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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ɹʕʊ ï ʤʦʜʝʣʴ ʘʜʩʦʨʙʮʠʠ ɹʨʫʥʘʫʵʨʘ-ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ 

ɺʉ ï ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ 

ɻʉ ï ʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʂʈ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ 

ʄʆʂʇ ï ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

ʄʆʂ, MOFï ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʨʢʘʩ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

bipy ï 4,4ô-ʙʠʧʠʨʠʜʠʣ 

bpe ï 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʘʥ 

bpen ï 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥ 

bimb ï 1,4-ʙʠʩ(ʠʤʠʜʘʟʦʣ-1-ʠʣ)-ʙʫʪʘʥ 

CHN ï ʵʣʝʤʝʥʪʥʳʡ C,H,N-ʘʥʘʣʠʟ 

dabco ï 1,4-ʜʠʘʟʘʙʠʮʠʢʣʦ[2.2.2]ʦʢʪʘʥ 

DMA  ï N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ 

DMF, ɼʄʌɸ ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ  

H2bdc ï ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

H2(2-I -bdc) ï 2-ʠʦʜʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

H2(2,5-I -bdc) ï 2,5-ʜʠʠʦʜʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

H2(I 2-bpdc) ï 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2(I -ipa) ï 5-ʠʦʜʠʟʦʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

H2(I 2-ndc) ï 4,8-ʜʠʠʦʜʦʥʘʬʪʘʣʠʥ-2,6-ʜʠʢʘʨʙʦʥʦʚʘ ̫ʢʠʩʣʦʪʘ 

ThioTerPy ï 4 -̀(ʪʠʦʬʝʥ-2-ʠʣ)-4,2ô:6ô,4ôô-ʪʝʨʧʠʨʠʜʠʥ 

FurTerPy  ï 4 -̀(ʬʫʨʘʥ-2-ʠʣ)-4,2ô:6ô,4ôô-ʪʝʨʧʠʨʠʜʠʥ 

LMCT  ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʩ ʣʠʛʘʥʜʘ ʥʘ ʤʝʪʘʣʣ 

QY ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʄʆʂʇ; metal-organic framework, 

MOF) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

çʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚè (ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʣʠʙʦ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ), ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ (ʣʠʥʢʝʨʘʤʠ). ʕʪʘ ʪʝʤʘʪʠʢʘ ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ [1ï4]. ɽʞʝʛʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ 

ʪʝʤʝ, ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ Scopus ʠ Web of Science, ʠʩʯʠʩʣʷʝʪʩʷ ʪʳʩʷʯʘʤʠ ʠ 

ʧʨʦʜʦʣʞʘʝʪ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʠ. ʉʪʦʣʴ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʟʚʘʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʘʣʠʯʠʝʤ ʫ ʄʆʂʇ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʠʟ ʪʨʝʭʤʝʨʥʳʭ ʢʘʨʢʘʩʦʚ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʄʆʂʇ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʨʙʝʥʪʦʚ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʭʨʘʥʝʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʄʆʂʇ 

ʤʦʛʫʪ ʦʙʣʘʜʘʪ ɹ ʦʧʪʠʯʝʩʢʠʤʠ, ʩʝʥʩʦʨʥʳʤʠ, ʤʘʛʥʠʪʥʳʤʠ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ.  

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʄʆʂʇ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ çʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚè (ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ). ɺʘʞʥʝʡʰʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʝʪ ʚʳʙʦʨ 

ʣʠʥʢʝʨʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʩʪʝʨʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʀʤʝʥʥʦ ʦʥʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʩʪʨʦʝʥʠʝ (ʪʦʧʦʣʦʛʠʶ ʢʘʨʢʘʩʘ) ʚ ʮʝʣʦʤ, ʥʦ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʧʦʨ ʠ 

ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʭʤʝʨʥʳʭ ʄʆʂʇ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ, ʙʫʜʫʯʠ 

ʩʧʦʩʦʙʥʳʤʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʚ ʪ.ʯ. ʩʦʨʙʮʠʠ) ʄʆʂʇ ʩ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʙʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ, ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʠ ʪ.ʜ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʛʨʘʶʪ 

çʢʣʘʩʩʠʯʝʩʢʠʝè ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ (ɺʉ) ʠ, ʦʙʳʯʥʦ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ˊ-ʩʪʝʢʠʥʛ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʢʦʥʪʘʢʪʘʤ ʠʥʳʭ ʚʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ (ɻʉ), ʢʦʪʦʨʘʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ 

ʨʘʙʦʪ [5ï8], ʪʘʢʞʝ ʩʧʦʩʦʙʥʘ ʚʥʦʩʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʄʆʂʇ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʨʠ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʄʆʂʇ ʩ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʚ ʚʘʨʠʘʥʪʝ ʩʦʨʙʮʠʠ ʣʠʙʦ 

ʩʝʥʩʦʨʠʢʠ, ʪ.ʝ. ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ, ʥʘʧʨʠʤʝʨ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ). ʋʯʠʪʳʚʘʷ ʞʝ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʚʝʱʝʩʪʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʧʝʨʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ, 1,2-ʜʠʭʣʦʨʵʪʘʥ ʠ 

ʜʨ.) ʠ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ, ʨʘʟʨʘʙʦʪʢʘ ʚʝʱʝʩʪʚ, 

ʩʧʦʩʦʙʥʳʭ ʩʝʣʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʠʭ ʠʟ ʩʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʝʥʩʦʨʦʚ, ʷʚʣʷʝʪʩʷ, ʙʝʟ 

ʩʦʤʥʝʥʠʷ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʣʠʥʢʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɻʉ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʠʦʜʩʦʜʝʨʞʘʱʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ 

ʩʠʥʪʝʟʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʥʠʦʥʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʠʟʫʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɻʉ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʣʫʯʠʣ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ. ʍʦʪʷ ʢʘʞʜʘ ̫ʠʟ ʪʝʤʘʪʠʢ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ (ʄʆʂʇ ʠ ɻʉ) ʷʚʣʷʝʪʩʷ çʛʦʨʷʯʝʡ ʪʦʯʢʦʡè ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ, ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʙʳ 

ʧʦʧʳʪʘʣʠʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʙʲʝʜʠʥʠʪʴ ʵʪʠ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʯʝʥʴ ʤʘʣʦ. ʈʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ 

ɻʉ ʚ ʭʠʤʠʠ ʄʆʂʇ ʚʦʦʙʱʝ, ʠʩʯʠʩʣʷʶʪʩʷ ʝʜʠʥʠʮʘʤʠ [9ï11], ʭʦʪʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ 

ʛʦʚʦʨʷʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ 

ʠʟʫʯʝʥʠʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʧʦʣʫʯʝʥʠʝ 2-ʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ, 2,5-ʜʠʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ, 5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ, 2,2ǋ-

ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʠ 4,8-ʜʠʠʦʜʦʥʘʬʪʘʣʠʥ-2,6-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ; 

¶ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʄʆʂʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʢʠʩʣʦʪ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ; 

¶ ʥʘʭʦʞʜʝʥʠʝ ʫʩʣʦʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʦʜʥʦʬʘʟʥʳʝ ʦʙʨʘʟʮʳ ʥʦʚʳʭ ʄʆʂʇ, 

ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ; 
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¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʠʩʪʳʭ ʄʆʂʇ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʩʫʙʩʪʨʘʪʘʤ ʠ ʜʠʠʦʜʫ, 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 30 ʥʦʚʳʭ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, 29 ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʥʠʦʥʳ 

ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʢʠʩʣʦʪ. 

ʀʟʫʯʝʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʠʟ ʩʤʝʩʝʡ ʜʣʷ ʨʷʜʘ ʄʆʂʇ ʥʘ 

ʦʩʥʦʚʝ Zn(II), ʤʦʥʦ- ʠ ʜʠʠʦʜʪʝʨʝʬʪʘʣʘʪʥʳʭ ʣʠʥʢʝʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

[Zn2(2-I-bdc)2dabco] ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ ʥʝʠʦʜʠʨʦʚʘʥʥʳʡ [Zn2(bdc)2dabco] 

ʚ ʩʢʦʨʦʩʪʠ ʩʦʨʙʮʠʠ ʜʠʠʦʜʘ. 

ʄʝʪʦʜʦʤ ʈʉɸ ʦʧʨʝʜʝʣʝʥʦ ʥʘʣʠʯʠʝ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʚ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ Zn(II) ʠ 2,5-

ʜʠʠʦʜʪʝʨʝʬʪʘʣʘʪʘ, ʢʦʪʦʨʘʷ ʩʚʷʟʳʚʘʝʪ ʘʪʦʤʳ ʠʦʜʘ ʣʠʛʘʥʜʘ ʩ ʘʪʦʤʘʤʠ O ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ɼʄʌɸ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ. 

ʀʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ [Ln2(2,5-I-bdc)3(DMF)4], ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʄʆʂʇ ʦʪ ʧʨʠʨʦʜʳ 

ʜʦʙʘʚʣʷʝʤʦʛʦ ʘʥʘʣʠʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʫʰʝʥʠʝ ʠ ʨʘʟʛʦʨʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʦ- 

ʠ ʭʣʦʨʘʨʝʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʄʆʂʇ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʝʣʝʢʪʠʚʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʦʡ ʩʤʝʩʠ ʙʝʥʟʦʣ\ 

ʮʠʢʣʦʛʝʢʩʘʥ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʦʣʠʤʝʨʝ [Zn2(2-I-bdc)2bpe] ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʥʘʠʣʫʯʰʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʚʝʩʪʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʮʠʢʣʦʛʝʢʩʘʥʘ ʧʫʪʝʤ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ 

[Ln2(2,5-I-bdc)3(DMF)4] ʦʪ ʜʦʙʘʚʣʷʝʤʦʛʦ ʘʥʘʣʠʪʘ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʝʥʩʦʨʦʚ ʜʣʷ ʜʝʪʝʢʮʠʠ ʪʦʢʩʠʯʥʳʭ ʠ ʚʟʨʳʚʦʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʥʦʚʳʭ ʄʆʂʇ ʢʦʤʧʣʝʢʩʦʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʩʷ 

ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʯʠʩʪʦʪʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

(ʈʌɸ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ), ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʕɸ), ʀʂ- ʠ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʷʜʨʘʭ 1H. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʜʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʥʦʚʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ 

Zn(II), ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥʳ 2-ʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʠ 2,5-ʜʠʠʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʩʝʨʠʠ 

[Ln2(2,5-I-bdc)3(DMF)4] ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

 ɼʠʩʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʠʥʪʝʟʳ, ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʈʌɸ ʠ ʕɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʊɻɸ, 

ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ 

ʩ ʢ.ʭ.ʥ. ʄ.ʀ. ʈʘʭʤʘʥʦʚʦʡ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʦʚ ʂʈ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʜ.ʭ.ʥ. ɹ.ɸ. 

ʂʦʣʝʩʦʚʳʤ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʪʝʢʩʪʦʚ ʧʫʙʣʠʢʘʮʠʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

 ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 6 ʢʦʥʬʝʨʝʥʮʠʷʭ: XXVIII 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (2021, ʊʫʘʧʩʝ), XXIX 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ-

2022è (2022, ʄʦʩʢʚʘ), XII ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

(2022, ʄʦʩʢʚʘ), XXIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè ʠʤʝʥʠ ʚʳʜʘʶʱʠʭʩʷ ʭʠʤʠʢʦʚ ʃ.ʇ. ʂʫʣʸʚʘ 

ʠ ʅ.ʄ. ʂʠʞʥʝʨʘ (2022, ʊʦʤʩʢ), XIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʧʝʢʪʨʦʩʢʦʧʠʷ 
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ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (2022, ʊʫʘʧʩʝ), VI ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2022 (2022, ʅʦʚʦʩʠʙʠʨʩʢ). 

ʇʫʙʣʠʢʘʮʠʠ 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 5 ʩʪʘʪʴʷʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Scopus. ʆʧʫʙʣʠʢʦʚʘʥʳ 

ʪʝʟʠʩʳ 6 ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʦʥʠ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ. ʆʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʘ ʪʘʢʞʝ 

ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ 

ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʟʥʘʥʠʠ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʧ. 2 çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ 

ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè ʠ ʧ. 5 çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

 ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 131 ʩʪʨʘʥʠʮʝ, ʩʦʜʝʨʞʠʪ 105 ʨʠʩʫʥʢʦʚ ʠ 7 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ 

ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ ʠ 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (197 ʠʩʪʦʯʥʠʢʦʚ). 

 ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ ʠ ʚ ʨʘʤʢʘʭ 

ʛʨʘʥʪʘ ʈʅʌ ̄21-73-20019. 
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1 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1 ɻɸʃʆɻɽʅʅɸʗ ʉɺʗɿʔ 
ʇʝʨʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ, ʢʘʢ ʤʦʞʥʦ ʩʫʜʠʪʴ ʩ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʟʠʮʠʡ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ (ɻʉ), ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʘʜʜʫʢʪ NH3ĿĿĿI2. ɺ ʨʘʙʦʪʝ 1814 ʛ. 

[12] ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʞʠʜʢʦʩʪʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ ʧʨʠ ʨʝʘʢʮʠʠ ʜʠʠʦʜʘ ʩ ʩʫʭʠʤ 

ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʤʤʠʘʢʦʤ. ʊʦʯʥʳʡ ʩʦʩʪʘʚ ʜʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʣʠʰʴ ʩʧʫʩʪʷ 50 ʣʝʪ, 

ʢʦʛʜʘ ʪʦ ʞʝ ʚʝʱʝʩʪʚʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʠʠʠʦʜʘ ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʘʤʤʠʘʢʘ  [13]. ʇʦʟʜʥʝʝ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ Cl2 ʠ Br2 [14].  

ʇʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʈʉɸ, ʧʦʟʚʦʣʠʣ ʚ 

ʪʝʯʝʥʠʝ XX ʚʝʢʘ ʥʘʢʦʧʠʪʴ ʤʥʦʞʝʩʪʚʦ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ çʥʝʦʙʳʯʥʳʭè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ 

ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʚ ʚʝʱʝʩʪʚʘʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ. ʉʦ ʩʪʨʫʢʪʫʨʥʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʩʝ ʧʨʠʤʝʨʳ ʦʪʣʠʯʘʣʠʩʴ ʥʝʦʙʳʯʥʦ ʢʦʨʦʪʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʛʘʣʦʛʝʥĿĿĿʍ, ʛʜʝ X = ʛʘʣʦʛʝʥ, 

ʭʘʣʴʢʦʛʝʥ, ʧʥʠʢʪʦʛʝʥ; ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʣʦ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʂʈ). ɼʦ ʢʦʥʮʘ XX ʚʝʢʘ ʵʪʦʪ ʬʝʥʦʤʝʥ ʭʦʪʷ ʠ 

ʧʨʠʚʣʝʢʘʣ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʦ ʥʝ ʠʤʝʣ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʲʷʩʥʝʥʠʷ.  

ʉʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʍʘʩʩʝʣʘ ʠ ʄʘʣʣʠʢʝʥʘ [15] ʫʯʝʥʳʤ ʫʜʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʢʨʘʪʢʦ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ɻʉ (ʚʢʣʶʯʘʷ ʝʝ 

ʩʦʚʨʝʤʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ), ʘ ʪʘʢʞʝ ʨʷʜ ʧʨʠʤʝʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʣʠʷʪʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʠʥʦʛʜʘ ʠ 

ʧʨʝʜʦʧʨʝʜʝʣʷʪʴ ʠʭ. 

 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʧʫʙʣʠʢʦʚʘʥ ʨʷʜ ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ ʥʘ ʪʝʤʫ ɻʉ [16ï26]. ʆʥʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʵʪʦʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ. 

1.1.1 ʆʧʨʝʜʝʣʝʥʠʝ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ 

ɺ 2009 ʛʦʜʫ ʀʖʇɸʂ (International Union of Pure and Applied Chemistry (IUPAC)) ʥʘʯʘʣ 

ʧʨʦʝʢʪ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʦʩʴ çʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʫʯʘʩʪʠʝʤ ʛʘʣʦʛʝʥʦʚ ʢʘʢ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷè. ʈʝʢʦʤʝʥʜʘʮʠʷ ʀʖʇɸʂ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ɻʉ, ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʚ 2013 ʛʦʜʫ [27]. ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʣʘʩʠʪ: çʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʝʩʪʴ ʧʨʠʟʥʘʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ 

ʦʙʣʘʩʪʴʶ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʪʦʤʦʤ ʛʘʣʦʛʝʥʘ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʪʦʡ ʞʝ ʠʣʠ ʜʨʫʛʦʡ 

ʤʦʣʝʢʫʣʳè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɻʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʪʘʢʪ RˈXĿĿĿY, ʛʜʝ RˈX ï ʵʪʦ ʜʦʥʦʨ ɻʉ, 

X ï ʛʘʣʦʛʝʥ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ, R (R = ʉ, ʛʘʣʦʛʝʥ, N ʠ ʜʨ.) ï ʛʨʫʧʧʘ, ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʘʥʥʘʷ ʩ X. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ X ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ɻʉ. ɸʢʮʝʧʪʦʨʦʤ ɻʉ 
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ʷʚʣʷʝʪʩʷ Y (Y = N, O, S, Cl, F, -́ʩʠʩʪʝʤʘ, ʘʥʠʦʥʳ ʠ ʜʨ.), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʮʝʥʪʨ (ʈʠʩ. 1). 

 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ɻʉ. 

 ʇʨʠʟʥʘʢʘʤʠ ʥʘʣʠʯʠʷ ɻʉ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

(ʨʘʩʯʝʪʥʳʝ) ʜʘʥʥʳʝ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

¶ ʄʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ X ʠ Y ʤʝʥʴʰʝ, ʯʝʤ ʩʫʤʤʘ ʠʭ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ 

ʨʘʜʠʫʩʦʚ (ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳ ʨʘʜʠʫʩʳ ʧʦ ɹʦʥʜʠ [28]), 

¶ ɼʣʠʥʘ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ RˈX, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ, ʥʝʨʝʜʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʘʢʦʚʦʡ ʜʣʷ ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ RˈX, 

¶ ʋʛʦʣ RˈXĿĿĿY ʜʦʣʞʝʥ ʙʳʪʴ ʙʣʠʟʦʢ ʢ 180Á, ʪ.ʝ. ʘʢʮʝʧʪʦʨ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ Y 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ X ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ RˈX, 

¶ ʇʨʦʯʥʦʩʪʴ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ X ʠ ʫʤʝʥʴʰʝʥʠʷ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ R, 

¶ ʉʠʣʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ, ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ, ʥʦ ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ. ʈʦʣʴ ʨʘʟʣʠʯʥʳʭ ʩʠʣ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ 

ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ, 

¶ ʇʦʣʦʞʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʠ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʘʢ ʜʣʷ RˈX, ʪʘʢ ʠ ʜʣʷ Y ʧʦʜʚʝʨʞʝʥʦ ʚʣʠʷʥʠʶ ɻʉ. ʊʘʢʞʝ ʤʦʛʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʥʦʚʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɻʉ, 

¶ ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʋʌ-ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʜʦʥʦʨʘ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ RˈX ʦʙʳʯʥʦ 

ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ, 

¶ ɻʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ XĿĿĿY ʦʙʳʯʥʦ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨʳ ʗʄʈ (ʥʘʧʨʠʤʝʨ, ʥʘ ʟʥʘʯʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ) ʚʩʝʭ ʷʜʝʨ (R, X, Y) ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, 

¶ ɺ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) ɻʉ ʧʨʦʷʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʠʢʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ X ʥʘ ʩʧʝʢʪʨʝ ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʚʷʟʘʥʥʳʤ X. 
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ɽʱʸ ʜʦ ʧʦʷʚʣʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʀʖʇɸʂ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʣʠʩʴ ʪʘʢʠʝ ʪʝʨʤʠʥʳ, ʢʘʢ 

çʬʪʦʨʥʘʷ ʩʚʷʟʴè [29, 30], çʭʣʦʨʥʘʷ ʩʚʷʟʴè [31, 32], çʙʨʦʤʥʘʷ ʩʚʷʟʴè [33] ʠ çʠʦʜʥʘʷ ʩʚʷʟʴè [34, 35], 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʫʯʘʩʪʠʠ 

ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ɻʉ.  

ʉʭʦʜʩʪʚʦ ʤʝʞʜʫ ɻʉ ʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʧʨʠʚʳʯʥʦʡ ɺʉ ʟʘʢʣʶʯʘʝʪʩʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʦʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ (ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, 

ʵʣʝʢʪʨʦʬʠʣʘ), ʢʦʪʦʨʫʶ ʠʛʨʘʶʪ ʘʪʦʤʳ ʛʘʣʦʛʝʥʘ ʠ ʚʦʜʦʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

1.1.1.1 ʊʠʧʳ ʢʦʥʪʘʢʪʦʚ ʛʘʣʦʛʝʥ-ʛʘʣʦʛʝʥ 

ɺ 1963 ʛʦʜʫ ʉʘʢʫʨʘʡ ʩ ʩʦʘʚʪ. [36] ʦʪʤʝʪʠʣʠ, ʯʪʦ ʢʦʥʪʘʢʪʳ RˈXĿĿĿXˈR ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʷʭ. ɼʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ ʨʘʟʚʠʣʠ ʵʪʫ ʠʜʝʶ ʠ ʦʧʨʝʜʝʣʠʣʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ [37]. ʂʦʥʪʘʢʪʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʛʜʝ ɗ1=ɗ2. ʂʦ ʚʪʦʨʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʠʟʦʛʥʫʪʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʛʜʝ ɗ1 å 180Á ʠ ɗ2 å 90Á (ʈʠʩ. 2).   

 

ʈʠʩ. 2. ʂʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ ʛʘʣʦʛʝʥ-ʛʘʣʦʛʝʥ ʧʝʨʚʦʛʦ ʪʠʧʘ (ʩʣʝʚʘ) ʠ ʚʪʦʨʦʛʦ ʪʠʧʘ (ʩʧʨʘʚʘ). X ï 

ʘʪʦʤ ʛʘʣʦʛʝʥʘ, R ï C, N, O, ʛʘʣʦʛʝʥ ʠ ʜʨ. ɺʪʦʨʦʡ ʪʠʧ ʦʪʥʦʩʠʪʩʷ ʢ ɻʉ. 

ʉʫʱʝʩʪʚʫʝʪ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʠʧʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʂʦʥʪʘʢʪʳ ʪʠʧʘ I ʧʨʦʷʚʣʷʶʪʩʷ ʫ ʚʩʝʭ ʛʘʣʦʛʝʥʦʚ, ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʦʤ ʫʧʘʢʦʚʢʠ ʠ 

ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʀʖʇɸʂ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ II  
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ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʜʚʫʭ ʛʘʣʦʛʝʥʦʚ ʠ, ʩʦʙʩʪʚʝʥʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ɻʉ. 

ɸʚʪʦʨʳ [38] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʩʩʠʚ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ (CSD) ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ XĿĿĿX ʚ ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʥʘ ʪʦʪ ʤʦʤʝʥʪ 

ʩʪʨʫʢʪʫʨʘʭ ʠ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʢʦʥʪʘʢʪʳ ʚʪʦʨʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʠʦʜ-, ʥʘʠʤʝʥʝʝ ï 

ʜʣʷ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʨʘʩʩʪʦʷʥʠʡ IĿĿĿI ʧʦʢʘʟʘʣ, ʯʪʦ ʩʘʤʳʝ 

ʢʦʨʦʪʢʠʝ ʠʟ ʥʠʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʢʦʥʪʘʢʪʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ɻʉ ʥʝʨʝʜʢʠ ʨʘʩʩʪʦʷʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʩʫʤʤʝ ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ɻʉ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʥʪʘʢʪʳ XĿĿĿX ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʢʦʥʪʘʢʪʳ I ʪʠʧʘ, ʷʚʣʷʶʱʠʝʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʩʠʣʘʤʠ, ʜʝʡʩʪʚʫʶʪ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ X ʠ Y, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ (RˈXĿĿĿY), ʦʥʘ ʤʦʞʝʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʠʠ ï ʦʪ 10 ʢɼʞ/ʤʦʣʴ ʚ ʩʣʘʙʳʭ ʢʦʥʪʘʢʪʘʭ (ʥʘʧʨʠʤʝʨ, NĿĿĿCl [39]) ʜʦ 150 

ʢɼʞ/ʤʦʣʴ ʚ ʩʣʫʯʘʝ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (I2ĿĿĿI- [40]). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʨʘʟʦʚʘʥʠʝ ɻʉ ʜʦʚʣʝʝʪ 

ʥʘʜ ʜʨʫʛʠʤʠ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʥʘʧʨʠʤʝʨ ˊ-ʩʪʵʢʠʥʛʦʤ, ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʜʨ.).  

1.1.1.2 ʆʩʦʙʝʥʥʦʩʪʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ 

 ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʜʦʥʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʣʦʛʝʥʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʷʜʫ I > Br > Cl >> F. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʣʘʩʪʴʶ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʘʪʦʤʝ 

ʛʘʣʦʛʝʥʘ ï ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ů-ʜʳʨʢʦʡ. ʕʪʘ ʦʙʣʘʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʘʪʦʤʘ 

ʛʘʣʦʛʝʥʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ [41]. ɸʪʦʤ ʬʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʩʣʘʙʳʤ ʜʦʥʦʨʦʤ ɻʉ, ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʥ ʚʩʝ ʞʝ ʤʦʞʝʪ ʝʸ ʦʙʨʘʟʦʚʳʚʘʪʴ ï 

ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʥ ʩʚʷʟʘʥ ʩ ʜʨʫʛʠʤ ʘʪʦʤʦʤ ʬʪʦʨʘ, ʠʣʠ ʩ O, N, C ʠ ʜʨʫʛʠʤʠ ʩʠʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

 ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ɻʉ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʦʥʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʣʦʛʝʥʘ, ʥʦ ʠ 

ʝʛʦ ʨʘʟʤʝʨ (ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʨʘʜʠʫʩʳ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʧʦ ɹʦʥʜʠ ï 1,47, 1,75, 1,85 ʠ 1,98 ¡ ʜʣʷ 

F, Cl, Br ʠ I, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [42]. ɺ ʦʪʣʠʯʠʝ ʦʪ ɺʉ, ɻʉ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʩʪʝʨʠʯʝʩʢʠʤ ʟʘʪʨʫʜʥʝʥʠʷʤ (ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚ ʨʘʜʠʫʩ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 1,20 ¡). 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ [43], ʢʦʛʜʘ ʙʨʦʤʩʦʜʝʨʞʘʱʠʡ çʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢè ʜʘʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʩ ɻʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʜʩʦʜʝʨʞʘʱʠʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʠʤʫʱʝʩʪʚʦ ʙʦʣʴʰʝʡ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʘʪʦʤʘ ʠʦʜʘ ʥʠʚʝʣʠʨʫʝʪʩʷ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʠʟ-ʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ. 
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 ʂʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʘ ɻʉ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʧʦʚʳʰʘʶʱʠʭ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʘ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʛʘʣʦʛʝʥʦʤ. ʊʘʢʠʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʫʩʠʣʠʚʘʶʪ ů-ʜʳʨʢʫ ʥʘ ʘʪʦʤʝ ʛʘʣʦʛʝʥʘ, ʧʨʠʯʝʤ ʯʝʤ ʙʣʠʞʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʡ 

ʘʪʦʤ ʢ ʘʪʦʤʫ ʛʘʣʦʛʝʥʘ, ʪʝʤ ʩʠʣʴʥʝʝ ʵʬʬʝʢʪ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʛʘʣʦʛʝʥʘʨʝʥʦʚ ʯʘʩʪʠʯʥʦʝ ʠʣʠ 

ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʠʣʠ ʥʠʪʨʦʛʨʫʧʧʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʟʤʝʨʘ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ů-ʜʳʨʢʠ ʥʘ ʘʪʦʤʝ ʛʘʣʦʛʝʥʘ [44]. ʇʦʜʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʣʳ ɻʉ, ʦʯʝʥʴ ʚʘʞʝʥ ʜʣʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ. ʉ ʝʛʦ 

ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 

ʤʥʦʛʦʵʪʘʧʥʳʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʠʥʪʝʟ. ʊʘʢ, ʚʥʘʯʘʣʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʙʦʣʝʝ ʩʪʨʫʢʪʫʨʥʦ 

ʧʨʦʩʪʦʡ ʧʨʦʜʫʢʪ ʧʦʩʨʝʜʩʪʚʦʤ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʙʣʦʢʦʤ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʘʤʦʩʙʦʨʢʠ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ 

ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [45]. 

 ɽʱʸ ʦʜʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɻʉ ʷʚʣʷʝʪʩʷ ʝʝ ʛʠʜʨʦʬʦʙʥʦʩʪʴ. ʊʠʧʠʯʥʳʡ ʜʦʥʦʨ 

ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ (I, Br) ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʛʠʜʨʦʬʠʣʝʥ, ʯʝʤ ʪʠʧʠʯʥʳʡ ʜʦʥʦʨ ɺʉ (-OH, -NH2). ʕʪʘ 

ʨʘʟʥʠʮʘ ʜʘʝʪ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ ʠ ʝʛʦ 

ʧʨʠʣʦʞʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʜʩʦʨʙʮʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʝʛʦ ʜʦʩʪʘʚʢʘ ʜʦ ʮʝʣʠ ʥʝʨʝʜʢʦ 

ʪʨʝʙʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ. ɸʪʦʤʳ ʛʘʣʦʛʝʥʘ ʚʚʦʜʷʪ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʠʭ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʣʫʯʰʠʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʝ ʢʘʢ ʨʘʟ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʧʨʠʩʫʪʩʪʚʠʝ -OH ʠ -NH-ʛʨʫʧʧ. 

ɻʘʣʦʛʝʥʥʫʶ ʩʚʷʟʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʠʜʨʦʬʦʙʥʳʡ ʘʥʘʣʦʛ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ʅʘʧʨʠʤʝʨ, 

1,2-ʜʠʠʦʜʪʨʝʪʨʘʬʪʦʨʵʪʘʥ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʡ ʚ ʣʶʙʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ. ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʚ ʨʘʙʦʪʝ ʩ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [18]. 

1.1.1.3 ʇʨʠʨʦʜʘ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ 

 ʇʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ɻʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ů-ʜʳʨʢʠ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʢʘʢ ʵʣʝʢʪʨʦʬʠʣʦʚ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ ʢʦʥʮʝʧʮʠʠ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ, ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʨ. ɹʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʟʣʦʞʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʘʞʜʦʡ ʠʟ ʥʠʭ [46, 47]. ʆʜʥʘʢʦ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [48] 

ʦʧʨʦʚʝʨʛʘʝʪʩʷ ʚʘʣʠʜʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ 
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ʥʘʙʣʶʜʘʝʤʦʡ ʚʝʣʠʯʠʥʦʡ. ʈʘʟʣʦʞʝʥʠʝ ʞʝ ʝʸ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʤʝʝʪ ʣʠʰʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ, ʠ ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ɻʉ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʝʝ ʧʨʠʨʦʜʳ. ɼʘʣʝʝ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ɻʉ, ʪʘʢ ʢʘʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʜʨʫʛʠʭ 

ʧʦʜʭʦʜʦʚ, ʦʥ ʟʘʥʠʤʘʝʪ ʛʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ ʚ ʝʝ ʦʧʠʩʘʥʠʠ.  

1.1.1.4 ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɻʉ 

ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ɻʉ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʪʦʤʘ 

ʛʘʣʦʛʝʥʘ. ɺ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʚʦʙʦʜʥʦʛʦ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦ, ʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ V(r), ʩʦʟʜʘʚʘʝʤʳʡ ʚʦʢʨʫʛ 

ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ, ʧʦʣʦʞʠʪʝʣʝʥ, ʧʦʩʢʦʣʴʢʫ ʚʢʣʘʜ ʦʪ ʷʜʨʘ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʵʣʝʢʪʨʦʥʘʤʠ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ V(r) ï ʵʪʦ ʬʠʟʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʦʢʘʟʘʣʦʩʴ 

ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɽʛʦ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʯʝʪʥʳʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ (ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ). 

ʆʙʳʯʥʦ V(r) ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʣʝʢʫʣʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʵʪʦʪ, ʚʥʝʰʥʠʡ, ʧʦʪʝʥʮʠʘʣ 

VS(r) ʜʦʩʪʫʧʝʥ ʩʦʩʝʜʥʠʤ ʤʦʣʝʢʫʣʘʤ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʦʚ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʩʪʘʥʦʚʠʪʩʷ ʘʥʠʟʦʪʨʦʧʥʳʤ [49, 50]. ʕʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʘʪʦʤʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʝʡ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, çʬʦʨʤʘ ʘʪʦʤʦʚè ʩʪʘʥʦʚʠʪʩʷ ʩʧʣʶʩʥʫʪʦʡ ʩ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ ʚʜʦʣʴ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ, 

ʢʘʢ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ. 3. 

 

ʈʠʩ.3. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ. 



16 
 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʣʦʛʝʥʘ ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠʤʝʥʫʝʤʘʷ ů-ʜʳʨʢʦʡ [51]. ɽʸ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʣʦʢʘʣʴʥʳʡ ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʘʨʷʜʘ ʥʘʧʨʦʪʠʚ ů-ʩʚʷʟʠ.  

ʅʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ů-ʜʳʨʢʠ ʦʙʲʷʩʥʷʝʪ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ. ɽʸ 

ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʦʙʲʷʩʥʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ, ʘ ʚʝʣʠʯʠʥʘ ů-

ʜʳʨʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʩʠʣʦʡ ɻʉ. ʂʘʢ ʧʦʣʦʞʝʥʠʝ, ʪʘʢ ʠ ʚʝʣʠʯʠʥʘ ů-ʜʳʨʢʠ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʛʘʣʦʛʝʥʘʤʠ, ʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʜʥʦʛʦ ʠ 

ʪʦʛʦ ʞʝ ʛʘʣʦʛʝʥʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ 

ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʨʘʛʤʝʥʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʛʘʣʦʛʝʥʦʤ (ʯʝʤ ʦʥʘ ʚʳʰʝ, ʪʝʤ ʩʠʣʴʥʝʝ ʚʳʨʘʞʝʥʘ ů-ʜʳʨʢʘ ʠ ʧʨʦʯʥʝʝ ɻʉ). 

1.1.2 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ 

ɿʘʜʦʣʛʦ ʜʦ çʧʦʚʪʦʨʥʦʛʦ ʦʪʢʨʳʪʠʷè ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʚ ʢʦʥʮʝ 1990-ʭ ʛʦʜʦʚ, ʥʝʩʢʦʣʴʢʠʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʀʂ, ʗʄʈ ʠ ʜʨ.) ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʭʣʦʨʘ ʠ ʙʦʣʝʝ 

ʪʷʞʝʣʳʭ ʛʘʣʦʛʝʥʦʚ ʚʩʪʫʧʘʪʴ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʪʦʤʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ 

ʥʝʧʦʜʝʣʸʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʦʡ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʠʥʪʝʨʝʩʘ ʢ ɻʉ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʠ ʯʠʩʣʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ, ʝʸ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ, ʢʦʛʜʘ ʩ 

ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʜʘʝʪʩʷ ʦʙʥʘʨʫʞʠʪʴ ʠ ʦʧʠʩʘʪʴ ɻʉ. 

1.1.2.1 ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʩʜʚʠʛʘʤʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɻʉ. ʀʂ- ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʥʘʨʷʜʫ ʩ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʝʡ ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʠʷ ɻʉ. ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʣʠʥʝʥʠʷ ʩʚʷʟʠ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʪʘʢʪ R-XĿĿĿY-R' (Y = ʦʩʥʦʚʘʥʠʝ ʃʴʶʠʩʘ; X = I, Br 

ʠʣʠ Cl) ʩʣʘʙʳʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʙʩʫʞʜʘʪʴ ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʤʳʩʣʝ ʠʟʤʝʥʝʥʠʡ ʚ ʩʚʷʟʷʭ R-X 

ʠ Y-R'. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ ʠ ʨʘʟʣʠʯʥʳʤʠ ʜʠʛʘʣʦʛʝʥʘʤʠ ʰʠʨʦʢʦ 

ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʀʂ- ʠ ʂʈ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ [52ï54] ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

¶ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʧʝʢʪʨʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ R-IĿĿĿY ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ɺʉ; 

¶ ʧʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʥʦʚʳʭ ʧʦʣʦʩ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ɻʉ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʟʘʨʷʜʘ; 
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¶ ʂʦʥʪʘʢʪʳ ClĿĿĿI ʩʠʣʴʥʝʝ ʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʝʤ 

BrĿĿĿI. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʩʪʚʦʨʝ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ɻʉ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʪʨʠʠʦʜʠʜ-ʘʥʠʦʥʘ. ʊʘʢ, ʩ ʧʦʤʦʱʴʶ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʘʥʠʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦӢʣʴʰʫʶ ʘʩʠʤʤʝʪʨʠʶ ʚ 

ʩʧʠʨʪʘʭ, ʯʝʤ ʚ ʚʦʜʝ [55], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʦʨʷʜʢʝ ʘʮʝʪʦʥʠʪʨʠʣ > ʵʪʠʣʘʮʝʪʘʪ > 

ʵʪʘʥʦʣ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʣʷʨʥʳʝ ʧʨʦʪʦʥʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʳʤ 

ʵʬʬʝʢʪʦʤ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ [56]. 

ʅʘ ʩʝʨʠʠ ʀʂ ʩʧʝʢʪʨʦʚ ʢʦʤʧʣʝʢʩʘ ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʘ ʩ ʜʠʠʦʜʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʦʷʚʣʝʥʠʝ 

ʚʪʦʨʦʡ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ C=O ʩʦ ʩʜʚʠʛʦʤ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 43 ʩʤ-1, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ C-N ʩʤʝʩʪʠʣʘʩʴ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʥʘ 70 ʩʤ-1 [57]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʜʘ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʘ ʥʝ ʘʟʦʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʘʢʞʝ ʠ ʜʘʥʥʳʤʠ ʈʉɸ. ʕʥʪʘʣʴʧʠʷ ʩʚʷʟʳʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʦʩʪʘʚʣʷʝʪ ʜʦ -5,1 ʢʢʘʣ/ʤʦʣʴ. 

ʉʨʘʚʥʝʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʜʠʠʦʜʘ ʠ ʘʮʝʪʦʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʦʩʪʴ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪ ʦʩʥʦʚʥʦʩʪʴ ʢʘʨʙʦʥʠʣʴʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. 

ɺ ʨʘʙʦʪʝ [58] ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ CF3-X (X = I, Br) ʚ ʩʤʝʩʷʭ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʪʨʠʤʝʪʠʣʘʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ:  

¶ ʧʦʷʚʣʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʳ ʦʢʦʣʦ 100 ʩʤ-1, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʢʦʥʪʘʢʪʘ XĿĿĿN; 

¶ ʩʤʝʱʝʥʠʝ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʧʦʣʦʩʳ C-X ʥʘ 260 ʩʤ-1 (ʚ ʩʣʫʯʘʝ X = I) ʠ ʥʘ 330 ʩʤ-1 (X 

= Br) ʩ ʧʦʚʳʰʝʥʠʝʤ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ; 

¶ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠʟʛʠʙʘ C-N-C ʠ ʨʘʩʪʷʞʝʥʠʷ C-H ʪʨʠʤʝʪʠʣʘʤʠʥʘ 

ʚ ʦʙʣʘʩʪʷʭ 400 ʠ 2800-3000 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʘʢʠʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʘʢ ʀʂ ʠ ʂʈ, 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʛʘʣʦʛʝʥʥʫʶ ʩʚʷʟʴ, ʝʸ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʤʦʣʝʢʫʣʳ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ, ʜʘʞʝ ʧʨʝʜʩʢʘʟʘʪʴ ʝʸ ʩʠʣʫ.   

1.1.2.2 ʄʝʪʦʜʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʘʝʪ ʧʨʷʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʠʭ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ ʢʨʠʩʪʘʣʣʝ. ʇʦʵʪʦʤʫ 
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ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʠʛʨʘʣ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ. ʉ ʧʦʤʦʱʴʶ ʈʉɸ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ɻʉ, ʪʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʛʣʳ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʙʱʝʝ ʚʣʠʷʥʠʝ ʫʧʘʢʦʚʢʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ɻʉ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʢʦʨʦʯʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ ʫʛʦʣ ʙʣʠʞʝ ʢ 180Á [59]. ɸʥʘʣʠʟ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʳ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (CSD) 

ʧʦʢʘʟʘʣ, ʯʪʦ ů-ʜʳʨʢʘ ʥʘ ʘʪʦʤʝ ʛʘʣʦʛʝʥʘ ʢʦʥʪʘʢʪʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʜʦʣʴ ʦʩʠ ʥʝʧʦʜʝʣʸʥʥʦʡ 

ʧʘʨʳ n-ʜʦʥʦʨʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʘ ʛʘʣʦʛʝʥʘ ʩ ˊ-ʩʠʩʪʝʤʦʡ, ʩʚʷʟʴ 

ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʣʦʢʘʣʴʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ˊ-ʦʨʙʠʪʘʣʠ. 

ɺ ʨʘʙʦʪʝ [18] ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʜʦʥʦʨʳ ʠ ʘʢʮʝʧʪʦʨʳ 

ɻʉ. ʊʨʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʪʠʧʘ ʘʢʮʝʧʪʦʨʦʚ ï ʵʪʦ ʛʝʪʝʨʦʘʪʦʤʳ ʩ ʥʝʧʦʜʝʣʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʦʡ (n-ʜʦʥʦʨʳ), ˊ-ʩʠʩʪʝʤʳ (ˊ-ʜʦʥʦʨʳ) ʠ ʘʥʠʦʥʳ. 

ɸʟʦʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʘ ɻʉ ʯʘʱʝ ʚʩʝʛʦ. ɸʪʦʤʳ ʘʟʦʪʘ 

ʚ sp3-ʛʠʙʨʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʘʭ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʩʠʣʴʥʫʶ ɻʉ. ɺ ʩʪʨʫʢʪʫʨʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ ʩ ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ [60], ʭʦʪʷ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʠ ʧʝʨʚʠʯʥʳʝ 

[61]. ʉʨʝʜʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʜʦʤʠʥʠʨʫʝʪ ʧʠʨʠʜʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ 

ʜʘʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʩ ɻʉ [62, 63]. ɸʪʦʤʳ ʘʟʦʪʘ ʚ ʧʷʪʠʯʣʝʥʥʳʭ ʮʠʢʣʘʭ ʚʳʩʪʫʧʘʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʦʚ ɻʉ ʨʝʞʝ, ʯʝʤ ʚ ʰʝʩʪʠʯʣʝʥʥʳʭ. 

ʊʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʛʠʙʨʠʜʠʟʘʮʠʷ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʛʘʣʦʛʝʥʦʤ, ʚʣʠʷʝʪ ʥʘ ʜʦʥʦʨʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ɻʉ, ʪʘʢ ʠ ʛʠʙʨʠʜʠʟʘʮʠʷ ʘʟʦʪʘ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʪʴ ʘʢʮʝʧʪʦʨʦʤ ɻʉ. 

ʇʦʵʪʦʤʫ sp-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʡ ʘʪʦʤ ʘʟʦʪʘ ʮʠʘʥʦʛʨʫʧʧʳ [64] ʤʦʞʝʪ ʙʳʪʴ ʘʢʮʝʧʪʦʨʦʤ ɻʉ, ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʘʙʳʤ, ʯʝʤ sp2- ʠ sp3-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ. ɸʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ 

ʪʦʞʝ ʤʦʛʫʪ ʙʳʪʴ ʘʢʮʝʧʪʦʨʘʤʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ, ʦʜʥʘʢʦ, ʩʠʣʘ ɻʉ ʩ ʫʯʘʩʪʠʝʤ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʮʝʧʪʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʰʝ. 

ɸʪʦʤʳ ʛʘʣʦʛʝʥʦʚ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʦʚ ɻʉ [65], ʘ 

ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʘ 

ʛʘʣʦʛʝʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʌʘʢʪʠʯʝʩʢʠ ʘʪʦʤ ʛʘʣʦʛʝʥʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʪʘʣʣʦʤ, ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʜʦʥʦʨ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʛʘʣʦʛʝʥʫ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʘʪʦʤʦʤ 

ʫʛʣʝʨʦʜʘ. 

 ʆʙʨʘʟʦʚʘʥʠʝ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ˊ-ʩʠʩʪʝʤʘʤʠ, ʥʘʧʨʠʤʝʨ, ʜʚʦʡʥʳʤʠ ʠʣʠ 

ʪʨʦʡʥʳʤʠ ʩʚʷʟʷʤʠ [66] ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ [67], ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ɺ 

ʧʨʠʥʮʠʧʝ, ʣʶʙʳʝ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʠʝ ˊ-ʵʣʝʢʪʨʦʥʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʘʢʮʝʧʪʦʨʘʤʠ ɻʉ. ʆʜʥʘʢʦ ʦʥʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʣʴʢʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 
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ʘʢʮʝʧʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʘʪʦʤʦʚ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʪ.ʜ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ˊ-ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ, ʯʝʤ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʪʝʨʦʘʪʦʤʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʧʦʜʝʣʝʥʥʳʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝ ʩʪʦʣʴ ʚʳʨʘʞʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ˊ-ʩʠʩʪʝʤʝ. 

1.1.3 ʇʨʠʤʝʥʝʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʩ ɻʉ 

ɻʉ ʩʧʦʩʦʙʥʘ ʚʣʠʷʪʴ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʦʧʪʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʜʨ., ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʜʦʧʨʝʜʝʣʷʷ ʠʭ ʧʦʷʚʣʝʥʠʝ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʧʨʠʤʝʨʦʚ, ʢʘʢ ɻʉ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʵʬʬʝʢʪʠʚʥʦʛʦ çʠʥʩʪʨʫʤʝʥʪʘè. 

1.1.3.1 ʍʨʘʥʝʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ 

ʍʨʘʥʝʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʨʠʩʪʳʝ. ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʝ ʩʚʷʟʳʚʘʥʠʝ, ʚʝʨʥʝʝ, ʝʛʦ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠʛʨʘʝʪ ʟʜʝʩʴ ʟʘʯʘʩʪʫʶ ʨʝʰʘʶʱʫʶ ʨʦʣʴ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʧʨʠ ʵʪʦʤ ʚʥʦʩʠʪ ɺʉ, ʦʜʥʘʢʦ ɻʉ ʪʘʢʞʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʧʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ ʙʳʣ ʧʦʢʘʟʘʥ ʚ ʨʘʙʦʪʝ [68]: ʘʚʪʦʨʳ ʨʘʟʜʝʣʷʣʠ ʨʘʮʝʤʠʯʝʩʢʫʶ 

ʩʤʝʩʴ 1,2-ʜʠʙʨʦʤʛʝʢʩʘʬʪʦʨʧʨʦʧʘʥʘ ʩ ʧʦʤʦʱʴʶ ʙʨʦʤʠʜʘ ʩʧʘʨʪʝʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʣʘʛʦʜʘʨʷ 

ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ C-BrĿĿĿBr- ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ S-ʵʥʘʥʪʠʦʤʝʨ. 

ɼʠʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʳ (I(CF2)mI, DIPFA) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʢʣʶʯʝʚʳʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʝ ʧʦʣʠʤʝʨʳ. ɺ ʨʘʙʦʪʝ [69] ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ. ʉʤʝʩʴ DIPFAm ʠ ʜʠʠʦʜʠʜʘ ʙʠʩ-(ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ)ʘʣʢʘʥʘ ((CH3)3N(CH2)nN-

(CH3)3Ŀ2I
-, BTMAA) ʦʯʝʥʴ ʙʳʩʪʨʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʣʦʛʝʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʦʤ ʠʦʜʘ ʠ ʠʦʜʠʜ-ʘʥʠʦʥʦʤ C-IĿĿĿI-. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʠʦʜʠʜʥʳʭ ʩʦʣʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ ʤʦʛʫʪ ʠʟʙʠʨʘʪʝʣʴʥʦ ʠ 

ʦʙʨʘʪʠʤʦ ʩʦʨʙʠʨʦʚʘʪʴ DIPFA ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʦʨʠʩʪʦʩʪʠ. ɺ ʭʦʜʝ 

ʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ DIPFA. ʊʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʣʝʡ BTMAA ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʨʠ 

ʩʦʨʙʮʠʠ ʜʠʠʦʜʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʚ ʬʦʨʤʝ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʠʦʥʘ I4
2- [70]. 

ɸʚʪʦʨʘʤʠ [71] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ [CuCl2(3-Xpy)2] ʨʝʘʛʠʨʫʶʪ ʩ ʙʝʟʚʦʜʥʳʤ 

ʛʘʟʦʦʙʨʘʟʥʳʤ HCl ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʣʝʡ (3-XpyH)2[CuCl4] (X = Cl, Br; py = 

ʧʠʨʠʜʠʥ). ʇʦʛʣʦʱʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ HCl ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ 

ʤʝʪʘʣʣʘ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ɺʉ ʠ ɻʉ. ʈʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ, ʢʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 
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Cu(II) ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʭʣʦʨʦʚʦʜʦʨʜʫ ʚ ʜʠʘʧʘʟʦʥʝ 200ī20000 ppm. ʕʪʠ ʞʝ 

ʘʚʪʦʨʳ ʨʘʩʰʠʨʠʣʠ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʚʝʨʛʥʫʚ ʢʦʤʧʣʝʢʩ [CuBr2(3-Brpy)2] 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʘʨʦʚ ʚʦʜʥʦʛʦ HBr. ʇʦʣʫʯʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʦʣʴ (3-BrpyH)2[CuBr4] ʠʤʝʣʘ 

ʜʨʫʛʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ ʘʥʘʣʦʛʦʤ (3-BrpyH)2[CuCl4]. 

1.1.3.2 ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʜʦʥʦʨʳ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʝʚʘʣʝʥʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʘʢ, ʦʧʠʩʘʥʦ [72] ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 2-

ʬʝʥʠʣʭʠʥʦʣʠʥʘ ʵʬʠʨʦʤ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʛʘʣʦʛʝʥʦʧʝʨʬʪʦʨʘʣʢʘʥʘʤʠ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2-ʬʝʥʠʣʭʠʥʦʣʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1-ʠʦʜʧʝʨʬʪʦʨʦʢʪʘʥʘ 

[72]. 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʗʄʈ ʥʘ 19F ʠ 13ʉ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ɻʉ ʤʝʞʜʫ ʘʪʦʤʘʤʠ I ʠʣʠ Br ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʘʪʦʤʦʤ 

ʘʟʦʪʘ ʚ ʭʠʥʦʣʠʥʝ. ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʙʨʦʤ- ʠ ʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʳ ʨʘʟʥʦʡ 

ʜʣʠʥʳ; ʚʳʭʦʜʳ ʚ ʨʝʘʢʮʠʷʭ ʜʦʩʪʠʛʘʶʪ 98%. ɹʦʣʝʝ ʜʣʠʥʥʳʝ ʧʝʨʬʪʦʨʘʣʢʘʥʳ ʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʚʳʭʦʜʳ, ʘ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʜʣʠʥʦʡ ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʚʝʨʩʠʠ 

ʜʦʩʪʠʛʘʶʪʩʷ ʜʣʷ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʠ ʚʳʚʦʜʳ ʦʪʣʠʯʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ɻʉ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʘʢʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʳʭ ʘʢʮʝʧʪʦʨʦʚ 

ɻʉ; ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ɺʘʞʥʳʡ ʘʩʧʝʢʪ ʢʘʪʘʣʠʟʘ - ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʝʛʦ 

ʜʘʣʴʥʝʡʰʘʷ ʧʝʨʝʨʘʙʦʪʢʘ. ɸʚʪʦʨʳ [73] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʬʪʦʨʟʘʤʝʱʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʘʢʮʠʝʡ ʜʠʘʟʘʙʠʮʠʢʣʦʦʢʪʘʥʘ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʧʝʨʬʪʦʨʦʢʪʠʣʠʦʜʠʜʘ, 

ʧʦʣʫʯʠʚ ʢʦʤʧʣʝʢʩ ʩ ɻʉ (ʈʠʩ. 5).  
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ʈʠʩ. 5. ʈʝʘʢʮʠʷ ʄʦʨʠʪʘ-ɹʝʡʣʠʩʘ-ʍʠʣʣʤʘʥʘ (ʩʣʝʚʘ) ʠ ʢʘʪʘʣʠʟʘʪʦʨ (ʩʧʨʘʚʘ) [73]. 

ʇʝʨʬʪʦʨʠʨʦʚʘʥʥʳʝ ʮʝʧʠ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʘʞʜʝʥ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʦʪʬʠʣʴʪʨʦʚʘʥ. ʕʪʦʪ ʬʪʦʨʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʝʘʢʮʠʠ ʄʦʨʠʪʘ-ɹʝʡʣʠʩʘ-ʍʠʣʣʤʘʥʘ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʠ 

ʘʢʮʝʧʪʦʨʘʤʠ ʄʠʭʘʵʣʷ (ʚʳʭʦʜʳ ʜʦ 92%). ɺʳʜʝʣʝʥʥʳʡ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʚʪʦʨʥʦ, ʭʦʪʷ ʠ ʩ ʥʝʢʦʪʦʨʳʤ ʩʥʠʞʝʥʠʝʤ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʝʡʪʨʘʣʴʥʳʝ ʥʝʚʘʣʝʥʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ɻʉ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʠʦʥʥʳʤʠ. ʇʦʩʣʝʜʥʠʝ, ʨʘʩʪʚʦʨʷʷʩʴ ʪʦʣʴʢʦ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʙʦʣʝʝ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʨʫʛʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʙʣʝʤʦʡ 

ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʘʥʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʩʫʙʩʪʨʘʪʦʤ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ. ɺ ʨʘʙʦʪʝ [74] ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʝʨʚʦʤ ʧʨʠʤʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ɻʉ. ʅʝʡʪʨʘʣʴʥʳʝ ʜʦʥʦʨʳ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ F, G ʠ H (ʈʠʩ. 6) ʙʳʣʠ 

ʠʩʧʳʪʘʥʳ ʚ ʨʝʘʢʮʠʠ 1-ʭʣʦʨʠʟʦʭʨʦʤʘʥʘ ʩ ʩʠʣʠʣʢʝʪʝʥʘʮʝʪʘʣʷʤʠ. 

 

ʈʠʩ. 6. ʉʚʝʨʭʫ: ʩʪʨʫʢʪʫʨʳ ʥʝʡʪʨʘʣʴʥʳʭ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʜʦʥʦʨʦʚ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ. 

ʉʥʠʟʫ: ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʠʤʠ [74]. 
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 ʂʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʦʣ.% (12 ʯ, -78 ÁC). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʦʥʦʨʦʚ ɻʉ ɸ ʠ ɺ ʜʦʩʪʠʛʥʫʪʳ ʢʦʥʚʝʨʩʠʠ 37% ʠ 91%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʥʝʠʦʜʠʨʦʚʘʥʥʳʝ 

ʘʥʘʣʦʛʠ ʥʝ ʦʙʣʘʜʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɼʦʙʘʚʣʝʥʠʝ ʩʠʣʴʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ɻʉ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ (20 ʤʦʣ. % ʭʣʦʨʠʜʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ) ʜʝʣʘʝʪ ʧʦʣʥʦʩʪʴʶ ʥʝʘʢʪʠʚʥʳʤʠ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʦʥʦʨʳ ɻʉ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʝʸ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ. 

1.1.3.3 ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ɻʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ çʪʦʥʢʦʡ 

ʥʘʩʪʨʦʡʢʠè ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʘʩʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʩʝʥʩʦʨʘʭ [75]. ʕʬʬʝʢʪ ʪʷʞʝʣʦʛʦ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ ʠʥʪʝʨʝʩʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ [76], ʦʜʥʘʢʦ ʦʥ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ. 

ɸʚʪʦʨʳ [77] ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʪʘʢʪʳ ʛʘʣʦʛʝʥĿĿĿʛʘʣʦʛʝʥ (I ʠ II  ʪʠʧʦʚ) ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʩʠʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɸʚʪʦʨʳ ʧʦʣʫʯʘʣʠ 

ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʳ ʩʣʘʙʦ ʣʶʤʠʥʝʩʮʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ [Pt(btpy)(PPh3)Cl] (Hbtpy=2-

(2ʙʝʥʟʦʪʠʝʥʠʣ)ʧʠʨʠʜʠʥ; ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʵʤʠʩʩʠʠ QY = 0,03) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʠʦʜ- ʠ ʙʨʦʤʘʨʝʥʘʤʠ C6F6-nXn (X= Br, I, n=1, 2), ʯʪʦ ʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ɻʉ Pt-ClĿĿĿX. ʆʙʨʘʟʦʚʘʥʠʝ ɻʉ ʧʨʠʚʦʜʠʣʦ ʢ ʫʩʠʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 7-22 ʨʘʟʘ (ʈʠʩ. 7); ʠʦʜʟʘʤʝʱʝʥʥʳʝ ʜʦʥʦʨʳ ɻʉ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʣʠ ʥʘ 

ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʝʤ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʝ.  

 

ʈʠʩ. 7. ʉʪʨʦʝʥʠʝ ʧʣʘʪʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [Pt(btpy)(PPh3)Cl]  (ʩʣʝʚʘ). ʉʪʨʦʝʥʠʝ ʧʣʘʪʠʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʢʦʥʪʘʢʪʘʤʠ ʛʘʣʦʛʝʥĿĿĿʛʘʣʦʛʝʥ (ʩʧʨʘʚʘ). ʕʤʠʩʩʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ 

ʩʚʝʪʦʤ (ɚ=365 ʥʤ) [77]. 

ʊʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʫʩʠʣʝʥʠʝʤ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʪʷʞʝʣʦʛʦ ʘʪʦʤʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʜʘʚʣʝʥʠʝʤ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʫʪʠ ʨʝʣʘʢʩʘʮʠʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʭʨʦʤʦʬʦʨʥʦʛʦ ʮʝʥʪʨʘ. 
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1.2 ʄɽʊɸʃʃ-ʆʈɻɸʅʀʏɽʉʂʀɽ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʇʆʃʀʄɽʈʓ ʉ 

ʀʆɼɿɸʄɽʑɽʅʅʓʄʀ ʇʆʃʀʂɸʈɹʆʂʉʀʃɸʊʅʓʄʀ ʃʀʅʂɽʈɸʄʀ 
ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʄʆʂʇ, MOF, metal-organic framework) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʜʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʧʦʷʚʠʣʠʩʴ ʝʱʸ ʚ 1960-ʭ 

ʛʦʜʘʭ [78, 79], ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ï ʚ 

ʢʦʥʮʝ XX-ʥʘʯʘʣʝ XXI  ʚ. [80ï93].  

 

ʈʠʩ. 8.  ʏʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʥʘʟʚʘʥʠʠ çmetal-organic frameworkè, ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ Web of Science ʥʘ 26.12.2022.  

ʆʥʠ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʧʦʨʠʩʪʳʝ ʄʆʂʇ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ 

ʨʝʢʦʨʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦʩʪʫʧʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ, ʟʘʯʘʩʪʫʶ ʧʨʝʚʦʩʭʦʜʷ ʠʥʳʝ ʧʦʨʠʩʪʳʝ 

ʤʘʪʝʨʠʘʣʳ [93ï103]. ʆʥʠ ʠʤʝʶʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʮʝʣʦʤ ʨʷʜʝ ʦʙʣʘʩʪʝʡ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ [104ï108], ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ, ʨʘʟʜʝʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʪʘʢʠʭ 

ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʛʘʟʦʚ, ʢʘʢ ʤʝʪʘʥ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʘʮʝʪʠʣʝʥ, ʚʦʜʦʨʦʜ [109ï112], ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ [113ï117], ʨʘʟʨʘʙʦʪʢʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ [118ï

124] ʠ ʜʨ. [125ï130].  

ʈʘʟʚʠʪʠʝ ʭʠʤʠʠ ʄʆʂʇ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ çʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚè, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʠʭ ʚʳʙʦʨ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʣʠʥʢʝʨʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʘ ʠʣʠ ʠʭ ʢʣʘʩʪʝʨʳ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʪʨʦʝʥʠʝ 
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ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʧʦʨ ʠ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʚʥʫʪʨʠ ʥʠʭ. 

ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʯʘʱʝ ʚʩʝʛʦ ʠʛʨʘʝʪ ɺʉ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʠ ʠʥʳʝ ʪʠʧʳ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ɻʉ, ʭʘʣʴʢʦʛʝʥʥʘʷ, ʧʥʠʢʪʦʛʝʥʥʘʷ ʠ ʜʨʫʛʠʝ ʩʚʷʟʠ ï 

ʩʧʦʩʦʙʥʳ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʥʠʭ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʆʂʇ ʷʚʣʷʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʤ, ʦʜʥʘʢʦ ʨʷʜ ʫʞʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ [131ï133] ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ.   

ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ çʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠè ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʠʦʜʩʦʜʝʨʞʘʱʠʝ ʜʠ- ʠʣʠ, ʧʨʠ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ, ʧʦʣʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ. ɼʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʣʠʥʢʝʨʘʤʠ ʚ 

ʭʠʤʠʠ ʄʆʂʇ [134ï136]; ʨʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [137ï139], ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʝ, ʧʦʨʠʩʪʳʝ ʢʘʨʢʘʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʠʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʫʝʪ ʩʘʤʳʝ ʩʠʣʴʥʳʝ ʛʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ; ʧʨʠ 

ʵʪʦʤ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʝ ʩʢʦʨʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ ʚʳʨʘʞʝʥʥʦʡ ů-ʜʳʨʢʠ (ʚ ʩʠʣʫ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ). ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʠʟʫʯʝʥʠʷ ʄʆʂʇ ʥʘ 

ʦʩʥʦʚʝ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʤʦʞʥʦ ʪʘʢʞʝ ʩʯʠʪʘʪʴ ʠ ʪʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʪʦʤʦʚ 

I ʚʦ ʤʥʦʛʠʝ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʧʠʩʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [140ï142] ʠ ʟʘʯʘʩʪʫʶ ʦʪʣʠʯʘʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʯʝʥʴ ʤʘʣʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʙʳ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʫʯʘʣʘʩʴ ʙʳ ʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ ʠ ʝʸ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘʭ. ʇʨʷʤʦʡ ʧʦʠʩʢ ʩʦʯʝʪʘʥʠʷ çmetal-organic framework + halogen bondè 

ʚ ʙʘʟʝ ʜʘʥʥʳʭ Scopus ʜʘʝʪ ʚʩʝʛʦ 63 ʨʝʟʫʣʴʪʘʪʘ, ʠʟ ʢʦʪʦʨʳʭ 24 ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʩʣʝʜʥʠʤ ʜʚʫʤ ʛʦʜʘʤ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʦʠʩʢ ʧʦ ʩʣʦʚʘʤ çmetal-organic frameworkè ʚʳʜʘʝʪ ʙʦʣʝʝ 60 ʪʳʩ. ʨʝʟʫʣʴʪʘʪʦʚ, ʘ 

çhalogen bondè ʙʦʣʝʝ 12 ʪʳʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʪʝʤʘʪʠʢ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʧʳʪʘʣʠʩʴ 

ʠʭ ʦʙʲʝʜʠʥʠʪʴ, ʠʩʯʝʟʘʶʱʝ ʤʘʣʦ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʙʱʝʥʠʝ ʜʘʥʥʳʭ ʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʘʭ ʩ ʠʦʜʟʘʤʝʱʝʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʜʠʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʘʚʪʦʨʳ ʦʪʤʝʯʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʠ ʝʸ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʚ ʜʨʫʛʠʭ ʞʝ ʵʪʦʛʦ ʩʜʝʣʘʥʦ ʥʝ ʙʳʣʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʥʘʣʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʜʘʥʥʦʡ ʪʝʤʳ. 
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1.2.1 ʄʆʂʇ ʩ 2-ʠʦʜʪʝʨʝʬʪʘʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ɺ ʨʘʙʦʪʝ [143] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʄʆʂʇ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ MIL-53 (Al) ʠ UiO-66 

(Zr), ʦʜʥʘʢʦ ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ ʙʳʣʘ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʝʥʘ ʥʘ 2-ʠʦʜʪʝʨʝʬʪʘʣʝʚʫʶ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʝʝ ʜʦʙʘʚʣʝʥʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʩʣʦʪ ʚ ʦʜʥʦʤ ʄʆʂʇ) ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çMultivariate MOFs (MTV-MOFs)è [144, 145]. ɸʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 2-I-bdc, ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʤʝʨ ʧʦʨ 

ʦʙʨʘʟʮʦʚ (ʈʠʩ. 9). 

 

ʈʠʩ. 9. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 2-I-bdc ʥʘ ʨʘʟʤʝʨ ʧʦʨ ʄʆʂʇ [143]. 

ʋʛʦʣ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Al  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 108,9 ʜʦ 124,9 ʚ ʦʙʨʘʟʮʘʭ, ʩʦʜʝʨʞʘʱʠʭ 25% ʠ 100% 

2-I-bdc, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 10). ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʄʆʂʇ ʠʟʫʯʝʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʭʠʥʦʥʘ ʜʦ ʙʝʥʟʦʭʠʥʦʥʘ. 

 

ʈʠʩ. 10. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʨʳ (ʘ), ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ MIL-53 ʩ 25% ʩʦʜʝʨʞʘʥʠʝʤ 2-

I-bdc (ʙ), ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ MIL-53 ʩ 100% ʩʦʜʝʨʞʘʥʠʝʤ 2-I-bdc (ʚ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ [143]. 
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 ʅʘʠʚʳʩʰʝʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ (93%) ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʧʦʣʠʤʝʨʘ UiO-66, ʩʦʜʝʨʞʘʱʝʛʦ 25% ʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʠ 75% ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪ ï ʧʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʨ.  

ɺ ʨʘʙʦʪʝ [146] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʩʪʨʦʝʥʠʝ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʪʠʧʘ DMOF-1 (Zn2(bdc)2dabco). ɸʚʪʦʨʳ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʜʭʦʜ çMTV-MOFsè; ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 2-

I-bdc ʠ ʙʨʦʤʪʝʨʝʬʪʘʣʝʚʘʷ (2-Br-bdc) ʜʣʷ ʧʦʣʫʯʝʥʠʷ [Zn2(bdc)2ïx(2-I-bdc)x(dabco)] ʠ [Zn2(bdc)2ïx(2-

Br-bdc)x(dabco)], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʝʛʦ ʣʠʛʘʥʜʘ ʚ ʩʦʩʪʘʚʝ ʄʆʂʇ ʧʨʠʚʦʜʠʪ ʢ ʩʫʞʝʥʠʶ ʧʦʨ, ʘ ʪʘʢʞʝ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ 

ʬʦʨʤʳ (ʈʠʩ. 11). 

 

ʈʠʩ. 11. ʀʩʢʘʞʝʥʥʳʝ ʢʚʘʜʨʘʪʥʳʝ ʧʦʨʳ [Zn2(bdc)(2-Br-bdc)(dabco)] (ʘ), ʢʚʘʜʨʘʪʥʳʝ ʢʘʥʘʣʳ 

[Zn2(bdc)(1-Br-bdc)(dabco)] (ʙ), ʨʦʤʙʦʚʠʜʥʳʝ ʧʦʨʳ [Zn2(bdc)0,4(2-Br-bdc)1,6(dabco)] (ʚ) [146]. 

 ɺ ʢʘʨʢʘʩʘʭ [Zn2(bdc)2ïx(2-I-bdc)x(dabco)] ʠ [Zn2(bdc)2ïx(2-Br-bdc)x(dabco)] ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʠʩʢʘʞʝʥʥʳʝ ʢʚʘʜʨʘʪʥʳʝ ʧʦʨʳ ʧʨʠ 0<x<1,2, ʠ ʧʦʨʳ ʨʦʤʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʨʠ 1,6<x<2. ʇʨʠ ʵʪʦʤ 

ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʦʨ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ x=1,6-1,7, ʪʦ ʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʧʦʨ 
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ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʘʣʦʛʝʥʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʥʝ ʣʠʥʝʡʥʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʙʨʦʤʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʄʆʂʇ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [147] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʄʆʂʇ ʩʪʨʦʝʥʠʷ [Cu2(2-X-bdc)2(bpe)2], (x = Cl, Br, I) ʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ ʢʠʩʣʦʪ ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ ʵʬʬʝʢʪʘ 

ʚʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʄʆʂʇ ʩ ʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʦʡ (ʈʠʩ. 12). ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʧʦʨ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ Cl (8,5 ¡) ʢ I (8,0 ¡).  

 

 

ʈʠʩ. 12. ʊʦʧʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʦʚ [Cu2(2-X-bdc)2(bpe)2] (ʩʣʝʚʘ) ʠ [Cu2(bdc)2(bpe)] (ʩʧʨʘʚʘ) 

[147]. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʦʨʙʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʫʯʝʥʥʳʭ 

ʄʆʂʇ. ɸʚʪʦʨʳ ʨʘʟʜʝʣʷʣʠ ʩʤʝʩʴ CO2/N2 ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʜʘʚʣʝʥʠʠ (0,1, 0,3 ʠ 1 ʘʪʤ.) ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

(273 ʠ 298 ʂ). ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ CO2 ʨʘʩʪʸʪ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ 

ʭʣʦʨʟʘʤʝʱʝʥʥʳʡ ʢʘʨʙʦʢʩʠʣʘʪ, ʘ ʥʘʠʤʝʥʴʰʫʶ ï ʙʨʦʤʟʘʤʝʱʝʥʥʳʡ. 

ɺ ʨʘʙʦʪʝ [8] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʄʆʂʇ UiO-66-X (X = H, F, Cl, Br, I) ʩ 

ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʤʠ ʪʝʨʝʬʪʘʣʝʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʀʭ ʠʟʫʯʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʜʠʤʝʪʠʣ-4-ʥʠʪʨʦʬʦʩʬʘʪʘ (DMNP), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, 

ʠʤʠʪʠʨʫʶʱʠʤ ʙʦʝʚʳʝ ʦʪʨʘʚʣʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʥʝʨʚʥʦ-ʧʘʨʘʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʂʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʦʜʩʦʜʝʨʞʘʱʝʛʦ ʄʆʂʇ ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʪʘʢʦʚʫʶ ʜʣʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ UiO-66. ɹʳʣ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʦʙʨʘʟʝʮ UiO-66 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʜʭʦʜʘ MTV-MOFs (50% 2-I-bdc ʠ 50% bdc). ʆʥ ʧʦʢʘʟʘʣ çʧʨʦʤʝʞʫʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴè, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʜʘ ʚ ʄʆʂʇ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ 

ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ɻʉ ʤʝʞʜʫ ʘʪʦʤʦʤ ʠʦʜʘ ʄʆʂʇ ʠ ʤʦʣʝʢʫʣʦʡ 
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DMNP (ʈʠʩ. 13). ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʚʷʟʝʡ ʦʙʣʝʛʯʘʝʪ ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ H2O ʧʦ ʬʦʩʬʦʨʥʦʤʫ 

ʮʝʥʪʨʫ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʠʜʨʦʣʠʟ.  

 

ʈʠʩ. 13. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʛʠʜʨʦʣʠʟʘ DMNP. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ 

ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [8]. 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʉ-IĿĿĿO ʤʝʥʴʰʝ ʩʫʤʤʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʥʘ 

0,095 ¡ ʚ ʩʣʫʯʘʝ I-O(P) ʠ ʥʘ 0,233 ¡ ʚ ʩʣʫʯʘʝ I-O(Me). ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʛʘʣʦʛʝʥʘʤʠ, ʥʘ ʘʪʦʤʝ ʠʦʜʘ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ů-ʜʳʨʢʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠ ʦʙʨʘʟʫʝʪʩʷ ɻʉ. 

1.2.2 ʄʆʂʇ ʩ 2,5-ʜʠʠʦʜʪʝʨʝʬʪʘʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʪʦʣʴʢʦ ʦʜʠʥ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʤʝʨ ʩ 2,5-ʜʠʠʦʜʪʝʨʝʬʪʘʣʘʪʦʤ ʩʦʩʪʘʚʘ [Zn(2,5-I-bdc)(DMF)] [148]. ʕʪʦ ʜʚʫʤʝʨʥʳʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʦʥ Zn(II) ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʝʥʥʦʤ ʢʚʘʜʨʘʪʥʦ-

ʧʠʨʘʤʠʜʘʣʴʥʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ. Zn(II) ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʦʪ ʯʝʪʳʨʝʭ ʣʠʛʘʥʜʦʚ 2,5-I-bdc2- ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʦʪ DMF (ʈʠʩ. 14). ɺ 

ʦʧʠʩʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʄʆʂʇ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉ-HĿĿĿI 

ʤʝʞʜʫ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ DMF ʠ ʘʪʦʤʦʤ ʠʦʜʘ ʜʠʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʳ. 
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ʈʠʩ. 14. ʉʪʨʦʝʥʠʝ ʄʆʂʇ [Zn(2,5-I-bdc)(DMF)] [148]. 

ʀʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 338 ʥʤ ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʵʤʠʩʩʠʠ ʧʨʠ 477 ʠ 507 ʥʤ, ʯʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʧʝʨʝʭʦʜʘʤ. 

1.2.3 ʄʆʂʇ ʩ 5-ʠʦʜʠʟʦʬʪʘʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʀʟ ʠʦʜʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʟʫʯʝʥʥʳʭ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʭʠʤʠʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʉ ʥʝʡ 

ʦʧʠʩʘʥʦ ʦʢʦʣʦ 50 ʩʪʨʫʢʪʫʨ [149ï163], ʧʨʠʯʝʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʵʪʠʭ ʨʘʙʦʪ ʠʟʫʯʘʝʪ ʚʣʠʷʥʠʝ ɻʉ 

ʥʘ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʄʆʂʇ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [162] ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʪʨʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ: {[Zn(I-ipa)(btb)]Ŀ4H2O} (1), [Zn(I-ipa)(btb)] (2) ʠ {[Zn(I-

ipa)(btp)]Ŀ2H2O} (3) ( btb - 1,4-ʙʠʩ(1,2,4-ʪʨʠʘʟʦʣ-1-ʠʣ)ʙʫʪʘʥ, 1,3-ʙʠʩ(1,2,4-ʪʨʠʘʟʦʣ-1-ʠʣ)ʧʨʦʧʘʥ). 

1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ (ʦʙʨʘʟʦʚʘʥʠʝ 

3D-ʩʪʨʫʢʪʫʨʳ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʥʝʢʦʚʘʣʝʥʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ). ɺ ʜʘʥʥʦʤ ʄʆʂʇ 

ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ˊ-ʩʪʝʢʠʥʛʦʤ ʤʝʞʜʫ ʪʨʠʘʟʦʣʴʥʳʤʠ ʠ ʙʝʥʟʦʣʴʥʳʤʠ 

ʢʦʣʴʮʘʤʠ ʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʴʶ ʉ-IĿĿĿI ʤʝʞʜʫ ʘʥʠʦʥʥʳʤʠ ʯʘʩʪʷʤʠ 5-ʠʦʜʠʟʬʦʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʨʘʟʥʳʝ ʩʣʦʠ ʄʆʂʇ. 2, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʠʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʤʝʝʪ 

ʢʘʨʜʠʥʘʣʴʥʦ ʠʥʦʝ ʩʪʨʦʝʥʠʝ: ʵʪʦ ʪʨʝʭʤʝʨʥʳʡ ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʡ ʄʆʂʇ, ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʢʘʨʢʘʩʘ 

ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ɻʉ ʉ-IĿĿĿO (ʈʠʩ. 15). 
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ʈʠʩ.15. ɼʚʫʢʨʘʪʥʦ ʧʨʦʨʦʩʰʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ {[Zn(I-ipa)(btb)]Ŀ4H2O}, ʩʠʥʠʤ 

ʧʫʥʢʪʠʨʦʤ ʠʟʦʙʨʘʞʝʥʳ ʛʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ ʉ-IĿĿĿO [162]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʳʭ ʜʚʫʭ ʄʆʂʇ, 3 ʩʦʜʝʨʞʠʪ ʤʝʥʝʝ ʛʠʙʢʠʡ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʣʠʥʢʝʨ ï1,3-

ʙʠʩ(1,2,4-ʪʨʠʘʟʦʣ-1-ʠʣ)ʧʨʦʧʘʥʘ. ɼʘʥʥʳʡ ʄʆʂʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʜʘʥʥʦʤʫ 

ʩʘʤʠʤʠ ʘʚʪʦʨʘʤʠ [161], çʦʜʥʦʩʪʝʥʥʫʶ Zn(II)-ʦʨʛʘʥʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʪʨʫʙʢʫè (ʈʠʩ. 16). 

 

ʈʠʩ. 16. ʄʆʂʇ [Zn(I-ipa)(btp)] [162].  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï 

ʢʘʢ ɻʉ C-IĿĿĿN ʤʝʞʜʫ ʠʟʦʬʪʘʣʘʪʦʤ ʠ ʪʨʠʘʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ, ʪʘʢ ʠ ˊ-ʩʪʝʢʠʥʛ ʤʝʞʜʫ ʜʚʫʤʷ 
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ʙʝʥʟʦʣʴʥʳʤ ʢʦʣʴʮʘʤʠ ʩʦʩʝʜʥʠʭ ʠʟʦʬʪʘʣʘʪʦʚ. ɼʣʷ ʜʘʥʥʳʭ ʄʆʂʇ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ. ɼʣʷ 1-3 ʚʦʟʙʫʞʜʝʥʠʝ ʥʘ ʜʣʠʥʥʝ 

ʚʦʣʥʳ 290 ʥʤ ʧʨʠʚʦʜʠʪ ʢ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 469 ʥʤ 

(ʠʦʜʠʟʦʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ). ɸʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʮʠʷ ʠʟʦʬʪʘʣʘʪʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʟʤ ʵʤʠʩʩʠʠ. ʇʦʜʦʙʥʘʷ ʵʤʠʩʩʠʷ ʧʨʠʧʠʩʳʚʘʝʪʩʷ 

ʣʠʛʘʥʜ - ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ˊĿĿĿˊ* ʧʝʨʝʭʦʜʘʤ. 

ʇʦʤʠʤʦ Zn(II), ʚ [152] ʙʳʣʦ ʠʟʫʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʄʆʂʇ ʩ ʠʥʳʤʠ d-ʵʣʝʤʝʥʪʘʤʠ ï ʢʘʜʤʠʡ, 

ʤʘʨʛʘʥʝʮ ʠ ʢʦʙʘʣʴʪ. ɺʩʝʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʦ 7 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʚ ʢʘʞʜʦʤ ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ 

ʪʦʣʴʢʦ ʪʝ ʄʆʂʇ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ɻʉ. ɺʥʘʯʘʣʝ, ʦʜʥʘʢʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʨʫʢʪʫʨʫ 

ʤʦʥʦʛʠʜʨʘʪʘ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ. ɺ ʥʝʡ ʧʨʦʷʚʣʷʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩʦʝʜʠʥʷʶʪ 

ʤʦʣʝʢʫʣʳ 5-ʠʦʜʠʟʬʦʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʦʩʝʜʥʠʝ ʮʝʧʦʯʢʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ɻʉ C-IĿĿĿO ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʩʦʩʝʜʥʠʭ ʮʝʧʦʯʝʢ (ʈʠʩ. 17ʘ). ʅʘʢʦʥʝʮ, ʩ ʧʦʤʦʱʴʶ ˊ-ʩʪʝʢʠʥʛʘ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ 5-

ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ ʩʣʦʝʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʈʠʩ. 17ʙ). 
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ʈʠʩ. 17. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʛʠʜʨʘʪʘ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. 

ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ ʧʫʥʢʪʠʨʦʤ [152]. 

ɺ ʄʆʂʇ ʩʦʩʪʘʚʘ [Zn2(I-ipa)2(phen)2(H2O)]n (phen=1,10-ʬʝʥʘʥʪʨʦʣʠʥ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʦʝ 

IĿĿĿˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʦʤ ʠʦʜʘ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʘʡ ʢʠʩʣʦʪʳ ʠ ʬʝʥʘʪʨʦʣʠʥʦʤ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʣʦʩʢʠʤ ʩʣʦʷʤ ʠʟʦʬʪʘʣʘʪʦʚ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʫʶ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʄʆʂʇ [Cd2(I-ipa)2(phen)2]n ʠ [Mn2(I-ipa)2(phen)2]n ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ. ɻʉ ʩʠʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʠʭ ʩʪʨʦʝʥʠʝ. ɺʥʫʪʨʠ ʦʜʥʦʛʦ ʩʣʦʷ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʥʪʘʢʪʳ C-IĿĿĿO, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʪʦʷʥʠʝ 

IĿĿĿO ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3,35 ʜʦ 3,45 ¡. ʉʣʦʠ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʢʦʥʪʘʢʪʘʤʠ IĿĿĿˊ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʙʝʥʟʦʣʴʥʳʤ ʢʦʣʴʮʘʤʠ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʨʝʭʤʝʨʥʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʩʢʦʣʴʢʫ ʘʥʘʣʠʟ ʩʪʨʦʝʥʠʷ ʜʘʥʥʳʭ ʄʆʂʇ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʢʨʫʧʥʳʡ ʭʝʣʘʪʠʨʫʶʱʠʡ 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʡ ʣʠʛʘʥʜ ʟʘʪʨʫʜʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʩʣʝʜʫʶʱʠʭ 



33 
 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʟʦʪʠʩʪʳʡ ʣʠʥʢʝʨ bpe. ʉ ʝʛʦ ʫʯʘʩʪʠʝʤ ʧʦʣʫʯʝʥ [Mn4(I-

ipa)4(bpe)4Ŀ5H2O]n. ɺ ʜʘʥʥʦʤ ʄʆʂʇ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʪʘʢʪ IĿĿĿI, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʦʜʘ 

ʩʦʩʪʘʚʣʷʝʪ 3,62 ¡, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʫʤʤʘ ʠʭ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ (4,00 ¡). 

ʕʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʚ ʜʘʥʥʦʡ ʩʝʨʠʠ, ʢʦʛʜʘ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʛʘʣʦʛʝʥʘʤʠ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʉʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [Co(I-ipa)(p-bix)]n, (p-bix = 1,4-ʙʠʩ(ʠʤʠʜʘʟʦ-1-

ʠʣʤʝʪʠʣ)-ʙʝʥʟʦʣ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 18. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟʦʬʪʘʣʘʪʥʳʝ ʣʠʥʢʝʨʳ ʩʦʝʜʠʥʷʶʪ 

ʘʪʦʤʳ ʢʦʙʘʣʴʪʘ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ, ʩʚʷʟʳʚʘʝʤʳʝ p-bix ʚ ʜʚʫʤʝʨʥʳʝ ʩʣʦʠ. ʇʦʩʣʝʜʥʠʝ 

ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ɻʉ C-IĿĿĿO (ʨʘʩʩʪʦʷʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 3,31 ʠ 3,45 ¡) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʛʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʢʘʩʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʪʨʝʭʢʨʘʪʥʦ 

ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʤ. 

 

ʈʠʩ. 18. ʊʨʝʭʢʨʘʪʥʦ ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʡ ʄʆʂʇ [Co(I-ipa)(p-bix)]n [152]. 

ɺ [Co(I-ipa)(m-bix)]n (m-bix =  1,3-ʙʠʩ(ʠʤʠʜʘʟʦ-1-ʠʣʤʝʪʠʣ)-ʙʝʥʟʦʣ) ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ɻʉ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʣʫʯʘʝʤ, ʦʥʘ ʩʚʷʟʳʚʘʝʪ ʩʦʩʝʜʥʠʝ ʩʣʦʠ ʢʦʥʪʘʢʪʘʤʠ C-IĿĿĿO (3,47 ¡), ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʛʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʢʘʩʘ (ʈʠʩ. 19). 
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ʈʠʩ. 19. ʉʪʨʦʝʥʠʝ ʄʆʂʇ [Co(I-ipa)(m-bix)]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [152]. 

ʀʟʫʯʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʡ ʩʝʨʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʘʥʥʳʝ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʪʘʣʣʦʚ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʤʠʩʩʠʶ, 

ʢʦʪʦʨʘʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʣʠʛʘʥʜ - ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ˊĿĿĿˊ* ʧʝʨʝʭʦʜʘʤ. 

ʈʘʙʦʪʘ [156] ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ, 5-

ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʠ 1,1ǋ-(1,4-ʙʫʪʘʥʜʠʝʥʠʣ)ʙʠʩ(ʠʤʠʜʘʟʦʣʘ) (bbi). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʚʦʜʘ, ʵʪʠʣʝʥʛʣʠʢʦʣʴ, DMF, ɼʄɸ) ʙʳʣʦ ʧʦʣʫʯʝʥʦ 4 ʨʘʟʥʳʭ ʄʆʂʇ. 

ʉʪʨʫʢʪʫʨʘ [Co(I-ipa)(bbi)Ŀ3(H2O)]n ʩʦʜʝʨʞʠʪ ʤʦʪʠʚ, ʪʠʧʠʯʥʳʡ ʜʣʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʦʚ 

5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ: ʮʝʧʦʯʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʩʣʦʠ ʩ ʧʦʤʦʱʴʶ bbi. ɺ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ C-IĿĿĿI (3,73 ¡) ʤʝʞʜʫ ʜʚʫʤʷ ʬʨʘʛʤʝʥʪʘʤʠ I-ipa, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʭʤʝʨʥʳʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʘʨʢʘʩ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʄʆʂʇ [Co2(I-ipa)2(bbi)2(C2H6O2)3]n ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ ɻʉ C-IĿĿĿI (3,87 ¡). ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʢʦʥʪʘʢʪʘʤ ʦʙʨʘʟʫʶʪʩʷ ʜʚʫʭʤʝʨʥʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ 

ʘʩʩʦʮʠʘʪʳ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʤʦʣʝʢʫʣʳ ʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ 

ʚ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ɻʉ. 

ɺ [Co(I-ipa)(bbi)ĿDMF]n ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ. ʆʥʠ ʩʚʷʟʳʚʘʶʪ ʵʪʦ 

ʩ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ) ʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ ʧʨʦʠʛʨʳʚʘʝʪ 

ʢʦʥʢʫʨʝʥʮʠʶ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʥʝʢʦʚʘʣʝʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ (ɺʉ ʠ ˊ-ʩʪʝʢʠʥʛ). ʆʜʥʘʢʦ ʧʨʠ 

ʟʘʤʝʥʝ ɼʄʌɸ ʥʘ ɼʄɸ (ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ) ʦʙʨʘʟʫʝʪʩʷ [Co2(I-ipa)2(bbi)2Ŀ2DMA]n, ʚ ʩʪʨʫʢʪʫʨʝ 
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ʢʦʪʦʨʦʛʦ ʧʦʷʚʣʷʝʪʩʷ ɻʉ. ʉʣʦʠ ʄʆʂʇ ʩʦʝʜʠʥʷʶʪʩʷ ʟʘ ʩʯʝʪ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ɺʉ 

C-HĿĿĿO ʠ ɻʉ ʉ-IĿĿĿˊ (ʈʠʩ. 20), ʯʪʦ ʜʘʝʪ ʪʨʝʭʤʝʨʥʫʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

 

ʈʠʩ. 20. ʉʪʨʦʝʥʠʝ [Co2(I-ipa)2(bbi)2Ŀ2DMA]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [156]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʪʨʘʞʝʥʦ ʚʣʠʷʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʪʠʧ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʦʙʨʘʟʦʚʘʥʠʷ. ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʩʠʥʪʝʟʫ ʄʆʂʇ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʨʝʘʛʝʥʪʦʚ ʠ ʚ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʘʮʝʪʦʥʠʪʨʠʣ, 

ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ, ʠ 1,4-ʜʠʦʢʩʘʥ, ʦʜʥʘʢʦ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʵʪʠʭ ʩʣʫʯʘʝʚ ʥʝ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ.  

ʈʘʙʦʪʘ [149] ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ Cd(II) ʠ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʳʚʘʶʪ ʥʝʢʦʚʘʣʝʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʦʜʥʘʢʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ɺʉ. 

ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ [Cd(I-ipa)(bte)(H2O)]n (bte = 1,4-ʙʠʩ(1,2,4-ʪʨʠʘʟʦʣ-1-ʠʣ)ʵʪʘʥ) ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ɻʉ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʩʪʝʥʥʫʶ ʢʘʜʤʠʡ-

ʦʨʛʘʥʠʯʝʩʢʫʶ çʪʨʫʙʢʫè (ʈʠʩ. 21). ʄʦʣʝʢʫʣʳ bte, ʩʦʝʜʠʥʷʷʩʴ ʩ Cd(II), ʩʦʟʜʘʶʪ ʩʪʝʥʢʫ ʜʘʥʥʦʡ 

ʪʨʫʙʢʠ, ʘ ʟʘ ʩʯʸʪ I-ipa-ʣʠʛʘʥʜʦʚ ʜʘʥʥʘʷ ʪʨʫʙʢʘ ʨʘʩʪʸʪ ʚ ʜʣʠʥʫ. ɼʘʣʝʝ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʵʪʠ ʪʨʫʙʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʩʣʦʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʣʦʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ ʩʯʝʪ ɻʉ C-

IĿĿĿI (3,79 ¡), ʦʙʨʘʟʫʷ 3D-ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɼʣʷ ʜʘʥʥʦʛʦ ʄʆʂʇ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɺʦʟʙʫʞʜʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 290 ʥʤ ʧʨʠʚʦʜʠʪ ʢ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 472 ʥʤ ʠ ʧʣʝʯʦʤ ʦʢʦʣʦ 412 ʥʤ. 

ɼʘʥʥʳʡ ʪʠʧ ʵʤʠʩʩʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʣʠʛʘʥʜ - ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ˊĿĿĿˊ* ʧʝʨʝʭʦʜʘʤ. 
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ʈʠʩ. 21. ʉʪʨʦʝʥʠʝ ʄʆʂʇ [Cd(I-ipa)(bte)(H2O)]n [149]. 

ɺ ʨʘʙʦʪʝ [158] ʬʦʢʫʩ ʙʳʣ ʩʜʝʣʘʥʦ ʠʤʝʥʥʦ ʥʘ ʚʣʠʷʥʠʠ ɻʉ ʥʘ ʩʪʨʦʝʥʠʝ ʄʆʂʇ, ʘ ʥʝ ʪʦʣʴʢʦ 

ʣʠʰʴ ʥʘ ʢʦʥʩʪʘʪʘʮʠʶ ʬʘʢʪʘ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʩʝʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʝʤʴ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ Cu(II), 

I-ipa ʠ ʨʘʟʣʠʯʥʳʭ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ, [Cu3(OH)2(I-

ipa)2(phen)3(H2O)Ŀ4,5(H2O)]n, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ. ɹʣʘʛʦʜʘʨʷ 

ɻʉ C-IĿĿĿO (3,14 ¡) ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʩʦʩʝʜʥʠʭ 5-ʠʦʜʠʟʦʬʪʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ 

ʦʙʨʘʟʫʶʪʩʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʘʢʪʦʚ C-IĿĿĿ ˊ (4,00 ¡) ʠʦʜʘ 

ʠ ˊ-ʩʠʩʪʝʤʳ I-ipa ʦʙʨʘʟʫʶʪ 2D ʩʣʦʡ. ʊʨʝʭʤʝʨʥʘʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ˊ-ʩʪʝʢʠʥʛʫ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠʟ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩʣʦʝʚ.  

ʇʨʠ ʟʘʤʝʥʝ LiOH ʥʘ NaOH ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

[Cu(I-ipa)(phen)(H2O)]n, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʪʨʦʝʥʠʶ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʮʝʧʦʯʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ɺʉ ʠ ʧʨʠʥʠʤʘʶʪ çʩʪʫʧʝʥʯʘʪʫʶ ʬʦʨʤʫè ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʢʦʥʪʘʢʪʳ 

Cu-O ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ. ɼʘʣʝʝ ʵʪʠ ʮʝʧʦʯʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʩʣʦʠ (ʪʘʢʞʝ ʟʘ ʩʯʝʪ ɺʉ), ʢʦʪʦʨʳʝ 

ʢʦʥʪʘʢʪʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ ʩʯʝʪ ʩʣʘʙʳʭ ɻʉ C-IĿĿĿI (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʮʝʥʪʨʦʤ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩʦʩʪʘʚʣʷʝʪ 3,99 ¡), ʦʙʨʘʟʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 3D ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʘʨʢʘʩ 

(ʈʠʩ. 22).  
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ʈʠʩ. 22. ʉʪʨʦʝʥʠʝ [Cu(I-ipa)(phen)(H2O)]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [158]. 

[Cu(I-ipa)(bpe)Ŀ2H2O]n ʪʦʞʝ ʠʤʝʝʪ 3D ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʎʝʧʦʯʢʠ ʩʦʝʜʠʥʷʶʪʩʷ 

ʤʦʣʝʢʫʣʘʤʠ bpe ʚ 2D ʩʣʦʠ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ bpe, ʚ ʦʪʣʠʯʠʝ ʦʪ phen, ʷʚʣʷʝʪʩʷ ʣʠʥʢʝʨʥʳʤ 

ʣʠʛʘʥʜʦʤ. ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʨʢʘʩʘ ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʚ ʜʘʥʥʦʤ ʄʆʂʇ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʠʩʪʝʤʘ ɻʉ C-IĿĿĿˊ (3,85 ¡) ʜʘʝʪ 3D ʩʪʨʫʢʪʫʨʫ (ʈʠʩ. 23). 

 

ʈʠʩ. 23. ʉʪʨʦʝʥʠʝ [Cu(I-ipa)(bpe)Ŀ2H2O]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [158]. 

ʉʪʨʦʝʥʠʝ [Cu(I-ipa)(p-bix)]n ʩʭʦʞʝ ʩ [Cu(I-ipa)(bpe)Ŀ2H2O]n, ʦʜʥʘʢʦ ʚ ʥʝʤ ʩʣʦʠ ʩʤʝʱʝʥʳ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʠ ʧʦʵʪʦʤʫ ʨʝʘʣʠʟʫʝʪʩʷ ʜʨʫʛʘ ̫ɻʉ, ʘ ʠʤʝʥʥʦ C-IĿĿĿO (3,48 ¡) (ʈʠʩ. 24). 
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ʈʠʩ. 24. ʉʪʨʦʝʥʠʝ [Cu(I-ipa)(p-bix)]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [158]. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ [Cu(I-ipa)(bbi)]n ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʝ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʚ 

ʩʣʦʠ ʩ ʧʦʤʦʱʴʶ bbi. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʳʡ ʩʣʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʥʠʟʳʚʘʝʪʩʷ ʜʚʫʤʷ ʜʨʫʛʠʤʠ 

ʩʣʦʷʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʦʙʳʯʥʦʛʦ 3-ʢʨʘʪʥʦʛʦ ʚʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʷ (ʈʠʩ. 25ʘ). 

ɼʘʣʝʝ ʩʣʦʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʘʢʪʦʚ C-IĿĿĿˊ (3,72 ¡) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʨʝʭʢʨʘʪʥʦ ʚʟʘʠʤʦʧʨʦʨʦʩʰʝʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʢʘʩʘ (ʈʠʩ. 25ʙ). 

 

ʈʠʩ. 25. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʭʢʨʘʪʥʦʛʦ ʚʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʷ ʩʣʦʝʚ [Cu(I-ipa)(bbi)]n 

(ʘ). ʉʪʨʦʝʥʠʝ 3D ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʢʘʩʘ [Cu(I-ipa)(bbi)]n, ʧʫʥʢʪʠʨʦʤ ʠʟʦʙʨʘʞʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ C-IĿĿĿ ˊ (ʙ) [158]. 

ʉʣʝʜʫʶʱʠʡ ʄʆʂʇ, [Cu2(I-ipa)2(bbi)Ŀ0,5H2O]n, ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʦʙʨʘʟʮʦʤ ʧʫʪʝʤ ʜʚʫʢʨʘʪʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ bbi ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ 

ʩʘʤʦʩʙʦʨʢʠ ʜʚʫʭʤʝʨʥʳʭ ʩʣʦʝʚ ʠʟʦʬʪʘʣʘʪʦʚ Cu(II), ʢʦʪʦʨʳʝ ʟʘ ʩʯʝʪ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ 

ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʦʣʴ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ 

ʩʪʦʣʴ ʩʠʣʴʥʘ, ʭʦʪʷ ʜʘʥʥʳʡ ʪʠʧ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ (ʢʦʥʪʘʢʪʳ C-

IĿĿĿˊ, 3,81 ¡) (ʈʠʩ. 26). 
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ʈʠʩ. 26. ʉʪʨʦʝʥʠʝ [Cu2(I-ipa)2(bbi)Ŀ0,5H2O]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [158]. 

ʉʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʄʆʂʇ [Cu(I-ipa)(bpp)ĿH2O]n (bpp = 1,3-ʙʠʩ(4-

ʧʠʨʠʜʠʣ)ʧʨʦʧʘʥ). ɺ ʥʝʤ ʮʝʧʦʯʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ {Cu(bpp)}, ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʮʝʧʦʯʢʘʤʠ Cu-I-ipa, 

ʦʙʨʘʟʫʷ ʪʨʫʙʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 27), ʢʦʪʦʨʳʝ ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ɻʉ 

ʤʝʞʜʫ I-ipa-ʣʠʛʘʥʜʘʤʠ, ʦʙʨʘʟʫʷ ʚʟʘʠʤʦʧʨʦʨʦʩʰʫʶ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʈʦʣʴ ɻʉ C-IĿĿĿˊ (3,65 

¡), ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ.  

 

ʈʠʩ. 27. ʉʪʨʦʝʥʠʝ [Cu(I-ipa)(bpp)ĿH2O]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [158]. 

ɺ [161] ʙʳʣʦ ʦʧʠʩʘʥʦ ʩʪʨʦʝʥʠʝ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ Pb (II) ʠ I-ipa ʩʦʩʪʘʚʘ [Pb2(I-ipa)2(MeOH)]n. 

ɺ ʥʝʤ ʘʪʦʤʳ ʩʚʠʥʮʘ, ʩʚʷʟʘʥʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʦʙʨʘʟʫʶʪ ʦʜʥʦʤʝʨʥʳʝ ʙʝʩʢʦʥʝʯʥʳʝ 

ʮʝʧʠ. ʕʪʠ ʮʝʧʠ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ 
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ʠʟ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʥʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2D ʩʣʦʷ. ɼʘʣʝʝ ʵʪʠ ʩʣʦʠ, ʩ ʧʦʤʦʱʴʶ ɻʉ ʤʝʞʜʫ 

I-ipa-ʣʠʛʘʥʜʘʤʠ, ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 3D ʩʪʨʫʢʪʫʨʫ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʪʝʪʨʘʷʜʝʨʥʳʡ ʨʦʤʙʦʚʠʜʥʳʡ ʬʨʘʛʤʝʥʪ I4, ʚ 

ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʠʦʜʘ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ɻʉ C-IĿĿĿI (3,92 ʠ 3,88 ¡) (ʈʠʩ. 28). 

 

ʈʠʩ. 28. ɺʠʜ ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ I4 ʚ ʩʪʨʫʢʪʫʨʝ [Pb2(I-ipa)2(MeOH)]n [161]. 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ɻʉ ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʭʠʤʠʠ 

ʠʦʜʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʪʘʙʠʣʠʟʘʮʠʶ ʢʘʨʢʘʩʘ. 

ɺ ʨʘʙʦʪʝ [150] ʠʟʫʯʘʣʠ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ Cd(II), Ag(I) ʠ 5-

ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʂʦʤʧʣʝʢʩ {[Ag2(bipy)2(H2O)][Cd(I-ipa)2]Ŀ2H2O}n ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ (ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʝʨʝʙʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ AgO). ɺ ʜʘʥʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʭʦʨʦʰʦ ʚʠʜʥʳ ʜʚʘ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ: ʵʪʦ 

çʭʦʟʷʠʥè, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʣʦʝʚ ʠʟʦʬʪʘʣʘʪʦʚ ʢʘʜʤʠʷ [Cd(I-ipa)2]2ï ʠ çʛʦʩʪʴè, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʫʶ ʮʝʧʴ [Ag2(bipy)2(H2O)]2+. ʇʦʣʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʜʦʙʥʳʤʠ 

ʤʦʪʠʚʘʤʠ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ. ɼʚʘ ʩʣʦʷ 5-ʠʦʜʠʟʦʬʪʘʣʘʪʦʚ ʢʘʜʤʠʷ ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʟʘ ʩʯʝʪ ɻʉ C-IĿĿĿO (3,11 ʠ 3,25 ¡), ʦʙʨʘʟʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʥʫʪʨʠ 

ʵʪʠʭ ʧʦʨ, ʥʘʭʦʜʷʪʩʷ ʮʝʧʦʯʢʠ [Ag2(bipy)2(H2O)]2+, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʢʘʨʢʘʩʦʤ çʭʦʟʷʠʥʘè ʟʘ ʩʯʝʪ 

ʩʣʘʙʳʭ ʢʦʥʪʘʢʪʦʚ AgĿĿĿO ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʈʠʩ. 29). 
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ʈʠʩ. 29. ʉʪʨʦʝʥʠʝ {[Ag2(bipy)2(H2O)][Cd(I-ipa)2]Ŀ2H2O}n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʟʦʙʨʘʞʝʥʳ ʧʫʥʢʪʠʨʦʤ [150]. 

ʉʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [Ag2(I-ipa)(bbi)0,5]n ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʠʚʠʘʣʴʥʳʤ 

ʜʣʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ 5-ʠʦʜʠʟʦʬʪʘʣʘʪʘ ɺ ʥʝʤ ʮʝʧʦʯʢʠ ʠʟʦʬʪʘʣʘʪʦʚ ʩʝʨʝʙʨʘ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʩʣʦʠ ʩ 

ʧʦʤʦʱʴʶ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ bbi, ʢʦʪʦʨʳʝ ʜʘʣʝʝ çʩʰʠʚʘʶʪʩʷè ʢʦʥʪʘʢʪʘʤʠ C-IĿĿĿO (3,27 ¡) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 3D ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʈʠʩ. 30). 

 

ʈʠʩ. 30. ʉʪʨʦʝʥʠʝ [Ag2(I-ipa)(bbi)0,5]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [150]. 
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    ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ {[Ag(I-ipa)][Ag(bpe)]}n ʧʦʭʦʞ ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʥʘ 

ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʄʆʂʇ. ɺ ʥʝʤ ʪʘʢʞʝ ʝʩʪʴ ʜʚʘ ʪʠʧʘ 

ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʦʚ [Ag(I-ipa]- ʠ [Ag(bpe)]+, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. [Ag(I-ipa]- ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʮʝʧʦʯʢʠ 5-ʠʦʜʠʟʦʬʪʘʣʘʪʦʚ ʩʝʨʝʙʨʘ, ʢʦʪʦʨʳʝ ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘ ʩʯʝʪ ɻʉ C-IĿĿĿO (3,40 

¡) ʠ ʦʙʨʘʟʫʶʪ 2D ʩʣʦʠ (ʈʠʩ. 31). [Ag(bpe)]+ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʳʝ 

ʩʦʝʜʠʥʷʶʪʩʷ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʩʣʘʙʳʭ  AgĿĿĿO ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ 3D ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʢʘʩʘ. 

 

ʈʠʩ. 31. ʉʪʨʦʝʥʠʝ {[Ag(I-ipa)][Ag(bpe)]}n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [150]. 

ɹʦʣʝʝ ʧʨʦʩʪʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩ [Ag4(I-ipa)2(p-bix)2]n. ɺ ʥʝʤ 5-ʠʦʜʠʟʦʬʪʘʣʘʪʳ ʩʝʨʝʙʨʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʝʩʢʦʥʝʯʥʳʡ ʜʚʫʤʝʨʥʳʡ ʩʣʦʡ (ʈʠʩ. 32). ɺʥʫʪʨʠ ʜʘʥʥʳʭ ʩʣʦʝʚ ʝʩʪʴ ɻʉ C-IĿĿĿO (3,23 

ʠ 3,34 ¡). ʄʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ p-bix ʩʦʝʜʠʥʷʶʪ ʩʣʦʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ 3D 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ. 
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ʈʠʩ. 32. ʉʪʨʦʝʥʠʝ [Ag4(I-ipa)2(p-bix)2]n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʙʨʘʞʝʥʳ 

ʧʫʥʢʪʠʨʦʤ [150]. 

ɸʚʪʦʨʳ ʠʟʫʯʠʣʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʘʢ ʠ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʩʣʫʯʘʷʭ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʟʤ ʵʤʠʩʩʠʠ. 

ɺ [151] ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ, ʢʘʜʤʠʷ ʠ ʘʥʠʦʥʦʚ 5-

ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ, [Cd2(I-ipa)2(bpe)(CH3OH)2]n, ʝʩʪʴ ʚʳʨʘʞʝʥʥʘʷ ɻʉ. 

ʂʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʮʝʧʦʯʝʢ [Cd2(I-ipa)2]n, ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ bpe ʩʚʷʟʳʚʘʶʪʩʷ ʚ 2D 

ʩʣʦʠ ʠ ʜʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ɻʉ C-IĿĿĿO (3,49 ¡) ʠ ˊ-ʩʪʝʢʠʥʛʘ ʩʦʙʠʨʘʶʪʩʷ ʚ 3D-ʩʪʨʫʢʪʫʨʫ.  

ɺ ʨʘʙʦʪʝ [153] ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ [Co(I-ipa)(bimb)]n. ʀʟʦʬʪʘʣʘʪʥʳʝ ʣʠʥʢʝʨʳ 

ʩʚʷʟʳʚʘʶʪ ʘʪʦʤʳ ʢʦʙʘʣʴʪʘ ʚ ʜʚʦʡʥʫʶ ʮʝʧʦʯʢʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʪʦʤʳ ʠʦʜʘ ʥʘʧʨʘʚʣʝʥʳ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ (ʈʠʩ. 33).  ɼʘʣʝʝ ʵʪʠ ʮʝʧʦʯʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

bimb ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɻʉ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʩʚʷʟʠ C-IĿĿĿO (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 3,07 ¡) ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʨʢʘʩʘ, ʦʙʨʘʟʫʷ 

ʜʚʫʢʨʘʪʥʦ ʧʨʦʨʦʩʰʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ. 

 

ʈʠʩ. 33. ʉʪʨʦʝʥʠʝ ʮʝʧʦʯʝʢ [Co(I-ipa)(bimb)]n [153]. 
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ʇʦʟʞʝ ʜʨʫʛʦʡ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ [159] ʙʳʣ ʧʦʣʫʯʝʥ ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ 

[Ni(I -ipa)(bimb)]n. ɺ ʥʝʤ ʜʣʠʥʘ ɻʉ C-IĿĿĿO ʩʦʩʪʘʚʣʷʝʪ 3,03 ¡.  

1.2.4 ʄʆʂʇ ʩ 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ɺ [164] (ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʵʪʘ ʨʘʙʦʪʘ ʩʪʘʣʘ ʧʝʨʚʦʡ, ʚ ʢʦʪʦʨʦʡ ʙʳ ʦʧʠʩʳʚʘʣʩʷ ʄʆʂʇ ʩ 

ʘʥʠʦʥʦʤ ʜʘʥʥʦʡ ʢʠʩʣʦʪʳ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʨʷʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

[Cu2(I2-bpdc)2(Py)1,67(H2O)0,33]Ŀ(DMF)2(H2O)2,33. ʕʪʦ ʧʦʨʠʩʪʳʡ ʪʨʝʭʤʝʨʥʳʡ ʜʚʘʞʜʳ 

ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʡ ʢʘʨʢʘʩ, ʠʤʝʶʱʠʡ ʪʦʣʴʢʦ ʦʜʠʥ ʪʠʧ ʧʦʨ ʜʠʘʤʝʪʨʦʤ 8,7 ¡. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʘʚʪʦʨʳ ʠʟʤʝʨʠʣʠ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ (N2, H2, CO2) ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʄʆʂʇ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ R2-bpdc (R = CN, Me, I). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʦʨʙʮʠʠ N2 ʠ H2, ʠʦʜʩʦʜʝʨʞʘʱʠʡ 

ʦʙʨʘʟʝʮ ʧʦʢʘʟʘʣ ʥʘʠʤʝʥʴʰʫʶ ʝʤʢʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ CO2 ʝʛʦ ʝʤʢʦʩʪʴ ʦʢʘʟʘʣʘʩʴ 

ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ. 

ɸʚʪʦʨʳ [165] ʦʧʠʩʘʣʠ ʨʷʜ ʄʆʂʇ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʪʠʧʫ IRMOF-9 ʩ ʩʦʩʪʘʚʦʤ [Zn4O(R2-

bpdc)3], (R = OH, OCH3, I). ɼʘʥʥʳʝ ʄʆʂʇ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʝ, ʧʦʨʠʩʪʳʝ, 

ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʝ ʢʘʨʢʘʩʳ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ 

CO2; ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʭ ʄʆʂʇ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʝʥʜʝʥʮʠʷ: ʥʘʣʠʯʠʝ, 

ʧʦʤʠʤʦ ʢʨʫʧʥʳʭ ʧʦʨ (10-12 ¡), ʧʦʨ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ (6-8 ¡) ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ ʵʪʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʭ 

ʢʘʨʢʘʩʦʚ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ bpdc ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʧʦʨ, ʜʝʣʘʷ ʪʘʢʠʝ 

ʄʆʂʇ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʧʦʛʣʦʱʝʥʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ɺ [166] ʦʧʠʩʘʥ ʥʦʚʳʡ ʄʆʂʇ UiO-67(I)2, ʩʦʩʪʘʚʘ [Zr6O4(OH)4(I2-bpdc)6]. ʆʥ ʩʦʩʪʦʠʪ ʠʟ 

ʰʝʩʪʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ {Zr6O4(OH)4}, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ ʩʯʝʪ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ bpdc, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʫʙʠʯʝʩʢʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʨʢʘʩʘ (ʈʠʩ. 34).  

 

ʈʠʩ. 34. ʉʪʨʦʝʥʠʝ ʄʆʂʇ UiO-67(I)2  [166]. 
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ɼʘʥʥʳʡ ʄʆʂʇ ʠ çʦʙʳʯʥʳʡè UiO-67 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʜʣʷ 

ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ, ʢʘʢ ʤʦʥʦ- ʠ ʜʠʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʝ 

ʙʝʥʟʦʣʳ. ɸʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʢ ʄʆʂʇ, ʧʨʠʯʝʤ ʥʘ ʦʙʨʘʟʮʝ, ʩʦʜʝʨʞʘʱʝʤ ʠʦʜ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʰʝʥʠʷ ʦʢʘʟʘʣʘʩʴ 

ʚʳʰʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 25-35%. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʰʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʦ ʤʝʨʝ 

ʧʝʨʝʭʦʜʘ ʢ ʩʦʝʜʠʥʝʥʠʷʤ, ʩʦʜʝʨʞʘʱʠʤ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʘʪʦʤʳ ʛʘʣʦʛʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ  1,4-

ʜʠʠʦʜʙʝʥʟʦʣʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʨʝʜʝʣ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ 

ʄʆʂʇ: ʜʣʷ UiO-67(I)2 ʦʥ ʩʦʩʪʘʚʣʷʝʪ 68 ʤʢʤʦʣʴ/ʣ, ʘ ʜʣʷ UiO-67 87 ʤʢʤʦʣʴ/ʣ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ 

ʵʪʠ ʵʬʬʝʢʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɻʉ ʧʨʠ ʩʦʨʙʮʠʠ ʜʠʠʦʜʙʝʥʟʦʣʘ ʠʦʜʠʨʦʚʘʥʥʳʤ ʢʘʨʢʘʩʦʤ, ʧʨʠʯʝʤ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʠʤʝʥʥʦ ʵʪʦ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʜʨʫʛʠʝ ʪʠʧʳ ʥʝʢʦʚʘʣʝʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʚʦʟʤʦʞʥʳ ʥʘ ʦʙʦʠʭ ʄʆʂʇ.  

1.2.5 ʄʆʂʇ ʩ 2,3,5,6-ʪʝʪʨʘʠʦʜʦʪʝʨʝʬʪʘʣʘʪʘʤʠ 

ɼʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ [Cu(I4-bdc)(MeOH)4](H2(I4-bdc)(MeOH)2} n ʠ [Cu(I4-

bdc)(dioxane)(MeOH)2]n ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [167]. ʆʙʘ ʄʆʂʇ ʧʦʣʫʯʝʥʳ ʫʧʘʨʠʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʢʦʥʝʯʥʫʶ 1D 

ʮʝʧʦʯʢʫ ʠʟ ʠʦʥʦʚ ʤʝʜʠ, ʩʦʝʜʠʥʝʥʥʳʭ ʪʝʪʨʘʠʦʜʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʘʤʠ; ʧʨʠ ʵʪʦʤ Cu(II ) 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʝʱʸ 4 ʤʦʣʝʢʫʣʘʤʠ ʤʝʪʘʥʦʣʘ. ɺ ʜʘʥʥʦʤ ʧʦʣʠʤʝʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʦʩʪʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʝʪʨʘʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʝʪʘʥʦʣʘ (ʚ ʦʩʥʦʚʥʦʤ 

ɺʉ). ʊʘʢ, ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʜʚʫʤʝʨʥʳʝ 

ʩʣʦʠ (ʈʠʩ. 35). 

 

ʈʠʩ. 35. ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʪʨʫʢʪʫʨʝ {[Cu(I4-bdc)(MeOH)4](H2(I4-

bdc)(MeOH)2} n [167]. 
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ʆʜʥʘʢʦ ʧʦʤʠʤʦ ɺʉ ʥʘʙʣʶʜʘʣʠʩʴ ʪʘʢʞʝ ʠ ʛʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ: ʵʪʦ ʢʦʥʪʘʢʪʳ C-IĿĿĿO (3,50 ¡) ʠ 

C-IĿĿĿˊ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʮʝʥʪʦʤ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩʦʩʪʘʚʣʷʝʪ 3,65 ¡). ʀʭ 

ʨʦʣʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ 2D ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ʠʤʝʝʪ ʧʦʭʦʞʝʝ ʩʪʨʦʝʥʠʝ, ʦʜʥʘʢʦ ʚʢʣʶʯʝʥʠʝ ʜʠʦʢʩʘʥʘ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʝʜʝʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʛʦʩʪʝʡ: ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɻʉ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʜʚʫʭ ʄʆʂʇ, ʪʘʢ ʠ ʠʩʭʦʜʥʦʡ 

ʪʝʪʨʘʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 336 ʥʤ ʩʚʦʙʦʜʥʳʡ ʣʠʛʘʥʜ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʦʩʫ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʮʝʥʪʨʦʤ ʥʘ 474 ʥʤ, ʯʪʦ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʝʨʝʭʦʜʘʤ ˊŸˊ* ʠʣʠ nŸˊ*. ɼʣʷ ʚʪʦʨʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʥʘʣʦʛʠʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʠʢ ʵʤʠʩʩʠʠ ʧʨʠ 475 ʥʤ, ʯʪʦ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ 

ʧʝʨʝʭʦʜʘʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʣʘʙʝʝ, ʯʝʤ ʫ ʪʝʪʨʘʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʳ. ʇʝʨʚʳʡ ʄʆʂʇ ʥʝ ʧʨʦʷʚʣʷʝʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ; ʚʦʟʤʦʞʥʦ, ʪʫʰʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝʤ ɻʉ. 

ɺ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [168] ʵʪʦʡ ʛʨʫʧʧʳ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʩ ʪʝʪʨʘʠʦʜʪʝʨʝʬʪʘʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ. ʊʘʢ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ Ni(II), ʦʜʠʥ 

ʠʟ ʢʦʪʦʨʳʭ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʚʳʰʝʫʧʦʤʷʥʫʪʦʤʫ ʤʝʜʴʩʦʜʝʨʞʘʱʝʤʫ ʄʆʂʇ. ʂʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 

{[ Ni(I4-bdc)(DMF)2(H2O)2](DMF)2(H2O)2} n ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ DMF ʠ H2O. 

ʆʥ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʪʝʨʝʬʪʘʣʘʪʦʚ ʥʠʢʝʣʷ, ʢʦʪʦʨʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ɺʉ ʩ 

ʛʦʩʪʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ DMF ʠ ʚʦʜʳ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʩʣʦʠ. ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʘʪʦʤʳ ʠʦʜʘ ʪʝʪʨʘʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ɺʉ ʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ 

ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ. ʂʘʢ ʦʙʩʫʞʜʘʣʦʩʴ ʚʳʰʝ, ʚʝʨʦʷʪʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɻʉ 

ʧʨʦʠʛʨʳʚʘʶʪ ʢʦʥʢʫʨʝʥʮʠʶ ɺʉ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ [169], ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʧʠʩʘʥʳ ʄʆʂʇ 

[M(I4-bdc)(MeOH)2(DMF)2] (ʄ = Zn, Mn) ʠ [Pb(I4-bdc)(DMF)4]. ɺʩʝ ʦʥʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ 

ʩʤʝʩʠ DMF ʩ ʤʝʪʘʥʦʣʦʤ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʦʙʨʘʟʮʦʚ, ʥʝ ʠʤʝʶʪ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʚ 

ʩʪʨʫʢʪʫʨʝ. ʆʜʥʘʢʦ ʠʭ ʩʪʨʦʝʥʠʝ ʧʦʭʦʞʝ ʥʘ ʧʨʝʜʳʜʫʱʠʝ ʢʦʤʧʣʝʢʩʳ: ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʢʠ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʩʣʦʠ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ɺʉ). ɼʣʷ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʮʠʥʢ- ʠ 

ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʩʧʫʩʢʘʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 472 ʥʤ ʯʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʧʝʨʝʭʦʜʘʤ. ɸʚʪʦʨʳ 

ʩʚʷʟʘʣʠ ʵʪʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʚʣʠʷʥʠʝ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʚʥʠʪʨʠʣʠʛʘʥʜʥʦʛʦ ˊŸˊ* ʧʝʨʝʭʦʜʘ.  
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ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʯʝʪʳʨʝ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʄʆʂʇ [170]: [M(I4-

bdc)(MeOH)4](H2(I4-bdc)(MeOH)2} n (M = Zn, Cd, Co, Mn). ʉʪʨʦʝʥʠʝ ʵʪʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʈʠʩ. 36. ʀʭ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʘʨʘʣʣʝʣʴʥʳʝ ʩʣʦʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ɺʉ ʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ C-IĿĿĿˊ 

(3,65 ¡) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʀʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʣʠʛʘʥʜ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

 

ʈʠʩ. 36. ʉʪʨʦʝʥʠʝ ʄʆʂʇ [Mn(I4-bdc)(MeOH)4](H2(I4-bdc)(MeOH)2} n. ʅʝʢʦʚʘʣʝʥʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ [170]. 

ɺ ʨʘʙʦʪʝ [171] ʘʚʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 5 ʥʦʚʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ (ʩʭʝʤʘ ʩʤ. ʈʠʩ. 37). 

 

ʈʠʩ. 37. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʄʆʂʇ [171]. 

ɺʩʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 1D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʈʠʩ. 38). 

ʀʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ (ʂʊ). ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʫʞʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʛʣʦʱʘʶʱʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʘʪʦʤʦʚ ʩ ʚʳʩʦʢʠʤ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ. 
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ʈʠʩ. 38. ʉʪʨʦʝʥʠʝ ʄʆʂʇ [Zn(I4-bdc)(DMF)2,5]n [171]. 

ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠʦʜʩʦʜʝʨʞʘʱʠʝ ʧʨʝʧʘʨʘʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʦʩʥʦʚʝ 2,4,6-ʪʨʠʠʦʜʙʝʥʟʦʣ-1,3,5-ʪʨʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 5-

[ɸʮʝʪʠʣ(2,3-ʜʠʛʠʜʨʦʢʩʠʧʨʦʧʠʣ)ʘʤʠʥʦ]-N,N'-ʙʠʩ(2,3-ʜʠʛʠʜʨʦʢʩʠʧʨʦʧʠʣ)-2,4,6-ʪʨʠʠʦʜ-1,3-

ʙʝʥʟʦʣʜʠʢʘʨʙʦʢʩʘʤʠʜ (ʡʦʛʝʢʩʦʣ, ʪʦʨʛʦʚʦʝ ʥʘʟʚʘʥʠʝ ï çʆʤʥʠʧʘʢè), ʠʦʧʨʦʤʠʜ (ʪʦʨʛʦʚʦʝ ʥʘʟʚʘʥʠʝ 

ï çʋʣʴʪʨʘʚʠʩʪè) ʠ ʜʨ.  

 ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʧʦʜʭʦʜ, ʧʦ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʥʳʤʠ ʢʦʥʪʨʘʩʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ. ʊʘʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʜʣʝʥʥʦ ʜʠʬʬʫʥʜʠʨʫʶʪ ʠ ʤʝʜʣʝʥʥʦ ʚʳʚʦʜʷʪʩʷ ʧʦʯʢʘʤʠ, ʯʪʦ 

ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʨʝʤʝʥʠ ʜʣʷ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʯʘʛʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪʘ ʠ ʪʦʯʝʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʨʛʘʥ. 

ʄʆʂʇ [Cu(I4-bdc)(H2O)2]Ŀ2H2O ʠ [Zn(I4-bdc)(EtOH)2]Ŀ2EtOH ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʂʊ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʥʠʭ ʚʳʰʝ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʠʦʜʘ ʚ ʩʦʩʪʘʚʝ (63% 

ʧʨʦʪʠʚ 49% ʫ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʡʦʛʝʢʩʦʣʘ), ʦʥʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝ. 

1.3 ɿɸʂʃʖʏɽʅʀɽ 
ʉ ʥʘʯʘʣʘ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʧʨʦʰʣʦ ʫʞʝ ʙʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʸʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ çʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚè ʚʩʝ ʝʱʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʮʝʣʝʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʪʘʢʠʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʚʳʩʪʫʧʘʪʴ ʚ 

ʨʦʣʠ ʥʝ ʪʦʣʴʢʦ ʜʦʥʦʨʦʚ ɺʉ, ʥʦ ʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ. ʀʟ ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʦ ɻʉ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʠʝ ʩʠʥʪʦʥʳ ʤʦʛʫʪ ʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ çʪʦʥʢʦʡ 

ʥʘʩʪʨʦʡʢʠè ʮʝʣʦʛʦ ʨʷʜʘ ʩʚʦʡʩʪʚ ʄʆʂʇ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ ʠʣʠ ʢ ʠʭ ʜʝʪʝʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ). 
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ʇʨʠ ʵʪʦʤ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʪʘ ʠʜʝʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʘʩʴ: ʯʠʩʣʦ ʨʘʙʦʪ ʦ ʄʆʂʇ, ʚ ʢʦʪʦʨʳʭ ɻʉ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʙʳ ʢʘʢ ʬʘʢʪʦʨ, 

ʚʣʠʷʶʱʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ, ʢʨʘʡʥʝ ʤʘʣʦ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʘ ʪʘʢʞʝ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ 

ʥʘʯʘʣʝ ʨʘʟʜʝʣʘ 2.2 ʩʦʦʙʨʘʞʝʥʠʡ (ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ), ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

-ʩʠʥʪʝʟ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʦʚ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ï 2-ʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ, 2,5-ʜʠʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʠ ʜʨ., 

-ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʣʠ ɻʉ ʠ 

-ʠʟʫʯʝʥʠʝ ʨʷʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. 
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2 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1  ʆɹʆʈʋɼʆɺɸʅʀɽ ʀ ʈɽɸʂʊʀɺʓ. 
ɺʩʝ ʨʝʘʢʪʠʚʳ, ʝʩʣʠ ʵʪʦ ʥʝ ʦʛʦʚʘʨʠʚʘʝʪʩʷ ʦʩʦʙʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʠʤʝʣʠ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʥʝ ʥʠʞʝ ʯ.ʜ.ʘ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. DMF 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʫʰʝʥʠʷ ʥʘʜ ʧʨʦʢʘʣʝʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʠʪʘʤʠ 

(3¡). 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʈʉɸ ʚʳʧʦʣʥʝʥʦ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Venture ʧʨʠ 150 K ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MoKŬ (ɚ = 0,71073 

¡) ʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku XtaLAB Synergy-S ʧʨʠ 100 K, ʦʩʥʘʱʝʥʥʦʤ ʜʝʪʝʢʪʦʨʦʤ HyPix-

6000HE, ʠʟʣʫʯʝʥʠʝ CuKŬ (ɚ = 1,54184 ¡). ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ ʠʟʤʝʨʝʥʳ ʤʝʪʦʜʦʤ ɤ ʠ ű-

ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʟʢʠʭ (0,5Ü) ʬʨʝʡʤʦʚ. ʇʦʛʣʦʱʝʥʠʝ ʫʯʪʝʥʦ ʵʤʧʠʨʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

SADABS. ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ SHELXT [172] ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ 

ʄʅʂ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ ʘʣʛʦʨʠʪʤʫ SHELXL 2017\1 ʚ 

ʧʨʦʛʨʘʤʤʝ ShelXle [173]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʫʪʦʯʥʷʣʠʩʴ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʚʳʯʠʩʣʝʥʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ (ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ñʥʘʝʟʜʥʠʢʘò). ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

(ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʜʣʠʥ ʩʚʷʟʝʡ) ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

Diamond 3 (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ *CIF). 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu XRD-7000 

(CuKŬ-ʠʟʣʫʯʝʥʠʝ, ɚ=1,5425 ¡, Ni-ʬʠʣʴʪʨ, 2ɗ-ʜʠʘʧʘʟʦʥ: 3-40Á, ʥʘʢʦʧʣʝʥʠʝ 1 ʩ. ʚ ʪʦʯʢʝ) ʠ Bruker 

D8 Advance (CuKŬ ʠʟʣʫʯʝʥʠʝ, ʣʠʥʝʡʥʳʡ ʜʝʪʝʢʪʦʨ LYNXEYE XE-T, 2ɗ-ʜʠʘʧʘʟʦʥ: 3 ï 40Á, 

ʥʘʢʦʧʣʝʥʠʝ 0,5 ʩ. ʚ ʪʦʯʢʝ). 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 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ TI 209 F1 Iris (NETZSCH, 

ɻʝʨʤʘʥʠʷ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʪʢʨʳʪʳʝ ʪʠʛʣʠ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ɺ 

ʛʨʘʬʠʯʝʩʢʠʡ, ʫʜʦʙʥʳʡ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʠʜ ʪʝʨʤʦʛʨʘʤʤʳ (ʊɻɸ, ɼʊɻɸ) ʧʝʨʝʚʦʜʠʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Origin. 

ʉʧʝʢʪʨʳ ʂʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 550-120 ʩʤ-1 ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ MultiRAM 

(Bruker), ʦʙʦʨʫʜʦʚʘʥʥʳʤ He-Ne ʠ Nd:YAG-ʣʘʟʝʨʘʤʠ (ɚ = 633 ʠ 1064 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ Ge-

ʜʝʪʝʢʪʦʨʦʤ. 
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ʀʂ-ʩʧʝʢʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 4000ð400 ʩʤï1 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʬʫʨʴʝ-ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʌʊ-801 

(ʉʠʤʝʢʩ, ʈʦʩʩʠʷ). 

ʕʣʝʤʝʥʪʥʳʡ (CHN) ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʘʥʘʣʠʟʘʪʦʨʘʭ Euro EA 3000 ʠ vario MICRO cube 

ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʅʍ ʉʆ ʈɸʅ. 

ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ 300 K ʥʘ cʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ Fluorolog-3 

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

ʌʕʋ R2658. 

ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʟʘʧʠʩʘʥʳ ʥʘ ʧʨʠʙʦʨʝ Quadrasorb SI (Quantachrome, ʉʐɸ) 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (77 K). ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʜʝʣʘʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Origin. 

ʉʧʝʢʪʨʳ ʗʄʈ ʥʘ ʷʜʨʘʭ 1H ʠ 13ʉ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker AVANCE 500 (AV500) 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʥʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 1D 

NMR Processor. 

ʆʙʨʘʟʮʳ ʄʆʂʇ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʘʢʪʠʚʠʨʦʚʘʥʳ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʤʝʥʫ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʥʘ 

ʘʮʝʪʦʥ ʧʫʪʝʤ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʧʦʩʣʝʜʥʝʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʮʳ 

ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʤ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60-80 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 4-8 ʯ. 

ʋʜʘʣʝʥʠʝ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʦʨʙʮʠʠ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʕʢʚʠʤʦʣʷʨʥʫʶ ʩʤʝʩʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʳʡ ʙʶʢʩ ʩ ʢ 

ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʱʝʡ ʢʨʳʰʢʦʡ. ɿʘʪʝʤ ʚ ʵʪʦʪ ʙʶʢʩ ʧʦʤʝʱʘʣʠ ʬʣʘʢʦʥ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʩ 

ʥʘʚʝʩʢʦʡ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʉʦʨʙʮʠʷ ʧʘʨʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʪʝʯʝʥʠʝ 24 ʯ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʠ ʚ ʨʘʩʪʚʦʨ DMF : d6-DMSO (1:1), ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 48 ʯ ʠʣʠ ʜʦʙʘʚʣʷʣʠ 

ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʢʘʨʢʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʟʘʧʠʩʳʚʘʣʠ ʩʧʝʢʪʨʳ ʗʄʈ ʠ ʩʦʦʪʥʦʩʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʟʫʯʘʝʤʳʤ 

ʚʝʱʝʩʪʚʘʤ, ʚ ʩʧʝʢʪʨʘʭ 1H ʗʄʈ.  

ʉʦʨʙʮʠʷ ʜʠʠʦʜʘ ʥʘ ʄʆʂʇ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʜʥʦ ʩʪʝʢʣʷʥʥʦʛʦ ʙʶʢʩʘ ʩ 

ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʱʝʡ ʢʨʳʰʢʦʡ ʧʦʤʝʱʘʣʠ ʠʟʙʳʪʦʢ ʠʦʜʘ. ɿʘʪʝʤ ʚ ʵʪʦʪ ʙʶʢʩ ʧʦʤʝʱʘʣʠ ʬʣʘʢʦʥ 

ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʩ ʥʘʚʝʩʢʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ɹʶʢʩ ʟʘʢʨʳʚʘʣʠ ʠ 

ʥʘʛʨʝʚʘʣʠ ʜʦ ʧʦʷʚʣʝʥʠʷ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ ʠʦʜʘ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʸʥʥʦʛʦ ʠʦʜʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʄʆʂʇ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʊɻɸ.  
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2.2  ʉʀʅʊɽɿ ʀʆɼɿɸʄɽʑɽʅʅʓʍ ʃʀɻɸʅɼʆɺ 
ʉʠʥʪʝʟ 2-ʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ [141]. ʂ ʩʫʩʧʝʥʟʠʠ 2-ʘʤʠʥʦʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ (3,0 

ʛ, 16,6 ʤʤʦʣʴ) ʚ 100 ʤʣ ʩʤʝʩʠ H2O ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl (1:1) ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 

NaNO2 (2,85 ʛ, 41,5 ʤʤʦʣʴ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~0 Áʉ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʸ 

ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʚʳʣʠʣʠ ʚ ʨʘʩʪʚʦʨ KI (16,5 ʛ, 99,5 

ʤʤʦʣʴ) ʚ 150 ʤʣ ʚʦʜʳ, ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ, ʠ ʧʦʣʫʯʝʥʥʳʡ ʪʝʤʥʳʡ ʨʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 18 ʯ. ɼʘʣʝʝ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ NaHSO3 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʮʚʝʪ ʦʩʘʜʢʘ ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʠʟʤʝʥʠʣʩʷ ʥʘ ʙʝʞʝʚʳʡ. ʆʩʘʜʦʢ ʬʠʣʴʪʨʦʚʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ 4,1 ʛ (83%) ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

1H ʗʄʈ ([D6] ʘʮʝʪʦʥ), ŭ, ʤ. ʜ.: 8,59 (ʜ., J = 1.3 ɻʮ, 1H, H3), 8,11 (ʜʜ., 1H), 7,93 (ʜ.,1H).  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ H2(2-I-bdc) (%): C, 32,9; H, 1,7. ʅʘʡʜʝʥʦ (%): C, 31,3; H, 

1,6.  

 

ʈʠʩ. 39. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 2-ʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. 

ʉʠʥʪʝʟ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ [142]. ʄʝʪʦʜʠʢʘ ʠʜʝʥʪʠʯʥʘ ʚʳʰʝʦʧʠʩʘʥʥʦʡ. ʇʦʣʫʯʝʥʦ 

4,2 ʛ (84 %) ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

1H ʗʄʈ ([D6] DMSO), ŭ, ʤ. ʜ.: 8,43 (ʜ., 2H), 8,11 (ʪ., 1H). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ H2(I-ipa) (%): C, 32,9; H, 1,7. ʅʘʡʜʝʥʦ (%): C, 33,4; H, 1,8. 

 

 



53 
 

 

ʈʠʩ. 40. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. 

ʉʠʥʪʝʟ 2,5-ʜʠʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ [140]. ʉʤʝʩʴ ʧʘʨʘ-ʢʩʠʣʦʣʘ (2,1 ʤʣ, 17 ʤʤʦʣʴ) 1,5 ʛ 

ʦʨʪʦʠʦʜʥʦʡ ʢʠʩʣʦʪʳ (6,6 ʤʤʦʣʴ), 3,4 ʛ ʜʠʠʦʜʘ (13,4 ʤʤʦʣʴ), 8 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ, 1,6 ʤʣ ʚʦʜʳ ʠ 1 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ H2SO4 ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 70 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

5 ʯ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʜʠʣʠ ʠ ʚʳʣʠʣʠ ʚ ʨʘʩʪʚʦʨ NaHSO3 ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʠʦʜʘ. 

ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʬʠʣʴʪʨʝ, ʧʦʣʫʯʘʷ 2,5-ʜʠʠʦʜ-ʧ-ʢʩʠʣʦʣ ʤʘʩʩʦʡ 3,6 ʛ (65 

%). ɼʘʣʝʝ ʝʛʦ ʦʢʠʩʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 6,0 ʛ KMnO4 (30,1 ʤʤʦʣʴ) ʚ ʩʤʝʩʠ 130 ʤʣ ʚʦʜʳ ʠ 75 ʤʣ 

ʪʨʝʪ-ʙʫʪʘʥʦʣʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʟʘʪʝʤ 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʚʘʣʠ ʜʦ ı ʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʦʪʙʠʨʘʣʠ ʚʦʜʥʫʶ ʯʘʩʪʴ ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʥʝʡ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl, ʧʦʣʫʯʘʷ ʙʝʣʳʡ ʦʩʘʜʦʢ ʤʘʩʩʦʡ 1,8 ʛ (45 %). 

1H ʗʄʈ ([D6] DMSO), ŭ, ʤ. ʜ.: 8,14 (ʩ.). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ H2(2,5-I-bdc) (%): C, 23,0; H, 1,0. ʅʘʡʜʝʥʦ (%): C, 22,1; H, 

1,1. 

 

ʈʠʩ. 41. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 2,5-ʜʠʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. 

ʉʠʥʪʝʟ 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ [166]. ɼʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 

ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (5 ʛ, 18,5 ʤʤʦʣʴ) ʠ 17 ʛ Ag2SO4 (55 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ 60 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʅʝʩʢʦʣʴʢʠʤʠ ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʠʣʠ 

11 ʛ ʠʦʜʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʫʚʝʣʠʯʠʣʠ 
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ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 80 Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 36 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ 

ʦʭʣʘʞʜʘʣʠ, ʚʳʣʠʚʘʣʠ ʚ ʭʦʣʦʜʥʳʡ ʨʘʩʪʚʦʨ Na2SO3, ʧʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʤʝʪʘʥʦʣʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 7,6 (83 %) ʛ 

ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɼʘʣʝʝ ʥʘʚʝʩʢʫ 2,6 ʛ 

ʨʘʩʪʚʦʨʷʣʠ ʚ 60 ʤʣ ʩʤʝʩʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʠ 1ʄ KOH (1:1). ʈʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 16 ʯ, 

ʟʘʪʝʤ ʦʪʛʦʥʷʣʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ HCl (5 ʤʣ) ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʦʩʘʜʦʢ ï 2,0 ʛ (95 %) ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

1H ʗʄʈ ([D6] DMSO), ŭ, ʤ. ʜ.: 8,43 (ʩ., 2H), 8,012-8,039 (ʜ., 2H), 7,34-7,36 (ʜ., 2H). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ H2(I2-bpdc) (%): C, 34,0; H, 1,6. ʅʘʡʜʝʥʦ (%): C, 32,8; H, 

1,5.  

 

ʈʠʩ. 42. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʳ. 

ʉʠʥʪʝʟ 4,8-ʜʠʠʦʜʦʥʘʬʪʘʣʠʥ-2,6-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʄʝʪʦʜʠʢʘ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ 

ʠʟ [166]. ʅʘʚʝʩʢʫ 2,6-ʥʘʬʪʘʣʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (3,3 ʛ, 15,3 ʤʤʦʣʴ) ʠ 14,3 ʛ Ag2SO4 (46 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ 50 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʅʝʩʢʦʣʴʢʠʤʠ ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʠʣʠ 9,5 ʛ ʜʠʠʦʜʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɿʘʪʝʤ ʫʚʝʣʠʯʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 80 Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ, 

ʧʦʩʣʝ ʯʝʛʦ ʝʝ ʦʭʣʘʞʜʘʣʠ ʠ ʚʳʣʠʚʘʣʠ ʚ ʭʦʣʦʜʥʳʡ ʨʘʩʪʚʦʨ Na2SO3. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʤʝʪʘʥʦʣʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 4,6 (65 %) ʛ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

1H ʗʄʈ ([D6] DMSO), ŭ, ʤ. ʜ.: 8,75 (ʩ., 2H), 8,64 (ʩ., 2H). 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ H2(I2-ndc) (%): C, 30,8; H, 1,3. ʅʘʡʜʝʥʦ (%): C, 31,2; H, 

1,3. 

 

ʈʠʩ. 43. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 4,8-ʜʠʠʦʜʦʥʘʬʪʘʣʠʥ-2,6-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

2.3  ʉʀʅʊɽɿ ʄɽʊɸʃʃ-ʆʈɻɸʅʀʏɽʉʂʀʍ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʇʆʃʀʄɽʈʆɺ. 
ʉʠʥʪʝʟ [Zn 2(2-I -bdc)2dabco]Ŀ3DMFĿ2H2O (A1). Zn(NO3)2Ŀ6H2O (0,25 ʤʤʦʣʴ, 74,5 ʤʛ), H2(2-I-

bdc) (0,25 ʤʤʦʣʴ, 73,0 ʤʛ), dabco (0,125 ʤʤʦʣʴ, 14 ʤʛ) ʠ 6,5 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 105 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 82%). ʉʪʨʦʝʥʠʝ A1 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Zn2(2-I-bdc)2dabco]Ŀ3DMFĿ2H2O (%): C, 36,1; H, 4,2; N, 6,8. 

ʅʘʡʜʝʥʦ (%): C, 37,3; H, 4,5; N, 7,2. ʀʂ (KBr, 4000-400 ʩʤ-1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 3440 (ʩʣ), 2930 

(ʩʣ), 2430 (ʩʣ), 1667 (ʩ), 1632 (ʩ), 1420 (ʩ), 1388 (ʩʨ), 1093 (ʩʣ), 1066 (ʩʣ), 1020 (ʩʣ), 811 (ʩʣ), 750 

(ʩʨ), 657 (ʩʣ), 540 (ʩʣ).  

 

ʈʠʩ. 44. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ1. 



56 
 

ʉʠʥʪʝʟ [Zn 2(2-I -bdc)2bpe]ĿDMFĿ6H2O (A2). Zn(NO3)2Ŀ6H2O (0,25 ʤʤʦʣʴ, 74,5 ʤʛ), H2(2-I-

bdc) (0,25 ʤʤʦʣʴ, 73,0 ʤʛ), bpe (0,125 ʤʤʦʣʴ, 23,0 ʤʛ) ʠ 8 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 104 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 79%). ʉʪʨʦʝʥʠʝ ɸ2 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Zn2(2-I-bdc)2bpe]ĿDMFĿ6H2O (%): C, 35,1; H, 3,5; N, 4,0. 

ʅʘʡʜʝʥʦ (%): C, 33,8; H, 3,3; N, 3,6. 

 

ʈʠʩ. 45. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ2. 

ʉʠʥʪʝʟ [Co2(2-I -bdc)2bpe]Ŀ6,5H2O (A3). CoCl2Ŀ6H2O (0,5 ʤʤʦʣʴ, 119,0 ʤʛ), H2(2-I-bdc) (0,5 

ʤʤʦʣʴ, 146,0 ʤʛ), bpe (0,25 ʤʤʦʣʴ, 46,0 ʤʛ) ʠ 7,5 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ 

ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʸʤʥʦ-ʩʠʥʠʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ, 

ʧʦʣʫʯʘʷ 182 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 73%). ʉʪʨʦʝʥʠʝ A3 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Co2(2-I-bdc)2bpe]Ŀ6,5H2O (%): C, 33,7; H, 3,1; N, 2,8. ʅʘʡʜʝʥʦ (%): C, 32,4; 

H, 2,9; N, 2,5. 
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ʈʠʩ. 46. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ3. 

ʉʠʥʪʝʟ [Zn 2(2-I -bdc)2bpen]ĿDMFĿ4H2O (A4). Zn(NO3)2Ŀ6H2O (0,25 ʤʤʦʣʴ, 74,5 ʤʛ), H2(2-I-

bdc) (0,25 ʤʤʦʣʴ, 73,0 ʤʛ), bpe (0,125 ʤʤʦʣʴ, 23,0 ʤʛ) ʠ 7,5 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 101 ʤʛ ʧʨʦʜʫʢʪʘ  (ʚʳʭʦʜ 76%). ʉʪʨʦʝʥʠʝ ɸ4 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

 

ʈʠʩ. 47. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ4. 
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ʉʠʥʪʝʟ [Zn 2bdc(ThioTerPy)2(OH)2] (A5). Zn(NO3)2Ŀ6H2O (0,15 ʤʤʦʣʴ, 44,7 ʤʛ), H2bdc (0,075 

ʤʤʦʣʴ, 12,5 ʤʛ), ThioTerPy (0,15 ʤʤʦʣʴ, 47,4 ʤʛ) ʠ 6 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ 

ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʉʪʨʦʝʥʠʝ A5 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Zn(2-I -bdc)(ThioTerPy)]ĿDMFĿH2O (A6). Zn(NO3)2Ŀ6H2O (0,15 ʤʤʦʣʴ, 44,7 ʤʛ), 

H2(2-I-bdc)  (0,15 ʤʤʦʣʴ, 44,0 ʤʛ), ThioTerPy (0,125 ʤʤʦʣʴ, 23,0 ʤʛ) ʠ 6 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF 

ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-

15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 114 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 82%). ʉʪʨʦʝʥʠʝ ɸ6 ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Zn(2-I-bdc)(ThioTerPy)]ĿDMFĿH2O (%): C, 

48,3; H, 3,4; N, 7,5. ʅʘʡʜʝʥʦ (%): C, 49,6; H, 3,1; N, 8,1. 

 

ʈʠʩ. 48. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ6. 

ʉʠʥʪʝʟ [Zn(2-I -bdc)(FurTerPy)]ĿDMFĿH2O (A7). Zn(NO3)2Ŀ6H2O (0,15 ʤʤʦʣʴ, 44,7 ʤʛ), H2(2-

I-bdc)  (0,15 ʤʤʦʣʴ, 44,0 ʤʛ), FurTerPy (0,125 ʤʤʦʣʴ, 23,0 ʤʛ) ʠ 7 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ 

ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʉʪʨʦʝʥʠʝ ɸ7 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 
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ʉʠʥʪʝʟ [Cd2(2-I -bdc)2(bimb)2] (A8). Cd(NO3)2Ŀ4H2O (0,2 ʤʤʦʣʴ, 62,0 ʤʛ), H2(2-I-bdc) (0,2 

ʤʤʦʣʴ, 58,0 ʤʛ), bimb (0,2 ʤʤʦʣʴ, 38,0 ʤʛ) ʠ 8,5 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ 

ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 125 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ, 

ʧʦʣʫʯʘʷ 78 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 78%). ʉʪʨʦʝʥʠʝ ɸ8 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Cd2(2-I-bdc)2(bimb)2] (%): C, 31,3; H, 2,2; N, 5,6. ʅʘʡʜʝʥʦ (%): C, 32,1; H, 

2,3; N, 5,3.  

 

ʈʠʩ. 49. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ8. 

ʉʠʥʪʝʟ [Zn(I -ipa)] (A9). Zn(NO3)2Ŀ6H2O (0,3 ʤʤʦʣʴ, 89,4 ʤʛ), H2(I-ipa) (0,3 ʤʤʦʣʴ, 87,6 ʤʛ) ʠ 

7 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. 

ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 86 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 81%). ʉʪʨʦʝʥʠʝ ɸ9 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Zn(I-ipa)] (%): C, 27,0; H, 0,9. 

ʅʘʡʜʝʥʦ (%): C, 26,2; H, 1,1. 

 

ʈʠʩ. 50. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ9. 
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ʉʠʥʪʝʟ [Zn 2(2,5-I -bdc)2dabco] (A10). Zn(NO3)2Ŀ6H2O (0,25 ʤʤʦʣʴ, 74,5 ʤʛ), H2(2,5-I-bdc) 

(0,25 ʤʤʦʣʴ, 105,0 ʤʛ), dabco (0,125 ʤʤʦʣʴ, 14,0 ʤʛ) ʠ 5,0 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʉʪʨʦʝʥʠʝ ɸ10 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Zn(2,5-I -bdc)bpe]Ŀ3DMFĿH2O (A11). Zn(NO3)2Ŀ6H2O (0,17 ʤʤʦʣʴ, 50,0 ʤʛ), H2(2,5-I-

bdc) (0,17 ʤʤʦʣʴ, 70,0 ʤʛ), bpe (0,17 ʤʤʦʣʴ, 30,0 ʤʛ) ʠ 8,0 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 106 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 73%). ʉʪʨʦʝʥʠʝ ɸ11 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Zn2(2,5-I-bdc)2bpe]Ŀ3DMFĿH2O (%): C, 33,9; H, 3,1; N, 5,6. 

ʅʘʡʜʝʥʦ (%): C, 33,9; H, 2,7; N, 5,3. 

 

ʈʠʩ. 51. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ11. 

ʉʠʥʪʝʟ [Zn(2,5-I -bdc)bpen]Ŀ3DMFĿH2O (A12). Zn(NO3)2Ŀ6H2O (0,17 ʤʤʦʣʴ, 50,0 ʤʛ), H2(2,5-

I-bdc) (0,17 ʤʤʦʣʴ, 70,0 ʤʛ), bpen (0,17 ʤʤʦʣʴ, 30,0 ʤʛ) ʠ 7,0 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 110 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 76%). ʉʪʨʦʝʥʠʝ ɸ12 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Zn2(2,5-I-bdc)2bpen]Ŀ3DMFĿH2O (%): C, 33,3; H, 2,9; N, 5,2. 

ʅʘʡʜʝʥʦ (%): C, 35,4; H, 2,6; N, 5,2. 

 

ʈʠʩ. 52. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ12. 

ʉʠʥʪʝʟ [La2(2,5-I -bdc)3(DMF)4]Ŀ2DMF (A13). ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʥʝʩʢʦʣʴʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʦʚ ʧʨʠ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʷ ɸ14, ʩʪʨʦʝʥʠʝ ɸ13 ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [La2(2,5-I -bdc)3(DMF)4]Ŀ2H2O (A14). La(NO3)3Ŀ6H2O (0,11 ʤʤʦʣʴ, 47,6 ʤʛ), H2(2,5-I-

bdc) (0,16 ʤʤʦʣʴ, 70,0 ʤʛ) ʠ 7,0 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ 

ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 

Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 80 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 

82%). ʉʪʨʦʝʥʠʝ ɸ14 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [La2(2,5-I-

bdc)3(DMF)4]Ŀ2H2O (%): C, 23,8; H, 2,1; N, 3,1. ʅʘʡʜʝʥʦ (%): C, 23,6; H, 1,9; N, 3,1. ʀʂ-ʩʧʝʢʪʨ 

(KBr, 4000-400 ʩʤ-1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 1644 (ʩʨ), 1608 (ʩʨ), 1568 (ʩʨ), 1506 (ʩʨ), 1458 (ʩʨ), 1376 

(ʩ), 1296 (ʩʨ), 1105 (ʩʨ), 1043 (ʩʨ), 913 (ʩʨ), 835 (ʩ), 798 (ʩʣ), 781 (ʩʣ), 673 (ʩʨ), 565 (ʩʨ). 

ʉʠʥʪʝʟ [Pr2(2,5-I -bdc)3(DMF)4]Ŀ2H2O (A15). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ14, ʠʩʧʦʣʴʟʫʷ 

Pr(NO3)3Ŀ6H2O. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 86 ʤʛ (87%). ʉʪʨʦʝʥʠʝ A15 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 
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ʈʠʩ. 53. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ15. 

ʉʠʥʪʝʟ [Nd2(2,5-I -bdc)3(DMF)4]Ŀ2H2O (A16). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ14, ʠʩʧʦʣʴʟʫʷ 

NdCl3Ŀ6H2O (0,11 ʤʤʦʣʴ, 40,0 ʤʛ) ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 83 ʤʛ (85%). ʉʪʨʦʝʥʠʝ A16 ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Nd2(2,5-I-bdc)3(DMF)4]Ŀ2H2O (%): C, 24,0; H, 

2,1; N, 3,1. ʅʘʡʜʝʥʦ (%): C, 24,2; H, 2,1; N, 3,4. ʀʂ (KBr, 4000-400 ʩʤ-1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 1644 

(ʩʨ), 1611 (ʩ), 1571 (ʩʨ), 1462 (ʩʨ), 1379 (ʩ), 1296 (ʩʨ), 1106 (ʩʨ), 1036 (ʩʨ), 912 (ʩʣ), 817 (ʩ), 799 

(ʩʣ), 674 (ʩʨ), 564 (ʩʣ). 

 

ʈʠʩ. 54. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ16. 
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ʉʠʥʪʝʟ [Sm2(2,5-I -bdc)3(DMF)4]Ŀ2H2O (A17). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ14, ʠʩʧʦʣʴʟʫʷ 

SmCl3Ŀ6H2O (0,11 ʤʤʦʣʴ, 40,8 ʤʛ). ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 81 ʤʛ (82%). ʉʪʨʦʝʥʠʝ A17 ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Sm2(2,5-I-bdc)3(DMF)4]Ŀ2H2O (%): C, 23,9; H, 

2,1; N, 3,1. ʅʘʡʜʝʥʦ (%): C, 25,0; H, 2,3; N, 3,9. 

 

 

ʈʠʩ. 55. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ17. 

ʉʠʥʪʝʟ [Eu2(2,5-I -bdc)3(DMF)4]Ŀ2H2O (A18). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ14, ʠʩʧʦʣʴʟʫʷ 

EuCl3Ŀ6H2O (0,11 ʤʤʦʣʴ, 41,0 ʤʛ). ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 92 ʤʛ (91%). ʉʪʨʦʝʥʠʝ A18 ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [Eu2(2,5-I-bdc)3(DMF)4] Ŀ2H2O (%): C, 23,8; H, 

2,1; N, 3,1. ʅʘʡʜʝʥʦ (%): C, 24,2; H, 2,2; N, 3,2.  ʀʂ-ʩʧʝʢʪʨ (KBr, 4000-400 ʩʤ-1), ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 

1647 (ʩʨ), 1610 (ʩʨ), 1563 (ʩ), 1464 (ʩʨ), 1380 (ʩ), 1299 (ʩʨ), 1109 (ʩʨ), 1041 (ʩ), 902 (ʩʣ), 840 (ʩ), 

817 (ʩʣ), 783 (ʩʨ), 678 (ʩʨ). 

 

ʈʠʩ. 56. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ18. 
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ʉʠʥʪʝʟ [Gd2(2,5-I -bdc)3(DMF)4]Ŀ2H2O (A19). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ14, ʠʩʧʦʣʴʟʫʷ 

GdCl3Ŀ6H2O (0,11 ʤʤʦʣʴ, 41,0 ʤʛ). ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 84 ʤʛ (84%). ʉʪʨʦʝʥʠʝ A19 ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ.   

 

ʈʠʩ. 57. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ19. 

ʉʠʥʪʝʟ [Dy2(2,5-I -bdc)3(DMF)4]Ŀ2H2O (A20). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ14, ʠʩʧʦʣʴʟʫʷ 

Dy(NO3)3Ŀ5H2O (0,11 ʤʤʦʣʴ, 48,2 ʤʛ). ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 88 ʤʛ (87%). ʉʪʨʦʝʥʠʝ A20 ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ.    

 

ʈʠʩ. 58. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ20. 
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ʉʠʥʪʝʟ [Ho2(2,5-I -bdc)3(DMF)4]Ŀ2H2O (A21). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ14, ʠʩʧʦʣʴʟʫʷ 

Ho(NO3)3*5H2O (0,11 ʤʤʦʣʴ, 48,5 ʤʛ). ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 89 ʤʛ (88%). ʉʪʨʦʝʥʠʝ A21 ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. 

 

ʈʠʩ. 59. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ21. 

ʉʠʥʪʝʟ [Zn 2(I 2-bpdc)3dabco2] (A22). Zn(NO3)2Ŀ6H2O (0,25 ʤʤʦʣʴ, 74,5 ʤʛ), 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-

ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (0,375 ʤʤʦʣʴ, 185,0 ʤʛ), dabco (0,25 ʤʤʦʣʴ, 28 ʤʛ) ʠ 6,5 ʤʣ 

ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. 

ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʉʪʨʦʝʥʠʝ A22 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Zn2(I 2-bpdc)(H(I 2-bpdc))2dabco2] (A22). Zn(NO3)2Ŀ6H2O (0,25 ʤʤʦʣʴ, 74,5 ʤʛ), 2,2ǋ-

ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (0,375 ʤʤʦʣʴ, 185,0 ʤʛ), dabco (0,25 ʤʤʦʣʴ, 28 ʤʛ) ʠ 

6,5 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. 

ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʉʪʨʦʝʥʠʝ A22 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Cu2(I 2-bpdc)2bpe] (A23). Cu(NO3)2Ŀ3H2O (0,25 ʤʤʦʣʴ, 48,0 ʤʛ), 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-

ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (0,201 ʤʤʦʣʴ, 123,3 ʤʛ), bpe (0,13 ʤʤʦʣʴ, 22 ʤʛ) ʠ 6,5 ʤʣ 

ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. 

ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, 
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ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ, ʧʦʣʫʯʘʷ 138 ʤʛ ʧʨʦʜʫʢʪʘ (ʚʳʭʦʜ 74%). ʉʪʨʦʝʥʠʝ A23 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

 

ʈʠʩ. 60. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ɸ23. 

ʉʠʥʪʝʟ [La2(I 2-bpdc)3(DMF)4] (A24). La(NO3)3Ŀ6H2O (0,11 ʤʤʦʣʴ, 47,6 ʤʛ), 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-

ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (0,17 ʤʤʦʣʴ, 84,0 ʤʛ) ʠ 7,0 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʉʪʨʦʝʥʠʝ A24 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Nd2(I 2-bpdc)3(DMF)4] (A25). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ24, ʠʩʧʦʣʴʟʫʷ NdCl3Ŀ6H2O 

(0,11 ʤʤʦʣʴ, 40,0 ʤʛ). ʉʪʨʦʝʥʠʝ A25 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Sm2(I 2-bpdc)3(DMF)4] (A26). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ24, ʠʩʧʦʣʴʟʫʷ SmCl3Ŀ6H2O 

(0,11 ʤʤʦʣʴ, 40,8 ʤʛ). ʉʪʨʦʝʥʠʝ A26 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Gd2(I 2-bpdc)3(DMF)4] (A27). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ24, ʠʩʧʦʣʴʟʫʷ GdCl3Ŀ6H2O 

(0,11 ʤʤʦʣʴ, 41,0 ʤʛ). ʉʪʨʦʝʥʠʝ A27 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Dy2(I 2-bpdc)3(DMF)4] (A28). ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ɸ24, ʠʩʧʦʣʴʟʫʷ Dy(NO3)3Ŀ5H2O 

(0,11 ʤʤʦʣʴ, 48,2 ʤʛ). ʉʪʨʦʝʥʠʝ A28 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Zn(I 2-ndc)(DMF)] (A29). Zn(NO3)2Ŀ6H2O (0,17 ʤʤʦʣʴ, 50,0 ʤʛ), 4,8-ʜʠʠʦʜʦʥʘʬʪʘʣʠʥ-

2,6-ʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (0,17 ʤʤʦʣʴ, 78,4 ʤʛ) ʠ 7,0 ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ 
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ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʉʪʨʦʝʥʠʝ A29 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [Zn2(I 2-ndc)2dabco] (A30). Zn(NO3)2Ŀ6H2O (0,17 ʤʤʦʣʴ, 50,0 ʤʛ), 4,8-

ʜʠʠʦʜʦʥʘʬʪʘʣʠʥ-2,6-ʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (0,17 ʤʤʦʣʴ, 78,4 ʤʛ) ʠ dabco (0,09 ʤʤʦʣʴ, 9,4 ʤʛ) 7,0 

ʤʣ ʙʝʟʚʦʜʥʦʛʦ DMF ʟʘʛʨʫʞʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10-15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 120 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 48 ʯ. 

ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ DMF ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʉʪʨʦʝʥʠʝ A30 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ.  
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3 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1 ʉʀʅʊɽɿ ʀ ʉʊʈʆɽʅʀɽ ʄɽʊɸʃʃ-ʆʈɻɸʅʀʏɽʉʂʀʍ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ 

ʇʆʃʀʄɽʈʆɺ. 
ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 30 ʥʦʚʳʭ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥʳ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ, ʦʪʣʠʯʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʡ ʩʝʙʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʤʥʦʛʦʢʨʘʪʥʦ; ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (ʟʘʛʨʫʟʢʠ ʨʝʘʛʝʥʪʦʚ ʠ ʦʙʲʝʤʳ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ), ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʘ ʪʘʢʞʝ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, 

ʚʳʜʝʣʠʪʴ ʦʜʥʦʬʘʟʥʳʡ ʦʙʨʘʟʝʮ, ʧʦʜʙʠʨʘʣʠʩʴ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ. 

ɺʳʙʦʨ ʧʨʝʢʫʨʩʦʨʦʚ ï ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʪʘʢ ʠ ʠʥʳʤʠ 

ʩʦʦʙʨʘʞʝʥʠʷʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʣʘʥʪʘʥʠʜʦʚ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʦʢʩʦʬʠʣʴʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʠʛʘʣʦʛʝʥʠʜʦʚ ʢʨʘʡʥʝ ʤʘʣʦʚʝʨʦʷʪʥʳʤ.  

ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, 

ʢʦʪʦʨʳʤʠ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʄʆʂʇ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣ.1. 
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ʊʘʙʣʠʮʘ 1. ʉʧʠʩʦʢ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʠ ʤʝʪʦʜʳ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʐʠʬʨ 

ʩʦʝʜʠʥʝʥʠʷ 

ʌʦʨʤʫʣʘ ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸ1 [Zn2(2-I-bdc)2dabco]Ŀ3DMFĿ2H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʕɸ, ʀʂ, ʂʈ 

ɸ2 [Zn2(2-I-bdc)2bpe]ĿDMFĿ6H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʕɸ 

ɸ3 [Co2(2-I-bdc)2bpe]Ŀ6,5H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʕɸ 

ɸ4 [Zn2(2-I-bdc)2bpen] ʈʉɸ, ʈʌɸ, ʊɻɸ 

ɸ5 [Zn2bdc(ThioTerPy)2(OH)2] ʈʉɸ 

ɸ6 [Zn(2-I-bdc)(ThioTerPy)]ĿDMFĿH2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʕɸ 

ɸ7 [Zn(2-I-bdc)(FurTerPy)]ĿDMFĿH2O ʈʉɸ 

ɸ8 [Cd2(2-I-bdc)2(bimb)2] ʈʉɸ, ʈʌɸ, ʊɻɸ, ʕɸ 

ɸ9 [Zn(I-ipa)] ʈʉɸ, ʈʌɸ, ʊɻɸ, ʕɸ, ʃʉ 

ɸ10 [Zn2(2,5-I-bdc)2dabco] ʈʉɸ 

ɸ11 [Zn(2,5-I-bdc)bpe]Ŀ3DMFĿH2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʕɸ 

ɸ12 [Zn(2,5-I-bdc)bpen]Ŀ3DMFĿH2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʕɸ 

ɸ13 [La2(2,5-I-bdc)3(DMF)4]Ŀ2DMF ʈʉɸ 

ɸ14 [La2(2,5-I-bdc)3(DMF)4] ʈʉɸ, ʈʌɸ, ʊɻɸ, ʀʂ, ʃʉ, ʕɸ 

ɸ15 [Pr2(2,5-I-bdc)3(DMF)4]Ŀ2H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʃʉ 

ɸ16 [Nd2(2,5-I-bdc)3(DMF)4]Ŀ2H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʀʂ, ʃʉ, ʕɸ 

ɸ17 [Sm2(2,5-I-bdc)3(DMF)4]Ŀ2H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʃʉ, ʕɸ 

ɸ18 [Eu2(2,5-I-bdc)3(DMF)4]Ŀ2H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʀʂ, ʃʉ, ʕɸ 

ɸ19 [Gd2(2,5-I-bdc)3(DMF)4]Ŀ2H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʃʉ 

ɸ20 [Dy2(2,5-I-bdc)3(DMF)4]Ŀ2H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʃʉ 

ɸ21 [Ho2(2,5-I-bdc)3(DMF)4]Ŀ2H2O ʈʉɸ, ʈʌɸ, ʊɻɸ, ʃʉ 

ɸ22 [Zn2(I2-bpdc)(H(I2-bpdc))2dabco2] ʈʉɸ 

ɸ23 [Cu2(I2-bpdc)2bpe] ʈʉɸ, ʈʌɸ, ʊɻɸ 

ɸ24 [La2(I2-bpdc)3(DMF)4] ʈʉɸ 

ɸ25 [Nd2(I2-bpdc)3(DMF)4] ʈʉɸ 

ɸ26 [Sm2(I2-bpdc)3(DMF)4] ʈʉɸ 

ɸ27 [Gd2(I2-bpdc)3(DMF)4] ʈʉɸ 

ɸ28 [Dy2(I2-bpdc)3(DMF)4] ʈʉɸ 

ɸ29 [Zn(I2-ndc)(DMF)] ʈʉɸ 

ɸ30 [Zn2(I2-ndc)2dabco] ʈʉɸ 
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3.1.1 ʉʪʨʦʝʥʠʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ 2-

ʠʦʜʪʝʨʝʬʪʘʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ 

ʈʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʄʆʂʇ ʩʝʤʝʡʩʪʚʘ [Zn2(bdc)2dabco] ʩʦʩʪʦʷʪ ʠʟ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ {Zn2(bdc)4/2}. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ, ʤʦʛʫʪ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʨʝʭʤʝʨʥʳʝ ʢʘʨʢʘʩʳ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʧʦʨʘʤʠ (ʈʠʩ. 61) [174, 175]. 

 

ʈʠʩ. 61. ʂʘʨʢʘʩ ʪʠʧʘ [Zn2(R-bdc)2dabco]n. 

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩʣʦʝʚ ʪʝʨʝʬʪʘʣʘʪʦʚ ʮʠʥʢʘ. 

ʊʘʢ, ʩʣʦʠ ʠʤʝʶʪ ʨʘʟʥʳʡ ʫʛʦʣ Ŭ (ʨʠʩ. 61) ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʝʨʝʬʪʘʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʛʝʦʤʝʪʨʠʷ ʧʦʨ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʢʚʘʜʨʘʪʥʦʡ [174], ʪʘʢ ʠ ʨʦʤʙʠʯʝʩʢʦʡ [176] 

(ʪʘʙʣʠʮʘ 2). ʂʨʦʤʝ ʪʦʛʦ, ʬʝʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʨʘʟʥʳʤ ʫʛʣʦʤ ɓ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʨʝʬʪʘʣʘʪʥʦʛʦ ʩʣʦʷ (ʧʨʠ ɓ ~ 0Á ʵʪʦʪ ʬʨʘʛʤʝʥʪ ʨʘʩʧʦʣʦʞʝʥ ʚʜʦʣʴ ʩʣʦʷ). 

ʂʘʨʢʘʩ ɸ1 ʠʤʝʝʪ ʧʦʨʳ ʬʦʨʤʳ, ʙʣʠʟʢʦʡ ʢ ʢʚʘʜʨʘʪʥʦʡ (ʫʛʦʣ Ŭ = 81,4 - 88,4Á), ʘ ʘʪʦʤ ʠʦʜʘ ʦʪ 2-

I-bdc ʥʘʧʨʘʚʣʝʥ ʚʥʫʪʨʴ ʧʦʨʳ (ʫʛʦʣ ɓ = 18,2-24,8Á) [177]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʄʆʂʇ ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 2, ʚ ʩʪʨʫʢʪʫʨʝ [Zn2(2-I-bdc)2dabco] ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ (ʈʠʩ. 62), ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʰʝʩʪʠʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʘʪʦʤʳ ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʦʜʠʥ ʥʘʜ ʜʨʫʛʠʤ, ʘ 

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ 0,5 ¡). ɸʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʪʘʢʞʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʩʧʠʨʘʣʠ, ʘʪʦʤʳ ʠʦʜʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʦʣʦʞʝʥʠʷʤ. 
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ɸ1 ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʢʦʣʦ 10,9ʭ15,5 ¡ (x ʠ y ʥʘ ʨʠʩ. 61); ʵʪʠ 

ʧʘʨʘʤʝʪʨʳ ʩʨʘʚʥʠʤʳ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ [Zn2(X-bdc)2(dabco)]n (X = Cl, Br) [178], ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ [Zn2(bdc)2ïx(Br-bdc)x(dabco)]n. ɼʣʠʥʳ ʩʚʷʟʝʡ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʜʣʠʥʘʤ ʩʚʷʟʝʡ 

ʚ ʜʨʫʛʠʭ ʨʦʜʩʪʚʝʥʥʳʭ ʄʆʂʇ (ʥʘʧʨʠʤʝʨ, Zn-O = 1,984ï2,082 ¡, Zn-N = 2,032ï2,057 ¡). 

ɼʦʩʪʫʧʥʳʡ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 54%. 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ Ŭ ʠ ɓ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩʝʤʝʡʩʪʚʘ [Zn2(R-bdc)2dabco] 

ʂʦʜ CSD  ʊʝʨʝʬʪʘʣʘʪʥʳʡ ʣʠʥʢʝʨ Ŭ, Á ɓ, Á 

RUQVEF bdc 90 0 

CILFIN bdc 86,6 11,6 

TIDRUW bdc 90 0,8 

VURNED bdc 76,2 0,1 

OLEKUM Cl2-bdc 81,3 - 89,7 34,7 - 38,4 

PUVFOD (Br-bdc)(bdc) 86,3 11,7 - 15,8 

PUVFUJ (Br-bdc)(bdc) 86,1 11,4 - 17,5 

PUVFIX (Br-bdc)3(bdc) 81,4 20,8 - 24,2 

PUVFIX01 Br-bdc 66,9 15,2 - 19,4 

PUVGEU Br-bdc 69,2 17,4 - 19,8 

OLEKOG Br-bdc 89,6 22,7 - 23,3 

PUVHAR (Br-bdc)3(I-bdc) 74,0 0,7- 27,2 

ɸ1 I -bdc 81,4 - 88,4  18,2 - 24,8 

 

 

ʈʠʩ. 62. ʈʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ Zn ʠ O ʚ [Zn2(2-I-bdc)2dabco], ʧʦʢʘʟʳʚʘʶʱʝʝ ʠʭ ʦʪʢʣʦʥʝʥʠʝ 

ʦʪ ʩʨʝʜʥʠʭ ʧʦʣʦʞʝʥʠʡ. 
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ɸ2 ʠ ɸ3 ʩʦʩʪʦʷʪ ʠʟ ʙʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʙʣʦʢʦʚ ʩʦʩʪʘʚʘ {M2(OOCR)4(bpe)2/2}, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 63 [179]. 

 

ʈʠʩ. 63. ʉʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ {M2(OOCR)4(bpe)2/2}. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

ɼʣʠʥʳ ʩʚʷʟʝʡ M-O ʚ ɸ2 ʠ ɸ3 ʩʦʩʪʘʚʣʷʶʪ 2,029-2,051 ʠ 2,013-2,036 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʚʷʟʠ 

ʄ-N - 2,019-2,030 ʠ 2,044 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʪʦʤʳ ʠʦʜʘ ʣʠʛʘʥʜʦʚ 2-I-bdc ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʪʨʝʤ ʧʦʟʠʮʠʷʤ (ʟʘʩʝʣʝʥʥʦʩʪʠ 0,444:0,307:0,249 ʜʣʷ ɸ2 ʠ 0,641:0,160:0,199 

ʜʣʷ ɸ3). ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʣʠʥʢʝʨʳ bpe ʩʚʷʟʳʚʘʶʪ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ 

{M 2(OOCR)4} ʚ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʨʦʤʙʦʚʠʜʥʳʤʠ ʧʦʨʘʤʠ. ʈʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʚ 

çʥʝʠʦʜʠʨʦʚʘʥʥʦʤè ʢʘʨʢʘʩʝ [Zn2(bdc)2(bpe)] [180] bpe ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʚʦʩʴʤʠ ʧʦʣʦʞʝʥʠʷʤ. ɺ 

ɸ2 ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ (ʨʠʩ. 64), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʝʝ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʢʘʨʢʘʩ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ ʩʪʨʫʢʪʫʨʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʦʚ.  

ʉʪʨʫʢʪʫʨʘ ɸ3 ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʘ (ʘ ʠʤʝʥʥʦ ʠʤʝʝʪ ʤʝʥʴʰʝ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ 

ʩʠʤʤʝʪʨʠʠ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʬʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ), ʚʢʣʶʯʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʥʝʟʘʚʠʩʠʤʳʡ ʣʠʛʘʥʜ 2-

I-bdc ʠ 1/2 bpe (ʈʠʩ. 65). 

ɺ ʩʪʨʫʢʪʫʨʘʭ ɸ2 ʠ ɸ3 ʢʘʨʢʘʩʳ ʠʤʝʶʪ ʜʚʫʢʨʘʪʥʦʝ ʚʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʝ (ʈʠʩ. 66), ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʦʙʲʝʤ ʧʫʩʪʦʪ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ. ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʦʙʲʝʤ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 31% ʠ 35% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʩʪʨʫʢʪʫʨ ɸ2 ʠ ɸ3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʈʠʩ. 64. ʌʨʘʛʤʝʥʪ ʢʘʨʢʘʩʘ [Zn2(2-I-bdc)2bpe] (ɸ2). ʇʦʢʘʟʘʥʘ ʟʘʩʝʣʝʥʥʦʩʪʴ ʘʪʦʤʦʚ ʠʦʜʘ, 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ.  
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ʈʠʩ. 65. ʌʨʘʛʤʝʥʪ ʢʘʨʢʘʩʘ [Co2(2-I-bdc)2bpe] (ɸ3). ʇʦʢʘʟʘʥʘ ʟʘʩʝʣʝʥʥʦʩʪʴ ʘʪʦʤʦʚ ʠʦʜʘ, 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʈʠʩ. 66. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ [Co2(2-I-bdc)2bpe], ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ 

ʢʘʨʢʘʩʳ, ʦʢʨʘʰʝʥʥʳʝ ʩʠʥʠʤ ʠ ʢʦʨʠʯʥʝʚʳʤ ʮʚʝʪʦʤ. 
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ʉʪʨʦʝʥʠʝ ɸ2 ʠ ɸ4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʣʠʟʢʦʝ ʩʭʦʜʩʪʚʦ. ʍʦʪʷ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʤʦʛ ʙʳ ʩʯʠʪʘʪʴʩʷ 

ʧʨʝʜʩʢʘʟʫʝʤʳʤ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ bpe ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʞʝʩʪʢʦʤʫ ʟʘ ʩʯʝʪ ʜʚʦʡʥʦʡ ʩʚʷʟʠ C=C bpen 

ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʚʩʝʛʜʘ. 

ɸ4 ʩʦʩʪʦʠʪ ʠʟ ʙʠʷʜʝʨʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʦʩʪʘʚʘ 

{ Zn2(OOCR)4(bpen)2/2}. ɼʣʠʥʘ ʩʚʷʟʠ Zn-O ʩʦʩʪʘʚʣʷʝʪ 2,029-2,040 ¡, ʩʚʷʟʠ Zn-N - 2,008-2,027 ¡, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ɸ2, ʘʪʦʤʳ ʠʦʜʘ ʣʠʛʘʥʜʦʚ 2-I-bdc ʚ ʩʪʨʫʢʪʫʨʝ ɸ4 ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ 

ʧʦ ʜʚʫʤ ʩʦʩʝʜʥʠʤ ʧʦʟʠʮʠʷʤ ʩ ʨʘʚʥʳʤʠ ʟʘʩʝʣʝʥʥʦʩʪʷʤʠ. ʕʪʦ ʪʨʝʭʤʝʨʥʳʡ ʧʦʨʠʩʪʳʡ ʢʘʨʢʘʩ (ʈʠʩ. 

67), ʦʜʥʘʢʦ, ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʷʭ ɸ2 ʠ ɸ3, ʠʤʝʝʪ ʤʝʩʪʦ ʜʚʫʢʨʘʪʥʦʝ ʚʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʝ. 

 

ʈʠʩ. 67. ʉʪʨʫʢʪʫʨʘ [Zn2(2-I-bdc)2bpen] (ɸ4). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 4`-(ʪʠʦʬʝʥ-2-ʠʣ)-4,2ô:6ô,4ôô-ʪʝʨʧʠʨʠʜʠʥʘ (ThioTerPy), ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʩʧʦʩʦʙʥʦʛʦ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʣʠʥʢʝʨʘ, ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 2 ʥʦʚʳʭ ʄʆʂʇ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʢʘʯʝʩʪʚʝ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʥʢʝʨʦʚ ʘʥʠʦʥʦʚ ʥʝʟʘʤʝʱʝʥʥʦʡ ʠ 2-ʠʦʜʟʘʤʝʱʝʥʥʦʡ ʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ɸ5 ʠ ɸ6, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʢʘʨʜʠʥʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ 

ʩʪʨʦʝʥʠʠ [181]. ɺ ɸ5 Zn(II) ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʙʫʜʫʯʠ 

ʩʚʷʟʘʥʥʳʤ ʩ ʦʜʥʠʤ bdc-, ʦʜʥʠʤ ʛʠʜʨʦʢʩʦ- (Zn-O = 1,913ï1,939 ¡) ʠ ʜʚʫʤʷ ThioTerPy-ʣʠʛʘʥʜʘʤʠ. 

ʇʦʩʣʝʜʥʠʝ, ʚʦʧʨʝʢʠ ʦʞʠʜʘʥʠʷʤ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʥʦʜʝʥʪʘʪʥʦ (Zn-N = 2,064 ¡). ɻʠʜʨʦʢʩʦ-

ʣʠʛʘʥʜʳ ʩʦʝʜʠʥʷʶʪ Zn(II) ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ (ʈʠʩ. 68), ʘ bdc (Zn-O = 1,946 ¡) ï ʜʘʣʝʝ ʚ 

ʜʚʫʭʤʝʨʥʳʝ ʩʣʦʠ (ʈʠʩ. 69). 



76 
 

 

ʈʠʩ. 68. ʌʨʘʛʤʝʥʪ ʩʣʦʷ ʩʦʝʜʠʥʝʥʠʷ [Zn2bdc(ThioTerPy)2(OH)2]. ɼʣʷ ʪʝʨʝʬʪʘʣʘʪʦʚ ʧʦʢʘʟʘʥʳ 

ʪʦʣʴʢʦ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʈʠʩ. 69. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ [Zn2bdc(ThioTerPy)2(OH)2]. 
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ʊʠʦʬʝʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ ʩ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦʡ 

ʟʘʩʝʣʝʥʥʦʩʪʴʶ (0,545:0,455). ʂ ʩʦʞʘʣʝʥʠʶ, ʭʦʪʷ ʩʠʥʪʝʟ ɸ5 ʜʦʩʪʦʚʝʨʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤ, ʥʘʤ ʥʝ 

ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʫʩʣʦʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʯʠʩʪʫʶ ʬʘʟʫ, ʢʘʢ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʢ ʝʝ 2-ʠʦʜʟʘʤʝʱʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ ʠʩʭʦʜ ʩʠʥʪʝʟʘ 

ʤʝʥʷʝʪʩʷ ʨʘʜʠʢʘʣʴʥʳʤʠ ʦʙʨʘʟʦʤ: ʦʙʨʘʟʫʶʱʠʡʩʷ ʢʦʤʧʣʝʢʩ ɸ6 ʠʤʝʝʪ ʪʨʝʭʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ Zn ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʝʨʝʬʪʘʣʘʪʦʚ (Zn-O = 1,943 ¡) ʠ ʜʚʫʭ ʣʠʛʘʥʜʦʚ 

ThioTerPy (Zn-N = 2,022ï2,037 ¡). ʆʙʘ ʣʠʛʘʥʜʘ 2-I-bdc ʠ ThioTerPy ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʣʠʥʢʝʨʦʚ. 

ThioTerPy ʩʦʝʜʠʥʷʶʪ ʘʪʦʤʳ Zn ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʮʝʧʝʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʪʝʨʝʬʪʘʣʘʪʘʤʠ ʚ ʜʚʫʤʝʨʥʳʝ ʩʣʦʠ (ʨʠʩ. 70ʘ). ʇʦʩʣʝʜʥʠʝ ʩʚʷʟʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʪʝʨʝʬʪʘʣʘʪʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ (ʨʠʩ. 70ʙ). 

 

ʈʠʩ. 70. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ [Zn(2-I-bdc)(ThioTerPy)]. ʄʦʩʪʠʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʥʳ 

ʩʠʥʠʤʠ ʣʠʥʠʷʤʠ. ʎʚʝʪʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʧʦʢʘʟʘʥʳ 2D ʩʣʦʠ. 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ɸ6 ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ ʢʘʨʢʘʩʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʘʢ, ʯʪʦʙʳ ʟʘʧʦʣʥʠʪʴ ʚʦʩʴʤʠʫʛʦʣʴʥʳʝ ʧʫʩʪʦʪʳ (ʨʠʩ. 71ʘ); ʢʘʞʜʳʡ ʩʣʦʡ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʜʚʘ ʜʨʫʛʠʭ (ʨʠʩ. 71ʙ). 

 

ʈʠʩ. 71. ɺʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʝ ʚ [Zn(2-I-bdc)(ThioTerPy)] 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʝ, ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʥʘʣʳ, ʟʘʧʦʣʥʝʥʥʳʝ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ DMF. ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʦʙʲʝʤ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʩʦʣʴʚʘʪʥʳʭ 

ʤʦʣʝʢʫʣ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 32%. 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ ʣʠʥʢʝʨʘʤʠ, ʧʦʜʦʙʥʳʤʠ ThioTerPy, ʙʳʣ ʧʦʣʫʯʝʥ ʄʆʂʇ ɸ7 ʥʘ 

ʦʩʥʦʚʝ 4`-(ʬʫʨʘʥ-2-ʠʣ)-4,2ô:6ô,4ôô-ʪʝʨʧʠʨʠʜʠʥʘ (FurTerPy) ʠ 2-I-bdc. ɺ ɸ7 ʘʪʦʤʳ Zn ʥʝ ʦʙʨʘʟʫʶʪ 

ʧʦʣʠʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ. ʉʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʦʡ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ FurTerPy 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʣʠʥʢʝʨʦʚ (ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʚ ʪʦʤ ʯʠʩʣʝ 4-N; Zn-N = 2,023-2,026 ¡). 

ɼʣʠʥʳ ʩʚʷʟʝʡ Zn-O ʩʦʩʪʘʚʣʷʶʪ 1,932-1,956 ¡. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʯʘʩʪʠʯʥʦʝ 
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ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʘʪʦʤʦʚ I, ʘ ʪʘʢʞʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ 2-I-bdc-ʣʠʛʘʥʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ɸ7 ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʨʦʜʩʪʚʝʥʥʦʤʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʄʆʂʇ ɸ6, ʦʪʣʠʯʘʶʱʝʤʫʩʷ ʣʠʰʴ 

ʛʝʪʝʨʦʘʪʦʤʦʤ ʚ ʟʘʤʝʩʪʠʪʝʣʝ ʚ 4 ʧʦʣʦʞʝʥʠʠ (ʪʠʦʬʝʥʦʚʳʡ ʚʤʝʩʪʦ ʬʫʨʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ). 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ [Zn(ThioTerPy)(2-I-bdc)] ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʦʜʥʦʬʘʟʥʦʛʦ ʦʙʨʘʟʮʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʩʝ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʯʠʩʪʳʡ ɸ7 ʥʝ ʧʨʠʚʝʣʠ ʢ ʫʩʧʝʭʫ. 

ʇʨʠ ʩʠʥʪʝʟʝ ɸ8 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʨʫʢʪʫʨʥʦ ʥʝʞʝʩʪʢʠʡ 1,4-ʙʠʩ(ʠʤʠʜʘʟʦʣ-1-ʠʣ)-ʙʫʪʘʥ. 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʄʆʂʇ ʩʦʩʪʦʠʪ ʠʟ ʙʠʷʜʝʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʦʩʪʘʚʘ 

{ Cd2(OOCR)4(bimb)4/4}  (ʈʠʩ. 72). 

 

ʈʠʩ. 72. ʉʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ {Cd2(OOCR)4(bimb)4/4}. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

ɼʣʠʥʳ ʩʚʷʟʝʡ Cd-O ʚ ɸ8 ʩʦʩʪʘʚʣʷʶʪ 2,223-2,446 ¡, Cd-N ï 2,243-2,343 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʪʦʤʳ ʠʦʜʘ ʣʠʛʘʥʜʦʚ 2-I-bdc ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ (ʟʘʩʝʣʝʥʥʦʩʪʠ 0,5). ɸʟʦʪʥʳʝ 

ʣʠʛʘʥʜʳ bimb ʩʚʷʟʳʚʘʶʪ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ {Cd2(OOCR)4} ʚ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ 

(ʈʠʩ. 73).  
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ʈʠʩ. 73. ʉʪʨʦʝʥʠʝ [Cd2(2-I-bdc)2(bimb)2]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

3.1.2 ʉʪʨʦʝʥʠʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ 5-ʠʦʜʠʟʦʬʪʘʣʘʪ-

ʘʥʠʦʥʦʤ 

ʀʟ ʚʩʝʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʳʭ ʠʦʜʟʘʤʝʱʝʥʥʳʭ ʢʠʩʣʦʪ 5-ʠʦʜʠʟʦʬʪʘʣʝʚʘʷ ʷʚʣʷʝʪʩʷ, 

ʧʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ï ʩ ʥʝʡ ʠʟʚʝʩʪʥʦ 

ʙʦʣʴʰʝ ʚʩʝʛʦ ʄʆʂʇ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ Zn(II) ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʭʠʤʠʠ ʄʆʂʇ ʤʝʪʘʣʣʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦ ʛʦʤʦʣʠʛʘʥʜʥʦʤ 5-ʠʟʦʬʪʘʣʘʪʝ 

Zn(II) ʩʪʘʣʦ ʜʣʷ ʥʘʩ ʥʝʦʞʠʜʘʥʥʦʩʪʴʶ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ (ɸ9) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʘʤʠ ʚʧʝʨʚʳʝ [182]. 

[Zn(I-ipa)] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʤʝʨʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ. ɸʪʦʤʳ Zn ʥʘʭʦʜʷʪʩʷ ʚ 

ʠʩʢʘʞʝʥʥʦʤ (O-Zn-O = 92,78 ï 118,96Á) ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (ʨʠʩ. 74). ɼʣʠʥʳ ʩʚʷʟʝʡ Zn-

O ʩʦʩʪʘʚʣʷʶʪ 1,993-2,044 ¡. ʉʪʨʦʝʥʠʝ ʩʣʦʝʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 75. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʘʪʦʤʳ ʠʦʜʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ çʥʘʨʫʞʫè ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʝʚ, ʷʚʣʷʷʩʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ɻʉ. 
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ʈʠʩ. 74. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʮʠʥʢʘ ʚ [Zn(I-ipa)] (ɸ9). ɸʪʦʤʳ H ʥʝ 

ʧʦʢʘʟʘʥʳ. 

 

ʈʠʩ. 75. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ [Zn(I-ipa)] (ɸ9). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 
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3.1.3 ʉʪʨʦʝʥʠʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ 2,5-

ʜʠʠʦʜʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʘʤʠ 

ʂʦʤʧʣʝʢʩ ɸ10 ʩʦʜʝʨʞʠʪ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ {Zn2(OOCR)4},  ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʣʠʛʘʥʜʳ dabco ʚ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ (ʨʠʩ. 76) ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʧʦʨʘʤʠ. ʕʪʦʪ 

ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʜʦʩʪʘʪʦʯʥʦ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʪʝʨʝʬʪʘʣʘʪʦʚ ʠ ʤʦʩʪʠʢʦʚʳʭ N-

ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ. 

 

ʈʠʩ. 76. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ [Zn2(2,5-I-bdc)2dabco]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ, ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʫʩʣʦʚʠʡ, 

ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʚʳʜʝʣʝʥʠʷ [Zn2(2,5-I-bdc)2dabco] ʚ ʚʠʜʝ ʦʜʥʦʬʘʟʥʦʛʦ ʦʙʨʘʟʮʘ - ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʜʘʥʥʳʭ ʈʌɸ, ʦʙʨʘʟʦʚʘʥʠʝ ɸ10 ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. 

 ʉʝʤʝʡʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ [Zn2(X-bdc)2(dabco)] (X = ʛʘʣʦʛʝʥ ʠʣʠ ʚʦʜʦʨʦʜ) [176, 178] ʟʘʯʘʩʪʫʶ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʢʘʢ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ, ʪʘʢ ʠ ʘʟʦʪʥʳʭ 
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ʣʠʛʘʥʜʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʩʚʦʙʦʜʦʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʛʘʥʜʦʚ ʚ ʢʨʠʩʪʘʣʣʝ. 

ʄʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʧʦʨʘʭ ʄʆʂʇ, ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥʳ. ɺ ʩʣʫʯʘʝ 2,5-I-bdc 

ʪʷʞʝʣʳʝ ʘʪʦʤʳ I ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʣʠʥʢʝʨʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ɸ10. ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ 

ɼʄʌɸ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ, ʧʦʢʘʟʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʦʤ ʠʦʜʘ ʄʆʂʇ ʠ 

ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʛʦʩʪʝʚʦʡ ʤʦʣʝʢʫʣʳ ɼʄʌɸ, ʨʘʩʩʪʦʷʥʠʷ IĿĿĿO ʩʦʩʪʘʚʣʷʶʪ 2,93 ï 3,03 ¡ (ʧʨʠ 

ʪʦʤ, ʯʪʦ ʩʫʤʤʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʧʦ ɹʦʥʜʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ ʩʦʩʪʘʚʣʷʝʪ 

3,50 ¡, C-I-O = 178Á,  C-O-I = 103Á (ʨʠʩ. 77). 

 

ʈʠʩ. 77. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ [Zn2(2,5-I-bdc)2dabco] (ɸ10). ʆʨʘʥʞʝʚʳʤ 

ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʘ ʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ IĿĿĿO ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʢʦʨʦʪʢʠʭ ʩʨʝʜʠ 

ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʄʆʂʇ. ʊʘʢʦʝ ʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʳʩʦʢʦʡ ʩʠʣʝ ɻʉ ʚ ʜʘʥʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣ ɼʄʌɸ ʜʦʩʪʫʧʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʶ ʦʙʲʝʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 49%. 
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ʉʦʝʜʠʥʝʥʠʷ ɸ11 ʠ ɸ12 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʘʟʦʪʥʳʤ ʣʠʛʘʥʜʦʤ. ʕʪʦ bpe ʚ ʩʣʫʯʘʝ ɸ11 ʠ bpen ʚ ʩʣʫʯʘʝ ɸ12. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʠ ʩʦʩʪʦʷʪ ʠʟ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʦʩʪʘʚʘ {Zn(OOCR)2L2/2} (L = bpe, 

bpen), ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʘʣʤʘʟʦʧʦʜʦʙʥʦʤ ʢʘʨʢʘʩʝ (ʈʠʩ. 78). 

 

ʈʠʩ. 78. ʌʨʘʛʤʝʥʪ ʘʣʤʘʟʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ [Zn(2,5-I-bdc)bpe] ʠ [Zn(2,5-I-bdc)bpen]. 

ɸʪʦʤʳ ʮʠʥʢʘ, ʩʚʷʟʘʥʥʳʝ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʦʝʜʠʥʝʥʳ ʛʦʣʫʙʳʤʠ ʣʠʥʠʷʤʠ. 

ɺʩʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʯʝʪʳʨʝʭʢʨʘʪʥʦʛʦ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠ ̫

ʢʘʨʢʘʩʦʚ (ʈʠʩ. 79) ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʫʩʪʦʪ, çʫʩʪʣʘʥʥʳʭè ʘʪʦʤʘʤʠ I. 
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ʈʠʩ. 79. ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʚ ɸ11 ʠ ɸ12 ʥʘ ʧʨʠʤʝʨʝ ʧʦʩʣʝʜʥʝʛʦ. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. ɺʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ʢʘʨʢʘʩʳ ʚʳʜʝʣʝʥʳ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ; ʤʦʣʝʢʫʣʳ 

ʩʦʣʴʚʘʪʘ ɼʄʌɸ ʧʦʢʘʟʘʥʳ ʩʝʨʳʤʠ ʩʬʝʨʘʤʠ.  

ɼʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʣʝʢʫʣʳ ɼʄʌɸ ʣʦʢʘʣʠʟʦʚʘʥʳ, ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʷʷ ʧʫʩʪʦʪʳ; ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʛʦʩʪʝʚʳʭ ɼʄʌɸ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 25%. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ɸ10, ʚ ʩʪʨʫʢʪʫʨʘʭ ɸ11 ʠ ɸ12 ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʣʴʥʘʷ ɻʉ IĿĿĿO (2,98ï3,10 ¡) ʤʝʞʜʫ 
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ɼʄʌɸ ʠ 2,5-I-bdc , ʜʣʷ ɸ11 ʫʛʣʳ C-I-O = 175Á,  C-O-I = 100Á, ʜʣʷ ɸ12 C-I-O = 173Á,  C-O-I = 91Á. 

ʇʦʩʨʝʜʩʪʚʦʤ ʵʪʠʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ɼʄʌ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ I (ʨʠʩ. 80). 

 

ʈʠʩ. 80. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ [Zn(2,5-I-bdc)bpen]. ʆʨʘʥʞʝʚʳʤ ʧʫʥʢʪʠʨʦʤ 

ʧʦʢʘʟʘʥʘ ɻʉ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɸ13-ɸ21 ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʱʠʝ ʧʦʜʭʦʜʳ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʚʩʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ N-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ (dabco, bpe, bpen, bimb ʠ ʜʨ.). ʆʜʥʘʢʦ ʠʟ-

ʟʘ ʚʳʩʦʢʦʡ ʦʢʩʦʬʠʣʴʥʦʩʪʠ ʣʘʥʪʘʥʦʠʜʦʚ N-ʣʠʥʢʝʨʳ ʥʝ ʚʭʦʜʷʪ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ, ʫʩʪʫʧʘ̫  

ʵʪʦ ʤʝʩʪʦ ʤʦʣʝʢʫʣʘʤ ɼʄʌɸ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʚ ʩʪʨʦʝʥʠʠ ɸ13 ʠ ʩʝʨʠʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ɸ14-ɸ21 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ 

ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ɼʄʌɸ [183]. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ɸ13 ʙʠʷʜʝʨʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ {La2(OOCR)6(DMF)4}  (ʨʠʩ. 81ʘ) ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʩʣʦʠ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʩʪʠʢʦʚʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (ʨʠʩ. 81ʙ). 
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ʈʠʩ. 81. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ [La2(2,5-I-bdc)3(DMF)4]: ʙʠʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ (ʘ) 

ʠ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ (ʙ). ʄʦʣʝʢʫʣʳ ɼʄʌɸ ʜʣʷ ʷʩʥʦʩʪʠ ʦʧʫʱʝʥʳ (ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʘʪʦʤʳ ʆ). 

ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ɼʄʌɸ ʟʘʧʦʣʥʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʣʦʷʤʠ. ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ 

ʣʠʛʘʥʜʳ ʩʦʝʜʠʥʷʶʪ ʢʘʞʜʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ ʩ ʯʝʪʳʨʴʤʷ ʪʘʢʠʤʠ ʞʝ ʙʣʦʢʘʤʠ, ʦʙʨʘʟʫʷ 2D 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ. ɼʣʠʥʳ ʩʚʷʟʝʡ La-O ʩʦʩʪʘʚʣʷʶʪ 2,451-2,715 ¡. 

ɺ ɸ14-ɸ21 ʛʝʦʤʝʪʨʠʷ ʙʠʷʜʝʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ {Ln2(OOCR)6(DMF)4} ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ɼʄʌɸ. ʉʨʘʚʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʪʘʢʠʭ ʜʠʤʝʨʦʚ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ɸ13 ʠ ɸ14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 82. ʀʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ 
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(ʨʠʩ. 83ʘ) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʦʧʦʣʦʛʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ 2D ʥʘ 3D. ɺ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ɸ14-ɸ21 ʢʘʞʜʳʡ ʜʠʤʝʨ ʩʚʷʟʘʥ ʩ ʰʝʩʪʴʶ ʩʦʩʝʜʥʠʤʠ (ʨʠʩ. 83ʙ).  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ɸ14 (ʨʠʩ. 84) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʣʠʯʠʝ ʦʜʥʦʤʝʨʥʳʭ ʢʘʥʘʣʦʚ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [001]. ʕʪʠ ʢʘʥʘʣʳ çʜʝʢʦʨʠʨʦʚʘʥʳè ʘʪʦʤʘʤʠ ʠʦʜʘ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ɼʣʠʥʳ ʩʚʷʟʝʡ Ln-O 

ʩʦʩʪʘʚʣʷʶʪ 2,435-2,669 ¡. ɼʦʩʪʫʧʥʳʡ ʦʙʲʝʤ ʜʣʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ɸ14-ɸ21 ʦʮʝʥʠʚʘʝʪʩʷ ʚ 8-10%.  

 

 

ʈʠʩ. 82. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ [La2(2,5-I-bdc)3(DMF)4] ʚ ɸ13 (ʩʣʝʚʘ) ʠ ɸ14 

(ʩʧʨʘʚʘ). 
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ʈʠʩ. 83. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ɸ14: ʙʠʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ (ʘ) ʠ ʩʚʷʟʴ ʤʝʞʜʫ 

ʥʠʤʠ (ʙ). 
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ʈʠʩ. 84. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɸ14. 

3.1.4 ʉʪʨʦʝʥʠʝ ʄʆʂʇ ʩ ʘʥʠʦʥʘʤʠ 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2,2ǋ-ʜʠʠʦʜʦ-4,4ǋ-ʜʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H2(I2-bpdc)), ʥʠʪʨʘʪʘ 

ʮʠʥʢʘ ʠ dabco ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʄʆʂʇ ɸ22 (ʨʠʩ. 85). 

 

ʈʠʩ. 85. ʌʨʘʛʤʝʥʪ ʩʪʨʦʝʥʠʷ [Zn2(I2-bpdc)(H(I2-bpdc))2dabco2] (ɸ22). ɼʣʷ ʯʘʩʪʠ ʢʠʩʣʦʪ 

ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 ʂ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʮʠʥʢʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦ ʪʨʠ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ (Zn-O = 1,980ï2,845 

¡) ʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ dabco (Zn-N = 1,975ï1,994 ¡). ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʬʝʥʠʣʴʥʳʤʠ 
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ʬʨʘʛʤʝʥʪʘʤʠ ʢʠʩʣʦʪʳ bpdc-I2 ʩʦʩʪʘʚʣʷʝʪ 90Á. I2-bpdc ʩʚʷʟʳʚʘʶʪ ʘʪʦʤʳ Zn ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ 

ʮʝʧʦʯʢʠ (ʨʠʩ. 86), ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʧʦʨʘʤʠ.  

 

ʈʠʩ. 86. ʉʪʨʫʢʪʫʨʘ [Zn2(I2-bpdc)(H(I2-bpdc))2dabco2] (ɸ22). 

ɼʦʩʪʫʧʥʳʡ ʦʙʲʝʤ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 61 %. ʕʪʦ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʥʦʛʦ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ 

ʣʠʥʢʝʨʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʭʦʪʷ ʩʦʝʜʠʥʝʥʠʝ ɸ22 ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ, ʥʘʤ ʧʦʢʘ ʯʪʦ ʥʝ ʫʜʘʣʦʩʴ 

ʥʘʡʪʠ ʫʩʣʦʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʯʠʩʪʫʶ ʬʘʟʫ.  

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ɸ23 ʩʦʩʪʦʠʪ ʠʟ ʙʠʷʜʝʨʥʳʭ ʪʝʪʨʘʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè ʩʦʩʪʘʚʘ {Cu2(OOCR)4(bpe)2/2} . ɼʣʠʥʘ 

ʩʚʷʟʠ Cu-O ʚ ɸ23 ʩʦʩʪʘʚʣʷʝʪ 1,953-2,153 ¡, ʘ ʩʚʷʟʠ Cu-N - 1,994-2,114 ¡. ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ 

ʜʚʫʤʷ ʬʝʥʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ bpdc-I2 ʩʦʩʪʘʚʣʷʝʪ 106Á (ʈʠʩ. 87ʘ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʠʷʜʝʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ { Cu2(OOCR)4(bpe)2/2} ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʚʝʨʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʦʥʠ ʦʙʨʘʟʫʶʪ ʥʝ ʩʣʦʡ, ʢʘʢ ʚ ʨʷʜʝ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʩʣʫʯʘʝʚ, ʘ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 

ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʝʥʥʳʤʠ ʢʚʘʜʨʘʪʥʳʤʠ ʧʦʨʘʤʠ (ʈʠʩ. 88ʙ). ɼʘʥʥʳʡ ʄʆʂʇ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʤ ʜʦʩʪʫʧʥʳʤ ʦʙʲʝʤʦʤ, ʦʮʝʥʠʚʘʝʤʦʤ ʚ 49 %. 
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ʈʠʩ. 87. ʌʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ɸ23: ʮʝʧʦʯʢʠ ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʘ) ʠ 

ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ (ʙ). 

ʄʆʂʇ ɸ24-ɸ28 [Ln2(I2-bpdc)3(DMF)2] ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʩʪʨʦʝʥʠʝ, ʦʜʥʘʢʦ ʠʟ-ʟʘ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʥʛʦʥʠʷʭ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ 

ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ {L n2(OOCR)6(DMF)4], ʩʭʦʞʠʭ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 2,5-

ʜʠʠʦʜʪʝʨʝʬʪʘʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ. ʂʘʞʜʳʡ ʠʟ ʜʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʚʷʟʘʥ ʩ ʰʝʩʪʴʶ 

ʪʘʢʠʤʠ ʞʝ ʩʦʩʝʜʥʠʤʠ (ʈʠʩ. 88). ɺʩʝ ʚʤʝʩʪʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ 

ʢʚʘʜʨʘʪʥʳʝ ʧʦʨʳ çʜʝʢʦʨʠʨʦʚʘʥʳè ʘʪʦʤʘʤʠ ʠʦʜʘ. ɼʣʠʥʳ ʩʚʷʟʝʡ Ln-O ʩʦʩʪʘʚʣʷʶʪ 2,246-2,498 ¡.  
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ʈʠʩ. 88. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ɸ23: ʙʠʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ (ʘ) ʠ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ (ʙ). 

ʄʦʣʝʢʫʣʳ ɼʄʌɸ ʦʧʫʱʝʥʳ (ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʘʪʦʤʳ ʆ). 

ɺ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 44-48 %, ʯʪʦ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʢʘʨʢʘʩʘʭ Ln3+ ʩ 2,5-I-bdc (ʩʤ. ʚʳʰʝ). ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʩʪʨʫʢʪʫʨʥʦ ʞʝʩʪʢʦʛʦ ʣʠʥʢʝʨʘ I2-bpdc ʚ ʩʨʘʚʥʝʥʠʠ ʩ 2,5-I-bdc. 
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3.1.5 ʉʪʨʦʝʥʠʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʘʥʠʦʥʘʤʠ 4,8-

ʜʠʠʦʜʦʥʘʬʪʘʣʠʥ-2,6-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ r

ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʄʆʂʇ ʵʪʦʡ ʩʝʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʨʘʥʝʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʥʠ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ I2-ndc. ɺ 

ʩʪʨʫʢʪʫʨʝ ɸ29 ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʦʙʳʯʥʳʝ ʜʣʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ Zn(II) ʙʠʷʜʝʨʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ ʪʠʧʘ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè { Zn2(OOCR)4(DMF)2}  (ʨʠʩ. 89). 

 

ʈʠʩ. 89. ʉʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ {Zn2(OOCR)4(DMF)2}. ɿʜʝʩʴ ʠ ʥʘ ʈʠʩ. 90: ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ, ʦʪʦʙʨʘʞʝʥʳ ʪʦʣʴʢʦ ʘʪʦʤʳ ʆ ʤʦʣʝʢʫʣ ɼʄʌɸ 

ɼʣʠʥʳ ʩʚʷʟʝʡ Zn-O ʩʦʩʪʘʚʣʷʶʪ 2,000-2,033 ¡. ɹʠʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʩʣʦʠ, ʦʙʨʘʟʫʷ 2D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

(ʨʠʩ. 90).  

 

ʈʠʩ. 90. ʉʪʨʦʝʥʠʝ [Zn2(I2-ndc)2(DMF)2] (ɸ24) 

ʂʘʢ ʠ ʚ ʜʨʫʛʦʤ ʜʚʫʤʝʨʥʦʤ ʄʆʂʇ ɸ9, ʘʪʦʤʳ ʠʦʜʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘʨʫʞʫ ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʝʚ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʩʪʝʨʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ. 



95 
 

ɸ30 ʙʳʣ ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʡ ʤʝʪʦʜʠʢʝ, ʦʜʥʘʢʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣ 

ʜʦʙʘʚʣʝʥ ʘʟʦʪʩʦʜʝʨʞʘʱʠʡ ʣʠʥʢʝʨ ï dabco. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʘʥʘʣʦʛʠʯʥʦʛʦ ɸ29 ʪʠʧʘ (ʨʠʩ. 91). 

 

ʈʠʩ. 91. ʉʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ {Zn2(OOCR)4(dabco)2/2}. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ.  

ɼʣʠʥʳ ʩʚʷʟʝʡ Zn-O ʩʦʩʪʘʚʣʷʶʪ 2,017-2,046 ¡, Zn-N 2,055-2,059 ¡. ɹʠʷʜʝʨʥʳʝ ʙʣʦʢʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʩʣʦʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʳʭ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʦʙʨʘʟʫʶʪ 3D ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʧʦʨʘʤʠ (ʨʠʩ. 92). ɺ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʚʦʙʦʜʥʳʡ 

ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 35 %. 

 

ʈʠʩ. 92. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ [Zn2(I2-ndc)2(dabco)]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ.  










































































