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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ 

ɻʉ ï ʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ 

ɺʉ ï ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ 

ʂʏ ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

CSD ï ʂʝʤʙʨʠʜʞʩʢʘʷ ʙʘʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ  

ʀʖʇɸʂ ï ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

MOF/ʄʆʂʇ ï ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʕɸ ï ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

QY ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

QTAIM ï ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʘʭ 

DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

HIBA ï 2-ʠʦʜʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

H2DISA ï 3,5-ʜʠʠʦʜʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 

HPIBA ï ʧʝʥʪʘʠʦʜʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

DMF/ɼʄʌɸ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

Py ï ʧʠʨʠʜʠʥ 

2-MePy ï 2-ʤʝʪʠʣʧʠʨʠʜʠʥ 

3-MePy ï 3-ʤʝʪʠʣʧʠʨʠʜʠʥ 

4-MePy ï 4-ʤʝʪʠʣʧʠʨʠʜʠʥ 

4-EtPy ï 4-ʵʪʠʣʧʠʨʠʜʠʥ 

3,4-MePy ï 3,4-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥ 

3,5-MePy ï 3,5-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥ 

2,6-MePy ï2,6-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥ 

2,4,6-MePy ï 2,4,6-ʪʨʠʤʝʪʠʣʧʠʨʠʜʠʥ 

3-BrPy ï 3-ʙʨʦʤʧʠʨʠʜʠʥ 

3-ClPy ï 3-ʭʣʦʨʧʠʨʠʜʠʥ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ. ʀʩʪʦʨʠʷ ʠʭ ʠʟʫʯʝʥʠʷ ʥʘʩʯʠʪʳʚʘʝʪ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ; ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʦʪʣʠʯʘʶʪʩʷ ʥʝʦʙʳʯʘʡʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʉʪʨʦʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʠʛʘʥʜʦʚ, ʧʨʦʪʠʚʦʠʦʥʦʚ, ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ, ʨʘʩʪʚʦʨʠʪʝʣʠ, ʟʥʘʯʝʥʠʷ pH ʠ ʪ.ʜ. [1ï7]. ɺʦʧʨʦʩʳ 

ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʩʪʘʥʦʚʷʪʩʷ ʪʝʤ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʩʚʷʟʠ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʴʶ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʠʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʢʘʪʘʣʠʟʘ ʠ ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʂʦʤʧʣʝʢʩʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʦʪʣʠʯʥʳʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [8ï11], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ d-ʵʣʝʤʝʥʪʳ, ʥʘʧʨʠʤʝʨ Zn ʠʣʠ Cu, ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʪʘʣʠʟʝ, ʤʝʜʠʮʠʥʝ ʠ ʦʙʣʘʜʘʪʴ ʚʳʨʘʞʝʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [12ï15]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʚʦʟʤʦʞʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʦʪʜʝʣʴʥʦʡ ʠʥʪʝʨʝʩʥʦʡ ʪʝʤʦʡ [16ï22]. 

ʂʘʢ ʠ ʠʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩʧʦʩʦʙʥʳ ʧʨʝʪʝʨʧʝʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʩʘʤʦʩʙʦʨʢʠ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʘʩʩʦʮʠʘʪʳ, ʚʳʩʪʫʧʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʦʣʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ [23, 24], ʧʨʠʯʝʤ ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ (ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ), ʪʘʢ ʠ 

ʚ ʨʘʩʪʚʦʨʘʭ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʥʠʦʥʳ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʥʝʡʪʨʘʣʴʥʳʝ N-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ; ʪʘʢ ʢʘʢ ʠʭ 

ʚʚʝʜʝʥʠʝ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʞʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ ʟʘ ʩʯʸʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ˊ-ʩʠʩʪʝʤʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ [25ï28]. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʤʦʜʠʬʠʢʘʮʠʡ 

ʫʞʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʝʱʸ ʙʦʣʴʰʝ ʨʘʩʰʠʨʷʶʪ ʨʷʜ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʩʘʤʦʩʙʦʨʢʠ ʠʛʨʘʶʪ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ (ɺʉ) 

ʠ ˊ-ʩʪʵʢʠʥʛ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʠʥʳʝ, ʠʟʫʯʝʥʥʳʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʪʠʧʳ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʦʩʦʙʦ ʚʳʜʝʣʠʪʴ ʛʘʣʦʛʝʥʥʫʶ ʩʚʷʟʴ (ɻʉ) [29], ʚʦʟʥʠʢʘʶʱʫʶ ʚ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʘʪʦʤ ʛʘʣʦʛʝʥʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʙʣʦʢʝ, ʠʛʨʘʝʪ ʥʝʦʙʳʯʥʫʶ ʜʣʷ 

ʥʝʛʦ ʨʦʣʴ ʵʣʝʢʪʨʦʬʠʣʘ (ʩʤ. ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ). ʀʟʫʯʝʥʠʶ ɻʉ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ [28ï39], ʙʦʣʝʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʪʠʧ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ 

ʩʧʦʩʦʙʝʥ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʪʨʦʝʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 
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ʘʩʩʦʮʠʘʪʦʚ, ʥʦ ʠ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʜʨ. 

[42ï49]. 

ʀʩʭʦʜʷ ʠʟ ʩʘʤʦʡ ʧʨʠʨʦʜʳ ɻʉ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʦʜʩʦʜʝʨʞʘʱʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʢʘʨʙʦʢʩʠʣʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʜʭʦʜʷʱʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʚ ʩʠʣʫ ʘʢʮʝʧʪʦʨʥʦʡ 

ʧʨʠʨʦʜʳ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ çʩʪʷʛʠʚʘʥʠʝè ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʘʪʦʤʘʭ ʠʦʜʘ ʚʳʨʘʞʝʥʥʦʡ ů-ʜʳʨʢʠ. ʅʝʤʘʣʦʚʘʞʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʠʭ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʥʝʝ ʙʳʣʠ ʦʧʠʩʘʥʳ, ʜʘʥʥʳʝ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠʤʝʥʥʦ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʠʩʪʝʤ ʩ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʴʶ ʦʯʝʥʴ ʩʢʫʜʥʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ʚʩʝ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ, ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ɻʉ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʣʝʚʘʥʪʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [50ï54]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ, ʩ ʘʥʠʦʥʘʤʠ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ 

ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ, ʘʢʪʫʘʣʴʥʦʡ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ.   

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʨʘʙʦʪʳ 

 ʍʠʤʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II) ʠ Zn(II) ʠʟʫʯʘʝʪʩʷ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ 

ʚʨʝʤʝʥʠ, ʦʜʥʘʢʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʠʦʜʟʘʤʝʱʸʥʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʩʠʩʪʝʤ ʩ ʛʘʣʦʛʝʥʥʦʡ 

ʩʚʷʟʴʶ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʀʤʝʶʪʩʷ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʠ/ʠʣʠ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʜʥʘʢʦ ʣʠʰʴ ʩ ʫʟʢʠʤ ʢʨʫʛʦʤ ʢʘʢ 

ʠʦʜʟʘʤʝʱʸʥʥʳʭ, ʪʘʢ ʠ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ [55ï60]. ɺʳʜʝʣʠʪʴ ʤʦʞʥʦ ʨʘʙʦʪʫ [61], ʚ ʢʦʪʦʨʦʡ 

ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ N-ʜʦʥʦʨʥʳʭ 

ʣʠʛʘʥʜʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʚʦʜʷ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʟʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ Zn ʠ Cu. ʆʜʥʘʢʦ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʠʦʜʟʘʤʝʱʸʥʥʳʭ ʢʠʩʣʦʪʘʭ, ʪʦ, ʦʧʫʙʣʠʢʦʚʘʥʦ ʧʦʨʷʜʢʘ 

10 ʩʪʨʫʢʪʫʨ ʩ 3d ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 2-ʠʦʜʙʝʥʟʦʘʪʦʤ [62ï64], ʘ ʜʘʥʥʳʝ ʦ ʢʘʢʠʭ-ʣʠʙʦ 

ʢʦʤʧʣʝʢʩʘʭ ʩ ʘʥʠʦʥʘʤʠ ʧʝʥʪʘʠʦʜʙʝʥʟʦʡʥʦʡ ʠ ʜʠʠʦʜʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪ ʦʪʩʫʪʩʪʚʫʶʪ ʚ 

ʧʨʠʥʮʠʧʝ.  

ʉʦʝʜʠʥʝʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʭʦʨʦʰʘʷ 

ʠʟʫʯʝʥʥʦʩʪʴ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʢʘʢ ʪʘʢʦʚʦʡ, ʪ.ʝ. ʙʦʛʘʪʳʡ ʤʘʪʝʨʠʘʣ ʩʨʘʚʥʝʥʠʷ. ɺʦ-

ʚʪʦʨʳʭ, ʵʪʦ ʥʘʣʠʯʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ï ʙʠʦʣʦʛʠʯʝʩʢʘʷ 
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ʘʢʪʠʚʥʦʩʪʴ (ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ, ʙʘʢʪʝʨʠʮʠʜʥʘʷ, ʬʫʥʛʠʮʠʜʥʘʷ ʠ ʜʨ.) 

[13, 65ï72], ʦʧʪʠʯʝʩʢʠʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [26, 73ï78], ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ [79ï

83], ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʤʘʛʥʠʪʦʚ [84ï87], ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʧʦʨʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [88ï92]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II) ʠʣʠ Zn(II) ʩ ʨʘʥʝʝ ʥʝ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʤʦʞʝʪ ʩʪʘʪʴ ʭʦʨʦʰʠʤ ʪʦʣʯʢʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɹʝʨʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʠ ʮʠʥʢʘ, ʚʚʝʜʝʥʠʝ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʩʧʦʩʦʙʥʦ ʩʪʘʪʴ ʥʦʚʳʤ ʨʳʯʘʛʦʤ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʤʦʪʠʚʘʤʠ, ʥʦ ʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ ʫʞʝ ʧʦʣʫʯʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʠ ʮʠʥʢʘ ʩ ʨʷʜʦʤ 

ʘʥʠʦʥʦʚ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʢʠʩʣʦʪ, ʘ ʠʤʝʥʥʦ 2-ʠʦʜʙʝʥʟʦʡʥʦʡ (HIBA), 3,5-ʜʠʠʦʜʩʘʣʠʮʠʣʦʚʦʡ 

(H2DISA) ʠ ʧʝʥʪʘʠʦʜʙʝʥʟʦʡʥʦʡ (HPIBA), ʠ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʥʳʭ 

çʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚè ʜʣʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ Cu(II) ʠ Zn(II) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʣʠʛʘʥʜʦʚ, 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʈʉɸ ʠ ʦʧʠʩʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, 

3. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʚʳʜʝʣʝʥʥʳʭ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ 

ʭʠʤʠʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II) ʠ Zn(II), ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 52 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʠ ʮʠʥʢʘ: 15 2-

ʠʦʜʙʝʥʟʦʘʪʥʳʭ, 31 3,5-ʜʠʠʦʜʩʘʣʠʮʠʣʘʪʥʳʭ ʠ 6 ʧʝʥʪʘʠʦʜʙʝʥʟʦʘʪʥʳʭ. ɼʣʷ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʨʘʥʝʝ 

ʙʳʣʠ ʦʧʠʩʘʥʳ ʩʪʨʫʢʪʫʨʳ ʤʝʥʝʝ ʯʝʤ 5 ʢʦʤʧʣʝʢʩʦʚ, ʜʣʷ ʪʨʝʪʴʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ 

ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʚ ʧʨʠʥʮʠʧʝ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʘʢʮʠʠ ʩʦʣʠ ʮʠʥʢʘ ʩ 2-ʠʦʜʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʩʝʤʝʡʩʪʚʘ ʧʠʨʠʜʠʥʘ ʩʪʘʥʦʚʷʪʩʷ ʙʠʷʜʝʨʥʳʝ çʢʠʪʘʡʩʢʠʝ ʬʦʥʘʨʠʢʠè (M = Cu, Zn) ʠʣʠ 
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ʪʨʸʭʲʷʜʝʨʥʳʝ ʣʠʥʝʡʥʳʝ ʢʦʤʧʣʝʢʩʳ (M = Zn). 3,5-ʜʠʠʦʜʩʘʣʠʮʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʦʪʣʠʯʘʝʪ 

ʫʥʠʢʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ: ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʠ ʧʨʠʨʦʜʳ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ, ʦʙʨʘʟʫʶʪʩʷ ʤʦʥʦ-, ʙʠ-, ʪʨʝʭ-, ʪʝʪʨʘʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʦʜʥʦʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ. ɼʣʷ ʨʷʜʘ ʠʟ ʥʠʭ ʠʟʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ; 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʘʢ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ, ʪʘʢ ʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺ ʦʪʣʠʯʠʝ ʦʪ Cu(II ), Zn(II) ʦʙʨʘʟʫʝʪ ʪʦʣʴʢʦ 

ʤʦʥʦʷʜʝʨʥʳʝ 3,5-ʜʠʠʦʜʩʘʣʠʮʠʣʘʪʳ. ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʧʝʥʪʘʠʦʜʙʝʥʟʦʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ; ʚ ʩʣʫʯʘʝ 

ʢʘʢ Cu(II), ʪʘʢ ʠ Zn(II) ʦʥʠ ʠʤʝʶʪ ʤʦʥʦʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʫʶʪ ʦʙʰʠʨʥʫʶ 

ʩʠʩʪʝʤʫ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ʇʨʠʨʦʜʘ ɻʉ ʠʟʫʯʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ 

ʩʠʩʪʝʤ ʩ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʴʶ ʥʘ ʦʩʥʦʚʝ Cu(II) ʠ Zn(II). ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ, ʚʳʜʝʣʝʥʳ ʚ ʯʠʩʪʦʤ 

ʚʠʜʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʝʥʪʘʠʦʜʙʝʥʟʦʘʪʥʳʝ ʠ 3,5-ʜʠʠʦʜʩʘʣʠʮʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʠ 

ʮʠʥʢʘ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥ ʨʷʜ 2-ʠʦʜʙʝʥʟʦʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʷʚʣʷʶʪʩʷ 

ʦʪʣʠʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ, ʯʪʦ ʧʨʦʚʝʨʝʥʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɼʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ, ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʣʦʛʝʥʥʦʡ 

ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʜʘʥʥʳʝ ʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʧʦʟʚʦʣʷʪ 

ʧʨʠʤʝʥʠʪʴ ʠʭ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʣʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ. ʉʪʨʫʢʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ (CSD) ʠ ʜʦʩʪʫʧʥʳ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

- ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʝʨʠʡ ʢʦʤʧʣʝʢʩʦʚ Cu(II) ʠ Zn(II); 

- ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʢʦʤʧʣʝʢʩʳ Zn ʠ Cu ʨʘʟʣʠʯʥʦʡ ʷʜʝʨʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʠʢʘʤ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʝʩʪʠ 
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ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʤʝʪʦʜʦʤ QTAIM. ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʦʨʦʰʢʘ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʩʷ 

ʵʣʝʤʝʥʪʥʳʡ CHN-ʘʥʘʣʠʟ (ʕɸ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ), ʜʣʷ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Cu ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Zn ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʋʌ-ʚʠʜʠʤʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʙʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʟʥʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʨʦʚʳʤ 

ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʦʩʪʦʝʥʳ ʚʳʩʦʢʦʡ ʦʮʝʥʢʠ ʥʘ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʚʳʧʦʣʥʝʥ ʚʝʩʴ ʦʙʲʸʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʠʥʪʝʟʦʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʈʉɸ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʧʦʣʥʝʥ ʘʚʪʦʨʦʤ. ʆʙʩʫʞʜʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʪʘʪʝʡ ʠ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʜʠʩʩʝʨʪʘʥʪʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʊʫʘʧʩʝ, 

2021 ʛ.); 

2. XII ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʀʆʅʍ ʈɸʅ, 

ʄʦʩʢʚʘ, 2022 ʛ.); 

3. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʃʦʤʦʥʦʩʦʚ-2022è (ʄɻʋ, ʄʦʩʢʚʘ, 2022 ʛ.); 

4. XXIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè (ʊʇʋ, ʊʦʤʩʢ, 2022 ʛ.); 
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5. XIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè 

(ʊʫʘʧʩʝ, 2022 ʛ.); 

6. VI ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2022 (ʀʅʍ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 2022 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ 9 ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

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

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 6 ʜʦʢʣʘʜʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1 ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ:  

1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

2. ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

3. ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ ʩʪʨʦʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

4. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ. 

6. ʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 149 ʩʪʨʘʥʠʮʘʭ, ʠ ʩʦʜʝʨʞʠʪ 76 ʨʠʩʫʥʢʦʚ, 11 ʪʘʙʣʠʮ. ʉʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (372 ʠʩʪʦʯʥʠʢʘ) ʠ 19 

ʧʨʠʣʦʞʝʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʅʀʈ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ 

ʛʨʘʥʪʘʤʠ ʈʌʌʀ ˉ19-43-540005 ʠ ˉ20-33-70010. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ 

ʩʪʠʧʝʥʜʠʝʡ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (2021-2023 ʫʯ. ʛ.), ʩʪʠʧʝʥʜʠʝʡ ʧʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (2021-2023 ʫʯ. ʛ.) ʠ ʩʪʠʧʝʥʜʠʝʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʟʘ 

ʙʦʣʴʰʠʝ ʫʩʧʝʭʠ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ (2021-2022 ʫʯ. ʛ.).  
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1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1 ɻʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ 

1.1.1 ʀʩʪʦʨʠʷ ʧʦʷʚʣʝʥʠʷ 

ʇʝʨʚʳʡ ʠʟ ʢʦʛʜʘ-ʣʠʙʦ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʴʶ (ɻʉ) ʙʳʣ ʩʣʫʯʘʡʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʂʦʣʠʥʦʤ: ʚ 1814 ʛʦʜʫ ʦʥ ʩʦʦʙʱʠʣ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʩʠʥʝ-ʯʸʨʥʦʛʦ ʮʚʝʪʘ ʧʨʠ 

ʩʦʝʜʠʥʝʥʠʠ ʠʦʜʘ ʩ ʘʤʠʣʦʟʦʡ [93] ʠ ʞʠʜʢʦʩʪʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ ʧʨʠ ʨʝʘʢʮʠʠ ʩʫʭʦʛʦ ʠʦʜʘ 

ʩ ʩʫʭʠʤ ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʤʤʠʘʢʦʤ [94]. ʊʦʯʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʩʦʩʪʘʚ ʵʪʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʣʠʰʴ 50 ʣʝʪ ʩʧʫʩʪʷ, ʢʦʛʜʘ ʌ. ɻʘʪʨʠ ʧʦʣʫʯʠʣ ʪʦʪ ʞʝ ʤʘʪʝʨʠʘʣ ʚ ʯʠʩʪʦʤ ʚʠʜʝ 

ʜʦʙʘʚʣʝʥʠʝʤ ʠʦʜʘ ʢ ʨʘʩʪʚʦʨʫ ʘʤʤʠʘʢʘ, ʠ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣ ʩʪʨʫʢʪʫʨʫ I2ĿĿĿNH3 [95] 

ɺʩʢʦʨʝ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʂʦʣʠʥʘ (ʚ 1819 ʛ.) ʇʝʣʝʪʴʝ ʠ ʂʘʚʝʥʪʫ ʩʦʦʙʱʠʣʠ ʦ ʧʝʨʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʭ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʛʘʣʦʛʝʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʛʘʣʦʛʝʥʠʜ-

ʘʥʠʦʥʘʤʠ [96]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʠʥʪʝʟ ʪʨʠʠʦʜʠʜʘ ʩʪʨʠʭʥʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʥʠʦʥ 

I3
ï ï ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʠʦʥʘ Iï ʩ I2. ɼʘʥʥʳʡ ʬʘʢʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠ ʜʨʫʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʠʠʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʜʠʜʦʚ 

ʤʝʪʘʣʣʦʚ [97]. ʇʝʨʚʦʝ ʞʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʵʪʫ ʪʝʤʫ ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʚ 1870 

ʛʦʜʫ ʜʘʪʩʢʠʤ ʭʠʤʠʢʦʤ ʁʸʨʛʝʥʩʦʤ [98]. ɸ ʚ 1883 ʛʦʜʫ ʙʳʣ ʧʦʣʫʯʝʥ ʘʜʜʫʢʪʘ ʭʠʥʦʣʠʥʘ ʠ 

ʠʦʜʦʬʦʨʤʘ, ʪ.ʝ. ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʘʣʦʛʝʥʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʚʝʩʪʠ ʩʝʙʷ ʧʦʜʦʙʥʦ 

ʜʠʛʘʣʦʛʝʥʘʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ [99].  

ɺʧʝʨʚʳʝ ʜʘʥʥʳʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʠ ʙʨʦʤʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʢʦʥʮʝ XIX  

ʚ. ʈʝʤʩʝʥʦʤ ʠ ʅʦʨʨʠʩʦʤ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʣʠ ʜʠʤʝʨʳ 1:1, ʦʙʨʘʟʦʚʘʥʥʳʝ Cl2 ʠ Br2 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ [100]. ʃʠʰʴ ʩʧʫʩʪʷ 80 ʣʝʪ ʙʳʣ ʧʦʣʫʯʝʥ ʧʝʨʚʳʡ ʘʜʜʫʢʪ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ F2, ʢʦʛʜʘ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʘʥʠʦʥ F3
-, ʠʩʧʦʣʴʟʫʷ ʚʝʩʴʤʘ ʵʢʟʦʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ [101, 102]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʩʠʥʪʝʟʦʚ ʧʨʝʜʧʦʣʦʞʠʣʠ ʪʦ, ʯʪʦ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʥʥʳʤ: ʩʠʣʘ ɻʉ (ʚʳʨʘʞʘʷʩʴ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʨʤʠʥʘʤʠ) ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʘʪʦʤʘ-ʜʦʥʦʨʘ ɻʉ, ʪʦ ʝʩʪʴ F < Cl < Br < I 

[103ï105]. ʌʪʦʨ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʦʣʷʨʠʟʫʝʤʳʤ ʘʪʦʤʦʤ ʛʘʣʦʛʝʥʘ ʠ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʜʦʥʦʨʘ ɻʉ 

ʤʦʞʝʪ ʪʦʣʴʢʦ ʩ ʦʯʝʥʴ ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ [106ï108]. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʩʪʘʪ, ʢʘʢ ʩʘʤʳʡ ʪʷʞʝʣʳʡ ʘʪʦʤ ʛʘʣʦʛʝʥʘ, ʜʦʣʞʝʥ ʙʳʪʴ ʝʱʸ ʣʫʯʰʠʤ ʜʦʥʦʨʦʤ 

ɻʉ, ʯʝʤ I, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʝʱʸ ʚʳʰʝ [109]. ʍʦʪʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʫʶ ʛʠʧʦʪʝʟʫ [110, 111], ʧʦʜʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ [112], 

ʧʦʩʢʦʣʴʢʫ ʘʩʪʘʪ ʷʚʣʷʝʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 

ʥʝʩʢʦʣʴʢʦ ʯ ʜʣʷ ʥʘʠʙʦʣʝʝ ʜʦʣʛʦʞʠʚʫʱʠʭ ʠʟʦʪʦʧʦʚ. 

ʆʪʢʨʳʪʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝ ʤʦʛʣʦ ʦʩʪʘʪʴʩʷ ʙʝʟ ʚʥʠʤʘʥʠʷ: ʚ XX ʚʝʢʝ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ɻʉ ʣʝʞʘʣʘ ʚ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʳʭ 
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ʚʘʞʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʭʠʤʠʠ, ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ ʨʘʙʦʪʝ ʄʘʣʣʠʢʝʥʘ (ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʧʦ 

ʭʠʤʠʠ ʚ 1966 ʛ.) ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ [113ï115] ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʍʘʩʩʝʣʷ (ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʧʦ ʭʠʤʠʠ ʚ 1969 ʛ.) [116, 117]. 

ʇʨʦʙʣʝʤʦʡ ʚ ʠʟʫʯʝʥʠʠ ɻʉ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʨʘʤʢʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʦʙʱʠʝ ʯʝʨʪʳ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʪʦʣʴʢʦ ʚ 

ʥʘʯʘʣʝ XXI  ʚʝʢʘ, ʭʦʪʷ ʠ ʙʳʣʠ ʨʘʙʦʪʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʨʦʜʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [118ï123]. ɼʘʣʝʝ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʦʪʢʨʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ɻʉ. 

ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ I2 ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʮʚʝʪ ʧʦʣʫʯʘʝʤʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʪʣʠʯʘʝʪʩʷ [124]: ʢʦʨʠʯʥʝʚʳʡ ʠʣʠ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʩ ʘʮʝʪʦʥʦʤ, ʩʧʠʨʪʘʤʠ, ʵʬʠʨʘʤʠ, 

ʘʤʠʥʘʤʠ, ʙʝʥʟʦʣʦʤ ʠ ʬʠʦʣʝʪʦʚʳʡ ʚ ʩʣʫʯʘʷʭ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, 

ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʤ ʠ ʭʣʦʨʦʬʦʨʤʦʤ. ɺ 1948 ʛʦʜʫ ɹʝʥʝʩʠ ʠ ɻʠʣʴʜʝʙʨʘʥʜ ʦʙʲʷʩʥʠʣʠ ʵʪʦ ʷʚʣʝʥʠʝ, 

ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʠʚ ʝʛʦ ʢʘʢ ʩʣʫʯʘʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʨʘʩʪʚʦʨʝ [125, 126]. ʇʦʭʦʞʠʝ ʢʦʤʧʣʝʢʩʳ ʩ ʵʬʠʨʘʤʠ, ʪʠʦʵʬʠʨʘʤʠ ʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʚʩʢʦʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʄʘʣʣʠʢʝʥʦʤ [127ï129], ʘ ʜʚʘ ʛʦʜʘ ʩʧʫʩʪʷ ʚʳʜʝʣʝʥʳ ʠʤ ʢʘʢ 

ʧʦʜʢʣʘʩʩ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [129]. ʋʌ-ʚʠʜʠʤʘ ̫ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʥʘ ʛʘʣʦʛʝʥ, ʜʘʞʝ ʚ ʙʦʣʝʝ ʩʣʘʙʳʭ, 

ʚʢʣʶʯʘʶʱʠʭ ʜʠʛʘʣʦʛʝʥʳ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ [130] ʠ ʘʤʠʥʳ [131].  

ʈʝʥʪʛʝʥʦʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʍʘʩʩʝʣʷ ʚ 1950ʭ ʛʦʜʘʭ ʩʪʘʣʠ ʨʝʰʘʶʱʠʤʠ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʠʟ ʜʠʛʘʣʦʛʝʥʦʚ ʠʣʠ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʵʣʝʢʪʨʦʥʜʦʥʦʨʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ʊʘʢ, ʚ 1954 ʛʦʜʫ ʍʘʩʩʝʣʴ ʦʧʠʩʘʣ ʩʪʨʫʢʪʫʨʫ ʘʜʜʫʢʪʘ Br2ĿĿĿO(CH2CH2)2O ʢʘʢ 

ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ, ʩʦʜʝʨʞʘʱʠʝ çʤʦʩʪʠʢʠ ʠʟ ʤʦʣʝʢʫʣ ʛʘʣʦʛʝʥʘè, ʩʚʷʟʳʚʘʶʱʠʝ ʚʤʝʩʪʝ 

ʤʦʣʝʢʫʣʳ ʜʠʦʢʩʘʥʘ (ʈʠʩ. 1, ʩʚʝʨʭʫ) [132]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʘʜʜʫʢʪʝ ʢʦʚʘʣʝʥʪʥʳʝ 

ʩʚʷʟʠ Br-Br ʥʝʤʥʦʛʦ ʜʣʠʥʥʝʝ, ʯʝʤ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʜʠʙʨʦʤʝ, ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

BrĿĿĿO ʤʝʥʴʰʝ ʩʫʤʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ, ʘ ʫʛʦʣ BrīBrĿĿĿO ʙʣʠʟʦʢ 

ʢ 180Á [133]. ʕʪʠ ʪʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʜʣʷ ɻʉ. ʄʦʩʪʠʢʦʚʘʷ 

ʨʦʣʴ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ, ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʜʘʥʥʦʤ ʘʜʜʫʢʪʝ, ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʥʘʧʨʠʤʝʨ, ʩ ʙʝʥʟʦʣʦʤ (ʨʠʩ. 1, ʩʥʠʟʫ). ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨ rʘʜʜʫʢʪʦʚ Br2ĿĿĿC6H6 ʠ Cl2ĿĿĿC6H6, ʩʦʜʝʨʞʘʱʠʝ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʤʦʣʝʢʫʣ ʙʝʥʟʦʣʘ ʠ ʜʠʛʘʣʦʛʝʥʘ. ʅʘ ʵʪʠʭ ʧʨʠʤʝʨʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ˊ-ʩʠʩʪʝʤʳ 

ʷʚʣʷʶʪʩʷ ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʛʘʣʦʛʝʥʘʤ ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

[134]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʛʘʣʦʛʝʥ-ʩʚʷʟʘʥʥʳʝ ʘʜʜʫʢʪʳ ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʨʝʘʢʮʠʷʤ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʨʫʛʠʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ 

ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʝʩʷʪʠʣʝʪʠʷ [135, 136]. 
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ʈʠʩ. 1. ʎʝʧʦʯʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʘʜʜʫʢʪʦʚ Br2ĿĿĿO(CH2CH2)2O (ʩʚʝʨʭʫ) ʠ Br2ĿĿĿC6H6 (ʩʥʠʟʫ). 

ʆʙʰʠʨʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ɻʉ ʙʳʣʦ ʩʜʝʣʘʥʦ ɹʝʥʪʦʤ ʚ 1968 ʛ. ʚ 

ʝʛʦ ʦʙʟʦʨʝ ʧʦ ʭʠʤʠʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʘʜʜʫʢʪʦʚ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʫʞʝ ʫʧʦʤʷʥʫʪʳʝ ʢʦʨʦʪʢʠʝ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʳʩʦʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ [137]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ ʠ ʘʪʦʤʦʤ ʛʘʣʦʛʝʥʘ ʙʳʣʠ ʤʝʥʴʰʝ ʩʫʤʤʳ ʠʭ ʚʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʛʣʳ ʙʳʣʠ ʙʣʠʟʢʠ ʢ 180Á. ʊʠʧʠʯʥʦʩʪʴ ʵʪʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʘ ʧʦʟʞʝ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨ ʠʟ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (CSD) [138]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠ ʨʘʩʪʚʦʨʝ, ʠʩʧʦʣʴʟʫʷ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ (ʦʧʪʠʯʝʩʢʫʶ, ʂʈ-, ʀʂ-, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʷʜʝʨʥʳʡ ʢʚʘʜʨʫʧʦʣʴʥʳʡ 

ʨʝʟʦʥʘʥʩ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʠ ʪʜ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʵʪʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʥʘʣʦʛʠʯʝʥ [139]. 

ʉʦ ʚʨʝʤʝʥʝʤ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠ ʜʘʞʝ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʘʜʜʫʢʪʦʚ, ʚʳʙʨʘʚ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʠʨʦʜʫ ʠ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ. ʆʜʥʘʢʦ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʧʨʝʞʜʝ ʯʝʤ ʙʳʣʦ ʧʨʠʟʥʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝ ʩʪʦʣʴ ʥʝʦʙʳʯʥʳʤ ʷʚʣʝʥʠʝʤ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʴʥʳʭ ʠ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʚʝʨʜʦʡ, ʞʠʜʢʦʡ ʠ ʜʘʞʝ ʛʘʟʦʚʦʡ ʬʘʟʘʭ. ɻʘʣʦʛʝʥʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ, ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʢʘʢ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʯʘʩʪʠʮʳ ʢʘʟʘʣʘʩʴ ʜʦʚʦʣʴʥʦ ʩʪʨʘʥʥʦʡ ʠ ʧʨʦʪʠʚʦʨʝʯʘʱʝʡ ʟʜʨʘʚʦʤʫ ʩʤʳʩʣʫ. 

ʈʝʰʘʶʱʠʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ɻʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʥʝʩʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʘʪʦʤʘʭ ʛʘʣʦʛʝʥʦʚ, ʥʘʯʘʚʰʠʝ ʧʦʷʚʣʷʪʴʩʷ ʚ 

ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʦʣʠʪʮʝʨʘ ʠ ʄʶʨʨʝʷ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʝ ʘʥʠʟʦʪʨʦʧʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʘʭ ʛʘʣʦʛʝʥʦʚ, ʦʙʨʘʟʫʶʱʠʭ 

ʦʜʥʫ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʠ ʧʨʦʣʦʞʠʚʰʠʝ ʧʫʪʴ ʢ ʦʧʨʝʜʝʣʝʥʠʶ çů-ʜʳʨʢʠè: ʦʙʣʘʩʪʠ ʦʙʝʜʥʸʥʥʦʛʦ ʠ 
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ʯʘʩʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ (ʨʠʩ. 2) 

[140ï142].  

 

ʈʠʩ. 2. ɸʥʠʟʦʪʨʦʧʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʚʦʢʨʫʛ ʘʪʦʤʘ I ʚ ʩʪʨʫʢʪʫʨʝ (2-ʬʪʦʨ-3-ʧʠʨʠʜʠʣ)(4-

ʠʦʜʬʝʥʠʣ)ʙʦʨʦʥʘʪʘ 8-ʦʢʩʠʭʠʥʦʣʠʥʘʪʘ [6]. 

ɺʩʝ ʵʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʙʦʚʘʣʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ 

ʦʙʦʙʱʝʥʠʷ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʷʚʣʝʥʠʝʤ, ʚʣʠʷʶʱʠʤ çʥʘ ʚʩʝ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʜʠʟʘʡʥ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʘʛʨʝʛʘʮʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴè [143]. ɺʩʢʦʨʝ 

ʧʦʩʣʝ ʵʪʦʛʦ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʦʙʟʦʨʥʘʷ ʩʪʘʪʴʷ, ʧʦʜʯʝʨʢʥʫʚʰʘʷ ʦʩʥʦʚʥʳʝ ʠ ʦʙʱʠʝ ʯʝʨʪʳ 

ʘʜʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ, ʢʦʛʜʘ ʜʠʛʘʣʦʛʝʥʳ ʠ ʛʘʣʦʛʝʥʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʘʪʦʤʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʝʧʦʜʝʣʥyʥʫʶ ʧʘʨʫ, ʩ ˊ-ʩʠʩʪʝʤʘʤʠ ʠʣʠ ʘʥʠʦʥʘʤʠ [144]. 

ʕʪʠ ʧʫʙʣʠʢʘʮʠʠ ʧʦʚʳʩʠʣʠ ʠʥʪʝʨʝʩ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʜʘʥʥʦʡ ʪʝʤʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ɻʉ ʨʘʩʪʪy ʚʝʩʴʤʘ ʙʳʩʪʨʦ (ʨʠʩ. 3), ʠ ʵʪʦʪ ʪʠʧ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʚʩy ʯʘʱʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʬʝʥʦʤʝʥ, ʥʦ ʠ ʢʘʢ ʦʜʠʥ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ ʩʘʤʦʩʙʦʨʢʠ ʠ ʜʠʟʘʡʥʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. 
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ʈʠʩ. 3. ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʥʘʟʚʘʥʠʠ, ʢʣʶʯʝʚʳʭ ʩʣʦʚʘʭ ʠʣʠ ʚʚʝʜʝʥʠʠ 

çhalogen bondè/çhalogen bondingè, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ Scopus ʥʘ 10.03.2023. 

ʉʧʫʩʪʷ 200 ʣʝʪ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʧʝʨʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ɻʉ ʀʖʇɸʂ, ʥʘʢʦʥʝʮ, ʜʘʣ 

ʦʬʠʮʠʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʚ ʢʦʥʩʝʥʩʫʩ, ʜʦʩʪʠʛʥʫʪʳʡ ʥʘʫʯʥʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʩʙʦʨʢʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ 

ʛʘʣʦʛʝʥʘʤʠ [145].  

1.1.2 ʆʧʨʝʜʝʣʝʥʠʝ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ 

ʊʨʫʜʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʦʛʜʘ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʪʝʨʤʠʥ çʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴè ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʛʘʣʦʛʝʥʘʤʠ. ʇʦʥʷʪʠʝ ʥʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ 

ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ, ʢʦʛʜʘ ɻʉ ʩʪʘʣʠ ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʷʚʣʝʥʠʡ. ɺ 1961 

ʛ. ʈ. ɿʠʥʛʘʨʦ ʠ ʈ. ʍʝʜʞʝʩ, ʦʧʠʩʳʚʘʷ ʢʦʤʧʣʝʢʩʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʘʩʪʚʦʨʝ ʛʘʣʦʛʝʥʘʤʠ ʠ 

ʠʥʪʝʨʛʘʣʦʛʝʥʠʜʘʤʠ ʩ ʬʦʩʬʠʥʦʢʩʠʜʘʤʠ ʠ ʩʫʣʴʬʠʜʘʤʠ, ʚʝʨʦʷʪʥʦ, ʧʝʨʚʳʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʦʪ 

ʪʝʨʤʠʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʛʘʣʦʛʝʥʳ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ 

ʯʘʩʪʠʮʳ [146], ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʦʚʝʜʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɺ 1976 ʛ. ɼ. ʄʘʨʪʠʨ 

ʠʩʧʦʣʴʟʦʚʘʣ ʵʪʦʪ ʪʝʨʤʠʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʜʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʛʘʣʦʬʦʨʤʘʤʠ ʩ 

ʵʬʠʨʘʤʠ ʠ ʘʤʠʥʘʤʠ [147]. ʇʦʟʞʝ, ʚ 1983 ʛʦʜʫ, ʧʦʷʚʠʣʘʩʴ ʦʙʟʦʨʥʘʷ ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʪʜʝʣʠʣʠ ʜʘʥʥʳʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪ 

ʜʨʫʛʠʭ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʢʦʥʪʘʢʪʦʚ, ʠ ʦʙʲʝʜʠʥʠʣʠ ʠʭ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴè 

[139]. ʆʥʦ ʩʪʘʣʦ ʨʝʛʫʣʷʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚ ʩʪʘʪʴʝ ʇ. ʄʝʪʨʘʥʛʦʣʦ ʠ ɼʞ. ʈʝʩʥʘʪʠ 

ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʜʣʷ ʢʦʨʨʝʣʷʮʠʠ ʩʪʨʫʢʪʫʨʳ ʜʦʥʦʨʥʳʭ ʠ ʘʢʮʝʧʪʦʨʥʳʭ ʩʘʡʪʦʚ 

ɻʉ ʠ ʩʠʣʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [144].  
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ɺ 2006 ʛ. ʈ. ɻʣʝʡʟʝʨ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çɻʉè ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʣʶʙʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʜʝʡʩʪʚʫʶʪ ʣʠ ʦʥʠ ʢʘʢ 

ʵʣʝʢʪʨʦʬʠʣʳ ʠʣʠ ʥʫʢʣʝʦʬʠʣʳ [148]. ʆʜʥʘʢʦ ʷʩʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʫʪʘʥʠʮʫ. 

ʊʘʢ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʛʘʣʦʛʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʨʦʪʦʥʘʤʠ ʯʝʨʝʟ ʧʦʷʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ̫ʥʦ, ʯʪʦ ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʣʞʥʳ ʥʘʟʳʚʘʪʴʩʷ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ [149].  

ɺ 2013 ʛʦʜʫ ʀʖʇɸʂ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ɻʉ [145]. ʉʦʛʣʘʩʥʦ ʥʝʤʫ, çɻʉ 

ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʝʩʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʘʪʪʨʘʢʪʠʚʥʦʛʦ (ʩʚʷʟʳʚʘʶʱʝʛʦ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ 

ʚ ʜʨʫʛʦʡ ʠʣʠ ʚ ʪʦʡ ʞʝ ʩʘʤʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝè. ʂʣʘʩʩʠʯʝʩʢʘʷ ɻʉ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 

RīXĿĿĿY, ʛʜʝ R-X ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʥʦʨ ɻʉ, X- ʘʪʦʤ ʛʘʣʦʛʝʥʘ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʡ ʩ 

ʛʨʫʧʧʦʡ R, ʠ ʠʤʝʶʱʠʡ ʵʣʝʢʪʨʦʬʠʣʴʥʫʶ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʣʝʢʪʨʦʬʠʣʴʥʫʶ ʦʙʣʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɻʘʣʦʛʝʥ ʪʘʢʞʝ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʦʣʝʝ 

ʦʜʥʦʡ ɻʉ (ʨʠʩ. 4). Y ʷʚʣʷʝʪʩʷ ʘʢʮʝʧʪʦʨʦʤ ɻʉ (ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ) ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʘʥʠʦʥʦʤ ʠʣʠ ʥʝʡʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʦʙʣʘʜʘʶʱʠʤʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ 

ʦʙʣʘʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʘʪʦʤʦʤ ʩ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʦʡ ʠʣʠ ˊ-ʩʠʩʪʝʤʦʡ. 

 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʙʠʩ(ʧʝʥʪʘʬʪʦʨʬʝʥʠʣ)ʙʨʦʤʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ [150]. BF4
ī ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ɻʉ (ʦʙʦʟʥʘʯʝʥʘ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ). ɸʪʦʤʳ F ʦʙʦʟʥʘʯʝʥʳ ʩʘʣʘʪʦʚʳʤ 

ʮʚʝʪʦʤ; Br ï ʦʨʘʥʞʝʚʳʤ. 

ʀʥʦʛʜʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʷʚʣʷʣʠʩʴ ʪʝʨʤʠʥʳ çʬʪʦʨʥʘʷ ʩʚʷʟèɹ [151], çʭʣʦʨʥʘʷ ʩʚʷʟʴè [152], 

çʙʨʦʤʥʘʷ ʩʚʷʟʴè ʠ çʠʦʜʥʘʷ ʩʚʷʟʴè [153] ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ. ʗʩʥʦ, ʯʪʦ ʵʪʠ ʪʝʨʤʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ɻʉ. ʋʜʦʙʩʪʚʦ ʦʙʱʝʛʦ ʪʝʨʤʠʥʘ ʪʘʢʞʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚʦʟʥʠʢʘʝʪ ʘʩʩʦʮʠʘʮʠʷ ʩ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠ ʩʭʦʞʠʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ: 

ʚʦʜʦʨʦʜ rʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʘʢ ʠ ʛʘʣʦʛʝʥʳ. 
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1.1.3 ʇʨʠʤʝʥʝʥʠʝ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ɻʉ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦ ʥʝʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʦʙʣʘʩʪʠ 

ʭʠʤʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʯʘʣʠ ʚʩʝ ʯʘʱʝ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʠʟʘʡʥʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ [154]. ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʜʭʦʜʳ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʦ ʯʸʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʛʫʣʷʨʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʚʘʞʥʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ [155ï158]. 

ʂʦʛʜʘ ʛʦʚʦʨʠʪʩʷ ʦ ʜʠʟʘʡʥʝ ʠ ʩʠʥʪʝʟʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜ ʩʘʤʦʩʙʦʨʢʦʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʝʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʩʦʟʜʘʜʫʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʣʘʜʘʶʱʫʶ ʞʝʣʘʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʣʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʵʪʠ ʧʨʠʥʮʠʧʳ. 

ʇʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ 

ʇʦʨʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʦʨʙʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʛʣʦʱʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʮʝʣʴʶ ʭʨʘʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʛʘʟʳ 

[159, 160]) ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ [161, 162]), ʥʦ ʠ ʨʘʟʜʝʣʷʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʤʝʩʠ. ɻʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ ʦʪʢʨʳʣʘ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ 1999 ʛʦʜʫ ʇ. ʄʝʪʨʘʥʛʦʣʦ ʠ ɼʞ. ʈʝʟʥʘʪʠ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʟʜʝʣʝʥʠʝ 

ʨʘʮʝʤʠʯʝʩʢʦʛʦ 1,2-ʜʠʙʨʦʤʛʝʢʩʘʬʪʦʨʧʨʦʧʘʥʘ ʧʨʠ ʧʦʤʦʱʠ (-)-ʧʘʭʠʢʘʨʧʠʥʘ. ʈʘʟʜʝʣʝʥʠʝ 

ʧʨʦʠʟʦʰʣʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣ ʪʦʣʴʢʦ (S)-ʵʥʘʥʪʠʦʤʝʨʘ, ʩʧʝʮʠʬʠʯʥʦ ʩʚʷʟʘʥʥʦʛʦ 

ɻʉ ʯʝʨʝʟ ʘʪʦʤʳ ʙʨʦʤʘ R-C-Br ʧʝʨʬʪʦʨʧʨʦʧʘʥʘ ʠ ʠʦʥʘʤʠ Br- [163].  

ʉʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʘʥʘʣʘʤʠ ʠʣʠ ʧʦʣʦʩʪʷʤʠ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ ʠʣʠ 

ʢʘʪʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʡ ʠ ʦʯʝʥʴ ʚʘʞʥʦʡ ʪʝʤʦʡ. ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʠʩʪʦʩʪʴ ʩʠʩʪʝʤ [164, 165]. ɻʉ ʧʨʠʚʣʝʢʘʝʪ 

ʚʩʸ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʜʣʷ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ [166]. ʊʘʢ, ʚ 2009 ʛʦʜʫ 

ʈʠʩʩʘʥʝʥʦʤ ʩ ʩʦʘʚʪ. ʙʳʣʦ ʦʧʠʩʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɻʉ ʜʣʷ ʩʘʤʦʩʙʦʨʢʠ ʞʝʩʪʢʠʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ [167]. ɺ ʢʘʯʝʩʪʚʝ ʵʪʠʭ ʙʣʦʢʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʠʧʝʨʘʟʠʥʦʚʳʝ 

ʮʠʢʣʦʬʘʥʳ, ʢʦʪʦʨʳʝ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʩ 1,4-ʜʠʡʦʜʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʦʤ (ʜʦʥʦʨʦʤ ɻʉ) ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʮʠʢʣʦʬʘʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʦʙʨʘʟʦʚʘʣʠ ʩʪʦʣʙʮʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ IĿĿĿN. ʄʦʣʝʢʫʣʳ ʭʣʦʨʦʬʦʨʤʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, 
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ʟʘʥʷʣʠ ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʦʩʪʠ ʮʠʢʣʦʬʘʥʦʚ (ʨʠʩ. 5). ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ 

ʩʦʩʪʘʚʣʷʶʪ 13% ʦʙʲʸʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

 

ʈʠʩ. 5. ʉʚʝʨʭʫ: ʩʪʨʫʢʪʫʨʳ ʧʠʧʝʨʘʟʠʥʦʚʦʛʦ ʮʠʢʣʦʬʘʥʘ (ʘʢʮʝʧʪʦʨʘ ɻʉ) ʠ 1,4-ʜʠʠʦʜ-2,3,5,6-

ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘ (ʜʦʥʦʨʘ ɻʉ) ʚ [167]. ʉʥʠʟʫ: ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʄʦʣʝʢʫʣʳ ʭʣʦʨʦʬʦʨʤʘ ʥʘ ʣʝʚʦʡ ʩʪʨʫʢʪʫʨʝ ʦʧʫʱʝʥʳ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟ 

ɺ ʦʙʣʘʩʪʠ ʥʝʚʘʣʝʥʪʥʦʛʦ ʦʨʛʘʥʦʢʘʪʘʣʠʟʘ ɺʉ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ [168, 169], ʠʟʚʝʩʪʥʦ 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ-ʜʦʥʦʨʦʚ ɺʉ [170ï173]. ʋʯʠʪʳʚʘʷ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ɺʉ ʠ ɻʉ 

ï ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʥʠʦʥʦʚ, ʪ.ʝ. ʚ ʩʝʥʩʦʨʠʢʝ [173ï175], ʣʦʛʠʯʥʳʤ 

ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʉ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ɺʩʢʦʨʝ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤ rʩ ɻʉ ʠʤʝʶʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʘʢʦʚʳʭ ʩ ɺʉ 

[176]. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʚʳʩʦʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ɻʉ [104], ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʜʦʥʦʨʦʚ ɻʉ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ ʨʘʟʣʠʯʥʳʤ ʩʫʙʩʪʨʘʪʘʤ 

[177]. ɺʦ-ʚʪʦʨʳʭ, ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ, ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʳʝ ʜʦʥʦʨʳ ɻʉ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʦʙʥʦʛʦ ʘʥʘʣʦʛʘ ɺʉ. ʊʦ ʝʩʪʴ ʜʦʥʦʨʳ ɻʉ ʙʦʣʝʝ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʝʤ ʠʭ ʘʥʘʣʦʛʠ ʩ ɺʉ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʩʪʨʘʜʘʶʪ ʦʪ 

ʢʦʥʢʫʨʝʥʮʠʠ çʙʦʣʝʝ ʧʦʣʷʨʥʳʡ ʜʦʥʦʨ ɺʉ/ʘʢʮʝʧʪʦʨʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠè [178]. ɺ-ʪʨʝʪʴʠʭ, 

ʧʦʩʢʦʣʴʢʫ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʚʩʝ ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ, ʪʦ ʩʠʣʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʭ ʟʘʤʝʥʦʡ, ʢʦʪʦʨʘʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ 

ʠʟʦʩʪʨʫʢʪʫʨʥʦʡ [179]. ʅʘʢʦʥʝʮ, ʛʘʣʦʛʝʥʳ ʙʦʣʝʝ ʧʦʣʷʨʠʟʫʝʤʳ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ, ʯʝʤ 
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ʚʦʜʦʨʦʜ, ʠ ʜʦʥʦʨʳ ɻʉ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʙʦʣʝʝ ʤʷʛʢʠʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʝʜʧʦʯʪʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ɻʉ. 

ɺʧʝʨʚʳʝ ʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɻʉ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʙʳʣʦ ʩʦʦʙʱʝʥʦ ʚ 2008 

ʛʦʜʫ, ʢʦʛʜʘ ɹʸʣʴʤ ʩ ʩʦʘʚʪ. ʠʩʧʦʣʴʟʦʚʘʣ ʛʘʣʦʛʝʥʧʝʨʬʪʦʨʘʣʢʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2-

ʬʝʥʠʣʭʠʥʦʣʠʥʘ ʵʬʠʨʦʤ ɻʘʥʯʘ (ʨʠʩ. 6) [180]. ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ 19F ʠ 13C ʘʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ɻʉ ʤʝʞʜʫ ʘʪʦʤʘʤʠ I ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠ ʭʠʥʦʣʠʥʦʚʳʤ ʘʪʦʤʦʤ N. ɹʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʙʨʦʤ- ʠ ʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʳ ʨʘʟʥʦʡ ʜʣʠʥʳ; 

ʚʳʭʦʜʳ ʚ ʜʘʥʥʳʭ ʨʝʘʢʮʠʷʭ ʜʦʩʪʠʛʘʶʪ 98%. ʇʨʠ ʵʪʦʤ ʙr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʝʝ ʜʣʠʥʥʳʝ 

ʛʘʣʦʛʝʥʘʣʢʘʥʳ ʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʜʣʠʥʦʡ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʥʚʝʨʩʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʨʷʜʦʤ ʧʨʦʯʥʦʩʪʠ ɻʉ. ɺ ʩʣʫʯʘʝ ʜʦʙʘʚʣʝʥʠʷ ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ ʘʢʮʝʧʪʦʨʘ ɻʉ 2,2,6,6-

ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʦʢʩʠʣ (TEMPO) ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʦʞʠʜʘʝʤʦ 

ʥʠʞʝ. 

 

ʈʠʩ. 6. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 2-ʬʝʥʠʣʭʠʥʦʣʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1-ʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʘ [180]. 

ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚ ʩʠʣʫ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ, ʬʦʪʦʥʠʢʝ ʠ ʜʘʪʯʠʢʘʭ [181, 182]. ʅʘ ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʭʨʦʤʦʬʦʨʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ [183]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ ʫʧʘʢʦʚʢʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ 

ʧʦʤʦʱʴʶ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [184, 185]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʜʠʟʘʡʥʘ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʞʝʣʘʝʤʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [186], 

ʠ ʠʥʞʝʥʝʨʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ɻʉ ʩʪʘʣʘ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʵʪʦʛʦ. 

ɺʳʙʦʨ ʛʘʣʦʛʝʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ 

ʭʨʦʤʦʬʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʚ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʤʦʥʦʛʠʜʨʦʢʩʠʣʴʥʳʭ ʢʦʨʨʦʣʘʭ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʘ  ʩʠʥʛʣʝʪ-ʪʨʠʧʣʝʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 60 ʨʘʟ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʦʜʠʨʦʚʘʥʥʳʭ 
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ʢʦʨʨʦʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [187]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʤʠ ʢʘʢ ʵʬʬʝʢʪ 

ʪʷʞʝʣʦʛʦ ʘʪʦʤʘ [188, 189]. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʭʨʦʤʦʬʦʨʦʚ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ [190] ʠ 

ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ, ʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʳʩʦʢʠʤ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʝʛʦ ʨʦʣʴ ʦʙʳʯʥʦ ʚʨʝʜʥʘ. ʇʨʠʤʝʨʦʤ ʵʪʦʛʦ ʩʣʫʞʠʪ ʩʨʘʚʥʝʥʠʝ ʭʨʦʤʦʬʦʨʦʚ ɸ 

ʠ B (ʨʠʩ. 7): ʠʦʜʠʨʦʚʘʥʥʳʡ ʭʨʦʤʦʬʦʨ ɸ ʧʦʢʘʟʘʣ ʥʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 0.14 (ʚ 

ʪʦʣʫʦʣʝ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʥʝʠʦʜʠʨʦʚʘʥʥʦʛʦ ɺ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 0.90. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ɸ ɻʉ ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʩʙʦʨʢʝ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʨʠ ʵʪʦʤ ʭʨʦʤʦʬʦʨ ɺ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʷʨʢʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʠʟ-ʟʘ ʘʛʨʝʛʘʮʠʠ J-

ʪʠʧʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʘʨʠʣ-ʬʪʦʨʘʨʠʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ [191]. 

 

ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʭʨʦʤʦʬʦʨʦʚ [191]. 

ɺ 2011 ʛʦʜʫ ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ɻʉ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [192]. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʠʟʚʦʜʥʦʝ 

ʩʪʠʣʴʙʝʥʘ ʉ (ʨʠʩ. 8, ʩʣʝʚʘ), ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʜʦʥʦʨʘʤʠ 

ʛʘʣʦʛʝʥʥʦʡ ʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʝʡ (ʨʠʩ. 8, ʩʧʨʘʚʘ), ʩʧʦʩʦʙʥʳʤʠ ʥʝʢʦʚʘʣʝʥʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʮʠʘʥʦʛʨʫʧʧʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ʉ.  

 

ʈʠʩ. 8. ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ [192]. 
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ʂʘʞʜʳʡ ʠʟ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʦʚ ʧʦʢʘʟʘʣ ʠʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʫʧʘʢʦʚʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʯʠʩʪʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʉ (ʨʠʩ. 9). ʕʪʦ ʩʠʣʴʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʥʘʩʪʨʦʠʪʴ ʮʚʝʪ ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʠʥʝʛʦ ʜʦ ʟʝʣʝʥʦʛʦ ʠ ʞʝʣʪʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʭʨʦʤʦʬʦʨʦʚ ʚ ʷʯʝʡʢʝ. 

 

ʈʠʩ. 9. ʇʨʠʤʝʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʦʢ ʯʠʩʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʉ (ʚ ʮʝʥʪʨʝ) ʠ ʝʛʦ 

ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʦʚ [192]. 

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɻʉ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʦ ʠʟʤʝʥʷʪʴ ʢʘʢ 

ʩʪʨʫʢʪʫʨʥʳʝ, ʪʘʢ ʠ ʮʝʣʝʚʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

1.2 ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʘʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. ʂʘʢ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ, ʠʭ ʩʪʨʫʢʪʫʨʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʥʦ ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʩʚʷʟʳʚʘʥʠʷ: 

ʪʝʨʤʠʥʘʣʴʥʳʡ ʤʦʥʦʜʝʥʪʘʪʥʳʡ, ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʩ ʦʜʥʠʤ ʤʝʪʘʣʣʦʮʝʥʪʨʦʤ, ʙʠʜʝʥʪʘʪʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʚ ʩʠʥ-ʩʠʥ, ʩʠʥ-ʘʥʪʠ ʠ ʘʥʪʠ-ʘʥʪʠ-ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʩ ʜʚʫʤʷ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ (ʨʠʩ. 10), 

ʪʨʠʜʝʥʪʘʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩ ʜʚʫʤʷ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ ʠ ʧʨ. [193ï195]. 
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ʈʠʩ. 10. ʊʠʧʳ ʙʠʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʢ ʜʚʫʤ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤ. 

ʕʪʦ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʘʨʙʦʢʩʠʣʘʪʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʠ 

ʘʥʠʦʥʘ, ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʷʜʝʨʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ (ʢʘʢ, ʚʧʨʦʯʝʤ, ʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ) ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʦʜʭʦʜʦʚ ʢ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʩʠʥʪʝʟʫ 

ʩʦʝʜʠʥʝʥʠʡ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʞʝʣʘʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, 

ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʠʨʦʜʫ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʦʢʦ [1ï4]. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʪʨʦʝʥʠʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʮʝʣʝʚʳʝ ʩʚʦʡʩʪʚʘ, ʚʢʣʶʯʘʷ ʤʘʛʥʠʪʥʳʝ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʠ ʜʨ. ʋʯʠʪʳʚʘʷ ʞʝ, ʯʪʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ çʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚè ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʚʦʜʦʨʦʜʥʘʷ, ʛʘʣʦʛʝʥʥʘʷ, 

ʭʘʣʴʢʦʛʝʥʥʘʷ ʠ ʜʨ. ʩʚʷʟʠ, -́ -́ʩʪʵʢʠʥʛ) ʪʘʢʞʝ ʤʦʞʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʷʚʣʝʥʠʠ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʩʚʦʡʩʪʚ, ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʪʝʤ ʙʦʣʝʝ ʥʝʪʨʠʚʠʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ.  

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II) ʠ 

Zn(II), ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥʳ ï ʧʨʦʠʟʚʦʜʥʳʝ 

ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

1.2.1 ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(II ) 

ʄʦʥʦʷʜʝʨʥʳʝ 

ʄʦʥʦʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʳ ʤʝʜʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʤʦʪʠʚʘʤʠ 

ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ. ʊʘʢ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ʂʏ=4 ʭʘʨʘʢʪʝʨʥʘ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʘʷ 

ʠʣʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʦʚ; ʜʣʷ ʂʏ=5 ï ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ, ʜʣʷ ʂʏ=6 ï 

ʦʢʪʘʵʜʨ.  

ɺ 2018 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ [62], ʚ ʢʦʪʦʨʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʥʠʢʦʪʠʥʘʤʠʜʦʤ (ʚʠʪʘʤʠʥ B3) ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʤʠ ʙʝʥʟʦʘʪʘʤʠ (ʨʠʩ. 11).  
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ʈʠʩ. 11. ʈʷʜ ʣʠʛʘʥʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ [62]. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʪʦʤʳ ʤʝʜʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʤ 

ʦʢʨʫʞʝʥʠʠ, ʩʚʷʟʘʥʳ ʩ 2 ʧʠʨʠʜʠʥʦʚʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʥʠʢʦʪʠʥʘʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ (ʨʘʩʩʪʦʷʥʠʷ 

Cu-N ʩʦʩʪʘʚʣʷʶʪ 1.989ï2.043 ¡), ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ, ʠ ʩ ʜʚʫʤʷ ʤʦʥʦʜʝʥʪʘʪʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (Cu-O ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1.936ï2.158 ¡). 

ʈʘʩʩʪʦʷʥʠʷ ʜʦ ʦʩʪʘʚʰʠʭʩʷ ʜʚʫʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʦʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 2.246-3.032 ¡, ʧʦʟʚʦʣʷʷ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʝʤʠʢʦʦʨʜʠʥʘʮʠʶ, ʯʪʦ ʦʪʣʠʯʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʛʝʦʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨ  rCu(II ).  

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʩʝʨʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩ [Cu(3-Fbz)2(nia)2], ʘʥʘʣʠʟ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʢʦʪʦʨʦʤ ʛʦʚʦʨʠʪ ʦ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʢʚʘʜʨʘʪʥʦʡ ʙʠʧʠʨʘʤʠʜ rʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʜʠ (ʨʠʩ. 12). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, [Cu(2-

Clbz)2(nia)2] H2O ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʣʠʵʜʨ ʚ ʚʠʜʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʪʷʥʫʪʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʙʠʧʠʨʘʤʠʜʳ ʚʦʢʨʫʛ ʘʪʦʤʘ ʤʝʜʠ, ʚ ʢʦʪʦʨʦʡ ʘʢʩʠʘʣʴʥʳʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʩʝʤʠʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 

[196]. 
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ʈʠʩ. 12. ʉʪʨʫʢʪʫʨʘ [Cu(3-Fbz)2(nia)2] ʠʟ ʨʘʙʦʪʳ [196] ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʧʦʣʠʵʜʨʦʤ ʚ ʚʠʜʝ 

ʦʢʪʘʵʜʨʘ. ʈʘʩʩʪʦʷʥʠʷ Cu1ïN1 = 2.010 ¡, Cu1ïO1 = 2.158 ¡, Cu1ïO2 = 2.245 ¡. 

ɺ 2016 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ [73], ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʩ 

ʧʠʢʦʣʠʥʦʤ (ɓ- ʠ ɔ-) ʠ 3-ʛʘʣʦʛʝʥʙʝʥʟʦʘʪ-ʣʠʛʘʥʜʘʤʠ (3-ʭʣʦʨ- ʠ 3-ʙʨʦʤ). ɺ [Cu(3-chlorobenzoate)2(ɓ-

picoline)2] ʤʝʜʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʫ  ʁ ʢʦʦʨʜʠʥʘʮʠ ʁ (ʨʠʩ. 13) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʚʦʜʦʨʦʜʥʳʭ (ʯʝʨʥʳʡ ʮʚʝʪ), C-HĿĿĿˊ 

(ʟʝʣʸʥʳʡ ʮʚʝʪ) ʠ ˊĿĿĿ-́ʩʪʵʢʠʥʛʘ (ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ) ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʧʠʢʦʣʠʥʦʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ 3.61 ¡. 
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ʈʠʩ. 13. ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʚ ʩʪʨʫʢʪʫʨʝ [Cu(3-chlorobenzoate)2(ɓ-picoline)2]: ʯʝʨʥʳʝ- 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʟʝʣʸʥʳʝ- C-HĿĿĿˊ ʠ ʬʠʦʣʝʪʦʚʳʝ ˊĿĿĿˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [73]. 

ɺ ʩʣʫʯʘʷʭ 2-ʭʣʦʨ-4-ʬʪʦʨ- ʠ 2,4-ʜʠʭʣʦʨʙʝʥʟʦʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II ) ʩ ɓ-ʧʠʢʦʣʠʥʦʤ [74] 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʢʪʘʵʜʨ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʳʤ ʫʜʣʠʥʝʥʠʝʤ ʠʟ-ʟʘ ʗʥ-

ʊʝʣʣʝʨʦʚʩʢʦʛʦ ʠʩʢʘʞʝʥʠʷ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʢʦʤʙʠʥʘʮʠʠ 2-ʭʣʦʨ-4-ʬʪʦʨʙʝʥʟʦʘʪʘ ʩ 

ʧʠʢʦʣʠʥʦʤ ʢʘʨʙʦʢʩʠʣʘʪ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʙʠʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Cu-O = 2.580 ʠ 

2.979 ¡. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʝ ʜʠʭʣʦʨʟʘʤʝʱʸʥʥʦʡ ʢʠʩʣʦʪʳ ʨʝʘʣʠʟʫʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʘʷ 

ʢʦʦʨʜʠʥʘʮʠʷ (ʨʠʩ. 14), ʘ ʦʩʚʦʙʦʜʠʚʰʝʝʩʷ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʘʢʚʘ-ʣʠʛʘʥʜ, ʢʦʪʦʨʳʡ ʧʨʠ ʵʪʦʤ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʚʦʙʦʜʥʳʤ ʘʪʦʤʦʤ ʆ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ (ʜʣʠʥʳ ʩʚʷʟʝʡ 

Cu-O ʩʦʩʪʘʚʣʷʶʪ 1.964 ʠ 2.528 ¡ ʜʣʷ ʙʝʥʟʦʘʪʥʦʛʦ ʠ ʘʢʚʘ-ʣʠʛʘʥʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  
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ʈʠʩ. 14. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-[Cu(2,4-Cl2C7H3O2)2(ɓ-pic)2(H2O)2] [74]. 

ɹʠʷʜʝʨʥʳʝ 

ɹʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʳ ʤʝʜʠ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʟʘ ʩʯʸʪ ʢʘʢ ʨʘʟʥʦʛʦ ʯʠʩʣʘ 

ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʤʦʪʠʚʦʚ ʩʚʷʟʳʚʘʥʠʷ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢ, ʠʟʚʝʩʪʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II ) ʩʦ ʩʪʨʦʝʥʠʝʤ ʪʠʧʘ çʢʠʪʘʡʩʢʠʡ 

ʬʦʥʘʨʠʢè [Cu(RCOO)2(L)]2, ʛʜʝ L ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʠʢʘʣʴʥʳʡ ʣʠʛʘʥʜ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ 

ʠʣʠ ʘʟʦʪʘ [197ï201]. ʆʥʠ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ (ʉʄʆʂʇ) ï ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʩʣʘʙʳʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʠʣʘʤʠ, ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʝʤʳʭ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ [202ï205]. ʉʨʝʜʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ 

ʉʄʆʂʇ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠʤʝʶʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʩʠʣʴʥʳʭ ʠ ʠʛʨʘʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʠʥʞʝʥʝʨʠʠ ʢʨʠʩʪʘʣʣʦʚ [206, 207]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

[Cu(m-MeCO2)2(4-Bzpy)]2 (ʨʠʩ. 15), ʧʦʣʫʯʝʥʥʳʡ ʟʘʤʝʱʝʥʠʝʤ ʘʧʠʢʘʣʴʥʳʭ ʘʢʚʘ-ʣʠʛʘʥʜʦʚ ʥʘ 4-

ʙʝʥʟʠʣʧʠʨʠʜʠʥ ʚ ʨʘʩʪʚʦʨʝ ʤʝʪʘʥʦʣʘ [208].  
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ʈʠʩ. 15. ʉʪʨʫʢʪʫʨʘ [Cu(m-MeCO2)2 (4-Bzpy)]2 [208]. 

ɺ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥ: ʧʦ ʦʜʥʦʤʫ ʘʪʦʤʫ O ʦʪ 

ʢʘʞʜʦʛʦ ʠʟ 4 ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (Cu-O = 1.964-1.972 ¡) ʠ ʧʦ ʦʜʥʦʤʫ ʘʪʦʤʫ N 

ʦʪ ʘʧʠʢʘʣʴʥʳʭ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ (Cu-N = 2.183 ¡) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʢʘʞʸʥʥʦʛʦ ʢʚʘʜʨʘʪʥʦ-

ʧʠʨʘʤʠʜʘʣʴʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ. ʈʘʩʩʪʦʷʥʠʷ CuĿĿĿCu ʩʦʩʪʘʚʣʷʶʪ 2.622 ¡. ɼʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʪʨʦʝʥʠʝʤ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè [209ï212], 

ʘ 4 ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʘ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʘʣʝʥʠʝ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʚʧʣʦʪʴ ʜʦ 3.452 ¡ [213]. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 2 

ʪʝʤʧʝʨʘʪʫʨʘʭ: 100ʂ ʠ 303ʂ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʚʩʝʛʦ ʥʘ 3%, ʦʜʥʘʢʦ, ʵʪʦʛʦ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 2 ʠʟ 3 ʪʠʧʦʚ ɺʉ ʧʝʨʝʩʪʘʣʠ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚʧʣʦʪʴ ʜʦ 0.103 ¡, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʜʨʫʛʠʭ 

ʨʘʙʦʪʘʭ [214, 215]. 

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ çʧʦʣʫʬʦʥʘʨʠʢʘè, ʢʦʛʜʘ ʢʘʪʠʦʥʳ ʤʝʜʠ ʩʚʷʟʳʚʘʶʪʩʷ ʥʝ 4, ʘ 2 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ [Cu2(ɛ-TCA)2(TCA)2(MET)4] 

(TCA - ʪʨʠʭʣʦʨʘʮʝʪʘʪ, ʄɽʊ - ʤʝʪʨʦʥʠʜʘʟʦʣ) (ʨʠʩ. 16) [216], ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʤʝʪʘʣʣʦʮʝʥʪʨ 

ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ (Cu-O = 1.963-2.248 ¡) ʠ ʦʜʥʠʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤ 

ʣʠʛʘʥʜʦʤ ʩ ʤʦʥʦʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ (Cu-O = 1.962 ¡) ʠ ʜʚʫʤʷ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (Cu-

N = 1.995-2.000 ¡). Cu(II) ʠʤʝʶʪ ʛʝʦʤʝʪʨʠʶ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ ʩ ʨʘʩʩʪʦʷʥʠʝʤ CuĿĿĿCu 

4.462 ¡.  
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ʈʠʩ. 16. ʉʪʨʫʢʪʫʨʘ [Cu2(ɛ-TCA)2(TCA)2(MET)4] [216]. ʄʝʪʨʦʥʠʜʘʟʦʣʴʥʳʝ ʣʠʛʘʥʜʳ ʚ 3 ʩʣʫʯʘʷʭ 

ʩʦʢʨʘʱʝʥʳ ʜʦ ʘʪʦʤʦʚ N. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʪʨʫʢʪʫʨʳ ʩ ʚʢʣʶʯʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʤʦʩʪʠʢʦʚʦʡ ʛʨʫʧʧʳ, ʥʘʧʨʠʤʝʨ, OH, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ [Cu2Phen2(CH3CO2)2OH]2[B10Cl10] (ʨʠʩ. 17) 

[217]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʪʦʤʳ ʤʝʜʠ ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 2 ʘʪʦʤʘʤʠ O ʦʪ 2 ʤʦʩʪʠʢʦʚʳʭ ʘʮʝʪʘʪʥʳʭ 

ʣʠʛʘʥʜʦʚ (Cu-O = 1.961-2.166 ¡), ʘʪʦʤʦʤ O ʛʠʜʨʦʢʩʦ-ʘʥʠʦʥʘ (Cu-O = 1.903 ¡) ʠ 2 ʘʪʦʤʘʤʠ N 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ 

ʩʦʩʪʘʚʣʷʶʪ 3.234 ¡. 

 

ʈʠʩ. 17. ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ [Cu2Phen2(CH3CO2)2OH]2[B10Cl10] [217]. 

https://doi.org/10.1016/j.ica.2019.119404


29 
 

çʂʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè - ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʮʠʡ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʚʘ Cu(II) ʩʦʝʜʠʥʷʶʪʩʷ ʜʚʫʤʷ Õ2-

ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʍʦʨʦʰʠʡ ʧʨʠʤʝʨ - ʨʘʙʦʪʘ [218], ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʪʳʨʸʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II) ʩ ʭʠʨʘʣʴʥʳʤ ʪʨʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ LH  

(LH  = (R,S,) 2-((1-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʵʪʠʣʠʤʠʥʦ)ʤʝʪʠʣ)ʬʝʥʦʣ) (ʨʠʩ. 18) ʙʝʟ ʚʪʦʨʠʯʥʳʭ ʣʠʛʘʥʜʦʚ (2.1) 

ʠ ʩ ʧʩʝʚʜʦʛʘʣʦʛʝʥʘʤʠ N3
- (2.2), NCS- (2.3), NCO- (2.4). 

 

ʈʠʩ. 18. ʉʪʨʫʢʪʫʨʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʣʠʛʘʥʜʘ LH  ʚ [218]. 

ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 2.1, 2.3 ʠ 2.4 ʷʚʣʷʶʪʩʷ ʧʩʝʚʜʦʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ, ʪʘʢ 

ʢʘʢ ʤʦʪʠʚ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ (ʨʠʩ. 19). ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʛʝʦʤʝʪʨʠʷ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʠʩʢʘʞʸʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʦʪʦʨʦʡ ʟʘʧʦʣʥʝʥʘ ʦʜʥʠʤ ʤʦʩʪʠʢʦʚʳʤ R- ʠʣʠ S- ʣʠʛʘʥʜʦʤ ʚ 

ʤʝʨʠʜʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʥʠʦʥʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʛʝʪʝʨʦʭʠʨʘʣʴʥʘʷ ʜʠʤʝʨʠʟʘʮʠʷ. ʈʘʩʩʪʦʷʥʠʷ CuĿĿĿCu ʩʦʩʪʘʚʣʷʶʪ 3.172 ¡, 3.150 ¡, 3.343 ¡, ʘ ʜʣʠʥʳ 

ʩʚʷʟʝʡ Cu-O 1.901-2.480 ¡, 1.926-2.413 ¡ ʠ 1.927-2.693 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 2.1, 2.3 ʠ 2.4 ï 

ʥʘʣʠʯʠʝ ʪʘʢʦʡ ʜʣʠʥʥʦʡ ʘʢʩʠʘʣʴʥʦʡ ʩʚʷʟʠ Cu-O ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʢʘʞʝʥʠʝʤ ʗʥ-ʊʝʣʣʝʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʘ ʦʥʘ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʧʠʨʘʤʠʜʳ. 

 

ʈʠʩ. 19. ʉʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 2.1 (ʩʣʝʚʘ), 2.3 (ʧʦ ʮʝʥʪʨʫ) ʠ 2.4 (ʩʧʨʘʚʘ) [218]. 

ʀʥʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ ʙʳʣ ʧʦʣʫʯʝʥ ʜʣʷ 2.2 (ʨʠʩ. 20). ʕʪʦ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ 

ʢʦʪʦʨʦʤ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʜʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʨʠʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 
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ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʘ ʚʳʩʪʫʧʘʶʪ ʘʪʦʤʳ N ʘʟʠʜ-ʠʦʥʦʚ, ʘ ʥʝ O 

ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʛʝʪʝʨʦʭʠʨʘʣʴʥʘʷ ʜʠʤʝʨʠʟʘʮʠʷ. ʈʘʩʩʪʦʷʥʠʷ CuĿĿĿCu 

ʩʦʩʪʘʚʣʷʶʪ 3.44 ¡, ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ Cu-N 1.992 ¡ ʠ 2.591 ¡. ɻʝʦʤʝʪʨʠʷ ʘʪʦʤʦʚ ʤʝʜʠ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʠʩʢʘʞʸʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ.  

 

ʈʠʩ. 20. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 2.2 [218]. 

ʇʦʣʠʷʜʝʨʥʳʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʫʩʧʝʰʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʤʥʦʛʦʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʪʘʢ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʠ 

ʜʠʩʢʨʝʪʥʳʭ ʤʥʦʛʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʤʝʩʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʠ ʘʥʠʦʥʥʦʛʦ 

ʣʠʛʘʥʜʘ [219, 220].  

ʇʨʠʤʝʨʦʤ ʪʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʷʚʣʷʝʪʩʷ [Cu3(H2tea)2(ba)2(NO3)2] (ʛʜʝ H3tea - 

ʪʨʠʵʪʘʥʦʣʘʤʠʥ, Hba ï ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ) (ʨʠʩ. 21) [221]. ɺ ʥʸʤ ʢʘʞʜʳʡ ʘʪʦʤ Cu ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʠʩʢʘʞʸʥʥʫʶ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ. ʎʝʥʪʨʘʣʴʥʳʡ ʠʦʥ Cu(II) ʩʚʷʟʘʥ ʪʨʝʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 

ʛʨʫʧʧʘʤʠ ʩ ʢʘʞʜʳʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʪʦʤʦʤ ʤʝʜʠ: ʦʜʠʥ ʠʟ ʥʠʭ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ 

ʪʨʠʵʪʘʥʦʣʘʤʠʥ (Cu-O = 2.584 ¡), ʦʜʥʘ ʥʠʪʨʦʛʨʫʧʧʘ (Cu-O = 1.959 ¡) ʠ ʦʜʠʥ ʙʝʥʟʦʘʪʥʳʡ ʣʠʛʘʥʜ 

(Cu-O = 1.944 ¡), ʬʦʨʤʠʨʫʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʚʠʜʘ CuO6. ʊʝʨʤʠʥʘʣʴʥʳʝ 

ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʛʝʢʩʘʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ CuO5N: 3 ʘʪʦʤʘʤʠ O ʠ 1 

ʘʪʦʤʦʤ N ʣʠʛʘʥʜʘ H2tea (Cu-O = 1.958-2.228 ¡; Cu-N = 2.018 ¡), ʠ ʧʦ 1 ʘʪʦʤʫ O ʦʪ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ (Cu-O = 1.910 ¡) ʠ ʥʠʪʨʦʛʨʫʧʧʳ (Cu-O = 2.707 ¡). ʈʘʩʩʪʦʷʥʠʷ CuĿĿĿCu 

ʩʦʩʪʘʚʣʷʶʪ 3.177 ¡. 
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ʈʠʩ. 21. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cu3(H2tea)2(ba)2(NO3)2] ʚ [221]. ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʣʠʛʘʥʜʳ 

ʩʦʢʨʘʱʝʥʳ ʜʦ COO ʛʨʫʧʧ, ʥʠʪʨʘʪʥʳʝ ʜʦ NO. 

ʆʜʠʥ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ Cu(II) ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ [222]. 

ɺ [Cu(HLACO)(ClO4)(phen)]4 (ʛʜʝ phen ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, HLACO ï  ʣʘʢʪʘʪ-ʤʦʥʦʘʥʠʦʥ) (ʨʠʩ. 

22) ʠʦʥʳ Cu(II) ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʣʘʢʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʩ 

ʛʝʦʤʝʪʨʠʝʡ ʚ ʚʠʜʝ ʠʩʢʘʞʸʥʥʦʛʦ ʦʢʪʘʵʜʨʘ. ɹʘʟʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʜʚʫʤʷ ʘʪʦʤʘʤʠ N ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ (Cu-N = 2.002-2.022 ¡) ʠ 

ʜʚʫʤʷ ʘʪʦʤʘʤʠ O ʜʚʫʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (Cu-O = 1.976-1.978 ¡). ɸʧʠʢʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʟʘʥʷʪʳ ʦʜʥʠʤ ʘʪʦʤʦʤ O ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ (Cu-O = 2.304 ¡) ʠ ʘʪʦʤʦʤ O 

ʧʝʨʭʣʦʨʘʪ-ʘʥʠʦʥʘ (Cu-O = 2.567 ¡). ʈʘʩʩʪʦʷʥʠʷ CuĿĿĿCu ʩʦʩʪʘʚʣʷʶʪ 5.088 ¡. 
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ʈʠʩ. 22. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cu(HLACO)(ClO4)(phen)]4 [222]. 

ʂʦʤʧʣʝʢʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʚʢʣʶʯʘʶʪ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʢʘʨʙʦʢʩʠʣʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʚʦʜʦʨʦʜʘ ʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʪʦʤ O ʢʘʨʙʦʢʩʠʣʥɹʦʡ ʛʨʫʧʧʳ ʠʣʠ ʘʪʦʤ O ʠʟ ʧʝʨʭʣʦʨʘʪʥʳʭ ʘʥʠʦʥʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʦʚ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ O-HĿĿĿO ʚ ʜʠʘʧʘʟʦʥʝ 2.71-3.02 ¡. 

ɼʠʩʢʨʝʪʥʳʝ ʪʝʪʨʘʤʝʨʳ ʩʚʷʟʘʥʳ ʩʣʘʙʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ C-HphenĿĿĿO, ʨʘʩʩʪʦʷʥʠʷ 

ʢʦʪʦʨʳʭ ʚʩʝʛʜʘ ʙʦʣʴʰʝ 3 ¡, ʠ ˊ-ˊ ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʨʭyʤʝʨʥʳʤ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʩʦʜʝʨʞʘʱʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʫʩʪʦʪʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 23. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʪʨʘʷʜʝʨʥʳʝ ʤʦʣʝʢʫʣʳ ʫʢʣʘʜʳʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʚʜʦʣʴ ʦʩʠ ʩ ʩ 

ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʢʦʣʴʮʘʤʠ phen ʚ 3.789 ¡. 
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ʈʠʩ. 23. 3D ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ [Cu(HLACO)(ClO4)(phen)]4 ʟʘ ʩʯʸʪ ˊ-ˊ ʩʪʵʢʠʥʛ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ [222]. 

ʇʦʩʣʝʜʥʠʤ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

{[Cu4(bpy)4(1-NTAA)5](BF4)3Ā3(CH3OH)ĀH2O}n (ʛʜʝ bpy ï 2,2ô-ʙʠʧʠʨʠʜʠʥ, NTAA ï ʘʣʴʬʘ-

ʥʘʬʪʠʣʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ), ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [223]. ɿʚʝʥʦʤ ʜʘʥʥʦʛʦ 1D ʧʦʣʠʤʝʨʘ ʷʚʣʷʝʪʩʷ 

ʬʨʘʛʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ Cu(II), ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʩ ʧʷʪʴʶ ʠʦʥʘʤʠ ʥʘʬʪʘʣʠʥ-1-

ʘʮʝʪʘʪʘ ʠ ʯʝʪʳʨʴʤʷ bpy (ʨʠʩ. 24). ʏʝʪʳʨʝ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʠʤʝʶʪ ʜʚʘ ʨʘʟʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʵʜʨʘ: Cu1 ʠ Cu2 ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʘ Cu3 ʠ Cu4 ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ. ʈʘʩʩʪʦʷʥʠʷ 

CuĿĿĿCu ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʮʝʧʠ ʩʦʩʪʘʚʣʷʶʪ 4.538, 3.179, 4.433, 3.072 ¡ ʜʣʷ Cu3-Cu2, Cu2-Cu1, 

Cu1-Cu4, Cu4-Cu3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʎʝʥʪʨʘʣʴʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʳ ʩ ʧʷʪʴʶ ʤʦʩʪʠʢʦʚʳʤʠ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʫʭ ʪʠʧʘʭ ʢʦʦʨʜʠʥʘʮʠʠ: ʙʠʜʝʥʪʘʪʥʳʝ ʚ ʩʠʥ-

ʩʠʥ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʠ ʤʦʩʪʠʢʦʚʦʝ ʩʚʷʟʳʚʘʥʠʝ [224].  ɼʣʠʥʳ ʩʚʷʟʝʡ CuïO 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1.932-2.319 ¡. ʏʝʪʳʨʝ ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ bpy 

ʧʨʠʥʠʤʘʶʪ ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ɛ2-ɖ
1,ɖ1 ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ CuïN, 

ʚʘʨʴʠʨʫʶʱʠʤʠʩʷ ʦʪ 1.980 ¡ ʜʦ 2.016 ¡.  
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ʈʠʩ. 24. ʉʪʨʫʢʪʫʨʘ ʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ 1D ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ {[Cu4(bpy)4(1-

NTAA)5](BF4)3Ā3(CH3OH)ĀH2O}n [223]. 

1.2.2 ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Zn(II ) 

Zn ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

ʵʣʝʤʝʥʪʦʚ. ʇʦʤʠʤʦ ʜʝʰʝʚʠʟʥʳ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʝʛʦ ʩʚʦʡʩʪʚ, ʜʝʣʘʶʱʠʭ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ 

ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʦʥʪʝʢʩʪʝ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʥ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ, ʥʝ ʧʨʦʷʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚ ʪʝʭ ʫʩʣʦʚʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʚʨʘʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʩʣʘʙʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʣʠʛʘʥʜʦʚ, ʪ.ʝ. ʩʧʦʩʦʙʝʥ 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʠʭ çʥʦʩʠʪʝʣʷè [225, 226]. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʜʣʷ Zn(II) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠ 

ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʭ 

ʦʩʥʦʚʥʳʝ ʪʠʧʳ. 

ʄʦʥʦʷʜʝʨʥʳʝ 

ɺ ʤʦʥʦʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʘʭ Zn(II) ʨʝʘʣʠʟʫʶʪʩʷ ʂʏ = 4, 5 ʠʣʠ 6. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ [75], ʚ ʢʦʪʦʨʦʡ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʙʠʜʝʥʪʘʪʥʳʭ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʧʠʚʘʣʘʪʦʚ Zn(II). ɹʳʣʠ ʧʦʣʫʯʝʥʳ [Zn(piv)2(bpy)] (3.1), [Zn(piv)2(neocup)] (3.2), 

ʛʜʝ piv = ʪʨʠʤʝʪʠʣʘʮʝʪʘʪ, bpy = 2,2ô-ʙʠʧʠʨʠʜʠʥ, neocup = 2,9-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ.  
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ʊʘʢ, ʚ ʢʦʤʧʣʝʢʩʝ 3.1 (ʨʠʩ 25, ʩʣʝʚʘ) ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ r 2 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ (Zn-O1 = 1.975 ʠ Zn-O2 = 2.493 ¡) ʠ 1 ʧʠʨʠʜʠʥʦʚʳʡ ʣʠʛʘʥʜ (Zn-N = 2.100 ¡), 

ʦʙʨʘʟʫʷ ʩʠʣʴʥʦ ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ. ʄʝʞʜʫ ʧʠʨʠʜʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʣʠʛʘʥʜʦʚ ʩʦʩʝʜʥʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʝʩʪʴ -́ʩʪʵʢʠʥʛʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (3.405 ¡), ʚʝʜʫʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʦʯʢʠ (ʨʠʩ. 25, ʩʧʨʘʚʘ). 

 

ʈʠʩ. 25. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 3.1 (ʩʣʝʚʘ) ʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ 

(ʩʧʨʘʚʘ) [75].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ 2,9-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʧʨʠʚʝʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 3.2 (ʨʠʩ. 26, ʩʣʝʚʘ), ʚ ʢʦʪʦʨʦʤ ʦʢʨʫʞʝʥʠʝ Zn(II) ʠʤʝʝʪ 

ʛʝʦʤʝʪʨʠʶ ʠʩʢʘʞʸʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ. ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ O ʜʚʫʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (ʦʜʠʥ ʠʟ ʥʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʤʦʥʦʜʝʥʪʘʪʥʦ (Zn-O1 = 1.961 ¡, Zn-O3 = 

2.078 ¡, Zn-O4 = 2.311 ¡)) ʠ 2 ʘʪʦʤʘʤʠ N ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ (Zn-N1 = 2.088 ¡, Zn-

N2 = 2.137 ¡). ˊ-ʩʪʵʢʠʥʛʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ (3.437 ¡) ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʜʠʤʝʨʦʚ (ʨʠʩ. 26, ʩʧʨʘʚʘ). 

 

ʈʠʩ. 26. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ 3.2 [75]. 
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ʅʘʢʦʥʝʮ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ Zn(II ) ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

[Zn(fur)2(neoc)] (4.1) (fur = 2-ʬʫʨʘʥʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥ, neoc = 2,9-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ) 

(ʨʠʩ. 27, ʩʣʝʚʘ) [13]. ʉʪʨʫʢʪʫʨʫ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ ʩ [Zn(AcO)2(neoc)] (4.2), 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʪʦʡ ʞʝ ʨʘʙʦʪʝ (ʨʠʩ. 27, ʩʧʨʘʚʘ). ʊʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʢ ʮʠʥʢʫ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ 2 ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʘ (Zn-O =1.949 ʠ 1.976 ¡), ʘ 

ʪʘʢʞʝ (ʭʝʣʘʪʥʦ) N,N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ (Zn-N = 2.057 ʠ 2.070 ¡), ʦʙʨʘʟʫʷ ʠʩʢʘʞʸʥʥʳʡ ʪʝʪʨʘʵʜʨ. 

ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝʛʦ ʧʦ ʨʘʟʤʝʨʘʤ ʘʮʝʪʘʪ-ʘʥʠʦʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʮʠʥʢʫ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 

ʤʦʥʦ-, ʪʘʢ ʠ ʙʠʜʝʥʪʘʪʥʦ (Zn-O = 1.911 ʠ 2.43 ¡). ʍʝʣʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ (Zn-N = 2.082 ʠ 2.102 ¡) ʟʘʚʝʨʰʘʝʪ ʠʩʢʘʞʸʥʥʦʝ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Zn. 

 

ʈʠʩ. 27. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ 4.1 (ʩʣʝʚʘ) ʠ 4.2 (ʩʧʨʘʚʘ) [13]. 

ɺ ʦʙʦʠʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʤʝʱʸʥʥʳʝ ˊ-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ N-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩ ʤʝʞʮʝʥʪʨʦʚʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʚ 3.566ï3.887 ¡. ʆʜʥʘʢʦ, ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʫʧʘʢʦʚʢʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 2 ʨʘʟʥʳʤ ʤʦʪʠʚʘʤ: ʜʣʷ 4.1 ʵʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʦʯʢʠ (ʨʠʩ. 28, ʩʣʝʚʘ), ʘ ʜʣʷ 4.2 - ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ 

ʜʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʟʘ ʩʯʸʪ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ C-HĿĿĿO (2.431 ¡) ʦʙʨʘʟʫʶʪ 1D ʮʝʧʦʯʢʫ (ʨʠʩ. 

28, ʩʧʨʘʚʘ). 
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ʈʠʩ. 28. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ 4.1 (ʩʣʝʚʘ) ʠ 4.2 (ʩʧʨʘʚʘ) - ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʮʝʧʦʯʝʢ [13]. 

ɹʠʷʜʝʨʥʳʝ 

ʂʘʢ ʠ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʘʭ ʩ Cu(II), ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Zn(II) ʯʘʩʪʦ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʪʠʧʫ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ [Zn2(L)2(OBn)4] (L = (1H-

ʙʝʥʟʠʤʠʜʘʟʦʣ-2-ʠʣʤʝʪʠʣ)-2-ʙʨʦʤʘʥʠʣʠʥ, OBn = ʙʝʥʟʦʘʪ-ʘʥʠʦʥ) [83]. ɺ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 29) ʢʘʞʜʳʡ ʠʦʥ Zn(II) ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ O 

ʤʦʩʪʠʢʦʚʳʭ ʙʝʥʟʦʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʘʢʩʠʘʣʴʥʦ ʦʜʥʠʤ ʘʪʦʤʦʤ N ʙʝʥʟʠʤʠʜʘʟʦʣʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, 

ʯʪʦ ʜʘʸʪ ʛʝʦʤʝʪʨʠʶ ʠʩʢʘʞʸʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ. ɼʣʠʥʳ ʩʚʷʟʠ ZnïO ʩʦʩʪʘʚʣʷʶʪ 2.027 ï 

2.116 ¡, ZnïN ï2.020 ¡; ʧʦʜʦʙʥʳʝ ʟʥʘʯʝʥʠʷ ʪʠʧʠʯʥʳ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ [227ï229]. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʠʦʥʘʤʠ Zn(II ) ʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 3.031 ¡, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ ʦ ʜʨʫʛʠʭ ʜʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Zn(II) [230, 231] ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʩʫʤʤʳ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʜʣʷ ʜʚʫʭ Zn (1.39 ¡) [232]. 

 

ʈʠʩ. 29. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn2(L)2(OBn)4] [83]. 
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ʂʨʦʤʝ ʪʦʛʦ, ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʨʝʰʝʪʢʝ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʘʪʦʤʦʤ O ʙʝʥʟʦʘʪʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʝʪʘʣʣʦʤ (O5-H5ĿĿĿO2 = 1.98 ¡), ʠ ʘʪʦʤʦʤ N ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʦʩʝʜʥʝʡ 

ʤʦʣʝʢʫʣʳ (N2ïH2ĿĿĿO5 = 1.97 ¡). ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʨʘʟʫʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʮʝʧʦʯʢʠ 

(ʨʠʩ. 30), ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ˊĿĿĿˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʫʣʦʞʝʥʥʳʤʠ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʙʝʥʟʠʤʠʜʘʟʦʣʠʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʩʦʩʝʜʥʠʭ ʧʘʨ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 3.38 ¡). 

 

ʈʠʩ. 30. ʋʧʘʢʦʚʢʘ ʚ ʢʨʠʩʪʘʣʣʝ ʢʦʤʧʣʝʢʩʘ [Zn2(L)2(OBn)4] ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ [83].  

 ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʟʘʤʝʱʝʥʥʳʭ 

ʩʘʣʠʮʠʣʘʪʘʭ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʰʝʩʪʠʯʣʝʥʥʳʭ ʭʝʣʘʪʥʳʭ ʮʠʢʣʦʚ, ʪʘʢ ʠ ʩʣʦʞʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʥʫʪʨʠ- ʠ/ʠʣʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʥʦʛʦʤʝʨʥʳʭ ʘʥʩʘʤʙʣʝʡ 

[233ï236]. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [237] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʢʦʛʦ ʤʦʩʪʠʢʦʚʦʛʦ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ 

1,10-(1,4-ʙʫʪʘʥʜʠʠʣ)ʙʠʩ(ʠʤʠʜʘʟʦʣ) (biim-4). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʨʷʜ 

ʩʘʣʠʮʠʣʘʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ: ʩʘʣʠʮʠʣʦʚʘʷ, (H2L1), 4-ʭʣʦʨ- (H2L2), 5-ʭʣʦʨ- (H2L3), 5-ʙʨʦʤ- (H2L4) 

ʠ 5-ʥʠʪʨʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪ r(H2L5). ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʤʧʣʝʢʩʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʚʦʝʤʫ 

ʩʪʨʦʝʥʠʶ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ H2L1 ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Zn2(L1)2(biim-4)(H2O)] (5.1). ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 30 (ʩʣʝʚʘ), Zn1 ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʪʨʝʤʷ ʘʪʦʤʘʤʠ O ʜʚʫʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ 
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(Zn1-O1 = 2.051 ¡, Zn1-O2 = 2.447 ¡, Zn1-O4 = 1.942 ¡) ʠ ʦʜʥʠʤ O ʘʢʚʘ-ʣʠʛʘʥʜʘ (Zn1-O1W = 

2.018¡), ʘ ʪʘʢʞʝ ʦʜʥʠʤ ʘʪʦʤʦʤ N biim-4 (Zn1-N1 = 1.977 ¡), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʦʤʝʪʨʠʠ 

ʠʩʢʘʞʸʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ. Zn2 ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʫ  ʁ ʛʝʦʤʝʪʨʠʶ, ʥʦ ʩ ʜʨʫʛʠʤ 

ʥʘʙʦʨʦʤ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ: 4 O ʦʪ ʜʚʫʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ (Zn2-O1 = 2.121 ¡, Zn2-O5* = 2.098 ¡) 

ʠ ʜʚʫʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (Zn2-O3 = 1.951 ¡, Zn2-O6* = 1.959 ¡) ʠ ʦʜʠʥ N (Zn2-N3 = 2.009 ¡). 

ʀʤʝʷ ʨʘʟʣʠʯʥʳʝ ʤʦʪʠʚʳ ʢʦʦʨʜʠʥʘʮʠʠ, ʘʪʦʤʳ Zn(II) ʦʙʨʘʟʫʶʪ ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ biim-4, ʬʦʨʤʠʨʫʷ 2D-ʩʣʦʡ (ʨʠʩ. 31, ʩʧʨʘʚʘ). ɼʘʣʝʝ ʵʪʠ ʩʣʦʠ ʩʦʝʜʠʥʷʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ biim-4 ʚ 3D ʩʝʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪʩʷ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʢʚʘ-ʣʠʛʘʥʜʘʤʠ ʠ 

ʘʪʦʤʘʤʠ O ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ ʣʠʛʘʥʜʘ L1 (O1W-H1AĿĿĿO6* = 1.88 ¡, O1W-H1BĿĿĿO3* = 1.87 ¡), ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. 

 

ʈʠʩ. 31. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn2(L1)2(biim-4)(H2O)] ʠ 2D ʬʨʘʛʤʝʥʪ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʫʧʘʢʦʚʢʠ [237]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʦʨʟʘʤʝʱʸʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ H2L2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

[Zn2(L2)2(biim-4)(H2O)] (5.2, ʨʠʩ. 32), ʢʦʪʦʨʳʡ ʩʠʣʴʥʦ ʩʭʦʞ ʩ 5.1, ʦʜʥʘʢʦ ʝʩʪʴ ʨʷʜ ʚʘʞʥʳʭ 

ʦʪʣʠʯʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʚ 5.2 Zn1 ʷʚʣʷʝʪʩʷ ʯʝʪʳʨʭyʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʚ ʠʩʢʘʞʥyʥʦʤ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʝʜʠʥʝʥʠʠ 5.1 Zn1 ʷʚʣʷʝʪʩʷ ʧʷʪʠʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ 

(ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ). ɺʦ-ʚʪʦʨʳʭ, ʩʧʦʩʦʙʳ ʢʦʦʨʜʠʥʘʮʠʠ ʩʘʣʠʮʠʣʘʪ-ʘʥʠʦʥʦʚ ʨʘʟʣʠʯʥʳ: ʚ 

ʩʦʝʜʠʥʝʥʠʠ 5.2 ʘʥʠʦʥʳ L2 ʩʚʷʟʘʥʳ ʩ ʤʝʪʘʣʣʦʮʝʥʪʨʦʤ ʪʦʣʴʢʦ 1 ʘʪʦʤʦʤ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʪʦʛʜʘ ʢʘʢ ʚ 5.1  ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʠ ʭʝʣʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʢ Zn2 ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʣʠʛʘʥʜʘ 

L1. ʂʨʦʤʝ ʪʦʛʦ, ʘʪʦʤʳ H ʠʟ ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠ CH2-ʬʨʘʛʤʝʥʪʘ biim-4-ʣʠʛʘʥʜʘ ʦʙʨʘʟʫʶʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ Cl ʘʥʠʦʥʦʚ L2 (C1-H1ĿĿĿCl2 = 2.93 ¡, C4-H4ĿĿĿCl1 

= 2.91 ¡). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 5-ʭʣʦʨ- ʠ 5-ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʦʤʦʨʬʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 5.3 ʠ 5.4, ʦʪʣʠʯʘʶʱʠʭʩʷ ʣʠʰʴ ʥʘʣʠʯʠʝʤ ɻʉ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʪ.ʝ. ʤʦʪʠʚʦʤ ʫʧʘʢʦʚʦʢ, ʥʦ 

ʥʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ.  
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ʈʠʩ. 32. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn2(L2)2(biim-4)(H2O)] [237]. 

ɺ ʩʣʫʯʘʝ ʩ H2L5 ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ [Zn2(L5)2(biim-4)2] 3H2O (5.5) (ʨʠʩ. 33, ʩʣʝʚʘ), 

ʩʪʨʫʢʪʫʨʥʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ. ɺ ʥʸʤ ʘʪʦʤ Zn1 ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ (Zn1-O2 = 2.002 ¡, Zn1-O7* = 2.011 ¡) ʠ ʘʪʦʤʘʤʠ N ʜʚʫʭ ʣʠʛʘʥʜʦʚ 

biim-4 (Zn1-N1 = 1.985 ¡, Zn1-N5 = 1.996 ¡), ʥʘʭʦʜʷʩʴ ʚ ʠʩʢʘʞʸʥʥʦʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ. ɸʪʦʤ Zn2 ʛʝʢʩʘʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (Zn2-O1 = 2.090 ¡, 

Zn2-O8 = 2.044¡), ʜʚʫʤʷ O 2-ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ (Zn2-O6 = 2.084 ¡, Zn2-O3 = 2.058 ¡,) ʠ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ N ʜʚʫʭ ʣʠʛʘʥʜʦʚ biim-4 (Zn2-N4* = 2.137 ¡, Zn2-N7 = 2.213 ¡), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʠʩʢʘʞʝʥʥʫʶ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ. ɸʥʠʦʥʳ L5 ʩʚʷʟʳʚʘʶʪ ʘʪʦʤʳ Zn1 ʠ Zn2 

ʚ ʦʜʥʦʤʝʨʥʫʶ ʮʝʧʴ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʩʚʷʟʳʚʘʶʪʩʷ biim-4 ʚ 3D-ʢʘʨʢʘʩ (ʨʠʩ. 33, ʩʧʨʘʚʘ). ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 
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ʈʠʩ. 33. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn2(L5)2(biim-4)2]Ŀ3H2O ʠ ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʝʛʦ 3D 

ʫʧʘʢʦʚʢʠ [237]. 

ʇʦʣʠʷʜʝʨʥʳʝ 

ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʥʫʪʨʠ ʦʜʥʦʛʦ N-ʜʦʥʦʨʥʦʛʦ 

ʣʠʛʘʥʜʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʘʝʤʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Zn ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʙʦʪʘ [238], ʚ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʜʠʩʢʨʝʪʥʳʝ ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʪʘʢ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʦʣʠʤʝʨʳ. 

ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʠ Zn(II) ʩ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 2,3-ʜʠʤʝʪʠʣʧʠʨʠʟʠʥʘ ʧʨʠʚʦʜʠʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Zn3(O2CPh)6(2,3-Me2pyz)2] (ʨʠʩ. 34), ʚ ʢʦʪʦʨʦʤ ʠʦʥʳ 

ʤʝʪʘʣʣʘ ʩʦʝʜʠʥʝʥʳ ʰʝʩʪʴʶ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠ ʜʚʘ ʧʠʨʘʟʠʥʦʚʳʭ 

ʣʠʛʘʥʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʫ ʢʨʘʡʥʠʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʷʚʣʷʶʱʠʭʩʷ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 2 ʩʧʦʩʦʙʘ ʤʦʩʪʠʢʦʚʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʙʝʥʟʦʘʪʥʳʭ ʣʠʛʘʥʜʦʚ [239ï241]: ʧʝʨʚʳʡ ï ʪʠʧʠʯʥʳʡ ʤʦʩʪʠʢʦʚʳʡ, ʢʦʛʜʘ ʢʘʞʜʳʡ 

ʘʪʦʤ O ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʫ Zn(II), ʘ ʧʨʠ ʚʪʦʨʦʤ ʩʧʦʩʦʙʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʝʱʸ ʦʜʥʠʤ ʤʝʪʘʣʣʦʮʝʥʪʨʦʤ. ʊʘʢʦʡ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʴʰʠʤ ʠʩʢʘʞʝʥʠʷʤ ʚʦʢʨʫʛ Zn2. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ Zn(II) ʛʝʢʩʘʢʦʦʨʜʠʥʠʨʦʚʘʥ r

ʘʪʦʤʘʤʠ O (Zn1-O21 = 2.174 ¡, Zn1-O31 = 2.036 ¡, Zn1-O11 = 2.089 ¡), ʦʙʨʘʟʫʷ ʛʝʦʤʝʪʨʠʶ 

ʠʩʢʘʞʸʥʥʦʛʦ ʦʢʪʘʵʜʨʘ. ʂʨʘʡʥʠʝ ʞʝ Zn(II) ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 4 ʘʪʦʤʘʤʠ O (Zn2-O21 = 2.180 

¡, Zn2-O22 = 2.180 ¡, Zn2-O12 = 1.953 ¡, Zn1-O32 = 1.953 ¡) ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ N ʧʠʨʘʟʠʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ (Zn2-N1 = 2.075 ¡), ʜʘʚʘʷ ʛʝʦʤʝʪʨʠʶ ʠʩʢʘʞʸʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ. 

ʈʘʩʩʪʦʷʥʠʷ ZnĿĿĿZn ʩʦʩʪʘʚʣʷʶʪ 3.362 ¡, ʯʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʪʠʧʘ 

çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè [230, 231]. 
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ʈʠʩ. 34. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn3(O2CPh)6(2,3-Me2pyz)2] [238]. 

ʀʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ N-ʜʦʥʦʨʥʦʤ ʣʠʛʘʥʜʝ ʩ 2,3- ʥʘ 2,6- ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʫʥʠʢʘʣʴʥʦʛʦ ʧʷʪʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Zn5(ɛ3-OH)2(O2CPh)8(2,6-Me2pyz)2] (ʨʠʩ. 35), 

ʦʩʴ ʩʠʤʤʝʪʨʠʠ C2 ʢʦʪʦʨʦʛʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʨʝʜʥʠʡ ʘʪʦʤ Zn(II). ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ 6 

ʤʦʩʪʠʢʦʚʳʭ, 2 ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʙʝʥʟʦʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʜʚʫʭ ɛ3-ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ 2 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʧʠʨʘʟʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ Zn1 ʧʦʣʥʦʩʪʴʶ ʛʝʢʩʘʢʦʦʨʜʠʥʠʨʦʚʘʥ 

ʘʪʦʤʘʤʠ O ʯʝʪʳʨʝʭ ʙʝʥʟʦʘʪʥʳʭ (Zn1-O21 = 2.083 ¡, Zn1-O11 = 2.063 ¡) ʠ ʜʚʫʭ ʛʠʜʨʦʢʩʦ-

ʣʠʛʘʥʜʦʚ (Zn1-O1 = 2.111 ¡), ʦʙʨʘʟʫʷ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ. ɼʚʘ ʠʦʥʘ Zn2 ʪʝʪʨʘʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 

ʘʪʦʤʘʤʠ O: ʜʚʘ ʠʟ ʥʠʭ ʤʦʩʪʠʢʦʚʳʝ, ʜʚʫʭ ʙʝʥʟʦʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (Zn2-O22 = 1.996 ¡, Zn2-O31 = 

1.987 ¡), ʦʜʠʥ ʦʪ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʚʷʟʘʥʥʦʡ ʤʦʥʦʜʝʥʪʘʪʥʦ (Zn2-O41 = 1.939 ¡), ʦʜʠʥ 

ʧʨʠʥʘʜʣʝʞʠʪ ʛʠʜʨʦʢʩʦ-ʣʠʛʘʥʜʫ (Zn2-O1 = 2.001 ¡). ʇʦʩʣʝʜʥʷʷ ʩʠʤʤʝʪʨʠʯʥʘʷ ʧʘʨʘ ʠʦʥʦʚ Zn3 

ʪʝʪʨʘʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʜʚʫʤʷ O ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ ʙʝʥʟʦʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (Zn3-O12 = 1.933 ¡, Zn3-

O32 = 1.934 ¡), O ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (Zn3-O1 = 1.941 ¡) ʠ ʘʪʦʤʦʤ N 2,6-ʜʠʤʝʪʠʣʧʠʨʘʟʠʥʘ 

(Zn3-N1 = 2.013 ¡) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʢʘʞʸʥʥʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ: Zn1ĿĿĿZn2 = 3.295 ¡, Zn1ĿĿĿZn3 = 3.397 ¡ ʠ Zn2ïZn3 = 3.143 ¡. 
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ʈʠʩ. 35. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn5(ɛ3-OH)2(O2CPh)8(2,6-Me2pyz)2] [238]. 

ʇʨʠʤʝʥʝʥʠʝ ʥʝʟʘʤʝʱʸʥʥʦʛʦ ʧʠʨʘʟʠʥʘ ʧʦʟʚʦʣʠʣʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ 

ʠ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2D ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [Zn(O2CPh)(ɛ2-O2CPh)(ɛ2-pyz)0.5]n 

(ʨʠʩ. 36). ɸʩʠʤʤʝʪʨʠʯʥʦʝ ʟʚʝʥʦ ʩʦʜʝʨʞʠʪ ʜʚʘ ʙʝʥʟʦʘʪʥʳʭ ʣʠʛʘʥʜʘ ʠ ʧʦʣʦʚʠʥʫ ʤʦʣʝʢʫʣʳ 

ʧʠʨʘʟʠʥʘ. ɸʪʦʤʳ Zn ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʷʚʣʷʶʪʩʷ ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 4 ʘʪʦʤʘʤʠ O ʪʨʸʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (Zn1-O11 = 2.007 ¡, Zn1-O12 = 2.341 ¡, Zn1-O21 = 1.992 ¡, Zn1-O11 = 

1.963 ¡) ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ N ʧʠʨʘʟʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ (Zn1-N1 = 2.085 ¡), ʬʦʨʤʠʨʫʷ ʛʝʦʤʝʪʨʠʶ 

ʠʩʢʘʞʸʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ. 
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ʈʠʩ. 36. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(O2CPh)(ɛ2-O2CPh)(ɛ2-pyz)0.5]n [238]. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Zn(OAc)2Ŀ2H2O ʩ ʧʠʨʘʟʠʥʦʤ ʚ ʢʠʧʷʱʝʤ ʵʪʘʥʦʣʝ ʙʳʣ ʧʦʣʫʯʝʥ 

ʥʝʦʙʳʯʥʳʡ ʩʝʤʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Zn7(ɛ4-O)2(OAc)10(pyz)2] (ʨʠʩ. 37) [242]. ʌʨʘʛʤʝʥʪ Zn7 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʩʝʚʜʦʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʝʜʠʥʠʮ Zn4(ɛ4-O), ʩʦʝʜʠʥʝʥʥʳʭ ʦʙʱʝʡ ʚʝʨʰʠʥʦʡ Zn(2). 

ʄʦʣʝʢʫʣʳ ʧʠʨʘʟʠʥʘ ʩʚʷʟʘʥʳ ɖ1 ʩ Zn(4), ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʳʟʳʚʘʝʪ ʥʝʙʦʣʴʰʦʝ 

ʠʩʢʘʞʝʥʠʝ ʢʘʞʜʦʡ ʝʜʠʥʠʮʝ Zn4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʩʘʤʦʝ ʜʣʠʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ZnĿĿĿZn 

(Zn(4)ĿĿĿZn(3) = 3.216 ¡), ʪʘʢ ʠ ʩʘʤʦʝ ʢʦʨʦʪʢʦʝ (Zn(4)ĿĿĿZn(2) = 3.053 ¡) ʩʚʷʟʘʥʳ ʩ Zn(4). 

ʆʩʪʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ZnĿĿĿZn ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3.166 ʜʦ 3.178 ¡ ʠ ʩʨʘʚʥʠʤʳ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʚ Zn4(ɛ4-O)(OAc)6 (3.162 ¡) [243]. ʂʘʞʜʳʡ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ Zn ʚ 

ʦʩʥʦʚʘʥʠʠ ʢʘʞʜʦʡ ʝʜʠʥʠʮʳ Zn4 ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʫʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ Zn ʠʤʝʝʪ ʩʣʝʛʢʘ ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ. ʂʘʞʜʦʝ ʨʝʙʨʦ 

ʢʘʨʢʘʩʘ Zn7 ʦʙʨʘʟʦʚʘʥʦ ʘʮʝʪʘʪʥʦʡ ʛʨʫʧʧʦʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Zn(4)ĿĿĿZn(2). 
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ʈʠʩ. 37. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn7(ɛ4-O)2(OAc)10(pyz)2] [242]. 

ʉ ʦʜʥʠʤ ʠʟ ʘʮʝʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʦʪʢʦʝ ʥʝ ʩʚʷʟʳʚʘʶʱʝʝ ʨʘʩʩʪʦʷʥʠʝ 

Zn(4)ĿĿĿO(10) = 2.508 ¡, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʫʤʤʳ ʨʘʜʠʫʩʦʚ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʜʣʷ Zn ʠ O 

[232]. ɺʩʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ZnïO ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1.917-2.006 ¡, ʯʪʦ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

Zn4(ɛ4-O)(OAc)6 (1.946 ¡) [243]. ʈʘʩʩʪʦʷʥʠ ̫ZnïN ʨʘʚʥ r2.072 ¡, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʘʣʦʛʠʯʥʳʤ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʟʥʘʯʝʥʠʷʤ [244]. 
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1 ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʨʝʘʢʪʠʚʳ ʢʣʘʩʩʘ ʯ.ʜ.ʘ (ʣʠʙʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ) ʠ ʚʳʰʝ. ʈʘʩʪʚʦʨʠʪʝʣʠ (ʯ.ʜ.ʘ.) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ʇʝʥʪʘʠʦʜʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʦʡ 

ʤʝʪʦʜʠʢʝ [245]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʈʉɸ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ New Xcalibur (Agilent Technologies), ʦʙʦʨʫʜʦʚʘʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ CCD AtlasS2, ʩ 

ʠʟʣʫʯʝʥʠʝʤ MoKŬ (ɚ=0.71073 ¡) ʧʨʠ T = 130 K ʠ Bruker D8 Venture ʩ ʜʝʪʝʢʪʦʨʦʤ CMOS PHOTON 

III ʠ ʠʩʪʦʯʥʠʢʦʤ IÕS 3.0 (ʠʟʣʫʯʝʥʠʝ MoKŬ, ɚ = 0.71073 ¡) ʧʨʠ 150 K. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʧʨʘʚʢʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ CrysAlisPro 

(Agilnet Technologies). ʈʝʰʝʥʠʝ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ ʩʫʤʤʝ |Fhkl|
2 ʚ 

ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (SHELX 2014/7; Sheldrick, 2014) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ShelXle. 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʫʪʦʯʥʷʣʠʩʴ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ (ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

ñʥʘʝʟʜʥʠʢʘò) [246]. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʜʣʠʥ ʩʚʷʟʝʡ) ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Diamond 4 (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ *CIF). 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu XRD-

7000 (CuKa ʠʟʣʫʯʝʥʠʝ, Ni ʬʠʣʴʪʨ, ʜʠʘʧʘʟʦʥ 5 ï 60Á 2q, ʰʘʛ 0.03Á 2q, ʥʘʢʦʧʣʝʥʠʝ 1 ʩ.). ʆʙʨʘʟʮʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʣʠʢʨʠʩʪʘʣʣʳ ʠʩʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʧʪʘʥʘ; ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʩʪʦʨʦʥʫ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʳ; ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʛʝʧʪʘʥʘ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʪʦʥʢʠʡ ʨʦʚʥʳʡ ʩʣʦʡ 

(ʪʦʣʱʠʥʘ ~100 ʤʢʤ). ʀʥʜʠʮʠʨʦʚʘʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʝ Netzsch STA 449 F1 Jupiter1. 

ʆʙʨʘʟʮʳ (10 ʤʛ) ʚ ʦʪʢʨʳʪʳʭ ʪʠʛʣʷʭ ʠʟ Al2O3 ʥʘʛʨʝʚʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʤʠʥ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 60 ʤʣ/ʤʠʥ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 30ï550Áʉ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ CHNS-ʘʥʘʣʠʟʘʪʦʨʘ vario MICRO cube.  

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ (single-point calculations) ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ɹʝʡʜʝʨʘ (ʤʝʪʦʜ QTAIM [247]). ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʦʨʜʠʥʘʪ r ʘʪʦʤʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥ 
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ʬʫʥʢʮʠʦʥʘʣ M06, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʣʘʙʳʭ ʜʠʩʧʝʨʩʥʳʭ/ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [248]. ʉʢʘʣʷʨʥʳʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʨʘʩʯʝʪʳ ɼʫʛʣʘʩʘ-ʂʨʦʣʣʘ-ɻʝʩʩʘ ʚʳʧʦʣʥʷʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʠʩʥʳʭ ʤʥʦʞʝʩʪʚ DZP-DKH [249, 250] ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ. ʇʨʦʠʟʚʦʜʠʣʦʩʴ 

ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ɟ(r ), ʣʘʧʣʘʩʠʘʥ ᶯ2ɟ(r ); 

ʨʘʩʯʝʪ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ Hb, ʧʣʦʪʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ V(r), ʣʘʛʨʘʥʞʠʘʥʘ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ G(r) ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IĿĿĿI 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʯʝʪʳʨʸʤ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʘʭ [251ï253]. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʢʨʳʚʘʥʠʷ ʘʪʦʤʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ (RDG) [254] 

ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ᶯ2ɟ(r), ʥʘ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ (bond 

critical points), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʘʤ ʵʢʩʪʨʝʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʊʘʢʞʝ ʧʦʩʪʨʦʝʥʳ 

ʜʠʘʛʨʘʤʤʳ RDG-ʠʟʦʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Gaussian. 

ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ ʠ ʣʠʛʘʥʜʘ, ʘ ʪʘʢʞʝ 

ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ cʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ Fluorolog-3 (Horiba 

Jobin Yvon) ʩ ʦʭʣʘʞʜʘʝʤʳʤ ʤʦʜʫʣʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʦʚ PC177CE-010, ʦʩʥʘʱʝʥʥʳʤ ʌʕʋ 

R2658. 

ʄʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ (ɢ) ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʥʘ SQUID-

ʤʘʛʥʝʪʦʤʝʪʨʝ MPMSXL ʬʠʨʤʳ çQuantum Designè ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 2ï300 K ʧʨʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 5 ʢʕ. ʇʘʨʘʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʫʯʝʪʦʤ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ, ʦʮʝʥʝʥʥʦʛʦ ʠʟ ʢʦʥʩʪʘʥʪ ʇʘʩʢʘʣʷ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ ɛeff = [3kɢT/(NAɛB
2)]1/2º (8cT)1/2, ʛʜʝ NA, 

ɛB ʠ k ð ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʤʘʛʥʝʪʦʥ ɹʦʨʘ ʠ ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʪʨʦʧʥʦʛʦ ʩʧʠʥ-ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʦʙʱʝʛʦ ʚʠʜʘ H=-2ɆJijSiSj ʚ ʧʨʦʛʨʘʤʤʝ PHI 

[255]. 

2.2 ʉʠʥʪʝʟ ʠʦʜʙʝʥʟʦʘʪʦʚ Cu(II ) 

[Cu2Py2(IBA )4] (ɸ1) 

39.0 ʤʛ Cu(NO3)2Ŀ3H2O (0.16 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 8 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (80 ʤʛ, 0.32 ʤʤʦʣʴ) ʠ 52.0 ʤʢʣ Py (0.64 ʤʤʦʣʴ) ʚ 8 ʤʣ CH3CN. ʏʝʨʝʟ 6 ʜʥʝʡ ʚ ʟʘʢʨʳʪʦʤ 

ʬʣʘʢʦʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ ɸ1. ɺʳʭʦʜ 72%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C38H26N2O8I4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 35.73; H 2.37; N2.19; ʥʘʡʜʝʥʦ, %: C 35.90; 

H 2.51; N 2.24. 
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[Cu2(CH3CN)2(IBA )4] (A2) 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʠʨʠʜʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ, ʧʦ ʢʦʪʦʨʦʡ 

ʙʳʣ ʚʳʜʝʣʝʥ ʧʝʨʚʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ, ʚ ʨʘʟʜʝʣʝ çʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚè 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʠʥʳʝ ʩʣʫʯʘʠ. 

27.3 ʤʛ CuCl2Ŀ2H2O (0.16 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 8 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ HIBA 

(80 ʤʛ, 0.32 ʤʤʦʣʴ) ʠ 31.9 ʤʢʣ 2-MePy (0.32 ʤʤʦʣʴ) ʚ 10 ʤʣ CH3CN. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 80%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C32H22N2O8I4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 32.00; H 2.18; N 2.33; ʥʘʡʜʝʥʦ, %: C 31.78; 

H 2.18; N 2.32. 

[Cu2(2-MePy)2(IBA )4] (A3) 

24.4 ʤʛ Cu(NO3)2Ŀ3H2O (0.1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (50 ʤʛ., 0.02 ʤʤʦʣʴ) ʠ 40.0 ʤʢʣ 2-MePy (0.4 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʇʨʠ ʤʝʜʣʝʥʥʦʤ 

ʫʧʘʨʠʚʘʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 78%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C40H30N2O8I4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 36.86; H 2.47; N 2.15; ʥʘʡʜʝʥʦ, %: C 36.72; 

H 2.50; N 2.12. 

[Cu2(4-MePy)2(IBA )4] (A4) 

39.0 ʤʛ Cu(NO3)2Ŀ3H2O (0.16 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (80 ʤʛ, 0.32 ʤʤʦʣʴ) ʠ 59.0 ʤʢʣ 4-MePy (0.64 ʤʤʦʣʴ) ʚ 10 ʤʣ CH3CN. ʇʨʠ ʤʝʜʣʝʥʥʦʤ 

ʫʧʘʨʠʚʘʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 80%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C40H30N2O8I4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 36.86; H 2.47; N 2.15; ʥʘʡʜʝʥʦ, %: C 36.79; 

H 2.51; N 2.09. 

[Cu2(4-EtPy)4(IBA )2Cl2] (A5) 

27.3 ʤʛ CuCl2Ŀ2H2O (0.16 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 8 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ HIBA 

(80 ʤʛ, 0.32 ʤʤʦʣʴ) ʠ 73.3 ʤʢʣ 4-EtPy (0.64 ʤʤʦʣʴ) ʚ 10 ʤʣ CH3CN. ʆʙʨʘʟʦʚʳʚʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʦʡ ʚʟʚʝʩʠ, ʢʦʪʦʨʫʶ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʦʥʢʠʝ ʟʝʣʸʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ɺʳʭʦʜ 83%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C42H44N4O4I2Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 45.01; H 3.96; N 5.00; ʥʘʡʜʝʥʦ, %: C 45.36; 

H 3.94; N 5.01. 
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[Cu2(4-EtPy)2(IBA )4] (A6) 

39.0 ʤʛ Cu(NO3)2Ŀ3H2O (0.16 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (80 ʤʛ, 0.32 ʤʤʦʣʴ) ʠ 36.6 ʤʢʣ 4-EtPy (0.32 ʤʤʦʣʴ) ʚ 10 ʤʣ CH3CN. ʏʝʨʝʟ 3 ʜʥʷ ʚ ʟʘʢʨʳʪʦʤ 

ʬʣʘʢʦʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 69%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C42H34N2O8I4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 37.82; H 2.87; N 2.08; ʥʘʡʜʝʥʦ, %: C 37.87; 

H 2.80; N 2.11. 

[Cu2(2,3-MePy)2(IBA )4] (A7) 

24.1 ʤʛ CuCl2Ŀ2H2O (0.14 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ HIBA 

(70 ʤʛ, 0.28 ʤʤʦʣʴ) ʠ 64.0 ʤʢʣ 2,3-MePy (0.56 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʘʩʴ ʙʝʣʘʷ ʚʟʚʝʩʴ, ʧʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ 

ʥʘʯʘʣʠ ʨʘʩʪʠ ʟʝʣʸʥʦ-ʙʠʨʶʟʦʚʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 72%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C42H34N2O8I4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 37.82; H 2.87; N 2.08; ʥʘʡʜʝʥʦ, %: C 37.89; 

H 2.93; N 2.15. 

[Cu(3,4-MePy)2Cl2] (A8) 

27.3 ʤʛ CuCl2Ŀ2H2O (0.16 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (80 ʤʛ, 0.32 ʤʤʦʣʴ) ʠ 36.2 ʤʢʣ 3,4-MePy (0.32 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ ʜʚʘ ʜʥʷ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʙʦʣʴʰʠʝ ʛʦʣʫʙʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 81%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C14H18N2Cl2Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 48.21; H 5.20 N 8.03; ʥʘʡʜʝʥʦ, %: C 48.36; H 

5.18; N 8.00. 

[Cu2(3,4-MePy)2(IBA )4] (A9) 

39.0 ʤʛ Cu(NO3)2Ŀ3H2O (0.16 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (80 ʤʛ, 0.32 ʤʤʦʣʴ) ʠ 72.5 ʤʢʣ 3,4-MePy (0.64 ʤʤʦʣʴ) ʚ 10 ʤʣ CH3CN. ʏʝʨʝʟ 3 ʜʥʷ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʩʨʦʩʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 79%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C42H34N2O8I4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 37.83; H 2.87; N 2.10; ʥʘʡʜʝʥʦ, %: C 37.69; 

H 2.85; N 2.06. 

[Cu2(3,5-MePy)2(IBA )4] (A10)  

14.6 ʤʛ Cu(NO3)2Ŀ3H2O (0.06 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (30 ʤʛ, 0.12 ʤʤʦʣʴ) ʠ 27.6 ʤʢʣ 3,5-MePy (0.24 ʤʤʦʣʴ) ʚ 6 ʤʣ CH3CN. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ 

ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 70%. 
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ɺ ʨʘʩʯʸʪʝ ʥʘ C42H34N2O8I4Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 37.83; H 2.87; N 2.10; ʥʘʡʜʝʥʦ, %: C 37.78; 

H 2.81; N 2.11. 

2.3 ʉʠʥʪʝʟ ʜʠʠʦʜʩʘʣʠʮʠʣʘʪʦʚ Cu(II ) 

(Et3NH)2[Cu(DISA)2] (E1) 

15.2 ʤʛ CuCl2Ŀ2H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 50.0 ʤʢʣ Et3N (0.36 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ 2 ʜʥʷ ʤʝʜʣʝʥʥʦʛʦ 

ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʸʤʥʳʝ ʢʦʨʠʯʥʝʚʘʪʦ-ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 84%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C26H36N2O6I4Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 29.91; H 3.48; N 2.69; ʥʘʡʜʝʥʦ, %: C 29.87; 

H 3.51; N 2.72. 

(Pr3NH)[Cu 2(HDISA)4Cl2] (E2) 

15.2 ʤʛ CuCl2Ŀ2H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3.5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 34.2 ʤʢʣ Pr3N (0.18 ʤʤʦʣʴ) ʚ 4 ʤʣ CH3CN. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 80%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C37H38N1O12I8Cl2Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 23.37; H 2.01; N 0.74; ʥʘʡʜʝʥʦ, %: C 

23.50; H 2.00; N 0.73. 

(Pr3NH)2[Cu(DISA)2] (E3) 

8.7 ʤʛ CuCl2Ŀ2H2O (0.05 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (40 ʤʛ, 0.1 ʤʤʦʣʴ) ʠ 39.0 ʤʢʣ Pr3N (0.2 ʤʤʦʣʴ) ʚ 8 ʤʣ CH3CN. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ 

ʩʨʘʟʫ ʥʘʯʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʪʸʤʥʳʝ ʢʦʨʠʯʥʝʚʦ-ʟʝʣʸʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 83%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C32H48N2O6I4Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 34.08; H 4.29; N 2.49; ʥʘʡʜʝʥʦ, %: C 34.03; 

H 4.32; N 2.53. 

(Bu3NH)2[Cu2(HDISA)5Cl](CH 3CN) (E4) 

17.4 ʤʛ CuCl2Ŀ2H2O (0.1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (80 ʤʛ, 0.2 ʤʤʦʣʴ) ʠ 49.0 ʤʢʣ Bu3N (0.2 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ 

ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ.  

(Bu3NH)2[Cu(DISA)2] (E5) 

8.7 ʤʛ CuCl2Ŀ2H2O (0.05 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (40 ʤʛ, 0.1 ʤʤʦʣʴ) ʠ 49.0 ʤʢʣ Bu3N (0.6 ʤʤʦʣʴ) ʚ 8 ʤʣ CH3CN. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʨʠ 

ʫʧʘʨʠʚʘʥʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 87%. 
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ɺ ʨʘʩʯʸʪʝ ʥʘ C38H60N2O6I4Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 37.66; H 4.99; N 2.31; ʥʘʡʜʝʥʦ, %: C 37.21; 

H 5.03; N 2.40. 

[CuPy2(HDISA)2] (E6) 

44.0 ʤʛ Cu(NO3)2Ŀ3H2O (0.18 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 6 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (140 ʤʛ, 0.36 ʤʤʦʣʴ) ʠ 58.0 ʤʢʣ Py (0.72 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ 3 ʜʥʷ ʫʧʘʨʠʚʘʥʠʷ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʬʠʦʣʝʪʦʚʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 87%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C24H16N2O6I4Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 28.84; H 1.61; N 2.80; ʥʘʡʜʝʥʦ, %: C 28.95; 

H 1.71; N 2.89. 

[Cu4Py4(DISA)4] (E7) 

7.7 ʤʛ Cu(NO3)2Ŀ3H2O (0.03 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ. CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (25 ʤʛ, 0.06 ʤʤʦʣʴ) ʠ 5.4 ʤʢʣ Py (0.06 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ 

ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʪʸʤʥʦ-ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʝʝ ʩʚʝʪʣʳʭ.  

[Cu(2-MePy)2(HDISA)2] (E8) 

19.7 ʤʛ CuCl2Ŀ2H2O (0.12 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (90 ʤʛ, 0.23 ʤʤʦʣʴ) ʠ 45.5 ʤʢʣ 2-MePy (0.46 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ 2 ʜʥʷ ʫʧʘʨʠʚʘʥʠʷ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 85%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C26H20N2O6I4Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 30.39; H 1.96; N 2.72; ʥʘʡʜʝʥʦ, %: C 30.51; 

H 2.07; N 2.78. 

[Cu2(CH3CN)2(DISA)4] (E9) 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʠʨʠʜʠʥʦʚ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʧʝʨʚʦʛʦ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʘ ʚ ʨʘʟʜʝʣʝ çʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚè ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʩʣʫʯʘʠ ʝʛʦ 

ʧʦʣʫʯʝʥʠʷ. 

27.8 ʤʛ Cu(NO3)2Ŀ3H2O (0.12 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (90 ʤʛ, 0.23 ʤʤʦʣʴ) ʠ 22.8 ʤʢʣ 2-MePy (0.23 ʤʤʦʣʴ) ʚ 4 ʤʣ CH3CN. ʏʝʨʝʟ 2 ʯʘʩʘ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʥʘʯʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʟʝʣʸʥʳʝ ʩʨʦʩʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʩ ʢʦʨʠʯʥʝʚʳʤ 

ʘʤʦʨʬʥʳʤ ʦʩʘʜʢʦʤ.  
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{[Cu(2-MePy)(DISA)]} n (E10) 

9.3 ʤʛ Cu(NO3)2Ŀ3H2O (0.04 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (30 ʤʛ, 0.08 ʤʤʦʣʴ) ʠ 15.2 ʤʢʣ 2-MePy (0.16 ʤʤʦʣʴ) ʚ 4 ʤʣ EtOH. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʸʤʥʦ-ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ.  

[Cu(3-MePy)2(HDISA)2] (E11) 

21.7 ʤʛ Cu(NO3)2Ŀ3H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 35.0 ʤʢʣ 3-MePy (0.36 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ 2 ʜʥʷ ʫʧʘʨʠʚʘʥʠʷ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʬʠʦʣʝʪʦʚʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 79%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C26H22N2O6I4Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 30.33; H 2.15; N 2.72; ʥʘʡʜʝʥʦ, %: C 30.38; 

H 2.17; N 2.70. 

[Cu2(3-MePy)4(HDISA)2Cl2] (E12) 

15.3 ʤʛ CuCl2Ŀ2H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ. CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 35.0 ʤʢʣ 3-MePy (0.36 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʛʦʣʫʙʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 79%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C38H34N4O6I4Cl2Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 33.88; H 2.55; N 4.16; ʥʘʡʜʝʥʦ, %: C 

33.97; H 2.65; N 4.29. 

[Cu4(3-MePy)4(DISA)4] (E13) 

6.6 ʤʛ Cu(NO3)2Ŀ3H2O (0.03 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (20 ʤʛ, 0.05 ʤʤʦʣʴ) ʠ 5.0 ʤʢʣ 3-MePy (0.05 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 77%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C52H36N4O12I8Cu4 ʚʳʯʠʩʣʝʥʦ, %: ʉ 28.69; H 1.67; N 2.58; ʥʘʡʜʝʥʦ, %: C 28.74; 

H 1.76; N 2.50. 

(4-MePyH)[Cu(4-MePy)(HDISA)(DISA)]ĿCH3CN (E14) 

17 ʤʛ CuI (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ H2DISA (70 ʤʛ, 

0.18 ʤʤʦʣʴ) ʠ 17.5 ʤʢʣ 4-MePy (0.18 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ 3 ʜʥʷ ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ.  

[Cu3(4-MePy)6(HDISA)2Cl4] (E15) 

15.3 ʤʛ CuCl2Ŀ2H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 17.5 ʤʢʣ 4-MePy (0.18 ʤʤʦʣʴ) ʚ 4 ʤʣ CH3CN. ʉʨʘʟʫ ʧʦʩʣʝ 
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ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʦʚʘʣʩʷ ʛʦʣʫʙʦʡ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝ 4 ʜʥʝʡ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ 73%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C50H48N6O6I4Cl4Cu3 ʚʳʯʠʩʣʝʥʦ, %: ʉ 36.04; H 2.91; N 5.05; ʥʘʡʜʝʥʦ, %: C 

35.91; H 3.00; N 5.15. 

{[Cu(4-MePy)(DISA)]} n (E16) 

9.3 ʤʛ Cu(NO3)2Ŀ3H2O (0.04 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (30 ʤʛ, 0.08 ʤʤʦʣʴ) ʠ 15.0 ʤʢʣ 4-MePy (0.16 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ 7 ʜʥʝʡ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ.  

[Cu4(4-MePy)4(DISA)4] (E17) 

15.3 ʤʛ Cu(NO3)2Ŀ3H2O (0.06 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (50 ʤʛ, 0.12 ʤʤʦʣʴ) ʠ 12.5 ʤʢʣ 4-MePy (0.12 ʤʤʦʣʴ) ʚ 5 ʤʣ EtOH. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʸʤʥʦ-ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 83%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C52H36N4O12I8Cu4 ʚʳʯʠʩʣʝʥʦ, %: ʉ 28.69; H 1.67; N 2.58; ʥʘʡʜʝʥʦ, %: C 28.77; 

H 1.79; N 2.64. 

[Cu3(4-EtPy)6(HDISA)2Cl4] (E18) 

15.3 ʤʛ CuCl2Ŀ2H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 40.8 ʤʢʣ 4-EtPy (0.36 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʛʦʣʫʙʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 81%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C56H60N6O6I4Cl4Cu3 ʚʳʯʠʩʣʝʥʦ, %: ʉ 38.42; H 3.46; N 4.80; ʥʘʡʜʝʥʦ, %: C 

38.30; H 3.45; N 4.87. 

[Cu4(4-EtPy)4(DISA)4] (E19) 

15.3 ʤʛ Cu(NO3)2Ŀ3H2O (0.06 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (50 ʤʛ, 0.12 ʤʤʦʣʴ) ʠ 14.6 ʤʢʣ 4-EtPy (0.12 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʉʨʘʟʫ ʧʦʩʣʝ 

ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʦʚʘʣʩʷ ʟʝʣʸʥʳʡ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ 2 ʜʥʷ 

ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 85%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C56H44N4O12I8Cu4 ʚʳʯʠʩʣʝʥʦ, %: ʉ 30.11; H 1.99; N 2.51; ʥʘʡʜʝʥʦ, %: C 30.02; 

H 2.06; N 2.57. 
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[Cu2(3,4-MePy)4(HDISA)2Cl2] (E20) 

15.3 ʤʛ CuCl2Ŀ2H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 40.4 ʤʢʣ 3,4-MePy (0.36 ʤʤʦʣʴ) ʚ 4.5 ʤʣ CH3CN. ʏʝʨʝʟ 2 ʜʥʷ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʛʦʣʫʙʳʝ ʩʨʦʩʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 82%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C42H42N4O6I4Cl2Cu2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 35.96; H 3.02; N 4.00; ʥʘʡʜʝʥʦ, %: C 

36.08; H 3.10; N 4.11. 

[Cu4(3,4-MePy)4(DISA)4] (E21) 

6.6 ʤʛ Cu(NO3)2Ŀ3H2O (0.03 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 8 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (20 ʤʛ, 0.06 ʤʤʦʣʴ) ʠ 5.8 ʤʢʣ 3,4-MePy (0.06 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʇʨʠ ʧʦʯʪʠ ʧʦʣʥʦʤ 

ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ.  

[Cu2(3,5-MePy)4(HDISA)2Cl2] (E22) 

4.4 ʤʛ CuCl2Ŀ2H2O (0.03 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (20 ʤʛ, 0.06 ʤʤʦʣʴ) ʠ 11.7 ʤʢʣ 3,5-MePy (0.12 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʉʨʘʟʫ ʧʦʩʣʝ 

ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʦʚʘʣʩʷ ʛʦʣʫʙʦʡ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʝʣʢʠʝ ʛʦʣʫʙʳʝ ʢʨʠʩʪʘʣʣ.r  

[Cu4(3,5-MePy)4(DISA)4] (E23) 

3.1 ʤʛ Cu(NO3)2Ŀ3H2O (0.01 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (10 ʤʛ, 0.03 ʤʤʦʣʴ) ʠ 2.9 ʤʢʣ 3,5-MePy (0.03 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ.  

[Cu(3,5-MePy)2(HDISA)2] (E24) 

3.1 ʤʛ Cu(NO3)2Ŀ3H2O (0.01 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 8 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (10 ʤʛ, 0.03 ʤʤʦʣʴ) ʠ 5.8 ʤʢʣ 3,5-MePy (0.05 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʏʝʨʝʟ 2 ʜʥʷ 

ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 77%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C28H24N2O6I4Cu1 ʚʯrʠʩʣʝʥʦ, %: ʉ 31.80; H 2.48; N 2.65; ʥʘʡʜʝʥʦ, %: C 31.82; 

H 2.48; N 2.64. 

[Cu4(2,6-MePy)4(DISA)4] (E25) 

15.4 ʤʛ Cu(NO3)2Ŀ3H2O (0.06 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (50 ʤʛ, 0.12 ʤʤʦʣʴ) ʠ 29.7 ʤʢʣ 2,6-MePy (0.24 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʉʨʘʟʫ ʧʦʩʣʝ 

ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʦʚʘʣʩʷ ʟʝʣʸʥʳʡ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ 

ʯʘʩʦʚ ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʥʘʯʘʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ.  
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{[Cu(3-BrPy)I ]}n (E26) 

17.0 ʤʛ CuI (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ CH3CN ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ H2DISA (70 

ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 17.3 ʤʢʣ 3-BrPy (17.3 ʤʤʦʣʴ) ʚ 5 ʤʣ CH3CN. ʉʨʘʟʫ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʦʙʨʘʟʦʚʘʣʩʷ ʙʝʣʳʡ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ 3 ʜʥʷ ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʥʘʯʘʣʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʙʝʩʮʚʝʪʥʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. 

2.4 ʉʠʥʪʝʟ ʧʝʥʪʘʠʦʜʙʝʥʟʦʘʪʦʚ Cu(II ) 

[CuPy2(PIBA)2] (O1) 

6.4 ʤʛ Cu(NO3)2Ŀ3H2O (0.03 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ɼʄʌɸ ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HPIBA (40 ʤʛ, 0.05 ʤʤʦʣʴ) ʠ 8.6 ʤʢʣ Py (0.1 ʤʤʦʣʴ) ʚ 1 ʤʣ ɼʄʌɸ. ɼʠʬʬʫʟʠʷ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 79%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C24H10N2O4I10Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 16.72; H 0.59; N 1.63; ʥʘʡʜʝʥʦ, %: C 16.77; 

H 0.62; N 1.69. 

[Cu(3,5-MePy)2(PIBA)2] (O2) 

12.9 ʤʛ Cu(NO3)2Ŀ3H2O (0.05 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ɼʄʌɸ ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HPIBA (80 ʤʛ, 0.11 ʤʤʦʣʴ) ʠ 24.3 ʤʢʣ 3,5-MePy (0.20 ʤʤʦʣʴ) ʚ 2 ʤʣ ɼʄʌɸ. ɼʠʬʬʫʟʠʷ ʧʘʨʦʚ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 83%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C28H18N2O4I10Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 18.90; H 1.03; N 1.58; ʥʘʡʜʝʥʦ, %: C 18.95; 

H 1.06; N 1.61. 

[Cu(2,6-MePy)2(PIBA)2] (O3) 

12.9 ʤʛ Cu(NO3)2Ŀ3H2O (0.05 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ɼʄʌɸ ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HPIBA (80 ʤʛ, 0.11 ʤʤʦʣʴ) ʠ 23.0 ʤʢʣ 2,6-MePy (0.20 ʤʤʦʣʴ) ʚ 2 ʤʣ ɼʄʌɸ. ɼʠʬʬʫʟʠʷ ʧʘʨʦʚ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 87%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C28H18N2O4I10Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 18.90; H 1.03; N 1.58; ʥʘʡʜʝʥʦ, %: C 18.97; 

H 1.05; N 1.63. 

[Cu(4-MePy)(PIBA)2(DMF)1.5(H2O)0.5]Ŀ2DMF (O4) 

12.9 ʤʛ. Cu(NO3)2Ŀ3H2O (0.05 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ɼʄʌɸ ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HPIBA (80 ʤʛ, 0.11 ʤʤʦʣʴ) ʠ 20.7 ʤʢʣ. 4-MePy (0.20 ʤʤʦʣʴ) ʚ 2 ʤʣ ɼʄʌɸ. ɼʠʬʬʫʟʠʷ ʧʘʨʦʚ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʟʝʣʝʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 81%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C30.5H32.5N4.5O8I10Cu1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 19.05; H 1.70; N 3.28; ʥʘʡʜʝʥʦ, %: C 

19.02; H 1.77; N 3.31. 
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2.5 ʉʠʥʪʝʟ ʠʦʜʙʝʥʟʦʘʪʦʚ Zn(II ) 

[Zn2Py2(IBA )4] (B1) 

30.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.10 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (50 ʤʛ, 0.20 ʤʤʦʣʴ) ʠ 32.0 ʤʢʣ Py (0.40 ʤʤʦʣʴ) ʚ 5 ʤʣ EtOH. ʏʝʨʝʟ 2 ʜʥʷ ʤʝʜʣʝʥʥʦʛʦ 

ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 83%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C38H26N2O8I4Zn2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 35.80; H 2.06; N 2.20; ʥʘʡʜʝʥʦ, %: C 35.92; 

H 2.11; N 2.27. 

[Zn2(3-MePy)2(IBA )4] (B2) 

42.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.14 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (70.0 ʤʛ, 0.28 ʤʤʦʣʴ) ʠ 55.0 ʤʢʣ 3-MePy (0.56 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH. ʏʝʨʝʟ 3 ʜʥʷ ʤʝʜʣʝʥʥʦʛʦ 

ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 79%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C40H30N2O8I4Zn2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 36.87; H 2.32; N 2.15; ʥʘʡʜʝʥʦ, %: C 36.97; 

H 2.39; N 2.14. 

[Zn2(3,5-MePy)2(IBA )4] (B3) 

30.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.10 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (50 ʤʛ, 0.20 ʤʤʦʣʴ) ʠ 46.0 ʤʢʣ 3,5-MePy (0.40 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʏʝʨʝʟ 5 ʜʥʝʡ ʫʧʘʨʠʚʘʥʠʷ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 84%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C42H34N2O8I4Zn2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 37.90; H 2.58; N 2.11; ʥʘʡʜʝʥʦ, %: C 37.95; 

H 2.62; N 2.12. 

[Zn2(4-EtPy)2(IBA )4] (B4) 

42.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.14 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (70.0 ʤʛ, 0.28 ʤʤʦʣʴ) ʠ 64.0 ʤʢʣ 4-EtPy (0.57 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH. ʏʝʨʝʟ 5 ʜʥʝʡ ʤʝʜʣʝʥʥʦʛʦ 

ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ.  

ɺ ʨʘʩʯʸʪʝ ʥʘ C42H34N2O8I4Zn2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 37.90; H 2.58; N 2.11; ʥʘʡʜʝʥʦ, %: C 37.95; 

H 2.64; N 2.17. 

[Zn2(3-ClPy)2(IBA )4] (B5) 

42.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.14 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (70 ʤʛ, 0.28 ʤʤʦʣʴ) ʠ 53.0 ʤʢʣ 3-ClPy (0.57 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH. ʇʨʠ ʧʦʯʪʠ ʧʦʣʥʦʤ 

ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ.  
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ɺ ʨʘʩʯʸʪʝ ʥʘ C38H24N2O8I4Cl2Zn2 ʚʳʯʠʩʣʝʥʦ, %: ʉ 33.99; H 1.80; N 2.09; ʥʘʡʜʝʥʦ, %: C 

34.07; H 1.88; N 1.89. 

(2,4,6-MePyH)2[Zn3(IBA )6(OH)2] (B6) 

42.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.14 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HIBA (70 ʤʛ, 0.28 ʤʤʦʣʴ) ʠ 71.0 ʤʢʣ 2,4,6-MePy (0.56 ʤʤʦʣʴ) ʚ 2 ʤʣ EtOH. ʇʨʠ ʧʦʯʪʠ ʧʦʣʥʦʤ 

ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 79%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C58H50N2O14I6Zn3 ʚʳʯʠʩʣʝʥʦ, %: ʉ 35.66; H 2.58; N 1.44; ʥʘʡʜʝʥʦ, %: C 35.70; 

H 2.63; N 1.45. 

2.6 ʉʠʥʪʝʟ ʜʠʠʦʜʩʘʣʠʮʠʣʘʪʦʚ Zn(II ) 

[Zn(3-MePy)2(HDISA)2] (C1) 

27.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 35.0 ʤʢʣ 3-MePy (0.36 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 79%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C26H20N2O6I4Zn1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 31.29; H 2.44; N 2.61; ʥʘʡʜʝʥʦ, %: C 31.11; 

H 2.35; N 2.69. 

[Zn(4-MePy)2(HDISA)2] (C2) 

27.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 35.0 ʤʢʣ 4-MePy (0.36 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʚ 

ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 83%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C26H20N2O6I4Zn1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 30.36; H 1.96; N 2.73; ʥʘʡʜʝʥʦ, %: C 30.27; 

H 1.92; N 2.80. 

[Zn(3,5-MePy)2(HDISA)2] (C3) 

27.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 40.0 ʤʢʣ 3,5-MePy (0.36 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ 

ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 81%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C28H24N2O6I4Zn1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 31.83; H 2.26; N 2.65; ʥʘʡʜʝʥʦ, %: C 31.59; 

H 2.22; N 2.71. 
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[Zn(3,4-MePy)2(HDISA)2] (C4) 

27.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 41.0 ʤʢʣ 3,4-MePy (0.36 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 87%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C28H24N2O6I4Zn1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 31.83; H 2.26; N 2.65; ʥʘʡʜʝʥʦ, %: C 31.61; 

H 2.32; N 2.73. 

[Zn(3-BrPy)2(HDISA)2] (C5) 

27.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 35.0 ʤʢʣ 3-BrPy (0.36 ʤʤʦʣʴ) ʚ 3 ʤʣ EtOH. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 87%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C24H14N2O6I4Br2Zn1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 24.92; H 1.22; N 2.42; ʥʘʡʜʝʥʦ, %: C 

24.80; H 1.25; N 2.47. 

[Zn(3-ClPy)2(HDISA)2] (C6) 

27.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.09 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʤʣ EtOH ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

H2DISA (70 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ 34.0 ʤʢʣ 3-ClPy (0.36 ʤʤʦʣʴ) ʚ 3.5 ʤʣ EtOH. ʏʝʨʝʟ 3 ʜʥʷ ʤʝʜʣʝʥʥʦʛʦ 

ʫʧʘʨʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 84%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C24H14N2O6I4Cl2Zn1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 26.98; H 1.32; N 2.62; ʥʘʡʜʝʥʦ, %: C 

26.91; H 1.34; N 2.67. 

2.7 ʉʠʥʪʝʟ ʧʝʥʪʘʠʦʜʙʝʥʟʦʘʪʦʚ Zn(II ) 

[Zn(3,5-MePy)2(PIBA)2] (D1) 

16.0 ʤʛ Zn(NO3)2Ŀ6H2O (0.05 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ɼʄʌɸ ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HPIBA (80 ʤʛ, 0.11 ʤʤʦʣʴ) ʠ 24.0 ʤʢʣ 3,5-MePy (0.21 ʤʤʦʣʴ) ʚ 2 ʤʣ ɼʄʌɸ. ɼʠʬʬʫʟʠʷ ʧʘʨʦʚ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʞʝʣʪʦʚʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 79%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C28H18N2O4I10Zn1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 18.89; H 1.02; N 1.57; ʥʘʡʜʝʥʦ, %: C 19.01; 

H 1.10; N 1.65. 

[Zn(DMF) 3(NO3)(PIBA)] (D2) 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚ ʨʝʘʢʮʠʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʤʝʱʝʥʥʳʤʠ ʧʠʨʠʜʠʥʘʤʠ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ, ʧʦ ʢʦʪʦʨʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʝʨʚʳʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ, ʘ ʚ ʨʘʟʜʝʣʝ çʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚè ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʩʣʫʯʘʠ ʝʛʦ 

ʧʦʣʫʯʝʥʠʷ. 
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23.7 ʤʛ. Zn(NO3)2Ŀ6H2O (0.08 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ɼʄʌɸ ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

HPIBA (120 ʤʛ., 0.16 ʤʤʦʣʴ) ʠ 30.0 ʤʢʣ 3-ClPy (0.32 ʤʤʦʣʴ) ʚ 2 ʤʣ ɼʄʌɸ. ɼʠʬʬʫʟʠʷ ʧʘʨʦʚ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʞʝʣʪʦʚʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 84%. 

ɺ ʨʘʩʯʸʪʝ ʥʘ C16H21N4O8I5Zn1 ʚʳʯʠʩʣʝʥʦ, %: ʉ 17.52; H 1.93; N 5.11; ʥʘʡʜʝʥʦ, %: C 17.69; 

H 2.01; N 5.27. 
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3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʥʘʤʠ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʩʪʨʦʝʥʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʝʘʢʮʠʠ, ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ, ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʪ.ʜ.  

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʚʝʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ ʨʝʘʢʮʠʡ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ Cu(II ) 

ʠʣʠ Zn(II) ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠʦʜʟʘʤʝʱʸʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ (2-ʠʦʜʙʝʥʟʦʡʥʘʷ, 3,5-

ʜʠʠʦʜʩʘʣʠʮʠʣʦʚʘʷ ʠ ʧʝʥʪʘʠʦʜʙʝʥʟʦʡʥʘʷ), ʨʘʟʣʠʯʥʳʤʠ ʪʨʠʘʣʢʠʣʘʤʠʥʘʤʠ ʠʣʠ ʟʘʤʝʱʝʥʥʳʤʠ 

ʧʠʨʠʜʠʥʘʤʠ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʠʩʭʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʠ ʨʝʘʛʝʥʪʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ. ɺʳʙʦʨ ʢʠʩʣʦʪ ʚ ʩʣʫʯʘʷʭ HIBA ʠ H2DISA ʙʳʣ 

ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʣʘʙʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. HPIBA ʧʨʝʜʩʪʘʚʣʷʣʘ ʠʥʪʝʨʝʩ ʚ ʩʠʣʫ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ï ʵʪʦ 

çʩʚʝʨʭʪʷʞʝʣʘʷè ʘʨʦʤʘʪʠʯʝʩʢʘʷ ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʩʚʷʟʝʡ C-H, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ 

ʷʚʣʷʝʪʩʷ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʠʪʫʘʮʠʝʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ɻʉ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʝʝ ʩʠʥʪʝʟ ʙʳʣ ʦʧʠʩʘʥ ʦʢʦʣʦ 40 ʣʝʪ ʥʘʟʘʜ [245], ʝʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʥʝ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʧʨʠʥʮʠʧʝ.    

ɼʣʷ ʩʠʥʪʝʟʦʚ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H2DISA ʠ HIBA ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʮʝʪʦʥʠʪʨʠʣ ʚʚʠʜʫ ʝʛʦ ʚʳʩʦʢʦʡ ʧʦʣʷʨʥʦʩʪʠ ʠ ʭʦʨʦʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʨʝʘʛʝʥʪʦʚ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʘʮʝʪʦʥʠʪʨʠʣ ʧʨʦʷʚʣʷʣ ʩʝʙʷ ʪʘʢʞʝ ʚ ʨʦʣʠ 

ʣʠʛʘʥʜʘ ï ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʫʯʘʩʪʠʝʤ EtOH. ɼʣʷ 

ʩʠʥʪʝʟʦʚ ʩ HPIBA ʠʩʧʦʣʴʟʦʚʘʣʩʷ ɼʄʌɸ, ʪʘʢ ʢʘʢ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʟ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚ ʢʦʪʦʨʦʤ ʦʥʘ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʢʨʠʩʪʘʣʣʳ 

ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

3.1 ʀʦʜʙʝʥʟʦʘʪʳ Cu(II ) 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʩʰʠʨʝʥʥʘ ̫ ʩʝʨʠ ̫ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʘ) ʩʦʣʴ Cu2+ (ʭʣʦʨʠʜ ʣʠʙʦ ʥʠʪʨʘʪ), ʙ) ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ (ʦʩʥʦʚʘʥʠʝ/ʢʠʩʣʦʪʘ = 

1 ʠʣʠ 2) ʠ ʚ) ʧʠʨʠʜʠʥʦʚʳʡ ʣʠʛʘʥʜ. ʆʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 1; ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [256]. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʫʩʧʝʰʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʦʜʥʦʬʘʟʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʨʝʜʩʪʚʦʤ ʈʌɸ. ʊʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʯʠʩʪʳʭ ʬʘʟ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʊɻɸ. 
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[Cu2(CH3CN)2(IBA )4] 

ʄʝʞʜʫ ʧʨʦʜʫʢʪʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʥʳʭ ʧʠʨʠʜʠʥʦʚ, ʠʤʝʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʪʨʦʝʥʠʠ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳ ʩʣʫʯʘʠ 2,6-ʜʠʤʝʪʠʣ- ʠ 2,4,6-

ʪʨʠʤʝʪʠʣʧʠʨʠʜʠʥʦʚ: ʦʥʠ ʥʝ ʦʙʨʘʟʫʶʪ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʠʟ-ʟʘ ʩʚʦʠʭ ʩʪʝʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺʤʝʩʪʦ ʥʠʭ ʦʙʨʘʟʫʝʪʩʷ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

A2 (ʨʠʩ. 38). ʆʥ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʛʨʫʧʧʳ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ 

çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè ʩ 4 ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (CuïO = 1.959ï1.971 ¡) ʠ 

2 ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʘʧʠʢʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ (CuïN = 2.190 ¡), 

ʦʙʨʘʟʫʷ ʛʝʦʤʝʪʨʠʶ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ ʫ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʤʝʜʠ. ʈʘʩʩʪʦʷʥʠʷ CuĿĿĿCu ʩʦʩʪʘʚʣʷʶʪ 

2.64 ¡, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ [223, 257, 258].  ɺ ʩʣʫʯʘʝ ʩ ʜʨʫʛʠʤʠ ʘʟʦʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʦʩʠʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ˉ 5, 7, 9, 12, 19-20, 25, 29-30, 31, 33-34, 36-37 (ʪʘʙʣ. 1) ʧʦʣʫʯʝʥʘ ʯʠʩʪʘʷ ʬʘʟʘ A2; 

ʚ ʚʠʜʝ ʩʤʝʩʠ ʦʥʘ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʧʦ ʈʌɸ ʚ ʩʣʫʯʘʷʭ ˉ 27-28. 

 

ʈʠʩ. 38. ʉʪʨʫʢʪʫʨʘ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ A2. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ɻʉ IĿĿĿI. 

[CuL 2Cl2] ʠ [Cu2(4-EtPy)4(IBA )2Cl2] 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣ. 1, ʨʝʘʢʮʠʠ ʩ CuCl2ẗ2H2O ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʡʪʨʘʣʴʥʳʭ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [CuL 2Cl2] (ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʣʠ 

ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ). ʈʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [CuL 2Cl2] ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʧʨʠ L= 

Py (ˉ 2), 4-MePy (ˉ 10-11), 2,4,6-MePy (ˉ 32) ʠ 3-BrPy (ˉ 35), ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ ʧʨʠ L = 

Py (ˉ1), 4-EtPy (ˉ 14) ʠ 2,6-MePy (ˉ 27-28). 
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ʉʦʝʜʠʥʝʥʠʝ A8 ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʵʪʦʤʫ ʩʝʤʝʡʩʪʚʫ; ʝʛʦ ʛʝʦʤʝʪʨʠʷ ʪʠʧʠʯʥʘ ʜʣʷ ʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ (ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʘʷ, Cu-Cl = 2.292 ¡, Cu-N = 2.001 ¡). ʉʣʫʯʘʡ ʩ 4-EtPy ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ: ʟʜʝʩʴ ʦʙʨʘʟʫʝʪʩʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʡ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ A5 (ʨʠʩ. 

39). ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʘʞʜʦʛʦ ʠʟ ʘʪʦʤʦʚ ʤʝʜʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 4-EtPy (Cuï

N = 1.994ï2.007 ¡), ʦʜʥʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ IBA, ʩʚʷʟʘʥʥʦʛʦ ʢʚʘʟʠʙʠʜʝʥʪʘʪʥʦ (CuïO = 

1.988 ʠ 2.614 ¡; ʧʦʩʣʝʜʥʶʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʢʦʨʝʝ ʢʘʢ ʩʝʤʠʢʦʦʨʜʠʥʘʮʠʶ) ʠ ʜʚʫʭ ɛ2-

ʤʦʩʪʠʢʦʚʳʭ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʘ (Cu-Cl = 2.319 ʠ 2.680 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʦʛʣʘʩʥʦ CSD, 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʩʪʨʫʢʪʫʨʘ [259], ʦʙʥʘʨʫʞʠʚʘʶʱʘʷ ʙʣʠʟʢʦʝ ʩʭʦʜʩʪʚʦ ʩ A5 (ʛʘʣʦʛʝʥʠʜ, 

ʤʦʥʦʜʝʥʪʘʪʥʳʡ N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ ʠ ʢʘʨʙʦʢʩʠʣʘʪ) ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʤʝʥʝʝ ʧʦʭʦʞʠʭ ʩʣʫʯʘʝʚ ʩ 

ʧʦʣʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ N, N [260ï264]. 

 

ʈʠʩ. 39. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ A5. 

[Cu2L 2(IBA) 4] 

ʈʝʘʢʮʠʠ ʥʠʪʨʘʪʘ ʤʝʜʠ(II), HIBA ʠ ʨʷʜʘ ʧʠʨʠʜʠʥʦʚ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ 

ʪʠʧʘ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè [Cu2L2(IBA) 4] (L = Py (A1), 2-MePy (A3), 4-MePy (A4), 4-EtPy (A6), 

2,3-MePy (A7), 3,4-MePy (A9)) ʠ 3,5-MePy (A10) (ʨʠʩ. 40). ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʵʪʦ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʢʘʨʙʦʢʩʠʣʘʪʦʚ Cu (ʚ ʢʘʯʝʩʪʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʠʤʝʨʘ ʦʙʳʯʥʦ 

ʧʨʠʚʦʜʠʪʩʷ ʘʮʝʪʘʪ Cu(II)). ʉʪʨʦʝʥʠʝ ʠʭ ʘʥʘʣʦʛʠʯʥʦ ʧʦʤʷʥʫʪʦʤʫ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ 

A2, ʥʦ ʚ ʘʧʠʢʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʧʠʨʠʜʠʥʦʚʳʝ ʣʠʛʘʥʜʳ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʝʩʣʠ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 1:2:4 ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʪʦ ʠʭ 

ʧʦʷʚʣʝʥʠʝ ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʝʥʝʝ ʪʨʠʚʠʘʣʴʥʦ (ʥʘʧʨʠʤʝʨ, ʵʢʩʧʝʨʠʤʝʥʪʳ ˉ 3, 12, 16, 23 ʠ 25, 
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ʪʘʙʣ. 1). ʇʨʠʯʠʥʘ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝ ʷʩʥʘ; ʵʪʦ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʠʷʤʠ ʚ ʦʩʥʦʚʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʨʠʜʠʥʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

 

ʈʠʩ. 40. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ [Cu2L 2(IBA) 4], ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʘʪʦʤʳ N ʣʠʛʘʥʜʘ. ɻʉ IĿĿĿI, 

ʠʟʦʙʨʘʞʸʥʥʳʝ ʧʫʥʢʪʠʨʦʤ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ A4. 

ɻʉ ʚ ʠʦʜʙʝʥʟʦʘʪʘʭ Cu(II ) 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ IẗẗẗI ʩ ʩʫʤʤʦʡ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʜʣʷ ʜʚʫʭ ʘʪʦʤʦʚ ʠʦʜʘ 

(3.98 ¡ ʧʦ ɹʦʥʜʠ [265, 266]) ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ. ɺ ʩʪʨʫʢʪʫʨʝ A2 ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʘʪʦʤʘʤʠ ʠʦʜʘ ʜʚʫʭ ʠʟ ʯʝʪʳʨʝʭ 

ʣʠʛʘʥʜʦʚ IBA (IẗẗẗI = 3.723 ¡), ʩʦʝʜʠʥʷʷ ʟʚʝʥʴʷ [Cu2(IBA)4(CH3CN)2] ʚ ʙʝʩʢʦʥʝʯʥʳʝ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʬʠʛʫʨʥʳʝ ʮʝʧʦʯʢʠ (ʨʠʩ. 38). ʋʯʠʪʳʚʘʷ ʫʛʣʳ ʚʦ ʬʨʘʛʤʝʥʪʝ C-I-I (138.0Á), ʵʪʠ 

ʢʦʥʪʘʢʪʳ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʪʠʧʫ I (ʵʬʬʝʢʪʳ ʫʧʘʢʦʚʢʠ) [29]. ʇʦʯʪʠ ʠʜʝʥʪʠʯʥʳʡ ʤʦʪʠʚ 

ʩʚʷʟʳʚʘʥʠʷ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ A9 (IẗẗẗI = 3.701 ¡). ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ IẗẗẗI ʦʪʩʫʪʩʪʚʫʶʪ ʚ A1, A3, A5, 

A6, A7 ʠ A10. ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʪʘʢʠʭ ʢʦʥʪʘʢʪʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʪʨʫʢʪʫʨʝ A4 (ʨʠʩ. 40). 

ɿʘʜʝʡʩʪʚʦʚʘʥʳ ʚʩʝ ʘʪʦʤʳ ʠʦʜʘ ʢʘʞʜʦʛʦ ʟʚʝʥʘ [Cu2(IBA)4(4-MePy)2]; ʠʤʝʶʪʩʷ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ 

(3.544 ¡) ʠ ʙʦʣʝʝ ʜʣʠʥʥʳʝ (3.933 ¡) ʢʦʥʪʘʢʪʳ, ʪʘʢ ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʜʚʫʤʝʨʥʘʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ. 

ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʛʘʣʦʛʝʥẗẗẗʛʘʣʦʛʝʥ ʚ A2, A4 ʠ A9 ʤʳ 

ʧʨʠʤʝʥʷʣʠ ʦʙʱʠʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʥʘʤʠ ʨʘʥʝʝ [267, 268] (ʨʘʩʯʝʪʳ DFT ʠ ʘʥʘʣʠʟ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (QTAIM [247]), ʩʤ. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ1 ʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩ. ʇ2. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʩʚʷʟʠ (3, ï1) ʜʣʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IẗẗẗI; ʠʭ 
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ʧʘʨʘʤʝʪʨʳ (ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʟʥʘʯʝʥʠʷ ʣʘʧʣʘʩʠʘʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ) ʪʠʧʠʯʥʳ ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʚ 

ʧʦʜʦʙʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʕʥʝʨʛʠʠ (1.7ï4.2 ʢʢʘʣ/ʤʦʣʴ) ʦʙʳʯʥʳ ʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IẗẗẗI. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ -G(r)/V(r) (>1) [269], ʚʩʝ ʵʪʠ ʢʦʥʪʘʢʪʳ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʯʠʩʪʦ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ. 

ʊʘʙʣʠʮʘ 1. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ Cu2+ c HIBA ʠ ʨʘʟʣʠʯʥʳʤʠ ʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ 

ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. 

ˉ L  ʀʩʪʦʯʥʠʢ Cu Cu:HIBA :L ʇʨʦʜʫʢʪ ʇʨʠʤʝʯʘʥʠʝ 

1. Py CuCl2Ŀ2H2O 1:2:2 [CuPy2Cl2] + ʥʝ A1 ʀʟʚʝʩʪʥʦ [270] 

2. Py CuCl2Ŀ2H2O 1:2:4 [CuPy2Cl2] ʀʟʚʝʩʪʥʦ [270] 

3. Py Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2Py2(IBA)4] (A1)  

4. Py Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2Py2(IBA)4] (A1)  

5. 2-MePy CuCl2Ŀ2H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

6. 2-MePy CuCl2Ŀ2H2O 1:2:4 [Cu2(2-MePy)2(IBA)4] (A3)   

7. 2-MePy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

8. 2-MePy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(2-MePy)2(IBA)4]  (A3)   

9. 3-MePy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

10. 4-MePy CuCl2Ŀ2H2O 1:2:2 [Cu(4-MePy)2Cl2] ʀʟʚʝʩʪʥʦ [271] 

11. 4-MePy CuCl2Ŀ2H2O 1:2:4 [Cu(4-MePy)2Cl2] ʀʟʚʝʩʪʥʦ [271] 

12. 4-MePy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

13. 4-MePy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(4-MePy)2(IBA)4] (A4)  

14. 4-EtPy CuCl2Ŀ2H2O 1:2:2 
[Cu(4-EtPy)2Cl2] + ʥʝ A5 ʠʣʠ 

A6 
ʀʟʚʝʩʪʥʦ [272]  

15. 4-EtPy CuCl2Ŀ2H2O 1:2:4 [Cu2(4-EtPy)4(IBA)2Cl2] (A5)  

16. 4-EtPy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(4-EtPy)2(IBA)4] (A6)  

17. 4-EtPy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(4-EtPy)2(IBA)4] (A6)  

18. 2,3-MePy CuCl2Ŀ2H2O 1:2:4 [Cu2(2,3-MePy)2(IBA)4] (A7) ɺ EtOH 

19. 2,3-MePy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

20. 2,3-MePy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(CH3CN)2(IBA)4] (A2)  

21. 3,4-MePy CuCl2Ŀ2H2O 1:2:2 [Cu(3,4-MePy)2Cl2] (A8)  

22. 3,4-MePy CuCl2Ŀ2H2O 1:2:4 [Cu(3,4-MePy)2Cl2] (A8)  

23. 3,4-MePy Cu(NO3)2Ŀ3H2O 1:2:2 A2 + A9  

24. 3,4-MePy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(3,4-MePy)2(IBA)4] (A9)  
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ʊʘʙʣʠʮʘ 1. (ʧʨʦʜʦʣʞʝʥʠʝ) 

ˉ L  ʀʩʪʦʯʥʠʢ Cu Cu:HIBA :L  ʇʨʦʜʫʢʪ ʇʨʠʤʝʯʘʥʠʝ 

25. 3,5-MePy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

26. 3,5-MePy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(3,5-MePy)2(IBA)4] (A10)  

27. 2,6-MePy CuCl2Ŀ2H2O 1:2:2 A2 + [Cu(2,6-MePy)2Cl2] ʀʟʚʝʩʪʥʦ [273] 

28. 2,6-MePy CuCl2Ŀ2H2O 1:2:4 A2 + [Cu(2,6-MePy)2Cl2] ʀʟʚʝʩʪʥʦ [273] 

29. 2,6-MePy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

30. 2,6-MePy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(CH3CN)2(IBA)4] (A2)  

31. 2,4,6-MePy CuCl2Ŀ2H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

32. 2,4,6-MePy CuCl2Ŀ2H2O 1:2:4 [Cu(2,4,6-MePy)2Cl2] ʀʟʚʝʩʪʥʦ [274] 

33. 2,4,6-MePy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

34. 2,4,6-MePy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(CH3CN)2(IBA)4] (A2)  

35. 3-BrPy CuCl2Ŀ2H2O 1:2:4 [Cu(3-BrPy)2Cl2] ʀʟʚʝʩʪʥʦ [275] 

36. 2,6-BrPy Cu(NO3)2Ŀ3H2O 1:2:2 [Cu2(CH3CN)2(IBA)4] (A2)  

37. 2,6-BrPy Cu(NO3)2Ŀ3H2O 1:2:4 [Cu2(CH3CN)2(IBA)4] (A2)  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʜʘʥʥʳʭ, ʭʦʪʷ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ Cu(II) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 2-

ʠʦʜʙʝʥʟʦʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [276, 277], ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʤʝʜʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʩʤ. A5). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʩʢʦʨʝʝ ʦ ʪʦʤ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ 

ʵʪʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ɻʉ ʜʦʚʦʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʝʜʘʚʥʦ [278], ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʤ-

ʠʦʜʠʨʦʚʘʥʥʳʝ ʘʨʝʥʢʘʨʙʦʢʩʠʣʘʪʳ. 

3.2 ɼʠʠʦʜʩʘʣʠʮʠʣʘʪʳ Cu(II ) 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʤʠ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠʘʣʢʠʣʘʤʠʥʳ ʜʣʷ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ H2DISA, ʧʨʝʜʧʦʣʘʛʘʷ ʠʭ ʤʝʥʴʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʣʠʛʘʥʜʳ, ʪʘʢ 

ʯʪʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʤʝʱʸʥʥʳʤ 

ʧʠʨʠʜʠʥʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʛʨʘʪʴ ʜʚʦʷʢʫʶ ʨʦʣʴ (ʢʘʢ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠ ̫H2DISA, 

ʪʘʢ ʠ ʣʠʛʘʥʜ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ), ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʤʝʜʠ, ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʤʦʥʦ-, ʙʠ-, 

ʪʨʸʭ- ʠ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʘ ʪʘʢʞʝ ʦʜʥʦʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 
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ʧʦʣʠʤʝʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʧʨʦʚʝʜʸʥʥʳʭ ʨʝʘʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8, ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ 

[279, 280]. 

(R3NH)2[Cu(DISA)2] 

ʈʝʘʢʮʠʠ ʤʝʞʜʫ Cu(NO3)2 ʠʣʠ CuCl2, DISA ʠ R3N ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2:4 ʚʩʝʛʜʘ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʦʜʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ 

ʤʝʜʴʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʢʫʨʩʦʨʘ. ʇʨʦʠʩʭʦʜʠʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʢʘʢ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ, ʪʘʢ ʠ 2-

ʛʠʜʨʦʢʩʦʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʷʜʝʨʥʳʭ ʘʥʠʦʥʥʭr ʢʦʤʧʣʝʢʩʦʚ (R3NH)2[Cu(DISA)2] (R = Et 

(E1), Pr (E3) ʠ Bu (E5)), ʛʜʝ ʜʠʘʥʠʦʥʳ DISA2- ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʚ ʭʝʣʘʪʥʦ-ʙʠʜʝʥʪʘʪʥʦʤ ʨʝʞʠʤʝ 

(ʨʠʩ. 41). ɼʣʠʥʳ ʩʚʷʟʠ Cu-O ʦʯʝʥʴ ʙʣʠʟʢʠ ʚʦ ʚʩʝʭ ʪʨʭy ʩʣʫʯʘʷʭ (ʪʘʙʣ. 2). ʊʘʢʦʡ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ 

ʚ ʮʝʣʦʤ ʥʝ ʨʝʜʢʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʢʩʘʣʘʪʦʚ [281ï287]; ʜʣʷ ʩʘʣʠʮʠʣʘʪʦʚ ʦʥ ʙʳʣ ʥʘʡʜʝʥ ʚ ʦʜʥʦʤ 

ʛʦʤʦ- [288] ʠ ʥʝʩʢʦʣʴʢʠʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [289ï291], ʘ ʪʘʢʞʝ ʚ 

ʧʦʣʠʤʝʨʘʭ [292, 293]. ʇʦ ʜʘʥʥʳʤ ʈʌɸ, E1, E3 ʠ E5 ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʜʥʦʬʘʟʥʦʤ ʚʠʜʝ ʧʨʠ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ.   

 

ʈʠʩ. 41. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʦʚ E1, E3, E5. 

ʊʘʙʣʠʮʘ 2. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡) Cu-O ʚ E1, E3 ʠ E5. 

ʉʦʝʜʠʥʝʥʠʝ Cu-O1, ¡ Cu-O2, ¡ 

E1 1.907 1.902 

E3 1.914 1.896 

E5 1.915 1.918 

 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʳ ʩʨʘʚʥʠʣʠ ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʩ ʩʫʤʤʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʜʠʫʩʦʚ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ: 3.50 ¡ ʜʣʷ I ʠ O, 3.96 ¡ ʜʣʷ 

ʜʚʫʭ I [265]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʠʩʪʝʤʳ ɻʉ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʤʦʪʠʚ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʣʫʯʘʷʭ. ʂʦʥʪʘʢʪʳ 

IẗẗẗI ʦʪʩʫʪʩʪʚʫʶʪ ʚ E1 ʠ E3, ʘ ʚ E5 ʠʭ ʜʚʘ ʪʠʧʘ (ʨʠʩ. 42, ʩʣʝʚʘ; 1 ʠ 2 ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IẗẗẗI = 
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3.849 ʠ 3.805 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʚʢʣʶʯʘʶʱʠʝ ʚʩʝ ʘʪʦʤʳ I ʚ ʩʪʨʫʢʪʫʨʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ IẗẗẗO ʚ 

E1 (3.157 ¡) ʩʪʨʦʷʪʩʷ ʯʝʨʝʟ ʘʪʦʤʳ 3-I ʠ O ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʪʘʢ, ʯʪʦ ʦʙʨʘʟʫʶʪʩʷ 1D-ʮʝʧʦʯʢʠ 

(ʨʠʩ. 42, ʩʧʨʘʚʘ); ʚ E3 ʠʭ ʩʠʩʪʝʤʘ ʜʦʚʦʣʴʥʦ ʧʦʭʦʞʘ, ʥʦ ʩ ʫʯʘʩʪʠʝʤ 5-I ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʙʦʣʴʰʠʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ IẗẗẗO (3.362 ¡; ʨʠʩ. 43). ʋ E5 ʪʘʢʠʝ ʢʦʥʪʘʢʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʠʦʥʦʤ ʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʚʦ 

ʚʩʝʭ ʪʨʸʭ ʢʦʤʧʣʝʢʩʘʭ. 

 

ʈʠʩ. 42. ʉʠʩʪʝʤʘ ɻʉ IẗẗẗI ʜʚʫʭ ʪʠʧʦʚ ʚ ʢʦʤʧʣʝʢʩʝ E5 (ʩʣʝʚʘ) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IẗẗẗO ʚ E1 

(ʩʧʨʘʚʘ). 

 

ʈʠʩ. 43. ʉʠʩʪʝʤʘ ɻʉ IẗẗẗO ʚ ʢʦʤʧʣʝʢʩʝ E3. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʙʦʙʱʝʥʳ ʚ 

ʪʘʙʣ. ʇ1. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʩʚʷʟʠ (3, ï1) ʜʣʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IẗẗẗI ʠ I ẗẗẗO ʚ E1, E3 ʠ E5. ɺ ʵʪʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ ʩʚʷʟʠ 

(3, ï1) ʨʘʩʯʪyʥʘʷ ʩʠʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ (2.1ï4.2 ʢʢʘʣ/ʤʦʣʴ) ʪʠʧʠʯʥʳ ʜʣʷ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʚ ʧʦʜʦʙʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

[294]. ʂʦʚʘʣʝʥʪʥʳʝ ʚʢʣʘʜʳ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ [269]. 
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(Pr3NH)2[Cu2(HDISA)4Cl2] ʠ (Bu3NH)2[Cu2(HDISA)5Cl]ĿCH3CN 

ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ H2DISA/R3N ʠ ʧʨʠʨʦʜʳ ʠʩʭʦʜʥʦʡ ʩʦʣʠ ʤʝʜʠ 

ʚʣʠʷʝʪ ʥʘ ʧʨʠʨʦʜʫ ʧʨʦʜʫʢʪʦʚ. ʊʘʢ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ CuCl2 ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ H2DISA/R3N = 1, 

ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ E1, E3 ʠʣʠ E5. ʅʘʰʠ ʧʦʧʳʪʢʠ ʚʳʜʝʣʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ ʧʨʠ R = Et. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Pr3N ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 

ʪʠʧʘ ʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘ (Pr3NH)2[Cu2(HDISA)4Cl2] E2 (ʨʠʩ. 44). ɺ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ 2-

ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ ʚʩʝʭ ʟʚʝʥʴʝʚ DISA ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ ʩ ʟʘʩʝʣʝʥʥʦʩʪʴʶ 0.5/0.5, 

ʦʩʪʘʚʘʷʩʴ ʧʨʠ ʵʪʦʤ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ (ʩʠʣʴʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʠ ʢʘʪʠʦʥʳ). ʈʘʩʩʪʦʷʥʠʷ CuẗẗẗCu 

ʠ Cu-O ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ, ʦʙʳʯʥʳʭ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Cu ʵʪʦʛʦ ʪʠʧʘ (2.772 ¡ ʠ 1.971ï1.983 ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɸʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʭʣʦʨʠʜʥʳʝ ʣʠʛʘʥʜʳ (Cu-Cl = 2.393 ¡); ʪʘʢʘʷ 

ʢʦʦʨʜʠʥʘʮʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʜʦʚʦʣʴʥʦ ʨʝʜʢʘ (ʩʨʝʜʠ ʙʦʣʝʝ 1500 ʩʪʨʫʢʪʫʨ ʙʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ 

{ Cu2(OOCR)4L2}  ʚʩʪʨʝʯʘʝʪʩʷ ʚʩʝʛʦ 23 ʩʣʫʯʘʷ, ʢʦʛʜʘ L = Cl [295ï299] ʠ 2 ʩʣʫʯʘʷ, ʢʦʛʜʘ X = Br 

[300, 301] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ IẗẗẗO ʚ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

 

ʈʠʩ. 44. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ E2. ʇʦʢʘʟʘʥʳ ʦʙʝ ʧʦʟʠʮʠʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ 2-OH ʛʨʫʧʧʳ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CuCl2 ʠ Bu3N ʚ ʢʘʯʝʩʪʚʝ ʜʝʧʨʦʪʦʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

H2DISA/R3N = 1, ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ (Bu3NH)2[Cu2(HDISA)5Cl]ĿCH3CN E4 (ʨʠʩ. 45), ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʤ Cu(II) ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʷʪʴʶ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʉʪʨʦʝʥʠʝ ʝʛʦ ʩʭʦʞʝ ʩ E2, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʘʧʠʢʘʣʴʥʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ, ʚʤʝʩʪʦ 

ʢʦʪʦʨʦʛʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʝʱʸ ʦʜʠʥ ʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʣʠʛʘʥʜ, ʘʪʦʤʳ 5-I ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪ 

ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʟʘ ʩʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IẗẗẗI (3.913 ¡). ʈʘʩʩʪʦʷʥʠʷ CuẗẗẗCu ʩʦʩʪʘʚʣʷʶʪ 2.731 
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¡, ʜʣʠʥʳ ʩʚʷʟʝʡ Cu-Cl = 2.374 ¡, ʘ Cu-O ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1.941-2.004 ¡ ʜʣʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʘʪʦʤʦʚ O ʠ 2.118 ¡ ʜʣʷ ʘʧʠʢʘʣʴʥʦʛʦ. 

 

ʈʠʩ. 45. ʉʠʩʪʝʤʘ ɻʉ IẗẗẗI ʚ ʢʦʤʧʣʝʢʩʝ E4. 

[Cu2(CH3CN)2(DISA)4] 

ʀʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʦʡ ʩʦʣʠ ʤʝʪʘʣʣʘ ʩ ʭʣʦʨʠʜʘ ʥʘ ʥʠʪʨʘʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ H2DISA/R3N = 1 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [Cu2(CH3CN)2(DISA)4] (E9) ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ˉ 42, 46, 50. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2-MePy ʚ ʢʘʯʝʩʪʚʝ N-ʜʦʥʦʨʥʦʛʦ 

ʣʠʛʘʥʜʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ˉ58 (ʠʤʝʥʥʦ ʵʪʦʪ ʦʙʨʘʟʝʮ ʙʳʣ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ɽ9 ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. ʇʦ ʩʪʨʦʝʥʠʶ ʵʪʦ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʪʠʧʘ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè; ʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʢ Cu(II ) 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ CH3CN. ɻʝʦʤʝʪʨʠʷ ʢʘʞʜʦʛʦ ʤʝʪʘʣʣʦʮʝʥʪʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʠʤʤʝʪʨʠʯʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Cu-O = 1.963 ¡, Cu-

N = 2.163 ¡ ʠ CuẗẗẗCu = 2.669 ¡. ɺ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. 

[CuL 2(HDISA)2] 

ʅʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʯʝʪʳʨʝ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ ʪʠʧʘ [CuL2(HDISA)2] ï ʩ L = Py (E6), 

2-MePy (E8), 3-MePy (E11) ʠ 3,5-MePy (E24), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. Cu ʠʤʝʝʪ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ ʣʠʛʘʥʜʦʚ HDISA ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʆʅ-

ʛʨʫʧʧʦʡ ʠ ʜʚʫʭ ʧʠʨʠʜʠʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʷʭ (ʨʠʩ. 46). ʊʘʢʦʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ ʥʘʙʣʶʜʘʣʩʷ ʨʘʥʝʝ ʚ ʥʝʟʘʤʝʱʝʥʥʳʭ [302ï305] ʠ ʟʘʤʝʱʝʥʥʳʭ [306ï309] ʩʘʣʠʮʠʣʘʪʘʭ Cu(II). ɺ 

ʢʦʦʨʜʠʥʘʮʠʠ ʫʯʘʩʪʚʫʝʪ ʦʜʠʥ ʘʪʦʤ ʆ ʢʘʞʜʦʡ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ, ʘ ʨʘʩʩʪʦʷʥʠʷ CuỄO(2) 

ʩʢʦʨʝʝ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʝʤʠʢʦʦʨʜʠʥʘʮʠʠ (ʪʘʙʣ 3). ɺ E11 ʣʠʛʘʥʜʳ 3-MePy 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ.  
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ʈʠʩ. 46. ʆʙʱʘʷ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ E6, E8, E11, E24. 

ʊʘʙʣʠʮʘ 3. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡) Cu-O1, Cu-N ʠ ʨʘʩʩʪʦʷʥʠʡ Cu-O2 ʚ E1, E3 ʠ E5. 

ʉʦʝʜʠʥʝʥʠʝ Cu-O1, ¡ Cu-O2, ¡ Cu-N, ¡ 

E6 1.949 2.632 2.017 

E8 1.921-1.931 2.851-2.934 1.980-1.981 

E11 1.987 2.535 1.974-2.015 

E24 1.992 2.506 1.997 

ɺ E6 ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ IỄO, ʪʘʢ ʠ IỄI ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (3.417 ʠ 3.761 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ʨʠʩ. 47, ʩʥʠʟʫ) ʩ ʫʯʘʩʪʠʝʤ 5-I ʠ 3-I ʟʘʤʝʩʪʠʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʦʨʤʠʨʫʷ 2D 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʤʝʨ; ʚ E11 ʘʥʘʣʦʛʠʯʥʳʡ ʥʘʙʦʨ ʢʦʥʪʘʢʪʦʚ ʬʦʨʤʠʨʫʝʪ ʫʞʝ 3D ʧʦʣʠʤʝʨ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ E24 ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʣʘʙʳʝ IỄI ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-I ʟʘʤʝʩʪʠʪʝʣʝʡ ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ 3.938 ¡ (ʨʠʩ. 47, ʩʚʝʨʭʫ). ʊʘʢʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʢʦʥʪʘʢʪʳ ʦʪʩʫʪʩʪʚʫʶʪ ʚ E8. 

 

ʈʠʩ. 47. ʉʠʩʪʝʤʘ ɻʉ IỄI ʚ ʢʦʤʧʣʝʢʩʝ E24 (ʩʚʝʨʭʫ) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IỄO ʠ IỄI ʚ E6 (ʩʥʠʟʫ). 

IỄI ʧʦʤʝʯʝʥʳ ʦʨʘʥʞʝʚʳʤ ʧʫʥʢʪʠʨʦʤ, IỄO ï ʯʸʨʥʳʤ. 
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[Cu2L 4(HDISA)2Cl2] 

ʕʪʠ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʪʨʸʭ ʩʣʫʯʘʷʭ (L = 3-MePy (E12), 3,4-MePy (E20) 

ʠ 3,5-MePy (E22)), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ CuCl2. ɸʪʦʤʳ Cu ʩʚʷʟʘʥʳ ʜʚʫʤʷ ɛ2-

ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ (ʚʩʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4). ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

ʢʘʞʜʦʛʦ Cu ʜʦʧʦʣʥʷʝʪʩʷ ʜʚʫʤʷ ʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʦʜʥʠʤ HDISA, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʦʡ (ʨʠʩ. 48). ʕʪʦʪ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʢʨʘʡʥʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʜʣʷ 

ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʤʝʜʠ(II ); ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʨʝʣʝʚʘʥʪʥʳʭ ʧʨʠʤʝʨʘ ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ N-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʚ 2-ʠʦʜʦʙʝʥʟʦʘʪʘʭ Cu) [256, 259] ʠ 

ʥʝʩʢʦʣʴʢʦ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ [310ï312]. ɺ ʩʪʨʫʢʪʫʨʝ E22 ʠʤʝʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

IỄO (3.253 ¡) ʤʝʞʜʫ ʥʝ ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʤ ʆ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʠ 

ʘʪʦʤʦʤ I ʚ 5 ʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʚʷʟʳʚʘʥʠʶ ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʦʜʥʦʤʝʨʥʫʶ 

ʮʝʧʦʯʢʫ (ʨʠʩ. 48). ɺ ʩʪʨʫʢʪʫʨʘʭ E12 ʠ E20 ʥʝʪ ʥʠ IỄI, ʥʠ IỄO-ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

 

ʈʠʩ. 48. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ E12, E20, E22. ʉʠʩʪʝʤʘ ɻʉ IỄO ʦʪʥʦʩʠʪʩʷ ʢ E22. 
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ʊʘʙʣʠʮʘ 4. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡) Cu-O, Cu-N, Cu-Cl ʠ ʨʘʩʩʪʦʷʥʠʡ CuỄCu ʚ E12, E20, E22. 

ʉʦʝʜʠʥʝʥʠʝ Cu-O, ¡ Cu-N, ¡ Cu-Cl, ¡ CuỄCu, ¡ 

E12 2.324-2.637 1.998-2.010 2.324-2.637 3.426 

E20 2.337-2.641 1.994-2.006 2.337-2.641 3.415 

E22 2.021-2.592 2.010-2.019 2.308-2.629 3.360 

 

[Cu3L 6(HDISA)2Cl4] 

ʊʨʸʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ (ʨʠʩ. 49) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʪʠʧʘ [Cu2L4(HDISA)2Cl2] ʩ çʚʩʪʨʦʝʥʥʳʤè ʚ ʩʝʨʝʜʠʥʫ ʤʦʣʝʢʫʣʳ ʟʚʝʥʦʤ 

{CuL2Cl2}. ʅʘʩʢʦʣʴʢʦ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʨʘʥʝʝ ʪʘʢʦʡ ʪʠʧ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʤʝʜʠ ʙʳʣ ʥʝʠʟʚʝʩʪʝʥ. ʄʳ 

ʚʳʜʝʣʠʣʠ ʜʚʘ ʝʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ï ʩ L = 4-MePy (E15) ʠ 4-EtPy (E18). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʚʝ ʩʚʷʟʠ 

Cuïɛ2ïCl ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳ (2.877 ʠ 2.957 ¡ ʚ E15 ʠ E18 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʦʩʪʘʣʴʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5). ɺ E18 ʠʤʝʶʪʩʷ ʩʣʘʙʳʝ (3.895 ¡) ʢʦʥʪʘʢʪʳ IỄI ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʦʜʥʦʤʝʨʥʫʶ ʮʝʧʦʯʢʫ. 

 

ʈʠʩ. 49. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ E18 ʠ ʩʠʩʪʝʤʘ ʝʛʦ ɻʉ IỄI. 

ʊʘʙʣʠʮʘ 5. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡) Cu-O, Cu-N, Cu-Cl ʠ ʨʘʩʩʪʦʷʥʠʡ CuỄCu ʚ E12, E20, E22. 

ʉʦʝʜʠʥʝʥʠʝ Cu-O, ¡ Cu-N, ¡ Cu-Cl, ¡ CuỄCu, ¡ 

E15 2.020 2.002-2.030 2.291-2.877 3.507 

E18 2.025 1.984-2.011 2.336-2.957 3.537 
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[Cu4L 4(DISA)4] 

ʕʪʠ ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ L = Py (E7), 3-MePy (E13), 4-MePy (E17), 

4-EtPy (E19), 3,4-MePy (E21), 3,5-MePy (E23) ʠ 2,6-MePy (E25). ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ 

ʤʝʜʠ, ʦʙʨʘʟʫʶʱʠʭ ʧʨʘʚʠʣʴʥʳʡ ʣʠʙʦ ʥʝʩʢʦʣʴʢʦ ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘʵʜʨ. ʄʦʣʝʢʫʣʳ DISA 

ʧʦʣʥʦʩʪʴʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ; ʢʘʢ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ, ʪʘʢ ʠ ʛʠʜʨʦʢʩʦ-ʘʪʦʤʳ ʆ ʫʯʘʩʪʚʫʶʪ ʚ 

ʢʦʦʨʜʠʥʘʮʠʠ, ʪʘʢ ʯʪʦ ʢʘʞʜʳʡ ʢʠʩʣʦʪʥʳʡ ʣʠʛʘʥʜ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʣʠʥʢʝʨ ʜʣʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʮʝʥʪʨʦʚ 

Cu. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ ʢʚʘʜʨʘʪ. 

ɺʳʙʦʨ ʚʠʜʘ, ʢʦʪʦʨʳʡ ʙʳ ʫʜʘʯʥʦ ʠʣʣʶʩʪʨʠʨʦʚʘʣ ʵʪʦʪ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ, ʜʦʚʦʣʴʥʦ ʩʣʦʞʝʥ, 

ʧʦʵʪʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 50 ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʟʚʝʥʴʷ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʚ ʵʪʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 6. ʕʪʦʪ ʤʦʪʠʚ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʘʨʙʦʢʩʠʣʘʪʘʭ ʤʝʜʠ - ʘʥʘʣʦʛʠʯʥʳʝ ʤʦʜʝʣʠ ʨʘʥʝʝ ʚʩʪʨʝʯʘʣʠʩʴ ʪʦʣʴʢʦ ʚ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʣʘʢʪʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [222]. 

 

ʈʠʩ. 50. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ E7. ʀʟʦʙʨʘʞʝʥʳ ʪʦʣʴʢʦ ʘʪʦʤʳ N ʧʠʨʠʜʠʥʦʚ, O ʠ ʥʝʢʦʪʦʨʳʝ 

ʘʪʦʤʳ C ʩʘʣʠʮʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʊʘʙʣʠʮʘ 6. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡) Cu-O, Cu-N ʠ ʨʘʩʩʪʦʷʥʠ ̫CuĿĿĿCu ʚ E7, E13, E17, E19, E21, E23 ʠ 

E25. 

ʉʦʝʜʠʥʝʥʠʝ Cu-OOH, ¡ Cu-OCOOH, ¡ Cu-N, ¡ CuỄCu, ¡ 

E7 1.890 1.907-1.959 2.000 4.445-4.579 

E13 1.884 1.909-1.968 2.007 4.508-4.515 

E17 1.890 1.907-1.954 1.986 4.550-4.607 
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ʊʘʙʣʠʮʘ 6 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʉʦʝʜʠʥʝʥʠʝ Cu-OOH, ¡ Cu-OCOOH, ¡ Cu-N, ¡ CuỄCu, ¡ 

E19 1.890 1.911-1.954 1.985 4.481-4.590 

E21 1.903 1.877-1.959 1.981 4.177-4.639 

E23 1.902 1.921-1.968 1.997 4.518-4.731 

E25 1.869 1.924-1.971 1.984-2.001 4.267-5.691 

 

ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʢʦʤʧʣʝʢʩʘʭ E7, E19 ʠ E21. ɺ E13 ʠ E17 

ʦʙʨʘʟʫʝʪʩʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ 3D ʧʦʣʠʤʝʨ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʧʦʣʦʩʪʷʤʠ, ʚ ʫʟʣʘʭ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʪʝʪʨʘʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʨʠʩ. 51), ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ IỄI 

ʤʝʞʜʫ 5-I ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʨʠʩ. 52; IỄI = 3.867 ¡). 

 

ʈʠʩ. 51. ʇʦʣʦʩʪʠ, ʬʦʨʤʠʨʫʝʤʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʤ 3D ʧʦʣʠʤʝʨʦʤ E17. 
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ʈʠʩ. 52. ʉʠʩʪʝʤʘ ɻʉ IỄI ʚ ʢʦʤʧʣʝʢʩʝ E17. 

ʀʥʦʡ ʤʦʪʠʚ ʩʚʷʟʳʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ E25. ɺ ʥʸʤ ʬʦʨʤʠʨʫʝʪʩʷ ʮʝʧʦʯʢʘ ʟʘ ʩʯʸʪ 

ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IỄI 3-I ʟʘʤʝʩʪʠʪʝʣʝʡ (ʨʠʩ. 53, ʯʨyʥʡr ʧʫʥʢʪʠʨ, 3.978 ¡) ʜʚʫʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (ʩʚʷʟʳʚʘʥʠʝ ʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫ). ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʢʘʞʜʳʤ ʟʚʝʥʦʤ 

ʥʘʭʦʜʷʪʩʷ ʜʠʩʢʨʝʪʥʳʝ ʪʝʪʨʘʤʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʟʘ ʩʯʸʪ ɻʉ IỄI ʩ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʵʪʦʡ ʮʝʧʠ (ʨʠʩ. 53, ʦʨʘʥʞʝʚʳʡ ʧʫʥʢʪʠʨ) ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ IỄI = 3.764 ʠ 3.937 ¡ ʜʣʷ 3-

I ʠ 5-I ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
































































































































