
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ 

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄ. ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ʉʀʅʀʎɸ ɼʤʠʪʨʠʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

 

 

ʂʆʄʇʃɽʂʉʓ ʃɸʅʊɸʅʆʀɼʆɺ (Sm, Yb, Eu, Dy, Ho) ʀ ʑɽʃʆʏʅʆɿɽʄɽʃʔʅʓʍ 

ʄɽʊɸʃʃʆɺ ʉ ʃʀɻɸʅɼɸʄʀ ʅɸ ʆʉʅʆɺɽ ʇʈʆʀɿɺʆɼʅʓʍ 

ʆ-ɹɽʅɿʆʍʀʅʆʅʆɺ: ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ ʀ ʈɽɼʆʂʉ-ʇʈɽɺʈɸʑɽʅʀʗ 

 

 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ʇʫʰʢʘʨʝʚʩʢʠʡ ʅʠʢʦʣʘʡ ɸʥʘʪʦʣʴʝʚʠʯ 

 

 

 

ʅʦʚʦʩʠʙʠʨʩʢ ï 2024   
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

 

Q, SQï, Cat2ï  ʦ-ʙʝʥʟʦʭʠʥʦʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʝʤʠʭʠʥʦʣʷʪʥʳʡ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣ ʠ ʢʘʪʝʭʦʣʘʪʥʳʡ ʜʠʘʥʠʦʥ 

 

IQ, ISQï, AP2ï  o-ʠʤʠʥʦʭʠʥʦʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤʠʥʦʩʝʤʠʭʠʥʦʣʷʪʥʳʡ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣ ʠ ʘʤʠʜʦʬʝʥʦʣʷʪʥʳʡ ʜʠʘʥʠʦʥ 

 

dbQ, dbSQï, dbCat2ï  ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥ (3,6- ʠʣʠ 3,5-ʠʟʦʤʝʨʳ), ʝʛʦ 

ʩʝʤʠʭʠʥʦʣʷʪʥʘʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʘʷ ʠ ʢʘʪʝʭʦʣʘʪʥʘʷ 

ʜʠʘʥʠʦʥʥʘʷ ʬʦʨʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

phenQ, phenSQï, phenCat2ï  9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥ, ʝʛʦ ʩʝʤʠʭʠʥʦʣʷʪʥʘʷ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʘʷ ʠ ʢʘʪʝʭʦʣʘʪʥʘʷ ʜʠʘʥʠʦʥʥʘʷ ʬʦʨʤʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 
dippIQ, dippISQï, dippAP2ï  4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʦ-

ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥ, ʝʛʦ ʠʤʠʥʦʩʝʤʠʭʠʥʦʣʷʪʥʘʷ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʘʷ ʠ ʘʤʠʜʦʬʝʥʦʣʷʪʥʘʷ ʜʠʘʥʠʦʥʥʘʷ ʬʦʨʤʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

bian, (Aryl-bian, R-bian)  ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʠʤʠʥ (Aryl, R ï ʟʘʤʝʩʪʠʪʝʣʠ ʫ ʘʪʦʤʦʚ 

ʘʟʦʪʘ) 

 

DAD (RDAD, DADR')  1,4-ʜʠʘʟʘ-1,3-ʙʫʪʘʜʠʝʥ (R ï ʟʘʤʝʩʪʠʪʝʣʠ ʫ ʘʪʦʤʦʚ ʘʟʦʪʘ, R' 

ï ʟʘʤʝʩʪʠʪʝʣʠ ʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ) 

 
dippPDI, dippPSIï, dippPDA2ï  (N,N'-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-ʜʠʠʤʠʥ, 

ʝʛʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʘʷ ʠ ʜʠʘʥʠʦʥʥʘʷ ʬʦʨʤʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

dipp  2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ 

 

ɼʄʌɸ, DMF  N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

 

ɼʄʕ, dme  ʜʠʤʝʪʦʢʩʠʵʪʘʥ 

 

Bipy  2,2'-ʙʠʧʠʨʠʜʠʥ 

 
tBu  ʪʨʝʪ-ʙʫʪʠʣ 

 

Cp*  ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ 

 

Cp'' ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ 

 

HBPz3
ï  ʪʨʠʩ-(3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʠʣ)ʙʦʨʘʪ-ʘʥʠʦʥ 

 

hfacï  1,1,1,5,5,5-ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪ-ʘʥʠʦʥ 

 

Ln  ʣʘʥʪʘʥʦʠʜ (ʵʣʝʤʝʥʪ ʦʪ La ʜʦ Lu ʚʢʣʶʯʠʪʝʣʴʥʦ) 
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ʈɿʕ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 

 

ʑɿʄ  ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ 

 

ʇʄ ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ 

 

ʂʉ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

 
iPr  ʠʟʦʧʨʦʧʠʣ 

 

Py  ʧʠʨʠʜʠʥ 

 

THF, thf  ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

 

tmeda ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥ 

 

18-crown-6  18-ʢʨʘʫʥ-6; 1,4,7,10,13,16-ʛʝʢʩʘʦʢʩʘʮʠʢʣʦʦʢʪʘʜʝʢʘʥ 

 

ʂʏ  ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

 

ɺɿʄʆ ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

 

ʈʉɸ  ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

 

ʉɺʕ ʩʪʘʥʜʘʨʪʥʳʡ ʚʦʜʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ 

 

ʩ, ʩʨ, ʩʣ, ʫʰʠʨ  ʚ ʦʧʠʩʘʥʠʠ ʀʂ ʩʧʝʢʪʨʦʚ: ʩʠʣʴʥʳʡ, ʩʨʝʜʥʠʡ, ʩʣʘʙʳʡ, 

ʫʰʠʨʝʥʥʳʡ ʩʠʛʥʘʣʳ 

 

ʕʇʈ  ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 
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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʨʫʞʘʶʱʝʤ ʥʘʩ ʤʠʨʝ ʥʦʩʠʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʪʝʢʘʶʱʠʝ ʟʘ ʩʯʝʪ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʄʥʦʛʠʝ ʥʘʫʯʥʳʝ ʛʨʫʧʧʳ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʧʦʩʪʘʚʠʣʠ ʩʚʦʝʡ ʮʝʣʴʶ ʠʟʫʯʝʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʠʩʢ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʠʝ ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʠʣʠ ʦʢʠʩʣʷʪʴʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʚʦʝʛʦ ʩʦʩʪʘʚʘ. ʕʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʧʦʷʚʣʝʥʠʝ ʠʥʪʝʨʝʩʥʳʭ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʟʘ ʩʯʸʪ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʨʘʩʰʠʨʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʨʝʜʦʢʩ- ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʘ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʝʥʪʨʦʤ ʠ ʣʠʛʘʥʜʦʤ, ʠ ʜʨʫʛʠʝ. 

ʆʨʪʦ-ʙʝʥʟʦʭʠʥʦʥʳ (Q) ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ ʦ-ʠʤʠʥʦʭʠʥʦʥʳ (IQ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʧʨʦʩʪʝʡʰʠʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ [1]. ʆʥʠ ʩʧʦʩʦʙʥʳ ʦʙʨʘʪʠʤʦ ʧʨʠʥʠʤʘʪʴ ʦʜʠʥ ʠʣʠ 

ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ (ʩʝʤʠʭʠʥʦʣʷʪʥʦʡ, SQïÅ ʠʣʠ 

ʠʤʠʥʦʩʝʤʠʭʠʥʦʣʷʪʥʦʡ, ISQïÅ) ʠ ʜʠʘʥʠʦʥʥʦʡ ʬʦʨʤʳ ʣʠʛʘʥʜʘ (ʢʘʪʝʭʦʣʘʪʥʦʡ, Cat2ï ʠʣʠ 

ʘʤʠʜʦʬʝʥʦʣʷʪʥʦʡ, AP2ï) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 1) [2, 3].  

 

ʉʭʝʤʘ 1.  ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʠʟʫʯʘʝʤʳʭ ʣʠʛʘʥʜʦʚ: ʭʠʥʦʥʳ (X = Z = O),  

ʠʤʠʥʦʭʠʥʦʥʳ (X = O, Z = NR'), ʜʠʠʤʠʥʳ (X = Z = NR').  

ɿʘʤʝʥʘ ʦʙʦʠʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʦ-ʭʠʥʦʥʘʭ ʥʘ ʬʨʘʛʤʝʥʪʳ NR ʧʨʠʚʦʜʠʪ ʢ 

ʜʠʠʤʠʥʘʤ. ɼʣʷ ʣʠʛʘʥʜʦʚ ʩ ʙʣʠʟʢʠʤʠ ʧʦ ʜʦʥʦʨʥʳʤ ʩʚʦʡʩʪʚʘʤ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 

ʜʠʦʢʩʦʣʝʥʦʚʦʤ C6 ʮʠʢʣʝ, ʪʠʧʠʯʥʳʝ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʳ ʧʝʨʝʭʦʜʦʚ L0/LïÅ ʠ LïÅ/L2ï 

ʩʤʝʱʘʶʪʩʷ ʚ ʙʦʣʝʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʪ ʭʠʥʦʥʦʚ ʢ ʜʠʠʤʠʥʘʤ. 

ʇʦʪʝʥʮʠʘʣʳ ʨʝʜʦʢʩ-ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʦ-ʭʠʥʦʥʦʚ ʣʝʞʘʪ ʚ ʩʨʝʜʥʝʡ ʦʙʣʘʩʪʠ (ʥʘʧʨʠʤʝʨ, 

ʢʘʪʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 3,6-dbQ ʚ CH3CN Ec (Q/SQï) = ï1.0 ɺ, Ec (SQï/Cat2ï) = ï1.8 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ Fc+/Fc [4], ʜʣʷ phenQ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʥʮʠʘʣʳ ʨʘʚʥʳ ï1.1 ʠ ï1.7 ɺ [5]). 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʜʠʠʤʠʥʦʚ (ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʪʠʧʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʢʘʢ dipp-bian) 

ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʧʝʨʚʦʛʦ ʧʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ L0/LïÅ ʨʘʚʥʦ ï2.07 ɺ [6], ʯʪʦ ʛʦʚʦʨʠʪ ʦ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʜʠʘʥʠʦʥʥʦʡ ʬʦʨʤʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚ. 

ʉʦʯʝʪʘʥʠʝ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ (Ln) ʠʣʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʑɿʄ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʦʤʧʣʝʢʩʘʤ, ʧʨʦʷʚʣʷʶʱʠʤ ʥʝʦʙʳʯʥʫʶ ʜʣʷ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ ʤʘʛʥʠʪʥʳʝ ʠʣʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʝʤ ʣʠʛʘʥʜʘ [7]. 

ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ, ʙʣʘʛʦʜʘʨʷ 

ʫʥʠʢʘʣʴʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʚʝʜʝʥʠʶ [8], ʘ ʪʘʢʞʝ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʡ ʠ ʛʠʙʢʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ (ʚʦʟʤʦʞʥʦ ʨʘʟʤʝʱʝʥʠʝ ʚ ʥʝʡ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʠ ʧʦʜʦʙʥʳʭ ʠʤ ʣʠʛʘʥʜʦʚ) ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ Ln4+/Ln3+ 

ʠ Ln3+/Ln2+. ʀʦʥʳ ʣʘʥʪʘʥʦʠʜʦʚ, ʪʘʢʠʝ ʢʘʢ Dy3+, Ho3+, ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʤʘʛʥʠʪʥʫʶ 

ʘʥʠʟʦʪʨʦʧʠʶ ʠ ʚʳʩʦʢʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ [9]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʘʢʠʝ ʣʘʥʪʘʥʦʠʜʳ ʢʘʢ Sm, 

Eu, Yb ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ, ʙʣʘʛʦʜʘʨʷ 

ʦʙʨʘʪʠʤʦʤʫ ʧʝʨʝʭʦʜʫ Ln3+/Ln2+. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʠʶ [10]. ʅʝʢʦʪʦʨʳʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ 

ʤʝʪʘʣʣʳ ʧʦʜʦʙʥʳ ʥʝʢʦʪʦʨʳʤ ʣʘʥʪʘʥʦʠʜʘʤ ʧʦ ʩʚʦʡʩʪʚʘʤ ʠʭ ʢʘʪʠʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʦʥʥʳʡ 

ʨʘʜʠʫʩ ʠ ʟʘʨʷʜ; ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʧʦʜʦʙʠʝ ʚ ʧʘʨʝ 

Yb2+ ð Ca2+. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʦʭʚʘʪʳʚʘʶʪ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ (ʭʘʨʘʢʪʝʨʥʳʡ ʠʥʪʝʨʚʘʣ  

0.72ï1.35 ¡ ʜʣʷ ʠʦʥʦʚ MgïBa ʩ ʂʏ = 6 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 0.98ï1.16 ¡ ʜʣʷ ʠʦʥʦʚ LuïLa ʩ  

ʂʏ = 8 [11]), ʧʦʵʪʦʤʫ ʭʠʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʣʞʥʳ ʙʦʣʴʰʝ 

ʟʘʚʠʩʝʪʴ ʦʪ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ. ʉʨʘʚʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʑɿʄ ʠ ʣʘʥʪʘʥʦʠʜʦʚ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴ 

ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʥʪʝʟʘ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʦʢʩʦʬʠʣʴʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʧʦʟʚʦʣʠʪ ʩʨʘʚʥʠʪʴ ʠʭ 

ʩʚʦʡʩʪʚʘ ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʥʝʧʝʨʝʭʦʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ ʦ ʢʦʤʧʣʝʢʩʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜ.r 

ʇʨʠ ʫʩʣʦʚʠʠ ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮ rʚ ʵʥʝʨʛʠʷʭ d- ʠʣʠ f- (ʚ ʩʣʫʯʘʝ ʣʘʥʪʘʥʦʠʜʘ) 

ʦʨʙʠʪʘʣʝʡ ʤʝʪʘʣʣʘ ʠ ɺɿʄʆ ʭʠʥʦʥʘ [12], ʩʠʩʪʝʤʘ ʤʝʪʘʣʣ-ʭʠʥʦʥʦʚʳʡ ʣʠʛʘʥʜ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚ ʩʫʧʝʨʧʦʟʠʮʠʠ ʙʣʠʟʢʠʭ ʧʦ ʵʥʝʨʛʠʠ 

ʩʦʩʪʦʷʥʠʡ [12]. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʠ ̫(ʉʭʝʤʘ 2). 
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ʉʭʝʤʘ 2. ʈʝʜʦʢʩ-ʠʟʦʤʝʨʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʢʘʪʝʭʦʣʘʪʥʳʤ ʣʠʛʘʥʜʦʤ. 

ʉʠʩʪʝʤʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʙʘʨʴʝʨʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʝʨʝʭʦʜ 

ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʟʘʪʨʫʜʥʝʥ, ʥʘʟʳʚʘʶʪ ʙʠʩʪʘʙʠʣʴʥʳʤʠ. ʕʪʦʪ ʧʝʨʝʭʦʜ 

ʤʦʞʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʪʝʨʤʠʯʝʩʢʠʤ ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʧʫʪʸʤ. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʢ 

ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʤʝʞʜʫ ʣʠʛʘʥʜʦʤ ʠ ʤʝʪʘʣʣʦʤ, ʘ ʪʘʢʞʝ 

ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʫ ʦʜʥʦʛʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ, ʠʩʩʣʝʜʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ [13, 14]. ʈʝʜʦʢʩ-ʧʝʨʝʭʦʜʳ ʚ ʣʠʛʘʥʜʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ [15, 16], 

ʘʢʪʠʚʘʮʠʠ ʠʣʠ ʦʙʨʘʪʠʤʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ [17, 18]. ɺʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 

(ʥʘʧʨʠʤʝʨ, ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ ʠʣʠ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ) ʠ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ [19ï22]. ɺʩʝ 

ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʦ ʚʝʜʫʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʯʠʥʳ ʧʨʦʷʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʩʦ ʩʪʦʨʦʥʳ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʢ ʢʦʤʧʣʝʢʩʘʤ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʦʤʧʣʝʢʩʳ ʩ ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ ʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠʟʚʝʩʪʥʳ ʜʣʷ ʤʥʦʛʠʭ p- ʠ d-

ʵʣʝʤʝʥʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ f-ʵʣʝʤʝʥʪʦʚ (ʣʘʥʪʘʥʦʠʜʦʚ) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʢʦʣʴʢʦ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ, ʤʦʛʫʪ 

ʦʙʣʘʜʘʪʴ ʦʪʯʝʪʣʠʚʳʤʠ, ʦʙʨʘʪʠʤʳʤʠ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ ʨʝʜʦʢʩ-ʧʝʨʝʭʦʜʘʤʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʜʨʫʛʠʤʠ, ʥʝ ʧʨʦʷʚʣʷʶʱʠʤʠ ʨʝʜʦʢʩ-ʧʝʨʝʭʦʜʳ, ʣʠʛʘʥʜʘʤʠ ʯʘʱʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʢʦʤʧʣʝʢʩʳ ʥʝʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (13ï15 ʛʨʫʧʧ), ʚ ʢʦʪʦʨʳʭ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʥʝ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʜʦʢʩ-ʧʨʝʚʨʘʱʝʥʠʷʭ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ 

ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʘʭ, ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [23] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʤʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠ ̫ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʢ ʢʦʤʧʣʝʢʩʘʤ ʩʫʨʴʤʳ(V) ʩ ʠʤʠʥʦʭʠʥʦʥʦʚʳʤ 

ʣʠʛʘʥʜʦʤ [SbPh3(
ArylAP)] ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ ʣʠʛʘʥʜʘ ʥʘ ʢʠʩʣʦʨʦʜ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʥʠʦʥʘ ʩʫʧʝʨʦʢʩʠʜʘ.  

ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ Ŭ-ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, 1,4-ʜʠʘʟʘ-

1,3-ʜʠʝʥʦʚʳʤʠ (DAD), ʜʠ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʦʚʳʤʠ (bian) ʠ 2,2'-
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ʙʠʧʠʨʠʜʠʥʦʚʳʤʠ/ʙʠʧʠʨʠʤʠʜʠʥʦʚʳʤʠ (bipy, bipm), ʠʟʫʯʝʥʳ ʦʯʝʥʴ ʭʦʨʦʰʦ. ɼʣʷ ʥʠʭ 

ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʠʥʪʝʟʘ, ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʨʝʜʦʢʩ-ʧʝʨʝʭʦʜʦʚ [24], ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʠʠ [25]. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʦ-ʭʠʥʦʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʛʦʨʘʟʜʦ 

ʤʝʥʝʝ ʠʟʫʯʝʥʳ, ʘ ʠʭ ʩʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʪʦʣʴʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [26]. ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤʠʥʦʭʠʥʦʥʦʚʳʭ [6, 27, 28] ʠ 

ʬʝʥʠʣʝʥʜʠʠʤʠʥʦʚʳʭ [29ï31] ʣʠʛʘʥʜʦʚ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʧʨʠʤʝʨʳ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ, ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ, 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (Ca, Sr, Ba) c 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥʦʤ ʠ 

ʣʘʥʪʘʥʦʠʜʦʚ (Sm, Eu, Yb, Dy, Ho) ʩ 9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ (phenQ), 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-

(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-o-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʦʤ (dippIQ) ʠ (N,N'-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣ-

ʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-ʜʠʠʤʠʥʦʤ (dippPDI). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ Ca, Sr, Ba ʩ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥʦʤ; 

¶ ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ Sm, Eu, Yb ʩ 9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ; 

¶ ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ Dy, Ho ʩ 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-(2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʦ-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʦʤ; 

¶ ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ Sm, Yb ʠ Dy ʩ (N,N'-ʙʠʩ(2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-ʜʠʠʤʠʥʦʤ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʠʘʥʠʦʥʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ 3,6-dbCat2ï, dippAP2ï ʠ dippPDA2ï ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʠʪʝʣʷʤ dbQ, 

S8/
dippIQ/phenQ, ʠ P4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

¶ ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ Dy ʠ Ho ʩ dippIQ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʚʠʪʳ ʧʦʜʭʦʜʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʩʝʤʝʡʩʪʚ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (Ca, Sr, Ba) c 3,6-ʜʠ-

ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥʦʤ ʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ (Sm, Eu, Yb, Dy, Ho) ʩ 9,10-

ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ (phenQ), 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-o-ʠʤʠʥʦ-

ʙʝʥʟʦʭʠʥʦʥʦʤ (dippIQ) ʠ (N,N'-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-ʜʠʠʤʠʥʦʤ 

(dippPDI). ɺ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 34 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠ,̫ ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥʳ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʘʪʝʭʦʣʘʪʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʘʪʝʭʦʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠ 

ʩʚʷʟʳʚʘʶʪ ʚʧʣʦʪʴ ʜʦ ʪʨʝʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. ʆʢʠʩʣʝʥʠʝ ʢʘʪʝʭʦʣʘʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʘʪʝʭʦʣʘʪʥʳʭ ʠ ʩʝʤʠʭʠʥʦʣʪ̫ʥʳʭ 

ʣʠʛʘʥʜʦʚ. ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʤʥʦʛʦʷʜʝʨʥʳʤʠ, ʥʦ ʟʘʤʝʥʘ ʢʘʪʝʭʦʣʘʪʘ ʥʘ 

ʩʝʤʠʭʠʥʦʣʪ̫ ʧʨʠʚʦʜʠʪ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘ 

ʤʦʥʦ̫ʜʝʨʥʳʝ ʬʦʨʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʩʘʤʘʨʠʷ, ʝʚʨʦʧʠʷ ʠ ʠʪʪʝʨʙʠʷ ʩ 9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ (phenQ), ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʢʘʢ ʢʘʢ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʪʘʢ ʠ ʦʪ 

ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ɹʳʣʘ ʨʘʩʰʠʨʝʥʘ ʭʠʤʠʷ 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-(2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-o-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʘ (dippIQ). ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-

ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʧʨʦʟʠʷ ʠ ʛʦʣʴʤʠʷ ʩ ʯʝʪʳʨʴʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʨʝʜʦʢʩ-

ʩʦʩʪʦʷʥʠʡ ʣʠʛʘʥʜʘ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥʥʳʤʠ 

ʬʦʨʤʘʤʠ ʣʠʛʘʥʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʘʢ ʢ ʵʣʝʤʝʥʪʘʨʥʳʤ ʭʘʣʴʢʦʛʝʥʘʤ, ʪʘʢ ʠ ʢ ʪʘʢʠʤ ʞʝ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʤ ʣʠʛʘʥʜʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʢʘʨʜʠʥʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ [LnI(dippISQ)(dippAP)(thf)] ʠ [{K(thf)2}{ Ln(dippAP)2(thf)2}]  (Ln = Dy, 

Ho), ʦʙʲʷʩʥʝʥʥʦʝ ʨʘʟʣʠʯʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʦʥʦ- ʠ ʜʠʘʥʠʦʥʥʳʭ ʬʦʨʤ 

ʣʠʛʘʥʜʘ. ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ (N,N'-

ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-ʜʠʠʤʠʥʦʤ (dippPDI). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʥʝʫʩʪʦʡʯʠʚʳ ʢ ʦʢʠʩʣʝʥʠʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ 

ʬʦʨʤʳ dippPDI ʚ ʨʘʩʪʚʦʨʝ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʫʯʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ, ʙʘʨʠʷ ʩ 3,6-ʜʠ-

ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥʦʤ (3,6-dbQ), ʘ ʪʘʢʞʝ ʩʘʤʘʨʠʷ, ʠʪʪʝʨʙʠʷ, ʝʚʨʦʧʠʷ, ʜʠʩʧʨʦʟʠʷ ʠ 

ʛʦʣʴʤʠʷ ʩ 9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ (phenQ), 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-

o-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʦʤ (dippIQ) ʠ (N,N'-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-

ʜʠʠʤʠʥʦʤ (dippPDI). ʀʟʫʯʝʥʘ ʠʭ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʷʜʫ 

ʦʢʠʩʣʠʪʝʣʝʡ (S8, P4, 3,6-dbQ, phenQ, dippIQ) ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʘʨʰʨʫʪʳ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ 

ʢ ʥʘʙʣʶʜʘʝʤʳʤ ʧʨʦʜʫʢʪʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʢ ʥʦʚʳʤ ʩʝʤʝʡʩʪʚʘʤ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʷʜʘ ʣʘʥʪʘʥʦʠʜʦʚ (Sm, Eu, Yb, 

Dy, Ho) ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʢʘʢ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʵʪʠʭ ʩʝʤʝʡʩʪʚ, ʪʘʢ ʠ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʥʦʚʦʛʦ ʪʠʧʘ ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʚʝʜʝʥʠʷ ʦʙ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 



11 

 

ʩʚʦʡʩʪʚʘʭ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɺʩʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʝʥʳ ʚ 

ʂʝʤʙʨʠʜʞʩʢʫʶ ʙʘʟʫ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ 

ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-

ʙʝʥʟʦʭʠʥʦʥʦʤ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ 

(phenQ), 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-o-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʦʤ (dippIQ) ʠ 

(N,N'-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-ʜʠʠʤʠʥʦʤ (dippPDI), ʧʦʣʫʯʝʥʠʝ ʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʦʢʠʩʣʠʪʝʣʝʡ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʑɿʄ ʠ ʈɿʕ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʣʘʛʝ ʠ ʚʦʟʜʫʭʫ, ʧʦʵʪʦʤʫ ʚʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʥʠʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʘʨʛʦʥʦʤ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʛʦʥ-ʚʘʢʫʫʤʥʦʡ 

ʣʠʥʠʠ ʚ ʩʦʩʫʜʘʭ ʐʣʝʥʢʘ ʠʣʠ ʜʚʫʭʩʝʢʮʠʦʥʥʳʭ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʙʦʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ), ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ (ʎɺɸ), 

ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ). ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ ʩʪʘʪʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ  

¶ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-

ʙʝʥʟʦʭʠʥʦʥʦʤ ʠ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ (phenQ), 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-

N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-o-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʦʤ (dippIQ) ʠ (N,N'-ʙʠʩ(2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-ʜʠʠʤʠʥʦʤ (dippPDI);  

¶ ʜʘʥʥʳʝ ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʠʘʥʠʦʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ  

3,6-dbCat2ï, dippAP2ï ʠ dippPDA2ï ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʠʪʝʣʷʤ 3,6-dbQ, 

S8/
dippIQ/phenQ, ʠ P4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

¶ ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ;  

¶ ʜʘʥʥʳʝ ʦʙ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʝʩʷʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 

ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 56-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʄʅʉʂ (ʅʦʚʦʩʠʙʠʨʩʢ, 2018), The Russian Cluster of Conferences of Inorganic Chemistry 

ñInorgChem 2018ò (ɸʩʪʨʘʭʘʥʴ, 2018), 57-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʄʅʉʂ (ʅʦʚʦʩʠʙʠʨʩʢ, 2019), 5th EuChemS Inorganic Chemistry Conference 

EICC-5 (ʄʦʩʢʚʘ, 2019), ChemShip-2019/Topical Problems of Modern Chemistry International 

conference ñOrganometallic Chemistry Around the Worldò (7th Razuvaev Lectures) (ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ, 2019), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çVI ʈʦʩʩʠʡʩʢʠʡ ʜʝʥʴ ʨʝʜʢʠʭ ʟʝʤʝʣʴè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2020), XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʊʫʘʧʩʝ, ʆʣʴʛʠʥʢʘ, 2021), XII ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ 

ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʄʦʩʢʚʘ, 2022), IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ 

ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2022), X 

International Conference ñHigh-Spin Molecules and Molecular Magnetsò (ʅʦʚʦʩʠʙʠʨʩʢ, 2023). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʟʘʨʫʙʝʞʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠ 14 

ʪʝʟʠʩʦʚ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ɺʩʝ ʞʫʨʥʘʣʳ ʠʥʜʝʢʩʠʨʫʶʪʩʷ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of Science ʠ Scopus ʠ ʚʭʦʜʷʪ ʚ ʇʝʨʝʯʝʥʴ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ɺɸʂ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ  

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ɺʩʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ 

ʯʘʩʪʴ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʮʠʢʣʠʯʝʩʢʠʭ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ, ʧʨʦʚʦʜʠʣʠʩʴ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚʩʝʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʚ ʨʘʙʦʪʝ. ʆʙʦʙʱʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ, ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʟʥʘʥʠʝʤ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ: ʧʫʙʣʠʢʘʮʠʝʡ ʚ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ 
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ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʚʳʩʦʢʦʡ ʦʮʝʥʢʦʡ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè, ʧ. 2. çɼʠʟʘʡʥ ʠ 

ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠè, ʧ.5 çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè, ʧ. 6. çʆʧʨʝʜʝʣʝʥʠʝ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝè ʠ ʧ. 7 çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè 

ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ  

ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 147 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 39 ʨʠʩʫʥʢʦʚ, 54 ʩʭʝʤ,r 4 ʪʘʙʣʠʮ,r 

2 ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ 

(155 ʩʩʳʣʦʢ).  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʧʣʘʥʫ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ). ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʙʦʪʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʈʌʌʀ (ʛʨʘʥʪ ˉ 18-03-01192 ʠ 19-03-00568) ʠ ʈʅʌ (ʛʨʘʥʪ ˉ 22-23-

00983). ʏʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ɻʝʨʤʘʥʠʠ ʚ ʨʘʤʢʘʭ ʛʦʜʦʚʦʡ ʩʪʠʧʝʥʜʠʠ DAAD 

(ɻʝʨʤʘʥʩʢʘʷ ʩʣʫʞʙʘ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʦʙʤʝʥʦʚ) ʧʦ ʪʝʤʝ çNovel (poly-)pnictogenide lanthanide 

complexes with redox-active ligands: synthesis, electrochemistry and magnetic propertiesè ʚ 
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1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

 

1.1. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚʦʛʦ 

ʨʷʜʘ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦ-ʭʠʥʦʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ, ʥʘʯʘʣʘ 

ʨʘʟʚʠʚʘʪʴʩʷ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʥʘʟʘʜ. ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʠ 

ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʦ-ʭʠʥʦʥʘʤʠ (ʘʥʪʨʘʭʠʥʦʥʦʤ, ʥʘʬʪʦʭʠʥʦʥʦʤ, 

ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ ʠ ʙʝʥʟʦʭʠʥʦʥʦʤ) ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʝʱʝ ʚ ʥʘʯʘʣʝ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ [32, 33]. ɺ ʪʝ ʚʨʝʤʝʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʝʤʥʦʦʢʨʘʰʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ 

(Al, Sn, Sb, Zn, Cd, Hg) ʩ ʭʠʥʦʥʘʤʠ. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʪʦʣʴʢʦ ʧʫʪʝʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚ ʭʠʥʦʥʘ ʠ ʤʝʪʘʣʣʘ, 

ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʝʨʚʦʛʦ ʨʷʜʘ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ ʦ-ʙʝʥʟʦʩʝʤʠʭʠʥʦʣʷʪ-

ʘʥʠʦʥʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʜʦ 1925 ʛʦʜʘ [34, 35]. ɼʘʣʝʝ, 

ʧʦ ʥʝʠʟʚʝʩʪʥʳʤ ʧʨʠʯʠʥʘʤ, ʩʣʝʜʫʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʭʠʤʠʷ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʨʘʟʚʠʚʘʣʘʩʴ. ʊʦʣʴʢʦ ʚ 1962 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʥʦʚʘʷ ʩʪʘʪʴʷ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʠ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʙʨʦʤʠʜʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ d-ʤʝʪʘʣʣʦʚ ʧʝʨʚʦʛʦ ʨʷʜʘ (ʘ ʪʘʢʞʝ Mo, Cd, In) ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʭʠʥʦʥʘʤʠ 

[36]. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ, ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥʳ: ʧʦʤʠʤʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʥʝʡ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʮʠʷ, ʘ 

ʪʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥ rʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʙʝʟ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʋʞʝ ʚ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 1964 ʛʦʜʫ, ʫʯʝʥʳʝ ʚʧʝʨʚʳʝ ʩʤʦʛʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʭʠʥʦʥʦʚ, ʢʘʢ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʪʨʝʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ [37]. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʩʝʤʠʭʠʥʦʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ (ʑɿʄ, ʘ ʪʘʢʞʝ Zn2+ ʠ Cd2+) ʤʝʪʦʜʦʤ ʕʇʈ. ɼʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʢʘʪʝʭʦʣʘʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʢʠʩʣʦʨʦʜʘ. ʇʦ ʩʫʪʠ, ʠʤʝʥʥʦ ʵʪʘ ʨʘʙʦʪʘ ʦʪʢʨʳʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦ-ʭʠʥʦʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ ʚ ʨʦʣʠ ʩʧʠʥʦʚʦʡ ʤʝʪʢʠ.  

ɺ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʢʘʪʝʭʦʣʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ [38]. ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʠʥʦʥʦʚ ʢ ʢʦʤʧʣʝʢʩʘʤ ʇʄ ʚ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

(Rh+, Ir+ ʠ ʜʨʫʛʠʝ, ʩʭʝʤʘ 3). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʪʘʢʞʝ ʦʪʢʨʳʪ ʧʫʪʴ ʩʠʥʪʝʟʘ ʢʘʪʝʭʦʣʘʪʥʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʡ ʢʘʨʙʦʥʠʣʦʚ ʤʝʪʘʣʣʦʚ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʭʠʥʦʥʦʤ, ʚ ʢʦʪʦʨʳʭ 

ʢʘʨʙʦʥʠʣ ʠʛʨʘʝʪ ʨʦʣʴ ʠʩʪʦʯʥʠʢʘ ʤʝʪʘʣʣʘ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 0, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʷʝʪʩʷ ʭʠʥʦʥʦʤ. 

 

ʉʭʝʤʘ 3. ʄʝʪʦʜ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʇʄ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʠʥʦʥ ʚ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʙʳʣ ʦʧʠʩʘʥ 

ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ: ʜʚʝ ʚʢʣʶʯʘʶʪ ʦʢʠʩʣʝʥʠʝ ʢʘʪʝʭʦʣʘʪ-ʜʠʘʥʠʦʥʘ, ʘ ʦʜʥʘ ï 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʭʠʥʦʥʘ (ʉʭʝʤʘ 4). ʃʠʰʴ ʚ 1973 ʛʦʜʫ ʥʘ ʧʨʠʤʝʨʝ ʢʘʪʝʭʦʣʘʪʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʦʥʠ ʩʘʤʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʦʙʨʘʪʠʤʳʝ ʨʝʜʦʢʩ-

ʧʝʨʝʭʦʜʳ [39], ʪʦ ʝʩʪʴ ʩ ʪʝʭ ʧʦʨ ʭʠʥʦʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ. 

 

ʉʭʝʤʘ 4. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʇʄ ʩ ʭʠʥʦʥʦʤ ʚ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʧʣʦʪʴ ʜʦ 1975 ʛʦʜʘ ʥʘʫʢʝ ʙʳʣʘ ʠʟʚʝʩʪʥʘ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʘ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʣʝʢʩʘ ʩ ʭʠʥʦʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ: [MoO2(Cat)2] [40]. ɸ ʜʘʣʝʝ, ʫʞʝ ʚ ʪʦʤ ʞʝ ʛʦʜʫ ʚ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʙʳʣʠ ʫʧʦʤʷʥʫʪʳ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʛʦ ʩʝʤʠʭʠʥʦʣʷʪʥʦʛʦ ʠ ʯʝʪʳʨʝʭ 

ʢʘʪʝʭʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [41, 42], ʠ ʢ 1980 ʛʦʜʫ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤʠ 

ʷʚʣʷʣʠʩʴ 26 ʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʦʥʦʷʜʝʨʥʳʝ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ [M(Cat)n]x (M = Cr, Fe, Mo, Ce, Hf, Os, Th) 

ʠʣʠ ʞʝ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʢʘʪʝʭʦʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ 

(ʚ ʩʣʫʯʘʝ Fe ʠ Mo) [43]. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʨʘʩʰʠʨʝʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʥʦʛʦʦʙʨʘʟʠʠ 

ʩʧʦʩʦʙʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 
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ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʦʥ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʭʠʥʦʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʧʦʩʦʙʝʥ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ, 

ʩʚʷʟʳʚʘʶʱʝʛʦ ʠ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʝ ʢʘʢ ʦʢʠʩʴ ʘʟʦʪʘ [44], ʢʠʩʣʦʨʦʜ 

[45], ʠ ʜʘʞʝ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ [46]. ɺ ʢʦʥʮʝ 1970-ʭ ʛʦʜʦʚ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʩʣʫʯʘʠ 

ʦʙʨʘʪʠʤʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ ʭʠʥʦʥʘ ʥʘ ʤʝʪʘʣʣ ʧʦʜ ʚʣʠʷʥʠʝʤ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

[47, 48] ʠʣʠ ʞʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ [49]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ 

ʦʪʢʨʳʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʦʢʩ-ʪʘʫʪʦʤʝʨʠʠ ʫ ʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʘʷ ʠ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚʥʝʩ ʘʢʘʜʝʤʠʢ ɻ. ɸ. ʈʘʟʫʚʘʝʚ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʠʟ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ (ʙʳʚʰʠʡ ɻʦʨʴʢʠʡ, 

ʉʉʉʈ), ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ɻʦʨʴʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ, ʧʦʟʜʥʝʝ, 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɸʅ ʉʉʉʈ / ʈɸʅ. ʋʞʝ ʚ 1970 ʛʦʜʫ ʚ ʵʪʦʡ ʛʨʫʧʧʝ 

ʥʘʯʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʭʦʜʥʳʭ, ʥʦ ʠ ʥʝʧʝʨʝʭʦʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʩʝʤʠʭʠʥʦʣʷʪ-ʘʥʠʦʥʘʤʠ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʠʛʘʥʜʘ ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʠʥʦʥʦʚ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘʤʠ, ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʠʣʠ 

ʤʝʪʘʣʣʦʮʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [22, 50]. ʉ ʧʦʤʦʱʴʶ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʘʢ ʢʘʪʝʭʦʣʘʪʥʳʝ, ʪʘʢ ʠ ʩʝʤʠʭʠʥʦʣʷʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʟʫʯʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʉʭʝʤʘ 5). 

 

ʉʭʝʤʘ 5. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʝʧʝʨʝʭʦʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʭʠʥʦʥʦʤ ʚ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʀʄʍ ʈɸʅ (ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ) ʠʩʩʣʝʜʫʶʪʩʷ ʥʦʚʳʝ ʪʠʧʳ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ, ʥʘʧʨʠʤʝʨ, ʩʚʷʟʳʚʘʶʪ 

ʥʝʩʢʦʣʴʢʦ ʭʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ [51], ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʢʦʣʴʢʦ 

ʩʧʠʥʦʚʳʭ ʮʝʥʪʨʦʚ [20]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʘʥʘʣʦʛʠ ʭʠʥʦʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʤʠʥʦʭʠʥʦʥʳ [52, 53] ʠ ʭʠʥʦʥʳ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʮʝʥʪʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ï ʢʠʩʣʦʨʦʜʦʤ ʠ ʩʝʨʦʡ [54], 

ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʧʨʦʪʷʞʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʚʷʟʳʚʘʶʱʫʶ ʜʚʘ ʭʠʥʦʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʘ [55]. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʧʨʠʚʝʣʦ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʘʪʴ ʭʠʥʦʥʦʚʳʝ 

ʣʠʛʘʥʜʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʤʧʣʝʢʩʳ ʩ ʢʦʪʦʨʳʤʠ ʟʘʪʝʤ ʧʨʦʷʚʣʷʶʪ 

ʝʱʝ ʙʦʣʝʝ ʥʝʦʨʜʠʥʘʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʫʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦ 

ʢʦʣʴʮʫ ʭʠʥʦʥʳ [56] ʠʣʠ ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʢʦʣʴʢʦ ʭʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ ʩʧʝʡʩʝʨ [57]. ʍʠʥʦʥʦʚʳʝ ʣʠʛʘʥʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

çʵʣʝʢʪʨʦʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚè ʚ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʨʦʣʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ [17]. ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʧʦʷʚʠʣʘʩʴ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʜʘʞʝ 

ʜʣʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʭʠʥʦʥʦʚʳʡ ʣʠʛʘʥʜ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

(ʤʝʞʜʫ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʤ ʠ ʜʠʘʥʠʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ) [58]. ʅʝʜʘʚʥʦ ʙʳʣ ʜʘʞʝ ʨʘʟʨʘʙʦʪʘʥ 

ʧʦʜʭʦʜ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʭʠʥʦʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʠʩʧʦʣʴʟʫʷ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ ʤʝʪʘʣʣʦʮʠʢʣʝ ʢʦʤʧʣʝʢʩʘ (CïC, CïO ʠʣʠ  

CïN) [3]. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩ rʩ ʭʠʥʦʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʩʚʷʟʘʥʳ ʩ ʢʘʪʠʦʥʘʤʠ p- ʠ d-ʵʣʝʤʝʥʪʦʚ. ɻʦʨʘʟʜʦ ʤʝʥʝʝ 

ʠʟʫʯʝʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʪʘʢʠʤʠ ʪʠʧʠʯʥʳʤʠ ʦʢʩʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʘʢ 

ʣʘʥʪʘʥʦʠʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʳ ʜʘʥʥʳʝ ʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʝ 

ʩʪʨʦʝʥʠʝ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠʭ ʩʠʥʪʝʟʘ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. 

1.2. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʪʦʜʳ, ʠʟʚʝʩʪʥʳʝ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʦʞʥʦ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʦʢʩʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʘʢʮʠʡ ʩ ʢʘʨʙʦʥʠʣʘʤʠ 

ʤʝʪʘʣʣʦʚ. ʅʝʤʘʣʦʚʘʞʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʦʤʧʣʝʢʩʳ 

ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʭʠʥʦʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʠʩʣʦʨʦʜʫ ʠ ʚʣʘʛʝ 

ʚʦʟʜʫʭʘ. ɽʩʣʠ ʢʦʤʧʣʝʢʩʳ ʇʄ ʩ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʤʠ ʠʣʠ ʜʠʘʥʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʭʠʥʦʥʘ ʚ 

ʂʉ ʤʦʛʫʪ ʙʳʪʴ ʩʪʘʙʠʣʴʥʳ ʢ ʜʝʡʩʪʚʠʶ ʢʠʩʣʦʨʦʜʘ, ʪʦ ʫ ʣʘʥʪʘʥʦʠʜʦʚ, ʯʘʱʝ ʚʩʝʛʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʤʝʥʪʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʘʪʝʭʦʣʘʪʘ ʜʦ ʩʝʤʠʭʠʥʦʣʷʪʘ ʠ ʯʘʩʪʦ ʜʘʣʝʝ ʜʦ 

ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʳ ʭʠʥʦʥʘ. ʊʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʟʘ ʢʘʪʝʭʦʣʘʪʘ ʧʨʠ ʫʯʘʩʪʠʠ 

ʚʣʘʛʠ ʚʦʟʜʫʭʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʝʭʦʣʘ. ʇʦʵʪʦʤʫ ʩʠʥʪʝʟ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʩ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʝʨʘʮʠʡ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʣʘʥʪʘʥʦʠʜʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ, ʜʣʷ ʥʠʭ 

ʚʦʟʤʦʞʝʥ ʩʧʦʩʦʙ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʭʠʥʦʥʦʤ ʚ ʨʘʩʪʚʦʨʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʫʶ ʠʣʠ ʜʠʘʥʠʦʥʥʫʶ ʬʦʨʤʫ 

ʣʠʛʘʥʜʘ [59, 60]. ɺ ʵʪʦʤ ʩʧʦʩʦʙʝ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ: ʚʦ-ʧʝʨʚʳʭ, ʥʝ ʚʩʝ ʭʠʥʦʥʳ ʠ ʠʭ ʘʥʘʣʦʛʠ 

ʚʦʟʤʦʞʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʩʩʪʘʥʦʚʠʪʴ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʪʨʝʙʫʝʪʩʷ ʘʢʪʠʚʘʮʠʷ ʩ 
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ʧʦʤʦʱʴʶ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʡʦʜʘ ʠʣʠ ʨʪʫʪʠ; ʚʦ-ʚʪʦʨʳʭ, ʤʝʪʘʣʣ ʩʣʦʞʥʦ ʜʦʟʠʨʦʚʘʪʴ, ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʝʤʠʭʠʥʦʣʷʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʦʜʥʫ ʩʪʘʜʠʶ (ʠʟʙʳʪʦʢ 

ʤʝʪʘʣʣʘ ʙʫʜʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʫʶ ʬʦʨʤʫ ʜʦ ʜʠʘʥʠʦʥʥʦʡ). ʇʦʵʪʦʤʫ 

ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʷʪ ʨʝʘʢʮʠʶ ʠʟʙʳʪʢʘ ʤʝʪʘʣʣʘ ʩ ʭʠʥʦʥʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʝʭʦʣʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (M + Q Ÿ MII(Cat)), ʘ ʟʘʪʝʤ ʝʛʦ ʚʚʦʜʷʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʭʠʥʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪʩʷ ʩʝʤʠʭʠʥʦʣʷʪʥʳʝ ʢʦʤʧʣʝʢʩʳ  

(M II(Cat) + Q Ÿ MII(SQ)2).  

ɺ ʮʝʣʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ (ʉʭʝʤʘ 6): 

ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʦʚ (ʠʣʠ ʠʭ ʘʤʘʣʴʛʘʤ) ʩ ʦ-ʭʠʥʦʥʘʤʠ (1), ʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʦ-ʭʠʥʦʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʠʣʠ ʪʘʣʣʠʷ) ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ 

ʤʝʪʘʣʣʦʚ (2), ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦ-ʭʠʥʦʥʦʚ ʢ ʢʦʤʧʣʝʢʩʘʤ ʤʝʪʘʣʣʦʚ ʩ 

ʣʠʛʘʥʜʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (3), ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ 

ʨʝʘʢʮʠʠ ʧʠʨʦʢʘʪʝʭʠʥʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʥʠʦʥʳ ʩʣʘʙʳʭ ʢʠʩʣʦʪ, 

ʪʘʢʠʝ ʢʘʢ ʘʤʠʜʳ ʠʣʠ ʘʣʢʠʣʳ (4). 

ʉʭʝʤʘ 6. ʏʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʭʠʥʦʥʦʤ. 

ʈʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ r[61], ʭʦʪʴ ʠ ʥʝ ʣʠʰʝʥʳ 

ʥʝʜʦʩʪʘʪʢʦʚ: ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʬʘʟʥʳʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʧʨʦʪʝʢʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʫʪʝʤ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʙʳʪʢʘ ʤʝʪʘʣʣʘ. ʈʝʘʢʮʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʧʠʨʦʢʘʪʝʭʠʥʦʚ ʠ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʝʪʘʣʣʦʚ. ʈʘʥʝʝ ʪʘʢʠʝ ʨʝʘʢʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 2, 13, 14 ʠ 15 ʛʨʫʧʧ [21]. ʆʜʥʘʢʦ ʠ ʫ ʥʠʭ ʝʩʪʴ 

ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʜʣʷ 

ʦʪʜʝʣʝʥʠʷ ʦʪ ʧʦʙʦʯʥʦʛʦ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʦʜʫʢʪʘ MX  

(ʄ ï ʱʝʣʦʯʥʦʡ ʤʝʪʘʣʣ, X ï ʛʘʣʦʛʝʥ), ʣʠʙʦ ʦʪ ʫʭʦʜʷʱʝʡ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ. ʊʘʢʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʭ ʚʥʝ ʧʝʨʯʘʪʦʯʥʦʛʦ ʙʦʢʩʘ, ʩ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʯʘʩʪʠʯʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʠʣʠ ʛʠʜʨʦʣʠʟʫ ʧʨʦʜʫʢʪʘ ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʘ ʩ ʚʦʟʜʫʭʦʤ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʀʥʦʛʜʘ ʧʦʜʦʙʥʦʝ ʦʪʜʝʣʝʥʠʝ ʥʝ ʚʳʟʳʚʘʝʪ 

ʧʨʦʙʣʝʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʛʝʢʩʘʤʝʪʠʣʜʠʩʠʣʘʟʘʥ HN(SiMe3)2, ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʫʧʘʨʠʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʘ ʠ ʚʳʩʫʰʠʚʘʥʠʝʤ ʦʩʪʘʚʰʝʛʦʩʷ ʩʳʨʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʚʘʢʫʫʤʝ. ʆʜʥʘʢʦ ʠʥʦʛʜʘ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʥʘʧʨʠʤʝʨ, ʭʣʦʨʠʜʘ ʣʘʥʪʘʥʦʠʜʘ LnCl3 ʠ ʣʠʪʠʝʚʦʡ ʩʦʣʠ ʣʠʛʘʥʜʘ LiL, ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʘʪè-ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʣʠʪʠʡ ʦʩʪʘʝʪʩʷ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʙʫʜʫʯʠ ʩʚʷʟʘʥʥʳʤ ʩ ʣʘʥʪʘʥʦʠʜʦʤ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʡ ʘʪʦʤ ʭʣʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ɼʂʉ ʩ ʢʘʪʠʦʥʦʤ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ (ʣʠʪʠʷ), 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʊɻʌ). ɺʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʥʘ 

ʩʭʝʤʝ 6 ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ: ʛʘʣʦʛʝʥʠʜʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʙʝʟʚʦʜʥʳʤʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʛʠʜʨʦʣʠʟʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ, ʘ, ʥʘʧʨʠʤʝʨ, 

ʘʤʠʜʳ ʤʝʪʘʣʣʦʚ ʯʘʱʝ ʚʩʝʛʦ ʦʛʨʘʥʠʯʝʥʥʦ ʜʦʩʪʫʧʥʳ ʠ ʪʨʝʙʫʶʪ ʦʪʜʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʯʪʦ 

ʦʪʢʣʘʜʳʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʮʝʣʝʚʦʡ ʨʝʘʢʮʠʠ. ɺ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ [2], ʦʪʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʪʨʫʜʥʝʥʦ. ʆʜʥʘʢʦ, ʫ ʚʩʝʭ ʪʠʧʦʚ ʨʝʘʢʮʠʡ, ʢʨʦʤʝ ʧʨʷʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʘʣʣʘ, ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʝʩʦʤʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ: ʧʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ ʨʘʩʪʚʦʨʝ 

ʩ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʪʝʨʦʬʘʟʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʥʠʭ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʩʝʤʠʭʠʥʦʣʷʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʧʨʷʤʫʶ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʦ-ʠʤʠʥʦʭʠʥʦʥʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʙʦʜʥʳʭ ʭʠʥʦʥʦʚ, ʥʝʫʩʪʦʡʯʠʚʳ ʚ 

ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʤ. ʜʘʣʝʝ), ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʦ-ʠʤʠʥʦʭʠʥʦʥʦʚʳʤ ʣʠʛʘʥʜʦʤ ʙʝʨʫʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʤʠʥʦʬʝʥʦʣʳ. ɺ ʦʩʪʘʣʴʥʦʤ ʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʳʭ ʘʤʠʜʦʬʝʥʦʣʷʪʥʳʭ ʠʣʠ 

ʠʤʠʥʦʩʝʤʠʭʠʥʦʣʷʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʩʝ ʩʧʦʩʦʙʳ, ʦʧʠʩʘʥʥʳʝ 

ʨʘʥʝʝ [1]. 

ɺ ʩʣʫʯʘʝ Ŭ-ʜʠʠʤʠʥʦʚ ʠʟ-ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʦʚ ʧʘʨ L0/Lï ʠ  

Lï/L2ï ʧʨʷʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʚʚʝʜʝʥʠʷ ʠʭ ʚ ʨʝʘʢʮʠʶ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʣʘʥʪʘʥʦʠʜʦʤ, ʧʦʪʨʝʙʫʝʪʩʷ ʝʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʡʦʜʘ ʠʣʠ ʨʪʫʪʠ. 

1.3. ʀʟʚʝʩʪʥʳʝ ʭʠʥʦʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʝ 

ʘʥʘʣʦʛʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 

ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ. ʀʟʚʝʩʪʥʦ ʦʢʦʣʦ 30 ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʭʠʥʦʥʦʚʳʝ ʠ 

ʠʤʠʥʦʭʠʥʦʥʦʚʳʝ ʮʠʢʣʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʥʝ ʷʚʣʷʶʪʩʷ 
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ʯʘʩʪʴʶ ʙʦʣʝʝ ʩʣʦʞʥʦʡ (ʥʘʧʨʠʤʝʨ, ʧʦʣʠʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ï ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ). ɼʘʣʝʝ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʤʦʛʦ ʧʨʦʩʪʦʛʦ 

ʭʠʥʦʥʘ ï ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʦ-ʙʝʥʟʦʭʠʥʦʥʘ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʟʷʪʘ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ Scifinder ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʟ 

ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʳ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ [43]. 

1.3.1. ʅʝʟʘʤʝʱʝʥʥʳʡ ʦ-ʙʝʥʟʦʭʠʥʦʥ. 

ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʦʪʥʦʩʷʪʩʷ ʢ 1964 ʛʦʜʫ 

(Eaton, [37]). ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʝʘʢʮʠʠ ʧʠʨʦʢʘʪʝʭʠʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʣʦʨʠʜʘʤʠ 

ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʪʪʨʠʷ ʠ ʣʘʥʪʘʥʘ, ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʢʠʩʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʫʶ ʬʦʨʤʫ ʭʠʥʦʥʘ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʟʫʯʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 89Y (I = 1/2) ʠ 139La (I = 7/2), ʘ ʟʘʪʝʤ, ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʣʘʣʩʷ ʚʳʚʦʜ ʦ ʩʪʝʧʝʥʠ ʠʦʥʥʦʩʪʠ ʩʚʷʟʝʡ 

ʤʝʪʘʣʣ-ʣʠʛʘʥʜ, ʘ ʪʘʢʞʝ ʦʙ ʠʭ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ 1967 ʛʦʜʘ (ʇʦʣʫʵʢʪʦʚ ʠ ʎʝʨʢʘʩʝʚʠʯ) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ, ʥʦ 

ʫʞʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʘʟʝʦʜʠʤʘ, ʩʘʤʘʨʠʷ, ʵʨʙʠʷ ʠ ʥʝʦʜʠʤʘ [62]. ʀʟʫʯʝʥʠʝ ʩʤʝʩʝʡ ʭʣʦʨʠʜʦʚ ʠ 

ʧʠʨʦʢʘʪʝʭʠʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠ, ʘ 

ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ ʠʣʠ ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʦʙʲʝʤ ʭʣʦʨʠʜʘ ʦʩʪʘʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʘ 

ʜʦʙʘʚʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʨʦʢʘʪʝʭʠʥʘ ʚʘʨʴʠʨʦʚʘʣʦʩʴ. ʇʨʠ ʨʘʙʦʪʝ ʧʦ ʤʝʪʦʜʫ ʠʟʦʤʦʣʷʨʥʳʭ 

ʩʝʨʠʡ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʙʳʣ ʬʠʢʩʠʨʦʚʘʥ, ʘ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʠʜʘ ʠ ʧʠʨʦʢʘʪʝʭʠʥʘ 

ʠʟʤʝʥʷʣʦʩʴ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʪʚʦʨʘʤ ʜʦʙʘʚʣʷʣʩʷ ʘʤʤʠʘʢ, ʠ ʫ ʧʦʣʫʯʝʥʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ.  

ɺ ʨʘʙʦʪʝ 1979 ʛʦʜʘ (Raymond) ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʮʝʨʠʷ Na4[ʉe(Cat)4] ʩ ʙʝʥʟʦʭʠʥʦʥʦʤ ʚ ʜʠʘʥʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʧʝʨʚʳʝ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʈʠʩʫʥʦʢ 1) [63]. ɹʦʣʝʝ ʪʦʛʦ, ʫʯʝʥʳʤ ʫʜʘʣʦʩʴ ʥʝ 

ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢʘʪʝʭʦʣʘʪʘʤʠ ʢ ʘʪʦʤʫ ʣʘʥʪʘʥʦʠʜʘ, ʥʦ ʠ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʵʬʬʝʢʪʫ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʥʠʤ 5f 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ 4 ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Ce(IV), ʢʦʪʦʨʳʡ, ʷʚʣʷʷʩʴ 

ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ, ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʦʢʠʩʣʠʪʴ ʢʘʪʝʭʦʣʘʪ.  
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ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ Na4[ʉe(Cat)4]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʧʨʦʪʠʚʦʠʦʥʳ ʥʘʪʨʠʷ ʥʝ 

ʧʦʢʘʟʘʥʳ, ʣʠʛʘʥʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ. 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʚ 1985 ʛʦʜʫ (Raymond) ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʘ 

ʣʘʥʪʘʥʦʠʜʘ ʠ ʢʘʪʝʭʦʣʘʪʘ ʥʘʪʨʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Ln2(Cat)6]
6ï  

(Ln = Gd3+, Ho3+) ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 

ʤʦʩʪʠʢʦʚʳʭ ʢʘʪʝʭʦʣʘʪʥʳʭ ʣʠʛʘʥʜʘ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ Ln(III ) ʨʘʚʥʦ 7 [64]. 

1.3.2. 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥ. 

ʇʨʦʠʟʚʦʜʥʳʝ ʵʪʦʛʦ ʭʠʥʦʥʘ ʠʟʫʯʝʥʳ ʦʙʣʴʰʝ ʜʨʫʛʠʭ, ʧʝʨʚʘʷ ʩʪʘʪʴʷ ʜʘʪʠʨʫʝʪʩʷ 1971 

ʛʦʜʦʤ [65]. ɺʧʝʨʚʳʝ ʛʨʫʧʧʦʡ ʘʢʘʜʝʤʠʢʘ ʈʘʟʫʚʘʝʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʤʠʭʠʥʦʣʷʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʘ, ʣʶʪʝʮʠʷ ʠ ʠʪʪʨʠʷ ʚ ʨʝʘʢʮʠʷʭ LnCl3 (Ln = Y, La, Lu) ʩ 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-

ʦ-ʙʝʥʟʦʭʠʥʦʥʦʤ. ʀ ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʠʜʠʤʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ, ʪʘʢ 

ʢʘʢ ʠ ʭʠʥʦʥ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʝʤ ʠ ʤʝʪʘʣʣʳ III  ʛʨʫʧʧʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʘʢʮʝʧʪʦʨʳ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ (ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ), ʨʝʘʢʮʠʷ ʚʩʝ ʨʘʚʥʦ ʧʨʦʪʝʢʘʣʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʣʠʛʘʥʜʘ. ʀʭ ʧʦʣʫʯʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʤʝʪʦʜʦʤ ʕʇʈ. 

ʇʦʟʞʝ, ʚ 1977 ʛʦʜʫ, ʵʪʘ ʞʝ ʛʨʫʧʧʘ ʧʦʣʫʯʠʣʘ ʪʨʠʩ-ʩʝʤʠʭʠʥʦʣʷʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʠʪʪʨʠʷ, ʛʘʜʦʣʠʥʠʷ ʠ ʣʘʥʪʘʥʘ, ʠʩʧʦʣʴʟʫʷ ʥʝʤʥʦʛʦ ʜʨʫʛʦʡ ʧʦʜʭʦʜ [66]. ɺ ʥʝʤ ʩʥʘʯʘʣʘ 

ʧʨʦʠʩʭʦʜʠʣʘ ʨʝʘʢʮʠʷ ʭʠʥʦʥʘ ʩ ʧʠʨʦʢʘʪʝʭʠʥʦʣʷʪʦʤ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʝʤʠʭʠʥʦʣʷʪʘ (ʉʭʝʤʘ 7a), ʢʦʪʦʨʳʡ ʜʘʣʝʝ in situ ʚʩʪʫʧʘʣ ʚ ʦʙʤʝʥʥʫʶ ʨʝʘʢʮʠʶ ʩ ʛʘʣʦʛʝʥʠʜʦʤ 

ʈɿʕ (ʉʭʝʤʘ 7b). ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʙʦʣʴʰʠʥʩʪʚʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʈʉɸ.  
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ʉʭʝʤʘ 7. ʇʦʣʫʯʝʥʠʝ ʪʨʠʩ-ʩʝʤʠʭʠʥʦʣʷʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʨʠʷ, ʛʘʜʦʣʠʥʠʷ ʠ ʣʘʥʪʘʥʘ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ 1977 ʛʦʜʘ (ɸʙʘʢʫʤʦʚ, ʈʘʟʫʚʘʝʚ) [67] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʨʦʤʠʜʘ ʣʘʥʪʘʥʘ ʩ ʢʘʪʝʭʦʣʘʪʦʤ ʢʘʣʠʷ ʚ ʚʦʜʝ, ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 

K3[La(4,6-dbCat)3], ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʢʠʩʣʝʥ ʜʦ [La(4,6-dbSQ)3] ʩ 

ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʢʘʢ I2, FeCl3, K3[Fe(CN)6] ʠ O2. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʠʟʥʘʯʘʣʴʥʦ 

ʧʦʣʫʯʠʪʴ K3[Fe(4,6-dbCat)3] ʧʦ ʩʭʦʞʝʡ ʤʝʪʦʜʠʢʝ ʠ ʟʘʪʝʤ ʦʩʘʜʠʪʴ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ 

ʢʘʪʠʦʥʦʚ K+ ʥʘ La3+, ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ, ʨʘʩʪʚʦʨʠʤʦʝ ʚ ʛʝʢʩʘʥʝ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʦʚʘʣʝʥʪʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʣʘʥʪʘʥʘ ʩ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʣʠʛʘʥʜʘ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʩ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ ʞʝʣʝʟʘ (ʚʤʝʩʪʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ) ʠ ʣʘʥʪʘʥʘ (ʈʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [LaFe(4,6-dbCat)3]. 

ɼʣʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʣʘʥʪʘʥʦʠʜʦʚ (Ln = Y, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb) 

ʚ 2000 ʛʦʜʫ (Dei, Gatteschi, Vostrikova) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʪʠʧʘ [LnIII (HBPz3)2(4,6-dbSQ)] ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʜʝʨʞʠʪʩʷ ʪʨʠʩ-(3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʠʣ)ʙʦʨʘʪʥʘʷ (HBPz3
ï) ʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʘʷ ʬʦʨʤʘ 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-

ʙʝʥʟʦʭʠʥʦʥʘ (ʈʠʩʫʥʦʢ 3) [68, 69]. ʂʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʠʪʨʘʪʦʚ 

ʠʣʠ ʭʣʦʨʠʜʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʢʘʪʝʭʦʣʦʤ ʠ K(HBPz3) ʠ ʜʘʣʴʥʝʡʰʠʤ ʦʢʠʩʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʦʤ 

ʚʦʟʜʫʭʘ ʠ ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ 
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ʧʦʤʦʱʴʶ ʈʉɸ: ʠʭ ʢʨʠʩʪʘʣʣʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʘ ʂʏ ʤʝʪʘʣʣʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʚʥʦ 8. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʦʤʧʣʝʢʩ ʛʘʜʦʣʠʥʠʷ [Gd(HBPz3)2(4,6-dbSQ)] ʠʩʩʣʝʜʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʘʛʥʝʪʦʤʝʪʨʠʠ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʝ ʩʝʤʠʭʠʥʦʣʷʪʥʳʝ ʣʠʛʘʥʜʳ ʤʦʛʫʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʪʦʤʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʣʠʛʘʥʜʘ TpMe2, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʝʪʠʣʠʨʦʚʘʥʥr ʡ ʘʥʘʣʦʛ HBPz3. 

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Gd(HBPz3)2(4,6-dbSQ)]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ, ʣʠʛʘʥʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ. 

ɺ 2000 ʛʦʜʫ (Dei, Gatteschi) ʚ ʧʦʧʳʪʢʝ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩ ʩ ʜʚʫʤʷ ʠ ʙʦʣʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ [70] (ʥʘʧʨʠʤʝʨ, ʤʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʩʦʜʝʨʞʘʱʠʡ ʜʚʘ ʩʝʤʠʭʠʥʦʣʷʪʥʳʭ ʬʨʘʛʤʝʥʪʘ ʠ ʦʜʠʥ ʣʘʥʪʘʥʦʠʜ), ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʘʩʩʠʤʝʪʨʠʯʥʳʡ ʢʦʤʧʣʝʢʩ [Gd2(HBPz3)2(4,6-dbSQ)4], ʚ ʢʦʪʦʨʦʤ 3 

ʭʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʩʚʷʟʳʚʘʶʪ ʜʚʘ ʘʪʦʤʘ ʣʘʥʪʘʥʦʠʜʘ, ʘ 

ʯʝʪʚʝʨʪʳʡ ï ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʪʦʣʴʢʦ ʢ ʦʜʥʦʤʫ ʘʪʦʤʫ ʛʘʜʦʣʠʥʠʷ (ʈʠʩʫʥʦʢ 4). ʇʨʠ 

ʵʪʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʣʠʛʘʥʜʦʤ ʠ ʣʘʥʪʘʥʦʠʜʦʤ ʧʨʠ 

ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʦʩʣʘʙʝʚʘʶʪ. 

 

 

ʈʠʩʫʥʦʢ 4. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Gd2(HBPz3)2(4,6-dbSQ)4]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ, ʣʠʛʘʥʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ. 
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ʂʨʦʤʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ, ʠʟʚʝʩʪʥʦ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʯʝʪʘʥʠʝʤ 

ʩʝʤʠʭʠʥʦʥʦʚʳʭ ʠ ʢʘʪʝʭʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʠʦʥʘʤʠ Ln(II). ɺ 2012 ʛʦʜʫ (ʂʫʟʷʝʚ, ɸʙʘʢʫʤʦʚ, 

ɹʦʯʢʘʨʝʚ, ɼʨʫʞʢʦʚ, ʏʝʨʢʘʩʦʚ) ʚʧʝʨʚʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ 

[Ln(3,5-dbCat)(thf)n] (Ln = Sm, Eu) ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚʳʩʪʫʧʘʣʠ ʩʠʣʠʣʠʨʦʚʘʥʥʳʝ ʘʤʠʜʳ Ln(N(SiMe3)2)2, ʢʦʪʦʨʳʝ ʚʚʦʜʠʣʠ ʚ 

ʨʝʘʢʮʠʶ ʩ ʧʠʨʦʢʘʪʝʭʠʥʦʤ 3,5-dbCatH2 [71]. ʂʦʤʧʣʝʢʩ ʝʚʨʦʧʠʷ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ ʚʠʜʝ 

ʩʤʝʰʘʥʥʦʛʦ ʩʦʣʴʚʘʪʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʊɻʌ ʠ ɼʄʕ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʠʪʴ ʪʝ ʞʝ ʩʘʤʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ EuI2 ʩ ʢʘʪʝʭʦʣʘʪʦʤ 

ʣʠʪʠʷ Li 2(3,5-dbCat) ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʣʫʯʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ çʘʪè-ʢʦʤʧʣʝʢʩ, ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʪʠʦʥ ʣʠʪʠʷ ʠ ʠʦʜʠʜ ʘʥʠʦʥ  

[EuIILi 4(3,5-dbSQ)2(3,5-dbCat)2(LiI) 2(thf)6] (ʈʠʩʫʥʦʢ 5).  

 

ʈʠʩʫʥʦʢ 5. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [EuIILi 4(3,5-dbSQ)2(3,5-dbCat)2(LiI) 2(thf)6]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ, ʣʠʛʘʥʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ. 

ʕʪʦʪ ʧʨʠʤʝʨ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʣʠʪʠʝʚʳʤʠ ʩʦʣʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʚ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʠ ʧʨʷʤʦʡ 

ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʩʝʤʠʭʠʥʦʣʷʪʥʳʭ ʠ ʢʘʪʝʭʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(III), 

[Ln(3,5-dbSQ)3] (Ln = Dy, Yb, Tm) ʠ [Ln2(3,5-dbCat)3] (Ln = Sm, Eu, Tm, Yb) ʧʦ ʨʝʘʢʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʭʠʥʦʥʦʤ. ʂʦʤʧʣʝʢʩʳ Ce, Gd, Nd, Tb ʩ ʣʠʛʘʥʜʦʤ 

ʚ ʜʠʘʥʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʠ ʩʠʣʠʣʠʨʦʚʘʥʥʳʭ ʘʤʠʜʦʚ ʩ 

ʧʠʨʦʢʘʪʝʭʠʥʦʤ, ʦʜʥʘʢʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʦ, 

ʘ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʨʝʜʠ ʥʠʭ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ 
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ʢʘʪʝʭʦʣʘʪ ʪʝʨʙʠʷ Tb2(3,5-dbCat)3, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʟʘʤʝʪʥʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʘ 

ʧʦʣʦʩʳ ʚ ʝʛʦ ʩʧʝʢʪʨʝ ʪʠʧʠʯʥʳ ʜʣʷ ʠʦʥʘ Tb3+. 

1.3.3. 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥ. 

ʇʝʨʚʘʷ ʩʪʘʪʴʷ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʵʣʝʤʝʥʪʦʚ III  ʛʨʫʧʧʳ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʠʪʪʨʠʷ, ʣʘʥʪʘʥʘ ʠ ʣʶʪʝʮʠʷ) ʩ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥʦʤ ʧʦʷʚʠʣʘʩʴ ʚ 

1975 ʛʦʜʫ (ɸʙʘʢʫʤʦʚ, ʂʣʠʤʦʚ) [72]. ɺ ʥʝʡ ʧʝʨʝʭʦʜ ʦʪ 3,5-ʟʘʤʝʱʝʥʥʦʛʦ ʭʠʥʦʥʘ ʢ 

ʩʠʤʤʝʪʨʠʯʥʦʤʫ 3,6-ʟʘʤʝʱʝʥʥʦʤʫ ʦʙʲʷʩʥʷʣʩʷ ʤʘʣʦʡ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚ ʧʦʣʦʞʝʥʠʠ 6 

ʭʠʥʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʫ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʭʠʥʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʙʦʣʴʰʦʡ ʢʦʥʩʪʘʥʪʝ 

ʨʘʩʱʝʧʣʝʥʠʷ ʥʘ ʧʨʦʪʦʥʝ ʚ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʫʰʠʨʝʥʠʶ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʟʘʪʨʫʜʥʷʣʦ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʢʦʤʘʥʜʘ ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʫʯʝʥʳʭ 

ʠʩʩʣʝʜʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ ʤʝʞʜʫ ʦ-ʩʝʤʠʭʠʥʦʣʷʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʛʘʣʦʛʝʥʠʜʦʚ ʠ 

ʛʘʣʦʛʝʥʠʜʘʤʠ ʤʝʪʘʣʣʦʚ (ʉʭʝʤʘ 8). 

 

ʉʭʝʤʘ 8. ʆʙʤʝʥʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʦ-ʩʝʤʠʭʠʥʦʣʷʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʛʘʣʦʛʝʥʠʜʦʚ ʠ ʛʘʣʦʛʝʥʠʜʘʤʠ 

ʤʝʪʘʣʣʦʚ. 

ɹʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʘʣʦʛʝʥʠʜ-ʦ-ʩʝʤʠʭʠʥʦʣʷʪʥʳʭ ʚ ʊɻʌ: 

AlCl 2 > GaCl2 å YCl2 > ScCl2 > LuCl2 Ó LaCl2 > InCl2 

ɽʛʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʪʘʢ: ʧʦʣʥʳʡ ʦʙʤʝʥ ʬʨʘʛʤʝʥʪʘ YCl2 ʥʘ GaCl2 ʚʦʟʤʦʞʝʥ ʣʠʰʴ 

ʧʨʠ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ GaCl3 ʠ ʥʘʦʙʦʨʦʪ, ʘ ʚ ʧʘʨʝ LaïLu ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ LaCl2 ʥʘ LuCl2 

ʜʝʡʩʪʚʠʝʤ ʠʟʙʳʪʢʘ LuCl3, ʦʙʨʘʪʥʘʷ ʞʝ ʨʝʘʢʮʠʷ ʠʜʝʪ ʥʝ ʜʦ ʢʦʥʮʘ. 

ɺ ʨʘʙʦʪʝ 1995 ʛʦʜʘ (ʌʝʜʶʰʢʠʥ, ɹʦʯʢʘʨʝʚ) [73] ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʭʠʥʦʥ ʚ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ [LaI2(3,6-dbSQ)(thf)3] ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ ʠʦʜʠʜʘ 

ʣʘʥʪʘʥʘ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʭʠʥʦʥʦʤ ʚ ʊɻʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʘʥʪʘʥʘ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʕʇʈ ʠ ʤʘʛʥʝʪʦʤʝʪʨʠʠ. ʕʬʬʝʢʪʠʚʥʳʡ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 293 ʂ ʨʘʚʥʷʣʩʷ 1,2 ÕB, ʯʪʦ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʩʝʤʠʭʠʥʦʣʷʪʥʦʤ ʣʠʛʘʥʜʝ, ʦʜʥʘʢʦ ʧʦʯʝʤʫ 

ʵʪʦ ʪʘʢ ï ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

ʂʘʪʝʭʦʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʪʫʣʠʷ(III ) ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʠʦʜʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ 

[TmI(3,6-dbCat)(DME)2] ʙʳʣ ʧʦʣʫʯʝʥ ʚ 1999 ʛʦʜʫ (ʌʝʜʶʰʢʠʥ, ɹʦʯʢʘʨʝʚ, ʌʘʛʠʥ, ʕʚʘʥʩ) [74] 

ʧʦ ʨʝʘʢʮʠʠ ʜʠʠʦʜʠʜʘ ʪʫʣʠʷ [TmI2(DME)2] ʩ 3,6-dbQ, ʣʝʛʢʦ ʧʨʦʪʝʢʘʶʱʝʡ ʢʘʢ ʚ ʊɻʌ, ʪʘʢ ʠ ʚ 
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ɼʄʕ (ʉʭʝʤʘ 9). ʇʨʠ ʵʪʦʤ, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʝʘʢʮʠʠ ʩʝʤʠʭʠʥʦʣʷʪ ʪʫʣʠʷ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ TmI2 ʜʦ ʙʠʷʜʝʨʥʦʛʦ ʢʘʪʝʭʦʣʘʪʘ 

{( TmI2)2(3,6-dbCat)}, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʜʫʢʪ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʝʘʢʮʠʠ ʜʠʠʦʜʠʜʘ ʪʫʣʠʷ ʩ 3,6-dbCatH2, 

ʧʨʦʪʝʢʘʶʱʝʡ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ. 

 

ʉʭʝʤʘ 9. ʇʦʣʫʯʝʥʠʝ ʢʘʪʝʭʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʫʣʠʷ(III ). 

ɺ ʨʘʙʦʪʝ, ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʥʝʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚ 2016 ʛʦʜʫ (ʏʝʨʢʘʩʦʚ, 

ʍʫʩʥʠʷʨʦʚ, ʇʫʰʢʘʨʝʚʩʢʠʡ, ʂʦʥʯʝʥʢʦ) [2], ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʢʘʪʝʭʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʘʤʘʨʠʷ, ʝʚʨʦʧʠʷ ʠ ʠʪʪʝʨʙʠʷ. ɺ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʪʘʣʣʦʮʝʥʦʚ [LnCp*2(thf)2] (Ln = Sm, Yb) ʩ 3,6-dbQ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[LnCp*(3,6-dbCat)2]2 (ʈʠʩʫʥʦʢ 6ʘ). ʕʪʦ ʧʝʨʚʘʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʭʠʥʦʥ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʢ ʟʘ ʩʯʝʪ ʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ, ʤʝʥʷʶʱʝʛʦ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʩ 2+ ʜʦ 3+, 

ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ Cp*ï, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ Cp*Å, ʜʠʤʝʨʠʟʫʶʱʝʛʦʩʷ ʜʘʣʝʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Cp*2. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʝʚʨʦʧʠʷ, ʩʘʤʘʨʠʡ ʠ ʠʪʪʝʨʙʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ ʚ ʠʦʥʥʳʭ ʨʘʜʠʫʩʘʭ, 

ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʚʨʦʧʦʮʝʥʘ ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ  

[(EuIIICp*)(EuIIthf)2(3,6-dbCat)3] ʩ ʘʪʦʤʘʤʠ ʝʚʨʦʧʠʷ ʚ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ (ʈʠʩʫʥʦʢ 

6b). ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʧʝʨʝʭʦʜʘ ʧʘʨʳ Eu3+/Eu2+. ɿʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʣʠʛʘʥʜʦʚ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ 

ʜʣʠʥʘʤ ʩʚʷʟʝʡ ʚ ʤʝʪʘʣʣʦʮʠʢʣʝ LnOCCO ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʝʪʦʤʝʪʨʠʠ ʠ 

ʮʠʢʣʦʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 
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ʈʠʩʫʥʦʢ 6. a) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [LnCp*(3,6-dbCat)2]2, ʙ) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

[(EuIIICp*)(EuIIthf)2(3,6-dbCat)3]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ, ʣʠʛʘʥʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʢʘʟʘʥʳ ʚ ʧʦʣʫʧʨʦʟʨʘʯʥʦʤ ʚʠʜʝ. 

1.3.4. 9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥ 

ʌʝʥʘʥʪʨʝʥʭʠʥʦʥ ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʫʶ ˊ-ʩʠʩʪʝʤʫ ʠ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ 

ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʦʙʲʝʤʥʳʭ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ 

ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʘʥʘʣʦʛʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ 

ʨʘʥʝʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥʘ, ʨʝʜʦʢʩ ʧʦʪʝʥʮʠʘʣ ʧʘʨʳ 

ʩʝʤʠʭʠʥʦʥ-ʢʘʪʝʭʦʣʘʪ ʫ ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʘ ʩʤʝʱʝʥ ʚ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ (ï0.98 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʉɺʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ï0.53 ɺ ʜʣʷ 3,6-dbQ), ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʣʠʞʝ ʢ ʨʝʜʦʢʩ-

ʧʦʪʝʥʮʠʘʣʫ ʧʝʨʝʭʦʜʘ Ln3+/Ln2+ (ï1.05 ɺ ʜʣʷ Yb3+/Yb2+, ï1.55 ɺ ʜʣʷ Sm3+/Sm2+ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʉɺʕ). ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ ʤʦʞʥʦ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʦʞʠʜʘʪʴ ʧʨʦʷʚʣʝʥʠʷ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʠʠ. 

ʇʝʨʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʜʘʥʥʦʛʦ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢ ʣʘʥʪʘʥʦʠʜʘʤ, ʧʦʷʚʠʣʦʩʴ ʚ 1981 ʛʦʜʫ (ɸʙʘʢʫʤʦʚ, 

ʂʣʠʤʦʚ) [75]. ʂʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʦʛʜʘ ʤʝʪʦʜʘ: 

ʧʦ ʨʝʘʢʮʠʠ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ III  ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ 

ʵʣʝʢʪʨʦʥʦʚ, ʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʭʠʥʦʥʘ. ʀʟʫʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʕʇʈ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ g-ʬʘʢʪʦʨʘ ʫ ʦʙʨʘʟʮʦʚ 

ʙʣʠʟʢʘ ʢ ʟʥʘʯʝʥʠʶ g-ʬʘʢʪʦʨʘ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʥʩʪʘʥʪʳ 

ʨʘʩʱʝʧʣʝʥʠʷ ʥʘ ʤʝʪʘʣʣʘʭ ʚ ʧʦʜʦʙʥʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʘ ʢʦʥʩʪʘʥʪʳ ʨʘʩʱʝʧʣʝʥʠʷ ʥʘ ʧʨʦʪʦʥʘʭ ʣʠʛʘʥʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦ-

ʭʠʥʦʥʦʚ. 
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ʇʦʭʦʞʠʡ ʥʘ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʪʨʠʩ(ʧʠʨʘʟʦʣʠʣʙʦʨʘʪʥʳʝ) ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʧʣʝʢʩ ʙʳʣ 

ʧʦʣʫʯʝʥ ʚ 2002 ʛʦʜʫ (Lopes, Dias, Marques) ʠ ʜʣʷ ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʘ ʧʦ ʨʝʘʢʮʠʠ ʩ Sm(TpMe2) 

[76]. ʆʙʨʘʟʦʚʘʥʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʦʡ ʬʦʨʤʳ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1H, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʩʠʛʥʘʣʳ ʘʨʦʤʘʪʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʙʳʣʠ 

ʩʠʣʴʥʦ ʩʤʝʱʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʝʭʦʣʘʪʥʦʡ ʠʣʠ ʭʠʥʦʣʷʪʥʦʡ ʬʦʨʤʦʡ, ʚʩʣʝʜʩʪʚʠʝ 

ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʝ  

ɺ 2015 ʛʦʜʫ (Mallakpour) ʚ ʨʘʙʦʪʝ [77] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[Ln(phenQ)3(DMF)(H2O)2]Cl3, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ LnCl3 

(Ln = Pr, Gd, Dy) ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʭʠʥʦʥʦʤ ʚ ɼʄʌɸ (ʉʭʝʤʘ 10), ʩʧʦʩʦʙʥʳ ʠʥʪʝʨʢʘʣʠʨʦʚʘʪʴʩʷ 

ʚ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʦʪʢʨʳʚʘʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʦʩʣʝ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʪʚʝʨʜʳʭ ʧʦʨʦʰʢʦʚ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʥʦʛʠʙʨʠʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʦʡ ʜʣʷ ʯʠʩʪʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʉʭʝʤʘ 10. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ [Ln(phenQ)3(DMF)(H2O)2]Cl3. 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʬʝʥʘʥʪʨʝʥʭʠʥʦʥ ʚ ʝʛʦ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ 2016 ʛʦʜʫ (Junk, Deacon) [78]. ɺ ʦʧʠʩʘʥʥʦʡ ʨʝʘʢʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠʪʪʝʨʙʠʷ [Yb(dippForm)2(thf)2], ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʣ 

ʚ ʨʦʣʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʭʠʥʦʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʠʩ-

ʛʝʪʝʨʦʣʠʛʘʥʜʥʦʛʦ [Yb(dippForm)2(phenSQ)] ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ 

ʥʘ ʞʝʣʪʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʟʥʘʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ 

ʬʦʨʤʳ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʈʉɸ, 

ʚ ʢʦʪʦʨʦʤ ʩʨʘʚʥʠʚʘʣʠʩʴ ʜʣʠʥʳ ʩʚʷʟʝʡ OCCO ʬʨʘʛʤʝʥʪʘ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʪʘʢʦʚʳʤʠ 

ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʭʠʥʦʥʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʝʣʘʪʥʳʡ ʩʘʡʪ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, ʘ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʜʚʦʡʥʳʤʠ ʠ ʦʜʠʥʘʨʥʳʤʠ: CïC ʢʦʨʦʯʝ, ʘ CïO ʜʣʠʥʥʝʝ, ʯʝʤ ʚ ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʝ. 
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1.3.5. 4,6-ʜʠ-ʪ-ʙʫʪʠʣ-N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʦ-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥ 

(dippIQ) 

ɼʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚʩʝʛʦ ʜʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʥʦʭʠʥʦʥʘ dippIQ ʩ ʧʨʝʢʫʨʩʦʨʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ. ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ 

ʚ 2017 ʛʦʜʫ (ɹʘʨʪ) [27] ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʝʪʘʣʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʠʠʦʜʠʜ ʥʝʦʜʠʤʘ 

[NdI3(thf)3.5], ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʢʦʪʦʨʦʤʫ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩ ʥʝʡʪʨʘʣʴʥʦʡ 

ʬʦʨʤʦʡ ʣʠʛʘʥʜʘ [NdI3(
dippIQ)2]. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʠʥʪʝʨʢʘʣʷʪʘ ʢʘʣʠʷ ʩ ʛʨʘʬʠʪʦʤ KC8, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʳ ʩ ʘʥʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʣʠʛʘʥʜʘ: ʩʦʜʝʨʞʘʱʠʝ 

ʜʚʘ ʠʤʠʥʦʩʝʤʠʭʠʥʦʥʘ [NdI(dippISQ)2(thf)], ʘ ʪʘʢʞʝ ʜʚʘ ʢʘʪʝʭʦʣʘʪʥʳʭ ʣʠʛʘʥʜʘ 

[KNd(dippAP)2(thf)4]. ʂʘʪʠʦʥ ʢʘʣʠʷ ʚ ʧʦʩʣʝʜʥʝʤ ʢʦʤʧʣʝʢʩʝ ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʚʝʜʝʥ ʠʟ 

ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʚʦ ʚʥʝʰʥʶʶ ʧʨʠ ʜʝʡʩʪʚʠʠ 18-ʢʨʘʫʥ-6, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʷ [K(18-crown-6)][Nd(dippAP)2(thf)2] (ʉʭʝʤʘ 11).  

 

ʉʭʝʤʘ 11. ʉʠʥʪʝʟ ʛʦʤʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʠʤʠʥʦʭʠʥʦʥʦʚʳʤ ʣʠʛʘʥʜʦʤ. 

ʊʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʘʤʠʜʦʬʝʥʦʣʷʪʥʳʤ ʣʠʛʘʥʜʦʤ ʚ ʨʝʘʢʮʠʷʭ ʩ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʭʘʣʴʢʦʛʝʥʘʤʠ (S8, Se). ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʙʨʘʟʫʶʪʩʷ ʧʝʥʪʘʭʘʣʴʢʦʛʝʥʠʜ-ʘʥʠʦʥʳ, ʢʦʪʦʨʳʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʪʦʤʫ 

ʣʘʥʪʘʥʦʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [K(18-crown-6)][Nd(dippISQ)2(E5)] (E = S, Se) (ʉʭʝʤʘ 12).  
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ʉʭʝʤʘ 12. ʈʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʭʘʣʴʢʦʛʝʥʦʚ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʣʝʥʘ ʠʜʝʪ ʪʦʣʴʢʦ ʚ ʨʝʘʢʮʠʠ ʩ 

ʢʦʤʧʣʝʢʩʦʤ, ʚ ʢʦʪʦʨʦʤ ʢʘʣʠʡ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ (ʚ ʚʠʜʝ K(18-crown-6)+), ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʢʘʪʠʦʥʦʤ K+, ʩʚʷʟʘʥʥʳʤ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ dippAP ʣʠʛʘʥʜʦʚ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʷʚʣʷʪʴ ʦʙʨʘʪʠʤʳʝ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʟʘ ʩʯʝʪ ʥʝʩʢʦʣʴʢʠʭ ʠʤʠʥʦʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʤʠʜʦʬʝʥʦʣʷʪʥʳʤ ʣʠʛʘʥʜʦʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ.  

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʚ 2019 ʛʦʜʫ (ʂʣʝʤʝʥʪʴʝʚʘ, ɸʬʦʥʠʥ, ʃʫʢʦʷʥʦʚ, ʍʫʩʥʠʷʨʦʚ, 

ʂʦʥʯʝʥʢʦ) [79] ʧʨʠʤʝʥʷʣʩʷ ʢʘʢ ʧʨʷʤʦʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

Eu(II) ʠ Yb(II ), [Ln2(
dippAP)2(thf)]2, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ 

ʥʝʡʪʨʘʣʴʥʦʛʦ dippIQ, ʪʘʢ ʠ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʜʦʬʝʥʦʣʷʪʘ 

ʢʘʣʠʷ K2(
dippAP) ʩ ʜʠʠʦʜʠʜʘʤʠ LnI2 (ʉʭʝʤʘ 13).  

 

ʉʭʝʤʘ 13. Cʠʥʪʝʟʫ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʘʤʠʜʦʬʝʥʦʣʷʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Eu(II) ʠ Yb(II ). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʣʘʥʪʘʥʦʠʜʘ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ ʨʘʚʥʦ 5 ʠ 6 ʟʘ ʩʯʝʪ 

ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʣʠʛʘʥʜʘ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ɖ6-ʢʦʦʨʜʠʥʘʮʠʠ ʢ 

ʦʜʥʦʤʫ ʠʟ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ ʜʨʫʛʦʡ çʧʦʣʦʚʠʥʳè ʤʦʣʝʢʫʣʳ. ʉ ʧʦʤʦʱʴʶ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʠʤʝʨʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, 

ʥʦ ʫʞʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʣʠʛʘʥʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Ln III(dippISQ)(dippAP)(thf)2]. ʇʨʠʩʫʪʩʪʚʠʝ ʨʘʟʥʦʟʘʨʷʞʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʜʦʢʘʟʳʚʘʣʦʩʴ ʢʘʢ ʩ 

ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ ʚ ʤʝʪʘʣʣʦʮʠʢʣʝ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ 
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ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ. 

1.3.6. N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʦ-9,10-ʠʤʠʥʦʬʝʥʘʥʪʨʝʥʭʠʥʦʥ (phenIQ)  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʘ ʚʩʝʛʦ ʦʜʥʘ ʨʘʙʦʪʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ 2010 ʛʦʜʫ 

(ɹʦʯʢʘʨʝʚ, ʌʘʛʠʥ, ɼʨʫʞʢʦʚ, ʏʝʨʢʘʩʦʚ, ʂʘʪʢʦʚʘ, ʂʫʨʩʢʠʡ) ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʶʪʩʷ 

ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʠʤʠʥʦʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʚʳʤ ʣʠʛʘʥʜʦʤ [80]. ɺ ʥʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʨʠʩ-ʠʤʠʥʦʬʝʥʘʥʪʨʝʥʩʝʤʠʭʠʥʦʣʷʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʢʘʥʜʠʷ(III ) ʠ ʠʪʪʝʨʙʠʷ(III ) 

[Ln(dippphenISQ)3] ʧʨʷʤʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 
dippphenIQ çʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠè ʣʘʥʪʘʥʦʠʜʘʤʠ 

(ʉʭʝʤʘ 14). ɸʢʪʠʚʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʜʦ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʡʦʜʘ, ʥʝʙʦʣʴʰʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʪʦʨʦʛʦ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ ʩʦ ʩʪʨʫʞʢʦʡ ʤʝʪʘʣʣʘ. 

ɿʘʪʝʤ ʵʪʦʪ ʨʘʩʪʚʦʨ ʩʣʠʚʘʣʠ, ʤʝʪʘʣʣ ʧʨʦʤʳʚʘʣʠ ʥʝʢʦʪʦʨʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ.  

 

ʉʭʝʤʘ 14. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ dippphenIQ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ Sc ʠ Yb. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʪʦʣʴʢʦ ʚ ʪʦʣʫʦʣʝ. ʇʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʊɻʌ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠʤʝʩʴ, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʗʄʈ (ʨʘʩʪʚʦʨʠʪʝʣʴ ʊɻʌ-d8); ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʰʘʥʦʣʠʛʘʥʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩ ʩʝʤʠʭʠʥʦʣʷʪʥʦʡ ʠ ʘʤʠʜʦʬʝʥʦʣʷʪʥʦʡ ʬʦʨʤʦʡ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʘʩʪʚʦʨʝ ʊɻʌ ʦʙʝ ʬʦʨʤʳ ʩʦʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʚʥʦʚʝʩʠʠ (ʉʭʝʤʘ 15).  
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ʉʭʝʤʘ 15. ʈʘʚʥʦʚʝʩʠʝ ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʝʩʷ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ [Ln(dippphenISQ)3] ʚ ʊɻʌ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ [LnI2(
dippphenSQ)(dippphenQ)] (Ln = Nd, Dy) ʧʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʠʤʠʥʦʭʠʥʦʥʦʚ ʩ ʜʠʠʦʜʠʜʘʤʠ 

ʥʝʦʜʠʤʘ ʠ ʜʠʩʧʨʦʟʠʷ (ʉʭʝʤʘ 16), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ. ɺ 

ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʨʘʥʝʝ ʥʝ ʚʩʪʨʝʯʘʚʰʠʡʩʷ ʚ ʭʠʤʠʠ ʭʠʥʦʥʦʚ ʪʠʧ 

ʢʦʦʨʜʠʥʘʮʠʠ ï ɖ1-ʢʦʦʨʜʠʥʘʮʠʷ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʠʤʠʥʦʭʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ NCCO. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʥʝʧʦʜʝʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʘʟʦʪʘ ʠ ʠʦʜʘ, ʪʘʢ ʠ 

ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʤʝʞʜʫ ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ 

ʠ ʘʪʦʤʘʤʠ ʠʦʜʘ. 

 

ʉʭʝʤʘ 16. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʥʝʡʪʨʘʣʴʥʳʤ ʠʤʠʥʦʭʠʥʦʥʦʤ ʠ 

ʜʠʠʦʜʠʜʘʤʠ ʥʝʦʜʠʤʘ ʠ ʜʠʩʧʨʦʟʠʷ. 

1.3.7. Ŭ-ʜʠʠʤʠʥʳ. 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ ʠ, ʭʦʪʷ ʥʝ ʚʩʝ ʦʥʠ ʧʦʜʦʙʥʳ ʭʠʥʦʥʘʤ, 

ʥʦ ʪʦʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ ʙʳ ʭʦʪʝʣʠ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʝʤʠ ʠʟ ʥʠʭ, ʯʪʦ ʠʤʝʶʪ ʪʝʨʤʠʥʘʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʫ ʘʪʦʤʘ ʘʟʦʪʘ, ʯʪʦʙʳ ʜʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢʠʝ ʨʝʘʢʮʠʠ ʠ ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʡ ʜʣʷ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʣʠʛʘʥʜʦʚ 

ʚʦʦʙʱʝ ʚʦʟʤʦʞʥʳ. ɺ ʯʠʩʣʦ ʪʘʢʠʭ ʜʠʠʤʠʥʦʚ ʚʭʦʜʷʪ ʢʘʢ ʩʦʚʝʨʰʝʥʥʦ ʥʝʠʟʫʯʝʥʥʳʡ ʚ ʭʠʤʠʠ 

ʣʘʥʪʘʥʦʠʜʦʚ N,N'-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʬʝʥʘʥʪʨʝʥ-9,10-ʜʠʠʤʠʥ (ʧʦ ʜʘʥʥʳʤ CCDC 

[43]), ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ, ʪʘʢ ʠ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʘʢ 
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1,2-ʙʠʩ[(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥ (dipp-bian) ʠʣʠ ʞʝ 1,4-ʜʠʘʟʘ-1,3-

ʙʫʪʘʜʠʝʥ (DAD). ʆʜʥʘʢʦ, ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʚʚʠʜʫ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʣʠʛʘʥʜʦʚ ʠ 

ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʠʭ ˊ-ʩʠʩʪʝʤʳ ʥʝʚʦʟʤʦʞʥʦ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʠ 

ʩʪʝʭʠʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʬʝʥʘʥʪʨʝʥʜʠʠʤʠʥʦʤ. 

1.3.7.1. 1,2-ʬʝʥʠʣʝʥʜʠʘʤʠʥ 

ɺ ʨʷʜʫ ʩ ʦʩʪʘʣʴʥʳʤʠ Ŭ-ʜʠʠʤʠʥʘʤʠ (ʪʘʢʠʤʠ ʢʘʢ dipp-bian ʠʣʠ DAD) ʜʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤʫ ʚ ʨʘʙʦʪʝ ʬʝʥʘʥʪʨʝʥʜʠʠʤʠʥʫ. 

ʂʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʚʩʝʛʦ 3 ʩʪʘʪʴʠ ʩ ʵʪʠʤ ʣʠʛʘʥʜʦʤ. 

ɺ ʦʜʥʦʡ ʠʟ ʥʠʭ ʚ 1976 ʛʦʜʫ (Ramachandra, Patil) [29] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ  ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ (L) ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ 

[LnL3]Cl3ĿʭH2O (Ln = Y, La, Pr, Nd, Sm, Gd). ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʃʠʛʘʥʜ L ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʷʚʣʷʝʪʩʷ ʙʠʜʝʥʪʘʪʥʳʤ. 

ɺ 1994 ʛʦʜʫ (Subhedar, Ramachandra) ʚ ʨʘʙʦʪʝ [30] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ La(III), Pr(III), Nd(III), Sm(III), Gd(III) ʠ Dy(III) [LnL1
nL

2
3Cl2]Cl 

(L1 = C6H4(NH2)2, n = 3; 2,2'-bipy, n = 2; L2 = ʉ7H8N2S, C13H12N2S) ʩ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ ʠʣʠ 

2,2'-ʙʠʧʠʨʠʜʠʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʣʠʛʘʥʜʦʚ, ʘ N-ʬʝʥʠʣʪʠʦʤʦʯʝʚʠʥʘ ʠʣʠ N,N'-

ʜʠʬʝʥʠʣʪʠʦʤʦʯʝʚʠʥʘ ʚʳʩʪʫʧʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

UV-Vis ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʇʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʭ ʨʘʩʪʚʦʨʦʚ. 

ʇʨʠʨʦʜʘ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʯʝʨʝʟ 

ʘʪʦʤʳ ʘʟʦʪʘ, ʷʚʣʷʷʩʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʜʝʥʪʘʪʥʳʤʠ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʠʛʘʥʜʳ ʧʨʠ ʵʪʦʤ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʯʝʨʝʟ ʘʪʦʤ S, ʠ ʷʚʣʷʶʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ. 

ɺ 2011 ʛʦʜʫ (Su, He, Qi, Wang) ʚ ʨʘʙʦʪʝ [31] ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʘ 

ʥʝʦʜʠʤʘ(III) NdL5 (L = ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥ), ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʚʩʝʭ 

ʣʠʛʘʥʜʦʚ ʤʦʥʦʜʝʥʪʘʥʪʥʦ, ʪʨʠ ʠʟ ʥʠʭ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ. 

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ, ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ 

ʪʘʢʞʝ ʙʳʣ ʟʘʧʠʩʘʥ ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʵʤʠʩʩʠʠ 

ʧʨʠ 543.7 ʥʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʟʘʧʠʩʘʥʘ 

ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ), ʚ 

ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʣʠʩʴ ʧʝʨʝʭʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ ï0.4ï0.4 ɺ. 
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1.3.7.2. 1,4-ʜʠʘʟʘ-1,3-ʙʫʪʘʜʠʝʥ (DAD) 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʜʠʠʤʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ. ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DAD ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ ʙʳʣʘ 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 1986 ʛʦʜʫ (Cloke, [81]). ɺ ʥʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠʩ-ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ 

ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʠʪʪʨʠʷ, ʥʝʦʜʠʤʘ, ʩʘʤʘʨʠʷ ʠ ʠʪʪʝʨʙʠʷ Ln(tBuDAD)3 ʩ 

ʧʦʤʦʱʴʶ ʪʝʭʥʠʢʠ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʘ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. ɺ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ ʘʪʦʤ 

ʣʘʥʪʘʥʦʠʜʘ ʥʘʭʦʜʠʣʩʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 0, ʪʘʢʦʡ ʚʳʚʦʜ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʗʄʈ ʠ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ 

ʧʦʧʳʪʢʠ ʚʳʨʘʩʪʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʚʘʣʠʣʠʩʴ. ʇʨʠ ʵʪʦʤ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦʤʥʠʪʝʣʴʥʘ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ˊ-ʩʠʩʪʝʤʳ ʣʠʛʘʥʜʘ. ʇʦʟʞʝ ʚ 1989 ʛʦʜʫ (ʊʨʠʬʦʥʦʚ, ʏʝʨʢʘʩʦʚ, ɹʦʯʢʘʨʝʚ) ʙʳʣ 

ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ Yb(tBuDAD)2, ʢʦʪʦʨʳʡ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʕʇʈ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [82]. ɼʘʣʝʝ ʚ 1995 ʛʦʜʫ (ʊʨʠʬʦʥʦʚ, ɹʦʯʢʘʨʝʚ, Cloke, 

Schumann), ʚ ʧʦʧʳʪʢʘʭ ʧʦʚʪʦʨʠʪʴ ʨʝʟʫʣʴʪʘʪ, ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣ ʚʳʜʝʣʝʥ ʠ 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥ Yb(tBuDAD)3 [83]. ʆʙʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʬʪʘʣʝʥʠʜʘ ʠʪʪʝʨʙʠʷ (C10H8)Yb(thf)3, ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʣ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʩ ʥʝʡʪʨʘʣʴʥʳʤ tBuDAD (ʫʨʘʚʥʝʥʠʝ 1).  

 

ʂʨʦʤʝ ʪʦʛʦ, ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʚʦʜʠʪ ʠʦʥʦʦʙʤʝʥʥʘʷ ʨʝʘʢʮʠʷ YbCl3 ʩ 

K(tBuDAD) (ʫʨʘʚʥʝʥʠʝ 2). ʉ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 5 ʜʦ  

300 ʂ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦʤʠʥʠʨʫʝʪ 

ʜʚʫʭʚʘʣʝʥʪʥʘʷ ʬʦʨʤʘ ʠʪʪʝʨʙʠʷ ʚ ʢʦʤʧʣʝʢʩʝ [Yb II(tBuDADï)2(
tBuDAD)]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʝʨʝʭʦʜʠʪ ʚ [YbIII (tBuDADï)3]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʨʝʜʦʢʩ-

ʠʟʦʤʝʨʠʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ɺ ʧʦʧʳʪʢʘʭ ʧʦʣʫʯʠʪʴ ʩʤʝʰʘʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʤ, ʚ 2003 ʛʦʜʫ 

(ʊʨʠʬʦʥʦʚ, ʂʫʨʩʢʠʡ, ɹʦʯʢʘʨʝʚ, Schumann) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʜʦʚ 

ʠʪʪʝʨʙʠʷ ʩ tBuDAD. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ [YbCp*2(thf)2] ʥʘʙʣʶʜʘʣʩʷ 

ʨʝʜʦʢʩ-ʧʨʦʮʝʩʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʣʠʛʘʥʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 

[YbCp*2(
tBuDADï)] ʩ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʦʡ ʜʠʘʟʘʙʫʪʘʜʠʝʥʘ (ʉʭʝʤʘ 17) [84].  
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ʉʭʝʤʘ 17. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ tBuDAD ʩ ʧʦʤʦʱʴʶ [Cp*2Yb(thf)2]. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʘʙʠʣʝʥ ʪʦʣʴʢʦ ʚ ʥʝʢʦʦʨʜʠʥʠʨʫʶʱʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʩʣʫʯʘʝ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʊɻʌ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦʝ ʟʘʤʝʱʝʥʠʝ 

ʤʦʣʝʢʫʣʳ DAD ʥʘ ʜʚʝ ʤʦʣʝʢʫʣʳ ʊɻʌ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 9-ʬʣʫʦʨʝʥʦʥʦʤ. 

ʆʞʠʜʘʣʦʩʴ, ʯʪʦ, ʙʫʜʫʯʠ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ, ʬʣʫʦʨʝʥʦʥ ʦʢʠʩʣʠʪ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ ʠ 

ʟʘʤʝʩʪʠʪ ʝʛʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʆʜʥʘʢʦ, ʢʨʦʤʝ ʦʢʠʩʣʝʥʠʷ ʧʨʦʠʟʦʰʣʘ 

ʧʠʥʘʢʦʣʠʥʦʚʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʬʣʫʦʨʝʥʦʥʘ, ʘ ʪʘʢʞʝ ʫʭʦʜ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʦʜʥʦʛʦ 

ʣʠʛʘʥʜʘ Cp*ï (ʉʭʝʤʘ 18). 

 

ʉʭʝʤʘ 18. ʇʠʥʘʢʦʣʠʥʦʚʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʬʣʫʦʨʝʥʦʥʘ ʧʨʠ ʨʝʘʢʮʠʠ ʩ [YbCp* 2(tBuDADï)]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʜʦʣʞʝʥʠʷ ʚ 2004 ʛʦʜʫ (ʊʨʠʬʦʥʦʚ, ʌʫʢʠʥ, ɼʨʫʞʢʦʚ, ɹʦʯʢʘʨʝʚ) ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʙʦʣʝʝ ʦʙʲʝʤʥʳʡ ʜʠʘʟʘʙʫʪʘʜʠʝʥ ʩ 2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʘʪʦʤʘ ʘʟʦʪʘ [85], ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʠʩʧʳʪʘʣʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

ʨʝʘʢʮʠʷʭ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʠʩʬʣʫʦʨʝʥʠʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ 

ʧʨʝʢʫʨʩʦʨʘ [Yb(C13H9)2(thf)2] ʩ ʦʙʲʝʤʥʳʤ ʜʠʘʟʘʜʠʝʥʦʤ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʣʦ 

ʥʝ ʢ ʦʢʠʩʣʝʥʠʶ ʘʪʦʤʘ ʠʪʪʝʨʙʠʷ, ʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʚʫʭʚʘʣʝʥʪʥʳʤ Yb. ʊʘʢ, ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ [Yb(C13H9)2(thf)2] ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʤ dippDADMe 

ʬʣʫʦʨʝʥʠʣ-ʘʥʠʦʥ ʜʝʧʨʦʪʦʥʠʨʦʚʘʣ ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʫ ʘʪʦʤʘ ʘʟʦʪʘ (ʘʢʪʠʚʘʮʠʷ ʉïʅ 

ʩʚʷʟʠ) c ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʉʅ2. 

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 2008 ʛʦʜʫ (Stasch, Woodul) ʚ ʨʘʙʦʪʝ [86]. ɺ ʥʝʡ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʚʷʟʴʶ ʤʝʪʘʣʣïʤʝʪʘʣʣ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʥʠʦʥʥʳʡ ʛʝʪʝʨʦʮʠʢʣ ʩ ʛʘʣʣʠʝʤ(I) 

[:Ga(ArNCH)2]
ï, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʘʣʝʥʪʥʳʤ ʠʟʦʵʣʝʢʪʨʦʥʥʳʤ ʘʥʘʣʦʛʦʤ  

N-ʛʝʪʝʨʦʮʠʢʣʠʯʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ [K(tmeda)][Ga(ArDAD)]  

(Ar = dipp) ʩ ʠʦʜʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ LnI2(thf)n (Ln = Sm, Eu, Yb, Tm) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦ ʩʚʷʟʴʶ GaïLn (ʉʭʝʤʘ 19). ʈʝʘʢʮʠʷ ʩ ʠʦʜʠʜʦʤ ʪʫʣʠʷ 

ʧʨʠʚʦʜʠʣʘ ʢ ʜʨʫʛʦʤʫ ʧʨʦʜʫʢʪʫ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʜʚʘʞʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʳʡ ʣʠʛʘʥʜ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʜʥʦʛʦ ʛʘʣʣʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʪʫʣʠʝʤ ʠ ʦʩʘʞʜʝʥʠʝʤ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʛʘʣʠʷ. ʕʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʧʝʨʚʦʡ, ʛʜʝ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʦ 

ʩʚʷʟʴʶ GaïSm ʠ GaïTm.  

 

ʉʭʝʤʘ 19. ʉʠʥʪʝʟ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʚʷʟʴʶ GaïLn. 

ɼʘʣʴʥʝʡʰʘʷ ʭʠʤʠʷ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʨʘʟʥʦʦʙʨʘʟʠʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʪʝʨʝʩʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʜʠʘʥʠʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʣʠʛʘʥʜʘ. ɺ 2009 ʛʦʜʫ (ʄʘʭʨʦʚʘ, ʌʫʢʠʥ, 

ʏʝʨʢʘʩʦʚ, ʊʨʠʬʦʥʦʚ) ʚ ʨʘʙʦʪʝ [87] ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ dippDAD ʩ 

ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʣʠʪʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʠʣʠʪʠʝʚʘʷ ʩʦʣʴ. ɿʘʪʝʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʭʣʦʨʠʜʦʤ ʠʪʪʨʠʷ(III), ʙʳʣ ʚʳʜʝʣʝʥ çʘʪè-ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʤʦʩʪʠʢʦʚʳʡ 

ʭʣʦʨ ʩʚʷʟʳʚʘʝʪ ʘʪʦʤ ʠʪʪʨʠʷ ʩ ʘʪʦʤʦʤ ʣʠʪʠʷ, ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʤ ʊɻʌ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ 

ʵʪʦʤʫ ʚ 2010 ʛʦʜʫ (Panda, Kaneko, Mashima), ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʜʣʷ 

ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ LnCl3 (Ln = Y, Yb, La) ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 
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ʜʚʫʭʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ, ʩʚʷʟʳʚʘʶʱʠʤʠ ʜʚʘ ʘʪʦʤʘ 

ʣʘʥʪʘʥʦʠʜʘ ʙʝʟ ʚʥʝʜʨʝʥʠʷ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ (ʉʭʝʤʘ 20) [88].  

 

ʉʭʝʤʘ 20. ʀʦʥʦʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʢʘʣʠʝʚʦʡ ʩʦʣʴʶ dippDAD ʠ ʛʘʣʦʛʝʥʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʦʤʧʣʝʢʩʳ ʠʪʪʨʠʷ ʠ ʠʪʪʝʨʙʠʷ ʠʤʝʶʪ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʡ ʤʝʪʘʣʣʦʮʠʢʣ LnNCCN, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ ʣʘʥʪʘʥʘ, 

ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʙʦʣʴʰʝʛʦ ʨʘʜʠʫʩʘ, ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ N1ïMïN2 ʠ N1ïC1ïC2ïN2 

ʨʘʚʝʥ 130.1Á, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʦʤ ʣʘʥʪʘʥʘ ʠ ʬʨʘʛʤʝʥʪʦʤ ʉ1=ʉ2 ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʨʦʪʢʦʝ (~2.7 ) ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʘʢʪʘ. 

ʀʥʪʝʨʝʩʥʦʝ ʩʚʦʡʩʪʚʦ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 2011 ʛʦʜʫ (Chen, 

Song) ʚ ʨʘʙʦʪʝ [89], ʛʜʝ ʠʟʫʯʘʣʠʩʴ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʙʠʩ-ʘʤʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ [Ln(LPh)2{ K(Et2O)} 2] [Ln = Sm, Yb; LPh = Ph2Si(N-2,6-iPr2C6H3)
2ï]. ɼʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚʚʦʜʠʣʠʩʴ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʩ ʥʝʡʪʨʘʣʴʥʳʤ dippDAD 

(ʉʭʝʤʘ 21), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʰʘʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Ln(LPh)(dippDAD)K]n ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ 1D ʮʝʧʦʯʢʫ ʪʠʧʘ 

çʟʠʛʟʘʛè ʧʦʩʨʝʜʩʪʚʦʤ ˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʭʠʥʦʥʦʚʳʤʠ ʮʠʢʣʘʤʠ 

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʢʘʪʠʦʥʘ ʢʘʣʠʷ (ʈʠʩʫʥʦʢ 7). 

 

ʉʭʝʤʘ 21. ʉʠʥʪʝʟ ʩʤʝʰʘʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Ln(LPh)(dippDAD)K]n. 
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ʈʠʩʫʥʦʢ 7. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Sm(LPh)(dippDAD)K]n. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ, ʣʠʛʘʥʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ, ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ -́ʢʦʦʨʜʠʥʘʮʠʷ. 

ɺ 2013 ʛʦʜʫ (ʃʶʙʦʚ, ʄʘʭʨʦʚʘ, ʌʫʢʠʥ, ʏʝʨʢʘʩʦʚ, ʊʨʠʬʦʥʦʚ, Cui) ʚ ʨʘʙʦʪʝ [90] ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʠʥʪʝʨʝʩʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʳʤ ʣʠʛʘʥʜʦʤ 

[LnCl2(
dippDADMe)(thf)2] (Ln = Y; Lu; dippDADMe = 1,4-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-2,3-

ʜʠʤʝʪʠʣ-1,4-ʜʠʘʟʘ-1,3-ʙʫʪʘʜʠʝʥ), ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʨʝʘʢʮʠʠ ʣʠʪʠʝʚʦʡ ʩʦʣʠ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʳ ʣʠʛʘʥʜʘ ʩ ʭʣʦʨʠʜʦʤ ʣʘʥʪʘʥʦʠʜʘ. ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʣʝʛʢʦ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩ LiCH2SiMe3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠc-ʘʣʢʠʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ [Ln(ʉH2SiMe3)2(
dippDADMe)(thf)2]. ɹʠʩ-ʘʣʢʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʠʪʪʨʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʨʳʚʫ ʩʚʷʟʝʡ 

ʉïʆ ʚ ɼʄʕ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʝʜʢʦʛʦ ʘʣʢʦʢʩʠ-ʘʣʢʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

[Y(ʉH2SiMe3)(Õ-OMe)(dippDADMe)]2 (ʉʭʝʤʘ 22). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʠʩ-ʘʣʢʠʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʢʘʢ ʠʪʪʨʠʷ, ʪʘʢ ʠ ʣʶʪʝʮʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ Al(iBu)3 ʠ ʙʦʨʘʪʦʤ  

(ʙʦʨʘʪ = [HNMe2Ph][B(C6F5)4] ʠ [CPh3][B(C6F5)4]) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟʦʧʨʝʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʧʦʣʠʠʟʦʧʨʝʥʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ 3,4-ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʜʦ 78%) ʠ ʫʤʝʨʝʥʥʦʡ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ. 
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ʉʭʝʤʘ 22. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Ln(ʉH2SiMe3)2(dippDADMe)(thf)2] ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʙʠʩ-ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʪʪʨʠʷ 

ɺ ɻ ʪʦʤ ʞʝ ʛʦʜʫ (Lorenz, Edelmann) ʚ ʨʘʙʦʪʝ [91] ʙʳʣ ʧʦʣʫʯʝʥ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʳʡ 

ʢʦʤʧʣʝʢʩ ʛʦʣʴʤʠʷ ʧʨʠ ʫʯʘʩʪʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

[M(dippDAD)2(DME)] (M = Ba Sr), ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʜʠʘʟʘʙʫʪʘʜʠʝʥʘ ʩ ʤʝʪʘʣʣʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʣʘʥʪʘʥʦʠʜʘ ʙʳʣ ʚʳʙʨʘʥ 

ʛʝʪʝʨʦʙʠʤʝʪʠʣʠʯʝʩʢʠʡ ʜʠʩʠʣʦʢʩʘʥʜʠʦʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʛʦʣʴʤʠʷ 

[Ho{( Ph2SiO)2O} 2{ Li (thf)2} 2]Cl, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʩʭʦʞʘ ʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ 

ʤʝʪʘʣʣʦʮʝʥʘʤʠ ʪʠʧʘ [LnCp*2Cl(thf)], ʪʘʢ ʢʘʢ ʛʦʣʴʤʠʡ ʚ ʚʠʜʫ ʝʛʦ ʙʦʣʴʰʦʛʦ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʚʳʭʦʜʠʪ ʠʟ ʧʣʦʩʢʦʩʪʠ 12-ʯʣʝʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ Si4O6Li2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ [Ho(dippDAD){( Ph2SiO)2O} 2{ Li (thf)2} 2] (ʉʭʝʤʘ 23) ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʢʘʟʘʥ ʧʝʨʝʥʦʩ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʛʦ dippDAD ʩ ɦʝʣʦʯʥʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ 

ʥʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ, ʢʦʤʧʣʝʢʩ ʣʘʥʪʘʥʦʠʜʘ 

ʙʳʣ ʪʘʢʞʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʕʇʈ. 

 

ʉʭʝʤʘ 23. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Ho(dippDAD){( Ph2SiO)2O} 2{ Li (thf)2} 2]. 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʜʦʙʥʦʡ ʨʝʘʢʮʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʝʚʨʦʧʠʷ, ʧʦʣʫʯʘʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʨʝʟʫʣʴʪʘʪ [92]. ʆʙʨʘʟʫʝʪʩʷ ʥʝʦʙʳʯʥʳʡ 

ʩʤʝʰʘʥʦʚʘʣʝʥʪʥʳʡ EuIII /EuII ʜʠʩʠʣʦʢʩʘʥʜʠʦʣʘʪʥʳʡ ʢʣʘʩʪʝʨ 

[{ (Ph2SiO)2O} 6EuII
4EuIII

2Li 4O2Cl2], ʛʜʝ ʯʝʪʳʨʝ ʘʪʦʤʘ ʝʚʨʦʧʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

+2, ʘ ʜʚʘ ï ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +3 (ʉʭʝʤʘ 24). ʊʦʯʥʦ ʦʙʲʷʩʥʠʪʴ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʣʴʟʷ, 

ʦʜʥʘʢʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʠʣʴʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ (dippDAD)2Ba(DME) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʯʘʩʪʴ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʝʚʨʦʧʠʷ ʜʦ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʙʳʣ 

ʥʘʡʜʝʥ ʥʝʡʪʨʘʣʴʥʳʡ ʜʠʘʟʘʙʫʪʘʜʠʝʥ. 

 

 

ʉʭʝʤʘ 24. ʈʝʘʢʮʠʷ [M(dippDAD)2(DME)] ʩ [Eu{( Ph2SiO)2O} 2{ Li (thf)2} 2]Cl. 

ɺ 2016 ʛʦʜʫ (Li , Song, Cui) ʚ ʨʘʙʦʪʝ [93] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʩ ʜʚʫʤʷ 

ʬʨʘʛʤʝʥʪʘʤʠ ʩʘʤʘʨʠʷ ʩ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʳʤ ʣʠʛʘʥʜʦʤ ʚ ʜʠʘʥʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

[Sm(dippDADMe)(ɛ-OMe)(DME)]2, ʩʚʷʟʘʥʥʳʭ ʜʚʫʤʷ ʤʝʪʦʢʩʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʧʦʩʦʙʝʥ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ 

ʬʝʥʠʣʩʠʣʘʥʦʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʩʪʠʨʦʣʘ ʠ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʝʥʦʚ (ʉʭʝʤʘ 25). ʈʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʚʰʘʷʩʷ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ (>99,0%) ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʘʣʢʝʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʦʜʫʢʪʳ ʧʦ ʧʨʘʚʠʣʫ ʄʘʨʢʦʚʥʠʢʦʚʘ ʠ ʘʥʪʠ-ʄʘʨʢʦʚʥʠʢʦʚʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʪʠʨʦʣʘ ʧʨʠʚʦʜʠʣʘ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʠʭ ʦʣʠʛʦʩʪʠʨʦʣʦʚ ʩ ʢʦʥʮʝʚʳʤʠ ʩʠʣʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 
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ʉʭʝʤʘ 25. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Sm(dippDADMe)(ɛ-OMe)(DME)]2 ʠ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ DFT ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩ 

ʬʝʥʠʣʩʠʣʘʥʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʘʤʘʨʠʷ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʠ ʨʝʘʛʠʨʫʝʪ ʩ ʩʫʙʩʪʨʘʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʯʝʪʳ ʜʘʶʪ ʧʦʥʷʪʴ, ʯʪʦ ʚ 

ʧʨʝʚʨʘʱʝʥʠʷʭ ʢʘʢ ʩʘʤʘʨʠʡ, ʪʘʢ ʠ ʜʠʘʥʠʦʥʥʳʡ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʳʡ ʣʠʛʘʥʜ ʠʛʨʘʶʪ ʦʯʝʥʴ 

ʚʘʞʥʫʶ ʨʦʣʴ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʪʝʨʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ʕʪʘ ʞʝ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʚ 2017 ʛʦʜʫ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʘ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʝ ʠʤʠʥʦʚ 

[94] ʠ ʦʙʥʘʨʫʞʠʣʘ, ʯʪʦ ʦʧʠʩʘʥʥʳʡ ʨʘʥʝʝ ʩʘʤʘʨʠʝʚʳʡ ʢʦʤʧʣʝʢʩ ʩʧʦʩʦʙʝʥ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʵʪʫ ʨʝʘʢʮʠʶ (ʉʭʝʤʘ 26). ʇʨʠ ʵʪʦʤ, DFT ʨʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʘʷ ʘʢʪʠʚʘʮʠ ̫ ʩʚʷʟʠ SmïO ʬʦʩʬʠʥʦʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠ ̫

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ. 

 

ʉʭʝʤʘ 26. ɻʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʝ ʠʤʠʥʦʚ ʩ ʧʦʤʦʱʴʶ [Sm(dippDADMe)(ɛ-OMe)(DME)]2. 
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ʀʥʪʝʨʝʩʥʘʷ ʨʘʙʦʪʘ [95] ʙʳʣʘ ʩʜʝʣʘʥʘ ʚ 2018 ʛʦʜʫ (Li , Cui) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʘʤʘʨʠʷ [SmCH2SiMe3(
dippDADMe)(thf)2], ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʜʚʝ 

ʩʪʘʜʠʠ (ʉʭʝʤʘ 27). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʜʠʘʟʘʙʫʪʘʜʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʘʤʘʨʠʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʦʚʠʥʳ ʵʢʚʠʚʘʣʝʥʪʘ 

I2. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʝʡ ʤʝʪʘʪʝʟʠʩʘ ʩ KCH2SiMe3 ʙʳʣ ʧʦʣʫʯʝʥ ʠʩʢʦʤʳʡ ʢʦʤʧʣʝʢʩ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ 

ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʘʨʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʘʣʢʝʥʦʚ ʩ ʦʩʥʦʚʥʳʤʠ ʩʠʣʘʥʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʛʠʜʨʠʜ-ʘʥʠʦʥʘʤʠ 

[(dippDADMe)(thf)Sm(ɛ-H)2(ɛ-thf)Sm(thf)(dippDADMe)], ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʠ ʫʯʘʩʪʚʫʝʪ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ (ʉʭʝʤʘ 28). ʇʦʜʦʙʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʥʪʘʥʘ [96]. 

 

 

ʉʭʝʤʘ 27. ʉʠʥʪʝʟ ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʘʤʘʨʠʷ [SmCH2SiMe3(dippDADMe)(thf)2] ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʛʠʜʨʠʜ-ʘʥʠʦʥʘʤʠ. 
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ʉʭʝʤʘ 28. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʩ ʫʯʘʩʪʠʝʤ [SmCH2SiMe3(dippDADMe)(thf)2]. 

ʂʨʦʤʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ, ʩʦʝʜʠʥʝʥʠʷ ʩ DAD ʣʠʛʘʥʜʦʤ 

ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ (SMM). ʊʘʢ, ʚ 2017 

ʛʦʜʫ (Long, ʏʝʨʢʘʩʦʚ, ʌʫʢʠʥ, ʊʨʠʬʦʥʦʚ, ʃʘʨʠʦʥʦʚʘ) ʚ ʨʘʙʦʪʝ [8] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʦʤʧʣʝʢʩʳ [Li (DME)3][Ln(dippDAD)2] (Ln = Dy, Tb ʠ Er) ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ ʤʝʪʘʪʝʟʠʩʘ 

ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʣʠʪʠʝʚʦʡ ʩʦʣʠ, ʧʦʣʫʯʝʥʥʦʡ in situ, [Li 2(thf)n(
dippDAD)], ʩ LnCl3 ʚ ʊɻʌ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʉʭʝʤʘ 29). ʀʦʥʳ Dy3+ ʠ Tb3+ ʠʤʝʶʪ çʩʞʘʪʫʶè ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʠ, ʧʨʠ ʧʦʜʭʦʜʷʱʝʤ ʘʢʩʠʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʦʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʜʘʥʥʳʡ ʪʠʧ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ SMM [9]. ʂʨʦʤʝ 

ʪʦʛʦ, ʣʠʛʘʥʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʤʠ, ʯʪʦʙʳ ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʴʰʦʤʫ 

ʨʘʩʱʝʧʣʝʥʠʶ ʪʝʨʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ, ʩ ʯʝʤ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ DAD. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʜʠʩʧʨʦʟʠʷ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʠʩʪʠʥʥʦʛʦ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʘʛʥʝʪʠʢʘ (ʈʠʩʫʥʦʢ 8), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʨʙʠʝʚʳʡ ʢʦʤʧʣʝʢʩ ʧʦʢʘʟʳʚʘʝʪ ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʤʝʜʣʝʥʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʂʦʤʧʣʝʢʩ ʵʨʙʠʷ ʥʝ 

ʧʦʢʘʟʳʚʘʝʪ ʥʠʢʘʢʠʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ çʚʳʪʷʥʫʪʦʡè ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ.  
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ʉʭʝʤʘ 29. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʮʠʡ ʤʝʪʘʪʝʟʠʩʘ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ [Li (DME)3][Ln(dippDAD)2]. 

 

ʈʠʩʫʥʦʢ 8. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʥʝʬʘʟʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ɢn, ʧʦʣʫʯʝʥʥʘʷ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʣʷ [Li (DME)3][Dy(dippDAD)2]. ɺʩʪʘʚʢʘ: ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʧʨʠ 0 Oe (1.8-22 K) ʠ 3500 Oe (5.9-23 K) [8]. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʜʘʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʘ [Li (DME)3][Dy(dippDAD)2], 

ʧʦʢʘʟʘʚʰʝʛʦ ʩʚʦʡʩʪʚʘ SMM ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʫʨʦʚʥʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʧʦʣʝ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʤʘʥʦʚʩʢʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʜʦʤʠʥʠʨʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʨʝʣʘʢʩʘʮʠʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʧʠʥ-ʬʦʥʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʫʚʝʣʠʯʠʪʴ ʤʘʛʥʠʪʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ ʩʦʟʜʘʪʴ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʣʫʩʵʥʜʚʠʯʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʜʠʩʧʨʦʟʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʦʚʤʝʱʝʥʠʷ ʦʙʲʝʤʥʳʭ DAD ʣʠʛʘʥʜʦʚ, ʜʘʶʱʠʭ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ DyïN, ʘ ʪʘʢʞʝ 

ʞʝʩʪʢʠʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚʳʭ Cp* ʣʠʛʘʥʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʚ 2019 ʛʦʜʫ (Long, ʏʝʨʢʘʩʦʚ, 

ʊʨʠʬʦʥʦʚ, ʃʘʨʠʦʥʦʚʘ) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ [Dy(dippDADMe)Cp*( thf)] ʠ 

[Li (thf)3][Dy(dippDADMe)Cp*Cl] [97] ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʜʠʘʟʘʙʫʪʘʜʠʝʥʘ ʩ 

ʭʣʦʨʠʜʦʤ ʜʠʩʧʨʦʟʠʷ ʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʜʦʤ ʢʘʣʠʷ ʠʣʠ ʣʠʪʠʷ (ʉʭʝʤʘ 30). ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ SMM-ʧʦʚʝʜʝʥʠʝ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ, ʥʦ ʨʘʟʣʠʯʥʫʶ ʜʠʥʘʤʠʢʫ ʨʝʣʘʢʩʘʮʠʠ, 

ʚʦʟʥʠʢʘʶʱʫʶ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ Cp* ʠ DAD ʣʠʛʘʥʜʦʚ. 
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ʉʭʝʤʘ 30. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Li (thf)3][Dy(dippDADMe)Cp*Cl]. 

1.3.7.3. 1,2-ʙʠʩ[(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥ (dipp-bian) 

ʇʝʨʚʳʝ ʜʚʝ ʨʘʙʦʪʳ, ʛʜʝ ʠʟʫʯʘʣʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ 

ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

2007 ʛʦʜʫ. ɺ ʦʜʥʦʡ ʠʟ ʥʠʭ (Schumann, Hummert, ʃʫʢʦʷʥʦʚ, ʌʝʜʶʰʢʠʥ) ʩ ʧʦʤʦʱʴʶ 

ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʭʣʦʨʠʜʘ ʥʝʦʜʠʤʘ ʠ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʣʠʛʘʥʜʘ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ 

[Nd(dipp-bian)Cl(thf)2]2 ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ [98]. ʇʦʜʦʙʥʳʡ ʢʦʤʧʣʝʢʩ, ʥʦ ʩ 

ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʤʦʥʦʘʥʠʦʥʥʳʤ ʣʠʛʘʥʜʦʤ [Ca(dipp-bian)(ɛ-I)(thf)2]2 ʙʳʣ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥ ʠ ʜʣʷ ʢʘʣʴʮʠʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʩ ʜʠʘʥʠʦʥʥʦʡ ʬʦʨʤʦʡ ʣʠʛʘʥʜʘ 

[Ca(dipp-bian)(thf)4] 0.5 ʵʢʚʠʚʘʣʝʥʪʘʤʠ I2 ʚ ʊɻʌ (ʉʭʝʤʘ 31). 

 

ʉʭʝʤʘ 31. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Nd(dipp-bian)Cl(thf)2]2 ʩ ʜʠʘʥʠʦʥʥʦʡ ʬʦʨʤʦʡ dipp-bian ʠ 

[Ca(dipp-bian)(ɛ-I)(thf)2]2 ʩ ʤʦʥʦʘʥʠʦʥʥʦʡ ʬʦʨʤʦʡ ʣʠʛʘʥʜʘ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ (Vasudevan, Cowley) ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʣʘʥʪʘʥʦʮʝʥʦʚ 

LnCp*2(Et2O)2 (Ln = Sm, Eu) ʠ Rïbian (R = Mes, t-Bu, p-MeO, dipp) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʤʧʣʝʢʩʳ [SmCp*2(mes-bian)], [EuCp*2(t-Bu-bian)], [EuCp* 2(p-MeO-bian)] ʠ  

[SmCp*(dipp-bian)(thf)] (ʈʠʩʫʥʦʢ 10) [99]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʣʠʛʘʥʜʝ ʥʝ ʥʘʙʣʶʜʘʣʩʷ ʨʝʜʦʢʩ-ʧʨʦʮʝʩʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʧʝʨʝʥʦʩʫ ʵʣʝʢʪʨʦʥʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ. ɺ ʩʣʫʯʘʝ 

ʤʝʟʠʪʠʣʴʥʳʭ ʠ ʧʘʨʘ-ʤʝʪʦʢʩʠʬʝʥʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʠʛʘʥʜʘ 

ʜʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʳ ʠ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʲʝʤʥʦʛʦ bian ʩ 

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʠʛʘʥʜʘ ʥʘ ʜʚʘ 
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ʵʣʝʢʪʨʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʠʟʤʝʥʷʷ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʦʚʦʤ ʣʠʛʘʥʜʝ. 

 

 

ʈʠʩʫʥʦʢ 9. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [SmCp* 2(mes-bian)], [EuCp* 2(tBu-bian)], [EuCp* 2(p-MeO-bian)] ʠ 

[SmCp*(dipp-bian)(thf)]. 

ʋʞʝ ʚ 2009 ʛʦʜʫ (ʌʝʜʶʰʢʠʥ, ʄʘʩʣʦʚʘ, ʐʘʚʳʨʠʥ) ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ  

[Yb(dipp-bian)(DME)(ɛ-Br)]2, ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʙʨʦʤʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʜʝʡʩʪʚʠʠ 0.5 

ʵʢʚʠʚʘʣʝʥʪʘ Br2 ʥʘ [Yb(dipp-bian)(DME)2], ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʦʢʩ-

ʠʟʦʤʝʨʠʠ ʚ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [25]. ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʚʰʠʡʩʷ ʚ ʭʠʤʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʘ ʩ ʣʠʛʘʥʜʘ ʥʘ 

ʤʝʪʘʣʣ ʠ ʦʙʨʘʪʥʦ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩʫʥʦʢ 10). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +5Áʉ ʚ 

ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʩʷ ʧʠʢ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 683 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʣʠʯʠʶ ʜʠʘʥʠʦʥʘ 

dipp-bian ʚ ʨʘʩʪʚʦʨʝ. ʇʨʠ ʧʦʚʝʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʧʣʦʪʴ ʜʦ +95Áʉ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʤʝʥʴʰʝʥʠʝ ʧʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 683 ʥʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 510 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʚ 2015 ʛʦʜʫ (ʌʝʜʶʰʢʠʥ, ʉʢʘʪʦʚʘ, 

ʗʤʙʫʣʘʪʦʚ, ʏʝʨʢʘʩʦʚ) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ  

[Eu(dipp-bian)(ɛ-Cl)(dme)]2 ʠ [Eu(dipp-bian)(ɛ-Br)(dme)]2 ʥʝ ʧʨʦʷʚʣʷʶʪ ʵʬʬʝʢʪʘ ʨʝʜʦʢʩ 

ʠʟʦʤʝʨʠʠ, ʯʪʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʧʦʪʝʥʮʠʘʣʦʚ ʧʝʨʝʭʦʜʘ ʧʘʨ 

Eu2+/Eu3+ (ï0.35 ɺ) ʠ (dipp-bian)2ï/(dipp-bian)ï (ï1.1 ɺ) [100]. 
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ʈʠʩʫʥʦʢ 10. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ [Yb(dipp-bian)(DME)(ɛ-Br)]2 ʚ ɼʄʕ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘʬʪʘʣʠʥʦʚʘʷ ʯʘʩʪʴ ʣʠʛʘʥʜʘ dipp-bian ʥʝ ʧʦʢʘʟʘʥʘ [25]. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʚ (ʌʝʜʶʰʢʠʥ, ʄʘʩʣʦʚʘ, Schumann) ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ bian ʣʠʛʘʥʜʦʤ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ ʩʘʤʘʨʠʷ 

[Sm(dipp-bian)(DME)3] [101], ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʠʛʘʥʜʘ ʩ ʧʦʤʦʱʴʶ 

ʠʟʙʳʪʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʘʥʪʘʥʦʠʜʘ. ʈʝʘʢʮʠʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 0.5 ʵʢʚʠʚʘʣʝʥʪʘ  

1,2-ʜʠʙʨʦʤʦʩʪʠʣʴʙʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Sm(III )  

[Sm(dipp-bian)Br(DME)]2 ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʙʨʦʤʘ. ʈʝʘʢʮʠʷ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ ʩʪʠʣʴʙʝʥʘ ʠʣʠ ʩ I2 ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʝʥʠʶ ʢʘʢ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ dipp-bian ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Sm(III ) [Sm(dipp-bian)Br2(DME)] ʠ  

[Sm(dipp-bian)I2(thf)2] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝʜʥʠʡ ʜʘʣʝʝ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ tBuOK 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Sm(dipp-bian)I(OtBu)(thf)]2 ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ 

ʠʦʜʘ (ʉʭʝʤʘ 32).  

 

ʉʭʝʤʘ 32. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ [Sm(dipp-bian)(DME)3]. 
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ʊʘʢʞʝ ʚ 2010 ʛʦʜʫ (ʌʝʜʶʰʢʠʥ, ʄʘʩʣʦʚʘ, ʌʫʢʠʥ, ʃʫʢʦʷʥʦʚ) ʚ ʨʘʙʦʪʝ [102] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʣʠʛʘʥʜʘ ʠʟ-ʟʘ ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝ ʦʜʠʥ, ʘ ʜʚʘ dipp-bian 

ʣʠʛʘʥʜʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ 

[Yb(dipp-bian)(DME)2] ʩʦ ʩʚʦʙʦʜʥʳʤ dipp-bian ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʦʡʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ 

[Yb(dipp-bian)(DME)2]
+[Yb(dipp-bian)2]

ï; ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ dipp-bian 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʣʘʥʪʘʥʦʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ  

[La(dipp-bian)(DME)2]
+[La(dipp-bian)2]

ï; ʠ ʚ ʨʝʘʢʮʠʷʭ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʩʦʣʠ ʱʝʣʦʯʥʦʛʦ 

ʤʝʪʘʣʣʘ ʠʩʭʦʜʷ ʠʟ ʛʘʣʦʛʝʥʠʜʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [K(Et2O)4]
+[La(dipp-bian)2]

ï 

(ʉʭʝʤʘ 33).  

 

ʉʭʝʤʘ 33. ʇʫʪʠ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʚʫʤʷ dipp-bian ʣʠʛʘʥʜʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

ʠʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʢʦʤʧʣʝʢʩʘʭ [Ln(dipp-bian)2]
ï ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ 

ʠʤʝʥʥʦ ʵʬʠʨʘ, ʥʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʤʝʪʘʣʣʫ ʠʟ-ʟʘ ʝʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠʟʦʧʨʦʧʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʚ ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʝ. ɺ ʜʦʧʦʣʥʝʥʠʝ, ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʴ ʢʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

dipp-bian ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʦʢʠʩʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʜʠʘʥʠʦʥʥʳʭ ʣʠʛʘʥʜʦʚ ʚ 

[Sm(dipp-bian)2]
ï ʜʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʦʚʠʥʳ ʵʢʚʠʚʘʣʝʥʪʘ I2 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Sm3+(dipp-bian)2ï(dipp-bian)ï] 

(ʉʭʝʤʘ 34). 
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ʉʭʝʤʘ 34. ʇʦʣʫʯʝʥʠʝ ʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʩʘʤʘʨʠʷ [K(C6H6)]+[Sm(dipp-bian)2]ï. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 

ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʦʚʳʤ ʣʠʛʘʥʜʦʤ, ʚ 2017 ʛʦʜʫ (ʌʝʜʶʰʢʠʥ, ʗʤʙʫʣʘʪʦʚ, ʉʢʘʪʦʚʘ, 

ɹʦʛʦʤʷʢʦʚ) ʙʳʣʦ ʧʦʢʘʟʘʥʦ [103], ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʙʩʪʨʘʪʘ ʢʦʤʧʣʝʢʩ  

[EuII(dipp-bian)(dme)2] ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥ ʢʘʢ ʚ ʦʙʳʯʥʳʝ ʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʩ ʙʠʧʠʨʠʜʠʥʦʤ (bipy), ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ [EuII(dipp-bian)(bipy)2], ʠʣʠ 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʥʠʦʥ dipp-bian, ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʩ ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʤ ʩ ʤʝʟʠʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʘʪʦʤʘ ʘʟʦʪʘ (mesDAD) 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ [EuII(dipp-bian)(mesDAD)(dme)], ʩʦʜʝʨʞʘʱʝʛʦ ʜʚʘ ʨʘʟʣʠʯʥʳʭ 

ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʘ, ʦʙʘ ʠʟ ʢʦʪʦʨʳʭ ʚ ʠʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʣʠ ʚ ʩʣʫʯʘʝ 

ʨʝʘʢʮʠʠ ʩ ʝʱʝ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ dipp-bian ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

[Eu(dipp-bian)2(dme)] ʩ ʜʚʫʤʷ ʤʦʥʦʘʥʠʦʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʉʭʝʤʘ 35) [104].  

 

ʉʭʝʤʘ 35. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ [LnII(dipp-bian)(dme)2]. 
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ʀ ʭʦʪʷ ʘʪʦʤ ʝʚʨʦʧʠʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 2+ ʩʘʤ ʤʦʞʝʪ ʙʳʪʴ ʦʢʠʩʣʝʥ ʜʦ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʤʧʣʝʢʩʝ [Eu2+(dipp-bian)2ï] ʦʢʠʩʣʝʥʠʝ ʚʩʝʛʜʘ ʥʘʯʠʥʘʝʪʩʷ 

ʠʤʝʥʥʦ ʩ ʣʠʛʘʥʜʘ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʙʣʶʜʘʝʤʦʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʪʠʧʘ [Sm2+(dipp-bian)2ï], ʛʜʝ ʵʣʝʢʪʨʦʥ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ ʙʝʨʝʪʩʷ ʠʤʝʥʥʦ ʩ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘ. ɺ ʩʣʫʯʘʝ ʞʝ ʩʠʩʪʝʤʳ [Yb2+(dipp-bian)2ï] ʥʘʙʣʶʜʘʝʪʩʷ ʯʪʦ-ʪʦ ʩʨʝʜʥʝʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ:  ʚʩʣʝʜʩʪʚʠʝ ʙʣʠʟʦʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʧʘʨ Yb3+/Yb2+ ʠ (dipp-bian)ï/(dipp-bian)2ï, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʦʢʠʩʣʝʥʘ 

ʩʫʙʩʪʨʘʪʦʤ (X0) ʜʦ ʜʚʫʭ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʦʚ [Yb2+(dipp-bian)ïXï] ʠʣʠ ʞʝ [Yb3+(dipp-bian)2ïXï]. 

ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʩ bipy ʦʢʠʩʣʝʥʠʝ [YbII(dipp-bian)(DME)2] ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʝʜʠʥʝʥʠʷ [YbIII(dipp-bian)(bipy)(bipyÅï)], ʢʦʪʦʨʦʝ, ʦʜʥʘʢʦ, ʥʝ ʠʤʝʝʪ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʦʚ, ʪʘʢ 

ʢʘʢ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ ʣʠʛʘʥʜʘ ʥʘ ʤʝʪʘʣʣ. 

ʂʨʦʤʝ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ, ʢʦʤʧʣʝʢʩ [EuII(dipp-bian)(DME)2] ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ 

ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʠ ʢʘʤʬʦʨʦʡ [105], ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʜʠʠʤʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʦʥʦʤʝʨʥʳʭ ʘʤʠʜʦ-ʘʤʠʥʦ ʢʦʤʧʣʝʢʩʦʚ 

ʜʠʚʘʣʝʥʪʥʦʛʦ ʝʚʨʦʧʠʷ [HEu(dipp-bian)(CḳCPh)(DME)2] ʠ 

[HEu(dipp-bian)(camphor)(DME)2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 36). ʇʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʝʪʝʨʧʝʚʘʶʪ ʦʙʨʘʪʠʤʫʶ ʪʘʫʪʦʤʝʨʠʟʘʮʠʶ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʝʚʨʦʧʠʷ, ʚʢʣʶʯʘʶʱʫʶ ʦʙʨʘʪʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʩ ʘʤʠʜʦ-

ʘʤʠʥʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʩʫʙʩʪʨʘʪ. ɹʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ 

ʦʙʲʝʤʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʣʘʥʪʘʥʦʠʜʘ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ, ʪʘʢ ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʧʦʭʦʞʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʛʥʠʷ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ [106].  

 

ʉʭʝʤʘ 36. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ dipp-bian ʧʨʠ ʨʝʘʢʮʠʷʭ [EuII(dipp-bian)(dme)2] ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʠ 

ʢʘʤʬʦʨʦʡ. 

ʍʦʪʷ ʣʘʥʪʘʥ(III ) ʠʤʝʝʪ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʩʨʝʜʠ ʚʩʝʭ ʢʘʪʠʦʥʦʚ ʈɿʕ, 

ʦʙʲʝʤ dipp-bian ʩ ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʘ ʩ ʤʦʩʪʠʢʦʚʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʣʠʛʘʥʜʦʤ. ʊʘʢ, ʚ 2018 ʛʦʜʫ (ʌʝʜʶʰʢʠʥ, ʃʫʢʦʷʥʦʚ, ɹʘʨʘʥʦʚ) ʚ ʨʘʙʦʪʝ [107] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 1,2-ʙʠʩ[(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥʘ ʠʟʙʳʪʢʦʤ 
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ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʘʥʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,5 ʵʢʚʠʚʘʣʝʥʪʦʚ ʠʦʜʘ ʚ ʊɻʌ ʠʣʠ ʜʠʤʝʪʦʢʩʠʵʪʘʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʠʘʥʠʦʥʥʦʡ ʬʦʨʤʦʡ ʣʠʛʘʥʜʘ 

[La(dipp-bian)2ïI(thf)2]2 ʠ [La(dipp-bian)I(dme)2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 37). ɼʦʙʘʚʣʝʥʠʝ ʝʱʝ 

ʧʦʣʦʚʠʥʳ ʵʢʚʠʚʘʣʝʥʪʘ ʠʦʜʘ ʢ ʧʝʨʚʦʤʫ ʢʦʤʧʣʝʢʩʫ ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʝʥʠʶ ʜʠʘʥʠʦʥʘ dipp-

bian ʜʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ [La(dipp-bian)1ïI2(thf)3]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝ ʢʦʤʧʣʝʢʩʘ [La(dipp-bian)2ïI(thf)2]2 ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʙʳʪʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʘʣʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʠʟʢʦʚʘʣʝʥʪʥʳʤ ʣʘʥʪʘʥʦʤ ʠʣʠ ʩʦ ʩʚʷʟʴʶ 

ʤʝʪʘʣʣïʤʝʪʘʣʣ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʩ ʫʯʘʩʪʠʝʤ ʪʦʣʴʢʦ ʣʠʛʘʥʜʘ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʘ ʩ ʪʝʪʨʘʘʥʠʦʥʦʤ dipp-bian  

{[K(thf) 3][La(dipp-bian)(thf)]}2, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʦʠʜʘ 

ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʪʝʪʨʘʘʥʠʦʥʦʤ.  

 

ʉʭʝʤʘ 37. ʈʝʘʢʮʠʷ dipp-bian c ʠʟʙʳʪʢʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʘʥʪʘʥʘ ʠ 0.5 ʵʢʚʠʚʘʣʝʥʪʘʤʠ I2 ʚ ʊɻʌ ʠ 

ɼʄʕ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ [La(dipp-bian)2ïI(thf)2]2. 

ʇʦʭʦʞʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʨʠ- ʠ ʪʝʪʨʘʘʥʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ 

ʣʠʛʘʥʜʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ 2018 ʛʦʜʫ (ʌʝʜʶʰʢʠʥ, ʃʫʢʠʥʘ, ʉʢʘʪʦʚʘ, ʃʫʢʦʷʥʦʚ, ʏʝʨʢʘʩʦʚ, 

ʈʘʟʫʚʘʝʚ) ʪʘʢʞʝ ʠ ʜʣʷ ʠʪʪʝʨʙʠʷ ʠ ʪʫʣʠʷ [108]. ɺʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ [Yb2+K+(dipp-bian)3ï(thf)2]2, [Yb3
2+(dipp-bian)2

4ïK2
+(thf)8] ʠ 

[Tm3+Na+(dipp-bian)4ï(thf)]2. ʊʨʠʘʥʠʦʥʥʘʷ ʬʦʨʤʘ ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʘ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʕʇʈ, ʛʜʝ ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʥʩʪʘʥʪʳ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ ʩʭʦʞʠ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʢʘʣʴʮʠʷ ʩ ʪʨʠʘʥʠʦʥʥʳʤ ʣʠʛʘʥʜʦʤ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʫʞʝ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʠʤʝʨʦʚ ʩʪʨʫʢʪʫʨ ʩ ʪʝʪʨʘʘʥʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʣʠʛʘʥʜʘ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʪʨʠʘʥʠʦʥʥʦʡ ʬʦʨʤʳ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʜʘʝʪ ʝʝ ʩʵʥʜʚʠʯʝʚʳʡ ʤʦʪʠʚ ʠʟ-ʟʘ ʤʥʦʞʝʩʪʚʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ -́ʩʪʝʢʠʥʛʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʵʥʜʚʠʯ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʦʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʘ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʦʩʨʝʜʩʪʚʦʤ 
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-́ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʘʟʤʝʱʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʣʘʥʪʘʥʦʠʜʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢ ʘʪʦʤʘʤ ʘʟʦʪʘ ʣʠʛʘʥʜʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ, ʧʨʦʪʠʚʦʠʦʥʳ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʣʠʙʦ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʵʥʜʚʠʯʘ, ʣʠʙʦ ʦʢʨʫʞʘʶʪ ʝʛʦ. 

ʊʘʢʞʝ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʩ bian ʚ 2020 ʛʦʜʫ (ʃʫʢʠʥʘ, ʉʢʘʪʦʚʘ, ʂʝʪʢʦʚ, 

ʌʝʜʶʰʢʠʥ) ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʠ ʜʨʫʛʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʫ ʘʪʦʤʘ ʘʟʦʪʘ, ʢʘʢ ʥʘʧʨʠʤʝʨ 2,6-

ʜʠʙʝʥʟʛʠʜʨʠʣ-4-ʤʝʪʠʣʬʝʥʠʣ (ArBIG) [109]. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ArBIG-bian ʠʟʙʳʪʢʦʤ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʘʤʘʨʠʷ ʚ ʊɻʌ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʩʤʝʩʠ ʊɻʌ/ʪʦʣʫʦʣ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʙʝʟ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ  

[Sm(ArBIG-bian)]ĿC7H8, ʟʘʤʝʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 1,2-ʜʠʤʝʪʦʢʩʠʵʪʘʥ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʟʘʤʝʥʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ (ʉʭʝʤʘ 38).  

 

ʉʭʝʤʘ 38. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ArBIG-bian ʩ ʩʘʤʘʨʠʝʤ ʠ ʠʪʪʝʨʙʠʝʤ. 

ʅʘʧʨʦʪʠʚ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʪʪʝʨʙʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʘ, ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 

ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢ ʘʪʦʤʫ ʣʘʥʪʘʥʦʠʜʘ [Yb(ArBIG-bian)(DME)]Ŀ2.5C7H8 ʤʦʣʝʢʫʣʦʡ DME, 

ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʥʝʦʙʳʯʥʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʠʪʪʝʨʙʠʡ ʠʤʝʝʪ ʟʘʤʝʪʥʦ ʤʝʥʴʰʠʡ ʠʦʥʥʳʡ ʨʘʜʠʫʩ. 

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʩʘʤʘʨʠʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʪʨʠ ʬʝʥʠʣʴʥʳʭ ʢʦʣʴʮʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʚʦʠʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʢ ʘʪʦʤʫ ʩʘʤʘʨʠʷ, ʪʝʤ ʩʘʤʳʤ 

çʟʘʢʨʳʚʘʷè ʝʛʦ. ɺ ʢʦʤʧʣʝʢʩʝ ʠʪʪʝʨʙʠʷ ʪʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʝʪ ʪʦʣʴʢʦ ʦʜʥʦ Ph ʢʦʣʴʮʦ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʠʛʘʥʜʘʤ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʦʥʘ Sm2+ ʚʜʘʣʠ ʦʪ ʜʚʫʭ ʘʪʦʤʦʚ N, ʚʩʣʝʜʩʪʚʠʝ 

ʝʛʦ ʙʦʣʴʰʝʛʦ ʨʘʜʠʫʩʘ, ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʙʣʠʟʦʩʪʠ ʢ ʢʦʣʴʮʘʤ Ph, ʦʨʠʝʥʪʘʮʠʷ ʢʦʪʦʨʳʭ ʚʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʘ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ DFT ʨʘʩʯʝʪʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʵʪʘ 

ʙʣʠʟʦʩʪʴ ̫ ʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ Sm ʠ ʜʠʧʦʣʝʤ -́ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʣʘʥʪʘʥʦʠʜʘ ʚ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʥʠ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 

2021 ʛʦʜʫ (ʃʫʢʠʥʘ, ʉʢʘʪʦʚʘ, ʌʝʜʶʰʢʠʥ) ʚ ʨʘʙʦʪʝ [110]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ 

ʩʘʤʘʨʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [Sm(ArBIG-bian)] ʩ ʧʦʣʦʚʠʥʦʡ ʵʢʚʠʚʘʣʝʥʪʘ I2 ʠʣʠ ʭʣʦʨʠʜʦʤ 
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ʪʨʠʬʝʥʠʣʦʣʦʚʘ ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʝʥʠʶ ʤʝʪʘʣʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 

[Sm3+(ArBIG-bian)2ïI(DME)] ʠ [Sm3+(ArBIG-bian)2ïCl(DME)]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʘʢʮʠʷ 

ʧʦʜʦʙʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʪʪʝʨʙʠʷ [Yb2+(ArBIG-bian)2ï(DME)] ʩ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʨʘʥʝʝ, 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʦʜʘ ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʣʦʨʠʜʘ ʤʝʜʠ(I) ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʝʥʠʶ 

ʥʝ ʤʝʪʘʣʣʘ, ʘ ʣʠʛʘʥʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ [Yb2+(ArBIG-bian)ïI(DME)] ʠ [Yb2+(ArBIG-bian)ïCl]2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 39).  

 

ʉʭʝʤʘ 39. ʈʘʟʣʠʯʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ [Sm(ArBIG-bian)] ʠ  

[Yb2+(ArBIG-bian)2ï(DME)]. 

ɺ ʩʣʫʯʘʝ ʞʝ, ʢʦʛʜʘ ʦʢʠʩʣʠʪʝʣʝʤ ʚʳʩʪʫʧʘʝʪ 2,2ô-ʙʠʧʠʨʠʜʠʥ (bipy) ʠ ʨʝʘʢʮʠʷ ʩ 

ʠʩʭʦʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʘʤʘʨʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1, ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ 

Sm(II ) ʜʦ Sm(III ) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ bipy ʣʠʛʘʥʜʦʚ ʜʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ [Sm3+(ArBIG-bian)2ï(bipy)2] ʩ 

ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʦʚʳʤ ʣʠʛʘʥʜʦʤ ʚ ʜʠʘʥʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʜʥʠʤ ʙʠʧʠʨʠʜʠʥʦʚʳʤ 

ʣʠʛʘʥʜʦʤ ʚ ʤʦʥʦʘʥʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʦʜʥʠʤ ï ʚ ʥʝʡʪʨʘʣʴʥʦʤ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ 

ʠʪʪʝʨʙʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [Yb2+(ArBIG-bian)ïI(dme)] ʩ ʧʦʤʦʱʴʶ ʙʠʧʠʨʠʜʠʥʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ bian ʣʠʛʘʥʜ ʠ ʦʙʨʘʟʫʝʪʩʷ [Yb3+(ArBIG-bian)2ïI(bipy)]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛ ʚʩʝʭ ʚʳʰʝʥʘʧʠʩʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʭʠʤʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ-ʘʥʘʣʦʛʘʤʠ ʦ-ʭʠʥʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʦʯʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ 4,6-ʜʠ-
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ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥ ʠ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥ, ʢʦʤʧʣʝʢʩʳ ʩ ʢʦʪʦʨʳʤʠ 

ʥʘʯʘʣʠ ʠʟʫʯʘʪʴʩʷ ʩ ʢʦʥʮʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʉ ʜʨʫʛʦʡ ï 4,6-ʜʠ-ʪ-ʙʫʪʠʣ-N-(2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʦ-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥ (dippIQ) ʠ N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʦ-9,10-

ʠʤʠʥʦʬʝʥʘʥʪʨʝʥʭʠʥʦʥ (phenIQ), ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʩ ʢʦʪʦʨʳʤʠ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʠʭ 

ʰʪʫʢ. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 1,2-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝ 

ʠʟʫʯʝʥʦ. ɸ ʚʦʪ ʠʭ ʙʣʠʞʘʡʰʠʝ ʘʥʘʣʦʛʠ 1,4-ʜʠʘʟʘ-1,3-ʙʫʪʘʜʠʝʥ (DAD) ʠ 1,2-ʙʠʩ[(2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥ (dipp-bian) ʥʘʦʙʦʨʦʪ, ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʣʘʥʪʘʥʦʠʜʘʤ. 

ʈʘʟʣʠʯʥʦʝ ʚʥʠʤʘʥʠʝ, ʫʜʝʣʝʥʥʦʝ ʨʘʟʥʳʤ ʣʠʛʘʥʜʘʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʘʢ ʩʚʦʡʩʪʚʘʤʠ 

ʣʠʛʘʥʜʘ (ʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʪʨʦʝʥʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʪʴ ʚ ʚʠʜʝ ʪʝʪʨʘʘʥʠʦʥʘ ʜʣʷ 

ʙʠʩ(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʘ ʠʣʠ ʣʝʛʢʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ), ʪʘʢ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʩʘʤʠʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʤʠ. ʀʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ 

ʘʩʧʝʢʪʘ ʰʠʨʦʢʦ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʇʄ ʩ ʘʥʘʣʦʛʘʤʠ ʦ-ʙʝʥʟʦʭʠʥʦʥʘ, ʦʜʥʘʢʦ ʚ 

ʩʣʫʯʘʝ ʣʘʥʪʘʥʦʠʜʦʚ ʜʘʥʥʳʭ ʦʙ ʵʪʦʤ ʩʣʠʰʢʦʤ ʤʘʣʦ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʪʘʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ Ŭ-ʜʠʠʤʠʥʦʚ, ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʭʦʜʷ ʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 

ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʚʦʜʠʣʦʩʴ ʪʦʣʴʢʦ 

ʜʣʷ ʜʠʘʟʘʙʫʪʘʜʠʝʥʘ, ʭʦʪʷ, ʠʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʠ, ʵʪʦ 

ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʠ ʥʘ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ.  



55 

 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 

ɺʩʝ ʨʘʙʦʪʳ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʚʣʘʛʝ ʠ ʢʠʩʣʦʨʦʜʫ ʚʦʟʜʫʭʘ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʚʩʝ 

ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʢʘʣʠʝʚʳʝ ʩʦʣʠ) ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʦʯʠʱʝʥʥʦʛʦ ʘʨʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʩʫʜʦʚ ʐʣʝʥʢʘ ʠ ʜʚʫʭʩʝʢʮʠʦʥʥʳʭ ʟʘʧʘʠʚʘʝʤʳʭ 

ʘʤʧʫʣ. ʆʙʨʘʟʮʳ ʭʨʘʥʠʣʠʩʴ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʜʣʷ ʘʥʘʣʠʟʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʚ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʘʨʛʦʥʦʤ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʥʝ ʙʦʣʝʝ 

2 ppm. ʀʩʭʦʜʥʳʝ ʣʘʥʪʘʥʦʮʝʥʳ [LnCp*2(thf)2] (Ln=Sm, Yb, Eu) [111], dippIQ [112] ʠ  

dippPDI [113] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʀʦʜʠʜʳ ʣʘʥʪʘʥʦʠʜʦʚ 

HoI3(thf)3,5, DyI3(thf)3,5 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [114], 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʥʠʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʕɼʊɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʢʘʪʦʨʘ ð ʢʩʠʣʝʥʦʣʘ ʦʨʘʥʞʝʚʦʛʦ [115]. ʆʩʪʘʣʴʥʳʝ 

ʨʝʘʛʝʥʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ.  

ʈʘʩʪʚʦʨʠʪʝʣʠ ʜʝʛʘʟʠʨʦʚʘʣʠʩʴ ʠ ʦʩʫʰʘʣʠʩʴ ʧʝʨʝʛʦʥʢʦʡ ʚ ʘʪʤʦʩʬʝʨʝ ʦʯʠʱʝʥʥʦʛʦ 

ʘʨʛʦʥʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʠʜʨʠʜʘ ʢʘʣʴʮʠʷ (CH2Cl2) ʠʣʠ ʢʘʣʠʡ-ʥʘʪʨʠʝʚʦʛʦ ʩʧʣʘʚʘ (ʊɻʌ, ʪʦʣʫʦʣ, 

ʛʝʢʩʘʥ, Et2O) ʠ ʙʝʥʟʦʬʝʥʦʥʘ (ʊɻʌ, Et2O) ʠ ʭʨʘʥʠʣʠʩʴ ʥʘʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʩʫʰʠʪʝʣʷʤʠ 

ʜʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʝʡʪʝʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʊɻʌ-d8, ʙʝʥʟʦʣ-d6) ʧʝʨʝʛʦʥʷʣʠʩʴ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʥʘʜ ʢʘʣʠʡ-ʥʘʪʨʠʝʚʳʤ ʩʧʣʘʚʦʤ. ʆʩʪʘʣʴʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʍʏ ʠ ʚʳʰʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ.  

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʈʉɸ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʚʳʨʘʱʠʚʘʣʠʩʴ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʮʝʣʝʚʦʝ ʚʝʱʝʩʪʚʦ ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʳʜʝʨʞʠʚʘʝʤʳʭ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʝ (20ï50 Áʉ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 2 ʯ). 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʀʅʍ ʉʆ ʈɸʅ ʢ.ʭ.ʥ. ʉʫʭʠʭ ʊ. ʉ. ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʯʝʪʳʨʝʭʢʨʫʞʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker Apex DUO, ʦʩʥʘʱʝʥʥʦʤ 

ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ CCD ʜʝʪʝʢʪʦʨʦʤ ʩ ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ, ʠʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Venture ʩ ʜʝʪʝʢʪʦʨʦʤ CMOS PHOTON III ʠ ʤʠʢʨʦʬʦʢʫʩʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ IÕS 3.0 (ʢʦʣʣʠʤʠʨʫʶʱʠʝ ʟʝʨʢʘʣʘ ʄʦʥʪʝʣʷ). ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ 150 ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ MoKŬ (ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ) ʠʣʠ 

CuKŬ (ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʨʦʰʢʦʤ). ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʩ 

ʧʦʤʦʱʴʶ SHELXT [116] ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

SHELXL [117] ʠ Olex2 GUI [118]. ʇʘʨʘʤʝʪʨʳ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ 

ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʘʥʠʟʦʪʨʦʧʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʘʪʦʤʦʚ ʚʦ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʣʦʢʘʣʠʟʦʚʘʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʫʪʦʯʥʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ.  
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ʉʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ (CCDC 2038943ï2038951, 2260307ï2260313, 1945718ï1945723) ʠ ʜʦʩʪʫʧʥʳ ʧʦ 

ʘʜʨʝʩʫ https://www.ccdc.cam.ac.uk/structures/.  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʥʘ C, H, N, S ʧʨʦʚʦʜʠʣʩʷ ʚ ʎʂʇ ʀʅʍ ʉʆ ʈɸʅ 

ʢ.ʭ.ʥ. ɿʫʙʘʨʝʚʦʡ ɸ. ʇ. ʠ ʂʦʤʘʨʜʠʥʦʡ ʅ. ʅ. ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ Vario Micro Cube (Elementar) ʜʣʷ 

ʟʘʧʘʢʦʚʘʥʥʳʭ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʙʨʘʟʮʦʚ.  

ʀʂ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʩʥʷʪʳ ʘʚʪʦʨʦʤ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ FT-801 (Simex) ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, 

ʟʘʧʨʝʩʩʦʚʘʥʥʳʭ ʩ KBr ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʧʨʝʩʩʦʚʘʣʠʩʴ ʚ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ ʠ 

ʢʦʥʪʘʢʪʠʨʦʚʘʣʠ ʩ ʚʦʟʜʫʭʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʧʝʢʪʨʘ.  

ʉʧʝʢʪʨʳ ʗʄʈ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʎʂʇ ʀʅʍ ʉʆ ʈɸʅ 

ʢ.ʭ.ʥ. ʊʢʘʯʸʚʳʤ ʉ. ɺ. ʠ ʂʦʤʧʘʥʴʢʦʚʳʤ ʅ. ɹ. ʜʣʷ ʷʜʝʨ 1H ʠ 13C ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker 

Avance 500 ʥʘ ʯʘʩʪʦʪʝ 500 Mɻʮ ʠ 125.7 Mɻʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʛʥʘʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (7.16 ʤ.ʜ. ʜʣʷ ʙʝʥʟʦʣʘ-d6, 1.73 ʤ.ʜ. ʜʣʷ 

ʊɻʌ-d8). ʈʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠʩʴ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠ ʩʦʭʨʘʥʷʣʠʩʴ ʜʦ ʠʟʤʝʨʝʥʠʷ ʚ ʘʤʧʫʣʘʭ 

ʩ ʢʨʘʥʘʤʠ ʪʠʧʘ J. Young ʠʣʠ ʟʘʢʨʫʯʠʚʘʶʱʠʤʠʩʷ ʢʨʳʰʢʘʤʠ ʩ ʪʝʬʣʦʥʦʚʦʡ ʧʨʦʢʣʘʜʢʦʡ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Elins P-20X ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʠ 

ʦʙʲʝʤʦʤ 20 ʤʣ. ɺ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ 

ʵʣʝʢʪʨʦʜ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ï ʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ, ʟʘʧʦʣʥʝʥʥʳʡ 0.1 M 

AgNO3 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʪʠʥʦʚʳʡ ɻ ʣʝʢʪʨʦʜ. 

ʕʣʝʢʪʨʦʣʠʪʦʤ ʩʣʫʞʠʣ 0.1 M ʨʘʩʪʚʦʨ Bu4NBF4 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʉʢʦʨʦʩʪʴ 

ʨʘʟʚʝʨʪʢʠ ï 200 ʤɺ/ʩ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʤʠʣʣʠʤʦʣʷʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Sm3Cp*3(PhenCat)3] (1) 

ʂ ʨʘʩʪʚʦʨʫ [SmCp*2(thf)2] (113 ʤʛ, 0.200 ʤʤʦʣʴ) ʚ 10 ʤʣ ʪʦʣʫʦʣʘ ʧʦ ʢʘʧʣʷʤ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨ PhenQ (41.6 ʤʛ, 0.200 ʤʤʦʣʴ) ʚ 20 ʤʣ ʪʦʣʫʦʣʘ, 

ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ ʚ ʚʘʢʫʫʤʝ ʠ 

ʧʨʦʜʫʢʪ ʧʝʨʝʥʝʩʣʠ ʚ ʘʤʧʫʣʫ ʩ ʜʚʫʤʷ ʦʪʜʝʣʝʥʠʷʤʠ. ʇʨʦʜʫʢʪ ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 10 ʤʣ 

ʪʦʣʫʦʣʘ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʘʤʧʫʣʝ. ʂʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ ʦʪʜʝʣʠʣʠ ʦʪ ʞʝʣʪʦʡ ʧʨʠʤʝʩʠ 

ʧʨʦʤʳʚʘʥʠʝʤ ʥʝʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʳʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ: 34 ʤʛ 

(30 %). 

ʂʦʤʧʣʝʢʩ 1, C72H69O6Sm3. ɸʥʘʣʠʟ: ʪʝʦʨ. C 58.38,  H 4.69; ʧʨʘʢʪ. C 57.9,  H 4.6. ʀʂ (ɜ, ʩʤï1): 

3086 ʩʣ, 2955 ʩ, 2902 ʩʨ, 2874 ʩʨ, 2856 ʩʣ, 1488 ʩ, 1441 ʩʣ, 1390 ʩ, 1375 ʩ, 1356 ʩʣ, 1314 ʩʣ, 

1280 ʩ, 1229 ʩ, 1201 ʩʨ, 1149 ʩʨ, 1030 ʩʨ, 966 ʩ, 932 ʩʣ, 915 ʩʨ, 878 ʩʣ, 828 ʩʣ, 806 ʩʣ, 798 ʩʣ, 

785 ʩʣ, 669 ʩ, 654 ʩʨ. 
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ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Sm2Cp*2(PhenCat)2(thf )3] (2) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ [SmCp*2(thf)2] (271 ʤʛ, 0.480 ʤʤʦʣʴ) ʠ PhenQ (100 ʤʛ, 

0.480 ʤʤʦʣʴ) ʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ʉʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ, ʧʨʠ ʵʪʦʤ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʤʝʥʷʣʩʷ 

ʥʘ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʡ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ, ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ 

1 ʤʣ ʊɻʌ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ, ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 481 

ʤʛ (83 %). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [SmCp*2(thf )2] c PhenQ ʚ ʛʝʢʩʘʥʝ 

ɺ ʘʤʧʫʣʫ ʩ ʜʚʫʤʷ ʦʪʜʝʣʝʥʠʷʤʠ ʧʦʤʝʩʪʠʣʠ [SmCp*2(thf)2] (57 ʤʛ, 0.10 ʤʤʦʣʴ) ʠ PhenQ 

(21 ʤʛ, 0.10 ʤʤʦʣʴ) ʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 15 ʤʣ ʛʝʢʩʘʥʘ. ɿʘʪʝʤ ʘʤʧʫʣʫ ʦʪʧʘʷʣʠ ʠ ʧʦʩʪʘʚʠʣʠ 

ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ. Cʧʫʩʪʷ ʩʫʪʢʠ ʨʝʘʢʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʣ ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ, ʘ 

ʪʘʢʞʝ ʚʳʧʘʣ ʟʝʣʝʥʳʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ ʜʝʢʘʥʪʠʨʦʚʘʣʠ ʦʪ ʦʩʘʜʢʘ ʚ ʜʨʫʛʫʶ ʯʘʩʪʴ ʘʤʧʫʣʳ, 

ʫʧʘʨʠʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠ ʦʭʣʘʜʠʣʠ ʜʦ ï20 Áʉ. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʚ ʘʤʧʫʣʝ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ 3, ʥʦ ʩʨʝʜʠ ʥʠʭ ʪʘʢ ʞʝ ʙʳʣʠ ʟʘʤʝʪʥʳ ʞʝʣʪʳʝ ʠ 

ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʆʪʜʝʣʠʪʴ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʝ ʫʜʘʣʦʩʴ, ʥʦ ʩ ʧʦʤʦʱʴʶ 

ʈʉɸ ʤʳ ʩʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ 3, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʫ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ: 

[Sm3Cp*4(PhenCat)2] 4 (ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ) ʠ [SmCp*2(thf)2][Sm2Cp*3(Phen-Cat)2] 5 (ʞʝʣʪʳʝ 

ʢʨʠʩʪʘʣʣʳ). 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Sm2Cp*4(PhenCat)] (3) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ [SmCp*2(thf)2] (108 ʤʛ, 0.190 ʤʤʦʣʴ) ʠ PhenQ (20 ʤʛ, 

0.096 ʤʤʦʣʴ) ʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʪʦʣʫʦʣʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ʉʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ, ʧʨʠ ʵʪʦʤ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʤʝʥʷʣʩʷ 

ʥʘ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ, ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʩʤʝʩʠ 0.5 

ʤʣ ʊɻʌ ʠ 5 ʤʣ ʛʝʢʩʘʥʘ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ, ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

ɺʳʭʦʜ: 69 ʤʛ (68 %). 

ʂʦʤʧʣʝʢʩ 3, C54H68O2Sm2. ɸʥʘʣʠʟ: ʪʝʦʨ. C 61.78,  H 6.53; ʧʨʘʢʪ. C 61.3,  H 6.4. ʀʂ (ɜ, ʩʤï1): 

3086 ʩʨ, 2952 ʩ, 2904 ʩ, 2870 ʩʨ, 1540 ʩʨ, 1483 ʩ, 1460 ʩʣ, 1442 ʩʣ, 1399 ʩ, 1359 ʩʣ, 1313 ʩʣ, 

1295 ʩʣ, 1281 ʩʨ, 1239 ʩʨ, 1225 ʩ, 1177 ʩʣ, 1151 ʩ, 1026 ʩ, 976 ʩ, 940 ʩ, 878 ʩʨ, 812 ʩʨ, 789 ʩʨ, 

684 ʩ, 655 ʩʨ, 565 ʩʨ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Yb4Cp*4(PhenCat)4] (6) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ [YbCp*2(thf)2] (118 ʤʛ, 0.200 ʤʤʦʣʴ), PhenQ (41.6 ʤʛ, 

0.200 ʤʤʦʣʴ) ʠ 30 ʤʣ ʪʦʣʫʦʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʪʸʤʥʦ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ ʠ ʧʨʦʜʫʢʪ ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 10 

ʤʣ ʪʦʣʫʦʣʘ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʘʤʧʫʣʝ (ʩʤ. ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 4). ʊʸʤʥʦ-ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʨʦʜʫʢʪʘ ʧʨʦʤʳʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʳʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ.  

ɺʳʭʦʜ 46 ʤʛ (45%). 
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ʂʦʤʧʣʝʢʩ 6, C96H92O8Yb4. ɸʥʘʣʠʟ: ʪʝʦʨ. C 55.81,  H 4.69; ʧʨʘʢʪ. C 55.7,  H 4.3. ʀʂ (ɜ, ʩʤï1): 

3088 ʩʣ, 2957 ʩ, 2910 ʩ, 2865 ʩ, 1540 ʩʣ, 1499 ʩʣ, 1468 ʩʣ, 1442 ʩ ʫʰʠʨ, 1396 ʩ, 1376 ʩ, 1356 

ʩʣ, 1316 ʩʣ, 1286 ʩʨ, 1267 ʩʨ, 1219 ʩʨ, 1196 ʩʨ, 1145 ʩʨ, 1023 ʩʨ, 966 ʩ, 932 ʩʣ, 914 ʩʨ, 827 ʩʣ, 

805 ʩʣ, 792 ʩʣ, 776 ʩʣ, 691 ʩʣ, 677 ʩ, 649 ʩʨ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Eu4Cp*4(PhenCat)4] (7) 

ʉʠʥʪʝʟ ʠ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ, ʠʩʭʦʜʥʳʝ 

ʚʝʱʝʩʪʚʘ [EuCp*2(thf)2] (113 ʤʛ, 0.200 ʤʤʦʣʴ), PhenQ (41.6 ʤʛ, 0.200 ʤʤʦʣʴ). ʊʸʤʥʦ-ʩʠʥʠʝ 

ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 68 ʤʛ (69 %). 

ʂʦʤʧʣʝʢʩ 7, ʩʦʣʴʚʘʪ ʩ ʪʦʣʫʦʣʦʤ, C96H92Eu4O8Ŀ3.67PhMe. ɸʥʘʣʠʟ: ʪʝʦʨ. C 63.00,  H 5.27; 

ʧʨʘʢʪ. C 62.2,  H 5.2. ʀʂ (ɜ, ʩʤï1): 3083 ʩʣ, 2959 ʩ, 2912 ʩ, 2861 ʩ, 1535 ʩʣ, 1500 ʩʣ, 1466 ʩʣ, 

1446 ʩ ʫʰʠʨ, 1396 ʩ, 1379 ʩ, 1356 ʩʣ, 1286 ʩʨ, 1259 ʩʨ ʫʰʠʨ, 1222 ʩʨ, 1198 ʩʨ, 1145 ʩʨ, 1022 

ʩʣ, 967 ʩ, 933 ʩʣ, 917 ʩʣ, 804 ʩʣ, 792 ʩʣ, 779 ʩʣ, 677 ʩ, 652 ʩʨ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [LnI 3(dippIQ)2] (8Ln, Ln = Dy, Ho) 

 ɺ ʘʤʧʫʣʫ ʩ ʜʚʫʤʷ ʦʪʜʝʣʝʥʠʷʤʠ ʧʦʤʝʩʪʠʣʠ 0,5 ʤʤʦʣʴ [LnI3(thf)3,5] (398 ʤʛ (Dy), 399 

ʤʛ (Ho)), dippIQ (379 ʤʛ, 1.00 ʤʤʦʣʴ), ʠ 10 ʤʣ ʪʦʣʫʦʣʘ, ʘʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʦʪʧʘʷʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 2 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʸʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʜʝʢʘʥʪʠʨʦʚʘʣʠ ʚʦ ʚʪʦʨʦʝ ʦʪʜʝʣʝʥʠʝ ʘʤʧʫʣʳ. ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʚʝʱʝʩʪʚʘ ʠʟ ʪʚʸʨʜʦʡ ʬʘʟʳ 

ʘʤʧʫʣʫ ʫʩʪʘʥʦʚʠʣʠ ʥʘ ʥʘʛʨʝʚʘʝʤʫʶ ʜʦ 60 Áʉ ʧʦʜʣʦʞʢʫ. ʏʝʨʝʟ ʩʫʪʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ 

ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʣʘʩʴ ʚ ʥʠʞʥʝʝ ʦʪʜʝʣʝʥʠʝ ʘʤʧʫʣʳ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʧʝʨʝʧʘʨʠʣʠ ʚ ʜʨʫʛʦʝ 

ʦʪʜʝʣʝʥʠʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʚʳʩʫʰʠʣʠ, ʦʭʣʘʞʜʘʷ ʦʪʜʝʣʝʥʠʝ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʚ 

ʣʝʜʷʥʦʡ ʚʦʜʝ. ʆʪʜʝʣʝʥʠʝ ʩ ʪʸʤʥʦ-ʢʨʘʩʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʦʪʧʘʷʣʠ. ɺʳʭʦʜ: 496 ʤʛ (72 %, ʜʣʷ 

Ln = Dy), 396 ʤʛ (57 %, ʜʣʷ Ln = Ho). 

ʂʦʤʧʣʝʢʩ 8Dy, ʩʦʣʴʚʘʪ ʩ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, C52H74DyI3N2O2ĿEt2O. ɸʥʘʣʠʟ: ʪʝʦʨ. C 47.95, 

H 5.7, N 2.15; ʧʨʘʢʪ. C 47.45, H 60.0 N 2.1. ʀʂ (ɜ, ʩʤï1): 2963 ʩ, 1609 ʩʨ, 1517 ʩʣ, 1464 ʩʨ, 

1436 ʩʨ, 1383 ʩʨ, 1363 ʩʨ, 1308 ʩʣ, 1248 ʩʨ, 1193 ʩʣ, 1160 ʩʣ, 1099 ʩʣ, 1023 ʩʣ, 900 ʩʣ, 792 ʩʣ. 

ʂʦʤʧʣʝʢʩ 8Ho, ʩʦʣʴʚʘʪ ʩ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, C52H74I3HoN2O2ĿEt2O. ɸʥʘʣʠʟ: ʪʝʦʨ. C 47.87, 

H 5.7, N 2.15; ʧʨʘʢʪ. C 47.4, H 6.0, N 2.1. ʀʂ (ɜ, ʩʤï1): 2962 ʩ, 1609 ʩ, 1517 ʩʣ, 1464 ʩʨ, 1436 

ʩʨ, 1383 ʩ, 1363 ʩʨ, 1308 ʩʣ, 1248 ʩʨ, 1193 ʩʣ, 1160 ʩʣ, 1099 ʩʣ, 1023 ʩʣ, 900 ʩʣ, 792 ʩʣ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [LnI (dippISQ)2(thf )] (9Ln, Ln = Dy, Ho) 

 ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ ʢʦʤʧʣʝʢʩ 8Dy (112 ʤʛ, 0.100 ʤʤʦʣʴ) ʠʣʠ 8Ho (112 ʤʛ, 

0.100 ʤʤʦʣʴ) ʠ ʂʉ8 (27 ʤʛ, 0.20 ʤʤʦʣʴ). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʝʨʝʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʢ ʩʤʝʩʠ 10 

ʤʣ ʊɻʌ, ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʇʨʠ ʵʪʦʤ 

ʥʘʯʘʣʴʥʳʡ ʪyʤʥʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ ʩʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʤʝʥʷʣʩʷ ʥʘ ʪʨʘʚʷʥʠʩʪʦ-ʟʝʣʝʥʳʡ. 

ɺʳʜʝʣʠʚʰʠʡʩʷ ʛʨʘʬʠʪ ʠ ʠʦʜʠʜ ʢʘʣʠʷ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʣʠ ʚ ʚʘʢʫʫʤʝ ʜʦ 

ʦʙʲʸʤʘ ʚ 2 ʤʣ ʠ ʜʦʙʘʚʠʣʠ 5 ʤʣ ʧʝʥʪʘʥʘ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʨʦʜʫʢʪʘ. ɺʳʭʦʜ: 96 ʤʛ (81 %, ʜʣʷ Ln = Dy), 82 ʤʛ (73 %, ʜʣʷ Ln = Ho). 
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ʂʦʤʧʣʝʢʩ 9Dy, ʩʦʣʴʚʘʪ ʩ ʧʝʥʪʘʥʦʤ, C56H82DyIN2O3ĿC5H12. ɸʥʘʣʠʟ: ʪʝʦʨ. C 60.0, H 7.4, N 2.5; 

ʧʨʘʢʪ. C 59.3, H 7.3, N 2.4. ʀʂ (ɜ, ʩʤï1): 2962 ʩ, 1584 ʩʣ, 1464 ʩ, 1420 ʩ, 1387 ʩʨ, 1362 ʩʨ, 1321 

ʩʨ, 1251 ʩʨ, 1197 ʩʨ, 1168 ʩʨ, 1114 ʩʣ, 1026 ʩʣ, 989 ʩʣ, 935 ʩʣ, 911 ʩʣ, 860 ʩʨ, 821 ʩʣ, 796 ʩʨ, 

765 ʩʣ, 656 ʩʣ, 526 ʩʣ. 

ʂʦʤʧʣʝʢʩ 9Ho, C56H82HoIN2O3. ɸʥʘʣʠʟ: ʪʝʦʨ. C 59.89, H 7.36, N 2.49; ʧʨʘʢʪ. C 59.9, H 7.2, N 

2.32%. ʀʂ (ɜ, ʩʤï1): 2962 ʩ, 1584 ʩʣ, 1464 ʩ, 1420 ʩ, 1387 ʩʨ, 1362 ʩʣ, 1321 ʩʨ, 1251 ʩʨ, 1197 ʩʣ, 

1168 ʩʣ, 1114 ʩʣ, 1026 ʩʣ, 1010 ʩʣ, 989 ʩʣ, 935 ʩʣ, 911 ʩʣ, 860 ʩʨ, 821 ʩʣ, 796 ʩʨ, 765 ʩʣ, 656 ʩʣ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [{K(thf )2}{Ln(dippAP)2(thf )2}] (10Ln , Ln = Dy, Ho) 

 ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ 0.500 ʤʤʦʣʴ [LnI3(thf)3,5] (398 ʤʛ (Dy), 399 ʤʛ (Ho)) ʠ 

dippIQ (379 ʤʛ, 1.00 ʤʤʦʣʴ), ʟʘʪʝʤ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ 

ʘʟʦʪʦʤ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʟʘʪʝʤ ʚ ʩʦʩʫʜ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ ʂʉ8 (135 ʤʛ, 1.00 ʤʤʦʣʴ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʝʱy 2 ʯ. ʊʨʘʚʷʥʠʩʪʦ-ʟʝʣyʥr ʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʦʪ ʛʨʘʬʠʪʘ ʠ ʠʦʜʠʜʘ 

ʢʘʣʠʷ. ɼʘʣʝʝ ʧʦʚʪʦʨʠʣʠ ʧʨʦʮʝʜʫʨʫ ʠ ʜʦʙʘʚʠʣʠ ʝʱʝ 1 ʤʤʦʣʴ ʂʉ8, ʧʨʠ ʵʪʦʤ ʮʚʝʪ ʨʘʩʪʚʦʨʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ ʠʟʤʝʥʷʣʩ ̫ʥʘ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʡ. ʊʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʠ ʧʨʠ 

ʦʜʥʦʤʦʤʝʥʪʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 2 ʤʤʦʣʴ (4 ʵʢʚ) KC8, ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʩʝʤʠʭʠʥʦʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ 2 ʯʘʩʘ, ʟʘʪʝʤ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ ʚ 

ʚʘʢʫʫʤʝ. ʆʙʨʘʟʫʶʱʝʝʩʷ ʤʘʩʣʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 15 ʤʣ ʧʝʥʪʘʥʘ ʠ ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʣʠ ʨʘʩʪʚʦʨ 

ʜʦʩʫʭʘ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʙʝʞʝʚʦʛʦ ʧʦʨʦʰʢʘ. ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 

336 ʤʛ (54 %, Ln = Dy), 378 ʤʛ (60 %, Ln = Ho). 

ʂʦʤʧʣʝʢʩ 10Dy, C68H106DyKN2O6. ɸʥʘʣʠʟ: ʪʝʦʨ. C 65.4, H 8.55, N 2.2; ʧʨʘʢʪ. C 64.8, H 8.2, 

N 2.3. ʀʂ (ɜ, ʩʤï1): 2955 ʩ, 1562 ʩʨ, 1480 ʩʨ, 1465 ʩ, 1421 ʩ, 1382 ʩ, 1360 ʩʨ, 1320 ʩʨ, 1255 ʩ, 

1200 ʩʨ, 1166 ʩʣ, 1127 ʩʨ, 1054 ʩ, 977 ʩʣ, 935 ʩʣ, 860 ʩʨ, 835 ʩʨ, 797 ʩʨ, 762 ʩʣ, 652 ʩʣ, 529 

ʩʨ. 

ʂʦʤʧʣʝʢʩ 10Ho, ʩʦʣʴʚʘʪ ʩ ʧʝʥʪʘʥʦʤ, C68H106HoKN2O6Ŀ0,3C5H12. ɸʥʘʣʠʟ: ʪʝʦʨ. C 65.2 H 8.5, 

N 2.2; ʧʨʘʢʪ. C 65.5, H 8.6, N 2.2. ʀʂ (ɜ, ʩʤï1): 2955 ʩ, 1560 ʩʨ, 1481 ʩ, 1465 ʩ, 1421 ʩ, 1382 ʩ, 

1360 ʩʨ, 1320 ʩ, 1255 ʩ, 1200 ʩʨ, 1166 ʩʣ, 1127 ʩʨ, 1054 ʩʨ, 976 ʩʣ, 940 ʩʣ, 860 ʩʨ, 840 ʩʨ, 797 

ʩʨ, 762 ʩʣ, 652 ʩʣ, 529 ʩʨ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [Ln(dippAP)(dippISQ)(thf )2] (11Ln , Ln = Dy, Ho) 

 ɺʘʨʠʘʥʪ 1. ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ 0.500 ʤʤʦʣʴ [LnI3(thf)3,5] (398 ʤʛ (Dy); 399 ʤʛ 

(Ho)) ʠ dippIQ (379 ʤʛ, 1.00 ʤʤʦʣʴ), ʟʘʪʝʤ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʞʠʜʢʠʤ ʘʟʦʪʦʤ, ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʨʘʩʪʚʦʨ 24 ʯ. ʇʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ 

ʂʉ8 (203 ʤʛ, 1.50 ʤʤʦʣʴ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩʤʝʩʴ ʝʱʸ 2 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʊʨʘʚʷʥʠʩʪʦ-ʟʝʣyʥr ʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʦʪ ʛʨʘʬʠʪʘ ʠ ʠʦʜʠʜʘ ʢʘʣʠʷ ʠ ʫʧʘʨʠʣʠ ʚ 

ʚʘʢʫʫʤʝ. ʂ ʤʘʩʣʷʥʠʩʪʦʤʫ ʦʩʪʘʪʢʫ ʜʦʙʘʚʠʣʠ 10 ʤʣ ʧʝʥʪʘʥʘ. ʈʘʩʪʚʦʨ ʦʪʜʝʣʠʣʠ ʦʪ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʦʛʦ ʦʩʘʜʢʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʎʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʧʨʠ 
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ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʚ ʚʠʜʝ ʟʝʣʸʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʭʦʜ 319 ʤʛ (60 % ʜʣʷ Ln = Dy), 160 ʤʛ 

(30 % ʜʣʷ Ln = Ho). ʆʪʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʳʝ ʙʝʣʳʝ ʦʩʘʜʢʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʊɻʌ, 

ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ [Dy(dippAP)I(thf)3] 

(12Dy) ʠ [Ho(dippAP)I(thf)3] (12Ho). 

ʂʦʤʧʣʝʢʩ 11Dy, C60H90DyN2O4. ɸʥʘʣʠʟ: ʪʝʦʨ. C 67.61, H 8.51, N 2.63; ʧʨʘʢʪ. C 67.3, H 8.3, 

N 2.7. ʀʂ (ɜ, ʩʤï1): 2964 ʩʨ, 1560 ʩʨ, 1482 ʩ, 1464 ʩ, 1420 ʩ, 1384 ʩ, 1359 ʩ, 1321 ʩ, 1251 ʩʨ, 

1200 ʩʨ, 1168 ʩʨ, 1120 ʩ, 1050 ʩʨ, 1026 ʩʣ, 988 ʩʣ, 935 ʩʣ, 860 ʩʨ, 821 ʩʣ, 797 ʩʨ, 765 ʩʣ, 656 ʩʣ, 

526 ʩʣ. 

ʂʦʤʧʣʝʢʩ 11Ho, C60H90HoN2O4. ɸʥʘʣʠʟ: ʪʝʦʨ. C 67.45, H 8.5, N 2.6; ʧʨʘʢʪ. C 67.8, H 8.2, N 

2.7. ʀʂ (ɜ, ʩʤï1): 2964 ʩ, 1584 ʩʣ, 1559 ʩʨ, 1482 ʩ, 1464 ʩ, 1420 ʩ, 1384 ʩ, 1362 ʩʨ, 1321 ʩ, 1251 

ʩʨ, 1197 ʩʨ, 1168 ʩʨ, 1120 ʩʨ, 1050 ʩʨ, 1026 ʩʣ, 988 ʩʣ, 935 ʩʣ, 860 ʩʨ, 821 ʩʨ, 797 ʩʨ, 765 ʩʣ, 

656 ʩʣ, 526 ʩʣ. 

ɺʘʨʠʘʥʪ 2. ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʨʝʘʛʝʥʪʦʚ [LnI3(thf)3,5] (210 ʤʛ, 0.264 ʤʤʦʣʴ), dippIQ (202 

ʤʛ, 0.532 ʤʤʦʣʴ) ʠ ʠʟʙʳʪʢʘ ʢʘʣʠʷ (20 ʤʛ, 5.1 ʤʤʦʣʴ) ʜʦʙʘʚʠʣʠ 5 ʤʣ ʊɻʌ ʠ ʦʩʪʘʚʠʣʠ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʘʷ ʦʢʨʘʩʢʘ ʙʳʩʪʨʦ 

ʩʤʝʥʠʣʘʩʴ ʥʘ ʪʝʤʥʦ-ʟʝʣʝʥʫʶ, ʘ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʥʘ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʫʶ (ʚʠʜʥʘ ʧʦʩʣʝ 

ʦʩʘʞʜʝʥʠʷ KI) ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 5 ʯ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ dippAP2ï. ʅʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʢʘʣʠʡ ʫʜʘʣʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʬʠʣʴʪʨʦʚʘʥʠʷ. ʂ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʪʨʫʙʦʯʢʫ ʤʝʜʣʝʥʥʦ ʜʦʙʘʚʣʷʣʠ 5 ʤʣ ʨʘʩʪʚʦʨʘ I2 (33 ʤʛ, 0.13 ʤʤʦʣʴ) ʚ 

ʊɻʌ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ, ʧʨʠ ʵʪʦʤ ʦʢʨʘʩʢʘ ʤʝʥʷʣʘʩʴ ʥʘ 

ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʫʶ. ʉʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ KI, ʨʘʩʪʚʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʧʦʨʠʩʪʳʡ ʬʠʣʴʪʨ. ɺʳʧʘʨʠʚʘʥʠʝ ʠ ʩʫʰʢʘ ʚ ʚʘʢʫʫʤʝ ʧʨʠʚʝʣʠ 

ʢ ʪʝʤʥʦʤʫ ʤʘʩʣʷʥʠʩʪʦʤʫ ʧʨʦʜʫʢʪʫ, ʢʦʪʦʨʳʡ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 2 ʤʣ 

ʧʝʥʪʘʥʘ. ʇʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʨʠ ï20 Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ ʨʘʩʪʚʦʨ ʦʪʜʝʣʠʣʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʨʦʜʫʢʪ ʚʩrʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ: 11Dy 130 ʤʛ (46%), 11Ho 160 ʤʛ (30%). 

ʈʝʘʢʮʠʷ 9Dy ʩ 10Dy. 

ʂ ʩʤʝʩʠ 9Dy (29 ʤʛ, 0.026 ʤʤʦʣʴ) ʠ 10Dy (32 ʤʛ, 0.026 ʤʤʦʣʴ) ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 5 ʤʣ 

ʊɻʌ. ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʙʳʩʪʨʦ ʠʟʤʝʥʠʣʩʷ ʩ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʥʘ ʟʝʣʝʥʦ-ʩʠʥʠʡ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʙʨʘʟʦʚʘʣʩʷ ʦʩʘʜʦʢ KI. ʏʝʨʝʟ 1 ʯ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʦʪʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʨʘʩʪʚʦʨ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʟʨʘʯʥʳʡ ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʩʣʷʥʠʩʪʳʡ ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʧʝʥʪʘʥʘ. ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ 

ʧʦʣʫʯʠʣʠ 21 ʤʛ (76%) 11Dy. 

ʈʝʘʢʮʠʷ [{K(thf)2}{Ln( dippAP)2(thf)2}] (10Dy, 10Ho) ʩ S8 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʨʝʘʛʝʥʪʦʚ [{K(thf)2}{Ln( dippAP)2(thf)2}]  (100 ʤʛ, 0.0800 ʤʤʦʣʴ), 18-

ʢʨʘʫʥ-6 (21 ʤʛ, 0.079 ʤʤʦʣʴ) ʠ S8 (13 ʤʛ, 0.051 ʤʤʦʣʴ) ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʪʦʣʫʦʣʘ ʧʨʠ 
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ʦʭʣʘʞʜʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʦʩʫʜʘ ʞʠʜʢʠʤ N2. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʵʪʦʤ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʩʤʝʥʠʣʩʷ ʩ ʙʝʩʮʚʝʪʥʦʛʦ ʥʘ 

ʪʝʤʥʦ-ʟʝʣʝʥʳʡ. ʈʘʩʪʚʦʨ ʦʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʣʠ ʚ ʚʘʢʫʫʤʝ. ʊʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʨʘʩʪʚʦʨʠʣʠ ʚ 

ʩʤʝʩʠ 1 ʤʣ ʊɻʌ ʠ 4 ʤʣ ʧʝʥʪʘʥʘ, ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʘʣʠ ʧʨʠ ï30 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ, ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʝʤʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʠʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ 

ʪʱʘʪʝʣʴʥʦ ʚʳʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ: 13Dy 83 ʤʛ (68%), 13ʅʦ 54 ʤʛ (44%).  

ʂʦʤʧʣʝʢʩ 13Dy (C72H114DyKN2O10S5). ɸʥʘʣʠʟ, ʪʝʦʨ. ʉ 56.54, ʅ 7.51, N 1.83, S 10.48%; ʧʨʘʢʪ. 

C 56.0, H 7.5, N 1.8, S 9.8%. ʀʂ (ɜ, ʩʤï1): 2957 ʩ, 1583 ʩʣ, 1465 ʩ, 1435 ʩ, 1380 ʩʨ, 1351 ʩ, 1328 

ʩʨ, 1251 ʩ, 1197 ʩʨ, 1168 ʩʨ, 1111 ʩ, 988 ʩʣ, 963 ʩʨ, 909 ʩʣ, 862 ʩʨ, 837 ʩʨ, 794 ʩʨ, 764 ʩʣ, 657 

ʩʣ, 534 ʩʣ.  

ʂʦʤʧʣʝʢʩ 13Ho (C72H114HoKN2O10S5). ɸʥʘʣʠʟ, ʪʝʦʨ. ʉ 56.45, ʅ 7.50, N 1.83, S 10.47%; ʧʨʘʢʪ. 

C 55.8, H 7.7, N 2.1, S 10.4%. ʀʂ (ɜ, ʩʤï1): 2957 ʩ, 1583 ʩʣ, 1465 ʩ, 1435 ʩ, 1380 ʩʨ, 1351 ʩ, 1328 

ʩʨ, 1251 ʩ, 1197 ʩʨ, 1168 ʩʨ, 1111 ʩ, 988 ʩʣ, 963 ʩʨ, 909 ʩʣ, 862 ʩʨ, 837 ʩʨ, 794 ʩʨ, 764 ʩʣ, 657 

ʩʣ, 534 ʩʣ. 

ʈʝʘʢʮʠʷ [Ln( dippAP)(dippISQ)(thf)2] (10Dy, 10Ho) ʩ S8 

ʂ ʪʚʝʨʜʳʤ ʨʝʘʛʝʥʪʘʤ [Ln(dippAP)(dippISQ)(thf)2] (54 ʤʛ, 0.051 ʤʤʦʣʴ) ʠ S8 (3.2 ʤʛ, 0.012 

ʤʤʦʣʴ) ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʪʦʣʫʦʣʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʅʘʙʣʶʜʘʣʠ ʧʦʩʪʝʧʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʦʪ ʛʦʣʫʙʦʛʦ ʜʦ ʟʝʣʝʥʦʛʦ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʤʝʜʣʝʥʥʦ ʚʳʧʘʨʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ, ʧʨʠ 

ʵʪʦʤ ʦʙʨʘʟʦʚʘʣʩʷ ʤʘʩʣʷʥʠʩʪʳʡ ʦʩʪʘʪʦʢ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʝʣʝʥʦ-ʛʦʣʫʙʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ, ʧʨʦʜʫʢʪ ʨʘʩʪʚʦʨʠʣʠ ʚ ʩʤʝʩʠ 1 

ʤʣ ʊɻʌ ʠ 4 ʤʣ ʧʝʥʪʘʥʘ ʠ ʚʳʜʝʨʞʘʣʠ ʧʨʠ ï30 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ. ɺʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ 

ʧʝʨʝʜ ʭʘʨʘʢʪʝʨʠʟʘʮʠʝʡ ʚʳʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ: 14Dy 43 ʤʛ (75%), 14ʅʦ 49 ʤʛ (85%). 

ʂʦʤʧʣʝʢʩ 14Dy (C60H90DyN2O4S2). ɸʥʘʣʠʟ, ʪʝʦʨ. ʉ 63.77, ʅ 8.03, N 2.48, S 5.67%; ʧʨʘʢʪ. C 

63.2, H 7.7, N 2.1, S 5.5%. ʀʂ (ɜ, ʩʤï1): 2958 ʩ, 2865 ʩʨ, 1584 ʩʣ, 1554 ʩʣ, 1462 ʩ, 1428 ʩ, 1384 

ʩʨ ʫʰʠʨ., 1360 ʩʣ ʧʣʝʯ., 1347 ʩʨ, 1326 ʩʣ, 1305 ʩ, 1281 ʩʣ, 1251 ʩ, 1234 ʩʣ ʧʣʝʯ., 1199 ʩʨ, 1167 

ʩʨ, 1102 ʩʨ, 1056 ʩʣ, 1027 ʩ, 990 ʩʨ, 910 ʩʨ, 886 ʩʣ, 863 ʩʨ, 844 ʩʨ, 801 ʩʣ, 792 ʩʣ, 763 ʩʨ, 658 

ʩʣ, 643 ʩʣ. 

ʂʦʤʧʣʝʢʩ 14Ho (C60H90DyN2O4S2). ɸʥʘʣʠʟ, ʪʝʦʨ. C 63.64, H 8.01, N 2.47, S 5.66%; ʧʨʘʢʪ. C 

63.7, H 8.1, N 2.4, S 5.6%. ʀʂ (ɜ, ʩʤï1): 2958 ʩ, 2865 ʩʨ, 1584 ʩʣ, 1554 ʩʣ, 1462 ʩ, 1428 ʩ, 1384 

ʩʨ ʫʰʠʨ., 1360 ʩʣ ʧʣʝʯ., 1347 ʩʨ, 1326 ʩʣ, 1305 ʩ , 1281 ʩʣ, 1251 ʩ, 1234 ʩʣ ʧʣʝʯ., 1199 ʩʨ, 1167 

ʩʨ, 1102 ʩʨ, 1056 ʩʣ, 1027 ʩ, 990 ʩʨ, 910 ʩʨ, 886 ʩʣ, 863 ʩʨ, 844 ʩʨ, 801 ʩʣ, 792 ʩʣ, 763 ʩʨ, 658 

ʩʣ, 643 ʩʣ. 
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ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Dy(dippISQ)3] (15) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ [Dy(dippISQ)(dippAP)(thf)] (150 ʤʛ, 0.140 ʤʤʦʣʴ) ʠ dippIQ (53 

ʤʛ, 0.14 ʤʤʦʣʴ), ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʪʦʣʫʦʣʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ, ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʨʘʩʪʚʦʨ 24 ʯ. ʊʝʤʥʳʡ ʩʠʥʝ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʚ ʚʘʢʫʫʤʝ. ʂ 

ʤʘʩʣʷʥʠʩʪʦʤʫ ʦʩʪʘʪʢʫ ʜʦʙʘʚʠʣʠ 2 ʤʣ ʧʝʥʪʘʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʥʝʩʣʠ ʚ 

ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ ʠ ʟʘʧʘʷʣʠ. ɸʤʧʫʣʫ ʧʦʤʝʩʪʠʣʠ ʚ ʤʦʨʦʟʠʣʴʥʫʶ ʢʘʤʝʨʫ (ï30 Áʉ) ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ. ʈʘʩʪʚʦʨ ʦʩʪʦʨʦʞʥʦ ʜʝʢʘʥʪʠʨʦʚʘʣʠ ʩ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʦʜʫʢʪ 

ʚr ʩʫʰʠʣʠ. ɺʳʭʦʜ: 144 ʤʛ (78 %). 

ʂʦʤʧʣʝʢʩ 15, C78H111DyN3O3. ɸʥʘʣʠʟ: ʪʝʦʨ. C 72.0, H 8.6, N 3.2; ʧʨʘʢʪ. C 71.9, H 8.7, N 3.2. 

ʀʂ (ɜ, ʩʤï1): 3059 ʩʣ, 2962 ʩ, 2868 ʩ, 1584 ʩʣ, 1434 ʩ, 1385 ʩʨ, 1353 ʩʨ, 1317 ʩʨ, 1251 ʩ, 1197 

ʩʣ, 1167 ʩʣ, 1101 ʩʣ, 1054 ʩʣ, 988 ʩʣ, 934 ʩʣ, 909 ʩʣ, 860 ʩʨ, 796 ʩʨ, 765 ʩʣ, 657 ʩʣ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ [Dy(dippISQ)2(phenSQ)] (16) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ [Dy(dippISQ)(dippAP)(thf)] (150 ʤʛ, 0.140 ʤʤʦʣʴ) ʠ phenQ 

(29 ʤʛ, 0.14 ʤʤʦʣʴ), ʟʘʪʝʤ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʪʦʣʫʦʣʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ, 

ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʨʘʩʪʚʦʨ 24 ʯ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʪʝʤʥʳʡ ʩʠʥʝ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ 

ʧʦʤʝʥʷʣ ʮʚʝʪ ʥʘ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ. ʕʪʦʪ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʚ ʚʘʢʫʫʤʝ. ʂ ʤʘʩʣʷʥʠʩʪʦʤʫ ʦʩʪʘʪʢʫ 

ʜʦʙʘʚʠʣʠ 5 ʤʣ ʧʝʥʪʘʥʘ ʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʝ (20ï

45 Áʉ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 2 ʯ). ʉʧʫʩʪʷ 3 ʜʥʷ ʚ ʨʘʩʪʚʦʨʝ ʚʳʨʦʩʣʠ ʢʦʨʠʯʥʝʚʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʣʩʷ ʪʸʤʥʦ-ʩʠʥʠʡ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ. 

ʆʪʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 16 ʫʜʘʣʦʩʴ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ dippPDI ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʣʠʝʤ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ [K 2(dippPDA)(thf )3] 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ dippPDI (200 ʤʛ, 0.380 ʤʤʦʣʴ) ʠ ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʘʣʠʷ (200 ʤʛ, 5.13 ʤʤʦʣʴ). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ ʠ ʧʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʉʧʫʩʪʷ 30 ʤʠʥ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨ ʠʟʤʝʥʠʣ ʮʚʝʪ ʩ ʢʨʘʩʥʦʛʦ ʥʘ ʪʝʤʥʦ-ʩʠʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ ʥʘ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ 

ʦʪʜʝʣʝʥ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʢʘʣʠʷ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ɺ 

ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 5 ʤʣ ʛʝʢʩʘʥʘ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʜʫʢʪʘ, 

ʩʦʚʤʝʩʪʥʦ ʩʦ ʚʪʦʨʦʡ ʬʘʟʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʞʝʣʪʦʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. 

ʈʘʟʜʝʣʠʪʴ ʵʪʠ ʜʚʝ ʬʘʟʳ ʤʦʞʥʦ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠ. 

ʉʠʥʪʝʟ [K 2(dippPDA)(thf )3] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ dippPDI ʩ KC8 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ dippPDI (100 ʤʛ, 0.190 ʤʤʦʣʴ) ʠ KC8 (51 ʤʛ, 0.38 ʤʤʦʣʴ). 

ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 10 ʤʣ ʊɻʌ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʉʧʫʩʪʷ 30 ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
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ʨʘʩʪʚʦʨ ʥʘʜ ʦʩʘʜʢʦʤ ʧʦʤʝʥʷʣ ʮʚʝʪ ʩ ʢʨʘʩʥʦʛʦ ʥʘ ʪʝʤʥʦ-ʩʠʥʠʡ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʦʩʪʝʧʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʥʘ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ. ʈʘʩʪʚʦʨ ʙʳʣ ʦʪʜʝʣʝʥ ʦʪ ʦʩʘʜʢʘ ʫʛʣʝʨʦʜʘ ʩ ʧʦʤʦʱʴʶ 

ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʜʦ 2 ʤʣ. ʇʦʚʝʨʭ ʨʘʩʪʚʦʨʘ ʚ ʚʘʢʫʫʤʝ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 5 

ʤʣ ʛʝʢʩʘʥʘ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʘʩʪʚʦʨ ʜʝʢʘʥʪʠʨʦʚʘʣʠ, ʧʨʦʜʫʢʪ ʚʳʩʫʰʠʣʠ 

ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ: 95 ʤʛ (61 %). 

C50H66KN2O3. ɸʥʘʣʠʟ: ʪʝʦʨ. C 73.1, H 8.1, N 3.4; ʧʨʘʢʪ. C 66.7, H 7.2, N 3.8. ʀʂ (ɜ, ʩʤï1): 3503 

ʩʨ, 3393 ʩʨ, 2962 ʩ, 2867 ʩʨ, 1590 ʩʨ, 1466 ʩ, 1411 ʩʨ, 1375 ʩʨ, 1341 ʩʨ, 1267 ʩʣ, 1057 ʩʣ, 884 

ʩʣ, 790 ʩʣ, 752 ʩʨ, 723 ʩʨ. ʗʄʈ 1ʅ (ʊɻʌ-d8, ŭ, ʤ. ʜ.): 0.73 ʜ, 0.84 ʜ, 0.97 ʜ, 1.04 ʜ (ʚʩʝ 6H, 

CH(CH3)2, 
3J = 6.8 ɻʮ), 1.77 ʤ (CH2, ʊɻʌ), 3.32 ʩʝʧʪ, 3.45 ʩʝʧʪ (ʚʩʝ 2ʅ, CH(CH3)2, 

3J = 6.8 ɻʮ), 

3.62 ʤ (CH2, ʊɻʌ), 6.18 ʪ (1ʅ, C(2)-H ʠʣʠ C(3)-H ʬʝʥʘʥʪʨʝʥʘ, J = 7.3 ɻʮ), 6.53 ʪ (1ʅ, C(3)-H 

ʠʣʠ C(2)-H ʬʝʥʘʥʪʨʝʥʘ, J = 7.5 ɻʮ), 6.73ï6.83 (8ʅ, ʤ- ʠ ʧ-Dipp, C(5)-H ʠ C(8)-H ʬʝʥʘʥʪʨʝʥʘ), 

7.60 ʤ (2H, C(6)-H ʠ C(7)-H ʬʝʥʘʥʪʨʝʥʘ), 8.28 ʜ (1ʅ, C(1)-H ʠʣʠ C(4)-H ʬʝʥʘʥʪʨʝʥʘ, J = 7.8 

ɻʮ), 8.36 ʜ (1ʅ, C(4)-H ʠʣʠ C(1)-H ʬʝʥʘʥʪʨʝʥʘ, J = 7.8 ɻʮ). 

ʉʠʥʪʝʟ [Li  (dippPSI)(thf )2] 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ dippPDI (100 ʤʛ, 0.190 ʤʤʦʣʴ) ʠ ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʣʠʪʠʷ (10 ʤʛ, 1.43 ʤʤʦʣʴ). ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ ʠ ʧʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʉʧʫʩʪʷ 30 ʤʠʥ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨ ʠʟʤʝʥʠʣ ʮʚʝʪ ʩ ʢʨʘʩʥʦʛʦ ʥʘ ʪʝʤʥʦ-ʩʠʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ ʥʘ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ. ʈʘʩʪʚʦʨ ʙʳʣ ʦʪʜʝʣʝʥ ʦʪ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʣʠʪʠʷ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚʘʥʠʷ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʜʠʣʠʪʠʝʚʦʡ ʩʦʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ dippPDI (100 ʤʛ, 0.190 ʤʤʦʣʴ). ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʩʧʫʩʪʷ 1 ʯ ʠʟʤʝʥʠʣʩʷ 

ʥʘ ʪʝʤʥʦ-ʩʠʥʠʡ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʣʠ ʚ ʚʘʢʫʫʤʝ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ; ʢ 

ʤʘʩʣʷʥʠʩʪʦʤʫ ʦʩʪʘʪʢʫ ʜʦʙʘʚʠʣʠ 3 ʤʣ ʛʝʢʩʘʥʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʧʨʦʜʫʢʪʘ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ. ɺʳʭʦʜ: 109 ʤʛ (85 %). ʂʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʙʳʣʠ 

ʚʳʨʘʱʝʥʳ ʠʟ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʊɻʌ:ʛʝʢʩʘʥ 1:3. 

C46H58LiN2O2. ɸʥʘʣʠʟ ʪʝʦʨ. C 81.5, H 8.6, N 4.1; ʧʨʘʢʪ. C 81.7, H 8.9, N 4.1. ʀʂ (ɜ, ʩʤï1): 3393 

ʩʨ, 3058 ʩʨ, 2960 ʩ, 2867 ʩ, 1590 ʩʨ, 1455 ʩ, 1425 ʩ, 1381 ʩʨ, 1361 ʩʨ, 1338 ʩʨ, 1262 ʩʨ, 1108 

ʩʣ, 1045 ʩʨ, 933 ʩʣ, 753 ʩ, 721 ʩʨ, 591 ʩʣ. 

ʉʠʥʪʝʟ [SmCp*(dippPDA)(thf )] (17) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ [SmCp*2(thf)2] (200 ʤʛ, 0.350 ʤʤʦʣʴ) ʠ dippPDI (186 ʤʛ, 

0.350 ʤʤʦʣʴ). ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ, ʨʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʉʧʫʩʪʷ ʩʫʪʢʠ ʠʩʭʦʜʥʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʣʠ ʚ ʚʘʢʫʫʤʝ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ; ʢ ʪʚʝʨʜʦʤʫ ʦʩʪʘʪʢʫ ʜʦʙʘʚʠʣʠ 

ʛʝʢʩʘʥ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʧʨʦʜʫʢʪʘ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʣʠ ʛʝʢʩʘʥʦʤ (3Ĭ5 ʤʣ). 
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ɺʳʭʦʜ 254 ʤʛ (82 %). ʂʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʠʟ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʊɻʌ:ʛʝʢʩʘʥ 1:3. 

ʂʦʤʧʣʝʢʩ 17, C52H65N2OSm. ɸʥʘʣʠʟ: ʪʝʦʨ. C 70.6, H 7.4, N 3.2; ʧʨʘʢʪ. C 71.0, H 8.0, N 2.8. 

ʀʂ (ɜ, ʩʤï1): 3676 ʩʣ, 3393 ʩʨ, 2961 ʩ, 2924 ʩ, 2866 ʩ, 1589 ʩʨ, 1465 ʩ, 1377 ʩʨ, 1340 ʩʨ, 1253 

ʩʣ, 1117 ʩʣ, 1043 ʩʣ, 865 ʩʣ, 790 ʩʣ, 753 ʩʨ, 723 ʩʨ, 572 ʩʨ.  

ʉʠʥʪʝʟ [DyI (dippPDA)(thf )(solv)] (solv = thf , 18thf; solv = Et2O, 18Et2O) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʠʷ (33 ʤʛ, 0.84 ʤʤʦʣʴ) ʠ 

dippPDI (200 ʤʛ, 0.380 ʤʤʦʣʴ), ʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ 

ʘʟʦʪʦʤ. ʏʝʨʝʟ 12 ʯ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʩʦʣʠ ʦʪʜʝʣʠʣʠ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʢʘʣʠʷ ʠ ʢ ʵʪʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʜʦʙʘʚʠʣʠ [DyI3(thf)3,5] (302 ʤʛ, 0.380 ʤʤʦʣʴ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ɿʘʪʝʤ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ KI ʦʪʜʝʣʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ; ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ. ɺ ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 5 ʤʣ 

ʛʝʢʩʘʥʘ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ 18thf ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ. ɺʳʭʦʜ: 273 ʤʛ (75 %). 

ɾʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ 18thf ʠ 18Et2O, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʤʝʩʠ ʊɻʌ:ʛʝʢʩʘʥ (1:3) ʠʣʠ ʵʬʠʨ:ʛʝʢʩʘʥ (1:3), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʦʤʧʣʝʢʩ 18thf, C46H58DyIN2O2. ɸʥʘʣʠʟ: ʪʝʦʨ. C 57.5, H 6.1, N 2.9; ʧʨʘʢʪ. C 57.7, H 6.2, N 

3.3. ʀʂ (ɜ, ʩʤï1): 3392 ʩʨ, 3060 ʩʣ, 2962 ʩ, 2866 ʩ, 1589 ʩʨ, 1464 ʩ, 1424 ʩ, 1371 ʩ, 1340 ʩ, 1254 

ʩ, 1115 ʩʣ, 1018 ʩʨ, 926 ʩʣ, 863 ʩʨ, 786 ʩʨ, 753 ʩ, 723 ʩʨ, 655 ʩʣ. 

ʉʠʥʪʝʟ [Li (thf )3(Et2O)][DyI2(dippPDA)(thf )] (19) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʪʠʷ (10 ʤʛ, 1.4 ʤʤʦʣʴ) ʠ 

dippPDI (200 ʤʛ, 0.380 ʤʤʦʣʴ), ʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ 

ʘʟʦʪʦʤ. ʏʝʨʝʟ 12 ʯ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʩʦʣʠ ʦʪʜʝʣʠʣʠ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʣʠʪʠʷ ʠ ʢ ʥʝʤʫ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ 

[DyI3(thf)3,5] (302 ʤʛ, 0.380 ʤʤʦʣʴ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 Áʉ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʜʦ 1 ʤʣ ʠ ʦʪʜʝʣʠʣʠ ʦʩʘʜʦʢ LiI  ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʅʘ 

ʨʘʩʪʚʦʨ ʚ ʊɻʌ ʥʘʩʣʦʠʣʠ 3 ʤʣ ʵʬʠʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʦʨʘʥʞʝʚʦ-

ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʜʝʢʘʥʪʠʨʦʚʘʣʠ, ʧʨʦʜʫʢʪ ʚʳʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. 

ɺʳʭʦʜ: 299 ʤʛ (60 %). 

ʂʦʤʧʣʝʢʩ 19, C58H84DyI2LiN2O5. ɸʥʘʣʠʟ: ʪʝʦʨ. C 53.2, H 6.3, N 2.1; ʧʨʘʢʪ. C 53.0, H 6.2, N 

2.0. ʀʂ (ɜ, ʩʤï1): 3392 ʩʨ, 3060 ʩʣ, 2961 ʩ, 2867 ʩ, 1590 ʩʨ, 1463 ʩ, 1427 ʩ, 1371 ʩ, 1329 ʩ, 1240 

ʩʨ, 1207 ʩʨ, 1108 ʩʣ, 1049 ʩ, 887 ʩʨ, 859 ʩʨ, 791 ʩʨ, 751 ʩ, 722 ʩʨ, 675 ʩʣ. 
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ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Yb(dippPDA)(thf )3] (20) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʠʷ (33 ʤʛ, 0.84 ʤʤʦʣʴ) ʠ 

dippPDI (200 ʤʛ, 0.380 ʤʤʦʣʴ) ʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 10 ʤʣ ʊɻʌ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ 

ʘʟʦʪʦʤ. ʏʝʨʝʟ 12 ʯ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʩʦʣʠ ʦʪʜʝʣʠʣʠ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʢʘʣʠʷ ʠ ʢ ʵʪʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʜʦʙʘʚʠʣʠ [YbI2(thf)2] (216 ʤʛ, 0.380 ʤʤʦʣʴ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ KI ʙʳʣ ʦʪʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ; ʨʘʩʪʚʦʨ ʙʳʣ ʤʝʜʣʝʥʥʦ ʫʧʘʨʝʥ ʜʦʩʫʭʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʯʝʨʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ. ɺʳʭʦʜ 268 ʤʛ (77 %). 

ʂʦʤʧʣʝʢʩ 20, C50H66N2O3Yb. ɸʥʘʣʠʟ: ʪʝʦʨ. C 65.5, H 7.3, N 3.0; ʧʨʘʢʪ. C 65.7, H 7.5, N 3.0. 

ʀʂ (ɜ, ʩʤï1): 3393 ʩʨ, 3057 ʩʣ, 2960 ʩ, 2866 ʩ, 1587 ʩʨ, 1465 ʩ, 1417 ʩ, 1357 ʩ, 1330 ʩ, 1250 ʩ, 

1105 ʩʣ, 1024 ʩʨ, 926 ʩʣ, 879 ʩʣ, 750 ʩʨ, 723 ʩʨ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [M(3,6-dbCat)(thf )n] (M = Ca (22), Sr (23), Ba (24)). 

ɼʣʷ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʤʝʪʦʜʠʢʠ: 1 ʤʝʪʦʜʠʢʘ 

(ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ M = Ca, Sr) ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʠʥʦʥʘ ʩ ʤʝʪʘʣʣʦʮʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

[MCp*2(thf)2] (ʩʭʝʤʘ 6, ʩʧʦʩʦʙ 3); 2 ʤʝʪʦʜʠʢʘ (ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʚʩʝʭ ʪʨʸʭ ʤʝʪʘʣʣʦʚ) ï 

ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʠʥʦʥʘ ʩ ʤʝʪʘʣʣʦʤ (ʩʭʝʤʘ 6, ʩʧʦʩʦʙ 1).  

(1 ʤʝʪʦʜʠʢʘ) ʂ ʩʤʝʩʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ 3,6-dbQ ʠ [CaCp*2(thf)2] ʠʣʠ 

[SrCp*2(thf)2] (ʧʦ 0.5 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ ʊɻʌ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 2 ʯʘʩʘ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚʦʟʥʠʢʰʝʛʦ ʚʥʘʯʘʣʝ 

ʩʠʥʝʛʦ ʮʚʝʪʘ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʠʣʠ ʚ ʚʘʢʫʫʤʝ, ʢ ʦʩʪʘʪʢʫ ʜʦʙʘʚʠʣʠ 5 ʤʣ ʛʝʢʩʘʥʘ ʠ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʧʨʦʜʫʢʪʘ. ɼʣʷ ʦʯʠʩʪʢʠ ʝʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 

ʩʤʝʩʠ 5 ʤʣ ʊɻʌ ʠ 5 ʤʣ ʛʝʢʩʘʥʘ ʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ɺʳʭʦʜʳ: 64 ʤʛ (27% 

ʜʣʷ M = Ca), 12 ʤʛ (4 % ʜʣʷ M = Sr). 

(2 ʤʝʪʦʜʠʢʘ) ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʤʧʫʣʝ ʩ ʜʚʫʤʷ ʦʪʜʝʣʝʥʠʷʤʠ, ʩʦʛʥʫʪʦʡ ʧʦʜ 

ʧʨʷʤʳʤ ʫʛʣʦʤ. ɺ ʘʤʧʫʣʫ ʙʳʣ ʧʦʤʝʱʸʥ 1 ʤʤʦʣʴ 3,6-dbQ (0.220 ʛ), ʜʚʫʢʨʘʪʥʳʡ ʤʦʣʷʨʥʳʡ 

ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʘ ʠ 10 ʤʣ ʊɻʌ, ʧʦʩʣʝ ʵʪʦʛʦ ʦʥʘ ʙʳʣʘ ʚʘʢʫʫʤʠʨʦʚʘʥʘ ʠ ʦʪʧʘʷʥʘ. ʉʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩʠʥʝʡ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ (ʜʦ 2 

ʥʝʜʝʣʴ). ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʜʘʣʠ ʦʩʘʜʢʫ ʦʪʩʪʦʷʪʴʩʷ ʠ ʨʘʩʪʚʦʨ ʜʝʢʘʥʪʠʨʦʚʘʣʠ ʚ 

ʜʨʫʛʫʶ ʯʘʩʪʴ ʘʤʧʫʣʳ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʝʨʝʧʘʨʠʣʠ ʠʟ ʦʜʥʦʛʦ ʦʪʩʝʢʘ ʚ ʜʨʫʛʦʡ 

ʜʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ. ʂʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ ʦʪʜʝʣʠʣʠ ʦʪ 

ʦʢʨʘʰʝʥʥʦʡ ʧʨʠʤʝʩʠ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʨʦʤʳʚʘʥʠʝʤ ʥʝʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʯʠʩʪʳʡ ʧʨʦʜʫʢʪ ʚʳʩʫʰʠʣʠ ʧʫʪʸʤ ʦʭʣʘʞʜʝʥʠʷ ʜʨʫʛʦʡ ʯʘʩʪʠ ʘʤʧʫʣʳ, ʠ ʘʤʧʫʣʫ ʦʪʧʘʷʣʠ. 

ɺʳʭʦʜʳ: 345 ʤʛ (72 % ʜʣʷ M = Ca), 397 ʤʛ (66 % ʜʣʷ M = Sr), 271 ʤʛ (58 % ʜʣʷ M = Ba). 
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ʂʦʤʧʣʝʢʩ 22, C66H108Ca3O12ĿTHF. ɸʥʘʣʠʟ ʪʝʦʨ. C 65.31,  H 8.97 %; ʧʨʘʢʪ. C 61.35,  H 8.55 

%. ʀʂ (ɜ, ʩʤï1): 2953 ʩʣ, 1541 ʩ, 1506 ʩ, 1481 ʩʣ, 1393 ʩʣ, 1314 ʩ, 1281 ʩʣ, 1224 ʩʣ, 1146 ʩʣ, 

1034 ʩʣ, 968 ʩʣ, 916 ʩʣ, 827 ʩ, 806 ʩ, 790 ʩʨ, 664 ʩʣ ʩʤï1. ʗʄʈ 1H (C6D6): 6.77 (c, 2H, CH), 

3.50 (c, 8H, ʊɻʌ), 1.51 (ʩ, 18H, C(CH3)3), 1.36 (c, 8H, ʊɻʌ). ʗʄʈ 1H (ʊɻʌ-d8): 6.24 (c, 2H, 

CH), 3.61 (ʤ, 8H, ʊɻʌ), 1.77 (ʤ, 8H, ʊɻʌ), 1.41 (ʩ, 18H, C(CH3)3). ʗʄʈ 
13C{ 1H} (C6D6): 155.0 

(ʩ, C(1) ʠ C(2) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 132.8 (ʩ, C(3) ʠ C(6) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 112.9 (c, C(4) ʠ 

C(5) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 68.2 (c, OïCH2 ʚ ʊɻʌ), 34.2 (ʩ, CïCH3), 30.8 (ʤ, CH3), 25.7 (c, CH2 

ʚ ʊɻʌ). 

 ʂʦʤʧʣʝʢʩ 23, C66H108O12Sr3Ŀ2THF. ɸʥʘʣʠʟ ʪʝʦʨ. C 58.4,  H 8.0 %; ʧʨʘʢʪ. C 54.5,  H 7.7 %. 

ʀʂ (ɜ, ʩʤï1): 2953 ʩʣ, 1541 ʩ, 1483 ʩ, 1465 ʩʣ, 1394 ʩʣ, 1280 ʩʣ, 1222 ʩʣ, 1147 ʩʨ, 1037 ʩʨ, 967 

ʩʣ, 916 ʩʣ, 829 ʩ, 805 ʩ, 789 ʩʨ, 665 ʩʣ ʩʤï1. ʗʄʈ 1H (C6D6): 6.75 (ʫʰʠʨ. c, 2H, CH), 3.28 (c, 

8H, ʊɻʌ), 1.59 (ʫʰʠʨ. ʩ, 18H, C(CH3)3), 1.30 (c, 8H, ʊɻʌ). ʗʄʈ 1H (ʊɻʌ-d8): 6.29 (c, 2H, 

CH), 3.61 (ʤ, 8H, ʊɻʌ), 1.77 (ʤ, 8H, ʊɻʌ), 1.37 (ʩ, 18H, C(CH3)3). ʗʄʈ 
13C{ 1H} (C6D6): 155.0 

(ʫʰʠʨ. ʩ, C(1) ʠ C(2) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 135.0 (ʫʰʠʨ. ʩ, C(3) ʠ C(6) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 

115.0 (ʫʰʠʨ ʩ., C(4) ʠ C(5) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 68.0 (ʩ, OïCH2 ʚ ʊɻʌ), 34.9 (ʩ, CïCH3), 31.9 

(ʩ, CH3), 31.0 (ʩ, CH2 ʚ ʊɻʌ). 

ʂʦʤʧʣʝʢʩ 24, C80H128Ba4O14. ɸʥʘʣʠʟ ʪʝʦʨ. C 51.6,  H 6.92; ʧʨʘʢʪ. C 51.7,  H 6.95. ʀʂ  

(ɜ, ʩʤï1): 2953 ʩʣ, 1503 ʩʣ, 1435 ʩʣ, 1391 ʩʣ, 1373 ʩ, 1279 ʩʣ, 1244 ʩʨ, 1221 ʩʨ, 1150 ʩ, 1043 

ʩʨ, 965 ʩʨ, 943 ʩ, 916 ʩʨ, 825 ʩ, 804 ʩ, 791 ʩ, 663 ʩʨ ʩʤï1. ʗʄʈ 1H (ʊɻʌ-d8): 6.27 (c, 2H, CH), 

3.61 (ʪ, 8H, ʊɻʌ), 1.77 (ʤ, 8H, ʊɻʌ), 1.35 (ʩ, 18H, C(CH3)3). ʗʄʈ 
13C{ 1H} (ʊɻʌ-d8): 155.3 (ʩ, 

C(1) ʠ C(2) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 136.5 (ʩ, C(3) ʠ C(6) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 112.5 (ʜ, C(4) ʠ C(5) 

ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 68.2 (ʩ, OïCH2 ʚ ʊɻʌ), 34.7 (ʩ, CïCH3), 31.0 (ʩ, CH3), 26.4 (ʩ, CH2 ʚ ʊɻʌ). 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Ca4(3,6-dbCat)4(thf )4] (25) 

 ɺ ʘʤʧʫʣʫ ʩ ʜʚʫʤʷ ʦʪʜʝʣʝʥʠʷʤʠ, ʩʦʛʥʫʪʫʶ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ, ʙʳʣʦ ʧʦʤʝʱʝʥʦ 100 

ʤʛ (0.24 ʤʤʦʣʴ) ʢʦʤʧʣʝʢʩʘ 22 ʠ 5 ʤʣ ʛʝʢʩʘʥʘ, ʘʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʦʪʧʘʷʣʠ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʛʝʢʩʘʥʘ ʢʦʤʧʣʝʢʩ ʨʘʩʪʚʦʨʠʣʩʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʞʝ ʚʳʧʘʣ ʙʝʣʳʡ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʧʝʨʝʧʘʨʠʣʠ ʚ ʜʨʫʛʫʶ ʯʘʩʪʴ ʘʤʧʫʣʳ ʠ 

ʫʩʪʘʥʦʚʠʣʠ ʘʤʧʫʣʫ ʥʘ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʜʦ 40 Áʉ ʧʦʜʣʦʞʢʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʠʩʧʘʨʷʶʱʠʡʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʢʦʥʜʝʥʩʠʨʦʚʘʣʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩ ʪʚʸʨʜʳʤ 

ʚʝʱʝʩʪʚʦʤ, ʨʘʩʪʚʦʨʷʣ ʝʛʦ ʠ ʧʝʨʝʥʦʩʠʣ ʚʥʠʟ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʩʸ ʚʝʱʝʩʪʚʦ 

ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʣʦʩʴ, ʨʘʩʪʚʦʨ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʳʣ ʫʧʘʨʝʥ ʜʦ ʯʝʪʚʝʨʪʠ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʦʙʲʝʤʘ, ʠ ʘʤʧʫʣʫ ʦʩʪʘʚʠʣʠ ʧʨʠ ï20Áʉ. ɺʳʧʘʚʰʠʝ ʚ ʨʘʩʪʚʦʨʝ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʠʣʠ 

ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʚʳʩʫʰʠʣʠ ʧʫʪʸʤ ʧʝʨʝʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʜʨʫʛʫʶ ʯʘʩʪʴ ʘʤʧʫʣʳ. 

ɺʳʭʦʜ: 56 ʤʛ (68 %). 
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ʂʦʤʧʣʝʢʩ 25, C72H112Ca4O12. ɸʥʘʣʠʟ: ʪʝʦʨ. C 65.0,  H 8.5; ʧʨʘʢʪ. C 65.0,  H 8.3. ʀʂ-ʩʧʝʢʪʨ 

ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʦʤ ʢʦʤʧʣʝʢʩʘ 22. ʗʄʈ 1H (C6D6): 6.76 (c, 2H, CH), 3.47 (c, 8H, ʊɻʌ), 

1.51 (ʩ, 18H, C(CH3)3), 1.36 (c, 8H, ʊɻʌ). ʗʄʈ 13C (C6D6): 155.0 (ʩ, C(1) ʠ C(2) ʭʠʥʦʥʦʚʦʛʦ 

ʮʠʢʣʘ), 132.8 (ʩ, C(3) ʠ C(6) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 112.9 (ʜ, C(4) ʠ C(5) ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ), 

69.1 (ʪ, OïCH2 ʚ ʊɻʌ), 34.2 (ʩ, CïCH3), 30.7 (ʢʚʘʨʪʝʪ, CH3), 25.5 (ʪ, CH2 ʚ ʊɻʌ). 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Ca3(3,6-dbCat)2(dbSQ)2(thf )4] (26) 

ʂ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʘ 22 (109 ʤʛ, 0.27 ʤʤʦʣʴ) ʠ 3,6-dbQ (20 ʤʛ, 0.090 ʤʤʦʣʴ) ʜʦʙʘʚʠʣʠ 

ʧʫʪʸʤ ʚʘʢʫʫʤʥʦʛʦ ʧʝʨʝʧʘʨʠʚʘʥʠʷ 5 ʤʣ ʊɻʌ, ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

2 ʯ. ʈʘʩʪʚʦʨ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʞʝ ʧʨʠʦʙʨʝʣ ʩʠʥʶʶ ʦʢʨʘʩʢʫ. ʉʤʝʩʴ ʫʧʘʨʠʣʠ ʜʦ ʦʙʲʸʤʘ 

ʧʨʠʤʝʨʥʦ 0.5 ʤʣ, ʧʨʠ ʵʪʦʤ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣʠ ʪʸʤʥʦ-ʩʠʥʠʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ. ʀʭ 

ʦʪʜʝʣʠʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʚʳʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ: 95 ʤʛ (82 %). 

ʂʦʤʧʣʝʢʩ 26, C72H112Ca3O12. ɸʥʘʣʠʟ: ʪʝʦʨ. C 67.0,  H 8.75; ʧʨʘʢʪ. C 62.9,  H 8.9. ʀʂ  

(ɜ, ʩʤï1): 2958 ʩ, 1500 ʩ, 1446 ʩ, 1390 ʩ, 1282 ʩ, 1224 ʩ, 1199 ʩ, 1175 ʩʨ, 1149 ʩʨ, 1036 ʩ, 967 ʩ, 

947 ʩ, 916 ʩ, 887 ʩʨ, 821 ʩʨ, 806 ʩʣ, 790 ʩʣ, 669 ʩ, 521 ʩʣ ʩʤï1. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [Ca(3,6-dbSQ)2(thf )3] (27) 

ɺ ʩʦʩʫʜ ʐʣʝʥʢʘ ʧʦʤʝʩʪʠʣʠ ʢʦʤʧʣʝʢʩ 22 (100 ʤʛ, 0.25 ʤʤʦʣʴ), 3,6-dbQ (165 ʤʛ, 0.75 

ʤʤʦʣʴ) ʠ 10 ʤʣ ʊɻʌ. ʇʦʩʣʝ ʥʘʯʘʣʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨ ʧʦʯʪʠ ʤʛʥʦʚʝʥʥʦ ʩʪʘʥʦʚʠʪʩʷ 

ʩʠʥʝ-ʟʝʣʝʥʳʤ. ʏʝʨʝʟ 2 ʯ ʨʝʘʢʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʚ ʚʘʢʫʫʤʝ ʜʦ ʦʙʲʝʤʘ ʚ 1 ʤʣ ʠ 

ʦʭʣʘʜʠʣʠ ʜʦ 2 Áʉ. ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʠʥʠʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ, 

ʢʦʪʦʨʳʝ ʧʨʦʤʳʣʠ 3 ʧʦʨʮʠʷʤʠ ʧʦ 2 ʤʣ ʛʝʢʩʘʥʘ ʠ ʚʳʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ: 19 ʤʛ  

(11 %). 

ʂʦʤʧʣʝʢʩ 27, C40H64CaO7. ɸʥʘʣʠʟ: ʪʝʦʨ. C 68.9,  H 9.25; ʧʨʘʢʪ. C 69.3,  H 9.35. ʀʂ (ɜ, ʩʤï1): 

2951 ʩ, 1500 ʩ, 1479 ʩ, 1445 ʩ, 1386 ʩʨ, 1343 ʩʨ, 1276 ʩʣ, 1200 ʩʣ, 1176 ʩʣ, 1044 ʩʨ, 949 ʩ, 889 

ʩʣ, 822 ʩʨ, 653 ʩʨ ʩʤï1. 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

 

3.1. ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ (Sm, Eu, Yb) ʩ ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʚʳʤ 

ʣʠʛʘʥʜʦʤ. 

3.1.1. ʉʠʥʪʝʟ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʑɿʄ [119]. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʠʭ, ʢʘʪʠʦʥʳ Ln ʩʧʦʩʦʙʥʳ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʘʥʠʦʥʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʝʤʠʭʠʥʦʣʷʪ, ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ (+3), ʪʠʧʠʯʥʦʡ 

ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʜʨʫʛʠʭ 

ʪʠʧʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʠʦʥʘʤʠ ʑɿʄ. ʆʜʥʘʢʦ, ʝʩʣʠ ʢʘʪʠʦʥ 

ʣʘʥʪʘʥʦʠʜʘ ʙʫʜʝʪ ʟʘʢʨʳʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʥʦʘʥʠʦʥʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʣʠʛʘʥʜʦʤ, ʪʦ 

ʬʨʘʛʤʝʥʪ {LnL}2+ ʦʢʘʟʳʚʘʝʪʩʷ ʜʚʫʭʟʘʨʷʞʝʥʥʳʤ ʠ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ, 

ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʘʤ ʑɿʄ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʦʙʲʸʤʥʳʡ ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʡ ʣʠʛʘʥʜ (Cp*ï), 

ʢʦʪʦʨʳʡ ʬʦʨʤʘʣʴʥʦ ʟʘʥʠʤʘʝʪ 3 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʩʪʘ. ɼʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʥʘʰʝʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʫʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ (Sm, 

Yb) ʠ ʤʘʛʥʠʷ, ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ [(LnCp*)2(3,6-dbCat)2] ʠ [(Mg(thf)2)2(3,6-dbCat)2] [2]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʦʩʦʙ 3 (ʉʭʝʤʘ 6), ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʚʳʩʪʫʧʘʣ ʢʘʢ ʦʢʠʩʣʷʶʱʠʡʩʷ ʣʠʛʘʥʜ Cp*ï, ʪʘʢ ʠ ʠʦʥ ʣʘʥʪʘʥʦʠʜʘ (2+) ʚ 

ʣʘʥʪʘʥʦʮʝʥʘʭ:  

2 [LnIICp*2(thf)2] + 2 3,6-dbQ Ÿ [(LnIIICp*)2(3,6-dbCat)2] + Cp*2 + 2 THF. 

ʊʘʢʦʡ ʞʝ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ  

9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ (phenQ). ʈʝʘʢʮʠʷ [SmIICp*2(thf)2] ʩ phenQ (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

1:1) ʚ ʪʦʣʫʦʣʝ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʨʘʟʫ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʦʢʦʣʦ ï50ÁC), ʥʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʠʤʝʝʪ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ. ɼʘʥʥʳʡ ʮʚʝʪ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʝʤʠʭʠʥʦʥʦʚʦʡ ʬʦʨʤʳ ʚ 

ʨʘʩʪʚʦʨʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʬʦʨʤʳ ʜʦʣʞʥʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʢʠʩʣʝʥʠʝʤ ʩʘʤʘʨʠʝʚʦʛʦ 

ʮʝʥʪʨʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩ [SmIIICp*2(phenSQ)], ʚ ʢʦʪʦʨʦʤ phenSQ ʬʦʨʤʘʣʴʥʦ ʟʘʤʝʱʘʝʪ ʜʚʘ ʣʠʛʘʥʜʘ ʊɻʌ 

(ʩʭʝʤʘ 40ɸ). ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʥʝʫʩʪʦʡʯʠʚ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʩʪʝʧʝʥʥʦʤ 

ʦʙʝʩʮʚʝʯʠʚʘʥʠʠ ʧʦʩʣʝʜʥʝʛʦ. ɿʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʘʭ ʧʨʠ 60ÁC ʦʙʨʘʟʫʝʪʩʷ ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ (ʩʭʝʤʘ 40ɺ). ʀʟ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʚ ʚʘʢʫʫʤʝ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ [{SmCp*} 3(phenCat)3] (1) ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ 1.5 ʤʦʣʝʢʫʣʘʤʠ ʪʦʣʫʦʣʘ. ʆʙʨʘʟʦʚʘʥʠʝ 
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ʧʦʩʣʝʜʥʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʦ ʩ ʦʢʠʩʣʝʥʠʝʤ ʦʜʥʦʛʦ ʣʠʛʘʥʜʘ Cp*ï ʥʘ ʘʪʦʤʝ ʩʘʤʘʨʠʷ ʜʦ Cp*2. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʚ 

ʨʝʘʢʮʠʠ ʩʘʤʘʨʦʮʝʥʘ ʩ 3,6-dbQ [2], ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʮʝʩʩ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʠʥʦʥʘ ʜʦ 

ʢʘʪʝʭʦʣʘʪʘ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʨʠ ʂʊ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʠʤ ʨʘʟʣʠʯʠʷʤ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʦʙʦʠʭ ʭʠʥʦʥʦʚ 

(ʢʘʪʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 3,6-dbQ ʚ CH3CN Ec (Q/SQï) = ï1.0 ɺ, Ec (SQï/Cat2ï) = ï1.8 ɺ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ Fc+/Fc [4], ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ï1.1 ʠ ï1.7 ɺ ʜʣʷ phenQ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [5]). ʄʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʪʝʨʠʢʘ: ʦʙʲʝʤʥʳʡ 3,6-dbQ ʧʨʠ 

ʨʝʘʢʮʠʠ ʩ ʩʘʤʘʨʦʮʝʥʦʤ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 

[SmCp*2(3,6-SQ)] ʩ ʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

[SmIIICp*2(phenSQ)]. ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘ ʩʯʸʪ Cp*ï ʣʠʛʘʥʜʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʡ ʙʳʩʪʨʝʝ ʜʣʷ 3,6-dbQ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʷʚʣʝʥʠʶ ʩʪʝʨʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [120]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ Cp*ï, ʚ 

ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʝʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ {SmIIICp*(phenCat)}  

(ʉʭʝʤʘ 40ʉ), ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʪʨʠʤʝʨʠʟʫʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩ 1. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʚʳʩʪʫʧʘʝʪ ʊɻʌ, ʨʝʘʢʮʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʟʘ 

ʪʘʢʦʝ ʞʝ ʚʨʝʤʷ, ʠ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʝʤʠʭʠʥʦʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʠ ʫʜʘʣʝʥʠʝʤ ʦʜʥʦʛʦ ʣʠʛʘʥʜʘ Cp*ï 

ʥʘ ʦʜʠʥ ʘʪʦʤ Sm (ʉʭʝʤʘ 40D). ɽʜʠʥʩʪʚʝʥʥʳʤ Sm-ʩʦʜʝʨʞʘʱʠʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩ [Sm2Cp*2(phenCat)2(thf)3] (2), ʢʦʪʦʨʳʡ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʢʩʘʥʘ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʊɻʌ ʠ ʛʝʢʩʘʥʘ 

2Ŀ1.5C6H14Ŀthf ʚ ʚʠʜʝ ʞʝʣʪʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʪʦ ʞʝ 

ʩʦʦʪʥʦʰʝʥʠʝ Sm:Cp*:phenCat = 1:1:1, ʯʪʦ ʠ 1, ʥʦ ʷʚʣʷʝʪʩʷ ʙʠʷʜʝʨʥʳʤ ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʦʨʜʠʥʘʮʠʠ ʊɻʌ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [SmIIICp*(phenCat)(thf)n], 

ʥʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʙʦʛʘʪʳʭ ʊɻʌ; ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʣʴʚʘʪʘʮʠʠ ʊɻʌ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʤʦʥʦʤʝʨʠʟʘʮʠʠ 2.  
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ʉʭʝʤʘ 40. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʘʤʘʨʦʮʝʥʘ ʩ phenQ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

1:1. ʈʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ, ʫʧʦʤʷʥʫʪʳʝ ʚ ʪʝʢʩʪʝ, ʦʪʤʝʯʝʥʳ ʟʘʛʣʘʚʥʳʤʠ ʙʫʢʚʘʤʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʩʪʘʜʠʠ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ. 

ʅʝʦʞʠʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʢʩʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʭʦʜʘ. PhenQ 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʛʝʢʩʘʥʝ, ʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳʡ 

ʩʘʤʘʨʦʮʝʥ ʥʘʭʦʜʠʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʠʟʙʳʪʢʝ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʙʳʣʠ 

ʚʟʷʪʳ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ 

ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʘʤʘʨʦʮʝʥʦʚʳʭ ʟʚʝʥʴʝʚ (ʉʭʝʤʘ 40E): ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{SmCp*2} 2(phenCat)] (3), 

ʪʨʝʭʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [(SmCp*2){ SmCp*} 2(phenCat)2] (4), ʠ ʜʚʦʡʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ 

[SmCp*2(thf)2]
+[(SmCp*)(SmCp*2)(Õ-phenCat)2]

ï (5). ʂʦʤʧʣʝʢʩ 3 ʦʙʨʘʟʫʝʪ ʨʫʙʠʥʦʚʦ-

ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ʇʨʦʜʫʢʪʳ 4 ʠ 5 

ʷʚʣʷʶʪʩʷ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʉʪʨʦʝʥʠʝ 3 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʝʤʠʭʠʥʦʣʷʪʘ [SmIIICp*2(phenSQ)], 

ʦʥ ʜʘʣʝʝ ʨʝʘʛʠʨʫʝʪ ʩʦ ʚʪʦʨʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʩʘʤʘʨʦʮʝʥʘ, ʠ phenSQï ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

ʣʠʛʘʥʜʘ phenCat2ï ʩ ʧʦʤʦʱʴʶ Sm2+, ʘ ʥʝ Cp* (ʉʭʝʤʘ 40F). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʜʦʣʞʥʦ ʙʳʪʴ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʯʠʩʪʦʛʦ 3 ʧʦ ʨʝʘʢʮʠʠ phenQ ʩ ʜʚʫʤʷ 
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ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʩʘʤʘʨʦʮʝʥʘ, ʪʦ ʝʩʪʴ ʩʘʤʘʨʦʮʝʥ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʠʟʙʳʪʢʝ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ. ʕʪʠ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʜʦʩʪʠʛʥʫʪʳ ʧʫʪʝʤ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 

(ʊɻʌ ʠʣʠ ʪʦʣʫʦʣʘ) ʚ ʩʤʝʩʠ ʩ ʪʚʝʨʜʳʤʠ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʤʝʜʣʝʥʥʦʛʦ ʥʘʛʨʝʚʘ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʘʤʘʨʦʮʝʥ ʨʘʩʪʚʦʨʷʝʪʩʷ 

ʙʳʩʪʨʝʝ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ ʠʟʙʳʪʢʝ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʦʚʦʣʴʥʦ ʥʝʦʞʠʜʘʥʥʦ ʚʩʝ ʥʘʰʠ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 3 ʧʦ ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʩ ʜʚʫʤʷ 

ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʩʘʤʘʨʦʮʝʥʘ [SmCp*2(thf)2], ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʨʘʚʥʠʤʳʭ 

ʢʦʣʠʯʝʩʪʚ 1 ʠʣʠ 2 (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʦʣʫʦʣ ʠʣʠ ʊɻʌ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʤʝʜʣʝʥʥʦʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Cp*ï (ʉʭʝʤʘ 40ʉ) ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚʪʦʨʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ 

ʩʘʤʘʨʦʮʝʥʘ (ʉʭʝʤʘ 40F). ɹr ʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʛʨʝʚ (60 ÁC) ʠʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʦʜʫʢʪʦʚ. ʉʘʤʦ ʩʦʝʜʠʥʝʥʠʝ 3 ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʦ. ɽʛʦ ʢʨʠʩʪʘʣʣʳ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʛʝʢʩʘʥʘ ʠʣʠ ʊɻʌ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʩʷʮʝʚ ʧʨʠ 60 ÁC ʙʝʟ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 3 ʥʝʩʧʦʩʦʙʝʥ 

ʢ ʜʘʣʴʥʝʡʰʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʯʘʩʪʠʯʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʜʦ SmCp*2 ʠ [SmIIICp*2(phenSQ)] ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʤʝʜʣʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 3 ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʦʙʨʘʪʠʤʦʩʪʴʶ ʧʨʦʮʝʩʩʘ, ʘ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʫʭʦʜ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʊɻʌ ʠʟ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʩʘʤʘʨʦʮʝʥʘ ʧʝʨʝʜ ʝʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢ [SmIIICp*2(phenSQ)]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʬʠʨʥʳʝ ʣʠʛʘʥʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʘʤʘʨʦʮʝʥʘ, ʢʘʢ ʚ 

[SmCp''2(Et2O)] [2], ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʩʘʤʘʨʠʷ ʠ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʝʛʦ ʦʢʠʩʣʝʥʠʶ ʩʫʙʩʪʨʘʪʦʤ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʤ ʩʘʤʘʨʦʮʝʥʦʤ, [SmCp* 2], ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʝʝ 

ʟʘʪʨʫʜʥʝʥʦ ʠ ʜʦʣʞʥʦ ʧʦʟʚʦʣʠʪ ɹʧʦʣʫʯʘʪʴ ʢʘʪʝʭʦʣʘʪ 3 ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʯʠʩʪʦʪʦʡ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ phenQ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʚ ʪʦʣʫʦʣʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʩʘʤʘʨʦʮʝʥʘ ʠʣʠ 

ʧʝʨʝʭʦʜʥʳʭ ʩʝʤʠʭʠʥʦʣʷʪʥʳʭ ʬʦʨʤ. ʇʦʣʫʯʝʥʥʳʡ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʧʦʩʣʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 3, 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʚ ʚʠʜʝ ʙʦʣʴʰʠʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʣʝʛʢʦ ʦʪʜʝʣʝʥʳ ʧʫʪʸʤ ʧʨʦʤʳʚʘʥʠʷ ʛʝʢʩʘʥʦʤ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʝʱʝ ʥʝʩʢʦʣʴʢʦ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʩʥʦʚʥʦʡ ʠʟ ʥʠʭ ï ʢʦʤʧʣʝʢʩ 4, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʟʫʘʣʴʥʦ 

ʙʦӢʣʴhʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʝʡ ʚ ʛʝʢʩʘʥʝ ʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʤʝʣʢʠʭ 
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ʪʝʤʥʦ-ʟʝʣʝʥʳʭ, ʧʦʯʪʠ ʯʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɽʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ [SmCp* 2], ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʣʦʢʘʣʴʥʦʤ ʠʟʙʳʪʢʝ 

ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ, ʢ ʢʦʤʧʣʝʢʩʫ [(SmCp*)2(phenQ)2] ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ 2 ʙʝʟ ʣʠʛʘʥʜʦʚ 

ʊɻʌ, ʠʣʠ ʢ ʜʚʫʤ ʵʢʚʠʚʘʣʝʥʪʘʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʪʝʭʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

{ SmIIICp*(phenCat)}. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 4 ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, 

ʢʦʛʜʘ ʊɻʌ-ʩʦʜʝʨʞʘʱʠʡ ʩʘʤʘʨʦʮʝʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʜʣʷ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʱʝʧʣʝʥʠʝ ʊɻʌ ʠʟ ʢʦʤʧʣʝʢʩʘ (ʉʭʝʤʘ 40G). ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʵʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ 4 ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ 2 ʩ ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʤ ʩʘʤʘʨʦʮʝʥʦʤ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1) ʚ ʛʝʢʩʘʥʝ ʚ 

ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ. ʇʦʩʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʪʠʧʘ 

ʢʨʠʩʪʘʣʣʦʚ: ʢʦʤʧʣʝʢʩ 4 ʚ ʚʠʜʝ ʙʦʣʴʰʠʭ ʙʣʦʢʦʚ ʠ ʠʟʦʤʝʨʥʳʡ ʝʤʫ ʢʦʤʧʣʝʢʩ ʩ ʣʠʛʘʥʜʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʚʠʜʝ ʟʝʣʝʥʳʭ ʧʣʘʩʪʠʥʦʢ.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠ ʜʨʫʛʦʡ ʤʘʨʰʨʫʪ ʦʙʨʘʟʦʚʘʥʠʷ 4, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 3 ʠ 

{ SmIIICp*(phenCat)} ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʦʜʥʦʛʦ Cp*ï ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ phenSQï ʜʦ 

phenCat2ï, ʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ Cp* ʜʦʣʞʝʥ ʫʭʦʜʠʪʴ ʦʪ ʦʜʥʦʛʦ ʠʟ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ Sm ʚ 3, ʘ 

phenSQï ʫ ʜʨʫʛʦʛʦ ʘʪʦʤʘ Sm ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ.  

ʈʝʘʢʮʠʠ ʠʪʪʝʨʙʦʮʝʥʘ ʠ ʝʚʨʦʧʦʮʝʥʘ ʩ PhenQ ʧʨʦʚʦʜʠʣʠ ʚ ʪʦʣʫʦʣʝ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ. ʎʚʝʪ ʨʝʘʢʮʠʦʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʟʘʢʘʥʯʠʚʘʝʪ ʠʟʤʝʥʷʪʴʩʷ ʯʝʨʝʟ ʩʫʪʢʠ, ʠ ʚʠʟʫʘʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. ʀʟʥʘʯʘʣʴʥʦ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ (ʮʚʝʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤʠ ʤʝʪʘʣʣʦʮʝʥʘʤʠ) 

ʩʪʘʥʦʚʠʪʩʷ ʟʝʣʸʥʦ-ʢʦʨʠʯʥʝʚʳʤ ʚ ʩʣʫʯʘʝ ʠʪʪʝʨʙʠʷ ʠ ʥʘʩʳʱʝʥʥʦ-ʩʠʥʠʤ ʚ ʩʣʫʯʘʝ ʝʚʨʦʧʠʷ. 

ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ: 

4 [LnCp*2(thf)2] + 4 phenQ Ÿ [Ln4Cp*4(phenCat)4] + 2 ʉp*2 + 8 THF (Ln = Yb (6); Eu (7)). 

ʆʪʜʝʣʴʥʦʛʦ ʢʦʤʤʝʥʪʘʨʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʮʚʝʪ ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʫʯʠʚʰʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ 7 ʪʸʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ, ʯʪʦ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʩʝʤʠʭʠʥʦʣʷʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʛʘʥʜʦʚ. ʀʩʭʦʜʷ ʪʦʣʴʢʦ ʠʟ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ, ʤʦʞʥʦ ʙʳʣʦ 

ʙʳ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʝʚʨʦʧʠʷ, ʢʦʪʦʨʳʡ ʠʟ ʪʨʸʭ 

ʤʝʪʘʣʣʦʚ (Sm, Eu, Yb) ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʥʠʟʢʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ Eu3+/Eu2+. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʟʘʧʠʩʘʪʴ ʢʘʢ [(EuIICp*)4(phenSQ)4]. ʆʜʥʘʢʦ 

ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʵʪʫ ʬʦʨʤʫʣʫ, ʧʦʩʢʦʣʴʢʫ 

ʜʣʠʥʳ ʩʚʷʟʝʡ CïC ʠ CïO, ʚ ʩʨʝʜʥʝʤ, ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʨʫʛʠʭ 

ʢʘʪʝʭʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ɺʦʟʤʦʞʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʮʚʝʪ ʩʦʝʜʠʥʝʥʠʷ 

ʚʣʠʷʶʪ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʥʘʧʨʠʤʝʨ, ʯʘʩʪʠʯʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʢʘʪʝʭʦʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ 

ʥʘ ʘʪʦʤ ʝʚʨʦʧʠʷ. 
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3.1.2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʉʪʨʦʝʥʠʝ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). ʂʦʤʧʣʝʢʩ [{SmCp*} 3(phenCat)3] (1) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ 1Ŀ1.5PhMe ʠʟ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʦʣʫʦʣʝ. ɸʪʦʤʳ ʩʘʤʘʨʠʷ ʦʙʨʘʟʫʶʪ 

ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ (ʈʠʩʫʥʦʢ 11). ʂʘʞʜʳʡ ʠʟ ʪʨʝʭ ʣʠʛʘʥʜʦʚ phenCat2ï ʩʚʷʟʳʚʘʝʪ 

ʜʚʘ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʩʘʤʘʨʠʷ ʢʘʞʜʳʤ ʠʟ ʩʚʦʠʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʢʨʫʞʝʥʠʝ 

ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʩʘʤʘʨʠʷ ʢʚʘʜʨʘʪʥʦ ʧʠʨʘʤʠʜʘʣʴʥʦʝ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʘʪʦʤʳ ʆ ʦʙʨʘʟʫʶʪ 

ʦʩʥʦʚʘʥʠʝ, ʘ ʣʠʛʘʥʜ Cp* ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʝʨʰʠʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʫ ʷʜʨʘ ʢʦʤʧʣʝʢʩʘ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ O6, ʢʘʞʜʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʛʨʘʥʴ ʢʦʪʦʨʦʡ 

ʟʘʢʨʳʪʘ ʬʨʘʛʤʝʥʪʦʤ SmCp*. ʊʘʢʘʷ ʛʝʦʤʝʪʨʠʷ ʜʦʩʪʘʪʦʯʥʦ ʪʠʧʠʯʥʘ ʜʣʷ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʢʘʪʝʭʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʦʡ ʛʨʫʧʧʳ [121], ʘ ʪʘʢʞʝ ʣʘʥʪʘʥʦʠʜʦʚ [2]. ʆʜʠʥ 

ʠʟ ʣʠʛʘʥʜʦʚ phenCat2ï ʨʘʩʧʦʣʦʞʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʪʨʝʫʛʦʣʴʥʠʢʘ Sm3 ʠ 

ʩʠʤʤʝʪʨʠʯʥʦ ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Sm (Sm2 and Sm3). ɼʚʘ ʜʨʫʛʠʭ ʣʠʛʘʥʜʘ phenQ 

ʩʚʷʟʳʚʘʶʪ ʚʩʝ ʪʨʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʘ. ʆʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʧʣʦʩʢʦʩʪʠ 

Sm3, ʘ ʠʭ ʧʣʦʩʢʦʩʪʠ ʭʠʥʦʥʦʚʳʭ ʮʠʢʣʦʚ (ʛʣʘʚʥʳʝ ʧʣʦʩʢʦʩʪʠ) ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʢʣʦʥʝʥʳ ʚ 

ʩʪʦʨʦʥʫ ʘʪʦʤʘ Sm1 (ʧʦʜ ʫʛʣʘʤʠ 81Á ʠ 65Á ʩ ʧʣʦʩʢʦʩʪʴʶ Sm3). ʇʦʜ ʧʣʦʩʢʦʩʪʷʤʠ ʭʠʥʦʥʦʚʳʭ 

ʮʠʢʣʦʚ ʤʳ ʧʦʥʠʤʘʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ C14O2 ʘʪʦʤʘʭ. 

ɺ ʪʨʝʭ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʪʦʡ ʞʝ ʛʝʦʤʝʪʨʠʠ ʩ 3,6-dbQ, ʵʪʠ ʙʦʢʦʚʳʝ ʣʠʛʘʥʜʳ 

ʣʠʙʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ (ʚ [Sn3(3,6-Cat)3] [121]), ʣʠʙʦ ʜʘʞʝ ʥʘʢʣʦʥʝʥʳ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚ [(InMe)3(3,6-Cat)3] [122], ʚ [EuCp*{ Eu(thf)} 2(3,6-Cat)3] 

[2]). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʦʙʲʝʤʥʳʭ ʣʠʛʘʥʜʦʚ Cp* ʫ ʘʪʦʤʦʚ Sm2 ʠ Sm3, ʪʦʛʜʘ ʢʘʢ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʟʠʮʠʷʭ ʚ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʭʦʜʷʪʩʷ ʣʠʙʦ ʥʝʧʦʜʝʣʝʥʥʳʝ ʧʘʨʳ 

(ʜʣʷ Sn), ʣʠʙʦ ʤʝʥʝʝ ʦʙʲʝʤʥʳʝ ʤʝʪʠʣʴʥʳʝ ʣʠʛʘʥʜʳ ʠʣʠ ʊɻʌ (ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ In ʠ Eu, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩ ʜʠʦʢʩʦʣʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ, ʯʝʤ 

phenQ, ʪʘʢʠʤʠ ʢʘʢ 3,6-dbQ, ʢʦʤʧʣʝʢʩʳ [(MCp*)3(Cat)3] ʩ ʪʦʡ ʞʝ ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʦʚ, ʯʪʦ 

ʠ ʫ 1, ʙʫʜʫʪ ʥʝʩʪʘʙʠʣʴʥʳ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ Cp* ʠ Cat. 

ʈʘʥʝʝ ʵʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ SmIII  ʠ YbIII  , ʩʢʣʦʥʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʠʷʜʝʨʥʳʝ 

ʘʩʩʦʮʠʘʪʳ [(LnCp*)2(Õ-3,6-Cat)2] [2]. ʉʚʷʟʠ CïC ʠ CïO ʚ ʭʝʣʘʪʥʳʭ ʮʠʢʣʘʭ ʠʤʝʶʪ ʦʯʝʥʴ 

ʙʣʠʟʢʠʝ ʜʣʠʥʳ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʜʠʦʢʩʦʣʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ (dCïC = 1.38ï1.39 ¡;  

dCïO = 1.34ï1.37 ¡), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʪʝʭʦʣʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʵʪʦʛʦ ʣʠʛʘʥʜʘ [12]. 
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ʈʠʩʫʥʦʢ 11. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 1 ʚ ʢʨʠʩʪʘʣʣʝ 1Ŀ1.5PhMe ʧʦ ʜʘʥʥʳʤ ʈʉɸ. ɸʪʦʤʳ H ʥʝ 

ʧʨʠʚʝʜʝʥʳ, ʣʠʛʘʥʜʳ phenQ ʠ Cp* ʫʧʨʦʱʝʥʳ. a) ɺʠʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ Sm3; b) ʚʠʜ ʩʙʦʢʫ 

ʩ ʫʜʘʣʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ Cp*. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡): SmïO 2.31ï2.44; Sm1ïCp 2.40; Sm2ïCp 2.41; 

Sm3ïCp 2.45; ʭʝʣʘʪʥʘʷ CïO 1.35ï1.37; ʭʝʣʘʪʥʘʷ CïC 1.38. 

ʂʦʤʧʣʝʢʩ [Sm2Cp*2(phenCat)2(thf)3] (2) ʙʳʣ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʊɻʌ ʠ 1.5 ʤʦʣʝʢʫʣʘʤʠ ʛʝʢʩʘʥʘ ʥʘ ʤʦʣʝʢʫʣʫ ʢʦʤʧʣʝʢʩʘ. ɼʦʙʘʚʣʝʥʠʝ 

ʛʝʢʩʘʥʘ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʷʟʢʠʝ ʤʘʩʣʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʧʨʷʤʫʶ ʧʫʪʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ʚ ʊɻʌ. ʄʦʣʝʢʫʣʘ ʩʦʜʝʨʞʠʪ ʜʚʘ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʘ phenCat2ï (ʈʠʩʫʥʦʢ 12). 

ʆʜʠʥ ʠʟ ʢʘʪʝʭʦʣʘʪʦʚ ʩʠʤʤʝʪʨʠʯʥʦ ʩʦʝʜʠʥʷʝʪ ʦʙʘ ʘʪʦʤʘ Sm ʢʘʞʜʳʤ ʠʟ ʩʚʦʠʭ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ, ʘ ʝʛʦ ʛʣʘʚʥʘʷ ʧʣʦʩʢʦʩʪʴ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʚʝʢʪʦʨʫ Sm-Sm (ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʫʛʦʣ 81Á). ɼʨʫʛʦʡ ʢʘʪʝʭʦʣʘʪ ʦʙʣʘʜʘʝʪ ʘʩʩʠʤʝʪʨʠʯʥʦʡ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ, 

ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʆ ʩʚʷʟʳʚʘʝʪ ʜʚʘ ʢʘʪʠʦʥʘ Sm. ɼʘʥʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ 

ʧʦʩʣʝʜʥʝʛʦ ʢʘʪʝʭʦʣʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʛʘʥʜʘʤʠ Cp*ï ʫ ʦʙʦʠʭ ʘʪʦʤʦʚ Sm, ʢʦʪʦʨʳʝ ʣʝʞʘʪ 

ʧʦʯʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʙʣʠʟʢʦ ʢ ʮʠʢʣʫ phenQ (ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʠʭ ʧʣʦʩʢʦʩʪʝʡ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3 ¡). ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʵʪʠʭ 

ʮʠʢʣʦʚ ʚ ʢʦʤʧʣʝʢʩʝ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʬʝʨʳ ʘʪʦʤʦʚ Sm1 ʠ Sm2 ʜʦʧʦʣʥʝʥʳ ʜʚʫʤʷ ʠ ʦʜʥʠʤ 

ʣʠʛʘʥʜʦʤ ʊɻʌ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ (ʂʏ) ʨʘʚʥʳ 8. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʢʘʢ ʘʩʩʠʤʝʪʨʠʯʥʳʝ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ 

ʙʠʧʠʨʘʤʠʜʳ, ʚ ʦʜʥʦʡ ʠʟ ʚʝʨʰʠʥ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʮʝʥʪʨʦʠʜ ʣʠʛʘʥʜʘ Cp*ï. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʭʦʞʠʝ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʝʤ ʞʝ ʩʦʦʪʥʦʰʝʥʠʝʤ Ln:Cp*:ʢʘʪʝʭʦʣʘʪ 

1:1:1 ʚʦʟʤʦʞʥʳ ʜʣʷ ʙʦʣʝʝ ʦʙʲʝʤʥʦʛʦ ʣʠʛʘʥʜʘ 3,6-Cat, ʢʘʢ ʠ ʚ ʫʧʦʤʷʥʫʪʦʤ ʚʳʰʝ  

[LnCp*(3,6-Cat)]2 (Ln = Sm, Yb) [2]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʥʝ ʩʦʜʝʨʞʘʪ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʊɻʌ, ʠ ʦʙʘ ʢʘʪʝʭʦʣʘʪʘ ʷʚʣʷʶʪʩʷ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ, ʯʪʦ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʦʪ ʧʣʦʩʢʠʭ ʮʠʢʣʦʚ Cp*. ʕʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʩʪʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʢʘʪʝʭʦʣʘʪʘ ʥʘ ʛʝʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʘ. 

 

ʈʠʩʫʥʦʢ 12. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 2 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʉɸ. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡): SmïO 

2.26 (Sm2O4)ï2.54 (Sm2O1); Sm1ïCp 2.47; Sm2ïCp 2.47; ʭʝʣʘʪʥʘ ̫CïO 1.34ï1.38; ʭʝʣʘʪʥʘ ̫CïC 

1.37, 1.38. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ [{SmCp*2} 2(phenCat)] (3) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʀʟ 

ʛʝʢʩʘʥʘ ʢʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 3Ŀ0.5C6H14 (ʈʠʩʫʥʦʢ 13), ʘ ʠʟ ʪʦʣʫʦʣʘ ʚ ʚʠʜʝ 

3ĿPhMe. ʆʙʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʦʜʥʫ ʥʝʟʘʚʠʩʠʤʫʶ ʤʦʣʝʢʫʣʫ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ, ʩ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʦʣʴʚʘʪʘʤʠ (ʤʝʥʝʝ 0.01 ¡ ʚ ʜʣʠʥʝ ʩʚʷʟʠ SmïO ʠ ʤʝʥʝʝ 0.03 ¡ ʚ ʜʣʠʥʝ ʩʚʷʟʠ  

CïO/CïC). ʂʘʪʝʭʦʣʘʪ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʷʚʣʷʝʪʩʷ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤ, ʘ ʜʚʘ ʬʨʘʛʤʝʥʪʘ 

ʩʘʤʘʨʦʮʝʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʝʛʦ ʧʣʦʩʢʦʩʪʠ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʥʝ ʩʦʜʝʨʞʠʪ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʊɻʌ, ʜʘʞʝ ʝʩʣʠ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʚʦʢʨʫʛ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ Sm ʥʝ 

ʦʩʪʘʣʦʩʴ ʙʦʣʴʰʝ ʤʝʩʪʘ, ʠ ʂʏ ʨʘʚʥʳ 8 ʠ 7 ʜʣʷ Sm1 ʠ Sm2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʯʪʦ ʚ ʨʝʘʢʮʠʠ 3,6-dbQ ʩ SmCp*2(thf)2 ʚ ʛʝʢʩʘʥʝ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʦʤ  

3,6-Cat2ï, ʭʝʣʘʪʥʦ ʩʚʷʟʳʚʘʶʱʠʤ ʜʚʘ ʩʘʤʘʨʦʮʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ [2]; ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʲʝʤʥʳʡ ʣʠʛʘʥʜ 3,6-Cat2ï, ʢʦʪʦʨʳʡ ʥʝ ʤʦʞʝʪ ʨʘʟʤʝʩʪʠʪʴʩʷ ʚ ʜʦʚʦʣʴʥʦ 

ʫʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ Cp* ʩʦʩʝʜʥʠʭ ʬʨʘʛʤʝʥʪʦʚ {SmCp*2}.  
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ʈʠʩʫʥʦʢ 13. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 3 ʚ ʢʨʠʩʪʘʣʣʝ 3Ŀ0.5C6H14 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʉɸ. ʉʪʠʣʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʥʘ ʈʠʩʫʥʢʝ 12. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡): Sm1ïO1 2.23, Sm1ïO2 2.51, Sm2ïO2 

2.37; Sm1ïCp 2.46, 2.48; Sm2ïCp 2.46, 2.47; C1ïO1 1.31; C2ïO2 1.39; C1ïC2 1.40. 

ʂʦʤʧʣʝʢʩ [(SmCp*2){ SmCp*} 2(phenCat)2] (4) ʙʳʣ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ 

ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʊɻʌ ʠ ʧʦʣʦʚʠʥʦʡ ʤʦʣʝʢʫʣʳ ʛʝʢʩʘʥʘ 4ĿthfĿ0.5C6H14. ʇʨʠ ʧʦʣʫʯʝʥʠʠ 

ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʩʘʤʘʨʦʮʝʥʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʝʢʩʘʥʘ, ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʙʝʩʩʦʣʴʚʘʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʦʛʦ ʞʝ ʢʦʤʧʣʝʢʩʘ. ʄʦʣʝʢʫʣʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʘʪʦʤʘ Sm, 

ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳ ʠ ʩʚʷʟʘʥʳ ʩ ʦʜʥʠʤ ʣʠʛʘʥʜʦʤ Cp*ï ʢʘʞʜʳʡ, 

ʘ ʪʨʝʪʠʡ ʘʪʦʤ Sm ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ Cp* (ʈʠʩʫʥʦʢ 14). ɺ ʩʪʨʫʢʪʫʨʝ 4ĿthfĿ0.5C6H14 ʤʦʣʝʢʫʣʘ 

ʢʦʤʧʣʝʢʩʘ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʘ ʠ ʦʙʣʘʜʘʝʪ ʢʚʘʟʠ-C2 ʩʠʤʤʝʪʨʠʝʡ ʩ ʦʩʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʘʪʦʤ Sm3, ʭʦʪʷ ʨʘʩʩʪʦʷʥʠʷ SmïSm ʚʩʝ ʞʝ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʙʘ 

ʜʠʦʢʩʦʣʝʥʦʚʳʭ ʣʠʛʘʥʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʪʝʭʦʣʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘʪʦʤʳ Sm ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʨʘʟʥʳʡ ʟʘʨʷʜ, ʜʚʘ Sm3+ ʠ ʦʜʠʥ Sm2+, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʠʦʥʘ 

ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʮʝʥʪʨʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʩʝ ʜʣʠʥʳ ʩʚʷʟʝʡ Sm-O 

ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 2.27ï2.53 ¡ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʪʦʤʘ Sm. 

ʊʦ ʞʝ ʩʘʤʦʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ SmïCp*(ʮʝʥʪʨʦʠʜ) (ʠʭ ʜʠʘʧʘʟʦʥ 2.42ï2.54 ¡, ʩʤ. 

ʚʘʣʝʥʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʦʜʧʠʩʠ ʢ ʈʠʩʫʥʢʫ 14). ʕʪʠ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʩʚʷʟʝʡ SmïO ʠ  

SmïCp*(ʮʝʥʪʨʦʠʜ) ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʚ 

ʢʦʤʧʣʝʢʩʘʭ 1, 2 ʠ 3. ʂʘʞʜʳʡ ʣʠʛʘʥʜ phenCat2ï ʦʙʨʘʟʫʝʪ ʭʝʣʘʪʥʳʝ ʩʚʷʟʠ ʩʦ ʚʩʝʤʠ ʪʨʝʤʷ 

ʘʪʦʤʘʤʠ Sm ʧʦʜʦʙʥʦ ʜʚʫʤ ʥʝʧʣʦʩʢʠʤ ʜʠʦʢʩʦʣʝʥʘʤ ʚ 1, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʠʭ, ʵʪʠ 

ʣʠʛʘʥʜʳ ʦʙʨʘʟʫʶʪ ʭʝʣʘʪʥʳʝ ʮʠʢʣʳ ʩ ʨʘʟʥʳʤʠ ʘʪʦʤʘʤʠ Sm. ʃʠʛʘʥʜʳ ʜʦʩʪʘʪʦʯʥʦ ʥʘʢʣʦʥʝʥʳ 

ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ Sm, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪ ɹ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ˊ-

ʩʠʩʪʝʤʦʡ ʢʘʪʝʭʦʣʘʪʥʦʛʦ ʢʦʣʴʮʘ (ʨʘʩʩʪʦʷʥʠʷ ʦʪ Sm ʜʦ ʘʪʦʤʦʚ C ʚ ʤʝʪʘʣʣʦʮʠʢʣʘʭ C2O2Sm 

ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2.75ï2.83 ¡, ʘ ʛʣʘʚʥʳʝ ʧʣʦʩʢʦʩʪʠ ʜʠʦʢʩʦʣʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʦʙʨʘʟʫʶʪ ʩ 
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ʧʣʦʩʢʦʩʪʴʶ Sm3 ʫʛʣʳ 72 ʠ 76Á). ɸʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ 1, ʵʪʦʪ ʥʘʢʣʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ ʣʠʛʘʥʜʦʚ phenCat2ï ʨʘʟʤʝʩʪʠʪʴʩʷ ʚ ʱʝʣʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩʢʠʤʠ 

ʛʨʫʧʧʘʤʠ Cp*: ʦʜʥʘ ʦʙʨʘʟʦʚʘʥʘ Cp1 ʠ Cp4, ʜʨʫʛʘʷ ð Cp2 ʠ Cp3. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʤʝʞʜʫ ʵʪʠʤʠ ʧʘʨʘʤʠ ʣʠʛʘʥʜʦʚ Cp*  ʠʤʝʝʪʩʷ ʜʦʚʦʣʴʥʦ ʫʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 

ʦʢʦʣʦ 3.5 ¡ ʤʝʞʜʫ ʠʭ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤʠ (ɺʜɺ) ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʤʥʳʡ 

ʜʠʦʢʩʦʣʝʥʦʚʳʡ ʣʠʛʘʥʜ, ʪʘʢʦʡ ʢʘʢ 3,6-dbCat, ʥʝ ʚʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʩ ʵʪʦʡ ʛʝʦʤʝʪʨʠʠ. 

ɻʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣʳ ʚ ʙʝʩʩʦʣʴʚʘʪʥʦʡ ʬʘʟʝ 4 ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ, ʭʦʪʷ ʢʦʤʧʣʝʢʩ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʧʦʜʦʙʝʥ ʪʘʢʦʚʦʤʫ ʚ ʩʦʣʴʚʘʪʥʦʡ ʬʘʟʝ. ʆʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ phenCat 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʥʘʢʣʦʥʝʥ ʢ ʧʣʦʩʢʦʩʪʠ ʪʨʝʫʛʦʣʴʥʠʢʘ Sm3 (ʧʦʜ ʫʛʣʦʤ 67Á ʢ ʛʣʘʚʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʣʠʛʘʥʜʘ), ʘ ʜʨʫʛʦʡ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢ ʥʝʡ (88Á ʢ ʧʣʦʩʢʦʩʪʠ Sm3). ɹʦʣʝʝ 

ʥʘʢʣʦʥʝʥʥʳʡ ʣʠʛʘʥʜ ʩʤʝʱʝʥ ʢ ʦʜʥʦʤʫ ʠʟ ʨʝʙʝʨ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʪʘʢ ʯʪʦ ʦʜʠʥ ʠʟ ʝʛʦ ʘʪʦʤʦʚ ʆ 

ʢʦʦʨʜʠʥʠʨʫʝʪ ʚʩʝ ʪʨʠ ʮʝʥʪʨʘ Sm ʩ ʦʜʥʦʡ ʙʦʣʝʝ ʢʦʨʦʪʢʦʡ (2.33 ¡) ʠ ʜʚʫʤʷ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ 

ʩʚʷʟʷʤʠ SmïO (2.70, 2.78 ¡). ʆʩʪʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ SmïO ʣʝʞʘʪ ʧʨʠʤʝʨʥʦ ʚ ʪʦʤ ʞʝ 

ʠʥʪʝʨʚʘʣʝ, ʯʪʦ ʠ ʜʣʷ ʩʦʣʴʚʘʪʥʦʡ ʬʘʟʳ (2.27ï2.61 ¡), ʪʦ ʞʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʦ ʨʘʩʩʪʦʷʥʠʷʭ 

SmïCp*(ʮʝʥʪʨʦʠʜ) (2.42ï2.48 ¡). ʍʘʨʘʢʪʝʨʥʳʝ ʩʚʷʟʠ ʉïʉ/ʉïʆ ʚ ʭʝʣʘʪʥʳʭ ʮʠʢʣʘʭ ʠʤʝʶʪ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ ʚ ʜʚʫʭ ʬʘʟʘʭ (1.34ï1.39 ¡ ʜʣʷ ʉïʆ, 1.37ï1.38 ¡ ʜʣʷ ʉïʉ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʠʯʠʪʴ ʮʝʥʪʨʳ Sm2+ ʠ Sm3+ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʥʝʚʦʟʤʦʞʥʦ, ʠ, ʚʝʨʦʷʪʥʦ, ʜʣʠʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʢʦʨʝʝ ʩʪʝʨʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ, ʯʝʤ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ 

ʢʘʪʠʦʥʦʚ. ʈʘʟʣʠʯʠʷ ʛʝʦʤʝʪʨʠʠ 4 ʚ ʜʚʫʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟʘʭ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʢʦʤʧʣʝʢʩʘ (ʵʬʬʝʢʪ ʫʧʘʢʦʚʢʠ) ʟʘ ʩʯʝʪ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʩʠʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ. 

 

ʈʠʩʫʥʦʢ 14. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 4 ʚ ʢʨʠʩʪʘʣʣʝ 4ĿthfĿC6H14 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʉɸ ʩ ʨʘʟʥʳʭ 

ʪʦʯʝʢ ʟʨʝʥʠʷ. ɼʣʠʥʳ ʩʚʷʟʝʡ (¡): Sm3ïO 2.32, 2.35; Sm2ïO4 ʠ Sm1ïO2 2.35, 2.39; SmïO3/O1 2.27ï

2.53; Sm1ïCp 2.42; Sm2ïCp 2.43; Sm3ïCp 2.46, 2.54; Sm ï ʩʝʨʝʜʠʥʘ CïC ʩʚʷʟʠ 2.70, 2.73; ʭʝʣʘʪʥʘʷ 

CïO 1.34ï1.39; ʭʝʣʘʪʥʘʷ CïC 1.37, 1.38. 










































































































































