
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ  

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ 
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ʀ ɹʀʆʃʆɻʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʦʩʪʠʥ ɻʝʥʥʘʜʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

2-MePy ï 2-ʤʝʪʠʣʧʠʨʠʜʠʥ 

3-CN-Py ï 3-ʮʠʘʥʦʧʠʨʠʜʠʥ 

3-MePy ï 3-ʤʝʪʠʣʧʠʨʠʜʠʥ 

4-acpy ï 4-ʘʮʝʪʠʣʧʠʨʠʜʠʥ  

4-Clpy ï  4-ʭʣʦʨʧʠʨʠʜʠʥ 

4-MePy ï 4-ʤʝʪʠʣʧʠʨʠʜʠʥ 

An - [RuNO(NO ) (OH)]2- 

antpy ï  4ǋ-(ʘʥʪʨʘʮʝʥ-9-ʠʣ)-2,2ǋ:6ǋ,2ǋǋ-ʪʝʨʧʠʨʠʜʠʥ 

Benz-im ï ʙʝʥʟʠʤʠʜʘʟʦʣ 

bisox ï 4,4,4,4-ʪʝʪʨʘʤʝʪʠʣ-2,2-ʙʠʩʦʢʩʘʟʦʣʠʥ 

bpea ï N-ʕʪʠʣ-N,N-ʙʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ 

Bpy ï ʙʠʧʠʨʠʜʠʥ 

Cim ï C-ʩʚʷʟʘʥʥʳʡ ʠʤʠʜʘʟʦʣ  

dbbpy ï 4,4ǋ-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-2,2ǋ-ʙʠʧʠʨʠʜʠʣ 

diPh ï 2,5-ʜʠʤʝʪʠʣʬʝʥʠʣ 

DMEM  - Dulbecco's Modified Eagle Medium 

dps ï ʙʠʩ(2-ʧʠʨʠʜʠʣ-N)ʩʫʣʴʬʠʜ 

ESI-MS ï ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

Et-inic ï ʵʪʠʣ ʠʟʦʥʠʢʦʪʠʥʘʪ 

Et-nic ï ʵʪʠʣ ʥʠʢʦʪʠʥʘʪ 

F12 ï ʧʠʪʘʪʝʣʴʥʘʷ ʩʤʝʩʴ ʍʘʤʘ 

FT ï  4'-(2-ʬʣʫʦʨʝʥʠʣ)-2,2':6',2"-ʪʝʨʧʠʨʠʜʠʥ 

H2LMe2 ï N,Nǋ-ɹʠʩ(6-ʤʝʪʠʣ-2-ʧʠʨʠʜʠʥʠʣ)-2,6-ʧʠʨʠʜʠʥ-ʜʠʢʘʨʙʦʢʩʘʤʠʜ 

H2vi ï 2,4,5,6-(1H,3H)-ʧʠʨʠʤʠʜʠʥʪʝʪʨʦʥ 5-ʦʢʩʠʤʘʪ 

HInd  ï ʠʥʜʘʟʦʣ 

HSA ï ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ ʯʝʣʦʚʝʢʘ 

IC50 ï ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

Im  = ʠʤʠʜʘʟʦʣ 

In  ï  ʠʥʜʘʟʦʣ 

Isn ï ʠʟʦʥʠʢʦʪʠʥʘʤʠʜ 

L 1 ï  2-((ʥʘʬʪʘʣʠʥ-1-ʠʣʠʤʠʥʦ)ʤʝʪʠʣ)ʬʝʥʦʣ 

Lhist  ï L-ʛʠʩʪʠʜʠʥ  

Me-inic ï ʤʝʪʠʣ ʠʟʦʥʠʢʦʪʠʥʘʪ 
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Me-nic ï ʤʝʪʠʣ ʥʠʢʦʪʠʥʘʪ 

NIm  ï N-ʩʚʷʟʘʥʥʳʡ ʠʤʠʜʘʟʦʣ  

P(OEt)3 ï ʪʨʠʵʪʠʣʬʦʩʬʠʪ  

PaPy3H ï N,N-ʙʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ-N-ʵʪʠʣ-2-ʧʠʨʠʜʠʥ-2-

ʢʘʨʙʦʢʩʘʤʠʜ 

PBS ï ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʡ ʙʫʬʝʨ 

Phen ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

PPh3 ï ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ 

Py ï ʧʠʨʠʜʠʥ 

Py3PH2 ï N,N-ʙʠʩ(2-(2-ʧʠʨʠʜʠʣ)ʵʪʠʣ)ʧʠʨʠʜʠʥ-2,6-ʜʠʢʘʨʙʦʢʩʘʤʠʜ 

pyca ï ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ 

PyO ï ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 

pysiS4 ï 2,6-ʙʠʩ(3-ʪʨʠʬʝʥʠʣʩʠʣʠʣ-2-ʩʫʣʴʬʘʥʠʣʬʝʥʠʣʪʠʦʤʝʪʠʣ)ʧʠʨʠʜʠʥ 

Pyz ï ʧʠʨʘʟʠʥ 

SBPy3 ï N,N-ʙʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ-N-ʵʪʠʣ-2-ʧʠʨʠʜʠʥ-2-ʘʣʴʜʠʤʠʥ) 

TD-DFT ï ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʨʝʤʝʥʠ ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

terpy ï ʪʝʨʧʠʨʠʜʠʥ 

TMED  ï ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥ-ʜʠʘʤʠʥ 

TPPO ï ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ-ʦʢʩʠʜ 

ɼʄʉʆ, dmso ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ʀʂʉ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʥʳʡ ʘʥʘʣʠʟ 

ʊʆ ï ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʦʢʥʦ 

ʊʌʇ ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ɽʩʪʝʩʪʚʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʫʣʫʯʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ, ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʞʠʚʳʝ ʢʣʝʪʢʠ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʦʩʪʘʚʢʠ ʧʨʝʧʘʨʘʪʦʚ [1], ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʝʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʪʦʯʝʯʥʦʡ 

ʘʢʪʠʚʘʮʠʠ ʧʨʝʧʘʨʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ) ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ 

(ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʭʠʤʠʦʪʝʨʘʧʠʠ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʪʢʘʥʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʝʧʘʨʘʪʦʤ 

[2]. ʂʦʤʙʠʥʘʮʠʷ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ ʧʨʝʧʘʨʘʪʦʚ ʠ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʚʳʚʝʩʪʠ ʪʝʨʘʧʠʶ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ, 

ʷʚʣʷʶʪʩʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʚʳʩʚʦʙʦʞʜʘʪʴ ʦʢʩʠʜ ʘʟʦʪʘ(II) ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʙʣʫʯʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʨʫʪʝʥʠʷ. ʆʢʩʠʜ ʘʟʦʪʘ(II) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʜʠʢʘʣ, ʠʛʨʘʶʱʠʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʣʘʫʨʝʘʪʘʤʠ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ ʤʝʜʠʮʠʥʝ ʠ ʬʠʟʠʦʣʦʛʠʠ ʚ 1998 ʛʦʜʫ [3]. 

ɹʣʘʛʦʜʘʨʷ ʤʘʣʳʤ ʨʘʟʤʝʨʘʤ, ʥʝʡʪʨʘʣʴʥʦʤʫ ʟʘʨʷʜʫ ʠ ʣʠʧʦʬʠʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ. NO ʫʯʘʩʪʚʫʝʪ ʚʦ ʤʥʦʞʝʩʪʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʪʨʦʣʴ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ [4], ʥʝʡʨʦʪʨʘʥʩʤʠʩʩʠʷ [5], 

ʟʘʞʠʚʣʝʥʠʝ ʨʘʥ ʠ ʙʦʨʴʙʘ ʩ ʠʥʬʝʢʮʠʷʤʠ [6], ʧʨʦʷʚʣʷʝʪ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ 

ʩʚʦʡʩʪʚʘ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NO [7,8]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʩʧʝʰʥʦʝ ʥʘʯʘʣʦ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʫʪʝʥʠʷ NAMI-A, KP1019, NKP1339 ʠ TLD1443 ʚʤʝʩʪʝ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʦ 

ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ in vitro ʠ in vivo ʘʢʪʠʚʥʦʩʪʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ Ru ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʟʘʤʝʥʳ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ [9]. ʆʩʥʦʚʦʡ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʣʫʞʘʪ ʨʘʟʣʠʯʥʳʝ N-ʜʦʥʦʨʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. 

ʂʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʚ ʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʝʦʙʣʫʯʝʥʥʦʡ ʬʦʨʤʳ ʠ ʬʦʨʤ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚʤʝʩʪʝ ʩ ʢʦʥʪʨʦʣʝʤ 
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ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʝʣʷʝʤʦʛʦ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ 

ʧʨʝʧʘʨʘʪʳ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʦʢʩʠʜʘ ʘʟʦʪʘ(II) ʷʚʣʷʶʪʩʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ, 

ʩʧʦʩʦʙʥʳʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʚʳʩʚʦʙʦʞʜʘʪʴ ʦʢʩʠʜʳ ʘʟʦʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ. 

ʅʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʣʫʯʝʥʠʷ. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʥʠʪʨʦʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʬʦʨʤʫʣʦʡ [RuNOL] 

(L - ʣʠʛʘʥʜ) ʷʚʣʷʶʪʩʷ ʚʳʜʘʶʱʠʤʠʩʷ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʜʦʩʪʘʚʢʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʟʨʳʚʘ ʩʚʷʟʠ Ru-NO ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ NO. ʈʘʩʱʝʧʣʝʥʠʝ ʩʚʷʟʠ Ru-

NO ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ [10,11]. ʇʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʌɼʊ) ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ (ʌʍʊ) ʪʝʨʘʧʠʠ - 

ʤʝʪʦʜʝ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʌɼʊ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʦʢʥʘ (600ï1300 ʥʤ), ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʜʣʷ ʩʚʝʪʘ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʜʥʘʢʦ ʦʙʳʯʥʦ 

ʬʦʪʦʣʠʟ ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ 300ï500 ʥʤ ʠʟ-

ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO. 

ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʨʫʪʝʥʠ ʁʣʠʛʘʥʜʦʚ-ʘʥʪʝʥʥ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʤʝʩʪʠʪʴ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠʟ ʋʌ-ʜʠʘʧʘʟʦʥʘ ʚ ʦʙʣʘʩʪʴ ʊʆ 

(ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʦʢʥʦ) [2]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ 

ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʬʦʪʦʣʠʟʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ 

ʥʠʪʨʦʟʦʢʦʤʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʊʘʢʞʝ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʫʯʝʪʦʤ ʩʚʝʪʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʢʘʥʝʡ ʚ ʦʙʣʘʩʪʠ ʊʆ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧ-ʢʦʥʚʝʨʪʝʨʳ ï ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʧʦʛʣʦʱʝʥʠʶ ʦʜʥʦʛʦ ʠ 

ʙʦʣʝʝ ʬʦʪʦʥʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʤʠʩʩʠʝʡ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʝʥʴʰʝʡ, ʯʝʤ ʜʣʠʥʘ ʚʦʣʥʳ 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʚʝʪʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʜʣʷ 

ʘʢʪʠʚʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ [12]. 

ʆʩʥʦʚʥʳʤʠ ʤʠʨʦʚʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʨʫʧʧʳ Peter C. 

Ford (Department of Chemistry and Biochemistry, University of California, Santa Barbara, California, 
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United States), Isabelle Malfant (Laboratoire de Chimie de Coordination du CNRS, Toulouse, France), 

Vladimir Arion (Institute of Inorganic Chemistry, University of Vienna, Wien, Austria) ʠ E. Tfouni 

(Departamento de Qu²mica, Faculdade de Filosofia Ci°ncias e Letras de Ribeir«o Preto, Universidade 

de S«o Paulo, S«o Paulo, Brazil). ɻʨʫʧʧʳ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʝʤʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʣʘʪʠʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʥʘʢʦʧʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʝʜʠʥʝʥʠʷʭ, ʤʝʪʦʜʘʭ ʠʭ ʠʟʫʯʝʥʠʷ ʠ ʧʦʜʭʦʜʘʭ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ [9]. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ ʚ ʮʝʣʦʤ ʠ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʸʪ (ʦʪ 

1700 ʧʫʙʣʠʢʘʮʠʡ ʚ 2000 ʛʦʜʫ ʜʦ 12000 ʚ 2022), ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʘʪʠʢʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ N-

ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʦʛʦ ʚʳʜʝʣʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ(II) ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʩʚʝʪʦʤ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʣʠʟʘ; 

¶ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ 

ʣʠʥʠʷʤ; 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʟʣʠʯʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʣʠ ʘʜʘʧʪʘʮʠʠ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ. 

ɺr ʜʝʣʝʥ rʠ ʦʧʠʩʘʥ rʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʦʚʳʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩ rʨʫʪʝʥʠʷ ʩ 

N-ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʭ ʘʮʝʪʘʪʥʳʭ 

ʩʦʣʝʡ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʣʠʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʧʠʩʠ ʀʂ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʣʦʞʝʥ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʨʘʩʯʸʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʥʘ ʝʸ ʦʩʥʦʚʝ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ: 450 ʥʤ ʜʣʷ 6 ʩʦʝʜʠʥʝʥʠʡ 

ʠ 532 ʥʤ ʜʣʷ ʜʚʫʭ. ʄʝʪʦʜʦʤ ESI-MS ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ ʚ ʨʘʩʪʚʦʨʘʭ ʜʦ 
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ʦʙʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝ ʜʣʷ 6 ʩʦʝʜʠʥʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʜʣʷ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ 

[RuNO(L)2(NO2)2OH], ʛʜʝ L = ʵʪʠʣʦʚʳʝ ʠ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʥʠʢʦʪʠʥʦʚʦʡ ʠ ʠʟʦʥʠʢʦʪʠʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʫʪʸʤ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ 

ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʝ ʩʧʦʩʦʙʥʦ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʚʳʩʠʪʴ ʟʥʘʯʝʥʠʷ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʦʡ ʣʠʥʠʠ MCF-7. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʪ ʢʣʘʩʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʥʠʪʨʦ-

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʠʭ ʩʪʨʦʝʥʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʨʘʩʪʚʦʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʜʘʥʥʳʝ ʦʙ ʠʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʣʠʧʦʬʠʣʴʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʪʨʦʝʥʠʝ 

ʣʠʛʘʥʜʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʟʘʧʠʩʠ ʀʂ/ʕʉʇ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʯʸʪ 

ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʜʘʥʥʳʭ ʕʉʇ ʜʣʷ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ ʩ ʦʙʲʸʤʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ. ʀʟʫʯʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ ʚʦʟʤʦʞʥʳʭ 

ʘʛʝʥʪʦʚ ʜʣʷ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʦʡ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ, ʪʘʢ ʢʘʢ ʥʝʩʢʦʣʴʢʦ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʪ ʢʘʢ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ, ʪʘʢ ʠ ʚʳʩʦʢʠʤ 

ʠʥʜʝʢʩʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ. 

ɼʘʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʚ 

ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CCDC ʠ ʷʚʣʷʶʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

¶  ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ; 

¶  ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʪʦʣʠʟʘ ʤʝʪʦʜʘʤʠ ʀʂ, ʦʧʪʠʯʝʩʢʦʡ ʠ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩ ʠʭ ʧʦʤʦʱʴʶ ʟʥʘʯʝʥʠʡ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʬʦʪʦʣʠʟʘ; 

¶  ʠʟʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ESI-MS (ʵʣʝʢʪʨʦʩʧʨʝʡ-ʤʘʩʩ) ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 

¶  ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ IC50 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ ʣʠʥʠʷʤ; 

¶  ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʤʝʞʜʫ ʚʦʜʦʡ ʠ 

ʥ-ʦʢʪʘʥʦʣʦʤ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠ 

ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 
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- ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʠʪʨʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 

- ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʀʂ-ʩʧʝʢʪʨʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʣʠʟʘ, ʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 450 ʥʤ; 

- ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʘ-ʦʢʪʘʥʦʣ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʬʠʨʘʤʠ 

ʥʠʢʦʪʠʥʦʚʳʭ ʠ ʠʟʦʥʠʢʦʪʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʥʜʘʟʦʣʦʤ ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ; 

- ʜʘʥʥʳʝ ʦ ʧʨʦʜʫʢʪʘʭ ʬʦʪʦʣʠʟʘ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ESI-MS ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

- ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ A549 (ʢʘʨʮʠʥʦʤʘ ʣʝʛʢʠʭ), 

MCF-7 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ) ʠ ʥʝʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ MRC5 (ʥʝʦʧʫʭʦʣʝʚʳʝ 

ʬʠʙʨʦʙʣʘʩʪʳ ʣʝʛʢʠʭ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʝʩʴ ʦʙʲʸʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʚʳʨʘʱʠʚʘʥʠʶ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʰʠʬʨʦʚʢʘ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ, ʧʦʣʫʯʝʥʠʝ ʠ 

ʨʘʩʰʠʬʨʦʚʢʘ ʜʘʥʥʳʭ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ)-, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ-ʚʠʜʠʤʦʡ (ʋʌ-ʚʠʜ) 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʘʩʰʠʬʨʦʚʢʘ ʜʘʥʥʳʭ ESI-MS ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʟʜʘʥʠʝ 

ʫʩʪʘʥʦʚʢʠ ʧʨʦʪʦʯʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ ʬʦʪʦʣʠʟʘ, ʨʘʩʯʸʪ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʘ-ʦʢʪʘʥʦʣ ʠ ʧʨʦʚʝʜʝʥʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ 

ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ. ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʩʫʞʜʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ XXVIII  

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. (ʊʫʘʧʩʝ ï 2021), ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʅʦʚʦʩʠʙʠʨʩʢ ï 2022), ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʃʦʤʦʥʦʩʦʚ (ʄʦʩʢʚʘ ï 2023), ʥʘ 

XXII  ʄʝʥʜʝʣʝʝʚʩʢʦʤ ʩʲʝʟʜʝ (ʉʦʯʠ ï 2024). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ 

Web of Science. ɺ ʤʘʪʝʨʠʘʣʘʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ  ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 4 ʜʦʢʣʘʜʦʚ. 
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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 ʪʘʢʞʝ 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, ʨʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʣʠʛʘʥʜʦʚè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 123 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 45 ʨʠʩʫʥʢʦʚ ʠ 15 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ 

ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʠʭ ʦʙʩʫʞʜʝʥʠʷ (ʛʣ. 3), ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (168 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ 

ʧʨʠʣʦʞʝʥʠʷ. 

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 ʛʨʘʥʪʦʤ ʈʌʌʀ 20-43-543002 çɼʠʟʘʡʥ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʝʪʦʠʥʜʫʮʠʨʫʝʤʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʥʘ ʦʩʥʦʚʝ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠè ʠ ʈʅʌ 22-43-09001 

çʉʪʨʫʢʪʫʨʥʘʷ ʜʠʥʘʤʠʢʘ ʬʦʪʦʧʝʨʝʢʣʶʯʘʝʤʳʭ ʪʚʝʨʜʳʭ ʬʘʟè.  
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʉʠʥʪʝʟ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʭʠʤʠʷ ʥʠʪʨʦʟʦʢʦʤʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʚʠʣʘʩʴ, ʧʦʷʚʠʣʠʩʴ ʜʝʩʷʪʢʠ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʚʘʣʝʥʪʥʦʩʪʠ, 

ʛʝʦʤʝʪʨʠʠ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ Ru-NO. ɸʥʘʣʠʟ ʙʘʟʳ ʜʘʥʥʳʭ CCDC 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 833 ʩʪʨʫʢʪʫʨ ʩ ʛʨʫʧʧʠʨʦʚʢʦʡ Ru-NO (ʘ ʪʘʢʞʝ ʦʢʦʣʦ 200 ʩʪʨʫʢʪʫʨ ʯʠʩʪʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ICSD), ʦʜʥʘʢʦ ʥʝ ʚʩʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦʤʝʱʝʥʳ ʚ ʙʘʟʫ 

CCDC, ʧʦʵʪʦʤʫ ʨʝʘʣʴʥʦʝ ʯʠʩʣʦ ʠʟʚʝʩʪʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠ ̫ʙʦʣʴʰʝ. ʇʨʠ ʜʝʪʘʣʴʥʦʤ 

ʘʥʘʣʠʟʝ ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʩʠʥʪʝʟʘ: 

1) ʇʨʷʤʦʝ ʚʩʪʨʘʠʚʘʥʠʝ NO+ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʜʦʥʦʨʘʤʠ. ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʩʦʣʠ ʥʠʪʨʦʟʦʥʠʷ NOBF, (NO)PF  ʠ ʜʨ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʧʝʨʝʚʦʜʠʪʴ Ru(II)-ʮʝʥʪʨʳ (ʜʠʠʤʠʥʳ, ʬʦʩʬʠʥʳ ʠ ʧʨ.) ʚ {RuNO}-ʩʦʝʜʠʥʝʥʠʷ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʜʦ {RuNO}  ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʚʝʜʝʥʠʝʤ ʚʪʦʨʦʛʦ NO ʩ ʧʦʤʦʱʴʶ NOBF  ʜʘʸʪ ʜʠʥʠʪʨʦʟʦ-

ʢʦʤʧʣʝʢʩʳ [Ru(NO) (L) X]BF . ʕʪʦʪ ʜʚʫʭʵʪʘʧʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʜʣʷ ʩʠʥʪʝʟʘ 

ʜʠʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ [13]. ʇʦʤʠʤʦ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʥʦʨʦʚ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʷʤʦʝ 

ʧʨʦʧʫʩʢʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ NO [14,15]. 

2) ʆʙʤʝʥ CO Ÿ NO. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʥʘʧʨʠʤʝʨ, 

[Ru(bpy)(CO) Cl ]) ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʉʆ ʥʘ NO ʩ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʩʪʘʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ. ʀʩʪʦʯʥʠʢʦʤ NO ʤʦʞʝʪ ʩʣʫʯʠʪʴ ʢʦʤʙʠʥʘʮʠʷ HCl/HNO [16]. 

3) ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʣʠʛʘʥʜʘ NO2
-
 ʚ NO+ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʠʩʣʦʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʘʟʦʪʘ (ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ ʚʠʜʝ ʅ2ʆ) [17ï

19]. 

4) ʇʨʷʤʦʝ ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʚ ʥʠʪʨʦʟʠʣ-ʩʦʜʝʨʞʘʱʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ. ʂʣʘʩʩʠʯʝʩʢʠʤʠ 

ʧʨʝʢʫʨʩʦʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ Ru-NO ʷʚʣʷʶʪʩʷ ʩʦʣʠ ʭʣʦʨʦʥʠʪʨʦʟʦ-ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ 

K [RuCl (NO)]/(NH ) [RuCl (NO)] ʠ ʙʝʟʭʣʦʨʠʜʥʳʝ ʥʠʪʨʦʟʠʣ-ʥʠʪʨʘʪʥʳʝ ʬʦʨʤʳ (ʛʨʘʥ-

[RuNO(NH ) (NO ) ]) ʠ ʜʨ.). ɼʣʷ ʥʠʭ ʚʦʟʤʦʞʝʥ ʣʠʛʘʥʜʦʦʙʤʝʥ ʩ ʘʮʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠʣʠ N-

ʜʦʥʦʨʘʤʠ (ʘʤʠʥʳ, ʧʠʨʠʜʠʥʳ, ʧʦʣʠʧʠʨʠʜʠʣʳ ʠ ʜʨʫʛʠʝ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʩʠʥʪʝʟʘ [20ï22]. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʪʠʧʘ [RuCl (NO)(PPh ) ] ʠ ʠʭ ʘʥʘʣʦʛʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʦʙʰʠʨʥʳʡ ʥʘʙʦʨ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʦʩʬʠʥʘʪʥʳʤ/ʬʦʩʬʠʥʦʢʩʠʜʥʳʤ ʠ N-ʜʦʥʦʨʥʳʤ ʦʢʨʫʞʝʥʠʝʤ 

[23]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʣʘʩʩʠʯʝʩʢʠʤ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʨʫʪʝʥʠʷ. 

5) ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʣʫʯʝʥʠʠ in situ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʘʙʠʣʴʥʳʤʠ ʘʢʚʘ-ʣʠʛʘʥʜʘʤʠ ʟʘ ʩʯʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ NO2
-
 ʣʠʛʘʥʜʦʚ. ʇʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ ʜʝʥʠʪʨʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʫʪʝʥʠʷ, ʥʦ ʠ ʜʣʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʜʨʫʛʠʭ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ. ɺ 
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ʩʣʫʯʘʝ ʭʠʤʠʠ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ 

ʥʠʪʨʦ-ʥʠʪʨʦʟʦ ʘʥʠʦʥʘ [RuNO(NO ) (OH)]Į  ɽʛʦ ʜʝʥʠʪʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʝʣʝʢʪʠʚʥʦ 

ʟʘʤʝʥʷʪʴ ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʸʭ ʥʠʪʨʦʛʨʫʧʧʳ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʟʘʤʝʱʝʥʠʝʤ ʥʘ 

ʥʝʦʙʭʦʜʠʤʳʝ ʣʠʛʘʥʜʳ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʪʘʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʜʨʫʛʠʭ ʘʤʤʦʥʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʨʝʘʛʝʥʪʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ, ʙʦʣʝʝ ʫʟʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʘʤ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, 

ʦʜʥʘʢʦ ʤʳ ʧʨʠʚʦʜʠʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ. ɹʦʣʴʰʦʡ ʦʙʟʦʨ ʭʠʤʠʠ ʥʠʪʨʦ-

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʧʨʠʚʝʜʸʥ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ɽʤʝʣʴʷʥʦʚʘ ɺ. ɸ. ʦʪ 2013 ʛʦʜʘ [24]. 

ʇʦʟʜʥʝʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʤʠ ʚ ʮʝʣʦʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ 

ʛʨʫʧʧʳ ɸʨʠʦʥʘ [22]. ʇʦʩʢʦʣʴʢʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠ ʁ ʥʠʪʨʦ-

ʥʠʪʨʦʟʦʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ, ʜʘʣʝʝ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ 

ʠʤʝʥʥʦ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʘ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʦʜ 

ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ ʤʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʦʩʪʘʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ NO ʠ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ NO2/ONO ʣʠʛʘʥʜ. ɸʥʘʣʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ CCDC ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 56 ʩʪʨʫʢʪʫʨ ʩ ʛʨʫʧʧʠʨʦʚʢʦʡ NO2-Ru-NO. 

1.2. ʉʠʥʪʝʟʳ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʦʜʭʦʜʳ, ʦʜʥʘʢʦ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʝʥʠʪʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʥʠʪʨʦ-ʥʠʪʨʦʟʦ ʧʨʝʢʫʨʩʦʨʦʚ, 

ʢʠʩʣʦʪʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ -NO2 ʛʨʫʧʧʳ ʠ ʢʣʘʩʩʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ. 

1.2.1. ɼʝʥʠʪʨʦʚʘʥʠʝ Na2[RuNO(NO ) (OH)] 

ʆʜʥʠʤ ʠʟ ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʝʘʢʮʠʷ ʜʝʥʠʪʨʦʚʘʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʝʢʫʨʩʦʨʘ Na2[RuNO(NO ) (OH)]Å2H2O (Na2AnÅ2H2O). 

ʀʩʪʦʨʠʯʝʩʢʠ ʘʥʠʦʥ [RuNO(NO ) (OH)]Į  ʧʦʣʫʯʘʶʪ ʠʟ ʩʦʣʝʡ Ru(III) ʚ ʥʠʪʨʠʪ-/ʥʠʪʨʘʪʥʦʡ ʩʨʝʜʝ 

(ʦʙʳʯʥʦ ʥʠʪʨʦʟʠʨʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʝʢʫʨʩʦʨʘ çRuCl3è ʠʣʠ çRuCl3OHè ʩ ʧʦʤʦʱʴʶ 

ʩʤʝʩʠ NaNO2/HCl) ʩ ʚʳʜʝʣʝʥʠʝʤ ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ. ʅʘʣʠʯʠʝ HNO, NH2SO3H ʠʣʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʙʳʪʴ ʜʦʥʦʨʘʤʠ ὔὌ, ʧʝʨʝʚʦʜʠʪ ʯʘʩʪʴ ὔὕ ʚ ὔὕ/H2O/ʆʅ-

ʬʦʨʤʳ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʩʪʠʪʴ ʵʪʠ ʣʘʙʠʣʴʥʳʝ ʣʠʛʘʥʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ɺ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʩ ʝʛʦ 

ʧʦʤʦʱʴʶ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʨʷʜ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʣʠʛʘʥʜʘʤʠ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ [RuNO(L)2(NO2)2OH]. ʆʙʱʠʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝʭ 
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ʥʘʡʜʝʥʥʳʭ ʤʝʪʦʜʠʢʘʭ. ʉʫʪʴ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʥʠʪʨʦʚʘʥʠʠ Na2[RuNO(NO ) (OH)] ʩ 

ʧʦʤʦʱʴʶ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (NH2SO3H): 

NH2SO3H + ./ Ą N2 + (3/ + H2O. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʠʪʨʦʛʨʫʧʧʳ ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʥʳʝ 

ʬʦʨʤʳ ʚʠʜʘ [RuNO(H2O)x(NO2)y] (x+y = 5). ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʣʘʙʠʣʴʥʳʤ ʣʠʛʘʥʜʦʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NO2
-, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʟʘʤʝʩʪʠʪʴ ʝʸ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʣʠʛʘʥʜʳ. ʇʨʠ ʵʪʦʤ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʟʘʤʝʱʝʥʠʝ ʦʙʳʯʥʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʠ 

ʧʦʩʣʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʘ NO-Ru-OH ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʇʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

Na2[RuNO(NO ) (OH)] (Na2An) ʠ NH2SO3H. ʉ ʥʘʠʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ ʧʦʣʫʯʘʶʪʩʷ ʪʦʣʴʢʦ 

ʧʨʦʜʫʢʪʳ ʜʠʟʘʤʝʱʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 1:1 ʠ 1:3 ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʣʠ 

ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ PyH[RuNO(NO2)2(ONO)PyOH] (1:1) ʠʣʠ ʧʨʦʜʫʢʪ ʢʠʩʣʦʪʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ 

[RuNO(NO2)(ONO)Py2OH] ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ (1:3), ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʦʩʪʘʸʪʩʷ ʜʠʟʘʤʝʱʸʥʥʘʷ ʬʦʨʤʘ. ʆʜʥʘʢʦ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʟʷʪʴ ʟʘʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʡ [RuNOPy2(NO2)2OH] ʠ ʧʨʦʚʝʩʪʠ ʝʛʦ ʜʝʥʠʪʨʦʚʘʥʠʝ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʫʜʘʸʪʩʷ ʚʳʜʝʣʠʪʴ ʜʠʤʝʨ NH4[Ru(NO)Py3(Õ-O)]2(PF6)3 ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʩ 

ʧʦʤʦʱʴʶ NH4PF6 [25]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʟʘʤʝʱʝʥʥʳʭ ʬʦʨʤ [RuNO(L)2(NO2)2OH]. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 1:2 ʥʝʩʦʤʥʝʥʥʳʡ ʧʣʶʩʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʘʙʩʦʣʶʪʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʟʘʤʝʱʸʥʥʦʡ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ (> 90 % 

ʧʦ ʜʘʥʥʳʤ ʗʄʈ) ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʣʠʛʘʥʜʘ. ɼʘʥʥʳʡ ʬʘʢʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʩ 

ʘʜʝʢʚʘʪʥʳʤ ʚʳʭʦʜʦʤ ʧʦʣʫʯʘʪʴ ʠʥʪʝʨʝʩʥʳʝ ʤʦʥʦ- ʠ ʪʨʠ-ʟʘʤʝʱʝʥʥʳʝ ʬʦʨʤʳ ʥʠʪʨʦ-

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʘʢʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʨʝʘʢʮʠʶ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ [25ï27]. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. ʊʘʢ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩ ʧʠʨʠʜʠʥʦʤ [28] ʪʦʯʥʳʝ 

ʥʘʚʝʩʢʠ Na2AnÅ2H2O (1 ʤʤʦʣʴ) ʠ NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ ʚʦʜʝ (2 ʤʣ). ʇʦʩʣʝ 30 ʤʠʥʫʪ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʳʜʝʣʝʥʠʝ ʛʘʟʘ ʧʨʝʢʨʘʪʠʣʦʩʴ, ʜʦʙʘʚʣʷʣʠ ʧʠʨʠʜʠʥ (3 ʤʣ) ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʥʘʛʨʝʚʘʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 85 ÁC. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ 

ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʣʘʞʥʦʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ, ʠ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ CH2Cl2 (3Ĭ5 ʤʣ) 

ʠ ʦʩʘʜʠʣʠ ʛʝʢʩʘʥʦʤ. ʆʩʘʜʦʢ ʩʦʙʨʘʣʠ ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʧʨʦʤʳʣʠ ʚʦʜʦʡ ʠ ʭʦʣʦʜʥʳʤ ʘʮʝʪʦʥʦʤ. 

ʂʦʤʧʣʝʢʩ ʩ 3-ʮʠʘʥʦʧʠʨʠʜʠʥʦʤ [29] ʧʦʣʫʯʘʣʠ ʧʦ ʩʭʦʜʥʦʡ ʤʝʪʦʜʠʢʝ. ɼʣʷ ʵʪʦʛʦ 

Na2AnÅ2H2O (1 ʤʤʦʣʴ) ʠ NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 1 ʤʣ ʚʦʜʳ; ʧʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ 
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ʪʝʯʝʥʠʝ 30 ʤʠʥ ʚʳʜʝʣʝʥʠʝ N2 ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ, ʜʦʙʘʚʠʣʠ 3-ʮʠʘʥʦʧʠʨʠʜʠʥ (4 ʤʤʦʣʴ). 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 3 ʯ ʧʨʠ 293 ʂ. 

ɺ ʩʠʥʪʝʟʝ [RuNO(Et-inic)2(NO2)2OH] ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʣʝʥ ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ 

ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʨʝʜʳ. ɼʘʥʥʳʡ ʰʘʛ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʝʨʝʚʦʜʘ ʝʛʦ ʚ ʨʘʩʪʚʦʨʠʤʫʶ ʟʘʨʷʞʝʥʥʫʶ ʬʦʨʤʫ, 

ʯʪʦ ʤʦʞʝʪ ʤʝʰʘʪʴ ʧʦʣʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʜʠʭʣʦʨʤʝʪʘʥʦʤ ʥʘ ʵʪʘʧʝ ʦʯʠʩʪʢʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʤʦʞʥʳʡ ʛʠʜʨʦʣʠʟ ʵʬʠʨʥʳʭ ʣʠʛʘʥʜʦʚ. ʉʘʤ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʩʤʝʩʴ Na2AnÅ2H2O (1 ʤʤʦʣʴ) ʠ NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ (2ï3 ʤʣ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʏʝʨʝʟ 30 ʤʠʥ ʨʘʩʪʚʦʨ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ 2 ʤʤʦʣʴ NaHCO3, ʜʦʙʘʚʠʣʠ 

4 ʤʤʦʣʴ Et-inic ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ (85ï90 Áʉ) ʚ ʪʝʯʝʥʠʝ 1 ʯ. 

ʂʦʥʝʯʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʫʧʘʨʠʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʦʣʫʯʝʥʥʫʶ ʚʷʟʢʫʶ 

ʪʚʝʨʜʫʶ ʬʘʟʫ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʣʠ ʚʦʜʦʡ, ʠ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʜʠʭʣʦʨʤʝʪʘʥʦʤ. ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ [RuNO(Pyz)2(NO2)2OH] ʩʤʝʩʴ Na2AnÅ2H2O (1 ʤʤʦʣʴ) ʠ 

NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 2 ʤʣ ʚʦʜʳ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɿʘʪʝʤ ʪʘʢʞʝ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ NaHCO3, ʥʦ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʥʘʛʨʝʚʘ (3 ʯ.) ʥʝ ʧʨʦʚʦʜʠʣʠ 

ʵʢʩʪʨʘʢʮʠʶ, ʘ ʧʨʦʩʪʦ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʡ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. 

ʉʠʥʪʝʟʳ ʩ 3- ʠ 4-ʤʝʪʠʣʧʠʨʠʜʠʥʦʤ [30] ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʤʝʪʦʜʠʢʦʡ 

ʧʦʣʫʯʝʥʠʷ ʵʪʠʣʠʟʦʥʠʢʦʪʠʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʜʥʘʢʦ ʚ ʥʠʭ ʘʚʪʦʨʳ ʩʦʟʜʘʚʘʣʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʡ 

ʠʟʙʳʪʦʢ ʣʠʛʘʥʜʘ (5-10 ʤʣ ʧʨʦʪʠʚ 4 ʤʤʦʣʴ). ʇʨʠ ʵʪʦʤ ʩʠʥʪʝʟ ʩ 2-ʤʝʪʠʣʧʠʨʠʜʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ [(RuNO(2-MePy)(Nʆ2)(ɛ-NO2))2ɛ-O] ʧʨʠ ʪʦʤ ʞʝ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʣʝʢʩ/ʣʠʛʘʥʜ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʬʦʨʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ (NH4)2An, ʘʢʢʫʨʘʪʥʳʡ ʥʘʛʨʝʚ ʢʦʪʦʨʦʡ ʩ ʧʠʨʠʜʠʥʦʤ ʟʘʪʝʤ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

NH4[RuNO(Py)(NO2)3OH] ʩ ʚʳʭʦʜʦʤ 50-60% [31]. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʧʨʠʛʦʪʦʚʠʣʠ ʘʤʤʦʥʠʝʚʫʶ 

ʩʦʣʴ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʤʝʞʜʫ BaAn ʠ (NH4)2SO4 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʦʪʬʠʣʴʪʨʦʚʘʚ ʦʩʘʜʦʢ 

ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʠ ʘʢʢʫʨʘʪʥʦ ʚʳʩʫʰʠʚ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ. ʇʦʩʣʝ ʵʪʦʛʦ ʉʦʣʴ (NH4)2An (0,27 

ʤʤʦʣʴ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 1 ʤʣ ʧʠʨʠʜʠʥʘ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ (90ï95 oʉ). ɿʘʪʝʤ 

ʨʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ ʜʦ 10 oʉ ʠ ʨʘʟʙʘʚʠʣʠ 1 ʤʣ 2-ʧʨʦʧʘʥʦʣʘ. ɾʸʣʪʳʡ ʧʦʨʦʰʦʢ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʩʦʩʪʘʚʘ NH4[RuNO(Py)(NO2)3OH]ÅiPrOH ʦʩʘʞʜʘʣʠ 10 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

ɺʦ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʩʠʥʪʝʟʘʭ ʣʠʛʘʥʜ ʜʦʙʘʚʣʷʣʩʷ ʚ ʠʟʙʳʪʢʝ. ʅʝʜʦʩʪʘʪʦʢ ʣʠʛʘʥʜʘ ʚ 

ʩʠʥʪʝʟʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʩʪʠʢʦʚʳʭ ʜʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ 

[(RuNO(Pyz)(Nʆ2)(ɛ-NO2))2ɛ-O] (ʩʤ. ʈʠʩʫʥʦʢ 1), ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [26]. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ [(RuNO(Pyz)(Nʆ2)(ɛ-NO2))2ɛ-O], ʥʦʤʝʨ CCDC - 1887360 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ʪʘʢʦʚʦʡ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [RuNO(Pyz)2(NO2)2OH], ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ Pyz ï 1,5 ʤʤʦʣʴ. ʇʦʩʣʝ 3 ʯ ʥʘʛʨʝʚʘʥʠʷ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ (55ï60 ʉ) ʦʩʘʜʦʢ ʥʝ 

ʦʙʨʘʟʦʚʘʣʩʷ. ʈʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ ʠ ʦʩʪʘʚʠʣʠ ʥʘ 3 ʜʥʷ. ʆʙʨʘʟʦʚʘʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʞʝʣʪʳʭ ʠʛʦʣʴʯʘʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [(RuNO(Pyz)(Nʆ2)(ɛ-NO2))2ɛ-O]. ɼʘʣʴʥʝʡʰʝʝ ʫʧʘʨʠʚʘʥʠʝ 

ʨʘʩʪʚʦʨʘ ʚ ʚʘʢʫʫʤʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʷʟʢʠʭ ʛʠʛʨʦʩʢʦʧʠʯʥʳʭ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ.  

1.2.2. ʄʦʩʪʠʢʦʚʳʝ ʠ ʛʝʪʝʨʦʤʝʪʘʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʩʠʥʪʝʟʘ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʪʨʫʢʪʫʨʫ ʘʥʠʦʥ [RuNO(NO ) (OH)]2- ʠʣʠ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʝʛʦ ʤʦʩʪʠʢʦʚʳʝ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʜʚʦʡʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʠʣʠ 

ʜʠʤʝʨʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʙʦʣʴʰʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʩʪʠʢʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʧʨʷʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Na2An ʩ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʚʧʣʦʪʴ ʜʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ.  

ʊʘʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʠʪʨʘʪʘʤʠ ʣʘʥʪʘʥʠʜʦʚ ʮʝʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ ʠ ʧʠʨʠʜʠʥʦʤ 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʝʪʨʘʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ PyH[PyM(NO3){ An} 2M(NO3)]X (M = Ce, X = 4Py; M 

= Pr, X = 4.5Py; M = Nd, X = 2.5PyÅC3H6O, 

[PyEu(NO3){ RuNO(NO2)4OH} 2Eu(H2O)NO3]Å5PyÅC3H6O ʠ [PyNd(NO3){ An} 2Nd(H2O)NO3] 

Å5PyÅCH2Cl2. ʉʠʥʪʝʟʳ ʦʪʣʠʯʘʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʘʮʝʪʦʥ/ʜʠʭʣʦʨʤʝʪʘʥ) ʠ 

ʧʦʨʷʜʢʦʤ ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ [32]. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʧʘʜʝʥʠʝ NaNO3 ʧʨʠ 

ʨʝʘʢʮʠʠ Na2AnÅ2H2O ʠ Ln(NO3)2Ŀ6H2O ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʱʝʥʠʝ 
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ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʠʨʠʜʠʥʦʤ ʠ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʦʪ ʥʠʪʨʦʛʨʫʧʧ An2- ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʣʘʥʪʘʥʦʠʜʘ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʟʘʤʝʱʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʜʨʫʛʦʛʦ ʨʷʜʘ ʣʘʥʪʘʥʦʠʜʦʚ ʠʪʪʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ (Ln = Gd, Tb, 

Dy, Ho, Lu) ʦʙʨʘʟʫʝʪʩʷ ʝʜʠʥʳʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ { Ln[RuNO(Õ-NO2)4(Õ3-

OH)]2Ln}  ʙʝʟ ʧʠʨʠʜʠʥʘ [33]. 

ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʜʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʨʠ ʩʤʝʰʝʥʠʠ 

Ph3PO c ʥʠʪʨʘʪʘʤʠ ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ ʠ ʮʠʥʢʘ (M(NO3)2Ŀ6H2O) ʩ Na2AnÅH2O ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠʣʠ 

ʜʠʭʣʦʨʤʝʪʘʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʳ [AnM(Ph3PO)3]. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

ʛʝʪʝʨʦʤʝʪʘʣʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʚʳʩʪʫʧʘʶʪ 

ʣʠʛʘʥʜʳ ὔὕ [34]. ɸʥʘʣʦʛʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʠ ʧʨʠ ʟʘʤʝʥʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ 

ʥʘ ʧʠʨʠʜʠʥ [35]. ʅʝʦʙʳʯʥʳʤ ʧʨʠʤʝʨʦʤ ʩʦʝʜʠʥʝʥʠʷ ʚ ʜʘʥʥʦʤ ʢʣʘʩʩʝ ʷʚʣʷʝʪʩʷ [Ru(NO)(NO2)2(ɛ-

NO2)(ɛ CH3COO)(ɛ-O)VVO (dbbpy)]ÅCH3CN (dbbpy = 4,4ǋ-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-2,2ǋ-ʙʠʧʠʨʠʜʠʣ), 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʨʝʘʢʮʠʠ [VO(dbbpy)(H2O)Cl2] ʩ Na2AnÅ2H2O [36]. ʇʨʠ ʩʤʝʰʝʥʠʠ 

Zn(NO3)2Å6H2O, Na2AnÅ2H2O ʠ TPPO ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨ 

ʧʠʨʠʜʠʥʘ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ [RuNO(NO2)4OHZn(TPPO)2Py] [37]. ʇʦ ʩʭʦʜʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʘʣʠ 

ʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʤ: [Ru(NO)(NO2)2(ɛ-NO2)2(ɛ-

OH)Ni(PyO)2(H2O)]ÅCH3C(O)CH3, [{ RuNO(NO2)2(ɛ-NO2)2(ɛ-OH)Co} 2(ɛ-PyO)]ÅH2OÅCH3C(O)CH3 

ʠ [RuNO(NO2)2(ɛ-NO2)2(ɛ-OH)Cu(PyO)2] [38]. ʇʨʠ ʨʝʘʢʮʠʠ Na2AnÅ2H2O ʠ [ʉu(Py)6](NO3)2 

ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʧʨʦʜʫʢʪʘ - [RuNO(NO2)4OHCuPy2(H2O)] ʠ [RuNO(NO2)4OHCuPy3]ÅCH2Cl2 [39]. 

ʇʦʭʦʞʠʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩ ʩ ʵʪʠʣʝʥʜʠʘʤʤʠʥʦʤ [RuNO(NO2)4OHNi(En)2] ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ 

ʩʤʝʰʝʥʠʠ Na2AnÅ2H2O ʠ Ni(NO3)2Å6H2O, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʠʣʝʥʜʠʘʤʤʠʥʘ [40]. 

ʇʨʠ ʵʪʦʤ ʩʠʥʪʝʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ɼʂʉ (ʜʚʦʡʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ). ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʩʦʣʝʡ ʩ ʘʥʠʦʥʦʤ An2- 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ [Pd(NH3)4][RuNO(NO2)4OH] ʠ [Pd(Py)4][RuNO(NO2)4OH], ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ 

ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʝʡ [Pd(NH3)4](NO3)2 ʠʣʠ [Pd(Py)4](NO3)2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ Na2AnÅ2H2O [41]. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʦʡ ʨʫʪʝʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʦʵʪʦʤʫ ʬʦʨʤʘʣʴʥʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʥʪʝʟʘʤ ʠʤʝʥʥʦ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʜʥʘʢʦ ʠ ʛʝʪʝʨʦʤʝʪʘʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ɼʂʉ  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʨʘʙʦʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ ʩ ʠʥʪʝʨʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʠʣʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢ ʢʘʢ ʩʪʨʦʝʥʠʝ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʪʦʛʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʛʝʪʝʨʦʤʝʪʘʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ɼʂʉ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ɼʂʉ ʩ 



17 
 
ʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʟʘʩʣʫʞʠʚʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

1.2.3. ʂʠʩʣʦʪʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ -NO2 ʛʨʫʧʧ, ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ -NO2 ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʛʦʪʦʚʳʭ ʥʠʪʨʦʟʦ- ʠʣʠ ʙʝʟʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ 

[Ru(H2vi)3NO] (H2vi = 2,4,5,6-(1H,3H)-ʧʠʨʠʤʠʜʠʥʪʝʪʨʦʥ 5-ʦʢʩʠʤʘʪ) ʚ ʚʦʜʝ ʩ NaOH ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ NaNO2 ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ Na2[Ru(H2vi)2(NO)(NO2)]Å7H2O. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʦʜʠʥ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʥʠʪʨʦʛʨʫʧʧʫ [18]. ɺʦʟʤʦʞʥʦ 

ʠ ʧʨʷʤʦʝ ʧʦʣʫʯʝʥʠʝ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ï 

RuCl3Å3H2O. ɺ ʩʤʝʩʠ ʵʪʘʥʦʣ/ʚʦʜʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʣʠʛʘʥʜʘ dps = ʙʠʩ(2-ʧʠʨʠʜʠʣ-N)ʩʫʣʴʬʠʜʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚʝ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ ʜʦʙʘʚʣʝʥʠʝʤ NaNO2 c ʚʳʭʦʜʦʤ 50% ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

[Ru(NO ) (OH)(dps)(NO)] [19]. ɺʩʧʦʤʠʥʘʷ ʨʘʟʦʙʨʘʥʥʳʡ ʨʘʥʝʝ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Na2An ʠ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʠʝ ʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʜʝʥʠʪʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʷ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ 

ʢʦʤʧʣʝʢʩʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ RuCl3Å3H2O, ʥʦ ʠ ʥʝ ʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʪʨʘʥʩ-[RuCl2(dmso)4], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʚ ʩʧʠʨʪʝ ʩ TMED 

(ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥ-ʜʠʘʤʠʥ), Zn/Hg ʠ ʚ ʠʪʦʛʝ ʩ NaNO2 ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ 

(13%) [Ru(C2H5O)(NO)(NO2)2(TMED)] [42]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ 

ʙʘʟʦʚʳʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʥʘʧʨʠʤʝʨ K2[RuCl5(NO)], ʢʦʪʦʨʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

bpea (N- ʪɻʠʣ-N,N-ʙʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ) ʠ NH4PF6 ʚ ʨʦʣʠ ʦʩʘʜʠʪʝʣʷ ʧʝʨʝʭʦʜʠʪ ʚ 

[RuCl2(NO)(bpea)]PF6. ɽʩʣʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚ ʥʘʯʘʣʝ ʩʠʥʪʝʟʘ ʜʦʙʘʚʠʪʴ NaNO2 ʠ 

ʧʦʢʠʧʷʪʠʪʴ, ʪʦ ʚ ʠʪʦʛʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ [Ru(NO2)(OH)(NO)(bpea)]PF6 [43]. ʍʠʨʘʥʦ ʩ 

ʢʦʣʣʝʛʘʤʠ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ [Ru(OH)(NO2)(NO)(terpy)]PF6 ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩʫʩʧʝʥʟʠʠ 

[RuCl2(NO)(terpy)]PF6 ʠ NaNO2 ʚ ʚʦʜʝ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ NH4PF6 [44].  

ɿʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜ-ʣʠʛʘʥʜʦʚ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ [Ru(NO2)(NO)(PPh3)(LMe2) 

(H2LMe2 = N,Nǋ-ɹʠʩ(6-ʤʝʪʠʣ-2-ʧʠʨʠʜʠʥʠʣ)-2,6-ʧʠʨʠʜʠʥ-ʜʠʢʘʨʙʦʢʩʘʤʠʜ) ʠʟ 

[RuCl2(PPh3)(LMe2H2)] ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ [45]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜʘ ʥʘ ʥʠʪʨʠʪ ʚʦʟʤʦʞʥʦ ʚ ʜʦʩʪʘʪʦʯʥʦ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (ʢʠʧʷʯʝʥʠʝ). 

ɺʦʟʤʦʞʥʘ ʢʠʩʣʦʪʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ὔὕ ʚ 

NO ʠ ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʠʟ ʙʝʟʥʠʪʨʦʟʠʣʴʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʚ ʠʩʪʦʨʠʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʧʦʣʠʧʠʨʠʜʠʥʘʤʠ - 

[Ru(NO)(Bpy)2NO2](PF6)2 ʠ [Ru(NO)(phen)2NO2](PF6)2 ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʥʠʪʨʦʧʨʝʢʫʨʩʦʨʦʚ 

ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʛʝʢʩʘʬʪʦʨʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ [46]. ɺ ʨʘʙʦʪʝ ʛʨʫʧʧʳ ʆʦʷʤʳ ʮʠʩ-

[Ru(NO ) (Bpy) ]ÅH O ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʠ ʜʦʙʘʚʣʝʥʠʠ NH4PF6 ʧʨʝʚʨʘʱʘʣʩʷ ʚ 

[Ru(NO)(NO2)(Bpy)2](PF6)2 [47]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʮʠʩ-[Ru(NO)(H O)(Bpy) ](C O )  

ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ H2O/CF3SO3H (pH = 2), ʦʭʣʘʞʜʝʥʠʠ, ʜʦʙʘʚʣʝʥʠʠ NaNO2 ʠ ʦʩʘʞʜʝʥʠʠ ʩ 

ʧʦʤʦʱʴʶ NH4PF6 ʧʝʨʝʭʦʜʠʪ ʚ [Ru(NO)(ONO)( Bpy)2](PF6)2. ʇʦ ʩʭʦʞʝʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ [Ru(NO)(Bpy)(py)2(NO2)](PF6)2 ʠ [Ru(NO)(Bpy)(py)2(NO2)](CF3SO3)2 ʠʟ [Ru (2,2'-

bpy)(py)2(NO2)2]Å2H2O. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʨʘʥʝʝ ʤʝʪʦʜ ʟʘʤʝʱʝʥʠʷ 

ʣʠʛʘʥʜʦʚ ʥʘ -NO2 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʟʙʳʪʢʘ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ. ʊʘʢ ʙʳʣ ʧʦʣʫʯʝʥ 

[Ru(NO)(pyca)2(NO2)] (pyca = ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ) ʠʟ ʮʠʩ-[Ru(NO)(pyca)2Cl]. ɺ ʜʦʧʦʣʥʝʥʠʝ 

ʢ ʥʠʪʨʦ-ʩʦʝʜʠʥʝʥʠʷʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʠʪʨʠʪʦ-ʠʟʦʤʝʨʳ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʠʟ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ 

ʜʨʫʛʦʡ ʩʪʘʪʴʝ ʌʨʠʜʤʘʥ ʧʨʠʚʦʜʠʪ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ [Ru(NO)(bipy)(NO2)2(OH)] ʧʨʠ 

ʚʳʜʝʨʞʠʚʘʥʠʠ K2[Ru(bipy)(NO2)4] ʚ ʙʫʬʝʨʝ ʩ pH = 7 ʠ [Ru(NO)(bipy)(NO2)2(ONO)] ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ HPF6 [17]. ʂʦʤʧʣʝʢʩ [Ru(bisox)2(NO2)2] (bisox = 4,4,4,4-ʪʝʪʨʘʤʝʪʠʣ-2,2-

ʙʠʩʦʢʩʘʟʦʣʠʥ) ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʣʠ ʢʠʩʣʦʪʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʫʯʝʥʠʶ [Ru(bisox)2(NO2)(NO)](ClO4)2 [48]. ɼʘʥʥʳʝ ʩʠʥʪʝʟʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʧʨʦʮʝʩʩ ʠʟʦʤʝʨʠʟʘʮʠʠ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ ʥʠʪʨʦʛʨʫʧʧʫ ʧʦʜ ʜʝʡʩʪʚʠʝ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʠ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ pH ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʥʝʢʦʪʦʨʳʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʫʞʝ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

pH ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʠʤʝʶʪ ʚ ʩʪʨʫʢʪʫʨʝ ʥʠʪʨʦʟʦʛʨʫʧʧʫ. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʥʪʝʟʳ ʩ ʧʨʷʤʳʤ ʥʠʪʨʦʟʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʧʫʩʢʘʥʠʷ 

NO. ʀʟ ʧʦʢʘʟʘʥʥʦʛʦ ʨʘʥʝʝ ʧʨʝʢʫʨʩʦʨʘ ʪʨʘʥʩ-[Ru(dmso)4Cl2] ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʫʜʦʙʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩ [Ru(NO)(dmso-O)2(NO2)Cl2] ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʚ 60% [14]. ʇʦʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ 

ʟʘʤʝʱʝʥʠʶ ʣʘʙʠʣʴʥʦʛʦ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʩʚʝʜʝʥʠʡ ʦ ʧʦʣʫʯʝʥʠʠ 

ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠʟ ʜʘʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ. ʇʦ ʪʘʢʦʡ ʞʝ ʤʝʪʦʜʠʢʝ ʙʳʣ ʧʨʦʚʝʜʸʪ 

ʩʠʥʪʝʟ  ʩ ʘʨʠʣ-ʨʫʪʝʥʠʝʚʳʤ ʧʨʝʢʫʨʩʦʨʦʤ [Ru(2,5-diPh)4] (2,5-diPh = 2,5-ʜʠʤʝʪʠʣʬʝʥʠʣ) ï ʧʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ NO ʚ ʨʘʩʪʚʦʨ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʚ ʠʪʦʛʝ ʦʙʨʘʟʫʝʪʩʷ ʪʝʪʨʘʤʝʨʥʳʡ [RuR1(NO){ə2-

O,Oǋ-ON(R1)NO}(ɛ-NO2)]4 [15]. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ -CO ʛʨʫʧʧʳ ʥʘ -NO ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʠ ʧʦʜʢʠʩʣʝʥʠʠ, ʧʨʠ 
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ʥʘʣʠʯʠʠ -NO2 ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ [16]. ʇʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʌɼʊ) ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ (ʌʍʊ). ʕʪʦʪ ʤʝʪʦʜ ʚ 

ʮʝʣʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʝ 1 ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙʦ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʚ CCDC ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʧʦʜʪʚʝʨʞʜʸʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʚʦʰʝʜʰʠʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʠʟʚʝʩʪʥʳʝ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ 

 ̄ ʌʦʨʤʫʣʘ ʢʦʤʧʣʝʢʩʘ ű, % ʀʩʪʦʯʥʠʢ 

1 [Ru(NO)(Bpy)(NO2)2(OH)] 75 [17] 

2 [Ru(NO)(Bpy)(NO2)2(ONO)] 78 [17] 

3 [RuNO(NO2)2Py2OH]ÅH2O ʠ [RuNO(NO2)2Py2OH] 90-95 [28] 

4 [RuNO(3-CN-Py)2(NO2)2OH] 25 [29] 

5 [RuNO(Et-inic)2(NO2)2OH] 78 [26] 

6 [RuNO(Pyz)2(NO2)2OH] 35 [26] 

7 [(RuNO(Pyz)(Nʆ2)(ɛ-NO2))2ɛ-O] - [26] 

8 

[(RuNO(2-MePy)(Nʆ2)(ɛ-NO2))2ɛ-O] 

[RuNO(3-MePy)2(Nʆ2)2OH] 

[RuNO(4-MePy)2(Nʆ2)2OH] 

(Ŭ) 31 

(ɓ) 72 

(ɔ) 76 

[30] 

9 PyH[RuNO(NO2)2(ONO)PyOH] 35 [25] 

10 [RuNO(NO2)(ONO)Py2OH] 5-6 [25] 

11 (NH4)[RuNO(Py)3Õ-O]2(PF6)3 25-30 [25] 

12 (NH4)2[RuNO(NO2)4OH] 80-90 [31] 

13 NH4[RuNO(Py)(NO2)3OH] 50-60 [31] 

14 

PyH[PyM(NO3){An} 2M(NO3)]X M = Ce, X = 4Py; 

M = Pr, X = 4.5Py; 

M = Nd, X = 2.5PyÅC3H6O, 

[PyEu(NO3){RuNO(NO2)4OH}2Eu(H2O)NO3]Ŀ5PyĿC3H6O 

70-80% [32] 

15 [PyNd(NO3){An} 2Nd(H2O)NO3]Å5PyÅCH2Cl2 - [33] 

16 [(An)M(Ph3PO)3], (M = Ni, Co ʠ Zn ) 88-95 [34] 

17 [AnM(Py)3], (M =  Ni, Co ʠʣʠ Zn) 88-95 [35] 

18 [Ru(NO)(NO2)2(ɛ-NO2)(ɛ CH3COO)(ɛ-O)VVO (dbbpy)]ÅCH3CN 99 [36] 

19 [RuNO(NO2)4OHZn(TPPO)2Py] 52 [37] 
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20 [Ru(NO)(NO2)2(ɛ-NO2)2(ɛ-OH)Ni(PyO)2(H2O)]ÅCH3C(O)CH3 87 [37] 

21 [{RuNO(NO2)2(ɛ-NO2)2(ɛ-OH)Co}2(ɛ-PyO)]ÅH2OÅCH3C(O)CH3 84 [38] 

22 [RuNO(NO2)2(ɛ-NO2)2(ɛ-OH)Cu(PyO)2] 92 [38] 

23 [RuNO(NO2)4OHCuPy2(H2O)] 45-55 [39] 

24 [RuNO(NO2)4OHCuPy3]ÅCH2Cl2 - [39] 

25 [RuNO(NO2)4OHNi(En)2] 63 [40] 

26 [Pd(Py)4][RuNO(NO2)4OH] 89 [41] 

27 Na2[Ru(H2vi)2(NO)(NO2)]Å7H2O - [18] 

28 [Ru(NO ) (OH)(dps)(NO)] 50 [19] 

29 [Ru(C2H5O)(NO)(NO2)2(TMED)] 13 [42] 

30 [Ru(NO2)(OH)(NO)(bpea)]PF6 17 [43] 

31 [Ru(OH)(NO2)(NO)(terpy)]PF6 80 [44] 

32 [Ru(NO2)(NO)(PPh3)(LMe2) 86 [45] 

33 [Ru(NO)(Bpy)2NO2](PF6)2 95 [46] 

34 [Ru(NO)(phen)2NO2](PF6)2 95 [46] 

35 [Ru(NO)(NO2)(Bpy)2](PF6)2 87 [47] 

36 [Ru(NO)(ONO)(Bpy)2](PF6)2 80 [47] 

37 [Ru(NO)(NO2)(pyca)2] 68 [47] 

38 ʎʠʩ-[RuNO(ONO)(pyca)2] 59+50 [47] 

39 
[Ru(NO)(NO2)(Bpy)(py)2](PF6)2 

[Ru(NO)(NO2)(Bpy)(py)2](CF3SO3)2 
90 [47] 

40 

[Ru(NO)(ONO)(Bpy)(py)2](PF6)2 

[Ru(NO)(ONO)(Bpy)(py)2](CF3SO3)2 

80 [47] 

41 [Ru(NO)(bisox)2(NO2)](ClO4) 85 [14] 

42 [Ru(NO)(dmso-O)2(NO2)Cl2] 60 [14] 

43 [Ru(NO)diPh{ə2-O,Oǋ-ON(R1)NO}(ɛ-NO2)]4 35 [15] 

44 [Ru(L1)(PPh3)(NO2)(NO)Cl] 52% [49] 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʧʦʜʭʦʜʦʚ ʩʠʥʪʝʟʘ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ one-pot ʩʠʥʪʝʟʦʚ ʠʟ ʧʨʦʩʪʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ (RuCl3, Ru(dmso)4Cl2) ʠ ʟʘʢʘʥʯʠʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʫʞʝ ʛʦʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ c 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʥʠʪʨʦʟʦ- ʠʣʠ ʥʠʪʨʦʛʨʫʧʧ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʥʝ ʠʤʝʝʪʩʷ 

ʚ ʥʘʣʠʯʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʨʷʜʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ N-
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ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʡ ʧʦʤʦʛ ʙʳ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʠʭ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʘ ʩʢʦʨʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʦʟʥʝʥʥʳʝ ʩʠʥʪʝʟʳ, ʠ ʚ 

ʮʝʣʦʤ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʦʢʦʣʦ 50), ʚʢʣʶʯʘʷ ɼʂʉ ʠ 

ʛʝʪʝʨʦʤʝʪʘʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ 

ʩʦʝʜʠʥʝʥʠʡ, ʛʦʚʦʨʠʪ ʥʘʤ ʦ ʪʦʤ, ʜʘʥʥʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʝʱʝ ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʘʥʦ. ʇʨʠ 

ʵʪʦʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʫʜʦʙʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʷ ʧʨʝʢʫʨʩʦʨʘ Na2An ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʣʘʙʠʣʴʥʦʩʪʴʶ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʳ 

[RuNO(H2O)2(NO2)2OH]. 

1.3  ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʅʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ (ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ RuïNO) ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʢʘʢ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʚʳʩʚʦʙʦʞʜʘʪʴ 

ʦʢʩʠʜ ʘʟʦʪʘ (II ) (NO) ʠʣʠ ʧʨʝʪʝʨʧʝʚʘʪʴ ʩʚʷʟʝʚʫʶ ʠʟʦʤʝʨʠʟʘʮʠʶ ʚ ʛʨʫʧʧʠʨʦʚʢʝ RuïNO. NO 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʙʠʦʨʝʛʫʣʷʪʦʨʦʤ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ NO-ʜʦʥʦʨʦʚ 

ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʮʝʣʝʚʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʬʦʪʦʪʝʨʘʧʠʠ ʨʘʢʘ ʠʣʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʥ). ʇʨʠ ʵʪʦʤ 

ʬʦʪʦʣʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ {RuïNO} 

ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʕʥʝʤʘʨʢʘïʌʝʣʪʭʵʤʘ: ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʳʯʥʦ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʪʠʧʫ {RuNO}6 (ʬʦʨʤʘʣʴʥʦ Ru(II)ïNO+, ʜʠʘʤʘʛʥʠʪʥʳʡ) [50]. 

ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ru ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʪʠʧʘ. ʇʝʨʚʳʡ ï ʬʦʪʦʜʠʩʩʦʮʠʘʮʠʷ NO, ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʟʨʳʚʫ ʩʚʷʟʠ RuïNO ʠ ʚʳʭʦʜʫ 

ʤʦʣʝʢʫʣʳ NO ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʢʠʩʣʝʥʠʝʤ ʮʝʥʪʨʘ Ru(II) ʜʦ Ru(III), ʪʦ ʝʩʪʴ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ ʢ 

ʚʳʩʚʦʙʦʞʜʘʝʤʦʤʫ NO ʟʘ ʩʯʸʪ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʦʪ ʨʫʪʝʥʠʷ ʠ ʣʠʛʘʥʜʦʚ ʥʘ ˊ ʨʘʟʨʳʭʣʷʶʱʠʝ 

ʦʨʙʠʪʘʣʠ, NO. ʀʪʦʛʦʚʘʷ ʨʝʘʢʮʠʷ ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʭʝʤʦʡ: 

[RuIINOL5] Ą [RuII I(Solvent)L5] + NO, 

ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʦʩʪʘʝʪʩʷ ʘʢʚʘʢʦʤʧʣʝʢʩ Ru(III) (ʧʨʠ ʬʦʪʦʣʠʟʝ ʚ ʨʘʩʪʚʦʨʝ) ʩ 

ʤʦʣʝʢʫʣʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʠʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚʤʝʩʪʦ NO [51,52]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʚʘʥʪʦʚʳʝ 

ʚʳʭʦʜʳ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO ʠʟ ʢʦʤʧʣʝʢʩʦʚ Ru ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʧʨʦʮʝʥʪʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝ NO ʚʦʟʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ 
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ʧʨʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ, ʥʦ ʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠ 

[11,21]. ʅʠʪʨʦʟʠʣʴʥʳʡ ʣʠʛʘʥʜ (NO+) ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ˊ-ʘʢʮʝʧʪʦʨʦʤ, ʧʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩʳ 

Ru(II)ïNO+ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʣʝʞʘʱʠʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʦʨʙʠʪʘʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ, ʚʦʚʣʝʯʸʥʥʳʤʠ ʚ 

ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʤʝʪʘʣʣ Ÿ ʣʠʛʘʥʜ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʝʨʝʭʦʜʳ ʚ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʦʱʝʥʠʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ï ʵʪʦ MLCT (dRu Ÿ ˊ*NO) ʧʝʨʝʭʦʜʳ, ʣʝʞʘʱʠʝ ʚ ʋʌ- ʠ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ.  

ɺʪʦʨʦʡ ʪʠʧ ʧʨʦʮʝʩʩʦʚ ï ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʷ RuïNO Ÿ RuïON. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

ʢʦʦʨʜʠʥʘʮʠʷ NO ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʩ ʧʨʠʚʳʯʥʦʛʦ ʥʠʪʨʦʟʠʣʴʥʦʛʦ ʨʝʞʠʤʘ (NO ʢʦʦʨʜʠʥʠʨʫʝʪ 

ʯʝʨʝʟ ʘʪʦʤ N) ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʬʦʨʤʳ ï ʠʟʦʥʠʪʨʦʟʠʣ (NO ʩʚʷʟʳʚʘʝʪʩʷ ʯʝʨʝʟ ʘʪʦʤ O, 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ MS1) ʠʣʠ ɖ2-ʥʠʪʨʦʟʠʣ (NO ʢʦʦʨʜʠʥʠʨʫʝʪ ʢ Ru ʜʚʫʤʷ ʘʪʦʤʘʤʠ, MS2). ʕʪʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʵʥʝʨʛʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʛʦ ʩʚʷʟʝʚʦʛʦ 

ʠʟʦʤʝʨʘ ʠ ʦʙʳʯʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʣʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʛʜʝ 

ʤʦʙʠʣʴʥʦʩʪʴ NO ʦʛʨʘʥʠʯʝʥʘ. 

ʆʙʘ ʫʢʘʟʘʥʥʳʭ ʪʠʧʘ ʬʦʪʦʧʨʦʮʝʩʩʦʚ ï ʬʦʪʦʣʠʟ ʠ ʩʚʷʟʝʚʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ï ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ 

ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʬʦʪʦʜʠʩʩʦʮʠʘʮʠʶ NO ʠʟʫʯʘʶʪ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ), ʬʠʢʩʠʨʫʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ NO ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʢʚʘʢʦʤʧʣʝʢʩʘ Ru(III). ʌʦʪʦʠʟʦʤʝʨʠʟʘʮʠʶ RuïNO ʦʙʳʯʥʦ ʠʩʩʣʝʜʫʶʪ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʠʣʠ ʤʘʪʨʠʮʘʭ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦʙʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ 

ʠʟʦʤʝʨʳ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʳʭʦʜ NO. ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʨʘʟʜʝʣʝʥʠʝ ʥʝ ʩʪʨʦʛʦʝ: 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʦʤʝʨʠʟʘʮʠʷ NO ʚʦʟʤʦʞʥʘ ʠ ʚ ʨʘʩʪʚʦʨʝ, ʪʦʛʜʘ ʢʘʢ ʬʦʪʦʜʠʩʩʦʮʠʘʮʠʷ NO ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʠʪʨʦʟʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Ru ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʷʚʣʝʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʠʟʦʤʝʨʦʚ ʠ ʯʘʩʪʠʯʥʳʡ ʚʳʭʦʜ NO [50,53]. 

ʇʝʨʚʦʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʩʫʞʜʝʥʠʝ ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʧʦʷʚʠʣʦʩʴ ʚ 

ʦʙʟʦʨʝ ʇ. ʌʦʨʜʘ (1970). ʋʞʝ ʪʦʛʜʘ ʙʳʣ ʦʧʠʩʘʥ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʥʠʪʨʦʟʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (NO) 

ʚ ʢʦʤʧʣʝʢʩʘʭ ʪʠʧʘ [Ru(II)ïNO+] (ʢʣʘʩʩ {RuNO}6 ʧʦ ʕʥʝʤʘʨʢʫïʌʝʣʪʵʤʫ). ɺ 1970-ʝ ʛʦʜʳ 

ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ Ru(II) ʩ ʘʤʤʠʥ- ʠ ʘʢʚʘ-ʣʠʛʘʥʜʘʤʠ (ʥʘʧʨʠʤʝʨ, [Ru 

NO(NH3)5]
2+/3+), ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʥʠʟʢʦʤ pH [54]. ɹr ʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʷ ʥʠʪʨʦʟʠʣ-ʠʦʥ [RuïNO]2+ ʤʦʞʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ 

ʥʠʪʨʠʪʦ-ʬʦʨʤʫ [RuïONO]+ (ʪʨʘʥʩʬʦʨʤʘʮʠʷ NO+ ʚ ὔὕ ), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʜʘʣʴʥʝʡʰʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ. ʆʪʢʨʳʪʠʝ ʚ ʢʦʥʮʝ 1970-ʭ ʬʦʪʦʧʝʨʝʭʦʜʦʚ 

NO ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ (çʩʚʷʟʝʚʘʷ ʠʟʦʤʝʨʠʷè) ʚ ʨʦʜʩʪʚʝʥʥʳʭ ʥʠʪʨʦʧʨʫʩʩʠʜʘʭ ʞʝʣʝʟʘ 
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(Na2[FeNO(CN)5]) ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʠʥʪʝʨʝʩ ʢ ʬʦʪʦʭʠʤʠʠ ʤʝʪʘʣʣʦ-ʥʠʪʨʦʟʠʣʴʥʳʭ ʩʠʩʪʝʤ ʚʦʦʙʱʝ. 

ʆʜʥʘʢʦ ʜʣʷ ʨʫʪʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʝ ʷʚʣʝʥʠʷ (ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ɖ1-ON ʠʣʠ ɖ2-NO 

ʠʟʦʤʝʨʦʚ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ) ʩʪʘʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʟʞʝ, ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʟʘʜʘʯ ʬʦʪʦʧʝʨʝʢʣʶʯʝʥʠʷ [55]. 

ɺ 1971 ʛʦʜʫ ʂʦʢʩ ʠ ʋʦʣʣʝʩ ʥʘʙʣʶʜʘʣʠ, ʯʪʦ ʢʠʩʣʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ K2[RuNOCl5] 

ʩʪʘʥʦʚʠʣʩʷ ʢʦʨʠʯʥʝʚʳʤ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʚʝʪʘ, ʥʦ ʙʳʣ ʪʝʨʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʝʥ ʚ ʪʝʤʥʦʪʝ. ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ, ʢʦʛʜʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʙʳʣ ʦʙʣʫʯʝʥ ʋʌ-ʩʚʝʪʦʤ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʘʢʚʘ-ʢʦʤʧʣʝʢʩ [RuIII (H O)Cl ]Į [56]. ʅʝʩʢʦʣʴʢʦ ʣʝʪ 

ʩʧʫʩʪʷ ɺʘʩʠʣʝʚʩʢʠʡ ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʠ ʩʦʦʙʱʠʣʠ, ʯʪʦ ʬʦʪʦʧʨʦʜʫʢʪ ʋʌ-ʬʦʪʦʣʠʟʘ ʥʝ ʧʨʦʷʚʣʷʣ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʧʦʣʦʩʫ ɜ(NO) ʚ ʝʛʦ ʀʂ-ʩʧʝʢʪʨʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʜʪʚʝʨʞʜʘʷ ʧʦʪʝʨʶ 

ʣʠʛʘʥʜʘ NO [57]. ɺ 1983 ʛʦʜʫ ʉʠʥʠʮʳʥ ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠʨʦʜʫ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ 

ʋʌ-ʦʙʣʫʯʝʥʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ [58]. ʆʩʝʚʦʡ ʩʠʛʥʘʣ ʕʇʈ 

ʧʦʜʪʚʝʨʜʠʣ ʧʨʠʩʫʪʩʪʚʠʝ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ d  Ru(III) ʚ ʬʦʪʦʧʨʦʜʫʢʪʝ. 

ɺ 1990-ʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʥʘʯʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʬʦʪʦʜʦʥʦʨʳ NO ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʝʨʚʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩʦʩʪʦʷʣʩʷ ʚ 1996 ʛ. ʊʨʝʥʪʘʤ ʩ 

ʢʦʣʣʝʛʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʜʚʘ ʥʠʪʨʦʟʠʣʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘ Ru(II) ʠ ʠʟʤʝʨʠʣʠ ʠʭ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ NO. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʳ RuNOCl3 ʠ K2[RuNOCl5] (ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ (300ï350 ʥʤ) ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ NO ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʠʦʛʣʦʙʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ űNO ʦʢʘʟʘʣʠʩʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ: 0,012 (1,2%) ʠ 0,06 (6%). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʨʝʤʷ ʦʩʚʦʙʦʞʜʝʥʠʷ NO ʙʳʣʦ 

ʯʨʝʟʚʳʯʘʡʥʦ ʢʦʨʦʪʢʠʤ ï ʦʮʝʥʝʥʦ > 10-5 ʩ (ʪʦ ʝʩʪʴ NO ʧʦʢʠʜʘʝʪ ʢʦʤʧʣʝʢʩ ʟʘ ʤʠʢʨʦʩʝʢʫʥʜʳ) 

[59].  

ʊʬʫʥʠ ʩ ʢʦʣʣʝʛʘʤʠ ʦʙʦʙʱʠʣʠ ʩʚʦʡ ʦʧʳʪ ʚ ʦʙʟʦʨʝ 2003 ʛʦʜʘ [11]. ɺ ʥʸʤ ʦʧʠʩʘʥʳ ʪʨʘʥʩ-

[Ru(NO)(NH3)4L](X) 3 ʛʜʝ L = ʪʨʠʵʪʠʣʬʦʩʬʠʪ (P(OEt)3), ʠʟʦʥʠʢʦʪʠʥʘʤʠʜ (isn), ʥʠʢʦʪʠʥʘʤʠʜ 

(nic), 4-ʤʝʪʠʣʧʠʨʠʜʠʥ (4-MePy), ʧʠʨʠʜʠʥ (py), 4-ʭʣʦʨʧʠʨʠʜʠʥ (4-Clpy), ʧʠʨʘʟʠʥ (Pyz), 4-

ʘʮʝʪʠʣʧʠʨʠʜʠʥ (4-acpy), N-ʩʚʷʟʘʥʥʳʡ ʠʤʠʜʘʟʦʣ(NIm), C-ʩʚʷʟʘʥʥʳʡ ʠʤʠʜʘʟʦʣ (CIm) ʠ L-

ʛʠʩʪʠʜʠʥ (Lhist), ʠʭ ʭʠʤʠʯʝʩʢʘʷ ʬʦʪʦʣʘʙʠʣʴʥʦʩʪʴ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ: ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʳʩʚʦʙʦʞʜʘʪʴ NO ʧʦʜ ʋʌ-ʩʚʝʪʦʤ (365 ʥʤ) ʩ ʚʳʭʦʜʘʤʠ 1ï7,5% ʚʳʟʳʚʘʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ in vitro ʠ in vivo ï ʥʘʧʨʠʤʝʨ, ʧʦʜʘʚʣʝʥʠʝ ʘʛʨʝʛʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʠ 

ʩʥʠʞʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʫ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. ʕʪʦ ʙʳʣʦ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 

ʫʢʘʟʘʥʠʡ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʬʦʪʦʜʦʥʦʨʦʚ NO ʥʘ ʦʩʥʦʚʝ Ru: ʭʦʪʷ 

ʪʨʝʙʦʚʘʣʦʩʴ ʋʌ-ʦʙʣʫʯʝʥʠʝ, ʩʘʤʠ ʢʦʤʧʣʝʢʩʳ ʦʢʘʟʘʣʠʩʴ ʥʝʪʦʢʩʠʯʥʳʤʠ ʠ ʣʝʛʢʦ ʚʳʚʦʜʠʤʳʤʠ, 

ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʧʨʦʣʦʛʦʤ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. 
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ɻʨʫʧʧʘ ʉʝʣʤʘʥʘ ʚ 2005 ʛʦʜʫ ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʢʦʤʧʣʝʢʩ [Ru(NO)(pysiS4)]Br (pysiS4 - 2,6-

ʙʠʩ(3-ʪʨʠʬʝʥʠʣʩʠʣʠʣ-2-ʩʫʣʴʬʘʥʠʣʬʝʥʠʣʪʠʦʤʝʪʠʣ)ʧʠʨʠʜʠʥ) [60]. ʕʪʦʪ ʢʦʤʧʣʝʢʩ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʬʦʪʦʣʠʟ NO ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ɚ Ó 455 ʥʤ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʆʙʣʫʯʝʥʠʝ ʨʘʩʪʚʦʨʘ [Ru(NO)(pysiS4)]Br ʟʝʣʝʥʳʤ ʠʣʠ ʩʠʥʠʤ ʩʚʝʪʦʤ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʣʦ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʚʳʭʦʜʫ NO ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ [RuIII (pysiS4)(Br)] ɺʘʞʥʦ, ʯʪʦ ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ 

ʛʘʟʦʦʙʨʘʟʥʳʤ NO ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘ ʠʩʭʦʜʥʳʡ ʥʠʪʨʦʟʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʙʝʟ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʪʦʨʝʘʢʮʠʷ ʦʢʘʟʘʣʘʩʴ ʦʙʨʘʪʠʤʦʡ: NO ʤʦʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦ ʫʜʘʣʷʪʴ ʩʚʝʪʦʤ ʠ 

ʚʥʦʚʴ ʧʨʠʚʥʦʩʠʪʴ, ʯʪʦ ʦʪʢʨʳʚʘʣʦ ʧʫʪʴ ʢ ʤʥʦʛʦʨʘʟʦʚʳʤ ʬʦʪʦʜʦʥʦʨʘʤ NO. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʬʦʪʦʣʠʟʘ ʥʝ ʠʟʫʯʘʣʩʷ ʚ ʨʘʙʦʪʝ, ʦʜʥʘʢʦ ʚʳʜʝʣʝʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦ 

ʫʙʳʚʘʥʠʶ ʧʦʣʦʩʳ Ru-NO ʚ ʀʂ ʩʧʝʢʪʨʝ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɻʨʫʧʧʘ ʄʘʰʘʨʘʢʘ ʚ 2007 ʩʦʦʙʱʠʣʘ ʦ ʩʠʥʪʝʟʝ ʨʷʜʘ ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ 

{ RuNO} 6 ʠ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (SBPy3, PaPy3PH, Py3PH2) (ʩʤ. ʈʠʩʫʥʦʢ 2) [61]. 

 

ʈʠʩʫʥʦʢ 2. ʃʠʛʘʥʜʳ SBPy3, PaPy3PH, Py3PH2, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ 

[Ru(NO)(SBPy3)](BF4)3, [Ru(NO)(PaPy3)](BF4)2, [Ru(NO)(Py3P)]BF4 ʠ [Ru(NO) (Py3P)(Cl)], 

ʩʢʦʧʠʨʦʚʘʥʦ ʠʟ ʩʪʘʪʴʠ [61]. 

ɺ ʵʪʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩ [Ru(NO)(SBPy3)](BF4)3 ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʠʨʠʜʠʥʦʚʦʛʦ 

SBPy3, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ 1 ʠʣʠ 2 ʢʘʨʙʦʢʩʘʤʠʜʥʳʭ ʛʨʫʧʧʳ. ɺʩʝ ʯʝʪʳʨʝ ʜʠʘʤʘʛʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʘ 

ʷʚʣʷʶʪʩʷ ʬʦʪʦʘʢʪʠʚʥʳʤʠ ʠ ʙʳʩʪʨʦ ʚʳʩʚʦʙʦʞʜʘʶʪ NO ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ-ʩʚʝʪʦʤ ʥʠʟʢʦʡ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʠ (5ī10 ʤɺʪ). ɿʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ 

(ɚʤʘʢʩ = 302 ʥʤ) ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,06ï0,17. ʂʦʤʧʣʝʢʩʳ [Ru(NO)(Py3P)]BF4 ʠ 

[(Py3P)Ru(NO)(Cl)] ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʬʦʪʦʘʢʪʠʚʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʦʨʷʜʢʝ [Ru(NO)(PaPy3)](BF4)2 < 

[Ru(NO)(Py3P)]BF4 < [Ru(NO)(Py3P)(Cl)], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʬʦʪʦʦʪʱʝʧʣʝʥʠʝ NO 

ʦʙʣʝʛʯʘʝʪʩʷ (ʘ) ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʘʤʠʜʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ (ʙ) 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʣʠʛʘʥʜʦʚ (ʪʘʢʠʭ ʢʘʢ ʭʣʦʨʠʜ) ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ 

ʩʚʷʟʘʥʥʦʡ ʛʨʫʧʧʝ NO. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʜʦʥʦʨʦʚ 

NO ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʩʪʘʥʦʚʠʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʦʢʥʘ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʶʪ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʙʣʠʟʢʦʡ ʋʌ-ʦʙʣʘʩʪʠ ʜʦ ʩʠʥʝ-ʟʝʣʸʥʦʛʦ ʩʚʝʪʘ. ʉʫʱʝʩʪʚʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʘʪʦʤʫ ʨʫʪʝʥʠʶ ʣʠʛʘʥʜʦʚ-ʘʥʪʝʥʥ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʤʝʩʪʠʪʴ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠʟ ʋʌ-ʜʠʘʧʘʟʦʥʘ ʚ ʦʙʣʘʩʪʴ ʊʆ [21,62].  

ʅʘʧʨʠʤʝʨ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʣʠʛʘʥʜʘʤʠ ʩ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʤ 

ʢʘʨʢʘʩʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [RuII(antpy)(Bpy)NO+/Ę]n+ ʛʜʝ antpy = 4ǋ-(ʘʥʪʨʘʮʝʥ-9-ʠʣ)-

2,2ǋ:6ǋ,2ǋǋ-ʪʝʨʧʠʨʠʜʠʥ. ʌʦʪʦʨʘʩʱʝʧʣʝʥʠʝ ʩʚʷʟʠ RuïNO ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʪʝʯʝʥʠʝ Ḑ2 ʯ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʠʩʪʦʯʥʠʢʦʤ ʀʂ-ʩʚʝʪʘ (>700 ʥʤ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 9,4 Ĭ 10ï3 ʤʠʥī1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʝʸ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʚʦʙʦʞʜʘʪʴ NO ʚ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤ ʦʢʥʝ. ɺʳʩʚʦʙʦʞʜʝʥʥʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʚʝʪʘ NO ʙʳʣ ʟʘʭʚʘʯʝʥ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʤʠʦʛʣʦʙʠʥʦʤ ð ʙʠʦʣʦʛʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʳʤ ʙʝʣʢʦʤ-

ʤʠʰʝʥʴʶ. ʂʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ VCaP ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʩʪʦʯʥʠʢʦʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (IC50 Ḑ 8,97 

ʤʢʄ) [63]. 

ɺʪʦʨʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʚʫʭʬʦʪʦʥʥʦʡ ʘʧʢʦʥʚʝʨʩʠʠ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʦʙʲʸʤʥʳʭ ʣʠʛʘʥʜʦʚ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʧʢʦʥʚʝʨʪʦʨʦʚ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʩʥʦʚʘʥ ʥʘ ʟʘʭʚʘʪʝ ʜʚʫʭ ʬʦʪʦʥʦʚ 

ʩ ʤʘʣʦʡ ʵʥʝʨʛʠʝʡ (700-800 ʥʤ) ʠ ʧʝʨʝʥʦʩʝ ʵʪʦʡ ʵʥʝʨʛʠʠ ʥʘ ʘʢʪʠʚʥʳʡ ʥʠʪʨʦʟʦ-ʮʝʥʪʨ ʠʣʠ 

ʧʝʨʝʠʟʣʫʯʝʥʠʠ ʬʦʪʦʥʘ ʩ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ (400-500 ʥʤ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʛʣʦʱʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʤ [64ï68]. 
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ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʨʷʜʫ ʩ ʧʦʣʦʞʝʥʠʝʤ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, 

ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ NO (ʠʣʠ 

ʨʘʩʧʘʚʰʝʛʦʩʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ) ʢ ʢʦʣʠʯʝʩʪʚʫ ʬʦʪʦʥʦʚ, ʧʦʛʣʦʱʝʥʥʳʭ ʨʝʘʛʝʥʪʦʤ. 

ʀʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʥʦʤʝʪʨʠʠ ʩ ʬʝʨʨʠʦʢʩʘʣʘʪʦʤ, ʦʧʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʩʚʦʙʦʞʜʘʝʤʦʛʦ NO ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʙʦ 

ʥʘʧʨʷʤʫʶ ʩ ʧʦʤʦʱʴʶ NO-ʩʝʣʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʣʠʙʦ 

ʢʦʩʚʝʥʥʦ (ʕʉʇ/ʀʂ) ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [21,69ï75]. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʣʘʛʘʝʤʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʡ ʬʦʪʦʣʠʟʘ (H2O, 

ɼʄʉʆ, ʘʮʝʪʦʥʠʪʨʠʣ, ʩʧʠʨʪʳ, ɼʄʌɸ, ʘʮʝʪʦʥ ʠ ʜʨ.). ʊʘʢ ʢʘʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ 

ʚʳʭʦʜʘ ʥʫʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʘʝʤʦʛʦ ʩʚʝʪʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ NO (ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ), ʪʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ. ʅʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʚʘʨʠʘʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʪʦʣʴʢʦ c ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ [27,30,76]. ʕʪʦʪ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʧʧʘʨʘʪʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦʛʣʦʱʝʥʠʝ ʨʝʘʛʝʥʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ʦʙʣʫʯʝʥʠʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʘ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʝʘʛʝʥʪʘ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʆʜʥʘʢʦ, ʵʪʦʪ ʧʦʜʭʦʜ ʥʝ 

ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ:  

1) ʢʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʙʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ;  

2) ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʧʦʛʣʦʱʘʝʤʦʛʦ ʨʝʘʛʝʥʪʦʤ, ʥʝʚʦʟʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʙʝʟ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʧʨʦʜʫʢʪʦʚ; 

3) ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʬʦʪʦʧʨʦʜʫʢʪʦʚ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʧʦʣʦʩʘʤʠ ʨʝʘʛʝʥʪʘ, ʤʝʪʦʜ ʜʘʝʪ ʟʘʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ. 

ʏʘʩʪʠʯʥʦ ʥʠʚʝʣʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ [77]. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ʠʣʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ NO ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʪʠʚʘ ɻʨʠʩʩʘ (ʩʫʣʴʬʘʥʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, Ŭ-ʥʘʬʪʠʣʘʤʠʥ ʠ ʚʠʥʥʘʷ/ʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ) ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʪʦʨʦʛʦ ʩ ʥʠʪʨʠʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʦʢʨʘʰʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 500-600 ʥʤ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʩ 
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ʧʦʤʦʱʴʶ ʋʌ/ɺʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʟʘʪʨʫʜʥʸʥ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜ NO ʚ ὔὕ   ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ NO-ʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʠʣʠ ʤʠʦʛʣʦʙʠʥʦʚʦʛʦ ʪʝʩʪʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠ ʜʘʥʥʳʝ ʤʝʪʦʜ rʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ. ʆʜʥʘʢʦ ʦʥʠ ʪʘʢʞʝ ʪʨʝʙʫʪʁ ʪʦʯʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ 

ʫʯʝʪʘ ʧʦʙʦʯʥʦʛʦ ʦʢʠʩʣʝʥʠʷ NO ʚ ʨʘʩʪʚʦʨʝ. ʀʂ-ʤʦʥʠʪʦʨʠʥʛ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ, 

ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʦʪʩʣʝʞʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʦʛʦ ʩ Ru NO ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ 

ʢʦʣʝʙʘʥʠʡ ɜ(N-O), ʢʦʪʦʨʘʷ ʜʣʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1700-2000 

ʩʤ-1. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʧʦʙʦʯʥʳʭ 

ʬʦʪʦʧʨʦʮʝʩʩʦʚ ʧʝʨʝʭʦʜʘ NO ʚ ʥʠʪʨʦʬʦʨʤʫ ὔὕ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ. 

ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʚʳʜʝʣʝʥʠʷ NO ʚ ʢʦʤʧʣʝʢʩʝ, 

ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʦʪʦʣʠʟʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʨʨʝʣʠʨʫʶʪ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʣʶ 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʝʱʝʩʪʚʦʤ ʠʟʣʫʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʥʘ ʪʦ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʧʝʨʝʜʘʝʪʩʷ ʚ 

ʩʠʩʪʝʤʫ. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʧʦʛʣʦʱʝʥʥʳʭ ʬʦʪʦʥʦʚ ʢ ʯʠʩʣʫ ʘʢʪʦʚ 

ʦʪʱʝʧʣʝʥʠʷ NO ʦʪ ʢʦʤʧʣʝʢʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʜʚʘ ʧʦʥʷʪʠʷ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʩʚʷʟʘʥʳ, 

ʧʦʩʢʦʣʴʢʫ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʧʦʛʣʦʱʘʪʴ ʤʥʦʛʦ ʵʥʝʨʛʠʠ, ʥʦ ʠʤʝʪʴ ʦʯʝʥʴ ʥʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʢʮʠʠ, ʠ ʥʘʦʙʦʨʦʪ. 

ʆʪʩʫʪʩʪʚʠʝ ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠ ʝʛʦ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʦʪʤʝʯʘʣʦʩʴ ʛʨʫʧʧʦʡ ʄʘʣʴʬʘʥʪ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʨʧʠʨʠʜʠʥʠʣʥʠʪʨʦʟʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ [78ï81]. ʂ ʧʨʠʤʝʨʫ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [RuNO(R-Phterpy)Cl ]PF , ʛʜʝ R-

Phterpy ï ʪʝʨʧʠʨʠʜʠʥʦʚʳʡ ʣʠʛʘʥʜ, ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 365 

ʥʤ ʩʦʩʪʘʚʣʷʣʠ 0,05; 0,12; 0,11; 0,07; 0,24; 0,39; 0,32; 0,28, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʦʣʦʩʘʭ ʧʦʛʣʦʱʝʥʠʷ ï 9900, 18800, 22900, 15600, 6700, 17400, 23600, 15600 

ʄ ĭĿʩʤ ĭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʨʨʝʣʷʮʠʠ [79].  ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ TD-DFT ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO 

ʥʝʦʙʭʦʜʠʤ ʤʠʥʠʤʫʤ ʜʚʘ ʬʦʪʦʥʘ: ʧʝʨʚʳʡ ʬʦʪʦʥ ʚʦʟʙʫʞʜʘʝʪ ʥʠʪʨʦʟʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ Ru-NO ʚ 

MS-2 ʠʟʦʤʝʨ Ru-ẼĮ-(NO), ʢʦʪʦʨʳʡ ʪʦʣʴʢʦ ʟʘʪʝʤ ʤʦʞʝʪ ʚʳʩʚʦʙʦʜʠʪʴ NO ʚ ʨʘʩʪʚʦʨ [82]. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ɺʦʨʦʙʴʸʚ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟʫʯʘʷ ʢʦʤʧʣʝʢʩ [RuNOCl5]
2ï ʚ ʚʦʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʚʝʨʭʙʳʩʪʨʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʧʝʨʝʭʦʜʥʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʦʛʣʦʱʝʥʠʷ ʢʚʘʥʪʘ ʩʚʝʪʘ ʢʦʤʧʣʝʢʩ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʚʝʨʭʙʳʩʪʨʳʭ ʤʝʞʩʠʩʪʝʤʥʳʭ ʧʝʨʝʭʦʜʦʚ: ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ RuïNO (ˊ* ʥʘ NO) ʟʘ ~100 

ʬʩ ʧʝʨʝʭʦʜʠʪ ʚ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʚʳʧʫʩʢʘʝʪ NO. ɺʤʝʩʪʦ ʵʪʦʛʦ NO 
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ʦʪʱʝʧʣʷʝʪʩʷ ʟʘ ʚʨʝʤʷ <200 ʬʩ ʧʨʷʤʦ ʠʟ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʠʥʛʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʝʱʸ ʜʦ ʧʦʣʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʚ ʪʨʠʧʣʝʪ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʨʘʟʨʳʚ ʩʚʷʟʠ RuïNO ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʤʛʥʦʚʝʥʥʦ ʧʦ ʤʝʨʢʘʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ, ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʛʦʞʠʚʫʱʠʭ 

(~ʧʠʢʦʩʝʢʫʥʜʥʳʭ) ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʕʪʠ ʚʳʚʦʜʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʦʜʝʣʴ çʧʨʷʤʦʛʦ 

ʬʦʪʦʜʠʩʩʦʮʠʘʪʠʚʥʦʛʦè ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ Ru: ʧʦʛʣʦʱʸʥʥʳʡ 

ʬʦʪʦʥ ʩʨʘʟʫ ʠʥʠʮʠʠʨʫʝʪ ʨʘʟʨʳʚ ʩʚʷʟʠ MïNO, ʤʠʥʫʷ ʩʢʦʣʴ-ʣʠʙʦ ʩʪʘʙʠʣʴʥʳʝ ʩʚʷʟʝʚʳʝ ʠʟʦʤʝʨʳ 

(MS1, MS2) [83]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠʥʦʡ ʛʠʧʦʪʝʟʳ ʦ ʤʝʭʘʥʠʟʤʝ ʬʦʪʦʣʠʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʩʝʡʯʘʩ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʘ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʦʧʠʩʘʥʠʷ ʚʢʣʶʯʘʶʪ ʣʠʙʦ 

ʨʘʟʨʳʚ ʩʚʷʟʠ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʭ ʩʚʷʟʝʚʳʭ ʠʟʦʤʝʨʦʚ, ʣʠʙʦ ʨʘʩʧʘʜ Ru-

NO ʬʨʘʛʤʝʥʪʘ ʠʟ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʩʠʥʛʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

1.4 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʘʛʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʝʧʘʨʘʪʳ ʥʘ 

ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ (Pt), ʪʘʢʠʝ ʢʘʢ ʮʠʩʧʣʘʪʠʥ (cis-[Pt(NH )Cl ]) [84], ʢʘʨʙʦʧʣʘʪʠʥ ([Pt(NH ) (1,1-

ʮʠʢʣʦʙʫʪʘʥʜʠʢʘʨʙʦʢʩʠʣʘʪ)]) [85] ʠ ʦʢʩʘʣʠʧʣʘʪʠʥ ([Pt(1,2-ʜʠʘʤʠʥʮʠʢʣʦʛʝʢʩʘʥ)(ʦʢʩʘʣʘʪ)]) [86], 

ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʜʘʶʱʠʝʩʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʩʚʦʡʩʪʚʘ. ʆʜʥʘʢʦ ʵʪʠ ʢʦʤʧʣʝʢʩʳ 

ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʚʢʣʶʯʘʷ ʥʠʟʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʦʨʤʘʣʴʥʳʤ ʢʣʝʪʢʘʤ ʠ ʨʦʩʪ ʭʠʤʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʧʘʮʠʝʥʪʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʪʝʨʘʧʠʶ ʥʘ ʦʩʥʦʚʝ 

ʧʣʘʪʠʥʳ [87]. 

ʉ ʥʘʯʘʣʘ 1960-ʭ ʛʦʜʦʚ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʫʪʝʥʠʷ ʩʪʘʣʠ ʦʜʥʠʤ ʠʟ ʦʙʲʝʢʪʦʚ ʩ 

ʧʨʠʩʪʘʣʴʥʦ ʠʟʫʯʘʝʤʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʛʨʫʧʧʘ ɼʚʘʝʨʘ ʚʧʝʨʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʨʷʜ ʧʦʣʠʧʠʨʠʜʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʤ. ʈʠʩʫʥʦʢ 3) [88].  

 

ʈʠʩʫʥʦʢ 3. ʂʦʤʧʣʝʢʩʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ɼʚʘʝʨʦʤ - [Ru(terpy)2]
2+, [Ru(Bpy)3]

2+, [Ru(phen)3]
2+ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ NAMI -A (ImH[Ru(dmso)(Im)Cl ]) 

[89], KP1019 (InH[Ru(In)Cl ]) [90], KP1339 (Na[RuCl (In) ]) [91] ʠ TLD1433 ([Ru(4,4ǋ-ʜʠʤʝʪʠʣ-

2,2ǋ-ʙʠʧʠʨʠʜʠʥ) (2-(2ǋ,2ǌ:5ǌ,2ǋǋǋ-ʪʝʨʪʠʦʬʝʥ)-ʠʤʠʜʘʟʦ[4,5-f] -[1,10]ʬʝʥʘʥʪʨʦʣʠʥ)]Cl ) [92], 
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ʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, ʧʨʦʭʦʜʠʣʠ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ [93]. ʄʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨʥʦ ʨʦʜʩʪʚʝʥʥʳʭ NAMI -A ʠ KP1019 ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʜʠʩʢʫʩʩʠʡ. ʉʦʛʣʘʩʥʦ ʢʨʠʪʠʯʝʩʢʦʤʫ ʦʙʟʦʨʫ ɸʣʝʩʩʠʦ [9], ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ; ʧʨʝʚʨʘʱʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʢʚʘʪʘʮʠʷ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʠʣʠ ɼʄʉʆ, 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʞʝʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦ-ʨʘʟʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʣʝʪʢʘʤʠ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʝʭʘʥʠʟʤʝ 

ʜʝʡʩʪʚʠʷ NAMI -A ʠ KP1019: NAMI -A ʦʙʣʘʜʘʝʪ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʫʭʦʣʠ) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʢʣʝʪʢʘʤʠ, ʪʦʛʜʘ 

ʢʘʢ KP1019 ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʦʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʘʢʪʠʚʥʦ ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʢʣʝʪʢʘʤʠ, ʧʨʠʚʦʜʷ ʢ ʛʠʙʝʣʠ ʦʧʫʭʦʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ɼʅʂ ʥʘʧʨʷʤʫʶ; KP1019 ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʛʝʥʝʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʧʦʧʪʦʟʫ ʢʣʝʪʦʢ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʨʝʧʘʨʘʪʦʤ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ BOLD-100, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ KP1019 ʩ 

ʟʘʤʝʥʸʥʥʳʤ ʠʥʜʘʟʦʣʴʥʳʤ ʢʘʪʠʦʥʦʤ ʥʘ ʢʘʪʠʦʥ ʥʘʪʨʠʷ ʠ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ 

ʚʦʜʝ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [94,95]. 

ʆʢʩʠʜ ʘʟʦʪʘ(II ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʜʠʢʘʣ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʦ ʚʚʝʜʝʥʠʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʦ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʧʦʜʯʝʨʢʠʚʘʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʜʦʥʦʨʦʚ NO, ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ NO [7,96,97].  ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ NO, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʠʪʨʦʧʨʫʩʩʠʜ ʥʘʪʨʠʷ Na [FeNO(CN) ]. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʦʛʨʘʥʠʯʝʥʦ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ ʮʠʘʥʠʜʘ [98]. 

ɼʚʘ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʬʦʪʦʘʢʪʠʚʥʦʩʪʠ, ð ʵʪʦ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ, ʢʦʪʦʨʘʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʠ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʘʷ ʭʠʤʠʦʪʝʨʘʧʠʷ (PACT). PACT 

ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠʥʜʫʢʮʠʶ ʩʰʠʚʦʢ ɼʅʂ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʣʠ ʘʢʪʠʚʘʮʠʶ ʧʨʦʣʝʢʘʨʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ [99ï

103]. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ Ru(II) ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ PACT [104ï106]. 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʥʠʪʨʦʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩʦ ʬʦʨʤʫʣʦʡ [RuNO(L) ] (ʛʜʝ L ð 

ʨʘʟʣʠʯʥʳʝ ʣʠʛʘʥʜʳ), ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʜʦʩʪʘʚʢʠ ʦʢʩʠʜʘ ʘʟʦʪʘ 

ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʟʨʳʚʘ ʩʚʷʟʠ Ru-NO ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ NO. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʨʘʩʱʝʧʣʝʥʠʝ ʩʚʷʟʠ Ru-NO ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʫʮʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʠʤʠ 
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ʧʫʪʷʤʠ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠʣʠ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠ. 

ɺ ʮʝʣʦʤ, ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʢʣʝʪʦʢ ʩʦ ʩʚʦʙʦʜʥʳʤ NO, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʥʝʥʠʪʨʦʟʠʣʴʥʳʤʠ ʬʦʪʦʧʨʦʜʫʢʪʘʤʠ ʨʫʪʝʥʠʷ ʠʣʠ ʩ 

ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʦʙʦʠʭ ʬʘʢʪʦʨʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ NO ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʠʣʠ ʩʥʠʞʘʪʴ 

ʘʧʦʧʪʦʟ ʚ ʢʣʝʪʢʘʭ MCF-7 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʥʄ-ʤʢʄ 

ʩʥʠʞʘʶʪ ʘʧʦʧʪʦʟ, ʘ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʤʤʦʣʴ) ð ʫʚʝʣʠʯʠʚʘʶʪ ʝʛʦ [107ï109]. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʬʦʪʦʧʨʦʜʫʢʪʳ ʨʫʪʝʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʩʦʜʝʨʞʠʤʳʤ ʢʣʝʪʢʠ [110]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ [RuNO(L)Cl ] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ IC  ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʪʨʠ ʨʘʟʘ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʣ- ʠ ʤʝʪʠʣʥʠʢʦʪʠʥʘʪʘʤʠ [111]. 

ʇʨʠʤʝʨʳ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠʟʫʯʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ. ʆʙʣʫʯʝʥʠʝ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-(NO,OH)-[RuNOFT(Cl)(OH)](PF6) (FT = 4'-(2-ʬʣʫʦʨʝʥʠʣ)-

2,2':6',2"-ʪʝʨʧʠʨʠʜʠʥ) ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 365 ʥʤ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

staphylococcus epidermidis ʢ ʤʝʪʠʮʠʣʣʠʥʫ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʜʝʣʝʥʠʝʤ NO ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ [112].  

ɼʣʷ ʢʦʨʦʥʘʚʠʨʫʩʘ SARS CoV, ʚʳʟʚʘʚʰʝʛʦ ʘʪʠʧʠʯʥʫʶ ʧʥʝʚʤʦʥʠʶ ʚ 2002-2003 ʛʛ., ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʩʠʜ ʘʟʦʪʘ ʧʦʜʘʚʣʷʝʪ ʨʝʧʣʠʢʘʮʠʶ ʚʠʨʫʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NO 

[113]. ʄʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʧʨʷʤʦʝ ʜʝʡʩʪʚʠʝ NO ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ [114]. 

ʂʦʤʧʣʝʢʩʳ [RuNO(antpy)(bpy)]2+/3+ (antpy = 4ô-(ʘʥʪʨʘʮʝʥ-9-ʠʣ)-2,2ô:6ô,2ô-ʪʝʨʧʠʨʠʜʠʥ, bpy = 2,2ô-

ʙʠʧʠʨʠʜʠʥ) ʷʚʣʷʶʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ 

VCaP, ʪʦʛʜʘ ʢʘʢ ʦʙʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʝʪʦʢ ʧʝʨʝʚʦʜʠʪ 

ʢʦʤʧʣʝʢʩʳ ʚ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʬʦʨʤʳ ʩʦ ʟʥʘʯʝʥʠʝʤ IC50 = 8,98 ʤʢʄ [63]. ʇʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ ʦ 

ʩʠʥʪʝʟʝ (H Ind)[Ru(NO)(HInd)Cl ] ʠ (HBenz-im)[Ru(NO)(Benz-im)Cl ] ʚ ʚʠʜʝ ʮʠʩ- ʠ ʪʨʘʥʩ- 

ʠʟʦʤʝʨʦʚ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʛʨʫʧʧʦʡ ɸʨʠʦʥʘ ʚ 2013 ʛʦʜʫ [115]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʘʛʝʥʪʘ, ʷʚʣʷʝʪʩʷ 

(H ind)[Ru(Hind)Cl ] (KP1019), ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʠʥʜʘʟʦʣ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ [116]. 

ʆʧʠʩʘʥʥʳʝ ʥʠʪʨʦʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ A549, CH1 ʠ SW480. ʊʘʢʞʝ ʛʨʫʧʧʦʡ ɸʨʠʦʥʘ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩ-[RuNO(Hind)4Cl]Cl2 ʠ ʪʨʘʥʩ-

[RuNO(Hind)4OH]Cl2 ʧʨʦʪʠʚ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʢʘʨʮʠʥʦʤʳ ʷʠʯʥʠʢʦʚ ʯʝʣʦʚʝʢʘ A2780 ʥʘ 30% 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ ʧʨʠ 470 ʥʤ [117]. ɸʥʘʣʦʛʠʯʥʦʝ 30%-ʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ 
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ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʤʝʣʘʥʦʤʳ B16F10 ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʜʣʷ 

ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Ru3O(CH3COO)6(4-pic)2(NO)]PF6 (4-MePy = 4-ʤʝʪʠʣʧʠʨʠʜʠʥ) [118]. 

ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʮʠʩ-[Ru(NO)(phen)2(L)](PF6)3 (phen = 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, L = ʪʠʦʤʦʯʝʚʠʥʘ ʠʣʠ 

ʪʠʦʙʝʥʟʘʤʠʜ) ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʱʝʧʣʷʪʴ ɼʅʂ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʱʝʧʣʝʥʠʷ 

ʧʦʚʳʰʘʣʘʩʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʩʚʝʪʦʤ, ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ 

ʘʟʦʪʘ [119]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʪʨʦʟʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʨʫʪʝʥʠʷ [RuNO(ɓ-Pic)2(NO2)2OH] (3-MePy = 3-ʤʝʪʠʣʧʠʨʠʜʠʥ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ in vitro ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʫʝʪʩʷ ʧʦʩʣʝ 

ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʢʦʤʧʣʝʢʩʘ [110]. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʬʦʪʦʛʝʥʝʨʘʮʠʠ NO ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ 

ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʘ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʦʨʤʫʣʦʡ 

[Ru(NO)Cl4(L)]-, ʛʜʝ L = ʠʥʜʘʟʦʣ, ʧʠʨʘʟʦʣ, ʙʝʥʟʠʤʠʜʘʟʦʣ ʠʣʠ ʠʤʠʜʘʟʦʣ, ʢʦʪʦʨʳʝ ʩʪʘʙʠʣʴʥʳ ʚ 

ʪʝʤʥʦʪʝ [120]. ʂʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [RuNO(NO2)2L2OH] (L = ʧʠʨʠʜʠʥ, 3-ʤʝʪʠʣʧʠʨʠʜʠʥ) ʪʘʢʞʝ 

ʙʳʣʠ ʩʪʘʙʠʣʴʥʳ ʚ ʨʘʩʪʚʦʨʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

ʃʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʦʢʘʟʳʚʘʝʪ ʛʣʫʙʦʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʝʛʦ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ ʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ 

ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʠʥʘ 

ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʚ ʧʦʣʠʧʠʨʠʜʠʣʴʥʳʭ ʣʠʛʘʥʜʘʭ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴ ʣʠʧʦʬʠʣʴʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɿʘʤʝʥʘ 

ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ C1 ʥʘ ʫʛʣʝʨʦʜʥʫʶ ʘʣʢʠʣʴʥʫʶ ʮʝʧʴ C21 ʩʥʠʞʘʝʪ ʟʥʘʯʝʥʠʝ IC50 ʩ >100 ʜʦ ʚʩʝʛʦ 

ʣʠʰʴ 11 ʤʢʄ [121]. 

ʈʘʟʣʠʯʥʳʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

1. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʦʪʦʧʨʦʜʫʢʪʦʚ: ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦʩʣʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO 

ʯʘʩʪʠʮʳ ʨʫʪʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʣʠʧʦʬʠʣʴʥʦʩʪʴ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʠʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʠʣʠ ʥʠʟʢʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʵʪʠʭ 

ʬʦʪʦʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʘʙʣʶʜʘʝʤʳʤ ʨʘʟʣʠʯʠʷʤ ʚ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʦʪʚʝʪʘʭ. 

2. ʂʣʝʪʦʯʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ: ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ 

ʥʘʢʦʧʣʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣʘʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʣʠʯʥʦʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ NO ʥʘ ʢʣʝʪʢʠ ʧʦʩʣʝ ʩʚʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʕʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʤʦʞʝʪ, ʚʧʦʩʣʝʜʩʪʚʠʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʢʦʤʧʣʝʢʩʦʚ [122]. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚʥʫʪʨʠ ʢʣʝʪʦʢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʱʘʪʝʣʴʥʦʝ 

ʠʟʫʯʝʥʠʝ ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠʭ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʥʝ ʜʣʷ ʚʩʝʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʫʜʘʸʪʩʷ ʦʙʥʘʨʫʞʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʬʦʪʦʘʢʪʠʚʘʮʠʠ. ʇʨʠʯʠʥʳ ʦʪʩʫʪʩʪʚʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩʣʦʞʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʢʘʢ ʚʳʩʚʦʙʦʞʜʝʥʥʳʡ NO, ʪʘʢ ʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦʩʣʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ 

ʥʝʥʠʪʨʦʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ (ʠʣʠ ʠʭ ʩʠʥʝʨʛʠʟʤ) ʤʦʛʫʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ 

ʚʦʟʤʦʞʥʳʡ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʅʘʧʨʠʤʝʨ, ʚʣʠʷʥʠʝ NO ʥʘ ʨʘʢʦʚʳʝ 

ʢʣʝʪʢʠ ʠʤʝʝʪ ʜʚʦʡʩʪʚʝʥʥʫʶ ʧʨʠʨʦʜʫ, ʢʦʪʦʨʘʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʨʘʢʦʚʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ NO ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ [123]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ NO ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʦʢʠʩʣʝʥʠʷ 

ʤʦʛʫʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ (ʨʦʩʪ) ʢʣʝʪʦʢ MCR5 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NO 1 ʤʢʄ [124]. 

ʂʣʝʪʢʠ A549 ʪʘʢʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ NO ʚ ʤʢʄ ʜʠʘʧʘʟʦʥʝ: ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʦʢʩʠʜʘ ʘʟʦʪʘ ʫʩʠʣʠʚʘʣʦ ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ A549 [125]. 

ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ MCF-7 ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NO ð ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ 

NO (ʤʄ) ʧʦʜʘʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʣʠʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʘʟʦʪʘ 

(ʤʢʄ ʠ ʥʠʞʝ) ʠʥʜʫʮʠʨʫʶʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ [107ï109]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʭʦʜʥʳʝ ʥʠʪʨʦʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʣʠ ʧʨʦʜʫʢʪʳ ʚʳʩʚʦʙʦʞʜʝʥʠʷ NO 

ʤʦʛʫʪ ʧʦ-ʨʘʟʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʩʦʜʝʨʞʠʤʳʤ ʢʣʝʪʢʠ, ʧʦʵʪʦʤʫ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʥʦʞʝʩʪʚʘ ʙʠʦʤʦʣʝʢʫʣ 

[113]. ʅʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ɸʨʠʦʥʘ ʢʦʤʧʣʝʢʩʘ [RuNO(In) Cl]Cl ʬʦʪʦʣʠʟ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʣʦʚʫʰʢʠ NO ʧʦʢʘʟʘʣ 30% ʫʚʝʣʠʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʪʥʝʩʝʥʦ ʟʘ ʩʯʝʪ 

ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʧʦʩʣʝ ʬʦʪʦʣʠʟʘ, ʥʦ ʥʝ NO. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘ ʬʦʪʦʣʠʟʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪ ʪʘʢʦʚʦʡ ʫ 

ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʣʠʧʦʬʠʣʴʥʦʩʪʠ [126], ʠʟʤʝʥʝʥʠʷ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʤʦʞʝʪ ʥʝ ʧʨʦʠʟʦʡʪʠ.  
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1 ʉʠʥʪʝʟ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

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

Na2[RuNO(Nʆ2)4ʆH]Å2H2O ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠʟ RuCl3 ʧʦ ʤʝʪʦʜʠʢʝ [127]. ʎʠʩ-[RuNO(NO2)2(Et-

inic)2OH] ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [26]. ʌʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʡ ʙʫʬʝʨ (PBS) ʛʦʪʦʚʠʣʠ 

ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [128]. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ [126,129ï

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

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʠʟ ʜʘʥʥʳʭ ʈʉɸ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ. ʀʂ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ɻʣʘʚʝ 3. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʩʤ. ʈʠʩʫʥʦʢ ʇ1-6, ʊʘʙʣʠʮʘ ʇ1) 

ʎʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1) 

ʅʘʚʝʩʢʠ Na2[RuNO(Nʆ2)4ʆH]Å2H2O (1 ʤʤʦʣʴ) ʠ NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ 

ʚʦʜʳ ʚ ʢʦʣʙʝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 40 

ʤʠʥʫʪ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʤʦʣʴ NaHCO3 ʠ 2 ʤʣ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʛʨʝʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʂʦʤʧʣʝʢʩ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʜʦ 

ʤʘʩʣʷʥʠʩʪʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʠ ʦʩʘʞʜʘʣʠ ʢʦʤʧʣʝʢʩ ʛʝʢʩʘʥʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʬʠʣʴʪʨʦʚʘʣʠ 

ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ), ʧʨʦʤʳʣʠ ʚʦʜʦʡ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʂʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [RuNO(NO2)2(Et-nic)2OH] ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ 

ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʩ ʛʝʢʩʘʥʦʤ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 55%. ɼʘʥʥʳʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʡʜʝʥʦ, %: C ï 34.8, H ï 3.5, N ï 12.8; ʚʳʯʠʩʣʝʥʦ, %: C ï 35.4, H ï 3.5, N 

ï 12.9. 

ʎʠʩ-[RuNO(Me-nic)2(NO2)2OH] (2) 

ʅʘʚʝʩʢʠ Na2[RuNO(Nʆ2)4ʆH]Å2H2O (1 ʤʤʦʣʴ) ʠ NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ 

ʚʦʜʳ ʚ ʢʦʣʙʝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 40 

ʤʠʥʫʪ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʤʦʣʴ NaHCO3 ʠ 1 ʛ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʥʠʢʦʪʠʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʛʨʝʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʂʦʤʧʣʝʢʩ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʭʣʦʨʠʩʪʳʤ 

ʤʝʪʠʣʝʥʦʤ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʜʦ ʤʘʩʣʷʥʠʩʪʦʡ 

ʢʦʥʩʠʩʪʝʥʮʠʠ ʠ ʦʩʘʞʜʘʣʠ ʢʦʤʧʣʝʢʩ ʛʝʢʩʘʥʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʬʠʣʴʪʨʦʚʘʣʠ ʥʘ 

ʩʪʝʢʣʷʥʥʦʤ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ), ʧʨʦʤʳʣʠ ʚʦʜʦʡ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʂʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ 

ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʩ ʛʝʢʩʘʥʦʤ. ɺʳʭʦʜ ʮʠʩ-[RuNO(NO2)2(Me-nic)2OH] ʩʦʩʪʘʚʠʣ 51%. ɼʘʥʥʳʝ 
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ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʡʜʝʥʦ, %: C ï 31.9, H ï 2.9, N ï 13.6; ʚʳʯʠʩʣʝʥʦ, %: C ï 32.7, H ï 2.9, N 

ï 13.6. 

ʎʠʩ-[RuNO(Me-inic)2(NO2)2OH] (3) 

ʅʘʚʝʩʢʠ Na2[RuNO(Nʆ2)4ʆH]Å2H2O (1 ʤʤʦʣʴ) ʠ NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ 

ʚʦʜʳ ʚ ʢʦʣʙʝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 40 

ʤʠʥʫʪ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʤʦʣʴ NaHCO3 ʠ 1 ʛ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʠʟʦʥʠʢʦʪʠʚʦʡ ʢʠʩʣʦʪʳ ʠ ʛʨʝʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʂʦʤʧʣʝʢʩ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʜʦ 

ʤʘʩʣʷʥʠʩʪʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʠ ʦʩʘʞʜʘʣʠ ʢʦʤʧʣʝʢʩ ʛʝʢʩʘʥʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʬʠʣʴʪʨʦʚʘʣʠ 

ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ), ʧʨʦʤʳʣʠ ʚʦʜʦʡ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʣʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ 

ʩ ʛʝʢʩʘʥʦʤ. ɺʳʭʦʜ ʮʠʩ-[RuNO(NO2)2(Me-inic)2OH] ʩʦʩʪʘʚʠʣ 45%. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʥʘʡʜʝʥʦ, %: C ï 32.8, H ï 2.95, N ï 13.6; ʚʳʯʠʩʣʝʥʦ, %: C ï 32.7, H ï 2.94, N ï 13.6. 

ʎʠʩ-[RuNO(Benz-im)2(NO2)2OH]ÅH2OÅEtOH (4) 

ʅʘʚʝʩʢʠ Na2[RuNO(Nʆ2)4ʆH]Å2H2O (1 ʤʤʦʣʴ) ʠ NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ 

ʚʦʜʳ ʚ ʢʦʣʙʝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 40 

ʤʠʥʫʪ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʤʦʣʴ NaHCO3, 2 ʤʤʦʣʴ ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ 3 ʤʣ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʛʨʝʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ, ʥʝ ʧʦʟʚʦʣʷʷ ʨʘʩʪʚʦʨʫ ʟʘʢʠʧʘʪʴ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ. 

ɿʘʪʝʤ ʥʘʛʨʝʣʠ ʜʦ ʢʠʧʝʥʠʷ (º 85-90Áʉ) ʠ ʞʜʘʣʠ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʩʧʠʨʪʘ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ 

ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʠʧʝʥʠʷ ʩʤʝʩʠ ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʳʧʘʣ ʪʸʤʥʦ-ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ, 

ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ, ʧʨʦʤʳʣʠ 3 ʤʣ ʚʦʜʳ ʠ ʜʚʘʞʜʳ 3 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ, ʟʘʪʝʤ ʚʳʩʫʰʠʣʠ ʥʘ ʬʠʣʴʪʨʝ. ɺʳʭʦʜ ʮʠʩ-[RuNO(NO2)2(Benz-Im)2OH]ÅH2OÅEtOH 

ʩʦʩʪʘʚʠʣ 60 %. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʡʜʝʥʦ, %: C ï 36.9, H ï 4.1, N ï 18.6; ʚʳʯʠʩʣʝʥʦ, 

%: C ï 36.6, H ï 3.9, N ï 18.4. 

ʎʠʩ-[RuNOPhen(NO2)2OH] (5) 

ʅʘʚʝʩʢʠ Na2[RuNO(Nʆ2)4ʆH]Å2H2O (1 ʤʤʦʣʴ) ʠ NH2SO3H (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ 

ʚʦʜʳ ʚ ʢʦʣʙʝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 40 

ʤʠʥʫʪ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʤʦʣʴ NaHCO3, 2 ʤʤʦʣʴ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ, 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚ 3 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʛʨʝʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ, ʥʝ ʧʦʟʚʦʣʷʷ ʨʘʩʪʚʦʨʫ ʟʘʢʠʧʘʪʴ ʚ 

ʪʝʯʝʥʠʝ 120 ʤʠʥʫʪ. ɿʘʪʝʤ ʥʘʛʨʝʣʠ ʜʦ ʢʠʧʝʥʠʷ (º 85-90Áʉ) ʠ ʞʜʘʣʠ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʠʧʝʥʠʷ ʩʤʝʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʳʧʘʣ 

ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ, ʧʨʦʤʳʣʠ 3 ʤʣ ʚʦʜʳ, 3 ʤʣ 

ʪʦʣʫʦʣʘ ʠ ʜʚʘʞʜʳ 3 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʟʘʪʝʤ ʚʳʩʫʰʠʣʠ ʥʘ ʬʠʣʴʪʨʝ. ɺʳʭʦʜ ʮʠʩ-
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[RuNOPhen(NO2)2OH] ʩʦʩʪʘʚʠʣ 67 %. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʡʜʝʥʦ, %: C ï 33.7, H ï 

2.3, N ï 16.3; ʚʳʯʠʩʣʝʥʦ, %: C ï 34.3, H ï 2.2, N ï 16.7. 

ʎʠʩ-[RuNO(Hind)2(NO2)2OH] (6) 

Na [RuNO(NO ) OH]Å2H O (414 ʤʛ, 1 ʤʤʦʣʴ) ʠ NH SO H (194 ʤʛ, 2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʚʦʜʝ (3 ʤʣ) ʚ ʢʦʣʙʝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ N , ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʩʨʝʜʳ ʜʦʙʘʚʣʷʣʠ 168 ʤʛ (2 ʤʤʦʣʴ) NaHCO . ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʠʥʜʘʟʦʣ (HInd, 

240 ʤʛ, 2 ʤʤʦʣʴ) ʠ ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʦʚʘʣʩʷ ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʜʠʵʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɿʘʪʝʤ ʦʩʘʜʦʢ ʧʝʨʝʢʨʠʩʪʘʣʠʟʦʚʘʣʠ 

ʠʟ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ (6) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʭʦʜ 

[RuNO(NO ) (HInd) OH] ʩʦʩʪʘʚʠʣ 45% (338 ʤʛ). ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (%): ʚʳʯʠʩʣʝʥʦ: C 

ï 35.30, H ï 2.75, N ï 20.58. ʥʘʡʜʝʥʦ: C ï 35.1, H ï 3.0, N ï 20.4. 

ʎʠʩ-[RuNO(HInd)2(NO2)2H2O]AcOH (7) 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [RuNO(HInd) (NO )H O]OAcĿ0.5HOAc ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [RuNO(HInd) (NO )OH] ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʛʦʜʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʈʉɸ (ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ). 

ɺʳʩʫʰʝʥʥʳʡ ʧʦʨʦʰʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ, ʜʘʚʘʣ ʢʘʨʪʠʥʳ ʈʌɸ (ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ), ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʉɸ. 

2.2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʳ 

ɼʘʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker Apex Duo ʩ ʇɿʉ-ʤʘʪʨʠʮʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʪ-

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ MoKŬ-ʠʟʣʫʯʝʥʠʷ (ɚ = 0,71073 ¡) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ɤ- ʠ ◖-ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦʜ ʫʛʣʦʤ 0,5Á. ʈʝʜʫʢʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ APEX2. 

ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʩ ʧʦʤʦʱʴʶ SHELXT ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ SHELXL ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ Olex2 [132,133]. 

ʇʘʨʘʤʝʪʨʳ ʘʪʦʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ 

ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ.  



36 
 

ʉʲʸʤʢʫ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu XRD-7000 

(CuKŬ-ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ). ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2ɗ ʦʪ 5 ʜʦ 60Á. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʠʟʤʝʣʴʯʘʣʠ ʩ ʛʝʢʩʘʥʦʤ ʚ 

ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ, ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʩʪʦʨʦʥʫ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʜʝʨʞʘʪʝʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʛʣʘʜʢʠʡ ʪʦʥʢʠʡ ʩʣʦʡ. 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ 

ʇʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Crystal Explorer 

[134,135]. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʥʘʥʝʩʪʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʢʦʥʪʘʢʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ dnorm ʥʘ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ. ʆʙʳʯʥʦ ʜʣʷ ʥʘʥʝʩʝʥʠʷ dnorm ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʘʩʥʦ-

ʙʝʣʦ-ʩʠʥʷʷ ʩʭʝʤʘ, ʛʜʝ ʢʨʘʩʥʳʡ ʮʚʝʪ ʦʙʦʟʥʘʯʘʝʪ ʙʣʠʟʢʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ 

(ʦʪʨʠʮʘʪʝʣʴʥʳʡ dnorm), ʩʠʥʠʡ - ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʢʦʥʪʘʢʪʳ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ dnorm), ʘ ʙʝʣʳʡ - 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ, ʨʘʚʥʳʝ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤ ʨʘʜʠʫʩʘʤ ʘʪʦʤʦʚ ʚ ʢʦʥʪʘʢʪʝ (dnorm = 

0). ʀʟ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʝʩʝʥʳ ʟʥʘʯʝʥʠʷ dnorm, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʚʫʤʝʨʥʳʝ ʛʨʘʬʠʢʠ 

(ʦʪʧʝʯʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ). ʇʨʦʠʟʚʦʜʥʳʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ, ʵʪʠ ʜʚʫʤʝʨʥʳʝ ʛʨʘʬʠʢʠ 

ʦʪʧʝʯʘʪʢʦʚ ʜʘʶʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ de 

(ʨʘʜʠʫʩ ʚʥʝʰʥʝʛʦ ʘʪʦʤʘ) ʠ di (ʨʘʜʠʫʩ ʚʥʫʪʨʝʥʥʝʛʦ ʘʪʦʤʘ) ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʥʠ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʥʦ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʘʞʜʦʤʫ ʚʠʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʊʦʯʢʠ ʥʘ ʛʨʘʬʠʢʝ, ʥʝ ʠʤʝʶʱʠʝ ʚʢʣʘʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʩʪʘʶʪʩʷ ʥʝʦʢʨʘʰʝʥʥʳʤʠ, ʘ ʪʦʯʢʠ, 

ʠʤʝʶʱʠʝ ʚʢʣʘʜ ʚ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʢʨʘʰʠʚʘʶʪʩʷ ʚ ʩʠʥʠʡ ʮʚʝʪ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʚʢʣʘʜʘ, ʦʪ ʟʝʣʝʥʦʛʦ 

ʜʦ ʢʨʘʩʥʦʛʦ ʜʣʷ ʪʦʯʝʢ ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

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

ʵʣʝʤʝʥʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Euro EA 3000 ʠʣʠ CE-440. 

ʌʦʪʦʜʠʦʜʳ 

ɼʣʷ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ï ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ ʠʣʠ ʨʘʩʪʚʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ LED 

c ʜʣʠʥʘʤʠ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥʝ 300-1050 ʥʤ ʩ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ 15-400 ʤɺʪ. 

ʀʂC, ʕʉʇ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʦʪʦʣʠʟʘ 

ʋʌ-ʚʠʜ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʦʜʥʦʣʫʯʝʚʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ2000. ʋʌ-ʚʠʜ 

ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʨʷʣʠ ʚ ʢʚʘʨʮʝʚʦʡ ʧʨʦʪʦʯʥʦʡ ʢʶʚʝʪʝ ʩ ʜʣʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 1 ʩʤ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ɼʄʉʆ, ʚʦʜʝ ʠʣʠ PBS ʠʣʠ ʦʙʳʯʥʦʡ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʝ ʩ ʜʣʠʥʦʡ ʧʫʪʠ 1 ʩʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʚʳʩʪʫʧʘʣ ʯʠʩʪʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʣʝʢʩʘ, 
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ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʬʦʪʦʣʠʟʘ, ʩʦʩʪʘʚʣʷʣʘ 1Å10-4-5Å10-5 ʄ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʦʪʦʣʠʟʘ ʚ PBS ʠʣʠ ʚʦʜʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʪʚʦʨʷʣʠ ʚ ɼʄʉʆ (10-2 ʄ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʤʧʣʝʢʩʘ), ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʨʘʟʙʘʚʣʷʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʩʪʘʙʠʣʴʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʠʡ 0,5% ɼʄʉʆ. ʕʚʦʣʶʮʠʷ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʚ 

ʦʪʩʣʝʞʠʚʘʣʘʩʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʶʚʝʪʳ ʧʨʦʪʦʯʥʦʡ ʩʠʩʪʝʤʦʡ (ʆʙʱʠʡ ʦʙʲʝʤ 5 ʤʣ) ʩʚʝʪʦʜʠʦʜʦʤ 

450 ʥʤ, 100 ʤɺʪ ʠʣʠ 532 ʥʤ, 200 ʤɺʪ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʠʟʤʝʨʠʪʝʣʴ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ THORLABS PM16-401. 

ʉʲʸʤʢʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʌʉʄ 2201. ʀʥʬʨʘʢʨʘʩʥʳʝ 

ʩʧʝʢʪʨʳ ʙʳʣʠ ʩʥʷʪʳ ʚ ʦʙʣʘʩʪʠ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 400-4000 ʩʤ-1 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 4 ʩʤ-1. ʆʙʨʘʟʮʳ ʜʣʷ 

ʩʲʝʤʢʠ ʩʧʝʢʪʨʦʚ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ KBr ʚ 

ʪʘʙʣʝʪʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʠʟʘ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ.  

ʄʝʪʦʜ ɸ ʦʩʥʦʚʳʚʘʣʩʷ ʪʦʣʴʢʦ ʥʘ ʜʘʥʥʳʭ ʕʉʇ.  

ʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʟʘʢʣʶʯʘʣʩʷ ʚ ʨʘʩʯʸʪʘʭ ʪʦʣʴʢʦ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ: 

ὧ •zὸ; 

Ὅ Ὅρ ρπ ; 

ὃ ‐ ὧz ὰz, 

ʛʜʝ c ï ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʨʘʟʥʠʮʝ ʚ 

ʧʦʛʣʦʱʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʚ ʭʦʜʝ ʬʦʪʦʣʠʟʘ ʧʨʠ 270-290 ʥʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʝ ʧʨʦʜʫʢʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ Ru(II)-NO+ + ʈʘʩʪʚʦʨʠʪʝʣʴ Ÿ Ru(III)-(ʈʘʩʪʚʦʨʠʪʝʣʴ) + 

NO0. ɺ ʫʨʘʚʥʝʥʠʝ ʪʘʢʞʝ ʚʭʦʜʷʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʦʛʣʦʱʘʝʤʦʛʦ ʦʙʨʘʟʮʦʤ (I), d - ʜʣʠʥʘ ʧʫʪʠ 

ʢʶʚʝʪʳ ʋʌ-ɺʠʜ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, V - ʦʙʲʝʤ ʦʙʣʫʯʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʣʠʪʨʘʭ, ◖ - ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, t - ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʚ ʤʠʥʫʪʘʭ. ʇʘʨʘʤʝʪʨ I 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ I0 - ʦʧʪʠʯʝʩʢʦʡ ʩʠʣʳ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠ ʧʦʛʣʦʱʝʥʠʷ A, 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʩ ʜʣʠʥʦʡ ʧʫʪʠ 

ʦʙʣʫʯʝʥʠʷ l = 3 ʩʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʦ ʧʝʨʚʳʭ ʟʥʘʯʝʥʠʡ A ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʢʘ c ʦʪ t 

ʠ ʧʨʦʚʝʜʝʥʠʝ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʥʘʢʣʦʥʘ 

ʵʪʦʡ ʧʨʷʤʦʡ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ •z ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ. 

ʄʝʪʦʜ ɹ ʠʩʧʦʣʴʟʦʚʘʣ ʧʨʦʪʦʯʥʫʶ ʩʠʩʪʝʤʫ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʀʂ- ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ.  
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ʇʨʦʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʷʣʘ ʠʟ ʧʨʦʪʦʯʥʦʡ ʢʶʚʝʪʳ ʩ ʜʣʠʥʦʡ ʧʫʪʠ 1 ʩʤ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʣʫʯʝʥʠʝ ʨʘʩʪʚʦʨʘ, ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʧʨʦʪʦʯʥʦʡ ʀʂ-ʢʶʚʝʪʳ ʩ ʜʣʠʥʦʡ ʧʫʪʠ 0.1 ʤʤ (ʦʢʥʘ ʠʟ CaF2) ʠ ʧʨʦʪʦʯʥʦʡ ʋʌ/ɺʠʜ ʢʶʚʝʪʳ ʩ 

ʜʣʠʥʦʡ ʧʫʪʠ 0.1 ʠʣʠ 1 ʩʤ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʩʦʝʜʠʥʝʥʳ ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʤʠ ʰʣʘʥʛʘʤʠ 

ʠ ʘʜʘʧʪʝʨʘʤʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 10-3 ʄ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʇʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʀʂ-ʕʉʇ-ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ (ű) ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

NO ʧʦ ʬʦʨʤʫʣʝ: 

ʒ   , 

ʛʜʝ ȹC - ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʤʦʣʴÅʣ-1), N - ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʥʦʚ (ʕʡʥʰʪʝʡʥ), V - ʦʙʲʝʤ 

ʩʠʩʪʝʤʳ (ʣ). 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʘʥʥʳʤ ʀʂ. 

ʀʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʜ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ v(NO) ʚ ʀʂ-ʩʧʝʢʪʨʝ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʣʠʟʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʝʧʝʥʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜʘʥʥʳʤʠ ʋʌ/ʕʉʇ ʩʧʝʢʪʨʦʩʢʦʧʠʠ: 

ὅ , 

ʛʜʝ ʉ0  - ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʣʝʢʩʘ, S0 ï ʥʘʯʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʣʦʩʳ v(NO), Si ʠ ʉi 

ï ʧʣʦʱʘʜʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʥʝʟʘʚʠʩʠʤʦ ʩ ʧʦʤʦʱʴʶ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʧʨʷʤʦʡ. ʉʦʚʤʝʩʪʥʦ ʩ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʜʘʥʥʳʤ ʀʂ, ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ 

ʯʘʩʪʴ ʩʚʝʪʘ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʛʣʦʱʘʝʪ ʠʤʝʥʥʦ ʨʝʘʛʝʥʪ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʛʣʦʱʸʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: 

ὃ ʀÌὅ 

Ὅ  Ὅ ρ ρπ , 

ʛʜʝ A i ï ʧʦʛʣʦʱʝʥʠʝ ʨʝʘʛʝʥʪʘ, Ů ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ (ʣÅʤʦʣʴ-1Åʩʤ-1), l ï 

ʜʣʠʥʘ ʢʶʚʝʪʳ (ʩʤ), I ï ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʥʦʚ, ʧʦʛʣʦʱʘʝʤʦʝ ʨʝʘʛʝʥʪʦʚ (ɽ), I0 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʙʣʫʯʝʥʠʷ ʦʪ ʜʠʦʜʘ ʩ ʫʯʸʪʦʤ ʧʦʪʝʨʴ ʥʘ ʩʪʝʥʢʘʭ ʢʶʚʝʪʳ (ɽ), Aall ï ʦʙʱʝʝ ʧʦʛʣʦʱʝʥʠʝ ʩʤʝʩʠ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ (450 ʥʤ). ʏʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʳʭ ʬʦʪʦʥʦʚ (N) ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (N), ʤʳ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʥʦʛʦ 

ʩʚʝʪʘ(I) ʦʪ ʚʨʝʤʝʥʠ, ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʝʛʦ ʵʢʩʧʦʥʝʥʪʦʡ ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ 
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ʬʫʥʢʮʠʶ. ɿʘʪʝʤ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʥʘʭʦʜʠʣʠ ʦʪʥʦʰʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʢʦʣʠʯʝʩʪʚʫ ʧʦʛʣʦʱʝʥʥʳʭ ʬʦʪʦʥʦʚ ʟʘ 5 ʤʠʥʫʪ ʜʣʷ ʢʘʞʜʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʟʤʝʥʝʥʠʝ ʚʳʙʦʨʘ ʚʨʝʤʝʥʠ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ. 

ʈʝʘʢʪʠʚ ɻʨʠʩʩʘ ʛʦʪʦʚʠʣʠ ʚ ʚʠʜʝ ʵʢʚʠʤʦʣʷʨʥʦʛʦ (5Ŀ10  ʤʦʣʴ) ʨʘʩʪʚʦʨʘ 1-ʥʘʬʪʠʣʘʤʠʥʘ ʠ 

ʩʫʣʴʬʘʥʠʣʘʤʠʜʘ ʚ ʩʤʝʩʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ/ɼʄʉʆ (1:4). ʉʤʝʰʘʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʦʚ (10 į 

ʄ) ʠ ʨʝʘʢʪʠʚʘ ɻʨʠʩʩʘ (10 Į ʄ) ʚ ʩʤʝʩʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ/ɼʄʉʆ (1:4) ʦʙʲʝʤʦʤ 5 ʤʣ ʦʙʣʫʯʘʣʠ 

ʩʚʝʪʦʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 450 ʥʤ ʠ ʤʦʱʥʦʩʪʴʶ 100 ʤɺʪ ʚ ʧʨʦʪʦʯʥʦʡ ʢʶʚʝʪʝ ʩ ʜʣʠʥʦʡ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 1 ʩʤ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʠʦʥʦʚ NO , ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʚʳʩʚʦʙʦʞʜʘʝʤʦʛʦ NO. 

ʀʟʤʝʨʝʥʠʝ ʣʠʧʦʬʠʣʴʥʦʩʪʠ 

ʃʠʧʦʬʠʣʴʥʦʩʪʴ (ʣʦʛʘʨʠʬʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʜʝʣʝʥʠʷ, log P) ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʜʫʢʪʦʚ 

ʬʦʪʦʣʠʟʘ ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ, ʢʦʪʦʨʳʡ ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʧʦʵʪʠʯʥʦ 

ʦʙʦʟʥʘʯʝʥ ʢʘʢ ʤʝʪʦʜ çʚʩʪʨʷʭʠʚʘʥʠʷ ʢʦʣʙʳè [136]. ɺ ʢʘʯʝʩʪʚʝ ʚʦʜʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ - 1-ʦʢʪʘʥʦʣ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʜʫ ʠ 

ʦʢʪʘʥʦʣ ʚʩʪʨʷʭʠʚʘʣʠ ʚ ʢʦʣʙʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʜʣʷ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʩʣʝ ʯʝʛʦ ʬʘʟʳ 

ʨʘʟʜʝʣʷʣʠ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʞʝ ʥʘʩʳʱʝʥʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʣʠʧʦʬʠʣʴʥʦʩʪʠ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 1Å10-4 ʄ ʨʘʩʪʚʦʨʳ ʚ H2O ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ 1-ʦʢʪʘʥʦʣʘ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʣʠʟʘ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ ʦʙʣʫʯʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʩʚʝʪʦʜʠʦʜʦʤ 450 ʥʤ, 100 ʤɺʪ, ʘ ʟʘʪʝʤ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ 1-

ʦʢʪʘʥʦʣʘ. ɼʚʫʭʬʘʟʥʳʝ ʩʤʝʩʠ ʚʩʪʨʷʭʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠ ʦʩʪʘʚʣʷʣʠ ʦʪʩʪʘʠʚʘʪʴʩʷ ʥʘ 24 ʯ ʚ 

ʪʝʤʥʦʪʝ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʙʝʟ ʫʯʝʪʘ ʨʘʟʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʠʥʢʮʠʠ ʚ ʚʦʜʝ ʠ 

ʦʢʪʘʥʦʣʝ) ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʡ ʠ 1-ʦʢʪʘʥʦʣʴʥʦʡ ʬʘʟʘʭ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. 

ɿʥʘʯʝʥʠʷ log P ʨʘʩʩʯʠʪʳʚʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʧʦʛʣʦʱʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ 1-ʦʢʪʘʥʦʣʝ, ʜʝʣʝʥʥʦʝ ʥʘ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʦʜʝ ʧʨʠ 280 ʠʣʠ 310 ʥʤ (ÌέὫὖ  ̏̋̓́̎̏̌
ˍ̃ ̏̅́

). 

ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

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

X-ʜʠʘʧʘʟʦʥʝ. ɿʥʘʯʝʥʠʷ g-ʬʘʢʪʦʨʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2,2-ʜʠʬʝʥʠʣ-1-

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

ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʚʳʩʚʦʙʦʞʜʘʶʱʝʛʦʩʷ ʦʢʩʠʜʘ ʘʟʦʪʘ [137,138]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʩʤʝʰʠʚʘʣʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚ ɼʄʉʆ (0,01 ʄ) ʠ 
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ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ FeCl2Ā4H2O (0,01 ʄ) ʠ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʘ ʥʘʪʨʠʷ 

(0,02 ʄ). ʇʝʨʝʜ ʧʨʠʛʦʪʦʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʦʙʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣʠ ʧʨʦʜʫʪʳ N2 ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʜʝʟʘʢʪʠʚʠʨʫʝʪ ʢʦʤʧʣʝʢʩ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ. ɿʘʪʝʤ ʩʤʝʩʴ 

ʦʙʣʫʯʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʩʚʝʪʦʜʠʦʜʦʤ 450 ʥʤ, 100 ʤɺʪ, ʧʦʩʣʝ 

ʯʝʛʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʧʝʢʪʨ ʕʇʈ. ʅʘ ʩʧʝʢʪʨʝ ʕʇʈ, ʟʘʧʠʩʘʥʥʦʤ ʜʦ ʦʙʣʫʯʝʥʠʷ ʩʠʛʥʘʣʳ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

ʕʣʝʢʪʨʦʩʧʨʝʡ-ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ESI-MS) 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʞʠʜʢʦʩʪʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent 6130 Quadrupole MS ʩ ʩʠʩʪʝʤʦʡ ɺʕɾʍ 1260 Infinity. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʤʘʩʩʦʚʳʭ ʯʠʩʝʣ m/z ʦʪ 100 ʜʦ 1500 ʚ ʨʝʞʠʤʝ SCAN ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʦʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʣʝʢʪʨʦʩʧʨʝʡ 

ʠʦʥʠʟʘʮʠʷ (ESI). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʛʘʟ ʜʣʷ ʩʫʰʢʠ ð ʘʟʦʪ, ʪʝʤʧʝʨʘʪʫʨʘ 

350 ÁC, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 7 ʣĿʤʠʥ ĭ, ʜʘʚʣʝʥʠʝ ʨʘʩʧʳʣʷʶʱʝʛʦ ʛʘʟʘ (ʘʟʦʪ) 60 ʬʫʥʪʦʚ/ʢʚ. ʜʶʡʤ 

(psig) ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʧʠʣʣʷʨʝ 4000 ɺ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʬʨʘʛʤʝʥʪʘʪʦʨʝ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʩʦʩʪʘʚʣʷʣʦ 100 ɺ. 

ʈʘʩʪʚʦʨ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1Å10 į ʄ ʚ ʵʪʘʥʦʣʝ ʠʣʠ ʘʮʝʪʦʥʠʪʨʠʣʝ 

(1% ɼʄʉʆ) ʚ ʦʙʲʝʤʝ 5 ʤʢʣ ʚʚʦʜʠʣʠ ʚ ʧʦʜʚʠʞʥʫʶ ʬʘʟʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʢʣʘʩʩʘ 

çʦʩ.ʯ.è), ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ 0,4 ʤʣĿʤʠʥ ĭ, ʨʘʩʧʳʣʷʣʠ ʠ ʠʦʥʠʟʠʨʦʚʘʣʠ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʚ (ʄʉ) ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʠʦʥʘʤʠ, 

ʚʢʣʶʯʘʷ ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʧʠʢʦʚ. 

ʈʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʊʌʇ) 

ʈʘʩʯʝʪʳ ʧʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʘʢʝʪʝ ADF 2020 [139]. ɼʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʦʚ (ʟʘʤʢʥʫʪʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʬʫʥʢʮʠʦʥʘʣ B3LYP [140] ʩ ʪʨʦʡʥʳʤ ʢʘʯʝʩʪʚʦʤ ʩ ʦʜʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʣʷʨʠʟʘʮʠʠ (TZP) [141]. 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘʤʢʥʫʪʦʡ ʦʙʦʣʦʯʢʠ. ɹʳʣʦ ʧʨʠʤʝʥʝʥʦ ʩʢʘʣʷʨʥʦ-

ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʨʝʛʫʣʷʨʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ (ZORA) [142] ʜʣʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʠ 

ʤʝʪʦʜ ʩʦʣʴʚʘʪʘʮʠʠ COSMO ʩ CH3CN ʠʣʠ ɼʄʉʆ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [143]. ɼʣʷ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʋʌ/ɺʠʜ ʩʧʝʢʪʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʞʝ 

ʫʨʦʚʥʷ ʪʝʦʨʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʠʙʣʠʞʝʥʠʷ ZORA. ʄʝʪʦʜ ɼʵʚʠʜʩʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʧʝʨʚʳʭ 100 ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ. 

ɺʩʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (4) ʠ (6) ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ORCA (ʚʝʨʩʠʷ 6.0.0) [144]. ɻʝʦʤʝʪʨʠʠ ʦʩʥʦʚʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ, ʘ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ (ʄʆ) ʨʘʩʩʯʠʪʘʥʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʩ ʛʠʙʨʠʜʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ B3LYP. ɺʦ ʚʩʝʭ ʨʘʩʯʝʪʘʭ 
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ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ ʪʨʦʡʥʦʡ ʜʟʝʪʘ-ʢʘʯʝʩʪʚʘ def2-TZVP, ʚʢʣʶʯʘʶʱʠʡ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʥʘ ʚʩʝʭ ʘʪʦʤʘʭ. ʕʬʬʝʢʪʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ 

(ɼʄʉʆ) ʙʳʣʠ ʫʯʪʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʴʚʘʪʥʦʡ ʤʦʜʝʣʠ SMD [145]. 

ʇʨʦʮʝʜʫʨʘ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʣʷ (SCF) ʠʩʧʦʣʴʟʦʚʘʣʘ ʘʣʛʦʨʠʪʤʳ ʫʩʢʦʨʝʥʠʷ 

ʩʭʦʜʠʤʦʩʪʠ DIIS (ʇʨʷʤʘʷ ʠʥʚʝʨʩʠʷ ʚ ʠʪʝʨʘʪʠʚʥʦʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ) ʠ SOSCF (SCF ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ) ʩʦ ʩʪʨʦʛʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʩʭʦʜʠʤʦʩʪʠ (MaxIter 125, CNVDIIS 1, CNVSOSCF 1). ʉʦʩʪʘʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Chemcraft ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʆ. 

ɺʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ DFT 

(TDDFT) ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ B3LYP/def2-TZVP/SMD(ɼʄʉʆ). ɹʳʣʦ ʚʳʯʠʩʣʝʥʦ 100 ʥʠʟʰʠʭ 

ʩʠʥʛʣʝʪʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (NROOTS 100), ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʘʜʝʢʚʘʪʥʦʝ ʧʦʢʨʳʪʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʙʣʠʟʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ 450 ʥʤ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ TDDFT ʙʳʣ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʦʤʠʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʚʥʦʩʷʱʠʭ ʚʢʣʘʜ ʚ ʧʦʛʣʦʱʝʥʠʝ ʧʨʠ 450 ʥʤ, ʠ ʚʳʷʩʥʝʥʠʠ ʠʭ ʭʘʨʘʢʪʝʨʘ (ʥʘʧʨʠʤʝʨ, 

MLCT, LLCT, ILCT, MC) ʥʘ ʦʩʥʦʚʝ ʚʦʚʣʝʯʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ. 

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro 

ʎʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʧʨʦʪʠʚ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ A549 

(ʢʘʨʮʠʥʦʤʘ ʣʝʛʢʠʭ), MRC5 (ʥʝʦʧʫʭʦʣʝʚʳʝ ʬʠʙʨʦʙʣʘʩʪʳ ʣʝʛʢʠʭ) ʠ MCF-7 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ) ʦʮʝʥʠʚʘʣʠ ʧʦ ʦʢʨʘʰʠʚʘʥʠʶ Hoechst 33342/ʧʨʦʧʠʜʠʡ ʡʦʜʠʜʦʤ (PI) [146]. 

ʂʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ (DMEM (ʢʣʝʪʢʠ MRC5 ʠ MCF-7) ʠ DMEM/F12 (ʢʣʝʪʢʠ A549), pH = 7,4, 

10% ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʠ) ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ (37ÁC, 5% CO2, ʫʚʣʘʞʥʝʥʥʘʷ ʘʪʤʦʩʬʝʨʘ) 

ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʦʩʣʝ ʧʦʩʝʚʘ ʥʘ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ (5Å10-3 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ). ɿʘʪʝʤ ʢʣʝʪʢʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʠʩʩʣʝʜʫʝʤʳʤ ʩʦʝʜʠʥʝʥʠʝʤ (ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʜʦʙʘʚʣʷʣʠʩʴ ʢ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʢʦʥʝʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʨʝʜʝ 5-100 ʤʢʄ, ʢʦʥʝʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ɼʄʉʆ ʚ ʩʨʝʜʝ < 1,0% (v/v)) ʚ ʪʝʯʝʥʠʝ 48 ʯ ʠ ʦʢʨʘʰʠʚʘʣʠ ʩʤʝʩʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʢʨʘʩʠʪʝʣʝʡ (Hoechst 33342 (Sigma-Aldrich), PI (Invitrogen), 30 ʤʠʥ, CO2-ʠʥʢʫʙʘʪʦʨ). 

ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ IN Cell Analyzer 2200 (GE Healthcare, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʦ 

ʯʝʪʳʨʝ ʧʦʣʷ ʥʘ ʣʫʥʢʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 200Ĭ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ IN Cell Investigator (GE Healthcare, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

ɿʥʘʯʝʥʠʷ IC50 ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʢʨʠʚʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ (%) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʧʘʨʘʪʘ (ʤʢʄ). ʀʥʜʝʢʩʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ (SI) 

ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ IC50 ʥʘ ʣʠʥʠʠ MRC5 ʢ ʝʛʦ ʟʥʘʯʝʥʠʶ ʥʘ ʣʠʥʠʠ A549. ɺʩʝ 

ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʠʤʠ ʠʟ ʪʨʝʭ ʣʫʥʦʢ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʚʳʨʘʞʝʥʳ ʢʘʢ 

ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 
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ʌʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʢʣʝʪʢʠ A549, MRC5 ʠʣʠ MCF-7 ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʜʠʦʜʦʤ 450 ʥʤ, 30 ʤɺʪ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʚ ʪʝʤʥʦʪʝ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

CO2-ʠʥʢʫʙʘʪʦʨʝ ʚ ʪʝʯʝʥʠʝ 48 ʯ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʙʳʣ ʦʧʠʩʘʥ 

ʚʳʰʝ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 30-ʤʠʥʫʪʥʦʝ ʦʙʣʫʯʝʥʠʝ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ 

ʢʣʝʪʦʢ ʥʘ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʙʝʟ ʦʙʣʫʯʝʥʠʷ. ʕʪʦʪ ʬʘʢʪ ʫʯʪʸʥ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ.  
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1 ʇʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠ ̫ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʜʝʥʠʪʨʦʚʘʥʠʷ 

Na2[RuNO(NO2)4OH] ʩ ʧʦʤʦʱʴʶ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʤʝʱʝʥʠʝʤ ʜʚʫʭ ʠʟ ʯʝʪʳʨʸʭ ʥʠʪʨʦʛʨʫʧʧ: 

Na2[RuNO(NO2)4OH] + 2NH2SO3H = [RuNO(H2O)2(NO2)2OH] + 2N2 + 2NaHSO4 

[RuNO(H2O)2(NO2)2OH] + xL = [RuNO(L)x(NO2)2OH] + 2H2O, 

ʛʜʝ ʭ=1 ʠʣʠ 2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʥʪʘʪʥʦʩʪʠ ʣʠʛʘʥʜʘ, ʆʅ-ʛʨʫʧʧʘ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʨʦʪʦʥʠʨʦʚʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 6 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʭʦʜʦʤ 45-67%. (ʩʤ. 

ʊʘʙʣʠʮʘ 2, ʈʠʩʫʥʦʢ 4) 

ʊʘʙʣʠʮʘ 2. ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʉʦʝʜʠʥʝʥʠʝ 
ɺʳʭʦʜ, 

% 
CHNʵʢʩʧ. % CHNʪʝʦʨ. % 

ʎʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1) 55  34.8/3.5/12.8;  35.4/3.5/12.9. 

ʎʠʩ-[RuNO(Me-nic)2(NO2)2OH] (2) 51 31.9/2.9/13.6 32.7/2.9/13.6. 

ʎʠʩ-[RuNO(Me-inic)2(NO2)2OH] (3) 45 32.8/2.95/13.6 ;  32.7/2.94/13.6. 

ʎʠʩ-[RuNO(Benz-Im)2(NO2)2OH]*H 2O*EtOH 

(4) 
60 36.9/4.1/18.6; 36.6/3.9/18.4. 

ʎʠʩ-[RuNOPhen(NO2)2OH] (5) 67 33.7/2.3/16.3 34.3/2.2/16.7. 

ʎʠʩ-[RuNO(Hind)2(NO2)2OH] (6) 45 35.1/3.0/20.4 35.3/2.8/20.6 

ʎʠʩ-[RuNO(HInd)2(NO2)2H2O]AcOÅ0.5AcOH(7) - - - 

ʎʠʩ-[RuNO(NO2)2(Et-inic)2OH] (8) 54  35.1/3.4/12.7;  35.4/3.5/12.9. 
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ʈʠʩʫʥʦʢ 4. ʉʭʝʤʳ ʩʪʨʫʢʪʫʨ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʊʘʢʞʝ ʧʦ ʩʭʦʜʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣ ʧʦʣʫʯʝʥ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʢʦʤʧʣʝʢʩ ʮʠʩ-[RuNO(NO2)2(Et-

inic)2OH] (8). ɽʛʦ ʚʢʣʶʯʝʥʠʝ ʚ ʜʘʥʥʫʶ ʨʘʙʦʪʫ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʦ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ɹʣʠʟʦʩʪʴ ʝʛʦ ʩʪʨʦʝʥʠʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 1-3 ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʨʦʩʣʝʜʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʪʨʦʝʥʠʷ N-ʩʦʜʝʨʞʘʱʝʛʦ ʣʠʛʘʥʜʘ ʜʣʷ ʜʘʥʥʦʛʦ 

ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʜʠʥʠʪʨʦ-ʜʠʘʢʚʘ ʢʦʤʧʣʝʢʩʘ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʨʝʜʘ ʥʝʡʪʨʘʣʠʟʦʚʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ NaHCO3 ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʢʠʩʣʦʪʥʦʛʦ ʜʝʥʠʪʨʦʚʘʥʠʷ, ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜʦʚ ʠʣʠ ʢʦʤʧʣʝʢʩʘ ʠ ʛʠʜʨʦʣʠʟʘ 

ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧ, ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʩ ʵʬʠʨʘʤʠ ʥʠʢʦʪʠʥʦʚʦʡ ʠ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪ. 

ʉʨʝʜʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʭʫʞʝ ʚʩʝʛʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʙʝʥʟʠʤʠʜʘʟʦʣ ʠ ʬʝʥʘʥʪʨʦʣʠʥ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʣʠʪʝʨʘʪʫʨʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ. ɺ ʩʠʥʪʝʟʝ ʩ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ [RuNO(Benz-Im)2(NO2)OH] ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʣʠʛʘʥʜʘ ʦʙʲʸʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʟʙʘʚʠʣʠ ʚ 2 ʨʘʟʘ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, ʯʪʦʙʳ 

ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʙʝʥʟʠʤʠʜʘʟʦʣʘ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʣʠʛʘʥʜ ʩʪʝʢʣʦʚʘʣʩʷ 

ʥʘ ʜʥʝ ʢʦʣʙʳ, ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʚʨʘʱʝʥʠʶ ʤʝʰʘʣʢʠ, ʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʣʘʩʴ. 
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ʊʘʢʞʝ, ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ-ʣʠʛʘʥʜ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʣʠʟʢʦ ʢ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ 

1:2, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʪʝʟʦʚ ʩ ʵʬʠʨʘʤʠ ʥʠʢʦʪʠʥʦʚʦʡ ʠ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪ.  

ɺ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ [RuNO(Phen)(NO2)OH] (5) ʥʘ ʩʪʘʜʠʠ ʜʦʙʘʚʣʝʥʠʷ ʣʠʛʘʥʜʘ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʨʘʟʙʘʚʣʷʣʘʩʴ ʜʚʦʡʥʳʤ ʦʙʲʸʤʦʤ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʚ ʧʨʦʜʫʢʪʘʭ 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥ ʧʨʠʤʝʩʥʳʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩ ʩ ʧʦʣʦʞʝʥʠʝʤ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ NO ʚ ʨʘʡʦʥʝ 

1800 ʩʤ-1, ʢʦʪʦʨʳʡ ʥʝ ʫʜʘʝʪʩʷ ʦʪʜʝʣʠʪʴ ʦʪ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ 

ʞʝ ʜʦʙʘʚʣʝʥʠʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ʯʠʩʪʳʡ ʢʦʤʧʣʝʢʩ (5) ʧʦʣʫʯʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʩ ʧʨʠʝʤʣʝʤʳʤ ʚʳʭʦʜʦʤ 

ʵʢʩʪʨʘʢʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʜʠʭʣʦʨʤʝʪʘʥʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʠʪʦʛʦʚʦʛʦ 

ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ: 

1. ʇʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʧʦʣʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʩʠʥʪʝʟʘʭ ʩʦʝʜʠʥʝʥʠʡ (1), (2), (3) ʠ (5). 

2. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʛʠʜʨʦʩʫʣʴʬʘʪ ʘʥʠʦʥʘ ʚ 

ʨʘʩʪʚʦʨʝ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʜʝʥʠʪʨʦʚʘʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ N-ʜʦʥʦʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʙʳʪʢʘ ʨʝʘʛʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʤʧʣʝʢʩʫ ʨʫʪʝʥʠʷ ʩʨʝʜʘ ʯʘʩʪʠʯʥʦ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʣʠʛʘʥʜʘ ʣʠʙʦ ʧʨʠ ʝʛʦ ʩʣʘʙʳʭ ʦʩʥʦʚʥʳʭ 

ʩʚʦʡʩʪʚʘʭ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʵʬʠʨʦʚ ʥʠʢʦʪʠʥʦʚʦʡ ʠ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪ) ʢʦʥʝʯʥʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʥʦʤʫ ʚʳʭʦʜʫ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ 

ʩ ʧʨʦʩʪʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚʳʭʦʜ ʪʘʢʞʝ ʧʦʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʧʝʨʝʚʦʜʘ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʠʤʫʶ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʩʪʨʘʢʮʠʠ ï ʠʟ-ʟʘ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʠʥʪʝʟʳ ʩʦʝʜʠʥʝʥʠʡ (1-4) ʙʳʣʠ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʳ ʙʝʟ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʨʝʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ ʜʦ 10-15%, ʘ ʪʘʢʞʝ 

ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʚʳʧʘʜʘʶʱʝʛʦ ʦʩʘʜʢʘ.  

ɺʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʛʠʜʨʦʢʩʦ-ʣʠʛʘʥʜ ʚ ʪʨʘʥʩ ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦ-ʛʨʫʧʧʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥ ʚ ʘʢʚʘ-ʬʦʨʤʫ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ, ʧʨʠʯʸʤ pKʘ ʪʘʢʠʭ ʧʝʨʝʭʦʜʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3-7 [147], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʩʫʩʥʦʡ ʠʣʠ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ HClO4 ʢ ʨʘʩʪʚʦʨʫ ʢʦʤʧʣʝʢʩʦʚ (1-6, 8) ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ NO ʚ 

ʦʙʣʘʩʪʠ 1900-1930 ʩʤ-1 (ʩʤ. ʈʠʩʫʥʦʢ 5, ʊʘʙʣʠʮʘ 3), ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʣʦʩʳ ʥʘ 1850-1870 

ʩʤ-1. ʊʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʵʪʦʡ ʧʦʣʦʩʳ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʣʠʟʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 
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ʨʘʩʪʚʦʨʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʜʢʠʩʣʝʥʠʝʤ ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʟʦʪʥʦʡ ʠ ʘʟʦʪʠʩʪʦʡ 

ʢʠʩʣʦʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ NO ʠʣʠ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ NO2. 

NO + O2 = NO2 

4NO + O2 + 2H2O = 4HNO2 

2NO2 + H2O = HNO2 + HNO3 

 

ʈʠʩʫʥʦʢ 5. ʉʨʘʚʥʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ [RuNO(Et-nic)2(NO2)2OH] 

(1) ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʠ ʩ ʜʦʙʘʚʢʦʡ HʉlO4, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʚ ʞʠʜʢʦʩʪʥʦʡ ʀʂ-ʢʶʚʝʪʝ (l = 0.1 ʤʤ) ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʊʘʙʣʠʮʘ 3. ʇʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ɜ(N-O) ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʜʦ ʠ ʧʦʩʣʝ ʧʦʜʢʠʩʣʝʥʠʷ 

ʂʦʤʧʣʝʢʩ ɜ(N-O), ʩʤ-1 
ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ɜ(N-O), 

ʩʤ-1 ʧʦʩʣʝ ʧʦʜʢʠʩʣʝʥʠʷ 

ʎʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1) 1867 1911 

ʎʠʩ-[RuNO(Me-nic)2(NO2)2OH] (2) 1867 1910 

ʎʠʩ-[RuNO(Me-inic)2(NO2)2OH] (3) 1865 1913 

ʎʠʩ-[RuNO(Benz-Im)2(NO2)2OH]ÅH2OÅEtOH (4) 1845 1930 

ʎʠʩ-[RuNOPhen(NO2)2OH] (5) 1868 1894 

ʎʠʩ-[RuNO(Hind)2(NO2)2OH] (6) 1870 1934 

ʎʠʩ-[RuNO(NO2)2(Et-inic)2OH] (8) 1866 1913 
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ʂʦʤʧʣʝʢʩʳ 1-6 ʠʤʝʶʪ ʥʠʟʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʚ ʚʠʜʫ ʩʚʦʝʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʠ 

ʥʘʣʠʯʠʷ ʦʙʲʸʤʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʆʥʠ ʧʣʦʭʦ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʨʠ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʚʪʦʨʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʢʦʤʧʣʝʢʩ ʥʝʨʘʩʪʚʦʨʠʤ. ʕʪʦ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ 

ʠʣʠ ʩʜʝʣʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʥʝʚʦʟʤʦʞʥʳʤ ʚ ʨʘʤʢʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʩʠʥʪʝʟʘ ʘʮʝʪʘʪʥʳʭ ʩʦʣʝʡ ʟʘ ʩʯʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʛʠʜʨʦʢʩʦʣʠʛʘʥʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʘʮʝʪʘʪʥʳʝ ʩʦʣʠ ʜʦʣʞʥʳ ʙʳʣʠ ʠʤʝʪʴ ʭʦʨʦʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʯʪʦ ʚ ʠʪʦʛʝ ʠ 

ʧʦʜʪʚʝʨʜʠʣʦʩʴ. ʅʘʧʨʠʤʝʨ, ʜʣʷ [RuNO(Hind)2(NO2)2OH] (6) ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʳ, ʥʦ ʜʣʷ ʝʛʦ ʘʮʝʪʘʪʥʦʡ ʩʦʣʠ ʎʠʩ-

[RuNO(HInd)2(NO2)2H2O]AcOÅ0.5AcOH (7) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʜʣʷ ʈʉɸ ʭʦʨʦʰʝʛʦ 

ʢʘʯʝʩʪʚʘ. 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟ ʪʘʢʠʭ ʘʮʝʪʘʪʥʳʭ ʩʦʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʪʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ 

ʢʦʤʧʣʝʢʩʘ ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ʆʜʥʘʢʦ ʫʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦ ʧʦʣʫʯʠʪʴ ʘʮʝʪʘʪ ʪʦʣʴʢʦ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ (6), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʦʙʨʘʪʠʤʦʩʪʴʶ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʥʝʡʪʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. 
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ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʎʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1) 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ (1) ʚʦʟʤʦʞʥʘ ʚ ʜʚʫʭ ʬʘʟʘʭ ʩ ʘʮʝʥʪʨʠʯʝʩʢʠʤʠ ʠʣʠ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ Cc (1)' ʠʣʠ Pbca (1). ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʜʚʫʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʚ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʦʤ ʧʦʚʦʨʦʪʝ ʵʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʢʦʥʮʝ ʦʜʥʦʛʦ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʫʧʘʢʦʚʦʢ (ʩʤ. ʈʠʩʫʥʦʢ 6) 

 

ʈʠʩʫʥʦʢ 6. ʅʘʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʮʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1) 

ʚ ʬʘʟʘʭ (1) ʠ (1)' 

ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʬʘʟʘʭ 1 ʠ 1' 

ʙʣʠʟʢʠ, ʘ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʤʥʳʡ ʧʨʦʜʫʢʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʙʦʣʝʝ 

ʧʣʦʪʥʦʡ Pbca, ʜʘʣʝʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʬʘʟʝ. ɺ ʢʦʤʧʣʝʢʩʝ (1) ʘʪʦʤ 

ʨʫʪʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʩ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʮʠʝʡ ON-Ru-OH, ʥʠʪʨʦ-

ʣʠʛʘʥʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ (ʩʤ. ʈʠʩʫʥʦʢ 7). 
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ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʘ ʮʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1) 

ɼʣʠʥʘ ʩʚʷʟʝʡ Ru-NO ʩʦʩʪʘʚʣʷʝʪ 1,767(2) ¡, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ 

ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʩʩʪʦʷʥʠʷ N-O ʥʠʪʨʦʟʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʩʦʩʪʘʚʣʷʶʪ 1,150(2) ¡. 

ʋʛʦʣ Ru-N-O ʙʣʠʟʢʠ ʢ 180Á (ʩʤ. ʊʘʙʣʠʮʘ 4). ʈʘʩʩʪʦʷʥʠʷ Ru-NO2 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2,07 ¡, 

ʜʣʠʥʳ ʩʚʷʟʝʡ N-O ʚ ʥʠʪʨʠʪʥʳʭ ʛʨʫʧʧʘʭ ï ʦʢʦʣʦ 1,24 ¡. ɼʣʠʥʳ ʩʚʷʟʝʡ Ru-OH ʩʦʩʪʘʚʣʷʶʪ 

1,910(2) ¡. ɼʣʠʥʳ ʩʚʷʟʝʡ Ru-Nnic ʤʝʞʜʫ ʨʫʪʝʥʠʝʤ ʠ ʘʪʦʤʘʤʠ N-ʥʠʢʦʪʠʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʙʣʠʟʢʠ 

ʢ 2,12 ¡. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʪʦʤʦʚ ʚʦ ʚʩʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʚʫʤʝʨʥʳʝ ʦʪʧʝʯʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʍʠʨʰʬʝʣʴʜʘ ʢʦʤʧʣʝʢʩʘ (ʩʤ. ʈʠʩʫʥʦʢ 8). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʥʪʘʢʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ (ʷʨʢʠʝ ʩʠʥʝ-ʟʝʣʝʥʳʝ ʦʙʣʘʩʪʠ ʥʘ 2D-ʦʪʧʝʯʘʪʢʘʭ). ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 90 % ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ. 

ʂʦʥʪʘʢʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ, ʟʘʥʠʤʘʶʪ ~55%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʠʩʣʦʨʦʜʥʳʝ 

ʢʦʥʪʘʢʪʳ ï ʦʢʦʣʦ 35% ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʠʩʘʥʥʳʝ ʢʦʥʪʘʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʤʠ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʠʪʥʳʭ, ʛʠʜʨʦʢʩʠʣʴʥʳʭ, 

ʥʠʪʨʦʟʠʣʴʥʳʭ ʠʣʠ ʵʬʠʨʥʳʭ ʛʨʫʧʧ. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʵʪʠʭ ʢʦʥʪʘʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 2,5 ¡. 

ʆʩʪʘʣʴʥʳʝ ʙʦʣʝʝ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʪʘʢʪʘʤʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 10 % ʦʪ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ. 
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ʈʠʩʫʥʦʢ 8. ʆʪʧʝʯʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʮʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1), ʘ ï ʚʩʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʩ 

ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʨʝʰʝʪʢʝ, ʚ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʛ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʎʠʩ-[RuNO(Me-nic)2(NO2)2OH] (2) 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʎʠʩ-[RuNO(Me-nic)2(NO2)2OH] (2) ʚ ʮʝʣʦʤ ʩʭʦʞʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

(1) (ʩʤ ʈʠʩʫʥʦʢ 9). 

 

ʈʠʩʫʥʦʢ 9. ʉʪʨʫʢʪʫʨʘ ʮʠʩ-[RuNO(Me-nic)2(NO2)2OH] (2) 
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ɼʣʠʥʘ ʩʚʷʟʠ Ru-NO ʩʦʩʪʘʚʣʷʝʪ 1.762(2) ¡, ʘ ʨʘʩʩʪʦʷʥʠʝ ʚ ʥʠʪʨʦʟʦ-ʛʨʫʧʧʝ N-O ʨʘʚʥʦ ʜʣʷ 

ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ (1.150(2) ¡) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʛʨʝʰʥʦʩʪʠ. ʈʘʩʩʪʦʷʥʠʷ Ru-NO2, N-O ʚ 

ʥʠʪʨʠʪʥʳʭ ʛʨʫʧʧʘʭ ʪʘʢʞʝ ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. ɼʣʠʥʘ ʩʚʷʟʠ Ru-OH ʩʦʩʪʘʚʣʷʝʪ 1.933(2) ¡, ʯʪʦ 

ʙʦʣʴʰʝ ʜʣʠʥʳ ʩʚʷʟʠ ʚ ʢʦʤʧʣʝʢʩʝ (1). ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ: ʚ ʩʣʫʯʘʝ (2) ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʥʪʘʢʪʳ, ʦʙʨʘʟʫʝʤʳʝ 

-ʆʅ, ʢʦʨʦʯʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ (1) (ʨʘʩʩʪʦʷʥʠʝ -ʆʅ ï O-N-O ʩʦʩʪʘʚʣʷʝʪ 2.2 ¡ ʚ (2) ʠ 2.5 ¡ ʚ (1). 

ʎʠʩ-[RuNO(Me-inic)2(NO2)2OH] (3) 

ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ ʎʠʩ-[RuNO(Me-inic)2(NO2)2OH] (3) ʬʨʘʛʤʝʥʪ ʪʨʘʥʩ-NO-Ru-OH 

ʨʘʟʫʧʦʨʷʜʦʯʝʥ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʩʝʣʸʥʥʦʩʪʠ 34% ʠ 66%. 

ɸʪʦʤ ʨʫʪʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ 4ʘ (0, y, z) ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪʨʘʞʝʥʠʷ, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʢʦʣʴʟʷʱʝʡ. ɸʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʜʠʥ ʠʟ 

ʤʝʪʠʣʥʠʢʦʪʠʥʘʪʦʚ, ʥʠʪʨʦ-, ʥʠʪʨʦʟʦ- ʠ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʳ (ʩʤ. ʈʠʩʫʥʦʢ 10ʘ, ʙ) 

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ Ru-NO ʧʦ ʜʚʫʤ ʟʘʥʷʪʳʤ ʧʦʟʠʮʠʷʤ ʩʦʩʪʘʚʣʷʝʪ 1,765 ¡, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʙʘ ʨʘʩʩʪʦʷʥʠʷ Ru-NO2 ʩʦʩʪʘʚʣʷʶʪ 2,070(4) ¡, ʘ 

ʨʘʩʩʪʦʷʥʠʝ Ru-N(inic) ï 2,141(4) ¡. ɼʣʠʥʘ ʩʚʷʟʠ ʛʨʫʧʧʳ Ru-OH, ʟʘʥʠʤʘʶʱʝʡ 66%, ʩʦʩʪʘʚʣʷʝʪ 

1,91(1) ¡. ʊʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ ʠ ʩʚʷʟʴʶ Ru-NO ʧʦʯʪʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ (4,4Á), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʪʨʠʪʥʳʝ ʣʠʛʘʥʜʳ ʩʣʝʛʢʘ ʥʘʢʣʦʥʝʥʳ (ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ 27,7Á). 

 

ʈʠʩʫʥʦʢ 10. ʉʪʨʫʢʪʫʨʘ ʮʠʩ-[RuNO(Me-inic)2(NO2)2OH] (3) ï ʘ, ʠ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ï ʙ 
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ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʦʜʦʨʦʜʦʤ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʠ ʥʠʪʨʦ- ʠ ʥʠʪʨʦʟʦ-ʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʩ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʩʚʷʟʠ O-HéO ʦʢʦʣʦ 

3.2 ¡, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʍʠʨʰʬʝʣʴʜʘ (ʩʤ. ʈʠʩʫʥʦʢ 11). 

 

ʈʠʩʫʥʦʢ 11. ʆʪʧʝʯʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʮʠʩ-[RuNO(Me-inic)2(NO2)2OH] (3), ʘ ï 

ʚʩʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʩ 

ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʨʝʰʝʪʢʝ, ʚ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʛ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʎʠʩ-[RuNO(Benz-Im)2(NO2)2OH]ÅH2OÅEtOH (4) 

ʇʦ ʜʘʥʥʳʤ ʀʂ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ESI-MS ʢʦʤʧʣʝʢʩ ʩ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʚʠʜʝ ʯʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ. 

ʇʨʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ ʠʣʠ ʠʟʦʧʨʦʧʘʥʦʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʪʠʧʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (ʩʦʣʴʚʝʥʪʦʤʦʨʬʦʚ), ʚʢʣʶʯʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʣʴʚʝʥʪʦʤʦʨʬʘ [RuNO(Benz-Im) (NO ) OH]ĿH OĿEtOH (4), ʧʨʠʛʦʜʥʳʝ 

ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚʦʜʥʦ-
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ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ. ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪ ʥʘʣʠʯʠʝ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ H O ʠ 

EtOH ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʈʘʩʩʪʦʷʥʠʝ Ru-NO ʚ 4 ʩʦʩʪʘʚʣʷʝʪ 1,751(3) ¡, ʨʘʩʩʪʦʷʥʠʷ Ru-NO  ʨʘʚʥʳ 2,066(3)/2,069(2) 

¡, ʘ ʨʘʩʩʪʦʷʥʠʝ Ru-OH ð 1,939(2) ¡, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɼʣʠʥʘ ʩʚʷʟʠ Ru-NBenz ʩʦʩʪʘʚʣʷʝʪ 2,083(2)/2,102(2) ¡. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʜʥʘ ʠʟ 

ʥʠʪʨʠʪʥʳʭ ʛʨʫʧʧ ʧʨʦʷʚʣʷʝʪ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ (57(3)/43(3)%) ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʠʥʦʡ ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʦʨʜʠʥʘʪʝ Ru-NO (3Á/22Á). ʇʣʦʩʢʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠ 

ʣʠʛʘʥʜʦʚ ʨʘʟʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʧʨʷʤʦʡ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ Ru-NO, ʩ 

ʫʛʣʘʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 47Á. ɺ ʩʪʨʫʢʪʫʨʝ ʚʦʟʥʠʢʘʝʪ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

OH-ʛʨʫʧʧʦʡ ʠ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʠʟ ʩʦʩʝʜʥʝʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɼʨʫʛʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʤʝʞʜʫ OH-ʣʠʛʘʥʜʦʤ ʠ ʤʦʣʝʢʫʣʦʡ 

EtOH, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ NO  ʠ ʤʦʣʝʢʫʣʘʤʠ EtOH, H O ʠ ʘʪʦʤʦʤ Nbenz-H (ʩʤ. ʈʠʩʫʥʦʢ 

12). 

 

ʈʠʩʫʥʦʢ 12. ʉʪʨʫʢʪʫʨʘ ʮʠʩ-[RuNO(Benz-Im)2(NO2)2OH]ÅH2OÅEtOH (4). ʈʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ NO2 

ʩʢʨʳʪʘ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 
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ʀʟ-ʟʘ ʩʠʣʴʥʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢ ʩʦʞʘʣʝʥʠʶ, 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʘʜʝʢʚʘʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ, ʦʜʥʘʢʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʳ ʠ ʙʝʟ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʯʝʨʝʟ ʧʨʦʮʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʪʦʤʦʚ. 

ʎʠʩ-[RuNO(Benz-Im)2(NO2)2OH]Å2iPrOH(4ʘ) 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [RuNO(Benz-Im) (NO ) OH]Ŀ2iPrOH (4a) ʪʘʢʞʝ ʙʳʣʠ ʫʩʧʝʰʥʦ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʠʟʦʧʨʦʧʘʥʦʣʘ. ʉʪʨʫʢʪʫʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ɸʪʦʤ ʨʫʪʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ 4i (x, 0, z) 

ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʚʤʝʩʪʝ ʩ ʘʪʦʤʦʤ ʘʟʦʪʘ ʦʜʥʦʛʦ ʠʟ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʥʠʪʨʦ-, 

ʥʠʪʨʦʟʦ- ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʘʤʠ. ɼʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʟʠʮʠʠ ʧʨʦʷʚʣʷʶʪ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ 50/50% ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ NO  ʠ Benz-Im, ʘ ʝʱʝ ʦʜʠʥ ʣʠʛʘʥʜ Benz-Im 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʠ Ru-NO (ʩʤ. ʈʠʩʫʥʦʢ 13 ʘ, ʙ). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʜʚʝ 

ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ð ʠʟʦʧʨʦʧʘʥʦʣʘ. 

 

ʈʠʩʫʥʦʢ 13. a ï ʉʪʨʫʢʪʫʨʘ [RuNO(Benz-Im)2(NO2)2OH]Ŀ2iPrOH (4a) ʙʝʟ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ; b ï 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ [RuNO(Benz-Im)2(NO2)2OH]Ŀ2iPrOH 

ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ ʫ ʢʦʤʧʣʝʢʩʘ 4: Ru-NO = 1,741(4) 

¡; Ru-NO  = 2,075(3)/2,025(13) ¡; Ru-NBenz-Im = 2,091(3)/2,168(13) ¡; Ru-OH = 1,940(3) ¡. 

ʎʠʩ-[RuNOPhen(NO2)2OH] (5) 

ɼʚʘ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʣʴʚʝʥʪʦʤʦʨʬʘ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʤʝʜʣʝʥʥʳʤ ʚʳʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ, 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʠʟ ɼʄʉʆ (5) ʠ ʠʟ ɼʄʌ (5ʘ). ɼʘʥʥʳʝ ʈʌɸ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠʟ ʧʨʦʜʫʢʪʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ɼʄʉʆ 
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(5), ʩʦʚʧʘʜʘʶʪ ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʝʤ ʛʝʢʩʘʥʦʤ ʠʟ ʨʘʩʪʚʦʨʘ 

ʢʦʤʧʣʝʢʩʘ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ. 

ɺ ʩʪʨʫʢʪʫʨʝ [RuNO(Phen)(NO2)2OH] (5) ʜʣʠʥʳ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʦʤ ʨʫʪʝʥʠʷ ʠ ʜʦʥʦʨʥʳʤʠ 

ʘʪʦʤʘʤʠ ʣʠʛʘʥʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʦʢʪʘʵʜʨʘ, ʫʛʣʳ ON-Ru-NPhen ʩʦʩʪʘʚʣʷʶʪ 95,33(3)
ʦ ʠ 97,52(2)o, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʣʦʩʢʦʩʪʴ ʣʠʛʘʥʜʘ Phen ʩʣʝʛʢʘ ʥʘʢʣʦʥʝʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʢʨʫʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʠʩʢʘʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʫʧʘʢʦʚʢʦʡ ʣʠʛʘʥʜʦʚ Phen ʟʘ ʩʯʝʪ ˊ-ʩʪʝʢʠʥʛʘ, 

ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 10. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʜʚʫʭ Phen-

ʣʠʛʘʥʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 3,8 ¡ (ʩʤ.  

ʈʠʩʫʥʦʢ 14). 

 

ʈʠʩʫʥʦʢ 14. ʉʪʨʫʢʪʫʨʘ ʮʠʩ-[RuNOPhen(NO2)2OH] (5) 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʍʠʨʰʬʝʣʴʜʘ ʠ ʛʨʘʬʠʢʦʚ ʦʪʧʝʯʘʪʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʤʠʤʦ ˊ-ʩʪʝʢʠʥʛʘ, ʚʥʦʩʷʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ -OH ʠ 

-NO ʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ (ʩʤ. ʈʠʩʫʥʦʢ 15). ʅʠʪʨʦʛʨʫʧʧʳ ʚ ʦʩʥʦʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʢʦʣʝʮ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 



56 
 

 

ʈʠʩʫʥʦʢ 15. ʆʪʧʝʯʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʮʠʩ-[RuNOPhen(NO2)2OH] (5), ʘ ï ʚʩʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʩ 

ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʨʝʰʝʪʢʝ, ʚ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʛ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ (5a) ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʢʣʶʯʝʥʘ ʤʦʣʝʢʫʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ DMF 

(ʩʤ. ʈʠʩʫʥʦʢ 16). ʆʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ [RuNO(Phen)(NO2)2OH] ʠʤʝʝʪ ʩʣʝʛʢʘ ʠʩʢʘʞʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʦʛʠʯʥʫʶ (5). ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʫʢʪʫʨʳ (5), ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ˊ-ʩʪʝʢʠʥʛʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʤʦʣʝʢʫʣ DMF, ʟʘʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʍʠʨʰʬʝʣʴʜʘ ʠ ʠʭ ʦʪʧʝʯʘʪʢʦʚ (ʩʤ. 

ʈʠʩʫʥʦʢ 17) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʦʩʷʪ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ -NO ʠ -OH, ʤʝʞʜʫ ʥʠʪʨʦʛʨʫʧʧʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʥʠʪʨʦʛʨʫʧʧʘʤʠ. 
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ʈʠʩʫʥʦʢ 16. ʉʪʨʫʢʪʫʨʘ ʮʠʩ-[RuNOPhen(NO2)2OH]ÅDMF (5ʘ) 

 

ʈʠʩʫʥʦʢ 17. ʆʪʧʝʯʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʮʠʩ-[RuNOPhen(NO2)2OH]ÅDMF (5ʘ), ʘ ï 

ʚʩʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʩ 

ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʨʝʰʝʪʢʝ, ʚ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʛ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 
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ʎʠʩ-[RuNO(Hind)2(NO2)2OH] (6) 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, CHN, ʠ ESI-MS ʢʦʤʧʣʝʢʩ ʮʠʩ-[RuNO(Hind)2(NO2)2OH] (6) 

ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʤ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʥʦʚʥʳʝ 

ʤʦʤʝʥʪʳ ʩʪʨʦʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʮʝʪʘʪʥʦʡ 

ʩʦʣʠ.  

ʎʠʩ-[RuNO(HInd)2(NO2)2H2O]AcOH (7) 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ (6) ʤʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʝʛʦ ʘʮʝʪʘʪʥʫʶ ʩʦʣʴ ð 

[RuNO(Hind) (NO ) H O]AcO-Å0,5 AcOH (7). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʣʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦʩʣʝ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ (6) ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ. 

ɺʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ (ʩʤ. ʈʠʩʫʥʦʢ 18). 

 

ʈʠʩʫʥʦʢ 18. ʉʪʨʫʢʪʫʨʘ ʮʠʩ-[RuNO(Hind) (NO ) H O]AcO-Å0,5 AcOH (7) 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʨʫʪʝʥʠʷ ʚ (7) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ 

ʛʝʦʤʝʪʨʠʶ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʩʪʝʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʦʙʲʝʤʥʳʭ 

ʣʠʛʘʥʜʦʚ. ɼʣʠʥʘ ʩʚʷʟʠ Ru-NO ʩʦʩʪʘʚʣʷʝʪ 1,761(5) ¡. ʉʚʷʟʠ Ru-NO  = 2,071(7)/2,05(1) ¡ 

ʥʝʩʢʦʣʴʢʦ ʫʜʣʠʥʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ (2,0-

2,1 ¡). ɼʣʠʥʘ ʩʚʷʟʠ Ru-OH2 ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʘʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 1,925(4) ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʠʣʴʥʫʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʫʶ ʩʚʷʟʴ ʩ ʘʥʠʦʥʦʤ AcOH. ʄʝʞʲʷʜʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʣʠʛʘʥʜʘʭ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʷʤ. ʅʘʧʨʠʤʝʨ, ʩʚʷʟʴ N-O ʚ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʨʘʚʥʘ 1,151(7) ¡. 
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ʉʚʷʟʠ N-O ʚ NO  ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʥʠʪʨʦ-ʣʠʛʘʥʜʦʚ (N-O = 1,21(1)-1,24(1) ¡). 

ɸʮʝʪʘʪʥʳʡ ʘʥʠʦʥ ʧʦʢʘʟʳʚʘʝʪ ʜʣʠʥʳ ʩʚʷʟʝʡ C-O 1,23(1)/1,30(1) ¡. ɸʥʘʣʦʛʠʯʥʦ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʣʝʢʩʘ (4) ʠʥʜʘʟʦʣʴʥʳʝ ʣʠʛʘʥʜʳ ʪʘʢʞʝ ʧʦʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ON-Ru-H2O ʩ 

ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ 49.56Á ʠ 48.40Á. 

ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ (ʩʤ. ʈʠʩʫʥʦʢ 19) 

ʂʦʨʦʪʢʘʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ Ru-O(H)-HĿĿĿO-C (OïO = 2,567 ¡) ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʢʚʘ-ʣʠʛʘʥʜʦʤ ʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʘʮʝʪʘʪʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ N-HĿĿĿO-C (NïO = 2,756 ¡) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʢʦʥʬʦʨʤʘʮʠʶ 

ʣʠʛʘʥʜʘ HInd ʘʮʝʪʘʪʦʤ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ 

ʠʥʜʘʟʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʥʠʪʨʦʛʨʫʧʧʦʡ ʜʨʫʛʦʛʦ. 

 

ʈʠʩʫʥʦʢ 19. ʆʪʧʝʯʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ [RuNO(Hind) (NO )H O]AcO-Å0,5AcOH 

(7), ʘ ï ʚʩʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʳ ʩ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʨʝʰʝʪʢʝ, ʚ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʛ ï 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʧʨʠʛʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚ ʩʣʫʯʘʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʪʨʠʚʠʘʣʴʥʫʶ ʟʘʜʘʯʫ ʚ ʩʚʷʟʠ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʨʷʜʘ ʫ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʢʘʪʠʦʥʦʚ ʠʣʠ ʘʥʠʦʥʦʚ ʦʩʘʜʠʪʝʣʝʡ (ὖὊ 
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ʠ ʜʨʫʛʠʝ). ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʠʡ, ʩʪʨʫʢʪʫʨʫ ʢʦʪʦʨʳʭ 

ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. ʇʦʵʪʦʤʫ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʷʚʣʷʣʘʩʴ ʠʣʠ ʜʠʬʬʫʟʠʷ ʦʩʘʞʜʘʶʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʨʘʩʪʚʦʨʳ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʤʝʜʣʝʥʥʦʝ ʫʧʘʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ. 

ʊʘʙʣʠʮʘ 4. ʇʘʨʘʤʝʪʨʳ ʠʟʙʨʘʥʥʳʭ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

ʉʚʷʟʴ/ʋʛʦʣ (1) (2) (1ʘ) Cc 

Ru-NO 1.767(2) 1.762(2) 1.750(8) 

N-O 1.150(2) 1.150(3) 1.15(1) 

Ru-OH 1.910(2) 1.933(2) 1.930(6) 

Ru-NO2 2.069(2); 2.072(2) 2.061(2); 2.080(2) 2.071(9); 2.075(9) 

Ru-NL 2.122(2); 2.123(2) 2.113(2); 2.131(2) 2.12(1); 2.12(1) 

Ru-N-O 173.4(2) 171.0(2) 170.4(8) 

HO-Ru-NO2 89.1(1); 89.5(1) 88.1(1); 86.7(1) 87.6(3); 88.3(3) 

HO-Ru-NL 86.6(1); 86.8(1) 87.2(7); 85.7(1) 85.9(3); 87.2(3) 

ʉʚʷʟʴ/ʋʛʦʣ (3)*  (4) (5) 

Ru-NO 1.777(8)/1.753(3) 1.753(3) 1.753(7) 

N-O 1.151(3)/1.152(3) 1.138(4) 1.145(8) 

Ru-OH 1.86(2)/1.91(1) 1.939(2) 1.916(5) 

Ru-NO2 2.070(4) 2.068(3) 2.066(7) 

Ru-NL 2.141(4) 2.085(2)/2.102(2) 2.101(7)/2.120(5) 

Ru-N-O 171(2)/175(3) 175.13(11) 172.6(6) 

HO-Ru-NO2 90.9(3) 86.75(13) 89.4(3) 

HO-Ru-NL 87.8(3) 88.96(10) 85.9(3) 

ʉʚʷʟʴ/ʋʛʦʣ (5ʘ) (6) (7) 

Ru-NO 1.767(1) - 1.757(7) 

N-O 1.147(1) - 1.153(8) 

Ru-OH 1.932(1) - 1.925(6) 

Ru-NO2 2.068(1)/2.094(1) - 2.050(7)/2.070(7) 

Ru-NL 2.096(1)/2.109(1) - 2.090(6)/2.095(6) 

Ru-N-O 175.0(1) - 174.2(6) 

HO-Ru-NO2 88.80(5) - 89.3(3) 

HO-Ru-NL 88.20(4) - 88.0(3) 

*ʍʠʤʠʯʝʩʢʘʷ ʟʘʩʝʣʸʥʥʦʩʪʴ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦʟʠʮʠʠ ON-Ru-OH ʩʦʩʪʘʚʣʷʝʪ 0.34/0.66.  

NL ï ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʪʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. 
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ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɺ ʩʣʫʯʘʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʡ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ, ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʦʪ 1700 ʜʦ 2000 ʩʤ-1. ʃʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʣʦʞʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ n(NO) ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʪʨʘʥʩ-ʣʠʛʘʥʜʘ. ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʦʩʘ 

ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʦʢʘʟʳʚʘʝʪʩʷ ʫʜʦʙʥʦʡ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʠʣʠ ʚ ʨʘʩʪʚʦʨʝ. 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʦʞʝʥʠʝ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ N-O ʥʠʪʨʦʟʦʛʨʫʧʧʳ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1858-1869 ʩʤ-1 ʜʣʷ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 1894 ʩʤ-1 ʜʣʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʢʦʤʧʣʝʢʩʘ [RuNO(HInd)2(NO2)2H2O]AcOÅ0.5AcOH (7) 

(ʩʤ. ʊʘʙʣʠʮʘ 5). ʈʘʩʯʸʪ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʪʝʦʨʠʠ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʠʨʦʜʳ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʚ ʩʨʝʜʥʝʤ ʧʦʢʘʟʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʥʘ 25-40 ʩʤ-1 ʚ ʩʪʦʨʦʥʫ 

ʤʝʥʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, ʥʘʧʨʠʤʝʨ ʜʣʷ (1) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ï 1856 ʩʤ-1, ʨʘʩʯʸʪ ï 

1832 ʩʤ-1. 

ʊʘʙʣʠʮʘ 5. ʇʦʣʦʞʝʥʠʝ ʚʘʣʝʥʪʥʳʭ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ ɜ(N-O) ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʦʚ ʠ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ 

ʉʦʝʜʠʥʝʥʠʝ ɜ(N-O), ʩʤ-1 ɜ(N-O), ʩʤ-1
 ʚ ɼʄʉʆ 

ʎʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1) 1856 1867 

ʎʠʩ-[RuNO(Me-nic)2(NO2)2OH] (2) 1863 1867 

ʎʠʩ-[RuNO(Me-inic)2(NO2)2OH] (3) 1858 1865 

ʎʠʩ-[RuNO(Benz-Im)2(NO2)2OH]ÅH2OÅEtOH (4) 1869 1845 

ʎʠʩ-[RuNOPhen(NO2)2OH] (5) 1860 1868 

ʎʠʩ-[RuNO(Hind)2(NO2)2OH] (6) 1868 1870 

ʎʠʩ-[RuNO(HInd)2(NO2)2H2O]AcOÅ0.5AcOH(7) 1894 - 

ʎʠʩ-[RuNO(NO2)2(Et-inic)2OH] (8) 1860 1866 

ɺ ʩʧʝʢʪʨʘʭ ʜʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ɡ(OH) ʚ 

ʨʘʡʦʥʝ 3400-2500 ʩʤ-1, ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʛʨʫʧʧ ï ʦʢʦʣʦ 

1400 ʠ 810 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʬʠʨʘʤʠ ʥʠʢʦʪʠʥʦʚʦʡ ʠ 

ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ C=O 

ʚ ʨʘʡʦʥʝ 1740 ʩʤ-1. ʆʥʘ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʦʨʠʝʥʪʠʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ NO, ʧʦʪʦʤʫ ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʢʘʢ 

ʥʘʭʦʜʠʪʩʷ ʜʘʣʝʢʦ ʦʪ ʥʠʪʨʦʟʦʛʨʫʧʧʳ, ʘ ʩʘʤ ʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʪʨʘʥʩ 
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ʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʟʘʤʝʥʝ -NO ʛʨʫʧʧʳ 

ʥʘ ʜʨʫʛʦʡ ʣʠʛʘʥʜ. (ʩʤ. ʈʠʩʫʥʦʢ 20) 

 

ʈʠʩʫʥʦʢ 20. ʀʂ-ʩʧʝʢʪʨ [RuNO(Me-inic)2(NO2)2OH] (3) ʩ ʥʝʢʦʪʦʨʳʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʦʣʦʩʘʤʠ 

ʢʦʣʝʙʘʥʠʡ 

ʆʪʩʫʪʩʪʚʠʝ ʧʝʨʝʢʨʳʚʘʥʠʷ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ NO c ʙʦʣʴʰʠʥʩʪʚʦʤ ʜʨʫʛʠʭ 

ʧʦʣʦʩ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʦʩʪʴ ʟʘʢʦʥʘ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʢ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʙʫʜʠʣʠ ʥʘʩ 

ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʟʘʧʠʩʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʛʣʘʚʝ 3. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʯʘʩʪʦʪʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠʟʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʤ ʚʣʠʷʥʠʠ ʩʦʣʴʚʘʪʘʮʠʠ ʚ ʩʣʫʯʘʝ ɼʄʉʆ ʠʣʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʩʤ. 

ʊʘʙʣʠʮʘ 5). 

ʇʨʠ ʩʲʸʤʢʝ ʞʠʜʢʦʩʪʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʚ ʦʯʝʥʴ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣ 

ʦʢʦʥ ʢʶʚʝʪʳ ʠ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʩʪʦʡʢʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʶʚʝʪʳ ʩ ʦʢʥʘʤʠ ʠʟ CaF2 ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʟʘ ʦʙʣʘʩʪʴʶ ʩʧʝʢʪʨʘ ʩ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ 

ʤʝʥʝʝ 1000 ʩʤ-1. ʇʦʜʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ 

ʚ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʞʜʫ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ ʨʘʩʪʚʦʨʸʥʥʳʤ ʚʝʱʝʩʪʚʦʤ ʚʩʝ ʧʦʣʦʩʳ 
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ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʠʣʴʥʦ ʫʰʠʨʷʶʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʝʨʝʢʨʳʚʘʥʠʶ 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʣʦʩ ʚʝʱʝʩʪʚʘ. ʊʘʢ ʧʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ɼʄʉʆ ʥʝ ʙʫʜʫʪ 

ʧʝʨʝʢʨʳʚʘʪʴʩʷ ʩ ʧʦʣʦʩʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 4000-3200, 2700-1500, 1250-1050 

ʩʤ-1, ʚ H2O ʚ ʜʠʘʧʘʟʦʥʘʭ 2750-1800, 1500-1000 ʩʤ-1, ʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ï 4000-3250, 2750-2300, 

2200-1600, 1250-1100, 900-800 ʩʤ-1. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʚʳʙʨʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʝ ʦʪ ʋʌ/ɺʠʜ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ 

ʢʦʪʦʨʦʡ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʦʛʣʦʱʝʥʠʷ ʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʦʟʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʧʦʛʣʦʱʝʥʠʝ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʢʶʚʝʪʳ, ʚ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʦʣʱʠʥʘ ʩʣʦʷ 

ʞʠʜʢʦʩʪʠ ʚ ʢʶʚʝʪʝ ʦʛʨʘʥʠʯʝʥʘ 0.1-0.2 ʤʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʚʳʰʝ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʟʘ ʩʯʸʪ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ɜ(NO) ʧʦʣʦʩʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ 

1Å10-3 ʄ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʫʜʘʸʪʩʷ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʀʂ-

ʩʧʝʢʪʨʳ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ (ʩʤ. ʈʠʩʫʥʦʢ 21). 

 

ʈʠʩʫʥʦʢ 21. ʀʂ-ʩʧʝʢʪʨ [RuNO(Me-inic)2(NO2)2OH] (3) ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʚ ʢʶʚʝʪʝ ʠʟ CaF2 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʤʘʪʝʨʠʘʣʘ ʢʶʚʝʪʳ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʞʠʜʢʦʩʪʥʘʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ 

ʤʝʪʦʜʦʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʚʝʱʝʩʪʚʦʤ ʚ ʨʘʩʪʚʦʨʝ ʢʘʢ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ, ʪʘʢ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʟʘʢʦʥʘ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ.  
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3.2 ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʌʦʪʦʣʠʟ ʨʘʩʪʚʦʨʦʚ 

ʌʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ NO ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʋʌ- ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʩʪʘʪʠʯʝʩʢʠʭ (ʦʙʣʫʯʝʥʠʝ ʚ ʢʶʚʝʪʝ) ʠ ʧʨʦʪʦʯʥʳʭ (ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʟʘʧʠʩʠ ʀʂ-ʕʉʇ) ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʫʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʝ ʩʚʝʪʦʜʠʦʜʳ 445 ʠ 532 ʥʤ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩʚʝʪʘ. ʉʪʘʙʠʣʴʥʦʩʪʴ 5Å10-5 ʄ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ɼʄʉʆ, MeCN ʠ PBS ʚ 

ʪʝʤʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʕʉʇ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʣʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ (ʩʤ. ʈʠʩʫʥʦʢ 22ʘ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ Ů450 (ʩʤ. ʈʠʩʫʥʦʢ 22b) ʩʪʨʦʠʣʠʩʴ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʧʨʷʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ (Ů450 = 

A450/lC). 

 

ʈʠʩʫʥʦʢ 22. a -ʕʉʇ ʨʘʩʪʚʦʨʘ ʎʠʩ-[RuNOPhen(NO2)2OH] (5) ʚ PBS ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʙʝʟ 

ʦʙʣʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ, ʙ ï ʕʉʇ ʠ ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʧʨʷʤʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ (5) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ɼʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʬʦʪʦʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʣʠʯʠʠ 

ʠʟʦʙʝʩʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 290-350 ʥʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʝʜʠʥʩʪʚʝʥʥʦʡ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʤʝʥʷʣʩʷ ʩ ʞʸʣʪʦʛʦ ʥʘ ʛʦʣʫʙʦʡ ʠʣʠ ʙʠʨʶʟʦʚʳʡ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ (ʜʦ 10-15 ʤʠʥʫʪ) ʠʟʦʙʝʩʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʨʦʧʘʜʘʣʘ ʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ. (ʩʤ. ʈʠʩʫʥʦʢ 23 ʘ, ʛ) ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʵʢʩʧʦʟʠʮʠʠ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʠʟʦʤʝʨʠʟʘʮʠʷ, ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʘ [27]. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ RuIII  ʜʦ RuII [80].ʊʘʢʞʝ 
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ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ~600 ʥʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ Ru(III) [78]. (ʩʤ. 

ʈʠʩʫʥʦʢ 23 ʙ, ʜ) 

 

ʈʠʩʫʥʦʢ 23. a, ʙ ï ʌʦʪʦʣʠʟ ʨʘʩʪʚʦʨʘ (5Å10-4 ʄ) ʮʠʩ-[RuNO(Et-nic)2(NO2)2OH] (1) ʚ ɼʄʉʆ ʚ 

ʢʶʚʝʪʝ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ, ʚ ï ʨʘʩʯʸʪʥʳʝ ʕʉʇ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (1) ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʬʦʪʦʣʠʟʘ. ʛ, ʜ, ʝ ï ʘʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʮʠʩ-

[RuNO(Me-nic)2(NO2)2OH] (2) 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʪʦʣʠʟʘ ʩ ʨʘʟʨʳʚʦʤ Ru-NO ʩʚʷʟʠ 

ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʭʦʪʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʣʠʟʘ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ. ʕʪʘ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʚʢʣʶʯʘʷ PBS, 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʫʜʫʪ ʧʨʦʪʝʢʘʪʴ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ.  

ɺ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ~280 ʥʤ. (ʩʤ. 

ʈʠʩʫʥʦʢ 23ʘ) ʉʦʛʣʘʩʥʦ DFT-ʨʘʩʯʝʪʘʤ, ʵʪʘ ʧʦʣʦʩʘ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ 

ʠ ʤʝʪʘʣʣʘʤʠ (LLCT ʠ MLCT) ʩ ʥʠʪʨʠʪʥʳʭ, ʛʠʜʨʦʢʩʠʣʴʥʳʭ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠʣʠ 

ʨʫʪʝʥʠʝʚʳʭ ʦʨʙʠʪʘʣʝʡ ʥʘ ʥʠʢʦʪʠʥʘʪʥʳʝ ʢʦʣʴʮʘ ʠ ʥʠʪʨʠʪʥʳʝ ʣʠʛʘʥʜʳ. ʇʨʠʨʦʜʘ 

ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʚ ʜʠʘʧʘʟʦʥʝ 350-550 ʥʤ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʭʦʜʘʤʠ HOMO(-1) Ÿ LUMO 

(+1). (ʩʤ. ʈʠʩʫʥʦʢ 24) 

 

ʈʠʩʫʥʦʢ 24. ʄʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ (ɺɿʄʆ-1, ɺɿʄʆ, ʅʉʄʆ ʠ ʅʉʄʆ+1) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (1) 

- ʘ ʠ (2) - ʙ 

ʕʪʠ ʧʝʨʝʭʦʜʳ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ ʮʝʧʦʯʢʠ OH-Ru-NO ʠ ʥʠʪʨʠʪʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʨʘʟʨʳʭʣʷʶʱʠʝ ʦʨʙʠʪʘʣʠ Ru-NO. ʀʤʝʥʥʦ ʵʪʠ ʧʝʨʝʭʦʜʳ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʟʨʳʚ ʩʚʷʟʠ Ru-NO: 

[Ru2+-NO+} + ʨʘʩʪʚʦʨʠʪʝʣʴ + hɜ Ÿ {Ru3+-(ʨʘʩʪʚʦʨʠʪʝʣʴ)} + NO0. 

ʇʨʦʚʝʨʢʘ ʦʪʥʝʩʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʣʠʟʘ ʨʫʪʝʥʠʷ (III) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ 

ʧʦʤʦʱʴʶ DFT-ʨʘʩʯʝʪʦʚ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ [Ru2+NO(L)2(NO2)2OH] ʠ [Ru
3+(S-ɼʄʉʆ)(L)2(NO2)2OH]. ʇʨʦʬʠʣʠ 

ʩʧʝʢʪʨʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʫʤʥʦʝ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʞʝ ʧʨʷʤʦʝ 

ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʕʉʇ ʜʣʷ ʢʦʤʧʣʝʢʩʘ (3) ʧʨʠʚʝʜʝʥʦ ʥʘ ʈʠʩʫʥʦʢ 25. 












































































































