟʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʯʠʩʪʳʭ 

ʤʝʪʘʣʣʦʚ Cu (ʆʂʈ 19-26 ʥʤ), Co (ʆʂʈ 9-12 ʥʤ) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ CoO.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʭʝʤʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʪʘʢʦʤ ʚʠʜʝ: 

[CoA6]2[CuOx2]3Ā6H2O Ÿ [CoA6]2[CuOx2]3 Ÿ CoC2O4 + Cu Ÿ Co + Cu. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [CoA6]2[CuOx2]3Ā6H2O ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʧʨʦʪʝʢʘʝʪ ʚ ʯʝʪʳʨʝ ʩʪʘʜʠʠ (ʨʠʩʫʥʦʢ 25). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90 C̄ ʥʘʯʠʥʘʝʪʩʷ ʧʦʪʝʨʷ 
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʠʛʥʘʣʘʤʠ H2O ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ (m/z = 18, 

17). ɺ ʜʠʘʧʘʟʦʥʝ 180-380 C̄ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ CO2 (m/z = 44, 28, 12), N2 (m/z = 28 ʠ 14) ʠ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ NH3 (m/z = 17, 16, 15). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʘʥʠʦʥʥʦʡ ʢʘʪʠʦʥʥʦʡ ʠ ʢʘʪʠʦʥʥʦʡ ʩʬʝʨʳ. 

ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ 600ÁC ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 

ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ Cu (ʆʂʈ 9-14 ʥʤ) ʠ Co (ʆʂʈ 7-9 ʥʤ).  

 

ʈʠʩʫʥʦʢ 25. STA ʠ EGA-MS ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [CoA6]2[CuOx2]3Ā6H2O  

ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

 

ɺʩʣʝʜʩʪʚʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ CO2 ʠ N2 ʚ ʭʦʜʝ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʦʣʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʘʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʘʚʘ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʠʨʦʜʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ 

ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʚ ʭʦʜʝ ʨʘʟʣʦʞʝʥʠʷ [CoA6]2[CuOx2]3Ā6H2O ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɹʨʘʣʠ ʨʘʚʥʳʝ ʧʦ ʤʘʩʩʝ ʥʘʚʝʩʢʠ ɼʂʉ ʠ 

ʟʘʧʠʩʳʚʘʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʧʨʠ ʪʝʨʤʦʣʠʟʝ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʘʭ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʠʦʥʠʟʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ 

70 ʵɺ ʥʝʚʦʟʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʚʳʜʝʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ N2 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʜʝʣʷʶʱʠʭʩʷ CO ʠ NH3, ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ 100 ʵɺ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʨʘʛʤʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣʳ N2 ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʦʥʦʚ N+ (m/z = 14) ʠ N++ (m/z = 7). 

ʅʘ ʨʠʩʫʥʢʝ 26 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ NH3 (m/z = 15) ʠ CO2 (m/z = 22). ʂʨʦʤʝ 



80 
 
ʪʦʛʦ, ʚ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ɼʂʉ ʢʘʢ ʚ ʠʥʝʨʪʥʦʡ, ʪʘʢ ʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʘʟʦʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʩʠʛʥʘʣʦʚ 

m/z = 7 ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ (ʯʘʩʪʠʮʘ N++). ʆʙʨʘʟʦʚʘʥʠʝ ʘʟʦʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʦʪʝʢʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

[CoA6]2[CuOx2]3Ā6H2O, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ NH3 ʣʠʛʘʥʜ ʜʘʞʝ 

ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 

ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (~330 C̄) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʝʨʪʥʦʡ (~370 C̄), ʥʦ ʚ ʮʝʣʦʤ 

ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʷ ʧʨʦʭʦʜʠʪ ʧʦ ʦʜʥʦʤʫ ʧʫʪʠ. 

 

ʈʠʩʫʥʦʢ 26. ʂʨʠʚʳʝ EGA-MS ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [CoA6]2[CuOx2]3Ā6H2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʘʭ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ ʩ m/z = 7 ʠ 15 

ʠʟʤʝʥʝʥʘ ʜʣʷ ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ɼʂʉ [CoA6]2[CuOx2]3Ā6H2O ʚ ʨʝʞʠʤʝ in situ.  

ʉ ʮʝʣʴʶ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ ʨʝʞʠʤʝ in situ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʝ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ in situ ʠ ex situ ʈʌɸ ʤʦʛʫʪ 

ʨʘʟʣʠʯʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʥʘʛʨʝʚʘ. ʊʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ ex 

situ ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʈʌɸ, ʘ in situ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʈʌɸ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʥʘʛʨʝʚʝ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 27).  
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ʈʠʩʫʥʦʢ 27. ʉʨʘʚʥʝʥʠʝ ex situ ʠ in situ ʨʝʞʠʤʦʚ ʈʌɸ. 

 

ʅʘʛʨʝʚ [CoA6]2[CuOx2]3Ā6H2O ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʦ 60 ʉ̄ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʨʠʩʫʥʦʢ 28).  

 

ʈʠʩʫʥʦʢ 28. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ [CoA6]2[CuOx2]3Ā6H2O ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ  

ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʫʩʣʦʚʠʷʭ in situ. 

 

ɸ ʫʞʝ ʧʨʠ 120 ʉ̄ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚʩʣʝʜʩʪʚʠʝ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʙʨʘʟʮʘ, ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʝʛʦ ʘʤʦʨʬʠʟʘʮʠʠ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 180 ʉ̄ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʡ ʘʤʦʨʬʠʟʘʮʠʝʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 ʉ̄ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ 

ʨʝʬʣʝʢʩʳ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʷʚʣʷʶʪʩʷ ʰʠʨʦʢʠʝ ʨʝʬʣʝʢʩʳ 

ʙʝʟʚʦʜʥʦʛʦ CoC2O4. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʝʱʝ ʥʘ 50 ʉ̄ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʨʝʬʣʝʢʩʦʚ ɻʎʂ ʬʘʟʳ ʤʝʜʠ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ. ʅʘʛʨʝʚ ʜʦ 400 ʉ̄ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ CoC2O4, ʧʦʷʚʣʝʥʠʶ 
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ʨʝʬʣʝʢʩʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʙʘʣʴʪʘ ʠ ʫʢʨʫʧʥʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ (ʆʂʈ 11-15 ʥʤ). 

ʈʘʟʤʝʨʳ ʆʂʈ ʜʣʷ ʢʦʙʘʣʴʪʘ ʦʮʝʥʠʪʴ ʥʝ ʫʜʘʝʪʩʷ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ ʩʤʝʱʝʥʦ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ 

ʫʛʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ. ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʪʦʢʝ ʛʝʣʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʪʥʦʝ ʩʤʝʱʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʫʛʣʦʚ (ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ). ɺ ʮʝʣʦʤ ʜʘʥʥʳʝ in situ ʠ ex situ ʈʌɸ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ.  

ʈʘʟʣʦʞʝʥʠʝ [Co(NH3)6]2[Cu(C2O4)2]3 6H2O ʚ ʨʝʞʠʤʝ in situ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʦʞʝʤʫ ʧʫʪʠ (ʨʠʩʫʥʦʢ 29).  

 

ʈʠʩʫʥʦʢ 29. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ [CoA6]2[CuOx2]3Ā6H2O ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʫʩʣʦʚʠʷʭ in situ. 

 

ʇʨʠ ʥʘʛʨʝʚʝ ʜʦ 120 ʉ̄ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠ 

ʘʤʦʨʬʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 225 ʉ̄. ʇʨʠ 

ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʦʷʚʣʷʶʪʩʷ ʨʝʬʣʝʢʩʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʠ 

ʰʠʨʦʢʠʝ ʨʝʬʣʝʢʩʳ ʙʝʟʚʦʜʥʦʛʦ CoC2O4. ɼʘʣʴʥʝʡʰʠʡ ʥʘʛʨʝʚ ʜʦ 280ʉ̄ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ CoC2O4 ʠ ʧʦʷʚʣʝʥʠʶ ʘʤʦʨʬʥʦʛʦ ʛʘʣʦ. ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʬʣʝʢʩʦʚ ʤʝʜʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʩʘʤʠ ʧʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʘʩʩʠʤʝʪʨʠʯʥʳʤʠ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ CuxCo1-x 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʜʝʣʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ Co ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʩʘʣʘʪʘ ʢʦʙʘʣʴʪʘ ʠ 

ʚʭʦʞʜʝʥʠʷ ʝʛʦ ʚ ʨʝʰʝʪʢʫ ʤʝʜʠ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʛʨʝʚʦʤ ʜʦ 

350 ʉ̄, ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ, ʠ ʧʨʦʠʩʭʦʜʠʪ 
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ʨʘʩʧʘʜ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʷʚʥʦʤ ʧʦʷʚʣʝʥʠʠ ʚʪʦʨʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʥʘ 43,7Á. ʇʨʦʜʫʢʪʦʤ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʶʪʩʷ ʜʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ 

CuxCo1-x. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ Co-Cu ʜʘʥʥʳʝ 

ʤʝʪʘʣʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʩʫʙʩʦʣʠʜʫʩʥʦʡ ʦʙʣʘʩʪʠ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 500 ʉ̄ ʧʨʠʚʦʜʠʪ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʨʘʩʧʘʜʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ï ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʬʣʝʢʩʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʠ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʦʙʘʣʴʪʘ, ʩʤʝʱʝʥʥʳʝ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 ʉ̄ ʧʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ ʩʦʩʪʘʚʠʣ 3,646 ¡ ʠ 3,581 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘʤʝʪʨ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʤʝʥʴʰʠʣʩʷ ʜʦ 3.612 ¡ ʠ 3.555 ¡ ʜʣ ̫ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ 

Cu ʠ Co, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʧʠʩʘʥʠʝ ʧʨʦʬʠʣʷ ʜʚʫʤʷ ɻʎʂ ʬʘʟʘʤʠ ʠ ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ 

ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʚ ʨʝʞʠʤʝ in situ ï Co0,86Cu0,14 (a = 3,555 ¡) ʠ Co0,05Cu0,95 (a = 3,612 ¡). 

ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ CoxCu1-x.  

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ [CoA6]2[CuOx2]3Ā6H2O ʚ ʨʝʞʠʤʝ in situ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʩʠʩʪʝʤʝ Co-Cu. ʉ ʮʝʣʴʶ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʥʘʛʨʝʚʫ ɼʂʉ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʳʣʠ ʦʧʨʦʙʦʚʘʥʳ 

ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʢʘʢ ʪʝʨʤʠʯʝʩʢʠʡ ʫʜʘʨ (ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʝʮ ʥʘ 

ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʯʴ), 

ʘ ʪʘʢʞʝ ʦʪʞʠʛ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʠʣʠ ʚʦʩʴʤʠ ʯʘʩʦʚ. ɺ 

ʪʘʙʣʠʮʝ 11 ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚ ʧʦʣʫʯʘʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʛʨʝʚʦʤ ʜʦ 200 ʉ̄ ʩ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ 

ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʥʘʙʣʶʜʘʶʪʩʷ ʰʠʨʦʢʠʝ ʨʝʬʣʝʢʩʳ ɻʎʂ ʬʘʟʳ Cu, ʘ ʪʘʢʞʝ ʨʝʬʣʝʢʩʳ ʚ 

ʤʘʣʳʭ ʫʛʣʘʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ CoC2O4ĀnH2O (ʨʠʩʫʥʦʢ 30). 
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ʊʘʙʣʠʮʘ 11. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ [CoA6]2[CuOx2]3Ā6H2O. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʨʝʞʠʤ 
a, ¡ ʉʦʩʪʘʚ ʆʂʈ 

ʊʝʨʤʦʫʜʘʨ, 

370 Áʉ, 20 ʤʠʥ 

3,604 

3,555 

Co0,16Cu0,84 

Co0,86Cu0,14 

~15 ʥʤ 

~8 ʥʤ 

ʊʝʨʤʦʫʜʘʨ, 

350 Áʉ, 20 ʤʠʥ 

3,602 

3,557 

Co0,20Cu0,80 

Co0,83Cu0,17 

~12 ʥʤ 

~8 ʥʤ 

300 ̄ʉ, 8 ʯ 
3,601 

3,549 

Co0,21Cu0,79 

Co0,95Cu0,05 

~12 ʥʤ 

~10 ʥʤ 

350 ̄ʉ, 4 ʯ 
3,604 

3,551 

Co0,16Cu0,84 

Co0,92Cu0,08 

~15 ʥʤ 

~7 ʥʤ 

300 ̄ʉ, 4 ʯ 
3,609 

3,555 

Co0,09Cu0,91 

Co0,86Cu0,14 

CoC2O4   

~15 ʥʤ 

~7 ʥʤ 

250 ̄ʉ, 4 ʯ 

3,607 

3,571 

ï 

Co0,13Cu0,87 

Co0,63Cu0,37   

CoC2O4 

~6 ʥʤ 

~6 ʥʤ 

ï 

200 ̄ʉ, 4 ʯ 
ï 

ï 

Cu 

CoC2O4ĀnH2O 

~6 ʥʤ 

ï 

 

 

ʈʠʩʫʥʦʢ 30. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [CoA6]2[CuOx2]3Ā6H2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ. 

 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦ 250 ʉ̄ ʨʝʬʣʝʢʩʳ CoC2O4ĀnH2O 

ʠʩʯʝʟʘʶʪ ʠ ʥʘʯʠʥʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʙʝʟʚʦʜʥʦʛʦ CoC2O4. ʇʨʠ ʵʪʦʤ ʨʝʬʣʝʢʩʳ ɻʎʂ ʬʘʟʳ 

ʩʪʘʥʦʚʷʪʩʷ ʘʩʩʠʤʝʪʨʠʯʥʳʤʠ, ʘ ʠʭ ʧʨʦʬʠʣʴ ʣʫʯʰʝ ʚʩʝʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʪʚʝʨʜʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ Co0,13Cu0,87 ʠ Co0,63Cu0,37. ɼʣʷ ʫʜʘʣʝʥʠʷ CoC2O4 ʠʟ ʩʠʩʪʝʤʳ ʢʦʥʝʯʥʘʷ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʧʦʚʳʰʝʥʘ ʝʱʝ ʥʘ 50 ʉ̄, ʦʜʥʘʢʦ ʧʨʦʜʫʢʪ ʥʘʛʨʝʚʘ ʜʦ 300 ʉ̄ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʦʜʝʨʞʘʣ CoC2O4, ʘ 

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʩʤʝʩʴ Co0,09Cu0,91 ʠ Co0,86Cu0,14. ɸ ʫʞʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ 350 ʉ̄ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ ʦʪʩʫʪʩʪʚʦʚʘʣʠ 

ʨʝʬʣʝʢʩʳ CoC2O4, ʘ ʚʝʩʴ ʚʳʜʝʣʠʚʰʠʡʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ CoC2O4 ʢʦʙʘʣʴʪ ʚʦʰʝʣ ʚ ʩʦʩʪʘʚ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʦʤ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʘ ʜʚʫʭʬʘʟʥʘʷ 

ʩʤʝʩʴ Co0,16Cu0,84 ʠ Co0,92Cu0,08 ʩ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʰʠʤʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ. ɺ 

ʮʝʣʦʤ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʙʘʣʴʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ. ʋʤʝʥʴʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʦʙʦʛʘʱʝʥʥʦʤ ʧʦ ʤʝʜʠ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ç250 ʉ̄, 4 ʯʘʩʘè ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʯʘʩʪʠʯʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠ ʚʭʦʞʜʝʥʠʶ ʢʦʙʘʣʴʪʘ ʚ ʩʦʩʪʘʚ ʚʪʦʨʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (300 ʉ̄, 8 ʯʘʩʦʚ), ʦʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʦʙʦʛʘʱʝʥʥʦʤ ʧʦ ʤʝʜʠ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʧʨʦʠʟʦʰʣʦ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʚʦ ʚʪʦʨʦʤ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ. ɺ ʩʣʫʯʘʝ ʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʪʝʨʤʦʫʜʘʨ, 350 Áʉ, 20 ʤʠʥʫʪ) ï Co0,20Cu0,80 ʠ Co0,83Cu0,17. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ɼʂʉ [CoA6]2[CuOx2]3Ā6H2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ (250 ʉ̄, 4 ʯʘʩʘ) ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 37 ʘʪ.% (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 6 ʥʤ). ʇʨʠ 

ʵʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʠʩʪʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ (ʙʝʟ CoC2O4), ʥʦ ʩ ʤʝʥʴʰʝʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʤʝʪʘʣʣʦʚ ʠ 

ʙʦʣʴʰʠʤ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [Co(en)3]2[CuOx2]3Ā14H2O. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ [Co(en)3]2[CuOx2]3Ā14H2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʪʝʢʘʝʪ ʚ ʧʷʪʴ ʩʪʫʧʝʥʝʡ (ʨʠʩʫʥʦʢ 31). ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ 

ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ~40-100 ʉ̄, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʥʜʦʵʬʬʝʢʪʦʤ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʜʘʣʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠʦʥʥʳʭ 

ʪʦʢʦʚ ʠʦʥʦʚ ʩ m/z = 18 ʠ 17 ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʩʦʩʪʘʚʣʷʝʪ 3,2%, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2,6 ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ. 
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ʈʠʩʫʥʦʢ 31. TG-DSC ʠ EGA-MS ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [Co(en)3]2[CuOx2]3Ā14H2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

 

ɺ ʠʩʭʦʜʥʦʡ ʩʦʣʠ ʯʝʪʳʨʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ, ʘ 10 

ʦʩʪʘʚʰʠʭʩʷ ï ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ. ɺʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʚʦʜʘ ʠ ʯʘʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʫʜʘʣʷʝʪʩʷ ʧʨʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠ ʟʘʧʦʣʥʝʥʠʷ ʛʘʟʦʤ ʧʨʠʙʦʨʘ 

ʉʊɸ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʪʝʨʤʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʥʘʛʨʝʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʦ 150 ʉ̄ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ  

ʫʛʣʦʚ (ʨʠʩʫʥʦʢ 32). ʆʜʥʘʢʦ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʩʦʭʨʘʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʚʦʜʥʘʷ ʠ 

ʙʝʟʚʦʜʥʘʷ ɼʂʉ ʠʜʝʥʪʠʯʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ ʚ ʨʝʰʝʪʢʝ, ʯʪʦ 

ʚʠʜʥʦ ʧʦ ʜʘʥʥʳʤ ʈʌɸ. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ 

ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩʫʥʦʢ 33). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʘʥʥʳʤ ʈʌɸ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ʉ̄ ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ 

ʙʝʟʚʦʜʥʳʡ ʢʦʤʧʣʝʢʩ [Co(en)3]2[CuOx2]3. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʧʠʩʘʥʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʜʘʥʥʳʝ ʧʦ ʧʦʪʝʨʷʤ ʤʘʩʩʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʷʭ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʩʦʩʪʘʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʙʝʟʚʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ.  

ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ 200ï240 ʉ̄ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʵʥʜʦʵʬʬʝʢʪʦʤ. ʆʩʥʦʚʥʳʤ ʛʘʟʦʦʙʨʘʟʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ CO2 (m/z = 44, 28, 

16, 12). ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 240 ʉ̄, ʧʨʘʢʪʠʯʝʩʢʠ 
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ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ ʨʝʬʣʝʢʩʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʥʷʪʠʝ ʬʦʥʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʤʦʨʬʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

ʈʠʩʫʥʦʢ 32. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [Co(en)3]2[CuOx2]3Ā14H2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʨʝʞʠʤʝ ex situ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

 

ʈʠʩʫʥʦʢ 33. ʀʂ-ʩʧʝʢʪʨʳ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [Co(en)3]2[CuOx2]3Ā14H2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʨʝʞʠʤʝ ex situ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ʊʨʝʪʴʷ ʩʪʘʜʠʷ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ 240ï300 ʉ̄ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʥʜʦʵʬʬʝʢʪʦʤ. 

ʆʩʥʦʚʥʳʤʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʷʚʣʷʶʪʩʷ CO2 ʠ H2O. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʦʥʥʳʭ 

ʪʦʢʦʚ ʠʦʥʦʚ ʩ m/z = 39, 43, 45, 46 ʠ ʜʨ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʣʠʛʘʥʜʘ. ʉʫʤʤʘʨʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʵʪʠʭ ʜʚʫʭ ʩʪʫʧʝʥʷʭ ʩʦʩʪʘʚʣʷʝʪ 47,2% ʦʪ ʤʘʩʩʳ 

ʙʝʟʚʦʜʥʦʡ ʩʦʣʠ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 300 ʉ̄, ʧʦʷʚʣʷʶʪʩʷ 

ʨʝʬʣʝʢʩʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ, ʘ ʨʝʬʣʝʢʩʳ ʚ ʤʘʣʳʭ ʫʛʣʘʭ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ 
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ʩʦʝʜʠʥʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ 

ʢʘʢ ʢ ʵʪʠʣʝʥʜʠʘʤʠʥʫ, ʪʘʢ ʠ ʢ ʦʢʩʘʣʘʪ-ʠʦʥʫ, ʧʦʵʪʦʤʫ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ 

ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʥʘ ʯʝʪʚʝʨʪʦʡ ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ (300ï385 ʉ̄) 

ʩʦʩʪʘʚʣʷʝʪ ʝʱʝ 12%, ʘ ʦʩʥʦʚʥʳʤʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʚ ʤʘʩʩ-

ʩʧʝʢʪʨʝ, ʷʚʣʷʶʪʩʷ CO2 ʠ H2O. ʇʨʠ ʵʪʦʤ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 385 ʉ̄, ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʢʩʘʣʘʪ-ʠʦʥʫ (1415, 1285, 

895, 545, 370, 340 ʩʤï1) ʠ CuïO (545 ʩʤï1). ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʵʪʦʪ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʤʝʩʴ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Co0,05Cu0,95 (a = 3,612 ¡) ʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ.  

ʇʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 385ï500 ʉ̄ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʢʟʦʵʬʬʝʢʪʦʤ. ʆʩʥʦʚʥʳʤ ʛʘʟʦʦʙʨʘʟʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ 

CH4 (m/z = 16, 15), ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʠʣʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʨʘʟʣʦʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 435 ʉ̄, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʘʤʦʨʬʥʦʡ 

ʬʘʟʳ ʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Co0,08Cu0,92 (a = 3,610 ¡), ʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʨʘʟʣʦʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 500 ʉ̄, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ: 

Co0,04Cu0,96 ʠ Co0,74Cu0,26. ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 800 ʉ̄ 

ʩʚʷʟʘʥʘ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʜʘʣʝʥʠʝʤ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 800 ʉ̄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ Co (ʆʂʈ 10-14 ʥʤ) ʠ Cu 

(ʆʂʈ 24-33 ʥʤ). ʆʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ, ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʚʥʘ 

27,2% (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʙʝʟʚʦʜʥʫʶ ɼʂʉ), ʨʘʩʯʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ Ɇ(Co+Cu) ʚ 

ʙʝʟʚʦʜʥʦʡ ʩʦʣʠ ʩʦʩʪʘʚʣʷʝʪ 25,76%. ʅʝʙʦʣʴʰʦʝ ʟʘʚʳʰʝʥʠʝ ʧʦ ʤʘʩʩʝ ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ [182, 183]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʭʝʤʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʪʘʢʦʤ ʚʠʜʝ: 

[Co(en)3]2[CuOx2]3Ā14H2O Ÿ [Co(en)3]2[CuOx2]3 Ÿ ç[Co(en)3]2(C2O4)3è + Cu Ÿ  

Ÿ Co0,04Cu0,96 + Co0,74Cu0,26 Ÿ Co + Cu. 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ <500 ʉ̄ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʥʘʛʨʝʚʫ 

ʠʩʭʦʜʥʦʡ ʩʦʣʠ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʨʞʠʚʘʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʛʨʝʚʘ ʜʦ 385 ʉ̄ ʩ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘ: 
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Co0,09Cu0,91 ʠ Co0,75Cu0,25, ʘ ʥʘʛʨʝʚ ʜʦ 400 ʉ̄ (ʚʳʜʝʨʞʠʚʘʥʠʝ 1 ʯ) ʧʨʠʚʝʣ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʤʝʩʠ Co0,05Cu0,95 (a = 3,612 ¡, ʆʂʈ 17-23 ʥʤ) ʠ Co0,83Cu0,17 (a = 3,557 ¡, ʆʂʈ 4-5 ʥʤ). 

ʆʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 12. 

 

ʊʘʙʣʠʮʘ 12. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ [Co(en)3]2[CuOx2]3Ā14H2O. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʨʝʞʠʤ 
a, ¡ ʉʦʩʪʘʚ ʆʂʈ 

385 Áʉ, 1 ʯʘʩ 
3,609 

3,563 

Co0,09Cu0,91 

Co0,75Cu0,25 

~16 ʥʤ 

~6 ʥʤ 

400 Áʉ, 1 ʯʘʩ 
3,612 

3,557 

Co0,05Cu0,95 

Co0,83Cu0,17 

~20 ʥʤ 

~5 ʥʤ 

500 Áʉ 
3,613 

3,564 

Co0,04Cu0,96 

Co0,74Cu0,26 

~17 ʥʤ 

~6 ʥʤ 

 

ʈʘʟʣʦʞʝʥʠʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ [Co(en)3]2[CuOx2]3Ā14H2O 

ʧʨʦʪʝʢʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦ ʨʘʟʣʦʞʝʥʠʶ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ 

(ʨʠʩʫʥʦʢ 34).  

 

ʈʠʩʫʥʦʢ 34. TG-DSC ʠ EGA-MS ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʩʣʝʚʘ) ʠ 

ʢʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (ʯʝʨʥʘʷ ʣʠʥʠʷ) ʠ ʠʥʝʨʪʥʦʡ 

(ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʘʪʤʦʩʬʝʨʝ (ʩʧʨʘʚʘ) ʜʣʷ [Co(en)3]2[CuOx2]3Ā14H2O. 

 

ɺʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 375 ʉ̄ ʢʨʠʚʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ 

ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʭʦʞʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʭʦʜʝ ʪʝʨʤʦʣʠʟʘ. ɿʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 375 ʉ̄ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʘʤʦʨʬʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ [Co(en)3]2[CuOx2]3Ā14H2O ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 ʉ̄ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʙʘʣʴʪʘ (ʆʂʈ 21-28 ʥʤ) ʠ ʤʝʜʠ (ʆʂʈ 28-50 ʥʤ). 

***  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʩʠʩʪʝʤʝ Co-Cu ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ <10 ʥʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʘʛʨʝʚʦʤ ɼʂʉ 

[Co(en)3]2[CuOx2]3Ā14H2O ʜʦ 385 ʉ̄ ʩ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 1 ʯ (Co0,09Cu0,91 ʠ 

Co0,75Cu0,25) ʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ɼʂʉ [CoA6]2[CuOx2]3Ā6H2O ʪʝʨʤʦʫʜʘʨʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

350 ʉ̄ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ (Co0,20Cu0,80 ʠ Co0,83Cu0,17). ʂʘʢ 

ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ [CoA6]2[CuOx2]3Ā6H2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ (250 ʉ̄, ʚʳʜʝʨʞʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ) ʥʘʤ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Co0,13Cu0,87 ʠ Co0,63Cu0,37, ʦʜʥʘʢʦ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣ CoC2O4. ɸ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ [CoA5Cl][CuOx2]ĀH2O ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ Co-Cu. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ɼʂʉ, [CoA6]2[CuOx2]3Ā6H2O ʠ 

[Co(en)3]2[CuOx2]3Ā14H2O ʷʚʣʷʪʁʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʝ CoïCu. 

3.2. ʉʠʩʪʝʤ rRh-Cu ʠ Ir -Cu 

3.2.1. ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ɼʂʉ 

ʉʠʥʪʝʟ [M(en)3]2Cl3Ā3H2O (M = Rh, Ir). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir) ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ 

ʜʚʘ ʩʧʦʩʦʙʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʦʛʦ ï ʩʠʥʪʝʟ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [M(en)3]I3ĿH2O (M = Rh, Ir). ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʦʣʫʯʝʥʠʠ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AgCl (ʧʦʣʫʯʝʥ ʩʤʝʰʝʥʠʝʤ 

AgNO3 ʠ KCl) ʧʨʦʜʫʢʪʳ ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʣʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʧʨʠʤʝʩʴ, ʢʦʪʦʨʫʶ, ʦʜʥʘʢʦ, ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʈʌɸ. ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʠʤʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ KCl ʚ 

ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʢʦʪʦʨʳʡ ʦʩʪʘʣʩʷ ʧʦʩʣʝ ʩʠʥʪʝʟʘ AgCl. ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʙʳʣʘ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘʣʠʯʠʝʤ KCl ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʠʥʪʝʟʝ AgCl, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ AgNO3 ʠ HClʨʘʟʙ., ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʦʣʠ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir) ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (77 ʠ 64% ʜʣʷ ʩʦʣʝʡ Rh ʠ Ir, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʟʘʤʝʱʝʥʠʠ Iï ʥʘ Clï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʦʦʙʤʝʥʥʦʡ 

ʢʦʣʦʥʢʠ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʯʠʩʪʳʝ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (84 ʠ 68% ʜʣʷ 

ʩʦʣʠ Rh ʠ Ir, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ).  

ɺ ʭʦʜʝ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir) ʧʦʣʫʯʘʣʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ ʥʘʧʨʷʤʫʶ ʠʟ MCl3ĿnH2O ʚ ʘʚʪʦʢʣʘʚʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʢʦʤʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʩ ʚʳʭʦʜʘʤʠ 54% ʠ 41% ʜʣʷ ʩʦʣʝʡ ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʧʦʜʭʦʜ ʩʠʥʪʝʟʘ ʩʦʣʝʡ [M(en)3]Cl3Ŀ3H2O (M = Rh, Ir) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [M(en)3]I3ĿH2O (M = Rh, Ir) ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ Iï ʥʘ Clï ʧʨʠ ʧʦʤʦʱʠ ʠʦʥʦʦʙʤʝʥʥʦʡ ʢʦʣʦʥʢʠ ̫ ʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ. 

ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʩʦʣʠ [Rh(en)3]I3ĿH2O ʠ [Rh(en)3]Cl3Ŀ3H2O ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʣʘʙʠʣʴʥʦʩʪʠ Rh ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ Ir. ʆʜʥʘʢʦ, ʧʨʠ ʧʦʧʳʪʢʘʭ ʪʘʢʠʭ ʩʠʥʪʝʟʦʚ, ʧʦʣʫʯʘʝʤʳʝ ʩʦʣʠ ʚʩʝʛʜʘ ʙʳʣʠ ʟʘʛʨʷʟʥʝʥʳ 

ʤʘʩʣʷʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʵʪʠʣʝʥʜʠʘʤʠʥʘ. ɺ ʨʘʙʦʪʝ [184] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠʣʝʥʜʠʘʤʠʥ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 

ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 125-145 ÁC ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʘʚʪʦʢʣʘʚʥʦʛʦ ʩʠʥʪʝʟʘ [M(en)3]I3ĿH2O ʠ 

[M(en)3]Cl3Ŀ3H2O (M = Rh, Ir) ʠʟʙʳʪʦʢ ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʜʫʢʪʦʚ, ʥʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʉʠʥʪʝʟ [Ir(en)3]2[CuOx2]3ĀnH2O. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ɼʂʉ [Ir(en)3]2[CuOx2]3ĀnH2O ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ [Ir(en)3]I3ĿH2O ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ 

ʨʘʩʪʚʦʨʘ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠ ʨʘʩʰʠʬʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ 

[Ir(en)3]2[Cu(C2O4)2I2][Cu(H2O)2(C2O4)2]Ŀ7H2O, ʚ ʢʦʪʦʨʦʡ Iï ʚʩʪʨʦʠʣʩʷ ʚ ʘʥʠʦʥʥʫʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ. ɸ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʦʩʘʜʦʢ ʧʦ ʜʘʥʥʳʤ 

ʈʌɸ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʤʝʩʴ [Ir(en)3]2[Cu(C2O4)2I2][Cu(H2O)2(C2O4)2]Ŀ7H2O ʠ 

[Ir(en)3]2[CuOx2]3ĀnH2O. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ɼʂʉ 

[M(en)3]2[CuOx2]3ĀnH2O (M = Rh, Ir) ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [M(en)3]Cl3Ŀ3H2O (M = 

Rh, Ir) ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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3.2.2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [RhA5Cl][CuOx2]ĀH2O.  

ɼʚʦʡʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ɼʂʉ 

[CoA5Cl][CuOx2]ĀH2O. ɺʩʝ ʘʪʦʤʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ʋ ʢʘʪʠʦʥʘ 

[Rh(NH3)5Cl]2+ ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ ʧʷʪʠ NH3 ʣʠʛʘʥʜʦʚ ʠ ʦʜʥʦʛʦ 

ʘʪʦʤʘ Cl (ʨʠʩʫʥʦʢ 35). ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ RhïN ʩʦʩʪʘʚʣʷʝʪ 2,066(1) ¡, ʘ ʜʣʠʥʘ ʩʚʷʟʠ 

RhïCl ï 2,3466(4) ¡. ʊʨʘʥʩ-ʫʛʦʣ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 180 ̄ʥʘ 2,28(4),̄ ʘ ʫʛʦʣ NïRhïN 

ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 90 ̄ʤʝʥʴʰʝ ʯʝʤ ʥʘ 1,99(5).̄ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Cu ʚ ʘʥʠʦʥʝ 

[Cu(H2O)(C2O4)2]2ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ ʩ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ O 

ʦʪ ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʦʩʥʦʚʘʥʠʠ (dʩʨ(CuïO) = 1,944(7) ¡) ʠ ʘʧʠʢʘʣʴʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʥʥʦʡ ʤʦʣʝʢʫʣʦʡ H2O (d(CuïOw) = 2,324(1) ¡; ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ OïCuï

Ow ʩʦʩʪʘʚʣʷʝʪ 94,7(5)̄). ɸʪʦʤ Cu ʚʳʭʦʜʠʪ ʠʟ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ 

O ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʩʪʦʨʦʥʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ H2O ʥʘ 0,15 ¡. ʆʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ5. 

 

ʈʠʩʫʥʦʢ 35. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ (ʩʣʝʚʘ); ʚʠʜ ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ bc (ʩʧʨʘʚʘ) ʜʣʷ 

[RhA5Cl][CuOx2]ĀH2O. 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [IrA5Cl][CuOx2]ĀH2O.  

ɼʚʦʡʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʦʛʠʯʥʳʤ ʩʦʣʷʤ Co ʠ Rh. ʈʘʟʣʠʯʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ5. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Rh(NH3)5Cl]C2O4.  

ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʫ ʘʪʦʤʘ Rh ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʧʷʪʠ ʘʪʦʤʦʚ N ʦʪ NH3 ʣʠʛʘʥʜʦʚ (dʩʨ(RhïN) = 2,09(3) ¡) ʠ ʦʜʥʦʛʦ ʘʪʦʤʘ Cl (d(RhïCl) = 

2,36(10) ¡) (ʨʠʩʫʥʦʢ 36). ʂʘʪʠʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʦʩʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ 

ʪʦʯʝʯʥʦʡ ʩʠʤʤʝʪʨʠʝʡ 222. ɸʪʦʤʳ Rh, Cl ʠ ʦʜʠʥ ʘʪʦʤ N ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ 2b᷆. C2O42ï 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʧʨʦʪʠʚʦʠʦʥʘ, ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʝʯʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ 222. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʢʘʢ 

ʢʘʪʠʦʥʥʦʡ, ʪʘʢ ʠ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ1. 

 

ʈʠʩʫʥʦʢ 36. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ (ʩʣʝʚʘ); ʚʠʜ ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ac (ʩʧʨʘʚʘ) ʜʣʷ 

[Rh(NH3)5Cl]C2O4. 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [RhA6]2[CuOx2]3Ā6H2O.  

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ [Rh(NH3)6]3+ ï ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ N ʘʤʤʠʘʯʥʳʭ ʣʠʛʘʥʜʦʚ (dʩʨ(RhïN) = 2,073(7) ¡, 

ʦʪʢʣʦʥʝʥʠʝ ʫʛʣʘ NïRhïN ʦʪ 90 ̄ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 2,24)̄ (ʨʠʩʫʥʦʢ 37).  
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ʈʠʩʫʥʦʢ 37. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ ʜʣʷ [RhA6]2[CuOx2]3Ā6H2O. 

 

ʆʙʘ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʘ Rh ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʘʭ ʠʥʚʝʨʩʠʠ (0, 0, İ) ʠ (İ, İ, İ). 

ɺ ʩʪʨʫʢʪʫʨʝ ɼʂʉ ʜʚʘ ʪʠʧʘ ʘʥʠʦʥʦʚ ï ʦʜʠʥ [Cu(H2O)2(C2O4)2]2ï ʠ ʜʚʘ [Cu(H2O)(C2O4)2]2ï. 

ɸʪʦʤ Cu1 ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ (0, 0, 0), ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ O 

ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (dʩʨ(Cu1ïO) = 1,959(1) ¡) ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ O ʤʦʣʝʢʫʣ ʚʦʜʳ  

(dʩʨ(Cu1ïOw) = 2,425(7) ¡). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Cu1 ï ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʧʨʠ 

ʵʪʦʤ ʘʪʦʤ Cu1 ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʦʢʩʘʣʘʪʥʳʭ 

ʣʠʛʘʥʜʦʚ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʥʠʦʥʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ï ʠʩʢʘʞʝʥʥʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ 

ʧʠʨʘʤʠʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ O ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʦʩʥʦʚʘʥʠʠ  

(dʩʨ(Cu2ïO) = 1,952(6) ¡) ʠ ʘʧʠʢʘʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʦʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

(d(Cu2ïOw) = 2,239(3) ¡, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ OïCu2ïOw ʩʦʩʪʘʚʣʷʝʪ 95,3(9))̄. ɸʪʦʤ 

Cu2 ʚʳʭʦʜʠʪ ʠʟ ʧʣʦʩʢʦʩʪʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʥʘ 

0,18 ¡ ʚ ʩʪʦʨʦʥʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ H2O. ɸʥʠʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ ʜʨʫʛ ʢ 

ʜʨʫʛʫ ʠ ʬʦʨʤʠʨʫʶʪ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Cu2 ʠ O13 ʦʢʩʘʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ 

(d(Cu2...O13) = 2,711(2) ¡) (ʨʠʩʫʥʦʢ 38).  
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ʈʠʩʫʥʦʢ 38. ɺʠʜ ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ac ʜʣʷ [RhA6]2[CuOx2]3Ā6H2O. 

 

ɼʂʉ [RhA6]2[CuOx2]3Ā6H2O ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʩʦʣʠ 

[CoA6]2[CuOx2]3Ā6H2O [65]. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʩʦʣʠ 

[RhA6]2[CuOx2]3Ā6H2O ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ6. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [IrA6]2[CuOx2]3Ā6H2O.  

ɼʚʦʡʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʦʛʠʯʥʳʤ ʩʦʣʷʤ Co ʠ Rh. ʈʘʟʣʠʯʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ6. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʦʣʝʡ ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ ʥʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ 

[MA6]2[CuOx2]3Ā4H2O (M = Rh, Ir), ʢʘʢ ʙʳʣʦ ʚ ʩʣʫʯʘʝ ʩʦʣʠ ʢʦʙʘʣʴʪʘ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [RhxIr1-xA6]2[CuOx2]3Ā6H2O (x = 0,25, 0,50, 0,75).  

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ɼʂʉ 

[MA6]2[CuOx2]3Ā6H2O (M = Co, Rh, Ir). ʇʨʠ ʵʪʦʤ ʧʦʟʠʮʠʠ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘʥʷʪʘ 

ʩʦʚʤʝʩʪʥʦ ʘʪʦʤʘʤʠ Rh ʠ Ir ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (ʪʘʙʣʠʮʘ 13). ʉʤʝʰʘʥʥʦʡ ʟʘʥʷʪʦʩʪʠ 

ʚ ʘʥʠʦʥʥʦʡ ʧʦʟʠʮʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ7. 
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ʊʘʙʣʠʮʘ 13. ɿʘʩʝʣʝʥʥʦʩʪʴ Rh/Ir ʚ ʧʦʟʠʮʠʷʭ M1 ʠ M2 ʜʣʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ɼʂʉ. 

ʋʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

x 

ɿʘʩʝʣʝʥʥʦʩʪʴ Rh/Ir  

ʚ ʧʦʟʠʮʠʠ M1 

ɿʘʩʝʣʝʥʥʦʩʪʴ Rh/Ir  

ʚ ʧʦʟʠʮʠʠ M2 

0,26 
0.241/Ш0.759 0.274/Ш0.726 

0,55 
0.522/Ш0.478 0.577/Ш0.423 

0,73 
0.728/Ш0.272 0.741/Ш0.259 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Ir(en)3]2[CuOx2]3Ā14H2O. 

ɼʂʉ ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʩʦʣʠ [Co(en)3]2[CuOx2]3Ā14H2O. ʉʪʨʫʢʪʫʨʘ 

ʩʦʩʪʦʠʪ ʠʟ [Ir(en)3]3+ ʢʘʪʠʦʥʦʚ, ʜʚʫʭ ʪʠʧʦʚ ʘʥʠʦʥʦʚ ï [Cu(H2O)(C2O4)2]2ī ʠ 

[Cu(H2O)2(C2O4)2]2ī ʠ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ (ʨʠʩʫʥʦʢ 39). 

 

ʈʠʩʫʥʦʢ 39. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ (ʩʣʝʚʘ); ʚʠʜ ʫʧʘʢʦʚʢʠ ʚʜʦʣʴ a (ʩʧʨʘʚʘ) ʜʣʷ 

[Ir(en)3]2[CuOx2]3Ā14H2O. 

 

ɺ ʩʪʨʫʢʪʫʨʝ [Ir(en)3]3+ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ï 

ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʰʝʩʪʠ ʘʪʦʤʦʚ N ɻ ʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ  

(dʩʨ(IrïN) = 2,08(2) ¡). ʂʘʪʠʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʟʠʮʠʦʥʥʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʩ ʟʘʥʷʪʦʩʪʴʶ 

ʧʦʟʠʮʠʡ 0,50/0,50. 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ Cu ʚ ʘʥʠʦʥʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʘʟʣʠʯʘʝʪʩʷ. ɸʪʦʤ 

Cu1 (ʦʙʱʘʷ ʧʦʟʠʮʠʷ) ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ O ʦʪ ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʦʜʥʠʤ 

ʘʪʦʤʦʤ Ow ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Cu1 ï 

ʠʩʢʘʞʝʥʥʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʧʠʨʘʤʠʜʘ. ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʘ Cu2 (ʯʘʩʪʥʘʷ 

ʧʦʟʠʮʠʷ (İ, İ, 0)) ʥʘʭʦʜʷʪʩʷ ʯʝʪʳʨʝ ʢʠʩʣʦʨʦʜʘ ʙʠʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʜʚʘ ʘʪʦʤʘ Ow ʦʪ ʤʦʣʝʢʫʣ ʚʦʜʳ. ɺ ʩʪʨʫʢʪʫʨʝ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʩʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ (ʪʠʧ ʩʚʷʟʠ N-HéOw) ʠ ʘʥʠʦʥʘʤʠ (ʪʠʧ ʩʚʷʟʠ Ow-HéO(ox)). 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ8. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Rh(en)3]2[CuOx2]3Ā14H2O. 

ɼʚʦʡʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʦʛʠʯʥʳʤ ʩʦʣʷʤ Co ʠ Ir. ʈʘʟʣʠʯʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ8. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Ir(en)3]2[Cu(C2O4)2I2][Cu(H2O)2(C2O4)2]Ŀ7H2O. 

ʉʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ [Ir(en)3]3+ ʢʘʪʠʦʥʦʚ, [Cu(C2O4)2I2]4ī ʠ [Cu(H2O)2(C2O4)2]2ī 

ʘʥʠʦʥʦʚ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩʫʥʦʢ 40).  

 

ʈʠʩʫʥʦʢ 40. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ (ʩʣʝʚʘ); ʚʠʜ ʫʧʘʢʦʚʢʠ ʚʜʦʣʴ a (ʩʧʨʘʚʘ) ʜʣʷ 

[Ir(en)3]2[Cu(C2O4)2I2][Cu(H2O)2(C2O4)2]Ŀ7H2O. 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʦʚ [Ir(en)3]3+ ʠ ʘʥʠʦʥʦʚ ʪʠʧʘ 

[Cu(H2O)2(C2O4)2]2ī ʪʘʢʦʝ ʞʝ, ʢʘʢ ʚ ɼʂʉ [M(en)3]2[CuOx2]3Ā14H2O (M = Co, Rh, Ir). ɺ ʩʣʫʯʘʝ 

ʘʥʠʦʥʦʚ [Cu(C2O4)2I2]4ī ʘʪʦʤ Cu1 (ʯʘʩʪʥʘʷ ʧʦʟʠʮʠʷ (İ, 0, İ)) ʦʢʨʫʞʝʥ ʜʚʫʤʷ ʦʢʩʘʣʘʪ-
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ʘʥʠʦʥʘʤʠ (dʩʨ(Cu2ïO) = 1,941(8) ¡), ʬʦʨʤʠʨʫʶʱʠʤʠ ʠʩʢʘʞʝʥʥʦʝ ʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʘʪʦʤ Cu1 ʠʤʝʝʪ ʜʚʘ ʙʦʣʝʝ ʜʣʠʥʥʳʭ 

ʘʢʩʠʘʣʴʥʳʭ ʢʦʥʪʘʢʪʘ ʩ ʘʪʦʤʘʤʠ I (dʩʨ(Cu1ïI) = 3,2483 ¡). ʂʦʦʨʜʠʥʘʮʠʷ Iï ʢ ʢʚʘʜʨʘʪʫ 

[CuL4]nï ʫʞʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʨʘʥʝʝ [185ï187]. ʅʘʠʙʦʣʴʰʘʷ ʜʣʠʥʘ ʩʚʷʟʠ CuïI 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ {[Cu(HL)2]2[Cu2I6]n (HL ï ʛʣʠʮʠʥʘʤʠʜ, 

d(CuïI) = 3,2963(7) ¡) [185]. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ4. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [M(en)3]2I3ĀH2O (M = Rh, Ir). 

ʉʦʣʠ [M(en)3]I3ĀH2O (M = Rh, Ir) ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʩʦʣʠ 

[Co(en)3]I3ĀH2O [188]. ʉʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ [M(en)3]3+ (M = Rh, Ir) ʢʘʪʠʦʥʦʚ, Iï ʘʥʠʦʥʦʚ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ (ʨʠʩʫʥʦʢ 41).  

 

ʈʠʩʫʥʦʢ 41. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) 

ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ (ʩʣʝʚʘ); ʚʠʜ ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ac (ʩʧʨʘʚʘ) ʜʣʷ [Ir(en)3]I3ĀH2O. 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ Rh/Ir ï ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʰʝʩʪʠ ʘʪʦʤʦʚ N ʦʪ ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ (ʪʘʙʣʠʮʘ 14).  
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ʊʘʙʣʠʮʘ 14. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ 

[M(en)3]I3ĀH2O (M = Rh, Ir). 

M Rh Ir 

dʩʨ(MïN),  2,073(7) 2,088(7) 

NMN ʫʛʦʣ (ʩʨʝʜʥʠʡ), Á 90(3) 90(4) 

 

ɺʩʝ ʘʪʦʤʳ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʱʠʭ ʧʦʟʠʮʠʷʭ. ɺ ʩʪʨʫʢʪʫʨʝ ʪʘʢʞʝ 

ʩʦʜʝʨʞʠʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʤʦʣʝʢʫʣʘ ʚʦʜʳ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ, 

ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʪʠʧʘ N-HéOw ʩ ʢʘʪʠʦʥʘʤʠ ʠ ʪʠʧʘ Ow-HéO(ox) ʩ 

ʘʥʠʦʥʘʤʠ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ  

ʪʘʙʣʠʮʝ ʇ2. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Ir(en)3]Cl3Ā0,25KClĀ3,25H2O. 

ʀʨʠʜʠʡ ʚ ʩʪʨʫʢʪʫʨʝ [Ir(en)3]3+ ʟʘʥʠʤʘʝʪ ʯʘʩʪʥʫʶ ʧʦʟʠʮʠʶ ʩ ʩʠʤʤʝʪʨʠʝʡ 3 ʠ 

ʦʙʣʘʜʘʝʪ ʠʩʢʘʞʝʥʥʳʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ ʠʟ ʰʝʩʪʠ ʘʪʦʤʦʚ N ʦʪ 

ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ (ʨʠʩʫʥʦʢ 42). ɼʣʠʥʘ ʩʚʷʟʠ IrïN ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʫʟʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 2,085(2) ʜʦ 2.097(2) ¡. ʀʦʥʳ K+ ʦʢʨʫʞʝʥʳ ʰʝʩʪʴʶ Ow ʘʪʦʤʘʤʠ ʦʪ ʤʦʣʝʢʫʣ 

ʚʦʜʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪ ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ (d(KïOw) = 

2,628(4) ¡).  

 

ʈʠʩʫʥʦʢ 42. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʚ ʵʣʣʠʧʩʦʠʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʚʝʨʦʷʪʥʦʩʪʴ 50%) 

ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʘʪʦʤʦʚ (ʩʣʝʚʘ); ʚʠʜ ʫʧʘʢʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ bc (ʩʧʨʘʚʘ) ʜʣʷ 

[Ir(en)3]Cl3Ā0,25KClĀ3,25H2O. 
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ʂʘʣʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ (0, 0, ı) ʩ ʩʠʤʤʝʪʨʠʝʡ 3.2, ʘ ʝʛʦ ʧʨʦʪʠʚʦʠʦʥ 

Clï ʟʘʥʠʤʘʝʪ ʯʘʩʪʥʫʶ ʧʦʟʠʮʠʶ ʩ ʩʠʤʤʝʪʨʠʝʡ -3. ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ 

ʩʪʨʫʢʪʫʨʝ ʬʦʨʤʠʨʫʶʪ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʢʘʪʠʦʥʘʤʠ ʠ ʘʥʠʦʥʘʤʠ. ʇʦʟʠʮʠʠ K ʠ Cl 

ʟʘʥʷʪʳ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ3. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Rh(en)3]Cl3Ā0,5KClĀ3H2O. 

ʂʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ [Rh(en)3]Cl3Ā0,5KClĀ3H2O ʠʟʦʩʪʨʫʢʪʫʨʥʘ 

[Ir(en)3]Cl3Ā0,25KClĀ3,25H2O. ʈʘʟʣʠʯʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ, ʘ 

ʪʘʢʞʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ KCl. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ3. 

3.2.3. ʊʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɼʂʉ 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [RhA5Cl][CuOx2]ĀH2O.  

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʚʦʡʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʨʦʪʝʢʘʝʪ ʚ ʪʨʠ ʩʪʘʜʠʠ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʵʥʜʦʵʬʬʝʢʪʘʤʠ (ʨʠʩʫʥʦʢ 43, 

ʩʣʝʚʘ). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 110-240 ÁC ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 

20,8%. ʇʨʠ ʵʪʦʤ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʣʝʢʫʣ H2O (m/z = 18, 17, 16), CO2 + CO (m/z = 44, 28, 16, 12) ʠ ʩʠʛʥʘʣʳ 

ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (m/z = 15 ʠ 30), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 

ʤʦʣʝʢʫʣ NH3 ʠ NO. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʘʯʠʥʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ 

ʢʘʢ ʢʘʪʠʦʥʦʚ ʪʘʢ ʠ ʘʥʠʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʜʚʦʡʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ. ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 230 ÁC (ʨʠʩʫʥʦʢ 43, 

ʩʧʨʘʚʘ), ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʬʣʝʢʩʳ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʘʢʦ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʢʘʶʱʝʛʦ ʨʘʟʣʦʞʝʥʠʷ. ɸ ʧʨʦʜʫʢʪ ʥʘʛʨʝʚʘ ʜʦ 

240 ÁC ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʠ ʥʝʠʟʚʝʩʪʥʦʡ 

ʬʘʟʳ ʩ ʨʝʬʣʝʢʩʘʤʠ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʫʛʣʦʚ. ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʫʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʦʣʠʟʘ [CoA5Cl][CuOx2]ĀH2O ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟʳ [Co(NH3)5Cl]C2O4 ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʟʣʦʞʝʥʠʷ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʰʝʡ ʛʠʧʦʪʝʟʳ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʩʠʥʪʝʟ ʩʦʣʠ [Rh(NH3)5Cl]C2O4, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʨʘʥʝʝ ʥʝ ʙʳʣʘ 

ʠʟʚʝʩʪʥʘ. ʈʘʩʯʝʪʥʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʣʷ [Rh(NH3)5Cl]C2O4 ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʚʧʘʣʘ ʩ 

ʥʝʧʨʦʠʥʜʠʮʠʨʦʚʘʥʥʳʤʠ ʧʠʢʘʤʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 240 ÁC. 



101 
 

 

ʈʠʩʫʥʦʢ 43. TG-DSC ʠ EGA-MS ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ [RhA5Cl][CuOx2]ĀH2O ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʩʣʝʚʘ); ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ 

[RhA5Cl][CuOx2]ĀH2O ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʨʝʞʠʤʝ ex situ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʧʨʘʚʘ). 

 

ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ 240-260 ÁC ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʝʡ 34,0 % ʤʘʩʩʳ. ʆʩʥʦʚʥʳʤʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʷʚʣʷʶʪʩʷ H2O (m/z = 18, 17, 16), CO2 + CO (m/z = 44, 28, 

16, 12) ʠ NH3 (m/z = 17, 16, 15). ʊʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʦʥʥʳʭ ʪʦʢʦʚ ʠʦʥʦʚ ʩ (m/z = 14 ʠ 36), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʜʝʣʝʥʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʤʦʣʝʢʫʣ N2 ʠ HCl. ʊʨʝʪʴʷ ʩʪʫʧʝʥʴ ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ 240-280 Áʉ ʠ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʣʠʟʘ. 

ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʩʪʘʚʫ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 350 ÁC ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ  

RhxCu1-x (ʆʂʈ 3-4 ʥʤ), ʪʦʯʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ʆʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ 

ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʘ 35,8%, ʨʘʩʯʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʣʣʦʚ Ɇ(Rh+Cu) = 34,60%. ʅʝʙʦʣʴʰʦʝ ʟʘʚʳʰʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʤʘʩʩʳ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝʤ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪ-

ʠʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ɼʂʉ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ [182, 183]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʭʝʤʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʪʘʢʦʤ ʚʠʜʝ: 

[RhA5Cl][CuOx2]ĀH2O Ÿ [Rh(NH3)5Cl]C2O4 + Cu Ÿ RhxCu1-x. 






















































































































