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ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

ʍʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʄʆʂʇ  ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

H2bdc   ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ (1,4-ʙʝʥʟʦʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) 

H2Br-bdc  ʙʨʦʤʦʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

H2NO2-bdc  ʥʠʪʨʦʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

H2NH2-bdc  ʘʤʠʥʦʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

H2ibdc   ʠʟʦʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ (1,3-ʙʝʥʟʦʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) 

H2ndc     2,6-ʥʘʬʪʘʣʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2indc              1,4-ʥʘʬʪʘʣʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2fdc     2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2tdc     2,5-ʪʠʦʬʝʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

bpy   4,4ǋ-ʙʠʧʠʨʠʜʠʣ  

H2bpdc  4,4'-ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

bpp   4,4ǋ-ʙʠʧʠʨʠʜʠʣʧʨʦʧʘʥ 

H3btc      ʪʨʠʤʝʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (1,3,5-ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) 

H3btb   1,3,5-ʙʝʥʟʦʣʪʨʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

dabco     ʜʠʘʟʘʙʠʮʠʢʣʦʦʢʪʘʥ 

dma/DMA  ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ 

dmf/DMF  N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

nmp/NMP                 N-ʤʝʪʠʣʧʠʨʦʣʣʠʜʦʥ 

NB       ʥʠʪʨʦʙʝʥʟʦʣ 

NX     4-ʥʠʪʨʦ-ʤ-ʢʩʠʣʦʣ 

DMNB   2,6-ʜʠʤʝʪʠʣʥʠʪʨʦʙʝʥʟʦʣ 

BA    ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ 

AP    ʘʮʝʪʦʬʝʥʦʥ 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɹʕʊ  ʤʦʜʝʣʴ ʘʜʩʦʨʙʮʠʠ ɹʨʫʥʘʫʵʨʘ, ʕʤʤʝʪʘ, ʊʝʣʣʝʨʘ. 

ʀʂ  ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʈʉɸ  ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ  ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʊɻɸ  ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʗʄʈ  ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ.  

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʄʆʂʇ; metal-organic frame-

work, MOF) ʵʪʦ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʥʢʝʨʦʚ. ʕʪʦʪ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠʚʣʝʢʘʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʟʥʘʯʠʪ ʠ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʅʘ ʦʩʥʦʚʝ ʄʆʂʇ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ, ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ 

ʩʤʝʩʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ, ʩʝʥʩʦʨʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʍʠʤʠʷ ʪʘʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʧʦ-

ʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦ-

ʨʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʭʦʜʷʪ ʚ ʩʬʝʨʝ ʬʫʥʢʮʠʦ-

ʥʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʄʆʂʇ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦʜʨʘʟʫ-

ʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʘ 

ʧʦʣʠʷʜʝʨʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ  ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʫ-

ʯʘʶʪʩʷ ʩʘʤʦʩʙʦʨʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʦʟʚʦ-

ʣʷʝʪ ʚʝʩʪʠ ʩʠʥʪʝʟ ʄʆʂʇ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ.  

ʆʨʛʘʥʠʯʝʩʢʠʝ ʣʠʥʢʝʨʳ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢ ʞʝ ʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʝ ʄʆʂʇ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʨʘʟʤʝʨʘʤʠ 

ʧʦʨ/ʢʘʥʘʣʦʚ, ʠʣʠ ʞʝ ʪʝʤ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʥʠʭ ʜʝʢʦʨʠʨʦʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʤʠ ʛʨʫʧʧʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʨʘʟʤʝʨ-ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʬʘʢʪʦʨʘ, ʥʦ ʠ ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʘʜʩʦʨʙʘʪʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʜʝʣʠʪʴ ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʤʦʣʝʢʫʣʳ.  

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʙʣʠʟʢʠʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʤʦʣʝʢʫʣ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʥʩʦ-

ʨʦʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʟʨʳʚʦʦʧʘʩʥʳʝ, ʪʦʢʩʠʯʥʳʝ ʠ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʝʪʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʦʪʢʣʠʢ ʥʘ ʚʢʣʶʯʝʥʠʝ ʥʝ-

ʦʙʭʦʜʠʤʦʛʦ ʘʥʘʣʠʪʘ (ʪʫʰʝʥʠʝ, ʨʘʟʛʦʨʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩʳ 
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ʠʩʧʫʩʢʘʥʠʷ). ʇʦʠʩʢ ʠ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʄʆʂʇ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʭʠʤʠʠ ʄʆʂʇ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝ-

ʥʠʷ ʥʦʚʳʭ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʦʨʙʮʠ-

ʦʥʥʳʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʣʫʯʠʣ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʝʜʠʥʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ. ʆʜʥʦʡ ʠʟ ʛʣʘʚ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʪʦ-

ʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʩʤʝʩʠ ʩʦʣʝʡ ʚʳ-

ʙʨʘʥʥʳʭ ʤʝʪʘʣʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʘ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʷʜʨʘ { Fe2M(COO)6} . ɼʝʤʦʥʩʪʨʘʮʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʄʆʂʇ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʘ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʠ-

ʩʫʱʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʄʆʂʇ ʧʦʟʚʦʣʷʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʎʝʣʴ ʨʘʙʦʪʳ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʜʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʝʪʝ-

ʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʷʜʝʨʥʦʩʪʠ ʠ ʠʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʠʚʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦ-

ʩʪʘʚʘ [Li 2M2(piv)6(py)2] ʠ [M2LnX(piv)6L2] (ʛʜʝ ʄ ï ʢʘʪʠʦʥ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, Ln ï ʢʘ-

ʪʠʦʥ ʣʘʥʪʘʥʠʜʘ, X ï ʧʨʦʪʠʚʦʘʥʠʦʥ, Hpiv ï ʧʠʚʘʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʘ L ï ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʣʠ 

N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜʘ) ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʥʳʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʄʆʂʇ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʩʪʳʭ ʩʦʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨ r[Li 2Zn2(R-bdc)3(bpy)] 

(H2R-bdc = ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʙʝʥʟʦʣʴʥʦʤ 
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ʢʦʣʴʮʝ, R = H, Br, NO2, NH2; bpy = 4,4ô-ʙʠʧʠʨʠʜʠʣ)  ʷʚʣʷʶʪʩʷ ʧʝʨʤʘʥʝʥʪʥʦ ʧʦʨʠʩʪʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʫʯʝʥʠʝ ʩʦʨʙʮʠʠ ʛʘʟʦʚ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʵʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨ rʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʫʛʣʝʢʠʩʣʦʤʫ 

ʛʘʟʫ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, ʛʜʝ R = NO2, ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʝhʡ ʝʤʢʦʩʪʴʶ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʜʠʦʢʩʠʜʫ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢ ʞʝ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦ ʚʘʞʥʦʡ ʩʤʝʩʠ ʙʝʥʟʦʣ/ʮʠʢʣʦʛʝʢʩʘʥ.  

ʇʦʣʫʯʝʥ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 

[Li 2Zn2(bdc)3(bpy)], [Li 2Zn2(bpdc)3(dabco)], [{ LiZn} 2(bpdc)3(solv)4] [LiZn(btc)(H2O)2] ʠ 

[LiZn(btb)(dmf)2] (dmf = N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, H2bpdc = 4,4ô-ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩ-

ʣʦʪʘ, H3btc = ʪʨʠʤʝʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, H3btb = ʙʝʥʟʦʣʪʨʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, dabco = ʜʠʘʟ-

ʦʙʠʮʠʢʣʦʦʢʪʘʥ, solv = ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ ʠʣʠ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ), ʠʟʫʯʝʥʳ ʠʭ ʬʦʪʦʣʶ-

ʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʘʨʢʘʩʘ 

ʭʦʟʷʠʥʘ ʦʪ ʧʨʠʨʦʜʳ ʛʦʩʪ,̫ ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʳ ʚʩʝ ʪʨʠ ʪʠʧʘ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʦʪ-

ʢʣʠʢʘ ʩ ʪʫʰʝʥʠʝʤ, ʨʘʟʛʦʨʘʥʠʝʤ ʠ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 25 ʥʦʚʳʭ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʩʪʨʦʝʥʠʝ 20 ʠʟ ʥʠʭ 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʠ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʚʢʣʘʜʦʤ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʚ ʦʙ-

ʣʘʩʪʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

[Li 2Zn2(R-bdc)3(bpy)] ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʦʢʩʠʜʫ ʫʛʣʝʨʦʜʘ ʠ ʤʝʪʘʥʫ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʥʩʪʘʥʪʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʪʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʘʷ ʩʝ-

ʣʝʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʝʢʠʩʣʦʤʫ ʛʘʟʫ ʧʦʢʘʟʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝ-

ʥʠʷʭ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʠʟ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʧʦ ʩʝʣʝʢʪʠʚʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʦʡ ʩʤʝ-

ʩʠ ʙʝʥʟʦʣ/ʮʠʢʣʦʛʝʢʩʘʥ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʦʣʠʤʝʨʝ [Li 2Zn2(NO2-bdc)3(bpy)] ʩʦʧʦʩʪʘʚʠ-

ʤʳ ʩ ʥʘʠʣʫʯʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʚʝʩʪʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝ-

ʨʝʩ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʮʠʢʣʦʛʝʢʩʘʥʘ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʙʝʥʟʦʣʘ.  

ʆʙʥʘʨʫʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

[Li 2Zn2(bdc)3(bpy)], [Li 2Zn2(bpdc)3(dabco)], [LiZn(btc)(H2O)2] ʠ [LiZn(btb)(dmf)2] ʦʪ ʧʨʠʨʦ-

ʜʳ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʝʥʩʦʨʦʚ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪʳ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠ-

ʤʝʨʦʚ. ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʥʦʚʳʭ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʚʳʨʘʱʠʚʘʥʠʝ ʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝ-

ʥʦʩʪʨʫʢʪʫʨʦʥʦʛʦ ʘʥʘʣʠʟʘ - ʈʉɸ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʘ 

ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʈʉɸ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ - 

ʈʌɸ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟʳ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ - ʊɻɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʷʜʨʘʭ 
1
H. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʝʨʤʘʥʝʥʪʥʦʡ ʧʦʨʠʩʪʦ-

ʩʪʠ ʠʟʫʯʘʣʘʩʴ ʩʦʨʙʮʠʷ ʘʟʦʪʘ ʠʣʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ; ʧʦ ʠʟʦʪʝʨʤʘʤ ʩʦʨʙʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ. ʈʘʩʩʯʝʪʳ ʢʦʥʩʪʘʥʪ ʩʝʣʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʪʝʦʨʠʠ ʘʜʩʦʨʙʮʠʠ ʠʜʝʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ IAST. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

ï ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝ-

ʨʦʚ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʦʨʙʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʭ ʤʠʢʨʦ-

ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [Li 2Zn2(R-bdc)3(bpy)]; 

ï ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [Li 2Zn2(bdc)3(bpy)], [Li 2Zn2(bpdc)3(dabco)], 

[LiZn(btc)(H2O)2] ʠ [LiZn(btb)(dmf)2]; 

ï ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ [Li 2Zn2(bdc)3(bpy)], 

[Li 2Zn2(bpdc)3(dabco)], [LiZn(btc)(H2O)2] ʠ [LiZn(btb)(dmf)2]  ʠ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʥʘ 

ʠʭ ʦʩʥʦʚʝ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʙʝʥʟʦʣ/ʮʠʢʣʦʛʝʢʩʘʥ ʟʘ ʩʯʝʪ ʘʜ-

ʩʦʨʙʮʠʠ ʧʘʨʦʚ ʙʝʥʟʦʣʘ ʠʟ ʩʤʝʩʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʙʝʥʟʦʣ:ʮʠʢʣʦʛʝʢʩʘʥ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʳʤ ʧʦʣʠʤʝʨʦʤ [Li 2Zn2(NO2-bdc)3(bpy)]. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɼʠʩʩʝʨʪʘʥʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʠʥʪʝʟʳ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʨʧʨʝʪʘʮʠ ʁʠʭ ʀʂ-ʩʧʝʢʪʨʦʚ, ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʝʨʤʦ-

ʛʨʘʤʤ, ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʟʤʝʨʝʥʠʷ ʩʦʨʙʮʠʠ 

ʛʘʟʦʚ, ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠ ʁʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥ-

ʥʳʭ, ʘ ʪʘʢ ʞʝ ʦʪʙʦʨ ʢʨʠʩʪʘʣʣʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʈʉɸ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʫʶ ʨʘʩʰʠʬʨʦʚʢʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʋʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ɼ.ɻ. ʉʘʤʩʦʥʝʥʢʦ. ʆʙʩʫʞʜʝʥʠʝ ʧʦ-
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ʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ ʠ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ɸʧʨʦʙʘʮʠʷ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 8 ʢʦʥʬʝʨʝʥʮʠʷʭ: 2
nd

 European Con-

ference on Metal-Organic Frameworks and Porous Polymers, ʛ. ɼʝʣʬʪ, ʅʠʜʝʨʣʘʥʜʳ, 29 ʦʢʪʷʙ-

ʨʷ ï 1 ʥʦʷʙʨʷ 2017 ʛ. (ʩʪʝʥʜʦʚʳʡ ʜʦʢʣʘʜ);  6
th
 Asian Conference on Coordination Chemistry, 

ʛ. ʄʝʣʴʙʫʨʥ, ɸʚʩʪʨʘʣʠʷ, 23 ï 28 ʠʶʣʷ 2017 ʛ. (ʩʪʝʥʜʦʚʳʡ ʜʦʢʣʘʜ); IV ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè, ʛ. ʅʦʚʦʩʠ-

ʙʠʨʩʢ, ʈʦʩʩʠʷ, 21 ï 26 ʤʘʷ 2017 ʛ. (ʫʩʪʥʳʡ ʜʦʢʣʘʜ); ʂʦʥʢʫʨʩ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝ-

ʥʳʭ, ʧʦʩʚʷʱʝʥʥʘʷ 80-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɽ.ɺ. ʉʦʙʦʣʝʚʘ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 23-

26 ʜʝʢʘʙʨʷ 2016 ʛ. (ʫʩʪʥʳʡ ʜʦʢʣʘʜ, 1 ʤʝʩʪʦ); International Workshop on Porous Coordination 

Polymers, ɸʣʪʘʡ, ʈʦʩʩʠʷ, 19 ï 23 ʩʝʥʪʷʙʨʷ 2016 ʛ. (ʫʩʪʥʳʡ ʜʦʢʣʘʜ); ʂʦʥʢʫʨʩ-ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʧʦʩʚʷʱʝʥʥʘʷ ʯʣ.-ʢ. ɸʅ, ʧʨʦʬʝʩʩʦʨʫ ɻ.ɹ. ɹʦʢʠʶ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 

24-25 ʜʝʢʘʙʨʷ 2015 ʛ. (ʫʩʪʥʳʡ ʜʦʢʣʘʜ, 3 ʤʝʩʪʦ); ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè, ʛ. ɹʝʨʜʩʢ, ʈʦʩʩʠʷ, 5 ï 10 ʦʢ-

ʪʷʙʨʷ 2015 ʛ. (ʫʩʪʥʳʡ ʜʦʢʣʘʜ); Japan-Russia Workshop on Advanced Materials Synthesis Pro-

cess and Nanostructure, ʛ. ʉʝʥʜʘʡ, ʗʧʦʥʠʷ, 9 ï 10 ʤʘʨʪʘ 2015 ʛ. (ʫʩʪʥʳʡ ʜʦʢʣʘʜ, 1 ʤʝʩʪʦ). 

ʇʫʙʣʠʢʘʮʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 5 ʩʪʘʪʴʷʭ, ʠʟ ʥʠʭ 2 ʩʪʘʪʴʠ ʚ ʨʦʩʩʠʡʩʢʠʭ ʨʝʮʝʥ-

ʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠ 3 ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ 

ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of 

Science, ʠ ʪʝʟʠʩʘʭ 8 ʜʦʢʣʘʜʦʚ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʦʤ ʥʝʟʘʚʠʩʠʤʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʨʠʟʥʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘ-

ʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʛʜʝ ʧʦʣʫʯʠʣʠ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʟʥʘʥʠʠ 

ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝ-

ʮʠʘʣʴʥʦʩʪʠ ʧ. 1 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠ-

ʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè ʠ ʧ. 5 çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ 

ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳè. 
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ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ.  

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 133 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 82 ʨʠʩʫʥʢʘ ʠ 4 ʪʘʙʣʠʮ.r ʈʘʙʦʪʘ 

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

ʠ ʦʙʩʫʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʛʣ. 3), ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

(154 ʥʘʠʤʝʥʦʚʘʥʠ)̫. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

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

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ (17-53-16015), ʈʅʌ (14-23-00013) ʠ ʄʝʛʘʛʨʘʥ-

ʪʘ (14.Z50.31.0006). ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʧʨʝʤʠʷʤʠ ʠ ʩʪʠʧʝʥʜʠʝʡ ʠʤ. ʘʢʘʜʝʤʠ-

ʢʘ ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ (ʀʅʍ ʉʆ ʈɸʅ). 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

ʇʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʚ ʨʘʮʠʦʥʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʧʦ-

ʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

 

1.1. ɺʚʝʜʝʥʠʝ 

ʇʦʨʠʩʪʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (porous coordination polymers, PCPs) ʠʣʠ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (metal-organic frameworks, MOFs) ʙʳʣʠ 

ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠ ̫ʥʘʟʘʜ ʠ ʚ 

ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʩʪʘʣʠ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʕʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩ-

ʥʦʚʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʢʘʯʝʩʪʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʷʜʨʘ  ʠ ʩʦʝʜʠʥʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠ-

ʛʘʥʜʘʤʠ, ʦʙʨʘʟʫʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ. ʇʦʪʝʥʮʠʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ 

ʩʪʨʫʢʪʫʨ ʄʆʂʇ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʦ, ʢʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ ʦʙʫʩʣʦʚʣʝʥʳ ʨʝ-

ʢʦʨʜʥʦ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʪʨʫʢ-

ʪʫʨʳ ʧʦʣʠʤʝʨʦʚ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʮʝʥʥʳʭ ʦʙʟʦ-

ʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ  ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʫʯʝʥʥʳʭ ʄʆʂʇ, ʪʘʢʠʭ ʢʘʢ ʭʨʘʥʝʥʠʝ 

ʛʘʟʦʚ [1ï5], ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʛʘʟʦʚ ʠ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ [6ï9], ʘʜʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝ-

ʢʘʨʩʪʚ [10], ʠʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ [11ï13], ʢʘʪʘʣʠʟ [14,15], ʣʶʤʠʥʝʩʮʝʥʮʠʷ [16,17], ʜʨʫʛʠʝ 

ʚʠʜʳ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [18,19], ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [20], ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

[21,22], ʧʨʦʚʦʜʠʤʦʩʪʴ [23ï25], ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ [26]. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʥʦ-

ʛʠʭ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʨʫʢʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦ-

ʣʫʯʝʥʥʳʭ ʄʆʂʇ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʘʝʪ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʂʦʥʮʝʧʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʚʚʝʜʝʥʥʘʷ ʠ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɾ. ʌʝʨʝʝʤ [27], 

ʄ. ʐʨʦʜʝʨʦʤ [28], ʆ. ʗʛʠ ʠ ʄ. ʆôʂʠʬʬʦʤ [29], ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʫʧʨʦʱʝʥʠʝ ʠ ʪʦʧʦʣʦ-

ʛʠʯʝʩʢʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʫʞʝ ʠʟ-

ʚʝʩʪʥʳʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʯʘʩʪʦ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣ-

ʣʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʣʠʪʦʧʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ [30ï32]. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʪʘʢʠʭ ʧʦʣʠʷʜʝʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʦʣʫʯʘʝʪʩʷ ʩʘʤʦʩʙʦʨ-

ʢʦʡ ʠʟ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʄʆʂʇ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 
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ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʘʢʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʠʟʚʝʩʪʥʳ ʚ ʢʘ-

ʯʝʩʪʚʝ ʜʠʩʢʨʝʪʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʥʦʪʦʧʥʳʤʠ ʣʠʛʘʥʜʘʤʠ; ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʩʦʭʨʘʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʝʱʝʥʠʷ ʤʦʥʦʪʦʧʥʦʛʦ ʣʠʛʘʥʜʘ ʧʦʣʠʪʦʧʥʳʤ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʤʦʞʥʦ ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʛʝʦʤʝʪʨʠ-

ʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʠ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʣʠʛʘʥʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʦʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫ-

ʜʦʝʤʢʠʤ, ʭʦʪʷ ʦʥ ʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʜ-

ʭʦʜʦʤ, ʢʦʛʜʘ ʚʩʝ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʦʜʥʦʤ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ, ʚ ʥʘʜʝʞ-

ʜʝ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʩʘʤʦʩʙʨʦʩʢʫ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʧʦʰʘʛʦʚʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʪʘʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʠ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʄʆʂʇ. ʊʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʷʜʝʨʥʳʭ ʧʨʝʜʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʨʠʩʪʳʭ ʢʘʨʢʘʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʩʪʘʷ ʩʤʝʩʴ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʩʦ-

ʜʝʨʞʘʱʘʷ ʢʘʪʠʦʥʳ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʦʣʴʢʦ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʧʝʨʚʳʭ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʪʨʠʤʝʟʘʪʘ ʤʝʜʠ (II) (HKUST-1) ʠ ʦʢ-

ʩʦʪʝʨʝʬʪʘʣʘʪʘ ʮʠʥʢʘ (II) (MOF-5) ʚ 1999 ʛʦʜʫ [33,34], ʢʘʨʢʘʩʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʢʩʠʣʘʪʦʚ 

ʤʝʪʘʣʣʦʚ ʜʦʤʠʥʠʨʫʶʪ ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [35,36]. ʂʘʨ-

ʙʦʢʩʠʣʘʪ-ʘʥʠʦʥ ʠʤʝʝʪ ʜʚʘ ʜʦʥʦʨʥʳʭ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʘ ʢʘʞʜʳʡ ʠʟ  ʥʠʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʙʣʘʜʘʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʤʷ ʩʚʦʙʦʜʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʦʨʜʠ-

ʥʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ ʢʘʞʜʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʤʝʝʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʧʦʣʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ɺʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʧʦʣʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʤʦʥʦʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʮʝʪʘʪ-, ʧʠʚʘʣʘʪ-, ʙʝʥʟʦ-

ʘʪ-ʘʥʠʦʥʳ ʠ ʪ.ʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʧʦʣʫʯʝʥʳ, ʧʦʰʘʛʦʚʳʡ ʩʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ 

ʨʝʜʢʦ. ɼʘʥʥʳʡ ʦʙʟʦʨ ʷʚʣʷʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʤ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʤʝʨʳ ʧʦ-

ʰʘʛʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤ-
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ʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʡ ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʧʦʜʭʦʜʘʤʠ ʢ ʩʠʥʪʝʟʫ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʥʝ ʧʦʣʫʯʠʣ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ʆʙʟʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: (i) ʧʦʣʠʷʜʝʨʥʳʝ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤ-

ʧʣʝʢʩʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʄʆʂʇ, (ii ) ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʳʭ ʢʘʨʢʘʩʦʚ. ɺ ʧʝʨʚʦʤ 

ʨʘʟʜʝʣʝ ʠʟʣʦʞʝʥʠʝ ʠʜʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʫʢʣʝʘʨʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʭʠʤʠʠ ʄʂʆʇ ʧʦʣʠʷʜʝʨʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ  (ʩʣʝʚʘ ʥʘʧʨʘʚʦ ï 

{ M2(CO2)4}, { M3O(CO2)6}, { Zn4O(CO2)6}, { M3(CO2)6}, { Zr6O8(CO2)12} ʠ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ: ʢʨʘʩʥʳʤ ï ʟʘ ʩʯʝʪ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʥʢʝʨʦʚ, ʩʠʥʠʤ ï ʟʘ ʩʯʝʪ ʵʣʝʢ-

ʪʨʦʥ ʜʦʥʦʨʥʳʭ ʣʠʥʢʝʨʦʚ 

 

1.2. ɹʠʷʜʝʨʥʳʝ M 2 ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ 

ɹʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʳ ʤʝʪʘʣʣʦʚ [M2(RCOO)4(L)2] ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʄʆʂʇ. ʄʥʦʞʝʩʪʚʦ ʘʮʝʪʘʪʦʚ ʤʝʪʘʣʣʦʚ ʩ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʬʦʨʤʫʣʦʡ (M = Cr
2+

, Cu
2+

, 

Mo
2+

, Ru
2+

, Rh
2+

, ʠ ʜʨ.) ʠʟʚʝʩʪʥʳ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ ʠʤʝʶʪ ʩʪʨʫʢ-

ʪʫʨʫ ʪʠʧʘ çʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè. ɻʝʦʤʝʪʨʠʷ [M2(RCOO)4(L)2] ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ ʩ ʯʝʪʳʨʴʤʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʧʦ 

ʫʛʣʘʤ ʢʚʘʜʨʘʪʘ, ʠ ʜʚʫʤʷ ʘʢʩʠʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (L), ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʧʣʦʩʢʦʩʪʠ 

ʢʚʘʜʨʘʪʘ. ɺʩʝ ʯʝʪʳʨʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʤʦʩʪʠʢʘ ʢʦʦʨʜʠʥʠʨʫʶʪ ʧʦ ʜʚʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ L ʷʚʣʷʶʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʙʳʯʥʦ ʟʘ ʩʯʝʪ N- ʠʣʠ O- ʜʦʥʦʨʥʳʭ 

ʘʪʦʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʢʦʤʧʣʝʢʩʝ ʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢ [M2(RCOO)4(L)2] ʨʦʩʪ ʨʝʛʫʣʷʨʥʦʡ 

ʧʝʨʠʦʜʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʠʜʪʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʨʠʩ. 2): (i) ʟʘ ʩʯʝʪ ʢʦ-

ʦʨʜʠʥʘʮʠʠ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ; (ii ) ʯʝʨʝʟ ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʠ (iii ) ʟʘʤʝ-

ʱʝʥʠʝ ʢʘʢ ʤʦʥʦʢʘʨʙʦʢʩʠʣʘʪʥʳʭ, ʪʘʢ ʠ L ʣʠʛʘʥʜʦʚ [37].  
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ʈʠʩ. 2. ʆʙʱʘʷ ʩʭʝʤʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ çʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè 

 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʚʳʛʣʷʜʠʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʩʪʨʫʢʪʫʨʳ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʷʜʨʘ ʢʦʤʧʣʝʢʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʤʝʱʝʥʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ 

ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩ ʠʩʢʘʞʝʥʥʳʤ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. ɽʱʝ ʚ 1974 ʛʦʜʫ ɿʫʩ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʦʣʫʯʠʣʠ ʦʜʥʦʤʝʨʥʳʡ ʮʝʧʦ-

ʯʝʯʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʙʠʷʜʝʨʥʳʝ ʤʝʜʥʳʝ ʘʮʝʪʘʪʳ ʪʠʧʘ ʢʠʪʘʡʩʢʠʡ 

ʬʦʥʘʨʠʢ [Cu2(OAc)4] ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʧʠʨʘʟʠʥʘ (pz ï ʨʠʩ. 3) [38]. 

ʇʦʭʦʞʝʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʦʟʞʝ ʧʦʣʫʯʝʥʳ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ 

[39ï42]. ʆʙʩʫʞʜʝʥʠʝ ʩʪʨʫʢʪʫʨ, ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʪʦʧʦʣʦʛʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʠʪʘʡʩʢʦʛʦ 

ʬʦʥʘʨʠʢʘ ʠ ʧʦʣʠʪʦʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ. 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʧʦʤʠʥʘʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʠʭ ʩʦ-

ʢʨʘʱʝʥʠʷ 
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ʈʠʩ. 3. (ʦʢʦʥʯʘʥʠʝ) ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʧʦʤʠʥʘʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘ-

ʮʠʠ ʠ ʠʭ ʩʦʢʨʘʱʝʥʠʷ 

 

ɺ 2000 ʛʦʜʫ ʈʦʙʩʦʥ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʦʣʫʯʠʣʠ ʩʣʦʠʩʪʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠ-

ʤʝʨ ʩ ʪʦʧʦʣʦʛʠʝʡ ʧʯʝʣʠʥʳʭ ʩʦʪ (hcb) ʚ ʨʝʘʢʮʠʠ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ [Cu2(OAc)4] ʩ 

2,4,6-ʪʨʠ(4-ʧʠʨʠʜʠʣ)-1,3,5-ʪʨʠʘʟʠʥʦʤ (tpt) ʚ ʨʘʩʪʚʦʨʝ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʨʠʩ. 4) [43]. 

ʄʘʢɻʠʣʠʚʨʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʪʨʘʢʠʩ-(4-ʧʠʨʠʜʠʣ)ʮʠʢʣʦʙʫʪʘʥ (4,4¡-tpcb) ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʩʠʘʣʴʥʦʛʦ ʣʠʥʢʝʨʘ ʚ ʨʝʘʢʮʠʠ ʩ [Cu2(OAc)4] ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ 2D ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ [Cu2(OAc)4(4,4¡-tpcb)1/2] ʩ ʦʪʢʨʳʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʜʥʦʤʝʨʥʳʤʠ 

ʢʘʥʘʣʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʟʘ ʩʯʝʪ ʩʪʝʢʢʠʥʛʘ ʩʣʦʝʚ ʢʘʨʢʘʩʘ ʜʨʫʛ ʥʘ ʜʨʫʛʘ [44]. ɺ 2006 

ʛʨʫʧʧʦʡ ʆʤʫʨʘ ʧʦʣʫʯʝʥ 2D ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʜʠʣʧʦʨʬʠʨʠʥʘ (H2tpyp) ʠ ʙʠʷʜʝʨʥʦʛʦ 

ʘʮʝʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ (II). ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʩʪʨʫʢʪʫʨʘ 

[Cu2(AcO)4{ Cu(tpyt)} 1/2] ʦʙʨʘʟʦʚʘʥʘ ʠʟ ʥʘʣʦʞʝʥʥʳʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩʣʦʝʚ [45]. ʇʝʨʤʘʥʝʥʪ-
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ʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʟʤʝʨʝʥʠʝʤ ʠʟʦʪʝʨʤ 

ʩʦʨʙʮʠʠ, ʦʢʘʟʘʚʰʠʤʠʩʷ ʦʙʨʘʪʠʤʳʤʠ ʠʟʦʪʝʨʤʘʤʠ ʩʦʨʙʮʠʠ I ʪʠʧʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʠʢ-

ʨʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʩʣʦʷ ʥʘ ʦʩʥʦʚʝ ʤʝʜʥʦʛʦ ʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘ ʠ tpt ʣʠʥʢʝʨʘ (ʩʣʝʚʘ), ʫʧʘʢʦʚʢʘ 

ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʩʧʨʘʚʘ) [43] 

 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʧʝʥʪʘʛʦʥʘʣʴʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʛʨʫʧʧʦʡ ɿʘʚʦʨʦʪʢʦ [46]. ʄʆʂʇ ʩʪʨʫʢʪʫʨʝ [{ Cu2(ɛ -O2CEt)4} 5[ur]3] 

ʧʦʣʫʯʝʥ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʨʘʩʪʚʦʨʘ ʫʨʦʪʨʦʧʠʥʘ ʚ ʤʝʪʘʥʦʣʝ ʚ ʨʘʩʪʚʦʨ 

[Cu2(EtCOO)4(MeOH)2]. ɹʠʷʜʝʨʥʳʝ ʤʝʜʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʫʟʣʳ ʩʦʝʜʠʥʷʶʪʩʷ ʪʨʝʭ- ʠ ʯʝ-

ʪʳʨʝʭʩʚʷʟʥʳʤʠ ʣʠʥʢʝʨʘʤʠ ʫʨʦʪʨʦʧʠʥʘ ʚ (5,4/3)-ʩʝʪʢʫ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. ɸʚʪʦʨʳ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ ʚʣʠʷʶʱʠʭ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʦʡ ʪʦʧʦʣʦʛʠʠ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ: ʧʨʠʨʦʜʘ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʘʥʠʦʥʘ ʚ ʠʩʭʦʜʥʦʤ 

ʙʠʷʜʝʨʥʦʤ ʙʣʦʢʝ [Cu2(RCOO)4] ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ { Cu2}  ʢʦʤʧʣʝʢʩʦʤ ʠ ʫʨʦʪʨʦʧʠʥʦʤ. 

ʅʘʧʨʠʤʝʨ, 1D ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ [47] ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ, ʢʦʛʜʘ ʫʨʦʪʨʦʧʠʥ ʢʦ-

ʦʨʜʠʥʠʨʫʝʪʩʷ ʢ  ʜʚʫʤ [Cu2(RCOO)4] ʫʟʣʘʤ (R = Me ʠʣʠ t-Bu), ʘ ʩʪʨʫʢʪʫʨʳ ʩ ʪʦʧʦʣʦʛʠʝʡ 

ʘʣʤʘʟʘ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʯʝʪʳʨʝʭ { Cu2}  ʬʨʘʛʤʝʥʪʦʚ ʢ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʫʨʦ-

ʪʨʦʧʠʥʘ [48].  
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ʈʠʩ. 5. ɺʠʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢʘʥʘʣʘʤ (ʩʣʝʚʘ) ʠ ʧʨʦʝʢʮʠ ̫ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʷʤ (ʩʧʨʘʚʘ) ʜʣʷ 

(5,4/3)-ʩʝʪʢʠ (ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ) ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ [{ Cu2(ɛ -O2CEt)4} 5[ur]3] 

[46] 

 

ɺ 2010 ɼʘʥʙʘʨ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʦʣʫʯʠʣʠ ʩʝʨʠʶ ʩʣʦʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠ-

ʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʝʚʳʭ(II I) ʠ ʨʫʪʝʥʠʝʚʳʭ(II) ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ  ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʪʠʧʫ ʢʠ-

ʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘ, ʩʦʝʜʠʥʝʥʥʳʭ TCNQ ʣʠʛʘʥʜʦʤ (ʨʠʩ. 6) [49,50]. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʦʙʣʘʜʘʶʪ ʠʥʪʝʨʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

ʈʠʩ. 6. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ 

[{Ru2(O2CCF3)4} 2(TCNQRx)]Ŀn(solv) (Rx = H4; Br2; Cl2; F2; F4) [49] 

 

ɹʠʷʜʝʨʥʳʡ ʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢ [M2(RCOO)4(L)2] ʪʘʢ ʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʪʷʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʟʘʤʝʱʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ. ɺ 

ʢʦʥʮʝ 90-ʭ ʠ ʥʘʯʘʣʝ 2000-ʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʄʦʨʠ ʫʩʧʝʰʥʦ ʧʦʣʫʯʠʣʘ ʨʷʜ 2D- ʠ 

3D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ (II) (ʨʠʩ. 7). 

ʅʘʧʨʠʤʝʨ, ʩʣʦʠʩʪʳʡ ʪʝʨʝʬʪʘʣʘʪ ʤʝʜʠ (II) [Cu2(bdc)2] (bdc
2ï

 = ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥ) ʩ ʧʣʦ-

ʩʢʦʢʚʘʜʨʘʪʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʨʝʘʢʮʠʠ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʬʦʨʤʠʘʪʘ 

ʤʝʜʠ(II) ʩ ʤʝʪʘʥʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʝʨʝʬʪʘʣʝʚʦʡ ʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʠʥʠʭ ʢʨʠʩʪʘʣʣʦʚ [51]. ʇʦʟʜʥʝʝ ʩʝʨʠʷ ʪʘʢʠʭ ʩʣʦʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʙʣʘʛʦ-

ʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʨʫʛʠʭ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʥʢʝʨʦʚ (ʬʫʤʘʨʦʚʘʷ ʢʠʩʣʦʪʘ, ʪʨʘʥʩ-1,4-

ʮʠʢʣʦʛʝʢʩʘʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʩʝ ʵʪʠ ʄʆʂʇ 
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ʤʦʞʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʧʨʦʩʪʳʤ ʥʘʛʨʝʚʘʥʠʝʤ ʚ ʚʘʢʫʫʤʝ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘʟʘʣʠʩʴ ʩʧʦʩʦʙʥʳ ʢ ʘʜʩʦʨʙʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʠʭ ʧʝʨ-

ʤʘʥʝʥʪʥʫʶ ʧʦʨʠʩʪʦʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʨʙʮʠʠ ʤʝʪʘʥʘ ʚ 71 ʩʤ
3
Öʛ
ï1

, 

82 ʩʤ
3
Öʛ
ï1

 ʠ 60 ʩʤ
3
Öʛ
ï1

 ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʜʘʚʣʝʥʠʠ 3,5 ʄʇʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʪʝʨʝʬʪʘʣʘʪï, 

ʬʫʤʘʨʘʪï ʠ ʪʨʘʥʩ-1,4-ʮʠʢʣʦʛʝʢʩʘʥʜʠʢʘʨʙʦʢʩʠʣʘʪ ʘʥʠʦʥʘʤʠ. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ 

ʩ ʜʘʥʥʳʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʜʨʫʛʦʛʦ ʢʣʘʩʩʘ ʧʦʨʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʮʝʦʣʠʪʘ 

5 ¡ [52]. ɺʚʝʜʝʥʠʝ dabco ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʠʥʢʝʨʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

[Cu2(RCOO)4] (R = H ʠʣʠ Me) ʠ ʞʝʩʪʢʦʛʦ ʣʠʥʢʝʨʘ ʩʪʠʨʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H2sdc) 

ʠʣʠ ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H2bpdc) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʭʤʝʨʥʳʭ ʢʘʨ-

ʢʘʩʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʫʟʣʳ [Cu2(RCOO)4] ʩʦʝʜʠʥʷʶʪʩʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤʠ ʜʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ ʚ ʧʣʦʩʢʦʩʪʠ, ʘ ʧʣʦʩʢʦʩʪʠ ʩʰʠʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʟʘ ʩʯʝʪ ʤʦʣʝʢʫʣ dabco ʢʦʦʨʜʠʥʠʨʫʶʱʠʭʩʷ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʫʟ-

ʣʦʚ. ʀʟʤʝʨʝʥʠʝ ʩʦʨʙʮʠʠ ʛʘʟʦʚ ʧʦʜʪʚʝʨʜʠʣʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʝʨʤʘʥʝʥʪʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʘ ʪʘʢ ʞʝ ʚʧʝʯʘʪʣʷʶʱʫʶ ʧʣʦʱʘʜʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦ ʤʝʪʦʜʫ 

BET ʩʦʩʪʘʚʠʣʘ 3129 ʤ
2
Öʛ
ï1

 ʜʣʷ [Cu2(sdc)2(dabco)] ʠ 3265 ʤ
2
Öʛ
ï1

 ʜʣʷ [Cu2(bpdc)2(dabco)] [53]. 

 

ʈʠʩ. 7. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ [Cu(trans-fum)(dabco)1/2] (1), 

[Cu(bdc)(dabco)1/2] (2), [Cu(sdc)(dabco)1/2] (3), [Cu(bpdc)(dabco)1/2] (4) ʠ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʘʨʛʦʥʘ 

ʧʨʠ 87K [53] 

 

ʗʚʣʷʷʩʴ ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ, N,Nǋ-ʜʠ-(p-

ʘʥʠʟʠʣ)ʬʦʨʤʘʤʠʜʠʥʘʪ ʘʥʠʦʥ (DAniF
ï
) ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʜʣʷ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʂʦʤʧʣʝʢʩʳ [M2(DAniF)2L4] 

ʠʣʠ [M2(DAniF)3L2] (M = Mo, Rh, ʠ ʪ.ʜ.; L = CH3CN) ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʠʩʫʪʩʪʚʠʝ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʜʠʟʘʡʥ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʜʚʘ ʘʥʠʦʥ-

ʥʳʭ ʫʟʣʘ [Mo2(DAniF)3(CH2CN)2]
4ï

 ʤʦʞʥʦ ʩʦʝʜʠʥʠʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʘ ʟʘʤʝʩʪʠʚ ʜʚʝ 

ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʠʢʘʨʙʦʢʩʠʣʘʪ ʘʥʠʦʥʦʤ (ʬʫʤʘʨʘʪ, ʤʘʣʦʥʘʪ, ʩʫʢʮʠʥʘʪ ʠ ʪ.ʜ.). ʊʘʢ-
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ʞʝ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʟʣʳ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʝʪʣʠ, ʪʨʝʫʛʦʣʴʥʠʢʠ ʠ 

ʜʘʞʝ ʧʦʣʠʵʜʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ [M2(DAniF)2L4] ʠ ʜʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ ʧʨʠ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʧʨʠʤʝʨʳ ʢʦʛʜʘ ʪʘʢʠʝ ʧʝʪʣʠ ʠʣʠ ʫʟʣʳ ʢʚʘʜ-

ʨʘʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʫʜʘʣʦʩʴ ʧʨʝʚʨʘʪʠʪʴ ʚ ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

N-ʜʦʥʦʨʥʳʭ ʜʠʪʦʧʥʳʭ ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩ-1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥ, 1,4-

ʜʠʮʠʘʥʦʙʝʥʟʦʣ ʠ ʧʦʭʦʞʠʭ ʣʠʛʘʥʜʦʚ (ʨʠʩ. 8). ɹʦʣʝʝ 40 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ-

ʚʝʜʝʥʥʳʭ ʚ ʦʙʟʦʨʝ ʂʦʪʪʦʥʘ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦʰʘʛʦʚʳʤ ʩʠʥʪʝʟʦʤ [54]. ɸʚ-

ʪʦʨʳ ʦʙʦʩʥʦʚʘʣʠ ʥʘʧʨʘʚʣʝʥʠ ̫ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʝʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʚ ʭʠʤʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ. 

 

ʈʠʩ. 8. ʆʙʱʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʦʚ ʩ DAniF
ï
 (ʩʣʝʚʘ)

 
ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʚ ʘʢ-

ʩʠʘʣʴʥʦʤ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘ (ʩʧʨʘʚʘ) [54] 

 

ʆʪʢʨʳʪʠʝ ʧʦʨʠʩʪʦʛʦ ʪʨʠʤʝʟʘʪʘ ʤʝʜʠ (II) [Cu2(btc)2/3] (ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ 

HKUST-1) ʚ 1999 ʛʦʜʫ ʧʨʠʚʣʝʢʣʦ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [33]. ʍʦʪʷ ʚ ʦʨʠʛʠ-

ʥʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʦʛʦ ʪʨʠʤʝʟʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʪʨʘʪ ʤʝʜʠ(II) ʠ ʩʚʦ-

ʙʦʜʥʫʶ ʪʨʝʤʠʟʠʥʦʚʫʶ ʢʠʩʣʦʪʫ  (H3btc), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʦ ʨʘʩʰʠʨʠʪʴ ʭʠʤʠʶ ʩʦʝʜʠʥʝʥʠʡ ʢʣʘʩʩʘ HKUST-1, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʠʪʴ 

ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʝ ʘʥʘʣʦʛʠ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ.  ʇʠʯʦʥ ʠ ɼʞʝʡʤʩ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʷʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʚʢʣʶʯʘʷ HKUST-1. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʫʟʣʦʚ ʢʠ-

ʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʮʝʪʘʪʥʳʝ, ʬʦʨʤʠʘʪʥʳʡ ʠ ʪʨʠʬʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Cu2(RCOO)4]. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʛʦʪʦʚʣʝʥʠʝ HKUST-1 ʧʨʦʠʩʭʦʜʠʣʦ ʢʦ-
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ʣʠʯʝʩʪʚʝʥʥʦ ʟʘ ʩʯʠʪʘʥʥʳʝ ʤʠʥʫʪʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʝʪ ʩʪʨʫʢʪʫʨʦʥʘʧʨʘʚʣʷʶʱʝʡ ʨʦʣʠ 

ʠʩʭʦʜʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ (II) [55]. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʨʝʘʢʮʠʷ ʘʮʝʪʘʪʘ ʤʝʜʠ 

[Cu2(MeCOO)4] ʠ ʪʨʠʤʝʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ DMF/EtOH/H2O ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 5ï60 ʤʠʥʫʪ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [Cu2(btc)2/3], ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʥʠʢʘʢ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʧʦ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʲʝʤ ʧʦʨ, ʝʤʢʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʥʳʤ ʛʘʟʘʤ, ʦʪ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ HKUST-1, ʧʦʣʫʯʝʥʥʳʭ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ [56]. ʅʝʩʢʦʣʴʢʦ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʭ ʨʫʪʝʥʠ-

ʝʚʳʭ ʘʥʘʣʦʛʦʚ HKUST-1 [Ru2(btc)2/3X] (ʘʥʠʦʥ X = Cl, Cl/OH, F/OH, OH) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

ʦʩʥʦʚʝ ʙʠʷʜʝʨʥʦʛʦ ʘʮʝʪʘʪʘ ʠʣʠ ʧʠʚʘʣʘʪʘ Ru(II ,III ) ʠ ʪʨʠʤʝʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 9). ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʝʝ ʦʙʲʝʤʥʘʷ ʪʨʝʪ-ʙʫʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʠʚʘʣʘʪ-ʘʥʠʦʥʘ ʨʫʪʝʥʠʝʚʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʢ ʣʫʯʰʝʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʄʆʂʇ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝ-

ʪʘʪʘ ʨʫʪʝʥʠʷ. ʇʨʠʨʦʜʘ ʧʨʦʪʠʚʦʠʦʥʘ X ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-

ʥʝʥʘʩʳʱʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʧʦʣʫʯʝʥʥʦʤ [Ru2(btc)2/3], ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶ-

ʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ, ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ [57]. 

 

ʈʠʩ. 9. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ Ru-ʄʆʂʇ ʩʦ ʩʪʨʫʢʪʫʨʦʡ HKUST-1 ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʡ: a) CH3COOH, H2O, 160ÁC, 72 ʯ; b) CH3COOH, H2O, 160ÁC, 168 ʯ; c) 

CH3COOH, H2O, 160ÁC, 72 ʯ; d) CH3COOH, H2O, 120ÁC, 72 ʯ [57] 

 

ʀʥʪʝʨʝʩʥʳʡ ʧʨʠʤʝʨ ʧʦʰʘʛʦʚʦʛʦ ʜʠʟʘʡʥʘ 3D-ʩʪʨʫʢʪʫʨʳ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʫʧʧʦʡ 

ɾʦʫ [58]. ʈʝʘʢʮʠʷ ʥʠʪʨʘʪʘ ʤʝʜʠ (II) ʠ ʢʘʨʙʘʟʦʣ-3,6-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H2cdc) ʧʨʠʚʦ-

ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʧʦʣʦʛʦ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʢʪʘʵʜʨʘ [Cu2(cdc)2L2]6 (L = 

ʨʘʩʪʚʦʨʠʪʝʣʴ), ʛʜʝ ʜʠʤʝʨ [Cu2(COO)4] ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʵʪʦʛʦ ʦʢʪʘʵʜʨʘ, ʘ ʢʘʨʙʘʟʦʣ-

ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʟʚʝʥʴʷ ʩʚʷʟʳʚʘʶʪ {Cu2} ʫʟʣʳ (ʨʠʩ. 10). ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʏʪʦ 

ʝʱʝ ʙʦʣʝʝ ʚʘʞʥʦ, ʪʘʢʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʙʨʘʥʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷ-

ʟʘʥʳ ʯʝʨʝʟ ʣʠʥʝʡʥʳʝ ʣʠʛʘʥʜʳ bpy, ʢʦʪʦʨʳʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʧʠʢʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʷʤ 
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{ Cu2} ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʫʟʣʦʚ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʄʆʂʇ. ʇʦʣʫʯʝʥʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ, ʚʦʟʤʦʞʥʦ, ʚʦʩʩʪʘʥʦʚʠʪʴ ʦʙʨʘʪʥʦ ʜʦ ʤʦʣʝʢʫʣʷʨ-

ʥʦʛʦ ʦʢʪʘʵʜʨʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʣʦʞʠʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 1D-ʮʝʧʠ, ʵʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ 

ʦʙʨʘʪʠʤʦʡ ʩʙʦʨʢʠ ʄʆʂʇ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʜ-

ʨʘʣʴʥʦʛʦ ʙʣʦʢʘ. 

 
ʈʠʩ. 10. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ [Cu2(cdc)2L2]6. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʘʪʦʤʦʚ H ʥʝ ʧʦʢʘʟʘʥʘ ʜʣʷ ʷʩʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ. ʎʚʝʪʦʚʘʷ ʩʭʝʤʘ: Cu, ʛʦʣʫʙʦʡ ʮʚʝʪ; 

O, ʢʨʘʩʥʳ; N, ʩʠʥʠʡ; C, ʯʝʨʥʳʡ [58] 

 

 1.3. ʊʨʝʫʛʦʣʴʥʳʝ M 3 ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ 

ʊʨʝʭʲʷʜʝʨʥʳʡ ʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʙʣʦʢ [M3O(RCOO)6L3] ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʟʘʨʷʜʦʤ +2, +3, ʠʥʦʛʜʘ +4. ʆʩʥʦʚʥʳʝ ʘʮʝʪʘʪʳ ʤʝʪʘʣʣʦʚ 

ʦʙʳʯʥʦ ʢʨʠʩʪʘʣʣʠʟʫʶʪ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ 

ʤʝʪʘʣʣʘ. ʊʨʠ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʮʝʥʪʨʦʤ ʚ ɛ3ïO ʦʢʩʦʘʥʠʦʥʝ. ʐʝʩʪʴ 

ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʩʦʝʜʠʥʷʶʪ ʢʘʞʜʫʶ ʧʘʨʫ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ ʥʘʜ ʠ 

ʧʦʜ ʧʣʦʩʢʦʩʪʴʶ ʄ3, ʦʙʨʘʟʫʷ ʥʝʧʦʣʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚʦ-

ʢʨʫʛ ʢʘʞʜʦʛʦ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ. ʐʝʩʪʘʷ ʧʦʟʠʮʠʷ ʪʘʢʦʛʦ ʦʢʪʘʵʜʨʘ ʦʙʳʯʥʦ ʟʘʥʷʪʘ ʢʦʦʨʜʠʥʠ-

ʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʥʘʧʨʠʤʝʨ ʚʦʜʦʡ, ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʘʢʩʠʘʣʴ-

ʥʳʤʠ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʘʧʨʠʤʝʨ ʧʠʨʠʜʠʥʦʤ. ʊʘʢʦʝ ʪʨʝʭʲʷʜʝʨʥʦʝ ʦʢʩʦʢʘʨ-

ʙʦʢʩʠʣʘʪʥʦʝ ʷʜʨʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʥʝʢʦʪʦʨʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 
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[M¡M2O(RCOO)6L3], ʦʙʳʯʥʦ ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥʦʚ 3d ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ 

ʧʦʜʭʦʜʷʱʠʤʠ ʠʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʧʨʠʤʝʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [M3O(RCOO)6L3] ʤʦʞʥʦ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʪʴ ʧʦʣʠʤʝʨʳ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ L ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʣʠʛʘʥʜʦʚ ʠʣʠ ʩʨʘʟʫ ʦʙʦʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʝʫʛʦʣʴʥʦʛʦ ʫʟʣʘ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʰʝʩʪʠʩʚʷʟʥʦʛʦ ʫʟʣʘ ʩ 

ʛʝʦʤʝʪʨʠʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ. ʆʙʘ ʩʧʦʩʦʙʘ ʠʤʝʶʪ ʩʚʦʠ ʧʨʠʤʝʨʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘ-

ʪʫʨʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʄʆʂʇ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʣʘʛʦʜʘʨʷ ʦʙʠʣʠ ʁʵʪʦʛʦ ʪʠʧʘ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠ-

ʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʙʦʨʢʠ 

ʪʨʝʭʲʷʜʝʨʥʭr ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ [M3O(RCOO)6L3] ʚ ʧʦʣʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʀ.ʃ. ɽʨʝʤʝʥʢʦ ʨʘʟʚʠʚʘʣʘ ʠʜʝʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʜʝʥ-

ʪʘʪʥʳʭ ʤʦʩʪʠʢʦʚʳʭ N-ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʠʚʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[M¡M2O(piv)6(Hpiv)3], ʦʙʨʘʟʫʷ ʥʦʚʳʝ ʄʆʂʇ. ɼʚʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦ-

ʣʠʤʝʨʘ [Fe2MO(piv)6(bpy)3/2] (M¡ = Ni
2+

 or Co
2+

) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʣʠʥʝʡʥʦʛʦ ʣʠʥʢʝʨʘ bpy. ɿʜʝʩʴ bpy-ʣʠʥʢʝʨ rʟʘʜʘʶʪ ʪʨʝʫʛʦʣʴ-

ʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʧʠʚʘʪʘʪʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ [M¡M2O(piv)6(bpy)3], ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʠʩʪʦʡ ʩʦʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʂʨʠ-

ʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʭ hcb ʩʣʦʝʚ ʩ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʤʠ ʢʘʥʘʣʘʤʠ ʚ ʤʝʞʜʦʫʟʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʠʢʨʦʧʦʨʠʩʪʳʡ ʭʘʨʘʢʪʝʨ 

ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʠʟʤʝʨʝʥʠʷʤʠ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ N2 ʠ H2 (SBET = 520 

ʤ
2
Āʛ

-1
 ʜʣʷ M¡ = Ni, SBET = 273 ʤ

2
Āʛ

-1
 ʜʣʷ M¡ = Co). ʉʪʨʫʢʪʫʨʳ ʪʨʝʭʲʷʜʝʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʧʠʚʘʪʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʩʧʝʰʥʦ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘʭ. 

ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ [Fe2MO(piv)6(bpy)3/2] ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʤʝʥʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʪʨʝʭʲʷʜʝʨʥr ʭ ʙʣʦʢʘʭ [59]. ɹʦʣʝʝ ʪʦʛʦ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [Fe2MO(piv)6(bpy)3/2] ʦʢʘʟʘʣʠʩʴ ʛʠʙʢʠʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʣʦʷʤʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ 

ʦʙʲʝʤʘ ʧʦʨ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʳʤʠ ʠ ʚʳʟʚʘʥʳ ʦʙʤʝʥʦʤ ʨʘʩ-

ʪʚʦʨʠʪʝʣʝʡ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʠʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʦʨʙʮʠʝʡ ʘʣʢʘʥʦʚ ʠ ʩʧʠʨʪʦʚ: ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʘʣʢʘʥʦʚ (ʥ-ʛʝʢʩʘʥ ʠ ʥ-ʦʢʪʘʥ) ʙʳʣʠ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʤʠʢʨʦʧʦ-

ʨʠʩʪʳʭ ʩʦʨʙʝʥʪʦʚ, ʘʜʩʦʨʙʮʠʷ ʩʧʠʨʪʦʚ (ʤʝʪʘʥʦʣ ʠ ʵʪʘʥʦʣ), ʚʝʨʦʷʪʥʦ, ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʥʝʢʦ-

ʪʦʨʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʠʩʭʦʜʷʪ ʩ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʜʘʚʣʝʥʠʷ ʩʦʨʙʘʪʘ. ʕʪʘ ʨʘʟʥʠʮʘ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʵʪʘʥʦʣʘ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʥʦʣʦʤ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʛʠʜʨʦʬʦʙʥʦʡ ʧʨʠʨʦʜʦʡ ʢʘʥʘʣʦʚ (ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʠʭ 

ʩʪʨʫʢʪʫʨʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧ) [60]. 

ʉʚʷʟʳʚʘʥʠʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʠʤʝʁ-

ʱʠʭ ʧʩʝʚʜʦ-D3h ʩʠʤʤʝʪʨʠʶ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2D ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

[Fe2NiO(piv)6(L1)] (L = ʦʜʠʥ ʠʟ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʨʠʩ. 11). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫ-

ʨʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʫʩʪʦʡʯʠʚʦʡ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ, ʠ ʪʘʢʘʷ ʘʢ-

ʪʠʚʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʥʘ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ N2 ʠ H2. çʈʘʟ-

ʤʝʨʥʦʩʪʴè ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʧʫʪʝʤ çʫʜʘʣʝʥʠʷè ʦʜʥʦʡ ʠʟ N-

ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʠʟ ʣʠʛʘʥʜʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʛʘʥʜʘ L2, ʠʤʝʶʱʝʛʦ C2v ʩʠʤʤʝʪʨʠʶ, 

ʧʦʣʫʯʝʥ ʜʠʩʢʨʝʪʥʳʡ 24-ʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Fe2NiO(piv)6} 8{L2} 12], ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʢʫ-

ʙʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʣʘ ʢ ʢʦʣʣʘʧʩʫ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʩʦʝʜʠʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʝʨʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʧʦʣʠʤʝʨʦʤ. ʄʘʛ-

ʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʬʨʘʛ-

ʤʝʥʪʘ {Fe2NiO(piv)6}  [61]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ N-ʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ ʧʨʠʚʝʣʦ ʢ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʩʣʦʠʩʪʳʭ [Fe2NiO(piv)6(tpt)], [Fe2NiO(piv)6(L3)], [Fe2NiO(piv)6(L4)] ʠ ʮʝʧʦʯʝʯ-

ʥʦʛʦ [{Fe2NiO(piv)6} 4(L5)6] ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʨʠʩ. 12). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʣʶʯʝʚʫʶ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʪʦʧʦʣʦʛʠʠ ʧʦʣʫʯʝʥ-

ʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʠʛʨʘʝʪ ʪʠʧ ʧʦʣʠʧʠʨʠʜʠʥʦʚʦʛʦ ʤʦʩʪʠʢʦʚʦʛʦ ʣʠʛʘʥʜʘ. ʉʦʝʜʠ-

ʥʝʥʠʷ [Fe2NiO(piv)6(L2)] ʠ [Fe2NiO(piv)6(L3)] ʦʙʣʘʜʘʶʪ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʩʦʨʙʮʠʠ N2 ʠ H2 ʧʨʠ 78 K. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʨʠʩʪʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʤʝʨ [Fe2NiO(piv)6 (L2)] ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʢʦʥʜʝʥʩʘʮʠʠ ʩʘʣʠ-

ʮʠʣʘʣʴʜʝʛʠʜʘ ʠʣʠ 9-ʘʥʪʨʘʮʝʥʢʘʨʙʘʣʴʜʝʛʠʜʘ ʩ ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ. ʅʘʠʣʫʯʰʘʷ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʣʫʯʘʝ ʩʘʣʠʮʠʣʘʣʴʜʝʛʠʜʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʨʝʚʨʘʱʝʥʠʶ ʚ 2-

ʠʤʠʥʦ-2ʅ-ʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʠʪʨʠʣ ʩ ʚʳʭʦʜʦʤ 88% [62]. 
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ʈʠʩ. 11. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʩʠʥʪʝʟʝ ʩ [M¡M2O(piv)6(Hpiv)3] ʣʠʥʢʝʨʳ 

 

ʉʚʷʟʳʚʘʥʠʝ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʧʠʚʘʪʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [Fe2CoO(piv)6] ʩ ʧʦʤʦʱʴʶ 

redox-ʘʢʪʠʚʥʦʛʦ ʤʦʩʪʠʢʘ [Ni(L6)2] (L6H ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ 

ʛʠʜʨʘʟʠʜʘ 4-ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 2-ʧʠʨʠʜʠʥʢʘʨʙʘʣʴʜʝʛʠʜʘ) ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠ ʁʧʦʨʠʩʪʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [{Fe2CoO(piv)6}{Ni(L6) 2} 3/2]. ʂʨʠʩʪʘʣʣʠʯʝ-

ʩʢʘʷ ʨʝʰʝʪʢʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʠʟ 2D-ʩʣʦʝʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ, ʛʜʝ 

ʢʘʞʜʘʷ ʝʜʠʥʠʮʘ [Ni(L6)2] ʩʚʷʟʳʚʘʝʪ ʜʚʘ [Fe2CoO(piv)6] ʫʟʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʛʥʠʪ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʛʥʝʪʠʟʤʦʤ ʦʪ-

ʜʝʣʴʥʦ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʧʠʚʘʣʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʤʦʩʪʠʢʘ [Ni(L6)2], ʪʘʢ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʢʘʟʘʣʠ ʩʭʦʜʥʳʝ ʩ ʢʦʤʧʣʝʢ-

ʩʦʤ [Ni(L6)2] ʚ ʨʘʩʪʚʦʨʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʄʆʂʇ ʚ ʨʝʘʢʮʠʠ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʠ CHCl3 [63]. 
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ʈʠʩ. 12. ʉʭʝʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʘ 

{ Fe2MO(RCOO)6}. ɺʦʜʦʨʦʜʳ, ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝ ʧʦʢʘ-

ʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ [63] 

 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʄʆʂʇ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ 

ʧʨʦʬʝʩʩʦʨʘ ʌʝʨʨʝ̫ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ɺʝʨʩʘʣʷ. ʈʷʜ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʙʳʣ ʧʦʣʫ-

ʯʝʥ ʠʟ ʪʨʝʭʲʷʜʝʨʥʳʭ ʘʮʝʪʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M3O(OAc)6L3] (M = Fe, Cr, V, Ru, Mn, Co) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʷ-

ʤʦʤʫ ʦʙʤʝʥʫ ʤʝʞʜʫ ʘʮʝʪʘʪʥʳʤ ʠ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʝʭʲ-

ʷʜʝʨʥʳʝ ʙʣʦʢʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʛʝʦʤʝʪʨʠʶ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʄʆʂʇ. 

ɼʚʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ 

[Fe3O(CH3OH)3(succ)3] ʠ [Fe3O(CH3OH)3(adip)3] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʪʨʝʭʲʷʜʝʨʥʳʭ ʘʮʝʪʘʪʦʚ 

ʞʝʣʝʟʘ (III) ʠ ʷʥʪʘʨʥʦʡ (HOOC-C2H4-COOH) ʠʣʠ ʘʜʠʧʠʥʦʚʦʡ (HOOC-C4H8-COOH) ʢʠʩ-

ʣʦʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 13) [64]. ɺ ʵʪʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʪʨʝʭʲʷʜʝʨʥʳʝ { Fe3}  
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ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʙʣʦʢʠ ʩʚʷʟʘʥʳ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ ʚ ʢʘʨʢʘʩ, ʠʤʝʶʱʠʡ ʛʝʢʩʘ-

ʛʦʥʘʣʴʥʫ  ʁʪʦʧʦʣʦʛʠ.ʁ 

 
ʈʠʩ. 13. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘ ʧʨʠʤʝʨʝ MIL -88 [64] 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʢʘʨʢʘʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʝʬʪʘʣʘʪʥʳʭ (bdc
2ï

), 

2,6-ʥʘʬʪʘʣʠʥʜʠʢʘʨʙʦʢʩʠʣʘʪʥrʭ (ndc
2ï
) ʠ 4,4¡-ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ (bpdc

2ï
) ʣʠʥʢʝ-

ʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ 

ʜʠʥʘʤʠʢʫ (ʜʳʭʘʥʠʝ) ʧʨʠ ʩʦʨʙʮʠʠ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʷʚʣʝʥʠʝ çgate-openingè, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʛʠʩʪʝʨʝʟʠʩʦʤ ʤʝʞʜʫ ʠʟʦʪʝʨʤʘʤʠ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ. ʊʘʢʦʝ ʜʠ-

ʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʘʨʢʘʩʦʚ ʤʦʞʝʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ [65]. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʦʢʩʦʢʘʨʙʦʢʩʠʣʘʪʘ ʞʝʣʝʟʘ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ EXAFS ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʝʥʥʦʝ ʜʣʷ ʘʤʦʨʬʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʨʘʩʪʚʦʨʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʪʘʣʦ ʧʝʨʚʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʪʨʝʭʲʷʜʝʨʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʄʆʂʇ [66]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʩʠʥʪʝʟʝ 

[Fe3O(adip)3] ʚʥʘʯʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʦʨʬʥʦʡ ʬʘʟʳ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʪʚʦʨʷʝʪʩʷ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʥʝʯʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ ʧʨʦ-

ʮʝʩʩ ʘʥʘʣʦʛʠʯʝʥ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʮʝʦʣʠʪʦʚ, ʛʜʝ ʘʤʦʨʬʥʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʬʘʟʘ ʦʙʳʯʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʦʣʠʪʘ [67]. ɺ ʨʝʘʢʮʠʠ [Fe2M(ɛ3-O)(CH3COO)6] 

(M = Ni, Co, Mg) ʩ ʘʟʦʙʝʥʟʦʣʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʄʆʂʇ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ MIL -127. ʊʨʝʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʜʝʩʴ ʩʦʝʜʠʥʷʶʪʩʷ ʘʟʦ-

ʙʝʥʟʦʣʪʝʪʨʘʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦ-

ʨʠʩʪʳʭ ʧʦʣʠʤʝʨʦʚ (SBET> 1300 ʤ
2
Āʛ

-1
) ʩ ʠʥʪʝʨʝʩʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢʠʤʠ ʢʘʢ ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 
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ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʨʠʩ. 14) 

[68]. 

 

ʈʠʩ. 14. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ MIL -127 ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʉʣʝʚʘ ʥʘʧʨʘʚʦ, ʩʤʝʰʠʚʘʥʠʝ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʘʮʝʪʘʪʘ ʞʝʣʝʟʘ 

ʩ M(II) ʘʮʝʪʘʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʄʆʂʇ ʟʘʤʝʱʝʥʠʝʤ ʘʮʝʪʘʪ-ʘʥʠʦʥʘ [68] 

 

ʌʝʥʛ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ [Fe2M(ɛ3-O)(OAc)6] (M = Fe, Cr, Al , Sc, V, In) 

ʢʦʤʧʣʝʢʩʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 4-, 5- ʠ 6-ʩʚʷʟʥʳʭ ʫʟʣʦʚ (ʨʠʩ. 15) ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠ ̫ʘʮʝʪʘʪ-ʘʥʠʦʥʘ ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ.  

 

ʈʠʩ. 15. ʏʝʪʳʨʝ ʨʘʟʥʳʭ ʪʠʧʘ ʩʚʷʟʳʚʘʥʠʷ [Fe2M(ɛ3-O)] ʢʣʘʩʪʝʨʦʚ. ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ ʧʦʣʠ-

ʪʦʧʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʮʝʪʘʪʥʳʝ ʛʨʫʧʧʳ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤ ʠ ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ [69] 

 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʠʥʪʝʪʠʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 34 ʨʘʟ-

ʣʠʯʥʳʭ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʄʆʂʇ (ʨʠʩ. 16). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʣʠʛʘʥʜʳ ʦʪʣʠʯʘʶʪʩʷ 
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ʩʠʤʤʝʪʨʠʝʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʩʚʷʟʥʦʩʪʴʶ ʠ ʨʘʟʤʝʨʦʤ, ʩʪʨʫʢʪʫʨʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ 

{ Fe2M} ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʭ ʩʪʨʘ-

ʪʝʛʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʣʠ 1D, 2D, 3D ʄʆʂʇ. 

ʏʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʚ [Fe2M(ɛ3-O)(OAc)6] ʢʣʘʩʪʝʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ ʧʦ ʩʪʝʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ. ʋʚʝʣʠ-

ʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʟʘʤʝʜʣʷʝʪ ʨʝʘʢʮʠʶ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʘ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʤʝʜʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʫʣʫʯ-

ʰʘʝʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʧʨʦʜʫʢʪʘ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩʣʠʰʢʦʤ 

ʚʝʣʠʢʘ, ʨʝʘʢʮʠʦʥʥʳʝ ʨʘʩʪʚʦʨʳ ʦʩʪʘʶʪʩʷ ʧʨʦʟʨʘʯʥʳʤʠ ʙʝʟ ʚʳʧʘʜʝʥʠʷ ʚ ʦʩʘʜʦʢ ʢʘʢʦʛʦ-

ʣʠʙʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʤʝʱʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʠ ʚ ʩʪʦʨʦʥʫ ʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [69]. 

 
ʈʠʩ. 16. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʩʠʥʪʝʟʝ ʩ [Fe2M(ɛ3-O)(OAc)6] ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʣʠʥʢʝʨʳ 



 29 

1.4. ʃʠʥʝʡʥʳʝ M 3 ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ 

ɼʨʫʛʦʡ ʪʠʧ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ (II) ʩʦʜʝʨʞʠʪ ʝh-

ʩʪʠʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʚ ʮʝʥʪʨʝ ʩʚʷʟʘʥʥʳʡ ʩ ʯʝʪʳʨʝʭ- ʠʣʠ ʧʷʪʠʢʦʦʨʜʠʥʠ-

ʨʦʚʘʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʘ. ʊʨʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ ʩʦʝʜʠʥʷʶʪ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ 

ʤʝʪʘʣʣʘ ʩ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʢʦʥʮʝʚʳʭ ʢʘʪʠʦʥʦʚ, ʦʙʨʘʟʫʷ ʦʙʱʫʶ ʰʝʩʪʠʩʚʷʟʥʫʶ ʛʝʦʤʝʪʨʠʶ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʥʮʝʚʳʭ ʢʘʪʠʦʥʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʯʝ-

ʪʳʨʝ ʠʣʠ ʧʷʪʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʠ ʜʝʥʪʘʪʥʦʩʪʠ ʣʠʛʘʥʜʘ. ʅʝʩʤʦʪ-

ʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʄʆʂʇ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʥʝʝ ʠʟʫʯʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʢʘʨ-

ʙʦʢʩʠʣʘʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʙʣʦʢʘ [M3(AcO)6(2,2¡-bpy)2] (M = Mn
2+

, Co
2+

, Ni
2+

, 2,2¡-bpy = 2,2¡-ʙʠʧʠʨʠʜʠʣ). ɺ ʵʪʦʡ ʨʘʙʦ-

ʪʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʩʠʥʪʝʟʘ ʄʆʂʇ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʥʘʯʘʣʴʥʳʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʫʟʣʦʚ. 

4,4¡-ʦʢʩʠʙʠʩ(ʙʝʥʟʦʡʥʫ  ʁʢʠʩʣʦʪʫ) (H2obc) ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʦʛʦ ʣʠʥʢʝʨʘ 

(ʨʠʩ. 17). ʐʝʩʪʴ ʘʮʝʪʘʪʥʳʭ ʛʨʫʧʧ ʟʘʤʝʱʘʶʪʩʷ ʪʨʝʤʷ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ M3(obc)3(L)2. ʇʦʣʫʯʝʥʥʳʝ ʄʆʂʇ ʩʦʜʝʨʞʘʪ ʠʩʭʦʜʥʳʡ ʪʨʝʭʲʷʜʝʨʥʳʡ ʚʪʦʨʠʯ-

ʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ ʠ ʠʤʝʶʪ ʦʜʠʥ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʳ: ʪʨʝʭʤʝʨʥʳʝ ʧʦʨʠʩʪʳʝ 

ʩʪʨʫʢʪʫʨʳ (ʪʠʧ 1) ʠ 2D ʩʪʨʫʢʪʫʨʳ ʩ ʦʪʢʨʳʪʳʤʠ ʢʘʥʘʣʘʤʠ (ʪʠʧ 2), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

17. ɺ 3D-ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ʢʘʥʘʣ rʚʜʦʣʴ ʦʩʠ a [70]. 

 

ʈʠʩ. 17. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʣʠʥʝʡʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ɾʝʣʪʳʤ ʦʙʦʟʥʘʯʝʥʳ obc
2ï

 ʣʠʛʘʥʜʳ, ʩʠʥʠʤʠ ʰʘʨʘʤʠ ï ʢʘ-

ʪʠʦʥʳ ʤʝʪʘʣʣʦʚ [70] 
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1.5. M 4 ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʙʣʦʢʠ 

ʏʝʪʳʨʝʭʲʷʜʝʨʥʳʡ ʦʩʥʦʚʥʦʡ ʘʮʝʪʘʪ ʮʠʥʢʘ(II) [Zn4O(AcO)6] ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʭ ʜʣʷ ʙʝʨʠʣʣʠʷ (II) ʠ 

ʢʦʙʘʣʴʪʘ (II). ʎʝʥʪʨʘʣʴʥʳʡ ɛ4-O
2ï

 ʦʢʩʦʘʥʠʦʥ ʩʦʝʜʠʥʷʝʪ ʯʝʪʳʨʝ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʚ ʪʝʪʨʘʵʜ-

ʨʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʘʞʜʘʷ ʧʘʨʘ ʢʘʪʠʦʥʦʚ ʩʚʷʟʘʥʘ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ. ʀʜʝʘʣʴʥʘʷ ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʦʩʥʦʚʥʳʭ ʢʘʨʙʦʢʩʠ-

ʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [M4O(RCOO)6] ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʙʣʦ-

ʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʪʷʞʝʥʥʳʭ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʢʘʨʢʘʩʦʚ ʩ ʧʨʠʤʠʪʠʚʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʪʦʧʦʣʦʛʠʝʡ (ʨʠʩ. 18) ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʳʭ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʊʘʢʘʷ ʠʜʝʷ ʙʳʣʘ 

ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʆ. ʗʛʠ ʠ ʄ. ʆ'ʂʠʬʬʦʤ, ʭʦʪʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʧʠʩʘʥʥʳʭ ʩʠʥʪʝʟʘʭ 

ʟʥʘʤʝʥʠʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʧʦʨʠʩʪʳʭ ʢʘʨʢʘʩʦʚ IRMOF (ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʝ MOF-5 ʩʪʨʫʢʪʫʨʳ) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʩʪʳʝ ʩʦʣʠ ʮʠʥʢʘ (II). 

 
ʈʠʩ. 18. ʉʝʨʠʷ ʄʆʂʇ ʩ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ ʩʝʤʝʡʩʪʚʘ ï IRMOF ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʜʠʢʘʨʙʦʢʩʠʣʘʪ-

ʥʳʭ ʣʠʥʢʝʨʦʚ 

 

ʍʘʫʩʜʦʨʬ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʙʳʣʠ ʧʝʨʚʳʤʠ, ʢʪʦ ʨʝʘʣʠʟʦʚʘʣ ʠʜʝʶ ʧʦʰʘʛʦʚʦʛʦ ʩʠʥʪʝʟʘ 

ʥʝ ʪʦʣʴʢʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʮʠʥʢ-ʢʘʨʙʦʢʩʠʣʘʪʘ (ʩʝʨʠʠ IRMOF), ʥʦ ʪʘʢʞʝ ʛʦʤʦʣʦʛʦʚ 

ʢʦʙʘʣʴʪʘ ʠ ʙʝʨʠʣʣʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʩʠʥʪʝʟʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝ-

ʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʮʝʪʘʪʳ [Zn4O(OAc)6] ʠ [Be4O(OAc)6], ʘ ʪʘʢʞʝ ʜʠʤʝʨʥʳʡ [Co4O(t-

BuCOO)6] ʧʠʚʘʣʘʪ (ʨʠʩ. 19) [71]. 
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ʈʠʩ. 19. ʉʪʨʫʢʪʫʨʘ ʜʠʤʝʨʥʦʛʦ [Co8(ɛ4-O)2(ɛn-OOCCMe3)12]. ɼʚʘ ʥʘʙʦʨʘ ʪʝʪʨʘʵʜʨʦʚ Co4O, ʩʦʜʝʨ-

ʞʘʱʠʭʩʷ ʚ ʧʨʝʢʫʨʩʦʨʝ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʧʠʚʘʣʘʪ-ʘʥʠʦʥʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʪʝʪʨʘʵʜʨʵʜʨʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʚʪʦʨʠʯʥʦʤʫ ʩʪʨʦʠʪʝʣʴʥʦʤʫ ʙʣʦʢʫ ʚ MOF-5 (Co) ʠ ʧʦʢʘʟʘʥ ʢʨʘʩʥʳʤ ʠ 

ʩʠʥʠʤ ʮʚʝʪʦʤ [71] 

 

ʅʘʥʦʯʘʩʪʠʮʳ MOF-5 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʜʚʫʭ ʨʘʩʪʚʦʨʦʚ 

[Zn4O(PhCOO)6] ʠ H2bdc [72]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦ-

ʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʢʘʟʳʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ, ʚʳʟʚʘʥʥʦʝ ʧʨʦʩʪʳʤ ʥʘʛʨʝʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ Zn(NO3)2 ʠ ʪʝ-

ʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʠʚʝʣʦ ʢ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʡ ʢʘʨʪʠʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ, ʢʦʛʜʘ ʨʦʩʪ 

ʥʘʥʦʯʘʩʪʠʮ ʪʨʝʙʦʚʘʣ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʥʫʢʣʝʘʮʠʠ [73]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʤʦ-

ʜʫʣʷʪʦʨʘ (4-ʜʝʮʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ)  ʧʦʩʣʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʩʤʝʰʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ [Zn4O(PhCOO)6] ʠ H2bdc ʧʨʠʚʦʜʠʪ ʢ ʫʟʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁʯʘʩʪʠʮ 

ʧʦ ʨʘʟʤʝʨʘʤ. ʕʪʦʪ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʦʣʦʯʢʠ ʤʦʣʝʢʫʣʘʤʠ ʤʦʥʦʜʝʥ-

ʪʘʪʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʝ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʯʘʩʪʠʮ [74]. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ in situ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʄʆʂʇ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʦʢʦʥʲʶʛʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʄʆʂʇ (ʨʠʩ. 20). 

 

ʈʠʩ. 20. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʷʪʦʨʘ DBA (4-ʜʝʮʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ) ʚ ʨʝʘʢʮʠʠ ʧʨʝʜʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Zn4O(C6H5COO)6] ʠ H2bdc ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʢʨʳʪʠʝʤ [72] 

 



 32 

ʅʝʜʘʚʥʦ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ Zn4O ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [75]. ɹr ʣʠ ʚʳʷʩʥʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʢʠʩʣʦʪ-

ʥʦʩʪʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠʣʠ ʘʤʠʜʘʪʥʦʡ ʛʨʫʧʧʳ ʚ ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʤ ʧʨʝʢʫʨʩʦʨʝ Zn 

(II), ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ ʚ ʧʨʦʜʫʢ-

ʪʝ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʦʣʫʯʝʥʠʷ MOF-5. ɹʳʣʦ ʫʩʧʝʰʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ Zn4O ʥʘ ʦʩʥʦʚʝ ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʘ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʝʢʫʨʩʦʨʦʤ (ʨʠʩ. 21). ɺ ʨʘʙʦʪʝ ʂʫʙʠʣʴʷʩʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ [76] 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʤʦʩʪʠʢʦʚʳʝ ʜʠʪʦʧʥʳʝ ʣʠʛʘʥʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʄʆʂʇ ʪʠʧʘ IRMOF ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʦʙʨʘ-

ʟʦʚʘʚʰʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ. 

 
ʈʠʩ. 21. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʧʦʣʫʯʝʥʠʷ MOF-5 [76] 

 

1.6. ʉʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ M6 

ɺ 2008 ʛʦʜʫ ʃʠʣʝʨʘʜ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʧʦʣʫʯʝʥʠʠ ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʭ ʧʦ-

ʨʠʩʪʳʭ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʠʷʜʝʨʥʦʛʦ Zr (IV) ʦʢʩʦʛʠʜʨʦʢcʦʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ 

[Zr6O4(OH)4(RCOO)12] ʙʣʦʢʘ ʠʟ ZrCl4. ɹʣʘʛʦʜʘʨʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ, ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʘ ʩʝʨʠʷ 

ʢʘʨʢʘʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʥʘ ʦʩʥʦʚʝ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ 

[Zr6O4(OH)4(bdc)6], ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ UiO-66, ʙʳʩʪʨʦ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʟʫʯʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʄʆʂʇ. ʇʦʟʞʝ, ɻʠʡʝʨʤ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʩʦʦʙʱʘʶʪ ʦ ʨʘʮʠʦ-

ʥʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʫʪʝʤ ʦʙʤʝʥʘ ʤʦʥʦʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʰʝʩʪʠ-

ʷʜʝʨʥʦʛʦ ʤʝʪʘʢʨʠʣʘʪʘ ʮʠʨʢʦʥʠʷ (met
ï
) [Zr6O4(OH)4(met)12] ʩ ʘʥʠʦʥʘʤʠ ʜʠʢʘʨʙʦʥʦʚʦʡ ʪʝ-

ʨʝʬʪʘʣʝʚʦʡ ʠʣʠ ʪʨʘʥʩ-, ʪʨʘʥʩ-ʤʫʢʦʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʨʠʠ 

ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʭ UiO ʢʘʨʢʘʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 22). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʪʠ ʢʦʦʨʜʠʥʘʮʠ-
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ʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥ rʠʟ ZrCl4 ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʝʜʰʝ-

ʩʪʚʝʥʥʠʢʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (25-200ÁC) ʠʣʠ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ (1 ʯ ï 4 ʜʥʷ). 

ʅʘʧʨʦʪʠʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʝʩʪʠʷʜʝʨʥʦʛʦ Zr(IV) ʦʢʩʦʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʣʝʛʢʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʪʝʭʠʦʤʝʪʨʠʠ ʤʝʪʘʣʣ/ʣʠʛʘʥʜ, 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ [77]. 

ɻʨʘʤʤʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʄʆʂʇ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʩʙʦʨʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʥʢʝʨʘ ʠ ʣʝʛʢʦ ʜʦʩʪʫʧʥʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ 

ʮʠʨʢʦʥʠʝʚʦʛʦ ʢʣʘʩʪʝʨʘ [Zr6O4(OH)4]
12+

 [78]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʵʪʘʧʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ, ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʩʠʥʪʝ-

ʟʘ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʄʆʂʇ ʪʠʧʘ UiO. 

 
ʈʠʩ. 22. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ ʧʦʨʠʩʪʦʛʦ ʜʠʢʘʨʙʦʢʩʠʣʘʪʘ Zr (ʩʧʨʘʚʘ) ʠʩʭʦʜʷ ʠʟ 

Zr6 ʤʝʪʘʢʨʠʣʘʪʥʦʛʦ ʦʢʩʦʢʣʘʩʪʝʨʘ (ʩʣʝʚʘ). ʇʦʣʠʵʜʨʳ ʤʝʪʘʣʣʦʚ, ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʧʦʢʘ-

ʟʘʥʳ ʟʝʣʝʥʳʤ, ʩʝʨʳʤ ʠ ʢʨʘʩʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [78] 

 

ʅʝʜʘʚʥʦ ʙʳʣ ʦʧʠʩʘʥ ʠʥʪʝʨʝʩʥʳʡ ʧʨʠʤʝʨ ʩʠʥʪʝʟʘ 1D-ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

[Mn6O2(piv)10(bpy)(Hpiv)2] ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʰʝʩʪʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Mn6O2(piv)10(Hpiv)2] [79]. ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʠʦʥʦʚ Mn: ʥʘʭʦ-

ʜʷʱʠʝʩʷ ʚ ʷʜʨʝ ʢʦʤʧʣʝʢʩʘ ʜʚʘ ʠʦʥʘ Mn (III) ʠ ʚʥʝʰʥʠʝ ʯʝʪʳʨʝ ʠʦʥʘ Mn (II) ï ʦʥʠ ʦʙʨʘʟʫ-

ʶʪ ʩʤʝʰʘʥʥʦ-ʚʘʣʝʥʪʥʳʡ ʰʝʩʪʠʷʜʝʨʥʳʡ ʫʟʝʣ. ɺʩʝ ʠʦʥʳ Mn ʦʢʨʫʞʝʥʳ ɛ2- ʠ ɛ3-

ʧʠʚʘʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʘ { Mn6O2(tBuCOO)10}. ʏʝʪʳʨʝ ʚʘʢʘʥʪʥʳʭ 

ʤʝʩʪʘ ʥʘ ʚʥʝʰʥʠʭ ʠʦʥʘʭ Mn(II) ʨʘʟʣʠʯʘʶʪʩʷ ʜʚʫʤʷ ʚʠʜʘʤʠ ʣʠʛʘʥʜʦʚ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ: 

ʢʘʪʠʦʥʳ ʧʝʨʚʦʛʦ ʪʠʧʘ Mn(II) ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʧʠʚʘʣʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘ-

ʤʠ, ʘ ʚʪʦʨʦʡ ʪʠʧ ʢʘʪʠʦʥʦʚ Mn (II) ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʤʦʩʪʠʢʦʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ bpy ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʦʜʥʦʤʝʨʥʦʡ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʮʝʧʠ. 

ɺ ʨʘʙʦʪʝ ɺ.ʀ. ʆʚʯʘʨʝʥʢʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ [80] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [Mn6O2(piv)10(thf)4] ʩ 2,4,4,5,5-ʧʝʥʪʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣʠʣ-3-ʦʢʩʠʜ-

1-ʦʢʩʠʣ (NIT-Me) ʜʘʝʪ ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʩʧʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʠʥʪʝʟʝ. ʉʨʝʜʠ ʥʠʭ ʜʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ ʩ ʮʝʧʦʯʝʯʥʦʡ 

[Mn6O2(piv)10(thf)2(NIT-Me)Mn6O2(piv)10(thf)(CH2Cl2)(NIT-Me)] ʠ ʘʣʤʘʟʦʧʦʜʦʙʥʘʷ ʩʪʨʫʢ-
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ʪʫʨʦʡ [Mn6O2(piv)10(NIT-Me)2] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʤʝʥʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝ-

ʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʨʠʩ. 23). 

ʊʨʠ ʥʦʚʳʭ 2D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [Mn6O2(RCOO)10] (R = CHMe2, CMe3) ʠ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠ-

ʯʘʶʪʩʷ ʛʠʙʢʦʩʪʴʶ ʠ ʜʣʠʥʦʡ. ʉʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ ʰʝʩʪʠʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ {Mn6} ʧʠʚʘʣʘʪʥʦʛʦ ʷʜʨʘ ʩ ʧʦʤʦʱʴʶ ʞʝʩʪʢʠʭ ʠʟʦʥʠʢʦʪʠʥʘʤʠʜʥʳʭ (ina) ʠʣʠ ʧʦ-

ʣʫʞʝʩʪʢʠʭ ʘʣʴʜʠʪʠʦʣʦʚʳʭ (adt) ʣʠʥʢʝʨʦʚ, ʯʪʦ ʜʘʝʪ [Mn6O2(piv)10(ina)2] ʠ 

[Mn6O2(piv)10(adt)2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʜʚʫʤʝʨʥʦʡ (4,4) ʪʦʧʦʣʦʛʠʝʡ. ɺ ʜʨʫʛʦʤ ʧʨʠʤʝʨʝ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩʦʩʪʘʚʘ [Mn6O2(O2CCHMe2)10(adt)2] ʰʝʩʪʠʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʳ ʩ ʠʟʦʙʫʪʠʨʘʪʦʤ 

(Mn6) ʩʚʷʟʘʥʳ ʘʣʴʜʠʪʠʦʣʦʤ (adt) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʦʛʦ ʩʣʦʷ [81]. 

 
ʈʠʩ. 23. ʆʙʨʘʟʦʚʘʥʠʝ 3D ʩʪʨʫʢʪʫʨʳ ʩ ʘʣʤʘʟʥʦʡ ʪʦʧʦʣʦʛʠʝʡ (ʩʧʨʘʚʘ), ʮʝʧʦʯʢʠ (ʩʣʝʚʘ) ʠ ʜʠʤʝʨʦʚ 

(ʧʦʩʝʨʝʜʠʥʝ) (CH3 ʠ (CH3)3C ʣʠʛʘʥʜʦʚ ʥʝ ʧʦʢʘʟʘʥʳ) [81] 

 

1.7. ʅʝʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ʉ 1978 [82] ʛʦʜʘ ʠʟʚʝʩʪʥʳ ʧʷʪʠʷʜʝʨʥʳʝ 1,2,3-ʪʨʠʘʟʦʣʘʪʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʂʫʨʘʪʦʚʩʢʦʛʦ [M5(tz)6L4]
n+/-

, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʧʦʩʣʝ ʨʘʙʦʪʳ ɺʦʣɹ-

ʢʤʝʨʘ [83]. ʏʝʪʳʨʝ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ ʪʝʪʨʘʵʜʨ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʧʷ-

ʪʳʡ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ. ʐʝʩʪʴ ʪʨʠʘʟʦʣʘʪʥʳʭ ʘʥʠʦʥʦʚ ʟʘʥʠʤʘʶʪ ʛʨʘʥʠ ʪʝʪʨʘʵʜʨʘ, ʢʦʦʨʜʠʥʠ-

ʨʫʷ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʠ ʜʚʘ ʘʪʦʤʘ ʚ ʚʝʨʰʠʥʘʭ ʪʝʪʨʘʵʜʨʘ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʣʷ Cu
II
, Zn

II
 ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʜʣʷ Cd

II
, Ni

II
 ʠ Co

II
. ɼʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʘʥʠʦʥʥʳʝ ʣʠʛʘʥʜʳ (L) ʢʦʦʨʜʠʥʠʨʫʶʪ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʚ ʚʝʨʰʠʥʘʭ ʪʝʪʨʘʵʜʨʘ. 

ʕʪʠ ʘʥʠʦʥʥʳʝ ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʱʝʥʳ ʥʘ ʧʦʣʠʪʦʧʥʳʝ ʣʠʛʘʥʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʄʆʂʇ ʩʪʨʫʢʪʫʨ. ɺʘʥ ʠ ʜʨ. ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʘʥʠʦʥʳ ʥʠʪʨʘʪʦʚ ʚ [Zn5(btz)6(NO3)4] 

(btz = ʙʝʥʟʦʪʨʠʘʟʦʣʘʪ) ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʣʠʥʝʡʥʳʤʠ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, 
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ʪʘʢʠʤʠ ʢʘʢ ʪʝʨʝʬʪʘʣʘʪ (bdc
2ï
), ʘʤʠʥʦʪʝʨʝʬʪʘʣʘʪ (NH2-bdc

2ï
) ʠʣʠ 4,4¡-

ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪ (bpdc
2ï
), ʦʙʨʘʟʫʷ ʯʝʪʳʨʝʭʩʚʷʟʥʳʝ ʘʣʤʘʟʦʧʦʜʦʙʥʳʝ ʩʝʪʢʠ ʩ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʚʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʷ (ʨʠʩ. 24) [84]. ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʨʝʬʪʘʣʘʪʘ 

[Zn5(btz)6(bdc)2] ʠ [Zn5(btz)6(NH2-bdc)2] ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ, ʦʙʨʘʟʫʷ ʯʝʪʳʨʝ ʨʘʟʘ 

ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʝ ʩʝʪʢʠ. ɼʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʲʝʤ ʚ [Zn5(btz)6(bdc)2] ʩʦʩʪʘʚʣʷʝʪ 

46%, ʘ ʤʠʢʨʦʧʦʨʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʤʝʨʝʥʠʷʤʠ ʘʜʩʦʨʙʮʠʠ ʘʟʦ-

ʪʘ (Vʧʦʨ = 0,41 ʤʣĀʛ
-1

, SBET = 850 ʤ
2
Āʛ

-1
). ɹʦʣʝʝ ʜʣʠʥʥʳʡ bpdc

2ï
 ʣʠʥʢʝʨ ʚ [Zn5(btz)6(bpdc)2] 

ʧʨʠʚʦʜʠʪ ʢ ʰʝʩʪʠʢʨʘʪʥʦʤʫ ʚʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʶ ʩʝʪʦʢ ʩ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙ̡-

ʝʤʦʤ ʚ 45%. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʩʝʪʦʢ ʚ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ [Zn5(btz)6(bdc)2] ʠ [Zn5(btz)6(bpdc)2] ʨʘʟʣʠʯʥʦ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦ-

ʥʳ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʪʝʥʮʠʘʣ ʧʦʰʘʛʦʚʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫ-

ʨ r ʠ ʩʚʷʟʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʘ ʪʘʢʞʝ ʦʙʱʝʡ ʪʦʧʦʣʦʛʠʠ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʷʝʪ  ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥ ɹʚʟʘʠʤʦ-

ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʨʢʘʩʦʚ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʨʘʟʤʝʨʦʚ ʣʠʥʢʝʨʘ. 

 
ʈʠʩ. 24. ɿʘʤʝʱʝʥʠʝ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʥʢʝʨʘʤʠ ʚ ʢʦʤʧʣʝʢʩʝ ʂʫʨʘʪʦʚʩʢʦʛʦ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ [84] 

 

ʀʥʪʝʨʝʩʥʳʡ ʪʨʠʥʘʜʮʘʪʠʷʜʝʨʥʳʡ ʩʤʝʰʘʥʥʦ-ʚʘʣʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ Mn (II /III ) 

[(Mn13(ɛ4-O)6(ɛ-OH)2(ɛ-CH3O)4(CH3OH)2(tert-butyl-PO3)10(4-picoline)4] ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ 

MnCl2 ʠ KMnO4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪ-ʙʫʪʠʣʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (tert-butyl-PO3H2) ʠ 4-

ʧʠʢʦʣʠʥʘ ʚ ʤʝʪʘʥʦʣʝ (ʨʠʩ. 25) [85]. ʂʘʪʠʦʥʳ ʪʨʠʥʘʜʮʘʪʠ Mn ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʦʢʩʦ-, 

ʛʠʜʨʦʢʩʦ-, ʤʝʪʘʥʦʣʘʪ- ʠ ʬʦʩʬʠʥʘʪ-ʘʥʠʦʥʘʤʠ. ɺʥʝʰʥʷʷ ʧʝʨʠʬʝʨʠʷ ʧʦʣʠʷʜʝʨʥʦʛʦ ʙʣʦʢʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʧʠʢʦʣʠʥʦʚʳʤʠ ʠ ʤʝʪʘʥʦʣʴʥʳʤʠ ʣʠʛʘʥ-

ʜʘʤʠ. ɹʳʣʦ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ 

{Mn 13} ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʥʘ ʤʦʩʪʠʢʦʚʳʝ 4,4-ʪʨʠʤʝʪʠʣʝʥʜʠʧʠʨʠʥʦʚʳʝ ʣʠʛʘʥʜʳ (bpp), 

ʦʙʨʘʟʫʷ ʮʝʧʦʯʝʯʥʳʡ 1D-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʡ ʙʦʣʴʰʠʝ ʧʫʩʪʦʪʳ ʠ ʢʘ-

ʥʘʣʳ. ʈʉɸ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʩʦʩʪʘʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʨʘʛʤʝʥʪʦʚ {Mn 13} ʚ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʦʣʠʤʝʨʝ ʠʜʝʥʪʠʯʥʳ ʪʘʢʦʚʳʤ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʢʦʤʧʣʝʢʩʝ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʧʦʩʪʩʠʥʪʝʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʨʘʩʪʚʦʨʦʤ TCNQ ʧʨʠʚʦʜʠʪ ʢ 

ʢʦʦʨʜʠʥʘʮʠʠ TCNQ
Åï

 ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ { Mn
III

13} ʙʣʦʢʘʤ, ʢʦʪʦʨʳʝ 

ʦʩʪʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʦ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ. ɼʣʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʠ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʳ ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʩʧʠʥʦʚ {Mn
III

13} ʩ S = 2 ʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ TCNQ (S = İ). 

 

ʈʠʩ. 25. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʧʦʯʝʯʥʦʛʦ ʧʦʣʠʤʝʨʘ (a); ʋʧʘʢʦʚʢʘ ʮʝʧʦʯʝʢ ʚ ʩʪʨʫʢʪʫʨʝ ʚʠʜ 

ʚʜʦʣʴ ʦʩʠ b (b); ʋʧʘʢʦʚʢʘ ʚ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʰʘʨʘʭ, ʧʦʢʘʟʘʥʘ ʩ ʜʚʫʭ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (c); 

ʩʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʘ TCNQ ʤʦʣʝʢʫʣʳ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʤʝʪʘʥʦʣʘ, ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʟʘʤʝʱʝʥʠʷ (d); ʮʚʝʪʦʚʘʷ ʩʭʝʤʘ; Mn ï ʛʦʣʫʙʦʡ, O ï ʢʨʘʩʥʳʡ, P ï ʬʠʦʣʝ-

ʪʦʚʳʡ, N ï ʩʠʥʠʡ, C ï ʯʝʨʥʳʡ [85] 

 

ʂʦʤʧʣʝʢʩ [Cu4OCl6L4] (L = ʤʦʥʦʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʪʨʘʵʜʨʠ-

ʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʯʝʪʳʨʴʤʷ ʢʘʪʠʦʥʘʤʠ Cu(II), ʟʘʥʠʤʘʶʱʠʤʠ ʚʝʨʰʠʥʳ ʪʝʪʨʘʵʜʨʘ, ʚ ʮʝʥ-

ʪʨʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ɛ4-O. ʄʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ 

ʢʘʪʠʦʥʘʤ Cu, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʝʪʳʨʝʭʩʚʷʟʥʫʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʪʘʢʠʭ ʪʝʪʨʘʷʜʝʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʙʣʦʢʦʚ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʘʢʦʤ ʙʣʦʢʝ, ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ 

[Cu4OCl6(MeOH)4] ʩ dabco ʚ ʤʝʪʘʥʦʣʝ (ʨʠʩ. 26) [86]. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʜʚʘʞʜʳ 

ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʡ ʢʘʨʢʘʩ ʥʘ ʦʩʥʦʚʝ ʯʝʪʳʨʝʭʩʚʷʟʥʳʭ ʫʟʣʦʚ ʩ ʮʝʦʣʠʪʦʧʦʜʦʙʥʦʡ ʪʦʧʦʣʦʛʠ-

ʝʡ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʢʘʥʘʣʳ 11,4 ¡, ʟʘʧʦʣʥʝʥʥʳʝ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷ, ʧʨʦʭʦʜʷʪ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c. ʊɻɸ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠ ̫ʠ ʈʌɸ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦ ʜʦ 170Áʉ. 
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ʈʠʩ. 26. ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ (ʩʣʝʚʘ) ʠ ʝʛʦ ʫʧʨʦʱʝʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ (ʩʧʨʘʚʘ) (a); ʫʧʘʢʦʚʢʘ ʚʟʘʠʤʦʧʨʦʨʦʩʰʝʡ ʩʝʪʢʠ ʚ ʩʪʨʫʢʪʫʨʝ (ʥʝʟʘʚʠʩʠʤʳʝ ʩʝʪʢʠ ʧʦʢʘ-

ʟʘʥʳ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ) (b); ʫʧʨʦʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʧʘʢʦʚʢʠ ʩʝʪʦʢ (c); ʊʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ (d, e) [86] 

 

1.8. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʦʥʮʝʧʮʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʘʷ ʚ ʣʠʪʝʨʘ-

ʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʩʠʥʪʝʟ  ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘ-

ʩʦʚ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʛʘʥʜʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪ ɹʢ ʧʦʣʫʯʝʥʠʶ ʫʥʠʢʘʣʴ-

ʥʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʣʫʯʝʥʳ ʠʩʭʦʜʷ ʠʟ 
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ʧʨʦʩʪʳʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝ-

ʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʄʥʦʛʠʝ ʧʦʜʭʦʜʷʱʠʝ 

ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʠʟʚʝʩʪʥʳ ʠ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʰʘʛʦʚʦʛʦ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʩʪʘʷ 

ʩʘʤʦʩʙʦʨʢʘ ʠʟ ʤʦʥʦʷʜʝʨʥʳʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ ʜʦ ʩʠʭ ʧʦʨ ʜʦʤʠʥʠʨʫʝʪ ʩʨʝʜʠ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʤ ʦʙʟʦʨʝ ʦʙʦʙʱʝʥʳ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʜʠʟʘʡʥʘ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʠʟ 

ʜʠʩʢʨʝʪʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠ ʦʛʨʦʤʥʘ ̫ʟʥʘʯʠʤʦʩʪʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʞʝʣʘʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʴʶ [87]. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʙʨʦʤʦʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʘʤʠʥʦʪʝ-

ʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʥʠʪʨʦʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʪʨʠʤʝʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, 1,3,5-

ʙʝʥʟʦʣʪʨʠʩʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, ʠʟʦʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, 1,4-ʥʘʬʪʘʣʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 

2,6-ʥʘʬʪʘʣʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 4,4'-ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ,  2,5-

ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 2,5-ʪʠʦʬʝʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 4,4'-ʙʠʧʠʨʠʜʠʣ, 4,4'-

ʙʠʧʠʨʠʜʠʣʧʨʦʧʘʥ, ʜʠʘʟʦʙʠʮʠʢʣʦʦʢʪʘʥ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ, N-

ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ, ʘʮʝʪʦʥ, ʘʮʝʪʦʥʠʪʨʠʣ, ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʘʮʝʪʦʬʝʥʦʥ, ʧ-ʢʩʠʣʦʣ, ʮʠʢʣʦʛʝʢ-

ʩʘʥ, ʘʥʠʟʦʣ, ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ, ʥʠʪʨʦʙʝʥʟʦʣ ʙʳʣʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʝ ʥʠʞʝ çʭ.ʯè. ʇʠʚʘʣʘʪ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ [Li 2Zn2(piv)6(py)2], [Li 2Co2(piv)6(py)2], [Co2Gd(NO3)(piv)6(py)2], 

[Zn2Eu(OH)(piv)4(NO3)2(phen)2], [Cd2Eu(piv)7(H2O)2] ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥ rʜ.ʭ.ʥ. ʄ.ɸ. ʂʠʩ-

ʢʠʥʳʤ (ʀʥʩʪʠʪʫʪ ʆʙʱʝʡ ʠ ʅʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ). ʀʂ ʩʧʝʢʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 4000-

400 ʩʤ
-1

 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʪʘʙʣʝʪʢʘʭ ʩ KBr ʥʘ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ Vertex 80 ʚ ʃʘʙʦʨʘʪʦ-

ʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʀʅʍ ʉʆ ʈɸʅ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ He ʥʘ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʝ NETZSCH TG 209 F1 ʧʨʠ ʣʠʥʝʡ-

ʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 10/̄ʤʠʥ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ ʘʥʘʣʠʪʠ-

ʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʅʍ ʉʆ ʈɸʅ ʥʘ ʧʨʠʙʦʨʝ Eurovector 600. ɼʘʥʥʳʝ ʈʌɸ ʧʦʣʫʯʝʥʳ ʥʘ 

ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Shimadzu XRD 7000S (ʠʟʣʫʯʝʥʠʝ Cu-KŬ, ɚ = 1,54056 ¡). 

ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘʧʠʩʘʥʳ ʥʘ ʧʨʠʙʦʨʝ Varian Cary Eclipse.  

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʨʘʟʮʳ ʘʢʪʠʚʠʨʦʚʘʣʠ ʟʘʤʝʥʷʷ 

ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣ ɹʥʘ ʘʮʝʪʦʥ, ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʘʮʝʪʦʥʝ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʩ 

ʟʘʤʝʥʦʡ ʘʮʝʪʦʥʘ ʜʚʘʞʜʳ, ʟʘʪʝʤ ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ ʚ ʧʨʠʙʦʨʝ ʧʦʜ ʚʘʢʫʫʤʦʤ (30 ʤʊʦʨʨ) ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 50ï100Áʉ ʚ ʪʝʯʝʥʠʝ 4ï12 ʯ. ʆʙʨʘʟʮʳ ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʩʦʨʙʮʠʠ 

ʧʘʨʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ ʧʦʜ ʚʘʢʫʫʤʦʤ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʜʣʷ ʫʜʘ-

ʣʝʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ. ʉʦʨʙʮʠʷ ʛʘʟʦʚ ʠʟʤʝʨʝʥʘ ʥʘ ʚʦ-

ʣʶʤʝʪʨʠʯʝʩʢʦʤ ʩʦʨʙʪʦʤʝʪʨʝ Quantochrome Autosorb IQ, ʧʘʨʦʚ ï  Quantochrome Autosorb 

IQ ʩ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʨʙʮʠʠ ʧʘʨʦʚ ʩʦ ʩʪʝʢʣʷʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʦʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (77K), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦʢʫʣʝʨʘ (195K) ʠ ʪʝʨʤʦʩʪʘʪʘ 

(273 ʠ 293K). ʉʦʨʙʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʭ.ʥ. ʂ. ɸ. 

ʂʦʚʘʣʝʥʢʦ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʤʝʩʴ 

ʙʝʥʟʦʣ:ʮʠʢʣʦʛʝʢʩʘʥ ʩ ʟʘʜʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʙʘ-

ʥʦʯʢʫ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ, ʜʘʣʝʝ ʚ ʵʪʫ ʙʘʥʦʯʢʫ ʧʦʤʝʱʘʣʠ ʦʪʢʨʳʪʫʶ ʚʠʘʣʫ 

ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ ʄʆʂʇ ʪʘʢ, ʯʪʦʙʳ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʥʝ 
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ʜʦʭʦʜʠʣ ʜʦ ʢʨʘʝʚ ʚʠʘʣʳ. ʉʦʨʙʮʠʷ ʧʘʨʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʪʝʯʝʥʠʝ 0.33, 0.66, 1, 3, 24 ʯʘʩʘ. 

ʇʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʠ ʚ ʨʘʩʪʚʦʨ DMF:d7-DMF (1:1), ʚʳʜʝʨʞʠʚʘʣʠ 48 ʯʘʩʦʚ ʠ ʨʘʩ-

ʪʚʦʨ ʦʪʜʘʚʘʣʠ ʥʘ 
1
H-ʗʄʈ ʘʥʘʣʠʟ. 

ʉʠʥʪʝʟ [Zn(Hipdc)2]ĿDMF (1). ʅʘʚʝʩʢʠ [Li 2Zn2(piv)6(py)2] (0.002 ʛ, 0.002 ʤʤʦʣʴ) ʠ  

ʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ (0.002 ʛ, 0.014 ʤʤʦʣʴ) ʚ 1 ʤʣ  ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʟʘʧʘʷʣʠ ʚ ʩʪʝʢʣʷʥ-

ʥʦʡ ʘʤʧʫʣʝ ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 100ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴ-

ʥʳʝ ʧʣʦʩʢʠʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʈʉɸ. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʙʳʣʠ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ (H2NMe2)[Li 2Zn3(H2O)(dmf)(Hbtc)3(btc)]Ŀ6DMFĿH2O (2). ʅʘʚʝʩʢʠ  

[Li 2Zn2(piv)6(py)2] (0.002 ʛ, 0.002 ʤʤʦʣʴ) ʠ  ʪʨʠʤʝʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (0.002 ʛ, 0.009 ʤʤʦʣʴ) ʚ 

1 ʤʣ  ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʟʘʧʘʷʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 120ÁC ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʈʉɸ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [{CoGd(dma)3}2(bdc)5]Ŀ2DMA  (3). ʅʘʚʝʩʢʠ [Co2Gd(NO3)(piv)6(py)2] (0.018 ʛ, 

0.016 ʤʤʦʣʴ) ʠ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ (0.018 ʛ, 0.108 ʤʤʦʣʴ) ʚ 3 ʤʣ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʘ 

ʟʘʧʘʷʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 110ÁC ʚ ʪʝʯʝʥʠʝ 144 ʯʘʩʦʚ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ, 

ʧʨʦʤʳʣʠ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʦʤ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.012 ʛ (38%). ʅʘʡʜʝʥʦ 

(%): C 44.9, H 5.0, N 6.1. C72H92Co2Gd2N8O28. ɺʳʯʠʩʣʝʥʦ (%): C 44.4, H 4.8, N 5.8. ʀʂ-

ʩʧʝʢʪʨ (ʩʤ
ī1

): 3402 ʩʨ, 2960 ʩʨ, 2931 ʩʨ, 2863 ʩʨ, 1638 ʩʨ, 1575 ʦʯ.ʩ, 1484 ʩ, 1446 ʩʨ, 1418 ʩ, 

1378 ʩ, 1363 ʩ, 1295 ʩ, 1229 ʩ, 1155 ʩʣ, 1076 ʩʣ, 1048 ʩʣ, 1028 ʩʣ, 940 ʩʣ, 900 ʩʣ, 819 ʩʣ, 791 

ʩʨ, 764 ʩʣ, 739 ʩʣ, 701 ʩʨ, 618 ʩʨ, 567 ʩʨ, 440 ʩʨ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ 

ʈʉɸ. 

 

ʈʠʩ. 27. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝ-

ʥʠʷ 3 
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ʉʠʥʪʝʟ [{ZnEu(dma)2}2(bdc)5]Ŀ4DMA  (4). ʅʘʚʝʩʢʠ [Zn2Eu(OH)(NO3)2(piv)4(phen)2] 

(0.01 ʛ, 0.008 ʤʤʦʣʴ) ʠ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ (0.018 ʛ, 0.108 ʤʤʦʣʴ) ʚ 3 ʤʣ N,N-

ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʘ ʟʘʧʘʷʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 100ÁC ʚ ʪʝʯʝʥʠʝ 

24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʩʪʝʢʣʷʥ-

ʥʦʤ ʬʠʣʴʪʨʝ, ʧʨʦʤʳʣʠ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʦʤ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.010 ʛ 

(32%). ʅʘʡʜʝʥʦ (%): C 44.6, H 5.0, N 6.0. C72H92Zn2Eu2N8O28. ɺʳʯʠʩʣʝʥʦ (%): C 44.3, H 4.7, 

N 5.7. ʀʂ-ʩʧʝʢʪʨ (ʩʤ
ī1

): 3400 ʩʣ, 3077 ʩʣ, 2919 ʩʨ, 2852 ʩʣ, 1636 ʩ, 1588 ʩ, 1514 ʩ, 1425 ʩ, 

1391 ʩ, 1298 ʩʨ, 1263 ʩʨ, 1189 ʩʣ, 1144 ʩʣ, 1103 ʩʣ, 1016 ʩʣ, 972 ʩʣ, 894 ʩʣ, 840 ʩ, 757 ʩʨ, 

725 ʩʨ, 590 ʩʣ, 554 ʩʨ, 519 ʩʨ, 422 ʩʣ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʅʝʢʦʪʦ-

ʨʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʨʘʩʩʯʠʪʘʥʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʨʦʰʢʦʛʨʘʤʤʘʤʠ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʘʨʢʘʩʘ ʚ ʛʝʢʩʘʥʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ, ʩʘʤ 

ʦʙʨʘʟʝʮ ʧʦʣʫʯʝʥ ʠʟ ʪʦʡ ʞʝ ʘʤʧʫʣʳ, ʠʟ ʢʦʪʦʨʦʡ ʦʪʙʠʨʘʣʩʷ ʢʨʠʩʪʘʣʣ ʜʣʷ ʈʉɸ. 

 

ʈʠʩ. 28. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝ-

ʥʠʷ 4 

 

ʉʠʥʪʝʟ [{CdEu(dma)3}2(bdc)5]Ŀ2DMA  (5). ʅʘʚʝʩʢʠ [Cd2Eu(piv)7(H2O)2] (0.01 ʛ, 0.008 

ʤʤʦʣʴ) ʠ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ (0.018 ʛ, 0.108 ʤʤʦʣʴ) ʚ 3 ʤʣ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʘ ʟʘʧʘ-

ʷʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 100ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ, ʧʨʦʤʳʣʠ 

N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʦʤ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ 0.015 ʛ (47%). ʅʘʡʜʝʥʦ (%): C 

42.6, H 4.7, N 5.7. C72H92Cd2Eu2N8O28. ɺʳʯʠʩʣʝʥʦ (%): C 42.3, H 4.5, N 5.5. ʀʂ-ʩʧʝʢʪʨ 

(ʩʤ
ī1

): 3422 ʩʨ, 2936 ʩʨ, 1603 ʩ, 1580 ʩ, 1504 ʩ, 1390 ʩ, 1296 ʩʣ, 1269 ʩʣ, 1191 ʩʣ, 1151 ʩʣ, 

1090 ʩʣ, 1017 ʩʨ, 968 ʩʣ, 892 ʩʣ, 837 ʩʨ, 752 ʩ, 594 ʩʨ, 521 ʩʨ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. 
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ʈʠʩ. 29. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝ-

ʥʠʷ 5 

 

ʉʠʥʪʝʟ [{LiZn }2(bpdc)3(dma)4]Ŀ3DMAĿH2O (6). [Li 2Zn2(piv)6(py)2] (17 ʤʛ, 0.02 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ DMA. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ H2bpdc (29 ʤʛ, 0.12 ʤʤʦʣʴ) ʠ ʦʙʨʘʟʦ-

ʚʘʚʰʫʶʩʷ ʩʫʩʧʝʥʟʠʶ ʦʩʪʘʚʣʷʣʠ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʙʘʥʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ. ʇʦʣʫʯʝʥʥʫʶ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ 100ϊC (1ϊC/ʤʠʥ), ʟʘʪʝʤ ʦʩʪʘʚʣʣ̫ʠ ʧʨʠ 100ϊC ʥʘ 24 ʯʘʩʘ. 

ʇʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 15 ʤʛ, 

0.01 ʤʤʦʣʴ, 50% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ). ʅʘʡʜʝʥʦ (%): C, 56.2; H, 5.8; N, 6.8. 

ɼʣʷ C70H89Li 2N7O20Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 56.4; H, 6.0; N, 6.6. IR (KBr, cm
ï1
): 3440 ʩʨ, 2934 ʩʨ, 

1607 ʩ, 1553 ʩʣ, 1504 ʩʣ, 1375 ʩ, 1258 ʩʨ, 1163 ʩʨ, 1094 ʩʣ, 1005 ʩ, 964 ʩʣ, 860 ʩ, 841 ʩʨ, 797 

ʩʣ, 772 ʩ, 705  ʩʨ, 678 ʩʨ, 596 ʩʨ, 529 ʩʣ, 468 ʩ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ [{LiZn }2(bpdc)3(dma)4]Ŀ3C6H5NO2 (6ÈNB) 

ʉʚʝʞʝʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ 6 ʚʜrʝʨʞʠʚʘʣʠ ʚ ʥʠʪʨʦʙʝʥʟʦʣʝ (1 ʤʣ) ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ 

ʩ ʟʘʤʝʥʦʡ ʥʠʪʨʦʙʝʥʟʦʣʘ ʜʚʘ ʨʘʟʘ, ʟʘʪʝʤ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʅʘʡʜʝʥʦ 

(%): C, 57.1; H, 4.7; N, 6.2. ɼʣʷ C76H75Li 2N7O22Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 57.7; H, 4.8; N, 6.2. 

ʉʠʥʪʝʟ [{LiZn }2(bpdc)3(nmp)4]Ŀ4NMP (7). ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʘ 6, ʥʦ ʚʤʝ-

ʩʪʦ DMA ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ. ʇʨʦʟʨʘʯʥʳʝ ʙʝʩ-

ʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 15 ʤʛ, 0.01 ʤʤʦʣʴ, 50% 

ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ (%): C, 59.2; H, 5.5; N, 6.8. ɼʣʷ 

C82H96Li 2N8O20Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 59.5; H, 5.8; N, 6.8. IR (KBr, ʩʤ
ï1
): 3433 ʩʨ, 2947 ʩʨ, 2865 

ʩʨ, 1935 ʩʣ, 1696 ʩ, 1629 ʩ, 1602 ʩ, 1569 ʩʣ, 1553 ʩʨ, 1502 ʩʨ, 1380 ʩ, 1304 ʩʨ, 1262 ʩʨ, 1170 

ʩʣ, 1143 ʩʣ, 1106 ʩʨ, 1024 ʩʣ, 1006 ʩʣ, 985 ʩʣ, 924 ʩʣ, 860 ʩʨ, 842 ʩʨ, 800 ʩʣ, 772 ʩ, 706 ʩʣ, 

681 ʩʨ, 566 ʩʣ, 535 ʩʣ, 465 ʩ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 
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ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ [{LiZn }2(bpdc)3(nmp)4]Ŀ3C6H5NO2 (7ÈNB) 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʦʛʠʯʝʥ 6ÈNB, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 7 ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʘʨʢʘʩʘ. 

ʅʘʡʜʝʥʦ (%): C, 58.7; H, 4.7; N, 6.1. ɼʣʷ C76H75Li 2N7O22Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 58.9; H, 4.6; N, 

6.0. 

ʉʠʥʪʝʟ [{LiZn} 2(H2O)2(bpp)(bpdc)3]Ŀ7DMF (8). ʅʘʚʝʩʢʠ  [Li 2Zn2(piv)6(py)2] (0.002 ʛ, 

0.002 ʤʤʦʣʴ), 4,4ǋ-ʙʠʩʧʠʨʠʜʠʣʧʨʦʧʘʥʘ (0.0014 ʛ, 0.007 ʤʤʦʣʴ) ʠ 4,4ǋ-

ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (0.002 ʛ, 0.014 ʤʤʦʣʴ) ʚ 1 ʤʣ  ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʟʘʧʘʷʣʠ 

ʚ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 100ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʷ-

ʤʦʫʛʦʣʴʥʳʝ ʧʣʦʩʢʠʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʈʉɸ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [LiCo(btc)(dma)2]Ŀ2DMA  (9). [Li 2Co2(piv)6(py)2] (25 ʤʛ, 0.03 ʤʤʦʣʴ) ʨʘʩʪʚʦ-

ʨʷʣʠ ʚ 2 ʤʣ DMA. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʨʘʩʪʚʦʨʘ  H3btc (25 ʤʛ, 0.12 

ʤʤʦʣʴ) ʚ DMA. ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʩʪʠʣʠ ʚ ʟʘʧʘʷʥʥʫʶ ʘʤʧʫʣʫ ʠ ʥʘʛʨʝ-

ʚʘʣʠ ʜʦ 100̄ C (1 C̄/ʤʠʥ), ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ 100̄ C ʥʘ 24 ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʬʠʦʣʝʪʦʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 25 ʤʛ, 0.04 ʤʤʦʣʴ, 69% ʚ ʧʝʨʝ-

ʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ (%): C, 48.3; H, 6.6; N, 9.0. ɼʣʷ C25H39CoLiN4O10 

ʨʘʩʩʯʠʪʘʥʦ: C, 48.3; H, 6.3; N, 9.0. IR (KBr, cm
ï1
): 1629 ʩ, 1598 ʩ, 1509 ʩʨ, 1442 ʩ, 1411 ʩ, 

1349 ʩ, 1260 ʩʨ, 1185 ʩʨ, 1091 ʩʣ, 1038 ʩʨ, 1016 ʩʨ, 941 ʩʣ, 807  ʩʣ, 771 ʩ, 749 ʩʣ, 709 ʩ, 594 

ʩʨ, 563 ʩʣ, 482 ʩʨ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

 

ʈʠʩ. 30. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝ-

ʥʠʷ 9 

 

ʉʠʥʪʝʟ [LiZn (btc)(dma)2]ĿDMA  (10). [Li 2Zn2(piv)6(py)2] (2 ʤʛ, 0.002 ʤʤʦʣʴ) ʨʘʩʪʚʦ-

ʨʠʣʠ ʚ 1 ʤʣ DMA. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 0.5 ʤʣ ʨʘʩʪʚʦʨʘ H3btc (2 ʤʛ, 0.008 ʤʤʦʣʴ) ʚ DMA. ʇʦ-
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ʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ ʘʤʧʫʣʫ, ʟʘʧʘʠʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 100̄ C 

(1 C̄/min), ʟʘʪʝʤ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 100̄ C  24 ʯʘʩʘ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʟʨʘʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [LiZn (btc)(dmf)2]Ŀ0.5DMFĿ2H2O (11). [Li 2Zn2(piv)6(py)2] (25 ʤʛ, 0.03 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ DMF. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʨʘʩʪʚʦʨʘ  H3btc (25 ʤʛ, 0.12 ʤʤʦʣʴ) ʚ DMF. 

ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʩʪʠʣʠ ʚ ʟʘʧʘʷʥʥʫʶ ʘʤʧʫʣʫ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 100̄ C 

(1 C̄/ʤʠʥ), ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ 100̄ C ʥʘ 24 ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪ-

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 18 ʤʛ, 0.037 ʤʤʦʣʴ, 62% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩ-

ʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ). ʅʘʡʜʝʥʦ (%): C, 39.5; H, 4.9; N, 7.3. ɼʣʷ C16.5H24.5LiN2.5O10.5Zn ʨʘʩʩʯʠ-

ʪʘʥʦ: C, 39.8; H, 4.9; N, 7.0. IR (KBr, cm
ï1

): 1664 ʩ, 1620 ʩ, 1576 ʩʨ, 1491 ʩʣ, 1433 ʩ, 1354 ʩ, 

1247 ʩʣ, 1091 ʩʨ, 1056 ʩʣ, 931 ʩʣ, 776 ʩ, 722 ʩ, 665 ʩʨ, 554 ʩʣ, 474 ʩʣ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʌɸ, ʄʆʂʇ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʠʟʚʝʩʪʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ (ʨʠʩ. 31) [88]. ʕʢ-

ʚʠʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Li:Zn ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ɸɸʉ. 

ʉʠʥʪʝʟ [LiZn (btc)(dma)2]Ŀ3H2O (12). ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʘ 11, ʥʦ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ DMA ʚʤʝʩʪʦ DMF (ʚʳʭʦʜ 21 ʤʛ, 0.042 ʤʤʦʣʴ, 70% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ 

ʢʦʤʧʣʝʢʩ). ʅʘʡʜʝʥʦ (%): C, 40.4; H, 5.2; N, 5.5. ɼʣʷ C17H27LiN2O11Zn ʨʘʩʩʯʠʪʘʥʦ: C, 40.2; 

H, 5.3; N, 5.5. IR (KBr, cm
ï1

): 1642 ʩ, 1575 ʩʨ, 1500 ʩʣ, 1438 ʩ, 1358 ʩ, 1251 ʩʣ, 1096 ʩʨ, 1047 

ʩʣ, 1011 ʩʣ, 936 ʩʣ, 771 ʩ, 718 ʩ, 665 ʩʨ, 558 ʩʣ, 465 ʩʣ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʩʦ-

ʝʜʠʥʝʥʠʶ 11. 

ʉʠʥʪʝʟ [L iZn(btc)(nmp)2]Ŀ2NMPĿ2H2O (13). ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʘ 11 ʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NMP ʚʤʝʩʪʦ DMF (ʚʳʭʦʜ 25 ʤʛ, 0.036 ʤʤʦʣʴ, 60% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜ-

ʥʳʡ ʢʦʤʧʣʝʢʩ). ʅʘʡʜʝʥʦ (%): C, 48.3; H, 6.3; N, 7.8. ɼʣʷ C29H43LiN4O12Zn ʨʘʩʩʯʠʪʘʥʦ: C, 

48.9; H, 6.1; N, 7.8. IR (KBr, cm
ï1

): 1642 ʩ, 1589 ʩʨ, 1504 ʩʨ, 1438 ʩ, 1353 ʩ, 1300 ʩʨ, 1260 ʩʣ, 

1167 ʩʣ, 1100 ʩʨ, 980 ʩʣ, 936 ʩʣ, 776 ʩ, 722 ʩ, 656 ʩʨ, 576 ʩʣ, 469 ʩʨ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ 

ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʩʦʝʜʠʥʝʥʠʶ 11. 
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ʈʠʩ. 31. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 11, 12, 13 ʠ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʠʟʚʝʩʪʥʦʛʦ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ [Zn2(btc)(NO3)(H2O)3] 

 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ [LiZn (btc)(H2O)2]ĿC6H5NO2Ŀ4H2O (11ÈNB), 

[LiZn (btc)(H2O)2]ĿC8H9NO2Ŀ4H2O (11ÈNX) and [LiZn (btc)(H2O)2]ĿC8H9NO2Ŀ4H2O 

(11ÈDMNB). ʉʚʝʞʝʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ 11ÈDMF  ʧʦʤʝʱʘʣʠ ʧʦʜ ʩʣʦʡ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʛʦʩʪʷ (NB - ʥʠʪʨʦʙʝʥʟʦʣ, NX ï 4-ʥʠʪʨʦ-ʤ-ʢʩʠʣʦʣ, DMNB ï 2,6-

ʜʠʤʝʪʠʣʥʠʪʨʦʙʝʥʟʦʣ) (1 ʤʣ) ʥʘ 48 ʯʘʩʦʚ ʩʦ ʩʤʝʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʦʩʪʷ 2 ʨʘʟʘ, ʜʘʣʝʝ 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʅʘʡʜʝʥʦ (%) ʜʣʷ 11ÈNB: C, 37.1; H, 3.3; N, 2.5. ɼʣʷ 

C15H16LiNO12Zn ʨʘʩʩʯʠʪʘʥʦ: C, 37.9; H, 3.4; N, 2.9. ʅʘʡʜʝʥʦ ʜʣʷ 11ÈNX: C, 38.3; H, 3.5; N, 

3.2. ɼʣʷ C17H20LiNO12Zn ʨʘʩʩʯʠʪʘʥʦ: C, 40.6; H, 4.0; N, 2.8. ʅʘʡʜʝʥʦ ʜʣʷ 11ÈDMNB: C, 

40.2; H, 3.5; N, 3.7. ɼʣʷ C17H20LiNO12Zn ʨʘʩʩʯʠʪʘʥʦ: C, 40.6; H, 4.0; N, 2.8. 

ʉʠʥʪʝʟ [LiCo(btb)(dmf)2]Ŀ2DMF (14). [Li 2Co2(piv)6(py)2] (25 ʤʛ, 0.03 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 

2 ʤʣ  DMF ʩ ʜʦʙʘʚʣʝʥʠʝʤ 4 ʤʣ  CH3CN. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʨʘʩʪʚʦʨʘ  H3btb (52 ʤʛ, 0.12 

ʤʤʦʣʴ) ʚ DMF. ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʩʪʠʣʠ ʚ ʟʘʧʘʷʥʥʫʶ ʘʤʧʫʣʫ ʠ ʥʘʛʨʝ-

ʚʘʣʠ ʜʦ 100̄ C (1 C̄/ʤʠʥ), ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ 100̄ C ʥʘ 24 ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʫʧʥʳʝ ʬʠʦ-

ʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 30 ʤʛ, 0.038 ʤʤʦʣʴ, 

65% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ). ʅʘʡʜʝʥʦ (%): C, 58.3; H, 5.9; N, 6.9. ɼʣʷ 

C39H43CoLiN4O10 ʨʘʩʩʯʠʪʘʥʦ: C, 59.0; H, 5.5; N, 7.0. IR (KBr, cm
ï1
): 1664 ʩ, 1602 ʩ, 1522 ʩ, 

1389 ʩ, 1251 ʩʣ, 1180 ʩʣ, 1100 ʩʣ, 1003 ʩʨ, 851 ʩʨ, 785  ʩ, 709 ʩʣ, 660 ʩʣ, 469 ʩʨ. ʀʟʦʩʪʨʫʢ-

ʪʫʨʥʦ 15. 

ʉʠʥʪʝʟ [LiCo(btb)(dma)2]Ŀ2DMA  (15). ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʘ ʧʦʣʫʯʝʥʠʶ 14; ʚʤʝ-

ʩʪʦ DMF ʠʩʧʦʣʴʟʦʚʘʣʠ DMA (ʚʳʭʦʜ 36 ʤʛ, 0.042 ʤʤʦʣʴ, 72% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ 

11 

12 

13 
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ʢʦʤʧʣʝʢʩ). ʅʘʡʜʝʥʦ (%): C, 60.3; H, 5.9; N, 6.6. ɼʣʷ C43H51CoLiN4O10 ʨʘʩʩʯʠʪʘʥʦ: C, 60.8; 

H, 6.0; N, 6.6. IR (KBr, cm
ï1
): 1620 ʩ, 1593 ʩ, 1553 ʩʣ, 1504 ʩʣ, 1380 ʩ, 1261 ʩʣ, 1176 ʩʣ, 1140 

ʩʣ, 1096 ʩʣ, 1012 ʩʨ, 865 ʩʨ, 803 ʩʣ, 785  ʩ, 701 ʩʣ, 665 ʩʣ, 580w, 482 ʩʨ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

 

ʈʠʩ. 32. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 14, 15 ʠ ʨʘʩ-

ʩʯʠʪʘʥʥʦʡ ʜʣʷ 15 

 

ʉʠʥʪʝʟ [LiZn (btb)(dmf)2]Ŀ2DMFĿH2O (16). [Li 2Zn2(piv)6(py)2] (25 ʤʛ, 0.03 ʤʤʦʣʴ) ʨʘʩʪʚʦ-

ʨʷʣʠ ʚ 2 ʤʣ  DMF ʩ ʜʦʙʘʚʣʝʥʠʝʤ 4 ʤʣ  CH3CN. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʨʘʩʪʚʦʨʘ  H3btb (52 

ʤʛ, 0.12 ʤʤʦʣʴ) ʚ DMF. ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʩʪʠʣʠ ʚ ʟʘʧʘʷʥʥʫʶ ʘʤʧʫʣʫ ʠ 

ʥʘʛʨʝʚʘʣʠ ʜʦ 100̄ C (1 C̄/ʤʠʥ), ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ 100̄ C ʥʘ 24 ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʤʝʣʢʠʝ 

ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 36 ʤʛ, 0.044 ʤʤʦʣʴ, 

75% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ). ʅʘʡʜʝʥʦ (%): C, 56.8; H, 5.3; N, 6.4. ɼʣʷ 

C39H45LiN4O11Zn ʨʘʩʩʯʠʪʘʥʦ: C, 57.2; H, 5.5; N, 6.8. IR (KBr, cm
ï1

): 1651 ʩ, 1593 ʩ, 1549 ʩʨ, 

1496 ʩʣ, 1442 ʩʨ, 1385 ʩ, 1251 ʩʨ, 1180 ʩʨ, 1135 ʩʣ, 1096 ʩʨ, 1056 ʩʣ, 1011 ʩʣ, 860 ʩʨ, 807 ʩʣ, 

780 ʩ, 713 ʩʣ, 665 ʩʨ, 563 ʩʣ, 496 ʩʨ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʉʠʥʪʝʟ [LiZn (btb)(dma)2]Ŀ2DMA  (17). ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʘ 16, ʚʤʝʩʪʦ DMF ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ DMA. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳ-

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 34 ʤʛ, 0.041 ʤʤʦʣʴ, 68% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ). 

ʅʘʡʜʝʥʦ (%): C, 60.0; H, 5.9; N, 6.6. ɼʣʷ C43H51LiN4O10Zn ʨʘʩʩʯʠʪʘʥʦ: C, 60.3; H, 6.0; N, 

6.5. IR (KBr, cm
ï1

): 1660 ʩ, 1584 ʩ, 1558 ʩʨ, 1500 ʩʣ, 1438 ʩʨ, 1380 ʩ, 1251 ʩʨ, 1176 ʩʣ, 1140 

ʩʣ, 1100 ʩʨ, 1060 ʩʣ, 1016 ʩʨ, 856 ʩʨ, 807 ʩʣ, 785 ʩ, 709 ʩʣ, 665 ʩʨ, 482 ʩʨ. ʀʟʦʩʪʨʫʢʪʫʨʥʦ 

16. 

14 

15 

15 
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ʈʠʩ. 33. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 16, 17 ʠ ʨʘʩ-

ʩʯʠʪʘʥʥʦʡ ʜʣʷ 16 

 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ [LiZn (btb)(dmf)2]Ŀ2C6H5NO2 (16ÈNB), 

[LiZn (btb)(dmf)2]Ŀ2C8H9NO2ĿH2O (16ÈNX) ʠ [LiZn (btc)(dmf)2]Ŀ2C8H9NO2 (16ÈDMNB ). 

ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʦʛʠʯʥʘ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʨʢʘʩʘ 

16ÈDMF, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 16ÈDMF. ʅʘʡʜʝʥʦ (%) ʜʣʷ 16ÈNB: C, 59.6; H, 4.5; N, 6.5. 

ɼʣʷ C45H39LiN4O12Zn ʨʘʩʩʯʠʪʘʥʦ: C, 60.0; H, 4.4; N, 6.2. ʅʘʡʜʝʥʦ ʜʣʷ 16ÈNX: C, 61.7; H, 

5.1; N, 5.8. ɼʣʷ C49H47LiN4O12Zn ʨʘʩʩʯʠʪʘʥʦ: C, 61.5; H, 5.0; N, 5.8. ʅʘʡʜʝʥʦ ʜʣʷ 

16ÈDMNB: C, 59.5; H, 5.2; N, 5.7. ɼʣʷ C49H49LiN4O13Zn ʨʘʩʩʯʠʪʘʥʦ: C, 60.4; H, 5.1; N, 5.7. 

ʉʠʥʪʝʟ (H2NMe2)[LiZn (tdc)2(dmf)]Ŀ2DMF (18). [Li 2Zn2(piv)6(py)2] (25 ʤʛ, 0.03 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ DMF. ʅʘʚʝʩʢʫ H2tdc (20 ʤʛ, 0.12 ʤʤʦʣʴ) ʪʘʢ ʞʝ ʨʘʩʪʚʦʨʷʣʠ ʚ 2 

ʤʣ DMF. ʆʙʘ ʨʘʩʪʚʦʨʘ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 100Áʉ ʚʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʜʣ̫ ʩʦʟʜʘʥʠ ̫ʩʨʝʜʳ ʩ 

ʜʠʤʝʪʠʣʘʤʤʦʥʠʡʥʳʤʠ ʩʦʣʷʤʠ. ɿʘʪʝʤ ʩʣʠʚʘʣʠ ʚ ʚʠʘʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʠ 

ʦʩʪʘʚʣʷʣʠ ʝʱʝ ʥʘ 24 ʯʘʩʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪ-

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 14 mg, 0.02 ʤʤʦʣʴ, 33% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩ-

ʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ (%): C, 41.2; H, 4.8; N, 8.1. ɼʣʷ C23H33LiN4O11S2Zn ʨʘʩʩʯʠʪʘ-

ʥʦ: C, 40.8; H, 4.9; N, 8.3. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

16 

17 

16 
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ʈʠʩ. 34. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʩʦʝʜʠ-

ʥʝʥʠʷ 18 

 

ʉʠʥʪʝʟ [{LiZn }2Li 2Zn2(tdc)6(dmf)6]Ŀ8DMF (19). [Li 2Zn2(piv)6(py)2] (25 ʤʛ, 0.03 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ DMF. ʅʘʚʝʩʢʫ H2tdc (30 ʤʛ, 0.18 ʤʤʦʣʴ) ʪʘʢ ʞʝ ʨʘʩʪʚʦʨʷʣʠ ʚ 1 

ʤʣ DMF. ʆʙʘ ʨʘʩʪʚʦʨʘ ʩʣʠʚʘʣʠ ʚ ʚʠʘʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ, ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʘʮʝ-

ʪʦʥʠʪʨʠʣʘ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 24 ʯʘʩʘ ʧʨʠ 70Áʉ. ʇʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴ-

ʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 21 mg, 0.009 ʤʤʦʣʴ, 62% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ 

ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ (%): C, 40.2; H, 4.8; N, 8.2. ɼʣʷ C78H110Li 4N14O38S6Zn4ʨʘʩʩʯʠʪʘʥʦ: C, 

40.1; H, 4.75; N, 8.4. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

 

ʈʠʩ. 35. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʩʦʝʜʠ-

ʥʝʥʠʷ 19 
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ʉʠʥʪʝʟ [Li 2Zn2(fdc)3(dmf)2]Ŀ2DMFĿH2O (20). [Li 2Zn2(piv)6(py)2] (25 ʤʛ, 0.03 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ DMF. ʅʘʚʝʩʢʫ H2fdc (28 ʤʛ, 0.18 ʤʤʦʣʴ) ʪʘʢ ʞʝ ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ DMF. 

ʆʙʘ ʨʘʩʪʚʦʨʘ ʩʣʠʚʘʣʠ ʚ ʚʠʘʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ, ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 24 ʯʘʩʘ ʧʨʠ 70Áʉ. ʇʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳ-

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 11 mg, 0.012 ʤʤʦʣʴ, 40% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  

ʅʘʡʜʝʥʦ (%): C, 39.0; H, 4.1; N, 6.0. ɼʣʷ C30H36Li 2N4O20Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 39.3; H, 4.0; N, 

6.1. IR (KBr, cm
ï1

): 3458 ʩ, 3126 ʩʨ, 2933 ʩʨ, 1632 ʩ, 1346 ʩ, 1111 ʩʨ, 1014 ʩʨ, 959 ʩʨ, 849 ʩʨ, 

807 ʩ, 697 ʩʣ, 614 ʩʣ, 569 ʩʣ, 503 ʩʣ. ʉʪʨʦʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

 

ʈʠʩ. 36. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʩʦʝʜʠ-

ʥʝʥʠʷ 20 

 

ʉʠʥʪʝʟ [Li 2Zn2(bpdc)3(dabco)]Ŀ9DMFĿ4H2O (21). ʈʘʩʪʚʦʨ dabco (6.7 ʤʛ, 0.06 ʤʤʦʣʴ) 

ʚ 1.0 ʤʣ DMF ʜʦʙʘʚʣʷʣʠ ʢ [Li 2Zn2(piv)6(py)2] (17 ʤʛ, 0.02 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ 10 ʤʣ 

DMF. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʥʘʚʝʩʢʫ H2bpdc (29 ʤʛ, 0.12 ʤʤʦʣʴ) ʠ ʦʩʪʘʚʣʷʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʫʩ-

ʧʝʥʟʠʶ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʙʘʥʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ. ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʥʘʛʨʝʚʘʣʠ ʜʦ 100ϊC (1ϊC/ʤʠʥ), ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ 100ϊC ʥʘ 24 ʯʘʩʘ. ʇʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪ-

ʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 25 ʤʛ, 0.015 ʤʤʦʣʴ, 75% ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ (%): C, 52.9; H, 6.1; N, 9.1. ɼʣʷ 

C75H107Li 2N11O25Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 52.8; H, 6.3; N, 9.0. IR (KBr, cm
ï1
): 3522 ʩʨ, 3383 ʩʨ, 

3178 ʩʨ, 2945 ʩʣ, 2855 ʩʣ, 1955 ʩʣ, 1656 ʩ, 1589 ʩ, 1538 ʩ, 1501 ʩʨ, 1401 ʩ, 1290 ʩʨ, 1177 ʩʨ, 

1138 ʩʣ, 1099 ʩʨ, 1055 ʩʣ, 1006 ʩʨ, 847 ʩ, 806 ʩʣ, 772 ʩ, 760 ʩʨ, 680 ʩʨ, 614 ʩʨ, 563 ʩʨ, 482 

ʩʣ, 430 ʩʨ.  

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ [L i2Zn2(bpdc)3(dabco)]Ŀ8C6H5NO2 (21ÈNB), 

[Li 2Zn2(bpdc)3(dabco)]Ŀ8C7H8O (21ÈANI ), [Li 2Zn2(bpdc)3(dabco)]Ŀ13C7H8O (21ÈBA),  

[Li 2Zn2(bpdc)3(dabco)]Ŀ10C8H8O (21ÈAP). ʉʚʝʞʝʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ 20 ʦʩʪʘʚʣʷʣʠ 
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ʧʦʜ ʩʣʦʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʦʩʪʷ (NB - ʥʠʪʨʦʙʝʥʟʦʣ, BA ï ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ, AP - ʘʮʝ-

ʪʦʬʝʥʦʥ) (1 ʤʣ) ʥʘ 48 ʯʘʩʦʚ ʩʦ ʩʤʝʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʦʩʪʷ 2 ʨʘʟʘ, ʜʘʣʝʝ ʬʠʣʴʪʨʦʚʘʣʠ 

ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʅʘʡʜʝʥʦ (%) ʜʣʷ 21ÈNB: C, 58.4; H, 3.8; N, 7.4. ɼʣʷ 

C96H76Li 2N10O28Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 58.8; H, 3.9; N, 7.1. ʅʘʡʜʝʥʦ ʜʣʷ 21ÈANI : C, 68.0; H, 

5.7; N, 1.65. ɼʣʷ C104H100Li 2N2O20Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 67.8; H, 5.5; N, 1.5. ʅʘʡʜʝʥʦ ʜʣʷ 

21ÈBA: C, 70.1; H, 6.2; N, 1.2. ɼʣʷ C139H140Li 2N2O25Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 70.1; H, 5.9; N, 1.2. 

ʅʘʡʜʝʥʦ ʜʣʷ 21ÈAP: C, 70.85; H, 5.6; N, 1.4. ɼʣʷ C128H116Li 2N2O22Zn2 ʨʘʩʩʯʠʪʘʥʦ: C, 70.6; 

H, 5.4; N, 1.3. 

ʉʠʥʪʝʟ [Li 2Zn2(bdc)3(bpy)]Ŀ3DMFĿCH3CNĿH2O (22). ʈʘʩʪʚʦʨ bpy (7.8 ʤʛ, 0.06 

ʤʤʦʣʴ) ʚ DMF (0.1 ʤʣ) ʜʦʙʘʚʠʣʠ ʢ [Li 2Zn2(piv)6(py)2] (17 ʤʛ, 0.02 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʝʥʥʦʤʫ ʚ 

DMF (0.5 ʤʣ), ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ CH3CN (1.5 ʤʣ). ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ H2bdc (20 

ʤʛ, 0.12 ʤʤʦʣʴ) ʚ DMF (0.5 ʤʣ) ʧʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ 

ʟʘʧʘʷʥʥʫʶ ʘʤʧʫʣʳ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 100ϊC (1ϊC/ʤʠʥ), ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ 100ϊC ʥʘ 24 ʯʘʩʘ. 

ʇʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 14 ʤʛ, 

0.013 ʤʤʦʣɹ, 67% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ (%): C, 50.6; H, 4.4; N, 7.8. 

ɼʣʷ C45H46Li 2N6O16Zn2 ʨʘʩʩʯʠʪʘʥʦ (%): C, 50.4; H, 4.3; N, 7.8. IR (KBr, ʩʤ
ï1

): 3420 ʩʨ, 3067 

ʩʣ, 2955 ʩʣ, 2926 ʩʣ, 2856 ʩʣ, 1953 ʩʣ, 1624 ʩ, 1505 ʩʨ, 1369 ʩ, 1221 ʩʨ, 1151 ʩʨ, 1075 ʩʨ, 

1017 ʩʨ, 877 ʩʣ, 827 ʩ, 748 ʩ, 645 ʩʨ, 590 ʩʣ, 531 ʩʨ, 418 ʩ.  

 

ʈʠʩ. 37. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʠ ʩ ʚʢʣʶʯʝʥ-

ʥʳʤ ʦ-ʢʩʠʣʦʣʦʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 22 

 

ʉʠʥʪʝʟ [Li 2Zn2(Br-bdc)3(bpy)]Ŀ2DMFĿCH3CNĿH2O (23). ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʥʘʣʦ-

ʛʠʯʥʘ ʧʦʣʫʯʝʥʠʶ 22. ʂʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ: bpy (7.8 ʤʛ, 0.06 ʤʤʦʣɹ), 

[Li 2Zn2(piv)6(py)2] (17 ʤʛ, 0.02 ʤʤʦʣʴ), H2Br-bdc (29 ʤʛ, 0.12 ʤʤʦʣʴ). ʇʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪ-

ʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 12 ʤʛ, 0.01 ʤʤʦʣʴ, 50% ʚ 
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ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ (%): C, 40.8; H, 3.2; N, 5.3. ɼʣʷ 

C42H36Br3Li 2N5O15Zn2 ʨʘʩʩʯʠʪʘʥʦ (%): C, 40.8; H, 2.9; N, 5.6. IR (KBr, ʩʤ
ï1
): 3400 ʩʨ, 3067 

ʩʣ,  1951 ʩʣ, 1628 ʩ, 1541 ʩʨ, 1485 ʩʨ, 1388 ʩ, 1222 ʩʨ, 1151 ʩʨ, 1073 ʩʨ, 1038 ʩʨ, 889 ʩʣ, 817 

ʩ, 769 ʩ, 732 ʩʨ, 644 ʩʣ, 544 ʩʨ, 492 ʩʣ, 440 ʩʣ.  

ʉʠʥʪʝʟ [Li 2Zn2(NO2-bdc)3(bpy)]Ŀ2DMFĿH2O (24). ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʘ ʧʦ-

ʣʫʯʝʥʠʶ 22. ʂʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ: bpy (7.8 ʤʛ, 0.06 ʤʤʦʣʴ), 

[Li 2Zn2(piv)6(py)2] (17 ʤʛ, 0.02 ʤʤʦʣʴ), H2NO2-bdc (24 ʤʛ, 0.12 ʤʤʦʣʴ). ɹʣʝʜʥʦ-ʞʸʣʪʳʝ ʢʨʠ-

ʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 11.5 ʤʛ, 0.01 ʤʤʦʣʴ, 52 % ʚ ʧʝʨʝ-

ʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ (%): C, 43.7; H, 3.3; N, 9.3. ɼʣʷ C40H33Li 2N7O21Zn2 

ʨʘʩʩʯʠʪʘʥʦ (%): C, 44.0; H, 3.1; N, 9.0. IR (KBr, ʩʤ
ï1

): 3420 ʩʨ, 3087 ʩʨ,  1957 ʩʣ, 1634 ʩ, 

1614 ʩ, 1535 ʩ, 1494 ʩʨ, 1374 ʩ, 1255 ʩʣ, 1222 ʩʣ, 1159 ʩʣ, 1130 ʩʣ, 1072 ʩʨ, 1018 ʩʣ, 924 ʩʣ, 

826 ʩʨ, 782 ʩʨ, 750 ʩʨ, 729 ʩʨ, 668 ʩʣ, 646 ʩʣ, 536 ʩʣ.  

ʉʠʥʪʝʟ [Li 2Zn2(NH2-bdc)3(bpy)]ĿDMFĿCH3CNĿ3H2O (25). ʈʘʩʪʚʦʨ bpy (7.8 ʤʛ, 0.06 

ʤʤʦʣʴ) ʚ DMF (0.1 ʤʣ) ʜʦʙʘʚʠʣʠ ʢ [Li 2Zn2(piv)6(py)2] (17 ʤʛ, 0.02 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʘ ʚ DMF 

(0.5 ʤʣ) ʠ CH3CN (5 ʩʨl). ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ H2NH2-bdc (21 ʤʛ, 0.12 ʤʤʦʣʴ) ʚ DMF (0.5 ʤʣ) 

ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʦʤʝʩʪʠʣʠ ʚ ʟʘʧʘʷʥʥʫʶ ʘʤʧʫʣʫ ʠ ʥʘʛʨʝʚʘʣʠ 

ʧʨʠ 130ϊC 24 ʯʘʩʘ. ʀʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʝ ʙʫʨʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ 

ʥʘ ʚʦʟʜʫʭʝ (ʚʳʭʦʜ 9 ʤʛ, 0.009 ʤʤʦʣʴ, 45% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ).  ʅʘʡʜʝʥʦ 

(%): C, 46.2; H, 4.0; N, 10.0. ɼʣʷ C39H39Li 2N7O16Zn2 ʨʘʩʩʯʠʪʘʥʦ (%): C, 46.5; H, 3.9; N, 9.7. 

IR (KBr, cm
ï1
): 3454 ʩʨ, 3346 ʩʨ, 3059 ʩʣ,  2931 ʩʣ, 2874 ʩʣ, 1670 ʩ, 1621 ʩ, 1580 ʩ, 1495 ʩʨ, 

1422 ʩʨ, 1377 ʩ, 1256 ʩ, 1220 ʩʨ, 1152 ʩʣ, 1097 ʩʨ, 1073 ʩʣ, 1017 ʩʣ, 962 ʩʣ, 897 ʩʣ, 831 ʩʨ, 

771 ʩ, 662 ʩʣ, 643 ʩʣ, 598 ʩʨ, 514 ʩʨ, 450 ʩʣ. 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ 22. ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʛʦʩʪʝʚʦʛʦ ʦʙʤʝʥʘ ʚʢʣʶ-

ʯʘʝʪ ʧʝʨʝʥʦʩ ʥʘʚʝʩʢʠ ʢʨʠʩʪʘʣʣʦʚ 22 ʚ ʞʠʜʢʠʝ ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʘʥʠʟʦʣ ʠ ʥʠʪʨʦʙʝʥʟʦʣ. ɾʠʜ-

ʢʦʩʪʴ ʥʘʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ ʤʝʥʷʣʠ ʜʚʘʞʜʳ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʜʘʣʝʝ ʦʙʨʘʟʮʳ ʦʪ-

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 69). ʅʝʢʦʪʦʨʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʚ 

ʧʦʣʦʞʝʥʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʠ 2q = 10ï12̄  ʠ ʚ ʦʙʣʘʩʪʠ ʜʘʣʴʥʠʭ ʫʛʣʦʚ 

ʦʙʲʷʩʥʷʝʪʩʷ ʜʳʭʘʥʠʝʤ ʢʘʨʢʘʩʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʠ.  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ 22 ʩ ʛʦʩʪʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɼʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʥʘʡʜʝʥʦ (%): C, 51.7; H, 2.7; N, 3.5. [Li 2Zn2(bdc)3(bpy)] - C34H20Li 2N2O12Zn2 ʨʘʩʩʯʠʪʘʥʦ (%): 

C, 51.5; H, 2.55; N, 3.5. ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʙʝʥʟʦʣʦʤ ʥʘʡʜʝʥʦ (%): C, 59.2; H, 3.5; N, 2.9. 

[Li 2Zn2(bdc)3(bpy)]Ŀ2.5C6H6  - C49H35Li 2N2O12Zn2 ʨʘʩʩʯʠʪʘʥʦ (%): C, 59.5; H, 3.55; N, 2.8. 

ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʪʦʣʫʦʣʦʤ ʥʘʡʜʝʥʦ (%): C, 59.3; H, 3.8; N, 2.8. [Li 2Zn2(bdc)3(bpy)]Ŀ2C7H8  - 

C48H36Li 2N2O12Zn2 ʨʘʩʩʯʠʪʘʥʦ (%): C, 59.0; H, 3.7; N, 2.9. ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʘʥʠʟʦʣʦʤ ʥʘʡʜʝʥʦ 
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(%): C, 57.4; H, 3.6; N, 2.7. [Li 2Zn2(bdc)3(bpy)]Ŀ2C7H8O  - C48H36Li 2N2O14Zn2 ʨʘʩʩʯʠʪʘʥʦ (%): 

C, 57.1; H, 3.6; N, 2.8. ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʥʠʪʨʦʙʝʥʟʦʣʦʤ (%): C, 53.4; H, 3.0; N, 5.8. 

[Li 2Zn2(bdc)3(bpy)]Ŀ2C6H5NO2  - C46H30Li 2N4O16Zn2 ʨʘʩʩʯʠʪʘʥʦ (%): C, 53.2; H, 2.9; N, 5.4. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʩʦʝʜʠʥʝʥʠʡ 1ï10, 15, 16, 18ï21, 23ï25 ʧʦʣʫʯʝʥʳ ʧʨʠ 130 K ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦ-

ʤʝʪʨʝ Agilent Xcalibur, ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ AtlasS2 (ʛʨʘʬʠʪʦʚʳʡ 

ʤʦʥʦʭʨʦʤʘʪʦʨ, ɚ(MoKŬ) = 0.71073 ¡, ɤ-ʩʢʘʥʠʨʦʚʘʥʠʝ), ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 22 ʧʨʠ 120 K ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Agilent GV1000 ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦ-

ʨʦʤ AtlasS2 (ʚʨʘʱʘʶʱʠʡʩʷ ʘʥʦʜ, ɚ(CuKŬ) = 1.54184 ¡). ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʫʯʝʪ ʧʦʛʣʦʱʝ-

ʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ CrysAlisPro [89]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 1ï10, 15, 16, 18ï25 ʨʘʩʰʠʬʨʦʚʘʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ SHELXT [90] ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʄʅʂ ʚ ʘʥʠʟʦ-

ʪʨʦʧʥʦʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ) ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

SHELXL [91]. ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʨʘʩʩʯʠʪʘʥʳ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠ ʠ ʫʪʦʯʥʝʥʳ ʧʦ ʤʦʜʝʣʠ çʥʘʝʟʜʥʠʢʘè. ʏʘʩʪʴ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʚ ʩʪʨʫʢʪʫʨʘʭ 1ï8, 15, 16, 

18ï25 ʩʠʣʴʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ, ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʪʦʯʥʝʥʳ ʢʘʢ ʥʘʙʦʨ ʜʠʩʢʨʝʪʥʳʭ ʧʦʟʠʮʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʩʪʘʚ ʛʦʩʪʝʚʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ 1ï8, 15, 16, 18ï25 ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʧʨʦʮʝʜʫʨʳ SQUEEZE/PLATON [92]. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʜʝʪʘʣʠ ʜʠ-

ʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. ʇʦʣʥʳʝ ʪʘʙʣʠʮʳ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷ-

ʥʠʡ ʠ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ, ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʜʝʧʦʥʠʨʦʚʘ-

ʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʝʪʘʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ 

ʇʘʨʘʤʝʪʨ 1 2 3 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C19H17NO9Zn C59H76Li 2N8O33Zn3 C72H92Co2Gd2N8O28 

M, ʛ/ʤʦʣʴ 468.70 1635.26 1949.89 

ʉʠʥʛʦʥʠʷ ʨʦʤʙʠʯʝʩʢʘʷ ʨʦʤʙʠʯʝʩʢʘʷ ʤʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ ʉ2221 Pbca C2/c 

a, ¡ 11.9960(9) 15.8408(4) 34.8435(7) 

b, ¡ 15.0790(7) 25.2295(6) 10.8429(3) 

c, ¡ 12.9261(6) 47.9827(12) 22.7312(4) 

ɓ, ʛʨʘʜ.   92.235(2) 

V, ¡
3
 2338.2(2) 19176.6(8) 8581.4(3) 

Z 4 8 4 

Dcalcd, ʛ/ʩʤ
3
 1.331 1.133 1.509 

ɛ, ʤʤ
ī1

 1.095 0.815 1.984 

F(000) 960 6768 3944 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.48 Ĭ 0.22 Ĭ 0.06 0.29 Ĭ 0.18 Ĭ 0.14 0.20 Ĭ 0.10 Ĭ 0.10 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ɗ, 

ʛʨʘʜ. 

3.40ï29.49 3.29ï25.35 3.31ï29.61 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī16 Ò h Ò 16, 

ī17 Ò k Ò 20, 

ī17 Ò l Ò 17 

ī14 Ò h Ò 19, 

ī30 Ò k Ò 30, 

ī57 Ò l Ò 44 

ī46 < h < 48, 

ī15 < k < 11, 

ī31 < l < 20 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

9088 / 2858 61394 / 17492 24127 / 10275 

Rint 0.0246 0.0456 0.0323 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ I > 2ů(I) 2814 11293 7768 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1.092 1.065 1.032 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0.0381,  

wR2 = 0.1036 

R1 = 0.0724,  

wR2 = 0.2070 

R1 = 0.0502, wR2 = 

0.1304 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪʨʘʞʝ-

ʥʠʡ)) 

R1 = 0.0388,  

wR2 = 0.1044 

R1 = 0.1047,  

wR2 = 0.2243 

R1 = 0.0713, wR2 = 

0.1423 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), e/¡
3
 

1.117 / ī0.488 1.349 / ī0.390 2.055 / ī1.866 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʘʨʘʤʝʪʨ 4 5 6 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C72H92Zn2Eu2N8O28 C72H92Cd2Eu2N8O28 C70H87Li 2N7O19Zn2 

M, ʛ/ʤʦʣʴ 1950.30 2050.25 1475.08 

ʉʠʥʛʦʥʠʷ ʤʦʥʦʢʣʠʥʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ ʨʦʤʙʠʯʝʩʢʘʷ 

ʇʨ. ʛʨʫʧʧʘ C2/c C2/c Pccn 

a, ¡ 35.7804(7) 35.0867(8) 14.5859(5) 

b, ¡ 10.8772(2) 10.8422(3) 21.3830(5) 

c, ¡ 22.7050(4) 23.0249(4) 25.7043(9) 

ɓ, ʛʨʘʜ. 92.6160(10) 91.798(2)  

V, ¡
3
 8580.7(3) 8754.8(3) 8016.9(4) 

Z 4 4 4 

Dcalcd, ʛ/ʩʤ
3
 1.306 1.420 1.222 

ɛ, ʤʤ
ī1

 2.059 1.960 0.666 

F(000) 3368 3720 3096 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.25 Ĭ 0.10 Ĭ 0.11 0.22 Ĭ 0.12 Ĭ 0.10 0.21 x 0.19 x 0.17 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 

ɗ, ʛʨʘʜ. 

3.36ï29.09 3.32ï29.61 3.27ï25.35 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī32 < h < 46, 

ī15 < k < 15, 

ī31 < l < 14 

ī46 < h < 49, 

ī15 < k < 11, 

ī32 < l < 21 

ī18 Ò h Ò 14, 

ī26 Ò k Ò 26, 

ī31 Ò l Ò 26 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

39115 / 10175 22329 / 10363 32977/ 7340 

Rint 0.0251 0.0323 0.0349 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ I > 2ů(I) 8936 9254 4759 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1.057 1.010 1.048 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0.0581,  

wR2 = 0.2002 

R1 = 0.0395,  

wR2 = 0.1110 

R1 = 0.0728, 

wR2 = 0.2189 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪʨʘ-

ʞʝʥʠʡ)) 

R1 = 0.0648, wR2 = 

0.2077 

R1 = 0.0447, wR2 = 

0.1141 

R1 = 0.1047, 

wR2 = 0.2413 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), e/¡
3
 

3.156 / ī1.196 1.713 / ī1.306 0.747 / ī0.443 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʘʨʘʤʝʪʨ 7 8 9 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C82H96Li 2N8O20Zn2 C76H91Li 2N9O21Zn2 C25H39CoLiN4O10 

M, ʛ/ʤʦʣʴ 1658.28 1611.19 621.47 

ʉʠʥʛʦʥʠʷ ʨʦʤʙʠʯʝʩʢʘʷ ʨʦʤʙʠʯʝʩʢʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ Pccn P212121 P43212 

a, ¡ 14.8290(4) 17.7770(5) 13.1202(2) 

b, ¡ 21.6212(5) 17.7867(6) 13.1202(2) 

c, ¡ 25.3895(6) 50.5141(11) 17.6987(4) 

V, ¡
3
 8140.4(3) 15972.3(8) 3046.65(12) 

Z 4 8 4 

Dcalcd, ʛ/ʩʤ
3
 1.353 1.340 1.355 

ɛ, ʤʤ
ī1

 0.665 0.677 0.621 

F(000) 3480 6752 1308 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.25 x 0.20 x 0.10 0.29 Ĭ 0.29 Ĭ 0.22 0.20 Ĭ 0.20 Ĭ 0.18 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ɗ, 

ʛʨʘʜ. 

3.32 ï25.68 3.26ï25.35 3.31ï26.37 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī18 Ò h Ò 14, 

ī27 Ò k Ò 27, 

ī26 Ò l Ò 31 

ī21 Ò h Ò 14, 

ī21 Ò k Ò 20, 

ī60 Ò l Ò 40 

ī14 Ò h Ò 12, 

ī16 Ò k Ò 11, 

ī22 Ò l Ò 13 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

26408 / 7689 39250/ 26179 8033 / 3093 

Rint 0.0213 0.0442 0.0198 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ I > 2ů(I) 6081 21770 2907 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1.031 1.045 1.092 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0.0585, 

wR2 = 0.1564 

R1 = 0.0911,  

wR2 = 0.2285 

R1 = 0.0359, 

wR2 = 0.0824 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪʨʘʞʝ-

ʥʠʡ)) 

R1 = 0.0726, 

wR2 = 0.1668 

R1 = 0.1055, wR2 = 

0.2529 

R1 = 0.0398, 

wR2 = 0.0842 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), e/¡
3
 

1.393 / ī0.761 1.304 / ī0.665 0.375/ ī0.156 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʘʨʘʤʝʪʨ 10 15 16 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C21H30LiN 3O9Zn C39H42CoLiN3O9 C36H36LiN 3O9Zn 

M, ʛ/ʤʦʣʴ 540.79 762.62 726.99 

ʉʠʥʛʦʥʠʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ P41212 I2/a I2/a 

a, ¡ 13.2635(3) 11.2469(4) 11.8491(5) 

b, ¡ 13.2635(3) 29.1732(9) 29.0049(10) 

c, ¡ 17.6166(4) 12.3612(4) 12.2371(4) 

ɓ, ʛʨʘʜ.  92.248(3) 93.249(3) 

V, ¡
3
 3099.12(17) 4052.7(2) 4198.9(3) 

Z 4 4 4 

Dcalcd, ʛ/ʩʤ
3
 1.159 1.250 1.150 

ɛ, ʤʤ
ī1

 0.836 0.478 0.634 

F(000) 1128 1596 1512 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.33 Ĭ 0.28 Ĭ 0.22 0.38 Ĭ 0.17 Ĭ 0.11 0.23 Ĭ 0.21 Ĭ 0.15 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ɗ, 

ʛʨʘʜ. 

3.44ï29.45 3.58ï29.50 3.44ï25.35 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī17 Ò h Ò 17, 

ī11 Ò k Ò 16, 

ī24 Ò l Ò 22 

ī14 Ò h Ò 15, 

ī34 Ò k Ò 36, 

ī14 Ò l Ò 15 

ī14 Ò h Ò 14, 

ī34 Ò k Ò 28, 

ī14 Ò l Ò 11 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

10902 / 3696 10599 / 4784 9055 / 3838 

Rint 0.0272 0.0186 0.0220 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ I > 2ů(I) 3266 3780 3040 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1.133 1.053 1.061 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0.0637, 

wR2 = 0.1849 

R1 = 0.0782, 

wR2 = 0.2430 

R1 = 0.0657, 

wR2 = 0.2063 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪʨʘʞʝ-

ʥʠʡ)) 

R1 = 0.0712, 

wR2 = 0.1951 

R1 = 0.0934, 

wR2 = 0.2578 

R1 = 0.0795, 

wR2 = 0.2180 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), e/¡
3
 

0.851 / ī0.405 0.875 / ī0.804 0.645 / ī0.509 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʘʨʘʤʝʪʨ  18 19 20 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C23H33LiN 4O11S2Zn C78H110Li 4N14O38S6Zn4 C30H36Li 2N4O20Zn2 

M, ʛ/ʤʦʣʴ 676.10 2326.32 914.08 

ʉʠʥʛʦʥʠʷ ʨʦʤʙʠʯʝʩʢʘʷ ʤʦʥʦʢʣʠʥʥʘʷ ʨʦʤʙʠʯʝʩʢʘʷ 

ʇʨ. ʛʨʫʧʧʘ Pccn P21/n Pna21 

a, ¡ 17.1879(3) 17.9819(4) 10.4559(2) 

b, ¡ 21.8520(4) 11.0930(2) 16.5321(4) 

c, ¡ 18.7739(4) 27.7913(8) 24.7285(5) 

ɓ, ʛʨʘʜ.  90.095(2)  

V, ¡
3
 7051.3(2) 5543.6(2) 4274.52(16) 

Z 8 2 4 

Dcalcd, ʛ/ʩʤ
3
 0.957 1.048 1.170 

ɛ, ʤʤ
ī1

 0.844 1.024 1.180 

F(000) 2060 1776 1520 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ    

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ɗ, ʛʨʘʜ. 

3.35ï28.85 3.46ï31.13 3.30ï26.02 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī17 Ò h Ò 23, 

ī25 Ò k Ò 30, 

ī15Ò l Ò 23 

ī26 Ò h Ò 27, 

ī10 Ò k Ò 17, 

ī26 Ò l Ò 40 

ī13 Ò h Ò 13, 

ī21 Ò k Ò 21, 

ī28 Ò l Ò 31 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝ-

ʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

23167/ 7686 34047/ 15502 32352/ 7885 

Rint 0.0232 0.0356 0.0273 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

6280 12108 7389 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1.108 1.094 1.076 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0.0386, 

wR2 = 0.1203 

R1 = 0.1752, 

wR2 = 0.4425 

R1 = 0.0362, 

wR2 = 0.1018 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪ-

ʨʘʞʝʥʠʡ)) 

R1 = 0.0467, 

wR2 = 0.1247 

R1 = 0.1917, 

wR2 = 0.4505 

R1 = 0.0386, 

wR2 = 0.1032 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), 

e/¡
3
 

1.506 / ī0.585 2.402 / ī2.040 0.486 / ī0.305 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʘʨʘʤʝʪʨ  21 22 23 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C72H92Li 2N10O20Zn2 C47H47Li 2N7O15Zn2 C40H31Br3Li 2N4O14Zn2 

M, ʛ/ʤʦʣʴ 1562.17 1094.53 1176.04 

ʉʠʥʛʦʥʠʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ P3221 C2/c C2/c 

a, ¡ 25.7177(6) 17.0602(9) 17.8034(9) 

b, ¡ 25.7177(6) 18.8603(9) 18.4763(7) 

c, ¡ 14.3669(5) 16.9468(11) 17.1568(9) 

Ŭ, ʛʨʘʜ. 90   

ɓ, ʛʨʘʜ. 90 113.193(7) 115.411(6) 

ɔ, ʛʨʘʜ. 120   

V, ¡
3
 8229.2(4) 5012.1(5) 5097.6(5) 

Z 3 4 4 

Dcalcd, ʛ/ʩʤ
3
 0.946 1.450 1.532 

ɛ, ʤʤ
ī1

 0.491 1.805 3.354 

F(000) 2460 2256 2328 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.28 x 0.18 x 0.11 0.19 Ĭ 0.04 Ĭ 0.03 0.49 Ĭ 0.06 Ĭ 0.04 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ɗ, ʛʨʘʜ. 

3.30ï31.12 5.27ï73.39 3.36ï25.68 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī15 Ò h Ò 36, 

ī37 Ò k Ò 24, 

ī13 Ò l Ò 21 

ī21 Ò h Ò 15, 

ī20 Ò k Ò 23, 

ī20 Ò l Ò 19 

ī16 Ò h Ò 21, 

ī22 Ò k Ò 20, 

ī20 Ò l Ò 20 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝʟʘ-

ʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

27023/ 15208 10728 / 4943 12067 / 4828 

Rint 0.0384 0.0316 0.0301 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

8677 4444 3790 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 0.932 1.041 1.030 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0.0518, 

wR2 = 0.0978 

R1 = 0.0488, 

wR2 = 0.1326 

R1 = 0.0606, 

wR2 = 0.1707 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪ-

ʨʘʞʝʥʠʡ)) 

R1 = 0.1054, 

wR2 = 0.1152 

R1 = 0.0523, 

wR2 = 0.1355 

R1 = 0.0775, 

wR2 = 0.1805 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), 

e/¡
3
 

0.435 / ī0.274 1.029 / ī0.962 1.769 / ī0.713 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 (ʦʢʦʥʯʘʥʠʝ) 

ʇʘʨʘʤʝʪʨ  24 25 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C40H31Li 2N7O20Zn2 C39H39Li 2N7O16Zn2 

M, ʛ/ʤʦʣʴ 1074.34 1006.39 

ʉʠʥʛʦʥʠʷ ʤʦʥʦʢʣʠʥʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ C2/c C2/c 

a, ¡ 17.5849(9) 17.0298(5) 

b, ¡ 18.5060(6) 18.8904(5) 

c, ¡ 17.2860(8) 16.7611(5) 

ɓ, ʛʨʘʜ. 115.122(6) 112.447(4) 

V, ¡
3
 5093.2(4) 4983.5(3) 

Z 4 4 

Dcalcd, ʛ/ʩʤ
3
 1.401 1.341 

ɛ, ʤʤ
ī1

 1.020 1.032 

F(000) 2184 2064 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.23 Ĭ 0.20 Ĭ 0.09 0.28 Ĭ 0.16 Ĭ 0.15 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ɗ, 

ʛʨʘʜ. 

3.37ï25.68 3.37ï28.72 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 
ī18 Ò h Ò 21, ī21 Ò k Ò 22, 

ī21 Ò l Ò 18 

ī21 Ò h Ò 21, ī24 Ò k Ò 18, 

ī22 Ò l Ò 16 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

11830 / 4814 13068 / 5529 

Rint 0.0254 0.0253 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ I > 2ů(I) 3808 4753 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1.044 1.029 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] R1 = 0.0524, wR2 = 0.1478 R1 = 0.0452, wR2 = 0.1226 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪʨʘʞʝ-

ʥʠʡ)) 

R1 = 0.0663, wR2 = 0.1553 R1 = 0.0532, wR2 = 0.1287 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), e/¡
3
 

1.228 / ī0.458 0.668 / ī0.641 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

 

3.1. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʠʚʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ {Li2M
II

2} ʠ {M
II

2Ln} ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʄʆʂʇ 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘ-

ʪʠʦʥʳ ʣʠʪʠʷ ʠ d-ʵʣʝʤʝʥʪʘ [Li2Co2(piv)6(NEt3)2], ʙʳʣ ʧʦʣʫʯʝʥ ʛʨʫʧʧʦʡ ʀ.ʃ. ɽʨʝʤʝʥʢʦ. ʊʘ-

ʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠʟʚʝʩʪʥʳ ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ: M = Cu
2+

, Zn
2+

, Ni
2+
. ɺ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ [Li2M2(RCOO)6L2] ʢʘʞʜʳʡ ʢʘʪʠʦʥ Li
+
 ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝ-

ʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʢʘʞʜʳʡ d-ʤʝʪʘʣʣ ʤʦʞʝʪ ʠʤʝʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 4 ʠʣʠ 5 ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʠ ʘʢʩʠʘʣʴʥʳʭ  ʣʠʛʘʥʜʦʚ L. ʂʘʞʜʳʡ ʠʟ ʰʝʩʪʠ ʢʘʨʙʦʢʩʠʣʘʪ-

ʥʳʭ ʣʠʛʘʥʜʦʚ ʩʚʷʟʘʥ ʩ ʦʜʥʠʤ d-ʤʝʪʘʣʣʦʤ  ʠ ʦʜʥʠʤ Li
+
 ʢʘʪʠʦʥʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʚʘ ʠʟ ʰʝʩʪʠ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠʤʝʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʢʦ ʚʪʦʨʦʤʫ ʢʘʪʠʦʥʫ Li(I), 

ʦʙʨʘʟʫʷ {Li2O2} ʨʦʤʙ. ʂʘʨʙʦʢʩʠʣʘʪʥʦʝ ʛʝʪʨʦʤʝʪʘʣʣʠʯʝʩʢʦʝ ʷʜʨʦ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦ, ʧʦ-

ʵʪʦʤʫ ʪʝʪʨʘʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Li2M2(RCOO)6] ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʤʝʨ 

ʜʚʫʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʝʜʠʥʠʮ [LiM(RCOO)3]. ʆʙʱʘʷ 

ʛʝʦʤʝʪʨʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ [Li2M2(RCOO)6L2] 

ʥʘʧʦʤʠʥʘʝʪ ʦʧʠʩʘʥʥʫ  ʁʚʳʰʝ ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ ʣʠʥʝʡʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [M3(RCOO)6L2]. ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʜʚʘ ʢʘʪʠʦʥʘ Li
+
 ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʠʛʨʘʶʪ ʨʦʣʴ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʫʟʣʘ (ʨʠʩ. 1). ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʦʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʝ ʢʦʤʧʣʝʩʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠ ̫ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʩʠʜʦʚ ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ [93ï95]. ʊʘʢ ʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠʭ ʤʘʛʥʠʪʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [96ï

98]. 

ʊʨʝʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ {M2Ln} ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʫʟʣʘ ʠʟʚʝʩʪʥʳ ʫʞʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ [99]. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʪʠʦʥ ʣʘʥʪʘʥʠʜʘ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʝ ʯʠʩʣʦ 7 ʠʣʠ 8. ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʚʭʦʜʷʪ 6 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʤʦʩʪʠʢʦʚʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʥʠʪʨʘʪʥʳʭ ʛʨʫʧʧ, ʠ 1 ʠʣʠ 2 ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʧʨʦʪʠʚʦʘʥʠ-

ʦʥʘ, ʦʙʳʯʥʦ ʵʪʦ ʛʠʜʨʦʢʩʠʜ ʠʣʠ ʥʠʪʨʘʪ-ʘʥʠʦʥ. ʂʘʞʜʳʝ 3 ʤʦʩʪʠʢʦʚʳʝ ʛʨʫʧʧʳ  ʦʙʨʘʟʫʶʪ ʩ 

ʦʜʥʠʤ ʢʘʪʠʦʥʦʤ d-ʤʝʪʘʣʣʘ ʪʨʝʭʩʚʷʟʥʳʡ ʫʟʝʣ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʪʨʝʭʲʷʜʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ 

ʣʘʥʪʘʥʠʜʘ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʧʨʦʪʠʚʦʘʥʠʦʥ. ʊʘʢʦʡ ʫʟʝʣ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʦʙʨʘʟʦ-

ʚʳʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʪʦʣʴʢʦ ʩ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʷʚʣʷ-

ʝʪʩʷ ʝʛʦ ʬʨʘʛʤʝʥʪʘʮʠʷ ʜʦ ʙʠʷʜʝʨʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 4 ʩʚʷʟʥʦʛʦ ʫʟʣʘ ʚ ʭʦʜʝ ʨʝʘʢ-

ʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʤʠ ʢʘʢ 

ʩʤʝʰʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʣʘʥʪʘʥʠʜ ï d-ʤʝʪʘʣʣ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʛʥʠʪʥʦ-
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ʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʥʪʝʨʝʩʥʳ-

ʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʄʆʂʇ [100ï102]. 

 ɿʘʜʘʥʥʘʷ ʧʨʦʯʥʘʷ ʛʝʦʤʝʪʨʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʝʨʝʩʪʨʘʠʚʘʝ-

ʤʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʪʘʢʠʭ ʪʨʝʭ- ʠ ʪʝʪ-

ʨʘ̫ʜʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʝʣʘʶʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦ-

ʢʘʤʠ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʄʆʂʇ. 

 

3.2. ʉʠʥʪʝʟ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʫʤʝʪʴ ʧʦʣʫʯʘʪʴ ʩʝʤʝʡʩʪʚʘ 

ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʪʘʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʝ ʧʨʠʨʦʜʦʡ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʥʦ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʫʥʠʢʘʣʴ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʜʨʫʛ ʩ ʜʨʫ-

ʛʦʤ. ʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʪʘʢʠʭ ʧʦʣʠʷʜʝʨʥʳʭ ʙʣʦʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ ʪʨʘʜʠʮʠʦʥ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ, ʪʘʢ ʢʘʢ ʧʨʦʩʪʦʝ ʩʤʝʰʝʥʠʝ ʩʦʣʝʡ ʥʝʩʢʦʣʴʢʠʭ ʤʝ-

ʪʘʣʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʥʢʝʨʘʤʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʦʣʴʢʦ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘ-

ʷʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ [103ï107]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʪʘʢʠʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʠʟʚʝʩʪʥʳ, ʥʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʄʆʂʇ ʠʩʭʦʜʷ ʠʟ ʨʷʜʘ ʛʝ-

ʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʠʚʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʪʠʧʘ ʧʠʚʘʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Li 2M2(piv)6(py)2] (M = Zn
2+

, Co
2+

) ʠ [M2Ln(X)(piv)4(L1)2(L2)2] (M = 

Zn
2+

, Cd
2+

, Co
2+

; Ln = Eu
3+

, Gd
3+

; X = OH
ï
, NO3

ï
, piv

ï
; L1 = piv

ï
, NO3

ï
, L = phen, py, H2O). 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʱʝʥʠʝ ʤʦʥʦʪʦʧʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʣʠʪʦʧʥʳʤʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʪʷʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʦʚ. ʊʘʢ ʚ ʩʣʫʯʘʝ ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ { Li 2M2}  ʠʩʭʦʜʥʳʡ ʰʝʩʪʠʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʬʨʘʛʤʝʥʪ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ 

ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ: 

1) [Li 2M2(RCOO)6]: ʩʦʭʨʘʥʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ ʟʘʤʝʱʝ-

ʥʠʝʤ ʚʩʝʭ ʧʠʚʘʣʘʪ-ʘʥʠʦʥʦʚ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ 6-ʩʚʷʟʥʳʡ ʫʟʝʣ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦ-

ʣʠʤʝʨʘ; ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠʚʝʜʝʪ ʢ ʟʘʤʝʱʝ-
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ʥʠʶ ʧʠʨʠʜʠʥʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʜʘʝʪ ʫʞʝ 8-ʩʚʷʟʥʳʡ ʫʟʝʣ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ (ʨʠʩ. 38); 

 
ʈʠʩ. 38. ʆʙʱʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʧʠʚʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ [Li 2M2(piv)6L2] ʢʦʤʧʣʝʢʩʝ, ʢʨʘʩʥʳʤ ʧʦʢʘ-

ʟʘʥʦ ʟʘʤʝʱʝʥʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʠʥʠʤ ï ʘʢʩʠʘʣʴʥʳʤʠ N-ʜʦʥʦʨʥʳʤʠ 

 

2) [LiM(RCOO)3]: ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʳʭ ʢʘʪʠʦʥʦʚ ʣʠʪʠʷ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʪʦʤʳ Õ3ïO ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʨʘʟʨʳʚ ʪʘʢʦʡ ʩʚʷʟʠ LiïO ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʜʝʥʪʠʯʥʳʭ ʙʠʷʜʝʨʥʳʭ { LiM } ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʬʨʘʛ-

ʤʝʥʪʦʚ. ʊʘʢʠʝ ʬʨʘʛʤʝʥʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 3ï5 ʩʚʷʟʥʳʝ ʫʟʣʳ (ʨʠʩ. 39) ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʩʥʘʯʘʣʘ ʪʨʝʭ ʠʩʭʦʜʥʳʭ ʧʠʚʘʣʘʪʥʳʭ ʬʨʘʛ-

ʤʝʥʪʦʚ, ʟʘʪʝʤ ʧʠʨʠʜʠʥʘ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ, ʥʘʢʦʥʝʮ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʝʡ ʦʩʚʦʙʦʜʠʚʰʝʛʦʩʷ ʧʦʩʣʝ ʨʘʟʨʳʚʘ ʩʚʷʟʠ LiïÕ3-O ʧʦʣʦʞʝʥʠʷ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ; 

 

ʈʠʩ. 39. ɺʠʜʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʝʪʨʘʷʜʝʨʥʦʛʦ { Li 2M2} 

ʢʦʤʧʣʝʢʩʘ ʜʦ ʙʠʷʜʝʨʥʦʛʦ {LiM}  

 

3) ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʘ ʩʣʦʞʥʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ { Li 2M2}, ʢʦʛʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʘʶ-

ʱʝʛʦʩʷ ʧʦʣʠʤʝʨʘ ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʢ ʠʩʭʦʜʥʳʝ ʪʝʪʨʘʷʜʝʨʥʳʝ, ʪʘʢ ʠ ʙʠ-
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ʷʜʝʨʥʳʝ { LiM } ʬʨʘʛʤʝʥʪʳ, ʠʣʠ ʧʨʦʠʟʦʡʜʝʪ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ, ʢʦʛʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟʦʣʠʨʦ-

ʚʘʥʥʳʝ ʢʘʪʠʦʥʳ ʮʠʥʢʘ ʠʣʠ ʣʠʪʠʷ. 

ɺ ʩʣʫʯʘʝ ʪʨʝʭʲʷʜʝʨʥʦʛʦ { M2Ln}  ʣʘʥʪʘʥʠʜʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʟʘ-

ʪʨʫʜʥʝʥʦ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ 9-ʩʚʷʟʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʙʠʷʜʝʨʥʳʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ 5-ʩʚʷʟʥʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʢʘʪʠʦʥʦʚ d-ʤʝʪʘʣʣʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʠʥʪʝʟʘ 

ʄʆʂʇ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʠʚʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Li 2Zn2(piv)6(py)2], [Li 2Co2(piv)6(py)2], [Co2Gd(NO3)(piv)6(py)2], 

[Zn2Eu(OH)(piv)4(NO3)2(phen)2] ʠ [Cd2Eu(piv)7(H2O)2] ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʆʂʇ. ɺʩʝʛʦ ʧʦʣʫʯʝʥʦ 25 ʩʦʝʜʠʥʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ 

24 ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ. ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʝʜʠ-

ʥʝʥʠʡ ʠ ʤʝʪʦʜʦʚ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 2. ɼʣʷ ʨʷʜʘ ʄʆʂʇ ʜʦʢʘʟʘʥʘ ʠʭ ʧʝʨ-

ʤʘʥʝʥʪʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ N2, CO2, CH4, C6H6, C6H12. ʀʟʫʯʝʥʳ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ. ɼʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 22-25 ʨʘʩʩʯʠʪʘʥʳ ʬʘʢʪʦʨʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ 

CO2/CH4 ʠ C6H6/C6H12. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʟʜʝʣʝʥʠʶ ʩʤʝʩʠ ʛʘʟʦʚʦʡ ʬʘʟʳ 

C6H6/C6H12 ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘ ̫ʩʪʨʫʢʪʫʨʘ 20 ʩʦ-

ʝʜʠʥʝʥʠʡ (1-10, 15,16, 18-25) ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʦʚ. ʆʩʪʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ ʠʣʠ ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʄʆʂʇ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ. ʇʦʤʠʤʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ-

ʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʵʣʝʤʝʥʪʥʳʤ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘ-

ʤʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʨʠʚʦʜʠʪʩʷ ʚ ʪʨʝʭ ʨʘʟʜʝʣʘʭ. ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʦʙ-

ʩʫʞʜʘʝʪʩʷ ʩʠʥʪʝʟ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ 

ʵʪʦʤ ʨʘʟʜʝʣʝ ʩʥʘʯʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʨ rʩʣʦʞʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠʩʭʦʜʥʳʭ ʛʝʪʝ-

ʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʟʘʪʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʙʠʷʜʝʨʥʳʭ { LiM } 

ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʥʘʢʦʥʝʮ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʪʝʪ-

ʨʘʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ {Li 2M2}. ɺʪʦʨʦʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʦʙʩʫʞʜʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ. ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʦʙʩʫʞ-

ʜʘʶʪʩʷ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʨʤʘʥʝʥʪʥʦ-ʧʦʨʠʩʪʳʭ ʢʘʨʢʘʩʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ 

ʚ ʩʠʩʪʝʤʘʭ CO2/CH4, C6H6/C6H12 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʄʆʂʇ. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2  

ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʪʦʜʳ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ˉ ʌʦʨʤʫʣʘ ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1 [Zn(Hibdc)2]ĿDMF ʈʉɸ 

2 (H2NMe2)[Li 2Zn3(H2O)(dmf)(Hbtc)3(btc)]Ŀ6DMFĿH2O ʈʉɸ 

3 [{ CoGd(dma)3} 2(bdc)5]Ŀ2DMA ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ 

4 [{ ZnEu(dma)2} 2(bdc)5]Ŀ4DMA ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ 

5 [{ CdEu(dma)3} 2(bdc)5]Ŀ2DMA ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ 

6 [{ LiZn} 2(bpdc)
3
(dma)

4
]Ŀ3DMAĿH2O ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

7 [{ LiZn} 2(bpdc)
3
(nmp)

4
]Ŀ4DMA ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

8 [Li 2Zn2(H2O)2(bpp)(bpdc)3]Ŀ7DMF ʈʉɸ 

9 [LiCo(btc)(dma)
2
]Ŀ2DMA ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

10 [LiZn(btc)(dma)
2
]ĿDMA ʈʉɸ 

11 [LiZn(btc)(dmf)2]Ŀ0.5DMFĿ2H2O ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

12 [LiZn(btc)(dma)2]Ŀ3H2O ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

13 [LiZn(btc)(nmp)2]Ŀ2NMPĿ2H2O ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

14 [LiCo(btb)(dmf)2]Ŀ2DMF ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

15 [LiCo(btb)(dma)2]Ŀ2DMA ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

16 [LiZn(btb)(dmf)2]Ŀ2DMFĿH2O ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

17 [LiZn(btb)(dma)2]Ŀ2DMA ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

18 (H2NMe2)[LiZn(tdc)2(dmf)]Ŀ2DMF ʈʉɸ, ʈʌɸ, ʕɸ, ʊɻɸ 

19 [{ LiZn} 2Li 2Zn2(tdc)6(dmf)6]Ŀ8DMF ʈʉɸ, ʈʌɸ, ʕɸ, ʊɻɸ 

20 [Li 2Zn2(fdc)3(dmf)2]Ŀ2DMFĿH2O ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

21 [Li
2
Zn

2
(bpdc)

3
(dabco)]Ŀ9DMFĿ4H2O ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

22 [Li
2
Zn

2
(bdc)

3
(bpy)]Ŀ3DMFĿCH3CNĿH2O ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

23 [Li
2
Zn

2
(Br-bdc)

3
(bpy)]Ŀ2DMFĿCH3CNĿH2O ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

24 [Li
2
Zn

2
(NO

2
-bdc)

3
(bpy)]Ŀ2DMFĿH2O ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

25 [Li
2
Zn

2
(NH

2
-bdc)

3
(bpy)]ĿDMFĿCH3CNĿ3H2O ʈʉɸ, ʈʌɸ, ʀʂ, ʕɸ, ʊɻɸ 

 

3.2.1. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ [Zn(Hibdc)2]ĿDMF (1), 

(H2NMe2)[Li 2Zn3(H2O)(dmf)(Hbtc)3(btc)]Ŀ6DMFĿH2O (2) 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ 

[Li2Zn2(piv)6(py)2] ʩ ʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ (H2ibdc) ʠʣʠ ʪʨʠʤʝʟʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (H3btc) 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ, ʧʦʣʫʯʝʥʳ ʜʚʘ ʥʦʚʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ [Zn(Hibdc)2]ĿDMF (1), 

(H2NMe2)[Li2Zn3(H2O)(dmf)(Hbtc)3(btc)]Ŀ6DMFĿH2O (2) [108]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ 

ʚʠʜʝ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʩʦʩʪʘʚ 

ʫʩʪʘʥʦʚʣʝʥʦʤ ʪʘʢ ʞʝ ʧʦ ʜʘʥʥʳʤ ʈʉɸ. ɺ ʠʟʫʯʘʝʤʳʭ ʨʝʘʢʮʠʷʭ ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ 

{Li2Zn2} ʬʨʘʛʤʝʥʪʘ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ ʩʣʦʞʥʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ ʵʪʦʛʦ 
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ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʛʦ ʙʣʦʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʷʜʝʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʜʠʤʝʨʦʚ {LiZn}.  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Zn(Hipdc)2]ĿDMF (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʨʢʘʩ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʘʪʠʦʥ ʮʠʥʢʘ(II) ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ 

ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 4 ʨʘʟʥʳʭ ʠʟʦʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ (ʨʠʩ. 40). 

ʈʘʩʩʪʦʷʥʠʷ ZnïO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.948(3)ï1.954(3) ¡. ʂʘʞʜʳʡ ʦʩʪʘʪʦʢ ʢʠʩʣʦʪʳ ʢʦʦʨ-

ʜʠʥʠʨʫʝʪ ʜʚʘ ʢʘʪʠʦʥʘ ʮʠʥʢʘ, ʘ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʩʣʦʠ ʠʤʝʶʪ ʪʦʧʦʣʦʛʠʶ sql. ɺ ʫʧʘʢʦʚʢʝ 

ʩʣʦʝʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʜʥʦʤʝʨʥʳʝ ʨʦʤʙʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʩʝʯʝʥʠʝʤ 6 Ĭ 8 ¡, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʠ 

c. ʉʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʥʫʪʨʠ ʢʘʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 39% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨ-

ʥʦʡ ʷʯʝʡʢʠ (ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʧʨʦʛʨʘʤʤʝ PLATON), ʠ ʟʘʥʷʪʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘ-

ʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ DMF ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʢʘʨ-

ʢʘʩʘ. 

  

ʈʠʩ. 40. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ ʮʠʥʢʘ ʚ 1 (ʘ). ʉʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʩʪʨʫʢʪʫ-

ʨʳ 1 (ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ab) (ʙ). ʋʧʘʢʦʚʢʘ ʩʣʦʝʚ (ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ac) (ʚ). ɸʪʦʤʳ ʤʝʪʘʣ-

ʣʘ ʦʙʦʟʥʘʯʝʥʳ ʰʘʨʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ 

 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ (H2NMe2)[Li 2Zn3(H2O)(dmf)(Hbtc)3(btc)]Ŀ6DMFĿH2O (2) ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʘʪʠʦʥ ʮʠʥʢʘ(II) ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʢʘʨ-

ʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʯʝʪʳʨʝʭ ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ. ʈʘʩʩʪʦʷʥʠʷ ZnïO ʣʝʞʘʪ ʚ 

ʜʠʘʧʘʟʦʥʝ 1.918(4)ï1.948(3) ¡. ɼʚʘ ʦʩʪʘʚʰʠʭʩʷ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʘ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʠʩʭʦʜʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʜʚʫʭ ʩʚʷʟʝʡ ʣʠʪʠʡïʢʠʩʣʦʨʦʜ, ʠ ʚ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝ-

ʩʢʦʤ ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʦʤ ʬʨʘʛʤʝʥʪʝ { LiZn(RCOO)3}  ʘʥʠʦʥʳ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʟʘʤʝ-

ʱʘʶʪʩʷ ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ. ɺ ʧʝʨʚʦʤ ʠʟ ʪʘʢʠʭ ʙʣʦʢʦʚ {LiZn(ɛ-

RCOO)3(dmf)(RCOO)} ʢʘʪʠʦʥ ʣʠʪʠʷ ʜʦʧʦʣʥʷʝʪ ʩʚʦʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʢʦʦʨʜʠ-

ʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ DMF, ʘ ʢʘʪʠʦʥ ʮʠʥʢʘ ï ʢʠʩʣʦʨʦʜʦʤ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʙʝʥ-

ʟʦʣʪʨʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ, ʦʙʨʘʟʫʷ ʯʝʪʳʨʝʭʩʚʷʟʥʳʡ ʫʟʝʣ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ. ɼʨʫʛʦʡ 

ʚʪʦʨʠʯʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ {LiZn(ɛ-RCOO)3(H2O)(RCOO)} ʷʚʣʷʝʪʩʷ ʪʘʢ ʞʝ ʯʝʪʳʨʝʭ-

a) ʚ) ʙ) 
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ʩʚʷʟʥʳʤ ʫʟʣʦʤ, ʦʜʥʘʢʦ ʢʘʪʠʦʥ ʣʠʪʠʷ ʢʦʦʨʜʠʥʠʨʫʝʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʘʢʚʘ-ʣʠʛʘʥʜʘ, ʘ ʂʏ 

ʢʘʪʠʦʥʘ ʮʠʥʢʘ ʤʝʥʷʝʪʩʷ ʥʘ 5 ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʦʙʦʠʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ (ʨʠʩ. 41). ʈʘʩʩʪʦʷʥʠʷ ZnïO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

1.918(4)ï1.947(4) ¡ ʠ 1.970(3)ï2.060(4) ¡, ʘ LiïO ï 1.875(9)ï1.939(11) ¡, 1.872(10)ï

2.053(11) ¡, ʜʣʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʙʣʦʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʨʠ ʪʠʧʘ ʚʪʦʨʠʯʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʪʦʧʦʣʦʛʠʶ ʩ ʩʠʩʪʝʤʦʡ ʧʝʨʝʩʝʢʘʶ-

ʱʠʭʩʷ ʢʘʥʘʣʦʚ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 4ï8 ¡ (ʨʠʩ. 5). ʂʘʨʢʘʩ ʥʝʩʝʪ ʦʪ-

ʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʢʦʤʧʝʥʩʠʨʫʶʪ ʢʘʪʠʦʥʳ ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʧʨʦʮʝʯʯʝ ʨʘʟʣʦʞʝʥʠʷ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ. ʆʙʱʠʡ ʦʙʲʝʤ ʧʦʣʦʩʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 59% ʦʪ ʦʙʲ-

ʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʟʘʥʷʪ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʘʪʠʦ-

ʥʦʚ ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ. 

 

 

 

ʈʠʩ. 41. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʦʚ Zn
2+

 ʠ Li
+
 ʚ 2.ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. ʉʪʨʦ-

ʝʥʠʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ 2: ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ bc, (ʘ); ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ac (ʙ). 

ɸʪʦʤʳ ʮʠʥʢʘ ʦʙʦʟʥʘʯʝʥʳ ʰʘʨʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʣʠʪʠʷ ï ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦ-

ʢʘʟʘʥʳ 

  

a) ʙ) 
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 3.2.2. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʙʠʷʜʝʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ {LiM
II
(COO)3} ʠ {M

II
Ln(COO)5} ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ʇʨʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʘʢ ʪʝʪʨʘʷʜʝʨʥʳʭ Li 2M2(piv)6(py)2], ʪʘʢ ʠ ʪʨʝʭʲʷʜʝʨʥʳʭ 

[M2Ln(X)(piv)4(L1)2(L2)2] ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʤʦʞʥʦ ʯʘʩʪʠʯʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦ-

ʞʝʪ ʧʨʦʠʩʭʦʜʠʪ ɹʨʘʟʨʳʚ ʩʚʷʟʠ LiïÕ3-O ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʷʜʝʨʥʳʭ ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʫʟ-

ʣʦʚ { LiZn(RCOO)3} . ʀʟ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ{ M2Ln}  ʤʦʞʝʪ ʪʘʢ ʞʝ ʧʦʣʫʯʠʪʴʩʷ ʪʨʠ-

ʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʙʠʷʜʝʨʥʳʡ ʙʣʦʢ { MLn}, ʚ ʢʦʪʦʨʦʤ ʢʘʪʠʦʥ ʣʘʥʪʘʥʠʜʘ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦ ʥʝʥʘʩʳʱʝʥʥʳʤ ʠ ʤʦʞʝʪ, ʥʘʧʨʠʤʝʨ, ʙʳʪʴ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʪʠʦʥ d-ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʙʳʪʴ ʢʦ-

ʦʨʜʠʥʠʨʦʚʘʥ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. 

ɼʣʷ ʨʝʘʢʮʠʡ ʩ ʢʦʤʧʣʝʢʩʘʤʠ [Li 2Zn2(piv)6(py)2], [Li 2Co2(piv)6(py)2], 

[Co2Gd(NO3)(piv)6(py)2], [Zn2Eu(OH)(piv)4(NO3)2(phen)2] ʠ [Cd2Eu(piv)7(H2O)2] ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʭʠʤʠʠ ʄʆʂʇ ʧʦʣʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩ-

ʣʦʪʳ. ʊʘʢʦʡ ʚʳʙʦʨ ʩʚʷʟʘʥ ʩ ʞʝʣʘʥʠʝʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʞʝ 

ʪʘʢʠʭ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʣʠʥʢʝʨʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʛʝʪʝʨʦ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʄʆʂʇ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʘʢʮʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʨʝʬʪʘʣʝʚʘʷ ʠ ʪʨʠʤʝʟʠʥʦʚʘʷ ʢʠʩʣʦʪʳ, ʘ 

ʪʘʢ ʞʝ ʠʭ  ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ï ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʘʷ ʠ ʙʝʥʟʦʣʪʨʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʳ. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Co2Gd(NO3)(piv)6(py)2], [Zn2Eu(OH)(piv)4(NO3)2(phen)2] 

ʠ [Cd2Eu(piv)7(H2O)2] ʚ ʨʘʩʪʚʦʨʝ ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʦʡ ʧʦʜʚʝʨʛʘʶʪʩʷ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʷʜʝʨʥʦʛʦ ʧʷʪʠʩʚʷʟʥʦʛʦ ʫʟʣʘ {MLn(ɛ-RCOO)3(RCOO)2}: 

[{CoGd(dma)3}2(bdc)5]Ŀ4DMA (3) [109], [{ZnEu(dma)2}2(bdc)5]Ŀ4DMA (4) ʠ 

[{CdEu(dma)3}2(bdc)5]Ŀ4DMA (5). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʢʘʨʢʘʩ, ʧʦʩʪʨʦʝʥʥʳʡ ʠʟ ʢʘʪʠʦʥʦʚ Co
II
, Gd

III
 ʠ ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʣʝʞʠʪ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʬʨʘʛʤʝʥʪ {CoGd(COO)5}. ʇʨʠ ʵʪʦʤ ʘʪʦʤʳ 

ʤʝʪʘʣʣʦʚ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʚʷʟʘʥʳ ʪʨʝʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʘʪʦʤ ʛʘʜʦʣʠʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪ ʜʚʝ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ ʜʚʫʭ ʪʝʨʝʬʪʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʢʘʪʠʦʥʘ ʢʦʙʘʣʴʪʘ(II) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘʵʜʨ (ʨʠʩ. 42), ʚ 

ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ ʘʪʦʤʳ O ʪʨʝʭ ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ ʠ ʦʜʥʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ 

ʤʦʣʝʢʫʣʳ DMA.  
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ʈʠʩ. 42. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʦʚ Co
II
 ʠ Gd

III
 ʚ 4. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʈʘʩʩʪʦʷʥʠʷ CoïO ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, 1.974(4)ï2.037(4) ¡ (ʩʨ. 2.00(3) 

¡).ʉʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʦʙʘʣʴʪʘ ʩʚʷʟʘʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

(ʩʣʘʙʳʤ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ DMA, 

ʧʦʟʠʮʠʷ ʢʦʪʦʨʦʡ ʟʘʩʝʣʝʥʘ ʥʘ ʧʦʣʦʚʠʥʫ (ʨʘʩʩʪʦʷʥʠʝ Co(1)éO(1D) ï 2.374(8) ¡). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ Gd
III
 ʩʦʩʪʦʠʪ ʠʟ 8 ʘʪʦʤʦʚ O ʧʷʪʠ ʪʝʨʝʬʪʘʣʘʪ-

ʘʥʠʦʥʦʚ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ DMA (ʨʠʩ. ʍ). ʈʘʩʩʪʦʷʥʠʷ GdïO ʟʘʤʝʪʥʦ ʚʘʨʴʠʨʫʶʪʩʷ ʠ 

ʩʦʩʪʘʚʣʷʶʪ 2.278(4)ï2.494(4) ¡ (ʩʨ. 2.38(7) ¡). ɹʠʷʜʝʨʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ {CoGd(ɛ2-

RCOO-ə
1
,ə
1
)3(dma)2(RCOO-ə

2
)2} ʦʙʲʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʩʪʠʢʦʚʳʭ 

ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ (ʨʠʩ. 43), ʧʨʠ ʵʪʦʤ 

ʙʠʷʜʝʨʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ CoGd ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʷʪʠʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʫʟʝʣ.  

ɺ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʨʢʘʩʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʢʘʥʘʣʦʚ, ʟʘʧʦʣʥʝʥʥʳʭ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʠ ʛʦʩʪʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ DMA: ʚʜʦʣʴ ʦʩʠ b (4 Ĭ 8 ¡) ʠ ʚʜʦʣʴ ʦʩʠ ʩ 

(5 Ĭ 16 ¡). ɼʦʩʪʫʧʥʳʡ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʦʙʲʝʤ ʚ ʢʘʨʢʘʩʝ 

[{CoGd(dma)3}2(bdc)5] ʩʦʩʪʘʚʣʷʝʪ 21% ʩ ʫʯʝʪʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ DMA. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʦʝʜʠʥʝʥʠ ̫3 ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ 

ʜʘʥʥʳʭ ʈʉɸ (ʨʠʩ. 27), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʘʟʦʚʫ  ʁʯʠʩʪʦʪʫ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

 

 

ʈʠʩ. 43. ʉʪʨʦʝʥʠʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʚ 3 (ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ aʩ ʠ ab). ɸʪʦʤʳ ʚʦ-

ʜʦʨʦʜʘ ʠ ʤʦʣʝʢʫʣʳ ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʘ ʥʝ ʧʦʢʘʟʘʥʳ 
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ʉʦʝʜʠʥʝʥʠʷ 4 ʠ 5 ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʩʦʝʜʠʥʝʥʠʶ 3 (ʨʠʩ 44). ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 4 ̫ ʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫ ʢʘʪʠʦʥʘ ʮʠʥʢʘ ʥʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʦʡ DMA, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Zn(II) ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʨʘʩʩʯʠʪʘʥʥʳʡ 

ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 21%, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ 3 ʠ 5, ʘ 

31%, ʯʪʦ ʜʝʣʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʛʦʩʪʝʚʦʛʦ ʦʙʤʝʥʘ. 

 ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠ ̫3 ʧʣʦʭʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʠ ʟʘʥʠʤʘʝʪ 6 ʩʫʪʦʢ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Co2Gd(NO3)(piv)6(py)2] ʦʧʨʘʚʜʘʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʥʘʰʠ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʝ 3 ʠʩʭʦʜʷ ʠʟ ʩʤʝʩʠ ʩʦʣʝʡ ʢʦʙʘʣʴʪʘ, 

ʛʘʜʦʣʠʥʠʷ ʠ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 

4 ʠ 5 ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩ.̫ 

 

ʈʠʩ. 44. ʉʨʘʚʥʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚ 3, 4 ʠ 5 (ʩʣʝʚʘ ʥʘʧʨʘʚʦ). ɸʪʦʤʳ ʢʦʙʘʣʴʪʘ 

ʧʦʢʘʟʘʥʳ ʰʘʨʘʤʠ ʣʠʣʦʚʦʛʦ ʮʚʝʪʘ, ʮʠʥʢʘ ï ʟʝʣʝʥʦʛʦ, ʢʘʜʤʠʷ ï ʦʣʠʚʢʦʚʦʛʦ, ʛʘʜʦʣʠʥʠʷ ï ʙʝʣʦʛʦ, ʝʚ-

ʨʦʧʠʷ ï ʨʦʟʦʚʦʛʦ 

 

ʉʦʝʜʠʥʝʥʠʷ  [LiZn(bpdc)3/2(dma)2]Ŀ3DMAĿH2O (6), [LiZn(bpdc)3/2(nmp)2]Ŀ4DMA (7) 

[110] ʠ [Li2Zn2(H2O)2(bpp)(bpdc)3]Ŀ7DMF (8) [109] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʘʛʨʝʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

[Li2Zn2(piv)6(py)2] ʩ ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʣʠʙʦ ʚ DMA, ʣʠʙʦ ʚ NMP, ʠʣʠ ʚ 

ʨʘʩʪʚʦʨʝ bpp ʚ DMF, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʪʝʪʨʘʷʜʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʨʝʘʢʮʠʠ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʢʚʠʤʦʣʷʨʥʦʡ ʩʤʝʩʠ ʩʦʣʝʡ Li (I) ʠ Zn (II) ʚʤʝʩʪʦ ʛʝʪʝʨʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʣʠʙʦ 

ʢ ʘʤʦʨʬʥʦʤʫ ʦʩʘʜʢʫ, ʣʠʙʦ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟʚʝʩʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʮʠʥʢ-

ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪʘ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ 6 ʠ 7 ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʠʷʜʝʨʥʳʡ {LiZn} 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪ ʠʟ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʦʰʣʦ ʧʦʣʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʚʩʝʭ ʧʠʚʘʣʘʪ-ʘʥʠʦʥʦʚ ʜʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ, ʘ ʩʘʤ ʬʨʘʛʤʝʥʪ ʚ ʢʘʨʢʘʩʝ 

ʷʚʣʷʝʪʩʷ 3-ʩʚʷʟʥʳʤ ʫʟʣʦʤ. ʊʘʢʦʡ ʪʨʝʭʩʚʷʟʥʳʡ çʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè ʚ ʭʠʤʠʠ ʄʆʂʇ 

ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʙʳʯʥʦ ʚ ʩʪʨʫʢʪʫʨʝ ʙʣʦʢʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʘ 
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ʢʘʪʠʦʥʘ ʄ(II), ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʘ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʟʘ ʩʯʝʪ ʘʥʠʦʥʦʚ ʠʟ ʨʘʩʪʚʦʨʘ [88, 104, 112, 113]. ɺ ʩʣʫʯʘʝ 

ʩʦʝʜʠʥʝʥʠʷ 8, ʢʨʦʤʝ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʠʚʘʣʘʪ-ʘʥʠʦʥʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʞʝ ʢʦʦʨʜʠʥʘʮʠʷ 

ʢʘʪʠʦʥʦʚ ʮʠʥʢʘ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ N-ʩʦʜʝʨʞʘʱʝʛʦ ʣʠʥʢʝʨʘ bpp, ʯʪʦ ʧʨʝʚʨʘʱʘʝʪ 3-

ʩʚʷʟʥʳʡ ʙʣʦʢ ʚ 4-ʩʚʷʟʥʳʡ. 

ʉʦʝʜʠʥʝʥʠʝ 6 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pccn. 

ʂʘʞʜʳʡ ʢʘʪʠʦʥ Zn (II) ʩʚʷʟʘʥ ʩ ʤʦʣʝʢʫʣʦʡ O ʤʦʣʝʢʫʣʳ DMA ʠ ʪʨʝʤʷ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʥʦʤʫ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤʫ 

ʦʢʨʫʞʝʥʠʶ (ZnïO: 1,932(3) ï 1,983(5) ¡). ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʠʦʥʦʚ Li
+
 ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ (LiïO: 1,847(8) ï 1,944(7) ¡). ʂʘʪʠʦʥʳ Li ʠ Zn ʩʚʷʟʘʥʳ ʪʨʝʤʷ 

ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʨʝʜʢʠʡ ʧʨʠʤʝʨ 

ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè (ʨʠʩ. 45). ʕʪʠ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ  ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ ʚ 2D-

ʩʣʦʷʭ ʩ ʩʦʪʦʚʦʡ ʪʦʧʦʣʦʛʠʝʡ (hcb). 

 

ʈʠʩ. 45. ʅʘʧʨʘʚʣʝʥʠʷ ʨʦʩʪʘ ʩʪʨʫʢʪʫʨʳ ʚ 6 ʠ 7 ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ. ʎʠʥʢ 

ʧʦʢʘʟʘʥ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, ʣʠʪʠʡ ï ʛʦʣʫʙʳʤ 

ɼʚʘ ʪʘʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʦʷ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ 

ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʝ 2D-ʩʣʦʠ, ʫʧʘʢʦʚʘʥʥʳʝ ʧʦ ʪʠʧʫ ABAB (ʨʠʩ. 46). [112] ɺ ʧʨʦʝʢʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ a ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʩʠʩʪʝʤʫ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʘʥʘʣʦʚ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 

6 ¡, ʢʦʪʦʨʳʝ ʟʘʥʷʪʳ ʩʠʣʴʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʦʮʝʜʫʨʘ 

PLATON/SQUEEZE ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʚʢʣʘʜ ʚ ʜʠʬʨʘʢʮʠʶ ʠʟ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʙʝʟ ʫʯʝʪʘ ʵʪʠʭ 

ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʬʦʨʤʫʣʘ 6, [{LiZn}2(bpdc)3(dma)4]Ŀ3DMAĿH2O ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ SQUEEZE (603ʝ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ), ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʲʝʤ 
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ʩʦʩʪʘʚʣʷʝʪ 33,4%. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʤʘʩʩʳ ʥʘ 42% ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 300Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʚʩʝʭ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʢʘʨʢʘʩʘ.  

ʉʦʝʜʠʥʝʥʠʝ 7 ʠʟʦʩʪʨʫʢʪʫʨʥʦ 6. ɺ ʪʘʢʦʤ ʞʝ ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʦʤ çʢʠʪʘʡʩʢʦʤ 

ʬʦʥʘʨʠʢʝè ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʘʞʜʳʡ ʢʘʪʠʦʥ 

Zn (II) ʩʚʷʟʘʥ ʩ ʘʪʦʤʦʤ O ʤʦʣʝʢʫʣʳ NMP ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʛʨʫʧʧ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʥʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ (ZnïO: 1,922(2) ï 

1,982(4) ¡). ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʠʦʥʦʚ Li
+
 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʪʨʘʵʜʨ (LiïO: 

1,852(6) ï 1,933(6) ¡). ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ NMP ʚʣʠʷʶʪ ʥʘ ʜʠʘʤʝʪʨ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʘʥʘʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 3 ʜʦ 6 ¡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

DMA ʢ NMP. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʥʘʣʦʚ: ʙʦʣʴʰʘʷ ʧʦ ʦʙʲʝʤʫ ʤʦʣʝʢʫʣʘ NMP ʧʦʚʝʨʥʫʪʘ ʧʘʨʘʣʣʝʣʴʥʦ 

ʩʪʝʥʢʘʤ ʢʘʥʘʣʦʚ ʩʠʣʴʥʝʝ, ʯʝʤ ʤʝʥʴʰʘʷ ʧʦ ʦʙʲʝʤʫ ʤʦʣʝʢʫʣʘ DMA. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʬʦʨʤʫʣʘ 

7, [{LiZn}2(bpdc)3(nmp)4]Ŀ4NMP, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ SQUEEZE (841ʝ 

ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ), ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ʈʘʩʩʯʠʪʘʥʥʳʡ 

ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 32,7%. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʥʘ 48% ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 300Áʉ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʢʘʢ ʛʦʩʪʝʚʳʭ, ʪʘʢ ʠ  ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʢʘʨʢʘʩʘ. 

 

ʈʠʩ. 46. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 6, 7 ʚ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʰʘʨʘʭ. ʉʣʝʚʘ ʥʘʧʨʘʚʦ: ʚʠʜ 

ʩʚʝʨʭʫ ʠ ʩʙʦʢʫ ʥʘ ʧʝʨʝʧʣʝʪʝʥʠʝ ʜʚʫʭ ʩʣʦʝʚ, ʫʧʘʢʦʚʢʘ ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ 
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ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ [{LiZn}2(H2O)2(bpp)(bpdc)3]Ŀ7DMF (8) ʩʦʜʝʨʞʠʪ ʙʠʷʜʝʨʥʳʡ 

ʚʪʦʨʠʯʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ {LiZn(ɛ-RCOO)3}, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʠʚʘʣʘʪ-ʘʥʠʦʥʳ ʟʘʤʝʱʘʶʪʩʷ 

ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ, ʘ ʢʘʪʠʦʥʳ ʣʠʪʠʷ ʠ ʮʠʥʢʘ ʜʦʧʦʣʥʷʶʪ ʩʚʦʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʣʠʥʢʝʨʘ 

bpp, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 4 ʥʝʟʘʚʠʩʠʤʳʭ ʙʣʦʢʦʚ ʪʘʢʦʛʦ ʪʠʧʘ, ʜʚʘ ʠʟ 

ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʙʠʧʠʨʠʜʠʣʴʥʦʛʦ ʣʠʥʢʝʨʘ (ʨʠʩ. 

47), ʘ ʜʚʘ ʜʨʫʛʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʝʨʚʳʭ ʜʚʫʭ ʫʛʣʘʤʠ ʩʚʷʟʳʚʘʥʠʷ ʙʣʦʢʦʚ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʈʘʩʩʪʦʷʥʠʷ ZnïO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.877(11)ï1.978(10) ¡, ʘ LiïO ï 

1.83(3)ï2.01(3) ¡. ʏʝʪʳʨʝʭʩʚʷʟʥʳʝ ʫʟʣʳ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ bpp ʠ bpdc
2ī
, ʦʙʨʘʟʫʷ ʜʚʘʞʜʳ ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʡ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʨʢʘʩ (ʨʠʩ. 47). ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʩʦʝʜʠʥʷʶʱʠʭʩʷ 

ʧʦʣʦʩʪʝʡ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 31% ʦʪ ʦʙʲʝʤʘ ʷʯʝʡʢʠ. ɺ ʧʦʣʦʩʪʷʭ ʥʘʭʦʜʷʪʩʷ 

ʛʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ DMF. 

 

ʈʠʩ. 47. ʉʪʨʦʝʥʠʝ ʙʠʷʜʝʨʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ {LiZn(H 2O)(bpp)(RCOO)3} ʚ 8. ʋʧʘ-

ʢʦʚʢʘ ʚ ʩʪʨʫʢʪʫʨʝ 8 (ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ bc). ɺʟʘʠʤʦʧʨʦʨʘʩʪʘʥʠʝ ʧʦʢʘʟʘʥʦ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘ-

ʤʠ ʥʝʟʘʚʠʩʠʤʳʭ ʩʝʪʦʢ ʩʠʥʝʛʦ ʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ 

 

ʉʦʝʜʠʥʝʥʠʷ [LiCo(btc)(dma)
2
]Ŀ2DMA  (9) ʠ [LiZn(btc)(dma)

2
]ĿDMA  (10) ʙʳʣʠ ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ  [Li 2Co2(piv)6(py)2] ʠʣʠ [Li 2Zn2(piv)6(py)2] ʩ 1,3,5-

ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ DMA. ʉʦʝʜʠʥʝʥʠʝ 9 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ.  

ʄʆʂʇ 9 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P43212. ɺ 

ʩʪʨʫʢʪʫʨʝ ʢʘʪʠʦʥʳ Li ʠ Co ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ ʩ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʧʦ 50%. 

ʂʘʞʜʳʡ ʢʘʪʠʦʥ Li/Co ʩʚʷʟʘʥ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ DMA ʠ 

ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʢʦʣʴʢʦ ʠʩʢʘ-

ʞʝʥʥʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ (Li/CoïO: 1,916(2) ï 1,961(2) ¡). ʂʘʪʠʦʥʳ Li ʠ Co 
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ʩʦʝʜʠʥʝʥʳ ʪʨʝʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʦʙʨʘʟʫ ̫ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʡ 

çʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè (ʨʠʩ. 48). ʕʪʠ ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʥʢʝʨʘʤʠ ʚ ʪʨʝʭʤʝʨʥʫʶ ʧʦʨʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʭʠʨʘʣʴʥʦʡ ʩʝʪʢʠ ʩ ʪʦʧʦʣʦʛʠʝʡ SrSi2 (ʨʠʩ. 48). ʋʧʨʦʱʝʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʢʫ ʪʨʝʫʛʦʣʴʥʳʝ ʚʪʦʨʠʯ-

ʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ (ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʡ çʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè ʠ ʘʥʠʦʥ ʪʨʠʤʝʟʘʪʘ). ɺ 

ʧʨʦʝʢʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ a, ʝʩʪʴ ʢʘʥʘʣʳ ʜʠʘʤʝʪʨʦʤ 

ʦʢʦʣʦ 7 ¡, ʢʦʪʦʨʳʝ ʟʘʥʷʪʳ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ (2 DMA ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ). 

ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʬʦʨʤʫʣʘ 9, [LiCo(btc)(dma)2]Ŀ2DMA, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʦ ʜʘʥʥʳʤ ʤʦʥʦʢʨʠ-

ʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʙʱʠʡ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʲʝʤ ʧʦ 

ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʦʡ PLATON ʩʦʩʪʘʚʣʷʝʪ 41,9%. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʥʘ 54% ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 250Áʉ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʚʩʝʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʢʘʨʢʘʩʘ.  

ʉʦʝʜʠʥʝʥʠʝ [LiZn(btc)(dma)
2
]ĿDMA  (10) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P41212. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 9 ʢʘʪʠʦʥʳ Li ʠ Zn ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ 

ʧʦʟʠʮʠʷʤ ʩ 50% ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʧʦʟʠʮʠʡ. ʂʘʞʜʳʡ ʢʘʪʠʦʥ Li/Zn ʩʚʷʟʘʥ ʩ ʘʪʦʤʦʤ O  ʢʦʦʨ-

ʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ DMA ʠ ʪʨʝʤʷ O-ʜʦʥʦʨʘʤʠ ʪʨʝʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ, ʪʝʤ ʩʘ-

ʤʳʤ ʦʙʨʘʟʫʷ ʠʩʢʘʞʝʥʥʫʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ (Li/ZnïO: 1,897(3) ï 

1,989(2) ¡). ʉʦʝʜʠʥʝʥʠʷ 9 ʠ 10 ʠʟʦʨʝʪʠʢʫʣʷʨʥʳ, ʦʜʥʘʢʦ, ʧʦʣʦʞʝʥʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ 

ʛʦʩʪʝʚʦʡ ʤʦʣʝʢʫʣʳ ʚʣʠʷʝʪ ʥʘ ʪʦ, ʢʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʤʤʝʪʨʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʵʣʝʤʝʥʪʘʨ-

ʥʘʷ ʷʯʝʡʢʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ. ɺ ʩʪʨʫʢʪʫʨʝ 10 ʦʙʲʝʤ ʜʦʩʪʫʧʥʳʡ 

ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 42,1%. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 9, ʩʠʥʪʝʟ 10 ʧʣʦʭʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 12. ʅʘʤ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʩʠʥʪʝʟʘ ʜʣʷ 10. ʉʦʝʜʠʥʝʥʠʝ 10 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʚʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʈʉɸ. 
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ʈʠʩ. 48. ɺʪʦʨʠʯʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ ʚ 9 (ʩʣʝʚʘ). ʇʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢʘʥʘ-

ʣʘʤ ʠ ʩʚʷʟʳʚʘʥʠʝ ʪʨʝʫʛʦʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʪʨʝʭʤʝʨʥʫʶ ʪʦʧʦʣʦʛʠʶ ʩʠʣʠʢʘʪʘ ʩʪʨʦʥʮʠʷ. ɸʪʦʤʳ ʢʦ-

ʙʘʣʴʪʘ ʧʦʢʘʟʘʥʳ ʩʠʨʝʥʝʚʳʤ ʮʚʝʪʦʤ, ʣʠʪʠʷ ï ʙʠʨʶʟʦʚʳʤ; ʢʨʘʩʥʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʙʠʷʜʝʨʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ, ʩʠʥʠʤʠ ï ʪʨʠʤʝʟʘʪ-ʘʥʠʦʥʳ 

 

ʉʦʝʜʠʥʝʥʠʷ [LiZn(btc)(dmf)2]Ŀ0.5DMFĿ2H2O (11), [LiZn(btc)(dma)2]Ŀ3H2O (12), 

[LiZn(btc)(nmp)2]Ŀ2NMPĿ2H2O (13) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʘʛʨʝʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

[Li 2Zn2(piv)6(py)2] ʩ ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ DMF, DMA ʠʣʠ NMP. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʡ çʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè ʨʘʥʝʝ ʫʞʝ ʙʳʣ ʠʟʚʝʩʪʝʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦ-

ʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʙʦʣʝʝ ʪʦʛʦ ʝʩʪʴ ʧʨʠʤʝʨʳ ʪʘʢʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʥʘ ʦʩʥʦʚʝ ʪʨʠʤʝʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʥʠ-

ʢʘʣʴʥʳʤʠ. ɺ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʘʭ ʦʙʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʠʤʝʶʪ ʟʘʨʷʜ 2+ (Co
II
, Cu

II
, Mg

II
, 

Zn
II
), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʨʢʘʩʳ ʥʘ ʦʩʥʦʚʝ ʪʨʠʤʝʟʘʪ-ʘʥʠʦʥʦʚ ʠ ʪʘʢʠʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʙʣʦʢʦʚ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʘ ʧʦʨʳ ʟʘʥʷʪʳ ʧʨʦʪʠʚʦʘʥʠʦʥʘʤʠ. ɺ ʥʘʰʝʤ ʩʣʫ-

ʯʘʝ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʘʪʠʦʥʦʚ ʩ ʨʘʟʥʳʤ ʟʘʨʷʜʦʤ ʧʦʣʫʯʝʥʥʳʡ ʢʘʨʢʘʩ ʷʚʣʷʝʪʩʷ 

ʥʝʡʪʨʘʣʴʥʳʤ ʠ ʚʩʝ ʚʥʫʪʨʝʥʥʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʨ ʜʦʩʪʫʧʥʦ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʨʠʩ. 49). ʅʘʤ 

ʥʝ ʫʜʘʣʦʩʴ ʚʳʨʘʩʪʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʉɸ ʘʥʘʣʠʟʘ, 

ʦʜʥʘʢʦ ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʫʞʝ ʠʟʚʝʩʪʥʦʤʫ ʮʠʥʢʦʚʦʤʫ ʢʘʨʢʘʩʫ, ʩ 

ʢʘʪʠʦʥʥʳʤ ʢʘʨʢʘʩʦʤ ʠ ʝʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʥʘʣʦʛʘʤ, [88, 104, 112, 114, 115], ʩʦʛʣʘʩ-

ʥʦ ɸɸʉ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ Li:Zn 1:1. ʊʘʢʞʝ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶ-

ʱʠʡ 50%, ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʘʪʠʦʥʳ Li ʠ Zn ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʨʫʢʪʫʨʝ. ʅʝ 

ʩʤʦʪʨʷ ʥʘ ʦʙʱʫʶ ʠʟʦʩʪʨʫʢʪʫʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ 

ʪʨʠʤʝʟʘʪʘʤʠ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʢʘʨʢʘʩʳ ʧʦʣʫʯʘʶʪʩʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʤʠ. ʈʘʟʣʠʯʠʝ ʩʦ-

ʝʜʠʥʝʥʠʡ 11-13 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣʘʭ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʦʩʪʝʚʦʡ ʤʦʣʝʢʫʣʳ ʦʪ DMF ʜʦ NMP. ʕʪʦ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʦ ʩʤʝʱʝʥʠʶ ʧʠʢʦʚ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ (ʨʠʩ. 31). ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʪʫ ʞʝ ʭʠʨʘʣʴʥʫʶ ʩʝʪʢʫ Si ʚ ʪʦʧʦʣʦʛʠʠ SrSi2, ʦʜʥʘʢʦ ʚ ʩʪʨʫʢʪʫʨʝ 

ʝʩʪʴ ʩʝʪʴ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʘʥʘʣʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʫʯʘʷ 10, ʛʜʝ ʢʘʥʘʣʳ ʙʳʣʠ 






















































































































