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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

PSS ï ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ 

TTF (tetrathiafulvalene) ï ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

ʊʄTTF (tetramethyltetrathiafulvalene) ï ʪʝʪʨʘʤʝʪʠʣʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

ɼʄʉʆ ʠʣʠ DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

CHN (Carbon Hydrogen Nitrogen) ï ʦʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʕɼʉ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘ ̫ʨʝʥʪʛʝʥʦʚʩʢʘ ̫ʩʧʝʢʪʨʦʩʢʦʧʠ ̫

ʂʈ ʠʣʠ ʈʘʤʘʥ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ) 

ʄʉ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠ ̫

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘ ̫ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠ ̫

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘ ̫ʵʣʝʢʪʨʦʥʥʘ ̫ʤʠʢʨʦʩʢʦʧʠ ̫

ʕʇʈ ï ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʂʊ ï ʢʦʤʧʴʶʪʝʨʥʘ ̫ʪʦʤʦʛʨʘʬʠ ̫

DFT ʠʣʠ ʊʌʇ ï ʪʝʦʨʠ ̫ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (Density Functional Theory) 

ɺɿʄʆ ʠʣʠ HOMO  ï ʚʝʨʭʥʷʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʅʉʄʆ(ʅɺʄʆ) ʠʣʠ LUMO  ï ʥʠʞʥʷʷ ʩʚʦʙʦʜʥʘʷ(ʚʘʢʘʥʪʥʘʷ) ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʚʯ ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ 

bpy ï ʙʠʧʠʨʠʜʠʣ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ  

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ð ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ ʣʝʞʘʪ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {M6X8} ʠ {M6X12}, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʢʪʘʵʜʨʘ M6 ʠ 

ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ (ʨʠʩ. 1).  

  

ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʦʚ [{M6X
i
8} L6] (ʩʣʝʚʘ) ʠ [{M6X

i
12} L6] (ʩʧʨʘʚʘ).  

ʀʥʜʝʢʩ i ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʩʪʠʢʦʚʳʤ ʣʠʛʘʥʜʘʤ (ʦʪ ʥʝʤ. inner - ʚʥʫʪʨʝʥʥʠʡ), ʠʥʜʝʢʩ a - 

ʢ ʪʝʨʤʠʥʘʣʴʥʳʤ ʣʠʛʘʥʜʘʤ (ʦʪ ʥʝʤ. ausser - ʚʥʝʰʥʠʡ). 

 

ɺ ʵʪʠʭ ʢʣʘʩʪʝʨʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʷʤʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ; ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʝʪʘʣʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ (ʪʠʧʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ï d3, d4). ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʪʠʧ [{M 6X i
8} L6]. ɼʣʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ʪʠʧʠʯʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʪʚʝʯʘʶʪ ʬʦʨʤʫʣʝ [{M 6X i
12} L6]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʠʭ ʭʠʤʠʷ ʠʟʫʯʝʥʘ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʂ ʧʨʠʤʝʨʫ, ʬʦʪʦʣʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʢʚʘ ʢʦʤʧʣʝʢʩʘ [Ta6Br12(H2O)6]2+ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʚʦʜʦʨʦʜʘ ʜʘʞʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʪʘʥʪʘʣʘ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʦʜʥʦʤ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 18 

ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 
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ʪʦʤʦʛʨʘʬʠʠ. ʅʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʜʝʥʜʨʠʤʝʨʳ; ʯʪʦ 

ʤʦʛʣʦ ʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʪʝʨʦʚ in vivo, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʝʣʠʥʝʡʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʦʚ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʩʝʥʩʦʨʦʚ ʠ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʪʘʢʦʤ ʦʙʠʣʠʠ ʧʨʠʢʣʘʜʥʳʭ 

ʧʝʨʩʧʝʢʪʠʚ ʭʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ, ʥʝʩʦʤʥʝʥʥʦ, ʟʘʩʣʫʞʠʚʘʝʪ 

ʜʝʪʘʣʴʥʦʛʦ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʯʝʤ ʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʥʠʦʙʠʷ ʠ 

ʪʘʥʪʘʣʘ ʠ ʧʦʣʫʚʝʢʦʚʦʡ ʦʧʳʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʛʨʫʧʧʘʤʠ R. McCarley (ʉʐɸ), 

N. Brniļeviļ (ʖʛʦʩʣʘʚʠʷ), C. Perrin (ʌʨʘʥʮʠʷ), M. Kºkerling (ɻʝʨʤʘʥʠʷ), ʨʘʟʨʘʙʦʪʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʧʣʘʥʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʪʦʨʤʦʟʷʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴʶ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʛʘʪʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ Nb ʠ Ta, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʦʨʤʫʣʝ [M6X12L6]n (M = Nb, Ta; X = Cl, Br, I; L= ʪʝʨʤʠʥʘʣʴʥʳʡ ʣʠʛʘʥʜ). ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʨʝʘʣʴʥʦ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [M 6X12L6]4- (M = Nb, Ta; X = Cl, Br) ʩ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ L = H2O, OH, 

CN, NCS, N3, CH3O, F, Cl, Br ʠ ʨʷʜ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ). ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʦ ʭʠʤʠʠ ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠʷ {Nb6Cl12}, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʝ 

ʢʣʘʩʪʝʨʳ ʪʘʥʪʘʣʘ, ʘ ʪʘʢʞʝ ʙʨʦʤʠʜʥʳʝ ʢʣʘʩʪʝʨʳ {M6Br12} (M = Nb, Ta) ʠʩʩʣʝʜʦʚʘʥʳ ʚ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʍʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʬʪʦʨʠʜʦʚ ʠ ʠʦʜʠʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʫʯʝʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʚʩʝʡ ʩʝʨʠʠ 

ʢʣʘʩʪʝʨʦʚ [M 6X12L6]4- ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ L ʢʨʘʡʥʝ ʨʝʜʢʠ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦʩʚʷʱʝʥʦ ʩʠʥʪʝʟʫ ʧʨʦʠʟʚʦʜʥʳʭ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʯʪʦ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʷʝʪ 

(ʠʣʠ ʜʘʞʝ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ) ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʦʙʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʧʦ ʚʩʝʤʫ ʥʘʙʦʨʫ ʜʦʩʪʫʧʥʳʭ ʢʦʤʙʠʥʘʮʠʡ M ʠ X. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʢʦʧʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʎʝʣʴʁ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ 

ʣʠʛʘʥʜʦʚ L (Cl, F, CN, NCS), ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠ ʠʟʫʯʝʥʠʝ ʠʭ 
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ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺʳʙʦʨ 

ʣʠʛʘʥʜʦʚ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʠʥʪʝʟʝ. 

ɿʘʜʘʯʠ:  

1. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ 

(ʭʣʦʨʠʜʥʳʭ ʠ ʙʨʦʤʠʜʥʳʭ) ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʩ ʭʣʦʨʠʜʥʳʤʠ, 

ʬʪʦʨʠʜʥʳʤʠ, ʮʠʘʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

2. ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʘʢʮʠʷʭ 

ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ, ʠ ʣʠʛʘʥʜʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

3. ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 16 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʚʠʪʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ 

ʭʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʠʦʜʠʜʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʧʦʣʥʳʝ 

ʩʝʨʠʠ ʮʠʘʥʠʜʥʳʭ, ʛʘʣʦʛʝʥʠʜʥʳʭ ʠ ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M6X12}L 6]n- (ʄ = Nb, Ta; X = 

Cl, Br, I; L = Cl, CN, F). ʆʙʥʘʨʫʞʝʥʳ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʠʟʦʥʠʪʨʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M6X12}( CNCH3)6]2+. 

ʆʙʥʘʨʫʞʝʥʘ ʩʢʣʦʥʥʦʩʪʴ ʣʠʛʘʥʜʦʚ ʩʠʣʴʥʦʛʦ ʧʦʣʷ (CN-, RNC) ʩʪʘʙʠʣʠʟʦʚʘʪʴ 16-

ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ {M6X12} 2+, ʘ ʣʠʛʘʥʜʦʚ ʩʣʘʙʦʛʦ ʧʦʣʷ (Cl-) ï ʦʢʠʩʣʝʥʥʦʝ 14-

ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ {M6X12} 4+. ʌʪʦʨʠʜ-ʠʦʥ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ 

ʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 15-ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ {M6X12} 3+ ʚ ʚʠʜʝ ʧʘʨʘʤʘʛʥʠʪʥʳʭ 

ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Ta6X12}F6]3- (X = Cl, Br). ʅʘ ʧʨʠʤʝʨʝ ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʫʩʪʘʥʦʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʣʦʥʥʦʩʪʴ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ {M6X12} 2+ ʢ ʦʢʠʩʣʝʥʠʶ: Nb <Ta, 

ʧʨʠʯʝʤ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠʷ Cl <Br; ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʪʘʥʪʘʣʘ ï Cl >Br > I.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ ʢʣʘʩʪʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʩʪʨʦʝʥʠʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʩʪʘʙʠʣʴʥʦʩʪʠ, ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ. ʇʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ (ʟʘʤʝʱʝʥʠʝ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ) ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʠ/ʠʣʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʠʦʜʠʜʥʳʡ ʢʣʘʩʪʝʨ ʪʘʥʪʘʣʘ [Ta6I12(H2O)6]2+ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʤ 
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ʘʛʝʥʪʦʤ, ʩʨʘʚʥʠʤʳʤ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ ʁʦʛʝʢʩʦʣÈ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʳ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ DFT ʟʘʩʪʘʚʠʣ ʧʝʨʝʩʤʦʪʨʝʪʴ ʪʨʘʜʠʮʠʦʥʥʦʝ 

ʦʪʥʝʩʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ ʠ ʂʈ-ʩʧʝʢʪʨʘʭ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʣʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʠʥʪʝʟʝ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʬʘʟ, ʩʦʜʝʨʞʘʱʠʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ {M 6X12} 2+ ʚ ʩʦʩʪʘʚʝ ʢʨʠʩʪʘʣʣʠʯʝʢʩʦʡ ʨʝʰʝʪʢʠ. ɼʘʣʝʝ 

ʧʨʦʠʩʭʦʜʠʣ ʧʝʨʝʚʦʜ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʢʚʘʢʦʤʧʣʝʢʩʳ (L = H2O), ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʚʚʦʜʠʣʠʩʴ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ H2O ʥʘ ʜʨʫʛʠʝ ʣʠʛʘʥʜʳ. ʇʨʠ ʵʪʦʤ 

ʧʨʠʥʠʤʘʣʘʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ɺ ʩʣʫʯʘʝ ʙʠʥʘʨʥʳʭ ʠʦʜʠʜʦʚ ʥʠʦʙʠʷ Nb6I11 ʠ ʪʘʥʪʘʣʘ Ta6I14 ʦʢʘʟʘʣʦʩʴ 

ʚʦʟʤʦʞʥʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ çʚʳʨʝʟʘʥʠʝè ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʟ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʜʭʦʜʷʱʝʛʦ ʣʠʛʘʥʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʚ ʩʠʥʪʝʟʝ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʘʨʘʣʣʝʣʴʥʦ ʨʝʰʘʣʠʩʴ ʟʘʜʘʯʠ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʠ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ 

ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʝʥʠʷ ʠ ʠʟʫʯʝʥʠʳʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɸʥʘʣʠʟ 

ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (CHN) ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ). ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʠ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ). ʈʘʩʪʚʦʨʳ ʢʣʘʩʪʝʨʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʨʘʩʧʳʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ (ʄʉ) ʠ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ) ʚ ʨʘʩʪʚʦʨʘʭ. ʈʘʟʤʝʨ ʠ 

ʤʦʨʬʦʣʦʛʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). ʇʘʨʘʤʘʛʥʠʪʳʝ ʢʣʘʩʪʝʨʳ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʚ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ). ʈʝʥʪʝʥʦʢʦʥʪʨʘʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʂʊ). ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʘʩʪʝʨʦʚ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʚ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʊʌʇ). 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

ï ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ; 

ï ʤʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʥʝ ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʢʣʘʩʪʝʨʥʦʝ 

ʷʜʨʦ; 

ï ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʚ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ; 

ï ʜʘʥʥʳʝ ʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʠʦʜʠʜʘ ʪʘʥʪʘʣʘ; 

ï ʜʘʥʥʳʝ ʦ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʣʘʩʪʝʨʥʦʛʦ ʠʦʜʠʜʘ ʪʘʥʪʘʣʘ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ 

ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʢʣʘʩʪʝʨʥʳʭ 

ʛʘʣʦʛʝʥʠʜʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʣʘʩʪʝʨʦʚ, ʠʭ ʦʯʠʩʪʢʝ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ 

ʘʩʧʠʨʘʥʪʦʤ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ ʀʅʍ ʉʆ ʈɸʅ ʢ.ʭ.ʥ. ʉʫʭʠʭ ʊ.ʉ. 

ʜ.ʭ.ʥ. ɸʙʨʘʤʦʚʳʤ ʇ.ɸ. ʠ ʜ.ʭ.ʥ. ɸʜʦʥʠʥʳʤ ʉ.ɸ. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʩʥʷʪʳ ʜ.ʭ.ʥ. ʐʝʚʥʝʤ ɼ.ɹ. 

(ʀʅʍ ʉʆ ʈɸʅ). ʀʟʤʝʨʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʧʨʦʚʝʜʝʥʦ ʜ.ʭ.ʥ. ɻʫʱʠʥʳʤ 

ɸ.ʃ. ʚ ʀʅʍ ʉʆ ʈɸʅ. ʈʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʩʦʜʝʡʩʪʚʠʠ ʧʨʦʬ. PhD ʕ. ɹʝʥʘʩʩʠ. ɿʘʧʠʩʴ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʢ.ʭ.ʥ. ʄʘʨʪʳʥʦʚʦʡ 

ʉ.ɸ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ 

CHN ʘʥʘʣʠʟʘ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, 

ʪʘʢ ʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʧʨʦʬʠʣʴʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ 

ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪ r

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ ʢʦʥʢʫʨʩʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ, ʧʦʩʚʷʱʸʥʥʦʡ 110-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ɺʘʣʝʥʪʠʥʘ 

ʄʠʭʘʡʣʦʚʠʯʘ ʐʫʣʴʤʘʥʘ (ʅʦʚʦʩʠʙʠʨʩʢ: ʀʅʍ ʉʆ ʈɸʅ, 2018), ʠ ʥʘ XXIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè ʠʤʝʥʠ ʚʳʜʘʶʱʠʭʩʷ ʭʠʤʠʢʦʚ ʃ.ʇ. ʂʫʣʸʚʘ ʠ ʅ.ʄ. ʂʠʞʥʝʨʘ 

(ʊʦʤʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, 2022; ʦʪʤʝʯʝʥ ʜʠʧʣʦʤʦʤ I ʩʪʝʧʝʥʠ).  

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 4 ʩʪʘʪʴʷʭ, ʠʟ ʥʠʭ 2 ï ʚ ʨʝʮʝʥʟʠʨʫʝʤʦʤ 

ʨʦʩʩʠʡʩʢʦʤ ʠ 2 - ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. ɺʩʝ ʩʪʘʪʴʠ ʚʭʦʜʷʪ ʚ ʩʧʠʩʢʠ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʝ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of Science, Scopus ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ɺɸʂ ʈʌ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘʙʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʟʥʘʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʛʘʣʦʛʝʥʠʜʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʫ 1 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ 

ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè, 

ʧʫʥʢʪʫ 2 çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè, ʧʫʥʢʪʫ 5 çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳè, ʧʫʥʢʪʫ 6 çʆʧʨʝʜʝʣʝʥʠʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ 

ʧʨʠʨʦʜʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝè, ʧʫʥʢʪʫ 7 
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çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. 

ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ  

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 129 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 53 ʨʠʩʫʥʢʘ ʠ 16 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ 

ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (140 ʠʩʪʦʯʥʠʢʦʚ) ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

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

ʅʦʚʦʩʠʙʠʨʩʢ), ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ (20-03-90010, 20-03-00410). 
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1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʅʠʦʙʠʡ ʠ ʪʘʥʪʘʣ ʚ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʩʠʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʚʷʟʷʤʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ (ʢʣʘʩʪʝʨʦʚ)[1]. ʂʣʘʩʪʝʨʳ ʩʦʜʝʨʞʘʪ 

ʫʩʪʦʡʯʠʚʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ (ʜʠʤʝʨʳ, ʪʨʝʫʛʦʣʴʥʠʢʠ, ʨʦʤʙʳ, ʦʢʪʘʵʜʨʳ) ʚ 

ʯʘʩʪʦ ʥʝʮʝʣʦʯʠʩʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʪ 3+ ʜʦ 1+. ʉʪʨʦʝʥʠʝ ʠ ʥʫʢʣʝʘʨʥʦʩʪʴ (ʯʠʩʣʦ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ) ʢʣʘʩʪʝʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʩʝʣʝʥʥʦʩʪʴʶ d-ʦʙʦʣʦʯʢʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʦʙʨʘʟʫʶʱʠʭ 

ʢʣʘʩʪʝʨ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʢʘʢ ʧʨʷʤʦʝ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʦʝ, ʥʘ ʩʚʷʟʳʚʘʥʠʝ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʚ ʢʣʘʩʪʝʨʝ ʦʢʘʟʳʚʘʝʪ ʨʘʟʤʝʨ (ʤʘʪʨʠʯʥʳʡ ʵʬʬʝʢʪ) ʠ ʧʨʠʨʦʜʘ ʤʦʩʪʠʢʦʚʳʭ 

ʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʆʩʦʙʝʥʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʦ ʩʝʤʝʡʩʪʚʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ {M6(Õ2-X)12} n+ (M = Nb, Ta; X = F, Cl, Br, I; n = 2, 3, 4). ɺ ʥʠʭ, 

ʧʦʤʠʤʦ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ, ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʦʜʥʠʤ ʣʠʛʘʥʜʦʤ, ʥʝ ʩʚʷʟʘʥʥʳʤ ʩ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ 

ʤʝʪʘʣʣʘ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʷʜʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ 

[{M 6X12}L 6] (ʈʠʩ. 2). 

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [{M6X12}L 6]. 

ʕʪʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʣʠʛʘʥʜ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʪʝʨʤʠʥʘʣʴʥʳʤ, ʪʘʢ ʠ ʤʦʩʪʠʢʦʚʳʤ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʤʦʛʣʠ ʫʯʠʪʳʚʘʪʴ ʦʙʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʐʝʬʝʨʦʤ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʦʩʦʙʳʡ ʩʧʦʩʦʙ ʟʘʧʠʩʠ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ɿʘ ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʳʡ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʥʘʧʨʠʤʝʨ, [Ta6(ɛ2-Cl)12Cl6]2ī. ʃʠʛʘʥʜʳ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ ʧʦʤʝʯʘʶʪʩʷ ʩʠʤʚʦʣʦʤ çiè (ʦʪ ʥʝʤʝʮʢʦʛʦ ñinnerò ï çʚʥʫʪʨʝʥʥʠʡè, ʘ ʢʦʥʮʝʚʳʝ 

(ʪʝʨʤʠʥʘʣʴʥʳʝ) ï ʩʠʤʚʦʣʦʤ çʘè (ʦʪ ʥʝʤʝʮʢʦʛʦ ñausserò ï çʚʥʝʰʥʠʡè. ɺ ʩʣʫʯʘʝ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʦʨʤʫʣʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 
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ʦʙʨʘʟʦʤ: [Ta6(ɛ2-Cli)12Cla6]2ī. ɿʘʧʠʩʴ ʫʩʣʦʞʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʠʥʘʨʥʳʤ ʛʘʣʦʛʝʥʠʜʘʤ, 

ʦʙʣʘʜʘʶʱʠʭ ʪʨʸʭʤʝʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʪʠʧʘ [{M6X i
10X i-a

2/2}X a-i
2/2Xa-a

2/2]. ɼʚʦʡʥʳʝ 

ʠʥʜʝʢʩʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʛʘʣʦʛʝʥʠʜ ʚʭʦʜʠʪ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {M 6(Õ2-X)12}  ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʠ çʘè ʚ ʩʦʩʝʜʥʝʤ ʢʣʘʩʪʝʨʝ. ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʶʪ Nb6Cl14, 

Ta6Br14 ʠ Ta6I14 [2ï9].  

ɹʠʥʘʨʥʳʝ ʛʘʣʦʛʝʥʠʜʳ ʢʨʘʡʥʝ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʩʪʘʨʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M 6X12} L6]. ʆʙʱʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʣʫʞʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʥʪʘʛʘʣʦʛʝʥʠʜʦʚ MX 5 (M = Nb, Ta; X = 

Hal) ʠʟʙʳʪʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ M ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʣʦʛʝʥʠʜʘ ʱʝʣʦʯʥʦʛʦ 

ʤʝʪʘʣʣʘ AX (A = Na, K, Rb; X = Hal), ʧʨʦʪʝʢʘʶʱʝʝ ʧʨʠ 600-700 ÜC: 

20AX + 16M + 14MX5 Ÿ 5A4[{M 6X12}X 6] 

ɺʚʠʜʫ ʚʳʩʦʢʦʡ ʦʢʩʦʬʠʣʴʥʦʩʪʠ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʥʪʘʛʘʣʦʛʝʥʠʜʦʚ, ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʚʘʢʫʫʤʠʨʫʝʪʩʷ 

ʠ ʟʘʧʘʠʚʘʝʪʩʷ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ. 

ʇʦʤʠʤʦ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʣʣʳ 13 ʛʨʫʧʧʳ 

(ʛʘʣʣʠʡ, ʠʥʜʠʡ, ʪʘʣʣʠʡ), ʩʧʦʩʦʙʥʳʝ ʚʭʦʜʠʪʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʧʨʦʜʫʢʪʘ ʚ ʚʠʜʝ 

ʠʦʥʦʚ M+ [10]. ʈʝʘʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚʥʝʥʠʶ: 

20Ga(In, Tl) + 18MCl5 + 12M Ÿ 5Ga(In, Tl)4[Ta6Cl18] (700-800Áʉ). 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝʤ NbCl5 ʤʝʪʘʣʣʠʯʝʩʢʠʤ Nb ʚ ʧʨʠʩʫʪʩʪʚʠʠ InCl3 ʠʣʠ TlCl3 ʧʨʠ 720Á 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʘʟʳ ʩʦʩʪʘʚʘ ANb6Cl15 (A = In, Tl) [10]. ʉʪʨʫʢʪʫʨʘ In[Nb6Cl15] ʙʘʟʠʨʫʝʪʩʷ 

ʥʘ ʪʨʝʭʤʝʨʥʦʤ ʢʘʨʢʘʩʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʦʢʪʘʵʜʨʘʤʠ {Nb6Cl12} 2+, ʩʚʷʟʘʥʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ 

ʘʪʦʤʘʤʠ Cla ʧʦ ʚʩʝʤ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʂʘʪʠʦʥʳ In+ ʟʘʧʦʣʥʷʶʪ ʧʫʩʪʦʪʳ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʌʨʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ In[Nb6Cl15]: ʚ ʚʠʜʝ ʦʢʪʘʵʜʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ Nb6, ʩʚʷʟʘʥʥʳʝ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ Cl; ʥʝʩʚʷʟʘʥʥʳʝ ʘʪʦʤʳ ï ʘʪʦʤʳ In [10]. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʣʠʪʠʷ ʧʦʣʫʯʝʥʘ ʩʦʣʴ ʩ ʜʠʩʢʨʝʪʥʳʤ ʘʥʠʦʥʦʤ [Nb6Cl18]4-: 

2InCl3 + 2LiCl + 2NbCl5 + 4Nb = In2Li 2[Nb6Cl18]. 

ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʟʘʧʘʷʥʥʦʤ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʥʠʦʙʠʝʚʦʤ ʢʦʥʪʝʡʥʝʨʝ ʧʨʠ 

820Á ʚ ʪʝʯʝʥʠʠ ʥʝʜʝʣʠ [11]. ʄʘʡʝʨ ʩʦʦʙʱʠʣ ʠ ʦ Tl4[Nb6Br18] [12], ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʩʭʦʞ ʩ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʜʣʷ Ga(In, Tl)4[Ta6Cl18].  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʠʦʥʦʚ ʩʦʣʠ [Nb6Cl18]4- ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ, ʧʦʤʠʤʦ ʢʘʪʠʦʥʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʜʥʦʟʘʨʷʜʥʳʝ In+ ʠ Cu+, ʜʚʫʭʟʘʨʷʜʥʳʝ Ba2+, Pb2+, Eu2+, Mn2+, V2+ ʠ 

ʪʨʸʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ Ti3+, Gd3+, Lu3+, Er3+. ʇʦʣʫʯʝʥʳ ʬʘʟʳ ʩʦ ʩʤʝʰʘʥʥʳʤ ʢʘʪʠʦʥʥʳʤ 

ʩʦʩʪʘʚʦʤ: Rb2Cu2[Nb6Cl18], K2Mn[Nb6Cl18], ʘ ʪʘʢʞʝ ʩʦʣʠ ATi[Nb6Cl18] (A = K, Rb, Cs, In, 

Tl) ʠ A2V[Nb6Cl18] (A' = Tl, In, Rb) [13ï17]. 

ɺ ʮʝʣʦʤ ʟʘ ʠʩʪʝʢʰʠʝ 50 ʣʝʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʝʪʦʜ ʥʝ ʧʨʝʪʝʨʧʝʣ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʤʝʥʷʣʠʩʴ ʣʠʰʴ ʧʨʦʪʠʚʦʠʦʥʳ), ʦʜʥʘʢʦ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʦʜʚʝʨʛʘʣʩʷ ʥʝʢʦʪʦʨʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ. ʅʘʧʨʠʤʝʨ, ʢʣʘʩʪʝʨʳ K4[Ta6X18] (X = Cl, Br) 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʩʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʥʪʘʛʘʣʦʛʝʥʠʜ ʛʘʣʣʠʝʤ ʠʣʠ 

ʛʘʣʦʛʝʥʠʜʦʤ ʛʘʣʣʠʷ [18], ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʷʛʯʠʚ ʫʩʣʦʚʠʷ (ʩʥʠʟʠʚ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 

400  ʉ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʠʪʴ ʩʪʦʨʦʥʥʠʝ ʨʝʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ K4[M 6Br18] (M = Nb, Ta) 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʨʦʤ ʚʤʝʩʪʦ ʧʝʥʪʘʙʨʦʤʠʜʘ ʤʝʪʘʣʣʘ [19].  

ʆʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʣʦʞʠʣʠ ʙʨʠʪʘʥʩʢʠʝ ʫʯʝʥʳʝ ɸ. ʋʠʪʪʘʢʝʨ ʠ ɼ. ʄʠʥʛʦʩ: 

ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʨʝʘʢʮʠʠ MCl5 (M = 

Nb, Ta) c Al , ʧʨʠʯʝʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʳʪʦʚʘʷ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʧʝʯʴ ʤʦʱʥʦʩʪʴʶ 200 ʚʘʪʪ 



16 
  

 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ çʨʘʟʤʦʨʘʞʠʚʘʥʠʝè). ɼʘʣʝʝ ʧʨʦʜʫʢʪ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚʦʜʦʡ ʠ 

ʦʩʘʞʜʘʣʠ ʛʠʜʨʘʪʳ M6Cl14Ŀ8H2O ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ (35-40%) [20].  

ʇʝʨʚʳʝ ʫʢʘʟʘʥʠʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʠʦʜʠʜʦʚ ʪʘʥʪʘʣʘ ʧʦʣʫʯʠʣ 

ʚʝʥʛʝʨʩʢʠʡ ʭʠʤʠʢ ʌ. ʂʸʨʸʰʠ ʚ 1939 ʛʦʜʫ [21]. ʇʨʦʚʝʨʷʷ ʫʪʚʝʨʞʜʝʥʠʝ ʄʫʘʩʩʘʥʘ (1902) ʦ 

ʪʦʤ, ʯʪʦ ʧʦʨʦʰʦʢ ʪʘʥʪʘʣʘ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʧʘʨʘʤʠ ʡʦʜʘ ʧʨʠ 600 ʉ, ʦʥ ʧʨʦʚʝʣ ʩʝʨʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʨʦʚʦʣʦʢʦʡ ʪʘʥʪʘʣʘ ʠ ʧʘʨʘʤʠ ʡʦʜʘ ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʤʝʪʘʣʣʘ ʚ 

ʢʚʘʨʮʝʚʦʤ ʢʦʥʪʝʡʥʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 ʉ. ʀʤ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʟʢʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʨʝʘʢʪʦʨʘ (ʧʦʩʣʝ 2-ʭ ʯʘʩʦʚʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʧʝʯʠ) ʚʥʫʪʨʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʢʦʨʠʯʥʝʚʳʝ ʧʘʨʳ, ʢʘʢ ʦʥ ʧʠʰʝʪ, çʥʝ ʧʦʭʦʞʠʝ ʥʘ ʡʦʜè, ʘ ʧʨʦʚʦʣʦʢʘ ʧʦʢʨʳʪʘ ʯʝʨʥʦ-

ʢʦʨʠʯʥʝʚʳʤ ʧʦʨʦʰʢʦʤ. ʂʸʨʸʰʠ ʩʜʝʣʘʣ ʝʱʝ ʦʜʥʦ ʣʶʙʦʧʳʪʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ 1 ʣ ʭʦʣʦʜʥʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʢ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʩʤʝʩʠ ʧʦʩʣʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʩʪʦʷʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʥʘʩʳʱʝʥʥʦʛʦ ʮʚʝʪʘ, 

ʢʦʪʦʨʳʡ ʧʦ ʠʩʪʝʯʝʥʠʠ ʜʚʫʭ-ʪʨʝʭ ʜʥʝʡ ʩʪʘʥʦʚʠʪʩʷ çʷʙʣʦʯʥʦ-ʟʝʣʝʥʳʤè, ʘ ʟʘʪʝʤ 

ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʇʨʠ ʪʘʢʦʡ ʠʥʪʝʥʩʠʚʥʦʡ ʥʘʯʘʣʴʥʦʡ 

ʦʢʨʘʩʢʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʷʪ ʣʠʰʴ ʜʝʩʷʪʳʝ ʜʦʣʠ ʛʨʘʤʤʦʚ ʧʦʣʫʯʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨ ʧʦʯʪʠ ʩʨʘʟʫ ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʤʥʦʛʦ 

ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʙʝʣʝʝʪ. ɸʚʪʦʨ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʠʣ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʥʘ ʢʘʞʜʦʡ 

ʩʪʘʜʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʩʪʫʧʥʳʤʠ ʚ ʪʦ ʚʨʝʤʷ ʤʝʪʦʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʧʦʨ ʜʝʣʘʣʩʷ ʥʘ 

ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʦʥ ʥʝ ʩʤʦʛ ʜʘʪʴ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʯʪʦ ʟʘ 

ʥʠʟʰʠʡ ʠʦʜʠʜ ʪʘʥʪʘʣʘ ʤʦʛ ʦʙʨʘʟʦʚʘʪʴ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʧʦʩʢʦʣʴʢʫ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʝʤʫ ʥʝ 

ʫʜʘʚʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʚʝʨʜʳʝ ʬʘʟʳ ʠʟ ʨʘʩʪʚʦʨʘ [21]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʘʙʣʶʜʘʝʤʘʷ ʮʚʝʪʦʚʘʷ ʛʘʤʤʘ ʫʢʘʟʳʚʘʣʘ ʥʘ ʙʣʠʟʢʫʶ ʘʥʘʣʦʛʠʶ ʩ ʧʦʚʝʜʝʥʠʝʤ ʙʨʦʤʠʜʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʪʘʥʪʘʣʘ ʪʠʧʘ {Ta6Br12} 2+, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʠʥʪʝʥʩʠʚʥʦ-ʟʝʣʝʥʘʷ ʦʢʨʘʩʢʘ. 

ɽʱʝ 112 ʣʝʪ ʥʘʟʘʜ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ Ta6Br14 ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʨʘʩʠʪʝʣʷ ʠ ʦʢʨʘʰʠʚʘʶʪ ʰʝʣʢ ʚ ʟʝʣʝʥʳʡ ʥʝʩʤʳʚʘʶʱʠʡʩʷ ʮʚʝʪ [22]. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ Ta6I14 ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʚ 1965 ʛʦʜʫ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

TaI5 ʤʝʪʘʣʣʠʯʝʩʢʠʤ Ta ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

14TaI5 + 16Ta Ÿ5Ta6I14  [8]. 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʭʟʦʥʥʘʷ ʩʭʝʤʘ: ʠʦʜʠʜ ʪʘʥʪʘʣʘ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 510Áʉ, 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʘʥʪʘʣ ï ʜʦ 665Áʉ, ʘ ʧʨʦʜʫʢʪ ʦʩʘʞʜʘʝʪʩʷ ʧʨʠ 528Áʉ. ɸʣʴʪʝʨʥʘʪʠʚʥʦ ʦʥ 
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ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʝʥʪʘʠʦʜʠʜʘ ʪʘʥʪʘʣʘ ʘʣʶʤʠʥʠʝʤ ʚ ʛʨʘʜʠʝʥʪʝ 

ʪʝʤʧʝʨʘʪʫʨ 475-300Áʉ. ʅʘʛʨʝʚʘʥʠʝ ʩ ʠʟʙʳʪʢʦʤ ʠʦʜʘ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 350Áʉ 

ʧʝʨʝʚʦʜʠʪ ʝʛʦ ʦʙʨʘʪʥʦ ʚ TaI5. ʉʦʝʜʠʥʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦ ʚ ʘʮʝʪʦʥʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʤʥʦ-

ʟʝʣʝʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ {Ta6I12} 2+. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʯʨʝʟʚʳʯʘʡʥʦ ʛʠʛʨʦʩʢʦʧʠʯʥʳʝ ʠ ʦʢʠʩʣʷʶʱʠʝʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ 

ʜʦ ʊʘ2ʆ5 (V). ʅʘʛʨʝʚʘʥʠʝ ʩ ʠʟʙʳʪʢʦʤ ʠʦʜʘ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 350Áʉ ʧʝʨʝʚʦʜʠʪ Ta6I14 

ʚ TaI5. ʉʪʨʦʝʥʠʝ Ta6I14 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4 ʠ 5. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʞʠʜʢʠʡ 

ʠʦʜ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, Ò 250Áʉ), ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ I/Ta = 4,6, 

ʢʦʪʦʨʦʡ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʩʪʨʦʝʥʠʝ [(Ta6I12)I18] ʩ ʧʦʣʠʠʦʜʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʤʝʞʜʫ 

ʢʣʘʩʪʝʨʘʤʠ {Ta6I12} 2+. 

  

ʈʠʩ. 4. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Ta6I12}
2+ ʚ Ta6I14 [8]. 

 

 

ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʘ Ta6I14. 
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ʋʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʙʦʣʝʝ ʦʢʠʩʣʝʥʥʳʡ ʠʦʜʠʜʥʳʡ ʢʣʘʩʪʝʨ, Ta6I15, ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʝʥʪʘʠʦʜʠʜʘ ʪʘʥʪʘʣʘ ʚ ʪʦʢʝ ʘʟʦʪʘ ʧʨʠ 100-200Áʉ ʚ ʚʠʜʝ ʯʝʨʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ (ʘ = 11.02 ¡). ʅʘ ʦʩʥʦʚʝ ʩʭʦʜʩʪʚʘ ʧʦʨʦʰʢʦʚʳʭ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʣʷ ʥʝʛʦ ʧʨʠʥʠʤʘʝʪʩʷ ʩʪʨʦʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ Nb6F15 ([(M 6X i
12)Xa

6/2])[23]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ Nb6F15 ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʟʚʝʩʪʥʳʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʩ ʷʜʨʦʤ 

{M 6Fi
12}. ɽʛʦ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝ ʠʟʫʯʘʣʠʩʴ. 

1.1 ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʇʦʩʢʦʣʴʢʫ ʠ ʛʘʣʦʛʝʥʠʜ- ʠ ʭʘʣʴʢʦʛʝʥʠʜ-ʠʦʥʳ ʥʝ ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜʘʤʠ ʩʠʣʴʥʦʛʦ 

ʧʦʣʷ, ʧʨʘʚʠʣʦ 18 ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʧʨʘʚʠʣʘ ʋʵʡʜʘïʄʠʥʛʦʩʘ[24] 

ʥʝʧʨʠʤʝʥʠʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ çʤʘʛʠʯʝʩʢʦʛʦ ʯʠʩʣʘè ʵʣʝʢʪʨʦʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʘ. ɼʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢʣʘʩʪʝʨʦʚ [M6X i
12Ya

6]n 

ʜʦʩʪʘʪʦʯʥʦ ʫʞʝ 14 ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʨʘʪʠʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ 15- ʠ 16-ʵʣʝʢʪʨʦʥʥʳʝ ʢʣʘʩʪʝʨʳ. ʕʪʠʤ ʯʠʩʣʘʤ ʦʪʚʝʯʘʶʪ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ { M6X i
12} 4+, {M6X i

12} 3+ ʠ { M6X i
12} 2+, ʩʦʦʪʚʝʩʪʚʝʥʥʦ. ʇʦʜ ʩʢʝʣʝʪʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʘʣʝʥʪʥʳʭ d-ʦʙʦʣʦʯʢʘʭ, ʠʟ 

ʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ [1].  

ʊʘʢʘʷ çʵʣʝʢʪʨʦʥʥʘʷ ʛʠʙʢʦʩʪʴè, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʦʪʝʨʝ ʠʣʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʟʘ ʩʯʝʪ ʥʝʙʦʣʴʰʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʢʣʘʩʪʝʨʳ ʢʘʢ ʩʚʦʝʛʦ ʨʦʜʘ çʵʣʝʢʪʨʦʥʥʳʝ ʨʝʟʝʨʚʫʘʨʳè. ʅʘʯʠʥʘʷ ʩ 1960-ʭ ʛʛ. ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ (ʂʦʪʪʦʥ, ʍʘʘʩ, ʈʦʙʠʥ ʠ ʜʨ.) [25ï27] ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʕʇʈ, ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ) ʠ ʚʳʧʦʣʥʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʦʤ {M6(Õ2-X)12} n+. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʥʠʯʥʳʝ ʦʨʙʠʪʘʣʠ 

(ɺɿʄʆ ʠ ʅɺʄʆ) ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ, ʠ ʠʭ ʟʘʧʦʣʥʝʥʠʝ ʚʣʠʷʝʪ ʥʘ 

ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʚ ʢʣʘʩʪʝʨʝ. ʂʣʘʩʪʝʨʳ (M6X12)4+ (14 ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ) ʠ (M6X12)2+ (16 ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ) ʜʠʘʤʘʛʥʠʪʥʳ. ʇʦʯʪʠ 

ʯʠʩʪʦ ʩʧʠʥʦʚʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʜʣʷ 15-ʵʣʝʢʪʨʦʥʥʦʛʦ (M6X12)3+, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ 15-ʳʡ ʠ 16-ʳʡ ʵʣʝʢʪʨʦʥʳ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʟʘʥʠʤʘʶʪ ʥʝʚʳʨʦʞʜʝʥʥʫʶ 



19 
  

 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʘʣʴ a2u (ʨʠʩ. 6). ʉʚʷʟʳʚʘʶʱʠʡ ʭʘʨʘʢʪʝʨ a2u ʦʨʙʠʪʘʣʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʟʘʤʝʪʥʳʤ ʫʜʣʠʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʄ-ʄ (ʦʢʦʣʦ 0,1 ¡) ʧʨʠ ʫʜʘʣʝʥʠʠ ʩ ʥʝʸ ʵʣʝʢʪʨʦʥʦʚ.  

 

ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʄʆ {M6(Õ2-X)12}
2+ [26]. 

ʉʧʝʢʪʨ ʕʇʈ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʜʣʷ (Bu4N)3[Nb6Cl12Br6] (ʷʜʨʦ { Nb6Cl12} 3+), 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʜʝʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʰʝʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʘʪʦʤʘʭ 

ʥʠʦʙʠʷ. ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʩʧʝʢʪʨʳ ʤʘʛʥʠʪʥʦʛʦ 

ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ [29-34], ʧʦʜʪʚʝʨʜʠʚʰʠʝ ʧʘʨʘʤʘʛʥʝʪʠʟʤ 15-ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, 

ʧʨʠ ʵʪʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [M6X12X6]3- ʧʦʜʯʠʥʷʝʪʩʷ 

ʟʘʢʦʥʫ ʂʶʨʠ. ʀʟʫʯʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʜʣʷ [M6X12(ʅ2ʆ)6]n+ (X 

= Cl, Br: n = 2 - 4) [35, 36] ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɹʣʠʟʢʦʝ ʩʭʦʜʩʪʚʦ ʕʉʇ ʜʣʷ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʵʥʝʨʛʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ.  

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʚ ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ ʍ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʥʝʨʪʝʥ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʚʝʩʴʤʘ ʣʘʙʠʣʴʥʳ. ɺʦ-ʚʪʦʨʳʭ, ʢʣʘʩʪʝʨʳ ʚʩʪʫʧʘʶʪ ʚ 

ʦʙʨʘʪʠʤʳʝ ʨʝʘʢʮʠʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ 

ʢʣʘʩʪʝʨʳ {M6X12} 2+ (16 e) ʤʝʜʣʝʥʥʦ ʦʢʠʩʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

{M 6X12} 3+ (15 e) ʠ {M6X12} 4+ (14 e). ʇʨʠ ʵʪʦʤ ʢʣʘʩʪʝʨʳ ʪʘʥʪʘʣʘ ʩ ʟʘʨʷʜʦʤ ʷʜʨʘ 3+ ʪʨʫʜʥʝʝ 

ʧʦʣʫʯʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʢʣʘʩʪʝʨʦʚ Nb [18,28,29]. ʆʩʦʙʝʥʥʦ ʣʝʛʢʦ 
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ʦʢʠʩʣʷʶʪʩʷ ʢʣʘʩʪʝʨʳ [{M6X12}X 6]4-, ʘ ʢʣʘʩʪʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʥʠʦʥ [{M6X12}X 6]2-, 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʩ 14-ʵʣʝʢʪʨʦʥʥʳʤ ʷʜʨʦʤ {M6X12} 4+. ɺ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʷʜʨʘ {M6X12} 3+ ʠ {M6X12} 4+ ʦʢʘʟʳʚʘʶʪʩʷ ʩʪʘʙʠʣʴʥʝʝ, ʯʝʤ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ [30]. ʇʨʠʨʦʜʘ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ 14, 15 ʠ 16-ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ [31,32].  

1.2 16-ʵʣʝʢʪʨʦʥʥʳʝ ʢʣʘʩʪʝʨʳ {M6X12}2+ 

ʂʘʢ ʩʘʤʠ ʙʠʥʘʨʥʳʝ ʛʘʣʦʛʝʥʠʜʳ M6X14, ʪʘʢ ʠ ʩʦʣʠ A4[M6X18] ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ʀʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʳʜʝʣʷʶʪʩʷ ʛʠʜʨʘʪʳ 

[(M6X12)(H2O)4X2]ĿnH2O (n = 3 ʠʣʠ 4), ʠʥʦʛʜʘ, ʧʦ ʪʨʘʜʠʮʠʠ, ʟʘʧʠʩʳʚʘʶʱʠʝʩʷ ʢʘʢ 

M7X14Ŀ(7-8)H2O. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʪʦʯʥʳʡ ʩʦʩʪʘʚ ʛʠʜʨʘʪʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʘʣʴʥʝʡʰʠʭ ʩʠʥʪʝʟʘʭ (ʪʨʠʛʠʜʨʘʪ vs. ʪʝʪʨʘʛʠʜʨʘʪ), ʥʝ ʫʪʦʯʥʷʣʩʷ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʤʝʩʠ ʧʝʥʪʘʙʨʦʤʠʜʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʢʘʜʤʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʘʢʚʘʪʘʮʠʝʡ ʧʨʠʚʝʣʦ ʢ ʚʳʜʝʣʝʥʠʶ ʩʤʝʰʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ [(NbxTa6-xX12)(H2O)4X2] [33]. 

ɻʠʜʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʚ ʩʦʣʠ [M6Cl18]4- ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ï 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʷ ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʧʦʜʭʦʜʷʱʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʚ 

ʘʧʧʘʨʘʪʝ ʉʦʢʩʣʝʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ R4NCl ʚ ʩʪʨʦʛʦ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʇʦʧʳʪʢʠ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʦʛʠʯʥʳʡ ʦʙʤʝʥ ʥʘ ʚʦʟʜʫʭʝ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʷʪ ʢ ʦʢʠʩʣʝʥʥʳʤ ʬʦʨʤʘʤ [M 6X18]2-  

ʄʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʠ ʧʦʣʥʦʝ ʚʭʦʞʜʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ, 

ʧʦʣʫʯʘʷ ʢʣʘʩʪʝʨʳ ʩʦʩʪʘʚʘ [(M6X12)(H2O)6]2+. ɼʣʷ ʵʪʦʛʦ ʢʣʘʩʪʝʨ [{Nb6Br12}Br 2(H2O)4]Ā4H2O 

ʨʘʩʪʚʦʨʷʶʪ ʚ ʤʝʪʘʥʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʤʝʰʠʚʘʶʪ ʩ 

ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʚʦʜʳ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʶʪ ʤʝʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ HgBr2 ʠ ʦʩʪʘʚʣʷʶʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʦʙʨʘʟʫʶʪʩʷ ʢʨʫʧʥʳʝ (ʚʧʣʦʪʴ ʜʦ 0,5 ʩʤ(!)) 

ʪʝʤʥʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ [Nb6Br12(H2O)6][HgBr4]Ā12H2O. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʣʝʡ ʩʦʩʪʘʚʘ [M6Br12(H2O)6][HgBr2X2]Ā12H2O. ʂʣʘʩʪʝʨʥʳʡ ʢʘʪʠʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʚʠʣʴʥʳʡ ʦʢʪʘʵʜʨ ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʄ-ʄ, 

ʨʘʚʥʳʤʠ 2.949(1) ¡ ʜʣʷ ʥʠʦʙʠʝʚʦʛʦ ʠ 2.900(8) ¡ ʜʣʷ ʪʘʥʪʘʣʦʚʦʛʦ ʢʣʘʩʪʝʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʠʥ ʩʚʷʟʝʡ M-M ʚ 

ʠʟʦʵʣʝʢʪʨʦʥʥʦʤ ʢʣʘʩʪʝʨʝ CsEr[M6Br18] ʠ ʩʦʩʪʘʚʣʷʶʪ 2.954(1) ¡ (ʜʣʷ Nb) ʠ 2.898(2) ¡ (ʜʣʷ 

Ta), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [31]. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʜʣʠʥʳ ʩʚʷʟʝʡ ʄ-ʄ ʚ ʥʠʦʙʠʝʚʳʭ ʢʣʘʩʪʝʨʘʭ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʪʘʥʪʘʣʦʚʳʭ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ Nb-Br (2.599(1) ¡) ʠ 

Ta-Br (2.606(1) ¡) ʚ [M6Br12(H2O)6][HgBr2X2]Ā12H2O ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʨʝʜʥʠʤʠ 
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ʟʥʘʯʝʥʠʷʤʠ ʜʣʠʥ ʩʚʷʟʝʡ M-Br ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ CsEr[M6Br18]: 2.587(3) ¡ ʠ 

2.586(3) ¡ ʜʣʷ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ Nb-O ʩʦʩʪʘʚʣʷʶʪ 

2.27(1) ¡, Ta-O ð 2.22(2) ¡ [31,34]. ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Ta6Br12} 2+ ʙʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ 

ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʩʪʘʚʘ Cs[(Ta6Br12)(H2O)6]Br3ẗ6H2O, [(Ta6Br12)(H2O)6]Cl2ẗ8H2O ʠ 

[(Ta6Br12)(H2O)6](SO4)ẗ8.5H2O [19] (ʨʠʩ. 7). 

 

ʈʠʩ. 7. ʂʣʘʩʪʝʨʥʳʡ ʢʘʪʠʦʥ [(Ta6Br12)(H2O)6]
2+ [19]. 

ʂʣʘʩʪʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʷʜʨʦ {Nb6I12} n+, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʪʘʶʪʩʷ 

ʥʝʠʟʚʝʩʪʥʳʤʠ, ʦʜʥʘʢʦ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩʦʩʪʘʚʘ Nb6Cl10.8I3.3 ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ 

{Nb6Cl11I} 2+. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʨʫʛʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʛʘʣʦʛʝʥʠʜʘ, Nb6Cl12I2, 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ {Nb6Cli12Ia-a-a
6/3}, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Nb6Cl12} 2+ 

ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʠʦʜʘ [35] (ʨʠʩ 8).  

 

ʈʠʩ. 8. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Nb6Cl12I2. [35]. 
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ʆʧʠʩʘʥ ʩʤʝʰʘʥʥʳʡ ʠʦʜʦʬʪʦʨʠʜʥʳʡ ʢʣʘʩʪʝʨ Cs4[Nb6Fi
8.5I i

3.5Ia
6] (ʨʠʩ. 9), 

ʩʦʜʝʨʞʘʱʠʡ ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ ʡʦʜʘ Ia ʥʘʨʷʜʫ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ɛ2-I i ʠ ɛ2-Fi ʚ 

ʜʝʚʷʪʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦʟʠʮʠʷʭ, ʠ ʚ ʢʦʪʦʨʦʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʘʪʦʤʳ ʬʪʦʨʘ ʠ ʡʦʜʘ 

ʟʘʥʠʤʘʶʪ ʪʨʠ ʦʩʪʘʚʰʠʭʩʷ ʧʦʟʠʮʠʠ Li. ɽʛʦ ʧʦʣʫʯʠʣʠ ʥʘʛʨʝʚʘʥʠʝʤ ʩʤʝʩʠ CsI ʠ Nb6F15 ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 6:1 ʧʨʠ 570Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ. ʅʘʙʣʶʜʘʝʤʘʷ ʩʪʝʭʠʦʤʝʪʨʠʷ Cs4Nb6F8.5I9.5 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʠʦʥʦʚ [Nb6Fi
6I i

6Ia
6]4- ʠ [Nb6Fi

9I i
3Ia

6]4-ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 5:1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ 

[Nb6Fi
6I i

6(SCN)a6]4- ʠʟ Cs4Nb6F8.5I9.5 ʠ ʨʦʜʘʥʠʜʘ. ɹʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʡʦʜʘ ʠ 

ʬʪʦʨʘ ʚʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʠʩʢʘʞʝʥʠʝ ʦʢʪʘʵʜʨʘ Nb6, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʫʶ 

ʨʘʟʥʠʮʫ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʭʣʦʨʘ, ʦʢʩʦʭʣʦʨʠʜʥʳʝ ʢʣʘʩʪʝʨʳ Nb6 ʙʦʣʝʝ 

ʠʩʢʘʞʝʥʳ, ʯʝʤ ʛʘʣʦʛʝʥʠʜʥʳʝ [36]. 

 

ʈʠʩ. 9. ɸʥʠʦʥ [Nb6F
i
8.5I

i
3.5I

a
6]

4-. ɸʪʦʤʳ F8 ʠ I18, F7 ʠ I17 ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ. [36] 

ʇʦʥʠʞʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʩ ʪʨʝʭʤʝʨʥʦʡ (ʚ M6X14) ʜʦ ʜʚʫʤʝʨʥʦʡ 

ʦʙʥʘʨʫʞʝʥʦ ʚ Li2[Nb6Cl16], ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NbCl5 ʥʠʦʙʠʝʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ LiCl ʧʨʠ 700 ÜC. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ ʘʥʠʦʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ [Nb6Cli12Cla-a
4/2Cla2]2- (ʨʠʩ. 10). ɺ ʜʘʥʥʦʡ ʩʦʝʜʠʥʝʥʠʠ ʫʛʦʣ NbïCla-aïNb 

ʩʦʩʪʘʚʣʷʝʪ 159Á, ʘ ʢʣʘʩʪʝʨʳ, ʩʚʷʟʘʥʥʳʝ ʵʪʠʤ ʤʦʩʪʠʢʦʤ, ʧʦʚʝʨʥʫʪʳ ʥʘ 18Á ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʩʪʨʫʢʪʫʨʦʡ Nb6F15, ʛʜʝ ʪʘʢʦʝ ʚʨʘʱʝʥʠʝ 

ʟʘʪʨʫʜʥʝʥʦ, ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʚ Li2[Nb6Cl16] ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʠʟ-ʟʘ ʵʪʦʛʦ ʨʘʟʚʦʨʦʪʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ Nb-X ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ F- ʢ Cl-. Cʣʦʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʧʨʠʯʝʤ ʘʪʦʤʳ Cla ʦʜʥʦʛʦ ʩʣʦʷ ʟʘʥʠʤʘʶʪ ʧʫʩʪʦʪʳ ʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ. 

ʂʘʪʠʦʥʳ ʣʠʪʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʷʭ ʩʣʦʸʚ. Li2[Nb6Cl16] ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʦʙʨʘʟʫʷ 

ʨʘʩʪʚʦʨʳ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʦʤ {Nb6Cl12} 2+ [53]. 
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ʈʠʩ. 10. ʉʪʨʫʢʪʫʨʘ Li2[Nb6Cl16]: ʧʦʢʘʟʘʥʳ ʩʣʦʡ (ʩʣʝʚʘ) ʠ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʫʯʘʩʪʠʝʤ 

ʠʦʥʦʚ ʣʠʪʠʷ (ʩʝʨʳʝ ʰʘʨ,r ʩʧʨʘʚʘ) [37]. 

ʈʝʘʢʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ A4[M6X18], Nb6Cl14 ʠ [(Nb6Cl12)Cl2(H2O)4]Cl2Ŀ4H2O ʩ 

ʪʠʦʮʠʘʥʘʪʘʤʠ, ʘʟʠʜʘʤʠ ʠʣʠ ʮʠʘʥʠʜʘʤʠ ʧʨʠʚʦʜʷʪ ʢ ʢʣʘʩʪʝʨʘʤ ʩʦʩʪʘʚʘ A4[Nb6X12X'6]  ( A = 

ʱʝʣʦʯʥʦʡ ʤʝʪʘʣʣ, ʍ = Cl-, Br-; X' = NCS-, N3
-, CN-), ʥʦ ʠʟ-ʟʘ ʤʝʜʣʝʥʥʦʡ ʢʠʥʝʪʠʢʠ 

ʟʘʤʝʱʝʥʠʷ ʧʨʦʚʝʜʝʥʠʝ ʵʪʠʭ ʨʝʘʢʮʠʡ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʠʥʦʛʜʘ ʜʦ 

ʥʝʜʝʣʠ)[38,39]. Rb4[Nb6Br18], Nb6Cl14 ʠ [(Nb6Cl12)Cl2(H2O)4]Cl2Ŀ4H2O ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʩʝʚʜʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ [Nb6X i
12Xa

6]4- (X i = Cl, Br; Xa 

= NCS-, N3
-, CN-) ʧʦ ʨʝʘʢʮʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʦʣʷʤʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ [40,41]. 

ʎʠʘʥʠʜʳ ʪʘʢʞʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʅʘʧʨʠʤʝʨ, 

ʧʦʣʫʯʝʥ ʘʥʘʣʦʛ çʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠè ʩʦʩʪʘʚʘ (Me4N)2[MnNb6Cl12(CN)6], ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʪʦʨʦʡ ʨʦʣʴ ʘʥʠʦʥʦʚ [Fe(CN)6]3- ʠʛʨʘʶʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʩʭʦʜʥʳʝ ʘʥʠʦʥʳ [Nb6Cl12(CN)6]4- 

[42].  

ɻʠʜʨʘʪʳ M6X14Ŀ8H2O ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʩʧʠʨʪʘʭ, ʧʨʠ ʵʪʦʤ ʠʟ ʨʘʩʪʚʦʨʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʧʨʦʜʫʢʪʳ ʩʦʩʪʘʚʘ [M6X12(ROH)6]X2 (M = Nb, Ta; X = Br, Cl; R = CH3, C2H5, 

i-C3H7, i-C4H9). ʂʦʤʧʣʝʢʩʳ [M6X12(C2H5OH)6]X2 ʩʣʫʞʘʪ ʩʪʘʨʪʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʙʝʟʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʘʧʨʠʤʝʨ, [M6X12(DMF)6]X2 (M = Nb, Ta; X = Cl, Br) [43,44].  

ʊʠʪʨʦʚʘʥʠʝ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʭʣʦʨʠʜʘ ʪʘʥʪʘʣʘ ʱʝʣʦʯʴʶ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʜʘʝʪ ʤʝʪʦʢʩʠʜʥʳʡ ʢʣʘʩʪʝʨ [Ta6Cl12(OCH3)2(CH3OH)4] [45]. 

ʀʟ ʤʝʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ [(Nb6Cl12)Cl2(H2O)6]Ŀ4H2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ ʤʦʞʥʦ 



24 
  

 

ʧʦʣʫʯʠʪʴ ʛʠʜʨʦʢʩʦʢʣʘʩʪʝʨʳ [Nb6Cl12(OH)2(H2O)4]ĿnH2O (n = 4, 8) ʠ 

[Nb6Cl12(OCH3)2(H2O)4]Ŀ8H2O [61]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʨʘʪʦʚ M6Cl14Ŀ(7-8)H2O c ʪʨʠʘʣʢʠʣʬʦʩʬʠʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʱʝʥʠʶ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ (ʚ ʩʣʫʯʘʝ ʪʘʥʪʘʣʘ) 

ʩʤʝʩʝʡ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ [Ta6Cl12Cl2(PR3)4] (R = C2H5, n-C3H7, n-C4H9), ʢʦʪʦʨʳʝ ʜʝʣʷʪ 

ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʥʠʦʙʠʝʚʳʭ ʢʣʘʩʪʝʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʪʨʘʥʩ-ʠʟʦʤʝʨ [46,47]. ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦʯʪʠ ʧʦʣʫʚʝʢʦʚʦʡ ʜʘʚʥʦʩʪʠ ʦʧʠʩʘʥ ʨʷʜ ʩʪʨʫʢʪʫʨʥʦ 

ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʪʠʧʘ [(M6X12)X2L4] (L = 

ɼʄʉʆ, ɼʄʌɸ, Ph3PO, Ph3AsO, PyNO (Py ï ʧʠʨʠʜʠʥ), P(OR)3)[47,48]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʬʪʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ [{(NbxTa6-x)Cl12}F6]4- ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ {NbxTa6-x} 2+ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Nb:Ta ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʥʘ ʷʜʨʘʭ 19F. ʇʨʠ ʵʪʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ 7 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʨʘʢʮʠʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʙʦʛʘʱʝʥʠʷ ʧʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʬʦʨʤʝ [49]. 

1.3 15-ʵʣʝʢʪʨʦʥʥʳʝ ʢʣʘʩʪʝʨʳ {M6X12}3+ 

ɺ ʙʠʥʘʨʥʳʭ ʛʘʣʦʛʝʥʠʜʘʭ Nb6F15, Ta6Br15 ʠ ʊʘ6Cl15 ʢʣʘʩʪʝʨʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ 

{ M6X12} 3+ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʢʠ [50]. 

ʉʪʨʫʢʪʫʨʳ Nb6F15, Ta6Cl15 ʠ Ta6Br15 ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ [M6X i
12Xa-a

6/2] [5,51]. ɼʣʷ ʭʣʦʨʠʜʘ 

ʪʘʥʪʘʣʘ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʣʠʪʠʷ ʧʦ ʩʭʝʤʝ: 

Ta6Cl15 + xLi  = Li xTa6Cl15, ʛʜʝ ʚʙʣʠʟʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʊa6Cl15 ʧʨʠʥʠʤʘʝʪ 1 ʘʪʦʤ 

ʣʠʪʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 16-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ LiTa6Cl15. ʆʙʨʘʪʠʤʘʷ ʸʤʢʦʩʪʴ, ʦʜʥʘʢʦ, 

ʩʣʠʰʢʦʤ ʤʘʣʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ (2 ɺ), ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ Ta6Cl15 ʚ 

ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʚ Li -ʠʦʥʥʳʭ ʙʘʪʘʨʝʷʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʷʯʝʡʢʠ Li /Ta6Cl15 ʧʦʢʘʟʳʚʘʶʪ 

ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʮʠʢʣʦʚ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ (ʥʝ ʤʝʥʝʝ 1500 

ʮʠʢʣʦʚ)[52]. ʗʜʨʘ {Nb6Cl12} 3+ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʣʘʩʪʝʨʝ LnNb6Cl18 [53]. ʉʦʣʠ Li, Na ʠ Cs ʩ 

ʵʪʠʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ [54]. ɺʩʝ ʵʪʠ ʢʣʘʩʪʝʨʥʳʝ ʬʘʟʳ ʷʚʣʷʶʪʩʷ 

ʪʨʸʭʤʝʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ - ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʪʠʧʘ [{Nb6Cli12} Cla6/2]. ʅʝʜʘʚʥʠʤ 

ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʵʪʦʤʫ ʩʝʤʝʡʩʪʚʫ ʷʚʠʣʩʷ ʙʨʦʤʠʜ ʩʦʩʪʘʚʘ TaBr2.94, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʦʪʚʝʯʘʝʪ ʬʦʨʤʫʣʝ [{Ta6Br12} Br3{ TaBr6} 0.86}] ï ʪ.ʝ., ʧʦ ʩʫʪʠ, ʯʘʩʪʠʯʥʦ ʦʢʠʩʣʝʥʥʦʤʫ 

ʢʣʘʩʪʝʨʫ Ta6Br15. ɼʣʷ ʥʠʦʙʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʦʧʠʩʘʥʦ [55,56]. 
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ʇʫʪʝʤ ʵʣʝʢʪʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʣʠ [Nb6Cl12Cl6]3-, ʩʦʜʝʨʞʘʱʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʪʨʘʪʠʦʬʫʣʴʚʘʣʝʥ (TTF)+ ʠ 

ʪʝʪʨʘʤʝʪʠʣʪʝʪʨʘʪʠʦʬʫʣʴʚʘʣʝʥ (ʊʄTTF)+ [57,58]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʘʜʠʢʘʣʴʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʝʨʝʢʨʳʚʘʥʠʝ ɺɿʄʆ ʩʦʩʝʜʥʠʭ ʢʘʪʠʦʥʦʚ, ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ ʜʘʞʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ 

ʩʚʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʠʟʤʝʥʷʝʪ ʦʙʲʝʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʘʥʠʦʥ/ʢʘʪʠʦʥ, ʟʘʢʨʝʧʣʷʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ ʚ ʥʦʚʦʤ ʫʧʘʢʦʚʦʯʥʦʤ ʦʢʨʫʞʝʥʠʠ. ʊʘʢʞʝ ʪʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʘʥʠʦʥ-ʢʘʪʠʦʥʥʳʤʠ ʩʧʠʥʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʩʦʣʴ (TTF)2(Bu4N)[Nb6Cl12Cl12] CH3CN ʩʦʜʝʨʞʠʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʜʠʤʝʨʳ 

(TTF)22+ [56,59,60]. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʠʤʝʨʘ ʟʘʩʝʣʝʥʦ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʝʩʧʘʨʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʥʘ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 

{Nb6Cl12} 3+. ʊʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʣʠ, ʩʦʜʝʨʞʘʱʠʝ TMTTF+ ʠ ʩʝʣʝʥʠʜʥʳʝ ʘʥʘʣʦʛʠ 

TMTSF, ʚ ʚʠʜʝ (TMTTF)5[Nb6Cl12Cl12] 0,5CH2Cl2, ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʠʦʥʳ [(TMTTF)4]3+ ʠ 

ʥʝʡʪʨʘʣʴʥʫʶ ʤʦʣʝʢʫʣʫ TMTTF ʚ ʚʠʜʝ ʙʝʩʢʦʥʝʯʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʦʢʨʫʞʘʶʪ ʢʣʘʩʪʝʨʥʳʝ 

ʘʥʠʦʥʳ [Nb6Cl12Cl12]3-. ʄʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ 0,16 ʠ 0,20 ʵɺ ʜʣʷ TMTTF ʠ TMTSF cʦʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [61]. 

ʇʘʨʘʤʘʛʥʠʪʥʳʝ ʢʣʘʩʪʝʨʳ ʪʘʢʦʛʦ ʪʠʧʘ ʧʦʣʫʯʘʶʪʩʷ ʦʙʳʯʥʦ ʩ ʧʦʤʦʱʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʣʠ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ {M6X12} 4+ ʠ {M6X12} 2+, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʢʣʘʩʪʝʨʳ {M6X12} 2+ ʤʝʜʣʝʥʥʦ ʦʢʠʩʣʷʶʪʩʷ ʥʘ ʚʦʟʜʫʭʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

{M 6X12} 3+ ʠ {M6X12} 4+. ʅʠʦʙʠʝʚʳʝ ʢʣʘʩʪʝʨʳ {Nb6Cl12} 3+ ʣʝʛʢʦ ʧʦʣʫʯʘʶʪʩʷ ʙʳʩʪʨʳʤ 

ʦʢʠʩʣʝʥʠʝʤ {Nb6Cl12} 2+ ʢʠʩʣʦʨʦʜʦʤ; ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʜʦ ʩʦʩʪʦʷʥʠʷ 4+ ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʜʣʝʥʥʦ. ʅʘʧʨʦʪʠʚ, ʦʢʠʩʣʝʥʠʝ {Ta6Cl12} 3+ ʜʦ {Ta6Cl12} 4+ ʢʠʩʣʦʨʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ. ʊʦ ʝʩʪʴ, ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʩʪʝʭʠʦʤʝʪʨʠʠ ʦʢʠʩʣʠʪʝʣʷ 

[62]. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ [{Ta6Cl12}(H 2O)6]3+ ʧʦ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʢʩʦʧʨʦʠʟʚʦʜʥʳʭ [{Ta6Cl12}(OH)6]2- ʩ ʩʦʣʷʥʦʡ ʠʣʠ ʙʨʦʤʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʘʤʠ 

[63]. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʤʝʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

[{Ta6Cl12}(CH3OH)6]3+ [64]. ʉʦʦʙʱʘʣʦʩʴ ʪʘʢʞʝ ʦ ʢʣʘʩʪʝʨʘʭ [(M6Cl12)Cl3(DMSO)3] ʠ 

(Et4N)2[(Nb6Cl12)Cl5(DMSO)] ʩ ʤʦʣʝʢʫʣʘʤʠ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ [65,66]. ʌʦʩʬʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʮʠʩ- ʠ ʪʨʘʥʩ-[(Ta6Cl12)Cl2(PEt3)4] ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

NOBF4 ʦʙʨʘʟʫʶʪ ʢʘʪʠʦʥʥʳʝ ʢʣʘʩʪʝʨʳ [(Ta6Cl12)Cl2(PEt3)4]+, ʩʦʭʨʘʥʷʶʱʠʝ ʛʝʦʤʝʪʨʠʶ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.  
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ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ. ʊʘʢ, 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ [Ta6Cl12(ROH)6]Cl2 ʠʟ ʚʘʣʝʨʦʥʠʪʨʠʣʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠʚʦʜʠʪ ʢ ʪʝʤʥʦ-

ʢʨʘʩʥʳʤ ʢʨʠʩʪʘʣʣʘʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʪʝʨʫ 

[(Ta6Cl12)Cl3(BuCN)3][(Ta6Cl12)Cl4(BuCN)2]ĿBuCN (ʚʳʭʦʜ ʦʢʦʣʦ 8%), ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʡʪʨʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ [(Ta6Cl12)Cl3(BuCN)3] ʠ [(Ta6Cl12)Cl4(BuCN)2] ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 [62]. ʂʨʘʪʢʦ ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʦʣʫʯʝʥʠʠ [Nb6Cl12(C6H5CN)6](SbCl6)3 [67].  

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʦʙʝʠʭ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ {Ta6Cl12} n+ (n = 3 ʠ 

4) ʩʪʨʘʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʳ [68]. ɺ ʦʙʦʠʭ ʦʢʠʩʣʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʢʣʘʩʪʝʨʳ ʪʘʥʪʘʣʘ ʦʙʨʘʟʫʶʪ ʨʘʩʪʚʦʨʳ ʦʪ ʞʸʣʪʦʛʦ ʜʦ ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʕʪʦʪ 

ʬʘʢʪʦʨ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʫʪʘʥʠʮʫ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ ʠ ʟʘʪʨʫʜʥʷʝʪ 

ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʠʤʝʩʠ ʦʢʠʩʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

ʬʦʨʤʳ ʩ n = 2 ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʩʪʚʦʨʳ ʠʤʝʶʪ ʦʣʠʚʢʦʚʦ-ʟʝʣʸʥʳʡ ʮʚʝʪ.  

ʀʟʚʝʩʪʥʳ ʠ ʪʨʠʬʣʘʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ. 

ʍʦʨʦʰʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʪʨʠʬʣʘʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʛʘʣʦʛʝʥʠʜʥʦʛʦ 

ʢʣʘʩʪʝʨʘ ʩ ʤʝʪʠʣʪʨʠʬʣʘʪʦʤ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ: 

(Bu4N)3[Nb6Cl12Cl6] + 6CH3OSO2CF3 Ÿ (Bu4N)3[Nb6Cl12(SO3CF3)6] + 6CH3Cl  

ʊʨʠʬʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʚ ʭʦʜʝ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ (Bu4N)3[Nb6Cl12Cl6] ʩ 

AgOSO2CF3 [69]. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʢʪʘʵʜʨ Nb6 

ʩʣʝʛʢʘ ʠʩʢʘʞʝʥ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ NbïNb 2.948 ¡ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʞʠʜʘʝʤʳʤ 

ʫʜʣʠʥʝʥʠʝʤ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʟʘʨʷʜʘ n ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {M6X12} n+. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ 

NbïO ʩʦʩʪʘʚʣʷʝʪ 2.15 ¡. ɸʥʘʣʦʛʠʯʥʳʡ ʢʣʘʩʪʝʨ ʪʘʥʪʘʣʘ [Ta6Cl12(OSO2CF3)6]3- ʧʦʣʫʯʝʥ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ [Ta6Cl12(OSO2CF3)6]2- ʩ ʧʦʤʦʱʴʶ ʬʝʨʨʦʮʝʥʘ [70].  

ʊʨʠʬʣʘʪʥʳʡ ʢʣʘʩʪʝʨ (Bu4N)3[Nb6Cl12(SO3CF3)6] ʩʧʦʩʦʙʝʥ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ 

ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʩ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘʤʠ:  

[Nb6Cl12(SO3CF3)6]3- + 6X- = [Nb6Cl12X6]3- + 6OSO2CF3
- (X = Cl, Br, I) 

ɼʣʷ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʠʟʙʳʪʦʢ ʛʘʣʦʛʝʥʠʜʘ. ɼʣʷ (Bu4N)3[Nb6Cl12Br6] 

ʩʥʷʪ ʩʧʝʢʪʨ ʕʇʈ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʴʥʦ 
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ʫʜʘʣʦʩʴ ʥʘʙʣʶʜʘʪʴ ʣʠʰʴ 41 ʣʠʥʠʶ ʠʟ 55 ʦʞʠʜʘʝʤʳʭ ʜʣʷ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩʚʝʨʭʪʦʥʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 6 ʷʜʨʘʤʠ 93Nb (I = 9/2) [38, 81].  

ɸʥʘʣʦʛʠʯʥʳʝ 15-ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʘʥʪʘʣʘ ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʨʝʘʢʮʠʠ:  

[Ta6Cl12(SO3CF3)6]2- + 7X- (X- = Cl-, Br-, I-, NCS-) Ÿ [Ta6Cl12X6]3- + 1/2X2 + 6SO3CF3
-

ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʣʠʛʘʥʜʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 14-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ { Ta6Cl12} 4+. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʠʟʦʪʠʦʮʠʘʥʘʪʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)3[Ta6Cl12(NCS)6] ʧʦʢʘʟʘʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʠʩʢʘʞʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ Ta-

Ta ʩʦʩʪʘʚʣʷʝʪ 2,93 ¡ (ʨʠʩ. 11). ʇʨʘʢʪʠʯʝʩʢʠ 

ʣʠʥʝʡʥʳʡ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʘʟʦʪʘ, 

ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ Ta-N ʩʦʩʪʘʚʣʷʝʪ 2,15 ¡. ʇʦʣʦʩʘ 

ʢʦʣʝʙʘʥʠʡ CN-ʛʨʫʧʧʳ ʚ ʀʂ ʩʧʝʢʪʨʝ [Ta6Cl12(NCS)6]3- 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 2068 ʩʤ-1, ʘ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ NCS- - 

ʧʨʠ 2054 ʩʤ-1, ʪʦ ʝʩʪʴ ʩʜʚʠʥʫʪʘ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ 

ʯʘʩʪʦʪ. ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ 

ɜ(CN) ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʢʠʥʝʤʘʪʠʢʠ ʠ ˊ-ʜʦʥʦʨʥʦʛʦ ʵʬʬʝʢʪʘ 

ʣʠʛʘʥʜʦʚ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʦʪʳ 

ɜ(CN) [70].  

1.4 14-ʵʣʝʢʪʨʦʥʥʳʝ ʢʣʘʩʪʝʨʳ {M6X12}4+ 

ʕʪʦ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʠʟ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʣʘʩʪʝʨʦʚ ʩʦʩʪʦʷʥʠʝ 

ʦʢʠʩʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʦʢʠʩʣʝʥʠʝʤ ʢʣʘʩʪʝʨʦʚ {M6X12} 2+ ʠʟʙʳʪʢʦʤ Cl2 ʠʣʠ Br2. 

ʅʝʨʝʜʢʠ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʥʘ ʚʦʟʜʫʭʝ. ʅʘʧʨʠʤʝʨ, ʪʚʝʨʜʳe ʦʙʨʘʟʮʳ 

Ta6Cl14Ŀ8H2O ʧʨʝʪʝʨʧʝʚʘʶʪ ʦʙʨʘʪʠʤʦʝ ʪʦʧʦʪʘʢʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʧʨʦʪʦʥʘ: 

[{Ta6Cl12}Cl 2(H2O)4]Ŀ4H2O Ÿ [{Ta6Cl12}(OH)x(H2O)4-x]Ŀ4H2O + xe- + xH+ (0 Ò x Ò 1.5) 

ʆʩʦʙʝʥʥʦ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ ʢʣʘʩʪʝʨʳ [M6X18]4-, ʘ 14-ʵʣʝʢʪʨʦʥʥʳʝ 

ʢʣʘʩʪʝʨʥʳʝ ʛʘʣʦʛʝʥʠʜʳ [{M6X12}X 6]2- ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʩ 

ʷʜʨʦʤ {M6X12} 4+. ɺ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ 3+ ʠ 4+, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʪʘʙʠʣʴʥʝʝ, ʯʝʤ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʉʠʥʪʝʟ ʢʣʘʩʪʝʨʦʚ [{M6X12}ʍ6]2- ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ: ʚ 

ʈʠʩ. 11. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʘ ʚ 

(Bu4N)3[Ta6Cl12(NCS)6] [70]. 
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ʵʪʘʥʦʣʝ ʦʢʠʩʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʝʛʢʦ ʜʦʩʪʠʛʘʝʪʩʷ ʭʣʦʨʠʨʦʚʘʥʠʝʤ ʠʣʠ ʙʨʦʤʠʨʦʚʘʥʠʝʤ 

{M 6X12} 2+, ʘ ʧʦʣʥʦʪʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʩʳʱʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʦʤ ʅʍ. ʊʘʢ, [{Nb6Cl12}(H 2O)4Cl2]Ŀ4H2O ʚ ʨʝʘʢʮʠʠ ʩ 

Me4NCl ʚ ʘʙʩʦʣʶʪʥʦʤ ʵʪʘʥʦʣʝ ʦʙʨʘʟʫʝʪ ʢʣʘʩʪʝʨ (Me4N)4[Nb6Cl18], ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʦʢʠʩʣʠʪʴ ʩ ʧʦʤʦʱʴʶ Cl2 ʠ ʧʦʣʫʯʠʪʴ (Me4N)2[Nb6Cl18]. ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ [Ta6Cl12]4+ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ H2[Ta6Cl18]Ŀ6H2O [54]. ʆʙʣʫʯʝʥʠʝ {Ta6Br12} 2+ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ 

ʩʦʣʷʥʦʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤʫ ʦʢʠʩʣʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʜʦ 

ʩʦʩʪʦʷʥʠʷ {Ta6Br12} 4+ ʠ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʢʣʶʯʝʚʘʷ ʩʪʘʜʠʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʨʝʥʦʩ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʷʜʨʘ {Ta6Br12} 2+ ʢ ʤʦʣʝʢʫʣʝ ʚʦʜʳ, ʦʙʨʘʟʦʚʘʥʠʝ 

{Ta6Br12} 4+ ʠ H- ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʠʜʨʠʜ ʠʦʥʦʚ ʩ H+ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ H2 

[55,56]. 

ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {M6X12} 4+ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʨʘʟʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ ʷʜʝʨ {Nb6Cl12} 2+ ʠ {Ta6Cl12} 2+: ʚ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʱʝʣʦʯʠ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Ta6Cl12} 2+ ʤʝʜʣʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ 

ʩʦʩʪʦʷʥʠʝ 3+ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚ 4+. ʇʦʜʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʜʣʷ {Nb6Cl12} 2+ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 

[{Nb 6Cl12}(OH)2(H2O)4]Ŀ4H2O. ɼʠʛʠʜʨʦʢʩʦʧʨʦʠʟʚʦʜʥʳʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ 

ʦʢʠʩʣʝʥʠʝ, ʦʙʨʘʟʫʷ ʪʝʪʨʘ- ʠ ʛʝʢʩʘʛʠʜʨʦʢʩʦʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʘʢ [{Ta6Cl12}(OH)4(H2O)2]Ŀ10H2O ʠ (Me4N)2[{Ta6Cl12}(OH)6]Ŀ21H2O. 

ʉʨʘʚʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [Nb6Cl18]4- ʠ [Nb6Cl18]2- 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ Nb-Nb ʫʜʣʠʥʷʝʪʩʷ, ʘ ʨʘʩʩʪʦʷʥʠʝ Nb-Cla ʫʢʦʨʘʯʠʚʘʝʪʩʷ ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Nb6Cl12} 2+ [71]. ʇʦʜʦʙʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʣʠʥʳ ʩʚʷʟʠ Ta-Ta ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʠ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʪʘʥʪʘʣʘ {Ta6Br12} n+ 

(n = 2, 3, 4).  

ʀʟ (Bu4N)2[{M 6Cl12}ʉl6] ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʳ ʩ ʪʨʠʬʣʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʭʦʨʦʰʠʝ ʫʭʦʜʷʱʠʝ 

ʛʨʫʧʧʳ:  

(Bu4N)2[{M 6Cl12}ʉl6] + 6HOSO2CF3  Ÿ (Bu4N)2[{M 6Cl12}(OSO2CF3)6] + 6HCl 

ʆʜʥʘʢʦ ʧʨʠ ʧʦʧʳʪʢʘʭ ʟʘʤʝʩʪʠʪʴ ʪʨʠʬʣʘʪ ʥʘ ʪʘʢʠʝ ʣʠʛʘʥʜʳ, ʢʘʢ NCS-, Br- ʠ I-, 

ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ʊʝʥʜʝʥʮʠʷ ʢ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠ ʟʘʤʝʱʝʥʠʶ ʣʠʛʘʥʜʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ Cl- <Br- <NCS- 

<I- <CN- (ʩʭʝʤʘ 1). [70]. 

 

ʉʭʝʤʘ 1. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ 

ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ [70]. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʣʠʰʴ ʚ ʨʝʘʢʮʠʠ ʩ [CpMn(CO)2(CN)]- ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʣʘʩʪʝʨʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʞʠʜʘʝʤʦʤʫ 

ʜʚʝʥʘʜʮʘʪʠʷʜʝʨʥʦʤʫ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʢʣʘʩʪʝʨʫ (Bu4N)2[(Ta6Cl12)(NC(CO)2MnCp)6] 

[70].  

ʀʟ ʘʢʚʘʢʦʤʧʣʝʢʩʘ [(Ta6Br12)Br2(H2O)4]Ŀ4H2O ʠ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ ʚ HCl , ʙr ʣ 

ʧʦʣʫʯʝʥ ʥʝʡʪʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ [(Ta6Br12)(dmso)2Cl4] [60] (ʨʠʩ. 12). 

 

ʈʠʩ. 12. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [(Ta6Br12)(dmso)2Cl4]. ʄʦʣʝʢʫʣʳ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ [60]. 
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1.5 ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʥʠʦʙʠʷ 

ɼʣʷ ʥʠʦʙʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʩ ʷʜʨʦʤ {Nb6I12} ʥʝ ʦʧʠʩʘʥʳ. ɺ ʪʦʞʝ ʚʨʝʤʷ Nb 

(ʥʦ ʥʝ Ta) ʦʙʨʘʟʫʝʪ ʥʠʟʰʠʡ ʠʦʜʠʜ ʩʦʩʪʘʚʘ Nb6I11, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ 

{Nb6(ɛ3-I)8}. ʐʝʩʪʠʷʜʝʨʥʳʝ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʥʠʦʙʠʷ {Nb6I8} n+ ʷʚʣʷʶʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 5 ʛʨʫʧʧʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʪʠʧʘ {M6X12} n+. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʢ Nb6I11 ([(Nb6I i
8)Ia

6/3]), ʪʘʢ ʠ ʢʣʘʩʪʝʨʳ M6X14 

([{M 6X i
10X i-a

2/2}X a-i
2/2Xa-a

2/2]) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʜʠʬʠʢʘʮʠʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ 

ReO3, ʛʜʝ ʧʦʟʠʮʠʠ Re6+ ʟʘʥʠʤʘʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ (ʨʠʩ. 13) [72].  

 

ʈʠʩ. 13. ʉʣʝʚʘ: ʤʦʥʦʢʨʠʩʪʘʣʣʳ Nb6I11. ʉʧʨʘʚʘ: ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Nb6I11. ɸʪʦʤʳ 

ʛʘʣʦʛʝʥʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʥʝ ʧʨʦʨʠʩʦʚʘʥʳ [72]. 

ʇʦʩʢʦʣʴʢʫ ʢʣʘʩʪʝʨʥʦe ʷʜʨʦ {Nb6I8} n+  ʧʦʩʪʨʦʝʥʦ ʘʥʘʣʦʛʠʯʥʦ ʛʘʣʦʛʝʥʠʜʥʳʤ 

ʢʣʘʩʪʝʨʘʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 6 ʛʨʫʧʧʳ {M6ʍ8} n+ ʠ {W6ʍ8} n+ (M = Mo, W; X = Cl, Br, I, 

S, Se, Te), ʝʛʦ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʪʘʢʞʝ ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʥʳʤ [1]. ʇʦʩʢʦʣʴʢʫ ʥʘ 12 

ʩʢʝʣʝʪʥʳʭ ʩʚʷʟʳʚʘʶʱʠʭ ʦʨʙʠʪʘʣʷʭ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ {Nb6I8} 3+ ʣʦʢʘʣʠʟʦʚʘʥʦ ʪʦʣʴʢʦ 19 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʚ 24 ʵʣʝʢʪʨʦʥʘ, ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʦ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʥʝʦʙʳʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [72].  

Nb6I11 ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ʬʦʥ ʐʥʝʨʠʥʛʘ ʚ 1962 ʛ. [72] ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ Nb3I8 ʚ ʚʘʢʫʫʤʝ ʧʨʠ 9500ʉ ʧʦ ʩʭʝʤʝ: 

13Nb3I8 Ÿ 4Nb6I11 + 15NbI4. 
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ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʦʨʦʰʢʘ ʥʠʦʙʠʷ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʳʭʦʜ Nb6I11 

ʫʚʝʣʠʯʠʚʘʧʝʪʩʷ: 

11NbI4 + 13Nb Ÿ 4Nb6I11. 

ɼʦʙʘʚʣʝʥʠʝ ʉsI ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤʫ ʢʣʘʩʪʝʨʫ CsNb6I11 c 20 ʢʣʘʩʪʝʨʥʳʤʠ 

ʩʢʝʣʝʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ [73] 

ʕʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ Nb6I11 ʠ ʉsNb6I11 ʧʦʟʚʦʣʷʝʪ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ ʧʨʠ 300Áʉ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠʩʦʝʜʠʥʷʪʴ ʚʦʜʦʨʦʜ, ʦʙʨʘʟʫʷ 

ʛʠʜʨʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʩʦʩʪʘʚʘ ʅNb6I11 ʠ ʉsHNb6I11, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʦʣʦʩʪʠ ʦʢʪʘʵʜʨʘ[73,74]. ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʝʡʪʝʨʠʜʘ DNb6I11 ʧʦʟʚʦʣʠʣʦ 

ʣʦʢʘʣʠʟʦʚʘʪʴ ʘʪʦʤ D ʚ ʮʝʥʪʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʦʢʪʘʵʜʨʘ (D-Nb = 2.00-2.08 ¡, NbïNb = 2.83-

2.93 ¡) [75]. ɺʢʣʶʯʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚʥʫʪʨʴ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʣʠʵʜʨʘ ð ʵʪʦ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʥʘ ʜʘʥʥʳʭ ʤʦʤʝʥʪ ʩʣʫʯʘʡ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʛʘʣʦʛʝʥʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 5 ʠ 6 ʛʨʫʧʧ. ɺʢʣʶʯʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʧʦʣʦʩʪʴ 

ʦʢʪʘʵʜʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʝʜʠʥʠʮʫ, ʧʦʵʪʦʤʫ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʩʚʷʟʠ Nb-Nb, ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʥ ʟʘʥʠʤʘʶʪ 

ʩʚʷʟʳʚʘʶʱʫʶ ʦʨʙʠʪʘʣʴ. ʆʜʥʘʢʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʅNb6I11 ʧʦʢʘʟʘʣ 

ʥʝʙʦʣʴʰʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʢʪʘʵʜʨʘ Nb6 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʣʘʩʪʝʨʦʤ ʙʝʟ ʛʦʩʪʝʚʦʛʦ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ [76] (ʊʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1. ɼʣʠʥʳ ʩʚʷʟʝʡ Nb-Nb ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ 

ʂʣʘʩʪʝʨ ʏʠʩʣʦ ʩʢʝʣʝʪʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ 

d(Nb-Nb) (Ȕ) 

ʩʨʝʜʥ. 

Nb6I8I3 19 2,850 

Nb6I9S 19 2,924 

ʅNb6I8I3 20 2,890 

ʉsNb6I8I3 20 2,825 

HNb6I9S 20 3,361 

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ Nb6I11 ʠ ʅNb6I11 ʠʤʝʶʪ 

ʦʩʥʦʚʥʳʝ ʩʧʠʥʦʚʳʝ ʩʦʩʪʦʷʥʠʷ S = 1/2 ʠ S = 0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ Nb6I11 ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʩ S = 3/2, ʘ ʅNb6I11 - ʚ ʩʦʩʪʦʷʥʠʝ ʩ S=1. 

ʀʟʤʝʥʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

[77]. 

ɺr ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʝʘʢʮʠʷ Nb6I11 ʠʣʠ Nb3I8 ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʠʦʙʠʝʤ ʠ ʩʝʨʦʡ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʠʦʠʦʜʠʜʘ Nb6I9S. ʇʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʩʝʣʝʥʠʜʳ 

ʠʣʠ ʙʨʦʤʠʜʳ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ɺ ʩʠʩʪʝʤʝ Nb-Cl-S ʩʪʘʙʠʣʴʥʳʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ 

ʢʣʘʩʪʝʨʦʤ ʦʢʘʟʳʚʘʝʪʩʷ Nb6Cl14, ʘ ʚ ʩʠʩʪʝʤʝ Ta-S-I ï Ta6I14 [78]. 

 

ʈʠʩ. 13. ʂʣʘʩʪʝʨʥʳʝ ʷʜʨʘ (ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʢʘʨʢʘʩʦʤ) ʚ Nb6I9S (ʘʪʦʤʳ ʧʨʦʥʫʤʝʨʦʚʘʥʳ), 

ʩʚʷʟʘʥʥʳʝ ʘʪʦʤʘʤʠ ʩʝʨʳ (ʟʘʢʨʘʰʝʥʥʳʝ ʵʣʣʠʧʩʳ)[80]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 13, ʩʪʨʫʢʪʫʨʘ Nb6I9S ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʡ ʜʣʷ Nb6I11 (ʨʠʩ. 13). 

ɸʪʦʤʳ ʩʝʨʳ ʥʘʭʦʜʷʪʩʷ ʤʝʞ ʜʚʫʭ ʪʨʝʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ Nb3, ʬʘʢʪʠʯʝʩʢʠ ʟʘʥʠʤʘʷ ɛ6-

ʧʦʟʠʮʠʶ ʚ ʮʝʥʪʨʝ ʠʩʢʘʞʝʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ. ʂʘʞʜʳʡ ʢʣʘʩʪʝʨ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʦʚ ʩʝʨʳ, ʢʦʪʦʨʳʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ 

ʩʚʦʙʦʜʥʳʤ ʛʨʘʥʷʤ ʷʜʨʘ Nb6I6, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʧʠʢʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʡʦʜʘ (ʘʪʦʤʳ 4, 5, 

6 ʥʘ ʨʠʩ. 13), ʩʚʷʟʳʚʘʶʱʠʤʠ ʚʝʨʰʠʥʳ ʪʨʝʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ. ʇʦʣʫʯʘʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ 

ʮʝʧʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʐʝʬʝʨʦʚʩʢʦʡ ʬʦʨʤʫʣʦʡ [(Nb6I i
6)Si-i

2/2Ia-a
6/2]. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʘʩʪʝʨʳ Nb6I9S ʪʘʢ ʞʝ, ʢʘʢ ʠ Nb6I11, ʠʤʝʶʪ 19 ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʇʦʵʪʦʤʫ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ Nb6I9S ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʦʜʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʠʜʨʠʜʘ HNb6I9S. ɺ ʛʠʜʨʠʜʥʦʤ ʢʣʘʩʪʝʨʝ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʣʘʙʦʝ ʩʚʷʟʳʚʘʥʠʝ 

Nb-Nb (3,36 ¡) ʧʦ ʦʩʠ ʚʜʦʣʴ ʮʝʧʠ (ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩ. 13 ʠ 14). ʊʘʢʦʝ 

ʤʝʞʢʣʘʩʪʝʨʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʯʝʨʝʟ ʘʪʦʤʳ ʥʠʦʙʠʷ ʦʙʲʷʩʥʷʝʪ ʠʩʢʘʞʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʦʢʪʘʵʜʨʘ. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ Nb-Nb ʚ ʩʣʫʯʘʝ Nb6I9S ʨʘʚʥʦ 2,924 Ȕ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ Nb6I11 (ʊʘʙʣʠʮʘ 1). ɼʣʠʥʳ ʩʚʷʟʝʡ Nb-S ʚʘʨʴʠʨʫʶʪ ʦʪ 
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2,408 ʜʦ 2,544 Ȕ ʜʣʷ Nb6I9S, ʠ ʦʪ 2,43 ʜʦ 2,467 Ȕ ʜʣʷ HNb6I9S. Nb6I9S ʷʚʣʷʝʪʩʷ ʦʜʥʦʤʝʨʥʳʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 30 ɋ-1Ŀcm-1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ 14) [88]. 

 

ʈʠʩ. 14. ʎʝʧʠ ʠʟ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʚ ʩʪʨʫʢʪʫʨʝ Nb6(H)I9S. ɸʪʦʤ ʩʝʨʳ ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ 

ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ 6 ʩʚʷʟʝʡ [90]. 

ɺ 1984 ʛʦʜʫ ɸ. ʉʠʤʦʥʫ ʠ ʌ. ʐʪʦʣʣʴʤʘʡʝʨʫ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [Nb6I8(NH2CH3)6] ʠ [Nb6I8(NH2C3H7)6] c 22 ʢʣʘʩʪʝʨʥʳʤʠ ʩʢʝʣʝʪʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ. ʊʝʤʥʦ-ʙʫʨʳʝ ʢʨʠʩʪʘʣʣʳ [Nb6I8(NH2CH3)6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʤʝʩʠ Nb6I11 ʠ 

20% ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʤʝʪʠʣʘʤʠʥʘ ʧʦʩʣʝ ʥʝʜʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦ ʥʘ ʚʦʟʜʫʭʝ, ʩʣʘʙʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʵʪʘʥʦʣʝ. ɸʥʘʣʦʛʠʯʥʳʡ ʩʠʥʪʝʟ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʙʝʟʚʦʜʥʳʤ ʧʨʦʧʘʥʦʣʘʤʠʥʦʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʧʦʯʪʠ 

ʤʛʥʦʚʝʥʥʦ, ʜʘʚʘʷ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʨʘʩʪʘʶʪ ʢʨʠʩʪʘʣʣʳ 

[Nb6I8(NH2C3H7)6] [79]. ɺ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {Nb6I8} 0, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʪʘʢʦʚʳʭ ʚ Nb6I11, ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʩʚʷʟʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʦʨʙʠʪʘʣʷʭ ʜʦ 22 ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʫʢʦʨʦʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ Nb-Nb, ʧʨʠ ʵʪʦʤ ʩʘʤʦ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʟʘʤʝʪʥʦ 

ʠʩʢʘʞʝʥʦ ʚ ʩʪʦʨʦʥʫ ʫʜʣʠʥʝʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʘʥʪʠʧʨʠʟʤʳ (Nb-Nb 2,72-2,81 Ȕ) (ʨʠʩ. 15).  
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ʈʠʩ. 15. ʉʪʨʫʢʪʫʨʘ [Nb6I8(NH2C3H7)6] [81]. 

ʅʘʧʨʦʪʠʚ, ʨʘʩʩʪʦʷʥʠʷ Nb-I ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʦʙʳʯʥʦ ʜʣʠʥʥʳʤʠ, 2,91-2,97 Ȕ, ʯʪʦ 

ʥʘʤʥʦʛʦ ʜʣʠʥʥʝʝ, ʯʝʤ ʚ Nb6I11 - ʥʘ 0,12 Ȕ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ I-I ʚ ʩʨʝʜʥʝʤ ʙʦʣʴʰʝ ʪʘʢʦʚʳʭ ʚ Nb6I11 ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 4,05 ʜʦ 4,25 Ȕ, ʧʨʠʪʦʤ, 

ʯʪʦ ʩʘʤʦ ʷʜʨʦ ʚ [Nb6I8(NH2CH3)6] ʩʞʘʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʷʜʨʦʤ ʚ Nb6I11. ʈʘʩʩʪʦʷʥʠʷ Nb-N 

ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ 2,43 Ȕ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʜʣʠʥʥʝʝ ʘʥʘʣʦʛʠʯʥʳʭ ʩʚʷʟʝʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

ʥʠʦʙʠʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (ʜʣʷ [NbOC12(OEt)(bpy)2] d(Nb-N) = 2,32 Ȕ) 

[79]. ɺʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʫʜʠʚʣʝʥʠʝ, ʯʪʦ ʜʘʣʴʥʝʡʰʠʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʭʠʤʠʠ ʵʪʠʭ 

ʠʥʪʝʨʝʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʦʷʚʠʣʦʩ.ɹ 

1.6 ʇʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ʉ 2002 ʧʦ 2016 ʛʛ. ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʠʟ ʗʧʦʥʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʊʵʡʜʟʠ 

ʊʠʭʘʨʳ ʠ ʉʘʪʦʩʠ ʂʘʤʠʛʫʪʠ ʦʧʫʙʣʠʢʦʚʘʣʘ ʩʝʨʠʶ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 5 ʠ 6 ʛʨʫʧʧ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʦʚ 5 ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[(ʄ6ʍ12)ʍ2(H2O)4]Ŀ4H2O (M = Nb, Ta; X = Cl, Br). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʢʣʘʩʪʝʨʘ ʤʦʞʥʦ ʯʘʩʪʠʯʥʦ ʫʜʘʣʠʪʴ ʧʫʪʝʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʠ ʧʨʠ ʵʪʦʤ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʦʩʪʘʥʝʪʩʷ ʠʥʪʘʢʪʥʳʤ, ʘ 

ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʩ ʚʘʢʘʥʩʠʝʡ ʚʤʝʩʪʦ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚʳʩʪʫʧʷʪ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ [80].  

ɸʢʪʠʚʘʮʠʷ ʢʣʘʩʪʝʨʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ 

ʧʦʤʝʱʘʣʩʷ ʪʚʝʨʜʳʡ ʦʙʨʘʟʝʮ [(ʄ6ʍ12)ʍ2(H2O)4]Ŀ4H2O (M = Nb, Ta; X = Cl, Br) ʠ 

ʧʨʦʛʨʝʚʘʣʩʷ ʧʨʠ 200-400 Áʉ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ ʚ ʪʦʢʝ ʛʝʣʠʷ ʠʣʠ ʘʟʦʪʘ [81ï101]. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʚʤʝʩʪʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʭʣʦʨʦʚʦʜʦʨʦʜʘ ʠ ʩʦʣʴʚʘʪʥʦʡ ʚʦʜʳ 

[91].  
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[(Ta6Cl12)Cl2(H2O)4]ẗ4H2O Ÿ [(Ta6Cl11)(OH)3(H2O)] + 3HCl + 4H2O   

[(Ta6Cl11)(OH)3(H2O)] Ÿ H
+ + [(Ta6Cl11)(O)(OH)2(H2O)]ī  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʪʦʤʳ ʭʣʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, 

ʦʙʨʘʟʫʷ [{ʄ6Cl11(OH)}(OH)2(H2O)] ð ʯʘʩʪʠʮʫ, ʩʧʦʩʦʙʥʫʶ ʜʦʥʠʨʦʚʘʪʴ ʧʨʦʪʦʥ. ʂʣʘʩʪʝʨ 

[(Nb6Cl12)Cl2(H2O)4] 4H2O, ʦʙʨʘʙʦʪʘʥʥʳʡ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ʧʨʠ 150-200 Áʉ, ʧʨʠʦʙʨʝʪʘʝʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ð ʤʦʩʪʠʢʦʚʫʶ ʛʠʜʨʦʢʩʦʛʨʫʧʧʫ ʚ ʩʦʝʜʠʥʝʥʠʠ 

[{Nb 6Cl11(OH)}Cl(H2O)3], ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʭʦʜʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʭʣʦʨʦʚʦʜʦʨʦʜʘ [89]. 

ʄʦʩʪʠʢʦʚʳʡ ʛʠʜʨʦʢʩʠʜ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʠʩʣʦʪʫ 

ɹʨʝʥʩʪʝʜʘ ʠ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʝʘʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʩʧʠʨʪʦʚ 

[99], ʠʟʦʤʝʨʠʟʘʮʠʷ ʜʠʘʣʢʠʣʙʝʥʟʦʣʦʚ [100], ʤʝʪʠʣʠʨʦʚʘʥʠʝ (ʨʠʩ. 16) ʪʦʣʫʦʣʘ [91], 

ʛʠʜʨʠʨʦʚʘʥʠʝ ʘʣʢʠʥʦʚ [101] ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ. 

 

ʈʠʩ. 16. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ [103]. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʦʙʣʫʯʝʥʠʝ ʨʘʩʪʦʚʨʦʚ, ʩʦʝʜʝʨʞʘʱʠʭ ʘʢʚʘʪʠʨʦʚʘʥʥʳʡ 

{Ta6Br12} 2+ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʩʦʣʷʥʦʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤʫ 

ʦʢʠʩʣʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʜʦ ʩʦʩʪʦʷʥʠʷ {Ta6Br12} 3+ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʘ [55]. 

ʌʦʪʦʣʠʟ {Ta6Br12} 2+ ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʝʝ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʢʠʩʣʫʶ ʩʨʝʜʫ ʠ 

ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ʊʘʢ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ 1M 

ʨʘʩʪʚʦʨʝ HCl ʚʦʟʨʘʩʪʘʝʪ ʥʘ 2 ʧʦʨʷʜʢʘ (ʩ 10-4 ʜʦ 10-2) ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ ʢ ʋʌ. 

ɹʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʦʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ 

{Ta6Br12} *2+ ʧʨʝʪʝʨʧʝʚʘʝʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʦʥʦʤ (ʩʭʝʤʘ 2). ʆʙʨʘʟʫʶʪʩʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʛʠʜʨʠʜ-ʠʦʥʳ, ʢʦʪʦʨʳʝ ʩ ʧʨʦʪʦʥʘʤʠ ʩʨʝʜʳ ʦʙʨʘʟʫʶʪ ʚʦʜʦʨʦʜ, ʘ 

ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ {Ta6Br12} 2+ ʩ {Ta6Br12} 4+
 ʧʨʠʚʦʜʠʪ ʢ {Ta6Br12} 3+ (ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ) [101].  
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{Ta6Br12
2+, H2O} + hɜ Ÿ {Ta6Br12

2+*, H2O} (1) 

{Ta6Br12
2+*, H2O} Ÿ {Ta6Br12

2+, H2O} (2) 

{Ta6Br12
2+*, H2O} Ÿ {Ta6Br12

4+, OHï, Hï}  (3) 

{Ta6Br12
4+, OHï, Hï} Ÿ {Ta6Br12

2+, H2O} (4) 

{Ta6Br12
4+, OHï, Hï} + H+ Ÿ {Ta6Br12

4+, OHï} + H2 (5) 

{Ta6Br12
4+, OHï, Hï} + H2O Ÿ {Ta6Br12

4+, OHï} + H2 + OHï (6) 

{Ta6Br12
4+, OHï} + H+ Ÿ {Ta6Br12

4+, H2O} (7) 

{Ta6Br12
4+} + {Ta6Br12

2+} Ÿ 2{Ta6Br12
3+}  (8) 

 

ʉʭʝʤʘ 2. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʬʦʪʦʣʠʟʘ ʢʣʘʩʪʝʨʥʦʛʦ ʙʨʦʤʠʜʘ ʪʘʥʪʘʣʘ [105] 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ {M6X12} ʧʨʠʚʦʜʠʪ 

ʢ ʥʘʥʦʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʦʢʨʳʪʠʷʤ ʩ ʠʥʪʝʨʝʩʥʳʤʠ ʘʙʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʪʦ, ʯʪʦ ʢʣʘʩʪʝʨʳ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʫʯʝʥʠʝ ʚ 

ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ. ʇʨʠʤʝʨʥʦ 50 ï 55% ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʩʦʩʪʦʠʪ ʠʟ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʧʘʜʘʝʪ ʵʪʫ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ (760 ï 1100 ʥʤ), ʠ ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʶʪ ʟʘ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʦʢʘʪʦʨʦʚ ʜʣʷ çʫʤʥʳʭè ʦʢʦʥ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʟʜʘʥʠʡ ʠ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʤʝʪʦʜʦʤ 

ʩʥʠʞʝʥʠʷ ʦʙʱʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʆʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʚ ʵʪʦʡ ʩʚʷʟʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʘʠʚʘʪʴ ʧʦʛʣʦʱʝʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʙʣʠʞʥʝʤ ʀʂ-

ʜʠʘʧʘʟʦʥʝ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ {Ta6Br12} 2+ ʚ {Ta6Br12} 3+ ʠʣʠ {Ta6Br12} 4+ [104ï109]. 

ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ʩʤʝʰʘʥʥʳʝ ʧʦ ʤʝʪʘʣʣʫ ʢʣʘʩʪʝʨʳ K4[{Nb 5TaX12}ʍ6] (ʍ = Cl, Br) ʙʳʣʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʳ ʚ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʦʚʳʝ ʤʘʪʨʠʮʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʠʜʠʤʳʭ ʧʨʦʟʨʘʯʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʛʣʦʱʝʥʠʷ ʋʌ ʠ 

ʙʣʠʞʥʝʛʦ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɹʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʩʪʝʢʦʣ [109]. 
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.2 ʈʝʘʢʪʠʚʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʨʝʘʢʪʠʚʳ ʩʦ ʩʪʝʧʝʥʴʶ 

ʯʠʩʪʦʪʳ ʥʝ ʥʠʞʝ ʯʜʘ. ʉʦʝʜʠʥʝʥʠʷ K4[M 6X18] (M=Nb, Ta; X=Cl, Br) ʠ Nb6I11 ʧʦʣʫʯʝʥʳ ʧʦ 

ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ [15,16,88]. ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʦʯʠʱʘʣʠʩʴ 

ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʀʂ-ʩʧʝʢʪʨʳ ʟʘʧʠʩʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ ScimitarFTS 2000 ʠ 

Specord IR 75. ʈʘʤʘʥ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ LabRAM HR, Horiba 

spectrometer CVI Melles Griot (ʘʨʛʦʥʦʚʳʡ ʣʘʟʝʨ, ɚ = 633 nm). 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker 

APEX DUO (ʠʟʣʫʯʝʥʠʝ ʄʦʂŬ, ɚ = 0,71073 ¡, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ) ʧʨʠ 150 K. 

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ ʠʟʤʝʨʝʥʳ ʤʝʪʦʜʦʤ ◖- ʠ ɤ-ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʟʢʠʭ (0,5 ¡) 

ʬʨʝʡʤʦʚ. ʇʦʛʣʦʱʝʥʠʝ ʫʯʪʝʥʦ ʧʦ ʧʨʦʛʨʘʤʤʝ SADABS. ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ 

ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʄʅʂ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʜʣʷ 

ʥʝʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤʤ 

SHELXTL ʠ ʛʨʘʬʠʯʝʩʢʦʤʫ ʠʥʪʝʨʬʝʡʩʫ OLEX2.  

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʟʘʧʠʩʘʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ VarianCary 50 Conc.  

ʄʘʩʩ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʘʣʠ ʥʘ ʧʨʠʙʦʨʝ Quattro LC (Micromass, Manchester, U.K.). ɺ 

ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʦʩʫʰʠʪʝʣʷ ʠ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʟʦʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ 400 ʠ 80 

ʤʣ/ʯ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʪʚʦʨʳ ʦʙʨʘʟʮʦʚ ʚʧʨʳʩʢʠʚʘʣʠ ʯʝʨʝʟ ʰʧʨʠʮʝʚʦʡ ʥʘʩʦʩ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 6 ʤʢʣ/ʤʠʥ. ʂʘʧʠʣʣʷʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 3.5 ʢɺ, ʥʘʧʨʷʞʝʥʠʝ ʚ ʢʘʤʝʨʝ ʚʘʨʴʠʨʦʚʘʣʠ 

ʦʪ -10 ʜʦ -60 ɺ. ʉʦʩʪʘʚ ʢʘʞʜʦʛʦ ʧʠʢʘ ʦʧʨʝʜʝʣʷʣʠ ʩʨʘʚʥʝʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʟʦʪʦʧʥʦʡ ʢʘʨʪʠʥʳ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ MassLynx 3.5.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ ʎɺɸ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ VA 

Computrace (Metrohm, ʐʚʝʡʮʘʨʠʷ). ʇʨʠʤʝʥʷʣʠ ʪʨʝʭʵʣʝʢʪʨʦʜʥʫʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ 

ʷʯʝʡʢʫ ʦʙʲʝʤʦʤ 5 ʤʣ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʩʣʫʞʠʣ ʧʣʘʪʠʥʦʚʳʡ ʩʪʝʨʞʝʥʴ, 

ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ï ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ (Ag/AgCl) ʵʣʝʢʪʨʦʜ, ʟʘʧʦʣʥʝʥʥʳʡ ʥʘʩʳʱʝʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ KCl. ʉʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʜʠʩʢ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 0.05 M ʨʘʩʪʚʦʨ Bu4NPF6 ʚ 

ʵʪʘʥʦʣʝ. 
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ʆʙʣʫʯʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʘʢʚʘʢʦʤʧʣʝʢʩʘ [Ta6I12(H2O)12]2+ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʳ Hamamatzu (ʤʦʜʝʣʴ Lightnincure LC8, 800-200 ʥʤ, 

100% W, ʜʠʘʤʝʪʨ ʩʚʝʪʦʚʦʜʘ 0.5 ʩʤ). ʌʦʪʦʨʝʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ 

ʩʦʩʫʜ (140 ʤʤ ʚ ʜʠʘʤʝʪʨʝ ʠ ʦʙʲʝʤʦʤ 55 ʤʣ) ʠʟ ʧʠʨʝʢʩʥʦʛʦ ʩʪʝʢʣʘ, ʩ ʚʧʫʩʢʥʳʤ ʠ 

ʚʧrʫʩʢʥʳʤ ʦʪʚʦʜʘʤʠ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʣʘʧʘʥʘʤʠ ʠ ʤʘʥʦʤʝʪʨʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʘʚʣʝʥʠʷ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʩʪʦʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Hitachi TM3000 TableTop SEM ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ Bruker QUANTAX 70 EDS ʠ 

CHNS-ʘʥʘʣʠʟʘʪʦʨʘ vario MICRO cube. ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ Allegra 

200. ʉʥʠʤʢʠ ʇʕʄ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ Jeol JEM-1400 ElectronMicroscope ʚ ʎʂʇ ʉʆ 

ʈɸʅ.  

2.2 ʇʦʣʫʯʝʥʠʝ Ta6I 14 

ʇʦʨʦʰʦʢ ʪʘʥʪʘʣʘ (1,83 ʛ; 10,1 ʤʤʦʣʴ) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʡʦʜ (3,00 ʛ; 11,8 ʤʤʦʣʴ; 

ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ta:I2 6:7) ʧʦʤʝʩʪʠʣʠ ʚ ʘʤʧʫʣʫ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ɸʤʧʫʣʫ 

ʦʭʣʘʜʠʣʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ, ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʟʘʧʘʷʣʠ. ɸʤʧʫʣʫ ʧʦʤʝʩʪʠʣʠ ʚ ʧʝʯʴ ʩʥʘʯʘʣʘ ʥʘ 

2 ʯʘʩʘ ʧʨʠ 450ÁC, ʟʘʪʝʤ ʥʘ 70 ʯʘʩʦʚ ʧʨʠ 655ÁC, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʦʩʪʫʞʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 20Áʉ/ʯ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʘʢʢʫʨʘʪʥʦ ʚʩʢʨʳʣʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʧʦʨʦʰʢʘ ʠ ʧʣʘʚ 

ʬʠʦʣʝʪʦʚʦ-ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʤʝʪʦʜʦʤ ʈʌɸ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʈʌɸ, ʬʘʟʘ Ta6I14 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ, ʬʘʟʘ TaOI2 ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʠʤʝʩʠ. ʇʨʦʜʫʢʪ ʥʝʫʩʪʦʡʯʠʚ ʥʘ ʚʦʟʜʫʭʝ. ʄʘʩʩʘ ʚʝʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʚʘʢʦʤʧʣʝʢʩʘ 

[ʊʘ6I12(H2O)6]I 2. 

2.3 ʇʦʣʫʯʝʥʠʝ ʘʢʚʘʢʦʤʧʣʝʢʩʘ [ʊʘ6I 12(H2O)6]I 2 

ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ Ta6I14 ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʩʠʥʪʝʟʘ ʮʝʣʠʢʦʤ ʧʦʤʝʩʪʠʣʠ ʚ 

ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʠ ʜʦʙʘʚʠʣʠ 200 ʤʣ ʦʭʣʘʞʜʝʥʥʦʡ (15Áʉ) ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɺ 

ʪʝʯʝʥʠʠ ʪʨʝʭ ʯʘʩʦʚ ʢʦʣʙʘ, ʟʘʢʨʳʪʘʷ ʧʨʦʙʢʦʡ, ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʛʨʷʟʥʦ-ʟʝʣʝʥʘ ̫ʩʫʩʧʝʥʟʠʷ. ʉʫʩʧʝʥʟʠʶ ʧʝʨʝʣʠʣʠ ʚ ʩʪʘʢʘʥ ʝʤʢʦʩʪʴʶ 3 

ʣ. ʆʩʪʘʚʰʫʶʩʷ ʚ ʢʦʣʙʝ ʪʚʝʨʜʫʶ ʬʘʟʫ ʧʦʚʪʦʨʥʦ ʟʘʣʠʣʠ ʚʦʜʦʡ (350 ʤʣ), ʚʩʪʨʷʭʠʚʘʣʠ (ʧʨʠ 

ʵʪʦʤ ʧʦʣʫʯʘʣʩʷ ʨʘʩʪʚʦʨ ʥʘʩʳʱʝʥʥʦʛʦ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ) ʠ ʧʦʚʪʦʨʷʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ 

ʦʙʨʘʙʦʪʢʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʧʦʨʮʠʠ ʚʦʜʳ ʢ ʥʝʜʠʩʧʝʨʠʛʠʨʫʝʤʦʤʫ 
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ʦʩʪʘʪʢʫ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʣʝʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. ʆʙʲʝʜʠʥʝʥʥʳʝ ʚʳʪʷʞʢʠ 

ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʧʣʦʪʥʦʤ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ, ʯʪʦ ʜʘʣʦ 2500 ʤʣ ʠʥʪʝʥʩʠʚʥʦ-ʟʝʣʝʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ ʩʣʘʙʦʤ ʥʘʛʨʝʚʘʥʠʠ (Ò 40Áʉ). 

ʇʦʣʫʯʠʣʠ ʧʦʨʦʰʦʢ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ: 4,15 ʛ (86%). ɽDX: Ta:I = 6,0:14,7 

(ʘʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ). ʕʣʝʢʪʨʦʩʧʨʝʡ-ʤʘʩʩ-ʩʧʝʢʪʨ (CH3CN, m/z): 1427.9 (ʨʘʩʩʯʠʪʘʥʥʦʝ), 

1427.4 (ʥʘʙʣʶʜʘʝʤʦʝ) ʜʣʷ [Ta6I12(CH3CN)6]2+ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʱʝʥʠʷ ʚʦʜʳ ʥʘ 

ʘʮʝʪʦʥʠʪʨʠʣ). ʀʂ (400-40 cʤ-1): 148 ʩʨ, 183 ʩʨ, 193 ʩʨ.  

2.4 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʠʥʢʮʠʠ ʨʘʩʪʚʦʨʘ 
[ʊʘ6I 12(H2O)6]I 2 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʠʥʢʮʠʠ ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ 3 ʨʘʩʪʚʦʨʘ 

ʦʙʲʝʤʦʤ ʧʦ 50 ʤʣ ʠʟ ʪʨʝʭ ʥʘʚʝʩʦʢ [ʊʘ6I12(H2O)6]I 2 ʤʘʩʩʦʡ 0,1485, 0,1487 ʠ 0,1484 ʛ. ɺ ʪʨʠ 

ʩʪʝʢʣʷʥʥʳʭ ʪʠʛʣʷ (41,0687 ʛ, 40,5745 ʛ, 33,4978 ʛ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʳʭ 2 ʯʘʩʘ 

ʧʨʠ 800Áʉ, ʟʘʣʠʣʠ ʘʣʠʢʚʦʪʳ (45,0 ʤʣ) ʨʘʩʪʚʦʨʘ ʠ ʧʦ 0,5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʪʠʛʣʝʡ ʥʘ ʧʝʩʯʘʥʦʡ ʙʘʥʝ ʨʘʩʪʚʦʨʳ ʦʯʝʥʴ ʙʳʩʪʨʦ ʦʙʝʩʮʚʝʪʠʣʠʩʴ, 

ʦʙʨʘʟʦʚʘʣʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ ʛʠʜʨʘʪʘ ʦʢʩʠʜʘ ʪʘʥʪʘʣʘ(V). ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʠ 

ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ 800Áʉ ʦʧʨʝʜʝʣʠʣʠ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʠʛʣʝʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʩʝ 

Ta2O5 ʠ ʩʦʜʝʨʞʘʥʠʶ ʪʘʥʪʘʣʘ ʚ ʦʙʨʘʟʮʘʭ (ʊʘʙʣʠʮʘ 2). ɹʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ (ʜʣʠʥʘ ʢʶʚʝʪʳ l =1 ʩʤ) c ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

[ʊʘ6I12(H2O)6]2+ ʠ ʧʦ ʬʦʨʤʫʣʝ  

D= ắCl 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ ắ. ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ắ ʩʦʩʪʘʚʠʣʠ 3,23Ĭ103 

ʣ/ʤʦʣʴĿʩʤ (ɚ=640 ʥʤ) ʠ 2,55Ĭ103 ʣ/ʤʦʣʴĿʩʤ (ɚ=749 ʥʤ). ʏʠʩʣʦʚʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʠʥʢʮʠʠ 

ˉ m 

ʪʠʛʣʷ, ʛ 

m ʪʠʛʣʷ 

ʫʧʘʨ.,  

æm 

ʪʠʛʣʷ, 

ʛ 

ɜ(Ta), 

10-4 

ʤʦʣʴ 

ʉ({Ta6I12} 2+), 

10-3 ʤʦʣʴ/ʣ 

D (ɚ=640 

ʥʤ) 

ắ, 

ʣ/ʤʦʣʴĿʩʤ  

D 

(ɚ=749 

ʥʤ) 

ắ, 

ʣ/ʤʦʣʴĿʩʤ  

1 41,0687 41,0911 0,0224 1,0138 0,0357 0,115 3,23Ĭ103 0,091 2,55Ĭ103 

2 40,5745 40,5961 0,0216 0,9776 0,0362 0,117 3,23Ĭ103 0,092 2,55Ĭ103 

3 33,4978 33,5211 0,0233 1,0546 0,0390 0,126 3,23Ĭ103 0,099 2,55Ĭ103 
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2.5 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [ʊʘ6I 12(H2O)6]I 2 c ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʦʤ ʥʘʪʨʠʷ (NaPSS) 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [ʊʘ6I12(H2O)6]2+ ʩ ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʦʤ ʥʘʪʨʠʷ (NaPSS) 

ʧʨʠʛʦʪʦʚʠʣʠ 30 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ [ʊʘ6I12(H2O)6]I2 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3,22Ĭ10-2 ʄ, 

ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʠʣʠ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ. ʂ ʦʜʥʦʤʫ ʠʟ ʥʠʭ ʜʦʙʘʚʠʣʠ NaPSS ʤʘʩʩʦʡ 2200 

ʢɼʘ (50 ʤʛ, 3,22Ĭ10-2 ʄ). ɺʪʦʨʦʡ ʩʣʫʞʠʣ ʨʘʩʪʚʦʨʦʤ ʩʨʘʚʥʝʥʠʷ. ʉ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʚ 4 ʜʥʷ 

ʟʘʧʠʩʳʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʊʘʙʣʠʮʘ 3). ʊʘʢʞʝ ʨʘʩʪʚʦʨʳ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʊʘʙʣʠʮʘ 3. ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ [ʊʘ6I12(H2O)6]I2 c 

ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʦʤ ʥʘʪʨʠʷ (ɚ=640 ʥʤ). 

                            ɺʨʝʤʷ 

ʆʙʨʘʟʝʮ 

0 ʜʝʥʴ 2 ʜʝʥʴ 6 ʜʝʥʴ 10 ʜʝʥʴ 14 ʜʝʥʴ 

ʈʘʩʪʚʦʨ ʩʨʘʚʥʝʥʠʷ 

ʈʘʩʪʚʦʨ ʩ PSS 

0,339 

0,311 

0,302 

0,182 

0,230 

0,053 

0,191 

0,054 

0,157 

0,027 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠʮ cʦʩʪʘʚʘ { Na[ʊʘ6I12(H2O)6](C8H7SO3
ī)3} n 250 ʤʣ ʨʘʩʪʚʦʨʘ 

[ʊʘ6I12(H2O)6]I 2 ʧʝʨʝʤʝʰʠʚʘʣʠ ʩʦ 120 ʤʛ NaPSS ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ 

(ʦʢʦʣʦ 6 ʯʘʩʦʚ). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʵʪʘʥʦʣʘ ʠʟ ʨʘʩʪʚʦʨʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʯʘʩʪʠʮʳ, ʯʪʦ ʤʦʞʥʦ 

ʙʳʣʦ ʥʘʙʣʶʜʘʪʴ ʚ ʧʨʦʭʦʜʷʱʝʤ ʣʘʟʝʨʥʦʤ ʣʫʯʝ. ʇʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʚ 

ʪʝʯʝʥʠʠ 15 ʤʠʥ ʧʨʠ ʩʢʦʨʦʩʪʠ 16000 ʦʙ./ʤʠʥ ʙʳʣ ʧʦʣʫʯʝʥ ʟʝʣʝʥʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ 2 ʜʥʷ 

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɼʣʷ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʳ Na[ʊʘ6I12(H2O)6](C8H7SO3)3  ʚʳʯʠʩʣʝʥʦ ʉ8,82; H 

1,01; S 2,73 %; ʥʘʡʜʝʥʦ ʉ 8,7; H 1,9; S 2,3 %. Ta/I=5,6/12. ʇʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ 

ʨʝʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ ʚʦʜʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʇʕʄ. 

2.6 ʇʦʣʫʯʝʥʠʝ [Ta6I 12(H2O)6](BPh4)2ĿH2O (1) 

ʂ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ [ʊʘ6I12(H2O)6]I 2 ʜʦʙʘʚʠʣʠ ʪʝʪʨʘʬʝʥʠʣʙʦʨʘʪ ʥʘʪʨʠʷ NaBPh4 

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1:2). ɼʦʙʠʚʰʠʩʴ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʠ, ʨʘʩʪʚʦʨ ʧʦʤʝʩʪʠʣʠ ʚ 

ʭʦʣʦʜʠʣʴʥʫʶ ʢʘʤʝʨʫ. ʏʝʨʝʟ 4 ʜʥʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʝʤʥʳʝ ʢʨʠʩʪʘʣʣʳ [Ta6I12(H2O)6](BPh4)2 

ĿH2O. ɺʳʭʦʜ 59 %. ʈʉɸ: ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ C48H40B2I12O7Ta6, ʪʨʠʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ, 

ʧʨ. ʛʨ. Pï1; T = 150K; a = 12,7656(18) ¡, b = 13,5265(19)¡, c = 22,496(3), a = 91,796(5)Á, ɓ 

= 104,914(5)Á, g = 116,178(5)Á, V = 3321,2(8) ¡3 r(ʚʳʯ.) = 3,359 ʛ/ʩʤ3, Z = 2; R1 = 0,0305. 

ʀʂ (KBr, 400-100 ʩʤ-1): 183 ʩ, 147 ʩʨ.  
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2.7 ʇʦʣʫʯʝʥʠʝ [ʊʘ6I 12(DMF) 6]I 2ĿDMF (2) 

ʉʚʝʞʝʧʦʣʫʯʝʥʥʳʡ ʊʘ6I14 (2,5 ʛ) ʟʘʣʠʣʠ 300 ʤʣ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ (DMF) ʠ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʝʣʝʥʳʡ ʨʘʩʪʚʦʨ 

ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ, ʢ ʬʠʣʴʪʨʘʪʫ ʜʦʙʘʚʠʣʠ ʨʘʚʥʳʡ ʦʙʲʝʤ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ, ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʚʪʨʷʭʠʚʘʥʠʠ, 60 ʤʣ ʘʮʝʪʦʥʘ. ʉʤʝʩʴ ʧʦʤʝʩʪʠʣʠ ʚ ʤʦʨʦʟʠʣʴʥʫʶ ʢʘʤʝʨʫ (4Áʉ). 

ʏʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʝʤʥʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 48 %. ɼʣʷ ʊʘ6I14(C3H7NO)7 

ʚʳʯʠʩʣʝʥʦ ʉ 6,5; H 1,3; N 2,5 %; ʥʘʡʜʝʥʦ C 6,7; H 1,5; N 3,0 %.  ʈʉɸ: ʤʦʥʦʢʣʠʥʥʘʷ 

ʩʠʥʛʦʥʠʷ, ʧʨ. ʛʨ. P21/c; T = 150K; a = 25,7809(18) ¡, b = 9,7488(4) ¡, c = 25,7892(13)¡, a 

= 90Á, ɓ = 119,9870(10)Á, g = 90Á, V = 5614,0(5) ¡3; r(ʚʳʯ.) = 3,796 ʛ/ʩʤ3, Z = 4; R1 = 0,1645. 

ʀʂ ( 4000-400 ʩʤ-1): 3130 ʩʣ; 1638 ʩ; 1490 ʩʨ; 1428 ʩ; 1362 ʩ; 1245 ʩʣ; 1115 ʩʨ; 1060 ʩʣ; 683 ʩ; 416 

ʩʣ. 

2.8 ʇʦʣʫʯʝʥʠʝ (Ph4P)4[Ta6I 12(CN)6] (3) 

ʅʘʚʝʩʢʫ KCN (2,492 ʛ, 0,038 ʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 600 ʤʣ ʚʦʜʳ ʠ ʧʨʠʣʠʣʠ ʢ ʩʚʝʞʝʤʫ 

ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ [ʊʘ6I12(H2O)6]I2 (V=2500 ʤʣ, ʉ=4:10-3 ʄ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,0016 ʤʦʣʴ 

[ʊʘ6I12(H2O)6]I 2). ɿʝʣʝʥʘʷ ʦʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ ʩʣʝʛʢʘ ʠʟʤʝʥʠʣʘʩʴ ʚ ʦʪʪʝʥʢʝ. ʇʦʩʣʝ 4-ʭ 

ʯʘʩʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢ ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ 1,254 

ʛ Ph4PBr (0,003 ʤʦʣʴ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ. ɺʳʧʘʣ ʦʙʠʣʴʥʳʡ ʟʝʣʝʥʳʡ 

ʦʩʘʜʦʢ, ʨʘʩʪʚʦʨ ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʝʩʮʚʝʪʠʣʩʷ. ʆʩʘʜʦʢ ʦʪʜʝʣʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ 

ʪʝʯʝʥʠʠ 15 ʤʠʥ ʥʘ ʩʢʦʨʦʩʪʠ 7000 ʦʙ./ʤʠʥ, ʨʘʩʪʚʦʨʠʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʨʘʩʪʚʦʨ 

ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ. ʌʠʣʴʪʨʘʪ ʧʦʩʪʘʚʠʣʠ ʚ ʧʘʨʳ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʏʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ 

ʧʦʣʫʯʝʥʳ ʯʝʨʥʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ. ɺʳʭʦʜ 19 %. ʀʂ (KBr, ʩʤ-1): 3410 ʩʣ; 3053 

ʩʣ; 2110 ʩʨ (nCN)), 1626 ʩʣ; 1584 ʩʣ; 1482 ʩʨ; 1435 ʩ; 1337 ʩʣ; 1314 ʩʣ; 1187 ʩʣ; 1163 ʩʣ; 

1107 ʩ; 1027 ʩʣ; 995 ʩʨ; 850 ʩʣ; 753 ʩ; 722 ʩ; 688 ʩ; 637 ʩʣ; 526 ʩ. ɼʣʷ C102H80I12N6P4Ta6 

ʚʳʯʠʩʣʝʥʦ ʉ 29,7; H 1,9; N 2,0 %; ʥʘʡʜʝʥʦ C 29,3; H 1,9; N 2,1 %. ʈʉɸ: ʨʦʤʙʠʯʝʩʢʘʷ 

ʩʠʥʛʦʥʠʷ, ʧʨ. ʛʨ. Pbcn; T = 150K; a = 15,1371(6) ¡, b = 25,6277(10) ¡, c = 27,3994(11) ¡, a 

= 90Á, ɓ = 90Á, g = 90Á, V = 10629,0(7) ¡3 r(ʚʳʯ.) = 2,576 ʛ/ʩʤ3, Z = 4; R1 = 0,0297.  

2.9 ʇʦʣʫʯʝʥʠʝ (Bu4N)4[Nb6Cl12(CN)6] (4) 

ʂ ʥʘʚʝʩʢʝ 250 ʤʛ K4Nb6Cl18 (0,118 ʤʤʦʣʴ), ʧʦʤʝʱʝʥʥʦʡ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ, ʜʦʙʘʚʠʣʠ 

310 ʤʛ (1,14 ʤʤʦʣʴ) Bu4NCN, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 30 ʤʣ ʩʚʝʞʝʧʝʨʝʛʥʘʥʥʦʛʦ CH3CN. ʉʦʩʫʜ 

ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 24 ʯ ʧʨʠ 90Á ʉ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ 



42 
  

 

ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʦʪ ʪʝʤʥʦʛʦ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ. ʄʝʜʣʝʥʥʘʷ ʜʠʬʬʫʟʠʷ ʧʘʨʦʚ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʬʠʣʴʪʨʘʪ ʟʘ 3 ʩʫʪʦʢ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʤʥʦ-ʟʝʣʝʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʭʦʜ 78%. ʀʂ (4000-100 ʩʤ-

1): 3430ʩʨ, 2961ʩʣ, 2871ʩʣ, 2123ʩ, 1473ʩʣ, 1380ʩ, 1154ʩʨ, 1028ʩʨ, 880ʩ, 803ʩʣ, 738ʩ, 356ʩ, 

342ʩʣ, 329ʩʨ, 320ʩ, 260ʩʣ, 209ʩʣ, 130ʩʣ. ɼʣʷ C70H144Cl12N10Nb6 ʚʳʯʠʩʣʝʥʦ ʉ 39.9; H 6.9; N 

6.7 %; ʥʘʡʜʝʥʦ C 39.1; H 6.9; N 6.7 %. 

2.10 ʇʦʣʫʯʝʥʠʝ (Bu4N)4[Nb6Br 12(CN)6]Ā2CH3CN (5) 

 ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ 5 ʘʥʘʣʦʛʠʯʥʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠ 4. ɹʨʘʣʠ 200 ʤʛ 

K4Nb6Br18 (0,094 ʤʤʦʣʴ) ʠ 300 ʤʛ (1,12 ʤʤʦʣʴ) Bu4NCN. ɺʳʭʦʜ 45%. ʀʂ (4000-100 ʩʤ-1): 

3420ʩʨ, 2962ʩʣ, 2873ʩʣ, 2114ʩ, 1634ʩʣ, 1466ʩ, 1378ʩ, 1052ʩʨ, 882ʩʨ, 418ʩʣ, 384ʧʣ, 332ʩ, 

257ʩ, 211ʩʨ, 162ʩʣ, 145ʩʣ. ɼʣʷ C74H150Br12N12Nb6 ʚʳʯʠʩʣʝʥʦ ʉ 32.7; H 5.6; N 6.2 %; 

ʥʘʡʜʝʥʦ C 33.5; H 6.1; N 6.0 %. 

2.11 (Bu4N)4[Ta6I 12(CN)6]ĀCH3CN (6) 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʘ 4. ʀʩʧʦʣʴʟʦʚʘʣʠ 250 ʤʛ Ta6I14 (0.095 ʤʤʦʣʴ) ʠ 310 ʤʛ 

(1,14 ʤʤʦʣʴ) Bu4NCN. ɺʳʭʦʜ 59%. ʀʂ (4000-100 ʩʤ-1): 3483ʩʨ; 3416ʩʨ; 2957ʩ; 2870ʩ; 

2100ʩ; 1630ʩʨ; 1465ʩ; 1379ʩ; 1321ʩʣ; 1242ʩʣ; 1166ʩʨ; 1150ʩʨ; 1107ʩʨ; 1062ʩʨ; 1028ʩʨ; 

921ʩʣ; 879ʩ; 793ʩʣ; 737ʩ; 673ʩʣ; 530ʩʣ; 386ʩʣ; 326ʩ; 183ʩ; 142ʩ; 106ʩʣ. ɼʣʷ C72H147I12N11Ta6 

ʨʘʩʩʯʠʪʘʥʦ ʉ 22,9; H 3,92; N 4,08 %; ʥʘʡʜʝʥʦ C 24,0; H 4,1; N 3,9 %. 

2.12 ʇʦʣʫʯʝʥʠʝ (Et4N)4[Ta6Cl12(CN)6]Ā2H2O (7) 

ʂ ʥʘʚʝʩʢʝ 100 ʤʛ (Et4N)2[Ta6Cl18] (0,051 ʤʤʦʣʴ) ʚ ʩʪʝʢʣʷʥʥʦʤ ʚʠʘʣʝ ʜʦʙʘʚʠʣʠ 163 ʤʛ 

(0,607 ʤʤʦʣʴ) Bu4NCN, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 40 ʤʣ ʩʚʝʞʝʧʝʨʝʛʥʘʥʥʦʛʦ CH3CN. ɹʳʩʪʨʦ 

ʦʙʨʘʟʦʚʘʣʩʷ ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ. ʄʝʜʣʝʥʥʘʷ ʜʠʬʬʫʟʠʷ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʜʘʣʘ ʪʝʤʥʦ-

ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. ɺʳʭʦʜ 

49%. ʀʂ (4000-100 ʩʤ-1): 3456ʩʨ, 2964ʩ, 2877ʩʨ, 2131ʩ, 1653ʩʣ, 1471ʩ, 1376ʩʨ, 1186ʩʣ, 

1066ʩʣ, 876ʩʨ, 796ʩʣ, 749ʩʨ, 538ʩʣ, 443ʩʣ, 360ʧʣ, 331ʩ, 268ʩʣ, 228ʩʣ, 150ʩʣ. ɼʣʷ 

C38H84Cl12N10O2Ta6 ʚʳʯʠʩʣʝʥʦ ʉ 20.6; H 3.8; N 6.3 %; ʥʘʡʜʝʥʦ C 21.2; H 4.2; N 6.5 %. 

2.13 ʇʦʣʫʯʝʥʠʝ (Ph4P)4[Ta6Br 12(CN)6] (8) 

ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʝʥ 3. ɺʳʭʦʜ 1,19 ʛ, 19%. ʀʂ (KBr, 4000-400 ʩʤ-1): 3415ʩʣ, 

3059ʩʣ, 2118ʩʨ (nCN)), 1630ʩʣ, 1582ʩʣ, 1485ʩʣ, 1436ʩ, 1338ʩʣ; 1316ʩʣ, 1189ʩʣ, 1165ʩʣ, 
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1110ʩʣ, 1028ʩʣ, 998ʩʣ, 851ʩʣ, 755ʩ, 724ʩ, 689ʩ, 639ʩʣ, 527ʩ, 321ʩʨ, 221ʩ, 175ʩʣ. ɼʣʷ 

C102H80Br12N6P4Ta6 ʨʘʩʩʯʠʪʘʥʦ ʉ 28.5; H 1.9; N 2.6 %; ʥʘʡʜʝʥʦ C 28.9; H 1.8; N 3.0 %. 

2.14 ʇʦʣʫʯʝʥʠʝ [Ta6I 12(CNMe)6](CF3SO3)2 (9) 

ɺ ʚʠʘʣ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʧʦʤʝʩʪʠʣʠ ʤʘʛʥʠʪʥʳʡ ʷʢʦʨʝʢ, ʥʘʚʝʩʢʫ 

(Bu4N)4[Ta6I12(CN)6]ĿCH3CN (6) (100 ʤʛ, 0.03  ʤʤʦʣʴ), ʨʘʩʪʚʦʨʝʥʥʫ  ʁ ʚ ʭʣʦʨʠʩʪʦʤ 

ʤʝʪʠʣʝʥʝ (╔25 ʤʣ), ʠ ʤʝʪʠʣʪʨʠʬʣʘʪ CF3SO3ʉʅ3 (54 ʤʢʣ, 0.48 ʤʤʦʣʴ). ɺʠʘʣ ʩ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʴʶ ʧʦʤʝʩʪʠʣʠ ʥʘ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ. ʏʝʨʝʟ ʜʚʦʝ ʩʫʪʦʢ ʦʙʨʘʟʦʚʘʣʩʷ ʦʣʠʚʢʦʚʦ-

ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ ʩ ʪʝʤʥʳʤ ʦʩʘʜʢʦʤ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ, 

ʚʝʱʝʩʪʚʦ ʚ ʬʠʣʴʪʨʘʪʝ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

ɺʳʭʦʜ: 57%. ʀʂ (4000-400 cʤ-1): 3311ʩʣ, 2953ʩʣ, 2862ʩʣ, 2226ʩ, 1904ʧʣ, 1644ʩʨ, 1560ʧʣ, 

1450ʩʣ, 1356ʩʨ, 1276ʩ, 1248ʩ, 1223ʧʣ, 1170ʩ, 1035ʩ, 945ʩʣ, 889ʩʣ, 781 ʩʣ, 760ʩʨ, 640ʩ, 

576ʩʨ, 513ʩ.  

2.15 ʇʦʣʫʯʝʥʠʝ [Nb6Cl12(CNMe)6](CF3SO3)2 (10) 

ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʝʥ 9. ʀʩʧʦʣʴʟʦʚʘʣʠ 200 ʤʛ (0.09 ʤʤʦʣʴ) 

(Bu4N)4[Nb6Cl12(CN)6] (4) ʠ 168 ʤʢʣ CF3SO3ʄʝ (1.12 ʤʤʦʣʴ). ɺʳʭʦʜ 63%. ʀʂ (4000-400 

ʩʤ-1): 3430ʩʣ, 3020ʩʣ, 2972ʩʣ, 2877ʩʣ, 2247ʩ, 1853ʩʣ, 1648ʩʨ, 1549ʩʣ, 1451ʩʨ, 1418ʩʨ, 

1260ʩʣ, 1223ʧʣ, 1161ʩ, 1026ʩʨ, 926ʩ, 881ʧʣ, 759ʩʣ, 636ʩ, 569ʩʨ, 524ʩ.  

2.16 ʇʦʣʫʯʝʥʠʝ (Bu4N)2[Nb6Cl18] (11) 

ʅʘʚʝʩʢʠ Nb6Cl14Ā8H2O (200 ʤʛ, 0.168 ʤʤʦʣʴ) ʠ 2 ʵʢʚ. Bu4NBr (107 ʤʛ, 0.336 ʤʤʦʣʴ) 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʚʠʘʣ ʩ ʤʘʛʥʠʪʥʳʤ ʷʢʦʨʝʤ. ɼʦʙʘʚʠʣʠ 5 ʤʣ SO2Cl2. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ 

ʪʝʯʝʥʠʠ ʩʫʪʦʢ, ʢʨʳʰʢʘ ʚʠʘʣʘ ʙʳʣʘ ʩʣʝʛʢʘ ʧʨʠʦʪʢʨʳʪʘ ʜʣʷ ʫʜʘʣʝʥʠʷ HCl ʠ SO2. ʀʟ 

ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʪʝʤʥʦ-ʦʣʠʚʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʟʘ ʥʦʯʴ 

ʧʦʣʫʯʝʥʳ ʢʨʫʧʥʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. ɺʳʭʦʜ: 86 %. ʀʂ (4000-

100 cʤ-1): 3391ʩʨ, 2953ʩ, 2930ʧʣ, 2866ʩʨ, 1737ʩʣ, 1626ʩʨ, 1475ʩ, 1380ʩ, 1316ʩʣ, 1166ʩʣ; 

1100ʩʣ, 1154ʩʣ, 1122ʩʣ, 879ʩ, 744ʩ, 584ʩ, 355ʩ, 346ʩ, 304ʩʨ, 291ʩʨ, 266ʩ, 252ʩ, 195ʩʨ; 

166ʩʣ; 139ʩʣ, 113ʩʣ. ɼʣʷ C32H72N2Nb6Cl18 ʨʘʩʩʯʠʪʘʥʦ ʉ 22,9; H 4,3; N 1,7 %; ʥʘʡʜʝʥʦ ʉ 

22,9; H 4,1; N 1,8 %. 

2.17 ʇʦʣʫʯʝʥʠʝ (Bu4N)2[Nb6Br 12Cl6] (12) 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 12 ʘʥʘʣʦʛʠʯʝʥ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʜʣʷ 11. ʀʩʧʦʣʴʟʦʚʘʣʠ 

Nb6Br14Ā8H2O (200 ʤʛ, 0.11 ʤʤʦʣʴ) ʠ 2 ʵʢʚ. Bu4NBr (70 ʤʛ, 0.22 ʤʤʦʣʴ) ɺʳʭʦʜ: 82 %. ʀʂ 
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(4000-100 ʩʤ-1): 3602ʩ, 2966ʩ, 2927ʧʣ, 2880ʩʨ, 1626ʩʨ, 1483ʩ, 1460ʩ, 1373ʩ, 1153ʩʨ; 1106ʩʣ, 

1066ʩʣ, 1027ʩʣ, 884ʩ, 798ʩʣ, 727ʩ, 455ʩʨ, 275ʩ, 258ʧʣ, 185ʩʨ, 169ʩʣ, 154ʩʣ, 146ʩʣ, 126ʩʣ. 

ɼʣʷ C32H72N2Nb6Br12Cl6 ʨʘʩʩʯʠʪʘʥʦ ʉ 17,4; H 3,3; N 1,3 %; ʥʘʡʜʝʥʦ ʉ 17,2; H 3,5; N 1,2 %. 

2.18 ʇʦʣʫʯʝʥʠʝ (Bu4N)2[Ta6Cl18] (13) 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ 11. ɹʨʘʣʠʩʴ ʥʘʚʝʩʢʠ Ta6Cl14Ā8H2O (200 ʤʛ, 0.12 ʤʤʦʣʴ) 

ʠ 2 ʵʢʚ. Bu4NBr (75 ʤʛ, 0.23 ʤʤʦʣʴ) ɺʳʭʦʜ: 87 %. ʀʂ (4000-100 ʩʤ-1): 3428ʩʨ, 2961ʩ, 

2934ʧʣ, 2867ʩ, 1626ʩʣ, 1467ʩ, 1387ʩ, 1360ʧʣ, 1320ʩʣ, 1240ʩʣ, 1160ʩʨ; 1107ʩʣ, 1053ʩʣ, 

1027ʩʣ, 880ʩ, 800ʩʨ, 733ʩ, 518ʩʣ, 439ʩʣ, 419ʩʣ, 397ʩʣ, 385ʩʣ, 338ʩ, 296ʩ, 260ʩ, 227ʩʨ, 

194ʩʨ; 179ʩʣ; 163ʩʣ, 152ʩʨ, 138ʩʨ, 121ʩʨ, 100ʩʨ, 90ʩʣ. ɼʣʷ C32H72N2Ta6Cl18 ʨʘʩʩʯʠʪʘʥʦ ʉ 

17,4; H 3,3; N 1,2 %; ʥʘʡʜʝʥʦ ʉ 17,2; H 3,0; N 1,2 %. 

2.19 ʇʦʣʫʯʝʥʠʝ (Bu4N)2[Ta6Br 12Cl6] (14) 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 14 ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʤʝʪʦʜʠʢʦʡ ʧʦʣʫʯʝʥʠʷ 11. ɹʨʘʣʠʩʴ 

ʥʘʚʝʩʢʠ Ta6Br14Ā8H2O (200 ʤʛ, 0.09 ʤʤʦʣʴ) ʠ 2 ʵʢʚ. Bu4NBr (55 ʤʛ, 0.17 ʤʤʦʣʴ) ɺʳʭʦʜ: 

85%. ʀʂ-ʩʧʝʢʪʨ (4000-100 cʤ-1): 3474ʩʨ, 2959ʩ, 2937ʧʣ, 2870ʩʨ, 1628ʩʣ, 1482ʩ, 1459ʩ, 

1381ʩʨ, 1159ʩʣ; 1103ʩʣ, 1058ʩʣ, 1025ʩʣ, 880ʩʨ, 791ʩʣ, 735ʩʣ, 262ʩ, 229ʩ, 183ʩʣ; 172ʧʣ; 

164ʩʣ, 147ʩʣ, 123ʩʣ. ɼʣʷ C32H72N2Ta6Br12Cl6 ʨʘʩʩʯʠʪʘʥʦ ʉ 14,0; H 2,6; N 1,0 %; ʥʘʡʜʝʥʦ ʉ 

14,2; H 2,8; N 1,1 %. 

2.20 ʇʦʣʫʯʝʥʠʝ [Li(ʜʠʛʣʠʤ)2]2[Ta6Br 18] (15) 

ʇʦʨʦʰʦʢ ʪʘʥʪʘʣʘ (1,50 ʛ, 8,29 ʤʤʦʣʴ), ʧʦʨʦʰʦʢ ʙʨʦʤʠʜʘ ʣʠʪʠʷ (0,48 ʛ, 5,52 ʤʤʦʣʴ) 

ʠ ʞʠʜʢʠʡ ʙʨʦʤ (0,50 ʤʣ, 9,67 ʤʤʦʣʴ) ʧʦʤʝʩʪʠʣʠ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ. ɸʤʧʫʣʫ ʟʘʧʘʷʣʠ 

(ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʮʠʢʣʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʠ 

ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ), ʧʦʤʝʩʪʠʣʠ ʚ ʧʝʯʴ ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 720 ÁC ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ 

ʩʫʪʦʢ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5 ÁC ʚ ʤʠʥʫʪʫ). ʇʦʣʫʯʠʚʰʠʡʩʷ ʧʣʘʚ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 30 ʤʣ ʜʠʛʣʠʤʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ 

ʯʘʩʦʚ. ɿʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʜʠʛʣʠʤʝ ʚʳʜʝʣʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʈʉɸ. ɺʳʭʦʜ 20 %. ɼʣʷ C24H56O12Li 2Ta6Br18 ʚʳʯʠʩʣʝʥʦ ʉ: 9.4 %, ʅ: 

1.8 %, ʥʘʡʜʝʥʦ ʉ: 9.6 %, ʅ: 1.8%. ʀʂ (KBr, 400-40 ʩʤ-1): 228 ʩʨ, 190 ʩʨ, 155 ʩʨ, 135 ʩʨ, 103 

ʩʣ, 86 ʩʣ. 
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2.21 ʇʦʣʫʯʝʥʠʝ [K(C24H32O8)(CH3COCH3)]2(Ph4P)2[Ta6I 12(NCS)6]ĿCH3COCH3 (16) 

400 ʤʛ (0.14 ʤʤʦʣʴ) Ta6I14 ʧʦʤʝʩʪʠʣʠ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ ʠ ʜʦʙʘʚʠʣʠ ʩʤʝʩʴ 

ʚʳʩʫʰʝʥʥʦʛʦ KNCS (179 ʤʛ, 1.84 ʤʤʦʣʴ) ʩ ʜʠʙʝʥʟʦ-24-ʢʨʘʫʥ-8 (662 ʤʛ, 1.47 ʤʤʦʣʴ), 

ʨʘʩʪʚʦʨʝʥʥʫʶ ʚ 35 ʤʣ ʩʫʭʦʛʦ CH3CN. ʉʦʩʫʜ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʟʘʧʦʣʥʠʣʠ ʘʨʛʦʥʦʤ. 

ʈʝʘʢʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 88Áʉ ʚ ʪʝʯʝʥʠʠ 36 ʯʘʩʦʚ. 

ʇʦʣʫʯʠʚʰʠʡʩʷ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ, ʟʘʪʝʤ ʫʧʘʨʠʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʦʙʲʝʤʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʧʦʣʫʯʝʥʘ ʤʘʩʣʦʦʙʨʘʟʥʘʷ ʩʫʙʩʪʘʥʮʠʷ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʫʶ ʨʘʩʪʚʦʨʠʣʠ ʚ 3 ʤʣ ʘʮʝʪʦʥʘ. ʂ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ 40 ʤʛ (0.095 

ʤʤʦʣʴ) Ph4PBr, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 3 ʤʣ ʵʪʘʥʦʣʘ. ʀʟ ʨʘʩʪʚʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʥʘʯʠʥʘʶʪ 

ʚʳʧʘʜʘʪʴ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. ɺʳʭʦʜ: 29%. ɼʣʷ ʥʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ 

[K(C24H32O8)(CH3COCH3)]2(Ph4P)2[Ta6I12(NCS)6] ʚʳʯʠʩʣʝʥʦ ʉ: 27.4%, H: 2.5%, N: 1.8%, S: 

4.1%; ʥʘʡʜʝʥʦ ʉ: 27.6%, H: 2.4%, N: 1.9%, S: 4.2%. ʀʂ-ʩʧʝʢʪʨ (ʩʤ-1): 3590 ʩʣ, 3474 ʩʣ, 

3227 ʩʣ, 3046 ʩʣ, 2085 ʩ, 1904 ʩʨ, 1856 ʩʣ, 1713 ʩʣ, 1593 ʩʨ, 1499 ʩʨ, 1437 ʩʨ, 1350 ʩʣ, 1298 

ʧʣ, 1252 ʩ, 1196 ʩʨ, 1159 ʧʣ, 1111 ʩ, 1047 ʩ, 995 ʩʣ, 939 ʩʨ, 914 ʧʣ, 897 ʧʣ, 846 ʧʣ, 821 ʩʣ, 

750 ʩ, 725 ʩ, 694 ʩʣ, 526 ʩ, 481 ʩʣ, 460 ʩʣ, 435 ʧʣ, 397 ʩʣ, 374 ʩʣ, 332 ʧʣ, 314 ʧʣ, 302 ʧʣ, 278 

ʧʣ, 248 ʩʨ, 230 ʧʣ, 198 ʩ, 174 ʩ, 153 ʧʣ, 131 ʩʣ, 119 ʧʣ. ʄʘʩʩ-ʩʧʝʢʪʨ: ʜʣʷ 

{(Ph4P)2[Ta6I12(NCS)6]} 2- m/z=1759.85 (1759.8 ʨʘʩʩʯʠʪ.). 

2.22 ʇʦʣʫʯʝʥʠʝ (Me4N)4[Nb6Cl12F6]ĿCH3OH (17) 

ʅʘʚʝʩʢʠ Nb6Cl14Ā8H2O (100 ʤʛ, 0.084 ʤʤʦʣʴ) ʠ 12 ʵʢʚ. Me4NFĀ4H2O (166 ʤʛ, 0.001 

ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠʩʴ ʚ ʚʠʘʣ ʩ ʤʘʛʥʠʪʥʳʤ ʷʢʦʨʝʤ. ɺ ʩʦʩʫʜ ʚʥʦʩʠʣʠ 5-6 ʤʣ ʤʝʪʘʥʦʣʘ. ʉʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ. ʀʟ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʪʝʤʥʦ-ʦʣʠʚʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʦ ʤʝʨʝ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʟʘ ʥʦʯʴ ʚʳʨʘʩʪʘʶʪ ʢʨʫʧʥʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. ɺʳʭʦʜ: 70 %. ɼʣʷ C17H52N4Nb6Cl12F6O ʨʘʩʩʯʠʪʘʥʦ ʉ 14,3; H 3,8; N 

3,9 %; ʥʘʡʜʝʥʦ ʉ 14,9; H 4,1; N 3,9 %. 

2.23 ʇʦʣʫʯʝʥʠʝ (Me4N)3[Nb6Br 12F6]Ŀ2CH3OH (18) 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 17. ɹʨʘʣʠʩʴ ʥʘʚʝʩʢʠ Ta6Cl14Ā8H2O (100 ʤʛ, 

0.058 ʤʤʦʣʴ) ʠ 12 ʵʢʚ. Me4NFĀ4H2O (75 ʤʛ, 0,23 ʤʤʦʣʴ) ɺʳʭʦʜ: 27 %. ɼʣʷ 

C14H44N3Nb6Br12F6O2 ʨʘʩʩʯʠʪʘʥʦ ʉ 8,8; H 2,3; N 2,2 %; ʥʘʡʜʝʥʦ ʉ 8,9; H 2,4; N 2,2 %. 
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2.24 ʇʦʣʫʯʝʥʠʝ (Me4N)3[Ta6Br 12F6]Ŀ2CH3OH (19) 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 17. ɹʨʘʣʠʩʴ ʥʘʚʝʩʢʠ Ta6Br14Ā8H2O (200 ʤʛ, 

0.086 ʤʤʦʣʴ) ʠ 2 ʵʢʚ. Me4NFĀ4H2O (55 ʤʛ, 0,17 ʤʤʦʣʴ) ɺʳʭʦʜ: 35 %. ɼʣʷ 

C14H44N3Ta6Br12F6O2 ʨʘʩʩʯʠʪʘʥʦ ʉ 6,9; H 1,8; N 1,7 %; ʥʘʡʜʝʥʦ ʉ 7,2; H 1,8; N 1,8 %. 

2.25 ʇʦʣʫʯʝʥʠʝ [Nb6I 8(tBuNH2)6] (20) 

200 ʤʛ (0.10 ʤʤʦʣʴ) Nb6I11 ʧʦʤʝʩʪʠʣʠ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ ʩ ʤʘʛʥʠʪʥʳʤ ʷʢʦʨʝʤ, 

ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʟʘʧʦʣʥʠʣʠ ʘʨʛʦʥʦʤ. ɿʘʪʝʤ ʠʟ ʜʨʫʛʦʛʦ ʩʦʩʫʜʘ ʐʣʝʥʢʘ ʧʝʨʝʣʠʣʠ ʩʫʭʦʡ 

ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥ (25 ʤʣ) ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚʠʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʥʘ 2 

ʜʥʷ. ʀʟ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʥʘʩʣʦʝʥʠʠ ʩʫʭʦʛʦ ʠʟʦʧʨʦʧʘʥʦʣʘ ʯʝʨʝʟ ʜʚʝ 

ʥʝʜʝʣʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ɺʳʭʦʜ 66 %. ɼʣʷ 

[Nb6I8(tBuNH2)6] ʚʳʯʠʩʣʝʥʦ ʉ: 14,4%, H: 2,4%, N: 4,2%; ʥʘʡʜʝʥʦ ʉ: 14.5%, H: 2,14%, N: 

4,1%.  

2.26 ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ɹʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʦʚ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɺʥʠʤʘʥʠʝ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ; 

ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʟ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 18 ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ (APF, B3LYP, B3P86, B3PW91, BMK, CAM-

B3LYP, HSEH1PBE, M06-2X, M06-L, MN15, m-PW1P91, O3LYP, PBE0, PBE, PW91, Rev-

TPSS, ɤ-B97X ʠ X3LYP), ʘ ʪʘʢʞʝ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʄʝʣʣʝʨʘ-ʇʣʝʩʩʝʪʘ (MP2) 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʚʢʣʶʯʘʷ ʚʩʝ ʵʣʝʢʪʨʦʥʳ). ʕʪʠ ʤʝʪʦʜʳ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʩ ʙʘʟʠʩʥʳʤ 

ʥʘʙʦʨʦʤ triple-ɕ Ahlrichsô Def2-TZVPPD. ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʯʘʩʪʦʪ (ʚ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ). 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ BMK, 

ʢʦʪʦʨʳʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʚʳʜʘʚʘʣ ʦʰʠʙʢʫ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʫʤʘ. ɹr ʣʠ ʨʘʩʩʯʠʪʘʥʳ ʀʂ- 

ʠ ʈʘʤʘʥ-ʘʢʪʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʅʦʨʤʘʣʴʥʳʝ ʤʦʜʳ ʙʳʣʠ ʨʘʟʣʦʞʝʥʳ ʧʦ ʚʢʣʘʜʫ ʚʥʫʪʨʝʥʥʠʭ 

ʢʦʦʨʜʠʥʘʪ.  
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3 ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

3.1. ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʊʘ6I 14 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ Ta6I14, ʦʧʠʩʘʥʥʳʡ ɹʘʫʵʨʦʤ [110], ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

14TaI5 + 16Ta Ÿ 5Ta6I14 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʶʪ [110] ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʩ ʪʨʝʤʷ ʩʝʢʮʠʷʤʠ ʠ 

ʪʨʝʭʩʝʢʮʠʦʥʥʫʶ ʧʝʯʴ (ʨʠʩ. 17).  

 

ʈʠʩ. 17. ʉʭʝʤʘ ʨʝʘʢʪʦʨʥʦʡ ʘʤʧʫʣʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Ta6I14 [110]. 

ʉʝʢʮʠʷ 2 ʩʦʜʝʨʞʠʪ ʪʘʥʪʘʣʦʚʫʶ ʬʦʣʴʛʫ, ʢʦʪʦʨʘʷ ʧʨʠ t2 = 655Áʉ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ 

ʩ ʧʘʨʘʤʠ TaI5, ʧʦʩʪʫʧʘʶʱʠʤʠ ʠʟ ʩʝʢʮʠʠ 5, ʥʘʛʨʝʪʦʡ ʜʦ t0 =505Áʉ. ɺ ʩʝʢʮʠʠ 3 ʧʨʠ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ t1=535ÁC ʦʩʘʞʜʘʝʪʩʷ ʊʘ6I14. ʉʠʥʪʝʟ ʟʘʥʠʤʝʪ ʦʢʦʣʦ ʥʝʜʝʣʠ. ʂʘʢ ʥʝʪʨʫʜʥʦ 

ʜʦʛʘʜʘʪʴʩʷ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ - ʚʝʩʴʤʘ ʨʝʩʫʨʩʦʝʤʢʘʷ ʚ ʧʣʘʥʝ ʚʨʝʤʝʥʠ ʠ ʧʦʜʛʦʪʦʚʢʠ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʚ ʦʙʳʯʥʦʡ 

ʘʤʧʫʣʝ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʶʱʝʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʛʦ TaI5. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʫʞʝ ʧʨʠ 400Áʉ ʪʘʥʪʘʣ ʠ ʠʦʜ ʦʙʨʘʟʫʶʪ 

ʧʝʥʪʘʠʦʜʠʜ [92], ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʡʩʷ in situ TaI5 ʠʟʙʳʪʢʦʤ ʪʘʥʪʘʣʘ ʙʫʜʝʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʜʦ Ta6I14 ʧʨʠ 655Áʉ ʚ ʦʙʳʯʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ. ʉʥʘʯʘʣʘ ʘʤʧʫʣʘ ʩ 

ʧʦʨʦʰʢʦʤ ʪʘʥʪʘʣʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʠʦʜʦʤ ʚʳʜʝʨʞʠʚʘʣʘʩʴ 2 ʯʘʩʘ ʧʨʠ 450Áʉ - ʧʨʠ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʘ ʥʘʩʳʱʘʝʪʩʷ TaI5, ʘ ʟʘʪʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʣʘʩʴ ʜʦ 655Áʉ, ʠ ʘʤʧʫʣʘ 

ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 90 ʯʘʩʦʚ. ʈʌɸ ʠʟʚʣʝʯʝʥʥʦʡ ʠʟ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʳ ʯʝʨʥʦʡ 

ʤʘʩʩʳ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ Ta6I14 ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʡ ʬʘʟʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʨʦʮʝʩʩʘ 

ʦʞʠʜʘʝʤʦ ʩʥʠʞʘʝʪʩʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. ɺ ʩʣʫʯʘʝ 90-ʯʘʩʦʚʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ʘʤʧʫʣʳ ʧʨʠ 

655Áʉ 86 % (ʧʦ ʤʘʩʩʝ) ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ 

[Ta6I12(H2O)6]2+.  
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3.2. ʇʦʣʫʯʝʥʠʝ ʢʣʘʩʪʝʨʦʚ [ʊʘ6I 12(DMF) 6]I 2 ʠ [Ta6I 12(H2O)6](BPh4)2 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ Ta6I14 ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣ ʧʦʣʫʯʝʥ 

ʘʢʚʘʢʦʤʧʣʝʢʩ [Ta6I12(ʅ2O)6]2+ ʨʘʩʪʚʦʨʝʥʠʝʤ Ta6I14 ʚ ʚʦʜʝ. ɺ ʧʨʦʮʝʩʩʝ ʘʢʚʘʪʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʠʦʜʠʜʘ. ʇʦʩʪʝʧʝʥʥʦ 

ʦʙʨʘʟʫʝʪʩʷ ʟʝʣʸʥʳʡ ʨʘʩʪʚʦʨ. ʅʘʛʨʝʚʘʥʠʝ ʩʫʩʧʝʥʟʠʠ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 60Áʉ) ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ (ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ) ʦʙʝʩʮʚʝʯʠʚʘʥʠʶ ʨʘʩʪʚʦʨʘ, 

ʪʘʢ ʢʘʢ ʢʣʘʩʪʝʨʥʳʡ ʠʦʜʠʜ ʪʘʥʪʘʣʘ ʨʘʟʨʫʰʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ta2O5 (ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʨʘʥʝʥʠʝ (ʧʦ ʢʨʘʡʥʝ ʤʝʨʝ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ ʟʝʣʸʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʘ ʧʦʜ ʘʪʤʦʩʬʝʨʦʡ 

ʘʨʛʦʥʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ. ʉʘʤʳʤ ʫʜʦʙʥʳʤ 

ʩʧʦʩʦʙʦʤ ʘʢʚʘʪʘʮʠʠ ʦʢʘʟʘʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʩʫʩʧʝʥʟʠʠ ʫʣʴʪʨʘʟʚʫʢʦʤ. Cʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʘ {Ta6I12} 2+ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʣʘʩʪʝʨʦʚ [Ta6X12(H2O)6]2+ (X = Cl, Br) [111] ʠ ʩʦʜʝʨʞʠʪ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠ ɚ = 640 ʠ 749 ʥʤ, ʧʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ʢʘʢ ʨʘʟ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ. 

ʇʦʨʦʰʢʦʛʨʘʤʤʘ ʟʝʣʸʥʦʛʦ ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʥʘ ʨʦʪʦʨʥʦʤ 

ʠʩʧʘʨʠʪʝʣʝ, ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ ʩ ʠʟʚʝʩʪʥʦʡ ʬʘʟʦʡ, [Ta6Br12(H2O)4(OH)2] 4H2O, ʥʦ 

ʥʘʣʠʯʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʧʠʢʠ ʦʪ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʘʟ ï ʟʘʧʠʩʘʪʴ ʧʦʨʦʰʢʦʛʨʘʤʤʫ 

ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʫʜʘʸʪʩʷ ʥʝ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʝʤ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʠʦʜʘ ʢ ʪʘʥʪʘʣʫ (14:6) 

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʟʝʣʝʥʳʡ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ 

[{ Ta6I12} I2(H2O)4] 4H2O. ʄʝʜʣʝʥʥʦʝ ʫʧʘʨʠʚʘʥʠʝ ʚ ʦʪʢʨʳʪʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʪʘʢʘʥʝ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ï ʨʘʩʪʚʦʨ ʩʦ ʚʨʝʤʝʥʝʤ ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ ʥʘ 

ʚʦʟʜʫʭʝ ʫʞʝ ʚ ʪʝʯʝʥʠʠ ʥʝʜʝʣʠ, ʘ ʥʘ ʩʪʝʥʢʘʭ ʠ ʥʘ ʜʥʝ ʩʪʘʢʘʥʘ ʦʩʝʜʘʝʪ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ 

ʦʢʩʠʜ ʪʘʥʪʘʣʘ(V). ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʪʘʥʪʘʣʘ ʚ ʥʘʩʳʱʝʥʥʦʤ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʣʘʩʪʝʨʘ [Ta6I12(H2O)6]2+ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʨʷʜʢʘ 10-3 ʤʦʣʴ/ʣ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʧʦʨʦʰʢʘ 

ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʦʝ ʫʧʘʨʠʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʸʤʦʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʚ ʚʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʬʦʨʤʘ [ʊʘ6I12(H2O)6]2+, 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʮʠʶ: 

[ʊʘ6I12(H2O)6]I 2 + 2NaBPh4 Ÿ[Ta6I12(H2O)6](BPh4)2 + 2NaI 
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ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. ʊʝʤʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʤʝʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʘʛʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʫʣʝ [Ta6I12(H2O)6](BPh4)2Ŀʅ2ʆ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɹr ʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ 

ʀʂ ʩʧʝʢʪʨʦʚ ʚʝʱʝʩʪʚʘ, ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʘʤʧʫʣʳ, ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʝʤ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʢʚʘʢʦʤʧʣʝʢʩʘ, ʠ 1 (ʈʠʩ. 18).  

 

ʈʠʩ. 18. ʉʨʘʚʥʝʥʠʝ ʀʂ ʩʧʝʢʪʨʦʚ 1, [ʊʘ6I12(H2O)6]I2 ʠ ʧʣʘʚʘ ʠʟ ʘʤʧʫʣʳ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 18, ʩʧʝʢʪʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ, ʘ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʣʦʩʳ 

ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [112] ʜʣʷ Ta6I14, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʚ ʀʂ-

ʩʧʝʢʪʨʝ ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ 180 ʠ 147 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ Ta-I ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ {Ta6I12}, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ Ta6I14 ʚ ʧʨʷʤʦʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʠʥʪʝʟʝ ʠʟ ʵʣʝʤʝʥʪʦʚ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ {Ta6I12} 2+ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʝʱʝʩʪʚʘ ʠʟ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ. 

ʄʘʩʩ-ʩʧʝʢʪʨ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ [{ Ta6I12} I2(H2O)4]4H2O, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʫʧʘʨʠʚʘʥʠʠ ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ Ta6I14 ʠ ʨʘʩʪʚʦʨʝʥʠʠ ʦʩʪʘʪʢʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʧʠʢʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ m/z=1427,4, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ [Ta6I12(CH3CN)6]2+ 

(ʨʘʩʩʯʠʪʘʥʥʳʡ ʤʘʢʩʠʤʫʤ m/z=1427,9), ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ 

ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʨʠʩ. 3.3, ʧʠʢ ʩʧʨʘʚʘ) ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʦʩʪʦʚʘ. ɺʪʦʨʦʡ 

ʧʠʢ (ʨʠʩ. 19, ʧʠʢ ʩʣʝʚʘ) ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥ ʧʨʠ m/z=1406.8, ʠ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʜʣʷ [Ta6I12(CH3CN)5]2+ m/z=1407.3, ʯʪʦ ʦʪʚʝʯʘʝʪ ʧʦʪʝʨʝ 

ʦʜʥʦʛʦ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʫʩʣʦʚʠʷʭ ʠʦʥʠʟʘʮʠʠ. 
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ʈʠʩ. 19. Mʘʩʩ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʘʢʚʘʢʦʤʧʣʝʢʩʘ [ʊʘ6I12(H2O)6]I2 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʇʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʲʸʤʢʝ ʤʘʩʩ-ʩʧʝʢʪʨʘ, ʫʰʠʨʝʥʳ, ʧʦʵʪʦʤʫ ʫʚʠʜʝʪʴ ʜʨʫʛʠʝ 

ʟʥʘʯʝʥʠʷ m/z ʥʝ ʫʜʘʸʪʩʷ ï ʩʦʚʧʘʜʘʶʪ ʣʠʰʴ ʧʦʣʦʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ m/z, ʜʨʫʛʠʝ ʦʞʠʜʘʝʤʳʝ ʧʠʢʠ ʠʟʦʪʦʧʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪ ʥʘʡʜʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʕʢʩʪʨʘʢʮʠʷ ʦʙʨʘʟʮʘ Ta6I14 ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʣʝʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ [ʊʘ6I12(DMF)6]I 2 DMF (2). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʣʘʙʠʣʴʥʳʤ, ʥʦ ʥʝ ʩʢʣʦʥʥʳʡ ʢ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʷʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʦʜʳ) 

ʣʠʛʘʥʜʦʤ, ʜʝʣʘʝʪ 2 ʫʜʦʙʥʳʤ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʫʪʝʤ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʥʝʚʦʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ɼʣʷ ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʠ ʢʦʤʧʣʝʢʩʘ ʩ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ɺʥʝʰʥʠʡ ʚʠʜ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 20. ɺ 

ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. 
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ʊʘʙʣʠʮʘ 4. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ ʢʣʘʩʪʝʨʘʭ 1 ʠ 2 

 1 2 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ Ta-I i, ¡ 2,8310(4) 2,8104(7) 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ Ta-Ta, ¡ 2,9327(2) 2,9322(6) 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʠ Ta-L, ¡ 2,351(3) 2,3430(5) 

 

  

[ʊʘ6I12(DMF)6]2+ [Ta6I12(H2O)6]2+ 

ʈʠʩ. 20. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ [ʊʘ6I12(DMF)6]2+  ʚ 2 ʠ [Ta6I12(H2O)6]2+ ʚ 1. 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʫʙʨʘʥʳ ʜʣʷ ʫʜʦʙʩʪʚʘ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʘʢʚʘʢʦʤʧʣʝʢʩʘ 1 ʜʣʠʥʳ ʩʚʷʟʝʡ Ta-Ta ʣʝʞʘʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 

2,9221(6)ï2,9432(6) ¡. ɼʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʣʘʩʪʝʨʘ [Ta6ɺr12(H2O)6](BPh4)2 4H2O, 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʥʝʝ, ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʩʦʩʪʘʚʣʷʝʪ 2,8848(3)ï2,8984(3) ¡ [113]. ʕʪʦ ʨʘʟʣʠʯʠʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʤʘʪʨʠʯʥʳʡ ʵʬʬʝʢʪ ï ʨʘʩʰʠʨʝʥʠʝ ʦʢʪʘʵʜʨʘ M6 ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʠ ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʨʘʟʤʝʨʘ 

[1]. ʅʝʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʥʘʭ ʩʚʷʟʝʡ Ta-I (2.7934(7)ï2.8325(7) ¡) ʠ Ta-O (2.315(5)ï

2.366(5) ¡) ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʢʩʦʡ ʩʠʤʤʝʪʨʠʠ. ɺ 

[Ta6ɺr12(H2O)6](BPh4)2 4H2O ʨʘʩʩʪʦʷʥʠʷ Ta-O (2,245(6)ï2,335(7) ¡) ʢʦʨʦʯʝ, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʙʦʣʝʝ ʩʣʘʙʳʡ ʤʘʪʨʠʯʥʳʡ ʵʬʬʝʢʪ ʤʦʩʪʠʢʦʚʳʭ ʙʨʦʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ [113]. ɺʝʨʦʷʪʥʦ, 

ʫʜʣʠʥʝʥʠʝ ʩʚʷʟʝʡ Ta-O ʚ [Ta6I12(H2O)6](BPh4)2 ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʪʪʘʣʢʠʚʘʶʱʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʨʘʚʥʠʚʘʷ ʛʝʦʤʝʪʨʠʶ 

ʢʣʘʩʪʝʨʦʚ [Ta6I12(H2O)6](BPh4)2ĿH2O (1) ʠ [Ta6I12(DMF)6]I 2 DMF (2), ʥʝʪʨʫʜʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʷ Ta-I (2,7992(6)ï2,8346(6) ¡) ʚ 2 ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ ʧʨʠ 

ʟʘʤʝʥʝ DMF ʥʘ H2O, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʠʥʳ ʩʚʷʟʝʡ Ta-O (2,225(5)ï2,253(6) ¡) ʟʘʤʝʪʥʦ 
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ʢʦʨʦʯʝ, ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ Ta-Ta (2,9416(4)ï2,9637(5)) ï ʜʣʠʥʥʝʝ, ʯʝʤ ʚ ʘʢʚʘ ʢʦʤʧʣʝʢʩʝ. ɹʦʣʝʝ 

ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ Ta-O ʚ ʩʣʫʯʘʝ DMF ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʥʦʨʥʦʛʦ ʯʠʩʣʘ 

(26,6 ʧʨʦʪʠʚ 18,0 ʜʣʷ ʚʦʜʳ) [114]. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʥʘʙʣʶʜʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥʦ 

ʜʣʷ ʜʨʫʛʠʭ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʝʨʠʠ ʢʣʘʩʪʝʨʦʚ [M6X12(DMF)6]X 2 (M = Nb, Ta; X = Cl, Br), 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʘ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʠ ʀʂ-ʩʧʝʢʪʨʘʤʠ [44] 

3.3. ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ [ʊʘ6I 12(H2O)6]I 2 

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʢʚʘʢʦʤʧʣʝʢʩʘ [ʊʘ6I12(H2O)6]I 2 

(ʨʠʩ. 21) ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʢʚʘʟʠʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ: 

[ʊʘ6I12(H2O)6]2+ Ÿ [ʊʘ6I12(H2O)6]3+ Ÿ [ʊʘ6I12(H2O)6]4+ 

 

ʈʠʩ. 21. ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʜʣʷ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ [ʊʘ6I12(H2O)6]I2; 

ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ. 

ɼʚʫʭʩʪʘʜʠʡʥʦʝ ʦʢʠʩʣʝʥʠʝ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʢʣʘʩʪʝʨʦʚ 

ʢʦʤʧʣʝʢʩʦʚ {M 6X12} 2+ (M = Nb, Ta; X = Cl, Br) ʠ ʦʪʚʝʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʫʜʘʣʝʥʠʶ 

ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʣʘʙʦʩʚʷʟʳʚʘʶʱʝʛʦ ʫʨʦʚʥʷ a2u (ʈʠʩ. 6). ʇʨʠ ʵʪʦʤ ʯʠʩʣʦ ʢʣʘʩʪʝʨʥʳʭ 

ʩʢʝʣʝʪʥʳʭ ʵʣʝʪʢʨʦʥʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 16 ʜʦ 14. ʕʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʧʝʨʚʦʡ ʧʘʨʳ {Ta6I12} 2+/ {Ta6I12} 3+ ʨʘʚʝʥ 0,61 ɺ, ʘ ʧʦʪʝʥʮʠʘʣ ʧʘʨʳ {Ta6I12} 3+/ {Ta6I12} 4+ 

ʩʦʩʪʘʚʣʷʝʪ 0,92 B (ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ) (ʪʘʙʣʠʮʘ 5). 
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ʊʘʙʣʠʮʘ 5. ʇʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥ ʦʢʠʩʣʝʥʠʷ [ʊʘ6I12(H2O)6]
2+ 

ʉʢʦʨʦʩʪʴ  

ʨʘʟʚʝʨʪʢʠ, ʤɺ/ʩ  

{Ta6I12} 2+/ {Ta6I12} 3+ {Ta6I12} 3+/ {Ta6I12} 4+ 

E1/2, ɺ  ȹE, ʤɺ  E1/2, ɺ  ȹE, ʤɺ  

100  0.606  120  0.921  131  

50  0.611  107  0.917  114  

20  0.619  102  0.920  108  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [114], ʧʦʪʝʥʮʠʘʣʳ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨ ʜʣʷ ʙʨʦʤʠʜʥʦʛʦ ʘʢʚʘʢʦʤʧʣʝʢʩʘ, {Ta6Br12} 2+/ {Ta6Br12} 3+ ʠ {Ta6Br12} 3+/ 

{Ta6Br12} 4+ ʩʜʚʠʥʫʪʳ ʚ ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ ʠ ʩʦʩʪʘʚʣʷʶʪ 0.33 B ʠ 0.63 ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʇʦʪʝʥʮʠʘʣʳ ʧʘʨ {Ta6Cl12} 2+/ 

{Ta6Cl12} 3+ ʠ {Ta6Cl12} 3+/ {Ta6Cl12} 4+ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʝʱʸ ʤʝʥʴʰʠʭ ʵʣʝʢʪʨʦʜʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ: 0.23 B ʠ 0.57 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʢʣʦʥʥʦʩʪʴ 16- ʠ 15-

ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʢ ʦʢʠʩʣʝʥʠʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ {Ta6I12} < {Ta6Br12} < 

{Ta6ʉl12}. ʕʪʦ ʥʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʦ, ʫʯʠʪʳʚʘʷ ʨʦʩʪ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ 

ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʚ ʵʪʦʤ ʞʝ ʨʷʜʫ, ʠ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

3.4. ʈʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʝ ʩʚʦʡʩʪʚʘ [ʊʘ6I 12(H2O)6]I 2 

ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ [ʊʘ6I12(H2O)6]I 2 ʷʚʣʷʝʪʩʷ 

ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʨʝʧʘʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʠʦʜʘ. ʆʜʥʘʢʦ ʘʢʚʘʢʦʤʧʣʝʢʩ 

[Ta6I12(H2O)6]2+ ʥʝʩʪʘʙʠʣʝʥ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʜʝʛʨʘʜʠʨʫʝʪ (ʯʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ Ta2O5.  ʇʨʠ ʜʝʛʨʘʜʘʮʠʠ 

ʢʣʘʩʪʝʨʘ ʨʅ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 3,1 ʜʦ 2,7, ʯʪʦ ʫʢʘʟʳʚʘʝʪʥʘ ʦʙʨʘʟʦʚʘʥʠʝ HI. 

ʆʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʠʦʜʠʜʦʚ ʠʣʠ ʩʚʦʙʦʜʥʦʛʦ I2 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʢʚʘʢʦʤʧʣʝʢʩʘ [Ta6I12(H2O)6]2+ ʚ ʚʦʜʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʡ ʘʥʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ð ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ (PSS, 2200 ʢɼʘ). 

ʕʪʦʪ ʧʦʜʭʦʜ ʫʞʝ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ [117]. 

ʆʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ PSS ʩʚʷʟʳʚʘʝʪ ʢʘʪʠʦʥʳ [Ta6I12(H2O)6]2+ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠ ̫ ʙʝʟ ʧʨʷʤʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʩʫʣʴʬʦʥʘʪʥʘʷ 

ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʣʠʛʘʥʜʦʤ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ [Ta6I12(H2O)6]I 2 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ (ʨʠʩ. 
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22). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʫʞʝ ʚ ʪʦʯʢʝ ʦʪʩʯʝʪʘ (ʧʝʨʚʦʝ ʠʟʤʝʨʝʥʠʝ, t = 0) ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʩʨʘʚʥʝʥʠʷ ʟʘʤʝʪʥʦ ʥʠʞʝ ʪʘʢʦʚʦʡ ʫ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨ. 

 

ʈʠʩ. 22. ʀʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ [ʊʘ6I12(H2O)6]I2 ʩ PSS (ʰʠʬʨ 

7) ʠ ʙʝʟ ʥʝʛʦ (ʰʠʬʨ 2). 

ɹʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ PSS ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ [ʊʘ6I12(H2O)6]@PSS. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʜʘʥʥʫʶ ʛʠʧʦʪʝʟʫ, 

ʨʘʩʪʚʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʥʘ ʧʝʨʚʳʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʜʝʥʴ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʣʷ 

ʨʘʩʪʚʦʨʘ ʩ PSS ʩʦʩʪʘʚʠʣ 870, 1475 ʠ 2192 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʘ 

ʩʨʘʚʥʝʥʠʷ (ʢʣʘʩʪʝʨ ʙʝʟ PSS) ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 368, 179 ʠ 169 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʦʯʝʚʠʜʥʦ, ʨʝʯʴ ʠʜʝʪ ʦ ʯʘʩʪʠʮʘʭ ʙʳʩʪʨʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ PSS 

ʊʘ2ʆ5. ʏʘʩʪʠʮʳ [ʊʘ6I12(H2O)6]@PSS ʫʜʘʣʦʩʴ ʦʩʘʜʠʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʵʪʘʥʦʣʦʤ ʠ ʚʳʜʝʣʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (12000 ʦʙ./ʤʠʥ). ɺʝʱʝʩʪʚʦ ʠʤʝʝʪ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʘʢʚʘ-ʢʦʤʧʣʝʢʩʘ ʪʘʥʪʘʣʘ ʚ ʝʛʦ ʩʦʩʪʘʚʝ.  

ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʪʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮʳ ʧʦʣʠʤʝʨʘ 

ʧʨʠʭʦʜʠʪʩʷ ʦʜʠʥ ʢʣʘʩʪʝʨʥʳʡ ʢʘʪʠʦʥ: [ʊʘ6I12(H2O)6]2+ : 3C8H7SO3
ī. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʩʫʩʪʚʫʶʪ ʠʦʥʳ ʥʘʪʨʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

{ Na[ʊʘ6I12(H2O)6](C8H7SO3)3} n. 
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ʈʠʩ. 23. ʉʥʠʤʢʠ ʇʕʄ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʝʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ ʚʦʜʝ ʯʘʩʪʠʮ 

[ʊʘ6I12(H2O)6]@PSS 

ʉʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʝʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʛʦ ʚ ʚʦʜʝ [ʊʘ6I12(H2O)6]@PSS (ʨʠʩ. 23) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʢʨʫʧʥʳʭ (ʩʫʙʤʠʢʨʦʥʥʳʭ) ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 100-200 ʥʤ, ʪʘʢʞʝ 

ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ ʘʛʨʝʛʘʪʳ ʵʪʠʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʧʣʝʥʢʠ [116]. 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʜʠʩʧʝʨʩʠʡ 

[ʊʘ6I12(H2O)6]@PSS ʚ ʚʦʜʝ (4,2 ʤʄ; 2,1 ʤʄ; 1,0 ʄ), ʧʨʠʯʝʤ ʦʜʠʥ ʠʟ ʦʙʨʘʟʮʦʚ ʙʳʣ 

ʧʨʠʛʦʪʦʚʣʝʥ ʟʘ 2 ʥʝʜʝʣʠ, ʘ ʦʩʪʘʣʴʥʳʝ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ. ʆʙʨʘʟʮʳ 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʧʣʘʥʰʝʪ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ ʠ ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʪʦʤʦʛʨʘʬʘ (ʨʠʩ. 55). ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʤʝʨʯʝʩʢʠʡ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʡ ʘʛʝʥʪ ʆʤʥʠʧʘʢ (OmnipaqueÈ, GE Healthcare), ʩʦʜʝʨʞʘʱʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʁʦʛʝʢʩʦʣ (Iohexol).  
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ʈʠʩ. 24. ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʤʤʘ ʤʥʦʛʦʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

[ʊʘ6I12(H2O)6]@PSS (ʰʠʬʨ 7) ʠ ʆʤʥʠʧʘʢ/ʁʦʛʝʢʩʦʣ (ʩʣʝʚʘ); ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ [ʊʘ6I12(H2O)6]@PSS ʜʘʥʘ ʚ ʝʜʠʥʠʮʘʭ ʍʘʫʥʩʬʠʣʜʘ (HU) (ʩʧʨʘʚʘ). 

ʈʠʩ. 25. ʉʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʁʦʛʝʢʩʦʣʘ (ʩʣʝʚʘ); ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʝʜ. ʍʘʫʥʩʬʠʣʜʘ (HU) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʁʦʛʝʢʩʦʣʘ (ʩʧʨʘʚʘ). 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʡ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʤʦʣʷʨʥʫʶ 

ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʧʣʦʪʥʦʩʪʴ (HU/M; ʝʜʠʥʠʮʳ ʍʘʫʥʩʬʠʣʜʘ ʥʘ ʤʦʣʷʨʥʦʩʪʴ). ʕʪʘ ʚʝʣʠʯʠʥʘ 

ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʠ. ɼʣʷ 

ʩʚʝʞʝʛʦ ʠ ʜʚʫʭʥʝʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʦʚ [ʊʘ6I12(H2O)6]@PSS ʵʪʠ ʚʝʣʠʯʠʥʳ ʨʘʚʥʳ 6,73 Ñ 0,17 

104 HU/M ʠ 6,49 Ñ 0,08 104 HU/M, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʡʦʛʝʢʩʦʣʘ ʤʦʣʷʨʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʨʘʚʥʘ 0,77 Ñ 0,01 104 HU/M, ʯʪʦ ʚ 8,4-8,7 ʨʘʟʘ ʤʝʥʴʰʝ [116]. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʧʦʩʢʦʣʴʢʫ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ 

ʵʣʝʤʝʥʪʦʚ (6 ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʠ 12 ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʠʦʜʘ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʡʦʛʝʢʩʦʣʦʤ (3 

ʘʪʦʤʘ ʠʦʜʘ), ʤʦʣʷʨʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʜʣʷ ʥʠʭ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ 
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ʪʘʢʦʚʫʶ ʜʣʷ ʠʦʜʠʩʪʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʘʢʦʚʦʡ ʜʣʷ ʜʨʫʛʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʳ ʩ ʙʦʣʴʰʠʤʠ Z  [W6I14]2ï ʠ [Re6Te8(CN)6]2ï [117,118]. 

3.5. ʌʦʪʦʣʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ [Ta6I 12(ʅ2ʆ)6]I 2 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʥʪʘʣʘ 

[Ta6X12L6]2+ ʥʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʜʠʚʦʜʦʨʦʜʘ: 2H+ + 2e = H2. ʅʘ ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʌʦʛʣʝʨʘ ʠ ʂʫʥʢʝʣʠ [71], ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʪʦʣʠʟ ʢʠʩʣʳʭ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ {Ta6Br12} 2+ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʚʦʜʦʨʦʜʘ. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ 1M HCl ʚʦʟʨʘʩʪʘʝʪ ʥʘ 2 ʧʦʨʷʜʢʘ (ʩ 10-4 ʜʦ 10-2) ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʜʣʠʥʳ ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ ʩ 640 ʥʤ ʜʦ 254 ʥʤ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʦʞʠʣʠ ʤʝʭʘʥʠʟʤ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʦʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Ta6Br12} 2+* ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʦʥʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜ-ʠʦʥʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ ʪʘʥʪʘʣʘ, ʢʦʪʦʨʳʝ ʩ ʧʨʦʪʦʥʘʤʠ ʩʨʝʜʳ ʦʙʨʘʟʫʶʪ ʜʠʚʦʜʦʨʦʜ, ʘ 

ʢʦʥʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ {Ta6Br12} 2+ ʩ {Ta6Br12} 4+
 ʧʨʠʚʦʜʠʪ ʢ {Ta6Br12} 3+. ʆʜʥʘʢʦ 

ʧʨʦʮʝʩʩ, ʠʟʫʯʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [71], ʷʚʣʷʝʪʩʷ ʥʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ, ʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ. 

ɿʘʤʢʥʫʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʤʦʞʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

(ñsacrificial reagentò). ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʬʦʪʦʣʠʟʘ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

{Ta6Br12} 2+ ʥʝ ʧʦʩʣʝʜʦʚʘʣʦ. ʌʦʪʦʭʠʤʠʷ ʠʦʜʠʜʥʦʛʦ ʘʥʘʣʦʛʘ, {Ta6I12} 2+, ʚʦʦʙʱʝ ʥʝ 

ʠʟʫʯʘʣʘʩʴ.  

ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʚʘʢʦʤʧʣʝʢʩ [Ta6I12(ʅ2ʆ)6]2+ ʧʨʦʷʚʣʷʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʤʝʪʘʥʦʣʘ ʚ ʨʝʘʢʮʠʦʥʥʳʡ 

ʨʘʩʪʚʦʨ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʛʝʥʝʨʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Ta6I12} 2+ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʳʭʦʜ ʚʦʜʦʨʦʜʘ. ʌʦʪʦʣʠʟ ʧʦʜʢʠʩʣʝʥʥʳʭ ʚʦʜʥʳʭ ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʘ 

ʪʘʥʪʘʣʘ {Ta6I12} 2+ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʠʩʪʝʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʜʳ. ɹr ʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʜʚʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʙʣʫʯʘʣʩʷ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ 5.410-4 ʄ ʢʣʘʩʪʝʨʘ 1 (10.6 ʤʣ H2O), ʧʦʜʢʠʩʣʝʥʥʳʡ 4,4 ʤʣ 85% ʅ3ʈʆ4. ʆʙʣʫʯʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʳ Hamamatzu (ʤʦʜʝʣʴ Lightnincure LC8, 

800-200 ʥʤ, ʜʠʘʤʝʪʨ ʩʚʝʪʦʚʦʜʘ 0.5 ʩʤ). ʌʦʪʦʨʝʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ 

ʩʦʩʫʜ ʦʙʲʝʤʦʤ 55 ʤʣ ʠʟ ʧʠʨʝʢʩʥʦʛʦ ʩʪʝʢʣʘ, ʩ ʚʧʫʩʢʥʳʤ ʠ ʚʳʧʫʩʢʥʳʤ ʦʪʚʦʜʘʤʠ ʩ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʣʘʧʘʥʘʤʠ ʠ ʤʘʥʦʤʝʪʨʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʆʙʱʘʷ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 48 ʯʘʩʦʚ, ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʢʦʪʦʨʦʛʦ ʨʘʩʪʚʦʨ 

ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʧʦʣʥʦʩʪʴʶ ʜʝʛʨʘʜʠʨʦʚʘʣ: ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʣʠʰʴ ʙʘʟʦʚʫʶ ʣʠʥʠʶ, ʘ ʥʘ ʜʥʝ ʬʦʪʦʨʝʘʢʪʦʨʘ ʦʙʨʘʟʦʚʘʣʩʷ ʢʦʨʠʯʥʝʚʳʡ 

ʧʦʨʦʰʦʢ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʥʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ. ɺʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʙʣʫʯʝʥʠʶ 

ʧʦʜʚʝʨʛʥʫʣʩʷ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ 5.410-4 ʄ [Ta6I12(ʅ2ʆ)6]I 2 (9.6 ʤʣ H2O, 1 ʤʣ 

MeOH), ʧʦʜʢʠʩʣʝʥʥʳʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ (4.4 ʤʣ H3PO4). ʇʦ 

ʠʩʪʝʯʝʥʠʠ 18,5 ʯʘʩʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ {Ta6I12} 2+ ʥʝ ʠʟʤʝʥʠʣʘʩʴ: ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʦʚʧʘʣ. ɺ ʦʙʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʛʘʟʘ ʠʟ ʬʦʪʦʨʝʘʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʘ Samplelock Hamilton (ʦʙʲʸʤ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʛʘʟʘ ʩʦʩʪʘʚʣʷʣ 100 ʤʢʣ), ʚ ʛʘʟʦʚʳʭ ʦʙʨʘʟʮʘʭ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʘ Agilent 6850 GC ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ (ʧʣʦʱʘʜʠ ʧʠʢʦʚ 

ʚʦʜʦʨʦʜʘ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ (ʚ ʤʦʣʷʭ) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (n = PV/RT)). ɺ ʪʘʙʣʠʮʝ 6 ʧʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ. 

ʊʘʙʣʠʮʘ 6. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʦʚ ʦʙʨʘʟʮʦʚ ʛʘʟʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ˉ 1 

ʠ ˉ 2. 

ɺʨʝʤʷ 

ʦʙʣʫʯʝʥʠʷ, ʯ 

ʂʦʣʠʯʝʩʪʚʦ H2 ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ˉ 1, 

[ʤʤʦʣʴ (H2) /ʤʦʣʴ ({Ta6I12} 2+)] 

ʂʦʣʠʯʝʩʪʚʦ H2 ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ˉ 2, 

[ʤʤʦʣʴ (H2) /ʤʦʣʴ ({Ta6I12} 2+)] 

1 0 0 

2 2.484 363.540 

3 2.730 480.160 

17.5 ʅʝʪ ʜʘʥʥʳʭ 1439.883 

18.5 ʅʝʪ ʜʘʥʥʳʭ 2318.633 

24 12.964 ʅʝʪ ʜʘʥʥʳʭ 

48 44.277 6507.221 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʜʦʙʘʚʣʝʥʠʝ ʤʝʪʘʥʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʚʦʜʦʨʦʜʘ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚʦʟʨʘʩʪʘʝʪ 

ʚ ʪʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʦʝ 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʥʦʣʘ ʢʘʢ ʜʦʥʦʨʘ ʵʣʝʢʪʨʦʥʦʚ ð 6507 ʤʤʦʣʴ.  
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ʉʭʝʤʘ 3. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ 3, ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Ta6I12} 2+ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʣʫʯʝʥʠʷ ʧʝʨʝʭʦʜʠʪ 

ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, {Ta6I12} 2+*, ʩ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʥʘ 

ʧʨʦʪʦʥʳ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʧʝʨʝʭʦʜʠʪ ʚ ʦʢʠʩʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ {Ta6I12} 3+ 

ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʚʝʜʸʥʥʳʤ ʚ ʩʠʩʪʝʤʫ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʦʙʨʘʪʥʦ ʚ ʩʦʩʪʦʷʥʠʝ 

{Ta6I12} 2+ (ʜʦʥʦʨ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʜʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ 

ʚʦʜʦʨʦʜʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ [Ta6I12(H2O)6]2+ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʤʝʪʘʥʦʣʘ ʚ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ. 

3.6. ʈʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [Ta6I 12(H2O)6]2+ 

ɼʣʷ ʢʣʘʩʪʝʨʘ [Ta6I12(H2O)6]2+ ʚʳʧʦʣʥʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʈʉɸ (ʪʘʙʣʠʮʘ 7).  

ʊʘʙʣʠʮʘ 7. ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʣʠʥ ʩʚʷʟʝʡ (¡) ʚ [Ta6I12(H2O)6]
2+.  

  

ʉʚʷʟʴ ʪʝʦʨ. ʵʢʩʧ.* 

ʊʘ-ʊʘ 2,92016 Ñ 0,00603 2,9327(2) 

ʊʘ-I 2,85874 Ñ 0,00967 2,8310(4) 

ʊʘ-ʆ 2,39108 Ñ 0,00221 2,351(3) 

*[Ta6I12(H2O)6](BPh4)2 
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ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʀʂ-ʩʧʝʢʪʨʘ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʢʘʢ ʯʘʩʪʦʪ, ʪʘʢ ʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ (ʨʠʩ. 26).  

ʈʠʩʫʥʦʢ 26. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʀʂ-ʩʧʝʢʪʨʦʚ 

(ʩʣʝʚʘ) ʠ ʕʉʇ (ʩʧʨʘʚʘ). 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʥʘ ʫʨʦʚʥʝ TD-DFT ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 600 ʠ 800 ʥʤ (ʨʠʩ. 26) ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ: 

ʧʨʠ 756 ʥʤ (f = 0,7512) ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʭʦʜ HOMO(a2u)-LUMO, ʠ 641 ʥʤ (f = 0,9628), 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ HOMO-LUMO+1. ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʥʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʨʙʠʪʘʣʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʚʫʭ ʧʝʨʝʭʦʜʘʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʠ ʜʚʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪʚʝʯʘʶʪ ʧʝʨʝʭʦʜʘʤ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʥʘ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʠ ʠʤʝʶʪ 

d-d ʭʘʨʘʢʪʝʨ; ʣʠʛʘʥʜʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʘʙʩʦʨʙʮʠʶ.  

3.7. ʎʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʮʠʘʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Ta6I12(CN)6]4- ʤʳ ʧʨʦʚʝʣʠ ʩʣʝʜʫʶʱʫʶ 

ʨʝʘʢʮʠʶ: 

[ʊʘ6I12(H2O)6]I2 + 6KCNŸ K4[Ta6I12(CN)6]+ 2KI +6ʅ2ʆ 

ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝ ʫʜʘʝʪʩʷ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ 

K4[Ta6I12(CN)6]. ʉ ʮʝʣʴʶ ʟʘʤʝʥʳ ʢʘʪʠʦʥʘ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʠ ʛʠʜʨʦʬʦʙʥʳʡ, ʨʝʘʢʮʠʦʥʥʳʡ 

ʨʘʩʪʚʦʨ, ʧʦʩʣʝ 6-ʪʠʯʘʩʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ, ʨʘʟʜʝʣʠʣʠ 

ʥʘ ʯʝʪʳʨʝ ʯʘʩʪʠ, ʢ ʢʦʪʦʨʳʤ ʜʦʙʘʚʠʣʠ CsI, Me4NI, Bu4NI ʠ Ph4PBr, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʃʠʰʴ 

ʚ ʩʣʫʯʘʝ ʩ Ph4PBr ʚʳʧʘʣ ʟʝʣʝʥʳʡ ʦʩʘʜʦʢ, ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʪʦʨʦʛʦ 

ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʘ 

(Ph4P)4[Ta6I12(CN)6], ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʈʉɸ ʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ.  
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ʄʘʩʩ-ʩʧʝʢʪʨ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʨʦʰʢʘ (Ph4P)4[Ta6I12(CN)6] (ʨʠʩ. 27) 

ʩʦʜʝʨʞʠʪ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʠʮʝ-ʘʜʜʫʢʪʫ 

{(Ph4P)[Ta6I12(CN)6]} 2-  (m/z = 1552.3 ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʢʘ), ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʚ ʫʩʣʦʚʠʷʭ ʩʲʸʤʢʠ ʤʘʩʩ-ʩʧʝʢʪʨʘ. ɺʠʜʠʤʦ, ʚ ʭʦʜʝ ʠʦʥʠʟʘʮʠʠ ʢʣʘʩʪʝʨ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, 

ʚʳʜʝʣʠʪʴ ʚʢʣʘʜʳ ʦʪ ʦʪʜʝʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʚ m/z (ʩ ʦʞʠʜʘʝʤʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ 1552.8 ʠ 

1553.3) ʥʝ ʫʜʘʸʪʩʷ ʠʟ-ʟʘ ʧʨʠʙʦʨʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

 

ʈʠʩ. 27. ʌʨʘʛʤʝʥʪ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʨʘʩʪʚʦʨʘ (Ph4P)4[Ta6I12(CN)6] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʇʦʟʜʥʝʝ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ (Bu4N)4[Ta6I12(CN)6]ĀCH3CN 

(6) ʧʦ ʨʝʘʢʮʠʠ Ta6I14 ʩ Bu4NCN ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʉʠʥʪʝʟ ʧʨʦʪʝʢʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Áʉ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ:  

ʊʘ6I14 + 6Bu4NCN= (Bu4N)4[Ta6I12(CN)6] + 2Bu4NI  

ʉʪʝʭʠʦʤʝʪʨʠʷ ʧʦʜʙʠʨʘʣʘʩʴ ʠʟ ʨʘʩʯʝʪʘ: ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʮʠʘʥʠʩʪʦʛʦ 

ʥʘ ʦʜʥʫ ʪʝʨʤʠʥʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʢʣʘʩʪʝʨʘ, ʪ.ʝ. 1:12. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʪʝʤʥʦ-

ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʮʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʦʩʘʜʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʠʤʝʩʝʡ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʠʩʭʦʜʥʦʤ Ta6I14, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Ta ʠ TaOI2 (ʧʦ ʜʘʥʥʳʤ ʈʌɸ). ʀʟ 

ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʪʝʤʥʦ-ʟʝʣʝʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ (ʨʠʩ.28). 
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ʈʠʩ.28. ɺʥʝʰʥʠʡ ʚʠʜ ʢʨʠʩʪʘʣʣʦʚ (Bu4N)4[Ta6I12(CN)6]ĿCH3CN. 

ɺ ʢʘʯʝʩʪʚʝ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʚʩʝ ʩʝʤʝʡʩʪʚʦ ʛʘʣʦʛʝʥʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʢʩʠʭ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠ 

ʠ ʪʘʥʪʘʣʘ, ʠʩʧʦʣʴʟʫʶʷ ʨʝʘʢʮʠʠ K4[M 6X18] (M = Nb, Ta; X = Cl, Br) ʩ Bu4NCN. ʆʜʥʘʢʦ 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠʷ 4 ʠ 5. ɺ ʩʣʫʯʘʝ 

K4[Ta6Cl18] ʥʘʙʣʶʜʘʣʘʩʴ ʙʳʩʪʨʘ ̫ʜʝʛʨʘʜʘʮʠ ̫ʢʣʘʩʪʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ta2O5. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʮʠʘʥʦʭʣʦʨʠʜʥʳʡ ʢʣʘʩʪʝʨ ʪʘʥʪʘʣʘ 7 ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ, ʦʙʨʘʙʘʪʳʚʘʷ (Et4N)2[Ta6Cl18] 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ Bu4NCN ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʄʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ CN- ʜʝʡʩʪʚʫʝʪ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʠ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʠ ʢʘʢ ʣʠʛʘʥʜ. 

ɹʨʦʤʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʪʘʥʪʘʣʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ: (Ph4P)4[Ta6Br12(CN)6] (8) ʙʳʣ ʧʦʣʫʯʝʥ 

ʦʙʨʘʙʦʪʢʦʡ K4[Ta6Br18] ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ 

PPh4Br ʧʦ ʘʥʘʣʦʛʠʠ ʩ 3. ɺʩʝ ʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʧʦʣʫʯʝʥʳ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʕʪʦ 

ʫʩʪʦʡʯʠʚʳʝ ʥʘ ʚʦʟʜʫʭʝ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʪʝʥʜʝʥʮʠʠ, ʦʙʱʠʝ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʣʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʨʠʩʫʥʦʢ 

29).  
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ʈʠʩ. 29. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [M6X12(CN)6]
4-. M ʯʝʨʥʳʡ, X ʟʝʣʝʥʳʡ, C ʩʝʨʳʡ, N ʩʠʥʠʡ. 

ʉʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʥʝ ʧʦʢʘʟʘʥʳ. 

ʐʝʩʪʴ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ ʧʦʯʪʠ ʧʨʘʚʠʣʴʥʳʡ ʦʢʪʘʵʜʨ, ʚʩʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʠ 

ʮʠʘʥʠʜʥʳʝ ʣʠʛʘʥʜʳ ʷʚʣʷʶʪʩʷ ɛ2 ʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʠʥʳ ʩʚʷʟʝʡ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ 3-8 ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. ɸʥʠʦʥ-ʘʥʠʦʥʥʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʢʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʊʘʙʣʠʮʘ 8.  ɺʘʞʥʝʡʰʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʚ ʢʣʘʩʪʝʨʘʭ [M6X12(CN)6]
4-. M = Nb, Ta, X = Cl, Br, I. 

ʌʦʨʤʫʣʳ ʧʨʠʚʝʜʝʥʳ ʙʝʟ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ. 

ʉʦʝʜʠʥʝʥʠʝ ʄ-ʄ ʄ-ʉ ʄ-ʍ 

(Bu4N)4[Nb6Cl12(CN)6] 2.927-2.945 2.286-2.301 2.456-2.480 

(Bu4N)4[Nb6Br12(CN)6] 2.971-2.990 2.266-2.276 2.595-2.615 

(Et4N)4[Ta6Cl12(CN)6] 2.886-2.894 2.248-2.284 2.460-2.469 

(Ph4P)4[Ta 6Br12(CN)6] 2.924-2.946 2.258-2.284 2.609-2.623 

(Ph4P)4[Ta6I12(CN)6] 2.977-2.980 2.272-2.278 2.815-2.824 

(Bu4N)4[Ta6I12(CN)6] 2.975ï2.995 2.266-2.282 2.7941-2.816 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 4 ï 8 ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʚ ʨʘʩʪʚʦʨʝ ʚ CH3CN (ʪʘʙʣ. 9). ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ 

16 ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʙʨʘʪʠʤʳʭ ʚʦʣʥ 

ʦʢʠʩʣʝʥʠʷ (ʧʨʠʣʦʞʝʥʠʝ ʇ1-ʇ5). ʇʝʨʚʳʝ ʧʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ ʙʣʠʟʢʠ ʢ ʥʫʣʶ. ɼʣʷ 



64 
  

 

ʢʣʘʩʪʝʨʦʚ Ta ʧʝʨʚʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʩʤʝʱʝʥ ʚ ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʢʣʘʩʪʝʨʳ ʜʦʣʞʥʳ ʦʢʠʩʣʷʪʴʩʷ ʥʘ 

ʚʦʟʜʫʭʝ, ʦʩʦʙʝʥʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ʪʘʥʪʘʣʘ. ʊʦ, ʯʪʦ ʦʥʠ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ 

ʚʣʠʷʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʚ ʟʘʤʝʪʥʦʡ ʩʪʝʧʝʥʠ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʠʡ ʘʢʪʠʚʘʮʠʦʥʥʳʡ 

ʙʘʨʴʝʨ ʦʢʠʩʣʝʥʠʷ 16-ʵʣʝʢʪʨʦʥʥʳʭ ʜʠʘʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʆ2. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ Cl <Br ʜʣʷ 

ʢʣʘʩʪʝʨʦʚ Nb, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʣʘʩʪʝʨʦʚ Ta ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʙʨʘʪʥʫʶ ʪʝʥʜʝʥʮʠʶ: 

ʫʤʝʥʴʰʝʥʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʷʜʫ Cl>Br>I. ɼʣʷ ʢʣʘʩʪʝʨʦʚ Nb ʪʘʢʞʝ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʪʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ -1,49 ɺ ([Nb6Cl12(CN)6]4-) ʠ -1,79 ɺ 

([Nb6Br12(CN)6]4-), ʯʪʦ ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʵʣʝʢʪʨʦʥʘ ʥʘ ʨʘʟʨʳʭʣʷʶʱʫʶ 

ʦʨʙʠʪʘʣʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 17-ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ. ɼʣʷ ʢʣʘʩʪʝʨʦʚ Ta ʧʦʪʝʥʮʠʘʣʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ 17-ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʤʝʱʝʥʳ ʚ ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ, ʧʨʠʯʝʤ ʚ 

ʩʣʫʯʘʝ [Ta6Cl12(CN)6]4- ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʚʧʣʦʪʴ ʜʦ -2 ɺ, ʘ ʜʣʷ 

ʙʨʦʤʦʮʠʘʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ ʧʨʦʮʝʩʩ ʥʝʦʙʨʘʪʠʤ. ʊʦʣʴʢʦ ʜʣʷ ʠʦʜʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ -1,77 ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ 

1000 ʤɺ/ʩ. ʇʨʠ 100 ʤɺ/ʩ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ ʠ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʠʢʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʞʠʜʘʝʤʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʊʘʙʣʠʮʘ 9. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ[a] ʢʣʘʩʪʝʨʦʚ [M6X12(CN)6]
4- ʚ CH3CN. 

ʂʣʘʩʪʝʨ ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʆʢʠʩʣʝʥʠʝ 

 E1/2 / ɺ ȹE[b] / ʤɺ E1/2 / ɺ ȹE[b] / ʤɺ 

[Nb6Cl12(CN)6]4- -1.49 70 0.09; 0.70 95; 72 

[Nb6Br12(CN)6]4- -1.79 70 0.01; 0.43 65; 65 

[Ta6Cl12(CN)6]4- - - -0.27; 0.32 125; 119 

[Ta6Br12(CN)6]4- (-1.89)[c] - -0.14; 0.38 77; 72 

[Ta6I12(CN)6]4- -1.77 60[d] -0.01; 0.44 71; 65[d] 

[a] E, V vs Ag/AgCl.  

[b] ȹE = |Ea ï Ec|. 

[c] Ec (ʥʝʦʙʨʘʪʠʤʦʝ). 

[d]1000 ʤɺ ʩ-1. 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʨʠʩ. 30) ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 2100-2130 ʩʤ-1 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ ɜ(ʉſN). ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʯʘʩʪʦʪʳ ʦʪ ʤʦʩʪʠʢʦʚʦʛʦ ʛʘʣʦʛʝʥʘ X, ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʘʷ ï ʦʪ ʤʝʪʘʣʣʘ ʄ. ɺ ʧʦʨʷʜʢʝ 
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ʫʤʝʥʴʰʝʥʠʷ ʯʘʩʪʦʪʳ ɜ(ʉſN) ʢʣʘʩʪʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʩʪʨʦʝʥʳ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: Cl (Nb 

2123 ʩʤ-1, Ta 2127 ʩʤ-1) > Br (Nb 2114 ʩʤ-1, Ta 2118 ʩʤ-1) > I (2110 cʤ-1 3, 2100 ʩʤ-1 6). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʮʠʘʥʠʜʥʳʡ ʣʠʛʘʥʜ ʦʙʳʯʥʦ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʠʣʴʥʳʡ ʩʠʛʤʘ-ʜʦʥʦʨ, ʠ ʯʘʩʪʦʪʘ 

ɜ(ʉſN), ʢʦʪʦʨʘʷ ʫ ʩʚʦʙʦʜʥʦʛʦ ʮʠʘʥʠʜʘ ʩʦʩʪʘʚʣʷʝʪ 2080 ʩʤ-1, ʩʜʚʠʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʴʰʠʭ ʯʘʩʪʦʪ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ. ʏʝʤ ʩʠʣʴʥʝʝ ʘʢʮʝʧʪʦʨ, ʪʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ ʩʜʚʠʛ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʦʞʠʜʘʝʤʦ ʩʠʣʴʥʝʝ ʫ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʭʣʦʨʠʜʥʳʭ 

ʢʣʘʩʪʝʨʘʭ, ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʭʣʦʨʘ [112]. 

 

ʈʠʩ. 30. ʀʂ-ʩʧʝʢʪʨʳ (Bu4N)4[M 6X12(CN)6] ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 4, 5 ʠ 6. 

3.8. ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ: ʧʦʣʫʯʝʥʠʝ ʠʟʦʥʠʪʨʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 

ʃʝʛʢʦʜʦʩʪʫʧʥʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʮʠʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ 

ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʟʘ ʩʯʝʪ ʘʪʘʢʠ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʘʪʦʤʘ ʘʟʦʪʘ ʮʠʘʥʠʜʥʦʛʦ 

ʣʠʛʘʥʜʘ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʬʠʣʘʤʠ. ʅʝʜʘʚʥʦ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʠʥʪʝʟʘ ʠʟʦʥʠʪʨʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6Q8(NCCH3)6]2+ (Q = S, Se, Te) ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ 

ʮʠʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʦʚ [Re6Q8(CN)6]4- ʤʝʪʠʣʪʨʠʬʣʘʪʦʤ ʠʣʠ ʜʠʤʝʪʠʣʩʫʣʴʬʘʪʦʤ. 

[119]. ʀʟʦʥʠʪʨʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʠʣʴʥʳʭ p-ʘʢʮʝʧʪʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʢ ʢʣʘʩʪʝʨʥʦʤʫ 

ʷʜʨʫ, ʚ ʤʝʪʘʣʣ ʥʘʭʦʜʠʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʪʥʦʤʫ ʜʦʥʠʨʦʚʘʥʠʶ, ʘ ʩ ʜʨʫʛʦʡ ï d-ʦʨʙʠʪʘʣʠ ʚʦʚʣʝʯʝʥʳ ʚ ʩʠʩʪʝʤʫ ʩʚʷʟʝʡ ʄ-ʄ ʚ 
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ʢʣʘʩʪʝʨʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʷʜʝʨʥʳʭ ʠʟʦʥʠʪʨʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʟʫʯʝʥʦ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ [M6X12(CN)6]4- ʤʝʪʠʣʪʨʠʬʣʘʪʦʤ.  

ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ 4 ʠ 6 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʠʣʪʨʠʬʣʘʪʘ 

CF3SO3Me, ʢʦʪʦʨʷ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʤʝʪʠʣʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ. ʉʪʝʭʠʦʤʝʪʨʠʷ, ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʩʠʥʪʝʟʦʤ ʮʠʘʥʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʧʦʜʙʠʨʘʣʘʩʴ ʠʟ ʨʘʩʯʝʪʘ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ 

CF3SO3Me ʥʘ ʦʜʠʥ ʮʠʘʥʠʜʥʳʡ ʣʠʛʘʥʜ, ʪ.ʝ. 1:12. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʫʝʪʩʷ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʢʣʘʩʪʝʨʥʳʝ ʢʘʪʠʦʥʳ [ʄ6ʍ12(CNMe)6]2+, 

ʠ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ, ʥʝ ʧʦʜʜʘʶʱʠʡʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʈʌɸ ʠ ʀʂ-ʩʧʝʢʪʨ 

ʥʝʠʥʬʦʨʤʘʪʠʚʥʳ). ʀʟ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʪʝʤʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʘʤ 

[Ta6I12(CNMe)6](CF3SO3)2Ŀ0.86ʉʅ2Cl2 (9) ʠ [Nb6Cl12(CNMe)6](CF3SO3)2 (10). ʅʘ ʨʠʩ. 31 

ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨ r9. 

 

ʈʠʩ. 31. ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʘ [Nb6Cl12(CNCH3)6]2+ 

ʆʩʥʦʚʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ6. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʤʘʪʨʠʯʥʳʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʚ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʩʚʷʟʷʭ 

ʊʘ-ʊʘ ʚ ʠʦʜʠʜʥʦʤ ʢʣʘʩʪʝʨʝ 9Ŀ0,86ʉʅ2Cl2 (2.94 ï 2.96 ¡) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʦʙʠʝʚʳʤ 

ʭʣʦʨʠʜʥʳʤ ʢʣʘʩʪʝʨʦʤ 10 (2.91 ï 2.92 ¡) ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʢʦʚʘʣʝʥʪʥʳʝ ʨʘʜʠʫʩʳ ʥʠʦʙʠʷ 

ʠ ʪʘʥʪʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʠʟ-ʟʘ ʣʘʥʪʘʥʦʠʜʥʦʛʦ ʩʞʘʪʠʷ. ʄʘʪʨʠʯʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ 

ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʪʝʨʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʧʨʠʩʫʪʩʪʚʠʝʤ 

12 ʦʙʲʝʤʥʳʭ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. ʉʨʘʚʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 10 ʠ 9Ŀ0,86ʉʅ2Cl2 ʩ ʪʘʢʦʚʦʡ ʚ 
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ʠʩʭʦʜʥʳʭ ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [Nb6Cl12(CN)6]4- ʠ [Ta6I12(CN)6]4- ʧʦʢʘʟʳʚʘʶʪ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʫʢʦʨʦʯʝʥʠʝ (ʜʦ 0,4 ï 0,6 ¡) ʜʣʠʥ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʮʠʘʥʠʜʥʳʭ ʢ ʠʟʦʥʠʪʨʠʣʴʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʠʥʳ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥ ʠ 

ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʶʪʩʷ (ʚ ʧʨʝʜʝʣʘʭ 0,1 ¡). ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 

ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʦʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʨʠʬʣʘʪ-ʘʥʠʦʥʳ ʠ (ʚ ʩʣʫʯʘʝ 9) ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ 

(ʨʠʩ. 32). 

 

ʈʠʩ. 32. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʠʦʥʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 9Ŀ0,86ʉʅ2Cl2 (ʩʧʨʘʚʘ) ʠ 10 (ʩʣʝʚʘ). 

ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ, ʘʥʠʦʥʳ ʧʦʢʘʟʘʥʳ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ ʩʬʝʨʘʤʠ. 

ʀʂ-ʩʧʝʢʪʨʳ ʢʣʘʩʪʝʨʦʚ 9 ʠ 10 (ʨʠʩ. 33)ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʢʦʣʝʙʘʥʠʡ ʪʨʠʬʣʘʪʥʦʛʦ 

ʘʥʠʦʥʘ CF3SO3
- ʚ ʦʙʣʘʩʪʠ 1500-400 ʩʤ-1 ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ, ʦʪʥʦʩʷʱʠʭʩʷ 

ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ ʉſN ʧʨʠ 2247 ʩʤ-1 ʜʣʷ 9 ʠ 2226 ʩʤ-1 ʜʣʷ 10. ʕʪʠ ʮʠʬʨʳ 

ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʜʣʷ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʦʥʠʪʨʠʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʦʙʨʘʪʥʦʝ ʜʦʥʠʨʦʚʘʥʠʝ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʜʭʦʜʷʱʠʝ ʧʦ ʩʠʤʤʝʪʨʠʠ d-ʦʨʙʠʪʘʣʠ ʫʞʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʚ ʢʣʘʩʪʝʨʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ p-ʩʚʷʟʳʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʀʂ-ʩʧʝʢʪʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʢʦʦʨʜʠʥʘʮʠʠ ʠʟʦʥʠʪʨʠʣʘ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʢʘʢ ʦʙʳʯʥʦʛʦ s-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʟʘ ʩʯʝʪ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʥʘ ʢʘʨʙʝʥʦʚʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ 

ʦʜʥʘ ʧʦʣʦʩʘ ɜ(CſN), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʢʘʪʠʦʥʦʚ [M6X12(CNCH3)6]2+, ʛʜʝ ʚʩʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʧʦʟʠʮʠʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʠʟʦʮʠʘʥʠʜʥʳʝ ʣʠʛʘʥʜʳ, ʵʢʚʠʚʘʣʝʥʪʥʳ.  
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ʈʠʩ. 33. ʀʂ-ʩʧʝʢʪʨʳ ʢʣʘʩʪʝʨʦʚ [Ta6I12(CNMe)6](CF3SO3)2 (9) ʠ 

[Nb6Cl12(CNMe)6](CF3SO3)2 (10). 

3.9. ɻʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)2[M 6X12Cl6] (M=Nb, Ta; X=Cl, Br)  

ʉʦʝʜʠʥʝʥʠʷ 11-14 ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ çʦʢʪʘʛʠʜʨʘʪʦʚè M6X14Å8H2O (M=Nb, Ta; 

X=Cl, Br) c ʭʣʦʨʠʩʪʳʤ ʪʠʦʥʠʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bu4NBr. ɺ ʭʦʜʝ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʣʝʜʫʶʱʫʶ ʩʭʝʤʫ ʨʝʘʢʮʠʠ: 

2{M 6X12} 2++ 2SOCl2 = 2{Nb6Cl12} 4++ 4ʉl-+ SO2+ S 

H2O + SOCl2 = SO2 + 2HCl 

{ M6X12} 4+ + 6Cl- = [{ M6X12} Cl6]2- 

ɿʜʝʩʴ ʭʣʦʨʠʩʪʳʡ ʪʠʦʥʠʣ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʥʦ ʠ ʢʘʢ 

ʦʢʠʩʣʠʪʝʣʴ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ Cl-, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʪʝʨʤʠʥʘʣʴʥʳʝ ʧʦʟʠʮʠʠ. ʇʦʩʢʦʣʴʢʫ 

ʭʣʦʨʠʩʪʳʡ ʪʠʦʥʠʣ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Bu4NBr, ʙʨʦʤʠʜ ʥʝ 

ʤʦʞʝʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʭʣʦʨʠʜʦʤ ʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʚ ʢʣʘʩʪʝʨʝ. ʀʟ ʧʦʣʫʯʘʝʤʳʭ 

ʨʘʩʪʚʦʨʦʚ ʙʫʨʦʛʦ ʮʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʢʨʫʧʥʳʝ (ʜʦ 1,5 ʩʤ) ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 
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ʠʤʝʶʪ ʩʦʩʪʘʚ (Bu4N)2[M 6X12Cl6] (M=Nb, Ta; X=Cl, Br). ɺ ʪʘʙʣʠʮʝ 10 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 11-14. 

ʊʘʙʣʠʮʘ 10. ɺʘʞʥʝʡʰʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʚ ʘʥʠʦʥʘʭ [M6X12Cl6]
2-. M = Nb, Ta, X = Cl, Br. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ M-M  M-Cl M-X 

[Nb6Cl12Cl6]2- 3,030(7) 2,482(3) 2,425(4) 

[Nb6Br12Cl6]2- 3,080(5) 2,517(4) 2,570(6) 

[Ta6Cl12Cl6]2- 2,973(4) 2,488(7) 2,436(3) 

[Ta6Br12Cl6]2- 3,022(2) 2,520(6) 2,568(5) 

ɺ ʙʣʠʞʥʝʡ ʦʙʣʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 11-14 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʦʪ 

ʢʘʪʠʦʥʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ (ʨʠʩ. 34) [112].  

ʈʠʩ. 34. ʀʂ-ʩʧʝʢʪʨʳ ʢʣʘʩʪʝʨʦʚ [M 6X12Cl6]
2- (a ï 11, b ï 12, c ï 13, d ï 14). 

ɼʣʷ ʭʣʦʨʠʜʦʚ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʚ ʦʙʣʘʩʪʠ ʦʪ 0.80 

ʜʦ -1,00 ɺ. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦʣʫʚʦʣʥ ʜʣʷ [Nb6Cl18]
2- ʩʦʩʪʘʚʠʣʠ (1) E1/2 = 0,32 ɺ (ȹɽ 

= 90 ʤɺ); (2) E1/2 = -0.21 ɺ (ȹɽ = 89 ʤɺ). ɼʣʷ [Ta6Cl18]
2- ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʠʣʠ (1) E1/2 = 

0,01 ɺ (ȹɽ = 89 ʤɺ); (2) E1/2 = -0,52 ɺ (ȹɽ = 89 ʤɺ). ɺ ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʙʦʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩ. 35).  
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ʈʠʩ. 35. ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ [Nb6Cl18]
2- (ʩʠʥʷʷ ʢʨʠʚʘʷ) ʠ [Ta6Cl18]

2- (ʢʨʘʩʥʘʷ 

ʢʨʠʚʘʷ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʦʢʦʣʦ 1 ʤʄ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bu4NPF6 (0.1 ʄ 

ʨʘʩʪʚʦʨ). ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ï 100 ʤɺ/c. ʈʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ï ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ. ʕʣʝʢʪʨʦʜ 

ʩʨʘʚʥʝʥʠʷ ï ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ. 

ʆʙʘ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʘʪʦʜʥʳʤ ʠ ʘʥʦʜʥʳʤʠ ʧʠʢʘʤʠ 

ʚ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90 ʤɺ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ ʥʠʦʙʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʳ ʚ ʙʦʣʝʝ ʘʥʦʜʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʨʥʦ ʥʘ 0.3 ɺ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʪʝʨʦʤ ʪʘʥʪʘʣʘ, ʪ.ʝ. ʢʣʘʩʪʝʨ ʪʘʥʪʘʣʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʨʫʜʥʝʝ, ʯʝʤ 

ʢʣʘʩʪʝʨ ʥʠʦʙʠʷ. ʇʨʦʮʝʩʩʳ ʩʦʪʪʚʝʩʪʚʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʠʟ 14-ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ { M6X12} 4+ ʚ 16-ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

{ M6X12} 4+. ʅʝʛʘʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʧʘʨ, ʦʪʚʝʯʘʶʱʠʭ ʚʪʦʨʦʡ ʚʦʣʥʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʜʝʣʝʥʠʷ ʩʦʣʝʡ ʪʠʧʘ [M 6X12Cl6]
4- ʥʘ ʚʦʟʜʫʭʝ ï 

ʜʣʷ ʵʪʦʛʦ ʦʙʷʟʘʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʠʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣʳ ʧʘʨʳ [Nb6Cl18]2-/3- ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤ ʬʘʢʪʦʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʫʩʪʦʡʯʠʚʳʭ ʥʘ ʚʦʟʜʫʭʝ ʩʦʣʝʡ [Nb6Cl18]3- [120]. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ 

ʎɺɸ ʜʣʷ ʧʘʨ ʭʣʦʨʠʜʥʳʭ ʠ ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M6Cl18]n-/[M6Cl12(CN)6]n- ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʮʠʘʥʠʜʥʳʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 16- ʠ 15-

ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 15- ʠ 14-ʵʣʝʢʪʨʦʥʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʨʝʜʥʝʤ ʥʘ 

0.3 ɺ.  
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3.10. [Li(ʜʠʛʣʠʤ)2]2[Ta6Br 18] (15) 

ʃʠʪʠʝʚʘʷ ʩʦʣʴ Li 4[Nb6Cl18] ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [120]. ʄ  rʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ Ta, Br2 ʠ 

LiBr (720Á, 2 ʩʫʪ, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1,5:1,75:1,0) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʥʘ ʧʨʠʚʝʜʝʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʘ Li4[Ta6Br18]. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʪʝʤʥʦ-

ʟʝʣʝʥʦʝ ʫʩʪʦʡʯʠʚʦʝ ʥʘ ʚʦʟʜʫʭʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. ʕʢʩʪʨʘʢʮʠʷ ʜʠʛʣʠʤʦʤ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ [Li(ʜʠʛʣʠʤ)2]2[Ta6Br18] (15), 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʩʦʩʪʘʚ 

ʧʦʜʪʚʝʨʞʜʝʥ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʦʡʥʫʶ 

ʢʦʤʧʣʝʢʩʥʫʶ ʩʦʣʴ, ʚ ʢʦʪʦʨʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʧʦʩʪʨʦʝʥʘ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ 

ʢʘʪʠʦʥʦʚ [Li(ʜʠʛʣʠʤ)2]+ ʠ ʘʥʠʦʥʦʚ [Ta6Br18]2-. ʊʘʢʦʡ ʩʦʩʪʘʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ [1,121,122] 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Ta6Br12} 2+ ʚ {Ta6Br12} 4+, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [Ta6Br18]2- (ʈʠʩ. 36).  

ʈʠʩ. 36. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Ta6Br18]
2- ʚ 15. 

ʆʢʠʩʣʠʪʝʣʝʤ ʚʳʩʪʫʧʘʝʪ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ. ʉʢʣʦʥʥʦʩʪʴ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[M 6X18]n- (n = 4) ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʚʦʟʜʫʭʝ ʚ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ (n = 2) ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ: 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ K4[Ta6Br18] ʘʮʝʪʦʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bu4NBr ʦʙʨʘʟʫʝʪʩʷ 

(Bu4N)2[Ta6Br18] [19].  

ɼʣʠʥʳ ʩʚʷʟʝʡ TaïTa ʠ TaïBr ʚ ʢʣʘʩʪʝʨʥʦʤ ʘʥʠʦʥʝ (ʪʘʙʣʠʮʘ ʇ11) ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ (Bu4N)2[Ta6Br18] (ʚ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʦʡ 

ʩʦʣʠ ʨʘʩʩʪʦʷʥʠʷ Ta-Ta ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3.0158(3)-3.0327(3) ¡; Ta-ɛ2-Br - 2.5498(6)-

2.5772(6) ¡; Ta-Br - 2.6883(6)- 2.7113(6) ¡. ɺ ʢʨʠʩʪʘʣʣʝ ʢʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ ʦʙʨʘʟʫʶʪ 

ʘʥʠʦʥʥʫʶ ʧʦʜʨʝʰʝʪʢʫ ʪʠʧʘ ʆʎʂ (ʨʠʩ. 37). ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ (Bu4N)2[{Ta6Br12}Cl 6], ʙʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ ʩʦʭʨʘʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʧʨʠ ʟʘʤʝʥʝ Br ʥʘ Cl. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʥʠʮʘ ʚ ʜʣʠʥʘʭ ʪʝʨʤʠʥʘʣʴʥʳʭ 
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ʩʚʷʟʝʡ Ta-Cl ʠ Ta-Br ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʠʮʝ ʢʘʢ ʠʦʥʥʳʭ, ʪʘʢ ʠ ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʦʚ.  

ʈʠʩ. 37. ʆʎʂ ʘʥʠʦʥʥʘʷ ʧʦʜʨʝʰʸʪʢʘ ʠ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʘ 15.  

ɺ ʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʠʦʥʝ [Li(ʜʠʛʣʠʤ)2]+ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ Li+ 

ʦʪʚʝʯʘʝʪ ʠʩʢʘʞʝʥʥʦʤʫ ʦʢʪʘʵʜʨʫ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʘʥ ʢʦʦʨʜʠʥʘʮʠʝʡ ʜʚʫʭ ʤʦʣʝʢʫʣ 

ʜʠʛʣʠʤʘ, ʚʳʩʪʫʧʘʶʱʠʭ ʢʘʢ ʪʨʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ, ʧʨʠʯʝʤ ʦʙʨʘʟʫʝʪʩʷ ʦʩʝʚʦʡ ʠʟʦʤʝʨ 

[124]. ʈʘʩʩʪʦʷʥʠʷ Li+-O ʚʘʨʴʠʨʫʶʪ ʚ ʰʠʨʦʢʦʤ ʧʨʝʜʝʣʝ, ʦʪ 2.01 ʜʦ 2.18 ¡. ʇʦʜʦʙʥʘʷ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩʘʭ [Li(ʜʠʛʣʠʤ)2]+, 

ʥʘʧʨʠʤʝʨ, ʚ [Li(ʜʠʛʣʠʤ)2]ClO4 (Li -O 2.03 ï 2.24 ¡) [125]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʙʝʟ 

ʠʩʢʣʶʯʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʩʣʫʯʘʷʭ (36 ʩʦʝʜʠʥʝʥʠʡ ʚ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʝ) ʢʘʪʠʦʥ 

[Li(ʜʠʛʣʠʤ)2]+ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʦʩʝʚʦʛʦ ʠʟʦʤʝʨʘ. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Li(ʜʠʛʣʠʤ)2]+ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 15 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 38.  

 

ʈʠʩ. 38. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Li(ʜʠʛʣʠʤ)2]
+ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 15. 
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3.11. [K(C 24H32O8)(CH3COCH3)]2(Ph4P)2[Ta6I 12(NCS)6]ĿCH3COCH3 (16) 

ʈʦʜʘʥʠʜʥʳʡ ʣʠʛʘʥʜ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

ʘʤʙʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʦʙʨʘʟʫʶʱʠʡ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [96]. ɼʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ [Nb6Cl12(NCS)6]3/4- [38,69,128,129] ʠ [Ta6Cl12(NCS)6]3- [128] ʚ ʚʠʜʝ 

ʩʦʣʝʡ ʩ ʢʨʫʧʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ [67,124ï127] ʘ ʪʘʢʞʝ ʢʘʪʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʘʤʤʦʥʠʷ [38]. ʂʦʦʨʜʠʥʘʮʠʷ ʨʦʜʘʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʚ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʥʘʜʝʞʥʦ ʜʦʢʘʟʘʥʘ ʧʫʪʝʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ 

ʢʦʦʨʜʠʥʘʮʠʠ ʧʦʟʚʦʣʠʣ ʠʤʤʦʙʠʣʠʟʦʚʘʪʴ ʢʣʘʩʪʝʨʳ {Nb6Cl12} 2+ ʠ {Ta6Cl12} 3+ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʟʦʣʦʪʦʛʦ ʠ ʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ [130]. ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ Cu(I) ʢ ʘʪʦʤʘʤ ʩʝʨʳ ʨʦʜʘʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ [Nb6Cl12(NCS)6]3/4- ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩʦʩʪʘʚʘ 

(BMIm)2[Nb6Cl12(NCS)6{Cu(CH3CN)}2]Ŀ2CH3CN ʠ (BMIm)[Nb6Cl12(NCS)6{Cu(CH3CN)}2] 

(BMIm ï 1-ʙʫʪʠʣ-3-ʤʝʪʠʠʤʠʜʘʟʦʣʠʡ) [127]. ɺʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʦʜʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ - [Nb6Fi
6X i

6(NCS)6]4- (X = Br, I) [20], 

[Nb6(OC2H5)i
12(NCS)6]2- [131] ʠ [Nb6Oi

3Cli9(NCS)6]5- [132]. ʈʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʨʦʜʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʚʦʜʷʪʩʷ ʢ ʨʝʘʢʮʠʷʤ ʟʘʤʝʱʝʥʠʷ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʫ ʧʨʝʢʫʨʩʦʨʦʚ ʩ ʦʩʪʨʦʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʫʞʝ ʩʦʜʝʨʞʘʱʠʭ ʛʦʪʦʚʦʝ 

ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ; ʨʦʣʴ ʫʭʦʜʷʱʠʭ ʣʠʛʘʥʜʦʚ ʠʛʨʘʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʛʘʣʦʛʝʥʠʜʘ, ʠʣʠ 

ʣʘʙʠʣʴʥʳʝ ʪʨʠʬʣʘʪ-ʠʦʥʳ [38,69,126ï129]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʠʥʘʨʥʳʡ 

ʠʦʜʠʜ ʪʘʥʪʘʣʘ ʩ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ [{Ta6I i
10I i-a

2/2}I a-i
2/2Ia-a

4/2]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, ʚʩʝ 

ʤʦʩʪʠʢʦʚʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʣʝʛʢʦ ʨʘʟʨʳʚʘʶʪʩʷ 

ʣʠʙʦ ʤʦʣʝʢʫʣʘʤʠ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʣʠʙʦ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ CN- ʠ 

NCS- (ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ). ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ [Ta6I12(NCS)6]4- 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʠʦʥʘʤʠ ʢʘʣʠʷ ʢ ʨʝʘʢʮʠʦʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠʩʴ ʢʨʘʫʥ-ʵʬʠʨʳ; ʚ 

ʢʦʥʮʝ ʢʦʥʮʦʚ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʘ 

[K(C24H32O8)(CH3COCH3)]2(Ph4P)2[Ta6I12(NCS)6]ĿCH3COCH3 (16) ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʙʝʥʟʦ-24-ʢʨʘʫʥ-8 ʠ  ʢʘʪʠʦʥʘ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʷ ʩ ʫʤʝʨʝʥʥʳʤ (29 %) 

ʚʳʭʦʜʦʤ [133]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 18-ʢʨʘʫʥ-6 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ [131] ʜʣʷ 



74 
  

 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [Nb6(OC2H5)i
12(NCS)6]2- ʩ ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ ʝʛʦ ʜʦʙʘʚʣʝʥʠʠ ʢʘʪʠʦʥʘʤʠ 

[Na(18-ʢʨʘʫʥ-6)(ʉ2ʅ5ʆʅ)2]+. 

ʉʦʝʜʠʥʝʥʠʝ 16 ï ʫʩʪʦʡʯʠʚʦʝ ʥʘ ʚʦʟʜʫʭʝ ʪʝʤʥʦ-ʟʝʣʝʥʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. 

ʉʪʨʦʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 39), ʩʦʩʪʘʚ ʧʦʜʪʚʝʨʞʜʝʥ 

ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʈʠʩ. 39. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Ta6I12(NCS)6]
4- ʚ 16. ʕʣʣʠʧʩʦʠʜʳ ʘʪʦʤʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʩ 50%-ʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʘʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʣʴʚʘʪʥʳʡ ʘʮʝʪʦʥ, ʢʦʪʦʨʳʡ ʚʳʭʦʜʠʪ ʠʟ ʧʦʣʦʩʪʝʡ ʧʨʠ 

ʚʳʩʫʰʠʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʨʦʜʘʥʠʜʥʳʡ ʣʠʛʘʥʜ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ ʧʨʠ 2085 ʩʤ-1. ʕʪʫ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʥʘʙʣʶʜʘʚʰʠʤʠʩʷ ʜʣʷ (Bu4N)3[Ta6Cl12(NCS)6] (2068 ʩʤ-1) ʠ 

(Ph4P)4[Nb6Cl12(NCS)6] (2060 ʩʤ-1) [126]. 
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ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʠʥʪʝʥʩʠʚʥʘʷ ʜʠʬʨʘʢʮʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʘ 

ʩ ʙʦʣʴʰʦʡ ʛʠʙʢʦʩʪʴʶ ʤʦʣʝʢʫʣʳ ʢʨʘʫʥ-ʵʬʠʨʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʟʠʮʠʡ ʜʣʷ ʘʪʦʤʦʚ ʢʨʘʫʥ-ʵʬʠʨʘ. ɾʝʩʪʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʦʥʬʦʨʤʘʮʠʠ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʦʚ [K(ʜʠʙʝʥʟʦ-24-ʢʨʘʫʥ-

8)(CH3COCH3)]+ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ PPh4
+ (ʨʠʩ. 40) ʠ ʥʝ ʠʤʝʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʵʪʠʤʠ ʠʦʥʘʤʠ.  

ʈʠʩ. 40. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʠʦʥʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ 16. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ, ʢʘʪʠʦʥʳ 

[K(ʜʠʙʝʥʟʦ-24-ʢʨʘʫʥ-8)(CH3COCH3)]
+ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʜʣʷ ʘʪʦʤʦʚ C ʠ O ʢʨʘʫʥ-ʵʬʠʨʘ ʚ 

ʩʨʝʜʥʝʤ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʪʘʢʦʚʳʭ ʜʣʷ ʘʪʦʤʦʚ C ʢʘʪʠʦʥʦʚ PPh4
+, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʠ ʢʨʘʫʥ-ʵʬʠʨʘ. ʉʘʤʘ ʢʦʦʨʜʠʥʘʮʠʷ ʢʨʘʫʥ-ʵʬʠʨʘ ʢ ʦʥʦʤʫ ʘʪʦʤʫ ʢʘʣʠʷ ʚ 

ʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʠʦʥʝ [K(ʜʠʙʝʥʟʦ-24-ʢʨʘʫʥ-8)(CH3COCH3)]+ ʜʦʚʦʣʴʥʦ ʥʝʦʙʳʯʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʜʠʙʝʥʟʦ-24-ʢʨʘʫʥ-8 ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-çʛʠʙʢʠʤè ʣʠʛʘʥʜʘʤ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʢʦʦʨʜʠʥʠʨʫʝʪ ʜʚʘ ʢʘʪʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ [134] ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʩʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇʫʥʠʘ [104], ʠʤʝʝʪ ʤʝʩʪʦ çʥʝʧʦʣʥʘʷ ʠʥʢʘʧʩʫʣʷʮʠʷè ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ, ʪ.ʝ., 

ʧʦʤʠʤʦ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʆ ʢʨʘʫʥ-ʵʬʠʨʘ ʢʘʪʠʦʥ ʢʘʣʠʷ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʤʦʣʝʢʫʣʦʡ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘʮʝʪʦʥʘ. ʍʦʪʷ ʭʦʨʦʰʦ ʚʠʜʥʦ (ʨʠʩ. 41), ʯʪʦ ʠʦʥ ʂ+ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥ, 

ʚʩʝ ʞʝ ʩʪʨʦʛʦ ʦʪʥʦʩʠʪʴ ʪʘʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʢ ʩʣʫʯʘʶ çʦʙʚʦʣʘʢʠʚʘʶʱʝʡ ʠʥʢʘʧʩʫʣʷʮʠʠè, 

ʢʦʛʜʘ ʚ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʢʘʪʠʦʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʦʣʴʢʦ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ 

ʤʘʢʨʦʮʠʢʣʘ (ʪʠʧ III ʧʦ ɼʘʣʣʝʶ [135]), ʥʝʢʦʨʨʝʢʪʥʦ. ʊʘʢʦʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʪʠʧ ʩʣʝʜʫʝʪ 

ʥʘʟʚʘʪʴ çʙʣʦʢʘʜʥʦʡ ʠʥʢʘʧʩʫʣʷʮʠʝʡè.  
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ʈʠʩ. 41. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [K(ʜʠʙʝʥʟʦ-24-ʢʨʘʫʥ-8)(CH3COCH3)]
+ ʚ ʜʚʫʭ 

ʧʨʦʝʢʮʠʷʭ. ɸʪʦʤ ʢʘʣʠʷ ʠʟʦʙʨʘʞʝʥ ʬʠʦʣʝʪʦʚʳʤ, ʢʠʩʣʦʨʦʜ ï ʢʨʘʩʥʳʤ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʨʠʚʝʜʝʥʳ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʠʦʥʘ ʢʘʣʠʷ ï 9-ʚʝʨʰʠʥʥʠʢ, ʙʣʠʟʢʠʡ ʢ ʪʨʝʭʰʘʧʦʯʥʦʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ. ʈʘʩʩʪʦʷʥʠʷ ʂ-ʆ ʥʘʭʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ (2.74-3.06 ¡) 

(ʊʘʙʣʠʮʘ ʇ12).  

ɼʣʠʥʳ ʩʚʷʟʝʡ TaïTa ʠ TaïI ʚ ʢʣʘʩʪʝʨʥʦʤ ʘʥʠʦʥʝ ʩʦʝʜʠʥʝʥʠʷ 16 ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ ʇ12. 

3.12. ʂʣʘʩʪʝʨʳ (Me4N)x[M 6X12F6] (M=Nb, Ta; X=Cl, Br)  

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʜʠʩʢʨʝʪʥʳʝ ʢʣʘʩʪʝʨʳ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʣʠ 

ʙʳ ʬʪʦʨ ʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ, ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʚʝʩʪʥʳ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚ 

ʥʘʯʘʣʝ, ʬʪʦʨʠʜ-ʠʦʥ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʧʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʨʷʜʫ 

ʌʘʷʥʩʘ-ʎʫʪʠʜʘ ʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʘʛʥʠʪʥʦʝ 15-

ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ {M6X12} 3+. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʧʦʣʫʯʠʪʴ 

ʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [M6X12F6]n-. 

ʇʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʤʳ ʧʨʦʚʝʣʠ ʩ (Bu4N)2[Nb6Cl18] ʠ 40% HF ʚ ʪʝʬʣʦʥʦʚʦʤ 

ʨʝʘʢʪʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ (ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʳ) ʧʨʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ (150Áʉ, 2 ʩʫʪʦʢ). ʆʜʥʘʢʦ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʰʣʘ ð ʪʚʝʨʜʘʷ 

ʬʘʟʘ ʦʢʘʟʘʣʘʩʴ ʠʩʭʦʜʥʳʤ ʨʝʘʛʝʥʪʦʤ (ʧʦ ʜʘʥʥʳʤ ʈʉɸ). ɾʝʣʘʝʤʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʫʜʘʣʦʩʴ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʦ ʨʝʘʢʮʠʠ çʦʢʪʘʛʠʜʨʘʪʦʚè M6X14 8H2O (M=Nb, Ta; X=Cl, Br) c 

ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʝʤ ʬʪʦʨʠʩʪʳʤ ʚ ʤʝʪʘʥʦʣʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʀʟ ʪʝʤʥʦ-ʦʣʠʚʢʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʛʠʛʨʦʩʢʦʧʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʭʦʜʝ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 
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ʢʣʘʩʪʝʨʳ M6Br14 8H2O ʧʨʝʪʝʨʧʝʚʘʶʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʘ Nb6Cl14 8H2O 

ʨʝʘʛʠʨʫʝʪ ʙʝʟ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʥʘ.   

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʠʤʝʶʪ 

(Me4N)x[M 6X12F6] (M = Nb, Ta; X = Cl, Br; x = 3, 4). ɺ ʪʘʙʣʠʮʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʜʣʠʥʳ ʩʚʷʟʝʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 17-19. 

ʊʘʙʣʠʮʘ 11.  ɺʘʞʥʝʡʰʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʚ ʘʥʠʦʥʘʭ [M6X12F6]
2-. M = Nb, Ta, X = Cl, Br 

ʉʦʝʜʠʥʝʥʠʝ M-M, ¡ M-F, ¡ M-X, ¡ 

(Me4N)4[Nb6Cl12F6]ÅMeOH (17) 2,959(11) 2,061(7) 2,580(3) 

(Me4N)3[Nb6Br12F6]Å2MeOH (18) 2,968(14) 2,072(5) 2,614(8) 

(Me4N)3[Ta6Br12F6]Å2MeOH (19) 2,972(12) 2,068(4) 2,611(5) 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 11) ʚʠʜʥʦ, ʯʪʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 14-ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʭʣʦʨʦʧʨʦʠʟʚʦʜʥʳʤʠ [M 6X12Cl6]2- ʜʣʠʥʳ ʩʚʷʟʝʡ M-M ʠ M-X ʚ 15- (18, 19) ʠ 16-

ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʘʭ (17) ʥʝʩʢʦʣʴʢʦ ʢʦʨʦʯʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʠʥʳ ʩʚʷʟʝʡ M-La 

ʨʘʟʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ð ʜʣʷ ʬʪʦʨʦʛʘʣʦʛʝʥʠʜʦʚ ʦʥʠ ʦʞʠʜʘʝʤʦ ʢʦʨʦʯʝ. ɼʣʷ ʢʣʘʩʪʝʨʦʚ 

{Nb6Cl12} ʫʢʦʨʦʯʝʥʠʝ ʩʚʷʟʠ Nb-Nb ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 14 ʢ 16-ʵʣʝʢʪʨʦʥʥʦʤʫ ʢʣʘʩʪʝʨʫ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʝ [36] ɺ ʩʣʫʯʘʝ ʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʪʘʥʪʘʣʘ ʩʨʘʚʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 

{Ta6Br12} 3+ ʚ 19 ʠ {Ta6Br12} 4+ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ 14-ʵʣʝʢʪʨʦʥʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʢʦʨʦʯʝʥʠʝ ʩʚʷʟʠ Ta-Ta ʠ ʥʘ ʫʜʣʠʥʝʥʠʝ ʩʚʷʟʠ Ta-Br ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʢʣʘʩʪʝʨʝ. ɼʣʷ ʷʜʨʘ {Ta6Br12} 2+ ʪʠʧʠʯʥʳ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ ʊʘ-ʊʘ 

2,88-2,90 ¡. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʤʦʞʝʪ ʩʣʫʞʠʪʴ, ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʤ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. ɼʣʠʥʳ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʚʷʟʝʡ M-F ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʥʠ ʢ ʧʨʠʨʦʜʝ ʤʝʪʘʣʣʘ (Nb ʠʣʠ 

Ta), ʥʠ ʢ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʢʣʘʩʪʝʨʘ, ʘ ʨʘʟʥʠʮʘ ʚ ʜʣʠʥʘʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʚʷʟʝʡ M-F ʠ M-

Cl ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʠʮʝ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʵʪʠʭ ʛʘʣʦʛʝʥʦʚ. 

ɹʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʕʇʈ ʜʣʷ ʪʚʝʨʜʳʭ ʬʘʟ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ 

ʩʣʫʯʘʝ ʬʪʦʨʦʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘʙʣʶʜʘʣʩʷ ʩʠʛʥʘʣ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʥʘʣʠʯʠʠ 

ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʢʣʘʩʪʝʨ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ a2u ʦʨʙʠʪʘʣʠ 
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(ʨʠʩ. 42). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʣʫʯʘʝ M6Br14Å8H2O 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ, ʘ Nb6Cl14Å8H2O ʨʝʘʛʠʨʫʝʪ ʙʝʟ ʧʦʪʝʨʠ 

ʵʣʝʢʪʨʦʥʘ.  

 

ʈʠʩ. 42. ʉʧʝʢʪʨʳ ʕʇʈ [M 6Br12F6]
2-. 

3.13. ʇʦʣʫʯʝʥʠʝ [Nb6I 8(t-BuNH2)6] (20) 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [Nb6I8L6] ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʘ Nb6I11 ʩ ʪʨʝʪʙʫʪʠʣʘʤʠʥʦʤ. ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [79], 

ʦʞʠʜʘʣʦʩʴ, ʯʪʦ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʢʣʘʩʪʝʨ [Nb6I8(tBuNH2)6]. ɺʳʙʦʨ 

ʪʨʝʪʙʫʪʠʣʘʤʠʥʘ ʜʠʢʪʦʚʘʣʩʷ ʥʘʣʠʯʠʝʤ ʦʙʲʝʤʥʳʭ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ 

ʩʦʟʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʪʝʨʠʯʝʩʢʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ 

ʷʜʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʥʠʦʙʠʡ ʚ ʚʝʩʴʤʘ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ (+1,33) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʝʥʠʶ ʠ 

ʛʠʜʨʦʣʠʟʫ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

[Nb6I8(tBuNH2)6] ʢʘʢ ʫʜʦʙʥʦʝ ʩʪʘʨʪʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʥʠʦʙʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʢʣʘʩʪʝʨ ʧʦʤʝʱʘʣʠ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ, ʜʝʛʘʟʠʨʦʚʘʣʠ ʠ 

ʟʘʧʦʣʥʷʣʠ ʘʨʛʦʥʦʤ. ɿʘʪʝʤ ʚ ʪʦʢʝ ʘʨʛʦʥʘ ʧʨʠʣʠʚʘʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʤʠʥ (ʨʠʩ. 44).  

ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʠ 24 ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʩʪʚʦʨ ʟʘʪʝʤ ʧʝʨʝʥʝʩʣʠ ʚ 

 

ʈʠʩ. 44. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʦʧʝʨʘʮʠʡ ʩ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ (1 ï 

ʨʝʟʠʥʦʚʳʝ ʩʝʧʪʳ, 2 ï ʠʛʣʘ, 3 ï 

ʪʝʬʣʦʥʦʚʘʷ ʪʨʫʙʢʘ). 
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ʜʨʫʛʦʡ ʩʦʩʫʜ, ʠ ʥʘʩʣʦʠʣʠ ʩʫʭʦʡ ʠʟʦʧʨʦʧʘʥʦʣ ʪʝʤ ʞʝ ʩʘʤʳʤ ʩʧʦʩʦʙʦʤ (ʨʠʩ. 44). ʏʝʨʝʟ 3 

ʥʝʜʝʣʠ ʚʳʨʦʩʣʠ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 20, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, 

ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʡʪʨʘʣʴʥʳʡ ʢʣʘʩʪʝʨ {Nb6I8}, ʦʢʨʫʞʝʥʥʳʡ 6 ʤʦʣʝʢʫʣʘʤʠ 

ʪʨʝʪʙʫʪʠʣʘʤʠʥʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʧʦ ʘʪʦʤʘʤ ʘʟʦʪʘ 

(ʨʠʩ. 45). ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʈʉɸ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʜʣʠʥ ʩʚʷʟʝʡ ʨʘʚʥʳ 

2,8213(6) ¡ ʜʣʷ Nb-Nb, 2,8983(5) ¡ ʜʣʷ Nb-I ʠ 2,4281(3) 

¡ ʜʣʷ Nb-N. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ [Nb6I8(CH3NH2)6], 

ʦʧʠʩʘʥʥʳʤ ʚ [79], ʪʦ ʦʙʥʘʨʫʞʠʪʩʷ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʷ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʶʪʩʷ: 2,754(4) ¡ ʜʣʷ Nb-Nb, 2,939(3) ¡ 

ʜʣʷ Nb-I ʠ 2,441(1) ¡ ʜʣʷ Nb-N, ʯʪʦ ʤʦʞʥʦ ʦʙʷʩʥʠʪʴ 

ʩʪʝʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʦʙʲʸʤʥʦʛʦ ʣʠʛʘʥʜʘ ʪʨʝʪ-

ʙʫʪʠʣʘʤʠʥʘ.  

ɼʣʷ 20 ʙʳʣʘ ʟʘʧʠʩʘʥʘ ʮʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʚ ʦʙʣʘʩʪʠ ʦʪ 2 ʜʦ -2,5 ɺ 

(ʨʠʩ. 46). ʆʙʥʘʨʫʞʝʥʦ ʪʨʠ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘ. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦʣʫʚʦʣʥ 

ʩʦʩʪʘʚʠʣʠ (1) E1/2 = -1.295 ɺ (ȹɽ = 190 ʤɺ); (2) E1/2 = 0.061 ɺ (ȹɽ = 700 ʤɺ); (3) E1/2 = 0.701 

ɺ (ȹɽ = 213 ʤɺ). ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤ { Nb6I8} 0/{ Nb6I8} -1 (1), { Nb6I8} +1/{ Nb6I8} 0 (2) ʠ 

{ Nb6I8} +2/{ Nb6I8} +1 (3). 

 

ʈʠʩ. 46. ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ [Nb6I8(C4H9NH2)6]
 ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bu4NPF6 (0.1 ʄ 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ). ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ï 50 ʤɺ/c. ʈʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ï ʧʘʩʪʦʚʳʡ 

(ʫʛʣʝʨʦʜ: ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ: Nafion ï 11,4:4,4:10,1 ʤʛ). ʕʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï 

ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ. 

ʈʠʩ. 45. Cʪʨʫʢʪʫʨʘ 

[Nb6I8(C4H9NH2)6] 
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3.14. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʢʣʘʩʪʝʨʦʚ [M6X12L 6]n 

3.14.1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʚ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʩʠʩʪʝʤ [M6X12L6]n ʷʚʣʷʣʘʩʴ 

ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʠ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʦʚ DFT. ɼʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʰʣʳʭ ʣʝʪ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʠʟʫʯʘʣʠʩʴ 

çʛʦʣʦʝè ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {M6X12} 2+ ʠ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [M6X18]4ï. ʇʦʩʢʦʣʴʢʫ ʠʦʜʠʜʥʳʡ 

ʢʣʘʩʪʝʨ Ta ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʧʦʣʠʤʝʨʥʦʡ ʬʦʨʤʝ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʚ ʩʧʝʮʠʘʣʴʥʦʤ 

ʘʙʟʘʮʝ (vide postea). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʨʝʜʠ 18 ʫʨʦʚʥʝʡ ʪʝʦʨʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʘʟʠʩʥʳʤ 

ʥʘʙʦʨʦʤ Def2ïTZVPP, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, B3LYP ʧʦʢʘʟʘʣ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ (ʪʘʙʣʠʮʘ 12). ɼʣʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʛʨʝʩʩʠʠ a0 ʙʳʣʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ (a0 = ï0,162269 ¡ (ï0,11350 ¡)), ʪʦʛʜʘ 

ʢʘʢ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ a1 ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʝʜʠʥʠʮʝ (a1 = 

1,059939 (1,027341); R = 0,999037 (0,999345)). ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ13 ʠ ʇ14.  

ʊʘʙʣʠʮʘ 12. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ (ů) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (B = ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, A = ʫʛʦʣ) ʠ ʚʳʯʠʩʣʝʥʥʳʭ (ʞʠʨʥʳʡ 

ʰʨʠʬʪ). M, Xi, Xa ʠ O ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʝʪʘʣʣ, ʤʦʩʪʠʢʦʚʳʡ ʛʘʣʦʛʝʥ, ʪʝʨʤʠʥʘʣʴʥʳʡ ʛʘʣʦʛʝʥ ʠ 

ʮʝʥʪʨ ʠʥʚʝʨʩʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʨʦʚʝʥʴ ʪʝʦʨʠʠ: DFT B3LYP / Def2ïTZDPP. 

ʉʦʝʜʠʥʝʥʠʝ  B(MïM)/¡ B(X iïX i)/¡ B(MïXa)/¡ A(MïOïX i) 

  ʩʨʝʜʥ ů ʩʨʝʜʥ ů ʩʨʝʜʥ ů ʩʨʝʜʥ ů 

K2Mn[Nb6Cl18] [67] 4.143 0.000 6.861 0.008 2.612 0.000 45.00 0.08 

K4[Nb6Cl18] [68] 4.118 0.006 6.926 0.058 2.613 0.008 45.01 0.38 

{Nb6Cl12}2+ ʵʪʘ ʨʘʙʦʪʘ 4.035 6.885   45.00 

[Nb6Cl18]
4ï

 4.205 6.977 2.684 45.00 

K4[Nb6Br18] [69] 4.202 0.008 7.221 0.017 2.792 0.002 45.00 0.08 

Cs2Eu[Nb6Br18] [70] 4.201 0.000 7.226 0.009 2.804 0.000 45.00 0.10 

CsEr[Nb6Br18] [70] 4.178 0.000 7.202 0.012 2.885 0.000 45.00 0.20 

{Nb6Br 12}2+ ʵʪʘ ʨʘʙʦʪʘ 4.062 7.271   45.00 

[Nb6Br 18]4ï 4.251 7.336 2.972 45.00 

CsEr[Ta6Cl18] [58] 4.065 0.000 6.875 0.016 2.691 0.000 45.00 0.14 

R4[Ta6Cl18] [71]a 4.100 0.006 6.875 0.009 2.570 0.001 45.00 0.09 

R4[Ta6Cl18]ĿDC

E3DCM0.5Tol0.5 

[71]a 4.102 0.008 6.881 0.019 2.566 0.002 45.00 0.08 
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ʉʦʝʜʠʥʝʥʠʝ  B(MïM)/¡ B(X iïX i)/¡ B(MïXa)/¡ A(MïOïX i) 

  ʩʨʝʜʥ ů ʩʨʝʜʥ ů ʩʨʝʜʥ ů ʩʨʝʜʥ ů 

{Ta6Cl12}2+ ʵʪʘ ʨʘʙʦʪʘ 4.031 6.927   45.00 

[Ta6Cl18]4ï 4.185 7.027 2.682 45.00 

CsEr[Ta6Br18] [72] 4.098 0.000 7.183 0.011 2.891 0.000 45.00 0.20 

Ta6Br14 [73]b 4.096 0.145 7.191 0.047 2.880 0.000 45.00 0.70 

{Ta6Br 12}2+ ʵʪʘ ʨʘʙʦʪʘ 4.058 7.313   45.00 

[Ta6Br 18]4ï 4.229 7.381 2.967 45.00 

Ta6I14 [74]b 4.086 0.483 7.549 0.051 3.247 0.000 45.00 1.11 

{Ta6I 12}2+ ʵʪʘ ʨʘʙʦʪʘ 4.086 7.831   45.00 

[Ta6I 18]4ï 4.233 7.856 3.539 45.00 

a R = [N(CH2Ph)Bu3]  

b ʧʦʣʠʤʝʨʥʘʷ ʬʦʨʤʘ 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʧʨʝʜʠʢʪʠʚʥʦʡ 

ʩʠʣʦʡ, ʠ ʚʳʙʨʘʥʥʳʡ ʫʨʦʚʝʥʴ ʪʝʦʨʠʠ ʧʨʠʤʝʥʠʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʜʨ.).  
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3.14.2. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨ r

ʍʣʦʨʠʜʳ ʠ ʙʨʦʤʠʜʳ 

ɼʣʷ [M6X18]4 ï 66 ʥʦʨʤʘʣʴʥʳʭ ʤʦʜ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ Oh ʩʠʤʤʝʪʨʠʠ ʚ ʥʘʙʦʨ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ 3A1g + 1A2g + 1A2u + 4Eg + 1Eu + 3T1g + 6T1u + 4T2g + 4 T2u; ʰʝʩʪʴ ʠʟ 

ʥʠʭ ʷʚʣʷʶʪʩʷ ʀʂ-ʘʢʪʠʚʥʳʤʠ (6T1u), ʦʜʠʥʥʘʜʮʘʪʴ ð ʂʈ-ʘʢʪʠʚʥʳʤʠ (3A1g, 4Eg, 4T2g) [116]. 

ɺʝʢʪʦʨʳ ʩʤʝʱʝʥʠʷ ʠ ʩʠʤʤʝʪʨʠʷ ʀʂ- ʠ ʂʈ-ʘʢʪʠʚʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʠʟʦʙʨʘʞʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 47.  

   

ɤ1 

T2g (ʂʈ) 

 

ɤ2 

T1u (ʀʂ) 

ɤ3 

Eg (ʂʈ) 

   

ɤ4 

T1u (ʀʂ) 

 

ɤ5 

T2g (ʂʈ) 

ɤ6 

T2g (ʂʈ) 

  
 

ɤ7 ɤ8 ɤ9 
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T1u (ʀʂ) 

 

A1g (ʂʈ) Eg (ʂʈ) 

   

ɤ10 

T1u (ʀʂ) 

 

ɤ11 

A1g (ʂʈ) 

ɤ12 

Eg (ʂʈ) 

   

ɤ13 

T1u (ʀʂ) 

 

ɤ14 

Eg (ʂʈ) 

ɤ15 

T1u (ʂʈ) 

  

 

ɤ16 

A1g (ʂʈ) 

 

ɤ17 

T2g (ʂʈ) 

 

ʈʠʩʫʥʦʢ 47. ʀʂ- ʠ ʂʈ-ʘʢʪʠʚʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʤʦʜʳ [Nb6Cl12Cl6]
4-. ɺʝʢʪʦʨʳ ʩʤʝʱʝʥʠʷ ʠ 

ʩʠʤʤʝʪʨʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. 
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ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʢʣʘʩʪʝʨʘ ʧʨʠʚʦʜʷʪ ʢ 

ʙʣʠʟʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʪʝʨʤʦʚ, ʘ ʪʘʢʞʝ ʢ ʧʦʜʦʙʠʶ ʩʠʣʦʚʳʭ ʢʦʥʩʪʘʥʪ, 

ʩʠʤʤʝʪʨʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʤʝʰʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ. ʕʪʦ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʝʪ 

ʵʤʧʠʨʠʯʝʩʢʦʝ ʩʦʦʪʥʝʩʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ɜ(ʄïʄ), ɜ(ʄïʍi) ʠ ɜ(ʄïXa), ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʀʂ-

ʘʢʪʠʚʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʤʦʜ T1u  [112,135,136]. ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʥʝʯʥʦ, ʫʞʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʥʦ ʵʪʠ ʜʘʥʥʳʝ ʥʦʩʷʪ ʨʘʟʨʦʟʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ [1,137ï140]. 

ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ [66] ʧʦʣʦʩʳ ʀʂ-ʩʧʝʢʪʨʦʚ ʙʳʣʠ ʩʦʦʪʥʝʩʝʥʳ ʜʣʷ ʨʷʜʘ ʘʥʠʦʥʥʳʭ 

ʢʣʘʩʪʝʨʦʚ [Nb6Cl18]n (ʛʜʝ n = 2ï, 3ï ʠ 4ï). ʆʙʥʘʨʫʞʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʛʠʧʩʦʭʨʦʤʥʳʝ 

ʩʜʚʠʛʠ ʧʦʣʦʩ ɜ(ʄïXa) ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. 

ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʘʤʘʷ ʥʠʟʢʘʷ ʧʦʣʦʩʘ ʩʚʷʟʘʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʢʦʣʝʙʘʥʠʷʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʢʪʘʵʜʨʘ Nb6 (141 ï 143 ʩʤï1). ʊʘ ʞʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ [139] 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʘ ʀʂ-ʩʧʝʢʪʨʳ ʢʣʘʩʪʝʨʦʚ [M6Cl12L6]x (M = Nb, Ta) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (L = Clï, Brï, Iï, OHï, H2O, C2H5OH, DMSO) ʠ ʧʨʠʰʣʘ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʥʘ ʧʦʣʞʝʥʠʝ ʧʦʣʦʩ, ʦʪʚʝʯʘʶʱʠʤ ʢʦʣʝʙʘʥʠʷʤ ɜ(MïX i), ʠʟʤʝʥʝʥʠʷ 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʥʝ ʧʦʚʣʠʷʣʠ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʯʝʥʴ ʩʣʘʙʦʝ ʩʤʝʰʝʥʠʝ ʤʝʞʜʫ 

ɜ(MïXa) ʠ ɜ(MïX i) ʚ ʷʜʨʝ {M6X12} n, ʵʪʠ ʧʦʣʦʩʳ ʧʦʯʪʠ ʥʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ɹʳʣʘ ʚʳʩʢʘʟʘʥʘ 

ʛʠʧʦʪʝʟʘ [1], ʯʪʦ ʜʣʷ {M6X12} n (M = Nb, Ta; X = Cl, Br) ʧʦʣʦʩʳ ɜ(MïXa) ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ 

ʦʢʦʣʦ 200 ʩʤï1 ʜʣʷ M=Ta ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʣʝʛʢʘ ʩʤʝʱʝʥʳ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ Nb. 

ɼʠʩʢʫʩʩʠʦʥʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʢʦʣʝʙʘʥʠʷʭ ɜ(MïM). ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʦʥʠ 

ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʧʦʣʦʩʘʤ Ò 140 ʩʤ-1 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʣʠ ʨʝʛʫʣʷʨʥʦ ʥʘʙʣʶʜʘʪʴʩʷ 

ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʘʭʦʜʠʣʠʩʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʱʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʢʥʘ [125,138]. ɹʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ [ʄ6X i
12Xa

6]x, ʦʜʥʘʢʦ, ʠʟʫʯʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 33 ʩʤï1 [1]. ɸʥʘʣʠʟ 

ʥʦʨʤʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʣʦʩ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʩʠʣʦʚʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʠ ʧʨʠʚʝʣ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ 

ɜ(MïM) ʣʝʞʠʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʩʘʤʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʧʦʣʦʩʘ ɜ(MïX i,a) ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ ʦʢʦʣʦ 145 ʩʤï1.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʩʦʦʪʥʝʩʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʯʘʩʪʦʪ ʜʣʷ ʢʣʘʩʪʝʨʦʚ [ʄ6X i
12Xa

6]x (M = Nb, Ta, X = Cl, Br, I, x = 4ï) ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʢʩʠʭ ʨʘʩʯʝʪʦʚ. ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʚʢʣʘʜ ʚʥʫʪʨʝʥʥʠʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʣʝʙʘʥʠʷ. ɺ ʪʘʙʣʠʮʝ 13 ʚ ʢʘʯʝʩʪʚʝ 
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ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʩ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ [137], ʜʣʷ K4[Nb6Cl18].  

ʊʘʙʣʠʮʘ 13. ɺʦʣʥʦʚʳʝ ʯʠʩʣʘ (ʚʯ), ʩʠʣʦʚʳʝ ʢʦʥʩʪʘʥʪʳ (k) ʠ ʩʦʦʪʥʝʩʝʥʠʝ ʀʂ-ʘʢʪʠʚʥʳʭ 

ʢʦʣʝʙʘʥʠʡ K4[Nb6Cl18]. 

[35] ʕʪʘ ʨʘʙʦʪʘ 

ʚʯ / cʤï1 k / (ʤɼʠʥ/¡) ʉʦʦʪʥ. ʚʯ / cʤï1 k / (ʤɼʠʥ/¡) ʉʦʦʪʥ. a 

342 ʩ 1.3 ɜ1(NbïCli) 338 2.7546 ɜ(NbïCli) 

280 ʩ 1.3 ɜ2(NbïCli) 281 1.5635 ɜ(NbïCla) + ɜ(NbïCli) 

240 ʩ 0.25 ŭ(Cli ïNbïCli) 241 1.8024 ɜ(NbïNb) 

217 ʩ 0.7 ɜ(NbïCla) 204 0.6139 ɜ(NbïCla) 

140ï145b 0.3 ɜ(NbïNb) 161c 0.3973 ɢ(CliïNbïNbïCla) 

144ï147b 0.22 ŭ(Cli ïNbïCla) 126c 0.2087 ɢ(NbïNbïNbïCla) 

a ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ 

b ɺʟʷʪʳ ʠʟ ʜʨʫʛʠʭ ʜʦʩʪʫʧʥʳʭ ʧʫʙʣʠʢʘʮʠʡ. 

c ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ). 

ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʢʘʩʘʶʪʩʷ ʧʦʣʦʩʳ ɜ(NbïNb). ʈʘʩʯʝʪ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʤʘʢʩʠʤʫʤ ʵʪʦʡ ʧʦʣʦʩʳ ʜʦʣʞʝʥ ʧʦʷʚʣʷʪʴʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ, 241 ʩʤï1, ʠ ʩ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʩʠʣʦʚʦʡ ʢʦʥʩʪʘʥʪʳ k. ʂʦʣʝʙʘʥʠʷ ʧʨʠ 281 ʩʤï1 ʩʤʝʰʘʥʳ 

ʠ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʚʢʣʘʜʳ ʢʘʢ ʦʪ ʢʦʣʝʙʘʥʠʡ ɜ(NbïCli), ʪʘʢ ʠ ʦʪ ɜ(NbïCla).  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʂʈ-ʩʧʝʢʪʨʳ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʨʷʜʘ ʘʢʚʘʧʨʦʠʟʚʦʜʥʳʭ 

[M 6X12
iX2

a(H2O)4]Ŀ8H2O (M = Nb, Ta; Xi = Cl, Br; Xa= Cl, Br, I), K4[Ta6Br18], 

(C16H36N)2[Ta6Br18] ʠ [Ta6Br12Br2(H2O)4]Ŀnʅ2ʆ (n = 3 ʠ 4) [139,140]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ 

ʧʨʠʚʦʜʠʤ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʂʈ-ʩʧʝʢʪʨʳ ʜʣʷ ʧʦʣʥʦʛʦ ʨʷʜʘ ʛʘʣʦʛʝʥʠʜʦʚ [M 6
ʘX12

iX6
a]4- (aX 

= iX). ʉʠʤʤʝʪʨʠʯʥʦʝ ʢʦʣʝʙʘʥʠʝ ɜs(ʄïʄ) A1g ʜʦʣʞʥʦ ʧʨʦʷʚʣʷʪʴʩʷ ʜʣʷ {Nb6Cl12} n ʧʨʠ 233ï

234 ʩʤï1, ʜʣʷ {Nb6Br12} n ʧʨʠ 186ï187 ʩʤï1, ʜʣʷ {Ta6Cl12} n ʧʨʠ 199ï203 ʩʤï1 ʠ ʜʣʷ {Ta6Br12} n 

ʧʨʠ 176ï179 ʩʤï1. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʦʩʳ ʧʨʠ 233, 204, 207 ʠ 179 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ɜas(MïM).  
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ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʦʢʘʟʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ (ʨʠʩ. 48), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʪʘʙʣ. 14) ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʦʩʪʘʚʘ ʢʦʣʝʙʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʢʦʦʨʜʠʥʘʪ.  

  

(a) (b) 

ʈʠʩ. 48. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʀʂ (a) ʠ ʂʈ ʩʧʝʢʪʨʳ (b) [M6X18]
4ï (M = Nb, Ta; X = 

Cl, Br). ʋʨʦʚʝʥʴ ʪʝʦʨʠʠ: DFT B3LYP / Def2ïTZVP.
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Tʘʙʣʠʮʘ 14. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʀʂ ʠ ʂʈ-ʘʢʪʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ (ʚʯ), ʩʠʣʦʚʳʝ ʢʦʥʩʪʘʥʪʳ (k) ʠ ʩʦʦʪʥʝʩʝʥʠʝ 

ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʢʣʘʩʪʝʨʦʚ K4[M 6X18]. ʋʨʦʚʝʥʴ ʪʝʦʨʠʠ: DFT B3LYP / Def2ïTZVPP. 

ʉʦʝʜʠʥʝʥʠ

ʝ 

ʀʂ ʂʈ 

 ʩʠʤʤ. ʚʯ(ʵʢʩʧ.) 

cʤï1 

ʚʯ(ʨʘʩʯ.) 

cʤï1 

k / (ʤɼʠʥ/¡) ʩʦʦʪʥ.* ʩʠʤʤ. ʚʯ(ʵʢʩʧ.) / 

cʤï1 

ʚʯ(ʨʘʩʯ.) / 

cʤï1 

k / 

(ʤɼʠʥ/¡) 

ʩʦʦʪʥ.* 

K4[Nb6Cl18] T1u 

T1u 

T1u 

T1u 

T1u 

T1u 

338 

281 

241 

204 

ï 

ï 

351 

281 

248 

193 

161 

126 

2.7546 

1.5635 

1.8024 

0.6139 

0.3973 

0.2087 

ɜ(NbïCli) 

ɜ(NbïCla) 

ɜ(NbïNb) 

ɜ(NbïCla) 

ɢ(CliïNbïNbïCla) 

ɢ(NbïNbïNbïCla) 

T2g 

A1g 

Eg 

Eg 

A1g 

Eg 

A1g 

T2g 

T2g 

Eg 

T2g 

349 

ï 

ï 

ï 

254 

232 

223 

197 

159 

142 

130 

365 

362 

312 

271 

253 

218 

200 

180 

162 

154 

126 

3.4084 

2.8888 

1.7287                  

1.2275 

1.6840 

1.1636 

0.6518 

0.6559 

0.3908 

0.4361 

0.2068 

ɜ(NbïCli) 

ɜ(NbïCli) + ɜ(Nbï

Nb)**  

ɜ(NbïCli) 

ɜ(NbïCli) 

ɜ(NbïCla) + ɜ(Nbï

Nb)**  

ɜ(NbïCla)  

ɜ(NbïCla) 

ɢ(CliïNbïNbïCli) 

ɢ(CliïNbïNbïCli) 

ɜ(NbïCla) + ɜ(Nbï

Nb)**  

ɢ(CliïNbïNbïCla) 

K4[Nb6Br18] 

 

 

 

 

 

T1u 

T1u 

T1u 

T1u 

T1u 

T1u 

260 

207 

ï 

125 

115 

ï 

265 

210 

169 

113 

99 

78 

3.2255 

1.9871 

1.1236 

0.4561 

0.3233 

0.1852 

ɜ(NbïBri) 

ɜ(NbïNb) 

ɜ(NbïBri) + ɜ(NbïNb) 

ɜ(NbïBra) 

ɜ(NbïBra) 

ɢ(NbïNbïNbïBra) +  

T2g 

A1g 

Eg 

A1g 

Eg 

Eg 

287 

267 

200 

180 

165 

156 

288 

266 

201 

183 

168 

154 

3.9012 

3.2802 

1.6589 

1.3629 

1.0840 

1.0082 

ɜ(NbïNb) + ɜ(NbïBri) 

ɜ(NbïNb) 

ɜ(NbïBri) 

ɜ(NbïNb) 

ɜ(NbïBri) 
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ʉʦʝʜʠʥʝʥʠ

ʝ 

ʀʂ ʂʈ 

 ʩʠʤʤ. ʚʯ(ʵʢʩʧ.) 

cʤï1 

ʚʯ(ʨʘʩʯ.) 

cʤï1 

k / (ʤɼʠʥ/¡) ʩʦʦʪʥ.* ʩʠʤʤ. ʚʯ(ʵʢʩʧ.) / 

cʤï1 

ʚʯ(ʨʘʩʯ.) / 

cʤï1 

k / 

(ʤɼʠʥ/¡) 

ʩʦʦʪʥ.* 

K4[Nb6Br18] ɢ(BriïNbïNbïBra) 

 

T2g 

T2g 

A1g 

Eg 

T2g 

118 

105 

105 

98 

63 

126 

109 

109 

91 

77 

0.5923 

0.4105     

0.4068 

0.2641 

0.1764 

ɜ(NbïBra) + ɜ(Nbï

Nb)**  

ɜ(NbïNb) + ɢ(BriïNbï

NbïBri) 

ɢ(BriïNbïNbïBri) 

ɜ(NbïBra) 

ɜ(NbïBra) 

ɢ(BriïNbïNbïBra) 

K4[Ta6Cl18] T1u 

T1u 

T1u 

T1u 

T1u 

T1u 

320 

278 

228 

213 

153 

108 

319 

266 

208 

185 

153 

123 

2.1230 

1.2836 

1.4601 

0.7537 

0.3944 

0.2164 

ɜ(TaïCli) 

ɜ(TaïCli) 

ɜ(TaïCla) 

ɜ(TaïCla)+ ɜ(TaïTa) 

ɢ(CliïTaïTaïCla) 

ɢ(TaïTaïTaïCla) 

A1g 

T2g 

Eg 

Eg 

A1g 

Eg 

A1g 

T2g 

T2g 

Eg 

T2g 

337 

321 

284 

256 

221 

205 

205 

184 

157 

144 

124 

337 

322 

303 

264 

222 

197 

191 

163 

152 

134 

124 

2.2860 

2.4107 

1.6540 

1.2077 

1.2238 

0.8044 

0.9395 

0.5642 

0.4669 

0.6076 

0.2278 

ɜ(TaïCli) 

ɜ(TaïCli) 

ɜ(TaïCli) 

ɜ(TaïCli) 

ɜ(TaïCla) 

ɜ(TaïCla) 

ɜ(TaïTa) + ɜ(TaïCla) 

ɢ(CliïTaïTaïCli) 

ɜ(TaïTa) 

ɜ(TaïTa) 

ɢ(CliïTaïTaïCla) 
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ʉʦʝʜʠʥʝʥʠ

ʝ 

ʀʂ ʂʈ 

 ʩʠʤʤ. ʚʯ(ʵʢʩʧ.) 

cʤï1 

ʚʯ(ʨʘʩʯ.) 

cʤï1 

k / (ʤɼʠʥ/¡) ʩʦʦʪʥ.* ʩʠʤʤ. ʚʯ(ʵʢʩʧ.) / 

cʤï1 

ʚʯ(ʨʘʩʯ.) / 

cʤï1 

k / 

(ʤɼʠʥ/¡) 

ʩʦʦʪʥ.* 

K4[Ta6Br18] T1u 

T1u 

T1u 

 

 

T1u 

T1u 

T1u 

224 

185 

166sh 

139 

125 

112 

105 

232 

186 

167 

ï 

ï 

112 

105 

84 

2.6927 

1.7424 

1.3439 

 

 

0.4453 

0.3410 

0.1957 

ɜ(TaïBri) 

ɜ(TaïBra) + ɜ(TaïTa) 

ɜ(TaïTa) 

 

ɜ(TaïBra) 

ɜ(TaïBra) 

ɢ(TaïTaïTaïBra) + 

ɢ(BriïTaïTaïBra) 

T2g 

A1g 

Eg 

A1g 

Eg 

Eg 

T2g 

A1g 

T2g 

Eg 

T2g 

ï 

222 

194,185 

173 

173 

127 

127 

122 

115 

105sh 

100 

245 

236 

200 

174 

172 

133 

127 

116 

113 

96 

84 

3.4336 

2.8754 

1.5547 

1.6183 

1.0776 

1.1980 

0.6860 

0.4312 

0.4100 

0.2750 

0.1930 

ɜ(TaïBri) 

ɜ(TaïTa) 

ɜ(TaïBri) 

ɜ(TaïTa) 

ɜ(TaïBri) 

ɜ(TaïBra) 

ɜ(TaïTa) + ɢ(BriïTaï

TaïBri) 

ɜ(TaïBra) 

ɢ(BriïTaïTaïBri) 

ɜ(TaïBra) 

ɢ(BriïTaïTaïBra) 

* ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ** ʩʭʦʞʠʡ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʢʣʘʜ
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ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ɜ(MïX i); ʚ 

ʀʂ ʦʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ Nb ʚ ʦʙʣʘʩʪʠ 351ï282 ʩʤï1 (Cl) ʠ 265ï169 ʩʤï1 (Br), ʘ ʜʣʷ Ta 

ʤʝʞʜʫ 319ï266 ʩʤï1 (Cl) ʠ 232 ʩʤï1 (Br). ʕʪʠ ʞʝ ʧʦʣʦʩʳ ʷʚʣʷʶʪʩʷ ʂʈ-ʘʢʪʠʚʥʳʤʠ ʜʣʷ Nb 

ʧʨʠ 364ï271 ʩʤï1 (Cl) ʠ 288ï168 ʩʤï1 (Br); ʜʣʷ Ta - ʧʨʠ 337ï264 ʩʤï1 (Cl) ʠ 245ï174 ʩʤï1 

(Br). ʅʦʨʤʘʣʴʥʳʝ ʤʦʜʳ ʚ ʙʨʦʤʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ 

ʩʤʝʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ MïX ʠ MïM, ʘ ʪʘʢʞʝ ʙʘʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ɜ(MïX). ʉʠʣʦʚʳʝ 

ʢʦʥʩʪʘʥʪʳ k ʜʣʷ ʤʦʜ ɜ(NbïCla) ʠ ɜ(NbïNb) ʨʘʚʥʳ 0,6139 ʠ 1,8024 ʤʜʠʥ/¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʠʯʝʤ ʦʙʝ ʚʝʣʠʯʠʥʳ ʤʝʥʴʰʝ, ʯʝʤ k ʜʣʷ ɜ(NbïCli) (2,7546 ʤʜʠʥ/¡). ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʩʠʣʴʥʦ ʥʝʜʦʦʮʝʥʠʚʘʣʠ k, ʦʩʦʙʝʥʥʦ ʜʣʷ ɜ(NbïNb): (k(ɜ(NbïCla)) = 

0,7 ʤʜʠʥ/¡, k(ɜ(NbïNb)) = 0,3 ʤʜʠʥ/¡ ʠ k(ɜ(NbïCli) = 1,3 ʤʜʠʥ/¡; ʊʘʙʣʠʮʘ 13). ʉʘʤʳʝ 

ʥʠʟʢʠʝ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʞʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩ ʫʯʘʩʪʠʝʤ 

ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʘ ʜʚʠʞʝʥʠʝ ʨʝʙʝʨ ʠʣʠ ʢʦʥʝʯʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʜʚʠʞʝʥʠʝʤ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. ʉʠʣʦʚʳʝ ʢʦʥʩʪʘʥʪʳ ʪʘʢʠʭ ʤʦʜ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 0,2087ï

0,3973 ʤʜʠʥ/¡. ɼʣʷ ʪʘʥʪʘʣʘ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ɜ(MïM) ʪʘʢʞʝ ʙʳʣʘ ʩʠʣʴʥʦ 

ʥʝʜʦʦʮʝʥʠʚʘʣʘʩʴ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ɜ(TaïTa) ʩʠʣʴʥʦ ʩʤʝʱʝʥ ʚ ʜʘʣʴʥʶʶ ʀʂ-ʦʙʣʘʩʪʴ 

(59 ʩʤï1) [136]. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʝʡ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ɜ(TaïTa) ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʜʨʫʛʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʠ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 90 ʜʦ 179 ʩʤï1 (ʪʘʙʣʠʮʘ 

S6). ʏʠʩʪʳʝ ʢʦʣʝʙʘʥʠʷ ɜ(TaïTa) ʧʦʷʚʣʷʶʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ K4[Ta6Br18] (166 ʩʤï1), ʥʦ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʣʫʯʘʝ K4[Ta6Cl18]. ɺ ʂʈ-ʩʧʝʢʪʨʘʭ ʩʤʝʰʠʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ɜ(TaïTa) 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʦʨʷʜʢʝ Cl < Br (< I; vide postea). 
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ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʛʘʣʦʛʝʥʦʚ, ʤʳ ʧʨʦʚʝʣʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ çʛʦʣʳʭè ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ {M6X12} 2+. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʵʪʠ 

ʦʙʲʝʢʪʳ ʥʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ; ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʘ ʵʪʠʭ 

ʤʦʜʝʣʴʥʳʭ ʷʜʨʘʭ ʧʦʩʣʫʞʘʪ ʧʦʣʝʟʥʳʤ ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ (ʚʦʟʤʫʱʝʥʠʷ) 

ʧʨʠʨʦʜʳ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʗʜʨʘ {M6X12} 2+ ʦʙʣʘʜʘʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ 

(ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Oh); 48 ʥʦʨʤʘʣʴʥʳʭ ʤʦʜ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 2A1g + 1A2g + 1A2u 

+ 3Eg + 1Eu + 2T1g + 4T1u + 3T2g + 3T2u , ʠʟ ʥʠʭ, ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʦʪʙʦʨʘ, 8 ʂʈ-ʘʢʪʠʚʥʳʭ 

ʠ 4 ʀʂ-ʘʢʪʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʨʠʩ 49).  

   

ɤ1 

T1u (ʀʂ) 

ɤ2 

T2g (ʂʈ) 

ɤ3 

T2g (ʂʈ) 

   

ɤ4 

Eg (ʂʈ) 

ɤ5 

Eg (ʂʈ) 

ɤ6 

T1u (ʀʂ) 

   

ɤ7 

T1u (ʀʂ) 

ɤ8 

A1g (ʂʈ) 

ɤ9 

Eg (ʂʈ) 
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ɤ10 

A1g (ʂʈ) 

ɤ11 

T2g (ʂʈ) 

 

ʈʠʩʫʥʦʢ 49. ʀʂ- ʠ ʂʈ-ʘʢʪʠʚʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʤʦʜʳ ʷʜʨʘ {Nb6Cl12}
2+. ɺʝʢʪʦʨʳ ʩʤʝʱʝʥʠʷ ʠ 

ʩʠʤʤʝʪʨʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. 

ʉʨʘʚʥʝʥʠʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʀʂ- ʠ ʂʈ-ʘʢʪʠʚʥʳʤ ʥʦʨʤʘʣʴʥʳʤ 

ʤʦʜʘʤ, ʦʙʱʠʤ ʜʣʷ {M6X12} 2+ ʠ [M6X18]4ï ʢʣʘʩʪʝʨʦʚ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʛʘʣʦʛʝʥʦʚ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʧʦʣʦʞʝʥʠʝ ɜ(MïX i) ʠ ɜ(MïM), ʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʤʝʱʘʶʪʩʷ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʵʥʝʨʛʠʷʤ (ʪʘʙʣʠʮʘ 15 ʠ ʨʠʩʫʥʦʢ 

50).  

ʊʘʙʣʠʮʘ 15. ʈʘʩʩʯʠʪʘʥʥʳʝ ʀʂ ʠ ʂʈ-ʘʢʪʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ (ʚʯ), ʩʠʣʦʚʳʝ 

ʢʦʥʩʪʘʥʪʳ (k) ʠ ʩʦʦʪʥʝʩʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ {M6X12}
2+. ʋʨʦʚʝʥʴ ʪʝʦʨʠʠ: DFT 

B3LYP / Def2ïTZVPP. 

ʷʜʨʦ ʀʂ  ʈʘʤʘʥ 

 ʩʠʤʤ. ʚʯ 

(ʨʘʩʯ.) / 

cʤï1 

k / 

(ʤɼʠʥ/¡) 

ʩʦʦʪʥ.*  ʩʠʤʤ. ʚʯ 

(ʨʘʩʯ.) / 

cʤï1 

K 

(ʤɼʠʥ/¡) 

ʩʦʦʪʥ.* 

{Nb6Cl12}
2+ T1u 353 3.1457 ɜ(NbïCl)  T2g 372 3.9252 ɜ(NbïCl) 

 T1u 243 2.0293 ɜ(NbïNb)  A1g 355 3.1492 ɜ(NbïCl) 

 T1u 215 1.2302 ɜ(NbïNb)  Eg 314 2.0570 ɜ(NbïCl) 

 T1u 147 0.4838 ɢ(ClïNbïNbïCl)  A1g 255 2.4439 ɜ(NbïNb) 

      Eg 215 0.9531 ɜ(NbïCl) 

      Eg 166 1.4471 ɜ(NbïNb) 

      T2g 157 0.7574 ɜ(NbïNb) 

      T2g 148 0.4623 ɢ(ClïNbïNbïCl) 

{Nb6Br12}
2

+ 

T1u 262 3.5558 ɜ(NbïBr)  T2g 290 4.3950 ɜ(NbïBr) 

 T1u 212 2.3568 ɜ(NbïNb)  A1g 281 4.2426 ɜ(NbïNb) 

 T1u 142 0.9469 ɜ(NbïBr)  Eg 198 1.8584 ɜ(NbïBr) 

 T1u 102 0.4898 ɢ(BrïNbïNbïBr)  A1g 189 1.6963 ɜ(NbïNb) 

      Eg 144 1.0950 ɜ(NbïNb) 

      Eg 131 0.8045 ɜ(NbïBr) 

      T2g 122 0.7163 ɜ(NbïNb) 

      T2g 102 0.4822 ɢ(BrïNbïNbïBr) 

{Ta6Cl12}
2+ 

 

T1u 331 2.5516 ɜ(TaïCl)  A1g 340 2.5659 ɜ(TaïCl) 



93 
  

 

ʷʜʨʦ ʀʂ  ʈʘʤʘʥ 

 ʩʠʤʤ. ʚʯ 

(ʨʘʩʯ.) / 

cʤï1 

k / 

(ʤɼʠʥ/¡) 

ʩʦʦʪʥ.*  ʩʠʤʤ. ʚʯ 

(ʨʘʩʯ.) / 

cʤï1 

K 

(ʤɼʠʥ/¡) 

ʩʦʦʪʥ.* 

{Ta6Cl12}
2+ T1u 220 1.1084 ɜ(TaïCl)  T2g 337 2.9069 ɜ(TaïCl) 

 T1u 185 2.4346 ɜ(TaïTa)  Eg 315 2.0578 ɜ(TaïCl) 

 T1u 143 0.4720 ɢ(ClïTaïTaïCl) + ɢ(Taï

TaïTaïCl) 

 Eg 211 0.9166 ɜ(TaïCl) 

      A1g 208 3.3710 ɜ(TaïTa) 

      T2g 150 0.4814 ɢ(ClïTaïTaïCl) 

      T2g 137 0.9044 ɜ(TaïTa) 

      Eg 132 1.7801 ɜ(TaïTa) 

{Ta6Br12}
2+ T1u 225 2.9418 ɜ(TaïBr)  T2g 242 3.8414 ɜ(TaïBr) 

 T1u 177 2.8443 ɜ(TaïTa)  A1g 234 3.7559 ɜ(TaïTa) 

 T1u 136 0.9209 ɜ(TaïBr)  Eg 195 1.8150 ɜ(TaïBr) 

 T1u 99 0.4907 ɢ(TaïTaïTaïBr) +   

ɢ(BrïTaïTaïBr) 

 A1g 179 1.9611 ɜ(TaïTa) 

      Eg 129 0.7781 ɜ(TaïBr) 

      Eg 118 1.4000 ɜ(TaïTa) 

      T2g 117 0.8533 ɢ(BrïTaïTaïBr) + ɜ(Taï

Ta) 

      T2g 101 0.4864 ɢ(BrïTaïTaïBr) 

ʈʘʟʨʳʚ ʤʝʞʜʫ ɜ(MïXa) ʠ ɜ(MïX i) ʣʝʞʠʪ ʤʝʞʜʫ 130 ʠ 165 ʩʤï1, ʪ.ʝ. ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ɜ(MïXa) ʣʝʞʘʪ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ ʤʝʪʘʣʣ-

ʛʘʣʦʛʝʥ ʠ ɜ(MïM), ʠ ʯʘʩʪʦ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʧʦʩʣʝʜʥʠʤʠ.  
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ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 50. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʀʂ-(a) ʠ ʂʈ-ʘʢʪʠʚʥʳʭ (b) ʢʦʣʝʙʘʥʠʡ 

ʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ [M6X12]
2+ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [M6X12X6]

4-. ʋʨʦʚʝʥʴ 

ʪʝʦʨʠʠ: DFT B3LYP / Def2ïTZVPP.
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ʁʦʜʠʜ ʪʘʥʪʘʣʘ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [Ta6I18]4- ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ 

ʧʦʣʫʯʝʥ, ʘ ʩʠʥʪʝʪʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ Ta6I14 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʪʝʨʥʳʡ ʧʦʣʠʤʝʨ, ʚ 

ʢʦʪʦʨʦʤ ʷʜʨʘ {Ta6I12} ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʯʝʨʝʟ 

ʠʦʜʠʜʥʳʝ ʤʦʩʪʠʢʠ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ (ʠ ʧʦʩʣʝʜʫʶʱʠʝ 

ʧʦʜʭʦʜʳ), ʢʘʩʘʶʱʠʝʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʘ ʠʤʝʥʥʦ: ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʙʦ 

ʙʝʩʢʦʥʝʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʣʠʙʦ (ʨʘʟʫʤʥʫʶ) ʢʦʥʝʯʥʫʶ ʤʦʜʝʣʴ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʢʣʘʩʪʝʨʳ ʭʣʦʨʠʜʦʚ ʠ ʙʨʦʤʠʜʦʚ ʩ ʫʯʝʪʦʤ ʢʦʥʝʯʥʳʭ ʤʦʜʝʣʝʡ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝʜʥʠʡ ʩʧʦʩʦʙ ʚʠʜʠʪʩʷ ʥʘʤ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʝʯʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʠʤʝʥʥʦ 

ʜʣʷ ʢʘʪʠʦʥʥʦʛʦ ʷʜʨʘ [Ta6I12]2+, ʘʥʠʦʥʥʦʛʦ ʷʜʨʘ [Ta6I18]4-, ʥʝʡʪʨʘʣʴʥʦʛʦ ʜʠʤʝʨʘ [Ta12I32]0 ʠ 

ʪʨʠʤʝʨʘ [Ta18I48]0; ʧʦʩʣʝʜʥʠʡ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʚ ʣʠʥʝʡʥʦʤ (l) ʠ ʢʦʣʴʮʝʦʙʨʘʟʥʦʤ (r) 

ʨʘʩʧʦʣʦʞʝʥʠʠ (ʨʠʩʫʥʦʢ 51). 

 
 

[Ta6I18]
4ï [Ta12I32]

0 

  

 

 

[Ta18I48]
0
(l) [Ta18I48]

0
(r) 

  

ʈʠʩ. 51. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʥʠʦʥʥʦʛʦ ʷʜʨʘ [Ta6I18]
4-, ʥʝʡʪʨʘʣʴʥʦʛʦ ʜʠʤʝʨʘ [Ta12I32]

0 ʠ 

ʪʨʠʤʝʨʘ [Ta18I48]
0 (ʚ ʣʠʥʝʡʥʦʤ (l) ʠ ʢʦʣʴʮʝʦʙʨʘʟʥʦʤ (r) ʨʘʩʧʦʣʦʞʝʥʠʠ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʘʩʯʝʪʥʳʤʠ (ʨʠʩʫʥʦʢ 52). 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʣʫʯʘʝ ʢʦʣʴʮʝʚʦʡ ʤʦʜʝʣʠ [Ta18I48]0. 

ʇʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʫʰʠʨʝʥʠʝ ʧʦʣʦʩ 
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ʧʦʛʣʦʱʝʥʠʷ. ʆʜʥʘʢʦ ʧʦʣʦʩʳ 159 ʩʤï1 (ʀʂ) ʠ 133 ʩʤï1 (ʂʈ), ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ɜ(TaïTa), ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʜʥʦʷʜʝʨʥʦʡ 

ʤʦʜʝʣʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [Ta6I18]4ï. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʀʂ- 

ʠ ʂʈ-ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʠʣʦ ʩʦʦʪʥʝʩʪʠ ʚʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʣʦʩʳ (ʪʘʙʣʠʮʘ 16 ʠ ʨʠʩʫʥʦʢ 53, 

ʘ ʪʘʢʞʝ ʪʘʙʣʠʮʘ ʇ16). 

  

ʘ) (ʙ) 

ʈʠʩ. 52. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʀʂ- (ʘ) ʠ ʂʈ-ʩʧʝʢʪʨʦʚ (ʙ) ʢʣʘʩʪʝʨʥʦʛʦ 

ʠʦʜʠʜʘ ʪʘʥʪʘʣʘ. ʋʨʦʚʝʥʴ ʪʝʦʨʠʠ: DFT B3LYP / Def2ïTZVPP. 

 














































