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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

ɸʅʂ - ʘʢʚʘʥʠʪʨʦʢʦʤʧʣʝʢʩ rʠʨʠʜʠʷ  

ɸʅʂ_H2O - ʨʘʩʪʚʦʨ ɸʅʂ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ (NH4)3[Ir(NO2)6] ʚ ʚʦʜʝ. 

ɸʅʂ_HNO3 - ʨʘʩʪʚʦʨ ɸʅʂ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ (NH4)3[Ir(NO2)6] ʚ 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. 

 

ʕʉʇ - ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʗʄʈ - ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʊɻɸ - ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʈʌɸ - ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʌʕʉ - ʈʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉɼʆ - ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʀʂ - ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʇʕʄ ɺʈ - ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʕɼʉ - ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 

Cp*  - 1,2,3,4,5-ʧʝʥʪʘ-ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ 

tacn - 1,3,5-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ  

pyalk - (2-ʧʠʨʠʜʠʣ)-2-ʧʨʦʧʘʥʦʣʷʪ 

pic - ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ  

NHC - 3-ʤʝʪʠʣ-1-(1-ʬʝʥʠʣʵʪʠʣ)ʠʤʠʜʘʟʦʣʠʥ-2-ʠʣʠʜʝʥ 

4,4ô - bpim - 4,4ô-ʙʠʧʠʨʠʤʠʜʠʥ 

bzpy - 2-ʙʝʥʟʦʠʣʧʠʨʠʜʠʥ  

bpm - 2,2ô-ʙʠʧʠʨʠʤʠʜʠʥ 

k-2-N,O - ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2bda - 2,2ǋ-ʙʠʧʠʨʠʜʠʣ-6,6ǋ-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

bpy - 2,2ô-ʙʠʧʠʨʠʜʠʣ 

phen - 1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

AcOH - ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

CB[n] - ʢʫʢʫʨʙʠʪ[n]ʫʨʠʣ 

  



5 

 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪ r

ʄʝʪʘʣʣʳ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʄʇɻ) ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ [1ï5]. ʆʥʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʤʝʜʠʮʠʥʝ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ, ʘʪʦʤʥʦʡ ʠ 

ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʝ, ʥʝʟʘʤʝʥʠʤʳ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʨʘʜʠʦʪʝʭʥʠʢʝ, ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʣʫʯʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʪʠʥʘ, ʧʘʣʣʘʜʠʡ, ʨʦʜʠʡ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʘʢʦ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʠʨʠʜʠʡ ʪʘʢʞʝ ʥʘʯʠʥʘʝʪ ʧʨʠʢʦʚʳʚʘʪʴ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʄʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [6], ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʪ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠ ̫ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [7,8], ʜʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʛʠʜʨʘʟʠʥʘ [9ï

12], ʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʥʦʛʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʨʠʜʠʷ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʜʝʣʘʶʪ ʠʭ ʢʨʘʡʥʝ ʧʦʣʝʟʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, 

ʵʤʠʪʪʝʨʦʚ ʚ OLED-ʫʩʪʨʦʡʩʪʚʘʭ [13], ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ [14,15] ʠ 

ʤʥʦʛʦʤ ʜʨʫʛʦʤ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʥʦʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʨʠʜʠʡ, ʷʚʣʷʶʪʩʷ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʪʨʠʭʣʦʨʠʜ ʠʨʠʜʠʷ (IrCl3ĿxH2O), 

ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʠʝʚʘʷ ʢʠʩʣʦʪʘ (H2IrCl6) ʠ ʝʝ ʩʦʣʠ [5]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʳ 

ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʠʟʜʝʣʠʷ, ʥʘʧʨʠʤʝʨ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʷʩʴ ʥʘ 

ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʠʚʦʜʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ, ʠ 

ʢʦʨʨʦʟʠʠ ʤʘʪʝʨʠʘʣʘ ʥʦʩʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʠʦʥʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʷʜʦʚ, ʯʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʮʝʣʦʡ ʩʝʨʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [16ï21], 

ʪʘʢʠʭ ʢʘʢ ʦʢʠʩʣʝʥʠʝ ʉʆ, ʤʝʪʘʥʘ, PROX-ʧʨʦʮʝʩʩ. ɼʣʷ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʭʣʦʨʠʜ-ʠʦʥʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʥʝʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʥʦ ʠ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʙʦʣʝʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʷʜʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʄʇɻ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʨʠʜʠʷ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ ʭʣʦʨʠʜ-ʠʦʥʳ. ɺ ʩʣʫʯʘʝ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ ʢʘʢ ʨʦʜʠʡ, ʧʣʘʪʠʥʘ, ʧʘʣʣʘʜʠʡ ʠ ʨʫʪʝʥʠʡ 

ʩʫʱʝʩʪʚʫʶʪ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ, ʛʠʜʨʦʢʩʦ-, ʥʠʪʨʘʪʦ- ʠ ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ (CAS: 18496-40-7, 

10102-05-3, 21656-02-0, 34513-98-9), ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺʳʙʦʨ ʫʢʘʟʘʥʥʦʛʦ ʢʨʫʛʘ ʣʠʛʘʥʜʦʚ ʦʙʦʩʥʦʚʘʥ ʠʭ ʚʳʩʦʢʦʡ ʣʘʙʠʣʴʥʦʩʪʴʶ, ʚ ʧʝʨʚʫʶ 
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ʦʯʝʨʝʜʴ ʪʝʨʤʠʯʝʩʢʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚ ʘʢʪʠʚʥʳʝ 

ʮʝʥʪʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʆʜʥʘʢʦ ʜʣʷ ʠʨʠʜʠʷ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʧʦʜʦʙʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʬʦʨʤʝ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʠʨʠʜʠʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ([Ir(NO2)6]
3-) [22ï24], ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. 

ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʘʬʬʠʥʘʞʘ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, 

ʧʦʵʪʦʤʫ ʠʭ ʥʘʨʘʙʦʪʢʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʤʘʭ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʧʨʷʞʝʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʣʝʡ 

(NH4)2Na[Ir(NO2)6], (NH4)3[Ir(NO2)6], ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʭʦʜʝ ʘʬʬʠʥʘʞʘ ʄʇɻ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠʨʠʜʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ 

ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʘʢʚʘʪʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ ʠ ʨʷʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɹʣʘʛʦʜʘʨʷ ʪʝʨʤʠʯʝʩʢʦʡ ʣʘʙʠʣʴʥʦʩʪʠ 

ʥʠʪʨʦ- ʠ ʘʢʚʘʣʠʛʘʥʜʦʚ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʦ, ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʚ ʯʘʩʪʠʮʳ IrOx ʠ Ir
0, ʘ ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʛʦ ʪʨʘʥʩ-ʚʣʠʷʥʠʷ ʩʦ ʩʪʦʨʦʥʳ NO2

- 

ʣʠʛʘʥʜʦʚ ʧʦʚʳʰʘʝʪ ʣʘʙʠʣʴʥʦʩʪʴ ʘʢʚʘʣʠʛʘʥʜʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʤʝʱʝʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʫʤʤʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʛʨʘʥ-[Ir(H2O)3(NO2)3] 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʥʦʚʳʭ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʨʠʜʠʷ, ʪʘʢ ʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʠʪʨʦʢʦʤʧʣʝʢʩ rʠʨʠʜʠʷ τ ʤʘʣʦʠʟʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɸʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʨʷʜʘ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʩ 

ʧʨʦʩʪʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ, ʪʘʢ ʢʘʢ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʬʬʠʥʘʞʝ 

ʄʇɻ [22ï24]. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʪʦʛʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ 

ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ, ʩʨʝʜʠ ʥʠʭ ʜʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʩʦʣʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʪʠʦʥʳ ʟʦʣʦʪʘ, 

ʧʘʣʣʘʜʠʷ ʠʣʠ ʨʦʜʠʷ [25,26], ʘ ʪʘʢʞʝ ʜʚʘ ʧʨʠʤʝʨʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ [27]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʥʠʪʨʦʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚʠʜʘ M3[Ir(NO2)6-xClx], ʛʜʝ M = K+ ʠ Na+, ʠ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘ 

ʠʨʠʜʠʷ ʚʠʜʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. 

ɼʣʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʥʘʪʨʠʷ ʠʣʠ ʢʘʣʠʷ ʚ ʚʦʜʥʳʭ 0,1 ʄ 



7 

 

ʨʘʩʪʚʦʨʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ, ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 15N ʠ 17O, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ [28]. 

ʆʜʥʘʢʦ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤ ʧʨʦʮʝʩʩ ʘʢʚʘʪʘʮʠʠ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥ ʣʠʰʴ ʧʦʚʝʨʭʥʦʩʪʥʦ, ʠ ʥʝ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʠʤʝʝʪʩʷ ʜʘʥʥʳʭ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʜʣʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʠʣʠ ʜʨʫʛʠʭ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʠʩʘʥʥʳʭ ʢ ʜʘʥʥʦʤʫ ʤʦʤʝʥʪʫ ʩʚʦʡʩʪʚʘʭ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʘ ʪʘʢʞʝ 

ʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʄʇɻ ʩ ʪʝʨʤʠʯʝʩʢʠ ʣʘʙʠʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ [29,30] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ (ʛʨʘʥ-[Ir(H2O)3(NO2)3]) ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III ), 

ʪʘʢ ʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʟʘ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʢʘʣʠʷ, ʥʘʪʨʠʷ ʠ ʘʤʤʦʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ(III)  ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III)  ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ ʢʦʤʧʣʝʢʩʦʚ M3[Ir(NO2)6], ʛʜʝ M = K+, Na+, NH4
+, ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

¶ ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ 

ʛʠʜʨʦʣʠʟʘ [Ir(NO2)6]
3- ʩʦʝʜʠʥʝʥʠʡ. 

¶ ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʩʪʦʡ ʠ ɻʢʩʧʨʝʩʩʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʱʝʥʠʷ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘʭ ʠʨʠʜʠʷ(III)  

ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III) . 

¶ ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ñIrò/g-C3N4 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʢʘʯʝʩʪʚʝ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʝʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ.  



8 

 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʞʝʨʪʚʝʥʥʦʛʦ ʘʛʝʥʪʘ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʘʢʚʘʪʘʮʠʠ ʩʦʣʝʡ M3[Ir(NO2)6], ʛʜʝ M = 

K+, Na+, NH4
+ ʠ ʦ ʚʣʠʷʥʠʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ, ʢʠʩʣʦʪʥʦʩʪʴ 

ʩʨʝʜʳ, ʪʠʧ ʢʘʪʠʦʥʘ ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ) ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ. ʇʦʢʘʟʘʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʟʘʤʝʱʝʥʠʷ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ (NH4)3[Ir(NO2)6] ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂ3[Ir(NO2)6]. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʣʴʥʦʝ ʪʨʘʥʩ-ʚʣʠʷʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʝʢʩʘʘʢʚʘʢʦʤʧʣʝʢʩʦʤ ʠʨʠʜʠʷ (III ). ɼʣʷ 

ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚʠʜʘ ʮʠʩ-[Ir(H2O)2(NO2)4]
- ʠ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ N- ʠ O-

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ. ʉʠʥʪʝʟʠʨʦʚʘʥʦ 7 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʩʧʝʰʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ñIrò/g-C3N4 ʘʢʪʠʚʥʳʭ ʚ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, 

ʘʢʪʠʚʠʨʫʝʤʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʠʨʠʜʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʥʦ ʠ ʨʘʟʤʝʨʦʤ ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʝʝ 500 Üʉ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʢʘʪʘʣʠʟʘʪʦʨʳ IrOx/g-C3N4 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʨʝʢʦʨʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʫʢʘʟʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʛʦʤʦʛʝʥʥʳʤʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪ r ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʣʠʟʘ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ(III)  ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ 

ʧʦʣʫʯʘʝʤʳʝ ʧʨʦʜʫʢʪʳ. ʇʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III). 

ʆʧʠʩʘʥʳ ʧʨʦʮʝʩʩʳ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʘʭ Na3[Ir(NO2)6]+Na15NO2 ʠ ʛʨʘʥ-

[Ir(H2O)3(NO2)3]+H2
17O, ʦʮʝʥʝʥʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʘʷ, ʵʢʩʧʨʝʩʩʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʦ 

ʠʨʠʜʠʶ ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʦʚ ʠʣʠ 

ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III) , ʠ ʛʨʘʥ-



9 

 

[Ir(H2O)3(NO2)3] ʚ ʯʘʩʪʥʦʩʪʠ, ʜʝʤʦʥʩʪʨʠʨʫʪʁ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʢʠʩʣʳʭ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ, ʥʦ ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʜʣʷ ʩʠʥʪʝʟʘ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III)  ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

¶ ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʘʢʚʘʪʘʮʠʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ(III) ʚ ʨʘʩʪʚʦʨʝ. 

¶ ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʨʠʜʠʷ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʦʚ ʠʣʠ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ. 

¶ ɼʘʥʥʳʝ ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʤʝʥʘ ʣʠʛʘʥʜʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʪʝʨʤʦʣʠʟʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. 

¶ ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʨʷʜʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III) ʠ ʩʪʨʦʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

¶ ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Irx/g-C3N4 ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʠ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ 

ʫʩʣʦʚʠʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʘʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠʨʠʜʠʷ ʥʘ ʥʦʩʠʪʝʣʝ. 

¶ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

Irx/g-C3N4 ʚ ʨʝʘʢʮʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʇʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʪʦʨʦʤ 

ʧʨʦʚʝʜʝʥʳ ʚʩʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʟʘ ʥʠʪʨʦʠʨʠʜʘʪʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʘʤʤʦʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-

[Ir(H2O)3(NO2)3], ʧʦʜʛʦʪʦʚʣʝʥʳ ʚʩʝ ʦʙʨʘʟʮʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʗʄʈ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʜʨʘʭ, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʜʨʫʛʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʦʚʝʜʝʥʳ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʨʘʩʰʠʬʨʦʚʢʘ ʯʘʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʥʘʥʝʩʝʥʠʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʠ ʧʦʜʦʙʨʘʥʳ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʚʝʜʝʥʘ ʯʘʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʭ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʄʝʪʦʜʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ ʢʦʤʧʣʝʢʩʦʚ M3[Ir(NO2)6], ʛʜʝ 

M = K+, Na+, NH4
+, ʚ ʢʠʩʣʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʤʝʱʝʥʠʷ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘʭ ʠʨʠʜʠʷ(III)  ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʠ ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʦʨʦʤ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʝʨʠʠ Ir/g-C3N4 ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ 

ʚʦʜʳ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʘʤʦʛʦ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʚ ʢʘʯʝʩʪʚʝ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ NaIO4 ʚ ʢʘʯʝʩʪʚʝ 

ʞʝʨʪʚʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ.  

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʧʦʛʣʦʱʝʥʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 1H, 15N, 17O. ɺ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʦʨʦʰʢʦʚʘʷ ʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʜʠʬʨʘʢʮʠʷ, ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, 

ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆ ʧʨʠʟʥʘʥʠʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʪʘʢʞʝ ʛʦʚʦʨʠʪ ʠʭ ʧʫʙʣʠʢʘʮʠʷ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʞʫʨʥʘʣʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʣʘʥʦʤ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ21-13-00314, ʘ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʯʝʥʳ ʩʪʠʧʝʥʜʠʷʤʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (2021-2022 ʛʛ.), 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʅʉʆ (2021-2022 ʛʛ.) ʠ ʩʪʠʧʝʥʜʠʝʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʟʘ ʙʦʣʴʰʠʝ 

ʫʩʧʝʭʠ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ (2021-2022 ʛʛ.). 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ: 1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 2. ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ 
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ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 5. 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 7. ʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ:  

1. 6 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʘʪʘʣʠʟʫ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çCatalyst Design: 

From Molecular to Industrial Levelè (ʀʂ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 2021);  

2. XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʊʫʘʧʩʝ, 2021);  

3. XIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʊʫʘʧʩʝ, 

2022); 

4. VI ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ çICFM-

2022è (ʀʅʍ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ); 

5. XXIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʝʨʥʷʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ, ʘʥʘʣʠʪʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (ʀʅʍ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 2022); 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ 3 ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ Web of Science ʠ Scopus. ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʚ ʤʘʪʝʨʠʘʣʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 6 ʜʦʢʣʘʜʦʚ. 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 143 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 52 ʨʠʩʫʥʢʦʚ, 11 ʪʘʙʣʠʮʳ ʠ 24 

ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ (ʛʣ. 1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

(ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʡ (ʛʣ. 3), ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ (181 ʥʘʠʤʝʥʦʚʘʥʠʝ) ʠ ʧʨʠʣʦʞʝʥʠʡ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʅʍ ʉʆ ʈɸʅ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ V.44. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʭʠʤʠʠè, ʧʨʦʛʨʘʤʤʘ ʌʅʀ ʉʆ 

ʈɸʅ V.44.4. çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè 
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1. ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʩʦʣʝʡ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʣʝʡ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 19 ʚʝʢʘ. ʊʘʢ, 

ʧʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ, ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʙʦʪʝ ʆ. ʋ. ɻʠʙʙʩʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ 

ʚ 1864 ʛʦʜʫ [31]. ʀʤ ʙʳʣ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʠʟ 

ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʦʚ ʢʘʣʠʷ ʠʣʠ ʘʤʤʦʥʠʷ ʜʝʡʩʪʚʠʝʤ ʢʨʝʧʢʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʠʪʘ ʢʘʣʠʷ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ. ɻʠʙʙʩ ʦʪʤʝʪʠʣ, ʯʪʦ ʦʙʨʘʟʫʶʱʝʝʩʷ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʳʡ ʧʦʨʦʰʦʢ ʥʝ 

ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ ʠ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʛʦʨʷʯʝʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʝ. ʉʧʫʩʪʷ 30 ʣʝʪ ʃʝʡʜʠ [32] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʠʩʘʥʥʘʷ ɻʠʙʙʩʦʤ ʢʘʣʠʡʥʘʷ ʩʦʣʴ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʩ ʧʨʦʜʫʢʪʘʤʠ ʥʝ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ, ʙʦʣʝʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʡ ʥʠʪʨʦʢʦʤʧʣʝʢʩ ʠʨʠʜʠʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʝʚʘʥʠʷʭ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʚʠʜʫ ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʥʠʪʨʦʭʣʦʨʦʩʦʝʜʠʥʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚ ʩʣʫʯʘʝ ʟʘʤʝʥʳ ʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʥʘ 

ʨʘʩʪʚʦʨ ñʧʦʣʫʪʦʨʥʦʡ ʦʢʠʩʠ ʠʨʠʜʠʷò, ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʦʡ 

ʤʝʪʦʜʠʢʠ ʙʳʣʦ ʧʦʣʫʯʝʥʘ ʠ ʦʧʠʩʘʥʘ ʩʦʣʴ ʩ ʘʤʤʦʥʠʡʥʳʤ ʢʘʪʠʦʥʦʤ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʩʦʙʦʡ ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʃʝʡʜʠ ʜʣʷ ʩʦʣʠ (NH4)3[Ir(NO2)6] ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. ʊʘʢʞʝ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʛʦʨʷʯʝʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ. 

ʉʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʥʠʪʨʦʢʦʤʧʣʝʢʩʘʤ ʠʨʠʜʠʷ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 1933 

ʛʦʜʫ ʌʝʨʨʘʨʠ ʠ ʂʦʣʣʘ, ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʦʣʝʡ 

ʘʥʠʦʥʘ [Ir(NO2)6]
3- ʩ ʢʘʪʠʦʥʘʤʠ ʢʘʣʠʷ, ʨʫʙʠʜʠʷ, ʮʝʟʠʷ, ʪʘʣʠʷ ʠ ʙʘʨʠʷ [33]. ʋʢʘʟʘʥʥʳʝ ʩʦʣʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʠʨʠʜʠʷ(III) ʩ ʥʠʪʨʠʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ, ʩʘʤ 

ʞʝ ʥʠʪʨʘʪ ʠʨʠʜʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʳʧʘʨʠʚʘʥʠʠ ʭʣʦʨʠʜʘ ʠʨʠʜʠʷ ʩ ʠʟʙʳʪʢʦʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʢʫʙʠʯʝʩʢʦʡ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʷʯʝʡʢʝ (Fm-3m) ʠ ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ 

Rh ʠ ʉʦ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ɻʠʙʙʩʘ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʣʦʭʦ ʧʦʜʘʶʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʠ ʨʘʩʪʚʦʨʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʢʠʧʷʯʝʥʠʠ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʠʪʨʦʚʘʥʠʷ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʦʚ ʠʨʠʜʠʷ ʧʨʦʚʦʜʠʣʠ ʄʫʨʘʚʝʡʩʢʘʷ 

ʠ ʏʝʨʥʷʝʚ [34]. ʆʥʠ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ [Ir(NO2)6]
3- ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ 

ʯʠʩʪʦʤ ʚʠʜʝ ʠʟ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝ ʥʠʪʨʠʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, 
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ʪʘʢ ʢʘʢ ʜʘʞʝ ʧʦʩʣʝ ʥʝʦʜʥʦʢʨʘʪʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʘʝʤʳʡ ʧʨʦʜʫʢʪ ʤʦʛ ʩʦʜʝʨʞʘʪʴ ʜʦ 

2-3% ʭʣʦʨʘ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ.  

ɸʢʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ 

ʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʦʩʘʜʠʪʝʣʴʥʦʡ ʩʭʝʤʝ 

ʘʬʬʠʥʘʞʘ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʧʦʣʫʯʘʝʤʳʡ ʢʦʥʮʝʥʪʨʘʪ ʄʇɻ ʙʦʛʘʪ Pt ʠ Pd ʚ 

ʪʦ ʚʨʝʤʷ, ʢʘʢ Os, Ru, Ir ʠ Rh ʩʦʜʝʨʞʘʪʩʷ ʚ ʥʝʤ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʪʘʢ ʞʝ ʚ 

ʩʤʝʩʠ ʠʤʝʶʪʩʷ Au ʠ Ag. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʤʦʥʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ. ʆʩʪʘʪʦʢ, ʩʦʜʝʨʞʘʱʠʡ Os, Ru, Ir ʠ Rh, ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ 

ʦʙʞʠʛʫ (ʈʠʩʫʥʦʢ 1). ʇʦʣʫʯʝʥʥʳʡ ʦʛʘʨʦʢ ʩʧʝʢʘʶʪ ʩ ʧʝʨʦʢʩʠʜʦʤ ʙʘʨʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʢʠʩʣʠʪʴ 

ʦʩʪʘʚʰʠʝʩʷ ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʙʘʨʠʷ ʚ ʚʠʜʝ 

ʦʩʘʜʢʘ BaSO4. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʦʢʩʠʜʘ Os(IV), ʘ ʚ ʨʘʩʪʚʦʨʝ 

ʦʩʪʘʝʪʩʷ ʩʤʝʩʴ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʨʦʜʠʷ, ʠʨʠʜʠʷ ʠ ʨʫʪʝʥʠʷ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʚʠʜʘ [Ir(NO2)6]
3-, [Rh(NO2)6]

3- 

ʠ [Ru(NO)(OH)(NO2)4]
2- ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʩʤʝʩʠ ʭʣʦʨʠʜʦʤ ʘʤʤʦʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʘʞʜʝʥʠʝ ʘʤʤʦʥʠʡʥʳʭ (ʘʤʤʦʥʠʡʥʦʥʘʪʨʠʝʚʳʭ) ʩʦʣʝʡ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ(III) ʠ -ʨʦʜʘʪʘ(III), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ Ru ʦʩʪʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ. ɿʘʪʝʤ ʦʩʘʜʦʢ ʠʨʠʜʠʷ ʠ ʨʦʜʠʷ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʤʝʩʴʶ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ Ir(III) ʧʝʨʝʭʦʜʠʪ ʚ Ir(IV) ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʨʦʜʠʡ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ NH4Cl 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʠʨʠʜʠʷ ʠ ʨʦʜʠʷ ʟʘ ʩʯʝʪ ʚʳʧʘʜʝʥʠʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ(IV) ʘʤʤʦʥʠʷ. ʈʦʜʠʡ ʦʩʘʞʜʘʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʠʪʨʠʪʦʤ 

ʥʘʪʨʠʷ ʚ ʚʠʜʝ (NH4)2Na[Rh(NO2)6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʳ(III) ʠ 

ʛʝʩʘʥʠʪʨʦʨʦʜʘʪʳ(III) ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʘʬʬʠʥʘʞʘ ʄʇɻ. 

 

ʈʠʩʫʥʦʢ 1. ʆʩʘʜʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʘʬʬʠʥʘʞʘ ʄʇɻ. ɺʳʜʝʣʝʥʠʝ Rh, Ir, Ru, Os. 
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ʅʘʣʠʯʠʝ ʧʦʩʪʦʷʥʥʳʭ ʧʦʪʝʨʴ ʜʣʷ ʠʨʠʜʠʷ ʥʘ ʵʪʘʧʝ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ, ʚʚʠʜʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʥʠʪʨʦʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ, ʦʩʪʘʚʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʜʥʝʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʩʪʝʥʘʭ ʀʥʩʪʠʪʫʪʘ ʅʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ.  

ɺ ʨʘʙʦʪʝ [24] ʦʧʠʩʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʠʪʨʦʚʘʥʠʷ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ ʥʘʪʨʠʷ 

ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʗʄʈ ʥʘ 15N, 17O ʠ 35Cl. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʤʝʰʝʥʠʝ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ(IV) ʥʘʪʨʠʷ c ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʩ ʢʦʨʠʯʥʝʚʦ-ʢʨʘʩʥʦʡ ʥʘ ʦʣʠʚʢʦʚʦ-ʟʝʣʝʥʫʶ, ʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 15N ʗʄʈ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʩʠʛʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʦʙʦʜʥʳʤ ʥʠʪʨʠʪ ʠ ʥʠʪʨʘʪ-ʠʦʥʘʤ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 95 ʢ 5, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʣʦʨʦʢʦʤʧʣʝʢʩʘ 

ʠʨʠʜʠʷ(IV) ʚ (III ). 

2[IrCl6]
2- + NO2

- +H2O = 2[IrCl6]
3- + NO3

- + 2H+ 

ɺr ʜʝʨʞʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʩʠʛʥʘʣʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʧʨʠ 51,2 ʠ 54,2 ʤ.ʜ. ʩ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʩʤʝʩʠ ʧʨʠ 85 Üʉ ʫʞʝ 

ʯʝʨʝʟ ʪʨʠ ʯʘʩʘ ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʦʡ ʚ ʨʘʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʣʦʩʝ ʧʨʠ 54,2 ʤ.ʜ, 

ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʝʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʝʱʝ ʦʜʥʦʡ ʠʥʪʝʥʩʠʚʥʦʡ 

ʣʠʥʠʠ ʧʨʠ 55,9 ʤ.ʜ., ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ (ʙʦʣʝʝ 

150 ʯʘʩʦʚ). ʆʩʘʞʜʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʪʠʦʥʘ [Co(en)3]
3+ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʩʠʛʥʘʣʳ ʧʨʠ 52, 54 ʠ 56 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʦʜʫʢʪʘʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʭʣʦʨʦʣʠʛʘʥʜʦʚ ʥʘ ʥʠʪʨʦʣʠʛʘʥʜʳ: ʪʨʘʥʩ-[Ir(NO2)2Cl4]
3-

, ʪʨʘʥʩ-[Ir(NO2)4Cl2]
3- ʠ [Ir(NO2)6]

3-. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩ-[Ir(NO2)2Cl4]
3-, ʪʘʢ ʠ ʝʛʦ ʟʘʤʝʱʝʥʠʝ ʧʨʦʠʩʭʦʜʷʪ ʙʫʢʚʘʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʟʫʶʱʘʷʩʷ ʪʨʘʥʩ-[Ir(NO2)4Cl2]
3- ʬʦʨʤʘ ʫʞʝ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʩʪʘʙʠʣʴʥʦʡ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ, ʪʨʝʙʫʶʱʝʡ ʥʝʩʢʦʣʴʢʠʭ 

ʩʫʪʦʢ ʥʘʛʨʝʚʘʥʠʷ (ʈʠʩʫʥʦʢ 2). ʀʤʝʥʥʦ ʥʘʣʠʯʠʝ ʵʪʦʡ ʬʦʨʤʳ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʪʝʨʷʤ ʧʨʠ ʘʬʬʠʥʘʞʝ 

ʠʨʠʜʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʪʨʦʚʘʥʠʷ ʜʦ 125 Üʉ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʚʨʝʤʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ ʅʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʙʳʣ 

ʪʘʢʞʝ ʨʘʩʰʠʨʝʥ ʩʧʠʩʦʢ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʪʘʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʢʘʢ (NH4)2Na[Ir(NO2)6] [22], Pb3[Ir(NO2)6]2 [35], Na3[Ir(NO2)6] [23]. ʃʶʙʦʧʳʪʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ (ʝʜʠʥʩʪʚʝʥʥʦʡ, ʨʘʩʪʚʦʨʠʤʦʡ ʚ ʚʦʜʝ) ʧʨʦʠʩʭʦʜʠʪ 
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ʥʝ ʚ ʢʫʙʠʯʝʩʢʦʡ, ʢʘʢ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ, ʘ ʨʦʤʙʠʯʝʩʢʦʡ (R-3m) ʩʠʥʛʦʥʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʩʪʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ Li 3Bi. 

 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʘʢʮʠʠ ʥʠʪʨʦʚʘʥʠʷ ʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(IV), 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʜʘʥʥʳʭ ʨʘʙʦʪʳ [24] 

 

ʂʨʦʤʝ ʩʦʣʝʡ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʩ ʧʨʦʩʪʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʥʝʩʢʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

[Pd(NH3)4]3[Ir(NO2)6]2ẗH2O [26], [Au(En)2][Ir(NO2]ẗnH2O (n = 0, 2) ʠ 

[Au(En)2][ Ir(NO2)6]x[Rh(NO2)6]1ï xẗnH2O (x = 0,25, 0,5, 0,75) [25]. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ Ir-

ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ. 

 

1.2. ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III ) 

ʂʘʩʘʪʝʣʴʥʦ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʢʦʣʠʯʝʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʘʥʥʳʭ ʢʫʜʘ ʤʝʥʴʰʝ. ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʵʪʦʤ ʧʣʘʥʝ, ʦʯʝʚʠʜʥʦ, 

ʥʠʪʨʦʭʣʦʨʦʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ. ʉʨʝʜʠ ʥʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʘʥʠʦʥʳ 

[Ir(NO2)5Cl]3-, [Ir(NO2)4Cl2]
3-, [Ir(NO2)2Cl4]

3- ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʛʝʢʩʘʥʠʪʨʦ- ʠʣʠ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʦʚ [36]. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [37] ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

K3[Ir(NO2)3Cl3] ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ ʠ 

ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʦʚ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʘ ʚ ʨʘʙʦʪʝ ʦʧʠʩʘʥ [28] ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

Rb2Na[Ir(NO2)3Cl3] ʠʟ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʩ ʠʟʙʳʪʢʦʤ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʭʣʦʨʠʜʘ ʨʫʙʠʜʠʷ. ʆʜʥʘʢʦ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʙʳʣʠ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ, ʘ ʠʭ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ɽʜʠʥʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʷʚʣʷʶʪʩʷ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [Ir(pq)2(Õ-NO2)] ʠ [Ir(ppy)2(NO2)2], ʛʜʝ 
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pq ï 2-ʬʝʥʠʣʭʠʥʦʣʠʥ, ʘ ppy ï 2- ʬʝʥʠʣʧʠʨʠʜʠʥ [27]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʜʨʫʛ ʜʨʫʛʫ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ppy ʠʤʝʣ ʤʝʩʪʦ ʧʨʦʮʝʩʩ ʬʦʪʦʪʫʰʝʥʠʷ, ʚ ʢʦʤʧʣʝʢʩʝ ʩ pq ʥʘʙʣʶʜʘʣʘʩʴ 

ʠʥʪʝʥʩʠʚʥʘʷ ʬʦʪʦʵʤʠʩʩʠʷ. ʇʦʜʦʙʥʦʝ ʨʘʟʣʠʯʠʝ ʩʚʦʡʩʪʚ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ 

NO2
- ʚʚʠʜʫ ʩʪʝʨʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠʟ-ʟʘ ʨʘʟʤʝʨʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ɺ ʩʣʫʯʘʝ 2-

ʬʝʥʠʣʧʠʨʠʜʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʜʚʫʭ ʥʠʪʨʠʪʦʚ ʯʝʨʝʟ ʘʪʦʤʳ ʘʟʦʪʘ. ɺ ʩʣʫʯʘʝ ʞʝ 2-

ʬʝʥʠʣʭʠʥʦʣʠʥʘ ʠʤʝʣʘ ʤʝʩʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʥʠʪʨʠʪʘ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʚ 

ʢʘʯʝʩʪʚʝ ʙʠʜʝʥʪʘʪʥʦʛʦ ʥʠʪʨʠʪʦʣʠʛʘʥʜʘ (ʈʠʩʫʥʦʢ 3). 

 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ [Ir(pq)2(Õ-NO2)] ʠ 

[Ir(ppy)2(NO2)2] ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [27] 

 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ir(III) ʯʝʨʝʟ ʜʠʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ Cl, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʩʪʘʪʴʝ [27] ʠʤʝʝʪ ʢʨʘʡʥʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ [38ï

42] ʠ ʚ ʧʝʨʚʳʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ ʅʦʥʦʷʤʳ [43]. ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʝʨʫʪ ʣʠʙʦ ʪʨʠʭʣʦʨʠʜ ʠʨʠʜʠʷ, ʣʠʙʦ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪ(III ) 

ʥʘʪʨʠʷ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʣʠʛʘʥʜʦʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʥʘʧʨʠʤʝʨ, 2-

ʤʝʪʦʢʩʠʵʪʘʥʦʣʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ (ʈʠʩʫʥʦʢ 3), ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʦʪʜʝʣʷʶʪ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʚʘʶʪ ʩʧʠʨʪʦʤ ʠ ʵʢʩʪʨʘʛʠʨʫʶʪ ʭʣʦʨʦʬʦʨʤʦʤ. 

ʇʦʣʫʯʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ ʠ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ, ʥʦ ʧʨʠ ʵʪʦʤ, ʩʚʷʟʴ 

IrïCl ʚ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʢʨʘʡʥʝ ʩʣʘʙʘ, ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʪʨʘʥʩ-ʵʬʬʝʢʪʘ ʩʦ ʩʪʦʨʦʥʳ ˊ-ʩʠʩʪʝʤʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʚʷʟʴ 
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ʠʨʠʜʠʷ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʨʘʟʦʨʚʘʥʘ ʪʝʤ ʩʘʤʳʤ ʦʩʚʦʙʦʞʜʘʷ ʤʝʩʪʦ 

ʜʣʷ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʠʩ- ʠ 

ʪʨʠʩ-ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʝ ʤʦʥʦ- ʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III). ɺ ʯʘʩʪʥʦʩʪʠ, 

ʤʦʩʪʠʢʦʚʳʝ ʭʣʦʨʦʣʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʥʘ ʘʢʚʘʣʠʛʘʥʜʳ ʚ ʩʣʫʯʘʝ ʜʦʙʘʚʣʝʥʠʷ ʢ ʨʘʩʪʚʦʨʫ 

ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʣʠ ʩʝʨʝʙʨʘ [40,42]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʚʝʜʝʥʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ 

ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ, ʯʪʦ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩʪʝʨʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, 

ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʥʝʦʞʠʜʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ NO2
-, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [27]. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʜʭʦʜ ʦʪ ʦʙʨʘʪʥʦʛʦ ï ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʨʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʦʜʝʣʘʥʦ ʚ ʩʣʫʯʘʝ 

ʥʝʢʦʪʦʨʳʭ ʥʠʪʨʦʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʠʚ ʧʦʨʷʜʦʢ ʩʙʦʨʢʠ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʤʦʞʥʦ ʙʫʜʝʪ ʚʩʪʨʘʠʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʥʘ ʧʦʩʣʝʜʥʝʡ 

ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ. ʉʘʤʠ ʧʦ ʩʝʙʝ ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III)  ʦʪʣʠʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʞʝʣʘʪʝʣʴʥʦ ʩʥʘʯʘʣʘ ʫʜʘʣʠʪʴ ʯʘʩʪʴ 

ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʟʘʤʝʥʠʚ ʠʭ ʥʘ ʙʦʣʝʝ ʣʘʙʠʣʴʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʤʝʱʝʥʠʶ, ʥʘʧʨʠʤʝʨ, 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

 

1.3. ʇʦʣʫʯʝʥʠʝ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʦʚʳʭ 

ʤʝʪʘʣʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʦʢʠʩʣʝʥʠʷ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʉʝ(IV) ʠʣʠ MnO4
-. ɺ ʨʘʙʦʪʝ 

ɹʝʣʷʝʚʘ [44] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʚʦʟʤʦʞʥʦ ʦʢʠʩʣʝʥʠʝ ʪʨʝʭ 

ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʚ Na3[Rh(NO2)6] ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [Rh(H2O)3(NO2)3]. ɸ ʚ ʨʘʙʦʪʝ 

[28] ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʧʦʢʘʟʘʥ ʜʣʷ Na3[Ir(NO2)6] ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʚ 1 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. ʇʨʠʯʝʤ ʢʘʢ ʚ ʩʣʫʯʘʝ ʨʦʜʠʷ [45], ʪʘʢ ʠ ʠʨʠʜʠʷ ʧʦ 

ʜʘʥʥʳʤ ʗʄʈ ʥʘ ʷʜʨʘʭ 15N ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ NO2-M-NO2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʥʝʚʳʭ ʠʟʦʤʝʨʦʚ. 

ʊʘʢ ʞʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʤʝʪʦʜʠʢʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʫʜʘʣʝʥʠʝ ʭʣʦʨʦʣʠʛʘʥʜʦʚ ʠʟ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʠʦʥʦʚ ʩʝʨʝʙʨʘ. ɺ ʨʘʙʦʪʝ ʃʘʧʢʠʥʘ [46] ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʭʣʦʨʦʣʠʛʘʥʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʪʨʘʪʘ ʠʣʠ ʩʫʣʴʬʘʪʘ ʩʝʨʝʙʨʘ ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʠʷ ʮʠʩ-[Pt(NO2)2Cl2], ʦʜʥʘʢʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝ ʮʠʩ-[Pt(H2O)2(NO2)2], ʘ ʪʨʠʤʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [Pt3O(NO2)6]
2-. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʙʦʪʝ ʩʚʷʟʳʚʘʶʪ ʩ ʢʨʘʡʥʝ 
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ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ ʚʠʜʫ ʩʠʣʴʥʦʛʦ ʪʨʘʥʩ-

ʚʣʠʷʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʩʦʝʜʠʥʝʥʠʷ. 

ʆʜʥʘʢʦ ʦʙʱʠʤ ʧʦʜʭʦʜʦʤ ʢ ʩʠʥʪʝʟʫ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ñʜʝʥʠʪʨʘʮʠʷò ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʦʙʦʜʥʦʡ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ [36, 

47, 48]. ʊʘʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʦʤʝ 

ʥʠʪʨʦʛʨʫʧʧʳ ʣʠʛʘʥʜʳ A, ʛʜʝ ɸ ï ʦʩʪʘʪʦʢ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʦʚʦʜʷʪ ʦʙʨʘʙʦʪʢʫ ʢʦʤʧʣʝʢʩʥʳʭ 

ʥʠʪʨʠʪʦʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ HA, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ:  

[M(NO2)n] + mHA = [M(NO2)(n-m)Am] + mHNO2 

3HNO2 = HNO3 + 2NOŷ + H2O. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ 

ʩ ʥʝʢʦʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʥʘʧʨʠʤʝʨ, HClO4. ɺ ʨʘʙʦʪʝ [45] ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

Na3[Rh(NO2)6] ʚ 2 ʄ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʝ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʘ ʩʪʫʧʝʥʯʘʪʘ ̫

ʜʝʥʠʪʨʘʮʠʷ. ɺ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʜʝʣʴ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʛʨʘʥ-[Rh(H2O)3(NO2)3]. ʇʨʠ ʵʪʦʤ 

ʜʘʣʴʥʝʡʰʝʝ ʟʘʤʝʱʝʥʠʝ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʚ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʤʘʥʛʘʥʘʪ-ʘʥʠʦʥʘ. ɸʢʚʘʪʘʮʠʷ ʨʦʜʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʪʨʦʘʢʚʘ- ʠ 

ʥʠʪʨʦʭʣʦʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʚʦʟʤʦʞʥʘ, ʪʘʢʞʝ, ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʦʡ ʨʘʙʦʪʝ ʃʘʧʢʠʥʘ [46] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʨʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ K2[Pt(NO2)4] ʩ ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʢʠʩʣʦʪʘʤʠ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʘʢʚʘʪʘʮʠʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʝ [28]. ʉʫʪʴ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʜʣʠʪʝʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʥʘʪʨʠʷ ʠʣʠ 

ʢʘʣʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 0,1 ʄ ʨʘʩʪʚʦʨʳ ʩʝʨʥʦʡ, ʭʣʦʨʥʦʡ ʠʣʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, 

ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʧʦʜʙʠʨʘʣʠ ʠʩʭʦʜʷ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʠ (H+:Ir = 3:1). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ 

ʨʝʘʢʮʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʩʣʦʪʳ. ʇʦ ʜʘʥʥʳʤ 15N ʗʄʈ ʚ ʩʧʝʢʪʨʘʭ ʩʤʝʩʠ 

ʥʘʙʣʶʜʘʣʠ ʪʦʣʴʢʦ ʦʜʥʫ ʣʠʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʦʨʜʠʥʘʪʝ NO2-Ir-H2O, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Rh(III), ʫʢʘʟʳʚʘʣʦ ʥʘ ʛʨʘʥʝʚʦʝ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ. 

ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʄʇɻ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʩ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʚ ʭʦʜʝ ʘʢʚʘʪʘʮʠʠ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʄʇɻ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʘʪʦʤʦʚ 

ʘʟʦʪʘ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʠ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʥʝ ʘʟʦʪʥʦʡ, ʘ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ. 
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[M(NO2)2n] + nNH2SO3H = [M(NO2)n(H2O)n] + nN2ŷ + nSO4
2- + nH+  

ɼʣʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ Pt(II) ʠ Pd(II), ʠ Rh(III) ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʙʳʣ ʠʟʫʯʝʥ ʚ ʨʘʙʦʪʘʭ 

ʂʫʢʫʰʢʠʥʘ [49] ʠ ɹʝʣʷʝʚʘ [50]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ Pt(II) ʠ Pd(II) ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʪʦʣʴʢʦ 

ʜʚʫʭ ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʘ ʚ ʩʣʫʯʘʝ ʨʦʜʠʷ - ʪʨʝʭ. ʇʨʠʯʝʤ ʚ ʩʣʫʯʘʝ Pt(II) ʠ Pd(II) ʧʨʦʮʝʩʩ ʟʘʤʝʱʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʪʫʧʝʥʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʨʦʜʠʷ ʧʦ ʜʘʥʥʳʤ ʚʦʣʶʤʝʪʨʠʯʝʩʢʦʛʦ 

ʠʟʤʝʨʝʥʠ,̫ ʧʨʠʤʝʥʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʂʫʢʫʰʢʠʥʘ, ʥʘʙʣʶʜʘʝʪʩʷ, ʩʥʘʯʘʣʘ, ʙʳʩʪʨʦʝ ʫʜʘʣʝʥʠʝ ʜʚʫʭ 

ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʘ ʟʘʪʝʤ, ʧʦʩʣʝʜʫʶʱʝʝ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʪʨʝʪʴʝʛʦ ʥʠʪʨʠʪ-ʘʥʠʦʥʘ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ɹʝʣʷʝʚʳʤ, ʧʦʢʘʟʘʚʰʠʤ, ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʥʘ ʷʜʨʘʭ 15N, ʯʪʦ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʘʩʪʚʦʨʝ Na3[Rh(NO2)6] ʩ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʯʝʨʝʟ 8 ʯʘʩʦʚ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʬʦʨʤʳ ʚʠʜʘ [Rh(H2O)(NO2)5]
2-, [Rh(H2O)2(NO2)4]

-, 

[Rh(H2O)3(NO2)3] ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:45:51. ɺr ʜʝʨʞʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʥʝʜʝʣʴ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʨʦʜʠʷ ʜʦ 87% ʠ ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠ ʁ

ʤʦʥʦʟʘʤʝʱʝʥʥʦʡ ʬʦʨʤʳ. ɼʘʣʴʥʝʡʰʝʝ ʟʘʤʝʱʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʦ ʟʘʪʨʫʜʥʝʥʦ. 

ʀʥʘʯʝ ʦʙʩʪʦʷʣʘ ʩʠʪʫʘʮʠ ̫ʚ ʩʣʫʯʘʝ ʥʘʛʨʝʚʘʥʠ.̫ ʊʘʢ ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʨʘʩʪʚʦʨʘ Na3[Rh(NO2)6] ʩ 

ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Üʉ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 95% [Rh(H2O)3(NO2)3] ʠ 5% 

[Rh(H2O)2(NO2)4]
-. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʷʚʣʝʥʠʶ ʚ ʩʧʝʢʪʨʘʭ 15N ʗʄʈ ʜʘʞʝ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʧʨʦʜʫʢʪʫ 

ʟʘʤʝʱʝʥʠʷ - ʮʠʩ-[Rh(H2O)4(NO2)2]
+. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʨʦʜʠʷ ʜʣʠʪʝʣʴʥʦʝ ʥʘʛʨʝʚʘʥʠʝ ʩʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʣʠ ʠʟʙʳʪʢʦʤ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪ ɹʢ 

ʧʦʪʝʨʝ ʙʦʣʝʝ ʯʝʤ ʪʨʝʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʛʨʫʧʧ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʨʷʜʫ ʩ 

ʵʪʠʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʩʫʣʴʬʘʤʠʥʘʪ-ʠʦʥʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʩʦʩʪʘʚʦʤ - [Rh(H2O)2(NO2)2(NH2SO3)2]
-. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʜʣʷ ʨʦʜʠʷ ʚʦʟʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʥʠʪʨʦʛʨʫʧʧ ʚ ʩʣʫʯʘʝ ʪʨʝʭʢʨʘʪʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ 

ʩ ʠʟʙʳʪʢʦʤ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʆʜʥʘʢʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʠʤʝʨʥʳʭ ʩʫʣʴʬʘʪʦʚ ʨʦʜʠʷ. ɿʘʤʝʱʝʥʠʝ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ ʩʫʣʴʬʘʪ ʠ ʩʫʣʴʬʘʤʠʥʘʪ-ʘʥʠʦʥʳ ʪʘʢʞʝ 

ʙʳʣʦ ʦʧʠʩʘʥʦ ʠ ʚ ʩʣʫʯʘʝ Pt(II) ʠ Pd(II). ɼʣʷ ʠʨʠʜʠʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʩ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʥʘ ʜʘʥʥʦʡ ʤʦʤʝʥʪ ʧʨʦʠʟʚʝʜʝʥ rʥʝ ʙʳʣʠ. 

 

1.4. ʉʚʦʡʩʪʚʘ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ 

ɸʢʚʘʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʧʨʦʷʚʣʝʥʠʷ 

ʪʨʘʥʩ-ʵʬʬʝʢʪʘ [44,49,50] ʣʠʛʘʥʜʦʚ. ɼʣʷ ʧʣʦʩʢʦ-ʢʚʘʜʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pt(II) ʠ Pd(II) ʧʨʠ 

ʜʝʥʠʪʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʪʦʣʴʢʦ ʜʚʫʭ ʥʠʪʨʦʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʠʩ-

ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʘ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ Ir(III) ʠ Rh(III ) ï ʪʨʝʭ ʥʠʪʨʦʛʨʫʧʧ ʩ ʛʨʘʥʝʚʦʡ 
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ʢʦʦʨʜʠʥʘʮʠʝʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʣʴʥʳʤ ʪʨʘʥʩ-ʚʣʠʷʥʠʝʤ ʥʠʪʨʦʛʨʫʧʧ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʘʤʝʱʝʥʠʶ, ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʦʨʜʠʥʘʪʳ NO2-M-H2O ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʜʘʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʟʘʤʝʱʝʥʠʶ ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʨʘʩʧʣʦʞʝʥʥʳʭ ʧʨʦʪʠʚ ʘʢʚʘʣʠʛʘʥʜʦʚ. ɺ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʚʳʨʘʞʝʥʦ ʜʣʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʬʦʨʤ ʩ ʯʝʪʳʨʴʤʷ ʠʣʠ ʙʦʣʝʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [28]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʨʦʜʠʷ ʧʦʷʚʣʝʥʠʝ 

ʜʠʥʠʪʨʦʪʝʪʨʘʘʢʚʘʢʦʤʧʣʝʢʩʘ ʫʞʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ. ʗʚʣʝʥʠʝ ʪʨʘʥʩ-ʚʣʠʷʥʠʷ 

ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʦ ʜʣʷ ʄʇɻ, ʪʘʢ ʜʣʷ ʢʦʙʘʣʴʪʘ, ʪʘʢʞʝ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 9 ʛʨʫʧʧʝ ʚʤʝʩʪʦ ʩ 

ʨʦʜʠʝʤ ʠ ʠʨʠʜʠʝʤ, ʚ ʨʝʘʢʮʠʠ [Co(NO2)6]
3- ʩ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʫʞʝ 

ʚʩʝʭ ʰʝʩʪʠ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʚʳʨʘʞʝʥʥʦʡ ʩʪʫʧʝʥʯʘʪʦʩʪʠ ʧʨʦʮʝʩʩʘ [49]. 

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʠʣʴʥʦʝ ʪʨʘʥʩ-ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʘʙʠʣʠʟʘʮʠʠ ʘʢʚʘʣʠʛʘʥʜʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʟʘʤʝʱʝʥʠʶ. ɺ ʨʘʙʦʪʝ [51] ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʦʙʤʝʥʘ ʜʣʷ ʧʦʣʫ 

ʩʵʥʜʚʠʯ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ [M(H2O)3Cp*]2+, ʛʜʝ M = Rh(III) ʠ Ir(III), ʘ Cp* - ɖ5-ʉ5Me5 - 1,2,3,4,5-

ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʪʨʘʥʩ-ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʗʄʈ ʥʘ ʷʜʨʘʭ 17ʆ ʢʠʩʣʦʨʦʜʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʤʦʣʝʢʫʣ ʚʦʜʳ 

(ʊʘʙʣʠʮʘ 1), ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ ʘʢʚʘʢʦʤʧʣʝʢʩʳ ʵʪʠʭ ʤʝʪʘʣʣʦʚ 

ʠʟʚʝʩʪʥʳ ʢʘʢ ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʢʠʥʝʪʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ [52ï54]. ʅʘ ʨʷʜʫ ʩ ʛʨʘʥʝʚʳʤʠ ʠʟʦʤʝʨʘʤʠ 

ʘʢʚʘʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʛʦʤʦʣʦʛʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʤʠ ʥʘ 2,2ô-ʙʠʧʠʨʠʜʠʣ ʘʢʚʘʣʠʛʘʥʜʘʤʠ ʚʠʜʘ 

[M(H2O)(bpy)Cp*]2+. ɼʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ 

ʤʦʣʝʢʫʣ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʦʢʘʟʳʚʘʣʘʩʴ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʨʦʜʠʷ.  

 

ɼʣʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III)  ʠ ʨʦʜʠʷ(III)  ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʝʱʝ ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ, ʦʜʥʘʢʦ ʟʘʤʝʪʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ ʦʯʝʚʠʜʥʦ ʦʞʠʜʘʪʴ ʠ ʜʣʷ ʥʠʭ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʜʣʷ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʊʘʙʣʠʮʘ 1.ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʨʷʜʘ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ Rh(III) ʠ Ir(III ). 

ʉʦʝʜʠʥʝʥʠʝ kex
298, c-1 ʉʦʝʜʠʥʝʥʠʝ kex

298, c-1 

[Rh(H2O)3Cp*] 2+ 1,6*105 [Ir(H2O)3Cp*] 2+ 2,5*104 

[Rh(H2O)(bpy)Cp*] 2+ 1,6*103 [Ir(H2O)(bpy)Cp*] 2+ 2.2*102 

[Rh(H2O)6]
3+ 2,2*10-9 [Ir(H2O)6]

3+ 1,1*10-10 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʫʞʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʢ 

ʩʫʣʴʬʘʤʠʥʘʪ-ʘʥʠʦʥʦʚ, ʪʘʢ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩʫʣʴʬʘʪ-ʘʥʠʦʥʦʚ [50]. ʆʪʤʝʯʝʥʦ 

ʪʘʢʞʝ, ʯʪʦ ʘʢʚʘʣʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʟʘʤʝʱʝʥʳ ʥʘ ʭʣʦʨʠʜ-ʘʥʠʦʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩ ʜʝʩʷʪʠʢʨʘʪʥʳʤ ʤʦʣʴʥʳʤ 

ʠʟʙʳʪʢʦʤ NaCl [28]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʚʘʢʦʤʧʣʝʢʩʳ ʩ ʥʠʪʨʦ ʠ ʜʨʫʛʠʤʠ -́ʘʢʮʝʧʪʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ 

ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʦʤ, ʚʝʜʫʪ ʩʝʙʷ ʚ ʨʘʩʪʚʦʨʝ ʢʘʢ ʩʣʘʙʳʝ (ʤʥʦʛʦʦʩʥʦʚʥʳʝ) ʢʠʩʣʦʪʳ 

[50,56,42,52,57]. ɺ ʨʘʙʦʪʝ [56] ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʘʢʚʘʥʠʪʨʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʣʘʪʠʥʳ(II), ʧʘʣʣʘʜʠʷ(II) ʠ ʨʦʜʠʷ(III), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʩ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

10-2 ʄ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʴʶ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ (ʊʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʣʘʪʠʥʳ, 

ʧʘʣʣʘʜʠʷ ʠ ʨʦʜʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [56] ʠ ʜʣʷ ʠʨʠʜʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [28] 

ʂʦʤʧʣʝʢʩ ʨKa1 ʨKa2 ʂʦʤʧʣʝʢʩ ʨKa1 ʨKa2 

ʮʠʩ-[Pt(H2O)2(NO2)2] 7 11 ʮʠʩ-[Rh(H2O)2(NO2)4]
- 6 9,5 

ʮʠʩ-[Pd(H2O)2(NO2)2] 5,7 9,8 [Rh(H2O)(NO2)5]
2- 7,15 - 

[Pt(H2O)(NO2)3]
- 7 - ʛʨʘʥ-[Ir(H2O)3(NO2)3] 3,9 6,4 

[Pd(H2O)(NO2)3]
- 6,15 -    

 

ɹr ʣʠ ʠʟʫʯʝʥʳ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ɺ 

ʨʘʙʦʪʝ [28] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʨʘʩʪʚʦʨʝ ʪʘʢʞʝ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʩʣʘʙʘʷ 

ʤʥʦʛʦʦʩʥʦʚʥʘʷ ʢʠʩʣʦʪʘ. ʇʨʠ ʧʦʜʱʝʣʘʯʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ: ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʚʤʝʩʪʝ ʩ ʙʘʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʘʢʚʘʣʠʛʘʥʜʦʚ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʦʥʠʪʨʦʘʢʚʘ ʠ 

ʛʠʜʨʦʢʩʦʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ, ʦʜʥʘʢʦ ʜʣʠʪʝʣʴʥʦʝ 

ʚʜrʝʨʞʠʚʘʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ pH>12 ʧʨʠʚʦʜʠʪ ʫʞʝ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ. ʊʘʢʞʝ, ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ, ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʙʳʣʠ 

ʚʯrʠʩʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʧʦ ʧʝʨʚʳʤ ʜʚʫʤ ʩʪʫʧʝʥʷʤ. ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ, ʯʝʤ 
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ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III), ʧʣʘʪʠʥʳ(II) ʠ ʧʘʣʣʘʜʠʷ(II). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ ʚʠʜʘ [M(H2O)(bpy)Cp*]2+ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

pKa ʨʘʚʥʳʤʠ 8,2 ʠ 7,5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [51]. 

 

1.5. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ 

ʅʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III)  ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ ʠʨʠʜʠʷ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ. ɺʦ-ʧʝʨʚʳʭ, ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ [28] ʧʦ ʩʨʘʚʥʝʥʠʶ ʢʘʢ ʩ 

ʭʣʦʨʦʢʦʤʧʣʝʢʩʘʤʠ ʠʨʠʜʠʷ, ʪʘʢ ʠ ʥʠʪʨʦʢʦʤʧʣʝʢʩʘʤʠ ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ. 

ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʨʠʜʠʷ ʚ ʨʘʩʪʚʦʨʝ ʠ ʠʟʙʝʛʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʳʭ ʵʪʘʧʦʚ ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ ʚ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʚʳʩʦʢʠʤ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ (ʥʘʧʨʠʤʝʨ, Shell 405, 30 ʤʘʩʩ. % Ir/Al 2O3, ʧʨʠʤʝʥʷʝʤʳʡ 

ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʛʠʜʨʘʟʠʥʘ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ [11]). ɺʦ-ʚʪʦʨʳʭ, ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ 

ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʩʣʘʙʳʝ ʤʥʦʛʦʦʩʥʦʚʥʳʝ ʢʠʩʣʦʪʳ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʩʣʘʙʦʢʠʩʣʳʤ ʠ ʱʝʣʦʯʥʳʤ ʩʨʝʜʘʤ ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʫʶ 

ʩʦʨʙʮʠʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʢʩʦʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III)  ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʥʦʩʠʪʝʣʠ. ɺ-ʪʨʝʪʴʠʭ, ʪʝʨʤʠʯʝʩʢʘʷ ʣʘʙʠʣʴʥʦʩʪʴ ʘʢʚʘ- ʠ ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʚ ʧʨʦʮʝʩʩʝ 

ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʢʘʢ ʥʘʥʦʯʘʩʪʠʮʳ ʠʨʠʜʠʷ (ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʘʪʤʦʩʬʝʨʘ), ʪʘʢ ʠ 

ʦʢʩʠʜʳ ʠʨʠʜʠʷ (ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʪʤʦʩʬʝʨʘ). ʇʨʠ ʵʪʦʤ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III)  ʚʳʩʪʫʧʘʶʪ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʘʬʬʠʥʘʞʘ ʄʇɻ. 

ʂʘʩʘʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʨʠʜʠʷ 

ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʪʘʢ ʢʘʢ ʦʧʠʩʘʥʥʦʝ ʨʘʥʝʝ ʩʠʣʴʥʦʝ 

ʪʨʘʥʩ-ʚʣʠʷʥʠʝ NO2
- ʣʠʛʘʥʜʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʘʢʚʘʣʠʛʘʥʜʦʚ 

ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʥʦ- ʠ ʙʠʜʝʥʪʘʪʥʳʝ ʤʦʣʝʢʫʣʳ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʥʝ 

ʪʦʣʴʢʦ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʪʦʨʦʥʳ ʚʦʧʨʦʩʘ ʠʟ-ʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʦʙʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʥʦ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʚ ʚʠʜʫ ʚʦʟʤʦʞʥʳʭ ʠʥʪʝʨʝʩʥʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʥʦʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʨʠʜʠʷ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʦ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ 

ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʨʠʜʠʷ ʚ ʯʘʩʪʥʦʩʪʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 
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ʨʘʟʣʦʞʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ, ʘ ʟʘʤʝʱʝʥʥʳʝ ʘʢʚʘʢʦʤʧʣʝʢʩʳ 

ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, ʯʪʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʚ 

ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ. 

 

1.5.1. ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʨʘʟʣʦʞʝʥʠʝ ʠ ʩʠʥʪʝʟ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ Pt, Ru ʠ Rh, 

ʩʚʷʟʘʥ rʩ ʪʝʤ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʜʝʣʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ 

ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʦʪʭʦʜʘʭ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʆʗʊ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʮʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʄʇɻ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʣʘʪʠʥʦʚʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ ʥʘʧʨʘʚʣʝʥʳ ʪʦʣʴʢʦ ʥʘ ʵʢʩʪʨʘʢʮʠʶ 

ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʢʦʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʧʘʜʘ, ʪʘʢʠʝ ʢʘʢ ʄʇɻ, ʥʠʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʥʝ ʚʳʜʝʣʷʶʪʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʨʝʛʝʥʝʨʘʮʠʠ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʇʴʶʨʝʢʩ-ʧʨʦʮʝʩʩ, ʦʪʜʝʣʷʝʪʩʷ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʜʦ 0,2 ʛ/ʣ 

ʨʦʜʠʷ, 3 ʤʦʣʴ/ʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, 10 ʤʤʦʣʴ/ʣ HNO2, ʘ ʪʘʢʞʝ ʧʘʣʣʘʜʠʡ, ʨʫʪʝʥʠʡ ʠ ʜʨʫʛʠʝ 

ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ [57]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʬʦʨʤʘʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʄʇɻ ʚ 

ʪʘʢʠʭ ʨʘʩʪʚʦʨʘʭ ʷʚʣʷʶʪʩʷ ʠʭ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ [58ï60]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ʵʢʩʪʨʘʢʮʠʠ ʄʇɻ ʠʟ ʦʪʭʦʜʦʚ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʙʳʯʠ ʮʝʥʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ʆʗʊ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʄʇɻ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ ʵʪʠʭ 

ʦʪʭʦʜʦʚ, ʟʘʯʘʩʪʫʶ ʫʩʣʦʞʥʷʷ ʝʛʦ ʧʨʦʚʝʜʝʥʠʝ. ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʄʇɻ, ʠʤʠʪʠʨʫʶʱʠʭ ʆʗʊ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʄʇɻ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʨʘʟʣʘʛʘʪʴ ʤʫʨʘʚʴʠʥʫʶ ʢʠʩʣʦʪʫ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʭʦʜʝ ʢʦʥʩʝʨʚʘʮʠʠ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ [58ï61]. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʫʪʠʣʠʟʘʮʠʠ ʆʗʊ ʷʚʣʷʝʪʩʷ ʦʩʪʝʢʣʦʚʳʚʘʥʠʝ ï ʧʨʝʚʨʘʱʝʥʠʝ ʞʠʜʢʠʭ 

ʦʪʭʦʜʦʚ ʚ ʙʦʨʦʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ, ʢʦʪʦʨʦʝ ʜʘʣʝʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʭʨʘʥʝʥʠʝ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʨʪʫʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚʚʦʜʠʪʩʷ 

ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ [62]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ 

ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʂʠʥʛ ʠ ʩʦʘʚʪʦʨʳ [58] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʨʘʩʧʘʜʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠʟ ʦʙʨʘʟʫʶʱʝʡʩʷ ʩʤʝʩʠ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ (ʈʠʩʫʥʦʢ 4). 

ʀʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʨʝʘʛʝʥʪʘ ʪʨʠʭʣʦʨʠʜ ʨʦʜʠʷ çRhCl3(H2O)3è ʠʤʠ ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ 
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ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʢʩʘʥʠʪʨʦʨʦʜʘʪʘ (1) ʚʦʟʤʦʞʥʦ ʟʘʤʝʱʝʥʠʝ ʜʦ ʪʨʝʭ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʥʘ ʘʢʚʘʣʠʛʘʥʜʳ 

(2). ʇʦʩʣʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ ʬʦʨʤʠʘʪ-ʠʦʥ (3) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʦʪʱʝʧʣʝʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (4). ɺ ʜʘʣʴʥʝʡʰʝʤ ʛʠʜʨʠʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʛʠʜʨʦʢʩʦʘʢʚʘʩʦʝʜʠʥʝʥʠʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ (5) ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʦ ʠʩʭʦʜʥʦʛʦ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘ (6). 

 

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ 

 

ɼʣʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III)  ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, 

ʦʜʥʘʢʦ ʪʘʢ ʢʘʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʨʫʧʧʳ ʂʠʥʛʘ [58], ʩʤʝʩʴ ʥʠʪʨʦʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III)  

ʩʧʦʩʦʙʥʘ ʧʨʦʷʚʣʷʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ, ʪʦ ʠ ʜʣʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʨʦʷʚʣʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. 

ʂʘʩʘʪʝʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʳʝ ʘʢʚʘʢʦʤʧʣʝʢʩʳ ʩ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʦʤ. ʊʘʢ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʚʠʜʘ [IrIII(H2O)(L)Cp*] 2+, ʛʜʝ {L=bpy, ʠ 4,4-OMe-bpy}, 

ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʘ [Ir(H2O)3Cp*] 2+ ʧʦʢʘʟʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʤʫʨʘʚʴʠʥʫʶ ʢʠʩʣʦʪʫ [7]. ʀʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʩʚʷʟʘʥ 

ʩ ʪʝʤ, ʯʪʦ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʘ ʥʝ ʪʦʣʴʢʦ ʫʪʠʣʠʟʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ 

ʠʟ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʥʦ ʠ ʩʠʥʪʝʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 
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ʈʠʩʫʥʦʢ 5. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ 

ʠʟ CO2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [7]. 

 

ʠʩʢʦʧʘʝʤʳʭ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʝʘʢʮʠʠ ʠʥʪʝʨʝʩ ʢ ʘʢʚʘʢʦʤʧʣʝʢʩʘʤ ʠʨʠʜʠʷ ʚʳʟʚʘʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [IrIII(L)HCp*]+ [63], ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʝʨʝʥʦʩʝ ʧʨʦʪʦʥʘ ʥʘ ʤʦʣʝʢʫʣʫ ʉʆ2 ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

(ʈʠʩʫʥʦʢ 5). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤʠ ʜʘʞʝ ʚ ʜʦʚʦʣʴʥʦ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʘʩʳʱʝʥʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ CO2, ʘ ʥʝ ʚ 

ʱʝʣʦʯʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

 

1.5.2. ʉʧʦʩʦʙʳ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ 

ʚʦʜʳ 

ɽʱʝ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III) ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ, ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʜʦ ʢʠʩʣʦʨʦʜʘ. ɺʘʨʴʠʨʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠʨʠʜʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʨʘʡʥʝ 

ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ 

ʧʦʜʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʜʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʆʜʥʘʢʦ, ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʧʝʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʨʠʜʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʦ ʢʨʘʪʢʦ ʦʧʠʩʘʪʴ ʫʩʣʦʚʠʷ 
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ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ 

ʩ ʨʘʟʨʘʙʦʪʢʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʝʙʷ ʜʚʝ 

ʧʦʣʫʨʝʘʢʮʠʠ: ʦʢʠʩʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʫʯʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʥʝʢʘʷ ʩʨʝʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʨʘʥʩʬʝʨ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʥʠʤʠ. ʅʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʵʪʠʭ 

ʦʪʜʝʣʴʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʪʝʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʨʘʟʮʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠ.̫ ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʘʭ ʚ 

ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʘʡʥʝ ʪʨʫʜʦʸʤʢʠʤ ʠ ʟʘʪʨʘʪʥʳʤ ʟʘʥʷʪʠʝʤ, ʧʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʥʘ ʨʷʜʫ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʙʦʣʝʝ 

ʧʨʦʩʪʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʠʩʪʝʤ. ʉ 

ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʞʝʨʪʚʝʥʥʳʝ ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪ ɹʦʪʩʫʪʩʪʚʠʝ ʦʜʥʦʡ ʠʟ ʧʦʣʫʨʝʘʢʮʠʡ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʩʣʫʯʘʝ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʜʘʥʥʳʝ ʨʝʘʛʝʥʪʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʦʚ ʵʣʝʢʪʨʦʥʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ 

ʞʝʨʪʚʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʛʝʢʩʘʥʠʪʨʘʪʦʮʝʨʘʪ(IV) [64ï67] ʘʤʤʦʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʝʨʠʦʜʘʪ ʥʘʪʨʠʷ [68ï72], ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʵʪʠʭ ʞʝʨʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ (ʈʠʩʫʥʦʢ 6.ɸ-ɺ). ɺ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʘʢʞʝ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʞʝʨʪʚʝʥʥʳʤ ʘʛʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʦʢʩʦʜʠʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʤʝʩʪʝ ʩ [Ru(bpy)3]Cl2, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ [73,74] (ʈʠʩʫʥʦʢ 6.ɻ).  

ɺ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʞʝʨʪʚʝʥʥʦʛʦ ʘʛʝʥʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʮʝʨʠʡ(IV) [64-67]. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʨʝʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʜʜʝʨʞʘʥʠʷ ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʳ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʠʪʨʘʪ ʮʝʨʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʛʠʜʨʦʣʠʟʫ [75]. ʇʦʜʦʙʥʳʝ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʩʢʦʨʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʝ ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʣʦʚʠʷʤʠ ʨʝʘʢʮʠʠ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ. ʇʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ 

ʜʝʛʨʘʜʘʮʠʠ ʙʳʣ ʧʦʢʘʟʘʥ ʜʣʷ ʪʨʠʤʝʨʘ ɺʠʣʢʠʥʩʦʥʘ ï ʩʦʝʜʠʥʝʥʠʷ ʚʠʜʘ [Ir3O(OAc)6(H2O)3](OAc), 

ʩʦʜʝʨʞʘʱʝʛʦ Õ3-ʦʢʩʦ ʤʦʩʪʠʢʦʚʫʶ ʛʨʫʧʧʫ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ [76], ʘ ʪʘʢʞʝ ʜʣʷ ʨʷʜʘ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [77]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʢʠʩʣʦʨʦʜ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʠʤʝʥʥʦ ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ [41, 67,78], ʘ ʥʝ ʥʠʪʨʘʪʘ 

ʮʝʨʠʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʝʨʠʡ ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ 

ʚʦʜʳ, ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʢ ʢʦʤʧʣʝʢʩʫ ʠʨʠʜʠʷ, ʯʪʦ ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ ʩʠʩʪʝʤʳ [78]. ʇʦʵʪʦʤʫ ʚ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʙʦʣʴʰʝʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʙʳʣʦ ʦʪʜʘʥʦ ʧʝʨʠʦʜʘʪʫ ʥʘʪʨʠʷ [75,79]. ɺʦ-ʧʝʨʚʳʭ, ʜʘʥʥʳʡ ʞʝʨʪʚʝʥʥʳʡ 
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ʨʝʘʛʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ pH, ʘ ʚʦ-ʚʪʦʨʳʭ, ʦʥ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʢʘʢ ʥʘ ʧʨʠʤʝʨʝ 

ʚʩʝ ʪʦʛʦ ʞʝ ʪʨʠʤʝʨʘ ɺʠʣʢʠʥʩʦʥʘ [76], ʪʘʢ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ(III) [75]. ʇʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʠʦʜʘʪʘ 

ʚʤʝʩʪʦ ʮʝʨʠʷ(IV) ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʙʦʣʝʝ ʤʷʛʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ pH, 

ʥʦ ʪʘʢʞʝ ʠ ʩ ʚ ʮʝʣʦʤ ʤʝʥʴʰʠʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣʦʤ ʧʝʨʠʦʜʘʪʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʧʝʨʠʦʜʘʪʘ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʜʠʥ ʤʦʣʴ ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʪʨʝʙʫʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʞʝʨʪʚʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ (ʈʠʩʫʥʦʢ 6ɸ,ɹ). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʠʦʜʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʞʝʨʪʚʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ 

ʚʳʜʝʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʠʟ ʚʦʜʳ. ʕʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʩ ʟʘʤʝʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʩ ʚʦʜʳ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʦʚ̫ʣʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʘʢʪʠʚʥʦʩʪʠ [69]. 

 

ʈʠʩʫʥʦʢ 6. ʇʦʣʫʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʞʝʨʪʚʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ɸ) (NH4)2[Ce(NO3)6] ʠ ɹ) NaIO4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ) ʆʙʱʘʷ ʩʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʞʝʨʪʚʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ.  

ɻ) ʆʙʱʘʷ ʩʭʝʤʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (Ir-WOC), [Ru(bpy)3]Cl2 ʠ Na2S2O8. ʉʭʝʤʘ 

ʚʟʷʪʘ ʠʟ ʨʘʙʦʪʳ [70]. 

 

1.5.3. ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III ) ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʢʦʤʧʣʝʢʩʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʠʨʠʜʠʷ, ʠʟʫʯʘʝʤʳʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʚʠʜʘ ʩʦʝʜʠʥʝʥʠʡ ʠʨʠʜʠʷ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ï ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III), ʚʦ ʚʪʦʨʦʤ 
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ï ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʛʜʝ ʚʤʝʩʪʦ ʘʢʚʘʣʠʛʘʥʜʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʣʝʛʢʦʫʜʘʣʷʝʤʳʝ ʚ ʨʘʩʪʚʦʨʝ 

ʣʠʛʘʥʜʳ, ʪʘʢʠʝ ʢʘʢ ʭʣʦʨʠʜ ʠʣʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ 

ʧʨʦʠʩʭʦʜʠʪ in situ, ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ [64]. ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ 

ʠʟʙʨʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ (ʊʘʙʣʠʮʘ 3.).  

 

ʊʘʙʣʠʮʘ 3. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʷʜʘ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ. ɾʈ ï ʞʝʨʪʚʝʥʥʳʭ ʨʝʘʛʝʥʪ, CAN ï (NH ) [Ce(NO ) ], 

ʂʘʪʘʣʠʟʘʪʦʨ 

ʉ(Ir), 

ÕM ɾʈ 

ʉ(ɾʈ) , 

mM TOF, ʤʠʥ-1 [ʃʠʪ] 

[Ir(5-R1,4ǋ-R2,ppy)2(H2O)2]+, R1=CH3, R2=F 50 CAN 15 0,3 [41] 

[Ir 3O(OAc)6(H2O)3](OAc) 0,12 NaIO4 10 16,2 [75] 

[Ir(pyalk)ClCp*] 2,20 NaIO4 10 132 [75] 

[Ir 2(Õ-OH)3(Cp*)2]OH 5,0 CAN 78 10,4 [64] 

[Ir(bpy)Cl2Cp*] 5,0 CAN 78 14,4 [64] 

[Ir(pic)ClCp*] 0,5 CAN 20 287 [81] 

[Ir(NHC)Cl2Cp*] 10 NaIO4 250 18 [91] 

[Ir(4,4ô-bpim)H2OCp*] 5 NaIO4 50 312 [82] 

[Ir(pic)NO3Cp*] 5 NaIO4 40 458 [71] 

[Ir(4-Me-pic)NO3Cp*] 5 NaIO4 40 445 [68] 

cis-[Ir(H 2O)2(ppy)2]OTf 5 NaIO4 40 215 [83] 

[Ir(H 2O)3Cp*]NO3 5 NaIO4 40 444 [83] 

[Ir(bzpy)ClCp*] 5 NaIO4 40 68 [83] 

[Ir(Me2-NHC)Cl2Cp*] 5 NaIO4 40 394 [83] 

[Ir(pyalk)ClCp*] 5 NaIO4 40 369 [83] 

K[IrCl 3(pic)(HOMe)] 5 NaIO4 40 10 [83] 

IrCl3ĿnH2O 5 NaIO4 40 116 [83] 

[Ir(OH)6]3- 5 NaIO4 40 554 [83] 

 

ɺ ʨʷʜʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʤʘʪʠʢʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʜʦ ʢʠʩʣʦʨʦʜʘ, 

ʚʳʜʝʣʷʶʪ ʩʦʝʜʠʥʝʥʠʷ ʚʠʜʘ [Ir(L)x(H2O)2], ʛʜʝ L ï ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜʥʳʝ 2-ʬʝʥʠʣʧʠʨʠʜʠʥʘ [40,41,66]. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʘʢʚʘʣʠʛʘʥʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʝʝ ʧʨʦʭʦʞʜʝʥʠʝ. ʊʘʢ ʚ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʛʦʤʦʛʝʥʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ [41] ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ [Ir(ppy)2(H2O)2]
+ ʠ 

[Ir(ppy)2(bpy)]+ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʦʩʪʫʧʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʩʪ ʥʘ ʘʪʦʤʝ ʠʨʠʜʠʷ, 

ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʢʚʘʢʦʤʧʣʝʢʩʘ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʠʭ ʟʘʤʝʱʝʥʠʝ ʥʘ ʠʥʝʨʪʥʳʡ 2,2ô-ʙʠʧʠʨʠʜʠʣ 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 
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ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʠ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ [Ir(tacn)Cp*]SO4, ʦʢʘʟʘʚʰʝʛʦʩʷ ʧʦʣʥʦʩʪʴʶ ʥʝ ʘʢʪʠʚʥʳʤ 

ʚ ʨʝʘʢʮʠʠ ʩ NaIO4 [69]. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʤʝʭʘʥʠʟʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʤʦʥʦʤʝʨʥʳʭ ʛʦʤʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [41,67,80] (ʈʠʩʫʥʦʢ 7). ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠʨʠʜʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʧʦʪʝʨʝʡ ʧʨʦʪʦʥʦʚ ʥʘ ʘʢʚʘʣʠʛʘʥʜʝ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʥʘʯʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Ir IV-

ʛʠʜʨʦʢʩʦ, ʘ ʟʘʪʝʤ IrV-ʦʢʩʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʩʣʝ, ʜʘʥʥʘʷ ʯʘʩʪʠʮʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ 

ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Ir III-ʛʠʜʨʦʧʝʨʦʢʩʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɿʘʪʝʤ ʦʥ 

ʨʘʩʧʘʜʘʝʪʩʷ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʘʢʚʘʢʦʤʧʣʝʢʩʘ 

ʠʨʠʜʠʷ(III ). 

 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʦʤʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ 

{ Ir(X)Cp*}, ʛʜʝ X ï H2O, Cl, NO3 ʠ ʪ.ʜ., ʧʦ ʤʝʪʦʜʠʢʝ ʅʦʥʦʷʤʳ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʪʦʤʫ, ʯʪʦ 

ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʠʤʝʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʮʠʠ ʙʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʢʦʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [67,71,81], ʪʨʠʘʟʦʣʘ [70,75], ʙʠʧʠʨʠʜʠʥʘ ʠ 

ʙʠʧʠʨʠʤʠʜʠʥʘ [82]. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʄʘʢʢʠʦʥʥʠ [68,71], ʧʦʩʚʷʱʝʥʥʳʝ 

ʜʝʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʠʢʦʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ [Ir(X-pic)NO3Cp*] ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ. ʄʦʜʠʬʠʢʘʮʠʶ 

ʧʠʢʦʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʚʦʜʠʣʠ ʩ ʮʝʣʴʶ ʦʢʘʟʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 
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ʵʪʦʛʦ ʣʠʛʘʥʜʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʚ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ 

ʵʣʝʢʪʨʦʥ-ʘʢʮʝʧʪʦʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʣʝʛʢʦʤʫ ʫʜʘʣʝʥʠʶ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʚ 

ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʬʘʢʪʠʯʝʩʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ in situ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʩʪʝʡʰʝʛʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ - [Ir(H 2O)3Cp*]2+. 

ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʢʣʘʜʳʚʘʝʪ ʩʚʦʠ 

ʩʣʦʞʥʦʩʪʠ ʚ ʦʮʝʥʢʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢ ʢʘʢ ʚ ʢʘʞʜʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ, ʪʘʢ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʨʘʡʥʝ ʮʝʥʥʘ ʦʜʥʘ ʠʟ ʧʫʙʣʠʢʘʮʠʡ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʦʡ ʛʨʫʧʧʳ 

ʄʘʢʢʠʦʥʥʠ, ʩʠʣʘʤʠ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ 

ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ [83]. ʀʩʭʦʜʷ ʠʟ 

ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʛʦʤʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ c ʢʠʩʣʦʨʦʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ ʦʢʩʠʜʘ ʠʨʠʜʠʷ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʘʜʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʞʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʡ ʣʠʛʘʥʜ ʚ 

ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɼʘʥʥʳʡ ʬʘʢʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚ ʨʝʘʢʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ - ʫʢʩʫʩʥʦʡ, 

ʤʫʨʘʚʴʠʥʦʡ ʠ ʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪ [67,84]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʨʝʤʷ ʞʠʟʥʠ ʜʘʥʥʳʭ ʛʦʤʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ. ʇʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʘ, ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʣʠʛʘʥʜʦʚ, ʤʦʛʣʦ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʣʣʦʠʜʥʦʛʦ ʦʢʩʠʜʘ ʠʨʠʜʠʷ [85]. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʢʨʘʡʥʝ ʥʝʦʞʠʜʘʥʥʳʤ ʦʢʘʟʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʫʧʧʦʡ ʂʨʘʙʪʨʠʠ ʠ ʍʠʥʪʝʨʤʘʝʨʘ [69,86ï90], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʙʘʚʦʯʥʦʛʦ ʭʝʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʚʳʩʪʫʧʘʶʪ ʧʠʨʠʜʠʥ- ʠʣʠ ʭʠʥʦʣʠʥʘʣʢʦʢʩʠʜʳ, ʜʘʣʝʝ pyalk. 

ɼʣʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʜʝʛʨʘʜʘʮʠʷ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʦʜʥʘʢʦ ʧʨʠ 

ʵʪʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʛʦ ʨʘʟʨʫh ʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʜʦ ʦʢʩʠʜʥʳʭ ʯʘʩʪʠʮ, ʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘ ʩʯʝʪ ʜʠʤʝʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʩʪʠʢʦʚʳʭ ʦʢʩʦʣʠʛʘʥʜʦʚ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʜʦʥʦʨʥʦʛʦ pyalk 

ʣʠʛʘʥʜʘ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ [Ir IV(pyalk)(H2O)2(ɛ-O)]2 ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠʤʝʥʥʦ ʩ ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʦʤ, ʪʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʘʙʩʦʣʶʪʥʦ ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʦʜʠʥʘʢʦʚʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʨʷʜʢʘ 600 

ʥʤ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʠʥʠʭ ʨʘʩʪʚʦʨʦʚ ʚ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʞʝʨʪʚʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ. ʇʦʜʦʙʥʦʝ 

ʧʦʩʠʥʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʩʚʷʟʳʚʘʶʪ ʠʤʝʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʩʪʠʢʦʚʳʭ ʦʢʩʦ- ʠ ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʦʚ ʚ 

ʘʢʚʘʢʦʤʧʣʝʢʩʘʭ ʠʨʠʜʠʷ ʚ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʬʠʦʣʝʪʦʚʦ-ʩʠʥʠʡ ʮʚʝʪ 
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ʨʘʩʪʚʦʨʦʚ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ [Ir2(H2O)8(ɛ-OH)2]
6+, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʭʦʜʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ [Ir(H2O)6]
3+ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ [92]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʜʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʦʧʨʦʚʝʨʛʘʝʪ ʦʧʠʩʘʥʥʳʡ ʚʳhʝ ʤʝʭʘʥʠʟʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ Ir III-Ir IV-IrV-Ir III, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚʳʩʪʫʧʘʶʪ ʚ ʚʠʜʝ çʥʘʢʦʧʠʪʝʣʷè ʠʨʠʜʠʷ(IV), ʢʦʪʦʨʳʡ ʯʘʩʪʠʯʥʦ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ 

ʤʦʥʦʤʝʨʳ, ʢʦʪʦʨʳʝ ʫʞʝ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ [90] ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ (ʈʠʩʫʥʦʢ 8). ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʜʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʭʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʞʝʨʪʚʝʥʥʳʤ ʨʝʘʛʝʥʪʦʤ, ʩʜʝʣʘʥʦ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʗʄʈ ʠ ʋʌ-ɺʀɼ ʩʧʝʢʪʨʦʩʢʦʧʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ DFT-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʨʷʜʘ ʜʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ pyalk ʣʠʛʘʥʜʘʤʠ [87,93]. 

 

 

ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʛʨʫʧʧʦʡ ʍʠʥʪʝʨʤʘʝʨʘ [90], ʜʣʷ 

ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʠʭ pyalk ʣʠʛʘʥʜ. 

 

1.5.4. ɻʝʪʝʨʦʛʝʥʥʳʝ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ 

ʅʘ ʨʷʜʫ ʩ ʛʦʤʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʠʨʠʜʠʷ [94ï98]. ʇʨʠʤʝʥʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʚʤʝʩʪʦ ʛʦʤʦʛʝʥʥʳʭ ʠʤʝʝʪ ʟʘ ʩʦʙʦʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʚʳʰʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [99,100], ʣʠʙʦ ʚ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘʱʠʪʥʫʶ ʬʫʥʢʮʠʶ, ʥʦ ʠ ʚʳʩʪʫʧʘʪʴ 

ʪʘʢʞʝ ʚ ʨʦʣʠ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ [101] ʠʣʠ ʬʦʪʦʵʤʤʠʪʝʨʘ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ TiO2 [102], BiVO4 [103], g-C3N4 [104,105]. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʭʦʜ ʦʪ 

ʛʦʤʦʛʝʥʥʳʭ ʢ ʛʝʪʝʨʦʛʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʟʚʣʝʢʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ ʥʠʤ ʥʘ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ, ʥʦ ʠ ʚ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʞʝ ʢʦʤʧʘʢʪʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ IrO2 ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ [106], ʦʜʥʘʢʦ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ 

ʘʤʦʨʬʥʳʤ ʦʢʩʠʜʦʤ ʠʨʠʜʠʷ, ʚ ʢʦʪʦʨʦʤ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ III  ʠ IV 

[98,107ï109], ʜʘʣʝʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʪʘʢʦʡ ʦʢʩʠʜ ʠʨʠʜʠʷ ʙʫʜʝʪ ʦʙʦʟʥʘʯʝʥ ʢʘʢ IrOx. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʘʤʦʨʬʥʳʡ IrOx ʩʠʣʴʥʝʝ ʧʦʜʚʝʨʞʝʥ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤ IrO2. ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ çʟʦʣʦʪʦʡ ʩʝʨʝʜʠʥʳè ʤʝʞʜʫ ʪʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ [110]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ ʠʨʠʜʠʷ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʨʠʜʠʷ, ʪʘʢ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʦʢʘʟʳʚʘʝʪ ʩʚʦʝ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʣʫʯʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʩʠʜʘ ʠʨʠʜʠʷ [5]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʪʦʣʴʢʦ 

ʥʘ ʤʝʪʦʜʘʭ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ (III  ʠʣʠ IV). 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʠʨʠʜʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʦʩʠʪʝʣʷ ʷʚʣʷʶʪʩʷ ʭʣʦʨʠʜ ʠʨʠʜʠʷ ʠʣʠ ʭʣʦʨʦʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ (H2[IrCl6], (NH4)2[IrCl6]), ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʭʣʦʨ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ [Ir(acac)3] 

[110]. 

ʇʨʦʩʪʝʡʰʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʠʨʠʜʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʧʠʪʢʘ ʥʦʩʠʪʝʣʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʤʝʪʘʣʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʦʟʜʫʭʝ [66,102,111]. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʣʠʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʫʯʘʝʤʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ ʚ ʨʘʙʦʪʝ ʛʨʫʧʧʳ ʁʘʥʛʘ [112] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ a, b ʠ c ʨʫʪʠʣ 

ʧʦʜʦʙʥʦʡ ʨʝʰʝʪʢʠ IrO2. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʦʚ ʠ EXAFS-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʨʝʰʝʪʢʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ a ʠ b ʠ, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ ʚʩʣʝʜʩʪʚʠʝ 

ʫʢʦʨʦʯʝʥʠʷ ʠʣʠ ʥʘʧʨʦʪʠʚ ʫʜʣʠʥʝʥʠʷ Ir-O ʩʚʷʟʝʡ ʚʜʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʅʘʠʣʫʯʰʫʁ  ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʥʘʙʣʶʜʘʣʠ ʚ ʩʣʫʯʘʝ 

ʧʨʦʢʘʣʠʚʘʥʠ ̫ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 Üʉ. ɺ ʪɻʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ ʨʝʰʝʪʢʠ ʧʦʣʫʯʘʝʤʦʛʦ IrO2 
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ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʘʠʤʝʥʴʰʝʤʫ ʦʪʥʦʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ c/a, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʪʘ ʚʝʣʠʯʠʥʘ ʨʦʩʣʘ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʫʭʫʜʰʘʣʠʩʴ. 

ʊʘʢʞʝ ʭʣʦʨʦʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʛʠʜʨʦʣʠʟʫ ʧʨʠ ʩʣʘʙʦʤ (ʤʝʥʝʝ 100 Üʉ), 

ʥʦ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʢʘʢ ʢʠʩʣʳʭ, ʪʘʢ ʠ ʱʝʣʦʯʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʨʠʜʠʡ 

ʦʢʩʦ-ʛʠʜʨʦʢʩʦ ʬʘʟ [85,113ï116]. ɺ ʭʦʜʝ ʛʠʜʨʦʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʠʜʨʦʢʩʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ, ʢʦʪʦʨʳʝ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ IrOx 

ʯʘʩʪʠʮʳ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʠ/ʠʣʠ ʧʨʦʢʘʣʠʚʘʥʠʷ ʦʥʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʦʢʩʠʜ ʠʨʠʜʠʷ(IV) [85]. ɼʣʷ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʢʠʩʣʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ H2O2 [117], NaClO [113] ʠ ʪ.ʜ., ʘ ʪʘʢʞʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ O2, ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʘʢ 

ʚʦʜʥʳʝ, ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʦʣʴʥʳʭ 

[118,119] ʠʣʠ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʩʠʥʪʝʟʘ [120]. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʸʥʥʳʝ ʬʦʪʦʦʩʘʞʜʝʥʠʶ ʦʢʩʠʜʘ ʠʨʠʜʠʷ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʦʝʜʠʥʝʥʠʷ ʠʨʠʜʠʷ ʩʥʘʯʘʣʘ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʝʡ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʦʙʣʫʯʘʶʪ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʣʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʚ ʦʙʣʘʩʪʠ ʜʦ 500 ʥʤ [121,122]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʝʛʦ ʢʦʣʣʦʠʜʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʦʩʘʞʜʝʥʠʷ ʠʨʠʜʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʘ ʠʨʠʜʠʷ, ʘ ʧʦʣʫʯʘʝʤʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʢʩʠʜ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʠʦʥʳ Ir(III ) ʠ Ir(IV). 

ɺ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʦʚ ʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʘ ʠʨʠʜʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʟʤʝʨʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʥʦʯʘʩʪʠʮ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

[97,110,123]. ʊʘʢ ʚ ʨʘʙʦʪʝ [123] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ 

ʠʨʠʜʠʷ ʨʘʟʤʝʨʦʤ ʚ 2 ʥʤ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʙʫʪʠʣʤʘʣʦʥʘʪʘ, ʤʘʣʦʥʘʪʘ ʠ ʩʫʢʮʠʥʘʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʇɸɺ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʦʤʦʱʠ ʇɸɺ, ʚʦʟʤʦʞʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠʨʠʜʠʡ ʦʢʩʠʜʥʳʭ ʯʘʩʪʠʮ ʚ 

ʟʘʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ 

ʵʪʠʭ ʯʘʩʪʠʮ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ [124]. ʇɸɺ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʘʝʤʦʛʦ ʦʢʩʠʜʘ ʠʨʠʜʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʛʨʫʧʧʳ ʁʘʛʠ 

[125] ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʦʛʦ ʧʦʢʨʳʪʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 6-ʫʛʦʣʴʥʳʭ ʷʯʝʝʢ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʧʦʣʠʤʝʨʘ ñPluronic F127ò ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ.  

ɸʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III)  ʪʘʢʞʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʣʷ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ. ʊʘʢ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʢʦʤʧʣʝʢʩ [Ir(H 2O)3Cp*]2+ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʪʦʥʢʠʝ ʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ʚʩʣʝʜʩʪʚʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ 
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ʨʘʩʪʚʦʨʘ. ʉʘʤ ʞʝ ʨʝʘʢʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʥʦʛʦʢʨʘʪʥʦ ʚʚʠʜʫ ʝʛʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. ʇʦʣʫʯʘʝʤʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʦʣʫʙʦʝ ʘʤʦʨʬʥʦʝ ʧʦʢʨʳʪʠʝ IrOx, ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ [126,127]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʟʘʢʨʝʧʣʝʥʠʷ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʩ pyalk ʣʠʛʘʥʜʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʝʨʠʦʜʘʪʦʤ ʥʘʪʨʠʷ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʜʠʤʝʨʥʳʝ ʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(IV) ʩʧʦʩʦʙʥʳ ʩʦʨʙʠʨʦʚʘʪʴʩʷ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʢʩʠʜʥʳʭ ʥʦʩʠʪʝʣʝʡ. ɺ ʨʘʙʦʪʝ ʐʤʫʪʘʥʤʘʝʨʘ [128] ʦʧʠʩʘʥʦ ʧʦʜʦʙʥʦʝ ʦʩʘʞʜʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [Ir(pyalk)(OH)Cp*] ʠ NaIO4 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ITO-ʩʪʝʢʣʘ (ʈʠʩʫʥʦʢ 9). 

ʇʨʠʯʝʤ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʦʨʙʮʠʷ, ʘ ʠʤʝʥʥʦ ʭʠʤʠʯʝʩʢʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʦʢʩʠʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʦʩʘʞʜʝʥʥʳʡ ʩʣʦʡ ʥʝʚʦʟʤʦʞʥʦ ʩʤʳʪʴ ʩ ʥʦʩʠʪʝʣʷ 

ʧʨʠ ʧʨʦʤʳʚʘʥʠʠ ʚʦʜʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʘʢ ʞʝ ʫʢʘʟʳʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʢ pH ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, 

ʪʘʢ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ pH ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʟʘʤʝʜʣʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʳʤʠ, 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʦʣʝʝ ʧʨʦʯʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʦʚ ʩ ʠʨʠʜʠʝʚʳʤ ʮʝʥʪʨʦʤ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʙʦʣʝʝ ʣʘʙʠʣʴʥʳʭ ʘʢʚʘʣʠʛʘʥʜʦʚ. ʉʘʤʦ ʞʝ ʧʦʢʨʳʪʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʝʜʠʥʦʦʙʨʘʟʥʳʤ ʠ ʥʝ 

ʩʦʜʝʨʞʠʪ ʚʠʜʠʤʳʭ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʠʨʠʜʠʷ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ 

ʠʨʠʜʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ pyalk- ʠ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʝ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʷʩʴ ʚ IrO2 ʠʣʠ IrOx. 

 

 

ʈʠʩʫʥʦʢ 9. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʠʜʘ 

[Ir(pyalk)(OH)Cp*] ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʩʠʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ NaIO4, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [128]. 
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1.6. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʪʦʣʝʪʠʝ, ʧʨʦʰʝʜʰʝʝ ʩ ʤʦʤʝʥʪʘ ʧʫʙʣʠʢʘʮʠʠ ʧʝʨʚʳʭ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʘʤ ʠʨʠʜʠʷ(III), ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʶʪʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʩʢʫʜʥʳʤʠ ʠ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ 

ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʠʨʠʜʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ. ʊʘʢʘʷ ʫʟʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʲʷʩʥʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʷʜʘ ʩʦʣʝʡ [Ir(NO2)6]
3-, ʥʘʰʝʜʰʠʭ ʩʚʦʶ 

ʥʠʰʫ ʚ ʤʝʪʦʜʠʢʝ ʦʩʘʜʠʪʝʣʴʥʦʛʦ ʘʬʬʠʥʘʞʘ ʄʇɻ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʣʦʭʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʢʚʘʢʦʤʧʣʝʢʩʘʤ ʠʨʠʜʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ ʠ pyalk, ʥʘʧʨʦʪʠʚ, ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 

ʦʙʰʠʨʥʳʤʠ ʠ ʚʩʝʦʙʲʝʤʣʶʱʠʤʠ, ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʧʘʨʘʣʣʝʣʠ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ 

ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠ ʠʟʫʯʘʝʤʳʭ ʥʘʤʠ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʩʚʦʡʩʪʚʘ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʜʝʣʘʶʪ 

ʠʭ ʠʥʪʝʨʝʩʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ.  
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ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪ(IV) ʘʤʤʦʥʠʷ (ʆɸʆ çʂʨʘʩʥʦʷʨʩʢʠʡ ʟʘʚʦʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʤʝʥʠ ɻʫʣʠʜʦʚʘè, 41-43,7 % ʠʨʠʜʠʷ). ɼʣʷ ʥʠʪʨʦʚʘʥʠʷ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ(IV) ʘʤʤʦʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ NaNO2 (ʍʏ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ ʧʦ 15N ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ 

ʧʨʠʤʝʥʷʣʠ Na15NO2 ʩ ʦʙʦʛʘʱʝʥʠʝʤ 
15N 95,2% ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʀʟʦʪʦʧè. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʠʟʦʪʦʧʥʦʤʫ ʦʙʤʝʥʫ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʧʨʠʤʝʥʷʣʘʩʴ 

ʪʷʞʸʣʘʷ ʚʦʜʘ ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ: 18O-98 ʘʪ. %, 17O-1ʘʪ. %, 16ʆ-1 ʘʪ. %, ʧʨʦʠʟʚʦʜʩʪʚʘ ʎʝʥʪʨʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ). ʇʨʠʤʝʥʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʢʫʢʫʨʙʠʪ[n]ʫʨʠʣʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [129]. ɻʨʘʬʠʪʦʧʦʜʦʙʥʳʡ ʥʠʪʨʠʜ ʫʛʣʝʨʦʜʘ (g-

C3N4) ʙʳʣ ʧʦʣʫʯʝʥ ʪʝʨʤʦʣʠʟʦʤ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʩʩʦʮʠʘʪʘ ʤʝʣʘʤʠʥ-ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ 

ʤʝʪʦʜʠʢʝ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [130]. 

ʕʉʇ. ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʘʩʪʚʦʨʦʚ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 190 ʜʦ 800 ʥʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-102 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪ ʩ ʜʣʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 1 ʩʤ ʠʣʠ 1 ʤʤ. 

ʉɼʆ. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʘʧʠʩʳʚʘʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Shimadzu UV-VIS-NIR UV-3101 PC ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BaSO4 ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ. ʉʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 240ï

800 ʥʤ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʫʥʢʮʠʶ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ (ʂ-ʄ). ʐʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʳʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʊʘʫʮʘ [131].  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʜʣʷ ʚʩʝʭ ʩʦʣʝʡ M3[Ir(NO2)6], M = K, Na, 

NH4
+, ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʩ 1,10-ʬʝʥʘʪʨʦʣʠʥʦʤ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʣʦʤ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʥʠʤʘʣʠ ʥʘ ʧʨʠʙʦʨʝ Scimitar FTS 2000 ʚ ʦʙʣʘʩʪʠ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 400-4000 ʩʤ-1 ʚ ʪʘʙʣʝʪʢʘʭ KBr. 

ɺ ʩʣʫʯʘʝ ʚʳʩʫʰʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ɸʅʂ ʠ ʩʦʝʜʠʥʝʥʠʡ 3 ʠ 4 ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩ ʧʦʨʦʰʢʦʚ 

ʠ ʢʨʠʩʪʘʣʣʦʚ ʚʝʱʝʩʪʚ ʩ ʧʦʤʦʱʴʶ ʀʂ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʌʊ-801 (ʉʠʤʵʢʩ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʤʘʟʥʦʡ ʧʨʠʩʪʘʚʢʠ ʅʇɺʆ. 

CHN-ʘʥʘʣʠʟ. ʕʣʝʤʝʥʪʥʳʡ CHN-ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ ʥʘ ʧʨʠʙʦʨʝ CHNS-ʘʥʘʣʠʟʘʪʦʨ vario 

MICRO cube.  

ʗʄʈ. ʉʧʝʢʪʨʳ ʗʄʈ ʥʘ ʷʜʨʘʭ 1H, 14,15N ʠ 17ʆ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker AVANCE 

500 (AV500) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ 50ʦʉ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʷʜʨʘʭ 1H ʟʘʧʠʩʴ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʘʭ D2O, ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ 
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(ɼʄʉʆ), ʠʣʠ CD3OD ʩ D2O ʚ ʩʦʦʪʥʦʰʝʥʠʠ 12:1. ɺ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ɼʄʉʆ. ʉʧʝʢʪʨʳ ʗʄʈ ʥʘ ʷʜʨʝ 15N ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ ʛʨʘʥ-

[Ir(H2O)3(
15NO2)3] ʠ ʜʣʷ ʩʠʩʪʝʤʳ Na3[Ir(NO2)6]+Na15NO2. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 1 ʄ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ. ʉʧʝʢʪʨʳ ʗʄʈ ʥʘ ʷʜʨʝ 17O ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

ʢʦʤʧʣʝʢʩʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʪʷʞʝʣʦʡ ʚʦʜʝ, ʩʦʜʝʨʞʘʱʝʡ 1 ʤʦʣ. % H2
17O. ɺ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ. 

ʊɻɸ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʝ Netzsch STA 449 F1 

Jupiter1 (ɻʝʨʤʘʥʠʷ). ʆʙʨʘʟʮʳ (10 ʤʛ) ʚ ʦʪʢʨʳʪʳʭ ʪʠʛʣʷʭ ʠʟ Al2O3 ʥʘʛʨʝʚʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 Áʉ 

ʤʠʥ-1 ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥ-ʢʠʩʣʦʨʦʜ (ʠʣʠ ʛʝʣʠʡ-ʚʦʜʦʨʦʜ - 10 ʦʙ. % H2) ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 30 

ʤʣĿʤʠʥ-1. ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 30ï700 ʠ 30ï350 Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʜʝʣʠʚʰʠʝʩʷ ʛʘʟʳ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʥʘ ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ QMS 403C A±olos1 (ɻʝʨʤʘʥʠʷ). 

ʉʧʝʢʪʨʦʤʝʪʨ ʙʳʣ ʧʦʜʢʣʶʯʝʥ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʢ ʧʨʠʙʦʨʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ (STA) ʩ 

ʧʦʤʦʱʴʶ ʢʚʘʨʮʝʚʦʛʦ ʢʘʧʠʣʣʷʨʘ, ʥʘʛʨʝʪʦʛʦ ʜʦ 280 ÁC. ʉʧʝʢʪʨʦʤʝʪʨ ʦʩʥʘʱʝʥ ʠʦʥʠʟʘʪʦʨʦʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʘ ʩ ʵʥʝʨʛʠʝʡ 70 ʵɺ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ m/z, 

ʛʜʝ m ð ʤʘʩʩʘ, z ð ʟʘʨʷʜ ʤʦʣʝʢʫʣʳ ʚ ʝʜʠʥʠʮʘʭ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 10ï100 ʘ.ʝ.ʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Proteus 

Analysis[132]. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʞʠʜʢʦʩʪʥʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʝ ï ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨʝ (LC-MC) ʬʠʨʤʳ Agilent (6130 Quadrupole MS, 1260 infinity 

LC). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ 100ï1500 ʘ.ʝ.ʤ., ʦʪʨʠʮʘʪʝʣʴʥʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ ʥʘʙʣʶʜʘʣʠ ʚ ʨʝʞʠʤʝ SCAN. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʦʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʠʦʥʠʟʘʮʠʶ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ. ʋʩʣʦʚʠʷ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʷ: ʘʟʦʪ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʘ ʦʩʫʰʠʪʝʣʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ï 50 ʠ 100ÁC, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ï 7 ʣ/ʤʠʥ; ʜʘʚʣʝʥʠʝ ʥʘ ʨʘʩʧʳʣʠʪʝʣʝ (ʘʟʦʪ) ï 4 ʘʪʤ.; 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʧʠʣʣʷʨʝ ï 4000 ɺ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʬʨʘʛʤʝʥʪʦʨʝ - 100 ɺ. ʉʠʛʥʘʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ, ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʘʩʯʝʪʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ 

ʠʟʦʪʦʧʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ c ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Mmass [133]. 

ʈʌɸ. ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʩʦʣʝʡ M3[Ir(NO2)6], M = K, 

Na, NH4
+ ʠ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʩ 1,10-ʬʝʥʘʪʨʦʣʠʥʦʤ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʣʦʤ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-RM4 (CuKŬ-ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ d001=3,345 ¡, 

ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ). ʆʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ, ʨʘʩʪʠʨʘʥʠʝʤ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʵʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʩʪʦʨʦʥʫ ʩʪʘʥʜʘʨʪʥʦʡ ʢʚʘʨʮʝʚʦʡ 

ʢʶʚʝʪʳ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʪʦʥʢʠʡ ʨʦʚʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ~100 ʤʢʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʝʮ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ (a = 5,4309 
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¡), ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʧʦʰʘʛʦʚʦʤ ʨʝʞʠʤʝ (æ2q = 0,1 )̄, ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2q ʦʪ 5 ʜʦ 60.̄  

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

[Ir(NO)(AcOH)(AcO)2(NO2)2] ʠ K4[Ir2(Õ-OH)2(Õ-CO3)(NO2)6] ʚʳʧʦʣʥʝʥʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Bruker D8 Advance ʩ ʦʜʥʦʢʦʦʨʜʠʥʘʪʥʳʤ ʵʥʝʨʛʦʜʝʩʢʨʠʤʠʥʠʨʫʶʱʠʤ ʂʄʆʇ-ʜʝʪʝʢʪʦʨʦʤ 

LynxEye XE T ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʠʟʣʫʯʝʥʠʠ CuKŬ (ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʝʨʚʠʯʥʦʡ ʱʝʣʴ 

ʨʘʩʭʦʜʠʤʦʩʪʠ 9 ʤʤ, ʥʦʞʝʚʦʡ ʢʦʣʣʠʤʘʪʦʨ 3,0 ʤʤ, ʱʝʣʠ ʉʦʣʣʝʨʘ 2,5Á, ʚʨʘʱʝʥʠʝ ʧʦʜʣʦʞʢʠ 0,5Áʩï

1). ʇʨʦʙʫ ʥʘʥʦʩʠʣʠ ʥʘ ʥʠʟʢʦʬʦʥʦʚʫʶ ʧʦʜʣʦʞʢʫ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʚ ʚʠʜʝ 

ʩʫʩʧʝʥʟʠʠ ʚ ʛʝʧʪʘʥʝ ʩʣʦʝʤ ~0,1 ʤʤ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʟʘʧʠʩʳʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2ɗ 3ï70Á ʩ 

ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 0,01Á ʠ ʦʙʱʠʤ ʚʨʝʤʝʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʚ ʪʦʯʢʝ 19 ʩ. 

ʈʉɸ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʣʝʡ 1ï

2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʯʝʪʳʨʝʭʢʨʫʞʥʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker-Nonius X8Apex, ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ CCD-ʜʝʪʝʢʪʦʨʦʤ (MoKŬ 

-ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ). ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʳ 

ʚ ʘʥʠʟʦʪʨʦʧʥʦ-ʠʟʦʪʨʦʧʥʦʤ (ʜʣʷ ʅ) ʧʨʠʙʣʠʞʝʥʠʠ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʯʘʩʪʠʯʥʦ ʣʦʢʘʣʠʟʦʚʘʥʳ ʠʟ 

ʨʘʟʥʦʩʪʥʳʭ ʩʠʥʪʝʟʦʚ, ʯʘʩʪʠʯʥʦ ʟʘʜʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ʉʪʨʫʢʪʫʨʘ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ SHELXT [134] ʠ ʫʪʦʯʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SHELXL [135] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ OLEX2 [136]. ʇʦʛʣʦʱʝʥʠʝ ʫʯʪʝʥʦ ʵʤʧʠʨʠʯʝʩʢʠ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ SADABS [137]. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ (ʇʨʠʣʦʞʝʥʠʝ 1). 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 3ï7 ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ʂ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Venture, ʦʩʥʘʱʝʥʥʦʤ ʂʄʆʇ-ʜʝʪʝʢʪʦʨʦʤ PHOTON III 

ʠ ʤʠʢʨʦʬʦʢʫʩʥʳʤ ʠʩʪʦʯʥʠʢʦʤ IÕS 3.0 (ʬʦʢʫʩʠʨʫʶʱʠʝ ʟʝʨʢʘʣʘ ʄʦʥʪʝʣʷ, ʠʟʣʫʯʝʥʠʝ Mo KŬ). 

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ ʠʟʤʝʨʝʥʳ ʤʝʪʦʜʦʤ ɤ- ʠ ű-ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʟʢʠʭ (0.5Á) ʬʨʝʡʤʦʚ. 

ʈʝʜʫʢʮʠʷ ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤʘʤ APEX3 [138]. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠʚʝʜʝʥʳ ʚ (ʇʨʠʣʦʞʝʥʠʝ 1, 2). 

ʈʌʕʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʬʠʨʤʳ SPECS SurfaceNanoAnalysisGmbH (ɻʝʨʤʘʥʠʷ). ʉʧʝʢʪʨʦʤʝʪʨ 

ʦʩʥʘʱʝʥ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ PHOIBOS-150-MCD-9, ʠʩʪʦʯʥʠʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ XR-50 ʩ ʜʚʦʡʥʳʤ Al/Mg ʘʥʦʜʦʤ. ɼʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ AlKa (hn = 1486.61 ʵɺ). ɼʣʷ ʫʯʝʪʘ ʵʬʬʝʢʪʘ 

ʟʘʨʷʜʢʠ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʦʞʝʥʠʝ ʧʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʦʩʠʪʝʣʶ (ʫʛʣʝʨʦʜʫ ʚ 

ʩʪʨʫʢʪʫʨʝ g-C3N4). ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʳ ʥʘ 
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ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʈʌʕʉ ʧʠʢʦʚ ʩ ʫʯʝʪʦʤ ʩʝʯʝʥʠʷ ʬʦʪʦʠʦʥʠʟʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʨʤʦʚ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʦ ʨʘʟʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʚ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʬʦʥʘ ʧʦ ʤʝʪʦʜʫ ʐʠʨʣʠ [139], 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʨʠʚʘʷ ʨʘʩʢʣʘʜʳʚʘʣʘʩʴ ʥʘ ʨʷʜ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʪʦʵʤʠʩʩʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʘʪʦʤʦʚ ʚ ʨʘʟʣʠʯʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ CasaXPS [140]. ʌʦʨʤʘ ʧʠʢʦʚ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʬʫʥʢʮʠʝʡ, ʧʦʣʫʯʝʥʥʦʡ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ ɻʘʫʩʩʘ ʠ ʃʦʨʝʥʮʘ. 

ʇʕʄ ɺʈ. ʉʪʨʫʢʪʫʨʫ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʩʣʝʜʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ThemisZ (Thermo Fisher Scientific, ʉʐɸ). ʀʩʧʦʣʴʟʫʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʩʦʩʪʘʚʣʷʣʦ 200 ʢɺ. ʄʠʢʨʦʩʢʦʧ ʩʥʘʙʞʝʥ ʢʦʨʨʝʢʪʦʨʦʤ ʩʬʝʨʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʨʝʰʝʪʢʝ 0,06 ʥʤ, ʠ ʩʧʝʢʪʨʦʤʝʪʨʦʤ SuperX (TFS, ʉʐɸ). 

ʀʟʦʙʨʘʞʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʇɿʉ-ʩʝʥʩʦʨʘ Ceta 16 (Thermo Fisher Scientific, ʉʐɸ). ɼʣʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʳ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʧʦʜʣʦʞʢʠ, ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ ʘʣʶʤʠʥʠʝʚʳʤ ʩʝʪʢʘʤ, ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʠʩʧʝʨʛʘʪʦʨʘ. 

 

2.2. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ 

2.2.1. K3[Ir (NO2)6] ʠ Na3[Ir (NO2)6] 

ʂ ʥʘʚʝʩʢʝ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ(IV) ʘʤʤʦʥʠʷ ʧʦ ʢʘʧʣʷʤ ʦʩʪʦʨʦʞʥʦ ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 15-ʢʨʘʪʥʳʡ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʨʠʜʠʶ) ʠʟʙʳʪʦʢ ʥʠʪʨʠʪʘ ʢʘʣʠʷ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ(IV) ʩʤʝʩʴ ʧʝʨʝʥʦʩʠʣʠ ʚ ʘʚʪʦʢʣʘʚ, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 140 Áʉ ʛʨʘʜʫʩʦʚ. ʅʘʛʨʝʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ 

ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʝʣʳʡ ʦʩʘʜʦʢ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ(III) ʢʘʣʠʷ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʘ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʵʪʘʥʦʣʦʤ ʠ ʘʮʝʪʦʥʦʤ, ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ.  

ɺʳʭʦʜ 97% ʜʣʷ K3[Ir(NO2)6]. 

ɼʣʷ ʩʠʥʪʝʟʘ Na3[Ir(NO2)6] ʚʤʝʩʪʦ ʥʠʪʨʠʪʘ ʢʘʣʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʪʨʠʪ ʥʘʪʨʠʷ. ʅʘʛʨʝʚʘʥʠʝ ʩʤʝʩʠ 

ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ(IV) ʘʤʤʦʥʠʷ ʠ NaNO2 ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʤʝʪʦʜʫ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʚ ʘʚʪʦʢʣʘʚʝ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʚrʘʣʠ ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʝʚʦʛʦ 

ʬʠʣʴʪʨʘ (0,22 ʤʢʤ) ʠ ʫʧʘʨʠʚʘʣʠ ʥʘ ʜʚʝ ʪʨʝʪʠ. ʆʩʘʞʜʝʥʠʝ Na3[Ir(NO2)6] ʩʦʣʠ ʧʨʦʚʦʜʠʣʠ ʠʟ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʙʘʚʣʝʥʠʷ ʠʟʙʳʪʢʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 
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ʦʪʜʝʣʣ̫ʠ ʥʘ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʡ ʩʤʝʩʴʶ, ʘ ʟʘʪʝʤ ʵʪʘʥʦʣʦʤ ʠ 

ʘʮʝʪʦʥʦʤ, ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. 

ɺʳʭʦʜ 90% ʜʣʷ Na3[Ir(NO2)6]. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʌɸ, 

ʧʦʜʪʚʝʨʜʠʚʰʠʤʠ ʠʭ ʯʠʩʪʦʪʫ ʠ ʦʜʥʦʬʘʟʥʦʩʪʴ 

 

2.2.2. Na3[Ir (15NO2)6] 

ʅʘʚʝʩʢʫ Na3[Ir(NO2)6] (520 ʤʛ) ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʠʘʣʢʫ ʠ ʨʘʩʪʚʦʨʣ̫ʠ ʚ 5 ʤʣ ʚʦʜʳ. 

ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʣ̫ʠ 125 ʤʛ Na15NO2 (ʩʦʜʝʨʞʘʥʠʝ 
15N = 95.2%). ɺʠʘʣʢʫ ʩ 

ʨʘʩʪʚʦʨʦʤ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʠ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ. ʊʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʚ 

ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Áʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʥʝʜʝʣʠ. ɿʘʪʝʤ, ʨʘʩʪʚʦʨ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʤʧʣʝʢʩ Na3[Ir(
15NO2)6] ʦʩʘʞʜʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ 

ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʥʘ ʧʦʨʠʩʪʦʤ ʩʪʝʢʣʷʥʥʦʤ 

ʬʠʣʴʪʨʝ (ʧʦʨ. 40), ʧʨʦʤʳʚʘʣʠ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʡ ʩʤʝʩʴʶ, ʘ ʟʘʪʝʤ ʵʪʘʥʦʣʦʤ ʠ ʘʮʝʪʦʥʦʤ, 

ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. 

ʀʟʦʪʦʧʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʦ 15N ʚ ʩʦʣʠ Na3[Ir(
15NO2)6] ʩʦʩʪʘʚʠʣʦ 23% ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʥʘ 

ʷʜʨʘʭ 15N. 

ɺʳʭʦʜ 97% 

 

2.2.3. (NH4)3[Ir (NO2)6] 

ʅʘʚʝʩʢʫ ʩʦʣʠ Na3[Ir(NO2)6] ʨʘʩʪʚʦʨʣ̫ʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʢ 20 ʤʣ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɺʳʧʘʚʰʠʡ ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʣ̫ʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʧʦʨʠʩʪʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ (ʧʦʨ. 40), ʧʨʦʤʳʚʘʣʠ ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʚʦʜʳ, ʟʘʪʝʤ ʵʪʘʥʦʣʦʤ ʠ 

ʘʮʝʪʦʥʦʤ, ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ.  

ɺʳʭʦʜ 97% 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʌɸ, 

ʧʦʜʪʚʝʨʜʠʚʰʠʤʠ ʠʭ ʯʠʩʪʦʪʫ ʠ ʦʜʥʦʬʘʟʥʦʩʪʴ 
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2.2.4. ʛʨʘʥ-[Ir(H 2O)3(NO2)3] 

ɸ) ɸʢʚʘʪʘʮʠʷ [Ir(NO2)6]
3- ʧʨʠ ʢʠʧʷʯʝʥʠʠ. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [28]. ʂ ʥʘʚʝʩʢʝ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ(III) 

ʢʘʣʠʷ (800,0 ʤʛ) ʧʨʠʣʠʚʘʣʠ 50 ʤʣ 0,1 ʄ ʭʣʦʨʥʦʡ, ʘʟʦʪʥʦʡ, ʩʝʨʥʦʡ ʠʣʠ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʚ ʢʦʣʙʝ ʩ ʜʝʬʣʝʛʤʘʪʦʨʦʤ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ. 

ɺ ʩʣʫʯʘʝ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ(III) ʘʤʤʦʥʠʷ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʩʣʫʯʘʝ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ(III) ʥʘʪʨʠʷ, ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ, ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʘʢʚʘʪʘʮʠʠ ʦʪʩʣʝʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʷ.  

ɹ) ɸʢʚʘʪʘʮʠʷ [Ir(NO2)6]
3- ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʅʘʚʝʩʢʫ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ(III) ʘʤʤʦʥʠʷ ʠʣʠ ʢʘʣʠʷ (100,0 ʤʛ) ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʳʡ 

ʘʚʪʦʢʣʘʚ ʠ ʟʘʣʠʚʘʣʠ 1 ʤʣ ʚʦʜʳ ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ 0,3 ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ Ir:HNO3 = 1:3, 1:2 ʠʣʠ 1:1). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʢʨʳʪʦʤ ʘʚʪʦʢʣʘʚʝ ʥʘ 

ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120-140Áʉ ʚ ʪʝʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʨʝʤʝʥʠ (15 ʤʠʥʫʪ, 1 ʯʘʩ ʠʣʠ 5 ʯʘʩʦʚ) (ʇʨʠʣʦʞʝʥʠʝ 3). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʠʟʚʣʝʢʘʣʠ ʠʟ ʘʚʪʦʢʣʘʚʘ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʝʛʦ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʘʢʚʘʪʘʮʠʷ [Ir(NO2)6]
3- ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʩʧʨʝʡ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, 15N ʠ 17ʆ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʕʉʇ. ʀʩʧʘʨʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʌʕʉ, ʈʌɸ, Tɻɸ, ʘ ʪʘʢʞʝ CHN-ʘʥʘʣʠʟʘ (ʊʘʙʣʠʮʘ 4). 

 

2.2.5. [Ir (H2O)(bpy)(NO2)3] 

ʂ ʨʘʩʪʚʦʨʫ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʩʦʜʝʨʞʘʱʝʤʫ 6Ŀ10
-4 ʤʦʣʴ ʠʨʠʜʠʷ (ʧʨʠʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ 

ɸ), ʜʦʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ 2,2'-ʜʠʧʠʨʠʜʠʣʘ, ʪʘʢ, ʯʪʦʙʳ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ir/bpy ʨʘʚʥʷʣʦʩʴ 1:1, 

1:2 ʠʣʠ 1:3, ʜʦʞʠʜʘʣʠʩʴ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʜʠʧʠʨʠʜʠʣʘ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʤʥʦʛʦ 

ʥʘʛʨʝʚʘʣʠ ʩʤʝʩʴ. ɼʘʣʝʝ pH ʨʘʩʪʚʦʨʘ ʜʦʚʦʜʠʣʠ ʜʦ ʟʥʘʯʝʥʠʷ pH 5ï6 ʩ ʧʦʤʦʱʴʶ 1 ʄ ʨʘʩʪʚʦʨʘ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ʉʤʝʩʴ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 35ï40 ʤʠʥʫʪ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ, ʟʘʪʝʤ ʫʜʘʣʷʣʠ 

ʠʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʜʦ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʥʦʩʠʣʠ 

ʥʘ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ (ʧʦʨ. 40), ʧʨʦʤʳʚʘʣʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ 

ʜʠʧʠʨʠʜʠʣʘ, ʟʘʪʝʤ ʵʪʘʥʦʣʦʤ ʠ ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. 

ɺʳʭʦʜ - 50%  
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ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, 

1H ʠ 15N ʗʄʈ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʌɸ, ʕʉʇ, ʘ ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ CHN-ʘʥʘʣʠʟ (ʊʘʙʣʠʮʘ 4). 

 

2.2.6. Na[Ir(bpy)(OH)(NO 2)3] 

ʅʘʚʝʩʢʫ ʢʦʤʧʣʝʢʩʘ [Ir(H2O)(bpy)(NO2)3] (300,0 ʤʛ) ʨʘʩʪʚʦʨʣ̫ʠ ʚ 5 ʤʣ ʵʪʘʥʦʣʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʢ ʩʤʝʩʠ ʧʨʠʢʘʧʳʚʘʣʠ 1 ʄ ʨʘʩʪʚʦʨ NaOH ʚ ʵʪʘʥʦʣʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʧʴʝʦʙʨʘʟʥʦʛʦ ʦʩʘʜʢʘ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʦʣʴ ʦʪʜʝʣʣ̫ʠ ʦʪ ʨʘʩʪʚʦʨʘ ʤʝʪʦʜʦʤ ʜʝʢʘʥʪʘʮʠʠ. ɿʘʪʝʤ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ɻʪʘʥʦʣʦʤ 

ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. 

 ɺʳʭʦʜ ï 97% 

ʂʨʠʩʪʘʣʣʳ ʩʦʣʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ 

ʠʟʦʧʠʝʩʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʘʚʝʩʢʫ ʚ 260 ʤʛ Na[Ir(bpy)(OH)(NO2)3] ʨʘʩʪʚʦʨʣ̫ʠ ʚ 600 ʤʢʣ ʚʦʜʳ, 

ʟʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʣ̫ʠ 20 ʤʢʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ 

ʰʧʨʠʮʝʚʦʤ ʬʠʣʴʪʨʝ (0,22 Õʤ) ʠ ʦʩʪʘʚʠʣʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʠʣʣʠʣʠʪʨʘʤʠ ʵʪʘʥʦʣʘ ʥʘ ʜʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

 

2.2.7. [Ir (H2O)(phen)(NO2)3] 

ʂ ʨʘʩʪʚʦʨʫ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʩʦʜʝʨʞʘʱʝʤʫ 6Ŀ10
-4 ʤʦʣʴ ʠʨʠʜʠʷ (ʧʨʠʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ 

ɸ), ʜʦʙʘʚʣʣ̫ʠ ʥʘʚʝʩʢʫ 1,10-ʬʝʥʘʥʪʨʘʣʠʥʘ ʪʘʢ ʯʪʦʙʳ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ir/phen ʨʘʚʥʷʣʦʩʴ 1:1, 

1:2 ʠʣʠ 1:3. ɼʘʣʝʝ pH ʨʘʩʪʚʦʨʘ ʜʦʚʦʜʠʣʠ ʜʦ ʟʥʘʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 5-6 ʨʘʩʪʚʦʨʦʤ ʩ ʧʦʤʦʱʴʶ 1 ʄ 

ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʘ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 

20 ʤʠʥʫʪ. ʏʝʨʝʟ 10 ʤʠʥʫʪ ʢʠʧʷʯʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘʯʠʥʘʣ ʚʳʧʘʜʘʪʴ ʞʝʣʪʦ-ʙʝʣʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ 

ʦʭʣʘʞʜʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʥʝ ʜʦʧʫʩʢʘʷ ʧʨʠʣʠʧʘʥʠʷ ʦʩʘʜʢʘ ʢ ʩʪʝʥʢʘʤ ʠ ʜʥʫ 

ʢʦʣʙʳ. ɺʳʧʘʚʰʠʡ ʢʦʤʧʣʝʢʩ ʦʪʜʝʣʣ̫ʠ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ (ʧʦʨ. 40), ʧʨʦʤʳʚʘʣʠ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʬʝʥʘʥʪʨʦʣʠʥʘ, ʟʘʪʝʤ ʵʪʘʥʦʣʦʤ ʠ ʘʮʝʪʦʥʦʤ ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. 

 ɺʳʭʦʜ ï 20% 

ɺ ʩʣʫʯʘʝ ʩʦʦʪʥʦʰʝʥʠʷ Ir/phen ʨʘʚʥʦʛʦ 1:2 ʠ 1:3 ʧʦʣʫʯʘʣʠ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʚ ʨʘʙʦʪʝ ʫʧʦʤʠʥʘʝʤʫʶ ʢʘʢ ʇʨʦʜʫʢʪ ɸ.  

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʠ ʇʨʦʜʫʢʪʘ ɸ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʘʤʠ 1H ʠ 15N ʗʄʈ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʌɸ, ʕʉʇ, ʘ ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ CHN-ʘʥʘʣʠʟ (ʊʘʙʣʠʮʘ 4). 
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2.2.8. ɺʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Na[Ir (phen)(NO2)4](phen)(H2O) 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʣʠ Na[Ir(phen)(NO2)4] ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ 

ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 40 ʤʛ ʇʨʦʜʫʢʪʘ ɸ, 600 ʤʢʣ ʤʝʪʘʥʦʣʘ, 50 ʤʢʣ ʚʦʜʳ ʠ 10 ʤʢʣ 1 ʄ NaOH. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ ʩʤʝʱʝʥʠʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʣ̫ʠ ʚ ʟʘʢʨʳʪʦʤ ʚʠʜʝ. ʏʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʚʳʨʘʩʪʘʣʠ ʩʚʝʪʣʦ-ʞʝʣʪʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ. 

 

2.2.9. [Ir (AcOH)(NO)(AcOH)2(NO2)3] 

ʈʘʩʪʚʦʨ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʩʦʜʝʨʞʘʱʠʡ 1,5Ŀ10
-4 ʤʦʣʴ ʠʨʠʜʠʷ (ʧʨʠʛʦʪʦʚʣʝʥ ʧʦ ʤʝʪʦʜʫ 

ɹ), ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʜʦ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʘʢʢʫʨʘʪʥʦ ʧʝʨʝʪʠʨʘʣʠ ʩʪʝʢʣʷʥʥʦʡ 

ʧʘʣʦʯʢʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʚʳʨʘʩʪʘʣʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʩʣʫʯʘʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʤʝʩʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʧʘʜʝʥʠʝ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʧʦʨʦʰʢʘ. ɼʘʥʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʨʠʩʪʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ (ʧʦʨ. 40) ʠ ʧʨʦʤʳʚʘʣʠ ʵʪʠʣʘʮʝʪʘʪʦʤ.  

ɺʳʭʦʜ ï 30% 

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʌɸ.  

 

2.2.10. K4[Ir 2(Õ2-OH)2(Õ2-CO3)(NO2)6] 

ʈʘʩʪʚʦʨ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʩʦʜʝʨʞʘʱʠʡ 10
-4 ʤʦʣʴ ʠʨʠʜʠʷ (ʧʨʠʛʦʪʦʚʣʝʥ ʧʦ ʤʝʪʦʜʫ ɹ ʠʟ 

(NH4)3[Ir(NO2)6]), ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʜʦ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʘʢʢʫʨʘʪʥʦ 

ʧʝʨʝʪʠʨʘʣʠ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʨʘʩʪʚʦʨʣ̫ʠ ʚ 500 ʤʢʣ ʚʦʜʳ. ʂ 

ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 13,2 ʤʛ K2CO3 ʠ ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚʣʣ̫ʠ ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʚʳʨʘʩʪʘʣʠ ʢʨʠʩʪʘʣʣʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʳʭʦʜ ς 20%. 

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʌɸ. 

ʄʘʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʝ 15N ʠ ʵʣʝʢʪʨʦʩʧʨʝʡ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 
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2.2.11. K5Rb0,5[Ir 3(Õ3-O)(Õ2-OH)3(NO2)9](NO3)0,5Ŀ2,5H2O 

 ʈʘʩʪʚʦʨ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʩʦʜʝʨʞʘʱʠʡ 10
-4 ʤʦʣʴ ʠʨʠʜʠʷ (ʧʨʠʛʦʪʦʚʣʝʥ ʧʦ ʤʝʪʦʜʫ ɹ ʠʟ 

(NH4)3[Ir(NO2)6]), ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʜʦ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʘʢʢʫʨʘʪʥʦ 

ʧʝʨʝʪʠʨʘʣʠ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʨʘʩʪʚʦʨʣ̫ʠ ʚ 500 ʤʢʣ ʚʦʜʳ, ʘ ʟʘʪʝʤ ʢ 

ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʥʘʚʝʩʢʠ 27 ʤʛ K2CO3 ʠ 14 ʤʛ ʥʠʪʨʘʪʘ ʨʫʙʠʜʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʦʩʪʘʚʣʷʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʚʳʧʘʜʝʥʠʷ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ, ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ. 

 

2.2.12. (H3O)x+2[Ir 2(H2O)(Õ2-NO2)3(NO2)3(NO3)2](NO3)xĿʉB[8]2CB[10] 

ʈʘʩʪʚʦʨ ʛʨʘʥ-[Ir(H 2O)3(NO2)3], ʩʦʜʝʨʞʘʱʠʡ 5Ŀ10
-4 ʤʦʣʴ ʠʨʠʜʠʷ (ʧʨʠʛʦʪʦʚʣʝʥ ʧʦ ʤʝʪʦʜʫ ɹ 

ʠʟ (NH4)3[Ir(NO2)6]), ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʜʦ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʘʢʢʫʨʘʪʥʦ 

ʧʝʨʝʪʠʨʘʣʠ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʨʘʩʪʚʦʨʣ̫ʠ ʚ 500 ʤʢʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HNO3 (15,9M). ʅʘʚʝʩʢʫ ʩʤʝʩʠ ʢʫʢʫʨʙʠʪʫʨʠʣʦʚ (100 ʤʛ) ʪʘʢʞʝ ʨʘʩʪʚʦʨʣ̫ʠ ʚ 

500 ʤʢʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʝ ʨʘʩʪʚʦʨʠʚʰʠʡʩʷ ʦʩʘʜʦʢ ʠ 

ʩʤʝʠhʚʘʣʠ ʨʘʩʪʚʦʨʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʪʘʚʠʣʠ ʚ ʚʘʢʫʫʤʠʨʫʝʤʳʡ ʵʢʩʠʢʘʪʦʨ ʥʘʜ KOH. ʏʝʨʝʟ 

3 ʜʥʷ ʚʳʨʘʩʪʘʣʠ ʙʝʩʮʚʝʪʥʳʝ ʛʠʛʨʦʩʢʦʧʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

 

ʊʘʙʣʠʮʘ 4. ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 
ʉ% 

ʚʳʯʠʩʣʝʥʦ 

 

ʥʘʡʜʝʥʦ 

H% 

ʚʳʯʠʩʣʝʥʦ 

 

ʥʘʡʜʝʥʦ 

N% 

ʚʳʯʠʩʣʝʥʦ 

 

ʥʘʡʜʝʥʦ 

ɺʳʩʫʰʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʛʨʘʥ-[Ir(H2O)3(NO2)3] 
0 0 1,57% 1,5% 10,91% 11,6% 

[Ir(H2O)(bpy)(NO2)3] 23,81% 25,9% 2,00% 2,4% 13,88% 13,4% 

Na[Ir(bpy)(OH)(NO2)3] 22,82% 21,6% 1,72% 2,5% 13,30% 12,6% 

Ir(H2O)(phen)(NO2)3 27,27% 27,8% 1,91% 2,3% 13,25% 12,4% 

ʇʨʦʜʫʢʪ ɸ 27,27% 42,4% 1,91% 2,8% 13,25% 13,2% 

 

2.2.13. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Ir/g-C3N4 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʩʝʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Irx/g-C3N4 ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʛʨʘʥ-

[Ir(H2O)3(NO2)3], ʧʦʣʫʯʝʥʥʳʝ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʩʪʚʦʨʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ 

ʵʪʦʛʦ ʥʘʚʝʩʢʫ ʩʦʣʠ (NH4)3[Ir(NO2)6] (300,0 ʤʛ) ʧʦʤʝʱʘʣʠ ʚ ʪʦʣʩʪʦʩʪʝʥʥʳʡ ʩʪʝʢʣʷʥʥʳʡ ʘʚʪʦʢʣʘʚ 

ʠ ʟʘʪʝʤ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 0,30 ʄ HNO3 (1,00 ʤʣ). ʉʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʢʨʳʪʦʤ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ 120Áʉ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʤʝʨʥʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 25 ʤʣ. 
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ʅʘʚʝʩʢʫ g-C3N4 (500,0 ʤʛ) ʩʤʝʰʠʚʘʣʠ ʩ 5 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʥʝʦʙʭʦʜʠʤʫʶ 

ʘʣʠʢʚʦʪʫ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 200Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ɿʘʪʝʤ, ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʣʠʙʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʪʘʢʦʤ ʚʠʜʝ, ʣʠʙʦ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Áʉ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʅ2. ʇʦ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʦʙʨʘʟʮʦʚ ʦʥʠ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ 

[Ir(H2O)3(NO2)3]/g-C3N4, Irx/g-C3N4_H2, Irx/g-C3N4_air_200, Irx/g-C3N4_air_400, ʚ ʩʣʫʯʘʝ ʥʝ 

ʧʨʦʢʘʣʝʥʥʳʭ, ʧʨʦʢʘʣʝʥʥʳʭ ʚ ʅ2 ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 200 ʠ 400Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

2.3. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

2.3.1. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ 

ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʠ 

ʢʠʩʣʦʨʦʜʘ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ NaIO4. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ 

ʟʘʛʨʫʟʦʢ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 50,0 ʤʛ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 20 ʤʣ ʨʘʩʪʚʦʨʘ NaIO4 (0,25 

ʄ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʙʨʘʣʠ 25,0 ʤʛ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 150 ʤʛ NaIO4 (0,07 ʄ), ʦʙʲʝʤ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʣ ʫʞʝ 10 ʤʣ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʦʙʣʫʯʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩʚʝʪʦʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

411 ʥʤ (90 ʤɺʪĿʩʤ-2). ʂʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʢʠʩʣʦʨʦʜʘ ʠʟʤʝʨʷʣʠ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ 

ʍʨʦʤʦʩ ɻʍ-1000 (ʍʨʦʤʦʩ, ʈʦʩʩʠʷ), ʩʥʘʙʞʝʥʥʦʤ ʢʦʣʦʥʢʦʡ ʩ ʮʝʦʣʠʪʦʤ ʠ ʜʝʪʝʢʪʦʨʦʤ ʧʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʨʛʦʥ. ʄʦʱʥʦʩʪʴ ʩʚʝʪʦʜʠʦʜʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʘ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ThorLabs (PM16-401). 

ʂʚʘʥʪʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʦʚ (ʂʕ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ: 

˗˪
ὡ ὕ

ὔ
ρππϷ 

ɻʜʝ W(O2) ð ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ O2 (ʤʢʤʦʣʴĀʤʠʥ
-1), ʘ Nphot ð ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦʪʦʢ 

ʬʦʪʦʥʦʚ, ʨʘʚʥʳʡ 390 ʤʢʕ ʤʠʥ-1.  

 

2.3.2. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʤʘʥʦʤʝʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ 

ʄʦʥʠʪʦʨʠʥʛ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʘʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ (Motorola, MPX5100DP). ɼʘʪʯʠʢ ʠʤʝʝʪ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʦʪ 0 ʜʦ 

100 ʢʇʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 2,5%. ɼʘʥʥʳʝ ʦ ʜʘʚʣʝʥʠʠ ʩʦʙʠʨʘʣʠ ʩ ʧʦʤʦʱʴʶ ʇʂ 



46 

 

ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 10-ʨʘʟʨʷʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ɸʎʇ. ʋʩʪʘʥʦʚʢʘ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ ʜʘʪʯʠʢʘ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʜʚʫʤʷ ʚʠʘʣʢʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʰʣʘʥʛʦʚ 

(ʇʨʠʣʦʞʝʥʠʝ 4). ʆʜʥʘ ʠʟ ʚʠʘʣʦʢ ʷʚʣʷʣʘʩʴ ʨʝʘʢʮʠʦʥʥʳʤ ʨʝʘʢʪʦʨʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʘʷ 

ʩʣʫʞʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ. ʆʙʱʠʡ ʦʙʲʝʤ ʢʘʞʜʦʡ ʚʠʘʣʢʠ ʩ ʫʯʝʪʦʤ ʰʣʘʥʛʦʚ ʩʦʩʪʘʚʣʷʣ 

36 ʤʣ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʘʣʦʢ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ 25Ñ0,1Áʉ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʡ ʨʫʙʘʰʢʠ, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʪʝʨʤʦʩʪʘʪʫ. ʆʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ (ʦʙʳʯʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 20 ʤʣ ʩʫʩʧʝʥʟʠʠ, ʩʦʜʝʨʞʘʱʝʡ 50,0 ʤʛ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 1,000 ʛ (0,25 ʄ) NaIO4). ɺʠʘʣʢʠ ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʜʠʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 411 ʥʤ (90 ʤɺʪĿʩʤ-2) ʯʝʨʝʟ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʦʢʥʘ (6,5 ʩʤ2) ʚ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʡ 

ʨʫʙʘʰʢʝ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʢʠʩʣʦʨʦʜʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʠʟʤʝʨʝʥʥʦʤʫ ʠʟʙʳʪʦʯʥʦʤʫ 

ʜʘʚʣʝʥʠʶ ʠ ʠʟʚʝʩʪʥʦʤʫ ʪʦʯʥʦʤʫ ʦʙʲʝʤʫ ʷʯʝʡʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʪʝʩʪʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʲʝʤ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʢʠʩʣʦʨʦʜʘ ʧʨʦʚʝʨʷʣʠ 

ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʚʳʪʝʩʥʝʥʠʶ ʚʦʜʳ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʢʘʯʝʩʪʚʝ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʫ ʞʝ ʫʩʪʘʥʦʚʢʫ, ʥʦ ʙʝʟ ʦʙʣʫʯʝʥʠʷ LED ʣʘʤʧʦʡ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,0019 M. ɸʣʠʢʚʦʪʫ ʚ 200 ʤʢʣ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʦʤʝʱʘʣʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʷʯʝʡʢʫ, ʟʘʪʝʤ ʪʫʜʘ ʜʦʣʠʚʘʣʠ ʝʱʝ 10 ʤʣ ʚʦʜʳ ʠ ʪʱʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʪʝʨʪʳʡ 

ʚ ʩʪʫʧʢʝ ʧʦʨʦʰʦʢ NaIO4. ɺ ʨʘʩʪʚʦʨ ʙʳʩʪʨʦ ʚʩʳʧʘʣʠ 300,0 ʤʛ NaIO4 ʠ ʟʘʪʝʤ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ 

ʚʠʘʣʢʫ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʚʳʭʦʜʫ ʢʨʠʚʦʡ ʨʦʩʪʘ 

ʜʘʚʣʝʥʠʷ ʚ ʷʯʝʡʢʝ ʥʘ ʧʣʘʪʦ, ʚʠʘʣʢʫ ʦʪʢʨʳʚʘʣʠ ʠ ʜʦʙʘʚʣʷʣʠ ʥʦʚʫʶ ʧʦʨʮʠʶ ʧʝʨʠʦʜʘʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʚʪʦʨʷʣʠ ʚʧʣʦʪʴ ʜʦ ʥʘʯʘʣʘ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ ʡʦʜʘʪʘ ʥʘʪʨʠʷ.  

 

2.3.3. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʦʤ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨ Ir0,25/g-C3N4_air_400. ʉʫʩʧʝʥʟʠʶ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ ʚ H2
18O ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʘ 

ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʚ ʚʘʢʫʫʤʥʫʶ ʧʨʦʙʠʨʢʫ. ʉʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʠ ʚʘʢʫʫʤʠʨʦʚʘʣʠ. 

ɿʘʪʝʤ ʧʨʦʙʠʨʢʫ ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʚʪʦʨʷʣʠ ʧʨʦʮʝʜʫʨʫ ʝʱʝ ʪʨʠ ʨʘʟʘ. 

ʅʘʢʦʥʝʮ, ʩʤʝʩʴ ʩʥʦʚʘ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʜʠʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 411 ʥʤ (90 ʤɺʪĿʩʤ-2) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɸʥʘʣʠʟ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʋɻɸ-100 (Stanford Research Systems, ʉʐɸ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʩʪʝʤʘ 

ʧʨʦʜʫʚʘʣʘʩʴ ʛʝʣʠʝʤ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɸʥʘʣʠʟ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʪʨʠʞʜʳ, ʯʝʨʝʟ 15, 60 ʠ 

120 ʤʠʥʫʪ ʦʙʣʫʯʝʥʠʷ ʩʤʝʩʠ. 
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2.3.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʘʢʚʘʣʠʛʘʥʜʘʭ ʛʨʘʥ-

[Ir(H 2O)3(NO2)3] 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʦʪʦʧʦʚ 17O ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʦʛʘʱʝʥʥʫʶ ʧʦ ʘʪʦʤʘʤ 18O ʚʦʜʫ, 

ʩʦʜʝʨʞʘʱʫʶ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʟʦʪʦʧʳ 17O ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʥʘ ʘʢʚʘʣʠʛʘʥʜʘʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Üʉ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʩʦʜʝʨʞʘʱʠʡ 1,8Ŀ10
-4 ʤʦʣʴ ʠʨʠʜʠʷ (ʧʨʠʛʦʪʦʚʣʝʥ ʧʦ 

ʤʝʪʦʜʫ ɹ), ʢʦʪʦʨʳʡ ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʜʦ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʘʢʢʫʨʘʪʥʦ 

ʧʝʨʝʪʠʨʘʣʠ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʪʚʝʨʜʳʡ ʦʙʨʘʟʝʮ ʧʝʨʝʨʘʩʪʚʦʨʣ̫ʠ ʚ 600 ʤʢʣ 

ʪʷʞʝʣʦʡ ʚʦʜ rʠ ʧʦʤʝʱʘʣʠ ʚ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʮʝʩʩʘ ʟʘʤʝʱʝʥʠʷ.  
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

3.1. ʉʠʥʪʝʟ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ(III ) 

ʀʩʭʦʜʷ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʦʚʳʭ 

ʤʝʪʘʣʣʦʚ ʙʳʣʦ ʨʝʰʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʢʠʩʣʦʪʥʦ ʠʥʜʫʮʠʨʫʝʤʘʷ ʘʢʚʘʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʢʩʘʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ. ɺ ʦʩʥʦʚʝ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʘʭ.  

ɼʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʳ ʢʘʣʠʷ, 

ʥʘʪʨʠʷ ʠ ʘʤʤʦʥʠʷ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʠʨʠʜʠʷ. ʆʙʱʘʷ ʩʭʝʤʘ 

ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʥʘʯʠʥʘʷ ʦʪ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʭʣʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ(IV) ʘʤʤʦʥʠʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʠʥʪʝʟʦʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ - 

ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʨʠʚʝʜʝʥʘ ʥʘ (ʈʠʩʫʥʦʢ 10). 

ɼʦʙʘʚʣʝʥʠʝ ʥʠʪʨʠʪʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ (KNO2 ʠʣʠ NaNO2) ʢ ʨʘʩʪʚʦʨʫ ʭʣʦʨʦʢʦʤʧʣʝʢʩʘ 

ʠʨʠʜʠʷ(IV) ʧʨʠʚʦʜʠʣʦ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Ir(IV) ʚ Ir(III ), ʚ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʩ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʡ ʥʘ ʦʣʠʚʢʦʚʦ-ʟʝʣʝʥʫʶ. ɼʣʷ 

ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʭʣʦʨʦʣʠʛʘʥʜʦʚ ʥʘ ʥʠʪʨʠʪʥʳʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʦʟʜʘʪʴ ʚ ʨʘʩʪʚʦʨʝ ʙʦʣʴʰʦʡ 

ʠʟʙʳʪʦʢ ʥʠʪʨʠʪ-ʘʥʠʦʥʦʚ, ʘ ʩʘʤʫ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʪʴ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 140 ÜC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠʨʠʜʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ 

ʬʦʨʤʫ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʘ ʠ ʧʦʣʫʯʘʝʤʳʡ ʧʨʦʜʫʢʪ ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʝʡ 

ʥʠʪʨʦʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ [24] 

 

 

ʈʠʩʫʥʦʢ 10. ʉʭʝʤʘ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 

ʊʘʢ ʢʘʢ K3[Ir(NO2)6] ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʦʡ ʚ ʚʦʜʝ ʩʦʣʴʶ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʚʳʧʘʜʘʣʦ ʚ ʦʩʘʜʦʢ ʚ ʭʦʜʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ ʘʤʤʦʥʠʷ ʠ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʥʠʪʨʠʪʘ ʢʘʣʠʷ. ɻʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ ʥʘʪʨʠʷ, ʥʘʧʨʦʪʠʚ, ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʭʦʨʦʰʦ 
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ʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʴʶ ʩʨʝʜʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʨʠʠ ʩʪʘʨʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʵʪʦʤʫ, ʜʣʷ ʝʝ ʦʩʘʞʜʝʥʠʷ 

ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ, ʧʦʣʫʯʘʝʤʳʡ ʧʦʩʣʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ, ʘ ʟʘʪʝʤ ʢ 

ʥʝʤʫ ʜʦʙʘʚʣʷʣʠ ʠʟʙʳʪʦʢ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʦ ʦʩʘʞʜʝʥʠʷ ʙʝʣʦʛʦ ʦʩʘʜʢʘ ʵʪʦʡ ʩʦʣʠ, ʢʦʪʦʨʫ  ʁʟʘʪʝʤ 

ʦʪʜʝʣʷʣʠ ʥʘ ʬʠʣʴʪʨʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ ʘʤʤʦʥʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ, ʦʥ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʠʪʨʦʚʘʥʠʝʤ ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʘ 

ʘʤʤʦʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʘʢʮʠʝʡ ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʦʚ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʠʪ-ʘʥʠʦʥʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, (NH4)3[Ir(NO2)6] ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʘʞʜʝʥ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʝʡ ʘʤʤʦʥʠʷ. ʆʜʥʘʢʦ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʨʷʜʫ ʩ ʘʤʤʦʥʠʡʥʦʡ ʩʦʣʴʶ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʜʨʫʛʘʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʘʷ ʩʦʣʴ 

(NH4)2Na[Ir(NO2)6] (ɸʅɻ). ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ɸʅɻ, ʧʨʠ ʩʤʝʰʝʥʠʠ ʨʘʩʪʚʦʨʦʚ 

Na3[Ir(NO2)6] ʠ ʩʦʣʠ ʘʤʤʦʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʶ NH4
+ ʚ ʨʘʩʪʚʦʨʝ ʧʦʜʜʝʨʞʠʚʘʣʠ ʚ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʨʠʜʠʶ (100-ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ).  

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ M3[Ir(NO2)6] (M= Na, K, NH4
+) ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʈʌɸ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ ʯʠʩʪʦʪʫ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ (ʊʘʙʣʠʮʘ 5) ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [141]. ɺ ʨʘʡʦʥʝ 1350ï1430 ʩʤ-1 ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ NO2
- ʛʨʫʧʧ. ɼʣʷ ʩʦʣʠ (NH4)3[Ir(NO2)6] ʚ ʦʙʣʘʩʪʠ ʧʦʨʷʜʢʘ 3260 ʩʤ

-1, ʪʘʢʞʝ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ N-H 

ʚ ʢʘʪʠʦʥʝ ʘʤʤʦʥʠʷ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʝʜʝʥʥʳʤ ʜʣʷ 

K3[Ir(NO2)6], Na3[Ir(NO2)6] ʠ (NH4)3[Ir(NO2)6] ʚ ʢʘʨʪʦʪʝʢʝ PDF (ˉ01-075-0008, 01-085-1131 ʠ 01-

075-0007, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʈʠʩʫʥʦʢ 11).  

 

ʊʘʙʣʠʮʘ 5. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʣʝʡ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ. 

ʊʠʧ ʢʦʣʝʙ. ɜ(NO2) ŭ(ONO) ɟ(NO2) ɜ(N-H) 

K3[Ir(NO2)6] 1346, 1402 833 665 - 

Na3[Ir(NO2)6] 1356, 1427 850 650 - 

(NH4)3[Ir(NO2)6] 1337, 1379 827 657 3261 
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ʈʠʩʫʥʦʢ 11 ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʦʣʝʡ M3[Ir(NO2)6] (M= Na, K, NH4
+) (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ). 

 

3.2 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʦʙʦʛʘʱʝʥʥʳʭ ʠʟʦʪʦʧʦʤ 15N 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ [Ir(15NO2)6]
3- ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʷʤʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟ 

ʛʝʢʩʘʭʣʦʨʦʠʨʠʜʘʪʦʚ ʠ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

[IrCl6]
2- ʚ [IrCl6]

3- ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʪʨʠʪ ʥʘʪʨʠʷ ʩ ʧʨʠʨʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʟʦʪʦʧʘ 15N, ʘ ʟʘʪʝʤ ʚ 

ʨʘʩʪʚʦʨ ʚʚʦʜʠʣʠ ʠʟʦʪʦʧʥʦ-ʦʙʦʛʘʱʝʥʥʳʡ Na15NO2 (ʩʦʜʝʨʞʘʥʠʝ ʠʟʦʪʦʧʘ 
15N ʚ ʨʝʘʢʪʠʚʝ ʧʦʨʷʜʢʘ 

95,2%) ʠ ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʨʘʩʪʚʦʨʘ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʣʠ 

Na3[Ir(
15NO2)6] ʜʘʣʝʝ ʤʦʛʣʠ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ K3[Ir(

15NO2)6] ʠ (NH4)3[Ir(
15NO2)6] 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʩʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘʤʠ ʭʣʦʨʠʜʦʚ ʢʘʣʠʷ ʠʣʠ ʘʤʤʦʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʠʪ-ʘʥʠʦʥʦʚ ʚ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʣʦʨʦʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʚ ʭʦʜʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʣʦ ʢ ʦʯʝʥʴ ʙʦʣʴʰʠʤ 

ʟʘʪʨʘʪʘʤ ʦʙʦʛʘʱʝʥʥʦʛʦ ʠʟʦʪʦʧʦʤ 15N ʨʝʘʢʪʠʚʘ NaNO2. ʇʦʵʪʦʤʫ, ʙʳʣʦ ʨʝʰʝʥʦ ʠʟʫʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ Na3[Ir(NO2)6] ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʤʝʥʘ ʚ 

ʩʠʩʪʝʤʝ Na3[Ir(NO2)6]-Na15NO2-H2O ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ (1). 

[Ir(NO2)6]
3- + 15NO2

- = [Ir(15NO2)n(NO2)6-n]
3- + NO2

-  (1) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 

15N, ʜʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ Na3[Ir(NO2)6] ʠ ʥʠʪʨʠʪ ʥʘʪʨʠʷ, 

ʦʙʦʛʘʱʝʥʥʳʡ ʠʟʦʪʦʧʦʤ 15N (ʩʦʜʝʨʞʘʥʠʝ ʠʟʦʪʦʧʘ 15N ʚ ʨʝʘʢʪʠʚʝ ʧʦʨʷʜʢʘ 95,2%). ʈʘʩʪʚʦʨ 

ʛʦʪʦʚʠʣʠ ʠʟ ʨʘʩʯʝʪʘ ʤʦʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠ ̫ Ir ʢ 15N ʨʘʚʥʦʛʦ 1:2, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʦʝ 
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ʦʪʥʦʰʝʥʠʝ ʠʟʦʪʦʧʦʚ 14N ʢ 15N ʩʦʩʪʘʚʠʣʦ 1:3. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʣ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦ, ʪʦ ʜʣʷ ʝʛʦ ʫʩʢʦʨʝʥʠʷ ʨʘʩʪʚʦʨ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

90Áʉ. ʍʦʜ ʦʙʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪʩʣʝʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 15N 

(ʈʠʩʫʥʦʢ 12). ɺ ʩʧʝʢʪʨʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʧʦʣʦʩʳ ʧʨʠ 233 ʠ 55,7 ʤ.ʜ., ʦʪʥʦʩʷʱʠʝʩʷ ʢ 15N 

ʥʠʪʨʠʪ-ʘʥʠʦʥʫ ʠ ʩʦʝʜʠʥʝʥʠʶ [Ir(15NO2)(NO2)5]
3- ʩ ʦʜʥʠʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ 15N ʥʠʪʨʦʣʠʛʘʥʜʦʤ 

ʚ ʩʦʩʪʘʚʝ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʘ.  

 

 

ʈʠʩʫʥʦʢ 12 ɸ) ʉʧʝʢʪʨʳ ʗʄʈ 15N ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ Na3[Ir(NO2)6]+Na15NO2. ʘ) 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ, ʙ) ʥʘʛʨʝʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʚ) 48 ʯʘʩʦʚ ʠ ʛ) 154 ʯ. 

ʂʨʘʩʥʳʝ ʮʠʬʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʩʠʛʥʘʣʦʚ ʦʪ Na15NO2 ʠ Na3[Ir(
15NO2)6]. ɹ) ɼʠʥʘʤʠʢʘ 

15N ʠʟʦʪʦʧʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʘʥʠʦʥʘ 

[Ir(NO2)6]
3-. ʉ (Ir) = 0,19M, C(15NO2

-) = 0,35M 

 

ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʨʝʘʢʮʠʠ ʠʟʦʪʦʧ 15N ʥʘʭʦʜʠʣʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʳʭ 

ʥʠʪʨʠʪ-ʘʥʠʦʥʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʝ ʜʦʣʷ ʠʟʦʪʦʧʘ 15N ʥʘʭʦʜʠʣʘʩʴ ʥʘ 

ʫʨʦʚʥʝ ʧʨʠʨʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʠ 90Áʉ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʟʦʪʦʧʘ 15N ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʠ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʥʠʪʨʠʪ-

ʘʥʠʦʥʘʤʠ, ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʚ ʠʟʤʝʥʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʵʪʠʭ 

ʬʦʨʤ. ʅʘ ʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤ ʩʠʛʥʘʣʦʤ, ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ ʧʨʠ 55,7 ʤ.ʜ., ʚ ʩʧʝʢʪʨʘʭ ʧʦʩʪʝʧʝʥʥʦ 

ʧʦʷʚʣʷʣʠʩɹ ʩʠʛʥʘʣʳ ʧʨʠ 57,3 ʤ.ʜ. ʠ 54,7 ʤ.ʜ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʬʦʨʤʘʤ 

ʮʠʩ- ʠ ʪʨʘʥʩ-[Ir(15NO2)2(NO2)4]
3- - ʜʚʫʤ ʠʟʦʪʦʧʦʤʝʨʘʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʚ ʭʦʜʝ ʦʙʦʛʘʱʝʥʠʷ 
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[Ir(NO2)6]
3- ʠʟʦʪʦʧʦʤ 15N. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ, ʧʝʨʚʳʡ, ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʥʛʣʝʪ ʧʨʠ 57,3 ʤ.ʜ. ʦʪʥʦʩʠʪʩʷ ʢ ʮʠʩ-[Ir(15NO2)2(NO2)4]
3-, ʘ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʢ 

ʩʦʝʜʠʥʝʥʠʶ ʪʨʘʥʩ-[Ir(15NO2)2(NO2)4]
3-. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Áʉ ʩʠʩʪʝʤʘ ʜʦʩʪʠʛʘʝʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʠ ʩʚʦʙʦʜʥʳʤʠ 15NO2
- ʘʥʠʦʥʘʤʠ ʟʘ 150 ʯʘʩʦʚ. ʀʪʦʛʦʚʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʦ 

ʠʟʦʪʦʧʫ 15N ʜʣʷ Na3[Ir(NO2)6] ʩʦʩʪʘʚʣʷʝʪ 23%. ʂʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘ ̫ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ 

[Ir(NO2)6]
3-<=>NO2

- ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʢʠʥʝʪʠʢʦʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʩ ʚʝʣʠʯʠʥʦʡ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʨʘʚʥʦʡ (6,0Ñ0,3)Ŀ10-6 ʩ-1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʝ Na3[Ir(NO2)6]-

Na15NO2-H2O ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʙʦʛʘʱʝʥʥʳʝ ʠʟʦʪʦʧʦʤ 15N ʧʨʝʧʘʨʘʪʳ Na3[Ir(NO2)6]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ Na15NO2 ʨʝʘʢʪʠʚʘ ʚ ʭʦʜʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʦʙʦʛʘʱʝʥʥʦʛʦ 

Na3[Ir(
15NO2)6], ʥʦ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ, ʪʘʢ ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʚ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʘʭ ʠʨʠʜʠʷ ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʙʳʣʠ. 

 

3.3. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʥ-[Ir (H2O)3(NO2)3] 

3.3.1. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʧʫʪʝʤ ʛʠʜʨʦʣʠʟʘ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ɺ ʨʘʙʦʪʝ ʂʦʨʝʥʝʚʘ ʠ ʜʨ. [28] ʙʳʣʘ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3], 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʜʣʠʪʝʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ ʢʘʣʠʝʚʳʭ ʠ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ [Ir(NO2)6]
3- ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ (0,1 M ʩʝʨʥʘʷ, ʘʟʦʪʥʘʷ, ʭʣʦʨʥʘʷ ʢʠʩʣʦʪʳ). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʤʠ 

ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ 

ʧʨʠʨʦʜʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʤʝʪʦʜʦʚ, ʫʜʦʙʥʳʭ ʜʣʷ ʥʘʜʝʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ ʬʦʨʤ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ 

ʠʤʝʝʪʩʷ ʜʘʥʥʳʭ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʅʘʚʝʩʢʫ ʩʦʣʠ K3[Ir(NO2)6] ʧʦʤʝʱʘʣʠ ʚ 0,1 ʄ ʨʘʩʪʚʦʨ ʤʠʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʵʪʦʤ 

ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ Ir ʢ H+ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʣʦ 1:3. ʇʦʣʫʯʝʥʥʫ  ʁʩʫʩʧʝʥʟʠʶ ʢʠʧʷʪʠʣʠ ʩ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʜʝʣʝʥʠʝ 

ʙʫʨʦʛʦ ʛʘʟʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ NO2. ʊʘʢ ʢʘʢ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ ʢʘʣʠʷ ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʠʤʳʤ ʚ ʚʦʜʝ ʩʦʝʜʠʥʝʥʠʝʤ, ʪʦ ʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʘʢʚʘʪʘʮʠʠ K3[Ir(NO2)6] ʤʦʞʥʦ ʙʳʣʦ 

ʩʫʜʠʪʴ ʧʦ ʨʘʩʪʚʦʨʝʥʠʶ ʦʩʘʜʢʘ ʩʦʣʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʩʪʚʦʨʳ ʠʤʝʣʠ 



53 

 

ʙʣʝʜʥʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ, ʘ pH ʨʘʩʪʚʦʨʦʚ ʙʳʣ ʚ ʜʠʘʧʘʟʦʥʝ 1ï2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ ʧʦʷʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 260 ʥʤ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ˊ-ˊ* ʧʝʨʝʭʦʜʘʤ ʤʝʞʜʫ NO2-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 

ʦʨʙʠʪʘʣʷʤʠ ʣʠʛʘʥʜʦʚ (ʈʠʩʫʥʦʢ 13ɸ).  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʗʄʈ ʥʘ ʷʜʨʘʭ 15N. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʴ K3[Ir(
15NO2)6] 

(ʠʟʦʪʦʧʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʦ 15N ʧʦʨʷʜʢʘ 95 %), ʢʦʪʦʨʫʶ ʢʠʧʷʪʠʣʠ ʚ ʨʘʩʪʚʦʨʘʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʢʠʩʣʦʪ (ʈʠʩʫʥʦʢ 13ɹ). ʇʦ ʜʘʥʥʳʤ 15N ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʘʙʣʶʜʘʝʤʘʷ ʢʘʨʪʠʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [28]. ɺ ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʘʝʤʳʭ ʨʘʩʪʚʦʨʦʚ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʩʠʛʥʘʣʘ: ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʧʨʠ 14,7 ʤ.ʜ. ʙʳʣ ʦʪʥʝʩʝʥ ʢ ʛʨʘʥ-

[Ir(H2O)3(NO2)3], ʘ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʧʨʠ 0 ʤ.ʜ. ʢ NO3
- ʘʥʠʦʥʫ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ [142]. 

ʇʦʷʚʣʝʥʠʝ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʭʣʦʨʥʦʡ, ʘ ʥʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʧʨʦʪʦʥʦʚ) ʩʚʷʟʘʥʦ ʩ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝʤ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ 

ʟʘʤʝʱʝʥʠʠ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠʨʠʜʠʷ (2-3). ʊʘʢ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʚʩʝ ʪʨʠ ʥʠʪʨʦʣʠʛʘʥʜʘ ʵʢʚʠʚʘʣʝʥʪʥʳ (ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʦʪʠʚ ʤʦʣʝʢʫʣ ʚʦʜʳ), ʪʦ ʚ 

ʩʧʝʢʪʨʝ ʗʄʈ 15N ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʠʥ ʩʠʛʥʘʣ. ʇʨʠ ʵʪʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʠ NO3
- (3 ʢ 1), ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʭʣʦʨʥʦʡ ʠʣʠ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪ, ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʭʝʤʦʡ ʧʨʦʮʝʩʩʘ (2).  

 

[Ir(NO2)6]
3- + 3H+ + 2H2O = [Ir(H2O)3(NO2)3] + 2NOŷ + HNO3 (2) 

3HNO2 = HNO3 + 2NO + H2O  (3) 

 

ɺ ʨʘʙʦʪʝ [28] ʫʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʛʠʜʨʦʣʠʟʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʩʪʚʦʨʦʚ 

ʤʝʪʦʜʦʤ ʗʄʈ ʥʘ ʷʜʨʘʭ 15N ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ. ʊʘʢʦʝ ʩʝʣʝʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʨʝʭ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʚ 

ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʤ ʘʥʠʦʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠʨʠʜʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʪʨʘʥʩ-ʵʬʬʝʢʪʦʤ ʩʦ 

ʩʪʦʨʦʥʳ ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʟʘʤʝʱʝʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʝ NO2-Ir-NO2. ʇʨʠ 

ʵʪʦʤ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ Ir-NO2, ʘ ʪʘʢʞʝ ʩʣʘʙʦʝ ʪʨʘʥʩ-ʚʣʠʷʥʠʝ ʘʢʚʘʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʝ ʠʨʠʜʠʷ(III). ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ ʩʣʫʯʘʝ 

ʙʦʣʝʝ ʣʘʙʠʣʴʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʘʞʝ ʯʝʪʳʨʝʭ ʟʘʤʝʱʝʥʥʦʛʦ [Rh(H2O)4(NO2)2]
+ ʢʦʤʧʣʝʢʩʘ [50].  
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ʈʠʩʫʥʦʢ 13. ɸ) ʋʌ-ɺʀɼ ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ, ʧʦʩʣʝ 5 ʯʘʩʦʚ ʢʠʧʷʯʝʥʠʷ K3[Ir(NO2)6] ʚ 0,1 ʄ 

ʨʘʩʪʚʦʨʝ HClO4, ʉ(Ir) = 3Ŀ10-4 M ɹ) ʉʧʝʢʪʨ ʗʄʈ 15N ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

K3[Ir(
15NO2)6] ʚ 0,1 ʄ ʨʘʩʪʚʦʨʝ HClO4 (C(Ir) = 0,1 M). ʎʠʬʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʥʦʰʝʥʠʶ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] (14,7 ʤ.ʜ.) ʠ NO3
- (0 ʤ.ʜ.). 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ K3[Ir(NO2)6] ʚ ʨʘʩʪʚʦʨʘʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʢʠʩʣʦʪ (5 ʠ ʙʦʣʝʝ ʯʘʩʦʚ) ʚ ʩʧʝʢʪʨʘʭ 15N ʗʄʈ (ʈʠʩʫʥʦʢ 14) ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʜʚʘ 

ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʘ ʧʨʠ 51,7 ʠ 15,6 ʤ.ʜ., ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʫ 

ʠʨʠʜʠʷ ʚʠʜʘ ʮʠʩ-[Ir(NO2)4(H2O)2]
- [142]. ɺ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʜʚʘ ʥʠʪʨʦʣʠʛʘʥʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʢʦʦʨʜʠʥʘʪʝ ʥʠʪʨʠʪ-ʥʠʪʨʠʪ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʜʚʘ ʧʨʦʪʠʚ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ 

ʩʠʛʥʘʣʘʤ ʨʘʚʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʩʧʝʢʪʨʝ ʗʄʈ ʥʘ ʷʜʨʘʭ 15N. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʭʨʘʥʝʥʠʝ 

ʵʪʦʡ ʬʦʨʤʳ ʚ ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʩʣʦʪʳ. ʇʦʷʚʣʝʥʠʝ ʮʠʩ-

[Ir(NO2)4(H2O)2]
- ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʪʫʧʝʥʯʘʪʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʝʘʢʮʠʠ ʦʪʱʝʧʣʝʥʠʷ ʥʠʪʨʦʣʠʛʘʥʜʦʚ 

ʦʪ ʠʩʭʦʜʥʦʛʦ ʛʝʢʩʘʥʠʪʨʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚʩʝ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ 

ʠʨʠʜʠʷ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʢʠʧʷʯʝʥʠʝʤ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪʘʭ, ʥʘʤ 

ʥʝ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʤʦʥʦʟʘʤʝʱʝʥʥʳʡ ʧʝʥʪʘʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩ ʠʨʠʜʠʷ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʙʳʩʪʨʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʜʠ- ʠ ʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʳ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʤʝʪʦʜ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 15N ʚ ʩʣʫʯʘʝ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʥʝʩʝʪ ʙʦʛʘʪʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ ʠ ʷʚʣʷʝʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ, ʦʥ ʪʨʝʙʫʝʪ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʦʙʦʛʘʱʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ 

ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʨʷʤʳʭ ʜʘʥʥʳʭ ʦ ʙʨʫʪʪʦ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʇʦʵʪʦʤʫ, ʩ ʮʝʣʴʶ ʜʦʧʦʣʥʝʥʠʷ ʠ 
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ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʳ ʧʨʦʚʝʣʠ ʧʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ɸʅʂ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʣʘʩʴ ʠʥʪʝʥʩʠʚʥʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʭʦʜʝ ʠʦʥʠʟʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʭʦʜʥʦʤ ʙʨʫʪʪʦ 

ʩʦʩʪʘʚʝ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ɸʅʂ 

ʷʚʣʷʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ (T = 50-100Áʉ) ʠ ʥʝʚʳʩʦʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʬʨʘʛʤʝʥʪʦʨʝ (50ï100 ɺ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʬʦʨʤ ʠʨʠʜʠʷ 

ʚʠʜʘ [Ir(H2O)6-n(NO2)n]
n-3, ʛʜʝ n = 6-4, ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʘʢʚʘʪʘʮʠʠ - ʛʨʘʥ-[Ir(H2O)3(NO2)3] 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʧʦʵʪʦʤʫ ʚʩʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ 

ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʘʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʨʦʜʫʢʪʘʤ ʦʪʱʝʧʣʝʥʠʷ ʠʣʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢ ʵʪʦʤʫ ʢʦʤʧʣʝʢʩʫ (ʈʠʩʫʥʦʢ 15). 

 

 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʩʪʚʦʨʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʚ 0,1 ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ, ʚ ʥʝʛʘʪʠʚʥʦʡ ʤʦʜʝ ʤʘʩʩ-ʩʧʝʢʪʨʘ 

ʜʦʤʠʥʠʨʦʚʘʣʠ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʘʜʜʫʢʪʘʤ 

ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʠʨʠʜʠʷ ʩ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʤ {[Ir(H2O)3(NO2)3](NO3)}  (446 ʛ/ʤʦʣʴ), ʠ ʥʠʪʨʘʪʦʤ 

ʢʘʣʠʷ (547, 648, 749 ʛ/ʤʦʣʴ). ɺ ʩʣʫʯʘʝ ʩʧʝʢʪʨʦʚ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʦʜʝ ʥʝ ʫʜʘʚʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ 

ʢʘʢʠʭ-ʣʠʙʦ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʬʦʨʤʘʤ 

 

ʈʠʩʫʥʦʢ 14. ʉʧʝʢʪʨʳ ʗʄʈ 15N ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(NO2)3(H2O)3], ʧʦʣʫʯʝʥʥʳʭ ʚ 0,1 ʄ NH2SO3H 

ʠ HClO4, ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3], 

ʢʨʘʩʥʳʤ - ʮʠʩ-[Ir(NO2)4(H2O)2]
-
. ʉʧʝʢʪʨ ʜʣʷ ʨʘʩʪʚʦʨʘ ʩ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩʜʚʠʥʫʪ ʥʘ 5 

ʤ.ʜ. ʜʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ. ʉ(Ir) = 0,15 M 
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ɸʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʘʢʚʘʪʘʮʠʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ. 

 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʘʙʦʪʝ [28] ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʚʝʩʢʠ K3[Ir(NO2)6] ʚ 

ʨʘʩʪʚʦʨʘʭ 0,1 ʄ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ (ʘʟʦʪʥʘʷ, ʭʣʦʨʥʘʷ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʳ) ʪʨʝʙʫʝʪʩʷ ʧʦʨʷʜʢʘ 

ʦʜʥʦʛʦ ʯʘʩʘ, ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʛʨʝʚʘʪʴ ʩʤʝʩʴ ʚ 

ʪʝʯʝʥʠʝ 4-5 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʩʤʝʩʠ. ʇʨʠʯʝʤ ʜʘʞʝ ʧʝʨʝʭʦʜ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʛʠʜʨʦʣʠʟʘ K3[Ir(NO2)6]. ɼʘʞʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ 140 Üʉ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʨʷʜʢʘ 3ï4 ʯʘʩʦʚ 

ʥʘʛʨʝʚʘʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʚʘ ʬʘʢʪʦʨʘ, ʣʠʤʠʪʠʨʫʶʱʠʭ 

ʘʢʚʘʪʘʮʠʶ ʥʠʪʨʦʢʦʤʧʣʝʢʩʘ: ʘ) ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʘʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʜʝ ʠ ʙ) ʤʘʣʘʷ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʘʢʚʘʪʘʮʠʠ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʬʘʢʪʦʨ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʢʘʣʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦʡ ʚ ʚʦʜʝ ʩʦʣʠ Na3[Ir(NO2)6].  

ʇʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʥʘʪʨʠʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʨʘʩʪʚʦʨʝ, ʪʦ ʟʘ ʭʦʜʦʤ 

ʘʢʚʘʪʘʮʠʠ ʙʳʣʦ ʫʜʦʙʥʦ ʩʣʝʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʧʦ ʥʘʨʘʩʪʘʥʠʶ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 260 ʥʤ. ʇʨʠʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

 

ʈʠʩʫʥʦʢ 15. ʄʘʩʩ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʧʦʣʫʯʝʥʥʦʛʦ ʢʠʧʷʯʝʥʠʝʤ ʩʫʩʧʝʥʟʠʠ 

K3[Ir(NO2)6] ʚ 0,1 ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. 
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(ʈʠʩʫʥʦʢ 16). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʘʢʚʘʪʘʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʙʳʣ ʦʛʨʘʥʠʯʝʥ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʨʝʘʛʝʥʪʦʚ, ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ (ʚʳʭʦʜ ʢʨʠʚʦʡ ʥʘ ʧʣʘʪʦ), ʢʘʢ ʠ 

ʨʘʥʝʝ, ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʨʷʜʢʘ 4ï5 ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʥʠʷ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʷʚʣʝʥʠʶ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʨʘʩʪʚʦʨʝ, 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ, ʥʦ ʯʝʪʢʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʤ ʫʩʪʘʥʦʚʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ.  

 

 

ʈʠʩʫʥʦʢ 16. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ Na3[Ir(NO2)6] 

ʚ 0,1 ʄ HClO4 (C(Ir) = 3Ā10-4 M). 

 

ʊʘʢʞʝ ʧʨʦʮʝʩʩ ʘʢʚʘʪʘʮʠʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʥʘʪʨʠʷ ʙʳʣ ʠʟʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 15N. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʧʦʩʣʝ 15 ʤʠʥʫʪ, 1 ʯʘʩʘ ʠ 5 

ʯʘʩʦʚ ʢʠʧʷʯʝʥʠʷ Na3[Ir(
15NO2)6] ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. ʇʦʩʣʝ 15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʚ 

ʗʄʈ ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 7 ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʘʤ ʠʨʠʜʠʷ ʠ NO3
- ʘʥʠʦʥʫ (0 ʤ.ʜ.) (ʈʠʩʫʥʦʢ 17). ʉʠʛʥʘʣ ʧʨʠ 55,8 ʤ.ʜ. 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʠʩʭʦʜʥʦʤʫ ʘʥʠʦʥʫ [Ir(NO2)6]
3-, ʘ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ ʧʨʠ 14,7 ʤ.ʜ. - 

ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʠʠ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ʉʠʛʥʘʣʳ ʧʨʠ 15,6 ʠ 51,7 ʤ.ʜ. ʦʪʥʝʩʝʥʳ ʢ 

ʬʦʨʤʝ ʮʠʩ-[Ir(H2O)2(NO2)4]
-. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʵʪʦʡ ʬʦʨʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʦʮʝʥʠʪʴ ʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʪʠʭ ʩʠʛʥʘʣʦʚ. ʆʥʦ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʦ 1, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʛʝʦʤʝʪʨʠʝʡ ʜʣʷ ʮʠʩ-[Ir(H2O)2(NO2)4]
-. ɼʚʘ ʦʩʪʘʚʰʠʭʩʷ ʩʠʛʥʘʣʘ ʧʨʠ 17,4 ʠ 52,6 

ʤ.ʜ., ʫʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ (1 ʢ 4), ʘ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʝʝ ʩʣʘʙʦʛʦ ʧʦʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʨʠ- ʠ ʜʠ-ʟʘʤʝʱʝʥʥʳʤ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘʤ ʠʨʠʜʠʷ, ʙʳʣʠ 

ʦʪʥʝʩʝʥʳ ʢ ʬʦʨʤʝ [Ir(H2O)(NO2)5]
2-.  
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ʇʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʥʘʪʨʠʷ (1 ʯʘʩ), ʚ ʩʧʝʢʪʨʝ 

ʗʄʈ 15N ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʣ ʩʠʛʥʘʣ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʫ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʬʦʨʤ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʨʘʩʪʚʦʨʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʣʦʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʩʪʘʥʦʚʠʣʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ (5 ʯʘʩʦʚ) ʧʨʠʙʣʠʞʘʣʘʩʴ ʢ 100%. 

 

 

ʈʠʩʫʥʦʢ 17. ʉʧʝʢʪʨʳ ʗʄʈ15N ʨʘʩʪʚʦʨʘ Na3[Ir(
15NO2)6] ʚ 0,1ʄ HNO3 ʧʦʩʣʝ ʘ) 15 ʤʠʥʫʪ, ʙ) 1 

ʯʘʩʘ ʠ ʚ) 5 ʯʘʩʦʚ ʢʠʧʷʯʝʥʠʷ. ɻʦʣʫʙʦʡ ʮʚʝʪ - ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʢʨʘʩʥʳʡ - ʮʠʩ-

[Ir(NO2)4(H2O)2]
-, ʟʝʣʝʥʳʡ - [Ir(H2O)(NO2)5]

2-, ʬʠʦʣʝʪʦʚʳʡ - [Ir(NO2)6]
3-. ʉʤʝʱʝʥʠʝ ʩʧʝʢʪʨʦʚ 

ʦʪʥʦʩʠʪʝʣɹʥʦ ʘ) ʩʦʩʪʘʚʣʷʝʪ 5 ʤ.ʜ ʠ 10 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ(Ir)=0,15M 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʥʘʪʨʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʘʞʝ ʚ 

ʩʣʫʯʘʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʢʠʧʷʯʝʥʠʝ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ(III) 

ʣʠʤʠʪʠʨʫʝʪʩʷ ʥʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʝʛʦ ʩʦʣʝʡ, ʘ ʩʚʷʟʘʥʘ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. 

ɼʘʣʝʝ, ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɽʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ ʜʣʷ ʥʘʩ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʦ ʧʨʦʤʦʪʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʩ 

ʩʫʣʴʬʘʤʠʥʘʪ-ʘʥʠʦʥʦʤ (4).  

[Ir(NO2)6]
3- + 3NH2SO3H = [Ir(H2O)3(NO2)3] + 3HSO4

-
 + 3N2ŷ  (4) 

ʆʜʥʘʢʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʟʘʤʝʥʘ ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ K3[Ir(NO2)6], ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʪʘʢʞʝ 
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ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʨʷʜʢʘ 4ï5 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʷʯʝʥʠʷ ʩʫʩʧʝʥʟʠʠ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʨʘʩʪʚʦʨʳ, 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʠʤʝʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ, ʘ pH 

ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1ï2. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʭʦʜʝ ʢʠʧʷʯʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʫʨʦʛʦ ʛʘʟʘ NO2, ʢʘʢ ʵʪʦ ʙʳʣʦ ʨʘʥʝʝ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʧʨʦʪʝʢʘʥʠʠ 

ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʗʄʈ ʥʘ ʷʜʨʘʭ 15N ʜʣʷ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʬʦʨʤʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] (14,7 ʤ.ʜ.) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 

18), ʦʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʨʘʩʪʚʦʨʘʭ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʬʦʨʤʘ ʮʠʩ-[Ir(H2O)2(NO2)4]
- 

(ʈʠʩʫʥʦʢ 14). ʇʨʠ ʵʪʦʤ, ʚ ʩʧʝʢʪʨʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʚʦʙʦʜʥʦʤʫ 

ʥʠʪʨʘʪ-ʘʥʠʦʥʘ (0 ʤ.ʜ,), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝʤ NO2
- ʣʠʛʘʥʜʦʚ ʠ ʩʫʣʴʬʘʤʠʥʘʪ-

ʘʥʠʦʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ N2, ʧʨʠ ʵʪʦʤ ʚ ʨʘʩʪʚʦʨʝ ʥʘʢʘʧʣʠʚʘʣʩʷ ʛʠʜʨʦʩʫʣʴʬʘʪ-

ʘʥʠʦʥ.  

ɺ ʩʣʫʯʘʝ ʩʝʨʥʦʡ ʠ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʭʨʘʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʝ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ ʵʪʠʤʠ 

ʢʠʩʣʦʪʘʤʠ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 15N (ʈʠʩʫʥʦʢ 18). ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʜʘʞʝ ʩʧʫʩʪʷ ʛʦʜ ʭʨʘʥʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʝʨʥʦʡ ʠ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ ʙʳʣ ʪʘʢʞʝ ʦʧʠʩʘʥ ʠ 

ʜʣʷ ʜʨʫʛʠʭ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʄʇɻ [50]. 

 

 

ʈʠʩʫʥʦʢ 18. ʉʧʝʢʪʨʳ ʗʄʈ 15N ʜʣʷ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

NH2SO3H. ʘ) ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ, ʙ) ʨʘʩʪʚʦʨ ʧʦʩʣʝ 3 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʧʝʢʪʨ ʙ) ʩʤʝʱʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘ) ʥʘ 5 ʤ.ʜ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ, ʘʤʤʦʥʠʡʥʘʷ ʩʦʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʡ ʘʥʘʣʦʛ ʩʠʩʪʝʤʳ ʄ3[Ir(NO2)6]+NH2SO3H. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʘʪʠʦʥʳ ʘʤʤʦʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʥʠʪʨʦʣʠʛʘʥʜʘʤʠ, 

ʠʩʭʦʜʷ ʠʭ ʯʝʛʦ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ (5). 

 

(NH4)3[Ir(NO2)6] Ÿ [Ir(H2O)3(NO2)3] + 3N2ŷ + 3H2O  (5) 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ (NH4)3[Ir(NO2)6] ʤʳ ʦʞʠʜʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʪʣʠʯʠʷ ʭʘʨʘʢʪʝʨʘ 

ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʦ ʚʳʥʝʩʝʥʦ ʚ ʦʪʜʝʣʴʥʳʡ ʨʘʟʜʝʣ. 

 

3.3.2. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʧʫʪʝʤ ʛʠʜʨʦʣʠʟʘ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʘʤʤʦʥʠʷ 

3.3.2.1 ɻʠʜʨʦʣʠʟ (NH4)3[Ir (NO2)6] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ɼʣʷ ʥʘʯʘʣʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘ (NH4)3[Ir(NO2)6] ʧʨʦʚʦʜʠʣʠ ʚ 0,1ʄ ʨʘʩʪʚʦʨʝ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʩʤʝʩʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠ ʁ ʩ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʤ ʢʘʣʠʷ ʨʘʩʪʚʦʨʝʥʠʝ ʩʦʣʠ (NH4)3[Ir(NO2)6] ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ. 

ʊʘʢ, ʫʞʝ ʧʦʩʣʝ 15ï20 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʦʪʦʨʦʛʦ, ʦʜʥʘʢʦ, ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʙʝʣʦʛʦ ʦʩʘʜʢʘ (NH4)3[Ir(NO2)6] (ʧʦ 

ʜʘʥʥʳʤ ʈʌɸ). ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ, (1ï2 ʯʘʩʘ) ʧʨʦʠʩʭʦʜʠʣʦ ʩʣʘʙʦʝ ʠʟʤʝʥʝʥʠʝ 

ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʩ ʙʝʩʮʚʝʪʥʦʡ ʥʘ ʙʣʝʜʥʦ-ʞʝʣʪʫʶ, ʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʫʞʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʚʳʧʘʜʝʥʠʝ (NH4)3[Ir(NO2)6]. ɼʘʣʝʝ, ʜʣʷ ʫʜʦʙʩʪʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʢʚʘʪʘʮʠʠ (NH4)3[Ir(NO2)6] ʚ 

ʨʘʩʪʚʦʨʘʭ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʮʳ ʙʫʜʫʪ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ɸʅʂ_HNO3. 

ʇʦ ʜʘʥʥʳʤ 15N ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʩʣʝ 15 ʤʠʥʫʪ ʢʠʧʷʯʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ɸʅʂ_HNO3 

(ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠʟ ʩʦʣʠ (NH4)3[Ir(
15NO2)6] ʩ ʠʟʦʪʦʧʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʧʦ 15N = 23 

ʘʪ.%) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 6 ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʦʚ: ʧʨʠ 14,7 ʤ.ʜ. (ʛʨʘʥ-[Ir(H2O)3(NO2)3]), 15,6 ʠ 

57,6 ʤ.ʜ. (ʮʠʩ-[Ir(H2O)2(NO2)4]
-), 17,4 ʠ 52,6 ʤ.ʜ., ʦʪʥʦʩʷʱʠʝʩʷ ʢ [Ir(H2O)(NO2)5]

2-, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣ 

ʧʨʠ 0 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ NO3
- ʘʥʠʦʥʫ (ʈʠʩʫʥʦʢ 19ɸ). ʈʘʥʝʝ ʵʪʠ ʞʝ ʩʠʛʥʘʣʳ ʥʘʙʣʶʜʘʣʠ ʚ 

ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ Na3[Ir(NO2)6] ʧʦʩʣʝ ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʦʮʝʜʫʨʳ ʢʠʧʷʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʨʘʩʪʚʦʨʝ ɸʅʂ_HNO3 ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʠʛʥʘʣ ʧʨʠ 55,8 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʫ, ʧʦʩʢʦʣʴʢʫ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ ʘʤʤʦʥʠʷ ʧʨʠ 

ʦʩʪʳʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣ ʚ ʦʩʘʜʦʢ. 
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ʇʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ 15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʨʘʩʪʚʦʨ ɸʅʂ_HNO3 ʪʘʢʞʝ ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɺ ʜʠʘʧʘʟʦʥʝ 300ï1000 m/z ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʨʘʩʪʚʦʨʦʚ 

ɸʅʂ_HNO3 (ʘʥʠʦʥʥʘʷ ʤʦʜʘ) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʛʨʫʧʧʳ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʥʦ 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʠʟʦʪʦʧʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ (ʠʨʠʜʠʡ ʠʤʝʝʪ ʜʚʘ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʘ: 191Ir 37,3 ʘʪ. 

% ʠ 193Ir 62,7 ʘʪ. %) ʦʪʥʦʩʷʪʩʷ ʢ ʯʘʩʪʠʮʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʦʜʠʥ (350ï450 m/z) ʠʣʠ ʜʚʘ (650ï800 

m/z) ʘʪʦʤʘ ʠʨʠʜʠʷ (ʈʠʩʫʥʦʢ 21ɸ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʪʚʦʨʦʚ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʝʥʠʝʤ ʩʦʣʝʡ 

Na3[Ir(NO2)6] ʠ ʂ3[Ir(NO2)6], ʜʣʷ ɸʅʂ_HNO3 ʥʘʙʣʶʜʘʣʘʩʴ ʙʦʣʝʝ ʩʠʣʴʥʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʚʳʨʘʞʘʣʦʩʴ ʚ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ 

ʥʘʙʣʶʜʘʝʤʳʭ ʘʜʜʫʢʪʘʭ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ɸʅʂ_HNO3, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ 15 ʤʠʥʫʪ ʢʠʧʷʯʝʥʠʷ, ʚ ʦʙʣʘʩʪʠ 360-460 m/z ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʝʨʠʷ 

ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʬʨʘʛʤʝʥʪʘʤ ɸʅʂ, ʪʘʢʠʤ ʢʘʢ {[Ir(NO2)4]
-}, 

{[ Ir(NO2)5(H3O)]-} {[ Ir(NO2)3(H2O)](NO3)
-} (ʈʠʩʫʥʦʢ 19ɹ).  

 

 

ʈʠʩʫʥʦʢ 19. ɸ) ʉʧʝʢʪʨʳ ʗʄʈ 15N ʨʘʩʪʚʦʨʦʚ ɸʅʂ_HNO3, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ʪʝʯʝʥʠʝ ʘ) 15 ʤʠʥʫʪ, ʙ) 1 ʯʘʩʘ ʠ ʚ) 5 ʯʘʩʦʚ. ɹ) ʄʘʩʩ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ɸʅʂ_HNO3, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ 15 ʤʠʥʫʪ ʢʠʧʷʯʝʥʠʷ. ɻʦʣʫʙʦʡ ʮʚʝʪ - ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʠʣʠ ʝʛʦ 

ʬʨʘʛʤʝʥʪʳ, ʢʨʘʩʥʳʡ - ʮʠʩ-[Ir(H2O)2(NO2)4]
-, ʟʝʣʝʥʳʤ - [Ir(H2O)(NO2)5]

2-. 

 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʢʠʧʷʯʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_HNO3 (ʚ ʪʝʯʝʥʠʝ 1 ʠ 5 ʯʘʩʦʚ) ʧʦ ʜʘʥʥʳʤ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 15N ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʩʥʘʯʘʣʘ ʩʠʛʥʘʣʦʚ ʦʪ 

ʤʦʥʦʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ [Ir(H2O)(NO2)5]
2-, ʘ ʟʘʪʝʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʮʠʩ-[Ir(H2O)2(NO2)4], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʛʥʘʣ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩʪʘʥʦʚʠʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʚ ʩʧʝʢʪʨʝ (ʈʠʩʫʥʦʢ 19ɸ). ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʥʘ ʨʷʜʫ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʩʠʛʥʘʣʦʤ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʘ, ʚ ʩʧʝʢʪʨʝ ʤʦʞʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʠʪʴ ʪʨʠ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʭ 
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ʩʠʛʥʘʣʘ (ʤʝʥʝʝ 5% ʦʪ ʦʙʱʝʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʠ 39, 30 ʠ 12 ʤ.ʜ., 

ʦʪʥʝʩʝʥʠʝ ʢʦʪʦʨʳʭ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ. 

 

3.3.2.2. ɻʠʜʨʦʣʠʟ (NH4)3[Ir(NO 2)6] ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʚ ʩʣʫʯʘʝ ʘʤʤʦʥʠʡʥʦʡ ʩʦʣʠ ʧʝʨʝʭʦʜ ʢ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʧʨʠʚʝʣ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ ʘʢʚʘʪʘʮʠʠ. 

ʈʘʩʪʚʦʨʝʥʠʝ (NH4)3[Ir(NO2)6] ʥʘʙʣʶʜʘʣʦʩʴ ʫʞʝ ʧʦʩʣʝ 10ï15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ 120 Üʉ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʦʡ ʦʢʨʘʩʢʦʡ, ʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʘʤʤʦʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_HNO3 ʤʝʪʦʜʦʤ 

ʗʄʈ ʥʘ ʷʜʨʘʭ 15N ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʞʝ ʧʦʩʣʝ 15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ 120ÁC, ʜʦʤʠʥʠʨʫʶʱʝʡ 

ʬʦʨʤʦʡ ʠʨʠʜʠʷ ʚ ʨʘʩʪʚʦʨʝ ʷʚʣʷʣʩʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʥʘ ʨʷʜʫ ʩ ʵʪʠʤ ʚ ʩʧʝʢʪʨʝ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʩʠʛʥʘʣʳ ʬʦʨʤʳ ʮʠʩ-[Ir(H2O)2(NO2)4]
-, ʦʜʥʘʢʦ ʜʦʣʷ ʵʪʦʡ ʬʦʨʤʳ ʫʞʝ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 15 % (ʈʠʩʫʥʦʢ 20ɸ). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʩʠʛʥʘʣʳ ʦʪ 

ʪʝʪʨʘʥʠʪʨʦʜʠʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʣʠ.  

 

 

ʈʠʩʫʥʦʢ 20. ɸ) ʉʧʝʢʪʨʳ 15N ʗʄʈ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_HNO3, ʥʘʛʨʝʪʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 120 Üʉ ʚ 

ʪʝʯʝʥʠʝ ʘ) 15 ʤʠʥʫʪ ʠ ʙ) 1 ʯʘʩʘ. ɹ) ʉʧʝʢʪʨʳ ʗʄʈ 15N ʨʘʩʪʚʦʨʦʚ ɸʅʂ_HNO3 (120 Áʉ, 1 ʯʘʩ) ʘ) 

Ir:H+ = 1:1, ʙ) 1:2, ʚ) 1:3. ɻʦʣʫʙʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥ-

[Ir(H2O)3(NO2)3], ʢʨʘʩʥʳʤ - ʮʠʩ-[Ir(NO2)4(H2O)2]
-, ʟʝʣʝʥʳʤ ï NO3

-. ʎʠʬʨʘʤʠ ʦʪʤʝʯʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. ʅʘʯʠʥʘʷ ʦʪ ʘ) ʩʧʝʢʪʨʳ ʩʤʝʱʝʥʳ ʥʘ 4 

ʤ.ʜ. 

 



63 

 

ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ɸʅʂ_HNO3, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ 15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢʘʢ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʫ, ʪʘʢ ʠ ʮʠʩ-[Ir(H2O)2(NO2)4]
- 

(ʈʠʩʫʥʦʢ 21ɸ,ɺ), ʘ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʠʩʯʝʟʥʦʚʝʥʠʝ ʩʠʛʥʘʣʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʠʘʢʚʘʢʦʤʧʣʝʢʩʫ ʠʨʠʜʠʷ. 

 

 

ʈʠʩʫʥʦʢ 21. ʕʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ɸʅʂ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʩʦʣʠ 

(NH4)3[Ir(NO2)6]. ɸ) ʄʘʩʩ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ɸʅʂ_HNO3 (120 Áʉ, 1 ʯʘʩ), ʚʳʜʝʣʝʥʥʳʝ ʩʠʛʥʘʣʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʳʤ ʘʜʜʫʢʪʘʤ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ʅʘ ʨʠʩʫʥʢʘʭ ɹ) ʠ ɺ) 

ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_H2O ʠ ɸʅʂ_HNO3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʠʚʳʝ ʘ - 15 ʤʠʥʫʪ 

ʥʘʛʨʝʚʘʥʠʷ, ʢʨʠʚʳʝ ʙ ï 5 ʯʘʩʦʚ ʥʘʛʨʝʚʘʥʠʷ ʜʣʷ ɸʅʂ_H2O ʠ 1 ʯʘʩ ʜʣʷ ɸʅʂ_HNO3. ʉʚʝʪʣʦ-

ʩʝʨʳʡ ʮʚʝʪ ï ʧʨʦʜʫʢʪʳ ʬʨʘʛʤʝʥʪʘʮʠʠ ʛʨʘʥ-[Ir(H 2O)3(NO2)3], ʪʝʤʥʦ-ʩʝʨʳʡ - ʮʠʩ-[Ir(H2O)2(NO2)4]
- 

 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʨʘʞʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Ir:H+ ʚ ʨʘʩʪʚʦʨʝ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ 100 ʤʛ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 Üʉ 
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ʪʨʝʙʦʚʘʣʦʩʴ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ ʜʣʷ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠʨʠʜʠʷ ʢ ʢʠʩʣʦʪʝ ʨʘʚʥʳʭ 1:3 ʠ 1:1 

(ʦʢʦʣʦ 15 ʤʠʥʫʪ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_HNO3 ʤʝʪʦʜʦʤ ʗʄʈ 15N ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʨʠʜʠʷ ʢ ʢʠʩʣʦʪʝ ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʨʘʩʪʚʦʨʝ (ʈʠʩʫʥʦʢ 20ɹ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʦʧʦʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʣʠʟʘ 

(NH4)3[Ir(NO2)6] ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʠʤʝʶʪ ʤʝʩʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʢʚʘʪʘʮʠʷ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʘ 

ʧʦ ʨʝʘʢʮʠʠ (2), ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʫʨʦʛʦ ʛʘʟʘ NO2, ʠ ʨʝʘʢʮʠʷ 

ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʘʤʤʦʥʠʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (5). 

ʉʘʤ ʧʨʦʮʝʩʩ ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʦʚ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʩʦʝʜʠʥʝʥʠʷ 

(NH4)3[Ir(NO2)6] ʥʝ ʜʦʣʞʝʥ ʪʨʝʙʦʚʘʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʢʠʩʣʦʪ, ʧʦʵʪʦʤʫ ʤʳ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʚʦʜʝ, ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʠʩʣʦʪ. ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʪʘʢʠʝ ʨʘʩʪʚʦʨʳ ʙʫʜʫʪ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ɸʅʂ_H2O. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʩʪʚʦʨʝʥʠʝ (NH4)3[Ir(NO2)6] ʧʨʦʠʩʭʦʜʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʨʠʯʝʤ, ʥʘʙʣʶʜʘʣʘʩʴ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʨʘʩʪʚʦʨʝʥʠʷ (NH4)3[Ir(NO2)6] ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140ÁC ʨʘʩʪʚʦʨʝʥʠʝ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʘʤʤʦʥʠʷ (100 ʤʛ) ʧʨʦʪʝʢʘʣʦ ʟʘ ʦʜʠʥ ʯʘʩ, ʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

120Áʉ ʥʘ ʵʪʦ ʪʨʝʙʦʚʘʣʦʩʴ ʫʞʝ ʧʦʨʷʜʢʘ 4ï5 ʯʘʩʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ɸʅʂ_HNO3 ʨʘʩʪʚʦʨʦʚ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ NO2. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʝʘʢʮʠʠ ʨʅ 

ʨʘʩʪʚʦʨʦʚ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,5ï3,5, ʘ ʩʘʤʠ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʤ ʞʝʣʪʳʤ 

ʮʚʝʪʦʤ, ʯʝʤ ɸʅʂ_HNO3 ʨʘʩʪʚʦʨʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʘʢʚʘʪʘʮʠʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ 

ʘʤʤʦʥʠʷ ʚ ʚʦʜʝ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʩʪʚʦʨʳ ɸʅʂ_H2O, ʧʦʣʫʯʝʥʥʳʝ ʥʘʛʨʝʚʘʥʠʝʤ ʚʦʜʥʦʡ 

ʩʫʩʧʝʥʟʠʠ (NH4)3[Ir(NO2)6] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140 
Üʉ ʠ ʚʳʜʝʨʞʘʥʥʳʝ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʠ 5 ʯʘʩʦʚ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʘ.  

ɺ ʩʧʝʢʪʨʝ ʗʄʈ 15N ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ 15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10ï60 ʤ.ʜ. (ʈʠʩʫʥʦʢ 22). ʉʦʝʜʠʥʝʥʠʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3] 

ʢʘʢ ʠ ʨʘʥʝʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ, ʢʨʦʤʝ ʪʦʛʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʥʪʝʥʩʠʚʥʳʝ 

ʩʠʛʥʘʣʳ ʮʠʩ-[Ir(H2O)2(NO2)4]
-, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣ ʧʨʠ 0 ʤ.ʜ. ʦʪ ʩʚʦʙʦʜʥʳʭ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ. ʇʨʠ ʵʪʦʤ 

ʩʠʛʥʘʣʦʚ ʧʝʥʪʘʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʚ ʩʧʝʢʪʨʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʆʩʪʘʣʴʥʳʝ ʩʠʛʥʘʣʳ, 

ʨʘʥʝʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʝ ʙʳʣʠ, ʠ ʩʫʜʷ ʧʦ ʠʭ ʧʦʣʦʞʝʥʠʶ ʚ ʩʧʝʢʪʨʝ (20-40 ʤ.ʜ.) ʦʥʠ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʬʦʨʤʘʤ [Ir(H2O)6-n(NO2)n]
3-n. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʨʠ 39, 30 ʠ 12 ʤ.ʜ., ʨʘʥʝʝ ʦʥʠ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ɸʅʂ_HNO3 ʨʘʩʪʚʦʨʘʭ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ɸʅʂ_H2O ʨʘʩʪʚʦʨʦʚ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ.  
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ɹʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʥʘʛʨʝʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_H2O (5 ʯ, 140Áʉ), ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʥʘ 15N, 

ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʜʦʣʶ ʬʦʨʤʳ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʨʘʩʪʚʦʨʝ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʨʠ 14,7 ʤ.ʜ., ʦʜʥʘʢʦ, ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʚ 

ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ʩʦʭʨʘʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʠʛʥʘʣʳ ʜʠʘʢʚʘʢʦʤʧʣʝʢʩʘ ʮʠʩ-[Ir(H2O)2(NO2)4]
-. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ ʥʘ ʷʜʨʘʭ 14N ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

ɸʅʂ_H2O ʧʦʩʣʝ 5 ʯʘʩʦʚ ʥʘʛʨʝʚʘʥʠʷ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʠʛʥʘʣ ʩ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʚʠʥʪʝʪʘ ʧʨʠ -

357 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʪʠʦʥʫ ʘʤʤʦʥʠʷ (ʇʨʠʣʦʞʝʥʠʝ 5). 

 

 

ʈʠʩʫʥʦʢ 22. ʉʧʝʢʪʨʳ ʗʄʈ 15N ʜʣʷ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_H2O (140 Üʉ) ʧʦʩʣʝ ʘ) 15 ʤʠʥʫʪ ʠ ʙ) 5 

ʯʘʩʦʚ ʥʘʛʨʝʚʘʥʠʷ. ɻʦʣʫʙʦʡ ʮʚʝʪ - ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʢʨʘʩʥʳʤ - ʮʠʩ-[Ir(NO2)4(H2O)2]
-, 

ʢʨʘʩʥʳʡ - ʮʠʩ-[Ir(H2O)2(NO2)4]
-. ʐʠʨʦʢʠʝ ʛʦʣʫʙʳʝ ʧʦʣʦʩʳ ï ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʚ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘʭ 

ʠʨʠʜʠʷ. 

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʢʥʠʛʝ ʌʝʜʦʪʦʚʘ [142], ʩʠʛʥʘʣʳ ʥʠʪʨʦʣʠʛʘʥʜʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 15N ʗʄʈ ʩʧʝʢʪʨʘʭ ɸʅʂ_H2O ʨʘʩʪʚʦʨʦʚ, ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʚ ʜʚʝ ʛʨʫʧʧʳ. 

ɺ ʜʠʘʧʘʟʦʥʝ ʦʪ 40 ʜʦ 70 ʤ.ʜ. ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ NO2
- ʣʠʛʘʥʜʘʤ ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʠ ʢ ʜʨʫʛʠʤ ʥʠʪʨʦʣʠʛʘʥʜʘʤ, ʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 20 ʤ.ʜ. ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʛʥʘʣʳ ʦʪ NO2
- ʣʠʛʘʥʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʘʢʚʘʣʠʛʘʥʜʘʤ. 

ʇʝʨʝʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ (20-40 ʤ.ʜ.) ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʭʫʞʝ, ʥʦ ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʧʠʩʘʥʳ NO2
- ʣʠʛʘʥʜʘʤ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʧʨʦʪʠʚ 
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ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʦʚ [28]. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʦʷʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʥʘʧʨʦʪʠʚ ʥʠʪʨʠʪʦʣʠʛʘʥʜʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʨʠʜʠʷ ʚ ʙʠ- ʠʣʠ ʧʦʣʠʷʜʝʨʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʘʭ. ʇʨʠʤʝʨʳ 

ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ ʧʣʘʪʠʥʳ [143,144]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʩʠʛʥʘʣʳ ʧʨʠ 39, 30 ʠ 12 ʤ.ʜ ʤʦʛʫʪ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʜʫʢʪʘʤ 

ʢʦʥʜʝʥʩʘʮʠʠ ɸʅʂ ï ʧʦʣʠʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʩ ʤʦʩʪʠʢʦʚʳʤʠ OH- ʠʣʠ NO2
- ʣʠʛʘʥʜʘʤʠ. 

ʇʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʜʣʷ ɸʅʂ_H2O (15 ʤʠʥʫʪ, 140 Üʉ) ʚ ʦʙʣʘʩʪʷʭ 350-450 m/z, 

ʠ 650-800 m/z, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʪʩʷ ʢ ʘʜʜʫʢʪʘʤ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] (ʈʠʩʫʥʦʢ 21ɹ,ʊʘʙʣʠʮʘ 6). ʊʘʢʞʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʦʜʫʢʪ rʬʨʘʛʤʝʥʪʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ ʮʠʩ-[Ir(H2O)2(NO2)4]
-, ʧʨʠ ʵʪʦʤ ʬʨʘʛʤʝʥʪʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʬʦʨʤʳ [Ir(H2O)(NO2)5]

2- 

ʠ [Ir(H2O)4(NO2)2]
+ (ʩʧʝʢʪʨ r ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʦʜʳ) ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʩʣʝ 15 ʤʠʥʫʪ, ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ɸʅʂ_H2O ʧʦʩʣʝ 5 ʯʘʩʦʚ ʥʘʛʨʝʚʘʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʣʠ ʩʠʛʥʘʣʳ ʜʠʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ.  

 

ʊʘʙʣʠʮʘ 6. ʊʠʧʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʬʨʘʛʤʝʥʪʘʮʠʠ ɸʅʂ, ʘ ʪʘʢʞʝ ʘʜʜʫʢʪʳ ʩ NO3
-, ʥʘʙʣʶʜʘʝʤʳʝ ʚ 

ʩʧʝʢʪʨʘʭ ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʥʝʛʘʪʠʚʥʘʷ ʤʦʜʘ) ʨʘʩʪʚʦʨʦʚ ɸʅʂ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʘ ʚ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠ ̫ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʣʠʥʠʡ ʚ ʠʟʦʪʦʧʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ɸʜʜʫʢʪ m/z ɸʜʜʫʢʪ m/z ɸʜʜʫʢʪ m/z 

[Ir(H2O)3(NO2)3]NO3
- 447 [Ir2(H2O)5(OH)(NO2)6]

 - 767 [Ir(H2O)2(NO2)4]
 - 413 

[Ir(H2O)2(NO2)3]NO3
- 429 [Ir2(H2O)4(OH)(NO2)6]

 - 749 [Ir(NO2)4]
 - 377 

[Ir(H2O)(NO2)3]NO3
- 411 [Ir2(H2O)3(OH)(NO2)6]

 - 731 [Ir2(H2O)(OH)(NO2)6]
 - 695 

[Ir(NO2)3]NO3
- 393 [Ir2(H2O)2(OH)(NO2)6]

 - 713 [Ir2(OH)(NO2)6]
 - 677 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_HNO3, ʚ ʩʣʫʯʘʝ ɸʅʂ_H2ʆ, ʥʘʨʷʜʫ ʩ 

ʩʠʛʥʘʣʘʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɸʅʂ, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʨʷʜ ʩʠʛʥʘʣʦʚ (340-360 m/z) ʩ ʪʨʫʜʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʤ ʠʟʦʪʦʧʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʀʭ ʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʤʥʦʛʦʟʘʨʷʜʥʳʤ ʘʜʜʫʢʪʘʤ ʧʦʣʠʷʜʝʨʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ Ir.  

***  

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʘʢʚʘʪʘʮʠʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʠ ʢʘʪʠʦʥʘ ʚ ʠʩʭʦʜʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ M3[Ir(NO2)6], ʦʩʥʦʚʥʳʤ ʢʦʥʝʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʘ ʩʘʤ ʧʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʝʪ ʩʪʫʧʝʥʯʘʪʦ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʨʤ [Ir(H2O)(NO2)5]
2-, ʮʠʩ-
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[Ir(NO2)4(H2O)2]
-, ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3], 

ʧʦʣʫʯʘʝʤʳʝ ʨʘʩʪʚʦʨʳ ɸʅʂ ʩʪʘʙʠʣʴʥʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ, ʦʜʥʘʢʦ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʚʦʟʤʦʞʥʦ ʚʭʦʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʠʨʠʜʠʷ. 

ɺ ʩʣʫʯʘʝ ʩʦʣʝʡ M3[Ir(NO2)6], ʛʜʝ M = Na, K, ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʘʢʚʘʪʘʮʠʠ 

ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-ʘʥʠʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʢʠʩʣʦʡ ʩʨʝʜʳ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʥʘʙʣʶʜʘʝʪʩʷ ʢʠʩʣʦʪʥʦ ʠʥʜʫʮʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ ʘʢʚʘʪʘʮʠʠ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʫʜʘʣʝʥʠʶ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠʨʠʜʠʷ ʚ ʚʠʜʝ ʘʟʦʪʠʩʪʦʡ 

ʢʠʩʣʦʪʳ, ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʶʱʝʡ ʚ ʨʘʩʪʚʦʨʝ. ɺ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʠʷ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʚʤʝʩʪʦ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʩ 

ʩʫʣʴʬʘʤʠʥʘʪ-ʘʥʠʦʥʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʨʘʩʪʚʦʨʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʝ ʥʠʪʨʘʪ, ʘ ʛʠʜʨʦʩʫʣʴʬʘʪ-

ʘʥʠʦʥʦʚ.  

ɼʣʷ (NH4)3[Ir(NO2)6], ʧʨʦʮʝʩʩ ʘʢʚʘʪʘʮʠʠ ʚʦʟʤʦʞʝʥ ʠ ʧʨʠ ʥʝʡʪʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ pH, ʥʦ, 

ʧʨʠ ʵʪʦʤ, ʥʘ ʨʷʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʥ-[Ir(H 2O)3(NO2)3] ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʦʮʝʩʩ ʢʦʥʜʝʥʩʘʮʠʠ 

ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. ʂʦʥʜʝʥʩʘʮʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ɸʅʂ, ʪʘʢ ʢʘʢ ʜʣʷ ʢʦʥʝʯʥʳʭ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʝʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ 

ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(NH4)3[Ir(NO2)6] ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ ʦʢʘʟʳʚʘʶʪʩʷ 

ʯʘʩʪʠʯʥʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʩɹ ̫ ʢʦʥʜʝʥʩʘʮʠʠ. ʇʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʥʘʢʦʧʣʝʥʠʠ ɸʅʂ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʠʩʣʝʥʠʝ ʩʨʝʜʳ ʨʘʩʪʚʦʨʘ, ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʛʠʜʨʦʢʦʩʣʠʛʘʥʜʦʚ ʠ ʩʪʘʙʠʣʠʟʘʮʠ ̫ɸʅʂ ʚ ʚʠʜʝ ʤʦʥʦʤʝʨʦʚ. ʇʦʜʦʙʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ, ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦʣʠ ʧʨʦʜʫʢʪʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʘʢʚʘʪʘʮʠʠ (NH4)3[Ir(NO2)6] ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(H 2O)3(NO2)3] ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʧʦʜʭʦʜʘʤʠ 

ʦʢʘʟʘʣʠʩʴ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʶʱʠʝ ʧʨʠʤʝʥʝʥʠʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʷ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ɸʅʂ, ʘ ʪʘʢʞʝ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ʇʨʠ ʵʪʦʤ, ʩʧʦʩʦʙ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʢʠʧʷʯʝʥʠʠ ʩʦʣʝʡ M3[Ir(NO2)6], ʛʜʝ ʄ = Na ʠʣʠ K, 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʢʠʧʷʯʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3] (ʧʦʨʷʜʢʘ 4-5 ʯʘʩʦʚ). ʂʨʦʤʝ ʪʦʛʦ, ʜʘʞʝ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ ʚ ʧʦʣʫʯʘʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʚʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʠʤʝʩʝʡ ʮʠʩ-

[Ir(H2O)2(NO2)4]
-. ʊʘʢʞʝ ʧʦʣʫʯʘʝʤʳʝ ʨʘʩʪʚʦʨʳ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʛʨʷʟʥʝʥʳ ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ ʠʣʠ 

ʢʘʣʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʤʝʥʘ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʘʤʤʦʥʠʡ ʠ ʧʝʨʝʭʦʜ ʢ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʥʘʧʨʦʪʠʚ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʢʦʨʝʥʠʶ ʘʢʚʘʪʘʮʠʠ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪ-
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ʘʥʠʦʥʘ ʠ ʧʦʟʚʦʣʷʪʁ ʧʦʣʫʯʠʪʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʫʶ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʪʦʣʴʢʦ ʠʨʠʜʠʡ ʠ 

ʪʝʨʤʠʯʝʩʢʠ ʣʝʛʢʦ ʫʜʘʣʷʝʤʳʝ ʘʤʤʦʥʠʡ, ʥʠʪʨʠʪ ʠ ʥʠʪʨʘʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘ ̫ʦʙʨʘʙʦʪʢʘ (NH4)3[Ir(NO2)6] ʚ 0,3 ʄ ʨʘʩʪʚʦʨʝ HNO3 ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʠ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. 

 

3.4. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʛʨʘʥ-[Ir (H2O)3(NO2)3] 

ʀʟ ʨʘʙʦʪʳ [28] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩ ʠʨʠʜʠʷ(III ), ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʩʣʘʙʘ ̫

ʤʥʦʛʦʦʩʥʦʚʥʘ ̫ ʢʠʩʣʦʪʘ. ʅʘ (ʈʠʩʫʥʦʢʦʢ 23, ʇʨʠʣʦʞʝʥʠʝ 6) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʩʦʚʤʝʩʪʥʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ pH-ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ (ʨʘʩʪʚʦʨ ʧʦʣʫʯʝʥ ʢʠʧʷʯʝʥʠʝʤ ʩʫʩʧʝʥʟʠʠ K3[Ir(NO2)6] ʚ 0,1 

ʄ HNO3 ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ). ɺ ʭʦʜʝ ʪʠʪʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠ ̫ʧʨʠ 260 ʥʤ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ 

ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʫ ʠʨʠʜʠʷ. ʅʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ pH-ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʝ ʩʪʫʧʝʥʠ: ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʘ 

ʟʘʪʝʤ ʜʚʫʭ ʧʨʦʪʦʥʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ʆʪʱʝʧʣʝʥʠʝ ʪʨʝʪʴʝʛʦ ʧʨʦʪʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʠʞʠʤʦʩʪʠ ʥʫʞʥʦʛʦ 

ʟʥʘʯʝʥʠʷ pH (ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʪʠʪʨʘʥʪʘ).  

 

 

ʈʠʩʫʥʦʢ 23. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʠ pH-ʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3] 

ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ (ʉ(Ir) = 3,3Ā10-4 M, ʉ(NaOH) = 0,100 M) 

 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʛʨʘʥ-[Ir(H2O)3Cp*] 2+ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʝʢʩʘʘʢʚʘʢʦʤʧʣʝʢʩʦʤ 
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ʠʨʠʜʠʷ(III ) [52]. ʊʘʢ ʢʘʢ ʥʠʪʨʦʣʠʛʘʥʜʳ, ʢʘʢ ʠ ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ ʷʚʣʷʶʪʩʷ 

ʘʢʮʝʧʪʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʦ ʚ ʩʣʫʯʘʝ ʛʨʘʥ-[Ir(H 2O)3(NO2)3] ʪʘʢʞʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʘʢʚʘʣʠʛʘʥʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ [Ir(H2O)6]
3+. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʝ ʠʨʠʜʠʷ 

ʨʘʩʪʚʦʨ ɸʅʂ_HNO3 (120 Üʉ, 1 ʯʘʩ) ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʠ ʧʝʨʝʨʘʩʪʚʦʨʷʣʠ ʚ ʪʷʞʝʣʦʡ ʚʦʜʝ 

(18O-98 ʘʪ. %, 17O-1 ʘʪ. %, 16ʆ-1 ʘʪ. %), ʩʦʜʝʨʞʘʱʝʡ 1 ʤʦʣʴʥʳʡ ʧʨʦʮʝʥʪ H2
17O. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʩʪʚʦʨʘ ʤʝʪʦʜʦʤ ʗʄʈ ʥʘ ʷʜʨʘʭ 17O (50 Üʉ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʞʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʷʚʣʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʠʛʥʘʣʘ ʦʢʦʣʦ -82 ʤ.ʜ., ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦʩʪʝʧʝʥʥʦ 

ʚʦʟʨʘʩʪʘʣʘ (ʈʠʩʫʥʦʢ 24). ɸʥʘʣʠʟ ʧʨʦʬʠʣʷ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʝʛʦ ʩʫʧʝʨʧʦʟʠʮʠʝʡ 

ʜʚʫʭ ʧʦʣʦʩ ʩ ʮʝʥʪʨʘʤʠ ʧʨʠ 80 ʠ 83 ʤ.ʜ. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʧʨʠ 80 ʤ.ʜ. 

ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʣʘ, ʘ ʧʨʠ 83 ʤ.ʜ. ʚʦʟʨʘʩʪʘʣʘ,  ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʦʥʘ 

ʩʪʘʥʦʚʠʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʦʡ, ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʩʧʝʢʪʨʝ (ʢʨʦʤʝ ʩʠʛʥʘʣʘ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ H2
17O 

ʧʨʠ 0 ʤ.ʜ.) (ʇʨʠʣʦʞʝʥʠʝ 7). ʀʩʭʦʜʷ ʠʟ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 17ʆ ʚ ʨʘʩʪʚʦʨʝ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩʨʘʟʫ ʜʚʫʭ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ H2
17O ʢʨʘʡʥʝ 

ʤʘʣʦʚʝʨʦʷʪʥʘ, ʧʦʵʪʦʤʫ ʦʙʤʝʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʨʝʘʢʮʠʝʡ (6). 

[Ir(H2O)3(NO2)3] + H2
17O <--->[Ir(H2O)2(H2

17O)(NO2)3] + H2O  (6) 

ʉʠʛʥʘʣʳ ʧʨʠ -80 ʠ -83 ʤ.ʜ., ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʦʪʦʧʦʣʦʛʘʤ ʩ ʦʜʥʦʡ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ H2
17O. ɺ ʥʘʯʘʣʝ ʨʝʘʢʮʠʠ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ 

ʢʦʤʧʣʝʢʩʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʧʨʠʨʦʜʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ, ʪ.ʝ. ʜʦʤʠʥʠʨʦʚʘʣ 

ʠʟʦʪʦʧ 16ʆ. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʤʝʱʝʥʠʠ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʠʟʦʪʦʧʳ 18ʆ ʠ 17ʆ. ʋʯʠʪʳʚʘʷ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʪʦʧʦʚ ʚ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʷʞʝʣʦʡ ʚʦʜʝ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʤʝʥʘ, ʩʠʛʥʘʣʳ 

ʦʪ ʢʦʪʦʨʳʭ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʚ ʩʧʝʢʪʨʝ ʗʄʈ, ʵʪʦ ʩʦʝʜʠʥʝʥʠʷ ʚʠʜʘ [Ir(H2
16O)2(H2

17O)(NO2)3], 

[Ir(H2
16O)(H2

17O)(H2
18O)(NO2)3] ʠ [Ir(H2

17O)(H2
18O)2(NO2)3]. ʇʨʠʯʝʤ, ʬʦʨʤʘ ʩ ʜʚʫʤʷ H2

16O 

ʣʠʛʘʥʜʘʤʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠʩʯʝʟʘʝʪ ʠʟ ʨʘʩʪʚʦʨʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʳ ʥʘʙʣʶʜʘʝʤ ʪʦʣʴʢʦ ʜʚʝ, ʘ ʥʝ 

ʪʨʠ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʚ ʩʧʝʢʪʨʝ.  
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ʈʠʩʫʥʦʢ 24. A) ʂʨʠʚʘʷ ʥʘʢʦʧʣʝʥʠʷ ʛʨʘʥ-[Ir(H2O)2(H2
17O)(NO2)3], ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 17ʆ. ɹ) ʉʧʝʢʪʨʳ ʗʄʈ 17ʆ ʜʣʷ ʨʘʩʪʚʦʨʘ ɸʅʂ_HNO3, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʭʦʜʝ ʥʘʛʨʝʚʘʥʠʷ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ C(Ir) = 0,26 M, C(H2
18O) = 54,95 M, 

C(H2
17O) = 0,55 M, T = 50ÜC. 

 

ʅʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 17ʆ (1 ʤʦʣ. %) ʦʪʥʦʩʠʪʝʣʴʥʦ 18ʆ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʪʦʤʫ, ʯʪʦ ʧʨʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ H2
17O ʦʢʘʟʳʚʘʣʩʷ ʪʦʣʴʢʦ ʚ ʤʘʣʦʡ ʜʦʣʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ɼʘʥʥʳʡ 

ʬʘʢʪ ʭʦʨʦʰʦ ʚʠʜʝʥ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ H2
17O ʠ ʩʠʛʥʘʣʘ ʦʪ ʛʨʘʥ-[Ir(H2O)2(H2

17O)(NO2)3] ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʧʦʩʣʝ ʜʚʫʭ 

ʩʫʪʦʢ ʚʳʜʝʨʞʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʧʨʠ 50 Üʉ (ʈʠʩʫʥʦʢ 24ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʨʝʘʛʝʥʪʳ ʚ ʩʠʩʪʝʤʝ 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʛʨʘʥ-[Ir(H2O)2(H2
17O)(NO2)3] ʥʘʭʦʜʷʪʩʷ ʚ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʢʠʥʝʪʠʢʘ 

ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧʩʝʚʜʦ-ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʈʠʩʫʥʦʢ 24ɸ), 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (7).  

ʉ = ʉ0*(1-exp(-keff* t))  (7) 

ʅʘʙʣʶʜʘʝʤʘʷ ʢʦʥʩʪʘʥʪʘ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʩʦʩʪʘʚʣʷʝʪ (1,14 Ñ 0,05)Ŀ10-4 

c-1 (50 Üʉ), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʚʝʣʠʯʠʥʫ ʢʦʥʩʪʘʥʪʳ, ʥʘʙʣʶʜʘʝʤʫʶ ʚ ʩʣʫʯʘʝ [Ir(H2O)6]
3+, 

ʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ ʪʘʢʦʚʦʡ ʜʣʷ [Ir(H2O)3Cp*] 2+ [51] (ʊʘʙʣʠʮʘ 1). ʇʦʜʦʙʥʦʝ ʨʘʟʣʠʯʠʝ 

ʤʝʞʜʫ [Ir(H2O)3Cp*] 2+ ʠ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪʣʠʯʠʝʤ 

ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʥʠʪʨʦ ʠ Cp* ʣʠʛʘʥʜʦʚ, ʥʦ ʠ ʨʘʟʣʠʯʥʳʤ ʚʣʠʷʥʠʝʤ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʛʝʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ. ʊʘʢ ʚ ʩʣʫʯʘʝ ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʦʞʠʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʥʠʪʨʦʣʠʛʘʥʜʦʚ. 
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ɻʨʘʥ-[Ir(H2O)3(NO2)3] ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʁʚ ʚʦʜʝ, ʧʦʵʪʦʤʫ ʥʘʤ ʥʝ 

ʫʜʘʣʦʩʴ ʦʮʝʥʠʪʴ ʧʨʝʜʝʣʳ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʇʨʠ ʚʳʩʫʰʠʚʘʥʠʠ ʝʛʦ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʡ ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ ʤʘʩʩʳ, ʘ ʧʝʨʝʨʘʩʪʚʦʨʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚʧʣʦʪʴ ʜʦ ʧʦʚʪʦʨʥʦʛʦ ʟʘʛʫʩʪʝʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʚ ʩʪʝʢʣʦʦʙʨʘʟʥʫʶ ʤʘʩʩʫ. 

ʅʘʩʪʦʣʴʢʦ ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʜʳ, ʥʘʧʨʠʤʝʨ, ʚ ʩʧʠʨʪʘʭ ʠ ʘʮʝʪʦʥʝ. ʇʨʠ ʵʪʦʤ, ʚ ʘʙʩʦʣʶʪʥʦʤ ʘʮʝʪʦʥʝ (ʧʦʣʫʯʝʥ ʪʝʨʤʠʯʝʩʢʠʤ 

ʨʘʟʣʦʞʝʥʠʝʤ ʩʦʣʴʚʘʪʘ NaIĿ6(CH3COCH3) [145]) ʧʦʨʦʰʦʢ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ 

ʚʳʩʫʰʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ɸʅʂ_HNO3Ŀ(1 ʯʘʩ, 120 Üʉ), ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ. 

ʊʘʢ ʢʘʢ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʥ-[Ir(H 2O)3(NO2)3] ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ 

ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʦ ʙʳ ʫʜʦʙʥʦ ʧʦʣʫʯʠʪʴ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ, ʪʦ 

ʙʳʣʦ ʚʘʞʥʦ ʠʟʫʯʠʪʴ ʦʢʘʟʳʚʘʝʪ ʣʠ ʚʣʠʷʥʠʝ ʚʳʩʫʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ɸʅʂ ʥʘ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

ʇʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʫʭʠʝ ʧʨʝʧʘʨʘʪʳ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] (ʚʳʩʫʰʝʥʥʳʝ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʨʘʩʪʚʦʨʳ ɸʅʂ_HNO3), ʜʘʞʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ, ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ. ʇʨʠ ʧʝʨʝʨʘʩʪʚʦʨʝʥʠʠ 

ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʚʦʜʝ, ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʦʡ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 

ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʘ ʢʘʨʪʠʥʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʠʜʝʥʪʠʯʥʘ 

ʥʘʙʣʶʜʘʝʤʦʡ ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ɸʅʂ_HNO3. ɺʳʩʫʰʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳ, ʦʜʥʘʢʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌʕʉ, ʚ ʩʧʝʢʪʨʝ ʫʨʦʚʥʷ Ir4f ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʜʫʙʣʝʪ ʩ ʵʥʝʨʛʠʷʤʠ ʩʚʷʟʝʡ ʵʣʝʢʪʨʦʥʦʚ Ir4f7/2 ʠ Ir4f5/2 ʨʘʚʥʳʤʠ 63,8 ʠ 66,9 ʵɺ. ʕʪʠ 

ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʥʘʙʣʶʜʘʝʤʳʤ ʜʣʷ ʩʦʣʠ (NH4)3[Ir(NO2)6], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ 

ʛʠʜʨʦʣʠʟʘ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʘʤʤʦʥʠʷ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʳʩʫʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʨʠʜʠʷ (ʈʠʩʫʥʦʢ 25ɸ). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (CHN) ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ɸʅʂ_HNO3, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʨʝʧʘʨʘʪʝ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʙʣʠʟʢʦ ʢ ʩʦʩʪʘʚʫ, ʦʞʠʜʘʝʤʦʤʫ ʜʣʷ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] (ʊʘʙʣʠʮʘ 4). ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʩʧʝʢʪʨʝ ʧʨʝʧʘʨʘʪʘ ʦʙʥʘʨʫʞʝʥʘ 

ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 3000ï3500 ʩʤ-1, ʩʚʷʟʘʥʥʘʷ ʩ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʩʚʷʟʝʡ (O-H) ʤʦʣʝʢʫʣ ʚʦʜʳ, ʘ ʪʘʢʞʝ (N-H) ʢʘʪʠʦʥʦʚ ʘʤʤʦʥʠʷ, ʦʩʪʘʚʰʠʭʩʷ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ 

(NH4)3[Ir(NO2)6] (ʈʠʩʫʥʦʢ 25ɹ). ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1420 ʠ 1327 ʩʤ-1 ʦʪʥʝʩʝʥʳ ʢ ʚʘʣʝʥʪʥʳʤ, 

ʘ ʧʨʠ 837 ʩʤ-1 ʢ ʥʦʞʥʠʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʚ ʥʠʪʨʦʣʠʛʘʥʜʘʭ. ʇʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1500ï1600 ʩʤ-1, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ (H-N-H) ʠ (H-O-H) ʚ ʢʘʪʠʦʥʝ ʘʤʤʦʥʠʷ, ʠ ʚ ʤʦʣʝʢʫʣʘʭ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 25. ɸ) Ir4f7/2 ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʈʌʕʉ ʜʣʷ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ ʘʤʤʦʥʠʷ ʠ ʚʳʩʫʰʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ɸʅʂ_HNO3. ɹ) ʀʂ-ʩʧʝʢʪʨʳ ʜʣʷ ʪʝʭ ʞʝ ʧʨʝʧʘʨʘʪʦʚ. 

 

ʊʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (He/H2) ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ (Ar/O2) ʘʪʤʦʩʬʝʨʘʭ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ, ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʝʛʠʜʨʘʪʘʮʠʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʥʝʝ 150Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʜʘʣʝʥʠʝ ʩʥʘʯʘʣʘ ʦʜʥʦʡ, ʘ ʟʘʪʝʤ ʦʩʪʘʚʰʠʭʩʷ 

ʜʚʫʭ NO2
- ʛʨʫʧʧ. ʇʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ ʜʦ IrO2 (57,0 ʤʘʩʩ. %) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʝʥʝʝ 350Áʉ (ʈʠʩʫʥʦʢ 26ɸ,ɹ). ɼʦʤʠʥʠʨʫʶʱʠʝ ʩʠʛʥʘʣʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ 

(m/z=18, 28, 30, 46), ʩʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ NIST 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʜʫʢʪʘʤ ʬʨʘʛʤʝʥʪʘʮʠʠ H2O, NO2
- ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʨʠʜʠʷ 

(ʦʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ 49,6 %) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʨʷʜʢʘ 250Áʉ (ʈʠʩʫʥʦʢ 

26ɺ,ɻ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ (NH4)3[IrCl6], ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ ʧʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 300 Üʉ [146]. ʇʨʦʬʠʣʴ ʢʨʠʚʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʣʷ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʩʪʫʧʝʥʯʘʪʳʡ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʦʪʝʨʝʡ ʪʨʝʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ 

ʪʨʝʭ ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʦʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʪʫʧʝʥʠ ʨʘʟʜʝʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ. ʇʨʦʜʫʢʪʳ 

ʬʨʘʛʤʝʥʪʘʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ, ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʢʚʘ ʠ ʥʠʪʨʦʣʠʛʘʥʜʘʤ.  

 



73 

 

 

ʈʠʩʫʥʦʢ 26. ʉʠʥʭʨʦʥʥʳʡ ʊɻ-ʄʉ ʘʥʘʣʠʟ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. A) ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ 

ʢʨʠʚʘʷ ʠ ɹ) ʤʘʩʩ-ʩʧʝʢʪʨ ʜʣʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ (O2/Ar) 

ʘʪʤʦʩʬʝʨʝ. ɺ,ɻ) ʪʝ ʞʝ ʜʘʥʥʳʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (H2/He) ʘʪʤʦʩʬʝʨʳ. 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʨʘʟʮʳ, ʠʟʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʈʌʕʉ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʰʠʨʦʢʦ ʠʟʫʯʝʥʥʳʡ ʤʦʜʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ï ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (Pural), ʢʦʪʦʨʳʡ ʧʨʦʧʠʪʘʣʠ 

ʨʘʩʪʚʦʨʦʤ ʛʨʘʥ-[Ir(H2O)3(NO2)3] (ʨʘʩʪʚʦʨ ɸʅʂ_HNO3, 120 Áʉ, 1 ʯʘʩ) ʠʟ ʨʘʩʯʝʪʘ 5 ʤʘʩʩ. % ʠʨʠʜʠʷ. 

ɿʘʪʝʤ, ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʢʘʣʠʣʠ ʧʨʠ 400 Üʉ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ. ɺ ʩʣʫʯʘʝ 

ʦʙʨʘʟʮʘ, ʥʝ ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʧʨʦʢʘʣʠʚʘʥʠʶ, ʧʦ ʜʘʥʥʳʤ ʈʌʕʉ, ʩʧʝʢʪʨ ʫʨʦʚʥʷ Ir4f ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʜʫʙʣʝʪ ʩ ʵʥʝʨʛʠʷʤʠ ʩʚʷʟʝʡ ʵʣʝʢʪʨʦʥʦʚ Ir4f7/2 ʠ Ir4f5/2 ʨʘʚʥʳʤʠ 63,8 ʠ 66,8 ʵɺ, ʘʥʘʣʦʛʠʯʥʳʡ, 

ʦʙʥʘʨʫʞʝʥʥʦʤʫ ʚ ʩʧʝʢʪʨʝ ʚʳʩʫʰʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ɸʅʂ_HNO3 (ʈʠʩʫʥʦʢ 27ɸ). ʇʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 

ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ, ʚ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʠ ʜʫʙʣʝʪ ʩ ʵʥʝʨʛʠʝʡ ʩʚʷʟʝʡ ʵʣʝʢʪʨʦʥʦʚ Ir4f7/2 ʠ Ir4f5/2 62,8 

ʠ 65,7 ʵɺ (ʈʠʩʫʥʦʢ 27ɹ). ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʘʤʦʨʬʥʦʤʫ ʦʢʩʠʜʫ ʠʨʠʜʠʷ (IrOx) [109]. 

ʇʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʥʘ ʨʷʜʫ ʩ ʜʫʙʣʝʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʠʨʠʜʠʶ (60,7 ʠ 63,7 ʵɺ), ʙʳʣʠ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ ʨʘʚʥʳʝ 62,0 ʠ 

65,0 ʵɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ IrO2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʨʫʪʠʣʘ (ʈʠʩʫʥʦʢ 27ɺ). ʇʦʷʚʣʝʥʠʝ ʦʢʩʠʜʘ ʠʨʠʜʠʷ ʚ 

ʦʙʨʘʟʮʝ, ʧʨʦʢʘʣʝʥʥʦʤ ʚ ʚʦʜʦʨʦʜʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʦʢʠʩʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʨʠʜʠʷ ʥʘ ʚʦʟʜʫʭʝ, ʫʞʝ ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 27. ʉʧʝʢʪʨʳ ʈʌʕʉ ʜʣʷ ɸ) ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʨʘʩʪʚʦʨʦʤ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ɹ) ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 400 Üʉ, ɺ) ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʧʨʠ 400 Üʉ. 

 

3.5. ʇʦʣʫʯʝʥʠʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʠʟ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤ ʙʳʣʦ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʦ ʚʳʜʝʣʠʪʴ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʠʣʠ ʞʝ ʜʨʫʛʠʝ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʆʜʥʘʢʦ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʦʣʥʦʝ ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʡ ʤʘʩʩʳ, ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʦʡ ʚ ʤʠʥʠʤʘʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ.  

ʅʘʤʠ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʚʳʜʝʣʠʪʴ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʚʠʪʘʥʜʦʚ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ 

ʦʧʨʦʙʦʚʘʥʳ ʢʫʢʫʨʙʠʪʫʨʠʣ r (CB[6] ʠ CB[8]), ʮʠʢʣʦʜʝʢʩʪʨʠʥ, 18-ʢʨʘʫʥ-6 ʠ ʜʠʘʟʘ-18-ʢʨʘʫʥ-6 

ʵʬʠʨ,r ʯʪʦ ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʠʜʨʦʢʩʦʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʠʟ 

ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ (Na+, K+, Rb+, Cs+) ʠ/ʠʣʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ (Ca2+, Sr2+, Ba2+) ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʦʩʘʜʢʠ ʦʢʘʟʳʚʘʣʠʩʴ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʦʜʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʣʘʙʠʣʴʥʦʩʪʴ ʘʢʚʘʣʠʛʘʥʜʦʚ, ʥʘʡʜʝʥʥʘʷ ʜʣʷ ʚ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʦʧʳʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʙʤʝʥʘ ʩ ʠʟʦʪʦʧʥʦʦʙʦʛʘʱʝʥʥʦʡ ʚʦʜʦʡ, ʧʦʟʚʦʣʷʣʘ 

ʥʘʜʝʷʪʴʩʷ ʥʘ ʪʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠʨʠʜʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʣʠʛʘʥʜʳ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʬʦʨʤʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʬʘʟ, 

ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ. ɼʘʣʴʥʝʡʰʘʷ ʯʘʩʪʴ 

ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʦʪʥʦʰʝʥʠʠ 

ʟʘʤʝʱʝʥʠʷ ʘʢʚʘʣʠʛʘʥʜʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʪʘʢʠʭ ʨʝʘʢʮʠʡ. 

 

3.5.1. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ [Ir (H2O)(bpy)(NO2)3] (1) 

ʉʠʥʪʝʟ ʛʨʘʥ-[Ir(H2O)(bpy)(NO2)3] ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʨʝʘʛʝʥʪʘ 

ʨʘʩʪʚʦʨʳ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʦʣʫʯʝʥʥʳʝ ʢʠʧʷʯʝʥʠʝʤ ʛʝʢʩʘʥʠʪʨʦʠʨʠʜʘʪʘ(III) ʢʘʣʠʷ ʚ 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʙʳʣʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʢʚʘʣʠʛʘʥʜʦʚ pH ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʥʝʡʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʜʦʙʘʚʣʷʝʤʳʡ ʢ ʨʘʩʪʚʦʨʫ ɸʅʂ ʜʠʧʠʨʠʜʠʣ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ (ʨʂʘ = 4,44ï4,82 ʜʣʷ bpy) ʠ ʵʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʟʘʤʝʱʝʥʠʶ 

ʘʢʚʘʣʠʛʘʥʜʦʚ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1ʅ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʠ ʜʠʧʠʨʠʜʠʣʘ, ʪʘʢ ʢʘʢ 

ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʳ, ʷʚʣʷʷʩʴ ʧʣʦʭʦ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʦʡ, ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʝʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ pH ʨʘʩʪʚʦʨʘ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʦʙʣʘʩʪʠ 

(ʧʦʨʷʜʢʘ 5), ʛʜʝ ʩʦʝʜʠʥʝʥʠʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʜʠʧʠʨʠʜʠʣ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʩʠʥʪʝʟ ʛʨʘʥ-[Ir(H2O)(bpy)(NO2)3] ʧʨʦʚʦʜʠʣʠ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

Ir:bpy ʨʘʚʥʦʛʦ 1:1, ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ (7). ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʚʝʩʢʠ ʜʠʧʠʨʠʜʠʣʘ ʨʘʩʪʚʦʨ 

ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʜʦ pH = 5. ɼʘʣʝʝ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 

ʯʘʩʘ, ʠ, ʟʘʪʝʤ, ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʨʝʟ 1-2 ʯʘʩʘ ʥʘʯʠʥʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʝʪʣʦ-ʨʦʟʦʚʦʛʦ ʦʩʘʜʢʘ ʛʨʘʥ-[Ir(H2O)(bpy)(NO2)3]. 

[Ir(H2O)3(NO2)3] + bpy = [Ir(H2O)(bpy)(NO2)3] + 2H2O  (7) 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʭʦʜ ʧʦ ʨʝʘʢʮʠʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Ir:bpy 1:1 ʥʝ ʧʨʝʚʳʰʘʝʪ 50%. 

ʇʦ ʜʘʥʥʳʤ 1H ʗʄʈ, ʚ ʩʧʝʢʪʨʘʭ ʨʘʩʪʚʦʨʘ ʜʦ ʢʠʧʷʯʝʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʪʦʣʴʢʦ ʥʘʙʦʨ ʠʟ ʪʨʝʭ 

ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʪʦʥʘʤ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʜʠʧʠʨʠʜʠʣʘ, ʥʦ ʫʞʝ ʯʝʨʝʟ 30 ʤʠʥʫʪ 

ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ 90 Áʉ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʥʘʯʠʥʘʣʘ ʧʘʜʘʪʴ, ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʧʦʷʚʣʷʣʠʩʴ 

ʥʦʚʳʝ ʧʦʣʦʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ bpy (ʈʠʩʫʥʦʢ 28ɸ). ʇʨʠ ʵʪʦʤ, ʜʘʞʝ ʯʝʨʝʟ 10 

ʯʘʩʦʚ ʥʘʛʨʝʚʘʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʩʦʭʨʘʥʷʣʠʩʴ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ 

ʜʠʧʠʨʠʜʠʣʫ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Ir ʢ bpy (1:2 ʠ 1:3) ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʩʦʝʜʠʥʝʥʠʷ [Ir(H2O)(bpy)(NO2)3]. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʠʯʥʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʝʪʦʜʦʤ ʗʄʈ ʥʘ 
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ʷʜʨʘʭ 1H. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ ʜʠʧʠʨʠʜʠʣʘ ʤʳ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʧʨʦʙʣʝʤʦʡ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʜʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʥʘʚʝʩʢʫ ʜʠʧʠʨʠʜʠʣʘ ʚ ʚʦʜʝ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʘ 

ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʣʦ ʦʩʘʞʜʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ, ʥʦ ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʜʠʧʠʨʠʜʠʣʘ. 

 

 

ʈʠʩʫʥʦʢ 28. ɸ) ʉʧʝʢʪʨʳ ʗʄʈ 1H ʨʝʘʢʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(D2O)3(NO2)3] ʩ bpy ʉ(Ir) = 

0,03 M, ɹ) ʉʧʝʢʪʨ ʗʄʈ 1H [Ir(H2O)(bpy)(NO2)3] ʚ ɼʄʉʆ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

[Ir(H2O)(bpy)(NO2)3] (C(Ir) = 0,1 M) 

 

ʂʦʤʧʣʝʢʩ [Ir(H2O)(bpy)(NO2)3] ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʵʪʘʥʦʣʝ ʠ ʘʮʝʪʦʥʝ, 

ʦʜʥʘʢʦ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʱʝʣʦʯʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʩʳʱʝʥʥʦ-ʞʝʣʪʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʨʠ 

ʵʪʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʢʚʘʣʠʛʘʥʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Na[Ir(bpy)(OH)(NO2)3] (ʨʝʘʢʮʠʷ 8). ʊʘʢʞʝ ʢʦʤʧʣʝʢʩ [Ir(H2O)(bpy)(NO2)3] ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ 

ɼʄʉʆ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʦʜʦʤ ʗʄʈ ʥʘ ʷʜʨʘʭ 

1H (ʈʠʩʫʥʦʢ 28ɹ). ɺ ʩʧʝʢʪʨʝ 1H ʗʄʈ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ [Ir(H2O)(bpy)(NO2)3] ʚ ɼʄʉʆ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ 4 ʩʠʛʥʘʣʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʘʚʥʳʤ 1:1:1:1. ʊʦʥʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʣʠʥʠʡ (ʜʚʘ ʜʫʙʣʝʪʘ ʠ ʜʚʘ ʪʨʠʧʣʝʪʘ) ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩʪʨʫʢʪʫʨʝ ʜʠʧʠʨʠʜʠʣʘ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʠʚ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʣʠʛʘʥʜʦʚ - NO2
-. ʅʘ ʧʦʜʦʙʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʪʘʢʞʝ 

ʫʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 15N ʜʣʷ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ 

[Ir(H2O)(bpy)(15NO2)3] ʚ ɼʄʉʆ (ʈʠʩʫʥʦʢ 29ɸ). ɺ ʩʧʝʢʪʨʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ 

ʩʠʛʥʘʣʘ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʨʘʚʥʳʤ 2 ʢ 1, ʫʢʘʟʳʚʘʶʱʠʤ ʥʘ ʥʘʣʠʯʠʝ ʚ ʩʦʝʜʠʥʝʥʠʠ ʜʚʫʭ 

ʥʠʪʨʦ ʛʨʫʧʧ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʪʠʚ ʜʠʧʠʨʠʜʠʣʘ ʠ ʦʜʥʦʡ ʧʨʦʪʠʚ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

[Ir(H2O)(bpy)(NO2)3] + NaOH = Na[Ir(bpy)(OH)(NO2)3] + H2O  (8) 
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ʈʠʩʫʥʦʢ 29. ɸ) ʉʧʝʢʪʨ ʗʄʈ 15N [Ir(H2O)(bpy)(15NO2)3] (C(Ir) = 0,15 M), ɹ) ʄʘʩʩ-ʩʧʝʢʪʨ 

ʨʘʩʪʚʦʨʘ Na[Ir(bpy)(OH)(NO2)3] ʚ ʩʤʝʩʠ EtOH/H2O 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʙʨʫʪʪʦ-ʩʦʩʪʘʚʘ ʧʨʝʧʘʨʘʪʳ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʈʠʩʫʥʦʢ 29ɹ). ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʱʝʣʦʯʥʦʡ ʚʦʜʥʦ-

ʵʪʘʥʦʣʦʚʳʡ ʨʘʩʪʚʦʨ [Ir(H2O)(bpy)(NO2)3] ʚ ʤʘʩʩ ʩʧʝʢʪʨʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʠʦʥʘʤ [Ir(bpy)(OH)(NO2)3]
- (504 ʛ/ʤʦʣʴ) ʠ 

{[ Ir(bpy)(OH)(NO2)3](H2O)} - (522 ʛ/ʤʦʣʴ). 

ʇʦ ʜʘʥʥʳʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ [Ir(H2O)(bpy)(NO2)3] ʠ 

Na[Ir(bpy)(OH)(NO2)3] ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʉ-ʉ ʠ C-N ʠ ʉ-ʅ ʚ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʜʠʧʠʨʠʜʠʣʝ (ʊʘʙʣʠʮʘ 7, ʇʨʠʣʦʞʝʥʠʝ 8, 9). 

 

ʊʘʙʣʠʮʘ 7. ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʘʭ [Ir(H2O)(bpy)(NO2)3] ʠ 

Na[Ir(bpy)(OH)(NO2)3] ʠ [Ir(H2O)(phen)(NO2)3] 

 ɜ(NO2) ɜ(C=ʉ), ɜ(C=N) ɜ(C-H) 

[Ir(H2O)(bpy)(NO2)3] 1317, 1417 1608 3044, 3090, 3125 

Na[Ir(bpy)(OH)(NO2)3] 1315, 1394 1610 3071, 3094, 3127 

[Ir(H2O)(phen)(NO2)3] 1319, 1420 1600 3030, 3071, 3107 
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ɼʣʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʘ [Ir(H2O)(bpy)(NO2)3] ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʩʦʣʠ Na[Ir(bpy)(OH)(NO2)3], 

ʠʟʦʧʠʝʩʪʠʨʦʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʵʪʘʥʦʣʦʤ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ, ʫʩʧʝʰʥʦ 

ʠʟʫʯʝʥʥʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ (ʇʨʠʣʦʞʝʥʠʝ 1, 10). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʷʯʝʡʢʝ ʩ ʪʨʠʢʣʠʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʚʢʣʶʯʘʶʱʝʡ 8 ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ. ʆʙʱʠʡ 

ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 30. ʉʦʝʜʠʥʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʠʟ ʘʥʠʦʥʦʚ 

[Ir(bpy)(OH)(NO2)3]
-, ʠ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ. ɺ ʩʪʨʫʢʪʫʨʝ Na[Ir(bpy)(OH)(NO2)3]Ŀ2H2O ʯʝʪʳʨʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʘ ʥʘʪʨʠʷ. ʉʪʨʫʢʪʫʨʘ ʦʙʣʘʜʘʝʪ ʮʝʧʦʯʝʯʥʳʤ ʤʦʪʠʚʦʤ, 

ʛʜʝ ʮʝʧʦʯʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʠ ʢʘʪʠʦʥʘʤʠ Na, ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚʜʦʣʴ ʦʩʠ b. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ, ʠʤʝʝʪ ʛʝʦʤʝʪʨʠʶ ʠʩʢʘʞʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ, 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʘʥʠʦʥʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʛʨʫʧʧ ʩ 

d(Na-ONO) ʧʦʨʷʜʢʘ 2,3ï2,8 ¡ ʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ 

[Ir(bpy)(OH)(NO2)3]
-ʩ ʜʣʠʥʦʡ ʩʚʷʟʝʡ 2,1ï2,5 ¡.  

ɺ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʠʦʥʝ [Ir(bpy)(Oʅ)(NO2)3]
- ʠʨʠʜʠʡ ʠʤʝʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ 

ʘʪʦʤʦʚ ʘʟʦʪʘ 2,2ô-ʜʠʧʠʨʠʜʠʣʘ ʠ 3 ʥʠʪʨʦ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʛʠʜʨʦʢʩʦ ʛʨʫʧʧʳ. 

ʅʠʪʨʦʣʠʛʘʥʜʳ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʠʦʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʡ ʛʨʘʥʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1ʅ ʠ 15N. ɼʣʠʥʳ ʩʚʷʟʝʡ (Ir-

N) ʚ ʩʣʫʯʘʝ ʜʠʧʠʨʠʜʠʣʘ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 2,06 ¡, ʘ ʚ ʩʣʫʯʘʝ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʦʥʠ ʚʘʨʴʠʨʫʶʪʩʷ 

ʦʪ 2,01 ʜʦ 2,05 ¡. ɼʣʠʥʳ ʩʚʷʟʝʡ Ir-O ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,04ï2,05 ¡. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʵʜʨ ʘʪʦʤʘ ʠʨʠʜʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʝʥ - ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʨʷʤʳʭ ʫʛʣʦʚ ʜʦʩʪʠʛʘʝʪ 12Ü.  

 

ʈʠʩʫʥʦʢ 30. ɸ) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Ir(bpy)(OH)(NO2)3]
- ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʣʠ 

Na[Ir(bpy)(OH)(NO2)3]Ŀ2H2O. ʊʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʜʣʷ ʘʪʦʤʦʚ ʜʘʥʳ ʚ 50% ʤʘʩʰʪʘʙʝ. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ɹ) ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʩʦʣʠ 

Na[Ir(bpy)(OH)(NO2)3]Ā2H2O. ʇʦʢʘʟʘʥʦ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ ʥʘʪʨʠʷ (Na1) ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʥʠʪʨʦ- ʠ ʛʠʜʨʦʢʩʦʛʨʫʧʧ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. 
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ɼʘʣʝʝ ʧʦ ʘʥʘʣʦʛʠʠ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʩʣʫʯʘʝ ʜʨʫʛʦʛʦ N,N-ʜʦʥʦʨʥʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ - ʬʝʥʘʥʪʨʦʣʠʥʘ. 

 

3.5.2. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ [Ir (H2O)(phen)(NO2)3] (2) 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʠʧʠʨʠʜʠʣʦʤ (ʨʝʘʢʮʠʷ 9). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʝʣʪʳʡ ʦʩʘʜʦʢ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʱʝʣʦʯʝʡ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʈʌɸ, ʗʄʈ ʥʘ ʷʜʨʘʭ 1ʅ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ CHN-

ʘʥʘʣʠʟʦʤ (ʊʘʙʣʠʮʘ 4).  

ʇʦ ʜʘʥʥʤr ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʩʧʝʢʪʨʝ ʱʝʣʦʯʥʦʛʦ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʘ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʥʠʦʥʫ ʛʠʜʨʦʢʩʦʥʠʪʨʦʢʦʤʧʣʝʢʩʘ 

ʠʨʠʜʠʷ [Ir(phen)(OH)(NO2)3]
-, ʩʨʝʜʠ ʥʠʭ ʩʘʤ ʘʥʠʦʥ ʩ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʨʘʚʥʦʡ 528 ʛ/ʤʦʣʴ ʠ ʝʛʦ 

ʘʜʜʫʢʪ ʩ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ {[Ir(phen)(OH)(NO2)3](H2O)} - (546 ʛ/ʤʦʣʴ) (ʈʠʩʫʥʦʢ 31A). 

 

 

ʈʠʩʫʥʦʢ 31. ɸ) ʄʘʩʩ-ʩʧʝʢʪʨ [Ir(H2O)(phen)(NO2)3] ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ NaOH. ɹ) 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ [Ir(D2O)(phen)(NO2)3] ʚ ʨʘʩʪʚʦʨʝ CD3OD + NaOD ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

[Ir(H2O)(phen)(NO2)3], (C(Ir) = 0,1 M) 

 

ʇʦ ʜʘʥʥʳʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1ʅ, ʚ ʨʘʩʪʚʦʨʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʤʝʩʠ CD3OD + 

NaOD ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 4 ʩʠʛʥʘʣʘ ʩ ʨʘʚʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʇʦ ʨʘʩʱʝʧʣʝʥʠʶ 

ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʳ (ʜʚʘ ʜʫʙʣʝʪʘ, ʩʠʥʛʣʝʪ ʠ ʢʚʘʜʨʫʧʣʝʪ) ʦʥʠ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʧʨʦʪʦʥʘʤ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 1,10-ʬʝʥʘʪʨʦʣʠʥʘ (ʈʠʩʫʥʦʢ 31ɹ). ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ʊʘʙʣʠʮʘ 7, ʇʨʠʣʦʞʝʥʠʝ 11) ʫʢʘʟʳʚʘʣʠ ʥʘ ʥʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʝ ʧʨʝʧʘʨʘʪʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, 
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ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ C-H ʚ ʦʙʣʘʩʪʠ 3000-3150 ʩʤ-1, ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ 

ʉ=ʉ ʠ ʉ=N ʥʘ 1600 ʩʤ-1 ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʠ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʘ. 

[Ir(H2O)3(NO2)3] + phen = [Ir(H2O)(phen)(NO2)3] + 2H2O  (9) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʘʥʥʳʤ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʳʤ ʢʦʤʧʣʝʢʩʦʤ [Ir(H2O)(phen)(NO2)3], ʦʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʘ ʩ ʜʠʧʠʨʠʜʠʣʦʤ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝʤʦʡ ʥʠʟʢʦʛʦ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Ir:phen ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʚʥʦʤ 1:1 ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʥʝ 

ʧʨʝʚʳʰʘʣ 20%. ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʙʳʪʢʘ ʬʝʥʘʥʪʨʦʣʠʥʘ, ʚʤʝʩʪʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ, ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪ ɹʤʘʩʩʫ ʪʚʝʨʜʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʩʣʝ 

ʢʠʧʷʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩ 1,10-ʬʝʥʘʪʨʦʣʠʥʦʤ, ʥʦ ʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ 

ʚʳʭʦʜʘ ʠʩʢʦʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ï çʇʨʦʜʫʢʪ ɸè. 

ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʫʩʠʣʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʦ ʜʘʥʥʤr ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʨʘʩʪʚʦʨʘ ʇʨʦʜʫʢʪʘ ɸ ʚ 0,1 ʄ ʨʘʩʪʚʦʨʝ NaOH ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʝʛʘʪʠʚʥʦʡ ʤʦʜʝ ʩʧʝʢʪʨʘ ʥʘ ʨʷʜʫ ʩ ʮʝʣʝʚʳʤʠ ʩʠʛʥʘʣʘʤʠ ʘʜʜʫʢʪʦʚ 

[Ir(phen)(OH)(NO2)3]
-, { [Ir(phen)(OH)(NO2)3](H2O)} -, [Ir(phen)(NO3)(NO2)3]

- ʧʨʠ 528, 546 ʠ 573 

ʛ/ʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʨʤʝ 

[Ir(phen)(NO2)4]
- (557 ʛ/ʤʦʣʴ) (ʈʠʩʫʥʦʢ 32ɸ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʟʠʪʠʚʥʦʡ ʤʦʜʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʦʙʦʜʥʦʤʫ ʬʝʥʘʥʪʨʦʣʠʥʫ ʚ ʚʠʜʝ [(phen)2Na]+, ʠ 

[(phen)3Na]+ ʧʨʠ 383 ʠ 563 ʛ/ʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʘʜʜʫʢʪʦʚ ʙʳʣʦ 

ʥʝʦʞʠʜʘʥʥʦ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʘʝʤʳʡ ʥʘʤʠ ʦʩʘʜʦʢ ʇʨʦʜʫʢʪʘ ɸ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʪʱʘʪʝʣʴʥʦ 

ʦʪʤʳʚʘʣʩʷ ʦʪ ʠʟʙʳʪʢʘ ʬʝʥʘʥʪʨʦʣʠʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʇʨʦʜʫʢʪʘ ɸ ʤʝʪʦʜʦʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ 

ʩʨʘʟʫ ʜʚʫʭ ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʙʦʨʦʚ ʩʠʛʥʘʣʦʚ (ʜʫʙʣʝʪ-ʜʫʙʣʝʪ-

ʩʠʥʛʣʝʪ-ʪʨʠʧʣʝʪ), ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʨʷʜʘ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʘʥʘʣʦʛʠʯʥʦʡ 

ʢʘʨʪʠʥʦʡ ʨʘʩʱʝʧʣʝʥʠʷ. ɺʩʝ ʵʪʠ ʥʘʙʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʚʘʨʠʘʥʪʘʤ ʤʦʣʝʢʫʣ 

ʬʝʥʘʥʪʨʦʣʠʥʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ (ʈʠʩʫʥʦʢ 32ɹ). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʘʥʥʳʝ CHN-ʘʥʘʣʠʟʘ ʇʨʦʜʫʢʪʘ ɸ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʝ, 

ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʡ ʧʨʝʧʘʨʘʪʦʚ (ʊʘʙʣʠʮʘ 4), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ 

ʜʘʥʥʳʤ ʈʌɸ ʜʣʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʇʨʦʜʫʢʪʘ ɸ, ʥʘʧʨʦʪʠʚ, ʬʝʥʘʥʪʨʦʣʠʥ ʥʝ 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʝʥʘʥʪʨʦʣʠʥ 

ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʢʠʧʷʯʝʥʠʷ, ʦʜʥʘʢʦ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

ʣʠʛʘʥʜʦʚ, ʥʦ ʠ ʢʘʢ ʢʘʪʠʦʥ ʬʝʥʘʥʪʨʦʣʠʥʠʷ. ʊʘʢʦʝ ʜʚʦʡʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʝʥʘʥʪʨʦʣʠʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ pKa1 ʛʨʘʥ-[Ir(H2O)3(NO2)3]- 3,93 ʠ pKb 1,10-ʬʝʥʘʪʨʦʣʠʥʘ - 
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4,86, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʚ ʨʘʩʪʚʦʨʝ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ 

ʬʦʨʤ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʬʝʥʘʥʪʨʦʣʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʝʡ ʩ ʢʘʪʠʦʥʦʤ ʬʝʥʘʪʨʦʣʠʥʠʷ, ʥʘʧʨʠʤʝʨ, ï (phenH)[Ir(phen)OH(NO2)3], 

ʠʣʠ (phenH)[Ir(phen)(NO2)4]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʜʱʝʣʘʯʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʬʝʥʘʥʪʨʦʣʠʥ ʙʫʜʝʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ ʠ ʫʭʦʜʠʪʴ ʚ ʨʘʩʪʚʦʨ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠ 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ ʘʜʜʫʢʪʦʚ ʬʝʥʘʥʪʨʦʣʠʥʘ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʢʦʤʧʣʝʢʩʘ [Ir(phen)(NO2)4]
- ʚ 

ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʘ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʢʠʧʷʯʝʥʠʠ [Ir(NO2)6]
3- 

ʩ H+, ʢʨʦʤʝ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʬʦʨʤʳ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

[Ir(H2O)2(NO2)4]
-. ʇʨʝʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʮʠʩ-[Ir(H2O)2(NO2)4]

- ʘʥʘʣʦʛʠʯʥʦ ʛʨʘʥ-[Ir(H2O)3(NO2)3] 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʬʝʥʘʪʨʦʣʠʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [Ir(phen)(NO2)4]
-. ʀ ʚ ʚʠʜʫ ʤʝʥʴʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʩʦʣʠ ʚ ʢʦʥʝʯʥʦʤ ʇʨʦʜʫʢʪʝ ɸ ʢʦʥʮʝʥʪʨʘʮʠʷ [Ir(phen)(NO2)4]
- ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ [Ir(H2O)(phen)(NO2)3] ʟʥʘʯʝʥʠʡ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʜʘʥʥʳʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ.  

 

 

ʈʠʩʫʥʦʢ 32. ɸ) ʄʘʩʩ-ʩʧʝʢʪʨ ʇʨʦʜʫʢʪʘ ɸ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ EtOH/H2O, ɹ) ʉʧʝʢʪʨ ʗʄʈ 1ʅ 

ʇʨʦʜʫʢʪʘ ɸ ʚ ʨʘʩʪʚʦʨʝ CD3OD + NaOD, (C(Ir) = 0,1 M) 
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ʇʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʱʝʣʦʯʥʳʭ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʇʨʦʜʫʢʪʘ ɸ ʥʘʤ ʫʜʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʣʠ Na[Ir(phen)(NO2)4](phen)(H2O). ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʦʩʴ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʩʧʝʰʥʦ 

ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦ ʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʝ Na[Ir(phen)(NO2)4](phen)(H2O) 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ P-1 ʷʯʝʡʢʝ ʩ 2 ʬʦʨʤʫʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ (ʈʠʩʫʥʦʢ 33, 

ʇʨʠʣʦʞʝʥʠʝ 1, 12). ʉʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʘ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ [Ir(phen)(NO2)4]
- ʠ ʢʘʪʠʦʥʦʚ 

ʥʘʪʨʠʷ ʠ ʦʙʣʘʜʘʝʪ ʦʩʪʨʦʚʥʳʤ ʤʦʪʠʚʦʤ, ʛʜʝ 2 ʘʥʠʦʥʘ [Ir(phen)(NO2)4]
- ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ 

2 ʢʘʪʠʦʥʘ Na+, ʩʚʷʟʳʚʘʥʠʝ ʘʥʠʦʥʦʚ ʩ ʥʘʪʨʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʜʚʫʭ 

ʥʠʪʨʦʛʨʫʧʧ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ, ʧʨʠʯʝʤ ʢʠʩʣʦʨʦʜ ʦʜʥʦʡ ʥʠʪʨʦʛʨʫʧʧʳ ʩʚʷʟʘʥ ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ 

ʥʘʪʨʠʝʤ d(Na-O) = 2,34 ¡, ʘ ʚʪʦʨʦʡ ʩ ʜʚʫʤʷ, ʜʣʠʥʳ ʵʪʠʭ ʩʚʷʟʝʡ ʩʦʩʪʘʚʣʷʶʪ d(Na-O) = 2,51 ¡ ʠ 

2,42 ¡. ɺ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʳ Na ʵʢʚʠʚʘʣʝʥʪʥʳ, ʘ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʠʤʝʝʪ ʛʝʦʤʝʪʨʠʶ 

ʠʩʢʘʞʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ: ʢʨʦʤʝ ʪʨʝʭ ʥʠʪʨʦʛʨʫʧʧ ʩʬʝʨʫ ʥʘʪʨʠʷ ʜʦʧʦʣʥʷʶʪ ʙʠʜʝʥʪʘʪʥʳʡ 

ʬʝʥʘʥʪʨʦʣʠʥ ʠ ʤʦʣʝʢʫʣʘ ʚʦʜʳ.  

 

 

ʈʠʩʫʥʦʢ 33. ɸ) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Ir(phen)(NO2)4]
- ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʣʠ 

Na[Ir(phen)(NO2)4](phen)(H2O). ʊʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʜʣʷ ʘʪʦʤʦʚ ʜʘʥʳ ʚ 50% ʤʘʩʰʪʘʙʝ. 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. ɹ) ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʩʦʣʠ Na[Ir(phen)(NO2)4](phen)(H2O). 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʠʨʠʜʠʷ ʪʘʢ ʞʝ ʠʤʝʝʪ ʛʝʦʤʝʪʨʠʶ ʦʢʪʘʵʜʨʘ. ɸʪʦʤ ʠʨʠʜʠʷ ʩʚʷʟʘʥ ʩ 

ʯʝʪʳʨʴʤʷ ʣʠʛʘʥʜʘʤʠ NO2
-, ʧʨʠʯʝʤ, ʜʣʠʥʳ ʩʚʷʟʝʡ Ir-N ʚ ʩʣʫʯʘʝ ʥʠʪʨʦʛʨʫʧʧ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ ʧʦʨʷʜʢʘ 2,04ï2,06 ¡, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʦʩʪʘʚʰʠʤʠʩʷ ʜʚʫʤʷ ʥʠʪʨʦʛʨʫʧʧʘʤʠ ʩʚʷʟʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʠʥʥʝʝ ʠ ʩʦʩʪʘʚʣʷʶʪ 2,15 ¡. ʊʘʢʞʝ ʘʪʦʤ ʠʨʠʜʠʷ ʩʚʷʟʘʥ ʩ ʙʠʜʝʥʪʘʪʥʳʤ 

ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ d(Ir-N) ʦʢʦʣʦ 2,08ï2,09 ¡. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʥʠʦʥʘ 
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[Ir(bpy)(NO2)3(OH)]- ʚ ʩʪʨʫʢʪʫʨʝ Na[Ir(bpy)(NO2)3(OH)]Ā2H2O ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʧʨʷʤʳʭ ʫʛʣʦʚ ʚ ʛʝʦʤʝʪʨʠʠ ʦʢʪʘʵʜʨʘ ʠʨʠʜʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 4,3Á. 

***  

ʉʫʤʤʠʨʫʷ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʧʨʦʮʝʩʩ ʟʘʤʝʱʝʥʠʷ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ N,N-ʜʦʥʦʨʥʳʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʣʘʙʦʢʠʩʣʳʭ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. ʆʜʥʘʢʦ, ʩʘʤ ʧʨʦʮʝʩʩ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ 

ʬʦʨʤ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ɸʅʂ, pH ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʚ ʥʝʤ ʠ ʪ.ʜ. ʅʘʧʨʠʤʝʨ, ʚ ʚʠʜʫ ʙʣʠʟʦʩʪʠ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ɸʅʂ ʠʨʠʜʠʷ ʠ ʦʩʥʦʚʥʦʩʪʠ ʜʠʠʤʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʨʷʜʫ ʩ ʦʞʠʜʘʝʤʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʚʠʜʳ [Ir(H2O)(L)(NO2)3], ʛʜʝ L ï ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʛʠʜʨʦʢʩʦʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ 

[Ir(L)(OH)(NO2)3]
- ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʠʦʥʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʠʤʠʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ 

ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʚʠʜʘ ʮʠʩ-[Ir(H2O)2(NO2)4]
- ʟʘʤʝʱʝʥʠʝ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ N,N-

ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʝʣʝʢʪʠʚʥʦ ʦʩʘʞʜʘʪʴʩʷ ʠʟ ʨʘʩʪʚʦʨʘ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʩʣʫʯʘʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 1,10-

ʬʝʥʘʪʨʦʣʠʥʦʤ.  

ɹʣʠʟʢʠʡ ʩʦʩʪʘʚ ʠ ʩʭʦʞʝʩʪʴ ʧʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʳʤ 

ʟʘʪʨʫʜʥʝʥʠʷʤ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʦʣʫʯʘʝʤʳʭ ʩʤʝʩʝʡ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ 

[Ir(H2O)(L)(NO2)3] ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ L ï ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ, ʪʨʝʙʫʝʪ ʧʦʜʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʮʝʣʷʭ ʫʤʝʥʴʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

3.5.3. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ [Ir (NO)(AcOH)(AcO)2(NO2)2] (3) 

ɽʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 

ʨʝʘʢʮʠʷ ʘʮʠʣʠʨʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʥʛʠʜʨʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʢʥʠʛʝ ɼʝʚʠʩʘ ʠ ʜʨ. [147] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʙʝʟ ʨʘʟʨʳʚʘ ʩʚʷʟʠ 

M-O. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ [Ni(H2O)6]
2+ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ [Ni(AcOH)6]
2+. ʇʦ ʘʥʘʣʦʛʠʠ, ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] 

ʦʞʠʜʘʣʦʩʴ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʧʨʠʚʝʜʝʪ ʢ ʟʘʤʝʱʝʥʠʶ ʪʨʝʭ ʘʢʚʘʣʠʛʘʥʜʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʥ-[Ir(AcOH)3(NO2)3]. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʧʨʦʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʩ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʥʘ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ. ʇʨʠ 

ʚʳʜʝʨʞʠʚʘʥʠʠ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘʯʠʥʘʶʪ ʚʳʧʘʜʘʪʴ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ [Ir(NO)(AcOH)(AcO)2(NO2)2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʨʷʜʫ ʩ ʘʮʠʣʠʨʦʚʘʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʚ ʥʠʪʨʦʟʦ ʛʨʫʧʧʫ (10). 

ʛʨʘʥ-[Ir(H2O)3(NO2)3] + 3AcOAc Ÿ [Ir(NO)(AcOH)(AcO)2(NO2)2] + 3AcOH + H2O (10) 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ Pnma 

ʷʯʝʡʢʝ (Z=4) (ʇʨʠʣʦʞʝʥʠʝ 1, 13). ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʘʤʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Ir(NO)(AcOH)(AcO)2(NO2)2] ʚ ʷʯʝʡʢʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʥʠ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʄʦʣʝʢʫʣʳ [Ir(NO)(AcOH)(AcO)2(NO2)2] ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʟʝʨʢʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ ʠ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʴʶ ʚ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʬʨʘʛʤʝʥʪ 

[Ir(NO)(AcOH)(AcO)(NO2)] (ʈʠʩʫʥʦʢ 34).  

 

 

ʈʠʩʫʥʦʢ 34. ɸ) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Ir(NO)(AcOH)(AcO)2(NO2)2]. ʊʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʜʣʷ 

ʘʪʦʤʦʚ ʜʘʥʳ ʚ 50% ʤʘʩʰʪʘʙʝ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ɹ) ʕʣʝʤʝʥʪʘʨʥʘʷ 

ʷʯʝʡʢʘ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ [Ir(NO)(AcOH)(AcO)2(NO2)2]. 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʠʨʠʜʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʢʘʞʝʥʥʳʤ ʦʢʪʘʵʜʨʦʤ. ʅʘʠʙʦʣʴʰʝʝ 

ʠʩʢʘʞʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʫʛʣʦʚ N1-Ir-O1 ʠ O1-Ir-O2, ʩʦʩʪʘʚʣʷʶʱʠʭ 97,3 ʠ 83,7Ü 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʛʦʣ Ir-N1-O3 ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʩ ʥʠʪʨʦʟʦ ʛʨʫʧʧʦʡ ʩʦʩʪʘʚʣʷʝʪ 170,2Ü. ɼʣʠʥʳ 

ʩʚʷʟʝʡ Ir-O1 ʠ Ir-O2 ʨʘʚʥʳ 2,07 ʠ 1,95 ¡, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʢʦʨʦʪʢʘʷ ʩʚʷʟʴ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʘʥʩ-

ʧʦʟʠʮʠʠ ʢ NO ʣʠʛʘʥʜʫ. ɼʣʠʥʘ ʩʚʷʟʠ Ir-O1 ʚ 2,07 ¡ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʜʣʷ ʩʚʷʟʠ ʘʪʦʤʘ ʠʨʠʜʠʷ ʩ 
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ʘʮʝʪʘʪʣʠʛʘʥʜʦʤ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʷʜʝ ʩʦʝʜʠʥʝʥʠʡ [148ï151]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʪʦʨʘʷ ʩʚʷʟʴ ʫʞʝ 

ʥʘʤʥʦʛʦ ʢʦʨʦʯʝ ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʪʥʦʩʠʪʩʷ ʥʝ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʤʫ ʘʮʝʪʘʪʫ, ʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ɼʣʠʥʳ ʩʚʷʟʝʡ ʘʪʦʤʘ ʠʨʠʜʠʷ ʩ ʥʠʪʨʦʣʠʛʘʥʜʘʤ ʩʦʩʪʘʚʣʷʪʁ 

2,06 ¡, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʠʥʘ ʩʚʷʟʠ ʠʨʠʜʠʷ ʩ ʥʠʪʨʦʟʦ ʛʨʫʧʧʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ -1,78 ¡, ʜʣʠʥʘ 

ʩʚʷʟʠ N1-O3 ʚ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʩʦʩʪʘʚʣʷʝʪ 1,14 ¡. ʅʘʙʣʶʜʘʝʤʳʝ ʜʣʷ {Ir-NO} ʬʨʘʛʤʝʥʪʘ ʧʘʨʘʤʝʪʨʳ 

ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʜʣʷ (PPh4)[Ir(NO)Cl5], 

ʜʨʫʛʦʛʦ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʛʦ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ [152].  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 35ɸ). ʆʪʩʫʪʩʪʚʠʝ ʕʇʈ 

ʩʠʛʥʘʣʘ ʜʣʷ ʩʚʝʞʝʦʩʘʞʜʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʨʠʜʠʡ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 3+, ʘ NO ʛʨʫʧʧʘ ï ʚ ʚʠʜʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʣʠʛʘʥʜʘ 

NO+. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ ʩʣʫʯʘʝ [Ir(NO)Cl5]
-, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʢʘʪʠʦʥ ʥʠʪʨʦʟʦʥʠʷ. ʇʦ 

ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʢʦʣʝʙʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʠʪʨʠʪ- ʠ ʘʮʝʪʘʪʣʠʛʘʥʜʘʤ (ʊʘʙʣʠʮʘ 8), ʪʘʢʞʝ ʚʠʜʝʥ ʩʠʛʥʘʣ ʧʨʠ 1980 ʩʤ-1, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʥʠʪʨʦʟʦ 

ʛʨʫʧʧʝ. ʇʦʣʦʞʝʥʠʝ ʜʘʥʥʦʡ ʧʦʣʦʩʳ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʥʘʙʣʶʜʘʝʤʦʤʫ ʜʣʷ [Ir(NO)Cl5]
-. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʩʫʭʦʡ ʧʨʝʧʘʨʘʪ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ 

ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ, ʦʜʥʘʢʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʧʦʣʫʯʝʥʥʳʡ ʛʫʩʪʦʡ 

ʩʠʨʦʧ ɸʅʂ ʥʘʯʠʥʘʝʪ ʩʤʝʰʠʚʘʪʴʩʷ ʩ ʘʥʛʠʜʨʠʜʦʤ. ʅʘ ʧʨʦʭʦʞʜʝʥʠʝ ʨʝʘʢʮʠʠ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ 

 

ʈʠʩʫʥʦʢ 35. ɸ) ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ [Ir(NO)(AcOH)(AcO)2(NO2)2] ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). ɹ) ʀʂ-ʩʧʝʢʪʨʳ ʘ) ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʧʦʨʦʰʢʘ [Ir(NO)(AcOH)(AcO)2(NO2)2], ʙ) ʚʳʜʝʨʞʘʥʥʦʛʦ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʥʘʜ 

KOH ʠ ʚ) ʀʂ-ʩʧʝʢʪʨ ʜʣʷ ʧʦʨʦʰʢʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. 
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ʚʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ. ʊʘʢ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ, ʧʨʠ ʩʨʝʜʥʝʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʙʦʣʝʝ 50%, ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʚʣʘʛʠ, 

ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʚ ʚʳʩʫʰʝʥʥʦʤ ʧʦʨʦʰʢʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʧʨʠ ʩʨʝʜʥʝʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʤʝʥʝʝ 30%, ʧʦʨʦʰʦʢ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʫʞʝ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʫʢʩʫʩʥʦʤ 

ʘʥʛʠʜʨʠʜʝ ʠ ʪʨʝʙʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ. ʇʨʠ ʵʪʦʤ ʠʟʙʳʪʦʢ ʚʦʜʳ ʪʘʢʞʝ 

ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʘʢʮʠʠ, ʪʘʢ ʢʘʢ ʩʘʤ ʫʢʩʫʩʥʳʡ ʘʥʛʠʜʨʠʜ ʠ ʧʦʣʫʯʘʝʤʳʡ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ. ʇʦʜʦʙʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ 

ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʳʭʦʜ ʚʝʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ ʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 30ï40 %. 

 

 

ʂʦʤʧʣʝʢʩ [Ir(NO)(AcOH)(AcO)2(NO2)2] ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ ʵʪʠʣʘʮʝʪʘʪʝ. ɺ ʪʚʝʨʜʦʤ ʚʠʜʝ 

ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʳʤ ʟʘʧʘʭʦʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʛʠʛʨʦʩʢʦʧʠʯʥʦ. ɺ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʥʘ 

ʚʦʟʜʫʭʝ ʧʦʣʫʯʝʥʥʳʝ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ [Ir(NO)(AcOH)(AcO)2(NO2)2] ʪʝʨʷʶʪ ʩʚʦʶ ʦʢʨʘʩʢʫ, ʘ 

ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʩʪʦʷʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʦʨʦʰʦʢ ʚʝʱʝʩʪʚʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʫʩʪʦʡ ʩʚʝʪʣʦ-

ʞʝʣʪʳʡ ʩʠʨʦʧ. ɼʝʛʨʘʜʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʞʝ ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʨʝʧʘʨʘʪʦʚ 

[Ir(NO)(AcOH)(AcO)2(NO2)2] ʚ ʵʢʩʠʢʘʪʦʨʝ ʥʘʜ KOH, ʦʜʥʘʢʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʝʜʣʝʥʥʘʷ. ʇʦ 

ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʧʨʝʧʘʨʘʪʘ ʧʦʩʣʝ 1,5 ʥʝʜʝʣʴ ʚ ʵʢʩʠʢʘʪʦʨʝ 

ʠʩʯʝʟʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʥʠʪʨʦʟʦ ʛʨʫʧʧʝ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʠɦʝ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʘʤ. ʂʦʥʝʯʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʧʦʭʦʞ ʥʘ ʩʧʝʢʪʨ ʧʦʨʦʰʢʘ ɸʅʂ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʵʪʦʪ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩ ʠʨʠʜʠʷ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. 

 

3.5.4. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ K4[Ir 2(Õ-OH)2(Õ-CO3)(NO2)6] (4) 

ʂʘʢ ʫʞʝ ʙʳʣʘ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʘʰʠ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʦʥʦʤʝʨʥʳʝ 

ʥʠʪʨʦʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ ʩ ʢʘʪʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ʧʨʝʪʝʨʧʝʣʠ ʥʝʫʜʘʯʫ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʘʝʤʳʝ ʦʩʘʜʢʠ ʦʢʘʟʳʚʘʣʠʩʴ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ. ʆʜʥʘʢʦ ʧʨʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʠʷ ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ 

ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪ, ʩʦʩʪʘʚʘ K4[Ir2(Õ-OH)2(Õ-CO3)(NO2)6] 

(ʇʨʠʣʦʞʝʥʠʝ 1, 14).  

ʊʘʙʣʠʮʘ 8. ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʝ [Ir(NO)(AcOH)(AcO)2(NO2)2], ʟʥʘʯʝʥʠʷ 

ʫʢʘʟʘʥʳ ʚ ʩʤ-1. 

ɜ(NO) ɜ(NO2) ɜ(C=O) ɜ(C-O) ŭ (C-H) 

1983 1325, 1429 1697 1219 1300 



87 

 

ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ Pnma ʷʯʝʡʢʝ ʩ ʯʝʪʳʨʴʤʷ 

ʬʦʨʤʫʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʚ ʩʦʩʪʘʚʝ. ɺ ʷʯʝʡʢʝ ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʠ ʥʘ 

ʛʨʘʥʷʭ ʷʯʝʡʢʠ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʢʘʪʠʦʥʳ ʢʘʣʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʨʝʜʠʥʘʭ ʨʝʙʝʨ ʠ ʛʨʘʥʝʡ, ʠ ʯʘʩʪʠʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʯʝʡʢʠ. ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʧʨʦʜʫʢʪ 

ʢʦʥʜʝʥʩʘʮʠʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ʇʨʠ ʵʪʦʤ ʠʨʠʜʠʝʚʳʝ ʮʝʥʪʨʳ ʩʚʷʟʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʦʚ ʠ ʦʜʥʦʛʦ Õ2-ʢʘʨʙʦʥʘʪ ʘʥʠʦʥʘ (ʈʠʩʫʥʦʢ 36). ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʨʘʥʝʝ ʥʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʩʦʝʜʠʥʝʥʠʡ ʠʨʠʜʠʷ ʠʣʠ ʨʦʜʠʷ ʩ ʧʦʜʦʙʥʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʥʦ ʠʤʝʝʪʩʷ ʜʚʘ ʙʣʠʟʢʠʭ ʧʨʠʤʝʨʘ ʜʣʷ Co(III). ɺ ʨʘʙʦʪʝ ɸʤʘ ʠ ʜʨ. [153] 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [Co2(L)2(Õ-CO3)(Õ-OH)2], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ L ʚʳʩʪʫʧʘʶʪ N-

ʤʝʪʠʣʘʤʠʥʦʜʠʘʮʝʪʘʪ ʠʣʠ 1,4,7-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ. ɻʝʦʤʝʪʨʠʷ ʬʨʘʛʤʝʥʪʘ { Ir(Õ-OH)2(Õ-CO3)Ir} ʚ 

ʩʦʩʪʘʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʚʪʦʨʷʝʪ ʩʪʨʦʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʜʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ. 

ʇʦʜʦʙʥʦʝ ʩʪʨʦʝʥʠʝ ʚʝʜʝʪ ʢ ʩʠʣʴʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʫʛʣʦʚ ʦʢʪʘʵʜʨʘ, ʥʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʫʛʣʘ ʆ2-Ir-ʆ3, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʤʦʩʪʠʢʦʚʳʤ ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʘʤ (81,8Ü), ʠ ʜʣʷ 

ʫʛʣʦʚ O3-Ir-N3 ʠ O2-Ir-N2, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 174Ü. ʆʩʪʘʣʴʥʳʝ ʫʛʣʳ ʠʩʢʘʞʝʥʳ ʚ 

ʟʘʤʝʪʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ɼʣʠʥʳ ʩʚʷʟʝʡ Ir-O ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,04ï2,07 ¡, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʩʚʷʟʝʡ ʠʨʠʜʠʷ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʢʠʩʣʦʨʦʜʘʤʠ. ɼʣʠʥʳ ʩʚʷʟʝʡ Ir-N 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 1,95-1,98 ¡, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʥʘʙʣʶʜʘʝʤʦʤʫ ʜʣʷ ʩʪʨʫʢʪʫʨʳ 

Na3[Ir(NO2)6] [23].  

ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʩʦʝʜʠʥʝʥʠʷ K4[Ir2(Õ-OH)2(Õ-CO3)(NO2)6] ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʣʝʜʥʦ-ʞʝʣʪʦʝ ʚʝʱʝʩʪʚʦ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦʝ ʚ ʚʦʜʝ, ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʚ ʩʧʠʨʪʝ, ʵʬʠʨʝ, ʘʮʝʪʦʥʝ ʠ 

ʵʪʠʣʘʮʝʪʘʪʝ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʧʦʣʫʯʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 20%, ʘ ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʦʙʨʘʟʫʶʱʝʤʩʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʘ ʧʦʨʦʰʢʝ ʠʤʝʶʪʩʷ ʨʝʬʣʝʢʩʳ 

ʜʨʫʛʠʭ ʬʘʟ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʨʙʦʥʘʪʫ ʢʘʣʠʷ (ʇʨʠʣʦʞʝʥʠʝ 15), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʣʠʯʠʷ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʛʠʜʨʦʢʩʦʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʨʘʩʪʚʦʨʝ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʘʥʘʣʦʛʠʯʥʳʡ ʢʘʨʙʦʥʘʪʥʳʡ 

ʨʘʩʪʚʦʨ ʛʨʘʥ-[Ir(H2O)3(
15NO2)3] (ʦʙʦʛʘʱʝʥʠʝ 

15N ʦʢʦʣʦ 23%). ɺ ʗʄʈ ʩʧʝʢʪʨʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ 

ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʨʠ 

39,5 ʤ.ʜ. (ʤʘʣʦʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ), ʢʦʪʦʨʘʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʝ ʢʦʤʧʣʝʢʩʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] (ʈʠʩʫʥʦʢ 37ɸ), ʘ ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ 

ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ, ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʟʘʤʝʱʝʥʠʝʤ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ ʢʘʨʙʦʥʘʪ-ʘʥʠʦʥʳ ʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 

ʢʦʥʜʝʥʩʘʮʠʠ ɸʅʂ. ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3 ʩʨʘʟʫ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 

ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ, ʚ ʦʙʣʘʩʪʠ 420-500 m/z, ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʘʜʜʫʢʪʘʤ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩ ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʠ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʘʤʠ (ʈʠʩʫʥʦʢ 37., 
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ʇʨʠʣʦʞʝʥʠʝ 16), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʝʨʝʟ ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʦʪʥʝʩʝʥʠʝ ʢʦʪʦʨʳʭ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʝ ʠʨʠʜʠʷ ʚʳʧʦʣʥʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

 

ʈʠʩʫʥʦʢ 36. ɸ) ɻʝʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Ir2(Õ-OH)2(Õ
2-CO3)(NO2)9]

4-. ʊʝʧʣʦʚʳʝ 

ʣɻʣʠʧʩʦʠʜʳ ʜʣʷ ʘʪʦʤʦʚ ʜʘʥʳ ʚ 50% ʤʘʩʰʪʘʙʝ. ɹ) ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʳ  

K4[Ir2(Õ-OH)2(Õ-CO3)(NO2)6], ʚʠʜ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩ. 

 

ʈʠʩʫʥʦʢ 37. ɸ) 15N ʗʄʈ ʩʧʝʢʪʨʳ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-[Ir(H2O)3(
15NO2)3] ʯʝʨʝʟ ʘ) ʯʘʩ ʠ 

ʙ) ʩʫʪʢʠ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ɹ) ʕʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʘʥʘʣʦʛʠʯʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3], ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʘʜʜʫʢʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʧʨʦʠʟʚʦʜʥʳʤ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ʉ(Ir) = 0,25 ʄ, ʉ(K+) = 1,0 M. 
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3.5.5. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ Ba0,5K4[Ir 3(Õ3-O)(Õ2-OH)3(NO2)9]Ŀ3H2O (5) ʠ 

K5Rb0,5[Ir 3(Õ3-O)(Õ2-OH)3(NO2)9](NO3)0.5Ŀ2,5H2O (6) 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ɸʅʂ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʫʩʪʘʥʦʚʠʪʴ ʝʱʝ 

ʦʜʠʥ ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʠʠ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʊʘʢ ʚ ʦʜʥʦʤ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʣʠʯʥʦʡ ʦʪ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʝ ʜʠʤʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʠʨʠʜʠʷ, ʘ 

ʪʨʠʤʝʨʥʦʤʫ ʥʠʪʨʦʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʫ ʠʨʠʜʠʷ ʩ Õ3-O ʠ Õ2-OH ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ 

ʩʦʩʪʘʚ K4M0,5[Ir3(Õ
3-O)(Õ2-OH)3(NO2)9]Ŀ3H2O, ʛʜʝ M ʠʩʭʦʜʷ ʠʟ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʜʚʫʭʟʘʨʷʜʥʳʤ ʪʷʞʝʣʳʤ ʢʘʪʠʦʥʦʤ (ʇʨʠʣʦʞʝʥʠʝ 2, 17). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʪʨʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚ P21/n ʷʯʝʡʢʝ (Z=4), ʚ ʢʦʪʦʨʦʡ ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʜʠʘʛʦʥʘʣʝʡ, ʘ ʦʩʪʘʚʰʝʝʩʷ ʤʝʩʪʦ ʧʦ ʫʛʣʘʤ ʟʘʥʠʤʘʶʪ 

ʢʘʪʠʦʥʳ ʢʘʣʠʷ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʂʘʪʠʦʥʳ ʤʝʪʘʣʣʘ M ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʩʝʨʝʜʠʥʘʭ ʨʝʙʝʨ ʚʜʦʣʴ ʦʩʠ 

a ʠ ʩʝʨʝʜʠʥʘʭ ʛʨʘʥʝʡ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ cb (ʈʠʩʫʥʦʢ 38ɸ). ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʩʪʨʫʢʪʫʨʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠ ʩʣʠʷʥʠʠ ʪʨʝʭ ʤʦʣʝʢʫʣ ʛʨʘʥ-[Ir(H2O)3(NO2)3], 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʦ ʨʝʙʨʫ, ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʘʢʚʘʣʠʛʘʥʜʦʚ (ʈʠʩʫʥʦʢ 38ɹ). ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʦʠʟʦʰʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʩʪʠʢʦʚʳʭ Õ2-ʛʠʜʨʦʢʩʦ ʣʠʛʘʥʜʦʚ, ʘ ʧʦ ʦʜʥʦʡ - Õ3-

ʦʢʩʦʣʠʛʘʥʜʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʢʦʨʦʪʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʦʥʪʘʢʪʘ (Õ3-O-M) ʨʘʚʥʦʝ 2,74 ¡. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤʳʡ ʢʘʨʢʘʩ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ ʢʫʙ ʙʝʟ ʦʜʥʦʡ ʚʝʨʰʠʥʳ. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʨʠʜʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3,16ï3,20 ¡, ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ (Ir-Õ2-O) 

ʠ (Ir-Õ3-O) ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 2,08 ¡ ʠ 2,05ï2,08 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʩʚʷʟʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʘʪʦʤʫ ʠʨʠʜʠʷ Ir1. ʀʩʢʘʞʝʥʠʝ ʢʫʙʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʚ ʤʘʢʩʠʤʫʤʝ ʜʦʩʪʠʛʘʝʪ 12Ü. ʇʨʠ 

ʵʪʦʤ ʛʨʘʥʠ Ir2-O23-Ir3-O123 ʠ Ir3-O13-Ir1-O123 ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʜʨʫʛ ʜʨʫʛʫ ʢʘʢ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʜʣʠʥ ʩʪʦʨʦʥ, ʪʘʢ ʠ ʫʛʣʦʚ, ʘ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʛʨʘʥʴ Ir1-O12-Ir2-O123 ʫʞʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʠʭ. 

ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʘ [Ir3(Õ
3-

O)(Õ2-OH)3(NO2)9] ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʦʢʨʫʛ ʦʜʥʦʛʦ ʢʘʪʠʦʥʘ M, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʪʦʤ O123, ʘ 

ʪʘʢʞʝ ʥʠʪʨʦʣʠʛʘʥʜʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʢʘʪʠʦʥ, ʬʦʨʤʠʨʫʷ ʩʬʝʨʫ ʚʦʢʨʫʛ ʥʝʛʦ 

(ʈʠʩʫʥʦʢ 39ɸ). ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ M2+ ʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʣʠʛʘʥʜʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,8ï3,3 ¡, ʘ M-O123 ʢʦʥʪʘʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ï 2,74 ¡. 

ʅʘʙʣʶʜʘʝʤʘʷ ʦʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ Q-ʧʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʘ M ʚʳʩʪʫʧʘʝʪ Ba2+. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʩʪʚʦʨʘʭ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʭ 

ʧʨʠʤʝʩʝʡ ʙʘʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʷʝʤʦʡ ʥʘʤʠ ʤʝʪʦʜʠʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠʨʠʜʠʷ, 

ʚʢʣʶʯʘʶʱʝʡ ʩʧʝʢʘʥʠʝ ʯʝʨʥʠ ʠʨʠʜʠʷ ʩ ʠʟʙʳʪʢʦʤ ʧʝʨʦʢʩʠʜʘ ʙʘʨʠʷ [36]. 
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ʈʠʩʫʥʦʢ 38. ɸ) ʋʧʘʢʦʚʢʘ ʷʯʝʡʢʘ ʜʣʷ Ba0,5K4[Ir3(Õ
3-O)(Õ2-OH)3(NO2)9]Ŀ3H2O ʢʦʤʧʣʝʢʩʘ. ɹ) 

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Ir3(Õ
3-O)(Õ2-OH)3(NO2)9]

5- ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʣʠ Ba0.5K4[Ir3(Õ
3-

O)(Õ2-OH)3(NO2)9]Ŀ3H2O. ʊʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʜʣʷ ʘʪʦʤʦʚ ʜʘʥʳ ʚ 50% ʤʘʩʰʪʘʙʝ. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 39. ɸ) ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ Ba0,5K4[Ir3(Õ
3-O)(Õ2-OH)3(NO2)9]Ŀ3H2O, ʯʘʩʪʴ ʣʠʛʘʥʜʦʚ 

ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚ ʥʠʪʨʦʣʠʛʘʥʜʘʭ ʫʜʘʣʝʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. 

ɹ) ʋʧʘʢʦʚʢʘ ʩʦʝʜʠʥʝʥʠʷ K5Rb0,5[Ir3(Õ
3-O)(Õ2-OH)3(NO2)9](NO3)0,5Ŀ2,5H2O. 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʘʣʝʝ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʧʦʚʪʦʨʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʪʠʦʥʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʵʪʦʡ ʬʦʨʤʳ 

ʠʟ ʨʘʩʪʚʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʨʘʩʪʚʦʨ r ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʢ ʢʦʪʦʨʳʤ ʜʦʙʘʚʣʷʣʠ ʩʦʣʠ ʥʠʪʨʘʪʦʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʠʪʨʘʪʥʳʝ ʩʦʣʠ 4 ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ: ʨʫʙʠʜʠ,̫ ʮʝʟʠ,̫ 

ʩʪʨʦʥʮʠ ̫ʠ ʙʘʨʠ.̫ ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ ʫʞʝ 
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ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ K4M0.5[Ir3(Õ
3-O)(Õ2-OH)3(NO2)9] ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʘʥʘʣʦʛʠʯʥʦʝ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ K:M:Ir, ʛʜʝ M = Rb+, Cs+, Ba2+, Sr2+, ʨʘʚʥʦʝ 4:0,5:3. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʪʨʦʥʮʠʷ ʠ ʮʝʟʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʥʘʩ ʪʨʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ ʧʨʦʠʩʭʦʜʠʣʘ ʚʧʣʦʪʴ ʜʦ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ 

ʢʘʨʙʦʥʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʘʨʠʷ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ 

ʩ ʪʨʫʜʥʦʩʪʴʶ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʢʨʘʡʥʝ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʘʨʙʦʥʘʪʘ ʙʘʨʠ ̫ʠ 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʥʘʩ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚ ʟʘʤʝʪʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʣʫʯʘʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʩ ʢʘʪʠʦʥʘʤʠ ʢʘʣʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ 

ʢʨʠʩʪʘʣʣʦʚ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʥʘʩ ʪʨʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʩʣʫʯʘʝ ʨʫʙʠʜʠʷ ʥʘʤ 

ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʝʜʠʥʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʚʢʣʶʯʘʶʱʠʝ ʪʨʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʠʨʠʜʠʷ ʩ 

ʩʦʩʪʘʚʦʤ K5Rb0,5[Ir3(Õ
3-O)(Õ2-OH)3(NO2)9](NO3)0,5Ŀ2,5H2O. 

ɺ ɻʪʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Ir3(Õ
3-O)(Õ2-OH)3(NO2)9]

5- 

ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʉ2/ʩ ʷʯʝʡʢʝ (Z=8) (ʈʠʩʫʥʦʢ 39ɹ, ʇʨʠʣʦʞʝʥʠʝ 2, 18).  

ɻʝʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʘʥʘʣʦʛʠʯʥʘ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʤʫ ʧʨʠʤʝʨʫ, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʝʱʝ ʙʦʣʴʰʦʝ ʠʩʢʘʞʝʥʠʝ {Ir3O4} ʚʚʠʜʫ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ ʨʫʙʠʜʠʷ, ʢʦʪʦʨʳʡ ʘʥʘʣʦʛʠʯʥʦ 

ʙʘʨʠʶ ʟʘʞʘʪ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʢʦʤʧʣʝʢʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚ ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʚʭʦʜʠʪ 

ʥʠʪʨʘʪ-ʘʥʠʦʥ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʚʦʜʘ, ʥʘʜʝʞʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʦʢʘʟʘʣʘʩʴ ʟʘʪʨʫʜʥʝʥʘ. 

ʉʪʨʦʝʥʠʝ ʢʘʨʢʘʩʘ { Ir3O4}, ʥʘʙʣʶʜʘʝʤʦʝ ʜʣʷ ʩʦʣʝʡ ʩ ʨʫʙʠʜʠʝʤ ʠ ʙʘʨʠʝʤ ʨʘʥʝʝ ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʜʣʷ ʜʚʫʭ ʩʪʨʫʢʪʫʨ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ Na[Ir3(Õ
3-OH)(Õ2-

OH)3(ʉp*)3](TFA)3, ʛʜʝ TFA - ʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪ [154]. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤʳʡ 

ʢʫʙʠʯʝʩʢʠʡ ʢʘʨʢʘʩ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʚʳʪʷʥʫʪʳʤ ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ 

ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʭʦʞʝʝ ʨʘʟʤʝʱʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʦʢʦʣʦ ʢʘʪʠʦʥʘ ʥʘʪʨʠʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢ 

ʢʘʪʠʦʥʫ ʥʘʪʨʠʷ ʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʰʫʙʫ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ 

ʘʥʠʦʥʦʚ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʡ.  

 

3.5.6. ʉʠʥʪʝʟ (H3O)x+2[Ir 2(H2O)(Õ2-NO2)3(NO2)3(NO3)2](NO3)xĿʉB[8]2CB[10] (7) 

ʊʘʢ ʢʘʢ ʠʟ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ɸʅʂ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʦʚ 

ʤʦʥʦʤʝʨʥʳʭ ʥʠʪʨʦʘʢʚʘ- ʠ ʛʠʜʨʦʢʩʦʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ, ʪʦ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʩʠʣʴʥʦ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ. ɸʟʦʪʥʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ 

ʫʜʦʙʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʢʘʚʠʪʘʥʜʳ, 
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ʚʢʣʶʯʘʷ ʢʫʢʫʨʙʠʪʫʨʠʣʳ ʧʨʠ ʵʪʦʤ ʚʳʩʫʰʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʪʘʢ ʞʝ ʤʦʛʫʪ 

ʙʳʪʴ ʣʝʛʢʦ ʨʘʩʪʚʦʨʝʥʳ ʚ ʵʪʦʡ ʢʠʩʣʦʪʝ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʫʢʫʨʙʠʪ[n]ʫʨʠʣʦʚ, ʛʜʝ n=6, 8 ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʠ ʢʫʢʫʨʙʠʪ[n]ʫʨʠʣʦʚ, 

ʛʜʝ n=8, 10, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʩʮʚʝʪʥʳʭ ʛʠʛʨʦʩʢʦʧʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʝʤʳʝ 

ʢʨʠʩʪʘʣʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʝʜʠʥʝʥʠʶ (H3O)x+2[Ir2(H2O)(Õ
2-NO2)3(NO2)3(NO3)2](NO3)xĿʉB[8]2CB[10] 

(ʈʠʩʫʥʦʢ 40ɸ, ɹ, ʇʨʠʣʦʞʝʥʠʝ 2,  19).  

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʈ-1 ʷʯʝʡʢʝ (Z=2). ʂʦʤʧʣʝʢʩʥʳʡ 

ʘʥʠʦʥ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʠʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʦ ʘʢʚʘ- 

ʠ ʥʠʪʨʦʣʠʛʘʥʜʘʤ. ʇʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʠʨʠʜʠʷ 

ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʥʠʪʨʦʣʠʛʘʥʜʘ, ʘ ʫ ʚ ʩʣʫʯʘʝ ʚʪʦʨʦʛʦ ʘʪʦʤʘ ʠʨʠʜʠʷ ʫʞʝ ʪʦʣʴʢʦ ʦʜʠʥ. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʠʪʨʦ ʠ ʥʠʪʨʠʪʦʣʠʛʘʥʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʠʜʝ ʦʜʥʦʡ ʠʟ ʛʨʘʥʝʡ ʦʢʪʘʵʜʨʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʜʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ɸʅʂ ʚ ʩʣʫʯʘʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ 

ʣʠʛʘʥʜʦʚ ʚʳʩʪʫʧʠʣʠ ʥʠʪʨʠʪʦʣʠʛʘʥʜʳ. ʊʘʢʞʝ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʥʠʪʨʘʪʦʣʠʛʘʥʜʘ, ʢʦʪʦʨʳʝ ʩʢʦʨʝʝ ʚʩʝʛʦ ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʤʝʱʝʥʠʷ ʘʢʚʘʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʩʭʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠ ̫[Ir2(Õ-

NO2)3Ir(H2O)(NO3)2(NO2)3]
2- ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʥʠʪʨʦ ʠ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʝʱʝʥʠʝʤ 

ʦʩʪʘʚʰʠʭʩʷ ʘʢʚʘʣʠʛʘʥʜʦʚ ʥʘ ʥʠʪʨʘʪ-ʘʥʠʦʥʳ (ʈʠʩʫʥʦʢ 40ɺ).  

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Ir-Ir ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 3,43 ¡. ʉʚʷʟʠ Ir-O ʜʣʷ ʤʦʩʪʠʢʦʚʳʭ 

ʥʠʪʨʠʪʦʣʠʛʘʥʜʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,07ï2,09 ¡, ʘ ʚ ʩʣʫʯʘʝ Ir-O ʩʚʷʟʝʡ ʜʣʷ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ 

ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 2,06 ¡. ʇʨʠ ʵʪʦʤ ʜʣʠʥʳ ʩʚʷʟʝʡ Ir-N ʢʘʢ ʚ ʩʣʫʯʘʝ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʤʦʩʪʠʢʦʚʳʭ ʥʠʪʨʠʪʦʣʠʛʘʥʜʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ 2,0 ¡. ʅʘʣʠʯʠʝ ʪʨʝʭ 

ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʘʪʦʤʦʚ ʠʨʠʜʠʷ, ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʵʪʦ ʚʳʨʘʞʝʥʦ ʜʣʷ ʮʝʥʪʨʘ Ir1, ʦʢʨʫʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ ʦʙʲʸʤʥʳʝ 

ʥʠʪʨʘʪʦʣʠʛʘʥʜʳ, ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʨʷʤʳʭ ʫʛʣʦʚ ʦʢʪʘʵʜʨʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪ 9Ü. 
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ʈʠʩʫʥʦʢ 40. ɸ) ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ (H3O)x+2[Ir2(H2O)(Õ
2-

NO2)3(NO2)3(NO3)2](NO3)xĿʉB[8]2CB[10], ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʢʫʢʫʨʙʠʪ[n]ʫʨʠʣʳ, 

ʩʠʥʠʤ ï ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ. ɹ) ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Ir2(H2O)(Õ
2-

NO2)3(NO2)3(NO3)2]
2-, ʊʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʜʣʷ ʘʪʦʤʦʚ ʜʘʥʳ ʚ 50% ʤʘʩʰʪʘʙʝ.  ʘʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ɺ) ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʷ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʚ [Ir2(H2O)3(Õ-NO2)3(NO2)3] ʠ ʟʘʪʝʤ [Ir2(H2O)(Õ-NO2)3(NO2)3(NO3)2]
2-. 

 

ʅʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʩʴʤʦʛʦ ʠ ʜʝʩʷʪʦʛʦ ʢʫʢʫʨʙʠʪʫʨʠʣʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʪʦʤʫ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʦʥʠ ʦʙʨʘʟʫʶʪ ʦʛʨʦʤʥʳʡ ʬʨʘʛʤʝʥʪ ʠʟ ʜʚʫʭ ʢʫʢʫʨʙʠʪ[8]ʫʨʠʣʦʚ, 

ʚʣʦʞʝʥʥʳʭ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʚ ʢʫʢʫʨʙʠʪ[10]ʫʨʠʣ. ɼʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʟʘʥʠʤʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʷʯʝʡʢʠ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʜʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ ʨʘʩʧʦʣʦʞʝʥ 

ʪʦʣʴʢʦ ʧʦ ʢʨʘʷʤ ʷʯʝʡʢʠ, ʘ ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʩʪʘʚʰʠʡʩʷ ʚ ʩʦʩʪʘʚʝ ʵʪʦʛʦ ʘʥʠʦʥʘ ʘʢʚʘʣʠʛʘʥʜ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʣʦʪʥʦ ʟʘʞʘʪ ʚ ʱʝʣʠ ʤʝʞʜʫ ʢʘʚʠʪʘʥʜʘʤʠ (ʈʠʩʫʥʦʢ 40A). ʆʙʲʝʤʥʦʩʪʴ ʚʣʦʞʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʫʢʫʨʙʠʪʫʨʠʣʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʦʤʫ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʷʯʝʡʢʠ ʪʘʢʞʝ ʚʭʦʜʠʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ, ʢʘʪʠʦʥʦʚ ʛʠʜʨʦʢʩʦʥʠʷ ʠ ʤʦʣʝʢʫʣ ʚʦʜ,r ʥʘʜʝʞʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ 

ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ. ɹʦʣʝʝ ʪʦʛʦ, ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʩʩʠʚʦʚ, ʩʦʙʨʘʥʥʳʭ 

ʚ ʭʦʜʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʦʙʨʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʨʷʜʘ 

ʜʦʤʝʥʦʚ ʩ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ. ʂ ʵʪʦʤʫ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʠʚʦʜʠʪ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ. 
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ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʙʘʟʘʭ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʨʠʜʠʷ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʧʨʠʤʝʨʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ 

ʥʠʪʨʠʪʦʣʠʛʘʥʜ rʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʤʦʩʪʠʢʦʚrʭ ʣʠʛʘʥʜʦʚ, ʙʦʣʝʝ ʪʦʛʦ ʚ ʮʝʣʦʤ ʜʣʷ ʧʣʘʪʠʥʦʚʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘʤʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʤʝʨʦʚ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʩʨʘʟʫ ʪʨʠ ʤʦʩʪʠʢʦʚʳʭ ʥʠʪʨʠʪʦʣʠʛʘʥʜʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʜʣʷ ʨʫʪʝʥʠʷ 

[155,156] ʪʘʢ ʠ ʧʘʣʣʘʜʠʷ [157,158] ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʩ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 

ʥʠʪʨʠʪʦʣʠʛʘʥʜʘʤʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ (H3O)x+2[Ir2(H2O)(Õ
2-NO2)3(NO2)3(NO3)2](NO3)xĿʉB[8]2CB[10] 

ʦʛʨʘʥʠʯʝʣʠʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʙʳʣʦ ʩʚʷʟʥʦ ʩ ʩʠʣʴʥʦʡ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʯʝʥʴ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴ  ʁ ʚ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʝ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʣʦ ʧʨʦʤʳʪʴ ʧʨʝʧʘʨʘʪʳ ʦʪ ʠʟʙʳʪʢʘ ʢʫʢʫʨʙʠʪ[n]ʫʨʠʣʦʚ. ʇʦʵʪʦʤʫ ʥʘʤ ʥʝ 

ʫʜʘʣʦʩʴ ʧʦʜʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʈʌɸ ʠʣʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. 

***  

ʈʝʟʶʤʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʦʥʦʤʝʨʥʳʝ 

ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ ʥʝ ʩʢʣʦʥʥʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠ ʁ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʠʟʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʤʦʥʦʷʜʝʨʥʳʭ 

ʛʠʜʨʦʢʩʦʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ, ʢʦʪʦʨʳʝ ʭʦʪʴ ʠ ʤʦʛʫʪ ʣʝʛʢʦ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʚʝʨʜʳʝ 

ʦʩʘʜʢʠ, ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʜʫʢʪʳ ʢʦʥʜʝʥʩʘʮʠʠ ɸʅʂ ʠʨʠʜʠʷ ʢʘʢ ʚ ʩʠʣʴʥʦ ʢʠʩʣʦʡ, ʪʘʢ ʠ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴ ʵʪʠ ʤʝʪʦʜʳ.  

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʫʜʦʙʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III), ʧʨʠʯʝʤ ʥʘ ʨʷʜʫ ʩ ʟʘʤʝʱʝʥʠʝʤ ʘʢʚʘʣʠʛʘʥʜʦʚ ʚʦʟʤʦʞʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʠ ʥʠʪʨʦʣʠʛʘʥʜʦʚ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʩʠʥʪʝʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ 

ʠʨʠʜʠʷ(III ) [Ir(NO)(AcOH)(AcO)2(NO2)2]. 
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3.6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʥ-[Ir (H2O)3(NO2)3] ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ ʛʦʤʦ- ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ 

3.6.1. ʀʟʫʯʝʥʠʝ ʛʨʘʥ-[Ir (H2O)3(NO2)3] ʚ ʢʘʯʝʩʪʚʝ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ 

ɸʢʚʘʢʦʤʧʣʝʢʩ [Ir(H2O)3Cp*] ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʝʤʫ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ 

{ IrCp*}  ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʞʝʨʪʚʝʥʥʭr ʨʝʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʠ Ce(IV) ʠʣʠ ʧʝʨʠʦʜʘʪ ʥʘʪʨʠʷ [64,68,90,159]. ʉʭʦʜʩʪʚʦ 

ʩʚʦʡʩʪʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʠ [Ir(H2O)3Cp*] ʧʦʙʫʜʠʣʦ ʥʘʩ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʜʣʷ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʪʚʦʨʳ ɸʅʂ_HNO3, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ (NH4)3[Ir(NO2)6] (0,3 M HNO3, 120 Üʉ 1 ʯ), ʚ ʢʘʯʝʩʪʚʝ ʞʝʨʪʚʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʠʦʜʘʪ ʥʘʪʨʠʷ. ɼʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʷʯʝʡʢʘ, 

ʩʥʘʙʞʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʤʘʥʦʤʝʪʨʦʤ (ʩʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ, ʨʘʟʜʝʣ 2.3). 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʮʚʝʪʥʳʡ 

ʨʘʩʪʚʦʨ ʛʨʘʥ-[Ir(H2O)3(NO2)3] (ʉ(Ir) = 40 ÕM) ʙʳʩʪʨʦ ʧʨʠʦʙʨʝʪʘʣ ʢʦʨʠʯʥʝʚʳʡ ʦʪʪʝʥʦʢ, ʧʨʠ ʵʪʦʤ 

ʥʘʯʠʥʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʴʢʦʚ ʙʝʩʮʚʝʪʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʧʦ ʜʘʥʥʳʤ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ. ʇʦ 

ʟʘʚʝʨʰʝʥʠʠ ʚʳʜʝʣʝʥʠʷ ʛʘʟʘ ʨʝʘʢʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʦʧʷʪʴ ʠʟʤʝʥʷʣ ʩʚʦʶ ʦʢʨʘʩʢʫ, ʩʪʘʥʦʚʩ̫ɹ ʩʠʥʝ-

ʟʝʣʝʥʳʤ (ʈʠʩʫʥʦʢ 41). ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʣʦ ʢʘʞʜʳʡ ʨʘʟ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠ ̫

ʥʦʚʦʡ ʧʦʨʮʠʠ ʧʝʨʠʦʜʘʪʘ, ʩ ʪʦʡ ʧʦʧʨʘʚʢʦʡ, ʯʪʦ ʚʤʝʩʪʦ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ NaIO4, ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʚ ʭʦʜʝ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʫʞʝ ʩʪʘʥʦʚʠʣʩ̫ ʛʨʷʟʥʦ-

ʬʠʦʣʝʪʦʚʳʤ. ʇʦ ʵʪʦʤ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨ ʢʘʞʜʳʡ ʨʘʟ ʦʢʨʘʰʠʚʘʣʩʷ ʚ ʥʘʩʳʱʝʥʥʳʡ 

ʩʠʥʝ-ʟʝʣʝʥʳʡ ʮʚʝʪ. 

ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 

42) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʘʟʫ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʙʳʩʪʨʦʝ ʧʦʷʚʣʝʥʠʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ 410ï420 ʥʤ. ʕʪʘ ʧʦʣʦʩʘ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʣʘ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʤʠʥʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ, ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʘʢʪʠʚʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʫʟʳʨʴʢʦʚ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʩ ʢʦʨʠʯʥʝʚʦʡ ʥʘ ʩʠʥʝ-

ʟʝʣʝʥʫʶ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʬʦʥʘ ʚʤʝʩʪʝ ʩ ʠʩʯʝʟʥʦʚʝʥʠʝʤ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 410ï420 ʥʤ ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʦʡ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʥʘ 600 ʥʤ. ʂʦʥʝʯʥʳʡ ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʩʷ 

ʜʘʞʝ ʩʧʫʩʪʷ 12 ʯʘʩʦʚ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ. ʇʦʷʚʣʝʥʠʝ ʧʦʜʦʙʥʳʭ çʩʠʥʝʡè ʪʘʢʞʝ ʙʳʣʦ 
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ʦʧʠʩʘʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʦʤ (ʩʤ. ʨʘʟʜʝʣ 1.5.3.) ʠ ʝʛʦ ʩʚʷʟʳʚʘʶʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(IV), ʚ ʪʦʤ ʯʠʩʣʝ ʜʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʢʩʦʣʠʛʘʥʜʘʤʠ 

(ʈʠʩʫʥʦʢ 8). ɼʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪʘ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʩʠʥʝʤʫ 

ʨʘʩʪʚʦʨʫ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʙʣʝʜʥʦ-ʞʝʣʪʦʡ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ, ʧʨʠ ʵʪʦʤ ʩʧʝʢʪʨ ʪʘʢʦʛʦ 

ʨʘʩʪʚʦʨʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʝʥ ʠʩʭʦʜʥʦʤʫ ʩʧʝʢʪʨʫ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. 

 

 

ʈʠʩʫʥʦʢ 41. ɸ) ʈʘʩʪʚʦʨ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʩʨʘʟʫ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʚʦʡ ʧʦʨʮʠʠ 

ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ, ɹ) ʨʘʩʪʚʦʨ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ɺ) ʪʦʪ ʞʝ ʨʘʩʪʚʦʨ 

ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʡ ʧʦʨʮʠʠ NaIO4. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʉ(Ir) = 40 ÕM, C(IO4) = 0,15 M,  

V = 10 ʤʣ, T = 25 ÜC. 

 

 

ʈʠʩʫʥʦʢ 42. ʋʌ-ɺʀɼ ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 20 Õʤʦʣʴ 

NaIO4. ʊʦʯʢʘ ʥʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʠʦʜʘʪʘ, ʚʨʝʤʝʥʥʘʷ 

ʰʢʘʣʘ ʫʢʘʟʘʥʘ ʚ ʤʠʥʫʪʘʭ. ɼʣʠʥʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʚ ʨʘʩʪʚʦʨʝ = 0,1 ʤʤ. ʉ(Ir)=0,004 M. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʚʳʭ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʢʦʨʦʩʪʴ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ ʢ ʩʤʝʩʠ 
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(ʈʠʩʫʥʦʢ 43ɸ, ɹ, ʵʢʩʧʝʨʠʤʝʥʪʳ 1 ʠ 2). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʙʣʶʜʘʣʩʷ 

ʚʳʭʦʜ ʧʦ ʢʠʩʣʦʨʦʜʫ ʦʢʦʣʦ 90%, ʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʞʝ 

ʧʨʠʙʣʠʞʘʣʦʩʴ ʢ 100%. ʇʨʠ ʵʪʦʤ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʣʷʝʪ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ, ʥʠ ʜʣʠʪʝʣʴʥʳʝ ʧʨʝʨʳʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʝ 

ʧʨʠʚʦʜʠʣʠ ʢ ʟʘʤʝʪʥʦʤʫ ʧʘʜʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʆʜʥʘʢʦ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʪʦʤʫ, ʯʪʦ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʠʟ ʩʤʝʩʠ ʥʘʯʠʥʘʣ ʚʳʧʘʜʘʪʴ ʦʩʘʜʦʢ ʡʦʜʘʪʘ 

ʥʘʪʨʠʷ, ʯʪʦ ʜʝʣʘʣʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʜʘʣʴʥʝʡʰʝʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʜʦʩʪʠʛʥʫʪʘʷ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʦʩʪʘʚʠʣʘ 8 Õʤʦʣʴ/ʤʠʥ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʶ 20 ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʚ ʤʠʥʫʪʫ ʥʘ ʦʜʠʥ ʘʪʦʤʝ ʠʨʠʜʠʷ (TOF = 20). 

ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʫʩʪʫʧʘʝʪ ʧʦʢʘʟʘʪʝʣʷʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʣʷ [Ir(H2O)3Cp*] 2+ 

ʢʦʤʧʣʝʢʩʘ (ʊʘʙʣʠʮʘ 10, ˉ14). 

 

 

ʈʠʩʫʥʦʢ 43. A) ɺʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ɹ) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʜʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʨʘʥ-[Ir(H2O)3(NO2)3]. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʉ(Ir) = 40ÕM, V = 10ml, T = 25ÜC, ʜʣʷ 

ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦ 300 ʤʛ NaIO4. 

 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] 

(ʉ(Ir)>0,01 M) ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʠʟʙʳʪʢʘ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ ʠ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʤʦʞʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʠʪʴ ʚʳʧʘʜʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʠʥʝ-ʟʝʣʝʥʦʛʦ ʦʩʘʜʢʘ, ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʤʝʪʦʜʦʤ ʈʌʕʉ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ 
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ʵʥʝʨʛʠʡ ʩʚʷʟʠ, ʦʪʥʦʩʷʱʠʭʩʷ ʢʘʢ ʢ ʠʨʠʜʠʶ, ʪʘʢ ʠ ʢ ʡʦʜʫ. ɺ ʦʙʣʘʩʪʠ ʫʨʦʚʥʷ Ir4f ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʘʩʩʠʤʝʪʨʠʯʥʳʡ ʜʫʙʣʝʪ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 63,1 ʠ 66,1 ʵɺ (ʇʨʠʣʦʞʝʥʠʝ 20). ʇʦʜʦʙʥʘʷ 

ʘʩʠʤʤʝʪʨʠʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʢ ʨʫʪʠʣʦʧʦʜʦʙʥʦʤʫ ʦʢʩʠʜʫ ʠʨʠʜʠʷ [109,116], ʦʜʥʘʢʦ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʦʚ ʫʨʦʚʥʝʡ Ir4f7/2 ʠ Ir4f5/2 ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʦʢʩʠʜʫ ʠʨʠʜʠʷ(IV) ʠʣʠ IrOx. ʊʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʈʌʕʉ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʱʘʪʝʣʴʥʦʝ ʧʨʦʤʳʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚʦʜʦʡ, ʚ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʠʩɹ ʠʥʪʝʥʩʠʚʥʳʝ 

ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʠʦʜʘʪ-ʘʥʠʦʥʫ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʚ ʦʙʨʘʟʮʝ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʣʦ 

ʩʦʜʝʨʞʘʥʠʝ ʠʨʠʜʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʦʩʘʜʦʢ ʙʳʣ ʦʪʥʝʩʝʥ ʢ ʥʝʢʦʝʤʫ ʦʢʩʦʢʦʤʧʣʝʢʩʫ 

ʠʨʠʜʠʷ, ʩ ʡʦʜ ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ.  

ʈʝʟʶʤʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʨʦʷʚʣʷʝʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ, ʦʜʥʘʢʦ 

ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʥʘʙʣʶʜʘʝʤʦʡ ʜʣʷ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

[Ir(H2O)3Cp*]2+. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʧʣʦʭʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʚ ʜʘʥʥʦʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʛʦ ʠʥʪʝʨʝʩʘ ʚ ʢʘʯʝʩʪʚʝ 

ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʠ ʜʘʣʴʥʝʡʰʠʝ ʥʘʰʠ ʫʩʠʣʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ɸʅʂ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʠʨʠʜʠʷ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

 

3.6.2. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʠʨʠʜʠʷ ʧʨʠʤʝʥʝʥ ʛʨʘʥ-[Ir (H2O)3(NO2)3] 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʯʘʩʪʠʮʳ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʨʠʜʠʷ ʠʣʠ ʦʢʩʠʜʘ ʠʨʠʜʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʠʪʨʦʘʢʚʘʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʠ ʨʷʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʯʪʦ, ʚ ʩʫʤʤʝ, ʜʝʣʘʝʪ ʛʨʘʥ-

[Ir(H2O)3(NO2)3] ʫʜʦʙʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʨʠʥʠʪʨʦʪʨʠʘʢʚʘʠʨʠʜʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʜʣʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʦʜʦʙʨʘʥ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩ ʫʟʢʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ ʚ ʦʙʣʘʩʪʠ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʥʦʩʠʪʝʣʷ ʚʳʩʪʫʧʠʣ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʡ ʥʠʪʨʠʜ ʫʛʣʝʨʦʜʘ (g-

C3N4). ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʥʦ ʠ 

ʩ ʭʦʨʦʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʟʤʦʞʥʳʤ ʘʛʨʝʩʩʠʚʥʳʤ ʫʩʣʦʚʠʷʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [160]. ɻʨʘʬʠʪʦʧʦʜʦʙʥʳʡ ʥʠʪʨʠʜ ʫʛʣʝʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʧʦʣʠʤʝʨ ʥʘ ʦʩʥʦʚʝ ʛʝʧʪʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʪʝʨʤʦʣʠʟʝ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʘʧʨʝʱʝʥʥʘ ̫ʟʦʥʘ ʜʣʷ g-C3N4 ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ 2,7ï2,9 ʵɺ [161], 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʘʤ ʚʦʣʥ ʚ 460ï430 ʥʤ. ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʡ 

ʥʠʪʨʠʜ ʫʛʣʝʨʦʜʘ ʙʳʣ ʧʦʣʫʯʝʥ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʤʝʣʘʤʠʥ-ʮʠʘʥʫʨʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [130]. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ g-C3N4 

ʩʦʩʪʘʚʣʷʝʪ 200 ʤ2/ʛ.  

ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʠʨʠʜʠʷ ʥʘ g-C3N4 ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʨʦʧʠʪʢʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚʳʩʪʫʧʘʣʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ï

ɸʅʂ_HNO3 (120ÁC, 1 ʯ). ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʧʠʪʢʠ ʠ ʚʳʩʫʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʳ 

(ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʳ) ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ ʙʫʜʫʪ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ [Ir(H 2O)3(NO2)3]x/g-C3N4, ʛʜʝ x ï 

ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʨʠʜʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,005 ʜʦ 0,5 ʤʘʩʩ.%. ʇʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʳ 

[Ir(H 2O)3(NO2)3]x/g-C3N4 ʧʦʜʚʝʨʛʣʠ ʧʨʦʢʘʣʠʚʘʥʠʶ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 200 ʠʣʠ 400Áʉ, ʠʣʠ ʚ ʪʦʢʝ ʅ2 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 400Áʉ ʩ ʮʝʣʴʶ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ ʙʫʜʫʪ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ 

Ir x/g-C3N4_air_200, Irx/g-C3N4_air_400, Irx/g-C3N4_H2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʨʠʜʠʷ (0,25 ʤʘʩʩ%), ʪʘʢ ʢʘʢ ʧʨʠ ʤʝʥʴʰʝʤ 

ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʣʣʘ ʥʝ ʫʜʘʚʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʛʦ 

g-C3N4. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 44). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʥʝʩʝʥʠʝ ʛʨʘʥ-[Ir(H2O)3(NO2)3] ʠ ʜʘʣʴʥʝʡʰʠʝ ʧʨʦʮʝʜʫʨʳ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ ʥʦʩʠʪʝʣʷ g-C3N4. ɼʣʷ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʨʝʬʣʝʢʩʳ ʧʨʠ 13Á, 28Á ʠ 57Á, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʣʦʩʢʦʩʪʷʤ (210), 

(002) ʠ (004) g-C3N4. ɼʣʷ ʥʝ ʧʨʦʢʘʣʸʥʥʦʛʦ ʦʙʨʘʟʮʘ [Ir(H 2O)3(NO2)3]0,25/g-C3N4, ʘ ʪʘʢʞʝ ʜʣʷ 

ʤʘʪʝʨʠʘʣʘ Ir 0,25/g-C3N4_air_200, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ, ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʟʘʤʝʪʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʠʨʠʜʠʶ ʠʣʠ ʝʛʦ ʦʢʩʠʜʫ. ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʤʘʪʝʨʠʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʚʦʟʜʫʭʝ (Ir 0,25/g-C3N4_air_400), ʥʘʙʣʶʜʘʣʩʷ 

ʰʠʨʦʢʠʡ ʨʝʬʣʝʢʩ ʦʢʦʣʦ 35Á, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʣʦʩʢʦʩʪʠ (101) IrO2. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

[Ir(H 2O)3(NO2)3]0,25/g-C3N4 ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʠʨʠʜʠʷ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʨʝʬʣʝʢʩʳ ʥʘ 41Á ʠ 47Á, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʣʦʩʢʦʩʪʷʤ (111) ʠ 

(200) ɻʎʂ-ʨʝʰʝʪʢʠ Ir ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ Ir 0,25/g-C3N4_H2.  

ʀʂ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʘʢʞʝ ʥʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʘʤʝʪʥʳʭ ʦʪʣʠʯʠʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʦʤ ʯʠʩʪʦʛʦ g-C3N4 (ʇʨʠʣʦʞʝʥʠʝ 21). ʆʙʥʘʨʫʞʝʥʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 
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ʜʠʘʧʘʟʦʥʝ 1800ï900 ʩʤ-1 ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ C=N ʠ CïN, ʘ ʧʦʣʦʩʘ 

ʧʨʠ 800 ʩʤ-1 ʢ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʪʨʠʘʟʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. 

 

 

ʈʠʩʫʥʦʢ 44. ɸ) ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ Ir 0,25/g-C3N4_H2 (ʘ), Ir 0,25/g-C3N4_air_400 (ʙ), 

Ir 0,25/g-C3N4_air_200 (ʚ), g-C3N4 (ʛ). ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʪʤʝʯʝʥʳ ʧʦʣʦʞʝʥʠʷ ʨʝʬʣʝʢʩʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ g-C3N4 (ʦʨʘʥʞʝʚʳʡ, ʧʣʦʩʢʦʩʪʠ 210, 002 ʠ 004), IrO2 (ʩʠʥʠʡ, ʧʣʦʩʢʦʩʪʴ 101) 

ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʠʨʠʜʠʶ (ʯʝʨʥʳʡ, ʧʣʦʩʢʦʩʪʴ 111 ʠ 200). ɹ) ʉʧʝʢʪʨʳ ʈʌʕʉ ʦʙʣʘʩʪʠ ʫʨʦʚʥʷ 

Ir4f ʜʣʷ ʦʙʨʘʟʮʦʚ Ir 0,25/g-C3N4_H2 (ʘ), Ir 0,25/g-C3N4_air_400 (ʙ), Ir 0,25/g-C3N4_air_200 (ʚ). 

 

ʅʘ ʩʧʝʢʪʨʝ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ Ir 0,25/g-C3N4_air_400 ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ g-C3N4 (ʇʨʠʣʦʞʝʥʠʝ 22). ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʩʪʨʦʝʥʠʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ʛʨʘʬʠʢʘ ʊʘʫʮʘ [162]. ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ Ir 0,25/g-

C3N4_air_400 ʜʦ 2,71 ʵɺ. ʄʝʞʜʫ ʪʝʤ, ʜʣʷ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ (ʧʨʦʢʘʣʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 200 Üʉ ʠ 

ʚ ʚʦʜʦʨʦʜʝ ʧʨʠ 400 Üʉ) h ʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʩʪʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ g-C3N4. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ IrOx ʩ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʚ ʩʣʫʯʘʝ Ir 0,25/g-C3N4_air_400. 

ʇʦ ʜʘʥʥʳʤ ʈʌʕʉ, ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʨʦʢʘʣʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 200 ʠ 400ÁC (Ir 0,25/g-

C3N4_air_200 ʠ Ir 0,25/g-C3N4_air_400) ʩʧʝʢʪʨ rʦʙʣʘʩʪʠ Ir4f ʧʦʢʘʟʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʜʫʙʣʝʪ Ir4f7/2-

Ir4f5/2 ʩ ʤʘʢʩʠʤʫʤ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʜʣʷ Ir4f7/2 ʧʨʠ 62,3 ʵɺ (ʈʠʩʫʥʦʢ 44ɹ). ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʨʠʜʠʶ ʚ ʦʢʠʩʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʘʤʦʨʬʥʦʤʫ 

IrOx, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 




















































































