
 

ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ 

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɸ. ɺ. ʅʀʂʆʃɸɽɺɸ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

ʉʊʆʃʗʈʆɺɸ ɽʣʝʥʘ ɼʤʠʪʨʠʝʚʥʘ 

 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ (L,L)-[Ru(NO)L 2Cl3] ʩ N-ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ (L) ʠ 

ʠʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

 

 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʦʩʪʠʥ ɻʝʥʥʘʜʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

 

 

 

 

ʅʦʚʦʩʠʙʠʨʩʢ ï 2025 
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

1-pram cyclam ï 1-(3-ʧʨʦʧʠʣʘʤʤʦʥʠʡ) 1,4,8,11-ʪʝʪʨʘʘʟʘʮʠʢʣʦʪʝʪʨʘʜʝʢʘʥ 

3CNPy ï 3-ʮʠʘʥʦʧʠʨʠʜʠʥ,  

4-acpy ï 4-ʘʮʝʪʠʣʧʠʨʘʟʠʥ 

4-Apy ï 4-ʘʤʠʥʦʧʠʨʠʜʠʥ,  

4CNPy ï 4-ʮʠʘʥʦʧʠʨʠʜʠʥ,  

4-pic ï 4-ʧʠʢʦʣʠʥ, 

4-pyca ï 4-ʧʠʨʠʜʠʥʛʠʜʨʦʢʩʘʤʦʚʘʷ ʢʠʩʣʦʪʘ,  

bipy ï ʙʠʧʠʨʠʜʠʥ,  

cyclam ï 1,4,8,11-ʪʝʪʨʘʘʟʘʮʠʢʣʦʪʝʪʨʘʜʝʢʘʥ 

dmpH ï ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ,  

DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ,  

FT ï 4ô-(2-ʬʣʫʦʨʝʥʠʣ)-2,2ô:6ô,2ôô-ʪʝʨʧʠʨʠʜʠʥ 

H2pm ï ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ 2-ʧʠʨʠʜʠʥʤʝʪʘʥʦʣ,  

H2azole ï ʘʟʦʣ,  

H2bzim ï ʙʝʥʟʠʤʠʜʘʟʦʣ,  

H2Ind ï ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʠʥʜʘʟʦʣ, Hind ï ʠʥʜʘʟʦʣ, Ind ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʠʥʜʘʟʦʣ,  

H2pm ï 2-ʧʠʨʠʜʠʥʤʝʪʘʥʦʣ, 2pm ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ 2-ʧʠʨʠʜʠʥʤʝʪʘʥʦʣ,  

Hazole ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʘʟʦʣ,  

Hbzim ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʙʝʥʟʠʤʠʜʘʟʦʣ,  

Hpyca ï 2-ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ,  

Im ï ʠʤʠʜʘʟʦʣ, 

InicEt ï ʵʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪ,  

InicMe ï ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪ,  

L-hist ï L-ʛʠʩʪʠʜʠʥ 

Mebipy ï ʤʝʪʠʣʙʠʧʠʨʠʜʠʥ, 
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MePy ï 3-ʤʝʪʠʣʧʠʨʠʜʠʥ, 

MePYM ï 4-ʤʝʪʠʣʧʠʨʠʤʠʜʠʥ, 

NBu4 ï ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ,  

NicEt ï ʵʪʠʣʥʠʢʦʪʠʥʘʪ,  

NicMe ï ʤʝʪʠʣʥʠʢʦʪʠʥʘʪ,  

Py ï ʧʠʨʠʜʠʥ,  

pyca ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ 2-ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ,  

pz ï ʧʠʨʘʟʠʥ, 

R-Phtpy ï ʟʘʤʝʱʝʥʥʳʡ ʬʝʥʠʣʪʝʨʧʠʨʠʜʠʥ,  

terpy ï ʪʝʨʧʠʨʠʜʠʥ,  

tpa ï (ʪʨʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ)  

Urea ï ʤʦʯʝʚʠʥʘ 

ɓ-Pic ï ɓ-ʧʠʢʦʣʠʥ,  

ɔ -Pic ï ɔ-ʧʠʢʦʣʠʥ 

ɼʄʌɸ, DMF ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ʄʆʂʇ ï ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

ʀʂC ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʋʌ-ʚʠʜ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦ-ʚʠʜʠʤʳʡ 

ʕɸ ï ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʆʪʢʨʳʪʠʝ ʚ ʢʦʥʮʝ 20-ʛʦ ʚʝʢʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʦʢʩʠʜʘ ʘʟʦʪʘ(II ) ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ 

ʚʦʟʨʘʩʪʘʥʠʶ ʠʥʪʝʨʝʩʘ ʢ ʩʦʝʜʠʥʝʥʠʷʤ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ 

ʧʝʨʝʥʦʩʯʠʢʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʤ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʅʘ ʨʫʙʝʞʝ 1990ï2000 ʛʦʜʦʚ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʠʤ ʢʦʤʧʣʝʢʩʘʤ, 

ʚʦʟʨʦʩʣʦ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʠ ʵʪʦʤ ʩʚʷʟʘʥ ʩ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʤʠ 

ʨʫʪʝʥʠʷ ʠ ʞʝʣʝʟʘ. ɺʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʨʫʧʧ r(RuNO)3+ ʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʠ ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʣʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʠ Ru-NO ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʜʝʣʝʥʠʷ NO, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʭʠʤʠʦʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʧʦʢʘ ʥʠ ʦʜʠʥ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʥʝ ʩʪʘʣ ʧʦʣʥʦʮʝʥʥʳʤ ʬʘʨʤʧʨʝʧʘʨʘʪʦʤ, 

ʧʨʦʚʝʜʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ, ʧʦ ʤʥʝʥʠʶ ʠʭ ʩʦʟʜʘʪʝʣʷ 

ʕ. ɸʣʝʩʩʠʦ1, ʧʨʠʚʝʣʦ ʢ ʩʤʝʥʝ ʧʘʨʘʜʠʛʤʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʝʜʠʥʝʥʠʷ ʧʣʘʪʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʧʨʝʧʘʨʘʪʦʚ.  

ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ c N-ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ 2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʝʢʘʨʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ, ʦʙʣʘʜʘʶʪ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ 3,4. ʂʨʦʤʝ ʪʦʛʦ, ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʩʦʜʝʨʞʘʪ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʢ ʨʫʪʝʥʠʶ ʤʦʣʝʢʫʣʫ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ, ʠʟʚʝʩʪʥʫʶ ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʠʘʪʦʨʘ 

ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʘʧʦʧʪʦʟ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 5. 

ʃʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NO ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʤʦʞʝʪ ʠʤʝʪʴ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ, ʘ ʪʘʢʞʝ, ʩʫʞʘʷ ʠ ʨʘʩʰʠʨʷʷ ʩʦʩʫʜʳ, 

ʚʣʠʷʪʴ ʥʘ ʢʨʦʚʷʥʦʝ ʜʘʚʣʝʥʠʝ 6. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʩʦʟʜʘʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ: ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʩʚʷʟʴ Ru-NO ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ 

ʠ ʚʳʩʚʦʙʦʞʜʘʝʪ NO 7,8. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʝʧʘʨʘʪʳ ʚ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʣʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʥʠʝ ʰʠʨʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʘʨʴʠʨʫʶʱʠʤʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ 

ʦʢʨʫʞʝʥʠʝʤ ʨʫʪʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩʘʤʠʭ ʣʠʛʘʥʜʦʚ. ɼʠʟʘʡʥ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ, 

ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʘʢ ʢʘʢ ʥʝ ʪʦʣʴʢʦ NO, ʥʦ ʠ ʜʨʫʛʠʝ ʬʨʘʛʤʝʥʪʳ ʬʦʪʦʨʘʟʣʘʛʘʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʤʝʪʘʙʦʣʠʟʤ ʙʦʣʴʥʦʛʦ 1. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʩ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʧʨʠʢʣʘʜʥʳʤʠ 
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ʩʚʦʡʩʪʚʘʤʠ ʧʦʟʚʦʣʠʪ ʥʘʧʨʘʚʣʝʥʥʦ ʩʦʟʜʘʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʝʢʫʨʩʦʨʳ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʧʦʜʙʦʨ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʪʢʣʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ 

NO.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʦʙʱʝʤ ʚʟʛʣʷʜʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʘʪʠʢʝ ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʥʠʪʨʦʟʦʢʦʤʣʝʢʩʘʤ ʨʫʪʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ 1) ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʪʚʝʨʜʳʭ ʬʘʟʘʭ ʠ ʨʘʩʪʚʦʨʘʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʬʨʘʛʤʝʥʪʘ Ru-NO, 2) ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʌʦʪʦʘʢʪʠʚʥʦʩʪʴ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʚʳʭ ʠʟʦʤʝʨʦʚ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʠʩʪʝʤʥʦ: ʜʦʩʪʦʚʝʨʥʦ 

ʦʧʨʝʜʝʣʝʥʘ ʧʨʠʨʦʜʘ ʩʚʷʟʝʚʳʭ ʠʟʦʤʝʨʦʚ, ʩʜʝʣʘʥʳ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʭʘʥʠʟʤʦʚ ʠʟʦʤʝʨʠʟʘʮʠʠ Ru-NO ʧʨʠ ʦʙʣʫʯʝʥʠʠ, ʧʦʣʫʯʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʟʘʩʝʣʸʥʥʦʩʪʠ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʝʚʳʭ ʠʟʦʤʝʨʦʚ Ru-NO. ɺ ʨʘʩʪʚʦʨʘʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʣʠʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʳʜʝʣʠʪʴ ʥʝ ʫʜʘʝʪʩʷ. ɼʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʝʪʩʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʬʦʪʦʣʠʟʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʪʨʳʚʦʤ NO. ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʠ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʯʘʱʝ ʚʩʝʛʦ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʨʷʜʝ ʧʨʠʙʣʠʞʝʥʠʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʤʝʪʦʜʦʣʦʛʠʠ, ʧʨʠʥʷʪʦʡ ʚ ʢʦʥʢʨʝʪʥʦʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʬʦʪʦʣʠʟʘ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ, ʘ ʚʪʦʨʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʬʦʪʦʣʠʟʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ ʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ. ʇʦ ʜʘʥʥʳʤ Scopus ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ 

ʥʘʩʯʠʪʳʚʘʝʪʩ ̫31 ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʜʥʘʢʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ (ʢʨʦʤʝ ʦʯʝʚʠʜʥʦʛʦ ʚʣʠʷʥʠʷ pH ʨʘʩʪʚʦʨʘ), ʚʳʜʝʣʠʪʴ ʥʝ 

ʫʜʘʝʪʩʷ.  

ʉʨʝʜʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʳʯʥʦ ʢʘʩʘʶʱʠʭʩʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ, ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

(ʢ ʩʦʞʘʣʝʥʠʶ, ʟʘʚʝʨʰʝʥʥʳʝ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ), ʧʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ 

ʠʥʜʘʟʦʣʦʤ ʠ ʠʤʠʜʘʟʦʣʦʤ 9, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʭʣʝʩʪʥʫʚʰʠʝ ʠʥʪʝʨʝʩ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʦʜʥʦʤ ʚʝʱʝʩʪʚʝ ʤʦʣʝʢʫʣʫ ʤʦʥʦʦʢʩʠʜʘ 
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ʘʟʦʪʘ ʠ N-ʜʦʥʦʨʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ. ʂ ʤʦʤʝʥʪʫ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʙʘʟʘ CCDC (Cambridge Crystallographic Data Centre) ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 700 ʩʪʨʫʢʪʫʨ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʨʘʛʤʝʥʪ Ru-NO ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʢ ʨʫʪʝʥʠʶ ʘʪʦʤ ʘʟʦʪʘ ʚ 

ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʢʣʝʪʢʫ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʣʠʧʦʬʠʣʴʥʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʨʫʪʝʥʠʷ 10. 

ʀʪʦʛʦ, ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʚ ʨʘʟʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʩʬʝʨʘʭ, ʦʭʚʘʪʳʚʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʭʠʤʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʤʝʜʠʮʠʥʫ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʦʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʩʝ ʝʱʝ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʥʘʢʦʧʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʝʜʠʥʝʥʠʷʭ, ʤʝʪʦʜʘʭ ʠʭ ʠʟʫʯʝʥʠʷ ʠ 

ʧʦʜʭʦʜʘʭ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʨʷʜʘ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʚʠʜʘ 

[RuNOL2Cl3] ʩ N-ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʤ ʗʄʈ 

¶ ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʵʣʝʤʝʥʪʥʦʛʦ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

¶ ʀʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʚ 

ʨʘʩʪʚʦʨʝ ʤʝʪʦʜʘʤʠ ʋʌ-ʚʠʜ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

¶ ʇʨʦʚʝʜʝʥʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʝʪʦʯʥʳʤ 

ʣʠʥʠʷʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʙʣʫʯʝʥʠʷ ʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ, ʧʦʣʫʯʝʥʠʠ ʠ ʭʘʨʘʢ-

ʪʝʨʠʟʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ 

N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ ʈʉɸ, ʦʜʠʥʥʘʜʮʘʪʴ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ 
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ʠ ʦʙʦʩʥʦʚʘʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ. ɼʣʷ ʜʚʫʭ 

ʧʦʣʫʯʝʥʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ (MS1), 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʅʘ ʧʨʠʤʝʨʝ ʰʝʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʥʠʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʬʦʪʦʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʢʦʤʙʠʥʘʮʠʡ ʜʚʫʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ï ʀʂ- ʠ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʦʩʥʦʚʘʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ, ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʦʪʦʣʠʟʘ ʥʠʪʨʦʟʦʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʐʝʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ, ʘʢʪʠʚʥʦʩʪʴ 

ʜʚʫʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʣʫʯʝʥʠʷ ʩʠʥʠʤ ʩʚʝʪʦʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʠʟ ʠʩʭʦʜʥʦʛʦ K2[RuNOCl5], 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʝʢʘʶʱʝʡ ʨʝʘʢʮʠʠ, ʦʙʦʩʥʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʧʨʦʪʠʚʦʠʦʥʘ 

[RuNOCl5]
2- ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʤʝʩʠ; ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʣʠʷʥʠʷ ʚʳʙʦʨʘ 

ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʬʦʪʦʣʠʟʘ ʥʘ ʠʪʦʛʦʚʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠ 

ʦʧʠʩʘʥʠʠ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʚ 

ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʘʥʥʳʭ ʦ ʩʪʨʦʝʥʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ; ʩʚʝʜʝʥʠʷʭ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ, ʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʠ ʩʧʝʢʪʨʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ; ʥʘʡʜʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʚʣʠʷʥʠʷ ʩʪʨʦʝʥʠʷ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʚ ʨʝʘʢʮʠʷʭ ʬʦʪʦʣʠʟʘ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

¶ ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ (ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʈʌɸ, ʈʉɸ); 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʠʭ ʩʦʩʪʘʚʘ ʠ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ 

ʀʂ-, ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʝʟ ʦʙʣʫʯʝʥʠʷ ʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʣʠʟʘ; 

¶ ʧʨʦʚʝʜʝʥʠʝ DFT-ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ 

ʢʦʤʧʣʝʢʩʦʚ, ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʠ ʩʧʝʢʪʨʘʭ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ; 
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¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ ʢʣʝʪʦʯʥʳʤ 

ʣʠʥʠʷʤ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠ 

ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ; 

¶ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ; 

¶ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

¶ ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʘʢʮʠʷʭ ʬʦʪʦʣʠʟʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʀʂ- ʠ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 

¶ ʜʘʥʥʳʝ ʧʦ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ  

ɺʝʩʴ ʦʙʲʸʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚʳʨʘʱʠʚʘʥʠ ʁ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʠʶ ʠ ʨʘʩʰʠʬʨʦʚʢʝ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ, ʫʩʪʘʥʦʚʣʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʠʩʩʣʝʜʦʚʘʥʠ ʁ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʩʪʚʦʨʘʭ ʤʝʪʦʜʦʤ ʀʂ- ʠ ʋʌ-ʚʠʜ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʀʂʉ, ʈʉɸ, ʈʌɸ, ʗʄʈ) ʠ ʧʨʦʚʝʜʝʥʠʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ DFT-ʨʘʩʯʝʪʦʚ ʚʳʧʦʣʥʝʥ ʘʚʪʦʨʦʤ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʦʙʩʫʞʜʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

43th International Conference on Coordination Chemistry ï 2018 (ʉʝʥʜʘʡ, ʗʧʦʥʠʷ) 

68th Conference of Japan Society of Coordination Chemistry ï 2018 (ʉʝʥʜʘʡ, ʗʧʦʥʠʷ) 

International Conference on Coordination and Bioinorganic Chemistry - 2019 (ʉʤʦʣʝʥʠʮʝ, 

ʉʣʦʚʘʢʠʷ) 

XXII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʝʨʥʷʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ï 2019 (ʄʦʩʢʚʘ) 

XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ï 2021 

(ʊʫʘʧʩʝ).  
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ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ 

ʮʠʪʠʨʦʚʘʥʠʷ Web of Science. ɺ ʤʘʪʝʨʠʘʣʘʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 5 ʜʦʢʣʘʜʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆ ʧʨʠʟʥʘʥʠʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʛʦʚʦʨʠʪ ʠʭ ʧʫʙʣʠʢʘʮʠʷ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʚʳʩʦʢʘʷ ʦʮʝʥʢʘ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 7. çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʣʠʛʘʥʜʦʚè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 139 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 68 ʨʠʩʫʥʢʦʚ ʠ 15 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ 

ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʫʨʳ (ʛʣ. 1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 

ʦʙʩʫʞʜʝʥʠʷ (ʛʣ. 3), ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (162 

ʥʘʠʤʝʥʦʚʘʥʠ)̫. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

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

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʟʘʜʘʥʠʝʤ ʀʅʍ 

ʉʆ ʈɸʅ çʈʘʟʜʝʣ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 1.4.1.1. ʇʨʠʨʦʜʘ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚè, ʪʝʤʘ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ: ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ, ʧʦʣʫʯʝʥʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘè (FWUZ-2021-0002). ʆʪʜʝʣʴʥʳʝ ʨʘʟʜʝʣʳ ʨʘʙʦʪʳ ʙʳʣʠ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʳ 

ʛʨʘʥʪʘʤʠ ʈʌʌʀ 20-43-543002 çɼʠʟʘʡʥ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʝʪʦʠʥʜʫʮʠʨʫʝʤʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 
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ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠè, ʈʌʌʀ 20-33-70262 çʅʠʪʨʦʟʠʣ-ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʣʠʥʢʝʨʳ ʜʣʷ ʜʠʟʘʡʥʘ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʬʦʪʦʛʝʥʝʨʘʮʠʝʡ 

ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘè ʠ ʈʅʌ-ANR 22-43-09001: çʉʪʨʫʢʪʫʨʥʘʷ ʜʠʥʘʤʠʢʘ ʬʦʪʦʧʝʨʝʢʣʶʯʘʝʤʳʭ 

ʪʚʝʨʜʳʭ ʬʘʟè. 
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1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʣʴ ɾʦʣʠ 

Na2[Ru(NO)(NO2)4OH]Ö2H2O, ʦʧʠʩʘʥʥʘʷ ɸ. ɾʦʣʠ ʚ 1889 ʛʦʜʫ, ʢʘʢ ʜʚʦʡʥʘʷ ʩʦʣʴ ʨʫʪʝʥʠʷ-

ʥʘʪʨʠʷ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʦʟʞʝ ʦʧʨʝʜʝʣʝʥʘ ɼʞ. ʌʣʝʪʯʝʨʦʤ 11. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʤʦʤʝʥʪʫ ʧʦ ʜʘʥʥʳʤ CCDC (Cambridge Crystallographic Data Centre) ʦʧʠʩʘʥʦ ʦʢʦʣʦ ʪʳʩʷʯʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʨʘʛʤʝʥʪ Ru-NO. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ NO, ʢʘʢ ʣʠʛʘʥʜʘ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʦʙʩʪʚʝʥʥʦʡ p-ʩʠʩʪʝʤʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʧʨʠ ʙʣʠʟʢʦʡ ʢ ʣʠʥʝʡʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʫʟʣʘ M-NO 12. ʊʘʢʘʷ ʛʝʦʤʝʪʨʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ 

ʟʘʨʷʜʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ (RuNO)3+. ʇʦʩʢʦʣʴʢʫ ʧʨʷʤʦʝ ʠʣʠ ʢʦʩʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ ʬʨʘʛʤʝʥʪʘ (MNO)n+ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱɹ ʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʕʥʝʤʘʨʢʦʤ 13 ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʬʨʘʛʤʝʥʪʘ ʄ-NO. ʊʘʢ ʥʘʧʨʠʤʝʨ, 

ʬʨʘʛʤʝʥʪ (RuNO)3+ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʙʦʟʥʘʯʝʥʠʡ ʚʳʛʣʷʜʠʪ ʢʘʢ {RuNO} 6, ʛʜʝ 6 ï ʵʪʦ ʦʙʱʝʝ 

ʯʠʩʣʦ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʧʷʪʴ d-ʵʣʝʢʪʨʦʥʦʚ Ru3+ ʠ ʦʜʠʥ ʵʣʝʢʪʨʦʥ NO ʠʣʠ 6 d-

ʵʣʝʢʪʨʦʥʦʚ Ru2+ ʠ ʥʦʣʴ ʵʣʝʢʪʨʦʥʦʚ NO+).  

ʆʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘ { RuNO} 6 ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʬʨʘʛʤʝʥʪʘ {RuII-NOĘ}, ʢʦʪʦʨʳʡ, ʘʢʚʘʪʠʨʫʷʩʴ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʦʙʨʘʟʫʝʪ ʯʘʩʪʠʮʫ NOĘ 14: 

ὙόὔὕὔὌ ὢ Ὡ ᴼ ὸὶὥὲίὙόὔὕὔὌ ὢ  

ὸὶὥὲίὙόὔὕὔὌ ὢ Ὄὕᴼ ὸὶὥὲίὙόὔὌ Ὄὕὢ ὔὕȕ 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʢʦʥʚʝʨʩʠʷ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʚ ʥʠʪʨʦʢʦʤʧʣʝʢʩ ʧʫʪʝʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʥʠʪʨʦʟʦʛʨʫʧʧʳ 

ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʦʤ: 

ὸὶὥὲίὙόὔὕὔὌ ὢ ςὕὌᴼ ὸὶὥὲίὙόὔὌ ὔὕ ὢ Ὄὕ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʩʝ ʥʠʪʨʦʟʦʢʦʤʣʝʢcʳ ʨʫʪʝʥʠʷ ʩ ʙʣʠʟʢʠʤ ʢ ʣʠʥʝʡʥʦʤʫ 

ʩʪʨʦʝʥʠʝʤ (RuNO)3+, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʜʠʘʤʘʛʥʠʪʥʳʤʠ, ʘ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʦʚ (RuNO)3+ ª (RuNO2)
+  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ 

ʩʨʝʜʳ, ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʢʦʤʧʣʝʢʩʳ Ru2+-

NO+. ʇʨʠ ʵʪʦʤ ʣʠʛʘʥʜ NO+ ʠʟʦʣʦʙʘʣʝʥ CO, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

p-ʩʚʷʟʳʚʘʥʠʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʧʨʦʯʥʦʡ ʩʚʷʟʠ ʩ NO+, ʯʝʤ ʩ ʦʩʪʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʣʠʥʘ ʩʚʷʟʠ Ru-NO ʩʫʱʝʩʪʚʝʥʥʦ 

ʢʦʨʦʯʝ, ʯʝʤ ʜʣʠʥʳ ʩʚʷʟʝʡ Ru-N c ʣʠʛʘʥʜʘʤʠ ʪʠʧʘ NH3, NR3, Py (ʩʤ. ʨʘʟʜʝʣ 1.2). ʂʨʦʤʝ ʪʦʛʦ, 
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ʧʨʦʮʝʩʩʳ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ [RuNOX5] ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʳʯʥʦ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ ʫʟʝʣ RuNO. ʅʘʣʠʯʠʝ ʢʨʘʪʥʦʡ ʩʚʷʟʠ Ru-N 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʙʦʛʘʪʦʡ ʬʦʪʦʭʠʤʠʝʡ, 

ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ (ʨʘʟʜʝʣ 1.3). ʉʧʦʩʦʙʥʦʩʪʴ 

ʬʨʘʛʤʝʥʪʘ Ru-NO ʠʟʦʤʝʨʠʟʦʚʘʪʴʩʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʠ ʠʩʧʫʩʢʘʪʴ ʯʘʩʪʠʮʫ NO ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʩʣʦʚʠʡ ʦʙʣʫʯʝʥʠʷ, ʥʦ ʠ ʦʪ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʨʫʪʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʣʝʝ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʠʤʝʥʝʥʠʷ. 

1.1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ 

ʥʠʪʨʦʟʦ-ʣʠʛʘʥʜʦʤ: ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ NO ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ 

NO 15 ʠʣʠ ʚ ʩʠʩʪʝʤʘʭ, ʝʛʦ ʛʝʥʝʨʠʨʫʶʱʠʭ (Cu ʚ HNO3 
16, NaNO2 ʚ HBF4 ʠʣʠ H2SO4 

17,18); 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʢʫʨʩʦʨʦʚ, ʫʞʝ ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ Ru(NO) ʠ ʧʨʝʚʨʘʱʝʥʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʦ-ʣʠʛʘʥʜʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 19. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʨʫʪʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢʣʘʩʩʠʬʠʮʠʨʫʷ ʠʭ ʧʦ ʠʩʭʦʜʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 

ʠ ʠʣʣʶʩʪʨʠʨʫʷ ʠʭ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʧʦʣʫʯʝʥʠʷ Ru-NO ʢʦʤʧʣʝʢʩʦʚ ʩ N-

ʛʝʪʝʨʦʮʠʢʣʘʤʠ.  

ʉʠʥʪʝʟʳ ʠʟ çRuCl3è 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʪʨʠʭʣʦʨʠʜʘ ʨʫʪʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠʤʝʝʪ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. ʅʝ ʩʦʜʝʨʞʘʱʠʝ NO ʩʦʝʜʠʥʝʥʠʷ ʨʫʪʝʥʠʷ(III ), ʢʘʢ ʧʨʘʚʠʣʦ 

ʙʦʣʝʝ ʣʘʙʠʣʴʥʳ, ʚ ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ. ʏʘʱʝ ʚʩʝʛʦ ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʵʪʘʥʦʣʝ, ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʛʨʘʝʪ ʨʦʣʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʷʚʣʷʝʪʩʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʨʝʘʢʪʠʚʘ ʠ ʥʘʣʠʯʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʛʠʜʨʦʣʠʟʫ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʢʦʤʧʣʝʢʩʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʪʝʨʧʠʨʠʜʠʥʘ (Phtpy) 20. ʎʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʳ ʧʦʣʫʯʝʥʳ 

ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʚʠʜʘ [Ru(R-Phtpy)Cl2(NO)], ʛʜʝ ʟʘʤʝʩʪʠʪʝʣʴ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʫ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʨʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʫʧʧʘʤʠ -H, -NO2, -Br, -OMe. 

ʀʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʩʣʫʞʠʪ Ru(R-Phtpy)Cl3, ʧʦʣʫʯʘʝʤʳʡ ʠʟ 

ʪʨʠʭʣʦʨʠʜʘ ʨʫʪʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʛʘʥʜʘ. ɺ ʨʘʩʪʚʦʨ Ru(R-Phtpy)Cl3 ʚ 
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ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʦʧʫʩʢʘʶʪ ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʘ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ. ʎʚʝʪ ʨʘʩʪʚʦʨʘ 

ʩʚʝʪʣʝʝʪ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ, ʩʦʜʝʨʞʘʱʠʡ cʦʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ 

ʪʨʘʥʩ-(Cl, Cl)-[Ru(R-Phtpy)Cl2(NO)]+ (ʈʠʩʫʥʦʢ 1). ɽʩʣʠ ʦʩʘʜʦʢ ʥʝ ʚʳʧʘʜʘʝʪ, ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʫʧʘʨʠʚʘʶʪ ʜʦʩʫʭʘ, ʚ ʥʝʡ ʩʦʜʝʨʞʘʪʩʷ ʪʨʘʥʩ- ʠ ʮʠʩ-ʠʟʦʤʝʨʳ ʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 3:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ). ʉʤʝʩʴ ʨʘʟʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʮʠʩ- ʠ ʪʨʘʥʩ-[Ru(R-Phtpy)Cl2(NO)]+ 

ʉʠʥʪʝʟʳ ʠʟ [RuCl3(NO)] 

ɽʱʝ ʦʜʥʠʤ ʧʦʧʫʣʷʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʫʪʝʥʠʷ ʩʣʫʞʠʪ [RuCl3(NO)], ʧʦʣʫʯʘʝʤʳʡ ʠʟ 

ʧʨʦʜʘʞʥʦʛʦ RuCl3Ŀ(H2O)x ʧʨʦʧʫʩʢʘʥʠʝʤ NO ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʚ ʩʧʠʨʪʝ. ʕʪʦ ʚʝʱʝʩʪʚʦ ʪʘʢ ʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʪʨʠʛʠʜʨʘʪʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʩʠʥʪʝʟʦʚ ʩ 

ʠʟʙʳʪʢʦʤ ʣʠʛʘʥʜʦʚ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʢʦʤʧʣʝʢʩ rʚʠʜʘ [RuNOL2Cl3], ʛʜʝ L ï ʪʨʝʪʠʯʥʳʝ 

ʬʦʩʬʠʥʳ, ʘʨʩʠʥʳ, ʪʠʦʵʬʠʨʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʛʨʘʥʠʯʝʥʥʦ ʧʨʠʤʝʥʠʤ ʜʣʷ ʩʠʥʪʝʟʦʚ 

ʩʦʝʜʠʥʝʥʠʡ [RuNOL2Cl3] ʩ ʙʦʣʝʝ ʦʩʥʦʚʥʳʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʡ [RuCl3(NO)] ʩ ʧʠʨʠʜʠʥʦʤ, ʘʮʝʪʦʥʠʪʨʠʣʦʤ, 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ ʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [RuL3/6]
n+ ʚ ʢʦʪʦʨʳʭ ʥʠʪʨʦʟʦʛʨʫʧʧʘ ʧʦʣʥʦʩʪʴʶ 

ʫʜʘʣʷʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʘ ʠʣʠ {ʪʨʠʩ-(3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʠʣ)ʙʦʨʘʪʘ-} 21 ʧʦʣʫʯʘʶʪʩʷ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʳʭ 

[RuNOL2Cl3]-ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚʦʜʘ ʤʦʞʝʪ ʛʠʜʨʦʣʠʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʜʝʣʘʷ ʚʳʜʝʣʝʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʪʨʫʜʦʝʤʢʠʤ. ʇʨʦʙʣʝʤʘ 

ʨʝʰʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʪʘʨʪʦʚʦʛʦ RuCl3 xH2O ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʥʠʪʨʦʟʠʣʠʨʦʚʘʥʠʷ ʚ 

ʪʠʦʥʠʭʣʦʨʠʜʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʝʟʚʦʜʥʦʛʦ [RuCl3(NO)]. ʇʦʣʫʯʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʭʦʜʥʦʝ 

ʚʝʱʝʩʪʚʦ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʦʣʫʦʣʝ ʠ ʠʟʙʳʪʢʦʤ 3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʘ ʜʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʩ-[RuCl3(NO)(dmpH)2] ʩ ʚʳʭʦʜʦʤ 

87% ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 21. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʩʠʥʪʝʟʦʚ, ʚ ʢʦʪʦʨʳʭ ʛʠʜʨʘʪʥʘʷ ʚʦʜʘ ʥʝ ʤʝʰʘʝʪ ʧʦʣʫʯʝʥʠʶ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘʧʨʠʤʝʨ [Ru(NO)(4-CNPy)2Cl3] (4-ʉNPy ï 4-ʮʠʘʥʦʧʠʨʠʜʠʥ) ʠ 

[Ru(NO)(4-APy)2Cl3] (4-ɸPy ï 4-ʘʤʠʥʦʧʠʨʠʜʠʥ) 22. ʉʤʝʰʠʚʘʥʠʝ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ 
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Ru(NO)Cl3Ŀ2H2O ʠ ʯʝʪʳʨʝʭ ʵʢʚʠʚʘʣʝʥʪʦʚ 4-CNPy ʠʣʠ 4-APy ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʭʦʜʘʤʠ 

62% ʠ 58%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʪʘʪʴʷ 23 ʧʨʝʜʣʘʛʘʝʪ ʩʠʥʪʝʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 2-ʧʠʨʠʜʠʥʤʝʪʘʥʦʣʦʤ. ʂʦʤʧʣʝʢʩ 

[H22pm][RuCl3(2pm)NO] ʧʦʣʫʯʘʶʪ ʢʠʧʷʯʝʥʠʝʤ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ Ru(NO)Cl3ĿxH2O ʩ 

ʪʨʝʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ 2-ʧʠʨʠʜʠʥʤʝʪʘʥʦʣʘ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʚ ʤʝʪʘʥʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʧʘʨʠʚʘʥʠʝʤ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʜʦ ʩʫʭʦʛʦ ʦʩʘʜʢʘ (ʚʳʭʦʜ 25%). ʈʘʟʙʘʚʣʝʥʠʝ 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʩʫʩʧʝʥʟʠʠ, ʩʦʜʝʨʞʘʱʝʡ [H22pm][RuCl3(2pm)NO] ʚʦʜʦʡ, ʢʠʧʷʯʝʥʠʝ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʠ ʧʨʦʧʫʩʢʘʥʠʝ ʯʝʨʝʟ ʘʥʠʦʥʦʦʙʤʝʥʥʫʶ ʩʤʦʣʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʜʝʘʜʩʦʨʙʘʪ, ʢʦʪʦʨʳʡ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ ʜʘʝʪ ʦʩʘʜʦʢ 

[RuCl2(2pm)(H2pm)NO] (ʚʳʭʦʜ 47%). ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʝʨʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

2-ʧʠʨʠʜʠʥʤʝʪʘʥʦʣ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʨʫʪʝʥʠʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ, ʜʘʣʴʥʝʡʰʘʷ ʢʦʦʨʜʠʥʘʮʠʷ H2pm ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʤʦʣʝʢʫʣʫ ʣʠʛʘʥʜʘ, ʩʧʦʩʦʙʥʫʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ. ɺʦʜʥʫʶ ʩʫʩʧʝʥʟʠʶ 

ʧʦʣʫʯʝʥʥʦʛʦ [RuCl2(2pm)(H2pm)NO] ʢʠʧʷʪʠʣʠ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʘʪʠʦʥʦʦʙʤʝʥʥʫʶ 

ʩʤʦʣʫ, ʟʘʪʝʤ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ CH2Cl2. ɼʦʙʘʚʣʝʥʠʝ ʢ ʨʘʩʪʚʦʨʫ ʵʪʠʣʘʮʝʪʘʪʘ 

ʧʨʠʚʝʣʦ ʢ ʚʳʧʘʜʝʥʠʶ ʦʩʘʜʢʘ ʩʦʩʪʘʚʘ [RuCl(2pm)2NO]. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʚʘʨʠʘʮʠʷ 

ʩʠʥʪʝʟʘ - ʢʠʧʷʯʝʥʠʝ Ru(NO)Cl3 (1 ʤʤʦʣʴ) ʩ H2pm (3 ʤʤʦʣʴ) ʚ ʚʦʜʝ, ʧʨʦʧʫʩʢʘʥʠʝ ʯʝʨʝʟ 

ʘʥʠʦʥʦʦʙʤʝʥʥʫʶ ʩʤʦʣʫ ʠ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʢ ʜʝʘʜʩʦʨʙʘʪʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʩʘʜʦʢ 

[RuCl2(2pm)(H2pm)NO] ʠ ʬʠʣʴʪʨʘʪ, ʩʦʜʝʨʞʘʱʠʡ ʦʙʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʤʝʨʘ ʢʦʤʧʣʝʢʩʘ 

[RuCl(2pm)2NO], ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʦ.  

ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʭʘʥʠʟʤ ʢʦʥʚʝʨʩʠʠ ʢʦʤʧʣʝʢʩʦʚ [RuCl2(2pm)(H2pm)NO] ʠ 

[RuCl(2pm)2NO] ʚ ɼʄʉʆ-d6 ʤʝʪʦʜʦʤ 
1H ʗMʈ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʥʘʛʨʝʚʘʥʠʝ 

[RuCl2(2pm)(H2pm)NO] ʚ ɼʄʉʆ ʜʦ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʢʦʥʚʝʨʩʠʠ 

ʧʝʨʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʦ ʚʪʦʨʦʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 0,3:0,7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʛʨʝʚʘʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ [RuCl(2pm)2NO] ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷʤ ʩʧʝʢʪʨʘ. ʂ 

ʨʘʩʪʚʦʨʘʤ [RuCl(2pm)2NO] ʚ ɼʄʉʆ ʜʦʙʘʚʣʷʣʠ NaCl ʠ DCl, ʨʝʘʢʮʠʷ ʩ DCl ʧʨʠʚʝʣʘ ʢ 

ʧʦʷʚʣʝʥʠʶ ʪʦʛʦ ʞʝ ʩʧʝʢʪʨʘ, ʯʪʦ ʠ ʜʣʷ [RuCl2(2pm)(H2pm)NO], ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʦʧʠʩʘʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʈʠʩʫʥʦʢ 2). 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ 5 ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ [RuCl3(NO)(InicEt)2] (InicEt ï 

ʵʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪ) ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ RuCl3(NO)ĿH2O (0,2 ʤʤʦʣʴ) ʠ InicEt (0,69 

ʤʤʦʣʴ) ʚ ʵʪʘʥʦʣʝ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʦʤ ʜʦ 40Üʉ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʤʥʦʪʝ ʚ 

ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʇʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʧʨʦʤʳʚʘʥʠʷ ʵʪʘʥʦʣʦʤ ʧʦʣʫʯʘʝʪʩʷ ʦʩʘʜʦʢ 

[RuNO(InicEt)2Cl3] ʩ ʚʳʭʦʜʦʤ 62%. ʆʩʘʜʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 97% ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʠ 

3% ʮʠʩ-ʠʟʦʤʝʨʘ. ɺ ʭʦʜʝ ʵʪʦʛʦ ʩʠʥʪʝʟʘ ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʳ ʚʝʱʝʩʪʚʘ, ʧʨʠʛʦʜʥʳʝ 
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ʜʣʷ ʈʉɸ. ʇʦʟʜʥʝʝ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ 5, RuCl3(NO)ĿH2O (0,2 ʤʤʦʣʴ) ʠ 

InicEt (0,6 ʤʤʦʣʴ) ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ 20 ʠ 5 ʤʣ ʘʙʩʦʣʶʪʠʨʦʚʘʥʥʦʛʦ ʵʪʘʥʦʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʤʝʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʠ ʥʘʛʨʝʚʘʥʠʝ ʜʦ 50Üʉ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʟʦʪʘ. ɸʪʤʦʩʬʝʨʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʜʦ 20Üʉ ʠ ʯʝʨʝʟ ʪʨʠ ʜʥʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʤʝʨ, ʪʨʘʥʩ-[RuNO(InicEt)2Cl3]. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 60%. 

 

 

ʈʠʩʫʥʦʢ 2. ɺʟʘʠʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ [RuCl2(2pm)(H2pm)NO] ʠ [RuCl(2pm)2NO]  

ʆʙʘ ʧʦʜʭʦʜʘ çʩʠʥʪʝʟ ʠʟ RuCl3è ʠ çʩʠʥʪʝʟ ʠʟ [RuCl3(NO)]è ʨʘʟʜʝʣʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʜʦʚʦʣʴʥʦ ʫʩʣʦʚʥʦ ʠ ʦʪʣʠʯʘʶʪʩʷ ʠʤʝʥʥʦ ʧʦʨʷʜʢʦʤ ʚʚʝʜʝʥʠʷ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠ N-

ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʨʫʪʝʥʠʷ. ɼʣʷ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ ʦʙʱʝʡ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʠʪʨʦʟʠʣʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʧʨʦʧʫʩʢʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ NO ʯʝʨʝʟ 

ʨʫʪʝʥʠʡ-ʩʦʜʝʨʞʘʱʠʡ ʨʘʩʪʚʦʨ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʫʜʦʙʥʦ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʙʘʣʣʦʥʘ ʩ 

ʵʪʠʤ ʛʘʟʦʤ ʠʣʠ ʩʙʦʨʢʠ ʫʩʪʘʥʦʚʦʢ, ʛʝʥʝʨʠʨʫʶʱʠʭ NO. ʂʨʦʤʝ ʪʦʛʦ, ʫʧʦʤʷʥʫʪʳʝ ʦʩʣʦʞʥʝʥʠʷ, 

ʠʥʦʛʜʘ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʚʦʜʥʝʥʥʳʭ ʩʪʘʨʪʦʚʳʭ RuCl3 ʠʣʠ [RuCl3(NO)], 

ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ.  

ʉʠʥʪʝʟʳ ʠʟ [Ru(NO2)2(N-ʛʝʪʝʨʦʮʠʢʣ)2/4] 

ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʥʠʪʨʦ-ʣʠʛʘʥʜʳ, ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʵʪʦʪ ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ 24. 

ɺ ʭʦʜʝ ʩʠʥʪʝʟʦʚ ʩʫʩʧʝʥʟʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚʠʜʘ Ru(L)2X2ĿnH2O (L ï ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʙʠʧʠʨʠʜʠʥ ʠʣʠ ʬʝʥʘʥʪʨʦʣʠʥ, X ï Cl, Br), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʪʨʠʭʣʦʨʠʜʘ ʠʣʠ 

ʪʨʠʙʨʦʤʠʜʘ ʨʫʪʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪ Ru(L)2(NO2)2ĿH2O. ʄʝʜʣʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ HPF6 ʚ ʤʝʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ [Ru(L)2(NO)(NO2)](PF6)2. ɺ ʨʘʙʦʪʝ ʪʘʢ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʘʨʠʘʮʠʷ 

ʩʠʥʪʝʟʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ [Ru(L)2(NO)X](PF6)2, ʜʣʷ ʵʪʦʛʦ ʠʩʭʦʜʥʳʡ Ru(L)2X2ĿnH2O 

ʩʫʩʧʝʥʜʠʨʫʶʪ ʠ ʢʠʧʷʪʷʪ ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʟʘʪʝʤ ʧʦʜʢʠʩʣʷʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ (HCl ʠʣʠ HBr). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ [Ru(L)2(OH2)X]+, ʢʦʪʦʨʘʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

[Ru(L)2(NO)X]2+, ʠʟ ʨʘʩʪʚʦʨʘ ʝʝ ʦʩʘʞʜʘʶʪ ʜʦʙʘʚʣʝʥʠʝʤ HPF6. ɽʩʣʠ ʩʪʝʭʠʦʤʝʪʨʠʷ 
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ʜʦʙʘʚʣʝʥʠʷ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʥʘʨʫʰʘʝʪʩʷ, ʠʟʙʳʪʦʢ ʥʠʪʨʠʪ-ʘʥʠʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ 

ʧʨʝʚʨʘʱʝʥʠʶ [Ru(L)2(NO)X]2+ ʚ [Ru(L)2(NO)(NO2)]
2+. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʢ ʩʫʩʧʝʥʟʠʠ [Ru(L)2(NO)X](PF6)2 ʚ ʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʪʥʦʤʫ ʧʨʦʮʝʩʩʫ ʠ ʧʦʣʫʯʝʥʠʶ [Ru(L)2(NO2)X]ĿH2O (ʵʪʦ ʨʘʚʥʦʚʝʩʠʝ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚ 

ʩʘʤʦʤ ʥʘʯʘʣʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ). 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʢʠʩʣʦʪʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʠʪʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʨʫʪʝʥʠʷ ʠ ʚʠʜ ʧʨʦʪʠʚʦʠʦʥʘ 

ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ, ʚ ʨʘʙʦʪʝ 25 ʧʦʢʘʟʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʪʨʘʥʩ-[RuNO(HInd)4Cl]Cl2 H2O ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 12 ʄ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʢ ʩʫʩʧʝʥʟʠʠ 

ʪʨʘʥʩ-[Ru(NO2)2(HInd)4] ʚ ʤʝʪʘʥʦʣʝ. ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʜʦʙʘʚʣʝʥʠʝ 3 ʄ HCl ʢ ʠʩʭʦʜʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʪʨʘʥʩ-[RuNO(HInd)4(OH)]Cl2, ʚ ʢʦʪʦʨʦʤ ʛʠʜʨʦʢʩʦʛʨʫʧʧʫ 

ʤʦʞʥʦ ʟʘʤʝʩʪʠʪʴ ʥʘ ʭʣʦʨ ʦʙʨʘʙʦʪʢʦʡ 12 ʄ HCl. ʉʦʣʷʥʘʷ ʢʠʩʣʦʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ [RuCl(NO)(dimethyl-2,2ô-bipy)2](PF6)2 ʠʟ [Ru(NO2)2(4,4ô-dimethyl-2,2ô-bipy)2] 

(bipy ï ʙʠʧʠʨʠʜʠʥ), ʦʜʥʘʢʦ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʦʩʘʞʜʘʣʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʝʥʠʝʤ 

ʨʘʩʪʚʦʨʘ NH4PF6 
26. 

ʊʘʢʦʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʫʜʦʙʝʥ, ʝʩʣʠ ʮʝʣʴʶ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ ʯʝʪʳʨʴʤʷ ʧʦʟʠʮʠʷʤʠ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʟʘʥʷʪʳʤʠ 

N-ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʣʠʛʘʥʜʦʚ. ʆʜʥʘʢʦ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʪʦʣʴʢʦ ʜʚʝ ʧʦʟʠʮʠʠ ʟʘʥʷʪʳ ʘʪʦʤʘʤʠ ʘʟʦʪʘ N-ʜʦʥʦʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩʦʧʨʷʞʝʥ 

ʩʦ ʩʣʦʞʥʦʩʪʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʚʚʝʜʝʥʠʷ 

ʥʠʪʨʦ-ʣʠʛʘʥʜʦʚ. ʆʙʨʘʙʦʪʢʘ ʪʨʠʭʣʦʨʠʜʘ ʨʫʪʝʥʠʷ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ 

ʙʠʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʠʨʠʜʠʥʦʤ) ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʯʝʪʳʨʝʭ 

ʤʦʣʝʢʫʣ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ L ʠʣʠ ʩʤʝʩʠ 

ʜʠʟʘʤʝʱʝʥʥʳʭ ʮʠʩ-ʪʨʘʥʩ ʧʨʦʜʫʢʪʦʚ ʠ ʪʝʪʨʘʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʩʪʝʭʠʦʤʝʪʨʠʝʡ 

ʢʦʪʦʨʦʡ ʪʨʫʜʥʦ ʫʧʨʘʚʣʷʪʴ. 

ʉʠʥʪʝʟʳ ʠʟ [RuNOCl5]2- 

ʊʨʠʭʣʦʨʠʜ ʨʫʪʝʥʠʷ ʩʣʫʞʠʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʝʱʝ ʦʜʥʦʛʦ ʧʦʧʫʣʷʨʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ - 

ʂ2[RuNOCl5]
 27. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ K2[RuNOCl5] ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʩ ʚʳʭʦʜʦʤ ʜʦ 90-95 %, ʘ ʩʪʨʦʛʘʷ ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʘʥʠʠ.  

ɼʣʷ ʩʠʥʪʝʟʘ 28 ʢʦʤʧʣʝʢʩʘ (C2H5)4N[Ru(NO)Cl3(pyca)] ʩ 2-ʧʠʨʠʜʠʥʢʘʨʙʦʢʩʠʣʘʪʦʤ (pyca) ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ K2[Ru(NO)Cl5]. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʚʦʜʥʦʤ 
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ʨʘʩʪʚʦʨʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʠ 2-ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 1:1, pH 

ʨʘʩʪʚʦʨʘ ʜʦʚʦʜʷʪ ʜʦ 4,5 ʩ ʧʦʤʦʱʴʶ NaOH. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʷʪ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʟʘʪʝʤ 

ʫʧʘʨʠʚʘʶʪ, ʦʭʣʘʞʜʘʶʪ ʠ ʦʩʪʘʚʣʷʶʪ ʥʘ ʥʦʯʴ. ʇʦʩʣʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʥʠʷ KCl ʜʦʙʘʚʣʷʶʪ 

(ʉ2H5)4NCl ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ, ʩʥʦʚʘ ʦʩʪʘʚʣʷʶʪ ʥʘ ʥʦʯʴ. ɺʳʧʘʚʰʠʡ 

ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʵʬʠʨʦʤ. ɺʳʭʦʜ ʧʦ 

ʤʝʪʦʜʠʢʝ ʩʦʩʪʘʚʣʷʝʪ 13%. 

ʇʦʣʫʯʝʥʥʳʡ (C2H5)4N[Ru(NO)Cl3(pyca)] ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʚ [Ru(NO)Cl(pyca)2], ʜʦʙʘʚʠʚ ʢ 

ʥʝʤʫ ʝʱʝ ʦʜʠʥ ʵʢʚʠʚʘʣʝʥʪ ʣʠʛʘʥʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (pH=4,5, ʢʠʧʷʯʝʥʠʝ). ʈʘʟʜʝʣʝʥʠʝ 

ʬʠʣʴʪʨʘʪʘ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʜʚʫʭ ʠʟʦʤʝʨʦʚ (ʈʠʩʫʥʦʢ 

3). ʉʦʝʜʠʥʝʥʠʝ ʪʠʧʘ 1 ʧʦʣʫʯʘʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 12%, ʪʠʧʘ 2 ï 13%. 

 

ʈʠʩʫʥʦʢ 3. ʀʟʦʤʝʨʳ [Ru(NO)Cl(pyca)2] 

ʕʪʠ ʞʝ ʜʚʘ ʠʟʦʤʝʨʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ K2[Ru(NO)Cl5], ʩʤʝʰʘʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

0,65 ʤʤʦʣʴ K2[Ru(NO)Cl5] ʩ 2 ʤʤʦʣʴ Hpyca ʧʨʠ pH=6,8 ʠ ʧʨʦʢʠʧʷʪʠʚ ʪʨʠ ʯʘʩʘ.  

ʈʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʟʦʣʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ ʤʝʪʦʜʠʢʝ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʙʫʜʫʱʠʭ ʣʠʛʘʥʜʦʚ ʚ ʩʦʝʜʠʥʝʥʠʝ ʚ ʚʠʜʝ ʧʨʦʪʠʚʦʠʦʥʦʚ 29. 

ʂʘʪʠʦʥʦʦʙʤʝʥʥʘʷ ʨʝʘʢʮʠʷ Na2[Ru(NO)Cl5] 6H2O ʚ 6 ʄ HCl ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʟʦʣʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ (H2azole)2[Ru(NO)Cl5] (azole ï ʘʟʦʣ), ʢʦʪʦʨʳʝ 

ʩʣʫʞʘʪ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʉʠʥʪʝʟʳ ʢʦʤʧʣʝʢʩʦʚ 

(H2azole)[Ru(NO)(Hazole)Cl4] ʩʚʦʜʷʪʩʷ ʢ ʥʘʛʨʝʚʘʥʠʶ ʩʪʘʨʪʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʧʘʥʦʣʝ ʧʨʠ 

75-80Üʉ ʚ ʪʝʯʝʥʠʝ 6ï19 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʠ ʨʘʟʜʝʣʝʥʠʝʤ ʤʝʪʦʜʘʤʠ 

ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʪʨʘʥʩ- ʠ ʮʠʩ-(H2Ind)[Ru(NO)(HInd)Cl4] ʩ ʠʥʜʘʟʦʣʦʤ, ʪʨʘʥʩ-ʢʦʤʧʣʝʢʩ 

ʩ ʧʠʨʘʟʦʣʦʤ ʠ ʮʠʩ-ʢʦʤʧʣʝʢʩʳ ʩ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ ʠ ʠʤʠʜʘʟʦʣʦʤ ʪʘʢʦʛʦ ʞʝ ʚʠʜʘ. ʉʘʤʳʡ 

ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʣʷ ʮʠʩ-(H2bzim)[Ru(NO)(Hbzim)Cl4] ï 68% (bzim ï 

ʙʝʥʟʠʤʠʜʘʟʦʣ), ʚʝʱʝʩʪʚʦ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ 

ʥʘʛʨʝʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ ʩʝʤʥʘʜʮʘʪʠ ʯʘʩʦʚ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʜʝʣʝʥʠʝ 
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ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʪʛʦʥʢʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ 

ʤʘʥʠʧʫʣʷʮʠʡ ʚ ʭʣʦʨʦʬʦʨʤʝ, ʘʮʝʪʦʥʝ ʠ ʵʬʠʨʝ, ʚʳʭʦʜ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 15 ʜʦ 36%. 

ʇʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪ ʢʘʣʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ 30 ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʮʠʩ-[RuNO(Py)2Cl3] ʩ ʚʳʭʦʜʦʤ 90%. ʇʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ [Ru(NO)Cl5]
2- ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʘ ʠʤʝʥʥʦ, ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʪʨʘʥʩ-[Ru(NO)Py4(OH)]2+ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʱʝʥʠʝ ʜʚʫʭ ʤʦʣʝʢʫʣ 

ʧʠʨʠʜʠʥʘ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ KCl, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʫʧʘʨʠʚʘʥʠʠ (ʈʠʩʫʥʦʢ 4).  

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ K2[Ru(NO)Cl5] ʩ 

ʠʟʙʳʪʢʦʤ ʧʠʨʠʜʠʥʘ 

ʈʝʟʫʣʴʪʘʪʳ 1H ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʘʥʩ(L, L)(ʪʨʘʥʩ NO,OH)-

[RuNOCl2(OH)Py2] ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʧʠʨʠʜʠʥʘ ʩ 

ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʦʤ ʢʘʣʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Py:Ru, ʣʝʞʘʱʝʤ ʚ 

ʜʠʘʧʘʟʦʥʝ 2-3. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʫʪʝʥʠʷ ʥʠʟʢʘʷ (0,01 ʄ), ʨʝʘʢʮʠʷ ʠʜʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ [RuNOPy4OH]2+, ʧʦʩʣʝ ʟʘʤʝʱʝʥʠʷ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʮʠʩ(L, L)(ʪʨʘʥʩ NO,OH)-[RuNOCl2(OH)Py2]. ʅʘʢʦʥʝʮ, ʥʘʛʨʝʚʘʥʠʝ ʮʠʩ(L, L)(ʪʨʘʥʩ 

NO,OH)-[RuNOCl2(OH)Py2] ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʪʨʘʥʩ-ʠʟʦʤʝʨʠʟʘʮʠʠ. ʉʦʝʜʠʥʝʥʠʝ ʛʨʘʥ-

[RuNOCl3Py2] ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʟʙʳʪʢʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 
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HCl ʧʝʨʝʜ ʚʳʧʘʨʠʚʘʥʠʝʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʪʨʘʥʩ-ʵʬʬʝʢʪ 

ʧʠʨʠʜʠʥʘ ʚ ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʫ ʭʣʦʨʦʣʠʛʘʥʜʘ (ʵʪʦ ʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʳʯʥʳʤ ʨʷʜʦʤ ʪʨʘʥʩʚʣʠʷʥʠʷ), ʠ, ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʪʨʘʥʩ-ʠʟʦʤʝʨʳ, ʚʝʨʦʷʪʥʦ, 

ʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʇʦʩʣʝʜʥʠʡ ʧʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʳʤ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[RuNOL2Cl3] (L ï N-ʛʝʪʝʨʦʮʠʢʣ), ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʧʦʩʢʦʣʴʢʫ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʞʝʣʘʝʤʳʭ ʠʟʦʤʝʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʧʠʨʠʜʠʥʦʤ ï ʣʠʛʘʥʜʦʤ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʧʦ ʩʪʨʦʝʥʠʶ ʢ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

1.2. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ɺ ʭʦʜʝ ʦʙʟʦʨʘ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʦ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʣʠʛʘʥʜʳ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʷʭ, ʘ ʪʘʢʞʝ ʦʙʩʫʜʠʪʴ 

ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʪʨʘʥʩʚʣʠʷʥʠʷ ʣʠʛʘʥʜʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ ʧʦʟʠʮʠʠ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʟʘʥʷʪʳ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ, ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. ɼʣʠʥʳ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʠ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʨʫʪʝʥʠʝʤ 

ʠ ʥʠʪʨʦʟʦʛʨʫʧʧʦʡ ʤʦʞʝʪ ʜʘʪʴ ʥʘʤ ʢʦʩʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʵʪʦʡ 

ʩʚʷʟʠ ʚ ʨʷʜʫ ʢʦʤʧʣʝʢʩʦʚ ʠ ʬʘʢʪʦʨʘʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʵʪʠʤ ʠʟʤʝʥʝʥʠʷʤ. ʅʘʯʘʪʴ ʩʪʦʠʪ ʩ 

ʦʙʩʫʞʜʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ, ʘ ʠʤʝʥʥʦ, ʥʘʣʠʯʠʷ 

ʣʠʥʝʡʥʦʛʦ ʬʨʘʛʤʝʥʪʘ Ru-N-O. ʊʘʢʘʷ ʛʝʦʤʝʪʨʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ {RuNO}6, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ RuII-NO+. ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ 

ʪʘʙʣʠʮʳ ʫʛʦʣ Ru-N-O ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 172- 179Á. ʈʘʩʩʪʦʷʥʠʝ Ru-NO ʩʨʝʜʠ 

ʦʧʠʩʳʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1,73 ï 1,94 ¡, ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ H2O ʚ 

ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ 

(1,728ï1,736 ¡). ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ  ʢʦʤʧʣʝʢʩʫ [RuNO(bipy)Cl3] ʩ 

ʙʠʧʠʨʠʜʠʥʦʤ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤ ʘʟʦʪʘ ʦʜʥʦʛʦ ʠʟ ʢʦʣʝʮ ʥʘʭʦʜʠʪʩʷ ʥʘʧʨʦʪʠʚ NO. 
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ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ N-

ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ 
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[RuNO(4CNPy)2Cl3] 177,76 1,747 1,133 2,099 2,101 2,303 Cl 22 

[RuNO(InicEt)2Cl3] 176,08 1,818 1,136 2,107 2,107 2,227 Cl 5 

[RuNO(MePy)2Cl3] 175,82 1,894 1,019 2,313 2,340 2,340 Cl 30 

[RuNO(Py)2Cl3] 178,30 1,775 1,109 2,108 2,108 2,341 Cl 30 

[RuNO(Py)2Cl2F] 173,74 1,782 1,188 2,083 2,091 1,821 F 31 

[RuNO(Py)2Cl2(H2O)]ĿH2SO4 179,23 1,728 1,141 2,099 2,104 2,037 H2O 32 

[RuNO(Py)2Cl2(OH)] 175,45 1,755 1,125 2,096 2,106 1,971 OH 32 

[RuNO(Py)2(OH)(NO2)2] 172,07 1,752 1,161 2,100 2,104 1,929 OH 33 

ʎ
ʠ
ʩ- 
N

,N
 ʠ
ʟ
ʦ
ʤ
ʝ
ʨ
ʳ

 

[RuNO(Py)2Cl3] 176,82 1,766 1,115 2,120 2,124 2,342 Cl 34 

[RuNO(Py)2Cl2(H2O)]Cl 174,83 1,729 1,140 2,102 2,104 2,041 H2O 34 

[RuNO(Py)2Cl2(OH)] 172,90 1,752 1,138 2,097 2,102 1,952 OH 34 

[RuNO(Py)2(NO2)2]ĿH2O 173,93 1,782 1,150 2,120 2,126 1,912 OH 35 

[RuNO(Py)2(NO3)(NH3)2](NO3)2ĿH2O 176,27 1,742 1,134 2,103 2,115 2,030 NO3 36 

[RuNO(bipy)Cl3] 176,96 1,754 1,130 2,079 2,083 2,354 Cl 37 

[RuNO(bipy)Cl3] 174,01 1,938 0,736 2,079 2,100 2,100 N 37 

 [RuNO(Py)3Cl2]BF4 177,66 1,749 1,130 2,106 2,116 2,325 Cl 38 

 [RuNO(Py)3ClF]BF4 176,96 1,748 1,133 2,095 2,106 1,984 F 38 

 [RuNO(Py)3Cl(OH)]ClĿ1,5H2O 167,92 1,761 1,146 2,103 2,112 1,923 OH 39 

 [RuNO(Py)3(H2O)Cl]Cl2Ŀ2H2OĿ0,5HCl 175,97 1,736 1,145 2,100 2,086 2,027 H2O 39 

 [RuNO(Py)3(NO3)(OH)]NO3 175,02 1,772 1,143 2,084 2,106 1,923 OH 40 

 [RuNO(Py)4F](PF6)2Ŀ1,5CH3CN 174,01 1,749 1,128 2,078 2,094 1,914 F 41 

 [RuNO(Py)4Cl](PF6)2Ŀ0,5H2O 176,77 1,753 1,142 2,106 2,121 2,314 Cl 42 

 [RuNO(Py)4Cl](ClO4)2ĿH2O 174,42 1,762 1,136 2,099 2,114 2,320 Cl 43 

 

ʉʦʨʪʠʨʦʚʢʘ ʪʘʙʣʠʮʳ ʧʦ ʧʘʨʘʤʝʪʨʫ ʜʣʠʥʳ ʩʚʷʟʠ N-O ʚ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʟʘʤʝʪʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʜʣʠʥʳ ʩʚʷʟʠ 1,087 ¡, ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʝ 
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ʩʚʷʟʠ N-O (1,019ï1,133 ¡) ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʤʧʣʝʢʩʘʤ ʩ ʭʣʦʨʦʤ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO, 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʛʠʜʨʦʢʩʦʛʨʫʧʧʦʡ ʠʣʠ 

ʚʦʜʦʡ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ (1,188ï1,143 ¡).  

ʅʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ p-ʩʚʷʟʳʚʘʥʠʷ ʚʦ ʬʨʘʛʤʝʥʪʝ Ru-N-O ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʷ Ru-N(NO) ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʨʦʯʝ, ʯʝʤ Ru-N(ʛʝʪʝʨʦʮʠʢʣ). ɸʪʦʤʳ ʘʟʦʪʘ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2,10 ¡ ʦʪ ʨʫʪʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 0,3 ¡ ʙʦʣʴʰʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ Ru-NO. ʈʘʩʩʪʦʷʥʠʷ Ru-X, ʛʜʝ 

X ï ʪʨʘʥʩ-ʧʘʨʪʥʝʨ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʨʷʜʫ X = Cl, N(ʛʝʪʝʨʦʮʠʢʣ), H2O, ʆʅ, F 

ʢʦʨʨʝʣʠʨʫʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ (ʥʘʠʙʦʣʴʰʠʡ ʫ ʉl) ʠ ʟʘʨʷʜʘ (ʵʬʬʝʢʪʠʚʥʦʡ 

ʟʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ) ʣʠʛʘʥʜʘ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʧʦ ʫʛʣʘʤ NO-Ru-Nô(Nò) ʜʣʷ 

ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ 

ʣʠʪʦʙʟʦʨʝ ʢʦʤʧʣʝʢʩʦʚ ʵʪʠ ʫʛʣʳ ʩʦʩʪʘʚʣʷʶʪ ʯʫʪʴ ʙʦʣʴʰʝ 90Ü, ʪ.ʝ. ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ p-

ʦʨʙʠʪʘʣʝʡ Ru-NO ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʪʪʘʣʢʠʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʛʘʜʥʦʚ. 

ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʪʨʘʥʩ(L,L)ʪʨʘʥʩ(NO,Cl)-[RuNOL2Cl3] ʧʣʦʩʢʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʜʚʫʭ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʜʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳ. ʊʦʣʴʢʦ ʜʣʷ ʜʣʷ  

ʩʦʣʝʡ ʪʨʘʥʩ-[RuNOPy2Cl2(H2O)]+ ʧʠʨʠʜʠʥʦʚʳʝ ʢʦʣʴʮʘ ʣʝʞʘʪ ʚ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʧʣʦʩʢʦʩʪʷʭ 32. 

 

1.3. ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʅʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʦʙʣʘʜʘʶʪ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ 

ʚ ʚʠʜʝ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʠ ʤʦʣʝʢʫʣʳ NO 44, ʘ ʪʘʢʞʝ ʚ ʦʪʨʳʚʝ NO ʦʪ ʘʪʦʤʘ ʤʝʪʘʣʣʘ 45.  

ʌʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʩʚʷʟʝʚʘʷ ʠʟʦʤʝʨʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʣʠʥʝʡʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ ʢ ʨʫʪʝʥʠʶ Ru-N-O (GS ï ground state, ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ) ʥʘ Ru-O-N 

(MS1 ï metastable state 1, ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 1) ʠʣʠ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʙʦʢʦʚʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ, ʛʜʝ NO ʩʚʷʟʘʥ ʩ ʨʫʪʝʥʠʝʤ ʧʦ ɖ2-ʪʠʧʫ (MS2). ʀʥʜʫʮʠʨʦʚʘʪʴ 

ʠʟʦʥʠʪʨʦʟʠʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩ ʣʠʥʝʡʥʳʤ ʬʨʘʛʤʝʥʪʦʤ RuïOïN, ʤʦʞʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʫʪʝʤ ʦʙʣʫʯʝʥʠʷ ʚ ʩʠʥʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʵʥʝʨʛʠʠ ɺɿʄʆ 

(ʚʝʨʭʥʷʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ) ï ʅʉʄʆ (ʥʠʞʥ̫ ʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʦʨʙʠʪʘʣʴ) ʧʝʨʝʭʦʜʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ. ɺʪʦʨʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʫʪʝʤ 

ʦʙʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʝʛʦ ʠʟʦ-ʥʠʪʨʦʟʠʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʥʬʨʘʢʨʘʩʥʳʤ ʩʚʝʪʦʤ, ʧʨʠ 
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ʵʪʦʤ ʢʦʤʧʣʝʢʩ ʧʨʠʥʠʤʘʝʪ ʙʦʢʦʚʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʛʜʝ ʫʛʦʣ Ru-N-O ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 80ï

90 ʛʨʘʜʫʩʦʚ (ʈʠʩʫʥʦʢ 5) 46.  

 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʬʦʪʦʛʝʥʝʨʘʮʠʠ ʠʟʦʤʝʨʦʚ ʥʠʪʨʦʟʠʣʴʥʦʡ ʩʚʷʟʠ ʚ [RuNO(Py)4Cl]2+. ʋʢʘʟʘʥʥʳʝ 

ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʵʥʝʨʛʠʷʤ, ʘ ʧʫʥʢʪʠʨʥʘʷ 

ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʛʣʘʩʥʦ DFT 47 

ɺʩʝ ʩʚʷʟʝʚʳʝ ʠʟʦʤʝʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʦʢʘʣʴʥʳʤ ʤʠʥʠʤʫʤʘʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʢʦʤʧʣʝʢʩʘ, ʦʪʜʝʣʝʥʥʳʤʠ ʘʢʪʠʚʘʮʠʦʥʥʳʤʠ ʙʘʨʴʝʨʘʤʠ ʦʪ ʩʦʩʪʦʷʥʠʷ GS 48. ʉʚʷʟʝʚʳʝ 

ʠʟʦʤʝʨʳ MS1 ʠ MS2 ʩʪʘʙʠʣʴʥʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚʨʝʤʷ ʞʠʟʥʠ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ), ʧʦʪʦʤʫ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʠ ʥʘʟʚʘʥʳ çʤʝʪʘʩʪʘʙʠʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠè (MS).  

ɺ ʬʦʪʦʭʠʤʠʠ ʩʚʷʟʝʚʳʭ ʠʟʦʤʝʨʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʧʨʠʤʝʯʘʪʝʣʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʡ MS1 ʠ MS2, ʚ ʯʘʩʪʥʦʩʪʠ ʪʦ, ʯʪʦ ʠʟʦʤʝʨ MS1 ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʘʝʪʩʷ ʚ 

ʮʝʧʦʯʢʝ ʧʨʝʚʨʘʱʝʥʠʡ GS Ÿ MS2 Ÿ MS1. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʧʦʩʚʷʱʝʥʦ ʠʟʦʤʝʨʠʠ NO-ʣʠʛʘʥʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʦʩʪʘʚʝ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʞʝʣʝʟʘ 49ï51 ʠʣʠ 

ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 52,53. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʨʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠʟʦʤʝʨʦʚ. 

ɻʝʥʝʨʘʮʠʷ MS1 ʠʣʠ MS2 ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 100ï200 K; ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʣʫʯʝʥʠʝ GS 

ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʪʦʣʴʢʦ ʢ MS1, ʣʠʙʦ ʢ ʦʙʦʠʤ ʠʟʦʤʝʨʘʤ MS1 ʠ MS2, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʜʥʦʟʥʘʯʥʦ ʪʨʘʢʪʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ.  
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ɼʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʭʘʥʠʟʤ ʠʟʦʤʝʨʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ 

ʢʦʤʧʣʝʢʩʝ [RuNOF(Py)4]
2+ 54. ɺ ʨʘʙʦʪʝ ʫʢʘʟʘʥʘ ʚʘʞʥʦʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ 

MS2 ʜʣʷ ʛʝʥʝʨʘʮʠʠ MS1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʈʠʩʫʥʦʢ 6).  

 

ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʭʘʥʠʟʤ GS Ÿ MS2 Ÿ MS1 ʧʨʠ 

ʬʦʪʦʛʝʥʝʨʘʮʠʠ ʠʟʦʤʝʨʦʚ ʥʠʪʨʦʟʠʣʴʥʦʡ ʩʚʷʟʠ ʚ [RuNO (Py)4F]2+ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ 54 

ʋʯʠʪʳʚʘʷ ʫʯʘʩʪʠʝ MS2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʚʦʟʙʫʞʜʝʥʠʠ GS Ÿ MS2 Ÿ MS1, ʢʘʞʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʯʪʦ MS2 ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʫʪʠ ʟʘʩʝʣʝʥʠʷ MS1. ɸʚʪʦʨʳ 54 ʧʨʦʚʝʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʩʪʠʞʠʤʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ MS1 ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʢʦʛʜʘ ʚʨʝʤʷ ʞʠʟʥʠ MS2 

ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʘʜʘʝʪ ʥʠʞʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ, ʧʦʧʫʣʷʮʠʷ MS1 ʧʘʜʘʝʪ ʜʦ ʥʫʣʷ 

(ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 100-200 ʤɺʪ). ɺ ʩʣʫʯʘʝ 

[RuNOF(Py)4]
2+ ɻ ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʧʨʠ 230 ʂ, ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʨʝʤʷ ʞʠʟʥʠ 

MS1 ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 107 ʩʝʢʫʥʜ (>100 ʜʥʝʡ). ɺ ʪʦʞʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʫʷ ʤʦʱʥʳʡ 

ʠʤʧʫʣʴʩʥʳʡ ʣʘʟʝʨ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʬʦʪʦʥʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʚʫʭʵʪʘʧʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ MS1 ʤʦʞʥʦ ʟʘʩʝʣʠʪʴ ʜʘʞʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʛʜʝ ʚʨʝʤʷ ʞʠʟʥʠ MS1 ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 150 ʩʝʢʫʥʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʩʝ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʝʭʘʥʠʟʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ 

ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ GS Ÿ MS2 Ÿ MS1 ʚ ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ. 
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ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ 

ʠʟʤʝʨʝʥʠʷ ʠʭ ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʤʝʪʦʜʘ ʢ ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʢʦʣʝʙʘʥʠʷ v(NO). ʏʘʩʪʦʪʘ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ N=O ʥʘʭʦʜʠʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ 1800ï2000  ʩʤ-1, ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ Ru-NO (GS) ʥʘ Ru-ON (MS1) 

ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʧʦʣʦʩʳ v(NO) ʥʘ 100-150 ʩʤ-1 ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 

(ʈʠʩʫʥʦʢ 7) 36 ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ v(NO)GS 

ʠ v(NO)MS1. ʆʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʝʚʦʛʦ ʠʟʦʤʝʨʘ ʩ ɖ2-ʢʦʦʨʜʠʥʘʮʠʝʡ NO (MS2) ʩʜʚʠʛʘʝʪ ʧʦʣʦʩʫ 

ʧʦʛʣʦʱʝʥʠʷ v(NO) ʚ ʦʙʣʘʩʪʴ 1500-1600 ʩʤ-1 55ï57. ʀʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ 

v(NO)GS, v(NO)MS1, v(NO)MS2 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʅʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʡ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ v(NO)GS, ʦʜʥʘʢʦ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʚ 57,58, ʨʘʟʣʠʯʠʝ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʦʛʣʦʱʝʥʠʷ v(NO)GS, v(NO)MS1 ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʚʝʣʠʢʦ ʠ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ v(NO)GS ʠʣʠ 

v(NO)MS1, ʩʦʚʧʘʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʝʪʦʜʘ. 

 

ʈʠʩʫʥʦʢ 7. ʀʂ-ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNOPy4F](ClO4)2 ʚ GS, MS1 ʠ MS2 
54 

ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ (ɼʉʂ). ʊʘʢ ʢʘʢ ʨʝʘʢʮʠʠ MS Ÿ GS 

ʷʚʣʷʶʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʞʥʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʷʪʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʠ 

ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʟʘʩʝʣʝʥʥʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ (ʀʂ-, ʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) 59,60. ʀʩʭʦʜʷ ʠʟ ʠʟʚʝʩʪʥʦʡ 
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ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʢʦʨʨʝʣʷʮʠʶ 

ʤʝʞʜʫ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʨʝʘʢʮʠʠ ʠ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʈʠʩʫʥʦʢ 

8). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʤʝʪʦʜ ɼʉʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ ʠ 

ʬʦʨʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ MS Ÿ GS. 

 

 

ʈʠʩʫʥʦʢ 8. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ MS1ŸGS ʠ ʟʘʩʝʣʝʥʥʦʩʪʠ MS1 ʦʪ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʝʪʘ 457,9 ʥʤ, ʧʦʛʣʦʱʝʥʥʦʛʦ ʦʙʨʘʟʮʦʤ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ 60 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʩʧʫʩʢʘʥʠʶ NO ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ 49,61, ʦʜʥʘʢʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʤʥʦʛʦ ʣʫʯʰʝ ʦʧʠʩʘʥ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ, 

ʪʘʢ ʢʘʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʠʩʧʫʩʢʘʥʠʝ NO ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ, ʘ ʟʥʘʯʠʪ, 

ʚ ʫʩʣʦʚʠʷʭ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. 

ʂʦʥʪʨʦʣʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʨʘʩʪʚʦʨʘʭ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʊʘʢʦʡ ʢʦʥʪʨʦʣʴ ʧʦʣʝʟʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ: ʚ 

ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʝ ʢʦʨʦʪʢʘʷ ʩʚʝʪʦʚʘʷ ʚʩʧʳʰʢʘ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʫ ʠʩʧʫʩʢʘʥʠʶ NO, 

ʩʣʫʞʘʱʝʛʦ ʤʝʜʠʘʪʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ 

ʘʧʦʧʪʦʟʘ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 62 (ʩʤ. ʜʘʣʝʝ çʇʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʠʤʝʥʝʥʠʷè). 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ RuII-NO+ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʟʨʳʚʫ ʩʚʷʟʠ Ru-NO, ʚʳʩʚʦʙʦʞʜʝʥʠʶ NOĘʠ ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʣʝʢʫʣ r

ʨʘʩʪʚʦʨʠʪʝʣʷ: 

Ὑόὒ ὔὕ ὛέὰὺO Ὑό ὒ Ὓέὰὺ ὔὕȕ 

ɺʦʟʙʫʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʘʢʮʠʶ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ɺɿʄʆ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʶʪ 

d-ʦʨʙʠʪʘʣʠ Ru (ʯʘʩʪʦ ʩʦʜʝʨʞʘʱʠʝ ʧʨʠʤʝʩʥʳʡ ʚʢʣʘʜ ʧʨʦʯʠʭ ʣʠʛʘʥʜʦʚ), ʥʘ NO-
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ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ˊ*-ʦʨʙʠʪʘʣʴ ʨʘʟʨʳʭʣʷʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ (ʧʝʨʝʭʦʜ(ʳ) MLCT - metal-to-

ligand charge-transfer, ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ). ʊʦʯʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ Ru-NO ʠ ʧʫʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO ʜʦ 

ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. ʆʜʥʘʢʦ ʩʘʤʳʝ ʧʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʜʠʩʩʦʮʠʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟ 

ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʠʟʦʤʝʨʘ MS2 (3MS2) 63,64. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʭʦʜʳ MLCT 

ʜʣʷ ʤʥʦʛʠʭ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru-NO ʧʦʧʘʜʘʶʪ ʚ ʋʌ ʠʣʠ ʙʣʠʞʥʶʶ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 45. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʝʪʨʘʤʤʠʥʦʤ 65 ʠ 

ʪʝʪʨʘʘʟʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ 66, ʛʜʝ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʠʩʧʫʩʢʘʥʠʷ NO (ű(NO)=0,61 ʤʦʣʴ/ʕ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 355 ʥʤ) ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʣʷ ʪʨʘʥʩ-

[Ru([15]aneN4)(NO)Cl]2+ ([15]aneN4 - 4,7,10,13-ʪʝʪʨʘʘʟʘʮʠʢʣʦʧʝʥʪʘʜʝʢʘʥ). 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʟʫʯʝʥʥʳʭ ʥʘ ʧʨʝʜʤʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʚ 

ʨʘʩʪʚʦʨ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ, ʙʳʣ K2[RuIINOCl5] 
67. ʇʦ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʦʜʥʠʤ ʠʟ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʣʠʟʘ ʷʚʣʷʝʪʩʷ K2[RuIII(H2O)Cl5]. ʇʦʟʜʥʝʝ, ʤʝʪʦʜʦʤ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ɜ(NO) ʚ ʀʂ-ʩʧʝʢʪʨʝ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʜʝʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʦʢʩʠʜʘ ʘʟʦʪʘ ʧʦʩʣʝ ʨʘʟʨʳʚʘ ʩʚʷʟʠ Ru-NO. ʄʝʪʦʜʦʤ ʕʇʈ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʨʫʪʝʥʠʷ ʩ +2 ʜʦ +3 ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ K2[RuIINOCl5] ʢ K2[RuIII (H2O)Cl5] 
68. ɼʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʮʠʩ-/ʪʨʘʥʩ-(Cl,Cl)-[RuIINO(FT)Cl2]PF6 (FT ï 4ô-(2-ʬʣʫʦʨʝʥʠʣ)-2,2ô:6ô,2ôô-

ʪʝʨʧʠʨʠʜʠʥ), ʮʠʩ/ʪʨʘʥʩ-(Cl,Cl)-[RuIINO(NEtPhtpy)Cl2](PF6) ʠ ʦʩ,ʪʨʘʥʩ-[RuIINO(InicEt)2Cl3] 

(InicEt ï ʵʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪ) ʫʜʘʣʦʩʴ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʦʜʫʢʪʳ ʬʦʪʦʣʠʟʘ 

ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʤʠ ʦʢʘʟʘʣʠʩʴ ʪʨʘʥʩ-(Cl,Cl)-[RuIII(CH3CN)(FT)Cl2]NO3, ʪʨʘʥʩ-(Cl,Cl)- 

[RuIII (CH3CN)(NEt2-Phtpy)Cl2](PF6) ʠ ʦʩ,ʪʨʘʥʩ- [RuIIICl3(CH3CN)(InicEt)2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

5,69,70. 

ʅʘ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[RuIINO(NH3)4X]3+, ʛʜʝ X ð ʵʪʦ N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ ʠʣʠ 

P(OEt)3, ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ 

ʥʠʪʨʦʟʦʛʨʫʧʧʝ, ʥʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ NO ʚ ʭʦʜʝ ʬʦʪʦʣʠʟʘ 71. 

ʅʘʠʤʝʥʴʰʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 0,02ï0,04 ʦʙʥʘʨʫʞʝʥ ʜʣʷ ʠʤʠʜʘʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩ-

ʧʘʨʪʥʝʨʘ NO, ʘ ʥʘʠʙʦʣʴʰʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 0,3 - ʜʣʷ P(OEt)3. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ 

ʠʟʤʝʥʝʥʠʝʤ ʜʦʥʦʨʥʳʭ ʩʚʦʡʩʪʚ ʪʨʘʥʩ-ʣʠʛʘʥʜʘ: ʥʘʠʤʝʥʴʰʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʥʘʡʜʝʥʳ ʜʣʷ 

ʩʠʣʴʥʳʭ ů-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, ʘ ʥʘʠʙʦʣʴʰʠʝ ï ʜʣʷ ˊ-ʘʢʮʝʧʪʦʨʥʳʭ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ pH 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʣʩʷ ʚ ʩʣʫʯʘʝ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ 

ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ pH ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 

Ὑό ὔὌ Ὄὕὢ ᴼ Ὑό ὔὌ ὢὕὌ  Ὄ  
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ʩʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ, ʫʚʝʣʠʯʠʚʘʷ ʜʦʣʶ ʬʦʨʤʳ [RuIII (NH3)4X(OH)]2+, ʙʦʣʝʝ ʠʥʝʨʪʥʦʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʨʘʪʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʩ NO. ʆʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʨʝʘʢʮʠʠ ʦʪ pH ʦʪʤʝʯʝʥʘ ʚ ʨʘʙʦʪʝ 72. ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ [RuIINO(salenCO2H)Cl] (salen-

CO2HïN,N'-ʵʪʠʣʝʥʙʠʩ(3,3ô-ʙʠʩʢʘʨʙʦʢʩʠʩʘʣʠʮʠʣʠʜʝʥʝʠʤʠʥʘʪʦ)) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ pH ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,5(1)Ā10ï3, 

0,9(2)Ā10ï3, 2,6(3)Ā10ï3, 4,8(3)Ā10ï3 ʠ 5,2(2)Ā10ï3 ʧʨʠ pH 11,0, 9,0, 7,4, 6,0 ʠ 4,5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʘʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʚʷʟʘʣʠ ʩ ʥʠʪʨʦʟʦ-ʥʠʪʨʦ ʨʘʚʥʦʚʝʩʠʝʤ 

ὙόὔὕίὥὰὩὲὅὕὌὅὰ  Ὄὕᴼ ὙόίὥὰὩὲὅὕὌ ὔὕὅὰ ςὌ , 

ʢʦʪʦʨʦʝ ʧʨʠ ʧʦʥʠʞʝʥʠʠ pH ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʥʠʪʨʦʟʦ-ʬʦʨʤʳ. ʀʟ ʵʪʦʛʦ ʘʚʪʦʨʳ ʜʝʣʘʶʪ 

ʚʳʚʦʜ, ʯʪʦ ʥʠʪʨʦʟʦ-ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʦʥʦʨʘʤʠ NO, ʯʝʤ ʥʠʪʨʦ-

ʢʦʤʧʣʝʢʩʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʜʦʥʦʨʘʤʠ 

ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʧʦʩʣʝ ʬʦʪʦʘʢʪʠʚʘʮʠʠ. ʅʘ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʮʠʩ-[RuII(bPy)2L(NO2)]
+ (bPy ï 

2,2ô-ʜʠʧʠʨʠʜʠʥ), ʛʜʝ L ï Nïʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ, ʠ [RuII(bPy)(terpy)NO2]
+ ʩ ʧʦʤʦʱʴʶ NO-

ʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʳʩʚʦʙʦʞʜʘʶʪ NO ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 355 ʥʤ73. ɺ ʨʘʙʦʪʝ 74 ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ 

[RuNO(P)ONO] ʩ ʧʦʨʬʠʨʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ P, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʠ 

ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʷʚʣʷʶʪʩʷ ʜʦʥʦʨʘʤʠ NO, ʧʨʠʯʝʤ ʜʦʥʦʨʦʤ NO ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʥʠʪʨʦʟʦ-, ʪʘʢ 

ʠ ʥʠʪʨʦʣʠʛʘʥʜ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʍʦʪʷ ʤʝʭʘʥʠʟʤ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ NO ʠʟ ʥʠʪʨʦʛʨʫʧʧ ʥʝ ʜʦ ʢʦʥʮʘ ʷʩʝʥ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ 

NO. 

ɼʣʷ ʥʠʪʨʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ [RuNOPy2(Nʆ2)2OH], ʚ ʢʦʪʦʨʦʤ NO2 ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʚ ʮʠʩ- 

ʧʦʣʦʞʝʥʠʠ ʢ NO, ʧʝʨʚʠʯʥʦʡ ʨʝʘʢʮʠʝʡ ʬʦʪʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʘʟʨʳʚ ʩʚʷʟʠ Ru-

NO 75. ʅʘ ʩʧʝʢʪʨʝ ʥʠʞʝ (ʈʠʩʫʥʦʢ 9) ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ 

[RuNOPy2(Nʆ2)2OH] ʚ ɼʄʉʆ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ 445 ʥʤ. ʇʝʨʚʠʯʥʳʡ ʧʨʦʮʝʩʩ 

Ὑόὔὕ ὖώὔὕ ὕὌ  ˑ˙˞ ̨  Ὤ’O  Ὑό ˑ˙˞ὖ̨ώὔὕ ὕὌ ὔὕЈ 

ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠ - ʚ ʕʇʈ-ʩʧʝʢʪʨʝ ʦʙʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʩʠʛʥʘʣ RuIII. ʇʦ ʜʘʥʥʳʤ 15N ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʝʨʚʳʤ 

ʧʨʦʜʫʢʪʦʤ ʬʦʪʦʣʠʟʘ, ʧʦʷʚʣʷʶʱʠʤʩʷ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ, ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ 

[RuII(ɼʄʉʆ)Py2(NO2)2OH]-, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ RuIII - RuII. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

Ὑό ˑ˙˞ὖ̨ώὔὕ ὕὌ  ὔὕ  Ὄ/ᴼ Ὑόˑ˙˞ὖ̨ώὔὕ ὕὌ Ὄὔὕ Ὄ . 
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ʈʠʩʫʥʦʢ 9. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [RuNOPy2(Nʆ2)2OH] ʚ ɼʄʉʆ (10
-4 M, ʢʶʚʝʪʘ 1 ʩʤ) ʜʦ ʠ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ɺʩʪʘʚʢʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 263 ʥʤ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ 75 

ʇʦʤʠʤʦ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʫʪʝʥʠʷ, ʚʪʦʨʠʯʥʳʝ ʬʦʪʦʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʪʘʢʞʝ 

ʧʨʠʚʦʜʷʪ ʢ ʟʘʤʝʱʝʥʠʶ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (NO2 ʠ ʧʠʨʠʜʠʥ). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ RuIII  ʧʦʢʘʟʘʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʥʘ ʧʨʠʤʝʨʝ [Ru(MeO-

Phtpy)(bpy)(NO)](PF6)3 
76. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʬʦʪʦʣʠʟʘ ʢʦʤʧʣʝʢʩʘ ʩʦʜʝʨʞʠʪ 

ʚʦʣʥʫ ʥʘ 1,27 ɺ, ʦʪʥʝʩʝʥʥʫʶ ʢ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ RuIIŸ RuIII, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʳʩʪʨʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʘʯʘʣʴʥʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ RuIII  ʢʦʤʧʣʝʢʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʜʥʦʟʥʘʯʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʥʝ ʫʜʘʣʦʩʴ.  

ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʪʦʣʠʟʘ ʩ ʫʯʘʩʪʠʝʤ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ RuIII  ʥʘ ʧʨʠʤʝʨʝ 

[RuNO(ɓ-Pic)2(Nʆ2)2OH] ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ 75. ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, 

ʨʘʟʨʳʚ ʩʚʷʟʠ Ru-NO ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʨʘʟʫʶʱʝʡʩʷ ʬʦʨʤʳ RuIII  ʧʨʦʭʦʜʷʪ ʚ ʪʝʯʝʥʠʝ 50 

ʤʩ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʨʘʟʨʳʚʫ ʩʚʷʟʠ Ru-NO 

ʜʦʣʞʥʦ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ MS2 63. ʅʘ ʧʨʠʤʝʨʝ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ MS2 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʦʧʷʪʴ ʞʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʯʘʩʪʠʶ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʥʠʪʦʟʦʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 51. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʦʪʦʣʠʟʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʧʝʨʚʠʯʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʳʚ ʩʚʷʟʠ Ru-NO ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ NO ʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ RuIII. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ RuIII  ʜʦ RuII ʠ 

ʬʦʪʦʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʧʨʦʯʠʭ ʣʠʛʘʥʜʦʚ. 
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ʈʠʩʫʥʦʢ 10. ʉʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʬʦʪʦʣʠʟʝ ʢʦʤʧʣʝʢʩʘ [RuNO(ɓ-Pic)2(Nʆ2)2OH] ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ 77 

1.4. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʫʤʫ ʨʘʩʧʘʜʫ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʩʯʝʪ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ, ʢʘʢ ʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʧʘʚʰʝʛʦʩʷ 

ʚʝʱʝʩʪʚʘ ʢ ʢʦʣʠʯʝʩʪʚʫ ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʚʝʪʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ. ʈʘʩʩʤʦʪʨʠʤ 

ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ 2 ʩ ʜʘʥʥʳʤʠ ʧʦ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʘʤ ʨʫʪʝʥʠʝʚʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ. 

ʇʨʠ ʦʙʱʝʤ ʚʟʛʣʷʜʝ ʥʘ ʪʘʙʣʠʮʫ ʚʠʜʥʳ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʤʝʪʦʜʦʣʦʛʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: ʨʘʟʥʳʝ ʥʘʫʯʥʳʝ ʛʨʫʧʧʳ ʚʳʙʠʨʘʶʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʠ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʵʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ 

ʢʦʤʧʣʝʢʩʦʚ), ʨʘʟʣʠʯʥʳʝ ʜʣʠʥʳ ʚʦʣʥ ʦʙʣʫʯʝʥʠʷ. ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʙʦʪ ʧʦ 

ʨʘʩʪʚʦʨʥʦʡ ʬʦʪʦʭʠʤʠʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʨʘʟʥʠʮʘ ʚʦ ʚʨʝʤʝʥʘʭ 

ʵʢʩʧʦʟʠʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ ʤʝʪʦʜʘʭ ʝʝ ʠʟʤʝʨʝʥʠʷ ʠ, ʢʦʥʝʯʥʦ, 

ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʫʧʨʦʱʝʥʠʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʨʝʘʢʮʠʡ. 
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ʊʘʙʣʠʮʘ 2. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 7 

ʂʦʤʧʣʝʢʩ ʨʫʪʝʥʠʷ pH ʠʣʠ 

ʨʘʩʪʚʦʨʠ

-ʪʝʣʴ 

ɚ 

ʦʙʣʫʯʝʥʠʷ, 

ʥʤ 

◖ NO, ʤʦʣ/ɹʕ  ʩʩʳʣʢʘ 

ʪʨʘʥʩ-[Ru(NH3)4(NO)(py)]3+ 3,0 330 0,11 Ñ 0,01 65 

 4,4 330 0,13 Ñ 0,01 65 

ʪʨʘʥʩ-[Ru(NH3)4(NO)(4-pic)]3+ 2,0 330 0,00008 65 

 3,45 330 0,00012 65 

 5,0 330 0,00026 65 

ʪʨʘʥʩ-[Ru(NH3)4(NO)(pz)]3+ 3,45 313 0,17 Ñ 0,03 65 

 4,32 313 0,23 Ñ 0,03 65 

ʪʨʘʥʩ-[Ru(NH3)4(NO)(4-acpy)]3+ 3,45 313 0,13 Ñ 0,03 65 

 4,32 313 0,23 Ñ 0,03 65 

ʪʨʘʥʩ-[Ru(NH3)4(NO)(L-hist)]3+ 3,45 313 0,067 Ñ 0,004 65 

 4,32 313 0,086 Ñ 0,004 65 

ʪʨʘʥʩ-[Ru(1-pramcyclam)(NO)Cl]3+ 1,0 313 0,009 Ñ 0,001 66 

  334 0,008 Ñ 0,001 66 

  370 <0,001 66 

 4,9 313 0,030 Ñ 0,002 66 

  334 0,011 Ñ 0,001 66 

  370 <0,002 66 

 7,4 313 0,100 Ñ 0,002 66 

  334 0,090 Ñ 0,010 66 

  370 <0,003 66 

ʪʨʘʥʩ-[Ru(cyclam)(NO)Cl]2+ 1,0 334 0,008 Ñ 0,001 66 

 4,9 313 0,010 Ñ 0,002 66 

  334 0,009 Ñ 0,001 66 

  355 <0,002 66 

 7,4 334 0,100 Ñ 0,010 66 

  355 0,160 Ñ 0,050 66 

ʪʨʘʥʩ-[Ru([15]aneN4)(NO)Cl]2+ 7,4 355 0,61 Ñ 0,05 66 ʠ 78 

[Ru(HInd)4(NO)Cl]2+ MeCN 405 0,045 Ñ 0,005 25 

[Ru(HInd)4(NO)OH]2+ MeCN 405 0,040 Ñ 0,005 25 

[Ru(HInd)2(Ind)2(NO)Cl] MeCN 405 0,038 Ñ 0,003 25 

[Ru(HInd)2(Ind)2(NO)OH] MeCN 405 0,062 Ñ 0,005 25 

[Ru(tpa)Cl2(NO)]+ MeCN 365 0,06 Ñ 0,03 79 

 ɼʄʌɸ 365 0,03 Ñ 0,02 79 

[Ru(tpa)(ONO)(NO)]2+ ɼʄʌɸ 365 0,01 Ñ 0,002 79 

[Ru(tpa)(Urea)(NO)]3+ ɼʄʌɸ 365 0,007 Ñ 0,001 79 

 7 365 0,002 Ñ 0,001 79 

ʪʨʘʥʩ-(Cl,Cl)-[Ru(NO2-

Phtpy)(NO)Cl2]
+ 

MeCN 365 0,05 20 

ʪʨʘʥʩ-(Cl,Cl)-[Ru(H-

Phtpy)(NO)Cl2]
+ 

MeCN 365 0,12 20 

ʪʨʘʥʩ-(Cl,Cl)-[Ru(Br-

Phtpy)(NO)Cl2]
+ 

MeCN 365 0,11 20 

ʪʨʘʥʩ-(Cl,Cl)-[Ru(MeO-

Phtpy)(NO)Cl2]
+ 

MeCN 365 0,07 20 
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ʂʦʤʧʣʝʢʩ ʨʫʪʝʥʠʷ pH ʠʣʠ 

ʨʘʩʪʚʦʨʠ

-ʪʝʣʴ 

ɚ 

ʦʙʣʫʯʝʥʠʷ, 

ʥʤ 

◖ NO, ʤʦʣʴ/ʕ  ʩʩʳʣʢʘ 

ʮʠʩ-(Cl,Cl)-[Ru(NO2-

Phtpy)(NO)Cl2]
+ 

MeCN 365 0,24 20 

ʮʠʩ-(Cl,Cl)-[Ru(H-Phtpy)(NO)Cl2]
+ MeCN 365 0,39 20 

ʮʠʩ-(Cl,Cl)-[Ru(Br-Phtpy)(NO)Cl2]
+ MeCN 365 0,32 20 

ʮʠʩ-(Cl,Cl)-[Ru(MeO-

Phtpy)(NO)Cl2]
+ 

MeCN 365 0,28 20 

ɼʣʷ ʩʪʨʦʛʦʛʦ ʨʘʩʯʝʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʬʦʪʦʣʠʟʘ • 80 ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ Ўὔ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ, ʨʘʩʧʘʚʰʝʛʦʩʷ ʟʘ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ὸ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʝʱʝʩʪʚʦʤ ʩʚʝʪʘ Ὅ.  

•
Ў

ẗ
        (1) 

ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʙʲʝʤʝ 

ʨʘʩʪʚʦʨʘ ὠ (ʣ), ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ: 

Ўὔ
ẗЎ

ẗ
         (2) 

ʛʜʝ ‐  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʜʝʪʝʢʮʠʠ 

(ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʜʝʪʝʢʮʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʠʟʤʝʥʝʥʠʝ ЎὈ  ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʥʘʠʙʦʣʴʰʝʝ) (ʄ-1Ŀʩʤ-1), ὰ ï ʜʣʠʥʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ (ʩʤ), ЎὈ  ï ʠʟʤʝʥʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʜʝʪʝʢʮʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʫʟʢʠʤ ʧʫʯʢʦʤ ʩʚʝʪʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʘ 

ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʚʝʪʘ: 

Ὅ Ὅ᷿ ρ ρπ Ὠὸ      (3) 

ʛʜʝ Ὅ ï ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʥʪʦʚ ʩʚʝʪʘ, ʩʦʦʙʱʝʥʥʳʭ ʨʘʩʪʚʦʨʫ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʕ/ʩʝʢ), 

Ὀ  - ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ (ʥʘʟʦʚʝʤ ʝʝ 

çʘʢʪʠʚʠʨʫʶʱʝʡè). ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʚʝʪ ʧʦʛʣʦʱʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʘ ʨʝʘʛʠʨʫʝʪ 

ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ ʥʠʭ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʚʝʪ, ʧʦʛʣʦʱʝʥʥʳʡ ʠʤʝʥʥʦ ʵʪʠʤ ʚʝʱʝʩʪʚʦʤ: 

Ὅ Ὅ᷿ ρ ρπ Ὠὸ     (4) 

ʀʟ ʫʨʘʚʥʝʥʠʡ (1) ʠ (4) ʧʦʣʫʯʠʤ: 

•
ẗЎ

ẗẗ ᷿

     (5) 
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ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʠ ʦʧʠʩʳʚʘʝʪ 

ʠʜʝʘʣʴʥʳʡ ʩʣʫʯʘʡ ʜʣʷ ʧʦʜʩʯʝʪʘ • ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʝʨʝʢʨʳʚʘʥʠʝ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʨʝʘʛʝʥʪʘ ʚ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʘʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʨʦʱʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʘʭ. 

ʋʧʨʦʱʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʤʝʨʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

71,81ï83  ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʧʝʨʚʳʭ 

ʤʠʥʫʪʘʭ ʬʦʪʦʣʠʟʘ. ɺ cʪʘʪʴʝ 84 ʘʚʪʦʨʳ ʦʙʣʫʯʘʶʪ ʦʙʨʘʟʝʮ [Ru(salophen)(NO)Cl] ʩʚʝʪʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 459 ʥʤ, ʠʟ ʛʨʘʬʠʢʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʠʩʘʥʥʳʤʠ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʘʤʠ 

ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʥʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʨʘʩʪʘʝʪ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʥʦʝ ʚʝʱʝʩʪʚʦ ʠ ʧʨʦʜʫʢʪ ʬʦʪʦʣʠʟʘ ʠʤʝʶʪ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʠ Ὅ, ʧʦʛʣʦʱʝʥʥʦʝ ʨʝʘʛʝʥʪʦʤ, ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 11). ɺ ʨʘʙʦʪʝ 

ʦʪʜʝʣʴʥʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʣʠʥʳ ʚʦʣʥ ʦʙʣʫʯʝʥʠʷ ʚʳʙʨʘʥʳ ʚʙʣʠʟʠ ʠʟʦʙʝʩʪʠʯʝʩʢʦʡ ʪʦʯʢʠ, ʛʜʝ 

Ὀ Ὀ Ὀ ὧέὲίὸ. ʊʘʢʦʡ ʚʳʙʦʨ ʦʙʣʫʯʝʥʠʷ ʤʦʞʝʪ ʫʧʨʦʱʘʪʴ ʨʘʩʯʝʪʳ ʤʠʥʠʤʠʟʠʨʫʷ 

ʟʘʚʠʩʠʤʦʩʪʴ Ὅ ʦʪ ʚʨʝʤʝʥʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʘʩʢʠʨʫʷ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠ ̫ ʩʚʝʪʘ, 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʨʝʘʛʝʥʪʦʤ ʠ ʩʚʝʪʘ, ʧʦʛʣʦʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ. 

ʆʜʥʘʢʦ ʜʣʷ ʫʧʨʦʱʝʥʥʦʛʦ ʧʦʜʩʯʝʪʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦʛʣʦʱʝʥʠʝʤ ʧʨʦʜʫʢʪʘ ʠ ʩʯʠʪʘʪʴ ʝʛʦ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ ʚ ʧʝʨʚʳʝ ʤʠʥʫʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ 84 ʚʳʯʠʩʣʝʥʥʘʷ ʠʟ 

ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʘ (ʚ ʦʙʣʘʩʪʠ >800 ʥʤ) ʠ ʧʘʜʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʨʝʘʛʝʥʪʘ 

(400-500 ʥʤ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʥʘʥʦʩʠʪʩʷ ʥʘ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʬʦʪʦʥʦʚ, ʩʦʦʙʱʝʥʥʳʭ ʨʘʩʪʚʦʨʫ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʚ ʧʝʨʚʳʝ ʤʠʥʫʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʛʨʘʬʠʢ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʨʷʤʦʡ, ʥʘʢʣʦʥ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʢʚʘʥʪʦʚʦʤʫ ʚʳʭʦʜʫ 

ʨʝʘʢʮʠʠ (ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʙʱʝʥʥʳʭ ʨʘʩʪʚʦʨʫ ʬʦʪʦʥʦʚ ʟʘ ʚʨʝʤʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ). 
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ʈʠʩʫʥʦʢ 11. (ʘ) ɺʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ [Ru(salophen)(NO)Cl] 

ʩʚʝʪʦʤ 459 ʥʤ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, (ʙ) ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʦʙʱʝʥʥʳʭ ʬʦʪʦʥʦʚ (Ὅ).  

ʆʪʜʝʣʴʥʦ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 82, 85 ʨʘʙʦʪʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʚʝʱʝʩʪʚʘ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʥʝ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʛʣʦʱʝʥʥʳʭ ʠʤ ʬʦʪʦʥʦʚ Ὅ, ʘ ʠʤʝʥʥʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʬʦʪʦʥʦʚ Ὅ ʩʦʦʙʱʝʥʥʳʭ 

ʩʠʩʪʝʤʝ ʚʦʦʙʱʝ, ʪʦ ʝʩʪʴ ʬʠʟʠʯʝʩʢʠ ʠʟʣʫʯʝʥʥʳʭ ʩʘʤʠʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʦʪʢʣʠʢʘ ʥʘ ʦʙʣʫʯʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʟʫʯʘʝʤʳʭ ʚ ʪʘʢʦʡ ʞʝ ʤʦʜʝʣʠ, ʥʦ ʥʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 83, 86, ʫʯʠʪʳʚʘʶʱʠʭ ʥʝʧʦʣʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʨʝʘʛʝʥʪʘ. 

ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ Ὅ ʪʘʢʞʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʝʥʩʦʨʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʷʶʱʠʭ ʤʦʱʥʦʩʪʴ 

ʠʩʪʦʯʥʠʢʘ (ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ Thorlabs, Opto Sigma, Ophir), ʠʣʠ ʤʝʪʦʜʠʢʠ 87, 88 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʧʦʪʦʢʘ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʧʫʪʝʤ ʘʢʪʠʥʦʤʝʪʨʠʠ (ʥʘʧʨʠʤʝʨ, ʬʦʪʦʨʘʟʣʦʞʝʥʠʝ 

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʠʛʠʜʨʘʪʘ ʬʝʨʨʠʦʢʩʘʣʘʪʘ ʢʘʣʠʷ ʜʦ ʞʝʣʝʟʘ (II)). 

ɹʦʣʝʝ ʪʦʯʥʳʡ ʤʝʪʦʜ ʧʦʜʩʯʝʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʜʣʷ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ Ὀ  ʷʚʣʷʝʪʩʷ 

ʩʫʤʤʦʡ ʧʦʛʣʦʱʝʥʠʡ ʤʥʦʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥ ʚ ʨʘʙʦʪʝ 89, ʧʦʩʚʷʱʝʥʥʦʡ 

ʠʟʫʯʝʥʠʶ ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʢʘʨʙʦʥʠʣʦʚ ʨʦʜʠʷ. ʈʝʘʢʮʠʷ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ, ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 12. 
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ʈʠʩʫʥʦʢ 12. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʢʘʨʙʦʥʠʣʦʚ ʨʦʜʠʷ 89 

ʈʘʙʦʪʘ ʠʥʪʝʨʝʩʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʧʦʜʩʯʝʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʚ ʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʧʦʛʣʦʱʘʝʪ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ, 

ʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ: 

Ὀ Ὀ̑ ̆́̄̆̎Ὀ̓̐ ̑̏̅̔̋̓,  

˞̑ ̆́̄̆̎̓ ὅ́̑ ̆́̄̆̎̓ὸ ὅ̐ ̑̏̅̔̋̓ὸ 

ʄʝʪʦʜ, ʷʚʣʷʶʱʠʡʩʷ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʛʨʘʬʠʯʝʩʢʠʤ, ʧʨʝʜʣʘʛʘʝʪ ʥʘʥʝʩʪʠ ʥʘ ʛʨʘʬʠʢ ʦʪ ʚʨʝʤʝʥʠ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʚʳʨʘʞʝʥʠʷ , ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ Ὀ  (ʈʠʩʫʥʦʢ 13), ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʢʘʢ ʪʨʘʧʝʮʠʶ ʠ 

ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ ʠʥʪʝʛʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ᷿ Ὠὸ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ (ʊʘʙʣʠʮʘ 

3). 

 

ʈʠʩʫʥʦʢ 13. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ 
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ʊʘʙʣʠʮʘ 3. ʀʥʪʝʛʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ᷿ Ὠὸ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ ʜʣʷ 

ʬʦʪʦʭʠʤʠʠ ʢʦʤʧʣʝʢʩʘ (ɖ5-C5H5)Rh(CO)2 

t, ʤʠʥ. 0 30 60 90 120 150 180 210 240 270 

᷿ Ὠὸ, 

ʤʠʥ. 

0 60 122 185 249 313 379 444 510 576 

 

ɼʘʣʝʝ, ʧʦʣʴʟʫʷʩʴ ʫʨʘʚʥʝʥʠʝʤ ὰὲ
˞

•Ὅ ὰ᷿ Ὠὸ, ʛʜʝ ˞ ʠ ὅ  ï 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ʚ ʪʝʢʫʱʠʡ ʠ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʤʦʣʴ/ʣ), 

Ὅ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ (ʕ/ʩʝʢĿʣ),  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʨʝʘʛʝʥʪʘ (ʄ-1Åʩʤ-1),  ʘʚʪʦʨʳ ʩʪʨʦʠʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ὰὲ
˞

 ʦʪ ᷿ Ὠὸ (ʈʠʩʫʥʦʢ 

14), ʥʘʢʣʦʥ ʛʨʘʬʠʢʘ ʨʘʚʝʥ ɻ •Ὅ ὰ, ʜʝʣʝʥʠʝʤ ʥʘ Ὅ ὰ ʠʟ ʥʝʛʦ ʣʝʛʢʦ ʚʳʨʘʞʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ •Ȣ 

 

ʈʠʩʫʥʦʢ 14. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ɻ •Ὅ ὰ ʜʣʷ ʬʦʪʦʣʠʟʘ (ɖ5-C5H5)Rh(CO)2.  ɼʘʥʥʳʝ 

ὰὲ
˞
 ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʫʪʝʤ ʧʝʨʝʩʯʝʪʘ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ɜ(ʉO) ʚ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʛʝʥʪʘ 

ʆʧʠʩʘʥʥʳʝ ʨʘʩʯʝʪʳ ʠʥʪʝʨʝʩʥʳ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʥʝ 

ʪʦʣʴʢʦ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʥʦ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ 
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ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ɜ(ʉO) 

ʩʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʦʪʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʯʪʦ ʦʯʝʥʴ ʧʦʣʝʟʥʦ, ʝʩʣʠ ʧʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʪʷʞʝʣʦ ʚʳʜʝʣʷʝʪʩʷ (ʠʣʠ ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ), ʠ ʜʣʷ ʥʝʛʦ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʦ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ.  

ʄʝʪʦʜ ʠʤʝʝʪ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʡ ʥʝʜʦʩʪʘʪʦʢ: ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʛʨʘʬʠʢ 

̗̔̎̋̉̉̕ ὰὲ  ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥʦ ʠʟʤʝʨʷʪʴ Ὀ  ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ʦʙʣʫʯʝʥʠʷ, ʩʜʝʣʘʥʦ ʵʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʦʨʨʝʢʪʥʦ ʚʳʨʘʟʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʥʦʛʦ 

ʨʝʛʝʥʪʦʤ ʩʚʝʪʘ Ὅ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʩʯʠʪʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʟʥʘʯʝʥʠʷ Ὀ  ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ ‗ , ʥʘ ʢʦʪʦʨʦʡ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ 

ʠʟʤʝʥʷʝʪʩʷ ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ 89  ‗  ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ 

ʣʝʞʘʪ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʥʦ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ (ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʪʚʦʨʘʭ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ) ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʘʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʬʦʪʦʣʠʟʫ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʜʘʣʝʝ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʟʥʘʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʟʫʯʘʝʤʳʭ ʥʘʤʠ ʩʠʩʪʝʤ ʠ ʫʯʠʪʳʚʘʪʴ ʠʭ: 

1) ʈʝʘʢʮʠʷ ʬʦʪʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʝʡ, ʠʜʫʱʝʡ ʧʦ ʩʭʝʤʝ ɸ Ÿ B, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʡ ʚʝʱʝʩʪʚʦ ɸ (ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩ ʨʫʪʝʥʠʷ) ʨʘʩʭʦʜʫʝʪʩʷ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ɺ 

ʵʢʚʠʤʦʣʷʨʥʦ, ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʚʦʨʝ ʧʦʩʪʦʷʥʥʘ. 

2) ʈʝʘʢʮʠʷ ʬʦʪʦʣʠʟʘ ʥʝ ʚʩʝʛʜʘ ʧʨʦʭʦʜʠʪ ʜʦ ʢʦʥʮʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʦʣʷʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʝɦʥʠʷ ʧʨʦʜʫʢʪʘ 

3) ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ɸ ʠ ɺ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʧʨʦʜʫʢʪ B ʧʦʛʣʦʱʘʝʪ ʩʚʝʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʜʣʷ ʦʙʣʫʯʝʥʠʷ, ʩ ʥʘʢʦʧʣʝʥʠʝʤ ɺ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʝʛʦ ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ʦʙʣʫʯʝʥʠʷ. 

4) ʇʨʦʜʫʢʪ B ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʠ ʥʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, ʜʣʷ ʥʝʛʦ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

ʆʪʩʫʪʩʪʚʠʝ ʩʚʝʜʝʥʠʡ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʘ ɺ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʦʣʴʢʦ 

ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʵʪʦʤʫ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʧʳʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʨʘʙʦʪʳ, 

ʨʘʟʦʙʨʘʥʥʦʡ ʚʳʰʝ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʠʤʝʥʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ï ʟʘʧʠʩʴ ʀʂ-ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ 

ʨʘʩʭʦʜʝ ʨʝʘʛʝʥʪʘ ʚ ʭʦʜʝ ʬʦʪʦʣʠʟʘ. 
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1. 5. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ɻʣʘʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʬʦʪʦʭʨʦʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʝʢʣʶʯʘʝʤʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʪʦʷʥʠʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʨʘʟʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʟʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ. ʉʦʩʪʦʷʥʠʷ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʷʜʫ ʢʨʠʪʝʨʠʝʚ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʩʦʩʪʦʷʥʠʡ 90. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ ʩʦʩʪʦʷʥʠʷʤ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 

ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʚʥʝʰʥʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ï ʪʝʤʧʝʨʘʪʫʨʳ, ʚʨʝʤʝʥʠ ʠ ʵʥʝʨʛʠʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ ʠ ʢʦʤʧʣʝʢʩʦʚ K2[RuNO(NO2)4OH] ʠ [RuNO(NH3)5]Cl3ĿH2O ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ NO ʤʝʪʦʜʘʤʠ 

ʛʦʣʦʛʨʘʬʠʠ 91,92. ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʵʬʬʝʢʪ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʷʚʣʷʶʪʩʷ ʜʦʣʛʦʞʠʚʫʱʠʤʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʢʣʶʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʩʠʣʠʢʦʥʦʚʳʝ ʤʘʪʨʠʮʳ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʟʘʜʘʥʥʳʤʠ ʬʦʨʤʘʤʠ ʠ ʦʙʲʝʤʦʤ 93,94. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʝʚʳʭ ʠʟʦʤʝʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʧʨʠʤʝʥʝʥʠʶ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʚʳʛʣʷʜʠʪ ʙʦʣʝʝ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʫʪʝʥʠʡʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʘʢ ʚʦʟʤʦʞʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʧʣʘʪʠʥʘʩʦʜʝʨʞʘʱʠʤ ʧʨʝʧʘʨʘʪʘʤ 95,96. ʉʦʛʣʘʩʥʦ Web of 

Science, ʚ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʦʢʦʣʦ 200 ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. 

ʊʘʢ, ʜʣʷ ʩʝʨʠʠ ʠʤʠʜʘʟʦʣʴʥʳʭ ʠ ʠʥʜʘʟʦʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʥʠʪʨʦʟʦʛʨʫʧʧ, 

NAMI -A, KP1019 ʠ NKP- 1339, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʬʦʪʦʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ ʨʘʟʨʳʚʘ ʩʚʷʟʠ Ru-NO, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. 

ɺ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʧʦʷʚʠʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʩʦʦʙʱʝʥʠʡ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ImH[Ru(Im)2Cl4] 
97,98. ɹʠʩʠʤʠʜʘʟʦʣʪʝʪʨʘʭʣʦʨʨʫʪʝʥʘʪ ʠʤʠʜʘʟʦʣʠʥʠʷ ʧʦʢʘʟʘʣ 

ʚʳʩʦʢʫʶ ʠ ʩʝʣʝʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʤʝʪʘʩʪʘʟʦʚ ʣʝʛʢʠʭ ʜʣʷ ʨʷʜʘ ʪʚʝʨʜʳʭ 

ʤʝʪʘʩʪʘʟʠʨʫʶʱʠʭ ʦʧʫʭʦʣʝʡ, ʚʢʣʶʯʘʷ NSCLC (Non-small-cell lung cancer - 

ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢ ʣʝʛʢʠʭ) ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʠʚʠʪʳʭ ʫ ʛʦʣʳʭ ʤʳʰʝʡ. 

ʕʪʦ ʧʦʨʦʜʠʣʦ ʚʦʣʥʫ ʠʥʪʝʨʝʩʘ ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʨʫʪʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʠʩʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 
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ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɺ 1999 ʛʦʜʫ ʩʪʘʨʪʦʚʘʣʘ ʧʝʨʚʘʷ ʬʘʟʘ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ NAMI-A - trans- ImH[RuCl4(DMSO-S)(Im)] (ʈʠʩʫʥʦʢ 15) 99. ʆʩʦʙʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ NAMI-A ï ʚʳʩʦʢʘʷ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʥʘ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ - ʧʦʟʚʦʣʠʣʠ ʩʦʝʜʠʥʝʥʠʶ ʚʦʡʪʠ ʚʦ ʚʪʦʨʫʶ ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ (ʚʧʝʨʚʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ) ʠ ʩʪʘʪʴ ʚʝʭʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʨʠʜʮʘʪʴ ʣʝʪ 1. 

ɽʱʝ ʦʜʠʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ ï 

KP1019, ʪʨʘʥʩ-ʪʝʨʘʭʣʦʨʦʙʠʩ(1H-ʠʥʜʘʟʦʣ)ʨʫʪʝʥʘʪ(III) ʠʥʜʘʟʦʣʠʷ, ʘʢʪʠʚʥʳʡ ʧʨʦʪʠʚ 

ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʠʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ, ʫʩʪʦʡʯʠʚʦʛʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʮʠʩʧʣʘʪʠʥʦʚʦʡ ʪʝʨʘʧʠʠ 2. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ ʪʘʢ 

ʞʝ ʧʦʣʫʯʠʣʠ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʩʪʘʚʱʠʢʦʚ ʠ ʧʦʛʣʦʪʠʪʝʣʝʡ NO ï ʤʦʣʝʢʫʣʳ-ʤʝʜʠʘʪʦʨʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. 

ʀʟʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NO ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʚ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʘʭ, ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʨʦʩʪ 

ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ 14,100. ʀʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ ʦʙʲʷʩʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ ʠ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ. 

ʅʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʙʣʘʛʦʜʘʨʷ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʩʪʘʚʣʷʪʴ ʠ ʚʳʩʚʦʙʦʞʜʘʪʴ NO ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 45. 

ʈʠʩʫʥʦʢ 15. ʉʪʨʦʝʥʠʝ ʂʈ1019 ʠ NAMI-A 
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ɺ ʨʘʙʦʪʝ 101 ʘʚʪʦʨʳ ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʄʊʊ-ʪʝʩʪʦʚ ʠ ʚʣʠʷʥʠʝ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ 

ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʢʦʤʧʣʝʢʩʘ H2Ind[RuCl4(NO)(HInd)] (ʈʠʩʫʥʦʢ 

16) ʊʨʘʥʩ-ʠʟʦʤʝʨ ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʮʠʩ-ʠʟʦʤʝʨ. 

 

ʈʠʩʫʥʦʢ 16. ʉʪʨʦʝʥʠʝ ʠʟʦʤʝʨʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ ʠʥʜʘʟʦʣʦʤ ʮʠʩ- ʠ 

ʪʨʘʥʩ-H2Ind[RuCl4(NO)(HInd)] 

ɿʘʤʝʥʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʠʥʜʘʟʦʣʘ ʚ ʢʦʤʧʣʝʢʩʝ KP1019 ʥʘ NO ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ 72 ʨʘʟʘ ʥʘ ʢʣʝʪʢʘʭ SW480 ʠ ʚ 34 ʨʘʟʘ ʥʘ ʢʣʝʪʢʘʭ CH1/PA-1. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘ 

ʢʣʝʪʢʘʭ SW480 ʧʦʢʘʟʘʣʦ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥ ʚ 55% ʢʣʝʪʦʢ ʜʣʷ ʮʠʩ-ʠʟʦʤʝʨʘ ʠ 68% ʜʣʷ 

ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʯʪʦ ʚʝʜʝʪ ʢ ʘʧʦʧʪʦʟʫ ʢʣʝʪʦʢ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ PyH[RuNOPy(Nʆ2)2(ONO)OH], [RuNOPy2(Nʆ2)2OH]ĀH2O, [RuNO(ɓ-

Pic)2(Nʆ2)2OH] ʠ [RuNO(ɔ-Pic)2(Nʆ2)2OH] ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʚʫʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʤʝʪʦʜʦʤ MTT 102. ʂʦʤʧʣʝʢʩʳ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʥʘ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HEK 293 (ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʧʦʯʝʢ ʯʝʣʦʚʝʢʘ), ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ MCF-7 (ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ). ʅʝʡʪʨʘʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʦʢʘʟʘʣʠ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

PyH[RuNOPy(Nʆ2)2(ONO)OH], ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʩɹʷ ʙʦʣʴʰʝʡ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ 

ʥʝʟʘʨʷʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ IC50 ʜʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʨʘʚʥʠʤʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʨʝʥʦʚʳʤʠ 103 ʠ ʬʦʩʬʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ 88, ʢʘʢ ʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʮʠʩʧʣʘʪʠʥʘ 104ï106. ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʦʤʧʣʝʢʩ [RuNO(ɓ-

Pic)2(NO2)2OH] ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʬʦʪʦʣʠʟʘ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʳ E.coli Endo III, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ 77. ʌʝʨʤʝʥʪ E. coli Endo III ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ɼʅʂ-

ʛʣʠʢʦʟʠʣʘʟʫ, ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʣʠʟʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ɸʇ-ʣʠʘʟʥʘʷ, ʠ ɼʅʂ-

ʛʣʠʢʦʟʠʣʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 
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ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʧʨʦʜʫʢʪʘʤʠ ʬʦʪʦʣʠʟʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʣʝ 5 ʤʠʥʫʪ ʦʙʣʫʯʝʥʠʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 5 ʤʄ. ʆʙʣʫʯʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʥʝ 

ʧʨʠʚʦʜʠʣʦ ʢ ʠʭ ʜʝʛʨʘʜʘʮʠʠ, ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʧʨʦʜʫʢʪʘʤʠ ʬʦʪʦʣʠʟʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺ 

ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʦʙʣʫʯʝʥʠʝ ʩʚʝʪʦʤ 445 ʥʤ ʥʝ ʩʥʠʞʘʣʦ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ Endo III. 

ɼʦʙʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʢ ʬʝʨʤʝʥʪʫ Endo III ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʙʣʫʯʝʥʠʷ ʯʘʩʪʠʯʥʦ ʠʥʛʠʙʠʨʦʚʘʣʦ 

ɸʇ-ʣʠʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ɺ ʧʦʜʦʙʨʘʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ Endo III ʧʨʠ ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʥʘ ʙʦʣʝʝ 90%. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʨʝʧʘʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʣʦʢʘʣʴʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʮʠʩ-[Ru(phen)2(L)(NO)](PF6)3 (phen ï ʬʝʥʘʥʪʨʦʣʠʥ, L ï ʪʠʦʤʦʯʝʚʠʥʘ ʠʣʠ 

ʪʠʦʙʝʥʟʘʤʠʜ) ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʱʝʧʣʷʪʴ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (ʈʠʩʫʥʦʢ 17) 18. ʂʦʤʧʣʝʢʩ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ɼʅʂ ʢʘʢ ʚ ʪʝʤʥʦʪʝ, ʪʘʢ ʠ ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ ʩʚʝʪʦʤ 463 ʥʤ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 100 ʠ 20 ʤʢʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʣʝʢʩ ʩ ʪʠʦʙʝʥʟʘʤʠʜʦʤ ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ɼʅʂ ʚ ʪʝʤʥʦʪʝ, ʦʜʥʘʢʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʣʩʷ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʧʦʚʝʜʝʥʠʠ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ pH, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʥʠʪʨʦʟʦ-ʛʨʫʧʧʳ ʚ ʥʠʪʨʦ- ʚ 

ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ɺ ʢʦʤʧʣʝʢʩʝ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ ʨʘʚʥʦʚʝʩʠʝ ʙʦʣʴʰʝ ʩʜʚʠʥʫʪʦ ʚ ʩʪʦʨʦʥʫ 

Ru-NO ʬʦʨʤʳ, ʯʝʤ Ru-NO2, ʷʚʣʷʶʱʝʡʩʷ ʣʫʯʰʠʤ ʜʦʥʦʨʦʤ ʦʢʩʠʜʘ ʘʟʦʪʘ (II), ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ɼʅʂ. 

 

ʈʠʩʫʥʦʢ 17. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʮʠʩ-[Ru(phen)2(L)(NO)](PF6)3, ʛʜʝ L: ʘ ï ʪʠʦʤʦʯʝʚʠʥʘ, b ï

ʪʠʦʙʝʥʟʘʤʠʜ 

ɺ ʨʘʙʦʪʝ 107 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʘʢʪʝʨʠʠ ʩʪʘʬʠʣʦʢʦʢʢʘ ʢ ʤʝʪʠʮʠʣʣʠʥʫ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ (ʧʦʨʷʜʢʘ 100 ʨʘʟ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ NO. ɼʦʥʦʨʦʤ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʚʳʩʪʫʧʠʣ 
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ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-(NO, OH)-[RuFT(Cl)(OH)NO](PF6), ʚʳʩʚʦʙʦʞʜʘʶʱʠʡ NO ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʩʚʝʪʦʤ 365 ʥʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ NO ʦʩʣʘʙʣʷʝʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʙʘʢʪʝʨʠʠ, ʘ ʤʝʪʠʮʠʣʣʠʥ 

ʝʸ ʫʥʠʯʪʦʞʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʜʦʥʦʨʦʤ NO ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʘʥʪʠʙʠʦʪʠʢʘ. 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ 

ʇʦʜʳʪʦʞʠʚʘʷ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʦʪʤʝʪʠʤ ʯʪʦ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʚʠʜʘ 

ʪʨʘʥʩ-[RuNOL2Cl3] ʥʘʩʯʠʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʢʘʞʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ 

ʢʘʣʠʷ, ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ 

ʧʦʣʫʯʝʥʠʶ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʤʝʩʷʭ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʣʠʛʘʥʜ:ʨʫʪʝʥʠʡ ʚ 

ʜʠʘʧʘʟʦʥʝ 2-3. ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʠ ʚ ʨʘʩʪʚʦʨʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʝʪʦʜʠʢʘʭ ʦʮʝʥʢʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʦʪʦʧʨʦʮʝʩʩʦʚ ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ 

ʫʜʘʯʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʦʚ ʋʌ-ʚʠʜ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʦʮʝʥʦʢ. ʅʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʨʫʪʝʥʠʡ, ʠ ʤʦʣʝʢʫʣʘ ʤʦʥʦʦʢʩʠʜʘ 

ʘʟʦʪʘ, ʠ ʠʭ ʩʦʯʝʪʘʥʠʝ ʚ ʚʠʜʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʣʝʟʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʧʦʩʦʙʥʦʩʪʴ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʦʥʦʨʘ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʪʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠʟʫʯʝʥʠʝ ʠʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ. 



43 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʌʠʟʠʯʝʩʢʠʝ ʠ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ 

ɼʘʥʥʳʝ ʈʉɸ  

ʉʲʝʤʢʫ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʪʦʚʦʛʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ MoKŬ-ʠʟʣʫʯʝʥʠʷ 

(ɚ=0.71073 ¡) ʧʨʠ 150 ʂ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker APEX DUO ʩ 4ʂ ʉDD ʜʝʪʝʢʪʦʨʦʤ. 

ɼʘʥʥʳʝ ʘʙʩʦʨʙʮʠʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʧʨʦʛʨʘʤʤʦʡ SADABS 108. ʉʪʨʫʢʪʫʨʘ ʨʝʰʝʥʘ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʘ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʤ ʄʅʂ ʧʨʦʛʨʘʤʤʳ SHELXTL 108. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ 

ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʢʘʢ ʘʥʠʟʦʪʨʦʧʥʳʝ, ʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʨʘʩʩʯʠʪʘʥʳ ʚ ʠʜʝʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ 

ʠ ʫʪʦʯʥʝʥʳ ʧʦ ʤʦʜʝʣʠ çʥʘʝʟʜʥʠʢʘè. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 1.  

ʀʂ-ʩʧʝʢʪʨʳ  

ʉʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʟʘʧʠʩʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʙʣʝʪʦʢ KBr ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ VERTEX 80v. ʌʦʪʦʭʠʤʠʯʝʩʢʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʠʥʝʛʦ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ (450 ʥʤ, 100 ʤɺʪ) ʧʨʠ 80 K. ʊʘʙʣʝʪʢʫ ʩ ʦʙʨʘʟʮʦʤ ʦʭʣʘʞʜʘʣʠ ʜʦ 80 

ʂ ʠ ʦʙʣʫʯʘʣʠ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʊʘʙʣʝʪʢʫ ʥʝʤʝʜʣʝʥʥʦ ʧʦʤʝʱʘʣʠ ʚ 

ʩʧʝʢʪʨʦʤʝʪʨ ʠ ʟʘʧʠʩʳʚʘʣʠ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʪʦʯʥʦʡ ʢʶʚʝʪʝ, ʩʦʝʜʠʥʝʥʥʦʡ 

ʩ ʦʪʜʝʣʴʥʦʡ ʧʨʦʪʦʯʥʦʡ ʢʶʚʝʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʣʫʯʝʥʠʝ ʨʘʩʪʚʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʜʠʦʜʦʚ 450 ʥʤ ʤʦʱʥʦʩʪʴʶ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ 90 ʤW. ɼʣʷ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 5Ŀ10-3 ʄ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɿʘʧʠʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʚ ʦʙʣʘʩʪʠ 1750ï2000 ʩʤ-1 ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ FSpec 4.03.01.09, OriginPro 2015 ʠ Microsoft 

Excel. ɼʣʷ ʨʘʩʯʝʪʦʚ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʣʷʨʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʟʘʧʠʩʠ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʚ. 

ʋʌ-ʚʠʜʠʤʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-2000 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ. ɹʘʟʦʚʫʶ ʣʠʥʠʶ ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʯʠʩʪʦʛʦ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɺʩʝ ʩʧʝʢʪʨʳ ʟʘʧʠʩʘʥʳ ʥʘ 

ʜʣʠʥʘʭ ʚʦʣʥ 250ï800 ʥʤ ʚ ʢʶʚʝʪʝ ʩ ʜʣʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 1 ʩʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʪʦʯʥʫʶ ʥʘʚʝʩʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (~0,1 M). ʈʘʩʪʚʦʨ ʧʝʨʝʥʦʩʠʣʠ ʚ ʢʚʘʨʮʝʚʫʶ ʢʶʚʝʪʫ 

ʠ ʟʘʧʠʩʳʚʘʣʠ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʣʠ ʚ ʪʨʠ ʨʘʟʘ. ʅʦʚʳʡ ʨʘʩʪʚʦʨ ʟʘʪʝʤ 
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ʦʧʷʪʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʙʘʚʣʝʥʥʦʛʦ. ɺʩʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠ ʥʝ ʤʝʥʝʝ 6 ʩʧʝʢʪʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 250ï800 ʥʤ. 

ɼʣʷ ʋʌ-ʚʠʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʧʠʩʘʥʥʘʷ 

ʚʳʰʝ ʧʨʦʪʦʯʥʘʷ ʩʠʩʪʝʤʘ, ʦʜʥʘ ʠʟ ʢʶʚʝʪ ʢʦʪʦʨʦʡ ʧʦʤʝʱʘʣʘʩʴ ʚ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 

ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ. ʆʙʣʫʯʝʥʠʝ ʢʶʚʝʪ ʩ ʨʘʩʪʚʦʨʘʤʠ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ LED c ʜʣʠʥʦʡ ʚʦʣʥʳ 450 ʥʤ (ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 90 ʤɺʪ). ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʦʨ THORLABS PM16-401.  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʷʚʣʝʥʠʷ NO2
--ʠʦʥʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ʚʳʜʝʣʠʚʰʝʛʦʩʷ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ NO, ʨʘʩʪʚʦʨ ʨʝʘʢʪʠʚʘ ɻʨʠʩʩʘ (10ī2 M) ʜʦʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʘʤ ʢʦʤʧʣʝʢʩʦʚ 

ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʠ 10-5-10-4 ʄ) ʠ ʦʙʣʫʯʘʣʠ ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥr ʤ 

ʩʚʝʪʦʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 450 ʥʤ ʠ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ 30 ʤɺʪ ʚ ʢʶʚʝʪʝ ʪʦʣʱʠʥʦʡ 

1 ʩʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʘʢʪʠʚʘ ɻʨʠʩʩʘ ʵʢʚʠʤʦʣʷʨʥʳʝ (5Ā10ī5 ʤʦʣʴ) ʢʦʣʠʯʝʩʪʚʘ 1-

ʥʘʬʪʠʣʘʤʠʥʘ ʠ ʩʫʣʴʬʘʥʠʣʘʤʠʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʚʦʜʳ (1:4). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ c ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ OriginPro 2015 ʠ Microsoft Excel. 

ʉʧʝʢʪʨʳ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʩʠʥʪʝʟʝ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] ʚ ʘʤʧʫʣʝ 

ʜʣʷ ʗʄʈ ʨʘʩʪʚʦʨʷʣʠ 30 ʤʛ (ʊBɸ)2[RuNOCl5] ʠʣʠ K2[RuNOCl5], ʦʙʦʛʘʱʝʥʥʳʭ 
15N ʧʦ 

ʥʠʪʨʦʟʦʛʨʫʧʧʝ, 0,6 ʤʣ ɼʄʌɸ-d7 ʠ 30 ʤʛ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʘ. ʅʘʛʨʝʚ ʘʤʧʫʣ ʚ ʪʝʯʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80  ʠ ʥʘ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 140  ʩ ʢʦʥʪʨʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʝʨʤʦʧʘʨʝ. ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʫʜʘʣʝʥʠʝʤ 

ʭʣʦʨʠʜ-ʘʥʠʦʥʦʚ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ, ʜʦʙʘʚʣʷʷ 13 ʤʛ AgNO3 ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʧʨʠ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʘʤʧʫʣʫ ʩ (ʊBɸ)2[RuNOCl5] ʠ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʦʤ 

ʚ ɼʄʌɸ-d7. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ (ʊBɸ)2[RuNOCl5] ʚ ʩʨʝʜʝ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, 

ʥʘʚʝʩʢʫ 30 ʤʛ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 0,6 ʤʣ ɼʄʌɸ-d7 ʠ ʧʨʦʚʦʜʠʣʠ ʥʘʛʨʝʚ ʧʨʠ 80ÁC ʚ 

ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ, ʧʦʩʣʝ ʚʥʦʩʠʣʠ 30 ʤʛ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʘ. ʉʧʝʢʪʨʳ 

ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʘʤʧʫʣʳ, ʩʦʜʝʨʞʘʱʝʡ ʨʘʩʪʚʦʨ 40 ʤʛ ʢʦʤʧʣʝʢʩʘ ʚ 

0,6 ʤʣ ɼʄʌɸ-d7. ʉʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ ɼʄʌɸ-d7. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʛʥʘʣʳ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ɼʄʌɸ (ŭ = 2.7 ʤ.ʜ). 

ʉʧʝʢʪʨʳ ʥʘ ʷʜʨʝ 15N ʟʘʧʠʩʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ 

(ŭ(15N) = 112,5 ʤ.ʜ.  
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘ [RuNO(InicEt)2Cl3] ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (60 ʤʛ, 0,11 ʤʤʦʣʴ) 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ 5 ʤʣ 0,5 ʄ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ KOH. ʉʧʝʢʪʨʳ ʗʄʈ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

(D2O ï 0,5 ʄ KOH) ʟʘʧʠʩʳʚʘʣʠ ʧʦʩʣʝ 1 ʯʘʩʘ ʥʘʛʨʝʚʘʥʠʷ ʩʤʝʩʠ ʧʨʠ 60Áʉ ʠ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 

5 ʤʠʥʫʪ ʧʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʜʦ 80Áʉ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʗʄʈ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance III 500 ʩ ʨʘʙʦʯʝʡ 

ʯʘʩʪʦʪʦʡ 500.03 ʄɻʮ ʜʣʷ ʷʜʝʨ 1H, 50,67 Mɻʮ ʜʣʷ ʷʜʝʨ 15N.  

ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʧʝʢʪʨʳ ʕʇʈ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Varian E-109, 

ʨʘʙʦʪʘʶʱʝʤ ʚ X-ʜʠʘʧʘʟʦʥʝ (9,5 ɻɻʮ). ɿʥʘʯʝʥʠʷ g ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2,2-

ʜʠʬʝʥʠʣ-1-ʧʠʢʨʠʣʛʠʜʨʘʟʠʣʘ (DPPH) ʩ g=2,0036 ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ. ʂʦʤʧʣʝʢʩ [FeII(DETC)2] 

(DETC ï ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʦʢʩʠʜʘ ʘʟʦʪʘ 109,110. ɼʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʕʇʈ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ (0,01 ʄ) ʚ ɼʄʉʆ ʠ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ FeCl2ẗ4H2O (0,01 ʄ) ʠ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʘ 

ʥʘʪʨʠʷ (0,02 ʄ) ʩʤʝʰʠʚʘʣʠ. ʆʙʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʘʵʨʠʨʦʚʘʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʜʝʟʘʢʪʠʚʠʨʫʝʪ ʢʦʤʧʣʝʢʩ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ. ɿʘʪʝʤ 

ʩʤʝʩʴ ʦʙʣʫʯʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʩʚʝʪʦʜʠʦʜʦʤ 445 ʥʤ, 100 ʤɺʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʘʣʠ ʩʧʝʢʪʨ ʕʇʈ. 

 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʈʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʫ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʚʳʧʦʣʥʝʥʳ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ORCA 

5.0.4 111. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʫʥʢʮʠʦʥʘʣ B3LYP 112ï115 ʩ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ TZP 

(Triple-zeta polarized) 116. ʈʘʩʯʝʪʳ ʩʪʨʫʢʪʫʨ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʥʝʟʘʨʷʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʈʉɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʀʂ- ʠ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ CPCM 

(Conductor-like Polarizable Continuum Model) 117. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ C, H, N ʚ ʦʙʨʘʟʮʘʭ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʵʣʝʤʝʥʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Euro EA 3000. 
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2.2. ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ɺʩʝ ʨʝʘʛʝʥʪʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ çʭ. ʯ.è. 

K2[RuNOCl5] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ ʤʝʪʦʜʠʢʝ 30. ʂʦʤʧʣʝʢʩʥʫʶ ʩʦʣʴ K2[Ru15NOCl5], 

ʦʙʦʛʘʱʝʥʥʫʶ 15N ʧʦ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʧʦʣʫʯʘʣʠ ʧʦ ʪʘʢʦʡ ʞʝ ʤʝʪʦʜʠʢʝ, ʠʩʧʦʣʴʟʫʷ 

ʦʙʦʛʘʱʝʥʥʳʡ Na15NO2 (ʩʦʜʝʨʞʘʥʠʝ 
15N 99,5%). ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʉɸ, ʈʌɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʠʟ 

ʜʘʥʥʳʭ ʈʉɸ. ʂʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʀʂ-ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ 

ʯʘʩʪʠ 3.3.1.  

ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(NicMe)2Cl3] 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ ʪʨʘʥʩ-[RuNO(NicMe)2Cl3] (1) ʩʤʝʩʴ K2[RuNOCl5] (0,6 ʤʤʦʣʴ) ʠ 

ʤʝʪʠʣʥʠʢʦʪʠʥʘʪʘ (1,8 ʤʤʦʣʴ) ʚ 6 ʤʣ ɼʄʌɸ ʜʦʚʦʜʠʣʠ ʜʦ ʢʠʧʝʥʠʷ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. 

ʀʟ ʛʦʨʷʯʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʚʳʧʘʚʰʠʡ ʚ ʦʩʘʜʦʢ ʭʣʦʨʠʜ ʢʘʣʠʷ. ʇʨʠ 

ʫʧʘʨʠʚʘʥʠʠ ʬʠʣʴʪʨʘʪʘ ʧʨʦʜʫʢʪ ʚʳʧʘʜʘʣ ʚ ʦʩʘʜʦʢ ʠ ʣʝʛʢʦ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʩʷ, ʜʣʷ ʧʨʦʤʳʚʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʙʦʣʴʰʠʝ (~2 ʤʣ) ʧʦʨʮʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʂʨʠʩʪʘʣʣʳ (1) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 69%. ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (1) (ʥʘʡʜʝʥʦ ʜʣʷ 

C14H14Cl3N3O5Ru, ʚʳʯʠʩʣʝʥʦ; %): ʉ 32,2 (32,8) ʅ 2,8 (2,9) N 8,2 (8,2). 

ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(NicEt)2Cl3] ʠ ʮʠʩ-K[RuNO(NicEt)Cl4]Ā0,5CH3CN 

ʂʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuNO(NicEt)2Cl3] (2ʘ) ʧʦʣʫʯʠʣʠ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ ʢʠʧʝʥʠʷ K2[RuNOCl5] 

(0,6 ʤʤʦʣʴ) ʩ ʵʪʠʣʥʠʢʦʪʠʥʘʪʦʤ (1,8 ʤʤʦʣʴ) ʚ 6 ʤʣ ɼʄʌɸ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʦʩʣʝ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʥʠʷ KCl, ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʜʦʩʫʭʘ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʪʘʪʢʘ ʚ ʭʣʦʨʠʩʪʦʤ 

ʤʝʪʠʣʝʥʝ, ʩʦʝʜʠʥʝʥʠʝ (2a) ʦʩʘʜʠʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

ʂʨʠʩʪʘʣʣʳ (2a) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ (2a) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ. ʉʦʝʜʠʥʝʥʠʝ K[RuNO(NicEt)Cl4] (2ʙ) ʧʦʣʫʯʠʣʠ, ʚʩʢʠʧʷʪʠʚ 0,6 ʤʤʦʣʴ 

K2[RuNOCl5] ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʣʠʛʘʥʜʘ ʚ ɼʄʌɸ, ʟʘʪʝʤ ʫʜʘʣʠʚ KCl ʠ ʫʧʘʨʠʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʩʫʭʘ. ʆʩʪʘʪʦʢ ʨʘʩʪʚʦʨʠʣʠ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ, ʦʩʘʜʠʣʠ ʦʩʥʦʚʥʦʡ 

ʧʨʦʜʫʢʪ (2ʘ) ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʷ ʚʦʜʦʡ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. 

ʉʤʝʩʴ ʬʠʣʴʪʨʘʪʘ ʠ ʧʨʦʤʳʚʥʦʡ ʞʠʜʢʦʩʪʠ ʫʧʘʨʠʣʠ, ʨʘʩʪʚʦʨʠʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʚʳʨʘʩʪʠʣʠ 

ʢʨʠʩʪʘʣʣʳ ʧʫʪʸʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ (2ʙ) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺʳʭʦʜ (2ʘ) ʩʦʩʪʘʚʠʣ 69%, (2ʙ) ʧʦʣʫʯʝʥʦ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (2ʘ) (ʥʘʡʜʝʥʦ ʜʣʷ C16H18Cl3N3O5Ru, ʚʳʯʠʩʣʝʥʦ; %): ʉ 35,6 (35,6) ʅ 

3,4 (3,3) N 7,7 (7,8). 



47 

ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] ʠ ʤʝʨ-[RuNO(InicMe)(DMF)Cl3 

ʂʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] (3ʘ) ʧʦʣʫʯʘʣʠ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ: ʢʦʤʧʣʝʢʩʥʫʶ ʩʦʣʴ 

K2[RuNOCl5] (0,6 ʤʤʦʣʴ) ʩʤʝʰʘʣʠ ʩ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʦʤ (1,8 ʤʤʦʣʴ) ʚ 6 ʤʣ ɼʄʌɸ, ʠ 

ʜʦʚʝʣʠ ʜʦ ʢʠʧʝʥʠʷ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʀʟ ʨʘʩʪʚʦʨʘ ʦʪʬʠʣʴʪʨʦʚʘʣʠ KCl, ʨʘʩʪʚʦʨ 

ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ. ʂ ʩʫʭʦʤʫ ʦʩʪʘʪʢʫ ʜʦʙʘʚʠʣʠ 5 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʧʦʣʫʯʠʣʠ ʦʢʨʘʰʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʠ ʪʚʝʨʜʳʡ ʦʩʘʜʦʢ (3ʘ), ʢʦʪʦʨʳʡ ʦʪʜʝʣʠʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ʆʩʪʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ 

ʫʧʘʨʠʣʠ ʠ ʨʘʩʪʚʦʨʠʣʠ ʦʩʪʘʪʦʢ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ. ʄʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʛʝʢʩʘʥʘ ʚ 

ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʧʦʣʫʯʠʣʠ ʢʨʠʩʪʘʣʣʳ (3ʙ), ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʈʉɸ. 

ʂʨʠʩʪʘʣʣʳ (3ʘ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ (3ʘ) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺʳʭʦʜ (3ʘ) ʩʦʩʪʘʚʠʣ 60%, (3ʙ) ʧʦʣʫʯʝʥʦ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (3ʘ) (ʥʘʡʜʝʥʦ ʜʣʷ C14H14Cl3N3O5Ru, ʚʳʯʠʩʣʝʥʦ; %): ʉ 32,8 (32,9) ʅ 

2,8 (2,8) N 8,5 (8,2). 

ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(InicEt )2Cl3] 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʚʝʩʪʥʦʛʦ ʨʘʥʝʝ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(InicEt)2Cl3] (4) ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ. ʂʦʤʧʣʝʢʩʥʫʶ ʩʦʣʴ K2[RuNOCl5] (0,6 ʤʤʦʣʴ) ʩʤʝʰʠʚʘʣʠ ʩ 

ʵʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʦʤ (1,8 ʤʤʦʣʴ) ʚ 6 ʤʣ ɼʄʌɸ ʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʝ ʜʦʚʦʜʠʣʠ ʜʦ ʢʠʧʝʥʠʷ. ʀʟ ʨʘʩʪʚʦʨʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʚʳʧʘʚʰʠʡ ʚ ʦʩʘʜʦʢ KCl. 

ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦʩʫʭʘ, ʧʨʦʤʳʚʘʣʠ ʵʬʠʨʦʤ ʠ ʨʘʩʪʚʦʨʷʣʠ ʩʫʭʦʡ 

ʦʩʪʘʪʦʢ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʇʦʨʦʰʦʢ ʚʝʱʝʩʪʚʘ ʦʩʘʞʜʘʣʠ ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʦʙʘʚʣʝʥʠʝʤ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʟʘʪʝʤ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʵʬʠʨʦʤ. ɺʳʭʦʜ 

ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 80%. ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (ʥʘʡʜʝʥʦ ʜʣʷ C16H18Cl3N3O5Ru, ʚʳʯʠʩʣʝʥʦ): 

ʉ 35,3 (35,6) ʅ 3,3 (3,3) N 7,75 (7,8). 

ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(3CNPy)2Cl3] ʠ ʤʝʨ-[RuNO(3CNPy)(DMF)Cl4] 

ʂʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuNO(3-CNPy)2Cl3] (5ʘ) ʧʦʣʫʯʘʣʠ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ ʢʠʧʝʥʠʷ K2[RuNOCl5] 

(0,6 ʤʤʦʣʴ) ʩ 3-ʮʠʘʥʦʧʠʨʠʜʠʥʦʤ (1,8 ʤʤʦʣʴ) ʚ 6 ʤʣ ɼʄʌɸ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʭʣʦʨʠʜ ʢʘʣʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʚʘʣʠ 

ʜʦʩʫʭʘ, ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʦʩʘʞʜʘʣʠ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʩ ʧʦʤʦʱʴʶ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʇʦʨʦʰʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʪʨʝʤʷ 2 ʤʣ ʧʦʨʮʠʷʤʠ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʪʨʝʤʷ 2 ʤʣ ʧʦʨʮʠʷʤʠ ʚʦʜʳ ʠ ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʬʠʣʴʪʨʝ ʚ ʪʦʢʝ 

ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 58%. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ 

ʢʦʤʧʣʝʢʩʘ. ʀʟ ʬʠʣʴʪʨʘʪʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ ʧʨʠ 

ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ ʚʳʨʦʩʣʠ ʢʨʠʩʪʘʣʣʳ ʤʝʨ-[RuNO(3-CNPy)(DMF)Cl4] (5ʙ). ɼʘʥʥʳʝ 
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ʉHN-ʘʥʘʣʠʟʘ (5ʘ) (ʥʘʡʜʝʥʦ ʜʣʷ C12H8Cl3N5ORu, ʚʳʯʠʩʣʝʥʦ): ʉ 32,7 (32,2) ʅ 2,0 (1,8) N 15,2 

(15,7). 

ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(4CNPy)2Cl3]  

ʈʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuNO(4-CNPy)2Cl3] (6) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʢʦʤʧʣʝʢʩ (5ʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 4-ʮʠʘʥʦʧʠʨʠʜʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 60%. 

ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (6) (ʥʘʡʜʝʥʦ ʜʣʷ C12H8Cl3N5ORu, ʚʳʯʠʩʣʝʥʦ; %): ʉ 32,7 (32,2) ʅ 1,6 

(1,8) N 15,6 (15,7). 

ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(Im)2Cl3]  

ʂʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuNO(Im)2Cl3] (7) ʧʦʣʫʯʠʣʠ, ʜʦʚʦʜʷ ʜʦ ʢʠʧʝʥʠʷ K2[RuNOCl5] (0,6 ʤʤʦʣʴ) 

ʩ ʠʤʠʜʘʟʦʣʦʤ (1,8 ʤʤʦʣʴ) ʚ 6 ʤʣ ɼʄʌɸ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʦʩʣʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʥʠʷ 

KCl ʠ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ, ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʠʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʢʠʧʷʪʠʣʠ ʝʱʝ 2 ʯʘʩʘ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʣ ʧʦʨʦʰʦʢ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʣʠ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ʂʨʠʩʪʘʣʣʳ ʚʝʱʝʩʪʚʘ ʧʦʣʫʯʘʣʠ ʜʠʬʬʫʟʠʝʡ ʨʘʩʪʚʦʨʘ (7) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 25%. ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (7) 

(ʥʘʡʜʝʥʦ ʜʣʷ C6H8Cl3N5ORu, ʚʳʯʠʩʣʝʥʦ; %): ʉ 19,0 (19,3) ʅ 2,2 (2,2) N 17,9 (18,8). 

ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(HInd)2Cl3]  

ʂʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuNO(HInd)2Cl3] (8) ʧʦʣʫʯʘʣʠ, ʜʦʚʦʜʷ ʜʦ ʢʠʧʝʥʠʷ K2[RuNOCl5] (1 ʤʤʦʣʴ) 

ʩ ʠʥʜʘʟʦʣʦʤ (3 ʤʤʦʣʴ) ʚ 8 ʤʣ ɼʄʌɸ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʦʩʣʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʥʠʷ KCl 

ʠ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʜʦ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 2 ʤʣ, ʨʘʩʪʚʦʨ ʦʩʪʫʞʘʣʠ ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ 

ʙʦʨʜʦʚʳʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʈʉɸ. ʆʩʪʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʣʠ ʥʘ ʬʠʣʴʪʨʝ ʪʨʝʤʷ ʧʦʨʮʠʷʤʠ ʵʬʠʨʘ ʧʦ 2 ʤʣ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 70%. 

ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (8) (ʥʘʡʜʝʥʦ ʜʣʷ C14H12Cl3N5ORu, ʚʳʯʠʩʣʝʥʦ; %): C 34,6 (35,5) H 2,6 

(2,6) N 14,7 (14,8). 

ʊʨʘʥʩ-[RuNO(NicA)2Cl3] (9) ʠ ʪʨʘʥʩ-[RuNO(InicA)2Cl3] (10) 

ʂʦʤʧʣʝʢʩʳ (9) ʠ (10) ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɺ.ɸ. ɺʦʨʦʙʴʝʚʳʤ ʚ ʚʠʜʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ. ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (9) (ʥʘʡʜʝʥʦ ʜʣʷ C12H12Cl3N5O3Ru, ʚʳʯʠʩʣʝʥʦ; %): ʉ 29,4 

(29,9) ʅ 2,7 (2,5) N 14,1 (14,5). ɼʘʥʥʳʝ ʉHN-ʘʥʘʣʠʟʘ (10) (ʥʘʡʜʝʥʦ ʜʣʷ C12H12Cl3N5O3Ru, 

ʚʳʯʠʩʣʝʥʦ; %): ʉ 29,3 (29,9) ʅ 2,7 (2,5) N 14,1 (14,5). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ɼʄʉʆ.  
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ʉʠʥʪʝʟ ʪʨʘʥʩ-[RuNO(H2O)2(Inic)2(OH)]ĀH2O 

ʑʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ 10 ʤʛ [RuNO(InicEt)2Cl3] (0,018 ʤʤʦʣʴ) ʧʨʦʚʦʜʠʣʠ ʚ 3,0 ʤʣ 0,6 ʄ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ KOH (1,79 ʤʤʦʣʴ) ʠ ʦʩʪʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ Ru (ʧʨʠʤʝʨʥʦ ʦʜʥʘ ʥʝʜʝʣʷ). ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʥʘʩʳʱʘʣʠ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ, ʠ ʧʦʣʫʯʘʣʠ ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ. ʂʦʥʝʯʥʳʡ ʚʳʭʦʜ 

ʩʦʩʪʘʚʠʣ 3,0 ʤʛ (37%). 

ɼʘʥʥʳʝ CHN-ʘʥʘʣʠʟʘ ʜʣʷ [RuNO(H2O)2(InicH)2(OH)]Ā0/0,5/1H2O: (ʥʘʡʜʝʥʦ ʜʣʷ 

C12H15/16/17N3O8/8,5/9Ru, ʚʳʯʠʩʣʝʥʦ; %): C 32,9 (33,7/33,0/32,3); H 3,2 (3,06/3,23/3,39); N 9,4 

(9,81/9,61/9,41); Ru 22,3 (23,6/23,1/22,3). ʉʦʜʝʨʞʘʥʠʝ ʨʫʪʝʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʉʠʥʪʝʟ ʪʨʘʥʩ- {Zn[RuNO(H2O)(Inic)2(OH)2]2}Ā12H2O 

ʅʘʚʝʩʢʫ 10 ʤʛ [RuNO(InicEt)2Cl3] (0,018 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 3,0 ʤʣ 0,60 ʄ ʚʦʜʥʦʛʦ KOH 

(1,79 ʤʤʦʣʴ) ʠ ʦʩʪʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

Ru (ʧʨʠʤʝʨʥʦ ʦʜʥʘ ʥʝʜʝʣʷ). ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʣʷʣʠ 30 ʤʛ Zn(CH3COO)2Ā2H2O (0,136 ʤʤʦʣʴ). 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘʩʳʱʘʣʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ,  ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʪʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʜʫʢʪʘ. ʂʦʥʝʯʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 6,0 ʤʛ 

(70%). ʂʨʠʩʪʘʣʣʳ ʤʝʜʣʝʥʥʦ ʪʝʨʷʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʘʥʥʳʝ 

CHN-ʘʥʘʣʠʟʘ ʩʚʝʞʝʛʦ ʦʙʨʘʟʮʘ (ʥʘʡʜʝʥʦ ʜʣʷ C24H48N6O28ZnRu2 (ʛʠʜʨʘʪ 12H2O), ʚʳʯʠʩʣʝʥʦ; 

%): C 25,6 (25,37); H 3,7 (4,25); N 7,5 (7,39). ɼʘʥʥʳʝ CHN-ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ, ʭʨʘʥʠʚʰʝʛʦʩʷ 1 

ʥʝʜʝʣʶ (ʥʘʡʜʝʥʦ ʜʣʷ C24H34N6O21ZnRu2 (ʛʠʜʨʘʪ 5H2O), ʚʳʯʠʩʣʝʥʦ; %): C 28,1 (28,54); H 3,2 

(3,39); N 8,3 (8,32). 

ʉʠʥʪʝʟ (ʊBɸ)2[RuNOCl5] 

ʂʦʤʧʣʝʢʩʥʫʶ ʩʦʣʴ (ʊBɸ)2[RuNOCl5] (ʊɹɸ ï ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ) ʧʦʣʫʯʘʣʠ, ʨʘʩʪʚʦʨʷʷ ʚ 

ʩʪʘʢʘʥʝ 382 ʤʛ (1 ʤʤʦʣʴ) K2[Ru15NOCl5] ʚ 10 ʤʣ ʚʦʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,4 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl. ɺ ʩʪʘʢʘʥ ʜʦʙʘʚʠʣʠ 10 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 616 ʤʛ 

(2 ʤʤʦʣʴ) TBANO3. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨ ʦʩʪʘʚʠʣʠ ʠʩʧʘʨʷʪʴʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʦ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʜʦ 5 ʤʣ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, 

ʧʨʦʤʳʣʠ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʣʠ, ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 32% (250 ʤʛ). ɼʘʥʥʳʝ CHN-ʘʥʘʣʠʟʘ (ʥʘʡʜʝʥʦ 

ʜʣʷ ʉ32ʅ72N3O3RuCl5 ʥʘʡʜʝʥʦ, ʚʳʯʠʩʣʝʥʦ; %): C 48,3 (48,5); N 5,1 (5,3); H 8,8 (9,1). ʀʂ-

ʩʧʝʢʪʨ (KBr) ï n(NO) - 1796 ʩʤ-1.  

 



50 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

3.1.  ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ 
ʤʝʪʦʜʦʤ ʗʄʈ  

ɺʳʙʦʨ K2[RuNOCl5] ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʩʠʥʪʝʟʦʚ ʦʙʫʩʣʦʚʣʝʥ ʧʨʦʩʪʦʪʦʡ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʳʭʦʜʦʤ 60-70 % ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʘʤʦʛʦ ʧʨʦʩʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʩʣʫʞʘʪ ʠʣʣʶʩʪʨʘʮʠʝʡ ʧʨʦʩʪʦʛʦ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ N-ʜʦʥʦʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ.  ɺ ʩʨʘʚʥʝʥʠʠ 

ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ, ʨʝʘʢʮʠʷ K2RuNOCl5 c N-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ɼʄʌɸ: 1) ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʦʡ, 2) ʧʨʦʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʥʝ ʙʦʣʝʝ ʯʘʩʘ ʧʨʠ 140-

150Áʉ, 3) ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʦʪʜʝʣʝʥ ʦʪ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʟʘ ʩʯʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʚ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 140-150Áʉ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʪʨʘʥʩ-

ʠʟʦʤʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʟʙʝʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʮʠʩ/ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ. ɺ 

ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ 8 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ(L.L)-[RuNOL2Cl3], ʜʣʷ ʜʚʫʭ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ 

ʠʣʠ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʘ ʠʤʝʥʥʦ ʮʠʩ-K[RuNO(NicEt)Cl4], ʤʝʨ-

[RuNO(InicMe)(DMF)Cl3] ʠ ʤʝʨ-[RuNO(3CNPy)(DMF)Cl3]. ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʪʨʘʥʩ (L,L)-[RuNOL2Cl3], ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚ ʮʝʣʦʤ ʥʠʞʝ ʧʦʢʘʟʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʗʄʈ.  

3.1.1. ʇʨʝʚʨʘʱʝʥʠ ̫[RuNOCl5]2- ʚ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ N-

ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ 

ɺ ʭʦʜʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʥʘʤʠ ʩʠʥʪʝʟʦʚ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚʠʜʘ ʪʨʘʥʩ-[RuNOL2Cl3] ʠʟ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ: ʮʠʩ-K[RuNO(NicEt)Cl4], ʤʝʨ-

[RuNO(InicMe)(DMF)Cl3] ʠ ʤʝʨ-[RuNO(3CNPy)(DMF)Cl3]. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʜʝʣʴʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʤʝʩʠ ʙʳʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʗʄʈ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʫʪʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ 

K2[RuNOCl5]
 ʠ ʝʛʦ ʘʥʘʣʦʛ (ʊBɸ)2[Ru(NO)Cl5], ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʧʦʣʷʨʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺʳʙʦʨ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʘ (InicMe, L) ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ 

ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʩʠʤʤʝʪʨʠʝʡ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʩʥʠʞʘʶʱʝʡ 

ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʚ 1H-ʗʄʈ ʩʧʝʢʪʨʘʭ. 
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ʅʘʛʨʝʚʘʥʠʝ (ʊBɸ)2[RuNOCl5] ʚ ɼʄʌɸ ʜʦ 80Áʉ (ʉʝʨʠʷ 1) 

ʉʠʛʥʘʣ ʘʟʦʪʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠʩʭʦʜʥʦʛʦ [Ru15NOCl5]2- (RuCl5) ʚ 15N-ʗʄʈ ʩʧʝʢʪʨʝ ʥʘʭʦʜʠʪʩʷ 

ʥʘ 335,3 ʤ. ʜ. ʅʘʛʨʝʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʠ 80Áʉ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ 15N-ʗʄʈ ʩʧʝʢʪʨʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʥʘ 361,3 ʤ. ʜ. (ʈʠʩʫʥʦʢ 18), 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚʦʟʨʘʩʪʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ, ʯʝʨʝʟ 4 ʯʘʩʘ ʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʨʦʜʫʢʪʘ ʢ ʩʠʛʥʘʣʫ ʨʝʘʛʝʥʪʘ ʜʦʩʪʠʛʘʝʪ 18:1.  

 

ʈʠʩʫʥʦʢ 18. ʕʚʦʣʶʮʠʷ 15N-ʗʄʈ ʩʧʝʢʪʨʦʚ (ʊBɸ)2[RuNOCl5] ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ɼʄʌɸ ʧʨʠ 

80 Áʉ 

ʇʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʟʘʤʝʱʝʥʠʷ ʭʣʦʨʦʣʠʛʘʥʜʘ ʥʘ 

ʤʦʣʝʢʫʣʫ ʨʘʩʪʚʦʨʠʪʝʣʷ ɼʄʌɸ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʩʜʚʠʛ ʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ NO ʧʨʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʟʘʤʝʱʝʥʠʷ ʧʨʦʭʦʜʠʪ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ 

ʥʠʪʨʦʟʦʛʨʫʧʧʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ 33,118,119 ʦʧʠʩʘʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢ 

ʨʫʪʝʥʠʶ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ ʩʧʝʢʪʨʘʭ 15N-ʗʄʈ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʠʟʤʝʥʝʥʠʶ ʠʤʝʥʥʦ 

ʪʨʘʥʩ-ʧʘʨʪʥʝʨʘ. ɹʦʣʝʝ ʪʦʛʦ, ʟʘʤʝʱʝʥʠʝ ʮʠʩ-ʭʣʦʨʦʜʠʛʘʥʜʦʚ ʚ (RuCl5) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʘʥʩ-

(L,L)-[RuNO(InicMe)2Cl3] d(NO) = 337,8 ʤ. ʜ. ʧʨʠʚʦʜʠʪ ʩ ʩʤʝʱʝʥʠʶ ʩʠʛʘʣʘ NO ʚ ʩʣʘʙʦʝ ʧʦʣʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʚʩʝʛʦ ʥʘ 2,6 ʤ. ʜ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ 361 ʤ. 

ʜ. ʚ ʩʧʝʢʪʨʝ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʚ ɼʄʌɸ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʪʨʘʥʩ-(NO, DʄF)-[Ru15NO(DMF)Cl4]
- (Int ).  
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ʅʘʛʨʝʚʘʥʠʝ (ʊBɸ)2[RuNOCl5] ʩ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʦʤ ʜʦ 80Áʉ (ʉʝʨʠʷ 2) 

ʉʧʝʢʪʨ ʗʄʈ ʥʘ ʷʜʨʝ 15N, ʟʘʧʠʩʘʥʥʳʡ ʜʣʷ ʦʙʨʘʟʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ (RuCl5) ʠ 

(InicMe) ʚ ɼʄʌɸ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʦʣʴʢʦ ʩʠʛʥʘʣ ʘʟʦʪʘ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ [RuNOCl5]
2- ʥʘ 335 ʤ. ʜ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 80Áʉ ʩʥʘʯʘʣʘ ʥʘʙʣʶʜʘʝʪc  ̫

ʧʦʷʚʣʝʥʠʝ ʩʠʛʥʘʣʘ ʧʨʦʜʫʢʪʘ ʪʨʘʥʩ-[Ru15NO(DMF)Cl4]
- (Int ) ʥʘ 361,3 ʤ. ʜ. ʠ ʫʙʳʚʘʥʠʝ 

ʩʠʛʥʘʣʘ (RuCl5) ʥʘ 335,3 ʤ. ʜ., ʧʦʩʣʝ 15 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʝʱʝ ʜʚʘ ʩʠʛʥʘʣʘ 

ʥʘ 366,6 ʤ. ʜ. (I ) ʠ 336,7 ʤ. ʜ. (II ) (ʈʠʩʫʥʦʢ 19). ʋʯʠʪʳʚʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʪʨʘʥʩ-

ʧʘʨʪʥʝʨʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʥʘ ʝʝ ʭʠʤ. ʩʜʚʠʛ ʚ ʩʧʝʢʪʨʝ, ʥʦʚʳʡ ʩʠʛʥʘʣ ʥʘ 336,7 ʤ. ʜ. ʬʦʨʤʳ (II ) 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ NO-Ru-Cl, ʪʦʛʜʘ ʢʘʢ ʬʦʨʤʘ 

(I ) ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʧʣʝʢʩʦʤ ʩ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʦʡ NO-Ru-X (ʛʜʝ X = ɼʄʌɸ ʠʣʠ L).  

 

ʈʠʩʫʥʦʢ 19. 15N-ʗʄʈ ʩʧʝʢʪʨ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 0,036 ʤʤʦʣʴ (ʊBɸ)2[RuNOCl5] c 

0,219 ʤʤʦʣʴ (InicMe) (0,6 ʤʣ ɼʄʌɸ-d7, 80Áʉ, 1 ʯʘʩ) 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ (RuCl5) ʠ 

ʥʘʢʦʧʣʝʥʠʶ ʬʦʨʤ (I ) ʠ (II ), ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠʥʪʝʨʤʝʜʠʘʪʘ 

[RuNOCl4(DMF)]- ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʧʨʠʤʝʨʥʦ ʧʨʠ 50 ʤʠʥʫʪʘʭ, ʧʦʩʣʝ ʯʝʛʦ ʝʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʢ 250 ʤʠʥʫʪʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ (ʈʠʩʫʥʦʢ 20). 
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ʈʠʩʫʥʦʢ 20. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʚ 15N-ʗʄʈ ʩʧʝʢʪʨʝ ʜʣʷ 

ʩʠʩʪʝʤʳ 0,036 ʤʤʦʣʴ (ʊBɸ)2[RuNOCl5] ʩ 0,219 ʤʤʦʣʴ InicMe ʠ 0,6 ʤʣ ɼʄʌɸ, T = 80ÁC. 

ʇʦʣʫʯʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʭʝʤʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʠʞʝ (ʈʠʩʫʥʦʢ 

21), ʛʜʝ ʢʘʞʜʘʷ ʠʟ ʩʪʘʜʠʡ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʢʠʥʝʪʠʢʦʡ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɼʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʧʦʜʧʠʩʠ ʢ ʨʠʩʫʥʢʫ 20, ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ [RuNOCl5]
2- ʚ [RuNOCl4(DMF)]- k1 =1,63Ŀ10-2 c-1  ʚ ʧʷʪʴ ʨʘʟ 

ʙʦʣʴʰʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ k2=3,2Ŀ10-3 c-1. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ (I ) ʠ (II ) ʠʟ (Int ) ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ k1 ï k3=1,39Ŀ10-2 c-1 ʠ 

k4=1,83Ŀ10-2 c-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 21. ʇʨʝʚʨʘʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 0,036 ʤʤʦʣʴ (ʊBɸ)2[RuNOCl5] ʩ 0,219 ʤʤʦʣʴ InicMe ʚ 

0,6 ʤʣ ɼʄʌɸ, T = 80ÁC 
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ɸʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʨʦʚʝʜʝʥʥʦʤ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʘʤʧʫʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʠʥʪʝʨʤʝʜʠʘʪ 

ʪʨʘʥʩ-[Ru15NO(DMF)Cl4]
- (Int ) ʧʫʪʝʤ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ (ʊBɸ)2[RuNOCl5] ʚ ɼʄʌɸ 

ʜʦ ʧʦʯʪʠ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩʠʛʥʘʣʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ [RuNOCl5]
2- ʚ 15N-ʗʄʈ ʩʧʝʢʪʨʝ 

(ʉʝʨʠʷ 1). ʇʦʩʣʝ ʛʝʥʝʨʘʮʠʠ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚ ʘʤʧʫʣʫ ʜʦʙʘʚʣʷʣʩʷ (InicMe), ʘʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ 

ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ 80Áʉ ʠ ʟʘʧʠʩʳʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ (ʈʠʩʫʥʦʢ 22). 

 

ʈʠʩʫʥʦʢ 22. ʕʚʦʣʶʮʠʷ 15N-ʗʄʈ ʩʧʝʢʪʨʦʚ ʪʨʘʥʩ-[Ru15NO(DMF)Cl4]
- (Int ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

c ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʦʤ (InicMe) ʚ ɼʄʌɸ-d7, ʊ=80 Áʉ 

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ (RuCl5) ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʰʝʣ ʚ ʠʥʪʝʨʤʝʜʠʘʪ, ʧʦʷʚʣʝʥʠʝ ʬʦʨʤ 

(I ) ʠ (II ) ʚ ʩʧʝʢʪʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʞʝ ʧʦʩʣʝ 3 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʣʠʛʘʥʜʘ, ʧʨʠʯʝʤ ʬʦʨʤʘ (II ) ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʙʳʩʪʨʝʝ, ʯʝʤ (I ). ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʙʦʣʴʰʦʡ ʩʠʛʥʘʣ ʥʠʪʨʦʟʦʛʨʫʧʧʳ (RuCl5), ʦʩʪʘʚʰʠʡʩʷ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʩ ɼʄʌɸ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ), ʠʩʯʝʟʘʝʪ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʩ ʣʠʛʘʥʜʦʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ (RuCl5) ʠ (Int ). 

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʠʟʨʘʩʭʦʜʦʚʘʥʠʷ (RuCl5) ʠ ʠʥʪʝʨʤʝʜʠʘʪʘ (Int ) ʜʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ 

ʦʙʨʘʟʮʘ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 80 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 15N-ʗʄʈ 

ʩʧʝʢʪʨʘ (ʈʠʩʫʥʦʢ 23). 
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ʈʠʩʫʥʦʢ 23. ʀʟʤʝʥʝʥʠʝ 15N-ʗʄʈ ʩʧʝʢʪʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤʳ (I ) ʠ (II ) ʧʨʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ 80Áʉ 

ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʬʦʨʤ (I ) ʠ (II ) ʤʝʜʣʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ (II ) ʩ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʥʘʛʨʝʚʘʥʠʷ ʤʝʜʣʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ (I ). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʠʪʝʣʴʥʦʝ ʥʘʛʨʝʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʩʣʘʙʳʭ ʩʠʛʥʘʣʦʚ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ 

337,8 ʤ. ʜ., ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʪʨʘʥʩ-(L,L)-[RuNO(InicMe)2Cl3]. ʆʜʥʘʢʦ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5%, ʪ. ʝ. ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ 27 ʫʞʝ ʦʧʠʩʘʥ ʩʭʦʞʠʡ ʧʨʠʤʝʨ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʤʝʪʦʜʘʤʠ ʗʄʈ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ (RuCl5) ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʦʣʠʛʘʥʜʘ ʥʘ ʤʦʣʝʢʫʣʫ ʚʦʜʳ ʩʥʘʯʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʝ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ, ʟʘʪʝʤ ʢʦʤʧʣʝʢʩ ʠʟʦʤʝʨʠʟʫʝʪʩʷ ʠ ʤʦʣʝʢʫʣʘ 

ʚʦʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʦʨʤ (I ) ʠ (II ) ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ 1H-ʗʄʈ ʩʧʝʢʪʨʳ 

ʦʙʨʘʟʮʦʚ ʩʝʨʠʠ 2. ʇʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 1H-ʗʄʈ  

ʩʧʝʢʪʨʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʊBɸ)2[RuNOCl5] ʚ ʧʨʠʩʫʪʩʪʚʠʠ (InicMe) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʥʦʚʳʭ ʬʦʨʤ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ N-ʛʝʪʝʨʦʮʠʢʣ.  ʀʥʪʝʥʩʠʚʥʳʝ 

ʜʫʙʣʝʪʳ 8,83 ʠ 7,75 ʤ. ʜ. ʦʪʚʝʯʘʶʪ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʣʠʛʘʥʜʫ, ʜʚʘ ʥʦʚʳʭ ʧʨʦʜʫʢʪʘ (I ) 

ʠ (II ) ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʜʫʙʣʝʪʳ 9,59 ʠ 9,37 ʤ.ʜ. ʠ ʜʚʘ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʜʫʙʣʝʪʘ 

(8,08ï8,11 ʤ.ʜ.). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ 1H- ʠ 15N-ʗʄʈ ʧʦʟʚʦʣʷʝʪ 

ʦʪʥʝʩʪʠ ʜʫʙʣʝʪ 9,37 ʢ ʬʦʨʤʝ (II ) ʘ 9,59 ï ʢ ʬʦʨʤʝ (I ).  
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ɺ ʢʦʥʝʯʥʦʤ ʩʧʝʢʪʨʝ (4,5 ʯʘʩʘ, 80 Áʉ) ʦʙʨʘʟʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0,219 ʤʤʦʣʴ (InicMe) ʠ 0,036 

ʤʤʦʣʴ (ʊBɸ)4[RuNOCl5], ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʫʙʣʝʪʦʚ 9,59, 9,37 ʠ 8,83 ʤ. ʜ. ʩʦʦʪʥʦʩʷʪʩʷ ʢʘʢ 

0,07:0,10:0,83. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʬʦʨʤʘʭ (I ) ʠ (II ) ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ 0,17Ŀ0,219 

= 0,037 ʤʤʦʣʴ ʣʠʛʘʥʜʘ, ʯʪʦ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʚʥʝʩʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʨʫʪʝʥʠʷ. ʉʦʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʫʙʣʝʪʦʚ (9,59 ʠ 9,37) ʚ ʢʦʥʝʯʥʦʤ ʩʧʝʢʪʨʝ 1ʅ (4,5 ʯʘʩʘ) ʙʣʠʟʢʦ ʢ 

ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ I366,6/I336,7 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʧʝʢʪʨʝ 
15N. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʘʞʜʘʷ ʠʟ ʬʦʨʤ (I ) ʠ (II ) ʩʦʜʝʨʞʠʪ ʧʦ ʦʜʥʦʤʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʣʠʛʘʥʜʫ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʘ ʪʘʢʞʝ ʠʟ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʤʝʱʝʥʠʷ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʬʦʨʤʳ (I ) ʠ (II ) 

ʦʪʚʝʯʘʶʪ ʩʦʩʪʘʚʫ [RuNOCl4L], ʧʨʠ ʵʪʦʤ ʬʦʨʤʘ (I ) ʷʚʣʷʝʪʩʷ ʪʨʘʥʩ-(NO, L) ʠʟʦʤʝʨʦʤ, ʘ 

ʬʦʨʤʘ (II ) ï ʮʠʩ-(NO, L) ʠʟʦʤʝʨʦʤ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʮʠʩ/ʪʨʘʥʩ ʠʟʦʤʝʨʥʳʭ ʬʦʨʤ ʚ ʨʝʘʢʮʠʠ  

2Õ./#Ì$-& , ὧὭίȾὸὶὥὲί2Õ./#Ìὒ ὈὓὊ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʠʩʩʦʮʠʘʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʡ ʪʠʧʠʯʝʥ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ (II) 120ï122. ʉʪʨʫʢʪʫʨʘ ʧʷʪʠʚʘʣʝʥʪʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʫʪʠ ʝʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʪʘʚʰʠʤʩʷ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. 

ʅʘʧʨʠʤʝʨ, ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ [RuNO(NH ) Py]Į  ʟʘʤʝʱʝʥʠʝ ʧʠʨʠʜʠʥʘ ʥʘ 

OH  ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ ʮʠʩ/ʪʨʘʥʩ-[RuNO(NH ) OH]  123. ɸʥʘʣʦʛʠʯʥʦ, ʨʝʘʢʮʠʷ K [RuNOCl]5 

ʩ ʪʝʨʧʠʨʠʜʠʥʦʤ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʘʸʪ ʩʤʝʩʴ ʜʚʫʭ ʠʟʦʤʝʨʦʚ, [RuNO(L)Cl ]- 15,70. 

ʈʝʘʢʮʠʷ ʩʤʝʩʠ ʮʠʩ/ʪʨʘʥʩ-[R-tpyRuCl (NO)]  ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ (X = OH, OEt) ʪʘʢʞʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʪʘʢ ʢʘʢ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʥʩ-(NO, X)-[R-tpyRuClX(NO)]70. 

ɺ 2D-ʩʧʝʢʪʨʘʭ ʗʄʈ ʜʣʷ ʩʝʨʠʠ 2 ʚʠʜʥ rʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʣʠʛʘʥʜʘ, 

ʩ ʩʠʛʥʘʣʘʤʠ ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ (ʈʠʩʫʥʦʢ 24). ʊʘʢ, ʚ 15N-ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʳ ʩʚʦʙʦʜʥʦʛʦ 

ʣʠʛʘʥʜʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 330,5 ʤ. ʜ., ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʨʫʪʝʥʠʶ ʩʜʚʠʛʘʝʪ ʵʪʠ ʩʠʛʥʘʣʳ ʥʘ 67ï90 ʤ. ʜ. ʚ 

ʩʠʣʴʥʦʝ ʧʦʣʝ, ʧʨʠʚʦʜʷ ʢ ʧʦʷʚʣʝʥʠʶ ʩʠʛʥʘʣʦʚ ʥʘ 263,2 ʠ 239,6 ʤ. ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʬʦʨʤʳ (I) 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʦʩʩ-ʧʠʢ ʦʪ ʘʪʦʤʘ ʘʟʦʪʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʩ ʩʠʛʥʘʣʘʤʠ ʧʨʦʪʦʥʦʚ (9,4 ʤ. ʜ. ʠ 8,1 ʤ. ʜ.) 

ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ɼʣʷ ʬʦʨʤʳ (II ) ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʘ ʩʣʘʙʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʘʪʦʤʘ 

ʘʟʦʪʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʩ ʩʠʛʥʘʣʦʤ ʧʨʦʪʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚʦ ʚʪʦʨʦʤ ʧʦʣʦʞʝʥʠʠ 

ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ, ʢʦʨʨʝʣʷʮʠʷ ʩ ʧʨʦʪʦʥʘʤʠ ʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʩʧʝʢʪʨʝ ʥʝ ʚʠʜʥʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʢʦʥʩʪʘʥʪʘʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʦʥʦʚ ʩ ʥʠʪʨʦʟʦʛʨʫʧʧʘʤʠ, ʚʳʟʚʘʥʥʳʤ ʨʘʟʣʠʯʠʝʤ ʪʨʘʥʩʧʘʨʪʥʝʨʘ ʣʠʛʘʥʜʘ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʨʫʪʝʥʠʷ. ʉʭʦʞʠʝ ʵʬʬʝʢʪʳ ʜʣʷ ʘʤʤʦʥʠʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʦʧʠʩʘʥʳ ʨʘʥʝʝ 124ï127. 
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ʈʠʩʫʥʦʢ 24. 15N, 1H-2D-ʗʄʈ ʩʧʝʢʪʨ ʜʣʷ ʘʤʧʫʣʳ ʩ (ʊBɸ)2[RuNOCl5] ʠ (InicMe) ʥʘʛʨʝʪʦʡ ʚ 

ʪʝʯʝʥʠʝ 1,5 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 Áʉ 

 

ʅʘʛʨʝʚʘʥʠʝ (ʊBɸ)2[RuNOCl5] ʠ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140 Áʉ 

(ʉʝʨʠʷ 3) 

ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 21. ɺ ʩʝʨʠʠ 3 ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ 0,038 ʤʤʦʣʴ (ʊBɸ)2[RuNOCl5] ʠ 0,219 ʤʤʦʣʴ 

(InicMe) ʚ 0,6 ʤʣ ɼʄʌɸ-d7 ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140 Áʉ. ʋʞʝ ʧʦʩʣʝ ʜʚʫʭ ʤʠʥʫʪ 

ʥʘʛʨʝʚʘʥʠʷ ʚ 15N-ʗʄʈ ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣ r (I ) (366 ʤ. ʜ.)  ʠ (II ) (336,7 ʤ. ʜ.), 

ʦʩʪʘʝʪʩʷ ʤʠʥʦʨʥʳʡ ʩʠʛʥʘʣ (Int ) (361 ʤ. ʜ.), ʩʠʛʥʘʣ ʠʩʭʦʜʥʦʛʦ (RuCl5) ʠʩʯʝʟʘʝʪ. ɼʘʣʴʥʝʡʰʝʝ 

ʥʘʛʨʝʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʯʝʥʴ ʩʣʘʙʳʭ ʩʠʛʥʘʣʦʚ ʥʘ 368,3, 

368,0, 364,9, 337,8 ʤ. ʜ. (ʧʦʩʣʝʜʥʠʡ ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʛʥʘʣʦʤ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] [P]). 

ʇʨʦʚʝʜʝʥʠʝ ʥʘʛʨʝʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʝʱʝ ʦʜʥʦʛʦ ʯʘʩʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʩʠʛʥʘʣʦʚ. ɺ ʮʝʣʦʤ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʪʫ ʞʝ ʢʘʨʪʠʥʫ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ 80 Áʉ, ʩ ʪʦʡ 

ʨʘʟʥʠʮʝʡ, ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʙʳʩʪʨʝʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ, ʨʝʘʢʮʠʷ (ʊBɸ)2[RuNOCl5] ʩ (InicMe) ʚ ɼʄʌɸ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʨʤ (I ) ʠ (II ), ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʪʨʘʥʩ-(L,L)-[RuNOCl3L2] [P] 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ.  
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ʅʘʛʨʝʚʘʥʠʝ K2[RuNOCl5] ʠ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140 Áʉ (ʉʝʨʠʷ 4) 

ʅʘʛʨʝʚ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ K2[Ru15NOCl5] c (InicMe) (140 Áʉ, 20 ʤʠʥ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʚ 15N-ʗʄʈ ʩʧʝʢʪʨʘʭ ʩʠʛʥʘʣʦʚ ʬʦʨʤʳ (I ) ʠ (II ), ʘ ʪʘʢ ʞʝ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʬʦʨʤʳ (III ) (363,2 

ʤ. ʜ.) ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] (337,9 

ʤ. ʜ.) ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʛʨʝʚʘʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʦʚ  

(I ) ʠ (II ) ʫʙʳʚʘʝʪ ʚ ʩʣʝʜʫʶʱʠʝ 20 ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠʭʦʜʷ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʘʚʫ, ʚ 

ʢʦʪʦʨʦʤ  60 % ʥʠʪʨʦʟʦʛʨʫʧʧ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] ʠ 

ʧʨʠʤʝʨʥʦ 10-15% ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʞʜʦʡ ʠʟ ʬʦʨʤ (I )-(III ). ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʪʨʘʥʩ-

[RuNO(InicMe)2Cl3] ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʦʢ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʘ. ɺ 

ʢʦʥʝʯʥʦʤ ʩʧʝʢʪʨʝ 1ʅ-ʗʄʈ ʜʣʷ ʵʪʦʡ ʩʝʨʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʥʘʙʦʨʳ ʩʠʛʥʘʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʘʤ (I )-(III ) ʠ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ. ʉʠʛʥʘʣ ʬʦʨʤʳ (III ) ʤʳ ʦʪʥʦʩʠʤ ʢ 

ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʪʨʘʥʩ-(NO, DMF)-[RuNO(DMF)(InicMe)Cl3] ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʥʠʮʳ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ (InicMe) ʠ ɼʄʌɸ ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʝ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ. ʊʘʢ, ʢʦʦʨʜʠʥʘʮʠʷ (InicMe) ʢ (RuCl5) ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ NO 

ʩʜʚʠʛʘʝʪ ʩʠʛʥʘʣ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ 15N-ʩʧʝʢʪʨʝ ʥʘ 31,3 ʤ. ʜ. ʚ ʩʣʘʙʦʝ ʧʦʣʝ, ʪʦʛʜʘ ʢʘʢ 

ʢʦʦʨʜʠʥʘʮʠʷ ɼʄʌɸ ʚ ʵʪʦ ʞʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʥʘ 26 ʤ. ʜ. ʂʦʦʨʜʠʥʘʮʠʷ 

(InicMe) ʢ (RuCl5) ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʝ ʩʜʚʠʛʘʝʪ ʩʠʛʥʘʣ NO ʪʦʣʴʢʦ ʥʘ 1,4 ʤ. ʜ., ʟʘʤʝʱʝʥʠʝ ʝʱʝ 

ʦʜʥʦʛʦ ʭʣʦʨʘ ʥʘ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪ ʚ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] ʜʦʙʘʚʣʷʝʪ ʢ ʩʜʚʠʛʫ ʚ 

ʩʣʘʙʦʝ ʧʦʣʝ ʝʱʝ 1,1 ʤ. ʜ. ʇʦʵʪʦʤʫ ʜʣʷ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ (III ) ʥʘ 363,2 ʤ. ʜ., ʧʦʷʚʣʷʶʱʝʛʦʩʷ 

ʚʙʣʠʟʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ (Int ) ʪʨʘʥʩ-(NO, DʄF)-[RuNO(DMF)Cl4]
- (361,3 ʤ. ʜ.), 

ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʦʣʝʢʫʣʳ ɼʄʌɸ ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʅʘʣʠʯʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʚ ʬʦʨʤʝ (III ) ʚʳʪʝʢʘʝʪ ʠʟ ʙʣʠʟʦʩʪʠ ʟʥʘʯʝʥʠʡ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ I366.6/I363.2 ʚ 
15N ʠ I9.6/I9.2 ʚ 

1H ʩʧʝʢʪʨʘʭ (ʈʠʩʫʥʦʢ 25). 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʣʴʟʫ ʪʘʢʦʛʦ ʦʪʥʝʩʝʥʠʷ ʛʦʚʦʨʷʪ ʝʱʝ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʨ-[RuNO(InicMe)(DMF)Cl3] (3ʙ) ʚʳʜʝʣʝʥʥʳʭ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 

ʩ ʪʘʢʠʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʚʝʜʝʥʠʷ, ʯʪʦ ʠ ʜʣʷ ʩʝʨʠʠ 4. 
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ʈʠʩʫʥʦʢ 25. 1H- ʠ 15N-ʗʄʈ ʩʧʝʢʪʨʳ K2[RuNOCl5] ʠ (InicMe) ʥʘʛʨʝʪʳʭ ʚ ɼʄʌɸ-d7 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 140 Áʉ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʩʠʛʥʘʣ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] ʦʙʦʟʥʘʯʝʥ [P] 

ʅʘ ʨʠʩʫʥʢʝ 26 ʧʦʢʘʟʘʥ 2D-ʩʧʝʢʪʨ ʗʄʈ ʜʣʷ ʩʝʨʠʠ 4. ɺ ʦʙʣʘʩʪʠ 225ï-330 ʤ. ʜ. ʧʦ 15N ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʢʦʨʨʝʣʷʮʠʠ ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʠ 3 ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ (330,5 

ʤ. ʜ.), ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤ (I) ï 263,2 ʤ. ʜ., (II ) ï 239,3 ʤ. ʜ., (III ) ï 237,1 ʤ. ʜ. ʠ [P] ï 226,1 ʤ. ʜ. ʈʠʩʫʥʦʢ 

ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʧʠʩʘʥʥʳʡ ʨʘʥʝʝ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʪʨʘʥʩ-ʧʘʨʪʥʝʨʘ ʥʘ ʭʠʤ. ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʘʟʦʪʘ 

ʚ ʗʄʈ ʩʧʝʢʪʨʝ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (NO > Cl > Py) 128,129. ʉʠʛʥʘʣʳ ʘʟʦʪʘ ʣʠʛʘʥʜʘ ʚ ʬʦʨʤʘʭ (II ) ʠ 

(III ) ʣʝʞʘʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2,2 ʤ. ʜ. ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʜʣʷ ʦʙʦʠʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʪʨʘʥʩʧʘʨʪʥʝʨʦʤ ʚʳʩʪʫʧʘʝʪ 

ʭʣʦʨ. ɿʘʤʝʥʘ ʪʨʘʥʩ-ʧʘʨʪʥʝʨʘ ʥʘ ʥʠʪʨʦʟʦʛʨʫʧʧʫ ʚ ʬʦʨʤʝ (I) ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʚ ʩʣʘʙʦʝ ʧʦʣʝ ʥʘ 24 ʤ. 

ʜ., ʢʦʦʨʜʠʥʘʮʠʷ ʜʚʫʭ ʣʠʛʘʥʜʦʚ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ ʚ [P] ʩʜʚʠʛʘʝʪ ʩʠʛʥʘʣ ʥʘ 13,2 ʤ. ʜ. ʚ 

ʩʠʣʴʥʦʝ ʧʦʣʝ. ʂʘʢ ʠ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ 2D-ʩʧʝʢʪʨʘ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʘʟʦʪʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠ 

ʧʨʦʪʦʥʦʚ ʣʠʛʘʥʜʘ ʭʦʨʦʰʦ ʚʠʜʥʳ ʜʣʷ ʬʦʨʤʳ (I), ʛʜʝ ʣʠʛʘʥʜ ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ 

ʥʠʪʨʦʟʦʛʨʫʧʧʝ. ɼʣʷ [P] ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʩʣʘʙʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʩʠʛʥʘʣ 

ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʠ 2, ʜʣʷ ʬʦʨʤʳ (II ) ʢʦʨʨʝʣʷʮʠʷ ʚ ʩʧʝʢʪʨʝ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ 
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ʦʪʣʠʯʠʷ ʢʦʥʩʪʘʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʦʥʦʚ ʠ ʘʟʦʪʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʬʦʨʤʳ ʚ ʨʘʩʪʚʦʨʝ. 

 

 

ʈʠʩʫʥʦʢ 26. 15N, 1H 2D-ʗʄʈ ʩʧʝʢʪʨ ʜʣʷ ʘʤʧʫʣʳ ʩ K2[RuNOCl5] ʠ (InicMe) ʥʘʛʨʝʪʦʡ ʚ 

ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140 Áʉ 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʝʨʠʷʤʠ 3 ʠ 4, ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʦʜʠʥʘʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʨʦʜʦʡ ʢʘʪʠʦʥʘ. ʆʙʨʘʟʫʶʱʠʡʩʷ 

ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʭʣʦʨʠʜ-ʠʦʥ ʚ ʩʣʫʯʘʝ K2[RuNOCl5]
 ʫʜʘʣʷʝʪʩʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʚ ʚʠʜʝ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ɼʄʌɸ ʭʣʦʨʠʜʘ ʢʘʣʠʷ. ʅʘʧʨʦʪʠʚ, ʩʦʣʴ ʊBɸʉl ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʘ ʚ 

ɼʄʌɸ, ʠ ʜʝʡʩʪʚʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ 

ʟʘʤʝʱʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [RuNOL2Cl3]. 
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ʅʘʛʨʝʚʘʥʠʝ (ʊBɸ)2[RuNOCl5] c ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʦʤ ʠ AgNO3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

140  ʉ  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʦʙʨʘʟʝʮ ʩ (ʊBɸ)2[RuNOCl5] ʠ (InicMe) ʙʳʣ ʥʘʛʨʝʪ ʜʦ ʧʦʣʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʫʪʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʬʦʨʤʘʤʠ (I ) ʠ (II ) (cʝʨʠʷ 3), ʟʘʪʝʤ ʚ ʘʤʧʫʣʫ 

ʜʦʙʘʚʠʣʠ 2 ʵʢʚʠʚʘʣʝʥʪʘ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʫʪʝʥʠʶ, ʯʪʦʙʳ ʦʩʘʜʠʪʴ ʭʣʦʨʠʜ-

ʠʦʥʳ ʠ ʥʘʛʨʝʣʠ ʧʨʠ 140 Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʩʠʛʥʘʣʘ ʬʦʨʤʳ (III ) ʥʘ 363,2 ʤ. ʜ. ʠ ʨʷʜʘ ʥʠʟʢʦʥʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʦʨʤʳ (I )-(II ) ʠ ʮʝʣʝʚʦʡ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] (ʈʠʩʫʥʦʢ 

27). ɼʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʠʛʥʘʣʘ ʥʘ 337,8 ʤ. ʜ. ʧʨʠ ʫʙʳʚʘʥʠʠ 

ʩʠʛʥʘʣʘ ʥʘ 363,2 ʤ. ʜ. ʠ ʧʨʠ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ (50 ʤʠʥʫʪ) ʢʦʥʝʯʥʳʡ 15N-ʗʄʈ ʩʧʝʢʪʨ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʢʦʚʳʤ ʜʣʷ ʩʝʨʠʠ 4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʬʘʢʪʦʨʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʥʩ-[RuNOL2Cl3] ̫ʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, 

ʯʪʦ ʩʜʚʠʛʘʝʪ ʨʘʚʥʦʚʝʩʠʝ Ὑόὔὕὒὅὰ ὈὓὊ P ὙόὔὕὈὓὊὒὅὰ ὅὰ ʚ ʩʪʦʨʦʥʫ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʜʘʚʘʷ ʠʥʪʝʨʤʝʜʠʘʪ (III ), ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʘʤʝʱʝʥʠʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

ʈʠʩʫʥʦʢ 27. 15N-ʗʄʈ ʩʧʝʢʪʨʳ (ʊBɸ)2[RuNOCl5] ʠ (InicMe) ʥʘʛʨʝʪʳʭ ʚ ɼʄʌɸ-ʜ7 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 140 Áʉ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ AgNO3 ʠ ʥʘʛʨʝʚʘʥʠʝʤ 
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ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ [RuNOCl5]2- c N-ʜʦʥʦʨʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʚ ɼʄʌɸ 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ N-ʛʝʪʝʨʦʮʠʢʣʳ ʚ ʨʘʩʪʚʦʨʘʭ 

ʢʦʤʧʣʝʢʩʘ Cat [RuNOCl ] (Cat  = K , TBA ) ʚ ɼʄʌɸ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʦʣʴʚʝʥʪ-

ʘʩʩʠʩʪʠʨʦʚʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʈʠʩʫʥʦʢ 28). 

ɿʘʤʝʱʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʦʨʜʠʥʘʮʠʠ ɼʄʌɸ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ ʥʠʪʨʦʟʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʘʥʩ-(NO, DMF)-[RuNO(DMF)Cl4] ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ. ʇʦʩʣʝʜʫʶʱʠʡ ʦʙʤʝʥ ɼʄʌɸ ʥʘ ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪ (L) ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʮʠʩ/ʪʨʘʥʩ-(NO, L)-[RuNOLCl4] (IïII), ʧʨʠʯʝʤ ʮʠʩ-ʠʟʦʤʝʨ ʦʙʨʘʟʫʝʪʩʷ 

ʙʳʩʪʨʝʝ, ʥʦ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʪʨʘʥʩ-ʠʟʦʤʝʨ. 

ʇʨʠʨʦʜʘ ʧʨʦʪʠʚʦʠʦʥʘ (K  ʠʣʠ TBA ) ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʪʝʢʘʥʠʝ 

ʨʝʘʢʮʠʠ. ʆʩʘʞʜʝʥʠʝ KCl ʩʤʝʱʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʥʩ-(L, L)-[RuNOL2Cl3] (ʚʳʭʦʜ 60%), ʪʦʛʜʘ ʢʘʢ ʨʘʩʪʚʦʨʠʤʳʡ TBACl 

ʧʦʜʘʚʣʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʟʘʤʝʱʝʥʠʝ ʜʘʞʝ ʧʨʠ 6ï7-ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ L. ʊʝʤʧʝʨʘʪʫʨʘ (80-140ÁC) 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʩʣʫʯʘʝ (TBA)2[RuNOCl5], ʦʜʥʘʢʦ ʧʨʦʚʝʜʝʥʠʝ 

ʩʠʥʪʝʟʘ ʧʨʠ 140ÁC ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʚʪʦʨʦʛʦ ʭʣʦʨʠʜ-ʠʦʥʘ ʥʘ ʣʠʛʘʥʜ L ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-(NO, DMF)-[RuNO(DMF)LCl ] (III) , ʢʦʪʦʨʳʡ ʜʦʤʠʥʠʨʫʝʪ (>90%) ʧʦʩʣʝ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʩʤʝʩʠ ʮʠʩ/ʪʨʘʥʩ-(NO, L)-[RuNOLCl4]  (IïII)  ʩ 2 ʵʢʚʠʚʘʣʝʥʪʘʤʠ 

AgNO3. ɼʘʣʴʥʝʡʰʠʡ ʥʘʛʨʝʚ ʧʨʠʚʦʜʠʪ ʢ ʪʘʢʦʤʫ ʞʝ ʨʘʚʥʦʚʝʩʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʨʦʜʫʢʪʦʚ, 

ʢʘʢ ʠ ʜʣʷ K2[RuNOCl5], ʩ 60% ʨʫʪʝʥʠʷ ʚ ʬʦʨʤʝ ʪʨʘʥʩ-(L, L)-[RuNOL Cl ]. ʇʦ ʜʘʥʥʳʤ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (IïIII)  ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʦʥʝʯʥʳʭ 

ʨʘʚʥʦʚʝʩʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ (NicEt, InicMe, 3-CNPy) 

ʠʥʪʝʨʤʝʜʠʘʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʠ ʠʭ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘ 

ʦʩʥʦʚʝ ʗʄʈ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʩʤ. ʨʘʟʜʝʣ 3.2). 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ N-ʛʝʪʝʨʦʮʠʢʣʳ ʚ ʨʘʩʪʚʦʨʘʭ 

[RuNOCl5]
2  ʚ ɼʄʌɸ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʫʜʘʣʷʷ ʭʣʦʨʠʜ-ʠʦʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

(TBA)2[RuNOCl5] ʙʦʣʝʝ ʫʜʦʙʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʮʠʩ/ʪʨʘʥʩ-(NO, 

L)-[RuNOLCl4] , ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʉʦʣʠ [RuNOCl5]
2  ʩ ʢʘʪʠʦʥʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʭʣʦʨʠʜʳ 

(K , Ag ), ʙʦʣʴ ʝh ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ [RuNOL2Cl3]. 
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ʈʠʩʫʥʦʢ 28. ʉʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ [RuNOCl5]
2- ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ɼʄʌɸ ʩ N-ʜʦʥʦʨʥʳʤ 

ʛʝʪʝʨʦʮʠʢʣʦʤ (L) 

3.1.2.  ʑʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ ʪʨʘʥʩ-[RuNO(InicEt )2Cl3]  

ʂʦʤʧʣʝʢʩ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʜʚʝ ʤʦʣʝʢʫʣʳ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʄʆʂʇ (ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ). ʆʜʥʘʢʦ ʧʦʧʳʪʢʠ 

ʩʠʥʪʝʟʘ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʧʨʷʤʫʶ ʠʟ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ K2[RuNOCl5] ʥʝ ʙʳʣʠ 

ʫʩʧʝʰʥʳʤʠ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʪʨʘʥʩ-

[RuNO(InicEt)2Cl3] ʜʣʷ ʟʘʤʝʥʳ ʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʣʠʛʘʥʜʘ ʥʘ ʢʘʨʙʦʢʩʠʣʴʥʫʶ.  

ʂʘʢ ʱʝʣʦʯʥʳʝ, ʪʘʢ ʠ ʢʠʩʣʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʠʜʨʦʣʠʟʘ 

ʢʘʨʙʦʥʦʚʳʭ ʵʬʠʨʦʚ. ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

[RuNO(InicEt)2Cl3] (60 ʤʛ, 0,11 ʤʤʦʣʴ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ 5 ʤʣ 0,5 ʄ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ HNO3 

ʠʣʠ KOH. ʂʦʤʧʣʝʢʩ ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʧʨʠ 80Áʉ (1 ʯʘʩ) ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ, ʘ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 80% ʧʦ ʤʘʩʩʝ, ʠʤʝʣ ʘʥʘʣʦʛʠʯʥʳʡ 

ʠʩʭʦʜʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʗʄʈ ʩʧʝʢʪʨ ʚ ɼʄʉʆ. ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (0,5 ʄ KOH) ʧʦʣʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 60 ï 80Áʉ ʟʘ 10 ʤʠʥ. ʉʧʝʢʪʨʳ ʗʄʈ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (D2O ï 0,5 ʄ KOH) ʥʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʠʟʤʝʥʝʥʠʡ ʧʨʠ 60Áʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʠ 

ʩʦʜʝʨʞʘʪ ʧʨʠʟʥʘʢʠ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʝʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʜʦ 

80Áʉ ʫʩʢʦʨʷʝʪ ʛʠʜʨʦʣʠʟ, ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʙʦʣʝʝ ʯʝʤ ʥʘ 50% ʟʘ 30 ʤʠʥʫʪ. ʅʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 1H-ʗʄʈ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʜʦʨʦʜʦʚ 130 

(ʈʠʩʫʥʦʢ 29).  
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ʈʠʩʫʥʦʢ 29. ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʚ 1H-ʗʄʈ [RuNO(inicEt)2Cl3] ʚ 0,5 M KOH (D2O) ʧʨʠ 

80Áʉ. ʈʘʟʥʠʮʘ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʠʥ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʫʙʣʝʪʥʳʭ ʩʠʛʥʘʣʦʚ (9,18 ʠ 8,34 ʤ.ʜ.) ʩʦ ʚʨʝʤʝʥʝʤ ʫʤʝʥʴʰʘʝʪʩʷ 

ʠ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʥʦʚʳʝ ʛʨʫʧʧʳ ʩʠʛʥʘʣʦʚ (9,05ï8,25 ʠ 8,99ï8,11 ʤ.ʜ.). ʇʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʚ 

ʪʝʯʝʥʠʝ 35 ʤʠʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʣʴʥʦʡ ʛʨʫʧʧʝ. ɼʣʷ ʦʮʝʥʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʨʝʘʢʮʠʠ ʦʙʱʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 8,9ï9,2 ʤ.ʜ. (ʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 8,1ï8,4 ʤ.ʜ.) ʙʳʣʘ ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ 

ʝʜʠʥʠʮʫ ʠ ʧʦʣʫʯʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ʂʘʞʜʘʷ ʠʟ 

ʪʨʝʭ ʢʨʠʚʳʭ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʢʨʠʚʳʭ ʦʜʠʥʘʢʦʚʳ (1,3 ʯ-1, ʈʠʩʫʥʦʢ 30). 
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ʈʠʩʫʥʦʢ 30. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ 1H-ʗʄʈ ʧʠʨʠʜʠʥʦʚʦʛʦ 

ʢʦʣʴʮʘ ʚ ʩʧʝʢʪʨʘʭ ʠʟ ʨʠʩʫʥʢʘ 29. 

ʕʪʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩ ʩʠʛʥʘʣʘʤʠ ʧʨʠ 9,18 ʠ 

8,34 ʤ. ʜ. ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʘʢʮʠʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʩʢʦʨʦʩʪʴ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ (ʈʠʩʫʥʦʢ 31). ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ 

ʨʘʚʥʦʚʝʩʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʢʩʠʣ-ʧʨʠʚʦʜʠʤʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʥʠʪʨʦʟʠʣ-ʣʠʛʘʥʜʘ ʚ 

ʥʠʪʨʦ-ʣʠʛʘʥʜ 131. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʜʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʘ ʠ ʚʦ ʚʨʝʤʷ ʧʨʝʚʨʘʱʝʥʠʷ NO+/NO2- ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ ʨʫʪʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʨʘʚʥʦʚʝʩʠʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʪʨʦʛʨʫʧʧ rʚ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʤ ʢʘʨʙʦʢʩʠʣʘʪʥʦʤ ʧʨʦʜʫʢʪʝ, 

ʯʝʤ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ ʵʬʠʨʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʠʩʪʝʤʝ ʧʦʷʚʣʷʝʪʩʷ 

ʥʠʪʨʦʟʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʠ ʤʳ ʧʨʠʧʠʩʳʚʘʝʤ ʥʝʙʦʣʴʰʠʝ ʩʠʛʥʘʣʳ ʧʨʠ 9,05 ʠ 8,25 ʤ. ʜ. 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʧʨʦʪʦʥʘʤ ʚ ʥʠʪʨʦʟʠʣʴʥʦʤ ʧʨʦʜʫʢʪʝ, ʘ ʠʥʪʝʥʩʠʚʥʳʝ ʩʠʛʥʘʣʳ ʧʨʠ 8,99 ʠ 8,11 

ʤ. ʜ. ð ʥʠʪʨʦʢʦʤʧʣʝʢʩʫ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʥʠʪʨʦʟʠʣʴʥʳʤ ʚ ʵʪʦʤ ʦʩʥʦʚʥʦʤ 

ʨʘʩʪʚʦʨʝ. ʀʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʩʠʛʥʘʣʘʤʠ ʧʨʠ 9,18 ʠ 8,34 ʤ. ʜ. ʷʚʣʷʝʪʩʷ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʤ, ʥʠʪʨʦʟʠʣʴʥʳʡ ʘʥʘʣʦʛ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʵʪʠʭ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ.  
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ʈʠʩʫʥʦʢ 31. ʉʭʝʤʘ ʧʨʦʮʝʩʩʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʥʘʛʨʝʪʦʤ ʨʘʩʪʚʦʨʝ 0,5 ʄ ʂʆʅ ʢʦʤʧʣʝʢʩʘ 

ʪʨʘʥʩ-[RuNO(InicEt)2Cl3] 

ʆʧʠʩʘʥʥʳʡ 1H-ʗʄʈ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ ʧʨʠʤʝʥʠʤʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʪʨʘʥʩ-[RuNO(InicEt)2Cl3] ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦ ʙʳʣʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʠʥʪʝʟʘ ʄʆʂʇ ʪʨʘʥʩ-{Zn[RuNO(H2O)(Inic)2(OH)2]2}Ā12H2O.  
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3.2.  ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ  

3.2.1 ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [RuNOL2Cl3] ʠ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ [RuNOL2Cl3] 

ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [RuNOL2Cl3] ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ ʫʛʦʣ Ru-N-O ʜʣʷ ʪʨʘʥʩ-[RuNO(L)2Cl3] 
8,22,132ï135 

ʈʘʩʩʪʦʷʥʠʷ ɿʥʘʯʝʥʠʝ ʚ ¡ 

 1 2ʘ 3ʘ 4 5ʘ  

Ru-NNO 1,804(5) 1,746(1) 1,747(6) 1,818(4) 1,748(4)  

N-O 1,170(8) 1,143(1) 1,131(6) 1,136(4) 1,133(5)  

Ru-Cl(ʮʠʩ ʢ NO) 2,355(2) 2,367(2) 2,375(5) 2,368(5) 2,377(3)  

Ru-ʉl(ʪʨʘʥʩ ʢ NO) 2,232(8) 2,325(3) 2,337(9) 2,227(7) 2,337(8)  

Ru-N(ʛʝʪʝʨʦʮʠʢʣ) 2,103(2) 2,110(8) 2,106(5) 2,107(5) 2,105(3)  

       

 ɿʥʘʯʝʥʠʝ ʚ ʛʨʘʜʫʩʘʭ 

ʋʛʦʣ Ru-N-O 172,70(2) 171,86(1) 174,85(2) 176,08(2) 174,91(3)  

ʈʘʩʩʪʦʷʥʠʷ ɿʥʘʯʝʥʠʝ ʚ ¡ 

 6 7 8 9 10 

Ru-NNO 1,747(5) 1,787(3) 1,741(3) 1,736(1) 1,756(3) 

N-O 1,133(1) 1,137(7) 1,133(4) 1,233(1) 1,110(3) 

Ru-Cl(ʮʠʩ ʢ NO) 2,372(5) 2,335(3) 2,367(4) 2,374(3) 2,370(1) 

Ru-ʉl(ʪʨʘʥʩ ʢ NO) 2,303(6) 2,335(3) 2,343(9) 2,245(3) 2,305(2) 

Ru-N(ʛʝʪʝʨʦʮʠʢʣ) 2,101(3) 2,078(5) 2,082(7) 2,110(3) 2,109(3) 

 ɿʥʘʯʝʥʠʝ ʚ ʛʨʘʜʫʩʘʭ  

ʋʛʦʣ Ru-N-O 177,84(1) 180,0(0) 180,0(0) 173,71(1) 180,0(0) 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʘ 

ʢʦʤʧʣʝʢʩʳ [RuNOL2Cl3] ʧʦʣʥʦʩʪʴʶ ʦʜʥʦʪʠʧʥʳ ʧʦ ʩʪʨʦʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ Ru. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʘʪʦʤ ʨʫʪʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ (1), (7), (8), (9), (10) ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʬʨʘʛʤʝʥʪ Ru-NO ʮʝʣʠʢʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʨʘʱʘʪʝʣʴʥʦʡ ʦʩʠ (7), (8), (10), 

ʫʛʦʣ Ru-N-O ʪʦʯʥʦ ʨʘʚʝʥ 180Á ʟʘ ʩʯʝʪ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 

(4) ʠ (6), ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʥʦʚʦʡ ʤʝʪʦʜʠʢʝ, ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʦʧʠʩʘʥʳ ʨʘʥʝʝ. ɼʘʥʥʳʝ ʈʉɸ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʜʣʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʚʧʘʜʘʶʪ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʦʧʠʩʳʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ Ru-NO ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʪʠʧʠʯʥʳ ʜʣʷ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ { RuNO} 6, ʪ.ʝ. ʩʦʜʝʨʞʘʱʠʭ ʩʫʤʤʘʨʥʦ 6 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ d-ʦʨʙʠʪʘʣʷʭ ʨʫʪʝʥʠʷ ʠ ʨʘʟʨʳʭʣʷʶʱʠʭ ʦʨʙʠʪʘʣʷʭ NO. ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʪʦʪ ʬʨʘʛʤʝʥʪ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ Ru2+-NO+. ɿʘ ʩʯʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ p-ʩʚʷʟʳʚʘʥʠʷ ʤʝʞʜʫ p-ʦʨʙʠʪʘʣʷʤʠ NO ʠ d-ʦʨʙʠʪʘʣʷʤʠ ʨʫʪʝʥʠʷ ʬʨʘʛʤʝʥʪ 

ʚ ʮʝʣʦʤ ʙʣʠʟʦʢ ʢ ʣʠʥʝʡʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʫʛʦʣ Ru-N-O ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 172-180Á. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ p-ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʦʤ ʨʫʪʝʥʠʷ ʠ ʥʠʪʨʦʟʠʣʴʥʳʤ ʣʠʛʘʥʜʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʠ Ru-N. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1,74 ï 1,81 ¡, ʯʪʦ ʥʘ 0,3-0,4 ¡ ʤʝʥʴʰʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʩʚʷʟʠ Ru-Nhet 

ʚ ʵʪʠʭ ʞʝ ʩʦʝʜʠʥʝʥʠʷʭ, ʥʝ ʠʤʝʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ p-ʜʦʥʠʨʦʚʘʥʠʷ. ʄʦʞʥʦ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ [RuNOL2Cl3] ʨʘʩʩʪʦʷʥʠʷ Ru-Cl(ʪʨʘʥʩ) 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ, ʯʝʤ Ru-Cl(ʮʠʩ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʦʙʱʝʡ 

ʩʚʷʟʳʚʘʶʱʝʡ p-ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ Cl-Ru-NO, ʥʦ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʥʫ ʩʚʷʟʠ Ru-Cl 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʜʣʠʥʫ ʩʚʷʟʠ Ru-N.  

ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʪʠʧʥʳʤʠ ʠ ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʠʭ 

ʩʪʨʦʝʥʠʷ ʦʧʠʩʘʥʳ ʚʳʰʝ, ʜʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʣʠʰʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʤʦʤʝʥʪʳ 

ʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʝʥʝʥʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʤʝʪʠʤ, ʯʪʦ ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʣʝʢʩʦʚ [RuNOL2Cl3] ʦʪ ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ L ʚʳʷʚʠʪʴ ʥʝ 

ʫʜʘʝʪʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ (1) ʠ (2a) (ʈʠʩʫʥʢʠ 32 ʠ 33) ʩ ʙʣʠʟʢʠʤʠ ʧʦ ʧʨʠʨʦʜʝ 

ʣʠʛʘʥʜʘʤʠ NicMe ʠ NicEt ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ (ʈ21/c ʠ ʈ-

1), ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨʳ ʦʢʨʫʞʝʥʠʷ ʨʫʪʝʥʠʷ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ (1) 

ʨʘʩʩʪʦʷʥʠʝ Ru-NO (1,804(5) ¡) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʚ ʨʷʜʫ ʠʟʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ (2a) ɻ ʪʦ ʨʘʩʩʪʦʷʥʠʝ (1,746(1) ¡) ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʢʦʨʦʪʢʠʭ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʛʣʳ Ru-N-O ʜʣʷ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ (172,70(2)Á ʠ 171,86(1)Á) ʷʚʣʷʶʪʩʷ 

ʥʘʠʤʝʥʴʰʠʤʠ ʚ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ (1)-(10). 



69 

 

ʈʠʩʫʥʦʢ 32. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(NicMe)2Cl3] (1).  

 

ʈʠʩʫʥʦʢ 33. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(NicEt)2Cl3] (2a) 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

[RuNOL2Cl3]. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ (1) ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʦʣʴʮʘ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʪʨʘʥʩ-

[RuNO(NicMe)2Cl3] ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʠ ʦʙʨʘʟʫʶʪ çʩʪʦʧʢʠè ʢʦʣʝʮ. 

ʎʝʥʪʨʳ ʢʦʣʝʮ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ 3,6 ¡.  

ʉʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʠʥʪʝʨʤʝʜʠʘʪʦʚ (2ʙ), (3ʙ), (5ʙ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʂʦʤʧʣʝʢʩ ʮʠʩ-K[RuNO(NicEt)Cl4]Ŀ0,5ʉH3CN (2ʙ) ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʠʥʪʝʟʘ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʧʨʦʜʫʢʪʫ, ʘʥʘʣʦʛʠʯʥʦʤʫ ʬʦʨʤʝ (II ), 

ʦʧʠʩʘʥʥʦʡ ʚ ʯʘʩʪʠ 3.1.1. ɿʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ ʘʪʦʤʘ ʭʣʦʨʘ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ (ʈʠʩʫʥʦʢ 34), 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ ʚʠʜʝ ʢʘʣʠʡʥʦʡ ʩʦʣʠ. ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʨʫʪʝʥʠʷ 

RuN2Cl4 ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦ-ʛʨʫʧʧʝ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ ʭʣʦʨʘ, ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʟʘʥʷʪʳ ʝʱʝ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ.  
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ʊʘʙʣʠʮʘ 5. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ ʫʛʦʣ Ru-N-O ʜʣʷ (2ʙ), (3ʙ) ʠ (5ʙ) 

ʈʘʩʩʪʦʷʥʠʷ ɿʥʘʯʝʥʠʝ ʚ ¡  

 2ʙ 3ʙ 5ʙ 

Ru-NNO 
1,703(1); 

1,727(1) 
1,726(6) 1,725(2) 

N-O 
1,145(1); 

1,154(2) 
1,134(2) 1,142(3) 

Ru-Cl(ʮʠʩ ʢ NO) 
2,338(3); 

2,381(9)  

2,359(1); 

2,368(1)  

2,359(2); 

2,366(2) 

Ru-L(ʪʨʘʥʩ ʢ NO) 
2,368(3); 

2,435(3) 
2,045(5) 2,050(1) 

Ru-N(ʛʝʪʝʨʦʮʠʢʣ) 
2,104(9); 

2,125(9) 
2,097(6) 2,096(7) 

Ru-Cl(ʪʨʘʥʩ ʢ ʛʝʪʝʨʦʮʠʢʣʫ) 2,346(9) 2,359(1) 2,357(4) 

 ɿʥʘʯʝʥʠʝ ʚ ʛʨʘʜʫʩʘʭ 

ʋʛʦʣ Ru-N-O 
176,0(9); 

176,5(1) 
178,51(6) 175,91(2) 

ʂʦʤʧʣʝʢʩ ʩʦʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠʟ ʢʦʪʦʨʦʛʦ ʠ ʙʳʣ ʚʳʜʝʣʝʥ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʜʚʘ ʩʪʨʫʢʪʫʨʥʦ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʬʨʘʛʤʝʥʪʘ 

K[RuNO(NicEt)Cl ], ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ 

ʘʪʦʤʦʚ ʢʘʣʠʷ.  ʅʘʧʨʦʪʠʚ, ʩʪʨʫʢʪʫʨʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʘʥʠʦʥʳ [RuNO(EtNic)Cl ]  

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʰʴ ʥʝʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

[RuNO(EtNic)2Cl3] ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ Ru-

Cl(ʪʨʘʥʩ)  ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ Ru-NO, ʦʩʪʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ 

ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʩʦʚʧʘʜʘʶʪ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ (2ʙ) ʘʥʠʦʥʳ [RuNO(EtNic)Cl4]
- 

ʚʤʝʩʪʝ ʩ ʢʘʪʠʦʥʘʤʠ ʢʘʣʠʷ ʦʙʨʘʟʫʶʪ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ KéCl c ʨʘʩʩʪʦʷʥʠʷʤʠ 3,182(4) ï 3,383(4) ¡. ʂʘʞʜʳʡ ʠʟ ʘʪʦʤʦʚ ʢʘʣʠʷ ʠʤʝʝʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, ʨʘʚʥʦʝ 7, ʟʘ ʩʯʝʪ ʰʝʩʪʠ ʩʚʷʟʝʡ ʩ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʜʚʫʭ ʩʦʩʝʜʥʠʭ 

ʘʥʠʦʥʦʚ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʅʘʠʙʦʣʝʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ ʚ ʩʦʝʜʠʥʝʥʠʠ (2ʙ), ʚʳʜʝʣʝʥʥʦʤ ʠʟ 

ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ (2ʘ), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʝ (II ) ʮʠʩ-(NO, L) 

[RuNOLCl4]
-, ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʗʄʈ (ʯʘʩʪʴ 3.1.1).  
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ʈʠʩʫʥʦʢ 34.  ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨ rʢʦʤʧʣʝʢʩʘ ʮʠʩ-K[RuNO(NicEt)Cl4]Ŀ0,5CH3CN (2ʙ)  

ʉʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʣʝʢʩʘ (3ʘ) ʠʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ ʩ ʨʦʜʩʪʚʝʥʥʳʤ 

ʤʝʨ-[RuNO(InicMe)(DMF)Cl3] (3ʙ) (ʈʠʩʫʥʢʠ 35 ʠ 36). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʤʝʨ-[RuNO(InicMe)(DMF)Cl3] (3ʙ), ʚʳʜʝʣʝʥʥʳʡ ʚ ʚʠʜʝ 

ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ (3ʘ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʬʦʨʤʳ (III ), ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚʳʰʝ ʧʦ 

ʜʘʥʥʳʤ ʗʄʈ. ɺ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʨʫʪʝʥʠʷ ʚ (3ʙ) ʥʠʪʨʦʟʠʣʴʥʳʡ ʣʠʛʘʥʜ ʠ 

ʤʦʣʝʢʫʣʘ ɼʄʌɸ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʢʠʩʣʦʨʦʜʦʤ, ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ 

ʜʨʫʛʫ, ʘ ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʦʙʨʘʟʦʚʘʥʘ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ ʘʟʦʪʘ 

ʛʝʪʝʨʦʮʠʢʣʘ. ʈʘʩʩʪʦʷʥʠʝ Ru-NO ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 0,02 ¡ ʧʨʠ ʟʘʤʝʥʝ ʭʣʦʨʘ ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʥʘ ɼʄʌɸ, ʩʚʷʟʴ N-O ʚ ʥʠʪʨʦʟʠʣʴʥʦʤ ʣʠʛʘʥʜʝ ʦʩʪʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. ʈʘʩʩʪʦʷʥʠʝ Ru-O(ɼʄʌɸ) (2,045(5) ¡, 3ʙ) ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʨʦʯʝ, 

ʯʝʤ Ru-ʉl (2,337(9) ¡, 3ʘ), ʯʪʦ ʦʯʝʚʠʜʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʠʮʝʡ ʚ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʘʭ ʭʣʦʨʘ 

ʠ ʢʠʩʣʦʨʦʜʘ.  

 

ʈʠʩʫʥʦʢ 35. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʤʝʨ-[RuNO(InicMe)(DMF)Cl3] (3ʙ). 
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ʈʠʩʫʥʦʢ 36. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] (3ʘ) 

ɸʥʘʣʦʛʠʯʥʦʝ ʩʨʘʚʥʝʥʠʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʧʘʨʝ (3ʘ)ï(3ʙ), ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ (5a) ʠ (5ʙ) (ʈʠʩʫʥʢʠ 37 ʠ 38). ʂʦʤʧʣʝʢʩ (5ʙ), ʚʳʜʝʣʝʥʥʳʡ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʚ ʩʠʥʪʝʟʝ, ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʁɦ ʠʤ ʬʦʨʤʝ (III ) ʠ 

ʚʤʝʩʪʦ ʜʚʫʭ ʜʦʥʦʨʥʳʭ N-ʛʝʪʝʨʦʮʠʢʣʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠ ʤʦʣʝʢʫʣʫ ɼʄʌɸ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ NO. ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʡ ʧʘʨʝ ʪʘʢʘʷ 

ʢʦʦʨʜʠʥʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʠ Ru1-N1 ʜʦ 1,725 ¡ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʜʣʠʥʳ ʩʚʷʟʠ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO ï ʩʚʷʟʴ Ru1-O2 ʩʦʩʪʘʚʣʷʝʪ 2,050(1) ¡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

2,337(8) ¡ ʜʣʷ ʩʚʷʟʠ Ru1-Cl3 ʚ ʢʦʤʧʣʝʢʩʝ (5ʘ). ʇʨʠ ʵʪʦʤ, ʟʘʤʝʥʘ ʭʣʦʨʘ ʥʘ ɼʄʌɸ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʟʘʤʝʪʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʚ 

ʮʠʩ-ʧʦʣʦʞʝʥʠʝ ʢ NO: cʚʷʟʴ ʤʝʪʘʣʣ-ʛʝʪʝʨʦʮʠʢʣ ʜʣʷ (5ʘ) ï 2,105(3) ¡, ʜʣʷ (5ʙ) ï 2,096(7) ¡, 

ʩʚʷʟʴ ʨʫʪʝʥʠʷ ʩ ʭʣʦʨʦʤ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO ʜʣʷ (5a) ï 2,377(3) ¡, ʜʣʷ (5ʙ) ï 2,366(2) ¡. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(3CNPy)2Cl3] (5a) ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʠʨʠʜʠʥʦʚʳʝ 

ʢʦʣʴʮʘ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʦʙʨʘʟʫʶʪ çʩʪʦʧʢʠè ʩ ʥʝʙʦʣʴʰʠʤ 

ʩʤʝʱʝʥʠʝʤ ʮʝʥʪʨʦʚ ʢʦʣʝʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʜʚʫʭ 

ʢʦʣʝʮ 3,7¡. 

 

ʈʠʩʫʥʦʢ 37. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(3CNPy)2Cl3] (5a)  
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ʈʠʩʫʥʦʢ 38. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʤʝʨ-[RuNO(3CNPy)(DMF)Cl4] (5ʙ) 

ʇʘʨʘ ʢʦʤʧʣʝʢʩʦʚ (7)-(8) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʘʙʦʪʳ 

ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ N-ʛʝʪʝʨʦʮʠʢʣʳ ʥʝ ʩʦʜʝʨʞʘʪ ʧʠʨʠʜʠʥʦʚʳʡ ʦʩʪʦʚ (ʈʠʩʫʥʦʢ 40). ɺ 

ʢʦʤʧʣʝʢʩʝ (7) ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʠʤʤʝʪʨʠʝʡ ʨʝʰʝʪʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʠ ʥʠʪʨʦʟʦʛʨʫʧʧʳ. ʏʝʪʳʨʝ ʧʦʟʠʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʠʤʠʜʘʟʦʣʴʥʳʭ ʢʦʣʝʮ, ʟʘʥʷʪʳ Cl- ʠ NO-ʣʠʛʘʥʜʘʤʠ ʩ ʟʘʩʝʣʝʥʥʦʩʪʷʤʠ 0,75 ʠ 0,25 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʣʠʛʘʥʜʦʚ. ɺ ʠʥʜʘʟʦʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʣʠʛʘʥʜʳ ʪʘʢʞʝ ʩʠʤʤʝʪʨʠʯʥʦ-ʵʢʚʠʚʘʣʝʥʪʥʳ. ʋʛʣʳ Ru-N-O ʚ ʢʦʤʧʣʝʢʩʘʭ (7)-(8) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʝʡ ʷʯʝʡʢʠ ʠ ʨʘʚʥʳ 180Á ʜʣʷ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ. 

 

ʈʠʩʫʥʦʢ 39. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(Im)2Cl3] (7) 
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ʈʠʩʫʥʦʢ 40. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(HInd)2Cl3] (8) 

ʋʛʣʳ L-Ru-L ʙʣʠʟʢʠ ʢ 90Á. ɼʣʷ ʢʦʤʧʣʝʢʩʘ (7) ʨʘʩʩʪʦʷʥʠʝ ʤʝʪʘʣʣ-ʛʝʪʝʨʦʮʠʢʣ ʟʘʤʝʪʥʦ 

ʫʢʦʨʦʯʝʥʦ ï 2,078(5) ¡ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʠʤ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 2,110 ¡. ʋ 

ʢʦʤʧʣʝʢʩʘ (8) ʠʥʜʘʟʦʣʴʥʳʝ ʣʠʛʘʥʜʳ ʧʦʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ 79Á, ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʘ (7) ʠʤʠʜʘʟʦʣʴʥʳʝ ʢʦʣʴʮʘ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʦʙʦʠʭ ʩʪʨʫʢʪʫʨ 

ʦʙʥʘʨʫʞʝʥʦ ʷʚʣʝʥʠʝ ˊʘʨʝʥ- ʘ́ʨʝʥ ʩʪʵʢʠʥʛʘ (ʈʠʩʫʥʢʠ 40 ʠ 41). ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ (8) 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʙʣʠʞʘʡʰʠʤʠ ʢʦʣʴʮʘʤʠ ʣʠʛʘʥʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 3,4 

¡, ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʵʪʠʭ ʢʦʣʝʮ - 180Á. ɼʣʷ ʠʥʜʘʟʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʡ ʧʦ 

ʪʠʧʫ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ CléH-N. ɸʪʦʤ ʭʣʦʨʘ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʦʜʦʨʦʜʦʤ N2 ʠʥʜʘʟʦʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ, ʨʘʩʩʪʦʷʥʠʝ Cl-

N ʩʦʩʪʘʚʣʷʝʪ 3,343 ¡. ɺ ʢʦʤʧʣʝʢʩʝ (7) ʙʣʠʞʘʡʰʝʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʢʦʣʴʮʦʤ ʦʜʥʦʛʦ ʠʤʠʜʘʟʦʣʘ ʠ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 3,6 ¡, ʢʦʣʴʮʘ ʧʦʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʥʘ 133Á. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʩ ʠʥʜʘʟʦʣʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʙʣʠʞʘʡʰʠʤʠ ʢʦʣʴʮʘʤʠ ʣʠʛʘʥʜʦʚ ʢʦʨʦʯʝ ʠ  ʩʦʩʪʘʚʣʷʝʪ 3,4 ¡, ʧʦʵʪʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʤʠʜʘʟʦʣ-ʠʤʠʜʘʟʦʣ ʩʣʘʙʝʝ.  

ʇʦʩʣʝʜʥʷʷ ʧʘʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʵʪʦ ʢʦʤʧʣʝʢʩʳ (9)-(10) c ʥʠʢʦʪʠʥ- ʠ 

ʠʟʦʥʠʢʦʪʠʥʘʤʠʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ, 

ʢʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ NH2 ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ.  
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ʈʠʩʫʥʦʢ 41. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʤʠʜʘʟʦʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʠ ʠʭ ʧʦʚʦʨʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ 

ʜʣʷ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(Im)2Cl3] (7). ɸʪʦʤʳ ʭʣʦʨʘ ʠ ʤʦʣʝʢʫʣʘ NO 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʯʝʪʳʨʝʤ ʧʦʟʠʮʠʷʤ 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʧʦʣʫʯʝʥʥʳʡ ʪʨʘʥʩ-[Ru(NO)(NicA)2Cl3] (9) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/c. ʅʠʪʨʦʟʦʛʨʫʧʧʘ ʠ ʘʪʦʤ ʭʣʦʨʘ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʝʡ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ. ʄʦʣʝʢʫʣʳ ʥʠʢʦʪʠʥʘʤʠʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ ʨʫʪʝʥʠʶ 

ʘʪʦʤʦʤ ʘʟʦʪʘ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ Ru-N ʚ 2,110(3) ¡, ʘʪʦʤ ʭʣʦʨʘ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ, ʣʝʞʠʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2,245(3) ¡ ʦʪ 

ʨʫʪʝʥʠʷ, ʦʩʪʘʣʴʥʳʝ ʜʚʘ ʘʪʦʤʘ ʚ ʧʣʦʩʢʦʩʪʠ ʩ N-ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʫʜʘʣʝʥʳ ʦʪ ʨʫʪʝʥʠʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 2,374(3) ¡. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʢʦʣʴʮʘ ʣʠʛʘʥʜʦʚ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ (9)  ʨʘʩʧʦʣʦʞʝʥʳ 

ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3,655 ¡ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ, ʘʪʦʤʳ ʉ1 ʠ 

N2 ʥʘʭʦʜʷʪʩʷ ʥʘʜ ʘʪʦʤʘʤʠ C2 ʠ C3 ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ) ʠ ʦʙʨʘʟʫʶʪ ʧʘʨʳ ʢʦʣʝʮ, ʧʣʦʩʢʦʩʪʠ 

ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ 

ʩʣʘʙʳʭ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʈʠʩʫʥʦʢ 42). 

 

ʈʠʩʫʥʦʢ 42. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ 

ʪʨʘʥʩ-[RuNO(NicA)2Cl3] (9) 
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ʀʟʦʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-[Ru(NO)(InicA)2Cl3] (10) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʉ2/ʩ. ʈʘʩʩʪʦʷʥʠʝ Ru-N(ʣʠʛʘʥʜ) ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʟʥʘʯʝʥʠʶ ʜʣʷ (9) ʠ ʨʘʚʥʦ 2,109(3) ¡, ʘʪʦʤʳ ʭʣʦʨʘ ʪʘʢ ʞʝ ʫʜʘʣʝʥʳ ʦʪ ʨʫʪʝʥʠʷ ʥʘ ʨʘʟʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ï 2,305(2) ¡ ʜʣʷ ʭʣʦʨʘ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO ʠ 2,370(1) ¡ ʜʣʷ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ 

ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ. 

ʋʛʣʳ N(NO)-Ru-L ʤʝʞʜʫ ʥʠʪʨʦʟʦʛʨʫʧʧʦʡ ʠ ʣʠʛʘʥʜʘʤʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

[Ru(NO)(NicA)2Cl3] ʙʣʠʟʢʠ ʢ 90Ü: ʜʣʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʫʛʣʳ N(NO)-Ru-

N(ʛʝʪʝʨʦʮʠʢʣ) ʩʦʩʪʘʚʣʷʶʪ 91,2Ü ʠ 88,8Ü, ʫʛʣʳ N(NO)-Ru-Cl(ʵʢʚʘʪ. ʧʣ) - 91,55Ü ʠ 88,45Ü. ʋʛʦʣ 

ʤʝʞʜʫ ʘʟʦʪʦʤ ʥʠʪʨʦʟʦʛʨʫʧʧʳ, ʨʫʪʝʥʠʝʤ ʠ ʘʪʦʤʦʤ ʭʣʦʨʘ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO 

ʩʦʩʪʘʚʣʷʝʪ 178,69Ü. ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʠ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʩʦʩʪʘʚʣʷʝʪ 44,69Ü.  

ɺ ʢʦʤʧʣʝʢʩʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʪʨʘʥʩ-[Ru(NO)(InicA)2Cl3] ʫʛʣʳ N(NO)-Ru-L(ʛʝʪʝʨʦʮʠʢʣ) 

ʩʦʩʪʘʚʣʷʶʪ 92,08Ü, ʫʛʣʳ N(NO)-Ru-Cl(ʪʨʘʥʩ ʢ NO) ï 92,14 Ü. ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʩʦʩʪʘʚʣʷʝʪ 51,52Ü. ʈʘʩʩʪʦʷʥʠʷ ʨʫʪʝʥʠʡ-

ʨʫʪʝʥʠʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

7,196-10,926 ¡. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʩʦʩʪʘʚʣʷʝʪ 4,954 ¡, 

ʢʦʣʴʮʘ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ-ʜʨʫʛʘ ʠ ʨʘʟʚʝʨʥʫʪʳ ʥʘ 180Ü (ʈʠʩʫʥʦʢ 

43) 

 

ʈʠʩʫʥʦʢ 43. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ 

ʪʨʘʥʩ-[RuNO(InicA)2Cl3] (10) 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʦʯʝʥʴ ʧʨʠʤʝʯʘʪʝʣʴʥʘ ʚʟʘʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʚʥʫʪʨʠ 

ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ï ʠʭ ʧʣʦʩʢʦʩʪʠ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʦʙʨʘʟʫʶʪ 

ʫʛʦʣ 76,98Á. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʚʦʨʦʪ ʢʦʣʝʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ-ʜʨʫʛʘ ʩʨʝʜʠ ʚʩʝʭ 

ʦʧʠʩʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʦʚ, ʢʨʦʤʝ (10), ʧʦʢʘʟʘʥ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-
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[Ru(NO)(HInd)2Cl3] (79Á), ʠ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ ʚ ʣʠʪʦʙʟʦʨʝ, ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʷʚʣʝʥʠʝʤ 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ ʪʨʘʥʩ-[Ru(NO)(L)2Cl3], ʛʜʝ L - ʧʨʦʠʟʚʦʜʥʦʝ ʧʠʨʠʜʠʥʘ. 

ɸʤʠʜʦʛʨʫʧʧʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ (9) ʠ (10) ʠʤʝʶʪ ʨʘʟʥʳʝ ʥʘʙʦʨʳ 

ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ. ʊʘʢ, ʚ (9) ʘʤʠʜʦʛʨʫʧʧʘ ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʭʣʦʨʘ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ, ʨʘʩʩʪʦʷʥʠʷ ʨʘʚʥʳ 3,501 ʠ 3,374 ¡. ɺ (10) ʘʤʠʜʦʛʨʫʧʧʘ ʩʚʷʟʘʥʘ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʢʠʩʣʦʨʦʜʦʤ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ, ʨʘʩʩʪʦʷʥʠʝ 

ʨʘʚʥʦ 2,927 ¡.  ʕʪʠ ʦʪʣʠʯʠʷ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 3500ï

3100 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ɜ(NH2), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʟʦʙʨʘʥʳ 

ʜʝʪʘʣʴʥʦ ʚ ʯʘʩʪʠ 3.3.1.  

3.2.2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

{Zn[RuNO(H 2O)(Inic)2(OH)2]2} 

ʇʦʜʢʠʩʣʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʚʦʨʘ [RuNO(Inic)2(OH)3]
2- c ʠʟʙʳʪʢʦʤ 

ʘʮʝʪʘʪʘ ʮʠʥʢʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʤʦʣʷʨʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʮʠʥʢʘ ʠ ʨʫʪʝʥʠʷ 1:2130. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 

{Zn[RuNO(H2O)(Inic)2(OH)2]2}Ā12H2O ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ 

ʬʨʘʛʤʝʥʪʦʚ H-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ (ʈʠʩʫʥʦʢ 44). ʂʘʞʜʳʡ ʬʨʘʛʤʝʥʪ ʚʢʣʶʯʘʝʪ ʜʚʘ ʘʥʠʦʥʘ 

ʨʫʪʝʥʠʷ [RuNO(H2O)(Inic)2(OH)2]
-, ʢʦʪʦʨʳʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʩ ʢʘʪʠʦʥʦʤ ʮʠʥʢʘ ʯʝʨʝʟ 

ʤʦʩʪʠʢʦʚʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʈʘʩʩʪʦʷʥʠʷ Ru-OH ʨʘʚʥʳ 1,946(4) ʠ 2,018(4) ¡. ɹʦʣʝʝ 

ʢʦʨʦʪʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ 

ʥʠʪʨʦʟʠʣʴʥʦʡ ʛʨʫʧʧʝ. ʋʤʝʥʴʰʝʥʠʝ ʥʘ 0,07 ¡ ʪʨʘʥʩ-ʢ-NO ʩʚʷʟʠ ʨʫʪʝʥʠʡ-ʛʠʜʨʦʢʩʠʣ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʩ-ʢ-NO ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʝʨʠʯʝʩʢʠʤ ʪʨʘʥʩ-ʚʣʠʷʥʠʝʤ ʩʚʷʟʝʡ ON-M-X 132,136. 

ɼʣʠʥʘ ʩʚʷʟʠ Ru-H2O (2,109(4) ¡) ʜʣʠʥʥʝʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʷ Ru-OH (ʥʘ 0,15ï0,09 ¡,) ʯʪʦ 

ʪʠʧʠʯʥʦ ʜʣʷ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 43,86. ʈʘʩʩʪʦʷʥʠʷ Ru-Nʛʝʪʝʨʦʮʠʢʣ (2,065(5) ʠ 2,103(5) ¡) 

ʧʦʜʦʙʥʳ ʠʩʭʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [RuNO(InicEt)2Cl3] (2,107(5) ¡) ʠ ʜʨʫʛʠʤ ʢʦʤʧʣʝʢʩʘʤ 

(ʊʘʙʣʠʮʘ 4). ɼʣʠʥʘ ʩʚʷʟʠ ʨʫʪʝʥʠʡ-ʥʠʪʨʦʟʠʣ ʥʝʤʥʦʛʦ ʢʦʨʦʯʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ 

(1,759(4) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1,818(4) ¡). ʋʛʦʣ Ru-N-O ʩʦʩʪʘʚʣʷʝʪ 173,8(5)Á ʠ ʨʘʩʩʪʦʷʥʠʝ N-O - 

1,131(9) ¡. ʊʦʣʴʢʦ ʦʜʠʥ ʠʟʦʥʠʢʦʪʠʥʘʪʥʳʡ ʣʠʛʘʥʜ ʚ ʢʘʞʜʦʤ ʘʥʠʦʥʝ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʤʦʩʪʠʢʦʚʳʤ ʠ ʩʚʷʟʘʥ ʩ ʢʘʪʠʦʥʦʤ ʮʠʥʢʘ, ʜʨʫʛʦʡ ʫʯʘʩʪʚʫʝʪ ʚ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʨʫʪʝʥʠʝʤ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʩʦʩʝʜʥʝʡ ʮʝʧʠ, ʦʙʨʘʟʫʷ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʣʦʩʢʦʩʪʠ. ʈʘʩʩʪʦʷʥʠʷ O-O ʜʣʷ ʵʪʠʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʨʘʚʥʳ 2,641(5) ¡. ɺ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢ ʮʠʥʢʫ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʜʣʠʥʳ ʩʚʷʟʝʡ C-O ʩʦʩʪʘʚʣʷʶʪ 1,265(7) ¡ 

ʜʣʷ ʢʠʩʣʦʨʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʮʠʥʢʦʤ, ʠ 1,253(7) ¡ ʜʣʷ ʚʪʦʨʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺʥʝʰʥʠʝ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ, ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʝ 

ʜʣʠʥʳ ʩʚʷʟʝʡ ʉ-ʆ (1,251(7) ʠ 1,254(7) ¡). ʂʘʪʠʦʥ ʮʠʥʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ ʠ 
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ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʤʦʩʪʠʢʦʚʳʭ ʛʠʜʨʦʢʩʦʛʨʫʧʧ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʈʘʩʩʪʦʷʥʠʷ Zn-O ʠʟʤʝʥʷʶʪʩʷ ʦʪ 2,097(4) ʜʦ 2,150(4) ¡. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ZnO6 ʩʠʣʴʥʦ ʠʩʢʘʞʝʥ, ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ O-Zn-O ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʦʜʥʦʛʦ ʨʫʪʝʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʨʘʚʝʥ 75,4(1) Á. 

ʀʟʦʥʠʢʦʪʠʥʘʪʥʳʝ ʣʠʛʘʥʜʳ ʩʚʷʟʳʚʘʶʪ ʅ-ʦʙʨʘʟʥʳʝ ʢʣʘʩʪʝʨʳ ʩʚʷʟʴʶ ʮʠʥʢ-ʢʘʨʙʦʢʩʠʣ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (2,63 ¡) ʩʦʙʠʨʘʶʪ ʮʝʧʠ ʚ ʩʣʦʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 

ʨʘʚʥʦ 8,42 ¡, ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 29,6% ʦʙʲʝʤʘ ʷʯʝʡʢʠ, 

ʟʘʧʦʣʥʝʥʦ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 

 

ʈʠʩʫʥʦʢ 44. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ {Zn[RuNO(H2O)(Inic)2(OH)2]2}  

3.3. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

3.3.1. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʠ ʤʦʥɦʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʝʝ 

ʧʦʤʦʱʴʶ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʘʭ, ʢʦʣʠʯʝʩʪʚʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ n(NO) (1800-2000 ʩʤ-1) ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʢʘʢ ʵʪʘ ʧʦʣʦʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʝʨʝʢʨʳʚʘʝʪʩʷ 

ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʧʝʢʪʨʝ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʦʢʨʫʞʝʥʠʶ ʨʫʪʝʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢ ʪʨʘʥʩ-

ʧʘʨʪʥʝʨʫ ʥʠʪʨʦʟʦʛʨʫʧʧʳ 41,44,137ï139. ɺ ʨʘʙʦʪʝ 139 ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ˊ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʦʪʠʚ NO. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢ 

ʨʫʪʝʥʠʶ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ NO ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʣʦʩʳ 
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ʢʦʣʝʙʘʥʠʡ n(NO) ʚ ʀʂ-ʩʧʝʢʪʨʝ 140. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʪʘʢʞʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʠʚʦʠʦʥʘ ʢʦʤʧʣʝʢʩʘ ʠ ʥʘʙʦʨʘ ʙʣʠʟʢʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ 41, 140 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ n(NO) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ʊʘʙʣʠʮʘ 6) 

ʜʦʚʦʣʴʥʦ ʫʟʦʢ ï 1863ï1895 ʩʤ-1. ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ ʪʨʘʥʩ-[RuNOL2Cl3] ʤʳ ʥʝ 

ʚʘʨʴʠʨʫʝʤ ʪʨʘʥʩ-ʧʘʨʪʥʝʨʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠʣʠ ʧʨʦʪʠʚʦʠʦʥ (ʢʦʤʧʣʝʢʩʳ ʥʝ ʟʘʨʷʞʝʥʳ), 

ʧʦʵʪʦʤʫ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ ʩʧʝʢʪʨʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʝʝ ʦʢʨʫʞʝʥʠʝʤ ʚ ʢʨʠʩʪʘʣʣʝ.  

ʊʘʙʣʠʮʘ 6. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʧʦʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʉʦʝʜʠʥʝʥʠʝ n(NO), ʩʤ-1 n(C=O) ʠʣʠ n(C-N), ʩʤ-1 

1 [RuNO(NicMe)2Cl3] 1863 1720 

2ʘ [RuNO(NicEt)2Cl3] 1876 1730 

3 [RuNO(InicMe)2Cl3] 1871 1734 

4 [RuNO(InicEt)2Cl3] 1870 1735 

5ʘ [RuNO(3CNPy)2Cl3] 1880 2251 

6 [RuNO(4CNPy)2Cl3] 1875 2239 

7 [RuNO(Im)2Cl3] 1863 - 

8 [RuNO(HInd)2Cl3] 
1876 - 

9 [RuNO(NicA)2Cl3] 
1875 1687 

10 [RuNO(InicA)2Cl3] 1895 1677 

 

ɽʱʝ ʦʜʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʥʘʩ 

ʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʟʘʤʝʩʪʠʪʝʣʷʤ ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʣʝʮ ʣʠʛʘʥʜʦʚ. ɺ 

ʪʘʙʣʠʮʝ 6 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʢʦʣʝʙʘʥʠʡ n(C=O) ʜʣʷ ʵʬʠʨʦʚ ʥʠʢʦʪʠʥʦʚʳʭ 

(ʠʟʦʥʠʢʦʪʠʥʦʚʳʭ) ʢʠʩʣʦʪ ʠ ʠ n(CſN) ʜʣʷ ʥʠʪʨʠʣʴʥʳʭ ʠ ʘʤʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʆʙʳʯʥʦ 

ʢʦʣʝʙʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʚ ʦʙʣʘʩʪʠ 1780ï1680 ʩʤī1 141. ɺ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʭ ʢʦʣʝʙʘʥʠʷ n(C=O) ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 1720ï1735 ʩʤ-1, ʜʣʷ 

ʠʟʦʥʠʢʦʪʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʷ ʥʠʢʦʪʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʈʘʟʣʠʯʠʷ ʚ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʥʠʪʨʠʣʴʥʳʭ ʠ ʘʤʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʧʦ 

ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ: ʪʨʦʡʥʘʷ, ʠ ʦʪʪʦʛʦ ʫʢʦʨʦʯʝʥʥʘʷ, ʩʚʷʟʴ ʉſN ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ 

(2239ï2251 ʩʤ-1) ʯʝʤ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʉ-N ʚ ʘʤʠʜʘʭ (1677ï1687 ʩʤ-1)142ï144.  
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ɺ ʦʪʥʝʩʝʥʠʠ ʧʦʣʦʩ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʯʘʩʪʦ ʧʦʤʦʛʘʶʪ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʯʘʩʪʦʪ 

ʢʦʣʝʙʘʥʠʡ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ, ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʪʦʞʝ ʦʙʨʘʱʘʣʠʩʴ ʢ ʵʪʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ. 

ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʩ ʦʧʦʨʦʡ ʥʘ ʨʘʩʯʝʪʳ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʘʣʝʝ ʜʣʷ ʦʙʣʘʩʪʠ 800-1600 ʩʤ-1. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩʧʦʩʦʙʥʳ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʚ ʩʧʝʢʪʨʘʭ ʩ ʨʘʟʥʦʡ ʪʦʯʥʦʩʪʴʶ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʥʘʠʙʦʣʝʝ 

ʷʨʢʦ ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʩʨʘʚʥʠʚʘʷ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʚ ʨʘʩʯʝʪʘʭ ʜʣʷ n(NO) ʠ n(C=O) ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʬʠʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ 

ʪʘʙʣʠʮʝ 7 ʨʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʝ ʜʚʝ ʩʪʨʦʢʠ: ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ n(NO) ʚ 

ʧʨʝʜʩʢʘʟʘʥʥʦʤ ʀʂ-ʩʧʝʢʪʨʝ ʩʜʚʠʥʫʪʘ ʥʘ 65 ʩʤ-1 ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʯʝʤ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʞʝʥʠʝ n(C=O) ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ 

ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʦ. ʈʘʩʭʦʞʜʝʥʠʷ ʚ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʦʪʘʭ 

ʢʦʣʝʙʘʥʠʷ n(NO) ʪʘʢ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 75. 

ɼʨʫʛʠʝ ʧʨʠʟʥʘʢʠ ʥʠʪʨʦʟʠʣʴʥʦʡ ʩʚʷʟʠ ð ʵʪʦ ʢʦʣʝʙʘʥʠʷ ʨʘʩʪʷʞʝʥʠʷ ɜ(Ru-NO), ʤʦʜ r

ʜʝʬʦʨʤʘʮʠʠ ŭ (Ru-N-O) ʠ ʧʦʣʦʩ rɜ(Ru-Lʪʨʘʥʩ ʢ NO), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʯʘʩʪʦʪʘʤʠ ʥʠʞʝ 700 

ʩʤ-1. ʆʜʥʘʢʦ ʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʚ ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ (ʥʠʞʝ 700 ʩʤ-1) ʥʝ ʦʯʝʚʠʜʥʦ. ɺ 

ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ 145,146 ʧʦʩʪʫʣʠʨʫʝʪʩʷ, ʯʪʦ ʢʦʣʝʙʘʥʠʝ ɜ(Ru-NO) ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʦʡ ŭ(Ru-N-O), ʯʪʦ ʧʦʢʘʟʘʥʦ ʀʂ- ʠ ʨʘʤʘʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʯʝʥʳʭ ʥʠʪʨʦʟʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 15NO ʚ ʢʦʤʧʣʝʢʩʘʭ 

[Ru(NO)X5]
2- (X = Cl-, Br-, I-). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʬʪʘʣʦʮʠʘʥʠʥʘ (pc2-) ʨʫʪʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO 147. 

ʅʘʧʨʠʤʝʨ, ʚ ʪʨʘʥʩ-[Ru(NO)(pc)F] ʤʦʜʳ ɜ(Ru-NO), ŭ(Ru-N-O) ʠ ɜ(Ru-F) ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ 

ʧʦʣʦʩʘʤ ʥʘ 624, 581 ʠ 483 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʧʨʦʪʠʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʤʝʯʝʥʳʭ (15NO) ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʘ ŭ(Ru-N-

O) ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ, ʯʝʤ ɜ(Ru-NO) ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʮʠʩ-

[Ru(NO)(TPA)X]2/3+ (TPA - ʪʨʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ) 79. ʊʘʢʘʷ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʵʪʠʭ ʧʦʣʦʩ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Ru(NO)(NH3)5]Br3 
148. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ 

ʚʟʘʠʤʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʧʦʣʦʩ ʚʣʠʷʝʪ ʨʘʟʣʠʯʥʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʨʫʪʝʥʠʝʚʦʛʦ 

ʮʝʥʪʨʘ. ɺ ʢʦʤʧʣʝʢʩʘʭ [Ru(NO)(NH3)5]
3+ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʥʠʦʥʘʤʠ 56 ʧʦʣʦʩʘ ŭ(Ru-N-O) 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ, ʯʝʤ ɜ(Ru-NO), ʥʦ ʩʥʦʚʘ ʧʦʣʦʩʳ ʠʟʦʤʝʨʦʚ ʩʚʷʟʠ ʥʝ ʙʳʣʠ 

ʪʦʯʥʦ ʦʪʥʝʩʝʥʳ ʢ ʤʦʜʘʤ ŭ(Ru-N-O) ʠʣʠ ɜ(Ru-NO). ʀʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʠʨʠʜʠʥʘ ʪʨʘʥʩ-[Ru(NO)(py4)X]2+ (X = Cl-, Br- ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʧʦʣʦʩ ŭ(Ru-N-O) 

(614, 609 ʩʤ-1 ) ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɜ(Ru-NO) (606, 603 ʩʤ-1 ) 55.  

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[RuNOL2Cl3] ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʧʠʩʴ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʪʦʣʴʢʦ 

ʜʣʷ ʦʙʨʘʟʮʦʚ, ʥʝʦʙʦʛʘʱʝʥʥʳʭ 15N ʧʦ ʥʠʪʨʦʟʦʛʨʫʧʧʝ, ʧʦʵʪʦʤʫ ʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ 
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400ï700 ʩʤ-1 ʜʣʷ ʥʘʩ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[Ru(NO)(Py4)F](ClO4)2 
140 ʠ ʚʳʧʦʣʥʝʥʥʳʭ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʤʳ ʤʦʞʝʤ ʦʪʥʝʩʪʠ ʢʦʣʝʙʘʥʠʝ ŭ(Ru-N-O) ʜʣʷ ʦʧʠʩʳʚʘʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʢ ʦʙʣʘʩʪʠ 658ï665 ʩʤ-1, ʦʩʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 400ï700 ʩʤ-1 ʧʦ ʜʘʥʥʳʤ 

ʨʘʩʯʝʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʣʝʮ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʬʠʨʘʤʠ ʥʠʢʦʪʠʥʦʚʦʡ ʠ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʚʝʜʝʥʦ ʦʪʥʝʩʝʥʠʝ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʩʧʝʢʪʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʦʙʫʩʣʦʚʣʝʥʳ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʤʝʞʜʫ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʝ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʝʤ ʵʬʠʨʥʦʡ ʛʨʫʧʧʳ 

ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ. ʅʘ ʨʠʩʫʥʢʝ 45 ʧʦʢʘʟʘʥʳ 

ʥʘʙʦʨʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʵʬʠʨʥʳʭ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ 

1500ï1400 ʩʤ-1. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʵʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʳʨʝ 

ʦʪʜʝʣʴʥʳʝ ʧʦʣʦʩʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʤʝʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʷʚʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʫʙʣʝʪʘ 

1450ï1430 ʩʤ-1. ɺ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʬʠʨʘʤʠ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʷʚʣʷʝʪʩʷ 

ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 1230-1234 ʩʤ-1, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ŭ(Car-H) 

(ʈʠʩʫʥʦʢ 46). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ɜ(ʉet-ʉet) ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʵʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɼʣʷ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 1017 ʩʤ-1 (ʊʘʙʣʠʮʘ 7). ʇʦʜʦʙʥʦʝ 

ʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʫʞʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠ ʘʥʘʣʠʟʝ ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʦʛʦ 

ʵʪʠʣʥʠʢʦʪʠʥʘʪʘ 149.  

ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʦʙʣʘʩʪʴ 3000ï4000 ʩʤ-1 ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ɜ(OH) ʠ ɜ(NH) ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʵʪʠ ʛʨʫʧʧʳ 150. ɼʣʷ 

ʢʦʤʧʣʝʢʩʦʚ (9) ʠ (10) ʩ ʘʤʠʜʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ (ʠʟʦ)ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʤʠ ʦʪʤʝʯʝʥ 

ʠʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ: ʚ ʦʙʣʘʩʪʠ 3500ï3100 ʩʤ-1 ʀʂ-ʩʧʝʢʪʨ (10) ʠʤʝʝʪ ʜʚʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʦʪʥʦʩʠʤ ʢ ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ɜ(NH2)
134. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ (9) ʟʘʤʝʪʥʦ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʭ ʤʳ 

ʥʘʙʣʶʜʘʝʤ ʯʝʪʳʨʝ ʠ ʩʚʷʟʳʚʘʝʤ ʵʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʙʦʨʘ ʢʦʤʙʠʥʘʮʠʡ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʘʤʠʜʦʛʨʫʧʧ (ʈʠʩʫʥʦʢ 47). ʅʘʣʠʯʠʝ ʩʝʪʢʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʝ (10) ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ 

ʘʤʠʜʦʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʫʰʠʨʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ ɜ(NH2) 

(ʈʠʩʫʥʦʢ 48). 
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ʊʘʙʣʠʮʘ 7. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʚʳʯʠʩʣʝʥʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ (1)-(4) ʩ ʠʭ 

ʦʪʥʝʩʝʥʠʝʤ. ʎʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʥʘʙʦʨʳ ʢʦʣʝʙʘʥʠʡ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

(1) NicMe, ʩʤ-1 (2a) NicEt , ʩʤ-1 (3a) InicMe, ʩʤ-1 (4) InicEt, ʩʤ-1 

ʍʘʨʘʢʪʝʨ 

ʢʦʣʝʙʘʥʠʡ ʕʢʩʧ. ɺʳʯʠʩʣ. ʕʢʩʧ. ɺʳʯʠʩʣ. ʕʢʩʧ. ɺʳʯʠʩʣ. ʕʢʩʧ. ɺʳʯʠʩʣ. 

1863 1930 1864 1930 1873 1934 1869 1930 ɜ(N=O) 

1718 1732 1729 1732 1733 1738 1728 1733 ɜ(C=O) 

1667 1647 1644 1647 1673 1658 1647 1658 

ɜ(Car -ʉar) ʠʣʠ 

 ɜ(Car-Nar) 
1610 1617 1609 1617 1617 1597 1617 1597 

1577   1582   1560 1539 1560 1539 

1506 1519 1522 1519 1501 1536 1496 1536 ŭ(Car-H) 

1476 1478 1469 1478     1474 1477 

ŭ (CH2) 

ʠʣʠ ŭ (CH2) 

 

1442 1469 1441 1469 1449 1476 1449 1469 

1430 1465     1433 1471 1427 1417 

        1424 1469     

    1395 1399     1400 1399 

1354 1370 1369 1369 1388 1361 1365 1361 ɜ(Car- Car) 

1332 1361 1325 1360 1325 1359 1328 1358 ɜ(Car- Car) 

1302 1303 1291 1296 1300 1296 1287 1293 ɜ(Car-ʉ=O) 

        1234 1243 1230 1243 ŭ(Car-H) 

        1214 1214 1219     

1192 1153 1199 1172 1198 1168 1175 1171 
ŭ(CH2CH3) 

ʠʣʠ ŭ(CH3)  

1140 1138 1147 1139 1153 1145       

    1143 1127           

1121 1134 1119 1134 1129 1132 1138 1132 ŭ(Car-H) 

1101 1086 1100 1086 1111 1084 1110 1084 

ŭ(Car-Car) 1063 1054 1063 1054 1052 1051 1059 1051 

1030 1034 1034 1036 1036 1049 1037 1050 

    1017 1020     1017 1018 ɜ(ʉet-ʉet) 

960 990-960 961 990-960 960 968 964   ŭ(Car-H) 

839 850 829 871 837 846 853 869 ŭ(COO) 
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ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ,ʩʤ-1

 [RuNO(MeNic)2Cl3]

 [RuNO(EtNic)2Cl3]

 [RuNO(MeInic)2Cl3]

 [RuNO(EtInic)2Cl3]

 

ʈʠʩʫʥʦʢ 45. ʅʘʙʦʨʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʵʬʠʨʥʳʭ ʛʨʫʧʧ ʚ ʀʂ-

ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ (1)-(4) ʚ ʦʙʣʘʩʪʠ 1500ï1350 ʩʤ-1 

 

ʈʠʩʫʥʦʢ 46. ʈʘʩʩʯʠʪʘʥʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ [RuNO(InicMe)2Cl3] ʚ ʦʙʣʘʩʪʠ 

1243 ʩʤ-1 
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ʈʠʩʫʥʦʢ 47. ʉʨʘʚʥʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ (9) (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ (10) (ʩʠʥʷʷ ʣʠʥʠʷ) ʚ ʦʙʣʘʩʪʠ 

3600ï3000 ʩʤ-1 

 

ʈʠʩʫʥʦʢ 48. ʈʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ ʘʤʠʜʦʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ (9) ʠ (10) 

3600 3400 3200 3000

40

60

80

100

 RuNO(InicA)2Cl3

 RuNO(NicA)2Cl3

ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʩʤ-1

ʇ
ʨ
ʦ
ʧ
ʫ
ʩ
ʢ
ʘ
ʥ
ʠ
ʝ
,
 
%



85 

ɺ ʩʧʝʢʪʨʝ (10) ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ (1557 ʩʤ-1 ʠ 1427 ʩʤ-1) 

ʦʪʥʝʩʝʥʥʳʝ ʢ ʢʦʣʝʙʘʥʠʷʤ ʨʘʩʪʷʞʝʥʠʷ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ɜ(ʉar-Car) 
151. ʉʫʱʝʩʪʚʝʥʥʳʡ 

ʩʜʚʠʛ ʵʪʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩ ʠʟʦʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (9) (ʊʘʙʣʠʮʘ 8) 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʩʠʩʪʝʤʦʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʠ ʚʦʜʦʨʦʜʘ NH2 ʛʨʫʧʧʳ ʠ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ 

ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ. 

ʊʘʙʣʠʮʘ 8. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (9) ʠ (10) ʩ ʠʭ ʦʪʥʝʩʝʥʠʝʤ 

(9) NicA, ʩʤ-1 (10) InicA, ʩʤ-1 
ʍʘʨʘʢʪʝʨ 

ʢʦʣʝʙʘʥʠʡ 

3465 3388 

ɜ(NH2) 
3442 3169 

3367  

3341  

1875 1895 ɜ(N=O) 

1687 1677 ɜ(C=O) 

1605 1611 
ŭ (NH2) 

1575 1557 

1475 1427 ɜ(Car- Car) 

1383 1404 
ŭ(C(=O)-N-

H) 

1193 1222 ŭ(Nar-C-H) 

1130 1156 ŭ(Car-H) 

1063 1060 ŭ(NH2) 

829 849 ŭ(Car-H) 

 

3.3.2. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ  

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʚʦʟʤʦʞʥʘ ʛʝʥʝʨʘʮʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ MS1 ʩ 

ʢʦʦʨʜʠʥʘʮʠʝʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʢ ʘʪʦʤʫ ʨʫʪʝʥʠʷ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ. ʅʘʣʠʯʠʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ MS1 ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 450 ʥʤ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʚ, ʩʥʷʪʳʭ ʧʨʠ 80 K. ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʟʦʤʝʨʠʟʘʮʠʶ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʥʝ ʚʭʦʜʠʣʦ ʚ ʮʝʣʠ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʆʜʥʘʢʦ ʜʝʤʦʥʩʪʨʘʮʠʷ ʵʪʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʪʨʘʥʩ-[RuNO(3CNPy)2Cl3], 
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[RuNO(H2O)2(InicH)2(OH)]ĀH2O ʠ ʄʆʂʇ { Zn[RuNO(H2O)(Inic)2(OH)2]2}  ʙʳʣʘ ʚʢʣʶʯʝʥʘ ʚ 

ʨʘʙʦʪʫ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʦʤʝʨʠʟʘʮʠʠ GSŸMS1ŸGS ʚ 

ʧʦʣʫʯʝʥʥʦʡ ʣʠʥʝʡʢʝ ʢʦʤʧʣʝʢʩʦʚ ʠ ʄʆʂʇ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ MS1 ʜʣʷ ʪʨʘʥʩ-[RuNO(3CNPy)2Cl3] 

ʉʧʝʢʪʨ ʦʙʨʘʟʮʘ ʪʨʘʥʩ-[RuNO(3CNPy)2Cl3], ʦʙʣʫʯʝʥʥʦʛʦ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

450 ʥʤ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʢʪʨʘ ʥʝʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ɜ(N=O) ʚ ʦʙʣʘʩʪʠ 1850-1950 ʩʤ-1
, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝʤ ʧʦʣʦʩ r ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ɜ(O=N) ʠʟʦʤʝʨʠʟʦʚʘʥʥʦʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ 

ʦʙʣʘʩʪʠ 1735ï1755 ʩʤ-1 (ʈʠʩʫʥʦʢ 49). ʆʮʝʥʠʪʴ ʟʘʩʝʣʝʥʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ MS1 ʤʦʞʥʦ 

ʩʨʘʚʥʠʚʘʷ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ɜ(N=O) ʚ ʦʙʣʫʯʝʥʥʦʤ ʠ 

ʥʝʦʙʣʫʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ ʬʦʨʤʫʣʝ ρ ̘̏̂̌̔Ȣ

̘̎̆̏̂̌̔Ȣ
. 
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ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʩʤ-1

 ʜʦ ʦʙʣʫʯʝʥʠʷ

 ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ

 

ʈʠʩʫʥʦʢ 49. ʀʂ-ʩʧʝʢʪʨʳ [RuNO(3CNPy)2Cl3] ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ 450 

ʥʤ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ 80 K 

ɼʣʷ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ MS1 

ʩʦʩʪʘʚʠʣʘ 17%133. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ 

ʩʚʷʟʝʚʦʛʦ ʠʟʦʤʝʨʘ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʘʪʦʤʦʤ ʘʟʦʪʘ. ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ Ru-

ON ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʠʟʦʤʝʨʠʟʘʮʠʶ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʟʘʢʦʥʦʤʝʨʥʦ ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ (ʈʠʩʫʥʦʢ 50).  

 

ʈʠʩʫʥʦʢ 50. ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ n(NO), ʦʪʚʝʯʘʶʱʝʡ MS1 

ʠʟʦʤʝʨʫ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʡ MS1ŸGS ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʬʦʨʤʘʣʠʟʤʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ MS1ŸGS ʷʚʣʷʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʠ ʩʣʝʜʫʝʪ 

ʢʠʥʝʪʠʢʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʈʝʘʢʮʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ 

Ὠ‌

Ὠὸ
ὯὝὪ‌ȟ 

ʛʜʝ ‌ ï ʜʦʣʷ ʨʘʩʧʘʚʰʠʭʩʷ ʤʦʣʝʢʫʣ MS1 ʟʘ ʚʨʝʤʷ ὸ, Ὢ‌ ρ ὥ, Ὧ - ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʚ ʫʨʘʚʥʝʥʠʠ ɸʨʨʝʥʠʫʩʘ  

ὯὝ Ὧ Ὡ ᶻ , 

ʚ ʢʦʪʦʨʦʤ Ὧ ï ʧʨʝʜʵʢʩʧʦʥʝʥʪ, ʩ
-1; Ὁ ï ɻ ʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ɼʞ/ʤʦʣʴ; Ὑ ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, 

8,314 ɼʞ/ʤʦʣʴĿK; Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ, K. 

ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ ʥʘʛʨʝʚʘ Ὕ Ὕ ήὸ (ή ï ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, K/ʤʠʥ) ʠʤʝʝʤ: 

Ὠ‌

ὨὝ

Ὧ

ή
ρ ‌ÅØÐ

Ὁ

ὙὝ
Ȣ 

ʉʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʩʝʭ ʪʨʝʭ ʢʨʠʚʳʭ ʚ ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʜʣʷ ʧʝʨʝʭʦʜʘ 
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MS1ŸGS: Ea = 46,5(1,7) ʢɼʞ/ʤʦʣʴ ʠ lgὯ = 10,8(1,0). ʂʦʤʧʣʝʢʩʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʚʷʟʝʚʳʭ ʠʟʦʤʝʨʦʚ ʚ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʭ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʧʘʜʘ Td (ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʚʥʘ 10-3 ʩ-1 152), ʢʦʪʦʨʘʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʩʪʘʚʣʷʝʪ 176,3(7) K. ʇʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʣʝʛʢʦ ʩʨʘʚʥʠʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ: ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʫʩʪʦʡʯʠʚʝʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʣʝʢʩʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʘʚʥʝʥʠʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʣʷ ʨʦʜʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ oc-[RuNO(Py)2Cl3] (Td=185 K) 30 ʧʦʟʚʦʣʷʝʪ ʚʳʩʢʘʟʘʪʴ ʛʠʧʦʪʝʟʫ 

ʦ ʪʦʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʠʨʠʜʠʥʦʚʦʝ ʢʦʣʴʮʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʠʟʦʤʝʨʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ MS1 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ {Zn[RuNO(H2O)(Inic)2(OH)2]2} ʠ 

[RuNO(H2O)2(InicH )2(OH)]ĀH2O 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ MS1 ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[RuNO(H2O)2(InicH)2(OH)]ĀH2O (Ru) ʠ ʧʦʣʠʤʝʨʘ { Zn[RuNO(H2O)(Inic)2(OH)2]2}  (ZnRu2). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʟʦʥʠʪʨʦʟʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ MS1 ʀʂ-ʦʙʨʘʟʮʳ ʦʙʣʫʯʘʣʠ ʚ ʢʨʠʦʩʪʘʪʝ ʧʨʠ 80 ʂ ʩʚʝʪʦʜʠʦʜʦʤ 443 ʥʤ 100 ʤɺʪ. 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 1865 ʠ 1873 ʩʤ-1 ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ɜ(NO) ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (Ru) ʠ (ZnRu2) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ130. ʀʟʚʝʩʪʥʳʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢʠʩʣʦʨʦʜʦʤ ʥʠʪʨʦʟʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠʤʝʶʪ 

ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʦʩʫ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ɜ(ON), ʩʤʝʱʝʥʥʫʶ ʥʘ 120ï150 ʩʤ-1 ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ɜ(NO). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Ru) ʠ (ZnRu2) ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʷʚʠʣʘʩʴ ʥʦʚʘʷ ʧʦʣʦʩʘ ʧʨʠ 1720 ʩʤ-1 (ʈʠʩʫʥʦʢ 51). ʇʦʣʦʩʘ MS1 ʧʨʠ 1773 

ʩʤ-1 ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʥʝʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʛʨʘʥ-K2[RuNO(NO2)2Cl3] 
36, 

ʢʦʪʦʨʳʡ ʙʳʣ ʚʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʥʠʪʨʦʟʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʦʙʨʘʟʮʳ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ (3ï5 ʂ ʤʠʥ-1). ʅʘʙʣʶʜʘʝʤʦʝ ʧʘʜʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ MS1 ɜ(NO) ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʨʤʠʯʝʩʢʦʡ ʠʟʦʤʝʨʠʟʘʮʠʝʡ ʚ N-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ 

ʥʠʪʨʦʟʠʣ. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (ZnRu2) ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʦʩʪʦʷʥʠʷ MS1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʝʜʠʥʝʥʠʝʤ (Ru) (ʈʠʩʫʥʦʢ 52).  ɼʦʣʶ ʨʘʩʧʘʚʰʠʭʩʷ 

ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʨʦʧʫʩʢʘʥʠ ̫ʚ ʤʘʢʩʠʤʫʤʘʭ ʧʦʣʦʩ. ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ Ea = 45(2) ʢɼʞ/ʤʦʣʴ-1 ʠ 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʤʥʦʞʠʪʝʣʝʤ lgὯ = 10,8(1,3) ʜʣʷ [RuNO(H2O)2(Inic)2(OH)]ĀH2O ʠ Ea 

= 56(3) ʢɼʞ/ʤʦʣʴ-1 ʠ lgὯ = 11,7(1,2) ʜʣʷ {Zn[RuNO(H2O)(Inic)2(OH)2]2}Ā12H2O.  
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ʈʠʩʫʥʦʢ 51. ʀʟʤʝʥʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʘ ʚ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ ɜ(ON) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʣʫʯʝʥʠʠ 443 ʥʤ ʧʨʠ 80 ʂ. ʉʧʝʢʪʨ ʥʝʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚʟʷʪ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. 

ɺʩʪʘʚʢʘ: ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʤʘʢʩʠʤʫʤʘʭ ʧʦʣʦʩ ʧʨʠ 1720 ʠ 1773 ʩʤ-1 ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʣʫʯʝʥʠʠ ʜʠʦʜʦʤ 443 ʥʤ 100 ʤɺʪ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʦʚ (ZnRu2) (ʦʨʘʥʞʝʚʳʡ) ʠ ʵʪʘʣʦʥʥʦʛʦ 

K2[RuNO(NO2)2Cl3] (ʩʠʥʠʡ) ʚ ʪʘʙʣʝʪʢʝ KBr 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ (Ru) ʠ (ZnRu2) Td ʩʦʩʪʘʚʣʷʶʪ 170,4(1,1) ʠ 199,7(0,9) K ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩ-ʢ-NO ʧʦʚʳʰʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ MS1 ʦʪ Td = 258 K ʜʣʷ ʪʨʘʥʩ-[RuNO(NH3)4OH]Cl2 ʜʦ Td = 277 K ʜʣʷ ʪʨʘʥʩ-

[RuNO(NH3)4(H2O)]Cl3ĀH2O 153 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʢʦʝ ʨʘʟʣʠʯʠʝ ʚ 30 K ʚ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʘʩʧʘʜʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʛʠʜʨʦʢʩʠʣʦʚ ʩ ʘʪʦʤʦʤ ʮʠʥʢʘ ʚ 

(ZnRu2). 

 

ʈʠʩʫʥʦʢ 52. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʟʦʥʠʪʨʦʟʠʣʘ Ru-ON ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (Ru) ʠ (ZnRu2). ʊʦʯʢʠ ð ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʛʣʦʱʝʥʠʷ; 

ʟʝʣʝʥʳʝ ʣʠʥʠʠ ð ʨʘʩʯʝʪʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘ ̫ʤʦʜʝʣ ɹʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 

3, 4 ʠ 5 ʂ ʤʠʥ-1 ʜʣʷ ʢʨʘʩʥʳʭ, ʩʠʥʠʭ ʠ ʯʝʨʥʳʭ ʪʦʯʝʢ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 



90 

3.4. ʌʦʪʦʭʠʤʠʯʝʩʢʘ  ̫ʘʢʪʠʚʥʦʩʪ ɹʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ  

ɼʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʠʜʘ ʪʨʘʥʩ-[RuNOL2Cl3] ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʧʦʤʦʱʴʶ ʀʂ- ʠ ʋʌ-

ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʪʨʝʙʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʥʠʞʝ 5Ŀ10-3 ʄ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʪʝʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ.  ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʪʠʧʠʯʥʳʡ ʚʠʜ ʋʌ-ʩʧʝʢʪʨʘ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 53.  
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ʈʠʩʫʥʦʢ 53. ʋʌ-ʚʠʜ ʩʧʝʢʪʨʳ 5Ŀ10-5 ʄ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ [RuNO(4CNPy)2Cl3] ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ (450 ʥʤ, 100 ʤɺʪ) 

ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʩʝ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʤʝʥʴʰʝ 500 ʥʤ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ 430-500 ʥʤ 

ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʤʝʥʷʝʪʩʷ ʥʝ ʨʝʟʢʦ - 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʝʯʦ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 10, 43, 75 ʠ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʤ. ʨʘʟʜʝʣ 3.5) ʦʙʣʘʩʪʴ 450-500 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʛʣʦʱʝʥʠʶ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ ʥʘ ʨʘʟʨʳʭʣʷʶʱʠʝ ʦʨʙʠʪʘʣʠ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʩʚʷʟʠ Ru-NO. ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʩʠʣʴʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʚ ʦʙʣʘʩʪʠ 400ï460 ʥʤ, ʧʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʞʝʣʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʚʳʙʨʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʧʦʧʘʜʘʪʴ ʚ ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, ʯʪʦ 

ʥʝʞʝʣʘʪʝʣʴʥʦ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠʟʫʯʝʥʠʠ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 
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ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ, ʦʙʣʫʯʝʥʠʝ ʩʚʝʪʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʨʳʚʫ ʩʚʷʟʠ Ru-NO ʠ ʚʳʜʝʣʝʥʠ ʁ ʚ ʨʘʩʪʚʦʨ ʩʚʦʙʦʜʥʦʛʦ NO, ʤʝʩʪʦ ʢʦʪʦʨʦʛʦ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ Ru(III ) ʟʘʥʠʤʘʝʪ ʤʦʣʝʢʫʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ 

75, 8, ʚ ʩʣʫʯʘʝ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ - ʘʮʝʪʦʥʠʪʨʠʣ. ʆʙʦʙʱʝʥʥʫʶ ʨʝʘʢʮʠʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

Ὑόὔὕὒ ὅὰ  ίέὰὺὩὲὸ O  ὙόίέὰὺὩὲὸὒ ὅὰ  ὔὕ. 

ʇʨʦʮʝʩʩ ʬʦʪʦʣʠʟʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʚ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ 

ʧʦʷʚʣʝʥʠʠ ʜʚʫʭ ʩʠʣʴʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 300ï430 ʥʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 420ï500 ʥʤ (ʈʠʩʫʥʦʢ 53). ʇʦʜʨʦʙʥʝʝ ʠʟʤʝʥʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʠ ʠʭ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʨʘʩʯʝʪʘʤʠ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʦ ʜʘʣʝʝ ʚ ʨʘʟʜʝʣʝ 3.5.  

ʂʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʛʦ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʫʷ ʨʝʘʢʪʠʚ ɻʨʠʩʩʘ 154 ʠʣʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʫʶ ʩʧʠʥʦʚʫʶ ʣʦʚʫʰʢʫ 

109,110. ʈʝʘʢʪʠʚ ɻʨʠʩʩʘ ʩʦʜʝʨʞʠʪ ʩʫʣʴʬʘʥʠʣʦʚʫʶ ʢʠʩʣʦʪʫ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʠʪ-ʠʦʥʦʚ ʦʥʘ 

ʦʙʨʘʟʫʝʪ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ, ʨʝʘʛʠʨʫʷ ʩ ʘʣʴʬʘ-ʥʘʬʪʠʣʘʤʠʥʦʤ, ʦʢʨʘʰʠʚʘʝʪ ʨʘʩʪʚʦʨ 

ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO ʚ ʨʘʩʪʚʦʨ ʚ 

ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʦʢʠʩʣʷʝʪ NO ʜʦ NO2- ʧʦ ʨʝʘʢʮʠʠ τὔὕ ὕ

ςὌὕᴼτὔὕ τὌ . ɺ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʥʠʪʨʠʪ-ʠʦʥ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʦʛʦ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʨʝʘʢʪʠʚʦʤ ɻʨʠʩʩʘ.  

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʙʠʣʴʥʳ ʧʨʠ ʩʪʦʷʥʠʠ ʚ ʪʝʤʥʦʪʝ ʠ ʥʝ ʧʦʢʘʟʳʚʘʶʪ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʝʘʢʪʠʚʘ ɻʨʠʩʩʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʚ 

ʪʝʤʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 420ï560 ʥʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʝʘʢʪʠʚʘ ɻʨʠʩʩʘ, ʯʪʦ ʣʝʛʢʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʠ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ï ʨʘʩʪʚʦʨʳ ʷʨʢʦ ʦʢʨʘʰʠʚʘʶʪʩʷ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ. ʇʨʠʤʝʨ 

ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʨʘʩʪʚʦʨʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 54. 
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ɼʣʠʥʘ ʚʦʣʥr , ʥʤ

 ʜʦ ʦʙʣʫʯʝʥʠ̫

 ʧʨʦʤʝʞʫʪʦʯʥrʝ ʩʧʝʢʪʨr

 ʧʦʩʣʝ 15 ʤʠʥ ʦʙʣʫʯʝʥʠ̫

 

ʈʠʩʫʥʦʢ 54. ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [RuNO(Im)2Cl3] ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʩʚʝʪʦʤ 450 ʥʤ ʚ ɼʄʉʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʝʘʢʪʠʚʘ ɻʨʠʩʩʘ 8 

ʆʙʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [FeII(DETC)2] (DETC ï ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ) 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ [FeII(NO)(DETC)2] 
110 (ʈʠʩʫʥʦʢ 55). ʉʧʝʢʪʨʳ 

ʧʦʢʘʟʳʚʘʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʪʨʠʧʣʝʪʥʳʡ ʩʠʛʥʘʣ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʥʩʪʘʥʪʳ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ A(N) 1,26 ʤʊʣ (1,1768 10ī3 ʩʤī1) ʠ g-ʬʘʢʪʦʨʦʤ 2,0386. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ NO ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʠʥʦʚʘʷ ʣʦʚʫʰʢʘ, ʩʧʝʢʪʨ ʕʇʈ ʨʘʩʪʚʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

[FeII(DETC)2], ʠʟʤʝʨʝʥʥʳʡ ʜʦ ʦʙʣʫʯʝʥʠʷ, ʦʪʩʫʪʩʪʚʦʚʘʣ.  

 

ʈʠʩʫʥʦʢ 55. ʕʇʈ ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[RuNO(Im)2Cl3] ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 450 ʥʤ ʩʚʝʪʦʤ 

ʚ ɼʄʉʆ 8 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʘʥʥʳʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʥʘʤ ʫʜʘʣʦʩʴ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʪʚʝʨʜʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ NO ʧʨʠ ʬʦʪʦʣʠʟʝ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʭʝʤʫ ʬʦʪʦʣʠʟʘ, 

ʫʧʦʤʷʥʫʪʫʶ ʚʳʰʝ. ɼʘʣʴʥʝʡʰʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʧʨʦʮʝʩʩʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʀʂ ʠ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʯʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʚʳʯʠʩʣʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʦʪʦʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʩʚʝʪʘ, ʧʦʛʣʦʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʩʚʝʪʘ. 

ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ Ὀ ‐ẗὧẗὰ (ʛʜʝ Ὀ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ‗ , Ңⱦ - ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ (M-1Ŀcʤ-1) ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ ‗, c ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ (ʤʦʣʴ/ʣ) ʠ l ï ʜʣʠʥʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ (ʩʤ)), ʨʘʩʩʯʠʪʳʚʘʣʠ ʪʨʝʙʫʝʤʳʝ ‐   (ʢʦʵʬʬʠʮʠʝʥʪ r ʤʦʣʷʨʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ, ʊʘʙʣʠʮʘ 9).  

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (5Ŀ10-3 ʄ, 

ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʪʘʙʣʠʮʳ 9) ʧʨʦʚʝʣʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ 

ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʬʦʪʦʣʠʟʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʀʂ- ʠ ʋʌ-ʚʠʜ 

ʩʧʝʢʪʨʦʚ (ʈʠʩʫʥʦʢ 56).  

ʊʘʙʣʠʮʘ 9. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[RuNO(L)2Cl3] ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 450 ʥʤ. 

ʃʠʛʘʥʜ L NicMe NicEt InicMe InicEt  3CNPy 4CNPy 

ὑact, M
-1ẗcʤ-1 58 65 133 133 79 160 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʩʪʚʦʨ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʣʫʯʝʥʠʶ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

450 ʥʤ ʚ ʧʨʦʪʦʯʥʦʡ ʢʶʚʝʪʝ, ʚʳʥʝʩʝʥʥʦʡ ʟʘ ʧʨʝʜʝʣʳ ʦʙʦʠʭ ʧʨʠʙʦʨʦʚ. ʆʙʣʫʯʝʥʠʝ ʚ ʢʶʚʝʪʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, ʧʦʛʣʦʱʘʶʱʠʡ ʠʟʣʫʯʝʥʠʝ, ʧʦʩʪʦʷʥʥʳʤ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɽʱʝ ʜʚʝ ʧʨʦʪʦʯʥʳʭ ʢʶʚʝʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʠʙʦʨʘʭ, 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʟʘʧʠʩʴ ʩʧʝʢʪʨʦʚ. ʈʘʩʪʚʦʨ ʮʠʨʢʫʣʠʨʫʝʪ ʧʦ ʦʙʱʝʤʫ ʢʦʥʪʫʨʫ ʙʣʘʛʦʜʘʨʷ ʥʘʩʦʩʫ 

ʠ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʚ ʩʦʩʫʜʝ ʠʟ ʪʸʤʥʦʛʦ ʩʪʝʢʣʘ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʥʘʣʘʛʘʝʪ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʙ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 1) 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ~10-3
 ʄ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʀʂ-

ʩʧʝʢʪʨʦʚ ʚ 1 ʤʤ ʀʂ-ʢʶʚʝʪʝ, 2) ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʨʘʟʨʫʰʘʶʱʠʭ ʤʘʪʝʨʠʘʣ ʀʂ-ʢʶʚʝʪʳ, ʘ ʠʤʝʥʥʦ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʩʧʦʩʦʙ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ ʚ ʭʦʜʝ ʦʙʣʫʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 56. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʧʠʩʠ ʀʂ- ʠ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʚ 

ʈʠʩʫʥʦʢ 57 ʠ ʨʠʩʫʥʦʢ 58 ʠʣʣʶʩʪʨʠʨʫʶʪ ʪʠʧʦʚʳʝ ʧʨʠʤʝʨʳ ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ~10-3
 ʄ ʨʘʩʪʚʦʨʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʪʦʯʥʦʡ ʩʠʩʪʝʤʝ. ʆʙʱʠʡ ʚʠʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʜʨʫʛʠʭ ʦʙʩʫʞʜʘʝʤʳʭ ʚʝʱʝʩʪʚ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʦʚ. 
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ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʩʤ-1

 ʜʦ ʦʙʣʫʯʝʥʠʷ

 ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʧʝʢʪʨʳ

 ʧʦʩʣʝ 15 ʤʠʥ ʦʙʣʫʯʝʥʠʷ

 

ʈʠʩʫʥʦʢ 57. ʋʙʳʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ n(NO) ʚ ʀʂ-ʩʧʝʢʪʨʘʭ 10-3 ʄ ʨʘʩʪʚʦʨʘʭ ʢʦʤʧʣʝʢʩʘ 

ʪʨʘʥʩ-[RuNO(4CNPy)2Cl3] ʚ ʭʦʜʝ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 450 ʥʤ  
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ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ

 ʜʦ ʦʙʣʫʯʝʥʠʷ

 ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʧʝʢʪʨʳ

 ʧʦʩʣʝ 15 ʤʠʥ ʦʙʣʫʯʝʥʠʷ

 

ʈʠʩʫʥʦʢ 58. ʈʦʩʪ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʘʭ 10-3 ʄ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ 

ʪʨʘʥʩ-[RuNO(4CNPy)2Cl3] ʚ ʭʦʜʝ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 450 ʥʤ  

ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚʳʜʝʣʠʪʴ ʥʝ ʫʜʘʝʪʩʷ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝ 

ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ 

ʟʥʘʥʠʡ ʦ ὑʧʨʦʜʫʢʪʘ ʦʩʣʦʞʥʷʝʪ ʦʮʝʥʢʫ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʨʝʘʢʮʠʡ ʬʦʪʦʣʠʟʘ, ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʯʪʦ ʫʞʝ 

ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ. ɸʚʪʦʨʫ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʜʝʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʫʧʨʦʱʝʥʠʡ, ʚʳʙʨʘʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ, ʥʘ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʮʝʥʢʠ ʬʦʪʦʘʢʪʠʚʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʩʪʚʦʨʘʭ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ  

1) ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʪʦʣʴʢʦ ʋʌ-ʚʠʜ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʚ 

ʣʠʪʝʨʘʪʫʨʝ)  

2) ʩʧʦʩʦʙ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ n(NO) (ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʠʩʧʦʣʴʟʫʝʤ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ὑact 

ʨʝʘʛʝʥʪʘ)  

3) ʩʧʦʩʦʙ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʀʂ ʠ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʦʙʱʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ. 
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ʄʝʪʦʜʠʢʘ 1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ ʧʘʜʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ-ʚʠʜ 

ʩʧʝʢʪʨʘʭ 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʚʚʝʩʪʠ ʦʙʦʟʥʘʯʝʥʠʝ ⱦdtc ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʜʝʪʝʢʮʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ Ὀ , ʦʪʣʠʯʥʦʝ ʦʪ ⱦact ï ʜʣʠʥʳ 

ʚʦʣʥʳ ʘʢʪʠʚʘʮʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʦʙʣʫʯʝʥʠʝ ʠʟʫʯʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ (450 ʥʤ). ⱦdtc 

ʚʳʙʠʨʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʣʠʟʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʧʘʜʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ (ʜʣʷ ʦʧʠʩʳʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ - ʚ ʦʙʣʘʩʪʠ 260ï275 ʥʤ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʝʡ ʦʩʪʦʨʦʞʥʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʥʝ ʧʦʛʣʦʱʘʝʪ ʥʘ ⱦdtc (ʣʠʙʦ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ) ʠ ʪʝʢʫʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʛʝʥʪʘ ʚ ʭʦʜʝ ʬʦʪʦʣʠʟʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʝʤ ʝʸ 

ʧʦ ʧʘʜʝʥʠ ʁʧʦʛʣʦʱʝʥʠʷ ʥʘ ⱦdtc ʚ ʭʦʜʝ ʦʙʣʫʯʝʥʠʷ. 

ɺʳʨʘʞʘʷ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʫʨʘʚʥʝʥʠʝʤ •
Ў ẗ

ẗ ẗẗ
, ʛʜʝ Ὅ Ὅρ ρπ , ʤʳ ʥʝ 

ʫʯʠʪʳʚʘʝʤ ʚʢʣʘʜ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚ Ὀ Ὀ̑ ̆́̄̆̎̓́Ὀ̐ ̑̏̅̔̋̓́, ʢʦʪʦʨʳʡ ʩʦ 

ʚʨʝʤʝʥʝʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʧʦʛʣʦʱʘʝʪ ʩʚʝʪ, ʢʦʪʦʨʳʤ ʦʙʣʫʯʘʶʪ ʩʠʩʪʝʤʫ (ʵʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 53 ʠ 

ʨʠʩʫʥʢʘ 58). ʆʜʥʘʢʦ ʪʘʢʦʡ ʨʘʩʯʝʪ ʤʦʞʝʪ ʧʨʠʤʝʥʠʤ ʜʣʷ ʛʨʫʙʦʡ ʦʮʝʥʢʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʚ 

ʧʝʨʚʳʝ ʤʠʥʫʪʳ ʨʝʘʢʮʠʠ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʜʫʢʪʘ ʦʯʝʥʴ ʤʘʣʘ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ 

ʚʝʣʠʯʠʥʘ Ὅ ʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ʤʘʣʦ.  

ʅʘʢʦʥʝʮ, ʫʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ⱦdtc ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʝɦʥʠʷ ʫ ʥʠʭ ʩʦʩʪʘʚʣʷʶʪ 104 ʠ ʚʳʰʝ, ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʘʩʪʚʦʨʦʚ ʥʘ ʫʨʦʚʥʝ 5Ŀ10-5 ʄ (ʈʠʩʫʥʦʢ 59).  

ʅʘ ʨʠʩʫʥʢʝ 60 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ЎὈ ẗὠ ʦʪ Ὅẗ‐ ẗὰẗὸ ʜʣʷ ʨʘʩʪʚʦʨʘ 

[RuNO(4CNPy)2Cl3] ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ ʦʪ ʚʨʝʤʝʥʠ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʝʩʪʴ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ, ʠʟʤʝʨʝʥʥʳʡ ʩʧʦʩʦʙʦʤ 1.  

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʧʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʠʰʴ ʢʘʢ ʛʨʫʙʘʷ ʦʮʝʥʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʜʣʷ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚʦʦʙʱʝ ʫʜʘʝʪʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʘʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 250ï300  

ʥʤ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ.  
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 ʧʦʩʣʝ 15 ʤʠʥ ʦʙʣʫʯʝʥʠ̫

 

ʈʠʩʫʥʦʢ 59. ʇʘʜʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʘʭ 5Ŀ10-5 ʄ ʢʦʤʧʣʝʢʩʘ 

[RuNO(4CNPy)2Cl3] ʚ ʭʦʜʝ ʦʙʣʫʯʝʥʠʷ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ 450 ʥʤ 

 

ʈʠʩʫʥʦʢ 60. ɿʘʚʠʩʠʤʦʩʪʴ •
Ў ẗ

ẗ ẗẗ
 ʨʘʩʪʚʦʨʘ [RuNO(4CNPy)2Cl3] ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ 

ʜʣʷ ʧʝʨʚʳʭ 15 ʤʠʥʫʪ ʦʙʣʫʯʝʥʠʷ 
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ʄʝʪʦʜʠʢʘ 2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʆʙ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʩʫʜʠʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ n(NO) ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʚ ʦʙʣʘʩʪʠ 1830ï1930 ʩʤ-1. ʕʪʠ 

ʜʘʥʥʳʝ ʪʘʢʞʝ ʣʝʛʢʦ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ Ўὅ̐ ̑̏̅̔̋̓́. ʇʦʩʢʦʣʴʢʫ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩʪʨʦʛʦ ʟʘʜʘʥʘ ʠʩʭʦʜʷ ʠʟ ʪʦʯʥʦʡ ʥʘʚʝʩʢʠ 

ʚʝʱʝʩʪʚʘ ʠ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʟʷʪʳʭ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ, ʪʦ ʪʝʢʫʱʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʛʝʥʪʘ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʭʦʜʷ ʠʟ 

ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ rʧʦʛʣʦʱʝʥʠʷ.  

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʟʘʤʝʥʠʤ 
Ў

ẗ
, ʚʳʯʠʩʣʝʥʥʦʝ 

ʧʦ ʧʘʜʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʚ ʋʌ-ʩʧʝʢʪʨʝ, ʥʘ 

Ў˞̑̆́̄̆̎̓́, ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ n(NO) ʚ 

ʀʂ-ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʚʝʪʘ Ὅ ʙʫʜʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ, 

ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʧʦʩʦʙʝ ʧʦ ʫʨʘʚʥʝʥʠʶ Ὅ Ὅρ ρπ  ʥʝ ʫʯʠʪʳʚʘʷ ʚʢʣʘʜ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚ Ὀ Ὀ̑ ̆́̄̆̎̓́Ὀ̐ ̑̏̅̔̋̓́, ʢʦʪʦʨʳʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʩʠʩʪʝʤʝ. 

ʇʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ •
Ў̐̑̏̅̔̋̓́ẗ

ẗ
 ʠ ʥʘʥʝʩʝʤ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ Ўὅ̐ ̑̏̅̔̋̓́ẗὠ ʥʘ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Ὅẗὸ. ʅʘʢʣʦʥ ʧʨʷʤʦʡ, ʢʦʪʦʨʦʡ ʤʳ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʪʦʯʢʠ ʥʘ 

ʛʨʘʬʠʢʝ (ʈʠʩʫʥʦʢ 61), ʙʫʜʝʪ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʡ ʤʳ ʭʦʪʝʣʠ ʨʘʩʩʯʠʪʘʪʴ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʨʘʬʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

(ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ ʫ = ax+b ʠʣʠ ʫ = ax, ʚʳʙʦʨ ʜʠʘʧʘʟʦʥʘ ʚʨʝʤʝʥʠ ʜʣʷ Ὅẗὸ) 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʦʚ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 61, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʦʪ 2,3% ʜʦ 4,9%. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʧʠʩʳʚʘʝʤʳʡ 

ʥʘʤʠ ʩʧʦʩʦʙ 2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʣʠʥʝʡʢʠ ʢʦʤʧʣʝʢʩʦʚ, ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ 

ʦʜʠʥʘʢʦʚʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ű ʠ ʦʜʠʥʘʢʦʚʦ ʚʢʣʶʯʘʪʴ 

ʠʣʠ ʥʝ ʚʢʣʶʯʘʪʴ ʥʫʣʝʚʫʶ ʪʦʯʢʫ ʧʨʠ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʊʘʙʣʠʮʘ 10 ʚʢʣʶʯʘʝʪ 

ʜʘʥʥʳʝ ʨʘʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʪʦʯʝʢ ʜʣʷ ʧʝʨʚʳʭ 14 ʤʠʥʫʪ ʦʙʣʫʯʝʥʠʷ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʫʣʝʚʦʡ ʪʦʯʢʦʡ.  
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ʈʠʩʫʥʦʢ 61. ɿʘʚʠʩʠʤʦʩʪʴ •
Ў̐̑̏̅̔̋̓́ẗ

ẗ
 ʨʘʩʪʚʦʨʘ [RuNO(4CNPy)2Cl3] ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ 

ʩʚʝʪʦʤ ʜʣʷ ʧʝʨʚʳʭ 14 ʤʠʥʫʪ ʦʙʣʫʯʝʥʠʷ, ʠ ʨʘʟʣʠʯʥʳʝ ʣʠʥʝʡʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ 

ʄʝʪʦʜʠʢʘ 3. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʋʌ-ʚʠʜ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ  

ʋʪʦʯʥʠʪʴ ʫʨʘʚʥʝʥʠʝ ʜʣʷ • ʤʦʞʥʦ ʫʯʠʪʳʚʘʷ ʠʟʤʝʥʝʥʠʝ Ὅ ʦʪ ʚʨʝʤʝʥʠ, ʩʚʷʟʘʥʦʝ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɿʘʧʠʰʝʤ 

ʫʧʦʤʷʥʫʪʦʝ ʚ ʣʠʪʦʙʟʦʨʝ ʫʨʘʚʥʝʥʠʝ Ὅ Ὅ᷿ ρ ρπ Ὠὸ, ʠ Ὀ  (ʧʦʛʣʦʱʝʥʠʝ 

ʨʝʘʛʝʥʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ⱦ=450 ʥʤ) ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʩʪʘʚʰʝʛʦʩʷ ʚ ʩʠʩʪʝʤʝ 

ʨʝʘʛʝʥʪʘ, ʢʦʪʦʨʫʶ ʤʳ ʟʥʘʝʤ ʠʟ ʀʂ-ʩʧʝʢʪʨʦʚ. ʋʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ Ὅ

Ὅ᷿ 
˞̑ ̆́̄̆̎̓́ẗ ẗ

ρ ρπ Ὠὸ. ɿʜʝʩʴ ˞̑ ̆́̄̆̎̓́ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ) ʠ  

Ὀ  ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ, ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʟʘʚʠʩʠʤʦʩʪʠ Ὅ ʦʪ ὸ ʤʳ ʙʫʜʝʤ ʙʨʘʪʴ 

ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ ɜ(NO) ʚ 

ʀʂ-ʩʧʝʢʪʨʝ ʢ ʥʘʯʘʣʴʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ (ʜʣʷ ʨʘʩʯʝʪʘ ˞̑ ̆́̄̆̎̓́) ʠ ʟʥʘʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ⱦact 

ʚ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʝ. 
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ʈʠʩʫʥʦʢ 62. ɿʘʚʠʩʠʤʦʩʪʴ Ὅ ʧʦʛʣʦʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʦʤ [RuNO(4CNPy)2Cl3] ʦʪ ʚʨʝʤʝʥʠ ὸ 

 ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ ʜʣʷ ʧʝʨʚʳʭ 15 ʤʠʥʫʪ ʦʙʣʫʯʝʥʠʷ 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ (ʈʠʩʫʥʦʢ 62), ʟʘʚʠʩʠʤʦʩʪʴ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʢʨʠʚʦʡ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʚʝʪʘ ʟʘ ʚʨʝʤʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ; ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʛʨʘʬʠʢ, ʩʥʦʚʘ ʧʦʣʫʯʘʝʤ ʧʦ 

ʫʨʘʚʥʝʥʠʶ •
Ў̐̑̏̅̔̋̓́ẗ

ẗ
. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ • ʫʙʝʜʠʚʰʠʩʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʰʣʘ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 

10%, ʪʦ ʝʩʪʴ Ўὅ̐ ̑̏̅̔̋̓π́ȟρὅ ̑̆́̄̆̎̓́. ɺ ʩʣʫʯʘʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ [RuNO(4CNPy)2Cl3] ʵʪʦ 

ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʳ ʧʦʣʫʯʘʝʤ ʧʦʩʣʝ 7 ʤʠʥʫʪʳ ʦʙʣʫʯʝʥʠʷ. ɺʳʙʦʨʢʘ •, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ 7 ʧʦ 

14 ʤʠʥʫʪʫ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʣʘʜʘʝʪ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʩʦʩʪʘʚʣʷʶʱʠʤ ʤʝʥʝʝ 4% ʦʪ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʜʘʥʥʳʭ ʩ ʧʝʨʚʦʡ 1 ʤʠʥʫʪʳ ʧʦ 14 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 10% ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭ ʩʧʦʩʦʙʦʚ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ, 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ. 
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ʊʘʙʣʠʮʘ 10. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʠʟʘ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ 450 ʥʤ, ʚʳʯʠʩʣʝʥʥʳʝ ʨʘʟʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ 

 ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʠʟʘ ű, % 

ʂʦʤʧʣʝʢʩ ʉ1. ʋʌ-ʚʠʜ ʉ2. ʀʂ ʉ3. ʀʂ+ʋʌ-ʚʠʜ 

[RuNO(NicMe)2Cl3] ʥʝʪ ʧʘʜʝʥʠʷ Ὀ   5,49Ñ0,157 9,16Ñ0,203 

[RuNO(InicMe)2Cl3] 4,29Ñ0,19 2,82Ñ0,068 4,27Ñ0,169 

[RuNO(NicEt)2Cl3] ʥʝʪ ʧʘʜʝʥʠʷ Ὀ    5,13Ñ0,149 8,62Ñ0,129 

[RuNO(InicEt)2Cl3] ʥʝʪ ʧʘʜʝʥʠʷ Ὀ    4,25Ñ0,129 5,07Ñ0,098 

[RuNO(4CNPy)2Cl3] 3,42Ñ0,14 4,84Ñ0,258 5,60Ñ0,194 

[RuNO(3CNPy)2Cl3] ʥʝʪ ʧʘʜʝʥʠʷ Ὀ    4,46Ñ0,102 7,34Ñ0,216 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʠʟʘ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ 1 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʚʢʣʘʜ ʧʦʛʣʦʱʝʥʠʷ p-ʩʠʩʪʝʤʳ Ru-NO ʚ ʦʙʣʘʩʪʠ 250-260 ʥʤ 

ʤʦʞʝʪ ʩʠʣʴʥʦ ʤʝʥʷʪʴʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ p-ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʝʪʦʜʠʢʘ 1 ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʨʝʘʛʝʥʪʘ ʥʘ ⱦact. ʂʘʢ ʦʩʥʦʚʘ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʵʪʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʜʫʢʪʳ ʬʦʪʦʣʠʟʘ ʥʝ 

ʧʦʛʣʦʱʘʶʪ ʥʘ ⱦact.  

ʄʝʪʦʜʠʢʘ 2 ʜʘʝʪ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ, ʦʜʥʘʢʦ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʜʫʢʪʘ ʥʘ ⱦact. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʚ ʣʶʙʦʤ 

ʩʣʫʯʘʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʜʠʥʘʢʦʚʳʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ʩ ʧʨʠʙʦʨʘʤʠ (ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʠ ʋʌ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ), ʯʪʦ ʠ ʜʣʷ ʩʧʦʩʦʙʘ 3. ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʦʣʙʮʘʭ ʉ2 ʠ ʉ3 

ʪʘʙʣʠʮʳ 10 ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʤ. ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʧʦ ʧʦʛʣʦʱʝʥʠʶ 

ʨʝʘʛʝʥʪʘ ʥʘ ⱦact ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʥʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦ, ʩ ʮʝʣʴʶ ʧʦʢʘʟʘʪʴ ʚʘʞʥʦʩʪʴ ʚʣʠʷʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʥʘ ʢʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ű. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʦʡ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʤʝʪʦʜʠʢʫ 3 ʠʩʧʦʣʴʟʫʶʱʫʶ ʜʘʥʥʳʝ ʜʚʫʭ ʧʨʠʙʦʨʦʚ 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʫʯʠʪʳʚʘʝʪ ʚʦʟʨʘʩʪʘʶʱʝʝ 

ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʜʫʢʪʘ ʥʘ ⱦact ʠ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ʥʘʧʨʷʤʫʶ 

ʯʝʨʝʟ ʫʙʳʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ɜ(NO) ʚ ʀʂ-ʩʧʝʢʪʨʝ.  

 

ʇʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 3, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 
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ʪʨʘʥʩ-[RuNOL2Cl3] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ 1) ʧʦʣʦʞʝʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʠʨʠʜʠʥʦʚʦʤ ʢʦʣʴʮʝ ʠ 2) ʨʘʩʩʪʦʷʥʠʷ ʨʫʪʝʥʠʡ-ʥʠʪʨʦʟʦʛʨʫʧʧʘ (ʊʘʙʣʠʮʘ 11). 

ʅʘʠʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʦʙʣʘʜʘʝʪ ʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ï ʚʩʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʚʢʣʶʯʘʷ 3-ʮʠʘʥʦʧʠʨʠʜʠʥ) ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʢʚʘʥʪʦʚʳʤʠ 

ʚʳʭʦʜʘʤʠ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʦʥʠʢʦʪʠʥʘʪʥʳʝ ʠʟʦʤʝʨʳ. ɺʦ ʚʪʦʨʫʶ ʦʯʝʨʝʜʴ 

ʢʦʤʧʣʝʢʩʳ ʨʘʥʞʠʨʫʶʪʩʷ ʧʦ ʨʘʩʩʪʦʷʥʠʶ Ru-NO, ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚʥʫʪʨʠ ʜʚʫʭ ʨʷʜʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʢʦʪʠʥʘʪʥʳʤʠ ʠ 

ʠʟʦʥʠʢʦʪʠʥʘʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʦʞʠʜʘʝʤʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ ʦʪ ʣʝʛʢʦʩʪʠ ʨʘʟʨʳʚʘ ʩʚʷʟʠ Ru-N, ʦ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʨʘʩʩʪʦʷʥʠ ʁʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ. 

ʊʘʙʣʠʮʘ 11. ʈʝʡʪʠʥʛ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʟʥʘʯʝʥʠʷʤ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʦʪ 

ʙʦʣʴʰʝʛʦ ʢ ʤʝʥʴʰʝʤʫ, ʫʢʘʟʘʥʳ ʣʠʛʘʥʜʳ L ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[RuNOL2Cl3] 

ʄʝʪʦʜʠʢʘ 2 L NicMe NicEt 4CNPy 3CNPy InicEt  InicMe 

 ű, % 5,49 5,13 4,80 4,46 4,25 2,82 

ʄʝʪʦʜʠʢʘ 3 L NicMe NicEt 3CNPy InicEt  4CNPy InicMe 

 ű, % 9,16 8,62 7,34 5,07 4,81 4,27 

d(Ru-NO), Ȕ  1,804(5) 1,746(1) 1,748(4) 1,818(4) 1,747(5) 1,747(6) 
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3.5. DFT-ʨʘʩʯʝʪʳ ʩʪʨʫʢʪʫʨ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʠ ʋʌ-ʚʠʜ 

ʩʧʝʢʪʨʦʚ 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʣʠʟʘ ʥʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪr ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ ORCA 5.0.4 c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʙʨʠʜʥʦʛʦ ʙʘʟʠʩʘ B3LYP ʠ ʬʫʥʢʮʠʦʥʘʣʘ TZ2P (triple zeta polarized). ɺʩʝ ʨʘʩʯʝʪʳ 

ʚʳʧʦʣʥʝʥʳ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ (1)-(10) (ʊʘʙʣʠʮʘ 12) ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ (ʊʘʙʣʠʮʘ 13). ʅʘʠʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ (L = NicMe, Im ) 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦ ʜʘʥʥʳʤ 

ʈʉɸ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ.  

ʊʘʙʣʠʮʘ 12. ʈʘʩʯʝʪʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʣʝʢʩʦʚ 

ʈʘʩʩʪʦʷʥʠʷ ɿʥʘʯʝʥʠʝ ʚ ¡ 

 NicMe NicEt InicMe InicEt  3CNPy 

Ru-NNO 1,734 1,733 1,734 1,734 1,737 

N-O 1,135 1,135 1,135 1,135 1,134 

Ru-Cl(ʮʠʩ ʢ NO) 2,415 

2,422 

2,415 

2,426 

2,416 

2,424 

2,415 

2,423 

2,414 

2,422 

Ru-ʉl(ʪʨʘʥʩ ʢ NO) 2,375 2,376 2,374 2,375 2,372 

Ru-N(ʛʝʪʝʨʦʮʠʢʣ) 2,138 

2,139 

2,137 

2,142 

2,136 

2,139 

2,136 

2,139 

2,138 

2,140 

      

 ɿʥʘʯʝʥʠʝ ʚ ʛʨʘʜʫʩʘʭ 

ʋʛʦʣ Ru-N-O 178,47 177,47 178,16 177,77 178,52  

 

ʈʘʩʩʪʦʷʥʠʷ ɿʥʘʯʝʥʠʝ ʚ ¡ 

 4CNPy Im HInd NicA InicA  

Ru-NNO 1,735 1,726 1,735 1,735 1,733 

N-O 1,134 1,137 1,133 1,135 1,135 

Ru-Cl(ʮʠʩ ʢ NO) 2,412 

2,423 

2,421 

2,428 

2,427 

2,429 

2,415 

2,423 

2,415 

2,425 

Ru-ʉl(ʪʨʘʥʩ ʢ NO) 2,372 2,390 2,378 2,376 2,375 

Ru-N(ʛʝʪʝʨʦʮʠʢʣ) 2,136 

2,138 

2,106 

2,113 

2,109 

2,113 

2,138 

2,139 

2,137 

2,137 

      

 ɿʥʘʯʝʥʠʝ ʚ ʛʨʘʜʫʩʘʭ 

ʋʛʦʣ Ru-N-O 177,85 177,85 179,75 178,47 177,66  
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ʊʘʙʣʠʮʘ 13. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ ʫʛʦʣ Ru-N-O ʜʣʷ ʪʨʘʥʩ-[RuNO(L)2Cl3] ʧʦ ʜʘʥʥʳʤ 

ʈʉɸ 

ʈʘʩʩʪʦʷʥʠʷ ɿʥʘʯʝʥʠʝ ʚ ¡  

L  NicMe NicEt InicMe InicEt  3CNPy  

Ru-NNO 1,804(5) 1,746(1) 1,747(6) 1,818(4) 1,748(4)  

N-O 1,170(8) 1,143(1) 1,131(6) 1,136(4) 1,133(5)  

Ru-Cl(ʮʠʩ ʢ NO) 2,355(2) 2,367(2) 2,375(5) 2,368(5) 2,377(3)  

Ru-ʉl(ʪʨʘʥʩ ʢ NO) 2,232(8) 2,325(3) 2,337(9) 2,227(7) 2,337(8)  

Ru-N(ʛʝʪʝʨʦʮʠʢʣ) 2,103(2) 2,110(8) 2,106(5) 2,107(5) 2,105(3)  

       

 ɿʥʘʯʝʥʠʝ ʚ ʛʨʘʜʫʩʘʭ 

ʋʛʦʣ Ru-N-O 172,70(2) 171,86(1) 174,85(2) 176,08(2) 174,91(3)  

ʈʘʩʩʪʦʷʥʠʷ ɿʥʘʯʝʥʠʝ ʚ ¡  

 4CNPy Im HInd  NicA InicA  

Ru-NNO 1,747(5) 1,787(3) 1,741(3) 1,736(1) 1,756(3) 

N-O 1,133(1) 1,137(7) 1,133(4) 1,233(1) 1,110(3) 

Ru-Cl(ʮʠʩ ʢ NO) 2,372(5) 2,335(3) 2.367(4) 2,374(3) 2,370(1) 

Ru-ʉl(ʪʨʘʥʩ ʢ NO) 2,303(6) 2,335(3) 2.343(9) 2,245(3) 2,305(2) 

Ru-N(ʛʝʪʝʨʦʮʠʢʣ) 2,101(3) 2,078(5) 2,082(7) 2,110(3) 2,109(3) 

   

ʋʛʦʣ Ru-N-O 177,84(1) 180,0(0) 180,0(0) 173,71(1) 180,0(0) 

 

ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [RuNOL2Cl3] ʜʚʝ ʚʳʨʦʞʜʝʥʥʳʝ ʥʠʞʥʠʝ ʩʚʦʙʦʜʥʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ (ʅʉʄʆ) ʠʤʝʶʪ ʪʦʪ ʞʝ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʠ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʘ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʠʦʥʝ [RuNOCl5]
2- 155, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ d-

ʦʨʙʠʪʘʣʝʡ ʨʫʪʝʥʠʷ ʩ ʨʘʟʨʳʭʣʷʶʱʠʤʠ ˊ*-ʦʨʙʠʪʘʣʷʤʠ ʥʠʪʨʦʟʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʈʘʟʨʳʭʣʷʶʱʠʝ ˊ*-ʦʨʙʠʪʘʣʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ, ʢʘʢ ʅʉʄʆ+2 ʠ ʅʉʄʆ+3. ɺʝʨʭʥʷʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

(ɺɿʄʆ) ʧʦʩʪʨʦʝʥʘ ʠʟ dxy ʦʨʙʠʪʘʣʠ ʨʫʪʝʥʠʷ ʠ py-ʧʘʨ ʮʠʩ-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʭʣʦʨʦ-

ʣʠʛʘʥʜʦʚ. ɿʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ɺɿʄʆ-1 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʥʝʧʦʜʝʣʝʥʥʳʭ ʧʘʨ ʘʪʦʤʦʚ ʭʣʦʨʘ ʠ d-ʦʨʙʠʪʘʣʝʡ ʨʫʪʝʥʠʷ ʩ ʥʝʙʦʣʴʰʠʤ 

ʚʢʣʘʜʦʤ ʥʠʪʨʦʟʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʪʦ ʞʝ ʜʣʷ ɺɿʄʆ-2 ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ˊ-ʦʨʙʠʪʘʣʝʡ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ). ʅʘʙʦʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-

[RuNOL2Cl3], ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʩʭʦʞʠ ʩ ʥʘʙʦʨʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 63. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʬʦʪʦʣʠʟʘ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ˊ*-ʦʨʙʠʪʘʣʠ NO ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ (ʈʠʩʫʥʦʢ 64). ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʠʟʫʯʘʝʤʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ (ʊʘʙʣʠʮʘ 14), ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʣʫʯʝʥʠʝʤ ʚʝʱʝʩʪʚ ʩ ʮʝʣʴʶ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʩʚʷʟʠ Ru-NO ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʠʩʪʦʯʥʠʢ ʩʠʥʝʛʦ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ, ʣʝʞʘʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 420ï480 ʥʤ. 

 

ʈʠʩʫʥʦʢ 63. ʅʘʙʦʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] 

 

ʈʠʩʫʥʦʢ 64. ʉʭʝʤʘ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʪʨʘʥʩ-[RuNO(InicMe)2Cl3] 
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ʊʘʙʣʠʮʘ 14. ʅʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[RuNOL2Cl3] 

ʃʠʛʘʥʜ L ⱦ, ʥʤ ʇʝʨʝʭʦʜ ʀʥʪʝʥʩʠʚʥʦʩʪʴ, 

ʦʪʥ. ʝʜ. 

ʍʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʘ 

4CNPy 478,5  1,03  

 469  0,75  

3CNPy 479,9  1,04  

 469,6  0,44  

InicEt 479,0  1,05  

 469,5  0,77  

NicEt 475.3  1,05  

 467,1  0,46  

InicMe 478,8 ɺɿʄʆ Ÿ ʅʉʄʆ 1,02 dxy, p(Cl) Ÿ *́(NO), dxz 

 469,1 ɺɿʄʆ Ÿ ʅʉʄʆ+1 0,68 dxy, p(Cl) Ÿ *́(NO), dyz 

NicMe 480,6  1,03  

 470,4  0,45  

NicA 478,8  3,44  

 465,3  0,23  

InicA 479.7  2,90  

 467,4  0,23  

Im 470,1  0,62  

 469,7  0,61  

HInd 444,4 ɺɿʄʆ-2 Ÿ ʅʉʄʆ 1,79 dyz, p(Cl), ˊ(C) Ÿ dxz, ˊ*(NO) 

  ɺɿʄʆ-3 Ÿ ʅʉʄʆ  dxy, p(Cl), ˊ(C) Ÿ dxz, ˊ*(NO) 

 443,9 ɺɿʄʆ-2 Ÿ ʅʉʄʆ+1 0,23 dyz, p(Cl), ˊ(C) Ÿ dyz, ˊ*(NO) 

  ɺɿʄʆ-3 Ÿ ʅʉʄʆ+1  dxy, p(Cl), ˊ(C) Ÿ dyz, ˊ*(NO) 

 418,6 ɺɿʄʆ-1 Ÿ ʅʉʄʆ 1,44  ˊ(C) Ÿ dxz, ˊ*(NO) 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʢʦʤʧʣʝʢʩʦʚ [RuNOL2Cl3] ʚ ʵʪʦʡ ʨʘʙʦʪʝ 

ʥʘʩ ʪʘʢʞʝ ʠʥʪʝʨʝʩʦʚʘʣ ʦʙʱʠʡ ʚʠʜ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʬʦʪʦʣʠʟʘ. ʕʪʠ 

ʜʘʥʥʳʝ ʧʦʣʝʟʥʳ ʜʣʷ ʚʳʙʦʨʘ ʠʟʣʫʯʝʥʠʷ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʞʘʱʝʛʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʝʡ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʧʝʢʪʨʦʚ ʙʳʣʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ ʚʠʜʘ ʪʨʘʥʩ-[Ru(ʉH3CN)L2Cl3] (L ï 4-

ʮʠʘʥʦʧʠʨʠʜʠʥ, ʤʝʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪ) ʩ ʤʦʣʝʢʫʣʦʡ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʨʝʘʢʮʠʷʭ 

ʬʦʪʦʣʠʟʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʦʤ ʮʠʘʥʦʛʨʫʧʧʳ ʢ ʘʪʦʤʫ 

ʨʫʪʝʥʠʷ ʚʤʝʩʪʦ NO. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʧʦʩʣʝ ʦʪʨʳʚʘ 
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ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʙʣʫʯʝʥʠʷ ʙʫʜʫʪ ʠʤʝʥʥʦ ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ 

ʚʘʢʘʥʪʥʦʝ ʤʝʩʪʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʟʘʡʤʝʪ ʨʘʩʪʚʦʨʠʪʝʣʴ. ɼʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʚ, ʜʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 65 ʧʨʠʚʝʜʝʥʳ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʘʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[Ru(NO)L2Cl3]. 

ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʟʠʪʴ ʜʠʘʧʘʟʦʥ ʧʦʠʩʢʘ ʧʦʜʭʦʜʷʱʝʡ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʉʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 420ï440 ʥʤ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪʩʷ ʢʦʤʧʣʝʢʩʘʤʠ [Ru(CH3CN)L2Cl3]. 

ʉʜʚʠʛ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ [Ru(CH3CN)L2Cl3] ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (InicMe, 4CNPy ï ʈʠʩʫʥʦʢ 65) ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʠʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʭʦʜʦʚ (ʠʟ ʦʙʣʘʩʪʠ 260-380 ʥʤ ʚ ʦʙʣʘʩʪʴ 340-520 ʥʤ) ʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʭʦʜʦʚ ʩ ʙʦʣʴʰʦʡ ʩʠʣʦʡ ʦʩʮʠʣʣʷʪʦʨʘ. ɿʘʤʝʥʘ ʯʘʩʪʠʮʳ NOÅ ʥʘ ʘʮʝʪʦʥʠʪʨʠʣ 

ʤʝʥʷʝʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ, ʜʝʣʘʷ ʝʛʦ ʧʘʨʘʤʘʛʥʠʪʥʳʤ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʷʪ 

ʢ ʧʦʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ʅʉʄʆ ʠ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ ɺɿʄʆ ʠ ɺɿʄʆ+1 

ʪʨʘʥʩ-[Ru(ʉH3ʉN)(InicMe)2Cl3] ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʨʙʠʪʘʣʝʡ 

ʪʨʘʥʩ-[RuNO(InicMe)2Cl3], ʩʜʚʠʛʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʭʦʜʳ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ. ʅʘ ʨʠʩʫʥʢʝ 66 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʦʙʝʠʭ ʤʦʣʝʢʫʣ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʨʘʩʩʯʠʪʘʥʥʳʭ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʘʭ. 

 

ʈʠʩʫʥʦʢ 65. ʉʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ [RuNOL2Cl3] ʠ 

[Ru(CH3CN)L2Cl3] (L ï InicMe, 4CNPy) 
































































