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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʄʆʂʇ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

H2tFBDC 

tFBDC
2ï

 

ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥ 

H2BDC 

BDC
2ï

 

ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥ 

H2(1,2-tFBDC) 

1,2-tFBDC
2ï

 

ʪʝʪʨʘʬʪʦʨʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

ʪʝʪʨʘʬʪʦʨʬʪʘʣʘʪ-ʘʥʠʦʥ 

H2(1,3-tFBDC) 

1,3-tFBDC
2ï

 

ʪʝʪʨʘʬʪʦʨʠʟʦʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

ʪʝʪʨʘʬʪʦʨʠʟʦʬʪʘʣʘʪ-ʘʥʠʦʥ 

H2oFBPDC 

oFBPDC
2ï

 

ʦʢʪʘʬʪʦʨʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʦʢʪʘʬʪʦʨʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥ 

H2BPDC 

BPDC
2ï

 

ʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥ 

2,2ô-bpy 2,2ô-ʙʠʧʠʨʠʜʠʣ 

4,4ô-bpy, bpy 4,4ô-ʙʠʧʠʨʠʜʠʣ 

bpe 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʘʥ 

phen 1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

tpt  2,4,6-ʪʨʠʩ-(4-ʧʠʨʠʜʠʣ)-1,3,5-ʪʨʠʘʟʠʥ 

dabco 1,4-ʜʠʘʟʘʙʠʮʠʢʣʦ[2.2.2]ʦʢʪʘʥ 

ur ʫʨʦʪʨʦʧʠʥ, ʛʝʢʩʘʤʝʪʠʣʝʥʪʝʪʨʘʘʤʠʥ 

tBuOH ʪʨʝʪ-ʙʫʪʘʥʦʣ 

iPrOH ʠʟʦʧʨʦʧʘʥʦʣ 

EtOH ʵʪʘʥʦʣ 

MeOH ʤʝʪʘʥʦʣ 

THF, thf  ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

DMF N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

DMA  N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ 

DEF N,N-ʜʠʵʪʠʣʬʦʨʤʘʤʠʜ 

NMP N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ 

DMSO, dmso ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʉɸ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʀʂ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʊɻɸ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʗʄʈ ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʆʙʦʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ 

S(BET) ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʤʦʜʝʣʠ ɹʨʫʥʘʫʵʨʘ-

ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ (ɹʕʊ) 

S(Langmuir) ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ 

Vp ʦʙʲʸʤ ʧʦʨ 

Vads. ʦʙʲʸʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ (ʥ.ʫ.) 

  

IAST Ideal Adsorbed Solution Theory 

ʪʝʦʨʠʷ ʠʜʝʘʣʴʥʦʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʨʠʩʪʳʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʄʆʂʇ, ʩ ʘʥʛʣ. Porous 

Coordination Polymer, Metal-Organic Framework) ʦʙʨʘʟʫʶʪ ʥʦʚʳʡ ʚʘʞʥʳʡ ʢʣʘʩʩ ʩʨʝʜʠ ʧʦʨʠ-

ʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʣʝʢʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 

ʩʚʷʟʠ ʩ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʜʝ-

ʣʝʥʠʝ, ʦʯʠʩʪʢʘ ʠ ʭʨʘʥʝʥʠʝ ʛʘʟʦʚ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ, ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ, ʩʦʟʜʘʥʠʝ ʣʝʢʘʨʩʪʚ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠ ʙʦʛʘʪʩʪʚʦ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʭʠʤʠʠ ʄʆʂʇ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʰʠʨʦʢʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʘʢ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣ-

ʣʦʚ, ʪʘʢ ʠ ʤʦʩʪʠʢʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠ ʁ

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʥʘʙʦʨʘ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʄʆʂʇ ʠ ʢʦʥʪʨʦʣʶ ʵʪʠʭ ʩʚʦʡʩʪʚ. ʂ ʪʘʢʠʤ ʩʚʦʡ-

ʩʪʚʘʤ ʦʪʥʦʩʠʪʩʷ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʨʠʩʪʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʩʠʥʪʝʪʠʯʝ-

ʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʨʢʘʩʘ. ʅʘ ʩʝʛʦʜʥʷ ʠʟʚʝʩʪʥʦ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʄʆʂʇ [1]. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʄʆʂʇ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʚʚʝ-

ʜʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚ ʤʦʩʪʠʢʦʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. 

ʅʘʣʠʯʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʦʩʪʘʚʝ ʤʦʩʪʠʢʦʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦ-

ʚʳʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ [2], ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʝʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ [3], ʧʦʷʚʣʝʥʠʶ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ [4], ʯʪʦ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʝʜʠʥʠʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ.  

ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʄʆʂʇ, ʧʨʦʷʚʣʷʶʱʠʭ ʫʣʫʯʰʝʥʥʳʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʷʚʣʷ-

ʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʤʦʩʪʠʢʦʚʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʄʆʂʇ ʷʚʣʷʶʪʩʷ ʘʥʠʦʥʳ ʘʨʦʤʘʪʠ-

ʯʝʩʢʠʭ ʜʠ- ʠ ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʥʘʧʨʠʤʝʨ, ʪʝʨʝʬʪʘʣʝʚʦʡ (H2BDC) ʠ ʙʠʬʝʥʠʣ-4,4ô-

ʜʠʢʘʨʙʦʥʦʚʦʡ (H2BPDC) ʢʠʩʣʦʪ. ʇʝʨʝʭʦʜ ʦʪ ʵʪʠʭ ʘʥʠʦʥʦʚ ʢ ʠʭ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʤ ʘʥʘʣʦʛʘʤ 

H2tFBDC ʠ H2oFBPDC ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʄʆʂʇ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʦʛʦ ʘʜʩʦʨʙʝʥʪʘ ʜʝʢʦʨʠʨʦʚʘʥʘ ʘʪʦ-

ʤʘʤʠ ʬʪʦʨʘ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʚ ʩʚʦʤy ʩʦʩʪʘʚʝ ʘʥʠʦʥʳ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʜʠʢʘʨʙʦʥʦʚʳʭ (ʪʝʨʝ-

ʬʪʘʣʝʚʘʷ, ʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʥʦʚʘʷ) ʢʠʩʣʦʪ, ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʭʠʤʠʠ ʄʆʂʇ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ 

ʘʥʠʦʥ rʥʝʬʪʦʨʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʭʠʤʠʷ ʄʆʂʇ ʩ ʠʭ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʘ-

ʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʨʘʟʚʠʪʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʦʤʤʝʨʯʝ-



  

7 

 

ʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʜʦʨʦʛʦʚʠʟʥʦʡ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʣʦʞʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʠʭ ʩʠʥʪʝʟʘ. ɺʦ-ʚʪʦʨʳʭ, ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʯʝʩʢʦ-

ʛʦ ʣʠʛʘʥʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʆʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʤʝʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʘʥʠʦʥʘʤʠ ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʭ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʄʆʂʇ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʫʧʘʢʦʚʢʠ ʤʥʦʛʠʭ ʄʆʂʇ ʩ 

ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʣʦʪʥʳʝ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʧʦʣʦʩʪʝʡ ʠʣʠ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʟʘ-

ʧʦʣʥʝʥʳ ʣʝʛʢʦ ʫʜʘʣʷʝʤʳʤʠ ʛʦʩʪʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥʦʤ ʦʢʪʘʬʪʦʨʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʙʳʣʦ 

ʠʟʚʝʩʪʥʦ ʢʨʘʡʥʝ ʤʘʣʦ. ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʥʘʰʝʡ ʨʘʙʦʪʳ ʯʠʩʣʦ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʤ ʘʥʠʦʥʦʤ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʪʦʣʴʢʦ ʜʚʫʤʷ ʧʨʠʤʝʨʘʤʠ [4]. 

ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʦʚ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʜʝʤʦʥʩʪʨʠʨʫʶ-

ʱʠʝ ʧʝʨʤʘʥʝʥʪʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʚʝʩʴʤʘ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʯʪʦ ʥʝ ʜʘʸʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ 

ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʘʜʩʦʨʙʮʠʠ ʠ ʨʘʟʜʝʣʝʥʠʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʩʠʥʪʝʟ ʥʦʚʳʭ ʄʆʂʇ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʤʘʥʝʥʪʥʦ ʧʦ-

ʨʠʩʪʳʭ, ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʦʚ ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʝʚʦʡ (tFBDC
2ī

) ʠ ʦʢʪʘʬʪʦʨʙʠʬʝʥʠʣ-4,4ô-

ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (oFBPDC
2ī

), ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʠʟʫʯʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʄʆʂʇ: ʘʜʩʦʨʙʮʠʷ ʛʘʟʦʚ (N2, CO2, ʫʛʣʝʚʦʜʦʨʦʜʳ) ʠ ʧʘʨʦʚ ʣʝ-

ʪʫʯʠʭ ʞʠʜʢʦʩʪʝʡ (ʚʦʜʘ, ʙʝʥʟʦʣ, ʮʠʢʣʦʛʝʢʩʘʥ), ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ, ʛʠʜʨʦʬʦʙʥʦʩʪʴ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ  

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 20 ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙ-

ʨʘʟʦʚʘʥ rʘʥʠʦʥʘʤʠ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʪʝʨʝʬʪʘʣʝʚʦʡ tFBDC
2ī

 ʠ ʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪ oFBPDC
2ī

 ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 

80Áʉ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʩ ʢʦʦʨʜʠʥʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʤʝʥʴʰʝʡ ʯʝʤ ʫ N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ (DMF ) (ʩʧʠʨʪʳ, ʘʮʝʪʦʥ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ (THF ), ʘʮʝʪʦʥʠʪʨʠʣ). ʇʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʝʥʟʦʣʘ, ʚʦʜʳ, ʵʪʠʣʝʥʛʣʠʢʦʣʷ, DMF ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʩʪʝʧʝʥʴ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠʣʠ ʧʨʠʚʦʜʠʪ ʢ ʄʆʂʇ ʩ 

ʜʨʫʛʠʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠʜʘʸʪ ʛʠʜʨʦʬʦʙʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʮʠʥʢʦʚʳʭ ʄʆʂʇ ʩ ʘʥʠʦʥʘʤʠ oFBPDC
2ī

 ʢ ʜʝʡʩʪʚʠʶ ʚʦ-
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ʜ .r ʇʝʨʤʘʥʝʥʪʥʦ ʧʦʨʠʩʪʳʝ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥ-

ʜʦʚ ʧʨʦʷʚʣʷʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʘʟʘʤ ʠ ʧʘʨʘʤ ʣʝʪʫʯʠʭ ʞʠʜʢʦʩʪʝʡ. 

ʄʠʢʨʦʧʦʨʠʩʪʳʡ ʄʆʂʇ [Zn2(dabco)(oFBPDC)2] (dabco ï 1,4-ʜʠʘʟʘʙʠʮʠʢʣʦ[2.2.2]ʦʢʪʘʥ) ʧʨʦ-

ʷʚʣʷʝʪ ʩʝʣʝʢʪʠʚʥʫʶ ʘʜʩʦʨʙʮʠʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʠʥʘʨʥʳʤ ʛʘʟʦʚʳʤ ʩʤʝʩʷʤ CO2/CH4, 

CO2/N2, ʙʝʥʟʦʣ/ʮʠʢʣʦʛʝʢʩʘʥ. ʅʘ ʧʨʠʤʝʨʝ ʘʜʩʦʨʙʮʠʠ N2, CO2, CH4, ʉ2-ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʮʠʨʢʦʥʠʝʚʳʤʠ ʄʆʂʇ UiO-67 ʠ UiO-67-F8, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʘʥʠʦʥʘʤʠ ʥʝ-

ʬʪʦʨʠʨʦʚʘʥʥʦʡ ʠ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʡ ʙʠʬʝʥʠʣ-4,4ô-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʘʢʦʡ ʞʝ ʚʳʩʦʢʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʦʨʠʩʪʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʘʥʠʦʥʳ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʚʢʣʘʜʦʤ ʚ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ. ʊʘʢʞʝ ʵʪʠ 

ʩʚʝʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠ ̫ʥʦʚʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩ-

ʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʝʨʤʘʥʝʥʪʥʦ ʧʦʨʠʩʪʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʦʷʚʣʷʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ, 

ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʦʯʠʩʪʢʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪʳ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʠʤʝʶʱʠʭ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ), 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʄʆʂʇ ʚ ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʬʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ), ʠʥʬʨʘʢʨʘʩʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ), ʵʣʝʤʝʥʪʥʳʡ CHNF ʘʥʘʣʠʟ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠ.̫ ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʄʆʂʇ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ N2 ʠ CO2. ʇʦ 

ʜʘʥʥʳʤ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʛʘʟʦʚ (N2, CO2, CH4, ʵʪʘʥ, ʵʪʠʣʝʥ, ʘʮʝʪʠʣʝʥ) 

ʠ ʧʘʨʦʚ ʞʠʜʢʦʩʪʝʡ (ʚʦʜʘ, ʙʝʥʟʦʣ, ʮʠʢʣʦʛʝʢʩʘʥ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʟʦʩʪʝʨʠʯʝʩʢʠʝ ʪʝʧʣʦʪʳ ʘʜʩʦʨʙʮʠʠ ʠ ʬʘʢʪʦʨʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

ʀʟʦʩʪʝʨʠʯʝʩʢʠʝ ʪʝʧʣʦʪʳ ʘʜʩʦʨʙʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚʠʨʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ɿʥʘʯʝʥʠʷ ʬʘʢʪʦ-

ʨʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 1) ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʘʜʩʦʨʙ-
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ʮʠʦʥʥʳʭ ʤyʢʦʩʪʝʡ; 2) ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʥʩʪʘʥʪ ɻʝʥʨʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʦʜʥʦʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ; 3) ʧʦ ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʦʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (IAST  ï ideal 

adsorbed solution theory). 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ:  

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

ʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥʳ tFBDC
2ī

 ʠ oFBPDC
2ī

; 

ï ʤʝʪʦʜʠʢʠ ʘʢʪʠʚʘʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʘʪʠʦʥʘʤʠ Sc(III ), Zn(II ), Zr(IV) ʠ ʘʥʠʦʥʘʤʠ tFBDC
2ī

 

ʠ oFBPDC
2ī

 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ N2 ʧʨʠ 77K ʠ CO2 ʧʨʠ 195K; 

ï ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

[Zn2(dabco)(oFBPDC)2], ʮʠʨʢʦʥʠʝʚʳʭ ʄʆʂʇ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʥʠʦʥʘʤʠ BPDC
2ī

 ʠ oFBPDC
2ī

 

(UiO-67 ʠ UiO-67-F8), ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ N2, CO2, CH4, C2-ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʧʘʨʘʤ ʚʦʜʳ, ʙʝʥʟʦ-

ʣʘ ʠ ʮʠʢʣʦʛʝʢʩʘʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 273 ï 298K; 

ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠʟʦʩʪʝʨʠʯʝʩʢʠʭ ʪʝʧʣʦʪ ʠ ʬʘʢʪʦʨʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ 

ʧʦʨʠʩʪʳʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ [Zn2(dabco)(oFBPDC)2], UiO-67 ʠ UiO-67-F8 ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 273 ï 298K. 

 ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʈʉɸ, ʦʪʙʦʨ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʈʉɸ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʫʯʝʥ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʠʭ ʩʠʥʪʝʟʘ ʠ ʥʘʨʘʙʦʪʢʫ ʦʙʨʘʟʮʦʚ ʄʆʂʇ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʦʧʠʩʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʈʌɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ CHNF ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ) ʧʨʦʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ. ʀʟʤʝʨʝʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʷ ʠʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʂ.ɸ. ʂʦʚʘʣʝʥʢʦ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʠ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʘʚʪʦʨʦʤ ʜʠʩ-

ʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʜʨʫʛʠʤʠ ʩʦʘʚʪʦʨʘʤʠ.  

ɸʧʨʦʙʘʮʠʷ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ 12 ʢʦʥʬʝ-

ʨʝʥʮʠʷʭ, ʠʟ ʥʠʭ ʣʠʯʥʦ ʩʦʠʩʢʘʪʝʣʝʤ ʚ ʚʠʜʝ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ 10 ʢʦʥʬʝʨʝʥʮʠ-

ʷʭ: 3
rd
 International Conference on Metal-Organic Frameworks and Porous Polymers 

ñEuroMOF2019ò (2019, Paris, France); 7
th
 Asian Conference on Coordination Chemistry 

ñACCC7ò (2019, Kuala Lumpur, Malaysia); V ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘ-

ʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM 2019 (2019, ʅʦʚʦʩʠʙʠʨʩʢ); 5
th
 

EuChemS Inorganic Chemistry Conference ñEICC 5ò (2019, Moscow, Russia); ʂʦʥʢʫʨʩ-
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ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ, ʧʦʩʚʷʱʥyʥʘʷ 110-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʘ 

ɺʘʣʝʥʪʠʥʘ ʄʠʭʘʡʣʦʚʠʯʘ ʐʫʣʴʤʘʥʘ (2018, ʅʦʚʦʩʠʙʠʨʩʢ); 43rd International Conference on 

Coordination Chemistry ñICCC2018ò (2018, Sendai, Japan); PhD-run symposium on Metal-

Organic Frameworks ñdocMOF 2018ò (2018, Raitenhaslach, Germany); ʂʦʥʢʫʨʩ-ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ, ʧʦʩʚʷʱʸʥʥʘʷ 60-ʣʝʪʠʶ ʀʅʍ ʉʆ ʈɸʅ (2017, ʅʦʚʦʩʠʙʠʨʩʢ); XVII  ʄʝʞʜʫ-

ʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (2017, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ); IV 

ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳè ICFM 2017 (2017, ʅʦʚʦʩʠʙʠʨʩʢ). 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 4 ʩʪʘʪʴʷʭ, ʠʟ ʥʠʭ 2 ʩʪʘʪʴʠ ʚ ʨʦʩʩʠʡʩʢʠʭ ʨʝʮʝʥʟʠʨʫ-

ʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠ 2 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝ-

ʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science, ʠ 

ʪʝʟʠʩʘʭ 12 ʜʦʢʣʘʜʦʚ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝ-

ʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 2 çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè ʠ ʧ. 5 çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢ-

ʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01- ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 141 ʩʪʨʘʥʠʮʝ, ʩʦʜʝʨʞʠʪ 58 ʨʠʩʫʥʢʦʚ ʠ 7 ʪʘʙʣʠʮ. 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 2), ʦʧʠ-

ʩʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʛʣ. 3), ʟʘʢʣʶʯʝʥʠʷ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (143 ʥʘʠʤʝʥʦʚʘʥʠ)̫ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥ-

ʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), ʚ ʨʘʤʢʘʭ ʧʨʦ-

ʝʢʪʦʚ ʈʌʌʀ 17-03-00027 (ʨʫʢʦʚʦʜʠʪʝʣʴ ɺ.ʇ. ʌʝʜʠʥ) ʠ ʈʌʌʀ 18-43-543028 ʩʦʚʤʝʩʪʥʦ ʩ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ.ʄ. ʏʝʧʣʘʢʦʚʘ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳ-

ʣʦ ʧʦʜʜʝʨʞʘʥʦ ʧʨʝʤʠʝʡ ʥʘ ʂʦʥʢʫʨʩʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ, ʧʦʩʚʷʱʸʥʥʦʡ 60-ʣʝʪʠʶ 

ʀʅʍ ʉʆ ʈɸʅ, ʠ ʧʨʝʤʠʝʡ ʢʦʤʧʘʥʠʠ Haldor Topsoe.  
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ɺʚʝʜʝʥʠʝ 

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ (ʄʆʂʇ) ʥʘʟʳʚʘʶʪʩʷ ʩʦʝʜʠ-

ʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘ-

ʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʧʦʯʝʢ, ʩʣʦʸʚ ʠʣʠ ʢʘʨʢʘʩʘ. ɽʩʣʠ ʚʝʱʝʩʪʚʦ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʧʦʣʦʩʪʠ ʠʣʠ ʢʘʥʘʣʳ, ʚ ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʪʠʤʦʝ ʚʢʣʶʯʝʥʠʝ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ, ʪʦ ʦʥʦ 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʠʩʪʳʤ. ʇʦʨʠʩʪʳʝ ʄʆʂʇ ʦʙʣʘʜʘʶʪ ʥʝʦʙʳʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ, ʚʳʜʝʣʷ-

ʶʱʠʭ ʠʭ ʩʨʝʜʠ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʦʛʨʦʤʥʳʝ 

ʫʜʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʢʘʩʦʚ ʩʦ ʩʪʫʧʝʥʯʘʪʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʠʩʷ ʨʘʟʤʝʨʘʤʠ ʧʦʣʦʩʪʝʡ ʠ ʢʘʥʘʣʦʚ, ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʩʪʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ ʧʦʨʠʩʪʳʝ ʄʆʂʇ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʭʨʘʥʝʥʠʷ, 

ʦʯʠʩʪʢʠ ʠ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ, ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚ ʧʨʦʣʦʥ-

ʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ, ʜʠʟʘʡʥʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ 

ʠʦʥʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ [1].  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʧʨʠʜʘʥʠʷ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʄʆʂʇ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʤʦʩʪʠʢʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ [2], ʚʦʟʨʘʩʪʘʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʄʆʂʇ ʠ ʫʚʝʣʠ-

ʯʝʥʠʶ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ [3], ʫʚʝʣʠʯʝʥʠʶ ʃʴʶʠʩʦʚʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ 

ʥʝʥʘʩʳʱʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ [5], ʧʦʷʚʣʝʥʠʶ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ [4]. ɼʨʫʛʠʝ 

ʧʨʠʤʝʨʳ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʦʙʟʦʨʘʭ [6, 7]. ɺ ʫʢʘʟʘʥʥʳʭ ʦʙʟʦʨʘʭ ʠʜʸʪ ʨʝʯʴ ʦ ʄʆʂʇ, ʚ ʢʦ-

ʪʦʨʳʭ ʘʪʦʤʳ ʬʪʦʨʘ ʩʦʜʝʨʞʘʪʩʷ ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ (F- ʠʣʠ CF3-ʛʨʫʧʧʳ), ʪʘʢ 

ʠ ʚ ʩʦʩʪʘʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ ʪʠʧʘ [SiF6]
2ī

 ʠ [BF4]
ī
. ɺ ʵʪʦʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʧʦʡ-

ʜʝʪ ʨʝʯʴ ʪʦʣʴʢʦ ʦ ʪʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʆʙʟʦʨ ʨʘʟʙʠʪ ʥʘ ʪʨʠ ʯʘʩʪʠ. ʇʝʨ-

ʚʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʦʙʩʫʞʜʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʯʘʩʪʠʯʥʦ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ. ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʯʘʩʪʠ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʘʥʠʦʥʘʤʠ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʡ ʬʪʘʣʝʚʦʡ (1,2-tFBDC
2ī

), ʠʟʦʬʪʘʣʝʚʦʡ (1,3-

tFBDC
2ī

) ʠ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪ (ʈʠʩ. 1), ʝʩʣʠ ʦʥʠ ʥʝ ʙʳʣʠ ʫʧʦʤʷʥʫʪʳ ʨʘʥʝʝ ʚ ʧʝʨʚʦʡ ʯʘʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʤʳ ʟʘʜʘʤyʩʷ ʮʝʣʴʶ ʥʝ ʦʧʠʩʘʪʴ ʚʩʝ ʧʨʠʤʝʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫ-

ʨʝ, ʘ ʨʘʩʩʤʦʪʨʝʪʴ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠ,̫ ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʦʜʦʚ ʩʠʥ-

ʪʝʟʘ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʜʠʟʘʡʥʘ, ʠʣʠ ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ʇʦʩʢʦʣʴʢʫ ʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʘʥʠʦʥʘ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʡ ʙʠʬʝʥʠʣ-4,4ô-

ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ oFBPDC
2ī

 (ʈʠʩ. 1) ʠʟʚʝʩʪʥʦ ʢʨʘʡʥʝ ʤʘʣʦ, ʚ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨ-

ʥʦʛʦ ʦʙʟʦʨʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʧʨʠʤʝʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʪʘʢʦʡ ʘʥʠʦʥ. 

 

H2(1,2-tFBDC) H2(1,3-tFBDC) H2tFBDC H2oFBDC 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ:  

 H2(1,2-tFBDC), H2(1,3-tFBDC), H2tFBDC, H2oFBDC. 

1.1. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦ-

ʚʳʭ ʢʠʩʣʦʪ 

ɿʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʥʘ ʘʪʦʤʳ ʬʪʦʨʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʝʪ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʧʦʣʷʨʥʦʩʪʴ, ʧʦʣʷʨʠ-

ʟʫʝʤʦʩʪʴ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʣʠʧʦʬʠʣʴʥʦʩʪʴ, ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ [8, 9]. ɺʩʝ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʠ ʥʘ 

ʧʨʠʤʝʨʝ ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚ ʬʪʦʨʠʨʦʚʘʥʥʳʭ, ʯʘʩʪʠʯʥʦ ʠ ʧʦʣʥʦʩʪʴʶ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘ-

ʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʫʩʠʣʠʚʘʝʪ ʢʠʩʣʦʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ 2ï3 ʧʦʨʷʜʢʘ (ʊʘʙʣ. 1). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 

ʩ ʘʥʠʦʥʘʤʠ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ (ʚʧʣʦʪʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ), ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʬʪʦʨʠʨʦʚʘʥ-

ʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʠ ʨʘʙʦʪʝ ʩ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ 

ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʦʛʨʘʥʠʯʝʥ ʩʚʝʨʭʫ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢ, ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʨʬʪʦʨʠʨʦ-

ʚʘʥʥʳʭ ʙʝʥʟʦʣʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ (Co, 

Mn, Zn) ʚʳʰʝ 150Áʉ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʪʦʨʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʳ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʬʪʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ [10]. ʅʘʛʨʝʚʘʥʠʝ ʜʠʢʘʨʙʦʥʦʚʳʭ ʘʨʦ-

ʤʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʅʘʧʨʠʤʝʨ, ʪʚyʨʜʘʷ ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ ʧʨʝʪʝʨʧʝʚʘ-

ʝʪ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2,3,5,6-ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 220ï290Áʉ 



  

13 

 

[11]. ɼʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʢʠʩʣʦʪ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʚ ʨʘʩʪʚʦʨʝ. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚ DMF 

ʪʝʪʨʘʬʪʦʨʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 2,3,4,5-ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ ʩ ʚʳʭʦʜʦʤ 

64% ʧʨʠ 145Áʉ [12].  

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ ʟʘʤʝʱʸʥʥʳʭ ʠ ʥʝʟʘʤʝʱʸʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʂʠʩʣʦʪʘ pKa1 pKa2 ʀʩʪʦʯʥʠʢ 

ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 4,19 - [13] 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 1,60 - 

ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 3,51 4,28 [14] 

ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 1,42 1,73 

 

ʅʘʛʨʝʚʘʥʠʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʡ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʨʦʜʫʢʪʘʤʠ ʝ yʜʝʢʘʨ-

ʙʦʢʩʠʣʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ [Co2(2,2ô-bpy)2(H2O)2(1,2-tFBDC)2] 

(ʈʠʩ. 2ʘ) ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Co(NO3)2Ā6H2O, 2,2ô-ʙʠʧʠʨʠʜʠʣʘ (2,2ô-bpy) ʠ ʪʝʪ-

ʨʘʬʪʦʨʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 120Áʉ [15]. ʅʘʛʨʝʚʘʥʠʝ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʨʝ-

ʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ 150ÁC ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ Co(III ) [Co(2,2ô-bpy)2(1,2-

tFBA)](NO3)Ā3H2O (ʟʜʝʩʴ 1,2-tFBA ï ʜʠʘʥʠʦʥ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ) ʩʦ ʩʚʷʟʴʶ CoïC 

(ʜʣʠʥʘ 1,932 ¡) (ʈʠʩ. 2ʙ). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʝʩʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʚ ʩʠʥʪʝʟʝ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ.  

ʘ) ʙ)  

ʈʠʩ. 2. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Co2(2,2ô-bpy)2(1,2-tFBDC)2] (ʘ) ʠ [Co(2,2ô-bpy)2(1,2-tFBA)]
+
 (ʙ) [15]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ, ʪʝʪʨʘʬʪʦʨʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ (phen) ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩ-

ʮʠʨʫʶʱʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [16]. ʊʘʢ, ʥʘʛʨʝʚʘʥʠʝ ʱʝʣʦʯʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ 120ÁC ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʣʝʢʩʘʤ ʩ ʪʝʪʨʘʬʪʦʨʬʪʘʣʘʪ-ʘʥʠʦʥʦʤ 
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[Ln2(1,2-tFBDC)3(phen)2(H2O)2]ĀH2O (Ln = Sm, Eu, Gd, Tb, Dy), ʥʘʛʨʝʚʘʥʠʝ ʩʤʝʩʠ ʜʦ 180ÁC ï ʢ 

ʢʦʤʧʣʝʢʩʘʤ ʩ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʘʪ-ʘʥʠʦʥʦʤ Ln2(1,2-tFBA)6(phen)2 (Ln = Eu, Tb). ʈʝʘʢʮʠʷ ʧʨʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 160Áʉ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʣʠʛʘʥʜʥʳʤ ʢʦʤʧʣʝʢʩʘʤ La(1,2-

tFBDC)(1,2-tFBA)(phen)(H2O) ʠ Ln3(1,2-tFBDC)4(1,2-tFBA)(phen)3(H2O)3 (Ln = Dy, Tb, Yb). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʠʥʪʝʟʦʚ ʄʆʂʇ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʤrʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʪʦ ʤʥʦ-

ʛʠʝ ʠʟ ʥʠʭ ʪʨʝʙʫʶʪ ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ 220Áʉ [17ï

19], ʧʨʠ ʢʦʪʦʨʳʭ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʆʂʇ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʘʪʦʤʦʚ ʬʪʦʨʘ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʜʘʚʥʦ ʧʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʦ-

ʚʘʥʥʳʭ ʘʥʠʦʥʘʤʠ ʟʘʤʝʱʸʥʥʦʡ ʪʨʠʤʝʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʈʠʩ. 3) [20]. ʅʘ ʧʨʠʤʝʨʝ ʤʦʥʦʟʘʤʝ-

ʱʥyʥʳʭ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ K(H2mF-BTC), K(H2dF-BTC) ʠ K(H2pF-BTC) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ c 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʬʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ ʪʚʨyʜʳʭ ʩʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ ʧʘʜʘʝʪ ʩ 310 ʜʦ 250Áʉ. ʈʘʟʣʦʞʝʥʠʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʷʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ K(H2mF-BTC) ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100Áʉ ʠ ʚʳʰʝ, ʚ ʪʦ ʚʨʝ-

ʤʷ ʢʘʢ ʜʣʷ ʜʠ- ʠ ʪʨʠʬʪʦʨʧʨʦʠʟʚʦʜʥʳʭ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʢʦ ʧʘʜʘʝʪ ʜʦ 50ï60Áʉ! ʊʝʨʤʠʯʝ-

ʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʙʘʨʠʝʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [Ba(H-

BTC)(H2O)2]Ā0,5H2O, [Ba(HmF-BTC)(H2O)2]Ā0,5H2O ʠ [Ba(HdF-BTC)(H2O)2]Ā0,5H2O ʘ ʪʘʢʞʝ 

ʤʝʜʥʳʭ ʄʆʂʇ UHM-33 ([Cu2(HmF-BTC)2(DMA)2]Ŀ2DMA, DMA  ï N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ) ʠ 

dF-UHM-33 ʘʥʘʣʦʛʠʯʥʦ ʧʦʚʝʜʝʥʠʶ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʬʪʦʨʠʨʦʚʘʥʠʷ ʧʦʪʝʨʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʣʠ DMA ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʪʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʄʆʂʇ, ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʘ ʜʣʷ ʘʜ-

ʩʦʨʙʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʛʘʟʦʚ ʠʟ-ʟʘ ʠʭ ʙʦʣʝʝ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʝʥʘʩʳʱʝʥ-

ʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʆʂʇ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʜʘʣʝʥʠʝ ʢʦʦʨ-

ʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʨʘʟʣʦʞʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ.  

  
  

H3BTC   H3(mF-BTC) H3(dF-BTC) H3(pF-BTC) 

ʈʠʩ. 3. ʊʨʠʤʝʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ H3BTC ʠ ʝy ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. 
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ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ-

ʥʠʞʘʝʪ ʜʦʥʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʢʘʢ ʣʠʛʘʥʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, ʩʠʥ-

ʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥʘʤʠ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʚ ʚʦʜʝ ʠ ʩʧʠʨʪʘʭ, ʯʝʤ ʚ ʩʨʝʜʝ ʩʠʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ, ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ), ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʩʠʥʪʝʟʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʄʆʂʇ. ʄʆʂʇ, ʧʦʩʪʨʦʝʥʥʳʝ ʘʥʠʦʥʘʤʠ ʧʝʨ-

ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʚʦʜʦʡ. ʅʘʧʨʠʤʝʨ, ʩʣʦʠʩʪʳʝ ʄʆʂʇ [Ag8(1,2-tFBDC)4(DMF)2] ʠ [Ag4(1,2-

tFBDC)2(DMF)], ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʩʤʝʩʠ CH3OH/DMF, ʥʝʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳ ʢ ʩʚʝʪʫ ʠ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ag ʩ ʥʝʬʪʦʨʠʨʦ-

ʚʘʥʥʳʤ ʬʪʘʣʘʪ-ʘʥʠʦʥʦʤ [21]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʝʪʦʜʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 75%) ʩʝʨʝʙʨʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠ-

ʜʝ ʢʘʪʠʦʥʦʚ Ag
+
, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʣʠʛʦʤʝʨʳ [Ag3(1,2-

tFBDC)2]
ī
, [Ag5(1,2-tFBDC)3]

ī
, [Ag7(1,2-tFBDC)4]

ī
.  

ɺ ʵʪʦʡ ʞʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʨʫʛʠʝ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʦʤ. ʊʘʢ, ʢʘʨʢʘʩʥʳʡ [Cd3(tFBDC)3(DMF)2(MeOH)6] 

(MeOH ï ʤʝʪʘʥʦʣ) ʠ ʮʝʧʦʯʝʯʥʳʡ [Cd(tFBDC)(DMF)2(H2O)2] ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʩʧʠʨʪ, ʘʮʝʪʦʥʠʪʨʠʣ, ʭʣʦʨʦʬʦʨʤ, DMF), ʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ [22]. ʇʨʠ 

ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʝʪʩʷ ʄʆʂʇ ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ 

[Cd4(tFBDC)4(H2O)11]Ŀ3,5H2O. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʦʙʨʘʟʦʚʘʥʘ ʟʘ ʩʯʝʪ ʤʦ-

ʩʪʠʢʦʚʳʭ ʤʦʣʝʢʫʣ H2O, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʜʥʘ ʢʘʨʙʦʢʩʠʣʘʪʥʘʷ ʛʨʫʧʧʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʙʠʜʝʥ-

ʪʘʪʥʦ, ʘ ʚʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʚʦʜʦʨʦʜ-

ʥʳʭ ʩʚʷʟʝʡ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ Ca(NO3)2Ā4H2O ʠ ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʩʤʝʩʷʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ EtOH/DMF (EtOH  ï ʵʪʘʥʦʣ) ʠʣʠ MeOH/DMF ʦʙʨʘʟʫʶʪʩʷ 

ʢʘʨʢʘʩʥʳʝ ʄʆʂʇ [Ca4(tFBDC)4(H2O)4]Ŀ4H2O ʠ [Ca(tFBDC)(MeOH)2] [23]. ʇʨʠ ʠʭ ʨʘʩʪʚʦʨʝ-

ʥʠʠ ʚ ʚʦʜʝ ʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʩʣʦʠʩʪʳʡ ʄʆʂʇ [Ca(tFBDC)(H2O)4]. 

YCM-101 ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ InCl3Ā6H2O ʠ ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩ-

ʣʦʪʳ ʚ ʩʤʝʩʠ iPrOH/DMF/H2O (iPrOH  ï ʠʟʦʧʨʦʧʘʥʦʣ) ʧʨʠ 80ÁC [24]. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩʦʜʝʨʞʘʪʩʷ ʮʝʧʦʯʢʠ ʢʘʪʠʦʥʦʚ In(III ), ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨ-

ʙʦʢʩʠʣʘʪʥʳʤʠ ʠ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʘʤʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʦʧʦʣʦʛʠʠ YCM-101 ʠ In-MIL -68 [25], 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʥʝʟʘʤʝʱʥyʥrʤʠ ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʘʤʠ, ʦʪʣʠʯʘʶʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʜʠʥʘʢʦʚʳʭ ʠʥʜʠʡ-ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʮʝʧʝʡ In(Õ-O2CR)2(Õ-OH) 

(ʈʠʩ. 4ʘ). ʍʦʪʷ YCM-101 ʪʝʨʷʝʪ ʩʚʦʶ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʫʜʘʣʝʥʠʠ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ, 

ʵʪʦʪ ʄʆʂʇ ʦʢʘʟʘʣʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ ʘʥʪʠʙʠʦ-

ʪʠʢʦʚ ʠʟ ʚʦʜʳ ʟʘ ʩʯʪy ́-  ́ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʬʝʥʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 
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YCM-101 ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʪʝʪʨʘʮʠʢʣʠʥ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʦ ʚʤʝʩʪʝ 

ʩ ʵʪʠʤ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʨʫʛʫʶ ʬʘʟʫ YCM-101ô. ɺ ʵʪʦʡ ʬʘʟʝ ʩʦʭʨʘʥʷʶʪʩʷ ʠʥʜʠʡ-

ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʮʝʧʠ, ʥʦ ʧʦʣʦʚʠʥʘ ʚʩʝʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʩʪʘʥʦʚʠʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥ-

ʥʦʡ ʤʦʥʦʜʝʥʪʘʪʥʦ, ʘ ʦʩʚʦʙʦʜʠʚʰʝʝʩʷ ʤʝʩʪʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ In(III ) ʟʘʥʠʤʘʝʪʩʷ ʤʦ-

ʣʝʢʫʣʘʤʠ ʚʦʜʳ ï [In(Õ-O2CR)(ə
1
-O2CR)2(Õ-OH)][ In(H2O)2(Õ-O2CR)(Õ-OH)] (ʈʠʩ. 4ʙ). ʃʦʢʘʣʠ-

ʟʦʚʘʪʴ ʛʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ ʪʝʪʨʘʮʠʢʣʠʥʘ ʥʝ ʫʜʘʣʦʩʴ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʦʙʨʘʟʮʘ YCM-101 ʚ ʚʦʜʝ 

ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʪʝʪʨʘʮʠʢʣʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ ʬʘʟ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ YCM-101ò. 

ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʧʦʯʝʯʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦ-

ʪʦʨʦʛʦ ʩʦʜʝʨʞʘʪʩʷ ʢʘʪʠʦʥʥʳʝ ʮʝʧʠ In(H2O)2(Õ-O2CR)(Õ-OH) (ʈʠʩ. 4ʚ). ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʟʘ ʩʯʪy ʪʦʛʦ, ʯʪʦ ʚʪʦʨʘʷ ʢʘʨʙʦʢʩʠʣʘʪʥʘʷ ʛʨʫʧʧʘ ʘʥʠʦʥʘ tFBDC
2ī

 ʦʩʪʘʸʪʩʷ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ.  

ʘ) ʙ)  

ʚ)  

ʈʠʩ. 4. ʉʪʨʦʝʥʠʝ ʠʥʜʠʡ-ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ [In(Õ-O2CR)2(Õ-OH)] ʚ YCM-101 (ʘ),  

[In(Õ-O2CR)(ə
1
-O2CR)2(Õ-OH)][ In(H2O)2(Õ-O2CR)(Õ-OH)] ʚ YCM-101ô (ʙ), [In(H2O)2(Õ-O2CR)(Õ-OH)]  

ʚ YCM-101ò (ʚ) [24]. 

ʅʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ, ʩ ʜʨʫʛʦʡ ï ʘʥʠʦʥ tFBDC
2ī

 ʧʨʦʷʚʣʷʝʪ ʩʣʘʙʫʶ 

ʜʦʥʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʝ ʩʧʦʩʦʙʝʥ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʟʘ ʤʝʩʪʘ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ Ag(I) ʩ 1,2-tFBDC
2ī

, ʢʦʤ-

ʧʣʝʢʩʦʚ Ca(II) ʠ Cd(II) c tFBDC
2ī

, YCM-101, ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʘʪʠʦʥʘʤʠ In(III ), ʨʝʘʣʠʟʦʚʘʣʩʷ 

ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʷʚʣʝʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʠ ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʄʆʂʇ ʦʙʨʘʟʦʚʘʥ ʩʣʦʞʥʳʤ ʧʦʣʠʷʜʝʨʥʳʤ ʥʝʦʨ-

ʛʘʥʠʯʝʩʢʠʤ ʙʣʦʢʦʤ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʟʘʨʜ̫ʥʳʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ, ʘ ʚʩʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ 

ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʧʦ ʤʦʩʪʠʢʦʚʦʤʫ ʪʠʧʫ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʠʨʢʦʥʠ-

ʝʚʳʡ UiO-66-F4 [14] ʠ ʛʘʜʦʣʠʥʠʝʚʳʝ ʄʆʂʇ [26], ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ ʚ ʩʣʝ-

ʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʦʙʟʦʨʘ.  

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʢʘʢ ʩʦʦʪʥʦʩʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢ-

ʪʫʨʳ ʄʆʂʇ, ʧʦʩʪʨʦʝʥʥʳʭ ʘʥʠʦʥʘʤʠ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʭ ʠ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
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ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɿʘ ʩʯʪy ʙʦʣʴʰʝʛʦ ʨʘʜʠʫʩʘ ʘʪʦʤʦʚ ʬʪʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʪʦʤʘʤʠ ʚʦʜʦ-

ʨʦʜʘ (1,47¡ ʠ 1,20¡) [27], ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩʠʣʴʥʝʝ ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʩʢʦʩʪʠ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʕʪʦʪ ʚʦʧʨʦʩ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʥʘ ʧʨʠʤʝʨʝ ʩʝʨʠʠ ʠʟ 20 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʚʫʭʟʘʨʷʜʥʳʤʠ ʢʘʪʠʦʥʘʤʠ (Co
2+

, Ni
2+

, Cu
2+

, Zn
2+
), ʙʠʩ-ʧʠʨʠʜʠʣʧʨʦʧʘʥʦʤ ʠʣʠ 

ʙʠʩ-ʧʠʨʠʜʠʣʵʪʘʥʦʤ ʠ ʘʥʠʦʥʘʤʠ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʡ ʠ ʥʝʬʪʦʨʠʨʦʚʘʥʥʦʡ ʪʝʨʝʬʪʘʣʝʚʦʡ ʠ ʠʟʦ-

ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪ [28]. ʉʨʝʜʠ ʄʆʂʇ ʚ ʵʪʦʡ ʩʝʨʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʘʥʠʦʥʘʤʠ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩ-

ʣʦʪ, ʷʚʣʷʶʪʩʷ ʄʆʂʇ ʙʦʣʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʝʤ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʄʆʂʇ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʩ-yʪʘʢʠ ʚʦʟʤʦʞʥʦ, ʭʦʪʷ ʪʘʢʠʝ ʧʨʠʤʝʨʳ 

ʦʯʝʥʴ ʨʝʜʢʠʝ [3, 5, 29, 30].  

1.2. ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʦʚ ʠʟʦʤʝʨʥʳʭ ʬʪʘʣʝʚʳʭ ʢʠʩʣʦʪ 

1.2.1. ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʦʚ ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ 1,2-tFBDC
2ī 

ɹʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʧʦʣʠʤʝʨʥʦʛʦ, ʘ ʪʘʢʞʝ ʮʝʧʦʯʝʯ-

ʥʦʛʦ ʠʣʠ ʩʣʦʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʦʛʦ ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʘ. ʅʘʧʨʠʤʝʨ, ʚ 2016 

ʛʦʜʫ ʙʳʣʦ ʦʧʠʩʘʥʦ 5 ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʝʪʨʘʬʪʦʨʬʪʘʣʝʚʫʶ ʠ ʪʝʪʨʘʬʪʦʨʪʝʨʝʬʪʘʣʝʚʫʶ ʢʠʩʣʦʪʫ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ N-ʜʦʥʦʨʥʳʝ 

ʣʠʛʘʥʜʳ 2,2ô-ʙʠʧʠʨʠʜʠʣ ʠ 4,4ô-ʙʠʧʠʨʠʜʠʣ (4,4ô-bpy) [31]. ʊʘʢ, ʢʦʤʙʠʥʘʮʠʷ ʘʥʠʦʥʦʚ ʬʪʘʣʝ-

ʚʦʡ ʢʠʩʣʦʪʳ ʠ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ 2,2ô-bpy ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʷʜʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ [Cu2(1,2-tFBDCH)2(1,2-tFBDC)(2,2ô-bpy)2]ĀCH3OH (ʈʠʩ. 5ʘ) ʠ [Cd2(1,2-tFBDC)2(2,2ô-

bpy)2(H2O)2] (ʈʠʩ. 5ʙ). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʝʜʥʦʤ ʢʦʤʧʣʝʢʩʝ ʫ ʜʚʫʭ ʠʟ ʪʨyʭ ʬʪʘʣʘʪ-

ʘʥʠʦʥʦʚ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʢʘʨʙʦʢʩʠʣʘʪʥʘʷ ʛʨʫʧʧʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʘʷ ʦʩʪʘʸʪʩʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʤʝʪʘʥʦʣʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʩʪʠʢʦʚʦʛʦ 4,4ô-bpy ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʣʦʠ-

ʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ [Cu(1,2-tFBDC)(4,4ô-bpy)(H2O)2]Ā2CH3OH ʠ [Cd(1,2-tFBDC)(4,4ô-

bpy)(H2O)2]Ā2CH3OH (ʈʠʩ. 5ʚ). ɺ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʬʪʘʣʘʪ-ʘʥʠʦʥ ʚʳʩʪʫʧʘʝʪ ʤʦʩʪʠʢʦʚʳʤ 

ʣʠʛʘʥʜʦʤ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʢʘʨʙʦʢʩʠʣʘʪʥʘʷ ʛʨʫʧʧʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ. ʇʝʨʝʭʦʜ ʢ 

ʣʠʥʝʡʥʦʤʫ ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʫ ʜʘʸʪ ʩʣʦʠʩʪʳʡ ʄʆʂʇ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʝʣʘʪʠʨʫʶʱʝ-

ʛʦ ʣʠʛʘʥʜʘ 2,2ô-bpy: [Cd(1,4-tFBDC)(2,2ô-bpy)]Ā2H2O (ʈʠʩ. 5ʛ). ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦ-

ʣʫʯʘʣʠ ʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʯʝʥʴ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʨʭʣʦʨʘʪ ʤʝʪʘʣʣʘ, ʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʙʠʧʠʨʠʜʠʣ ʚ ʩʤʝʩʠ CH3OH/ʚʦʜʘ. 
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ʘ) ʙ)  

ʚ) ʛ)  

ʈʠʩ. 5. ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

[Cu2(1,2-tFBDCH)2(1,2-tFBDC)(2,2ô-bpy)2]ĀCH3OH (ʘ); [Cd2(1,2-tFBDC)2(2,2ô-bpy)2(H2O)2] (ʙ);  

[Cu(1,2-tFBDC)(4,4ô-bpy)(H2O)2]Ā2CH3OH (ʚ); [Cd(1,4-tFBDC)(2,2ô-bpy)]Ā2H2O (ʛ). ʈʠʩʫʥʢʠ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ [31] 

ʩ ʨʘʟʨʝʰʝʥʠʷ ʠʟʜʘʪʝʣʴʩʪʚʘ Elsevier.  

ʇʦʣʫʯʝʥʠʝ ʢʘʨʢʘʩʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʘʥʠʦʥʘʤʠ ʬʪʦʨʠʨʦʚʘʥʥʦʡ ʬʪʘ-

ʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʩʪʠʢʦʚʳʝ N-ʜʦʥʦʨʥʳʝ ʣʠ-

ʛʘʥʜʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʪʠʦʥʘʤʠ 3d-ʤʝʪʘʣʣʦʚ ʠʣʠ ʢʘʪʠʦʥʘʤʠ ʣʘʥʪʘʥʠʜʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢ-

ʪʝʨʥʳ ʙʦʣʴʰʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ. ʅʘʧʨʠʤʝʨ, ʚ 2013 ʛʦʜʫ ʙʳʣʘ ʦʧʠʩʘʥʘ ʩʝʨʠʷ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ TKL-101ïTKL-107 c ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

[Ni 0.5(tpt)0.5(OPA)0.5(H2O)0.5]Āsolvent (OPA ï ʟʘʤʝʱʸʥʥʳʡ ʬʪʘʣʘʪ-ʘʥʠʦʥ, tpt  ï 2,4,6-ʪʨʠʩ-(4-

ʧʠʨʠʜʠʣ)-1,3,5-ʪʨʠʘʟʠʥ, solvent ï ʛʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ), ʦʪʣʠʯʘʶʱʠʝʩʷ ʟʘʤʝʩʪʠ-

ʪʝʣʷʤʠ ʚʦ ʬʪʘʣʘʪʥʦʤ ʣʠʛʘʥʜʝ (-H, -NH2, -NO2, -F) [3]. ɺʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Ni(NO3)2Ā6H2O ʩ ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ ʝ yʧʨʦʟʚʦʜʥʳʤʠ ʠ tpt ʚ N,N-

ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʝ, N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʠʣʠ ʝʛʦ ʩʤʝʩʠ ʩ ʵʪʘʥʦʣʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘ-

ʪʫʨ 85ï100Áʉ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ Ni(II) ʧʨʝʜʩʪʘʚʣʝʥʦ 3 ʘʪʦʤʘʤʠ N ʣʠʛʘʥ-

ʜʘ tpt, 2 ʘʪʦʤʘʤʠ O ʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ ʠ 1 ʘʪʦʤʦʤ O ʤʦʣʝʢʫʣʳ ʚʦʜʳ (ʈʠʩ. 6ʘ). ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ 
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ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʥʦʜʝʥʪʘʪʥʦ, ʬʪʘʣʘʪ-ʘʥʠʦʥ ʩʚʷʟʳʚʘʝʪ ʜʚʘ ʩʦʩʝʜʥʠʭ ʢʘʪʠʦʥʘ Ni(II). 

ɺʩʝ 3 ʧʠʨʠʜʠʣʴʥʳʭ ʘʪʦʤʘ N ʣʠʛʘʥʜʘ tpt ʩʚʷʟʘʥʳ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙ-

ʨʘʟʫʝʪʩʷ ʪʨʸʭʤʝʨʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ʩ ʢʘʥʘʣʘʤʠ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʦʤ 6,2¡ (ʈʠʩ. 6ʙ). ʆʮʝʥʢʘ ʦʙʲʸʤʘ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʜʘʸʪ ʚʝʣʠ-

ʯʠʥʫ 60ï65%. ɺʩʝ 7 ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʙʠʣʴʥʳ ʥʘ ʚʦʟʜʫʭʝ, ʦʜʥʘʢʦ ʩʦʭʨʘʥʝʥʠʝ ʠʩʭʦʜʥʦʡ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʫʜʘʣʝʥʠʠ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʚʘʢʫʫʤʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ TKL-104ïTKL-107 ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʬʪʦʨʠʨʦʚʘʥ-

ʥʭr ʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ, ʧʨʠʯʝʤ ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʠʤʝʥʥʦ ʚ 3 ʧʦʣʦʞʝ-

ʥʠʠ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʄʆʂʇ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ F ʠ H ʣʠ-

ʛʘʥʜʘ tpt (ʈʠʩ. 6ʚ). ɼʣʷ ʩʝʨʠʠ TKL-104ïTKL-107 ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʣʠʩʴ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡ-

ʩʪʚʘ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ TKL-104ïTKL-107 ʘʜʩʦʨʙʠʨʫʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 300ï500 ʤʣ/ʛ N2 ʧʨʠ 

77ʂ, ʘ ʫʜʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ S(BET) ʩʦʩʪʘʚʣʷʶʪ ʚʝʣʠʯʠʥʳ 1131, 1509, 1636 ʠ 

1454 ʤ
2
/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʨʢʘʩʘ, ʥʦ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʸʤʢʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

H2 ʧʨʠ 77K, CO2 ʠ ʉH4 ʧʨʠ 273K.  

ʘ) ʙ)  
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ʚ)  

ʈʠʩ. 6. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʨʢʘʩʘ TKL-101 (ʘ). ʌʨʘʛʤʝʥʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ TKL-101. ɺʠʜ ʚʜʦʣʴ ʢʘʥʘʣʦʚ (ʙ). ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ TKL-101. 

ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʟʘ ʩʯʸʪ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʄʆʂʇ (ʚ). ʈʠʩʫʥʢʠ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ [3]. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Eu(NO3)3Ā6H2O c ʪʝʪʨʘʬʪʦʨʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʠ 2-ʤʝʪʠʣ-1H-

ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʦʚʦʡ (Mimda) ʠʣʠ 2-ʧʨʦʧʠʣ-1H-ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(Pimda) ʚ ʩʤʝʩʠ ʚʦʜʘ/ʩʧʠʨʪ ʧʨʠ 155 ÁC ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ ʦʙʨʘʟʫʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [Eu4(Mimda)4(1,2-tFBDC)4(H2O)4] ʠ [Eu4(Pimda)4(1,2-tFBDC)4(H2O)4] 

[32]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ Eu(III ) ʧʨʝʜʩʪʘʚʣʝʥʦ 1 ʘʪʦʤʦʤ N ʠ 2 ʘʪʦʤʘʤʠ O 

ʠʤʠʜʘʟʦʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, 5 ʘʪʦʤʘʤʠ O ʘʥʠʦʥʦʚ 1,2-tFBDC
2ī

 ʠ 1 ʘʪʦʤʦʤ O ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ (ʈʠʩ. 7ʘ). ɿʘ ʩʯʪy ʪʦʛʦ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʦʙʦʠʭ ʪʠʧʦʚ ʩʚʷʟʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ 

ʢʘʪʠʦʥʦʚ Eu(III), ʦʙʨʘʟʫʶʪʩʷ ʄʆʂʇ ʩʣʦʞʥʦʛʦ ʢʘʨʢʘʩʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʈʠʩ. 7ʙ). ʆʙʘ ʄʆʂʇ 

ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Eu(III ). 
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ʘ) ʙ)  

ʈʠʩ. 7. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʦʚ Eu(III) ʚ [Eu4(Mimda)4(1,2-tFBDC)4(H2O)4] (ʘ). ʌʨʘʛʤʝʥʪ  

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ [Eu4(Mimda)4(1,2-tFBDC)4(H2O)4] (ʙ). ʈʠʩʫʥʢʠ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ [32] ʩ ʨʘʟʨʝʰʝʥʠʷ 

ʠʟʜʘʪʝʣʴʩʪʚʘ Elsevier. 

1.2.2. ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʦʚ ʠʟʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ 1,3-tFBDC
2ī 

ʊʝʪʨʘʬʪʦʨʠʟʦʬʪʘʣʘʪ-ʘʥʠʦʥ ʢʘʢ ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʄʆʂʇ 

ʙʣʘʛʦʜʘʨʷ ʫʛʣʦʚʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʪʦʨʩʠʦʥ-

ʥʳʭ ʫʛʣʦʚ ʤʝʞʜʫ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʧʣʦʩʢʦʩʪʴʶ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʉʣʦʠʩʪʳʝ ʪʝʪ-

ʨʘʬʪʦʨʠʟʦʬʪʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩ rʤʝʜʠ(II) [Cu2(1,3-tFBDC)2L2] ʦʢʘʟʘʣʠʩɹ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥr  ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʢʣʶʯʝ-

ʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ [33]. ʊʘʢ, ʢʘʞʜʳʡ ʩʣʦʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʣʝʢʩʘ [Cu2(1,3-tFBDC)2(quinoline)] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʸʭʫʛʦʣʴʥʫ  ʁʩʝʪʢʫ, ʦʙʨʘʟʦ-

ʚʘʥʥʫʶ ʙʠʷʜʝʨʥʳʤʠ ʤʝʜʥʳʤʠ çʢʠʪʘʡʩʢʠʤʠ ʬʦʥʘʨʠʢʘʤʠè ʠ ʪʝʪʨʘʬʪʦʨʠʟʦʬʪʘʣʘʪ-ʘʥʠʦʥʘʤʠ. 

ɸʢʩʠʘʣʴʥʘʷ ʧʦʟʠʮʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʢʘʪʠʦʥʘ Cu(II) ʟʘʥʷʪʘ ʘʪʦʤʦʤ N ʭʠʥʦʣʠ-

ʥʘ. ɿʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʝ ʬʝʥʠʣʴʥʳʝ ʢʦʣʴʮʘ 1,3-tFBDC ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʩʣʦʷ 

ʦʙʲʝʜʠʥʝʥʳ ʧʦʧʘʨʥʦ ʟʘ ʩʯʸʪ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʘʢʩʠʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʭʠʥʦʣʠʥʘ ʫʯʘʩʪ-

ʚʫʶʪ ʚ ʉīHĀĀĀ́ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʚ ʩʪʨʫʢʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʛʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ ʠ ʢʘʢʦʝ-ʣʠʙʦ 

ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʜʦʩʪʫʧʥʦʝ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ (ʈʠʩ. 8ʘ). ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦ-ʜʠʭʣʦʨʙʝʥʟʦʣʘ ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ [Cu2(1,3-tFBDC)2(quinoline)2]Ā0,5o-

dichlorobenzene. ɻʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ ʜʠʭʣʦʨʙʝʥʟʦʣʘ ʧʣʦʪʥʦ ʟʘʞʘʪʳ ʤʝʞʜʫ ʜʚʫʤʷ ʧʝʨʬʪʦʨʠ-

ʨʦʚʘʥʥʳʤʠ ʬʝʥʠʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʣʠʛʘʥʜʦʚ 1,3-tFBDC
2ī

 ʪʘʢ, ʯʪʦ ʧʦʣʦʚʠʥʘ ʯʝʪʳʨʸʭʫʛʦʣʴʥʳʭ 

ʷʯʝʝʢ ʧʝʨʝʭʦʜʠʪ ʚ çʦʪʢʨʳʪʫʶè ʬʦʨʤʫ (ʈʠʩ. 8ʙ). ɽʩʣʠ ʚʤʝʩʪʦ ʦ-ʜʠʭʣʦʨʙʝʥʟʦʣʘ ʚ ʨʝʘʢʮʠʦʥ-

ʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʪʴ ʭʣʦʨʙʝʥʟʦʣ, ʪʦ ʝʛʦ ʚʢʣʶʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚ ʯʝʪʳʨʸʭʫʛʦʣʴʥʳʭ ʧʦʣʦ-

ʩʪʷʭ ʩʣʦʷ, ʘ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʩʨʝʜʩʪʚʦʤ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʧʝʨʬʪʦʨʠʨʦʚʘʥ-

ʥʳʤʠ ʬʝʥʠʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ 1,3-tFBDC
2ī
, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʩʦʩʝʜʥʠʤ ʩʣʦʷʤ (ʈʠʩ. 8ʚ). ʀʥʪʝ-

ʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ [Cu2(1,3-tFBDC)2(quinoline)2]Ā0,5o-dichlorobenzene ʜʦʩʪʘʪʦʯʥʦ  

 



  

22 

 

ʘ) ʙ)  

ʚ)  

ʛ)   

ʜ)  

ʈʠʩ. 8. ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [Cu2(1,3-tFBDC)2(quinoline)]. ɺʠʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʶ,  

ʤʦʣʝʢʫʣʳ ʭʠʥʦʣʠʥʘ ʠ ʘʪʦʤʳ F ʥʝ ʧʦʢʘʟʘʥʳ (ʩʣʝʚʘ). ʋʧʘʢʦʚʢʘ ʩʣʦʸʚ (ʩʧʨʘʚʘ) (ʘ). ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ [Cu2(1,3-tFBDC)2(quinoline)2]Ā0,5o-dichlorobenzene. ɺʠʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʶ, ʘʪʦʤʳ F ʠ H ʥʝ  

ʧʦʢʘʟʘʥʳ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʦ-ʜʠʭʣʦʨʙʝʥʟʦʣʘ ʧʦʢʘʟʘʥʳ ʚ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʰʘʨʘʭ (ʩʣʝʚʘ).  

ʋʧʘʢʦʚʢʘ ʩʣʦʸʚ (ʩʧʨʘʚʘ) (ʙ). ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ  

[Cu2(1,3-tFBDC)2(quinoline)2]Ā0,5chlorobenzene, ʧʦʢʘʟʳʚʘʶʱʠʡ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʭʣʦʨʙʝʥʟʦʣʘ ʚ  

ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɻʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ ʭʣʦʨʙʝʥʟʦʣʘ ʧʦʢʘʟʘʥʳ ʚ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʰʘʨʘʭ, ʘʪʦʤʳ  

ʭʣʦʨʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ (ʚ). ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ  

[Cu2(1,3-tFBDC)2(EtOH)2]Ā2EtOHĀC6H6. ʌʨʘʛʤʝʥʪ ʩʣʦʷ, ʛʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ ʙʝʥʟʦʣʘ ʧʦʢʘʟʘʥʳ ʚ  

ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʰʘʨʘʭ, ʘʪʦʤʳ F ʥʝ ʧʦʢʘʟʘʥʳ (ʩʣʝʚʘ). ʋʧʘʢʦʚʢʘ ʩʣʦʝʚ, ʛʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ ʧʦʢʘʟʘʥʳ 

ʚ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʰʘʨʘʭ (ʚ ʮʝʥʪʨʝ). ʉʠʩʪʝʤʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʦʩʪʝʚʳʤʠ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʵʪʘʥʦʣʘ (ʩʧʨʘʚʘ) (ʛ). ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ  

[Cu2(1,3-tFBDC)2(2-picoline)2]Ā1,3EtOHĀʉ6F6. ʌʨʘʛʤʝʥʪ ʩʣʦʷ ʩ çʟʘʢʨʳʪʳʤʠè ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʤʠ ʧʦʣʦʩʪʷʤʠ,  

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ 2-ʧʠʢʦʣʠʥʘ ʠ ʘʪʦʤʳ F ʥʝ ʧʦʢʘʟʘʥʳ (ʩʣʝʚʘ). ʋʧʘʢʦʚʢʘ ʩʣʦʚy, ʛʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ 

ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣʘ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʵʪʘʥʦʣʘ ʧʦʢʘʟʘʥʳ ʚ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʰʘʨʘʭ, ʘʪʦʤʳ F ʠ H  

ʥʝ ʧʦʢʘʟʘʥʳ (ʩʧʨʘʚʘ) (ʜ) [33].  


