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ɼʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʨʘʙʦʪʘ ʩʲʜʲʨʞʘ 120 ʩʪʨʘʥʠʮʠ ʠ ʚʢʣʶʯʚʘ 36 ʬʠʛʫʨʠ ʠ 11 ʪʘʙʣʠʮʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʷʪʘ ʦʙʭʚʘʱʘ 326 ʟʘʛʣʘʚʠʷ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʚ 5 ʥʘʫʯʥʠ ʩʪʘʪʠʠ ʠ 

ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʥʘ 9 ʥʘʫʯʥʠ ʬʦʨʫʤʠ. 

 

ɼʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʨʘʙʦʪʘ ʝ ʦʙʩʲʜʝʥʘ ʠ ʥʘʩʦʯʝʥʘ ʟʘ ʟʘʱʠʪʘ ʦʪ ʦʙʝʜʠʥʝʥʦ ʥʘʫʯʥʦ 

ʟʚʝʥʦ ʥʘ ʂʦʣʦʢʚʠʫʤʘ Ăʍʠʤʠʯʥʘ ʢʠʥʝʪʠʢʘ ʠ ʢʘʪʘʣʠʟò ʧʨʠ ʀʥʩʪʠʪʫʪ ʧʦ ʢʘʪʘʣʠʟ-ɹɸʅ ʥʘ 

08.11.2013 ʛ. 

 

ɼʦʢʪʦʨʘʥʪʲʪ ʝ ʟʘʯʠʩʣʝʥ ʢʘʪʦ ʨʝʜʦʚʝʥ ʜʦʢʪʦʨʘʥʪ ʧʦ ʩʧʝʮʠʘʣʥʦʩʪʪʘ Ăʍʠʤʠʯʥʘ 

ʢʠʥʝʪʠʢʘ ʠ ʢʘʪʘʣʠʟò ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʘ 01.05.16 ʢʲʤ ʀʥʩʪʠʪʫʪ ʧʦ ʢʘʪʘʣʠʟ ʧʨʠ ɹɸʅ. 

ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʨʘʙʦʪʘ ʩʘ ʠʟʚʲʨʰʝʥʠ ʚ ʣʘʙ. Ăʂʘʪʘʣʠʪʠʯʥʠ 

ʧʨʦʮʝʩʠ ʟʘ ʝʥʝʨʛʝʪʠʢʘʪʘ ʠ ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘò - ʀʥʩʪʠʪʫʪ ʧʦ ʢʘʪʘʣʠʟ-ɹɸʅ. 

 

 

 

 

ɿʘʱʠʪʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʨʘʙʪʘ ʱʝ ʩʝ ʩʲʩʪʦʠ ʥʘ .................ʦʪ ............. ʯ. ʚ 

ʀʥʩʪʠʪʫʪ ʧʦ ʢʘʪʘʣʠʟ-ɹɸʅ ʥʘ ʟʘʩʝʜʘʥʠʝ ʥʘ ʥʘʫʯʥʦ ʞʫʨʠ ʚ ʩʲʩʪʘʚ: 

 

1. ʧʨʦʬ. ʜʥ ʉʣʘʚʯʦ ʈʘʢʦʚʩʢʠ 

2. ʧʨʦʬ. ʜʥ ʉʦʥʷ ɼʘʤʷʥʦʚʘ 

3. ʧʨʦʬ. ʜʥ ʇʣʘʤʝʥ ʉʪʝʬʘʥʦʚ 

4. ʜʦʮ. ʜ-ʨ ʂʠʨʠʣ ʉʪʘʥʫʣʦʚ 

5. ʜʦʮ. ʜ-ʨ ʄʠʣʯʦ ʉʢʫʤʦʚ 
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ʋʚʦʜ 

ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʙʲʜʝʱʝ, ʦʩʥʦʚʘʥʦ ʥʘ ʯʠʩʪʠ ʠ ʫʩʪʦʡʯʠʚʠ ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ ʝ ʝʜʥʘ 

ʦʪ ʚʘʞʥʠʪʝ ʟʘʜʘʯʠ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ. ʋʩʠʣʠʷʪʘ ʥʘ ʫʯʝʥʠʪʝ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʠ 

ʝʥʝʨʛʠʡʥʘʪʘ ʧʦʣʠʪʠʢʘ ʥʘ ʨʘʟʚʠʪʠʪʝ ʠʥʜʫʩʪʨʠʘʣʥʠ ʩʪʨʘʥʠ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ 

ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʯʠʩʪʠ ʝʬʝʢʪʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʲʨʩʝʥʝ ʥʘ ʘʣʪʝʨʥʘʪʠʚʥʠ ʛʦʨʠʚʘ, 

ʯʠʝʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʝ ʧʦʚʠʰʘʚʘ ʪʦʢʩʠʯʥʠʪʝ ʠ ʚʨʝʜʥʠ ʝʤʠʩʠʠ. 

ɺʦʜʦʨʦʜʲʪ ʝ ʮʝʥʥʦ ʘʣʪʝʨʥʘʪʠʚʥʦ ʛʦʨʠʚʦ ʥʘ ʙʲʜʝʱʝʪʦ - ʝʢʦʣʦʛʠʯʥʦ ʯʠʩʪ, ʝʬʝʢʪʠʚʝʥ 

ʠ ʝʚʪʠʥ ʝʥʝʨʛʠʝʥ ʠʟʪʦʯʥʠʢ. ʇʦʣʫʯʘʚʘ ʩʝ ʯʨʝʟ ʧʨʦʮʝʩʠʪʝ ʥʘ ʨʝʬʦʨʤʠʥʛ ʥʘ ʤʝʪʘʥ (ʧʘʨʦʚ 

ʨʝʬʦʨʤʠʥʛ, ʘʚʪʦʪʝʨʤʠʯʝʥ ʨʝʬʦʨʤʠʥʛ, ʥʝʧʲʣʥʦ ʦʢʠʩʣʝʥʠʝ ʥʘ ʤʝʪʘʥ, ʨʝʬʦʨʤʠʥʛ ʥʘ 

ʤʝʪʘʥ ʩ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ) ʠ ʛʘʟʠʬʠʢʘʮʠʷ ʥʘ ʚʲʛʣʠʱʘ. ɺʲʧʨʝʢʠ, ʯʝ ʧʘʨʦʚʠʷʪ 

ʨʝʬʦʨʤʠʥʛ ʝ ʠʥʜʫʩʪʨʠʘʣʥʦ ʚʥʝʜʨʝʥ ʧʨʦʮʝʩ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʚʦʜʦʨʦʜ, ʨʝʬʦʨʤʠʥʛʲʪ ʥʘ 

ʤʝʪʘʥ ʩ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ (ʩʫʭ ʨʝʬʦʨʤʠʥʛ) ʠʤʘ ʨʝʜʠʮʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʧʨʝʜʠʤʩʪʚʘ, 

ʢʦʠʪʦ ʩʘ ʧʨʠʯʠʥʘ ʟʘ ʚʩʝ ʧʦ-ʠʥʪʝʥʟʠʚʥʦʪʦ ʤʫ ʠʟʩʣʝʜʚʘʥʝ: (i) ʚʦʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʤʝʩ 

ʦʪ ʅ2:ʉʆ å 1, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʩʫʨʦʚʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʢʠʩʣʦʨʦʜ-ʩʲʜʲʨʞʘʱʠ ʩʲʝʜʠʥʝʥʠʷ (ʤʝʪʘʥʦʣ, ʜʠʤʝʪʠʣʦʚ ʝʪʝʨ) ʠʣʠ ʪʝʯʥʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ 

(ʩʠʥʪʝʪʠʯʥʠ ʤʦʪʦʨʥʠ ʤʘʩʣʘ ʠʣʠ ʛʦʨʠʚʘ) ʯʨʝʟ ʧʨʦʮʝʩʠʪʝ ʥʘ Fischer-Tropsch. 

ʂʘʪʘʣʠʟʘʪʦʨʠ ʟʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʨʝʬʦʨʤʠʥʛ ʥʘ ʤʝʪʘʥ ʩʘ ʧʨʝʭʦʜʥʠ ʤʝʪʘʣʠ (Rh, Ru, Pt, 

Pd, Ir, Ni), ʥʘʥʝʩʝʥʠ ʚʲʨʭʫ ʤʝʪʘʣʥʠ ʦʢʩʠʜʠ, ʩʤʝʩʝʥʠ ʤʝʪʘʣʥʠ ʦʢʩʠʜʠ, ʟʝʦʣʠʪʠ, 

ʤʝʟʦʧʦʨʝʩʪʠ ʤʦʣʝʢʫʣʥʠ ʩʠʪʘ. ʃʘʥʪʘʥʠʜʠʪʝ (Ce, Pr, La, Sm,) ʠ ʩʤʝʩʝʥʠʪʝ ʦʢʩʠʜʠ ʥʘ 

ʪʷʭʥʘ ʦʩʥʦʚʘ ʩʘ ʧʦʜʭʦʜʷʱʠ ʥʦʩʠʪʝʣʠ ʠʣʠ ʧʨʦʤʦʪʦʨʠ ʟʘ ʢʘʪʘʣʠʟʘʪʦʨʠʪʝ ʚ ʧʨʦʮʝʩʠʪʝ ʥʘ 

ʨʝʬʦʨʤʠʥʛ ʥʘ ʤʝʪʘʥ ʪʲʡ ʢʘʪʦ: (i) ʧʨʠʪʝʞʘʚʘʪ ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʦʩʚʦʙʦʞʜʘʚʘʪ ʢʠʩʣʦʨʦʜ ʚ 

ʫʩʣʦʚʠʷ ʥʘ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʝʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʘ ʝʣʠʤʠʥʠʨʘʥʝʪʦ ʥʘ ʦʪʣʦʞʝʥʠʪʝ 

ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʚʲʛʣʝʨʦʜ-ʩʲʜʲʨʞʘʱʠ ʩʲʝʜʠʥʝʥʷ; (ii) ʫʣʝʩʥʷʚʘʪ ʧʨʦʮʝʩʘ 

ʥʘ ʘʜʩʦʨʙʮʠʷ (ʘʢʪʠʚʘʮʠʷ) ʥʘ ʨʝʘʛʠʨʘʱʠʪʝ ʤʦʣʝʢʫʣʠ ʚʲʨʭʫ ʘʢʪʠʚʥʠʪʝ ʤʝʪʘʣʥʠ ʮʝʥʪʨʦʚʝ 

ʯʨʝʟ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʜʝʬʝʢʪʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʥʦʩʠʪʝʣʷ ʠ (iii) ʧʨʝʧʷʪʩʪʚʘʪ ʘʛʣʦʤʝʨʘʮʠʷʪʘ 

ʥʘ ʘʢʪʠʚʥʠʪʝ ʤʝʪʘʣʥʠ ʮʝʥʪʨʦʚʝ ʧʦ ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʤʷʥʘ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʘʢʪʠʚʝʥ ʤʝʪʘʣ-ʥʦʩʠʪʝʣ.  

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʚʠʩʦʢʦ ʘʢʪʠʚʥʠ ʠ ʫʩʪʦʡʯʠʚʠ 

ʢʘʪʘʣʠʟʘʪʦʨʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʚʦʜʦʨʦʜ ʯʨʝʟ ʧʨʦʮʝʩʘ ʥʘ ʨʝʬʦʨʤʠʥʛ ʥʘ ʤʝʪʘʥ ʩ 

ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ. ɿʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʪʘʟʠ ʮʝʣ ʩʘ ʧʦʣʫʯʝʥʠ Pt ʢʘʪʘʣʠʟʘʪʦʨʠ, 

ʥʘʥʝʩʝʥʠ ʚʲʨʭʫ ʘʣʫʤʠʥʠʝʚ ʦʢʩʠʜ, ʤʦʜʠʬʠʮʠʨʘʥ ʩ ʨʘʟʣʠʯʥʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʟʝʦʜʠʤʦʚ 

ʦʢʩʠʜ. ʇʨʠʣʦʞʝʥ ʝ ʰʠʨʦʢ ʥʘʙʦʨ ʦʪ ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʝʭʥʠʷ 

ʩʲʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʢʘʪʘʣʠʪʠʯʥʠ ʩʚʦʡʩʪʚʘ. 

 

ɺ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʧʦʩʪʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ: 

1. ʉʠʥʪʝʟʠʨʘʥʝ ʥʘ ʩʤʝʩʝʥʠ ʭPrO2-Al 2O3 ʥʦʩʠʪʝʣʠ ʩ ʨʘʟʣʠʯʥʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (PrO2) ʠ ʥʘʥʝʩʝʥʠ ʚʲʨʭʫ ʪʷʭ Pt ʢʘʪʘʣʠʟʘʪʦʨʠ. 

2. ʀʟʩʣʝʜʚʘʥʝ ʝʬʝʢʪʘ ʥʘ PrO2 ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʩʤʝʩʝʥʠ ʥʦʩʠʪʝʣʠ. 
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3. ʀʟʩʣʝʜʚʘʥʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ PrO2 ʠ ʧʨʝʜʚʘʨʠʪʝʣʥʘʪʘ ʦʙʨʘʙʦʪʢʘ 

ʚʲʨʭʫ ʤʦʨʬʦʣʦʛʠʷʪʘ, ʝʣʝʢʪʨʦʥʥʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʠʪʝ 

ʚ Pt/xPrO2-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʠ. 

4. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʦʧʪʠʤʘʣʥʠʪʝ ʫʩʣʦʚʠʷ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ ʨʝʘʢʮʠʷʪʘ ʨʝʬʦʨʤʠʥʛ ʥʘ 

ʤʝʪʘʥ ʩ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʚʲʨʭʫ Pt/xPrO2-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʠ.  

5. ʋʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʩʲʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʢʘʪʘʣʠʪʠʯʥʠ ʩʚʦʡʩʪʚʘ ʥʘ 

Pt/xPrO2-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʠ. 

 

1. ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʥʦʩʠʪʝʣʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʠ 

 

ʉʠʥʪʝʟʠʨʘʥʠ ʩʘ ʭPrO2-Al 2O3 ʥʦʩʠʪʝʣʠ ʩ ʨʘʟʣʠʯʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ PrO2 (x= 1, 6, 12 ʠ 

20 ʪʝʛʣ.%) ʯʨʝʟ ʠʤʧʨʝʛʥʠʨʘʥʝ ʥʘ ɔ-Al 2O3 ʩ ʚʦʜʝʥ ʨʘʟʪʚʦʨ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʥʠʪʨʘʪ, 

Pr(NO3)3.6H2O.  

ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ Pt/ʭPrO2-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʚʢʣʶʯʚʘ ʠʤʧʨʝʛʥʠʨʘʥʝ ʥʘ 

ʩʲʦʪʚʝʪʥʠʪʝ ʥʦʩʠʪʝʣʠ (6 g) ʩ 0.003 ʄ ʨʘʟʪʚʦʨ ʥʘ H2PtCl6.6H2O ʚ ʝʪʘʥʦʣ, ʩʫʰʝʥʝ ʥʘ 

ʦʙʨʘʟʮʠʪʝ ʥʘ ʚʲʟʜʫʭ ʧʨʠ 383 K ʟʘ 12 h ʠ ʥʘʢʘʣʷʚʘʥʝ ʧʨʠ 823 K ʟʘ 4 h. ʂʦʣʠʯʝʩʪʚʦʪʦ ʥʘ 

Pt ʚ ʦʙʨʘʟʮʠʪʝ ʝ 1 ʪʝʛʣ.% 

ɿʘ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʤʝʪʦʜʠ: 

ʘʪʦʤʥʦ-ʝʤʠʩʠʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʦʙʝʤʘ ʥʘ 

ʧʦʨʠʪʝ ʧʦ ʤʝʪʦʜʘ ʥʘ ɺɽʊ, ʨʝʥʪʛʝʥʦʬʘʟʦʚ ʘʥʘʣʠʟ, ʜʠʬʫʟʥʦ-ʦʪʨʘʞʘʪʝʣʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʚʲʚ ʚʠʜʠʤʘʪʘ ʠ ʫʣʪʨʘʚʠʦʣʝʪʦʚʘ ʦʙʣʘʩʪʠ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ, ʨʝʥʪʛʝʥʦʚʘ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʜʠʬʫʟʥʦ-ʦʪʨʘʞʘʪʝʣʥʘ ʠʥʬʨʘʯʝʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ 

ʌʫʨʠʝ ʧʨʝʦʙʨʘʟʫʚʘʥʠʝ ʥʘ ʘʜʩʦʨʙʠʨʘʥ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ, ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʨʦʛʨʘʤʠʨʘʥʘ 

ʨʝʜʫʢʮʠʷ ʩ ʚʦʜʦʨʦʜ, ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʨʦʛʨʘʤʠʨʘʥʘ ʜʝʩʦʨʙʮʠʷ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ, 

ʪʨʘʥʩʤʠʩʠʦʥʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʢʘʪʘʣʠʪʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʚ 

ʨʝʘʢʮʠʷʪʘ ʨʝʬʦʨʤʠʥʛ ʥʘ CH4 ʩ CO2. 

 

2. Cʲʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭPrO2-Al 2O3 ʥʦʩʠʪʝʣʠ ʠ Pt/ʭPrO2-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʠ  

 

2.1. ʊʝʢʩʪʫʨʥʠ ʩʚʦʡʩʪʚʘ 

ʉ ʧʦʤʦʱʪʘ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʠ ʠʟʦʪʝʨʤʠ ʥʘ ʘʟʦʪ ʝ ʠʟʩʣʝʜʚʘʥ ʝʬʝʢʪʲʪ ʥʘ 

ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ ʚʲʨʭʫ ʪʝʢʩʪʫʨʥʠʪʝ 

ʩʚʦʡʩʪʚʘ ʥʘ ʭPrO2-Al 2O3 ʠ Pt/ʭPrO2-Al 2O3. ʀʟʦʪʝʨʤʠʪʝ ʥʘ ʚʩʠʯʢʠ ʦʙʨʘʟʮʠ ʧʦʢʘʟʚʘʪ 

ʭʠʩʪʝʨʝʟʠʩ ʪʠʧ ʅ1, ʢʦʡʪʦ ʩʧʦʨʝʜ ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ ʥʦʤʝʥʢʣʘʪʫʨʘ (IUPAC) 

ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʤʘʪʝʨʠʘʣʠ ʩ ʤʝʟʦʧʦʨʝʩʪʘ ʩʪʨʫʢʪʫʨʘ (2 nm < ʨʘʟʤʝʨ ʥʘ ʧʦʨʠʪʝ < 50 nm). 

ɼʘʥʥʠʪʝ ʟʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ (SBET), ʦʙʝʤʘ ʥʘ ʧʦʨʠʪʝ (Vp) ʠ ʜʠʘʤʝʪʲʨʘ ʥʘ 

ʧʦʨʠʪʝ (Dp) ʥʘ ʥʘʢʘʣʝʥʠ ʭPrO2-Al 2O3 ʠ Pt/ʭPrO2-Al 2O3 ʦʙʨʘʟʮʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 

ʊʘʙʣʠʮʘ 1. ɸʥʘʣʠʟʲʪ ʧʦʢʘʟʚʘ, ʯʝ ʥʝʤʦʜʠʬʠʮʠʨʘʥʠʷʪ ɔ-Al 2O3 ʧʨʠʪʝʞʘʚʘ ʥʘʡ-ʛʦʣʷʤʘ 

ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʜʦʙʘʚʷʥʝʪʦ ʥʘ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ PrO2 (1 ʪʝʛʣ.%) ʥʝ ʚʦʜʠ ʜʦ 
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ʩʲʱʝʩʪʚʝʥʠ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʛʦʚʠʪʝ ʪʝʢʩʪʫʨʥʠ ʩʚʦʡʩʪʚʘ. ʉ ʥʘʨʘʩʪʚʘʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 

ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (> 1 ʪʝʛʣ.%) ʦʙʘʯʝ, ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ SBET ʠ Vp ʥʘʤʘʣʷʚʘʪ (ʊʘʙʣʠʮʘ 1), 

ʢʦʝʪʦ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʙʣʦʢʠʨʘʥʝ ʥʘ ʧʦʨʠʪʝ ʥʘ ɔ-Al 2O3 ʩ ʬʦʨʤʠʨʘʥʠ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʤʫ ʯʘʩʪʠʮʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʥ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (PrOx). ʊʦʟʠ ʝʬʝʢʪ ʝ 

ʷʩʥʦ ʠʟʨʘʟʝʥ ʧʨʠ ʦʙʨʘʟʝʮʘ ʩ ʥʘʡ-ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ PrO2 (20 ʪʝʛʣ.%).  

 

ʊʘʙʣʠʮʘ 1. ʊʝʢʩʪʫʨʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʥʦʩʠʪʝʣʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʠ. 

ʆʙʨʘʟʝʮ S
BET

 (m
2 

g
-1

) V
p
 (m

3 

g
-1

) D
p
 (nm) 

ɔ-Al
2
O

3
 248 0.890 10.0 

1Prʆ2-Al 2ʆ3 245 (201)
*
 0.890 14.5 

6Prʆ2-Al 2ʆ3 223 (194) 0.820 14.6 

12Prʆ2-Al 2ʆ3 199 (176) 0.750 14.9 

20Prʆ2-Al 2ʆ3 157 (139) 0.500 14.4 

Pr
6
O

11
 3 0.010 11.8 

Pt/Al2ʆ3 230 0.830 14.5 

Pt/1Prʆ2-Al2ʆ3 226 0.820 14.5 

Pt/6Prʆ2-Al2ʆ3 209 0.770 14.8 

Pt/12Prʆ2-Al2ʆ3 186 0.720 15.6 

Pt/20Prʆ2-Al2ʆ3 139 0.620 15.4 

Pt/Pr
6
O

11
 0.66 0.005 24.9 

                                     
*  ʆʙʨʘʟʮʠ, ʥʘʢʘʣʝʥʠ ʧʨʠ 1023 K 

 

ʉ ʥʘʨʘʩʪʚʘʥʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ ʜʦ 1023 K, ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ SBET ʟʘ ʭPrʆ2-

Al 2ʆ3 ʩʝ ʧʦʥʠʞʘʚʘʪ ʩ 10-20%, ʢʦʝʪʦ ʩʝ ʦʪʜʘʚʘ ʥʘ ʘʛʣʦʤʝʨʘʮʠʷ ʥʘ ʯʘʩʪʠʮʠ PrOx (ʊʘʙʣʠʮʘ 

1). ʉʨʘʚʥʷʚʘʡʢʠ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ Vp ʠ SBET ʥʘ Pt/ʭPrʆ2-Al 2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʩ ʪʝʟʠ ʥʘ 

ʩʲʦʪʚʝʪʥʠʪʝ ʥʦʩʠʪʝʣʠ, ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʣʘʙʦ ʠʟʤʝʥʝʥʠʝ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ Vp ʠ ʥʘʤʘʣʷʚʘʥʝ 

ʥʘ SBET ʩ ʦʢʦʣʦ 20 m
2
 g

-1
 (ʊʘʙʣʠʮʘ 1). ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʙʣʦʢʠʨʘʥʝ ʥʘ 

ʧʦʨʠʪʝ ʥʘ ʥʦʩʠʪʝʣʷ ʩ ʯʘʩʪʠʮʠ ʧʣʘʪʠʥʦʚ ʦʢʩʠʜ (PtOx) ʠ/ʠʣʠ ʩ ʥʝʥʘʧʲʣʥʦ ʨʘʟʣʦʞʝʥʠ ʧʨʠ 

ʥʘʢʘʣʷʚʘʥʝʪʦ ʭʣʦʨʧʣʘʪʠʥʝʥʠ ʢʦʤʧʣʝʢʩʠ ʦʪ ʪʠʧʘ [Pt
4+

(OH)xCly]s ʠ [Pt
4+

OxCly]s, ʧʦʣʫʯʝʥʠ 

ʩʣʝʜ ʠʤʧʨʝʛʥʠʨʘʥʝ ʥʘ ʥʦʩʠʪʝʣʠʪʝ ʩ H2PtCl6. ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ 

ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʥʦʩʠʪʝʣʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʠ ʩʘ ʤʘʪʝʨʠʘʣʠ ʩ ʤʝʟʦʧʦʨʝʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʯʠʷʪʦ 

ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘʤʘʣʷʚʘ ʩ ʥʘʨʘʩʪʚʘʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ. 
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2.2. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ  

ʇʦʪʚʲʨʜʝʥʦ ʝ, ʯʝ ʯʘʩʪʠʮʠ ʥʘ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʥ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (PrOx) ʩʝ 

ʦʙʨʘʟʫʚʘʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Al 2ʆ3 ʩʣʝʜ ʠʤʧʨʝʛʥʠʨʘʥʝʪʦ ʤʫ ʩ ʨʘʟʪʚʦʨ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ 

ʥʠʪʨʘʪ ʠ ʧʦʩʣʝʜʚʘʱʦ ʥʘʢʘʣʷʚʘʥʝ. ɿʘʙʝʣʷʟʘʥʠ ʩʘ ʪʨʠ ʦʙʦʩʦʙʝʥʠ ʟʦʥʠ ʥʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ ʚ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʥʠʷ ʧʨʦʬʠʣ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʙʨʘʟʮʠ: (i) ʦʪ 298 ʜʦ 360 

K, (ii ) ʦʪ 380 ʜʦ 580 K ʠ (iii ) ʦʪ 600 ʜʦ 790 K, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʦʪʜʘʜʘʪ ʩʲʦʪʚʝʪʥʦ 

ʥʘ ʦʪʜʝʣʷʥʝ ʥʘ ʬʠʟʠʯʝʩʢʠ ʘʜʩʦʨʙʠʨʘʥʘ ʚʦʜʘ, ʧʦʩʪʝʧʝʥʥʦ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʚʦʜʘ ʦʪ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʥʘʥʝʩʝʥʠʷ ʧʨʘʟʝʦʜʠʤʦʚ ʥʠʪʨʘʪ ʠ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʘ 

ʬʦʨʤʘ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʥʠʪʨʘʪ [PrO(NO3)] ʯʨʝʟ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʧʦʨʮʠʠ ʘʟʦʪʝʥ 

ʦʢʩʠʜ (NʭOy). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ 800 K, ʧʨʘʟʝʦʜʠʤʦʚʠʷʪ ʦʢʩʠʥʠʪʨʘʪ ʚʦʜʠ ʜʦ 

ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʨʘʡʥʠʷ ʧʨʦʜʫʢʪ ʥʘ ʪʝʨʤʠʯʥʦʪʦ ʤʫ ʨʘʟʣʘʛʘʥʝ, ʘ ʠʤʝʥʥʦ ʯʘʩʪʠʮʠ ʦʪ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʥ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (PrOʭ). 

 

2.3. ʈʝʥʪʛʝʥʦʬʘʟʦʚ ʘʥʘʣʠʟ  

ʀʟʩʣʝʜʚʘʥ ʝ ʝʬʝʢʪʘ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʥʘʢʘʣʷʚʘʥʝ ʚʲʨʭʫ ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ PrOx ʠ PtOx. ʇʠʢʦʚʝ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ ʬʘʟʠ Prʆ2 ʠ/ʠʣʠ 

Pr2ʆ3, ʥʝ ʩʘ ʟʘʙʝʣʷʟʘʥʠ ʚ ʜʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʥʘ ʩʤʝʩʝʥʠ ʦʢʩʠʜʥʠ ʥʦʩʠʪʝʣʠ (ʭPrʆ2-Al 2ʆ3), 

ʥʘʢʘʣʝʥʠ ʧʨʠ 823 ʠ 1023 ʂ. ʊʦʚʘ ʝ ʠʥʜʠʢʘʮʠʷ ʟʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʯʘʩʪʠʮʠ PrOʭ ʩ ʪʚʲʨʜʝ 

ʤʘʣʢʠ ʨʘʟʤʝʨʠ (< 5 nm), ʢʦʠʪʦ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʝʛʠʩʪʨʠʨʘʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʝʥʪʛʝʥʦʚʘ 

ʜʠʬʨʘʢʮʠʷ. ʇʦʩʣʝʜʥʦʪʦ ʧʨʝʜʧʦʣʘʛʘ ʥʘʣʠʯʠʝ ʥʘ ʩʠʣʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʦʩʠʪʝʣʷ 

Al 2O3 ʠ ʥʘʥʝʩʝʥʠ Pr ʦʢʩʠʜʥʠ ʯʘʩʪʠʮʠ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ Pr-O-Al .  

 

 

 

ʌʠʛ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʥʘ Pt/ʭPrʆ2-Al 2ʆ3, ʥʘʢʘʣʝʥʠ ʧʨʠ (A) 823 K ʠ (B) 1023 K. 
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ʉ ʥʘʨʘʩʪʚʘʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (Ó 6 ʪʝʛʣ.%) ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʫʰʠʨʝʥʠʝ ʠ ʧʦʥʠʞʘʚʘʥʝ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʪʝ ʜʠʬʨʘʢʮʠʦʥʥʠ ʧʠʢʦʚʝ ʥʘ ɔ-

Al 2ʆ3, ʢʦʝʪʦ ʝ ʩʚʲʨʟʘʥʦ ʩ ʥʘʤʘʣʷʚʘʥʝ ʩʪʝʧʝʥʪʘ ʥʘ ʢʨʠʩʪʘʣʥʦʩʪ ʥʘ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʯʠʥʘ ʟʘ 

ʪʦʚʘ ʷʚʣʝʥʠʝ ʝ ʯʘʩʪʠʯʥʦʪʦ ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ ʚʨʲʟʢʠʪʝ Al-O-Al  ʚ ʢʨʠʩʪʘʣʥʘʪʘ ʨʝʰʝʪʢʘ ʥʘ 

ɔ-Al 2ʆ3 ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʠʤʧʨʝʛʥʠʨʘʥʝʪʦ ʤʫ ʩ ʢʠʩʝʣʠʥʥʠʷ ʨʘʟʪʚʦʨ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʥʠʪʨʘʪ 

(pH å 3 ʧʨʠ 20 ʪʝʛʣ.% PrO2). 

ɼʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʥʘ Pt/Al 2ʆ3 ʠ Pt/xPrʆ2-Al 2ʆ3 ʦʙʨʘʟʮʠ, ʥʘʢʘʣʝʥʠ ʧʨʠ 823 K, 

ʩʲʜʲʨʞʘʪ ʧʠʢʦʚʝ ʧʨʠ 2ɗ = 39.7Á ʠ 81.2Á, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʯʘʩʪʠʮʠ ʤʝʪʘʣʥʘ ʧʣʘʪʠʥʘ 

(Pt
0
) (ʌʠʛ. 1ɸ). ʌʠʛʫʨʘ 1ɺ ʧʦʢʘʟʚʘ ʘʛʣʦʤʝʨʘʮʠʷ ʥʘ PtOx ʩ ʥʘʨʘʩʪʚʘʥʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʥʘʢʘʣʷʚʘʥʝ ʜʦ 1023 K, ʢʦʝʪʦ ʝ ʧʦ-ʩʠʣʥʦ ʠʟʨʘʟʝʥʦ ʧʨʠ Pt/Al2ʆ3 ʠ Pt/xPrʆ2-Al 2ʆ3 ʩ ʥʠʩʢʦ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ. ʇʨʠʯʠʥʘ ʟʘ ʘʛʣʦʤʝʨʘʮʠʷʪʘ ʥʘ PtOx ʝ ʪʝʨʤʠʯʥʦʪʦ 

ʨʘʟʣʘʛʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʠ [Pt
4+

(OH)xCly]s ʠ/ʠʣʠ [Pt
4+

OxCly]s ʢʦʤʧʣʝʢʩʠ ʧʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʮʝʩʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ ʧʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ (> 973 K). ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʨʘʟʣʘʛʘʥʝ 

ʩʝ ʦʙʨʘʟʫʚʘʪ ʤʘʣʢʠ ʢʣʲʩʪʝʨʠ ʦʪ PtOx, ʢʦʠʪʦ ʤʦʛʘʪ ʙʲʨʟʦ ʜʘ ʤʠʛʨʠʨʘʪ ʧʦ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʥʘ ʥʦʩʠʪʝʣʷ ʠ ʯʨʝʟ ʧʨʦʮʝʩ ʥʘ ʥʫʢʣʝʠʨʘʥʝ ʜʘ ʬʦʨʤʠʨʘʪ PtOx ʢʨʠʩʪʘʣʠʪʠ. ʇʨʠʩʲʩʪʚʠʝʪʦ 

ʥʘ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (1 ʪʝʛʣ.%) ʚ Pt/Al 2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨ ʚʦʜʠ ʜʦ 

ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʩʨʝʜʥʠʷ ʨʘʟʤʝʨ (DXRD) ʥʘ ʧʣʘʪʠʥʦʚʠʪʝ ʢʨʠʩʪʘʣʠʪʠ (ʌʠʛ. 

1ɺ). ʈʘʟʤʝʨʲʪ ʥʘ Pt ʯʘʩʪʠʮʠ ʥʘʤʘʣʷʚʘ ʩ ʥʘʨʘʩʪʚʘʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ 

(ʩʲʦʪʚʝʪʥʦ ʦʪ 24 nm ʟʘ Pt/Al 2ʆ3 ʜʦ 5 nm ʟʘ Pt/20Prʆ2-Al 2ʆ3), ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ 

ʤʦʜʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Al 2ʆ3 ʩ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʧʦʜʦʙʨʷʚʘ 

ʜʠʩʧʝʨʥʦʩʪʪʘ ʥʘ PtOx.  

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚ ʘʥʘʣʠʟ 

ʦʪʥʦʩʥʦ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ ʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ 

ʦʢʩʠʜ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ PrOx ʠ PtOx ʚ ʥʦʩʠʪʝʣʠʪʝ ʠ ʢʘʪʘʣʠʟʘʪʦʨʠʪʝ, ʤʦʛʘʪ ʜʘ ʩʝ 

ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ: (i) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʙʨʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ (823 

ʠ 1023 K), ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Al 2ʆ3 ʧʨʠʩʲʩʪʚʘʪ ʯʘʩʪʠʮʠ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʩ ʨʘʟʤʝʨ 

ʧʦ-ʤʘʣʲʢ ʦʪ 5 nm ʧʦʨʘʜʠ ʥʘʣʠʯʠʝ ʥʘ Pr-Al  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; (ii) ʧʨʘʟʝʦʜʠʤʦʚʠʷʪ ʦʢʩʠʜ 

ʠʤʘ ʩʪʘʙʠʣʠʟʠʨʘʱ ʝʬʝʢʪ ʚʲʨʭʫ ʜʠʩʧʝʨʩʥʦʩʪʪʘ ʥʘ ʧʣʘʪʠʥʦʚʠʪʝ ʯʘʩʪʠʮʠ ʚ ʩʣʝʜʩʪʚʠʝ 

ʬʦʨʤʠʨʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʝʥ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʚʘʱ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʚʨʲʟʢʘ Pt-O-Pr. 

 

2.4. ɼʠʬʫʟʥʦ-ʦʪʨʘʞʘʪʝʣʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʲʚ ʚʠʜʠʤʘʪʘ ʠ ʫʣʪʨʘʚʠʦʣʝʪʦʚʘ ʦʙʣʘʩʪʠ  

ʇʦʣʫʯʝʥʘ ʝ ʧʦ-ʧʲʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʝʬʝʢʪʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ ʚʲʨʭʫ 

ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʢʦʤʧʦʥʝʥʪ ʚ ʭPrʆ2-Al 2ʆ3 ʥʦʩʠʪʝʣʠ ʯʨʝʟ ʠʟʷʩʥʷʚʘʥʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʤʝʪʘʣʥʠʷ ʡʦʥ.  
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ʌʠʛ. 2. ɼʠʬʫʟʥʦ-ʦʪʨʘʞʘʪʝʣʥʠ ʩʧʝʢʪʨʠ ʥʘ ʥʘʢʘʣʝʥʠ ʭPrʆ2-Al 2ʆ3 ʥʦʩʠʪʝʣʠ (ɸ) ʠ (ɺ) ʠ 

Pt/ʭPrO2-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʠ (ʉ). 

 

ɼʠʬʫʟʥʦ-ʦʪʨʘʞʘʪʝʣʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ Al 2ʆ3, Pr6ʆ11 ʠ ʭPrʆ2-Al2ʆ3 ʦʙʨʘʟʮʠ, ʥʘʢʘʣʝʥʠ 

ʧʨʠ 823 ʠ 1023 K, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʌʠʛʫʨʘ 2ɸ ʠ ɺ. ɸʥʘʣʠʟʲʪ ʥʘ ʩʧʝʢʪʨʠʪʝ 

ʥʘ ʭPrʆ2-Al 2ʆ3 ʥʦʩʠʪʝʣʠ ʧʦʢʘʟʚʘ, ʯʝ ʠʚʠʮʠʪʝ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ ʧʨʝʭʦʜʘ O
2-

 Ÿ Pr
4+

 (260-

310 nm) ʩʝ ʦʪʤʝʩʪʚʘʪ ʢʲʤ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʜʲʣʞʠʥʠ ʥʘ ʚʲʣʥ§ʪʘ ʩ ʥʘʨʘʩʪʚʘʥʝ 

ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (ʌʠʛ. 2ɸ). ʊʦʚʘ ʙʠ ʤʦʛʣʦ ʜʘ ʙʲʜʝ ʩʚʲʨʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝ ʥʘ ʩʠʣʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʠʪʝ PrOx ʠ Al 2ʆ3 ʯʨʝʟ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʚʨʲʟʢʘʪʘ Pr-O-Al, ʢʦʝʪʦ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʠ ʦʪ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʷ ʘʥʘʣʠʟ. ɼʦʙʨʝ ʠʟʨʘʟʝʥʠ 

ʘʙʩʦʨʙʮʠʦʥʥʠ ʠʚʠʮʠ ʧʨʠ 445, 469, 482 and 593 nm, ʩʚʲʨʟʘʥʠ ʩ Pr
3+

 4f ź 4f ʧʨeʭʦʜʠ ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ ʚ ʩʧʝʢʪʨʠʪʝ ʥʘ ʭPrʆ2-Al 2ʆ3 ʥʦʩʠʪʝʣʠ, ʥʘʢʘʣʝʥʠ ʧʨʠ 823 K. ʀʥʪʝʥʟʠʪʝʪʲʪ ʥʘ 

ʪʝʟʠ ʠʚʠʮʠ ʥʘʨʘʩʪʚʘ ʩʣʝʜ ʥʘʢʘʣʷʚʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʨʠ ʧʦ-ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, 1023 K 

(ʌʠʛ. 2ɺ), ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʘʛʣʦʤʝʨʘʮʠʷ ʥʘ ʯʘʩʪʠʮʠ PrOx. ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ 

ʧʦʩʣʝʜʥʦʪʦ ʝ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʥʘ ʥʦʩʠʪʝʣʠʪʝ ʧʨʠ ʚʠʩʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ (ʊʘʙʣʠʮʘ 1).  

ʅʘʥʘʩʷʥʝʪʦ ʥʘ Pt ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʭPrʆ2-Al2ʆ3 ʥʦʩʠʪʝʣʠ ʚʦʜʠ ʜʦ (i) ʧʦʥʠʞʘʚʘʥʝ 

ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʘʙʩʦʨʙʮʠʦʥʥʠʪʝ ʠʚʠʮʠ, ʩʚʲʨʟʘʥʠ ʩ ʧʨʝʥʦʩ ʥʘ ʟʘʨʷʜ ʦʪ O
2-

 ʢʲʤ Pr
4+

 ʠ (ii ) 

ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʠʚʠʮʠʪʝ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ Pr
3+

 4f ź 4f ʧʨʝʭʦʜʠ (ʌʠʛ. 2ʉ). 

ʇʲʨʚʦʪʦ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ Pt ʧʨʝʠʤʫʱʝʩʪʚʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʢʦʤʧʦʥʝʥʪ 

ʚ ʩʠʩʪʝʤʘʪʘ ʭPrʆ2-Al 2ʆ3 ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʟʘʪʨʫʜʥʷʚʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʧʨʝʭʦʜʘ O
2-

 Ÿ 

Pr
4+
. ʅʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʠʚʠʮʠʪʝ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ Pr

3+
 4f ź 4f ʧʨʝʭʦʜʠ, ʚ 

ʩʧʝʢʪʨʠʪʝ ʥʘ Pt/ʭPrʆ2-Al 2ʆ3 ʝ ʩʚʲʨʟʘʥʦ ʩ ʥʘʩʣʘʛʚʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʠʚʠʮʠ, ʦʪʜʘʜʝʥʠ 

ʥʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʯʘʩʪʠʮʠ PtOx ʠ/ʠʣʠ [Pt
4+

OxCly]s ʢʦʤʧʣʝʢʩʠ, ʬʦʨʤʠʨʘʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʥʘ ʥʦʩʠʪʝʣʷ.  
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3. ʇʦʚʲʨʭʥʦʩʪʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʭPrO2-Al 2O3 ʥʦʩʠʪʝʣʠ ʠ Pt/ʭPrO2-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʠ  

 

3.1. ʈʝʥʪʛʝʥʦʚʘ ʬʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ  

ʀʟʩʣʝʜʚʘʥʦ ʝ ʦʢʠʩʣʠʪʝʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʚ ʭPrʆ2-Al 2ʆ3 ʥʦʩʠʪʝʣʠ 

Pt/ʭPrʆ2-Al 2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ. ɸʥʘʣʠʟʲʪ ʝ ʧʨʦʚʝʜʝʥ ʚ Pt 4d5/2, Pr 3d5/2 ʠ O 1s ʨʝʛʠʦʥʠ. 

 

3.1.1. ʅʦʩʠʪʝʣʠ 

ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ Pr 3d5/2 ʥʠʚʦʪʦ ʟʘ xPrʆ2-Al 2ʆ3 

ʩʲʱʝʩʪʚʝʥʦ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʦʪ ʪʝʟʠ ʥʘ ʦʙʝʤʥʠʷ Pr6O11. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ 

ʝʥʝʨʛʠʷ ʥʘ ʝʣʝʢʪʨʦʥʠʪʝ ʦʪ Pr 3d5/2 ʧʦʜʥʠʚʦ ʥʘ xPrʆ2-Al 2ʆ3 (934.1 ʝV) ʩʘ ʧʦ-ʚʠʩʦʢʠ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʪaʟʠ ʥʘ Pr6O11 (933.1 ʝV) (ʊʘʙʣʠʮʘ 2). ʊʦʚʘ ʧʦʢʘʟʚʘ, ʯʝ ʥʘʥʘʩʷʥʝʪʦ ʥʘ 

ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Al2ʆ3 ʝ ʩʚʲʨʟʘʥʦ ʩ ʥʘʤʘʣʷʚʘʥʝ ʨʘʟʤʝʨʘ ʥʘ 

ʯʘʩʪʠʮʠʪʝ ʤʫ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ Prʆʭ ʠ ʥʦʩʠʪʝʣʷ (Al 2ʆ3), 

ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ ʢʦʝʪʦ ʙʝ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʋɺ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚ 

ʘʥʘʣʠʟ ʥʘ xPrʆ2-Al 2ʆ3. ʅʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ Prʆ2 ʚʦʜʠ ʜʦ ʫʰʠʨʝʥʠʝ ʥʘ 

ʣʠʥʠʠʪʝ ʥʘ Pr 3d5/2 ʩʧʝʢʪʨʠʪʝ. ʊʦʚʘ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 

ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʥʦʩʠʪʝʣʷ ʧʨʠʩʲʩʪʚʘʪ ʨʘʟʣʠʯʥʠ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʷ 

ʯʘʩʪʠʮʠ Prʆʭ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʘʪʦʤʥʦʪʦ ʦʪʥʦʰʝʥʠʝ Pr:Al  ʥʘʨʘʩʪʚʘʪ ʩ ʧʦʚʠʰʘʚʘʥʝ 

ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ Prʆ2 (ʊʘʙʣʠʮʘ 2). ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʥʘʨʘʩʪʚʘʥʝ ʩʪʝʧʝʥʪʘ ʥʘ 

ʝʢʨʘʥʠʨʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʥʦʩʠʪʝʣʷ (Al 2ʆ3) ʩ ʯʘʩʪʠʮʠ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ, ʢʦʝʪʦ ʝ 

ʥʘʡ-ʷʩʥʦ ʠʟʨʘʟʝʥʦ ʧʨʠ 20Prʆ2-Al 2ʆ3. 

 

ʊʘʙʣʠʮʘ 2. ʉʪʦʡʥʦʩʪʠ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʝʣʝʢʪʨʦʥʠʪʝ ʦʪ Pr 3d, O 1s ʥʠʚʘ ʠ 

ʘʪʦʤʥʠʪʝ ʦʪʥʦʰʝʥʠʷ Pr:Al  ʟʘ ɔ-Al 2O3, Pr6O11 ʠ xPrʆ2-Al 2ʆ3 ʦʙʨʘʟʮʠ. 

ʆʙʨʘʟʝʮ O 1s (eV) Pr 3d5/2 (eV) Pr:Al 

ɔ-Al 2O3 531.1 - - 

1Prʆ2-Al 2ʆ3 531.2 934.1 0.22 

6Prʆ2-Al 2ʆ3 531.1 934.1 1.28 

12Prʆ2-Al 2ʆ3 531.2 934.1 2.38 

20Prʆ2-Al 2ʆ3 530.6 934.1 3.67 

Pr6O11  528.4; 531.4 933.1 - 

 

ʌʦʪʦʝʣʝʢʪʨʦʥʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ O 1s ʝʣʝʢʪʨʦʥʠ ʥʘ ʦʙʝʤʥʠʷ Pr6ʆ11 ʧʦʢʘʟʚʘ ʥʘʣʠʯʠʝ ʥʘ 

ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʩʲʩ ʩʚʲʨʟʚʘʱʠ ʝʥʝʨʛʠʠ 528.4 ʝV ʠ 531.4 ʝV (ʊʘʙʣʠʮʘ 2). ʇʲʨʚʠʷʪ 

ʢʦʤʧʦʥʝʥʪ ʩʝ ʜʲʣʞʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʠ ʆ
2-

 ʡʦʥʠ ʦʪ ʨʝʰʝʪʢʘʪʘ ʥʘ ʧʨʘʟʝʜʠʤʦʚʠʷ ʦʢʩʠʜ, 

ʪ.ʝ. ʭʘʨʘʢʪʝʨʠʟʠʨʘʱ ʚʨʲʟʢʘʪʘ Pr-O, ʘ ʚʪʦʨʠʷʪ ʝ ʠʥʜʠʢʘʮʠʷ ʟʘ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʥʠ ʢʠʩʣʦʨʦʜʥʠ ʯʘʩʪʠʮʠ (O
-
, O

2-
2 ʠ/ʠʣʠ O

-
2) ʦʪ ʘʜʩʦʨʙʠʨʘʥʠ ʭʠʜʨʦʢʩʠʣʥʠ 

(OH
-
) ʠ/ʠʣʠ ʢʘʨʙʦʥʘʪʥʠ (ʉʆ3

2-
) ʛʨʫʧʠ. ʌʦʪʦʝʣʝʢʪʨʦʥʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ O 1s ʝʣʝʢʪʨʦʥʠʪʝ 
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ʥʘ Al2ʆ3 ʧʨʝʜʩʪʘʚʣʷʚʘ ʝʜʠʥʠʯʝʥ ʧʠʢ ʩ ʤʘʢʩʠʤʫʤ ʧʨʠ 531.1 ʝV, ʭʘʨʘʢʪʝʨʠʟʠʨʘʰ 

ʚʨʲʟʢʘʪʘ Al-O ʚ ʨʝʰʝʪʢʘʪʘ ʥʘ g-Al 2ʆ3 (ʊʘʙʣʠʮʘ 2). 

ʉʧʝʢʪʨʠʪʝ ʥʘ O 1s ʝʣʝʢʪʨʦʥʠʪʝ ʥʘ ʩʤʝʩʝʥʠ xPrʆ2-Al 2ʆ3 ʥʦʩʠʪʝʣʠ ʧʦʢʘʟʚʘʪ, ʯʝ 

ʤʦʜʠʬʠʮʠʨʘʥʝʪʦ ʥʘ Al2ʆ3 ʩ 1, 6, ʠ 12 ʪʝʛʣ.% Prʆ2 ʥʝ ʚʦʜʠ ʜʦ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʟʠʮʠʷʪʘ ʥʘ 

ʤʘʢʩʠʤʫʤʠʪʝ ʠʤ. ʆʙʘʯʝ, ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ O 1s ʝʣʝʢʪʨʦʥʠ ʥʘ ʦʙʨʘʟʝʮ, 

ʩʲʜʲʨʞʘʱ 20 ʪʝʛʣ% Prʆ2, ʝ ʩʲʩʪʘʚʝʥ ʦʪ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ. ʇʲʨʚʠʷʪ ʢʦʤʧʦʥʝʥʪ, 

ʭʘʨʘʢʪʝʨʠʟʠʨʘʱ ʚʨʲʟʢʘʪʘ Al-O ʚ ʨʝʰʝʪʢʘʪʘ ʥʘ Al2ʆ3, ʝ ʩʲʩ ʩʚʲʨʟʚʘʱʘ ʝʥʝʨʛʠʷ 530.6 ʝV, 

ʪ.ʝ. ʩ 0.5 ʝV ʧʦ-ʥʠʩʢʘ ʦʪ ʪʘʟʠ ʥʘ ʥʝʤʦʜʠʬʠʮʠʨʘʥʠʷ Al2ʆ3 (ʊʘʙʣʠʮʘ 2). ɺʪʦʨʠʷʪ 

ʢʦʤʧʦʥʝʥʪ, ʜʲʣʞʘʱ ʩʝ ʥʘ ʘʜʩʦʨʙʠʨʘʥʠ ʯʘʩʪʠʮʠ O
-
, O

2-
2 ʠ/ʠʣʠ O

-
2 ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʢʦʤʧʦʥʝʥʪ, ʝ ʩʲʩ ʩʚʲʨʟʚʘʱʘ ʝʥʝʨʛʠʷ 530.1 ʝV. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʩʪʦʡʥʦʩʪʪʘ 

ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʧʦʩʣʝʜʥʠʷ ʢʦʤʧʦʥʝʥʪ ʝ ʦʪʤʝʩʪʝʥʘ ʢʲʤ ʧʦ-ʚʠʩʦʢʘ ʩʪʦʡʥʦʩʪ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʟʠ ʥʘ ʦʙʝʤʥʠʷ Pr6ʆ11 (528.4 eV). ʊʦʚʘ ʧʦʪʚʲʨʞʜʘʚʘ ʥʘʣʠʯʠʝʪʦ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ Prʆʭ ʠ Al2ʆ3 ʯʨʝʟ ʬʦʨʤʠʨʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ Pr-ʆ-Al . 

 

3.1.2. ʂʘʪʘʣʠʟʘʪʦʨʠ 

ʌʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ Pt 4d5/2 ʧʦʜʥʠʚʦ ʥʘ ʥʘʢʘʣʝʥʠ, ʨʝʜʫʮʠʨʘʥʠ ʠ 

ʦʪʨʘʙʦʪʝʥʠ Pt/ʭPrʆ2-Al2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʩʘ ʧʦʢʘʟʘʥʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʌʠʛʫʨʘ 3ɸ, ɺ ʠ ʉ. 

ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʝʣʝʢʪʨʦʥʠʪʝ ʦʪ Pt 4d5/2 ʧʦʜʥʠʚʦʪʦ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 3. ʆʢʠʩʣʠʪʝʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ Pt ʟʘ ʚʩʝʢʠ ʦʙʨʘʟʝʮ ʝ ʫʩʪʘʥʦʚʝʥʦ 

ʩʣʝʜ ʨʘʟʣʘʛʘʥʝ ʥʘ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ Pt 4d5/2 ʝʣʝʢʪʨʦʥʠ ʥʘ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ 

ʩʲʦʪʚʝʪʥʦ ʩʲʩ ʩʚʲʨʟʚʘʱʠ ʝʥʝʨʛʠʠ 313.2-314.1 eV, 316.5-317.2 eV ʠ 319.9-320.1 eV. 

ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʧʲʨʚʠʷ ʢʦʤʧʦʥʝʥʪ ʧʦʢʘʟʚʘʪ ʥʘʣʠʯʠʝ ʥʘ 

ʧʣʘʪʠʥʦʚʠ ʯʘʩʪʠʮʠ ʚ ʥʘʧʲʣʥʦ ʨʝʜʫʮʠʨʘʥʦ ʩʲʩʪʦʷʥʠʝ (Pt
0
), ʘ ʪʝʟʠ ʧʨʠ 316.5-317.2 eV 

ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʯʘʩʪʠʮʠ PtO (ʠʣʠ Pt
2+ 
ʡʦʥʠʪʝ). ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ 

ʪʨʝʪʠʷ ʢʦʤʧʦʥʝʥʪ (319.9-320.1 eV) ʩʘ ʧʦ-ʚʠʩʦʢʠ, ʦʪʢʦʣʢʦʪʦ ʮʠʪʠʨʘʥʠʪʝ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ 

ʟʘ ʯʘʩʪʠʮʠ Pt
4+

 ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ PtO2. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʪʦʟʠ ʩʠʛʥʘʣ ʝ ʩʚʲʨʟʘʥ ʩ 

ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ Pt
4+

 ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʥʝʥʘʧʲʣʥʦ ʨʘʟʣʦʞʝʥʠ ʦʢʩʠʭʣʦʨʧʣʘʪʠʥʝʥʠ 

ʢʦʤʧʣʝʢʩʠ [Pt
4+

OxCly]s. ɸʥʘʣʠʟʲʪ ʥʘ Pt 4d5/2 ʝʣʝʢʪʨʦʥʠ ʧʦʢʘʟʚʘ, ʯʝ ʦʢʠʩʣʠʪʝʣʥʦʪʦ 

ʩʲʩʪʦʷʥʠʝ ʥʘ ʧʣʘʪʠʥʘʪʘ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʟʘʚʠʩʠ ʦʪ ʧʨʠʨʦʜʘʪʘ ʥʘ ʥʦʩʠʪʝʣʷ.  

ɺ Pt/Al 2ʆ3 ʦʙʨʘʟʝʮ, ʥʘʢʘʣʝʥ ʧʨʠ 823 K, Pt ʧʨʠʩʲʩʪʚʘ ʦʩʥʦʚʥʦ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ Pt
0
. 

ʆʢʠʩʣʠʪʝʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ Pt ʦʙʘʯʝ, ʪʲʨʧʠ ʩʲʱʝʩʪʚʝʥʠ ʧʨʦʤʝʥʠ ʚ ʩʣʫʯʘʷ, ʢʦʛʘʪʦ ʪʷ ʝ 

ʥʘʥʘʩʝʥʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʦʙʝʤʝʥ Pr6O11 (ʌʠʛ. 3ɸ, ʊʘʙʣʠʮʘ 3). ʊʝʟʠ ʧʨʦʤʝʥʠ ʩʝ 

ʠʟʨʘʟʷʚʘʪ ʚ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ (ʦʪ 314.1 ʜʦ 

313.5 eV, ʩʲʦʪʚʝʪʥʦ ʟʘ Pt/Al 2ʆ3 ʠ Pt/Pr6O11) ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ Pt
0
. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ Pt ʯʘʩʪʠʮʠ ʩ ʥʠʩʢʘ ʝʣʝʢʪʨʦʥʥʘ ʧʣʲʪʥʦʩʪ ʩʝ ʫʚʝʣʠʯʘʚʘ. ʅʘʙʣʶʜʘʚʘʥʠʪʝ 

ʝʬʝʢʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʪʜʘʜʝʥʠ ʥʘ ʧʨʝʥʦʩ ʥʘ ʟʘʨʷʜ ʦʪ ʧʣʘʪʠʥʘʪʘ ʢʲʤ ʧʨʘʟʝʦʜʠʤʦʚʠʷ 

ʢʦʤʧʦʥʝʥʪ, ʪ.ʝ. ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ Pt ʠ Pr, ʠʟʨʘʟʝʥʦ ʯʨʝʟ ʬʦʨʤʠʨʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ 

Pt-O-Pr, ʠʤʘ ʝʣʝʢʪʨʦʥʝʥ ʭʘʨʘʢʪʝʨ. ʉʨʘʚʥʷʚʘʡʢʠ ʦʢʠʩʣʠʪʝʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ Pt ʚ 

Pt/Al 2ʆ3 ʠ Pt/ʭPrʆ2-Al2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʩʝ ʦʢʘʟʚʘ, ʯʝ ʧʣʘʪʠʥʘʪʘ ʧʦʜʜʲʨʞʘ ʯʘʩʪʠʯʝʥ 
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ʧʦʣʦʞʠʪʝʣʝʥ ʟʘʨʷʜ (Pt
ŭ+

), ʢʦʛʘʪʦ ʝ ʥʘʥʝʩʝʥʘ ʚʲʨʭʫ ʩʤʝʩʝʥʠ ʥʦʩʠʪʝʣʠ. ɼʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ 

ʪʦʚʘ ʝ ʧʦ-ʤʘʣʢʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ Pt
0
 ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʣʘʪʠʥʘ ʚ ʦʢʠʩʣʠʪʝʣʥʦ ʩʲʩʪʦʷʥʠʝ 

(ʊʘʙʣʠʮʘ 3).  

 

ʊʘʙʣʠʮʘ 3. ʉʪʦʡʥʦʩʪʠ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ Pt 4d5/2, Pr 3d5/2 ʠ O 1s ʝʣʝʢʪʨʦʥʠ ʠ 

ʘʪʦʤʥʠ ʦʪʥʦʰʝʥʠʷ ʟʘ ʥʘʢʘʣʝʥʠ, ʨʝʜʫʮʠʨʘʥʠ ʠ ʦʪʨʘʙʦʪʝʥʠ Pt/ʭPrʆ2-Al2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ. 

*  ʇʨʦʮʝʥʪʥʦ ʩʲʜʲʨʞʘʥʠʝ  

 

ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʧʣʘʪʠʥʦʚʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʚ ʨʝʜʫʮʠʨʘʥʠ 

ʢʘʪʘʣʠʟʘʪʦʨʠ ʦʩʪʘʚʘʪ ʥʝʧʨʦʤʝʥʝʥʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʝʟʠ ʥʘ ʥʘʢʘʣʝʥʠ ʦʙʨʘʟʮʠ, ʥʦ ʩʝ 

ʧʨʦʤʝʥʷ ʧʨʦʮʝʥʪʥʦʪʦ ʠʤ ʩʲʜʲʨʞʘʥʠʝ (ʌʠʛ. 3ɺ, ʊʘʙʣʠʮʘ 3). ʈʝʜʫʢʮʠʷʪʘ ʚʦʜʠ ʜʦ 

ʟʥʘʯʠʪʝʣʥʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ Pt
0
 ʢʦʤʧʦʥʝʥʪ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʧʣʘʪʠʥʦʚʠ 

ʯʘʩʪʠʮʠ ʩ ʥʠʩʢʘ ʝʣʝʢʪʨʦʥʥʘ ʧʣʲʪʥʦʩʪ ʚʩʝ ʧʘʢ ʩʲʱʝʩʪʚʫʚʘʪ, ʦʩʦʙʝʥʦ ʚ ʩʣʫʯʘʷ ʥʘ Prʆ2-

ʩʲʜ̡ʨʞʘʱʠ ʦʙʨʘʟʮʠ, ʢʦʝʪʦ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʧʨʝʥʦʩ ʥʘ ʟʘʨʷʜ ʦʪ Pt ʢʲʤ Pr ʢʦʤʧʦʥʝʥʪ.  

ɸʥʘʣʠʟʲʪ ʥʘ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ Pt 4d5/2 ʝʣʝʢʪʨʦʥʠ ʥʘ ʦʪʨʘʙʦʪʝʥʠ 

Pt/ʭPrʆ2-Al 2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʧʦʢʘʟʚʘ, ʯʝ ʠʥʪʝʥʟʠʪʝʪʲʪ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʠ ʩʪʦʡʥʦʩʪʠʪʝ 

ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʦʩʪʘʚʘʪ ʥʝʧʨʦʤʝʥʝʥʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʝʟʠ ʥʘ ʨʝʜʫʮʠʨʘʥʠ 

ʦʙʨʘʟʮʠ (ʌʠʛ. 3ʉ, ʊʘʙʣʠʮʘ 3). ʆʙʘʯʝ, ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ Pt 4d5/2 ʢʦʤʧʦʥʝʥʪ ʚ ʩʧʝʢʪʲʨʘ ʥʘ 

ʆʙʨʘʟʝʮ  
Pt 4d5/2 (eV) Pr 3d5/2 (eV) O 1s (eV) 

ɸʪʦʤʥʠ ʦʪʥʦʰʝʥʠʷ 

   Pt:Al  Pt:Pr + Al 

        

Pt/Al2ʆ3        

ʅʘʢʘʣʝʥ 314.1 (52.9)
*
 317.1 (28.1)

*
 320.1 (19.0)

*
 - 531.3 0.0017 - 

ʈʝʜʫʮʠʨʘʥ  314.1 (54.8) 317.1 (17.0) 320.1 (28.2) - 531.3 0.0013 - 

ʆʪʨʘʙʦʪʝʥ 314.1 (36.1) - 320.1 (63.9)  531.4 0.0004 - 

Pt/1Prʆ2-Al2ʆ3        

ʅʘʢʘʣʝʥ 313.6 (30.1) 316.5 (41.1) 320.1 (28.8) 933.9 (79.4) 531.6 0.0020 0.0019 

ʈʝʜʫʮʠʨʘʥ  313.6 (45.5) 316.5 (32.7) 320.1 (21.8) 933.5 (77.1) 531.0 0.0009 0.0009 

ʆʪʨʘʙʦʪʝʥ 314.1 (59.7) - 320.1 (40.3) 933.4 (75.6) 531.4 0.0010 0.0010 

Pt/6Prʆ2-Al2ʆ3        

ʅʘʢʘʣʝʥ 313.2 (33.3) 316.5 (40.6) 319.9 (26.1) 933.9 (78.6) 531.2 0.0026 0.0026 

ʈʝʜʫʮʠʨʘʥ  313.2 (50.2) 316.5 (35.8) 319.9 (14.0) 934.1 (69.2) 531.5 0.0011 0.0011 

ʆʪʨʘʙʦʪʝʥ 313.1 (44.2) 316.6 (35.1) 320.1 (20.7) 933.9 (79.3) 531.5 0.0012 0.0012 

Pt/12Prʆ2-Al2ʆ3        

ʅʘʢʘʣʝʥ 313.6 (38.3) 316.6 (34.7) 319.9 (27.0) 933.9 (75.4) 531.4 0.0038 0.0036 

ʈʝʜʫʮʠʨʘʥ  313.6 (46.3) 316.6 (26.5) 319.9 (27.2) 933.8 (73.8) 531.1 0.0012 0.0012 

ʆʪʨʘʙʦʪʝʥ 313.2 (48.6) 316.5 (24.9) 319.9 (26.5) 933.9 (77.5) 531.3 0.0011 0.0011 

Pt/20Prʆ2-Al2ʆ3        

ʅʘʢʘʣʝʥ 313.7 (37.9) 316.6 (35.2) 319.9 (26.8) 933.8 (77.8) 531.2 0.0127 0.0039 

ʈʝʜʫʮʠʨʘʥ 313.6 (47.3) 316.6 (35.6) 319.9 (17.1) 934.1 (74.7) 531.4 0.0012 0.0012 

ʆʪʨʘʙʦʪʝʥ 313.6 (49.4) 316.6 (18.9) 319.9 (31.7) 933.7 (77.2) 531.3 0.0012 0.0011 

Pt/Pr6O11        

ʅʘʢʘʣʝʥ 313.5 (21.4) 317.2 (54.2) 320.1 (24.4) 932.1 (74.1) 528.0 - - 

ʈʝʜʫʮʠʨʘʥ  313.9 (42.7) 316.9 (36.9) 320.1 (20.4) 932.9 (77.0) 529.2 - - 

ʆʪʨʘʙʦʪʝʥ 313.7 (48.6) 316.6 (29.9) 319.9 (21.5) 932.6 (72.2) 529.1 - - 

Pr6O11        

ʅʘʢʘʣʝʥ  - - - 933.1 (64.0) 528.4 - - 

ʈʝʜʫʮʠʨʘʥ - - - 933.1 (67.0) 529.2 - - 
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Pt/Al 2ʆ3 ʥʘʤʘʣʷʚʘ. ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʲʨʞʜʘʚʘʪ ʟʘʢʣʶʯʝʥʠʝʪʦ ʦʪ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠ ̫

ʘʥʘʣʠʟ, ʘ ʠʤʝʥʥʦ, ʯʝ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʚ Pt/ʭPrʆ2-Al 2ʆ3 ʧʨʝʧʷʪʩʪʚʘ 

ʘʛʣʦʤʝʨʘʮʠʷʪʘ ʥʘ PtOx, ʜʦʢʘʪʦ ʚ ʩʣʫʯʘʷ ʥʘ Pt/Al2ʆ3 ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʦʮʝʩ ʥʘ 

ʦʢʨʫʧʥʷʚʘʥʝ ʥʘ PtOx ʯʘʩʪʠʮʠʪʝ.  

 

 

 

ʌʠʛ. 3. ʌʦʪʦʝʣʝʢʪʨʦʥʥʠ ʩʧʝʢʪʨʠ ʥʘ Pt 4d5/2 ʧʦʜʥʠʚʦ ʟʘ ʥʘʢʘʣʝʥʠ ʧʨʠ 823 K (A), 

ʨʝʜʫʮʠʨʘʥʠ ʧʨʠ 773 K (B) ʠ ʦʪʨʘʙʦʪʝʥʠ (C) Pt/ʭPrʆ2-Al 2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʩ ʨʘʟʣʠʯʥʦ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ. 

 

ʌʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ ʝʣʝʢʪʨʦʥʠʪʝ ʦʪ Pr 3d5/2 ʧʦʜʥʠʚʦʪʦ ʟʘ ʥʘʢʘʣʝʥʠ, 

ʨʝʜʫʮʠʨʘʥʠ ʠ ʦʪʨʘʙʦʪʝʥʠ Pt/Pr6ʆ11 ʠ Pt/ʭPrʆ2-Al 2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 



13 
 

ʩʲʦʪʚʝʪʥʦ ʥʘ ʌʠʛʫʨʘ 4ɸ, ɺ ʠ ʉ. ʌʦʪʦʝʣʝʢʪʨʦʥʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ Pr6ʆ11 ʝ ʧʨʝʜʩʪʘʚʝʥ ʟʘ 

ʩʨʘʚʥʝʥʠʝ. 

 

 

 

ʌʠʛ. 4. ʌʦʪʦʝʣʝʢʪʨʦʥʥʠ ʩʧʝʢʪʨʠ ʥʘ Pr 3d5/2 ʧʦʜʥʠʚʦ ʟʘ ʥʘʢʘʣʝʥʠ ʧʨʠ 823 K (A), 

ʨʝʜʫʮʠʨʘʥʠ ʧʨʠ 773 K (B) ʠ ʦʪʨʘʙʦʪʝʥʠ (C) Pt/ʭPrʆ2-Al 2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʩ ʨʘʟʣʠʯʥʦ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ. 

 

ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʥʘʥʘʩʷʥʝʪʦ ʥʘ Pt ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʦʙʝʤʝʥ Pr6ʆ11 ʚʦʜʠ ʜʦ 

ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ Pr 3d5/2 ʝʣʝʢʪʨʦʥʠ ʩ 1 eV (ʦʪ 933.1 

ʜʦ 932.1 eV, ʩʲʦʪʚʝʪʥʦ ʟʘ ʥʘʢʘʣʝʥʠ Pr6O11 ʠ Pt/Pr6O11), ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʧʨʘʟʝʦʜʠʤʲʪ ʚ 

Pt/Pr6O11 ʝ ʯʘʩʪʠʯʥʦ ʨʝʜʫʮʠʨʘʥ. ɽʜʥʘ ʦʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʙʠ ʤʦʛʣʘ ʜʘ ʙʲʜʝ ʧʨʝʥʦʩ ʥʘ 

ʟʘʨʷʜ ʦʪ ʧʣʘʪʠʥʘʪʘ ʢʲʤ ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʦʢʩʠʜ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʯʘʩʪʠʮʠ 

PrOx ʩ ʚʠʩʦʢʘ ʝʣʝʢʪʨʦʥʥʘ ʧʣʲʪʥʦʩʪ. ɼʨʫʛʘ ʚʲʟʤʦʞʥʦʩʪ ʚʢʣʶʯʚʘ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ 

ʥʝʨʘʟʣʦʞʝʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʥʘʢʘʣʷʚʘʥʝ ʧʦʚʲʨʭʥʦʩʪʥʠ ʦʢʩʠʭʣʦʨʠʜʥʠ (Pr
3+

OCl) 

ʠ/ʠʣʠ ʭʠʜʨʦʢʩʠʭʣʦʨʠʜʥʠ (Pr
3+

(OH)2Cl) ʢʦʤʧʣʝʢʩʠ.  
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ɸʥʘʣʠʟʲʪ ʥʘ Pr 3d5/2 ʝʣʝʢʪʨʦʥʠ ʥʘ Pt/ʭPrʆ2-Al 2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ ʧʦʢʘʟʚʘ, ʯʝ 

ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ (933.8-933.9 eV) ʩʘ ʠʜʝʥʪʠʯʥʠ ʩ ʪʝʟʠ ʥʘ 

ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʢʦʤʧʦʥʝʥʪ ʚ ʭPrʆ2-Al 2ʆ3 ʥʦʩʠʪʝʣʠ (933.9-934.1 eV) (ʊʘʙʣʠʮʠ 2 ʠ 3). 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʣʘʪʠʥʘʪʘ ʚʲʨʭʫ ʝʣʝʢʪʨʦʥʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ 

ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʡʦʥ ʝ ʩʣʘʙʦ ʠʟʨʘʟʝʥʦ, ʢʦʛʘʪʦ ʧʨʘʟʝʦʜʠʤʦʚʠʷʪ ʦʢʩʠʜ ʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʥʘʥʝʩʝʥ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Al 2ʆ3 ʠ ʝ ʬʦʨʤʠʨʘʥʘ ʚʨʲʟʢʘʪʘ Pr-O-Al .  

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʊʘʙʣʠʮʘ 3 ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ Pr 3d5/2 

ʝʣʝʢʪʨʦʥʠ ʥʘ Pt/Pr6O11 ʦʙʘʟʝʮ ʩʣʝʜ ʨʝʜʫʢʮʠʷ ʧʨʠ 773 ʂ ʥʘʨʘʩʪʚʘ ʩ 0.8 eV (ʦʪ 932.1 ʜʦ 

932.9 eV), ʘ ʪʝʟʠ ʥʘ ʨʝʜʫʮʠʨʘʥʠ Pr6O11 ʠ Pt/ʭPrʆ2-Al2ʆ3 ʥʘ ʧʨʘʢʪʠʢʘ ʦʩʪʘʚʘʪ 

ʥʝʧʨʦʤʝʥʝʥʠ. ʈʝʛʠʩʪʨʠʨʘʥʦʪʦ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ Pr 3d5/2 ʝʣʝʢʪʨʦʥʠ 

ʥʘ Pt/Pr6O11 ʢʲʤ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʦʪʜʘʜʝ ʥʘ ʧʨʦʮʝʩ ʥʘ ʨʝʜʠʩʧʝʨʩʠʷ 

ʥʘ ʯʘʩʪʠʮʠ PrOx ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʧʣʘʪʠʥʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ Pt ʠ 

Pr, ʚʢʣʶʯʚʘʱʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʟʥʘʯʠʪʝʣʝʥ ʙʨʦʡ ʚʨʲʟʢʠ Pt-ʆ-Pr. ɼʨʫʛ ʚʘʞʝʥ ʨʝʟʫʣʪʘʪ, 

ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʦʪʙʝʣʷʟʘʥ ʝ, ʯʝ ʠʥʪʝʥʟʠʪʝʪʲʪ ʥʘ Pr 3d5/2 ʢʦʤʧʦʥʝʥʪʠ ʚ̡ ʚ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ ʚʩʠʯʢʠ ʦʙʨʘʟʮʠ ʥʘʤʘʣʷʚʘ ʩʣʝʜ ʨʝʜʫʢʮʠʷ (ʌʠʛ. 4ɺ). ʊʦʚʘ 

ʦʟʥʘʯʘʚʘ, ʯʝ ʥʝ ʙʠʚʘ ʜʘ ʙʲʜʝ ʠʟʢʣʶʯʝʥʘ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ ʧʨʦʮʝʩ ʥʘ 

ʘʛʣʦʤʝʨʘʮʠʷ ʥʘ ʯʘʩʪʠʮʠʪʝ Prʆʭ. ʇʦʟʠʮʠʷʪʘ ʥʘ Pr 3d5/2 ʢʦʤʧʦʥʝʥʪʠ ʚ ʩʧʝʢʪʨʠʪʝ ʥʘ 

ʨʝʜʫʮʠʨʘʥʠ ʦʙʨʘʟʮʠ ʥʝ ʪʲʨʧʷʪ ʧʨʦʤʝʥʠ ʩʣʝʜ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʨʝʬʦʨʤʠʥʛ ʥʘ 

ʤʝʪʘʥ ʩ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ (ʌʠʛ. 4ʉ, ʊʘʙʣʠʮʘ 3).  

ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ O 1s ʝʣʝʢʪʨʦʥʠʪʝ ʚ ʥʘʢʘʣʝʥʠ, ʨʝʜʫʮʠʨʘʥʠ ʠ 

ʦʪʨʘʙʦʪʝʥʠ Pt/ʭPrʆ2-Al2ʆ3 ʦʙʨʘʟʮʠ ʩ ʨʘʟʣʠʯʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʩʘ 

ʧʨʝʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 3. ʀʤʧʨʝʛʥʠʨʘʥʝʪʦ ʥʘ Pr6ʆ11 ʩ H2PtCl6 e ʧʨʠʯʠʥʘ ʟʘ ʩʣʘʙʦʪʦ 

ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ 

ʆ
2-

 ʡʦʥʠʪʝ ʦʪ ʨʝʰʝʪʢʘʪʘ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʦʢʩʠʜ (528.4 eV) ʠ ʧʦʚʲʨʭʥʦʩʪʥʦ 

ʘʜʩʦʨʙʠʨʘʥʠʪʝ ʯʘʩʪʠʮʠ O
-
, O

2-
2 or O

-
2 (531.4 eV) ʢʲʤ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ, ʩʲʦʪʚʝʪʥʦ 

528.0 ʠ 530.9 eV ʠ ʥʘʨʘʩʪʚʘʥʝ ʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʠʥʪʝʥʟʠʪʝʪʠʪʝ ʥʘ ʧʠʢʦʚʝʪʝ ʧʨʠ 528.0 

ʠ 530.9 eV. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʧʦʚʠʰʝʥʘ ʤʦʙʠʣʥʦʩʪ ʥʘ ʢʠʩʣʦʨʦʜʥʠʪʝ ʘʪʦʤʠ ʦʪ ʨʝʰʝʪʢʘʪʘ 

ʥʘ ʥʦʩʠʪʝʣʷ (Pr6ʆ11) ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʣʘʙʚʘʥʝ ʩʠʣʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ Pr-ʆ ʧʦʨʘʜʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Pt-Pr. ʇʦʩʣʝʜʥʦʪʦ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʠ ʯʨʝʟ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ 

ʤʝʞʜʫ ʠʥʪʝʥʟʠʪʝʪʠʪʝ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʧʨʠ 528.0 ʠ 530.9 eV. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ 

ʬʦʨʤʘʪʘ ʠ ʧʦʟʠʮʠʷʪʘ ʥʘ ʧʠʢʦʚʝʪʝ ʚʲʚ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʆ 

1s ʝʣʝʢʪʨʦʥʠʪʝ ʚ Pt/ʭPrʆ2-Al 2ʆ3, ʩʘ ʠʜʝʥʪʠʯʥʠ ʩ ʪʝʟʠ ʥʘ ʥʝʤʦʜʠʬʠʮʠʨʘʥʠ ̫Al2ʆ3. ʊʦʚʘ 

ʦʪʥʦʚʦ ʧʦʜʪʚʲʨʞʜʘʚʘ ʟʘʢʣʶʯʝʥʠʝʪʦ, ʯʝ ʚʣʠʷʥʠʝʪʦ ʥʘ Pt ʚʲʨʭʫ ʦʢʠʩʣʠʪʝʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ 

ʥʘ Pr ʢʦʤʧʦʥʝʥʪ ʝ ʥʝʟʥʘʯʠʪʝʣʥʦ, ʚ ʩʣʫʯʘʠʪʝ ʢʦʛʘʪʦ ʪʦʡ ʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʘʥʝʩʝʥ ʚʲʨʭʫ 

Al 2ʆ3.  

ʈʝʜʫʮʠʨʘʥʝʪʦ ʥʘ Pr6O11, Pt/Pr6O11 ʠ Pt/ʭPrʆ2-Al 2ʆ3 ʦʙʨʘʟʮʠ ʚʦʜʠ ʜʦ ʧʦʥʠʞʘʚʘʥʝ 

ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʆ 1s ʢʦʤʧʦʥʝʥʪʠ, ʢʦʝʪʦ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʟʥʘʯʠʪʝʣʥʦʪʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʙʨʦʷ, 

ʨʝʩʧ. ʦʙʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʥʘ ʜʦʩʪʲʧʥʠʪʝ ʟʘ ʘʥʘʣʠʟ ʢʠʩʣʦʨʦʜʥʠ ʘʪʦʤʠ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ 

ʩʚʲʨʟʚʘʱʠʪʝ ʝʥʝʨʛʠʠ ʥʘ ʆ 1s, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʚʨʲʟʢʘʪʘ Pr-O ʚ Pr6O11 (528.4 eV) ʠ ʪʘʟʠ 
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ʚ Pt/Pr6O11 (528.0 eV), ʩʝ ʦʪʤʝʩʪʚʘʪ ʢʲʤ ʧʦ-ʚʠʩʦʢʘ ʩʪʦʡʥʦʩʪ (529.2 eV) ʩʣʝʜ ʨʝʜʫʢʮʠʷ ʥʘ 

ʦʙʨʘʟʮʠʪʝ. ʇʦʜʦʙʥʦ ʷʚʣʝʥʠʝ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚʲʚ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ 

ʨʝʜʫʮʠʨʘʥʠ Pt/ʭPrʆ2-Al2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨʠ. ʅʘʙʣʶʜʘʚʘʥʦʪʦ ʦʪʤʝʩʪʚʘʥʝ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ 

ʩʚʲʨʟʚʘʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ O 1s ʝ ʩʚʲʨʟʘʥʦ ʩ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʜʝʬʝʢʪʠ ʚ ʨʝʰʝʪʢʘʪʘ ʥʘ Pr6O11. 

ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʨʝʜʫʢʮʠʷʪʘ ʚʦʜʠ ʜʦ ʧʦ-ʛʦʣʷʤ ʦʪʥʦʩʠʪʝʣʝʥ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʆ 1s ʩʧʝʢʪʲʨ, 

ʧʦʢʘʟʚʘʱ ʥʘʣʠʯʠʝ ʥʘ ʘʜʩʦʨʙʠʨʘʥʠ ʆʅ
-
 ʛʨʫʧʠ (531.4 eV), ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ ʧʨʠ 529.2 

eV, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʭʠʜʨʦʢʩʠʜ. ʌʦʪʦʝʣʝʢʪʨʦʥʥʠʪʝ 

ʩʧʝʢʪʨʠ ʥʘ ʦʪʨʘʙʦʪʝʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʧʨʦʮʝʩʘ ʥʘ 

ʨʝʬʦʨʤʠʥʛ ʥʘ ʤʝʪʘʥ ʩ ʉʆ2 ʥʝ ʚʦʜʠ ʜʦ ʧʨʦʤʝʥʠ ʚ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʆ 1s ʝʣʝʢʪʨʦʥʠʪʝ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʦʚʘ ʥʘ ʨʝʜʫʮʠʨʘʥʠ ʦʙʨʘʟʮʠ. 

ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʘʪʦʤʥʠʪʝ ʦʪʥʦʰʝʥʠʷ Pt:Al  ʠ Pt:Pr+Al  ʟʘ ʥʘʢʘʣʝʥʠ ʠ ʨʝʜʫʮʠʨʘʥʠ 

ʦʙʨʘʟʮʠ ʥʘʨʘʩʪʚʘʪ ʩ ʧʦʚʠʰʘʚʘʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ, ʢʦʝʪʦ ʝ ʩʚʲʨʟʘʥʦ 

ʩ ʧʦʚʠʰʘʚʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ PrOx ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Al2ʆ3 ʠ/ʠʣʠ ʩ ʧʦʚʠʰʘʚʘʥʝ 

ʩʪʝʧʝʥʪʘ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪ ʥʘ PtOx ʯʘʩʪʠʮʠ (ʊʘʙʣʠʮʘ 3). 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʨʝʥʪʛʝʥʦʚʘʪʘ ʬʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʤʦʛʘʪ ʜʘ ʩʝ 

ʦʙʝʜʠʥʷʪ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: (i) ʠʤʧʨʝʛʥʠʨʘʥʝʪʦ ʥʘ Al2ʆ3 ʩ ʧʨʘʟʝʜʠʤʦʚ ʥʠʪʨʘʪ ʚʦʜʠ ʜʦ 

ʬʦʨʤʠʨʘʥʝ ʥʘ ʜʦʙʨʝ ʜʠʩʧʝʨʛʠʨʘʥʠ ʯʘʩʪʠʮʠ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ ʧʦʨʘʜʠ ʩʠʣʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Pr-Al ; (ii ) ʜʚʘ ʪʠʧʘ ʧʣʘʪʠʥʦʚʠ ʯʘʩʪʠʮʠ ʩʝ ʦʙʨʘʟʫʚʘʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʨʝʜʫʮʠʨʘʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ: Pt
0
 ʠ Pt

ŭ+
, ʜʲʣʞʘʱʦ ʩʝ ʥʘ ʙʣʠʟʲʢ ʢʦʥʪʘʢʪ ʤʝʞʜʫ Pt ʠ 

ʢʠʩʣʦʨʦʜ-ʩʲʜʲʨʞʘʱʠ ʧʨʘʟʝʦʜʠʤʦʚʠ ʩʲʝʜʠʥʝʥʠʷ; (iii) ʥʘʥʘʩʷʥʝʪʦ ʥʘ Pt ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʥʘ Pr6O11 ʥʦʩʠʪʝʣ ʝ ʦʩʥʦʚʥʦ ʩʚʲʨʟʘʥʦ ʩ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʧʣʘʪʠʥʦʚʠ ʯʘʩʪʠʮʠ ʚ ʧʦ-ʚʠʩʦʢʦ 

ʦʢʠʩʣʠʪʝʣʥʦ ʩʲʩʪʦʷʥʠʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ Pt/Al 2ʆ3 ʧʦʨʘʜʠ ʧʨʝʥʦʩ ʥʘ ʟʘʨʷʜ ʦʪ ʧʣʘʪʠʥʘʪʘ ʢʲʤ 

ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʦʢʩʠʜ; (iv) ʚ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʧʨʘʟʝʦʜʠʤʦʚʠʷʪ ʦʢʩʠʜ ʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʥʘʥʝʩʝʥ ʚʲʨʭʫ Al2ʆ3 ʠ ʝ ʬʦʨʤʠʨʘʥʘ ʚʨʲʟʢʘ Pr-O-Al , ʚʣʠʷʥʠʝʪʦ ʥʘ Pt ʚʲʨʭʫ 

ʝʣʝʢʪʨʦʥʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚʠʷ ʡʦʥ ʝ ʥʝʟʥʘʯʠʪʝʣʥʦ.  

 

3.2. ɼʠʬʫʟʥʦ-ʦʪʨʘʞʘʪʝʣʥʘ ʠʥʬʨʘʯʝʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʌʫʨʠʝ ʧʨʝʦʙʨʘʟʫʚʘʥʠʝ ʥʘ 

ʘʜʩʦʨʙʠʨʘʥ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ  

ʇʦʣʫʯʝʥʘ ʝ ʧʦ-ʧʲʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʝʬʝʢʪʘ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ 

ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʨʝʜʫʢʮʠʷ ʚʲʨʭʫ ʝʣʝʢʪʨʦʥʥʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʥʘ ʘʢʪʠʚʥʠʪʝ 

ʤʝʪʘʣʥʠ ʮʝʥʪʨʦʚʝ (Pt), ʢʘʢʪʦ ʠ ʟʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦ ʩʲʩʪʘʚ 

ʢʦʤʧʣʝʢʩʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʨʝʜʫʮʠʨʘʥʠ Pt/ʭPrʆ2-Al 2ʆ3 ʦʙʨʘʟʮʠ.  

ʀʥʬʨʘʯʝʨʚʝʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ ʘʜʩʦʨʙʠʨʘʥ ʉʆ ʚʲʨʭʫ ʥʘʢʘʣʝʥʠ ʧʨʠ 823 K ʠ 

ʨʝʜʫʮʠʨʘʥʠ ʧʨʠ 773 ʠ 973 K Pt/ʭPrʆ2-Al 2ʆ3 ʦʙʨʘʟʮʠ ʚ ʠʥʪʝʨʚʘʣʘ 2150-1750 cm
-1

 ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʌʠʛʫʨʘ 5ɸ ʠ ɺ.  

ɸʜʩʦʨʙʠʨʘʥ ʉʆ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Pt/Al2ʆ3 ʢʘʪʘʣʠʟʘʪʦʨ ʚʦʜʠ ʜʦ ʧʦʷʚʘʪʘ ʥʘ 

ʦʩʥʦʚʥʘ ʠʚʠʮʘ ʧʨʠ 2060 cm
-1

 ʩʲʩ ʟʥʘʯʠʪʝʣʥʦ ʫʰʠʨʝʥʠʝ ʚ ʥʠʩʢʦʯʝʩʪʦʪʥʘʪʘ ʠ ʦʙʣʘʩʪ, 

ʜʲʣʞʘʱʘ ʩʝ ʥʘ ʣʠʥʝʡʥʦ ʩʚʲʨʟʘʥʠ ʉʆ ʤʦʣʝʢʫʣʠ ʩ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʝʪʘʣʥʠ Pt ʮʝʥʪʨʦʚʝ 
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(Pt
0
). ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ Pt ʢʦʤʧʦʥʝʥʪ ʚ Pt/Al2ʆ3 ʩʲʱʝʩʪʚʫʚʘ ʦʩʥʦʚʥʦ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ 

ʧʣʘʪʠʥʦʚʠ ʯʘʩʪʠʮʠ ʩ ʚʠʩʦʢʘ ʝʣʝʢʪʨʦʥʥʘ ʧʣʲʪʥʦʩʪ, ʢʦʝʪʦ ʩʲʱʦ ʪʘʢʘ ʙʝ ʧʦʪʚʲʨʜʝʥʦ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚ ʘʥʘʣʠʟ ʠ ʨʝʥʪʛʝʥʦʚʘ ʬʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

ʅʘʥʘʩʷʥʝʪʦ ʥʘ Pt ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʦʙʝʤʝʥ Pr6O11 ʚʦʜʠ ʜʦ 

ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʤʘʢʩʠʤʫʤʘ ʥʘ ʦʩʥʦʚʥʘʪʘ ʠʚʠʮʘ, ʨʝʛʠʩʪʨʠʨʘʥʘ ʧʨʠ Pt/Al 2ʆ3 (2060 cm
-1

), 

ʢʲʤ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʲʣʥʦʚʦʪʦ ʯʠʩʣʦ (2070 cm
-1

). ʊʦʚʘ ʝ ʩʚʲʨʟʘʥʦ ʩ ʬʦʨʤʠʨʘʥʝ 

ʥʘ Pt ʯʘʩʪʠʮʠ ʩ ʧʦ-ʚʠʩʦʢʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʯʠʩʣʦ ʧʨʠ Pt/Pr6O11, ʦʪʢʦʣʢʦʪʦ ʧʨʠ Pt/Al 2ʆ3, 

ʢʦʝʪʦ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʨʘʟʣʠʯʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʪʘ Pt-Al  ʠ Pt-Pr. ʇʦʩʣʝʜʥʦʪʦ 

ʙʝ ʧʦʪʚʲʨʜʝʥʦ ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʨʝʜʫʮʠʨʘʥʠ ʦʙʨʘʟʮʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʝʥʪʛʝʥʦʚʘ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

 

 

 

ʌʠʛ. 5. ʀʥʬʨʘʯʝʨʚʝʥʠ ʩʧʝʢʪʨʠ ʥʘ ʘʜʩʦʨʙʠʨʘʥ ʉʆ ʚ ʠʥʪʝʨʚʘʣʠʪʝ 2150-1750 cm
-1

 ʠ 

1750-1200 cm
-1

 ʟʘ Pt/ʭPrʆ2-Al 2ʆ3 ʦʙʨʘʟʮʠ, ʨʝʜʫʮʠʨʘʥʠ ʧʨʠ 773 K (ɸ) ʠ 973 K (ɺ). 

 

ʇʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (1 ʪʝʛʣ.%) ʚ Pt/Al 2ʆ3 

ʢʘʪʘʣʠʟʘʪʦʨ ʚʦʜʠ ʜʦ: (i) ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʦʩʥʦʚʥʘʪʘ ʠʚʠʮʘ, ʜʲʣʞʘʱʘ ʩʝ ʥʘ Pt
0
-CO 

ʢʦʤʧʣʝʢʩ (2060 cm
-1

), ʢʲʤ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʲʣʥʦʚʦʪʦ ʯʠʩʣʦ (2068 cm
-1

) ʠ (ii ) 

ʧʦʷʚʘʪʘ ʥʘ ʜʦʙʨʝ ʜʝʬʠʥʠʨʘʥʦ ʨʘʤʦ ʧʨʠ 2081 cm
-1
. ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʧʨʝʜʧʦʣʘʛʘʪ, ʯʝ 

ʧʣʘʪʠʥʘʪʘ ʚ Pt/ʭPrʆ2-Al 2ʆ3 ʧʨʝʠʤʫʱʝʩʪʚʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ PrOx ʯʨʝʟ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʚʨʲʟʢʘʪʘ Pt-O-Pr, ʢʦʝʪʦ ʝ ʚ ʩʲʛʣʘʩʠʝ ʩ ʠʟʚʦʜʠʪʝ, ʧʦʣʫʯʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʋɺ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʉ ʥʘʨʘʩʪʚʘʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʨʘʟʝʦʜʠʤʦʚ ʦʢʩʠʜ (6, 12 ʠ 20 ʪʝʛʣ.%) ʚ 

Pt/ʭPrʆ2-Al 2ʆ3 ʦʙʨʘʟʮʠ (ʌʠʛ. 5ɸ), ʧʦʟʠʮʠʠʪʝ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʠʪʝ ʠʚʠʮʠ ʧʨʠ 2068 ʠ 2081 

cm
-1
, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʩʲʦʪʚʝʪʥʦ Pt

0
 ʠ Pt

ŭ+
, ʩʝ ʦʪʤʝʩʪʚʘʪ ʢʲʤ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʚʲʣʥʦʚʦʪʦ ʯʠʩʣʦ (ʜʦ 2062 ʠ 2076 cm
-1

, ʨʝʩʧʝʢʪʠʚʥʦ). ɺ ʜʦʧʲʣʥʝʥʠʝ, ʠʥʪʝʥʟʠʪʝʪʲʪ ʥʘ 

ʘʜʩʦʨʙʮʠʦʥʥʠʪʝ ʉʆ ʠʚʠʮʠ ʚ ʩʧʝʢʪʨʠʪʝ ʥʘ Pt/6Prʆ2-Al 2ʆ3, Pt/12Prʆ2-Al 2ʆ3 ʠ Pt/20Prʆ2-


