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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ʄʝʪʦʜ ɹʕʊ (BET) ï ʘʥʘʣʠʟ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʉ. ɹʨʫʥʘʫʵʨʘ, ʇ. ʕʤʤʝʪʘ ʠ 

ʕ. ʊʝʣʣʝʨʘ 

ɻʉ ï ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ɼʄʌɸ (DMF) ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ʂʍʈ ï ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʃʉ ï ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʄʆʂʇ (MOF) ï Metal-Organic Framework, ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠ-

ʤʝʨʳ  

ʄʉ ï ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʉʆʂʇ ï ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ 

ʉʉ ï ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

IAST ï Ideal Adsorption Solution Theory, ʪʝʦʨʠʷ ʠʜʝʘʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ ʨʘʩʪʚʦʨʦʚ 

bImB ï 1,4-ʙʠʩ(ʠʤʠʜʘʟʦʣ-1-ʠʣ)ʙʫʪʘʥ 

bImP ï 1,5-ʙʠʩ(ʠʤʠʜʘʟʦʣ-1-ʠʣ)ʧʨʦʧʘʥ 

bImH ï 1,6-ʙʠʩ(ʠʤʠʜʘʟʦʣ-1-ʠʣ)ʛʝʢʩʘʥ 

H2bdc ï ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ 

H2bpdc ï 4,4'-ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2fdc ï 2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2pdc ï 2,4-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2pzc ï 2,5-ʧʠʨʘʟʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

H2sdc ï 4,4'-ʩʪʠʣʴʙʝʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

im ï ʠʤʠʜʘʟʦʣ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʠʣʠ metal-organic framework 

(ʄʆʂʇ, MOF) ï ʵʪʦ ʢʣʘʩʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 1-, 2-, 3-

ʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʦʥʦʚ ʠʣʠ ʢʣʘʩʪʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʦʨʛʘʥʠ-

ʯʝʩʢʠʤʠ ʣʠʥʢʝʨʘʤʠ. ɹʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʜʝʣʘʶʪ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝ-

ʨʠʘʣʘʤʠ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʦʚ, ʭʨʘʥʝʥʠʷ ʛʘʟʦʚ ʠ ʨʘʟʜʝʣʝʥʠʷ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʩʝʣʝʢ-

ʪʠʚʥʦʡ ʩʦʨʙʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʠʣʠ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ ʦʪ ʧʨʠʤʝʩʝʡ, ʪʘʢ ʢʘʢ ʠʭ ʥʘʣʠʯʠʝ ʚ ʛʘʟʦʚʦʤ ʪʦʧʣʠʚʝ ʩʥʠʞʘʝʪ ʝʛʦ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʤʧʘʢʪʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ï ʪʦʧʣʠʚʘ ʙʫʜʫʱʝʛʦ. ɹʣʘ-

ʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʪʝʥʮʠʘʣʫ, ʭʠʤʠʷ ʧʦʨʠʩʪʳʭ ʄʆʂʇ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘ-

ʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʝ ʚʝʜʫʪʩʷ ʚʦ ʤʥʦʛʠʭ ʚʝʜʫʱʠʭ ʣʘʙʦʨʘ-

ʪʦʨʠʷʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʄʆʂʇ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʛʝʪʝʨʦʘʪʦʤʳ N, O, S ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʦʚ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʪʝʨʦʘʪʦ-

ʤʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʥʝʚʘ-

ʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ-çʛʦʩʪʷè ʠ ʢʘʨʢʘʩʘ-çʭʦʟʷʠʥʘè. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʣʠʛʘʥʜ ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʩʦʨʙʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ. 

ʈʦʣʴ ʤʝʪʘʣʣʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʝʡ ʬʫʥʢʮʠʠ, ʘ 

ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʄʆʂʇ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦ 

ʪʝʤʝ ʄʆʂʇ ʧʦʩʚʷʱʝʥʦ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʘ-

ʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ Zn(II), Cu(II), Cd(II), Cr(III) ʠ Fe(III). ʅʝʩʤʦʪʨʷ ʥʘ 

ʠʥʪʝʨʝʩʥʳʝ ʩʦʨʙʮʠʦʥʥʳʝ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʜʨʫʛʠʝ ʩʚʦʡ-

ʩʪʚʘ, ʧʦʨʠʩʪʳʝ ʄʆʂʇ, ʢʘʢ ʢʣʘʩʩ ʩʦʨʙʝʥʪʦʚ, ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʩʜʝʨ-

ʞʠʚʘʶʱʠʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʳʩʦʢʘʷ ʛʠʜʨʦ-

ʣʠʪʠʯʝʩʢʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʢ ʚʦʜʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ-

ʥʠʡ ʄʆʂʇ: ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ-ʦʪʭʦʜʦʚ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʤʠʤʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʝʱʝ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥrʭ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʨʝʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʤʝʩʝʡ: ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʦʨ-

ʙʝʥʪ ʙʳʣ ʫʩʪʦʡʯʠʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚʣʘʞʥʦʛʦ ʛʘʟʘ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʦʚ ʩʦʨʙ-

ʮʠʠ/ʜʝʩʦʨʙʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʭʦʜʷʪ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʵʪʦʤʫ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴ-

ʥʦʩʪʴ ʄʆʂʇ ʥʝ ʤʝʥʝʝ ʚʘʞʥʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʦʣʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʠ ʧʨʠʨʦʜʘ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʜʦʣʞʥʘ ʩʪʘʪʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʆʂʇ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʢʘʥʜʠʡ(III) ʷʚʣʷʝʪʩʷ ʫʜʘʯʥʳʤ ʧʨʠʤʝʨʦʤ ʦʢʩʦʬʠʣʴʥʦ-

ʛʦ ʢʘʪʠʦʥʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʧʨʦʯʥʳʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢ-
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ʩʳ, ʢʦʪʦʨʳʝ, ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ Sc(III), ʥʝ ʩʢʣʦʥʥʳ ʧʨʝʪʝʨʧʝ-

ʚʘʪʴ ʨʘʥʥʠʡ ʪʝʨʤʦʣʠʟ. ʇʨʠ ʵʪʦʤ ʘʜʩʦʨʙʮʠʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʘʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʛʝʪʝʨʦʘʪʦʤʘʭ. ʊʘʢʦʡ ʩʠʥʝʨʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʄʆʂʇ 

ʥʘ ʦʩʥʦʚʝ ʩʢʘʥʜʠʷ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʠʪ ʩʦʚʤʝʩʪʠʪʴ ʚ ʦʜʥʦʤ ʩʦʝʜʠʥʝ-

ʥʠʠ ʮʝʣʳʡ ʨʷʜ ʮʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝ-

ʥʠʷ ʥʦʚʳʭ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʦʨʙʮʠʦʥʥʳʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʄʆʂʇ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʛʦʨʷʯʝʡ ʪʦʯʢʦʡè 

ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ɼʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʧʦʩʚʷʱʝʥʳ ʤʥʦʞʝʩʪʚʦ ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʪʘʪʝʡ ʠ ʦʙ-

ʟʦʨʦʚ ʚ ʩʘʤʳʭ ʚʳʩʦʢʦ ʮʠʪʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. ʏʠʩʣʦ ʩʪʘʪʝʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ 

ʨʘʩʪʝʪ ʢʘʞʜʳʤ ʛʦʜʦʤ. ʅʝʨʝʜʢʦ ʦʙʲʝʢʪʘʤʠ ʧʫʙʣʠʢʘʮʠʡ ʷʚʣʷʶʪʩʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦ-

ʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʘ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʪʘʪʴʝ ʫʜʝʣʝʥʦ ʦʙʩʫʞʜʝʥʠʶ ʚʣʠʷʥʠʷ ʛʝʪʝ-

ʨʦʘʪʦʤʦʚ ʚ ʣʠʛʘʥʜʘʭ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʩʫʱʝ-

ʩʪʚʫʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥʦʚ 

ʩʢʘʥʜʠʷ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʝʙʷ ʢʘʢ ʠʥʪʝʨʝʩʥʳʝ 

ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʣʘʜʘʶʪ ʨʝʜʢʠʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʄʆʂʇ ʩʚʦʡʩʪʚʦʤ ʛʠʜʨʦʣʠʪʠ-

ʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʦʚʳʭ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʩʪʘ-

ʙʠʣʴʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʠʟʫʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʩʠʥʪʝʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʛʠʙʢʠʭ ʠʤʠʜʘʟʦʣʠʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʦʨʙʮʠʦʥʥʳʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ; 

2. ʩʠʥʪʝʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ 2,4-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, 2,5-ʧʠʨʘʟʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʀʟʫʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

3. ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʄʆʂʇ ʩ ʢʘʪʠʦʥʘʤʠ 

Sc(III ), ʠʟʫʯʝʥʠʝ ʠʭ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ 

[Mn3(Hpdc)2(pdc)2] ʠ [Mg3(Hpdc)2(pdc)2] (H2pdc ï 2,4-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʷʚ-

ʣʷʶʪʩʷ ʧʝʨʤʘʥʝʥʪʥʦ ʧʦʨʠʩʪʳʤʠ ʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʦʥ-

ʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ CO2. ʈʘʟʣʠʯʠʝ ʚ ʬʦʨʤʝ ʠʟʦʪʝʨʤ ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʢʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʛʦʩʪʝʡ ʠ ʩ ʢʘʨʢʘʩʦʤ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʚ 

ʢʘʨʢʘʩʝ çʭʦʟʷʠʥʘè. 
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ʇʦʣʫʯʝʥ ʨʷʜ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ, ʢʘʜʤʠʷ ʠ ʛʠʙʢʠʭ ʠʤʠʜʘ-

ʟʦʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʪʝʨʝʬʪʘʣʘʪʥʦʛʦ ʠ 

ʠʤʠʜʘʟʦʣʠʣʴʥʦʛʦ ʣʠʥʢʝʨʘ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʜʝʨʞʘʪ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʣʠʛʘʥʜʦʚ, ʧʨʠʯʝʤ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʛʦ ʤʦʩʪʠʢʘ ʚ ʣʠʛʘʥʜʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 4,4'-

ʩʪʠʣʴʙʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥʳ ʠʥʪʝʥʩʠʚʥʦ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʝ ʧʦʨʠʩʪʳʝ 

ʄʆʂʇ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ. 

ʇʦʣʫʯʝʥ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʷʜ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʢʘʥʜʠʷ(III) ʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʇʦʢʘʟʘʥʘ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʘ-

ʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʜʦʣʠ ʚʦʜʳ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ 

ʩʠʥʪʝʟʘ. ɼʣʷ ʢʘʨʢʘʩʘ ʩ 2,5-ʧʠʨʘʟʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʨʙʮʠʠ 

ʧʘʨʦʚ ʚʦʜʳ ʠ ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ(IV) ʠ ʘʟʦʪʘ(I) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠ-

ʤʠ ʛʘʟʘʤʠ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʦ 22 ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝ-

ʨʘ, ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʟʫʯʝ-

ʥʘ ʘʢʪʠʚʘʮʠʷ, ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

¶ ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʚʢʣʘʜʦʤ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ; 

¶ ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʧʨʦʷʚʣʷʶʪ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ; 

¶ ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʠ ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ ʧʘʨʦʚ; 

¶ ɺʳʩʦʢʘʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʥʘ ʦʩʥʦʚʝ Sc(III) ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦ-

ʚʠʷʭ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʣʠ ʚ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʠʣʠ ʩʦʩʫʜʘʭ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠʩʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʟʦʚʦʡ ʯʠʩʪʦʪʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʘʭ; 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʯʠʩʪʦʪʳ ʦʙʨʘʟʮʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʄʆʂʇ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH (ʦʪ 0 ʜʦ 14). ɺʳʚʦʜ ʦ ʩʦʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦ-
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ʣʠʤʝʨʘ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʌɸ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʠʟ ʧʦʨʠ-

ʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʘʤʝʥʘ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʥʘ ʤʝʪʘʥʦʣ 

ʠʣʠ ʘʮʝʪʦʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɺʳʚʦʜ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʌɸ, ʀʂ ʩʧʝʢʪʨʦʚ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɸʥʘʣʠʟ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʧʝʨʤʘʥʝʥʪʥʦ 

ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʦʨʙʪʦʤʝʪʨʝ ʩ ʚʦʣʶʤʦʤʝʪʨʠʯʝ-

ʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ. ʇʣʦʱʘʜʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ-

ʨʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʤʝʪʦʜʫ ɹʕʊ. ʈʘʩʯʝʪ ʬʘʢʪʦʨʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣ-

ʩʷ ʧʦ ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ ʛʘʟʦʚ (IAST). ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʧʦʨʠ-

ʩʪʳʭ ʢʘʨʢʘʩʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛ-

ʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʕʇʈ ʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ, ʩʪʨʦʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝ-

ʪʦʜʘʤʠ ʥʦʚʳʭ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. 

¶ ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʜʘʥʥʳʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ ʠ 

ʢʘʜʤʠʷ. 

¶ ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʜʘʥʥʳʤ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʝʢʠʩʣʦʤʫ ʛʘʟʫ, ʘʟʦʪʫ, ʤʝʪʘʥʫ ʠ ʚʦʜʦʨʦʜʫ. 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ Sc(III). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʉʠʥʪʝʟʳ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʠʭ ʀʂ-ʩʧʝʢʪʨʦʚ, ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʝʨʤʦʛʨʘʤʤ, ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʧʨʦʙʦ-

ʧʦʜʛʦʪʦʚʢʘ ʜʣʷ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʳ ʜʠʩʩʝʨ-

ʪʘʥʪʦʤ. ʆʧʨʝʜʝʣʝʥʠʝ, ʨʝʰʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʝʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʣʠʙʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ɼ. ɻ. ʉʘʤʩʦʥʝʥʢʦ. ʇʨʦʚʝʜʝ-

ʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʂ. ɸ. 

ʂʦʚʘʣʝʥʢʦ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩ-

ʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ ʠ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 8 ʢʦʥʬʝʨʝʥʮʠʷʭ: 

Japan ï Russia Workshop on Advanced Materials Synthesis Process and Nanostructure (ʉʝʥʜʘʡ, 

ʗʧʦʥʠʷ, 2015); III ʐʢʦʣʘ ï ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM ï 2015 (ɹʝʨʜʩʢ, ʈʦʩʩʠʷ, 2015); ʂʦʥʢʫʨʩ ï ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʧʦʩʚʷʱʝʥʥʘʷ ʯʣ.-ʢ. ɸʅ, ʧʨʦʬʝʩʩʦʨʫ ɻʝʦʨʛʠʶ ɹʦʨʠʩʦʚʠʯʫ ɹʦʢʠʶ (ʅʦʚʦ-

ʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2015); International Workshop on Porous Coordination Compounds IWPCC 

2016 (ɸʣʪʘʡ, ʈʦʩʩʠʷ, 2016 ʛ); ʂʦʥʢʫʨʩ ï ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʧʦʩʚʷʱʝʥʥʘʷ 80-

ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɽʚʛʝʥʠʷ ɺʣʘʜʠʤʠʨʦʚʠʯʘ ʉʦʙʦʣʝʚʘ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2016); 



8 
 

IV ʐʢʦʣʘ ï ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM ï 2017 (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2017); The 6th Asian Conference on 

Coordination Cmenistry ACCC6 (ʄʝʣʴʙʫʨʥ, ɸʚʩʪʨʘʣʠʷ, 2017); The 2nd European Conference 

on Metal Organic Frameworks and Porous Polymers, EuroMOF 2017 (ɼʝʣʬʪ, ʅʠʜʝʨʣʘʥʜʳ, 

2017). 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 4 ʩʪʘʪʴʷʭ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʚ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʜʚʝ ʚ ʟʘʨʫʙʝʞʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷ-

ʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science. ɺ ʤʘʪʝʨʠʘʣʘʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝ-

ʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 8 ʜʦʢʣʘʜʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʜʦ-

ʣʦʞʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ ʠ ʧʨʠʟʥʘʥʳ ʜʦʩʪʦʚʝʨʥʳʤʠ. ɼʘʥʥʳʝ ʧʦ-

ʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʣʷ ʧʦʭʦʞʠʭ ʩʠʩʪʝʤ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʝ ʧʦʣʠʤʝʨʳ. ʈʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʥʪʝʟ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦ-

ʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʭʦʜʝ ʨʘʙʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩ-

ʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦ-

ʚʝè ʠ çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 137 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 114 ʨʠʩʫʥʢʦʚ, 10 ʩʭʝʤ ʠ 7 ʪʘʙ-

ʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 

2), ʦʙʩʫʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʛʣ. 3), ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ (173 ʥʘʠʤʝʥʦʚʘʥʠʷ). 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ (ʛ. ʅʦ-

ʚʦʩʠʙʠʨʩʢ), ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ (17-53-16015, 17-43-543116, 16-33-00520), ʈʅʌ (14-

23-00013), ɻʨʘʥʪʘ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʄʝʛʘʛʨʘʥʪ 14.Z50.31.0006). ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʩʪʠʧʝʥʜʠʝʡ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (2018-2020) ʠ ʩʪʠʧʝʥʜʠʝʡ ʇʨʘ-

ʚʠʪʝʣʴʩʪʚʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ (2017).  
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʄʆʂʇ) ð ʵʪʦ ʢʣʘʩʩ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 1-, 2-, 3-ʤʝʨʥʦʡ ʧʝʨʠʦʜʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷ-

ʱʝʡ ʠʟ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠʣʠ ʢʣʘʩʪʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʥʢʝʨʘʤʠ. ɹʦʣʴʰʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʭʠ-

ʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʜʝʣʘʶʪ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʛʘʟʦʚ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ, ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʦʚ, ʠʦʥʥʳʭ ʧʨʦʚʦʜ-

ʥʠʢʦʚ ʠ ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ ʄʆʂʇ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥ-

ʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʚʥʫʪʨʠ ʢʘʥʘʣʦʚ ʠ ʥʘʥʦʧʦʣʦʩʪʝʡ ʜʦʩʪʫʧʥʳʝ ʨʝʘʢʮʠʦʥʥʦ-

ʩʧʦʩʦʙʥʳʝ ʮʝʥʪʨʳ, ʥʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʝʥʘʩʳʱʝʥʥʳʝ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʧʨʦʷʚ-

ʣʷʶʱʠʝ ʩʠʣʴʥʫʶ ʣʴʶʠʩʦʚʩʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ. ʍʠʤʠʷ ʄʆʂʇ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶ-

ʱʝʡʩʷ ʦʙʣʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʝ ʚʝʜʫʪʩʷ ʚʦ ʤʥʦʛʠʭ ʚʝʜʫ-

ʱʠʭ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʯʝʤʫ ʷʚʣʷʝʪʩʷ ʚʟʨʳʚʦʦʙʨʘʟ-

ʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʠ, ʦʙʟʦʨʦʚ ʠ ʢʥʠʛ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ʄʆʂʇ ʧʦʩʚʷʱʝʥʦ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ VIïXII  ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ Cr(III), 

Mn(II), Fe(III ), Co(II), Cu(I/II ), Zn(II ), Cd(II). ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʧʝʯʘʪʣʷʶʱʠʝ ʩʦʨʙʮʠʦʥʥʳʝ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ 

ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠ ̫ʚ ʨʝʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢʘʶʪ 

ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʠʥʪʝʟ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ, ʪʘʢʠʭ 

ʢʘʢ Zr(IV), Al(III) ʠ Sc(III), ʦʢʩʦʢʦʤʧʣʝʢʩʳ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [1ï4]. ʉʢʘʥʜʠʡ ʥʝ ʧʨʦʷʚʣʷʝʪ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ. ʉʢʘʥʜʠʡ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʠʣʠ ʫʤʝʨʝʥʥʦʡ ʪʦʢʩʠʯʥʦ-

ʩʪʴʶ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇʠʨʩʦʥʘ ʩʢʘʥʜʠʡ(III) ʦʪʥʦʩʠʪʩʷ ʢ ʞʝʩʪʢʠʤ ʢʠʩʣʦʪʘʤ, ʧʦʵʪʦʤʫ 

ʜʣʷ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʭʘʨʘʢʪʝʨʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʆ-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ: ʦʢʩʦ-, ʛʠʜʨʦʢʩʦ-, ʢʘʨʙʦʩʢʠʢʦʤʧʣʝʢʩʳ, ʢʦʤʧʣʝʢʩʳ ʩ N-ʦʢʩʠʜʥʳʤʠ, 

ʩʫʣʴʬʦʥʦʚʳʤʠ, ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʘʢ ʢ ʥʝʘʨʦʤʘʪʠʯʝʩʢʦʤʫ, 

ʪʘʢ ʠ ʢ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤʫ ʨʷʜʘʤ [5]. ʊʨʠʬʣʘʪ ʩʢʘʥʜʠʷ(III) ʠʟʚʝʩʪʝʥ 

ʩʚʦʠʤʠ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʦ ʃʴʶʠʩʫ) ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʇʨʠ ʵʪʦʤ ʩʢʘʥʜʠʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʣʝʛʢʠʤ ʠʟ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʩʢʘʥʜʠʷ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʣʠʛʘʥʜʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʢʘʨʢʘʩʘ 

ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩ ̫ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʭʠʤʠʷ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩʢʘʥʜʠʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

(ʉʆʂʇ) ʨʘʟʚʠʪʘ ʢʨʘʡʥʝ ʤʘʣʦ. ʉʠʣʴʥʳʤ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʩʪʴ ʚ ʧʨʠʨʦʜʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʮʝʥʘ ʩʦʝʜʠʥʝʥʠʡ ʩʢʘʥʜʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʠʤʝʶʪʩʷ ʨʘʥʥʠʝ ʦʙʟʦʨʳ ʧʦ ʭʠʤʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩʢʘʥʜʠʷ(III), ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʥʝ ʜʘʶʪ ʧʦʣ-
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ʥʦʡ ʢʘʨʪʠʥʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [6, 7], ʘ 

ʪʘʢʞʝ ʩʫʣʴʬʘʪʦʚ ʠ ʬʦʩʬʘʪʦʚ ʩʢʘʥʜʠʷ [8ï15]. ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʝʢʦ-

ʪʦʨʳʝ ʢʘʨʢʘʩʳ ʥʘ ʦʩʥʦʚʝ ʩʢʘʥʜʠʷ, ʢʘʢ ʧʨʠʤʝʨ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʨʝʜʢʦʟʝʤʝʣʴ-

ʥʳʭ ʤʝʪʘʣʣʦʚ [13], ʣʠʙʦ ʦʧʠʩʳʚʘʶʪ ʣʠʰʴ ʯʘʩʪʴ ʠʟʚʝʩʪʥʳʭ ʢʘʨʢʘʩʦʚ ʥʘ ʦʩʥʦʚʝ ʩʢʘʥʜʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʢʨʝʪʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ [17]. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘ-

ʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʠʬʣʘʪʘ ʩʢʘʥʜʠʷ ʠ ʢʦʤʧʦʟʠʪ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [18ï28]. 

ʊʝʤʦʡ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʩʢʘʥ-

ʜʠʷ. ʆʙʟʦʨ ʤʘʢʩʠʤʘʣʴʥʦ ʦʭʚʘʪʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʠʥʪʝʟʫ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʩʢʘʥʜʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʠʤʝʶʱʠʝʩʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘ 

ʢʦʥʝʮ 2017 ʛʦʜʘ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʚʦʡʩʪʚʘʤ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʉʆʂʇ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠʭ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʩ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʨʢʘʩʘʤʠ ʩʝʤʝʡʩʪʚʘ MIL (Materials Institute Lavoasier), ʧʦʩʪʨʦʝʥ-

ʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ (Cr
III

, V
III

, Fe
III
), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʙʣʠʟʢʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʝʡ. ɺ ʩʚʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʢʘʥʜʠʡ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʢʠʩʣʦʨʦʜ-

ʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ (ʂʏ) 6, ʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʂʏ 

ʨʘʚʥʳʤ 8.  

ɺ ʦʙʟʦʨʝ ʚʩʝ ʉʆʂʇ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʧʨʠʨʦʜʝ ʣʠʛʘʥʜʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʨʘʟʜʝʣʘʭ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʤʘʪʝʨʠʘʣʦʤ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʥʫʤʝ-

ʨʦʚʘʥʳ ʠ ʨʘʩʰʠʬʨʦʚʘʥʳ ʚ ʪʘʙʣ. 1. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ʉʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ʪʠʧʫ ʣʠʛʘʥʜʘ 

ʅʦʤʝʨ ʩʦ-

ʝʜʠʥʝʥʠʷ 

ʇʨʠʥʷʪʦʝ ʩʦ-

ʢʨʘʱʝʥʠʝ 

ʌʦʨʤʫʣʘ ʉʩʳʣʢʠ 

1  [Sc(CHOO)3] 29ï31 

2  (tma)2[ScK(ɛ-CHOO)6] 33 

3  [Sc(OAc)3] 32 

4  [Sc(OAcCl)3] 34 

5  [Sc2(Gly)6](ClO4)6 35 

6  (NH4)[Sc(ox)2]Ŀ2H2O 33 

7  K[Sc(ox)2]Ŀ2H2O 36 

8  [Sc2(suc)2,5(OH)] 37, 38 

9  [Sc2(squ)3] 39 

10  [Sc2(bdc)3] 40ï49 

11  [Sc2(NO2-bdc)3] 42ï44, 47 

12  [Sc2(NH2-bdc)3] 42ï45 

13 MIL -88 (Sc) [Sc3O(bdc)3(H2O)3] 50, 51 

14  [Sc3O(NH2-bdc)3(H2O)3] 42 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 ( ʦ ʢ ʦ ʥ ʯ ʘ ʥ ʠ ʝ ) 

ʅʦʤʝʨ ʩʦ-

ʝʜʠʥʝʥʠʷ 

ʇʨʠʥʷʪʦʝ ʩʦ-

ʢʨʘʱʝʥʠʝ 

ʌʦʨʤʫʣʘ ʉʩʳʣʢʠ 

14  [Sc3O(NH2-bdc)3(H2O)3] 42 

15  [Sc3O((HO)2-bdc)3(H2O)3] 57 

16  [Sc3O(bpdc)3(H2O)3] 58 

17 MIL -68 (Sc) [Sc(OH)(bdc)] 58 

18 MIL -53 (Sc) [Sc(OH)(bdc)] 51, 64ï66 

19  [Sc(OH)(NO2-bdc)] 42 

20 MIL -101 (Sc) [Sc3O(bdc)3(H2O)3] 51, 58, 67 

21 MIL -100 (Sc) [Sc3O(btc)2(H2O)3] 51, 58, 76ï80 

22  [Sc3O(btb)2(H2O)3] 50 

23 NOTT-400 (Sc) [Sc2(bptc)(OH)2]Ā(H2O)1,25 1, 3, 81ï83 

24 socMOF (Sc) [Sc3O(H2O)3(NO3)(abtc)1,5] 51, 58, 84 

25 NOTT-401(Sc) [Sc(tdc)(OH)]Ā(H2O)2,6 2, 81, 82 

26  [Sc(OH)(inic)2(H2O)] 85 

27  [Sc3(imdc)4(H2O)4](NO3)ĿH2O 85 

28  [Sc(pydc)(Hpydc)(H2O)]ĿH2O 86 

29  [Sc2(pydc)3(H2O)4]Ŀ5H2O 86 

30  [Sc(pydc)(H2O)(NO3)] 86 

31  [Sc(ɛ-pmdc)(ɛ-ox)0,5(H2O)2]Ŀ3H2O 33 

32  [Sc(ɛ-pmdc)(ɛ-OH)(H2O)]ĿH2O 33 

33  [Sc2(pmdc)(OH)3Cl]ĀDMFĀ2H2O 33 

34  [ScLi(ɛ
4
-pmdc)2(H2O)] 88 

35  [ScNa(ɛ
4
-pmdc)2(H2O)] 88 

36 PCN-332 (Sc) [Sc3O(bttc)2(H2O)3] 90 

37 PCN-333 (Sc) [Sc3O(tatb)2(H2O)3] 90, 91 

38 RPF-12 [Sc2(1,5-nds)(OH)4] 92 

39 RPF-13 [Sc2(2,6-nds)(OH)4] 92 

40  [Sc3(dsb)2(ɛ-O2H3)(ɛ-OH)2(H2O)2] 93 

41  [Sc3(dsb)2(ɛ-OH)3(H2O)4] 93 

42  [Sc3(dsb)(ɛ-OH)6(H2O)] 93 

43  [Sc(dsb)(Phen)(H2O)](H2O) 93 

44  [Sc2(ɛ-OH)2(H2O)10]{Na4(H2O)
8-

[calix[4]arene(SO3)4]2}Ā13H2O 

94 

45  {[Sc2(ɛ-OH)2(H2O)8] 

[Sc(H2O)4]2[calix[4]arene(SO3)
4-
H

+
]2 

([18]crown-6)}Ā16H2O 

94 

46  [Sc(bpyO)3(NO3)3] 95 

47  [Sc(bpyO)3](CF3SO3)3(CH3OH)2,7(H2O)3 95 

48  [Sc(bpyO)3](ClO4)3 95 

49  [Sc(bpyO)4(H2O)2](ClO4)3 95 
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1.2. ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʉʆʂʇ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ 

ʉʪʨʫʢʪʫʨʥʘʷ ʭʠʤʠʷ ʉʆʂʇ ʥʘ ʦʩʥʦʚʝ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ 

(ʩʭʝʤʘ 1) ʨʘʟʥʦʦʙʨʘʟʥʘ: ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʮʝʧʦʯʝʯʥʳʝ, ʩʣʦʠʩʪʳʝ ʠ 

ʢʘʨʢʘʩʥʳʝ ʤʦʪʠʚʳ. ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ ʧʦʣʠʤʦʨʬʠʟʤʘ. ʀʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘ-

ʢʦʛʦ ʄʆʂʇ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʘʪ ʩʢʘʥʜʠʷ [Sc(CHOO)3] (1), ʷʚʣʷʶʱʠʡʩʷ ʧʝʨʚʳʤ ʠʟ ʩʪʨʫʢ-

ʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ Sc(III ) [29]. ɺ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʘʪʠʦʥʳ ʩʢʘʥʜʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫ-

ʞʝʥʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʣʠʛʘʥʜʘ, ʦʙʨʘʟʫʷ ʦʢʪʘʵʜʨʳ, 

ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʬʦʨʤʠʘʪ-ʘʥʠʦʥʦʚ ʚ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʧʘʨʘʣ-

ʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ (100). ʕʪʠ ʩʣʦʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʬʦʨʤʠ-

ʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʉʚʷʟʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠʤʝʶʪ ʢʦʥʬʠʛʫʨʘʮʠʶ syn-anti, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʥʫʪ-

ʨʠ ʩʣʦʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʚʷʟʝʡ anti-anti. ʆʧʠʩʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʙʦʪʝ 

[30]. ʇʦʟʜʥʝʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʨʦʤʙʠʯʝʩʢʦʡ ʧʦʣʠʤʦʨʬʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʬʦʨʤʠʘʪʘ ʩʢʘʥʜʠʷ [31]. ɺ ʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ ʦʢʪʘʵʜʨʳ {ScO6} ʩʚʷʟʳ-

ʚʘʶʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ, ʧʦʭʦʞʠʝ ʥʘ ʮʝʧʦʯʢʠ ʚ ʘʮʝʪʘʪʝ ʩʢʘʥʜʠʷ (ʩʤ. ʥʠʞʝ) [32]. 

 

ʉʭʝʤʘ 1. ʉʪʨʫʢʪʫʨʘ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʦʙʟʦʨʝ, ʠ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ 

 

ʈʠʩ. 1. ɺʠʜ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ (tma)2[ScK(ɛ-CHOO)6] (2) ʚʜʦʣʴ ʦʩʠ ʩ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝ-

ʥʠʝ ʮʝʥʪʨʦʚ Sc
3+

 ʠ K
+
 [33] 

ɸʥʠʦʥʥʳʡ ʬʦʨʤʠʘʪ ʩʢʘʥʜʠʷ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ (tma)2[ScK(ɛ-CHOO)6] (2, tma 

= ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʡ) ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ [33] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ, 
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4,6-ʧʠʨʠʤʠʜʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʚ ʩʤʝʩʠ ʨʘʩ-

ʪʚʦʨʠʪʝʣʝʡ ɼʄʌɸ/ʤʝʪʘʥʦʣ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʌʦʨʤʠʘʪ-ʠʦʥʳ ʠ ʢʘʪʠʦʥʳ ʪʝʪ-

ʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ in situ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʣʦ-

ʞʝʥʠʷ ɼʄʌɸ. ɸʚʪʦʨʳ ʦʪʜʝʣʴʥʦ ʥʝ ʫʪʦʯʥʷʶʪ ʤʝʭʘʥʠʟʤ ʨʘʟʣʦʞʝʥʠʷ ɼʄʌɸ ʥʘ ʢʘʪʠʦʥʳ 

ʪʝʪʨʘʤʝʪʠʣʘʤʦʥʠʷ. ʌʦʨʤʠʘʪ-ʘʥʠʦʥʳ ʩʦʝʜʠʥʷʶʪ ʦʢʪʘʵʜʨʳ {ScO6} ʠ {KO6} ʚ ʪʨʝʭʤʝʨʥʳʡ 

ʢʘʨʢʘʩ ʧʨʠʤʠʪʠʚʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʪʦʧʦʣʦʛʠʠ pcu, ʘ ʠʤʝʶʱʠʝʩʷ ʧʦʣʦʩʪʠ ʟʘʧʦʣʥʝʥʳ ʢʘʪʠʦ-

ʥʘʤʠ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ (ʨʠʩ. 1). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʠ 4,6-ʧʠʨʠʤʠʜʠʥʜʠʢʘʨʙʦʥʦʚʘʷ, ʥʠ ʱʘ-

ʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ (ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʠʦʥʳ) ʥʝ ʚʭʦʜʷʪ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʥʝʯʥʦʛʦ ʩʦʝʜʠ-

ʥʝʥʠʷ. ɸʚʪʦʨʳ ʥʝ ʫʪʦʯʥʷʶʪ ʨʦʣʴ ʵʪʠʭ ʢʠʩʣʦʪ ʚ ʩʠʥʪʝʟʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ. 

ʇʦʤʠʤʦ ʤʫʨʘʚʴʠʥʦʡ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʮʝʧʦʯʝʯʥʳʝ 

ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ Sc(III ). 

ʉʪʨʫʢʪʫʨʘ ʘʮʝʪʘʪʘ ʩʢʘʥʜʠʷ [Sc(OAc)3] (3) ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [32]. ɹʝʟ-

ʚʦʜʥʳʡ ʘʮʝʪʘʪ ʩʢʘʥʜʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʢʩʠʜʘ ʩʢʘʥʜʠʷ ʩ ʫʢʩʫʩ-

ʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʣʠʙʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʩʢʘʥʜʠʷ ʩ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. ʉʦ-

ʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʮʝʧʦʯʝʯʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʘ ʮʝ-

ʧʦʯʝʯʥʳʭ ʤʦʪʠʚʦʚ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʩʢʘʥʜʠʷ(III), ʚʢʣʶ-

ʯʘʷ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʬʦʨʤʠʘʪ ʩʢʘʥʜʠʷ. ɺ ʪʘʢʠʭ ʮʝʧʦʯʢʘʭ ʢʘʞʜʳʡ ʢʘʪʠʦʥ Sc(III) ʥʘʭʦʜʠʪʩʷ 

ʚ ʮʝʥʪʨʝ ʦʢʪʘʵʜʨʘ ʠʟ 6 ʘʪʦʤʦʚ O ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷ-

ʟʳʚʘʶʪ ʜʚʘ ʩʦʩʝʜʥʠʭ ʦʢʪʘʵʜʨʘ ʪʨʦʡʥʳʤʠ ʤʦʩʪʠʢʘʤʠ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʮʝʧʦʯʢʠ ʩʦʝʜʠʥʝʥʠʷ [Sc(OAc)3] (3), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝ-

ʪʘʣʣʘ [32] 

ɸʥʘʣʦʛʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨ rʥʘ ʦʩʥʦʚʝ ʭʣʦʨ- ʠ ʘʤʠʥʦ-

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ [34, 35]. ʉʦʝʜʠʥʝʥʠʝ 4 ʩʦʩʪʘʚʘ [Sc(OAcCl)3] [34] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʝʜʣʝʥ-

ʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʩʢʘʥʜʠʷ ʠ ʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʦʝʜʠʥʝʥʠʝ 5 ʩʦʩʪʘʚʘ [Sc2(Gly)6](ClO4)6 [35] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʝʜ-

ʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʭʣʦʨʘʪʘ ʩʢʘʥʜʠʷ ʠ ʛʣʠʮʠʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʫʜʝʨʞʠʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɸʥʠʦʥʳ ClO4
ī
 ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʪʠʦʥʦʚ ʠ ʥʘʭʦʜʷʪʩʷ 

ʚʙʣʠʟʠ NH3-ʛʨʫʧʧʳ ʛʣʠʮʠʥʘ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʅʝ ʤʝʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʭʠʤʠʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʦʢʩʘʣʘʪʦʚ ʩʢʘʥʜʠʷ. ɿʘ 

ʩʯʝʪ ʭʝʣʘʪʥʦʛʦ ʵʬʬʝʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ ʩʢʘʥʜʠʷ(III) ʠ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʤ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʯʥʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʂʏ Sc(III) ʜʦ 8 ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʦʨʜʠ-
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ʥʘʮʠʠ ʯʝʪʳʨʝʭ ʦʢʩʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʢ ʤʝʪʘʣʣʫ. ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʪʦ-

ʤʦʚ ʩʢʘʥʜʠʷ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ (ʩʭʝʤʘ 2).  

 

ʉʭʝʤʘ 2. ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ (NH4)[Sc(ox)2]Ŀ2H2O (6), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʮʝʥʪʨʳ ʩʚʷʟʳʚʘʥʠʷ ʛʦʩʪʝʚʳʭ ʤʦ-

ʣʝʢʫʣ ʚʦʜʳ ʠ ʢʘʪʠʦʥʦʚ ʘʤʤʦʥʠʷ. ɸʪʦʤʳ Sc ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, O, ʩʠʥʠʡ, C, ʩʝʨʳʡ, ʢʘʪʠʦʥʳ ʘʤʤʦ-

ʥʠʷ ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤʠ ʰʘʨʘʤʠ, ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʙʠʨʶʟʦʚʳʤʠ ʰʘʨʘʤʠ [33] 

ʆʢʩʘʣʘʪ ʩʢʘʥʜʠʷ (NH4)[Sc(ox)2]Ŀ2H2O (6) ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ [33] ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ(III ), 4,6-ʧʠʨʠʤʠʜʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʚʦʜʝ. ʂʘʪʠʦʥʳ Sc(III), ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʮʝʥʪʨʝ ʢʚʘʜʨʘʪʥʳʭ ʘʥʪʠʧʨʠʟʤ, ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʝʪ ʤʝʞʜʫ ʩʦ-

ʙʦʡ ʜʚʘ ʢʘʪʠʦʥʘ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʢʘʞʜʳʡ ʢʘʪʠʦʥ Sc(III) ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʟʘ 

ʫʟʝʣ ʨʝʰʝʪʢʠ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʪʦʧʦʣʦʛʠʝʡ ʢʚʘʨʮʘ qtz ʠ ʩʠʩʪʝʤʦʡ ʪʨʝʭ-

ʤʝʨʥʳʭ ʢʘʥʘʣʦʚ. ɺʜʦʣʴ ʦʩʠ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʜʠʘ-

ʤʝʪʨʦʤ 3,6 ¡, ʚ ʢʦʪʦʨʳʭ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʞʝʩʪʢʦ ʬʠʢʩʠʨʦʚʘʥʳ ʢʘʪʠʦ-

ʥʳ ʘʤʤʦʥʠʷ. ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʦʩʥʦʚʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʥʘʭʦʜʷʪʩʷ ʦʢʦʰʢʠ, ʚ ʢʦ-

ʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ (ʨʠʩ. 3). 
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ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʢʘʣʠʷ, ʱʘʚʝʣʝʚʦʡ ʢʠʩ-

ʣʦʪʳ ʠ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣ-

ʣʳ ʩʦʩʪʘʚʘ K[Sc(ox)2]Ŀ2H2O (7) [36]. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʪʨʫʢʪʫʨʦʡ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʩʭʦʞʝʡ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʦʝʜʠʥʝʥʠʝʤ 6. ɹʦʣʴʰʠʝ ʢʘʪʠʦʥʳ K(I) ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ ʚ 

ʮʝʥʪʨʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ ʦʢʨʫʞʝʥʳ 4 ʘʪʦʤʘʤʠ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʦʢʩʘʣʘʪ-

ʘʥʠʦʥʦʚ ʠ 4 ʘʪʦʤʘʤʠ O ʤʦʣʝʢʫʣ ʚʦʜʳ. ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʣʠ ʩʪʘʜʠʠ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʜʯʝʨʢʥʫʚ ʦʙʨʘʪʠʤʦʩʪʴ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʩʭʦ-

ʞʝʩʪʴ ʧʦʚʝʜʝʥʠʷ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ ʧʦʚʝʜʝʥʠʝʤ ʪʘʢʦʚʳʭ ʚ ʮʝʦʣʠʪʘʭ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (H2suc) ʚ ʛʠʜʨʦʪʝʨʤʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ (pH=6) ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʳ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [Sc2(suc)2,5(OH)] (8) [37]. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʘʪʦʤʳ ʩʢʘʥʜʠʷ ʩʦʩʪʘʚʣʷʶʪ 

ʙʠʷʜʝʨʥʳʝ ʙʣʦʢʠ {Sc2(OH)(COO)2} (ʨʠʩ. 4), ʚ ʢʦʪʦʨʳʭ ʢʘʪʠʦʥʳ Sc
3+

 ʦʙʲʝʜʠʥʝʥʳ ʩ ʧʦʤʦ-

ʱʴʶ ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʦʜʥʦʛʦ ʤʦʩʪʠʢʦʚʦʛʦ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʘʥʠʦ-

ʥʘ. ʕʪʠ ʙʠʷʜʝʨʥʳʝ ʙʣʦʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʩʫʢʮʠʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ çʧʩʝʚʜʦ-

ʩʣʦʠè ʚ ʧʣʦʩʢʦʩʪʠ ab, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʜʦʣʴ 

ʦʩʠ c ʠ ʦʙʨʘʟʫʶʪ ʢʘʨʢʘʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʪʦʧʦʣʦʛʠʝʡ (6,3). ɸʚʪʦʨʳ ʦʩʦʙʝʥʥʦ ʧʦʜʯʝʨʢʠʚʘ-

ʶʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʜʦ 

500ÁC, ʦʧʨʝʜʝʣʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʊɻɸ. ɺ ʨʘʙʦʪʘʭ [37] ʠ [38] ʪʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc2(suc)2,5(OH)] (8), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʤʝʪʘʣʣʘ. ɸʪʦʤr Sc ʧʦʢʘʟʘʥʳ ʛʦʣʫʙʳʤ, O, ʢʨʘʩʥʳʡ, C, ʩʝʨʳʡ, H, ʙʝʣʳʡ 

ɺ ʨʘʙʦʪʝ [37] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ [Sc2(suc)2,5(OH)] ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ 

ʘʮʠʣʠʨʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ (ʩʭʝʤʘ 3) ʩ 30 % ʚʳʭʦʜʦʤ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢ-

ʪʘ ʧ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʧʦʩʣʝ 24 ʯʘʩʦʚ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʶ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ ʪʨʠ-

ʤʝʪʦʢʩʠʤʝʪʘʥʦʤ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (60-70Áʉ), ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʤʝʪʠʣʘ-

ʮʝʪʘʣʷ ʩ ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʝʡ ʠ ʚʳʭʦʜʦʤ ʙʦʣʝʝ 70 % ʯʝʨʝʟ 4 ʯʘʩʘ (TON = 175 ʤʤʦʣʴ ʩʫʙ-

ʩʪʨʘʪʘ/ʤʤʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ). 

ɺ ʨʘʙʦʪʝ [38] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ [Sc2(suc)2,5(OH)] 

ʚ ʜʚʫʭ ʪʠʧʘʭ ʨʝʘʢʮʠʡ: ʧʨʠ ʘʮʝʪʘʣʠʨʦʚʘʥʠʠ ʘʣʴʜʝʛʠʜʦʚ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠ-

ʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʫʣʴʬʠʜʦʚ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ (ʩʭʝʤʘ 3). ɺ ʨʝʘʢʮʠʠ ʘʮʝʪʘʣʠʨʦʚʘʥʠʷ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ ʬʝʥʠʣʘʮʝʪʘʣʴʜʝʛʠʜʘ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠ-
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ʣʦ 6 ʠ 4 ʯʘʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʢʦʥʚʝʨʩʠʷ ʦʢʦʣʦ 80 % ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ɺ ʨʝʘʢʮʠʷʭ ʦʢʠʩ-

ʣʝʥʠʷ ʤʝʪʠʣʬʝʥʠʣʩʫʣʴʬʠʜʘ ʠ (2-ʵʪʠʣʙʫʪʠʣ)ʬʝʥʠʣʩʫʣʴʬʠʜʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʤʷʛ-

ʢʠʭ ʫʩʣʦʚʠʷʭ (40Áʉ) ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 90 % ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʯʪʦ ʙʦʣʴʰʝ ʟʥʘʯʝ-

ʥʠʡ ʢʦʥʚʝʨʩʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ ʩʢʘʥʜʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʙʳʪʢʝ ʧʝʨʝʢʠʩʠ (ʙʦʣʝʝ 1,1 ʵʢʚ.) ʩʫʣʴʬʦʢʩʠʜ ʷʚʣʷ-

ʝʪʩʷ ʥʝ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʠ ʨʝʘʢʮʠʷ ʠʜʝʪ ʜʘʣʴʰʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʥʘ. 

 

ʉʭʝʤʘ 3. ʉʭʝʤʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (ʩʚʝʨʭʫ ʚʥʠʟ ʧʦ ʧʦʨʷʜʢʫ): ʘʮʠʣʠʨʦʚʘʥʠʝ ʘʥʠʟʦʣʘ ʧʦ ʌʨʠʜʝʣʶ-

ʂʨʘʬʪʩʫ, ʨʝʘʢʮʠʷ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ ʪʨʠʤʝʪʦʢʩʠʤʝʪʘʥʦʤ (ʘʮʝʪʘʣʠʨʦʚʘʥʠʝ ʘʣʴʜʝʛʠʜʦʚ), ʦʢʠʩʣʝʥʠʝ ʤʝʪʠʣʬʝ-

ʥʠʣʩʫʣʴʬʠʜʘ, ʨʝʘʢʮʠʷ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʮʠʘʥʠʜʦʤ (TMSCN) 

ʉʢʚʘʨʘʪ ʩʢʘʥʜʠʷ [Sc2(squ)3] (9) ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ ʠ ʢʚʘʜʨʘʪʥʦʡ ʢʠʩʣʦʪʳ (C4O4H2, H2squ) [39]. ʇʦ ʜʘʥʥʳʤ ʈʉɸ 

ʢʘʪʠʦʥʳ ʩʢʘʥʜʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 6 ʘʪʦʤʦʚ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʘʥʠʦʥʘ ʢʚʘʜʨʘʪʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 5). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪʩʷ ʮʝʦʣʠʪʦ-

ʧʦʜʦʙʥʳʝ ʧʦʣʦʩʪʠ ʪʠʧʘ AST, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 6,8 ¡ ʚ ʜʠʘʤʝʪʨʝ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 5 %, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʟʦʪʫ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʚʧʣʦʪʴ ʜʦ 400ÁC. 

ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʮʠʘʥʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʠ ʘʮʝʪʘʣʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʭʝʤʘ 

3). ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʨʝʘʢʮʠʠ ʮʠʘʥʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʥʟʘʣʴʜʝʛʠʜ ʠ 

ʘʮʝʪʦʬʝʥʦʥ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʫʙʩʪʨʘʪʦʚ ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʮʠʘʥʠʜʦʤ (TMSCN) ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (2 ʤʦʣʴ %) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʠʘʦʥʦʛʠʜʨʠʥʪʨʠʤʝ-

ʪʠʣʩʠʣʠʣ ʵʬʠʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʚʘʞʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ ʩʠʥʪʝʟʝ ʮʠʘ-

ʥʦʛʠʜʨʠʥʦʚ, ɓ-ʘʤʠʥʦʩʧʠʨʪʦʚ, Ŭ-ʛʠʜʨʦʢʩʠʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ. ʂʦʥʚʝʨʩʠʷ ʚ ʩʣʫʯʘʝ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩʦʩʪʘʚʠʣʘ 90 % ʧʦʩʣʝ 12 ʯʘʩʦʚ ʨʝʘʢʮʠʠ, ʘ ʚ ʩʣʫ-

ʯʘʝ ʘʮʝʪʦʬʝʥʦʥʘ 55 ʠ 80 % ʧʦʩʣʝ 12 ʠ 24 ʯʘʩʦʚ ʨʝʘʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʢʘ-

ʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ TMSCN ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 
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ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʜʘʞʝ ʧʦ ʧʨʦʰʝʩʪʚʠʠ 24 ʯʘʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʘʢʮʠʠ. 

 

ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc2(squ)3] (9), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ, 

ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ ʩ 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ [Sc2(squ)3] ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦ-

ʨʦʤ ʚ ʨʝʘʢʮʠʠ ʘʮʝʪʘʣʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ ʪʨʠʤʝ-

ʪʦʢʩʠʤʝʪʘʥʦʤ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (60Áʉ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (5 ʤʦʣʴ %) ʙʳʣ ʧʦʣʫ-

ʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʤʝʪʠʣʘʮʝʪʘʣʴ ʩʦ 100 % ʚʳʭʦʜʦʤ ʚʩʝʛʦ ʯʝʨʝʟ 1 ʯʘʩ ʨʝʘʢʮʠʠ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʩ Ŭ-ʤʝʪʠʣʙʝʥʟʘʮʝʪʘʣʴʜʝʛʠʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʚʨʝʤʷ (12 ʯʘʩʦʚ) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʚ 78 %. ʂʘʪʘʣʠʟʘʪʦʨ 

ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʚʪʦʨʥʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 

4 ʨʘʟʘ ʙʝʟ ʧʦʪʝʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. ɸʚʪʦʨʳ ʩʨʘʚʥʠʣʠ ʘʢʪʠʚ-

ʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ [Sc2(squ)3] ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʩʫʢʮʠʥʘʪʦʤ ʩʢʘʥʜʠʷ (8). ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʩʢʚʘʨʘʪ ʩʢʘʥʜʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʢʮʠʥʘʪʦʤ 

ʠ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʧʨʦʜʫʢʪʘ ʚ ʩʣʫʯʘʝ ʦʙʦʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʦʩʪʠʢʦʚʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚʦ ʚʪʦʨʠʯʥʦʤ ʩʪʨʦʠʪʝʣʴ-

ʥʦʤ ʙʣʦʢʝ ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʉʆʂʇ ʥʘ ʦʩʥʦʚʝ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠ-

ʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʮʝʧʦʯʝʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʣʠʙʦ ʦʙʨʘʟʫʶʪ ʧʣʦʪʥʫʶ ʪʨʝʭ-

ʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʘʭ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʨʝʘʢʮʠʡ. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʦʙʣʘʜʘʶʪ ʩʪʝʨʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʜʘʣʝʥʠʶ ʠ ʦʙʤʝʥʫ ʛʦʩʪʝʚʳʭ ʤʦʣʝ-

ʢʫʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʝʜʠ-

ʥʝʥʠʷ, ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʰʝʩʪʠʯʣʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʝ 

ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʣʠʛʘʥʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʄʆʂʇ, ʟʘʥʠʤʘʝʪ ʪʝʨʝʬʪʘ-

ʣʝʚʘʷ ʢʠʩʣʦʪʘ (H2bdc) ʠ ʝʸ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (ʩʭʝʤʘ 4). ɺʤʝʩʪʝ ʩʦ ʩʪʝʨʠʯʝʩʢʦʡ 

ʞʝʩʪʢʦʩʪʴʶ ʠ ʤʥʦʞʝʩʪʚʦʤ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʦʨʜʠʥʘʮʠʠ, ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣ̫-

ʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ ʥʝʜʦʨʦʛʠʤ ʣʠʛʘʥʜʦʤ. ʇʦʵʪʦʤʫ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 
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ʠʟʫʯʝʥʥʳʤʠ ʠ ʠʟʫʯʘʝʤʳʤʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʪʝʨʝʬʪʘʣʘʪʳ ʩʢʘʥʜʠʷ ʨʘʟʣʠʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. 

 

ʉʭʝʤʘ 4. ʉʪʨʫʢʪʫʨʘ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠ 4,4'-ʙʠʬʝʥʠʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ rʠ ʠʭ 

ʦʙʦʟʥʘʯʝʥʠʷ 

 

ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ [Sc2(bdc)3] (10), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ, ʠ ʚʠʜ 

ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ a. ɸʪʦʤʳ Sc ʧʦʢʘʟʘʥʳ ʛʦʣʫʙʳʤ, O, ʢʨʘʩʥʳʡ, C, ʩʝʨʳʡ, H, ʙʝʣʳʡ 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʘʪʘ ʘʮʝʪʘʪʘ ʩʢʘʥʜʠʷ ʠ ʩʤʝʩʠ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʩ ʪʝʨʝ-

ʬʪʘʣʘʪʦʤ ʥʘʪʨʠʷ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦ-ʬʝʥʘʥʪʨʦʣʠʥʘ (pH = 5) 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ [Sc2(bdc)3] (10) [40]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʄʆʂʇ. ɺ ʨʘʙʦʪʝ ʢʦʣʣʝʢʪʠʚʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩ-

ʩʦʨʘ ʄʦʚʘʪʘ [41] [Sc2(bdc)3] ʙʳʣ ʧʦʣʫʯʝʥ, ʠʩʧʦʣʴʟʫʷ ʪʨʠʛʠʜʨʘʪ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʚʤʝʩʪʦ 

ʘʮʝʪʘʪʘ ʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʪʝʨʝʬʪʘʣʘʪʘ ʥʘʪʨʠʷ ʠ ʦ-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʠʝ ʩʠʥ-

ʪʝʟʘ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʨ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʚʦʙʦʜʥʦʡ ʪʝʨʝ-

ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʥʝ 

ʧʨʦʰʝʜʰʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʟ ʢʘʪʠʦʥʦʚ ʩʢʘʥʜʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠ-

ʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 6 ʨʘʟʣʠʯʥʳʭ ʪʝʨʝ-

ʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʢʘʨʙʦʢʩʠʣʘʪʥʘʷ ʛʨʫʧʧʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʜʚʫʤ ʢʘʪʠʦ-

ʥʘʤ Sc(III), ʷʚʣʷʷʩʴ ʤʦʩʪʠʢʦʤ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʠʷʜʝʨʥʳʝ ʮʝʧʦʯʢʠ ʚʜʦʣʴ 
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ʦʩʠ ʘ. ʕʪʠ ʮʝʧʦʯʢʠ ʩʚʷʟʘʥʳ ʚ ʜʚʫʭ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʯʝʨʝʟ ʪʝʨʝʬʪʘʣʘʪʥʳʝ ʤʦʩʪʠʢʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ʨʘʟʤʝʨʦʤ 5,4 ¡, ʥʘʧʨʘʚ-

ʣʝʥʥʳʤʠ ʚʜʦʣʴ ʦʩʠ a, ʘ ʪʘʢʞʝ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʢʘʥʘʣʘʤʠ ʨʘʟʤʝʨʦʤ 5Ĭ2 ¡, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ [110] (ʨʠʩ. 6). ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʩʦʝʜʠʥʝʥʠʷ 10 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [Sc2(NO2-bdc)3] (11) ʠ [Sc2(NH2-bdc)3] (12), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʝʘʢʮʠʠ 

ʦʢʩʠʜʘ ʩʢʘʥʜʠʷ (ʣʠʙʦ ʪʘʢʞʝ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 11) ʩ ʥʠʪʨʦʪʝʨʝʬʪʘʣʝ-

ʚʦʡ H2(NO2-bdc) ʠʣʠ ʘʤʠʥʦʪʝʨʝʬʪʘʣʝʚʦʡ H2(Nʅ2-bdc) ʢʠʩʣʦʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʛʠʜ-

ʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 463K [42].  

ʉʦʝʜʠʥʝʥʠʝ [Sc2(bdc)3] (10) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ: ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʤʝʨ ʩʪʘʙʠʣʝʥ ʜʦ 520ÁC [40]. ʅʘʣʠʯʠʝ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʝʜʠʥʝʥʠʠ [Sc2(bdc)3] ʠ 

ʝʛʦ ʘʥʘʣʦʛʘʭ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʠʣʠ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʢ ʫʛʣʫʙʣʝʥʥʦʤʫ 

ʠʟʫʯʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʢʘʨʢʘʩʦʚ. ʉʦʝʜʠʥʝʥʠʝ [Sc2(bdc)3] (10) ʥʝ ʧʨʦʷʚ-

ʣʷʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʨʝʘʢʮʠʠ ʘʮʝʪʘʣʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ, ʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳ-

ʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ (ʩʭʝʤʘ 3) [40]. ʀʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʨʝʬʪʘʣʘʪ ʩʢʘʥʜʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, 

ʯʝʤ ʦʢʩʠʜ ʩʢʘʥʜʠʷ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʣʫʯʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʚʝʨʩʠʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʟʘ 

ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ. ʂʘʪʘʣʠʟʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʚʥʦʚʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 4 ʨʘʟʘ. 

ʇʦʤʠʤʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [Sc2(bdc)3] ʦʙʣʘʜʘʝʪ ʠʥʪʝʨʝʩʥʳʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʀʟʦʪʝʨʤʘ ʩʦʨʙʮʠʠ N2 ʧʨʠ 77K ʩʦʦʪʚʝʪʩʪʚʫʶʪ I ʪʠʧʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʤʠʢʨʦʧʦ-

ʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ Sɹʕʊ, ʩʦʛʣʘʩʥʦ 

ʨʘʩʯʝʪʘʤ, ʩʦʩʪʘʚʠʣʦ 721 ʤ
2
/ʛ, ʘ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʘʣʠʯʠʝ ʧʦʨ ʜʠʘʤʝʪʨʦʤ 5,5 ¡, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʈʉɸ. ʀʟʦʪʝʨʤʘ ʩʦʨʙʮʠʠ H2 ʧʨʠ 

77K ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ I ʪʠʧʫ, ʯʪʦ ʪʘʢ ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʠʢʨʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙ-

ʨʘʟʮʘ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʨʘʟʤʝʨʦʤ ʧʦʨ ʦʪ 5 ʜʦ 6 ¡. ɺ ʨʘʙʦʪʝ [43] ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʧʦʜʨʦʙ-

ʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ [Sc2(bdc)3] ʠ ʠʟʤʝʨʠʣʠ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ CO2, 

CH4, O2, CO, N2, H2, C2H6 ʠ ʉ3H8 (ʨʠʩ. 7), ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁʩʪʨʫʢʪʫʨʫ 

ʢʘʨʢʘʩʘ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ ʚʥʫʪʨʠ ʜʣʷ CO2, CH4, H2 ʠ C2H6. 

 

ʈʠʩ. 7. ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʉʆ2 (ʯʝʨʥʳʝ ʢʨʫʛʠ), ʉʅ4 (ʨʦʤʙʳ), ʆ2 (ʢʚʘʜʨʘʪʳ), ʉʆ (ʩʝʨʳʝ ʢʨʫʛʠ), N2 (ʢʨʝʩʪʳ) 

ʠ H2 (ʧʦʣʳʝ ʢʨʫʛʠ) ʧʨʠ 304K ʜʣʷ [Sc2(bdc)3] (10) (ʩʣʝʚʘ). ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʉʅ4 (ʪʨʝʫʛʦʣʴʥʠʢʠ), ʉ2ʅ6 (ʢʨʫʛʠ) 

ʠ ʉ3H8 (ʢʚʘʜʨʘʪʳ) ʧʨʠ 304K ʜʣʷ [Sc2(bdc)3] (10) (ʩʧʨʘʚʘ) 
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ʈʠʩ. 8. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ CO2 ʚ ʢʘʨʢʘʩʝ [Sc2(bdc)3] (10) (A). ɼʝʪʘʣʴʥʘʷ ʩʭʝʤʘ 

ʢʘʥʘʣʘ A ʪʠʧʘ (B). ɼʝʪʘʣʴʥʘʷ ʩʭʝʤʘ ʢʘʥʘʣʘ B ʪʠʧʘ (C) 

ʉʪʨʫʢʪʫʨʘ ʢʘʨʢʘʩʘ [Sc2(bdc)3] ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠ 

235K ʠʟʤʝʥʠʣʘ ʩʠʤʤʝʪʨʠʶ ʩ ʨʦʤʙʠʯʝʩʢʦʡ ʥʘ ʤʦʥʦʢʣʠʥʥʫʶ, ʘ ʪʝʨʝʬʪʘʣʘʪʥʳʝ ʣʠʥʢʝʨʳ 

ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʧʝʨʚʘʷ ʯʘʩʪʴ ʩʦʭʨʘʥʠʣʘ ʧʦʣʦʞʝʥʠʝ, ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʪʠʧʳ ʪʝ-

ʨʝʬʪʘʣʘʪʥʳʭ ʣʠʥʢʝʨʦʚ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʥʠʞʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʠʟʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʜʚʘ ʪʠʧʘ ʢʘʥʘʣʦʚ, A ʠ B (ʨʠʩ. 8). 

ʇʨʠ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʧʨʠ 80K ʩʪʨʫʢʪʫʨʘ ʢʘʨʢʘʩʘ ʪʘʢʞʝ ʤʝʥʷʝʪ ʩʠʤʤʝʪʨʠʶ ʩ ʨʦʤ-

ʙʠʯʝʩʢʦʡ ʥʘ ʤʦʥʦʢʣʠʥʥʫʶ, ʥʦ ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘ-

ʣʦʩʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʤʝʪʘʥʘ ʠ ʵʪʘ-

ʥʘ ʧʨʠ 230K ʩʦʭʨʘʥʷʝʪ ʨʦʤʙʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ. ɺ ʩʣʫʯʘʝ ʤʝʪʘʥʘ ʤʦʣʝʢʫʣʳ ʛʦʩʪʷ ʩʠʣʴʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ, ʘ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʩʣʘʙʦ ʟʘʩʝʣʝʥʳ. ɺ ʩʣʫʯʘʝ ʵʪʘʥʘ ʢʘʥʘʣʳ ʥʝʤʥʦʛʦ ʨʘʩ-

ʰʠʨʷʶʪʩʷ, ʘ ʤʦʣʝʢʫʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʚʫʭ ʮʝʥʪʨʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʘʥʘʣʘʭ ʠ ʤʝʞʜʫ ʙʝʥ-

ʟʦʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʣʠʛʘʥʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʳ ʨʘʩʩʯʠʪʘʣʠ ʪʝʧʣʦʪʳ ʘʜʩʦʨʙʮʠʠ ʜʣʷ 

CO2, CH4, C2H6 ʠ ʉ3H8, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʦ ʢʘʨʢʘʩ ʩʚʷʟʳʚʘʝʪ ʤʦʣʝʢʫʣʳ ʉʆ2 

(20 ʢɼʞ/ʤʦʣʴ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚʩʝʭ ʪʨʝʭ ʩʦʝʜʠʥʝʥʠʡ 10ï12 [42] ʧʦʢʘʟʘʣʦ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ [Sc2(bdc)3] (10) ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʦʨ, ʥʘʠʙʦʣʴʰʘʷ ʩʦʨʙ-

ʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ CO2 ʧʨʠ 196K ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʫ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ [Sc2(NH2-bdc)3] (12), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 
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ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʦʡ ʣʠʛʘʥʜʘ ʠ ʤʦʣʝʢʫʣʦʡ CO2. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ [Sc2(NO2-bdc)3] (11) ʪʘʢʞʝ 

ʩʦʨʙʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ CO2 ʧʨʠ 196K, ʪʘʢ ʢʘʢ NO2-ʛʨʫʧʧʳ ʣʠʛʘʥʜʘ ʤʦʛʫʪ 

ʚʨʘʱʘʪʴʩʷ, ʧʦʟʚʦʣʷʷ ʤʦʣʝʢʫʣʘʤ ʛʘʟʘ ʜʚʠʛʘʪʴʩʷ ʧʦ ʫʟʢʠʤ ʢʘʥʘʣʘʤ.  

ɺ ʨʘʙʦʪʝ [44] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-

ʂʘʨʣʦ ʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ CO2 ʚ ʩʤʝ-

ʩʷʭ CO2/CH4 ʠ CO2/N2 ʩʝʨʠʝʡ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʢʘʨʢʘʩʦʚ [Sc2(bdc)3], 

[Sc2(NO2-bdc)3] ʠ [Sc2(NH2-bdc)3] (10ï12). ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʦʝ ʷʚ-

ʣʷʝʪʩʷ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʤ ʩʦʨʙʝʥʪʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ CO2 (S(CO2/ N2) Ḑ 1050 ʠ 

S(CO2/CH4) Ḑ 4000 ʧʨʠ 303K ʠ 1 ʙʘʨ), ʧʨʝʚʦʩʭʦʜʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪ-

ʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʜʨʫʛʠʭ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʘʙʦʪʝ [43] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʨʙʮʠʠ ʉʆ2 ʧʨʠ 235K ʩʪʨʫʢʪʫʨʘ [Sc2(bdc)3] 

(10) ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʬʦʨʤʝ, ʘ ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ [42] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʫʩʪʦʡ ʢʘʨʢʘʩ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʏʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʤʝʭʘʥʠʟʤʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʉʆ2 ʩ ʢʘʨʢʘʩʦʤ, ʘʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʨʘʩʯʝʪ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-

ʂʘʨʣʦ ʜʣʷ ʜʚʫʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʘʨʢʘʩʘ ʧʨʠ 235K. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ [Sc2(bdc)3] ʷʚʣʷʝʪʩʷ ʛʠʙʢʦʡ ʠ ʥʘʧʨʘʚʣʝʥʦ ʠʟʤʝʥʷʝʪ ʫʛʦʣ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʠ ʧʣʦʩʢʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʨʝʬʪʘʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʣʝʢʫʣ ʉʆ2 ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʘʭ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ ʤʝʪʘʥʘ, ʵʪʘʥʘ ʠ ʧʨʦʧʘʥʘ ʥʝ ʚʳʟʳʚʘʝʪ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʠʤʤʝʪ-

ʨʠʠ ʠ ʩʪʨʫʢʪʫʨʘ ʦʩʪʘʝʪʩʷ ʨʦʤʙʠʯʝʩʢʦʡ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʷ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

[Sc2(NH2-bdc)3] ʠ [Sc2(NO2-bdc)3] ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʧʫʩʪʦʛʦ 

ʢʘʨʢʘʩʘ ʠ ʩʪʨʫʢʪʫʨʦʡ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʉʆ2, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʪʝʨʠʯʝʩʢʠʤʠ 

ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʚ ʟʘʤʝʱʝʥʥʳʭ ʣʠʛʘʥʜʘʭ. 

ɺ ʨʘʙʦʪʝ [45] ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠ-

ʢʠ, ʢʠʥʝʪʠʢʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʳ CO2 ʚ ʢʘʨʢʘʩʝ [Sc2(NH2-bdc)3] (12). ɼʘʥʥʳʝ in situ 

ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʨʦʰʢʘʭ ʧʨʠ 298ï273K ʠ ʜʘʚʣʝʥʠʠ 0,1 ʙʘʨ CO2 ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʩʦʭʨʘʥʷʝʪ ʨʦʤʙʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ. ʊʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ CO2 ʚ [Sc2(NH2-bdc)3], ʨʘʩʩʯʠ-

ʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʩʦʩʪʘʚʣʷʝʪ 31Ñ2 ʢɼʞ/ʤʦʣʴ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʩʪʝ-

ʨʠʯʝʩʢʦʡ ʪʝʧʣʦʪʝ ʘʜʩʦʨʙʮʠʠ 31Ñ3 ʢɼʞ/ʤʦʣʴ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ 

ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʝʣʠʯʠʥʘ ʪʝʧʣʦʪʳ ʘʜʩʦʨʙʮʠʠ ʜʣʷ [Sc2(NH2-bdc)3] ʟʘʤʝʪʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ [Sc2(bdc)3] (23 ʢɼʞ/ʤʦʣʴ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʤʦ-

ʣʝʢʫʣʘʤʠ CO2 ʠ ʘʤʠʥʦʛʨʫʧʧʦʡ. ʀʂ-ʩʧʝʢʪʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥ-

ʥʳʭ ʤʦʣʝʢʫʣ CO2 ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʘ. 

ɺ ʨʘʙʦʪʝ [46] ʘʚʪʦʨʳ ʦʧʠʩʘʣʠ ʧʦʜʭʦʜ ʢ ʟʘʧʦʣʥʝʥʠʶ ʢʘʥʘʣʦʚ ʢʘʨʢʘʩʘ [Sc2(bdc)3] ʤʦ-

ʣʝʢʫʣʘʤʠ ʛʘʟʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʞʠʞʝʥ-

ʥʳʭ ʛʘʟʦʚ ʠ ʘʣʤʘʟʥʦʡ ʥʘʢʦʚʘʣʴʥʠ. ɿʘʧʦʣʥʝʥʠʝ [Sc2(bdc)3] ʩʞʠʞʝʥʥʳʤ ʉʆ2 ʧʨʠ ʜʘʚʣʝʥʠʠ 2 

ʢʙʘʨ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʥʦʚʳʡ ʮʝʥʪʨ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʛʘʟʘ (site 3, ʩʤ. ʨʠʩ. 9), ʥʝ 

ʥʘʡʜʝʥʥʳʡ ʨʘʥʝʝ, ʠ ʨʝʰʠʣʦ ʧʨʦʙʣʝʤʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʠʟʦʪʝʨʤ ʘʜ-

ʩʦʨʙʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʘʚʪʦʨʳ ʨʘʩʩʯʠʪʘʣʠ ʥʦʚʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʦʨʙʮʠʠ ʉʆ2, ʨʘʚʥʦʝ 6,2 ʤʤʦʣʴ/ʛ, ʯʪʦ ʛʦʨʘʟʜʦ ʙʣʠʞʝ ʢ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ 6,5 ʤʤʦʣʴ/ʛ [43], ʯʝʤ ʨʘʩʩʯʠʪʘʥʥʦʝ ʨʘʥʝʝ 3,4 ʤʤʦʣʴ/ʛ. 
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ʈʠʩ. 9. ʉʭʝʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ ʉʆ2 ʚ ʢʘʨʢʘʩʝ [Sc2(bdc)3] (10) [46] 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʧʝʨʢʨʠʪʠʯʝʩʢʦʛʦ ʉʅ4 ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 3ï25 

ʢʙʘʨ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʚʝʨʭʟʘʧʦʣʥʝʥʥʦʤ ʛʘʟʦʤ ʩʦʝʜʠʥʝʥʠʠ 10 [Sc2(bdc)3] ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ 

ʦʙʨʘʪʠʤʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ 

(ʨʠʩ. 10). 

 

ʈʠʩ. 10. ʉʭʝʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ [Sc2(bdc)3] (10), ʟʘʧʦʣʥʝʥʥʦʤ ʩʚʝʨʭ-

ʢʨʠʪʠʯʝʩʢʠʤ ʉʅ4 [42] 

ɺ ʨʘʙʦʪʝ [42] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʬʘʟʦʚʳʭ ʧʝ-

ʨʝʭʦʜʦʚ ʚ ʢʘʨʢʘʩʝ [Sc2(bdc)3] (10) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 140 ʜʦ 523K ʩ ʧʦ-

ʤʦʱʴʶ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʨʦʰʢʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ [Sc2(bdc)3] ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʤʦʥʦʢʣʠʥʥʦʡ ʉ2/ʩ ʚ ʨʦʤ-

ʙʠʯʝʩʢʫʶ Fddd ʬʦʨʤʫ ʧʨʠ 225K. ʈʦʤʙʠʯʝʩʢʘʷ ʬʦʨʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʪʝʨ-

ʤʠʯʝʩʢʦʝ ʩʞʘʪʠʝ, ʘ ʨʘʩʯʝʪʳ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʩʞʘʪʠʝ ʚʜʦʣʴ ʦʩʠ ʩ, ʚʳʟʚʘʥʥʦʝ ʚʨʘʱʝʥʠʝʤ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʨʠʩ. 11). ʊʚʝʨʜʦʪʝʣʴʥʳʡ 

ʗʄʈ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ [Sc2(bdc)3] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ 

ʧʨʠ 298K. ɸʥʘʣʦʛʠʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [Sc2(NH2-bdc)3] (11) 
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ʧʨʠ 100 ʠ 298K ʠ [Sc2(NO2-bdc)3] (12) ʧʨʠ 100, 298, 373 ʠ 473K ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʤʠʥʦʧʨʦʠʟ-

ʚʦʜʥʦʝ ʩʦʭʨʘʥʷʝʪ ʨʦʤʙʠʯʝʩʢʫʶ ʬʦʨʤʫ ʧʨʠ ʦʙʝʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʪʨʦʧʨʦ-

ʠʟʚʦʜʥʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʬʦʨʤʝ ʧʨʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʌʘʢʪ ʪʦ-

ʛʦ, ʯʪʦ [Sc2(NH2-bdc)3] ʩʦʭʨʘʥʷʝʪ ʨʦʤʙʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩʠʤʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʦʚʳʰʝ-

ʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦ-

ʜʦʨʦʜʘ ʘʤʠʥʦʛʨʫʧʧʳ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʣʠʛʘʥʜʘ, ʘ ʩʦʭʨʘʥʝʥʠʝ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʫ [Sc2(NO2-bdc)3] ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ, ʩʚʷ-

ʟʘʥʥʳʤʠ ʩ ʥʠʪʨʦʛʨʫʧʧʦʡ ʣʠʛʘʥʜʘ. 

 

ʈʠʩ. 11. ʉʨʘʚʥʝʥʠʝ ʨʦʤʙʠʯʝʩʢʦʡ (Fddd) ʠ ʤʦʥʦʢʣʠʥʥʦʡ (C2/c) ʤʦʜʝʣʝʡ ʩʦʝʜʠʥʝʥʠʷ [Sc2(bdc)3] (10). ʉʭʝʤʘ 

ʩʞʘʪʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʚʨʘʱʝʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤ ʧʝʨʝʭʦʜʝ 

 

ʈʠʩ. 12. ʉʭʝʤʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [Sc2(NO2-bdc)3] (12). ʉʪʨʫʢʪʫʨʘ ʧʫʩʪʦʛʦ ʢʘʨʢʘʩʘ (a). ʉʪʨʫʢʪʫʨʘ ʢʘʨʢʘʩʘ, 

ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (b) [47] 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʨʢʘʩʘʭ [Sc2(bdc)3] (10) ʠ [Sc2(NO2-bdc)3] 

(11) ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (0.1 ï 2.3 ɻʇʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʥʝʧʨʦʥʠʢʘʶʱʠʭ 

(ʬʪʦʨʠʨʦʚʘʥʥʳʡ ʫʛʣʝʚʦʜʦʨʦʜ Fluorinert-77), ʣʠʙʦ ʩʦʨʙʠʨʫʝʤʳʭ (ʤʝʪʘʥʦʣ) ʛʠʜʨʦʩʪʘʪʠʯʝ-



24 
 

ʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [47]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ [Sc2(bdc)3], ʧʦ-

ʛʨʫʞʝʥʥʳʡ ʚ Fluorinert-77, ʧʨʝʪʝʨʧʝʚʘʝʪ ʦʙʨʘʪʠʤʫʶ ʘʤʦʨʬʠʟʘʮʠʶ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚ 0,1 

ɻʇʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ [Sc2(NO2-bdc)3] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʤʦʥʦʢʣʠʥʥʦʡ C2/c 

ʚ ʨʦʤʙʠʯʝʩʢʫʶ Fdd2 ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʥʦʣʘ ʦʙʨʘʪʠʤʘʷ ʘʤʦʨʬʠʟʘʮʠʷ 

[Sc2(bdc)3] ʠ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ [Sc2(NO2-bdc)3] ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʜʘʚʣʝʥʠʷ 3 ɻʇʘ. ʕʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʤʝʪʘʥʦʣʘ ʦʙʫʩʣʦʚʣʝʥʦ ʚʢʣʶʯʝʥʠʝʤ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʤʝʪʘʥʦʣʘ ʚ ʢʘʥʘʣʳ ʢʘʨʢʘʩʦʚ ʠ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʢʦʥʪʘʢʪʦʚ (ʨʠʩ. 12). 

ɺ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ [48] ʘʚʪʦʨʳ ʨʘʟʚʠʣʠ ʩʚʦʡ ʧʦʜʭʦʜ ʠ ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʫʶ ʤʝʪʦʜʠ-

ʢʫ ʜʦʩʪʘʚʢʠ ʉʆ2 ʚ ʧʦʨʳ ʢʘʨʢʘʩʘ [Sc2(bdc)3] (10) ʩ ʧʦʤʦʱʴʶ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ Fluorinert-

77 (ʨʠʩ. 13). ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ Fluorinert-77, ʚʳʪʘʣ-

ʢʠʚʘʝʪʩʷ ʠʟ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ ʧʨʦʥʠʢʘʝʪ ʚ ʢʨʠʩʪʘʣʣ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ ʨʘʟʨʘʙʦ-

ʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʡ ʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʛʘʟʫ, ʪʘʢ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʥʝ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ 

ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ʈʠʩ. 13. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟ ʨʘʙʦʪʳ [48] 

ɺ ʦʜʥʦʡ ʠʟ ʩʚʦʠʭ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪ [49] ʪʝ ʞʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ 

(ʜʦ 0,8 ɻʇʘ), ʯʪʦʙʳ çʚʪʠʩʥʫʪʴè ʦʙʲʝʤʥʳʝ ʤʦʣʝʢʫʣʳ ʘʣʢʘʥʦʚ ʉ5-ʉ8 ʚ ʧʦʣʦʩʪʠ ʤʠʢʨʦʧʦʨʠ-

ʩʪʦʛʦ ʪʝʨʝʬʪʘʣʘʪʘ ʩʢʘʥʜʠʷ [Sc2(bdc)3] (10) (ʨʠʩ. 14). ɺʢʣʶʯʝʥʠʝ ʪʘʢʠʭ ʛʦʩʪʝʡ ʧʨʠʚʝʣʦ ʢ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʪʨʝʪʠ ʪʝʨʝʬʪʘʣʘʪʥʳʭ ʣʠʥʢʝʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

[Sc2(bdc)3]. ʇʝʨʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠʥʢʝʨʳ ʜʝʡʩʪʚʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ çʩʢʨʫʯʠʚʘʶʱʝʡ ʧʨʫ-

ʞʠʥʳè ʠ ʦʙʨʘʪʠʤʦ ʤʝʥʷʣʠ ʣʦʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʨʳ (ʨʠʩ. 15). ʊʦ, ʯʪʦ ʢʘʨʢʘʩ ʧʦ-ʨʘʟʥʦʤʫ 

çʦʪʚʝʯʘʣè ʥʘ ʚʢʣʶʯʝʥʠʝ ʣʠʥʝʡʥʳʭ, ʤʦʥʦ- ʜʠ- ʠ ʪʝʪʨʘʨʘʟʚʝʪʚʣʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦʢʘ-

ʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ [Sc2(bdc)3] ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʝ ʤʦʣʝʢʫʣʳ ʩʦʨʙʠʨʫʶʪʩʷ ʢʘʨʢʘʩʦʤ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʤʦʥʦʨʘʟʚʝʪʚ-

ʣʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʢʘʨʢʘʩ ʪʦʣʴʢʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ɸʚʪʦ-

ʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʚʢʣʶʯʝʥʠʷ ʛʦʩʪʝʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ, 

ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʳ çʜʳʭʘʥʠʷè ʚ ʛʠʙʢʠʭ ʢʘʨʢʘʩʘʭ. 
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ʈʠʩ. 14. ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ 298K ʜʣʷ [Sc2(bdc)3] [49] 

 

ʈʠʩ. 15. ʉʭʝʤʘ ʦʪʢʣʦʥʝʥʠʷ ʢʦʣʴʮʘ ʣʠʛʘʥʜʘ ʠʟ ʧʣʦʩʢʦʩʪʠ (001) ʚʜʦʣʴ ʦʩʠ [010], ʦʙʲʝʤ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷ (ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʢʘʟʘʥʦ ʞʝʣʪʳʤ) ʚ ʠʟʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʘʜʩʦʨʙʠʨʦ-

ʚʘʥʥʳʤ 2-ʤʝʪʠʣʙʫʪʘʥʦʤ 

ʆʢʩʦʪʝʨʝʬʪʘʣʘʪ ʩʢʘʥʜʠʷ(III ) [Sc3O(bdc)3(H2O)3] (13) ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ [50] ʚ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ ʩ ʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʩʣʝʛʢʘ ʧʦʜʢʠʩʣʝʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, 1,4-ʜʠʦʢʩʘʥ, 

ʚʦʜʘ). ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʶʪ ʥʘʛʨʝʚʘʥʠʝ ʪʨʠʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ 

ʩ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʠʣʠ ʜʠʵʪʠʣʬʦʨʤʘʤʠʜʝ [51]. ʉʦʝʜʠʥʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ ʠʟʚʝʩʪʥʦʛʦ ʦʢʩʦʪʝʨʝʬʪʘʣʘʪʘ ʭʨʦʤʘ(III ) MIL -88 

[52, 53]. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʦʢʩʦʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [M3(ɛ3-O)(COO)6], ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ ʤʥʦʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʪʨʠ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʩʦʝʜʠʥʝʥʳ ʤʦʩʪʠʢʦʚʳʤ ʦʢʩʦ-ʘʥʠʦʥʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʮʝʥʪʨʝ çʤʝʪʘʣʣʠʯʝʩʢʦʛʦè 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʘ ʪʘʢʞʝ ʧʦʧʘʨʥʦ ʰʝʩʪʴʶ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 

16). ʂʨʦʤʝ ʪʦʛʦ, ʫ ʢʘʞʜʦʛʦ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʠʤʝʝʪʩʷ ʦʜʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʟʠʮʠʷ, ʟʘʥʷ-

ʪʘʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʜʦʧʦʣʥʷʷ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝ-

ʥʠʝ ʜʦ ʩʣʝʛʢʘ ʠʩʢʘʞʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ. ɺ ʩʪʨʫʢʪʫʨʝ [Sc3O(bdc)3(H2O)3] ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʛʝʦ-

ʤʝʪʨʠʝʡ, ʩʦʝʜʠʥʸʥʥʳʭ ʯʝʨʝʟ ʪʝʨʝʬʪʘʣʘʪʥʳʝ ʤʦʩʪʠʢʠ ʚ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʪʦʧʦʣʦʛʠʝʡ 

ʘʨʩʝʥʠʜʘ ʥʠʢʝʣʷ. ɺ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʢʘʥʘʣʳ ʜʠʘʤʝʪʨʦʤ 7,6 ¡, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʙʦʣʝʝ ʫʟʢʠʤʠ ʦʢʦʰʢʘʤʠ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 3,5 ¡. ʉʚʦʙʦʜʥʳʡ ʦʙʲʝʤ 

ʧʫʩʪʦʪ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 60 %. 
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ʂʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʉʆʂʇ, [Sc3O(bdc)3(H2O)3] (13) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʝʨʤʠ-

ʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ.
 
In situ ʜʠʬʨʘʢʮʠʷ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʜʦ 350ÁC. ʉ ʧʦʤʦʱʴʶ ʀʂ-

ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʘʚʪʦʨʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ ʠʟ ʩʦʝʜʠʥʝʥʠʷ ʜʘʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 350ÁC. ʂʘʢ ʠ ʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ 

ʦʢʩʦʪʝʨʝʬʪʘʣʘʪ ʭʨʦʤʘ(III ) MIL -88, ʧʦʨʠʩʪʳʡ ʢʘʨʢʘʩ [Sc3O(bdc)3(H2O)3] ʧʨʦʷʚʣʷʝʪ ʩʪʨʫʢ-

ʪʫʨʥʫʶ ʜʠʥʘʤʠʢʫ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʥʘʣʠʯʠ ̫ʚ ʧʦʣʦʩʪʷʭ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʠ ʩʪʝʧʝʥʠ ʘʢʪʠʚʘ-

ʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʫʶʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ [54, 55]. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʨʢʘʩʘ [Sc3O(bdc)3(H2O)3] ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʩʪʦʨʠʠ 

ʦʙʨʘʟʮʘ, ʧʨʦʮʝʜʫʨʳ ʘʢʪʠʚʘʮʠʠ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ʈʠʩ. 16. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc3O(bdc)3(H2O)3] (13), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝ-

ʥʠʝ ʤʝʪʘʣʣʘ, ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʝʡ c ʠ a. ɸʪʦʤr Sc ʧʦʢʘʟʘʥʳ ʛʦʣʫʙʳʤ, O, ʢʨʘʩʥʳʡ, C, ʩʝʨʳʡ, H, ʙʝʣʳʡ 

ʇʝʨʤʘʥʝʥʪʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʘʨʢʘʩʘ [Sc3O(bdc)3(H2O)3] ʙʳʣʘ ʧʦʜ-

ʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ N2, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʬʦʨʤʫ ʪʠʧʘ I, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʫʶ ʤʠʢʨʦʧʦʨʠʩʪʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. ɿʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʤʦʜʝʣʠ ɹʕʊ ʩʦʩʪʘʚʠʣʦ 634 ʤ
2
/ʛ. ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʅ2 ʧʦʣʥʦʩʪʴʶ ʦʙʨʘ-

ʪʠʤʳ ʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʬʦʨʤʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʝʧʣʦʪʘ 

ʘʜʩʦʨʙʮʠʠ ʅ2 ʧʨʠ ʥʫʣʝʚʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 5,25 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʭʘʨʘʢ-

ʪʝʨʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʨʠʩʪʳʭ ʄʆʂʇ ʙʝʟ ʦʪʢʨʳʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ [56]. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʘʤʠʥʦʟʘʤʝʱʝʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 

[Sc3O(NH2-bdc)3(H2O)3] (14) [42]. ʆʢʩʦʜʠʛʠʜʨʦʢʩʠʪʝʨʝʬʪʘʣʘʪ ʩʢʘʥʜʠʷ 
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[Sc3O((HO)2-bdc)3(H2O)3] (15), ʷʚʣʷʶʱʠʡʩʷ ʜʠʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 13, ʙʳʣ 

ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ 57 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʠʪʨʘʪʘ ʠʣʠ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ ʩ 2,5-

ʜʠʛʠʜʨʦʢʩʠʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ (H2((HO)2-bdc)) ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ/ʵʪʘʥʦʣ/H2O ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʨʘʙʦʪʝ [58] ʙʳʣ ʧʦʣʫʯʝʥ ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʡ ʘʥʘʣʦʛ ʦʢʩʦʪʝʨʝʬʪʘʣʘʪʘ ʩʢʘʥʜʠʷ(III) ʩ 

4,4¡-ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (H2bpdc) ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ, ʠʤʝʶʱʠʤ ʬʦʨʤʫʣʫ 

[Sc3O(bpdc)3(H2O)3] (16). ʉʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʠʜʝʥʪʠʯʥʳʭ 

ʪʨʝʭʲʷʜʝʨʥʳʭ ʦʢʩʦʨʘʢʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ ʣʠʥʝʡʥʳʝ ʙʠʬʝʥʠʣʜʠ-

ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʤʦʩʪʠʢʠ ʚ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʠʘʤʝʪʨʘ ʧʦʨ ʠ ʜʦʣʠ ʩʚʦʙʦʜʥʳʭ ʧʫʩʪʦʪ ʚ ʩʦʝʜʠʥʝ-

ʥʠʠ. ʉʦʝʜʠʥʝʥʠʝ [Sc3O(bpdc)3(H2O)3], ʢʘʢ ʠ ʜʨʫʛʠʝ ʘʥʘʣʦʛʠ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʢʦʪʦʨʫʶ 

ʩʪʨʫʢʪʫʨʥʫʶ ʛʠʙʢʦʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʧʦʨ, ʩʦʨʙʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ-

ʢʘʟʳʚʘʶʪ ʥʝʙʦʣʴʰʫʶ ʝʤʢʦʩʪʴ ʢʘʨʢʘʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʟʦʪʫ (0,47 ʤʣ/ʛ), ʯʪʦ ʘʚʪʦʨʳ ʩʚʷ-

ʟʳʚʘʶʪ ʩ ʚʟʘʠʤʦʧʨʦʨʦʩʪʘʥʠʝʤ ʢʘʨʢʘʩʘ. 

ʆʙʘ ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷ [Sc3O(bdc)3(H2O)3] ʠ [Sc3O(bpdc)3(H2O)3] ʩ ʪʝʨʝ-

ʬʪʘʣʝʚʦʡ ʠ ʙʠʬʝʥʠʣʜʠʢʘʨʙʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʢʘʢ ʥʝ ʩʣʠʰ-

ʢʦʤ ʘʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʣʢʝʥʦʚ ʩ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤʠ 

ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʤʝʞʜʫ ʟʘʤʝʱʝʥʥʳʤ ʠʥʜʦʣʦʤ ʠ ʵʣʝʢʪʨʦʥ-

ʜʝʬʠʮʠʪʥʳʤʠ ʘʣʢʝʥʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʟʘʪʨʫʜʥʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʨʝʘʛʝʥʪʦʚ ʢ 

ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʘʤ ʢʘʨʢʘʩʘ [58]. 

 

ʈʠʩ. 17. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ [Sc(OH)(bdc)] (17), ʧʦʢʘʟʳʚʘʶʱʘʷ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʮʝʧʦʯʢʠ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢʘʥʘʣʘʤ (ʩʣʝʚʘ). ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ [Sc(OH)(bdc)] (18) (ʩʧʨʘʚʘ) 

ɺ ʨʘʙʦʪʝ [58] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʛʠʜʨʦʢʩʦʪʝʨʝʬʪʘʣʘʪ ʩʢʘʥʜʠʷ(III ) [Sc(OH)(bdc)] (17), 

ʷʚʣʷʶʱʠʡʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʦʛʦʤ ʜʨʫʛʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʥʘ 

ʦʩʥʦʚʝ ʚʘʥʘʜʠʷ(III ) MIL -68 [59]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 17 ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʮʝʧʦ-

ʯʝʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʢʪʘʵʜʨʦʚ {ScO6}. ɺ ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʥʘʭʦʜʷʪʩʷ ʤʦʩʪʠʢʦʚʳʝ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʦʝʜʠʥʷʶʱʠʝ ʚʝʨʰʠʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʮʝʧʦʯʢʠ ʚʜʦʣʴ ʦʩʠ ʦʢʪʘʵʜ-

ʨʘ. ʆʢʪʘʵʜʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʧʘʨʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʪʝʨʝʬʪʘʣʘʪ-ʘʥʠʦʥʦʚ (ʨʠʩ. 17). ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 17 ʮʝʧʦʯʢʠ ʨʘʩʧʦ-

ʣʘʛʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʝʨʝʬʪʘʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ, ʦʙ-

ʨʘʟʫʷ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʢʘʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʜʠʘʤʝʪʨʦʤ ʢʘʥʘʣʦʚ ʦʢʦʣʦ 20 ¡. ʉʦʨʙʮʠʦʥ-

ʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʘ ʧʦʨ 0,1 ʤʣ/ʛ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʩʦʨʙʮʠʠ N2, 

free dimension. There is considerable tilting of the phenyl groups

of alternate rows of terephthalate units along z away from the

channel axis compared to the as-prepared MIL-53(Sc)-DMF, and

the averageScïOHïScangle in the chains of octahedra decreases

from 122.9Áto 117.8Á. This is among the lowest values observed

for MIL-53 and is a consequence of the long ScïObond. (See

Supporting information for a comparison of the known crystal

structures and structural details of MIL-53 type materials.).

The distorted structure is similar to that observed for partially

dehydrated MIL-53(Fe), where it isreferred to astheóintermediateô

phase, because it possesses both closed and partially open chan-

nels. Thehydrated MIL-53(Sc) structurediffers from theintermedi-

ate structure of MIL-53(Fe), however, because the mode of

octahedral tilting leads to doubling along its c axis. As a result it

has a larger unit cell (P1 a=7.2674(23) ¡,b=13.452(4) ¡,

c=20.677(7) ¡,a=71.57(1)Á, b=84.21(1)Á, c=87.73(1)Á) com-

pared to that of MIL-53(Fe)-INT (P1 a=6.887¡,b=10.558¡,

c=13.466¡,a=109.9Á,b=88.06Á,c=104.0Á). (SeeSupplementary

information for ýgure).

Theethanol-washed and subsequently dried MIL-53(Sc) sample

has a similar diffraction pattern to the heated/hydrated material,

indicating that ethanol washing has removed the DMF, and

subsequent loss of ethanol and uptake of moisture from the atmo-

sphere has given a hydrated óintermediateôMIL-53(Sc) material.

4.3. Structural þexibilityof MIL-88(Sc)

PXRD patterns for MIL-88(Sc) are given in Fig. 6. That of the as-

prepared form can be indexed in the hexagonal cell typical of MIL-

88,P6 2 c,with a=11.18¡,c=19.47¡.Comparison with published

MIL-88 materials indicates a partially open framework containing

DMFand the structure obtained from Rietveld reýnementis given

in Fig. 7. Desolvation gives amaterial with lower apparent crystal-

linity and diffraction peakswhich could not be indexed with asin-

gle cell, but rather suggest multiple states of closure of the

framework structure. Immersion in methanol results in the struc-

ture opening to a large degree (hexagonal, P6 2 c: a=15.62¡,

c=15.96¡),in a similar way to that previously observed for MIL-

88B(Cr).

4.4. Synthesis of microporous MIL-100(Sc) and Sc-ABTC

Synthetic conditions for MIL-100(Sc) and Sc-ABTCare given in

Table 2. MIL-100(Sc) is prepared using the 1,3,5-benzenetricarb-

oxylic acid, at 293 Kin DMF, and thesameconditions with H4ABTC

yielded Sc-ABTC. Although sufýcientto identify the products as

pure phases, the powder patterns are not of high enough quality

to permit structure reýnement(see Supplementary information).

It was possible using the Le Bail method [30] to reýnethe cubic

unit cell parameters as F d 3 m, a=75.436(8) ¡for MIL-100(Sc),

and P4 3 n, a=22.4567(11) ¡,for Sc-ABTC. The structure types

for the solids MIL-100(Sc) and Sc-ABTC, are illustrated in Fig. 8 to-

gether with that of MIL-101(Sc) to aid further discussions.

4.5. Thermal properties of scandium carboxylates

Some details of the thermogravimetric analyses are given in

Table 5. The TGA of Sc2BDC3 is similar to that reported previously

[19].Sc2BDC3 ishydrophobic and doesnot contain water or organic

solvents after synthesis. TGA of MIL-53(Sc) and MIL-88(Sc) (i)

as-prepared and dried and (ii) after calcination in N2 at 623 K

and subsequently exposed to the laboratory atmosphere are given

asSupplementary information. In each casethestructure begins to

decompose at around 723 K, with most of the weight loss above

773 K. In the as-prepared, heated materials there is some weight

lossup to 723 K(10.5%for MIL-53(Sc), 19.5%for MIL-88(Sc), which

is attributed to solvent and adsorbed water. After allowing

Fig. 3. Structure of MIL-53(Sc)-DMF, viewed down thechannel axis. Theframework is in apartially open state, with dimethylformamide molecules ordered within thepores.

All channelsare identical. (ScO6 octahedra in purple, Catomsblack spheres, Ored,Nblueand H,green). (For interpretation of thereferences tocolour in thisýgurelegend, the

reader is referred to the web version of this article.)

Fig. 4. X-ray powder diffraction patterns of MIL-53(Sc) in the following forms: (i)

as-prepared in DMF, (ii) desolvated by heating, (iii) desolvated and allowed to

rehydrate in moist air, (iv) ethanol-washed and exposed to moist air.
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ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ (ʥʘʧʨʠʤʝʨ, ʦʙʲʝʤ ʧʦʨ ʜʣʷ 

[Ga(OH)(bdc)] ʩʦʩʪʘʚʣʷʝʪ 0,46 ʩʤ
-3
/ʛ, [60]). ʅʝʩʤʦʪʨʷ ʥʘ ɻʪʦ, ʩʦʝʜʠʥʝʥʠʝ 17 ʩʦʨʙʠʨʫʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ CO2 (14 ʤʤʦʣʴ/ʛ) ʧʨʠ 196K, ʘ ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʩʦʨʙʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʦʙʲʝʤ ʧʦʨ (0,59 ʩʤ
3
/ʛ) ʦʢʘʟʘʣʩʷ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʨʘʩʩʯʠʪʘʥ-

ʥʳʡ ʠʟ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʫʤʝʨʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʨʝʘʢʮʠʷʭ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʣʢʝʥʦʚ ʩ 

ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʤʝʞʜʫ ʟʘʤʝʱʝʥʥʳʤ ʠʥ-

ʜʦʣʦʤ ʠ ʤʝʪʠʣʚʠʥʠʣʢʝʪʦʥʦʤ. ʋʤʝʨʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 17 ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦ ʥʝʥʘʩʳʱʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦʡ ʙʣʦʢʠʨʦʚʢʦʡ 

ʧʦʨ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [58]. 

ʊʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʟʦʤʝʨ ʛʠʜʨʦʢʩʦʪʝʨʝʬʪʘʣʘʪʘ ʩʢʘʥʜʠʷ(III ) 17 ʩ ʨʦʤʙʠʯʝʩʢʠʤʠ ʢʘʥʘ-

ʣʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ʄʦʚʘʪʘ. ʉʦʝʜʠʥʝʥʠʝ [Sc(OH)(bdc)] (18) ʙʳʣʦ ʩʠʥ-

ʪʝʟʠʨʦʚʘʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʨʠʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʩ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʚ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʠ 463K [51], ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʦʝ 

[Sc(OH)(NO2-bdc)] (19) [42] ʧʦʣʫʯʝʥʦ ʧʦ ʨʝʘʢʮʠʠ ʪʨʠʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʩ ʤʦʥʦ-

ʥʠʪʨʦʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʜʠʵʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʠ 463K. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

18 ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ(III ) MIL -53, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʛʨʫʧʧʦʡ ʧʨʦʬ. ʌʝʨʵ ʚ 2002 ʛʦʜʫ [61, 62]. ʂʘʢ ʠ 17, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ 18 ʠ 19 ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʮʝʧʦʯʝʢ ʦʢʪʘʵʜʨʦʚ {ScO6} ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʛʠʜʨʦʢ-

ʩʠʜ- ʠ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʩʧʦʩʦʙʝ ʩʦʝʜʠʥʝʥʠʷ ʵʪʠʭ ʮʝ-

ʧʦʯʝʢ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʥʠʦʥʘʤʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʢʘʨʢʘʩʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʦʨʤʝ ʢʘʥʘʣʦʚ 

(ʨʠʩ. 17). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʊɻɸ ʩʦʝʜʠʥʝʥʠʝ 18 ʩʪʘʙʠʣʴʥʦ ʜʦ 723K. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʨʦʤʩʦʜʝʨʞʘʱʠʡ ʘʥʘʣʦʛ MIL -53 [Cr(OH)(bdc)] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ çʜʳʭʘʥʠʝè ʢʘʨʢʘʩʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʩʧʦʩʦʙʘ ʘʢʪʠʚʘʮʠʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʝʛʦ ʩʦʨʙʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ [61, 63]. ɸʥʘʣʦʛʠʯʥʳʝ ʵʬʬʝʢʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 18 ʧʨʠ ʠʟʫʯʝʥʠʠ ʝʛʦ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ [51]. ʊʘʢ, ʧʦʣʥʦʩʪʴʶ ʜʝʩʦʣʴʚʘʪʠ-

ʨʦʚʘʥʥʳʡ ʢʘʨʢʘʩ ʥʝ ʩʦʨʙʠʨʫʝʪ N2. ʇʨʠ 196K ʩʦʝʜʠʥʝʥʠʝ 18 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʫʶ 

ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ CO2 (13,2 ʤʤʦʣʴ/ʛ), ʘ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʩʦʨʙʮʠʠ ʠ 

ʜʝʩʦʨʙʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʧʝʨʝʭʦ-

ʜʘʤʠ ʤʝʞʜʫ çʦʪʢʨʳʪʳʤè ʠ çʟʘʢʨʳʪʳʤè ʩʦʩʪʦʷʥʠʷʤʠ ʢʘʨʢʘʩʘ (ʵʬʬʝʢʪ ʜʳʭʘʥʠʷ), ʚʩʣʝʜ-

ʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʉʆ2. ɺ ʨʘʙʦʪʝ [64] ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʜʠ-

ʥʘʤʠʢʠ ʢʘʨʢʘʩʘ 18 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (100ï623K) ʠ ʜʘʚʣʝʥʠʠ CO2 0ï0.9 ʙʘʨ 

(196K) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ, in situ ʨʝʥʪ-

ʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʝʡ ʥʘ ʧʦʨʦʰʢʘʭ.  

ɺ ʨʘʙʦʪʝ [65] ʠʟʫʯʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʨʢʘʩʝ ʦʪ ʧʨʠʨʦʜʳ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʣʠʛʘʥʜʦʚ ʚ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 

MIL -53 [M(OH)(X-bdc)], ʛʜʝ M=Al , Cr, Fe, Sc, X=Cl, CH3, NO2, ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʜʦ 3 

ɻʇʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʢʘʥʜʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜʘ ʠʟ 

ʤʦʥʦʢʣʠʥʥʦʡ ʬʦʨʤʳ ʚ ʪʨʠʢʣʠʥʥʫʶ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ Al, Cr, Fe, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ ʚʣʠʷʝʪ 

ʥʘ ʚʝʣʠʯʠʥʫ ʜʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʤʦʥʦʢʣʠʥʥʦʡ 

ʬʦʨʤʳ ʚ ʪʨʠʢʣʠʥʥʫʶ. 
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ɺ ʩʪʘʪʴʝ [66] ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 18 [51] ʢʘʢ ʦʩʥʦʚʫ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʘʥʘʣʦʛʘ MIL -53, ʠʩʧʦʣʴʟʫ ̫ʚ ʩʠʥʪʝʟʝ ʩʤʝʩʴ ʪʝʨʝʬʪʘʣʝʚʦʡ ʠ ʠʟʦʬʪʘ-

ʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʜʘʣʝʝ ʧʦʤʝʰʘʣʠʩʴ ʚ ʵʪʘʥʦʣʴʥʳʡ 

ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ ʝʚʨʦʧʠʷ(III ). ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʠʦʥʳ 

ʝʚʨʦʧʠʷ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʥʟʦʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʙʠʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʩʪʠʨʦʣʘ ʠ ʧʦʣʠʩʪʠʨʦʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʟʠʪ 

ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʧʨʠʤʝʨʦʤ çturn-onè ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʙʝʥʟʦʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʤʦʯʝ ʠ ʩʳʚʦʨʦʪʢʝ 

ʢʨʦʚʠ ʚʧʣʦʪʴ ʜʦ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʝʡ (ʩʭʝʤʘ 5). 

 

ʉʭʝʤʘ 5. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʟ ʩʪʘʪʴʠ [66] 

 

ʈʠʩ. 18. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʳ MIL -100 (Sc) (20) ʠ MIL -101 (Sc) (21) [58] 

ʆʢʩʦʪʝʨʝʬʪʘʣʘʪ ʩʢʘʥʜʠʷ(III ) [Sc3O(bdc)3(H2O)3] (20) ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʪʝʭ ʞʝ ʩʘ-

ʤʳʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʦʢʩʦʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ ʦʩʪʘʪʢʠ ʪʝʨʝʬʪʘʣʝ-

ʚʦʡ ʢʠʩʣʦʪʳ [51, 67]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʣʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʠ ʢʠʩʣʦʪʳ ʚ ɼʄʌɸ ʣʠʙʦ ʜʠʵʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʠ 393ï423K. ɺ ʦʪʣʠ-

ʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʧʨʠʤʝʨʦʚ, ʚ 20 ʪʨʝʭʲʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ {Sc3(ɛ3-O)(COO)6} ʚʳʩʪʫʧʘ-

ʶʪ ʚ ʨʦʣʠ ʚʝʨʰʠʥ ʪʝʪʨʘʵʜʨʘ, ʚ ʢʦʪʦʨʦʤ ʪʝʨʝʬʪʘʣʘʪʥʳʝ ʘʥʠʦʥʳ ʠʛʨʘʶʪ ʨʦʣʴ ʨʝʙʝʨ. ʊʘʢʠʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʤʦʪʠʚʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʚʝʨʰʠʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʦʣʠʪʦʧʦʜʦʙʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ MTN ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʜʠʘʤʝʪ-

ʨʦʤ 3,4 ʥʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʢ ʢʣʘʩʩʫ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ 
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ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʦ ʦʢʩʦʪʝʨʝʬʪʘʣʘʪʫ ʭʨʦʤʘ(III ) 

[Cr3O(bdc)3(H2O)3] MIL -101, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʤʫ ʚ ʦʙʣʘʩʪʠ ʧʦʨʠʩʪʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ (ʨʠʩ. 18) [68]. ʉʦʨʙʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ N2 ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 20, ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʤʠʢʨʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ, ʭʦʪʷ ʦʙʲʝʤ ʧʦʨ (0,16 

ʩʤ
3
/ʛ) ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ɹʕʊ (680 ʤ

2
/ʛ) [58], ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʦʞʠʜʘʝʤʦʛʦ, ʠ ʯʝʤ ʜʣʷ ʭʨʦʤʩʦʜʝʨʞʘʱʝʛʦ ʘʥʘʣʦʛʘ MIL -101 (2,0 ʩʤ
3
/ʛ) [69], ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʦʡ ʙʣʦʢʠʨʦʚʢʦʡ ʧʦʨ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ. ʇʨʠ ʠʟʤʝ-

ʨʝʥʠʠ ʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ ʩʦʝʜʠʥʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 2800 ʤ
2
/ʛ [67], ʩʨʘʚʥʠʤʦʝ, ʥʦ ʚʩʝ ʞʝ ʟʘʤʝʪʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ ʭʨʦʤʦʚʦʛʦ MIL -101 (4100 ʤ
2
/ʛ) [69]. 

ɺ ʨʘʙʦʪʝ [58] ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [Sc3O(bdc)3(H2O)3] (20) ʚ ʨʝ-

ʘʢʮʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʉðʉ ʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ CðN. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʝʘʢʮʠʷʭ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ, 

ʪʘʢʠʭ ʢʘʢ ʨʝʘʢʮʠʷ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʣʢʝʥʦʚ ʩ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤʠ ʘʣʴʜʝʛʠʜʘʤʠ, ʨʝʘʢ-

ʮʠʷ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʤʝʞʜʫ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʵʣʝʢʪʨʦʥ-

ʜʝʬʠʮʠʪʥʳʤʠ ʘʣʢʝʥʘʤʠ ʠ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʝʪʠʤʠʥʦʚ ʠ ʘʣʴʜʠʤʠʥʦʚ. 

[Sc3O(bdc)3(H2O)3] ʧʦʢʘʟʘʣ ʥʝʙʦʣʴʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ-

ʥʫʶ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢʘʨʢʘʩʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ.  

ɼʨʫʛʠʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʭʠʤʠʠ ʄʆʂʇ ʣʠʛʘʥʜʦʤ ʷʚʣʷʝʪʩʷ ʪʨʠʤʝʟʠʥʦʚʘʷ ʢʠʩ-

ʣʦʪʘ ʠ ʝʝ ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʝ ʘʥʘʣʦʛʠ (ʩʭʝʤʘ 6). ʊʨʝʫʛʦʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʪʨʠʤʝʟʘʪʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʪʦʧʦʣʦʛʠʷʤʠ ʠ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʞʝʩʪʢʦʩʪʴ ʧʦʣʫ-

ʯʘʝʤʳʭ ʢʘʨʢʘʩʦʚ. ʊʘʢʞʝ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʦʩʪʘʣʴʥʳʝ ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʳʝ ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʤʝʪʥʦ ʨʝʞʝ. 

 

ʉʭʝʤʘ 6. ʉʪʨʫʢʪʫʨʘ ʪʨʠʤʝʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (H3btc), 1,3,5-ʪʨʠʩ(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʙʝʥʟʦʣʘ (H3btb), 3,3',5,5'-

ʙʠʬʝʥʠʣʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ (H4bptc) ʠ 4,4'-ʜʠʘʟʦʙʝʥʟʦʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H4abdc) ʠ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʠʤʝʟʠʥʦʚʦʡ (H3btc) ʢʠʩʣʦʪʳ ʚ ʩʠʥʪʝʟʝ ʉʆʂʇ ʙʳʣ ʧʦʣʫʯʝʥ ʦʢ-

ʩʦʪʨʠʤʝʟʘʪ ʩʢʘʥʜʠʷ(III ) [Sc3O(btc)2(H2O)3] (21), ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʪʝʭ ʞʝ ʩʘʤʳʭ 

ʪʨʝʭʲʷʜʝʨʥʳʭ ʦʢʩʦʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ ʦʩʪʘʪʢʠ ʢʠʩʣʦʪʳ [51]. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʩʦʝʜʠʥʝʥʠ ̫ʧʦʣʫʯʘʣʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʠ 

ʪʨʠʤʝʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ɼʄʌɸ ʧʨʠ 373K. ʊʨʝʭʲʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ {Sc3(ɛ3-O)(COO)6} 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʚʝʨʰʠʥʳ ʪʝʪʨʘʵʜʨʘ, ʚ ʢʦʪʦʨʦʤ ʪʨʠʤʝʟʘʪʥʳʝ ʘʥʠʦʥʳ ʠʛʨʘʶʪ ʨʦʣʴ ʛʨʘ-

ʥʝʡ. ʊʘʢʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʤʦʪʠʚʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʚʝʨʰʠʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʦʣʠ-

ʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ MTN ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ, ʜʦʩʪʠʛʘʶ-

ʱʠʤʠ ʜʠʘʤʝʪʨʦʤ 3,0 ʥʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʢ ʢʣʘʩʩʫ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʦ ʦʢʩʦʪʨʠʤʝʟʘʪʫ ʭʨʦʤʘ(III ) 

MIL -100 (ʨʠʩ. 18) [68]. ʀʟʦʪʝʨʤʘ ʩʦʨʙʮʠʠ N2 ʜʣʷ 21 ʠʤʝʝʪ ʚʠʜ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʢʨʠʚʦʡ, 

ʯʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʤʠʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʦʡ ʧʨʠʨʦʜʦʡ ʤʘʪʝʨʠʘʣʘ. ʆʙʲʝʤ ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ N2 

ʩʦʩʪʘʚʣʷʝʪ 27 ʤʤʦʣʴ/ʛ ʧʨʠ 77K, ʘ CO2 ï 21,34 ʤʤʦʣʴ/ʛ ʧʨʠ 195K [51]. ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʟʤʝ-

ʨʝʥʥʘʷ ʧʣʦʱʘʜʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ɹʕʊ, ʩʦʩʪʘʚʠʣʘ 1400 

ʤ
2
/ʛ [58], ʯʪʦ ʥʠʞʝ ʯʝʤ ʜʣʷ ʭʨʦʤʦʚʦʛʦ MIL -100 (3100ï4230 ʤ

2
/ʛ) [70, 71]. ɹʣʘʛʦʜʘʨʷ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʉʆʂʇ 20 ʠ 21, ʘ ʪʘʢʞʝ ʠʥʪʝʥ-

ʩʠʚʥʦʤʫ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʶʤʠʥʠʡ-, ʭʨʦʤ-, ʞʝʣʝʟʦ- ʠ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʘʥʘʣʦʛʦʚ ʢʘʨʢʘʩʘ MIL -101, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʷʚʠʣʩʷ ʨʷʜ ʨʘʙʦʪ, ʚ ʢʦʪʦ-

ʨʳʭ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʩʦʨʙʮʠʦʥʥʳʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ [72ï75]. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ [Sc3O(btc)2(H2O)3] ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ [(Sc3-xMxO(btc)2(H2O)3] (M=Al , Cr, Fe) ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ [58, 76ï80]. 

ɺ ʨʘʙʦʪʝ [76] ʘʚʪʦʨʳ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʫ-

ʯʠʣʠ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ H2 ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʝ-

ʥʘʩʳʱʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʤʝʪʘʣʣʘ ʚ [Sc3O(btc)2(H2O)3] (21). ɸʚʪʦʨʳ ʨʘʩʩʯʠʪʘʣʠ ʚʝʣʠʯʠʥʳ 

ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʘʜʩʦʨʙʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ï11,2 ʢɼʞ/ʤʦʣʴ ʠ ï120 ɼʞ/ʤʦʣʴĀK, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 19. ʉʝʣʝʢʪʠʚʥʦʩʪʴ (ʘ) ʠ ʮʠʢʣʠʯʥʦʩʪʴ (b) ʩʦʨʙʮʠʠ ʆ2 [Sc3O(btc)2(H2O)3] (21) [77] 

ɺ ʨʘʙʦʪʝ [77] ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʧʨʠʯʠʥʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʦʨʙʮʠʠ [Sc3O(btc)2(H2O)3] 

(21) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ O2 ʠʟ ʩʤʝʩʠ O2/N2. ʉ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʘʤʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 
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ʠʩʢʘʞʝʥʠʷʤʠ ʚ ʢʘʨʢʘʩʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ O2 ʥʘʧʨʘʚʣʝʥʥʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʝʪ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ ʚʥʫʪʨʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʠ ʚʳʟʳʚʘʝʪ ʠʟʤʝ-

ʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʫʟʣʘ. ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʮʠʢʣʠʯʥʦʩʪʴ ʩʦʨʙʮʠʠ ʆ2 [Sc3O(btc)2(H2O)3], ʩʦʝʜʠ-

ʥʝʥʠʝ ʤʦʞʝʪ ʦʙʨʘʪʠʤʦ ʩʦʨʙʠʨʦʚʘʪʴ ʆ2 ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʝʩʷʪʴ ʨʘʟ ʧʦʜʨʷʜ ʙʝʟ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʠ ʙʝʟ ʧʦʪʝʨʠ ʝʤʢʦʩʪʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ (ʨʠʩ. 19). 

ɺ ʨʘʙʦʪʝ [58] ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [Sc3O(btc)2(H2O)3] (21) ʚ ʨʝ-

ʘʢʮʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʉðʉ ʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ CðN. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠ ̫ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʝʘʢʮʠʷʭ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ, 

ʪʘʢʠʭ ʢʘʢ ʨʝʘʢʮʠʷ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʣʢʝʥʦʚ ʩ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤʠ ʘʣʴʜʝʛʠʜʘʤʠ, ʨʝʘʢ-

ʮʠʷ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʤʝʞʜʫ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʵʣʝʢʪʨʦʥ-

ʜʝʬʠʮʠʪʥʳʤʠ ʘʣʢʝʥʘʤʠ ʠ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʝʪʠʤʠʥʦʚ ʠ ʘʣʴʜʠʤʠʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ [Sc3O(btc)2(H2O)3] ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ, ʩʝʣʝʢʪʠʚʥʳʤ ʛʝʪʝʨʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʨʝʘʢʮʠʡ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʫʯʝʥʥʳʭ ʨʝʘʢʮʠʡ ʩʦʩʪʘʚʣʷʣ 

ʙʦʣʝʝ 90 %. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʨʢʘʩʘ ʥʘ ʦʩʥʦʚʝ ʩʢʘʥʜʠʷ ʦʢʘʟʘ-

ʣʘʩʴ ʚʳʰʝ, ʯʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʪʨʝʭʚʘʣʝʥʪʥʳʭ 

ʤʝʪʘʣʣʦʚ. 

ɺ ʨʘʙʦʪʝ [78] ʘʚʪʦʨʳ ʩʨʘʚʥʠʣʠ ʪʝʢʩʪʫʨʥʳʝ, ʢʠʩʣʦʪʥʳʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

[M3O(btc)2(H2O)3], ʛʜʝ M = Al , Cr, Sc, V. ɸʚʪʦʨʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʠʩʣʦʪʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ Al>Cr>V>Sc. ʂʘʪʘʣʠʪʠ-

ʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʨʢʘʩʦʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʝʘʢʮʠʷʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʥʦʣʘ ʣʠʙʦ 1-

ʧʨʦʧʘʥʦʣʘ ʢ 3,4-ʜʠʛʠʜʨʦ-2H-ʧʠʨʘʥʫ. ɼʣʷ [Sc3O(btc)2(H2O)3] ʚ ʩʣʫʯʘʝ ʤʝʪʘʥʦʣʘ ʚʳʭʦʜ ʧʨʦ-

ʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 100 %, ʘ ʚ ʩʣʫʯʘʝ 1-ʧʨʦʧʘʥʦʣʘ ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʣʠʰʴ 25 % ʚʳʭʦʜʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 80 % ʧʨʠ 333K.  

ɸʚʪʦʨʳ ʧʨʦʜʦʣʞʠʣʠ ʠʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [ʄ3O(btc)2(H2O)3] (M = Al , 

Cr, Fe, In, Sc, V) ʚ ʨʘʙʦʪʝ [79], ʠʩʧʦʣʴʟʫʷ ʢʦʥʜʝʥʩʘʮʠʶ ʇʨʠʥʩʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʨʝ-

ʘʢʮʠʠ. ɸʚʪʦʨʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʠʩʣʦʪʥʦʩʪʴ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ Al>Cr>V>InåFe>Sc. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʢʘʨʢʘʩʳ ʦʙʣʘʜʘ-

ʶʪ 100 % ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʧʦʣʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɓ-ʧʠʥʝʥʘ ʠ ʬʦʨ-

ʤʘʣʴʜʝʛʠʜʘ. ʅʘʠʙʦʣʴʰʠʝ ʚʳʭʦʜʳ (ʙʦʣʝʝ 90 % ʧʦʩʣʝ 20 ʤʠʥʫʪ ʨʝʘʢʮʠʠ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʣʠ ʢʘʨʢʘʩʳ ʥʘ ʦʩʥʦʚʝ V ʠ Sc, ʚ ʮʝʣʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʨʷʜʫ 

V>Scι>Fe>Al>Cr>In, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʦʣʠʯʝʩʪʚ ʜʦʩʪʫʧʥʳʭ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʨʷʜʫ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ. 

ɺ ʨʘʙʦʪʝ [80] ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʝʰʘʥʥʦ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ [Sc3-xMxO(btc)2(H2O)3], (M = Al , Cr, Fe) ʚ ʨʝʘʢʮʠʷʭ ʪʘʥʜʝʤʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʉðʉ ʠ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʢʘʨʢʘʩʘ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʢʘʥʜʠʷ ʚ ʢʘʨʢʘʩʝ, ʘ ʦʩʣʘʙʣʷʶʱʝʝ 

ʚʣʠʷʥʠʝ ʚʪʦʨʦʛʦ ʤʝʪʘʣʣʘ ʚ ʢʘʨʢʘʩʝ ʩʥʠʞʘʝʪʩʷ ʚ ʨʷʜʫ Al>Fe>Cr.  

ʉʦʝʜʠʥʝʥʠʝ 22 ʩʦʩʪʘʚʘ [Sc3O(btb)2(H2O)3] (H3btb = 1,3,5-ʪʨʠʩ(4-

ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʙʝʥʟʦʣ) ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʦ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʛʠʜʨʘʪʦʤ ʭʣʦʨʠʜʘ ʩʢʘʥ-

ʜʠʷ ʠ H3btb ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʦʜʢʠʩʣʝʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʜʠʤʝ-

ʪʠʣʬʦʨʤʘʤʠʜ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ, ʜʠʭʣʦʨʤʝʪʘʥ, ʚʦʜʘ) [50]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝ-
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ʥʠʝ 22 ʪʘʢ ʞʝ, ʢʘʢ ʥʝʩʢʦʣʴʢʦ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲ-

ʷʜʝʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ [Sc3(O)(O2CR)6]. ʂʘʞʜʳʡ ʪʨʝʭʲʷʜʝʨʥʳʡ ʩʪʨʦʠ-

ʪʝʣʴʥʳʡ ʙʣʦʢ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 12-ʶ ʩʦʩʝʜʥʠʤʠ ʙʣʦʢʘʤʠ ʩ ʧʦʤʦʱʴʶ ʰʝʩʪʠ ʤʦʩʪʠʢʦʚʳʭ ʣʠ-

ʛʘʥʜʦʚ btb
3ī
, ʦʙʨʘʟʫʷ ʚʳʩʦʢʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʜʝʨʞʘʱʫʶ ʢʘʥʘʣʳ ʜʠʘʤʝʪʨʦʤ 23 ¡ 

(ʨʠʩ. 20). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ: in 

situ ʜʠʬʨʘʢʮʠʷ ʥʘ ʧʦʨʦʰʢʘʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʣʘ ʩʦʭʨʘʥʝʥʠʝ ʢʨʠʩʪʘʣ-

ʣʠʯʥʦʩʪʠ ʜʦ 350ÁC. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʘʚʪʦʨʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ ʠʟ ʩʚʝʞʝʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʘʞʝ ʧʨʠ 350ÁC. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝʥʠʷ 13, ʧʨʠ ʟʘ-

ʤʝʥʝ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʥʘ ʘʮʝʪʦʥ ʚ ʩʦʝʜʠʥʝʥʠʠ 22 ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʢʦ-

ʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʠ 250ÁC. 

 

ʈʠʩ. 20. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc3O(btb)2(H2O)3] (22), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝ-

ʥʠʝ ʤʝʪʘʣʣʘ, ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ ʩ. ɸʪʦʤr Sc ʧʦʢʘʟʘʥʳ ʛʦʣʫʙʳʤ, O, ʢʨʘʩʥʳʡ, C, ʩʝʨʳʡ, H, ʙʝʣʳʡ 

ɸʚʪʦʨʳ [50] ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʘʢʪʠʚʠʨʦ-

ʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 22, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʷʤʳʤ ʥʘʛʨʝʚʘʥʠʝʤ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʦʙʨʘʟʝʮ 22ʘ) ʠ ʜʣʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʟʘʤʝʥʦʡ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʥʘ ʘʮʝʪʦʥ ʩ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ (ʦʙʨʘʟʝʮ 22b). ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʘʢʪʠʚʘʮʠʠ, ʬʦʨʤʘ ʠʟʦʪʝʨʤ 

ʩʦʨʙʮʠʠ ʥʦʩʠʪ ʩʪʫʧʝʥʯʘʪʳʡ ʭʘʨʘʢʪʝʨ, ʭʦʪʷ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʦʪʝʨʤʘ ʧʨʠʥʘʜʣʝ-

ʞʠʪ ʪʠʧʫ I, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʩʦʨʙʝʥʪʦʚ. ɿʥʘʯʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʣʦʱʘʜʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ Sɹʕʊ ʩʦʩʪʘʚʠʣʦ 1233 ʤ
2
/ʛ ʠ 1511 ʤ

2
/ʛ ʜʣʷ 22ʘ ʠ 22b, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʘʢʪʠʚʘʮʠʷ ʢʘʨʢʘʩʘ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʧʦʨʠʩʪʦʩʪʴ 

ʦʙʨʘʟʮʘ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʧʣʦʪʫ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʅ2 ʧʨʠ ʥʫʣʝʚʦʤ ʜʘʚ-

ʣʝʥʠʠ. ʊʘʢ, ʵʥʪʘʣʴʧʠʷ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʠʣʘ 2,59 ʢɼʞ/ʤʦʣʴ ʜʣʷ 22ʘ ʠ 6,90 

ʢɼʞ/ʤʦʣʴ ʜʣʷ ʦʙʨʘʟʮʘ 22b. ʉʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʪʝʧʣʦʪʳ ʘʜʩʦʨʙʮʠʠ ʩʚʷʟʘʥ ʩ ʛʝʥʝʨʘʮʠʝʡ 

ʦʪʢʨʳʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʢʘʨʢʘʩʝ ʧʨʠ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʘʢʪʠʚʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʘʞʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʘʢʪʠʚʘʮʠʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʨʙʮʠʠ ʛʘʟʦʚ. 

ɺ ʨʘʙʦʪʝ [81] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

[Sc2(bptc)(OH)2]Ā(H2O)1,25] (23) (H4bptc = 3,3',5,5'-ʙʠʬʝʥʠʣʪʝʪʨʘʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ). ʉʦ-

ʝʜʠʥʝʥʠʝ 23 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʛʠʜʨʘʪʘ ʪʨʠʬʣʘʪʘ ʩʢʘʥʜʠʷ ʩ H4bptc ʚ ʩʣʝʛʢʘ ʧʦʜʢʠʩʣʝʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 
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ɼʄʌɸ/ʊɻʌ/H2O. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 23 ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʙʠʷʜʝʨʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ {Sc2(ɛ
2
-OH)(O2CR)4}, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʟ ʘʪʦʤʦʚ ʩʢʘʥʜʠʷ ʥʘʭʦʜʠʪ-

ʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 6 ʘʪʦʤʦʚ O, 4 ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝ-

ʞʘʪ 4 ʨʘʟʥʳʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤ ʘʥʠʦʥʘʤ bptc
4-

 ʠ ʜʚʘ ʧʨʠʥʘʜʣʝʞʘʪ ʜʚʫʤ ɛ
2
-OH, ʩʦʝʜʠʥʷʶ-

ʱʠʤ ʩʢʘʥʜʠʝʚʳʝ ʮʝʥʪʨʳ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩ. 21). ɹʣʦʢʠ {Sc2(ɛ
2
-OH)(O2CR)4} ʦʙʨʘʟʫʶʪ 

{ Sc2O11} ʜʠʦʢʪʘʵʜʨʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʪʝʪʨʘ-

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ bptc
4-
, ʬʦʨʤʠʨʫʷ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʢʘʥʘʣʘʤʠ ʜʠʘʤʝʪʨʦʤ 

8,1 ¡. 

 

ʈʠʩ. 21. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc2(bptc)(OH)2] (23), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʤʝʪʘʣʣʘ, ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ b. ɸʪʦʤr Sc ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ, O, ʢʨʘʩʥʳʡ, C, ʯʝʨʥʳʡ, H, ʙʝʣʳʡ 

In situ ʜʠʬʨʘʢʮʠʷ ʥʘ ʧʦʨʦʰʢʘʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʦʝʜʠʥʝ-

ʥʠʝ ʩʦʭʨʘʥʷʝʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʜʦ 500Áʉ. ʉʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥʦ ʟʘʤʝʥʦʡ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʘʮʝʪʦʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ. ʀʟʦʪʝʨʤʘ ʩʦʨʙʮʠʠ N2 ʧʨʠ 77K ʠʤʝʝʪ 

ʬʦʨʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʠʧʫ I, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʣ-

ʥʫʶ ʘʢʪʠʚʘʮʠʶ ʢʘʨʢʘʩʘ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ɼʫʙʠʥʠʥʘ-ɸʩʪʘʭʦʚʘ ʜʠʘʤʝʪʨ ʧʦʨ ʩʦ-

ʩʪʘʚʣʷʝʪ 7,5 ¡, ʯʪʦ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ. ɿʥʘʯʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʡ 

ʧʣʦʱʘʜʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ Sɹʕʊ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʩʦʩʪʘʚʠʣʦ 1350 ʤ
2
/ʛ. ʀʟʦʪʝʨʤʳ 

ʩʦʨʙʮʠʠ H2 ʧʨʠ 87K ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʫʶ ʝʤʢʦʩʪʴ ʚ 2,14 % ʧʦ ʤʘʩʩʝ ʧʨʠ 1 ʙʘʨʝ, ʠ 3,84 % ʧʦ 

ʤʘʩʩʝ ʧʨʠ 20 ʙʘʨʘʭ. ʊʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ ʩʦʩʪʘʚʠʣʘ 5,96 ʢɼʞ/ʤʦʣʴ ʧʨʠ ʥʫʣʝʚʦʤ ʟʘʧʦʣʥʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ [1] ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʩʦʨʙʮʠʶ ʧʘʨʦʚ ʚʦʜʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦʨʙʮʠʠ CO2 ʧʨʠ ʨʘʟʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

[Sc2(bptc)(OH)2]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ CO2 ʚʦʟʨʘʩ-

ʪʘʝʪ ʩ 4,2 % ʧʦ ʤʘʩʩʝ ʚ ʩʫʭʠʭ ʫʩʣʦʚʠʷʭ ʜʦ 10,2 % ʧʦ ʤʘʩʩʝ ʧʨʠ 20 % ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞ-

ʥʦʩʪʠ ʧʨʠ 30Áʉ.ɺ ʨʘʙʦʪʝ [3] ʘʚʪʦʨʳ ʧʨʦʜʦʣʞʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʠʟʫʯʠʣʠ ʩʝʣʝʢʪʠʚʥʫʶ 

ʩʦʨʙʮʠʶ CO2 ʠʟ ʩʤʝʩʠ CO2/CH4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʦʚ ʚʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʟʥʘʯʝʥʠʝʤ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ CO2 ʚ 4,3 % ʧʦ ʤʘʩʩʝ ʧʨʠ 30Áʉ, ʢʦ-

ʪʦʨʦʝ ʜʚʫʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ (9,3% ʧʦ ʤʘʩʩʝ) ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʜʦ 

40 %. 

ɸʚʪʦʨʳ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 

[Sc2(bptc)(OH)2] [82] ʧʦ ʦʪʥʦʰʝʥʠʶ CO2, N2 ʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤ (ʨʠʩ. 22). ʉʦʝʜʠʥʝʥʠʝ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʨʙʮʠʠ CO2 ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʩʨʘʚʥʠʤʳʝ ʩ ʣʫʯʰʠʤʠ 

ʟʥʘʯʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ N2 ʚ ʩʤʝʩʠ CO2/N2 ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ 
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ʪʝʧʣʦʪʝ ʘʜʩʦʨʙʮʠʠ (29,5 ʢɼʞ/ʤʦʣʴ). 

 

ʈʠʩ. 22. ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʉʆ2 ʠ N2 ʧʨʠ 298K (ʩʣʝʚʘ) ʠ ʵʪʘʥʦʣʘ, ʪʦʣʫʦʣʘ ʠ ʮʠʢʣʦʛʝʢʩʘʥʘ ʧʨʠ 298K (ʩʧʨʘʚʘ) 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ [Sc2(bptc)(OH)2] (23) 

ʈʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʘʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ ʠ ʦʙʲʷʩʥʷʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʨʙʮʠʠ CO2 (ʨʠʩ. 23). 

ɻʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ CO2, ʵʪʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʩʣʘʙʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʙʣʠʞʘʡ-

ʰʠʤʠ CH-ʛʨʫʧʧʘʤʠ. 

 

ʈʠʩ. 23. ʎʝʥʪʨʳ ʘʜʩʦʨʙʮʠʠ ʉʆ2 ʚ ʩʦʝʜʠʥʝʥʠʠ [Sc2(bptc)(OH)2] (23), ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʬʫʥʢ-

ʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

ʈʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ ʪʘʢʞʝ ʦʙʲʷʩʥʷʶʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʦʨʙʮʠʠ ʵʪʠʣʦ-

ʚʦʛʦ ʩʧʠʨʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʨʙʮʠʠ ʥʝʧʦʣʷʨʥʳʭ ʪʦʣʫʦʣʘ ʠ ʮʠʢ-

ʣʦʛʝʢʩʘʥʘ. ʈʘʩʯʝʪʳ ʧʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʣʴ-

ʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʵʪʘʥʦʣʘ ʠ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʢʘʨʢʘʩʘ (ʨʠʩ. 24). 

ʈʘʩʯʝʪʳ ʧʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʪʦʣʫʦʣʘ, ʦʩ-

ʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚ ʧʦʨʘʭ ʢʘʨʢʘʩʘ ʦʢʘʟʳʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʪʦʣʫʦʣʘ ʠ ʣʠʛʘʥʜʦʚ ʚ ʩʪʝʥʢʘʭ ʧʦʨ ʢʘʨʢʘʩʘ ʠ ˊīˊ 

ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʨʠʩ. 25). ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʪʦʣʫʦʣʘ ʠ ʘʪʦʤʘʤʠ 

ʫʛʣʝʨʦʜʘ ʣʠʛʘʥʜʦʚ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3,74 ʜʦ 4,25 ¡. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠ-

ʤʠ ʢʦʣʴʮʘʤʠ ʧʨʠ ˊīˊ ʩʪʝʢʠʥʛʝ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3,37 ʜʦ 3,78 ¡. 
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ʈʠʩ. 24. ʎʝʥʪʨʳ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ ʚ ʩʦʝʜʠʥʝʥʠʠ [Sc2(bptc)(OH)2] (23), ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

 

ʈʠʩ. 25. ʎʝʥʪʨʳ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʪʦʣʫʦʣʘ (a, b) ʠ ʮʠʢʣʦʛʝʢʩʘʥʘ (c) ʚ ʩʦʝʜʠʥʝʥʠʠ [Sc2(bptc)(OH)2] (23), 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

ɺ ʨʘʙʦʪʝ [83] ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʠ ʧʘʨʦʚ ʠʦʜʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ ʩʦʝʜʠʥʝʥʠʷ 23 [ʄ2(bptc)(OH)2], ʛʜʝ M= Al , Sc, Fe, In. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʘʥ-

ʜʠʝʚʳʡ ʘʥʘʣʦʛ ʤʦʞʝʪ ʩʦʨʙʠʨʦʚʘʪʴ ʜʦ 1,54 ʚʝʩʦʚʳʭ ʵʢʚʠʚʘʣʝʥʪʘ ʠʦʜʘ, ʧʨʠ ʵʪʦʤ ʩʦʨʙʮʠʷ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʦʡ, ʘ ʢʘʨʢʘʩ ʩʦʭʨʘʥʷʝʪ ʩʪʨʫʢʪʫʨʫ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʚʪʦʨʳ ʩʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴ ʮʝʥʪʨʳ ʩʚʷʟʳʚʘ-

ʥʠʷ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʠʦʜʘ ʚ ʧʦʨʘʭ ʢʘʨʢʘʩʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫ-

ʣʳ ʠʦʜʘ ʩʘʤʦʘʛʨʝʛʠʨʫʶʪʩʷ ʚ ʮʝʧʦʯʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ ʤʦʣʝ-

ʢʫʣ ʠʦʜʘ ʢʘʨʢʘʩʦʤ ʩ ʨʝʢʦʨʜʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʠʦʜʘ ʚʥʫʪʨʠ ʧʦʨ ʢʘʨʢʘʩʘ, 

3,08 ʛ/ʩʤ
3
. 

ɺ ʨʘʙʦʪʝ [51] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʠ 3,3',5,5'-

ʘʟʦʙʝʥʟʝʥʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (H4abtc) ʚ ɼʄʌɸ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʩʦʝʜʠʥʝʥʠʝ 

[Sc3O(H2O)3(NO3)(abtc)1,5], ʚ̫ʣʷʶʱʠʤʩʷ ʘʥʘʣʦʛʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩʝʤʝʡʩʪʚʘ 

socMOF ʩʦ ʩʢʘʥʜʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ (24). ʉʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦ-

ʝʡ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʡ ʙʣʦʢ {Sc3(O)(O2CR)6}. ʕʪʠ ʙʣʦʢʠ ʩʣʫʞʘʪ ʫʟʣʘʤʠ ʨʝʰʝʪʢʠ ʠ ʩʦ-

ʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʠʘʟʦʙʝʥʟʦʣʪʝʪʨʘʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʩʪʨʫʢʪʫʨʫ ʩ ʪʦ-

ʧʦʣʦʛʠʝʡ soc ʠ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 5 ¡. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʦ-

ʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʢʘʥʜʠʝʚʳʡ ʘʥʘʣʦʛ socMOF ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʦʨ 

ʧʦ ʘʟʦʪʫ (0,57 ʩʤ
3
/ʛ), ʯʝʤ ʠʥʜʠʝʚʳʡ ʘʥʘʣʦʛ [In3O(H2O)3,(NO3)(abtc)1,5] (0,54 ʩʤ

3
/ʛ). ɺ ʨʘʙʦʪʝ 

[58] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ socMOF (Sc), ʧʦʢʘʟʳʚʘʝʪ ʢʨʘʡʥʝ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝ-

ʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ CðC ʠ ʉðN, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ 

ʩʣʠʰʢʦʤ ʤʘʣʳʤ ʜʠʘʤʝʪʨʦʤ ʧʦʨ ʚ ʢʘʨʢʘʩʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʜʦʩʪʫʧ ʨʝʘʛʝʥʪʦʚ ʢ ʘʢʪʠʚʥʳʤ 

ʮʝʥʪʨʘʤ, ʠ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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ʉʭʝʤʘ 7. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʩʦʝʜʠʥʝʥʠʷ 24 [84] 

ɺ ʨʘʙʦʪʝ [84] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʩʝʨʠʷ ʠʟ ʚʦʩʴʤʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ- ʠ ʪʨʝʭʟʘʨʷʜʥʳʭ ʤʝʪʘʣʣʦʚ [M
2+

2M
3+

(OH)(COO)6] (M
2+

 = Mg
2+

, 

Co
2+

, Mn
2+

, Ni
2+

, M
3+

 = Fe
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), ʷʚʣʷʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ 

ʩʦʝʜʠʥʝʥʠʷ 24. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ (ʥʠʪʨʘʪʦʚ, ʭʣʦʨʠʜʦʚ ʠ ʘʮʝʪʘʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʥʪʝ-

ʟʘ) ʤʝʪʘʣʣʦʚ ʩ H4abtc ʚ ʧʦʜʢʠʩʣʝʥʥʳʭ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʩʤʝʩʷʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʠʤʝʪʠʣʘ-

ʮʝʪʘʤʠʜʘ, ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʠʵʪʠʣʬʦʨʘʤʠʜʘ ʠ ʚʦʜʳ (ʩʭʝʤʘ 7). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ [FeMg2(H2O)3(OH)(abtc)1,5] ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʟʥʘ-

ʯʝʥʠʷʤʠ ʩʦʨʙʮʠʠ CO2 (9,27 ʤʤʦʣʴ/ʛ ʧʨʠ 273K) ʩʨʘʚʥʠʤʳʝ ʩ ʨʝʢʦʨʜʥʳʤʠ ʜʣʷ MOF-74. 

ʊʝʧʣʦʪʘ ʠʟʦʩʪʝʨʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ ʉʆ2 ʜʣʷ [VMg2(H2O)3(OH)(abtc)1,5] ʠʤʝʝʪ ʨʝʢʦʨʜʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ī79,6 ɼʞ/ʤʦʣʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʦʪ-

ʥʦʰʝʥʠʷ ʟʘʨʷʜʘ ʢʘʪʠʦʥʘ ʢ ʝʛʦ ʨʘʜʠʫʩʫ ʠ ʠʟʦʩʪʝʨʠʯʝʩʢʦʡ ʪʝʧʣʦʪʳ ʘʜʩʦʨʙʮʠʠ ʜʠʦʢʩʠʜʘ ʫʛ-

ʣʝʨʦʜʘ. 

 

ʉʭʝʤʘ 8. ʉʪʨʫʢʪʫʨʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʫʧʦʤʷʥʫʪʳʭ ʚ ʦʙʟʦʨʝ, ʠ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ 
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ɼʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʭʠʤʠʷ ʩʢʘʥʜʠʝʚʳʭ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʘʨʦʤʘʪʠʯʝ-

ʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʧʷʪʠʯʣʝʥʥʳʝ, ʪʘʢ ʠ ʰʝʩʪʠʯʣʝʥʥʳʝ 

ʮʠʢʣʳ (ʩʭʝʤʘ 8). ɻʝʪʝʨʦʘʪʦʤʳ ʚ ʮʠʢʣʝ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʪʴ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʪʘʢʞʝ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʪʘʣʣʘ ʠ ʧʨʠ-

ʚʦʜʠʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʪʦʧʦʣʦʛʠʡ. 

ɺ ʨʘʙʦʪʝ [81] ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ [Sc(tdc)(OH)]Ā(H2O)2,6 (25) 

(H2tdc = 2,5-ʪʠʦʬʝʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ). ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʘʪʘ ʪʨʠʬʣʘʪʘ ʩʢʘʥʜʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʦʡ ʚ ʩʣʝʛʢʘ ʧʦʜʢʠʩ-

ʣʝʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɼʄʌɸ/ʊɻʌ/H2O. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦ-

ʚʝ ʪʘʢʦʛʦ ʞʝ ʙʠʷʜʝʨʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ [Sc2(ɛ
2
-OH)(O2CR)4] ʢʘʢ ʠ ʚ ʩʦ-

ʝʜʠʥʝʥʠʝ 23, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʟ ʘʪʦʤʦʚ ʩʢʘʥʜʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ tdc
2-

, 

ʬʦʨʤʠʨʫʷ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʢʘʥʘʣʘʤʠ ʜʠʘʤʝʪʨʘ 6,3 ¡ (ʨʠʩ. 26). In situ ʜʠʬʨʘʢʮʠʷ 

ʥʘ ʧʦʨʦʰʢʘʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʢʨʠʩʪʘʣ-

ʣʠʯʥʦʩʪʴ ʜʦ 350Áʉ. ʉʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥʦ ʟʘʤʝʥʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʘʮʝ-

ʪʦʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ. ʀʟʦʪʝʨʤʘ ʩʦʨʙʮʠʠ N2 ʧʨʠ 77K ʠʤʝʝʪ ʬʦʨʤʫ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʫʶ ʪʠʧʫ I, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʣʥʫʶ ʘʢʪʠʚʘʮʠʶ 

ʢʘʨʢʘʩʘ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ɼʫʙʠʥʠʥʘ-ɸʩʪʘʭʦʚʘ ʜʠʘʤʝʪʨ ʧʦʨ ʩʦʩʪʘʚʣʷʝʪ 6,2 ¡, ʯʪʦ ʚ 

ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ. ɿʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʤʝʪʦʜʫ Sɹʕʊ, ʩʦʩʪʘʚʠʣʦ 1514 ʤ
2
/ʛ. ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ H2 ʧʨʠ 87K ʧʦʢʘʟʳ-

ʚʘʶʪ ʦʙʱʫʶ ʝʤʢʦʩʪʴ ʚ 2,31 % ʧʦ ʤʘʩʩʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʙʘʨ, ʠ 4,44% ʧʦ ʤʘʩʩʝ ʧʨʠ 20 ʙʘʨ. 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ ʩʦʩʪʘʚʠʣʘ 6,65 ʢɼʞ/ʤʦʣʴ ʧʨʠ ʥʫʣʝʚʦʤ ʟʘʧʦʣʥʝʥʠʠ. ɸʚ-

ʪʦʨʳ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʝʨʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ [2, 

82]. 

 

ʈʠʩ. 26. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc(tdc)(OH)], ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣ-

ʣʘ, ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ c. ɸʪʦʤr Sc ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ, O, ʢʨʘʩʥʳʡ, C, ʯʝʨʥʳʡ, S, ʞʝʣʪʳʡ, H, ʙʝʣʳʡ 

ɺ ʨʘʙʦʪʝ [2] ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʩʝʣʝʢʪʠʚʥʫʶ ʩʦʨʙʮʠʶ CO2 ʠʟ ʩʤʝʩʠ ʛʘʟʦʚ CO2/CH4 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʦʚ ʚʦʜʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ [Sc(tdc)(OH)]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦ-

ʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʦʙʱʠʤ ʟʥʘʯʝʥʠʝʤ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ CO2 ʚ 1,47 % ʧʦ ʤʘʩʩʝ ʧʨʠ 

30Áʉ, ʢʦʪʦʨʦʝ ʩʝʤʠʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ (9,90 % ʧʦ ʤʘʩʩʝ) ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʜʦ 40 %. 
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ɸʚʪʦʨʳ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 

[Sc(tdc)(OH)] [82] ʧʦ ʦʪʥʦʰʝʥʠʶ CO2, N2 ʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤ (ʨʠʩ. 27).  

 

ʈʠʩ. 27. ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʉʆ2 ʠ N2 ʧʨʠ 298K (ʩʣʝʚʘ) ʠ ʵʪʘʥʦʣʘ, ʪʦʣʫʦʣʘ ʠ ʮʠʢʣʦʛʝʢʩʘʥʘ ʧʨʠ 298K (ʩʧʨʘʚʘ) 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ [Sc(tdc)(OH)] (25) 

ʈʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʘʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ. ɺ ʨʘʩʩʯʠʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪʩʷ 

ʢʦʦʧʝʨʘʪʠʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ CO2, ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʠ ʉʅ-ʛʨʫʧʧʘʤʠ (ʨʠʩ. 28). ʅʝʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʨʙʮʠʠ ʥʝʧʦʣʷʨʥʳʭ ʪʦʣʫʦʣʘ ʠ 

ʮʠʢʣʦʛʝʢʩʘʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʥʦʣʦʤ ʦʙʲʷʩʥʷʶʪʩʷ ʨʘʩʯʝʪʘʤʠ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ʈʘʩʯʝʪʳ ʧʦ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʣʴʥʳʭ ʚʦʜʦʨʦʜ-

ʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʵʪʘʥʦʣʘ ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʢʘʨʢʘʩʘ (ʨʠʩ. 

29). 

 

ʈʠʩ. 28. ʎʝʥʪʨʳ ʘʜʩʦʨʙʮʠʠ ʉʆ2 ʚ ʩʦʝʜʠʥʝʥʠʠ [Sc(tdc)(OH)] (25), ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦ-

ʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

   

ʈʠʩ. 29. ʎʝʥʪʨʳ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ ʚ ʩʦʝʜʠʥʝʥʠʠ [Sc(tdc)(OH)], ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 
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ɺ ʨʘʙʦʪʝ [85] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʠ ʠʟʦʥʠʢʘʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʛʠʜ-

ʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ [Sc(OH)(inic)2(H2O)] (26) 

(Hinic = ʠʟʦʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ). ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 26 ʝʩʪʴ ʜʚʘ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ 

ʢʘʪʠʦʥʦʚ ʩʢʘʥʜʠʷ: ʢʘʪʠʦʥʳ Sc(1) ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝ-

ʥʠʠ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ O ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʦʥʠʢʘʪʠʥʘʪ-ʘʥʠʦʥʦʚ, 

ʜʚʫʭ ʘʪʦʤʦʚ O ʜʚʫʭ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʦʚ ʠ ʜʚʫʭ ʘʪʦʤʦʚ O ʜʚʫʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʪʝʨʤʠ-

ʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʂʘʪʠʦʥʳ Sc(2) ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʦʢʨʫʞʝʥʠʠ ʠʟ 4 ʘʪʦʤʦʚ O ʯʝʪʳʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʦʥʠʢʘʪʠʥʘʪ-ʘʥʠʦʥʦʚ ʠ ʜʚʫʭ ʘʪʦʤʦʚ O 

ʜʚʫʭ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʦʚ. ʆʜʠʥ ʠʟ ʠʟʦʥʠʢʦʪʠʥʘʪ-ʘʥʠʦʥʦʚ ʠ ʦʜʠʥ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʦʚ ʷʚ-

ʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʧʦʧʘʨʥʦ ʩʚʷʟʳʚʘʶʪ ʢʘʪʠʦʥʳ Sc(1) ʠ Sc(2), ʦʙʨʘʟʫʷ ʮʝʧʦʯʢʠ ʚʜʦʣʴ 

ʦʩʠ a. ʉʦʩʝʜʥʠʝ ʮʝʧʦʯʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ˊīˊ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʠʨʠ-

ʜʠʥʦʚʳʤʠ ʢʦʣʴʮʘʤʠ ʣʠʛʘʥʜʦʚ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʢʦʣʝʮ 3,3 ¡) (ʨʠʩ. 30).  

 

ʈʠʩ. 30. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc(OH)(inic)2(H2O)] (26), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫ-

ʞʝʥʠʝ ʤʝʪʘʣʣʘ, ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʝʡ b ʠ a 

 

ʈʠʩ. 31. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc3(imdc)4(H2O)4](NO3)ĿH2O (27), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ, ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʝʡ b ʠ c 

ʉʦʝʜʠʥʝʥʠʝ [Sc3(imdc)4(H2O)4](NO3)ĿH2O (27) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʠ 4,5-ʠʤʠʜʘʟʦʣʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H2imdc = 4,5-

ʠʤʠʜʘʟʦʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʚ ʧʦʜʢʠʩʣʝʥʥʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʝʩʪʴ ʜʚʘ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʪʠʦʥʦʚ ʩʢʘʥʜʠʷ. 

ʂʘʪʠʦʥʳ Sc(1) ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 4 ʘʪʦʤʦʚ O ʠ 4 ʘʪʦʤʦʚ N ʯʝ-

ʪʳʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʤʠʜʘʟʦʣʠʣʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ, ʭʝʣʘʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʪʠʦʥʦʤ ʤʝ-
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ʪʘʣʣʘ. ʂʘʪʠʦʥʳ Sc(2) ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 4 ʤʦ-

ʥʦʜʝʥʪʘʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʘʪʦʤʦʚ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʣʠʛʘʥʜʦʚ ʠ 

ʜʚʫʭ ʘʪʦʤʦʚ O ʜʚʫʭ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʦʚ. ʂʘʪʠʦʥʳ Sc(1) ʠ Sc(2) ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʦʛʦ ʠʤʠʜʘʟʦʣʜʠʢʘʨʙʦʢʩʠʣʘʪʘ, ʦʙʨʘʟʫʷ ʮʝʧʦʯʢʠ ʚʜʦʣʴ ʦʩʠ c. ʎʝʧʦʯʢʠ 

ʠʤʝʶʪ ʬʦʨʤʫ ʙʘʙʦʯʢʠ ʠ ʥʝ ʩʚʷʟʘʥʳ ʩ ʩʦʩʝʜʥʠʤʠ ʮʝʧʦʯʢʘʤʠ (ʨʠʩ. 31).  

ɸʚʪʦʨʳ ʠʟʫʯʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʘʢʮʠʠ ʮʠʘʥʦ-

ʩʠʣʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤʠ ʛʝʪʝ-

ʨʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʚ ʠʟʫʯʝʥʥʳʭ ʨʝʘʢʮʠʷʭ, ʧʨʠʯʝʤ ʩʦʝʜʠʥʝʥʠʝ 26 ʧʨʠʚʦʜʠʪ ʢ 100 

% ʚʳʭʦʜʘʤ ʚ ʩʣʫʯʘʝ ʘʣʴʜʝʛʠʜʦʚ ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʙʝʥʟʦʣʘʤʠ ʠ ʢ 74 % ʚʳʭʦʜʫ ʚ ʩʣʫʯʘʝ 1-

ʥʘʬʪʠʣʘʣʴʜʝʛʠʜʘ. ʉʦʝʜʠʥʝʥʠʝ 27 ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʚʦ ʚʩʝʭ ʩʣʫʯʘ-

ʷʭ ʢʨʦʤʝ ʥʠʪʨʦʟʘʤʝʱʝʥʥʦʛʦ ʙʝʥʟʘʣʴʜʝʛʠʜʘ (98 %) ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ ʦʪ 30 ʜʦ 50 %. 

ɺ ʨʘʙʦʪʝ [86] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʄʆʂʇ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʦʙʱʝʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ {Sc2(pydc)2} (H2pydc = 2,3-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩ-

ʣʦʪʘ). ɺʩʝ ʪʨʠ ʩʪʨʫʢʪʫʨʳ 28ï30 ʩʦʜʝʨʞʘʪ ʩʭʦʞʠʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ { Sc2(pydc)2}, ʯʪʦ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʧʝʮʠʬʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ pydc
2ī

 ʠ ʙʣʠʟʢʠʭ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ (ʨʠʩ. 32). 

 

 

ʈʠʩ. 32. ʉʪʨʫʢʪʫʨʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ Sc2(pydc)2 ʚ ʩʦʝʜʠʥʝʥʠʷʭ 28 (a), 29 (b) ʠ 30 (c) 

 ʎʝʧʦʯʝʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 28 ʩʦʩʪʘʚʘ [Sc(pydc)(Hpydc)(H2O)]ĿH2O ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʢʩʘʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ, 2,3-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʝ 

ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (pH 12,5). ɸʪʦʤʳ ʩʢʘʥʜʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʦʢʨʫʞʝʥʠʠ ʩ ʂʏ = 7, ʩʦʩʪʦʷʱʝʤ ʠʟ 5 ʘʪʦʤʦʚ O, ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʢʘʨ-

ʙʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʣʠʛʘʥʜʘ, ʘ ʦʜʠʥ ʘʪʦʤ ï ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ ʚʦʜʳ, ʠ ʜʚʫʭ 

ʘʪʦʤʦʚ ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʣʠʛʘʥʜʘ. ʃʠʛʘʥʜʳ pydc
2ī

 ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʢʦ-

ʦʨʜʠʥʠʨʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢ ʜʚʫʤ ʢʘʪʠʦʥʘʤ ʩʢʘʥʜʠʷ, ʦʙʨʘʟʫʷ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ 

{ Sc2(pydc)2}, ʢʦʪʦʨʳʝ ʜʘʣʴʰʝ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʮʝʧʦʯʢʠ ʚʜʦʣʴ ʦʩʠ ʘ, ʧʦʭʦʞʠʝ 

ʧʦ ʬʦʨʤʝ ʥʘ ʣʝʩʪʥʠʮʫ. ʂ ʢʘʞʜʦʡ ʮʝʧʦʯʢʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʝʣʘʪʠʨʫʶ-

ʱʠʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ pydc
2ī
. ʎʝʧʦʯʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 

33). 
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ʈʠʩ. 33. ʉʪʨʫʢʪʫʨʘ ʮʝʧʦʯʢʠ ʩʦʝʜʠʥʝʥʠʷ [Sc(pydc)(Hpydc)(H2O)]ĿH2O (28) ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ [100] 

ʉʣʦʠʩʪʦʝ ʩʦʝʜʠʥʝʥʠʝ 29 ʩʦʩʪʘʚʘ [Sc2(pydc)3(H2O)4]Ŀ5H2O ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʥʪʝʟʫ ʩʦʝʜʠʥʝʥʠʷ 30, ʥʦ ʚ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (pH 12,8). ʇʦ 

ʜʘʥʥʳʤ ʈʉɸ ʚ ʩʪʨʫʢʪʫʨʝ ʝʩʪʴ ʜʚʘ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʘʪʦʤʦʚ ʩʢʘʥ-

ʜʠʷ, Sc(1) ʠ Sc(2). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʘʪʦʤʘ Sc(1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʠʩ-

ʢʘʞʝʥʥʦʡ ʧʝʥʪʦʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʚʫʤʷ ʘʪʦʤʘʤʠ N ʧʠʨʠʜʠʥʦʚʦʛʦ 

ʢʦʣʴʮʘ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ pydc
2ī

 ʠ ʦʜʥʠʤ 

ʘʪʦʤʦʤ O ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɸʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʷʪʳ ʘʪʦʤʘʤʠ O, 

ʦʜʠʥ ʧʨʠʥʘʜʣʝʞʠʪ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʣʠʛʘʥʜʘ, ʘ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ 

ʚʦʜʳ. ɸʪʦʤ Sc(2) ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʠʩʢʘʞʝʥʥʦʡ ʧʝʥʪʦʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ ʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 5 ʘʪʦʤʦʚ O ʠ ʦʜʥʦʛʦ ʘʪʦʤʘ N. ʄʝʪʘʣʣʠʯʝ-

ʩʢʠʝ ʮʝʥʪʨʳ Sc(1) ʩʦʝʜʠʥʷʝʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʨʘʟʫʶʪ 

ʩʣʦʠ ʚ ʧʣʦʩʢʦʩʪʠ ab, ʩʚʷʟʳʚʘʷʩʴ ʩ ʮʝʥʪʨʘʤʠ Sc(2) ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʧʠʨʠ-

ʜʠʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ. ʇʦʣʫʯʠʚʰʠʝʩʷ ʩʣʦʠ ʬʦʨʤʠʨʫʶʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʪʨʝʭʤʝʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩ. 34). 

 

ʈʠʩ. 34. ʉʪʨʫʢʪʫʨʘ ʩʣʦʷ ʩʦʝʜʠʥʝʥʠʷ [Sc2(pydc)3(H2O)4]Ŀ5H2O (29) ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ [100] 

ʂʘʨʢʘʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 30 ʩʦʩʪʘʚʘ [Sc(pydc)(H2O)(NO3)] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʛʝʢʩʘʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʠ 2,3-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʝ ʚ ʛʠʜ-

ʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʢʨʠʩʪʘʣ-

ʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʡ ʘʪʦʤ ʩʢʘʥʜʠʷ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʚʠʜʝ ʠʩʢʘʞʝʥʥʦʡ ʧʝʥʪʦʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ, ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʪʨʠ ʘʪʦʤʘ 

O ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ pydc
2ī

, ʦʜʠʥ ʘʪʦʤ N ʧʠʨʠʜʠʥʦʚʦʛʦ 

ʢʦʣʴʮʘ ʣʠʛʘʥʜʘ, ʜʚʘ ʘʪʦʤʘ O ʥʠʪʨʘʪ-ʘʥʠʦʥʘ ʠ ʦʜʠʥ ʘʪʦʤ O ʪʝʨʤʠʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 
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ʇʘʨʘ ʣʠʛʘʥʜʦʚ pydc
2ī

 ʩʠʤʤʝʪʨʠʯʥʦ ʩʚʷʟʳʚʘʝʪ ʜʚʘ ʘʪʦʤʘ ʩʢʘʥʜʠʷ ʚ ʙʣʦʢ {Sc2(pydc)2}, ʩʭʦ-

ʞʠʡ ʧʦ ʩʪʨʦʝʥʠʶ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʩʦʝʜʠʥʝʥʠʡ 29 ʠ 30. ʕʪʠ ʙʣʦʢʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʩʧʠʨʘʣʠ ʚʜʦʣʴ ʦʩʠ c ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ pydc
2ī
. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪʩʷ ʜʚʘ ʪʠʧʘ ʩʧʠʨʘʣʝʡ, ʣʝʚʦʟʘʢʨʫʯʝʥʥʳʝ ʠ ʧʨʘʚʦʟʘʢʨʫʯʝʥʥʳʝ (ʨʠʩ. 

35). ʂʘʞʜʘʷ ʣʝʚʦʟʘʢʨʫʯʝʥʥʘʷ ʩʧʠʨʘʣʴ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʪʨʝʤʷ ʩʦʩʝʜʥʠʤʠ ʧʨʘʚʦʟʘʢʨʫʯʝʥʥʳʤʠ 

ʩʧʠʨʘʣʷʤʠ ʯʝʨʝʟ ʚʪʦʨʠʯʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ Sc2(pydc)2, ʪʘʢ ʞʝ ʢʘʢ ʢʘʞʜʘʷ ʧʨʘʚʦʟʘʢʨʫ-

ʯʝʥʥʘʷ ʩʧʠʨʘʣʴ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʪʨʝʤʷ ʩʦʩʝʜʥʠʤʠ ʣʝʚʦʟʘʢʨʫʯʝʥʥʳʤʠ ʩʧʠʨʘʣʷʤʠ. ʃʝʚʦʟʘʢʨʫ-

ʯʝʥʥʳʝ ʠ ʧʨʘʚʦʟʘʢʨʫʯʝʥʥʳʝ ʩʧʠʨʘʣʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʙʣʦʢʠ {Sc2(pydc)2} 

ʠ ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʪʦʧʦʣʦʛʠʝʡ ʦʢʩʠʜʘ ʥʠʦʙʠʷ(II) nbo-a. 

 

ʈʠʩ. 35. ʉʪʨʫʢʪʫʨʘ ʣʝʚʦ- ʠ ʧʨʘʚʦʟʘʢʨʫʯʝʥʥʳʭ ʮʝʧʦʯʝʢ ʩʦʝʜʠʥʝʥʠʷ [Sc(pydc)(H2O)(NO3)] (30) ʠ ʚʠʜ ʩʪʨʫʢʪʫ-

ʨʳ ʚʜʦʣʴ ʦʩʠ [110] [86] 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ (5 ʜʥʝʡ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʚʦʜʝ) ʠ ʪʝʨ-

ʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʜʦ 350Áʉ ʩʦʛʣʘʩʥʦ ʧʦʨʦʰʢʦʚʳʭ ʜʠʘʛʨʘʤʤ) ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ ʄʆʂʇ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʘʢʮʠʠ ʮʠʘʥʦʩʠʣʠʣʠʨʦʚʘʥʠʷ 

ʧ-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ. ɺʩʝ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʦʥʚʝʨʩʠʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 85 %. 

ʉʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʪʣʠʯʘʶʪʩʷ ʠ ʄʆʂʇ Sc(III ) c 4,6-

ʧʠʨʠʤʠʜʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ [33]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʪʨʠ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ [Sc(ɛ-pmdc)(ɛ-ox)0,5(H2O)2]Ŀ3H2O (31, 

H2pmdc = 4,6-ʧʠʨʠʤʠʜʠʥʜʠʢʘʨʙʦʢʩʠʣʘʪ, ox = ʦʢʩʘʣʘʪ), [Sc(ɛ-pmdc)(ɛ-OH)(H2O)]ĿH2O (32) 

ʠ [Sc2(pmdc)(OH)3Cl]ĀDMFĀ2H2O (33) ʩ ʨʘʟʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʘʪʦʤ ʩʢʘʥ-

ʜʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ [Sc(ɛ-pmdc)(ɛ-ox)0,5(H2O)2]Ŀ3H2O (31) ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ 

ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ pmdc
2ī
, ʭʝʣʘʪʠʨʫʶʱʠʤ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʤ (ʧʦʣʫʯʝʥ ʚ ʭʦʜʝ ʯʘ-

ʩʪʠʯʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʣʠʛʘʥʜʘ pmdc
2ī
) ʠ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠ-

ʵʜʨ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʦʛʦ ʜʦʜʝʢʘʵʜʨʘ ʠʣʠ ʩʬʝʨʠʯʝʩʢʦʡ ʜʚʘʞʜʳ ʥʘʨʘ-

ʱʸʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ. ɸʪʦʤʳ ʩʢʘʥʜʠʷ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʤʦ-

ʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ pmdc
2ī

 ʚ ʮʝʧʦʯʢʠ ʚʜʦʣʴ ʦʩʠ b. ʎʝʧʦʯʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʩʦʩʝʜʥʠʤʠ ʟʘ 
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ʩʯʝʪ ʤʦʩʪʠʢʦʚʳʭ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ, ʦʙʨʘʟʫʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʢʘʥʘʣʳ ʚʜʦʣʴ ʦʩʠ c (ʨʠʩ. 36). 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʡʪʨʘʣʴʥʳʝ ʩʣʦʠ ʪʦʧʦʣʦʛʠʠ ʧʯʝʣʠʥʳʭ ʩʦʪ 

(hcb) ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʤʝʞʜʫ ʥʠʤʠ, ʠ ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʦʧʫʙʣʠ-

ʢʦʚʘʥʥʦʤʫ ʨʘʥʝʝ ʩʝʤʝʡʩʪʚʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʠʜʦʚ [87]. 

 

ʈʠʩ. 36. ʉʪʨʫʢʪʫʨʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc(ɛ-pmdc)(ɛ-ox)0.5(H2O)2]Ŀ3H2O (31) ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 

ʚʜʦʣʴ ʦʩʠ c 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ [Sc(ɛ-pmdc)(ɛ-OH)(H2O)]ĿH2O (32) ʘʪʦʤ 

ʩʢʘʥʜʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ pmdc
2ī
, ʦʜʥʦʡ ʪʝʨʤʠʥʘʣʴʥʦʡ 

ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʠ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʘʤʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʳʡ ʧʦʣʠʵʜʨ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʦʡ ʧʝʥʪʦʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ. 

ʄʦʩʪʠʢʦʚʳʝ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʳ ʩʚʷʟʳʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʘ ʢʘʪʠʦʥʘ ʩʢʘʥʜʠʷ, ʦʙʨʘʟʫʷ ʜʠ-

ʤʝʨ [Sc2(pmdc)4(ɛ-OH)2(H2O)2]
4ī
. ʕʪʠ ʜʠʤʝʨʳ ʩʦʝʜʠʥʷʝʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʤʦ-

ʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ pmdc
2ī

 ʚ ʩʣʦʠ ʩ ʪʦʧʦʣʦʛʠʝʡ sql. ʉʣʦʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦ-

ʤʦʱʴʶ ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʨʠʩ. 37). 

 

ʈʠʩ. 37. ʉʪʨʫʢʪʫʨʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ [Sc(ɛ-pmdc)(ɛ-OH)(H2O)]ĿH2O (32) ʠ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 

ʚʜʦʣʴ ʩʣʦʷ 

ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ [Sc2(pmdc)(OH)3Cl]ĀDMFĀ2H2O (33) ʙʳʣʠ ʫʩʪʘʥʦʚʣʝ-

ʥʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ (ʵʣʝʤʝʥʪʥʳʡ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ ʠ ʵʥʝʨ-

ʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ 
13
ʉ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʗʄʈ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʣʠʯʠʷ ʣʠʛʘʥʜʘ ʚ ʩʪʨʫʢʪʫ-

ʨʝ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʥʘ ʧʦʨʦʰʢʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ). ɸʚʪʦʨʳ ʠʟʫʯʠʣʠ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʷʤʘʷ 
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ʘʢʪʠʚʘʮʠʷ ʥʘʛʨʝʚʘʥʠʝʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʛʦʩʪʝʚʳʝ ʤʦʣʝʢʫʣʳ ʠʟ ʢʘʨʢʘʩʘ, 

ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʘʜʩʦʨʙʮʠʠ ʛʘʟʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʵʪʦʤʫ ʩʦʝʜʠ-

ʥʝʥʠʝ ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʘʢʪʠʚʠʨʦʚʘʥʦ ʟʘʤʝʥʦʡ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʥʘ ʙʦʣʝʝ ʣʝʪʫ-

ʯʠʡ ʤʝʪʘʥʦʣ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ. ʆʙʨʘʟʝʮ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʨʞʘʥʥʳʡ ʚ ʤʝʪʘ-

ʥʦʣʝ, ʠʤʝʝʪ ʧʦʯʪʠ ʚʜʚʦʝ ʙʦʣʴʰʫʶ ʝʤʢʦʩʪʴ ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ ʠʩʭʦʜʷ ʠʟ ʠʟʦʪʝʨʤʳ ʩʦʨʙ-

ʮʠʠ ʘʟʦʪʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʌʦʨʤʘ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ CO2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ I ʪʠʧʫ, ʦʪ-

ʚʝʯʘʶʱʝʤʫ ʤʠʢʨʦʧʦʨʠʩʪʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʘ ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 28 ʢɼʞ/ʤʦʣʴ. 

ɺ ʨʘʙʦʪʝ [88] ʧʦʣʫʯʝʥʳ ʜʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷ 34, 35 ʩʦʩʪʘʚʘ [ScLi(ɛ
4
-

pmdc)2(H2O)], ʠ [ScNa(ɛ
4
-pmdc)2(H2O)], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (pmdc

2ï
 = 4,6-

ʧʠʨʠʤʠʜʠʥʜʠʢʘʨʙʦʢʩʠʣʘʪ). ʉʦʝʜʠʥʝʥʠʷ 34 ʠ 35 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦ-

ʙʘʤʠ, ʧʨʠ ʵʪʦʤ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʟʘʚʠʩʝʣ ʪʠʧ ʚʢʣʶʯʝʥʥʦʛʦ ʢʘʪʠʦʥʘ, ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, 

ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʦʧʫʙʣʠ-

ʢʦʚʘʥʥʳʤ ʨʘʥʝʝ [89]. ɺ ʩʪʨʫʢʪʫʨʝ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʝʩʪʴ ʜʚʘ ʪʠʧʘ ʫʟʣʦʚ (ʨʠʩ. 38). ʇʝʨʚʳʡ 

ʪʠʧ ʫʟʣʦʚ ʩʦʩʪʦʠʪ ʠʟ ʢʘʪʠʦʥʘ ʩʢʘʥʜʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 4 

ʘʪʦʤʦʚ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʣʠʛʘʥʜʘ ʠ 4 ʘʪʦʤʦʚ N ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʣʠʛʘʥʜʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʯʝʪʳʨʝʤ ʭʝʣʘʪʠʨʫʶʱʠʤ ʣʠʛʘʥʜʘʤ. ɺʪʦʨʦʡ ʪʠʧ ʫʟʣʦʚ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʘ 

ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ, ʥʘʭʦʜʷʱʝʛʦ ʚ ʠʩʢʘʞʝʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 4 ʘʪʦʤʦʚ O 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʝʭʝʣʘʪʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʃʠʛʘʥʜʳ, ʢʦʦʨʜʠ-

ʥʠʨʫʶʱʠʝ ʱʝʣʦʯʥʦʡ ʤʝʪʘʣʣ, ʦʙʨʘʟʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʡ ʢʦʥʥʝʢʪʦʨ, ʂʏ ʢʦʥʥʝʢʪʦʨʘ 

ʨʘʚʥʦ 4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʠʦʥʳ ʩʢʘʥʜʠʷ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʪʘʢʠʝ ʧʣʦʩʢʠʝ 

ʢʦʥʥʝʢʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʫʛʣʦʤ 90Á ʩ ʩʦʩʝʜʥʠʤ ʢʦʥʥʝʢʪʦʨʦʤ, ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩ ʪʦʧʦʣʦʛʠʝʡ nbo. ɺ ʩʪʨʫʢʪʫʨʝ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʪʠʧʦʚ ʧʦʣʦ-

ʩʪʝʡ: ʢʫʙʠʯʝʩʢʠʝ ʧʦʣʦʩʪʠ ʨʘʟʤʝʨʦʤ 9,4 ¡, ʤʝʥʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ ʧʦʣʦʩʪʠ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 6 

¡ (ʨʠʩ. 39). ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 34 ʠ 35 ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʤʝʪʦʜʫ 

ʄʦʥʪʝ-ʂʘʨʣʦ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥ rʠʭ 

ʧʨʦʪʦʥʥʘʷ ʠ ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʦʙʨʘʟʮʘʭ ʜʦʧʠʨʦʚʘʥʥʳʭ Mn
2+

 ʠ Cd
2+
. ʉ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʗʄʈ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʜʦʧʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʘʪʦʤʳ ʩʢʘʥʜʠʷ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪʩʷ ʢʘʪʠʦʥʘʤʠ ʤʘʨʛʘʥʮʘ ʠ 

ʢʘʜʤʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠ  ʁʢʦʣʠʯʝʩʪʚʘ ʢʘʪʠʦʥʦʚ ʣʠʪʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʜʣʷ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʟʘʨʷʜʘ. ɼʦʧʠʨʦʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ. ɹʦʣʴʰʠʡ ʵʬʬʝʢʪ ʦʢʘʟʘʣʦ ʚʳʜʝʨʞʠʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʢʘʨʢʘ-

ʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ LiBF4 ʠ NaPF6, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʦ 

4,2Ĭ10
ï4

 ʠ 9,2Ĭ10
ï5

 ʉʤ/ʩʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 38. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ [ScLi(ɛ
4
-pmdc)2(H2O)], ʠ  

[ScNa(ɛ
4
-pmdc)2(H2O)] (34 ʠ 35) ʠ ʩʭʝʤʘ ʩʚʷʟʳʚʘʥʠʷ ʙʣʦʢʦʚ 
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ɺ ʨʘʙʦʪʝ [90] ʙʳʣ ʧʦʢʘʟʘʥ ʩʠʥʪʝʟ ʜʚʫʭ ʩʝʨʠʡ ʠʟʦʨʝʪʠʢʫʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʩ ʫʣʴʪʨʘʙʦʣʴʰʠʤʠ ʧʦʨʘʤʠ PCN-332 (36) ʠ PCN-333 (37), ʩʦʩʪʘʚʘ 

[Sc3O(bttc)2(H2O)3] ʠ [Sc3O(tatb)2(H2O)3], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʷʚʣʷʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʥʘ-

ʣʦʛʘʤʠ MIL -100. ʉʦʝʜʠʥʝʥʠʷ 36 ʠ 37 ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ (H3bttc = ʙʝʥʟʦ-ʪʨʠʩ-ʪʠʦʬʝʥʪʨʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʜʣʷ PCN-

332 ʠ H3tatb = 4,4',4'-s-ʪʨʠʘʟʠʥ-2,4,6-ʪʨʠʠʣ-ʙʝʥʟʪʨʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʜʣʷ PCN-333) ʚ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʘʙʦʪʝ [91] ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʩʦʝʜʠʥʝʥʠʷ 37 ʤʝʪʦʜʦʤ ʧʦʩʪʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ-

ʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʘ ʚ ʠʟʥʘʯʘʣʴʥʳʡ ʢʘʨ-

ʢʘʩ ʙʳʣʠ ʚʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ (ʛʠʜʨʦʢʩʠ-, ʘʤʠʥʦ-, ʘʟʠʜʦ-, ʘʣʢʝʥʦ-, 

ʘʣʢʠʥʦ- ʠ ʭʠʨʘʣʴʥʘʷ ʛʨʫʧʧʳ). ɺ ʧʦʣʫʯʝʥʥʳʡ ʢʘʨʢʘʩ ʩ ʘʟʠʜʦʛʨʫʧʧʦʡ ʩ ʧʦʤʦʱʴʶ ʢʣʠʢ-

ʨʝʘʢʮʠʠ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʥ BODIPY, ʠʟʚʝʩʪʥʳʡ ʩʚʦʠʤʠ ʬʣʫʦʨʦʬʦʨʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʣ ʩʚʦʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʨʢʘʩʫ.  

1.3. ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʦʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ 

 

ʉʭʝʤʘ 9. ʉʪʨʫʢʪʫʨʘ ʩʫʣʴʬʦʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʫʧʦʤʷʥʫʪʳʭ ʚ ʦʙʟʦʨʝ, ʠ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʉʆʂʇ ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʫʣʴʬʦ-

ʥʘʪʥʳʝ ʣʠʛʘʥʜʳ (ʩʭʝʤʘ 9). ʆʪʣʠʯʠʝʤ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʦʪ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʪʨʝʪʴʝʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ ʩʫʣʴʬʦʥʘʪʥʦʡ ʛʨʫʧʧʝ, ʢʦʪʦʨʡr ʤʦʞʝʪ, ʢʘʢ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ 

ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʘʪʠʦʥʘ, ʪʘʢ ʠ ʦʩʪʘʚʘʪʴʩʷ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ. ʏʘʱʝ ʜʣʷ 

ʩʠʥʪʝʟʘ ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʙʝʥ-

ʟʦʣ- ʠ ʥʘʬʪʘʣʝʥʩʫʣʴʬʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʝ ʢʘʣʠʢʩʘʨʝʥʦ-

ʚʳʝ ʣʠʥʢʝʨʳ. 

ɺ ʨʘʙʦʪʝ [92] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 38 ʠ 39 ʩʦʩʪʘʚʘ [Sc2(1,5-nds)(OH)4] ʠ 

[Sc2(2,6-nds)(OH)4] ʩ 1,5- ʠ 2,6-ʥʘʬʪʘʣʠʥʜʠʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ (H2(1,5-nds) ʠ H2(2,6-
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nds)), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ(III) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʠʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʆʙʘ 

ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ. ʂʘʪʠʦʥ ʩʢʘʥʜʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 6 ʘʪʦʤʦʚ O, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʤʦʩʪʠʢʦʚʳʤ ʩʫʣʴʬʦ-

ʥʦʚʳʤ ʛʨʫʧʧʘʤ, ʘ ʯʝʪʳʨʝ ʦʩʪʘʚʰʠʭʩʷ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʘʤ. ɻʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʳ ʚʳʩʪʫʧʘʶʪ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʩʚʷʟʳʚʘʶʪ ʢʘʪʠʦʥʳ ʩʢʘʥʜʠʷ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ a ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 38 ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ [110] ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 39. ʎʝʧʦʯʢʠ ʩʚʷ-

ʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʧʣʦʩʢʦʩʪʠ ab ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʛʨʫʧʧʳ OðSðO, ʘ ʚʜʦʣʴ ʦʩʠ c 

ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ 1,5-nds ʠ 2,6-nds, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 39). 

 

 

ʈʠʩ. 39. ʉʪʨʫʢʪʫʨʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʦʝʜʠʥʝʥʠʡ [Sc2(1,5-nds)(OH)4] (38) ʠ [Sc2(2,6-nds)(OH)4] (39) ʠ 

ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʢʘʩʦʚ 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢ-

ʮʠʷʭ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʣʠʥʘʣʦʦʣʘ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʠʣʬʝʥʠʣʩʫʣʴʬʠʜʘ. 

ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʩʝʣʝʢʪʠʚʥʳʤʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʚ ʨʝʘʢʮʠʠ ʩ 

ʣʠʥʘʣʦʦʣʦʤ, ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ 60 ʠ 100 % ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ [Sc2(1,5-nds)(OH)4] ʠ 

[Sc2(2,6-nds)(OH)4], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʤʝʪʠʣʬʝʥʠʣʩʫʣʴʬʠʜʘ ʦʙʘ ʢʘʨʢʘʩʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 100 % ʢʦʥʚʝʨʩʠʶ ʜʣʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʙʦʣʝʝ ʵʬ-



48 
 

ʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤʠ ʩʫʢʮʠʥʘʪʦʤ ʠ ʪʝʨʝʬʪʘʣʘ-

ʪʦʤ ʩʢʘʥʜʠʷ [37, 38, 40]. 

ɺ ʨʘʙʦʪʝ [93] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʩʢʘʥʜʠʷ(III) ʠ 3,5-

ʜʠʩʫʣʴʬʦʙʝʥʟʦʣʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H2dsb) ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʩ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ. 

ʉʦʝʜʠʥʝʥʠʝ 40 ʩʦʩʪʘʚʘ [Sc3(dsb)2(ɛ-O2H3)(ɛ-OH)2(H2O)2] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʩ H2dsb ʚ ʚʦʜʝ (pH 3,5) ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʦ-

ʝʜʠʥʝʥʠʝ 41 ʩʦʩʪʘʚʘ [Sc3(dsb)2(ɛ-OH)3(H2O)4] ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʚ ʩʤʝʩʠ ʩ ʩʦ-

ʝʜʠʥʝʥʠʝʤ 40 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʠʟʥʘʯʘʣʴʥʫʶ ʩʤʝʩʴ ʨʝʘʛʝʥʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ 

Na2dsb. ʉʦʝʜʠʥʝʥʠʝ 42 ʩʦʩʪʘʚʘ [Sc3(dsb)(ɛ-OH)6(H2O)] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʩʢʘʥʜʠʷ ʩ Na2dsb ʚ ʚʦʜʝ (pH 4) ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʦʝʜʠʥʝʥʠʝ 

43 ʩʦʩʪʘʚʘ [Sc(dsb)(Phen)(H2O)](H2O) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ 

ʩʢʘʥʜʠʷ ʩ Na2dsb ʠ ʬʝʥʘʥʪʨʦʣʠʥʦʤ (Phen) ʚ ʚʦʜʝ (pH 4) ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʨʘʟ-

ʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 40). 

 

ʈʠʩ. 40. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʦʝʜʠʥʝʥʠʡ 40ï43 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 40 [Sc3(dsb)2(ɛ-O2H3)(ɛ-OH)2(H2O)2] ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ 

ʩʦʜʝʨʞʠʪ ʪʨʝʭʲʷʜʝʨʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ {( ScO6)ï(O2H3)ï(ScO6)} . ʕʪʠ ʚʪʦ-

ʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʚʜʦʣʴ ʦʩʝʡ b ʠ c ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʢʘʨ-

ʙʦʢʩʠʣʘʪʥʳʭ ʠ ʩʫʣʴʬʦʥʦʚʳʭ ʛʨʫʧʧ. ʇʦʣʫʯʠʚʰʘʷʩʷ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʪʦʧʦʣʦʛʠʶ 

kgd. ʉʣʦʠ ʩʚʷʟʳʚʘʶʪʩʷ ʚʦʜʦʨʦʜʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦ-

ʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʩʫʣʴʬʦʥʦʚʳʭ ʛʨʫʧʧ, ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩ ʪʦʧʦʣʦʛʠʝʡ ʬʣʶʦʨʠʪʘ CaF2 (ʨʠʩ. 41). 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 41 [Sc3(dsb)2(ɛ-OH)3(H2O)4] ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʜʝʨʞʠʪ 

ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʘ ʩʢʘʥʜʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 6 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ɺʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʚ 

ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩʦʩʪʦʷʪ ʠʟ ʙʝʩʢʦʥʝʯʥʳʭ ʮʝʧʦʯʝʢ ʬʨʘʛʤʝʥʪʦʚ {ScO6}, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʤʦ-

ʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʦʚ ʠ ʢʘʨʙʦʢʩʠʣʘʪʦʚ. ʎʝʧʦʯʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 
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ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ [010] ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʩʫʣʴʬʦʥʦʚʳʝ ʛʨʫʧʧʳ, ʦʙʨʘʟʫʷ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫ-

ʨʫ ʩ ʪʦʧʦʣʦʛʠʝʡ sql. ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʧʨʠʤʝʨʫ ʩʣʦʠ ʩʚʷʟʳʚʘʶʪʩʷ ʚʦʜʦʨʦʜʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʪʦʧʦʣʦʛʠʝʡ pcu (ʨʠʩ. 42). 

 

ʈʠʩ. 41. ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʵʜʨʦʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʪʦʧʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʷ 40 

 

ʈʠʩ. 42. ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʵʜʨʦʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʪʦʧʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʷ 41 

 

ʈʠʩ. 43. ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʵʜʨʦʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʪʦʧʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʷ 42 
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ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 42 [Sc3(dsb)(ɛ-OH)6(H2O)] ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʜʝʨʞʠʪ 

ʪʨʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʘ ʩʢʘʥʜʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 6 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʝʭʲ-

ʷʜʝʨʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ {Sc3(ɛ-OH)3}
6+
, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ 

ʦʙʱʫʶ ʛʨʘʥʴ ʩ ʜʨʫʛʠʤ, ʦʙʨʘʟʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʝʩʪʠʷʜʝʨʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, ʩʦ-

ʝʜʠʥʷʶʱʠʝʩʷ ʚ ʩʣʦʡ ʩ ʜʝʚʷʪʠʯʣʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ [110]. ʉʣʦʠ ʩʦ-

ʝʜʠʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [100], ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨ-

ʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʝʡ bnn (ʨʠʩ. 43). 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 43 [Sc(dsb)(Phen)(H2O)](H2O) ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʜʝʨʞʠʪ 

ʢʘʪʠʦʥ ʩʢʘʥʜʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ 4 ʘʪʦʤʦʚ O ʢʘʨʙʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ, ʦʜʥʦʛʦ ʘʪʦʤʘ O ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʜʚʫʭ ʘʪʦʤʦʚ N ʣʠʛʘʥʜʘ. ʃʠ-

ʛʘʥʜ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʝʜʠʥʷʝʪ ʪʨʠ ʢʘʪʠʦʥʘ ʩʢʘʥʜʠʷ, ʦʙʨʘʟʫʷ ʛʦʬʨʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [001]. ʕʪʠ ʮʝʧʦʯʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦʜʦʨʦʜʥʳʤʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷʤʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [010] ʠ ʦʙʨʘʟʫʶʪ ʩʣʦʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ (011). 

ʄʝʞʜʫ ʩʣʦʷʤʠ ʩʫʱʝʩʪʚʫʝʪ ˊðˊ ʩʪʝʢʠʥʛ ʠ ʚʦʜʦʨʦʜʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʨʠʩ. 44). 

 

ʈʠʩ. 44. ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʵʜʨʦʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʪʦʧʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʷ 43 

ɸʚʪʦʨʳ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʨʘʚʥʦʚʝʩʥʳʝ ʧʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʘʤʠ 41 ʠ 40 ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʩʪʠʢʦʚʦʡ ʛʠʜʨʦʢʩʠʜʥʦʡ ʛʨʫʧʧʳ ʥʘ ʘʢʚʘ-

ʛʠʜʨʦʢʩʦʛʨʫʧʧʫ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɛ-H3O2
ï
 ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʄʆʂʇ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʣʷ ʨʝʘʢʮʠʠ ʮʠʘʥʦʩʠʣʠʣʠʨʦʚʘʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʨʝʘʢ-

ʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʩʫʙʩʪʨʘʪʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʫʜʘʣʝʥʠʠ ʣʘʙʠʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʘʣʴʜʝʛʠʜʘ. ʂʘʪʘʣʠʪʠ-

ʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʤʦʛʫʪ ʧʦʣʷʨʠʟʦʚʘʪʴ ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʦʙʣʝʛʯʘʷ ʥʫʢʣʝʦʬʠʣʴ-

ʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ. ɸʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʘʢʠʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʦʪ-

ʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʨʝʘʢʮʠʡ ʨʘʟʣʦʞʝʥʠʷ 

ʚʦʜʳ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ. 

ɺ ʨʘʙʦʪʝ [94] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʦʥʘʪʦ-

ʢʘʣʠʢʩʘʨʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ [Sc2(ɛ-OH)2(H2O)10]{Na4(H2O)
8-

[calix[4]arene(SO3)4]2}Ā13H2O 

(44) ʠ {[Sc2(ɛ-OH)2(H2O)8][Sc(H2O)4]2[calix[4]arene(SO3)
4-

H
+
]2([18]crown-6)}Ā16H2O (45), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʝʜʠʥʝʥʠʝ 44 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʘʪʘ ʪʨʠʬʣʘʪʘ 
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ʩʢʘʥʜʠʷ ʩ ʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ p-ʩʫʣʴʬʦʥʘʪʦʢʘʣʠʢʩ[4]ʘʨʝʥʘ ʚ ʚʦʜʝ (pH 3). ʉʦʝʜʠʥʝʥʠʝ 45 ʙr -

ʣʦ ʧʦʣʫʯʝʥʦ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (pH 3,25) ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ [18]ʢʨʘʫʥ-6. 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 44 ʠʤʝʝʪʩʷ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʘ 

ʥʘʪʨʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ ʘʪʦʤʦʚ O. ʆʜʠʥ 

ʠʟ ʪʠʧʦʚ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʢʘʣʠʢʩʘʨʝʥʘ. ɼʚʝ ʤʦʣʝʢʫʣʳ 

ʢʘʣʠʢʩʘʨʝʥʘ ʬʦʨʤʠʨʫʶʪ ʢʘʧʩʫʣʫ ʠ ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʜʣʷ ʜʚʫʭ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ, ʩʚʷ-

ʟʳʚʘʷ ʠʭ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʂʘʞʜʳʡ ʠʟ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ ʩʚʷʟʳʚʘʝʪ 

ʝʱʝ ʪʨʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʦʜʥʦʡ ʠʟ ʩʫʣʴʬʦʥʦʚʳʭ ʛʨʫʧʧ ʚʝʨʭʥʝʛʦ ʢʘʣʠʢ-

ʩʘʨʝʥʘ ʠ ʦʜʥʦʡ ʠʟ ʩʫʣʴʬʦʥʦʚʳʭ ʛʨʫʧʧ ʥʠʞʥʝʛʦ ʢʘʣʠʢʩʘʨʝʥʘ ʚ ʪʨʘʥʩʧʦʣʦʞʝʥʠʝ. ɺ ʮʝʣʦʤ, 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʧʩʫʣʫ ʠʟ ʢʘʣʠʢʩʘʨʝʥʦʚ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʤʦʩʪʠʢʦʚʳʤ ʪʨʠ-

ʤʝʨʦʤ ʠʟ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ, ʩʚʷʟʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʇʝʨʠʬʝʨʠʡʥʳʝ ʢʘʪʠʦʥʳ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩ ʜʨʫʛʠʤ ʪʠʧʦʤ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ, ʢʦ-

ʪʦʨʳʝ ʩʚʷʟʳʚʘʝʪ 4 ʨʘʟʥʳʭ ʢʘʣʠʢʩʘʨʝʥʘ ʠʟ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʢʘʧʩʫʣ ʯʝʨʝʟ ʩʫʣʴʬʦʥʦʚʳʝ ʛʨʫʧ-

ʧʳ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ ʠʟ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ ʠ ʢʘʧʩʫʣ. ʇʨʦʪʠʚʦʠʦʥʳ [Sc2(ɛ-

OH)2(H2O)10]4 ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʮʝʧʦʯʢʘʤʠ ʢʘʧʩʫʣ. ʂʘʞʜʳʡ ʢʘ-

ʪʠʦʥ ʩʢʘʥʜʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 7 ʘʪʦʤʦʚ O, ʜʚʫʭ ʦʪ ʤʦʩʪʠʢʦ-

ʚʳʭ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʦʚ ʠ 5 ʦʪ ʪʝʨʤʠʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩ. 45). 

 

ʈʠʩ. 45. ʉʪʨʫʢʪʫʨʘ ʮʝʧʦʯʢʠ ʠ ʫʧʘʢʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ 44 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 45 ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʢʘʧʩʫʣʴʥʳʡ ʤʦʪʠʚ ʠʟ ʢʘʣʠʢʩʘʨʝʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʥʦ ʠʤʝʝʪ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 46). ʂʘʣʠʢʩʘʨʝʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩʚ̫-

ʟʳʚʘʶʪʩʷ ʯʝʨʝʟ ʢʘʪʠʦʥʳ ʩʢʘʥʜʠʷ. ɺ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪʩʷ ʜʚʘ ʪʠʧʘ ʢʘʪʠʦʥʦʚ ʩʢʘʥʜʠʷ. ʂʘʪʠʦʥ 

Sc(1) ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠʟ 4 ʪʝʨʤʠʥʘʣʴʥʳʭ ʤʦʣʝ-

ʢʫʣ ʚʦʜʳ ʠ ʜʚʫʭ ʩʫʣʴʬʦʥʦʚʳʭ ʛʨʫʧʧ ʢʘʣʠʢʩʘʨʝʥʘ. ʂʘʣʠʢʩʘʨʝʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʘʪʠʦʥʦʤ 

ʩʢʘʥʜʠʷ ʯʝʨʝʟ ʬʝʥʦʣʴʥʳʡ O. ʂʘʪʠʦʥ Sc(2) ʚʭʦʜʠʪ ʚ ʜʠʤʝʨ, {Sc2(OH)2(H2O)8(SO3)2}
2+
, ʛʜʝ 

ʢʘʪʠʦʥʳ ʩʢʘʥʜʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧ, 

ʘ ʢʘʞʜʳʡ ʢʘʪʠʦʥ ʩʢʘʥʜʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʷʟʘʥ ʩ 4 ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ 

ʩʫʣʴʬʦʥʦʚʦʡ ʛʨʫʧʧʦʡ ʢʘʣʠʢʩʘʨʝʥʘ ʯʝʨʝʟ ʢʠʩʣʦʨʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʤʝʨ ʠʟ ʜʚʫʭ ʢʘʪʠʦ-

ʥʦʚ ʩʢʘʥʜʠʷ ʷʚʣʷʝʪʩʷ ʣʠʥʢʝʨʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʣʠʢʩʘʨʝʥʘʤʠ. ʂʘʞʜʳʡ ʢʘʣʠʢʩʘʨʝʥ ʩʚʷʟʳ-

ʚʘʝʪʩʷ ʩ ʪʨʝʤʷ ʜʨʫʛʠʤʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʢʘʣʠʢʩʘʨʝʥʘʤʠ, ʦʙʨʘʟʫʶ ʜʚʫʭʤʝʨʥʳʡ (ʩʣʦʠʩʪʳʡ) 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ. ʉʪʨʫʢʪʫʨʘ ʩʣʦʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝ-

ʧʦʯʢʠ ʢʘʣʠʢʩʘʨʝʥʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʜʠʝʚʳʭ ʜʠʤʝʨʦʚ ʚ ʩʣʦʠ. ɺʥʫʪʨʠ ʮʝʧʦʯʝʢ 
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ʢʘʣʠʢʩʘʨʝʥʳ ʩʚʷʟʳʚʘʶʪʩʷ ʯʝʨʝʟ ʮʠʩ-RO-Sc-O-S-O-ʛʨʫʧʧʳ ʠ ʩ ʧʦʤʦʱʴʶ ˊīˊ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ. ʉʣʦʠ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʦ, ʩʚʷʟʳʚʘʷʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʛʦʩʪʴ-ʭʦʟʷʠʥ. ʄʦʣʝʢʫʣʘ [18]ʢʨʘʫʥ-6 ʥʘʭʦʜʠʪʩʷ 

ʤʝʞʜʫ ʩʣʦʷʤʠ. 

 

ʈʠʩ. 46. ʉʪʨʫʢʪʫʨʘ ʫʧʘʢʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ 45 

1.4. ʉʪʨʦʝʥʠʝ ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ N-

ʦʢʩʠʜʥʳʭ ʣʠʛʘʥʜʦʚ 

ʅʝʤʥʦʛʦ ʚ ʩʪʦʨʦʥʝ ʦʪ ʜʨʫʛʠʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʣʠʥʢʝʨʦʚ ʥʘʭʦʜʷʪʩʷ N-ʦʢʩʠʜʥʳʝ 

ʣʠʛʘʥʜʳ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʘʪʦʤʘ O ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʩʪʨʫʢʪʫʨʘ ʢʘʨʢʘʩʘ ʩʪʝʨʠʯʝʩʢʠ ʙʦʣʝʝ ʛʠʙʢʘʷ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʟʘʠʤʦʧʨʦʨʦʩʪʘʥʠʶ. 

ʄʦʥʦʜʝʥʪʘʥʪʥʦ ʧʨʠʨʦʜʘ N-ʦʢʩʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʩʙʦʨʢʠ ʧʦʣʠʷʜʝʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚʦʢʨʫʛ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ: 

ʚʩʝ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦ-

ʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʟʣʘ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʢʘʪʠʦʥʘ Sc(III ). 

ɺ ʨʘʙʦʪʝ [95] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʩʢʘʥʜʠʷ(III) ʠ 4,4'-

ʙʠʧʠʨʠʜʠʥ-N, N'-ʜʠʦʢʩʠʜʘ (bpyO). ʉʦʝʜʠʥʝʥʠʷ 46 ʠ 47 ʩʦʩʪʘʚʘ [Sc(bpyO)3(NO3)3] ʠ 

[Sc(bpyO)3](CF3SO3)3(CH3OH)2,7(H2O)3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʘʪʘ ʥʠʪ-

ʨʘʪʘ ʩʢʘʥʜʠʷ ʠ ʪʨʠʬʣʘʪʘ ʩʢʘʥʜʠʷ ʩ ʛʠʜʨʘʪʦʤ 4,4'-ʙʠʧʠʨʠʜʠʥ-N,N'-ʜʠʦʢʩʠʜʘ ʚ ʤʝʪʘʥʦʣʝ ʠ ʚ 

ʩʤʝʩʠ ʤʝʪʘʥʦʣ/ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʨʭʣʦʨʘʪʘ ʩʢʘʥʜʠʷ ʩ ʣʠʛʘʥʜʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʩʦʝʜʠʥʝʥʠʷ 48 ʠ 49 ʩʦʩʪʘʚʘ [Sc(bpyO)3](ClO4)3 ʠ [Sc(bpyO)4(H2O)2](ClO4)3, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝʥʠʷ 46, 47 ʠ 48 ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠ ʢʦ-

ʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ {ScO6}. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʷ ʩʢʘʥ-

ʜʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 46 ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦ ʦʢʪʘʵʨʠʯʝʩʢʦʝ, ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ 

ʨʦʤʙʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ, ʘ ʥʝ ʢʫʙʠʯʝʩʢʫʶ. ʉʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʪʦʧʦʣʦʛʠʶ ʪʠʧʘ NaCl, 

4
12

6
3
. ʉʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʜʚʘʞʜʳ ʚʟʘʠʤʦʧʨʦʨʦʩʰʝʡ, ʘ ʦʩʪʘʚʰʠʡʩʷ ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʚ ʢʘ-

ʥʘʣʘʭ ʚʜʦʣʴ ʦʩʠ ʩ, ʟʘʥʷʪ ʥʠʪʨʘʪ-ʘʥʠʦʥʘʤʠ (ʨʠʩ. 47).  
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ʈʠʩ. 47. ʉʭʝʤʘ ʚʟʘʠʤʦʧʨʦʨʦʩʪʘʥʠʷ, ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ ʩ ʠ ʪʦʧʦʣʦʛʠ ̫ʩʦʝʜʠʥʝʥʠʷ 46 

ɺ ʩʦʝʜʠʥʝʥʠʠ 47 ʢʘʪʠʦʥ ʩʢʘʥʜʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʝʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝ-

ʥʠʠ ʠʟ 6 ʘʪʦʤʦʚ O ʰʝʩʪʠ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪʩʷ ʢʘʥʘʣʳ 

ʚʜʦʣʴ ʦʩʝʡ a ʠ b, ʟʘʧʦʣʥʝʥʥʳʝ ʪʨʠʬʣʘʪ-ʘʥʠʦʥʘʤʠ, ʛʦʩʪʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʤʝʪʘʥʦʣʘ ʠ ʚʦ-

ʜʳ. ʊʦʧʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʡ 47 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʧʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʷ 46 ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

4
8
6

6
8 (ʨʠʩ. 48). 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 48 ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ 46 ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʚʘʞʜʳ ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʡ ʢʘʨʢʘʩ ʩ ʪʦʧʦʣʦʛʠʝʡ NaCl, ʦʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 46, ʧʦʣʦ-

ʩʪʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʛʦʩʪʝʚʳʤʠ ʧʝʨʭʣʦʨʘʪ-ʘʥʠʦʥʘʤʠ, ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʦʙʲʝʤ. 

 

ʈʠʩ. 48. ɺʠʜ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʝʡ a ʠ b ʠ ʪʦʧʦʣʦʛʠ ̫ʩʦʝʜʠʥʝʥʠʷ 47 
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ʂʘʨʢʘʩ ʚ ʩʦʝʜʠʥʝʥʠʠ 49 ʠʤʝʝʪ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʱʫʶʩʷ ʪʦʧʦʣʦʛʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʦʥ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʠʩʚʷʟʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʂʘʞʜʳʡ ʢʘʪʠʦʥ 

ʩʢʘʥʜʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʯʝʪʳʨʴʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʚʷʟʳʚʘʶʱʠʤʠ ʝʛʦ ʩ ʩʦʩʝʜ-

ʥʠʤʠ ʯʝʪʳʨʴʤʷ ʙʣʦʢʘʤʠ. ʆʢʪʘʵʜʨʠʯʝʩʢʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʩʢʘʥʜʠʷ ʜʦʧʦʣʥʷ-

ʝʪʩʷ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʘʶʪ ʩʪʨʫʢʪʫʨʫ 

ʰʝʩʪʠʩʚʷʟʥʦʡ. ɹʣʦʢ Sc(bpyO)4 ʠʤʝʝʪ ʧʩʝʚʜʦʪʝʨʘʛʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ, ʠ, ʝʩʣʠ ʥʝ ʙʨʘʪʴ ʚ 

ʨʘʩʯʝʪ ʤʦʩʪʠʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʩʪʨʫʢʪʫʨʘ ʠʤʝʣʘ ʙʳ ʪʦʧʦʣʦʛʠʶ ʘʣʤʘʟʘ ʠ ʙʳʣʘ ʧʷʪʴ ʨʘʟ 

ʚʟʘʠʤʦʧʨʦʨʦʩʰʝʡ. ʆʜʥʘʢʦ ʤʦʩʪʠʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʨʝʚʨʘʱʘʶʪ ʩʪʨʫʢʪʫʨʫ ʚ ʢʘʨʢʘʩ-

ʥʫʶ ʩ ʪʦʧʦʣʦʛʠʝʡ 4
8
6

7
 (ʨʠʩ. 49). 

 

ʈʠʩ. 49. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʩʦʝʜʠʥʝʥʠʷ 49, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ, ʚʠʜ 

ʩʪʨʫʢʪʫʨʳ ʠ ʪʦʧʦʣʦʛʠʷ 

1.5. ɺʳʚʦʜʳ 

ʉʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ ï ʵʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʡ 

ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʄʆʂʇ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʳʩʦʢʘʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥ-

ʥʳʭ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʢʠʩ-

ʣʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ, ʠʤʝʶʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠ ʠʩʩʣʝʜʦʚʘʥʥʦʩʪʴʶ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʠʥʪʝʟ, ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʧʦʨʠʩʪʳʭ ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ, ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ, ʤʘʪʝʨʠʘ-

ʣʦʚʝʜʝʥʠʷ. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʆʙʦʨʫʜʦʚʘʥʠʝ, ʨʝʘʢʪʠʚʳ ʠ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, 4,4'-ʙʠʬʝʥʠʣʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 4,4'-

ʩʪʠʣʴʙʝʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 2,5-

ʧʠʨʘʟʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 2,4-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʠʤʠʜʘʟʦʣ, ʙʝʥʟʠʤʠʜʘ-

ʟʦʣ, ʪʨʠʪɻʠʣʘʤʠʥ, ɼʄʌɸ, ʘʮʝʪʦʥ, ʘʮʝʪʦʥʠʪʨʠʣ, ʤʝʪʘʥʦʣ, ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ, ʠ ʩʦʣʠ ʮʠʥʢʘ, 

ʢʘʜʤʠʷ, ʢʦʙʘʣʴʪʘ, ʤʝʜʠ, ʤʘʨʛʘʥʮʘ, ʤʘʛʥʠʷ ʠ ʩʢʘʥʜʠʷ ʙʳʣʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʝ ʥʠʞʝ çʭ.ʯè. ɺ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʦʩʫʜʫ: ʩʪʝʢʣʷʥʥʳʝ ʚʠʘʣʳ ʦʙʲʝʤʦʤ 4, 7, 20 ʠ 40 ʤʣ ʩ 

ʟʘʚʠʥʯʠʚʘʶʱʠʤʠʩʷ ʢʨʳʰʢʘʤʠ, ʘ ʪʘʢʞʝ ʩʪʝʢʣʷʥʥʳʝ ʘʤʧʫʣʳ ʦʙʲʝʤʦʤ ʦʪ 1 ʜʦ 25 ʤʣ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʜʠʬʨʘʢʪʦʤʝʪʨ rçAgilent Xcaliburè, ʦʩʥʘ-

ʱʝʥʥʳʡ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ çAtlas S2è ʠ ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ (ɚ(Mo-

KŬ) = 0.71073 A, ɤīʩʢʘʥʠʨʦʚʘʥʠʝ), çAgilent GV1000è, ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ çAtlas S2è (ʚʨʘʱʘʶʱʠʡʩʷ ʘʥʦʜ, ɚ(Cu-KŬ) = 1.54184 ¡, ɤ-ʩʢʘʥʠʨʦʚʘʥʠʝ) ʠ 

çBruker Apex Duoè, ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘ-

ʪʦʨ, ɚ(Cu-KŬ) = 1.54178 ¡, j-ʩʢʘʥʠʨʦʚʘʥʠʝ) ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠ-

ʩʪʘʣʦʚ, çShimadzu XRD 7000Sè (ʠʟʣʫʯʝʥʠʝ Cu-KŬ, ɚ = 1,54056 ¡) ʜʣʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʘʦʛʦ 

ʘʥʘʣʠʟʘ, ʀʂ ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨ çVERTEX 80è ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ, ʪʝʨʤʦʘʥʘʣʠ-

ʟʘʪʦʨ çNETZSCH TG 209 F1è ʜʣʷ ʟʘʧʠʩʠ ʊɻ ʢʨʠʚʳʭ, ʘʥʘʣʠʟʘʪʦʨ çVario Micro Cubeè ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ C, H, N ʘʥʘʣʠʟʘ, ʩʦʨʙʪʦʤʝʪʨ çAutosorb iQè, ʦʩʥʘʱʝʥʥʳʡ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʩʦʨʙ-

ʮʠʠ ʧʘʨʦʚ, ʪʝʨʤʦʩʪʘʪʦʤ ʠ ʢʨʠʦʢʫʣʣʝʨʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʬʦ-

ʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ çHoriba Jobin Yvon Fluorolog 3è, ʦʩʥʘʱʝʥʥʳʡ ʢʩʝʥʦʥʦ-

ʚʦʡ ʣʘʤʧʦʡ 450W, ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʠ ʜʝʪʝʢʪʦʨʦʤ çFL-1073 PMTè ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʶʤʠ-

ʥʝʩʮʝʥʪʥʳʭ ʩʧʝʢʪʨʦʚ, ʂʈ ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

SQUID-ʤʘʛʥʝʪʦʤʝʪʨ çMPMSXLè ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2ï300K ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 5 ʢʕ 

ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʧʝʢʪʨʦʤʝʪʨ çBruker Elexsys E580è, ʦʩʥʘʱʝʥʥʳʡ ʩʠʩʪʝʤʦʡ 

ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ çER 4112HVè ʩ ʛʝʣʠʝʚʳʤ ʢʨʠʦʩʪʘʪʦʤ çER 4118CF-Oè ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʕʇʈ ʩʧʝʢʪʨʦʚ. 

2.2 ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʡ 1ï6, 9ï14, 17ï22 ʧʨʠ 

130K ʙʳʣʦ ʧʨʦʚʝʜʝʥ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ çAgilent Xcaliburè, ʦʩʥʘʱʝʥʥʦʤ 

ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ çAtlas S2è (ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, ɚ(Mo-KŬ) = 

0.71073 ¡, ɤ-ʩʢʘʥʠʨʦʚʘʥʠʝ). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠ-

ʥʝʥʠʡ 15 ʠ 16 ʧʨʠ 120K ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ çAgilent 

GV1000è, ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ çAtlas S2è (ʚʨʘʱʘʶʱʠʡʩʷ ʘʥʦʜ, 

ɚ(Cu-KŬ) = 1.54184 ¡, ɤ-ʩʢʘʥʠʨʦʚʘʥʠʝ). ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʫʯʝʪ ʧʦʛʣʦʱʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ 

CrysAlisPro [96]. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 7 ʧʨʠ 

150K ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʯʝʪʳʨʝʭʢʨʫʞʥʦʤ ʘʚʪʦʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker 

Apex Duo, ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, ɚ(Cu-

KŬ) = 1.54178 ¡, j-ʩʢʘʥʠʨʦʚʘʥʠʝ). ʉʙʦʨ ʜʘʥʥʳʭ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪ-

ʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ APEX2 ʠ SAINT, ʧʦ-

ʛʣʦʱʝʥʠʝ ʫʯʪʝʥʦ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʨʝʬʣʝʢʩʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 
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SADABS [97]. ʉʪʨʫʢʪʫʨ rʨʘʩʰʠʬʨʦʚʘʥ rʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥ rʧʦʣʥʦʤʘʪʨʠʯʥʳʤ 

ʄʅʂ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ) ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ SHELX-2014 [98], SHELX-2017 [99]. ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʨʘʩʩʯʠʪʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʫʪʦʯʥʝʥʳ ʧʦ ʤʦʜʝʣʠ çʥʘʝʟʜʥʠʢʘè. ɼʣʷ ʫʯʝʪʘ 

ʜʠʬʬʫʟʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʩʪʨʫʢʪʫʨ 1, 5, 7, 10 ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʧʨʦʮʝ-

ʜʫʨʘ SQUEEZE/PLATON [100]. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʝʪʘʣʠ ʜʠʬʨʘʢ-

ʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 1ï7, 9ï22 ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 2. 

ʉʦʨʙʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ 5, 7, 8, 17ï22 ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʣʶʤʝʪʨʠʯʝʩʢʦʤ 

ʩʦʨʙʪʦʤʝʪʨʝ Quantochrome Autosorb IQ. ʀʟʤʝʨʝʥʠʝ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʙr -

ʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʠ 77K ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʦʢʩʠʜʘ ʘʟʦʪʘ (I) 

ʠ ʤʝʪʘʥʘ ʧʨʠ 195, 205, 215, 235, 273 ʠ 298K ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦʢʫʣʝʨʘ ʠʣʠ ʪʝʨʤʦʩʪʘʪʘ. 

ʀʟʤʝʨʝʥʠʝ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʧʘʨʦʚ ʚʦʜʳ ʧʨʠ 293K ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʦʨʙʪʦʤʝʪʨʝ Quanto-

chrome Autosorb IQ ʩ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʨʙʮʠʠ ʧʘʨʦʚ. 

2.3 ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʉʠʥʪʝʟ ((CH3)2NH2)[Sc(H2O)2(fdc)2]Ā1,5CH3CN (1). ʉʤʝʩʴ ScCl3Ŀ6H2O (0,026 ʛ, 

0,1 ʤʤʦʣʴ), H2fdc (0,016 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚʦ-

ʜʘ:ɼʄʌɸ:ʘʮʝʪʦʥʠʪʨʠʣ 1:1:6 (3,2 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 

80Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ 

ʧʦʨʮʠʷʤʠ ʧʦ 1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,014 ʛ (28 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ H2fdc). 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C17H20,5N2,5O12Sc (%): C 41,1; H 4,2; N 7,0. ʅʘʡʜʝʥʦ (%): C 40,6; H 4,5; N 

6,8. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 414 (ʩʨ), 511 (ʩʨ), 571 (ʩʣ), 620 (ʩʣ), 700 (ʩʨ), 785 (ʩʨ), 911 (ʩ), 

969 (ʩʨ), 1018 (ʩʨ), 1093 (ʩʣ), 1164 (ʩʣ), 1230 (ʩʣ), 1372 (ʩʨ), 1417 (ʩʨ), 1469 (ʩʨ), 1575 (ʩʨ), 

1633 (ʩʨ), 1672 (ʩ), 2501 (ʩʨ), 2802 (ʩʨ), 2972 (ʩʨ), 3151 (ʩ). ʉʪʨʦʝʥʠʝ 1 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦ-

ʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ ((CH3)2NH2)2[Sc(fdc)2(HCOO)] (2). ʉʤʝʩʴ ScCl3Ŀ6H2O (0,060 ʛ, 0,23 ʤʤʦʣʴ), 

H2fdc (0,051 ʛ, 0,32 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚʦʜʘ:ɼʄʌɸ 1:4 (4,5 ʤʣ) ʠ 

ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 120Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ 

ʦʭʣʘʞʜʘʣʠ ʠ ʦʩʪʘʚʣʷʣʠ ʜʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʦʢʦʣʦ ʜʚʫʭ ʥʝʜʝʣʴ). ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪ-

ʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 

ʤʠʥ. ɺʳʭʦʜ 0,060 ʛ (82 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʢʠʩʣʦʪʫ). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C17H21N2O12Sc (%): C 

41,6; H 4,3; N 5,7. ʅʘʡʜʝʥʦ (%): C 41,3; H 4,3; N 5,8. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 430 (ʩʨ), 

490 (ʩ), 525 (ʩʨ), 575 (ʩʨ), 610 (ʩʣ), 630 (ʩʨ), 785 (ʩ), 810 (ʩʨ), 835 (ʩʣ), 895 (ʩʣ), 910 (ʩʣ), 

965 (ʩʣ), 1010 (ʩ), 1030 (ʩʨ), 1165 (ʩʨ), 1195 (ʩʨ), 1225 (ʩʨ), 1345 (ʩ), 1470 (ʩʣ), 1505 (ʩ), 

1585 (ʩ), 1645 (ʩ), 2490 (ʩʣ), 2790 (ʩʣ), 2965 (ʩʣ), 3040 (ʩʣ), 3435 (ʩʣ). ʉʪʨʦʝʥʠʝ 2 ʫʩʪʘʥʦʚ-

ʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Sc2(H2O)2(fdc)3] (3). ʉʤʝʩʴ ScCl3Ŀ6H2O (0,130 ʛ, 0,5 ʤʤʦʣʴ), H2fdc (0,120 ʛ, 

0,75 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ (15 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 

120Áʉ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (ʪʨʠ-

ʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,137 ʛ (93 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

Sc). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C18H10O17Sc2 (%): C 36,8; H 1,7. ʅʘʡʜʝʥʦ (%): C 36,8; H 1,8. ʀʂ-ʩʧʝʢʪʨ 
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(KBr, ʩʤ
ï1

): 428 (ʩʨ), 482 (ʩʨ), 530 (ʩʨ), 560 (ʩʣ), 614 (ʩʨ), 666 (ʩʣ), 777 (ʩ), 813 (ʩʨ), 970 (ʩ), 

1010 (ʩʨ), 1030 (ʩʨ), 1167 (ʩʣ), 1208 (ʩʣ), 1351 (ʩ), 1418 (ʩ), 1521 (ʩ), 1575 (ʩ), 1679 (ʩ), 

2934 (ʩʣ), 3153 (ʩʣ), 3468 (ʩʣ). ʉʪʨʦʝʥʠʝ 3 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Sc2(DMF)2(H2O)2(pzc)3]Ā2H2O (4). ʉʤʝʩʴ ScCl3Ŀ6H2O (0,030 ʛ, 0,115 ʤʤʦʣʴ), 

H2pzcĀ2H2O (0,013 ʛ, 0.065 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʧʦʜʢʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷ-

ʥʦʡ ʢʠʩʣʦʪʦʡ (15 ʢʘʧʝʣʴ) ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚʦʜʘ:ɼʄʌɸ:ʘʮʝʪʦʥʠʪʨʠʣ 1:1:2 (4 ʤʣ) ʠ 

ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ 

ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥ. ɺʳʭʦʜ 0,012 ʛ (78 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʢʠʩʣʦʪʫ). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H28N8O12Sc2 (%): 

C 35,7; H 3,5; N 13,9. ʅʘʡʜʝʥʦ (%): C 35,1; H 3,4; N 14,2. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 392 (ʩʨ), 

427 (ʩʨ), 490 (ʩʨ), 510 (ʩ), 530 (ʩ), 694 (ʩʨ), 776 (ʩ), 846 (ʩ), 950 (ʩʣ), 1051 (ʩ), 1121 (ʩʨ), 

1179 (ʩ), 1298 (ʩ), 1386 (ʩ), 1477 (ʩ), 1673 (ʩ), 2510 (ʩʣ), 2818 (ʩʣ), 3104 (ʩʣ), 3380 (ʩʣ), 

3491 (ʩʣ). ʉʪʨʦʝʥʠʝ 4 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣ-

ʣʦʚ. 

ʉʠʥʪʝʟ [Sc(Hpzc)(pzc)]ĀDMFĀ3H2O (5). ʉʤʝʩʴ ScCl3Ŀ6H2O (0,156 ʛ, 0,6 ʤʤʦʣʴ), 

H2pzcĀ2H2O (0,060 ʛ, 0,3 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʧʦʜʢʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʦʡ (60 ʢʘʧʝʣʴ) ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚʦʜʘ:ɼʄʌɸ:N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ 1:1:2 (12 ʤʣ) 

ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ 

ʞʝʣʪʦʚʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥ. ɺʳʭʦʜ 0,061 ʛ (80 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʢʠʩʣʦʪʫ). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C15H18N5O12Sc (%): C 

35,6; H 3,6; N 13,9. ʅʘʡʜʝʥʦ (%): C 34,7; H 3,7; N 14,4. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 415 (ʩʣ), 

492 (ʩʨ), 510 (ʩʨ), 531 (ʩʨ), 775 (ʩ), 845 (ʩ), 949 (ʩʣ), 1016 (ʩʣ), 1051 (ʩ), 1179 (ʩ), 1244 (ʩʣ), 

1299 (ʩ), 1384 (ʩ), 1472 (ʩʨ), 1668 (ʩ), 1901 (ʩʣ), 2506 (ʩʣ), 2819 (ʩʣ), 3104 (ʩʣ), 3383 (ʩʣ), 

3469 (ʩʣ), 3526 (ʩʣ). ʉʪʨʦʝʥʠʝ 5 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ ((CH3)2NH2)2[Mg3(CH3OH)2(fdc)4] (6). ʉʤʝʩʴ Mg(NO3)2Ŀ6H2O (0,013 ʛ, 

0,05 ʤʤʦʣʴ), H2fdc (0,016 ʛ, 0.1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɼʄʌɸ:ʤʝʪʘʥʦʣ 

1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ 100Áʉ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ 

ʧʦ 1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,013 ʛ (63 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Mg). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C29H28Mg3N2O21 (%): C 42,8; H 3,5; N 3,4. ʅʘʡʜʝʥʦ (%): C 43,0; H 3,9; N 3,2. ʉʪʨʦʝʥʠʝ 

6 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Mn 3(Hpdc)2(pdc)2]Ā4,8DMFĀH2O (7). ʉʤʝʩʴ MnCl2Ŀ4H2O (0,148 ʛ, 

0,75 ʤʤʦʣʴ), H2pdcĀH2O (0,185 ʛ, 1,0 ʤʤʦʣʴ) ʠ ʪʨʠʵʪʠʣʘʤʠʥ (280 ɛʣ, 2,0 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ 

ʚ ʧʦʜʢʠʩʣʝʥʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ (ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ) ɼʄʌɸ 

(20 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝ-

ʥʠʝ ʪʨʝʭ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 

1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,118 ʛ (47 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Mn). ɼʣʷ ʩʚʝʞʝʩʠʥ-

ʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C42,2H49,6Mn3N8,8O21,8 (%): C 42,8; H 4,2; N 10,3. 

ʅʘʡʜʝʥʦ (%): C 43,5; H 4,6; N 9,9. ɼʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C28H14Mn3N4O16 (%): C 40,6; H 1,7; N 6,8. ʅʘʡʜʝʥʦ (%): C 41,2; H 1,6; N 7,0. ʀʂ-ʩʧʝʢʪʨ 
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(KBr, ʩʤ
ï1

): 419 (ʩʨ), 450 (ʩʨ), 530 (ʩʣ), 684 (ʩʨ), 701 (ʩʨ), 727 (ʩ), 781 (ʩʨ), 824 (ʩʨ), 

885 (ʩʣ), 908 (ʩʣ), 1017 (ʩʣ), 1085 (ʩʨ), 1190 (ʩʨ), 1251 (ʩʨ), 1351 (ʩ), 1386 (ʩ), 1436 (ʩʨ), 

1472 (ʩʨ), 1556 (ʩʨ), 1600 (ʩ), 1620 (ʩ), 1669 (ʩ), 2494 (ʩʣ), 2795 (ʩʣ), 2996 (ʩʣ), 3433 (ʩʣ). 

ʉʪʨʦʝʥʠʝ 7 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Mg3(Hpdc)2(pdc)2]Ā4DMFĀH2O (8). ʉʤʝʩʴ Mg(NO3)2Ŀ6H2O (0,128 ʛ, 

0.5 ʤʤʦʣʴ), H2pdcĀH2O (0,185 ʛ, 1.0 ʤʤʦʣʴ) ʠ ʪʨʠʵʪʠʣʘʤʠʥ (280 ɛʣ, 2,0 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʧʦʜʢʠʩʣʝʥʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ (ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ) ɼʄʌɸ (20 

ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ 

ʪʨʝʭ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 

1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,078 ʛ (45 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Mg). ɼʣʷ ʩʚʝʞʝʩʠʥ-

ʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C40H44Mg3N8O21 (%): C 45,9; H 4,2; N 10,7. ʅʘʡʜʝ-

ʥʦ (%): C 46,0; H 4,8; N 10,2. ɼʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C28H14Mg3N4O16 (%): C 45,7; H 1,9; N 7,6. ʅʘʡʜʝʥʦ (%): C 45,2; H 2,0; N 7,4. ʀʂ-ʩʧʝʢʪʨ 

(KBr, ʩʤ
ï1

): 440 (ʩʨ), 456 (ʩʨ), 537 (ʩʣ), 585 (ʩʣ), 687 (ʩʨ), 704 (ʩʨ), 733 (ʩ), 785 (ʩʨ), 

831 (ʩʨ), 889 (ʩʣ), 912 (ʩʣ), 936 (ʩʣ), 1019 (ʩʨ), 1086 (ʩʨ), 1195 (ʩʨ), 1242 (ʩʨ), 1356 (ʩʨ), 

1394 (ʩ), 1442 (ʩʨ), 1472 (ʩʨ), 1557 (ʩʨ), 1605 (ʩ), 1637 (ʩ), 1678 (ʩ), 2496 (ʩʣ), 2800 (ʩʣ), 

2079 (ʩʣ), 3420 (ʩʣ). ʉʪʨʦʝʥʠʝ 8 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ 

ʧʦʨʦʰʢʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 7. 

ʉʠʥʪʝʟ [Cd(H2O)(bpdc)(im)2] (9). ʉʤʝʩʴ Cd(NO3)2Ŀ4H2O (0,031 ʛ, 0,1 ʤʤʦʣʴ), H2bpdc 

(0,024 ʛ, 0,1 ʤʤʦʣʴ) ʠ im (0,007 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʧʷʪʴ ʨʘʟ ʧʦʨʮʠʷʤʠ ʧʦ 1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,042 ʛ (83 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Cd). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H16CdN4O5 (%): C 47,6; H 3,2; N 11,1. ʅʘʡʜʝʥʦ (%): C 47,9; H 

2,8; N 11,3. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 427 (ʩʨ), 520 (ʩʣ), 622 (ʩʣ), 656 (ʩʨ), 682 (ʩʣ), 705 (ʩʣ), 

768 (ʩ), 850 (ʩʨ), 944 (ʩʨ), 1003 (ʩʨ), 1073 (ʩ), 1176 (ʩʣ), 1264 (ʩʣ), 1330 (ʩʣ), 1396 (ʩ), 

1512 (ʩ), 1532 (ʩ), 1583 (ʩ), 1608 (ʩʨ), 2962 (ʩʨ), 3074 (ʩʣ), 3113(ʩʣ), 3209 (ʩʣ). ʉʪʨʦʝʥʠʝ 9 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ ((CH3)2NH2)4[Cd6(DMF)(bpdc)8]Ā10DMF (10). ʉʤʝʩʴ Cd(NO3)2Ŀ4H2O (0,031 ʛ, 

0,1 ʤʤʦʣʴ), H2bdc (0,017 ʛ, 0,1 ʤʤʦʣʴ) ʠ ʙʝʥʟʠʤʠʜʘʟʦʣ (0,012 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘ-

ʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,036 ʛ 

(70 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Cd). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C153H173Cd6N15O43 (%): C 51,3; H 4,9; N 5,9. 

ʅʘʡʜʝʥʦ (%): C 51,6; H 5,1; N 6,0. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 427 (ʩʨ), 522 (ʩʣ), 684 (ʩ), 

703 (ʩʣ), 755 (ʩ), 800 (ʩʣ), 855 (ʩ), 1007 (ʩʣ), 1021 (ʩʣ), 1099 (ʩʨ), 1143 (ʩʣ), 1175 (ʩʣ), 

1252 (ʩʣ), 1393 (ʩ), 1467 (ʩʣ), 1530 (ʩ), 1579 (ʩ), 1606 (ʩʨ), 1656 (ʩ), 2810 (ʩʨ), 2932 (ʩʣ), 

3960 (ʩʣ), 3416 (ʩʣ). ʉʪʨʦʝʥʠʝ 10 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Cu(bImB)Cl2] (11). ʉʤʝʩʴ CuCl2Ŀ2H2O (0.017 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImB (0,019 ʛ, 

0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥ-
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ʥʳʝ ʛʦʣʫʙʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʧʷʪʴ ʨʘʟ ʧʦʨʮʠʷʤʠ ʧʦ 1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝ-

ʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,026 ʛ (80 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Cu). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H14Cl2CuN4 (%): C 

37,0; H 4,4; N 17,3. ʅʘʡʜʝʥʦ (%): C 36,5; H 4,7; N 17,0. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 438 (ʩʣ), 

572 (ʩʣ), 629 (ʩʨ), 656 (ʩ), 757 (ʩʨ), 863 (ʩʨ), 956 (ʩʨ), 1093 (ʩ), 1236 (ʩ), 1279 (ʩʨ), 1369 (ʩʨ), 

1409 (ʩʨ), 1448 (ʩ), 1520 (ʩ), 1638 (ʩʨ), 2932 (ʩʨ), 3124 (ʩ), 3468 (ʩʣ). ʉʪʨʦʝʥʠʝ 11 ʫʩʪʘʥʦʚ-

ʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Cu(bImB)2Cl2] (12). ʉʤʝʩʴ CuCl2Ŀ2H2O (0,017 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImB (0,057 ʛ, 

0,3 ʤʤʦʣʷ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʛʦʣʫʙʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʧʷʪʴ ʨʘʟ ʧʦʨʮʠʷʤʠ ʧʦ 1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝ-

ʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,037 ʛ (72 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Cu). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H28Cl2CuN8 (%): C 

46,6; H 5,5; N 21,8. ʅʘʡʜʝʥʦ (%): C 46,0; H 5,8; N 21,8. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 452 (ʩʣ), 

624 (ʩʨ), 660 (ʩ), 738 (ʩ), 846 (ʩ), 886 (ʩ), 943 (ʩ), 1036 (ʩʨ), 1110 (ʩ), 1237 (ʩ), 1271 (ʩ), 

1380 (ʩʨ), 1441 (ʩʨ), 1467 (ʩʨ), 1518 (ʩ), 1639 (ʩʨ), 2941 (ʩʨ), 3122 (ʩ), 3424 (ʩʣ). ʉʪʨʦʝʥʠʝ 

12 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Cd(bImP)(bdc)]ĀDMF (13). ʉʤʝʩʴ Cd(NO3)2Ŀ4H2O (0,031 ʛ, 0,1 ʤʤʦʣʴ), 

H2bdc (0,017 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImP (18,5 ɛʣ, 0,11 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,032 ʛ (71 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Cd). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H27CdN5O5 (%): C 47,7; H 4,9; N 12,6. ʅʘʡʜʝʥʦ (%): C 47,7; H 

5.2; N 12,7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 526 (ʩ), 657(ʩ), 753 (ʩ), 837 (ʩ), 890 (ʩʣ), 943 (ʩʨ), 

1014 (ʩʣ), 1098 (ʩ), 1236 (ʩʨ), 1296 (ʩʨ), 1388 (ʩ), 1444 (ʩʨ), 1527 (ʩʨ), 1560 (ʩ), 1670 (ʩ), 

2864 (ʩʣ), 2939 (ʩʨ), 3110(ʩʨ), 3422 (ʩʣ). ʉʪʨʦʝʥʠʝ 13 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Zn(bImP)(bdc)]Ā0,6DMFĀ0,4H2O (14). ʉʤʝʩʴ Zn(NO3)2Ŀ6H2O (0,030 ʛ, 

0,1 ʤʤʦʣʴ), H2bdc (0.017 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImP (18,5 ɛʣ, 0,11 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ɼʄʌɸ (4 

ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 1 ʤʣ) 

ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,043 ʛ (89 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Zn). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C20,8H25,2N4,6O5,1Zn (%): C 51,5; H 5,2; N 13,3. ʅʘʡʜʝʥʦ (%): C 51,2; H 5,3; N 13,3. ʀʂ-

ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 514 (ʩʨ), 570 (ʩʨ), 629 (ʩʨ), 656 (ʩ), 749 (ʩ), 826 (ʩ), 955 (ʩ), 1015 (ʩʨ), 

1095 (ʩ), 1236 (ʩ), 1348 (ʩ), 1455 (ʩʨ), 1500 (ʩʨ), 1532 (ʩʨ), 1605 (ʩ), 1956(ʩʣ), 2864 (ʩʣ), 

2942 (ʩʨ), 3055 (ʩʣ), 3125 (ʩʨ), 3450 (ʩʣ). ʉʪʨʦʝʥʠʝ 14 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Cd(bImH )(bdc)]ĀCH3OH (15). ʉʤʝʩʴ Cd(NO3)2Ŀ4H2O (0,031 ʛ, 0,1 ʤʤʦʣʴ), 

H2bdc (0,017 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImH (20 ɛʣ, 0,11 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,041 ʛ (78 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Cd). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C21H26CdN4O5 (%): C 47,9; H 5,0; N 10,6. ʅʘʡʜʝʥʦ (%): C 48,2; H 

4,7; N 11,0. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 517 (ʩʨ), 557 (ʩʣ), 657(ʩ), 751 (ʩ), 835 (ʩ), 888 (ʩʣ), 
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939 (ʩʨ), 1035 (ʩʨ), 1090 (ʩ), 1237 (ʩʨ), 1293 (ʩʨ), 1379 (ʩ), 1446 (ʩʨ), 1522 (ʩʨ), 1562 (ʩ), 

1855 (ʩʣ), 2817 (ʩʣ), 2861 (ʩʣ), 2936 (ʩʨ), 3046 (ʩʣ), 3129 (ʩʨ), 3411 (ʩʨ). ʉʪʨʦʝʥʠʝ 15 ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Zn(bImH )(bdc)] (16). ʉʤʝʩʴ Zn(NO3)2Ŀ6H2O (0,030 ʛ, 0,1 ʤʤʦʣʴ), H2bdc 

(0,017 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImH (20 ɛʣ, 0,11 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 1 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,032 ʛ (71 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Zn). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H22N4O4Zn (%): C 53,6; H 5,0; N 12,5. ʅʘʡʜʝʥʦ (%): C 53,0; H 

5,0; N 12,5. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 517 (ʩʣ), 583 (ʩʣ), 622 (ʩʣ), 656 (ʩ), 757 (ʩ), 826 (ʩ), 

886 (ʩʣ), 952 (ʩʨ), 1110 (ʩ), 1243 (ʩʨ), 1353 (ʩ), 1454 (ʩʣ), 1498 (ʩʨ), 1528 (ʩʨ), 1604 (ʩ), 

1952(ʩʣ), 2868 (ʩʣ), 2948 (ʩʨ), 3050 (ʩʣ), 3122 (ʩʨ), 3446 (ʩʣ). ʉʪʨʦʝʥʠʝ 16 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝ-

ʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Cd(bImB)(sdc)]ĀDMF (17). ʉʤʝʩʴ Cd(NO3)2Ŀ4H2O (0,031 ʛ, 0,1 ʤʤʦʣʴ), H2sdc 

(0,027 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImB (0,019 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,042 ʛ (65 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Cd). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C29H31CdN5O5 (%): C 54,3; H 4,9; N 10,9. ʅʘʡʜʝʥʦ (%): C 53,5; H 

4,5; N 10,4. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 397 (ʩʨ), 443 (ʩʣ), 533 (ʩʣ), 524 (ʩʣ), 655 (ʩʨ), 706 (ʩʨ), 

740 (ʩʨ), 789 (ʩʨ), 859 (ʩʨ), 941 (ʩʣ), 957 (ʩʣ), 980 (ʩʣ), 1038 (ʩʣ), 1088 (ʩ), 1109 (ʩ), 

1177 (ʩʨ), 1240 (ʩʨ), 1333 (ʩʨ), 1392 (ʩ), 1540 (ʩ), 1587 (ʩ), 1607 (ʩ), 2866 (ʩʣ), 2936 (ʩʣ), 

3125 (ʩʣ), 3437 (ʩʣ). ʉʪʨʦʝʥʠʝ 17 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Zn(bImB)(sdc)]ĀDMF (18). ʉʤʝʩʴ Zn(NO3)2Ŀ6H2O (0,030 ʛ, 0,1 ʤʤʦʣʴ), H2sdc 

(0,027 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImB (0,019 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,035 ʛ (59 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Zn). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C29H31N5O5Zn (%): C 58,5; H 5,2; N 11,8. ʅʘʡʜʝʥʦ (%): C 58,2; H 

5,7; N 10,9. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 405 (ʩʨ), 465 (ʩʣ), 526 (ʩʣ), 557 (ʩʣ), 655 (ʩʨ), 706 (ʩʨ), 

740 (ʩʨ), 788 (ʩ), 855 (ʩʣ), 953 (ʩʨ), 980 (ʩʣ), 1090 (ʩ), 1109 (ʩ), 1176 (ʩʨ), 1238 (ʩʨ), 1362 (ʩ), 

1442 (ʩʨ), 1534 (ʩʨ), 1560 (ʩ), 1609 (ʩ), 1677 (ʩ), 2863 (ʩʣ), 2936 (ʩʣ), 3049 (ʩʣ), 3129 (ʩʣ), 

3452 (ʩʣ). ʉʪʨʦʝʥʠʝ 18 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣ-

ʣʦʚ. 

ʉʠʥʪʝʟ [Co(bImB)(sdc)]ĀDMF (19). ʉʤʝʩʴ Co(NO3)2Ŀ6H2O (0,029 ʛ, 0,1 ʤʤʦʣʴ), H2sdc 

(0,027 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImB (0,019 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,035 ʛ (59 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Co). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C29H31CoN5O5 (%): C 59,2; H 5,3; N 11,9. ʅʘʡʜʝʥʦ (%): C 59,3; H 

4,8; N 11,6. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 412 (ʩʨ), 455 (ʩʣ), 524 (ʩʣ), 640 (ʩʣ), 657 (ʩʨ), 705 (ʩʨ), 
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742 (ʩʨ), 787 (ʩ), 805 (ʩʣ), 957 (ʩʨ), 1011 (ʩʣ), 1088 (ʩ), 1106 (ʩ), 1176 (ʩʨ), 1237 (ʩʨ), 

1382 (ʩ), 1415 (ʩʨ), 1517 (ʩʨ), 1554 (ʩ), 1606 (ʩ), 1677 (ʩ), 2864 (ʩʣ), 2936 (ʩʣ), 3125 (ʩʣ), 

3433 (ʩʣ). ʉʪʨʦʝʥʠʝ 19 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣ-

ʣʦʚ. 

ʉʠʥʪʝʟ [Cd(bImH)(DMF)(sdc)]ĀDMF (20). ʉʤʝʩʴ Cd(NO3)2Ŀ4H2O (0,031 ʛ, 

0,1 ʤʤʦʣʴ), H2sdc (0,027 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImH (0,022 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩ-

ʪʚʦʨʠʪʝʣʝʡ ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶ-

ʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘ-

ʣʠ ɼʄʌɸ (ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,061 ʛ (48 % ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ Cd). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C59H63CdN9O9 (%): C 55,9; H 5,0; N 9,9. ʅʘʡʜʝʥʦ (%): C 

55,2; H 5,3; N 9,4. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 401 (ʩ), 528 (ʩʣ), 539 (ʩʨ), 655 (ʩʨ), 711 (ʩʨ), 

790 (ʩ), 860 (ʩ), 944 (ʩʣ), 1014 (ʩʣ), 1095 (ʩʨ), 1107 (ʩʨ), 1180 (ʩʨ), 1233 (ʩʨ), 1393 (ʩ), 

1541 (ʩ), 1590 (ʩ), 1601 (ʩ), 1658 (ʩ), 2858 (ʩʣ), 2933 (ʩʣ), 3062 (ʩʣ), 3122 (ʩʣ). ʉʪʨʦʝʥʠʝ 20 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Zn(bImH)(sdc)]ĀDMF (21). ʉʤʝʩʴ Zn(NO3)2Ŀ6H2O (0,030 ʛ, 0,1 ʤʤʦʣʴ), H2sdc 

(0,027 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImH (0,022 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,045 ʛ (72 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Zn). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C31H35N5O5Zn (%): C 58,7; H 5,5; N 10,3. ʅʘʡʜʝʥʦ (%): C 58,9; H 

5,7; N 10,2. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 408 (ʩʨ), 471 (ʩʣ), 527 (ʩʣ), 556 (ʩʣ), 655 (ʩʨ), 710 (ʩʨ), 

755 (ʩʣ), 790 (ʩ), 854 (ʩʨ), 951 (ʩʨ), 1092 (ʩʨ), 1114 (ʩ), 1180 (ʩʨ), 1232 (ʩʨ), 1367 (ʩʨ), 

1417 (ʩʨ), 1555 (ʩʨ), 1607 (ʩ), 1661 (ʩ), 1678 (ʩ), 2859 (ʩʣ), 2934 (ʩʣ), 3053 (ʩʣ), 3127 (ʩʣ). 

ʉʪʨʦʝʥʠʝ 21 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ [Co(bImH )(sdc)]ĀDMF (22). ʉʤʝʩʴ Co(NO3)2Ŀ6H2O (0,029 ʛ, 0,1 ʤʤʦʣʴ), H2sdc 

(0,027 ʛ, 0,1 ʤʤʦʣʴ) ʠ bImB (0,022 ʛ, 0,1 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ɼʄʌɸ:ʤʝʪʘʥʦʣ 1:1 (4 ʤʣ) ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰ-

ʢʦʡ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ɼʄʌɸ 

(ʪʨʠʞʜʳ ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ) ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʳʭʦʜ 0,030 ʛ (49 % ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ Co). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C31H35CoN5O5 (%): C 58,4; H 5,7; N 10,4. ʅʘʡʜʝʥʦ (%): C 58,1; H 

5,4; N 10,7. ʀʂ-ʩʧʝʢʪʨ (KBr, ʩʤ
ï1

): 412 (ʩʨ), 529 (ʩʣ), 545 (ʩʣ), 629 (ʩʣ), 655 (ʩʨ), 711 (ʩʨ), 

743 (ʩʨ), 793 (ʩ), 860 (ʩʨ), 947 (ʩʨ), 1015 (ʩʣ), 1090 (ʩ), 1106 (ʩ), 1180 (ʩʨ), 1232 (ʩʨ), 

1383 (ʩ), 1420 (ʩʨ), 1531 (ʩ), 1587 (ʩ), 1606 (ʩ), 1683 (ʩ), 2858 (ʩʣ), 2933 (ʩʣ), 3026 (ʩʣ), 

3131 (ʩʣ), 3444 (ʩʣ). ʉʪʨʦʝʥʠʝ 22 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʦʚ. 

2.4 ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʩʦʨʙʮʠʦʥʥʳʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 5ʘ, ʥʘʚʝʩʢʫ ʩʦʝʜʠʥʝʥʠʷ 5 (ʦʢʦʣʦ 100 ʤʛ) 

ʧʦʤʝʱʘʣʠ ʚ ʘʮʝʪʦʥ (2 ʤʣ). ɺ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ (ʦʪ ʧʷʪʠ ʜʦ ʩʝʤʠ ʜʥʝʡ) ʨʘʟ ʚ ʜʝʥʴ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʠ ʜʦʙʘʚʣʷʣʠ ʥʦʚʫʶ ʧʦʨʮʠʶ. ɿʘʪʝʤ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʘʢʪʠ-

ʚʠʨʦʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʧʨʠʙʦʨʝ Autosorb iQ ʧʨʠ 323K. 



62 
 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 7ʘ ʠ 8ʘ, ʥʘʚʝʩʢʠ ʩʦʝʜʠʥʝʥʠʡ 7, 8 (ʦʢʦʣʦ 

100 ʤʛ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʤʝʱʘʣʠ ʚ ʘʮʝʪʦʥ (2 ʤʣ). ɺ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ (ʦʪ ʧʷʪʠ 

ʜʦ ʩʝʤʠ ʜʥʝʡ) ʨʘʟ ʚ ʜʝʥʴ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʠ ʜʦʙʘʚʣʷʣʠ ʥʦʚʫʶ ʧʦʨʮʠʶ. ɿʘʪʝʤ ʦʪʬʠʣʴ-

ʪʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʘʢʪʠʚʠʨʦʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʧʨʠʙʦʨʝ Autosorb iQ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʝʮ 8m ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʣʷ ʩʦʝʜʠʥʝ-

ʥʠʷ 8 ʪʝʪʨʘʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʪʳʩʷʯʥʦʡ ʜʦʣʝ ʦʪ ʢʦʣʠ-

ʯʝʩʪʚʘ ʜʦʙʘʚʣʝʥʥʦʛʦ ʥʠʪʨʘʪʘ ʤʘʛʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 17ʘï22ʘ, ʥʘʚʝʩʢʠ ʩʦʝʜʠʥʝʥʠʡ 17ī22 (ʦʢʦʣʦ 

150 ʤʛ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʤʝʱʘʣʠ ʚ ʤʝʪʘʥʦʣ (2 ʤʣ). ɺ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ (ʦʪ ʧʷʪʠ 

ʜʦ ʩʝʤʠ ʜʥʝʡ) ʨʘʟ ʚ ʜʝʥʴ ʤʝʪʘʥʦʣ ʫʜʘʣʷʣʠ ʠ ʜʦʙʘʚʣʷʣʠ ʥʦʚʫʶ ʧʦʨʮʠʶ. ɿʘʪʝʤ ʦʪʬʠʣʴʪʨʦ-

ʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʘʢʪʠʚʠʨʦʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʧʨʠʙʦʨʝ Autosorb iQ ʧʨʠ 323K. ʆʙʨʘʟʝʮ 

ʩʦʝʜʠʥʝʥʠʷ 20ʘ'  ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʧʨʠ 373K. 

2.5. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 

ʆʙʨʘʟʮʳ ʩʦʝʜʠʥʝʥʠʡ 1ī5 (ʦʢʦʣʦ 50 ʤʛ) ʧʦʤʝʱʘʣʠ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʟʘʜʘʥʥʦʛʦ pH (2 

ʤʣ) ʥʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʪʨʝʭ ʥʝʜʝʣʴ. ʈʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ, ʠʩʧʦʣʴʟʫʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ɼʣʷ ʦʪʬʠʣʴʪʨʦʚʘʥ-

ʥʳʭ ʦʩʘʜʢʦʚ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʨʦʰʢʘʭ. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʝʪʘʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ 

ʇʘʨʘʤʝʪʨ 1 2 3 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C17H20,5N2,5O12Sc C17H21N2O12Sc C18H10O17Sc2 

M, ʛ/ʤʦʣʴ 496,82 490,32 588,18 

T, K 130(2) 130(2) 130(2) 

ɚ, ¡ 0,71073 (MoKŬ) 0,71073 (MoKŬ) 0,71073 (MoKŬ) 

ʉʠʥʛʦʥʠʷ ʄʦʥʦʢʣʠʥʥʘʷ ʄʦʥʦʢʣʠʥʥʘʷ ʊʨʠʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ P21/c C2/c Pī1 

a, ¡ 5,8778(4) 18,0920(7) 8,76544(16) 

b, ¡ 11,4126(10) 9,6251(4) 10,54956(18) 

c, ¡ 17,4140(10) 12,5071(5) 11,8496(2) 

Ŭ, ʛʨʘʜ. 90 90 93,1854(14) 

ɓ, ʛʨʘʜ. 90,385(5) 98,071(4) 91,4706(14) 

ɔ, ʛʨʘʜ. 90 90 105,7391(15) 

V, ¡
3
 1168,12(15) 2156,38(15) 1052,09(3) 

Z 2 4 2 

Dcalcd, ʛ/ʩʤ
3
 1,412 1,510 1,857 

ɛ, ʤʤ
ī1

 0,378 0,408 0,739 

F(000) 514 1016 592 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0,38 Ĭ 0,05 Ĭ 0,05 0,27 Ĭ 0,15 Ĭ 0,04 0,32 Ĭ 0,18 Ĭ 0,04 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ɗ, ʛʨʘʜ. 

3,47 ī 26,37 3,73 ī 28,73 3,54 ī 29,56 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī7 Ò h Ò 5, 

ī14 Ò k Ò 11, 

ī21 Ò l Ò 20 

ī17 Ò h Ò 24, 

ī12 Ò k Ò 9, 

ī16 Ò l Ò 16 

ī10 Ò h Ò 11, 

ī14 Ò k Ò 14, 

ī15 Ò l Ò 15 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / 

ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝ-

ʥʠʡ 

5215 / 2317 5032 / 2335 17487 / 5146 

Rint 0,0305 0,0187 0,0193 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

1777 2058 4595 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1,022 1,075 1,036 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0,0404, 

wR2 = 0,1040 

R1 = 0,0343, 

wR2 = 0,0957 

R1 = 0,0253, 

wR2 = 0,0643 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ 

ʦʪʨʘʞʝʥʠʡ) 

R1 = 0,0545, 

wR2 = 0,1109 

R1 = 0,0401, 

wR2 = 0,1008 

R1 = 0,0301, 

wR2 = 0,0666 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥ-

ʥʘʷ ʧʣʦʪʥʦʩʪʴ (max / 

min), e/¡
3
 

0,408 / ī0,356 0,504 / ī0,379 0,389 / ī0,330 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 ( ʧ ʨ ʦ ʜ ʦ ʣ ʞ ʝ ʥ ʠ ʝ ) 

ʇʘʨʘʤʝʪʨ 4 5 6 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C24H24N8O16Sc2 C15H18N5O12Sc C15H16Mg1,5NO11 

M, ʛ/ʤʦʣʴ 770,43 505,28 422,75 

T, K 130(2) 130(2) 130(2) 

ɚ, ¡ 0,71073 (MoKŬ) 0,71073 (MoKŬ) 0,71073 (MoKŬ) 

ʉʠʥʛʦʥʠʷ ʊʨʠʢʣʠʥʥʘʷ ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ ʄʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ Pī1 I41/a P21/c 

a, ¡ 6,36527(16) 9,3988(10) 12,7134(4) 

b, ¡ 9,0459(4) 9,3988(10) 8,3281(2) 

c, ¡ 13,6606(5) 23,650(6) 18,0907(4) 

Ŭ, ʛʨʘʜ. 76,267(4) 90 90 

ɓ, ʛʨʘʜ. 78,228(3) 90 107,363(3) 

ɔ, ʛʨʘʜ. 80,898(3) 90 90 

V, ¡
3
 743,02(5) 2089,2(7) 1828,14(9) 

Z 1 4 4 

Dcalcd, ʛ/ʩʤ
3
 1,722 1,598 1,536 

ɛ, ʤʤ
ī1

 0,550 0,993 0,177 

F(000) 394 1032 876 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0,25 Ĭ 0,12 Ĭ0,02 0,36 Ĭ 0,17 Ĭ0,17 0,25 Ĭ 0,13 Ĭ 0,08 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ɗ, ʛʨʘʜ. 

3,29 ī 28,68 3,45 ī 25,66 3,36 ī 31,11 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī8 Ò h Ò 8, 

ī10 Ò k Ò 12, 

ī16 Ò l Ò 17 

ī9 Ò h Ò 11, 

ī11 Ò k Ò 11, 

ī19 Ò l Ò 28 

ī16 Ò h Ò 16, 

ī11 Ò k Ò 12, 

ī21 Ò l Ò 26 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / 

ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝ-

ʥʠʡ 

5799 / 3127 4312 / 984 18366 / 5144 

Rint 0,0329 0,0322 0,0228 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

2491 941 4305 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1,019 3,711 1,049 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0,0496, 

wR2 = 0,1175 

R1 = 0,1370, 

wR2 = 0,4253 

R1 = 0,0367, 

wR2 = 0,0989 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ 

ʦʪʨʘʞʝʥʠʡ) 

R1 = 0,0686, 

wR2 = 0,1284 

R1 = 0,1387, 

wR2 = 0,4257 

R1 = 0,0466, 

wR2 = 0,1055 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥ-

ʥʘʷ ʧʣʦʪʥʦʩʪʴ (max / 

min), e/¡
3
 

0,581 / ī0,554 0,581 / ī0,554 0,454 / ī0,575 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 ( ʧ ʨ ʦ ʜ ʦ ʣ ʞ ʝ ʥ ʠ ʝ ) 

ʇʘʨʘʤʝʪʨ 7 9 10 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C40H42Mn3N8O20 C20H16CdN4O5 C153H173Cd6N15O43 

M, ʛ/ʤʦʣʴ 1119,63 504,77 3584,45 

T, K 150(2) 130(2) 130(2) 

ɚ, ¡ 1,54178 (CuKŬ) 0,71073 (MoKŬ) 0,71073 (MoKŬ) 

ʉʠʥʛʦʥʠʷ ʈʦʤʙʠʯʝʩʢʘʷ ʈʦʤʙʠʯʝʩʢʘʷ ʄʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ Pba2 Pnn2 Pc 

a, ¡ 14,3537(3) 25,4844(5) 22,5562(3) 

b, ¡ 18,6881(4) 13,0123(3) 14,1421(2) 

c, ¡ 9,3916(2) 8,90688(19) 26,2296(4) 

Ŭ, ʛʨʘʜ. 90 90 102,1440(14) 

ɓ, ʛʨʘʜ. 2519,23(9) 2953,62(11) 8179,8(2) 

ɔ, ʛʨʘʜ. 2 4 2 

V, ¡
3
 1,476 1,135 1,455 

Z 6,739 0,767 0,847 

Dcalcd, ʛ/ʩʤ
3
 1146 1008 3656 

ɛ, ʤʤ
ī1

 0,17 Ĭ 0,13 Ĭ 0,12 0,22 Ĭ 0,10 Ĭ 0,10 0,58 Ĭ 0,28 Ĭ 0,17 

F(000) 3,88 ï 70,45 3,31 ī 25,35 3,29 ï 26,37 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 

ī17 Ò h Ò 15, 

ī21 Ò k Ò 22, 

ī8 Ò l Ò 11 

ī30 Ò h Ò 30, 

ī15 Ò k Ò 15, 

ī10 Ò l Ò 10 

ī28 Ò h Ò 28, 

ī17 Ò k Ò 17, 

ī32 Ò l Ò 32 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ɗ, ʛʨʘʜ. 

9526 / 3635 21199 / 5392 30498 / 76687 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 0,0327 0,0261 0,0235 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / 

ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝ-

ʥʠʡ 

3348 4653 28030 

Rint 1,061 1,088 1,032 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

R1 = 0,0742, 

wR2 = 0,1989 

R1 = 0,0753, 

wR2 = 0,2257 

R1 = 0,0331, 

wR2 = 0,0811 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 

R1 = 0,0769, 

wR2 = 0,2023 

R1 = 0,0851, 

wR2 = 0,2373 

R1 = 0,0372, 

wR2 = 0,0833 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 3,187 / ï0,847 1,309 / ī0,645 0,986 / ī0,837 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 ( ʧ ʨ ʦ ʜ ʦ ʣ ʞ ʝ ʥ ʠ ʝ ) 

ʇʘʨʘʤʝʪʨ 11 12 13 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C10H14Cl2CuN4 C20H28Cl2CuN8 C22H27CdN5O5 

M, ʛ/ʤʦʣʴ 324,69 514,94 553,88 

T, K 130(2) 130(2) 130(2) 

ɚ, ¡ 0,71073 (MoKŬ) 0,71073 (MoKŬ) 0,71073 (MoKŬ) 

ʉʠʥʛʦʥʠʷ ʈʦʤʙʠʯʝʩʢʘʷ ʄʦʥʦʢʣʠʥʥʘʷ ʄʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ Pna21 P21/c P21/c 

a, ¡ 14,9245(4) 7,6061(5) 10,8546(3) 

b, ¡ 9,5062(3) 17,6047(6) 23,6261(7) 

c, ¡ 9,7578(3) 8,9119(5) 9,6799(3) 

ɓ, ʛʨʘʜ. 90 114,965(7) 104,140(3) 

V, ¡
3
 1384,39(7) 1081,83(11) 2407,21(13) 

Z 4 2 4 

Dcalcd, ʛ/ʩʤ
3
 1,558 1,581 1,528 

ɛ, ʤʤ
ī1

 1,947 1,283 0,949 

F(000) 660 534 1128 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0,20 Ĭ 0,12 Ĭ 0,09 0,39 Ĭ 0,16 Ĭ 0,07 0,88 Ĭ 0,15 Ĭ 0,13 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ɗ, ʛʨʘʜ. 

3,29 ī 28,99 3,42 ï 28,43 3,36 ī 31,14 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī20 Ò h Ò 12, 

ī11 Ò k Ò 12, 

ī12 Ò l Ò 8 

ī7 Ò h Ò 10, 

ī22 Ò k Ò 15, 

ī6 Ò l Ò 11 

ī15 Ò h Ò 15, 

ī32 Ò k Ò 31, 

ī13 Ò l Ò 11 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / 

ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝ-

ʥʠʡ 

4284 / 2433 3205 / 1988 24703 / 6948 

Rint 0,0176 0,0180 0,0184 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

2312 1749 6270 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1,090 1,066 1,090 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0,0264, 

wR2 = 0,0636 

R1 = 0,0342, 

wR2 = 0,0956 

R1 = 0,0268, 

wR2 = 0,0607 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ 

ʦʪʨʘʞʝʥʠʡ) 

R1 = 0,0289, 

wR2 = 0,0650 

R1 = 0,0395, 

wR2 = 0,0995 

R1 = 0,0317, 

wR2 = 0,0628 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥ-

ʥʘʷ ʧʣʦʪʥʦʩʪʴ (max / 

min), e/¡
3
 

0,592 / ī0,359 0,532 / ī0,602 1,584 / ī0,379 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 ( ʧ ʨ ʦ ʜ ʦ ʣ ʞ ʝ ʥ ʠ ʝ ) 

ʇʘʨʘʤʝʪʨ 14 15 16 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C22H27N5O5Zn C21H26CdN4O5 C20H22N4O4Zn 

M, ʛ/ʤʦʣʴ 506,85 526,86 447,78 

T, K 130(2) 120(2) 120(2) 

ɚ, ¡ 0,71073 (MoKŬ) 1,54184 (CuKŬ) 1,54184 (CuKŬ) 

ʉʠʥʛʦʥʠʷ ʄʦʥʦʢʣʠʥʥʘʷ ʊʨʠʢʣʠʥʥʘʷ ʈʦʤʙʠʯʝʩʢʘʷ 

ʇʨ. ʛʨʫʧʧʘ P21/c Pī1 P212121 

a, ¡ 10,73257(16) 9,2444(10) 15,123(5) 

b, ¡ 23,2562(3) 10,0116(8) 18,806(5) 

c, ¡ 9,76351(17) 14,4659(13) 20,722(4) 

Ŭ, ʛʨʘʜ. 90 107,371(8) 90 

ɓ, ʛʨʘʜ. 105,3925(17) 91,269(8) 90 

ɔ, ʛʨʘʜ. 90 116,622(10) 90 

V, ¡
3
 2349,55(6) 1123,1(2) 5893(3) 

Z 4 2 12 

Dcalcd, ʛ/ʩʤ
3
 1,433 1,558 1,514 

ɛ, ʤʤ
ī1

 1,088 8,124 2,038 

F(000) 1056 536 2784 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0,34 Ĭ 0,31 Ĭ 0,21 0,42 Ĭ 0,23 Ĭ 0,06 0,10 Ĭ 0,04 Ĭ 0,04 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 

ɗ, ʛʨʘʜ. 

3,40 ī 30,99 5,15 ī 74,36 3,62 ī 70,07 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī15 Ò h Ò 14, 

ī32 Ò k Ò 32, 

ī14 Ò l Ò 9 

ï11 Ò h Ò 11, 

ï10 Ò k Ò 12, 

ï17 Ò l Ò 15 

ï17 Ò h Ò 18, 

ï22 Ò k Ò 22, 

ï25 Ò l Ò 15 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝʟʘ-

ʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

24131 / 6791 8600 / 4465 15255 / 9867 

Rint 0,0160 0,0568 0,1258 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

6249 4272 5058 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1,075 1,055 1,760 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0,0374, 

wR2 = 0,1059 

R1 = 0,0487, 

wR2 = 0,1236 

R1 = 0,1719, 

wR2 = 0,4597 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪʨʘ-

ʞʝʥʠʡ) 

R1 = 0,0409, 

wR2 = 0,1082 

R1 = 0,0503, 

wR2 = 0,1292 

R1 = 0,2661, 

wR2 = 0,5394 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), e/¡
3
 

1,227 / ī0,532 1,790 / ī1,490 3,392 / ī3,531 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 ( ʧ ʨ ʦ ʜ ʦ ʣ ʞ ʝ ʥ ʠ ʝ ) 

ʇʘʨʘʤʝʪʨ 17 18 19 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C29H31CdN5O5 C29H31N5O5Zn C29H31CoN5O5 

M, ʛ/ʤʦʣʴ 641,99 594,96 588,52 

T, K 130(2) 130(2) 130(2) 

ɚ, ¡ 0,71073 (MoKŬ) 0,71073 (MoKŬ) 0,71073 (MoKŬ) 

ʉʠʥʛʦʥʠʷ ʄʦʥʦʢʣʠʥʥʘʷ ʄʦʥʦʢʣʠʥʥʘʷ ʄʦʥʦʢʣʠʥʥʘʷ 

ʇʨ. ʛʨʫʧʧʘ P2/c P2/c P2/c 

a, ¡ 11,2374(3) 11,5569(8) 11,4594(3) 

b, ¡ 6,78252(13) 6,8510(5) 6,5882(2) 

c, ¡ 18,7482(4) 17,4990(9) 18,3365(5) 

ɓ, ʛʨʘʜ. 91,4013(19) 92,086(7) 92,145(3) 

V, ¡
3
 1428,52(6) 1384,59(16) 1383,39(7) 

Z 2 2 2 

Dcalcd, ʛ/ʩʤ
3
 1,493 1,427 1,413 

ɛ, ʤʤ
ī1

 0,811 0,935 0,668 

F(000) 656 620 614 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0,13 Ĭ 0,09 Ĭ 0,06 0,43 Ĭ 0,13 Ĭ 0,11 0,44 Ĭ 0,14 Ĭ 0,07 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 

ɗ, ʛʨʘʜ. 

3,51 ī 26,36 3,46 ī 25,35 3,29 ī 25,68 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ī14 Ò h Ò 11, 

ī8 Ò k Ò 8, 

ī23 Ò l Ò 22 

ī13 Ò h Ò 13, 

ī7 Ò k Ò 8, 

ī21 Ò l Ò 15 

ī13 Ò h Ò 13, 

ī8 Ò k Ò 5, 

ī19 Ò l Ò 22 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝʟʘ-

ʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

11382 / 2920 5825 / 2536 6164 / 2601 

Rint 0,0225 0,0300 0,0214 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

2530 1817 2157 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1,101 1,077 1,084 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0,0260, 

wR2 = 0,0609 

R1 = 0,0654, 

wR2 = 0,1802 

R1 = 0,0404, 

wR2 = 0,1032 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪʨʘ-

ʞʝʥʠʡ) 

R1 = 0,0338, 

wR2 = 0,0641 

R1 = 0,0884, 

wR2 = 0,1969 

R1 = 0,0526, 

wR2 = 0,1094 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), e/¡
3
 

0,527 / ī0,353 0,394 / ī0,613 0,470 / ī0,283 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 ( ʧ ʨ ʦ ʜ ʦ ʣ ʞ ʝ ʥ ʠ ʝ ) 

ʇʘʨʘʤʝʪʨ 20 21 22 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ C59H63Cd2N9O9 C28H28N4O4Zn C28H28CoN4O4 

M, ʛ/ʤʦʣʴ 1266,98 549,91 543,47 

T, K 130(2) 130(2) 130(2) 

ɚ, ¡ 0,71073 (MoKŬ) 0,71073 (MoKŬ) 0,71073 (MoKŬ) 

ʉʠʥʛʦʥʠʷ ʈʦʤʙʠʯʝʩʢʘʷ ʈʦʤʙʠʯʝʩʢʘʷ ʈʦʤʙʠʯʝʩʢʘʷ 

ʇʨ. ʛʨʫʧʧʘ P212121 Pbcn Pbcn 

a, ¡ 8,8758(2) 8,6880(4) 8,7112(7) 

b, ¡ 24,0175(7) 14,6001(6) 14,5251(18) 

c, ¡ 28,4657(9) 23,4501(11) 23,5166(18) 

V, ¡
3
 6068,2(3) 2974,5(2) 2975,6(5) 

Z 4 4 4 

Dcalcd, ʛ/ʩʤ
3
 1,387 1,228 1,213 

ɛ, ʤʤ
ī1

 0,761 0,862 0,613 

F(000) 2592 1144 1132 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0,39 Ĭ 0,16 Ĭ 0,14 0,28 Ĭ 0,20 Ĭ 0,08 0,37 Ĭ 0,20 Ĭ 0,15 

ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ɗ, ʛʨʘʜ. 

3,43 ī 25,35 3,47 ī 25,35 3,47 ī 25,35 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʦʚ hkl 

ï8 Ò h Ò 10, 

ï28 Ò k Ò 28, 

ï23 Ò l Ò 34 

ī9 Ò h Ò 10, 

ī16 Ò k Ò 17, 

ī17 Ò l Ò 28 

ī10 Ò h Ò 6, 

ī14 Ò k Ò 17, 

ī28 Ò l Ò 20 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ / ʥʝ-

ʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 

30671 / 11071 7843 / 2724 8674/2731 

Rint 0,0350 0,0171 0,0296 

ʏʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʩ 

I > 2ů(I) 

9566 2037 2313 

ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ F
2
 1,085 1,097 1,200 

R-ʬʘʢʪʦʨʳ [I > 2ů(I)] 
R1 = 0,0768, 

wR2 = 0,1875 

R1 = 0,0374, 

wR2 = 0,1271 

R1 = 0,1377, 

wR2 = 0,3542 

R-ʬʘʢʪʦʨʳ (ʜʣʷ ʚʩʝʭ ʦʪ-

ʨʘʞʝʥʠʡ)) 

R1 = 0,0875, 

wR2 = 0,1932 

R1 = 0,0423, 

wR2 = 0,1311 

R1 = 0,1512, 

wR2 = 0,3638 

ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (max / min), 

e/¡
3
 

3,769 / ī1,021 1,230 / ī0,406 0,830/ī0,499 
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ɻʃɸɺɸ 3. ʆʉʅʆɺʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀ ɺʓɺʆɼʓ 

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʛʠʙʨʠʜ-

ʥʳʡè ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ-ʟʘ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʚʤʝʩʪʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʥʦʩʷʪ ʦʨʛʘ-

ʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜ.r ʅʘʣʠʯʠʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʄʆʂʇ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʯʝʪʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ, ʤʘʛʥʠʪʥʳʤʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʠ ʜʨ. ʩʚʦʡʩʪʚʘʤʠ. ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʣʠʛʘʥʜʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, çʦʪʚʝʯʘʶʪè ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʠʩʪʳʭ ʢʘʨʢʘʩʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʦ 

ʤʦʛʫʪ ʥʝʩʪʠ ʚ ʩʝʙʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʅʘʣʠʯʠʝ ʛʨʫʧʧ-ʟʘʤʝʩʪʠʪʝʣʝʡ ʠʣʠ 

ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʣʠʛʘʥʜʝ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ, 

ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʠ ʠʣʠ ʠʟʤʝʥʠʪʴ ʢʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʝʪʝʨʦʘʪʦʤʳ ʚ ʮʠʢʣʝ ʣʠʛʘʥʜʘ, ʥʝʩʫʪ 

ʩʚʦʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʛʝʪʝʨʦʘʪʦʤ rʤʦʛʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠ-

ʥʠʨʦʚʘʪʴ ʤʝʪʘʣʣ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʞʝʩʪʢʦʩʪʴ ʢʘʨʢʘʩʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʣʠʙʦ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʦ-ʚʪʦʨʳʭ, ʛʝʪʝʨʦʘʪʦʤʳ, ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦ-

ʚʘʪʴ ʩ ʛʦʩʪʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʚʳʩʪʫʧʘʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʦʨʙʮʠʦʥʥʳʡ ʠʣʠ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʠʡ ʮʝʥʪʨ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʚʘ ʪʠʧʘ ʣʠʛʘʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʘʪʦʤʳ ʚ ʘʨʦ-

ʤʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ (ʩʭʝʤʘ 10). ʇʝʨʚʳʡ ʪʠʧ ʣʠʛʘʥʜʦʚ ï ʵʪʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠʢʘʨʙʦʢʩʠ-

ʣʘʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ, ʢʘʢ ʯʝʨʝʟ ʢʠʩʣʦʨʦʜ ʢʘʨ-

ʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʪʘʢ ʠ ʯʝʨʝʟ ʛʝʪʝʨʦʘʪʦʤ ʚ ʮʠʢʣʝ. ɺʪʦʨʦʡ ʪʠʧ ʣʠʛʘʥʜʦʚ ï ʵʪʦ N-

ʩʦʜʝʨʞʘʱʠʝ ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʥʪʝʟʝ ʢʘʢ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʝʪʘʣʣʘ ʚ ʨʘʙʦ-

ʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʣʠ ʮʠʥʢʘ(II), ʢʘʜʤʠʷ(II), ʢʦʙʘʣʴʪʘ(II), ʤʝʜʠ(II) ʠ ʤʘʨʛʘʥʮʘ(II), ʤʘʛ-

ʥʠʷ(II). ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪʳ ʩʪʘʣ ʩʠʥʪʝʟ ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦ-

ʣʠʤʝʨʦʚ (ʉʆʂʇ). ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʢʘʥʜʠʡ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʦʙʳʤ ʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚ ʊʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝ-

ʚʘ. ʉʢʘʥʜʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʨʷʜʘ d-ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʝʪ ʥʝʢʦ-

ʪʦʨʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʦʩʪʘʣʴʥʳʤʠ ʤʝʪʘʣʣʘ ʨʷʜʘ. ʂʘʢ ʵʣʝʤʝʥʪ ʩʢʘʥʜʠʡ ʦʙ-

ʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʝʡ ʤʘʩʩʦʡ, ʩʨʝʜʠ d-ʵʣʝʤʝʥʪʦʚ, ʘ ʟʥʘʯʠʪ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʙʫʜʫʪ 

ʦʙʣʘʜʘʪʴ ʤʝʥʴʰʝʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʚʝʣʠ-

ʯʠʥʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ʂʘʪʠʦʥ 

ʩʢʘʥʜʠʷ(III) ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʨʘʜʠʫʩ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ ʥʝʤʫ 

ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ Sc(III) ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠ-

ʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʪ 6 ʜʦ 8. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʪʠʦʥ ʩʢʘʥʜʠʷ(III) ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ çʞʝʩʪʢʦ-

ʩʪʴʁè ʧʦ ʇʠʨʩʦʥʫ, ʘ ʟʥʘʯʠʪ ʢʘʨʙʦʢʩʠʣʘʪʳ ʩʢʘʥʜʠʷ ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴ ʧʦʚʳʰʝʥʥʫʶ ʛʠʜ-

ʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʊʘʢʞʝ Sc(III) ʦʙʣʘʜʘʝʪ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʃʴʶʠʩʫ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʄʆʂʇ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʆʪʩʫʪʩʪʚʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʫ Sc(III) ʥʝ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʥʠʞʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʉʆʂʇ, ʢʦʪʦʨʘʷ, ʚ ʮʝʣʦʤ, ʦʛʨʘʥʠʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʛʠʜʨʦʣʠ-

ʪʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 
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ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ ʠʣʠ ʢʘʪʘʣʠʟʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ (ʩʭʝʤʘ 10) ʠ ʩʦʣʝʡ ʤʝ-

ʪʘʣʣʦʚ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ 22 ʩʦʝʜʠʥʝʥʠʷ 

(ʪʘʙʣ. 3). ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʠ/ʠʣʠ ʧʦ-

ʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ ʠ ʈʌɸ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʵʣʝ-

ʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʭʠ-

ʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ. ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʨʙʮʠ-

ʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʠʟʫʯʝʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ. 

 

ʉʭʝʤʘ 10. ʉʪʨʦʝʥʠʝ ʣʠʛʘʥʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʥʪʝʟʝ, ʠ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3 

ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ  

ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ˉ 

ʧ/ʧ 

ʌʦʨʤʫʣʘ ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

1 ((CH3)2NH2)[Sc(H2O)2(fdc)2]Ā1.5CH3CN ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ 

2 ((CH3)NH2)2[Sc(fdc)2(HCOO)] ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ, ɻʉ 

3 [Sc2(H2O)2(fdc)3] ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ, ɻʉ 

4 [Sc2(DMF)2(H2O)2(pzc)3]Ā2H2O ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ɻʉ 

5 [Sc(Hpzc)(pzc)]ĀDMFĀ3H2O ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ɻʉ, ʉʉ 

6 ((CH3)NH2)2[Mg3(CH3OH)2(fdc)4] ʈʉɸ, ʈʌɸ, CHN, ʊɻɸ 

7 [Mn3(Hpdc)2(pdc)2]Ā4,8DMFĀH2O ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ, ʉʉ, ʄʉ, 

ʂʍʈ 

8 [Mg3(Hpdc)2(pdc)2]Ā4DMFĀH2O ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ, ʉʉ, ʄʉ, ʂʍʈ 

9 [Cd(H2O)(bpdc)(im)2]  ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ 

10 ((CH3)2NH2)4[Cd6(DMF)(bpdc)8]Ā10DMF ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ 

11 [Cu(bImB)Cl2] ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ 

12 [Cu(bImB)2Cl2] ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ 

13 [Cd(bImP)(bdc)]ĀDMF ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ 

14 [Zn(bImP)(bdc)]Ā0,6DMFĀ0,4H2O ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ 

15 [Cd(bImH)(bdc)]ĀCH3OH ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ 

16 [Zn(bImH)(bdc)] ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ 

17 [Cd(bImB)(sdc)]ĀDMF ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ, ʃʉ, ʉʉ 

18 [Zn(bImB)(sdc)]ĀDMF ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ ʃʉ, ʉʉ 

19 [Co(bImB)(sdc)]ĀDMF ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ ʃʉ, ʉʉ 

20 [Zn(bImH)(sdc)]ĀDMF ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ ʃʉ, ʉʉ 

21 [Co(bImH)(sdc)]ĀDMF ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ ʃʉ, ʉʉ 

22 [Cd(bImH)(sdc)]ĀDMF ʈʉɸ, ʈʌɸ, ʀʂ, CHN, ʊɻɸ ʃʉ, ʉʉ 

3.1. ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʪʠʧʘ ʣʠʛʘʥʜʘ 

3.1.1. ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʄʆʂʇ ʥʘ ʦʩʥʦʚʝ ʩʢʘʥʜʠʷ  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʢʩʘʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ ʠ 2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦ-

ʪʳ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʘ 

((CH3)2NH2)[Sc(H2O)2(fdc)2]Ā1,5CH3CN (1), ((CH3)2NH2)2[Sc(fdc)2(HCOO)] (2), 

[Sc2(H2O)2(fdc)3] (3), (H2fdcï2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) [101]. ʉʦʝʜʠʥʝʥʠʝ 1 ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʠʟ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʘʮʝʪʦʥʠʪʨʠʣ, ɼʄʌɸ, ʚʦʜʘ ʧʨʠ 80Áʉ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ 

ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ P21/c. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʦʚʠʥʳ ʢʘʪʠʦʥʘ Sc(III ), fdc
2ī

 ʘʥʠʦʥʘ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫ-

ʣʳ ʚʦʜʳ. ʂʘʪʠʦʥ Sc(III) ʥʘʭʦʜʠʪʩʷ ʚ ʩʣʝʛʢʘ ʠʩʢʘʞʝʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʩʦ-

ʩʪʦʷʱʝʤ ʠʟ 6 ʘʪʦʤʦʚ O, 4 ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʠ ʧʨʠʥʘʜ-

ʣʝʞʘʪ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ fdc
2ī

 ʘʥʠʦʥʦʚ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʜʚʘ, ʥʘʭʦ-

ʜʷʱʠʝʩʷ ʚ ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʜʚʫʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ (ʨʠʩ. 50). 
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ɼʣʠʥʳ ʩʚʷʟʝʡ ScïOCOO ʨʘʚʥʳ 2,0557(13) ʠ 2,0593(14) ¡. ɼʣʠʥʘ ʩʚʷʟʠ ScïOHOH ʥʝʤʥʦʛʦ 

ʜʣʠʥʥʝʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 2,1125(14) ¡. 

 

ʈʠʩ. 50. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ Sc(III ) ʚ ʩʦʝʜʠʥʝʥʠʠ 1. ɸʪʦʤʳ H ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʥʝ 

ʧʦʢʘʟʘʥʳ. ɸʪʦʤʳ Sc ʧʦʢʘʟʘʥʳ ʛʦʣʫʙʳʤ; C, ʩʝʨʳʡ; O, ʢʨʘʩʥʳʡ, H, ʙʝʣʳʡ 

ʂʘʪʠʦʥʳ ʩʢʘʥʜʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ fdc
2ī

 ʘʥʠʦʥʦʚ, ʦʙʨʘʟʫʷ ʩʣʦʠ 

ʪʦʧʦʣʦʛʠʠ sql ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ bc. ʕʪʠ ʩʣʦʠ ʩʚʷʟʘʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜʘ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠʟ ʩʦʩʝʜʥʠʭ 

ʩʣʦʝʚ ʠ ʦʙʨʘʟʫʶʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʘʨʢʘʩ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ 

ʧʦʨʳ ʨʘʟʤʝʨʦʤ 6Ĭ7 ¡ (ʨʠʩ. 51). ɼʣʠʥʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ OéO ʨʘʚʥʳ 2,6246(1) ʠ 

2,6518(2) ¡. ʈʘʩʩʯʠʪʘʥʥʳʡ ʦʙʲʝʤ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 40,6 % ʠ ʟʘʧʦʣ-

ʥʝʥ ʛʦʩʪʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʢʘʪʠʦʥʘʤʠ ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ [100]. ʂʘʪʠʦʥʳ 

ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ɼʄʌɸ. 

 

ʈʠʩ. 51. ɺʠʜ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ 1 ʚʜʦʣʴ ʦʩʠ a, ʧʦʢʘʟʳʚʘʶʱʠʡ ʦʜʥʦʤʝʨʥʳʝ ʢʘʥʘʣʳ (ʧʦʢʘʟʘʥʦ ʚ ʚʘʥ-ʜʝʨ-

ɺʘʣʴʩʦʚʳʭ ʰʘʨʘʭ) (ʣʝʚʳʡ). ɺʠʜ ʩʪʨʫʢʪʫʨʳ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʦʜʦʨʦʜʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʩʣʦʷʤʠ ʚ ʩʦʝʜʠʥʝʥʠʠ 1 (ʨʦʟʦʚʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) (ʧʨʘʚʳʡ) 

ʉʦʝʜʠʥʝʥʠʝ ((CH3)2NH2)2[Sc(fdc)2(HCOO)] (2) ʧʦʣʫʯʝʥʦ ʠʟ ʩʤʝʩʠ ɼʄʌɸ ʠ ʚʦʜʳ ʧʨʠ 

120Áʉ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ 

C2/c. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʢʘʨʢʘʩʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʦʚʠʥʳ ʢʘʪʠʦʥʘ Sc(III ), fdc
2ī

 ʘʥʠʦʥʘ, ʧʦʣʦ-

ʚʠʥʳ ʬʦʨʤʠʘʪ-ʘʥʠʦʥʘ ʠ ʢʘʪʠʦʥʘ ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ (ʨʠʩ. 52). ʂʘʪʠʦʥʳ ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʠ 

ʬʦʨʤʠʘʪ-ʘʥʠʦʥʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ɼʄʌɸ. 

ʂʘʪʠʦʥ Sc(III) ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʝʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʩʦʩʪʦʷʱʝʤ ʠʟ 6 ʘʪʦ-

ʤʦʚ O, 4 ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ 4 ʨʘʟʣʠʯʥʳʤ fdc
2ī

 ʘʥʠʦʥʘʤ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʧʦ ʵʢʚʘ-

ʪʦʨʠʘʣʴʥʳʤ ʧʦʟʠʮʠʷʤ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʜʚʘ ʜʚʫʤ ʬʦʨʤʠʘʪ-ʘʥʠʦʥʘʤ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʧʦ 
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ʘʢʩʠʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʷʤ. ɼʣʠʥʳ ʩʚʷʟʝʡ ScïOCOO ʨʘʚʥʳ 2,0763(11) ʠ 2,0707(11) ¡ ʜʣʷ fdc
2ī

 

ʘʥʠʦʥʘ, ʠ 2,0938(10) ¡ ʜʣʷ ʬʦʨʤʠʘʪ-ʘʥʠʦʥʘ. ʂʘʪʠʦʥʳ Sc(III) ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ fdc
2ī

 ʘʥʠʦʥʦʚ, ʦʙʨʘʟʫʷ ʮʝʧʦʯʢʠ. ʇʣʦʩʢʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦ-

ʣʝʮ ʣʠʛʘʥʜʦʚ ʚ ʮʝʧʦʯʢʘʭ ʥʘʭʦʜʷʪʩʷ ʚ ī́́ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʮʠʢʣʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 3,3692(1) ¡. ʎʝʧʦʯʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠ-

ʢʦʚʳʭ ʬʦʨʤʠʘʪ-ʘʥʠʦʥʦʚ, ʦʙʨʘʟʫʷ ʟʘʨʘʞʝʥʥʳʝ ʩʣʦʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ bc. ʄʝʞʩʣʦʝ-

ʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʦʣʥʝʥʦ ʢʘʪʠʦʥʘʤʠ ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʚʦʜʦʨʦʜʥʳʤʠ 

ʩʚʷʟʷʤʠ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜʦʚ ʠʟ ʩʣʦʝʚ. ɼʣʠʥʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ OéN 

ʨʘʚʥʳ 2,7345(1) ʠ 2,7679(1) ¡. 

 

ʈʠʩ. 52. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ Sc(III) ʚ ʩʦʝʜʠʥʝʥʠʠ 2. ɸʪʦʤʳ H ʣʠʛʘʥʜʦʚ ʥʝ ʧʦʢʘʟʘʥʳ. ɸʪʦʤ 

Sc ʧʦʢʘʟʘʥ ʛʦʣʫʙʳʤ; C, ʩʝʨʳʡ; O, ʢʨʘʩʥʳʡ, H, ʙʝʣʳʡ (ʣʝʚʳʡ). ɺʠʜ ʩʪʨʫʢʪʫʨʳ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʦʜʦʨʦʜʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʩʣʦʷʤʠ ʠ ʤʝʞʩʣʦʝʚʳʤʠ ʢʘʪʠʦʥʘʤʠ ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʚ ʩʦʝʜʠʥʝʥʠʠ 2 

(ʨʦʟʦʚʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) (ʧʨʘʚʳʡ) 

 

ʈʠʩ. 53. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʦʚ Sc(III) ʚ ʩʦʝʜʠʥʝʥʠʠ 3. ɸʪʦʤr Sc ʧʦʢʘʟʘʥ rʛʦʣʫʙʳʤ; C, ʩʝ-

ʨʳʡ; O, ʢʨʘʩʥʳʡ, H, ʙʝʣʳʡ. (ʣʝʚʳʡ) ɺʠʜ ʩʪʨʫʢʪʫʨʳ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʦʜʦʨʦʜʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦ-

ʩʝʜʥʠʤʠ ʩʣʦʷʤʠ ʚ ʩʦʝʜʠʥʝʥʠʠ 3 (ʨʦʟʦʚʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) (ʧʨʘʚʳʡ) 

ʉʦʝʜʠʥʝʥʠʝ [Sc2(H2O)2(fdc)3] (3) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

120Áʉ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ Pī1. 

ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʘʪʠʦʥʦʚ Sc(III ), ʪʨʝʭ fdc
2ī

 ʘʥʠʦʥʦʚ ʠ ʜʚʫʭ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩ. 53). ʂʘʞʜʳʡ ʢʘʪʠʦʥ Sc(III) ʢʦʦʨʜʠʥʠʨʦʚʘʥ 5 fdc
2ī

 

ʘʥʠʦʥʘʤʠ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ. ɼʣʠʥʳ ʩʚʷʟʝʡ ScïOCOO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʞʜʫ 

2,1067(10) ʠ 2,0018(10) ¡ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 2,0697 ¡), ʜʣʠʥʳ ʩʚʷʟʝʡ ScïOHOH ʟʘʤʝʪʥʦ 

ʜʣʠʥʥʝʝ 2,1358(10) ʠ 2,1432(10) ¡. ʇʦʧʘʨʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʢʘʪʠʦʥʳ Sc(III) ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʣʠʛʘʥʜʦʚ, ʦʙʨʘʟʫʷ ʩʣʦʠ ʚʜʦʣʴ ʦʩʠ c. ʉʣʦʠ 



75 
 

ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘ-

ʤʠ ʚʦʜʳ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜʦʚ, ʦʙʨʘʟʫʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʘʨʢʘʩ. ɼʣʠ-

ʥʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ OéO ʨʘʚʥʳ 2,6630(1) ʠ 2,6239(0) ¡. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʦʩʢʦʩʪʠ ʘʨʦʤʘ-

ʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʣʠʛʘʥʜʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ī́́ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʮʠʢʣʘʤʠ ʣʠʛʘʥʜʦʚ ʨʘʚʥʦ 3,3469(1) ¡. 

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 1ï3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʠ ʧʨʦʯʠʭ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʧʣʦʪ-

ʥʳʭ ʩʪʨʫʢʪʫʨ. ʉʠʥʪʝʟ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 80Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 

1 (Dc = 1.412 ʛ/ʩʤ
ī3
), ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ 120ÁC ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 2 (Dc = 1.510 ʛ/ʩʤ
ī3
) ʠ 3 (Dc = 1.857 ʛ/ʩʤ

ī3
), ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʥʝʪ ʦʙʲ-

ʝʤʘ ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ 1ī3 ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʨʦʰʢʘʭ (ʨʠʩ. 54). ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʭʦʞʠ 

ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʩʦʝʜʠʥʝʥʠʡ. ʐʠʨʦʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ 

OīH, CīH ʠ NīH ʠ ʧʦʣʠʤʝʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3500 ʜʦ 

2500 ʩʤ
ī1

. ʀʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʪʨʦʡʥʦʡ ʩʚʷʟʠ CſN ʛʦʩʪʝʚʦʡ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦ-

ʥʠʪʨʠʣʘ ʩʦʝʜʠʥʝʥʠʷ 1 ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 2501 ʩʤ
ī1

. ʀʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩ rʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝ-

ʙʘʥʠʡ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʉ=ʆ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʘʥʠʦʥʦʚ ʢʠʩʣʦʪ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 1372 ʠ 

1672, 1345 ʠ 1645, 1351 ʠ 1679 ʩʤ
ī1

 ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 1, 2 ʠ 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʝʙʘʥʠʷ 

ʩʚʷʟʠ CīN ʢʘʪʠʦʥʦʚ ʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 1018 ʠ 1010 ʩʤ
ī1

 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 54. ʂʨʠʚʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʨʦʰʢʘʭ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 1ī3 (ʩʣʝʚʘ ʥʘʧʨʘʚʦ). ɺʳʯʠʩʣʝʥʥʳʝ 

ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʨʠʚʳʝ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ī 

ʢʨʘʩʥʳʤ 

ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʠʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦ-

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 55). ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʊɻɸ ʩʦʝʜʠʥʝʥʠʝ 1 ʥʘʯʠʥʘʝʪ ʨʘʟ-

ʣʦʞʝʥʠʝ ʜʦ 100Áʉ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʩʪʝʧʝʥʥʫʶ ʧʦʪʝʨʶ ʤʘʩʩʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 250Áʉ 

ʚʩʣʝʜʩʪʚʠʝ ʫʜʘʣʝʥʠʷ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɺʝʣʠʯʠʥʘ ʥʘʙʣʶ-

ʜʘʝʤʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 22 % ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʜʣʷ ʧʦʣʫʪʦʨʘ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ 

ʊɻɸ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, 

ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʮʝʜʫʨʳ SQUEEZE [100]. 
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ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 2, ʢʦʪʦʨʦʝ ʥʝ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦ-

ʩʪʘʚʝ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250Áʉ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 3 ʜʝ-

ʤʦʥʩʪʨʠʨʫʝʪ ʦʯʝʥʴ ʤʘʣʝʥʴʢʫʶ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʠ ʤʘʩʩʳ (å 2 %) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 250Áʉ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʫʜʘʣʝʥʠʝʤ ʦʢʢʣʶʜʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠʟ ʤʝʞʢʨʠʩʪʘʣʴʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ. ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6 % ʧʨʠ 350Áʉ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ ʚʝ-

ʣʠʯʠʥʦʡ ʜʣʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ. ʉʦʝʜʠʥʝʥʠʝ 

3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʨʘʟʣʦʞʝʥʠʝ ʢʘʨʢʘʩʘ ʧʨʦʠʩʭʦʜʠʪ 

ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 400Áʉ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʨʝʢʦʨʜʥʦ ʩʪʘʙʠʣʴʥʳʤʠ ʩʦ-

ʝʜʠʥʝʥʠʷʤʠ ʮʠʨʢʦʥʠʷ [102]. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʨʢʘʩʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ ʄʆʂʇ. ʅʘʠʤʝʥʝʝ ʧʣʦʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʷ 1 ʥʘʠʤʝʥʝʝ ʩʪʘʙʠʣʴʥʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʟ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʥʘʯʠʥʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʚ ʤʦʤʝʥʪ ʫʜʘʣʝʥʠʷ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʉʦʝʜʠʥʝʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʪʘʙʠʣʴʥʦ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʧʦʧʳʪʢʘʭ 

ʫʜʘʣʝʥʠʷ ʛʦʩʪʝʡ. ʉʣʦʠʩʪʦʝ ʟʘʨʷʞʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 2 ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʘʨʢʘʩ 

ʩʦʝʜʠʥʝʥʠʷ 3, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʮʝʣʦʩʪʥʦʩʪʴ ʜʦ 450Áʉ. 
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ʈʠʩ. 55. ʊɻ ʢʨʠʚʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 1 (ʯʝʨʥʘʷ ʣʠʥʠʷ), 2 (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ 3 (ʩʠʥʷʷ ʣʠʥʠʷ) 

ɺʤʝʩʪʝ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʤʳ ʠʟʫʯʠʣʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 1 ʠ 2 ʥʝʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʝ, ʥʦ ʚʝʜʫʪ ʩʝʙʷ ʧʦ-

ʨʘʟʥʦʤʫ. ʉʦʝʜʠʥʝʥʠʝ 1 ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʟʘ 3ï5 ʯʘʩʦʚ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ 

ʵʪʦʤʫ, ʩʦʝʜʠʥʝʥʠʝ 2 ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʚʦʜʝ, ʥʦ ʪʘʢʞʝ ʥʝ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 56). 

ʉʦʝʜʠʥʝʥʠʝ 3 ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ pH ʦʪ 1 ʜʦ 13 ʠ ʩʦʭʨʘʥʷʝʪ 

ʩʪʨʫʢʪʫʨʫ ʚ ʢʠʩʣʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʪʝʯʝʥʠʝ 2 ʥʝʜʝʣʴ (ʨʠʩ. 57). 
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ʈʠʩ. 56. ʂʨʠʚʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʨʦʰʢʘʭ ʜʣʷ ʩʚʝʞʝʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 2 (ʢʨʘʩʥʘʷ 

ʣʠʥʠʷ) ʠ ʩʦʝʜʠʥʝʥʠʷ 2, ʚʳʜʝʨʞʘʥʥʦʛʦ ʚ ʚʦʜʝ (ʟʝʣʝʥʘʷ ʣʠʥʠʷ) 
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ʈʠʩ. 57. ʂʨʠʚʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʨʦʰʢʘʭ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 3 ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʟʘʜʘʥʥʦʛʦ pH ʚ ʪʝʯʝʥʠʝ 2 ʥʝʜʝʣʴ 

ʉʦʝʜʠʥʝʥʠʷ 1 ʠ 2, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ ʥʝʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʦʜʳ, ʥʝ ʠʤʝʶʪ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʤ, ʩʦʝʜʠʥʝʥʠʝ 3 

ʧʦʣʫʯʝʥʥʦʝ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʢʣʘʩʩʘ ʄʆʂʇ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʣʠʯʠʝ ʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʛʠʜ-

ʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʷʜʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʝʜʠʥʝʥʠʝ 1 ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ, ʥʘʣʠʯʠʝʤ ʩʠʣʴʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. 

ɺʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ʚʦʜʳ ʤʦʛʫʪ ʛʘʩʠʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 2 ʠʤʝʶʪ ʜʚʘ ʧʦʣʦʩʳ 

ʠʩʧʫʩʢʘʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 360 ʠ 410 ʥʤ (ʨʠʩ. 58). ʇʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʭʦʨʦʰʦ ʩʦ-

ʛʣʘʩʫʶʪʩʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ (400ï420 ʥʤ) [103, 104]. 

ʉʧʝʢʪʨʳ ʠʩʧʫʩʢʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʜʚʫʭ ʜʣʠʥ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ 330 ʠ 350 ʥʤ. ʇʨʠ 

ʜʣʠʥʝ ʚʦʟʙʫʞʜʝʥʠʷ 330 ʥʤ, ʩʦʝʜʠʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʦʣʫʙʦʝ ʩʚʝʯʝʥʠʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 

360 ʥʤ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 350 ʥʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʣʶʤʠʥʝʩ-
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ʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 410 ʥʤ. ʉʦʝʜʠʥʝʥʠʝ 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʰʠʨʦ-

ʢʦʡ ʧʦʣʦʩʦʡ ʠʩʧʫʩʢʘʥʠʷ ʚ ʨʘʡʦʥʝ 370 ʠ 410 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 340 ʥʤ ʠ 

ʥʝʤʥʦʛʦ ʙʦʣʝʝ ʫʟʢʫʶ ʧʦʣʦʩʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ 435 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

370 ʥʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 2 ʠ 3 ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʤʘʢʩʠʤʫʤʫ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. ʂʘ-

ʪʠʦʥʳ Sc(III) ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʷ ʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟ-ʟʘ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 
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ʈʠʩ. 58. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʧʝʢʪʨʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 2 ʠ 3. ʉʧʝʢʪʨʳ ʠʩʧʫʩʢʘʥʠʷ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 2 ɚEx = 330 ʥʤ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ɚEx = 350 ʥʤ (ʪʝʤʥʦ-ʩʠʥʷʷ ʣʠʥʠʷ). ʉʧʝʢʪʨ ʚʦʟʙʫʞ-

ʜʝʥʠʷ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ ɚEm = 410 ʥʤ (ʣʝʚʳʡ). 

ʉʧʝʢʪʨʳ ʠʩʧʫʩʢʘʥʠʷ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 3 ɚEx = 340 ʥʤ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ɚEx = 370 

ʥʤ (ʩʠʥʷʷ ʣʠʥʠʷ). ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʜʣʷ ʜʣʠʥ ʚʦʣʥ ɚEm = 370 ʥʤ (ʢʨʘʩʥʘʷ 

ʣʠʥʠʷ) ʠ ʜʣʷ ɚEm = 435 ʥʤ (ʩʠʥʷʷ ʣʠʥʠʷ) (ʧʨʘʚʳʡ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʩʝʨʠʶ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

Sc(III ) ʠ 2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʣʦʠʩʪʳʭ ʄʆʂʇ ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 3 ʩʦʭʨʘʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʜʦ 400ÁC ʠ ʦʙʣʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴ-

ʥʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ ʦʪ 1 ʜʦ 13. ʉʦʝʜʠʥʝʥʠʷ 2 ʠ 

3 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ. 

ʉʦʝʜʠʥʝʥʠʷ [Sc2(DMF)2(H2O)2(pzc)3]Ā2H2O (4) ʠ [Sc(Hpzc)(pzc)]ĀDMFĀ3H2O (5) ʧʦʣʫ-

ʯʘʣʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʢʩʘʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ ʩʢʘʥʜʠʷ ʩ ʛʠʜʨʘʪʦʤ 2,5-

ʧʠʨʘʟʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (H2pzcĀ2H2O), ʚʟʷʪʦʡ ʚ ʥʝʜʦʩʪʘʪʢʝ, ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʷʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [105]. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝʥʠʝ 4 ʢʨʠ-

ʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ ʈī1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨ-

ʞʠʪ ʢʘʪʠʦʥ Sc(III), ʧʦʣʪʦʨʳ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ pzc
2ī
, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ ʚʦʜʳ ʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ ɼʄʌɸ. ʂʘʪʠʦʥ Sc(III) ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫ-

ʞʝʥʠʠ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʪʨʝʭ ʭʝʣʘʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʢʠʩʣʦʪʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ɼʄʌɸ (ʨʠʩ. 60). ɼʣʠʥʳ ʩʚʷʟʝʡ ScïOCOO ʨʘʚʥʳ 2,098(2), 2,121(2) ʠ 

2,198(2) ¡, ʜʣʠʥʳ ʩʚʷʟʝʡ ScïOHOH ʠ ScïODMF ʨʘʚʥʳ 2,182(2) ʠ 2,124(2) ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʠʥʳ ʩʚʷʟʝʡ ScïNpzc ʨʘʚʥʳ 2,446(3), 2,556(2) ʠ 2,485(3) ¡. ʉ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʣʠ-

ʛʘʥʜʦʚ pzc
2ī

 ʢʘʪʠʦʥʳ Sc(III) ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʪʦʧʦʣʦʛʠ-
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ʝʡ ʧʯʝʣʠʥʳʭ ʩʦʪ hcb. ɺʥʫʪʨʴ ʧʦʨ ʩʣʦʷ, ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʣʦʩʢʦʩʪʠ bc, ʩʤʦʪʨʷʪ ʢʦʦʨʜʠʥʠʨʦ-

ʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʨʠʩ. 59). 

  

ʈʠʩ. 59. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʘ Sc(III) ʚ ʩʦʝʜʠʥʝʥʠʠ 4. ɸʪʦʤʳ H ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʥʝ 

ʧʦʢʘʟʘʥʳ (ʣʝʚʳʡ). ɺʠʜ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ 4 ʚʜʦʣʴ ʦʩʠ a, ʧʦʢʘʟʳʚʘʶʱʠʡ ʦʜʥʦʤʝʨʥʳʝ ʢʘʥʘʣʳ (ʧʨʘʚʳʡ). 

ɸʪʦʤ Sc ʧʦʢʘʟʘʥ ʛʦʣʫʙʳʤ; C, ʩʝʨʳʡ; O, ʢʨʘʩʥʳʡ, H, ʙʝʣʳʡ 

ʉʣʦʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦʜʦʨʦʜʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠ-

ʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜʦʚ, ʦʙʨʘʟʫʷ ʩʫʧʨʘʤʦʣʝ-

ʢʫʣʷʨʥʳʡ ʢʘʨʢʘʩ (ʨʠʩ. 60). ɼʣʠʥʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ OéO ʨʘʚʥʳ 2,7385(1) ʠ 2,6959(1) ¡. 

 

ʈʠʩ. 60. ɺʠʜ ʩʪʨʫʢʪʫʨʳ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʦʜʦʨʦʜʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʦʝʜʠʥʝʥʠʠ 4 (ʨʦʟʦʚʳʝ 

ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝʥʠʝ [Sc(Hpzc)(pzc)]ĀDMFĀ3H2O (5) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘ-

ʛʦʥʘʣʴʥʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ I41/a. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʠʪ ʯʝʪʚʝʨʪʴ ʢʘʪʠ-

ʦʥʘ Sc(III) ʠ ʧʦʣʦʚʠʥʫ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ pzc
2ī
. ʂʘʪʠʦʥ Sc(III) ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʩʦʩʪʦʷʱʝʤ ʠʟ 4 ʭʝʣʘʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʢʠʩʣʦʪʳ (ʨʠʩ. 61). 

ɼʣʠʥʘ ʩʚʷʟʠ ScïOCOO ʨʘʚʥʘ 2,1276(2) ¡, ʘ ScïNpzc 2,4018(4) ¡. ʉ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ 

ʣʠʛʘʥʜʦʚ pzc
2ī

 ʢʘʪʠʦʥʳ Sc(III) ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʪʦ-

ʧʦʣʦʛʠʝʡ ʘʣʤʘʟʘ dia. ʇʦʣʦʞʝʥʠʝ ʘʪʦʤʘ H ʩʪʨʫʢʪʫʨʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʦʜʥʘʢʦ ʝʛʦ 

ʥʘʣʠʯʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ (ʊɻ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ). ɺ 

ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪʩʷ ʦʯʝʥʴ ʫʟʢʠʝ ʧʦʨʳ ʨʘʟʤʝʨʦʤ 3Ĭ3 ¡ (ʨʠʩ. 62). ʈʘʩʩʯʠʪʘʥʥʳʡ ʦʙʲʝʤ ʜʦ-






















































































































